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Novel and Direct Nucleophilic Sulfenylation and Thiocyanation of ®
Phenol Ethers Using a Hypervalent Iodine(III) Reagent

Yasuyﬁki' Kita,* Takeshi Takada, Sachiko Mihara, Brendan A. Whelan, and Hirofumi Tohma
\/ Faculty of Pharmaceutical Sciences, Oscka University, 1-6, Yamada-oka, Suita, Osaka 565, Japan
Received July 18, 1995°

Novel and direct nucleophilic sulfenylation and thiocyanation of phenol ethers and related
compounds (1) with the hypervalent iodine reagent, phenyliodine(III) bis(trifluoroacetate) (PIFA)
have been developed. The reaction proceeded smoothly in 1,1,1,3,3,3-hexafluoro-2-propanol ((CFs),-
CHOH), a poorly nucleophilic and polar solvent. Various unsymmetrical diaryl sulfides and aryl
thiocyanates, which could be applicable to the synthesis of various types of sulfur-containing
aromatic compounds, were prepared in good yields. These reactions could be performed under
mild conditions without heating or the use of strong Lewis acid catalysts.

Introduction

The direct sulfenylation of -aryl compounds is an
important subject in synthetic organic chemistry.! Due
to the useful transformationa of the thiocyanato group
into various sulfur functional groups? and sulfur-contain-
ing heterocycles,® the direct thiocyanation of aryl com-
pounds is also of prime importance. Several types of
sulfenylation methods for aryl compounds have been
reported involving (i) nucleophilic substitution of an aryl
halide with aromatic thiols catalyzed by nickel(0) and
nickel(II) complexes,* (ii) Friedel—Crafts reaction using
sulfuryl dihalides, arylsulfenyl halides, or diaryl disulfide
catalyzed by iron or Lewis acids® or under heating,®’ and
(iii) a modified Ziegler reaction using diazonium salts and
aryl thiols.® Most of these reactions, however, require
high temperature, metals, or strong Lewis acid catalysts
and Jong reaction times. Thiocyanation methods for
aromatic compounds have alse been reported, involving
the reaction between aromatic compounds and thiocy-
anogen {(SCN).).3* Thiocyanogen is, however, not active
enough for direct thiocyanation of phenol ethers and
usually needs to be activated by a Lewis acid.

In our continuing efforts to develop new methods for
the direct substitution of para-substituted phenol ethers,’
we have reported a novel and direct aromatic azidation
of para-substituted phenol ethers using phenyliodine(II)

© Abstract published in Advance ACS Abstracts, October 15, 1995,

(1) Alkyl aryl sulfides are generally prepared by the condensation
of aromatic thiols with alkyl halides (Oae, S. Organic Chemistry of
Sulfur; Plenum Press: New York, 1977; p 281), but the type of aromatic
thiols available are limited.

(2) A recent report: Toste, F. D,; Laronde, F.; Still, W, J. Tetrahedron
Lett. 1985, 36, 2946,

(3) Reviewa: (a) Wood, J. L. Organic Reactions; Adams, R., Ed.; John
Wiley & Sons: New York, 1946; Vol. 3, Chapter 6. (b) Guy, R. G. In
the Chemistry of Cyanates and Their Thio Derivatives; Patai, S., Bd.;
John Wiley & Sone: New York, 1977; Part 2, Chapter 18. (c) Harusawa,
8.; Shioiri, T. Yuki Gosei Kagaku Kyokaishi 1881, 39, 741.

(4) () Takagi, K Chem Lett. 1887, 2221. (b) Cristau, H.; Charaud,
A.; Chene, A.; Chriato), H. Synthesis 1982, 892.

(5) () Fujisawa, T.; Kobori, T.; Ohtsuka, N.; Tsuchihashi, G.
grm}lxgggon Lett, 1868, 10, 5073, (b) Mukaiyama, T.; Suzuki, K. Chem

L. , 1.

(6) Ramken, D, F.; Mckinnie, B, G. J. Org. Chem. 1989, 54, 2985.

(7) Wang, Z. Y.; Hey, A. S. Tetrahedron Lett. 1990, 31, 6685,

(8) Petrillo, G.; Novi, M.; Garbarino, G.; Dell’Esba, C. Tetrahedron
Lett. 19886, 26, 6365.

(9) (a) Kita, Y.; Tohma, H.; Inagaki, M.; Hatanaka, K; Yakura, T.
Tetrohedron Lett. 1991, 32, 4321, (b) Kita, Y.; Tobma, H.; Hatanaka,
K_; Takada, T.; Fujita, S.; Mitoh, 8.; Sakurai, H.; Oka, S. J, Am. Chem.
Soc. 1094, 116, 3684. (c) Kita, Y.; Tobma, H.; Takada, T.; Mitoh, S.;
Fujita, S.; Gyoten, M. Synlett 1984, 427.

bis(trifluoroacetate) (PIFA) in 1,1,1,3,3,3-hexafluoro-2-
propanol [(CF;),CHOH] followed by treatment with tri-
methylsilyl azide (TMSN;)®* and applied it to the direct
aromatic substitution of phenol ethers by oxygen and
carbon nucleophiles.®® We have now examined the pos-
sibility of direct substitution of phenol ethers and related
compounds by sulfur nucleophiles such as aryl thiols
(ArSH) and trimethylsilyl isothiocyanate (TMSNCS).

Results and Discussion

At first, we examined the possibility of direct sub-
stitution of phenol ethers by various thiophenols using-
PIFA in (CF3);CHOH.!* To a solution of p-isopropylani-
sole (1a) containing 2 equiv of S-(trimethylsilyl)thiophe-
nol (TMSSPh) in (CFs),CHOH was added PIFA to give
the direct sulfenylation compound 2a in 62% yield. The.
use of thiophenol instead of TMSSPh gave 2a in nearly
the same yield (61%). (Scheme 1).

The reaction proceeded successfully in (CF3),CHOH,
which is a polar and low-nucleophilic protic solvent, while
in other solvents (CHsCN, CH:Cly, etc.) only a trace of
the sulfenylation compound was detected. Furthermore,
various types of thiophenols could be employed as sulfur
nucleophiles. When 1b was treated with thiophenols
having electron-withdrawing groups such as p-nitro and
2,3,5,6-tetrafluoro groups in the presence of PIFA under
similar conditions, the corresponding arylthio compounds
3 and 4 were obtained in good yield. Thiophenols having
electron-donating groups such as p-methoxy and p-
methyl groups gave the corresponding sulfenylation
products § and 6 in lower yield due to the generation of
byproducts (such as diaryl disulfides). These results are
summarized in Table 1.

Other aromatic compounds, alkoxybenzenes (1¢—f) and
methoxynaphthalenes (1g,h), similarly reacted with PIFA
and PhSH in (CFy),CHOH {o give the corresponding

- unsymmetrical diaryl sulfides 2. Dialkoxybenzenes 11—

k, which are very reactive compounds,’ yielded the
diarylthio products 2i—k without formation of the
monoarylthio products (Table 2).

The mechanism of sulfenylation of phenol ethers with
PIFA plausibly involves the formation of a CT complex

(10) For a preliminary communication of a portion of the studies

" described herein, see: Kita, Y.; Takada, T.; Mihara, S.; Tobma, H.

Synlett 1996, 211,

€11) The oxidative potentials (E°) of dialkoxybenzenes are lJower than
those of alkylbenzenes. (Senkaraman, S.; Haney, W. A.; Kochi, J. K.
J. Am. Chem, Soc. 1987, 109, 7824.) .
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Sulfenylation and Thiocyanétion of Phenol Ethers

Scheme 1
OMe OMe
PhSX $Ph
Phi{OCOCF3)2 {PIFA)
(CF2)2CHOH
} .
Pr 18 other solvenis: CHaCN, CHCY (trace) Pt , X-TMS:61%
XuH: 62%

Table 1. Sulfenylation of 1b by Various Thiophenols

OMea OMe
. OO RSH, PIFA SR
(CF2):CHOH OO
OMe 1p OMe 2-8
subatrates R products  yields (%)
1b 4-nitrophenyl 3 87
2,3,6,6-terafluorophenyl 4 72
phenyl 2b 62
4-methoxyphenyl 5 37
4-methylphenyl 6 40
Table 2. Sulfenylation of Phenol Ethers and
Alkoxynaphthalenes
Substrates Products Yields (%)
; OR'  ya:R'sMe, R2Pr OR! 22 62
v c: R'EL, RAPr S @
d: R'='pr, R%'Pr d
R? o: R'aMe, R%'8u R? ¢ o
OMe OMe
MeO OMe MeO. OMe
1t 88
OMe
OMe
OR i
19: @“‘e} 81
h:@ 86
OR
11: AxMe - 68
’: ReEt PnS l 75
OR OR
OMe OMe
OMs OMe
1k 2k 88
PnS
SPh

of PIFA with 1 followed by a nucleophilic attack by the
thiophenol on the cation radical generated by single
electron transfer (SET) from the CT complex (mechanism
A®). Product formation, on the other hand, can also be
explained by the formation of a diaryl disulfide arising
from the reaction of thiophenols with PIFA, followed by
a PIFA-promoted Friedel-Crafts reaction of the diaryl
disulfide with 1 (mechanism B'?). The sulfenylation
product, however, was not obtained when diaryl disul-

BNSDOCID: <XP 2206002A | >
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fides activated with PIFA were treated with 1. There-
fore, we believe that the present sulfenylation proceeds
via cation radicals as reactive intermediates formed by
SET from the CT complex of 1 and PIFA (mechanism A)
(Scheme 2). ' y

The characteristic points of the present reactions are
(i) thiophenols, which are easily available can be used
as nucleophiles, (ii) the reaction can be performed under
mild conditions, (iii) the hypervalent iodine reagent is
simpler and safer than metal catalysts, and (iv) unsym-
metric diaryl sulfides were directly and selectively ob-
tained. -

Next, we examined the possibility of direct thiocyana-
tion of phenol ethers and alkoxynaphthalenes by using
TMSNCS as a nucleophile. To a solution of p-isopropy-
lanisole 1a containing 2 equiv of TMSNCS in (CF3)-
CHOH was added PIFA to give 4-isopropyl-2-thiocyana-
toanisole 7a in 66% yield. Other aromatic compounds,
alkoxybenzenes 1c~m and alkoxynaphthalenes 1b,g.h,
similarly reacted with PIFA and TMSNCS in (CFs)-
CHOH to give the corresponding aryl thiocyanato com-
pounds 7b~m.'® The thiocyanato group was selectively
introduced at the ortho position of para-substituted
phenol ethers and at the para position of ortho-substi-
tuted phenol ethers. These results are summarized in
Table 3. '

The reaction mechanism of thiocyanation of phenol
ethers with PIFA is the same as that of sulfenylation of
phenol ethers described above, that is, nucleophilic attack
of TMSNCS on the cation radical generated by SET from
the CT complex of PIFA and phenol ethers to give the
corresponding aryl thiocyanato compounds. The present
reaction is useful for the preparation of aryl thiocyanato
compounds and proceetls smoothly without heating or the
addition of Lewis acid catalysts.

In conclusion, novel and direct sulfenylation and thio-
cyanation of phenol ethers and related compounds have
been developed using a hypervalent iodine reagent. The
present methods could be applicable to the synthesis of
various types of sulfur containing aromatic compounds.

Experimental Section

All melting points are uncorrected. Infrared (IR) absorption
gpectra were recorded with CHCl; as solvent. E. Merck silica

gel 60 for column chromatography and E. Merck precoatr” .

TLC plates, silica gel Fas, for preparative thin layer chron
tography (preparative TLC) were used. Organic layers were
dried with anhydrous MgSO,. PIFAis commercially available.
Starting materials (1bf,g,i—m) were purchased, and com-
pounds (1a,c—e,h) were prepared by the reported methods.}
Thiophenols and TMSNCS were purchased and were used
without further purification.

General Experimental Procedure. Nucleophilic Sulfe-
pylation Reaction of Phenol Ethers and Related Com-
pounda with PIFA. To a stirred solution of 1 (0.16 mmol)
and aryl thiols (0.20 mmol) in 1,1,1,3.3,3-hexafluero-2-propanol
((CF3)sCHOH) (1.0 mL) was added PIFA (0.12-0.16 mmol) at
rt under nitrogen. The reaction mixture was stirred for 30
min and then was evaporated in vacuo. The residue was

(12) Kitamura, T.; Matsuyuki, J.; Taniguchi, H. J. Chem. Soc.,
Perkin Trans. 1 1991, 1607,

(13) No aryl isothiocyanato compounds (ArNCS) were generated in
these reactions.

(14) Met‘}‘x]yl ethers (1a,6): Vyas, G. N.; Shah, N. M. Organic
Syntheses; Wiley: New York, 1963; Collect. Vol. IV, p 836. Ethyl ethers
(1¢e,h): Organic Syntheses; Wiley; New York, 1941; Collect. Vol. 1, p
58. Isopropyl ether (1d): Sala, T.; Sargent, M. V.J. Chem. Soc., Perkin
Trans. 1 1979, 2593.
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Scheme 2
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OR pn\r,ococr,

PIFA H SET
L |

OR

Ar—S-S—Ar _
+ PN OCOCF;
P’ “OCOCF,

OR
ASH Sar

ROR‘ ___T___ ©/ ................ (A)

A

R

OR
V SAr
! <~ —~ Y (8)
R 4 Pl R

\' PhI(OCOCF3)2 +  ArSSAr

Table 8. Thiocyanation of Phenol Ethers and

Alkoxynaphthalenes
Substrates Products Yields (%)
1
OR"  4a:R'wMe, R2aPr OR' o 7
[-H R'-El, RQ-'PY 3
a:R's'Pr, R%'Pr 91
. R? o:R'=Me, R%<'8u - 59
1: R'aMs, R?=OMe 68
J: R'=E1, R2OEL 90
. |_ 2_
ome P Me, R%aMe OMe 55
MeO. OMe Me OMe
11 7 73
SCN
OMe OMe
OR OR
1k: R=OMe 7k
m: R=Me m 62
SCN
OMe OMe
SCN
SeR SO
OMe OMe
OR OR
1g: R=Ma ) L I
(0 wea CJ v o«

SCN

purified by column chromatography or preparative TLC on
silica gel to give the corresponding diaryl sulfides 2.

Nucleophilic Thiocyanation Reaction of Phenol Ethers
and Related Compounds with PIFA. To a stirred solution
of 1 (0.10 mmol) and TMSNCS (0.20—0.50 mmol) in (CFa);-
CHOH (1.0 mL) was added PIFA (0.15—0.20 mmol) at rt under
nitrogen. The reaction mixture was stirred for 30 min and
then was evaporated in vacuo. The residue was purified by
column chromatography or preparative TLC on silica gel to
give the corresponding thiocyanato compounds 7.

4-Isopropyl-2-(phenylthio)anisole (2a). 1a (13.3 mg,
0.089 mmol), PhSH (0.018 mL, 0.177 mmo}), PIFA (57.1 mg,
0.133 mmol), and (CF3):CHOH (1.0 mL) gave 2a (14.5 mg,
62%) as an oil: IR (CHCls) v 1680, 1490 cm™; 'H NMR (200
MHz) (CDCl,) 6 1.18 (d, J = 7.0 Hz, 6H), 2.78 (m, 1H), 8.83 (s,
3H), 6.865 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 2.4 Hz, 1H), 7.12
(dd, J = 8.4, 2.4 Hz 1H), 7.20-7.30 (m, 56H); HRMS caled for
Ci1sH1508 258.1082, found 268.1077. .

BNSDOCID: <XP  2206002A_1.>

1,4-Dimethoxy-2-(phenylthio)naphthalene (2b). 1b (10.7
mg, 0.067 mmol), PhSH (0.012 mL, 0.114 mmol), PIFA (29.4
mg, 0.068 mmol), and (CF5);CHOH (1.0 mL) gave 2b (10.4 mg,
62%) as an oil: IR (CHCls) v 1690, 1460 cm™*; *H NMR (250
MHz) (CDCly) 6 3.80 (3, 3H), 3.97 (s, 3H), 6.65 (s, 1H), 7.22—
7.37 (m, 5H), 7.48 (m, 2H), 8.07 (d, J = 2.6 Hz, 1H), 8.20 (d, J
= 7.6 Hz, 1H); HRMS caled for C1sH;50:S 296.0883, found
296.0871. Anal. Caled for CyisHys0:S: C, 73.25; H, 5.62.
Found: C, 72.95; H, 5.44. ‘

1,4-Dimethoxy-2-[(4-nitrophenylthiolnaphthalens (3).
1b (11.4 mg, 0.061 mmol), 4-nitrothiophenol (18.8 mg, 0.121
ramol), PIFA (39.1 mg, 0.091 mmol), and (CF3):CHOH (1.0 m1)
gave 8 (18.1 mg, 87%) as crystals: mp 138~139 °C (from
n-hexane); IR (CHCls) v 1680, 1620 cm~}; *H NMR (260 MHz)
(CDCly) & 3.94 (s, 6H), 6.75 (s, 1H), 7.23 (4, J = 9.0 Hz, 2H),
1.69—17.64 (m, 2H), 8.07 (4, J = 9.0 Hz, 2H), 8.11-8.16 (m,
1H), 8.27-8.31 (m, 1H); HRMS calcd for CysHisNO.S 841.0722,
found 341,0722. Anal. Calcd for CisH1sNOGS: C, 63.09; H,
4.48; N, 4.07; S, 9.42. Found: C, 63.33; H, 4.43; N, 4.10; S,
9.39.

1,4-Dimethoxy-2-{(2,3,5,6-tetrafluorophenyl)thiojnaph-
thalene (4). 1b (36.3 mg, 0.193 mmol), 2,3,5,6-tetrafluo-
rothiophenol (0.047 mL, 0.386 mmol), PIFA (124.6 mg, 0.290
mmol), and (CF3),CHOH (1.0 mL) gave 4 (48.8 mg, 72%) as
crystals: mp 102—103 °C (from CH2Cl;~n-hexane); IR (CHCls)
¥ 1590, 1490 cm~?; 'H NMR (200 MHz) (CDCls) & 8.87 (s, 3H),
4.01 (s, 8H), 6.55 (s, 1H), 7.08 (m, 1H), 7.43—7.49 (m, 2H), 8.00
(dd, J = 7.6, 1.4 Hz, 1H), 8.19 (dd, J = 7.6, 1.4 Hz, 1H), HRMS
caled for CyoH20,F (S 368.0493, found 368.0493. Anal. Caled
for C1eH,20.F(S: C, 58.69; H, 3.28. Found: C, 58.75; H, 3.62.

1,4-Dimethoxy-2-{(4-methoxyphenyl)thiolnaphtha-
lene (6). 1b (12.1 mg, 0.064 mmol), 4-methoxythiophenol
(0.016 mL, 0.129 mmol), PIFA (56.3 mg, 0.129 mmol), and
(CF5);CHOH (1.0 mL) gave 5 (7.8 mg, 37%) as an oil: IR
(CHCly) v 1590, 1500, 1460 cm™*; *H NMR (200 MHz) (CDCly)
4 3.74 (s, 3H), 3.83 (s, 3H), 3.99 (s, 3H), 6.35 (s, 1H), 6.91 (d,
J = 8.8 Hz, 2H), 7.43 (td, J = 7.0, 1.6 Hz, 1H), 7.44 (d, J = 9.0
Hz, 2H), 7.63 (td, J = 7.0, 1.6 Hz, 1H), 8.03 (dd, /= 8.2, 1.6
Hz, 1H), 8.15 (dd, J = 8.2, 1.6 Hz, 1H); HRMS calcd for

© CioH1s0:S 326.0977, found 326.0977.

1,4-Dimethoxy-2-[(4-methylphenyl)thiolnaphthalene
(6). 1b (11.6 mg, 0.062 mmol), 4-methylthiophenol (15.3 mg,
0.123 mmol), PIFA (3.0 mg, 0.123 mmol), and (CF:):CHOH
(1.0 mL) gave 6 (11.8 mg, 40%) as an oil: IR (CHCl3) v 1590,
1490, 1460 cm!; YH NMR (200 MHz) (CDCls) 6 2.34 (s, 3H),
3.78 (s, 3H), 3.97 (s, 3H), 6.49 (s, 1H), 7.13 (d, J = 8.0 Hz,
2H), 7.30 (d, J = 8.0 Hz, 2H), 7.42~7.568 (m, 2H), 8.05 (dd, J
=8.0, 1.6 Hz, 1H), 8.16 (ad, J = 8.0, 1.6 Hz, 1H); HRMS calcd
for CieH1s0,8 310.1014, found 310.1025. Anal. Caled for
Ci1sH150:S: C, 73.43; H, 5.89; S, 10.33. Found: C, 73.52; H,
5.84; S, 10.33.

1-Ethoxy-4-isopropyl-2-(phenylthio)benzene (2¢). 1e
(16.8 mg, 0.099 mmol), PhSH (0.020 mL, 0.198 mmol), PIFA
(64.0 mg, 0.149 mmol), and (CF3),CHOH (1.0 mL) gave 2¢(18.2
mg, 67%) as an oil: IR (CHCly) v 1580, 1480 cm™}; *H NMR
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(200 MHz) (CDCl3) 8 1.15 (d, J = 7.0 Hz, 6H),1.29(t,J =6.8
Hz, 3H), 2.76 (m, 1H), 4.02 (g, J = 6.8 Hz, 2H), 6.81 (d, J =
8.4 Hz, 1H), 7.06 (s, 1H), 7.20-7.32 (m, 6H); HRMS calcd for
C17H208S 272.1253, found 272.1236.
1-Isopropoxy-4-isopropyl-2-(phenylthio)benzene 2d).
1d (10.7 mg, 0.060 mmol), PhSH (0.012 mL, 0.120 mmol), PIFA
(38.7 mg, 0.090 mmol), and (CF3);CHOH (1.0 mL) gave 2d
(12.1 mg, 70%) as an oil: IR (CHCly) » 1580, 1480 cm~h; H
NMR (200 MHz) (CDCl3) 6 1.15 (d, J = 7.0 Hz, 6H), 1.24 (d, J
= 1.0 Hz, 6H), 2.77 (m, 1H), 4.49 (m, 1H), 6.82 d,J =8.2Hz,
1H), 7.04 (s, 1H), 7.21-7.35 (m, 6H); HRMS caled for CigHar
0S 286.1386, found 286.1389. Anal. Caled for CisH2:0S: C,
75.34; H, 7.71; S, 11.16. Found: C, 76.48; H, 7.74; S, 11.19.
4-tert-Butyl:2-(phenylthio)anisole (2e). le (156.6 mg,
0.095 mmol), PhSH (0.020 mL, 0.190 mmol), PIFA (61.3 mg,
0.143 mmol), and (CF3),CHOH (1.0 L) gave 2e (17.3 mg, 67%)
as an oil: IR (CHCl3) » 1580, 1490 cm~1; *H NMR (200 MHz)
(CDCly) 6 1.22 (s, SH), 3.88 (s, 3H), 6.86 (d, J = 8.4 Hz, 1H),
7.23—17.29 (m, TH); HRMS caled for C;1H200S 272.1230, found
272.1232. .
1,2,3-Trimethoxy-4-(phenylthio)benzene (2f). 1f(12.4
mg, 0.074 mmol), PhSH (0.015 mL, 0.147 mmol), PIFA (475
mg, 0.111 mmo}), and (CF3):CHOH (1.0 mL) gave 2£(18.0 mg,
88%) as an oil: IR (CHCly) v 1580, 1480 em™; *H NMR (200
MHz) (CDCls) 3 3.82 (s, 3H), 3.87 (s, 3H), 3.88 (g, 3H), 6.65 (d,
J = 8.6 Hz, 1H), 7.02 (4, J = 8.6 Hz, 1H), 7.18-7.27 (m, 5H);
HRMS caled for CisH160sS 276.0826, found 276.0820. Anal,
Caled for CisH10:S: C, 65.42; H, 5.87; S, 11.60. Found: C,
65.19; H, 5.84; S, 11.60.
1-Methoxy-4-(phenylthio)naphthalene (2g). 1g (15.8
mg, 0.100 mmol), 0.02Y mL, 0.200 mmol), PIFA (64.4
mg, 0.160 mmo)), and (CF3);CHOH (1.0 mL) gave 2g (21.4 mg,
81%) as crystals: mp 88—89 °C (from CH,Cly—n-hexane); IR
(CHCly) v 1590 em~1; *H NMR (250 MHz) (CDCls) & 4.03 (s,
3H), 6.82 (d, J = 8.0 Hz, 1H), 7.01-7.24 (m, 6H), 7.49-7.53
(m, 2H), 7.79 (d, J = 8.0 Hz, 1H), 8.30~8.34 (m, 2H); HRMS
caled for Ci7H;40S 266.0756, found 266,0762. Anal. Calcd for
CiyH140S: C, 76.49; H, 5.37; S, 11.88. Found: C, 76.66; H,
5.30; S, 12.04. .
1-Ethoxy-4-(phenylthio)naphthalene (2h). 1h (17.7 mg,
0.103 mmol), PhSH(0.021 mL, 0.206 mmol), PIFA (66.4 mg,
0.156 mmol), and (CF1);CHOH (1.0 mL) gave 2h (24.8 mg,
86%) as crystals; mp 106—107 °C (from CH.Cly—n-hexane);
IR (CHCly) v 1580 cm™%; *H NMR (200 MHz) (CDCly) 6 1.58
(t, J = 7.0 Hz, 3H), 4.25 (q, J = 7.0 Hz, 2H), 6.81 4,J =82
Hz, 1H), 6.99~17.15 (m, 6H), 7.48-7.53 (m, 2H), 7.78 d,J=
8.2 Hz, 1H), 8.28—8.38 (1, 2H); HRMS caled for C1sH160S
280.0906, found 280.0920. Anal. Calcd for CisH1s0S8: C,
71.22; H, 5.75; 8, 11.41. Found: C, 77.11; H, 5.75; S, 11.43.
1,4-Dimethoxy-2,6-bis(phenylthio)benzene (2i). 11(10.8
mg, 0.078 mmol), PhSH (0.020 mL, 0.195 mmol), PIFA (839
mg, 0.195 mmol), and (CF3)CHOH (1.0 mL) gave 2i (18.9 mg,
68%) as crystals: mp 145—146 °C (from CHCly—n-hexane),
1R (CHCls) v 15680, 1480 em=?; *H NMR (250 MHz) (CDCls) &
3.65 (s, 6H), 6.65 (s, 2H), 7.29—7.36 (m, 10H); HRMS calcd
for CaoH1s02S, 354.0748, found 354.0748.
1,4-Diethoxy-2,6-bis(phenylthio)benzene (2j). 1j (12.3
" mg, 0.074 mmol), PhSH (0.019 mL, 0.185 mmol), PIFA (79.6
mg, 0.185 mmol), and (CFs);CHOH (1.0 mL) gave 2§ (21.2 mg,
 75%) as crystals: mp 93—94 °C (from CHoClz~n-hexane); IR
(CHCY3) v 1690, 1470 cm~t; '"H NMR (250 MHz) (CDCly)41.23
(t,J = 6.8 Hz, 6H), 3.83 (q, J = 6.8 Hz, 4H), 6.63 (8, 2H), 7.25—
7.39 (m, 10H); HRMS ecaled for Cz;H220:S; 382.1072, found
382.1061. Anal. Caled for CasH20.S::°C, 69.04; H, 5.84.
Found: C, 69.08; H, 5.80. yoo
1,2-Dimethoxy-4,5-bis(phenylthio)benzene (2k). 1k (12.0
mg, 0.087 mmol), PhSH (0.018 mL, 0.174 mmol), PIFA (56.0
mg, 0.130 mmol), and (CF3)CHOH (1.0 L) gave 2k (27.2 mg,
88%) as crystals: mp 79-80 °C (from CHzCl;—n-hexane); IR
(CHCl;) v 1580, 1480, 1460 em™!; *H NMR (250 MHz) (CDCly)
& 3.73 (s, 6H), 6.83 (s, 2H), 7.19—7.29 (m, 10H); HRMS caled
for Cz0H150:S; 364.0746, found 354.0744. Anal. Calcd for
C2oH150:S2: C, 67.77; H, 6.12; S, 18.09. Found: C, 67.77; H,
5.20; S, 17.99.
4-1sopropyl-2-thiocyanatoanisele (7a). 1a (11.1 mg,
0.074 mmol), TMSNCS (0.021 mL, 0.148 mmol), PIFA (47.7
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mg, 0.111 mmo}), and (CFs),CHOH (1.0 L) gave 7a (10.9 mg,
71%) as an oil: IR (CHCls) v 2160, 1600, 1500, 1460, 1440
em-%; *H NMR (2560 MHz) (CDCl) 6 1.24 (4, J = 7.5 Hz, 6H),
2.90 (m, J = 7.5 Hz, 1H), 3.89 (s, 3H), 6.86 (d, J = 7.8 Hz,
1H), 7.21 (44, J = 8.0, 1.8 Hz, 1H), 7.40 (d, J = 2.0 Hz, 1H);
HRMS caled for C,HisNOS 207.0721, found 207.0718.
1,4-Dimethoxy-2-thiocyanatonaphthalene (7b). ib(31.1
mg, 0.165 mmol), TMSNCS (0.047 mL, 0.330 mmol), PIFA
(106.4 mg, 0.248 mmol), and (CF3);,CHOH (1.0 mL) gave 7b
(38.8 mg, 96%) as crystals: mp 956~96 °C (from CH:Cly—n-
hexane); IR (CHCly) v 2160, 1620, 1680, 1510, 1460, 1440 cm™;
'H NMR (200 MHz) (CDCly) & 3.95 (s, 3H), 4.04 (s, 3H), 6.89
(8, 1H), 7.53 (td, J = 7.0, 1.6 Hz, 1H), 7.61(td,J = 7.0, 1.6 Hz,
1H), 7.97 (dd, J = 7.2, 2.2 Hz, 1H), 8.25 (dd, J = 7.6, 2.2 Hz,
1H); HRMS calcd for C13HnNO:S 246.0509, found 245.0509.
Anal. Caled for CysHuNO:S: C, 63.48; H, 4.54; N, 5.67.
Found: C, 63.65; H, 4.52; N, 5.71.
1-Ethoxy-4-isopropy)-2-thiocyanatobenzene (7c). 1c
(11.7 mg, 0.071 mmo}l), TMSNCS (0.040 mL, 0.286 mmol),
PIFA (61.3 mg, 0.143 mmol), and (CF3),CHOH (1.0 ml) gave
7c (14.9 mg, 94%) as an oil: IR (CHCL:) v 2160, 1600, 1500,
1480, 1460 cm~?; H NMR (200 MHz) (CDCls) 6 1.23(d, J =
7.0 Hz, 6H), 1.44 (t,J = 7.0 Hz, 3H), 2.88 (m, J = 7.0 Hz, 1H),
4.11 (q,J =7.0 Hz, 2H), 6.84 (d,J = 8.4 Hz, 1H), 7.17 (dd, J
= 8.4, 2.0 Hz, 1H), 7.39 (4, J = 2.0 Hz, 1H), HRMS caled for
CioHNOS 221.0881, found 221.0874. Anal. Caled for
Ci12H1sNOS: C, 64.81; H, 6.75; N, 6.22. Found: C, 65.12; H,
6.83; N, 6.33.
1-Isopropoxy-4-isopropyl-2-thiocyanatobenzene (1d).
1d (10.4 mg, 0.058 mmol), TMSNCS (0.633 L, 0.233 mmol),
PIFA (50.1 mg, 0.117 mmo}), and (CF3);CHOH (1.0 mL) gave
7d (12.6 mg, 91%) as an oil: IR (CHCL) v 2160, 1600, 1500,
1480, 1460 cm™*; *H NMR (250 MHz) (CDCla) 6 1.24(d,J =
6.8 Hz, 6H), 1.87 (d, J = 6.0 Hz, 6H), 2.89 (m, J = 6.8 Hz,
1H), 4.68 (m, J = 6.0 Hz, 1H), 6.86 (d, J = 8.5 Hz, 1H), 7.16
(dd, J = 8.5, 1.8 Hz, 1H), 7.38 (d, J = 1.8 Hz, 1H); HRMS
calcd for Cy3H,sNOS 235.1020, found 235.1028.
4-tert-Butyl-2-thiocyanatoanisole (7e). le (10.2 mg,
0.062 mmol), TMSNCS (0.018 mL, 0.124 mmol), PIFA (40.1
mg, 0.093 mmol), and (CF3);CHOH (1.0 mL) gave 7e (7.8 mg,
579,) as an oil: IR (CHCly) v 2160, 1600, 1500, 1460, 1440
cm-}; 'H NMR (200 MHz) (CDCly) 6 1.32 (s, 9H), 3.90 (s, 3H),
6.87 (4, J = 8.8 Hz, 1H), 7.38 (dd, J = 8.8, 2.4 Hz, 1H), 7.66
(@, J = 2.2 Hz, 1H); HRMS caled for C;oH1sNOS 221.0867,
found 221.0872.
1,2,3-Trimethoxy-4-thiocyanatobenzene (7f). 1f(13.4
mg, 0.080 mmol), TMSNCS (0.046 mL, 0.320 mmol), PIFA
(68.8 mg, 0.160 mmol), and (CF3),CHOH (1.0 mL) gave 7§(13.1
mg, 73%) as an oil: IR (CHCI;) v 2160, 1580, 1480, 1460 cm™1;
IH NMR (250 MHz) (CDCls) 6 3.88 (s, 3H), 3.89 (s, 3H), 4.00
(s, 3H), 6.73 (4, J = 8.5 Hz, 1H), 7.26 (d, J = 8.5 Hz, 1H);
HRMS calcd for CioH1NO;S 225.0459, found 225.0459. Anal.
Caled for C1oHyyNO3S: C, 53.60; H, 5.00; N, 6.20. Found: C,
53.32; H, 4.92; N, 6.22. :
1-Methoxy-4-thiocyanatonaphthalene (7g). lg (22.1
mg, 0.139 mmol), TMSNCS (0.078 mL, 0.566 mmol), PIFA
(119.5 mg, 0.278 mmol), and (CFa):CHOH (1.0 mL) gave Tg
(23.4 mg, 78%) as crystals: mp 106—107 °C (from CH:Cl2~-n-
hexane); IR (CHCl) v 2160, 1620, 1590, 1570, 1510, 1460, 1440
em-}; 'H NMR (270 MHz) (CDCl3) é 4.03 (s, SH), 6.80(d,J =
8.2 Hz, 1H), 7.59 (td, J = 1.5, 1.0 Hz, 1H), 7.72 (td, J = 7.0,
1.0 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 8.28 (d, J = 8.6 Hz, 1H),
8.34 (d, J = 8.3 Hz, 1H); HRMS caled for C1oHoNOS 216.0406,
found 215.0406. Anal, Calcd for C1oHoNOS: C, 66.61; H, 4.31;
N, 6.47. Found: C, 66.95; H, 4.21; N, 6.561.
1-Ethoxy-4-thiocyanatonaphthalene (7h). 1h(10.4 mg,
0.060 mmol), TMSNCS (0.017 mL, 0.121 mmol), PIFA (39.0
mg, 0.091 mmol), and (CFs)CHOH (1.0 mL) gave Th (7.9 mg,
57%) as crystals: nap 74—76 °C (from CH;Clz~n-hexane); IR
(CHCL) v 2150, 1690, 1570, 1510 em™!; 'H NMR (250 MHz)
(CDCly) 4 1.58 (t, J = 6.8 Hz, 3H), 4.24 (q, J = 6.8 Hz, 2H),
6.80 (4, J = 8.5 Hz, 1H), 7.59 (td, J = 7.5, 1.0 Hz, 1H), 7.72
(td, J = 7.5,1.0 Hz, 1H), 7.84 (4, J = 8.5 Hz, 1H), 8.29(d,J =
8.5 Hz, 1H), 8.38 (d, J = 8.0 Hz, 1H); HRMS caled for CysHi;-
NOS 229.0663, found 229.0562.
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1,4-Dimethoxy-2-thiocyanatobenzene (7§). 1i(16.2 mg,
0.117 mmol), TMSNCS (0.099 mL, 0.702 mmol), PIFA (100.6
mg, 0.234 mmol), and (CF3);CHOH (1.0 mL) gave 7i (15.0 mg,
86%) as crystals: mp 68—69 °C (from CH;Cl;—r-hexane); IR
(CHCls) » 2160, 1690, 1490, 1460, 1440 cm~; *H NMR (250
MHz) (CDsOD) 6 3.79 (s, 3H), 3.87 (s, 3H), 6.94 (dd, J = 9.3,
2.5 Hz, 1H),7.01 (d, J = 9.3 Hz, 1H), 7.08 (d, J = 2.5 Hz, 1H);
HRMS caled for CoHoNO:S 195.0369, found 195.0354. Anal.
Caled for CoHoNO:S: C, 55.06; H, 4.63; N, 7.11. Found: C,
56.37; H, 4.65; N, 7.17.

1,4-Diethoxy-2-thiocyanatobenzene (7). 1j (10.4 mg,
0.063 mmol), TMSNCS (0.035 mL, 0.260 mmol), PIFA (53.8
mg, 0.1256 mmol), and (CFa),CHOH (1.0 mL) gave 7§ (12.5 mg,
90%) as an oil: IR (CHCLs) » 2160, 15680, 1500, 1470 em™?; 'H
NMR (250 MH2) (CDCly) 4 1.40 (¢, J = 7.3 Hz, 3H), 1.42 (t,J
= 7.5 Hz, 3H), 4.00 (q, J = 7.0 Hz, 2H), 4.06 (g, J = 7.0 Hz,
2H), 6.84 (s, 2H), 7.09 (s, 1H); HRMS caled for CyHisNO,S
223.0662, found 223.0665. Anal. Caled for CyH)sNO2S: C,
59.20; H, 5.86; N, 6.33; S, 14.22. Found: C, 59.17; H,5.87; N,
6.27; S, 14.36.

1,2-Dimethoxy-4-thiocyanatobenzene (7k). 1k (20.8
mg, 0.151 mmol), TMSNCS (0.0856 mL, 0.604 mmol), PIFA
(129.9 mg, 0.302 mmol), and (CF;5);CHOH (1.0 mL) gave 7Tk
(28.1 mg, 96%) as crystals: mp 49—50 °C (from CH2Cla-n-
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hexane); IR (CHCL) v 2150, 1590, 1610, 1460, 1440 em™3; 'H
NMR (250 MHz) (CDCL) é 3.91 (s, 3H), 3.92 (s, 3H), 6.89 (d,
J = 8.6 Hz, 1H), 7.06 (d, J = 2.5 Hz, 1H), 7.16 (dd, J = 8.5,
2.5 Hz, 1H); HRMS caled for CoHsNO:S 195.0330, found
195.0354. Anal. Caled for CoHgNO;S: C, 66.22; H, 4.61; N,
7.14; S, 18.35. Found: C, 55.37: H, 4.65; N, 7.17; S, 16.42,

4-Methyl-2-thiocyanatoanisole (71). 11 (12.6 mg, 0.103
mmol), TMSNCS (0.058 mL, 0.412 mmol), PIFA (88.6 mg,
0.206 mmol), and (CF3):CHOH (1.0 mL) gave 71 (10.2 mg, 55%)
as an oil: IR (CHCls) v 2160, 1600, 1500 cm™!; *H NMR (200
MHz) (CDCly) 6 2.32 (s, 3H), 3:88 (s, 3H), 6.82 (4, J = 8.2 Hz,
1H), 7.14 (44, J = 8.2, 2.0 Hz, 1H), 7.36 (d, J = 2.0 Hz, 1H);
HRMS calcd for CoHgNOS 179.0411, found 179.0406.

2-Methyl-4-thiocyanatoanisole (Tm). 1m (22.9 mg, 0.187

" mmol), TMSNCS (0.110 mL, 0.748 mmo}), PIFA (160.8 mg,

0.374 mmol), and (CF;)CHOH (1.0 mL) gave Tm (20.8 mg,
62%) as an oil: IR (CHCls) » 2150, 1590, 1670, 1490, 1460,
1440 em™'; 'H NMR (200 MHz) (CDCls) 4 2.22 (s, 3H), 3.856 (s,
8H), 6.84 (4, J = 8.5 Hz, 1H), 7.37 (d, J = 2.5 Hz, 1H), 7.38
(dd, J = 8.5, 2.5 Hz, 1H); HRMS caled for CoHyNOS 179.0385,
found 179.0404. -
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hydroxide® and the other with Bial’s orcinol reagent.®
Three ketose bands were detected. Two of these were
close to each other and were situated in the 1,3-dihydroxy-
2-propanone region; the third was in the region usually
occupied by hexoses. The similar bands from the four
chromatograms were combined and eluted. Fraction A, the
effluent from the slowest band, on concentrating to dryness,
weighed 0.7 g. This sirupy material was identified as contain-
ing  4-C-(hydroxymethyl)-pr-glycero-pentulose  (dendro-
ketose)! from its similarity in behavior to the product pre-
pared by the action of dilute alkali on compound I. The
dendroketose from the two sources showed similar chromato-
graphic behavior, and both gave a gray color with the or-
cinol apray.

$,7-O-Ethylidene-p-manno-heptulose (XII).—The ma-
terial in fraction B, which reacted with the orcinol spray to
give a blue-green color, weighed 4.2 g. on drying. Com-
pound III crystallized from methanol; weight 0.41 g., m.p.
200.5-201.5°, [a}®p +4.4° (¢ 3, water). No mutarotation
waa observed.

Anal. Caled. for CHOy: C, 45.8; H, 6.8. Found:
C, 45.6; H, 6.8.

A solution of 0.05 g. of compound III o 2 ml. of water
containing 0.5 ml. of Amberlite IR-120(H*) wag agitated
with a gentle stream of nitrogen and hydrolyzed by heating
for 0.5 hr. in & boiling water bath. On removal of the resin,
D-manno-heptulose’® was obtained; it was identified by its
infrared spectrum,” m.p. 151-152°, mixed m.p. with

(25) W. E. Trevelyan, D. P. Proctor, and J. S. Harrison, Naturs,
166, 444 (1850).

(26) A. Bevenue and K. T. Williame, Arch. Biochem. Biophya., 34,
226 (1951).

(27) R. 8. Tipson and H. 8. Isbell, J. Res. Natl. Bur. Sid., 66A, 31
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authentic material 151-152°, and [«]®p +29°. Compound
IIT and the parent sugar were found to produce a green color
in the orcinol test, in accordance with observations by Richt-
myer.

D-gluco-Heptulose (IV).—The mother liquor (from which
IIY had crystallized) was bydrolyzed as deseribed above
and, from the hydrolyzate, was crystallized 1.023 g of
compound 1V,® identified by its infrared speotrum, m.p.
171-174°, mixed m.p. 171-174°, [«}®D +67.6°, and a blue
color® with the orcinol reagent.

5,7-O-Ethylidene-n-p-altro-heptulose (V).—A sirupy
residue resulted on concentrating the effiuent from band
C; wt. 1.9 g. Crystalline compound V, wt. 0.98 g., wWas
obtained from a 2-propanol solution of the material, m.p.
149-151°, [a)®p +4-55° (¢ 1; water), [2}®> +50° (1 min.)
~ +40° (7 min.; ¢ 1; methanol). From the mutarota-
tion in methanol, an a-p configuration is assigned to the
crystalline acetal.

Anal. Caled. for CH,0:: C, 45.8; H, 6.8. Found:
C, 45.7; H, 6.9.

A sample (0.05 g.) of compound V, on hydrolysis as
described above, yielded 2,7-anhydro-p-altro-heptulose
hydrate,® which was identified by its infrared spectrum,®
m.p. 99-101°, mixed m.p. with authentic material 99-101°,
and [a]®p —134°.

All melting points are uncorrected.
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2-Chloro-3-dimethylamino-6-phenylsulfonylphenyllithium

HerMaN E, Z1EGER! AND GEORG WITTIG

The Organic Chemistry Institute, The University of Heidelberg, Heidelberg, Germany

Received April 24, 1962

By the metalation of 3-chloro-4-dimethylaminodipheny! sulfone (I) using n-butyllithium, 3-chIoro—4-dimethylaminq-6
phenylsulfonylphenyllithium (IT) was prepared. At temperatures higher than —10°, II eliminates lithium ctgloride fom'ung
3-dimethylamino-6-phenylsulfonylbenzyne (III). This intermediate reacts readily with furan yielding $-dimethylamino-

8-phenylsulfonyl-1,4-dihydronaphthalene 1,4-endoxide (V).

The consumption of the organolithium compound II with time

was used to measure the rate of formation of III. The elimination of lithium chloride by 11 was shown to be a first-order

process,

An elimination-addition mechanism has been
discussed to explain reactions of o-halophenyl-
lithium compounds proceeding through a dehydro-
benzene? intermediate.? It has been shown that

(1) Fulbright Fellow 1960-1961; presont address, Department of
Chemistry, Brooklyn College, Brooklyn, New York.

{2) The authors feol that dehydrobenzene is a moro genersl name
than benzyne, because the name benzyns implies the presence of a
triple bond in the symmetrioal intermediate. Experimental evidence
is pot available to substantiate this implication. For the sake of oon-
formity with the ourront usage of this journal, we shall use the term
benzyne to mean dehydrobenzene.

(3) For tho reviews of ths field seo G. Wittig, Naturuiseenschafien,
30, 896 (1042); G. Wittig, Angew. Chem., 69, 245 (1857); E. F.
Jenny, M. C. Caserio, and J. D, Roberts, Experientia, 14, 349 (2958);
R. Huisgen in H. Zeiss, *'Organometallic Chemistry,” Reinhold Pub-
lishing Corp., New York, 1960, pp. 36-87. :
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o-halophenyllithium compounds can be prepared
and are stable at temperatures ranging from — 60
to —110°4 For example, o-chlorophenyllithium
is stable at —90°. We hoped to modify the prop-
erties of both the halophenyllithium compounds
and the short-lived benzyne intermediate by the
introduction of the dimethylamino and the phenyl-
sulfonyl groups at positions 3 and 6. These groups
were chosen because of their respective mesomeric
and inductive effects. The expected stabilization
of this 3,6-disubstituted o-chlorophenyllithium com-
pound was observed,

(4) H. Gilman and R. D. Goraich, J. Am. Chem. Soc., 79, 2625

(1957); sa., 78, 2217 (1956); H. Gilraan and T. S. Soddy, J. Orp.
Chem., 33, 1715 (1957).

[O



EE

SEPTEMBER, 1962

Results

3-Chloro-4-dimethylaminodiphenyl sulfone )]
was metalated rapidly and completely at —80°
with n-butyllithium yielding 3-chloro-4-dimethyl-
amino-6-phenylsulfonylphenyllithium (II). When
IT was treated with freshly crushed carbon dioxide
at temperatures below —60°, 3-chloro-4-dimethyl-
aminodiphenyl sulfone-2-carboxylic acid (IV, 83~
909,) was formed. Regardless of whether car-
boxylation was carried out shortly after the addi-
tion of butyllithium or twenty-four hours later, the
results were the same as long as a temperature
below —60° was maintained throughout.

CHa_ N/CH: CH’\N/CHa CHa~_ N/CH3

T XL

SO, —s SO; — SO
2
@ g
1 H 111

CHg\N/CHa CHi~N~ CH;,

J !
Lo
<Ile

-1V \Y

Upon warming an ether solution of II gradually to
room temperature in the presence of furan (1.0~
6.0 moles), 5-dimethylamino-8-phenylsulfonyl-1,4-
dihydronaphthalene 1,4-endoxide (V) was secured
in 50619, yields. With a somewhat larger ex-
cess of furan (12.0 moles), yields were only slightly
increased (68%).

In order to confirm the structure of V, hydro-
genation was carried out over palladium to form 5-
dimethylamino - 8 - phenylsulfonyl - 1,2,3,4 - tetra-
hydronaphthalene 1,4-endoxide (VI). This end-

}13\1\’/(”7{3 .

Vi

(3) These are more strenuous reaction conditions than were required
to effect ramoval of the oxygen atom in 1,2,3,4-tetrabydronaphthalene
1.4-endoxide [G. Wittig and L. Pohmer, Ber., 89, 1334 (1956)}.
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oxide was converted to 1-dimethylamino-4-phenyl-
sulfonylnaphthalene (VII) by heating with hydro-
chloric acid in acetic anhydride on the steam bath.?

For an alternate synthesis of VII, 1-dimethyl-
amino-4-lithionaphthalene was prepared from 1-
bromo-4-dimethylaminonaphthalenet (VIII) by
halogen-metal interconversion using n-butyllithium.
Upon treatment of this intermediate with benzene-
sulfonyl  fluoride, 1-dimethylamino-4-phenyl-
sulfonyloaphthalene was obtained. This sample
of VII was identical with that obtained from en-
doxide VI as evidenced by mixture melting point
and infrared spectra comparison.

In order to determine the temperature at which
11 eliminated lithium chloride to form III, the ex-
tent of reaction was followed as the temperature
of the system waselevated. The number of equiv-
alents of organolithium reagent present at the
indicated temperatures was determined after hy-
drolysis with water by titration using 0.1000 N
hydrochloric acid. The data of Table I were ob-
tained by pipetting aliquots (1.0 ml. = 0.15 ml)
of & reaction mixture (0.10 N) and titrating to the
phenolphthalein end point. In six titrations which
were obtained between —65 and —10°, the stand-
ard deviation was 0.90 mmole of RLi (I1) or £9.1%,.
The data of Table I were interpreted to indicate
that the elimination of lithium chloride from II was
proceeding with a measureable rate at 0°.

TasLe 1
Time, Mmoles Mmoles %%
min. T, °C. I consumed Reaction
0 —65 .88 . .
294 -9 9.87 0.01 0.1
320 0.0 6.85 3.03 30.6
353 +21.0 5.53 4.35 44.0
@ +25.0 0.15 9.73 98.5

Preliminary kinetic studies using the acidimetric
titration method for a reaction indicate that the
half-life of II is about seven minutes (k; = 0.094
min.~1)8 The data of Table IT were secured at 0°.

In order to check this result, four runs similar to

TasrLe 11
(11), mole/1.
0.1835
.0420
.0360
.0206
.0156
.0066
.0056

Time, mia.

CO DD R =t
.O-GJ‘-‘CDOOO
COOOO

(6) 1. XK. Sayder and ¥, W. Wyman, J. dm. Chem. Sor., 70, 234
(1948).

(7) G. Kobrich, Ber., 93, 2081 (1959).

(8) The extent of reaction with time waa followed by acidimetrio
titration of the amount of IT remaining (ueing 5.0-ml. aliquots).
The data of Table IT were obtained using 20.7 mmoles of I and 22.0
mmoles of n-butyllithium. When the Jogarithm of the organolithbium
concentration minus & correction for exceas butyllithium and non-
organometallic bases was plotted sgainst time, a lincar relationship was
secured.

I
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that in Table II were conducted in the presence of
furan (5.0 ml., 0.0674 mole). Reaction was
terminated at different times by adding excess
carbon dioxide. The results are shown in Table
III. A plot of the logarithm of per cent IV was
linear with time; the slope was determined and a
value for k; of 0.064 min.~! was found (¢,; = 10.9
min.)

Tasre 111
Mmoles, 1 % 1V %V Time, min.
5.113 65.9 17.9 5.0
5.094 57.3 32.3 15.0
5.077 30.1 41.9 26.0
5.084 12.5 56.3 39.0
Discussion

The data indicate that the elimination of lithium
chloride from o-chlorophenyllithium ¢ompounds is
a first~order process. Secondly, the temperature
at which this process ocecurs has been sharply
modified by the dimethylamino and phenylsulfonyl
substituents. The increased acidity of the proton
at position two in 3-chloro-4-dimethylaminodi-
phenyl sulfone (I) is believed to be caused by the
presence of the phenylsulfonyl group in the ortho
position.

Recently, o-bromo- NN -dimethylaniline was
studied in the lithium piperidide-piperidine sys-
tem,® The conclusion drawn from this work was
that the metalation step prior to lithium halide
elimination is the rate-determining step. This
conclusion is based upon the assumption that the
lithium halide elimination from the substituted o-
halophenyllithium compounds is an extremely
rapid process. This assumption—that elimination
is not rate determining at +20°—is probably valid
in the lithium piperidide-piperidine system.

Although efforts were made to trap all of the
intermediate IXI as the endoxide V with various
concentrations of furan, I1I undergoes competitive
side reactions. One of these side reactions was
emphasized in the absence of furan to yield a
crystalline produet which is believed to be a dimer
of III. The reactions of III form the nucleus for
continued investigations in this laboratory.

Experimental

Throughout this study freshly prepared solutions of n-
butyllithium in ether (1.2-1.3 N) were used. All operations
were carried out in a dry, oxygen-free nitrogen atmosphere.
Infrared spectra of IV and V were obtained in matching
0.30-em. cells with a Perkin-Elmer Model 21 double beam
apparatus. The endoxide absorption of V at 10.03 u was
measured at various concentrations from 0.025 M to 0.10
M. Slight deviation {rom linearity was observed at con-
centrations greater than 0.138 M (absorbance = 1.02).
The carbonyl absorption at 5.75 u of the acid I'V was studied
over the concentration range 0.0222 to 0.0457 M. No
difficulty was experienced in analyzing mixtures of IV and V.

(9) R. Huisgen, W. Mack, K. Herhig, N. Ott. and E. Anneser, Ber.,
93, 412 (1960).
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The data of Table III were obtained using the chloro sul-
fone (0.00509 mole I), ether (75.0 ml.), furan (5.0 ml.,
0.0674 mole, freshly distilled from scdium), and n-butyl-
lithjum (4.15 ml., 0.00510 mole). After reaction was ended
with carbon dioxide, hydrolysis was accomplished with
water. Solid endoxide (V contaminated with IV) was
separated from the water and etber phases, dried, and
weighed. This solid was dissolved in chloroform and was
analyzed by infrared spectroscopy using the endoxide and
carbonyl absorptions as described above. The aqueous and
ether phases were separated and the latter was dried over
sodium sulfate. The ether was replaced with chloroform
and the semples were analyzed by infrared spectroscopy as
described. Endoxide, V, was present in the ether phase in
amounts ranging from 10-15%, based on the amount of
starting material. Chloro acid (IV) was present in per-
centages from 2.8-4.4. The bulk of the chloro acid was iso-
lated after acidification of the aqueous phase. Since the
chloro acid is slightly hygroscopic, it was dried ¥» vacuo be-
fore its identity was checked by melting point and neutrali-
zation equivalent.

3-Chloro<4-dimethylaminodipheny! Sulfone.—In a 1-l.
three-necked flask equipped with a stirrer were placed 4-
dimethylaminodiphenyl sulfone® (65.2 g., 0.250 mole), a
crystal of ferric chloride, and dry chloroform (600 ml.).
To this system, maintained at 0°, was added chlorine (20.8
-, 0.294 mole) which had previously been dissolved in chloro-
form (250 ml.) at —80°., This solution became colorless
after 1 hr. of stirring at 0°; after 8 hr., the chloroform solu-
tion was shaken twice with 100-ml. portions of water.
Phases were separated and chloroform was replaced with
methanol (200 ml.). Crystallization of 3-chloro-4-dimethyl-
aminodiphenyl sulfone (53.3 g., 71.0%, m.p. 65.0~65.8°)
occurred slowly at room temperature during several days.
Recrystallization from methanol yielded a purified product,
m.p. 65.8-66.0°.

Anal. Caled. for C,H\CINO.S: C, 56.85; H, 4.77;
Cl, 11.99; N, 4.73. Found: C, 56.55; H, 4.78; Cl, 12.19;
N, 5.46.

3-Chloro~4,4-dimethylaminodiphenylsulfone-2-carboxylic
Acid.—In a nitrogen-filled Schlenk tube were placed 3-
chloro-4-dimethylaminodiphenylsulfone (2.980 g., 0.0101
mole) and absolute ether (100 ml.). To this solution main-
tained at —80° was added n-butyllithium (8.90 ml., 0.0111
mole). The solution became yellow immediately and a
white precipitate was noticed after a short time. The tube
was gealed in & nitrogen atmosphere and was maintained at
—88° for 24.0 hr. The tube was opened under dry nitrogen
and freshly crushed carbon dioxide was added. Hydrolysis
was accomplished with water, the phases were separated,
and the aqueous phase was warmed gently to expell excens
carbon dioxide and ether, Following careful acidification
with hydrochloric acid, 2.980 g. of the acid IV waa isolated,
m.p. 165~170°, After purification by recrystallization {from
water (65 mg. per 100 ml.) or & water—methanol pair (10:1),
2.82 g. of purified acid was obtained, m.p. 172-173.0°.
An analytical sample was obtained after one additional re-
crystallization from water, m.p. 173.2-174.0°.

Anal. Caled. for CpH,CINOS: C, 53.02; H, 4.15;
Cl, 10.43; N, 4.12; S, 9.44. Found: C, 52.80; H, 4.23;
Cl, 10.52; X, 4.27; S, 9.38.

Neut. equiv.: Caled: 339.8. Found 338.0, 339.1.

An analogous run having excess furan present (4.0 ml.,
0.055 mole) yielded 2.85 g. (83.2%) of acid IV, m.p. 171.0-
173.0°, after 2 reaction time of 1.25 hr. Neither 4-dimethy}-
aminodipheny] sulfone-3-carboxylic acid (the product one
would expect if halogen-metal interconversion had occurred)
nor the endoxide V could be isolated.
~  5.Dimethylamino-8-phenylsulfonyl- 1,4- dihydronaphtha-
lene 1,4-Endoxide.~—In a three-necked flask equipped with
stirrer were placed’ 3-chloro4,4-dimethylaminodiphenyl-

(10) Prepared by the method of A. Gebauer-Fullneg, Ber., 61,
1307 (1928), in 83% yiold using chlorobenzene as solvent.
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sulfone (6.053 g., 0.02045 mole), furan (16.3 g. 0.248 mole,
freshly distilled from sodium), and absolute tetrahydrofuran'
(50 ml.). ‘The resulting solution was cooled to —65° and n-
putylithium (21.2 ml., 0.254 mole) was added dropwise

" during 15min. The resulting pale yellow solution was stirred

with gradual warming to room temperature. Hydrolysis of
the reaction mixturc was accomplished with a saturated
ammonium chloride solution. 5-Dimethylamino-8-phenyl-
sulfonyl-1,4-dihydronaphthalene 1,4-endoxide (3.248 g.,
48.7%, m.p. 166-170°) was separated from the ether and
aqueous phases. The ether was separated from the aqueous
phase and the solvent was replaced with methanol yielding
additional crude endoxide (1.250 g., 18.6%, m.p. 165-170°).
Recrystsllization of these materials from methanol yielded a
purified product (3.73 g., m.p. 172.5~174.0°).
Anal. Caled. for CigHiO:NS: C, 66.03; H, 5.23; N,
4.28; Found: C, 66.32; H, 5.39; N, 4.30.
5-Dimethylamino-8-phenylsulfonyl-1,2,3,4-tetrabydro-
naphthalene 1,4-Endoxide.—Palladium oxide (0.2073 g.,
0.00168 mole) in 25 ml. of methanol was reduced with hydro-
gen in & conventional glass hydrogenation vessel (250 ml.
volume). To this freshly prepared catalyst-suspension was
added 5-dimethylamino-8-phenylsulfonyl-1,4-dihydronaph-
thalene 1,4-endoxide (0.5260 g., 0.00161 mole) in 25 ml. of
methanol. During 35 min., 40.3 ml. of hydrogen was con-
sumed at 20° and 761 mm. (0.00 156 mole, 87.5%; of theory).
The catalyst was removed by filtration and was extracted
with beiling methanol. Concentration of the methanol
solution was followed by crystallization of 5-dimethylamino-
8-phenvlsuifonyl-1,2,3,4-tetrahydronaphthalene 1,4-end-
oxide (0.470 g., 0.00144 mole, 89.5%., m.p. 171.4-172.2°)
A mixed melting point with the starting material was unde-
pressed! 'The infrared spectrum, however, was noticeably
different having a strong absorption at 2980-cm.~! char-
acteristic for alicyclic carbon-hydrogen bond stretehing
motions.
Anal.
4.23; §, 9.73.
9.58.
1-Dimethylamino-4-phenylsulfonylnaphthalene.—A mix-
ture of 5-dimcthylamino-8-phenylsulfonyl-1,2,3,4-tetra-
hydronaphthalene 1,4-endoxide (0.1708 g., 0.000516 mole),
acetic anhydride (5.0 ml.), and concentrated hydrochloric
acid (1.0 ml.) was heated on the steam bath for 16.5 hr.
Neutralization was accomplished with excess 2 N ammonium
hydroxide (55 ml.); the organic materials were extracted

Caled. for CisH,)O,NS: C, 65.63; H, 5.81; N,
Found: C, 65.90; I, 5.70; N, 4.23; §,

{11) The reenlts were the same in diethy} ether as in 'THF,
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with ether and separated from the aqueous phase. Replace-
ment of the ether with methanol was followed by crystalliza-
tion of 1,1-dimethylamino-4-phenylsulfonylnaphthalene
(0.1321 g., 82.1 %, m.p. 149-153°). Three further recrys-
tallizations from methanol raised the m.p. to 157.2-158.2°.

For structure proof, 1-dimethylamino~4-phenylsulfonyl-
naphthalene (VII) was synthesized from 1-bromo-4-di-
methylaminonaphthalene® (VIII). In a three-necked flask
cquipped with & stirrer were placed a solution of 1-bromo-4-
dimethylaminonaphthalenc? (8.80 g., 0.0352 mole) in ab-
solute diethyl ether (25 ml.) To this solution maintained at
—65° was added n-butyllithium (37.8 ml., 0.0363 mole)
during 30 min. This new solution was added dropwise dor-
ing 12 min. to a cold solution (—70°) of benzenesulfony!
fluoride® (5.42 g., 0.0351 mole) in ether {25 ml.). The re-
sulting reaction mixture was stirred for 2 hr. at —70°,
warmed to room temperature during 2 br., and then hydro-
lyzed with water (50 ml.). Excess ether was used to dissolve
the organic reaction products; phases were separated and
the ether phuse was dried over sodium sulfate. After con-
centration to a volume of 50 ml., the ether solution deposited
two different kinds of crystals: (a) rhombohedrons, m.p.
154-157° and (b) monoclinic prisms, m.p. 135-138°. These
materials were separated mechanically. Purified 1,1-di-
methylamino-4-phenylsulfonylnaphthalene (1.755 g., 16.0
., m.p. 157.5-158.5°) was isolated after three recrystalliza-
tions of the former compound from methanol. A mixed
melting point of this material with the sulfone obtained by
cleavage of water from 5,5-dimethylamino-8-phenylsulfonyl-
1,2,3,4-tetrahydronaphthelene 1,4-endoxide (VI) was un-
depressed. The infrared spectra of these two compounds
were superimposable.

Anal. Caled. for CulinN0.S: C, 69.42; H, 5.50; N,
4:50; S, 10.30. Found: C, 69.65; H, 5.52; N, 4.28; &,
10.19.
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(12) W. Davies nnd J. H. Dick. J. Chem. Soc.. 2104 (1931).
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P> op-oD - 1906
Pissg-15Y0
240. G. Schroeter: Ueber Acylirung von Anilin-sulfosiuren..

(Mittheilong aus dem chemischen lostitat der Universitat Bouno.)
(Eingegacgen am 14. April 1906.)

XP-002206004

Die folgenden Versuche sind aus Betrachtuogen Gber den Process
des Firbens?) bervorgegangen:

Da ein grosser Theil der technischen Farbstoffe Sulfoséioren oder
Carbonsiiuren gind, die Faserstoffe aber alkoholische Hydroxyl- oder
Amin Gruppen enthalten. hatte icb den Gedanken, diese Farbstoffe durch
Ester- oder Amid-Bildung mit den Faserstoffen zu vereivigen. Diese
Methode wiirde besonders tiir Baumwollfirbungen von Interesse sein,
indem mau etwa die Chloride der sanren Farbstoffe mit mercerisirter:
e i — 1o *

!} Journ. liir prakt. Chem, (2] 31, 474.

“) Vergl. A, Binz und G. Schroeter, dicse Berichte 83, 4225 [1902);.
36, 3005 {1203): 37, 727 (1904].
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Cellulose zor Umsetzung bringen und acf diese Weise auch »adjectives
Farbstoffe direct auf Baumwolle fixiren koonte.

Fir Darstellupg der Cbloride erschienen mir die von Phenolen,
sowie ron primiren und secundiren Aminen derivirenden Sulfo- oder
Carbon Sivren von Farbstoffen an sich ungeeigoet, weil das als all-
gemeinstes Chlorirungsmittel in Betracht kommende Phospborpenta-
chlorid gleichzeitig mit den Siuregruppen zumeist auch die phenoliachen
Hydroxyl- und Awin-Grappen angreifen wird. Geeigoeter erscheinen
.die Sulfo- und Carbou-Sauren tertidrer Aupilinfarbstoffe. In der ersteren
Gruppe von Farbstoffen konnte man aber daran denken, die pheno-
Jischen Hydroxyl- und die Amin-Grappen durch EinfGhrong von Acyl-
.gruppen vor dem Aogriff des Phosphorpentachlorids zu schiitzen.

Der Versuch zeigte ivdessen, dass weder acetyliries Siuregelb
-(Acvtaminoazobenzolsulfosﬁure) poch Heliantbin (Dimetbylaminoazo-
benzolsulfosiure) mit Phosphorpentacblorid unter Chloridbildung 1ea-
giren; Reaction tritt erst bei boherer Temperatur ein und fibrt daon

.zur Verkoblung der Producte.

Einen besseren Erfolg hatte eine Metbode, die anf folgender Er-
wiguog berubte: Zor Darstellung voo Azofarbstoffen aunf der Faser,
z. B. Basmwolle, konnte erst die eine (saure) Componente des Azo-
farbstoffs esterartig Gixirt und die so vorbehandelte Faser alsdano mit
Diazoldsungen combinirt werdea. .

Es ergaben sichb darans zundichst Studien iiber die Chloridbildung

aus Anilinsulfosiuren, in welchen die Amingrappen durch Acylirung

oder Alkylirung geschiitzt sind.

Die Literator iiber die Sulfosiuren acylirter aromatischer Amine
jst aber lickenbaft, und das Studium dieser Kérper bat mich daher

etwas weiter vom Wege abgefiibrt. Die Versuche hieraber hat z. Th.

Hr. Dr. Georg Résing?) unter meiner Leitaug ausgefdbrt; ste er-
gaben folgende Resultate:

1. Die Acetylirnng des Natriumealzes der Sulfnoilsiure mit Essig-
siureanbydrid verliufc im Gegensatz zn bisherigen Anpgaben hieriiber
spontan unter starker Wirmeentwickelung: ebenss vollziebt sich die
Acetyliruog der Napbtionsiure und 1.5-Naphtylamiosulfosiure. Auch
die Einfbrung von Benzoyl- und Benzolsulfoo-Resten io die Natrinm-
Sulfonate aromatischer Amine gebt leicht von Statten.

9. Di» freie Acetsulfapilediure lisst sich entgegen den bisherigen
Angaben. ans ibren Salzlosungen durch concentrirte Mineralsiiuren aus-
fillen vod ist relativ bestindig: auffallender Weise verlinft ibre Selbst-
verseifung in concentrirter alkoholiscber Lisung schneller als in con-

.centrirter wissriger Losung.

1) Ipavguraldisscrtation, Boon 1906.

)
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Auch die anderen Acylaminosulfosiuren lassen sich in &holicher
Weise aus ibren Salzlésungen ansfillen und sind, soweit untersucht,
bestindig. '

3. Die Chloride dieser Sduren bilden sich sehr leicht und glatt
beim Verreiben der Natriumsalze mit Pbosphorpentachlorid vod sind
sehr bestindige, woblcharakterixirt: Karper.

4. Acetoaphtbionsiure und 1.5-Acetnaphtylaninsulfosiure kuppeln
mit den Diazolésungen aus den Nitranilinen, « Naphtylamin, Benzidin
zn gefirbten, wohlkrystallisivenden, relativ bestindigen Koérpern, welche
aber beim Xochen mit Wascer Stickstofl' entwickelu, daher Diazonium-
salze sind. ‘

Beozolsulfon-naphthionsdure nnd Benzolsulion.sulfagilsiure ver-
balten sich gegen die Diszonivmldsurgen sus Benzidip, « Naphtylamin,
2- und m-Nitranilin u. 5. ebento; nur mit diazotirtem p-Nitranilin
kuppeln diese Korper zu echten Azofarbstoffen. Dieses Re-
sultat ist deshalb auffallend, weil ein solcher Unterschicd in dem
Kuoppelungsvermigen von Diazolssungen nahe verwandier Korper gegen-
iiber e¢in uod derselben Componente meines Wissens bisher nicht be-
obachtet wurde.

5. Behandelt man Baumwolle mit Losungen der Chlovide von
Benzolsulfon Naphtionsinre oder -Sulfanilsiure, so wird die Faser beim
Nacbbebandeln mit p-Nitrophenyldiazoniumsalzen orangebraun bezw.
gelb angefirbr. Die Tecbnik dieser Fiirbeversuche muss jedoch-noch
besser durchgearbeitet und an weiterem Material geprift werden.

Specieller Theil
Acet-sulfanilsiure, CH; CO.NH([4]C:H,[1]S0:H.

Ueber Acetylsulfanilsiure berichten Nietzki und Benkiser!),
Junghabn?), sowie eime Patentschrift von Hofmann-La Roche
& Co., Basel®). Nietzki und Benkiscr erbitzen aalfaoilsaures
Natrinm mit @iberschiissigem Essigsiiureanhydrid auf 1400 bis alles in
Loésung gegangen ist; der beim Erkalten gewonnene Brei wird von
@berscbiissigem Auhydeid befreit, das so gewonnene Silz der acety-
lirten Sdure ist jedoch den Analysen aufolge noch wicht rein. Die
freie Acetsulfanilsdure vermochten Nietzki und Benkiser aus dem
Salz aof keine Weise darzustellen, sodass sie an der Existenzfibigkeit
der freien Siiure zweifeln. Juuvgbabn berichtet, diese Siure durch
Behandeln von Acetanilid mit rauchender Schwefelsiore in verfilzten
Nadeln gewonnen zu haben, theilt jedoch keine Analysen mit und macht

") Diese Berichte 17, 707 [1884). %) Diese Berichte $3, 1366 (1900}

3) Friedlander, Fortschritte der Theerfurbenindustrie 4, 1152.

/6
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keine niiheren Angaben ausser der, duss Jie Sidure nicht zut baltbar sei.
Hoffmann-La Roche & Co. kochen Natrinmsulfanilat § —8 Standen
mit Bisessigr, destilliren die iberschitssige Essigsiiure ab, lisen den
Riickstand in wenig heissens Wasser und fillen mit Alkohol; Avnalysen
und nihere Angaben fehlen wneh hivr: jedoch soll das Salz antipy-
retische Figenschuften huben.

Leh fand nun zu weiner Ueberraschung Folgendes: Werden gleiche
Theile trockves, feingepulvertes Natriemsultanilat und  Essigsitore-
anhydrid genischt, so  rvitt nach wenigen  Secunden  Wirmeent-
wickelung ein, die sich bis fiber 1007 steigert, und die Acetylirung
ist so nach korzer Zeit vollendet. der Gleichupg: (CH3CO 0
<+ NI, . (.‘.;Hq.SO;;N:\ = CH,CO. NH. C(,“;.S();(Nil + CHy. COOH
eutsprechend. Das pulvrige, wit trocknem Aether griindlich gewaschene
snd im Vacuum diber Natrovkalk getrockuete Acetylirungsprodoe
mnss zae volligen Reinignng ea. 10 Stunden i trocknen Lufttrom
anf 150 160" erbitzt werden, da Essigsiore hartniickig aurickgehalten
+u werden scheint.  Lhe ich diesen Umstand erkannt hatte, schloss
jeh ans versehirdenen Natriam-, Schwelel- und Stickstoff Bestimmungen.
dass das Produoct dincetsulfanilsiares Natvium sei. Die Natriombestin-
mung des i ohen angrgebener Weise bis zne Gewichtsconstanz ge-
trockneten Productes ergab Jedoch die [fir monoacetsullznilsanres Natein,

stimmende Zahl:
B2052 ¢ Shst 0.08TL g SOy N,
Ca VNSO N Ber Na 21700 Gof. Na WLRA,

Das Salz'd st selir leicht loglich in Wasser, schwer 13sthich in
Stkoho! md anlistich in Avther. Versetzt man die coneentrirfe wisy.
rige Lisung desselben  mit voneentrivter Salzsiure unter Kiihlang.
w0 wrsturrt nach kurzer Zeit div ganae Plivgsigkeit zu einem steiten
Brei son feinen Nidelehen. Dics ish e freie dceet-sulfanddsiare:
sie wird abgegogen, mil etwas concentrivter Salzsitwse und alsdann it
Aceton und Auvtber gewsschen. Nos 50 gewonnene Yroduet izt oin
Wasser sebr laicht Woslichy wird aber aus - dieser Lisang dureh con-
centicte Salzsinere wiedor ansgesehisden. aneh in Allzaiint 1oar Jdie
aure leicht ol

Shure wich i Cegensata 2w der antistichen Saltanils
Um Simrea von mitgerissensi Chloroattizm oder voa Salfpitsitare
aus oder Acotsullfanilginre an entfernen, o= man ~ie in Afkohol. filirire

sy

sveninell und fiillt die alicoholisehe Lisunyg mit Aether: sie scheadet sieh

Jictot zundichat Olig aus, wird wher bald pulerig. Se enthdlt dann nern

cohoint vaeh Verswehen, die Hr Prienideeat Deoitite.

v Pas B

braandt auszafihren die

Preamdilichlent i p'::_t'.»iwlnf_z_isvh anawivksne o
sebr fvergh oben Ho Voo Lot Keseloen

) ¥
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2 Mol. Krystallwasser: CH3sCO.NH.G:H;.SOsH + 2 Hy0, wie die
Titration mit /;-Natrovlauge und die Schwefelbestimmung ergaben:
0.4593 g Saure brauchten 18.75 ccm v/,0-NaOH. — 0.2621 g Sbhst.:
0.23%4 2 SO;Ba, :
CsHo NSO, -+ 2 Hs0. Ber. NaOH 15.94, S 12.75.
) . Gef. »  16.33, » 12.54.

Die Acetsulfanilsiiure ist in verdiiboter wissriger Losung in der
Kilte bestindig. Der Titer' einer 0.5-procentigen Losung in Wasser
und eiper l-procentigen in Alkohol war nach tagelangem Stehen un-
verindert geblieben. Auch beim Kochen erleiden verdiinnte wissrige
Losungen opur Jangsam Hydrolyse; nach 2-stiindigem Kochen einer
0.5-procentigen Losung waren erst ca. 18 pCt. verseift. Schneller
verlduft die Selbstverseifung in stark concentrirten Lésungen und zwar
merk wiirdiger Weise schneller in alkoholischer als in wissriger Lésung:

0.6024 g Acetsulfanilsdure, in 2 ccm Wasser geldst, hatte nach ca, 70-stiin-
digem Stehen Krystalle von Sulfanilsiure amsgeschieden; die Titration ergab,
dass 35.37 pCt. der Acetsinre in Sulfanilsiure und Essigsiure gespalteo waren.

0.7964 g AcetsuManilsdure, in 4 cem 99-procentigem Alkohol geldst, hatte
schon pach 24 Stondep erhebliche Mengen Sulfanilsiture ausgeschieden, deren
Gewicht nach 3 Tagen ca. 0.28 g betrug, d. i. 50 pCt. der Theorie; die Flussig-
heit roch stark nach Essigester, sodass dic Spaltupg der Acectsulfanilsiure in
Alkohol nach der Gleichuag:

CH;C0.NB.CsHy.S0zH + Cyll;. OH == CH:.COOC; Hs -+ HaN.CsH,.S03H

zn verlanfev scheint,

Acet-sulfanilsiurechlorid, CH;CO.NH.C:H,.8S0:Cl

10 g trocknes, acetsulfanilsaures Natrium werden mit 10 g Phosphor-
pentachlorid im Mérser verrieben; das Gemisch verfliissigt sich erst und
pimut dann wieder festere Consistenz an; es wird jetzt in kaltes Wasser
eingetragen (zur Losung von Chlornatrium und Phosphoroxychlorid) und
so das wasserbestiudige’ Acetsulfunilsiiorechlorid als weisses, phosphor-
freies Pulver gewonnen; Ausbeute 7—8 g. Das Chlorid ist in Aethéer,
Essigester und Alkobol leicht 18slich, aus alkobolischer Lésung wird
e8 durch Wasser unverdndert ausgefilit. Durch Uwmkrystallisiren aus
heissemn Benzol wird es in kleinen Nidelchen erhalten, die bei 149°
schmelzen.

0.2915 g Sbst.: 0.4390 g CO,, 0.0983 g Hy0. — 0.3466 g Sbst. gaben
wach Zerstdrung durch Kochen mit Natronlavge 0.2154 g AgCl.

CsHeNO;SCl. Ber. € 41.11, H 342, Cl 15.20. .
Gef. » 41.07, » 3,74, » 15.37.

Mit Natriomalkoholat setzt sich die alkoholische ILésung des
Chlorids zu dem Acet-sulfanilsiureithylester, CHyCO.NH.C¢H,
.803.0C, Hs, um, der, aus Benzol umkrystallisirt, weistse Niidelchen
vom Schmp. 115° bildet.

Borichte &, D. chem. Gesellschaft. Jahrg. XXXIX. 100
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0.2212 g Shatir 04020 g G, 01080 g By, - 4ot g Shetaoaiett g
s B
Cw s NSO, Ber, C 40849, 1A, :
Gef. » 4905, »

\iit Phenetidin setzt gich das Chlorid in 1ll\ol.ol|acher Lisung viatt
m Acet-sulfanilsiure-phenetidid, CHy CO.NH. Ce . 8¢ NH
CCa 1L 410G H,, um, das, qus wiisstigemn  Aceton amkrvsialissirt
weisse, glinzende Blittchen vom Schmp. 204% bildet.
02350 ¢ Shet: 05086 g COs, 0367y He O, = 0208 g Sbai: vl o
S0y Ba.
C-u;“l.\‘l\’gst‘h. Ber. © 5749, W 209, 8 RGNS
Gef. » 5750, » ,a.M. » 055,

Acet-naphthionsiure, CH, CO.NHLL.ClaBg . [115¢ s K.
‘Trockoes, feingepnivertea Nutriunmaphthionat wird it dem gleicnen
(Gewicht Bssiggiureanbydrid vermischt. auch hier erwidrme sick dus
Gemiseh spuutan bis 600 nnd daritber; nu calliger Umsetzong sicher
2u sein, worde schiiesslich noch einige Zeit unl dem W lSv‘lb.wv- er .
Litzt.  Das Produet warde dunn mit absnlutem Alkohol grondlich
gewasehen und hei 1200 wetracknet.  Das so erhaliene weisse Pulver
worde s palbvsit,
OI061 g Shsi,: 00493 g 80 Nig. — 04105 & Shst,: 3420 0 S0
Ur_ﬂHm‘.’nNS N‘ll. l;-'l h 'll.“). N:( 3.‘."-).
(el = 114, » S04
Ks liewt demaach  retnes Acetylnatrimmnaphthionat  vor.  due in
Wasser sehr leieln, in Alkolnl und Aether sehwer oder nieh: lisheh

st Liie concentrirte, wiissrige Libsung des Salzes giebt wia beim

Awuln.\trmmsullnnl.u auf Zusatz von concentrirter Salszsdure ainen
steifen Brei von Krystallnidelehen. die aua der freisn Aceunanbiuiiens-
siiure besteht,  Auch diess Siure st in Wieser und Aldkoho! feiebt
lashicl, antastich in Sether und sebwer toshicl in comemrar‘—r RRIPR
siare  ltehin Koenen mit Wasser wicd s in Essigaiiure mad Nuphe Lion-
sinre wespitien, e sich augsebeidrt.  Die ans alkoholisenes Liasung
mit Acther gaiiilte Siare scheint einsr Krystallwasserbestionniog e

folge */: ol Waeser xu enthalten,  Das bei 1200 getroakuaee Pro-

freie Riure stimmende Zohten:
3 00, 0.0592 ¢ HO, — 0.4486 ¢ St dE g

duet giv aul was

0,228 ¢ Shsi 0409

S0, 130
' f.;;-; ”|| N‘.)(S‘ Ber. U :’,)4“‘:‘;*, “ }1) } l'-'.‘)'u).
Gof. = Aban, « 0By, + 1245,

Acel ruwpithionsiurechlorid. O 00 NI G e 118G U
16 ireeknes Asmyloaphthibnat werden mit dem glaichen Giewichn
Phosy! '-r;.‘wmm:.-!lm.ul i Mpraer verrieben; nach etwa 15 Minges
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bringt man die halbfeste Masse in Wasser und sangt das nach Zer-/
stérong der Phosphorchloride als weissgelbes Pulver sich absetzendez
Chlorid ab. Es wird durch Uwmkrystallisiren aus Essigester in schéoen,
durchsichtigen Krystallen erhalten, die beim Erhitzen ohne zu schmelzen 9q
verkohlen. Ausbeute ca. 9 g, 4 h

0.1339 g Sbst.: 0.3439 g CO;, 0.0586 g H,0. — 0.2348 g Sbst.: 0.1175 g
AgCl '
CizHi0OsNSCL  Ber. C 50.79, H 3.52, Cf 12,52 1
Gel. » 51.01, » 332, » 12.45 D

Durch Umsetzen des Chlorids mit N’:‘\_t_zjgméi.jhylatlﬁsugg _gpt,Qtebtq o
der Acet-naphthionsiureithylester, CH;CO.NH(4].CoHe {1180,
.OCyHs, welcher, aus Benzol umkrystallisirt, weisse Nadeln vom '
Schap. 148° bildet. Mit Anilin (2_Mol.)gentstehtyAcet- p-aphbthion- \1
salﬁmﬁ_ﬁ CH;CO‘NH_[‘H . Cnoﬁﬁ L[‘l} SO:.NH. Gs.Hs, das¥WausPA'lc J

kohol"in™ Blittchen®vom Schmp. 231°¢ erhalten wird,

1.5-Acetamino-naphtalin-sulfosiure,
CH; CO.NH[5].C1oH;.[1]SO; H.

Das aus technischer 1.5-A minonaphtalinsulfosaure gewonnene rohe
Natriumsalz wurde durch Umkrystallisiren aus Alkohol gereinigt,
fir die Behapdlung mit Essigsiiureanhydrid bei 1200 getrocknet und
gepnlvert. Eine so starke, spontane Temperaturerhéhung wie Natrium-
sulfanilat und Natriumoaphtbionat zeigt dieses Salz beim Behandeln
mit Essigsinreanbydrid nicht, jedoch wird anch hier durch einetiindiges
Erwirmen des Gemisches uuf dem Wasserbade die Acetylicung leicht
zu Ende gefiibrt; das mit Alkohol und Aether gewascheoe Rohproduct
ergab stimmende Analysenzabien:

0.1674 g Sbet.: 0.043 g SO4Na;. — 0.83925 g Sbst.: 16.6 com N (299,
764 mm),
' CiaHioO(NSNa. Ber. Na 8.02, N 4.88.

Gef. » 8.32, » 4.82.

Das Salz lisst sich in gleicher Weise, wie das Natrium-acety!-
naphthionat, in 1.5-Acetylamino-naphtoés:’iurechlorid, CH;CO
. NH[b] .C)o Hs . SO) Cl, iiberfiihren.

Benzoyl-sulfapilsiure, CsH;CO.NH(4]).Cs H,.[1]SO; H.

20 g sulfanilsaures Natriom werden in wenig Wasger gelost und im
Verlaof einer Stunde mit 28 g Benzoyleblorid und mit Natronlange ver-
setzt und geschittelt. Die alkalische Flissigkeit erstarrt dann durch
ausgeschiedenes beozoylsulfavilsaures Natrium zan einem Brei, das,
abgesogen und aus Wasser umkrystallisirt, in weissen Nadeln er-
halten wird.

100*
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0.2815 g Shat.: 0.0544 g SO, Nag. — 0.4200 g Sbst.: 0.3240 g SO(Ba.
CmeNOASNR. Ber. Na T.68, S 10.70.
: Gef. » T.HI, » 10.59.

Beim Verreiben mit Phosphorpentachlorid ergiebt das Salz Beo-
20_\:l-su|fanil.‘~':‘iurech]0rid~ C.;Hg.C(f).NH.C.-.Hx.S()zCl, welches,
aus Benzol umkrystallisirt, gelbe Nadelchen vom Schinp. 1769 bildet.

Benzoyl-n:nphthinnamC\;HSC().NHH:}.C,OHG.SOs;Nu, wurde
durch Erhitzen von Nuphthionat it Beuzotésiureanbydrid dargestellt,
die Benzogsiure durch Auskochen mit Aether entfernt nod  das Pro-
duct nus Wasser nmkrystallisict. :

Be.nzolsuH'nn-sulf:nnilsiinre, CGHSS()Q.NH[-{].C;H¢.[IJSO;.H.

10 g sulinnilsaures Natrium, in moglichst wenig Wasser gelist,
werden mit 16 g Benzolsulfuchlorii und Natronlange in kleineo Por-
tionen versetat nnd geschiittelt; das benzotsulfonsulfanilsaure Natrium
scheidet sich biernach als weisses Magma ab, das abgesogon und aus
Alkohol umkrystallisirt wird. Zur Aunalyse wird mehvere Stunden
bei 1407 getrocknet.

02800 ¢ Shat: 00565 1 S0, Nug. - D.88TT g Shete 31.5 com N (149,
748 mom}

G Hig NSyt Na. Ber. N 6.86, N .18
Gel, » 6.54, » 14

Versetzt man  eine gesittizl, wiissrige Lisang des Salzes unter
Kiiblunyg mit concentrirter Sehwetclgiure, so stheidet sich die Benzol-
sulfon-sulfanilsiure als allwiihlich erstarrendes Oel ab. Die ab-
gesoguenen Krystatle schelzen bei 78° und sind in Wasser leicht
loslich. Verreibt mun dus Salz mit dewm gleichen Gewicht Phospbor-
pentachlorid, zersetzt die Phosphorchloride niit Woasser upd krystalli-
sirt dag abgesogene Pulver aus Esgigester mn, 80 @ hilt man Beo-
znlsnlfon-sull'unils:'iureuhlorhl, Cs H,-,.SO«,.NHU}.Ct-,l'"h.[l]SO;-Cl,
in weissen Nadelu vom Schmp, 177%

014024 g Shstt 017212 AgClL - 0.2471y hst.: L3911y COs, 0.0759 ¢ H.0.

Uw“mNﬁ'x‘.’hCl. Ber. G 10,70, C 4843, H 3.0
Gef. » 10038, - 4ddn, v 3.50.

Benzolsulfon-nu phthions:‘iure,Csﬂ_.SO-_..NH[4].(7101-].;.[1]S(')3H-

Das Nutrinmaaliz dieser Ninre wird aus Naphtbionat, Benzolsulfo-
chlorid und Natronlwge gewennen und scheidet sich als vithlich ge-
farber, xchleimiger Niederschlag ab, der in kaltem Wasser achwer
I6slich ist, aus hetssem Wasser oder Lepger wug Alkohol ammkrystalli-
girt in Blittchen gewonnen wird. Zur Trocknung wird 4—>5 Stdn.

im Vaenum auf 30¥ erbitzt.
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0.1936 g Sbst,: 0.0355 g SO4Naz. — 0.3679 g Shet.: 0.4378 g SO, Ba. —
0.6175 g Sbst.: 19.7 com N (25°% 764 mm).

CisHisOsNSgNa. Ber. Na 598, N 8.63, S 16.62.
Gef. » 588, » 3.57, » 16.34.

Die freie Siure wird aus dér concentrirten, wissrigen Losung des
Salzes durch concentrirte Salzsiiure iv Nidelchen ausgefillt. Durch
Umsetzang mit Phosphorchlorid in der mehrfach angegebenen Weise
erhilt man aus dem Salz das Benzolsulfon-naphthionsiure-
chlorid, C¢H,S0:.NH[4].CiyHs.[1180:Cl, das, ans Benzol um-
krystailisirt, schéne Krystalle vom Schmp. 171° bildet:

0.1957 g Sbst.: 0.3603 g COa, 0.0624 g H20. — 0.3361 g Sbst.: 0.1263 g
AgClL _

Cig Hi2 04 NS;Cl.  Ber. C 50.32, H 3.12, Cl 9.30.
Gof. » 50.21, » 3.54, » 9.29.

Umsetzungen der aromatischen Acylamino-snlfosiuren
mit Diazoniumsalzen.

Ueber die Combination von acylirten Anilinen wit Diazoviumsalzen
findet sich eine Arbeit von Witt und Schmitt}), derzufolge die aus
»-Toluolsulfochlorid und «- und B-Nzphtylamin entstehenden Amide,
C7H;.50,;.NH.CyH;, mit Diazoldsungen zu Azolarbstoffen kuppelun.

Versetzt man die wiissrige Lésung von Natriumacetnaphthionat,
CH;3CO.NH.CypH;. 803 Na, mit dquimolaren Mengen, von Diazonium-
l6sungen auns «-Naphtylamin, o-, m- und p-Nitranilin oder Benzidin,
so krystallisiren aus den zundchst klaren Losuvgen alsbald die Kuppe-
lungsprodacte aus: aus Naphtylamin gelbbraune, seidenglinzende
Blittchen, aus p- und o-Nitro-anilin dunkelrothe, glinzende Nadeln,
ans m-Nitro-anilia hellgelbrothe Blittchen, aus Benzidin stark
glinzende, rotbe Nadelo. Diese Producte sind aus missiy heissem
Wasser uwinkrystallisirbar, in Natronlauge léslich und bei vor-
sichtiger Bebandlung mit Siure wieder fillbar; durch Awmmoniak
werden sie simmtlich aus den wissrigen Lisungen als dunke! violeite
Niederschlige gefillt. Beim Erbitzen aof dem Platinbleche zeigen die
Producte nur schwache Verpuffung. Beim Kochen mit Wasser aber
evtwickeln sie Stickstoff und zwar iiberall da, wo es geprift wurde
quantitativ 1 oder 2 Mol. Aehnlich verhalten sich die Producte aus
1.5-acetylaminonaphtalinsulfosaurem Natrinm mit diazotirtem p-Nitro-
apilin (rothbrauve Blittchen) und Benzidin (gelbbravne Blittch=u.)
Wegen ihrer Zersetzung beim Kochen mit Wasser balte ich alle diese
Producte fiir Diazoniumsalze der allgemeinen Formel CH;CO XNil
.Ci1oHs.505. N Ar.

') Diese Berichte 27, 2372 [1894].

Ll
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Der durch Kochen mit Wassar abspalthare Stickstolf,  sowie der
Gesaummt Stickstofl-, Koblenstoff- und Wasserstotf-Gebalt wucden be-
stimni bei den Producten wus Acetnaphthicnat (1) und 1.5-Acetnapbtyl-
aminsulfonat (1) mit p-Nitro-anilio und mit Benzidin:

(.
GAGAT g Sha eim Koche it Wasserd: 158 com N 200, 766 mm). —
0.5012 ¢ Sbst. ‘beim Verbrevsent. 352 cem N AN T8 mm). — 02021 ¢
Shist: 0875 ¢ G0y, el g Hut,
CuHieNgOeS. Bors Ny 760 Ny 13.52, a201T, H 3.ns.

Gef. o G.RY, » 1336, » 3229, v A6

02851 g Shat. heim Kochon mit Wassery: 20 com N (200 750 mmd, -
Q842 v Shen, <hoim Verbreonand: 20 cem N 290 762 annd, — 02021
Sher 04082 ¢ SO O06Sty HL 0.

C;-:.:Ha:‘N.;()an:-;. Ber, Ny 7610 Ny HL41 C H8.64, H 30
Gel, « T80 L3, o O8GH, 4 B

i,

D954 g Bbst ddm Kochen min Wassord: 12,2 sem N (24Y, 7.8 ), —
0.119% g Shsi. (beim Verbrenncu}: 14 vem N {I8% 770 sy, == (FREEE
Shse.: NA4T2 g GOy, 0.0742 ¢ HoOL

ha B NGOgS, Ber, No win, Ny a2, C 307, B 3.35.
Gel. » £.U8, - 1367, » LO8, » BIL

N,2003 ¢ Shat. (beim Kochen mit Wasser): 124 cem N OO19Y 766 mm), —
01840 ¢ Sbst. (beii Verbreuneu): 122 cem N {13 5% mm). — 02887 ¢
Shst: 0.4773 g COa, 00880« Halr

Cos HyaNg 08y -+ 3 H, 0. Ber, Ny 70, Ny 106, C 5488, H 480,
Gaf. & 705, - 1044 » BLDA, » 400

Wiilbrend dicsen Resultaten zufolge die Acetoaphtyluminsalfosinre
mit Diazoniamlésungen durchweg zu allerdings stark  gefidrbten und
anftallend bestindigen Diazoniumsalzen kuppelt, geben die oben b
schriebene Benzolsulfonnaphthionsiure und die Benzolsulfonsalfanilsivre
mii aliro anderen untersachten Diazoninmlisungen zwar anch Diazo-

ninmaalze, mit p-Nitrophenyldiszoninmgalzen aber echte Azofarbstoffe:

Benzolsullon-sulfanilsaures Natrinm (3.5 ) -+ diazotirtes
Beuzidin (1.8 g) scheidet zuniichst Schmieren ab, nach mebreren
Stupden batten sich jedoch i g gelbbraune Krystalle abygesondert, welche
in Natroulauge mit bravoer Furbie 1slich sind, mit Ammaniak einen
violerischwarzen  Nivdersehlag  geben, beim trocknen Iichitzen ver-
kohlen. beim Kochen mit Wasser 2 Mol. Sticksteft entwickeln:

02350 & Shat.s 13.8 cem N 2200 762 mml,

CanHaa N N3 B Ny 6.6, Gef, Ny b,

Benzotsulfon-sulfanilsaures Natrinm (3.5 g) - diazotirtes
peNitro-nnilin (1 g): nach ciniger Zeit orangegetbs Nidelehen . in

2%
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Natronlauge roth laslich, entwickeln beim Kochen mit Waeser 1 Mol.
Stickstoff:
.i%79 g Shst.: 10 cem N (229, 752 mm).
C]gHuO7SgN‘|. Ber, Ng 6.06. Gef. Na 5.90.

Benzolsulfon-sulfanilsaures Natrium (3.5 g) + diazotirtes
m-Nitro-anilin (1 g): gelbes Pulver, in Natronlauge roth 18slich, ent-
wick2it beim Kochen mit Wasser 1 Mol. Stickstoff:

0.3075 g Sbst.: 15.8 cem N (279, 762 mm).

C]st.;O'th N4. Ber. Ng 6.06. Gef. N2 6.09.

Benzolsulfon-sulfanilsausres Natrium (7 g) -+ diazotirtes
p-Nitro-anilin (2 g): eigelber Niederschlag, nach dem Umkrystalli-
siren aua Wasser schone, rothgelbe Nadeln; das Product ist in Natron-
lauge. wie in Ammoniak mit rother Farbe 18slich, spaltet beim Kochen
mit Wasser keinen Stickstoff ab, farbt Wolle in sanrer Losung gelb:

0.2312 g Sbst.: 0.3960 g CO», 0.0636 g H20. — 0.2081 g Sbst.: 22 com
N ¥, 744 mm).

CisHiuNiS;04. Ber. C 46,67, H 3.24, N 12.09.
Gef. » 46.71, » 3.29, » 11.94.

Diazonivmsalee wurden ferner noch erhalten aus diazotirtem
«-Naphtylamin und Pseudocumidin mit Benzolsulfonsulfanilsiiure.

Benzolsulfon-naphthionsaures Natrium -+ diazotirtes Ben-
zidin: branngelbes Pulver, giebt beim Kochen it Wasser 2 Mol.
Stickstoff: ‘

0.2400 g Sbst.: 12.8 cem N (239, 762 mm).

C‘;Hsstsaolo. Ber‘ No 6.0]. Gef. Ni 602

Benzolsulfon-naphthionsaures Natriom -+ diazotirtes m-
Nitro-anilin: gelbes Pulver, spaltet beim Kochen mit Wasser 1 Mol.
Stickstoff ab: '

0.2198 g Sbst.: 14.9 cem N (229, 762 mm).

CauHigNiS;0;. Ber. Ng 5.46. Gel. Ny 5 26.

Benzolsulfon-napbthionsaures Natrium -+ diazotirtes p-
Nitro-anilin scheidet nach einiger Zeit rothe Krystalle ab, die, aus
Alkobol umkrystallisirt, in schépen, rothen Nidelchen erbalten werden;
wird dureh Kochen mit Wasser nicht zersetzt, firbt Wolle
orange.

0.2¢48 g Sbst.: 0.5021 g CO,, 0.0821 g H,0. — 0.2682 ¢ Sbst.: 25.7 ccm
N (2:% 752 mm).

CyaHisN(S20;. Ber. C 31.56, H 3.12, N 10.94.
Gef. » 51.75, » 3.45, » 10.83.
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Es wurde non versucht, die Farbstoffe: p-Nitrobenzolazo-Benzol-
suifon-sulfanilsinre und -Benzolsulfon-papbthionsiure aul der Baum-

wolle als Celluloseester: CeILO.S()g.CsHa%gflﬁi%’_iﬁﬁ'z;? bhezw.

{NH.S0,C. 1,
{N:N.CxH;.NO;
Baumwolle warde mit der Chloroformldaung des Benzolaulion-
sulfanilsinrechlorids (s. oben) unter Zusatz von Pyridin einige Zeit
am Rickflusskiihler gekocht, aus der Fliissigkeit entfernt, mit Chloro-
form ond mit Wasser griindlich gewaschen. Diec Banmwolle wies
alsdann einen Schwefelgehalt von 2.77 pCt. auf.  Die so behandelte
Faser wurde nun in ecine Lisung von p-Nitrobenzoldiazontamacetat
wetaucht und einige Zeit darvin belassen; die Fager firhte sich gelb an.

Ct‘" . ().SO‘_!- Cme

Zu erzeagen:

Mercerisivte Baumwaolle wurde mit Chloroformlésnng von Benzol-
sulfounaphthionsiinrechlorid (s oben) mebrere Stunden geschiittelt und
die so behandelte I'aser in p-Nitrophenyldinzoniumlpsung  getaucht;
sie hatte sich nuch einiger Zeit orangebraun aungefirbt.

Die Untersuchungen werden in der eingangs angedeateten Rich-
tung fortgefiilint.

24]1. E. BErlenmeyer jun, und C. Barkow: Ueber stereo-
isomere Zimmtsiluren.
( Mitgetheilt von B, Brienmeyer jon))
(Bivgeg. am 10, April 19060 mitgeth, i d. Sitzung v Hino WL Marchwald

Die Theoric Gber geometrische lsomerie verlungt, dass Kérper
von der Constitution der Zimmisiure in zwei nnd nicht mehr-iscineren
Modificationen existiven,

Nachdemw nun durch die Untersuchungen von Liebermann,
Erienmeyer sen. und die meinigen festgestelll wurde. dass &3 min-
destens vier isnwere Zimmitsiuren giebt, war der Boewets erbracht,
dass die Anschaunung iiber die Isomerie bei Aethylenderivaten erwreitert
werder muss.

Die niichstliegende Miglichkeit, in méglichster Anlebrung an die
bewibrie van't Hoff'sche Theorie zu einer Erweiterung der An-
schanungen diber die Isomerie Lei Aethylenderivaten zu gebangen, bot
die Annabme. dass ausser den geowetrisch isomeren Aethylendrrivaten,
Lei demen die sier Gruppen in einer Ebene liegen, noch golche denk-
bar sind, bei denen disselben im Rawme vertheilt sind.
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ZUR THERMOLYSE DES 2—AZIDO—“.6~DIMETHYL—PYRIMIDINS;

REAKTIONEN DES AZENS i ) 5‘

Rolf Huisgen und Karl v, Fraunberg
Ins£itut {ir Organische Chemie der Universitit Milinchen
(Received in Germany 13 May 1969; received in UK for publication 29 May 1969)
Die kinetische Verfolgung der Stickstoff-Entwicklung aus 4,.6-Dimethyl-
Pyrimidyl-(2)~azid (1), das im Gleichgewicht mit 5.7-Dimethyl~-tetrazolo[ 1.5-a}-

pPyrimidin vorliegt, gestattet es, zwischen "induziertem™ Zerfall (primire Cyclo-

addition) und l-Thermolyse zu unterscheiden (1).

A. Thermolyse in Alkanen und Alkenen

Der 2erfall von 1l in Cyclohexan bei 185° lieferte, wohl iiber das Azen 2,

L us 2-Amino-4 ,6<dimethyl-pyrimidin (4) und 11% des Insertionsprodukts 5. Das

CH, . CH,
= lN -Ng =~ N l AN
———
N ® O ! -
HyC” SN N=N=N HyC \N)\g NP N=H=n
1 2 3

analoge 2-Pyridyl-azid (3) - das Gleichgewicht liegt auf der Seite des Tetrazolo-

{1.5-a]pyridins (1) - gab bei 195° in Cyclohexan auSer 1% 2-Amino-pyridin nichts
Flichtiges.
R—NH, RN R=N—CiCHy); R—~N—CH,—C(CH3),
H H

6 7

I

R= &.6-Dimethyl-pyrimidyt-(2)

Aus der L—Thefmolyse in Isobutan bei 175° gingen 48% 4 und 5.4 bzw.l1.6%
Das entspricht einem Vorzug des tert.

vor dem prim., CH von = 30; fir Phenyl-azen wurde 200 (2), fur CZHSOZC-N 30 (3)

der Einschiebungsprodukte é und 7 hervor.

gefunden.

2595
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B. Thermolyse von 1 in Aromaten

Nur das Azen 2, nicht das 2-Pyridyl-azen aus 3, trat mit Aromaten un-~
ter formaler Substitution zusammen (Tab. 1); Aromaten beschleunigen den )l-Zer-~
fall nicht. Die Produkte wurden spektral charakterisiert und meist mit Pripara-

ten unabhiingiger Synthese identifiziert.

Tab. 1. Thermolyse von 1 in aromatischen Verbindungen bei 180-~220o

[208-210°], ca. 5 4

(211- 213°] 15 22 [129-130°], 5434 weitere Isome
[197-199°], 14 24 [137- 139°]), 13 25 [151.5-
152.5%], 11 26 [174.5~ ~176°]

1.3.5—Trimethoxy—benzol 50
}-Methoxy-naphthalin 17
2—Methoxy—naphthalin 33

Aromat % Produkte [schmp. ]
Benzol . b6 4 [150°]
Naphthalin 35 8 [126-127 °], 3.3 9 (135~ -136°)
Anthracen . 15 10 [133~ -134°%], 4 11 [204- -206°); 20 12 [232- -233%,
Phenanthren 14 13 [181.5-182.5 ] 12% weitere Isomere
Mesitylen 3 28 [135.5-136.5 °y, 3 15 [89- 90.5°] 54
Anisol _ 9 16 [106.5-108 °], 5 17 [u6~8Y ]
1.3-Dimethoxy-benzol 33 18 [116-118 %], 11 19 [196-198 ], ca. 5 4
20
21
23

N.N-Dime thylanilin 6.5 27 [66-67 ] 9% weitere Isomere, ca. 5 4
Anilin 32 28 [166-167 ], 5 29 [72- -74%), 27 &
1.3-Dichlorbenzol 33 4

In Benzol wird nur Wasserstoffabstraktion beobachtet. Dagegen traten

in Naphthalin die sek. Amine 8 und 9 =zu 38% im ll:1-Verhidltnis auf. Anthracen

S 1

HN"‘ HyC—NH=R
* HiC CHj
12 14 15

R= lo-.G-DimethyL‘pyrimidyl—('Z)

BNSDOCIO: <XP_ 2206005A__I_>
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lieterte 395 der Stellungsisomeren 10-12 unter Bevorzugung des 9-Derivats 12.
Bei Phenanthren wurde nur 13 isoliert, aber die vier weiteren Isomeren wahr-

scheinlich gemacht;

Bei Mesitylen war die aromat. Substitution zu iﬂ vor der aliphatischen
zu 15 bevorzugt; liauptreaktion war die H-Abstraktion 3“‘£~ Letzteres gilt auch
fir Anisol, bei dem sich die Substitution auf 9% ‘0— (LQ).und 5% p~Produkt 17
beschridnkte. Bei 1.3-Dimethoxy~-benzol stiegen die Ausbeuten auf 33% 18 und 11%
19 und beim 1.3.5~Trimethoxy-benzol auf 50% 20. Besonders eindrucksvoll ist die
Orientierung bei 2-Methoxy=-naphthalin; 71% Substitutionsprodukte 23-26 vertei-~
len sich auf die vier Stellungen, die vom mesomeren Effekt dos Methoxy;s er~
reicht werden. Allerdings ist die Unterscheidung zwischen diesen Ste llungen -
wie iibrigens bei allen untersuchten Aromaten (Tab. 1) - viel geringer al's bei

clektrophilen aromat. Substitutionen.

OCH, OCH;4 OCH, OCH, OCH;
/,I H—=R . NH~R
N
OCH; OCHy  CHy0 OCH;
HN—R HN-R HN—R
16 n 18 i1 20
H
QCH3 24 4% 33% 23
NH—R =
OCM;
22 25 1% 1% 26
' HN—R
CH
CeMs_ H CGHS\ N=— 3
N—N_ N=N_ R=_<
N—R H R R N/
H N H
27 28 29 CHa

Wdhrend Dimethylanilin wenig 27 erbrachte, reagierte Anilin unter Sub-
stitution an der Aminogruppe zu 28; die llydrazoverbindung 28 wurde teilweise zum

AzokSrper 29 dehydriert. l.3-Dichlorbenzol gab keine Substitutionsprodukte.
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Beim Zerfall des Phenylazids in aromatischen Solventien kommt es nicht
zur Substitution; die Bildung des 2-Anilino-J3H-azepins aus Phenylazid und Ani-
lin {4-6) ertolgt iiber eine Wingerweiterung des Phenyl-azens. Das verhalten des
clektronenarmen heterocyclischen Azids ] Luw. scines spaltstiicks 2 schliclht
sich mehr an das der sulfonylazide an, deren zerfall in Aromaten vekanntlich

Zzu Sulfonaniliden (7) tihrt.

Gehen §—2_’Z_ aut eine clektrophile aromatische Substitution mit normaler
S—ZwiSChf.‘.n:;l:ufe suriick ? Konkurrenzvevsuche von Benzol mit mmmsubsti.LuierLcn
Abktmmlingen um Me thansullonyl-azen (aus cu,j-so:-N,)) lieferten erstaunlich ktei-
ne Ronkurrenzkonstanten (8), die denen dev Avzepinbildung aus Benzol-bHerivaten
und Athoxycarbonyl-azen (%) sehr dhnlich sind. bLuall auch dis C”’)SUQ—E cuniichst
pine 2+l-Cyclonddition mit den Aromaten vu 39 cingeht, warde von Abramoviteh

)

und Uwma (l()) ¢lepgant bewiesen, Die riir das heterocyclische Azen 2 vorliciuenden

Diaten erscheinen uns wit doem glteichen Miechanismus im Eiaklang.

t R’ R'
,}’\\\ R //\ ==
R-N + | || = “SN-R . [ N—R
NP N a
H
30},
H3C '
—h -~ R
,/
R= CH380.-, \ ) N
N -
H3C NH—R
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484, The Conversion of Arylureas into Symmetrical Diarylureas.
The Melting Points of Certain Substituted Ureas.

By Frepericx KURZER.

The preparation of 1-ureido-2- and 1-ureido-4-alkoxynaphthalenes is described and their
conversion into the corresponding symmetrical bisalkoxynaphihylureas examined. The con-
version into the s-diarylureas occurs particularly rapidly in the para-substituted series and
accounts for the occurrence of indefinite melting points in certain subsntuted arylureas. The
analogous behaviour of 2- and 4-diphenylylureas is also recorded.

Tre conversion of arylureas above their melting points into symmetrical diarylureas has
often been observed (e.g., Sell, Annalen, 1863, 126, 157). Davis et al. (J. Amer. Chem. Soc.,
1922, 44, 2695, 1923, 45, 1816) showed that arylureas dissociated in two ways, forming on .
the ope hand isocyanic acid and an aromatic amine (equation 1), and on the other ammonia
and arylisocyanate (equation 2); recombination of the aromatic dissociation products according’
to equation 5 accounted for the production of the symmetrical diarylureas. The thermal

. rearrangement of l-aryl-3-alkylureas into symmetrical diarylureas was accounted for similarly

(see equations 3—@6).

NH-CONEH { ArNH,+HNCO . . . . . (1)
Ar’ - . - . .
: ACNCO +NH, . . . . . (@

: >, ACNH, + AINCO . . . . (3)
Ar-NH-CO-NHAIk ____[:

ArNCO + ANH, . . . . (4)

ACNH, + ArNCO ———————3> ArNH.CO-NHAr . . . . . (5

Alk-NH, + Alk-NCO ~———> AN-NH-CO-NHA . . . . . (6)

1-Ureido-2- and 4-ureido-l-naphthol were prepared by existing methods from the corre-
sponding aminonaphthols, and were converted into the methyl and ethyl ethers. Prolonged
fusion of l-amino-2-naphthol hydrochloride with urea gave di-2-hydroxy-l-naphthylurea, also
produced by heating l-ureido-2-naphthol at 250° for one hour. Di-2-alkoxy-l-naphthylureas
were obtained by heating l-ureido-2-alkoxynaphthalenes above their melting points, or by
boiling their agueous solutions for several hours, and were identical with specimens prepared
by the alkylation of di-2-hydroxy-l-naphthylurea. The reaitangement of 1-ureido-4-alkoxy-
naphthalene to symmetrical di-4-alkoxy-1-naphthylureas at elevated temperatures occurred with
particular ease : conversion took place almost instantaneously and was completed by brief

" heating near the melting point of the starting material.

The ureidoalkoxynaphthalenes described are closely related to the intensely sweet 4-ureido-
phenetole {* Dulcin *’). 1-Ureido-4-methoxy- and l-ureido-d4-ethoxy-naphthalene were found
to be tasteless or very faintly bitter probably owing to the change of a benzene for a
naphthalene nucleus and to their very limited solubility in water at ordinary temperatures.
These results agree with the observation, that introduction of even a single alkyl group into the

“ Dulcin * molecule (as, for example, in 4-ureido-3-methylphenetole) suppresses the sweet taste.
4-Ureido-1-naphthol, produced, after a bitter, burning sensation, a persistent sweet taste;
similar, but very faint effects were observed with the ortho-isomer.

The behaviour of arylureas on fusion recalls the frequent discrepancies in the reported
melting points of certain urea derivatives, particularly asymmetric aryl-, diaryl-, and arylalkyl-
ureas {¢f. Beilstein's Handbuch, 1929, 12, 801, 941, 1292). The decomposition temperature of
4-bromophenylurea, for example, has variously been given at points between 220° and 296° (see
experimental). Wheeler (J. Amer. Chem. Soc., 1929, 51, 3663), although noticing a difference

%
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in_the behaviour of this compound on slow and rapid heating, was unable to account for these
observations. Van Gelderen (Rec. Trav. chim., 1933, 52, 976), describing the preparation of a
series of substituted p-diphenylylureas of the type Ph-C,H,-NH-CO'NR’R”’, has pointed out
that the melting points of the majority of compounds studied were not sharp, and ascribed
this to the changes represented by equations (3—6). The observation that the decomposition
ranges of these derivatives depended on the rate of heating, the nature of the melting-point
apparatus used, etc., led to the conclusion that melting points cannot be used for the characteris-
ation of substituted ureas.

The results obtained in the present investigation have shown that the thermal conversion
of aryl- into the corresponding diaryl-ureas, proceeding according to equations (1), (2), and (5),
takes place extremely rapidly, often below the melting point, with arylureas containing certain
substituents, particularly in the position para to the ureido-group, and is responsible for the
occurrence of indefinite melting points. Thus, for example, whilst 2-diphenylylurea melted
sharply at 158—160°, 4-diphenylylurea, heated under the same conditions, sintered at 180—
100° and re-melted at 295—300°. This behavicur was accounted for by experiments which
showed that 4-diphenylylurea was completely converted into bis-4-diphenylylurea, m. p. 316°,
by beating at 210° for 10 minutes. The corresponding conversion of the ortho-isomer into
bis-2-diphenylyluvea, however, was incomplete after 1 hour’s heating; a sample of the melt with-
drawn after 10 minutes’ fusion showed a nitrogen content corresponding to a mixture of 849
of starting material, and 16%, of bis-2-diphenylylurea. On prolonged heating, small quantities
of 2-diphenylylbiuret were obtained in this conversion, but not in the others. The formation
of biurets is readily accounted for by the following extension of Davis’s mechanism :

Ar-NH-CO-NH, + HNCO —» ArNH.CONH-CONH,. . . . . (7

In determining the melting points of substituted ureas which undergo the above rearrange-
ment rapidly it seems desirable to carry out the measurements under such conditions that
conversion into the symmetrical diarylurea is avoided as far as possible. Reproducible values
have now been determined by the following simple procedure : after the approximate soften-
ing temperature or melting range of the urea had been found, the bath temperature of the
apparatus was raised 10—20° above that point, and samples inserted into the slowly cooling
bath, until a temperature was reached at which a specimen just failed to liquefy. Insertion
of another specimen at a temperature one degree higher caused instantaneous fusion, and could
be taken as the °* melting point ** of the urea derivative under examination. Under these
conditions, practically no conversion into diarylurea occurs, and samples withdrawn immediately
after fusion showed nitrogen contents corresponding to the original arylurea. If left in the
melting-point apparatus, the fused arylurea normally resolidified after a few seconds and then
showed a second melting point, that of the diarylurea. This procedure gives satisfactorily
reproducible physical constants for urea derivatives whose properties preclude slow heating.
Using this method it has been found that melting points recorded in the literature for arylureas
are indeed often those of the corresponding diarylureas, or mixtures of both. Thus, for example,
4-diphenylylurea melts sharply at 197—198°, whilst the ‘* decomposition temperature,” 210°,
reported by van Gelderen (loc. cit.), is that of a mixture with bis-4-diphenylylurea. Similar
considerations apply to the constants recorded by Herrmann (dnnalen, 1922, 429, 163) for
1-ureido-4-ethoxynaphthalene (' sintering at 205-—207°, decomposition at 264—265°""). The
compounnd was found to melt at 221—222°; short heating above this melting point rapidly
converted it into di-4-ethoxy-l-naphthylurea, m. p. 266—267°. The analogous bebaviour of
4-bromophenylurea is also described.

EXPERIMENTAL.

Allm.p.sareuncorrected. Analysesare by Drs. Weilerand Strauss. M.p.s of p-substituted arylureas
were determined by the method described in the theoretical section.

1-Ureido-2-naphthol—(a) By the action of urea. 1-Amino-2-naphthol hydrochloride (20 g., 1 mol.),
dissolved in a mixture of water (150 ml) and glacial acetic acid (2 ml), was treated with urea (40 g.,
6-5 mols.) and the whole heated under reflux with mechanicai stirring for one hour. After cooling of the
solution to room temperature, the product was filtered off and freed from coloured impurities by boiling
briefly under reflux with ethanol (40 ml). The residue in sodium hydroxide solution (500 ml.; 2% w/v),
was treated with sodium dithionite (1 g.), and stirred with charcoal at 60° for } hour. After the removal
of the carbon, the product was precipitated by passage of sulphur dioxide. A second reprecipitation,
and cooling to 0°, gave l-ureido-2-naphthol (15—18 g.; 60—72%) in white micro-crystalline plates,
m.9 P 224-—225") (decomp.) {Found: C, 65-4; H, 50; N, 13:6. C;,H,,0,N, requircs C, 85-35; H,
4-95; N, 13:85%). :

(b) By the a/%tian of sodium cyanate. To a solution of l-amino-2-naphthol hydrochloride (10 g.,
1 mol.) in water (150 ml.) at 30°, sodium cyanate (10 g., 3 mols.; saturated aqueous solution) was added



with stirring.  ‘The product separated immediately as a greyish-purple solid.  After two reprecipitations
with sulphur dioxide l-urcido-2-naphthol, m. p. 224—225" (decomp.), was obtained as a white micro-
crystalline powder (8—9 i 63—71%) (Found: N, 13-99). 1-Urcido-2-naphthol is difficultly soluble
in hot methanol, cthanol, and acetone, and alimost inseluble in benzene and light petroleum.  Crystalliz-
ation from ethanol yiclds shiny needles, m. p. 225226 (decomp.).

1-Ureido-2-methoxynaphthulene —1-Ureido-2-naphthol (4 g., 1 mol), dissolved in sodium hydroxide
solution (100 ml.; 59 w/v) was treated at 50° with methyl sulphate (12 g., 5 mols.) in two portions.  The
reaction mixture, from which the crude product separated immediately, was kept at 100° for 30 minutes,
and maintained alkaline by the addition of more sodium hydroxide solution.  After being cooled to 07
and filtered, the product was crystallized from dilute ethanol (200 ml; 80%) and gave l-ureido-2-
methoxynaphthalens, m. p. 236-—23%8°, in colourless lustrous plates (3-5 y.: 75Y%,), which recrystallized
from a'large volume of boiling water as needles (Found @ C. 66-9: I, 3-3; N, L8, C 1, O,N, requires
C, 68-7: 11, 56; N, 13-09). “Fastcless.

1-Ureido-2-cthoxynaphthalenc ~This product, obtained by the procedure used for the methoxy-com-
pound in 609 yvicld, formed shiny needles, m.p. 194-=196" (Found : C, 675, M, 6:0; N, 12-2. (,,11,,0.N,
regaires C, 67-85; M, 61, N, 12:29). It was sparingly soluble i water, producing a faint bitter taste.

)-d cetantido-2-nuphthyl Acetate—1-Ureido-2-paphthol (6 g., 1 mol), in pyridine (50 1nl), was heated
with acetic anhydride (30 g., 10 mols.) at 100° for two hours.  The resulting Hguid was poured into water
(250 ml), amnl well-developed prisims separated overnight (45 g0 60%).  After two crystallizations
from ethanol (150 ml., 120 m!) I-acetamido-2-naphthyl acetate. ni p. 204—206", was obtained in lustrous
colourless prisms (Found : C, 68:7; H, 54; N, 53, 539 Cuale. for C 1, O0;N: C, 69-1; H, 535
N, 5-89), The m. p. was not depressed on admixture with anthentic material (Michel and Grand-
mongin, Ber,, 1892, 25, 3432).  Alkadine hydrolysis gave lustrous plates of l-acetamido-2-naphthol,
m. p. 235-=2367 (decomp.).

Di-2-hyidroxy-1-naphthylurca.—(a} From L-amino-2-naphthol hydvochloride.  An intimate mixture of
F-amino-2-naphthal hydrochlovide (20 g., 1 mol) and urea (24 g, - mols.) was fused at 1607 in nitrogen.
The temperature of the orange melt was raised slowly and maintained at 2007 {or 1 hour, while strong
evolution of ammonia took place.  The solidities] product was broken up, ani its alkaline solution (49,
wiv sedium hydroxide solution) treated at 40 with charcoal, followed by precipitation with sulphur
dinxide.  Alter two reprecipitations dé-2-hydroxy-1-naphthyviurea, w. p. 2H—2167, was obtained as a
white micro-crystalling powder (14-—135 g.; 51—87%) (Found : €, T30, H, $4; N, 7% Gy H, ON,
renquires G, 78385 M, bG35 N, $:195). .

(b} Lrom Y-wreido-2-naphthol.  1-Urcido-2-naphthol (1 z.) was melted and maintained at 2407 for
1 hour,  Tsolation of the product as described above gave di-2-hydroxy-F-naphthylurea (0-75 g.), m. p.
2142057 (Found @ N, 8:7%,).

Di-2-methoxy-V-naphthyluvea.—(a) Lrom di-2-hydroxy-1-naphthylrea.  “Lreatment of the symmetrical
hydroxy-compound with methyl sulphate as previously described (but under somewhat more drastic
conditions—30°; 30 minutes' shaking) and two crystallizations from aqueous acetic acid, gave micro-
crystalline needles of di-2omethoxy-1-naphthylurea, m. p. 265—270° (decomp), in excellent vickd (Fonnd :
CoTd8;, H, 355 N, 723 CuIL, 00N, requires C, 74-2; H, 54 N, 759,

(L) From Vewrcido-2-methoxynaphthalene.  1-Ureido-2-methoxynaphthalene (1 ) was heated under
refux for 2 hours with water (250 mi.), in which it dissolved very goandually.  The solution was slowly
evaporated to smadl balk (50 mb) during 2 hours and cooled to @7, and then deposited a product which
gave di-2-methoxy-f-naphthylurcea (05 g.), m. p. 268—270" (decomnp.), from aqueous acetic acid. There
was no depression of m. p.in admixture with material obtained by method (a) (Found @ N, 7-359,).

f¢) 1-Uceido-2-methoxynaphthalene (1 1) was heated above its melting point in nitrogen for 30
minutes; ammonia wias evolved and partial re-sodiditication occurred.  Crystallization of the residue
from agueons acetic acwkl, with the addition of decolorizing carbon, gave di-2-methoxy-1-naphthylnirea
(04 2.), mu p. 268 <2707 (decomp.) not depressed on admixture with material obtained by method (a)
{Found : N, 7-99,). '

Di-2-sthoxy-1-naphthyherea was prepared Ly incthods (a) and (c), and formed colourless nocdles, m. p.
2462472 (Found @ N, 78, 75, Cy My Oy N, requires N, 7-000),

A-Ureido-t-naphthol —1-Amino-t-naphthol hydrochloride {10 g, 1 mol) in water (100 inl) was
added dropwise within 14 minutes, with mechanical stirring, to o solution of sodium cyanate (10 g,
3 mols.) in water (120 ml), conted externally to 0%, “The temperature ot the reaction inixture was kept
below 57 by the addition of ice.  The pale purple solid obtained was dissolved in sodinm hydroxide
solution (200 mb; 2% wjv), treated with charcoal at 307 for 30 minutes, and reprecipitated by the stow
addition of exeess of dilute sulphuric acid to the filteate, previonsly cooled to 07, After two furthec
reprocipitations, d-wreido-1-naphthol, m. p. F34—185° (clecomp.), was obtained as a white miceo-crystalline
powder (8=8 g0 $0-=n0) (Found : C, 649 H, -8 N 133, C H G0N, requires €, 65350 H,
050 N, ERSE) e turns pale purple on storage, is readily soluble in methanof, cthanol, and acetone
and can be ceystllized from ethanol-light petroleum.  An agueons solution of this coraponnd produced,
after a bitter burning sensation, a persistent sweet taste.  Attempts to prepare $-ureido-l-naphthol by
boiling a solution of L-amino-4-naphthol hydrochloride with urea Failed.

U-Uyeido-s=mrthoxynaphthalene —Methylation of d-ureido-t-uaphthol as previously desceibed gave a
product (723%, yield) which crystallized from ethanol-water (20 1) as white micro-crystidline needles,
m.p 2202252 (Found ¢ C, 6505 FE 5-45; N, 129, Cralf,,O00N, requires C, 66:7; 11,56, N, 13:09%).
The compound was very sparingly soluble in water and produced a faint bitter Laste,

L-Urcido-4-cthoxynaphthalene.—This was preparcd  analogonsly. [t was twice erystallized from
ethanol and formed 2 sitky mass of white micro-crystalline needles, m. po 22102227 (Fonnd @ C, 676
H, 36, N, 119 Cale. for CiFL,O,N, 0 C, 68785, L1 6-1; N, 12290 Heremann ({oc, ¢il) reports
sintering at 205207, followed by decomposition at 264-=265°.  The bitter taste reported by this
author for the compound is very faint and appears to be contined to its alcoholic solution,

Li-t-hydroxy-l-naphthylurea.—A mixture of finely ground l-amino-4-naplithol hydrochloride (12 g.,
1 mol.) and urca (12 g., 3 mols.} was put into a paraftin bath at 250°, and the temperature rapidly raised
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to 270°. The vigorous reaction accompanied by evolution of ammonia slackened after 16 minutes,and
heating was discontinued. The powdered melt (21 g.) was dissolved in warm sodium hydroxide solutjon
(250 ml.; 39 w/v) containing a little sodium dithionite, and purified with charcoal,’and the product
precipitated from the filtrate at 0° with dilute hydrochloric acid. Two further Teprecipitations gave
di-4-hydrcxy-l-naphthﬁluma as a pale-grey powder, m. p. 208--210° (decomp.) {Found™ N, 8.6
C21H,40;N; requires N, 8:1%). Fusion of the corresponding unsymmetrical urea derivative above the
m. p. was unsnitablefor-the preparation of this.compound-
| £Di“4-methoxy-1-naphthylurea.—1-Uteido-4-methoxynaphthalene.(1_g.), .was “heated—to_240%dor=T0
miniites™After Tapid fusion; the-material Tesolidified immediately and formed-a-white.mass.(0-9-g’;
m. p. 306—307°), a small specimen of which was crystallized from ethanol and gave white microcrystalline
di-4-methoxy-1-naphthylurea, m. p. 310—312° (decomp.) (Found: N, 7:6. CyuH,O,N, requires N,
7:5%)-
éi—&-ct_}_wiy:lznaphthylurea.ﬁThis was prepared similarly and formed a micro-crystalline mass,

m. pr276=278° (decomp.) (Found : N, 74. C, H,,O,N, requires N, 7:0%). .

Bis-2-diphenylylurea.—2-Diphenylylurea (1 g.) (Morgan and Walls, Je. 1932, 2225) was heated to
about 200° for 1} hours. The brown melt began to solidify after § hour S’ﬁd had set completely at the
end of 1 hour. The powdered material was boiled with three successive portions of ethanol (3 X 20 ml.),
giving an insoluble powdery residue of 2-diphenylylbiuret, m. p. 258—260%(0-2—03 g.) (Found: C,

© 65:6; H,51; N, 163, 16-4. C,,H,,0,N, requircsg. 65-9; H,51; N, 16-5%3&, The pale violet filtrates
were decolorized with carbon and concentrated to small volume and then depssited clusters of lustrous
x\!leedles (0:4~—0-5 g.) of bis-2-diphenylylurea, m. p. 185—186° (Found : N, 705. CyH,,ON, requircs
N, 7-7%).

In separate experiments, 2-diphenylylurea was fused at 200° for 5 anl 10 minutes. The melts,
which were completely soluble in ethanol (indicating absence of 2-diphenylylbiuret) were finely powdered,
and cxtracted with a little cold water to remove traces of urea.. The specimens showed nitrogen contents
(126 andll2-3%) corresponding to the presence of 90 and 849, of the original unsymmetrical urea,
respectively. ) :

pBis-4-dij)henylylurea.—--4-Diphenylyhu'ca. (2-12g.) (van Gelderen, loc. cit.) wa§maintained at 200—210°
for 10 minutes. ~ After 5 minutes, the substance softened and melted partially, but solidificd on continued
stirring. The cooled material was finely powdered, boiled with ethanol (3 3.ml.), filtered, and dried
(1-6g.; 879%). Crystallization of a specimen from a large volume of ethanol gaye white micro-crystaltine
gs-‘i-diplﬁenylyg/u)rea, m. p. 316—318° (Found : C, 82:3; H, 5:7; N, 7-65. Calgnfor C;H,,ON,: C, 82+4;

, 5:5; N, 7-7%).

Di-4-bromophenylurea—~The m. p. of 4-bromophenylurea (reported as approximately 260° (dccomp.)
(Pinnow, Ber., 1891, 24, 4172), above 270° (decomp.) (Dains and Wertheim, J,‘ Amer. Chem. Soc., 1920,
42, 2303), above 265° (decomp.) (Scott and Cohen, J., 1922, 121, 2034). at 220° or296° (decomp.} (Wheeler,
J. Amer. Chem. Soc., 1929, 51, 3653), and at 278° (Desai ef al., J., 1934, 1186)§§was found consistently
to be 225—227° when determined by the technique described in this paper. 4- romophenylurea (1-5 g.)
was heated to 240° for 8 minutes, and the whitc, amorphous, partially subliméd.mass crystallized from
glacial acetic acid (260 ml.), yielding lustrous needles of di-4-bromophenylurea, m. p. 314—316° (decomp.)
(Found: N, 7-75. Calc. for C\;H ,ON,Br,: N, 7-6%). [The following m. p.s have been recorded for
this compound : 320—330° (decomp.) (Biltz, Annalen, 1909, 368, 227), 218—219° (Sah ¢t al., J. Chinese
Chem. Soc., 1936, 4, 193), and 275—277° (Zetzsche et al., Ber., 1938, 71, 1088).]

The writer gratefully acknowledges the advice and help given by Prof. H. Burton.
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485. Preparation of spiroPyrans Derived from 9-Methyl- and 9-Ethyl-
thiazanthylium and 9-Benzylxanthylium Salts. The Action of Grignard
Solutions on Thermochromic spiroPyrans.

By AHMED MUSTAFA.

: (¢) spiroPyrans (Ila—IIc) derived from 9-methyl- and 9-ethyl-thiaxanthylium and
. 9-benzylxanthylium salts have been prepared. These spiropyrans are compared with benzo-
B-naphthospirodipyran (I).
(b} The action of various Grignard solutions on thermochromic spiropyrans (I1z and V) leads
to formation of 2 : 3-dihydrofuran derivatives (IV and VI).

(2) Drcxinson and HEeLerow (J., 1927, 1699) have shown that only spiropyrans having at
least one of the pyran rings attached to a naphthalene nucleus form coloured ions when heated :
further, that the 3’-carbon atom in the naphthopyran ring must be unsubstituted (cf. I). A
study has now been made of the condensation of 9-methyl- and 9-ethyl-thiaxanthylium chloride
‘and 9-benzylxanthylium chloride with 2-naphthol-1-aldehyde and of the spiropyrans produced
on hydrolysis (cf. Irving, J., 1929, 1093), in order to compare the latter compounds with benzo-g-
naphthospirodipyran (I). B-Naphthothiaxanthospiropyran (Ila, A = S) fulils the above
conditions and, as was expected, develops a pink colour when boiled with diphenyl ether and
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Untersuchungen zum Reaktionsverhalten von 2-Phenyl-SH-
naphtho[1,8-bclfuran-5-on (Oxapseudophenalenon)

Richard Neidlein®)**) und Ernst Bernhard?)

Pharmazeutisch-Chemisches Institut der Universitdt Heidelberg,
Im Neuenheimer Feld 364, D-6900 Heidelberg

Eingegangen am 13. November 1_978

Die Reaktionen von 2-Phenyl-54-naphthol1,8-bc)furan-5-on (1) mit Perchlorsiure in Alkoholen
fihren zu den (4-Alkoxy-8-hydroxy-1-naphthyl)(phenyl)ketonen 3a—3¢, die auch aus (4,8-
Dihydroxy-1-naphthyl)(phenyl)keton (2) in sauren alkoholischen Losungen zugénglich sind. Mit
Diphenylketen, Naphthylphenyiketen, rers-Butylcyanketen, Cyanmethylketen, Cyanphenylketen
werden die 2-Phenyl-oxapseudophenafulvene 4 - 8 erhalien, mit dem durch Thermolyse von 2,5-
Diazido-3,6-dioxo-1,4-cyclohexadien-1,4-dicarbonitril (9) in situ erzeugten Dicyanketen (10) wird
unter Eliminierung von CO, das auf anderen Wegen nicht zugangliche (2-Phenyl-
oxapseudophenafulven-5-yliden)malonodinitril 11 synthetisiert.

Heterocyclic 12-n- and 14-n-Systems, 341, — Experiments on the Reactivity of 2-Phenyl-5H-
naphtho(1,8-bcjfuran-5-one (Oxapseudophenalenone)

Reactions of 2-phenyl-5H-naphtho(1,8-b¢]furan-S-one (1) with perchloric acid in alcohols yieid
the 4-alkoxy-8-hydroxy-1-naphthyl phenyl ketones 3a— 3¢ which are also obtained from 4,8-
dihydroxy-1-naphthyl phenyl ketone (2) in acidic alcoholic solutions. Diphenylketene, naphthyl-
phenylketene, ferr-butylcyanoketene, cyanomethylketene, cyanophenylketene react with 1 to give
the 2-phenyl-oxapseudophenafulvenes 4-8; thermolysis of 2,5-diazido-3,6-dioxo-1,4-
cyclohexadiene-1,4-dicarbonitrile (9) yields in situ the dicyanoketene (10) which reacts with the
ketone 1 via elimination of CO; to give the (2-phenyl-oxapseudophenafulven-5-ylidenc)malonodi-
nitrile 11. Compound 11 was not obtained by another route.

Im Rahmen unserer Untersuchungen iber heterocyclische 12-n- und 14-n-
Molekiilsysteme interessierte das Reaktionsverhalten jener Tricyclen, welche sich vom
Phenalenon dadurch ableiten, daB eine Vinylgruppe formal durch Sauerstoff ersetzt
und dadurch diese iso-n-elektronische Systeme sind. Wir haben als Vertreter solcher
Oxapseudophenalenone zunichst das bekannte 2-Phenyl-5H-naphthol1 ,8-bc]furan-5-
on — ein Oxapseudophenalenon — untersucht, welches als Nebenprodukt bei Versuchen
zur Totalsynthese von Tetracyclinen durch Barton und Mitarbeiter® erhalten worden
ist.

Wird das Oxapseudophenalenon 1in alkoholischer Losung mit Perchlorséure behan-
delt, so erfolgt unter Ringéffnung die Bildung von 3a-3c¢.

) Kor'respondcnz bitte an diesen Autor richten.
**) Herrn Professor Dr. Dr. h. c. Heinrich Hellmann mit den besten Wiinschen zum 65. Geburts-
tag gewidmet,
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Im IR-Spektrum von 3b ist eine breite OH-Bande bei 2800 — 3350 cm ™!, die auf eine
intramolekulare ,,Chelat“-Wasserstoffbriickenbindung hinweist, sowie eine C=0-
Absorptionsbande bei 1640 cm™' zu erkennen. Im YH-NMR-Spektrum von 3b in
(D DMSO als Losungsmittel zeigt sich ein Triplett bei 8 = 1.46 (t; 3H fur CH,), ein
Quartett bei 8 = 4.22(g; 2H fiir —CH,—,Jop = 7 Hz) zusitzlich zu dem den einzel-
nen Aromatenprotonen nicht zuzuordnenden Multiplett bei & = 6.78 - 7.80 (10H) tritt
noch ein einem OH-Proton zuzuschreibendes Singulett bei 5 = 10.18 auf. — Dic
Rémgcnstruk(uranalyse“) von 3b bestitigte ebenfalls die angegebene Struktur.

DaB bei der Reaktion 1—+3 die Zwischenstufe 2 durchlaufen wird, konnte dadurch
gezeigt werden, indem 2 aus dem Reaktionsgemisch isoliert und dieses anschlieflend
durch Erhitzen beispielsweise mit Propanol in 3¢ tibergefiihrt werden konnte.

Hs(;:s
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Oxapseudophenafuivene waren aus 1 in Eisessig®®8-'% und entsprechenden C-
Nukleophilen ” nicht zugédnglich, so daB3 zu deren Darstellung die Ketenmethode einge-
setzt wurde, wic dies im Falle des carbocyclischen Phenalenons von Gompper und
Mitarbeitern'? bereits gezeigt wurde. Die zu unseren Untersuchungen verwendeten
Alkylcyan- bzw. Arylcyanketene —némlich fert-Butylcyanketen, Cyanmethylketen,
Cyanphenylketen —wurden nach Moore und Weyler'® aus den entsprechenden
Dialkyl- bzw. Diaryldiazidobenzochinonen in wasserfreier benzolischer Losung durch
Thermolyse in situ erzeugt.

Werden Diphenylketen, Naphthylphenylketen sowie die in situ hergestellten tert-
Butylcyanketen und Cyanphenylketen unter Schutzgas mit 1 zur Reaktion gebracht, so
resultieren die Oxapseudophenafulvene 4 — 8. Chromatographische Trennungen der in
den Fillen 58 moglichen Isomerengemische waren trotz mehrfacher Versuche nicht
realisierbar. ’

Im '"H-NMR-Spekirum von 4 entspricht das bei § = 6.93 liegende Singulett zwci
Protonen; aufgrund der nahezu gleichen chemischen Umgebung ist fitr H® und H* dies-
selbe chemische Verschiebung anzunehmen. Die beiden Dubletts von Dubletts bei & =
6.47 und & = 7.15 entsprechen den beiden Protonen H® und H® mit einer mela-
Kopplungskonstanten von 0.8 Hz. Die starke diamagnetische Verschiebung von H® ist
auf den EinfluB des auf H® diamagnetisch wirkenden Ringstroms des fiber HS liegen-
den, aus sterischen Griinden verdrillten Phenylrestes zuriickzufithren. Das Triplett bei
8 = 6.88 entspricht dem Proton H’ mit einer gleichgroBen doppelten ortho-Kopp-
lungskonstanten von 7.9 Hz. Die angegebene Zuordnung der drei Protonen H®, H” und
H?® wurde auch durch Doppelresonanzexperiment bewiesen: Bei einer Einstrahlung bei
& = 6.47 (H®) entartet das Triplett von H’ zum Dublett, bei ciner Einstrahlung bei 6 =
6.88 (H) entarten die beiden Dubletts von Dubletts bei 8 = 6.47und § = 7.15 (H® und
H?% zum Singulett (die mera-Kopplungskonstante konnte hier nicht mehr gemessen
werden). Neben dem Multiplett bei & = 7.30 bis 7.54 findet man ein Dublett von Du-
bletts bei § = 7.86 mit einem Integrationswert fir zwei Protonen, einer ortho-
Kopplung von 7.8 Hz und ciner meta-Kopplung von 1.9 Hz, das den beiden ortho-
Protonen der zu H* cis-standigen Phenylgruppe zuzuordnen ist.

Die Reaktionen von 1-Carbony!fluoren'? sowie von Indenketen'® mit dem Keton 1
fithrten nicht zu den entsprechenden Oxapseudophenafulvalenen sondern zu Zerset-
zungsprodukten, wihrend aus 1 mit dem aus 2,5-Diazido-3,6-dioxo-1,4-cyclohexadien-
1,4-dicarbonitril*® (9) leicht zuginglichen Dicyanketen!® (10) unter Eliminierung von
CO, das (2-Phenyl-5H-naphthol1,8-bc]furan-5-yliden)malonodinitril (11) — (2-Phenyl-
oxapseudophenafulven-5-yliden)malonodinitril — zuginglich ist; 11 war andererseits

~ aus 1 und Malonséuredinitril in Acetanhydrid/Eisessig nicht zu erhalten.
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Der BASF Akiiengesellschaft, dem Verband der Chemischen Industrie — Fonds der Chemie —
sowie deor Dentschen Forschungsgemeinschuft danken wir flir besondere Unterstiitzung unseres
Uniersuchungen, Herrn Dr. o4, Hotzel und Herrn F. Beran Far die Massenspektren, Herrn Dro /1L
Seel wnd den Herren Dipl-Chem, W, Kramer sowic Dipl.-Chem, G. Schafer tiv dic "H-NMR-
Spekteen, der Baver 4G und der Hoechst A G for die Lieterung von Chemikalien.

Experimenteller Teil

Schmetzprakte: nicht korrigiert. Schmelzpunkinvikroskop der Fa. Reichert. = Massenspek-
ren: Gerat Varian MAT 311, dessen inverse Nier-Juhnson-Geometrie die Aufnahme der DADI-
Spektren (lirect unalysis of daoghter ions) ernoglichic, VH-NMR- und P C-NMR-Spekeren: Geri-
te Bruker-HX 90 € und teilweise auch T-00-A (TMS als interner Standard). 1R-Spektren: Gerit

Perkin-Elmer 177, UV Spekiren: Geritt DMR 10 der Fa. Carl Zewss, - Die Elementaranidysen

wurden mit dem CHN- Aaalysator der Fa. Heracus ausgelishri. Siiulenchromatographische
Trennungen und Reinigungen wurden anf einer mit Kieselgel 60 (Koengrife 0.063 - 0.20 mm) der
Fa. Merek beschickten Siule von 80 ¢m Linge und cinem lnendarclimesser von 2.5 ¢em durchge-
Fihet, priparative schichichromatographische Untersuchungen aul mit Kieselgel 60 GFagy (Fa,
Merck) besirichenen Glasplatten (20 X 20 cm). Dic¢ Losungsmittel und Reagenzien wurden nich

den ihlichen Methoden getrocknet und gereinigt.

(-1 Evedroxy-A-mothoxy-1-naphthyl){phenylketon (3a): Zu eer i der Hitze hergesteliten Lo-
sung von £.00 g (4.06 mmol) 1-Phenyl-3H-naphtho[ 1 8-hc)iuran-5-on (1) in 25 ml Methanol, gibt
man § Tropfen 70proz. Perchlorsiure und erhitz 2 I onter Ruickuls. Nich dem Abkihlen erbdih
man blbeelbe Nadeln mit Schp, 280253 7C s Acctonitriiy, Ausb. 111 g (98%). ~ IR
(KBr): 3300 - 2850 (O11), 1643 cm VO - UV (Methanol): Ay, (e €} = 300 (3.9, 35
(3.8). 329 nm (3.7). - "H-NMR (60 MHz [DJDMS0) 6 = 4.0V (x ML CHpL 678 =775 (me
1011, Aromaten-1), 1048 (3 VH, OH). MS (70 Ve an/e (%) 5 278 (100, M 1), 262 (33, 261
(63). 2147 0003, 246 (363, 235 (X), 231 (12), 218 (1), 207 (8), 200 (93). 190 (1), 189 (31), 188 (43),
185 (21), 163 (7), 149 (23), 115 (26), 105 (32), 100 (28), 83 (20, 77 (48).

CrellyaOy (278.21) Ber. C 1768 HA.07T Gef., C77.57 HS0

(- Ethoxy-8-hydroxy- L -maplihvliphenyketon (3b): s wird analoy der Vorschrift fir 3 aus
1.00 ¢ (4.06 nuuod) | in 25 ml Ethanol und § Froplien 70proz. Perchlosiore durch 2stdy. Lrhitzen
unter RuckTufy dargesteti. Man erhiile gelbe Nadeln mit Schmp. 1985 1997°C (aus Nitro-
methan) Aush, LE3 g 96%0), - IR (KBr): 3350 2800 (01, 1640¢C O 1385 em N C=O

S UV (Methanol): g g 8- 300 (3.7)0 318 (3.7) 328 i (3.6). TH-NMR {60 MH .,
(DL DMSOR S = 14611, J == T Ha 3L CHyCH), 1200 = TH 2H, CHLCHL, 6,75 = 7.80
O 10HL Aromaten-t), 1018 (s PH, OHDL - MS (T0 eV mre (%) - 292 (100, M "), 275(26),
264 (6. 247 (36). 236 (39), 235 (16), 231 (9), 218 (13), 215 (38), 207 (12), 202 (10}, 189 (20, 187
(SV). LTR (70, 163 (5), 1IR{10), 131 {13), 105 (13), 98 (20), T7 (21, 64 (1), S6.(14), 42 (39).

CiotlieOy (292333 Ber. C78.08 H S.4% Gef. € T8.03 GASS

(N-Hvdroxy-t-propyioxy-L-naphihy(phenyhketon {3e): Fs wird analog des Vorsehrift far 3a
aus LOD ¢ (106 mimol) 1in S0 ml Prapanol und 10 Tropten TOpros. Perchlorauie durch 2sudg.
Erhitzen unrer Ruckuf dirgestelt, Man erbalt gelbe Rristalle it Schmg. 185 IN7 ¢ (aun Nis
tromethand; Aush, 765 mg (61%). IR (KBr): 3330 - 2800 (OH), 1642 ¢m Ve o) uv
IMEthanol): 7 (g £) = 304 (3.8), 314(3.8). 325 am (3.7). VHEENAMR (60 MHz, [1,JOMSO)
§ o A0 ¢ THE I CHCHRCH)L 305 00 THA2ZHL CIECHCHY)L 6742778 G
VOR, Aromaten-11), 1014 (€0 VH, OTh. - MS (70 eV mfe (%) = 306 (34, M) 290(9), 2I8Y
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(5), 264 (14), 247 (40), 246 (100), 235 (6), 231 (7), 218 (37), 207 (10), 190 (25), 189 (97), 187 (41),
186 (18), 163 (25), 131 (8), 123 (10), 109 (12), 105 (15), 94.5 (50), 87 (13), 77 (37).

CaoHi03 (306.36) Ber. C78.41 H5.92 Gef. C78.78 H 5.6

S-Diphenylmethylen-2-phenyl-5 H-naphthof1,8-bc]furan (4): Zu einer Lésung von 0.5 g (2.03
mmol) 1 in 25 ml wasserfreiem Benzol werden 0.4 g (2.06 mmol) Diphenylketen gegeben, an-
schlicBend wird 2 h bei Raumtemp. geriihrt. Die Hauptmenge des Benzols wird i. Vak. entfernt,
die Reaktionslosung mit Benzol als Elutionsmittel sdulenchromatographisch gereinigt und das
Elutionsmittel entfernt. Man erhilt gelborange Nadeln mit Schmp. 184-185°C (aus
Ether/Methanol 1:5); Ausb. 614 mg (76%). ~ IR (KBr): 3040 (CH), 1585 cm"(C=C). - Uv
(Acetonitril): Ay, (g &) = 238 (4.1), 293 (3.9), 397 nm (4.4). - lH-NMR(9O MHz, CDClL): 6 =
6.47 (dd, Jg; = 7.9 Hz, Jgg = 0.8 Hzi 1 H, H®), 6.88(t, Jg; = 7.9 Hz, Jo3 = 1.9 Hz; 1H, H'),
6.93 (s; 2H, H, HY, 7.15(dd, Jeg = 0.8 Hz, /15 = 7.9 Hz; 1H, H%), 7.30-7.54 (m: 13H,
Aromaten-H), 7.86 (m; 2H, Aromaten-H). — MS (70 eV): m/e (%) = 396 {100, M*), 366 (5),
363 (8), 319 (10), 318 (13), 291 (10), 290 (14), 289 (38), 276 (4), 263) (3), 231 (5), 198 (12), 165 (8).
159 (7), 105 (15), 78 (10), 77 (8). }

C3oH300 (396.49) Ber. C90.87 H5.09 Gef. C90.83 H5.20

5-[(1-Naphthyl)(phenyl)methylen)-2-phenyl-5 H-naphtho{1,8-bc]furan (5): Zu eincr Losung
von 0.25 g (1.02 mmol) 1 in 20 ml wasserfreiem Benzol tropft man 0.33 g (1.35 mmol) 1-
Naphthylphenylketen - gel6st in 10 ml Petrolether. Die ilber Nacht bei Raumtemp. geriihrte Re-
aktionsidsung wird eingeengt und iiber Kieselgel 60 (Fa. Merck) mit Chloroform sdulenchromato-
graphisch gereinigt. Man erhilt dunkelrote Kristalle mit Schmp. 168 —169°C (aus Ligroin);
Ausb. 260 mg (57%). - IR (KBr): 3060, 2920 (CH), 1590cm ™' (C=C). — UV (Methanol): Amax
(Ig €) = 248 (4.0), 279 (4.1), 392 nm (4.6). = *H-NMR (90 MHz, CDClL): § = 5.89—8.05 (m;
Aromaten-H); das Verhilnis der £/Z-Isomeren ist aufgrund der Komplexitit des TH-NMR-
Spektrums nicht zu bestimmen. — MS (70 eV): m/e (%) = 446 (100, M), 369 (16), 368 (15), 341
(7), 330 (9), 339 (21), 318 (4), 289 (6), 223 (25), 169.5 (9), 169 (8), 168.5 (14), 105 {29), 77 (8).

CysHpO (446.55) Ber. ©91.45 H4.97 Gef. C91.07 H 4.91

3,3-Dimethyl-2-(2-phenyl-5 H-naphiho[ 1,8-bc}furan-5-yliden)butyronitrit (6): Eine Losung von
0.25 g (1.02 mmol) 1 und 170 mg (0.56 mmol) 2,5-Diazido-3,6-di-teri-butyl-1,4-benzochinon in 25
ml wasserfreiem Benzol wird 3 h unter Stickstoff und RiickfluB erhitzt. Die cingeengte Reaktions-
16sung wird tber Kieselgel 60 (Fa. Merck) mit Chloroform als Elutionsmittel siulenchromatogra-
phiert. Man erhiilt orangegelbe Kristalle mit Schmp. 139141 °C (aus Methano!); Ausb. 170 mg
(51%). — IR (KBr): 2980 (CH), 2185 (C=N), 1605, 1590, 1565 cm ™! (C =C). — UV (Methanol):
Anax (18 €) = 240 (4.1), 292 (4.1), 406 (Schulter), 422 nm (4.5). — "H-NMR (360 MHz, CDCHL):
& = 1.53 [s; 9H, C(CH,);), ABB'XX"-Signal (84 = 7.36, p-H; 83 = 7.51, m-H; 6x = 7.94,
o-H; J, = 1.1 Hz, J,, = 1.3 Hz, 5H, 2-Phenyl-H), 7.45 - 7.46 (m, 2H, H’, H%), 8.88 (me, 1H,
H"). — MS (70 eV): m/e (%) = 325 (21, M%), 311 (28), 310 (100, 105 (10), 77 (10),
57 (40), 43 (28).

Cy3HygNO (325.41) Ber. C84.89 H5.88 N4.3] Gef. C84.16 H5.73 N4.53

2-(2-Phenyl-5 H-naphthofl,8-bc]furan-5-yliden)propiononitril (1): Es wird analog der Vor-
schrift fir 6 aus 0.5 g (2.03 mmol) 1 und 250 mg (1.15 mmol) 2,5-Diazido-3,6-dimethyl-1,4-
benzochinon in 50 mi! wasserfreiem Benzol durch Sstdg. Erhitzen unter Rickflufl dargestelit. Man
erhilt gelbe Kristalle mit Schmp. 158 ~ 160°C (aus Methanol): Ausb. 263 mg (45%). — IR (KBr):
2190 (C=N), 1595 cm ™! (C=C). — UV (Methanol): A, (g €) = 241 (3.7), 25t (3.7), 281
{4.0),395 (Schulter), 407 nm (4.6). — "H-NMR (90 MHz, CDCl3): & = 2.20(s: 0.35H, 3H, CH;,
E-lsomer), 2.40 {s; 0.65H, 3H, Z-l1somer), 6.83 (4, J = 10 Hz; 0.65H, {H, HY, Z-Isomer),

BNSDOCID: <XP___2206007A__|_>
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7.20~7.95 (m; 3.7H, Aromaicn-H), 8.60 (me, 0.65H. 1 H. HE Z.somer). — MS (70 cV): m.e
(%) = 283 (100, M "), 282 (96), 256 (11, 231 (32), 230 (27).
CaoMy3NO (283.33) Ber. C84.78 H4.63 N4.95 Get, C84.51 H4.98 N 473

2-Phenyl-2-(2-phenyl-5 H-naphtho 1.8-bojfuran-5-yliden)aceranitrit (8): Es wird analog der
Vorschrilt firr 6 aus 0.3 g (2.03 mmol) 1 und 370 mg ¢1.08 mmal) 2,5-Diazido-3.6-dipbeayl-1 4-
benzochinon in S0 ml wasserfreiem Benzo) durch 3stg. Erhitzen unter Reckflulb dargestelit. Mun
erhiilt vrangerote Kristalle mit Schmp. 190 = 1924 C (aus Ligroin); Ausb. 284 mg (40%). - IR
(KBr): 2920 (CH). 2190 em ™ (C =N - UV (Methanol): Apg, e £) = 246 (3.9). 286 (4.0), 419
wm (3.6). — "H-NMR (90 M7, CDCLY S = 6,66 (dd, Jy 7 = T.THe Jog = 1 Hz: 0.t THL
H®, E-1somer), 6.92-8.00 tm: 14H, Aromaten-H), 8.88 (mcl 0.9 1H, HE, Z-tsomer). - MS
(TO eV /e (M) - 45 (1000 M Yy, 216 (10), 289 (18), 105 (1), 77 (A7)

3 CaeldysNOY (345.41) Ber, C86.94 11438 NA.06 Gel. C86.87 H4.39 N3.77

1‘2-leu_y/-5Il~rm/,>luho/l,S-I){'/furun-5-_\'Ii(Icn)mnInnmlinilri/ (11): Eine Losung von 61.5 mg
(025 mob) 1 ound Y0 me (0373 mmol) 3,.5-Diazido-3,6-dioxo-1,J-cyclohexadien-1.4-
dicarbonitril (9) in 25 mb wasserfreiem Benzol wird unter Stickstolf 4l unter Ruckttuy erhitzr,
Dic abgekbhlte Reaktionslosung wird cingedamplt und der Rickstand auf ciner PSC-Fertigptaue
Kieselgel 60 Eagy (Fa. Merck) mit Dichlormethan cuwickelt. Die rute Fraktion wird mit Dichlor-
methan im Soxhlet- Apparat extrahicrt, dus Elationsmittel entfernt nnd der Ruckstand aus Aceto-
nitrll umkristatlisiert. Man erhalt rote Kristalle mit Schimp. 274 =276°C Ausb. 33.0 mg (453%),
< IR (KBr): 2210 (C=N), 1610, 1385 em 1 (C= Q) UV (Mathanot): Ay, (e 2) = 229 (3.8),
28043.7). 304 (3 83, 471 am (4.6). - 'HNMR (90 ML CDCL) S = 785 g = 9. THZ L H,
Y, 7.47(d, Jes - 9.7 Hz VHU RTS8 (0, Jgn = 7.3 e s = E2HZTIL H%, 758 1.7
(v SH.HT EE, poH, 2meH) MS (F0eV)mie (%) = 2941100, M), 263 (10), 23R (13), 105

M. 7). '
CsolpNaO Bero Molmisse 2040792 Gel. Molmasse 294.0779 (MS)

y
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Synthesis and Structure-Activity Study of Protease Inhibitors. | REE
Amino- and Guanidino-Substituted Naphthoates
and Tetrahydronaphthoates
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@ % MasaTERU KURUML® YOJIRO SAKURAL® TAXUO AOYAMA,’

and SETsuro Fum®
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Chiba 272, Japan and Division of Regulation of Macromolecular Function,
Institute for Protein Research, Osaka University*

3-2, Yamada-Oka, Suita 565, Japan

(Received November 30, I983j

Various amino- and guanidino-substituted naphthoates and tetrahydronaphthoates were
synthesized and evaluated for inhibitory activities against trypsin, plasmin, kallikrein, thrombin
and Cl esterase. Among these compounds, phenyl 4-guanidino-1-naphthoate (111j) and phenyl 6-
guanidino-1-naphthoate (111)) exhibited potent and-selective trypsin inhibition (ICyq: 4 x 10-? and
$x10~% M, respectively) and phenyl 7-guanidino-1,2,3,4-tetrahydro-1-naphthoate (Vb) and p-
cthoxycarbonylphenyl 7-guanidino-1,2,3,4-tetrahydro-1-naphthoate (Vg) had selective inhibitory
activities against thrombin (ICo: 4 x 107% and 1 x 107% M, respectively).

Keywords——enzyme inhibition; trypsin; plasmin; kallikrein; thrombin; Cl esterase; guani-
dinonaphthoate; guanidinotetrahydronaphthoate; aminonaphthoate; aminotetrahydronaphthoate

- Serine-proteases play important roles in the homeostasis of the living body, but
anomalous activation is known to be involved in the pathogenesis of various diseases. Because
.of these facts, the development of synthetic serine-protease inhibitors has been a goal of many
investigators.>*~® Phenyl p-guanidinobenzoate!*® and p-nitrophenyl p-guanidinobenzoate®”
are well-known as potent serine-protease inhibitors and trypsin titrants. Morever, Tamura et
al.39 reported that N, N-dimethylamino p(p’-guanidinobenzoyloxy)benzylcarbonyloxy glyco-
late has strong inhibitory activity against trypsin and Muramatu et al.>®’ reported that trans-
4-(guanidinomethyl)cyclohexanecarboxylic acid esters inhibit the esterolytic activity of
chymotrypsin. )

We have also been interested in synthetic serine-protease inhibitors, and we have
synthesized various guanidino ester derivatives and evaluated their effects on serine-proteases.
In the previous paper,” we reported that aryl esters (Ia, b) of a-ethyl-p-guanidinocinnamic
acid inhibited Cl esterase potently and selectively. As a continuation of this work, we have
synthesized various aminonaphthoates (1la—h), guanidinonaphthoates (111a—), aminotetra-
hydronaphthoates (IVa—g) and guanidinotetrahydronaphthoates (Va—g) and examined
their inhibitory activities against trypsin, plasmin, kailikrein, thrombin, and Cl esterase. It
was found that phenyl 4-guanidino-1-naphthoate (111j) and phenyl 6-guanidino-1-naphthoate
(1111) exhibited potent and selective trypsin inhibition (ICse: 4x 1077 and S5x1078%Mm,
respectively) and phenyl 7-guanidino-1,2,3,4-tetrahydro-1-naphthoate (Vb) and p-ethoxy-
carbonylphenyl 7-guanidino-1,2,3,4-tetrahydronaphthoate (Vg) had selective inhibitory
activities against thrombin (ICsp: 4x 107 and 1x 107° M, respectively).

In this paper, we describe the synthesis and serine-protease inhibitory. activities of these
compounds, and discuss the structure-activity relationships.

\/0
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CH=$—COO—R
}31 @ C2Hs
HoN N
H
Ta,b
a :R=C¢Hs b: R=6-methyl-3~pyridyl
Chart 1|
00-R COO0-R
8 1 8 1
7 2 ) 7 2
H:N Gu H.N CO0O—R Gu COO-R
6 3 6 3 6 6
5 4 s 4 N 5 .
Da-h Ma- | IVa—g . Va—-g
NH, R Gv R NH: COOR R Gv COOR R
a 3 Csz a 3 H a S 1 CsHs a 5 1 CeHs
b 4 Cz2Hs b 4 H b 7 1 CsHs b 7 1 CeHs
¢ 5 C,Hs ¢ 5 H ¢ 6 2 CeHs c 6 2 ) © CeHs
d 6 C2Hs d 6 H d 7?7 5 CeHs d 7 S CsHs
e/ 3=~.CsHs e 3 C:Hs e 8 S CsHs e 8 5 CsHs
di_4 CHeJ f 4 Gl i 5 1  ECP £ 5 1 ECP
g 5 CsHs g 5 CeHs g 7 1 ECP g 7 1 ECP
h 6 CeHs h 6 C:Hs
i 3 CeHs NH
1 g g::::: Gu= ~— NH{NH: ECP = p-ethoxycarbonylphenyl
I 6 CeHs
Chart 2
Synthesis

As shown in Chart 2, we synthesized various ethyl and pheny! esters of amino- and
guanidino-substituted naphthoic and tetrahydronaphthoic acids as well as free guanidino-
naphthoic acids and p-ethoxycarbonylphenyl esters of amino- and guanidinotetrahydronaph-
thoic acids. In principle, as illustrated in Chart 3, nitro acids were converted,to esters,
followed by reduction with hydrogen and palladium on a carbon (Pd-C) catalysgto obtain
amino-esters and these were further converted to guanidino-esters by reagjion with
cyanamide. B

Nitro-acids (VIb, d, VIla—f)**~/) were prepared by nitration of the corresponding
naphthoic acid (IX) and tetrahydronaphthoic acids (X—XI1I), except for Vla, ¢, *® which were
obtained as a mixture by hydrolysis of 3-nitro-1,8-naphthalic anhydride (VIII) followed by
decarboxylation. Separation of the mixtures of nitro-acids to obtain each isomer was
performed either with or without esterification. Thus, VIb and VId were separated directly
from the mixture by recrystallization, while the mixtures of Vla, ¢ and of VIld—f were each
converted to esters, followed by chromatographic separation of the components on a silica-gel
column, and Vila and VIIb were obtained by conversion of the mixture to p-methoxy-
carbonylphenyl esters (X11la, b), which were separated by recrystallization and then hydro-
lyzed.

Esterification was achieved either with EtOH/H,SO, to obtain ethyl nitro-csters (Vie—g)
or by means of acid chloride formation with PCl; to prepare phenyl or p-ethoxycarbonyl-
pheny! nitro-esters (VIh—j, V1lg—n). Esterification of 8-nitro-1-naphthoic acid (V1d) by
these procedures was unsuccessful. An attempt to prepare a corresponding amino-ester
from phenyl 6-nitro-1,2,3,4-tetrahydro-5-naphthoate (V1Ij) by reduction with hydrogen on
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Va o Vie-p fla.c.d Weeh Ma,e.d
Vila—{
/7N N i LT
N ((n)——\u/——l{ (:()()'"-'\/,(\_j/ R u)(.»-\}:ﬁ\:}—\*
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Chart 3
COON
- f )
) COOH

Via i3:NO:) + Vie (6:NQ2)

N
1

COON Vila=t
AN Vila {5:-NO2. 1-COOHY
l.‘:ﬂ J CVIEH (7-NO2 . 1-CODH?

AV

X

o ACOOH
I Vile §6:NO.. 2-COOH)

Chart 4

e Vb 15-NO;) F VId (B-NO)

) 00— I>=CO0—CH,
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0; n[(:/)[ J- coon om-{"(w
v N

Xllla. b
Xa i5-NO2) Vila
v X (7.NO) Vil
COOH
J o VHd (6:NO; . 5-COOH)
(O \j +Vlte (7-NO,,5-COOH)
il + VIH (8:NO2,5-COOH)
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CN
NH, _ . . "
X1v
KOH
COOH CO0—-C;Hs CO0O—CzHs COOH 00—C¢Hs
* C;HsOH/HCL * NCNH; * NaOH * c.-,nsoH @@
Co NH
NH—{
NH,
1Ib It Hib 1
COOH CO0—CeH; ioo—c.ﬂ5
NHCOO CH,CeH; NHCOO~CH;CeHs
XVI1 XVt 1
Chart S

Pd-C also failed.

Free guanidino-acids (I1]a, c, d) were obtained from the correspondmg ethyl guanidino-
esters (Ille, g, h) by hydrolysis in aqueous NaOH.

Derivatives of 4-amino and 4-guanidino-1-naphthoic acid were synthesized by a separate
route starting from 4-amino-1-naphthalenecarbonitrile (XIV). Compound XIV was hy-
drolyzed in aqueous KOH to give 4-amino-1-naphthoic acid (XV) which was converted, in
turn, to the ethyl amino-ester (IIb) and the ethyl guanidino-ester (I11f) by reaction with
cyanamide, to the free acid (1IIb) by hydrolysis and to the phenyl guanidino-ester (IIIj) by
treatment with dicyclohexylcarbodiimide (DCC). The phenyl amino-ester (11f) was obtained
by benzyloxycarbonylation (XVI) of XV with benzyloxycarbonyl chloride, conversion of XVI
to the phenyl ester (XVII) via the acid chloride and subsequent reduction with hydrogen on
Pd-C.

Protease Inhibitory Activities
The inhibitory activities agamst trypsin, plasmin, kallikrein and thrombin were de-
termined as described in the previous paper and expressed similarly in terms of ICs,, the
molar concentration inhibiting 50% of the activity of enzymes to hydrolyze the designated

substrate.
The potency of compounds whose inhibitory activities correspond to 1Cs, of less than

1x 1073 m is expressed as the percent inhibition at a concentration of 1 x 107> M.

Results and Discussion

The results are shown in Tables I—IV. It can be concluded that the ester linkage is
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Taner L Enzyme Inhibition by Aminonaphthoutes
COO-R
H,N C)\]
Y 4
3 K
(‘;\"’""’d' NH, R Trypsin  Plasmin Kallikrein ~ Thrombin €1 esterase
[¢H

Ila 3 C.H, < jo" <1y <10 <10

11 4 C.H, VAT <10 - 10 H

e 5 C,Hq 1 <10 <10 "

1d 6 C,H, 19 < 10 2 <10

i 3 CH, §xi0* <1 <210 R <10
H"r 4 C 2x 0 < H) ~ 10 S 1Y) 2210
e s C I, valo ! < 10 =10 <10 10
1th h CH, Sxi07* < 10 <10 3 <10
ay v, mbhibition ata concentration ol the compound of 1xH0 "ty Mmoo,

Tanik 11 Enzyme Inhibition by Aminotetrahydronaphthaates

¥ !
TN
HIN—-@L}(‘UU R
[

¢ ':;:rd' NH, COOR R Trypsin Plasmin
1V P I C.H, s =10
IVh 7 } CuHy Pxan th < 10
Ve 6 2 C.H, 810 ¢ =10
vVd 7 5 CHe  d4xand <10
Ve 8 5 CH,  2x1074 <10
vy B | ECP? N 10 F <10
Vg 7 1 ECP ikl f W

ay ", ihibition at 4 concentration of the compound of 13 1™ ',
Mo1C. ) ECP = pecthosyearbonylphenyl,

Kallikrein  Thrombin  Cl esterase

<10 22
210 Inio?
<10 24
<10 2 10 < 10
<10 <10 < 10

il 2 < 10
<10 e DR < 10

necessary for compounds to show protease inhibitory activitics: frec guanidinonaphthoic
acids studicd were practically devoid of activity. In comparison with amino derivatives,
guanidino esters, in both the naphthoatc and tetrahydronaphthoate serics, were more potent
in terms of both the activity and the range of protease inhibitory effects. More precisely, the
inhibitory cffects against trypsin were limited in the case of amino-esters of both scries,
whereas the inhibitory effectiveness of guanidino-esters was higher against trypsin and

extended Lo proteases other than trypsin.

[n a series of tetrahydronaphthoates, the introduction of an cthoxycarbonyl group in the
p-position of the cster phenyl moiety increased the inhibitory action in terms of both the

aclivity and the range.

Comparison of a series of congeners, ¢.g. phenyl 5-guanidino-1 -naphthoate (111k), phenyl
5-guanidino-1,2,3,4-tetrahydro- 1-naphthoate (Va) and p-cthoxycarbonylphenyl S-guanidino-

ySa-ly

1.2.3,4-tetrahydro-1-naphthoate (Vf), revealed that 11k and Vf showed practically the same

BNSDOCID: <XP___2206219A_ |_>
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TasLe HI. Enzyme Inhibition by Guanidinonaphthoates '
00-R
Gu
6 3
5 4
Cc;;np d. Gu? R Trypsin Plasmin Kallikrein Thrombin Cl esterase
0.
Nla 3 H <10% <10 <10 <10 <10
Hib 4 H - 19 <10 19 <10 . - <10
Hic M H 47 <10 <10 14 <10
111d 6 H 16 <10 <10 <10 <10
1lle 3 C;H; 42 <10 <10 16 a4
111 4 C,Hq 42 47 <10 13 Tx10°*
g 5 C,H; Ix1073¢ <10 <10 <10 22
Ilh 6 C,H, 2x107* 48 ) <10 <10 2x 10"%
Hli 3 CeHs 31 31 1x 1074 8x 1074 42
1 4 C.H, 4x 1077 5x107* 28 Ix 1074 7x 107
HIk 5 CeH; 6x1073 30 18 15 4x107%
nn 6 CeH; S5x10°® Ix10"% 48 7x107° 4% 1073
a) Gu=~NH-<,)::,.
b) % inhibilion at u concentration of the compound of 1 x 10> m.
¢) ICs.
TasLE IV. Enzyme Inhibition by Guanidinotetrahydronaphthoates
8 |
7 2
cu—d§§2[zz}-coo-k
5
C‘;‘;"d' Gu® COOR R Trypsin_  Plasmin  Kallikrein  Thrombin  Cl esterase
Va 5 ] C4H; <10® <10 18 <10 18
Vb 7 1 CHy,  7x107%9 19 43 4% 1075 4%10°*
Ve 6 2 CeH, 40 Ix10°2 26 4x 1074 3% 1079
vd 7 5 CeH, 7%x107¢ <10 2x 10" 2x 104 30
Ve 8 5 CH, -3x107* <10 <10 39 24
vf 5 1 E.CP_‘” 3x107¢ 20 7x10°* 38 5x107¢
Vg 7 1 ECP Tx 1073 7x107% 2x1074 1x10°% 6x10°4

a) Gu:-NH-{’;:),

b) % inhibition at a concentration of the compound of 1 x 1072 M.
d) ECP = p-ethoxycarbonylphenyl.

¢) ICy,.

inhibitory effectiveness whereas Va was almost ineffective.

Among the compounds studied, the 1,6-substituted compound (IIh) in the amino-
naphthoates was a weak but selective inhibitor of trypsin, and the 1,4- and 1,6-substituted
compounds (I1l, 1) in the guanidino-naphthoates showed particularly strong inhibition of
trypsin with IC, values of 4x 1077 and 5x 1078 M, respectively, together with moderate
inhibition on other proteases including Cl esterase and thrombin, while the 1,7-substituted
compounds (IVb, g) in the amino-tetrahydronaphthoates showed moderate inhibitions of

3973
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both trypsin and thrombin. Among guanidino-tetrahydronaphthoates. the 1,7-substituted
compounds (Vb., g) showed particularly potent inhibition of thrombin. the inhibition
spectrum of p-ethoxycarbonylphenyl compound (Vg) being particularly broad.

Figure 1 compares the spectrum of protease inhibitory activitics of 4 representative
phenyl-esters which can be regarded as analogues of phenyl p-guanidinobenzoate reported in
the previous paper. It scems likely that the inhibitory effectiveness may be determined by
many factors, such as the distance between the guanidino group and the ester hinkage, the
electron atmosphere of the molecules and, particularly. the steric configuration of the carrier
moiety of the guanidino and ester groups.

Experimental

Mclting points were determined on a Yamato MP-21 melting point apparatus and are uncorrected. The infrared
(1R) spectra were detcrmined on a Shimadzu [R-430, proten-nuclear magnetic resonance ('H-NMR)on a JEOL FX-
60Q or Varian T-60 and carbon-13 nuclear magnetic resonance (*C-NMR) on a JEOL FX-60Q (with tetramethyl-
sitanc as an internal standard). The physica) data for the compounds are summarized in Tables V.- X.

3-Nitro-1-naphthoic Acid (Vla) and 6-Nitro-1-naphthoic Acid (Vic) (Method Ay— 3-Nitro-1.8-naphthalic
anhydride (50 g) and then a solution of 49.1 g of mercuric oxide in 120 ml of water and 40 m! of acetic acid were added
1o a solution of 27g of NaOH in 1000 ml of water with stirring. The reaction mixture was refluxcd for 98 h, then
cooled. and the precipitates were collected and washed with water. The precipitates were suspended in 420 ml of
conc. HCH and the mixture was refluxed for 3 b, then cooled. The precipitates were collected and reerystallized from
acetiv acid to give 25.4 g (5770 of Via* as pale yellow needles. The filtrate was concentrated to dryness i vacuo 10
give a4 nuixture of Via and Vic. The mixture was used for the next reaction withoul purification.

5-Nitro-i-naphthoic Acid (Vib) and 8-Nitro-1-naphthoic Acid (V1d) (Mcthod B) - i-Naphthoic acid (10 g) was
added to 28 ml of conc. HNO, (= 1.38) under ice cooling and the mixture was warmed for 4h in 2 boiling water
bath. The mixturc was then poured into ice water and the precipitates were collected. washed with water, and
dissolved in 100 m} of boiling 8% Na,CO, solution. Afier tiltration, the solution was acidified with 10, HCL The
precipitates formed were collected and recrystallized from EtOH to give 4.6 (37%) of VIb*" as pale yellow ncedles.
The filtrate was concentrated and the residue was recrystallized from EtOH to give 5.5 g (44%,) of VId** as pale yellow
prisms.

5-Nitro-1.2,3,4-tetrahydro-1-naphthoic Acid (¥1la) and 7-Nitro-1,2,3,4-tetrahydro-1-naphthoic  Acid (VIlb)
(Method C)—l,2.3,4-Tctrahydm-l-nnphlhoic acid (30g) was added 10 300 ml of conc. HNO, (d=1.38) at room
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TanLe V. Physical Data

, GOOR
O,N
LA 3
5
. Analysis (%)
d (Found
C‘;’:’d' NO, COOR R mp (°C)  Method IR vX®cm™! Formula Caled (Found)
c H N
Via 3 1 H  260—261" A 1700
vib s 1 H 22-2345" B 1690
vid 8 1 H  208—2099 B 1685 :
Vie 3 1 CH, 87—88® H 1720 C,H,NO, 6367 452 571
(63.64 443  5.66)
vViE s 1 CH, 94-9459 H 1725 C, H,NO, 6367 452 ST
(63.55 444 5.71)
Vi 6 1 CH, 113-118" H,F 1720 C,H,,NO, 63.67 452 5.7
(63.62 443  5.69)
vih 3 1 CH, 168—169 E 1733 C,H,NO, 69.62 378 478
(69.60 374 4.78)
Vi s 1 CeHs  143—144 E 1720 C.H,NO, 69.62 3.78 4.78
(69.55 372 4.77)
Vi 6 1 CH, 135—1355  F 1722 C,H,NO, 69.62 378 4.78

(69.52 3.72 4.79)

a) Lit,* 270—271.5°C. b)) Lit,*® 234—235°C. ¢) Lit.**215°C.
d) Lit.,** 87.5—88.5°C. ¢) Lit,*"92—-93°C. /) Lit.** 111.5—112°C.

temperature with stirring and the mixture was stirred for 10h at room temperature, then poured into water, The
precipitates were collected, washed with water and air-dried at room temperature to give 23.9 g (63%) of a mixture of
VIIa, b. A suspension of the mixture of VIla, b in 200 ml of EtOAc was treated with 25¢ of PCl;. The reaction
mixture was stirred for 3 h at room temperature, then concentrated in vacuo. The residue was washed with hexane and
dissolved in 300 ml of EtOAc. To this solution, 16.5g of p-methoxycarbonylphenol and 13 g of tricthylamine were
added with stirring. The reaction mixture was stirred for 3h at room temperature, then washed with 105 HCl, 5%,
NaOH, and satd. NaCl, dried over MgSO, and concentrated in vacuo. Recrystallization from EtOAc gave 12.6 g of p-
methoxycarbornylphenyl 7-nitro-1,2,3,4-tetrahydro-1-naphthoate (XIIIb) as a colorless powder, mp 178—179.5°C.

IR v} em~1:1745(C=0), 1712 (C=0). Anal. Calcd for C,sH;NOg: C, 64.22; H, 4.82; N, 3.94. Found C, 64.13; H,

4.74; N, 3.90.

The filtrate was concentrated to dryness in vacuo and the residue was recrystallized from EtOH to give 21.4g of
p-methoxycarbonylphenyl 5-nitro-1,2,3,4-tetrahydro-1-naphthoate (XI11a) as a colorless powder, mp 101—101.5°C.
IR v em=1: 1745 (C=0), 1714 (C=0). Anal. Caled for C;oH,,NO,: C, 64.22; H, 4.82; N, 3.94. Found C, 64.11;
H, 4.73; N, 3.86.

XIlIa (10 g) was added to a solution of 40 m! of 20% NaOH and 10 ml of EtOH, and the mixture was stirred for
1h at room temperature, then acidified with 10% HCIL. The preciptates were collected and washed with water.
Recrystallization from EtOQAc gave 5 g of VHa* as pale yellow prisms. VIIb** was obtained from X111b by the same
procedure.

6-Nitro-1,2,3,4-tetrahydro-2-naphthoic Acid (Vlic), 6-Nitro-1,2,3,4-tetrahydro-S-naphthoic Acid (VIld), 7-Nitro-
1,2,3,4-tetrahydro-5-naphthoic Acid (Vile) and 8-Nitro-1,2,3,4-tetrahydro-S-naphthoic Acid (VIif) (Method D)}—
VIIc was prepared by nitration of 1,2,3,4-tetrahydro-2-naphthoic acid with conc. HNO, (d=1.38) at 40°C and VIId,
¢, { were prepared by nitration of 1,2,3,4-tetrahydro-S-naphthoic acid with fum. HNO, (d=1.52) at 0°C according
to method C. The mixture of VIId, ¢, f, was further subjected to esterification without purification. Analytical samples
of Vlle, f were prepared by hydrolysis of their phenyl esters (VIIK, 1) with 10% NaOH.

Phenyl 3-Nitro-1-naphthoate (Vib) (Method E}——A suspension of 13.8 g of VIa in 100 ml of EtOAc was treated
with 17.3 g of PCl,. The mixture was stirred overnight at room temperature, then concentrated to dryness in vacuo.
The residue was washed with hexane to give the acid chloride. A solution of the acid chloride in 50 ml of EtOAc was
added to a solution of 6 g of phenol and 8.4 g of triethylamine in 200 m! of EtOAc. The whole was stirred overnight at

Y



BNSDOCID: <XP___2206219A__I_>

215

3976 Vol. 32 (1984)

TasLe VI

Physicol Data
COOR

- CHS 041

Analysis (1)

Compd. Caled (Found)

N NH, R mp (‘'C)  Method IR viliem ! Formula . DR
[\ R -
¢ H N
Ha 1 GH, 1551560 ] 1719 CyH,NOy-CHO\S 5401 5500 450
. (3392 550 44d
Ih 3 M, 272200 K 1718 CoHLNOp-CHO,8 5401 850 4.50
(5351 S48 4.48)
e 5 Gl 213 245" T 1706 C G NO - CHOS 5401 550 450
' (5389 S.50  d.40)
id 6 CH, 204 205 ! 1688
e 1 C.He 2000 2005 I 1740 ¢ NO, - CH, 0,8 6006 477 390
. (G008 477 180
10 4 CGH. 233 23 o - 38 CLHGNO,CHOS 6016 477 390
(39.67 4.8 4.02)
Iy S OC U, 243 () 1 173 C-H,NO,-CH,O8 6016 477 390
o o023 475 38
1h 6 CH, 240« I 1730 C-HNO,CHO,S o0t 477 390

4.01)

(60.12 472

o) The structure of T was confirmed by the following spectral itz IR vEorem ' 3450, 3360, 300- 2500 (NH). 1688
(CO0), 'H-NMR (DMSO=d,: 1,40 (3Lt /= T.1 Hz, Cy-CHy ), 298 (3H, 5. CLly SO0, 443 (244, J= T Mz
CH, Cli-1 745 9.01 (6H. m. acomatie H), 9.29 (3H. br. NI, ™).

MLt free base bp 170 178 € (0.3 mmbly).

Sy L dree base 800 ) Lit® free base 92 C

room temperatore, then washed with 10% HC) 5%, NaOll und satd. NaCl, dried over anhyd. MSO, and
concentrated 1o dryness in vacuo. Recrystallization from EtOH-acctone gave 17g (922) of Vih as pale yellow
necdies.

Pheny! 6-Nitro-1-naphthoate (VI§) (Method F) - A mixture of VIh, j was prepared from Via ¢ by reaction with
phenol according to method E and the mixture was chromatographed on a silica gel column to scparate Vih and VI,
the lormer being obtained from the first cluate with benzene : hexane=1: | and the latter from the second eluate.

Phenyl 6-Nitro-1,2,3,4-tetrahydro-S-naphthoate (V). Phenyl 7-Nitro-1,2,3,d-tetrahydro- 1-naphthoate (V11k) and
Phenyl 8-Nitro-1,2.3,d-tesrahydro S-naphthoate (VIII) (Mecthod G) -~ A mixture of VIIj, k, 1 wis prepa red trom Vild,
¢. I and phenol by method F. The isomers, VIIL VIIk and V11j. were obtained from the first, second and third eluates.
respectively. with benzene : hexane=1: 1.

Kihyl 5-Nitro-1-naphthoate (VIf) (Method H)----A mixture of 15g of S-nitro-1-naphtheic acid and Iml of
conc. H,S0, in 150 ml of anhyd. EtOH was refluxed overnight, then concentrated to dryness in vacuo and the residuc
wats dissotved in ELOAc. This solution was washed with satd. NaHCO, and satd. NaCl. dried over anhyd. MgSQ, and
concentrated Lo dryness in vacno. Recrystallization of’ the residue from EtOH gave (4.5 g (8875 of VII as colarluss
needics.

Methancsulfonic Acid Salt of Phenyl 5-Amino-1-naphthoate (81g) (Mcthod ) Methanesulionic acid (2.4 g) and
10t PA-C (2) were added 1o a solution of 6g of Vii in 60m} of demethylformamide (DMF). The mixture was
hydrogenated with stirring at room temperature under atmospheric pressure, then filtered. Ethyt cther was added to
the filtrate and the precipitates were collected. Reerystallization from EtOH gave 6.3g (88%2) of 1lg as colorless
needles.

Methanesulfonic Acid Salt of Pheny} S-Guanidino-1-naphthoate (111k) (Method J}——A mixture of 3.6¢ of lig
and 0.84 g of cyanamide in 30 m} of MeOH was stirred overnight at $0°C, then filtered. The filtrate was concentrated
10 half the initial volume. then poured into satd. NaHCO, solution. The precipitates were collected and washed with

water and acetone. A suspension of the precipitates in DMF was treated with 1.2 of methanesulfonic acid. The

mixture was filtered, ethy! ether was added to the filtrate. and the precipitates were collected. Recrystallization from
E1OH gave 1.9g (467%) of 111k as colorless prisms.
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TaBLE VII. Physical Data

COOR
Gu
6 3
s 4 . CH,SO,H
Analysis (%)
C(;x;;pd. Gu® R mp (°C) Method TR vKBrem~! Formula Caled (Found)
C H N

Ma 3 H 2325-233 1715 C,;H,,N;0,-CH,0,§  47.99 465 1292

M
(47.95 471 12.84)

1) 4 H 260—261.5 M 1705 C,,H,N,0, CH,0,§  47:99 465 1292
’ (47.87 465 12.91)

IHic 5 H 264—265 M 1700 C,;H, N;0,-CH, 0,8 47,99 465 1292
(47.89 462 12.79)

M 1710 C,,H,N;0,-CH,0,S  47.99 4.65 1292
(47.78 473 12.80)

111d 6 H 224225

1le 3 CH, 186—I187 L 1690 C,.H,N,0,"CH,0,S  50.98 542 11.89
(50.86 5.44 11.88)

me 4 CH, 1755—176 L 1710 C,.HisN,0,-CH,0,S  50.98 542 1189
(50.83 540 11.86)

Ing S CH, 1865—187 L 1690 C..HisN,0,-CH,0,S  50.98 542 1189
(50.81 545 11.87)

Mh 6 CH, 1835—184 L 1706 C, H;sNyO, CH,0,S  50.98 542 1189
o (50.85 541 11.93)

1l 3 CH, 2065—207 ) 1722 C,,H;sN,0,-CH,0,S  56.85 4.77 10.47
(56.58 4.81 10.50)

HI® 4  CgH, 2195220 N 1722 CisHisN;0,-C,H,0,S  62.88 4.85  8.80
(6244 493  8.92)

11k 5 CeHs  187—1875 ) 1720 C,sH;sN,0,-CH,0,S  56.85 4.77 10.47
(56.35 4.84 10.47)

nn 6 CH, 235237 1732 C,sH,sN;0,-CH,0,S 5685 4.77 10.47

(56.60 4.74 10.50)

a) Gu=-NH~{ :: . 8 p-Toluenesulfonate.
2

Methanesulfonic Acid Salt of Ethy! 4-Amino-1-naphthoate (JIb) (Method K)——A mixture of 8.4 g of 4-amino-1I-

naphthalenecarbonitrile in 100 mi of 509 KOH was refluxed overnight. After cooling, the mixture was diluted with

200 m! of water and filtered. The filtrate was acidified with conc. HCI and the precipitates were collected and air-dried
at room temperature. Dry HCI gas was passed into a suspension of the precipitates in 200 m! of EtOH with stirring at
room temperature until saturation. The reaction mixture was stirred overnight at room l'empcrature, then the
reaction mixture was concentrated to dryness in vacuo, and satd. NaHCO, and EtOAc were added to the residue. The
separated organic layer was washed with 5%, NaOH and with satd."NaCl, dried over anhyd. MgSO, and concentrated
to dryness in vacuo. The residue was dissolved in ethyl ether and the solution was filtered. The filtrate was treated with
5.8 g of methanesulfonic acid and the precipitates were collected and recrystallized from EtOH—cthyl ether to give
8.4 g (54%) of 1Ib as colorless needles. .

Methanesulfonic Acid Salt of Ethyl 4-Guanidino-1-naphthoate (111f) (Method L)——A mixture of 9.2g of Ilb and
3.6 g of cyanamide in 50 ml of MeOH was stirred overnight at 50 °C. The mixture was concentrated to half the initial
volume, and the concentrate was poured into satd. NaHCO,. The precipitates were collected and washed wih water
and acetone. A suspension of the precipitates in 15ml of EtOH was treated with 4.5g of methanesulfonic acid. The
mixture was filtered, ethyl ether was added 1o the filtrate and the precipitates were collected and recrystallized from
EtOH-ethyl ether to give 3.6 g (35%) of HIf as a colorless powder.

Methanesulfonic Acid Salt of 4-Guanidino-1-naphthoic Acid (1HIb) (Method M)—1IIf (3.5g) was added to a
solution of 1.2g of NaOH in 10ml of EtOH and 10m! of water, and the mixture was stirred overnight at room
temperature. The mixture was neutralized with 10% HCI and the resulting precipitates were collected. A suspension

9
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Tasui VIIL  Physical Data
)

3
7 2
O,N—@[ }comz
6 ~

S
Analysis (70)
C(;Lnopd. NO, COOR R mp ('C)  Method IRvE¥ e ' Formula _____(."'ICd (Fou_'?fﬁ__._‘__
C H N
Vlila N 1 H 145--146" ¢ 1700
Vilb 7 1 H 161—162" C 1700
Vlic (4] 2 H 194 1957 D 1698
Vile 7 S H 219-- 2214 D 1683
VIIY 8 S H 155 1577 D 1690
Viig 5 1 C,H; 98-—99 E 1742 C.,H,NO, 6868 5.09 471
(68.56 S.10 47D
Vilh 7 ] C,H, 94 -94.5 E 1740 C,,H,NO, 6868 509 471
(68.48 503 4.69)
Vil 6 2 CH, 123~-124 E 1742 C,-H;NO, 6868 509 471
(6R.61  5.06 4.6
VHj 6 5 C He 99—99.5 G 1752 C,.H,{NO, 68.68 5.09 4.7
(6R.63 513 d4.6d)
Viik 7 5 C.H, 11- 102 G V737 C,-11,{NO, 68.68  5.09 ATl
(6R.72 510 4.64)
Vil § 3 CiHq 9 1o (&} 1734 C,,H,(NO, oR.68 309 471
168,72 511 4.64)
Vilm 5 I ECP/? S8 5% E 1750, 1712 CyoH sNO, 65.03 318 A1
N (6481 S.19 A7h
Viin 7 1 ECP 154-= 155 E 1755, 1720 CyoHWyNO, 6503 5.8 279

(6476 516 37D

@y Lt 4y c. by L ey C ep LIt 196.8~197.0°L
dy Lt 213G el Liv M tal—102 C. £y ECP=p-cthasycarbonylphenyl.

of the precipitates in 25mb of DMF was treated with 1.4g of methanesulfonic acid. The mixture was filtered. cthyl
cther was added 10 the filtrate and the precipitates were eoliected and recrystallized from EtOH to give 23p(Mmeof
IIb as a colorless powder.

p-Toluenesulfonic Acid Salt of Pheny! 4-Guanidino-1-naphthoate (111j) (Method N)——A mixturc of 1L.3g of 111b,
1.2 of phenol and 1.0¢ of dicyclohexylearbodiimide in 20m! of dry pyridinc was stirred overnight at room
temperature, then filtcred. The filtrate was concentrated to half the initial volume and the concentrate was pourced
into satd. NaHCO,. The precipitates were collected and washed with water and acetone. A suspension of the
precipitates in 10m] of MeOH was treated with 0.7g of p-toluencsulfonic acid. The mixture was filtered, cthy! cther
was added to the filtrate and the precipitates were collected. Recrystallization from MeOH—cthyl ether gave 04g
(215%) of 111j as a colorless powder.

&(Bcnzyloxycarbonyl)amino-l—naphthoic Acid (X V1) --- Benzyloxycarbonyl chloride (3.6g) wus added to a
solution of 3.8 g of 4-amino-t-naphthoic acid in 50 ml of 0.5 n KOH under ice cooling with stirring. The mixture was
stirred for 3h at room temperature, then washed with ethyl ether and ncutralized with 10% HCL. The precipitatcs
were collected and recrystatiized from DMF-water to give 3.5 (54%)of XViasa colorless powder, mp 245---246°C.
IR »%Vrem ! 3260 (NH), 1682 (C=0), 1532, 1233. '"H-NMR (d,-DMSO) 8: 5.26 (2H. 5. - CH,~), 7.01—9.24 (11H,
m). 10.00 (1H, s, NH), 13.01 (1H. br. COOH). Anal. Caled for CioH,NO,: C, 71.02; H, 4.70; N, 4.36. Found: C,
71.02, H, 4.69; N, 4.34, '

Phenyl 4-Benzyloxycarbonylamino-1-naphthoate (XVII)- —A mixture of 2.0g of XVI in 20 ml of SOCI, was
refluxed for 0.5h. then concentrated in vacuo. The residue was added to a solution of 1g of phenol in 20ml of
pyridine. The mixture was stirred for 3h at room temperature, then poured into water. The precipitates were collecied
and recrystallized from EtOAc-hexane 10 give 2.0 (81%) of XVIl as a colorless powder, mp 141--142°C. IR
vX8em ™! 3300 (NH), 1725 (ester C=0), 1690 (amide C=0), 1530, 1225. TH.NMR (d,-DMS0) §: 5.27 (2H, 5,
-CH,-), 7.04—9.18 (16H, m), 10.14 (1H. s, NH). Anal. Calcd for C,sH,oNO,: €, 75.55: H, 4.8 N, 3.52. Found C.

BNSDOCID: <XP___2206219A__I_>
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TasLe 1X. Physical Data

8 1
7 2
H,N%COOR
5 . HCI

Analysis (%)

C‘;;‘:)Pd' NH, COOR R  mp(°C) Method IRv®cm-}  Formula Caled (Found)

C H N
Va 5 1 CgH; 210213(d) I 1744 C,H,,NO,-HCl 67.21 597 4.6l
(67.10 596  4.60)

IVb 7 1 C.Hs 149—150 I 1741 » .
Ve 6 2 CH, 218—22(d) I 1735 C,H,,NO,-HCl 67.21 597 4.6l
(6690 596 4.64)
vd 7 5 CeHg 179—18 1 1734  C,,H,,NO,-HCl 67.21 597 461
' (66.89 597 4.69)
Ve 8 5 CeHy >270 I 173 C,,H,,NO,"HCl 6721 597 4.6l
(6691 605 4.51)
vf 5 1 ECP” 206—209(d) 1 1742, 1715 C,oH, NO,-HCl 6391 580 3.73
(63.84 587 3.7

1vg 7 I ECP IM—175 1 1765, 1712 o

a) ECP =p-ethoxycarbonylphenyl. :
b,¢) The structures were confirmed as the guanidino derivatives (obtained in the next step).

TasLs X. Physical Data
8 1

7 2
Gu—é@:a-—COOR
5 - CH,SO,H
Analysis (%)
C‘;;‘;”d' Gu? COOR R  mp(°C) Method IRvKBrcm= Formula Caled (Found)
c H N
Va5 1 CH, 156-158 I 1742 o
Vb 7 1 CHy 189—1%0 J 1763 C,3H,,N;0,-CH,0,S $6.28 572 1036
(56.16 574 10.33)
Ve 6 2 CHy 184—185 ] 1751 C,HN,0,-CH,0,S 5628 572 10.36
: (5630 574 10.39)
Vd 7 S CH, 197—19%8 J 1731 CH,sN,0,-CH,O,8 5628 572 10.36
(5625 571 10.35)
Ve 8 S  CH, 161—162 ] 1722 C,H,,N;0,-CH,0,8 5628 572 10.36
(5622 570 10.35)
VE 5 1 ECP® 177—178 J  1763,1705 CyH,;N,;0,-CH,0,S 5534 570 8.80
(5529 570 887
Ve 7 1 ECP 159—160 J 1760, 1718 C,H;;N,0,-CH,0;S 5534 570 830

(5502 566 8.77)

a) Gu=-NH -(:g 4) ECP=p-ethoxycasbonylphenyl.
3
¢) The structure of Va was confirmed by the following spectral data: IR vX8 cm™?: 3320, 3150 (-NH), 1742 ( >C=0),
{H-NMR (d;-DMSO) é: 1.47—3.00 (6H, br m), 2.42 (3H, 5, CH,), 4.18 (1H, br, H-1), 6.66~8.01 (12H, m),'9.30 (1H,
s, NH); *C-NMR (d,-DMSO): 194, 23.8, 25.5 (-CH,~CH,-CH,), 44.0 (—CH<).
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75.48; H, 4.81: N, 3.55.
Methanesutfonic Acid Salt of Phenyl 4-Amino-1-naphthoate (1) (Method O)——Hydrogen gas was passed into a

mixture of 1g of XV11 and 0.5g of 105, Pd--Cin 30 m! of DMF containing 0.3 ¢ of methanesulfonic acid with stirring
for §h at room temperature. The mixture was filtered, then ethyl ether was added to the filtrate to give an amorphous
powder. Recrystallization from McOH-cthy! ether gave 0.7 (779) of Hf as a colorless powder.

Enzyme Inhibition-—~ -~ Bovine trypsin was purchased from Sigma Chemical Ca.. St. Louis, USA. and dissolved in
0.1 M borate bufler containing 0.01 M CaCly, pH $.5. Human plasmin was purchased {rom Green Cross Co., Osaka,
Japan, and porcine kallikrein from Bayer. and they were each dissolved in 0.1 M borate bufter, pH R.5. Bovine
thrombin was purchased (rom Mochida Pharmaceutical Co.. Lid., Tokyo, Japan. and dissolved in 0.02 1 phosphate
buffer, pH 7.4. Human Cl esterasc was prepared by the method of Sumi er al 3 The rates of hydrolysis of TAME by
wrypsin, plasmin. kallikrein, and thrombin were determined as described by Muramatu ef ol and thut of ATEE by
C1 esterase was assayed as deseribed by Tamura et al., ¥ at a substrate concentration of 10 mM.

. ' References and Notes

1) Part 1: T Okutome, H. Kawamura, S. Taira. T. Nakaywma, S, Nunomura, M. Kurumi. T. Aoyama, and S.
Vujii, Chem. Pharm. Bull.. 32, 1854 (19%4).

) This work was presented at the 102nd Annual Meeting of the Pharmaccutical Society of Japan, Osaka, April
1982,

3)  a) ). Sturzebecher, F. Markwardt, P. Richter. G. Wagaer, P. Walsmann, and H. Landmann, Pharmaczie. 29, 337
(19743 b) T. Chase. Jr., and E. Shaw, Biochemustry, 8, 2212 (1969); ¢) Y. Tamuria. M. Hirado, K. Okamura, Y.
Minato, and S. Fujii. Biochim. Biophys. dcta, 484, 417 (1977 d) M. Muramatu. T. Satoh. Y. Yanagimoto, Y.
Kanamoto, . Katsuyama, M. Kanemoto. and K. ‘Taguchi, Hoppe-Sevier's 7. Physiol. Chea., 363, 203 (1982).
¢} M. Muramao and S. Fujii, Biochim. Biophys. Acta, 268, 221 {1972).

4) @) G. J. Leuck. R, P. Perkins, and F. C. Whitmore, J. Am. Chem. Soc., S1 1831 (1929) A K. Belfand W, HL. D.
Morgan. J. Chem. Soc., 1954, 1710: ¢) A, G Eckstrand, J. Praki. Chem., 38, 139 (VR8Y): o) Idemn, ibid.. 38, 24)
(1888): @) S. 1. Sergievskaya and N. P. Volynskii, Zh. Obshch. Khim., 22. 1033 (1952) {Chem. Abstr., 47. 80534
9SS ddem, bid.. 22,1446 (1952) [Chem. abstr.. 47,6388 (1930} ) 8. L Sergievskaya and S. M. Maniole.
ibic. V8. 877 (1948} |Chem. Absir. 43,202 /1 19493} 1) fdem, ibid., V8. 874 (1948) (Chem. Abstr., 43. 2020 (1940}

$) o) H. Sumiand M. Muramatu, Agric. Biol. Chem., 38. 605 (1974), h) M. Muramatu and S. Fujii. J. Biochent.
{Tokyo). 64, 807 (1968), ¢) Y. Tamura, K. Okamura, A. Otsuka, and 8. Fujii. ibid., 79. 313 (1976),

6) ) R. G. Could, Jr. and W. A, Jacobs. J. Biol. Chem.. 130, 307 (1939) [Chem. Abstr.. 34, HOOR (1940)]: A S. 1.
Sergievskayas and K. P. Preobrazhenskaya, Zh. Obsch. Khim.. 10,950 (1940) {Chent. Ahstr.. 35.4003" (194D 0)
1. Heibron (eds.) ~Dictionary of Organic Compounds,” Oxford University Press, London. 1933,
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TasLe I
PrysicaL CONSTANTS OF THE NITROALCOROLS

Name of compound af& x;;m%;e Mm. Sgi’g"r.. Re?"::nd" Pormuls cu?& Nmot?oundb
3-Methyl-3-nitro-2-hexanol 97 5 1.0612 1.4522 GH,ON 52.17%* 50.47
3-Methyl-3-nitro-4-nonanol 99-101 1.5 0.9835 1.4540  CuH, 0N 59.11° 58.73
3-Methyl-3-nitro-4-octanol 90-94 2.5 .0734 1.4568 CiHyON 67.14° 56.92
1-Nitro-2-octanol® 120 2 vees 1,4500  CH,,ON 8.00 7.81
2-Nitro-3-nonanol 110 1.5 .9937 1.4508 CH,,O,N 7.42 6.93
2-Methy}-2-nitro-3-nonano} 109 1 L9854 © 1.4525 CicHuO,N 6.90 6.82
4-Nitro-6-hendecanol 135 2 .9550 1.4550 CuH5O0N 6.47 6.40
3-Methyl-3-nitro-4-decanol 128 1.3 9477 1.4578 CuHypON 60.83* 60.67
1-Nitro-2-nonanol 120-121 1 .9838 1.4508 CiH s ON 7.42 7.83
2-Nitro-3-decanol 125 2 .9761 1.4506 CioHxON 6.80 6.61
3-Nitro-4-hendecano} 128 2 .9636 1.4509 CuHyON 8.47 6.29
2-Methy]-2-nitro-3-decano) 124-125 1.2 .9784 1.4533 CuHuyON 6.47 6.30
4-Nitro-5-dodecanol 130 1.2 0666 1.4522 Ci1HyO:N 6.06 5.73
3-Methyl-3-nitro-4-bendecanol 1m 1.5 .9521 1.4569 CiyHON 62.28° 62.44
2-Nitro-3-hendecanol 128 1.8 . 9640 1.4513 CuHyuON 8.47 6.20
3-Nitro-4-dodecanol 138-140 2.2 . 9622 1.4517 CpH:ON 6.06 5.97
2-Methyl-2-nitro-3-hendecano} 125 3 . 9240 1.4524 Ci;HayON 6.06 5.83
1-Nitro-2-bendecano] 140 2 .9587 1.4548 CuHuO,N 6.47 6.23
2-Nitro-3-tridecanol 153~155 2 .9496 1.4618 ChHaON 5.72 b.30
3-Nitro-4-tetradecanol 150-~155 1.5 . 9480 1.4638 CiuHyO,N 5.41 5.02

* % Carbon (not nitrogen), by “Wet Method,” Pollard and Forsee, Ind, Eng. Chem., Anal, E4.,7,77 (1935). * “Kjel-
dahl,”” Harte, ibid., 7, 432 (1935). °© Low carbon analysis is due to the presence of 1-nitrobutaae in the nitropentanes.

¢ Not a new compound (2).

the nitroparaffin and aldehyde followed by dilu-
tion and hydrolysis with dilute acetic acid, and
(¢) by the mixing of a dilute solution of the sodium
salt of the nitroparaffin with an aqueous suspen-
sion of the sodium bisulfite addition product of

the aldehyde and subsequent heating of the mix-
ture.

-2. Some of the physical constants of these
nitroalcohols have been measured.
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Arsine Oxides of Naphthalene and Biphenyl!

By G. O. Doag, Harry EAGLE AND H. G. STEmNMAN

Arsine oxides, derived from naphthalene and bi-
phenyl, have been prepared by us in order that
their treponemicidal activity might be investi-
gated,

Reduction of a-naphthylarsonic acid with sul-
fur dioxide and potassium iodide yielded an ar-
sine oxide identical with that obtained by Mi-
chaelis,® and by Blicke and Smith? by other
methods.

The S-naphthylarsonic acid, used by Michaelis
to prepare the corresponding oxide, was shown
by Brown* to be a mixture of a- and B-naphthyl-

(1) Paper V in the serics eutitled *“The Preparation of Phenyl-
arsenoxides,”

(2) Michaelis, Ann., 830, 271 (1902).

(3) Blicke and Smith, Trrs Jounwar, 81, 34790 (1929).

(4) Brown, Trans. Kansas Acod. Sci., 43, 209 (1939).

BNSDOCID: <XP___2206008A__|_>

arsonic acids.  §-Naphthylarsonic acid, pre-
pared by Brown’s method, yielded an arsine

oxide on reduction which did not melt below

360°.

Saunders, Hamilton and Sweet® have de-
scribed the preparation of a number of njtro-
naphthylarsonic acids. We have discovered that
the more convenient Scheller-Bart reaction® is
equally applicable for the preparation of these
compounds. Same of these nitronaphthylar-
sonic acids were reduced catalytically to the cor-
responding amino compounds by the use of Ragey
nickel. The yields were comparable to those ob-

(6) (a) Saunders and H Tms JoorNAL, 84, 838 (1032);
(b) Sweet and Hamilton, ibid., 56, 2408.(1934).

(6) Scheller, Prench Patent 624,028, Chemn. Zentr., 98, T1, 220
(1927); Doak. Tuts Journar, 632, 167 (1040),

$3
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tained by Saunders and Hamilton,” who used
ferrous hydroxide.

The substance described by Adler and Adler?
as 1-hydroxy-4-naphthylarsonic acid may be 1-hy-
droxy-2-naphthylarsonic acid according to Brown
and Hamilton.? Although Brown' was unable
to synthesize the former compound by the cus-
tomary methods, and we were unable to prepare it
from 4-amino-1-paphtho! by the Scheller—Bart
procedure, it was finally obtained, in small yield,
by a series of reactions which leave no doubt as
to its identity.

The only biphenylarsine oxides prepared pre-
viously are those described by Worrall!® and by
Oneto and Way.!! We have obtained three
new biphenylarsine oxides.

In an attempt to find a procedure for the syn-
thesis of 4-amino-4’-arsonobiphenyl, simpler than
that published by Bauer and Adams,!? we em-
ployed the Bart reaction and diazotized only one
amino group of benzidine by following Tauber’s
directions.’® Instead of the desired product, a
small amount of 4,4'-diarsonobiphenyl, formed
from some tetrazotized benzidire, and a large
quantity of an unidentified substance were ob-
tained. 4-Amino-4’-arsonobiphenyl was produced
finally by another synthesis, and converted into
the acetamido and carboxy derivatives; all three
products yielded arsine oxides on reduction.

Although an attempt to obtain 3-amino-4-
hydroxy-4’-arsonobiphenyl by a process which
involved diazotization of 3-nitrobenzidine!* was
unsuccessful, several interesting new compounds
were isolated.

Experimental Part
4-Nitro-1-naphthyl Benzoate—This substance was
obtained in 40% yield by the Schotten-Baumann reaction,
and in 92% yield by the procedure of Hazlet.”® It crys-
tallized from acetone in pale yellow peedles; m. p. 176°
(cor.).

Anal. Caled. for CyH.ON: N, 4.78. Found: N,
4.9.
4-Amino-1-naphthyl Benzoate Hydrochloride.—The

above nitro compound, suspended in acetone, was reduced
catalytically employing Rapey catalyst. After filtration,
the addition of hydrochloric acid to the filtrate precipitated

(7) Adler and Adter, Bor., 41, 931 (1908); German Patent 205,775,
Chem. Zenir., 80, 1, 881 (1809).

(8) Brown and Hamilton, Tme JoUxNAL, 86, 161 (1934).

(0) Brown, Thesls, University of Nebrasks, 1933,

(10) Worrall, Tms JourxaL, 88, 864 (1930).

(11) Oneto and Way, idid., 63, 3068 (1041).

(12) Bauer and Adams, #did., 48, 1025 (1924).

(18) Tauber, Ber., 87, 2627 (16894).

(14) Le Févre and Tumer, J. Chem. Soc., 245 (1628).

{18) ‘Hazlet, THxa JoUmNav, 89, 287 (1987).
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-the amine bydrochloride. Recrystallization from alcohol-

acetone mixture gave needles; m. p. 268-263° (cor.) with
decomposition. The yield was 88%,.

4-Hydroxy-1-naphthylarsonic Aeid.—Althotugh the cus-
tomary Bart reaction with the above amine hydrochloride
failed to give an arsonic acid, the desired compound was ob-
tained in a 2.5% yield with the Scheller-Bart reactiom,
It crystallized from water as needles which did not muelt
below 360° The acid gave a deep green color with ferric
chloride solution, and coupled with benzenediazoniwm
chloride to give a bright red dye.

6-Carboxy-2-naphthylarsonic Acid-~—The Sandmeyer
reaction, employing nickelous cyanide, was applied to 6-
amino-2-naphthylarsonic acid, and the resulting nitrile
isolated through the magnesium salt. Hydrolysis with
alkali followed by acidification gave the desired acid.

6-Carbamyl-2-naphthylarsine Oxide.~—A suspension of
the preceding compound in chloroform was treated with
phosphorus trichloride and pentachloride and the mixture
poured into ammonium hydroxide. The arsine oxide
separated as an amorphous precipitate, insoluble in all
common solvents.

Reaction Product of Diazotized Benzidinoe and Sodium
Arsenite.—A solution of diazotized benzidine, prepared
according to Tauber,!® was added to a solution of sodium
arsenite containing a little cupric sulfate. A copious
brown precipitate formed immediately. After standing
several days the mixture was filtered. The filtrate yielded
3.49%, of 4,4'-diarsonobiphenyl after acidification. The
brown precipitate, which constituted most of the reaction
product, could not be positively identified.

4-Amino~4’~arsonobiphenyl.—4-Amino-4"-nitrobiphenyl
by the Scheller~Bart reaction gave 4-nitro-4’-arsonobi-
phenyl, which gave the desired amine by catalytic reduc-
tion employing Raney catalyst.

4-Carbamyl-4’-arsenosobiphenyl.—The Sandmeyer re-
action, employing nickelous cyanide, was applied to the
above amine, and the resulting nitrile hydrolyzed in solu-
tion without isolation., The resulting 4-carboxy-4’-
arsonobiphenyl was converted to 4-carbamyl-4’-arsenoso~
biphenyl in the usttal manner.

3-Nitro-4-amino-4’-arsonobiphenyl and 3-Nitro-4,4’-

diarsonobiphenyl.—The Bart reaction when applied to 3-. .

“nitrobenzidine gave a mixture of the above compounds.

This mixture was dissolved in ammonium hydroxide,
cooled, treated with magnesia mixture, and filtered after
standing for one hour. The precipitate was triturated
with dilute hydrochloric acid, again dissolved in ammonium
hydroxide and the process repeated. In this manner, a
pure sample of 3-nitro-4,4/-diarsonobiphenyl was obtained.
On boiling the filtrate from the first separation, the mag-
pesium salt of 3-nitro-4-amino-4’-arsonobiphenyl precipi-
tated, which was similarly purified. We have found it to
be & general rule that diarsonic acids give insoluble mag-
nesitm salts in the cold, whereas the maguesium salts of
monoarsonic acids usually precipitate only on heating.
3-Nitro-4-hydroxy-4’~arsonobiphenyl.—3-Nitro-4-amino-
’-arsonobiphenyl was boiled in a 25% potassium hydrox-
ide solution for several hours. The impure acid, which
separated upon acidification, was purified by dissolving in
sodium bicarbonate solution, followed by treatment with
Darco and then again acidifying. Reduction of the nitro

o
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ARSONIC Acips AND ARSINE OXIDES DERIVED PROM NAPHTHALENE AND BIPHENYL

Yield, As analyoes, % N analyses, %
Compound, R =~ Arsono Description % Pormula Calcd.  Found Caled.  Pound
8-R-2-naphthoic acid White powder 22 CuH;0sAs 25.3 25.6
4-R-1-paphthol White needles 2.5 CuH;0s 7.9 27,9
3-Nitro-4,4’-di-R-biphenyl® Yeliow powder 19.4 Cy,H,;0:NAs 33.6 33.6 3.1 3.3
3-Nitro-4-amino-4’-R-bipbeayl Brown powder 14.9 CuHnOiNsAs 22.2 22.3 8.3 8.0
3-Nitro-4-hydroxy-4/-R-biphenyl Red powder 75 CisHiONAs 22.1 22.0 4.1 4.3
4-Nitro-4’-R-biphenyi Pale yellow needles 34 CiuHuONAs 23.2 22.9 4.8 4.4
4-Amino-4’-R-biphenyl White needles 80 CisH;;0,NAs 25.6 25.4 4.8 4.8
4-Acetamido-4’-R-bipheny! White needles 100 G HiONAs 22.4 22,6 4.2 4.1
4-Carboxy-4’-R-bipheny! White powder 14 CuH:0:As 23.3 23.4
4,4’-Di-R-biphenyl White prisms 3.4 Cy:Hi;OsAs: 37.3 36.9
R = Arsenoso

2-R-naphthalene White powder 90 CiH,0As 34.2 34.0
4-Acetamido-1-R-naphthalene® White needles 71 CuHisO)NAs 27.2 27.2 ¢
2-Acetamido-1-R-naphthalene? White powder 66  CuHiOsNAs 27.2 27.3 e
6-R-2-naphthamide White powder 91 CuHO:NAs 28.7 28.3 5.4 5.4
4-Carbamyl-4’-R-biphenyl’ White powder 85 CHpoOsNAs 26.1 28.0 4.9 4.7
4-Amino-4’-R-bipheny}! - White powder 100 Ci:H10ONAs2H,0 25.4 25.3 4.8 4.8
4-Acetamido-4’-R-biphenyl® White powder 100 CiH;;O:2NAsH,O 23, 23.5 4. 4.4

® M. p. 248.5~250.5° (all melting points are corrected). °® M. p. 272°. ° We have been unable to obtain satisfactory
nitrogen analyses on many naphthalenearsonic acids and arsine oxides containing nitrogen attached directly to the ring.
Kjeldahl determinations were entirely unsatisfactory. Using the Dumas procedure, even with the addition of potassium
chlorate, the results were erratic and we were never able to obtain the theoretical value. # M. p. 266.5°. *M. p. 271~
273°. / M. p. 221-222°. * M. p. 207.5-208.5°.

group with ferrous hydroxide, or catalytically, using Raney  talline compounds were crystallized from alcohol.
catalyst, was unsatisfactory.
Table I lists the new compounds, or com- Summary

pounds prepared by a pew procedure. Except Several new arsonic acids derived from naph-
as noted in the text, the arsine oxides were pre- thalene and biphenyl have been prepared, and
pared by sulfur dioxide reduction of the cor- more convenient methods have been described for
responding arsonic acids in the usual manner. the preparation of other known compounds. The
They were insoluble in water and the usual arsonic acids have been reduced to the correspond-
orgamic solvents. 4-Arsono-l-naphthol was re- ing arsine oxides.

crystallized from hot water. The remaining crys- Bavmivore, Mb. RECEIVED JANUARY 5, 1042

{CONTRIBUTION FROM THE DEPARTMENT OP CHEMISTRY, UNIVERSITY OF RoOCHESTER]
The Rearrangement of 4-Crotyloxy-3,5-dichlorobenzoic Acid

By D. S. TArRBELL AND J. W, WrLsoN!

In a previous paper? it was shown that O-cro- (attachment of the y-carbon atom) just as the
tyl-3,5-dichlorosalicylic acid (I) rearranges ordinary Claisen rearrangement does. The pres-

OCH,CH=CHCH, OCH;CH==CHCH, ent paper reports a study of a similar compound,
Cl” \COOR < \a 4-crotyloxy-3,6-dichlorobenzoic acid (IIF), in
which the substituted allyl group migrates to the

I, R=H 1L, R=H ara position

¢i I, R=CH, OOR IV, R=CH, P3I&P :

o s o The crotyl ether of ethyl 3,5-dichloro-4-hy-
;r.x‘x’:othlgr Z&:ﬁiro?é?a};ﬁgilﬁoxyﬁ;tx droxybenzoate (IV) was obtained using aqueous
’ o : sodium hydroxide-acetone as the reaction me-

bis reaction therefore goes with inversion dium. Saponification of the ester yielded 4-cro-

(1) Sherman Clarke Fellow, 1041-1942. . . . .
(2) Tarbell and Wilson, Ts Journav, 64, 607 (1942). tyloxy-3,5-dichlorobenzoic acid (XIII), which was

BNSDOCID: «XP___2206008A__|._>
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Quantitative relationships between physicochemical drug properties and antileukemic (L1210) efficacy have been
examined for a series of bisquaternary ammonium heterocycles employing multiple variable regression analysis,
Three measures of biologic response were examined: ILS,,,,. the percentage increase in mean life span of leukemic

animals at the LD, dose; Dy, the drug dose necessary to provide 40% increase in life span; and CI (=

the chemotherapeutic index. A cross correlation matrix between these three measures and the LD, values demonstrates
ILS,,, and CI to be independent of toxicity. Dy, is highly inversely correlated with LD, and positively correlated
with ILS.,,, suggesting that this parameter measures a composite of both drug selectivity and toxicity. Superior
regression equations resulted at all stages employing ILS,,,, as a measure of antitumor selectivity. Acceptable equations
modeling LD, could not be obtained. There was a parabolic relationship between agent lipophilic-hydrophilic balance,
measured as chromatographic R, values, and ILS,,,. To reduce residual variance in the L1210 screening data, not
accepted by this parabolic equation, measures of agent~DNA interaction were investigated as possible indices of
site fit. Relative levels of drug-DNA interaction were obtained by spectrofluorimetric quantitation of drug displacement
of DNA-bound ethidium, Addition to regression equations of agent Cy, values for calf thymus DNA, those micromolar
drug concentrations necessary to displace 50% of the ethidium bound to that DNA, provided a significant reduction
in the screening data variance. Cso values for drug interactions with poly[d(A-T)] and poly{d(G-C)} were also

Following demonstration of significant antitumor drug competition with ethidium for DNA sites. The
* (L1210) activity with a bisquaternary ammonium heter- possible utility of these constants in regression analysis of
ocycle,! a large number of congeners have been synthesized L1210 screening data for the bisquaternary salts is ex-
and screened as part of this laboratory’s program to de- amined in this study.
velop new antitumor agents." This particular series of Chemistry. With the exception of the acridine con-
compounds is remarkable for both the high percentage geners, synthesis of the quoted bisquaternary salts em-
which prove L1210 active and the extremely high ex- ployed terminal quaternization of the necessary hetero-
perimental activity shown by certain members. For one cyclic bisbases. In most cases construction of the bisbase
example, 221 (Table I, NSC176319), pharmacologic and required essentially the assembly of a polyamide frame-
toxicologic examination has been completed as a prelude work. For ease of handling of intermediates, attention is
to clinical trial. drawn to our earlier comments? on the high crystallinity

Employing as a measure of antitumor efficacy the
percentage increase in mean life span (ILS), in L1210
screening tests, qualitative structure-activity relationships
(SAR) bave been developed.8 The rise and then fall in
antileukemic activity, seen on homologation within series
of bisquaternary salts (e.g., 89-93 and 100-103; Table I),
suggest that agent lipophiliﬁhydrophilic balance plays a
dominant role in antitumor selectivity. Additionally,
certain structural requirements hecessary for activity are
evident. These include the following: limitations on the
separation of the two cationic charges; a need for a close
approach to overall planarity, coupled with a certain degree
of molecular rigidity;® and a molecular outline permitting

purifiable, microcrystalline acids.

yield. With asymmetric bisbases,
of the amide skeleton was necessar
reaction®!® was the one of choice

A All these features appear compatible with the hy-

0022-2623/79/1822-0134$01.00/0 © 1979 American Chemical Society
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and ease of purification of the methyl esters of acid
components, in contrast with the sometimes diffi

In cases where the terminal base units were identical and
there was a central diacid component (e.g., 303 and 306;
Table 1), reaction of the acid chloride from the diacid, with
the necessary amine-bearing base unit, as before!-* pro-
vided the necessary bisbase in essentially quantitative
stepwise construction
y and the phosphorazo
for coupling acid and
amine components. In the asymmetric bisbases containing
a 4-aminoquinoline unit this component was appended
.o AT " rminally. Quaternization, except when there was marked
binding to an annular site limiteq by radii of 20 and 25 steric shielding of the ring nitrogen to be alkylated, em-
. ;i ' - ployed the reaction conditions and precautions detailed
pothgc;ns t}?at . :he fmc@imor groove of twin-helical DNA earlier.® Formerly 8-substituted quincflina such as 307 and
provides t e si e of drug act’xon.. 309 proved difficult to completely quaternize.” In sub-

When derivation of quantitative SAR for these agents sequent work it appeared that one factor ¢
is attempted, the marked diversity of structural types incomplete quaternization was the co
precludes the use of usual extrathermodynamic parameters breakdown of the initially formed quatern
that are appropriate wi(h series of simply substituted drug the quaternizing agent during the extended
congeners. From the viewpoint that DNA ig a likely site necessary with these sterically hindered bases, acidic
of action for these agents, drug-DNA association constants byproducts being formed. The salts resulting from these
should then provide measures of site fit and therefore be acidic products and the input bisbase were much more
directly incorporable into correlation equations. Relative slowly quaternized. By carrying out such reactions in the
drug-DNA binding constants have been measured utilizing = presence of 2 mo] equiv of ; N-diisopropylethylamine, !*

ontributing to
ntinually slow
r salt and also
reaction times

{6



acid byproducts were scavenged and more complete
quaternization resulted.

When terminal reduction of nitro groups was necessary,
use of Fe/H*, as detailed before,? provided high yields of
the corresponding amines without appreciable overre-
duction involving the heterocycli¢c quaternary functions.

All congeners of the 3-amino-9-anilino-10-methyl-
acridinium salts were generated by coupling 3-(tri-
fluoroacetamido)-9-chloro-10-methylacridinium chloride??
with the requisite aniline component. Hydrolytic removal
of the protecting trifluoroacetyl group employed 4 N NH;
in a suitable solvent.

1,4-Bis(4-nirostyryl)benzene, conveniently prepared in
moderate quantities by condensation of {(4-nitrophe-
nyl}acetic acid and terephthal dicarboxaldehyde, could be
readily reduced (SnCl,-HCI-HOAc) to the corresponding
diamine. Application of Zincke's pyridinium salt syn-
thesis,'? interacting N-(2,4-dinitrophenyl)pyridinium 4-
toluenesulfonate and 1,4-bis(4-aminostyryl)benzene,
readily afforded agent 299,

Lipophilic-Hydrophilic Balance. The most usually
employed measure of such balance is the logarithm of the
partition coefficient (P) of the agents in 1-octanol-water.
Agent R, values [R,, = log (l/R[ - 1)], obtained from
partition chromatography employing a particular solvent
system, are linearly related to log P values in that solvent
system. From Hansch's study’* of the interrelationships
between the partition coefficients obtained when different
solvents are employed, it is possible to select those solvents
which should provide R, values highly covariant with log
P, values. In particular, with very hydrophilic compounds
such as the quaternary salts discussed here, R, values are
considerably more readily measured than log P, values.
By employing a range of neutral compounds, whose log P,
values had been previously measured!* and provided an
acceptable spread and range (-2.92 to 1.64), R,, values in
the partition chromatographic system employed were
found linearly related to those log P values by the equation

log P = 2.41(£0.34)R, - 1.31(£0.24) (1)
n=25r=0955=015 F 5, = 205

Cs Values for Drug-DNA Interaction. Earlier we
reported the development of a method of obtaining
measures of the relative DNA-binding level of intercalating
agents by spectrofluorimetric quantitation of drug dis-
placement of DNA-bound ethidium.!5% The micromolar
concentration of drug necessary to displace 50% of the
ethidium from DNA sites (Cy, value) can be shown in-
versely proportional to the drug-DNA association con-
stant.’® The ethidium displacement technique provides
a readily reproducible, rapid measure of relative DNA
binding and requires only milligram quantities of agent
and micrograms of DNA. This technique is therefore
eminently suitable for rapid examination of a large series
of agents such as in the present study. While accurate
measures of drug-DNA association constants can be
obtained for intercalating agents,'® it must be emphasized
that the bulk of the bisquaternary salts considered here
does not bind by intercalation. Examination of repre-
sentative examples (e.g., 152, 216, 221 and 229; Table 1)
shows that these provide no unwinding of PM2 bacter-
iophage DNA by hydrodynamic criteria.’’ Since these
agents appear to bind equally well to the DNA of T,
bacteriophage, in which the major groove is occluded by

bulky glycosyl residues,!® as to other DNA samples of -

comparable base-pair composition, it appears that they also
do not bind in the major groove of the nucleic acid.}®
Lodgment of the bisquaternary salts in the DNA minor

BNSDOCID: <XP____2139936A_1_>
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groove is compatible with both these observations and the
earlier developed qualitative SAR.

Competition between the intercalating agent ethidium
and a bisquaternary salt, for DNA, then utilizes two
different site types. On intercalation into DNA, ethidium
produces distortion in the helical structure and the phenyl
ring at the 9 position of this drug protrudes into the minor
groove.® A bisquaternary salt lodged in the minor groove
of a DNA sample prevents ethidium approach to the
occluded intercalation sites, Site sizes for the two agent
types also differ. Ethidium lodges between two adjacent
base pairs and effectively prevents entry of further in-
tercalating molecules into the nearest neighboring potential
sites.? From model fitting, examples of the bisquaternary
salts in the minor groove could mask potential intercalation
sites between from three up to seven base pairs. There
is no simple proportionality between Cg, values and as-
sociation constants which is applicable to the full range
of bisquaternary salts. By employing considerably more
detailed and laborious techniques, ethidium displacement
can provide DNA association constants for members of the
bisquaternary salt series.'®> However, for the purposes of
this study Cy, values are best considered as semiempirical
parameters defined by and derived from drug-ethidium
competition for DNA samples.

The antibiotic distamycin has also been more recently
suggested to lodge in the minor groove of DNA samples.?
The penchant for this antibiotic to bind to adenine-
thymine (A-T) rich DNA samples, as shown by more usual
binding methods,? can be also demonstrated by measuring
Cyo values for the agent, employing as substrates synthetic,
homopolymeric DNA samples of defined base-pair se-
quence (Table I).

Measures of Biologic Response. A prerequisite for
regression analysis of biologic data is that the measures
be of acceptable form. Two alternate measures of response
are considered acceptable: (a) that obtained at a constant
dose and (b) that dose necessary to provide a constant
biologic response.® The latter alternative is almost in-
variably considered when pharmacodynamic agents are
under examination. The desired end point of such research
is usually the development of more dose-potent material;
the smaller the dose of agent necessary to provide the
required response the more active the agent is considered.
The needs of the research inevitably dictate the nature of
the response measure employed. In contrast, with cancer,
and to a certain extent with antiparasitic chemotherapy,
more selective agents are sought, those which will provide

greater therapeutic responses at permissible doses. Dose - . .

potency is of secondary importance. We suggest that in
such cases the most important, and pertinent, end point
for use in regression analyses is response at a constant dose.
Further, when data from animal assays are employed, the
“constant™ dose must be considered in biologic terms
rather than in absolute magnitude, i.e., in terms of toxicity
to the animals employed. From this viewpoint a constant
dose to animals would be a standard fraction of the LDy,
or LDy dose. We have recently conducted regression
analyses of screening data for several groups of cancer
chemotherapeutic agents,* employing as input the
percentage increases in life span {ILS = 100{(T -~ C)/C]]
obtained in L1210 leukemia assays. From a full dose
profile of antileukemic activity significant life extensions
observed at and below the measured LD,y dose were
linearly correlated with the logarithms of the corresponding
doses. The ILS specified by the linear correlation at the
LD,y dose (ILS,,) was utilized as a measure of anti-
leukemic activity and as input for regression analyses.
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Such a data manipulation method utilizes the totality of
the screening data, thereby assisting to minimize biologic
variation, and also limits acceptance of unrealistic *“best
ever” ILS values which can result from successful em-
ployment of a dose exceeding the LD, or other chance

-event. Measures of the dose necessary to provide a
constant biologic response, for example, that to provide
an ILS of 40% (D), are alsc available from the linear
correlations. The same data processing method has been
used in the present work; where necessary to meet the
stringencies of this procedure,” additional animal test data
have been obtained. The agents previously examined?+?
consisted primarily of homologous series wherein, from
current views, %% there should be close to parabolic re-
lationships between measures of agent lipophilic-hydro-
philic balance and ILS,,,. The excellent agreement found
between the binomial correlation equations derived and
the observed biologic data®* suggests that further in-
vestigation of the use of ILS,,,, in regression analysis is
clearly warranted.

The present bisquaternary salt series also contains many
homologous series and provides an extensive data base
(Tables I and IT) which would permit further examination
of the applicability of our methods. Further, analysis of
the large data base using the two alternate types of re-
sponse assessment—ILS,,,, representing response at
constant toxicity, and D, a measure of the dose necessary
to provide a constant response—might provide information
on which particular measure was more appropriate in such
studies. An additional measure of drug selectivity, the
chemotherapeutic index (LDy/D,, = CI), apparently
unexamined in regression analyses, is readily available from
the screening data and has also been included in this
comparative study.

Results and Discussion

Adequate biological test data were available for 246
bisquaternary salts, 198 of which were active and 48 in-
active. This data set embraces all active bisquaternary
salts previously reported'® and most inactive examples as
well. Many of the inactive compounds excluded were nitro
group substituted derivatives which were merely prepared
as intermediates to the corresponding, extremely active
amino compounds® and were accordingly not screened. A
small number of agents, containing six aromatic rings,
proved so exceedingly insoluble that Cy values could not
be determined. Formerly unreported compounds are listed
in Table II. The generic formulas for the agents are 1-53
(Chart I), and all necessary parameter values are provided
in Table 1.

The first group of compounds in Table I (54-88), all
represented by formula 1, includes the 18 active com-
pounds described in the first paper of this series.! Certain
of these earliest prepared analogues had been completely
used in screening so that Cy, values for all members could
not be measured without resynthesis. As the activities of
these closely related congeners could be adequately
summarized by a simple parabolic equation in R, alone
(eq 2), it was decided that resynthesis would not be

log TLS,,, = ~2.00(£0.64)R,.2 + 1.77(£0.56)R, + 1.53
2)

n=18,r = 0-86, §= 0-14. Fz'" = 25.6

warranted. Attention would instead be concentrated on
the remaining examples (89-293) which form a better
sample set for our aims since there is a considerably greater
structural variation in the group and there is a much higher
level of data variance which is not accepted by equations
in Ry, alone (see later). In fact, inclusion of data for
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3 )

Table III. Correlation Matrix for Interrelationships of
Measures of Activity Employed

. Denny, Atwell, Baguley, Cain

log (1/D,) log LD,, log CI
log ILS ¢ . 0.597 -0.067 0.780
log (1/D,,) -0.711 0.696
‘log LD, 0.011

compounds 54-88, for which there is relatively high cor-
relation coefficient for equations in R, alone, into the total
data set might serve to attenuate differences between any
alternate regression equations developed.

The remaining major group of 204 agents (89-293; Table
I} of diverse structure (formulas 2-47) contained 174 L1210
active examples. Five of these (142, 147, 245, 250 and 253)
showed levels of activity between 25 and 40% ILS, and,
accordingly, D, values for these could not be derived. For
the remaining 169 compounds, all three measures of bi-
ologic activity of interest were available, and it was clearly
desirable to examine the interrelationship of these and the
possible correspondence with toxicity as provided by the
LDy values. The cross correlation matrix for the loga-
rithms of these four parameters (Table I1I) supports the
contention that ILS,,,, and CI are measures of drug se-
lectivity since the very low coefficients associated with LD,
terms suggest that these two factors are unrelated to
toxicity. ILS and CI are quite highly correlated. In
contrast, D,, is highly inversely correlated with toxicity
(LDyo) and directly correlated with ILS_,,; it appears that
this parameter is a composite of measures of both selec-
tivity and toxicity.

Equations in R, Alone. Earlier work® had demon-
strated that the lipophilic-hydrophilic balance of these
agents was critical for display of biologic activity. As a rise
and then fall in L1210 activity were seen as the alkyl
quaternary function, on a particular structural variant, was
progressively lengthened, parabolic relationships between
R,, and biologic activity were confidently expected. In
agreement, equations linking the various measures of
biologic activity and R, values alone (eq 3 and 4) were

log ILS,,., = -0.24(£0.07)R, + 2.05 (3)
n=174,r=045s = 0.21, F, 7, = 43.2
log CI = -0.21(+0.14)R_, + 0.66 (4)

n =169, r =023 s =037, F),5 = 9.3

log ILS,,,, = -0.44(20.14)R,.? - 0.23(£0.06)R_, + 2.14
(5)

n= 174, r= 0.59, §= 0.19, F?.l"l = 46
log CI = -0.60(£0.29)R 2 - 0.23(£0.13)R, + 0.76  (6)
n =169, r = 0.37,s = 0.36, Fy,6s = 13.6

log (1/D) = -0.74(£0.42)R,.? - 0.02(+0.19)R,, + 5.32
M

n =169, r =026, s = 0.53, Fy;6 = 6.0

significantly improved by incorporation of terms in R,2
{eq 5-7). In fact, the coefficient associated with the Re
term in eq 7 is not appreciably different from zero. No
significant equation linking Dy or LD,, with R, alone
could be computed. Similarly, no parabolic equation in
Ry, could be derived for LD,,. Stepwise development of
these various equations is detailed in Table IV.

Even with the best of these equations (eq 5) 65% (1 -
;_") of the variance in the biologic data remains unaccounted
or.

For the diverse range of structural types in the data base
(89-293) it is clearly impossible to employ usual extra-
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Chart 1
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thermodynamic parameters to effectively reduce remaining
variance. Use of suitable indicator variables could of course
be investigated and might afford equations which would
provide a summary of the L1210 data. However, use of
such variables would be unlikely to increase our under-
standing of the physical events associated with drug-
tumor-host selectivity. For the reasons detailed earlier
we chose to examine Cs, values for drug displacement of
DNA-bound ethidium as an additional variable in re-
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themselves appear
binding. According}
values were measured for one member and assumed to be
the same for other members; such assumed values are
provided in parentheses in Table L.

Incorporation of Csolct) values into regression equations
produces a significant reduction in total variance when
modeling ILS,,,; (eq 8), the partial F for introduction of

Journal of Medicinal Chemistry, 1979, Vol. 22, No. 2 143

x-O—»coO-comO-v .
% uv —m~€$ﬂ 7 xem @
Nty
38 Xeve —m-@ B xeve -com-§ . >
R

7] h~m-®“ R LR VAW NN,

ar-m{ Ja ,a o
) '-‘8}-‘% 4 x -?:WC-&

. ~c..=c..-<::2, @ —com-o-co«-Q
e e,
Sl
e W,
&5
e

vl

8 x -...4'“...‘3”;«. 52 » -Qw-Q .
GOl )

0 xe -c?:.mcmg

to contribute significantly to DNA

» in remaining homologous series Cs

gression analyses. Such Cso values are inversely related
to drug-DNA association constants,'™!¢ and the logarithms
of such constants are linear free energy related parameters
appropriate for use in Hansch analysis.® The appropriate

would then appear to be log (1/Cy,). Following an en-
couraging preliminary sampling, C, values for drug in-
teraction with calf thymus DNA [Csolct)] for the range of
compounds 89-293 were measured, In two homologous
series (151-155 and 216-219) the Cy, values proved es-
sentially constant throughout each; the paraffinic chains
attached to the Quaternary nitrogen ‘atoms do not
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log ILS,,,, = -0.45(£0.14)R,? - 0.18(0.07)R,, +
0.11(0.09) log [1 /Cgy(ct)] + 2.11 (8)

n=174,r=061,s = 0.19, Fj.10 = 33.1

log CI = -0.62(x0.30)R,.2 - 0.19(+0.14)R,, +
0.11(£0.20) log (1/Cyfct)] + 0.74 (9)

n =169, r = 0.38, s = 0.36, Fy,¢5 = 9.5

log (1/Dy) = ~0.71(£0.41)R,? - 0.20(£0.29)R,, ~
0.07(£0.22) log [1/Cylct)] + 5.35 (10)

n=169,r =028, = 052, Fytes = 4.8



Table IV. Steps in the Development of the Equations Discussed?®

eqno. intercept R R,? ct r s F, x°
3 2.05 -0.24 - 0.46 0.21 43.2172)
5 2.14 -0.23 -0.44 0.59 0.19 39.3 (171)
8 2.11 -0.18 ~0.45 -0.11 0.61 0.19 5.0 (170)
Ry Ry, r s F,
5.31 -0.74 0.26 0.53 12.1 (167)
7 5.32 -0.74 -0.02 0.26 0.53 0.2 (166)
Ry? R ct r s F x
0.75 -0.59 = 0.29 0.38 15.0(167)
6 0.76 ~0.60 -0.22 0.37 0.36 11.9 (166)
9 0.74 -0.62 -0.19 0.11 0.38 0.36 1.2 (165)
Rn? ct R r s F.x
5.31 -0.74 " 0.26 0.53 12.1'(167)
5.34 -0.71 -0.15 0.28 0.52 1.3 (166)
10 5.35 -0.71 -0.20 -0.08 0.28 0.52 0.5 (165)
AT Rp® R GC r s F,
1.86 0.34 - = 0.58 0.19 88.0 (172)
1.94 0.33 -0.44 0.70 0.17 50.6 (171)
1.97 0.29 -0.43 -0.16 0.76 0.15 36.5 (170)
12 1.88 0.42 -0.39 -0.27 -0.28 0.81 0.14 40.8 (169)
AT Ry’ Ry G-C r 8 F. x
0.36 0.50 0.47 0.35 47.2(167)
0.47 0.51 -0.64 0.56 0.33 23.2 (166)
0.50 0.47 -0.66 -0.16 0.59 0.32 7.3 (165)
13 0.36 0.69 -0.60 -0.32 -0.43 0.65 0.30 20.0 (164)
’ AT GC Ra? R r s F. x
4.91 0.49 0.34 0.51 21.6 (167)
4.63 0.96 -0.82 0.55 0.46 45.0 (166)
4.75 0.94 -0.76 -0.63 0.59 0.44 12.3 (165)
14 4.72 0.99 -0.97 -0.062 -0.27 0.62 0.43 8.5 (164)
R, A-T/G-C Ry? r s F, x
3 2.05 ~0.24 0.45 0.21 43.27172)
1.81 -0.35 0.42 0.71 0.16 108.5 (171)
18 1.90 -0.33 0.39 -0.38 0.79 0.14 50.1 (170)
ATIGC R Ry’ r . F.x
0.38 0.45 0.37 0.37 27.0 (167)
0.28 0.64 ~0.41 0.55 0.33 40.3 (166)
19 0.39 0.62 -0.42 0.56 0.62 0.31 19.3 (165)
Rp? Rm A-T/G-C r s F, x
2.16 -0.64 0.49 0.23 12.7 (39)
2.18 -0.50 -0.24 0.61 0.21 7.4 (38)
20 1.97 -0.40 -0.36 0.31 0.73 0.18 12.9 (37)
Ry? Ry (AXT)HG-C | r s F . x
2.16 -0.64 ©0.49 0.23 12.7(39)
2.18 -0.50 -0.24 0.61 0.21 7.4 (38)
21 2.09 -0.47 -0.28 0.08 0.62 0.21 1.2 (37)
: AT Ry’ Ry G-C I r s F.x
1.85 0.35 0.60 0.19 99.2(177)
1.94  0.35 -0.42 0.70 0.17 44.6 (176)
1.96  0.32 -0.40 -0.14 0.74 0.16 25.1 (175)
22 1.90 041 -0.37 -0.19 -0.16 0.76 0.15 13.6 (174)
23 1.88  0.42 -0.38 ~0.27 -0.27 0.46 0.81 0.14 37.7(173)

¢ Terms employing C,, values for a particular DNA species have been abbreviated; e.g., log [1/C,,(ct)]is provided as ct.
The same applies for those of the other DNAs employed [ A-T: (AXT): G-Cl. ® The X value pertaining to a particular F test

is provided in parentheses.

the third variable being 5.0 although there is only a small
increase (0.02) in correlation coefficient. However, when
modeling CI and Dy, such added terms were not significant
{eq 9 and 10). Again no significant equation could be
derived for LD,y Steps in the development of the above
equations are listed in Table 1V,

The minor groove of DNA consists essentially of two
poly(deoxyribose phosphate) chains. Intuitively it might
then be expected that minor-groove binding agents would
show similar association constants for all DNA samples of
similar topology, regardless of base-pair sequence. Such
is clearly not the case. Agents such as distamycin,?
claimed to bind at this site, show a marked selectivity for

BNSDOCID: <XP___2139986A___| >

adenine-thymine (A-T) rich DNAs when conventional
methods of examining binding are employed. Cs, values
for distamycin-ethidium competition for binding sites in
poly[d(A-T)] [C5(A-T)] and poly[d(G-C)] [Cs(G-C))
clearly display the preference for the A-T rich polymer
(Table I). Similarly, examples of the bisquaternary salts
provided markedly different [Cs(G-C)]/[Cso(A-T)] ratios,
some examples (e.g., 185 and 216) providing figures as high
as 20. The absolute values of such ratios are of course
dependent on the relative binding affinities of ethidium
to the two homopolymers; in this case the binding affinities
of ethidium to poly{d(A-T)] (9.5 + 0.9 X 10 M"!) and to

polyld(G-C)] (9.9 £ 0.5 x 105 M!) are identical within -

Lo
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Table V. Squared Correlation Matrix for the Independent
Variables Associated with Equations 12-19

log

{
log log log (G-C))/
[llcu' lllcso" [1/C,.- (C,,;
Ry (et)] (A-T)](G-C)) (A-T)])

R, 0.003 0.263 0.059 0.314 0.115
R,? 0.001 0.002 0.001 0.005
log [1/C(ct)] " 0.464 0.863 0.063
log [1/C(A-T)] 0.401 0.237
log [1/C,(G-C)} 0.135

experimental error.’® Hesitations in accepting the equating
of Cy values and absolute drug-DNA association constants
are of lesser consequence when the ratios [C5(G-C)]/
[Cso{A-T)] are considered. Most modifying factors con-
sidered, site size, etc., should effectively cance] in such
ratios and these should then correlate with the ratio of the
drug association constants for the two different DNAs.
Within the DNA of a mammalian cell it is known that
certain regions are redundant whereas others, acting as
promoters or repressors controlling the synthesis of critical
macromolecules, are vital to the continued functioning of
the cell.'® The importance of different regions of DNA to
. the continued functioning of a cell varies. Drugs capable
* of distinguishing different regions, i.., sequences of DNA,
are then likely to vary in their ability to disrupt the
continued functioning of a cell. It was then clearly of
interest to examine if Cy, values for binding to different
DNA samples could be employed to distinguish possibly
more drug-sensitive sequences of tumor cells, Accumulated
Cs, values for interaction of the bisquaternary salts with
poly{d(A-T)} and poly[d(G-C)] are listed in Table I. The
cross correlation matrix relating to use of these values as
independent variables in regression equations is provided
in Table V.,
As seen from this matrix Cy(A-T) and Cs(G-C) proved
to be reasonably independent variables, whereas C(G-C)
and Cgylct) were highly covariant (eq 11).

log {1/Cso(et)] = 0.83(0.05) log [1/C4(G-C)] + 0.21
(11)
n=174,r =093, 5 = 0.14, F, ,;, = 1085

By employing the Cs, values for drug interaction with
the two homopolymeric synthetic DNAs, eq 12-14

log ILSpy = ~0.39(£0.10)R,? - 0.27(::0.06)R,, +
0.42(+0.07) log [1/Cy(A-T)] -
0.28(0.08) log {1/Cy(G-C)} + 1.88 (12)

n= 174, r= 0.81, § = 0.14, F"wg = 81-9,
R {(optimum) ~0.35 (—0.23 to -0.47)

log CI = ~0.60(0.16)R,,2 ~ 0.32(0.13)R,, +
0.69(0.16) log [1/C(A-T)] -
0.43(20.19)log [1/C(G-C)] + 0.36 (13)

n =169, r = 0.65, s = 0.31, F,q, = 293,
R (optimum) -0.27 (-0.13 to ~-0.41)

log (1/Dyo) = ~0.62(20.36)R,,2 -~ 0.27(£0.18)R,, +
0.99(£0.22) log [1/Cey(A-T)] -
0.97(£ 0.28) log 1/Cs(G-C)] + 4.72 (14)

n= 169, r= 0.62, s = 0.43, FQ.IG( = 25.5,
Ry (optimum) —0.22 (-0.03 to ~0.41)

could be derived. Stepwise development of these equations

BNSDOCID: «<XP__2139936A__I_>

is detailed in Table IV. Again, no significant equation
could be derived for LD,

For all three measures of biologic activity, clearly su-
perior regression equations result on inclusion of CsofA-T)
and C(G-C) values; compare eq 5 and 12, 6 and 13, 7 and
14. Equation 12 highlights the importance of Cy(A-T) for
antitumor selectivity; the term in this function is the single
most important variable, alone accounting for 35% of the
variance in the biologic data. Equation 12 provides both
a reasonable summary of the experimental data and an
explanation of this in physical terms.

Within the confidence limits computed, the coefficients
of the terms in Cy(A-T) and Cyy(G-C) in eq 12 are identical
and opposite in sign. Rearrangement of eq 12-14 furnishes
eq 15-17. Equation 15, employing the ratio of the Cso

log ILSy,, = -0.39(£0.10)R,,? - 0.27(x0.06)R,, +
0.28(0.08) log [{Cso(G-C)] /{Cso(A-T)]] +
0.15(20.07) log {1 /Cso(A-T)] + 1.88 (15)

log CI = -0.60(+0.16)R,,2 - 0.32(£0.13)R,, +
0.43(0.19) log {[C5(G-C)) /[Cso(A-T)]] +
0.26(£0.16) log [1/C(A-T)] + 0.36 (16)

log (1/Dy) = —0.62(£0.36)R,,2 - 0.27(+0.18)R,, +
0.97(20.28) log [[C5o(G-C)1/[Csof A-T)]] + 4.72 (17)

values to the two homopolymers, may be a more satis-
factory one than the equivalent eq 12 for several reasons.
First, log [1/Cs(A-T)] is less highly correlated with log
{Cso(G-C)1/[Cso(A-T)] (> = 0.237) than with log [1/Cso-
(G-C)} (r* = 0.402), and the former two variables then

better meet desirable criteria for use in regression analysis.

Second, it emphasizes the importance of the differential
binding of the bisquaternary salts to different DNA se-

- quences in determining the leve! of biologic activity

measured as ILS,,,. In eq 15 the coefficient associated
with the term in [Cs6(G-C)]/[Cso(A-T)} is of higher sig-
nificance (computed T = 6.4) than that in 1 /Csa(A-T)
(computed T = 4.3). In fact, omission of the latter term

_from eq 15 provides eq 18 of almost equal usefulness.

log ILS,,, = -0.38(+0.10)R,,* - 0.33(£0.06)R,, +
0.39(£0.07) log [[Cs(G-C)] /[Cso(A-T)]] + 1.90 (18)

n= 174, r= 0.79, § = 014, Fg‘”o = 93.4

Similarly when the same term is deleted from eq 16, eq
19 results.

log CI = ~0.56(+0.25)R,,? - 0.42(+0.12)R_, +
0.62(0.16) log [[C5o(G-C)] /[Cso(A-T)]] + 0.39 (19)

n =169, r =062 s = 0.31, Fy,e = 33.7

Equation 18 also provides a novel perspective—it
suggests that the absolute magnitude of DNA binding may
be of minor importance; it is the ability of the drugs to
distinguish particular DNA sequences which is the critical
feature. Other DNA binding drugs, particularly cancer
chemotherapeutic agents, might repay investigation em-
ploying this perspective. As noted earlier, when ratios of
Cso values are successfully employed, as in eq 18, there is
less concern about the influence of changing site size on
Cso values as molecular dimensions of the agents change.

Within a subset of 43 compounds, selected to include
representatives of the major structural classes and
hopefully as representative of the whole data base as
possible, Cg, values for a further synthetic homopolymeric
DNA, poly[d(A)}-poly[d(T)] [(ANT)}, were measured. The
Cso values for the compounds of the subset to all four DNA

polymers are listed in Table VI. As a.check that these A
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Table VI. DNA Interaction Data for a Subset of the
Bisquaternary Salts

compd
no. Cyolet)y® C;o(A‘T)b C,o{G-CY¥ C,(AXT)
100 (0.30° - (0.18)¢ (0.61)¢  (0.075)4
101 0.30 0.18 0.61 0.076
102  (0.30) (0.18) (0.61) (0.075)
103  (0.30)  (0.18) (0.61) (0.075)
111 61 63 80 3.8
112 11.2 1.7 22 0.325
121 0.29 0.22 0.37 0.16
122 (0.29)  (0.22) (0.37) (0.16)
123  (0.29) (0.22) (0.37) {0.16)
136 11.7 6.0 16.7 0.35
145 6.8 5.3 11 1.6
146 (6.8) (5.3) (11) (1.6)
161  0.42 0.41 0.91 0.13
152  0.48 0.40 0.90 0.11
153 0.44 0.39 0.90 0.12
154  0.46 0.41 0.93 0.14
172 0.40 0.30 0.35 0.18
173 (0.40)  (0.30) (0.35) (0.18)
174 (0.40)  (0.30) (0.36) {0.18)
178 1.30 0.14 1.8 0.043
179  (1.30)  (0.14) (1.8) (0.043)
180 (1.30) (0.14) (1.8) (0.043)
209 6.6 2.8 8.8 0.15
216 1.4 0.16 3.0 0.036
217 (1.4) (0.16) (3.0) (0.036)
218 (1.4) (0.16) (3.0) (0.036)
221  0.66 0.09 1.05 0.048
222  (0.66)  (0.09) (1.05) (0.048)
223 (0.66)  (0.09) (1.05) (0.048)
230  0.85 0.20 1.43 0.066
231 11 0.29 1.4 0.038
251 225 0.43 4.76 0.052
262 (2.25)  (0.43) (4.76) (0.052)
253  (2.25)  (0.43) (4.76) (0.052)
254  1.76 0.79 3.17 0.12
257  0.49 0.10 1.1 0.039
258 (0.49)  (0.10) (1.1) (0.039)
259 (0.49)  (0.10) (1.1) (0.039)
260  0.71 0.23 1.3 0.067
261 (0.71)  (0.23) (1.3) (0.067)
262 (0.71)  (0.23) (1.3) (0.067)
264 0.52 0.13 1.11. 0.054
281  0.40 0.16 0.52 0.057

¢ See footnote d, Table [. ? See footnote e, Table 1.
¢ See footnote f, Table I. 9 See footnote n, Table I.

Table VII. Correlation Matrix for the Activity
Parameters of the Entries of Table VI

log (1/D,) logLD,, log CI

Jog ILS 0y 0.675 -0.111 0.805
log (1/D,) ~0.761 0.707
log LD, -0.093

43 agents did provide a representative subset, cross cor-
relation matrices for the biologic parameters (Table VII)
and the independent variables (Table VIII) were con-
structed.

Comparison of the values in Table VII and VI with
those of Tables III and V shows that essentially similar

23

relationships exist between the parameters considered.
Similar germinal steps to those followed earlier provide
regression eq 20 for these 43 compounds, which can be

log ILS,,, = -0.40(x0.31)R,2 - 0.36(+0.16)R,, +
0.31(£0.19) log [[Cso(G-C)}/[Cso(A-T)H]} + 1.97 (20)

n=41,r=073,s = 0.18, Fy5 = 14.0

directly compared with that derived from the full data base
(eq 18). From the similar relationships seen in Tables V11,
and I, VIII and V and eq 18 and 20 it appears that the
chosen subset is a realistic representation of the whole.
Additionally, it can be noted from Table VIII that Cgy
(A)(T) is not related to Cy(G-C) although it is reasonably
covariant with Cg(A-T).

The ratio [Cs(G-C)]/[Cso(A)T)), when employed as an
independent variable, provided eq 21. The coefficient

log ILS,, = —0.47(+0.35)R,? - 0.28(+0.19)R, +
0.08(+0.14) log [[C5o(G-C)] /[Cso(ANT)]) + 2.09 (21)

n= 41, r= 0.62, s = 0.21, F3.31 =178

ey, Atwel, paguey, vain

associated with the Cy, ratio term in eq 21 is not signif-
icantly different from zero and provides no improvement
over a two-variable equation in R, and R_? alone.

The equations developed demonstrate clearly that the
selective antitumor properties of the bisquaternary salts
result from their lipophilic-hydrophilic balance and ability
to distinguish certain DNA sites. Further, such sites
presumably have an excess of alternating A-T residues and
a lesser number of G-C base pairs. These appear to be
quite remarkable conclusions to reach from attempted
modeling of screening results from intact animal studies.

It is not known if there is a single critical DNA site of
action, several, or many. Since there is a residuum of as
yet unexplained variance in the screening data, it might
prove possible to further delineate the sequence of a single
critical site or that of a group of highly complementary
sites. If sufficient synthetic DNAs of defined sequence
were available, then measurement of the Cg, values for
these, with, for example, the compounds of the subset of
Table VI, could be readily carried out. Following re-
gression analysis of these data might allow selection of a
synthetic DNA which most closely corresponds in sequence
to that of the critical site(s). The preliminary work of this
paper provides an indication that such may well be pos-
sible. Pinpointing of critical site features, in this fashion,
by employing data from animal screening tests, would
constitute a novel demonstration of the remarkable power
of regression analytical techniques currently available.

Judging from the goodness of fit of the various equations
derived for the three measures of biologic activity, ILS,,,
D,o, and Cl, it is apparent that ILS_,, is the superior
parameter. It is noteworthy that no significant correlation
equation could be derived for LD,,. Possibly this reflects
the diversity of compounds in the data set and presumably
their quite different rates of metabolism and excretion, etc.,

Table VIII. Squared Correlation Matrix for the Independent Variables Associated with the Entries of Table VI

log

log log log log [{C.(G-C))/

Rgy? [1/Cso(ct)]  [1/Cso(AT)} [1/C,0(G-C)) [1/Co(ANT)) [C,o(AXT)]]
Rm 0.094 0.154 0.003 0.130 0.015 0.150
Ry’ 0.000 . 0.001 0.000 0.000 0.000
log [1/C(ct)]} 0.468 0.927 0.074 0.332
log [1/C,(A-T)] 0.407 0.684 0.216
log {1/C,,(G-C)] 0.039 0.440
log [1/C,,(AXT)] © 0.360
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which will influence what fraction of administered dose
will ultimately reach critical sites. It may not then be
surprising, in view of the covariance seen between LD,
and D, (Table III), that the latter has proved less effective
as a measure of biologic activity. Employing the LDy, as
a constant dose, at which measurement of biologic response
is made, must compensate in reasonable measure for the
diversion of administered drug by metabolism and other
causes,

The ILS,,,, values of most active compounds are rea-
sonably well predicted by eq 15, as are the inactivities of
the bulk of those lacking biologic activity. Importantly,
markedly divergent examples can be immediately noted
by scrutiny of the residuals listed in Table I. Thus,
compounds 189-191 comprise a small homologous series
wherein activities are quite depressed. These three
molecules possess the greatest charge separation of all the
compounds in the data base, and it is possible that an
upper limit to such separation is being reached. Addi-
tionally, the series 251-253 and 254-256 are two where
activities are also well depressed. Since both groups
contain a common 2”-NH, group, it may be surmised that
this function is in some way responsible for the depression
seen. The inactivity of all 2-substituted pyridinium
compounds examined (206-214) is not in accord with the
- predictions of eq 15. It would clearly be of interest to
examine the Cy, values for these less well predicted
compounds with a more extensive range of synthetic
DNAs. ’

Intercalating Variants. Compounds 294-298 con-
stitute a small group of highly active compounds which
were not included in the derivation of eq 15. Although
there is apparently a close relationship to the quinoline
Quaternary salts (e.g., 290) in two-dimensional repre-
sentations of structure, there is one important difference.
In progressing from a 4-anilinoquinoline to a 9-anilino-
acridine system, steric interactions, stemming from the
additional fused ring in the latter, force the plane of the
appended 9-anilino ring system well away from that of the
acridine ring plane.?® Bisquaternary salts based on the
9-anilinoacridine system (294-298) then do not have,
overall, close to planar structures, Representatives of the
4-anilinoquinoline system (216, 221, and 229) do not re-
move superhelical turns in bacteriophage PM2 DNA" and,
to this criterion, are not intercalating agents. However,
examples of the acridine bisquaternary salts do provide
unwinding of this DNA and can then be classified as
intercalating agents, Presumably it is the acridine nucleus
of these agents which intercalates into the nucleic acid.
These compounds (294-298) distinguish between the A-T
and G-C polymers to a much greater extent than do the
simple 9-anilinoacridines.! On the basis of later discussion
it can be hypothesized that these agents have the acridine
nucleus intercalated into the DNA and the remainder of
the molecules lodged in the minor groove. These com-
pounds then act as conceptual bridges between the minor
groove binding bisquaternary salts and the extensive series
of 9-anilinoacridines (AMSA agents)® which bind to DNA
predominantly by intercalation.?! In fact, the genesis of
the AMSA series lay in the initial lead provided by the
bisquaternary salts, followed through the series of quin-
oline variants (e.g., 216~293)78 and a group of dibasic
acridines akin to 292-298 %2

All the acridine bisquaternary cormpounds (294-298)
have exceptional antitumor activity and provide long-term
survivors in standard L1210 assays. They are poorly
predicted by eq 12, being much more active than expected.
Recalculation of eq 12 including these five acridine
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compounds provides the significantly less well fit eq 22

log ILS,,, = ~0.37(£0.12)R,? ~ 0.19(£0.06)R,, +
0.41(£0.07) log [1/Cso(A-T)] -
0.16(:0.09) log [1/C5(G-C)] + 1.90 (22)

n =179, r=076,s = 0.15, Fii7 = 614

Addition of an indicator variable denoting the presence
(I = 1) or absence (I = 0) of an acridine ring system
provided the improved eq 23. Comparison of eq 12 and

log ILS,,, = -0.38(x0.10)R 2 - 0.27(£0.09)R,, +
0.42(£0.07) log [1/CsfA-T)] -
0.27(£0.09) log [1/C5(G-C)] + 0.46(+0.15)] + 1.88
(23)

n = 179, r= 0.81, §= 0.14, F5'|73 = 67.1

23 shows these to be virtually identical except for the
indicator variable in the latter. To the extent of the small
number of acridine compounds available these must follow
the same quantitative SAR as the bisquaternary salts, with
a log ILS,,,, increment of 0.46 conferred by the acridine
system. From the discussion above it is tempting to at-
tribute this considerable increment in activity to the ability
of these compounds to intercalate their acridine nuclei into
DNA. If the findings embodied in eq 12 are correct, th- -
acridine compounds related to 294-298, which are bet.
able to distinguish between poly[d(A-T)) and poly[d(G-C)),
should possess even greater antitumor selectivity.
Structural Features Modifying C, Values. There
is little doubt that a considerable proportion of the binding
interaction of the bisquaternary salts with DNA stems
from the aromatic ring components. Thus, loss of aromatic
rings from 151 to give progressively 112 and 111 results
in a progressive increase in Cso values [Cy(A-T) = 041,
7.7, and 63 iM, respectively). Similarly, compounds with
aliphatic link units (193-196) have high Cy, values in
comparison with those containing aromatic ring systems
in the same relative position ( 178-192). From model
fitting, and by considering the likely order of the relative
magnitudes of the possible binding forces involved, it can
be suggested that the DNA binding contributions provided
by the aromatic ring components probably result from ion

~PO, -)-dipole interactions as well as the associated van

der Waals contact forces.

The sequence selectivity of DNA binding, observed with
the bisquaternary salts, invariably favors better bindine
to poly{d(A-T)]. Similar binding distinctions have bt A
observed with distamycin and it has been suggested that
there is selective hydrogen-bond formation between polar
functions of the drug and the A-T pairs distinguished.
However, fitting of space-filling models (Courtald) of the
bisquaternary salts to that of twin-helical DNA shows that
most of the polar link structures employed in these agents
are unlikely to be able to form reasonably dimensioned H
bonds with base-pair functionality due to steric limitations
imposed by the aromatic ring units employed. The models
do, however, show that the observed distinction for
poly{d(A-T)] might not result from a positive discrimi-
nation for this polymer but rather from an inhibition of
binding to poly[d(G-C)]. The models suggest that a
dominant steric inhibition of drug binding would be ex-
erted by the 2-NH, group of guanine, particularly exa-
cerbated if this function has associated H-bonded water
molecule(s). On such steric grounds, the binding dis-
tinction between d(A-T) and d(G-C) would depend pri-
marily on how far the skeletal framework between the two
charged functions of any drug extended into the minor
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groove, thus impinging against the guanine amino groups.
For example, in the 3-aminopyridine quaternary salt 151,
when cationic charges are matched to the exterior phos-
phates of the DNA, the skeletal framework of the agent
lies along the outside of the minor groove and is, in
- consequence, only mildly discriminatory against the G-C
polymer [[C5(G-C)])/[Cs(A-T)} = 2.2). In a variant
utilizing the same skeletal framework but containing highly
angular 4-anilinopyridinium basic functions (178), similar
matching of cationic drug charges to anionic site phos-
phates results in the drug framework being forced deeper
into the minor groove and an apparently high A-T se-
lectivity results [[Cgo(G-C)}/{CsolA-T)] = 12.9]. Such
considerations, coupled with judicious model building,
appear in qualitative agreement with the A-T/G-C se-
lectivities observed. Quantitative ordering of such results
appears a somewhat more formidable task.

If the above views are correct is should prove possible
to construct a bisquaternary salt which contains no polar
functions capable of H bonding to specific base-pair
functionality, yet would demonstrate selectivity of binding
to poly[d(A-T)), and, providing it was of suitable lipo-
philic-hydrophilic balance, should also then prove tumor
active. Of the quaternary salt functions investigated, which
‘¢ontain no peripheral H-bond donor or acceptor groups,
the N-arylpyridinium salts prove the most hydrophilic. A
distyryl-linked bisquaternary salt, utilizing this basic
function (299), has no polar groups which can H bond with
base-pair functionality but nevertheless binds selectively
to poly[d(A-T)] in relation to poly[d(G-C)]) [[Cso(G-
C)]/{Cw(A-T)) = 10.5]. From the measured R,, value of
299 and the Cy, values for poly[d(A-T)} and poly{d(G-C)],
it proved possible to predict from eq 15 that this compound
would be L1210 active, and the absolute magnitude of such
activity was quite reasonably predicted—before the
screening in animals was undertaken.

Experimental Section

Melting points were determined in open capillaries on an
Electrothermal melting point apparatus with the makers' stem
corrected thermometer and are as read. Quaternary salts as
crystallized from aqueous solvents are often extensively hydrated.
For analysis, samples have been dried in vacuo over silica gel at
room temperature. Attempts to dry thoroughly at elevated
temperatures gave extremely hygroscopic samples and, in some
cases, a loss of crystallinity. Melting points have been determined
on the samples dried and ready for analysis.

UV spectra were determined on a Shimadzu UV 200. To
monitor the progress of reactions, purification of products, etc.,
TLC on Si0, (Merck SiO; Fys,) was used. Homogeneity of the
bisquaternary salts was best monitored by employing the top
phase of a mixture of n-BuOH-HOAc-H,0 (5:1:4; v/v) as solvent.

R, Values. The top phase of a mixture of i-BuOH, HOAc,
H,0, and DMF (30:6:24:2.25; v/v) was used with Merck DC
cellulose Fas,. Agents were detected by UV scanning and spraying
with Dragendorff’s reagent. Quaternary salts were applied as
solutions in the lower phase of the solvent mixture. Applied spots
should not be dried on the cellulose sheets by the application of
heat; under such conditions certain quaternary salts appear to
complex firmly with the cellulostic support and then fail to move
satisfactorily on subsequent development. Immediately after each
sheet was spotted, it was transferred to a developing tank whose
walls were hung with filter paper soaked in the lower phase of
the solvent mixture. An equilibration time of 17 h was employed
before development with the top phase. Values are the mean of
four determinations. The standard errors found associated with
such measurements were normally inside the range of +0.03.

Cy, Values. The fluorimetric method, earlier detailed in
full,™¢ was employed with substitution of the requisite nucleic
acid for the calf thymus DNA then used. With selected agents
multiple determinations of Cg, values provided figures which have
lain within an extreme range of 9% of the mean value.
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6-[4-(Methoxycarbonyl)benzamido]quinoline was prepared
by the usual phosphorazo coupling? of equimolecular quantities
of 6-aminoquinoline and methyl potassium terephthalate? in
pyridine solution. Pure product (32% yield) separated as colorless
needles from DMF-MeOH: mp 222-223 °C. Anal. (C;gH,N;0y
C, H, N. The ester function in the latter was saponified by stirring
with excess 1 N KOH in 85% aqueous MeOH until dissolved and
then standing at room temperature for a further 1 h. Precipitation
from the clarified solution, by addition of a volume of 1 N HCI
equivalent to the KOH employed, afforded the corresponding acid
as a microcrystalline, TLC homogeneous precipitate.

3-[(4-Nitrophenyl)carbamoyl]pyridine was similarly pre-
pared by phosphorazo coupling of 4-nitroaniline and nicotinic acid.
The product crystallized as yellow needles from EtOH: mp
259-260 °C (87% yield). Anal. (CsHoN30,) C, H, N.

3-[(4-Aminophenyl)carbamoyl)pyridine was prepared by
Fe/H* reduction? of the preceding compound and separated from
an EtOH-H,0 solution as colorless needles of mp 186~187 °C
(83% yield). Anal. (C,H,;N;0) C, H, N.

300. Phosphorazo coupling of 6-(4-carboxybenzamido)quinoline
and 3-{(4-aminophenyl)carbamoyl]pyridine in dry N-methyl-
2-pyrrolidone (NMePy)-pyridine solution provided bisbase 300
{Table II) in 71% yield.

3-(3-Nitrobenzamido)pyridine resulted from phosphorazo
coupling of 3-nitrobenzoic acid and 3-aminopyridine. Pure product
was obtained from EtOH-H,0 as pale yellow needles of mp
149-150 °C. Anal. (C,,H;N;03-H,0) C, H, N.

3-(3-Aminobenzamido)pyridine was obtained by Fe/H*
reduction of the aforementioned product and crystallized from
EtOH-H,0 as colorless needles of mp 161-162 °C. Anal
{Cy;Hi;;N;0) C, H, N.

3-[3-[4-(Methoxycarbonyl)benzamido]benzamido]pyridine
was prepared by phosphorazo coupling of 3-(3-aminobenz-
amido)pyridine and methy! potassium terephthalate. Pure
product separated from DMF-MeOH solution as colorless needles
of mp 231-232 °C (87%)- Ana]. (Cz,HnN;O‘) C, H, N.

3.[3-(4-Carboxybenzamido)benzamido]pyridine resulted
from saponification of the methyl ester function in the preceding
compound, essentially as before, but with added DMF to increase
solubility. Pure acid crystallized from DMF-H,0 as colorless
needles of mp 325-326 °C. Anal. (CxH,;;N;0,) C, H, N,

301. Phosphorazo coupling of the aforementioned acid and
3-(4-aminobenzamido)pyridine?’ in NMePy-pyridine solution
provided crude product. Crystallization from DMF-MeOH
provided the TLC homogeneous product (72% yield; Table II).

3-(4-Nitro-1-naphthamido)pyridine resulted from standard
coupling of 4-nitro-1-naphthoic acid and 3-aminopyridine. Pure
product separated from DMF-H,0 as pale yellow crystals of mp

,168'!69 °C(82%)- Aﬂ&l- (CmHnN;Qg'O.SHgO) AC.,':.!!'_,N!‘
[ n3-(4-Amino-1-naphthamido)pyridine was obtidined by Fé/H*
l‘:du‘étion_-of ~the -preceding ~product -and ~crystallized ~from

Uenny, Atwell, Baguley, Cain

{-EtOH~H;0 s colovless needles of mip 203:205°C(91% ):~Anal.

;(C1eH15N30:0.5H;0)-C,- Hy N,

"~ 302. Phosphorazo coupling of 3-(4-amino-1-naphthamido)-
pyridine {dried in a vacuum oven at 120 °C (15 mm)] and 3-
[4-{4-carboxybenzamido)benzamido]pyridine provided the desired
product which separated from DMF-MeOH as colorless crystals
(83% yield; Table 11).

307 was prepared by reacting 4-chloro-8-nitroquinoline and
4-{4-(4-aminobenzamido)anilino]pyridine® in acid media as be-
fore.5® The pure bishase separated from DMF-H,0 as pale yellow
crystals (83% yield; Table II).

309 was similarly prepared in 87% yield by reacting 4-
chloro-6-nitro-8-methoxyquinoline and 4-(4-((4-aminophenyl)-
carbamoyl}anilino]pyridine’ by the standard method. Pure
product crystallized readily from DMF-MeOH (Table II).

312 (Table II) resulted from similar interaction of 4-chloro-
6-nitroquinoline and 3-[{4-[(4-aminophenyl)carbamoyl]benz-
amido]benzamido]pyridine.*

2-(4-Carboxyphenyl)-1,3-dioxolane. 4-Carboxybenzaldehyde
(15.1 g, 0.1 mol) was suspended in C¢Hg (150 mL) containing
ethylene glycol (28 mL) and 4-toluenesulfonic acid hydrate (50
mg), and the mixture was heated to reflux under a Dean-Stark
water entrainment head until no further H,0 was removed (2 h).
Following removal of C;H; in vacuo a solution of NaOH (8 g) in
H,0 (100 mL) was added, and the mixturé was warmed until
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homogeneous and then allowed to stand at room temperature for
1 h. The latter step saponifies ester functions also generated in
the initial condensation. Following cooling of the solution to 0
°C crude product was precipitated by addition of HOAc (12 ml).
Preduct was collected in CHCl, and the washed (H,0) and dried
(Na,S0,) solution evaporated to a small volume. Petroleum ether
was then added to turbidity at the boil, and cooling then provided
TLC homogeneous product as colorless plates of mp 177-178 °C
(11.0 g; 57%). Anal. (C,sH,,0,) C, H.

2-[((4—Nitrophenyl)carbamoyl]phenyl]-l.3-dioxolane was
prepared by phosphorazo coupling of the preceding product and
4-nitroaniline. Pure product separated as pale yellow needles from
DMF-MeOH, mp 267-268 °C (73% yield). Anal. (CigH N0
C,H,N.

4-[(4-Nitrophenyl)carbamoy!}benzaldehyde. To a sus-
pension of the preceding dioxolane (6.8 g, 0.021 mol) in boiling
dioxane (110 mL) was added in one portion 12 N HCI (7.5 mL),
the starting material promptly dissolving, and then the desired
product crystallized from the solution. Following thorough cooling,
product was collected and recrystallized from DMF-H,0, sep-
arating as pale yellow needles of mp 284-286 °C (87%). Anal.
(C,H\(N,0,) C, H, N.

2-[4-[(Nitrophenyl)carbamoyl]styryl]-l,4,5.6-tetra-
hydropyrimidine. The preceding aldehyde (5.42 g, 0.02 mol)
was suspended in a mixture of pyridine (20 mL), ethyl formate
(20 mL)}, and DMF (10 mL), then 2-methyl-1,4,5,6-tetrahydro-
pyrimidine (2.5 g, 0.026 mol) added, and the mixture heated on
a steam bath for 18 h. After evaporation in vacuo, EtOH (30 mL)
and 12 N HCI (3 mL) were added and the solution was re-
evaporated. The residue was extracted with boiling 0.01 N HCI
{660 mL) and NaCl (100 g) dissolved in the hot clarified solution,
On cooling, crude product hydrochloride crystallized from the
solution. Multiple crystallizations from EtOH-H;0-HCl provided
TLC homogeneous product hydrochloride as colorless needles of
gp I32%—1325) °C (27% yield). Anal. (CipH;eN,0,CI-1.5H,0) C,

2-[4-[(4-Aminophenyl)carbamoyl]styryl]-l.4,5.6~tetra-
hydropyrimidine was prepared by Fe/H* reduction of the
aforementioned product and was conveniently purified as the
bishydrochloride: colorless needles from boiling 1 N HCI; mp 339
°C dec (79% yield). Anal. (CyH,,N,OCL-H,0) C, H, N, CI.

l-MethyI-I.4—dihydro-6-nitroquinol-done was prepared in
72% yield by the method formerly used to prepare the corre-
sponding 1-ethyl analogue.” Pure compound crystallized from
pyridine-H,0 as bronze needles of mp 236-237 °C. Anal.
(C1oHeN;0y) C, H, N.

31, l-Methyl-4-chloro-6-nitroquinolinium chloride was
prepared in situ, as before,” by the action of SOCl,-DMF on
1~methyl~l,4»dihydro-6—nitroquinol-4—one. This quinolinium salt
was reacted with 2-[4-[(4-aminophenyl)carbamoyl]sty'ryl]-1.4.-
§,6-tetrahydropyrimidine bishydrochloride in 65% EtOH-H,0
solution as before’ to provide the desired product (Table II).

294. 1-Methyl-4-[4-((4-aminophenyl)carbamoyl]anilino]-
pyridinium bromide’ (0.02 mol) and 3-(trifluoroacetamido)-9-
chlore-10-methylacridinium chloride (0,02 mol) were reacted in
65% aqueous EtOH (125 mL) as before? until TLC monitoring
demonstrated complete reaction. Following cooling to 25 °C
sufficient 12 N NH, was added to provide a 4 N concentration
and the solution allowed to stand until TLC demonstrated
complete removal of the trifluoroacetyl group. Adjusting the pH
to below 4 with HCI, removal of EtOH in vacuo, and addition of

an equal velume of saturated aqueous NaCl precipitated crude,

crystalline 294 chloride salt. Further crystallization from
EtOH-H,0-NaCl provided TLC homogeneous agent (68% ) as
vermilion-colored needles (Table II),
4-[4-[(4-Nitrophenyl)sulfamoyl]anilino]pyridine was
prepared from 4-[(4-nitrophenyl)sulfamoyl}aniline and N-
pyridyl-4-pyridinium chloride hydrochloride by the methods
derived earlier.* Pure product crystallized from EtOH-H,0 as
yellow prisms of mp 261-262 °C (67% yield). Anal. (C,;H,,
NS} C H, N, S.
l-Methyl-4~[4-[(4-nitrophenyl)sulfamoyl]anilino]-
pyridinium Chloride. Attempted Preparation of this compound
by direct quaternization of the preceding product afforded
multiple products, presumably due to cooccurring alkylation of
the sulfonamide function. Vigorous acetylation, employing re-
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fluxing Ac;O containing NaOAc for 3 h, provided a TLC ho-
mogeneous acetyl derivative which crystallized from HOA¢. This
product, on treatment with 1 N NH;~EtOH at room temperature,
slowly returned the starting sulfonamide; at reflux temperature
deprotection was complete in 15min. To a solution of the above
acetyl derivative (18.2 g) in the minimur necessary volume of
hot (120 °C) nitrobenzene, methy! p-toluenesulfonate (14.9 g) was
added in one portion. After 15 min at this temperature the
mixture was cooled and the deposited quaternary salt washed with
dry i-Pr;0, dried in vacuo, and dissolved in EtOH (75 mL). After
addition of 12 N aqueous NH, (11 mL) the solution was heated
to reflux for 15 min, then solvent removed in vacuo, and 2 N HCl
(50 mL) added to the residue. Crude quaternary salt was collected
from the cooled mixture and crystallized from boiling 0.01 N HC)

until homogeneous to TLC. Pure product was obtained as’

colorless needles of mp 180-182 °C (11.2 g). Anal. (CgH;N,-
SO,CIY C,H, N, S, Cl.

I-Methyl-d-[4-[(4-aminophenyl)sulfamoyl]nnilino]-
pyridinium chloride was prepared by F e/H* reduction of the
corresponding nitro compound. Pure product (76% yield)
separated from H,0-NaCl as colorless needles of rap 193-195 °C.
AD&]. ‘ClsHmN‘SOzCl) C, H. N, S, Cl.

295. Reaction of the preceding product with 3-(trifluoro-
acetamido)-9-chloro-10-methylacridinium chloride by the standard
method and following deprotection with aqueous NH, and workup
in the usual manner provided crude agent. Crystallization from
EtOH-H,0 provided TLC homogeneous product as red needles
(76 % yield; Table I1).

296. 4-((Aminophenyl)carbamido]acetophenone’ and 3-
[¢ uiﬂuoroacetyl)amino]-&chloro—IO-methylacridinium chloride
were coupled by the standard method, and the protecting tri-
fluoroacetyl function was removed as in earlier examples. The
crude chloride salt resulting from this sequence (81%), TLC
demonstrating contamination with 3-amino-10-methyl-9(10H)-
acridone, was dissolved in the minimum necessary volume of
boiling 60% EtOH-H,0 which was 2 N in HCL. After addition
of a twofold excess of aminoguanidine hydrochloride the solution
was heated on a steam bath for 1 h, the desired product crys-
tallizing progressively from the solution. A further crystallization
from EtOH-H,0-NaCl provided TLC homogeneous product
{Table II).

N‘-[4-[(4-Nitrophenyl)carbamido]pbenyl]biguanide
Hydrochloride. 4-[(4-Nitrophenyl)carbamidojaniline (0.019 mol)
and dicyanodiamide (0.028 mol) in dry NMePy (35 mL) containing
methanesulfonic acid (0.19 mol) were heated together at 140 °C,
with stirring, for 20 min. Dilution of the cooled mixture with CeH,
(250 mL) precipitated an oil which solidified on trituration with
petroleum ether. The dried solid was dissoived in boiling H,0
(550 mL) containing 12 N HCI (1 mL), decolorizing charcoal
added, and then hot 20% NaCI-H;0 added to the clarified

solution until crystallization initiated. Recrystallization from

NaCl-H;0 provided TLC homogeneous product as yellow prisms
of mp 241-242 °C (73%). Anal. (CanNgOgCl) C. H, N, CL

297. Fe/H" reduction of the preceding nitro compound by the
usual method provided a very readily autoxidized amine which
rapidly furnished colored oxidation products on exposure to air.
Accordingly, following demonstration of homogeneity by TLC
and employing minimal further manipulation, this product was
immediately coupled with 3-(trifluoroacetamido)-9-chloro-10-
methylacridinium chloride, as before. Terminal hydrolytic re-
moval of the trifluoroacetyl group in the usual way provided the
desired product (Table IT).

1,4-Bis(4-nitrostyryl)benzene has been prepared by a variety
of methods® but moderate quantities can be simply prepared
by the following route employing commercially available starting
materials. To (4-nitrophenyl)acetic acid (54 g, 0.3 mol) and
terephthaldicarboxaldehyde (20.1 g, 0.15 mol) dissolved in NMePy
{60 mL) was added piperidine (60 mL), and the resulting mixture
was heated on a steam bath for 3 h. Ce¢Hy (100 mL) was then
added and the mixture heated to reflux (oil bath) under a
Dean-Stark H,0 entrainment head for 12 h. Solvent was then
distilled until an internal temperature of 160 °C was reached and
this temperature maintained for I h. Following cooling, MeOH
(120 mL) was added and the mixture briefly boiled and then
thoroughly cooled. The collected crystals were recrystallized once
from DMF~MeOH and then DMF. TLC homogeneous product

Y
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was obtained as glistening orange plates of mp 290-291 °C (24%
yield). Anal. (CH¢N;O)) C, H, N. Quoted melting points for
this compound are 262-264,% 280,* and 290 °C.%
1,4-Bis(4-aminostyryl)benzene. To the above dinitro
compound (8.9 g, 0.024 mol) suspended in boiling HOAc (600 mL)
. was added a solution of SnCl»2H,0 (65 g, 0.29 mol) in 12 N HCI
(65 mL) and the mixture stirred vigorously while boiling. After
ca. 0.5 h of heating a clear solution resulted, and after a further
0.5 h the volume was reduced in vacuo to 90 mL and 12 N HCI
(30 mL) added. After thorough cooling the crystals were collected,
washed well with saturated brine, and then suspended in a solution
of NaOH (45 g) in H;0 (450 mL), and the whole mixture was
stirred until of homogeneous consistency. The insoluble diamine
was collected, washed well with H,0, dried, and crystallized from
DMF-EtOH. Pure product was obtained as off-white needles
of mp 297-298 °C; A, (20% DMF-EtOH) 385.5 nm (log ¢ 4.71),
lower peaks were obscured by the solvent necessary for solution.
Anal. (CxHxN,) C, H, N.

299. In the preparation of simple N-substituted pyridines
Zincke'? could employ N-(2,4-dinitrophenyl)pyridinium chloride
for reaction with primary amines. However, the marked insol-
ubility of this pyridinium chloride in solvents in which 1,4-
bis(4-aminostyryl)benzene could be dissolved prevented successful
reaction. A simple change of anion, to 4-toluenesulfonate, provided
a suitably soluble salt. Addition of excess 20% aqueous sodium
4-toluenesulfonate, acidified to pH below 4 with 4-toluenesulfonic

-acid, to a saturated aqueous solution of N-(2,4-dinitrophenyl)-
pyridinium chloride precipitated the required salt. A single
crystallization from a small volume of boiling water provided pure
N-(2,4-dinitrophenyl)pyridinium 4-toluenesulfonate as
masssive prisms of mp 255-257 °C. Anal. (C;3H,sN;0,S) C, H,
N, S.

A suspension of 1,4-bis(4-aminostyryl)benzene (5 g, 0.016 mol)

and N-(2,4-dinitrophenyl)pyridinium 4-toluenesulfonate (26.75

g, 0.064 mol) in anhydrous dimethylacetamide (80 mL) was heated

while stirring until a solution resulted. The reaction mixture was
then boiled for 30 min and cooled, and crude product was
precipitated with CHCl; (375 mL). The solid was washed by
alternately suspending in boiling CHCl, and filtering. This process
was continued until all yellow 2,4-dinitroaniline, a further product
of the reaction, was completely removed. The solid residue was

suspended in H,0 (1100 mL) and the suspension boiled for 15

min, decolorizing charcoal added, and the solution clarified.

Overnight cooling of the filtrate provided crystalline product.

Further crystallization from H;0 (100 mL/g) and then EtOH-H,0

containing sodium 4-toluenesulfonate provided TLC homogeneous -

299 (Table II) as yellow needles (3.35 ¢; 32%): ., (H;0) 3725
nm (log ¢ 4.79), shoulders at 219 (4.63) and 248 (4.31).

L1210 Screening. The L1210 leukemia was maintained by
serial, weekly transfer (10° cells ip in DBA, mice) for periods of
no longer than 3 months. At three monthly intervals tumor was
refurbished with a sample withdrawn from liquid N, storage.

Antitumor tests were performed in C;He X DBA# F, hybrid
mice produced in the animal colonies of this laboratory. Animals
were implanted with 10° L1210 cells ip on day 0. Drug treatment
was ip once daily on days 1-5. Animal deaths were recorded twice
daily. Every attempt was made to obtain solutions of the
quaternary salts in H,0 so that the dose for a 20-g mouse was
contained in a 0.2-mL volume. Animals in the 18.5-22.5-g weight
range were employed but any drug-treated group contained weight
matched animals varying by no more than 1 g. No significant
difference in the mean life span of groups of control animals within
this weight range could be detected. There were a minimum of
six animals per treatment group and one control group was
employed with every six treatment groups.

A dose-response profile of antileukemic activity was accu-
mulated employing doses separated by 0.09 log dose intervals.
In determination of the LD, the doses employed wete separated
by 0.05 log dose intervals and animals observed for a 50-day period.
The LD,, dose was derived by linear correlation of percent probit
mortalities and the logarithms of the corresponding drug doses
employed. as before.* Significant life extensions in leukemia
L1210 assays, obtained at and below the LD,, dose, were linearly
correlated with the logarithms of the corresponding doses em-
ployed. The percentage increase in life span (ILS) specified by
the regression line at the measured LD,, dose was employed as
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ILS..,. The dose providing 40% increase in life span in L1210
tests (D,q) was also obtained from this regression line.

While the confidence limits on ILS,..., are not centrosymmetric,
those for log ILS,,, are more nearly 80.>* From the 95% con-
fidence limits about the ILS/log dose regression line and the LDy
dose it can be predicted that log ILS,,, should be duplicable
within the limits of £0.15.# Replicate screening by the methods
described has provided values within these limits.
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Novel Inhibitors of Potassium Jon Channels on Human T Lymphocytes
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The in vitro biological characterization of a series of 4-(alkylamino)—1,4-dihydroquinolines is
reported. These compounds are novel inhibitors of voltage-activated n-type potassium ion (K*)
channels in human T lymphocytes. This series, identified from random screening, was found
to inhibit ['25I}charybdotoxin binding to n-type K* channels with [Cs values ranging from 106
to 10-8 M. These analogs also inhibit whole cell n-type K* currents with ICso values from 10°%
to 10~ M. The preparation of a series of new 4-(alkylamino)-1,4-dihydroquinolines is described.
Structure—activity relationships are discussed. Naphthyl analog 7c, the best compound
prepared, exhibited > 100-fold selectivity for inhibition of [125]]charybdotoxin binding to n-type
K* channels compared with inhibition of (3H]}dofetilide binding to cardiac K* channels. These
compounds represent a potent and selective series of n-type K* channel inhibitors that have
the potential for further development as anti-inflammatory agents.

Introduction

The most prominent and best characterized ion chan-
nel in human T lymphocytes is the voltage-activated
n-type potassium ion (K*) channel.}? The channel is
selective for K*, activates at —40 mV, shows cumulative
inactivation, and is blocked by both peptide and non-
peptide antagonists.!?4 Charybdotoxin (ChTX), a 37-
amino acid peptide purified from the venom of the
scorpion Leiurus quinquestriatus 5 is a potent antagonist
of n-type K* channels. ChTXis active at low nanomolar
concentrations®“¢ and, when radiolabeled, binds to
human T lymphocytes with characteristics indicative of
binding to n-type K* channels.” Nonpeptide antagonists
are significantly less potent (20 uM < ICsp's < 10 mM)
and include the nonselective K* blockers quinine,
4-aminopyridine, and tetraethylammonium and the
Ca?* channel antagonists verapamil and nifedipine.!®

Numerous studies using both peptide and nonpeptide
antagonists have indicated that n-type K* channels are
specifically involved in T lymphocyte proliferation. For
example, antagonists of this K* conductance inhibit both
mitogen- and antigen-stimulated proliferation with
similar rank order of potency.68-% Since the produc-
tion of activated T lymphocytes is essential for initiating
and supporting the immune response, T lymphocyte K*
channels represent a novel therapeutic target for the
discovery of anti-inflammatory agents. However, the
development of T lymphocyte K* channel] inhibitors as
anti-inflammatory agents will require the discovery of
potent and selective nonpeptide antagonists. Reference
nonpeptide antagonists of n-type K* channels, such as
classical K* and Ca?* channel blockers, are neither
potent nor selective.
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In order to identify more potent and selective inhibi-
tors of n-type K* channels, high throughput screening
of our compound files using ['Z*1JChTX binding to T
lymphocytes was performed. These efforts have re-
sulted in the identification of a novel series of n-type
K* channel antagonists, the 4-(alkylimino)-1,4-dihyd-
roquinolines. The effects of compounds on both ['?*1}-
ChTX binding and n-type K* currents (IKn) as mea-
sures of n-type K* channel inhibition were examined.
In addition, the effects of compounds on (*H]dofetilide
binding to cardiac myocytes as a measure of cardiac K*
channel (Jkr) inhibition and as a determinant of the
selectivity of the (a]kylimino)-1,4-dihydroquinolines for
the lymphocyte versus cardiac K* channels were exam-
ined.!1!2 This paper describes the structure—activity
relationships (SAR) for this series of analogs and the
combination of classical medicinal and computational
techniques used for new inhibitor design.

Chemistry

The synthesis of (alkylimino)-1,4-dihydroquinolines is
illustrated in Scheme 1. The key synthetic precursors,
4-chloroquinolines 12, were prepared from commercially
available anilines according to the well-established
route of Price and Roberts.!3 Conversion into the hexyl
ether analog 13 was accomplished by treatment of
4-chloroquinoline with hexanol in the presence of base
and phase transfer catalyst tris[2-(2-methoxyethoxy)-
ethyllamine, TDA-1. The alkylamine group was in-
stalled using a modified procedure of the Surrey
method,'* whereby the 4-chloroquinoline derivative 12
is heated with an excess of alkylamine to furnish
4-(alkylamino)quinoline 14. Alkylation on the quinoline
nitrogen was performed by treatment of the 4-substi-
tuted quinolines 13 and 14 with the appropriate alkyl
halide or benzylic halide to afford target molecules
6-10.

The synthesis of 4-benzy]-l-(hexy]oxy)naphthalene
(11) is illustrated in Scheme 2. Commercially available
1-naphthol was first O-alkylated and subsequently
acylated through the action of benzoyl chloride/AlCl) to
furnish intermediate 15. Mild reduction with sodium

© 1995 American Chemical Society
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Scheme 1. Synthetic Route to Quinoline Derivatives®
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¢ Reagents: (a) hexanol, TDA-1, KOH, K;CO;; (b) alkylamine,
A: (¢) BnBr, A; (d) R'X.

Scheme 2. Synthetic Route to Naphthalen%’lzar‘gg\‘t 112

=
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° Reagents: (a) 1-iodohexane, K2COy, 4, (b).BnCOCl, AlCly; (¢)
10% NaBH/AJ;03, 0 °C; (d) NaBH4, CF3COzH.

borohydride on alumina provided the secondary alcohol
16, which was further reduced with sodium borohydride
in the presence of trifluoroacetic acid to target molecule
11.

Results and Discussion

High throughput screening of our chemical files
disclosed the activity of compound 1f, 1-Benzyl-7-chloro-
4-(n-hexylimino)-1,4-dihydroquinoline hydrochloride, as
one of the most potent and selective compounds from

BNSDOCID: <XP__2079143A__I_>
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Table 1. Affinities for (1%]1ChTX. n-Type K* Current (IKn),
and [*H1Dofetilide

( {
issiies
Ci Ci

1a-k 2-3
Cl
R R
N N’
U }
|| L]
(of} CI~ N
4 5
ci . o}
Ct
. ICs0 (nM)
compd R ChTXe IKn®  dofetilide?

1a H >8000
1b Me >5000 c
1c Pr 544 3160
id n:Bu  -. 198 2620 ¢
le n-pentyl 65 250 1300
If  n-hexyl 32 335 820
ig  n-heptyl 117 249 2500
1h  neoctyl 280 351 2400
1j i-Bu 206 2000
1j 1.5-dimethylhexyl 817 1676 175
1k 1-adamantyl 1170 157
2a n-hexyl 190 216 780
2b (CH;)2CO2H >10 000
2c (CH213NHCH3 >30 000’
2d (CH2)aN(CHa)s ~30000 >10000
2e (CH2)»N(EL), 7680 57
3a 2 4-dichlorophenyl >30000 >10000  >30 000
3b 2,4-dichiorobenzy! 550 259 2380
4 n-hexyl 100 3230
5 n-hexyl 310 231 >3500

@ Mean ICso, n = 2 determinations. » ICso from r > 9 data poi. ..
€ 24% at 400 nM.

this series.}® Analog searching for other 4-(alkylimino)-
1,4-dihydroquinolines resulted in the identification of
a small number of analogs. Activity for these analogs
is particularly sensitive to changes at the 4-imino
position. The data in Table 1 illustrate that lengthening
the alkyl chain results in an increase in primary assay
activity from >10 uM for 1a (no substitution) to 0.032
uM for 1f ((CH2)sCHj). The isobutyl derivative 1i is
equivalent to the butyl derivative, whereas bulky alkyl
derivatives such as 1j,k are much less potent. Other
variations on the imino nitrogen provided further SAR
at this position. The incorporation of an acidic group,
2b, or permanently charged amine, 2d, into the alkyl
chain abolishes all primary assay activity. Similarly,
the direct attachment of a phenyl group (3a) to this
position exhibited a 60-fold drop in activity compared
to a similarly substituted benzyl analog (3b). Thus, in
general, potency increases with alkyl chain length to
an optimum length of six and then decreases with added
length, and an increase in bulk of the alkyl chain or
the incorporation of hydrophilic substituents was not

- well tolerated.

XY



Inhibitors of K* Channels on Human T Lymphocytes

Additional data, including secondary electrophysi-
ological assay (IKn) and cardiac K* selectivity ["HIJ-
dofetilide binding, were generated for selected examples
from the existing quinolines in our library. The data
for IKn was found to correlate closely with the ChTX
activity trend, albeit in slightly weaker activity. The
{3H ldofetilide binding data illustrate a lack of response
toward alkyl chain lengthening, analogs 1e—h, whereas
branching of the alkyl chain, analogs 1j,k, resulted in
compounds that were > 10-fold more potent. Addition-
ally, the incorporation of a permanently charged amine
(2e) was found to be favorable for [*H]dofetilide binding.
Substitution with chlorine in either the 4- or 3.4-
positions, analogs 4 and 5, respectively, was found to
greatly diminish dofetilide activity without affecting
ChTX binding activity.

Overall, the ChTX and IKn data for this set of analogs
were consistent with a region around N-4 binding to a
size-restricted hydrophobic pocket. However, the {*H]-
dofetilide binding data for this same region were found
to be consistent with a bulky hydrophilic pocket. The
data from this series show that there are different SAR
at the lymphocyte and cardiac K* channels. As a result
of these two opposing SAR trends, only a modest
selectivity favoring lymphocyte K* channels versus
cardiac K* channels was evident. The n-pentyl analog
le exhibited the most favorable activity profile from the
historical series, wherein a 20-fold difference in activity
was found.

One of the primary goals of this study was to identify
additional SAR that would more strongly support a
structure-based mechanism. Our approach was based
upon developing pharmacophoric hypotheses for the two
separate K* channels. This approach identified unex-
plored conformational space and areas where a diver-
gent SAR between the two channels would exist. The
substitutional areas around the quinoline ring positions
6—8 and the pendant benzyl group were initially identi-
fied as areas for further investigation. A -small number
of substituents (OMe, CF3, and F) at positions 6—8 were
investigated, wherein the N-1 and N-4 groups were
identical to those for the pre-existing quinolines in Table
1. Analogs 6b—h were found to possess equivalent or
decreased binding activity for ChTX and generally
poorer selectivity against dofetilide binding {with the
exception of 6h) when compared to the 7-chloro analogs
1e.f or 4 (Table 2). Conformational restriction of the
benzyl group into a 1-indanyl analog, 7a, greatly
reduced the ChTX binding with no effect on selectivity.
Enlargement of the benzyl aromatic into the 1- and
2-naphthylmethyl analogs 7b,c resulted in a slight loss
of ChTX activity for the 1-naphthyimethyl analog and
little change on the ChTX binding for the 2-naphthyl-
methyl analog. However, the 2-positional isomer 7¢ was
found to be vastly weaker in dofetlide binding. 7¢
represents >100-fold selectivity for the lymphocyte K*
channel over the cardiac K* channel.

In an effort to provide further information toward the
development of a pharmacophoric hypothesis, analogs
were prepared to test the dependence of activity on
physical properties. Butylamine analog 9 when com-
pared to hexylamine analog 1f illustrates that changing
structure while holding physical properties essentially
constant resulted in a noticeable loss in activity (Table

BNSDOCID, <XP_. 24791436, structural modification from hexylamine
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Table 2. Affinities for {1291 IChTX. n-Type K* Current 11Kn),

and [*H|Dofetilide
N/\M’n PR (CHz)sCHa

k Ci N
R* k Z A SO;MG
6c,e, f,g n=3 Tec A \l 8
6a,bdh n=4
ICra inM)
compd R R’ ChTX® 1Kn* dofetilide®
6a H Ph 164 1053
6b 6-MeO Ph 47 267 680
6c 6-MeO  p-CIPh 275 1990
6d 8-MeO Ph 475 210
6e 6-CF;  p-CIPh 340 213 140
ef 7-CFa  p-CiPh 239 - 90
6g 8-F p-CIPh 227 310
6h 7-Cl p-MeOPh 88 329
7a 7-C} 1-indanyl 2300 870
(L 7-Cl 1-naphthyl 280 279 900
Tc 7-Cl 2-naphthyl 5 434 8000
8 Me 240 602 223

o Mean ICso. minimum of two determinations. * ICso from 2
9 data points.

Table 3. Comparative Physical Properties and |21 JIChTX
Affinity

y (CH2)3CH, o P (CH2)sCHa P (CH2)sCHy
|
R
cl L cl 2 OO
) M-
(CH3)a
0 C

compd log P° pKe ChTX 1Csp inM»®
; 381 1152 32
5 4.64 11.53 310
7b 4.01 11.43 280
7c 4.16 11.57 75
8a 3.89 9.58 930
8b 3.73 240
9 3.82 11.37 471
10 3.62 11.17 828
11 >5000

o HPLC method of Kraak et al.16 » Mean 1Cs0. minimum of two
determinations.

to hexyl ether analog 10 resulted in a noticeable loss in
ChTX activity while holding physical properties es-
sentially constant. The further modification of analog
9 physical properties, to the naphthalene ether analog
11, resulted in a profound loss of activity in the primary
assay. The dramatic loss in activity for analog 11 could
be a result from the gross change in a physical para-
meter.

Molecular Modeling

Excluded volume maps!? were generated for both the
lymphocyte and cardiac channels to test the hypothesis
that selectivity is based on a volume (shape) pharma-
cophoric model. The ChTX and dofetilide binding data
were used to generate these maps. Strongly bound

3\/
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Figure 1. Volume exclusion maps for the lymphocyte (left map) and cardiac channels: green regions, strong binding; red. w

binding; and blue, common volume.

compounds (ICso < 150 nM) of the lymphocyte channel
or the cardiac channel were designated as the active set
for each respective channel. Weakly bound compounds
(ICs¢ > 1000 nM) were designated as the inactive set
for each respective channel. The active and inactive
volume maps for both the cardiac and lymphocyte
channels were created by generating the minimum
volume occupied by a low-energy conformation for each
of the members of the respective sets. The final volume
exclusion maps for the lymphocyte and cardiac channels
were generated by superimposing the active and inac-
tive volume maps from their respective channels ( Figure
1). The green and red areas represent strong and weak
binding regions; the blue areas represent the regions
common to both.

The utiltiy of the volume exclusion maps is repre-
sented by the following examples. Binding data for the
6-methoxy analogs 6b,c exhibited a 14- and 7-fold
selectivity for the lymphocyte channel, respectively. The
6-position area is green in the lymphocyte volume
exclusion map and red in the cardiac volume exclusion
map corresponding to a ChTX selective region. For
these analogs, the volume exclusion maps illustrate
where a divergent SAR exists between the two channels.
Analog 11 is an example of a compound that was
prepared to test these maps. All low-energy conforma-
tions of analog 11 were found to project into the weak
binding (red) areas of both the lymphocyte and cardiac
volume exclusion maps. Binding data for 11 showed it
to be inactive (>5000 xM) in both the lymphocyte and
cardiac assays, in agreement with the volume exclusion
map prediction. The volume exclusion maps have
followed us to visualize where unexplored volume exists
and have generated a three-dimensional picture of
where the differences in binding occur for lymphocyte
and rardiac channels.

BNSDOCIO: <XP__2079143A__1_>

Conclusions

A series of 4-(alkylimino)-1 ,4-dihydroquinolines w
identified as inhibitors of {125I}charybdotoxin bindin;
n-type K* channels in human T lymphocytes with I
values ranging from 1076 t0107% M and to inhibit wi
cell n-type K* currents with 1Cso values from 10~
10-7 M. These compounds were also evaluated
binding to cardiac K* channels via [3H])dofetilide bind
assay. A series of new 4-{ alkylimino)-1,4-dihydroqui
lines was prepared and evaluated for their ability
inhibit binding to both lymphocyte and cardiac
channels. Naphthyl analog 7c, the best compo
prepared, exhibited >100-fold selectivity for ~ ibit
of ['%51)carybdotoxin binding to n-type K* cnani
compared with inhibition of {3H)dofetilide binding
cardiac K* channels. Additional studies will determ
for this series, if the [3H)dofetilide binding assay «
relates into a functional selectivity versus cardiac
channels. These 4-(alkylimino)—l.4-dihydroquinoli
represent a potent and selective series of n-type
channel inhibitors that have potential for further
velopment as anti-inflammatory agents.

Experimental Section

General Procedures. All solvents were HPLC grade
used as received with the exception of THF which was fre:
distilled from sodium benzophenone ketyl. Melting po
were determined using 2 Thomas Hoover apparatus and
uncorrected. Infrared spectra were run as 1% KBr pellet
a Nicolet 20-SX spectrometer or obtained by Onieda Rese:
Services, Inc., Oneida, NY. Mass spectra were recordes
follows: electron impact spectra were obtained on a Hew
Packard 5971 GC/MS at 70 eV; desorption chemical ioniza
spectra were obtained on a Nermag R-10-10C spectrome
fast atom bombardment spectra were obtained on a Kr
Profile HV-2 spectrometer: high-resolution spectra were
tained by M-Scan, Inc., West Chester, PA. 'H and ¥C N
spectra were recorded on a Varian Unity 300 or Gen
Electric QE 300 spectrometer. Chemical shifts are repo

’Q‘o
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in parts per million ¢4 relative to tetramethylsilane. Elemen-
tal analyses were performed by Quantitative Technologies,
Inc.. Whitehouse. NJ.

Iminoquinolines 1-8a. These compounds were previously
prepared as described by Surrey."

7-Chloro-4-(n-hexyloxy)quinoline (13). 4.7-Dichloro-
quinoline 110.0 g, 0.050 mol), K,C0,16.97 g, 6.050 mol), KOH
111.3 g, 0.20 mol). TDA-111.63. 0.005 mob), and hexanel (7.73g,
0.075 mol) were combined in a round bottom flask equipped
with condenser under N, and heated to reflux for 55 h. The
mixture was cooled, diluted with EtOA¢ (300 mL), washed with
0.1 M HC113 x 200 mL), dried «Na;SO,), and concentrated in
vacuo. The resulting orange solid was recrystallized with
ether/EtOAc to give 1316.76 g, 51% ) mp 71-73 °C: '‘H NMR
(DMSO) 4 8.74 1d. J = 5.2 Hz, 1H), 8.13(d, J = 8.8 Hz, 1H),
797id.J = 2.1 Hz, 1H1. 7.58 tdd. J = 8.9, 2.1 Hz. 1H), 7.04
td, J = 5.4 Hz, 1H), 4.231t, J = 6.4 Hz, 2H), 1.89-1.80 tm,
9H)1, 1.51-1.44 im. 2H), 1.37-1.28 (m, 4H). 0.88 «t, J = 7.0
Hz, 3H) MS (CI1. CHy) m/e 264 (MH*). Anal. (C;sHCINO)
C.H. N.

General Method A: Preparation of 4-Alkylquinolines
14a—j. A mixture of amine (1.1 equiv) and 4-chloroquineline
12 (1.0 equiv! was refluxed for 18 h in ethanol 10.5 M). The
solution was cooled to room temperature, and the solvents
were removed in vacuo. The oily residue was diluted with
NaOH (1 N) and extracted with EtOAC (3X). The combined
organics were washed with brine, dried over K.CO,, and
evaporated. Purification was carried out using silica gel and
eluting the compounds with EtOAc¢/Hex.

4-(n-Hexylamino)quinoline (14a). Compound 14a was
synthesized according to the method of Surrey,' and the 'H
NMR and MS spectra were in agreement with its chemical
structure. ‘

6-Methoxy-4-(n-pentylamino)quinoline (14b). Com-
pound 14b was synthesized according to general method A:
mp 143-146 °C; '"H NMR (CDCI3) 4 8.45 (d, J = 5.3 Hz, 1H),
7.92 (d, J = 9.2 Hz, 1H), 7.30dd, J = 9.3, 2.8 Hz, 1H), 7.00
«d. J = 2.6 Hz, 1H), 6.43 (d, J = 5.4 Hz, 1H), 4.93 (bs, 1H),
3.921s, 3H), 3.56—3.29 1m, 2H), 1.84-1.74 (m. 2H), 1.49-1.38
im, 4H), 0.95 it, J = 7.0 Hz, 3H», MS(CI, CH,) m/3 245 (MH").
Anal. (Ci;sH2oN:O0 C, H, N.

6-Methoxy-4-(n-hexylamino)quinoline (14¢). Compound
14c was synthesized according to general method A: mp 126~
128 °C: 'H NMR (CDCl;) 4 8.46 (d. J = 5.4 Hz. 1H), 7.92 (s,
1H), 7.321d.J = 2.6 Hz. 1H1.6.42td, J = 5.3 Hz, 1H), 4.8 ibs,
1H), 3.9 1s, 3H). 3.35(d of t. J = 7.2 Hz, 2H). 1.77 tm, 2H),
1.48 im, 2H), 1.36 (m, 4H), 0.95 (t, J = 7.2 Hz, 3H» MS(ED)
mie 258 {M*). Anal. iC¢H;N.0)C. H, N.

8-Methoxy-4-(n-hexylamino)quinoline (14d). Com-
pound 14d was synthesized according to general method A:
mp 146-148 °C: '"H NMR (CDCly) 6 8.58 (d. J = 5.3 Hz, 1H),
7.35(d of d. J = 7.2, 7.8 Hz, 1H), 7.26 (d, J = 7.8 Hz, 1H),
6.99:1d.J = 7.2 Hz, 1H), 6.46 (d. J = 5.3 Hz, 1H), 4.9 (bs, 1H),
4.06 ts, 3H), 3.35 (d of t, J = 7.2 Hz, 2H), 1.77 (m, 2H), 1.48
im, 2H), 1.36 tm. 4H), 0.95 1t, J = 7.2 Hz, 3H);, MS (ED) m/e
258 {M*1; HRMS (LSIMS) C4H:.N,O IMH*) requires 259.18104,
found 259.18090; A = 0.55 ppm. Anal. (CysH2N,0- H.0) C,
H, N.

6-(Triflouromethyl)-4-(n-pentylamino)quinoline (14e).
Compound 14e was synthesized according to general method
A: 'H NMR (DMS0) 8 8.751s, 1H), 8.49 (d, J = 6.5 Hz, 1H),
8.92(d,J = 8.5 Hz, 1H1, 7.821dd,J = 8.5, 1.7 Hz, 1H), 7.59 (1,
J =1.5Hz. 1H), 6.56 td, J = 6.5 Hz, 2H), 3.39 tm, 2H), 1.78 -
1.61tm, 2H), 1.48—-1.29 tm, 4H», 0.88 (¢, J = 7.0 Hz. 3H); MS
LETY mle 283.

7-(Triflouromethyl)-4-in-pentylamino)quinoline (14f).
Compound 14f was synthesized according to general method
A: 'H NMR (DMSO) 4 8.50-8.47 tm, 2H), 8.06 (s, 1H), 7.65
(dd. J = 8.7, 1.7 Hz, 1H), 7.45 tbs, 1H), 6.54 1d, J = 5.5 Hz,
2H), 3.26 (q, J = 6.5 Hz, 1H), 1.68-1.61 (m, 2H), 1.40~-1.29
im, 4H), 0.87 (t, J = 7.1 Hz, 3H), MS(E]) m/e 283.

7-Chloro-4-(n-pentylamino)quineline (14g). Compound
14g was synthesized according to general method A: mp 119-
121 °C; '"H NMR (CDCly; 6 8.53 (d, J = 5.4 Hz, 1H). 7.96 (s,
1H), 7.641d, J = 8.9 Hz. 1H), 7.351d,J = 8.9 Hz. 1H), 6.41 (d.
J = 5.3 Hz, 1H). 5.0 ths. 1H). 3.25 tm. 2H). 1.76 (m. 2H), 1.43

BNSDCCID: <XP__2079143A__I_>
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(m, 4H), 0.95 (t. J = 7.2 Hz, 3H); MS (CI, CH,) m/e 249 (MH"».
Anal. ‘CanNzCll) C, H, N.

8-Fluoro-4-(n-pentylamino)quinoline (14h). Compound
14h was synthesized according to general method A: mp 103~
105 °C; *H NMR (CDCly) 0 8.63 (d, J = 5.4 Hz, 1H), 7.52 um,
1H), 7.31 tm, 2H), 6.48 (d, J = 5.3 Hz, 1H), 5.0 (bs, 1H), 3.25
(m. 2H). 1.76 tm, 2H), 1.43 tm. 4H1, 0.95 (¢, J = 7.2 Hz, 3Hx
MS (CIL. CH,) m/e 233 (tMH"). Anal. (C; Hi:N.F) C, H' N.

8-Phenyl-4-(n-hexylamino)quinoline Hydrochloride
(14i). Compound 14i was synthesized according to general
method A: mp 189~191 °C: 'H NMR (DMSO: » 9.81 ¢s, 1H),
8.751d, J = 5.4 Hz, 1H),8.24 td, J = 7.2 Hz, 1H), 7.77(d of t,
J = 6.1, 7.4 Hz, 2H), 7.5 \m. 5H}, 6.87 «d, J = 7.2 Hz, 1H),
3.55 (d of t, J = 6.6 Hz, 2H), 1.77 tm, 2H), 1.41 «mti, 2H), 1.36
(m. 4H), 0.95 (t. J = 7.2 Hz, 3H), MS {ED) m/e 303 (M"). .Anal.
(CnquNz'HCl) C, H. N.

7-Chloro-4-(n-butylamino)quinoline (14j). Compound
14j was synthesized according to general method A: mp 130-
135 °C; '"H NMR (DMSO) ¢ 8.37 (d, J = 5.4 Hz, 1H), 8.26 (d,
J = 9.0 Hz, 1H), 7.76 (dd, J = 2.2 Hz, 1H), 7.43 (dd. J = 9.1,
2.3 Hz. 1H), 7.28 (bs, 1H), 6.44 (d, J = 5.5 Hz, 1H), 3.24 (q,J
= 7.0 Hz, 2H), 1.68—1.58 {m, 2H), 1.43-1.36 (m, 2H), 0.92 (t,
J = 7.3 Hz, 3H); MS (Cl, CH,) m/e 235 (MH*); HRMS (LSIMS)
Cy3H 6N;Cl (MH*) requires 235.10020, found 235.10047; A =
1.16 ppm.

General Method B: Preparation of 4-(n-Hexylimino)-
1,4-dihydroquinolines 6~9. A mixture of benzyl haliide 1.1
equiv), 4-chloroquinoline 14 (1.0 equiv), and sodium iodide (1.2
equiv) was refluxed for 18 h in acetone (0.5 M). The solution
was cooled to room temperature, and the resulting hydroiodide
precipitate was collected and washed repeatedly with acetone.
The hydroiodide salt was dissolved in hot ethanol (60 mL)and
treated with NaOH (35%). The mixture was cooled and the
ethanol removed in vacuo. The residue was diluted with H;O
and extracted with EtOAC (3X). The combined organics were
washed with brine, dried over K:COs, and evaporated. Puri-
fication was carried out by diluting the oil with various
ethanolic acids and cooling the solution overnight. The
precipitates were coilected and washed repeatedly with etha-
nol.

1-Benzyl-4-(n-hexylimino)-1,4-dihydroquinoline (6a).
Compound 6a was synthesized according to the method of -
Surrey," and the '"H NMR and MS spectra were in agreement
with its chemical structure.

l-Benzyl-6—methoxy—4»(n-hexylimino)-l.4-dihydroquin-
oline Hydroiodide (6b). Compound 6b was synthesized
according to general method B: mp 212-215 °C; 'H NMR
(CDCly) & 8.33 (s, 1H), 8.06 (d, J = 7.4 Hz, 1H), 7.92 (s, 1H},
7.51(d, J = 9.5 Hz, 1H), 7.31 tm, 4H), 7.11 (m, 2H), 6.48 (d, J
= 7.5 Hz. 1H), 5.60 (s, 2H), 4.17 (s, 3H), 3.35(d of t, J = 7.2
Hz, 2H), 1.77 {m, 2H), 1.48 tm, 2H), 1.36 (m. 4H), 0.95 (¢, J=
1.2 HZ, 3H); MS (Cl, CH4) mle 349 (MH"). Anal. (CzaHu-
N.O-HDh C, H, N.

1-(p-Chlorobenzy!)-6-methoxy-4-(n-pentylimino)-1,4-
dihydroquinoline Hydrochloride (6¢). Compound 6¢ was
synthesized according to general method B: mp 164—-167 °C;
'H NMR (CDCl3) 6 8.58 (d, J = 2.6 Hz, 1H), 8.40 (d, J = 7.5
Hz, 1H), 7.44 (d,J = 9.7 Hz, 1H), 7.26~7.20 (m, 3H), 7.06 (d.
J = 8.5 Hz, 2H), 6.42(d, J = 7.4 Hz, 1H), 5.73 (s, 2H). 4.081s,
3H), 3.56~3.49 tm, 2H), 1.80~1.76 (m, 2H), 1.39~1.34 tm, 4H).
0.86 (t, J = 7.0 Hz, 3H); MS (CI, CH,) m/e 369 ftMH*); HRMS
(LSIMS) C.:H2sN,OCl {MH*) requires 369.17337, found
369.17373; A = 0.99 ppm. Anal. (Cz2H25N20C]'HCl"’QH20‘
C.H,N.

1-Benzyl-8-methoxy-4-(n-hexylimino)-1 ,4-dihydroquin-
oline Hydrochloride (6d). Compound 6d was synthesized
according to general method B: mp 192-194 °C; ‘H NMR
(CDCl3) 6 8.73 (s. 1H), 7.82(d, J = 7.7 Hz. 1H), 7.51 (t,J =
9.5 Hz, 1H), 7.31 (m, 4H), 7.16 (d, J = 8.2 Hz, 1H), 7.01 «d. J
= 7.5 Hz, 2H), 6.43 (d. J = 7.7 Hz, 1H), 5.81 (s. 2H), 3.73 (s.
3H), 3.55 (d of t, J = 7.4 Hz, 2H), 1.77 (tm, 2H), 1.48 {m. 2H),
1.36 (m. 4H), 0.95 (t, J = 7.2 Hz, 3H); MS (CI. CH.) m/e 349
{MH"*); HRMS (LSIMS) C23HsN;0 (MH*) requires 349.22799,
found 349.22803; A = 0.13 ppm.

l-(p-Chlorobenzyl)-G-(triﬂouromethyl)-4-(n-pentylimi-
no)-1,4-dihydroquinoline Hydroiodide (6e). Compound

N ¥



1882 Journal of Medicinal Chemistry, 1995, Vol. 38. No. 11

6e was synthesized according to general method B: mp 230—
231 °C: '"H NMR (DMSO) 4 9.82 tbs, 1H}, 9.09 (s, 1H), 8.89(d,
J =17.5Hz, 1H), 8.25(d, J = 8.6 Hz, 1H), 8.11 (d,J = 8.7 Hz,
1H), 7.45d, J = 8.4, 2H), 7.30 (d, J = 8.5, 2H), 716d,.J =
7.5, 1H), 5.89 (s, 2H), 3.68-3.55 (m, 2H), 1.81-1.65 (m, 2H),
1.49-1.29 tm, 4H). 0.92 (t.J = 7.0 Hz, 3H); MS(C1, CH.) m/e
407 {MH*). Anal. (CyHzN.F4ClyHD C, H, N.
l-(p-Chlorobenzyl)-7~(triﬂouromethyl)-4-(n»pentylimi-
no)-1,4-dihydroquinoline Hydroiodide (6f). Compound 6f
was synthesized according to general method B: mp 235-240
°C: 'H NMR (DMSO» 4 9.76 (bs, 1H), 8.92(d,J = 7.5 Hz, 1H),
8.83(d, J = 8.8 Hz, 1H), 8.28 (s, 1H), 8.09 (d. J = 8.4 Hz, 1H),
7.45(d, J = 8.5 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.18 d,J=
7.6 Hz, 1H), 5.98 (s, 2H), 3.60 (bs, 2H), 1.80-1.65 (m, 2H),
1.49-1.25 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H); MS (FAB, NBA)
mle 407 (MH*). Anal. (CxHNoF;Cl-HD C, H, N.
1-(p-Chlorobenzyl)-8-ﬂouro-4-(n-pentylimino)-l,4-di-
hydroquinoline Hydrochloride (6g). Compound 6g was
synthesized according to general method B: mp 221-223 °C;
1H NMR (DMSO) 4 8.76 (d, J = 7.5 Hz, 1H), 8.66 (d, J = 8.2
Hz, 1H). 7.81 tm. 1H), 7.70 (m, 1H), 7.38 (d, J = 8.2 Hz, 2H),
7.151(d,J = 8.2 Hz, 2H), 7.08 (d, J = 7.4 Hz, 1H), 5.86 (bs,
2H), 3.65 (d of t, J = 7.7 Hz, 2H), 1.76 (m, 2H), 1.43 (m, 4H),
0.95 (t, J = 7.2 Hz. 3H); MS (CI, CH,) m/e 357 (MH*). Anal.
{CasH2aN:FCIHCD C, H, N.
7-Chloro-l-(p-methoxybenzyl)-4-(n-hexylimino)-l,4-di-
hydroquinoline Hydrochloride (6h). Compound 6h was
synthesized according to general method B: mp 239-241 °C;
'H NMR (CDCl3) 6 943 (d, J = 9.2 Hz, 1H), 8.15d,J = 7.4
Hz, 1H), 7.63 (s, 1H), 7.46 (d, J = 9.0 Hz, 1H), 7.15(d, J=8.7
Hz, 2H), 6.91 (d, J = 8.7 Hz, 2H), 644 (d, J = 7.6 Hz, 1H),
5.54 (s, 2H), 3.79 (s, 3H), 3.53 (d of t, J = 6.2 Hz, 2H), .77 (m,
2H). 1.48 tm, 2H), 1.36 (m, 4H), 0.95 (1, J = 7.2 Hz, 3H); MS
(C1, CH,) m/e 383 (MH*). Anal. (C23H27N,CIO-HCI1-0.5H,0)
C,H,N.
7.Chloro-1-indanyl-4-(n-pentylimino)-1,4-dihydroquin-
oline Hydrochloride (7a). Compound 7a was synthesized
according to general method B: mp 79-80 °C; 'TH NMR
(CDCly) 8 8.47 (d, J = 8.4 Hz, 1H), 7.38-7.21 (m, 4H), 7.20-
7.13 (m, 2H), 6.58 (d, J = 7.5 Hz, 1H), 5.86 (d. J = 8.4 Hz,
1H), 5.79 (¢, J = 6.6 Hz, 1H), 3.27 (1, J = 7.4 Hz, 2H), 3.15—
2.96 (m, 2H), 2.75~2.66 (m, 1H), 2.12-2.08 (m, 1H), 1.75~
1.65 (m. 2H), 1.45-1.31 (m, 4H), 0.91 (t, J = 6.9 Hz, 3H); MS
(C1, CH.1 mle 365 (MH). Anal. (CxHxCIN>HCDH C, H, N.
7-Chloro-1-(1-methylnaphthyl)-4-(n-pentylimino)-1,4-
dihydroquinoline Hydrochloride (7b). Compound 7b was
synthesized according to general method B: mp 298-300 °C;
'H NMR (DMSO) 4 8.91 (d, J = 7.5 Hz, 1H), 8.61 (d, J = 8.2
Hz, 1H), 8.15(d, J = 7.5 Hz, 1H), 8.07 (s, 1H), 8.01 (d,J = 8.2
Hz, 1H), 7.91 (d, J = 8.3 Hz, 1H), 7.81 (d, J = 8.3 Hz, iH),
7.65 tm, 2H), 7.38 tm, 1H), 7.05 (d,J = 8.2 Hz, 1H), 6.72 d,J
= 7.4 Hz, 1H), 6.35 (bs, 2H), 3.55 (d of t, J = 7.7 Hz, 2H), 1.76
(m, 2H), 1.43 (m, 4H), 0.95 (t, J = 7.2 Hz, 3H); MS (CI, CHd)
m/e 389 (MH*). Anal. (CasH2sN.CFHCD C, H, N.
7.Chloro-1-(2-methylnaphthyl)-4-(n-pentylimino)-1,4-
dihydroquinoline Hydrobromide (7c¢). Compound 7¢ was
synthesized according to general method B: mp 277-279 °C;
1H NMR (DMSO) 4 8.88 (d, J = 7.5 Hz, 1H), 8.65 (d, J = 9.1
Hz, 1H), 8.15 (s, 1H), 7.77-7.97 (m, 5H), 7.51 (m, 2H), 7.41
id. J = 8.6 Hz, 1H), 7.10(d, J = 87.6 Hz, 1H), 6.05 (bs, 2H),
3.55(d of t,J = 7.7 Hz, 2H), 1.76 {tm, 2H), 1.43 (m, 4H), 0.95
{t, J = 7.2 Hz, 3Hx MS (Cl, CH,» m/e 389 (MH"). Anal.
€C25H25N2C1'HBr) C.H, N.
4-(n-Hexylimino)-8-phenyl-1-methyl-1,4-dihydroquino-
line Methanesulfonate (8). Compound 8 was synthesized
according to general method B: mp 239-240 °C; 'H NMR
{CDCly) 0 9.60 im, 1H), 8.80 im, 1H), 8.26 (d, J = 7.3 Hg, 1H),
7.64 (d, J = 5.1 Hz, 2H), 7.43 (m, 3H), 7.24 (m, 3H), 6.60 (d, J
= 7.4 Hz, 1H), 3.51 (d of t, J = 6.2 Hz, 2H), 2.84 (s, 3H), 2.04
(s, 3H), 1.77 (m, 2H), 1.43 (m, 2H), 1.28 (m, 4H), 0.85 (1, J =
7.2 Hz. 3H1, MS (Cl, CH4) m/e 319 (MH-); HRMS (LSIMS)
CaoHu:N2 (MH*) requires 319.21742, found 319.21745; A = 0.07
ppm. Anal. (Cz3H3N20:5-H20) C, H, N.
4»(n-Butylimino)-7ochloro-1-(3-phenylpropyl)-l,4-dihy-
droquinoline Hydrochloride (9). Compound 9 was syn-
thesized according to general method B: mp 195-197 °C; 'H
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NMR (DMSO) o 10.05 (bs, 1H1, 8.89td. J = 9.2 Hz. 1H). 8.¢
(d,J = 7.6 Hz, 1H), 8.16(d,J = 1.9 Hz. 1H). 7.77dd. J = 9.
1.8 Hz. 2H), 7.27-7.13im, 5H), 6.88 1d. J = 7.6 Hz. TH). 4.
(,J = 7.5 Hz, 2H}1,3.51 tq, J = 69 Hz. 2H). 270 .. J = 7
Hz. 2H), 2.12-2.07 {m, 2H), 1.68-1.60 (m. 2H), 1.42-1.35(r
2H), 0.92 (t, J = 7.3 Hz, 3H) MS (CI, CHo m/e 353 (MH*
HRMS (LSIMS) CH2sCIN, (MH*) requires 353.17845. four
353.17710, A = -3.83 ppm.
1-Benzyl-7-chloro-4-(n-hexyloxy)-1,4-dihydroquin:
line Bromide (10). Compound 10 was synthesized accordit
to general method B: mp 136—138 °C; 'H NMR (DMSO}
9.57(d, J = 7.2 Hz, 1H), 8.48—8.45 tm. 2H). 7.96 1dd, J = 9.
1.7 Hz, 1H), 7.80 (3, J = 7.2 Hz, 1H). 7.43-7.31 tm.4H), 6.]
(s, 2H), 4.62 (t,J = 6.3 Hz, 2H), 1.98-1.90 tm, 2H), 1.55-1.¢
{m, 2H), 1.40-1.30 (m, 4H}), 0.894¢t,J = 7.0 Hz, 3H1 MS(FA
NBA) m/e 354 (MH*). Anal. {CxH,sCINO-Bri C. H. N.

P 4-Phenacyl-1-(hexyloxy)naphthalene (15). 1-Naphth
*10.0 g, 0.069 mol), 1-iodohexane (22.0 g, 0.104 mol1. and K
CO; were dissolved in DMF (70 mL) and heated t0 60 °C und.
N; for 18 h. The reaction mixture was cooled to roo
temperature, diluted with Et,0 (500 mL), washed successive
with H;0 (3 x 500 mL) and NaOH (1 N, 500 mL), dried {Na
S0,), and evaporated to dryness. The sample was taken u
in hexane (250 mL), washed with H,O i3 x 400 mL' "~ic
(Na;SO,), and evaporated to dryness. The product we 1
fied by flash filtration through silica gel. eluting with hexan
to give 1-(hexyloxynaphthalene as a vellow oil (11.3 g1 T}
14hexyloxy)naphthalene (1.0 g. 4.38 mmol) was then dissolve
in nitrobenzene (5 mL) and added dropwise to a mixture
benzoyl chloride (0.616 g, 4.38 mmol) and AICl; (0.584, 4.2
mmol), in nitrobenzene (5 mL), at 0 °C. under N,. After 18
at room temperature, the nitrobenzene was removed by stea
distillation and the residue was diluted with EtOAc 150 ml
washed with H,0 (50 mL), dried (Na,;S0.). and concentratt
in vacuo. The resulting yellow oil was purified by flas
filtration on silica gel with hexane/EtOAc 19:1) as eluent,
give 16 as a yellow oil (263 mg. 18%» 'H NMR (CDCl3) 0 8.36
8.35 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H). 7.58-7.44 ¢m, 4F
7.55-7.43 (m. 2H), 6.76 (d. J = 8.0 Hz, 1H), 41811, J = 7
Hz. 2H), 1.97-1.93 (m, 2H), 1.69-1.52 tm, 2H). 1.40-1.37 (x
4H), 0.94 (t, J = 7.0 Hz. 3Hxr. MS (Eh m/e 332. An:

(C23H2402) C, H.

4-(1-Hydroxy-1-phenylmethyl)-1-( hexyloxy)naphth.
lene (16). To a chilled (0 °C) methanol solution (30 mL)
naphthalene 15 (1.0 g, 3.0 mmol) was slowly added 10
NaBHJALO: (3.4 g, 9.0 mmol) with stirring. The ice bath w:
removed and the mixtured allowed to return to room *empe
ature overnight. The mixture was filtered, dried tNa ), ar
evaporated. The product was purified by filtration wnroug
silica gel with hexane/EtOAc (9:1) as eluent to give 16 (0."
g, 72%) as a waxy yellow solid: mp 54-55 °C:'H NMR (CDC’
& 8.37-8.32 (m, 1H), 8.06—8.00 (m, 1H), 7.49-7.40 \m, 5E
7.36-7.25 (m. 3H), 6.77(d, J = 8.0 Hz. 1H), 6.47(s. 1H). 4.
(t, J = 6.4 Hz, 2H), 2.26 (bs. 1H), 1.98-1.89 (m, 2ZH). 1.63
1.53 (m, 2H), 1.45~1.38 tm, 4H), 0.93 (1, J=170Hz.3HL M
(CI, CH,) m/e 334 (MH*). Anal. (CyHxO2 C. H.

4-Benzyl-1-(hexyloxy)naphthalene (11). The naphth
lene 16 10.24 g, 0.70 mmol dissolved in CF3;CO:H (7 mL) w:
added dropwise, simultaneously with NaBH, 0.27 g, 7
mmol), to a vigorously stirred solution of CFyCO.H under 1
at 0 °C. After complete addition, stirring was continued for
min. The CF,CO:H was evaporated and the resulting sol
quenched with H;0 (25 mL1 and saturated NaHCO; (25 ml
The mixture was extracted with EtOAc (3 x 20 mLy, th
combined extracts were washed with H>0 (50 mL), dried ¢ Nz
S0,), and concentrated in vacuo. The product was prifie
by filtration through silica gel with hexane followed by hexan
EtOAc (9:1) to give a yellow oil. Additional drving at 0.1 To
gave 11 (0.75 g, 34%} as a waxy yellow solid: mp 66—-68
TH NMR (CDCl3) & 8.20—8.17 (m, 1H), 7.96-7.93 (m, 1H
7.50-7.43 {m, 1H), 7.30-7.11 (m, 6H). 6.90 d.J =78H
1H), 4.32 (s, 2H), 4.12 (1, J = 6.5 Hz, 2H), 1.90-1.791m, 2K
1.60-1.43 (m, 2H), 1.38~1.29 (m, 4H), 0.88(t,J = 7.0 Hz, 3k
MS (Cl, CH,) m/e 319 (MH*», HRMS (LSIMS) C»3H0 (M
requires 318.19837, found 318.19783: & = -1.70 ppm.
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(121}Charybdotoxin Binding Assay. | 125} |Charybdotoxin
was obtained from New England Nuclear. Charybdotoxin was
obtained from Peptides International. All other reagents were
obtained from Sigma Chemical Co. {St. Louis. MO Jurkat T
lymphocytes were grown in suspension in RPMI 1640 tissue
culture medium supplemented with 10% hovine fetal calf
serum, 2 mM glutamine. and 0.5 mg/mL gentamicin. Cells
were routinely seeded at 0.25 » 10° cells/mL in 150 cm? falcon
tissue culture flasks and incubated at 37 °C in an atmosphere
of 95% 0,/5% COn.

{51 |ChTX binding to T lymphocytes was based on the
methodology of Deutsch et al.’ Jurkat T lymphocytes were
resuspended in incubation buffer (NaCl. 5 mM; KCL, 5 mM;
sucrose, 320 mM; HEPES, 10 mM: glucose, 6 mM, pH 8.4 with
trizma base) to give a cell concentration of 1 x 107 ceils/mL.
Cells (2 x 10%tube! were incubated in polyt propylene) 1 mL
deep well plates in the presence of 25 pM ['*#[JChTX test
agents for 20 min at 22 °C. Nonspecific binding was deter-
mined in the presence of 10 nM ChTX. At the end of the
incubation period, samples were filtered through GF/C glass
fiber filters that had been presoaked on 0.6% polytethylen-
imine), using a Tomtec Mach II barvester {Orange, CT.
Samples were washed with 2 x 1 mL of ice cold wash buffer
(NaCl, 200 mM: 20, mM Hepes, pH 8.0 with trizma base).
Radioactivity bound to filters was measured in a 3-plate liquid
scintillation counter (Wallac, Gaithersburg, MD). Initial
experiments showed that the characteristics of ['*1)ChTX
binding under these conditions are identical to that described
by Deutsch et al.” for isolated peripheral T lymphocytes and
are indicative of ['#1|ChTX binding to n-type K* channels.

(3H]Dofetilide Binding Assay. [3HDofetilide binding to
guinea pig cardiac myocyles was determined as previously
described."

Electrophysiology. Solutions and recording systems used
were previously described.'s Whole cell recording modes were
established using standard techniques.'® Membrane potential
was held at =80 mV, and n-type K* channel current was
measured by giving 150 ms voitage steps to 30 mV once every
minute. Cells were allowed to stabilize for >6 min in all cases.
Stability was obtained when currents elicited by more than
three consecutive voltage steps were superimposable. Phar-
macological inhibition was assessed by obtaining peak outward
current values during the voltage step described above. Test
agent was then continuously perfused at a fixed concentration
for 6 min. Following this period, current amplitudes were
measured every minute with the same test pulse as above.
Amplitudes for the first pulse following the 6 min exposure
period were measured to assess block of closed channels.
Amplitudes from the subsequent pulse were used to assess
open channel block. Amplitudes in the presence of drug were
compared to predrug data to determine the percentage of
current blocked. A single drug concentration was tested on
each ceil (i.e., cumulative dose—response curves were not
obtained). Initial experiments showed that the physiological
and pharmacological profiles of the currents measured under
these conditions are consistent with those previously reported
to be n-type K* channels.'?

Computational Methods. All compounds were modeled
using SYBYL 6.04' software. The structures were minimized
using default conditions. The lowest energy conformation was
determined using the CEDD? conformational searching tech-
nique followed by minimization. All bonds attached to the
1-position and the heteroatom in the 4-position of the ring
system were rotated 360° in 10° increments. A low-energy
conformation was defined as any conformation within 3 keal
of the lowest energy conformation. The volume maps were
created within SYBYL 6.04 by superimposing the quinoline
ring system of the low-energy conformations for all the
members of the respective sets.

13
Supplementary Material Available: Elemental analysis
A~ o1 —~m~g) Ordering information is given on any current
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2,4-Diamino-5-deaza-6-Substituted Pyrido[2,3-d]pyrimidine Antifolates as Potent
and Selective Nonclassical Inhibitors of Dihydrofolate Reductases’?

Aleern Gangjee,*? Anil Vasudevan,! Sherry F. Queener,? and Roy L. Kisljuk$

Division of Medicinal Chemistry, Graduate School of Pharmaceutical Sciences, Duquesne University.
Pittsburgh, Pennsylvania 15282, Department of Pharmacology and Toxicology, Indiana University School of Medicine,
Indianapolis, Indiana 46202, and Department of Biochemistry, Tufts University School of Medicine,

Boston, Massachusetts 02111 O \

Fifteen novel nonclassical and two classical 2,4-diamino-6-(benzylamino)pyrido{2,3- dlpyrimidine
antifolates were synthesized as potential inhibitors of Pneumocystis carinii, (pc) Toxoplasma
gondii, {tg) rat liver {rl}, and human (h) recombinant dihydrofolate reductases (DHFR). These
analogues lack a 5-methyl substitution which has been shown to be important for increased
hDHFR inhibitory activity. In addition, they contain a reversal of the C3—~N10 bridge present
in folates and most antifolates. The synthesis of the compounds involved the reaction of 2,4,6-
triaminopyrimidine with the sodium salt of nitromalonaldehyde to afford the key intermediate
2,4-diamino-6-nitropyrido{2,3-d]pyrimidine (7), in a single step. Reduction of 7 to the 2,4,6-
triaminopyrido{2,3-dipyrimidine (8), followed by reductive amination with the appropriate
benzaldehydes or phenylacetaldehydes afforded the target compounds. N9 methylation of these
analogues was carried out using formaldehyde and sodium cyanoborohydride. The analogues
demonstrated significant inhibition of pcDHFR and tgDHFR. N9 methylation significantly
increased DHFR inhibitory potency. Compound 11, the 3',4’,5'-trimethoxy-substituted analogue
with a selectivity ratio of 9.4 for tgDHFR (compared to rIDHFR) was the most selective analogue
of the nonclassical series. Compound 22, the N9 methyl 2’,5’-dimethoxy-substituted analogue
was the most potent analogue against tgDHFR (ICso == 6.3 nM) and was the second most
selective analogue for tgDHFR (compared to rIDHFR) in the nonclassical series. The naphthyl-
substituted analogues 23—25 were generally more potent against rIDHFR than against pcDHFR
and tgDHFR. Selected analogues were also evaluated against Streptococcus faeciumn (sf) DHFR,
Escherichia coli (ec) DHFR, Lactobacillus casei (Ic) DHFR and tgDHFR with hDHFR as the
mammalian reference, under slightly different assay conditions than those employed for
rIDHFR. Analogues 11 and 22 had selectivity ratios of greater than 100 for tgDHFR (compared
to hDHFR). Analogue 22 in particular, was the most selective analogue of the nonclassical
series against tgDHFR (selectivity ratio = 303.5) with excellent potency (28 nM). Analogue
11, also displayed significant selectivity for sfOHFR (selectivity ratio = 4902). Compound 22
was evaluated in vivo for the inhibition of the growth of T. gondii trophozoites in mice, where
at 50 mg/kg orally, it demonstrated distinct prolongation of survival without toxicity.
Compounds 11, 12, and 21-23 were evaluated as antitumor agents in the National Cancer
Institutes preclinical in vitro screening program. Compounds 12, 22, and 23 showed Glsos for
tumor growth inhibition in the 10--10"7 M range.

Received Qctober 24, 1995°

Infections with Pneumocystis carinii and Toxoplasma
gondii are the principal cause of death in patients with
acquired immunodeficiency syndrome (AIDS).> One
approach to treat infections with these organisms is the
inhibition of the enzyme, dihydrofolate reductase
(DHFR).* Trimetrexate (TMQ) and piritrexim (PTX) are
potent nonclassical DHFR inhibitors.> TMQ has re-
cently beén approved for the treatment of P. carinii
infections,® while PTX has been evaluated in clinical
trials for the treatment of these opportunistic infections.
However, neither of these drugs are selective for P.
carinii {pc) or T. gondii (tg) DHFR, and hence their use
alone is associated with considerable host toxicity.
Thus, TMQ is administered with the reduced folate
leucovorin’ to rescue host cells. Since P. cariniiand T.
gondii lack the carrier mediated uptake mechanism(s)
necessary for classical folates, they do not benefit from

' Duquesne University.

! Indlana Universilg' School of Medicine.

$ Tufts University School of Medicine.

@ Abstract published in Advance ACS Abstracts, March 1, 1996.

the coadministration of leucovorin, which is selectively
taken up by the host cells. Recently® epiroprim, a

trimethoprim analogue, has been reported to be 200-

fold selective for pcDHFR (against human DHFR).
However, its potency is low and in the micromolar
range.

We®10 along with others*! have reported the syntheses
and biological activities of a number of nonclassical
pyrido[2,3-dlpyrimidine antifolates of general structure
1 as inhibitors of pcDHFR and tgDHFR. These ana-
logues contain variations of both the substituents on the
side chain as well as the N10 nitrogen to optimize
hydrophobic interactions with the enzyme(s). These
studies afforded several analogues which display high
selectivity or high potency against pcDHFR and/or
tgDHFR. However, compounds with high selectivity
and potency that are able to significantly penetrate P.
carinii and T. gondii cells have remained a challenge.

The 5-methyl moiety of 5-deaza folates has been
shown to be important for potent inhibition of human
DHFR and of tumors and contributes favorably to the

0022-2623/96/1839-1438$12.00/0 © 1996 American Chemical Society
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inhibition of bacterial DHFRs as well. Piper et al.!?
have synthesized 5-alkyl-5-deaza analogues of amino-
pterin (AMT) and methotrexate {MTX) represented by
the general structure 2 and reported that the introduc-
tion of a 5-methyl substituent resulted in a decrease in
the K, (3.7 to 2.9 nM) for inhibition of DHFR from L1210
cells, indicating that a methyl group at the 5-position
was beneficial to binding to DHFR. The 5-methyl-
substituted analogues (ICs 0.1-0.3 nM) of AMT were
also reported to be superior to AMT (ICso 0.72 nM)
against the growth of L1210 cells in culture. The Ky
values for unidirectional influx of these 5-deaza folates
were identical to those of AMT and MTX. This, along
with the fact that the 5-deaza analogues were poor
substrates for polyglutamylation, and hence have no
improved cellular retention over MTX or AMT, indicated
that the sole reason for the high potency of the 5-methyl
analogues is their increased ability to inhibit DHFR.
Hynes et al!® have synthesized 5-methyl-5,8-dideaza
analogues of aminopterin and methotrexate of general
structure 3. These workers similarly reported that
5-methyl-5,8-dideaza-AMT is 4 times as potent as the
5-desmethyl analogue against rat liver (r]) DHFR.
Bertino et al.!4 also reported nonclassical 2,4-diamino-
quinazolines as DHFR inhibitors and of MTX resistant
murine leukemia cell lines and found that 2,4-diamino-
5-methyl-6-[N-(9-phenanthryl)amino]quinazoline (ICso0
= 1.5 nM) was 60 times more potent than the 5-des-
methyl analogue (ICso = 94 nM). Similarly, 2,4-di-
amino-5-methyl-6-[N-(2-fluoryl)amino] quinazoline (ICso
= 1.7 nM) was 88 times more potent than its 5-des-
methyl congener (ICso = 150 nM), demonstrating fur-
ther the importance of the 5-methyl group for potency
against mammalian DHFR. We31%15 have also reported
that 5-methyl-substituted nonclassical antifolates are
more potent as inhibitors of rIDHFR compared to their
5-desmethyl analogues. :

On the basis of the demonstrated importance of the
5-methyl group for inhibition of DHFR from mammalian
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Table 1. Structures of
2.4-Diamino-6-(benzylamino)pyrido(2.3-d)pyrimidines

NH, R
) S |
2 .
H N/k\ N R
18
analogueno. n R R R”

9 0 H H H
10 0 CH; H H
11 0 H H 3',4’,5-OMe
i2 0 CHy H 3'.4°,5-OMe
13 0 H CH; 3.4.5-OMe
14 0 H H 2',3',.4'-OMe
15 0 CHs; H 2',3,4’-OMe
16 0 H H 2',4',6-OMe
17 0 H H 2'.4’,5-OMe
18 0 H H 3',4-OMe
19 0 H H 3'.5-OMe
20 0 CHs H 3',5"-OMe
21 0 H H 2'.5-OMe
22 0 _CHy H . -2.5-OMe—
23 S0 H LITHIT L 223-CHe Y
24-7 N0 TH T THT T Tm4%-0OMe, 2.3-CyH, ‘
25 TOCTHTT HT -OMe, 2/,3"-CqHy
26 0 H H ™ --4-0-CgHs -
27 1t H H H
28 1 CHs H H
29 0 H H 4'-CONH-L-glutamic acid
30 0 CHs H 4’-CONH-L-glutamic acid

sources, we decided to synthesize compounds of general
structure 6 which lack the 5-methyl group. The design
of these analogues was based on the premise that since
the 5-methyl moiety was important for the inhibition
of rIDHFR, L1210 DHFR, and hDHFR and its absence,
in certain instances, resulted in analogues with signifi-
cantly decreased potency for mammalian DHFRs, such
5-desmethyl analogues would be less toxic to mam-
malian cells. Removal of the 5-methyl group was
expected to also result in a decrease in potency against
pcDHFR and tgDHFR. However, if this decrease in
potency against pcDHFR and tgDHFR was less than
the decrease in the inhjbition of mammalian DHFR,
selective and nontoxic inhibitors of pcDHFR and/or
tgDHFR would be at hand. To investigate this hypoth-
esis, we synthesized a series of 5-desmethyl-6-substi-
tuted, 2,4-diaminopyrido{2,3-dlpyrimidines 9-28 (Table
1), in which the usual C9—N10 bridge of folates and
most antifolates was reversed to also determine the
effect of substitutions at the 9-position of 5-deazapyrido-
{2,3-d]pyrimidines, a feature which has not been inves-
tigated in the 5-deaza series. There is precedence in
the jizerature for enhanced DHFR inhibition of 9-sub-
stituted antifolates. DeGraw et al!® reported the
synthesis and biological activity of 9-methyl-10-deaza
AMT, which was as potent as MTX against DHFR.
Interestingly, it was 20 times more potent than MTX
against tine growth of L1210 cells in culture. The choice
of the side chain substitutents of compounds 9—28 was
based, ir. part, on the results obtained from our previous
studies v.ith other nonclassical analogues.%1%!7=19 The
nonclassical analogues 9—28 were evaluated as inhibi-
tors of pcDHFR, tgDHFR, and rIDHFRS Selected
analogues were also evaluated3? against Streptococcus
faecium (sf) DHFR, Escherichia coli (ec) DHFR, Lacto-
bacillus casei (I¢) DHFR, and recombinant tgDHFR and
hDHFR under slightly different assay conditions. Davoll
et al? have reported 2,4-diamino-6-(benzylamino)-
pyrido[2,3-d]pyrimidine, 2,4-diamino-6-[(3',4"-dichlo-

!
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robenzyl)amino]pyrido(2,3-dlpyrimidine, and its N9 ni-
troso derivative as antimalarial agents. However, no
DHFR inhibitory activity was reported for these ana-
logues nor were they evaluated against pcDHFR or
tgDHFR. Hence, we resynthesized one of these ana-
logues 9 and evaluated it along with all the other
analogues against pcDHFR, tgDHFR, riDHFR, and
hDHFR.

The synthesis and DHFR inhibitory activity of the
classical analogues 29 and 30 (Table 1) of the 5-deaza
series with a N9—C10 bridge were of particular interest
in light of the potent activity of iscaminopterin 4 against
L1210 DHFR reported by Nair and Baugh?! and of the
N9 methyl analogue of 5.8-dideazaisoaminopterin 3,
synthesized by Hynes et al,? which was not only a
potent inhibitor of DHFR (ICs = 4.6 nM) but also a
potent inhibitor of thymidylate synthase (ICso = 33 nM).

Chemistry

The synthesis of the desired compounds was achieved
by the reaction of 2,4,6-triaminopyrido|2,3-djpyrimidine
{8), with appropriately substituted benzaldehydes or
phenylacetaldehyde. The precursor to this compound,
2,4-diamino-6-nitropyrido{2,3-dlpyrimidine 7 (Scheme
1), had been reported by Davoll?® in 1972 via a three-
step procedure which involved the reaction of nitro-
malonaldehyde with eyanoacetamide followed by chlo-
rination and cyclization with guanidine (62% overall
yield). Since 7 was to serve as the key intermediate for
the entire series, it was important to devise a more
efficient synthesis of 7. We. along with others, have
previously reported the reaction of a variety of bis-
electrophiles such as B-keto esters232! f-keto alde-
hydes,?® and f-dialdehydes®?’ with 2.4,6-triamino-
pyrimidine to yield pyrido{2,3-dlpyrimidines. Thus, we
envisioned that 7 could similarly be synthesized via the
condensation of nitromalonaldehyde (bis-electrophile)

BNSDOCID: <XP__2206009A__1_>
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with 2,4,6-triaminopyrimidine. The nitromalonalde-
hyde was synthesized according to the methed of
Fanta® by the reaction of mucobromic acid and sodium
nitrite to afford the desired 8-dialdehyde in 65% yield
as a sodium salt which was used immediately following
its preparation. Thus, condensation of nitromalon-
aldehyde and 2,4,6-triaminopyrimidine in absolute eth-
anol at reflux, containing sufficient concentrated HCI
to solubilize the pyrimidine, afforded a thick red sus-
pension (Scheme 1). Due to the susceptibility of the
4-amino group of folates to hydrolysis under similar
conditions,?® the cyclocondensation reaction was closely
monitored by TLC. The 'H NMR of the product cor-
responded to that expected of 7. Thus, 7 was obtained
in a single step starting from 2,4,6-triaminopyrimidine
in 76% yield. A similar methodology, invelving base-
catalyzed cyclization of 2,6-diamino-4-hydroxypyrimi-
dine and nitromalonaldehyde, has been reported by
Price et al.* for the synthesis of the 2-amino-4-hydroxy-
6-nitropyrido[2,3-dlpyrimidine.

Compound 7 was reduced to the corresponding 6-ami-
no analogue 8 using Raney Ni in DMF at 35 psi.
Complete reduction was obtained in 3 h, as indicated
by TLC. This intermediate was not isolated but reacted
directly with the appropriately substituted benzalde-
hydes or phenylacetaldehyde in acetic acid and hydro-
genated at 35 psi. The duration of the reductive
aminations varied from 3 1 6 h and was predicated on
the nature of the substitution on the aldehyde. This
procedure afforded analogues 9, 11, 14, 16~19, 21, 23,
and 25-28 in 60—70% yield following chromatographic
purification. These analogues displayed an intense
green fluorescence at 254 nM, probably due to the
presence of the exocyclic amino moiety. Similar at-
tempts with 3,4,5-trimethoxyacetophenone and 7 for the
synthesis of 13 did not afford the desired C10 methyl
analogue. Prolonged reaction times and increased pres-
sure conditions resulted in re¢overy of unreacted 8. As
a result, 8 had to be isolated, and reductive amination
with 3,4,5-trimethoxyacetophenone was carried out
in acetonitrile using a borane—triethylamine complex
to reduce the intermediate Schiff base which afforded
13.

N-Methylation of these analogues was carried out by
reductive methylation, using HCHO and NaCNBHj as
reported by us earlier.? It was observed that carrying
out the methylations in acetonitrile using sufficient
concentrated HCI to effect solution resulted in high
isolated yields of the pure N9 methylated products.?
The position of the alkylation was confirmed by the 'H
NMR in deuterated dimethyl sulfoxide which indicated
the absence of the N9 H and the presence of a sharp
singlet at around & 2.8 ppm corresponding to the N9
CHj group.

For the synthesis of the classical analogues 29 and
30, 4-carboxybenzaldehyde was coupled with diethy!
L-glutamate in anhydrous pyridine using diethylcarbo-
diimide by the method of Hynes and Garrett?! to afford
(4-formylbenzoyl)-L-glutamate, 31 (Scheme 2}. Com-
pound 7 was reduced to 8 using Raney Ni and then
reductively aminated with 31, as described above for
the nonclassical analogues. to afford the diester 32. N9
methylation of 32 with HCHO, NaCNBHj3, and HCI
afforded 33 in 72% yield. Both 32 and 33 were saponi-
fied with | N NaOH to afford the desired classical
analogues 29 and 30.

%”L
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Biological Acitivity and Discussion

The nonclassical analogues were evaluated>*? as
inhibitors of pcDHFR, tgDHFR, and rl DHFR, and the
results (ICso) are reported in Table 2. Selectivity ratios
(ICso riIDHFR/ICs pcDHFR and ICso rIDHFR/ICso tgDH-
FR) determined using rIDHFR as the mammalian
source are also reported in Table 2. The classical
analogues along with selected nonclassical analogues
were also evaluated against ecDHFR, IcDHFR, sfDHFR,
and hDHFR® as well as recombinant tgDHFR under
slightly different assay conditions, and the results are
reported in Table 3. In the nonclassical analogues
evaluated, N9 methylation consistently resulted in a
substantial increase in inhibition of pcDHFR, tgDHFR,
rIDHFR, and hDHFR. In some cases, N9 methylation
also provided for increased selectivity against pcDHFR
and tgDHFR compared to the N9 H analogues. As
indicated in Table 2, comparison of the unsubstituted
pheny! analogues 9 and 10 indicates that N9 methyl-
ation increases potency 15—~40-fold against all three
DHFRs and also increases selectivity for both pcDHFR
and tgDHFR (vs rIDHFR). This increase on N9 methy-
lation in both potency and selectivity is significantly
greater for pcDHFR than tgDHFR. For the NS H
trimethoxy-substituted analogues (11, 14, 16, and 17),
the effect was predicated on the position of the methoxy
groups. For the 3'.4°.5- and 2',3",4"-trimethoxy ana-
logues 11 and 14, potency decreased compared to 9, the
phenyl-unsubstituted analogue, for all DHFRs except
tgDHFR. Selectivity for pcDHFR in all of the tri-
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Table 2. Inhibition Concentrations (ICso. in nM) of
Dihydrofolate Reductases from P. carinii, T. gondii, and Rat
Liver and Selectivity Ratios”

no. pcDHFR  tgDHFR  rIDHFR rlipc ritg
9 2700 520 2100 0.8 4.0
10 68 32 140 2.1 4.4
11 14100 350 3300 0.23 9.4
12 61 14 33 0.5 2.4
13 9200 194 1270 0.14 6.5
14 15300 670 3240 0.2 4.8
15 79 26 30 0.4 1.2
16 20700 230 1200 0.06 5.2
17 5500 480 1100 0.2 23
18 4800 730 1500 0.3 2.1
19 5700 1200 © 3400 0.6 2.8
20 76 31 72 0.9 2.3
21 3800 310 350 0.09 1.1
22 84 63 57 0.7 9.0
23 3900 980 -240 0.06 0.2
24 8200 380 430 0.05 1.1
25 15400 710 370 0.02 0.5
26 24300 3700 2900 0.12 0.8
27 1940 4450 280 0.14 0.06
28 1800 920 1400 0.8 1.5
T™P 12000 2700 133000 111 49
™Q 42 10 3.0 0.07 0.3
epir. 2600 470 73000. 28.1 155
MTX 1.3 14 25 1.9 0.2

2 These assays were carried out at 37 T under conditions of
substrate (90 zM dihydrofolic acid) and cofactor (119 uM NADPH)
in the presence of 150 mM KC1.53

methoxy N9 H analogues was less than for 9. However
for tgDHFR, the selectivity increases with trimethoxy
substitution (except for 17) with compound 11 being the

33
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Table 3. Inhibition Concentrations (ICso, in nM) and Selectivity Ratios of Selected Analogues against DHFRs from Various Sources®

no. hDHFR tgDHFR hitg ecDHFR h/ec sfDHFR h/sf 1cDHFR hfic
9 6200 nd nd nd nd nd nd nd nd
10 700 35 20 nd nd nd nd nd nd
11 76000 1300 192 760 329 51 4902 15000 17
15 530 26 204 nd nd nd nd nd nd
19 160000 nd nd 1400 114.2 86 1860 17000 9.4
20 2900 29 100 nd nd nd nd nd nd
21 13000 500 26 130 100 15 867 5100 2.5
22 8500 28 304 140 60.7 28 304 5700 1.5
29 320 nd nd 13 24.6 10 32 67 4.8
30 650 nd nd 13 50 2.2 295 170 38
MTX 38 22 14 2.2 17 22 17 55 0.7

2 Methotrexate was purchased from Sigma, St. Louis, MO. Recombinant hDHFR was provided by Dr. J. H. Freisheim. Recombinant
1gDHER was provided by Dr. D. V. Santi. Recombinant ecDHFR was provided by Dr. R. L. Blakley. DHFR assay conditions:3 all enzymes
were assayed spectrophotometrically in a solution containing 50 uM dihydrofolate, 80 uM NADPH. 0.05 M Tris HC}, 0.001 M
2-mercaptoethanol, and 0.001 M EDTA at pH 7.4 and 30 C. The reaction was initiated with an amount of enzyme yielding a change in

o.d. at 340 nM of 0.015/min.

most selective tgDHFR inhibitor in the entire series. N9
methylation of 11 and 14 to afford 12 and 13, respec-
tively, significantly increased potency from 25- to 231-
fold and from 25- to 194-fold, respectively, against all
three DHFRs and was similar to that observed for 9 and
10. Thus, while the 2’,4’,5-trimethoxy analogue 17 was
the most potent of the N9 H trimethoxy series against
pcDHFR, the 2',4',6"trimethoxy-substituted analogue
16 was the most potent against tgDHFR. The 3',4,5"-
trimethoxy analogue 11 on the other hand was the most
selective against tgDHFR. It was 31 times more selec-
tive than TMQ against tgDHFR and was the most
tgDHFR selective compound (vs rIDHFR). N9 methyl-
ation of 11 (analogue 12) resulted in a 230-fold increase
in potency against pcDHFR and a 25-fold increase
against tgDHFR inhibition. However the selectivity
ratio for tgDHFR decreased 4-fold. These differential
inhibitory effects of N9 methylation on pcDHFR and
tgDHFR underscore the fact that the active site of
pcDHFR and tgDHFR are different and that separate
structure—activity/selectivity relationships need to be
developed for each enzyme. C10 methylation of 11 to
afford 13 provided unexpected results. This analogue
though more potent than the nonmethylated analogue
11 is still a poor inhibitor of pcDHFR, tgDHFR, and
rIDHFR with ICses in the micromolar range. This was
surprising since in the C4—NI10 series previously re-
ported by us,'> methylation of N10 afforded an ex-
tremely potent inhibitor of pcDHFR, tgDHFR, and
rIDHFR, with ICsps in the 10~3 M range. The low
inhibitory activity of 13 could be attributed, in part, to
the intolerance of the enzyme(s) to the N9 H as a H-bond
donor or a hydrophilic substitution at the 9-position and
is reflected in the low activity of all the N9 H analogues.
Further studies are currently underway in our labora-
tory to determine the cause of this apparent anomaly
in the SAR. The N9 methyl 2,3’ ,4’-trimethoxy analogue
15 displayed increased activity against all the three
DHFRs to a similar extent as did 12. Thus, 15 was 195-
fold and 25-fold more active than the N9 H analogue
14 against pcDHFR and tgDHFR, respectively. As a
result, the pcDHFR selectivity for 18 increased 2-fold,
and decreased 4-fold for tgDHFR.

In the dimethoxy-substituted N9 H analogues 18, 19
and 21, the compounds have decreased potency com-
pared to the phenyl unsubstituted analogue 9 against
all three DHFRs (except 21 for rIDHFR). Moving the
2’-methoxy group of 21 to the 3’-position as in 19, results
in a 10-fold decrease in inhibition of rIDHFR. N9
methylation in the dimethoxy series to give compounds
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20 and 22 allows for a significant increase in potency
for all three DHFRs. N9 methylation of 19 resultsin a
75-fold increase in pcDHFR inhibition and a 47-fold

increase in tgDHFR inhibition. Selectivity for pcDHFR

is somewhat increased for 20 with a slight decrease in
selectivity for tgDHFR. The 2',5/-dimethoxy substitu-
tion pattern, as we have previously reported for the
5-CH;, C9—NI10 analogues,® afforded the highest po-
tency against all three DHFRs. N9 methylation of 21
to afford the N9 methyl 2’,5"-dimethoxy analogue 22
resulted in the most potent inhibitor of tgDFHR of all
the analogues tested. Compound 22 is 429 times more
potent than TMP against tgDHFR. It is also more
potent than TMQ against tgDHFR and is 30-fold more
selective. Analogue 22 afforded a 10-fold increase in
selectivity relative to TMQ against both pcDHFR and
tgDHFR. With its high potency of 6.3 nM (better than
TMQ) against tgDHFR along with the second highest
selectivity against tgDHFR of the nonclassical series,
22 was an excellent lead analogue. Its potency and
selectivity against pcDHFR was rioteworthy and ranked
it among the most potent and selective analogues of the
nonclassical series. The significantly different effects
of N9 methylation on pcDHFR and tgDHFR inhibition
observed for the trimethoxy analogues was absent in
the dimethoxy analogues. Thus, deletion of a methoxy
group in the trimethoxy series provides for an increase
in potency and selectivity against both pcDHFR and
tgDHFR.

Analogues 23—25 were designed to evaluate the role
of a naphthalene moiety on the side chain in place of a
phenyl ring. Piper et al34 have shown that the active
site of human DHFR is large enough te accommodate
such a substitution. Further, we’ have shown that
naphthalene substitution provides analogues which
have excellent cell penetration, which is an important
attribute for clinical' viablility. Comparison of the
activities of 23 and 9 indicate that the additional
hydrophobic contacts provided by the naphthalene ring
are conducive to rIDHFR inhibition, but are detrimental
to pcDHFR and tgDHFR inhibition. Compound 23 is
10 times more potent than 9 against rIDHFR and is the
most potent of all the N9 H analogues against riIDHFR.
Incorporation of a methoxy group at either the ortho or
the para position of the naphthalene ring results in
analogues with decreased affinity for pcDHFR and
rIDHFR and a slight increase in tgDHFR inhibition.
Substitution of a phenoxy group at the para position of
the phenyl ring of compound 9 affords 26 which is an
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extremely poor inhibitor of all three DHFRs reflecting
a lack of bulk tolerance at the 4’-position.

Insertion of an extra methylene between the N9 and
the side chain phenyl ring affords the three-atom-
bridged analogue 27. A similar bridge extension has
been reported by us in the tetrahydroquinazoline se-
ries.!9 This analogue 27 is more potent than 9 against
pcDHFR and riDHFR but is 10-fold less active against
tgDHFR. Interestingly N9 methylation of 27 to afford
28 results in a significant increase in potency against
tgDHFR and a slight increase in inhibition of pcDHFR,
but the rIDHFR inhibition is decreased 5-fold.

From Table 2, the most important criteria for high
activity against pcDHFR and tgDHFR was N9 methyl-
ation as seen in compounds 10, 12, 15, 20, and 22. The
substitution on the side chain phenyl ring or their
positions were relatively unimportant except for 12 and
22 with respect to tgDHFR. Compound 12 was also the
most potent inhibitor of pcDHFR. Thus the 345
trimethoxy analogue 12 and the 2',5-dimethoxy ana-
logue 22 provided the most potent analogues of the
series. In addition compounds 12 and 22 were the most
potent analogues against tgDHFR, and 11 and 22 were
the most selective. Thus in the dimethoxy-substituted
compounds, N9 methylation was important for both
pcDHFR and tgDHFR selectivity.

The nonclassical analogues 9-11, 15, and 19-22
were also evaluated against ecDHFR, IcDHFR, sfDHFR,
recombinant tgDHFR, and recombinant hDHFR, and
the results are listed in Table 3. These results were
obtained under different assay conditions than that
reported in Table 2. The tgDHFR inhibitory data in
Tables 2 and 3 are remarkably similar despite different
assay conditions. However, a significant difference in
the inhibition of rIDHFR compared to hDHFR was
observed. As a result, the selectivity ratios of these
analogues for tgDHFR vs hDHFR were quite different
and are also reported in Table 3. The corresponding
selectivity ratios for MTX are also listed for comparison
and are-different for hDHFR compared to rIDHFR in
Table 2. Thus 20, which has a selectivity ratio of 2.3
{vs rIDHFR) for tgDHFR (Table 2), displays a 100-fold
selectivity for tgDHFR compared to hDHFR (Table 3).
Similarly, compound 11 which has a selectivity ratio of
9.4 (vs rIDHFR) for tgDHFR displays a 192-fold selec-
tivity for tgDHFR compared to hDHFR. This analogue
also displayed more than a 4000-fold selectivity for
SfDHFR vs hDHFR. Compound 19 was also extremely
selective for sfDHFR with a selectivity ratio of 1860. The
N9 methyl analogue of 19, compound 20, showed an
increase in inhibition of hDHFR by 2 orders of magni-
tude compared to the N9 H analogue and displayed
excellent tgDHFR selectivity, compared to hDHFR, of
100.

The N9 methyl 2’,5'-dimethoxy-substituted analogue
22 showed astounding results with respect to potency
and selectivity against tgDHFR. Compound 22 had a
selectivity ratio of 300 for tgDHFR (Table 3) and is one
of the most selective tgDHFR inhibitors reported to
date. The high inhibitory potency against tgDHFR of
22 and its outstanding selectivity for tgDHFR suggests
that this analogue could be a clinical candidate for the
treatment of T. gondii infection.

The spectacular selectivity ratios obtained with 11,
20, and 22 for tgDHFR; 11, 19, and 21 for ecDHFR; and
11, 19, 21, 22, and 30 for sfDHFR (Table 3) validates
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Percent survival
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Figure 1. Percent survival of mice inoculated with T. gondii
trophozoites. Each mouse received 5000 T. gondil trophozoites
from culture (DCD13); the strain was derived from a clinical
isolate from a patient at Indiana University Medical Center.
The daily dose of drug was 50 mg/kg administered in food
(compounded daily, 1.8 g of powdered rodent chow -+ 10 mg of
drug + 3.2 g of peanut butter). There were 10 mice in this
group. The control group consisted of 12 mice which received
no drug. The amounts of drug were reduced proportionately
as the mice died.

our initial premise that selective inhibitors of a variety
of DHFRSs can be generated by removal of the 5-methyl
moiety and that this results in significantly greater
decrease in potency against hDHFR, which translates
into remarkably selective analogues against tgDHFR,
ecDHFR, and sfDHFR. "

Compound 22 on the basis of its potency ang selectiv-
ity was identified for further development. A f§lot study
against T. gondii infection in the mouse mpdel was
carried out. The data for eight days is shownjn Figure
1. The data indicates that after 7 days only 6he mouse
survived in the control group (8.3% survival), ‘While four
mice survived in the drug group (40% survival}, and
after 8 days, all the mice in the control group had died
and three mice were alive in the drug group, providing
for a 30% survival. This data strongly indicates that
22 is active orally and allows a prolongation of life.
Further, the arbitrarily chosen dose produced no obvious
toxicity.

The classical analogues 29 and 30 were evaluated
against cDHFR, ecDHFR, sfDHFR, and hDHFR. These
results are reported in Table 3. Both the N9 H and the
N9 methyl analogues were moderate inhibitors of
hDHFR with ICses in the 10-7 M range. N9 methylation
decreased activity against hDHFR and IcDHFR, while
there was no change against ecDHFR inhibition. Against
sfDHFR, 30 was as potent as MTX.

Selected analogues were also evaluated as antitumor
agents in the National Cancer Institute preclinical in
vitro screening program.3® The improved DHFR inhibi-
tion observed on N9 methylation was corroborated by
the inhibitory activity observed against the growth of
nonsmall lung cancer cell lines, colon cancer cell lines,
melanoma cell lines, and breast cancer cell lines. Thus,
while 11 was an extremely poor inhibitor of all the cell
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lines evaluated with Glsgs > 1074 M, the N9 methyl
congener displayed Glsos in the 1075-10-7 M range
against several of the cell lines. Similarly, a 1-2 orders
of increase in the inhibition of tumor growth was
observed for 22 compared to 21. The higher rIDHFR
inhibition observed with 23, the naphthyl analogue, was
corroborated by its tumor growth inhibition (Glses in
the 10~6=10"7 M range), which was much better than
any of the other N9 H analogues tested.

Remarkably potent and selective inhibitors of various
DHFRs compared to hDHFR have been achieved by the
removal of the 5-methyl moiety and the reversal of the
C9-N10 bridge of nonclassical 6-substituted 2,4-di-
aminopyrido{2,3-dlpyrimidine antifolates. Whether the
selectivities obtained are solely attributable to the
removal of the 5-methyl moiety, the reversal of the C9—
N10 bridge, or both factors will be the subject of future
reports. Preliminary animal studies indicate that at 50
mg/kg orally, compound 22 is active in the prolongation
of life in mice infected with T. gondii without toxicity.
Analogue 22 with its impressive potency and selectivity
against tgDHFR is currently undergoing further studies
under the auspices of The National Institute of Allergy
and Infectious Diseases, Division of AIDS. In addition,
the crystal structures of this analogue with pcDHFR
and hDHFR is in progress and will be the subject of
future communications.

Experimental Section

Melting points were determined on a Mel-Temp II melting
point apparatus and are uncorrected. Infrared spectra (IR)
were recorded with a Perkin-Elmer Model 1430, in Nujol
mulls, Nuclear magnetic resonance spectra for proton (*H
NMR) were recorded on a Bruker WH-300 (300 MHz) with
internal standard TMS; s = singlet, br s = broad singlet, d =
doublet, t = triplet, q = quartet, m = muitiplet. Low-
resolution mass spectra were obtained on an LKB-9000
instrument. Thin layer chromatography was performed on
silica gel plates with fluorescent indicator and were visualized
with light at 254 and 366 nm. Column chromatography was
performed with 230—400 mesh silica gel purchased from
Aldrich Chemical Company, Milwaukee, WI. All anhydrous
solvents were purchased from Aldrich Chemical Co. and were
used without further purification. Samples for microanalysis
were dried in vacuo over phosphorus pentoxide at 70 T or
110 T. Microanalyses were performed by Atlantic Microlabs,
Norcoss, GA, and are within £0.4% of the theoretical value.

2.4-Diamino-6-nitropyrido[2,3-dlpyrimidine, 7. To a
suspension of 2,4,6-triaminopyrimidine (2.00 g, 0.02 mol) in
refluxing ethanol was added concentrated HCl dropwise to
effect solution. To this solution was added the sodium salt of
nitromalonaldehyde (2.24 g, 0.02 mol) all at once, and the
reaction mixture was stirred at reflux under nitrogen. Within
15 min, a thick red precipitate started to form. After 1 h, TLC
analysis indicated trace amounts of starting material and a
major spot for the product. The suspension was cooled,
basified toa pH of 8, and filtered. The precipitate was washed
with 100 mL of cold water to remove unreacted triamino-
pyrimidine and the precipitate dried to yield 2.51 g of pure 7
as a red solid (76%). A small amount was crystallized from
water to yield analytically pure compound: mp >370 T; 'H
NMR (Me:SO-ds) 4 7.25 (br s, 2H, 2-NHy), 8.23 (br s, 2H,
4-NHp), 9.32 (m, 2H, H-5 and H-7). Anal. Calcd for
(C+HgNsO2H,0) C, H, N.

General Procedure for the Synthesis of Compounds
9,11, 14, 16—-19, 21, and 23-27. To a solution of 7 in 50 mL
of warm (40 T) N, N-dimethylformamide (DMF) was added
Raney Ni. The mixture was hydrogenated in a Parr shaker
at 35 psi for 3 h. TLC analysis (CHCl;:MeOH, 5:2) indicated
the presence of a blue fluorescent spot (Ry= 0.27). At the end
of this period, the appropriate aldehyde (substituted or un-
substituted benzaldehyde, substitued or unsubstituted naph-
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thaldehyde, or phenylacetaldehyde) was added followed by 15
mL of acetic acid, and the mixture was hydrogenated for a
further 3.5 h. The reaction mixture was treated with Norit
and filtered through a Celite mat. Silical get (1.0 g) was added
to the filtrate which was then evaporated to dryness to afford
a dry plug. This plug was chromatographed on a 1.05 in. x
23 in. column using CHCl;:MeOH (10:1) as the eluant. Frac-
tions containing the pure preduct, which showed an intense
green fluorescence, were pooled and evaporated to yield a
powder.
2,4-Diamino-6-(N-benzylamino)pyrido[2,3-dipyrimi-
dine, 9. Compound 9 was synthesized from 7 (0.49 g, 2.42
mmol), Raney Ni (3.0 g) and benzaldehyde (0.26 g, 2.42 mmol)
to afford 0.39 g (61%) of 9: mp 267 T:'H NMR (MeSO-dk) &
4.28 (d, 2 H, CH,), 6.09 (br s, 2 H, 2-NH>), 6.29 (t, 1 H, NH),
7.23 (m, 1 H, 4-H), 7.33 (m, 2 H, 3-H and 5’-H), 7.39 (m, 2 H,
2°-H and 6'-H), 7.44 (d, 1 H, H-5), 8.33 (d, 1 H, H-7). Anal.
Calcd for (C“H“Nc;HzO) C.H,N.
2,4-Diamino-6-[NV-(3',4',5"-trimethoxybenzyl)amino]-
pyrido[2,3-djpyrimidine, 11. Compound 11 was synthe-
sized from 7 (0.50 g, 2.43 mmol), Raney Ni (3.0 g), and 3,4.5-
trimethoxybenzaldehyde (0.48 g, 2.43 mmo)) to afford 0.54 g
(62%) of 11: mp 250 T: 'H NMR (Me2SO-ds) 4 3.62 (s, 3 H,
4’-OCH3), 3.76 (s, 6 H, 3'-OCH; and 5-OCH3), 4.20 (d. 2 H,
CHy), 6.31 (br s, 3H, 2-NH; and NH), 6.77 (s, 2 H, 2’H and
6’H), 7.50 (d, 1 H, 5-H), 7.63 (s, 2H, 4-NH;), 8.32 (d, 1 H, 7-H).
Anal. Caled for (C,7H;Ne03°0.5H.0) C, H, N.
2,4-Diamino-6-{N-(2",3’,4’-trimethoxybenzyl)amino]-
pyrido[2,3-djpyrimidine, 14. Compound 14 was synthe-
sized from 7 (0.49 g, 2.42 mmol), Raney Ni (3.0 g), and 2,3.4-
trimethoxybenzaldehyde (0.48 g, 2.42 mmol) to afford 0.52 g
(61%) of 14: mp 234 T; 'H NMR (Me,SO-ds) 6 3.76 (s, 3 H,
2"-OCHa), 3.77 (s, 3 H. 4-OCHy), 3.83 (s. 3 H, 3’-OCH»), 4.18
(d. 2 H, CHy), 5.933 {t, 1 H, NH), 6.02 (br s, 2H, 2-NH;), 6.75
(d, 1 H, 5-H), 7.05 (d. 1 H. 6"-H), 7.44 (m, 3 H, 4-NH; and
5-H). 8.34 (d, 1 H, 7-H). Anal. Calcd for (C17H2NgO3-H20)
C.H. N.
2,4-Diamino-6-[[N-(2',4',6'-trimethoxybenzyl)amino)-
methyl]pyrido{2,3-dlpyrimidine, 36. Compound 16 was
synthesized from 7 (0.75 g, 3.64 mmol), Raney Ni (4.00 g). and
2.4,6-trimethoxybenzaldehyde (0.71 g. 3.64 mmol) to afford
0.82 g (63%) of 16: mp 213 T; 'H NMR (Me2SO-dk) 6 3.78 (s,
3 H, 4-OCHa), 3.79 (s. 6 H, 2’-OCHj; and 6-OCH5), 4.04 (d, 2.
H, CHp), 5.39 (br s, 1H, NH}, 6.12 (brs, 2 H, 2-NH), 6.27 (s,
2 H, 3-H and 5-H), 7.46 (br s, 3 H, 4-NH; and 5-H), 8.30 (d,
1 H, 7-H). Anal. Calcd for (C;7H20Ns05-0.5H20) C, H, N.
2,4-Diamino-6-[N-(2',4',5’-trimethoxybenzyl)amino]-
pyrido]2,3-d]pyrimidine, 17. Compound 17 was synthe-
sized from 7 (0.45 g, 2.18 mmol), Raney Ni (3.0 g), and 2,4.5-
trimethoxybenzaldehyde (0.43 g, 2.18 mmol) to afford 0.50 g
(65%) of 17: mp 235 T; 'H NMR (Me,SO-d;) 6 3.66 (s, 3 H,
2"-OCHa), 3.78 (s, 3 H, 4-OCHa), 3.81 (s. 3 H. 5-OCHa). 4.17
(d, 2 H, CH2), 6.00 (t, 1 H, NH), 6.49 {br s, 2 H, 2-NH,), 6.71
(s, 1H,3-H), 7.03 (s, 1 H, 6"-H), 7.55 {d, 1 H, 5-H), 7.79 (s. 2
H, 4-NH,), 8.34 (d. t H, 7-H). Anal. Calcd for (Ci7H20NsO3-
0.75H.0) C, H, N. :
2,4-Diamino-6-[V-(3',4'-dimethoxybenzyl)amino]pyrido-
[2,3-dlpyrimidine, 18. Compound 18 was obtained from 7
(0.50 g. 2.43 mmol), Raney Ni (3.0 g). and 3.4-dimethoxy-
benzaldehyde (0.40 g, 0.50 mmol) to afford 0.46 g (58%) of 18:
mp 257 T; 'H NMR (Me,SO-d) 6 3.72 (s, 3 H, 4-OCHy), 3.75
{s. 3 H., 3"-OCH3), 4.20 (d, 2 H, CH2), 6.36 (br s, 3 H, 2 NH;
and H), 6.91 (m, 2 H, §"-H and 6-H), 7.05 (s, 1 H, 2"-H), 7.51
(d. 1 H,H-5), 7.74 (brs, 2 H, 4-NH;), 8.32 (d, 1 H, H-7). Anal.
Calcd for (Ci1eH1sNsO2°H20) C, H, N.
2,4-Diamino-6-{V-(3',5"-dimethoxybenzyl)amino]pyrido-
(2,3-dlpyrimidine, 19. Compound 19 was obtained from 7
(0.35 g. 1.70 mmol), Raney Ni (1.50 g), and 3, 5-dimethoxy-
benzaldehyde (0.28 g, 1.70 mmol) to afford 0.33 mg (60%) of
19: mp 264 T; 'H NMR (Me.SO-a) 6 3.71 (s, 6 H, 3",5"-OCHj),
4.24 (d, 2 H, CHy). 5.72 (s, 1 H, 4*-H), 5.86 (s, 2H. 2°.6™-H),
6.01 (t, 1 H NH), 6.14 (brs, 2H, 2-NH)), 7.14 (s, 2 H, 4-NH,),
791 (d. 1 H, H-5), 831 (d, t H, H-7). Anal. Caled for
(C1eH1sNg02:0.5H,0) C, H, N.
2,4-Diamino-6-( N-(2',5-dimethoxybenzyl)amino}pyrido-
[2,3-dlpyrimidine, 21. Compound 21 was obtained from 7
(0.4 g, 2.42 mmol), Raney Ni {3.0 g}, and 2 5-dimethoxy-
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benzaldehyde (0.40 g, 2.42 mmol) to afford 0.54 g (68%) of 21:
mp 216 C: 'H NMR (Me.SO-ds) 6 3.66 (s, 3 H, 2-OCH3), 3.71
(s, 3 H, 5-OCHa), 4.22 (d, 2 H, CHy). 5.97 (br s, 3H, 2-NH,
and NH), 6.79 (m, 1H, 6"-H), 6.92 (m. 2H. 3-H and 4"-H), 7.32
(s. 2 H, 4-NHg). 7.43 (@, 1 H, 5-H), 8.35 (d. 1 H. 7-H). Anal.
Cated for (CisHisNsO22H20) C, H, N.

2.4-Diamino-6-[N.(1"-naphthylmethylene)amino]pyrido-
(2,3-d]pyrimidine, 23. Compound 23 was synthesized from
7 (0.25 g. 1.21 mmol), Raney Ni (3.0 g, and 1-naphthaldehyde
(0.19 g, 1.21 mmol) to afford 0.23 g (61%) of 23: mp 259 T:
1H NMR (Me2SO-ds) 6 4.61 (d, 2 H, CH3), 6.11 (t, 1 H. NH).
6.71 (br s. 2 H, 2-NH,), 7.41 (m, 2 H, 2’-H and 3"-H), 7.56 (m,
2'H, 4-H and 5-H), 7.75 (d, 1 H, H-5), 7.90 (m, 5-H, 6"-H, 7"-
H, 8-H and 4-NHj). 8.33 (d. 1 H, H-7). Anal. Caled for
(CisHigNe'Hz0) C, H, N.

2 4-Diamino-6-[N-[(4-methoxy-V'-naphthyl)methylene}-
aminojpyrido(2.3-dipyrimidine, 24. Compound 24 was
obtained from 7 (0.49 g, 2.42 mmol), Raney Ni (3.0 g), and
4-methoxy-1-naphthaldehyde (0.45 g, 2.42 mmol) to afford 0.49
g (59%) of 24: mp 297 T:'HNMR (Me;SO-dg) 8 3.91 (5. 3 H.
4-OCHy), 4.61 (d. 2H, CHp, 6.11 {t. 1 H,NH), 6.60 (brs, 2 H,
2-NH,). 7.31 (d, 1 H, 3"-H), 7.37 (d, 1 H, 2~-H), 7.56 (m. 1 H.
5.H). 7.79 (d. 1 H, H-5), 7.96 (m, 5 H, 6, 7", 8’ H and 4-NH.),
837(d, 1 H, H-T). Anal. Caled for (CieHhsNe0-0.5H;0) C, H,
N.

2.4-Diamino-6-|N-[(2"-methoxy- ".naphthyl)methylene]-
amino]pyrido(2,3-d]pyrimidine, 25. Compound 25 was
obtained from 7 (0.60 g. 2.91 mmol), Raney Ni (3.0 g). and
2-methoxy-1-naphthaldehyde (0.54 g. 2.91 mmol) to afford 0.54
g (54%) of 25: mp 288 T;'H NMR (Me;50-ds) § 3.98 (s.3H.
2-0CH,), 4.58 (d, 2H, CHy), 6.03 (t, 1 H. NH), 6.65 (brs. 2 H.
2-NHy). 7.39 (m. | H, 3-H), 7.52 (m. 2 H, 4’ and 5™-H), 7.75 (d.
1 H, H-5), 7.90 (m, 5 H, 6, 7", &'-H and 4-NH,), 833 (d, I H,
H-7). Anal. Calcd for (CmeNeO'HzO) C,AH, N.

2,4-Diamino-6-[N-(4"-phenoxybenzyl)amino]pyrido[2,3-
dlpyrimidine, 26. Compound 26 was synthesized from 7
(0.40 g, 1.94 mmol), Raney Ni (3.0 g), and 4-phenexybenz-
aldehyde (0.36 g, 1.94 mmol) to afford 0.38 g (55%) of 26: mp
290 T: 'H NMR (Me;SO-ds) 6 4.26 (d, 2 H, CHy), 5.87 (brs, 2
H. 2-NHy). 6.23 (t. | H, NH), 6.38 (s, 2 H, 41-NH,), 6.96-7.1
(m, 5 H), 7.95 (d, 2 H, 2"-H), 8.31 (d, 1 H, H-7), 8.69 (d. 1 H).
8.75 (d, 1 H). Anal. Calcd for (C2oHisNeO-Hz0) C, H, N.

2,4-Diamino-6-[N—(2~phenylethyl)amino]pyﬁdo[2.3-d)-
pyrimidine, 27. Compound 27 was synthesized from 7 (0.60
g. 2.91 mmol), Raney Ni (3.0 g), and phenylacetaldehyde (0.35
g. 2.91 mmol) to afford 0.49 g (60%) of 27: mp 251 C.'HNMR
{Me,SO-ds) 6 2.86 (t. 2 H. CH;CH), 3.24 {t. 2 H, CH.CHy),
5.80 (t, 1 H, NH), 5.87 (br s, 2 H, 2-NH,), 7.32 (m. 5 H, C¢Hs),
737 (d, 1 H, H-5), 825 (d, 1 H, H-7). Anal. Caled for
{CisH16Ne*0.5H:0) C, H. N.

General Procedure for the Synthesis of Compounds
10, 12, 15, 20, 22, and 28. To a suspension of the correspond-
ing N9 H compound in 15 mL of acetonitrile were added HCHO
and NaCNBH,, followed by concentrated HCl dropwise to
effect solution. TLC analyses after 1 h indicated the presence
of a new spot corresponding to the product. The reaction
mixture was stirred for 3 h, and the acetonitrile was evapo-
rated. The residue was dissolved in water and brought to pH
of 8 with concentrated NH,OH. The resulting precipitate was
filtered and washed with 25 mL of cold water to afford the
pure N9 methyl compound.

2,4.Diamino-6-(N-benzyl-N-methylamino)pyrido(2,3-d}-
pyrimidine, 10. Compound 10 was synthesized from 9(0.10
g. 0.38 mmol), NaCNBH; (0.07 g, 1.12 mmo}), and HCHO (0.10
mL) to afford 0,07 g (72%) of 10: mp 255 T:'H NMR (Me:SO-
de) 6 2.97 (s, 3H, N9 CHy), 4.31 (s. 2 H. CHp), 6.17 (br s, 2-H.
2-NH,), 7.32 (m, 1 H, 4-H), 7.36 (m, 2 H, 3’-H and 5"-H), 7.43
(m, 2 H, 2"-H and 6-H), 7.59 (d, 1 H, H-5), 8.41 (d, 1 H, H-7).
Anal. Calcd for (C]:,H]sNe'O.SHzO) C. H. N.

2.4-Diamino-6-|N-(3",4°,5"-trimethoxybenzyl)- N-meth-
ylamino)pyrido(2,3-d]pyrimidine, 12. Compound 12 was
synthesized from 11 (0.10 g, 0.28 mmol), HCHO 0.10 mL),
and NaCNBH3 (0.05 g, 0.84 mmol) to afford 0.08 g (75%): mp
279 C; 'H NMR (MezSO-d) 6 3.03 (s, 3 H, N9 CHa), 3.62 (s,
3 H, 4-OCH;), 3.71 (s, 6 H, 30OCHs and 5-OCHy), 4.55 (s, 2
H. CHy), 6.57 (s, 2 H, 2’H and 6’H), 6.88 (br s, 2 H, 2-NHy).
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7.82 (d. 1 H, 5-H), 8.25 (s, 2 H, 4-NH,), 8.46 (d. 1 H. 7-H).

" Anal. Calcd for (CmszNsOJ'O.SHzO) C, H, N.

2.4-Diamino-6-[N—(2'.3’.4'-trimethoxybenzyl)-N—meth-
ylamino]pyrido[2.3-dipyrimidine, 15. Compound 15 was
obtained from 14 (0.09 g, 0.25 mmol), HCHO (0.10 mL), and
NaCNBHj; (0.05 g. 0.76 mmol) to afford 0.07 g {809%) of 15:
mp 236 C; 'H NMR (MezSO-dt) 6 2.81 (s, 3H, CHj),3.75 (s,

"3 H. 2-OCH3), 3.77 (s, 3 H. 4-OCHj), 3.81 (s, 3 H, 3-OCH).

4.21 (s, 2H. CHy). 6.11 (brs, 3 H. 2 NH: and NH), 6.77 (d. 1
H, H-5), 7.11 (d, 1 H, 6-H), 7.583 (m. 3 H, 4-NH; and H-5),
836 (d, 1 H, H-7). Anal. Caicd for (CmszNsOa‘HzO) C. H,
N

2.4-Diamino-6-|N-(3',5-dlmethoxybenzyl)-N-methyl-
amino]lpyrido{2,3-dlpyrimidine, 20. Compound 20 was
obtained from 19 (0.12 g, 0.37 mmol), NaCNBH, (0.06 g, 0.92
mmal), and HCHO (0.12 mL) to afford 0.09 g (79%) of 20: mp
259 C; 'H NMR (MeSO-de) 6 2.94 (s, 3 H, N9-CHa), 3.71 (s,
6 H, 3,5-OCHy), 4.26 (s, 2H, CHy), 5.75 (s, 1 H, 4-H), 5.84 (s.
2H,2".6H). 6.19 (br s, 2 H, 2-NH2), 7.24 (5. 2 H, 4-NHz}, 7.95
{d. 1 H, H-5), 8.37 (d. 1 H, H-7). Anal. Calcd for (Ci7Hz2NeOz
H:0) C. H. N.

2.4-Diamino-6-[N-(2".5'-dimethoxybenzyl)- N-methyl-
aminolpyrido[2,3-d)pyrimidine, 22. Compound 22 was
obtained from 21 (0.08 g, 0.25 mmol), NaCNBH, (0.05 g, 0.74
mmol), and HCHO (0.08 mL) to afford 0.06 g (69%) of 22: mp
240 C: 'H NMR (Me;SO-dk) o 3.04 (s, 3 H, N9 CHa), 4.60 (s,
2 H. CHy), 6.54 (d. 1 H, 3-H), 6.79 (d, 1 H. 4-H), 6.96 (m, 3 H,
2-NH; and 6'-H), 7.30 {br s. 2 H, 4-NH3), 7.87 (d. 1 H, H-5),
8.36 (¢, 1 H, H-7). Anal. Calcd for (Ci7HzoNs02+0.75H:0) C,
H, N

2.4-Diamino-6-[ V-(2-phenylethyl)-N-methylamino]}-
pyrido(2,3-dlpyrimidine, 28. Compound 28 was synthe-
sized from 27 (0.20 g. 0.71 mmol), NaCNBH; (0.14 g, 2.14
mmol), and HCHO (0.20 mL) to afford 0.14 g (66%) of 28: mp
258 T: 'H NMR {Me;SO-ds) 6 2.86 (t, 2 H. CH:CHa), 2.92 (s,
3 H, CHa), 3.21 {t. 2 H, CH,CH?), 5.89 (br s, 2 H, 2-NHy), 7.39
(mn, 5 H. CeHs), 7.47 (d, 1 H, H-5), 8.01 (brs, 2 H, 4-NH3), 8.33
(d. 1 H, H-7). Anal. Calcd for (ClsHmNs'HzO) C. H,N.

2.4-Diamino-6-[V-[(3".4".5- trimethoxybenzyl)methyl]-
amino)pyrido[2,3-djpyrimidine, 13. Compound 7 (0.45 g,
2.18 mmol) was dissolved in 40 mL of warm DMF, Raney Ni
(2.5 g added, and the mixture hydrogenated for 4-h. The
reaction mixture was filtered through a Celite mat and the
DMF evaporated under reduced pressure (40 ) to yield a
brown solid. This solid was dissglved in 15 mL of methanol,
and 3.4.5-trimethoxyacetophenone (0.47 g. 2.18 mmol) was

‘added all at once. Foliowing this, 2—3 mL of acetic acid was’

added followed by BHs'EuN (0.48 g, 6.54 mmol). After 2 h,
another 2—3 mL of acetic acid was added and the reaction
mixture stirred overnight at room temperature. Water (15
ml.) was then added. and all the solvents were evaporated.
The residue was dissolved in methanol (30 mL), 1.0 g of silica
ge! added, and the methanol evaporated to yield a dry plug.
This plug was eluted with CHCl;:MeOH (5:1), and fractions
containing the product were pooled and evaporated to dryness
to yield pure 13 as a yellow powder (0.09 g, 12%): mp 283 C;
'H NMR (MeSO0-ds) 8 1.3 {d, 3 H, CHy), 3.62 (s, 3 H, 4-OCHs),
3.71 (s. 6 H, 3’ and 5-OCHj), 4.17 (m. 1 H, CH). 6.29 {m, 3 H.
2.NH; and NH), 6.61 (s, 2 H, 22 H and 6’ H), 7.1 (d, 1 H,
H-5), 8.12 (brs, 2 H. 4-NH>), 8.41 (d. 1 H, H-7). Anal. Caled
for (CisH22Ns03°H20) C, H, N.

Diethyl 4-(Formylbenzoyl)-L-glutamate, 31. A solution
of 4-carboxybenzaldehyde (3.38 g. 0.02 mol), diethyl L-
glutamate ester hydrochloride {(5.40 g, 0.02 mol). and DCC
{4.64 g, 0.02 mol) in anhydrous pyridine was stirred for 7 days.
At the end of this period, the pyridine was evaporated. and
the oil was chromatographed on a silica gel column using
hexanes:ethyl acetate (10:1) as the eluant. Fractions contain-
ing the desired product (TLC) were pooled and evaporated t0
yield 3.0 g (40%) of a white solid: mp 75 T (1it.3 mp 74-76
).

5-Deazaisoaminopterin, 29. To a solution of 7 {0.50 g.
2.42 mmol) in warm DMF was added 3.0 g of Raney Ni. and
the mixture was hydrogenated for 3 h at 35 psi. At the end of
this period, 4-(formylbenzoyl)-L-glutamate diethyl ester 31
(0.81 g, 2.42 mmol) was added followed by 15 mL of acetic acid,
and the mixture was hydrogenated for a further 3.5 h. The
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reaction mixture was filtered through Celite, and the filtrate
was evaporated to dryness. Workup and purification was
carried out as described above for 16 to yield the diethyl ester,
32 (0.69 g, 58%).

The diester was dissolved in 5 mL of DMSO and saponified
using 10 mL of 1 N NaOH at room temperature over a period
of 6 h to afford 29 as a yellow powder (0.47 g, 77%): mp 280

C; 'H NMR (MeSO-ds) 6 1.93-1.97 (m, 2 H, Glu 3-CHa).

1.99-2.03 (m, 2 H, Glu 6-CHy), 4.36 (overlapping m, 3H, CH,
and Glu a-CH), 6.54 (br m, 3 H, 2-NHz and NH). 7.49 (m, 3 H,
H-5 and 3"- and 5-H), 7.67 (br s, 2 H, 4-NH;}, 7.83 (d, 2 H, 2"
and 6’-H), 8.32 (overlapping m, 2 H, H-7 and CONH). Anal.
Calcd for (C20H2;N70s°1.5H;0) C, H, N,

9-Methyl-5-deazaisoaminopterin, 30. To a suspension
of 32 {0.5 g. 1 mmole) in 30 mL of acetonitrile was added
NaCNBH; (0.06 g, 3 mmol) and HCHO (0.5 mL) followed by
concentrated HCI dropwise to effect solution. The reaction
mixture was stirred for 3 h, and the acetonitrile was evapo-
rated. The residue was dissolved in water and brought to pH
8 with concentrated NH,OH. The resulting precipitate was
filtered and washed with cold water to afford pure 33.
Saponification of 33 was carried out in a manner similar to
that described for 32 (in the synthesis for 29 above) to yield
30 (0.24 g, 54%): mp 276 T, 'H NMR (Me:SO-dg) 6 1.94—
1.98 {m, 2 H, Glu -CHy), 1.99-2.03 (m, 2 H, Glu 6-CH_), 2.89
(s. 3 H, CHa), 4.43 (overlapping m, 3 H, CH; and Glu a-CH),
6.60 (br s, 2 H, 2-NH,), 7.52 (m, 3 H, H-5 and 3"- and 5°-H),
7.71 (br s, 2 H, 4-NH,), 7.87 (d, 2 H, 2"- and 6-H), 8.34
(overlapping m, 2 H, H-7 and CONH). Anal. Calcd for
(C21H23N;05-2.0H:0) C, H. N.
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6-Substituted 2,4-Diamino-5-methylpyrido[2,3-d]lpyrimidines as Inhibitors of
Dihydrofolate Reductases from Pneumocystis carinii and Toxoplasma gondii
and as Antitumor Agents!
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The synthesis and biological activity of 15 6-substituted 2,4-diamino-5-methylpyrido[2,3-d)-
pyrimidines are reported. These compounds were synthesized in improved yields by modifica-
tions of procedures previously reported by us. Specifically, dimethoxyphenyl-substituted
compounds with H and CHj at the N-10 position and trimethoxyphenyl-substituted compounds
with N-10 ethyl, isopropyl, and propargyl moieties were synthesized. These compounds were
evaluated as inhibitors of dihydrofolate reductases (DHFR) from Pneumocystis carinii,
Toxoplasma gondii, and rat liver, and selected analogues were evaluated as inhibitors of the
growth of T. gondii and tumor cells in culture. All the compounds showed increased selectivity
(vs rat liver DHFR) for T. gondii DHFR compared to trimetrexate. In general, for the
trimethoxy-substituted analogues, increasing the size of the N-10 substituent from a methyl
group to larger groups resulted in a decrease in selectivity and potency for both P. carinii and
T. gondii DHFR. For the dimethoxy-substituted analogues, N-10 methylation in general
decreased potency but increased selectivity for T. gondii DHFR. In an attempt to improve the
cell penetration of these analogues, the N-10 naphthyl-substituted analogues were also
synthesized. These analogues displayed excellent cell penetration and inhibition of T. gondii
cells in culture. Further, these analogues were potent inhibitors of the growth of tumor cells
in the preclinical in-vitro screening program of the National Cancer Institute with ICsos in the
nanomolar range.

Infections with Preumocystis carinii and Toxoplasma OCH,
gondii remain the principal cause of death in patients ) OCH,
afflicted with acquired immunodeficiency syndrome
(AIDS).2 Currently available treatments are beset with
high cost, lack of selectivity, or host toxicity.? Trime-
thoprim (TMP) and pyrimethamine, both of which are
weak inhibitors of P. carinii dihydrofolate reductase
(pcDHFR) and T., gondii dihydrofolate reductase (tgDH-
FR),* are currently used in combination with sulfona-
mides in the treatment of P. carinii and T. gondii
infections, respectively.

Lipophilic, nonclassical, bicyclic antifolates such as
trimetrexate (TMQ), a quinazoline, and piritrexim
(PTX), a pyrido{2,3-d]pyrimidine, have been reported as
potent inhibitors of pcDHFR and tgDHRF.56 TMQ
(NeuTrexin) has recently been approved as an agent for
the treatment of P. carinii infections.” These nonclas-
sical antifolates enter cells via passive diffusion, cir-

biological activities of a series of nonclassical pyrido-

cumventing the need for the folate transport system(s)
necessary for the uptake of classical antifolates like
methotrexate (MTX), and are able to penetrate P. carinii
and T. gondii cells which lack the active transport
system(s) for folates. However, TMQ and PTX lack
selectivity for pcDHFR and tgDHFR compared to mam-
malian DHFR. Thus TMQ has been approved for
clinical use against P. carinii infections only with
leucovorin rescue.

We® have previously reported the synthesis and

* Duquesne University.

? Indiana University School of Medicine.

® Tufts University School of Medicine.
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[2,3-d)pyrimidine antifolates as inhibitors of pcDHFR
and tgDHFR. Several of these compounds were more
potent and selective than TMQ and PTX. Compound
1b, for example, was 5 times as potent and 8 times as
selective for pcDHFR as TMQ.? Against tgDHFR, 1b
was 12 times as potent and 31 times as selective as
TMQ. However, despite their potent DHFR inhibition
and selectivity, compounds 1a,b were poorly active
against the growth of these organisms in culture.® In
an attempt to extend our®-!! efforts aimed at developing
lipophilic, nonclassical antifolates with both high po-
tency and selectivity for pcDHFR and/or tgDHFR, and
to establish a structure—activity/selectivity relationship

© 1996 American Chemical Society
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Inhibitors of Bacterial DHFR

for 6-substituted 2,4-diamino-5-methylpyrido[2,3-d]-
pyrimidines, we synthesized compounds 2a—e, Sa—e,
4a—c, and Ba,b. Compounds 2a—e were designed to
investigate the importance of the third methoxy group
of 1a,b toward selectivity and potency against pcDHFR
and tgDHFR as well as to the inhibition of the growth
of these organisms in culture. Sequential removal of
one of the trimethoxy groups of TMP results in a
significant decrease in inhibition of bacterial DHFR.!?
We were interested in determining if a similar structure-
activity relationship exists for 1a,b against pcDHFR and
tgDHFR. The effects on biological activity of altering
the substitution pattern of the methoxy groups on the
phenyl ring were of interest and were also addressed
by compounds 2a—e. Since N-10 methylation in the
trimethoxy series resulted in significant increase in the
selectivity and potency of 1b toward botb pecDHFR and
tgDHFR compared to the nonmethylated analogue 1a2
compounds Sa~e were synthesized with the idea that
a similar increase in selectivity and potency of the
dimethoxy-substituted analogues could be achieved vie
N-10 methylation. Compounds 4a—c were designed to
evaluate the inhibitory effects of different N-10 substi-
tutions. These substituents serve to partially restrain
the conformational flexibility around ¢z and 3 and
perhaps provide for additional interactions of the N-10
substituent with the enzyme—cofactor complex which
could result in greater selectivity and/or potency as was
observed for 1b compared to 1a® In spite of the

OCH;,
OCH;
NH; CHa
nk gy
N7“ l = N ‘OCHjy
N P
HoN N N
1a.R=H
1b. R=CH3

significant inhibitory activity of 1a,b against tgDHFR,
both compounds were considerably less potent against
the growth of T. gondii cells in culture (Table 2), which
could be attributed in part to their lack of sufficient lipid
solubility. Compounds 5a,b with N-10 paphthyl and
N-10 4-methoxynaphthyl substitutions were synthesized
to increase lipophilicity and the cell penetration of these
analogues.

Chemistry

The syntheses of the target compounds are shown in
Scheme 1 and required the intermediate 2,4-diamino-
5-methylpyrido{2,3-2]pyrimidine-6-carbonitrile (6). One
of the several methods of synthesizing the pyrido{2,3-
dlpyrimidine ring system is by the reaction of o-aminc
nitriles with guanidine.!® The synthesis of 8 was
achieved according to the method of Elslager and
Davoll,™ later adapted by Piper et al.16 for the synthesis
of classical 5-substitued pyrido[2,3-dlpyrimidine anti-
folates. This method involves the dechlorination of
2-chloro-3,6-dicyano-4-methyl-6-aminopyridine to the
amino nitrile followed by cyclization with guanidine
hydrochloride. We carried out the dechlorination in
dioxane, a lower boiling solvent than DMF,!® which
facilitated workup of the reaction. In addition, we found
that the use of 5% P&/C, which is less expensive than
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Pd/BaCO;, resulted in a slight improvement in the yield
of the dechlorinated product compared to the literature
methods (90%; 1it.18 86%). A significant improvement
in the yield of the guanidine cyclization step to com-
pound 6 was achieved by increasing the reaction time
from 5 to 8 days and the amount of guanidine hydro-
chloride from 1 to 4 mol equiv (74%; Lit.}6 58%). Reduc-
tive condensation of 6 with the appropriately substi-
tuted dimethoxyanilines and aminonaphthylenes afforded
target compounds 2a—e and 5a,b. The yields of these
condensations were generally low (25—40%). In an
attempt to improve the overall yield of the target
compounds, the intermediate 6 was converted to the
6-carboxaldehyde 7 with 97% formic acid and either
Raney nickel or a Ni—~Alalloy for 2 h to yield the crude
aldehyde 7 (75—-80%). Reductive amination of 2,5-
dimethoxyaniline with 7 in 5 N HCVMeOH and NaC-
NBH; at pH 5 afforded target compound 2a. The use
of 4 A molecular sieves resulted in slight improvement
in yields. The low yield of this reaction is presumably
due to the poor solubility of 7 in MeOH. The overall
yield of 2a from the nitrile via the aldehyde was inferior

1o that obtained via the direct reductive condensation -

of 2,5-dimethoxyaniline with the nitrile.

N-10 methylation of compounds 2a—e to provide
3a—e was carried out by a modification of an earlier
procedure developed by us.? Reductive methylations in
acetonitrile with NaCNBH; and HCHO was facilitated
by the dropwise addition of sufficient 1 N HCIl to effect
solution (usually at a pH of 3-4). This methodology
affords high yields (70~80%) of pure N-10-methylated
product without the need for chromatographic purifica-
tion of the products.

Compound 7 was reduced to the alcohol 8 with NaBH,
in methanol. Long reaction times result in over-
reduction of the aldehyde to the 6-methyl compound
which has been shown by Taylor et al.!¢ to be recalci-
trant to any further transformations. The use of ithium
triethylborohydride (Super Hydride) afforded 8 in yields
comparable to that obtained with NaBH;. The 6-hy-
droxymethyl compound 8 was then brominated using
one of three methods: (a) triphenylphosphine dibromide
in acetonitrile,’ (b) 30% HBr in acetic acid,!? (¢)
anhydrous HBr in dioxane.}® In our hands, method b
afforded the highest yield (91%) of the 6-bromomethy”
compound 9. This compound was very reactive as ite
hydrobromide salt and was used jmmediately in the
next step. The N-ethyl- and N-propargyl-3,4,5-tri-
methoxyanilines were obtained by alkylating 3,4,5-
trimethoxyaniline with the appropriate alkyl halide.
The reaction was also carried out using a hindered
base'? to prevent dialkylation of the aniline. The best
yield (63%) of the monoalkylated product was obtained
with Hunigs base. N-Isopropyltrimethoxyaniline was
obtained by the reductive amination of acetone with
trimethoxyaniline.

Biological Results and Discussion

Compounds 2a—e, 3a—e, 4a—c, and 5a,b were evalu-
ated as inhibitors of DHFRs from P. carinit (po), T.
gondii (1g), and rat liver (z1), and the results are listed
in Table 1. Selectivity ratios were determined using
rIDHFR as the mammalian source and are also listed
in Table 1. Replacement of the three methoxy groups
with two methoxy groups at various positions on the

QO
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Scheme 1
NH; CH3
N* | = HCOOH
PN
HN _
6 Ni-Al alloy

2a.R=2, $-OCH3
2b. R =3, §-OCH3
2¢. R =2, 4-0CH3
2d.R = ¥, 4-OCH3
2e.R =2, 5-OEt
54 R=2, 3-CqH4
Sb. R =2, 3-C4Ha, 4-0CH3

HCHO
NaCNBH3
IN RC]

NH;

CHj

3a.R~2,5-0CH3
3. R=3,5-0CH3
3c. R=2",4-0OCH3
3d. R= 3, 4-OCH3
3e.R=2', 5-0OFEt

phenyl ring in an attempt to assess the contribution of
the third methoxy substituent toward the selectivity
observed for 1b® afforded varied results. Substitution
of a methoxy group at the meta position was important
for potency toward both pcDHFR and tgDHFR. Thus,
2b, which has both meta positions substituted, was the
most potent in this series and was 4 and 2 times as
potent as la against pcDHFR and tgDHFR, respec-
tively, and its selectivity for tgDHFR matches that of
1b. Compounds 2a,d, both of which have one m-
methoxy substituent, had similar inhibitory activities
against pcDHFR and tgDHFR. Compound 2a was 140-
fold more selective than 1a and 4.5-fold as selective as
1b as an inhibitor of pcDHFR. It was as selective as
1b for tgDHFR. Compounds 2d, however, was signifi-
cantly more potent against rIDHFR and hence was not
selective for pcDHFR or tgDHFR. Comparison of the
biological activity of 2b,d and 2a,c defines the role of a
p-methoxy group toward selectivity of the dimethoxy-
substituted analogues. Compound 2b, which differs
from 24 in the position of one methoxy group, was
almost 12-fold more selective for pcDHFR and more
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¥
HN: OCRH,3

OCH;

4a. R = CH2C=CH
4b. R = CH(CH3)2
4¢. R =CH2CH3

than 10-fold more selective for tgDHFR than 2d.
Similarly, 2a was more selective and potent than 2e,
which lacks a meta substituent and was the least potent
analogue of the dimethoxy series. Clearly, the di-m-
methoxy substitution in the dimethoxy series was
conducive to both potency and selectivity toward pcDH-
FR and tgDHFR. In an attempt to increase the con-
formational restriction around ¢3 and the size of the 2',5"-
substituents, the 2’,5’-diethoxy analogue 2e was synthe-
sized. Comparison of the activity of 2¢ with 2a indi-
cated no significant difference in potency toward either
pcDHFR or tgDHFR. However, there was a loss in
selectivity of 2e due to a 7-fold increase in the activity
against rIDHFR,

The *H NMR data for analogues 2a—e in deuterated
dimethyl sulfoxide (Table 3) indicates, as anticipated,
that the chemical shift of the N-10 H is strongly
influenced by the position of the methoxy groups. It was
interesting to note that the activity against pcDHFR
and tgDBFR of analogues 2a—e was inversely depend-
ent on the mesomeric effect of the methoxy groups and
hence the electron density on the N-10 nitrogen; ana-

a1
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Table 1. Inhibitory Concentrations (ICyo, nM) and Selectivity
Ratios againet pcDHFR, tgDHFR, riDHFR, and 1¢cDHFR

compd pcDHFR rIDHFR rUpe tgDHFR 1litg IcDHFR?

la 86 21 002 74 0.28 22
1b 13.2 76 0.38 085 834 200
2a 46 128 28 16 8.0 39
2b 229 425 198 438 8.85

2¢ 316 214 0.68 56.5 38

2d 44 76 017 8.8 0.86 83
2e 767 174 023 17.0 1.0

3a 216 407 1.9 301 135

3b 130 170 13 58 29

3¢ 510 330 0.6 38 8.7

3d 320 44 0.14 29 15

3e 3100 3000 1.0 100 30.0

4a 53.5 11.8 0.22 1.7 15

4b 13.4 175 1.3 6.7 26 210
4c 49.7 105 0.21 27 3.9

6a 573 29.6 0.05 14.5 2.0

5b 41 54 1.3 23 2.3

T™Q 42 3.0 007 10 0.3 27
PTX 38 1.5 004 11 0.14

TMP 12000 133000 11.1 2700 49 103

@ This value was incorrectly reported as 0.58 nM in our previous
publication.?

Table 2. Comparison of the Inhibition (ICs0, uM) of T gondii
Cells in Culture va the Inhibition of tgDHFR

compd tgDHFR tg culture culture/enzyme
1a 0.0074 23.0 3108
- 1b 0.00085 4.7 5529
2a 0.016 1.5 94
2b 0.0048 0.6 125
2e 0.017 0.32 19
3a 0.0301 1.05 35
3c 0.038 1.73 46
5a 0.0145 0.10 7
5b 0.02 0.04 2

Table 3. Correlation of Chemical Shifts (8) of the N-10 H and
the Inhibition (ICs, nM) of pcDHFR and tgDHFR

compd 'H NMR (N-10 H) pcDHFR tgDHFR
2b 5.91 22,9 4.8
2d 5.53 44.0 8.8
2a 5.18 46.0 16.0
2e 5.21 76.7 17.0
2¢ 4.61 316 56.5

logue 2b, in which the N-10 H is not affected by the
mesomeric effect of the methoxy groups, was the most
potent and selective analogue against both pcDHFR and
tgDHFR in the dimethoxyphenyl series. Similarly, the
N-10 H of 2¢ was the most upfield of those of the N-10
H analogues due to the mesomeric effects of the o- and
p-methexy groups, and 2c was the Jeast potent. We are
currently investigating 4’-monosubstituted phenyl moi-
eties with electron-withdrawing and -donating groups
to further investigate this observation. This effect was
not observed against rIDHFR, nor was it observed with
the N-10-substituted analogues.

N-10 methylation, in general, resulted in a decrease
in activity against both pcDHFR and tgDHFR compared
to the N-10 H analogues 2a—e (with the exception of
2¢). This is in sharp contrast to the 3,4,5-trimethoxy-
substituted series® where N-10 methylation significantly
increased activity. Further, the selectivity of 8a—d
toward pcDHFR was decreased compared to that of 2a~
d, again in contrast to the 3,4,5-trimethoxy analogues.
This was surprising and suggests that extrapolation of
results obtained in the 3,4,5-trimethoxy-substituted
series to the dimethoxy-substituted series was inap-
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" propriate. One redeeming feature of N-10 methylation

in the dimethoxy series was the increase in selectivity
toward tgDHFR observed for all the compounds in this
geries (except 2b). Compounds 3a,e have greater
selectivity for tgDHFR than 1b, and compound 3e in
particular was 200-fold more selective for tgDHFR than
TMQ and was the most selective inhibitor of the
dimethoxy series.

In the 3,4,5-trimethoxy series, increasing the size of
the N-10 substituent from a methyl group to larger alkyl
groups in an attempt to increase the degree of confor-
mational restriction around t; and ¢3 and/or provide for
additional interactions with the enzyme afforded vary-
ing results. Compound 4c, the N-10 ethyl analogue, was
less potent against all the three DHFRs compared to
the N-10 methyl analogue 1b. Similarly, introducing a
propargyl group as in 4a resultsin a decrease in activity
toward all three DHFRs. Both 4a,c were more potent
and selective than 1a, the N-10 H analogue, against
pcDHFR. Compound 4a was equipotent with 1a, and
both 4a,c had greater selectivity than la against
tgDHFR, indicating that substitution on the N-10
nitrogen is conducive to selective inhibition of pcDHFR

and tgDHFR. Compound 4b was 4-fold more potent )

than 4a,c against pcDHFR, and its potency parallels
that of 1b. Further 4b wag 65-fold more selective than
la and more than 2 times as selective as lb for
pcDHFR. However its potency and selectivity toward
tgDHFR were similar to those of 4a,c. These results
further substantiate the differences between DHFRs
from P. carinii, T. gondii, and rat liver which should
yield analogues selective for pcDHFR and/or tgDHFR.

Inhibition of Lactobacillius casei DHFR (lcDHFR) by
compounds 2a,d and 4b is included in Table 1. Com-
pound 2a was more potent than TMP, however, it lacks
the selectivity for IcDHFR vs rIDHFR seen with TMP.
Removal of the 5-methoxy group of la to give 2d
decreases IcDHFR inhibition by 4-fold and indicates that
this modification is detrimental to IcDHFR inhibition.
The inhibitory activity observed for 4b, together with
that of 1b2 indicates that N-10 alkylation is also
detrimental to the inhibition of JcDHFR in the 3,4,5-
trimethoxy series.

The significant selectivity and/or potency for tgDHFR
of compounds 2a,b,e and 3a,c prompted their evalua-
tion as inhibitors of the growth of T. gondii cells in
culture. All five compounds showed greater inhibition
of cell growth than lab, despite having lower or
comparable ICgos against isolated tgDHFR (Table 2).
Clearly, the dimethoxyphenyl- and diethoxyphenyl-
substituted compounds have a greater degree of cell
penetration compared to the trimethoxyphenyl ana-
logues. The ratios of ICs values in isolated enzyme
(tgDHFR) and cell culture are also shown in Table 2.
The trimethoxy analogue 1b had a ratio >5000, indicat-
ing poor cell penetration. The dimethoxy analogues had
ratios which were 44—250 times better than the tri-
methoxy analogues and indicate significantly improved
cell penetration. In an attempt to further increase the
cellular penetration, we synthesized analogues with
bicyclic N-10 side chains containing a naphthylene and
a 4-methoxynaphthylene (5ab, respectively) as an
extension of our previously reported bicyclic side chain-
containing analogues??! The goal of significantly
improving cell penetration with the naphthyl analogues
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Table 4. Cytotoxicity Evaluation (Glso, M) against Selected Tumor Cell Lines®
T 2 3a sb 5b
Leukemia
CCRF-CEM 429 x 1076 7.16 x 1076 5.36 x 1077 7.66 x 1078
K-562 8.05 x 1077 4.99 x 1077 2,09 x 107 1.61 x 1078
MOLT-4 1.22 x 1076 3.16 x 10~¢ 7.42 x 107 9.11 x 1078
SR 3.63 x 10°¢ 7.45 x 10-8 541 x 10°7 7.60 x 10-8
Non-small-cell Lung Cancer
AB49Y/ATCC 6.35 x 1077 7.32 x 1077 4.42 x 10~7 3.84 x 1078
NCI-H322M 5.06 x 1078 5.56 x 10~ ND 8.50 x 1078
NCI-H460 4.81 x 1077 ND 5.44 x 107 491 x 10-8
Colon Cancer
HCT-116 1.73 x 107 3.97 x 10-¢ 4.10 x 1077 1,17 x 1078
HCT-15 2.20 x 10-¢ 2.54 x 1078 2.12 x 10°¢ 4.56 x 1078
HT29 2.38 x 107¢ 3.22 x 10-6 5.84 x 1076 7.23 x 10-8
SW.620 2.24 5.04 x 10-¢ 5.50 x 10~ 7.96 x 1079
CNS Cancer B
SF-268 417 x 108 6.91 x 1076 717 x 1077 6.04 x 10~8
SF-295 1.61 x 1078 3.41 x 10-8 5.15 x 1078 8.32 x 10-8
U251 5.81 x 107 4.21 x 107 6.29 x 107 7.29 x 1078
Melanoma
LOX IMVI 3.95 x 10-6 5.82 x 10-¢ 1.99 x 10°¢ 6.94 x 10°8
SK-MEL-8 1.16 x 10-8 1.66 x 10~6 5.96 x 10~7 6.78 x 1078
UACC-257 1.00 x 104 2.00 x 10~5 6.20 x 1077 8.68 x 108
UACC-62 1.26 x 104 1.15 x 10-¢ 6.28 x 1077 4.32 x 1078
Ovarian Cancer
IGROV1 6.27 x 1078 5.46 x 10-¢ 9.56 x 10~7 8.68 x 108
Renal Cancer !

786-0 5.88 x 1077 8.43 x 10-7 6.30 x 10~7 5.50 x 108
ACHN 2.89 x 1078 3.75 x 10~¢ 8.16 x 1077 4.79 x 108
Prostate Cancer
PC-3 8.52 x 1077 7.83 x 10”7 5.94 x 10”7 7.98 x 10-8
DU-1456 2.83 x 10~¢ 271 x 10-8 4.36 x 1076 5.21 x 108
Breast Cancer
MDA-MB-23YV/ATCC 1.91 x 10-¢ 7.64 x 10~7 9,22 x 10-9 1.88 x 10-8
MDA-MB-435 3.53 x 1078 4.18 x 10-6 6.93 x 1076 6.2} x 108
MDA-N 3.59 x 1077 6.62 x 108 5.27 x 1077 4.25 x 1078

was realized as indicated in Table 2. Thus, the ICs
ratios for 6a,b were 7 and 2, respectively. While this
work was in progress, Piper et al.?? reported excellent
T. gondii cell penetration of compound ba.

Compounds 2c, 8a,b, and 6b were selected for evalu-
ation as antitumor agents by the National Cancer
Institute in the preclinicel in-vitro screening program?
(Table 4). Compounds 2¢ and Sa displayed reasonable
antitumor activity with ICscs in the range of 1074-107
M against various cell lines. The cytotoxicity of 3b was
approximately 1 order of magnitude better than that of
1b and 3a in various cell lines including colon eancer,
central nervous system (CNS) cancer, melanoma, ova-
rian cancer, and renal cancer. This corroborates the
potent inhibition of mammalian DHFR (rIDHFR) of 3b
(ICso = 1.7 x 10~7 M). However, its inhibition of
rIDHFR was less than that of 1b, suggesting possibly
an enhanced cellular uptake compared to 1b. The
excellent cell penetration of 5b was further demon-
strated by its potent inhibition (GIso = (1-9) x 108 M)
of the growth of 26 cell lines.

On the basis of this report and our previous study,?
it is apparent that N-10 side chain substituents play a
pivotal role in the activity and selectivity of nonclassical
pyrido[2,3-d]pyrimidine antifolates against DHFRs from
P. carinii and 7. gondii and that extrapolations of
structure—activity/selectivity relationships from one
series to another are inappropriate and need to be
carried out separately for each series. In addition, cell
penetration, which is an important attribute for a
clinically viable agent, can be significantly improved by
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incorporating a naphthyl side chain. The challenge
however remains to develop highly potent and gelective
DHFR inhibitors with good cell penetration ability as
clinical agents against P. carinii and T. gondii infec-
tions.

Experimental Section

Melting points were determined on a Fisher-Johns melting
point apparatus and are uncorrected. Infrared spectra (IR)
were recorded with a Perkin Elmer Model 1430 spectrometer,
in Nujol mulls. Nuclear magnetic resonance spectra for proton
(H NMR) were recorded on a Brucker WH-300 (300 MHz)
spectrometer. The data were accumulated by 16K size with
0.5 s delay time and 70° tip angle with interpal standard TMS;
s = singlet, br s = broad singlet; d = doublet, t = triplet, ¢ =
quartet, and m = multiplet. Low-resolution mass spectra were
obtained on an LKB-9000 instrument. Thin layer chromatog-
raphy was performed on silica gel plates with fluoreacent
indicator, and the plates were visualized with light at 254 and
366 nm. Column chromatography was performed with 230~
400 mesh silica gel purchased from Aldrich Chemical Co,,
Milwaukee, WI. All anhydrous solvents were purchased from
Aldrich Chemical Co. and used without further purification.
Samples for microanalysis were dried in vacuo over phos-
phorus pentoxide at 70 or 110 °C. Microanalyses were
performed by Atlantic Microlabs, Norcoss, GA.

2.4-Diam1no-5-methyl-6—[(2‘,5’-dimethomnﬂino)meth-
ylipyridol2,3-dlpyrimidine (2a). To a solution of the nitrile
6 (1.50 g, 7.50 mmol) in 200 mL of 85% acetic acid was added
5.00 g of Raney nickel followed immediately by 2,5-dimethoxy-
aniline (1.74 g, 11.34 mmol), and the mixture was hydroge-
nated at atmospheric pressure and room temperature for 5 h.
The mixture was then filtered (Norit, Celite) and the fiitrate
concentrated in vacuo to yield a gammy residuc. To a solution
of this residue in warm ethanol was added a solution of 1 N

q3
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Na,CO; dropwise, and the pH of the mixture was adjusted to
8~8.5. The precipitate obtained was filtered and the residue
washed with copius amounts of acetone and ethyl acetate until
the washings were colorless. To a solution of the residue in
200 mL of warm (45 °C) methanol, containing 1 mL of 1 N
HCl, was added 1.0 g of silica gel, and the solvents were
cvaporated using a pump to yield a solid plug which was
spread evenly on the surface of the silica gel ina 1.05 in. x 23
in. column. The column was eluted with CHC);:CHiOH (6:1),
and 10 mL fractions were collected. Fractions 12—-36 were
combined, and the solvent was evaporated to yield 0.80 g (30%)
of 2a as a yellow solid. Mp > 250 °C dec. IR (Nujol): 3210,
- 3000 (NH) em™!. 'TH NMR (Me;SO-do): 62.66(s,3H, 5.CHa),
3.62 (s, 3 H, 2-0CHy), 3.72 (s, 3 H, 5-.0CHa), 4.27 (d, 2 H,
CH.NH), 518 (1. 1 H, CH,NH), 6.07 (s, 1H, 6-H), 6.13(d, 1
H, 4’-H), 6.20 (brs, 2 H, 4-NH,),6.70(d, 1 H, 3'-H), 6.98 (br s,
2 H, 2-NHp), 843 (s, 1 H, 7-H). Anal (C17H20N602°
0.5HCI-1.0H,0) C, H, N, CL.
2,4-Diamino—6—methyl»6—[(3’,5’-dimethoxyanilino)metb-
yllpyrido[2.3-d)pyrimidine 2b). To a solution of the nitrile

6 (1.50 g, 7.50 mmol) in 250 mL of 85% acetic acid was added:

5.00 g of Raney nickel followed immediately by 3,5-dimethoxy-
aniline (1.74 g, 11.38 mmol). The mixture was hydrogenated
at room temperature and atmospheric pressure for 5 h. The
reaction mixture was then treated with Norit and filtered
through Celite and the filtrate concentrated to yield a red
gummy residue. This residue was taken up in 35 mL of warm
ethanol and added with constant stirring to 50 mLofalN
solution of Na,COa to deposit crude 2b. The precipitate was
washed repeatedly with ethyl acetate and acetone to remove
the unreacted aniline. The residue was then dissolved in 200
mL of methanol, 1.00 g of silica gel added, and the solution
evaporated to yield a dry plug. Column chromatography as
described previously for the purification of 2n afforded 0.98 g
137% yield) of 2b as a yellow solid in fractions 14-36. Mp >
250 °C dec. IR (Nujol): 3300, 3100 (NHy) em~), 'H NMR (Me;-
SO-ds): 6 2.65 (s, 3 H, 5-CHy), 3.64 (s, 6 H, 35-0CHa), 4.16
(d, 2 H, CH,NH), 5.74 (s, 1 H, 4"-H), 5.82 (s, 2 H, 2',6-H), 5.91
(t, 1 1, CH:NH),6.19 (brs, 2 H, 4-NH,), 6.96 (br s, 2 H, 2-NH2),
8.46 (s, 1 H, 7-H). Anal. (C:H20Ns02°0.5H20) C, H, N.
2,4-Diamino-5-methyl-6-[(2',4’-dimethoxyanilino)-
methyl]pyridol2.8-d]pyrimidine (2¢). To asolution of the
nitrile 6 (1.20 g, 6.00 mmol) in 200 mL of 80% acetic acid was
added 2,4-dimethoxyaniline (1.37 g, 9.00 mmol) followed by
4.50 g of Rancy nickel. The mixture was hydrogenated at
atmospheric pressure and room temperature for 5 b, treated
with Norit, and filtered through a Celite mat. The filtrate was
concentrated to yield a red residue. This residue was dissolved
in 100 mL of warm ethanol and neutralized with potassium
carbonate. A dry plug for column chromatography was
prepared as before and applied to the surface of a 1.05 in. x
93 in. column packed with silica gel and eluted with CHCla:
CH3OH (10:1) to yield 0.63 g (31%) of 2¢ as a yellow solid. Mp
= 230-235 °C dec. IR (Nujol) 3300, 3100 (NHp) em-%. 'H
NMR (MesSO-ds): 6 2.66 (s, 3 H, 5-CHa), 3.64 (s, 3 H, 2-OCHa),
3.75 (s, 3 H, 4-OCHy), 4.21 (d, 2 B, CH,NH), 4.61 (brs, 1 H,
CH,NH), 6.23 (br s, 2 H, 2-NHo), 6.33 (m, 1 H, 6"-H), 6.48 (m,
2 H, 3,5-H), 6.8 (s, 2 H, 4-NHy), 8.40 (s, 1 H, 7-H). Anal.
(vaHmNGOTO.f)HzO) C,H,N.
2,4—Diamino-5‘methyl-6-[(3’,4'-d.imethoxyanilino)meth-
yllpyridoi2,3-dlpyrimidine (2d). To a solution of 6 (1.50
g, 7.50 mmol) in 200 mL of 85% acetic acid was added 4.50 g
of Raney nickel followed immediately by 3,4-dimethoxyaniline
{1.74 g, 11.38 mmol), and the mixture was hydrogenated at
room temperature and atmospheric pressure for 5 h. TLC
analysis (CHCl;:CH30H, 5:1) showed the absence of 8 and the
presence of a new spot (Ry = 0.4). Workup and purification
as described for 2a afforded 0.69 g (34%) of 2d as an HCl salt.
Mp > 250 °C dec. IR (Nujol): 3290, 3830 (NHo) cm-!, '"HNMR
(MeSO-de): 62.67 (s, 3 H, 5-CHy), 3.61 (s, 3 H, 4-0CH,), 3.68
(s, 3 H, 3-OCHy), 416 (d, 2 H, CH.NH), 553 (br t, 1 H,
CH,NH), 6.10 (d, 1 H, 5-H), 6.35 (s, 1 H, 2'-H), 6.42 (br s, 2
H, 4-NH,), 6.71 (d, 1 H, 6"-H), 7.00 (br s, 2 H, 2-NHa), 8.47 (s,
1 H, 7-H). Anal. (Ci7HzoN:Op-0.5HCI-0.6H,0) C, H, N, ClL
2,4—Dimnino-5—methyl-6-[(2’,5’-diet.hoxynnilino)methyll-
pyrido{2,3-dipyrimidine (2e). To a solution of 6 (1.10 g, 5.50
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mmol) in 200 mL of 85% acetic acid was added 2,5-diethoxy-
aniline (1.49 g, 8.26 mmol) followed by 4.00 g of Raney nickel. -
The mixture was hydrogenated for 4.5 h, at the end of which
TLC analysis indicated the absence of 8. The reaction mixture
was filtered (Norit, Celite) and the filtrate evaporated to yield
crude 2¢. The red residue was dissolved in 30 mL of methane!l
and chromatographed on a 1.05 in. x 23 in. silica gel column
eluted with CHCly:CH30H (10:1) to yield 0.60 g (32%) of 2e
as an acetate salt. Mp > 250 °C dec. IR (Nujol): 3300, 3130
(NH2) cm-%. 'H NMR (Me;SO-de): 6 1.21 (t, 3 H, OCH:CH3),
1.30 (t, 3 H, OCH.CH)), 2.67 (s, 3 H, 5-CHy), 3.66 (g, 2 H,
OCH,CH3), 3.91 (q, 2 H, OCH.CHa), 4.27 (d, 2 H, CH:NH),
5.25 (t, 1 H, CH.NH), 6.03 (4, 1 H, 4-H), 607 (s, 1 H, 6-H),
6.68 (d, 1 H, 6-H), 6.89 (br s, 2 H, 4-NHy), 7.6 (br s, 2 H,
%N}¥2)' 8.45 (s, 1 H, 7-H). Anal. (CsH24N¢02+0.5CH;COOH)
, H, N.
2,4-Diamino-5-methy1-6-[(l'-naphthy)amino)methyl]-
pyrido[2,3-d]pyrimid.ine (5a). To a solution of the nitrile 6
(1.20 g, 6.00 mmol) in 80% acetic acid was added 1-aminon-
aphthalene (1.29 g, 9.00 mmol) followed by Raney Ni (6.00 g).
The reaction mixture was stirred at room temperature and
atmospheric pressure in a hydrogenator for 7 h and filtered,
the solvent evaporated, and the residue dissolved in 10 mL of
warm methanol. The solution was then chromatographed on
silica gel in a 1.05 in. x 23 in. column and eluted with CHCla:
MeOH (7:1). Fractions 15—39 were pooled and evaporated to
yield 0.63 g (32%) of 6a as a bown solid. Mp > 220 °C dec. IR
(Nujol): 3300, 3150 (NHp)em™!. 'H NMR (Me:SO-de): ¢ 2.73
(s, 3 H, 5-CH3), 4.45(d. 2 H, CH,NH), 6.45 (brs, 1 H, CH.NH),
6.51 {(m, 3 H, 2-NHa, 2'-H), 7.12 (d, 1 H, 4-H), 7.27 (m, 3 H,
4-NH,, 3-H), 7.42 (m, 2 H, 6,7-H), 7.76 (4,1 1, 8'-H), 8.21
(d, 1 H, 5-H), 8.50 (s, 1 H, 7-H). Anal. (C1oHzNg'0.5CHa-
COOH-1.0H;0) C, H, N.
2,4~Diamino-5—methyl-6-[[(4‘-methoxy—1'-naphthyl)ami-
nolmethyl)pyrido[2,3-d]pyrimidine (6b). 4-Methoxy-1-
nitronaphthalene (1.22 g, 6.00 mmol) was dissolved in 10 mL
of absolute ethanol, Raney Ni (3.00 g) added, and the mixture
hydrogenated at 35 psi for 3 h. To this was added the nitrile
6 (0.80 g, 4.00 mmol) dissolved in 125 mL of 80% acetic acid
followed by another 6.00 g of Raney Ni, and the reaction
mixture was hydrogenated at room temperature and atmo-
spheric pressure for 6 h and filtered and the solvents evape-
rated. The residue was dissolved in 30 mL of ethanol and
cooled and 1 N Na,CO; ndded with stirring to precipitate crude
5b. The solid was collected, washed repeatedly with acetone
and ether until the washings were colorless, and then dissolved
in 1 L of warm methanol, 1.00 g of silica ge) was added, and
the methanol was evaporated to yield a dry plug. This plug
was placed on a silica gel column, eluted with CHClaMeOH
(6:1), and fractions 2138 were combined, evaporated, and
dried to yield 0.36 g (25%) of pure &b as a yellow solid. Mp >
230 °C. IR (Nujol): 3320, 3180 (NHz) cm~!. 'H NMR (Me»-
50-dg): 8 2.72(s, 3 H, 5-CHa), 3.85 (s, 3 H, 4*-OCH3), 4.37 (d,
2 H, CH.NH), 6.01 (t, 1 H, CH:NH), 6.19 (br s, 2 H, 2-NHy),
6.45(d, 1 H, 1’-H), 6.78 (d, 1 H, 3"-H), 6.99 (br s, 2 H, 4-NHa),
7.46 (m, 2 H, 6',7-H), 8.08 (4. 1 H, 5H), 8.18 (d, 1 H, 8-H),
8.49 (s, 1 H, 7-H). Anal. (C20H2oNs0-0.5H:0) C, H, N.
2,4-Diamino-s-methylpyridb[2,8-‘d]pyrimidine-s-car-
boxaldehyde (7). To a solution of 6 (5.00 ) in 125 mL of
warm formic acid was added Raney nickel or a Ni—Al alloy
(20.00 g), and the mixture was heated at 90 °C under nitrogen
for 1.5 h, TLC analysis indicated the absence of 6 and the
appearance of a major spot corresponding to the aldehyde
(positive (2,4-dinitrophenylhydrazine) and a minor spot. The
reaction mixture was filtered hot (Norit, Celit) and the filtrate
evaporated to dryness to afford an orange residue. This
residue was dissolved in 100 mL of boiling water, treated with
Norit, and filtered and the filtrate neutralized with concen-
trated NHLOH at 0~5 °C to yield 4.20 g of crude 7. Due to
the instability of this compound it was used directly in the
next step without purification. 1H NMR (MezSO-ds): 0 2.96
(s, 3 H, 5-CHy), 8.85 (3, 1 H, 7-H), 10.16 (s, 1 H, CHO).
2,4-Diamino-5-methyl.6-(hydroxymethyl)pyrido[2-3-d]-
pyrimidine (8). The crude aldehyde 7 (2.00 g) was stirred
overnight in anhydrous methanol (1 L) under nitrogen. To
this suspension was added NaBH4 (0.50 g) in four separate

9N
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portions at 25 °C (exothermic). After the final addition, the
reaction mixture was stirred for a further 6—7h. (It was found
that allowing the reaction mixture to stir longer resulted in
over-reduction of the alcohol to the 6-methyl compeund.) At
the end of 6—7 h, the reaction mixture was filtered, water (30
mL) was added to the filtrate, which was concentrated to 20
mL and refrigerated, and the yellow solid obtained was
collected by filtration to yield 1.10 g (54%) of 8. *H NMR (Mer-
SO-dg): & 2.66 (s, 3 H, 5-CHs), 4.61 (s, 2 H, CH,OH), 8.46 (s,
1 H, 7-H). Anal. (CoH;;N;0+1.0H:0) C, H, N.

2,4-Diamino-5-methyl-6-(bromomethyl)pyridol2,3-d]-
pyrimidine Hydrobromide (9). Method A. To freshly
prepared triphenylphosphine dibromide (1.39 g, 3.29 mmol)
in 20 mL of N,N-dimethylacetamide was added 8 (225 mg, 1.09
mmol) with stirring. After 2 h, 20 mL of toluene was added
which precipitated a brown solid. The clear liquid was
decanted, the remaining solid was washed with toluene and
ethyl ether, and then sufficient 48% HBr was added to dissolve
the solid. This solution was added to cold acetonitrile (ice bath)
to deposit a brown solid which was chilled in the refrigerator,
filtered, washed with ethy! ether, and dried at 40 °C to yield
0.23 g (77%) of 8. ,

Method B, To 0.16 g (0.72 mmol) of the aleohol 8 in round-
bottomed flask was added 20 mL of glacial acetic acid, and
the reaction mixture was heated to 80 °C to dissolve 7. The
solution was cooled to room temperature, 26 mL of 30% HBr
in acetic acid added, and the mixture then stirred at room
temperature for 48 h. TLC analysis indicated that most of
the starting material had been consumed. The acetic acid was
evaporated, and ethyl ether was added to precipitate 0.95 g
(91%) of 9.

Method C. The alcohol 8 (0.26 g, 1.21 mmol) was stirred
in anhydrous dioxane and the suspension saturated with dry
HBr gas. The reaction mixture was then stirred at room
temperature in a tightly sealed flask for 24 h. Some undis-
solved solid that remained was filtered and the filtrate
concentrated to a small volume (approximately 10 mL). To
this was added anhydrous ether to precipitate 0.26 g (80%) of
9. MS: m/e 268 and 270 (M + 1)*. *H NMR (Me.SO-dg): ¢
2.77 (s, 3 H, 6-CHa), 4.93 (s, 2 H, CH,Br), 8.26 (br s, 2 H,
4-NH,), 8.86 (s, 1 H, 7-H), 9.40 (br s, 2 K, 2-NH:).

N:Isopropyls3,4,5-trimethoxyaniline (10). To a solution
of 3,4,5-trimethoxyaniline (0.50 g, 2.73 mmol) in 25 mL of
acetonitrile was added acetone (0.24 g, 4.10 mmol) followed
by NaCNBH; (0.52 g, 8.19 mmol). Acetic acid (0.50 mL) was
added to the reaction mixture at 0.5 h intervals overa 2 h
period. The solution was allowed to stir at room temperature
for a further 24 h, a small amount of water was added to the
reaction mixture, and the solvents were evaporated. The
residue was dissolved in 5 mL of CHCl, and chromatographed
on a silica gel column using CHCla:diethyl ether (1:1) as the
eluant. Fractions 18—29 were pooled together and evaporated
to dryness to yield 0.33 g (55%) of N-isopropyltrimethoxy-
aniline as a brown solid. !H NMR (CDCl,): 6 1.21 (d, 6 H,
CH(CH,)), 2.91 (br 8, 1 H, NH), 3.56 (m, 1 H, CH(CHa).), 3.76
(s, 3 H, 4-OCHj), 3.82 (s, 6 H, 3-,5-0CHa), 5.84 (s, 2 H, 2,6-H).
Anal. (CizHjsNOs) C, H, N.

N-Ethyl-8,4,6-trimethoxyaniline (11). To a solution of
3,4,5-trimethoxyaniline (2.50 g, 13.60 mmol) in 50 mL of warm
toluene (60 °C) was added iodoethane (2.13 g, 13.60 mmol)
followed by N,N-diisopropylethylamine (1.76 g, 13.60 mmol)
and the mixture refluxed for 24 h. At the end of this period,
the solvent was evaporated and the residue dissolved in ~5
mL of chloroform and chromatographed on a 1.5 in. x 23 in,
column using CHCly:diethyl ether (5:1) as the eluant. Frac-
tions containing pure monoalkylated product were pooled and
evaporated to yield an oil which solidified on refrigerating (1.63
g, 563%). "H NMR (CDCl,): 4 1.23 (t, 3 H, CHj), 2.80 (br s, 1
H, NH), 3.15 (m, 2 B, CHj), 3.76 (s, 3 H, 4-OCHy), 3.78 (5, 6
g. 3,5-OCHy,), 5.86 (s, 2 H, 2,6-H). Anal. (C)H;7NO3) C, H,

N-Propargyl-3,4,6-trimethoxyaniline (12). A solution of
3,4,6-trimethoxyaniline (3.00 g, 16.00 mmol), propargyl bro-
mide (1.94 g, 16.00 mmol), and N,N-diisopropylethylamine
(2.10 g, 16.00 mmol) in toluene was heated at 60 °C (bath
temperature) for 24 h. Workup and purification were carried
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out in a manner similar to that mentioned previously for the
N-ethyl analogue to yield 1.87 g (53%) of pure monoalkylated
product. *H NMR (CDCl3): 6 2.65 (t, 1 H, NH), 417 (s, 3 H,
4.0CHj), 4.23 (s, 6 H, 3,6-OCHa), 4.31 (d, 2 H, CH), 3.21 (br
s, 1 H, CH), 6.34 (s, 2 H, 2,6-H). Anal. (C12H;sNO3) C, H, N.
2,4-Diamino-5-methyl-6.[(2’,8’-dimethoxy-N-methyl-
anilino)methyllpyrido{2,3-dlpyrimidine (3a). To 8 sus-
pension of 2a (0.12 g, 0.36 mmo)) in 16 mL of acetonitrile was
added formaldehyde (0.12 mL) folowed by NaCNBH; (0.07 g,
1.06 mmol). The mixture was stirred for 5 min, and 1 N HCl
was added dropwise to the suspension unmtil the reaction
became a clear solution (usually at a pH of 3—4). TLC analysis
at that time indicated that the N-methylated product had
already begun to form. Within 10—15 min, a yellow solid
began to fall out of solution. The reaction mixture was stirred
for a total of 4 h at the end of which the solvent was removed,
a small amount of water added to the residue, and the
suspension filtered to yield 0.10 g of analytically pure 3a (79%).
Mp > 250 °C dec. IR (Nujol): 3360, 3190 (NHg) cm~!. 'H NMR
(MesSO-de): & 2.64 (s, 3 H, 5-CHj;), 2.68 (s, 3 H, N-10-CHa),
3.68 (s, 3 H, 2"-0CHs), 3.74 (s, 8 H, 5-OCHy), 4.17 (s, 2 H,
CH:N), 6.45 (br s, 2 H, 4-NH>), 6.50 (d, 1 H, 4"-H), 6.53 (s, 1
H, 6"-R), 6.87 (d, 1 H, 3-H), 7.19 (br s, 2 H, 2-NH3), 8.46 (s, 1
H, 7-H). Anal. (C1sHzuN¢O2-0.5HCI-0.6H;0) C, H, N, Cl.
2,4-Diamino-5-methyl-8-{(3',6’-dimethoxy-N-methyl-
anilino)methyl)pyrido(2,3-d}pyrimidine (8b). To a sus-
pension of 2b (0.13 g, 0.37 mmol) in CH;CN was added
formaldehyde (0.13 mL) followed by NaCNBH; (0.07 g, 1.10
mmol), and the suspension was allowed to stir for 5-~10 min
after which 1 N HCl was added dropwise until a clear solution
was obtained. The reaction mixture was allowed to stir for
an additional 3—4 h after which a small amount of water was
added to the reaction mixture and the acetonitrile evaporated.
The suspension was refrigerated overnight (0—5 °C), filtered,
and dried to yield 0.10 g (76%) of analytically pure Sb as an
orange solid. Mp > 250 °C dec. IR (Nujol): 3290, 3120 (NH,)
em~l, 'TH NMR (Me:SO-ds): 6 2.62 (s, 3 H, 5-CHaj), 2.84 (s, 3
H, N-10-CH,), 3.58 (s, 6 H, 3',6-OCH3), 4.49 (s, 2 H, CH2-N),
5.86 (s, 3 H, 2',4',6'-H), 6.33 (br 5, 2 H, NH;), 7.07 (brs, 2 H,
lgHz), 8.27 (s, 1 H, 7-H). Anal. (CisH22N;02°0.5HC]) C, H, N,
IR
2,4-Diamino-6-methyl-8-[(2’,4"-dimethoxy-N-methyl-
anilino)methyllpyrido[2,3-dlpyrimidine (8c). To = sus-
pension of 2¢ (0.15 g, 0.43 mmo)) in acetonitrile was added
37% formaldehyde (0.15 mL) followed by NaCNBHj (0.08 g,
1.28 mmol). The reaction mixture was stirred for 10 min, and
1 N HC) was added dropwise to adjust the pH to 4. The
resulting clear solution was stirred at room temperature for 3
h, and a small amount of water was added to the reaction
mixture, concentrated to a small volume (aspirator) and
refrigerated, to deposit 0.1 g (656%) of 3¢ as a yellow solid. Mp
> 270 °C dec. IR (Nujol): 3300, 3120 (NH;) em~. *H NMR
(Me2SO-dg): 6 2.68 (s, 3 H, 5-CHy), 2.71 (s, 3 H, N-10-CH,),
3.65 (s, 3 H, 2-OCHa), 3.70 (s, 3 H, 4-OCHa), 4.23 (s, 2 H,
CH:N), 6.42-6.56 (m, 5 H, 3',5',6"-H, 4-NHa), 7.24 (br s, 2 H,
%-1‘17{123‘380414 (s, 1 H, 7-H). Anal. (C;sH2:N¢02°0.5HC)1.0H-0)
2,4-Diamino-5-methyl-6-[(3',4'-dimethoxy-N-methyl-
anilino)methyl)pyrido[2,3-d}pyrimidine (3d). To a sus-
pension of 2d (0.12 g, 0.36 mmol) in CH;CN was added
formaldehyde (0.12 mL) followed by NaCNBH, (0.07 g, 1.08
mmol), and HCl was added dropwise to adjust the pH to 4.
After 4 b, a small amount of water was added to the reaction
mixture, the acetonitrile evaporated, and the suspension
refrigerated to afford 0.09 g (75%) of 3d as a whita solid. Mp
> 270 °C dec. IR (Nujol): 3310, 3190 (NHz) em~!. *H NMR
(Me2S0-de): & 2.67 (s, 3 H, 5-CHy), 2.81 (s, 3 H, N-10-CHa),
3.66 (s, 3 H, 4"-OCHy), 3.72 (s, 3 H, 3"-0CHa), 441 (d, 2 H,
CH:N), 6.36 (br s, 2 H, 2,6-H), 6.78 (d, 1 H, 5"-H), 7.12 (br s,
é HQZ,&IéHz), 8.24 (s, 1 H, 7-H). Anal. (CisH22NsO02"1.0HCDH
) ) N' L
2,4-Diamino-6-methyl-6-[(2',5'-diethoxy-N-methylani-
lino)methyllpyrido(2,3-d]pyrimidine (S8e). To a suspension
of 2 (0.11 g, 0.3 mmo}) in CH,CN was added HCHO (0.11
raL) followed by NaCNBH; (0.06 g, 0.9 mmol), and the pH of
the reaction mixture was adjusted to 4 by the dropwise
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addition of 1 N HCL. The reaction mixture was stirred at 25
°C for 4 h. At the end of that time a small amount of water
was added to the reaction mixture, and the acetonitrile was
removed via an aspirator. The suspension was refrigerated
overnight to afford 0.08 g (72%) of analytically pure 3e as a
white solid. IR (Nujol): 3320, 3160 (NH,) em~!. 'H NMR
(Me,SO-dg): 6127 (t, 6 H, OCH\CH»), 2.51 (s, 3 H, 5-CHa),
2 68 (s, 3 H, N-10-CHy), 3.95 (m, 4 H, OCH,CHs), 4.17(s,2 H,
CHN), 6.21 (br 5, 2 H, 4-NHy), 6.43-6.50 (m, 4 H, 4,6"-H,
2.NHj), 6.82 (d, 1 H, 3-H), 847 (s, 1 H, 7-H). Anal
(CaoH2sN¢02+1.0HCI-0.5H,0) C, H, N, CL

2,4-Diamino-&methyl-G-[(3',4’,5’-trimethoxy-N-pro~
parg'ylanilino)methyl]pyrido|2,3~d]pyrimidine (4a). To
a solution of compound 9 (0.21 g, 0.78 mmol) in 15 mL of
anhydrous N N-dimethylacetamide was added N-proparyltri-
methoxyaniline (0.19 g, 0.86 mipol) followed by potassium
carbonate (0.11 g, 0.78 mmol). The rixture was stirred under
an atmosphere of nitrogen for 48 h. TLC analysis in CHCly:
CH;0H (5:1) indicated the presence of a major spot (corre-
sponding to the product, R = 0.5), excess aniline, and some
impurity at the base. The reaction mixture was filtered and
the solvent evaporated in vacuo at 60 °C. The residue was
dissolved in 30 mL of methanol, 0.25 g of silica gel added, and
the methanol evaporated to yield a dry plug. This plug was
applied to the surface of a 1.05 in. x 23 in. column packed
with silica gel and eluted with CHCly:CH,OH (5:1). Fractions
containing pure product were pooled and evaporated to yield
0.22 g (67%) of 4a as a tan solid. Mp > 250 °C dec. IR
(Nujol): 3500 (CH stretch), 3250, 3100 (NHy) em~'. 'HNMR
(Me,SO-ds). & 257 (s, 3 H, 5-CHa), 3.17 (3, 1 H, C=CH), 3.58
(s, 3 H, 4-OCH,), 8.78 (s, 8 H, 3" 5-0CHy), 3.97 (s, 2 H, CHx
C=CH), 4.42 (5, 2 H, CH;N), 6.24 (s, 4 H, 2',6-H, 4-NHp), 6.99
(br s, 2 H, 2-NHy), 8.40 (s, 1 H, 7-H). Anal. (CaH2:N&Oy
0.5H;0), C, H. N.

2,4-Diamino-5-methyl-6-[(3‘,4',5‘-trimethoxy-N—isopro-
pylanilino)methyl]pyrido(2.3-d]pyrimidine (4b). To a
solution of compound 9 (0.25 g, 0.93 mmol) in 15 mbL of
anhydrous N N-dimethylacetamide was added N-isopropyl-
trimethoxyaniline (0.23 g, 1.02 mmol) followed by cesium
carbonate (0.20 g, 1.02 mmol). The brownish solution was
stirred at room temperature under nitrogen for 60 h. At the
end of this period, TLC analysis in CHC):CH,OH (5:1) showed
the presence of a major spot (corresponding to the product, Ry
= 0.48). The reaction mixture was filtered and the solvent
removed in vacuo using a pump (bath temperature ~60 °C).
A small amount of acetic acid (~2 mL) was added to the
residue followed by 30 mL of methanol and 0.50 g of silica gel.
Column chromatography as described above for the purifica-
tion of 4a yielded 0.24 g (61%) of 4b as a tan solid. Mp > 270
°C dee. IR (Nujol): 3300, 3060 (NH») em~!. 'H NMR (Me2SO-
da) ¢ 1.16(d, 6 H, CH(CH3)2), 2.69 (s, 3 H, 5-CHy), 3.52 (s, 3
H, 4'-OCHy), 3.62 (5, 6 H, 3',5-0CH3), 4.14 (m, 1 H, CH(CH3)),
4.31 (s, 2 H, CH;N), 5.96 (s, 2 H, 2,6-H), 615 (br s, 2 H,
4-NH,), 6.95 (br s, 2 H. 2-NH»), 8.26 (s, 1 H, 7-H). Anal.
(C21H32N50;‘1.0H20), C, H, N

2.4-Diamino-5-methyl-6-[(3'.4‘.5'-trimethoxy-N-ethyl-
anilino)methyl}pyrido{2,3-dipyrimidine (4¢). To & solu-
tion of 9 (0.18 g, 0.66 rumol) in 15 ml, of anhydrous NN-
dimethylacetamide was added N-ethyltrimethoxyaniline (0.15
g, 0.73 mmol) followed immediately by cesium carbonate (0.14
g, 0.73 mmol). The reaction mixture was stirred under
nitrogen for 48 h. TLC analysis indicated the presence of a
major spot at Ry= 0.46. Workup and purification as described
above for 4a yielded 0.19 g (71%) of pure 4c. Mp > 280 °C
dec. IR (Nujol):. 3300, 3140 (NH>) em~). 'H NMR (Me,SO-
de): & 1.06(t, 3 H, CH:CH,), 2.64 (s, 3 H, 5-CHa), 3.36 (g, 2 H,
CH.CHy), 3.54 (s, 3 H, 4-OCHy), 3.68(s, 6 H, 3',6’-OCHy), 4.45
(s, 2 H, CHaN), 5.99 (5, 2 H, 2',6"-H), 6.61 (br s, 2 H, 4NH,),
927 (br s, 2 H, 2-NHy), 830 (s, 1 H, 7-H). Anal.
(C2oH26N05+1.0H;0) C, H, N.
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Abstract

A three-key step methodology involving a highly selective asymmetric addition of an organolithium
reagent to an N-naphthalenylimine, cyclization and oxidative removal of the N-naphthalenyl group pro-
vided a facile and efficient synthetic way to (+)-salsolidine. © 2000 Elsevier Science Ltd. All rights reserved.

Biological activity, especially that related to the pathogenesis of Parkinson’s disease, has
recently renewed interest in tetrahydroisoquinolines (TIQs) and related natural isoquinoline
alkaloids.!? Since the enantiomers were observed Lo vary in activity,? the synthesis of chiral
1-substituted TIQ is the current focus in medicinal organic chemistry.® We have previously
reported an approach to asymmetric synthesis of chiral 1-methyl and 1-phenyl TIQs based on a
chiral external ligand-mediated asymmetric 1,2-addition reaction of organolithium reagents with
the corresponding N-p-methoxyphenyl (PMP) imines.5 Extension of the method to an alkaloid
natural product, salsolidine 1, incurred several crucial problems such as moderate enantio-
selectivity and poor efficiency in oxidative removal of the N-PMP group.6 We describe heremn a
facile asymmetric synthesis of (+)-salsolidine 1 by employing highly efficient asymmetric addition
of an organolithium reagent to N-l-naphthalenylimine and a new procedure for oxidative
removal of the N-aryl group.”®

At first, we examined asymmetric addition reaction of methyllithium with imines 2 bearing
substituted phenyl and naphthalenyl groups as an N-substituent, Ar (Fig. 1). The reaction was
conducted in the presence of a stoichiometric amount of 3 in toluene at =95°C for 0.5 h to give the
corresponding amines 4 in reasonably high chemical yields (Table 1). The enantioselectivity was
not very high for 2a,b bearing substituted phenyl groups as Ar (entries 1 and 2). We were very
pleased to find that 2d-f bearing substituted 1-naphthalenyl groups were converted to the amines
4d-f (R =Me) in quite high ees, 97-94% (entries 4-6). It is interesting to note that enantio-
selectivity rises from 73 to 97% in the reverse order of electronegativity of the 4-substituent on
the naphthalene, Cl, H, NMe, and OMe. This indicates that loss of electrophilicity of the imine
gives rise to higher enantioselectivity, probably due to formation of a tight, three-component
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Ammoniak wnter Zusatz von geniigend Alkobol wieder gefallt; der
Alkohol biilt das Metbylanilin in Ldsung. Das Auramin scheidet

sich so in hellgelblichen Flocken ab. Durch Krystallisation aus Al-

Xohol wird dasselbe rein erbalten.

Bs krystallisirt in grossen, schwach gelblichen Prismen vom
Schmp. 199—200°. Bs ist in Alkobol, Benzol und Toluol in der
Wirme ziemlich leicht Joslich, in der Kalte schwer, leicht ldslich in
Salzsiure. und Bssigsiure mit gelber Farbe. Seide, taunirte Baom-

wolle wnd Wolle werden inteosiv orange angefirbt. Gegen Siuren,

besonders aber gegen Wasser, ist dieses Auramin weit bestiindiger
als das typische. Alkalien hingegen spalten es leicht zum Keton.

. Seiper Bildung entsprechend bat es die Formel:
B GsHi-N(CHalin
GNH  *.
CoHENH.C;Hi
Ca BysNs. Ber. C 79.49, H 7.26, N 13.25.
Gef. » 79.22, » 1.35, » 13.83.

Das Chlorbydrat wurde dargestellt durch Auflisen der freien
Base in Benzol und Fillen mit Salzsiuregas als ziegelrotes Pulver.
Durch Umkrystallisiren auns Alkohol, in welchem es in der Kilte ziem-
Jich ‘'schwer 18slich ist, erbiilt man rothe, prismatische Krystillchen. In
Wasser ist es ziemlich 13slick. Es entspricht der Formel Cs: Has N3
HCL (Ber. C1 10.04. Gef. Cl 10.14.)

" Das Auramin mit Phenyl-naphtylamin wird in dbolicber
‘Weise erbalten.

‘Die: erhaltene Rohschmelze wird nach dem Zerkleinern in absolutem Al
%kohol geldst, filtrirt uod in der Kalle trocknes Ammoniak eingeleitet. Die
Spaltong geht etwas langsamer als bei’ dem sosben beschriebemen Product.
Nachdem die tiefrothe Losung griingeld geworden ist, wird voch einige Zeit
stohen gelassen und filtrirt. Das zurickbleibende Product wird gut auf Thon

abgepresst und sodann mit Wasser behandelt. Das Auramin bleibt als orange’
- gefarbls Masse zuriick. Die alkoholische Lésung wird durch Verdunstenlassen

auf ein Xleineres Volumen gebracht, wodurch wieder cin guter Theil des
Auramios auskrystallisirt. Die Mutterlaogen werden mit verdénnter Salzsiure
versetzt und mit Wasser verdunat. Dabei fallt das salzsaure Salz in hell-
gelben Flocken aus. Das Chlorbydrat wird in 50-proc. Essigsanre gelost und
in kaltes Wasser gegossen. Mit verdiinntem Awmmoniak f{allt zuerst eiwas
barziges Product -aus, vop welchem abfilirirt wird; alsdann kann durch wei-~
teren Ammoviakzusatz die Base in schwach gelblichen Flocken erhalten
werden. Durch zweimaliges Umkrystallisiren gewiunt man das Product rein in
grossen, schwach gelben Prismen vom Schmp. 186°.

In Alkobol ist es in der Wiarme mit gelber Farbe laslich, in
Benzol lost es sich schwerer; - die Losung ist kaum gefirbt. Mit
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Essigsiure geht das Auramin mit intensiv griogelber Farbe in Lésung.
Seide, tannirte Baumwolle und Wolle werden sebr ausgiebig orange
angefirbt. :

Wir treflen auch bier die grdssere Bestindigkeit gegen-verdiinnte
Qiuren und Wasser in der Wirme. Alkalien aber spalten leicht und
glatt in das entsprechende Keton.

Die Formel ist analog der vorherigen: C:H, .N(CH;);.CNH).
Cst.NH.CsH(,. !

CosHas N3, Ber. C 82.19, H 6.30, N 11L5.
Gef. » 82.43, » (.52, » 115

Das Chlorhydrat, wie bei dem vorherigen dargestellt, bildet
carminrothe Prismen, die in Wasser iusserst schwer, in Alkohol
leichter Ioslich sind.

CysHas N3 BCL. Ber. Cl 884, Gef. Cl 8.86.

Fﬁl‘ das A.uramin N(CHa)z.CsH;.C(:NH).CmHe.NH.C*, H7
wird in ganz avaloger Weise verfaliren. Das Auramin krystallisirt
sus Benzol in hellgelben Prismen vom Schmp. 164—165° -

CoeHasNg. Ber. C 82.32, H 6.6, N 11.08.
Gef. » 82.03, » 6.6, » 11.25.

Das Chlorhydrat bildet rote Prismen, die in Wasser fast unlés-
lich sind, sich aber gut in Alkohol 18sen.

‘CosHgs N3 HCL  Ber. Cl 8.54. Gef. Cl 8.44.

Durch den Ersatz eines Benzolkerns im gewshnlichen Auramin
durch einen Naphtaliokern wird also in allen Fillen die Nuance von
gelb nach orange veraschoben und die Suurebestindigkeit erheblich
erbdht. '

Bebandelt man die Diamidonaphtylphenylketone, analog dem D.
R.-P. 27789, mit tertiiren, fettaromatischen Awinen (Dimethylanilin
etc.), so erbilt man die Farbstoffe der Victoriablaugruppe,
welche man aber natiirlich zweckmissiger aus Mickler’schem Keton
darstellt. Lisst man secondéire Naphtylamine bei Gegenwart von Phos-
phoroxychlorid einwirkes, so resultiren die bislang noch nicht be-
kanunten Farbstoffe der Dinaphtyl-phenyl-methan-Reihe.

Die von mir und meinen Mitarbeitern untersuchten Farbatoffe und

Leukobasen sind in den folgenden Tabellen zusammengestellt,

Die Darstellungsmethoden sind die typischen, bekannoten; ich
glaube deshalb, dass es zn weit fiibren wiirde, sie bei jedem einzelpen
Korper genau anzugeben. Ich werde mich demnach begniigen, sie an
einigen Beispielen zu erlintern.

ﬁorichte d. D. chem. Gosellschaft. Jalrg. XXXVII, 121

o
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Dipheuyl-Naphtyl-Methan-Derivate.

i i 7
No. ! Leukobasen ‘ Darstellung  {Eigenschaften und Analyse] Mitarbeiter
: : . )
! * Condensation Schnp. 2212229, 1 Vergl.
: :von Tetramethyl-| glinzende Blattchen, sehr ‘_B. A S T
' | diamidobenz- schwer loslich in Alkobol| _ FPatent
. i hydrol mit leichter in Benzol und) No. 27032
GCeH,.N(CHy : a-Napbtylamin Chloroform. i Friedl. 1, 7.
o a2 'in alkobolischer! Durch Oxydation geht der! Freyss
1 H.C.CioHs NHs Losupg bei | Korper leicht in einen

Gegenwart von

blaven Farbstoff iiber.

!
i i
: CsH, -N(CHs) I} Salzsiure Cq3 Hao Ng
! i ber. " gef,
l ; | gs20s seoTplt
d : , H 734 761 »
i | | N 1068 1090 »
Dureh | Schmp. 228—2299, Freyss
: Acetyliren der | kleine, {arblose Krystalle,
; v obiggn sel;r lschlwexil 1gslich i‘? Al-
: erbindung | kohol, leichter in Essig-
i (?GH“N(CH3)2 :ester,’ durch Oxydation
2, . H.C.CoHe. NH.COCH; grﬁnarHFaglI?toﬂ'. I
: ¢ Cao Hsi ONs
| Cs Hi. N(CHsk ber. gef. :
C 7963 79.67 pCt.
H 710 1748 »
5 N 9.61 988 »
lg 1. Darch Reduc- Schmp. 201—-202°, Bourry
; tion des entspre- | glinzeode, farblose Blitt-
: chenden F%rbi chené luftbestindig, %‘ur%h
: stoffes mit Ziok | Oxydation blaver Farb-
: Q"B"N(CHM und Essigsbure. stoff.
3] H.C.CN)HQ.NH.CH;, 26 Durch Con- b CzaHa(Ng
o xv . densation von | er. gef.
Cs 4. N(GHz)s Tetramethyldi-| C 8215 81.93 pCt.
amidobeozhydrol] H 7.58 172 »
mit Methyl-a- | Farbstoff No. 12
Nuphtylamin |
1 Darch Con| Schmp. 172173, | 1. Serra.
densation von | farblose Prismen, in Lé-; 2. Dreyfus
) Te:lrametbhylgi- sdunghs(t)arkd ﬂuorescireind,
. iamidobenzhydrol| durch Oxydation resu tirt
(.}“H“N(CH’)’ | mit Aethyl-o- | ein blaver Farbstoff.
4 H.C.CioHs. NH.C3Hs i Naphtylamin. Cao Ha3 Na
N ; 19. Durch Redue- ber. gef.
GsHi.N(CHa)s !tion desentspre-| C 8226  81.94 pCt. !
| chenden Farb- B 780 1971 »
! stoffes N 994 1011 »
| Farbstoff No. 20
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No. Leukobasen Darstellung  |Eigenschaften und Analyse| Mitarbeiter
1. Reduction Schwp. 167—1689, Serra.
von farblose Krystalle, durch! Vergl. auch
| Victoriablau. !Oxydation blauer Farb-|Nathanson
i 2. Reduction des stoff. uad Miller,
|l“}::.rbshof‘l‘:;s, er- b Ca Hys N3 ; di%sg Begichte
. i halten durch er. gef. » 1891
Ce Hy. N(CHs)s i Condensation | C 84.07 83.68 pCt. [1839)
5 H.C.CioHs.NH.C; Hs ldes gemischten | M 701 o 741 »
CsH,.N(CHs)s Ketons mit Di- Farbstoff No. 21

i
1
1
]
i

! methylanilin,

{ 8. Condensation
| von Hydrol mit
i Phenyl-naphtyl-
' amio,

iD. R.-P. 66792.

i
i
i
1
H
!

Das vop Nathanson und Miller erhaltene Product, Schmp., 125°, muss sebr
unrein gewesen Sein.

1. Durch Reduc~| Schmp. 193—1949, Serra
' !tion des Farb-|kleine, weisse, lichtbre- .
! stoffes, erhalten ' chende Prismen, schwer
i durck Conden- : 16slich in Alkohol, leichter
: : sation des ge- {18alich in Essigester mit
. i mischten Ketons;  blaner Fluorescenz.
: i D rtx:ili | i Durch %xydati? blaner
! i Dimethylanilin. arbstoff.
i QGH‘_'N(CHS):‘ : 2. Durch Con- C;qusNa
6 H.C.CioHs . NB.C:H | densation von ber. gef.
: CH,.N(CHs) ! Tetramethyldi- | C 84.12  84.22 pCt.
o3y N(CHs)s ‘ampidobenzhydroll H 722 7.9 »
. | mit E-Tolyl a-| N 8.66 8.60 »
; _ napbtylamia. Farbstoff No. 22
: 3. Reduction des
Farbstoffes aus
‘Michler'sKeton
mit
p-Tolyl a-
) naphtyl-amin
Condensation Schmp. 233—2349, Freyss
von Tetramethyl-| kleive, weisse Nadeln aus
diamidobenz- | Benzol. Oxydation fihrt
CsBu.N(CHs)s hl_\vidrtl)‘l r{ﬁt zu ein%m k51'\"1;:{1)]:;1\1011
~ o-Naphtylen- arbstoff.
1 H.(:).C;oHs(NHQ)S diamia Cay BaoNe
. CsH;.N(CHz)n ber. gef.
: C 79.02 79.11 pCt.
H 1382 7.50 »
i N 1366 13.32 »
: t
121*
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T
No. Leukobasen Darstellung  Eigenschaften und Analyse! Mitarbeiter
l Durch ! Schmp. 2582590, Freyss

i t Acetyliren des ;| Ileine, weisse Krystill-
obigen Korpers:chen, an der Luft pach
: Jingerem Steben firbensie |

sich griin, schwer loslich

Ce H;. N(CHy), ; " in Alkohol, ;eic}iltexb in

A : . Bssigester; dureh Oxy-:

8 ‘ H‘Q‘CWH”(NH'COCH“)’ ; : datiogn resultirt ¢in grawmer -
. GeH,.N(CHy) . Farbstofl.
Ca1 H34 02 Ny

; ber. gel.

i C 17530 7521pCt.
B 689 745 »
N 1134 1187 »

] .
' Durech Conden-| Schmp, oberhalbh 3360, !
sation des Di- | hellgelbe, mikroskopischei

aminderivates | Nadelchen ausBeunzol, fast | .

Freyss

H
et = e e s e

‘ Cs H,.N(CHy)2 mitPheuanthren-{ uunldslich in Alkobol,

' [:C.CsH, chinon Oxydation erzeugt einen

9 H.C.CpoBs<<_ - - grioen Farbstoff.
t N:C.Cng

CeHi.N(CHs) CuHa N, ;

. ber. cf.

C 8454 84.44pCt. |

H 574 609 » !

N 962 998 » {

Dinaphtyl-Phenyl-Methan-Derivate,

1
1. Condensation | Schwach gelbliches,amor- | 1. Demant.
von Dimethyl-p- | phes Palver, zeigt keinen ; 2. Bourry.
amidobenzalde- | scharfen Schmelzpunkt,
hyd mit Methyl-; leicht in organischen |
«-Naphtylamin. | Lésungsmitteln 13slich,

CsH4.N(CHs)s 2. Durch Reduc- durch Oxydation :
10/ H.C.C\pH¢;.NH.CH; tion desd resu)grt ein blaner
A , entsprechenden arbstoff. !
CioHs.NH.CHs ee .
. : Farbstoffes s Har Ns
; ber. gef.

b C 83.58 83.34 pCt. !
i H 697 717 » |

. N 944 967 »
Farbstoff No. 23 |
]

Obgleich es nicht gelang, die Base krystallinisch zu erhalten, ergab die Analyse
doch gut stimmende Zahlen, Der dieser Leukobase entsprechende Farbstoff ist nicht
analysirt worden.

BNSDOCID: <XP _2206011A_i_>
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No. ! Leukobasen | Darstellung  |Eigenschaften und Apalyse| Mitarbeiter
{ | 1. Condensation Sehmp. 220°, Demuant
! i von Dimethyl-p- | farblose, derbe Prismen,
! amidobenzalde- | schwer loslich. leicht in
! hyd mit Aethyl- _Pyridio,
| CsH;.N(CHa)2 ! a-naphtylamin. Oxydation erzeugt cinen
1! H G.CioHe.NH.CH : 2. Reduction des blaven Farbstoff.
: AL LioHe . RE-V28s - entsprechenden Cs3Has N3
CioHe. NH.C3 Hs ¢ Farbstoffes ber. gef. !
. C 8372 8348 pCt. |
‘ H 740 746 » !
i N $.88 8.92 »
| : Farbstoff No. 24
1. Condensation | Weisses, amorphes Pulver,) Demant
von Dimethyl-p-{ zeigt keinen scharfen
! mn:jidobenzalde— ' Scll;me%fpunkt, in organi-
! hyd mit Phenyl- | schen osungsmitteln mit
CoHy.N(CHa) { a-naphtylamin. { blaver Fluorescenz 18s-
12| H.C.CooMe.NH.CoTh |2, Reduction des| lich, durch Oxydation
- . : entsprechenden auver Favbstoff.
CioHe. NH.CcTls ‘ Farbstoffes Cst B3 N
; ber. gef.
: N 7.38 N 17.46 pCt.
. ! Farbstoff No. 25 | __ ... ...
i i 1. Condensation | Achnliche Eigenschaften | Demant
: von Dimethyl-p-|  wie obiger Korper.
i Cs Hy . N(CH3), ;.m;doben'zral;iel- b CizHas Ny
| ~ Y - mitp-Tolyl- er. get. .
13 H.C.Ciols. NH. GsH,. CH, a’;napht.ylamin. C 8643 $6.20 pCt.
CioHg.NB.CcHy.CH: 2. Reductiondesi{ H 6.33 6.62 » !
: entsprechenden | N_7.04 715 »
Farbstoffes Parbstoff No. 26
! Condensation | Gelb-oranges, amorphes. Demant
von 3-Nitro-4- | Pulver ohne scharfen :
l()limcetlhdyl}:m(:lido.- Schmelzpuhnkt,Lleicht in
enzaldebyd mit| organischon Losungs-
CsH3(NOs). N(CHs)s Methy)l- | S nitteln léslich,g .
14! H.C.Ciofle.NH.CH: z-papthylamin | Oxydationsmittel fihren
: die Leukobase nur lang-
CioHs NH.CHa sam in eioen violettstichig
i blauen Farbstoff dber. -
Cst Hyo 02 Ny
ber. gof.
PN 1142 N 1125 pCt. .
Condensation Schmp 2000, Demant
von 3-Nitio-4- |rothe Prismen, schwer 18-
bdimeigyll]amido- lich] ix; Al}l\(ohol unthen-
enzaldehyd mit] zol, leichter 1dslich in
CsH3(NO,).N(CHa)e Acthyl- Eisessig, Pyridin und
15! H.C.CioHs.NH.CaH; e-naphtylamin | Anisol, Oxydation giebt
: ein violetstichiges Blau.
Cloﬂs.NH.CaH.:, 331213‘021\]“
ber. gof.
C 76.44 176.10 pCt.
H 656 665 »
; N 1081 1065 »

BNSDOCID: «XP__2206011A__1_>
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No. ! Leukobasen .. Darstellung |Eigenschaften undAnnlyse Mitarbeiter
i .

Condensation [Orangefarbenes, amorphes[ Deman t

1

i von 3-Nitro-4- | Pulver ohoe scharien
: dimethylamido- | Schmp., leicht léslich in ,
‘benzaldehyd mit; Benzol und Eisessig,
' Phenyl- schwerer dagegen in Al-!
CeH3(NO»).N(CHa)2  : «-napbtylamin émhc‘\l und Ligroin, d;xrch
' ¥y ! xydationsmittel nur ang-i
16| H.C.CioH;.NH.C;H, leam angroifbur, giobt, cin
C1oHs.NH.CsBs | violetstichiges Blau. .
: ! Cau H3 02N, ‘ -
ber. gef.

C 80.13 79.80 pCt.
H 55¢ 570 »
N 912 924 » |

Durch Conden- Orangefarbenes, amorphes| Demant

sation von 3- | Pulver ohue scharfen
; ;Ixi.ro 4dd1me- Scbmp., l«lncht llln Bgnzol
! thylamidobenz- | Eisessig 16slich, schwer
. '1 Cs H3(NO,). N(CHa)  aldehyd mit p- n Alko%ol Ligrot, Oxyl
» 17 8.C.CioHe.NH.CoH,.CH; Tolyl a-naphtyl- dation (;ne lzorhergehen-
[ amin er Korpo:
L CioHe NH.CsH,.CHs CoBuOoN,
' : ber. ef.
: C 80.37 80.14 ka
i : H 592 620

N 872 8.65 »
Trinaphtyl-Methan-Derivate.

i ! Schmp. oberhaldb 3000,
i 1“3032}; l;‘ed%c ! farblose, glinzende Na-. [Dcmant
{ stoffes. ar ; deln, f;x:) de;]r Luf: sich ]
grin firberd, in heissem !
30:;0833:’::32?.' Alkohol ziemlich leicht !
senshureathyl- léslich, sublimirbar."
Y- ! Oxydationsmittel greifon |

i
18] H.G(CioHe-NH.CHg)y |07 otk 2¢hT\! chnor sn und fabren in
! poty :den blauen Farbstoff Gber,!
i in Gegenwart | Ce1Hur N ;
i von Chlorzink “ ber. 81 B8 g’ . -
, i C 818 84.9)pCt
! i H 708 123 »
¢+ N 803 723 » i
| . Farbstoff Nr.27 |
No.! Farbstoffe 5 Darstellung  |Eigenschaften und Analyse| Mitarbeiter
Diphenyl-Naphtyl-Methan-Derivate. .
. i 1. Condensation |Grioschillernde Krystalle,' Bourry
| { von Michler's blauer Farbstofl. :
CsHa:N(CH3.C1 - | K:t?n mit é\del- Ch CzsHy oN;;Cl l
A thyl-a-naphtyl- er. i
19\ C.CioHe.NH .CHs amin. C 15.76 14. 76 pCt i
. Ce¢H;.N(CH3)g 2. Oxydation H 676 6.89 » !
der Leukobase N 947 931 »
Leukobase No. 3.

BNSDOCID: «<XP__2206011A_1_>
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No. Farbstoffe { Darstellang !higenschaﬁcn und Analyse] Mitarbeiter
i |
1. Condensation 'Granschillernde I(ryst,alle,‘ Serra,
von Michler’s blauer Farbstoff, als Nen-{ Demant.
KetonmitAethyl-l  victoriablau bekannt * | Eutdecker
a-naphtylamio. | Leukobase Nr. 4 Nastvogel,
2. Condensation (Farben-
des Xetons No. I1 fabrik
mit Dimethyl- Bayer)
anilin. Der vach
CsH,: N(CH;): Cl dielse;nVer;g.hren
e : erhalteno Tarb-
20 C.CioHe.NH.C, Ihe stoff unterschei-

C.}l;lh .N(CBj)s

Dio Farbbase, Schup. 183—1849, bildet rothbraunme, glinzende Krystd

det sich nicht
von dem nach
1. dargestellten
und gibt bei der
Reduction die-
! selbe Leunkobase
; No. 4.

| 8. Oxydation

; der Leukobase

loslich in Alkohol, Benzol, schwer in Ligroin.

lichen , loicht,

1. Coudensation | Kupferbronzeglinzende | Serra.
von Michler’s| Blittchen, in heissem [Vergl. Patent
. Ketlon mithPhe- V)Vasse; \!x]nd _%lkohi)l 27(171891 s
. pyl-a-naphtyl- | leicht 1aslich, schwer 16s-Friedl. 1, )
CsHi:N(CHs): Cl amio, lich in Benzol und Acther.| u. Nathan-
21 C.CioHs. NH.C;Hs 21 Condensation LeYliftoriablnu i&)n‘;xnd
- des gemischten obase Nr. 5 Mitler
CeHy.N(CHsh Ketons mit Di- : Joe. cit.’
methylanilin.
3. Oxydation
der Leukobasc
: 1. Condensation | Goldglinzende Krystill- | Serra
: von Michler’s| chen, scbwer loshch in
TKletlon mithp-I Wkasfe%l leicht;r in Alﬁlfo-
: olyl-a-naphtyt- ol, blaner Farbstoff.
QGHHN(CHQﬂCl ) ; amin? y ’ CaiHas N3 Cl
22- ¢. _NH.C.H..CH . Condensation ber. gef.
. 0-CuoBs NH.Colle.CHs des gemischten ; C 78.61 78.11 pCt.
CsHi.N(CHa), Ketons mat Di-| H 655 6.98 »
methylasilin. N 509 806 »
3. Oxydation Cl 615 682 »
der Leukobase Leukobase No, 6
Dinaphthyl-Phenyl-Methan-Derivate.
i ld Condensation | Blaues Pulver, in Wasser
, ! des gemischten | nicht allzu schwer laslich.
CeHa: N(CHzCl Ketons mit Me- | Warde nicht krystallisirt
23 C.CioH¢ . NH.CH; thy l-u-naphtyl- L erhalte;a.
. amin. eukobase No. 10.
CioBc. NH.CHs 2. Oxydation :
der Leukobase
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Darstellung %Eigenschaﬂen and Aua]yse' Mitarbeit

No Farbstoffe
! " Condensation Grinblave, metallglin. | Demunt
. des gemischten i zende Nadeln, schwer
Keotons mit  :léslich lin Wasser, leichter;
Aethy)- i loslick in Alkohol und
CeHu:N(CH;R Cl «-naphtylamin. : Essigsiure, blaver Farb- |
24 C.CiHs.NH.CiH, dﬂ- %xydagon 3 ﬁ“ﬁ{f
. k v M
CioHo.N.H.C, H o fenkotase BNl
N S27 8.03pCt |

: Cl16.99 682 »

i ¢« Leukobase No. 11
1. Condensation { Grinblaue, metaljg'ii.n- ' PDemant
des gemischten | zende Nadeln, fast unlés-:

Ketons mit Phe-ilich in Wasser, Jaslich in
CeH,y:N(CHs, C) nyl-r-naphtyl- i Alkc{hol und Eisessig,
; ~ amin, : blaver Furbstoff.
2. CCoBoNH.GHs | g 6 Vaiion & Gy HooNoOl

; CioHs.NH.CHs i der Leukobase : ber. gef.

i : { N G698 6.93 pCt.

i ! ! C1588 593 »

! : ! Leukobass No. 12
1. Condepsation | Duakelblan metallglin- I| Demunt
des gomischten | zende Nadelw, unléslich |

- Keotons mit p- | in Wasser, leicht in Al-
Cy Hy:N(CHy): C Tolyl-a-naphtyl-; kohol l;z]nd Ei;sssig los- |

~ amin, . lich, blaver Farbstoff.

26| C.CioHs NH.G:B..OHy . o g0 ; Ci3Hzs Ns Cl
CioBs . NH.CsH,.CH; der Leukobase : ber. geof. !
[ NG665 6.65pCt |
P Cl562 580 »
; Leukobase No. 13 |
Trinaphtyl-Mecthan-Derivate.

' 1. Condensation | Biane, metallglinzende | Demunt
von Tetrachlor- | Nadeln, unloslich in :
kohlenstoff mit | Wasser, schwer 18slich in

i CwHs:N.GHs.HCl Aeﬁhyl- Alkoholl,) leicht;‘r in Eiﬂg-

; pe a-paphtylamio | essig, blaver Farbstoff.

211 C.CoHs . NH.CHs in Gegoowart | Cy HagNyCl
CioHe. NH. G H von Chlor- | ber. gof.
alominivm. ! N 7.58  7.17 pCt.

BNSDOCIO: «XP___ 2206011A__I_>

2. Oxydation | CI6.37 603 »

der Leukobasc :  Leukobase No. 18 |

Ueber die Darstellung der Leukobasen ist nichbt viel zu bemerken.
Wenn das mit dem Hydrol zu condensirende Amin in wissriger Salz-
siiure nicht loslich ist (z. B. Tolyl-naphylamin), so arbeitet man in
alkoholischer Lidsung. Dass man beim Ausfillen der Leukobasen aus

29
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shier sauren Lésuog Erwiirmung vermeiden muss, ist geniigend be-
kannt. :

Die Coondensation von Dimethylamino- und Nitro-p-dimethylamido-
Benzaldehyd mit den secunddren Naphtylaminen wird in alkoholisch-
salzsaurer Losung ausgefilrt.

Darstellung von No. 11. H.C<%Eﬁ§§%‘?gznb)a.

Ein Mol.-Gew. Dimethyl-p-amidobenzaldehyd, etwas mebr als zwei
Mol.-Gew. Aethyl-@ nuphtylamin und ein Mol.-Gew. concentrirte Salz-

- sdure warden iu alkoholischer Lasung 7—10 Stdn. am Riickflusskiibler

erhitzt. Das Condensationsproduct scbeidet sich zam guten Theile
schon in der Wirme in krystallinischer Form ab. Man lisst die
Lasung erkalten, verdinut das Filirat mit Wasser und fillt den Rest
mit Ammoniak. Man presst anf Thon ab und krystallisirt aus Pyri-
din, in welchem der gelbliche Kdrper ziemlich leicht loslich ist.

Das Rohproduct wird in einer geniigenden Menge reinen Pyri-
dins geldst, mit soviel Alkohol versetzt, dass es eben noch in Lésung
bleibt, bis zur eintretenden Triibung mit Wasser vermischt und hier-
auf erkalten gelassen. Die Lenkobase scheidet sich in farblosen,
derben Prismen aus, welche zur Entfernung anbaftender Pyriding mit
Alkohol gewaschen werden; Schmp. 220°.

Die Lenkobase ist in Alkohol, Benzol und Toluol ziemlich schwer
l6slich, mit Mineralsiuren und Essigsinre bildet sie 13sliche Salze.
Mit Oxydationsmitteln, am bequemsten in eisessigsaurer Losung mit
Chlorapil, tritt nach kurzem Erwéirmen intensive Blaufirbung ein,
unter Bildung eines Farbstoffes, welcher sich in seinen Eigenschaften
als identisch erwies mit demjenigen, der aus dem Keton:

CeH, . N(CHi),
CO.CioHe.NH.C3 H,

mit CioHy.NH.C; Hs and POCl; erhalten wurde (No. 23).

Bei den Reduction dieses Faibstoffes in essigsaurer Losung ent-
steht dieselbe Leunkobase, die durch Vergleich der Eigepschaften und
des Schmelzpunktes (Mischprobe) identificirt wurde.

Die Levkobasen 10, 12 und 13 wurden in analoger Weise dar-
gestellt; es gelang aber picht, sie krystallinisch zu erhalten. Nach
nochmaligem Ldsen in Alkohol und Ausfillen mit Wasser bilden sie
weisse, amorphe Flocken, die aber doch sebr rein sein miissen, da sie
bei der Apalyse gute Zablen liefern. Die phenylirte und tolylirte
Base oxydiren sich sebr schlecht mit Bleisuperoxyd, gut mit Chloranil

BNSDOCID: <XP___2206011A_1_>
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Darstellung von No. 15. HCQ%EQ&NS’P),IE:EIS:)?

10 g Nitrodimethylparamidobenzaldehyd, 19 g Aethyl-naphtylamin
und 5 g concentrirter Salzedure werden in alkoholischer Losung anf
dem Wasserbade erhitat.

Die Reaction erfolgt rasch und ist schon nach einigen Stunden
beendigt, Das gelbbraume Product wird nach dem Erkalten abfiltrirt
und aof Thon gepresst. Man 16st es in Pyridin, verdinnt mit Alko-
hol und giebt Wasser zu bis zur eintretenden Triibung. Beim Er-
kalten krystallisirt die Leukoverbindung in rothen Prismen vom Schmp.
2000 avs, Sie ist in den gewdhnlichen Ldsungsmitteln sehr schwer
loglich. Eine Lésung in concentrirter Schwefelssiure oder Salzsiure
lisst beim Verdiinoen mit Wasser die unverinderte Base wieder aus-
falles. In Eisessig io der Wirme ist die Verbindung ziemlich leicht
16slich. Cbloraoil exydirt den Leukokérper ziemlich leicht zo dem
entsprechenden Farbstoff, indem die Ldsung eine violetstichig blaue
Farbe annimmt, withrend das nicht vitrirte Product eine rein blaue
Firbung zeigt.

Die Basen 14, 16 und 17, in analoger Weise dargestellt, wurden
nicht krystallinisch erhalten. Zur Analyse wurden sie durch mehr-
maliges Losen in Benzol nnd Ausfillen mit Ligroin gereinigt.

Die phenylirten und tolylirten Basen werden selbst durch Chloranil
nur sehr schwer oxydirt. Bemerkenswerth ist die intensiv rothe Farbe
dieser Leukobasen; sie haben darch die Einfihrung der Nitrogruppe
sogar einen gewissen Farbstoffcharakter erhalten, denn sie firben
Seide und tanuirte Baumwolle orange.

Leukobase No. 18. H.C(CmHg.NH.CQHs);.

 Dorch Condensation von Orthoameisensiureester, CH (OCzH;);.
mit Aethyl-naphtylamin bei Gegenwart von Chlorzink Jdsst sich diese
Base darstellen, aber es gelang nicht, das auf diese Weise erhaltene
Product in krystallivische Form zu bringen. Stellt man sie dagegen
durch Reduction des Farbstoffes (No. 27) dar, so gelingt es unschwer,
sie zu krystallisiren.

Es empfiehlt sich, von vollstindig reinem Material auszugehen, da sonst
das Reductionsproduct in harziger, schwer zu reinigender Form erhalten wird.
"'Den Farbstoff 1ost man in Eisessig, verdiinnt mit etwas Essigsiare (30 pCt.)
und trigt Zinkstaub bis zur Entfirbung ein. Nun filtrirt man und versetzt it
Wasser. Dio Losung triibt sich milchig and setzt beim lingeren Stehen die
Leukobase in farblosen Prismen ab. Behufs vollstindiger Fillung der Base
wird die Lésung mit Chlorammonium und Ammoniak versetzt, wobei sich das
Reductionsproduct in weissen Flocken abscheidet. Dieselben werden am be-
quemsten ans Alkohol umkrystallisirt.

BNSDOCID: <XP__2206011A _1_>
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Man erhilt so silberglinzende, farblose Nadeln, welche sich am

Lichte schwach griinlich firben. Bei 280° briunt sich der Kérper

sehr stark -und ist bei 290° noch nicht gescbhmolzen. Bei sebr hoher
Temperatur schmilzt er und sublimirt. Chloranil in Eisessig oxydirt
langsam und nach lingerem Erbitzen za einem blauen Farbstoff.

Was den Farbstoff (No. 27) selbst anbetrifft, so erhilt man ihne
am besten nach der Friedel-Crafts’schen Reaction.

11 g Tetrachlorkohlenstoff, 10 g Alumipinmchlorid und 45 g Aethyl-a-
paphtylamin wurden wihrend 6 Stunden am Riekflusskithler erhitzt. Es ist
zweckmassig, cinen ziemlichen Ueberschuss an Amin zu verwenden, da hier-
durch eine wesentlich bessere Ausbeute evzielt wird. Die Reactionsmasse
firbt sich allmahlich dunkelblaw und ballt sich schliesslich zu einer harten,
metallgliszenden, dunkelblanon Masse zusammen. Sie wird zerkleinert und
wihrend ungefihr einer Stunde mit verdinnter Salzsiure ausgekocht, wobei

dor Farbstoff, der von flassiger Consistenz ist, von Chloralominium und Amin
befreit wird.

Es wurde nun versucht, den nach dem Erkalten erstarrten Fabstofl zu
krystallisiven, jedoch ohne Erfolg. Ebenso wenig gelang es, dié Farbbase zu
krystallisiren, jedoch war es mbglich, den Farbstofl daraus réin zu erhalten.
Das Rohproduct, welches in einer Ausbente von ungefahr 70—S0 pCt. erbalten
wird, 16st man in Alkohol und versetzt mit Alkali. Dic Base scheidet sich
beim Verdinnen mit Wasser vollstindig in ziegelrothen Flockea aus,
welche auf Thon scharf getrocknet worden. Sie wurde zur weiteren Reinigung
in Benzol geldst und mit Ligroin wieder gefallt. Bemerkenswerth ist, dass
dieselbe nicht farblos, sondern ziegelroth ist. Aus derselben wird der Faib-
stoff regenerirt. Zu dicsem Zwecke wird sie in Benzol gelost und trocknes
Salzssuregas eingeleitet. Das salzsanre Salz, wahrscheinlich ein Di- und Tri-
Chlorbydrat fallt in grav-grinen Flocken aus, welche abfiltrirt, mit Benzol
gewaschen und anf Thon abgepresst werden. :

Last man die sehr hygroskopische Masse in Alkobol oder idber-
giesst sie damit, so erstarrt dieselbe za einem Brei von tiefblaven
Nadeln mit priichtig grinem Reflex. Dieselben sind in Wasser voll-
stindig unloslich, schwer 18slich in Alkohol, leichter in Eisessig und
werden am bequemsten aus demselben umkrystallisirt. Man siebt aus
diesem Beispiel zur Genige, welchen Schwierigkeiten man oft be-
gegnet, um Korper aus diesem Gebiete in krystallisirtem Zustande za
erhalten.

Der Farbstoff farbt Seide, Wolle und tapnirte Baumwolle blan
an, jedoch kano man zu keiner befiiedigenden Nuance gelangen, weil er
in Wasser unléslich ist. Es ist von Vortheil, dem Firbebade etwas
Acetin zuzuosetzen, .

In Acetin gelost und mit Tannin and Verdickungsmittel versetzt, lisst
sich der Farbstoff dagegen ganz gut aufdrucken. Er ist ausserordent-
lich schwer verbrennlich, sodass keine gt stimmenden Koblenstoffzablen
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erhalten wurden, wihrend die Leukobase zufriedenstellende Resul-
tate ergab.

Ein qualitativer Versuch zeigte, dass auch aus Tetrachlorkoblen-
stoff und Phenyl-naphtylamin der entsprechende Farbstoff erhalten
werden kann.

Was die Farbstoffe der Naphtyl-diphenyl-methan.Reihe. (No. 19,
20, 21 und 22) anbelangt, so kann man sie erbalten 1. pach Analogie
des D. R.-P. 27789, durch Condensation des Michler’schen Ketops
mit den secundiren Napbtylaminen, 9. aus den gemischten Ketonen
mit Dimethylanilin, 3. dorch Oxydation der Leukobasen. Methode 1
ist bei weitem die vortheilhafteste und bequemste, anch liefert sie sofort
krystallisirte Producte. Die Farbstoffe der Dinaphtyl-phenyl-methan-
Reitie werdep aus den gemischten Ketonen dargestellt.

Die Arbeitsweise ist folgende:

No. 24: 5 g Keton Il worden mit 5 g Aethyl-a-naphtylamio und
5 g Phosphoroxychlorid einige Stunden auf dem Wasserbade erwirmt.
E< tritt sofort intensive Blaufirbung ein, und nach einiger Zeit erstarrt
die Schmelze za ciner dunkelblaugriinen, metallglinzenden, spréden
Masse. Dieselbe wird zerkleinert, mit verdiinnter Salzsiure einige
Zeit aufgekocht, filtrirt und aus etwas salzsiurehaltigem Alkohol um-
krystallisirt. Der Farbstoff wird in prachtvollen, griioblauen, metallisch
schimmernden Nidelchen erbalten, welche nach nochmaligem Umkry-
stallisiren rein sind,

Der Farbstoff ist unléslich in Wasser, 16slich in Alkohol und
Essigsiure und firbt Wolle, Seide und tannirte Baumwolle blau.
No. 23 wurde in der gleichen Weise dargestellt, konnte aber nicht
krystallisirt werden.

No. 25: 5 g Keton Il werden mit 5 g Pbenyl-« naphtylamin
innig vermischt und 5 g Phesphoroxychlorid zagefigt. Die Reaction
erfolgt schon in der Kalte unter betriichtlicher Erwirmung und inten-
siver Blaufirbuog. Zur Beendigung der Condensation erbitzt man
3~5 Stdn. auf dem Wasserbade. Die barte, griinblaue, metallglinzende
Maese wird zerkleinert, mit salzsiurehaltigem Wasser wihrend einer
Stunde ausgekocht und der unlosliche Farbstoff aus Alkobol mit
etwas Salzsinre umkrystallisirt. Man erhilt denselben in prachtvoll
schillernden griinblaven Nadeln. Er ist unloslich in Wasser, io Al-
kohol schwerer 16slich als das iithylirte Product, leicht 1dslick in
Eisessig. Dieses Dinaphtyl-phenyl-methanderivat farbt Seide, Wolle
und tanvirte Baumwolle mit tiefblauer Nuance.

No. 26: 7 g Keton IV wurden mit 5 g »-Tolyl a-naphtylamin
innig vermischt und 7 g Phosphoroxychlorid zugegeben. Nach 3—4-
stindigem Erhitzen auf dem Wasserbade ist die Reaction beendet.
- Die dunkelblaue, metallglinzende Schmelze wird pulverisirt und eipige
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Zeit mit salzsiurebaltigem Wasser ausgekocht. Map nimmt den unlés-
lich zuriickgebliebenen Farbstoff jo Eisessig auf und figt beisses, salz-
siurebaltiges Wasser zu. Beim Erkalten erstarrt die Flissigkeit zu
einem Krystallblei von dunkelblauen, schimmerpden Nidelchen. Der
Korper ist unléslich in Wasser, ziemlich schwer 18slich in Alkohol,
jedoch leicht in Eisessig. Seide, Wolle und tannirte Baumwolle
werden dupkelblau angefirbt. Die Nuance unterscheidet sich kaom
von der des entsprechenden Phenylderivates. Der Farbstoff zieht
schwer; wegen seiner geringen Lidslichkeit ist. es deshalb empfeblens-
werth, dem Firbebade Acetin zuzusetzen. Im Druck erzielt man
wesentlich zufriedenstellendere Effecte.

Die Farbstoffe ans den athylirten Xetonen V—VIII sind den-
jenigen aus den methylirten ganz analog, zeichnen sich aber vor den-
selben durch etwas grissers Lioslichkeit avs.

Vom praktischen Standpunkie betrachtet, besitzen die Farbstoffe der
Dinapbtyl-phenyl- und Trinaphtyl-Metban-Reibe wegen ibrer Schwer-
l6slichkeit uod ibres verhiltnissmissig hoben Herstellungspreises keine
Bedeutung. In farbenchemischer Riicksicht baben sie jedoch ein ge-
wisses Ioteresse. Es ist bemerkenswerth, dass der Ersatz eines
Benzolkerses im Krystallviolet durch einen Napbtalinkern zu einem
Blau fihrt, und dann die Einfibrung eines zweiten und dritten Naphta-
linkernes die Nuancé nicht mebr so erbeblich veriindert, ‘sondern sie
nur griiostichiger macht. Am grinsten ist der Trinapbtylfarbstoff.

Behandelt man die Naphtyldipbenylmethanfarbstoffe mit Acet-
anbydrid und Natriumacetat oder mit Acetanhydrid und einem Tropfen
Schwefelsinre, so wird die secundire Amidonaphtylgruppe acetylirt,
und wan erbilt griine Farbstoffe, welche in Wasser erheblich leichter
Isslich sind als die Ausgangsmaterialien. Darch Hydrolyse mit Siuoren
oder Alkalien werden sie wieder in die Letzteren ibergefihrt. Anu-
lysen derselben wurden nicht gemacht, aber pach ibrer Bilduogsweise
und ihren Eigenschaften unterliegt es keinem Zweifel, dass sie Acetyl-

/./ Ca H4 :N (CHg)z Cl ’
- derivatet C=C¢H..N(CHy) u. 8. w. sind.
CioH;. N(Cs H;).C. H;0

Die Leukobasen, z. B. C{Egzg‘og(ﬂc%;)g: , acetylirt und oxy-

dirt, ergeben ebenfalls griine Farbstoffe, die zweifellos mit den obigum
identisch sind. )
. ) #Cs H,:N(CH,):Cl

Dass das Nitrosamin des Victoriablaus, C;—\—CSH;.N (CHai)s y

' 'CIO}.I“' N(NO)-CG H(;

ein griner Farbstoff ist, wurde von den Farbenfabriken vorm. F.
Bayer & Co. schon in dem Patente 66792 gezeigh Die gleiche
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Furbe besitzen, wie ich mich Gberzeugt habe, die Nitrosamine der
drei anderen Naphtyldiphenylmethanfarbstoffe. .
Wir haben also in diesen beiden Fillen, Acetylirang und Nitro-
sirung, vollkommene Analogie mit dem Pentamethylviolet,
2 Ce11i: N(CH;), Cl
C=GCs114. N(CH,),
~CsH,.NH.CH,

Die Dinaphty]phenylmethanfarbstoﬂ'e, welche zwei secnndire
Amidogruppen enthalten, geben bei der Acetylirung mit Acetashydrid
und etwas Schwefelsiiure rothe Farbstoffe, welche in Wasser leicht
léslich sind und tannirte Baumwolle und Seide roth firben, ganz ihn-
lich wie das Chlorid des Dimethylmonamidotriphenylcarbinols.

Acetylirt man sie in eisessigsaurer Lésung mit Acetanbydrid, so
entsteben 18sliche, gripe Farbstoffe, welche von gleichzeitig gebil-
deten kleinen Mengen der rothen durch die grossere Laslichkeit der
Letzteren getrennt werden kénnen,

Durch Hydrolyse mit Siure lassen sich ang allen beiden die
blaven Ausgangsmaterialien wiedergewinnen. Die rothen Farbstoffe

sind demuach ohne Zweifel die Diacetyl-, die griinen die Moroacetyl-
Verbinduogen, z. B,

#CsHi:N(CHy), Ol . CsHu:N(CHy),Cl
CJCuHe.N(CH,).CH;0  und  C:-CyoHg. NH. Gy H, ]
N\ CioHy. N(Cy Hy).Cs H, O \CioHe. N(C; Hs).C, HyO

Der Trinaphtylmethaofarbstoff lisst sich ebenfalls in eine griine
{Mono-) und rothe (Di-) Acetylverbindung verwandeln.

Mit einem Mol.-Gew. Nitrit in saurer Lisang behandelt, geben
die Dinapbtylmethanfarbstoffe ebenfalls griine, mit zwei Mol.-Gew.
Nitrit dagegen rothe Farbstoffe. Aus beiden lassen sich darch Hy-
drolyse bei. Gegenwart von Barustoff, um die salpetrige Siure, die
sonst oxydirend wirkep wiirde, zu zerstren, die blauen Farbstoffe
regeneriren, : )

Mit einem, bezw. 2wei Mol.-Gew. Nitrit lagsen sich aus dem Tri-
naphtylderivat ebenfalls ein griner und ein rother Farbstoff erhalten.

Milhausen i/E. Chemieschule,
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: : : PD.OORB IS
STEREOSPECIFIC TRANSITION FROM PHENYL(1—NAPHTHYL)PHOSPHINOTHIOIC 'E}.}—Q

. Pl
ACID TO S-ETHYL PHENYL (1-NAPHTHYL) PHOSPHINOTHIOATE, METHYL
PHENYL (1-NAPHTHYL)PHOSPHINATE, AND N,N~-DIETHYL-P~PHENYL-P~
l(l—NAPHTHYL)'PHOSPHINIC AMIDE

V. A. Chauzov UDC 541.653+547.241

We have previously {1] described the synthesis of phenyl(1—naphchyl)phosphinothioic
acid and its resolution into its enantiomers. In this communication we give data on the
preparation from it of enantiomeric S—-ethyl phenyl(l—naphthyl)phosphinothioate,_‘_.xlgt-hy'l'x
<'ph,eny1(_l;rgp_b_gﬁy{)yﬁggp_h;ngtg, and N,N—diethyl-P-phenyl-P—(1—naphthy1)phosph1nic’; amide by
the following scheme. . ‘

(=)-R;P(S)0~H ELN* ._E-'aEL (—)-RzP(0)SEL
1 I

()11 22, (4)-RP(O)OMe
b Lt
c lm.nm a | ELNL
(+)-R;$(O)NEtz {(—)-1V

RETCH,, 14CyHy
- i -

By the action of ethyl bromide on diethylammonium phenyl (l-naphthyl)phosphinothioate
(1), lalp —64.6° (a, benzene-DMF 1:1, 90°C, 3 h) we obtained S-ethyl phenyl(l—naphchyl)phos-—
phinothioate (11), [alp —40.5° (benzene), TP 101-102°C, yield 75%. Found %: C 69.45; H
5.67; P 10.29; S 10.49. C,eH17POS. Ccalculated %: C 69.25; H 5.49; P 9,91; S 10.26 . =The
treatment of the phosphinothioate a1, lelp —40.5°, with sodium methoxide (b, toluene,
,ggic;:ﬁ;i§~h),ledﬁ-;gﬁhe;:methyl,es-cer-(-III‘)‘;“ j[§']b‘f+3’6‘."4’°'jbenzeﬁé), mp 90-91°C, yield 72%.
“Found %: ~€772750; H 5.25';“"?—10.86.—’0;',&1“;,1’0. Calculated %: C 72.30; H 5.37; P 10.97.
When the phosphinothioate (11), [elD —40.5°, was treated with (diethylamino)lithium (c,
ether—toluene 1:2, 20°C, 20 h), we obtained the diethylamide av, (elp +13.7° (benzene),
mp 99-100°C, yield 60%. Found 9%: € 74.20; BH 6.93; P 9.16. CaoHzsNOP. Calculated %: C
74.90; H 6.86; P 9.54. The enantiomeric amide (v, lelp -12.6°, was formed in 56% yield
by the action of (diethylamino)lithium on the phosphinate (111), [elp +36.4° (4, ether—
toluene 1:2, 20°C, 3 days).

On the basis of data in [2] it may be supposed that the stages (b), (¢), and (d) go
with predominating inversion of configuration, in view of which the compound (1)~(1V) of the
same sign must have the same configuration of the fragment RLP(0).
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A(4a) = 46.8 G, A(4b) = 45.8, given the assumptions in section
V, Although this difference is small (2%), we believe it to be real.
Analyses of NADH spectra obtained with other dyes give similar
results.® A slightly nonplanar geometry of the nicotinamide ring
in NADH™- brought about by a stacking interaction with the
adenine ring could be responsible.

(26) Hore, P. J.; Kaptein, R.. unpublished results.
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Reactivity and Decay Pathways of Photoexcited
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Abstract: N-Methyl-2-anilinonaphthalene (2-MAN) is converted by light into 7-methyl-7H-benzo[c]carbazole (7-MBC) and
S-methyl-6,7-dihydro-5SH-benzo[c)carbazole (9). The reaction takes place only in the absence of oxygen and is regioselective;
i.e.. the isomeric S-methyl-5H-benzo[b)carbazole (5-MBC) is not formed. Ring closure takes place from the excited triplet
state of -MAN and a zwitterionic intermediate was found in flash experiments. N-Methyl-2-anilino-6-naphthalcnesulfonate
(2-MANS) behaves similarly. Caution should therefore be exercised if such compounds are used as fluorescence probes.
N-Methyl-1-anilinonaphthalene (J-MAN) is photochemically more stable than 2-MAN.

Anilinonaphthalenes, e.g., 1 and 2, have been widely used as
sof
QR QT
H 563 H
|

2

fluorescence probes for structure studies in biochemistry! because
the quantum yield and the spectral distribution of the fluorescence
of such compounds depend strongly on solvent polarity.

Since diphenylamines arc by light effectively convertcd into
carbazoles,? it is to be expected that anilinonaphthalenes undergo
similar photoinduced ring-closure reactions forming benzo-
carbazoles. Such photoproducts which strongly fluoresce could
cause artifacts if the parent compounds are used as fluorescence
labels. We therefore investigated the photochemical properties
of N-methyl-1-anitinonaphthalene (1-MAN) and N-methyl-2-

D0 M00,0

;}‘i?ifé!.";%“‘%c“a) 2-MAN (R, =CHy;R,=H)

1=AN _(R=H){ 2-AN {R,=R;=H)
2-MANS (R, =CHj;Ry= $03)

anilinonaphthalene (2-MAN) in some detail by means of
steady-state and flash experiments. Similar to 1 and 2 the
fluorescence spectra and the fluorescence quantum yields of 1-

(1) (8) Radda, G. K. Curr. Top. Bloenerg. 1971, 4, 81-126. (b) Brand,
L.; Gohike, J. R. Annu, Reu. Biochem. 1972, 41, 843-68. (c) Radds, G. K.
Vanderkooi, J. Biochim. Biophys. Acta 1972, 263, 509—49. (d) Trduble, H.
gr;membmnes 1972, 3, 197-227. (e) Azzi, A. Q. Rev. Biophys. 1978, 8,

-316.

(2) (a) Parker, C. A.; Barnes, W, J. Analyst (London) 1957, 82, 606-18.
(b) Bowen, E. J. Eland, J. H. D. Proc, Chem. Soc., London 1963, 202. (¢)
g’rdl;nannz. K. H.; Sherman, G. M.; Linschitz, H. J. Am. Chem. Soc. 1963,

, 1881-2,

MAN and 2-MAN depend strongly on solvent polarity.

We began our studies with the N-methyl compounds in order
to avoid complications due to side reactions which werc obscrved
in the case of diphenylamines. For instance, in the prescnce.of
oxygen N-methyldiphenylamine (3) is converted by light* into

SROS ST

3 {(R=CH,;) 5 {R=CH,) 7 {R=CH,)
L (R=H) 8 (R=H!} 8 (R=H)

N-methylcarbazole (7)via the zwitterionic dihydrocarbazole in-
termediate® 5. In the case of 4 side reactions occur® due to
hydrogen abstraction from the N-H group of the corresponding
zwitterion 6, which reduce the quantum yield of the formation
of 8.

Results

N-Methyl-2-anilinonapbthalene (2-MAN). Steady-State
Photochemistry and Product Analysis. Illumination of degassed
solutions of ZMAN in acetonitrile, cthanol, or methylcyclohexane
(MCH) results in the formation of 7-methyl-7H-benzo[¢]carbazole
{7-MBC) and 5-methyl-6,7-dihydro-5H-benzo(c]carbazole (9)
with a total quantum yield of 5-10%. The concentration ratio
7-MBC:9 is about 2:1. Both compounds were identified by
comparison with autheatic samples (mp, UV and NMR spectra).
The UV spectra of 2-MAN before and after illumination together
with the spectrum of 7-MBC, all in acetonitrile, are given in Figure
1. In MCH the absorption spectrum of 7-MBC is similar to that
in acetonitrile but the absorption peaks between 350 and 370 nm

(3) Fischer, G.; Fischer, E.; Grelimann, K. H.; Linschitz, H.; Temizer, A.
J. Am. Chem. Soc. 1974, 96, 6267~9.

(4) (a) Farster, E. W.: Grellmann, K. H. J. Am. Chem, Soc. 1972, 94,
634~S, (b) Férster, E. W.,; Grelimann, K. H. Chem. Phys. Lett. 1972, 14,
$36-8. (c) Forster, E. W.; Grelimann, K. H.; Linschitz, H. J. Am. Chem.
Soc. 1973, 95, 3108-15.

(5) Wolff, Th. Masters Thesis, University of Gottingen, Gdttingen, West
Germany, 1972,

0002-7863/82/1504-6267501.25/0 © 1982 American Chemical Socicty
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Ry CH, dH,
7.MBC (Ry=CHy:Ry=H) 9 (R=H) 5 MBC
7-BC (Ry=Ry=H) 10 (R=503)

7’MBCS { R| =CH3: R2=SO§)

are sharper in MCH (cf. Figure 3.

In air-saturated solution 2-MAN is much more stable. The
quantum yield of 2-MAN disappearance is 10~20 times smaller
than in degassed solutions, Only small amounts of 7-MBC are
formed. The main part of the reaction mixture consists of other
photoproducts which were tot identified.

The ring-closure reaction of 2-MAN is remarkably regiosc-
lective. The isomer S-methyl- S H-benzo[d)carbazole (5-MBC)
could not be detected in the reaction mixture. We estimate that
the NMR detection limit is 0.5% of 5-MBC contained in 7-MBC
(cf. Figure 2). Some static illumination experiments were carried
out with the partially deuterated amine N-ethyl-2-(penta-
deuterioanilino)naphthalene (2-EAND). (The N-cthylamine was

Qe Te el

) )
HH CoHe CaHg
2- EAND 1 7-EBCD

used because it is easier to synthesize than the N-methyl deriv-
ative.) The NMR spectra of the photoproducts 11 and 7-EBCD
show that the dihydrocarbazole 11 contains three protons at C-6
and C-7 and one deuteron cither at C-6 or at C-7. We were not
able to deduce from the NMR spectra whether the D atom is
located at C-7 (as shown in the formula) or at C-6.

The carbazole 7-EBCD contains only bydrogen atoms in the
naphtho group and only deuterium atoms in the benzo group. It
does, therefore, not arise from 11 (via dehydrogenation) because
in this case part of the 7-EBCD molecules should contain deu-
terium at C-5. More than 5-10% of such a compound (or of any
other isomer) would have been detected in the NMR spectra.

The dihydrocarbazole 9 is in degassed as well as air-saturated
solutions converted by light into 7-MBC without side reactions
(Figure 3). In air-saturated solution the quantum yicld of this
reaction is 5~7 times higher than in the absence of oxygen.

Flash Pbotolysis. Two transient absorptions (Aax = 500 pm
and A, = 620 nm) were observed after flash excitation of 2-
MAN dissolved in degassed MCH. In Figure 4 the absorption
spectra of the two transients are shown. The decay of the transient
with Ay = 500 nm is first order and at 294 X its lifetime 7, =
120 ps. An Asrhenius plot of 1/7, between 344 and 153 K shows
{cf. Figure 5) that two processes with rate constants k, = (2.3
% 105 571) exp(-8.4 kJ mol™/RT) and k, = (6.1 X 10t s7)
exp(~49.2 kJ mol~'/RT) are responsible for the decay of the
transicnt. At low temperatures solutions of 2-MAN in MCH-
isopentanc strongly phosphoresce Ovax = 494, 505, 532, 348
(shoulder), 577, 625 (weak shoulder) nm). At 81 K the phos-
phorescence lifetime 7, = 1.4 5. At higher temperatures (100~160
K) r, was determined in flash experiments and found to be in
excellent agreement with 7, We therefore assign the transient
with Ages = 500 nm to the triplet state of 2-MAN. The low-
frequency factor (T — So transition) and the low sctivation energy
{adventitious quenching) of k, corroborate this assignment. (The
decay process with rate constant k; will be discussed below.) The
yield of triplet formation (¢,(7)) was found to be constant between
150 and 300 K (cf. Figure 6). The yicld of the second transient
(A\nax = 620 nm) decreases strongly at lower temperatures (cf.
Figure 6). Its decay could therefore only be analyzed above 280
K. 1t is of mixed first and second order. Only the rate constant
of the first-order process, ks = [(4 £2) X 10°s™") exp(-60 % 3

BNSDOCID: <XP___2206013A__I_>
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Figure 1. Absorption spectrum of 3 X 103 M 2-MAN in degassed MCH
before (dashed line) and after (solid linc) illumination with a medium-
pressure Hg lamp through a 345-nm cutoff filter. For comparison the
spectrum of an authentic sample of 7-MBC (dotted line) is also shown.

i

e MM

A

4

— O(ppm}
Figure 2. NMR (270 MHz) spectra. Solvents: CD,CN (a~¢), D;O (d).
Standards: Me,Si (a~c), TSP-d, (d). a: Spectrum fraction of the
reaction mixture obtained after iltumination of 2-MAN in degassed
MCH. (Before the spectrum was taken, unreacted 2-MAN was removed
from the photoproducts by column chromatography.) b: Spectrum
fraction of an autbentic sample of 7-MBC. ¢: Spectrum fraction of an
authentic sample of the dihydrocatbazole 9. d: Spectrum fraction of the
reaction mixture obtained after illumination of 2-MANS in degassed
cthanol.

kJ moi™/RT), could be determined fairly accurately from an
Arrhenius plot because the accurate determination of the sece
ond-order rate constant required a better signal-to-noise ratio®
than we were able 10 obtain in our flash experiments. In air-
equilibrated MCH solutions ({O;] = 2.3 X 10" M) the triplet
state is quenched by oxygen with a quenching constant k, = 8
x 10? M 57! (295 K); the second transient is not at all observed
in air-equlibrated solutions.

(6) Grellmann, K. H.; Scholz, H. G. Chem. Phys. Lett. 1979, 62, 64-71.
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0.8

—
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0.4 |

200 300 AL, o

nm

Figure 3. Absorption spectrum of 3.5 X 105 M 9 in air-cquilibrated
MCH before (dashed—dotted line) and aficr (solid Jines) a number of
consecutive illumination periods (mediurn-pressure Hg lamp through a
280-nm cutoff filter).
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Figure 4, Transient absorption spectra observed after excitation of a
solution of 3 X 10° M 2-MAN in degassed MCH with a microsecond
flash (half-width of the flash ~ 3 us); optical path length, 10 cm. Full
circles: Triplet-triplct absorption of 2-MAN at 153 K. The changein
absorbance, A4 (lcft-hand scale), was determined from first-order decay
curves extrapolated to time zero. Open circles: Spectrum of transient

Z at 293 K. AA (right-hand scale) was determined from decay curves
80 ms after flash excitation.

¢ N-Metbyl-1-anilinonaphthalene (1-MAN). 1-MAN is photo-
* chemically much more stable than 2-MAN in both degassed and
air-saturated solutions. The quantum yield of decomposition is
1 X 1072 x 107 Traces of the corresponding benzocarbazole
are formed but the main fraction of the photoproducts consists
of unidentified compounds with unstructured UV spectra.
In flash experiments carried out in degassed MCH as solvent
we observed only one transient which decays in a first-order
reaction (k) and which we assign to the triplet state of 1-MAN.
1ts lifetime is 7, = 2 ms in degassed MCH and 7/ = 120 s in
air-equilibrated MCH at 296 K; i.¢., the oxygen quenching con-
stant is k, = 4 X 10° M~ 5!, From an Arrhenius plot of k we
obtained ¥, = (2 X 10° s1) exp(=9.1 kJ mol™/RT). The ab-
sorption spectrum of the transient is shown in Figure 7. At 81
K solutions of 1-MAN in isopentane—MCH (5:1) phosphoresce
s = 535, 568, 610 (weak shoulder) nm). The phosphorescence

235
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Flgure 5. Arrhenius plot of the decay of the 2-MAN triplet state in
degassed MCH, monitored at 490 nm. The rate constant ky(T) was
calculated from the difference ky(T) = 1/1,/(T) = ka(T).
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Figure 6. 2-MAN (1.3 X 10™* M) in degassed MCH. Absorbance
change, AA(), at differcnt temperatures after flash excitation, caused
by the formation of the triplet state of 2-MAN (open ¢circles, monitoring
wavelength A = S00 nm) and of Z (full circles, A = 630 nm). The solid
fine (rigbt-hand curve) was calculated from rate constants (3cc text) and
normalized at 363 X (arrow in Figure 6).

Other Anilinonaphthalenes. 2-Anilinonaphthalene (2-AN).
2-AN is in degassed solution converted by light into TH-benzo-
{¢]carbazole (7-BC). The quantum yield of this reaction is lower
than in the case of 2-MAN due to side reactions and it is com-
pletely suppressed in air-equilibrated solutions. The side reactions
are presumably due to hydrogen abstraction from the N-H group
of the primary ring-closure product.

N-Methyl-2-anilino-6-paphthalenesulfonate (2-MANS). 2-
MANS is not soluble in MCH. Under illumination in air-
equilibrated ethanol it decomposes slowly into unidentified
products with unstructured absorption spectra. Ilumination in .

degassed ethanol leads to the formation of two photoproducts
which could not be separated by means of TLC or GC. The NMR

spectrum of the reaction mixture shows at high ficld singlets of

two different N—CH, groups with an intensity ratio of about 2:1

lifetime at this temperature is 7, = 560 ms. In acetonitrile no

. (cf. Figure 2). The absorption spectrum of the reaction mixture
phosphorescence is obscrved.

(Figure 8) is very similar to the photoproduct spectrum shown

BNSDOCID: <XP___2206013A__1_>
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Figure 7. --MAN (3 X 10-* M) in MCH degassed and air equilibrated.
Triplet-triplet absorption observed after excitation with a nitrogen laser
(flash half-width, 3 ns). Open circles: air-equilibrated solution, 50 ns
after excitation. Full circles, open and full triangles: degassed solution
1, 50, and 80 us after excitation, respectively.
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Figure 8, Absorption spectrum of 1 X 10* M 2-MANS in degassed
ethanol before (dotted line) and after (solid lines) a number of consec-
utive ilumination periods (medium-pressure Hg lamp through a 320-nm
cutoff filter),

in Figure 1. We therefore conclude that the main photoproduct
(~70%) is 7-methyl-7H-benzo[c)carbazole-s-sulfonxte (7-
MBCS). The minor product is presumably the corresponding
dihydrocarbazole 18. The total quantum yield is 2-5%.

Flash experiments carried out with 2-MANS in degassed
ethanol gave results which are quite similar to those obtained with
2-MAN in degassed MCH. We observed two transient species.
One has an absorption maximum at 500 nm and decays in a
first-order reaction with a kifetime: of 200 us at 293 K. We assign
it to the triplet state of 2-MANS. Yield and lifetime of the second
transient (Ape = 630 nm) depend strongly on temperature as in
the case of ZMAN. At 310 K its half-life is about 1 s and its
decay is of mixed first and second order. An Arrhenius plot of
the first-order process gave the rate constant k = [(4£2)% 10°
s1) exp(-51 & 3 kJ mol™' /RT).

Discussion
The experimental results presented in this paper indicate that

the photochemical conversion of 2-MAN into 7-MBC procceds
in close similarity to the ring-closure reaction of diphenylamines.‘

BNSDOCID: «XP___2206013A__1_>
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We therefore propose the following reaction mechanism (Scheme
I). After intersystem crossing from the first excited singlet state
IM* of 2-MAN (rate constant k,) into its excited triplet state
3M* (which competes with the radiative process (%)), ring closure
occurs to the zwitterionic intermediate, Z, in its singlet ground
state, 'Z (k, and k,), with the quantum yield ¢,. One of the
resonance structures of Z is inserted in Scheme L. Competing
with the ring-closure reaction (k;) is the “normal” triplet deac-
tivation (k,) and quenching (kq[O,}) if oxygen is present. Ac-
cording to Scheme | the temperature dependence of the quantum
yield ¢, in degassed solution is given by &) = diks(T)/ (ki T)
+ k4(T)). Since the quantum yield of 2-MAN triplet formation,
&y, is temperature independent (cf. Figure 6), the relative yields
&:(T)/$:(363 K) can be calculated from the rate constants ky(7)
and ky(T) (solid line in Figure 6) and compared with the relative
yields, Adgo(T/AAs30(363 K) determined directly from the
change of absorbance at 630 nm (Adgy0) immediately after flash
excitation at different temperatures, 7 (full points in Figure 6).
The satisfactory agreement of the data shows that the assignment
of the process with low activation energy (cf. Figure 5) to the
normal triplet decay (k,) is correct and that the process with high
activation energy (k;) leads to the formation of Z. The large
frequency factor of ky indicates that the ring-closure reaction takes
place adiabatically in the triplet manifold. In contrast to N-
methyldiphenylamine where the formation and the decay of the
zwitterionic intermediate in its excited triplet state, >Z*, could
be scen in nanosecond flash experiments*® (in this case ky = 2
% 107 57! at 293 K), we did not find such an intermediate in the
case of 2-MAN. ‘This is presumably duc to the relatively small
rate constant ks (for instance, k; = 1 X 10% ™ at 293 K) which
might be the rate-detcrmining step of the 3Z° decay. If &y < ks,
no measurable concentration of 3Z* can accumulate and the
transient Z can only be observed in its singlet ground state 'Z.
Since below 300 K 1Z is formed only with low yield (cf. Figure
6), the growing-in of the Z spectsum can only be observed at higher
temperatures where k; > k. At 340K and above the buildup
of the 1Z absorption (nonitored at 620 nm) was observed. It
matches exactly the decay of the amine triplet absorption
{monitored at 480 nm). '

The decay of 'Z is a rather complicated process. Part of '1Z
reverts by ring opening (ks) to the starting material. This is
presumably the first-order process with 60 kJ/mol activation
energy. A small fraction evidently rearranges into the dihydro-
carbazole 9. Presumably, the first step of the rearrangement is

e ¢
Sty Yo n0
ClHa HC‘H; HHéHa

'z 12 9

a sigmatropic 1,4 hydrogen shift, in analogy to the rearrangement
reactions of cnamines.” The resulting dihydrocarbazole 12 is

{7) (a) Chapman, O. L.; Eian,G. L.; Bloom, A.; Clardy, 3. J. Ant. Chem.
Soec. 1971, 93, 2918~28. (b) Grellmenn, K. H.; Kothnle, W.; Wolff, Th. Z.
Phys. Chem. (Frankfurt am Main) 1976, 101, 295~306.
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Photoexcited Anilinonaphthalenes

apparently not stable and rcarranges further to yield 9.

The mechanism of the dehydrogenation reaction 'Z — 7-MBC
is not known. We have no experimental evidence that the sec-
ond-order part of the 'Z decay isa disproportionation reaction
as it was observed with N-methyldiphenylamine® because in the
mass spectra of the reaction mixture we could not find a tetra-
hydrocarbazole, i.¢., 2 mass two units higher than that of 2-MAN.
Since tetrahydrocarbazoles a1e quite often very Jabile compounds
and since low-temperture experiments cannot be carried out with
2.MAN because of the decreasing yield ¢, (cf. Figure 6), it will
be very difficuit to investigate this part of the reaction in more
detail.

The relatively long lifetime of the amine triplet state is the
reason that 7-MBC formation is not observed in air-equilibrated
solutions because k,[Oz] > k;. For instance, at 293 K the
ring-closure rate constant ky = 1 X 10° 571, but & {O,) = 1.6 X
107 5. Recently, it has been suggested® that the angle of twist
between the naphthyl and phenyl rings of 2-MAN is responsible
for the nonreactivity of this compound and the triplet quenching
by oxygen was considered to be unimportant, which is not correct,
One could, perhaps, argue that a large angle of twist is the reason
for the tow value of k;. However, with the trimethyl derivative
13 of N-methyldiphenylamine in which the two phenyl rings are

R R
O R=CH,

)

R R

13

certainly twisted the ring closure to the corresponding zwitterionic
transient proceeds even faster® (about 10 times) than with the
parent amine.

We fee] that the electron density distribution in the excited
triplet state govems this reaction and causes also its regiosclectivity.
This intcresting aspect of the reaction mechanism will be discussed
in more detail elsewhere together with the photoreactions of other
relevant diphenylamine derivatives.

The results obtained with the sulfonated compound 2-MANS
are very similar to those reported for 2-MAN. Therefore, the
reaction mechanism outlined above for 2-MAN can also be applicd
to 22MANS. In particular, the great similarity of the absorption
spectra of the photoproducts (cf. Figures 1 and 8) leaves little
doubt that the main photoproduct of 2-MANS irradiation is the
benzocarbazole 7-MBCS. Dodiuk and Kosower published a
photoproduct spectrum!®? obtained from irradiation of 2-MANS
in ethanediol which is practically identical with the absorption
spectrum in Figure 8. Relying on NMR data these authors
proposed for the photoproduct the imine structure 14. In our

0,8 ﬁ @

|
HH Ch,

14

experiments carried out in degassed ethanol two products were
formed which could not be separated on chromatographic columns,
presumably duc to the highly polar sulfogroup. Therefore, the
NMR spectrum of the reaction mixture is rather complicated.
1t can, however, be compared with the spectra of the authentic
samples of 7-MBC and 9 a small part of which js shown in Figure
2, We see no reason to assume that in ethanol compound 14 is

(8) Grellmann, K. H.; Kibnle, W.; Weiler, H.; Wolfl, Th. J. Am. Chem.
Soc. 1981, 103, 6889-93.
(9) Fratev, F.; Polansky, O. E.; Zander, M. Z. Naturforsch. A 1976, 31,

987-9.
(10) Dodiuk, H.; Kosower, E. M. J. Am. Chem. Soc. 1977, 99, 859-65.
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formed and we are convinced that 7-MBCS is the main photo-
product. Since the absorption spectra of the photoproducts in
ethanol and in ethanediol are identical, there remains little doubt
that the assignment of Dodiuk and Kosower is not correct. We
also suspect that in a kinetic study'! the properties of 7-MBCS
rather than of 14 were investigated.

1-MAN does not form 5-MBC upon illumination. Conse-
quently, one observes in flash experiments only the triplet state
of 1-MAN but no zwitterionic intermediate. Only one position
in the naphthalene moiety of this molecule is available for a
ring-closure reaction. Its nonreactivity is presumably due to an
unfavorable electron density distribution in the excited state.

Kinetic studics in the nanosccond'® and, especially, in the
picosecond!?® time range clearly demonstrated that 1-AN and its
derivatives can be used as fluorcscence probes only with caution.
Obviously, 2-AN derivatives arc cven worsce candidates for such
studies because additional problems may arise due to their facile
conversion into benzocarbazoles under anacrobic conditions.

Experimental Section

Materials.  N-Methyl-1-anilinonaphthalene {1-MAN). 1-Anilino-
naphthalene (6.67 g, 0.03 mol) and 5.7 mL (0.06 mol) of dimethylsulfate
were kept for 1 hat 100 °C, Then 7.6 8 (0.135 mol) of KOH in 40 mL
of H,0 was added and refluxed for 2 h. The reaction mixture was
extracted with 2 X SO mL of diethyl ether, and the extract dried with
Na,SO, and evaporated. The residue was chromatographed on Alzog
with cyclohexane—CCl, 1:1: yieid 0.68 g (0.003 mol); mp 43 °C (hie!
52-53 °C); correct clemental analysisi UV (log ¢) in methyleyclo-
hexane (MCH) 337 (3.46), 288 (3.81), 250 (4.23) nm, The lit."* mp for
1-MAN and 2-MAN (see below) seem doubltful because the clemental
analyses reported in ref 13 deviate strongly from the calculated valucs.

N-Metbyl-2-anilinonaphtbalene (2-MAN). 2-MAN was prepared
from 2-anilinonaphthalene like 1-MAN: mp 53 °C (lit." 88~90 °C);
correct elemental analysis; UV, (log ¢) in MCH 347 (3.61), 306 (4.20),
277 (4.15), 248 (4.41) nm; NMR (Me¢;S0-d) 6 7.78 {d), .75 (d), 7.75
(a), 7.42 (t), 7.38 (s), 7.33 (1), 7.33 (1), 7.31 (1), 7.17 (d), 7.11 {(d). 7.1}
(d), 7.02 (t), 3.38 (s, 3 H).

3,4-Dibydro- 1H-naphthalen-2-one Phenylhydrazone (15). 15 was
prepared from phenylhydrazine and 3,4-dihydro- 1 H-naphthalen-2-one
(B-tetralone) in 50% acetic acid, mp 109-110 °C (lit."* 109 °C).

6,7-Dihydro-SH-benxo|c jcarbazole (16). 15 (5 g, 0.021 mol) was
dissolved in 75 mL of ethanol and under stirring 2.5 mL of concentrated
H,SO, in 25 mL of cthanol was slowly added. To the red solution 400
mL of H,0 was added and the solution was neutralized with 30% NaOH.
A dark resin precipitated. Recrysiallization from petro} cther (bp 60~80
°C) afforded 1.7 g {0.0078 mot) of colorless crystals, mp 100.5-101 °C
(lit.}* 100 °C).

5-Methyl-6,7-dibydro—5}1-benzo[c]cubﬂzole (9). 16 (0.5 g, 0.0023
mol) was dissolved in 10 mL of acetone and 0.5 8 (0.0089 mol) of ground
KOH added. After 10 min 0.5 g (0.0035 mol) of CH,l and after 15 min
20 mL of H,O were added. The reaction mixture was extracted with
diethyl ether, and the extract dried with Na,SO, and evaporated. Re-
crystallization from petrol ether (bp 40-60 °C) afforded 0.27 g (0.0016
mol) of colorless crystals: mp 133.5 °C; NMR (CD,CN) 5 8.00 (d), 7.82
(d), 7.43 (d), .27 (t), 7.26 (d), 7.20 (m, 2 H), 7.06 (1), 3.72 (s, 3 H),
3.02 (m, 4 H).

N-Ethyl-2-(pentadeuterioanilino)naphthalene (2-EAND). N-Acetyl-
2-naphthylamine (3 g, 0.016 mol), 10 g (0.06 mot) of bromobenzene-ds,
1.5 g (0.01 mo?) of K,CO,, a trace of Cu powder, and KI were heated
10 210 °C for 1 h. Water and unreacted bromobenzene were evaporated
under vacuum, and the residue was dissolved in 150 mL of ethyl ether,
filtered, dricd with Na,SO,, and reduced with LiAlH,. The product was
purified on a Al O, column with cyclohexane—dicthyl ether L:1: yicld
0.5 g (0.002 mol); UV,,, in MCH 350, 310, 278 nm; NMR (CD,CN)
37.75 (d), 7.69 (d), .69 (d), 7.4 (1), 7.36 (s), 7.3 (1), 7.14 (d), 3.88 (q,
2 H), 1.23 (t, 3 H).

(11) Dodiuk, H.; Kosower, E. M.; Ottolenghi, M.; Orbach, N. Chem. Phys.
Letr. 1977 , 49, 174-6,

(12) (a) Fleming, G. R; Porter, G.; Robbins, R, J.; Synowiec, J. A. Chem.
Phys. Lett. 1977, 52, 228-32. (b) Robinson, G. W.; Robbins, R. J.; Fleming,
G.R.;: Morris, J. M.; Knight, A. E. W.; Morrison, R. J.8.J. Am. Chem. Soc.
1978, 100, 7145-50.

(13) Licber, E.; Somasckura, S. J. Org. Chem. 1960, 25, 196-9.

(14) von Braun, J.. B dorf, D.; Kirschb G. Ber. Disch, Chem.
Ges. 1922, 55, 3661.

(15) Ghigi, E. Gazz. Chim. Ital. 1931, 61, 43.

(16) Xohnle, W. Woelm Information Sa.
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7-Methyl-7H -benzo[¢ Jcarbazole (7-MBC). 2-MAN (0.233 g, 0.001
mol) was dissolved in 1 L of UV-grade cyclohexane. The solution was
illuminated in a Rayonet RPR-100 rcactor for 1S h with “350-nm™
Jamps. Thirty minutes before and during iNumination purified N; was
bubbled through the solution. After evaporation of the solvent the residue
was chromatographed on a SiO, column with cyclohexane~toluene 1:1.
Two fractions (starting material and photoproduct) were collected. The
photoproduct (7-MBC) was recrystallized twice from methanol and af-
forded 17 mg (7.4 X 107 mot) pale yellow crystals: mp 118 °C itV
118-119 °C); UV, (log €} in MCH 369 (3.90), 362 (3.58), 350 (3.77),
327 (4.21), 315 (4.06), 288 (4.09), 267 (4.77) nm; NMR (M¢,S0-d)
5 8.80 (d). 8.62 (d), 8.09 (d), 8.01 (d), 7.93 (d), 7.77 (d), 7.72 (1), 7.52
(1), 7.48 (1), 7.36 (1), 4.02 (s, 3 H).

Treadiation. Spectroscopic irradiations were performed with about 5
x 10 M solutions in t X 1 cm? quartz cells. The solutions were de-
gassed on a high-vacuum line, using the frecze-pump-thaw technique,
and sealed off.

Solvents. Methylcyclohexane and isopentane (Fluka purum) were
chromatographed.’ Acctonitrile and ethanol (Uvasol Merck) were used
without further purification.

(17) Campagne, E.. Ergener, L; Hall\;m. 1. V.; Lake, R. D. J. Org. Chem.
1959, 24, 488.

J. Am. Chem. Soc. 1982, 104, 6272-6273

Spectra, UV spectra were recorded on a Perkin-Elmer Model 320
recording spectrophotometer. Mass spectra were measured on a Varian
MAT Model CH 7 instrument at 70 eV and NMR spectra on a Bruker
WH 270 pulse Fourier transform (270 MHz) instrument.

Flasb Photolysis. The flash apparatus has becn described elsewhere.*
The cooling technique of Fischer'® was applied for ¢xperiments at low
temperatures. The optical path length of the flash cells was 100 mm.
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Torsional Potential Function of n-Butane. Correlation
Effects in the Quantum-Mechanical Prediction of the
Syn-Anti Energy Difference
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Abstract: Hartree-Fock-Roothaan (HFR) calculations have been carried out by using a split-valence (6-31G) basis set:
the title conformations of n-butane. The calculated energy difference was 6.36 keal/mol, compared to 5.99 keal/mol reporfed
earlies for an STO-3G basis set. (Both calculations used molecular mechanics (MM2) optimized geometries for whiclizfhe
cnergy difference is 4.73 kcat/mol.) Inclusion of polarization functions at the HFR level leaves the cnergy difference virtuddly
unchanged, 6.48 kcal/mol. Configuration interaction caleulations over 11665 of 33234 possible singly and doubly excied
. valence configurations reduce the energy difference to 4.58 kcal/mol.

The n-butane molecule is a fundamental unit, an understanding
of which is required for conformational analysis of hydrocarbons.
There are four important torsional extrema: 0° {syn or cis}, ~60°
(gauche), ~120° (eclipsed), and 180° (anti or trans). While the
Jatter three conformations are reasonably well understood, the
syn form has presented some difficulties.2 Theoretical estimates
of the syn-anti encrgy difference have been derived on several
occasions from Hartree—Fock~Roothaan (HFR) calculations, but
no direct experimental values are available (vide infra). The most
reliable (in our judgement) HFR value for this difference is 5.99
kcal/mol (STO-3G),? but this is significantly higher than the
molecular mechanics value of 4.73 kecal/mol (MM2).# We do
not see how the HFR value could be utilized in molecular me-
chanics to give recasonable results, We, therefore, concluded
earlier? that the HFR value must be in errot by ~1 keal/mol.
Such an error might be ascribed to basis set limitations, but the
STO-3G basis sct has seemed to be adequate for hydrocarbons
in the past.

Inclusion of electron correlation effects will give a lower cal-
culated energy than the HFR formalism for a given molecule and
choice of basis set. Itis expected.’ and generally found, that the
energy lowering is similar for different conformations of the same
molecule. It has been suggested, however, that this discrepancy
between the MM2 and HFR values is due to correlation ef! fects.?
The near-constancy of correlation effects is a necessary condition
for the validity of HFR conformational studies. This is usvally
assumed to hold for “simple” alkanes. Even so, recent studies of
1,2-difluoroethene have demonstrated the importance of correlation
effects in accounting for the cis-trans encrgy difference.® There
is reason to believe that a similar effect is operative for the syn
and anti forms of n-butane. In the former conformation the methyl
groups approach each other quite closely, well within their van
der Waals radii. Their is substantial van der Waals repulsion,
but masked by this is a van der Waals attraction previously
estimated to be about 1 kcal/mol.? This dispersion cnergy is
essentially a correlation effect, accommodated within the molecular

(1) (a) Du Pont, Contribution No. 2989: (b) University of Georgia.
(2) N. L. Allinger and S. Profeta, Jr., J. Comput. Chem., 1, 181 (1980).
(3) For a summary of previous HFR calculations on n-butane, sec ref 2.
(4) N. L. Allinger, J. Am. Chem. Soc., 99, 8127 (1977).

(5) R. M. Pitzer and W. N. Lipscomb, J. Chem. Phys., 39, 1995 (1963).

(6) (2) J. S. Binkley and 3. A. Pople, Chem. Phys. Lett., 45, 197 (1976);
(b) D. Cremer, ibid., 81, 481 (1981); (c) S. R. Gandhi, C. E. Dysktra, and
T. Fukunaga, submitted for publication.
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The acidified aq soln was extd with EtQAc. These extracts
were washed with H;O and dried before evapn. The residue wes
treated with Et,0, and the solid obtd weighed 210 mg (15%).
Analysis by tle (SGH, solvent K) indicated the two solids were of
nearly identical compn and of excellent purity. Their repptn
from Et;0-EtOAc did not yield material having satisfactory
elemental analyses, and the remaining product was subjected to
column chromatography (SGH, 20 g; developed with solvent
K). The best fractions were combined: 339 mg, 24% yield;
tle (SGH, solvent K) indicated slight impurity; uv max (0.1 N
NaOH) 256 (e 33,900), 351 (7440). Anal. (CiHxNiOs) C, H,
N.

B. Acetylation of the Product of Reductive Condensation of 2
and 4—Compd 4 (3.55 g, 11 mmoles), 2 (2.33 g, 10 mmoles), and
p-toluenethiol (8.7 g, 70 mmoles) in 300 ml of anhyd methoxy-
ethanol were utilized in the reductive condensation procedure pre-
viously described (B, synthesis of 10). Celite (10 g) was added
10 the product suspended in Et,0, and the total filter cake was
nir-dried before acetylation as previously described (A, synthesis
of 3¢). The solid phase was removed by filtration and washed
with Ac:O and MesCO.  The filtrates were combined and evapd,
and the residue was triturated with Et;0. The insol fraction
was extd with warre EXOAc several times, and the combined exts
were washed with H;O and dried. Evapn yielded 3.3 g of solid
(579 crude yield).

This solid was chromatographed on a column of SGH (130 g)
by development with solvent K. Product-containing fractions
were rechromatographed (SGH, 75 g, solveat X). The best
fractions were combined and evapd, and the residue obtd
was triturated with Et;0. The product was isolated by filtra-
tion: 740 mg, 139, yield; tlc was identical with that of the
analytical sample; uwv mex (0.1 N NaOH) 256 (¢ 33,700), 351
(7680); pmr (DMSO-ds) & 2.22 (s, 3 H, COCH,), 2.24 (5, 3 H,
COCH,), 5.36 (5, 2 H, NCHa), 7.87 (d, 1 H, C,'-H), 8.32 (d of
doublets, 1 H, C¢'-H), 8.88 (d, 1 H, CONH of glutamic acid), 8.89
{d, 1 H, Cy’-H), 8.95 (s, 1 H, C-H), 12.10 (m, 2 H, CONH).
Other pmr spectral data obtd for this sample were equiv to those
given for 4. Anal. (CedHuNyOp) H; C: caled, 53.60; found,
52.27: N: caled, 19.24; found, 18.76.

N-(6- [(2-Amino-3,d-dihydro-4-ox0-6-pteridinyl )methyl} -
amino}nicotinoyl)glutamic Acid (3'-Azafolic Acid).—Compd 8b
(759 mg, 1.3 mmoles) was dissolved in 390 ml of deaerated 0.1 ¥

CavarLito, Yun, Epwarvs, anp Foubks

NaOH, and the soln was allowed to stir at room temp under N,
At the end of 18 hr, the soln was acidified to pH 3.5, and the ppt
was isolated and washed with dil HCl by centrifugation. The
gelatinous mass wes dried (P.0s) in racuo, and the solid obid -
was dissolved in H;O contg 2 equiv of NH.OH. This soin
was diluted to 1 1. and was made 0.1 A{ in mercaptoethanol;
the resulting soln (pH <7) was epplied to a DEAE-cellulose
column (22 g, std capacity, phosphate form). The column was
eluted with a linear NaCl gradient (1000 m! of 0.7 3 NaCl in
the reservoir and 1000 m! of 0.0 3/ NaCl in the mixing bottle;
both soln were 0.1 M in mercapioethanol). Elution of the
fractions was monitored by uv absorption, and the desived frac-
tions were combined and acidified to pH 3.5 with HCI.

The ppt was collected and washed with dil HCl by centrifuga-
tion. The gelatinous mass was dried (P,0;) in vacuo, and the
product was pulverized before final drying (P:0,) for 24 hr at room
temp and 0.5 mm. The yellow solid weighed 384 mg, 635, yield
(8% yield from 2); a comparable reaction had previously afforded
5387 yield (13%; from 2); tle: 6 appeaved homogeneous (uv de-
tection) on SGH (solvent A), Cell*A (solvent A), Cell-B (solvents
C, D, E). On Cell-B (solvent A), 6 produced a pattern of 2
vverlapping spots; repetition of this same pottern from each of
the original 2 spots on 2-dimensionsl tie indicated the pattern
was n chromatographic artifact. On Cell-DEAE (solvent F),
6 appeared to contain two blue-fluorescent impurities. Side-
by-side comparison of 8 with 10 in this tle system indicated that
the amount of 11 present in 6 was much less than 17%; the amount
of the second impurity appeared comparable; uv max (0.1 ¥
HCI) 261 (e 24,800), 316 (15,500); wv max (pH 7) 277 (32,000),
347 (8020); uy max (0.1 N NaOH) 238 (28,200), 275 (29.000),
365 (8900); pmr (CFiCO:D) & 2.62 (m, 4 H, CH.CH,), 5.13 (m,
1 H, NCH), 5.18 (3, 2 H, NCH;), 742 (d, 1 H, C,’-H), 8.58 (d of
doublets, 1 H, Cy/-H), 8.84 (4, 1 H, C,/-H), 9.05 (+, 1 H, C:-IT).
Anal.  (CuHuNs0e- 1.3H:0) C, H, N.»
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Choline Acetyltransferase Inhibitors.

Styrylpyridine Analogs with Nitrogen-Atom Modifications
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Amoug steric and electronic features of styrylpyridine enslogs previously associated with their activity as in-
hibitors of choline acetylase were molecular coplanarity and the w-electron-deficient cationic pyridinium moiety.
Azomethines, capable of assuming, but presumably not preferring, molecular coplsnarity, are represented by
both active and insctive trans isomer types. The active inhibitor is less potent than the styrylpyridine analog.
An aminomethylstilbene had no inhibitory activity; the cationic and steric features are believed favorable, but

the absence of a w-electron-deficient moiety is not.

between corresponding pyridine and pyridinium analogs.

2-Pyridoneimines were intermediate in potency and ionization

These observations are consistent with previously re-

ported structure-activity relationships and proposed enzyme receptor interactions.

In previous articles,®? a variety of steric and elec-
tronic parameters of analogs of styrylpyridines were
assessed in relation to influences on potency and speci-

* To whom correspondence should be addressed.
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ficity as inhibitors of choline acetylase (ChA) (choline
acetyltransferase). A simple, potent prototype is the
trans-N-methyl-4-(1-naphthylvinyl)pyridinium salt, I.
There are now described analogs that include uzometh-
ines, in which the « and 8 carbon atoms are selectively
replaced by N, 2-pyridoneimine (1,2-dihydro-2-imino-
pyridine) species, and trans-4+-aminomethylstilbene.
For the reasons next outlined, these have been designed
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A
CH
H\L'-QN@CH;‘
A,

I

to permit more critical evaluation of projected hypothe-
ses.>?

Earlier evidence pointed to molecular coplansarity as
a feature favoring ChA inhibitory activity among the
styrylpyridine analogs. The trans isomers of stilbene,
azobenzene, styrylpyridine, and their unhindered deriv-
atives energetically favor coplanarity. Azomethines
(Schiff bases), on the other hand, have been described as
nonplanar.*=? In benzylideneanilines, the phenyl ring
attached to N has been proposed as existing at an angle
of from 30° to 40-60° from the plane of the PhCH==N
unit.5® These azomethines are stated to be more stable
as trans isomers and to photoisomerize to cis forms.?
Although an unhindered trans-azomethine in solution
may not preferentially assume coplanarity, there
appears to be no barrier to existence of the copla-
nar form. Assuming electronic factors remain favor-
able, an azomethine should be less potent than styryl-
pyridine but not necessarily inert as a ChA' inhibitor if
coplanarity favors potency.

Previous studies showed that ChA inhibitory potency
was favored by a cationic charge on the pyrido compo-
nentof I. Such astructural feature endows this part of
the molecule with both r-zlectron-acceptor (A,) quali-
ties and ionic-bonding potential. Earlier variations,
such as styrylpyridine N-oxide and trans-stilbene-4-car-
boxylic acid, are neither cationic nor r-electron defi-
cient, and their inactivity as inhibitors cannot be un-
equivocally associated with only one of these variables.
There is considerable evidence that little specificity is
associated with the nature of substituents in the vicinity
of the pyrido-N.2%% A compound with dimensional,
hydrophobic and conjugation features comparable to
trans-styrylpyridine, and possessing a basic group in the
structurally nonspecific locus, is trans-4-aminomethyl-
stilbene (VIII). Tt should be at least as potent as the

GH.CH

I
HC—@—CH,NH,

vl

pyridine base if cationic charge alone is sufficient, but in-
active if r-electron-acceptor properties are required.
The quaternized pyridinium derivatives, such as I,
are considerably more potent inhibitors of ChA than
are the weakly basic pyridine forms. A 2-pyridone-
imine analog of I would be a much stronger base® than
a pyridine, presumably a =-electron acceptor in the ion-
ized state, and predicted as intermediate in potency be-

(4) C. Haselbach and E. Heilbronper, Helv. Chim. Acta, 81, 16 (1968).

(5) V.1 Mlakio, Y. A, Zhdanov, E, A. Moedyantzove, and Y. A, Ostrou-
mov, Tetrohedron, 38, 3651 (2067},

(8) G. Favini, Gazz, Chim. Ital., 84, 1287 (1064).

(7) N. Ebara, Bull, Chem. Soc. Jcp., 83, 534 (1860).

(8) D. G. Andemson and G. Wettermark, J. Amer. CAem. Soc., 87, 1433
(1965).

(9) J. C. Bmith, C. J. Cavallito, aod F. F. Foldes, Biochem. Pharmacol.,
16, 2438 (1067).

(10) 8. J. Apgystand C. L. Angyul, J. Chom. Soc., 1461 (1952).
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tween the pyridine and its quaternized derivative.
Compounds IXa and IXb were prepared and, consistent
with spectral an” other physical characteristics and evi-
dence in the literature,! are assigned the 1,2-dihydro-2-
iminopyridine (2-pyridoneimine) structure.

lXa. R_-CH]
b, R = CH,CH,OH

Discussion and Results

Two isomeric pairs of azomethines were compared
with the styrylpyridine analogs, T and II. Although I
and I1 are only about three times as potent as the cor-
responding azomethine pair III and IV, the isomeric
azomethines V and VI are essentially inert. Anils as
a groyp are more susceptible to hydrolytic cleavage'?
than are styrylpyridines. Aqueous solutions of IV
and V1 at pH 7.4 in the dark showed, respectively, no
change in the uv spectrum of VI after 3 hr, and a pro-
gressive change in IV measured from 0.5 to 4 hr. Inac-
tive VI is more stable than inhibitory 1V, so the differ-
ence in potency cannot be attributed to hydrolysis.
Both IV and VI were photolabile, and uv spectral
characteristics changed after J0-min exposure to fiuor-
escent light. This is characteristic of trans isomers of
nzomethines® as well as of styrylpyridines. The uv
spectra of IV and VI are markedly different from one
another and may reflect electronic differences between
this peir of structural isomers which alsgymay influ-
ence their relative tendency to favor mglecular co-
planarity. The isomer VI is sbout as*":" ert as the
nonconjugated, noncoplanar VII. The differences be-
tween IV and VI which influence ChA} inhibitory
activity may be steric as well as electronic:

The trans-4-aminomethylstilbene, VIII, 1
inactive as a ChA inhibitor, but was found to be slightly
stimulating for this enzyme.!* This strongly supports
the contention that the x-electron-deficient (acceptor)
moiety in the styrylpyridine analogs is important for
ChA inhibitory activity. If cationic charge were suffi-
cient, VIII should have a ChA Iy value between that of
trans-4-styrylpyridine (6 X 10—* M) and its N-Me
quaternary derivative (1.5 X 10-%).* A much lower
rate of photoisomerization was found for VIII than for
the trans-styrylpyridines under ionizing conditions, fur-
ther supporting the view!é that the r-electron-acceptor
character of the pyridinium moiety contributes to cis
isomer stabilization by intramolecular charge transfer
interaction.

In contrast to the noninhibitory nature of the stilbene

derivative, VIII, the two 2-pyridoneimines, IXaand IXb,

(31) A. 8. Tomeufcik and L. N, Btarker, in "Pyridice and Derivatives of
H lie C ds,” E. Klingsb Ed., Interscl Now York,

N. Y, 1062,
(12) H, von Euler, H. Hasselquist, and O. Ceder, Ark. Kemi, 8, 287 (1957).
(13) H. L..White and C. J. Cavallito, Biochim. Biophys. Acta, 208, 343
(1870).
(14) H. L. Whito and C. J. Cavallito, idid., 308, 242 (1970).
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CHOLINE ACETYLASE INBIBITORY ACTIVITIES

(2
0

X,
%b

Mp, Cha

No. x=y° RX °C yield 1o, 3 Formula
cllepi_— — CH=CH__———HCl 2.5 X 107 CoHaCLN
alt (o) M 4.7 X 10~7 CisHielN
11 N=CH 111-112 87 7.5 X 10~ CieHnsN:
v N=CH Mel 209-212 dec 27 1.3 X 10~ CuHulN,
Sy PN CHEN T 65-67 75 15%/10=¢ CuHiN,
VI CH=N Mel 187-189 12 15%/10- CuHyIN,
Vi CH,CH, Mel 193-195 10%/10-1 CisHuIN

2 Where x-y is & double bond link, the configuration is trans, *Yield as analytically satisfactory material. ¢ Compound reported

earfier,?. included to facilitate comparisons.

had molar i values against ChA of 5 X 10-¢ and
8 X 10-¢, respectively. These values, as was predicted,
- are intermediate between those of the more ionized 1
and weazker base II. The relative nonspecificity of
substituents in the pyrido-N region is again confirmed.
The hydroxyethyl derivative, IXb, is more water solu-
ble than IXa and may be particularly appropriate for
animal pharmacology studies.

Recently, a variety of anthelminthic l-arylvinyl-
pyridinium derivatives have been described.’® One of
these, 1-(phenylvinyl)pyridinium bromide, in our tests
showed less than 20% inhibition of ChA at 10—* M.
This is relatively inactive compared with the (4-phenyl-
vinyl)-1-methylpyridinium derivatives.*®* This may
result from an unfavorable localization of the cationic
charge or from deviation from coplanarity, or both, in
the 1-arylvinylpyridinium system.

Experimental Section

The final compds usually were dried s vacuo at 80°. Yields
were of secondary importance to purity. Melting points were
taken with a Fisher-Johus apparatus; reported velues are cor-
rected. Analyses were performed by M-H-W Laboratories,
Garden City, Mich, Found anal. conform to within 0.3% of the
caled values.

Iuhibition measurements against rat brain ChA and AChE
enzyme prepns were conducted as deseribed previously.? The
ChA velues also were checked by a second method.’* Subdued
or pink light illumination was used during experimental exposure
of solns of the test compds.

N-(1-Naphthyl)-1-(4-pyridyl)methylenimine (I) and Is
Methiodide (IV).—A mixture of 2.8 g (0.02 mole) of 1-naphthyl-
amine and 2.1 g (0.02 mole) of 4-pyridinecarboxaldehyde in 40
ml of EtOH was refluxed for 5 hr. The solvent was evapd off,
and the crude material recrystd from hot i-PrOH to yield 4.0 g of
product (ITI). Amnal. (CuHuN,) C, H.

A soln of 0.46 g (0.002 mole) of IIT in 5 ml of Mel was allowed
1o stand at room temp for 3 hr. The crude reaction material
which pptd on addn of Et,O was collected by filtration and
recrystd from hot EtOH to yield 0.2 gof IV. Anal. (C,Hi:IN:)

C, H.
1-(3-Naphthyl)-.\'-(4-pyridyl)methylenimine (V) and Its Me-
thiodide (VI).—A mixture of 4.7 g (0.05 mole) of 4-aminopyridine
and 7.8 g (0.05 mole) of 1-naphthaldehyde in 70 m} of dry PhMe
was heated to reflux for approx 30 hr with & catalytic amount of
PhSO:H, and the H,O formed was distd off azeotropically. The
solvent then was distd off, and the residue was crystd by dissolving
in hot ligroin and cooling to —5° to yield V. Anal. (CisHuN:)
{158) J. W. McFarland and H. L. Howes, Jr., J. Med. Chem., 13, 1079

(1969).
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4 Molar Iy against crude rat brain acetylcholinesterase is 3.8 X 10-4,

A soln of 2.3 g (0.01 mole) of V in 10 ml of Mel was allowed
to stand at room temp overnight. The Mel was evapd off, the
residue was triturated with warm EtQOH, the soln was filtered, and
the filtrate was cooled to yield product. Recrystn from hot EtOH
was repeated to yield pure VI, d4nael. (CyyHulN2) C, H, N.

4-(1-Naphthylethyl)pyridine Maethiodide (VII).—4-(1-Naph-
thylvinyl)pyridine was reduced with 509 HI to the Et anslog,
purified as the HCl salt. The liberated base treated with Mel
)Er]ielded VII, recrystd from hot i-PrOH. Anal. (CpH,NI) C,

trang-4-Aminomethylstilbone Hydrochloride (VIH).—A soln
of 4.2 g (0.02 mole) of stilbene-4-carbonitrile’ in Et,O was treated
with LAH.Y® The product was pptd from Et;0 by addn of
ethereal HCl. Two recrystns from i-PrOH gave 1.6 g of white
solid: mp 268-269.5°; ir (KBr), 2800-3400 (NH,*), 1610
(stilbene C==C), 975 em™! (tfrans RC(H)=(H)CR); uv, e
(H:0), 308 mu (e 30,000), 298 (30,100), 216 (14,100); nmr
(DMSO-d;, MeSi) 3, 2, + 5.98 (C), m, 5, 2.48-2.68 (A), s, 6, 2.35
{b), b, 3, ~1.0 (D). Anal. (CisH;CIN)C, H.

A melting point of 300~305° has been reported!® for VIII and is
not in agreement with our finding. The ir, uv, and nmr spectra
of our product are consistent with the structure.

Photoisomerization of YIII.—The uv spectrum of a sample of
VIII in H,0 was determined using a Cary Model 15 spectropho-
tometer. The sample in the cuvette was then irradiated with a
275-W Westinghouse sun Jamp at a distance of 1 m for 1-, 6-, and
86-min total exposures. The uv spectrum was determined after
each exposure. The two bands at 308 and 208 mu were replaced
by one band at 283 mu after 66~-min exposure (Table I1I). This

Tanpte I1

INFLUENCE. OF IRRADIATION ON UV SPECTRUM OF
trans-4-AMINOMETHYLSTILBENE HYDROCHLORIDE IN WATER

— —~———Absorbsace ——————
Exposure, min 308 mu 298 mu 218 rap
Q 0.75 0.74 0.34
] Q.07 0.67 0.34
6 0.35 0.39 0.40
283 mau
66 0.26 0.40

rate of photoisomerization is considerably lower than that ob-
served with the styrylpyridines under identical conditiona.
1-Methyl-2-imino-4-(1-napthylethenyl)-1,2-dlhydropyridine
(IXa) and HI Salt.—A soln of 2- amino-4-methylpyridine in Mel
was refluxed for 10 min, excess Mel evapd off, and the residue
recrystd from hot #PrOH to yield 2-imino-1,4-dimethyl-1,2-di-
hydropyridine-HL.® To 2.5 g (0.01 mole) of this product in 30

(18) H. Baurath, Ber., 21, 818 (1888).

(17) J. N. Asbley, H. J, Barber, A. J, Ewins, G. Nowbery, sod A. D. H.
8elf, J. Chem. Soc., 103 (1042).

(18) L. 8. Fieser and Mary Fieser, "Reagents for Organic Synthesia.”
Wiley, New York, N. Y., 1867, p. $8t.

(19) G. A. Kon, J. Chem, Soc., 22¢ (1948).

(20) D.J. Brown and M. N. Paddoa-Row, J. Chem. Soc., C. 1828 (1967).
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ml of MeOH was added 1.6 ¢ (0.01 mole) of 1-naphthaldehyde
and 3 drops of piperidine. After 30-hr reBuxing, solvent was
evapd off, and the residue was washed with Et;0 and then re-
crystd from hot 1:1 water-MeOH to yield 2.8 g (75%) of 1Xa-
HI, mp 278-281°, dec. Anal. (CuHiINy) C, H.

Treatment of the HI salt at room temp with 10% aq NaOH
yielded the base; recrystd from hot CH,CN, mp 200-203°,
Treatment of the base with HI regenerated the original salt (same
mp and ir spectrum).

1-Hydroxyethyl2-imino-4-(1- naphthylethenyl)-1,2-dihydro-
pyridine (IXb) and HBr Salt. A scln of 5.3 ¢ (0.05 mole) of 2-
amino-4-methylpyridine and 6.2 g (0.05 mole) of bromoethanol in
30 ml of -PrOH was refluxed overnight. Crude product sepd on
¢cooling and was recrystd from hot MeCN to yield 9.2 g (80%) of
1-hydroxyethyl-2-imino-4-methyl-1 ,2-dihydropyridine-HBr, mp
139.134°. This was treated with 1-naphthaldehyde and the
product recrystd as described for 1Xs, mp 214-217°. Anal.
(CreH1oBrN:0) C, H.,

Treatment of the HBr salt with 10% ag NaOH at room temp

29¢
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yielded the base; recrystd from hot #-PrOH, mp 162-163. Anal.
(CisHisN2.0) C, H, N.
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Inhibitors of Blood Platelet Aggregation. 1.
Biphenylyloxyalkylamines
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Certsin biphenylyloxyalkylamines (2) inhibit ADP-induced platelet aggregation iz vitro, The most active

compounds, 3-(4-chloro-2-phenylphenoxy )-N-ethyl-N-

(2-hydroxyethyl)emylamine- HCl (14) and the homolo-
gous butylamine- HCI (11), afford 50% inhibition of ADP-
% 10-% M, respectively. The structural requirements for activity ave rather general.

induced platelet aggregstion at 4.8 X 107 M and 7.1
Thus, s compound hav-

ing o large lipophilic mojety separated from & basic N by 2-10 elements will usually inhibit, to some degree,
this type of platelet aggregation. The activity of these compounds appears to be related to that exhibited by

“membrane-active’ drugs such as the tricyclic antidepres:

sants and certain antihistamines. The mechanism of

action appears to be mediated through s nonspecific adsorption of these lipophilic amines onto the platelet
membranes, causing a general disruption of membrane function.

One of the earliest events in the formation of an intra-
vascular thrombus is the aggregation of blood platelets.*
This intravascular aggregation has been described 25 a
pathological exaggeration of the normal role of platelets
in hemostasis and repair.? It is generally conceded that
an agent which would reduce abnormally high platelet
adhesiveness to, but not below, that level required for
adequate hemostasis may be useful in the treatment and
prophylaxis of thrombotic diseases.

The role of adenosine diphosphate (ADP) as an im-
portant and biologically omnipresent initiator of plate-
let aggregation has been well documented.? Thus,
agents that will inhibit ADP-induced platelet aggrega-
tion are of interest as potential drugs.

A number of lipophilic amines have been reported to
inhibit ADP-induced platzlet aggregation in wviiro.
Among these are tricyclic antidepressants,* antihista-
mines,** and phenothiazine antipsychotic agents.®*

» To whom correspondence should be addressed.

(1) A.J. Hollem, Ser. Haematol., 1, 99 (1008).
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for coupling phenols and side chains.

We explored the structure-activity relationship of &
series of biphenylyloxyalkylamines. The general struc-
ture (2) of this series can be derived from 1 by moving
the side chain to one of the rings and eliminating the
methylene bridge. Two methods were used to prepare

(CHy):CHO(CH),N(CHy;
1

R, R R,
CH.),CHN -HCi
-\
R,
2
the compounds listed in Tables I and I1.
B R,
(A) ArONa + Cl(cm»cm{ —_2
Re

RiR.NE
(B} ArOK + Br(CH;)aBr —> ArO(CH;)oBr ———v>2

Both methods involve a Williamson ether synthesis
In method A the
amine moiety was introduced using an aminoalkyl
halide, whereas in method B an w-bromoalkoxybiphenyl

was prepared and used to alkylate the appropriate

amine.

(8) (&) J. R. A. Mitchell and A. A. Shay, Brit. J. Haematol., 10, 78 (1984).
(b) J. R.O'Brien, J. Clin. Pathol., 14, 140 (1961).
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complex between imine 2, MeLi, and the chiral ligand 3 (entries 3-6). Enantioenrichment was
possible by recrystallizing 4 to afford optically pure amines in high overall yield (entries 4 and 5).
The imine 2f bearing a 4-methoxynaphthalenyl group is also a suitable substrate for addition of
butyl- and phenyllithiums to afford the corresponding amines 4f (R = Bu, Ph) in 86 and 92% ees,
respectively (entries 7-8).

PTV—B_\
Me! MesN O Me
Me! : H
NH 3 N
MeO : N . MeO MeO 7 Ar
Me MeO Ar + RLi :
{+)1 toluene R
2 -95°C, 0.5 h 4

Figure 1. Asymmetric addition of organolithium reagents to 2 in the presence of 3

Table 1
Asymmetric addition of RLi to'2 in the presence of 3 producing 4
Entry 2 Ar RLi yield/% »  ee/%® configin
1 a p-MeOPh Me 99 78 R
2 b p-MeaNPh Me 99 88 RD)
3 ¢ 4-CINaph Me 95 73 R®)
4 d 1-Naph Me 99 (71) 94 (>99) RY
5 e 4-MesNNaph Me 99 (74) 97 (>99) R
6 f 4-MeONaph Me 97 97 R
7 f 4-MeONaph Bu¢) 97 86 RD)
8 f 4-MeONaph ~ Ph 99 92 R®)

a) Numbers in parentheses are yield and ee for recrystallized compounds. Ee was
determined by HPLC using a chiral stationary phase column (Daicel Chiralpak AD
and OD-H) cluted with -PrOH/hexane. b) Configuralions were predicted by.
analogy. ¢) The reaction was conducted in a mixture of ether-toluene (2/1).

The next problem to be solved was oxidative removal of the N-aryl group. Treatment of 4f
(Ar =4-MeONaph, R =Me)) with ammonium cerium(IV) nitrate (CAN) in aqueous acetonitrile
under standard conditions® failed to provide the corresponding primary amine 5 in a detectable
yield (Fig. 2). To avoid further Michael-type addition reaction of the primary amine 5 with
naphtho-1,4-quinone 6 produced, sodium borohydride was added to the mixture to reduce 6 to
naphthalene-1,4-diol 7. To our delight, under these conditions the primary amine 5 was isolated
in 47% yield. Substantial improvement in yield was realized by further treatment with acetic
anhydride to afford a mixture of the primary amine 5 and its acetoamide 8 in 75% combined yield.

This new procedure for CAN oxidation is applicable to 4a (Ar=PMP, R=Me) to afford a
mixture of the amine 5 and amide 8 in 89% combined yield. Isolation of diacetate of benzene-1,4-
diol 9 in 67% yield indicates that treatment with sodium borohydride reduces benzoquinone to
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A%,

e aq CH

Meojij\/ Me
O o T e o
N NH, ©
MeO' v 2
Me 6 )

OMe Q.
at (R = Me) 5 0%
CAN  +NaBHy HO ‘
547% + 7
aq CH3CN oH
CAN + NaBH, + Ac0O Me
532% + H
aq CHaCN + aq NaOH MeO N‘Ac
843% Me
Meoj@\/ MeQ. Ac
H CAN +NaBH; + Ac20 NHR
N 4 2
Meo : CH3CN Na,C e Me ) ohe
Me aq. CHy aq NayCO3
5R=H, 33%
4a (R = Me) OMe 8R = AC, 56% 9 67%

Figure 2. Successful treatment of 4 with CAN-NaBH,~Ac,0 for oxidative removal of N-aryl group

benzene-1,4-diol, and further treatment with acetic anhydride acetylates diol to diacetate 9, which
process avoids back-oxidation to benzoquinone (Fig. 2).

Having established a new procedure for asymmetric alkylation and oxidative removal of the
N-aryl group, we then focused on asymmetric synthesis of (+)-salsolidine 1. Condensation of 10
and 11° gave an imine 12, which was subjected asymmetric alkylation with MeLi in the presence

of a stoichiometric amount of 3 to give an amine 13 in 93% ee and quantitative yield (Fig. 3).

Me N ‘ Me N
+ H2 [ UR—— N
MeO CHO O MS-4A, 70 °C MeO & O
10 oM 12 OMe

77%
1 e

i (Sia),BH

toluene, —-95 <C N N
' MeO H O MeO 7 H O
o 14 Me OMe

ene, — : ii aqH202
99%, 93% ee Me aq NaOH

Me ¢°C,1h
quant

13

DMSO, DCC  Me

™ 1} CAN; NaBHy; Ac20 Me
TFA-pyridine aq CH1CN, 16; 94%
N NR
toluene  MeO : O MeO
Me
15 0

0°C,2h 2)  H4Np, KOH :
75% M

ethyleneglycol R=Ac: 16
170°C, 1, 69% R=H: (R)-Salsolidine 1

Figure 3. Asymmetric synthesis of (+)-salsolidine 1 from 10
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Hydroboration and subsequent oxidation gave an alcohol 14, which was then subjected to cyclization
to afford 15 in 75% overall yield from 13. New CAN procedure gave 16 in 94% yield. Hydrolysis
of 16 afforded the target (+)-1 in 69% yield. Specific rotation of synthetic (+)-R-1 ([oz]f)5 +54.0
(c 0.63, EtOH)) is indistinguishable from that of the reported (<)-S-1 ([a]p -59.5 (¢ 4.39, EtOH)).'°

The presented three-step procedure for the highly selective asymmetric synthesis of salsolidine
is applicable to other biologically potent TIQ and related natural alkaloids. Further studies
directed toward more efficient asymmetric alkylation of imines are in progress i our laboratories.
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dessen Resultate ich jetzt im Zusammenhang mittheilen mochte. Der
Antbeil, den die HHrn. Freyss, Serra, Dreyfus, Bourry und
Demant an diesen Arbeiten genommen, gebt aus den weiter unten
befindlichen Tabellen hervor,

Zur Herstellung von Dinaphtylphenylmethanderivaten habe ich
cinerseits wie Friedlinder und Wellmans Dimethyl-p-amidobenz-
aldehyd (und seine Nitroderivate) mit substituirten Naphtylaminen
condepsirt, aber micht mit tertiiren, sondern mit den sehr reactions-

fahigen secundiren (CnoH7.N<gH‘, CloH-}.N<g’H", CloH1-N<g°H5 )

~C10H1.N<%7H7
seits habe ich gemischte Diamido-naphty)-phenylketone dargestellt und
Jiese mit secundiren Naphtylaminen condensirt. (Mit tertifren Aminen
der Benzolreihe geben diese Ketone Naphtyldiphenylmethanfarbatoﬁ'e.)
Die Farbstoffe resp. Leukobasen der Trinapbtylmethaoreihe endlich
wurden aus secunddren Napbtylaminen und Tetrachl orkohlenstoff,
bezw. o-Ameisensiureester erhalten.

), und die -so erbaltenen Leukobasen oxydirt; anderer-

Darstellung der Diami do-phenyl-naphtyl-ketone.

In dem D. R.-P. Nr. 44077 vom 27. Oct. 1887 beschreiben die -

Farbwerke Hochst eine Methode 2ur Darstellung substitairter aro-
matischer Ketone, welche auf folgenden Reactionen beraht:

Dimethyl-p-amidobenzometbylanilid wird mit Phosphoroxycblorid
behandelt, wodorch es in das Dicblorid @ibergeht. Durch Umsetzung
dieses Letztoren mit tertidren Aminen entstehen Aurammoniumverbin-
dungen, welche durch Wasser in Ketone, durch Ammoniak in Aura-

miné vmgewandelt werden.

Die Reaction mit Dimethylapilin 2. B. findet nach folgendem
Schema statt:

a)  CsHi.N(CHsgh 7 CsB4 N(CHa)
3QO + 2 POClg = 3(}:0]9 + P30s,
N (CHy).CsHs N(CHs).CsHs
i) Qaﬁ(.N(CHs)g CeHy. N(CHa)2
CC}Q + CGH;N(CBS)Q — ('?:N((Cclﬂg).(}sﬁs + BCl,
N{(CH,).CsHs CsH,.N(CHg)s
&) CeHe.N(CHsh : CeH,. N(CHs)
0:N<{{B-GBs 1,0 = CO + CyHs.NH.CH; + HCL
CoH .N(CHals CeHy. N (CHa)

,oB
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Silverchlorid erhdlt man das eﬁtsprechende Chlord, das mmt rindn=
chiorid bei’ geeigueter‘.Concentration kleine, stark ﬂimmeyg‘de} Kry-
stalle liefert. Sie sind den aus der activen Base gewonnenen sehr:
Hbnlich, doch kleiver ausgebildet. Es zeraetzt sich ebenfalls, bevor-
¢s schmilzt, und zwar liegt der Zersetzangspunkt bei derselben Tempe-

ratur wie bei dem activen Salz, 209—211°.
Es ist in Alkobol schwerer 18slich als io Waseer.

0.2891 ¢ Sbst.: 0.0785 g Pt.
(CoHisN.CyHsCl), POl Ber. Pt 21.21. Gef. Pt 27.15. '
Da die Base tertiir und gesattigt ist, kommt ihr mithin dieselbe-
Constitation zu wie der aus dem Jodid des Pipecolylmethylatkins darch.
Abspaltung von Jodwasserstoff gewonnenen, um §0 niedriger siedenden
Base: ‘ ~ K

CHy-—CHy— CH —CH;
CH; —~CHy—N-- ‘—QH—CHB-
R OH

Sie ist daher mit jener stereoicomer und als die zweite inactive,
spaltbare Form der tertiiren Base aufzafassen und, so weit die Unter-
suchbnog der aus dem leichter 16slichen Jodbydrat gewongenen, bei
derselben Temperator siedenden Base ergeben haben, mit dieser iden-
tisch. Sie ist aber auch als die inactive Form des von Hofmann aus
dem Conbydrin durch Abspaltung von Wasser gewonuenen a-Coniceins-
zu betrachten. ..

Die diesbeziglichen Versuche werden fortgesetzt.

University College, London.

~7? 285. E. Noelting: Ueber Farbstoffe der Naphtyl - diphenyl~
methan-, Dinaphtyl-phenyl-methan- und Trinaphtyl-methan-
Reihen. o
(Eingegengen am 2. Mérz 1904.)

Die Farbabkimmlinge der Naphtyl-dipbenyl-metbanreihe sind:
aurch die Patente 27032 und 27789 der Badischen Anilio- und Soda-
Fabrik bekannt geworden. In dem ersten derselben werden durch.
Condensation des Tetramethyldiamidebenzbydrols mit «-Naphtylamin,
Dimethyl- und Diithyl-Naphtylamin Leukobasen dargestellt, welche-
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durch Oxydation Farbstoffe liefern; in dem zweiten werden durch

‘Condensation von Tetramethyldiamidobenzophenon (und dem analogen
- Aethylderivate) mit Phenyl-u-naphtylamin, Metbyl-phenyl-«-paphtyl-
-amin und Paratolyl-«-paphtylamin direct Farbstofle erhalten, die unter
-dem- Namen Victoriablau B, 4R und Nachtblau eioe-grosse technische

Bedeutung erlangt haben. Die Farbenfubriken vorm. F. Bayer & Co.

,habeo gpiter (D. R-P. 66712) das Hydrol mit Phenyl-«-paphtylamin

und anderen secundiren, aromatischen «-Naphtylaminen condensirt.
Die s0 erhaltenen Leukobasen wurden daou in Form ihrer Nitrosamine
der Oxydation unterworfen und hieianf die Nitrosogruppe abgespalten,
wodorch dieselben Farbstoffe resultirten. Nach den Tabellen von

‘Schultz-Julius stellen sie auch, sowobl vach der Keton- wie nach ..

~~CsHy: N(CHy), Cl

der Hydrol- -Methode, den Farbstoff C. CGH. N(CH;); , Neuvictoria-

~CwHs.NH.C, H,;

‘blan, dar (4. Auflage 1902, Nr. 462).

Eioe Anzahl weiterer Patente verschiedener Firmen, deren Auf-
zihlung zu weit fihren wirde, bebandelt die Condensation von Keton
und Hydrol mit Naphtalin, Napbtolen, Dioxynaphtalives und den

‘Sulfosiiuren dieser Verbindungen.

Die einzige wissenschaftliche Untersuchung iiber -die Farbstoffe

-der Naphtyl-dipbenylmethavreibe rithrt von Natbanson und Miiller?)

her, welche die verschiedenen Victoriablan einem emgehenden Studinm
unterwarfen. . .

Verbmdungen der Dinaphtyl-phenyl-methanreihe sind our von
Friedlinder und Wellmans®) dargestellt worden, und zwar durch

‘Condensation von Benzaldebyd und Dimetbylparamidobenzaldehyd mit

Dimeth_vl‘u-naphtylamin. Diese Forscher erhielten die Basen:

-CsH/N(CH,):
C(Cmﬂs N(CHsk): und C(Gﬁ)ﬂc N{CHsls)s,

Jkoooten aber aus denselben nicht in glatter Weise die entsprechenden

Farbstoffe erbaiten, sodass die Dinaphtyl-phenyl-methanfarben bis jetzt
noch .als unbekannt angesehen werden kdnnen. ‘
Ueber Trinaphtylmethanderivate endlich weiss man bis jetzt ab-
solut michts.
Ich habe seit einigen Jabren, in Gemeinschaft mit mehrerea
-meiner Schiiler, dieses Gebiet einem eingehenden Studium unterworfen,

7 Nathanson und Miller, diese Berichte 22, 1875 {1889).
7y Friedlinder und Wellmans, dies_e Berichte 21, 3123 [1386)
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Ich habe pun gefunden, dass micht nur tertiire fettaromatische

Amine eper derartigen Umsetzang fihig sind, sondern dass auch
secundiire fettaromatische und aromatische Amine, welche einen
Naphtylkern entbalten, gich ahnlich verhalten, z. B. Methyl-, Aethyl-,
Phenyl- und Paratolyl-e-Naphtylamin.

Die Darstellung dieser gemischten Naphtyl-phenyl-ketone bildet
den Gegeostand der jetzt erloschenen Patente No. 79590 und 34 655.
(Friedlaender IV, S. 221 vnd 223.)

Die vorstehende Tabelle (S. 1902 u. 1903) fasst die acht auf
diese Weise erhaltenen Ketone zusammen.

Die Arbeitsweise ist in allen Fillen so ziemlich die gleiche, so-
dass ich mich begniige, sie an zwei Fallen zu erlivtern.

QsH..N(CH,)g
Zuar Darstellung von QO erwarmt mao 25 g feinge-
CioHs . NH.CoHs
pulvertes Dimethyl-p-amidubenzomethylanilid mit 17 g Aethyl-«-
paphtylamin einige Zeit auf dem Wasserbade, um eine innige Mischuog
zu erzielen. Nach dem Erkalten giebt man 15 g Phospboroxychlorid
binzu und erwirmt nun 3—5 Stdn. weiter. Die Schmelze erstarrt
allmiblich zu einer festen, rothbraunen, metallglinzenden Masse,
welche fein zerrisben ein ziegelrotes, sebr hygroskopisches Pulver
CsHy.N(CHs)s
darstellt. DieseAurammoniumverb_indung,(:.‘,:N(Cng.)'(CI-Is).Cl, ist in
CioHs . NH.CaHs

Wasser wenig, in Alkohol leicht léslich; sie fiarbt Seide und tanuirte
Baumwolle orange. Die Lésung entfirbt sich aber nach einiger Zeit
unter Bildung des Ketons; immerhin ist die Verbindung etwas be-
stindiger als die analogen der Benzolreihe. Zur Darstellung des
Ketons wird die gepulverte Rohscbmelze in Alkohol geldst und nach
dem Filtriren mit concentrirter Natronlauge versetzt. Beim Schitteln
tritt nach kurzer Zeit Entfirbung ein, und das Keton scheidet sich in
harten, gelb gefirbten Klumpen ab. Man filtrirt, wischt mit Wasser
und etwas Alkohol und krystallisirt avs Alkohol um. In einem
apderen Falle, bei dem Keton auvs' Phenyl-u-naphtylamin, baben wir
auch so gearbeitet, ‘dass wir die Robschmelze in concentrirter Schwefel-
siure 16sten, pach einiger Zeit in Wasser gossen und dass ausgefillte
Keton aus Benzol oder Toluol umkrystallisirten.

Die Ketone haben schwach-basische Eigenschaften, schwiicher als
das Michler’sche Keton; sie losen sich in concentrirten Siuren,
werden aber durch Wasser schon groestentheils wieder ausgefille. Sie

firben schwach gelb, ein wenig stirker als das Michler’sche Keton,

20\
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konpen aber ebensowenig wie dieses uls wirkliche Farbstofle bezeichnet

werden.

Durch Bebandeln mit Natriumamalgam in alkoholischer Lésung’

lassen sie sich leicht zu den entsprechenden Hydrolen reduciren..
Das Michler’sche Hydrol firbt bekanntlich Seide und tannirte Baum-
wolle violettstichig blau. Die Nuance, welche das Trimethyldiamido-
napbtylphenylhydrol ergiebt, ist derselben ansgerordentlich hnlich.
Das Aethyldimethyl- und das Phenyldimetbyl- Hydrol firben dagegen
ein sebr grinstichiges Blau, oder richtiger gesagt, ein blaustichiges
Griip, das Tolyldimethyl, farbt noch griner und das Tolyldisthyl-Hydrol
endlich ganz rein griin. i

Die Hydrole zeigen also unter sich groéssere Unterschiede im Ton
als die aus den entsprechenden Ketonen mit Dimethylanilin erhaltenen
Farbstoffe.

Es warde anch versucht, durch Einwirkuog vop Dimethyl- und.
Diiithyl-«-Naphtylamin auf das ‘Apilid o ibnlicber Weise Ketone mit
tertiiir-substituirter Amidonaphtalingruppe 2u erbalten. Die Reaction
ist aber in diesem Falle so wenig glatt und die Ausbeute so schlecht,

dass von einer weiteren Verfolgang Jdieses Gegenstandes vorliufig .

Abstapd genommen wurde.

Durch Erbitzen mit Chlorammonium vod Cblorzink lefern die
gemischten Ketone,’ ihnlich wie das Michler’sche Ketoo, Auramine,
welche gelb-orange ficben, sich aber sonst den gewdhnlichen Auraminen
analog verhalten, nur mit dem Unterscbied, dass sie saurebestindiger
sind. Dieselben Auramine kaop man aber einfacher direct aus den
Aurammoniumverbindungen mit Ammoniak erhalten.. ' :

Behandelt man die Robschmelzeo (it wissrigem Ammoniak, oder
ost sie in Alkohol und setzt Ammoniak hinzu, so erhdlt man die
Avramine, aber picht ganz rein, sondern’ meist mit etwas durch das.
Wasser . gebildetem Ketoo verunreinigt. Besser ist es, jo die alko-
bolische Losung. z. B. des mit Aethyl-a-Naphtylamin erhaltenen Con-
densationsproductes, unier Kiiblaog Ammoniakgas einzuleiten. Die
tiefrothe Liésupg nimmt unter Abscheidung von Chlorammoniam eine
immer gelbere Farbe am, und nach ungefihr /¢ Stunde ist dieselbe
gelbgriin geworden. Man ldgst noch einige Zeit stehen, wobei ein
grosser Theil des Auramins auskrystallisict. Nach dem Filtriren wird

mit Wasser gewaschen und das suriickbleibende Auramio gut auf’

Thou abgepresst. Die alkobolische Lésung ldsst man _verduusten,
wobei sich weiter eine betriichtliche Menge in schon gelben Krystill-
chen abscheidet. Die ebenfalls poch Product enthaltenden Mutter-
laugen werden am besten mit verdtionter ‘Salzsiure versetzt und mit
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