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Substance
Beilstein Registry Number 7854896
Chemical Namie {R)-(-)-7-methoxy-1-aminoindan
Autopame 7-methoxy-indan-1-ylamine
Molecular Formitla -CaoH1aNO
Molecnlar Weight 163.22
Lawson Number 14977, 289
Structure Keyword Stéreo compound
Compound Type isocyclic
Constitution ID 6655880
Tautomer ID 7379485
Beilstein Reference 6-13
Entry Date 1998/04/30
Update Date 1998/05/04
Reaction
Resaction Iy 4808626
Reactant BRN 7858614 (7-mcthoxy-indan-]1-y1)-(1-phenyl-ethyl)-amine
Product BRN 7854896 (R)-1-7-methoxy-1-aminoindan '
No. of Reaction Details. i
Reaction Classification Preparation
Yield 90 percent (BRN=7854896)
Reagent H2
Catalyst 10percent PA/C
Solvent ¢thanol
Time 24 houi(s)
Temperature 50C
Pressure 3750.3 Torx
Ref. 1 6069423; Journal; Landsiedel-Maier, Dorothea; Frahm, August Wilhelm; ARPMAS;

Arch, Pharm.(Weinheim Ger.); EN; 331; 2; 1998; 59-71;

Copyright 1958-2001 Beilstein Insttut zur Foerdarung der Chemlschen Wissenschatian. All ights reservaed.
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Product 1
Reactant 1
Derivative
Derivative BRIN " 7862539 7-mcthoxy—mdan -1-ylaimine; hydrochloride

Ref. 1 6069423 Jonrnal; Landsiede]-Maier, Dorothea; Frahm, August Wﬂhehq ARPMAS;
‘Arch Pharm. (Weinheim Ger.); BN; 331; 2; 1998; 59-71;

Ct——H

Copyright 19882001 Badstaln Institut zur Fesrderung dar Chamischen Wisgenschattan, Al rights resarved.

NSDOCIO: <XP __2262750h_|_»




\

/

XP-002262751

RD. .00 -00-00 ”w j
P, =.Z (2' y |

Substance

Beilstein Regisiry Number 7855080

Chemical Name (R)-{-)}-T-cyano-1-aminoindan

Autoname 3.amino-indan-4-carbonitrile
|Molecular Formula CioHroN2

Molecular Weight 158.20

Lawson Number 16090

Structure Keyword Sterec compound

Compound Type isocyclic

Constitution 1D 5657621

Tautorner ID 7401999

Beilstein Reference 6-14

Batry Date 1998/04/30

Update Date 1998/05/04

Reaction
1

Reaction ID 4808066

Reactant BRN 7856079 3-amino-indan-4-carboxyli¢ acid amide
Product BRN 7855080 (R)-{)-7cyano-1-aminoindan

No. of Reaction Details: 1

Reaction Classification ‘Preparation.

Yield 40 percent (BRN=7855080)

Reagent P2035, hexamethyldisiloxane

Sclvent CH2CLY

Time 24 hou(s)

Other Conditions Heating

Ref. 1 6069423 Tournal; Landsiedel-Maier, Dorothea; Frahm, August Wilhelm; ARPMAS;

Arch.Pharm.(Weinheim Ger.); EN; 331; 2; 1998, 59-71; '

Copyright 1988-2001 Beitstain {nsiitut zur Foerdening der Chemischen Wissenschatten. Al Aghts reserved.
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'{ Reactant 1

Derivative

Derivative BRN 7862767 3-amino-indan-4-carbonitrile; hydrochloride

Ref. 1 6069423 Journal; Landsiedel-Maier, Dorothea; Frahm, August Wilhelm; ARPMAS,
Arch Pharm.(Weinheim Ger.); EN; 3315 2; 1998, 59-71; R
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Substance

Beilstein Registry Number 7855360

Chemical Name (R)-(-)-7-propoxy-1-aminoindan
Autoname 7-propoxy-indan-1-ylamine

Molecular Formula Cy2H17NO

Molecular Weight 191.27

Lawson Number 14977, 307

Structure Keyword Stereo compound

Compound Type isocyclic

Constitution ID 6662258

Tavtomer I 7383028

Beilstein Reference 6-13

Entry Date 1998/04/30

Update Date 1998/05/04

Reaction

Reaction ID 48089386 -

Reactant BRN 7859827 (1R,1’R)~(-)-7-propoxy-1-(1-phenylethylamino)indan
Product BRN 7855360 (R)-9-7-propoxy-1-aminocindan
No. of Reaction Details 1 :
Reaction Classification Preparation

Yield 85 percent (BRN=7855360)
|Reagent H2

Catalyst 10percent PA/C

Solvent ethancl

Time 24 hour(s)

Temperature 50C

Pressure 3750.3 Torr

Ref. t 6069423 Jourpal; Landsiedel-Maier, Dorothea; Frahm, August Wilbelm; ARPMAS;

Arch.Pharm.(Weinheim Ger.); EN; 331, 2; 1998; 59-71;

Copyright 1986-2001 Bellstaln Insiitut zur Foerdenung der Chemischen Wissenschalian, All dghts reservad,
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) - Produsct 1
Reactant 1
Derivative
Derivative BRN . | 7863081 T-propoxy-indan-1-ylamine; hyd:obrﬁmide
Ref. 1

6069423; Journal; Landsiedel-Maier, Dorothea; Frahm, Angust Wilhelm; ARPMAS;
Arch.Pharm.(Weinheim Ger.); EN; 331; 2; 1998; 59-71,
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Liguid chromatographic resolution of racemic amines, amino
alcohols and related compounds on a chiral crown ether
stationary phase

Myung He Hyuan"*, Sang Cheol Has”, Bruce H. Lipshutz®, Young-Jun Shin”,
Christopher J. Welch®

Departmear o Chemistry und Chemisivy dnstitute Jor Funrtioned Materials, Puscift Netional University, Pusan 609- 735, South Kerea
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Abhsteact

A chiral siationary. phase (CSPY based on diphenyl-substituted 1,1’ -binaphthyl crown ether was applicd in resolving
various rucemic amines, amino aleohols und a-uninccarhonyl cumpoonds including pharmaceutieally important compounds
sueh s amphetaming analogues, fexilotine, itorepinephrine and notephedrine. The resolution was guite successftil. In onder
o Bnd o the efects of mohile phase additivies on the chromatogrphic resolution behaviors, Tour selected racemic
eompaunds wene fesolved on the CST with the varimion of the type and conienl of organic, acidic and cationic muodifiers in
aqueaus maobiie phuse and with: the vardation of column temperature, The resolution behaviors were quite dependent on the
type and the comeni-of vrpanic, acidic and cativnic modificrs in aqueous mobile phase and on column temperature. € 2002

Elscvier Stienee BV, All rights reserved.

Kewwards: Chiral statiopary ‘phases, 1.0 Enastiomer sepamiion; Arines; Amino aleohols; Crown ethers

1. Introduction

Chiral siationary phases (CSPs) based. on chiral
crown ¢ihers have been known w be very effeclive
in resolving racemic compounds contahling a pri-
mary amino group, For cxample, Cram and co-
workers  utilived  bis-(1L 1" -hinaphthy)-22-crown-6
immobilized un polysiyreng or silica gel av CSPs in
separaling the enamtiomers Gl racemic a-aniifo acids
amdd their derivatives {1.2]. Disubstijuied  1.1°-

*Coresponding auhor, Fax: +§2-51-5167-421.
Ferniid aeddress: whhrunepesansebe 1ML THvon),

binaphthyl-20-crown-G dynamically coated on octa-
deevl silica gel has abso been ulilized as a CSP (2
related CSP has been commercialized as CROW-
NPAK CR by Daicel Chemical Indusiries) in resolyv-
ing racemic a-aming acids and other raccmic com-
pounds coniaining a primary aming group {3-51. In
recenl years, CSPs based on  (-F)-(18-crown-6)-
23,111 24ctracarboxvlic acid have also been de-
veloped and successfully utilized in resolving varions
racemic compounds containing a primary amino

gronp 16-13].

Very recemtly, we reporied a shori commuonication
paper concerning the development of a new CSP

O021-9673/02/5 « ste from maner  © 2002 Plsevier Selence BV All rights reserved.

Pit: SG021-20673(02300431-4

SDOCID. <XP___ 42602764 _| >

(O



6 MI. Hyun et al. | . Chromatogr. A 9359 (2002) 73-83

Fig. 1. Siriwctme of C517 1,

(CSP 1) (Fig. 1)[14). The: chiral crown cther moicty
of CSP 1 bears some simifarity w0 the commercial
CROWNPAK CR, bul différs in thal it is covalen(ly
bonded to silica gel. Consequently, covalenitly linkcd
CSP 1 is uselul w a variety of mohilz phases. In the
previous paper. we reporied that CSP 1 is very
effeetive in resolving varions natural and unnatural
g-amino  acids. However, CSP 1 has not heen
utilized in resolving othier racemic compounds eon-
mining 2 primary amino group. In this sudy, we
wish 1o extendl the uge of CSP 1 1o the resolution of
racemic amines. amino alcohols and the elated
compounds.

2. Experimental

Chromatography was performed with an HPLC
systern consisting of a Waters wodel 515 HPLC
punp, a Rheodyne mode! 77251 injoctor with-a 20-p
sample 100p. a Younglin M720 Absorbance detector
(vanable wavelengthy and s YoungLin Autachro
Data Module (Soltware: YoungLin Autechro-WIN
2.0 plus). The temperature of the chiral column was
controlled by using a Julabo F30 Ulralemp 2000
cooling eirculator. The chiral column prepared by
packing CSP 1 im0 a 250x4.6-mun 1.D. siainless
sleel empty column was available from e previous
study [14). AN analytes used in this study were
avalable from previous study [ 10] or purchased Trom
Aldrich. Injection samples were prepared by dissoly-
ing analytes in methanol at a concentration of 1.0
mg/ml and #n injection size of 3 wl was typically
used. Elution orders were determined By injocting

NSDOCID: «XP__4380776A (s

configurationally known samples available  {rom
Aldrich.

3. Results and discussion

CSP 1 was applicd in resolving various raccmic
amings (2), amino aleohols (3 and @-amino car-
honyl compounds ¢(4). The chromalographic resolu-
tion results arc summarized in Table 1. The data
shown in Table 1 were: obtained under identical
chromatographic conditions given in the footnote ©
Table 1. The chromaiographic condiions utilized in
obltaming data shown in Table | were not optimized
Tor any racemate but generally quite useful. Sulfuric
acid added 10 the mobile phasc is neccssary for
protonation of the primary amino group of analyles
to enhance the complexation of the ammonium on
(R-NH; ) inside the cavity of the crown ether ring of
the CSP [15]. Under the mobile phase condition of
ihe given pH (1.06) in Table I, amino groups of all
analyles scom o be fully protonated. Ammonium
acctaic added to the mobile phase is used 1o reduce
the retention time of the two enantiomers on the
chiral ¢column, by compeling with the ammonium ion
of analyies for complexation inside the cavity of
crown cther ring of the CSP [14]. Especially, it is
inleresting 10 note that pharmaceutically importany
compaunds such as ampheamine analogires (2e, 21,
mexiletine (2g), norcpinephrine {3b) and norephe-

drine (31) were rezolved with reasonable separation

factors on CSP 1. While most of analytes contain
aromatic funclional groups, the non-aromatic analytc
(4b) was aiso resolved very well. Consequently, the
presence of aromatic functional zronps in analytes
scems to be not essential Tor the ¢hiral recognition.

The organic and acidic modifiers and the cationic
madifiers in mobile phase and Ihe column lempera-
Wre are expected o influence the enantiosclectivity
of CSP L. In order w0 investigats the cffects of
mobile phase modifiers and the column temperature
on the cnantiosclectivily, we sclected four racemic
compounds (2¢. 20, 31 and 4b), which are resolved
well on CSP 1 as shown in Table 1 and Fig. 2, and
tested their resolutions with the variation of the type
aml content of orgamic and acidic modifiers and
cationic modifiers in agucous mobile phase and with
the: variation of column tempceratre,

[l



‘Table 1

Resohirmion of various anines (2), amine iltohols T35 and o-anting

carbonyl compounds (4} on C8P 1

WAL iy et wi. 1. Chremgatoge. A 939{2002) 75 83

Analyies ESOoRY & RS Conlt
- NiHa
o {}—{ 107 192 180 380 §
. N
w gl NS¢ 083 I8 223 330
_' NHQ.
I ~-</:>~( 098 192 I8 354 §
. NH,
1 @—@»K 159, 259 162 301
e
2 /l\a[ Nty 073 109 149 227
084 200 237 333
63 040 146 044
282 3 121 194
330 36 116 133
267 353 132 243
/\(‘NH?
3 32 4 AT LK
2k /1 N 0 47 147 160
L

!
Tahle 1. Continued
Analyles £ e RS Conl?
N,
| 026 030 116 043
|
OH
. 1 « . NH;
2m 173 230 133 185
CFqy
Q
Zn ‘ 265 328 122 147
@A'ﬁ W
20 =t - 0.52 1.57 200 66D
N A NS
NH,
2p 065 077 120 071
o
2 _ 140 328 220 S8R &
NH,
e @i) 037 078 201 325
NH,
25 067 164 245 467
NH,
2 m 046 092 201 3.57
HaGO"
LNy
1
. 275 445 162 430
2u @ 3

SOOCID: «XP 4300276A >
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“Table i, Contipucd

Anlyies LA A T
NH,
2y H & . Los 1063 00
HO
MH: .
I ot N 2 089 097 1.00 Daa
s OH:

040 047 IR 057

031 036 116 0.62

C34 041 320 067 R

031 143 209 306 (IR25)

019 033 177 168 (18,2R)

4h Hz”*{‘ks 066 102 155 2.4
./

Mobite phase, $0% CILCN in 1,041,850, (10 mM)+
CH,COONH, (1 md). Flow rate, 0.5 mb/min: deiection, 225 um
LIV, wemperature, 20°C,

* Retention factir of the Nirst cluied enantiotier.

* Retension factor ol 1hir sceond cluted enanfiomer,

* Separation faeior.

4 Resolmion lactor,

* Absolute configuration ol the sucond cluted cnamiomer. For
blanks, the efition arders svere nou detertinined,

ISDOCID: <XP_ 43602784 _|_=

First of afl, the effects of organic modifiers on the
cnantioseleclivity exerted by CSP 1 were investi-
gated with the wviriation of the type and content of

organic modiliers in agueous mobile phasce. In this

study, we actually investigated (wo different orgamc
modifiers such ¢ methanol and acetonitrile. The
chromatographic resohition results are summarized

in Table 2. As shown in Table 2, the retention faciors

(k)) generally decrease as the content of organic
madificr in aquéous mobile phase increases excepl
for the resolution of a-amino carbonyl compound,
homoeysteine thiolactone 4b, In the resolution of
homocysicine thiolactone 4b, the relention factor
{%,) docs nol show any sigmificant trends. The
separalion (a4 and the resolution factors {Rs), an
general, increase as the conieat of organic modificr
in aqueous mobile phase incrcases. All of these
irends with the variation of ihe content of organic
modifier in agueous mobile phase are consigient with
thase Tor the resodution of c-amino acids on CSP 1
[14),

The effects of acidic modifiers in aqueous mobile
phase on the resolution of sclected racemic com-
pounds (2c, 2o, 3f and 4b) on CSP 1 arc summarized
in Table 3. The retention Factors €k, ) are significantly
diminished as the concentration of acidic modifier in
agueous mobile phase increases. These trends are
somewhat different [rom those for the resolution of
o-aming acids on CSP 1. In (he resolution of o-
amino acids on CSP 1, the retention factors k) were
reported (0 show a maximum at 2 ceriain con-
centration of aeidic modifier [14]. The initial in-
crease in &y for the resolution of a-amino acids on
CSP 1 was rationalized by increased complexation of
the primary ammonium ion (R-NH;) ingide the
cavity of the crown ether eing of thic CSP, while the
decrease in &, at higher acid concemrutions was
assumed (o be a result of the greater ionic strength of
the mobile phase. Tn this instance, the continuous
decrease in &, with the increasc in the acid con-
ccmration fdr the resolution of racemic compounds
2¢. 20, 3 and 4b shown in Table 3 might be
rationalized to stem from the mercased ignic strength
of the mobile phase. Enantiosclectivity () for the
resofution of ecemic compounds 2e, 20 and 3F
increascs slightly as the concentration of acidic
modifter in agueous mobile phase increases and these
trends are consistent with those for the fesolution of

13
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Fig. 2. .Represtmative chromatograms for the resolimion of (7)) a-(4-methylphenyDethylamine 2e, (b) I.2-diphenylethylanine 2o, (¢}
norephedrine 30 mud (d) homoeysieine thiolactone 4b on CSP 1. For chromatagraphic conditians, see the Toomore o Table 1.

w-aming acids on CSP 1 [14]. On the contrary,
enamtioselectivity (&) for the resolution of homo-
cysteine ihiolactoric 4b shows & maximum ar a
certin concentration of acidic modifier. Resolution
laciors (R3). however, do ool show significant frends
wilh the variation of the content of acidic wodifier in
aqueous mobile phase as shown in Table 3. The use
of perchlorie acid or trifluoroacetic acid as an acidic
medificr i suicous mobile phase was also cffective
fur the resolution of raccmic compounds 2e, 2o, 3
and 4h. However, sullurie acid scems 10 be better as

SDOCIDN «XP___4380275A _I_»

an acidhc modifier than perchioric or wifluoroacetic
acid in termg of the resolulion (R,).

The <ffects of catiome modificrs in agucous
mohile phasc on ihe resolution of four selected
ricernic compounds (2¢, 2o, 30 and 4b) on CSP 1 arc
summarizet! in Table 4. The cationic modifier added
o mobile phase might compete with the ammonium
ion of analyies (R-NH; ) for complexation mside the
cavity of crown ciher cing of the CSP. In this
instinec, the concentration of ¢ativaic modificr in
mobife phase is cxpected 10 influcnes the retsntion of

/4
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Table 2

Resolution of selecicd ragemie eolmpounds (2¢, 20, 30 and 4b} on TSP 1 with the varintion al the type and the content of orpanic modificr in
Aagueous mobile phase”

Organic modificr 2c b1 A 4h

(e kY o R™ & a' R} & o £ & o Ry
CILON (20) 4.30 1.68 3.3 940 157 S 0.50 186 308 054 1.40 1.62
CHLON (30 272 170 375 200 27 629 0.60 193 3.83 .72 143 2,10
CHCN (80} 0.09 178 354 0.52 30 6.60 0.31 209 3.06 113 1.58 2.14
CIHLOI (5 .00 1.49 178 349 2.52 £.00 o719 1.95 2.56 072 1.57 1.89
CHL G (8D 0.92 1.7t 250 0.60 267 550 0.45 2457 .76 (Leo 1.55 271

T Mohile phate, organic modifier (%) in H.O+H,80, (10 ad/Y+C1,COONIL, i mAf): Nuw raic, 0,5 ml/min; defertion, 228 am UV,
lenperature, 20 °C,

" Retention Tucior of the first cluled cnantiomer,

“ Sepuration acion.

! Resolution {aclor.

Tabte 3

Resolutitm of sclecied racemic compounds (2¢; 2o, 3 and dh)-on CSP 1 with Lhe variation of the ype and the content of acidic madifier in
aqueous maobile phase”

Acidic modilicr 2c 2o ar 4k

mé?) E ar’ R K o' i & a R B o R}
H.SO, (1) k49 L6 4.00 O.Ré 248 711 0.65 1.75 3.81 1.21 134 2.50
H.80, (53 1.1 165 333 054 .57 .00 035 2.0 2.90 072 1.59 2.75
LSO, (1) 000 178 .54 .52 300 0.60) {1310 200 3.06 0.66 1.5% 214
ll,SO,,_ {20} 0.91 1.82 4,18 048 312 6.45 027 2.20 3.08. .59 1.51 2.25
HCIO, (1) 1.06 2.58 330 0.69 326 5.85 042 221 2.57 [11+%) 1.57 1.8t

1 CO0H {10y 1 2.76 2,60 0.82 307 T80 0.52 2.08 2.5 04 208 312

* Mobile phase, CI1LON (§0%) in H.O+ Acidic modifier (nid) +CH,COONN, (1 ndfy; flow rale, 0.5 o/ niind deteetion, 225 nit uv;
Lwnsperatuye, 20 °C2

" Reention factor of the firdl efuied enantiomer.

* Separation Tactor,

“ Resolution factor,

Table 4

Resolution ot seldcied raeemié compounds (2, 20, 3Fand 4b) on CSP 1 with the varition of the type and the coment of the tnorganic
madifier in agueous mobile phase®

Inorganic nvodificr 2c 20 ar 4h
{mAM}

[ ut RS I ot Rl o o R i at ool
CILCOONIL, (1) u.99 1,78 3.54 0,52 300 6.60 031 2. 306 0.66 155 204
CH COONH, {5) 0.64 i.69 2.13 0.29 324 478 0.17 2,35 2.5 0.40 1.68 2.31

NHLCL (1) 1.33 2.40 300 0.83 30 6.52 0.51 208 2.57 107 1.50 1,34
KCI{0.5) 667 1.72 1.56 (139 2N 3.70 0.2s 2.08 2.19 0.5 E.54 1,96
KCI (1) 043 1.74 1.66 0.23 3.00 3.24 AN 27 1.62 0.35 1.57 (2]

* Miobile phise, CH,CN (RD%S in HLOFILSO, (10 i) +inorganic ruodilier (mAM Y flow rate, 0.5 mlfiwin; deteetion, 225 om UV
tempermure, M350,

" Retention fagtor of the first cluted enantiomer,

" Separadion facior,

* Resolution factor,

NSDOCID: <XP_ LAISORTEA_ | »
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amalyies on the CSP. As cxpected, the retention (4,)
of analyles is decreased more signilicantly ar he
higher cancentrition of ¢cationic modifier than al the
fower conceniration of catiomde modificr. The re-
tention (%)) of analyles with the wse of potassium
chloride as an inorgamic modificr % more sigifi-
cantly reduced than with the use of ammonium
acelate as shown o Table 4, The stability constant of
the complex. between 18-crovim-6 and cations has
been known 0 be much greater with K than with
NH, ion [16]. Tn this instance, potassium chloride is
cxpected to compete with the mnmonium ion of
analytes (R-NH,") for complexation inside the cavity
of crown cther ring of the CSP more effectively and
consequently reduces the retention (k) more sig-
nifkcantly than smmonmom acelate. There was no
much difference in caantiosclectivity (&) when am-
moninm acctate or poliassinm chioride was used as a
cationic madificr. Howover, the resofution (R,) was
generally greater when ammonium acefate was used
as a calionic modiner than when potassium chloride
was used, The use of ammonium chlodde as a
cationic modificr in agucous mobile phase was
observed 10 be cqually effecuive as the use of
ammoniom acelate as shown in Table 4.

The effects of column temperature on the res-
olution of four seletiel racemic compounds 2¢, 2o,
3F and 4b on C8P 1 arc demonstrated In Table 5. As
shown in Table 3, il three chromalographic parame-

ters such as the retention (&), the separation {er) and.

the resolution factors (Rg) improve continuously as
column temperature docreases. At lower temperature,
the diastercomeric complexes Tormed belween the
individuat cnantiomers of an analyle and Lhe chiral
crown ether moiety of the CSP are expected 10
hecome cncrgelically more favorable and this is

Tahle §

more significant with the morc stable dinstercomeric
complex. Consequently, the retention (k) and the
separation factors () improve as the column tem-
poratire decrcases. The improved cnantiosclectivity
(cv) al lower temperature makes e disiance wider
hetween the Lwo  chromatographic peaks  corre-
sponding to the two cnantiomers and consequently
the resolution (Re) is also expected o improve at
Tower (Cmperatire,

Finally, CSP 1 was demonstraied 0 be very useful
i the determination of the oplical purity of enanlio-
merically enriched samples. For example, the chro-
matogram for the resolution of a4 commercial sample
of oplically aclive 2¢ (Aldrich, R:5=1:99, 98% cc)
on CS5P 1 in Fig. 3a shows the twp peaks corre-
sponding 0 the two enaniiomers present in the
sample. Another chromatogram for the resolution of
a commercial sample of optically aclive norephe-
drinc 3f {Aldrich, optical purity is not knowny shown
i Fig. 3b demonstraicd thai the optical purity of the
sample is also 98% co. As shown in Fig. 3, the minor
coantiomers present i the optically active samples
are clearly shown and conseguently their detection
limit can be more lowered. However, enantiomerical-
ly more enriched samples ane not available and Lhe
detection limil of the optcal purity was not checked
further,

In summary. in his study, we demonsirated that
CSP 1 was guite successful for resolving varions
racernic amines (2}, antino aleohols (3) and o-
aminocarbonyl compounds (4). Especially. the res-
olution of pharmaceutically tmportant compounds
such as amphetamine aralogues (2e, 2f), mexileting
(2g), norephineprine {3 and norcphedrine (3F) was
noteworthy. In order 10 find out the effccts of mobile
phase additives on the chromagographic resolution

Resolution of sclected racemic compounds (2¢, Zo, 37 and 4b) on GSP 1 with the varfation 61 columa 1empemture”

Colenm 2 2o r 4h

. g
emp. (Y-S o R & o R’ W o P & o I
0 0.88 170 330 0.48 233 .85 037 1.65 2.25 0.74 139 179
20 0.9y 178 3.54 0.52 3.00 660 0.31 200 106 0.66 1.5% .14
10 1.37 195 S.60 0.73 a8 8.25 .53 216 425 108 160 293

“Mobile phase, CHLCN (80%) in 0 +1,80, {10 mM §+CH ,COONIL, (1 ma); Aow rare, 0.5 mi/min: deteetion, 225 pm UV,
" Retention facter of the first chuted enanliaiper.
‘ Separation factor.
A - .
Resolution (actor.
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Fig. 3. Examples for the npifcal purity delermination of enantionerically enriched samples on CSP 1t () (telt) the chromalogram for the

resolution of a commercial sample of optically aclive 2e (Aldrich, &

chromatogram for, the resotution of a commercial sinple of epic
Tor the chromatagraphic. conditions, set the fnotnote 1o Table |

behaviors, four selected racemic compounds (2¢, 2o,
3rand 4b) were resolved on CSP 1 with the variation
of the 1ypc and content of organie, acidic and
cationic modifiers in agucous mobile phase and with
the variation ol column temperatare. All of the Uiree
chromatographic parameiers soch as retention k).
separation («) and resolution factors (R) were found
controlable (0 some exlent by varying the type and
conlent of organic, acidic or cattonic ‘modificrs in
mobile phasc or by varying column wemperamre.

MSDOCID: «XP___ 4360276A 1_>

= 1:99), (righD) the expanded chromaiogram and {h} (lefld the

ally active norephedrinc 3F (Aldrich), {right) the expanied ehromatogtim.

CSP 1 was aiso demonsiraled to be useful in the
determination of optical purily of cnantiomericaily
enriched samples, However, (he chiral recognition
mechanism is nof cicar cxeept thar the dias.
tereoselective complexation of the primary ammao-
nium group (R-NH;) of analytes inside the chiral
crown ether ring of the CSB might be responsible,
Further gtudies are expected © be mecessary (o
clucidate the more detailed chiral recognition mecha-
Asm.
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Abstract of JP 2002065286 (A)

PROBLEM TO BE SOLVED: To provide an optically active (R)-1-indaneamide
derivative which is a precursor of an optically active 1-aminoindane which is a compound
useful as an asymmetric induction reagent and a synthetic intermediate for medicines and
has high utility value as a medicine and a synthetic intermediate for liquid crystal
materials. SOLUTION: Asymmetric amidation of racemic ( }-1-aminoindane is carried
out in an organic solvent by using an enzyme such as lipasc or esterase to produce the
objective optically active (R)-1-indaneamide represented by the following formula (3)
(wherein R1 is an alkyl group or an alkenyl group). The (R)-1-indaneamide of the formula
(3) wherein R1 is an alkenyl group is a new compound.
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Highly Enantioselective Hydrogenation. of
clic Enamides Catalyzed by a
Rh-PennPhos Catalyst!

Zhaoguo Zhang, Guoxin Zha, Qiongzhong Jiang,
Dengming Xiao, and Xumu Zhang™

Deparomeni of Chemistry, The Pmn?dvam'a Stare University.
University Park. Pennsylvanis 1680z

Racatved Decemnber 17, 1998

Chira! amines are often critical comporents of pharma-
centical agents: For example, about 15-25% of the single-
enantomer products n development contain this unlt
according to a recent analysls.! The development of practical
methods for the synthesis of enantomerically pure amines
istherefore of great loterest. Traditionai resolution methods
and enzymatic transaminase technology are fééquent cholces
in industry for making chiral amines. However, recent
attention has teen devoted to asymmetric hydrogenation of
imines and enamides as porentally more competitive syn-
thetic routes.? A vartety of trapsitien-netal catalysts have
been explored to date for asymmetric hydrogenation of
imines. albeft with elther low enantioselectivity, Hmited
substrate scope. or low acivity.? Alternatively, asymmetric
hydrgenation of simple enamides is a more useful strategy.
Saveral Rh-blsphosphine compounds have been developed
as eifictent catalysts for asymmetrit hydrogenation of acyclic
enamides,! and some can even tolerate ZE mixtures of
B-subsultuted enamides as substrates.t*¢ Howaver, only
1lmited success has been achieved in the hydrogenation of
cyciic enamides desplte the potential importance of this
process for the synthests of olopically active chiral ami.
notetralins and amilnoindanes.S Herein we report the highly
enantioselective hydrogenation of cyclic enamides catalyzed
by a Rh-PennPhoy compound.

In nur continuing work on catatytic asymmetri¢ reactions,
we have developed tonformationally rigld chisal bisphoes-
phines (e.g.. BICP = bis{dlphenylphosplﬂno)dlcydopentane:"
phnsphmnblcyclniz.z.1]hep:anes:" PennPhos = PF-1.2-

| Dedicated o Professor Xiyon Luen the otoasten of his T0th birthday.

i C a M, 5 P dings of the Chira) USAST Sympotium,
Matrix, 1697; and a related neport of Technol, Catal, Int.

{2 () Ofima, 1. Ed) Catalytic Asymrnaeric Synthesls: YCH: New York,
1085, #5) Noyori. R. Asymmezric Cotalysts (n Orpanic Synthests, Wiley: New
Yark. 1354,

() Sphocrer, F.; Pugin, B Biaser, H.-U. Angew. Cherny., Int, Ed. A
19@. 129. ;SB. ] Chan, Y, Np C.t Osbarn, J. A . Am. Chem. Soc. IEBr;)gﬁ!
112, 5400, {&) Beralakl, A, G Cullen, W. R; Fryzuk, M. D James, B, R
Kang, G, J. Rettig, 5. J. Jnowg. Chemn, 1091, 30, 5002. (d) Lensink, C.; Vrics,
1. G, Tetrahedron’ AS, 1802, 3. 235. ) Witaughntyy, C. A.; Buchwald,
5.1, .. Am. Chem. Yoos, 124, T562 1D Willoughty, €. A.; Buchwald,
5.1 .J Am. Chem. Soc, 1654, 215, 8952, {® Chan, A, 5, C;Chen, C. T
Lin ©. W.: Lin. Y. C.; Cheng, M, €. L. Chem Sotc., Charn. Coumnayr, 1995,
1761. {h) Yerdogeer, X.2J L Uf, B.W,; Reding, M, T ; Buchwnld, S1.4
Am Chem. Spt. 1898, 118, E;M, {0 Togol, A. Angew, Chem., Int. Ed. Engl.
1805 35, 54575, { Uemarsu, M. Fujli, A.; Hashiguchl, 5. Tkariya, T.
Nowrl, R J. Am. Chiem. Sec. 19886, 118 416, (i) Schrider, P.; Koth, G2
Pretot, R Wang, G-; Bohnen, F. M. Kruger, C.: Phaitz, A. Chem. Bur J.
1997, J, 847, .

(4) For secent ndvances, sec: () Burk, b. 1.: Wang, Y. M. Lev, B J. S
A, Chem, Soc. 1086, 118, 5142, ) . F.-Y.: Pai,'C.C.; Chan A. S,
€. J. Am. Chem. Soc. 1998, 120, 5B08. {8 Zhu, G.; Zhang. X. 7. Org Chem.
1998, 63, 9580,

(53 One example was reported on asymmetrit hydrogenation of N0
tromo-1.2.5.4-tetrahydrona hthaleneiyl benramide usirg a Re-BINAP
catalyst: Tschaen. D, M. camsen, Lu: Cad, D.; Desmond, R.; Dolling, U
H.: T-ymy.l..: Kneady, $.i Shi, ¥.-J.; Verhozven, T. R. . Org. Chan. 1995,
60, 41324,
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M (8) Ztn, G ; Chen, Z; Hang, Q.; Ximo. D Cne, Pz Thang, X. F Amy
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P Gun, C.: Zhang, X. J. Org. Chem, 1887, 62, 4521,
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phenylenabis(cﬂdasz.s-dialkyl—?-phosphabicyclol2.2.l}hep-
tane? Me-PennPhos, Figure 1) and sre exploring their
synthetic utility. High enantloselectivities have been achieved
for the hydrogenation of acyclic enomides with a Rhr-BICP
catalyst.¥c However, only modest enantioselectivities {60~
70% ee) were obtained for the hydrogenation of cyclic
emamides derived from w-tatralone and a-1ndanone. Encour-
aged by the excelient results observed upon asymmetric
hydrogenation of simple ketones catalyzed by a Rh-Penn.
Phos cormplex? we have new extended our study of the
asymmetrie hydrogenation of enamides o include this
unlque catalytic system.
N-{3.4-Dihydre-l-naphthyiacetamide was chosen as a
typical enamide substrate. This enamide can be easily
prepared by reduction of the corresponding oxime with iron
powder in the presence of acetic anhydride (Scheme 1).9:%
This facile synthesls of snamides® comblned with an efficlent
asymmetric hydrogenation step provides & practical protocol
for the synthests of chiral amines from ketones. Teble 1 lists
asymmetric hydrogenation resutts under different conditions
and with a vartety of chiral bisphasphine systems. The
catalyst was generally prepared in sith by mixinga solution
of & Rh precursor and a phasphine ligand. The reaction was
carred out under an inidal He pressure of 40 psi at room
temperature with a ratlo of substrate/RhvMe-PennPhes of
100:1:1.1. Différent Rh catalytlc precursers led to large
varations in enantioselectvities (enties 1—3). Higher enan-
Hoselectivitles were cbserved with catenic Rh precursors
(entry 2, 97% ee: entry 3, 98% eg), while the ee Is Jower with
a neatral Rh system {entry 1, 92% e=). Changing salvents
andlor Hz pressure have only a smali effect on enantiose-
lectivity, aithough reaction cenversions vagy to a large
extent. The cataiytic hydrogenation goes to completion in
methylene chloride, methanol. and 2-propanoi under 40 psi
of Hy in 20 h, while anty 24% conversion was achieved under
the same conditlons in teluene. Reactions performed urder
15 psl Hz and 500 psi Hs in MeOH give similar enamtiose-
lectvities (~98% es) but gave different conversions (6%
under 15 ps! He and 100% under 500 psl H; after 20 h).
Optimal reaction tonditions with the Rh-Me:PennFhos

. catalyst use MeOH as the sotvent and an initial H; pressure

of 40 psi. Under these conditions, we have investipated the
Rh-catalyzed asymmetric hydrogenation of MNA3.4-dihydro-
1-naphthylacetamide with several comymercially available
chiral bisphosphines, Compared with the Rh-Me-PennPhos
catalyst, significantly lower enantiosclecdvities {10% ee,
entry 4; 24% ee, entry 5) were obsecved with Rh-DIOP and
Rh-BINAP catalysts. The most surprising result Is the low
srantinselectivity (1% ee, entry 6) achieved with the Rh-
Me-DuPhos compiex, which is In sharp contrast to lta
effective asymmetric hydrogenation of acyellc enamides.**
Our results are in agresment with the investigation by
Burk % who found that under similar conditions hydrogena-
tign of N-{3.4-dihytro-1-naphthylacetamide gave 0% ee with
& Rh-Me-DhiPhes complex and 69% ee with a R-Me-BPE
catatyst. However, up to 92% ce was reported with a Rh-
Me-BPE catalyst if the reaction was done at 0 T3 To the
best of our kngwledge, Rh-Me-PennPhos-catalyzed asym-
metric hydragenation of N-(3A-dthydro-1-naphthyljaceta-
mide gives the highest enentioselectivity reported to date.

0a.

@) {a) Zhy, G.: Canalnwovo, A, L. ﬂunpq. X. J. Org. Chem, 1808, G5,
5100, &) Buek, M. J. Cas:{; G.: Jobnsca, M. B. L Org. Chem. 1988, 63,
£084. For the origin of this Fe/Ac0 mothatl, ses: [c) Baoar, B, B.: MrGhia,
1. .- Robansen, bL; Barten, D. H. R.; Horwell, . C.: Seick, RV, L Chern,
Soc., Perkin Trans. 11875, 1237. (d) Laso, N. M. Guitler-Sire, B, Zord, 5.
2. Tetrahedran Lo 1980, 37, 1605.
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Ma j EpMe {R,S,R,5)-Mp-PennPhos
e
Mg
Figure 1.

Scheme 1
NHAz

o H
NOH.HCE .
Hy Fe, A0
EtOH owE
Table 1. Rh-Catalyzed Asymmetrld Hydrogenation of an
Enamide*
HHAc ?Mr.-
@ * At {) Spaclea + Ligang '
—_— -
MeOH, 1t, 4073 Hy

entry Rhfl) specles ligand % pe?

1 RRCODICY:  (R.S.R.S5-Me-PennPhos 928
2 Rh({COB);BF, (RS.R.S)-MeFPewiPhos 97148
3 RR{CODLPFs  (RS.RSMePennPhos 98 (R
4 Rh{COD)PFs  (+)-DIOR 10 ()
] RW{COD):FF,.  (R)-BINAP 241R
6 Rh(COD):PFs (R, ®)-Me-DuPhos =R

o The reaction was complete in quantitative yleld at.room
temperature under an initial hydrogen pressime of 40 pstafter 20
1 using MeOH as the solvent. The catalyst wes mads in sl by
stirring & solution of Rh precursor and phosphine Hgond in MeCGH
for 30 min [[substrate (0.5 mmat, 0.17 MYVRh catfUgand = 1:0.01:
6.011]]. » Enantomeric nxcesses were determined by chiral GC
using a Supeico chiral Select 1000 {025 mm % 18 m) column, € 57%
wonversion,

To demonstrate that ¢his is & poténtiaily practcal methoed
for the synithesis of g-aminoteralins, we incréased the ratlo
of N-(3,4-dthydronaphthaizn-1 -ylacetamide/Rh-Me-Penn-
Phos to 2000:1 and the reaction was still complete in 20 h
with 98% ee.

Using these optimal conditions, several gyclic and acyclic
enamides were investigated (Table 2). Hydrogenation of
several cyclic enamides detived from o-tetralones and o-in-
danones {entries 1—5) gives high enanticselectivities (>87%
ee) regardless of the substituents on the aromatic ring.i®
Interestingly. a tetrasubstituted five-membered cyclic ena-
mide gives figh enantinselectivity (88% ee, entry 8). How-
ever, the ee with the corresponding. six-membered cydlic
enamide {73% ee, entry 9) s significantly Jower. Only
moderate ec was observed for the enamtde made from
Bretralone (entry 7). Burk et al. reported excellent resules
(>98% ee) for the asymmetric hydrogenation of an indanone-
derivated enamide using a Rh-Me-DuPhos catalyst.® The
profile of their catalytic syStems has not yet been completely
established for & varioty of cycilc enamides. Using the Rh-
Me-PennPhos catalyst, several atyclic enamides were hy-
drogenated with moderate to good ee's (entries 10-12).

{10) The absolute configuration was ditermined by comparing the GC
trace and optical rotation of the peeamide derived foom (R-c-amlonlndane
and (R--aminacetraltn purchased from Lanester, It

NSDOCID <NP_ 22627484 _(_>

J. Org. Chem., Vol. 64, No. 6. 1998 1775

‘Table 2. Asymmctric Hydrogenation of Enamides
Catnlyzed by 8 Me-PennPhos-Rh Complex

Lt Eriry Bubetene % it

NHA;

:

n

Subsirats
WHAC
Mu.:. HAc
_ NHAD
£
NHA: NHAS
L m ot n o
M 7 .
NHAz NHAs
" @:b w0 " ©)*| w

= The regctdon was complecs In quanthtative ylsld at room
temperature under an initial hydrogen pressure of 40 psi after 20
h using McOH as the sotvent. The catalyst was made in situ by
stirring a solution of (RR{COD}:|PFp and Me-PermPhos in MeOFL
for 30 min ([substeate (0.5 mmel, 0.17 MY{Rh({COD)2]PFeiigand
= 1:0.01:0.011]}. *Enantiomeris excesses were determined by
chiral GC using a Supeico Chiral Select 1000 (0.25 mm x 15 m)
columal, -

However, these enantioselectivities are Tower than those
ohtained with Rh-DuPhos, Rh-BICP, and other catalytic
systems,* Sinte there i3 as yet no unlversal catalyst to
handle such a diverse set of substrates, the Rh-PennPhos
complex serves 1o compliment other efficient catalysts? for
hydrogenation of simple acyclic enamtdes.

In summary, we have developed a highly enantioselective
Rh-PennPhos catatyst for asymmetric hydrogenaton of
cyclic enamnides, The high reactivity and ease of operation
combined with an efficlent method for the synthesis of
substrates make this reaction an attractive synthetic pro-
cedure for the synthests of enantiomerically pure «-ami-
natetraline and o-aminoindanes.

Acknowledgment. This work was supperted by &
Camille and Henry Dreyfus Mew Faculty Award and
Teacher Schalar Award, an ONR Young Investigator
Award. a DuPont Young Faculty Award, Catalytica Phar-
rmaceuticals, and DuPont Agricultural Products. We ac-
knnwledge a generous loan of precious metals from Johnson
Matthey. Inc. and a gift of chiral GC columns from Supelco
and thank Dr. Albert L. Casalnuovo of DuPant Agricultural
Preducts for useful suggestions for enamide synthesis,

Supporting Information Available: Spretroscoplc dats and
experiment] detalls.

JO9B24605



“XP-002262749

2144 Biockemisery 1980, 19, 2140-2144

Specificity in the Alkylation of Serine at the Active Site of
a-Chymotrypsin by Aromatic a-Bromo Amides!

William B. Lawson

ABSTRACT: A number of aromatic a-bromo amides inactivate
a-chymotrypsin by affidity labelifig of either Met-152 ar
Ser-195. While the reaction with Met-192 js indépendent of
pH [cf. Lawzon, W. B., & Rao, G. §. 5. (1980) Biochemistry,
preceding paper in this issue], 1hat with Ser-193 is gaverned
by a group on the enzyms {presumably His-57) with 2 pk,
of about 7. Ser-195 is alkylated by those. compounds in which
the amide group and the aromatic ring are predominantly
noncoplanar. Bromoacetyl-($)-{-}-aminoindan was predicted
fram studies with models 1o havea higher reactivity toward
Ser-195 than its R-(-+) enantiomer, and the prediction was
confirmed by experiment. Further study with models led to
the synthesis and testing of bromeacetyl-3-aminomethylindole

During investigation of the stefeochcrnistry of Izbeling of
Met- 1972 at the active site of chymotrypsin by arometic a-

bromo amides, we obscrved that same compounds that did not -

react rapidly with Met-192 alkylated o serine residue, pre-
cumably Ser-195 (Lawson & Rao, 1980, Tn contrast 1o the
alkylation of Mei-192, the reaction displayed a marked pH
dependence, similar 1o that observed in the alkylation of serine
at (he active site of rypsin by {a—bmmuacetamidé)alkylamin:s
and -guanidines {(Lawson ¢l al., 1968).

HHBA NHBA

2(5) 1R)
CH,
CH;NHBA CHNBA
A A
N R
3 4

Since two optical isomers, BA-(R)—(—i—)-)-aminuindan (1y
and BA-{$)-(-)-1-amincindan (2), had been found to alkylate
serine 1o some extenl withoat 2 pH dependence {Lawson &

Rao, 1980), it was decided to reinvestigate their reactions with .

the enzyme. A further impelus was provided by the active-sitc
model of Clarke: {1977). Examination of possible interzctions
o 1 and 2 with the active site led 102 prediction that the S-(-)
enantiomet, 2, should react more readily with Ser-195 than
the R-(++) snantiomer, Repetition of the carlier work con-
firmed the rate dala but, more importanily, showed that the
prediction was correct. Further study with rmodels 1o improve
selecrivity in the alkylation of Ser-195 led to the synthesis of
BA-3-aminomethylindele {3) and BA-3-methylamine-
methylindote (43. The latter proved to be the hest «-bramao

1 From the Division of Laboratorics and Rescatch, New York Stae
Depariment of Health, Albany, New York: 12201. Recoived August 7,
1979, This wotk was supporied in part by Grants HL 15887 ond AM
0529% from the Natonal lastitutes of Health.

and -3-mathylaminomethylindole, The latter compound proved
\o be the best to date for alkylation of Ser-195, both in regard
10 rate and to specificity. [t is hypothesized that serine al-
kylation results from binding of 2n a-bromo amide in the active
site with ite amide carbonyl group positioned between the NH
groups of Gly-193 and Ser-133. Turther specificity and in-
creased rates in 1he reaction with Ser-195 are gained by the
use of N-{amino}methyt derivatives. The N-methyi group
appears 1o prevent a nonproductive binding mode in which its
™H gnaloguc forms a hydrogen bond with the carbonyl group

of Ser-214. The reactivity of Ser-1953 is discussed in retation,

to the charge-trans{ce system, Asp- 102:His-57:5er-195.

emide 10 date for selective slkylation of Ser-195 in chymo-
{rypsin.

Materials and Methods

a-Chymotrypsin (3% recrystallized, salt free) was obtained
From Worthington Biochemical Corp. Organic chemicals ware
products of Aldrich Chemical Co. or Eastman. Organic
Chemicals. Ches, Mes, Mogs, and Taps were ohtained from
Calbiochem, a-Bromo amides, except for those described
Below, were the compouads used in the previous paper {Lawson
& Rao, 1980). 3-(Aminomethylindole and 3[(methyl-
amino)methyl]indale were prepared as deseribed by Gower
& Leete (1963); these amines are Tather unstable {cf. Putokhin
& Davidova, 1912) and were stored under vacuom at 4 *C.
N—{Brumuacmylnxy)succinimide was prepared according to
Hora (1973). Silica Woelm TSC and nylon tubing fot dry-
coturan chromatography were cbtained from JCN Pharma-
ceuticals. Eastmas sifica gel plates with fluorescent indicators
were used for TLC.

Melting points were nneorregted. Ultraviolet spectra and
ENZYME BIEAYS Were carricd out with a Cary 118 spectio-
photometer. A Perkin-Elmer 710A infrared spectrophotometes
and a Varlan EM 360 NMR speciromeler were used for

_recording infrared and NMR spectra. Elemontal analyses

were performed by Instzanal Laboratory, Ine., Renssclacr, NY.
and results obtained for the elements fisted were within £0.3%
of the theoretical values, The active-site model was deseribed
previously (Clarke, 1977; Lawson & Rao, 1580).
BA-3-{aminomethyDindole (3). A solution of 1.55.8 (7.37
mmol) of N-(bmmoaoetyloxy}succinimide in § mL of dimethy!
sujfoxide was added to an jes-coid solution of 1.03 g (1.37
mmol} of 3-{aminomethyindole in 3 mL of dimethyl sulf-
oxide, and the solution Was allowed to warm Lo room temi-
peraturs for 15 min. The resclion mixture was difuted with

| gbbreviations useds BA, promoacetyl Ches, cyciothexylamino-
elhanesuifonle acid: Mes, 2. (V-mospholinojeikanesulfenic acid; Mors,
1-(N-murphdinn)pmp:ncsulfouic acid: Taps, 3-{[tris{hydroxymethyi)-
mcthyl}nmlnnlpropnnesu'lfoui: acids CPK, Corey-Paviing-Koltun
{models): CCS, cotorcaded-skeletal (modets): S, carboxymethyl.
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SDOCID: <XP_ 2288745A 1 >

PD....19.40. ...
P zwn:suw@ﬂ

pAN



ALKYLATION OF SERINE IN CHYMOTRYPSIN

ethyl acetate and extradted with H,0, 0.2 M HCY, H;0, 02
M KHCO,, and satrated NaCl The orgasic layer was dried
(MgS0,) and evaporated in & rotdry evaporator, and the
residue was dried thoroughly under vacuium over Drierite lo
give 0.85 g of a frothy solid. TLC on silica gel in CHCL,
showed an Enrlich-pasitive spot {skaiole) near the front, an
Ehtlich-, Ellman- (Schloss & Hartmes, 1977), and ninhyd-
rin-positive spot near the origiti, and a spol cotresponding to
the product, Ryca. 0.3, that was slowly Ehrlich positive, Ellman
and UV positive, and ninhydrin negdtive. The above solid
{0.85 g) was dissolved in 5 mL of cthyl acetate, rotary ‘evap-
orated with § g of Sifica Weelm TSC, layored on a 100-g
cotumn of the 2ame adserbent in a nyler tube, and eluted with
CHC), until the middle {fiuorescent) band was well separated
Trom a band at the origin. The middle band was cut out and
¢luted with ethyl acetate. Evaporation of the solyent gave an
oil thet crysiallized from ethyl acetate—cyclobexane to yield
230 mg (12%) of pale pink crystals, mp 100-102 °C. Further
recrystallization gave fine white necdles, mp 102-103 oC. The
UV spectrum (in ethanol) was that of a typical indole. IR
{in KBr) and NMR (in dimethyl-d, sulfoxide) spectra were
in agreement with the structure of BA-3-aminomethylindole
{3). Anal. C, H, N, This material should be keptdryina
freszer.

BA-3-{{methylamino)methyl)indole (4).  3-[(Mcibyl-
arine)methyl]indote (3.0 g, 17.8 mmol) was converied to the
bromoacetyl derivative in the same manner as 3; a similar
purification on a ¢ry column of Silica Woelm TSC gave 0.78
g of oil. This was eryatatlized from dry ether o yield 460 mg
(5%). mp 84~95 °C, and recrystalilzed from benizenc to give
170 mg (4%) of white erystals, mp 99-101 °C. Anal. C H,
N, This compound is somewhat less stable than ita un-
methylated analogue 3, and should be stared dry in a freezer.

Inactivation of Chymotrypsin and Analysis of the Inacti-
pated Enzpme. Rates of inaclivation were determined 23 in
the preceding paper (Lawson & Rao, 1980} except that the
buffer was 0.1 M Mops at pH 7.0. Amino acid analysis
{Lawson et 2., 1968; Lawson & Rao, 1980) was used to deteel
1nbeled amina acids cluting between cysteig acid and Asp. The
shorter {50:cm) column for neutral aming acids how in use
was operited between 50 and 60 °C for an optimum separation
of methionine sulfone. The use of this column did not, how-
ever, permit an adequate separation of homoserine from Glu.
Aoounts of Ser and Met modification were estimated pri-
marity on the determination of Cm-Sekand Met-sulforie and
pertiglly on the determination of S:Cm-homocysteine and Met,

pH Dependence of the Inactivation of Chymotrypsin by
BA-N-methplbenzylemine (7). Raves of inactivation at 23 °C
of 60 uM chymotrypsin were determined with a 20-fold molar
excess of 7 in 109 ethane) and Q.1 M buffers, which were
acetate (pH 5.0), Mies (pH 5.5-6.5), Mops (pH 7.0-7.5), Taps
{pH 8.0-9.0}, and Ches (pH 9.5-10,0). Enzyme blanks at pH
5. 6, and 7 were stable-for 1 dey; blanks at pH 8 énd 9.5 lost
139% and 46%, respectively, of their activity. The instability
of the cnzyme ot high pH probably doss not affect the acce-
racy of the results appreciably, sihce the half-life of the en-
zymatic reaction is about 4-5 h from pH 8.0 to pH 2.3, The
pH 10 value might be questioned, however, since no blank was
run at that pH. Restits were plotted as a function of reciproczi
half-lives for inactivation vs. pH.

Results and Discussion
Iuhtbition of Chymotrypsin. Hali-times for the inhibitioh
of chymotrypsin under sizadardized conditions were deter-

mined by semilogarithmic plots and are given in Table I The
final activities were quile low in the faster reactions; but for

NSOOCID <X, 226274%A ) >
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Tabie I: Rates of Innctivation of Chymotrypiin by e-Bromo
Amides That Alkcylate Ser-155

reection with
chymotrypain,®
tompound huif-time {min)
no. N-bromoacety) derivative of pHS pH?
1 (AM+)1-aminoindan 4580 4980
1 (Sy (-} -aminoindes 2580 2880
3 FiuminomethyDindole 1950 1580
4 3[(methyhrhirg)methyi]indale 420 156
5 MNemethylantline TIRD 4320
&  benzylamine TG 2640
7 A-methyDenzylamine 1390 430
8  Aumethyltphensthylaming 540 224

[ 0.1 M nostate bullfer, pH 5.0, and in 0.} M Mops buffer, pH
7.0 (compoundt §, 2, 3, 4, and 7}, of 0.1 M Tris bulfer, pR 7.0
{compounds 5, 6, and &; dats taken from Tabie I of Lawson &
Rao, 1930, 10% ¢tharsl at 20-fold molar exetss over chymo-
teypsin {60 kM), The hall-times for loss of en2y'me activity wese
obtalned from pseudo-first-order plots.

Tible It Amino Acid Analyses for Conatituenty of the Active
Site of Chymotrypsin alter Resetion with Some
{rreversibie Inhibitors®

ot

pound pH  CrerSer  MetO, $Cm Met Ha
1 7 0.27 1.30 017 013 1.9
5 .11 - 0 0.23 0.138 1.67
X T 0.78 1,60 0.13 0.14 1.74
5 8,36 1.37 0.9 R ¥ 1.82
3 7 54 142 - ©.D3 trace L1
5 0.13 0.91 027 .16 1.97
[ 7 1.18 1.48 trace 1L.67
5 .58 1.00 024 213 176
fote T 11 151

The ingctivated anzyme prepmxation (<10% activity) were tub-
jocted 1o amina acid analysis as described under Materisls and
Methads after perfarmic artd exddation zecording o Hi (1936),
but at 25 *C for 2 b, Cm-Ser, O-fcarboxymothylaesine; MetO,,
methionine sulfone; §-Cm, S-{carboxy mothy fhomocysteinn,

practical reasons final activities were sbout 10% for the slower
reactions (7,;, > 2000 min). Amino acid analyses show that
the compounds alkylate Met+192 and Ser-195, with methinnine
alkylation more proneunced at pH 5 and serine alkylation
greater at pH 7 (Table IT gives results for componnds 1-4).
The anslyses were carried out after performic acid oxidetion
of the innctivated enzyme. Under these conditions unmodifiod
methionine is oxidized to methionine sulione (MetQ,), while
methicnine alkylated with holoacedic ncid derivatives is con-
verted to a mixture of free methionine, S-(carboxymethyl}-
homoeysteine, homoserine, and homeeerine lactone (Gundlach
et b, 1959; Neumanh ot al., 1962; Lawson & Sehramm,
1965), The latter two componds were net resolved by our
current anelytical system, but the other products give a clear
picture of the resuits, O-{Carboxymethylysorine (Cm-Ser) it
casily detected; the amounts listed in Table I ere not corrected
for the smdll quantities of-glycolic scid produced by decom-
position (Lawson et al., 1968}, No cvidence of histidine al-
kylation was noted, but & emall amount, comparable to that
previcusly observed In the alkylation of scrine at the active
site of trypsin (ibid,), cennot be excluded.

1t tan be safely assimed that the compounds discussed in
this paper alkylate Ser-195 for the following reasons: (a)
O-{carboxymethylserine is abtaincd on amino acid anslysis
of the inactivated cazyme, {b) chymoirypsin has never been
shown to contain, morc than one uniquely redetive sevine
residue, and (¢) the inhibitors were designed as affinity labels
for the active site of chymetrypsin. The reactions of BA-N-



2342 BIOCHEMISTRY

24 : ——!
|

L, IR a1

mOURE }: pH Dependence ol the inactivation of chymotrypsin by
BA-N-taethylbenzylamine (7) under conditions described under
Marerinls and Methods.

methylaniline (5} and BA-N-methylbenzylamine (7) wete
studied (Lawson & Rao, 1989) by the method of Kitz &
Wilsen {1962) and found to display the typical bindirig be-
havior sxpected of affinity labels {Lawsan, 1978),

BA~(5)-(-)-aminaindan (2) is more slective than its cn-
antiomer (1) in the alkylation of serine at the active site (Table
1). The most cffective and selective compound for the al-
kylation of serine in chymotrypsin at pH 7 is BA-3-{{mecth-
ylaminoymethyllindole {4); the rate of inactivation (Table 1)
s the fastest of the series, and methioninge aikytation is barely
detectable (Table 1)

The pH dependencies of the inactivations with compounds
3 and 4 are sitnilar to those observed earller with most of the
compounds found o alkylate serine in chymoteypsin (Lawson
& Razo, 1980). Repetition of the inhibltions with the ami-
noingan derivatives 1 and 2 geve similar half-times, but again
nopH dependences could be observed {Table I). It seems likely
that selvolysis of the compounds 2t the higher pH competes
with the cnzymatic reactions, and if this is true, the pH de-
pendencies of the other stowly reacting inhibitors should be
more propounced than they were found 16 be. A more detailed
study of the pH dependence was carried out with BA-N-
methylbenzylamine {7). The resction shows one pK, sbap-
proximately 7 and ancther above pH 9 (Figure 1}, Thelatter
s attributable to deprotonation of the N-terminal lie-16 and
the consequent breakup of its hydrogen: bond with Asp-194
(Himoe et al., 1967; Blow, 1571).

Sterecchemnistry of the Inhibitors and Their Interactions
with the Active Site of Chymotripsin. The stereochemistry
of aromatic e-bromo amides that inactivate chymotrypsin by
affinity labeling was discussed in the previous paper (Lawson
& Rao, 1980). The sbility of a muinber of these compounds
ta alkylate Met-192 correlated well with the likeiihood that
they exist to a significam extent in conformations with the
amide group coplanas with the argmatic ring. Several com-
pounds that should achieve eoplanarity with difficuity were
found to alkylate M¢t-192 slowly and to alkylate Ser-195 10
some extont. This group of inhibitors is presented in Teble
1 alang with two additional encs, compounds 3 and 4.

All of these compounds should experictice some difficulity
in achieving coplanar conformations with the exception of
BA-N-methyl-§-phenethylamine (8), which can exist in a
coplanar extended conformation, The 1-amincindan derive-
tives T and 2 can approximste (but not achieve) a coplanar
conformaticn. when the bromoncetamido subslituent is-equa-
torial to the S-membered ring. The remainder of the series
(3-7) should exist mostiy in noncoplanar conformations due
16 steric hindrance between the amide groups and the aromatic
rings (Lowson & Rao, 1980).

Possible interactions of the compotinds with the active site
were studied using CPK models and the CCS. mode! of the
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aclive site (Clatke, 1977). With the aromatit group in the
specificity pocket, iwo orienintions appear attractive for
noncoplanar compounds. The first involves hydrogen bonding
of the aride NH groug (if any) to the carbany! group of
Ser-214. Such binding shouid be nonpraductive for alkylation
of Met-192 or Ser-195 beeause it places thie back side of the
CH,Br group at some distance from and incomrecily oriented
toward these nucleophiles. The second orientation involves
hydrogen bonding of the amide CO group with the NH groups
of Gly-193 and Ser-195, similar to the binding of the ester or
carboxamide carbonyl group of typical substrates enroute 1o
the tetrahedral intermediate (Blow, 1976, and references
thereind. In this binding mode the hydroxy! oxygen atom of
Ser-195 has easy access 1o the back side of the CH;Br group
for a nucleophilic atwack.

While studying possible intcractions of the aminoindan
derivatives 1 and 2 with the active site, it appsared thal the
indan ting of the $-(-) enantiomer 2 could fit into the spe-
cificity pocket in much the same way as the indole ring of &
tryptophan residue while s carbonyl group makes contact with
the NH groups of Gly-193 and Ser-i95. This orientation
ailows an 4ttack by the OH group of Ser-195 on the CH,Br
group. The proper conformation of 2 for this orientation can
easily be mede with a CPK. model by placing the carbonyi
oxygen of the trans amide group in 2 position ¢is 10 the hy-
drogsh atom on the 1-pasition of the indan ring, Because of

. the opposite chirality of compounds 1 and 2, the same con-

formation of the R-(+) enantiomer { places its carbonyl ox-
ygen in a direction opposite from the NH groups of Gly-193
and Ser-195 when the mode! is inserted into the active site,
When the amide group of 1 is turned through 180° to bring
the carbonyl group in the right direction, the resulting axiat
conlormation enconmers considerable steric hindranee in
fiting into the site. Thess obeervations {ed o a prediction that
the S-{-)-tnantiomer 2 should be more zffective 1than 1 in
alkylation of Ser-195. The prediciion was substantiated in
regard to both rate (Table 1) and specificity {Table I1).

Althovgh BA-(S)-(~)-1-amincindan {2) is more rapid and
selective in the alkylation of Ser-195 than the R-(-+)-enan-
tiomer 1, its rate of reaction with the enzyme is fairly slow
(1, = 2580 min = 1.5 days). The stow rate could be caused
by {1} steric hindrance in the binding pockés due to the CH;
groups of the indan ring 2nd (2} nonpreductive binding due
10 hydrogen bond formation between the NH group, of the
amide and the carbony! group of Ser-214, The first possibility
seomed somewhat unlikely since the amides of acetylt-
phenylelanine and acetyl-t-hexahydrophenylalanine are hy-
drolyzed by chymotrypsin a1 very similay rates {Jennings &
Nicmenn, 1953}, as are their methy esters (Jones & Niemomtn,
1963). Tt might have been possible to resalve this question
with detivatives of 1-aminoindene. However, it scemed simpler
-to utilize the siericatly similar 3.(aminomethylindole system,
which is not asymmetric but shouid become so on binding to
the active site. BA.3-(aminomethyl)indole (3) inactivates
chymotrypsin somewhat faster than does BA-{S)-(-)-1-
amincindan (2 but in much the same manner {Tables 1 and
11). The indole desivative 3 does nod possess butky CH, groups
on the ring system but has an amide NH group that coud
bond to the carbonyl greup of Ser-214. The NV-methy] ana-
logue of 3, BA-3-[{methylaminc)methyllindole (4), which
cannet form such 2 hydrogen bond at the aclive site, proved
to be the best inhibitar of 1his type 10 date in regard b both
rate of inactivation and specificity for scrine aikylation at pH
7 (Tables [ and 11 ang Figure 2).

PA



ALKYLATION OF SERINE AN CHYMOTRYPSIN

FIGURE 2. BA-3-|{methylamino)methyllindols (4) orlented for al-
kylation of Ser-195 of chymoteypsin. The N-methyl group.prevents
hydrogen bond formation with the CO group of Ser-214. Abbrevi-
ations used: €O 214, carbonyl group of Ser-214; NH 192 and NH
195, backbene NH groups of Gly-193 and Ser-195; OG 195, hydroxyl
oxygen atom of Ser-195; G 192, sulfar atom of Met-192; the other
aloms beleng ta compound 4,

Qur carlier work suggested that the primary effect of an
N-methyl group in these compounds was to Ensuie nonco-
planarity of the eramatic ring and ihe smide group and thus
to decrease the rate of alkylation of Met-192 {Lawson & Rao,
1980). This view is still valid, especially in the case of BA-
aniline { Lawson & Rao, 1980} and BA-V-methylaniline (5).
But the second and no less important effect of an N-nethyl
group that emerged in the prescnt work is that of directing
the reaction to Ser-193, most likely by preventing nonpro-
duclive hydrogen bonding with Ser-214. Thé same contrast
in rate abserved betwesn the indole derivatives 3 and 4 is seen
also with the benzylamine derivatives 6 and 7 (Toable I; Lawson
& Rao, 1980).

Alkplation of Ser-195 and the Charge-Relay Sysiern.
Perhaps the most interesting result of this study, in relation
to the caialytic mechanisra of chymotrypsin, is the alkylation
of Ser-195 in a reaction that displays 2 pK, of 7. In contrast
to acylation reactions which could conceivably proceed ¥a
transier of an acyl group from His-57 to Ser«195, alkylation
of the serine hydroxyl group must be a direct process, namely,
a nucteophilic atiack on the CH,Br group of gn inhibiter by
the serine anion or its equivalent, An intermediate atkyl-
imidazole would be quite stabls, even to acid hydrolysis. But
since the pK, of serine hydroxyl groups is usually around 14
(Bruice et ab., 1962), the alkylation of Ser-193 must be me-
diated by the imidazole ritig (pK, ~7) of His-57. We pointed
oul some time ago in an anafogous situation with trypsin *‘that
the histidine-activaled serine residuc at the aptive gite is indeed
a powerful nucicophile, in contrast to norma! serine residues™
(Lawson ¢t al; 1968), The present work confirms this con-
clusion.

Recently it has been argued that the serine need not be 2
powerful nucleophile and Lhat it reacts with a telrahedrally
distorted carbonyl carbon atom becauso it is in an 1deal position
e do so (Kraut, 1977; Matthews ¢t al., 1977). These con-
clusions arc part of & continuing debate on the nature of the
charge-relay system, Asp-102:His- 57:Ser-195, which was first
conceived when Blow and ca-workers discovered that His-57
is hydrogen bonded to Asp-102-in the X-ray structure of
chymotrypsin (for reviews see Blow, 1976; Kraut, 1977). The
system as such exists in a number of scrine proteases (Kraut,
1977}, Major peints of contention are whether the Asp-102

NSDOCID; <XP,_2202740A I >
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part of the system contributes to the nucleophilicity of Ser-195
or meeely arients His-57 correctly with regard to Ser-195 and
whizte Lhe protons in the system are located both in the native
enzymes and during substrate hydrolysis.

Hunkapiller et al. (1973] investigated a-lytic protease, en-
rictied in **C on C-2 of its single histidine residuve, by auclear
magnetic resonance. They concluded that the interior proton
{located between Asp-102 and His-57) shifts from His-37 to
Asp-102 a3 the imidazole is protonated extemally by 8 decrease
in pH (through the pK, of 8.7} or by a transfer of a proton
from Ser-195 during acylation. This inferior proton shift to
Asp-102 (the ultimate base) leaves the imidazole ncutral. Only

below pH 4.5 would the imidazolt acquire & positive charge ©

by introduction of & second interior proton. The result of ihis
hypothesis is to reverse the pk,'s normally aseigned to Asp-102
and His-537.

Buchovchin & Roberis {1978) rccently restudied this
problem by using a-lytic protease enriched with "N in the
imidazole group of ils histidine. Theiv nuclear magnelic
resonaace study shows convincingly that the pK, of the im-
idazale is 7.0. Consequently, the interior proton remaine an
His-57, and upon decreasing the pH ar receiving e proton from
Str-195 during acylation, the imidazole becomes positively
charged while Asp-102 remains as the anion down to its pK,
of about 4.5. Poesible roles for the carboxylate anion of
Asp-102 were thought 1o be orientation of the imidazols ring
in its proper conformation and tautomer and stabilization of
the imidazofium cation. Af ncutral pH the Asp-102:His-57
cauple would remain as an integral unit and only be proionated
on the extetior nitrogen of the imidazole.

Bachovchin & Roberis (1978) discussed the mechanistic
implicotions of their findings in some detail. At the s time,
they dismissed the poasibility of zctivation of the serine hy-
droxy! group through hydrogen bonding on the basis that this
concepl, which juvolves what might be termed the prablem
of the exterior proton, is no longer supperted by X-rdy dif-
fraction studies. Matthews ct al. {1977; also sec Kraut, 1977)
had resxamined the X-ray coordinates of subtilizin, a- and
~y-chymoteypsing, S-trypsin, and elastase and concluded that
the hydroxyl oxygen (OG) of Ser-195 is oo far from the
exterior nitrogen (NE2) of His-57 for a hydrogen bond be~

. tween the two atoms. This is the basls for their proposal that

Ser-195 i not intrinsically a strong nucleaphile but s reactive
becausc il is precisely in the right place to react. The His-
57:Asp-102 cougle was assigned the role of transferring a
proton from the serine (OG atom) to the leaving group of a
substrate (amide nitrogen atom or ester oxygen 2lom) and was
thus considered as 4 site for proton binding in the transition
state of tire reaction, Further support For This view was ad-
duced from their previous work on tetrakedral boronic acid
compicxes of subtilisin, in which the exterior nitrogen of the
imidazole is favorabiy situated for a hydrogen bond between
it and the borapic acid oxygen atom that corrcsponds in
position to that of the leaving group of a substrate {Matthews
el al., 1975}

The essence of the exterior proton problem is nat whether
the imidazate plays a role in chymotrypsin-catalyzed reactions,
since this concept is now universally accepted. The problem
is reduced to a question of timing, namely, whether the im-
idazole of His-57 removes the proton from OG of Ser-193
before, during, ot after its attack on the substeate, Matthews
et ). (1977) cantioned against placing “too much reliancz on
desails of the native struciure when atiempting to postulate
mechanisms”. In the same. paper they speculated that the
imidazole might undergo a “bistable fip-flop™ between the
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1wo oxygen atoms of the carbonyl group of Asp-102. Without
\aking a position on this, it seems quite reasonable 1o hy-
pothesize that the 3G of Ser-195 comes close enough o the
external nitrogen of His-57 on binding of substrale to allow
formation of a hydrogen bond. Subsequesit proten removal
might well be coordinated with the attack of the oxygeni atem
on the substrate. This concept is supporicd by X-ray crys-
\allographic evidence that the hydrogen band between His-57
and Ser-195 is “perfectly linear and of the expected length”
in the complex of trypsin with pancrebtic trypsin inhibitor,
while it is “rather long" and “deviates appreciably frem
linearity” in trypsin itsell (Bode et al., 1976).

Assignment of an exact mechanism for the chymatryptic

hydrolysis of amides {and the reversc reattion, the aminolysis
of neyl-enzymé) is difficult because of the numerous 1etra-
hedrat intermediates at varying stages and lacations of pro-
tgnalion that canocens during the reaction {Satterthwait &
Jencks, 1574; Gresser & Jencks, 1977). Alicylation of serine
by compounds containing a CH;Br group is much less com-
plicated, since the reaction should proceed by a bimolecular
neclesphilic displaccment mechanism (Sy2): A pH.depen-
denze is diagnostic of such feactions, exemplified by the
solvolysis of e-hromoacetic acid {Hughes & Taher, 1940;
Ingsld, 1969). and it corresponds fere 10 the increasing con-
centration of the nucleophile. (sesine anion o its cquivalent)

with increasing pH. Sinee. the p&, of the reaction is about -

7, it is diffieult 1o explain the.alkylation witheut aid of the
imidazole of His-57, The most prabable routs at present is
analogous tQ mechanism 2 of Satierthwait & Jencks (1974),
nemely. concerted general base catalysis by imidazole of the
atnck of OG of Ser-195 on the alkylating agent. Tt s not
necessary to pastulate a free sering alkoxide.ion to accaunt
jor the promounced pucieophilicity of Ser-195, since its
equivalent car be generated with the-cooperation of His-57.
This mechanism might well serve 85 the first step in the hy-

drolysis of amides ond esters by chymotrypsin.
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Substance
Beilstein Registry Number 8202654
Chemical Name (R)-N-Acetyl- 1-amino-4-chroman
Autoname _ N—chm_man-d—yl—anetamide
Molecular Formula C11H1aNO2
Molecular Weight 191.23
Lawson Number 20444, 1155
Structure Keyword Stereo compound
Compound Type- heterocyclic
Constitution ID 6966393
Tautomer ID 7738375
Entry Date 2000/02/25
&daﬂ: Date 2002/07/19
Reaction 1 of 3 -
Reaction ID 5115785 :
Reactant BRN 8201388 N-(2H ~phromcn~4—yl)-acctamidc
Product BRN 8202653 (S)-N-Acetyl-1 -amino-4-chroman

. 8202654 (R)~N-Acetyl-1-anﬁno-4-chroman
No. of Reaction Details 2
Reaction Classification Preparation

Reagent hydrogen .

Catalyst [Rh((S)-(2-Ph2P-3-Ph-4 ,5-,6~(MeO)3—Cﬁ)2)_(]~IBD}]ShF6
Solvent CH2C12 ,

Temperature 20C

Pressure 1292.87 Torr

Note 1 Title compound not separated from byproducts ‘

"y

EN; 4; 10; 2002; 1695 - 1698; .

Ref. 1 6330741; Journal; Tang, Wenjun; Chi, Yongxiang; Zhang, Xumu; ORLEF7, Org.Lett

Copyright 1988-2004 Beilsteln institut zur Foerderung der Chemischen Wissenschaften. All rights resarved.

SDOCID, <XP__2262764A_1_>



0 N | o/km
o .
Reactant 1 B Reactant 2

A

ceein

Product 1 : Product 2
Reaction 2 of 3
Reaction ID 8630263
Reactant BRN 1283460 chroman-4-ylamine
506007 acetic acid
Product BRN 8202653 (S)-N-Acetyl-1-amino-4-chroman

8202654 (R)-N-Acetyl-1-amino-4-chroman
No. of Reaction Details 1 . .

Reaction Classification Preparation

Reagent 1,1'-carbonyldiimidazole
‘Solvent tolucne

Reaction Typg: Acetylation

Note 1 Title compound not separatcd from byproducts

CEUJED ChemEurop] EN; 6; 10, 2000; 1840 - 1846;

Ref. 1 6255120; Journal; Femandez Elena; Maeda, Kenji, I-Ioopcr Mark W.; Brown, John M.,

Copyright 198B-2004 Balisteln Inafitut zur Foerdaning dar Chemnischen Wissonschafien. AR rights resetved.
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N N
_ 0
/H\O
0 Reactant 2 0
Reactant 1 Raactant 3
0 %N N
O .
Reactant 4
Q
Product 1 Product 2
Reaction 3 of 3
Reaction ID 8953772
Reactant BRN 1682464 4-Chromanon-oxim
506104 acetic acid ethyl ester
Product BRN £202654 (R)-N-Acetyl-1-amino-4-chroman
No. of Reaction Details i
Reaction Classification Preparation
Yield 89 percent (BRN=8202654)
Reagent HZ
(3-Br)2NEt
: Candida antarctica lipase B
Catalyst 5 percent Pa/C
Scolvent foluene
Time 5 day(s)
Temperature 60 C
Ref. 1 6321236 Journal; Choi, Yoon Kyung; Kim, Mi Jung; Ahn, ‘Yangsoo; Kim, Mahn-Joo;
ORLEF7; OrglLett.; EN; 3; 25; 2001; 4099 - 4102;

Copytight 1988-2001 Bafisteln Institut zur Fosrderung dar Ghemischen Wissanschafien. Al ights ressrved.
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O Reactant 2 ' '

Reactant 1

O/ N

Froduct 1

Optical Rotatory Power

Type {alpha)

Concentration 0.1 g/100ml

Solvent CHCI3

Optical Rotatory Power 79.2 deg

Wavelength 589 nm

Tcmperamrc 25 C

Ref. 1 6321236, Journal; Choi, Yoor Kyung; Kim, Mi Jung; Abn, Yangsoo; KJm, Mahn-Joo;

ORLEF7; Org.lett; EN; 3; 25; 2001 4099 - 4102;

Copyright 1988-2001 Balisteln insiitul zur Foarderung der Chemischen Wissanschafien. AR fights resarved.
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Substance

Beilstein Registry Number 6582921

Chemical Name ®)-{+)-N=(1,2,3,4-tetrahydronaphthalen-1-yljchloroacetamide

‘Autoname 2-chloro-N-(1,2,3,4-tetrahydro-naphthalen-1-yl)-acetamide

Molecular Formula C12H14CINOC

Molecular Weight 223.70

Lawson Number 14237, 1155

Structure Keyword Stereo compound

Compound Type isocyclic
. Constitution ID 2933026

Tautomer 1D 6189303

Beilstein Reference 5-12

Entry Date 1994/04/25

Update Date 2000/03/03

Reaction

Reaction ID 1307460

Reactant BRN 4231302 (R})-1,2,3 4-tetrahydro-1-naphthylamine

605439 chloroacetyl chloride
Product BRN 6582921 {R)-(+)€N-( 1,23 .4-tctrahydronaphthz_1]en-1-yl)ch]omacetamjde

No. of Reaction Details 2

Reaction Classification Preparation
Reagent aq. NaOH
Solvent - benzene

Ref. 1 249164, Joumal Ghislandi,V.; Vercesi,D.; FRPSAX; Farmaco Bd.Sci.; IT; 26; 1971; 474-

‘ . 486
i v

Copyright 1986-2001 Balisteln Institut ur Foerderiing dér Chemlschen Wissenschatten, All ights reserved.
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C

ci
o~

Reactant 2

LHaactam 1

. Product 1

Melting Point

VALUE (MP) Solvent (.SOL) Note |Ref.

C

131 - 132 benzene, petroleum - 1
ether

486;

Ref. 1 249164, Iournal;‘ Ghislandi,V.; Vercesi D.; FRPSAX: Farmaco Ed.Sci.; IT; 26; 1971; 474-

Optical Rotatory Power 1 of 2

Type

Concentration

Solvent

Optical Rotatory Power
Wavelength
Temperature

L

[alpha]

3.0 g/100ml
methanol
71.4 deg
589 nm
20C

Ref. 1 6172659, Journal; Perrone, Roberto; Berardi, Francesco; Colabufo, Nicola A.; Leopoldo,
Marcello; Tortorella, Vincenzo; IMCMAR; J.Med.Chem.; EN; 42; 3; 1999 490 - 496;

Copyright 1988-2001 Baiisteln Institut 2ur Foerdenimg der Chernischen Wissanschafion. Al rights resaned.
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Optical Rotatory Power 2 of 2

Type {alpha]
Concentration 2 g/100ml
Solvent methanol
Optical Rotatory Power  90.2 deg
Wavelength 589 nm
Temperature 22C

Ref. 1 249164; Journal; Ghislandi,V.; Vercesi,D.; FRPSAX; Farmaco Ed.Sci.; IT; 26; 1971; 474-
486;

Copyright 1985-2007 Bellstatn Instiut 2ur Foordarung der Chemisohsn Wissanschafien. ARl rights reserved.
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No. of Reaction Details
Reaction Classification

N .
XP-002262756
e
PD. G0 00 a0 i
P. A2 . i
S
Substance
Beilstein Registry Number 7122876
Chemical Name N-indan-1-yl-forinamide
Autoname N-indafn-1-y]l-formamide
Molecular Formula C10H11NO
Molecular Weight 161.20
Lawson Number 14224, 1145
Structure Keyword. Stereo compound
Compound Type isocyclic
. |Constitution 1D 2122192
Tautomer 1D 6733383
Beilstein Reference 5-12
Entry Date 1995/08/03
Update Date 1995/08/14
Reaction
Reaction ID 4118587
Reactant BRN 3196204 (R)-indauyl-(1)-amine
J209246 formic acid
Product BRN 7122876 (R)-N-Formyl-indanamin-1

i
Preparation

Ref.1 | 56072; Journal; Brewster,l.H.; Buta,].G.; JACSAT; Y. Amer.Chem.Soc_; EN: 88; 10
T 1966; 2233-2240; '

r

|

Copyright 18882001 Bailsteln Instliut zur Foerdasung dar Chemlschen Wissonschetten. All rigs resarved.
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0O
H-—( a
_ 0]
N Reactant 2
Reactant 1
0
>\
N
| Product 1 ]
Melting Point
VALUE (MP). Solvent {.SOL) Note [Ref,
c
94 -95 H20 1
Ref. 1 56072; Journal; Brewster,L.H.; Buta,J.G.; JACSAT; ].Axner.Chem;Sbc.; EN, 88; 10,
1966; 2233-2240;

Copyright 1988-2001 Bailsiain Instiut Zuz Foerderung der Chamlschan Wissangchalten. Al ights reaarvad.
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Substance

Beilstein Registry Number 8111842

Chemical Name (R)-N-(1,2,3,4-tetrahydronaphthalene-1-yDacctamide
Autoname N-(1,2,3 4-tetrahydro-naphthalen-1-y})-acetamide
{Molecular Formula C12H1sNO :

Molecular Weight 189.26

Lawson Number 14237, 1155

Structire Keyword Stereo compound

Compaund Type isocyclic

Constitotion I 2374547

Tautomer ID 7624885

Beilstein Reference 6-12

Entry Date 1999/05/06

Update Date 2003/07/25

Reaction 1 of 2

Reaction ID S021163

Reactant BRN 8053497 N-(3 4-dihydro-paphthalen-1-yl)-acetamide
Product BRN 8111841 (8)-N-Acetyl-1-(1,2,3,4-tetrahydro-1-naphthyl)amine

8111842 (R)-N-(1,2,3 4-tetrahydronaphthalene-1-y})acetamide
No. of Reaction Details 5 : )
Reaction Classification Preparation

Reagent H2

Catalyst [Rh(S-moncphos)(COD)JBF4
Solvent CH2CI2

Time 10 hour(s)

Temperature 20C

Ref. 1 6380871; Journal; Jia, Xian; Guo, Rongwei; Li, Xingshﬁ; Yao, Xinsheng; Chan, Albert S.
C.; TELEAY; Tetrahedron Lett.; EN: 43; 32; 2002; 5541 - 5544;

Copyrigh! 1888-2001 Ballsteln institut zur Fesrdanmg der Chamischen Wissenschatten, Al fights reserved,
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No. of Reaction Details
Reaction Classification
Yield

Reagerit

Catalyst
Solvent
Time
Temperature

0
Reactani 1 Product 1
N)j\

Product 2
Reaction 2 of 2
Reaction ID 8053775 }
Reactant BRN 1869333 3,4—dihydfo-2!i—naphthalen-l-one-(E)-oxime

206104 acetic acid ethyl ester.

Product BRN 8111842 (R)-N. -{1,2,3.4—tetrahydro-1_-naphthyl_}acetamjds

1
Preparation

70 percent (BRN=8111842)
H2

(i-Pr)2NFEt

Candida antarctica lipase B
5 percent Pd/C

toluene

5 day(s)

60 C

Ref. 1 6321236, Journal; Chot, Yoon Kyung; Kim, Mi Jung; Ahn, Yangsoo; Kim, Mahn-Joo;
ORLEF7; Org Lett.; EN;3; 25; 2001; 4099 - 4102; :

»

Copyright 1988-2001 Bailstaln Institt 2ur Fosrderung der Chemischen Wissenschattan. Ail ights rasarved,

BNSDOCID: «<XP__ | 2262757 _i_>
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Reaclant 2
Reactant 1
Q
Q‘)K
” Product 1
Optical Rotatory Power
Type [alpha)
Concentration 0.1 g/100ml
Solvent CHCI3
Optical Rotatory Power 83.6 deg
Wavelength 589 nm
Temperature 25¢C
Ref. 1 6321236; Yournal; Choi, Yoon Kyung; Kim, Mi Jung; Ahn, Yangsoo; Kim, Mahn-Joo;
ORLEF7; Org.Lett.; EN; 3; 25; 2001; 4099 - 4102;

Copyright 1888-2001 Bellstein Insfitut 2ur Foerderung der Chamischan Wissenschafien. All rghts rasenved.
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Substance
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Beilstein Registry Number 9264314

Chemical Name. N-trifluoroacetyl-(R)-1-aminoindan

Antoname 2,2, 2-trifhnoro-N-indan-1-yl-acetamide

Molecular Formula C1i{H10FaNO

Molecular Weight 229.20

Lawsoh Number 14224, 1157

Structurs Keyword Stereo compound

Compound Type isocyclic

Constitution ID 7822841

Tautomer 1D 8700063

Entry Datc 2003/04117

Update Date 2003/04/17
Reaction

Reaction IID 9210322

Reactant BRN 3196204 (R)-indanyl-(1)-amine.

746197 irifluoroacetic acid anhydride

Product BRN 9264314 N-triflucroacetyl-(R)-1-aminoindan

No. of Reaction Details 1

Reaction Classification Preparation

Yield B7 percent (BRN=9264314)

Reagent - aq. KOH

Solvent. | toluene

Time | 2 hour(s)

Temperayme 200C

Ref. 1 63740064, Journal; Sterling, Jeffrey; Herzig, Yaacov; Goren, Tamar; Finkelstein, Nina;

- Lerner, David; Goldenberg, Willy; Miskolezi, Ystvan; Molnar, Sandor; Rantal, Ferenc;
Tamgas, Tivadar; Toth, Gyorgy; et al.; IMCMAR,; J.Med.Chem.; EN; 45: 24; 2002; 5260 -
5279,

|

Copyright 19@8-200.1 Beilsteln Institut zur Foerderung det Chemlschen Wissenschaften, A4 rights ressrved.
|
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F.
F~—4~——< <
F' .
N
Reactant 1 Roactant s
F
| F
N
F
0
Product 1
Melting Point
VALUE (MP) Solvent ((SOL) Note |Ref.
C
153-154 1

Ref. 1 6374

004; Journal; Sterling, Jeffrey; Herzig, Yaacov; Goren, Tamar; Finkelstein, Nina;
Lerner, David; Goldenberg, Willy; Miskolczi, Istvan; Molnar, Sandor; Rantal, Ferenc;
Tamas, Tivadar; Toth, Gyorgy; et al.; IMCMAR; J.Med.Chern.; EN; 45; 24; 2002; 5260 -
5279,

Copyright 1988-2001 Selistein Institut zur Fosrdenung der Chamischen Wissenscriaften, Al rights resenvet.
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No. of Reaction Details
Reaction. Classification
Reagent

Solvent
Time
Temperature
| Pressure

_ N0
XP-002262759
™=
| -
Substance R s S
Beiistein Registry Number §201255
Chemical Name (R)-N-Acetyl-1-aminoindane
Autonarne N-indan-1-yl-acetamide
Molecular Formula C1:HNO
Molecular Weight 175.23
Lawson Number 14224, 1155
Structure Keyword Stereo compound
Compound Type isocyclic
Constitution 1D 2367769
Tautomer. ID 7737653
Entry Date 2000102129
Update Date 2003/07125
Reaction 1 of 3
Reaction'ID 5114594
Reactant BRN 8052123 N-(3H-inden-1-yl)-acetamide
Product BRN 8052084 (S)-1-(N-acetylamido)indane.

8201255 (R)-1-(N-acetylamido)indane

3

Preparation .

%(2 1R.2R)-1,3-Mc2-2-(3,5-Me2-phenylthio)BuO)PPh2)Rh{(COD)SbF6
tetrahydrofuran

18 hour{s)

0cC

5928 Torr

Note 1 “Title compouind not separated from byproducts

Ref. 1 6387399; Journal; Evans, David A.; Michael, Forrest E.; Tedrow, Jason S.; Campos,
Kevin R.; JACSAT; J.Amer.Chem.Soc.; EN; 125; 12; 2003; 3534 - 3543;

Copyright 1988-2001 Beilstein Instiut zur Foerderung der Chomischen Wissenschatten. Al rights raservad.
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Product 1

Reactant 1

Product 2

Reaction 2 of 3

Reaction D
Reactant BRN

Product BRN

No. of Reaction Details

8630274

2206707 indan-1-ylamine

386007 acetic acid

8052084 (S)-1-(N-acetylamido)indane
8201255 (R)-1-(N-acetylamido)indane
1

Reaction Classification ~ Preparation

Reagent 1,1"-carbonyldiimidazole

Solvent toluene

Reaction Type Acetylation

Note 1 Tifle compound- not separated from byproducts

Ref. 1 6255120; Journal; Fernandez, Elena; Maeda, Keaji; I-Ioopcr Matk W.; Browm John M.;

CEUIED Chem.Europ.J.; EN; 6; 10; 2000; 1840 - 1846;

Copyright 1988-2001 Bellsteln instiius zur Foerdaring der Chemischen Wissanschaftan, All dghts reservad,
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)KO
Reactaniz
Reactant 1
N
ot = ©
Product 2
Product 1
Reaction 3 of 3
Reaction ID 8953773
|Reactant BRN 1865148 indan-1-one-(E)-oxime
‘ 506104 acetic acid ethyl ester
Product BRN 8201255 (R)-1-(N-acetylamidodindane

3052084 (S)-1-(N-acetylamido)indane
No. of Reaction Dstails 1
Reaction Classification Preparation

Reagent
(i-Pr)2NEt
Candida antarctica lipase B
Catalyst 5 percent Pd/C
Solvent toluene
Time 5 day(s)
Temperature 60C

Note 1 Title compound not separated from byproducts

Ref. 1 6321236; Journal; Choi, Yoon Kyung; Kim, Mi Jung; Ahn, Yangsoo; Kim, Mahn-Joo;
ORLEFT; Org.Lett.; EN; 3; 25; 2001; 4099 - 4102;

Gopyright 1988-2001 Belsiotn instiut Zur Foardaming der Chemlschan Wissanschafton. Al rights reserved.
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Reactant 1 ] ApzcEmt 3
I . ) '.‘YO N‘<
“Froouct1
Product 2

Nuclear Magnetic Resonance

Description Chemical shifts

Nucleus 1H ‘

Solvents cDC13

Ref. 1 6158231-;‘ Journal; Zhw, Guoxin; Zhang, Xomu; JOCEAH: 3.0rg.Chem.; EN; 63; 25;
1998; 9590 - 9593;

Copyright 1988-2001 Baligteln Institut zur Foerdotung der Chamischen Wissenschafian, Al nghts resenved,
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1-Aryl-4-[(5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl}alkyl]piperazines and
Their Analogues: Influence of the Stereochemistry of the
Tetrahydronaphthalen-1-yl Nucleus on 5-HT;a Receptor Affinity and Selectivity
versus o and D; Receptors. 5!

Roberto Perrone,* Francesco Berardi, Nicola A. Colabufo, Marcello Leapoldo, and Vincenzo Torterella
Dipartimente Farmaco-Chirnico, Universita di Bari, via Orabona, 4. 70126 Bari. Italy

Received July 15, 1998

Some l-aryl-4-[(5-methoxy-1.2.3.4-tetrahydronaphthalen-1-yl}-n-propyl|piperazines and their
aikylamino and alkylamido analogues, previously studied as 5-HT)4 ligands, were prepared in
enantiomerically pure form, and their absolute configuration was determined by chemical
correlation or by chiroptical properties. They were evaluated for in vitro 5-HTa, Dz, and o,
receptor affinity. by radicligand binding assays, to study the influence of the chiral earbon atom
of the tetrahydranaphthalene nucleus on the 5-HT i affinity and selectivity. Results indicated
that, as regarding the 5-HT,, receptor affinity, there was no difference in affinity between -
(-)- and (+)-enantiomers as well as the racemate of each compound. The stereochemistry,
instead, influenced the selectivity: all {~)-enantiomers displayed affinity values higher than
thuse of (+)-isomers at I¥; receptors. and conversely, all (+)-enantiomers displayed affinity
values higher than those of (~}-isomers at ou recepters. As a result of this trend, it is not
possible te predict the isomer with & better selectivity profiler However, compounds (5)-(+)-2,
(85)-(+)-4, and (R)-[+)-B displayed high affinity for the 5-HTia receptor (1Css values ranging
between 7.0 and 2.3 nM) and good selectivity {z250-fold} versus both D; and o, receptors.
Furthermore, compounds (S)-(-+)-4 and {(F)-{~)-4 were submitted to the {**S]GTPyS binding

BNSDOCITY: «XP,

assay for a preliminary evaluation of their intrinsic activity on the 5-HT), receptor.

Serotonin {5-hydroxytryptamine, 5-HT} is an impor-
tant neurotransmitter in the peripheral and central
nervous system that mediates 3 wide variety of physi-
ological responses by different receptors.?™ Among
these receptors, the 5-HT)4 receptor subtype is the most
studied, and its Involvement i psychiatric disorders

H

- &
o SOy,

such as depression®® and anxiety” is generally accepted. busplrone Hecinoxan
Long-chain arylpiperazines represent one of the most o, ack

important classes of 5-HT) 4 receptor ligands: buspirone, — — W)
flesinoxan, WAY-100135, and WAY-100635 are the most < :3‘ W 2 @-\_}

relevant members of this class. These compounds bind 5_«"+ }_O
at the 5-HTa receptor with good or high affinity, but " @

their selectivity versus dnpaminergic D; and o, adren- WAY-100135 WAY-100535

ergic receptors is not always remarkable. Indeed, it is
well-known that these three receptors are members of
the superfamily of G-protein-coupled receptors, and
despite their completely distinct pharmacology. they
show common features on their binding site.

We recently reported structure—aifinity relationship
studies on a class of lomg-chain arylpiperazines of
structure type 19710 with regards to the 5-HTa receptor
affinity and selectivity versus D; and o, receptors. In
particular we investigated the Influence of the following
features: (a) the nature of the aryl group on N-1 of the
piperazine ring; {(b) the presence or the absence of a
heteroatem, an amide function, or a double bond in the

‘intermediate alkyl chain and the length &f the chain:

{c) the position of the methoxy group on the tetraliny!
nucleus. The obtained results indicated that only a few
of the studied arylpiperazines [compounds 2—4} dis-

* To whom correspontlence should be addressed.

xffCH-l.TN N-Ar

¥
CH,0

1

Xa CH;, 5, NH, CONH, NHCO
nx 2,
Arz Ph, 2-M20DPh, 2-Py

played high 5-HT)» birding affinity (ICsp < 1 nM} and
also a good selectivity versus D; and @ receptors (= 100-
fold}. Before perforroing further structural raodifications
on this class of compounds to improve the 5-HT,
affinity and particularly the selectivity, we thought it
would be interesting to investlgate the cole of the
asymmetric carbon atom of the tetraliny) moiety on the
affinity and selectivity for 5-HTa receptors. We were
entouragedto carry out this program by the interesting
results reported for ather I-arylpigerazine compounds,

10,1021/5mB80420n CCC: $18.00  © 1999 American Chemical Soclety
Putilished on Web 01/26/1998
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Aryiffeetrahydronaphthalenyllalkylipiperazines

_OH - cN
O o =
QOCH, ;:!Cﬂs
{R){+)-8 {8}-(-)-8

Scheme 11

nl\
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_/COQH COOH
= o
OCH, GEH,
(Sr(+)-10 (£)-10

G
— (5)-(+)-2-4
OCH,

(S}-(+)-M

» Reagemts: {A) (i) méthanesulfonyl chloride, tirthylafine, {il} NaCN: [(B) 50% Hz504: {C) () (Sh-(-)-1-phenylethylamine, (i) 3 N HQL
{12} () 30CI,. triethylamineg, (i) CHaNg, () Ag*, MeOH; (E) LiAtHq: (F) methanesulfony) chloride, tricthylamine; {G) 1-arylpiperazines.

acting at the 5-HT, 4 receptor, which present an asym-
metric center in their structure (i.e., flesinoxan and
WAY-100135). In particuiar, {S}-(+}-WAY- 100135 dis-
playéd high stereoseleceivity for the 5-HT\a receptor,
being markedly more active than the {R)-isomer In
binding, furictional, and behavioral assays.!!

In the present study we report the synthesis, the
assignment of the absolute configuration, and the bind-
ing assay on 5-HTa, Dz, and ¢ receptors of optically
active form of compounds 2-7, which were the most
representative derivatives for each of the previously
reported chemical classes®'% Qur aim is 10 find the
structural features, stereochernistry included, that ac-
count for affinity and selectivity on the 5-HTia recepror
in order to design highly selective 5-HTy4 receptor
ligands, '

Chesnistry

Several attempts to separate enantiomers of com-
pounds 2—7 via fractional crystallization of their dia-
stereomeric salts with optically active acids failed.
Therefore, the synthesis ot the target compounds was
achieved starting from an easily accessihle optically
active intermediate. The synthesis of compounds {5}~
{#+)-2—4 is depicted in Scheme 1. The absolute config-
uration of the key intermediate {$)-(+)-10 was estab-
lished by chemical correlation as follows: the eptically
active alcohol {R)-{-+)-8'? was activated for displacement
as its mesylate ester and then displaced with NaCN to
yield nitrile (S)-{—}-9; this compound was hydrolyzed

to give {S)-(+)-3-methoxy-1,2.3,4-tetrahydro-1-naphtha- ‘

leneacetic acid [(S)-(+)-10]. Because of the low yield and
the motcrate enantiomeric excess encountered, this
synthetic paihway was not useful for preparative pur-
pases, 50 acid (8)-(+)-10 was ébtained in good yield by
fractional crystallization of its diasteresmeric salt with
{Si-{-)-1-phenylethylamine. The multistep sequence
previously reported!3 afforded the mesylate derivative

{5}-{+}-11 which was reacted with the appropriste
l-arylpiperazine to give final cornpounds (S)-(+)-2-4.
Starting from {R}-(—)-5-methoxy-1,2.3.4-tetrahydro-1-
naphthalenieacetic acid [{(R)-(—)-10], the same synthetic
procedure gave eompounds (R)-(—)-2—4.

The absolute configuration of the key intermediate
{+)-15 for the synthesis of tetrahydronaphthalenamine
derivatives was unknown. We used the circular dichro-
tsm (CD) characteristics for its configurational assign-
ment because the absolute configuration of (S}-(+)-
1,2.3,4-teerahydro- i-naphthalenamine [{S)-(+)-12] had
been already established.’¥ Unfortunately, amine {5)-
(+)-12 did not display the Cotton effect, so its deriva
tizaiion was necessary {Scheme 2). Thus, amine (5)-
(+)-12 was transformed with chloreacety] chloride into
the derlvative {5)-(—)-13 which was reacted with 1-(2-
methoxyphenyl}piperazine to give the derivative {S5)-
(—)-14. Similarly {R)-(-)-1.2,3.4-tetrahydro-1-naphtha.
lenamine [(R)-{—}-12] gave derivative (R)-{+)-14.
Racemic 5-methoxy-1,2.3,4-tetrahydro-1-naphthalena.
mine [(£)-15]% was resolved by fractional erystallization
of the diastereomeric salt with {S)-{+)-mandelic acid.
Optically active amine {(+)-15 was transfoermed with
bromoacetyl chloride inte derivative (—)-16, and the
latter compound was aminated with 1-(2-methoxyphe-
nylipiperazine to give compound (—}-17. Similarly the
amine (~)-15 furnished the amide {+)-17. Since both
compounds (S}-(-)-14 and (-)-17 displayed a negative
Cotton effect. it was stated that the absclute configu-
ration of amine {+)-15 was 5.

The synthesis of tetrahydronaphthalenamine deriva-
tives (5)-{-)-3—7 is reported in Scheme 3. The amine
{5)-(+}-15 was treated with chloro derivatives 18 and
18 to give the final amines (S)-(~)-5 and {S)-(—)-6,
respectively. To prepare the amide (8)-(—)-7, amine {S)-
{+}-15 was acylated with 3-chloropropiony] chloride
o give chloro derivative {$)-(—}-20; the amination of
the latter with 1-{Z-methoxyphenyl}piperazine provided
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Scllemc'éﬂ

R R
(Sk(1-12: R= H {S}-{-}13: R=
(S)-{+)-18: R= OCHy (S)(-)-16: R=

'I'A

NHq

1]

)
I

OCH,

(£)-15

o]
e A X

H, X= C\
Qc"‘la, X= Br

Perronc et al.

Hoy j\,ug OCH,

R

{(8){-)14: R= K
(SF(~)-17: R= DCHj

#Reagents: (A) () {S)-(+)-mandelic acid, (i)- 5% NaOH; {B} halsacety} chloride, NaHCOy: (C) 1-{2-méthoxyphenylipiperazine.

Scheine 3°
CHO

SIS B
( .2 n \

18: n= 2
19: n= 3

WNHz

SO

OCH,

{8)-(+)-15

>— 181058

[n}
“m’u\/\u
2 (8)-(-)7
OCH,

{8}-(=)-20

* Reagents: {A) 3-chlorapropiony] chloride, NaHCOy (B) 1-(2:methoxypher)piperazine.

the target. compound. Cémpounds (R)-(+)-5-7 were
prepared in the same way starting from amine

(B-(-)-15.
Pharmacology

Target compounds in the form of hydrochloride salts
{Table 1) were evaluated for in vitro affinity on serotonin
5-HT14, dopamine D, and adrenergic a, receptors by
radinligand binding assays. The following specific ra-
dioligands and fissue sources-were usedt: (a) serotonin
5-HT\4 receptors—[*M]-8-OM-DPAT, rat hippocampal
membranes; (b} dopamine D receprors— [FH]spiroperidol,
rat striatal membranes; (¢) &y adrenergic receptors-[PHJ-
prazosin, rat brain corfex membranes. Concentrations
reyuired to inhibit 50% of radioligand specific binding
{ICs0) were detérmiined by using eight to nine different
concentrations of the drug studied. Specific binding
represents mere than 80% of ‘the total in all binding
assays. The results were analyzed using the LIGAND
progrant to determine ICsq values. A preliminary and
qualitative evaluation of the intrinsic activity at human

S582274A | »

cloned 5-HT;4 receptors of compounds (+)-4 and (—)-4
was carried out using the [BSIGTPyS binding method, ¢

Results and Diseussion

Influence of the Stereochemistry in the Tetralin
Moiety. First of 2l it should be noted thac all {-)-
isomers present the same relative position in the space
of the four groups on the chiral center, but compounds
{~)-2—4 are designated as R, whereas compounds (-}-
5—7 are deslgnated as 5, according to the Cahn—
Ingold—Prelog rule. Analogously, compounds (+)-2—4
are designated as S, and compounds (+)-5—7 are
designated as R

The results of an extended binding screening (Table
1) indicated that the chirality of the tetralin ring
influenced the selectivity more than the affinity f{or
5-HT)5 receptors. In fact; the 5-HT 4 receptor affinity
values presented no remarkable differences for race.
mates and (+)- and {—)-enantiomers. All the {(-)-
enantiomers, except compound (-)-5. showed lower
affinity versus D; receptars than their (+)-isomers and
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Table L. Physical Properiies and Binding Affinities

Journal of Mediginal Chemistry, 1999, Vol 42 Ng. 3 493

a8

Be
QCH, OCH,
1Crp nMT selectivity {ICs ravio}
cornpd type X Ar farmula® mp. "C 5-HTia D; Q, Da5-HTia ouf5-HThs

2c racemic CHj Ph 0.5¢ 110 413 220 RS
{(R)-(-)-2 A CH, Fh CaHa:NQ-2HC) 205-206 4.3 B30 61 205 14
(5-(+)-2 B CH, Ph CaHpN0-2HCE 210212 2.4 Gi0 950 254 296
3 racemic CHa. 2-MeDPh 0.77 ig 6.5 23 1
(R)-(—)-3 A CH> 2:MeOPh  CasHyN30:-2HC) 240242 1.6 150 08 34 .5
(S)-{+)-3 B CH; 2-MeOPh  CaHyNpOp-2HCHMsH0O  240-245 1.3 38 33 29 25
4¢ racemic CH; 2-Py 0.54 140 66 259 122
{R}-(—)-4 A CH, 2-Py CaHyNyO-2HCI-H,C 157-163 4.5 830 85 196 18
{8)-(+3-4 B CH; 2Py CzzHy MN0O-2HC 166-172 2.3 600 580 261 252,
5¢ ratemic NH. 2-MeOPh 7.7 380 220 49 29
(- (+)-5 B NH 2-MeOPh  CuHuNaD-3HCHAHRO 178-179 1D 3200 1600 320 100
{5)-{—3-5 .y NH 2-MeOPh  CpeHiaNaD-3RCIH:0 205-207 7 850 228 93 33
6° ratemic NHCH: 2-McOPh 10 10530 agl 106 88
(M-{+)-6 B NHCH2 2-MeOPh  CpsHasMNa0z-3HCI M0 164~165 7 1200 1700 271 243
(5)-(-)-6 A NHCH; 2-MeOPh CpsHasMsOz 3HCI-HaO  155-157 34 2300 649 68 19
ril racemic NHCO  2-MeOPh 38 761 153 20 4
(R-(H-7 B NHCQ  2MeQPh CogHaN;0s2HCLIHL0 | 192~183 320 870 770 a 2
{(8)-(~)-7 A NHCO  2-MeOPh  CpsHaaMNy03-2HCI-H4HO 187-188 39 2600 240 28 3
B-OH.DPAT 2.5
buspirone 50
spireperidol 0.06
phentolamine 12

* Dars are thie mean of three independént determinations (samples in triplicate) each with SEM < 10%. ¢ Analyses for C.HN: results
were within £:0.4% of the theoretical values for the formulas given. ¢ Formerly published dara,'®

racemates. Conversely, considering o; receptors the
trend was opposite since all the (+)-enantiomers pre-
sented lower affinity than their (—)-isomers and race-
mates. Consequently, because of the opposite trend of
the two enantiomers regarding D2 and a; receptor
affinity. it is impossible to predict the fsomer with better
selectivity, although (+)-enantiomers (+)-2, (+)-4, and
{+)-6 displayed selectivity greater than 250-fold versus
both ey and Dz. Among thase compounds, (+)-4 distin-
guished itself for its 5-HT,4 receptor affinity and
selectivity, and for this reason it was submitted to a
preliminary and qualitative evaluation of its intrinsic
activity using the F*S}GTPyS binding assay method. In
this assay the agonist 8-OH-DPAT (10 nM) produced
about 100% increment of 1%¥S]GTPyS basal level, whereas
compound {+)-4 did not increase the hasat level of (335]-
GTPyS, displaying the same behavior as WAY-10063547
in this experimental condition, Compound (—)-4 under-
went thesame biochemical evaluation showing the same
behavior as the {+]-isomer, These results indicaced that
the two enantiomers of compound 4 did not display
5-HTa agonistic property in this preliminary binding
assay in the range of 1071-10-10 M,

Experimental Section

Chemistry. Column chromatography was performed with
1:30 ICN silica gel 60 A {63—200 #m) as the statienary phase.
Melting points were determined in open capillaries an a
Gallenkamp clectrothermal apparatus. Elemental analyses
{C.H.N} were parforred:-on a Carlo Erba medel 1108 analyzer;
the analytical results were within $£0.4% of the theoreticsl
values for the formula glven, Optical rotation was measured
with Perkin-Eimer 241 MC polarimeter. CD curves were

measured in MeOH with 2 Cary 61 dichrograph using a 10-
mm cell. High-parformance liguid chromatography (HPLC)
was performed en a Waters Assoclates liguid chromatograph
model 600 equipped with a USK mode) injector and a 181
model variable wavelength detector {1 = 254 nm). 'H NMR
spetita were recorded, using CDCly as solvent, on a Varlan
EM-390 (TMS as internal standard) or a Bruker AM 300 WB
instrument (where indicated 300 MHz); all values are reported
in ppm (). Recording of mass spectra was done on a HP 5995C
gas chromatograph/mass spectrometer, electron impact 70 eV,
equipped with a HPS3970A workstation; only significant mz
peaks, with their percent relative intensity in parentheses, are
herein reported. All specura were in accordance with the
assigned structures, Spectral properties of compounds (). and
(R)-2-7. (5)- and (R)-10, {5)- and (R)-186, and (S)- and (R)-
20 were fully consistent with those afready reported for their
racernde mixtare B19:13
(5)-(-)-5-Mcthoxy-1.2,3,4-tetrahydro-1 -naphthalene-
acetonitrile [(8)-(~)-9]. Methanesulfonyl chioride (1.3 ml..
16.8 mumwl) was added to a cooled solution of {R-(+}-3-
methaxy-1,2,3.4-tetrahydro-1-naphthalenemethanol [{R)-(4)-
8] (1.52 g, 7.9 mmol) and trethylamine (4.2 mL, 30.1 mimal)
in CHCL. The resulting mixture was stirred for | W oat room
temperature; then it was washed with ice-cold Hz0, with 3 N
HCYI. and finally with saturated aqueous NaHCQ;. The sepa-
rated organic layer was dried over Na,S04 and the solvent
evaporated under reduced pressure. The crude residue was
chirotnatographed (CHLClz as eluent) to give 1.84 g (86% yield)
of mesylate derivative: [e|®p = +11.9" { = 3.4, CHCi;). The
mesylate {1.82 g, 6.7 mmol} was added to a mixture of NaGM
{0.96 g, 19.6 mmol) and 20 mL of 93% ethanol. The mixture
was refluxed for 7 h and then concentrated under reduced
pressure. The residug was partioned between 10% agueous
NuC0; and CHCly. The separated organic layer was dried
over NS0, and concentrated in vacue. The desired compound
was chromatographed with petrleans ether/CHCL, 1:1, as
eluent (0.8} g, 60% yield): |al?%p = —21.0° (¢ = 1.95, CHCYy):
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IH NMR 1.65—2.05 (m..4H. ando CHa). 2.50~2.80 {m. 4H. CHy-

CN, benzyl CHa), 3.05—3.30 (m. 1H, CH), 380 {s, 3H. CHaj),

6.65=7.30 {m, 3H, aromatic); GCMS m/z 202 (M* + 1, 4), 201
(M*, 30), 161 {100), 160-(21), 115 (22).
{5)-(+)-5-Methoxy-1,2,3,4-tetrahydro-1 -naphthalene-
acetic Acid [£9-(H)-10]. A mixture of nitrile {(8)-(—)-9 (0.80
g 4.0 tmmol} and 40 mL of 50% H>S0, was refluxed for 4 h.
Then the cooted mixture was extracted with CHCla (2 % 40
ml.). The coliected organic layers were dried over Naz30, and
concentrated under reduced pressure. The crude residue was
chromatographed (CHCly as eluens) to give 0.18 g af the
expected acid (20% yield). HPLC analyses on a Daicel Chiralcel

0D calumn using r-hexane/2-propanatfiriflucreacetic acid (98:

2:0.1). flow rate 1,0 ml/min, indicated thar the sample was
70% ce¢ of the acid (S5)-10. This acid displayed the same
retention time of a pure sample of {(—)<10 obtatned by [ractional
crystatlization of its diastereomeric sait with (S)-(~)-1-phe-
nylethylamine.

{F)- and (5)-4:(3-(5-Melhoxy-1.2,34 teurahydronaph-
thalen-1-yl)-a-propyll-1-arylpiperazine Derivatives 2—-4.
General Procedure. A stirred suspension of the appropriate
mesylate (2.0-mmol), 1-aryipiperazine {4.0 mmel}. and KzCOs
{2.0 mtnal) in acetanitrite was refluxed overnight, ARar cooling,
the mixture was evaporated o dryness and H.O was added
w the residue. The agueaus phase was extracted twice with
CH:Cl>. The cotletted organic layers were dricd over NapS0,
and evaporated under reduced pressure. The crutle residue was
chromatographed (CH3ClMeOH, 11, as eluent] to yield
target cornpounds as pale-yellow oils. All compounds displayed
ee = 98% (HPLC analysis on a Dalce] Chiralcel OD using
nhexanefethanol/diethylamine, 9:1:0.1, as the moblle phase,
flow rate D.8 milfrain).

{(5-(+)-4-[3-(5-Methoxy-1.2,3,4-tetrahydronaphthalen-
1-yl)-n-propyl}-1-phenylpiperazine [(5}-(+}-2]. Starting
from (S)«{+)-3-{5-methoxy-1.2.3,4-teirahydronaphthaten- 1 -yl}-
n-propyl methanesulfonsite 1(5)-(+)-11] and 1-phenyipipera.
zine, the Gde compound was abtained in 92% yield: ja]™p =
+8.3° (e = 1.3, CHCl).

(5)-(+)-1-{2-Methoxyphenyl)4-13- (5-methoxy-1,2,3.4-
tetrahydronaphthalen-1-yl}-n-propyl]piperazine [(S)-
(+)-3]. Starting from mesylate (5)-(+)-11 and 1-{2-methox-
yphenyl)piperazine, the title compound was obtained in 85%
yield: |a)®y = +5.87 (c= 1.6, CHCL).

{(D-(+)-4-13-(5-Methoxy-1.2 3 4-tetrahydronaphthalen-
1-yl)-n-propyl]-1-(2-pyridylpiperazine [(§-{+}-4). Start-
ing from mesylate {S)-{+}-11 and 1-{2-pyridyl)piperazine, the
titie compound was obiained in 80% yield: o] = +8.6° (¢
= 1.5, CHCi). N

(B-{—34-F3-(5-Methoxy-1,2,3,4-tetrahydronaphthalen-
i-yl)-n-propyil-1-phenytpiperazine {{8)-{-)-2]. Starting
fram (R)-(-)-3-(5-methoxy-1.2,3 4-tetrabydronaphthalen-1-yl)-
rpropyl methanesulfonate [(#)-(-)-11] and -phenylpipera-
zine, 1he title compound was ebtained in 82% yield: ]a]®p =
-86° {c= 1.2, CHCIL).

(Ry-(—}-1-(2-Methoxyphenyl)-4-|3:(5-methoxy-1,2,3 4
tetrshydronaphthalen-1-yl)-a-propyl]piperazine [(R)-
{(—)-3]. $tarting from mesylate (K)-(=)-11 and 1-(2-methox-
yphenyl}plperazine, the title compound was obtained in $1%
yield: [o)¥y = —5.5" {c = 1.85, CHCW).

(H}-(—)-4-{3-(5-Methoxy-1,2,3,.4-tetrahydronaphthaien-
I-yl)-n-propyll-1-(2-pyridyl}piperazine {{(®)-{-)-4]. Start-
ing from mesylate (R)-{~)-11 and 1-(2-pyridylipiperazine, the
title compound was obtained in 79% yield: |a]®p=-9.7" [c
= 1.5. CHCl3).

(5)-(—)-N-(1,2,3,4-Tetrahydrenaphthalen-1-yljchloro-
acetamide [{S)-(-)-13]. Chloroacetyl chlarlde (0.23 mL. 2.9
mmol} in CH;Cl; was added dropwise 19 a stirred mixtuse of
the amine (S)-(-+)-12 {0.33 g, 2.2 mmol} and NaHCO\ (0.25 g,
3.0 mmol} in CH;Cl;, under cooling. The reaction mixture was
stirred for 1 b, and then it was washed with brine. The
separaterd arganic phase was dried over Na;S04 and evapo-

-rated under reduced pressure. The crude residue was chro-

matographed with CH:Cld/echy! acetale, 4:1, to give compound
{$)-(-)-13 as e whitc semisolid in nearly quantitative yield:
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el = =77.2"{c= 1.0. CH;OH); '"H NMR 1.75-2,15 {m, 4H,
endo TH:CH,), 2.65-3.00 {m, 2H, benzyl Cid2), 4.05 {s. 2H.
CH.CY, 5.00=~5.30 {m, 1H, CH}, 7.00~7.30 {m, 4H. aromatic),
8.80 (brs. 1H. NH); GCAVS nv/z 225 (M* + 2, 1), 224 (M* + 1,
1}, 223 4™, 4}, 188 (23), 146 (37). 131 {21}, 130 (100}, 129 (43),

(K)-(+)-V-(1,2,3,4-Tetrahydronaphthalen-1-ylchloro-
acetamide [(-(+)-13]. As above. starting from (A-(-}-
1,2.3.4ptrahydeonaphthalenamine [(R)-(—}-12] (0.34 g. 2.3
mmol} and chioroaceryl chloride (0.19 mL, 2.4 mmol), com-
pound {R)-{~+)-13 was obtained as a white semisolid in 93%
yield: {a]®p = +71.4" (¢ = 3.0, CHyOH). *H NMR and GC/MS
spectra of this compound were (dentical to those of its
enantiomer.

{()-{-)4-(2-Methoxyphenyl}-M-(1,2 3, 4-tetrahydronaph-
thalen-1-yl)-1-piperazinoacetamide [{3)«(-)-14]. The de-
rivative (8)-{-}-13 (0.43 g, 1.9 mmal} was refluxed overnight
with 1-(2-methexyphenyljpiperazine {0.73 g, 3.8 rnmol} and a
slight. excess of NaHCQ;s in acetonitriie. After cooling, the
mixtire was concentrated under reduced pressure, and che
residue was taken up with water and extracted with CHCly,
The chleroform phase was dried over Na,80,, the solvent was
evaporated, and the arude residue was chromatographed (CHg-
Ch/MeOH, 10:1. as eluent} to give (S)-(—)-14 as a white
semisolid (0.60 g, 84% yield): {j®fp =-13.8" (c= 2.35. CHClJ).
HPLC analysis on a Dalcel -Chiraltel OD using n-hexane/
ethanol/dicthylamine (9:1:6.1) as the mobile phase {flow rate
0.8 mL/mln} indicated that the material was ~98% ce: 'H
NMR {300 MHz} 1.68—1.88 and 2.04~2.11 (m, 4H, endo CH;-
CHa), 2.70-2.86 [m, £H, benzy! CHz, CHN{C H2)l, 3.02 [br 5.
4H, (CHy):NArl, 3.13 |d, 2H, J = 3.0 Hz, CHLN{CH3], 3.84
{s. 3H, CHy), 517-524 {m. 1H, CH), 5.82-7.25 {m. 8H.
aromatic), 7.42 {br d, 1H, NH, D;O exchanged); CCMS nvz
381 (M* + 2, 1), 380 (M* + 1, 7), 379 (M~ 26), 205 (100), 180
{26).

(F-{H)-4-(2-Methoxyphenyl)-N-(1,2.3 4-tetmhydronaph-
thalen-1-yl)piperazinoacetamide [{R)-{+)-14]. Title com-
pound was prepared As above starting from derivatve (R)-
(-H-13 {0.41 5. 1.8 mmol} and 1-(Z-methoxyphenylipiperazine
(0.77 g. 4.0 mmol} 1n 84% yield: {a}®p = +13.3° [c = 2.2,
CHCl). HPLC analysis on a Daltel Chiralcel OD using
nhexane/echanol/diethylamine (9:1:0.1) as the mabile phase
(Row rate 0.8 mL/min) indicated the material was >98% ee.
'H NMR and GC/MS spectra of thig compound were identical
to thase of jts enantlomer.

Resslution of 5-Methoxy-1,2,3,4-tetrahydro-1-naph-
thalenamine {(£}-15]. To a solutlon of racemic amine ()-
15 {7.62 g, 43.0 mmal) and (5)-(+)-mandelic acld 3.27 g, 21.5
mmol] in MeOH (60 ynL) was added diethyl ether {30 mL}.
The solutlon was allowed to cool in the refrigerator unti)
crystallization oceurred. The erystals were filtered and recrys-
tatlized from MeOH/diethyl ether three times to afford 2.30 g
of (#)-mandelate salt. The salt was dissolved in water, the lce-
cooted solution made basic with 2 N NaQH, and the resulting
mixture extracted with CH:Cl; (40 mL), The organit phase
was dried over Na;50,, and the selvent was evaporated to
dryness to give £.48 g of pure (4)-15 [0}J® = +15.7" (¢ =
12,8, MeOH). HPLC analyses on a Daicel Chiraleel QD-R
calumn using MeOHM0 {3:1) as the mobile phase {flow rate
0.4 ml/min) indicated the material was >98% ee. The collected
mother liguors eontaining the {~).isomer of 15 were evapo-
rated, dissolved in 40 ml of MeQOH, and treated with (R)-{—
}-mandelic acid (3.27 g, 21.5 mmol). The solution was treated
with 30 mL of diethyl cther end kept In the refrigerator
overnight. The erystals were filtered off and recrystailized fram
MeOH/diethyl ether three times to afford 2.50 g of (-)-
mandelate salt which was treated as described above for Jts
{+)-isomer to give 1.25 g of amine {~)-15: [e)®p = ~11.0" {¢
= 10.6, MeOH). HPLC analyses in the above tonditien
indicated that the material was >98% es.

(5)-(=)-V.(5-Methoxy-1,2.3.4-tetrahydronaphthalen-1-
yhbhromonacetamide {S--{--)-16]. This compound was ob-
tained as a semiselid in nearly quantitative yleld from the
amine (5)-(+}-15 (0.1R g, 1.1 mmo)) and bromoacetyi chloride
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(0,12 mL, 1.4 mmel) using the same reported procedure for
the synthesis of compound {S)+(=}-13! laj®y = -27.3* {c=
1.9, CHCI3) -

{R)-{+)-N.{5-Methoxy-1,2,3.4-tetrahydronaphthalen-1 -
yhbrommopacetamide [(f-(+)-16}. As above, slarting from
amine {K)-(=)-15, compound {R)-(+)-16 was obtained in the
same yield as a white semisolid: [a]®p = +31.2° (¢ = 1.0.
CHCly).

(9)-(~)-4-(2-Methoxyphenyl)-V-(5-methoxy-1,2,3,4-tet-
rahydronaphthaien-1-yl)-1-piperazinoacetamide  [(5)-
(~)-17). Using the procedure reperted for the synthesis of
compound {5)-(—)-14, ttle compound was obtalned from (5-
(—)-16 and 1-(Z-methoxyphenyl}piperazine in 84% yield as a
white semisolid: [a}®p = —24.8° {¢= 1.0, CHCh). HPLC
analysis an 2 Daical Chiralcel OD using r-liexane/ethanol/
diethylamine {8:1:0.1) as the mobile phase (flow rate 0.8 ml/
enin) Indicated the material was > 98% ec.

(8- (+)-4-(2-Methoxypheny))-N-{(5-methoxy-1,7,3 4-tet-
rahydronaphthalen-1-y1)-1-piperazinoacetamide [(R}-
(+]-17}. As above, title compound was prepared from (R-{+)-
16 and 1-{2-méthoxyphenylipiperazine In 85% yield as a white
semisolid; [0)®s = +24.1° (¢ = 1.0, CHCla). HPLC analysls
on a Daicel Chiraleet OD using n-hexanef/ethanol/diethylamine
(9:1:0.1) as the mobile phase (flow rate 0.8 mL/min} indicated
the materia) was >98% ee.

(B)- and (9-1-(2-Methoxyphenyl)-4-[N-(5-methoxy-
1.2,3,4-tetrahydronaphthalen-1-yllaminoalkylipipera-
zine Derivatives. General Procedure, A sticred suspension
of the appropriate chlorcalkyl derivative (1.4 mmol), the
apprapriate amine {4.0 mmol), and a slight excess of K2Cs
in acetonitrile was refiuxed overnlght. After cooling, the
mixture was evaporaced td dryness nd Hz0 was added to the
resldve, The aqueous phase was extracted twice with CilCla
The collected organic layers were dried. aver Na:S0. and
evaporated under reduced pressure. The crude residue was
chromatographed {CHAC1/MeOH, 19:1, as eluent) to yleld pure
target compound as pale-yetlow oil. Al compourds displayed
ec = 08% {HPLC analysis on a Datcel Chiralcel OD using
r-hexane/2-propancl/diethylamine, 8:2:0.1, as the mobile phase,
flow rate 0.8 mL{win),

19)-(-)-1-(2-MethoxyphenyD-4-[N-(5-methexy-1,2,3.4-
tetrahydronaphthalen-1-v1)-2-aminoethyllpiperazine ((S)-
(=)-5]. Starting from the amine S—(+)-15 and 4-{2-chloroethyl)-
1-(2-methoxyphenyllpiperazine (18)," title compound was
obiained in 31% yield: [a]®% = ~10.6* {c = 1.0. CHCL}.

(R)-(+3-1-(2-Methoxyphenyl}-4-[N-(5-methoxy-1,2,3.4-
tetrahydronaphthalen-1-yl)-Z-amineethyllpiperazine {[R)-
{+}-5}. Starting from the amine {K)-(—)-15 and derlvative 18,
ttle compownd was obtained in 34% yield: |a)®p=+14.1" {c
= 380, CHC).

{$)-(-)-1-(2-Methoxyphenyl)-4-{NV-(5-methoxy-1,2,3.4-
tetrahydronaphthalen.1-yl)-3-amino-n-propyl]pipera-
zine [(5)-(~)-6}. Starting {ram the amine {5)-(+)-13 and
4-(3-chleropropyl)-1-(2-mechexyphenyl)piperazine {19),* title
compaund was ohtained in 4 1% yield: {af®h = —12.0 {¢= 1.1,
CHC).

(R)-{+)-1-(2-Methoxyphenyl)-4-[V.{5-methoxy-1.2 3.4
tetrahydronaphthaien-1-yl)-3-amino-n-propyl]pipera-
zine [{R)-(+}-6). Starting [rom the amine (R)-(-}-15 and
compound 19, title compound was obrained in 35% yiold: [al®s
= +6.8° (c= 1.0; CHCh).

(5)- (=)} N-(5-Methoxy-1,2,3.4-tetrahydronaphthaten-1-
yi)-3-chlorepropanamide [{S)-(-)-20]. As for compound (S)-
(—)-13, title campound was prepared frem Lhe amine {(8)-(+)-
15(2.50 g, 14.} mmo) and 3-chleroproplonyl chlaride (1.7 mL,
183 mmol) in riearly quantitatlve yield: [a]%p = ~17.8° {¢=
1.6, CHCY),

{(R)-(+)-N-(5-Methoxy-1,2,3 4-tetrahydronaphthalen-1-
y1)-3-chioropropanamide [(R)-{+)-20). As above, starting
from amine (R)-{~)-15. titte compound was ohtained in 81%
yield: [a]®p = +77.7*(c = 1.0. CHCh)

(&)-(-)-N-(5-Methoxy-1.2,3.4.-tetrahydronaphthalen-i-
yh-4-(2-methoxyphenyl)-I-piperazinopropanamide [(5)-
{-)-71. This compaund was ebtalned from {(§)-(~)-20 {(0.74 g,
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2.8 mmal) and 1-{2-methoxyphenyl)piperazine (1.08 g, 56
menol) as a whiite semisolid (1.00 g, B6% yield), as for compound
(S)}-(=)-14: 1] = —60.0* (c= 1.0, CHCh). HPLC analysis
on a Daice) Chiralcel OD using r-hexanefethanol/diethylamine
{8:2:0.1) as the mobiie phase {flow rate 0.8 mL/min) indicated
the material was >98% ee.

{F)-{+)-MNe(5-Methoxy-1,2,3,4-tetrahydronaphthalen-1-
yI}-4-[2-methexyphenyl)-1-piperazinopropanamide [{R}-
(+)-7]. As above, starting From the amide (R)-(+)-20, com-
pound (R)-(+)-7 was obtained In 81% yield: [a)®p = +358.5"
{c = 1.0, CHCly). HPLC analysis on a Daicel Chiraleel OD
using r=hexaneletbanol/diethylamine (8:2:06.1) as the mpbile
phase (flow rate 0.8 mL/min) indicated the material was >98%
ee.

Hydrachloride Salts. General Procedure. The hydro-
chloride salts were prepared by adding an HCI ethereal
solution to a meghanolic solutlon of amine. All salts were
receystalilzed from MeOH/ELQ except for compounds (B)-
{+)-6 and {S)-{=)-6 which were recrystallized from CH,Cl/
Ev;0). They were obtained as white to sand-yellew crystals or
crystalline powders. Crystallization formulas and melting
points are listed in Table 1.

Pharmacological Metheds. 1. 5-HT;s Serotonergic
Binding Assay. Standard recepior binding methods were
vsed to label 5-1MT)s receptors using [*H]-8-OH-DPAT as
previously deseribed.®

2. D; Dopaminergic Binding Assay. Standard receptor
binding methods were used to Jabel Dy receptors using [YHi-
spiroperidgl as previously described.®

3. @i Adrenergic Binding Assay. Standard receptor
binding methads were used 10 label s receprors using PHI-
prazosin as previously described ®

4. P*SIGTPyS Binding Assny. This ossay was performed
according to Lazireno et al.** with minor modifications, Each
assay tube contained in a total velume of 1 mb: incubation
huffer (30 mM Tris-HCL 5 mM MgClz, 100 mM NaCl, GDP 2
mi, pH 7.4), 8-DH-DPAT or compounds (+)-4 anfl (—)}4 or
WAY-100635 with differenc concentrations (10~-107% M), 1.1
nM [BS)GTPYS, and 1 unit of G-protein-coupled seretonerglc
5-HTia recepter (human clone expressed in CHO cells: manu-
factured for NEN Life Sclence Products by BioSignal Inc.,
Monzreal, Canada). The reaction was carried aut for 30 min
at 27 °C, The solution was fillered on Whatman plass fiber
GSF/A filters and washed two times with 2 rrl, of 50 mM Tris-
HCI1, pH 7.4. The nonspecific binding was determioed with 10
mM GTPyS. The stimulation hy agonist was calculated as the
percentage Increase above hasal level (dpm agonist — dpm no
aponist/dpm no agenist x 100).

Acknowledgment. This study was supported by
Research Grant No. 3703028183-022 from Universita
degli Studi di Bari and MURST (Jtaly) for the scientific
program in CO7X Field — 1988—2000. "Design. syn-
thesis and biological evaluation of new drugs: SAR
studies on serctonerpic agents with arylpiperazine
structure”.

References

(1) For part 4, see: Perrune, R. Berardl F.. Colabufo, N. A;
Ide, M.: Tortorella, Vi Fornaretio, M. G.. Csecin, C.

MeArthur, R, A, Struccure~activity relationship studfes on
5.HT;4 receptor affinity of 1 -phenyl-4-|w-{a- or S-tetralinyllalkyl]-
plperazines. 4. J, Mad. Chem, 1996, J5, 4526 -4934,

{2} Zifa. E,; Fillton, G. 5-Hydroxytryptamine receptars. Pharmacal.
Rav. 1892, 44, 108438,

(3} Teiler, M. Cioning and funcuipnal expression of seratonla recep-

tor subiypes. Med. Chem. Res. 1893, 3, 273—286,

Saudou. F. Hen, R. 5-HT receptor subtypes: melecuwar and

functional diversity. Med, Chem. Res, 1934, 4, 1584,

{5) Broekkamp, G. L. Leysen, D7 Peeters. B. W.: Pinder. R. M,

Prospects {or improved antidepressants. J. Med. Chem. 1995,

38, 46154633

Blier. P.; de Montigny. C, Current advances and trends in the

treatment of depression. Trends Prarmacol. Sci. 1994, 15, 220~

226,

{4

=

(B)




496 Journal of Medicinal Chemistry, 1999, Vol 42, No. 3

{

#

&

(

7} Hamon, M. Neurapharmacology of anxicty: perspectives and
prospeers: Trends Pharmacol, Sci. 1984, 43, 36-39,

B} Perroas, R Berardi, F.; Colabufo. N, A, Tortorella, V., Fioren-
tini, F.; Clgiatl, V.; Vanottl, E.; Govoni, 8. Mixed 5-HTh/D-2
Activity af a few modi] of arvipiperadios  I-ary)-4-13-0.2-
dihydrenzphthalen-§-y1) -n propyl] piperazines. 1. Syrithesis and
structura—acrivily relatisnships. J. Med, Chem, 199¢, 37, CER
104,

%) Perrong, R Berardi, £.] Colabufe. N, A Leopelda, M., Tertorella,
V.o Fiorentini, F.: Olgiati, V. Chiglieri, A; Govenl, 8. High
affinicy and selectivity on 5-HTa recepur of 1-aryl-4-{(1-
tetralimpatkylipipsrazines, 2. J. Med, Chem. 1995, 38, 942949,

{16} Perrone. R.: Besardi, F.: Leopolde; M.; Tortarella, V.; Fornaretto,

1]

M. G.! Caecia, €.0 MeArthur, R, 1+Atyl-4-1{]1-tetralinylalkyil-
plperazines: alkytamido and alkylaminb derivatives. Synthesis,
5. HTa receptor affinity, and selectivity. 3. 7. Med. Chem. 1886,
38, 3195~3202,

1) CHffe. L A Brightwell, C. L:Fiercher, A Forster, £, A -Mansell,
#, L.; Reilly. Y.: Routledge, C.; White, A. C. (S)-NV-rertButyl-3.
{4-{2-methaxyphenyl)piperazin-1-yl}-2-ghenytpropansmide [(S)-
WAY-100135): a gelectve antagondst ar prasynaptic and postsyn-
antle 5-HT |, receptors. J. Med Chemn: 1993, 36, 1509-1510.

(12) Meyer, M. Do Hancock, A, A Tietje, K., Sippy. K. B.; Glardina,

[

W. J.: Xerwin, J, F., Jr. Synthrsis and pharmacsloglest char-
actecization of A-80426: a putative nowvel antidepressant com-
hining o-2 antaganism with 5.HT wptake inhibition. Bisarg. Med,
Chem, Lett. 1985, 5. 2287-2282,

3) Berardi. I.; Santor, S.! Perrorig, R Torterslla, V.; Gavont. S
Lueehd, L. Ao [Tetrakin. | yialkyl] derivatives of 3,3-dimeth-
ylpiperidine are highly potent and selective o or o ligands. .
Med. Chem. 1998, 47, 3340-3547.

FIRPATAA | >

(14

(451

(18}

(i7)

(g

{19
(20

@n

Perrone et al.

Ghislandi. V.. Vercest. D. Scissione orira e confipuragione dell'e-
cicloesilbenzilammina, det’),2,3.4-wiraldro-t-naftilammina ¢
d_eln't,2,3.4-:elraldro-2.mmjlammina_Farmar:oEd. Sri. 1972. 26,
AT4-486.

Sarges, B; Treter, J. R Tenen, 3. 5. Weissman."A, 58-
Dlsubstituted l.aminotetroling. A class of compounds with a
navsl profile bf errifral nervous system activity. J. Med. Chem.
1973, 16, 1003-1011.

Wieland. T.: Jakabs. K. H. Measurement of receptor-stimulated
guanosine 5'0-{p-Ciio)triphosphate hinding by G proteins, in
Heaterntrimeric G Proteins, ?ynngar. ., Ed.; Academlc Press: San
Diege, CA, 1394; pp 3~13.

Farster, E. A: Clffe. 1. A.: Bill, B. J; Dover. G. M.; Jones, D
Reilly. ¥.: Fletcher, A, A pharmacelogical profile of the selettive
silent 5-HTy, receplor antagonist. WAY-100635. Fur. J. Phar
macnl. 1995, 281, B1—-BA.

Perrone, R Berardi, F.; Leopoldn. M. Tartorella, V.: Lograna,
M. D.; Danjelz, E.; Govoni, S. 5-HTw and D-2 receptor alfinity
of o-mnethaxyphenylpipernzine derivatives with terminal beiza-
:nide [ragment on N-4 alkyl chain. 2. Farmuaco 1995, 50, 505~
510,

Baurdais, 1. L'alcoylation des piperazines dans le N.A-dimeth-
yiformamide. Bull, Soc. Chiin, Fr. 1068, 32463248,

Perrane, R.. Berardi, F.: Colabufa. N, A.; Leopaldd, M,: fograne,
M.: Terworella. V. 4:|w-{Tetralin-1-yDalkyli-1 -benzylpiperazines
and refated compounds as 5-HT /D2 ligands. Med. Chem, Res.
1997, 7, 76—~86.

Lazareno, §.; Farries, T.; Birgsall, N, J. Pharmacological char.
acterization nf guanine nudleotide exchange Teactions In mem-
pranes fram CHO cells stably tronsfeeted with human musea-
rinic recepiors mi-md. Life Sci 1993, 52, 449456,

IMO80420N




