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SUPERINTENDENCIA DE INDUSTRIA ¥ COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S 2.

Re:  Expediente No. 06.037.930
Solicitud de patente a nombre de Ortho-McNeil-Janssen Pharmaceuticals, Inc.

o, DILIA RODRIGUEZ D'ALEMAN, identificada como apatece al pie de mi firma,
domiciliada en la carrera 11 No. 86-53, piso 6, obrando como apoderada de la sociedad
Ortho-McNeil-Janssen Pharmaceuticals, Inc., domiciliada en Timsville, New
Jersey, Estados Umidos de América, solicitante de la patente de la referencia, en
respuesta al oficic No. 6178 nouficado por fijacién en lista el 7 de mayo de 2010,
relacionade con el concepto técnico de fondo No. 1632, me permito acompanar los
signientes documentos solicitados por ese despacho:

1 A. Rosowsky. “One step synthesis of novel 2,4-diamino-pyrimidine antifolates™
Journal Heterocyelic Chemistry, Vol. 39, 1999, pages 723-728, XP0O02270518.

2 Kandeel, EM. “Synthesis of new 1,2-dihydro-4-amino-2-thioxo-3H-indeno-1,2-
D-pytimidin-5-one derivates”. Pakistan Journal of Scientfic and Industrial
Research, XX, XX, vol 29, no. 6, December 1986 (1986-12), pages 424-426,
NP0(9025178. TSN:0030-9885.

3 Goerlitzer K. et al “Indencd 1,2-dipyrimidin-4-yl-amine indenod 1,2,
Upytimidin-2-4-yl-amines”. Pharmazie, Veb Verlang voik und gesundheit. Berlin,
DD, vol. 52, no. 9, 1997, pages 670-672, XP001179310. ISSN:0031-7144

Espeto con esto haber dado cabal cumplimiento a lo solicitado por ese despacho v de
conformidad con lo indicado en los articulos 3°, incise 3, 35 inciso 2 v 59 inciso 2 del
CCA, al analizar este memorial, atentamente solicito se traten todas las cuestiones
planteadas con motivo del mismo.
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Andre Rosowsky? [2), Andrew T. Pepoulis [a], and Shermry B Queener [b] i
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A Convenltnl ore-siEp reaciion with cysooguanidine wes vaed & comvent wicyelic kelenss o provicusly .
undecerbed 24-dluming 5,6, 7.8-letrahydroguinazalines with & oe-, twim, o thees-carbom bridge in the eane
bocycife dng. Although the yiekds of the'desired products wers modest, ke princlpall sdvanlags of thiz
ncsslep prvess wis thal it provided cary scoess 40w varlery of aovel bridged betzrooyolie g syemy
whose aynthesla (rem sterically bindored kelones by other methods would bave sequired mulllple steps with
En evan lower oversll yield, The products were toeted os Inhbitork of dibydofclate reduetaneg from .
Ereumocyaiiz carinll, Toxeplosma gondll, and il lives with & vizw w0 exszdning i eFect of 2 spave-iling
bridge co' binding. The mon potent end selecilve compound in the greop was 4, 6-diamioe-, 3-8 azawicy-
ached those of ol Am, »

#lefT 2 L0 Y dodoca-2 4 S wicee (T3], whope potoncy ond zeleclivigy

drug commenly weed (@ bewt B ocariafl end T gondd Infection. 3 3-Diundno-4 6dlazatricyelolé.2, 1 guy.

Urndesas

(G-riane (1M}, the aplog of 33 with » onc.carbon Father than & twvo-carbon bridpe ssowed yimilr .-

Potency-und seleciivity Agalogt the F. pendii enzyme, Dol wis-a wiak and ponesloctve Inbibiar of 8 coring
dihydrololels reducianc, The-other campagnds lested were Ukewizs weak and nonsclsctive, .

© A Helecpyelic Chem., 36, 723 (15599,

Lipophitic antiolaies thet bind tightly and selectively to

. dibydrofotute reductare from the oppenunlstlc pathogens

Prieumoeyrily caripli end Toxeplotng gondii have been
aclively sought for w number of years [reviewed in 1.3),
Hewesver, ekpeclally in the case of inhibitars of the

suggesicd thal the trimexruii:-kum:vnﬁn combinsilen

Przumocysify orindl enzyroe, the comblantion of high'

potency and high salectiviry has remained ebusive, Classlcal
antifolats such as methorexats bind vary dphly to the B
carindl end T gondii dibydrofolate reductase, but cannot be
weed clinteally agnirist thess prgenisme because they lack the
membrne-biund active transpant prateln which s respar-
slble for contentrtve methoimexale upeks by -mammalien
cellz [d), Thaa, standard aniifolate prophylenis and therpy
of P carinit and T, gondit infeciion relles on the permeebllity
of tvese ergandama to lipophille mofscules itk trmethoprim,
{13 [5,5) or pyrimethamine (2 [7,8], generally in comblne-
tion with. B sulfs drug such ex sulfamarthoxazale.
Trimethoprim, exhiblu a high degree of specics seleclivily
for P caninit and T, goralii versis mammatian dihydrofolate
reduciise, b i not very potsnt. Pyrimethamine i somes
whal more potend bat lege selective. Two other lipophliia
antifolstes,
putent but non-seleciive, and cherefore have to be given
togéther with Ievcovorin [(SR.65)-5-formyl-5,6,7 8. telea-

" hydrofalale) in order 10 prevenl the hemetopoeitle walehy

whleh would othorwiss ensue |9,30), The succesa of rucoy-
OriN 88 8 profecr ve agent bs due in this case to s abllity 1o ba
tclively b the cells of the hoit as opposad 1o
thosa of the pathogen, Controlled clinica) comparisen of
trimetrexme-leucovarin with standand Eimetoprim-sulfa-
methoxazole shawed no dmmalic differcoce, though it was

trimetraxets (3} and plritraxim (4), are extremaly

b}

woutd be appropriats In patisnte who experience unncoepts
oble gide effects from solfa druge. Takan together, the
frequent inablliy of patients to tlerats sulfa drugs sod ha

" elatively high cost of levcovorin have prompred stiempta in

seversl laborstories ta ary to design & new gensrstion of
lipophific didydrofelate reductase Inbititors potenl enough
to be used withoul & eulfa drug and yet eelective enough to
not regiire co-adminisiration of leucovorin [11-54),
Howsver (s has proved 1o be a deunting tzek, a3 mogt such, -
sitempts have beet thwnrtsd by whal seems 1o be, ot least
emmpiricatly, an Inverse corredalion between polency and
seleailvity [15]. . :

i

A possible spproach to enhancing the seleciive:binding
of inhibilors 1o the aclive slte of dihydrofolate reductnse
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from diffezant species might ba lo iske advanisge of differ-
tices in sterlc bulk in the part of the molequle diresily adja-
cent 1o the disminopyrimldine molety of rimethoprim and
pyrimedhamine, Acconding to this view, inspired by elegant
mecent work on Candide albicans dibwdeaiclae. reducian
116], 1he abliity of = dihydrofcle reductass [nbibitgr with
spate-filling alkyl substitwents in ihie region 10 meke effec-

" give van der Wanls contacts with hedrophoble res!dues in

PRAET ,r:'_-,:'.ma.i"l_s_, :

the aciive 2l would vary eceonding o the lopelogy of the
euvity formed by (hese Teaicues. In cther wards, if the
pocket inte which thia part of the inhibler fity iz sither 1oo
narrow OF 100 wids allow effective hydrophobic interecdon,
‘binding wil} be weaker than §f the pocket ks preclesly the

R gt vilame and contaur to cllow  tight £l To jeat thia

g.-.. i

hypolheslt we thought-it miight b useful’ fo expmine the

. binding 10 P carimil, T.. xmﬁﬂ and marnmzilen {ral Mver)

dihydrofolate raduciuse of disyelle diaminopyrimiding
deryatives with & fused carboeyelle moiery that comuing a
bulky hydrophobic bridge while facking e substifnled ary)

group af conventionsd trimethoprim end pyimeihamine

aralogues, The synthesis end activity af & emall group of
such compounds a5 dihydrofolaie reductase inhibitors are
the subfest of his pﬂpﬂ

i a 1 ammians

Theemal mrndmmhun of cyelle ketones with qrannguud
dine under fusion conditions or in 2 high-boiling inerl eal-
vent sffords a convenent one-itep rowe ta Gondensed
diaminopyrimidine derivatives {17), and has betn used o
Prepare o varisly of nonbridged fing systams [¥8-22], The
Yargest numtber bf theis have been tetrahydroquinaeciines,

and dibsydrobenzolflguinnzalines, theugh others have sl .

been made by .this route. In coptrist, thare have besn fow

stiempls o -exiend this reaction to bridgad cyelic ketones. 1n

the precent sigdy, cyanageanidine wis condensed wilih
bleyelo[3.2.1loe1en-2-0ne {B), norcamphot {6), (R-H+)
nopinone (7}, J-quinuclidinons (), and Vicycia{d,3.1]-

sumiin-3-dione (¥, Theee non-bridged katonés, eisjasmone -
{B0), A-keli-1.3 3. -thixnnphibene {110, and ]-ndandns (12 0

wene ﬂmmadhrcm:ﬁamhammmof&u along

with thase of thelr respecive cyanoguanidine fuslan prod-

ucts, 13-20, which represesit some vory thusual htierocytlic
ring 4ysiems, are shown in Tabls 1, Compound 18 18, 10 our
knowledge, tha first reported exemple of (hé reeston of

cyamoguanidine with a.substituicd cyclopenienane, |

Compound M can be viewsd s o hridged 2.4-divmine-

5,67, 8etrahydropyrido[3,2-d)pyrimiding, and fa notable
because of its biolsosteric relationehlp 10 the bridged

Tible 1 . .I
Synihesh of Condenied 24 Huminopyrimidines from Cyeile Knones wnd Cranogimidin

Koot 'Hlﬂuﬂmd‘im Product 19 Yiekd) [u]

Keions  Pusion Conitons - Product (% Wisldpn)

MHy
- e | e
°p@ 1 bt " ;Hj‘% 1 ot
5 13454} .
ﬂ - 1900 i’b " nrg .
S, wewed =
' T n
P10 oy
1 Ivout nj‘ L
T ; 15610
‘P@ e j,b ‘f% 200-008°C
13 e Hy [ N
| 16{23)

20 (k)

[2) Compeunds 14 wnd 14 werk pudBrd by preparstlve s [nper chromicgmaphiy o0 tiBca ged vaing %2:8 and 8515 chiopo-
Torm-mehunsl, reipecitvaly The ather produgls were purified by cobemn cheomalography om $ice gel wing 85:15 chioco-
formmethincl. 'Wields are not comecied for mocvammd Haning maest,
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_ 2,4-d|annnn-5.6.78 lﬁhhjrdmpjnduﬂ }d]pjrrim[din: 2,

which wes recenlly discutsed gy being of potential interest -

2¢ o dibiydrefalme reduciese ligand [24]

A

n

L

AI gn:n:r:'l procedurs for'the crancguaniding Farlon reac-
ton iE given In Lhe experimental scction. Reaction condt-
tions rod non-apilmlzed yislds obtwined for ladlvidua)

-names and phy:icai data for the prodieia are ghven in
" "Table 2, Briofly, the kewne and an equimelar emoant of

rectyttallized cyenoguenidne were healed under & stearn -

of nitrogen nl 190-20° v 1.0-2.5 hours, the raixture was

“reegtions summarized in Table §; eyitematic-chémici efid™

" allowed 1o cocl, and e solidified melt was pulvr.rlzed and

theroughly extracied with sn 85:15 mizture of chlorofom
and methanal, The insoluble rasidue, assvmed 10 consist af
melamine-fype pelymers reaulting from the Sheamal break-
down and polymerization of cysnogeanidine [231, was
discarded, anil the organic axtact wes chomatographed on
silica gel vslng 85:13 chloroform-methanol ay the cloen, -
The yield of purified producl vared conaiderably, from i -
Tow of 1.3% (15) to & bigh of 28% (19}, Among the edm: -~
pounds with e bridged carbocyedle Rng, the one that formed ™
in bighest yield was 15 (23%). Bowaver yields were highsr
when they were comested for recoversd staning mitedd, .
For example, the adjusicd visld in the syothagis of 3 was - -~
1895, rather than $.3%. Subsgmla'l arTRints” ufuuchangad R L
sthrting kélone woid gEntrally necovertd framall i ress- . ~
siens, along with tory byproducts aesiened o eriss v =
seli-condenzation réaclions of the ketomea. '

Both the degmedative polymerzatian-of cymiaguaniding,

and the stlf-condensallon of ketones appear 10 be unavdidabls

oy : Title 2

Chardend Himes and Phyrsleal Daus for Sompoynds 1320

lfbmpuuml Molooular Themical Narns
Formuly "

B Gty . A6Dinmine3Sdinsstiegcle
72000 od a8, 4. 5-trlen

M Cply 3.5-Dhanikoa S-dhearingelo- - -

. ' A lﬁ.!.l.ﬂl’lundu!rubﬂlm .

15 LT T o 6-Tammbmo- 3 4-dhaza 30, LD~
Simwhylrioyeln{l.]. Lo
undeas-2 4.5 tricnn

té LMy Ms L-Dimine-b 46 azatrisyclo-
622007} deilaca- 2,4, Hinn

17 CHu0 A6l e 1. 3-dina i
73, L0 T ketrmdec ned. 45
iz I0-one -

n Sty 24-Diamne-fmethyl-7 i
pend=Reen= -y N-fmtihyl-5
ytiupenuald, 1 Aipyimidin

] Oy gMes 68D ot Sl i e
123-diguinazolics

. Oy 24 Dluming- SH- Indena3.2-d]:

pyrimidine

IH-NMEA Daix [1} MIchoantlyals andfor
Mags Spoctral Duls

4 Lo-3.0 {complax m. [TH, mia (s LI 191,25,

& CHy, 2}, 43 (or 0. 41, sapeaed 191,76

2- wnd 4-HTHg} o

& 1,332 {camplen m, H, méz (M]* 17621,

ICH, 20 45 (e & 2H, expected 176,22

-HHy), 5.0 (e v, 2H, 2N

& 0018 feomplen i J0H, Caked. for £y H RO+

2 CHy. 2 CHp. 2 CHL AT CLESHLOL O, 6852

(bt g, 41, 3= wd =Ny H, 788 M, 2T.LL
miz [Ms L] 200518,
expacicd 208,18

& 1.5-2.3 (eoplex m, 9H, Caled: C, 56.51; H, 6.85;

" Oy, | CH), B s, 2H, M. D66, Founds C, '

sm,;.ums.mmm,] 363 B, 665 M, 1645

§ 52,6 [complex m, 10H, iz FM+ 13+ 21910,

4 CHL 2EHL 31 wpectad 21903

ANE), 61 a, 2H, BNRD

# 1.0-2. tcomplea m, 108, i [ L T,

2 CHy. 2 CHad, 50 (e K 4H, enpeciad 23133

Z- ared 4N 54 dm, 2H,

CHwiZH)

5 2.0 {m, 4H, EHHL AN Caled for Gy oMy Ss

(e 5, A, 2- and NEGL P - S H: G AL E,

(d, 1M, Zahdenyth, 3606, TH, A% M, 24,70, Found:

3cenyl) C, 55,12 L A6
N 2450

& 3.6(m, 3H. CHL), 5900, Caled, for CyyH gy

. TH & NEE, 54 (bre 84, 0.IR 0 C, 34N

MRy .3 {m, 4H, ) RSN, 210548
Found: C, 83,371
H S04 N, 2000,
e [ D) $9508,
aagacted 199,34

{41 Tha epecers af 13-36, 30,384 19 went taslned In deurerioehbssafoem, sahalion. whereat hose af 17 1 20 ware obcalned in d-dimeahylautioalde.

IR L L
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.fﬂtlll'&ls of this high-ternporature process. However,

dexpite its low yield, the reacticn it net withoultoeei ) when
one considers that other routes o staricelly hindered -
2 4-digrmino-5,6-cycloalkenopyrimidines require several
steps whose overall yield mmy nol be eny higher. For
examplp, in 5 multsed synthesis of the bridged snelop 23
frors camphor Wa 3-cyana-2-methoxycermph-2-ane (23]
it ¥ithd in just e finah step, Wvohvng reacion of the
cypno enal ether with guaniding in an -evtoclave oL 150 -
170, is roporied o bo only 4% -

Lo T

3t may be noted that eince e cyanoguanlding resction
anly works with ketones that coniain o free CHj group, snd
the ketones in Table | zither contain only ong such group or,
contaln & plene b Symmey (& in93, alt e reaclions can
only give a siegle diaminopyrimidine product. However,
becante 13«17 ere chiral, the products from thess ketones
arz assumed 10 be racemic. Az a resolt, bioassay dala
abtalned with the TRcemetes, will reflect the combined affect
of twa enpntiorers that May of may not bave he some
potaacy, Obvieusly, If the inkibilory effect of the moemds

. mixhre npadnst dihydrofolaie reduchase were dus entirely to

one eaintiomer, the potendy of this species would nol vary
from that of the recemlc mixture by more than trofoid,

The ablifty of the bridged analogs 1317 and the non-
bridged analoge 18-36 1o inkibit dihydrefelale redustase
from £ carinit T. gordi, and Tat [iver was dalermined
spocirophotomericadly as desceibed earler [26,27]. THis
method depends on the changt fn ulirmylotet absorbancs
which ocoirs sl 254 nm when difydrofciale 18 reduced 1o
totrshydrafolue end the 14-dikydropyriding Ang of the
ndcotinamide adenine nuckotde cofaclor ls oxidized. The
eoncentralion nf 2ach compound required 1o inhibit the
entyme-comlyzed reaction by 509%, defined as e ICsy, 6
shown in Tablz 3, 2long with the previously determined

. ICyq values of reference compounds 14, Ag noied above, 1

and 2 are examples of selectlve but relutively wesk
irhibliors whenca 3 end 4 arg very potent but completaly
nonseléeiive, Also shown for comparison 2fe recenily
published 1T valugs for two additdonal exsmples of non-
bridged analogs, nemely 24-diamino-&-edyl-5,6,7,B-t21ra-
hydroquinazaling (24) end 2.4-diemino-6-arf-bui-5.5,7.8-
- etrabydrogquinazoline (28], Like the other compounds inthe
secies, 24 and 25 were synthesized from the thermasl reaclion
of approprins kelones with eyanogusaniding [22].
Comparison of Ule Ty valver for compounds 13-17 as
dityrdrofolate neduclase inkibitors suggests that 8 space-filling
hydrophebie group in the B-ring region meyindeod Influence

am Lamppimd W

A. Rosowsky, A. T. Papoulia, and §. F, Quesner
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My RwE
2 R =By

indlng in » apecies-specific manmer. However, thls type of
subjiliution unfortunciely pleo seems 1o lead 1o a sherp
decrense in potency, ‘The most ective of the bridged com-
pounds wis EY, with an 1Csp of .1 wM sgainst 2 connil

. dhydmofotats reduciase and 5,8 puh againat T, gondli dibydno-

folate reduciase, Tis selectivity index for the P corinil enzyme

7 e 97, pad thiy was similer to thop o timethoprin but oty - - iy
‘stosilly Greatér ot thil'of pyrimethamine, trimetenis, or -

- phnzaxim. The selectvity index of 13 for the T gowddl -

-.enzyme wik 12, 3 value somewhat lower than that of

. wimeinoprim, wut 51 significank In comparison with the

ather reference drubs. While the selectivity of 13 wau some-
what greaktr tan that of the nenbiddged analogs 29 and 24, it
potency, especially in comparison with 34, was reduced. This
it appears thet bilky substitotion may sctually be roleraed
better when it Hes in the mgion just beyond the Bing, rather
Lhan belng part of & bridgs spanning the ring.

Deceasing the mamber of CH, groups in the bridge, as
in B4, wezniisd in litls chenge In Wnding to 7 gondif dihys -
drofolate reduciage but & 20-fold Joss of binding to £
cornfl dibydmiclate redoctase, sopgueiing thay tha seilye
site of the B carinl epzyme is-more sensltive to 2 1mall
chengo in size end geomeny af the hydrophobic bridge,
The sclectivily index of 14 for T. gondi! dihydrofolaie
reductsse, whils a Hithe lower than thai of 13, was still slg-
nificant in comparisan with trimetraxete and plritrexim,
Tntorastingly, when the bridge apannad O6 and CB, as in
15, and additional butk was inrrodecad in the form of gem-
inal dimedhyl zroups, tero wae i loss of binding 40 bath
the T gondii enzyme end the rat liver enzyme. Moreover,
stlcclivity for the T gondii enzyme wis nearly abolished.
When the bridge spanned CF und C7 end was extended to
three cartons, a8 In 17, there was a gharp lose of potency
ageinst bath E carindi end T, gondif dihydrofolaie reduc-
taee. The presence of & polar carbonyt group om the: bridgs
may have been deirimental for binding to the enzyme, The
soluiriliey of thiz compotind wae also # problem, prevent-
ing il from being 12pted at concemragdons grester than 46
M. Compounds 1320 were very weak inhibltors, and
wers elsa nonsalective, .

In sumumary, we have shown that the condansalion repc-
tion betwien cyenogusnidine and bicyclontkanones pro-
viges o reasonable rowe to sievically hindered 2.4-dizmino
heterocyelic systems whose synthesic would otherwlss be
sneconormical end exiremely labordous, Alhaugh the yields
In this reacfion ane low, they provided enovgh matatiel ta
albow these novel and otherwlie difficulily accetsible
bridged compounds 19 be tesied i v, '
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: ) 'l-‘a'bh 3 )
Dilhydrofnlate Restuelise fhibilon by Compounts J3-20 and Diher Lipephitls 24-Dinminopyrimddin
Compuard 1Cgo WM} fa] ' Selectivity Inx. (o}
) F. carinit T gondi Fal Liver P carinit T gondii

1 tmimekaprim) ) 1 27 130 : u . "
2 (pyrimeRamine: 14 . - 15 . 82 1
A{idmelemc) _ o2 B0l 0003 : iz thag
+* {pirfurexira) 0.03 oa@y . Te- obus nKE - B.one
53 & ..., N - ) 12 '
T nwr - 5 | 037 -
o, n - 3 112 . 5 . 29
16 26 F 45 s 46 27% B 45 s ND MND
Y] w o S - IR 09l w
n 16 - Do R 1.1 0.a7 a3 e
12 H% BN o _,_,.-..—..'-—-—UAIHI--'—._. — -__1?_-.:,;._.;.;_;;_-,_ Lo s TooL MR T e "-"T-":r-'""?!'-".‘ S

ae et T e R T T T T S . o "1 y
M . &9 L - T G} 27
25 [} SomE- - R mE T pfas : 0% Y .

[1] Entyma petivity wir deiemined o1 340 i scccading & slendadized pss Mghly rélinhle meethed [36:2) which has beers e cortinaous b in 04
Prgnae Tor s pumiocs B yeurs, Back congtnimtlon of drg wia teaked In iplloass, As wh &xmple of the reproducibitine F che anany, the S0 value”

{mean & piandand ermor] okisined in De Quesnet's Iubaratory ver x five-yaur
T Joudll, andd 1 Uver dthypdrefolate meductass has been 239 & GAZ, 5]

period wing the relerence cotnpound pyrimehaming (23 kgalng £ goriail B
+ 02, and {52 032 M. respecilvely, [o} Selectivity Tndex = 104 (e

HwerMACq iR, carinkf ar s ril HvaelI0yg (T gordfi). [c] Data From refepence 22

EXFERIMENTAL

Tho-1H-pet speciza wera recorded on o Varino Model

© EM3G0L specirmeler with ipamethylalinee uy the refecence.,

. Antlytesd Gilo-Tayer chrometography was on fyoresce Bakee

SIZ30F cllica ge! plaiet, with spos being visusized under ultrs
vieled Hght m1 254 mm, Cotumn chromavsgraphy wit on Bake '
0230 mesh shlica el or Baker Manh-prace shlies pad (40 pm pare
thele size). Meliing poini (encomecied) wers obinioed on »
PlsherJobne. hot-siege apparsiug, Mlcroanatysts ware hy
Roberion Lavorslory, hadicon, NJ, or QT] Laboratories,
Whivhouss, NF, bibes epactra] dats weap supplicd by the Mess
Specsmetry Cone Faclliy, Unlverity of CafifornlvRiverside,
s he Moleculsr Blclegy Cora Facility, Darn-Fatber Cancer
Inadnate, Chemnlcals and solvenis wers purchesed from Aldrich
(lbwaies, W or Fher {Bositn, WAY, Tyunopianidine wa
reiryiisltized from water before being upcsd,

Clenerat Procedurs,

AR equimplar migwre of the ketone and eypnoguanidlie wax
Anely pulviizes and placed In & ound-barom fiask which war
heated a1 230-230* jn an oll bath fer 1.8 or 1.5 haur ondér 3 getia
srkm of nirogen. In the e of the volulls Eeioft nortsmphor
(3} the: repcaion was varried culin J seabed pube wi 150-200° for 2.5
houts, At Bt endd of the resction, the dark molea mbnoere was
wigwid 1o eme to rsom Iminperatune, ond the conenis of de Mazk
wiene berapid ool with & strong spatile and tritureeed with o largs

* wolume of 85:15 chlorofome-methanal. The insglubly ponlon,

nspurmad (o posain polvmerie byspundoets darived from the break-
down af eyanogusilding, was disenrded, Bocause the Tosed melt
rypheay solldffied as & glens, care had be Laioen vl 10 break the
Mask during this operatan, The extraci was washed with water,
then dried tver anhydrons sodivem sulfar: and cvapoialed, of wis
drled wnd evaporeizd dirsetly, “The product was purificd by cotumn,
chrommograchy o silica el with 35:15% chiamfons-methann)

DL Tl Ly ] Arpnsinh b s

B The eluand, o on & pocpartive thin-luyse chremsiography plat

with e tarec shusnt or Grk condaining a Nils Jest methanal (ex.,

B%), Eignificant emounts of thrcacted ketons always clued fram

iha column ehead of the producL Fracdons were monlioed by, .
thinlnyer chromatcqgraphy, and anlly thase 2antalning K dbnglotpn  ©

]

+ wene: pocled and evaporated, Deaplie belog bomogeeeow by thin

Inyer chronisiography and giving the expecred specimad andior
micrmankdpinal semits, the product tpically had & very poody
defined decomposidon pain ciarting abowe 200°.

3. 5-Diwmins L6 blarair eyelo{6.2.2 AT fdowtecs-2,4 S-triene {16).

An tha b2u exampla of the gencral proceduee, I-quinselldl- -
oot {1 g 3 tamoler) was thoroughly mixed with powdarsd --
cyanoguanidine {0.679 g, B mrmotes) and the miaturs wos beatod
for 1.5 hout s 210 under w genike flow of nitnogen, The reaction
trdsnnT Wt coeled 1w Totm & mperaiure W8 the Fosed meit was
thergughty extracted with 85135 chtorclorm-meihanol (200 mi)
Ths insotubls portbon (0,32 g) thowsd no ebrorpion el 254 run
ad wig distarded, The solullon was washed with waler, the
waler Inyer Wiy extracied wilh $% 15 ohlareform-me thanal, and
ths combintd organic &xmucts wire dried over anhydrous sadlum,
sulfute and #vaporeted. Column chrommography an slfics gol
with £5:1% chioroform-meihangl sy the elunt yielded 16 pa »
pale yellow solid $0.25 g, 2346, Chandical formules snd ylelds of
the ether dfaminppyrimidines prepard by Sris method, 13-15 and
1¥-30, arc hown In Tebla L, ond thelr speciral and micrasnslyl-
el oata e given In Tubla 2, .

Tho abitliy of 33-30 10 lahlbh B farfoll, T gondil, and rag
Hver dihydrofolets reductase wae detzontingd tpecirophako
meieally an previcusly reporied 136,27). The resulis of shece
apsays wre presenied in Table 3, slang with provioutly reperred
data for reference compounds +4 pnd the nonbridged aealags

. 2d und 25 {22).
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indeno[1,2-dlpyrimidin-4-yl-amine?®

K. Giarzer', S, Hereig' und A D. WaLTerR?

Herrn Praf, Dr. P Nuhn, Halle, zum 60, Gebiirisiag gpawidmel

Die 2-Acyl-3-aminoindene 1 und 2 reagieren mit Formamidinacetat 20 den Tndens[).2-dlpyrimidinen 3 und 4. Das 4-
Chlompyrimidin 8, aus 4 mit Phaspheroxychlodd dargesiellt, reagiert mit N-Nocleophilen zn den Titelverbindungen -8.

Nur 8 zeigt eine schwache Antimalaria-Akevitht.

no[1,2-d}pyrimidin-4-yl-amines

The 2-acyl-3-aminoindenes 1 and 2 react with formamidine scetats to yield the indenol1,2-pyrimidines ¥ and 4. The 4-
ahlaropyanddine 5, syathesized fom 4 with phosphovons oxyehionide, reavis with N-recleophiles w form the e come-

pounds 6—8. Omly B shows a weak antimalaria sctivity.

1. Einleitung

Nachdem Chloroquin- und Amodiaguin-Shnliche Substan.
gzen, bei denen der Chinolinring durch Indepo(l,2-5]-pyrl-
ding emsetzt wurde, einc Wuchshemmung sowoht auf
Chloroquin-seasttive wie aoch and Chloroduin-resistents
Pigsmodivm-felcipanm-Stimme ausibten, war es interss-
sant, das Indeno(l.2-blpyridin-Sysiem durch das stirker
basische Indeno(l,2-dipyrimidin-Systern zu ersetzen, Hier-
durch kiinnten eventuslle Wechselwitkungen mit aciden
Zeptren, wie sie in der Interkalationstheons nach O'Brien
et al. [1] postoliert wurden, verst¥rkl werden. Wenn aber
dis Hemmung siner Palymwatese, wie spiee von Slater
und Cerami [2] angegeben, die Antimalariawirkung oue-
macht, enlite die starke Verénderung der Elektroncnvertei-
lung des Molekills die Bindung an das Enzym besinflus-

. Ziel der vorliegenden Arbeit war die Synthess und

logische Priifung von Indenol,2-d}pyrimidin-d-yl-smi-
nen. die die Chloroquin- und Amedisguin-analogen Sei-
tenietten enthalten.

2. Untersuchunpgen, Ergebnisse und Digknssion
2.1 Synthesa der Verbindungen

Das 4-Aminopyrimidin 3 lieB sich nach der Mcthode von
Tayler [3] durch Frhitzen des Bnaminonitrils 1 {4] mit
Formemidinacetat in Ethylenglyoolmonoethylether darstel-
e (Schema 1),

Q. k= oy

Um di¢ substitnierten 4-Aminoverbindungen 6-8 zu erhal-
ten, wurde zuerst das 4-Pyrimidon 4 hergestellt. Dies ge-
lang analog zu 3 durch Reaktion des 3-Amincinden-2-car-
bensiiursethylesters [4] mit Formamidinacetat, 4 wurde
dann mit Phosphoroxychlord zom 4-Chlorpyrimidin 5

670

umgesstzt. Die Reaktion von § mit aromatischen Aminen
verlinft schaell mit gulen Ansbeuten unter Bildung von 6
urd 7, Piir die Darstellung dez Chloroquin-Anslopen 8
war die Durchithrung einer Fhenolechmslze von 5 anter
Tusarz von Watriumiodid mit der Novaldiamin-Base nach
Atdersag [5] notwendig (Schema 2).

2.2, Biolpgirche Untersuchungen
221 Wirkung pegen Malaria

Dis= Substanzen 3, 4 wid 6-8 worden in wierg anf Wachs-
mmehwmornes, azatn Plasmodium-falciparom-Stimme g
prift [6—%]. Getestst wurde gegen den drogenempfindli-
then Stamm FCH-5 und den multivesistenteny Stamm K-1
Als Verglaich diente Chloroquin, Die Substanzen 4, § und
7 atighen keins Aktivith in einer Konzeptration vou
100 pgfod. Subgtanz § wiss in der gieichen Konzeniration
einen schwachen Bifekt mit 10~-20% Wuchshemmung auf,

2.2.2. Antimikrobielle Aktivitdl

Die Substanzen 6 und § wurden in einem Agar-Diffusions-
test gegen Aspergifluy nigen Candido afbicans, Eschert-
chia coli, Prendomonas aeruginose und Staphylococous
aurenr eingesctzt und zeiglen ketne Wachstumshemmung
in sindr Kopzenttation won 10 mgfml.

3. Expericnentsfler Teil

3.1, Allgemeine Angobrn
Vgl [10%.

3.2, d-Angno-S H-indeneid,2-dfnsrimidls {3)

110z (Tmmely 1 wnd 2,27 g {31 mmol}d Formamidinecetsl werden in
2% m! Ethylanghycolmenpathytetoer gelfst Bs wird § h unier RUCKIIR 4
hizt Mach 2 h werden nochrale 073 g (7 mmol) Formamidinecenat zuge-
geben. Dan jtted i A Vakoom abdestliliast, der Rilokatand mix
0 gewarchen und Fo gereiilgt (Eleeol: ErOAc), Fabloeer Filz, Schab,
TS5 00 Ters, (FuilH), Awsh (051 g (0%} R (RBx ™
¥ m 33E1, 3335 (KDY, 1681, 1555 (C=N, C=C). UV (Dicaat, i) by
(g € = 240 (4,46, 3%4 (1,50 200 (1,05} "H-WNMR (L] DME0, ppmy:
b= 570 65, SHo; N p NED TA6 (L JTeélr PHp 750 [

Fharmazie 52 (1997) 9
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Schemna 2

NHz
o/

, O

T

el

\ZO

Jx=é Hz, B-H); 68 (d, T2 He, 6-H); T.BE (d, [ =6 Hr 9-H); a3
[0, 2-E). ME5: miz (%] = 183 {[M7", 106 HPLC () t, = 1.BY.
Ty Kgliy (1E3.2)

1.3, 45-Difpdreindinof] 2-45-4(3 Hl-pyrimidicen {4}

406 g (W pmol) 2 werden nach Togabe vea 4,0 g (40 mowl} Parman-
dinaceim bt 65 ml Bhylenglyeolmonosthylsther galiyn und onesr Rbck-
Aot 9 h wem Sisden erhitzt, wobei nech 3h wnd 6h nochmels 2,08 g
(20 menol) Pormamidinacess zugageben werden, Inh Vakuoum wid der
Anzatz, sul die HERe ciogmengl. Dac aosgafallene Froduld, wird sbfiltriert
und mi E¥QH pewapchen. Oraogsr Flasm, Schmib 50- 170 *C Zar
(Ethylenglycolmenoethyinthec). Aucbauie: 035 g (27%). TR (KBr, ey
v =339 [N, 1663 (CQ) 1815 {C=N, CmCy UV (Thickan, om): ha
(lg e m 296 (438}, 287 (38D), 29% (386) 311 €371} 325 (3400 'B-
MNME {[P] DMSO, pprod: & = 3,75 (s, 5-Hahy 746-7.52 [m, T-EI, B-IT};
768 {d, TmaHz, &H); 782 (4, Jm & He, 9-H); B2% (6, T-H): 12,54
b 5, MHL MS: mfz (%)= 184 {(M]F, 16k 149 (00 HPLC 2%

t, a |46
CLHEaM 0 {184.2)

1.4 4ChlorS Hedndenafl, 2-dfoerimidin (5}

130 (fmmol) 4 wecden 1h in 30ml BOCL onter Roekiol ahien.
Mwch dem Abklblen wird filmien vod in 300 m! Bigwisser singerihn. B3
wird moit 3% KOH-Ldsung neutralisitn und der erhedtene Miederschlag
ghfilriert. Des  Produky  wid fe  gesiigt (Bluent:  Petolither/
BtAc = 50:30% Brone Hadeln, Schimp, 137'C (BaOH/H; N Ans-
bente: 054 g (450 IR (KB § = 1588, 1A% em™ {C=N, Cm), UV
(Dioxan, Mol o {8 £)=237 (196). 243 (425, 291 {4.24) 300
G VHNMR (D] DMSO, ppm): SwedB7 O, SHa TP 0L
T=7Hz, &Hy 76586 0, Jm7Mx, THy 777 {d, J="THz, &H); 508
{d, T3 Hz B-H): 502 (o, 2-H ME: mdz (E)=200 [(M]* 100}
HFLC ()0 = 0.8,

TGNy 20,6}

A5 45 H-Indenof1,2-djpyrimidin=f-ylieming-2 - (diatiylaminom iy~
phenoldthydrockloridmonchydral (8)

0,20 g (0.7 mrvol) § werden mit 0,19 g (0,7 mmal) 4o Aming-2-disthylami-
nophencldibydrochionid In 20 ml Bthylenglyeolmanoethylsther gelfst und
Th beb T2050 gecihet, Der Agsstz wind Im Vakwom singesngt, Gelbe
Pulver, Schop. 185 °C Zers. (EtCH). Avrbes: 024 g [F7R). IR (FHn
om~'h: ¥ w3453 (OH), 1385 (NHL 1630, 16 {C=N, C=C). U¥ (Di-
RGBT, DY Aome (If #) = 259 (3,43}, 284 (3,22), 254 (325), 123 (1,24},
H-HME ([Ds) DMSD, ppk: & = 1,30 ¢t T = 7 Hz, NICHCH %) 3,12~
5,14 {m, N(CHaCHyk: 4,05 {5, THaN): 4,23 und 4,25 (& 5-Hgk 1,13 (o,
T=10Hz, §'-1); 7,55-7,61 {m, T-H, &H); 1,67 {f, J = 7 Ha, §-H); 7,78
7.B1 fm, 3-H, F-Hy 841 ¢d, 1 =7 Hz, 9-H); 5.88 (s, 3-H); 9,93 {x, OH),
LELTT (a, MED: 1L00 (F, NH*) MS: mfz (%) = 360 (MF, 100y HPLC
;= 1,56

CrFpuld - 2HCH - il {451.4)

Mi-]{c!‘lflm“m'ﬂbw il p-d-pE)-{2-meathpiphenpDaminhydrochlorid
{'_',F.

040 {2,5 mmol) 5 werden mit 4,54 § (5 ramal} a-Tolukdin 3 min anter
Rihrer 2um Sisden aphiizt, Mash dem abkihlen wind der Apsely in EOH
sufganommen wnd dac Produkt durch Zwswiz von Peralither anegefilit
Geldichs Kostalle, Schmp. 1600 (BLO/Fearolither), Aosheuts: 024
{444, [B (KBr, em~1): ¥ m 2441, 5353 [@VH). 1528, 1602 {C=M, CuC,
THMME {[Dg] DM30, ppr: &= L34 (5, CHy 097 (5 bog 5,
73|-73% fm, ¥H, L §H, 6H TE0 § T2 TH BHY WA
(. T=7He, TH); 7.50 {d, I m?Hz, &Hy; 832 [ ) =THz 9H),
884 (5, 2-H): 10L80 (s, WHp. MIS: mit (%) = 273 (IM]*, 100},

EynH oYy - HEL (309,83

3.7. (S Hendenofd, 2-d fpyrimtidin-d-yi-(2-meihyipkacy(amie (7)

1,86 g (6 mod) T-HCL werden mit 50 m! 12% NaOH-Lisung verselzt und

mit Etyl) susgeschiiiel. Mach Trotknen der organitchen FPhese Uber
MasS0h witd dar Lbsungamivel abdestilier, Fhblosts Pulver, Schop,
158 *C (BeQaAcs). Ausbeuts; 47§ (25%). IR (KBr, sm™1): = 3211
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(MH), 1583, 1571 {O=N, Qe UV (Cioxen, pali Ao, 08 8 =252
(4430, 383 (2,010, 29) (4.04), 208 {4, 01) "H-WME (D] DM%0, ppnn:
4=223 fs, CHa 376 fy, 5-Fah L9, J=7He 5N 723 0,
I'=T7Hr #H); .30 {d, J=THz, §-H); 7,39 (2, 1="THz, ¥-H); 748
0, J=7Hz, B-HJ: 152 1, J=7H: T-H:: 168 rd, T= 7 Hz, 6-H); 752
(d V=7 1l 9-A: 8.52 (5, 2-H3; 8,23 (5, MH). HPLC (20: 1, = (52,
Celhy 175, 5

I8 {R5M-NS H-fndenof?, 3-djayrimidin£oil- N N -disthyl |, d-panson-
diamin {£}
0,30 g (1.5 minod] 5 werden mit 048 g (3 muool) &, 0-Dicthyl- 4-pentan-
diamir, 0,15 g (1,5 mool) Phenol ynd 0,00 g Mal votec 83 1 h aaf 180 °C
ey, Dty Argat?, wipd in 5% 580, wf and i Erhe
angeschtnelt, Dig EtOAcFhese wind verorgrfen, die Hi(HPhase mit 12%
HaOH alkalislen und emeny oaxgeechinalt, Die organlische Fhage wird
Uher MaR0y gevocknet und im Vekuom cingeengl Schwmch galblicher
Floum, Schnp, 157 °C (Cyelohexank Ausbeate: 0,278 (56%). IR (KBr,
em™: G 3235 (NH), 150B (CwN, CaC). UV (Dioan, pmd: o
(g =)= 247 (2,72}, 233 (5.88), 3N Q9M, 07 (4000 "H-NME (D
TREG, mowete b 082 ¢ bm T2, WCHAHE; 120 (8, 5 = 5,382,
CHal; 140166 (m, CTHyCHZ); 241 @, JTe7Hz CHN) 245 i,
i=7Hn NCHAH R 3,72 (5, 5-Hy)p 433 fmoesepr, OH); 705 o,
B e, NHY; 742-7.30 (m, 7H. 3-H): 766 (d, F=46Hz, 6-H): 7,66
= Gz, O-H); BAR (b, 2-H) MS: mfz (%) =324 {IM]*, 34), B
HPLC (23: 1. = 1,02,
CogHyglly (324.5)

3.:& ﬁhﬂmm drr  Plumodiom-falsiporpm-Sidnne FOH-S
[T} -

vgh. 107,

Pharmazeutiaches inatilut der Universildt Lelpalg, Gemany

PAF-Antagonisten mit Lipidstruktur

A J0, Amiierlirobielle 4 uvidt
Vgl (103
b Aug der geplanien Dissemtion von 5, Herbig, TIT Braunzchwalg
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6. Mitt.': 1-Atkylpropandiol-Lipide mit Ester- bzw, Etherstrukturen in C-3-Posltion und heterocyclfschen
Kepfgruppen; Synthess, Charakteriglerung und Struktur-Wirkungs-Betrachtungen

H.-P. KERTECHER

‘r‘m Prof Dr. ' Nubn, Halle, nit begten Wiknsehen zum 60, Geburfstag gewidmel

Bine Serie von 14 Analoga des plinchenaggregierenden Fakiors (PAF) mit einfacher Lipidstrukior and heterogyclischen
Kopfgruppen wurden synthelisien. Thee PAF-inhibitorische Wirung an Human-Biotplittchen wurde in virg gepriift
Strukmur-Wirkungs-Uptersuchungen zeigten, daf die PAF-antagonistische Aktwvitit streng dorch den Absland zwischen
C-3-Pogidon des Grundgeriistes und Onjumzentrum sowie von der Struktur des Heterocyclus bestiment wird. Dis stirksps
Wirkeng wurde beim 3,5-Dimethylpyddipium-Detvar mit einer Digtanz von 3 Methylengruppen beobachiet (ICen =
08 poowd 1.

FAF-antagonists with lipid stucture
Part 4: Alkylpropandlole lipids with acyl and ether strueture in position C.3 of the backbone and heterecyclic
head groups; synthesls, characterzation and strueture-activity relationships

A series of 14 PAP-analogues with simple lipid stmuctwrs and heterocyclic head groups were synthesized, and the PAF-
inhibitory potencies on human bloed platslels was cvaluated in vitrg, Structure-gctivity relationships revealed that the
PAF-antagonist activity js swongly influenced by the distance between position -3 of the backbons and onium center
and the straciure of the heterocyclus. The best activity showed (e 3,5-dimethylpyridinium derivative wilh a distance of 5
methylens groups (ICy = 0.8 pmolf1).

daft em Grundpgertist jn C-1-Position sine langkettige Ether-
bzw, Alkylcerbamoyl-Sutktue und in C-2-Position in kurs-
kettigar Alkylest erhalten bleibt Des weiteren mud eine
quaternire Stickstoffsyuktur mit cinem sehr prizizen Ab-
stand zur C-3-Position des Qrundgenistes vorbhanden sein.

1. Einlsitung

MNeben zehlreichen Phospholipidimalogs [1-3] inhibieren
auch synthetisch abgawandelte einfache Lipide [4—11] den
plittchenaggregisranden Fakior (PAF). Voraussetzung ist,

472 ' Pharmazie 52 {19971 @
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SYNTHESIS OF SOME NEW FUNCTIONALIZED PYRIDINES,
5.0XOINDENO|1,2-b]PYRIDINES AND RELATEL: COMPGUNDS
OF POTENTIAL PHARMACEUTICAL INTERESY

_ Ez-el-din M, Kandeel
Chemistry Department, Faculty of Science, Mansoura University,
. Mansoura, Egypt. _
. : - { Received: 26 / 7/2000)
ABSTRACT '

This swdy is directed towards the utility of the
electrophilic cyanoolefiaes 1! and J as well as the 2-
(arylmethylene)-indan-1,3-diore & to  Synthesize the
polyfunctionatlized pyridines 2, 4, & and 5-oxoindeno[l,2-
blpyridines 10, 13 and some refated compounds of potential
pharmaceutical interest.  Unambiguous syntheses andfor
speciral analyses of the products confirmed the suggested
struchares,

INTRODUCTION

In the light of the reported important biological activity of some

pyridines {Comperhensive Heterocyclic Chemistry, 1984; Essentials

. . of Medicinal Chemistry, 1998, Principies of Medicinal Chemistry,
. 1995 and The Merck index, (1996)), indenopyridines [Bisenieks et al,,
1982 and Rose (1990}, and benzofurens [Hishmat et al., 1977 and

Hishmal et af, {1982)], and in contimuation of our program aining to

synthesize polyfunctionally substitvied heterccycles of potential

biological interest [El-Desoky et al. 1988; Kandeel et al,, 1996 and El-

Desoky ot al., (1999)] it was interesting to study the utility of activated

cyanoolefines as well as 2-(arylmethylene)-indan-1,3-diones to
synthesize polyfunctionally pyridines and indenopyridines, and some

related compounds having a benzofuranyl pharmacophore, of potential

pharmaceutica) interest.
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RESULTS AND DISCUSSION

The reaction of ot-cyano-fi~(2,3-diphenyl- i-methbxybenmfumn-l
6-y1}-acrylonitrile (3} with B-amino-f-ethoxyacrylonitrile hydrach]c}nde

{A4) ir an  equimolecular ratic in the presence of ammaonium acetate, in -

boiling ethanol afforded 2.6-diaminc-4-(2°,3 -diphenyl-3 -
methoxybenzofuran-6 -yi}-pyridine-3,5-dinitrile (2). - The structure of 2
was thicidated by smdying its "1 NMR spectrum which showed a singlel
at 5 3.8 for OCH; group, and a multiplet 2t §7.1-8.1 ppm  for the two
symmetrical -NH; groups and the aromatic protons and its mass
spectrurn. showed the maleculas jon, M', asthe base peek, at mfe 457,
Formation of 2 can be explained viz initial Michael addition of 2-cyano-
1,1-diaminoethene, which was generated in situ [Coda et al. {(1996})], 10

the ylidenic bond in 1 followed by cyclization through a nucleophilic .

attack of an -NH; group on a cyano carbonm, tautomerization and
aromatization wia dehydrogenation. Autoxidation of dihydropyridines
under comparable conditions has bean reported [Shams et al. (1988},
[Scheme 13]. :

It was worthly to apply the above given reaction as a synthetic
route  to  2-amino-4-(2",3 -diphenyl-5° -methoxybenzofuran-6'-yl)-6-
phenylpyridine-2,5-dinitsile (4) a3 the expected product of the reaction of
a-benzoyl-B-(2,3-diphenyl-5-methoxybenzofuran-6-yl)acrylonitrile  (3)
with 2-cyano-1,i-diaminoethene. The analytical and spectral data of the
produgt were not in agreement with structure 4 and confirmed the
formation of 2 rather than 4, because a retro-aldel reaction occurs in
enones such as 3 generating the aldehyde 5 which combines with A to
form 2, This is in agreement with previously reported cases [Sofan et al,,
1987 and Kandeel (1999)].

A further confirmation of the structure 2 was nbtamed
unambigucusly via a direct condensation of the aldehyde 5 with Aina
molar 2o of 1:2. Inhis case one molecule of the sldehyde condenses
with two molecules of A at the highly nucleophilic site Cz, with the

elimination of & water molecule, to afford an acyclic intermedirte which-

cyclized intg 2 dihydropyridine via intrarmolecular elimination of an
ammonia molecule, then arcmatized to 2 [Scheme 1].

i
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Cyciocondensation of 1 with benzoylacetoniirile in the presence
of ammenium acetate (B) seemed to be a convenientrouteto 4. The -
analytical and spectral data of the product elucidated the formation of 4-
(2',3 -diphenyl-5 -methoxybenzofuran-6 -yl}-2 6-diphenyl-1,4-

dihydropyridine-3,5-dinitrile (§) rather than 4, Further synthesis of 6

either vig reaction of 5 with benzoylacetonitrile and ammonium acetate
in acetic acid (Hentzsch pyridine synthesis) or by cyclocondensation of 3
with B confirmed the structure of 6 [Scheme 2],

~ As a result of the unsuccessful attempts to synthesize 4, I felt
obligaled ta introduce an alternative route t it. Thus, either refluxing 1
- with benzoylacetonittile or 3 with maiononitrile, in ethano! containing a
catalytic amount of piperdine {C and D), afforded the 4H-pyran
derivative 7. Ring transformation of Z-amino-4H-pyrans into the

corresponding ' pyridines is possible via the reaction with ammonium .

acetate in acetic acid [Seoane et al. (1981)] By this way 7 could be
converted to thetarget molecule 4. A trial to produce 4 directly through
the reaction of 3 with malononitrile in the presence of ammonium acetate
(F) furnished the naphthyridine derivative 8 [Scheme 2].
_ Substituted S-oxo-indeno[],2-b)pyridines have been synthesized
vig condensation of arylidencindandiones with enaminoesters {Vigante
et al, (1980)). This prompted the author to introduce a facile one-pot
synthesis  of Z-amino-4-heteryl-5-oxo-indenof[],2-bjuyridine-3-nitrile
(10) via condensation of the 2-arylidene-indan-1,3-dione {9) with A,
Unfortunately, compound 19 has not been obtained and 2 was formed
instead. This is in accordance with the formation of 2 through the
reaction of 3 with A
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. An alternative route to 10 seemed possible by reacting 1 with,
indan-1,3-dione and' ammonium acetate {B) but the desired compound
was not obtained and instead the diindenopyridine derivative 11 was
formed. Such related skeletons have been previously synthesized using
different methods [Zimaity et al, 1979 and Afsah et al. (1990}]
Formation of 11 has been also supported by its mdependen‘c synthesis
from § [Scheme 3].

Another attempt to have 10 thrcugh 4 one-pot synthesis was the
reacticn of 9 with F and this was unsuccessful and the spectral data of the
product were in agreement with the formation of the indenonaphthyridine
derivative 12,

The unsuccessful trials to acheive 10 has prompted the synthesis
of the 2-phenyl analoge 13 which was obtained via a cne pot synthetic

rovte by reacting 9 with B, However, an attempt to obtain this compound .

through ¢yclocondensation of 3 with H afforded 11 instead of 13.

Since indenopyrans could be used as precursors for the
indenopyridings 10 and 13, and in view of the reported formation of
indenopyrans wvie the reaction of indan-l,3-dione with
arylidenemalanonitrile or ethyl arylidenecyanoacetate [Mashaly (1993}),
however, the arylideneindandione” 9 was the sole product from the
reaction of 1 and/or 3 with G rather than the expected indenopyrans 14
and 135, These transformations of 1 or 3 to 9 is in line with the formation
of 11 vig the reaction of these cyanoolefines with H. Alternatively, the
reaction of @ with C afforded 15 whereas 16 was formed instead of 14 en
reacting 9 with D.

_ The reaction of ammonium acetate in acetic acid {E) with 13 and
16 led to the formation of the indeno-condensed systems 13 and 12,
respectively. '

75
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EXPERIMENTAL

Melting points were uncorrected. The IR spectra were recorded
on Matheson 5000 FTIR spectrometer as KBr discs {v in cm’ . 'H-NMR,
spectra were obtained on Bruker AC250 spectrometer with TMS as an
internal standard and DMSO-ds as solvent. Chemical shifts were
expressed as 5 ppm. Electron impact mass spectra were recorded on a
GC-MSQP-1060 Ex Schimadzu instrument, at 70 ¢V,  The new
compounds gave satisfactory el emental analysis.

2,6-Diamino~4-(2",3 -diphenyl-5"-methoxybenzofuran-6"-yl)pyridine-
3,5-dinitrile (2):

Procedure a; A solution of ethyl cyanoiminoacetate hydrochloride (A)
{1 g, 0.0067 maole}, I [Hishmat et al., 1987] (2.52 g, 0.0067 mele) and
ammonium  acetate (3.2 g) in absolute ethano! {20 ml) was refluxed for 2
h. The solid product deposited was filiered off, washed with water (3 x
10 mi} to get rid of ammonium chleride, dried and crystaliized from

ethanol to give 2 as colourless crystals, yield 85%, m.p. 302°C.

Procedure b: A solution of A (1g, 0.0067 mol), 3 (3 g, 0.0067 mol) and
ammonium acetaie (3.2 g)in 2bsclute ethanol {20 ml) was worked up as
in procedure a to give 2 in 45% yield.

Procedure ¢ A solution of A (1 g, 0.0067 mol), 2,3-diphenyl-6-formyl-
5-methoxybenzofuran (5) (1.1 g, 0.0034 mel) and ammonium acetate
(3.2 g)in absolute ethanol (20 ml) was worked up as 1n procedures a and
bto give 2 in 85% yield. '

Procedure d: A solution of A (1g, 0.0067 mol), 9 (3 g, 0.0067 mol) and
ammonium acetate (3.2 g} was worked up as m procedures a-c to give 2
in 40% yield.

TR(em'™): 3463, 1338, 3219 (NH;), 2211 (CN). 'H-NMR: § 3.8 {5, 3H,
OCHs), 7.1-8.1 ppm [m 16H, (12H aromati¢ protons} and (411, ENH;}}
MS: M" at m/e = 457

o-Benzoyl-B-substitutedbenzofuranytacrylonitrile (3):
A soluticn of 5(3.28 g, 0:01 mol} and benzoylacetonitrile (1,46 g,
0,01 mol) in ethanol {30 ml) containing a catalytic amount of piperidine

13
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was refluxed for 15 min. The cws!alimc solid formed was filtered off
and recrystallized from ethancl to give 3 as yellow crystal yield $0%,
m.p. 210°C.

ER(cm '): 2212 (CN), 1646 (C=0).

2-Amino -4-heteryl-6-phenylpyridine-3,5-dinitrile {4):

A solution of 7 (0.52 g, 0.00]1 mol) and ammenium acetate (0.1 g)
in glacial acetic acid (10 mi) was refluxed for 3 h. The solid separated
after cocling and dilution with water was filtered off, washed with water,

‘dried and erystallized from ethanol to give 4 as pale brown crystals, yield

65%, m.p. 171°C.
IR(cm™): 3455, 3356, 3248 (NH,), 2210 (CN). ‘mem 632 (s, 2H,
MH:), 3.85(s, 3H, OCH,}, 7.1-8.2 ppm {m, 17H, aromatic pmmns)

2,6-Diphenyl-4-heteryl-1,4-dihyd ropyrndme»ﬁ,s-dmitrile {6): _
Procedure a: A solution of I {0.94 g, 0.0025 mol), benzoylacetonitrile

(0.36 g, 00025 mol) and arnmonium acetate (0.2 g) in n-bitanol {30 m])

was refluxed for 5 h then Ieft tocool. The solid that precipitated after
concentrating the solvent was filtered off, washed with water, dried and
crystallized from ethanol to give 6 as colourless crystals, yield 40%, m.p.
230°C.

Procedure b: A sclution of 3 {1.t g 0.0025 mol), benzuylacemmtnle

(0.36 g, 0.0025 mol) and ammoninm acetate (0.2 g) in n-butano] {20 ml)
was worked up as in procedure 2 1o give 6 in 70% yield,

Procedure ¢ A solution of 5 (0.82 g, 0.0025 mol), benzoylacetonitrile.
(0.73 g, 0.005 mol) and ammeonium acetate (0.2 g} in acetic acid (10 ml}
was refluxed for 2 hthen left to cool. The solid that separated by dilution
with water was filtered off, washed with water, dried and crystallized
from ethanol to give 6 in 80% _weld

IR(cm™): 3293 (NH), 2201 (CN). "H-NMR: 5 3.9 (5. 3H, 0::1-13) 5.1 (s,
1H, 4.H), 7.0-8.15 (m, 22H, aromatic protens) and 10:1ppm (s, iH,
NH). MS: M at m/e = 581,

2-Aming-3,5-dicyano-4-heteryl-5-phenyl-4H-pyran (7).

Procedure a: A solution of 1 (094 g 00023 mol) and .
benzoylacetonitrile (0.36 g, 0.0025 mol) in ethanol (50 mI) containing a

/9
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catalyfic amount of piperidine was refluxed for 5 h then lefi to cool. The
solid that separated after concentrating the solvent was filtered off and
crystallized from ethanol to give 7 25 yellow crystals; yield 70%, m.p.
158°C. : :

Procedure b: A solution of 3 (1.1 g, 0.0025 mol) and malononitriie (0.17
g, 0.0025 mol) in ethanol (EEI mi} contdining a catalytic amount of
pipenidine was worked up as in procedure a to give 7in 75% yield.

IR(cm™): 3343, 3248 (NHy), 2196 (CN). 'H-NMR: § 3.2 (5, ZH, NH;), -

3.8 (s, 3H, OCHy), 48 (s, 1H, pyran 4-H), 7.0.80 ppm  {m, 17H,
aromatic pmmns].

Synthesis of the aaphthyridine derivative (8):

A solution of 3{0.45 g, 0,001 mal), malononitrile (0.07 g, 0.00T
motl} and ammonium acetate (0.1 g) in n-butanal (20 ml) was refluxed for
2 h.  The solid that separated by concentrating the solvent and cooling
was filtered of, washed with water, dried and crystallized from ethanol to
give 8 2s deep yellow in 40% yield, m.p. 162°C,

R(cm'): 3414, 3337, 3282 (NHy), 2200 (CN). MS: M at mie = 584,

2-Arylidene-indan-1,3-dione (9);

Procedure a: A solution of 5 (3.28 g, 0.01 mol) and indan-| 3-dmne
{1.46 g, 001 mel) 1n ethanol (3¢ mi) was refiuxed for 30 min. Thc solid
formed was filtered off and crystallized from ethanol/acetone mixiure to
give 9 as deep vellow crystals, yield 90%, m.p, 242°C, '

Procedure b: A mixture of 1 or 3 (0.0025 mole), indandione (0.379 g,
0.0025 mole) in ethanol {50 ml) contammg a catalytic amount of
p pendme was refluxed for 2 hto give 9 in 70% yield.

IR{ecm): 1673 (C=0. .

Synthesis of the substituted diindenopyridine (11):
Frocedure a: A mixture of 1 or 3 (0.0025 mol), indan-1,3-dion~ (0.37 g.
0.0025 mpgle) and ammonium acetate 0.2 g}in n-buwanol (2 r ml) was

refluxed for 3 h then left 10 cocl. The solid obtained was filtered off,

washed with water, dried angd crystallized from ethanol te give 11 as deep
yellow powder, m.p. > 300°Cin 45% yield
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Procedure b: A solution of § (0.82 g 0.0025 mcl), indan-1,3-dione
{0.73g, 0.005 mol) and ammonium acetate (0.2 g) in n-butanol (20 ml)
was worked up as in procedure g to give i1 in 80% yield.

IR{em) 1715 (C=0). 'H-NMR: insoluble in commoly used NMR
solvents, MS: M at mfe = 581,

Synthesis of the indenonaphthyridine derivative (12):

Procedure a © A solution of 9(1.14 g, 0.0025 mot), matonoenitrile (0.12
g, 0.0025 mol} and ammonium acetate (0.2 g) in n-butanol {20 mi} was
worked vp 25 in vsnal to give 12 from ethano) as brown crystals, m.p.
220°C in 35% vield.

Procedure b: A sclution of 16 {1.3 g, 0.0025 mol) and ammonium

acetate (0.2 g) in glacial acetic acid (10 ml} was refluxed for 3 h the left

w0 cool. The solid formed after cocling and dilution with water was
filtered off, dried and crystallized from ethanol to give 12 in 70% yield,
R{em™!): 3560, 3430, 3380 {NH;), 2191 (CN), 1705 {C=0). '"H-NMR.: §
39 {s,3H,OCH;), 7.0-8.6ppm [m, 2GH (}16H, aromatic protons} and
(4H, 2NHy)). - -
MS: M at m/e = 585,

The indenopyridine derivative (13):

Procedure a: A solution of 9(1.14 g, 0.0025 mol}, benznylacemmtnle
(0.36 g 0.0025 mo!) and ammonium acetate (0.2 g) in n-butanol (20 ml)
was washed up as wusual to give 13 as brown crystals, from ethanol in

0% yield, m.p. 1E81°C.

Procedure b: A soiution of 15 (1.5 g, G.O0Z5 mol) and ammonium
acetate (0.2 g) in glacial acetic acid {10 ml) was worked up acetate (0.2
g) in glacial acetic acid (10 ml} was worked up as in case of 12
(procedure b) to give 13 in 65% yield.

IR(em™y: 2215 {CN), 1714(C=0). 'B-NMR: 5 3.85 [s, 3H, DCH;} 7.1-
3.5 ppm (m, 21H, aromatic protons}.

Formation of the 2-phenylindenn—4H—pyran derivative {15): .
A solution of 9 (1.14 p, 0.0025 mol} and benzoylacetonitrile
{0.36 g, 0.0025 mol) in ethano! (20 mi) containings_l catalytic amount of

2f
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piperidine was. worked up as usual to give 15 as yellow crystals E‘rom
ethanol, yield 70%, m.p. 162°C,

IR(em *); 2321 (CN), 1710(C=0). '"HNMR. 5 3.9, 3H, OCHz), 4?{5,
1H, pyran 4-H), 7.1-8.4 ppm (m, 21H aromatic protons).

Formation of compound 16
A solution of 9 {1.14 g, 0.0025 mol) malononitrile (0.17 g, 0.0025

mol} in ethapol (20 m)) 2nd a catalytic amount of piperidine was worked

up as in case of 15 to give 16 as yellow crystals from ethanel, m.p. 205°C”

in 40% yield,
R{cm™): 3561, 3441, 3392 (NH;), 2201 (CN), 1705 (C=0).
MS: M at m/e = 588.

N2
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