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ABSTRACT

One pot cyclocondensation of B-keto ester, urea and aromatic or aliphatic aldehyde in ethanolic solution in pres-
ence of acid catalyst leadsto the synthesis of 4-aryl-3, 4- dihydropyrimidines- 2(H)-ones. Thereactioniscalled as
Biginelli reaction. The classical reaction was modified by severa researchers by using different catalysts and
several structural variants to synthesize large number of Biginelli type compounds possessing a wide range of
pharmacological activity namely anti-inflammatory, antimicrobial, anticancer, o adrenergic antagonistic, anti HIV-
CD, cell inhibitor, and cardiovascular etc. The present review isacomplete compilation of literature available related
to large number of Biginelli type compounds possessing different biological activities, with a focus on various
advance synthetic methods, mechanistic approach, stereochemical aspects, and conformational studies.

© 2007 Trade Science Inc. -INDIA

INTRODUCTION

Dihydropyrimidones are considerably important
group of compoundswhich have widerange of phar-
macologicd activity profilelikeanti-inflammatory, anti-
microbial, anticancer, cardiovascular and anti HIV gp-
120-CD, inhibitor and o-1a adrenergic receptor an-
tagonistic activity, neuropeptide Y (NY P) antagoni <.

Faced with increasing demand of novel drugtar-
get, considerable current interest hasbeenfocused to
accd eratethetechnol ogiesassociated with high through
out put synthesisof Biginelli type compounds?.

In 1983 Pietro Bigindli, for thefirst timereported
one pot synthesis of 4-aryl-3,4 dihydropyrimidine-
2(H)-ones compound(4) by using acid catalyzed reac-
tion of aromatic ddehyde (1), urea(2) and ethyl acetoace

Ph
Ph H
o H
EtO;C (D NH, NH
H+
NH
o NH; 9) Me ©

©) @ 4

tate(3) inethanolic solution@.

Initidly thisefficient method wasignored, and thus
synthetic potentia of reduced pyrimidinesremaned un-
explored for several years. Furthermore, severa ma-
rineakaoidswithinterestingbiologica activities con-
taining dihydropyrimidine-5-carboxylate core havebeen
isolated or synthesized in past few years®. Hencein
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recent years, interest in these compounds hasincreased
rapidly, and thus different newer derivatives of
dihydropyrimidineshave been synthesized by variations
of dl threecomponents. Themgjor reason of popul arity
of thesedihydropyrimidinesismainly duetotheir close
structura resemblancewith 4-aryl dihydropy rimidines
(5) (Nifedipinetype), which aredready established drugs
for cardiovascular problems*(potent cal cium channel
modulator) indinical medicinesnce1975.

EtO,C
| NE

M N,
H
) o) Nifedioine Re Mo 2-NO
Z=0,S (6), Nifedipine R=Me, 2-NO,
E= Ester, acyl, amide (7), Nitredipine R=Et, 3-NO;

Duetoincreasngimportanceof Bigindli typecom-
poundsseverd improved and highly efficient methods
aregoing to develop for easy synthesis of dihydropy
rimidines. Inthisarticlewehave summarized thework
doneintheareaof dihydropyrimidine chemistry and
present literature survey on recent development inthis
field up to 2006, and aspecialized attention has been
given on mechanistic, structural and various advance
methodsinclassica Bigindli reactiontoimprovethe
yield and stereochemical aspect with referencetothe
design of new cardiovascular drugsof the DHPM type.

M echanistic approach of Biginelli cycloconden
sation classical Biginelli reaction

Mechanism of Biginelli reaction hasbeen investi-
gated by severa research groups based on the depen-
dence of acid catalysig>®7, but accepted proposed
mechanism for thefirst timewasgiven by Folkers &
Coworkerg® in 1933. Intheir work they suggested that
thereispossiblebimolecular product (8,9,10) interme-
diateformed by three component acid catalyzed (urea,
ethyl acetate, aromatic a dehyde) reaction.

_NHCONH, EtOC NH, EtOOC %
Ph—CH_ | ’L Z~H
NHCONH, Ay
N o Me N0

8 10

Experimentaly they had only proved that (8,9) con-
vetedinto pyrimidine(4) after further reectionwith ethyl
acetoacetate and benzal dehyde, compound (10) did not
react or gaveavery low yied of compound (4) onreact-
ingwithurea. Sincethey suggestedthat N, N benzylidene
bis-urea(i.e. theprimary bimolecular condensation prod-
uct of benzad ehydeand ureaasthekey intermediate tep-
inBigineli reaction®. Infact(8) isuseful reagent for the
synthesisof avariety of related dihydro pyrimidinesas
also supported by Mannaev and co- workers®. Later,
in 1973 Sweet and Fissekis? proposed that carbonium
ion(11) produced by an acid catal yzed aldol reaction of
benzal dehydewith ethyl acetoacetate, isthekey inter-
mediatewhichisformedfirs andistheraelimiting sep
of theBigindli reaction. Intermediate(11) gaveinterme-
diate(12) after reactingwith urea(12) cyclized reedily to
givedihydropyrimidineunder strong acid catdyzed con-
dition. It has also been noted that sometimes
dihydropyridinesof the Hantzch type areisolated asthe
sideproduct inthestandard Biginelli reaction*”.
TheAtwal modification

F|>h
EtO,C EtO,C CH—OH
Ph
H+
)\—» H —_—
Mé 00 H Me o
Fl’h Ph
EtO,C CH—C'H, EtO,C (|:+H
-H,0 —
Me® O Meé o (11)
H+l NH,CONH,
Ph Ph._H
EtO,C EtO,C NH
NH H
I /& - O 0
M N~ ~O
H Me NH,
©) (12)

Thedternativemethod of preparation of Bigindlli
type compounds(DHPM ) was given by Atwa and co-
workersin 198711+13, This method was found more
reliable approach as compared to classical Biginelli
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method, inwhich low yield was encountered particu-
larly when aliphatic or ortho-substituted aromatic alde-
hyde are employed. Here, an enoneof type(13) isfirst
condensed with asuitabl e protected ureaor thiourea
(14)(a,b) in presence of sodium bicarbonate. There-
action probably proceeds through Michael adduct
product and forms 1,4-dihydropyrimidines (15)(a,b)
(1113 which after deprotactionwith HCl or trifluroacetic
acid/ethanethiol leedsto desired Bigindli compound (4).

Similar result were obta ned when (13) was con-

Ph
EtO,C H

by NH

NaHCO,
H

M¢e (@]
(13)

HN X—R,
(14 (ah))
a= X=R,=Me
b=X=S R,= 4-MeO-benzyl

Ph H

Ph
EtO,C ) EtO,C
| N Deprotection | NH
%( > /&
-R N
me N 2 M H X

(15 (a,b)) ©)

densed with guanidineor N,N,dimethyl guanidineto
give 2, amino-substituted pyrimidine (15)(XR,=NH,,
M ez) [14,15]

Other procedures

Despite of procedure mentioned abovethereare
other dternativemethodsto prepare Bigindlli typecom-
pounds but most of them, havelimited applicationfor
synthetic purpose, thus, substituted acetoacetate(16)
canreact withureawith eimination of MeSH tofurnish
(17)1¢. The same compound can al so be, obtained by
selective dehydrogenation of pyrimiding(18) withH,/
Pt1. Dihydropyrimidineg(22) containing hydrogen at 6"
positionistheacid catalyzed condensation product of
ureawith precursorssuch as(19)1°*, (20)1°19, or (21)
(918 Here mechanismis supported by involvement of
carbeniumion of type(11)1®. Another method aso has
been reported to synthesize Bigind li compoundwith a
hydrogen atomin pogition(6) isthecondensation of ethyl
propionatewith N- methyl ureaand benzal dehyde®.
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C.O kappe® in 1997 reinvestigated the mecha-
nismof Bigineli reaction using*H and *C NMR spec-
troscopy and established that first stepinthisreaction
istheacid catalyzed aldol type condensation, which
takesplace by reaction of aromatic aldehyde and urea
andformN, aclyliminium intermediate(23) akey prod-
uct whichisintercepted by enolicform of betaketoester
andform cyclised Bigindli product (DHPMs)2! (4) via
open chain uride(24) intermediate.

Theclassicd threecomponent Bigindlli reactionis
usualy carried out in either ethnolic or methanolic solu-
tion containing few drops of conc. HCl or H,SO, as
catalyst. Although other systemssuch asTHF/HCI or
dioxane/HCI havea so been applied, but the major
drawback associated with acid catalyzed reactionis
low yid d?3(26 to 60%) particularly for substituted aro-
matic and ali phatic aldehyde and longer reactiontime
(24-36 hours). Increasing demand of Biginelli typecom-
pound (4) and itsderivatives dueto multi directional
pharmacologicd profileled to thedevel opment of other
multistep synthetic strategieslike Lewisacid catalyzed
cyclocondensation (transitional metal salt)-e.g. BF,.
Et,04, InCl, In(OTf),, *BiCl, *INiCl [, ZIMn
(OAC),.2H,0, %L a(OTf),, L aCl,. 7H, 07, CeCl..
7H, 08, LiClO,*, Y b(OTf), clays®!, COCL.,.
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6H,04, MnCl,.4H,0, SnCl *1, Zn(OAC),.2H,0,
[321InBr LnCl, [331 LnCI (34 Cu(OTf) (351, KHSO
Phosphotungstl cacid/ EtOH[%l CaCIZImlcrowavem
FeCl,6H,0*Y, CdCI_ 4, ZnCl,*3, BiOCIO,.xH,Of
CH CN[441 Znl 14, L| Br[“ﬁl ZrCI [471 IBr, (8 have
been impliedtoi mproveyl ieldand hlgh purity grade.

In last two decades, automated solid phase, sol-
vent free organic synthesig*%, polymer- associated so-
[ution phase (PASP), phase-tags organi c synthesi g1
viaparallel combinatoria approach hasbeen efficient
toolsfor rapid generation of Biginelli type compound.
Polymer supported resin bonded i sothioured®?, pol y(4-
vinylpyridine-Co-divinyl benzene-Cu(ll) complex™,
Cerialvinyl-pyramidine polymer nanocomposite™,
Strontium (I1) triflate®™, L-proline methyl ester L-
prolinals, pyrolidine, aninoguinudliding™, KAI(SO).
12H.0 supported on silica gel’®”, Polyaniline-
fluuroboric acid-dodecylhydrogensulphate(DANI-
HBF,-DM S N-butyl- N,N-dimethyl- o phenyl ethyl
ammonium bromide®, ammonium chloride®, Yb(II1)-
resin® havebeenimplied to synthesize Bigindlli type
(4) compound, whereyield of compounds goesto 90%
and reaction time becomes shorter.

Severd other improved protocolsfor thesynthesis
of DHPMse.g. |, catalyzed®, grinding processin pres-
enceof (magnesium sulphate)®, naturd HEU typezeo-
lite®, fluroapetite doped with metal halide®, silica
sulphuric acid®, K SF montmorilonite®”, water based
biphasic mediawith smpledtirring®, ionicliquid phase
organic synthesis(LOGIPOS) methodology (PEG-
ILPs)®, slicaaerogel-iron oxide nanocompo sitetech-
nology™ aso hasbeen recently usedtosynthesisBigindli
type compound (4).

Structural variation of reactants

InBiginelli cycloadition reaction possibilities of
Sructurd variation havebeen extended widdy indl three
components. Various aromaticl>>77-82 aliphatic

Eto% " 602(§<

(25) H (26)

(5778838385 "heterocyclic al dehyde>7883881 gswell as
a dehyde component derived form carbohydratehasbeen
taken previoudy in Bigindlli reaction (25,26,27, 28).

Inspiteof smpleadkyl acetoacetates severa other
acetoacetic acid esterssuch asbenzyl acetoacetate™,
(-) menthyl acetoacetate®, B-chloro ethyl acetate®,
2- furanylmethyl acetoacetatd® and ethylthio-acetoac-
etate® havebeen successfully usedintheBigindli re-
action, similarly benzoylic acid esters, canreact analo-
gously to form (29)1°?, (30)("Y

In place of B-ketoester primary, secondary, ter-

Ph.__H Ph
EtOZCj\)(NH EtO,C
I
Ph N /&O /&
H
(29) (30)

tiary acetoacetamide have been used successfully in
Bigindli reactionto produce pyrimidine-5 carboximides
(738294971 (31) while substituted ureaand thioureaform
exdusively N-1 substituted dihydropy rimidinesof type
(3210 NN disubstiuted ureadon’t react at all un-
der thereconditions.

Seriochemical aspects

Ph__H Ph.__H
EtO,C
,& ,&

(31) (32)

(H3C),NOC

Conformational studies

Rovnyak & coworkerd™™ in 1995 have studied
detailed structureactivity profilefor aseriesof DHPM/
DHP anal ogues as ca cium channd modulators (33).

Onthebasisof pharmacological studiesit hasbeen

M eoZ%f Et02%)%<

H (27) H (28)
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(Non essential)
right hand side

S
28 N---H Hydogen bond

Left hand side
o (essential)

(33
Proposed receptor - bound conformation of
DHP/DHPM calcium channel modulators

proved thet cal cium channd modulator(antagonist verses
agonist) activity of DHPM s dependent on the absolute
configuration of aryl group a C-4 enantiomershavinga
pseudo axidly up- oriented aryl group(normal boat will
elicit cdcium antagonist activity, whereas enantiomers
having apseudo axialy down-oriented aryl group will
elicit calcium channd agonist activity. Furthermore, in
the receptor bonded conformation the substituted aryl
ring should be positioned axialy, perpendicular to, and
bisecting theboat like, dihydropyridine, pyrimidine, ring
or with4-aryl subs stent(X) preferring the synperiplanar
(relativeto C4-H) orientationY,

Cdcdum channel modulatorsrequireakylester with
cis-carbonyl orientationto theleft of aplane perpen-
dicular to and bisecting the DHPring. Importantly, only
the“left hand side’ of the DHP/DHPM molecule has
been proposed to be essential for activity!©Y.

Recently conformational featuresof DHPs have
been studied extensively by computationa (semipirica

MeO,C %—(
NH
: Me’

cis/sp- confor mer

trang/sp- confor mer

@Wuc CHEMISTRY —

and abinitio) X- ray diffractionand NMR studies.

Incompound (34), smplemode studieshavebeen
carried out which have shown conformational
flexibilities. Thearyl group and the ester group canro-
tateand possihility of changeat three sites %1%, Mode
compound (34) hasfound four distinct, local minima
(AMI, Hf/3-21G) for geometries, whereas the ester
groupisin coplanar arrangement with the doublebond
of thedihydropyrimidinering(carbonyl group cisor trans
with respect to the C-5(6) doublebond), and(b) where
the methyl substituted onthearyl ring adoptseither a
syn(sp) or antiperiplanar (Sp) orientation with respect
to(C4- H)2,

Inal four conformation, thearyl ringispositioned
axially, perpendicular to and(nearly) bisecting the half
boat likestructureof dihydropyrimidinering(nominima
werefound for equatorialy arranged C-4 aryl rings).
Thelowest energy conformer generdly isthecis/'sp con-
former, however the other rotamersareusualy only a
few Kcal/molehigher inenergy coupled withtherela-
tively low calculated rotational barrierd?%Z. |t can be
concluded that in abiological cycleall four distinct
minimageometricsare access ble, with no clear prefer-
encefor oneparticular conformer. Thisgeneral trend
has been confirmed for averity of DHPM structure®>
105 1t should be noted that the overall conformational

AN
|~
A
' n O
Etozcj\)j/cozEt EtO,C ///g\
|| h
E
Me” N Me N)“o
H I
(35) (DHP) (36)

and structura preferences observed for DHPM (4) are
quitesimilar to thosefound for dihydropyrimidines of
type (35). In recent years C.O.Kappe and cowork-
erd'% have devel oped synthetic methodol ogieslead-
ing towards novel type of conformationaly restricted
dihydyhdropyrimidine(36) that closely mimicsthere-
cently proposed receptor bounded conformation of
DHPM/DHP ca cium channel modulatorsshowninthe
figure, thearyl groupin (36) is“tide” into axial position
perpendicular to and(nearly) bisecting the boat-like
dihydropyrimidinering. Any substitutiononaromaticring
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(i.e. X in 36) would beforced into the synperiplanar
orientationrelativeto C4-H.

Enantiomerically puredihydropyrimidines

DHPMsareinherently asymmetric and therefore,
usually obtained asrecmic mixture but enantiomereric
purity was neglected for several yearssinceindividua
enantiomersof DHPM shave opposite pharmacol ogi-
cd profileleading to thedevel opment of enantiomericaly
pureform of DHPMs. Few yearsago enantiomericaly
pureform of DHPMshave been devel oped by resol u-
tion of corresponding recemic 5-carboxylic acid (38)
viafractiona benzyl- ammonium sat (39)1%8, Absolute
configuration of DHPM (39) was proven by single-
crystd X ray andysisof asuitablediasterio salt. Other
related methodd'® Y has been carried out to get
enantio merically pure DHPMs(40) a,b,c.

Biological activity of dihydropyrimidine

O‘ 00

H2/pd
PthCOzC I N’Me HOzC N,Me
S O T
Ve (37 Me (39)

1 R- amethylbenzylamin
2 Crystallization from

O‘

MeOH
Z HCL IR,
HO,C N-Me -« A4S SALT
P (39)
M lil @)
Me
(S)-(-)40

4-aryl- 1,4- dyhydropyridinesof Nifedipine (41)
typearemost important class of organic compoundsas
cacium channd blockersindinical medicinesnce 1975
for treatment of cardiovascular problemssuch ashy-
pertension, cardiac arrhythmiaor angind**?. Dihydro
pyrimidines havefound widespread usein cardiovas-
cular medicine and have served key rolein study of
ca cium channd structureand function3,

After theintroduction of Nifedipine(41), severa

other DHP ana ogs have now been synthesized and nu-
merous second generation more potent commercial
products have approached the market e.g.(Nicardipine
(42), amlodipoine (43) and fel odipine (44)™4,
Cardiovascular activity of DHPMs namely, eta

©\ @,NOZ
NO, CH2Ph
H4CO,C |
CO,CH CO,CHj4 CO,CH,CH,N
! || CH

HiC™ "N™ "CH3 CH; N7 CH,0CH,CH,NH,
(41) Nifedipine (42) Nicardipine

QL a
Cl
CO,CH4 cl
CO,CH4
| | H 3COZCI&C02CH 3

HSC N CHzoCHchzNHZ
H CH
. HC™ N 3
(43) Amlodipine H
(44) Felodipine

amino ethyl esters(45) werefor thefirst timereported
by Khanineand coworkerd® in 1978. Since 1986 a
number of compounds have been synthes zed(46-48)
(1161137479 on the basis of simplemodificationin aro-
maticring showing moderate cardiovascular activity and
ca cium channd blocking activity, but they don’t show
any significant antihypertensive activity in vivol®,
Other bicyclic derivatives of dihydropy rimidines
(49,5017, have been synthesi zed, but they were de-
void of antihypertengveactivity. Further structurd modi-
fication led to the development of DHPMs of type
(51-54)118119109 'hearing an ester group at N-3, which
closely resemblesto DHPs. Nifedipine(41) and com-
pound(51) possesnot only more potent vasodilator ac-
tion, but also a hypotensive activity compared with
DHPS(50). Themost active compound isDHPM bear-
ing ester derivative (54)*9. Further modificationled to
thedevelopment of orally activelong acting anti hyper-
tensive derivative, SQ 32926(55)"'?%, SQ 32547
(56)*2 havingimproved ord bioavail ability. Compound
(54,56) have been shown to possesanti ischemic prop-
ertiesinanima modd*?. Not only monocyclic deriva
tives, but variousother bicyclic compoundshave been
synthesized which arefused anal ogue(57-60)112>121,
and posses calcium channe blocking activity.
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Rovanyak et al. proposed structure activity rela
tionship and pharmacological studies for N-3
functionaized DHPM ca cium channel blockersof type
(52-56)1*21 C-5 dkyl group wasfound essential for op-
timal activity invitro. Additionally, an order of potency

In cancer chemotherapy acommon fundamental is
appliedto develop new drugsthat interferescell cycle
during the mitosis stage. Compoundsinteract with mi-
crotubulesand causeether lengthening(polymerization)
or depolymerisation(shorting) andfindy causearrest of
thecell cycleinmitosis. Thereareanumber of drugs

@W CHEMISTRY —

H
46
O,N o
ﬂ\F}
Z
g N H.C N) T"CHg

49 50 51
,conelF’rOzC;\E —COZNHZ
IPro,C i IPrOZC: £ MeO,C

for the heteroatom at position 2-was found to
be’21(S>0>N). Other DHPMsderivativeshave aso
been synthesi zed which haveminor or weaker calcium
channe blockingactivity.

DHPMsin cancer chemother apy

cl OEt
CHF, 0-G

HC”~ "N~ ~O

48
G=2,3,4,6-tetra-6 acetyl-
beta-D- lucopyronosyl

: OC7H 25N
3

| PrOZC

55 (SQ32926) 56 (SQ, 32547)
O,N
MeS
(0]
1
N SMe
H
59 60

prepared currently which bindstubulin and have been
used in cancer therapy e.g. paclitaxel, docetaxel (129,
Out of 16320 membersof thelibrary of diversesmall
compounds(61), was found a novel cell permeable
mol eculewhich blocksnormal bipolar mitotic spindle
assembly in mammalian cellsand causecell cyclear-
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rest21, Compound termed as monastrol, which blocks
mitosisby inhibitingkinase Eg,, amotor proteinrequired
for spindlebipolarity and considered aslead compound
for development of newer anticancerusdrugs. DHPMs
structure(62) wasa so found to have colchicineliketu-
bulininhibitor activity! 2,

OH

(62)

(61)

a-laAdrenergicreceptor antagonists

A number of DHPM derivatives hasbeen screened
for a-laantagonigtic activity and found to beuseful in
benign prostate hyperplasia. BPH has been character-
ized asaprogressivedisorder associated with enlarge-
ment of the prostate resulting in anumber of obstruc-
tive and irritable symptomd?®, Non selective a-
1blockersare commonly used for therapy of BPH!,
Niguldipine(63) was seen to be potent antagoni st of
the a-1a receptor subtype. Furthermore, structural
maodification led to the devel opment of SNAP 5089
(64)3U (65)12*3 SNAP, which maintained potency
and selectivity verses other a- receptor subtype.

Other structura modificationin DHPMsledto de-
velopment of (66) SNAP 6201, which showed good
binding affinity(<1nm) and excel lent subtype sdlectivity
(>300fold) for the a-1areceptor, cardiovascular ac-
tivity and agood pharmacodynmic profile**=!. Modifi-
cation of compound(66) led to development of (67)
which had better binding capacity and more selectivity.
The corresponding DHPM (68) maintained abinding
and functional profile comparable to that of SNAP
62011334, Compounds(66-68) were al so replaced by
a2- methyl-dihydopyrimidine coreleading to deriva
tives such ascompound(69) which however, displaced
suboptima pharmacokinetic profil€*®, |n another re-
lated study it was demonstrated that furo(3, 4-d) pyri-
midinesof type(70) are metabolite of DHPM (68) that

—=> Mfcroreview
a0 show sdlective a-1d** antagonistic activity. Apart
from attachment at N-3 of thedihydropyrimidinering,
asexemplified by DHPM, (66-70), the pi peridine/ pip-
erazinesdechain can dso belinked viaan amidebond
tothe C-5 carboxy functionality e.g. in compound(71).
Invivo testing of these compoundsin both rat and dog
model s confirmed the result from receptor studiesand
suggested that DHPM s of thistypehave significant ac-
tivity to relievethe symptomsof BPH with out diciting
effect onthe cardiovascular system.

@“"2

O

SO RAeF
M

63 (S)-niguldipine

64 SNAP 5089

NO,

NJ]\N/\/\\I

AlH Ph
N Me co,Me
65 SNAP 5540

B

COo,Me
66 SNAP 6201
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Other biological activity of DHPMs

Bigindlli type compounds not only showed CVS
activity but alsoimmerged in variousother biological
activities. In early 1930 compound(46) was patented
as agent for the protection of wool agai nst mothg**7.
Asearly as 1940s DHPM nitrofuryl- substituted ana-
logue nitracin(73) has been shown active against vi-
ruses of trachomagroup™**® have been a so screened
for antibacterid activity*®,

Some other structura analogue of DHPMs have
been screened for antitumour activity and found to be
active against Walker carcinomain ratsand mice4,
Compound(74) hasbeen found to haveanticarcinogenic
activity whileother derivativeswere screened for blood
platel et aggregation inhibitory activity*! andwereaso
shown toinhibit the uptake of adenosine by thromb-
ocytesd, 4- Phenyl substituted DHPM shaving acetic
acid group at 5" position the compound(75) hasbeen
reported for analgesic activity!#. Fused thiazol (3,2-
a)-pyrimiding(76) and pyrimido(2,1-b)(1,3) thiazine
(77) werereported to have anti-inflammatory activ-
ity!4, Recently, thiazolo(3, 28) pyrimidine(78) hasbeen
foundto bemicromolar group-2 metabotropic glutamate
receptor antagoni 4,

Some smple2- thixo DHPM shave been found to
be active fungicided**d towards Aspergillus niger
A.achraceus. A recent patent disclosed structure of
DHPM swith neuropeptideY (NPY') antagoni st activ-
ity. In 1992 Atwal and coworkers had reported

O,N

cl
H
EtO,C MeO,
M NSNS M
H
72
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(77)

DHPMscompounds(79) asAT, antagonisticand com-
pared antihypertensiveactivity with Losartan#7,
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