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I M I D A Z O L E C A R B O X Y L I C  A C I D S  AND T H E I R  D E R I V A T I V E S .  S Y N T H E S I S  

OF  I 0 , V - I M I D A C O  [ I ,  3-a] P Y R I D O [ l  , 2 - d ]  P Y R A Z I N - 1  0 0 ,  A NOVEL 

R I N G  S Y S T E M  

E l e n a  Belgodere,  Ricardo Bossio, S t e f a n 0  Marcaccini, S a n d r o  Parti, 

and Roberto pepinoe 

c w 2, Cenc2.o d i  studio su l l c  chimica e lo c i r a c c u m  dei m n ~ o s t <  i t a r o c i c l i c i  

c lor0 opplicazior:i. 1stituto di Chimica or~gonica, iir:imr,siLi di .%rrvz,c, 

yia :. Cappmi S, 50122 F i x m c ,  I t a l y  

A b ~ l m c t -  Some derivatives of 10H-imidaro[i,5-a]pyr~do[1,2-d]pyrazin-l~-one 

Ixv), a novel r m g  system, were prepared starting from 2-mercapto-l-12-pyrl- 
1 

dylmethyll-li~-imiiiiizo1e-5-eebbby1ii acid WlaI and acetic or propmnic an- 

hydride. Analogously the synthesis of the unsubstrtuted ring was achieved 

starting from l-12-pyrldylmethyl)-lii-im~dazole-5-carbbby11~ acid IXIVI. 

2-4  
In our previous papers we described some l-arylal~yl- and l-12-thienylnethy1)-I,?-lmidarale de- 

5 
rivatlves having antimicrobial activity. It was reported that antimrcatlc activlty of l-arylalkyl- 

1.V-imldarales m u s t  he related to the electran-withdrawing effect of the subst~tuent. We therefore 

decided to prepare a series of midarale derlvarlves having isomeric pyridylmethyl groups at the 1 -  

2.3 
pasitlon.  he synthesis was accomplished f o l l o w ~ ~ ~  the s y n t h r t l c  method previously rcparied and 

summarized in Scheme 1. 
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Since attempts to prepare 2-mcrcapto-l-1pyridylmethyl)-I~-1midaaolc-5-carbbtiydd0dddii acids start- 

ing from esters "a-c and hydroxylamine failed, we attempted thelr synt~tlrs~ starting from the cor- 

responding acid chlorides. To avoid the lnEermalecular reaction between the chloracarbonyl group 

and the mercapto one, we decided to acet-ylate the mucapto group. Durrng this acetyktion we dis- 



covered a very interesting behavraur of VIa. In fact on brief heating with an excess of acetic an- 

hydride, besides the S-acetylation, VIa underwent a rm-closure reaction to give 2-acetylthio-108- 

imidazo[l,S-a]pyridop.2-dlpyrazin-10-one IVII) in almost quantitative yields (Scheme 2 ) .  

Scheme 2 

The structure of VII was assigned on the basis of its spectrascopical and chemical behaviaur.   he 
- 1 

li spectrum shows two peaks at 1740 and 1690 cm attributable to the thiolester carbonyl graup and 

1 
to the amide carbonyl group respectively. Useful indications were obtained by comparing the H-nmr 

spectrum of VII with that of VIa: the singlet at 6 5.57 due to the exocyclic methylene group disap- 

pears and a srnglet at 6 7.50 due to the H-4 of the cyclic compound appears. 1n addition it must 

be noted that the H-6 of the pyridine ring of VIa gives a multiplet at S 8.50-8.42 whereas the car- 

responding H-8 of the cyclic compound gives a multiplet at 6 7.92-7.80. m i s  fact agrees with the 

1055 of aromaticity of the pyridine ring. I= the ' X - m r  spectrum of vII the singlets due to the 

methyl of the acetylthia group and to the H-11 are revealed at 6 2.98 and 6 8.19 respectrvely. 1n 

the mass spectrum of VII are detectable the iona[~]+ m/z 259, [M-CO-MCH It m/z 188 and the ion 
3 

[c~H~]+ m/z 52 which agrees with a dienic structure of the pyridine ring. AS expected treatment of 

VIa with propionic anhydride or propionyl chloride in the presence of tr~ethylamine afforded 2-pro- 

pionylthio-10~-imidazo[1.5-d]pyrido[l,2-d]pyrazin-l0-one (Vlrll. Further evidence for the assig- 

ned structure was provlded by reactivity of VIa and its related compounds Va, x and XI": an treat- 

ment of the ester Va with acetic anhydride, only S-acetylation occurred whereas an treatment of 
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2 - m e t h y l t h i o - 1 - l 2 - p y r i d y l m e t h y l ) - l i i - i m i o x y l i  acid (X) and 1-12-pyr~dylmethyll-lk- 

idazole-5-carbaxylic aczd (XIVI with acetic, propionlc or succinic anhydride. 2-methylthio-1OH-im- 

rdo 1 2 d pyrailn-10-one (XYI idaraCl ,5-a] pyrido[l ,2-d] pyrazin-lo-one (XI) and 10li-imidazo[1.5-a] pyr [ . - 1 
were respectively obtained. Hydrolysis with aqueous sodlum hydroxide or dilute hydrochloric acid 

converted the cyclic compounds VII, XI and XV into the corresponding startlng aclds VIa, X, and XIv 

compound VIII behaves as VII. 2 - ~ e r c a p t o - l 0 ~ - i m i d ~ l , 5 - a ]  pyrido11.2-4 pyrazin-10-one (1x1 w a s  

obtained by treating VII or VIII with 30% aqueous ammonia. Methylation of iX with diazornethane 

gave a product which was identical to XI. The reactivity of "la must be related to the presence of 

a 2-pycolyl group lmked at the I-positmn of the imidazole ring. In fact apart from the activa- 

tion of the methylene group, the position of the pyridine nitrogen atom allows the ring-closure re- 

action. As expected on treatment of 1-(3-pyridylmetilyl)-1.V-im~daaale derivatives Vb and VIb with 

acetic anhydride no ring-closure reaction took place and only S-acetyl derlvatlves xvlr and WIII 

were obta~ned. On treatment of 1-14-pyridylmethyl)-l,~-imidaz01e derlvatlves Vc and Vlc with acet rc  

anhydride a different ring-closure reactlon occur red ,  involving the activated methylene group only: 

VC afforded ethyl 2-methyl-3-14-pyridyl)imidazo[2,1-b] thiazole-5-carbaxylate IxIxI whereas VIc 

along with the ring-closure reaction underwent decarbonylation, giving 2-methyl-3-14-pyr~dyliimid- 

azo[2 .I-b] thiazole (XXI (Scheme 31. 

Scheme 3 

~t must be noted that recently the chemistry of imidazo[2,1-blthiazole derivatives has been exten- 
6 

sively explored because of the variety of biological activities . &I1 the compounds described in 

7 
this paper, except the starting amines la-c and compound I la  , were hitherto unknown. 

EXPERIMENTAL 
-1 

~elting points are uncorrected. unless otherwise stated, the ir spectra lcm ) were recorded for 
1 

potassium bromide discs with a Perkin-Elmer 283 spectraphotometer and the H-nmr spectra (ppm 6 



from TyS! w i t h  a P e r k l n - ~ l m e r  R 32 i n s t r u m e n t .  The mass spect ra  were r ecorded  w i t h  a r r a t o ~  MS 80 

i n t r u m c n t .  A 1 1  campolmds gave c o r r e c t  m i c r o a n a l y s e s .  

?/-Substituted E t h y l  Aminancetdtes  I I I a - c )  
" S " , S " " v l l l S I / . ~ ~ ~ S Y ~ m m n s i . m m w ~  -riV1"Vd." 

Genera l  procedure-   he c a l c u l a t e d  m o u n t  of  ClCH COOEt was added d u r i n g  2  h  t o  a w e l l - s t i r r e d  so- 
2  

l u r i o n  of  I and N E ~  i n  DMP m a i n t a m i n g  t h e  t empera tu re  a t  40-50 O C .  ~ h r  r e a c t i o n  m i x t ~ ~ r e  then 
3 

cooled and f i l t e r e d .  F r a c t i o n a l  d i s t i l l a t i o n  :?1 mcuo of t h e  f i l t r a t e  gave 11. I I ~ ,  bp 138 "c/0.4 

7  
mm H g  l y i e l d  6 9 % ) ;  r r ( f l l r n 1 :  3340,1740. I I b ,  bp 130 W 0 . 2  mm Hg l y i e l d  6 0 % ) ;  ~ r l f i l m l :  3315,1740. 

I I c .  bp 127 "C/0.4 mm Hg l y i e l d  2 0 % ) ;  i r ( : i l m ! :  3340,1740. 

:I'-Si;'sticured m n y l  ! ; -~or rny laminoac~ ta res  (11Ia-ci 
%~/~~*.~~?i.SSS~.~"~v*.s.~"~.^uv*>.-"~m"mr"lT.r"lT~~m.~iriViri~,-Y~ Y*. 

General  procedure-  A  mix tu re  of I 1  and HCWH (molar  pa:; : :2 .51 i n  x y l r n e  was r e f l u x e d  f o r  3 h  

i n  a Dean-Stark a p p a r a t u s .  Removal of t h e  s o l v e n t  l e f t  a r e s i d u e  which was d i s t i l l e d  under  reduced 

p r e s s u r e  to g i v e  111. I r r a ,  bp 149 YC/0.05 m Hg l y i e l d  8 4 % ) ;  i r l f i l m ) :  1750,1680.  I l I b ,  bp 188 

W 0 . 5  xulm Hg l y i a l d  8 5 % ) ;  i r ( f i l m ! :  1740.1670. IIlc, bp 80 'C/0.1 mm ~g  l y i e l d  8 7 % ) ;  i r l f i l m ) :  

1750,1680. 

1 - S u b s t i t u t e d  E t h y l  2-Mercaptoimldazole-5-caibbbylattt (Va-cl 
~ C u ~ ~ P ~ ~ ~ " ~ n n n n n n Y ~ - L " S S ~ ~ ~ - I A " N " ~ m ~ ~ " ~ , ~ ~ P S S m . " . _ N . * m ~ ~ * I " " I " ,  

Genera l  procedure-  A mixture  of IS1  and HCOOEt was s l o w l y  added t o  a s a r u r a t e d  s o l u t l o n  of  EtONa 

i n  d r y  TNF (molar  m c i o  I I I : H C W E ~ : E ~ O N ~  = 1:3:1.11 and t h e  r e s u l t i n g  mix tu re  was s t i r r e d  f o r  48 h  

8  
a t  room temperature. E n o l a t e  I V  was c o l l e c t e d  by f i l t r a r i a n  . A s o l u t i o n  of IV and KNCS lnrolar 

m z i c  1 : l . s l  I" 50% aq. E ~ O H  was t r e a t e d  w i t h  d l ] .  tic1 u n t i l  t h e  pH was 1  then  h e a t e d  a t  50-60 "C 

for  5  h .  The r e a c t i o n  mln tu re  was c o a l e d ,  t r e a t e d  w i t h  d i l .  NaOH u n t l l  t h e  pH was 5 and e v a p o r a t e d  

to dryness  -In uacuo. The r e s i d u e  war- washed w i t h  H 0 and c o l l e c t e d  by f i l t r a t i o n .  V a ,  mp 237 "C 
2  

1 
from ErOH/B 0 (2 -11  (yield 36% based  on I I I a )  ; xr: 2540,1720; H-nmrlDMSO-d 1 : 12 .98 lb r  5 ,  ~ H . s H !  , 

2  6  

7.86(5,1H.R-4 of imidazole!,S.iO(s.2H,NCt1 1. Vb, n p  200-201 'C from MeOH ( y i e l d  278 based  on Illbl; 

1  
2  

i r :  2530,1715; H-nmr(DMS0-d 1 .  13 .09 lb r  5,1H,SH!,7.90l5.1H,H-4 of  irnidaralr!,5.58Is.2~,~~~ I .  Vc, 
6 .  

1 
2  

mp 200-202 'c from EtOH ( y i e l d  25% based on I l l c ! ;  i r :  2540,1725;  H-nmriDMS0-d 1 :  i 3 . l 0 ( b r  5 ,  IH, 
6  

SH!,7.92Is,lH.H-4 of imldarole!,5.60(5,2HrNCH~). 

1 - S u b s t i t u t e d  2-Mercaptaimidazole-5-iaihhhylic Acids lYIa-c) 
w~,~*liiVIIliiVliiVmr'u^~m"rm"rIIA"~si.mm~il-il-rilnnm21i*-~ 

Genera l  procedure-  A s o l u t i o n  of V I  I20 mmolesl i n  40 m l  of  2,VNaOH w a s  r e f l u x e d  f o r  2  h  then 

coo led  and a c i d i f i e d  w i t h  d l l .  HC1 u n t z l  t h e  pH was 4 .  Removal of  t h e  s o l v e n t  l e f t  c rude  VI which 

was washed w i t h  H O  and c o l l e c t e d  by f i l t r a t i o n .  V l a ,  mi, 227-228 'C ( d e c . )  from E ~ O H / H  0  l l : l !  
2  

1  
2 

( y i e l d  7 1 % ) ;  i r :  2570,1700; 3-mrlDMSO-d /CDCl 1 .  12.901br  s , lH,SH1,7.7R(s . lH.H-4 of i m i d a r o l e l ,  
6  3  

1  
5.5715.2H.CH 1 .  VIb, mp 225 'C ( d e c . )  f r o m  EtOH/H O I l :11  l y i e l d  7 4 % ) ;  i r :  2560.1650; H-nmr 

2  2  

(DMSO-d ) :  12 .94 lb r  s,lX,SH1,7.80(5,1H.H-4 of i m i d a z o l e l . 5 . 6 3 ( ~ . 2 H , C H  !. VIc,  mp 210-211 "C  ldec.! 
6  

1 
2  

from EtOH/H 0 (1:11 ( y i e l d  7 6 % ) ;  ir: 2570,1640; H - ~ ( D N S U - d  1 -  13 .00 ib r  ; , 1 H , ~ ~ ! . 7 . 8 5 l s , l ~ , ~ - 4  
2  6 ' 
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A mixture of "la and an of Ac o was reilllxed for 10 mln. niter coolrag crude VII was col- 
2 

1 
lccted hy filrraricn. ned nredlcs, rnp 197-198 "C from DMF (yleli 85%); ir: 1735.1690; H-nmr 

- .+ 
(DMSO-d / C D C ~  ) : 8.19 l s . 1 ~ ~ ~ - 1 1 )  ,7.50ls,1~,11-43 ,2.38!s,3~,5COCH l ; msI30 e V 1  : lo/, 259 j ~ ]  ,m/r 188 

5 3+ 3 

[M- !CO+COCH~)] . m/z 156 [N- I C O + S C O C ~ . ~ I ] ~ , ~ /  52 [c~H~]'. 



St separated out by treating an aqueous solution of XI1 with dil. NaOH until the pH was 10. Mp 70 

-71 oc from E~OH/H o L1:l) (yield 95%). 
2 

l-l2-Pyridylrnethyl!-1H-imidazale-S-carbaxylic Acid IXIVI 
~riVLriVL*Mnnnnn"n"irnirry',rnnnnn"n"irnirry'- 

R suspension a£ XIIS (20 moles) in 40 ml of 2N NaOH was refluxed for 2 h. Compound XIV separated 

out on acidification of the cooled reaction minture. Mp 219-220 'C from H O lyield 7 6 % ) ;  ir: 1690; 
1 

2 
H-nmrIDMS0-d i : 8.18ls.lH.H-2 of irnidarole) ,7.72 ls,lH,H-4 of im~dazolei ,5.78Is.2H.CH I .  

6 2 

108-~midazo [I ,5-a] ~ y ~ i d o  [1,2-dlpyrazrn-10-one (XV! 
~ r n f l , " W ~ ~ n n i . n n i . ~ ~ f l S l n i l h i s l n i l h i S l n i l h i *  

A mixture of KIV and an excess of Ac 0 was heated at 50 'C for 2 h. On cooling XV separated out. 
2 

1 
~p 180-181 "C from E ~ O H  lyield 85%); ir 1675; H-nmrl~MSO-d I :  8.531s,lH.~-2l,6.07ls,l~,H-ll1. 

6 
7.85ls.lH.H-41. 

Ethyl 2-Acetylthio-l-i2-pyridylmethyl!-18-imldarole-S-carbbbylatt IXVI) 
~s~~~~m<~mIVI"SrIVI"SrSS'S~'~A~w*~~uyuyS~~."m.v.vi". 

A mixture of VIa and an excess of Ac20 was refluxed for 7 h. Removal of the solvent left an oily 

residue w h ~ c h  on treatment with n-heaane gave XVI. Mp 85-86 OC from n-hexane lyleld 95%); ir: 

1 
1750. 1715; H-nmr IDMSO-d I: 8.17ls.lH.13-4 of imidazole) ,2.95 Is,3H,CH I .  

6 3 

Ethyl 2-Acetylth1o-l-13-pyrid~~111thy1~-lH-imidaz1e-5-carbxy1te IXVII) 
~ ~ m m m ~ * v m * v ~ f l J o s ~ ~ ~ f ~ ~ s m J ~ m " " " " ~ ~ ~ . ~  

It was obtained as described for XVI employing Vb as the starting material. ~p 80-81 OC fram 

n-henane lyield 90%); ir: 1730; In-nmrl~M~0-d ! :  8.18l5.1H.H-4 of inidazolel,5.80ls,2H,NCIi 1.2.97 
6 2 

Is.3H.SCOCH i.  
3 

2-Acetylthia-l-l3-pyridyl1etl~y1l-lH-imldazle-5-crbxylc ncld IXVIIII 
~ ~ m ~ u ^ s i ~ ~ . ~ m ~ n ~ ~ l i l " ~ ~ ~ - s ~ ~ ~ - r % " . r y \ i ~ ~ w ~ ~ ~ ~ v ~ ~ v m  

A mixture of vIb and an excess of Ar O was refluxed for 4 h. on cooling XVIII separated o u t .  Mp 
1 

210-211 'C from DMF (yield 80%); ir: 1725; H-nmrIDMS0-d 1 :  8.10ls.lH.B-4 of imidazole! ,5.82ls,2H. 
b 

NCH ),2.921s,31i,SCOCH 1 .  
2 3 

Ethyl 2-Methyl-3- 14-pyrldyllimidazo[2.1-b] thiazole-5-carboqlate IXIX) 
" " v m ~ n n n n n n n n n n i i l S v i i l S v ~ m . v m ~ ~ % " m ; h -  

A mlnrure of vc and an excess of Ac 0 was refluxed far 4 h. Removal of the solrcnt left a residue 
2 

1 
which on recqstalliiatian fram liyroinc gave XIX. ~p 134-135 OC lyield 54%); ir: 1/15; H-mr 

ICDCl 1 :  7.74I~~lH,H-6~,2.461~.3H,CH I ;  m(30 eV): m/r 287 [~j+, m/z 242 [M-E~o]+, m/r 214 
+ 3 

[M-co Et] . m/z 117 [PY-C=C-CH It, m/z 58 [scN]+. 
2 3 

2-Methyl-3- (4-pyridyhethyll imidaza[2,1-b] thlazole IXX) 
w - N ~ i " i m / n n i v i n n n n ~ ~  

A minture of V l c  and an excess of Ac O was refluxed for 4 h. Removal of the solvent left an oil 
2 
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which an treatment with ~t o followed by filtratian gave XY; mp 57-58 OC tram n-hexane (yield 73%); 
2 

1 
~ r :  1740; H-nmriCDC1 i .  2.2S(s.3H8CH I ;  ms (30 eV): m/+ 215 [MI', m / z  117 [py-C=C-CH It, m/r 90 

i 3 
3 

[Fyc]', m/r 58 [SCN] . 
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