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8-Cyanopyr ro lo [1 ,2 -a ]pyr imid ines ,  the cyano group of which is e l iminated when they a r e  
heated with phosphor ic  acid, were  obtained by reac t ion  of 2 - a m i n o - 3 - c y a n o p y r r o l e s  with 
ace ty lace tone .  

Continuing our  studies [1, 2] of the condensat ion of acetylacetone with 2 - a m i n o - 3 - c y a n o p y r r o l e s  ([a-h),* 
we have found that  the yie lds  of py r ro lo [1 ,2 -a ]pyr imid ines  a r e  substant ia l ly  affected not only by the nature  of 
the solvents  but a lso  by the t e m p e r a t u r e  conditions of the reac t ion .  Thus if the reac t ion  is  c a r r i e d  out at 100- 
120~ in dioxane, pyr idine,  o r  acet ic  acid, 2 ,4 ,6 ,7 - t e t r amethy l -8 -cyanopyr ro lo [1 ,2 -a ]pyr imid ine  (IIc) is fo rmed  
in 20, 50, o r  80% yield,  respec t ive ly .  Pa r t i cu l a r ly  high yie lds  of py r ro lopyr imid ines  I Ia -h  (up to 94%) a re  ob- 
tained when the am i nopy r ro l e s  a r e  heated in excess  acetylacetone at 140 ~ 

We have observed  that heating IIa, c, g with 100% phosphor ic  acid leads to e l iminat ion of the cyano group 
to give the cor responding  pyr ro lo [1 ,2 -a ]pyr imid ines  (IIIa, c, g) with a f ree  8 posit ion,  which up until now were  
unknown, in 80-90% yie lds .  The only r ep re sen ta t i ve  of this s e r i e s  - 2 ,4 -d imethy l -7 -pheny lpyr ro lo [1 ,2 -a ] -  
py r imid ine  - could p rev ious ly  be isolated only in the fo rm of the p i c r a t e  [4]. 
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As compared  with the s tar t ing  compounds,  py r ro lo [1 ,2 -a ]pyr imid ines  IIIa, c, g have lower  mel t ing points,  
a re  m o r e  soluble in organic solvents ,  and do not f luo resce  during i r rad ia t ion  with UV light with Amax 254 nm. 
A s t rong absorp t ion  band cor responding  to a conjugated C = N group is observed  in the IR s p e c t r a  of I I Ia-h  at  
2200-2220 cm -1. This band is absent  in the s p ec t r a  Of IIIa, c, g. The s t re tching v ibra t ions  of the C =O group 
in IIh appea r  at 1700 cm -1. A s t rong absorp t ion  band of r ing C =N bonds is obse rved  at  1620-1630 cm -1. The 
UV spec t r a  of py r ro lo [1 ,2 -a ]pyr imid ines  II and III contain an intense absorp t ion  m a x i m u m  at 260 nm and low- 
intensity absorp t ion  m a x i m a  at 310 and 380 nm; this const i tutes  evidence for  the he t e roa roma t i c  condensed 
nature  of these  compounds.  The introduction of e l e c t r o n - a c c e p t o r  subst i tuents  (CN, COOC2H5) and groups  of 
a toms that  pa r t i c ipa t e  in conjugation with the py r ro lopyr imid ine  s y s t e m  gives r i se  to cor responding  changes 
in the c h a r a c t e r  of the absorp t ion  curve  (see Fig. 1). Thus the p r e s e n c e  of a phenyl substi tuent  in the p y r r o l e  
por t ion  of the molecule  leads to a ba thochromic  shift  of the absorp t ion  m a x i m a  at 260 and 310 n_m of 7-17 nm, 
respec t ive ly ,  and to a substant ia l  i nc rea se  in the extinction. The p r e s e n c e  of a cyano group (IIa-f) leads to 
spli t t ing of these  absorp t ion  m a x i m a  in the s a m e  regions,  and the spec t rum acqui res  a fine s t ruc ture ,  which is 
smoothed out when an e l e c t r o n - a c c e p t o r  subst i tuent  (COOC2H5, C6H5) is p r e s e t .  

Distinct  m o l e c u l a r  ion peaks ,  the m / e  values of which cor respond  to the empi r i ca l  fo rmulas  of the p r o -  
posed s t ruc tu res ,  a r e  observed  in the m a s s  s p ec t r a  of II and III. The pr inc ipa l  pathway s of f ragmenta t ion  

* Compounds Ia, c - g  w e r e  desc r ibed  e a r l i e r  in [3],while Ib, h a r e  desc r ibed  in the p resen t  work.  
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Fig. 1. UV spec t ra :  1) 2 ,4 -d ime thy l -7 -pheny l -8 -cyano-  
pyr ro lo [1 ,2 -a ]pyr imid ine ;  2) 2 ,4 -d imethy l -7-phenylpyr ro lo~  
[ 1,2-a]pyrimidine~ 3) 2,4, 6, 7 - t e t r a m e t h y l -  8 -cyanopyr ro lo -  
[ 1,2-a]py r imidine;  4) 2, 4, 6, 7 - t e t r amethy lpyr ro lo [  1 ,2-a]-  
pyr imid ine |  5) 2 ,4 ,7 - t r ime thy l -6 - e thoxyca rbony l -8 - cyano -  
pyr ro lo [1 ,2 -a ]pyr imid ine .  

under  the influence of e lec t ron  impact  a re  due to the fo rmat ion  of highly s tabi l ized f r agmen t s  A-C, which a re  
cha r ac t e r i z ed  by the m a x i m u m  intensi t ies  in the spec t ra .  

The A and B f r agmen t s  a r e  fo rmed  f r o m  the molecu la r  ions of IIc, d and IIIc by the detachment  of a CH 3 
group (IId) and an H a tom (IIc, g). Splitting out of a C2H 4 molecule  during f ragmenta t ion  of the molecu la r  ion 
of IIa (ion C) is r ea l i zed  as a resu l t  of a r e t rod iene  react ion.  Thus,  f r agmen t s  that co r respond  to a romat i c  
s t r uc tu r e s  A-C a r e  fo rmed  during m a s s  spec t r a l  f ragmenta t ion  of pyr ro lo [1 ,2 -a ]pyr imid ine  molecules .  The 
p r e s e n c e  of r a t he r  intense ions and f ragmenta t ion  directed at the subst i tuents  conf i rm the a romat i c  c h a r a c t e r  
of the pyr ro lo[  1 ,2-a]pyr imidines  obtained (II-III).  

CN 

A B C 

lid A (M--CHs), 198", R=CN; II!c (M--H), 173'; IIc (M--H), 198", R=CN; IIg B 
(M--H), 246*; IIa C (M--C2H~), 197" 

* Adduced values  of m / e .  

E X P E R I M E N T A L  

The IR spec t r a  of mine ra l  oil suspens ions  of the compounds were  recorded  with a P e r k i n - E l m e r  spec-  
t r o m e t e r .  The UV spec t r a  of ethanol solutions of the compounds were  recorded  with an EPS-3T spec t rophotom-  
e te r .  The m a s s  s p e c t r a  we re  obtained with an LKV-9000 chromatographic  m a s s  s p e c t r o m e t e r  (70 eV, 80~ 
The cou r se  of the reac t ion  and the pur i ty  of the compounds obtained were  moni tored by means  of t h in - l aye r  
ch romatography  f rLC)  on Silufol UV-254 pla tes  in a c e t o n e - h e p t a n e  (1 : 1) and b e n z e n e - e t h y l  aceta te  (1 : 1) 
s y s t e m s .  

2 ,4 ,6 ,7 -Te t r ame thy l -8 -cyanopyr ro lo [1 ,2 -a ]py r imid ine  (IIc). A) A mix tu re  of 1.35 g (0.01 mole) of 2- 
a m i n o - 3 - c y a n o - 4 , 5 - d i m e t h y l p y r r o l e  (Ic), 1 g (0.01 mole) of acetylacetone,  and 5 ml  of dioxane was refluxed 
fo r  2 h, a f t e r  which the solvent  was vacuum evapora ted  to give 0.4 g (20%) IIc with mp 215-216 ~ 

B) A mix tu re  of aminopyr ro l e  and acetylacetone  in a m o l a r  ra t io  of 1 : 1 was refluxed fo r  2 h in pyridine,  
a f t e r  which the solvent was vacuum evapora ted  to give IIc, with mp 215-216 ~ in 48~0 yield.  

C) A 1-g (0.01 mole) s ample  of ace ty lace tone  was added to a mix tu re  of 1.35 g (0.01 mole) of p y r r o l e  Ic 
and 5 ml  of glacia l  acet ic  acid, and the mix tu re  was refluxed fo r  2 h. It was then cooled, and the r e su l t i ng  
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p r e c i p i t a t e  was  r e m o v e d  by  f i l t r a t i o n  and w a s h e d  wi th  a l c oho l  to g ive  1.64 g (82%) of IIc wi th  m p  215- 

216 ~ 

D) A m i x t u r e  of  1.35 g (0.01 m o l e )  of  p y r r o l e  Ic  and 5 m l  of  a c e t y l a c e t o n e  was  hea t ed  on a w a t e r  bath 
at  90 ~ f o r  2 h, and the  r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by  f i l t r a t i o n  and w a s h e d  wi th  a l coho l  to  g ive  1.5 g 

(75%) of  IIc wi th  m p  215-216% 

E) A m i x t u r e  of  1.35 g (0.01 m o l e )  of Ic and 5 m l  of a c e t y l a c e t o n e  was  r e f l u x e d .  A f t e r  10 rain,  c r y s t a l s  
b e g a n  to  p r e c i p i t a t e  f r o m  the  r e f lux ing  so lu t ion .  T h e  m i x t u r e  was  r e f l u x e d  f o r  a n o t h e r  30 rain,  a f t e r  which 
i t  was  coo led ,  and the  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i o n  and w a s h e d  wi th  a l c oho l  to g ive  1.88 g (94%) of 
IIc wi th  m p  216-216.5  ~ ( f rom me thano l )  {nap 210-211 ~ [1]). UV s p e c t r u m ,  }'max, nm (log ~): 220 (4.37), 233 
(4.29), 237 (4.3), 258 (4.29), 266 (4.33), 285 s h o u l d e r  (3.46), 298 (3.61), 310 (3.6), 365 (3.54). 

The  o t h e r  p y r r o l o [ 1 , 2 - a ] p y r i m i d i n e s  (IIa, b, d -g ) ,  da t a  on which  a r e  p r e s e n t e d  in T a b l e  1, w e r e  s i m i l a r l y  
ob t a ined  u n d e r  the  cond i t i ons  of e x p e r i m e n t  E. 

G e n e r a l  Method  f o r  t he  P r e p a r a t i o n  of P y r r o l o [ 1 , 2 - a ] p y r i m i d i n e  D e r i v a t i v e s  (IIIa, c,  g) .  A m i x t u r e  of 
1 g of the  a p p r o p r i a t e  8 - c y a n o p y r r o l o [ 1 , 2 - a ] p y r i m i d i n e  and 10 m l  of 100% p h o s p h o r i c  ac id  [5] was  h e a t e d  on a 
s i l i c o n e  ba th  a t  230-250 ~ un t i l  CO 2 evo lu t ion  c e a s e d .  It was  then  coo l ed  to  70 ~ and p o u r e d  o v e r  25 g of f ine ly  
c r u s h e d  i ce .  The  i ce  m i x t u r e  was  n e u t r a l i z e d  to  pH 7-8  wi th  a m m o n i u m  h y d r o x i d e ,  and the  r e s u l t i n g  p r e c i p i -  
t a t e  was  r e m o v e d  by f i l t r a t i o n  and d r i e d .  It was  t hen  c h r o m a t o g r a p h e d  with  a c o l u m n  f i l l ed  wi th  SiO 2 (elut ion 
wi th  e t h e r ) .  Da ta  on IIIa ,  e,  g a r e  p r e s e n t e d  in T a b l e  1. 

2 , 4 - D i m e t h y l - 6 , 7 - t e t r a m e t h y l e n e p y r r o l o [ 1 , 2 - a ] p y r i m t d i n e  H y d r o c h l o r i d e .  A 4 . 2 - g  s a m p l e  of b a s e  I I Ia  
was  d i s s o l v e d  in a c e t o n e ,  and an  e t h e r  s o l u t i o n  of h y d r o c h l o r i c  a c i d  was  added  d r o p w i s e  wi th  c oo l i ng  to  the  
r e s u l t i n g  so lu t ion .  The  b r i g h t - y e l l o w  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i o n  and w a s h e d  wi th  e t h e r  to  g i v e  3 .8g  
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T A B L E  1. P y r r o l o [ 1 , 2 - a ] p y r i m t d i n e  D e r i v a t i v e s  

CjaHlsNa 

Cj~H~rNa 

C:sHI6N3 

C,6HI3Na 

C14H,sNaO2 

CI~H:4N2 

C,aH,4N~ 

221 (4,33). 235 (4,3), 
249 (4,32), 259 (4,3), 
268 (4,34), 298 (3,7), 
309 (3,68), 364 (3,57) 

223 (4,35), 240 (4,3), 
242 (4,3), 258 (4,28), 
267 (4,31), 292 (3,58), 
299 (3,67), 360 (3,57) 

222 (4,41), 235shI" 
(4,34), 240 (4,35), 257 
(4.31), 267 (4,34), 285 

shT (3,54), 297 (3,67 
308 (3,68), 364 (3,38) 

220,5(4,38), 235 (4,30), 
241 (4,31), 253 (4,25), 
265 (4,31), 297 (3,65), 
310 (3,65), 364 (3,55) 

220 (4,33), 235 (4,28), 
238 (4,28), 257 (4..29), 
266 (4,32), 286shr 
(3,54), 309 (3,65). 366 
(3,52) 

221 (4,26). 260 (4,55), 
315 (3,84), 350 (3,72) 
231 (4,49), 257 (4,52)., 
265 (4,49). 318 (3,83), 
345 (3,54) 

!35 sh'[" (4,2~,z~ 255 
(4,43), 285 shl (3,37}, 
298 (3,44), 310 (3,25}, 
380 (3,27) 

236 sh1" (4,27), 252 
(4,48), 288 (3,39), 296 
(3,45), 310 (3,24), 384 
(3,33) 

259 (4,63), 315 (3,88), 
360 (3,49) 

8O 

75 

92 

70 

85 

78 

73 

90 

78 

90 

* T h e  c o m p o u n d s  w e r e  r e c r y s t a l l i z e d :  IIa,  b,  d - h  f r o m  a l coho l ,  and 
I I Ia ,  c,  g f r o m  aqueous  a l c o h o l .  
t sh) s h o u l d e r .  
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{77%) of a product  with mp 227-230 ~ (dec., f rom a c e t o n e - m e t h a n o l - e t h e r ) .  Found: N 11.8; C1 14.8~ C13H16N 2- 
HCI. Calculated: N 11.8; C1 14.9%. 

2-Acetamidocycloheptanone.  A 40-g (0.6 g-atom) sample of zinc dust was added with vigorous s t i r r ing  
in small  port ions to a heated (to 40 ~ suspension of 43.2 g (0.2 mole) of cyc loheptane- l ,2-d ione  [6], 20 g (0.24 
mole) of fused ammonium acetate ,  55 g (0.54 mole) of acet ic  anhydride, and 200 ml of acet ic  acid, a f te r  which 
the mix ture  was ref luxed with s t i r r ing  for  1 h. The sediment  was removed by f i l t ra t ion and washed with hot 
acetic acid, and the acet ic  acid solution was vacuum evaporated.  Water  was added to the residue,  and the 
aqueous mix ture  was neutra l ized with ammonia.  The prec ip i ta ted  acetanil ide was removed by fi l tration, and 
the aqueous solut ion was extracted with ch loroform.  The solvent was evaporated,  and the residue was vacuum 
disti l led to give 21 g (61.5%) of a product  with mp 195-199 ~ (3 ram) and mp 44 ~ IR spect rum,  cm-~: 3270 (NH); 
1660, 1715 (C =O). UV spectrum, ~max, nm (log e): 242 (3.18). Found: C 64.2; H 8.7; N 8.3%. CoHIsNO 2. 
Calculated: C 63.9; H 8.9; N 8.3%. 

2-Amino-3-cyano-4,5-pentamethylenepyrrole (Ib). A 0.85-g (0.01 mole) sample of piperidine and 0.66 g 
(0.01 mole) of malononitrtle in 20 ml of absolute alcohol were added at room temperature to 1.68 g (0.01 mole) 
of 2-acetamidocycloheptanone in 25 ml of absolute alcohol, after which the mixture was heated at 60 ~ for 30 
rain. It was then cooled and poured into water, and the resulting precipitate was removed by filtration to give 
0.72 g (98~ of l'b with mp 195-196 ~ (from methanol). IR spectrum, cm-i: 3460 (NH); 3370, 3315 0NH2); 2200 
(C -= N). UV spectrum, kma x, nm (log e): 270 (3.82). Found: C 68.3; H 7.5; N 24.0~0. CIoHI3N 3. Calculated: 
C 68.5; H 7.5; N 24.0%. 

2-Amino-3-cyano-4-methyl-5-carbethoxycarbonylpyrrole (lh). As in the synthesis of pyrrole Ib, lh, 
with mp 245-246 ~ (from methanol), was obtained in 58~o yield from acetamidoacetoacetic ester [7]. IR spec- 
trum, cm-i: 3440 (NH); 3320, 3260 (NH2); 2200 (C - N); 1710 (C =O). UV spectrum, )~max, n_m (log ~): 222 
shoulder (3.93), 256 (3.89), and 302 (4.29). Found: C 55.6; H 5.7; N 21~ CsHItN302. Calculated: C 55.9; 
H 5.7; N 21.7%. 
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