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Depending on the conditions,  condensat ion of 2 - (ace tamido) -cyc lohexanone  with malononi t r i le  
gives 1 - a c e t y l - 2 - a m i n o - 3 - c y a n o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  or  2 - a m i n o - 3 - c y a n o - 4 , 5 , 6 , 7 -  
t e t rahydro indole ,  f rom which subst i tu ted t e t r ahydropyr imido[1 ,2 -a ] indo le  and t e t r a h y d r o -  
pyr imido[4 ,5-b] indole  were  synthesized.  

In our r e s e a r c h  (for example ,  see  [1]) we have shown that N-acy l  de r iva t ives  of ~-aminoth iophcne  
behave like unsubst i tuted amines .  In this connection, we have inves t iga ted  the condensat ion of 2 - ( ace t -  
amido)cyclohexanone with malononi t r i l e  in the p r e sence  of piper idine and have feared that, depending on the 
t e m p e r a t u r e ,  e i ther  1 - a c e t y l - 2 - a m i n o - 3 - c y a n o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  (I) or 2 - a m i n o - 3 - c y a n o - 4 , 5 , 6 , 7 -  
te t rahydroindole  (rI), which is p robab ly  fo rmed  by t r a n s f e r  of the acetyl  group f r o m  I to the piperidine,  is 
fo rmed  in high yield.  When I is heated with acet ic  acid, 2 - ace t amido -3 -cyano-4 ,5 ,6 ,7 - t e t r ahyd ro indo le  (III) 
is formed;  this is apparen t ly  a s soc i a t ed  with i n t r amo lecu l a r  migra t ion  of a COCH 3 group.  A t r iacy l  de-  
r iva t ive  (IV) is fo rmed  when I is ref luxed with acet ic  anhydride.  I Iowever ,  acetyla t ion of I I  with acet ic  an-  
hydr ide  in benzene gives amide  III, while acetyla t ion in t r i e thy lamine  gives a mix tu re  of HI and IV. 
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The s ignals  of the protons  of three  ace ty l  groups  of IV appear  in the PMR spec t rum as two singlet  s - 
6H at  2.34 and 3H at  2.60 ppm. The s pec t ru m of I contains a s ingle t  signal at 2.53 ppm, which we ass igned 
to the protons  of the COCH 3 group  at tached to the r ing  ni t rogen a tom.  The s inglet  lying at  weaker  field 
(2if, 7.10 ppm) is r e l a t ed  to the protons  of an unsubst i tuted amino group. The signal  of the protons  of the 
COCII 3 group  in the s p e c t r u m  of HI is found at  2.10 ppm, while the s ignals  of the protons  of the NIl groups  
appear  as s inglets  at  10.70 and 11.16 ppm. A fo rmamid ine  der iva t ive  (V) is fo rmed  when II is t r ea t ed  with 
ethyl o r tho fo rmate  mad then with a m m o n i a  by the method in [2]. Der iva t ive  V is cycl ized to 9-asnino-  
5 ,6 ,7 ,8- te t rahydropyr imido[4 ,5-b] indole  (VI) under the influence of sodium methoxide.  Condensation [3] of 
II with ace ty lace tone  gives 2 ,4 -d ime thy l -10 -cyano-6 ,7 ,8 ,9 - t e t r ahydropyr imido[1 ,2 -a ] indo le  (VI). 
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E X P E R I M E N T A L  

The IR s p e c t r a  of mine ra l  oil suspensions  of the compounds were  r eco rded  with a P e r k i n - E l m e r  
s p e c t r o m e t e r .  The UV s p e c t r a  of ethanol solutions were  r e c o r d e d w i t h  a Hitachi EPS-3T  spec t ropho tom-  
e te r .  The PMR s p e c t r a  were  r eco rded  with JNM-4H-100 and JEOL C-60t tL (Japan) s p e c t r o m e t e r s .  The 
in terna l  s tandards  were  t e t r amethy l s i l ane  and deu te rod imethy l fo rmamide .  The course  of the reac t ions  
and the pur i t ies  of the compounds obtained were  moni to red  by th in - l ayer  ch romatography  (TLC5 on Silufol 
UV-254 pla tes  in a c e t o n e - h e p t a n e  (1: 1), b e n z e n e - m e t h a n o l  (9: 15, and b e n z e n e - e t h y l  aceta te  (1: 1) s y s -  
t ems .  

1 -Ace ty l -2 -amino-3 -cyano-4 ,5 ,6 ,7 - t e t r ahydro indo le  (I5. A solution of 5.3 g (0.062 mole) of ma lono-  
ni t r i le  in 100 ml  of absolute benzene was added to 9 g (0.062 mole) of 2- (acetamido)cyelochexanone [4] in 
70 ml  of absolute benzene* in such a way that the t e m p e r a t u r e  of the reac t ion  mix tu re  did not r i s e  above 
35 ~ The white prec ip i ta te  was r em oved  by f i l t ra t ion and washed with methanol  and e ther  to give 9.7 g 
(77%5 of a product  with mp 203-205 ~ ( f rom ethanol). PMR spec t rum,  ppm: 1.70 (5,6-H), 2.25 (4-H5, 2.70 
(7-H), 2.55 (COCH3), 7.10 (NH2). UV spec t rum,  ~max, nm (log e): 233 (4.42), 330 (3.245~ IR spec t rum:  
3435 and 3300 (VNH2), 2200 (vCN) , 1690 (Vc=o) cm -1. Found.. C 65.1; H 6.3; N 20.4%. CllH13N 3. Calcu-  

latedi C 65.0; H 6.4; N 20.7%. 

2 -Amino-3-cyano-4 ,5 ,6 ,7 - t e t r ahydro indo le  (II). As above, but at 70-75 ~ II with mp 189-190 ~ ( f rom 
methanol)  was obtained in 8470 yield. PMR spec t rum,  ppm: 1.62 (5,6-H), 2.27 (4,7-H), 5.43 (NH~), 9.86 
(NHS. UV spec t rum,  Xmax, nm Clog e): 210 (4.37), 270 (3.66). IR spec t rum:  3360 (VNH~) , 3445 (VNH) , 218 

(vCN) cm-1. Found: C 67.1; H 6.9; N 26.4%. C9HllN 3. Calculated: C 67.1; H 6.9; N 26.1%. 

2-Ace tamido~3-cyano-4 ,5 ,6 ,7 - te t rahydro indole  (III). A) A mix tu re  of 0.8 g (5 mmole)  of II, 75 ml  of 
absolute benzene, and 0.5 ml  (5 mmole)  of acet ic  anhydride was ref luxed for 1 h, a f te r  which it  was cooled, 
and the white prec ip i ta te  was r emoved  by f i l t ra t ion and washed with methanol  and e ther  to give 0.84 g (84%5 
of a product  with mp  283-284 ~ (dec.,  f r om methanol) .  PMR spec t rum,  ppm: 1.70 (5,6-H), 2.10 (COCH3) , 
2.40 (4,7-II5, 10.70 and 11.16 (NH). IR spec t rum:  3320 (VNH) , 2210 (vCN) , 1640 (VC= O) cm -1. UV spec -  
t rum,  kmax,  um Clog ~): 213 (4.19), 286 (3.985~ Found: C 64.6; H 6.4; N 20.4%. CllH13N30. Calculated: 
C 65.0; H 6.4; N 20.770. 

B) A mix tu re  of 0.200 g (0.9 mmole)  of I and 25 mI  of glacial  acet ic  acid was ref luxed for  6 h, a f te r  
which i t  was cooled, and the prec ip i ta te  was r e m o v e d  by f i l t rat ion,  washed with methanol  and e ther ,  and 
r e c r y s t a l l i z e d  f rom methanol  to give 50% of a product  with mp  283-284 ~ 

J -Ace ty l -2 -d iace tamido-4 ,5 ,6 ,7 - t e t r ahydro indo le  (IV). A) A mix tu re  of 0.5 g (0.002 mole) of I and 
4 ml  (0.04 mole)  of acet ic  anhydride was ref luxed for 1 h, a f te r  which the solution was cooled and poured 
into water .  The resu l t ing  oil began to c rys t a l l i ze  on cooling and t r i tura t ing ,  and the solid was r e m o v e d  by 
f i l t rat ion and washed with water  to give 0.49 g (70%) of a product  with mp 134-135 ~ ( f rom ethanol). PMR 
spec t rum,  ppm: 1.75 (5,6-H), 2.34 (1-COCH3) , 2.50 (4-H), 2.60 (2-COCH3) . 2.90 (7-H). UV spec t rum,  Xmax, 
nm Clog ~): 216 (inflection) (4.17), 246 (3.91), 284 (3.44). IR spec t rum:  2210 (vCN5 , 1760 (Vc= O) cm -1. 
Found: C 62.5; H 6.0; N 15.0%. C15H17N~O 3. Calculated: C 62.7; H 6.0; N 14.6%. 

B) A mix tu re  of 0.5 g (0.003 mole) of II, 3 ml  (0.03 mole) of acet ic  anhydride, and 0.27 ml  (0.003 
mole) of t r i e thy lamine  was ref luxed for 2 h, cooled, and poured into water .  The prec ip i ta te  was r emo v ed  
by f i l t ra t ion and washed with wa te r  and a smal l  amount of methanol  to give 42.5% of HI with mp 283-284 ~ 
( f rom methanol) .  The methanol  mothe r  liquor yielded IV (40.2%) with mp  134-135 ~ ( f rom methanol) .  

2 -Fo rmamid ino -3 -cyaao -4 ,5 ,6 ,7 - t e t r ahyd ro indo l e  (V). A suspension of 2 g (0.012 mole) of II in 25 
ml  of ethyl  o r thoformate  was ref luxed for  2 h, a f te r  which the mix tu re  was evapora ted  to d ryness  in vacuo,  
and 25 ml  of ethanol,  sa tu ra ted  at 0 ~ with ammonia ,  was added to the res idue .  The mix tu re  was held at  
r oom t e m p e r a t u r e  for 2 days,  a f te r  which i t  was  vacuum evapora ted  to d ryness  to give 2.34 g (100%) of a 
product  with m p  320 ~ (dec.). IR spec t rum:  2200 c m  -1 (vCN). 

9 -Amino-5 ,6 ,7 ,8- te t rahydropyr imido[4 ,5-b] indole  (VI). A mix tu re  of 2 g of V in 30 ml  of methanol  
containing 0.7 g of sodium methoxide was ref luxed for  1 h, a f te r  which i t  was vacuum evapora ted  to d r y -  
ness  to give 1.7 g (8570) of a product  with m p >  360 ~ (dec., f rom dimethyl formamide) .  UV spec t rum,  Xmax, 
um (log e): 224 (inflection) (4.145, 285 (3.88). Found: C 63.7; H 6.4; N 29.9%. CIoHI~N r Calculated: C 
63.8; H 6.4; N 29.8%. 

* The reac t ion  can also be c a r r i e d  out in alcohol and in excess  piper idine.  
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2,4-Dimethyl -10-cyano-6 ,7 ,8 ,9- te t rahydropyr imido[1 ,2-a ] indole  (VH). A mixture  of 0.4 g (2.4 re_mole) 
of II, 2 ml of piperidine,  and 0.25 ml (2.4 mmole) of acetylacetone was ref luxed for  1 h, a f te r  which it  was 
cooled, and the precipi ta te  was r emoved  by f i l t rat ion and washed with methanol and e ther  to give 0.22 g 
(39.2%) of a product  with mp 232-233 ~ ( f rom methanol).  Found: C 75.0; H 6.9; N 18.8%. C14H15N s. Cal-  
culated: C 75.6; H 6.7; N 18.6%. 
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