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It  has  been es tab l i shed  that  the cycl iza t ion  of a ry lhydrazones  of 3 - ( f l -e thoxycarbonyle thy l ) -  
1 -me thy lp ipe r id in -4 -one  is  accompanied  by a r e a r r a n g e m e n t  and leads  to a 1 ,2 ,3 ,4 - t e t r ahydro-  
pyr imido[3 ,4-a] indole  der iva t ive  [1]. The cycl izat ion of a ry lhydrazones  of 2 - ( f i -me thoxy-  
carbonylethyl)  cyclohexanone under  the same  conditions f o r m s  indole and 3H-indole der iva t ives .  

In a study of the F i s c h e r  cycl izat ion of a ry lhydrazones  of 3 - ( f i -me thoxyca rbony le thy l ) t e t r ahydro -4 -  
thiopyrone we p rev ious ly  [2] detected the influence of subst i tuents  in the benzene r ing of the hydraz ine  c o m -  
ponent on the d i rec t ion  of cycl iza t ion in favor  of the fo rmat ion  of an indole or  a 3H-indole sys t em.  In addi-  
t ion, an unusual course  of the r eac t ion  of a ry lhydraz ines  with e~-methylp iper id in-4-ones  was  found, leading 
to r e a r r a n g e m e n t  product  s - 1 ,2 ,3 ,4 - t e t r ahydropyr imido  [3,4-a]indoles [1 ]. In view of th is ,  it appeared  de-  
s i r ab le  to continue the invest igat ion of the F i s c h e r  cycl izat ion of a ry lhydrazones  of e~-substituted ketones .  

In the p re sen t  work  condensat ion was  c a r r i e d  out with 3 - ( f l - e thoxyca rbony le thy l ) - l -me thy lp ipe r id in -  
4-one  (I) [3] and with 2- ( f l -methoxycarbonyle thyl )cyc lohexanone  (l'I). In ag reemen t  with the i r  s t ruc tu re ,  
the a ry lhydrazones  of these  ketones  can f o r m  two types  of compounds,  belonging to the indole and to the 
3H-indole s e r i e s .  In the m a j o r i t y  of c a se s  we did not i sola te  the a ry lhydrazones .  The hydraz ine  compo-  
nents used were  phenyl - ,  p - t o l y l - ,  p -me thoxypheny l - ,  p -e thoxycarbonylpheny l - ,  and ~-naphthy lhydraz ines .  
The cycl izat ion of the a ry lhydrazones  of 3 - ( f l - e thoxyca rbony le thy l ) - l -me thy lp ipe r id in -4 -one  was  c a r r i e d  
out with a 20% solution of hydrogen chlor ide  in ethanol,  with the exception of the p -e thoxycarbonylphenyl -  
hydrazone,  the cycl izat ion of which was  c a r r i e d  out in concent ra ted  hydrocMor ic  acid or  in a 35% solution 
of hydrogen chlor ide in ethanol.  In each case  mentioned,  we isolated only one substance .  The ch roma tog -  
r aphy  of the reac t ion  p roduc t s  on a lumina  in a thin l aye r  did not show the p r e s e n c e  of a second i s o m e r .  
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The UV s p e c t r a  of the compounds obtained have the absorpt ion  m a x i m a  at  approx ima te ly  228 and 285 
nm that  a re  c h a r a c t e r i s t i c  fo r  indoles.  These  compounds f o r m  monohydroch lor ides .  At the same  t ime ,  
they  do not contain mobi le  hydrogen while according to e l e m e n t a r y  analys is  and IR spec t r a  (for example ,  in 
the IR spec t r a  of compound III in CC14, the NH v ib ra t ions  of indole a r e  lacking and the re  is a s t rong band of 
the C = O of an e s t e r  at 1733 cm - t ) ,  the compounds obtained a re  not the cor responding  l ac t ams ,  the f o r m a -  
tion of which took p lace  in the case  of the cycl izat ion of 3 - ( f i -me thoxycarbony le thy l ) t e t r ahydro-4- th iopyrone  
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PMR spec t rum of 5- (fi -e thoxycarbonyle thyl ) -2-methyl -1 ,2  ,3 ,4- 
t e t rahydropyr imido[3 ,4-a ] - indole  (III) in CC14. 

[2]. The lactamizat ion of the e s t e r s  obtained could not be effected under  var ious  conditions (heating to 200- 
250~ boiling in xylene with polyphosphoric  acid, or  heating in xylene with the addition of sodium hydride).  

In view of the resu l t s  that we obtained in the cycl izat ion of the ~ -methy lp ipe r id in -3 -ones  [1] and also 
of the NMR spec t rum of lII (Fig. 1), these  compounds must  be ascr ibed  the s t ruc tu re  of 7 -R-5- ( f i - e thoxy-  
carbonyle thy l ) - i  ,2 ,3 ,4- te t rahydropyr imido [3,4-a]indole s (III-VII). 

In the PMR spec t rum of Ili (RS-60 ins t rument  with a working f requency of 60 MHz in CC14 solution on 
the 5 scale re la t ive  to HMDS) the re  a re  the following cha rac t e r i s t i c  signals (ppm): 220 (3H, singlet,  N-CH3) , 
2.27-3.0 (SH, multiplet ,  two CH2-CH 2 f ragments) ,  4.30 (2H, singlet,  N - C H 2 - N )  , and 6.6-7.3 (4H, four 
protons  of a benzene ring).  

The format ion  of this type of compound apparent ly  takes  place through the r e a r r a n g e m e n t  of the 3H- 
indoles formed initially.  

In o r d e r  to de te rmine  the influence of the nature  of the ketone and hydrazine  components on the type 
of substances fo rmed  on cycl izat ion,  we have made a fa i r ly  detailed study of the cycl izat ion of 2-(f~-methoxy- 
carbonylethyl)cyclohexanone (11) with the same hydraz ines  under  analogous conditions.  

The cycl izat ion of the a ry lhydrazones  of ketone I1 took place dif ferent ly  f rom that of the a ry lhydra -  
zones of ketone I. In the react ion of II with phenyl- ,  p - to ly l - ,  and f i -naphthylhydrazines cycl izat ion took 
place with the format ion both of 1 -me thoxyca rbony le thy l - l , 2 ,3 ,4 - t e t r ahydroca rbazo le s ,  spontaneously r e -  
a r ranging into the l ac tams  VIII-X, and of e s t e r s  of f i - (1 ,2 ,3 ,4 - te t rahydro-4aH-carbazo l -4a-y l )p rop ion ic  
acid (XI-XIII). The cycl izat ion of the p-methoxyphenylhydrazone of the ketone II gave only the lac tam XIV. 
The cycl izat ion of the p-e thoxycarbonylphenylhydrazone of the ketone II took place with the format ion of the 
corresponding 4aH-earbazole  XV. The s t ruc tu re  of the ]as t -ment ioned products  was conf i rmed by analysis  
and the i r  capaci ty  for  forming hydrochlor ides .  Thus,  the resu l t s  of the cycl izat ion of a ry lhydrazones  of 3- 
( f i - e thoxycarbonyle thy l ) - l -methy lp iper id in -4-one  under the conditions of the F i sche r  react ion,  together  
with the examples  of the cycl izat ion of the a ry lhydrazones  of ~ -methy lp ipe r id in -4 -ones  that we desc r ibed  
prev ious ly  [1], show the fa i r ly  genera l  tendency of a ry lhydrazones  of such ketone s to fo rm r ea r r an g emen t  
products  belonging to the 1 ,2 ,3 ,4- te t rahydropyr imido[3,4-a] indole  sys tem.  Analogous ketone s belonging to 
the cyelohexanone o r  the t e t r ahydro-4 - th iopyrone  se r i e s  undergo F i sche r  cycl izat ion normal ly ,  giving com-  
pounds of the indole or  3H-indole type.  

o r r \  o= ~ 

-CH2Clt2COOCHa + ~ - - <  VIII, Ix, XIV 

I| I CH2CH2COOCH a 

NH 2 

Xl, Xll, XV 

CH2CH2COO CH 3 

XlII 
R = H ;  IX, Xll R = C H , ;  XIV r = O C H a ;  XV R=COOC2H 5 VIII, XI 
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TABLE 1. 5 - E t h o x y c a r b o n y l e t h y l - 2 - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o -  
pyr imido  [3,4-a]indole s (III-V, VII) 

-6 

III 

III* 

IV 

V 

VII 

mp, *C 

169--170,5 

bp 
159--160 o 
(O,OSmrr} 
163--164,5 

163--164 

173--175 

Empirical 
Found, % 

formula c H 

C18H2~!N202 �9 HCI 

CIaH24rN20a �9 HC1 

C21H24N20_9 �9 HC1 

ClTH22N~O2"HC1 63,09 7,25 
63,06 7,32 

C17H22N202 71,30[ 7,91 
71,19[ 7,91 

64,33[ 7,59 
64,381 7,48 
61,27[ 7,14 
B1,461 7,10 
57,60 [ 6,68 
37,661 6,73 

CI 

10,45 
10,46 

10,45i 
10,45 
9,46 
9,29 
9,34 
9,29 

N C H 

9,24 63,24 7,18 
9,15 
9,94 [ 71,29 7,74 

1o,o5 / 

8,38 64,19 i 7,48 
8,46 ] 
8,40161,30 i 7,14 
8,47 ] 
7,44 67,631 6,76 
7,48 

Calc, % 

C1 

10,9~ 

10.53 

19,05 

7,51 

N 

8,68 

9,78 

8,32 

7,94 

9,51 

59 

56 

38 

65 

*Base  III.  UV s p e c t r u m ,  Xmax,  nm (log ~): 228 (4.46) and 285 (3.83). 

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

7 - R - 5 -  ( f i -E thoxyca rbony le thy l ) -2 -me thy l -1 ,2 ,3 ,4 - t e t r ahydropyr imido  [3,4-a]indole s (III-V, VII). A 
mix tu re  of 0.01 mole  of I and 0.01 mole  of the appropr ia t e  a ry lhydraz ine  was boiled in 20 ml of 20% ethan-  
olic hydrogen chlor ide for  30 min.  The ammonium chloride that had deposi ted was f i l te red  off, and the r e -  
act ion mix tu re  was  poured into d ry  e ther .  The p rec ip i t a t e  was f i l t e red  off and r e c r y s t a l l i z e d  f r o m  absolute 
ethanol.  This  gave the hydroch lor ides  of I I I -V and VII. The base  III was isolated in the usual  way and d i s -  
t i l led in vacuum.  Informat ion  on compounds I I I -V and VII is given in Table  1. 

7 -E thoxycarbony l -  5- ( f l - e thoxycarbony le thy l ) -2 -methy l -1 ,2 ,3 ,4 - t  e t r ahydropyr imido  [3,4-a]indole (VI). 
A mix tu re  of 2 g (0.009 mole) of the ketone I and 2 g (0.009 mole) of p -e thoxycarbonylphenylhydraz ine  
hydrochlor ide  in 10 ml  of absolute ethanol was  boiled for  10 min.  The ethanol was  dist i l led off, giving 3.2 g 
(84.2%) of the hydrochlor ide  of the hydrazone ,  mp 171-173~ (f rom absolute ethanol). Found %: N 10.20, 
10.06. C20I-]29N304 " HC1. Calculated %: N 10.21. 3.2 g of the hydrochlor ide  of the hydrazone was boiled in 
20 ml  of 35% ethanolic hydrogen chlor ide  fo r  1 h 30 min,  the reac t ion  mix tu re  was poured into wa te r ,  and 
the mix tu re  was  made alkaline with p o t a s s i u m  carbonate  and ex t rac ted  with e ther .  The e therea l  solution 
was  dr ied with MgSO4, and then e the rea l  hydrogen chloride p rec ip i t a ted  1.6 g (51.6%) of the hydrochlor ide  
of VI, nap 171-173~ ( f rom absolute  ethanol).  Found %: C 60.67, 60.59; H 6.89, 6.95; C1 8.89, 8.64; N 7.05, 
6.82. C20H26N204 �9 HC1. Calculated %: C 60.82; H 6.89; CI 8.98; N 7.09. 

2- ( f l -Methoxycarbonyle thyi )  cyclohexanone (II). A mix tu re  of 20.5 g (0.126 mole) of 1 -p ipe r id ino-  
c y c l o h e x - l - e n e  [4] and 22.2 g (0.258 mole) of methyl  ac ry la t e  in 120 ml  of d ime thy l fo rmamide  was  boiled 
fo r  37 h, t r e a t ed  with 20 ml  of w a t e r ,  and boiled for  another  1 h, a f t e r  which the mix ture  was poured into 
500 ml of w a t e r  and ex t rac ted  with e ther .  The e therea l  ex t rac t  was washed with 5% hydrochlor ic  acid,  with 
5% p o t a s s i u m  carbonate  solution, and with wa t e r ,  and was dr ied with MgSO 4. Dist i l lat ion yielded 10.4 g 
(45%) of II, bp 113-115~ (5 mm) [bp 140-142~ (15 mm) [5]). Found %: C 65.25, 65.57; H 8.70, 8.77. 
CIoHI603. Calculated %: C 65.29; H 8.69. 

2 ,3 ,3a ,4 ,5 ,6 -Hexahydro-1H-pyr ido  [1,2-b ] ca rbazo l -1 -one  (VIII) and Methyl T -  (1 ,2 ,3 ,4- te t rahydro-  
4aH-ca rbazo l -4a - y l )p rop i ona t e  (X-I). A mix tu re  of 5.7 g (0.03 mole) of II and 4.2 g (0.03 mole) of phenyl-  
hydraz ine  hydrochlor ide  in 40 ml  of 20% ethanolic hydrogen chloride was boiled for  1 h and poured into 200 
ml  of wa te r ,  and the mix tu re  was  lef t  for  2 h. The p rec ip i t a te  that had deposi ted was  f i l te red  off, giving 2 g 
(29%) of VIII, rap 125-126~ ( f rom ethanol) [6]. The aqueous solution was  neut ra l ized  with ammonia  and ex-  
t r ac t ed  with e ther .  The e the r  was  dis t i l led off, giving 2.6 g (33%) of XI, mp 87-88.5~ ( f rom pe t ro l eum 
ether) .  Found %: C 74.16, 74.13; H 7.86, 7.84; N 5.09, 5.12. Ci6HIgNO 2. Calculated %: C 74.67; H 7.44; N 
5.44. 

8 -Methy l -2 ,3 ,3a ,4 ,5 ,6 -hexahydro-  1 H-pyr ido  [1,2-b ]carbazol -  1-one (IX) and Methyl T -  (6-Methyl-  
1 , 2 , 3 , 4 - t e t r a h y d r o - 4 a H - c a r b a z o l - 4 a - y l ) p r o p i o n a t e  (XII). As in the p reced ing  case ,  4.7 g (0.025 mole) of II 
and 3 g (0.02 mole) of p - to ly lhydraz ine  hydrochlor ide  yielded 2.2 g (86%) of IX, mp 107-108~ (from ethanol). 
Found %: C 80.39, 80.37; H 7.06, 7.25; N 5.80, 6.02. C16HITNO. Calculated %: C 80.34; H 7.11; N 5.85. 
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Also obtained was 1.2 g (17%) of XII, mp 88.5-89~ (from heptane). Found %: C 75.46, 75.28; H 7.95, 8.13. 
C17H21NO2. Calculated ~" C 75.24; H 7.80. 

2 ,3 ,3a ,4 ,5 ,6 -Hexahydro- lH-7 ,8 -benzopyr ido[1 ,2 -b ]ca rbazo l - l -one  (X) and Methyl T- (1 ,2 ,3 ,4-Tet ra-  
hydro-4aH-5 ,6 -benzocarbazo l -4a -y l )p rop iona te  (XII1). Similar ly ,  3.8 g (0.02 mole) of II and 3.9 g (0.02 
mole) of f l -naphthylhydrazine hydrochlor ide  yielded 1.7 g (31%) of X, mp 182-183~ (from ethanol). Found 
%: C 82.65, 82.40; H 6.18, 6.29; N 5.19, 5.12. CgH17NO. Calculated ~:  C 82.87; H 6.22; N 5.08. In addi- 
tion to th is ,  2 g (32%) of XIII, with mp 93-94~ (from heptane) was obtained. Found %: C 78.20, 78.22; H 
7.14, 7.19; N 4.78, 4.79. C20H2iNO 2. Calculated %: C 78.11; H 6.88; N 4.55. Hydrochloride of XIII, mp 157- 
159~ (from ethanol). Found %: C 70.38, 70.15; H 6.83, 6.82; C1 9.80, 9.76; N 3.85, 3.86. C20H21NO2 �9 HC1. 
Calculated %: C 69.87; H 6.45; C1 10.32; N 4.07. 

8 -Methoxy-2 ,3 ,3a ,4 ,5 ,6 -hexahydro-H-pyr ido[1 ,2 -b]ca rbazo l - l -one  (XIV). A mixture  of 5.3 g (0.03 
mole) of p-methoxyphenylhydrazine  hydrochlor ide  and 5.7 g (0.03 mole) of II was boiled with 40 ml of 20% 
of ethanolic hydrogen chloride for  40 rain and poured into water .  This  gave 4 g (50.6%) of XIV, mp 96-97~ 
(from heptane).  Found %: C 75.34~ 75.41; H 6.79, 6.88. C16HI7NO 2. Calculated ~: C 75.27; H 6.71. 

Methyl y - ( 6 -E thoxyca rbony l - l , 2 , 3 , 4 - t e t r ah y d ro -4 aH -ca rb azo l -4 a -y l )  propionate (XV). A mixture  of 
3.8 g (0.02 mole) of II and 3.6 g (0.02 mole) of p-e thoxycarbonylphenylhydrazine  in 25 ml of 25% ethanolic 
hydrogen chloride was boiled for  1 h, poured into water ,  neut ra l ized  with ammonia,  and ext rac ted  with 
e ther .  The res idue  af te r  the e ther  had been driven off was chromatographed on A1203 (grade I]), benzene 
elution giving 2.5 g (34%) of XV, mp 63-64~ (from heptane). Found ~:  C 69.47, 69.42; H 7.34, 7.36; N 4.10, 
4.32. CI9H23NO 4. Calculated %: C 69.27; H 7.04; N 4.25. Hydrochlor ide of XV, mp 151-153~ (from abso-  
lute ethanol). Found ~:  C1 9.36, 9.32; N 3.80, 3.82. C19H23NO4 " HC1. Calculated %: C1 9.69; N 3.83. 
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