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A mix ture  of i s o m e r i c  2 ,2 ,4 - t r ime thy l -  and 2 , 4 , 4 - t r i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o -  ] ' - e a rbo l ine s  
is  fo rmed  as a r e su l t  of the F i s che r  cycl izat ion of 2 ,2 ,6 - t r ime thy l -4 -p ipe r idone  a ry lhydrazones .  

In connection with a study of the d i rec t ion of the F i s c h e r  cycl izat ion of the a ry lhydrazones  of u n s y m -  
m e t r i c a l  ketones [2-4], it s e em ed  of in te res t  to us to accompl i sh  the eycl iza t ion of 2 , 2 , 6 - t r i m e t h y l - 4 - p i p e r -  
idone a ry lhydrazones  ( I ) ,  s ince one might expect  the fo rmat ion  of two s e r i e s  of i s o m e r i c  t e t r a h y d r o - ~ - e a r -  
bol ines .  

0 CH 3 

NHNH 2 v ~N~ v xC.H2 ' "CH~ 
tt ~'f 

I II--VI V I I - X  

II, Vl! R~H; III, VIII R=CH3; IV, IX R~CI ;  V, X R~Br; V! R=OCH 3 

CH3 ' ' ~ :~ i ' l :  CH3 z~/.c_. A ~ - - -  N. 
v.  Pe black-- v ~N~.....-~C"3 

H 

Xl 

The reac t ion  was c a r r i e d  out with phenylhydrazine,  4 - m e t h y l - ,  4 - m e t h o x y - ,  4 - c h l o r o - ,  and 4 - b r o m o -  
phenylhydrazines  without isolat ion of the cor responding  hydrazones .  In se lec t ing the conditions for  the ey-  
clization,  it was  es tab l i shed  that  the mos t  f a v o r a b l e  cycl izing agent  is a 7-14% solution of hydrogen chloride 
in alcohol.  The cycl izat ion products  a r e  mix tu re s  of compounds without sha rp  mel t ing  points.  Repeated 
f rac t iona l  c rys ta l l i za t ion  of these  mix tu re s  in the f o r m  of the hydrochlor ides  made it poss ib le  to isola te  two 
individual i s o m e r i c  compounds in all  cases  except  for  the product  of the condensation with 4 -methoxyphenyl -  
hydrazine.  The s t r u c t u r e s  of the compounds were  proved by means  of the PMR spec t ra .~  For  compar i son ,  
we used the prev ious ly  [5] synthesized 2 , 2 , 4 - t r i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - T - c a r b o l i n e ,  which proved  to be 
identical  to carbol ine  I I  obtained by the eycl izat ion of phenylhydrazine with I. The s inglet  s ignals  of the p r o -  
tons of the two CH 3 groups in the 2-posi t ion of the 2V-carboline r ing,  whose nonequivalence is explained by 

* See [1] for  communicat ion  XXXVI. 
The PMR s p e c t r a  were  obtained with an RS-60 s p e c t r o m e t e r  (also with a DA60-JZ s p e c t r o m e t e r  in the 

case  of I I )  with an opera t ing  f requency of 60 MHz with hexamethyld is i loxane  as  the in ternal  s tandard .  The 
chemica l  shifts  a re  given on the 5 sca le ,  and the re la t ive  in tensi t ies  of the s ignals  were  de te rmined  by in te-  
grat ion.  
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the different  shielding of them on the pa r t  of the grouping in the 4-pos i t ion ,  a re  s i tuated at 0.95 and 1.1 ppm 
in the PMR spec t rum  of II (in CHC13). The chemica l  shift  of the doublet signal (J  6.5 Hz) of the protons  of 
the 4-CH~ group is 1.44 ppm. At 1.7-2.7 ppm there  a re  four  l ines of s ignals  of the 1-H 2 pro tons  of the AB 
s y s t e m  with J 16 Hz; the components  of these  s ignals  a r e  spl i t  (J  2 Hz) due to the long- range  s p i n - s p i n  
in terac t ion  with the 4 -H  proton; the signal  of the la t te r  (4.2 ppm) appea r s  as a quar te t  ( J  6 Hz) in which the 
components  have a fine s t ruc tu re .  A broad  s ignal  f r o m  the N(3)H proton is found at 9.0 ppm. The N(~)H 
signal appea r s  at 1.2 ppm and is par t ia l ly  over lapped  by  the 4 -CH 3 and 2-CH~ s ignals .  Deutera t ion  (the ad-  
dition of CD3OD followed by s to rage  for  s e v e r a l  days)  r e su l t s  in a lmos t  to ta l  d i sappearance  of the N(3)H 
and N(9)H signals  and to the m o r e  dis t inct  appearance  of the s ignals  of the th ree  CH 3 groups;  in addition, the 
signal  f r o m  1-H 2 acqu i res  the shape of a b road  s y m m e t r i c a l  peak at 2.5 ppm. We note that  in pyridine so -  
lution the 1-H 2 signal (2.8 ppm) has a s i m i l a r  shape.  An examinat ion  of the PMR spec t rum of the o ther  i so -  
m e r  indicates  that  it has the VII s t ruc tu re .  The broad  quar te t  c h a r a c t e r i s t i c  for  II is absent  at ~4 ppm, 
since the 4-pos i t ion  in VII has been  subst i tuted by two CH 3 groups,  the s inglet  s ignals  of which a re  si tuated 
at weake r  field (1.44 and 1.54 ppm) than the doublet signal (J  6.2 Hz) f r o m  2-CH 3 (1.13 ppm) .  The ch emi -  
cal shifts  of N(3)H and N(s)H a re ,  r e spec t ive ly ,  1.23 and 8.55 ppm. The complex 1-H 2 signal  appea r s  at 
2.0-2.4 ppm, while an unreso lved  mult ip le t  f r o m  2-H appea r s  at 2.78-3.57 ppm. The a s s ignmen t  of the o ther  
ca rbo l ines  to the I I I -VI  or  VIII -X s e r i e s  does not yet  p r e sen t  diff icult ies,  s ince the f i r s t  s e r i e s  of compounds 
was cha r ac t e r i z e d  by the p r e s ence  of a quar te t  at ~4 ppm and by the si tuat ion of the s ignals  of gem-d ime thy l  
groups  at higher field than the doublet f rom C -  CH3, while, for  the second s e r i e s  of compounds,  the s ignals  
of the gem-d ime thy l  groups  were  located at lower  field than the C -  CH 3 signal .  (The m o s t  c h a r a c t e r i s t i c  
s ignals  of the r emain ing  compounds a r e  p re sen ted  in the expe r imen ta l  sec t ion. )  The yie lds  of the t e t r a -  
h y d r o - ~ - c a r b o l i n e s  that  we obtained are  low, chiefly because  of the cons iderable  losses  in the isolat ion of 
the individual i s o m e r s .  

The abili ty of the a ry lhydrazones  of ketone I to cycl ize to fo rm two s e r i e s  of i s o m e r s  is a t t r ac t ive ,  
pa r t i cu la r ly  because ,  accord ing  to the l i t e ra tu re  data, di f ferent  a ry lhydrazones  of 3 - m e t h y l -  and 3 - c a r b o x y -  
cyclohexanones [ 6 ] give only one t e t r a h y d r o c a r b a z o l e  i s o m e r  with a subst i tuent  in the 2-pos i t ion  under  the 
conditions of the F i s che r  reac t ion .  

We studied the reduct ion of VII by zinc dust in hydrochlor ic  acid.  In con t ra s t  to II, the reduct ion of 
which p roceeds  to fo rm a mix tu re  of approx imate ly  equal amounts  of the no rma l  reac t ion  product  - 2,2,4- 
t r i m e t h y l - l , 2 , 3 , 4  ~4a,9a-hexahydro-  ~ -ca rbo l ine  - and the decomposi t ion p r o d u c t ,  2-  ( 2 - a m i n o - 2 - m e t h y l -  
p ropyl )  indoline [7], under  these  conditions VII is unambiguously conver ted  to 2 ,4 ,4 - t r ime thy l - l , 2 ,3 ,4 ,4a ,  
9 a - h e x a h y d r o - ~ - c a r b o l i n e  (XI) .  The s t ruc tu re  of XI was proved by i ts  dehydrogenat ion to the s ta r t ing  VII 
ove r  Pd black.  

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

2 , 2 , 4 - T r i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - c ~ - e a r b o l i n e  (II)  and 2 , 4 , 4 - T r i m e t h y l - t e t r a h y d r o - ~ - c a r b o l i n e  
(VII) .  A mix tu re  of 20 g (0.14 mole )  of I [8] and 20 g (0.138 mole )  of phenylhydrazine hydrochlor ide  in 280 
ml  of 7% HC1 in alcohol was ref luxed for  2 h. The alcohol was vacuum evapora ted ,  and the res idue  was d i s -  
solved in 120 ml  of hot wa te r .  The hydrochlor ide  that  p rec ip i ta ted  on cooling was r emoved  by f i l t ra t ion,  
c rys t a l l i zed  th ree  t imes  f r o m  wate r ,  and conver ted  to the base .  Four  c rys ta l l i za t ions  f r o m  b e n z e n e - p e t r o -  
leum e ther  gave 2.2 g (7.5%) of VII with mp 159.5-161 deg. Found: C 78.3; H 8.6; N 13.3%. C14H18N 2. Calcu-  
lated: C 78.5; H 8.5; N 13.1%. UV s pec t rum  (in alcohol,  c 10-5-10 -2 M),2~ma x, nm (log e ) :  277 (3.85) ,  286 
(3.78) .  In addition to 7NH at 2500-3350 cm -1, the IR spec t rum of the product  in m ine ra l  oil contains a s e -  
r i e s  of weak bands at  1564-1623 cm - i  as well  as a~ intense band at  1063 cm -1, which is  absent  in the spec -  
t r u m  of II.  

The combined aqueous mothe r  l iquors  were  evapora ted  in vacuo,  and the res idua l  hydrochlor ide  was 
c rys t a l l i zed  f rom b e n z e n e - p e t r o l e u m  e ther  to give 6 g (20%) of II* with m p  159-160 deg [5]. The mix tu re  
of i s o m e r s  II  and VII was  not sepa ra ted  sa t i s fac to r i ly  by t h i n - l a y e r  ch romatography  on A1203. The pu r i -  
t ies  of II and VII we re  moni to red  by gas - l iqu id  chromatography .  Found: C 78.7; H 8.6; N 13.0%. C14HIsN 2. 
Calculated: C 78.5; H 8.5; N 13.1%. UV s p e c t r u m  (in a lcohol) ,  Amax,  nm (long e ) :  277 (3.85),  286 (3.79).  
The IR s p e c t r u m  (m i ne ra l  oi l )  contains a s e r i e s  of weak bands at 1565-1624 cm -1, and an intense band, 
which is absent  in the s pec t rum  of VII, is obse rved  at 1240 cm- l ;  7NH appea r s  at 2500-3350 cm -~. 

* The product  y ie lds  in all  ca ses  were  de te rmined  for  analyt ical ly  pure  samples .  
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2 , 4 , 4 - T r i m e t h y l - l , 2 , 3 , 4 , 4 a , 9 a - h e x a h y d r o - a - c a r b o l i n e  (XI) .  A 2.4 g (0.011 mole )  sample  of VII was 
reduced in the p re sence  of 0.01 g of m e r c u r i c  chloride in 10 ml  of alcohol by means  of 18 g (0.27 g - a t o m )  
of zinc dust and 57 ml  of concentra ted  hydrochlor ic  acid by refluxing for  14 h. (The zinc dust  was  added in 
3 g por t ions ,  and the acid was added gradua l ly . )  The reac t ion  mix tu re  was made s t rongly  alkal ine with 40% 
KOH, and the oil that was l ibera ted  was ex t rac ted  by e the r  and dried with magnes ium sulfate.  Removal  of 
the e the r  by dis t i l la t ion gave 1.45 g (60%) of XI with mp l l 6 - 1 1 7 d e g ( f r o m h e p t a n e ) .  Found: C 77.4; H9.6; N 
13.2%. C14H20N 2. Calculated: C 77.7; H 9.3; N 13.0%. UV spec t rum (in a lcohol) ,  kmax ,  nm (log e ) :  245 
(3.87),  296 (3.50) ,  The dihydrochioride of XI mel ted at  267-268 deg ( f rom a lcohol ) .  Found: N 9.6; CI 24.3%. 
C14H20Nz.2HC1. Calculated: N 9.7; C1 24.5%. 

Compound VII with mp 159-160 deg (mixed mel t ing  point)  was obtained in 66% yield by refluxing a so -  
lution of XI in xylene ove r  Pd black for  1.5 h. 

2 , 2 , 4 , 6 - T e t r a m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - 7 - c a r b o l i n e  (III)  and 2 , 4 , 4 , 6 - T e t r a m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o -  
7 -ca rbo l ine  (VIII) .  A mixture  of 20 g (0o14 mole )  of I and 18 g (0.113 mole )  of p - to ly lhydraz ine  hydrochlo-  
r ide in 160 ml  of 7% alcoholic HCI was ref luxed for  1.5 h. The alcohol was evapora ted  in vacuo,  and the 
res idue  was dissolved in wate r .  The solution was made alkaline with sa tu ra ted  aqueous po tass ium carbonate ,  
and the prec ip i ta te  (14.5 g) was c rys ta l l i zed  repea ted ly  f rom e the r  and then f rom b e n z e n e - p e t r o l e u m  e ther  
to give 7.3 g (28%) of III  with mp 159-160 deg. Found: C 79.0; H 8.9; N 12.3%. C15H20N 2. Calculated: C 78.9; 
H 8.8; N 12.3%. PMR s pec t rum  (in CHC13) , ppm: 0.82-1.34 [7H, two s inglets  f rom 2-(CH3) 2 and a signal 
f rom 3-NH], 1.49 (3H, doublet,  J 6.5 Hz, 4-CH3) , 1.9-2.7 (5H, s inglet  f r o m  6-CH 3 over lapped  by the signal  
f rom 1-H 2), 4.22 (1H, insufficiently reso lved  quar te t  f rom 4 -H) .  The combined e the rea l  mo the r  l iquors  were  
evapora ted  to give 1.4 g (5.4%) of VIII with mp 131-132.5 deg ( f r o m  b e n z e n e - p e t r o l e u m  e the r ) .  Found: C 
79.0; I-I 9.1; N 12.5%. C15H20N 2. Calculated: C 78.9; H 8.8; N 12.3%. 

2 : 2 , 4 - T r i m e t h y l - 6 - c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o - ~ - e a r b o l i n e  (IV) and 2 , 4 , 4 - T r i m e t h y l - 6 - c h l o r o - l , 2 , 3 , 4 -  
t e t r a h y d r o - 7 - c a r b o l i n e  (IX).  The same  so r t  of r eac t ion  was run with 15 g (0.106 mole )  of I and 12 g (9.084 
mole )  of 4-ch lorophenylhydraz ine  in 105 ml  of 14% alcoholic ttC1. (The mix ture  was refluxed for  2.5 h.) 
The reac t ion  product  (9.6 g) was c rys ta l l i zed  f rom benzene to give 0.9 g (4.4%) of IV with mp 172.5-174 deg. 
Found: C 67.7; H 7.0; CI 14.3; N 11.2%. Ci4HITC!N 2. Calculated: C 67.6; H 6.9; C1 14.3; N 11.3%. PMR s p e c -  
t r u m  (in pyr id ine) ,  ppm: 1.03 and 1.14 /6H, two single~s, 2-(CH3)2] , 1.4 (3It, doublet, J 6.5 Hz. 4-CH3), 2.5 
(broad,  unreso lved  signal ,  l -H2) , 3.8-4.3 (1H, insufficiently r eso lved  quar te t ,  4-H)o The mothe r  l iquors 
yielded (a f te r  repea ted  c rys ta l l i za t ion  f r o m  benzene)  0.85 g (4.2%) of IX with mp 194-195.5 deg. Found: C 
67.6; H 7.1; C1 14.4; N 11.2%. C14HITC1N 2. Calculated:  C 67.6; H 6.9; C1 14.3; N 11.3%. PMR s p e c t r u m  (in 
pyr id ine) ,  ppm: 1.03 (3H, doublet, J 6.5 Hz, 2-CH3) , 1.44 and 1.54 [6H, two s inglets ,  4-(CH3)2] , 2.4-2.6 (un-  
r e so lved  signal ,  l -H2)  , 2.9-3.4 (unresolved mult iplet ,  2 -H) .  

2 , 2 , 4 - T r i m e t h y l - 6 - b r o m o - l , 2 , 3 , 4 _ t e t r a h y d r o _  7 -ca rbo l i ne  (V) and 2,4,4-  T r i m e t h y l - 6 - b r o m o -  ! ,2 ,3,4-  
t e t r a h y d r o - 7 - c a r b o l i n e  (X) .  A solution of 15.2 g (0.107 mole )  of I and 16 g (0.085 mole )  of 4 -b romo p h en y l -  
hydrazine ~,vas ref luxed for  2 h in 120 ml  of 14% alcoholic  HC1. The alcohol was evapora ted  in vacuo,  and the 
res idue  was c rys ta l l i zed  f rom wate r .  The mix tu re  of  hydrochlor ides  (4.5 g) thus obtained was d isso lved  in 
wate r ,  and the solution was made alkaline with aqueous po ta s s ium carbonate .  The prec ip i ta te  was f i l te red  
and r e c r y s t a l l i z e d  th ree  t imes  f rom benzene to give 2.3 g (9.2%) of V with mp 183-184.5 dego Found: C 
57.6; H 5.8; Br 27.5; N 9.6%. C14HiTBrN 2. Calculated:  C 57.3; H 5.8; Br  27.3; N 9.6%. PMR spec t ru m (in 
pyr id ine) ,  ppm: 1.03 and 1.13 [two s inglets ,  2-(CH3)2] , 1.43 (doublet,  J 6 Hz, 4-CH~), 2.5 (broad signal ,  
l -H2)  , 4.1 (unresolved  quar te t ,  4 -H) .  The hydrochlor ide  mel ted  at 244-245 deg ( f r o m  a lcohol ) .  Found: N 
8.6; CI 10.5%. ClaHI~BrN2.HC1. Calculated:  N 8.5; C1 10.7%. The combined mothe r  l iquors obtained a f t e r  
the c rys ta l l i za t ion  of V f r o m  benzene were  evapora ted  in vacuo,  and the res idue  was r e c r y s t a l l i z e d  twice 
f rom benzene to give 0.25 g (1%) of X w i t h  mp 189-190 deg. Found: C 57.3; H 5.7; Br  27.5; N 9.4%. CI4HiT- 
BrN 2. Calculated: C57.3; H 5.8; Br  27.3; N 9.6%. PMR spec t rum (in pyr id ine) ,  ppm:  1.13 (doublet,  2-CHa);  
1.44 and 1.51 [two s inglets ,  4-(CH3)2] , 2.4-2.6 (unresolved  signal ,  1-H2) , 2.9-3.4 (unresolved  broad signal ,  
2 -H) .  

2 , 2 , 4 - T r i m e t h y l - 6 - m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - 7 _ c a r b o l i n e  (VI) .  A solution of 5 g (0.035 mole )  of I 
and 5 g (0.028 mole )  of 4 -methoxyphenylhydraz ine  hydrochlor ide  in 35 ml  of  absolute  alcohol was ref luxed 
for  1 h. The p rec i  pirated am m on i um  chloride was r emoved  by f i l t ra t ion,  and the alcohol solution was evap-  
ora ted  in vacuo.  Af ter  cooling, the prec ip i ta ted  hydrochlor ide  (2.9 g) was dissolved in wate r ,  and the s o -  
lution was made alkaline with aqueous po ta s s ium carbonate .  The l ibera ted  reac t ion  product  was c r y s t a l -  
l ized th ree  t i m e s  f rom benzene to give VI with mp 169-170 deg. Found: C 74.0; I-I 8.3; N 11.6%. CisH20N20. 
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Calculated: C 73~ H 8~ N 11.5%. PMR spec t rum (in CHC13) , ppm: 0.9-1~ [two singlets f r o m  2-(CI-I3~)2 , 
N(3)H], 1~ (doublet, J 6.5 Hz, 4-CH3), 1.9-2.8 (complex signal, l -H2),  3.81 (singlet ,  OCH3) , 4.0-4.4 (4-H) .  
The hydrochlor ide  of VI mel ted at 204-205 deg ( f rom alcohol) .  Found: CI 11.8%. C!sH~0N20~ Calculated: 
12.0%. 
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