
C) A total  of 0.184 g (83~t) of 1 ,2 ,7- t r imethyl -4-e thy ldecahydro-4-quino lo l  (XX) (nap 113-114~ Rf0.60), 
which was identical  to the alcohol obtained by react ion  of ketone XVII with C2HsMgBr [3]. was synthesized 
f rom 0.2 g (1 mmole)  of ketone XVII and 0.22 g (2 mmole)  of (C2H5)~1 in THF (60 ~ for  5 h). 
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STEREOCHEMISTRY OF THE 1,4-REDUCTION OF CHIRAL 

N-(c~-PHENYLETHYL)-A 9"I~ 
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E. A. Golov, P. B. Terent'ev, 
and R. Khertsshu 

UDC 541.63 : 547.831.3.8 

Only t rans-N-(a-phenyle thy l ) -4-ke todecahydroquinol ine ,  which is readi ly  conver ted  to a mix -  
ture  containing 70~ of the the rmodynamica l ly  m o r e  stable cis i somer ,  is formed in the reduc-  
tion of chira l  N-(c~-phenylethyl)-A~'l~ with l i thium aluminum hydride.  

We have prev ious ly  es tabl ished [2] that the 1 ,4-reduct ion of chiral  N- (a -phenyle thy l ) -A9J~  
hydroquinoline ([) with l i thium aluminum hydride p roceeds  as an a s y m m e t r i c  synthesis  and gives optically 
act ive bicycl ic  4-piper idones  IIa and IIb. The reduct ion also p roceeds  to a g r e a t e r  extent to give the c o r r e -  

sponding alcohols.  

O o 

�9 I ' I CHCH3 C H C H  3 

CsHs I C6Hs 
i l  ,2 I I  b 

In the p resen t  r e s e a r c h  we have made a detailed analys is  of the s t e reochemica l  pecu l ia r i t i es  of the 
reduction of enamino ketone I in o r d e r  to a sce r t a in  the p r i m a r y  reac t ion  pathway. The reduct ion was c a r r i e d  

*Communica t ion  XXXVII f rom the s e r i e s  "Stereochemica l  Studies"; see [1] for  communicat ion  XXXVI. 
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T A B L E  1. M a s s  S p e c t r a  of c i s  and t r a n s  I s o m e r s  IIa and Ii10 (50 

eV)* 

Isomer 257 (M) 
IIa lib 

Relative % intensity, 28.4 47 

2-12 IF I) i 214 r 

J [la Hb iia l ib 

16,3 12,8 23.7 33 
l 

lltJ IF4/ 

i Ia  Iib 

2t,3 15.2 

lO5 (F s) 

iia I Hb 

100 I 100 

* T h e  f ive  m o s t  i n t e n s e  ions  a r e  p r e s e n t e d .  

T A B L E  2. I n t e n s i t i e s  of the  C h a r a c t e r i s t i c  Ions  in the  M a s s  
S p e c t r a  of I s o m e r s  IIa,  b 

FI Isomer u'.~r* FI* ~ F2* i Fz I ?~ Fs" 
I 

[Ia 10.8 5,4 0,58 l,I [ 0.11 8 
l i b  11,7 2,8 0,27 O.fl Ii 0.08 7,3 

*In p e r c e n t  r e l a t i v e  to  the  t o t a l  ion c u r r e n t .  

I .~r F4* 

0,84 8,1 
0.69 3,5 

1,05 
0,49 

out by v a r y i n g  the  t e m p e r a t u r e ,  r e a c t i o n  t i m e ,  and m o l a r  r a t i o s  of l i t h i u m  a l u m i n u m  h y d r i d e  and enamino  
ke tone  I, but  it  was  found tha t  a change  in the  cond i t i ons  does  not a f fec t  the  o v e r a l l  q u a n t i t a t i v e  y i e l d  of the  
r e a c t i o n  p r o d u c t s  and  the p e r c e n t  r a t i o  of p i p e r i d o n e s  II (69~) and a l c o h o l s  III  (30%). C h r o m a t o g r a p h i c  m o n -  
i t o r i n g  of the  r e a c t i o n  m i x t u r e  on Silufol  i m m e d i a t e l y  a f t e r  the  r e a c t i o n  and du r ing  the  r e a c t i o n  showed tha t  
only  t r a n s  i s o m e r  IIb i s  p r e s e n t  in  a l l  c a s e s .  If the  e t h e r  so lu t i on  ob ta ined  a f t e r  d e c o m p o s i t i o n  of the  r e a c t i o n  
m i x t u r e  is  s t o r e d  at  0~ the  d e v e l o p m e n t  of c i s  i s o m e r  IIa is  not d e t e c t e d  in the  c o u r s e  of 3 days ,  but  c i s  
i s o m e r  IIa does  a p p e a r  at  r o o m  t e m p e r a t u r e .  The  i s o m e r i z a t i o n  p r o c e e d s  m o r e  s l owly  in the  a b s e n c e  of a 
s o l ven t  a t  r o o m  t e m p e r a t u r e .  

The  m i x t u r e  of i s o m e r s  of k e t o n e s  II and a l c o h o l s  III  w e r e  i s o l a t e d  with a co lumn  f i l l ed  wi th  s i l i c i c  ac id ,  
i n a s m u c h  as  the  u s e  of a l u m i n u m  oxide  h i n d e r e d  the  i s o l a t i o n  of t he  ind iv idua l  c o m p o u n d s  [2]. C h r o m a t o g r a p h i c  
a n a l y s i s  of the  f r a c t i o n s  ob ta ined  showed that  a c o n s i d e r a b l e  amount  of c i s  i s o m e r  IIa i s  f o r m e d  a f t e r  s e p a r a -  
t ion ,  i . e . ,  i s o m e r i z a t i o n  is a c c e l e r a t e d  on s i l i c i c  ac id .  The  c i s  and t r a n s  i s o m e r s  of II w e r e  s e p a r a t e d  by  
coo l ing  a hexane  s o l u t i o n  of t h e m  to - 3 0  ~ du r ing  which  the  l e s s - s o l u b l e  c r y s t a l l i n e  c i s  i s o m e r  p r e c i p i t a t e s .  
The  c i s  i s o m e r  cannot  b e  s e p a r a t e d  c o m p l e t e l y  by  th i s  me thod ,  and t r a n s  i s o m e r  I lb was  t h e r e f o r e  i s o l a t e d  
f r o m  the  m i x t u r e  in the  f o r m  of the  p i c r a t e .  The  c h r o m a t o g r a p h i c a l l y  p u r e  t r a n s  i s o m e r  was  i s o l a t e d  f r o m  
the p i c r a t e  by  t r e a t m e n t  wi th  a lka l i  o r  by c h r o m a t o g r a p h y  with a s h o r t  co lumn  f i l l ed  wi th  s i l i c i c  ac id  with 
e lu t ion  with  h e x a n e - e t h e r  (1 �9 1). The e lu t ion  was  c a r r i e d  out r a p i d l y  in o r d e r  to  avo id  p o s s i b l e  i s o m e r i z a t i o n .  
The  a p p e a r a n c e  in  the  PMR s p e c t r a  of d i s t i n c t  s i g n a l s  of a m e t h y l  g roup  as  a double t  (1.3 p p m  for  IIb and 1.2 
p p m  f o r  IIa) and of a m e t h y l i d y n e  g roup  as  a q u a r t e t  (3.75 p p m  for  IIb and 4.4 p p m  for  IIa) fo r  each  i s o m e r  
c o n f i r m  t h e i r  d i a s t e r e o m e r i c  p u r i t y .  

The r a t i o  of the  e i s  and t r a n s  i s o m e r s  in the  e q u i l i b r i u m  m i x t u r e  a f t e r  s e p a r a t i o n  with  a co lumn was 
~ 70 : 30; t h i s  p r o v e s  the  h i g h e r  t h e r m o d y n a m i c  s t a b i l i t y  of e i s  i s o m e r  IIa.  The h i g h e r  t h e r m o d y n a m i c  s t a -  
b i l i t y  of the  c i s  i s o m e r  i s  a l s o  c o n f i r m e d  by e x p e r i m e n t s  invo lv ing  t h e r m a l  i s o m e r i z a t i o n  and d e u t e r a t i o n .  
The  a p p e a r a n c e  of t he  t r a n s  i s o m e r s  was  d e t e c t e d  c h r o m a t o g r a p h i c a l l y  when the  c i s  i s o m e r  was  hea ted  in ben -  
zene  fo r  4 h, but  the  c i s  i s o m e r  p r e d o m i n a t e s  in the  e q u i l i b r i u m  m i x t u r e .  D e u t e r a t i o u  of the  c i s  i s o m e r  with 
CD3OD--CD3ONa a l s o  l e a d s  to a m i x t u r e  of c i s  and t r a n s  i s o m e r s  of d e u t e r i u m - s u b s t i t u t e d  N - ( ~ - p h e n y l e t h y l ) -  
4 - k e t o d e c a h y d r o q u i n o l i n e .  A m a s s - s p e c t r o m e t r i c  s tudy  showed tha t  two h y d r o g e n  a t o m s  in the  3 p o s i t i o n  of 
the d e c a h y d r o q u i n o l o n e  s y s t e m s  a r e  exchanged  by d e u t e r i u m  in both i s o m e r s .  

A c c o r d i n g  to the  da t a  in [3, 4], t r a n s  fu s ion  of the  two s i x - m e m b e r e d  r i n g s  in 1 - d e c a l o n e s  and d e c a h y d r o -  
4 - q u i n o l o n e s  is  t h e r m o d y n a m i c a l l y  m o r e  f a v o r a b l e .  Our  e s t a b l i s h e d  fac t  of the  h i g h e r  t h e r m o d y n a m i c  s t a -  
b i l i t y  of the  c is  i s o m e r  is  e x t r e m e l y  i n t e r e s t i n g  and is  p r o b a b l y  a s s o c i a t e d  with the  s t e r i c  r e q u i r e m e n t s  of 
the  pheny le thy l  s u b s t i t u e n t  a t t a c h e d  to  the  n i t r o g e n  a tom.  

A m a s s - s p e c t r o m e t r i c  s tudy  of i s o m e r i c  I Ia  and [lb (Table  1) m a d e  it p o s s i b l e  to  ob ta in  an  add i t iona l  
c o n f i r m a t i o n  of t h e i r  d i f f e r en t  t h r e e - d i m e n s i o n a l  s t r u c t u r e s .  The  s t a b i l i t y  of the  m o l e c u l a r  ion of c i s  i s o m e r  
Ha is s o m e w h a t  l o w e r  than  tha t  of the  t r a n s  i s o m e r  (Table  2). U n d e r  the  cond i t ions  of the  m a s s - s p e c t r o m e t r i c  
d e t e r m i n a t i o n ,  the  d i s s o c i a t i v e  i o n i z a t i o n  p r o c e s s e s  p r o c e e d  m o r e  a c t i v e l y  in the  c a s e  of the  c i s  i s o m e r ,  and 
ions  F I - F  ~ have  h i g h e r  i n t e n s i t i e s  (the m / e  va lue s  a r e  p r e s e n t e d  in  p a r e n t h e s e s  in the  s c h e m e  fol lowing) .  
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The ra t io  of the in tens i t ies  of the f ragment  ions to the intensi ty  of the m o l e c u l a r  ion is a l so  h igher  in 
the case  of c i s  i s o m e r  fla. S imi l a r  dependences were  p rev ious ly  observed  in the case  of s t e r e o i s o m e r i c  de-  
cahydro-4-qu ino lones  [5]. 

O O 
H II H li 

H I : 
CHCH 3 CHCH~ 
C6H 5 / C6H~ 

M § (257) / 

0 0 

-CH 3 + 
�9 " C6HsCH CH~ 

I 3 E" 5 ( ~ o 5 )  
CHCH 3 (~HCH~ 
C6H- ~ C~;H. 

F 1 (242) I-C~H: 

O 

C6HsCHCH 3 

F.~ ( 2 2 8 )  F 3 (214) F,~ (If0) 

In addit ion to the F1 -F  ~ ions indicated in the scheme,  which a r e  common to both i s o m e r s  and c h a r a c t e r i z e  the 
usual "amine" type of f ragmenta t ion ,  the m a s s  spec t rum of i s o m e r  IIa a lso  contains an ion with m / e  180 (M - 
C6H5, 2.1%), which is comple te ly  absent  in the m a s s  spec t rum of i s o m e r  IIb. Its fo rma t ion  is evident ly  a s s o -  
ciated with the h igher  s t e r i c  s t r a in  of the b icyc l ic  sys t em in the case  of the e is  i s om e r ,  which leads  to the 
development  of addi t ional  f ragmenta t ion  pathways.  Final ly ,  it should be noted that the re la t ive  in tens i t ies  of 
the m o l e c u l a r  ion and the F1-F  4 ions i n c r e a s e  when the i on i z ing -e l ec t ron  energy is lowered to 20 eV. and this  
p roves  t he i r  r e a r r a n g e m e n t  c h a r a c t e r .  The intensi ty  of the f ragment  ion with m / e  105 d e c r e a s e s  s imul taneous ly .  

EXPERIMENTAL 

The mass spectra were recorded with an MKh-1303 spectrometer with introduction of the substances 

directly into the ion source at room temperature at ionizing electron energies of 50 and 20 eV and an accel- 

erating voltage of 2 kV. Chromatography was carried out with hydrated silicie acid and Silufol plates. 

Enamino ketone I was reduced by the method in [2]. Changes in the molar ratio of lithium aluminum 

hydr!de and the enamino ketone (5 : i, 2.5 �9 i, 2 : i, 1.5 : I, 1 : I, and 0.8 : i), the reaction time (0.5-5 h), and the 

reaction temperature (20-36 ~ did not affect the quantitative yields of the reaction products and the percent 

ratio of piperidones II (69~) and alcohols Ill (30-%). Chromatographic analysis of the reaction mixture during 
the reaction and after decomposition on Silufol in various systems showed the formation of only trans isomer 

lib. Reduction of 4.2 g (16 mmole) of enamino ketone I with 3 g (79 mmole) of lithium aluminum hydride in 

180 rnl of a mixture of absolute ether and absolute benzene (I : 3) gave 4.17 g (~ i00~) of a light-yellow oil. 

The reaction mixture was separated with a column filled with hydrated silicic acid in petroleum ether and 
eluted successively with petroleum ether, petroleum ether-ether in ratios of 20 �9 I, I0 : I, 5 : i, and 1 : I, and 

ethyl acetate. The chromatographically homogeneous fractions were combined and evaporated to give 2.7 g 
(64~) of a mixture of the isomers of II: Rf 0.65 (IIa) and 0.5 (lib) [benzene-acetone (6 : i)]; 0.7 ([la) and 0.6 

(lib) [petroleum ether-ether (I :2)]. Elution with ethyl acetate yielded 1.4 g (32%) of N-(~-phenylethyl)-4- 
hydroxydecahydroquinoline, which was found to be a mixture of four isomeric alcohols with Rf 0.4, 0.3, 0.25, 

and 0.15 [petroleum ether-ether (I .2)]. Recrystallization of the mixture of isomeric alcohols from hexane 
yielded the isomer present in the highest amount in the mixture- Rf 0.15 (same system), mp 139-140 ~ and M + 

259. 

Isolation of the cis and trans Isomers of If. A mixture of isomers IIa, b (2.8 g) was dissolved in hexane, 
after which the solution was cooled to -30 ~ and the resulting crystalline precipitate was removed by filtration 
and recrystallized from hexane to give 1.44 g (51~) of cis isomer IIa with mp 76-77% Rf 0.65 [benzene-acefone 
(6 : I)], and Rf 0.7 [petroleum ether-ether (1 : 2)]. PI~IR spectrum (CCI~): 6 1.21 (d, CH3), 4.4 (q, CH of the 
phenylethyl substituent), and 7.2 ppm (s, CGH[). A solution of an equivalent amount of picric acid in ether was 
added to an ether solution of 1.24 g of the mixture of isomers, and the precipitated picrate was removed by 
filtration and recrystallized from methanol to give 1.2 g of the picrate of trans isomer lib with mp 185-186 ~ 
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The p i c r a t e  was decomposed  with a lkal i ,  and the mix tu re  ~r ex t rac ted  with methylene  ch lor ide .  The ext rac t  
was dr ied  with sodium sulfate  and f i l t e red  through aluminum oxide. The solvent  was evapora ted  f rom the 
f i l t r a t e  to give 0.62 g (22~c) of t r ans  i s o m e r  lib as a l igh t -ye l low oil with Rf 0.5 [ b e n z e n e - a c e t o n e  (6 : 1)] and 
0.6 [pe t ro leum e t h e r - e t h e r  (1 : 2)]. PMR spec t rum (CCl~): 1.3 (d. CH3), 3.75 (q, CH of the phenvlethyl  sub- 
stt tuent),  and 7.2 ppm (s, C~Hs). 

Deutera t ion  of cis  I s o m e r  [in. A 0.005-g sample  of sodium was added in an argon a tmosphe re  to a solu-  
t ion of 0.036 g of the e is  i s o m e r  in 4 ml of CD3OD , a f te r  which the solution was al lowed to stand at room t e m -  
p e r a t u r e  for  45 h. The solvent  was removed  in vacuo, 2 ml of D20 was added to the res idue ,  and the mix ture  
was ex t rac ted  with methylene  ch lor ide .  The ex t rac t  was dr ied  with magnes ium sulfate.  Chromatography  on 
Silufol showed the p r e s e n c e  of a mix tu re  of the cis and t r ans  i s o m e r s  of II with M + 259. 

I s o m e r i z a t i o n  of t r a n s  I s o m e r  IIb by I r r ad ia t ion .  A solut ion of 0.022 g of t r a n s  i s o m e r  IIb in methanol  
was i r r a d i a t e d  with a m e r c u r y  lamp for  2 days .  Chromatography  of the solut ion on Silufol showed the p r e s e n c e  
of a mix tu re  of i s o m e r s  with p redominance  of t r a n s  i s o m e r  IIb. 

The rma l  I s o m e r i z a t i o n  of c is  I s o m e r  IIa. A 0.01-g sample  of cis  i s o m e r  IIa was heated in benzene in 
an argon a tmosphe re  for  4 h. Chromatography  on Silufol showed the p r e s e n c e  of a mix tu re  of i s o m e r s .  

1. 

2o 
3. 
4. 

5. 

L I T E R A T U R E  C I T E D  

V. M. Potapov. G. V. Gr ish ina ,  E. V. Korotkov, and G. N. Koval ' .  Khim. Ge te ro t s tk l .  Soedin., No. 4, 
511 {1976). 
V. M. Potapov, G. V. Kiryushkina ,  and G. P. Tokmakov, Khim. Ge te ro t s ik l .  Soedin., No. 12, 1656 (1972). 
W. Hfickel, Ann.. 441, 1 (1925). 
/~. A. Mis t ryukov.  N. I. Aronova,  and V. F.  Kucherov,  Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1599 
(1962). 
V. G. Zaikin,  N. S. Vul ' f son  (Wulfson), V. I. Z a r e t - s k i i  (Zaretsky) ,  A. L. Bakaev. A . A . A k h r e m ( A c h r e m } ,  
L. I. Ukhova (Uchova), and N. F. Uskova. Org.  Mass  Spect rom. ,  2, 1257 (1969). 

9 -  P H E  N Y L -  1 0 - A  L K Y L  (A R Y L )  P E  R H Y D R O A C  R I D I N E  S 

F R O M  9 -  P H E  N Y L -  1 0 - A  L K Y L  (A R Y L ) D E C A  H Y D R O A C  R I D I N E S  

V.  I .  A l e k s e e v ,  V.  A .  K a m i n s k i i ,  
a n d  M .  N.  T i l i c h e n k o  

UDC 547.835.9 : 542.942.4 

9 - P h e n y l d e c a h y d r o a c r i d i n e s  with a subst i tuent  in the 10 pos i t ion  a r e  reduced  s t e r e o s p e c i f i c a l l y  
to the co r r e spond ing  p e r h y d r o a c r i d i n e s  by t r e a t m e n t  with fo rmic  acid or  a mix tu re  of dtmeth-  
y l f o r m a m i d e  and concent ra ted  HC1. P e r h y d r o a c r i d i n e s  a re  a l so  formed by d i spropor t iona t ion  
of the co r r e spond ing  decahyd roac r id ine s .  

Continuing our  study of the p r o p e r t i e s  of N-subs t i tu ted  decahydroac r id ines ,  we inves t iga ted  the i r  hy- 
dr ide  reduct ion in the case  of the 9-phenyl  de r iva t ives  (IIa-d) [1-3]. Very l i t t le  study has been devoted to 
the reduct ion  of compounds with a 1 ,4 -d ihydropyr id ine  s t r u c t u r e  that is  not s t ab i l i zed  by e l e c t r o n - a c c e p t o r  
groups;  when accep to r  groups  a r e  p r e sen t ,  hydr ide  reduct ion  e i the r  does not take p lace  o r  gives t e t r a h y d r o -  
pyr id ine  de r iva t ives  [4]. Complex hydr ides  (LiA1H 4 and KBH~) do not reduce  I Ia-d  even under  s e v e r e  condi-  
t ions .  However,  the cor respond ing  9 - p h e n y l p e r h y d r o a c r i d i n e s  ([IIa-c, e) and 9 - p h e n y l - s y m - o c t a h y d r o a c r i d i n -  
ium sa l t s  (IVa-c, e) i so lab le  in the fo rm of the p e r c h l o r a t e s ,  a r e  formed when I Ia-d  a r e  ref luxed with 85~ or  
100% formic  acid.  Inasmuch as the y ie lds  of III (Table 1) exceed the theo re t i ca l  y ie lds  (3:~,c) for  pos s ib l e  
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