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The s t e reochemis t ry  of the oxidation and alkylation of the nitrogen atom of t r a n s - l - a l k y l - 4 -  
e thynyldecahydro-4-quinolols  was investigated. The orientation of the substitutents attached 
to the ni trogen atom in the synthesized N-oxides and quaternary  salts was determined on the 
basis  of the PMR spect ra  and previously obtained data on the s t e reochemis t ry  of the oxidation 
of 4-substi tuted 1,3-dirnethyldecahydro-4-quinolols .  

The s t e reochemis t ry  of the quaternizat ion of te r t ia ry  piperidine bases  with alkyl halides has been studied 
in many papers  {for example, see [1] and the l i te ra ture  cited therein). The oxidation of N-alkylpiperidines 
has been investigated to a l e s s e r  extent [2, 3]. The quaternizat ion (alkylation [4] and cyanation [5]) of decahydro- 
quinoline has also been discussed.  

In a study of the s tereocher~is t ry  of the oxidation of decahydroquinoline derivatives - s t e reo i somer ic  
t rans-1 ,2-d imethyldecahydro-4-quinol ines  and the t e r t i a ry  alcohols obtained f rom t h e m -  with hydrogen pe r -  
oxide in methanol we showed that the epimeric  amino ketones undergo part ia l  i someriza t ion during oxidation, 
and each forms a mixture of three  N-oxides corresponding to both amino ketones [6]. In contras t  to amino 
ketones, the oxidation of 4-subst i tuted t rans - l ,2 -d tmethy ldecahydro-4-qu ino lo l s  proceeds  without i somer iza -  
tion, and each of the amino alcohols with an equatorial 2-CH 3 group forms two epimeric  N-oxides, whereas 
amino alcohols with an axial 2-CH 3 group form only one N-oxide [7]. We also found that the oxidation of t r ans -  
1,2,2- and 1 ,2 ,9- t r imethyl -4-e thynyldecahydro-4-quinolols  with an axial methyl group in the 2 or  9 position, 
respect ively,  es tabl ishes p r e f e r r ed  or  select ive incorporat ion of an oxygen atom f rom the axial region. In the 
oxidation of s t e reo i somer ic  1-a lkyl -2-methyl -4-e thynyldecahydro-4-quinolo ls  one N-oxide is formed in each 
case, regard less  of the orientation of the 2-CH 3 group [8]. In the present  r e sea rch  we studied the oxidation 
of t r ans - l - a lky l -4 -e thyny ldecahydro -4 -qu ino lo l s .  For  compar ison with the oxidation, we also investigated the 
s t e reochemis t ry  of their  alkylation. 
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I~2=OH; I, 11I, V--VIII. XI--XV, XX, XXI, XXIV--XXVI R3=OH; II, IV, IX, X, XXII, 
XXHI 1~3=C~CI-]; I--IV, XX--XXIII R4=C2Hs; I, V, XXIV--XXV R4=n-C~HT; I, VI, 

XXVI R4=i-CaHz 
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TABLE 1. 
1-A l k y l - 4 - e t h y n y l d e c a h y d r o -  4 -qu ino lo l s  

Starting base 

COITI - 

pound 

I 

II 

Ill 

V 

VI 

P a r a m e t e r s  of the PMR Spect ra  of N-Oxides  of t r a n s -  

N - l { ?  
C_=CH 
orientation 

c o i n -  
ponnd 

VII  
I VIII 

{ xi 
XII 

XIII 
XlV 
SV 

N-Ox: 

r ' 
ppin 

3,05 
3,0l 
3,02 
2,94 
1,20 
1,17 
0,88 
0,84 
1,26 

des 
N-CH s 
(N-R ~) 
orientation 

CHe 

CHa 

CaHs 

,z-CaHr 
i-CaHr 

ratio, % 

78 
22 
79 
2i 
90 
I0 
95 
5 

100 

TABLE 2. P a r a m e t e r s  of the PMR Spec t ra  of Q u a t e r n a r y  Sal ts  
of t r a n s -  1 - A l k y l ~ 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l s  

starting base --I 

pound w C~-CI4 com- orienZ 

I tation 

I CHa a 
I I CHa e 
I CHa a 

II CHa e 
I CHa a 

1II C 2 H 5  a 
II CHa e 
IV C~Hs e 

I CH3 a 
V n-CaHr a 
I CHa a 

VI i-Call; a 

Quaterniz- 
ing agent 

HCI 
HCI 

CHaI 

CHal 
C2I-[sI 
CHaI J 

C~H~J t 
CH3IJ 

ll-CaH7 
CHaI t 

i-CaHT~ 
CHal) 

c o r n  - 
pound 

NVI 
XVH 

XVIII 

XlX 
XX 

XXI 
XXI1 

XXIII 
XXIV 
XXV 

XXVI 

Quaternization product 
N--R 1 
(N--CH 3) 

5 R ' ( C t L ) '  orienta- 
pprn tion 

2,77 e 
2,77 e 
2,95 a 
3,08 e 
2,92 a 
3.03 e 
3,03 a 
3,07 e 
2,98 e 
2,93 u 
2,97 a 
3,05 e 
3,06 a 

ratio in ratio in 
alkyla- Inethyla- 
tion, % tion, % 

100 
100 

67 89 
33 11 
34 12 
66 88 
70 65 
30 35 

100 100 

The oxida t ion  of 1 - m e t h y l - ,  1 - e thy l - ,  and 1 - p r o p y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l s  (I-III, V) g ives  in 
each ca se  two e p i m e r i c  N-oxides  (Table 1). The a lky la t ion  of 1 - m e t h y l - s u b s t i t u t e d  a lcohols  I and II with ethyl 
and p ropy l  iodides ,  as  in  the me thy l a f i on  of 1 - e thy l -  and 1 - p r o p y l - s u b s t i t u t e d  a mi no  a lcohols  III-V, a l so  p r o -  
ceeds  with the f o r m a t i o n  of two i s o m e r s  of the q u a t e r n a r y  sa l t s  (Table 2). In c o n t r a s t  to th is ,  only one i s o m e r  
of the N-oxide  o r  q u a t e r n a r y  sa l t  is f o rmed  in the oxidat ion and m e t h y l a t i o n  of l ~ i s o p r o p y l - s u b s t i t u t e d  amino  
alcohol  VI o r  in the a lky la t ion  of 1 - m e t h y l - s u b s t i t u t e d  amino  alcohol  I with i sopropy l  iodide.  In o r d e r  to a s c e r -  
ra in  the s t e r e o s p e e i f i c i t y  of the q u a t e r n i z a t i o n  of 1 - a t k y l - 4 - e t h y n y l d e c a h y d r o ~ 4 - q u i n o l o l s  we obta ined the PMR 

s p e c t r a  of the ind iv idua l  N-oxides ,  q u a t e r n a r y  sa l t s ,  and hyd roch lo r ides  of 1 - m e t h y l - 4 - e t h y n y l d e c a h y d r o - 4 -  
quinolo ls  XVI and XVI[ (Tables 1 and 2). It is a p p a r e n t  f rom the PMR s p e c t r a  that  the p ro tona t ion  of amino  
a lcohols  I and II, which a r e  e p i m e r i c  with r e spe c t  to the 4 pos i t ion ,  p r o c e e d s  s t r i c t l y  s t e r e o s p e c i f i c a l l y :  In 
each ca se  only one e p i m e r  of the hydroch lo r ide  is fo rmed .  Since the effect ive  vo lume of the methy l  group is 
g r e a t e r  than  the vo lume of the hydrogen  atom,  one may a s s u m e  i ts  equa to r i a l  o r i e n t a t i o n  in the ca se  of hydro-  
ch lo r ides  XVI and XVII; this  is  c o n f i r m e d  by the c h e m i c a l  shif ts  of the p ro tons  of the N-me thy l  g roups  [9-11]. 

The PMR s p e c t r a  of 1 - m e t h y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l  me th iod ides  XVIII and XIX enable  one to 
conv ince  onese l f  that the c h e m i c a l  shif ts  of the p ro tons  of the axia l ly  and equa to r i a l l y  o r i en ted  methyl  g roups  
a t tached to the n i t r o g e n  a tom a r e  d i f fe ren t .  

In the d e t e r m i n a t i o n  of the o r i e n t a t i o n  of the subs t i t uen t s  a t tached to the n i t r o g e n  a tom of the N-oxides  
of 1 - a l k y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l s  we p roceeded  f rom the fact  that the p r o t ons  of the equa to r ia l  methy l  
group a t tached to the n i t r o g e n  a tom in the N-oxides  of 4 - s u b s t i t u t e d  1 , 2 - d i m e t h y l d e c a h y d r o - 4 - q u i n o l o l s  [12] 
r e sona t e  at weake r  f ield than  the p ro tons  of the axial  N-me thy l  group.  

The o r i en t a t i on  of the s u b s t i t u e n t s  a t tached to the n i t r o g e n  a tom of N - e t h y l -  and N - p r o p y l - s u b s t i t u t e d  
N-oxides was  a s s i g n e d  on the b a s i s  of the chemica l  shi f ts  of the p ro tons  of the methy l  g roups  of t hese  alkyl  

g roups .  

The t h u s - e s t a b l i s h e d  o r i e n t a t i o n  of the subs t i t uen t  a t tached to the n i t r o g e n  a tom in  the N-oxides  of 1- 
a l k y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l s  makes  it p o s s i b l e  to conc lude  that axia l  i n c o r p o r a t i o n  of the oxygen a tom 
is p r e f e r r e d  du r ing  oxidat ion of the base .  More ove r ,  the l a r g e r  the vo lume  of the a lkyl  group of the  s t a r t i n g  
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TABLE 3. 1 - A l k y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l  N-Oxides  

K 

VII 
VIII 

IX 
X 

XI 
XII 

XIII 
XIV 
XV 

mp, ~ 

176--178 
214--215 
194--195 
245--246 
210--212 

207--209 

204-~205 

I I Found, % t 
~ Rs " c i H ix! Empirical formula 

194--I95 0,34 49,3 5,2 
t58--160 0,41149,2 5,2 
199--201 0,53] 49,4 5,0 
158--159 0,16 49,2 4,9 
149--159 0,32 50,3 5,2 
186--187 0,58[ 50,5 5,4 
189--190 0,28 51,7 5,5 

- -  0,67 
185--186 0,40 51,6 5,5 

t2,8 C~HIgNQ'CsH3NaO7 
12,7] CuH~gNQ'CsH3N307 
12,71 C~HIsNO2- C6HaN~O7 
12,7] C12H~gN02. CnHaNaOv 
12,21 CI~H2~NQ-CaH~NaO7 
12,31 CI~HelNO2" C6HaNaO7 
11,5 CI4H~NOz" C6H3N~O7. 

11,4 Ci4H23NQ'C6H3N~,O7 

Calc.. % 

G H N 

49,3 5,1 12,8 
49,3 5,1 12,8 
49,3 5,1 12,8 
49,3 5,1 12,8 
50,4 5,3 12,4 
50,4 5,3 112,4 
51,9 5,6 11,3 

51,9 5,6 11,3 

TABLE 4. Q u a t e r n a r y  Salts of t r a n s - l - A l k y l - 4 - e t h y n y l d e o a h y d r o -  
4 -qu ino lo t s  

Corn- rap, ~ 
pound 

XVI 233--234 
XVI I 269--270 I 

XVIII 215--217 
XIX 189--1911 
XX 190--192 

XXI 191--192 I 
XXI I 222--224 i 

XXtII 183--185 ~ 
XXIV 20~-207 
XXV 220--222 

XXVI 198--200 

R~ 
Found, % Empirical 

form ula 
N 

Calculated, % 

halo- 
c H gen 

8,9 15,4 
8,8 15,4 
6,4 37,2 
6,6 37,8 
7,2 36,2 
6,8 36,1 
6,8 36,3 
6,9 36,0 
7,0 35,1 
7,1 35,2 
7,1 34,9 

0,64 62,1 
0,82 62,1 
-- 46,5 

46,8 
0187 48,3 
0,54 48,5 
0,35 47,9 
0,53 48,5 
0,36 50,0 
0,61 50,0 
0,41 49,8 

6,1 C12HIgNO.HCI 
6,2 C12HIgNO. HCI 
4,1 CIsH22INO 
4,0 C~3H~2INO 
4,0 CI4H24tNO 
4,0 CI4H24INO 
4,0 C14H~alNO 
3,8 C14H24INO 
3,8 C'IsH~INO 
3,7 C~H~INO 
3,7 CIsH26INO 

62,1 8,7 15,5 
62,1 8,7 15,5 
46,6 6,6 37,6 
46,6 6,6 37,6 
48,2 6,9 36,4 
48,2 6,9 36,4 
48,2 6,9 36,4 
48,2 6,9 36,4 
49,7 7,1 34,9 
49,7 7,1 34,9 
49,7 7,1 34,9 

halo - 
c H gen N 

6,1 
6,1 
4,2 
4,2 
4,0 
4,0 
4,0 
4,0 
3,9 
3,9 
3,9 

base ,  the m o r e  s t e r e o s p e c i f i c a l l y  the  oxida t ion  p r o c e e d s  (Table 1). As we see,  the s t e r e o s p e c i f i c i t y  of the 
oxida t ion  of t r a n s - 1 - a l k y l - 4 - e t h y n y l d e e a h y d r o - 4 - q u i n o l o l s  is s i m i l a r  to that  in the oxidat ion of t r a n s - 1 ,  2- 
d i m e t h y l - 4 - e t b y n y l d e c a h y d r o - 4 - q u i n o l o l s  with an  equa to r ia l  2-CH~ group,  s i nc e  two e p i m e r i c  N-oxides  a r e  
f o r m e d  in both c a s e s .  However,  the r e a c t i o n  p r o c e e d s  m o r e  s t e r e o s e l e c t i v e l y  in the c a s e  of oxidat ion o f t r a n s -  
1 - a l k y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u t n o l o l s .  

The q u a t e r n i z a t i o n  of 1 - m e t h y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l s  I and II with ethyl  and p ropy l  iodides takes  
p l ace  with p r e f e r r e d  equa to r i a l  i n c o r p o r a t i o n  of the a lkyl  group,  w he r e a s  the m e t h y l a t i o n  of 1 - e thy l -  and 1- 
p r o p y l - 4 - e t h y n y l d e c a h y d r o - 4 ~ q u i n o l o l s  HI-V p r o c e e d s  with p r e f e r r e d  axial  i n c o r p o r a t i o n  of the methy l  group.  

It is  a p p a r e n t  f r o m  the data  in  Tab l e  2 that  the  e p i m e r  with an equa to r i a l  ethyl  o r  p ropy l  group and an 
axia l  me thy l  g roup  a t tached to the n i t r o g e n  a tom p r e d o m i n a t e s  in the p roduc t s  of the " forward"  and " r e v e r s e "  
q u a t e r n i z a t t o n .  T h e s e  data  a l so  p r o v i d e  ev idence  that  me thy la t i on  takes  p lace  m o r e  s t e r e o s e l e c t i v e l y  than 
a lky la t ton  by s u b s t i t u e n t s  with a l o n g e r  u n b r a n c h e d  c a r b o n  chain.  

As a c o n s e q u e n c e  of the fact  that  the effect ive  vo lume of the i sopropyl  group is  c o n s i d e r a b l y  g r e a t e r  than  
the vo lume of the me thy l  group,  an  e q u a t o r i a l  o r i e n t a t i o n  of the i sopropyl  s u b s t i t u e n t  in 1 - i s o p r o p y l - 4 - e t h y n y l  
d e c a h y d r o - 4 - q u i n o l o l  me th iod ide  XXVI was a s s u m e d .  

The g r e a t  s i m i l a r i t y  in  the r e s u l t s  obta ined  in the oxidat ion and a lky la t ion  of amino  a lcohols  I and H, 
which a r e  e p i m e r t c  with r e s p e c t  to 4-C,  i nd i ca t e s  the a bse nc e  of an effect  of the con f igu ra t i on  of the a s y m m e t r i c  
c e n t e r  at  4-C on the s t e r e o e h e m i s t r y  of the q u a t e r n i z a t i o n  r eac t ion  in  this  s e r i e s .  

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

The oxida t ion  of amino  a lcohols  I-ffI ,  V, and VI was c a r r i e d  out with 30% tt20 2 at a m o l a r  ra t io  of 1 : 3  in  
me thano l  a t  r oom t e m p e r a t u r e .  The a lky la t i on  of a lcohols  I and II was c a r r i e d  out with a lkyl  iodides at a m o l a r  
r a t io  of 1 : 5 in  ace tone  o r  me thy l  ethyl ke tone  at  80-90 ~ The me t hy l a t i on  of a mi no  a lcohols  III-VI was c a r r i e d  
out with me thy l  iodide in  e t h e r  at 5 ~ The  t r e n d  of the oxida t ion  and a lky la t ion  r e a c t i o n s  was m o n i t o r e d  by thin-. 
l a y e r  c h r o m a t o g r a p h y  (TLC) on Woe lm a l u m i n u m  oxide. An a l c o h o l - a c e t o n e  m i x t u r e  (1 : 3) s e r v e d  as  the so l -  
vent  s y s t e m  for  the c h r o m a t o g r a p h y  of the N-oxides ,  whe reas  a c h l o r o f o r m - a l c o h o l  m i x t u r e  (9 : 1) was the 
so lvent  s y s t e m  for  c h r o m a t o g r a p h y  of the q u a t e r n a r y  sa l t s .  The indiv idual  oxida t ion  and a lky la t ion  p roduc t s  
w e r e  i so l a t ed  by f r a c t i o n a l  c r y s t a l l i z a t i o n  f r o m  alcohol  o r  a l c o h o l - e t h e r .  The  c h a r a c t e r i s t i c s  of the p r o p e r t i e s  
and the r e s u l t s  of e l e m e n t a r y  a n a l y s i s  of the p roduc t s  a r e  g iven  in Tab le s  3 and 4. 
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The PMR spect ra  of the N-oxides and the quaternary salts were obtained f rom solutions in D20 with a 
JEOL-PS-100  spec t romete r  at room temperature .  The chemical  shift of D20 was 4.70 ppm. 
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R E S E A R C H  IN T H E  I M I D A Z O L E  S E R I E S  

XCII.* REDUCTION OF SOME PYRROLO[1,2-a]IMIDAZOLE 

A ND PYRROLO[1, 2-a]BENZIMIDA ZOLE DERIVATIVES 

A.  A.  D r u z h i n i n a ,  P .  M.  K o c h e r g i n ,  
R.  M.  P a l e i ,  a n d  O. N. M i n a i l o v a  

UDC 547.76.785 : 542.942 

The reduction of pyrro lo[1 ,2-a] imidazole-2-one  and pyrrolo[1,2-a]benzimidazole  derivatives,  
which leads to the formation of 2 ,3-dihydropyrrolo[1,2-a] imidazole derivatives and der iva-  
tives of the previously unknown 1,2,3,3a- te trahydropyrrolo[1,2-a]benzimidazole ,  was studied. 
A me thodwas  developed for  the prepara t ion of 5- and 7-amino derivatives of pyr ro lo[1 ,2-a] -  
imidazole by reduction of the corresponding ni t roso-  and arylazo-subst i tu ted pyr ro lo[1 ,2-a] -  
imidazoles .  

Little study [2] has been devoted to the reduction of derivatives of polynuclear  sys tems with a bridged 
nitrogen atom that include a pyrroloimidazole  fragment.  In developing research  [3, 4] on the t ransformat ions  
of compounds of the pyrrolo[1 ,2-a] imidazole  and pyrrolo[1,2-a]benzimidazole  ser ies  we studied the reduction 
of some derivat ives of these sys tems .  

A method for the prepara t ion of 2 ,3-dihydropyrrolo[1,2-a] imidazole  derivatives f rom 1,2-dialkylimidazo- 
lines and a-ha lo  ketones was proposed in [5]. In o rder  to develop other methods for  the synthesis of these 
compounds we ca r r i ed  out the reduction of pyrro lo[1 ,2-a] imidazol -2-ones  (I, II) with lithium aluminum hydride 

*See [1] for  communication XCI. 

S. Ordzhonikidze All-Union Scient i f ic-Research Pharmaceu t ica l -Chemis t ry  Institute, Moscow 119021. 
All-Union Scient i f ic-Research Institute of the Technology of Blood Substitutes and Hormonal Preparat ions ,  
Moscow 109004. Translated f rom Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp. 225-228, February,  1977. 
Original ar t ic le  submitted November 3, 1975; revision submitted June 21, 1976. 

This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part ] 
of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $ Z50. l 

180 


