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S Y N T H E S I S  A N D  S T E R E O I S O M E R I S M  O F  N - O X I D E S  

O F  T H E  D E C A H Y D R O Q U I N O L I N E  S E R I E S  

IV.* ESTABLISHMENT OF THE CONFIGURATION OF EPIMERIC N-OXIDES 

OF 4-SUBSTITUTED 1,2-DIMETHYLDECAHYDRO-4-QUINOLOLS 

BY PMR SPECTROSCOPY 

A.  A.  A k h r e m ,  V~ M.  G o r u l ' k o ,  
L .  I .  U k h o v a ,  N.  F .  M a r c h e n k o ,  
a n d  A .  P .  M a r o e h k i n  

UDC 547.831.3:541.634:543.422.25 

The or ienta t ion of the subst i tuents  at tached to the ni trogen a tom in ep imer i c  N-oxides of 1,2- 
d imethy l -4 -e thyny l  (vinylethynyl,  vinyl,  acetyl) decahydro-4-quinolo ls  was es tabl ished by means 
of PMR spec t roscopy  with the aid of the dependence of the chemica l  shifts  of the 3-H a and 3-H e 
protons  on the or ienta t ion of the N- -O  bond and the effect  of the diamagnet ic  anisotropy of the 
C - C  and C - H  bonds of the r ings .  It was found that the equator ia l  methyl  group at tached to the 
ni t rogen atom r e s o n a t e s  at weaker  field than the axial  methyl  group. The quanti tat ive ra t io  of 
the ep imer i c  N-oxides  in the mix tu res  was de termined.  

The p r e sen t  r e s e a r c h  was devoted to the de te rmina t ion  by means  of PMR spec t roscopy  of the or ientat ion 
of the subst i tuents  at tached to the ni t rogen a tom in ep imer ic  N-oxides of 4-subst i tu ted  1 ,2 -d ime thy l - t r ans -  
decahydro-4-quinolo ls .  

* See [1] for communica t ion  III. 
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HO R 

~ / H ~ ( A )  

tl e (B) 
e (,~) 
H a (X) 

CH a 0 

R = C ~ - C H ,  C ~ C - - C H = C H  2, C H = C H 2 ,  COCH 3 

Two e p i m e r i c  N-ox ides  were  obta ined in the oxidat ion 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  
with hydrogen  pe rox ide  in me thano l  f r o m  amino  a lcohols  that  have an equa to r i a l  2-CH a group,  whereas  only one 

N-oxide  was obta ined  f rom amino  a lcohols  with an axia l  2-CH 3 group [2]. 

It is known [3] that  in the s e r i e s  of cyc lohexane  d e r i v a t i v e s  po la r  s u b s t i t u e n t s  s t rong ly  deshield  the ax ia l  

p ro ton  in the c a s e  of 1 , 3 -d i ax i a l  i n t e r a c t i o n ,  sh i f t ing  its s igna l  by 0 .25-0 .78 ppm. 

In an i nves t i ga t i on  of N-ox ides  of subs t i t u t ed  de c a hyd r oqu i no l i ne s  we found that  in the c a s e  of an axial  
N ~ O  bond the d i f f e r ence  in the c h e m i c a l  shif ts  of the axia l ly  and equa to r i a l l y  o r i en ted  3-H a (A) and 3-H e (B) 
p ro tons  changes  m a r k e d l y  on p a s s i n g  f rom the b a s e  to the N-ox ide ,  w h e r e a s  in the ca se  of an equa to r i a l  N ~ O  
bond this  change  is  i n s ign i f i can t .  As s e e n  f rom Ta b l e  1, in one of the e p i m e r s  of each pa i r  of N-ox ides  the 

effect  of the o r i e n t a t i o n  of the N ~ O  bond leads  to a p ronounced  shift  of the A p ro ton  to weak field and of the B 
p ro ton  to s t r o n g  field as c o m p a r e d  with the  s t a r t i n g  amino  alcohol  base .  In c o n t r a s t  to th i s ,  the s p e c t r u m  of the 
second  e p i m e r  of the pa i r  of N-ox ides  d i f fe rs  l i t t l e  f rom that  of the base  with r e s p e c t  to the r e l a t i v e  pos i t ion  of 
the s i g n a l s  of the A and B p ro tons .  F o r  example ,  in the s p e c t r u m  of N-oxide  VI (Fig. 1 and Tab le  1) the s igna l  
of the A p ro ton  is shif ted to weak field by 0.66 ppm as c o m p a r e d  with the s p e c t r u m  of the s t a r t i n g v i n y l a c e t y l e n i c  
amino  a lcohol  (Fig.  3), w h e r e a s  the s igna l  of the B p ro ton  is shif ted to s t r o n g  field by 0.19 ppm. This  so r t  of 
s i gn i f i c an t  change  in the c h e m i c a l  shi f ts  of the A and B p ro tons  does not occur  in the s p e c t r u m  of e p i m e r i e  N- 

TABLE 1. C h e m i c a l  Shifts (6, ppm) and S p i n - S p i n  Coupl ing  Con-  
s t an t s  (J, Hz) of N-Oxides  of Decahydroqu ino lo l s*  
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VII I  

70 

C ~ C  m 

- C H  = 
= C f b  

IX 

8 9 10 

Substitu- 
ent oriefl - 

-~ = I Itation I I I 

q~ U 2 z 

1 " - - - V - -  ~ - - V -  - - V -  

C ~ - C l l  

IV 

50 

50 
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55 
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50 

50 
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T A B L E  1 (continued) 
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* The  PMR s p e c t r a  of 0.25 M so lu t ions  of the compounds  inCD3OD 
w e r e  obta ined  with a J E O L  PS-100 s p e c t r o m e t e r .  T e t r a m e t h y l -  
s i l a n e  was used  as the i n t e r n a l  s t a n d a r d .  The 5 va lues  for the 
a m i n o  a lcohol  ba se 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 .  The a s s i g n -  
m e n t  of the s i gna l s  was c o n f i r m e d  by double r e s o n a n c e .  The A 

va lues  a r e  g iven in Her t z .  

TABLE 2 .  r i and 6 i Va lues  

N--CHa (a) N--CH3 {e) 

ro)C2C3--CH3 3,25.& eC2Car d) 78c28 ' 
r(a)CgCi0--CHa 3,25X 0CgCjO) 78~ ' 
r~s~C6Cv--CHa 4,823. 0CGCrr ~s~ 82~15 ' 

r(2)C2Ca--CHa 3,55A OC2Car '~ 29030 , 
r'4~CgClo--CH3 3,55X OCoC; r '4) 29030 ' 
r'~"C6Cr--CHa 5,02.~ 0C6Crr 'a~ 52~ ' 

oxide (Fig.  2). On the b a s i s  of th is  (also see  [3]), an axia l  o r i e n t a t i o n  of the N - - O  bond was ass igned  to N-oxide  
VI, and an e q u a t o r i a l  o r i e n t a t i o n  of the N - - O  bond was a s s i g n e d  to N-oxide  VII. An axial  o r i e n t a t i o n  was a lso  
a s s igned  to N-ox ides  I, III, VIII, XI, XIII, XVI, and XVIII on the s a m e  b a s i s ,  w he r e a s  an e q u a t o r i a l  o r i en t a t i on  
of the N ~ O  bond was a s s igned  to N-ox ides  II, IV, IX, XII, XIV, XVII, and XIX. A s i m i l a r  r e l a t i o n s h i p  has been  
obse rved  for N-ox ides  of the t r o p a n e  s e r i e s  [4]. 

To d e t e r m i n e  the o r i e n t a t i o n  of the N ~ O  bond in N-ox ides  V, X, XV, and XX with a 2a4a con f igu ra t i on ,  
which do not have e p i m e r s  with r e s p e c t  to the n i t r o g e n  a tom,  we c o m p a r e d  the i r  s p e c t r a  with the s p e c t r a  of 
e p i m e r i c  p a i r s  of N-ox ides  with a 2e4a or  2e4e conf igura t ion .  This  c o m p a r i s o n  showed that the change  in the 
c h e m i c a l  shi f ts  of the 3-H a and 3-H e p ro tons  on p a s s i n g  f rom the bases  to N-ox ides  V, X, XV, and XX has the 
s a m e  c h a r a c t e r  as o b s e r v e d  in  the c a s e  of N-ox ides  I, III, VI, VIII, XI, XIII, XVI, and XVIII, to the N - - O  bond 
in which an axial  o r i e n t a t i o n  was a s s igned .  On the ba s i s  of th i s ,  an ax ia l  o r i e n t a t i o n  was a lso  a s s igned  to the 
N~O bond in N-oxides V, X, XV, and XX. 

The epimeric (with respect to the nitrogen atom) N-oxides can be categorized as two types with respect 
to the chemical shifts of the signals of the N-methyl groups : those with 5 N r. H values ranging from 2.98 to 
3.10 ppm and those with 6N_CH 3 values ranging from 2.78 to 2.92 ppm. The-dat~a from the PIVLR spectra of the 
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N - - C H  a 

Fig. 1 Fig. 2 

Fig. 1. Fragment  of the PMR spect rum of 1 ,2-dimethyl -4-vinyl -  
e thynyldecahydro-4-quinolol  N-oxide (VI) in CD3OD. 

Fig. 2. F ragment  of the PMR spectrum of 1 ,2-d imethyl -4-v inyl -  
e thynyldecahydro-4-quinolol  N-oxide (VID in CD3OD. 

- - §  . . . .  

X 

A S = 

k_ 
~ I ,~, ~p~ 

Fig. 3. Fragment  of the PMR 
spec t rum of 1 ,2-dimethyl -4-  
v inyt ethynyld ec ahydro-  4-quino- 
lol in CDaOD. 

bases of the investigated amino alcohols show that an a/e orientat ion of the 4-OH and 4-R groups has pract ical ly  
no effect on the chemical  shifts of the 2-CH 3 and N-CH 3 groups (0.03-0.06 ppm). The d o n o r - a c c e p t o r  N--,O bond 
has an identical effect on N - C H  3 in the case  of an axially or equatorially oriented methyl group. Because of 
this, one may assume that the difference in the chemical  shifts in the axial and equatorial  N-methyl  groups ob- 
served in the spec t ra  of the N-oxides is evidently due mainly to the anisotropy of the C - C  and C--H bonds of the 
r ings,  namely,  the C2-C3, Cg-C10 , C~-C7, C2--Ha, Cg-Ha,  and CT-H a bonds. When the tensor  of the magnetic 
susceptibil i ty of the bond has axial symmet ry ,  as is t rue in our case ,  the shielding effect (AOae) due t o t h e  mag- 
netic anisotropy of the bonds can be calculated from the MacConnel equation [5] 

h(~a~= ~ 3 r ~ 3  (1-3cos-~0i), (1) 

where A. 1 is the molar  magnetic susceptibil i ty of the i- th bond, r is the distance from the i- th bond to the 
shieldab~d group, and 0 i is the angle between r and the direct ion of the i-th bond. 

If the C - C  and C--H bonds are  equal to 1.54 and 1.09 A, the valence angles have te t rahedra l  values, the 
induced dipole of the C - C  bond is found in the middle of the C - H  bond, and the dipole of the C - H  bond is 0.77 

away from the carbon atom, Eq. (1) can be reduced to Eq. (2), which is more  convenient for the calculat ions:  

~-~ ( - 1 )  i ( 1 - 3  cos 2 0) 
Aao~= z~ (2) 3 r i  3 
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Even i values in Eq. (2) co r r e spond to  r iandO i up to an equatorial  N - C H  3 bond, and odd i values c o r r e -  
spond t o r i a n d  O i u p t o a x i a l N -  CH3bond; AXC C - A .  C H =4"2 " 10-G cm3/m~ The r i and O i values (Table 2) 

- -  X - -  
for the epimer ic  (with respec t  to the nitrogen atom) pair  of N-oxides was found taking into account the fact that 
1N_CH3 1.83 A (the distance f rom the nitrogen atom to the center  of rotat ion of the protons of the N-methyl  
group~. 

In accordance  with the conditions of Eq. (2) the following will be true for the C - H  bonds: the distance 
from the C - H  dipole to the N - C H  3 (a) bond is equal to the distance from the C - C  dipole to the N - C H  3 (e) bond, 
and vice ve r sa ;  the same is also t rue for the 0 i angles. Substituting the r i and 0 i values found in Eq. (2) and 
multiplying by the operat ing frequency of the spec t romete r  (100 MHz) for convers ion to par ts  per  million, we 

found that A6a(N_CH2) = 0.075, A6e(N_CH3) = -  0.82, and A6ae(N_CH3 ) = 0.157 ppm. 

Thus the axial N-methyl  group is shielded by the C - C  and C - H  bonds, whereas the equatorial  N-methyl  
group is deshielded. This makes it possible to conclude that, of the two N - C H  3 signals corresponding to the 
epimeric  N-oxides,  the signal that resonates  at s t ronger  field should cor respond to the axial epimer,  whereas 
the signal resonat ing at weaker field should cor respond to the equatorial  N - C H  3 group. 

The fact that the calculated difference in the chemical  shifts of the N-methyl  groups [A~ae~N CH )= 0.16 
ppm] lies in the experimental ly found range (0.15-0.24 ppm) indicates that the decisive factor  in ~he shielding of 
the methyl group attached to the nitrogen atom is the diamagnetic susceptibili ty of the C - C  and C - H  bonds of 
the r ings.  

The ra t io  of the s t e re ios imer ie  N-oxides in the epimeric mixtures was calculated from the areas  of the 
signals of the N-methyl  groups.  The resul ts  attest  to the absence of or low s tereoselect iv i ty  of oxidation in 
most of the investigated examples.  Appreciable predominance of the equatorial  N-oxide in the mixture is ob- 
served only in the case  of oxidation of the vinylacetylenic alcohol and the ketol that have an equatorial  2-CH 3 
group and an axial 4-R substituent. 

The chromatographic  mobilit ies of the investigated N-oxides of 4-substi tuted 1 ,2-dimethyldecahydro-4-  
quinolols in a thin layer  of A1203 is in agreement  with the resul ts  of a determination of the orientation of the 
polar N ~ O  and OH groups in these N-oxides by PMR spect roscopy and mass spec t romet ry  [6]. Thus, for 
example, N-oxide I with an axial N--O bond and equatorial  4-OH substituent has a lower (0.36) Rf value than its 
epimer  II (0.55) with an equatorial  N ~ O  bond. In the case  of N-oxides I the two c is -or ien ted  polar groups 
cause grea te r  interact ion with the sorbent  and, as a consequence,  are  responsible  for its lower chromatographic  
mobility. Less interaction with the sorbent  and, consequently,  g rea te r  chromatographic  mobility are  observed 
in the case  of N-oxide II with a t rans  orientation of polar substituents.  N-Oxides XVI and XVII constitute an 
except ion to this rule.  Here,  one should take into account the presence  of a strong hydrogen bond between the 
acetyl  group and the 4-OH group, as a consequence of which the chromatographic  mobility is determined only 

by the orientation of the N ~ O  bond (see Table 1). 

The authors thank T. E. Prokof 'ev  for his part icipat ion in the discussion of the present  r e sea rch .  
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