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The tH and 13C NMR spect ra  of 9-vinylcarbazole  and its 3-ehloro,  3 ,6-dichloro,  and 3-nitro de- 
r ivat ives were recorded  and studied. It is shown that e lec t ron-accep tor  substituents reduce the 
shielding of the f i-carbon atom and the t rans  proton of the vinyl group. A good linear co r r e l a -  
tion between the chemical  shifts of these nuclei and the Hammett  a ? a r a  constants with the p 
values (3.78 for 13C B and 0.28 for tHtrans) is observed. It was estabtished by comparison of the 
resul ts  with the tH and 13C NMR spect ra l  pa ramete r s  for some of the vinyl compounds that the 
degree of conjugation of the p electrons of nitrogen with the v electrons of the double bond in 
9-vinylearbazoles  is lower than in simple vinyl and vinyl phenyl ethers and vinyl acetate.  

Formal ly  speaking, 9-vinylcarbazole  (9-VC) belongs to the c lass  of enamines in a number of which the 
contribution of s t ruc ture  B clue to conjugation of the unshared electron pair  of nitrogen with the 7r electrons of 
the double bond (p-Tr conjugation) is extremely significant and exceeds the fraction of the analogous onium 
s t ruc ture  (D) in simple vinyl ethers  [1]. 
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The increased degree of p-Tr conjugation in 9-VC, which leads to an increase ha the nucleophilicity of the 
double bond, is in agreement  with its high react iv i ty  in cationic react ions ,  including cationic polymerizat ion 
[2-4]. A compar i son  of the quantum-mechanica l  data [2, 4] also indicates higher e lectron density on the fi- 
carbon atom of the vinyl group of 9-VC than in the ease of simple vInyl ethers.  However, the p electrons of the 
nitrogen atom in the carbazole  molecule,  on the other hand, are  already in conjugation with the aromatic  sys tem 
of rings,  and this conjugation should compete and appreciably reduce the p-Tr conjugation under discussion,  
since delocalization of the p electrons of ni trogen along the benzene rings of carbazole  is extremely substantial 
and determines  its low basic proper t ies  [51. 

To experimental ly solve the problem of the degree of p-Tr conjugation we recorded and studied the tH and 
t3C NMR spec t ra  of 9-vinylcarbazoles  I - rv  (Tables 1 and 2), since the 13C NMR chemical  shift depends direct ly 
on the electron density (especially on the n-e lec t ron density) on the carbon atom [6-10] ; in addition, the tH NMR 
[11] and, par t icular Iy ,  the t3C NMR spect ra  [12-14] made it possible with sufficient compIeteness  to solve the 
problem of the nature and degree of the p-Tr conjugation in alkyl and aryl vinyl ethers .  Because of the relat ively 
low solubility of II-IV in CC14, the t3C NMR spect ra  of all of the compounds were recorded in acetone solution. 
The resonance signals of I -W were assigned on the basis of the spec t ra  of 9-e thylcarbazole  [15] and indoles [16] 
and with allowance for the additive constants of the corresponding substituents in aromatic  compounds [17]. 

* See [25] for communicat ion I. 
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I R = R ' = H ;  

II R=CI, R'=H; 
III R=R '=Ch  
IV R = N O 2 .  R ' = H  

E l e c t r o n - a c c e p t o r  subst i tuents  in the 3 and 6 posi t ions  of the ca rbazo le  r ing in II-IV reduce  the shielding 
of the f l -carbon a tom and the H A proton,  shifting the i r  s ignals  to weak field as compared  with unsubsti tuted 9- 
VC, i .e . ,  one observed  a d e c r e a s e  in the degree  of p - r  conjugation or  a d e c r e a s e  in the contr ibution of r e s o -  
nance s t r u c t u r e  B. It is seen  f rom Fig. 1 that one obse rves  a good l inear  co r re l a t ion  between the 13Cfi and H A 
chemica l  shifts  and the apa ra  subst i tuents ;  the p values  de te rmined  f rom the express ion  5 y - h H  = p~o a re ,  
r e spec t ive ly ,  3.78 (r = 0.997) and 0.28 (r = 0.996). The absence of co r re l a t ions  with the ~3C "and HC chemica l  
shifts  indicates the subs tant ia l  contr ibut ion to shielding of these  r ings  by the diamagnet ic  anisotropy of the 
C ~ = N  bond. The absence  of co r r e l a t i ons  with the H B chemica l  shifts  is explained by the effect on its shielding 
of the diamagnet ic  r ing cu r r en t s  of the c lose ly  s i tuated ea rbazo le  r ing and also by s te r ic  interact ions with the 
r ing protons .  The p value of 3.78 is somewhat  lower than the analogous value in the case  of p-subs t i tu ted  s ty -  
r enes  (4.73) [18] and phenyl vinyl e thers  (5.20) [13] ; in genera l ,  this indicates the lower t r a n s m i s s i o n  p rope r t i e s  
of the ca rbazo le  sy s t em .  However ,  it is in te res t ing  to note that the t3C~ chemica l  shifts  in s ty renes  and phenyl 
vinyl e the r s ,  in con t ras t  to 9 -v iny lca rbazo le s ,  c o r r e l a t e  with the Hammett~ Opara constants  r a the r  than with 

~-para .  

Some vinyl compounds in which one obse rves  conjugation of the e lec t rons  of the double bonds with the 
unshared e lec t rons  of the he te roa toms  (N, O, S) or  with the benzene r ing  can be a r ranged  in the following o rder  
with r e s p e c t  to dec reas ing  shielding of the 13C/3 atom: methyl  vinyl e ther  85.13 ppm [14], N-vinylpyrro l idone  
94.3 [19], N-vinyl te t rahydro indole  94.7 [20], phenyl vinyl e ther  95.0 [13], vinyl aceta te  96.4 [19], 9-VC 101.08, 
methylthio vinyl e ther  107.71 [14], and s ty rene  112.3 [19]; for compar i son ,  the 13C chemica l  shift of ethylene is 
122.8 [19]. It is difficult to ant icipate  a s ingle c o r r e l a t i o n  of the 13Cfi chemica l  shift with the e lec t ron density 
for  these  vinyl compounds of different  c l a s s e s ,  but the ex t r eme ly  substant ia l  shift of the 13C/3 signal of 9-VC to 
weak field indicates  lower  e lec t ron  densi ty on its C/3 atom as compared  with s imple  vinyl e thers  and even phenyl 
vinyl e ther  and vinyl aceta te .  This indicates  that delocal izat ion of the p e lec t rons  of the ni t rogen a toms in 9-VC 
over  the a romat i c  s y s t e m  p reva i l s  over  the i r  par t ic ipa t ion  in the p-Tr conjugation under d iscuss ion  and r ende r s  
the contr ibution of s t r u c t u r e  B substant ia l ly  s m a l l e r  than the contr ibution observed with o rd inary  enamines .  
The contr ibut ion of this r e sonance  s t r u c t u r e  is even less  than in the case  of N-vinylpyrro l idone ,  in which the re  
is an e l e c t r o n - a c c e p t o r  ca rbonyl  group adjacent  to ni t rogen.  This resu l t  cont rad ic t s  the above-ment ioned 
quan tum-mechan ica l  data  [2, 4], which may r a i s e  some  doubt, s ince they give an inc rease  in the e lec t ron  density 
on the C/3 a tom of the vinyl group for a s e r i e s  of N-vinyl  der iva t ives  of py r ro l e ,  indole, and ca rbazo le .  In fact ,  
however,  the condensat ion of benzene r ings with the p y r r o l e  molecule  should cause  an inc rease  in the degree  of 
delocal izat ion of the p e lec t rons  of the ni t rogen atom over  the ent i re  a romat ic  sy s t em (which finds a dist inct  
conf i rmat ion  in the d e c r e a s e  in the bas ic i ty  of the ni t rogen atom [5] and in the d e c r e a s e  in the degree  of its 
shielding in the 14N NMR s p e c t r a  [21]) and should reduce  the degree  of p - r  conjugation, making these compounds 
even less  s im i l a r  to enamines .  This  is exper imenta l ly  conf i rmed by the substant ia l ly  g r ea t e r  shielding of the 
C/3 a tom in the i3c NMR s pec t r a  of N-v iny lpy r ro l e s  [20] as compared  with 9-VCo 

A d e c r e a s e  in the shielding of the t rans  protons  of the H A type for a s e r i e s  of vinyl compounds is observed 
in the s ame  sequence as for  the 13C/3 nucleus:  vinyl methyl  e ther  4.0 ppm [22], N-vinyl te t rahydroindole  4.33 
[20], vinyl aceta te  4.48 [23], 9-VC 4.94, and s ty rene  5.02 [23]. With al lowance for the co r r e l a t i on  found between 
the chemica l  shifts  of the/3-vinyl  protons  and the r - e l e c t r o n  density on the C/3 atom in var ious  c l a s s e s  of vinyl 

TABLE 1. P a r a m e t e r s  of the 1H NMR Spectra  of the 
of 9 -Viny lca rbazo les  (I-IV) 

Vinyl Group 

Chemical shift, 5, ppm ], Hz 
Compound 

H A H B H C AC BC AB 

4,94 
5,01 
5,10 
5,27 

5,36 
5,31 
5,40 
5,54 

7,06 
7,01 
7,04 
7,11 

9,45 
9,50 
9,50 
9,50 

16,0 
15,0 
16,1 
16,0 

I 
I[ 

I11 
IV 

0,6 
0,9 
1,0 
1,0 
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T A B L E  2. P a r a m e t e r s  of the  i3C NMR S p e c t r a  of 9 - V i n y l c a r b a -  

z o i e s  

~= = Chemical shifts, 5, ppm. with respect to tetramethylsilane 
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Fig. i. Dependence of 6HA and 
513 C~ of 9-Vinylcarbazoles I-IV 
on O-para. 

c o m p o u n d s  [23], it  c an  a l so  be a s s e r t e d  that  a d e c r e a s e  in the  ~ - e l e c t r o n  d e n s i t y  on the  C~ a tom of the  v iny l  
g roup  a l s o  o c c u r s  in th is  s e r i e s .  

It m u s t  be noted  tha t  the s i g n s  of the  JAB c o n s t a n t s  w e r e  not  s p e c i a l l y  d e t e r m i n e d .  The  s c h a r a c t e r  of 
the  h y b r i d i z a t i o n  of the  C~ a tom i n c r e a s e s  as  the  c o n t r i b u t i o n  of r e s o n a n c e  s t r u c t u r e  B d e c r e a s e s  in the I - IV 
s e r i e s  ( l im i t i ng  s t r u c t u r e s  A and B have,  r e s p e c t i v e l y ,  sp  ~- and s p 3 - h y b r i d i z e d  C~ a t o m s ) ,  w h e r e a s ,  a c c o r d i n g  
to [24], th is  should  l ead  to an i n c r e a s e  in the  s p i n - s p i n  coup l ing  c o n s t a n t s  be tw e e n  the g e m i n a l  p r o t o n s .  The  

JAB c o n s t a n t s  w i l l  c o n s e q u e n t l y  have  p o s i t i v e  s i g n s .  

EXPERIMENTAL 

The iH NMR spectra of 5% solutions of I-IV in carbon tetrachloride were recorded with a BS-487C spec- 

trometer (80 MHz) with hexamethyldisiloxane as the internal standard. The 13C NMR Fourier spectra of 10% 
solutions of the compounds in acetone were recorded with a Bruker HX-90 spectrometer (22.63 MHz) under con- 
ditions of complete suppression of the {iHjt-t3C spin-spin bond; d6-acetone was added to stabilize the resonance 
conditions. The chemical shifts are presented relative to tetramethylsilane. 

Compounds I-Ill were synthesized by vinylation of the appropriate carbazole derivatives with vinyl butyl 
ether in the presence of mercuric trifluoroacetate [25] and were purified by two recrystallizations from metha- 
nol. Their purity was monitored by thin-layer chromatography on Silufol plates. Compound IV was synthesized 

by the method in [26] by pyrolysis of 9-(o-acetoxy)ethyl-3-nitrocarbazole. 
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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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