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PMR spectra of several 5-substituted vinylcarbonyl compounds were 
studied. Analysis of the spin-spin interaction constants and the chem- 
ical shifts leads to the conclusion that the molecules of methyl cis- 
and trans-B-chlorovinyl ketone, methylmalondialdehyde, and mal- 
ondialdehyde exist in a eissoidal conformation. The molecule of 
cis-B-chloroacrolein has a transoidaI conformation, and a rotation 
around the C-C bond takes place in trans-B-chloroacrolein. 

The results of the experiments are compared with calculated chemical 
shifts, which are determined by the effect of diamagnetic anisotropy 
and electrical charges of the C=C, C=O, and C--C1 bonds. 

Many p r i m a r i l y  IR and UV s tudies  have been  devot-  
ed to the p rob lem of a s e e r t a i n i n g  the eonformat ion  
with r e s p e c t  to the C--C bond in subs t i tu ted  1,3- 
bu tad ienes  and /~rsubstitute d v iny lca rbony l  eompounds 
[1-4] .  Recent ly ,  n u e l e a r  magne t i c  r e sonance  has also 
been  used  for  this purpose  [5-8] .  

We studied high r e so lu t i on  PMR spec t r a  of s e v e r a l  
f i - subs t i t u t ed  a c r o l e i n s  and of methyl  f l - eh lo rov iny l  
ketone.  The r e su l t s  of the m e a s u r e m e n t s  a re  shown 
in Tables  1 and 2. Unt i l  now, the known i s o m e r s  of 
f i ' e h l o r o a c r o l e i n  O==CH--CH-----CHC1 (A) [9] and methyl  
f l -chlorovinyl  ketone O=C(CH3)--CH-~CHC1 (]3) [10,4] 
have been ass igned  to the t r an s  s e r i e s  on the bas i s  
of t h e i r  ehemiea l  and phys ieochemiea l  p rope r t i e s .  
Recen t ly  [11], the c i s - i s o m e r s  of these  compounds 
have been  obtained; t he i r  s t r u c t u r e  was eonf i rmed  
by t he i r  c h e m i c a l  changes and the i r  IR spee t ra .  We 
obtained eompounds A and B aecord ing  to the method 
de sc r i bed  in [11]. Malondialdehyde O==CH--CH=CHOH 
(C) and methy lmalondia ldehyde  O==CH--C(CH3~CHOH 
(D) were  obtained accord ing  to the methods  dese r ibed  
in [12] and [13]. 

M e a s u r e m e n t s  of the s p e c t r a  of A and B in the 
l iquid s ta te  and in 50 tool. % CC14 so lu t ions  yie lded 
ident ica l  r e su l t s .  The s p e c t r u m  of C was m e a s u r e d  in 
a 3 tool. % CDC13 solut ion conta in ing  about 1 mol.  
% ethanol .  The s p e c t r u m  of D was m e a s u r e d  in a 
3.5 tool. % CHC13 solu t ion  and in a 15 tool. % so lu -  
t ion in  carefu l ly  dehydra ted  acetone.  Both m e a s u r e -  
ments  yielded ident ica l  r e su l t s  as fa r  as the chem-  
ica l  shif ts  a re  concerned ,  but the CH and OH l ines  
in the l a t t e r  so lu t ion  were  b roade r .  The acetone 
so lu t ion  was p r e p a r e d  in a dry  box conta in ing  d ry  
argon,  and the m e a s u r i n g  cel l  with the sample  was 
sea led .  All  so lut ions  were  p r e p a r e d  f rom f resh ly  
obta ined m a t e r i a l s ,  and all s amples  were kept at 
the t e m p e r a t u r e  of d ry  ice unt i l  the m e a s u r e m e n t  
was made.  

The PMR s p e c t r a  were  taken in a high r e so lu t ion  
SYaMR-62 s p e c t r o m e t e r  with a r e s o l u t i o n  of c lose  
to 4"10 -8 at a f r equency  of v = 22.68 MHz at a 
t e m p e r a t u r e  of 22 ~ C. The chemica l  shif ts  (ppm) 

were  m e a s u r e d  with r e spe c t  to cyclohexane as 
i n t e rna l  s t anda rd  accord ing  to the l a t e r a l  bands 
(around 15 mol .  % of cyclohexane with r e spec t  to 
the compound studied).  All  6 va lues  were  r e c a l c u -  
la ted in  the 5 - s c a l e  (with r e spe c t  to Si(CH3) 4 (TMS); 
toward the side of weak f ields,  6 for C6H12 amounts  
to 1.43 ppm. The accu racy  of the m e a s u r e m e n t  
was =~0.05 ppm and the a c c u r a c y  of the s p i n - s p i n  
i n t e r a c t i on  constants  J was in the o r d e r  of +0.5 Hz. 
The s p e c t r u m  of the vinyl  protons  of methyl  /3- 
ch lorovinyl  ketone was ca lcula ted  accord ing  to the 
scheme AB and the s p e c t r u m  of f l - ch lo roacro le in  
was ca lcula ted  accord ing  to the scheme ABX with 
JAX = 0 (X r e p r e s e n t s  the aldehyde proton). The 
s p e c t r u m  of malondia ldehyde cons i s t s  of a s p e c t r u m  
of the AB2-type (protons at the ca rbon  a toms) ,  which 
ma y  be ca lcu la ted  in the f i r s t  o rde r ,  and of one 
peak of the OH proton.  The s p e c t r u m  of m e t h y l m a l -  
ondialdehyde contains  a l ine ,  c o r r e s p o n d i n g  to the 
s ignal  f rom the two equiva lent  CH protons ,  the l ine 
of the methyl  group in the s t rong  f ield region ,  and the 
OH peak in the weak field region.  The spec t r a l  data 
of A and B are  given in Table  1 and those of C and 
D in  Table  2. 

Ident i f ica t ion  of the compounds unde r  inves t iga -  
t ion by the i r  P M R  s p e c t r a  showed that the pure c i s -  
(A) and t r ans - (A)  i s o m e r s  of f l -ch loroacro le in ,  the 
pure  t r a n s - i s o m e r  (B) of methyl  f l - ch lo rov iny l  
ketone,  and a mix tu re  of 70% cis - (B)  and 30% t r a n s -  
methyl  f i -chlorovinyl  ketone (see Table  1) were ob- 
ta ined  in the syn thes i s .  The cis form of A is 
comple te ly  conver ted  into the t r ans  form of A at 
22 ~ C within two hours .  

The J~fl values  (the in t e rac t ion  cons tants  be tween 
a - a n d  fl-vinyl protons)  for the cis and t r ans  fo rms  
of A and B (Table 1) were  found to be typical  for the 
c o r r e spond i ng  fo rms  of s i m i l a r  compounds [6] so 
that  they se rve  as bas i s  for the ident i f ica t ion  of 
the i s o m e r s .  The a s s ignmen t  of the l ines  in the PMR 
spe c t r a  was achieved on the bas i s  of the s p i n - s p i n  
i n t e r ac t i on  cons tan t s  of the H.y and H a pro tons  
( s i m i l a r  to the a s s i g n m e n t  in p~otonaldehyde [14] 
and also on the bas is  of the c h a r a c t e r i s t i c  chem-  
ica l  shif ts  [15]. The spec t r a l  l ines  c o r r e spond ing  to 
the H a protons in methyl  f i -chlorovinyl  ketone a re  
b roadened ,  apparen t ly  because  of a s p i n - s p i n  i n t e r -  
act ion with the protons  of the CH 3 group. The PMR 
s p e c t r a  of the o ther  compounds s tudied a re  also in 
a g r e e m e n t  with the i r  proposed s t r u c t u r e .  It has 
been  shown p rev ious ly  that a t r a n s  as well  as a 
cis conformat ion  or a ro ta t ion  around the C--C bond 
[1,2,6] may  ex is t  in subs t i tu ted  ac ro l e in s  and vinyl  
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Table  1 
Chemica l  Shifts 5 (ppm) with Respec t  to TMS and the Spin-Spin 

In t e rac t ion  Constants  J (Hz) of the f i - C h l o r o a c r o l e i n  (A) and 

Methyl  /%Chlorovinyl  Ketone (B) I s o m e r s  

C~ 

b~ 
6 v 
5CH~ 
Jal3 
Jay 

H/~ H a 
\ c = c  / 

Cl / ) c = o  
H7 

cis-A 

6.31 
7.37 

10.28 

7,6 
7.7 

Cl H~ 
~/c=c,/ 

"c=o 

trans-A 

6,44 
7,55 
9.56 

13.6 
6.9 

H~ H a ] CI H a 
\ c = c .  / P \ c = c /  
/ N / \ 

Cl .~C--CHa H~ C--CHa 

o" o// 
eis-B trans-B 

6.44 6.44 
6,78 7.47 

2,35 2.26 
8-i 14.0 

ketones. For the determination of the conformations 
in the compounds under investigation, we used ex- 
perimental data on the J values and on the 6 shifts. 

An analysis of the spin-spin interaction constants 

between the protons for all conformations of mutual 
bond orientations of interest to us has been given in 
[6], namely: js. js d d in the sis and ms, trans, Jcis, Jtrans 
trans positions with respect to the single and double 
bonds. Starting from the assumption that the effects 

of the substituents on the J changes are additive, the 
following values were obtained for the hydroxy de- 

rivatives of the acroleins: J~rans = 12.8 Hz, Jcais = 
= 5.7 Hz, J~rans = 8.0 Hz, Jcdis = 2.6 Hz. Using in the 
analysis data for vinyl chloride given in [16] (Jdrans = 

Hz, Jdis = 7.5 Hz), we obtained, according 14.7 
to [6], the following values for the constants of 

fl-chloroacroleins: jd = 13.05 Hz, Jdis 6.0 Hz, t r ans  = 
JtransS = 8.0 Hz, JSis = 2.6 Hz. Apparent ly ,  the a s -  
sumpt ion  about the addi t iv i ty  of the changes in J 
due to changing the subs t i tuen t  is a p p r o x i m a t e l y  
sa t i s f i ed .  We m e a s u r e d  d i r e c t l y  the fol lowing con-  
stant~ fo r  f i - ch lo roac ro le in"  j d = 13 6, jd .  = 

f " ~rans �9 ~is 
= 7.6; and or  methy l  p - ch lo rov iny l  ketone:  J.~ = 

d ~rans 
= 14.0, J c i s  = 8.1 Hz (see Table  1). These  values  
d i f f e r  somewha t  f r o m  the ca lcu la ted  ones.  Apparen t ly ,  
t hese  d i f f e r ences  do not a r i s e  in the d e t e r m i n a t i o n  

of the pure  fo rms  and in the eva lua t ion  of the con- 
tent  of f o r m s  which a re  conve r t ed  into one another .  

In the cis  f o r m  of p - c h l o r o a c r o l e i n  J~f i  = j s  = 7.7 

Hz, which is  c l o se  to the ca l cu la t ed  value  of JtransS = 
= 8.0 Hz. It fo l lows that  the c i s - A  f o r m  ex i s t s  p r e -  

dominant ly  in the t r an so ida l  conformat ion .  In the 
t r ans  f o r m  of the s a m e  compound,  J a i l  = j s  = 6.9 

Hz, that  is ,  based  on the ca lcu la ted  data, the 
t r ans i t i ons  be tween  the t r an so ida l  and c i so ida l  
confo rmat ions  a r e  f a s t e r  so that  the eva lua t ion  
yie lds  around 20% of the c i so ida l  confomra t ion .  

Malondialdehyde and methy lmalond ia ldehyde  a re  

in the enol  f o r m  and s i x - m e m b e r e d  c losed  r ings  
a r e  f o r m e d  f r o m  them with pa r t i c ipa t ion  of a r e -  

l a t i v e l y  s tab le  hydrogen  bond. Both a r e  t h e r e f o r e  
in a c i s so ida l  confo rma t ion  with two rap id ly  i n t e r -  
changing t au tom er s :  

Ra Ra 

n%c//C  \c/n, n%c/t%c , .  n, 
O---H---O O---H--O 

(where R a = H for  C and CH 3 for  D). This  a s s e r t i o n  
a r i s e s  f r o m  the fol lowing cons ide ra t ions .  Above 
al l ,  the c h e m i c a l  shif ts  of the OH group (6OH = 10.08 

ppm for  malondia ldehyde  and 5OH = 9.38 ppm for  
methy lmalond ia ldehyde)  con f i rm  the p r e s e n c e  of an 
i n t r a m o l e c u l a r  hydrogen bond [17-19] .  The e x i s -  
t ence  of an i n t e r m o l e c u l a r  hydrogen  bond is excluded 
because  for  me thy lmalond ia ldehyde  the 6OH va lues  

Table  2 
Chemica l  Shifts 6 (ppm) with r e s p e c t  to TMS and the Spin-Spin 

In t e r ac t ion  Constants  J (Hz) fo r  Malondia ldehydes  (C) and 
Methy lmalond iadehydes  (D) 

designation 

Hot 

C H~ n~ \  / / \  / 

c c 
J Ii 

O--H..,O 

CHa 
I 

C H~, H~N r \ /  
c c 
1 II 

O-H...O 

~OH 

5 a 
6CH 3 

Ja~=Jay 

I0,08 
8.48 
5.56 

4.2 

9.39 
8.36 

1 . 7 5  
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a r e  i d e n t i c a l  in such d i f f e r en t  so lven t s  as CHC13 and 
ace tone  (cf.[20]). F u r t h e r m o r e ,  the  r a p i d  t r a n s i t i o n  
be tween  the above t a u t o m e r i c  f o r m s  ind ica t e s  tha t  no 
s p i n - s p i n  i n t e r a c t i o n  ex i s t s  be tween  the p ro tons  of 
the OH and CH groups  [17]. M o r e o v e r ,  the fl and 
y p ro tons  a r e  c h e m i c a l l y  equ iva len t  and have a 
c h e m i c a l  sh i f t  of 6 = 8.40 ppm (Table  2), which is 
a p p r o x i m a t e l y  equal  to the m e a n  of the sh i f t  of the 
p ro ton  in the  C-=C double  bond (5 -~ 7.30 ppm) and 
of the shi f t  of the  a ldehyde  p ro ton  (5 -~ 9.5 ppm) 
[15]. The s a m e  conc lus ion  m a y  be a r r i v e d  at  f r o m  
an a n a l y s i s  of the J a y  va lues .  F o r  the c i s o i d a l  
c o n f o r m a t i o n  u n d e r  r a p i d  t a u t o m e r i c  exchange  con-  
d i t ions  

1 s jdcis)" J~'  = ~- (Jcis+ 

the c a l c u l a t e d  va lues  o f  ~cis  and Jd is  Subs t i tu t ing  
fo r  the hyd roxy  d e r i v a t i v e s  into th is  equat ion ,  we 
obta in  J ~ /  = 4.15 Hz, which i s  in  good a g r e e m e n t  
with e x p e r i m e n t a l  da t a  (see Tab le  2). In [6], J ~ y  = 
= 9.69 Hz was Obtained fo r  the s a m e  compound,  
which ind i ca t e s  the p r e s e n c e  of an i n t e r m e d i a t e  
t r a n s o i d a l  con fo rma t ion .  A p p a r e n t l y ,  th is  is  due to 
the fac t  that  in [6] the s p e c t r a  of C w e r e  r e c o r d e d  
in an ac id i c  m e d i u m  (water  with HC1 and o t h e r  ad -  
m i x t u r e s ) .  This  could have l ed  to a p ro ton  exchange  
with  the OH group,  to c l eavage  of the i n t r a m o l e c u l a r  
hyd rogen  bond,  and to a change in the con fo rma t ion  
of  ma lond ia ldehyde~  

Let  us c o n s i d e r  the c h e m i c a l  sh i f t s  in f i - ch lo rov iny l  
c a r b o n y l  compounds .  This  a n a l y s i s  is  p a r t i c u l a r l y  
use fu l  in the case  of me thy l  f i - ch lo rov iny l  ketone and 
compounds  s i m i l a r  to i t ,  in which no Hy p ro ton  is 
p r e s e n t .  I t  is  i n t e r e s t i n g  a l so  to c o m p a r e  the r e s u l t s  
i ndependen t ly  ob ta ined  f r o m  an a n a l y s i s  of the  J and 
6 va lue s  fo r  o the r  compounds .  

An i m p o r t a n t  f a c t o r  is  the  c o n s i d e r a b l e  change  in 
the c h e m i c a l  sh i f t s  of the p ro tons  du r ing  the t r a n s i -  
t ion  f r o m  the c is  to the t r a n s  f o r m  (Table 1). In o u r  
c a s e ,  the c h e m i c a l  sh i f t  of the H a p ro tons  t o w a r d  
weak  f ie lds  i n c r e a s e s  s o m e w h a t  du r ing  the t r a n s i t i o n  
f r o m  the c is  to the t r a n s  f o r m  of A and is not changed 
dur ing  the t r a n s i t i o n  f r o m  the cis  to the t r a n s  f o r m  
of B. The c h e m i c a l  sh i f t  of the a ldehyde  p ro ton  in A 
changes  du r ing  th is  t r a n s i t i o n  by 0.7 ppm. The s igns  
of t h e s e  changes  a r e  c h a r a c t e r i s t i c  fo r  the s o - c a l l e d  
c is  e f fec t  [21], that  i s ,  the  Hfi l ines  in the s p e c t r a  of 
the t r a n s  f o r m  l ie  in w e a k e r  f i e lds  than in the s p e c t r a  
of  the c is  f o r m s ;  however ,  the Hy and CH 3 l ines  l ie  
in w e a k e r  f i e lds  in the s p e c t r a  of the c is  fo rm.  

It  is  known tha t  for  the p r e v i o u s l y  s tud i ed  sub -  
s t i t u t ed  v iny l  compounds ,  which have m o r e  s t e r i c  
h i n d r a n c e  and which have,  however ,  subs t i t uen t s  
with a c l e a r l y  def ined  p o l a r i t y  o r  d i a m a g n e t i c  a n i s o -  
t r o p y ,  the  changes  in 5fi d u r i n g  the t r a n s i t i o n  f r o m  
the c is  to the t r a n s  f o r m  a r e  c o n s i d e r a b l y  s m a l l e r  
than  in o u r  c a s e  (for i n s t ance ,  for  ~ ,  f l - d i m e t h y -  
l e thy lene  and m a n y  o t h e r  compounds  [20], th is  
change does  not  e x c e e d  0.1 ppm).  F o r  the compounds  
s t ud i ed  by  us ,  the e f fec t  of s t e r i c  h i n d r a n c e  on the 

sh i f t s  of the v inyl  p ro tons  i s ,  a p p a r e n t l y ,  a l so  s m a l l .  
The va lue s  o b s e r v e d  by us for  the 6fl changes  l ie  in a 
r eg ion  which is t y p i c a l  for  the c is  e f fec t  in v iny l  
compounds  conta in ing  funct ional  groups  of c o n s i d e r -  
ab le  a n i s o t r o p y  in the d i a m a g n e t i c  s u s c e p t i b i l i t y  
o r  of c o n s i d e r a b l e  e l e c t r i c  d ipole  m o m e n t s  (Table 
3). In the compounds s tud ied  by  us,  such  func t iona l  
g roups  a r e  C1, C ~ O ,  C=C;  in the c is  t r a n s i t i o n  the 
C1 a tom af fec ts  a l l  p ro tons  excep t  the Hfi p ro ton ,  
the C-~O bond affects  a l l  p r o t o n s ,  excep t  the Hy 
p ro ton  (CH 3 in B),  w he re a s  the C~---C bond affects  
only the  H 7 pro ton  o r  the CH 3 group.  

Let  us c o n s i d e r  the  ef fec t  of the C--C1 bond s p e c i -  
f i ca l ly .  E x p e r i m e n t a l  da t a  on the c h e m i c a l  sh i f t s  
of c h l o r o s u b s t i t u t e d  olef ins  (e.g. ,  f r o m  [15,16,20]) 
show tha t  the change in the c h e m i c a l  sh i f t  of the H a 
v iny l  p ro ton  dur ing  the t r a n s i t i o n  f r o m  the e i s -  to the 
t r a n s - i s o m e r s  is  neg l ig ib le  (0.03 ppm).  Appa ren t l y ,  
our  compounds  a r e  no excep t ion  to th i s .  In fact ,  in 
me thy l  f l - ch lo rov iny l  ke tone ,  the 6a  for  both s t e r e -  
o i s o m e r s  a r e  i den t i ca l  within the e x p e r i m e n t a l  e r -  
r o r  (•  ppm,  s e e  Tab le  1). It m a y  be a s s u m e d ,  
fo r  ins t ance  that  in th is  c a se  the e f fec t s  of the  
m a g n e t i c  a n i s o t r o p y  and the e l e c t r i c  d ipo le  m o m e n t  
of the C--C1 bond cance l  one ano the r  fo r  a given 
g e o m e t r y  of the mo lecu l e .  The r e s u l t s  shown make  
i t  p o s s i b l e  to l i m i t  the ef fec t  of the C--C1 bond to 
5a. Concern ing  the e f fec t s  of th is  bond on Hy and 
CH 3, we do not c o n s i d e r  the n u m b e r  of e x p e r i m e n t a l  
da t a  in the  l i t e r a t u r e  to be suf f ic ien t .  S t a r t i n g  f r o m  
o u r  r e s u l t s  (Table 1), i t  m a y  be a s s u m e d  that  th is  
e f fec t  is  s ign i f i can t .  

As fo l lows f r o m  the ava i l ab l e  da ta  (Table 3), the 
fundamenta l  changes  in the c h e m i c a l  sh i f t s  du r ing  
i s o m e r  t r a n s i t i o n s *  and the c o n f o r m a t i o n a l  changes  
m u s t  be a t t r i bu t ed  to the e f fec t  of the s t r o n g l y  p o l a r  
~ O  bond for  which a s u b s t a n t i a l  d i a m a g n e t i c  a n i s o -  
t r o p y  has  been  o b s e r v e d .  

A t t e m p t s  to ba se  the c o n f o r m a t i o n a l  ana lys i s  of 
the  i s o m e r s  on the change in the p ro ton  c h e m i c a l  
sh i f t s  du r ing  an i s o m e r  t r a n s i t i o n  l ead  to the fo l -  
lowing r e s u l t s :  

1. The absence  of a change in 6~ dur ing  the 
i s o m e r  t r a n s i t i o n  in me thy l  f i - ch lo rov iny l  ketone 
is in a g r e e m e n t  with the a s s u m p t i o n  of an iden t i ca l  
con fo rma t ion  with r e s p e c t  to the C--C bond in both 
i s o m e r s .  The change in 6~ dur ing  the i s o m e r  t r a n s i -  
t ion in f i - c h l o r o a c r o l e i n  m a y  be connec ted  with a 
c o n f o r m a t i o n a l  change and to a change in the bond 
ang les .  A qua l i t a t ive  c o n s i d e r a t i o n  of the m o l e c u l a r  
g e o m e t r y  l e a d s  to the a s s u m p t i o n  tha t  the ef fec t  of 
the change in the angles  be tween  the C=~O and C--H 
bonds o r  be tween  the C--H and C--C bonds l eads  to 
a m o r e  s ign i f i can t  change in 6~ in the ca se  of the 
t r a n s o i d a l  confo rmat ion .  (The a n i s o t r o p i c  and p o l a r  
C = O  bond is  in th is  c a se  l e s s  fa r  f r o m  I4~ than in 
the c a s e  of the c i s o i d a l  conformat ion .  This  i s  in  

*We have in mind  t r a n s i t i o n s  f r o m  c m -  to t r a n s -  
i s o m e r s ,  which e x i s t  as ind iv idua l  compounds .  
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Table 3 
Effect of the C~--O Bond on the Proton Chemical 
Shifts. The differences in the chemical shifts 
between two proton arrangements are given: 
H//A6fl2 = 6fla-6 //1" All results were taken from 

[51. 

Compound A6~ Remarks 

c/HI3~ 

l / \  i// \H~ 
0 

c/HI3~ 
/ \ / /  \ 

\ / \ x  o 

c/Hfl, 

~ 0  

CHa .H~ 
CH \ / p' 

a \ c / C = C \ H f i  2 
Nk o 

CHa\ /HI31 

HN, c/C=C\Hf~= 

kN o 

CHaH\c=c/H~* 

\ C  / \H~, 
%o 

0,67 

0.61 

0.64 

0,20 

0,27 

0.20 

rigid cisoidal 
conformation 

rigid cisoidal 
conformation 

rigid cisoidal 
conformation 

flexible conformation 

flexible Conformation 

flexible conformation 
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a g r e e m e n t  with the a s s u m p t i o n  that  the t r a n s o i d a l  
c o n f o r m a t i o n  p r e d o m i n a t e s  in f l - c h l o r o a c r o l e i n .  

2. The changes  in 57 dur ing  the i s o m e r  t r a n s i t i o n  
m a y  be due to an e f fec t  of the C--C1 bond and a l so  
(dur ing the c o n f o r m a t i o n a l  change)  of the C = C  bond. 
When the p o s s i b l e  changes  in the O==C--H angle  
a r e  t aken  into account ,  i t  m u s t  be a d m i t t e d  that  a 
qua l i t a t i ve  a n a l y s i s  of the changes  in 6 7 m a y  l ead  
to oppos i t e  r e s u l t s .  

3. A m o r e  d i r e c t  a p p r o a c h  to the c o n f o r m a t i o n a l  
a n a l y s i s  of the compounds  unde r  c o n s i d e r a t i o n  is  
p r o v i d e d  by c o n s i d e r a t i o n  of the  change in the c h e m -  
i c a l  sh i f t  of the Hfl p ro ton  dur ing  the i s o m e r  t r a n s i t i o n .  
As is  s e e n  f r o m  Tab le s  3 and 4, the change in 6/3 of 
me thy l  f i - ch lo rov iny l  ketone dur ing  the t r a n s i t i o n  
f r o m  one i s o m e r i c  f o r m  to the o t h e r  one co inc ides  
with the d i f f e r ence  be tween  the c h e m i c a l  sh i f t s  of 
f l -vinyl  p ro tons  in compounds  with a r i g i d  c i s o i d a l  
con fo rma t ion .  This  r e s u l t  i nd i ca t e s  the p r e s e n c e  of 
the  c i s o i d a l  c o n f o r m a t i o n  in both i s o m e r s  of m e t h y l  
f l - ch lo rov iny l  ketone.  The c o m p a r a t i v e l y  s m a l l  
change in 6B dur ing  the i s o m e r  t r a n s i t i o n  of f l - c h lo ro -  
a c r o l e i n  admi t s  the a s s u m p t i o n  of only a s m a l l  
a d m i x t u r e  of the c i s o i d a l  c o n f o r m a t i o n  in th is  c o m -  
pound, which is in a g r e e m e n t  wi th  the r e s u l t s  of the 
J ~ 7  a n a l y s i s  and a l so  with the magni tude  of the 
change in 5fl of compounds  with a f l ex ib le  c o n f o r m a -  
t ion (see Table  3.) 

We c a l c u l a t e d  the con t r ibu t ions  of the  e l e c t r i c  
and m a g n e t i c  e f fec t s  of C--C1, C=O,  and C = C  on 
the sh i f t s  of H a ,  Hfi, and H 7 for  a l l  p o s s i b l e  p l a n a r  
conf igura t ions  of m o l e c u l e s  A and B. The r e s u l t s  
a r e  shown in Tab le  4. We a s s u m e d  tha t  the e l e c t r i c  
and m a g n e t i c  d ipo les  a r e  l o c a l i z e d  at  the  C1 and O 
a t o m s ,  r e s p e c t i v e l y ,  and at  the c e n t e r  of the C = C  

o 

bond. The bondlengths  t aken  were :  C--C1 1.72 A, 
C = O  1.29 4 (conjugated with the C = C  bond), C--C 
1.50 A, C--H 1.05 A, C-----C 1.34 A. (ef. [22]); the 
bond angles  we re  taken  to be cons t an t  (the H - - C = C ,  
H--C--C1,  and O==C--H angles  a r e  equa l  to 120 ~ ). 

To eva lua t e  the con t r ibu t ion  of the  e l e c t r i c  f i e ld  
to the c h e m i c a l  sh i f t  in the ca l cu l a t ed  da ta  (we 
a s s u m e  tha t  changes  in 6 with a pos i t i ve  s ign  c o r -  
r e s p o n d  to changes  t o w a r d  s t r o n g  f i e lds ) ,  we used  
the Buck ingham equa t ion  [23] with a M u s h e r  coe f -  
f i c ien t  [24] ( cons ide r ing  only the l i n e a r  effect) :  

- )  

rpr ~-. I -  / -  (1) 
5 ( ppm ) ~- - -  2.9 [3cos ( p r )  cos (zr )  - -  cos 2 (pz)], 

whe re  p is  the  d ipo le  m o m e n t  of the subs t i tuen t ,  z 
is  a v e c t o r  d i r e c t e d  a long the C--H bond, r is  the  
r a d i u s  v e c t o r  of the p ro ton  under  c o n s i d e r a t i o n  in 
a c o o r d i n a t e  s y s t e m ,  the o r i g i n  of which i s  at  the  
d ipo le .  In (1), p is e x p r e s s e d  in Debye uni ts  and r 
i n  $,.  

F o r  the eva lua t i on  of the d i a m a g n e t i c  a n i s o t r o p y  
con t r ibu t ion  of the s a m e  subs t i t uen t ,  we u sed  the 
equa t ion  [25] 

6 (ppm) ~- [A~' (2 - -  3cos ~ (~tr)) - -  A~"], (2) 
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where r is the radius vector of the proton under con- 

sideration and p is a unit vector in the direction of 

the magnetic dipole moment of the substituent, 

A ~ '  = ~zz - -  ~xx; A Z "  = ~zz  - -  •yy'  

w h e r e  )~zz, )~yy, )~xx a r e  the componen t s  of the  d i a -  
m a g n e t i c  s u s c e p t i b i l i t y  t e n s o r  in a coo rd ina t e  s y s -  
t em with the z ax i s ,  d i r e c t e d  a long the bond a n i s o t r o p y  
(for i n s t anee  D O ) .  The quant i ty  A)~ in (2) is e x -  
p r e s s e d  in A-3.10 - s  and r in  A. We used  the fo l low-  
ing va lues  of the  p a r a m e t e r s  for  the d e t e r m i n a t i o n  
of  the ef fec t  of the magne t i e  a n i s o t r o p i e  and e l e c t r i c  
d ipo le  m o m e n t s  (the s a m e  va lues  were  used  for  A 
and B): 

for  C=O:  p = 2.flD; AXW = -4 .15 ;  A• = 11.0; 
for  C = C :  AX! = 0.0; A ~  = 9.7;  
for  C - - C h  p = 1.513; Aft  = +3.0; A• = - 1 . 0 .  

The va lues  of p a r a m e t e r s  A~ for  C = O  were  taken  
f r o m  [25] where ,  however ,  only the  ef fec t  of the 
e l e c t r i c  d ipole  of C = O  was c o n s i d e r e d .  The va lues  
of the p a r a m e t e r s  for  the  C1 a tom were  chosen  in 
a g r e e m e n t  with the a s s u m p t i o n  tha t  the ef fec t  of 
C--C1 in v inyl  compounds  on 5 a is  s m a l l  (c lose to 
0.03 ppm) d u r i n g  the i s o m e r  t r a n s i t i o n .  P r e v i o u s l y  
such  eva lua t ions  fo r  v iny l  compounds  have not  
been  made .  Table  4 shows the r e s u l t s  of the c a l c u l a -  
t ion in t e r m s  of da ta  on the changes  of 6 a 5 B and 
57; a l so  given a r e  the c a l c u l a t e d  va lues  a s s u m e d  
for  the i s o m e r s  as  funct ions of the d i f fe ren t  con-  
f o r m a t i o n s ,  unde r  the a s s u m p t i o n  of c o n f o r m a -  
t i ona l  e q u i l i b r i a ,  and e x p e r i m e n t a l  data .  

The c a l c u l a t e d  va lues  of the change in the c h e m -  
ica l  sh i f t s  fo r  Hfl a r e  in good a g r e e m e n t  with the 
e x p e r i m e n t a l  da t a  and with the a s s u m p t i o n  that  the 
c i s o i d a l  c o n f o r m a t i o n  p r e v a i l s  in me thy l  c i s  and 
t r a n s - f i - c h l o r o v i n y l  ketone,  in c i s - c h l o r o a c r o l e i n  
the t r a n s o i d a l  confo rmat ion ,  and in t r a n s - f l - c h l o r o -  
a c r o l e i n  a m i x t u r e  of the c i s o i d a l  c on fo rma t ion  of 
the o r d e r  of 28%, which is c lose  to the va lue  ob-  
t a ined  f rom the c o n f o r m a t i o n a l  a n a l y s i s  b a s e d  on 
the J a  7 va lues .  

No such a g r e e m e n t  is  o b s e r v e d  fo r  the H a and 
H 7 p ro tons .  F o r  Ha ,  the oppos i te  s ign  is ob ta ined  
for  the change in c o m p a r i s o n  with e x p e r i m e n t a l  
da ta .  When the angle  be tween  the C-=O and C--H 
d e c r e a s e s  by a p p r o x i m a t e l y  3 ~ the eva lua t ion  of 
the changing 6 a and 57 shows that  57 changes  by 
0.4 ppm. In the t r a n s o i d a l  con fo rma t ion ,  the s a m e  
a n g u l a r  change may ,  b e c a u s e  of the ro t a t ion  of the 
C = O  bond (we c o n s i d e r  the r e m a i n i n g  bond angles  
and bondlengths  to be cons tant ) ,  l ead  to a sh i f t  of 
0.1 ppm of the H a l ine  to s t r o n g  f i e lds .  This  a s -  
sumpt ion  exp la ins  qua l i t a t i ve ly  the change in 5 a 
and 57 dur ing  the i s o m e r  t r a n s i t i o n  in f i - c h l o r o a e r o -  
l e in .  A s i m i l a r  change in the O==C--CH3 angle  in 
me thy l  f i - ch lo rov iny l  ketone cannot l e ad  to a s i g n i f i -  
cant  change in the shif t  of H a (although the sh i f t  
of CH 3 is changed) when the c on fo rma t ion  of this  c o m -  
pound is c i s o i d a l .  
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Table  4 
Compar i son  of Calcula ted  and Exper imen ta l  Data 
on the Changes of Pro ton  Chemical  Shifts at 
Hoe(2~5oe), Hfl(A@), and HT(AST)During I s o m e r  
T r a n s i t i o n  as Funct ions  of the I s o m e r  C onf o r ma -  
t ion (a + s ign c o r r e sponds  to a shift  to s t rong  

f ields) .  It is  a s s u m e d  that the a toms of al l  s t r u c -  
t u r e s  l ie  in one plane. 

Transition A6 a 558 hS~ 

I --+ III 
II -+ IV 
I ---* IV 

II--+ III 
cis --~ trans 

during conformational 
equilibrium 

experiment  (A) 
cis --~ trans 

experiment (B) 
cis ~ trails 

I trans-cisoidal 

C1 \  / H  a 
C=C -R 

H / ) C  / 
0 

III cis-cisoidaI 

HtI\ /Ha 
c1/C=C\ 

r 
0 

where for A, R = Hy, 

0.03 - -  0.73 
- -  0.03 + 0.05 
+ 0.33 - -  0.77 
- -  0.39 0,09 

- -  0.03 

--0.13 

- -  0 . 0 0  

- -  0 . 4 1  

--0.18 

- -  0.69 

II trans-transoidal 

C I \ c = c / H a  

H ;  ) C = O  

R 

IV cis-transoidal 

HI3\ / H a  

/c=c\ 
C1 / C = O  

R 

for t3, R =CH a. 

0.00 
§ 0.06 
+ o.21 
--0,17 

+ 0.02 

+ 0.72 
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In th is  way a l l  sh i f t s  o b s e r v e d  by us can be 
q u a l i t a t i v e l y  exp la ined .  It mus t ,  h o w e v e r ,  be pointed 
out that  the use  of the conven t iona l  d ipole  a p p r o x i -  
m a t i o n  [Eqs.  (1) and (2)] m a y  lead  to i n c o r r e c t  r e -  
s u l t s  for  the i n t e r a c t i o n  be tween  the H~/proton with 
the C--C1 bond. Also ,  changes  in 5 a r e  p o s s i b l e  when 
i n t e r m o l e c u l a r  c o m p l e x e s  a r e  f o rmed .  

Consequent ly ,  i t  m u s t  be a s s u m e d  tha t  the t r a n s o i -  
da l  con fo rma t ion  is f a r  f r o m  be ing  in a l l  c a s e s  the 
only p o s s i b l e  confo rma t ion  of f l - subs t i tu t ed  v iny l -  
c a r b o n y l  compounds  and that  a n e s s e n t i a l l y  c i s o i -  
da l  con fo rma t ion  p r e v a i l s  in methy l  f l - ch lo rov iny l  
ke tone ,  m a l o n d i a l d e h y d e ,  and m e t h y l m a l o n d i a l d e -  
hyde.  The i n t e r m e d i a t e  con fo rma t ion  o r  ro t a t ion  
a round  the C--C bond in s i m i l a r  compounds  m a y  
be d e t e r m i n e d  by v a r i o u s  f a c t o r s .  Among  them 
a r e  a p p a r e n t l y  weak s t e r i c  h i n d r a n c e s  (as, fo r  
i n s t ance ,  in methy l  f l - ch lo rov iny l  ketone)  and an 
i n t r a m o l e c u l a r  hydrogen  bond (as in m a l o n d i a l d e -  
hydes) .  

I t  is  obvious that  the c o n f o r m a t i o n a l  ana lys i s  
b a s e d  on J va lue s  i s  m o r e  unambiguous  than  the an-  
a l y s i s  b a s e d  on c h e m i c a l  sh i f t s .  

In a l l  c a s e s  (ketones)  when no H~/ (or H~) pro ton  
e x i s t s  in the m o l e c u l e ,  the con fo rma t iona l  a n a l y s i s  
m a y  be b a s e d  on the c h e m i c a l  sh i f t  of  the Hfl p ro ton ,  
and,  in the case  of m e t h y l m a l o n d i a l d e h y d e ,  i t  m a y  
be b a s e d  on the sh i f t  of the OH proton .  The a s s u m p -  
t ion  that  the con t r ibu t ion  of the C1 a tom to the change 
in 5~ is  s m a l l  du r ing  i s o m e r  t r a n s i t i o n  is e x t r e m e l y  
p robab le .  

The au thors  thank N. M. S e r g e e v  for  his  i n t e r e s t  
in t h e i r  work.  
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