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Studies  o f  t he  ring puckering v i b r a t i o n s  i n  
seve ra l  4 and 5 membered r i n g  systems using t h e  
technique o f  NMB spectroscopy o f  o r ien ted  
molecules have so  far been undertaken i n  thermo- 
t r o p i c  solvent  s. 
found t h a t  whereas t h e  f o u r  membered r i n g s  i n  
systems l i k e  trime thylene sulphide and trimethy- 
lene  oxide are puckered, t h e  f i v e  membered ones 
( l i k e  i n  butadiene sulphone) a r e  e s s e n t i a l l y  
p l ana r  with C2v-symnetry. 

3This s tud 

It has i n  genera l  been 1-10 

The inf luence  of 

was p a r t i a l l y  supported by Grant No 
USPHS-114 5 3 o f  t h e  Nat ional  I n s t i t u t e s  of Healih 
(USA) t o  Professor  G.W.Ramachandran a t  t h e  
Univers i ty  of  Chicago. 
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220 C. L. KHETRAPAL, et al. 

solvents  on the information thus derived has not 
been examined s o  fa r .  A n  inves t iga t ion  on buta- 
diene sulphone dissolved i n  a widely d i f f e ren t  
phase formed by 43 per cent decylamine hydro- 
chlor ide,  53 per cent heavy water, 1 per  cent 
decanol and 3 per  cent sodium sulphate ( A )  w a s  
undertaken i n  order t o  f i nd  out any solvent 
e f f e c t .  The r e s u l t s  a r e  reported i n  the present 
communication. 

The spectrum o f  2.5 weight per  cent solu- 
ti  on o f  commercially avai lable  butadiene sulphone 
dissolved i n  the lyotropic  phase ( A )  was recorded 
a t  26OC on a Briiker PT-NMR spectrometer operating 
a t  360 MHz. 100 t r ans i en t s  were accumulated. 
The spectrum i s  shown i n  f igu re  1. The average 
line-width was 2.5 Hz. 

The ana lys i s  w a s  ca r r i ed  out using the 
LAOCOONOR programme'' on a n  IBM-360/44 computer. 
The spectrum due t o  the o l e f i n i c  protons appears 
nearly 825 Hz down f i e l d  (upper t race  i n  f igure  1 )  
compared t o  t h a t  due t o  a l i p h a t i c  protons (lower 
t r ace  i n  f i g u r e  I ) .  Conditions of 'weak-couplings' 
for the d ipolar  couplings D15 and D16 a r e  satis- 
f i e d  and hence the spectrum i s  s e n s i t i v e  t o  
lJ15 + 2 D ~ 5 \  and I J~~ + 2 ~ ~ ~ 1  r a the r  than the 

ndividual coupling constants.  I n  cons is ten t  
w i t h  the r e s u l t s  on t h e  spectrum i n  the i so t ropic  
medium,' the i n d i r e c t  coupling cons t an t s  J 1 5  and 
516 were neglected. 
i t e r a t e d  upon during ana lys i s  using t h e  LAOCOONOR 

All other  parameters were 
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ORIENTED BUTADIENE SULPHONE 221 

Observed and calculated PMR spec t ra  of 
butadiene sulphone oriented i n  the lyo- 
t rop ic  solvent ( A ) .  The upper t r ace  
a r i s e s  from the  e thylenic  protons whereas 
the lower one i s  due t o  a l i p h a t i c  protons. 
The l i n e s  marked (x) do not belong t o  
butadiene sulphone. 

program. The r.m.s. e r r o r  between the observed 
and t he  calculated line positions was found t o  be 
0.37 Hz when 76 observed l i n e s  were assigned. 
Values of the parameters derived a r e  given i n  
tab le  1.  The signs of D15 and D,6 (Table 1 )  
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222 C. L. KHETRAPAL, et al. 

Table 1 .  S p e c t r a l  and geometr ica l  parameters f o r  
bu tad iene  sulphone o r i en ted  i n  a l y o t r o p i c  mesophase 

Para- 
meter Value Para- 

meter Value 

Dl 2 

Dl 3 

Dl 4 

Dl 5 

Dl 6 

D5 6 

31 -95 

'12 

-79.6420.02 HZ 
(-79. 65)a 

11 J3t0.03 Hz 
(11.47>a 

22.4520.03 Hz 
( 22.5 0) a 

5.3520.03 Hz 
(5.15la 

-24.4520.03 HZ 
(-24. 42Ia 

72.69+0.03 - H e  
(72070)a 

b 824.2+0.1 - Hz 

- O.14+_0.15 HZ 

'13 

'14 

'56 

r12'r14 

r15/r14 

r56/rl 4 

s1 1 

s22 

1.75+0.06 - Hz 
(1.2-1-0.4)' 

1.16_+0.06 Hz 
( 0.7+_0.4) 

8.7 20.07 Hz 
(8.6k0.5)' 

0.499 
( 0 474 

1.118 
(1 .  G85)' 

0.676 
(0.672) 

-0.00917d 
(-0.030) 

0.00512d 
( 0.081 ) 

a t B e s t - f i t  va lues  corresponding t o  geometr ica l  

bat 360 MHz 
and o r d e r  p a r m e t e r s  g iven  i n  column 4 

'Values obtained f r o m  s t u d i e s  in a thennot ropic  

dr12 = 1.827 A (assumed). 

phase1 
0 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



ORIENTED BUTADIENE SULPHONE 223 

correspond t o  those w h i c h  provide geometrical 
r e s u l t s  consis tent  w i t h  s tud ies  i n  the thermo- 

1 t r o p i c  nematic phase. E r r o r s  of t he  various 
parameters ( tab le  I )  correspond t o  t h e  standard 
deviations of the LAOCOONOR programme. The 
r e s u l t s  a r e  consis tent  with the  C2v-symmetry of 
the  r ing  skeleton l i k e  the  X-ray data12 i n  the 
s o l i d  s t a t e .  

Values of  the i n d i r e c t  spin-spin couplings 
determined from s tud ie s  in a themotropic  solvent 
a r e  included within parentheses i n  t ab le  1. The 
two a r e  i n  reasonable agreement with each other.  

For t h e  CZv-symmetry of the r i n g  skeleton 
of butadiene sulphone, th ree  geometrical and two 
order parameters have t o  be derived from the  6 
d i r e c t  d ipolar  couplings. The ' least-square-fi t  
programme SHAJ?El3 was used t o  der ive the geometri- 
cal and the order parameter8 from the observed 
dipolar  couplings and the values detennined are 
included i n  t ab le  1.  The corresponding values 
obtained from s tud ie s  i n  a thennotropic solvent 
a r e  included within parentheses i n  t ab le  1.  The 
tab le  shows tha t  the geometrical parameters obtained 
from s tudies  i n  the lyotropic  phase a r e  l a r g e r  
than those obtained i n  the nematic thennotropic 
solvent.  There is an  ind ica t ion  of a s l i g h t  
reduction of the d is tance  between protons 1 and 4 
i n  the lyo t ropic  phase. 

The signs of  t he  various S-values a re  
similar b o t h  i n  thennotropic and lyotropic  solvents. 
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224 C. L. KHATRAPAL, et al. 

The largest pos i t ive  S-value is along the C 2 - a x i s  
of symmetry in both the. cases. 
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