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In a study of the s t e r e o c h e m i s t r y  of the t e lomer i za t ion  of vinyl  chlor ides  with polyhalomethanes  by 
eonformat iona l  NMR ana lys i s  of the t e l o m e r  homologs CC13(CH2CHC1) n X (where X = C1, Br,  H, n = 1-3), 
the poss ib i l i ty  of evaluating the conformat ional  s ta te  of nonsymmet r ica l*  long-ehainal iphat ie  hydrocarbons  
according  t o individual molecu la r  f r agmen t s  was d i scovered .  One of the f r agmen t s  most  widespread  in 
the inves t iga ted  polyhaloalkane molecu les  is the fragmentR2CC1CH2CH2C[, a comple te  analys is  of the p r o -  
ton spec t rum of which (with 1, 1, 1, 3 - t e t r ach lo ropropane  as  an example)  is cited in the presen t  communica -  
t ion.  

Th i s  s p e c t r u m  (Fig. 1) contains  two groups  of 11 l ines,  s y m m e t r i c a l  with r e spec t  to the center ,  and 
belongs to ';he type AA'BB' ,  c h a r a c t e r i s t i c  [2-5] of 1, 2-disubst i tu ted ethanes.$ An ana lys i s  of such spec t r a  
is  a s soc ia t ed  with definite diff icult ies  [5-12], and an unambiguous solution is  poss ib le  only using supp lemen-  
t a r y  expe r imen ta l  methods [6-8]. Thus,  in [6] a method of di rect  evaluation of all  the p a r a m e t e r s  of the 
spec t rum AA'BB'  accord ing  to the data for s eve ra l  working f requencies  of the s p e c t r o m e t e r  was p roposed .  
The authors  of [7] conducted a p r i m a r y  ass ignment  of the l ines by the INDOR method. In [8], re l iab le  
values  for  :he gemina l  cons tants  in 1, 2 -ch lo robromoethane  were  successfu l ly  obtained by a cons idera t ion  
of two-quantum t rans i t ions .  We used  se lec t ive  deuterat ion,  var ia t ion  of the working frequency, and double 
r e sonance  - observa t ion  of the Overhause r  effect by  the INDOR method and uncoupling of the IH-nuclei  
f r o m  s p i n - s p i n  in te rac t ion  with the deuteron.  

METHOD 

TIH was synthesized by telomerization of vinyl chloride with chloroform according to the method of 
[13]; i, I, I, 3"tetrachloro-3-dl-propane (TID) was synthesized by telomerization of c~-di-vinyl chloride with 
CHCI 3. Th~ deutero-analogTiD had bp 41 ~ (0.2 ram) and n~ 1.4814. Found: C 20, i0; D + H 2.43; Cl 77.24%. 
CCI3CH2CEDCI. Calculated: C 19.69; H + D 2.73; Cl 77.58%. o~-TI-Vinyl chloride was produced in three 
steps: 

CH~=CCh Zn 

PBr3 if- D20 -+ DBr ----~ CH~BrCDCI~ - - - -~  CH~=CDCI 
--C1, Br 

* According to the nomenclature of [I], molecules that do not have any elements of symmetry other than 
the trivial ~xis C i are called nonsymmetrical or asymmetrical. 

In conformational NMR analysis, i, i, I, 3-tetraekloropropane (TIH) can be considered as a i, 2-disub- 
stituted etb.ane, since the magnetically inactive group CCI 3 possesses symmetry C3v , and rotation around 
the CI-C 2 bonds does not change the shielding constant of the neighboring protons or the conformational 
compositio'~ of the remainder of the molecule. 
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Fig. 1. NMR-1H spec t ra  and INDOR of 1, 1, 1, 3 - t e t r a c h l o r o p r o p -  
ane at the f requency 60 M~z (50 vol.  % in benzene): a) INDOR ex-  
pe r iments ;  b) NMR-1H exper iments .  Calculation of the s p e c t r u m  
by the method of [9] was p e r f o r m e d  according to the indicated in-  
t e r v a l s  (the roo ts  E 1 - E  4 of E 2 8.184 in [5]). 

The addition of D B r  to vinylidene chloride was pe r fo rmed ,  in con t ras t  to [14],* at 80 ~ in sealed g lass  
ampoules  with a volume of 50 ml with 0.02 g benzoyl peroxide,  40 g C2H2C12, and 25 g DBr (mole ra t io  
[DBr]/[C2tt2CI 2] = 0.75). Before  the exper iment  the monomer  was red is t i l led  in a s t r e a m  of d ry  pur i f ied  
argon.  Each reagent ,  a f te r  introduction into the ampoule,  was t r ea t ed  twice with a cycle  of f r e e z i n g - e v a -  
cua t ion- thawing .  In 3 h, an adduct containing < 1% high-boil ing impur i t i e s  was obtained with a quanti tat ive 
yield and 97% convers ion  of DBr .  Aider washing with a 5% solution of Na2CO 3, with water ,  and drying, the 
f rac t ion  with bp 135-136~ d 2~ 1. 7650 and n~ 1. 5125 was dis t i l led off. The NMR-1H spec t rum of CH2BrCDC12 
contained a t r ip le t  with split t ing JHD "~ 0.9 Hz in the region of absorpt ion  of the protons  of the CH2Br group 
of the light analog at 3.86 ppm (JHD "" 6.5 Hz).  

The  method of dehalogenatton did not differ  f r o m  that descr ibed  in [14, 15]. The  yield of a - d l - v i n y l  
chlor ide  at this  s tage was 89 or 70% of the init ial  D20, the content of CH2=CHC1 ~ 4% (Fig. 2), with i so to -  
pic pur i ty  of D20 ~ 97~ All the p a r a m e t e r s  de te rmined  f r o m  the spec t rum of the deutero-analog:  ArAB 
= 5.0; JAB = 1.4; JAC = JAD" 6.51 = 7.2; JBC = JBD" 6.51 = 15.1 Hz, p rac t i ca l ly  coincided with the data 
of [16] of a calcula t ion of the s pec t rum  of vinyl chlor ide  in the ABC approximat ion  (5.4, 1.5,  6.8,  and 14.8 
Hz, r e spec t ive ly ) .  

The  NM1R-IH s pec t r a  of T1H and T1D were  taken at the f requency 90 MHz (34 ~ Bri iker  HX-90 s p e c t r o -  
meter )  and 60 MHz (34 ~ H i t a c h t - P e r k i n - E l m e r  R-20 s p e c t r o m e t e r ) .  The ampoules  with the substance  to 

* The  authors  of [14] init iated the addition of DBr  to Ctt 2 =CC12 with UV i r rad ia t ion .  After  18 h at 25 ~ the 
yield of the adduct was 62% (bp 134-135 ~ n~ 1.5054). 
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F i g .  2. P M R  s p e c t r a  of v i n y l  c h l o r i d e  (a) and  a - d  1- 
v i n y l  c h l o r i d e  (b), 60 MHz, ~ 34 ~ 40% in CC14, s t a r t -  
d a r d  T MS. 

be  a n a l y z e r  w e r e  p u r g e d  wi th  a rgon ,  t hen  e v a c u a t e d  at - 7 6  ~ and s e a l e d .  T h e  i n t e r v a l s  b e t w e e n  the  l i n e s  
w e r e  d e t e r m i n e d  b y  a v e r a g i n g  no l e s s  than  t h r e e  s p e c t r a .  T h e  s t a n d a r d  e r r o r  of the  d e t e r m i n a t i o n  of the  
s p i n - s p i n  i n t e r a c t i o n  c o n s t a n t s  d id  not e x c e e d  0.05 Hz,  that  of the  c h e m i c a l  sh i f t s  0.002 p p m .  

T h e  [NDOR e x p e r i m e n t  w a s  c o n d u c t e d  on a m o d e r n i z e d  RYa-2305  s p e c t r o m e t e r  (25 ~ with f r e q u e n c y  
d e v e l o p m e a t .  T h e  r e f e r e n c e  s i g n a l  du r ing  i n t e r n a l  s t a b i l i z a t i o n  w a s  the  l ine  of b e n z e n e .  T h e  f ixed  f r e -  
quency  of m o d u l a t i o n  f3 w a s  1 kHz .  T h e  m o d u l a t i o n  f r e q u e n c i e s  of the  m e a s u r i n g  fl and p e r t u r b i n g  f2 f i e l d s  
w e r e  m e a s u r e d  wi th  an  a c c u r a c y  of 0 .1  Hz .  

C o m p l e t e  uncoup l ing  of the  s p i n s  of the  IH nuc l e i  f r o m  D was  o b s e r v e d  in  the  i r r a d i a t i o n  of the  l a t t e r  
wi th  a s a t u r a t i n g  f i e l d  H 2 wi th  f r e q u e n c y  9.213310 MHz (RYa-2305) .  T h e  s p l i t t i n g s  on the d e u t e r o n  p e r -  
m i t t e d  c a l i b r a t i o n  of H 2. T h e  va lue  of the  f i e ld  in  e x p e r i m e n t s  on TID r e a c h e d  1800 Hz, which  c a u s e d  h e a t -  
ing of the  s a m p l e  to  ,-, 50 ~ M o r e o v e r ,  e x p e r i m e n t s  w e r e  c o n d u c t e d  with  n o i s e  s u p p r e s s i o n  [17, 18] by  p h a s e  
modu la t i on  of H 2 f r o m  a g e n e r a t o r  of a q u a s i - r a n d o m  s e q u e n c e  of p u l s e s .  C o m p l e t e  uncoup l ing  at  an 

T A B L E  1. P a r a m e t e r s  of the  P r o t o n  S p e c t r u m  A A ' B B '  of 1, 1, 1, 3- 
T e t r a c h l o r  o p r o p a n e  (Hz) 

' ~ "  t 
Solvent o,~ > ~ ~ K 

ds-Toluene 
w ,  

Benzene 

CC14 

Benzene :~ 

20 40,001--25,t5 
20 60,021--25,0G 
20 39,32 --25,07 
50 39,18]--25,12 
50 38,t01--24,87 
50 38,8 / -- 
50 72,581--25,t9 
50 70,621--25, t9 

M N JAA' 
C I C H e  

fxL 

5,92]3,49 t5,70]--I 0,841--t4 ~3214,89]10,8212,40913,741 
5,833,60 t5,69 --t0,73 --14,334,9310.752,4t03,740 
5,7213,471 t5,64[--10,801--14,2714,96110168[2,82213,478 

,02 3,421 t5,741--10,85 --J_4,27 4,951t0,79 2,824[3,476 
6,t9 3,55 t5,89 --t0,66 --14,21 4,85 11,0513,133/3,767 
-- [ -- I --  [--t0,7 ] -- [6,0 I9,0"[3,15 [3,80 

5 t9/3 731" t5 41]--t0 73/--14,46 5,1t/t0,3012 24113 45t 
~i05/3165/ t5 ;631--t01771--t4 A3t5,30/10,3~12',354r31530 

* The spectrum was taken at a frequency of 90 MHz. 
r The parameters were determined from the spectrum of the deutero-analog of T1D. 
~: Compound CICH2CH2CCI2CH2CH2CL 
* *Compound CICHeCH2CCI2CH3. 
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Fig. 3. Energy  diagram of the four-spin  s y s -  
tern AA'BB'  [7, 9, 12]. The numbers of the 
t rans i t ions  cor respond  to those indicated in 
Fig. i. 

amplitude of the perturbing field of 1800 Hz occur red  with 
a frequency difference of a: 2.5 kHz. The frequency H 2 was 
set by a frequency synthesizer ,  s tar ted by the quartz gene r -  
ator  of the spec t rometer  (5 MI-Iz). 

The pa rame te r s  of the spec t rum (Table 1) were de-  
termined on a Minsk-22 electronic computer  according to 
an i teration p rogram.  The standard deviations f rom the 
experimental  values of the frequencies calculated acco rd -  
ing to these pa rame te r s  were 0.06 Hz, i . e . ,  were c lose to 
the experimental  e r r o r .  

R E S U L T S  AND D I S C U S S I O N  

For a descript ion of the AA'BB' spec t rum of T1H, it 
i s  necessa ry  [5, 9, 10, 12] to find the differences in the che-  

mical  shifts ArAB = u A -  u B and values of four parameters :  K = a: [JAA' + JBB'[ ,  M = I J A A ' - J B B ' ] '  N 
= ]JAB + JAB'[ '  L [ JAB-JAB,  I, where JAA' and JBB' are  the geminal, JAB and JAB' the rotat tonally 
averaged vicinal s p i n - s p i n  interaction constants.  Since the spec t rum does not permit  a distinguishment 
of JAA' f rom JBB'  or JAB f rom JAB, ( i .e . ,  an assignment of the constants to individual pa i rs  of nuclei), 
the solution of the r eve r se  problem - est imation of the pa r ame te r s  of the spectrum according to the ex-  
per imenta l  f r e q u e n c i e s -  cannot establish the signs of M, N, and L [10, 11]. However; the shape of the 
spect rum AA'BB' is sensitive to the relat ive signs of K and N [10], which makes it possible to determine 
the signs of the geminal and vicinal constants.  

As can be seen f rom Fig. 1, in the spec t rum of Till,  individual lines correspond to almost all the 
basic t ransi t ions  permit ted  for the sys tem AA'BB'  [5]. They were pre l iminar i ly  assigned by the INDOR 
method [18, 19]. Some resul ts  of the INDOR experiment are  presented  in Fig. 1. The symmet ry  of the 
spec t rum AA'BB' permit ted  observation of the lines of one group under the action of a perturbing field on 
the t ransi t ions of the other.  The shape of the energy diagram for a four-spin  sys tem of two pai rs  of che -  
mical ly equivalent nuclei is indicated in Fig. 3 [7, 9, 12]. 

In accord  with the d iagram in the case of fixation of the frequency fl of the measur ing field H i accord -  
ing to the maximum of the line 1 (fl = ul), we obtain a positive signal at f2 = u6, and a negative signal at f2 
= u 3, (the result  for fl = v6, is symmetr ical ) .  A positive signal v 2, and a negative signal v~, cor responds  
to the t ransi t ion 2; a negative u2,, uT,, and positive vl,, v 6, cor responds  to t ransi t ion 6 (the same for fl = us,, 
etc. ). The t ransi t ions  9-12 between levels corresponding to the an t i symmetr tca l  spin function fo rm an 
independent group of lines. Although the observation of the Overhouser  effect permi t s  an easy dist inguish- 
ment of these lines in the spec t rum AA'BB' ,  assignment within the group on the basis  of the INDOR exper i -  
ment alone is impossible (for example, selection between the sequence 9-10-11-12 or 10-9-12-11).  

Despite the insufficient sensit ivity of the INDOR method [7], we succeeded in identifying the low-in-  
tensi ty line 5 and thereby determining the sign of K. When fl = v~, a negative signal with f2 = v7 or f2 = u4, 
and a positive signal for f2 = u3, was observed (see Fig. 1). The line 8 was not detected, but, as calculation 
showed, its intensity in the spect rum of Till  is 1.5 orders  of magnitude lower than for the t ransi t ion 5. 
Thus, the INDOR method permit ted a simultaneous assignment of the lines 1-7 and isolation of the quartet 
9-12. Calculation of the pa r ame te r s  was pe r fo rmed  on an electronic computer,  on the bas is  of the exper i -  
mental frequencies,  or by the method of [9] with resolut ion of the spec t rum into four groups of c h a r a c t e r -  
istic intervals  (see Fig. 1). The resul ts  of the machine calculation are  ci ted in Table 1. The paramete rs ,  
determined according to [9], differed f rom the table data by an average of 0.06 Hz. 

As can be seen f rom Table 1, the value Of K lies within the usual l imits  for 1, 2-dihalosubsti tuted 
ethanes ( f r o m - 2 0  to - 3 0  Hz [3, 4, 8, 11]). The pa rame te r s  L ~ 0, in accord  with [20], for T1H, JAB ~ JAB, �9 
The lat ter  may mean that in the weakly polar solvents studied there  is a rapid rotat ion around the C2-C ~ 
bond with different weights of the three energet ical ly profitable r o t a m e r s .  

The co r r ec tne s s  of the ass ignments  in Fig. 1 and the calculation of the pa r ame te r s  is confirmed by 
the following methods.  The spec t rum at the frequency 90 MHz was descr ibed with an accuracy  within the 
experimental  e r r o r  by the pa rame te r s  K, L, M, and N, determined at the frequency 60 MHz (see Table 1). 
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Fig .4 .  NMR-iH and INDOR spec t r a  of 1, 1, t ,  3 - t e t r ach lo ro -3 -d f -  
deuteropropane ,  60 MHz, 50 vol .% in CC14, s tandard  TMS: a) in 
the absence  of suppress ion  {D} (~ 34~ The  ass ignment  of eight 
bas ic  ABB' t r ans i t ions  according to [5] is indicated; b) with c o m -  
ple te  uncoupling of i l i aD}  (~ 25~ 

Calcu la t io r  with va r ious  combinat ions  of signs of K and N led to a coincidence of the f requencies  and in-  
t ens i t i es  oi the theore t i ca l  s p e c t r u m  with the exper iment  and the observed  posit ion of the lines 5-7 only 
for  K < 0 had N > 0. The va r ia t ion  of K even within na r row l imi ts  (=~ 3 Hz) was accompanied  by a subs tan-  
t ial  shift ol the signal 5 in the p r e s ence  of cons tancy of the shape of the r e m a i n d e r  of the spec t rum.  T h e s e  
data show that for  Til l ,  l ike other 1, 2-disubst i tu ted ethanes [2-5, 11], the geminal  constants  a re  opposite 
in sign to the vicinal  constants ,  and according to [5, 8, 21], JAA,(JBB,) < 0 and JAB(JAB,) > 0. Moreover ,  
f r o m  tKI > IMI and iN[ > ILl it follows [10] that the signs of JAA',  JBB, or JAB and JAB' a re  the same .  

The isotopic shift and uncoupling of the nuclei 1H-{D} not only conf i rmed the analys is  of the sp ec t ru m 
of T1H, but a l so  p e r m i t t e d  an unambiguous ass ignment  of the subspec t ra  of the CC13CH2, C1CH 2 groups,  i . e . ,  
a dist inguhlhment of the geminal  constants  JAA' ,  J B B ' .  The  s p e c t r u m  of the deutero-analog  T1D is  shown 
in Fig.  4. The  introduction of D conver t s  the s y s t e m  AA'BB'  of T1H to the re la t ive ly  eas i ly  in te rp re ted  
AXBB',  and the th ree  new constants  for  T I D - - J A x  , JBX, and JB 'X  a re  r e l a t ed  [5] by s imple  functions to 
the g e r n i n a  and vicinal  constants  of T1H: JAA' = JAX" 6.51; JA 'B  = JBX" 6.51. 

The  E~hape of the protonic  s pec t rum  ABB' of t h ree  nuclei, two of which in T1D a re  chemica l ly  equi-  
valent ,  is de te rmined  only by the d imens ion less  ra t io  J A B / A r A B ,  where  JAB = (JAB + JAB ' ) /2  [5]. For  
T1D the value of JAB/ArAB = 0.209, taken f r o m  the s p e c t r u m  ofT1H , desc r ibes  the observed  p ic ture  with 
good" accu racy .  The  deviat ions of the ca lcula ted  f requencies  of the eight bas ic  ABB' t rans i t ions  f r o m  the 
exper iment  did not exceed  0.15 Hz, and the low intensi ty  line cor responding  to the Raman  t rans i t ion  9 was 
actual ly  de(ected at a ca lcula ted  f requency of 77.8 Hz f r o m  v B (see Tab le  8.13 in [5]). 

The  isotopic shift apprec iab ly  inc reased  the chemica l  shift ARAB* (see Tab le  1). F r o m  the t r ip le t  
spli t t ing on the deuteron of the s ignals  f r o m  the pro tons  of CC13CH2, we obtained the vicinal  constants  in 

* Accord i rg  to the data of [22], the change in the chemica l  shift of the CH 2 group when the D a tom is in-  
t roduced is  - 0.4 Hz. 
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TiD, differing somewhat f rom those in Till: JAB = 6.0 • 0.5 and JAB' = 9.0 4- 0.5 Hz. However, the 
e r r o r s  in the determinat ion of the la t ter  values a re  too large to judge the influence of the deuter ium atom 
on the conformational  equil ibrium. 

F r o m  an analogous splitting of the signal f rom the proton of the CHDC1 group, we determined the 
value of the geminal constant JAA' = 10.7 * 0.4 Hz, close to the calculated value (see Table  1), which 
proved comparable  with the constant for  the C1CH2grou p in 1, 2-chlorobromoethane (-9.9 Hz [8]), 1, 2 -d i -  
chloropropane (-11.1 Hz [3]), 1-chloro-3,3-dimethylbutane ( -10 .5  Hz [23]), and in other 1 -ch lo ro -2 - sub-  
st i tuted ethanes ( - 1 0 . 6  t o - 1 1 . 8  Hz [11]). The value of JAA' for  the assignment used in Figs.  1 and 4 
gives a posi t ive sign of M and a sequence of lines 9-12, indicated in Fig. 1. 

In conclusion, let us note that the p a r a m e t e r s  of the proton spec t rum of the fragment R2C1CCH2CH2C1 
in compounds with R = C1 and Alk prac t ica l ly  coincided with those observed for TtH, despite the almost  
doubling of ARAB. The corresponding values calculated according to the method of [9] for  C1CH2CH2CC12 
�9 CH2CH2C1 and C1CH2CH2CC12CH 3 a re  ci ted in Table  1. 

The authors  would like to express  thei r  grat i tude to T .  T .  Vasi l 'eva and A. A. Kamyshova for p r o -  
viding the 1, 3, 3, 5- te t rachloropentane  and 1, 3, 3- t r ichlorobutane.  

C O N C L U S I O N S  

1. A complete  analysis  of the proton AA'BB' spec t rum of 1, 1, 1, 3 - te t rachloropropane  was c a r r i e d  
out by the methods of homo-(INDOR) and he te ronuclear  1H{D} double resonance,  with an e lec t ron ic -computer  
calculat ion of the spec t ra  according to an i tera t ion p rogram for the two working f requencies  60 and 90 MHz. 

2. Using the NMR-1H spec t rum of the deutero-analog 1, 1, 1, 3 - t e t r ach lo ro -3 -d i -p ropane  , the values 
of the geminal constants in the C1CH2(-10.7 Hz) and CC13CH 2 groups ( -14.4  Hz) were  determined.  
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