
SELECTIVE INHIBITION OF SOME RADICAL 

BY IRON CARBONYLS 

R. Kh. Freidlina, A. E. Zolotarev, 
V. I. Dostovalova, and B. A. Englin 

R E A C T I O N S  

UDC 542.978:541.515 

The abil i ty of i ron carbonyls  to inhibit homolyt ic  p r o c e s s e s  was f i r s t  observed  in the radical  addition 
reac t ions  of thiols to ce r t a in  unsa tura ted  hydroca rbons  [1] and in the e i s - t r a n s  i somer iza t ion  of vinyl su l -  
f ides [2]. The authors  explained the inhibition by the coordinat ion of the RS rad ica l s ,  which propagate  the 
kinet ic  chain, on the i ron atom with the fo rmat ion  of the stable complex [FeRS(CO)3] 2. Star t ing with this 
explanation,  it may  be a s sumed  that i ron carbonyls  will a lso  prove  to be effective inhibi tors  of the reac t ions  
of other  r ad ica l s  that a r e  capable  of giving stable coordinat ion compounds with the t rans i t ion me ta l s .  The 
f i r s t  example  of this type of highly se lec t ive  inhibition is desc r ibed  in the p r e s e n t  communicat ion,  in which 
a study was made of the effect  of Fe(CO)5 and Fe2(CO)9 in  two para l l e l  homolyt ic  p r o c e s s e s :  in the p e r o x -  
ide- in i t ia ted  t e lomer i za t ion  of e i ther  the a - t r ans - f i - d  2- or  the cis-/~-d l -vinyl  chlor ides  with b r o m o t r i c h l o r o -  
methane ,  and in the accompanying  i s om er i za t i on  of the s ta r t ing  deutera ted  vinyl chlor ides  under  the influence 
of the b romine  a tom.  

EXPERIMENTAL METHOD 

The NMR spectra were taken on a Hitachi-Perkin-Elmer R-20 spectrometer, 34~ TMS, 40-50 
vol. % in CCI4, while the accuracy of determining the intervals within each multiplet was • 0.03 Hz. 

The deuterovinyl chloride was obtained in two steps by a modification of the method given in [3]. 

Into a flask containing ground CaC 2 was added in drops, in 6 h, 12 ml of D20 with an isotope purity of 
97-99%, after which the mixture was heated at 170 ~ for 4 h. The formed dideuteroacetylene was collected 
in a gas meter which was filled with saturated NaCl solution. The addition of HCI to the C2D 2 was run in a 
glass reactor containing HgCl 2 catalyst, which was deposited in an amount of 15% on active carbon. The 
maximum C2D2 conversion was reached at 170 ~ and a feed rate of the reactants of ~2 liters/h (the yield Of 
deuterovinyl chlorides was 92% when based on D20 ). 

Based on the NMR data (Fig. I), the main reaction products proved to be ~, fi-d2-vinyl chloride (72%), 
d0-vinyl chloride (15%), and f3-dl-vinyl chloride (9%). In addition, 4% of (~-dt-vinyl chloride and less than 
I% of/3,/3-d2-vinyl chloride were detected. The composition of the products was practically independent of 
the ratio of the reactants (Expts. 1 and 2, Table I). The amount of the cis-trans isomers in the /3-d I- and 
a,/3-d2-vinyl chlorides corresponded to the predominant trans-addition of HCI (from 70 to 80%, see Table 
I) to the dideuteroacetylene.* 

The obtained deutero-substituted vinyl chloride was washed free of HCI, dried over CaCl2, separated 
from the C2D 2 by recondensation and entered into the telomerization reaction with CBrCI 3 (see Table 1 for 
the conditions). The experimental procedure, the estimate of the distribution of the telomer homologs by 
GLC, and a calculation of the partial chain transfer constants were described previously [6]. 

* This  r e su l t  proved to be con t ra ry  to that obtained by the authors  of [5] under  close conditions (180 ~ HgC12). 
Since the exper imenta l  p rocedure  is not descr ibed  in detail  in [5] and the NMR spec t rum of the synthesized 
c~, ~-d 2- and /~-d 1-vinyl ch lor ides  is not given, the r ea sons  for  the d ivergence  r ema in  unexplained. 
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TABLE 1. Rat io  of D e u t e r i u m - S u b s t i t u t e d  I s o m e r s  of Vinyl Chlor ide in Some Reac t ions*  

d 

N 

1 
2 
3~ 

Reaction 

Synthesis of monomer 
The same 
Telomerization with 
CBrC h 
T h e  s a m e  

Polymerization 
Telomerization with 
C C I  4 

Telomerization with 
BrC1HCCC12Br 
Telomerization with 
cm~13 
The same 

Conditions 

[HCI]/[C2D2] = 0.7, 170 ~ 
[HC1]/[C2D2] =2,0, 170 ~ 
DP, 48", 2 h 

BP, 85", 10 rain or 3 h 
BP, or thermally, 85", 4 h 
FeCI3, 145". 3 h 

BP, 85 ~ 10 men or 4 h 

DP, 45" 3 h Fea(CO)9 

DP, 45", 3 h Fe(CO)5 

Relative 

N 

15 4 
15 4 
15 5 

17 5 
la 5 
15 3 

15 6 

13 5 

5 

amount % 

9 

i0 
9 

13 
ii 

II 

II 

12 

17 

Ratio of isomers 

2.6 
3.3 
1.8 

1.3 
2.9 
2.2 

1.0 

2.8 

3.3 

2.5 

3.1 

1.0 

0.9 
3.3 
3.3 

0.9 

2.6 

2.2 

*Seethe subscriptto Fig. 1 for the designations of the isomers. BP is benzoyl peroxide (~0.01 M), and DP is 
dicyclohexyl peroxydicarbonate (~ 0.01 M). Experiment 6 was run in the presence of ~ 0.015 M FeCI~. 
The composition of the vinyl chloride isomers was determined with an accuracy of ~ 10~ based on the relative 
intensities of the signals of either the CH 2 or CH groups in the NMR spectrum. 
"~In this and subsequent experiments the monomer composition is given after reaction. As a rule, the amount of 
isomers in the starting monomer varied within the limits indicated for the first two experiments. 

The c o m p o s i t i o n  of the m i x t u r e  was  d e t e r m i n e d  by NMR befo re  and a f te r  r eac t i on ;  this  method  

m a k e s  it  pos s ib l e  to ident i fy  five of the six deu t e r a t ed  d e r i v a t i v e s  of the v inyl  ch lo r ide  i s o m e r s  (see F ig .  
1). In  a s s i g n i n g  the l i n e s  we took into account  the data g iven by the au tho r s  of [4], who ca l cu l a t ed  the 
s p e c t r u m  of v inyl  ch lo r ide  as  an ABC a p p r o x i m a t i o n .  As can  be s een  f rom Fig .  1, the i so top ic  s u b s t i t u t i o n  
led  to ABX s y s t e m s  for  the a - d  t -  and f~-dt-vinyl c h l o r i de s  or  an AX s y s t e m  for  a ,  f~-d2-vinyl ch lo r ide  that  
could be i n t e g r a t e d  with r e l a t i v e  e a s e .  The s p i n - s p i n  coupl ing  c ons t a n t s  of the p ro tons  JHH, d e t e r m i n e d  
f rom the sp l i t t i ng  on the d e u t e r o n  (JHH = JHD " 6.55), co inc ided  comple t e ly  with those ca l cu l a t ed  for  vinyl  
ch lo r ide  [4]. However ,  the pos i t i on  of the s i gna l s  in  the p ro ton  s p e c t r u m  of the D - i s o m e r s  changed s o m e -  
what ,  in  which connec t ion ,  in  c o n t r a s t  to a l ipha t ie  compounds  [7], the shif t  for  the CH 2 and CH groups  
p roved  to be opposi te  in s ign.  Thus ,  for  example ,  in the case  of the CHCl group,  r e p l a c i n g  the ad j acen t  
p r o t o n s  by d e u t e r o n s  led  to a shif t  of the H C s i gna l s  downfield,  which r e a c he d  2.7 Hz in the case  of the 
c i s - o r i e n t a t i o n  of the D atom and H C ( t r a n s - B - d t - v i n y l  ch lor ide) .  The r e v e r s e ,  but  l e s s  e x p r e s s e d  effect  
was  o b s e r v e d  for  the me thy lene  p ro tons .  The cou r se  of the i s o m e r i z a t i o n  was  followed by the change in 
the r e l a t i ve  i n t e n s i t i e s  of the s igna l s  in the r eg ion  of the a b s o r p t i o n  of the p ro tons  of the CH 2 (0~, f~-d2-vinyl 
ch lor ide)  or  CH (f~-dl-vinyl ch lor ide)  g roups .  

DISCUSSION 

The telomerization of vinyl chloride with CBrCI 3 proceeds either thermally or in the presence of 

p e r o x i d e s  by the fol lowing s c h e m e  [6] 

CBrC13 --~ CC13 + Br or 
t ~ C B r C I ~  

Peroxide ---> F; i - - - -  CCIa -k Rii~r, 
1- - C B r C h  

CCIa + C.t2=CHCI--,  CCIaCH~CHC1 - - - ->  CClaC I~CHCIBr + CCI3 , 
C B r C h  r ~ 

CCI3CH~HCI + CH~----CHCt - - - -+  CC13CH2CHC1CH2C[tCIBr + (~C13 etc. 

When this  r e a c t i o n w a s  run  w i thdeu t e r i um - s u b s t i t u t e d  v inyl  c h l o r i de s  it  was  found that  c i s - t r a n s  i s o -  
m e r i z a t i o n  of the ~ - t r a n s - / ~ - d  2- or  c i s - / 3 - d l - d e u t e r o v i n y l  c h l o r i d e s ,  which p r e d o m i n a t e  in the s t a r t i n g  m i x -  
t u r e ,  o c c u r s  d u r i n g  the t e l o m e r i z a t i o n  p r o c e s s  (see Expt.  3 in  Tab le  i and the change in  the i n t e n s i t i e s  of 
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F i g .  1. NMR s p e c t r u m :  a) s t a r t i n g  d e u t e r o v i n y l  c h l o r i d e  o r  i s o -  
l a t e d a f t e r  r e a c t i o n i n  E x p t s .  5 , 6 ,  8-10  (see  T a b l e  1); b) u n r e a c t e d  
d e u t e r o v i n y l  c h l o r i d e ,  i s o l a t e d  a f t e r  r e a c t i o n  in  E x p t s .  3, 4, and 7- 

HA HG 
q 

1 -  r -based on the data given in [4] in J A B  = 1,5, J A C  ~ 6,% J B C  ~ 1~,~ H z ;  

i ICl CS 2 soln. at 37", H B  
DA HC DA HC HA H c 

i I I L L ] 
z-- C~C trans-~3-d,-XB; .3-- C~C ~, ~-d~-XB; ~-- C~C CiS-~-drXB; 

I i ~ I i I 
H B CI D B CI D B C[ 

H A  DC DA DC H A  DC 
1 I 1 L I [ 

5-- C:C trans-~x,,3-d~-XB; c-- C~C cis-x, t3-2~-XB; 7 - -  C:C : t - : t I -XB,  
[ I ! I I ! 
D B C1 H B CI H B C[ 

the s i g n a l s  in F ig .  1). The r a t i o  of the c i s / t r a n s  i s o m e r s  depended  s o m e w h a t  on the t e m p e r a t u r e .  At  85 ~ 
a c o n s t a n t  c o m p o s i t i o n w a s  r e a c h e d  wi th in  10 ra in  (Expt .  4) and was  53 and 47% fo r  the c i s / t r a n s - a ,  ~ -d  2- 
v inyl  c h l o r i d e ,  o r  57 and 43% for  the c i s / t r a n s - / 3 - d l - v i n y l  c h l o r i d e .  

Since  CBrC13 i s  c a p a b l e  of h o m o l y t i e  d e c o m p o s i t i o n  at  e l e v a t e d  t e m p e r a t u r e s  [6, 8], we p o s t u l a t e d  
tha t  i s o m e r i z a t i o n  i n i t i a t e d  by  b r o m i n e  a t o m s  a l s o  p r o c e e d s  by  the w e l l - k n o w n  [9] a d d i t i o n - c l e a v a g e  m e e h -  

a n i s m  : 
t ~ . 

CBrCI8 ----> Br + CC13 

I I _~ /  I ] Br--C-C'//1| ~ i ] g r  § c = c  ~ . - / B r - - C - - f f  ~ B'r § a = C .  

D CI L D C1 D D 
trans ais 

T h i s  p o s t u l a t i o n  w a s  s u p p o r t e d  by  the a b s e n c e  of i s o m e r i z a t i o n  d u r i n g  the t h e r m a l  and p e r o x i d e -  
i n i t i a t e d  p o l y m e r i z a t i o n  of the d e u t e r i u m - s u b s t i t u t e d  v iny l  c h l o r i d e s  (Expt .  5), o r  in the FeC13 c a t a l y z e d  
t e l o m e r i z a t i o n  of the d e u t e r o v i n y l  c h l o r i d e s  with CC14 (Expt.  6). At  the s a m e  t i m e  the t e l o m e r i z a t i o n  with 
BrCC12CHC1Br , the  k i n e t i c  cha in  in which p r o p a g a t e s  the b r o m i n e  a tom [10], was  a c c o m p a n i e d  by i s o m e r i -  
za t ion  of the s t a r t i n g  d e u t e r a t e d  v iny l  c h l o r i d e s  (Expt .  7) 
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T A B L E  2. C o m p o s i t i o n  of T e l o m e r i z a t i o n  P r o d u c t s  of D e u t e r i u m -  
Subs t i t u t ed  Vinyl  C h l o r i d e s  (M) with CBrC13 (S) in the P r e s e n c e  of 
D i c y c l o h e x y l  P e r o x y d i c a r b o n a t e  (DP) and Some I r o n  Compounds  
(45~ 3 h,  s t a r t i n g  c o n c e n t r a t i o n s ,  M / l i t e r ) *  

KM, T n with n mono- [M] 
Expt. iS] [YII DP.10 s Fehx.10' KS, % % __ __' _ _  -laveragel No, mericunits mole% [s--] ] CtJ" 

t t,40 6,50 t2,4 None 85,3 41,9 t7,3 54,2 28,5 I t1,3 2,37 
2 t,39 5,50 t i ,3 2,47 78,0 38,8 24,0  57,7 t8,3 ] 7,5 2,37 
3 1,29 5,76 9,4 7,76 23,3 8,5 41,2 54,0 4,8 4,9 3,46 

*Fe2 (CO)9 was added in Expt. 2; Fe (CO) s was added in Expt. 3; K S and K M are the 
conversions of the reactants, caIculated from the chromatographic data; T n is the 
amount of each teIomer homolog, which was determined for the sum of all of the pos- 
sible deuterium-substituted vinyl chloride isomers. 
1"The partial chain transfer constant C 1 for the CC13 M radical was calculated using the 
Mayo equation (see [6] for more details). 

P e r o x i d e  ~ i/~ Brccl,cHcm~ RiBr q- CCI~--CHC1Br--+ Br + CCI~=CHC1, 
�9 BrCCIzCHCIBr 

13r ~- CH~=C ~C1 4 BrCH~CHC1 + BrGH~CHC1Br + CC12--CHC1Br, 

CCI~CHC1Br-, I3r + CCI~ --  CHC1, e tc .  

The a d d i t i o n  of c a t a l y t i c  a m o u n t s  of Fe2(CO) 9 (Expt .  2, Tab le  2) does  not  a f fec t  the y i e l d  and d i s t r i b u -  
t ion  of the h o m o l o g s  in the t e l o m e r i z a t i o n  of the d e u t e r o v i n y l  c h l o r i d e s  with CBrC13 (when c o m p a r e d  with 
p e r o x i d e  i n i t i a t i o n ,  Expt .  1, s e e  Tab le  2), but  c o m p l e t e l y  i nh ib i t s  the e i s - t r a n s  i s o m e r i z a t i o n  (Expt .  8, see  
T a b l e  1). S u p p r e s s i o n  of the l s o m e r i z a t i o n  was  a l s o  o b s e r v e d  with Fe(CO)5 , a l though the c o n v e r s i o n  of the 
r e a c t a n t s  d e c r e a s e d  by  a m a t t e r  of 4 - 5  t i m e s  and the p a r t i a l  cha in  t r a n s f e r  c o n s t a n t  C 1 i n c r e a s e d  s o m e w h a t  
(Expt .  9, s ee  T a b l e  1, and Expt .  3, s e e  T a b l e  2). As  a r e s u l t ,  the inh ib i t ing  a c t i o n  of i r o n  e a r b o n y t s  in the 
s t ud i ed  s y s t e m  is  c h a r a c t e r i z e d  by  a high s e l e c t i v i t y  in tha t  the i n h i b i t o r ,  a p p a r e n t l y  t r a p p i n g  the b r o m i n e  
a t o m s ,  does  not  r u p t u r e  the k i n e t i e  cha in  invo lv ing  the p o l y c h l o r o a l k y I  r a d i c a l s .  

It i s  p o s s i b l e  to a s s u m e  tha t  th i s  s e l e c t i v i t y  i s  a s s o c i a t e d  with the w e l l - k n o w n  a b i l i t y  of m e t a l  c a r -  
b o n y l s  to u n d e r g o  exchange  r e p l a c e m e n t  [11]. Thus ,  for  e x a m p l e ,  for  the b r o m i n e  a tom and Fe(CO)5 the 
r e a c t i o n  should  l e a d  to the f o r m a t i o n  of the s t a b l e  c o o r d i n a t i o n  compound  Fe(CO)4Br  2 [12], and c o n s e q u e n t l y  
to the e f f ec t ive  r e m o v a l  of t~r f r o m  the r e a c t i o n  s p h e r e .  

Fe(CO)5 q- 2Br -+ Fe(CO)4Bh -t- CO~ 

In the  c a s e  of t r i c h l o r o a l k y l  r a d i c a l s  the low s t a b i l i t y  of the o r -complexes  of the t r a n s i t i o n  m e t a l s  with a l i -  
p h a t i c  h y d r o c a r b o r t s  [13] m a k e s  chain  r u p t u r e  un l i ke ly .  

CONCLUSIONS 

I. In the radical telomerization of deuterium-substituted vinyl chlorides with CBrCI3, accompanied 
by cis-trans isomerization of the starting deuterovinyl chlorides, it was found that the isomerization is 
selectively inhibited by Fe(CO) 5 and Fe2(CO)9. 

2. ~, fi-.d2-Vinyl chloride (ratio of trans/cis isomers = 2.5-3.3/1) was synthesized by the addition of 
HCI to dideuteroacetylene in the presence of HgCI 2. 

I~ 

2. 

3. 
4. 
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