
C O N C L U S I O N S  

1. 1. 1 ,2-Di th io len-3-ones  a r e  at tacked by p h o s ~ _ a t  the sul fur  a tom in the 2 posit ion to give r eac t i ve  
thioacylketenes,~Maere~s ~ 1,-2-dithiotan-~3:-ones under  analogous conditions fo rm f i - th iolactones  as  the r e su l t  
of a t tack  on the sulfur  a tom in the 1 posit ion.  

2. A new method was found for  obtaining the e s t e r s  of f l - m e r c a p t o - ~ , f i - u n s a t u r a t e d  acids via the r e a c -  
tion of 1,2~-dithiolen-3-ones with phosphines in the p r e s e n c e  of a lcohols .  
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R A D I C A L  T R A N S F O R M A T I O N S  

O F  1 , 1 , 1 , 3 - T E T R A C H L O R O N O N A N E  C A U S E D  

B Y  I N I T I A T I N G  S Y S T E M S  B A S E D  O N  F e  ( C O )  5 

A N D  C O N T A I N I N G  V A R I O U S  H Y D R O G E N  D O N O R S  

N .  A .  R y b a k o v a  a n d  L .  N .  K i s e l e v a  UDC 541.515:542.97:547.412 

It is known [1, 2] that r ad ica l s  (A) a r e  genera ted  when t e t r ach lo roa lkanes  a r e  t rea ted  with s y s t e m s  that 
contain Fe (C0)5 in combinat ion with a hydrogen donor (HD), which rad ica l s  can then take pa r t  in th ree  con: pe t -  
ing reac t ions :  a) reduct ion of the HD; b) r e a r r a n g e m e n t  with the co r respond ing  migra t ion  of hydrogen and 
subsequent  c leavage  of chlor ine  f rom the chlor ine  donor (CD); c) d imer iza t ion  and subsequent  dechlorinat ion.  
~ h e n  1 ,1 ,1 ,3- te t rachlorononane  is t rea ted  with s y s t e m s  that contain Fe(CO) 5 and HMPA, it was obse rved  that, 
bes ides  r e a r r a n g e m e n t s  with 1 ,5-  and 1 ,6 -migra t ions  of  hydrogen ,  r e a r r a n g e m e n t s  a lso  occur  in the i n t e r m e -  
diate rad ica l  with 1,7- and 1 ,8 -migra t ions  of hydrogen [2]. 

Only so l i t a ry  examples  a r e  known of r e a r r a n g e m e n t s  with the migra t ion  of hydrogen or  of o ther  a toms 
and groups to a dis tant  rad ica l  cen te r  [3-5], and consequent ly  we made  a m o r e  detailed study of reac t ions  of  
this type. On the example  of 1 ,1 ,1 ,3- te t rach lorononane  (I) the t r a n s f o r m a t i o n s  can be depicted by the following 

s cheme :  

CCI~CH2CHCI(CH2)~CH3 (1) _..~a GHCI2CHeCHCl(CH24CH3 (II) 
CCl2CH2CHCI(CH2)aCHa (A)-- 

I C CHCIzCH2CHCI(CH2)CH(CH2)4_nCHa 
J C D  n [ --CCI2CH2CHCI(CH2)aCH3]2 $ 

! - - O h  CHC12CH2CHC](CH2)nCHCI(CH.,.)a_nCHa 
�9 $ H ( n I ) - - ( v I )  [=CClCH2CHCl(CH24C a]2 

n = i (m), 2 (IV), 3 (v), 4 (VI)* 
(VII) 

The indicated values of n cor respond  to the 1 ,5- ,  1 , 6 , 1 , 7 - ,  and 1 ,8 -migra t ion  of hydrogen.  
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T A B L E  1" 

Fe(CO)5, 
in mole 
% of (I) 

10 
t5 
20 
30 
40 

Conver- 
sion of 
(i), % 

Yield of reaction pro- 
ducts, % 

~, (III)-- (II) (VI) 

22 t8 
3~ 
34 

~o 3G 25 

(vii) 

0,6 
4,t 
4,0 
3,6 
5,t 

130~ 3 h ,  40 m o l e  % of  HMPA when 
based on (I), open r e a c t o r .  

TABLE 2* 

Expt. 
No. 

i 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
tl 
t2 
t3 
t4 
t5 
t6 

Amount , 
Hydrogen of HD, 
donor in mole 

% of (I) 

H ~I PA 

~) 14~ 0 
DMF~) t4~00 
Isopentano!, t ~  

Cyelohexanol 

HM~) PA t ~  

Isopropanol 43~0 

Triethylsilane t00 
~>, 300 

O O,.Z.  

59 

76 
72 
52 
56 
59 
82 
93 

t00 
t00 

Yields of reaction products, 

(II) (III) (IV) Igll 

8 
t5 
t6 
t2 
t6 

t0 
t8 

4 

7 
t5 
12 
t0 

5 
7 

% 

x (III)-- (V) (VI) (VI) 

2 t,5 t8,5 
1,8 t,4 33,4 
t,4 1,t 30,5 
t,4 1,3 24,7 
1,6 t,3 32,9 
t,5 1,2 2t,7 
0,6 0,5 13,1 
1,2 0,9 t7,t 

9 1,t 0,9 2t,0 
9 0,9 0,7 20,6 

t7 2,0 1,7 38,7 
t2 t,3 t,0 28,3 
3 None 6,0 

t0 .~=t 24# 
t0 t,4 [ t,6 22,0 
4 E=i 9,0 

*130% 3 h ,  15 m o l e  % of Fe(CO) 5 when based  on ([). E~xpts. 1-10 
w e r e  run in an open r e a c t o r  in a n i t rogen  a t m o s p h e r e ,  while 
Expts.  11-16 w e r e  run in sea led  ro ta ted  ampu l s .  

2,5 
4,t 
3,8 
t,g 
2,6 
4,0 
4,5 

None 
)) 

4,0 
3,6 

None 
t4 
6 

In the  p r e s e n t  p a p e r  we studied the effect  of the Fe(CO) 5 c o n c e n t r a t i o n  (Table 1), and the na ture  and concen t r a t i on  
of the HD on the y ie lds  of  the p roduc t s  (Table 2) obtained by the e n u m e r a t e d  r e a c t i o n s  (a)-(c) f r o m  1 , 1 , 1 , 3 - t e t r a -  
ch lorononane .  

F r o m  the data in Table 1 it follows that  an i n c r e a s e  in the Fe(CO)5 concen t r a t i on  in the ini t ia t ing s y s t e m  
f r o m  10 to 15 m o l e  % leads  to an i n c r e a s e  in the yield of  the r educ t ion  ([I), r e a r r a n g e m e n t  X (IH)-(V[), and d i -  
m e r i z a t i o n  (VI) p roduc t s  of  the i n t e rm e d i a t e  r a d i c a l s  (A). An i n c r e a s e  in the Fe(CO)5 concen t r a t i on  up to 30 
m o l e  % ha rd ly  changes  the y ie lds  of (II), ~ ([II)-(VI), and (VII). With f u r t h e r  i n c r e a s e  in the Fe(CO)~ i c o n c e n t r a -  
tion the y ie lds  of (II) and )~ ([ID-(VI) d e c r e a s e ,  while the yield of (VII) r e m a i n s  p r a c t i c a l l y  unchanged.  

As the HD we inves t igated  HMI~ DMF, the i sop ropy l ,  i s o a m y l ,  and cyc!ohexyl  a l coho l s ,  and t : r ie thyls i lane 
(see Table  2). A high c o n v e r s i o n  of  the s t a r t ing  t e t r a c h l o r o n o n a n e  C0 under  the se lec ted  condi t ions  is c h a r a c -  
t e r i s t i c  fo r  the ini t iat ing s y s t e m s  conta in ing  these  HD. In the a b s e n c e  of the HD the sum of the y ie lds  of the r e -  
a r r a n g e d  p roduc t s  is 3.5 t imes  g r e a t e r  than the yield  of (II) that  is obtained by the r educ t ion  of  r ad i ca l  (A). With 
i n c r e a s e  in the HD concen t r a t i on  an i n c r e a s e  in the yield of p roduc t  (II) is obse rved  in al l  c a s e s .  The h ighes t  
y ie lds  of  (If) w e r e  obtained in the e x p e r i m e n t s  with HMPA (see Table 2, Expts.  3 and 12), eyc lohexanol  (Fxpt. 
10), and t r i e thy l s i l ane  (Expts. 15 and 16). 

R e a r r a n g e m e n t s  with 1 ,5- ,  1 ,6 - ,  1 ,7- ,  and 1 , 8 - m i g r a t i o n s  of  h y d r o g e n  w e r e  obse rved  in the r eac t i ons  with 
all 0f the inves t igated  HD, in which connec t ion  with t r i e thy l s i l ane  the y ie ld  of  the r e a r r a n g e d  p roduc t s  was 22% 
(Expt. 15), whe rea s  in the analogous  r eac t i on  of  1 , 1 , 1 , 7 - t e t r a c h l o r o h e p t a n e  they were  obtained in a yie ld  of  only 
1% [1]. ' Ihe r e a r r a n g e m e n t  of  the r ad i ca l s  is g r e a t e s t  when the r e a c t i o n  is init iated by s y s t e m s  that  conta in  
HMPA and DMF (Ekpts. 2 -5 ,  11, 12). Compounds ,  obtained as  the r e s u l t  of the 1 ,5 -  and 1 , 6 - m i g r a t i o n  of h y d r o -  
gen,  p r e d o m i n a t e  in the r e a r r a n g e d  p roduc t s .  R e a r r a n g e m e n t s  with the m i g r a t i o n  of  hyd rogen  to the m o r e  d i s -  
tant r ad i ca l  c e n t e r s  (1,7- and 1,8-) w e r e  de tec ted  in al l  of  the e x p e r i m e n t s ,  except  Expt. 13. The total yie ld  of 
compounds  (V) and (VD does not  exceed 3.7% (Expt. 11). The y ie ld  of  d i m e r  (VII), obtained by r e a c t i o n  (c), v a r -  
[es f r o m  1 to 5%, and only when a 3-fold exces s  of i sopropanol  with r e s p e c t  to (I) is used does  it r e a c h  14% 
(E~pt. 14). 
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It should be mentioned that in the expe r imen t s ,  run with HMPA in sealed ampuls  and in an open v e s s e l ,  
the s a m e  resu l t s  were  obtained (Expts. 2 and 3, 11 and 12). 

EXPERIMENTA L 

The exper imenta l  p rocedure  in the ca se  of the open r e a c t o r  is descr ibed  in [2]. The reac t ion  mix tures  
were analyzed by GLC on an LKhM-SMD5 ins t rument  equipped with a k a t h a r o m e t e r ,  in a helium strean~, with 
p r o g r a m m i n g  of the t e m p e r a t u r e  f rom 150 to 270 ~ on two co lumns:  1) 1 m • 3 m m ,  packed with 20% SKTF 
T-50 deposited on Chromaton N-AW, 0.16-0.20, and 2) 1 m • 3 ram,  packed with 15% Carbowax 20M deposited 
on Chromaton N-AW-HMDS, 0.16-0.20; the internal  s tandard was 1 ,1 ,1 ,3- te t rachloroheptane .  The reac t ion  
products  were  identified by GLC by compar ing  with authentic s amples  [2] on phases  of  di f ferent  polar i ty  (col- 
umns 1 and 2). 

C O N C L U S I O N S  

1. 1 ,1 ,1 ,3-Te t rach lorononane  when t reated with s y s t e m s  that contain Fe(CO)5 and HMPA, DMF, i s o p r o -  
panol,  isopentanol ,  cyclohexanol or  t r i e thy ls i l ane ,  is reduced to 1 ,1 ,3- t r ichlorononane and r e a r r a n g e d  to 1,1,3,5- ,  
1 ,1 ,3 ,6- ,  1 ,1 ,3 ,7- ,  and 1 ,1 ,3 ,8- te t rachlorononanes  via i somer iza t ion  of the in te rmedia te  rad ica l s  with 1,5-~ 1,6- ,  
1 ,7- ,  and 1 ,8 -migra t ions  of the hydrogen a tom.  

2. Sys tems  containing t r i e thy ls i l ane ,  HMPA, or  cyclohexanol  a r e  the mos t  efficient  in the reduct ion,  and 
s y s t e m s  containing HMPA or  DMF a r e  the m o s t  efficient in the r e a r r a n g e m e n t .  

3. The r e a r r a n g e m e n t  of a substant ia l  port ion of the r ad ica l s ,  genera ted  by the action of the s y s t e m  
Fe (CO)5 + (C2H~)3 Sill on 1 ,1 ,1 ,3- te t rachlorononane ,  was observed  for the f i r s t  t ime.  
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