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We have previously proposed methods for the reduction of the CCI 3 group to a CHCi 2 group by the action 

of secondary alcohols, amines, and silicon hydrides with initiation by Fe(CO) 5 [i]. In the case of i,i, l-tri- 

and 1, i, i, 5-tetrachloropentanes we studied Mo(CO) G, W(CO) G, Cr(CO) 6, andMn2(CO)to as initiators for the re- 
duction [2]. The reduction of 1,1,1,5-tetrachloropentane or i, i, l-tri- and i, 1, i, 7-tetrachloroheptane was 

accompanied by rearrangement in the intermediate CCI2(CH2)n R radical with i, 5-H and i, 6-H migration [2-4]. 

The aim of the present research was to investigate the effect of the nature of the metal carbonyl on the reduc- 

tion. 

We investigated the reduction of 1, i, l-trichlorooctane (1), i, i, l-trichlorononane (II), i, i, 2-trichloro- 

undecane (III), and 1,1,1,2,2-pentachloroethane (IV). 

The participation of an intermediate radical in two competitive processes - reduction and rearrangement 

- is possible in the reduction of c~,c~,c~-trichloroalkanes I-III. In fact, rearrangement with migration of an H 

atom to the remote radical center occurs in addition to reduction in the case of alkanes I-III. 

In the case of i,i, 1-trichlorooctane (1), which was investigated in greatest detail, the reaction proceeds 

via the scheme 

Fe(CO)s (a) 
CC13C7H15- '> (~C12C~HI~ ~ CHCI2CTHI~ 

~-C*H,~OH 
(1) (a)]~ s-n (V) 

CHCI,a(CH2)3CHCaH7 @ CHCI2(CH2)4CHC2H5 
(B) (c) 

(B) + (C) DCI CHCI~(CH2)3CHCIC3H~ + CHCI2(CH2)~CHCIC2H~ 
(w) (vii) 

Scheme 1 

We i so la ted  po lych lo roa lkanes  V-VII  and e s t a b l i she d  that  the r e l a t i v e  pe r c e n t a ge s  of the p roduc t s  of r e -  
a r r a n g e m e n t  with 1 , 5 - H  and 1 , 6 - H  m i g r a t i o n  in the V-VII m i x t u r e s  depend on the n a t u r e  of the meta l  c a rbony l .  

Compe t i t i ve  d e c h l o r i n a t i o n  via  the fol lowing s c h e m e  takes  p lace  in addi t ion  to r e duc t i on  in the r e a c t i o n  
of p e n t a e h l o r o e t h a n e  IV: 

K1'r CCI~CCloH-- ~ CHC1.2CHCI~ 
CHCI.,CC13 ~ (VIII) 

i-C~,HTOH 
(IV) (D) - ~ CCI2=CHC1 

(IX) 

Scheme 2 

The results obtained for various metal carbonyls in the reduction of I and IV under comparable condi- 

tions are presented in Table I. It is apparent from experiments 5 and 6 that Mn2(CO)/0 is considerably more 

effective in the reduction of IV and that its use leads to a higher degree of conversion of the starting compound 

and a higher yield of the product (VIII) than in the case of Fe(CO) 5. 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. 

Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 9, pp. 2090-2094, September, 
1981. Original article submitted February 4, 1981. 

0568-5230/81/3009-1715507.50 �9 1982 Plenum Publishing Corporation 1715 



TABLE i. Reactions of RCCI 3 with iso-C3HTOH Initiated by Fe(CO) 5 
or Mn2(CO)10 (3 mmole of RCCI 3, 120~ 3 h) 

Conversion Yield of Yieldsof 
Expt. Metal car- ] RCCh of RCC13,% RCHCI,. ~therprods., Q ,  No. RCcl~ bonyl, mrnole 

7ooftheo % ofiheory 

1 (I) Fe (CO) 5, t :3 7t 55 (VI) t0, 27 
0,t5 (vii) t0 

2 (I) Mn2 (CO) ~o, 1:3 70 6t (VI) 2; 8 
0,3 (VII) 3 

3 (I) Fe(co)5, t:3 83 57 (VI) 1t; 28 
0,3 (VII) t2 

-4 (I) Mn2 (CO) ~0, 1:8 88 79 (VI) 2; 5 
0,3 (VII) 2 

5 (IV) Fe (CO) ~, 1:8 35 t4 (IX) 14 50 
0,3 

6 (IV) Mn2(CO)~o, t:8 64 40 (IX) 18 30 
0,3 

. Q =  ( v i ) + ( v r i )  .ioo or (IX) .loo. 
(u (viiI)+(Ix) 

In th i s  c a s e  of the  r e d u c t i o n  of  I ,  which  is  a c c o m p a n i e d  by  r e a r r a n g e m e n t  in the  i n t e r m e d i a t e  r a d i c a l  
( see  S c h e m e  1) the  e x p e r i m e n t s  w e r e  c a r r i e d  out unt i l  the s a m e  d e g r e e  of c o n v e r s i o n  of I in the  p r e s e n c e  of 
both  Fe(CO) 5 and Mn2(COho was  ach ieved  ( e x p e r i m e n t s  1 -4  in T a b l e  1); the  r e l a t i v e  p e r c e n t a g e  of r e a r r a n g e -  
ment  p r o d u c t s  in the  m i x t u r e  of r e a c t i o n  p r o d u c t s  (Q) i s  s u b s t a n t i a l l y  g r e a t e r  in  t he  c a s e  of i n i t i a t i on  wi th  

Fe(CO)5 (27-28%) than  in the  c a s e  of  i n i t i a t i o n  with  Mn2(COh0 (5-8%). 

This  d i f f e r e n c e  can  be  exp l a ined  in two w a y s .  

I t  is  a p p a r e n t  f r o m  S c h e m e  1 t h a t  u n r e a r r a n g e d  r a d i c a l  A p a r t i c i p a t e s  in two c o m p e t i t i v e  r e a c t i o n s ,  v i z . ,  
d e t a c h m e n t  of an H a t o m  f r o m  the  h y d r o g e n  donor  (DH) (pa thway a) and i s o m e r i z a t i o n  (pa thway b).  I t  is  p o s -  
s i b l e  tha t  the  low y i e ld  of r e a r r a n g e d  p r o d u c t s  i n d i c a t e s  tha t  a s t r o n g e r  h y d r o g e n  d o n o r  d e v e l o p s  when Mn2(CO)lo 
is  p r e s e n t  in the  r e a c t i o n  m e d i u m  than  when Fe(CO)5 is p r e s e n t . *  It  might  be a s s u m e d  tha t  HMn(CO) 5 (or  i ts  
c o m p l e x ,  which  a l so  con ta ins  o t h e r  l igands )  is  f o r m e d  u n d e r  o u r  cond i t i ons  and tha t  th is  a l s o  sh i f t s  the  p r o c e s s  
in d i r e c t i o n  a of S c h e m e  1. This  is a l s o  r e s p o n s i b l e  fo r  the  d e c r e a s e  in Q. The a b i l i t y  of HMn(CO)4P]?h 3 to 
r e d u c e  CC14 and CHC13 at  ~ 20~ in the  p r e s e n c e  of a s e c o n d a r y  a l coho l  was p r e v i o u s l y  noted [6]. 

The  r e s u l t s  of  the  r e d u c t i o n  of IV ( e x p e r i m e n t s  5 and 6 in T a b l e  1) s e r v e  as  e v i d e n c e  in f a v o r  of th i s  a s -  
s u m p t i o n ;  u n d e r  c o m p a r a b l e  cond i t ions  the  s a m e  i n t e r m e d i a t e  CC12CC12H r a d i c a l  in  the  p r e s e n c e  of Mn2(COho 
is  s t a b i l i z e d  much  m o r e  e a s i l y  by  d e t a c h m e n t  of an H a t o m  than  by  f r a g m e n t a t i o n  with  s p l i t t i n g  out of a C1 
a t o m  ( e x p e r i m e n t  6),  wh i l e  with Fe(CO) 5 the  two p r o c e s s e s  t ake  p l a c e  to  an equa l  ex t en t .  Th is  a l so  i n d i c a t e s  
the  p r e s e n c e  of a s t r o n g e r  r e d u c i n g  agen t  in the  c a s e  of i n i t i a t i o n  of the  r e a c t i o n  by  Mn2(CO)10. 

The  o t h e r  e x p l a n a t i o n  is l inked  with  the  fac t  tha t  r e a r r a n g e d  r a d i c a l s  B and C ob ta ined  in s t e p  b can  be 
s t a b i l i z e d  in two ways  - by  d e t a c h m e n t  of an H o r  C1 a t o m  f r o m  the  c o r r e s p o n d i n g  d o n o r s :  

DII 

HCCI2(CH2)nCH(CH~)5._nCHs-- (~c)1 (V) 

(d) ~ (VI), (VII) 
,~ = 3 (B) ,  n = 4 ( c ) .  

S c h e m e  3 

The  f o r m a t i o n  of r e a r r a n g e m e n t  p r o d u c t s  VI and VII is  e v i d e n t l y  a l s o  o b s e r v e d  in the  c a s e  of d e t a c h m e n t  of a 
C1 a t o m  by r a d i c a l s  B and C ( s tep  d) ,  w h e r e a s  in the  c a s e  of d e t a c h m e n t  of an  H a t o m  b y  the  s a m e  r a d i c a l s  
( s tep  c) p r o d u c t  V is  i d e n t i c a l  to  t he  p r o d u c t  ob ta ined  in s t e p  a of S c h e m e  1. Thus ,  the  d e c r e a s e  in the  Q v a -  
lues  in the  r e d u c t i o n  of  I in the  p r e s e n c e  of Mn2(COh 0 m a y  be  due to  the  f ac t  t ha t  in  th i s  c a s e  s t e p  c is  r e a l i z e d  

m o r e  e a s i l y  t han  s t e p  d of S c h e m e  3. 

Da t a  ob ta ined  in s i m i l a r  r e a c t i o n s  in the  p r e s e n c e  of Mo(CO)~, W(CO) 6, and Re2(COh0 a r e  p r e s e n t e d  in 
T a b l e  2. F o r  c o m p a r i s o n ,  the  r e s u l t s  of  e x p e r i m e n t s  wi th  Fe(CO) 5 at  140~ a r e  a l s o  g iven .  

* See [4, 5] fo r  i n f o r m a t i o n  r e g a r d i n g  the  e f f ec t  of  the  n a t u r e  of  the  r e d u c i n g  agen t  on the  r e l a t i v e  p e r c e n t a g e  

of r e a r r a n g e m e n t  p r o d u c t s  in t he  r e a c t i o n  m i x t u r e .  
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TABLE 2. Reactions of RCCI 3 with iso-C3HTOH in the Presence of 

Metal Carbonyls (3 mmole of RCCI3, 24 mmole of iso-C3HTOH, 0.3 

mmole of the Metal Carbonyl, 3 h, 140~ 

Exptl., No. RCCl. 

(I) 

(l) 

(I) 

(I) 
(IV) 
(W,) 

Metal 
carbonyl 

Fe (CO) 5 

Mo(CO)6 "~ 

W(COD ? 

Re2 (CO) l o 
Fe (CO) 
Mo (CO) 6 

Conversion ~Yield of 
~fRccl~,% pcchR,% 

Iof theory 

96 75 

93 72 

29 24 

t4 t2 
53 23 
73 23 

D 

Yields o~ other 
reaction prods., Q*,% 
~o of theory 

(v l ) ,  i3; 24 
(VII), tt  
(Vl), t2; 24 
(~ID, t2 
(VI), t,5; t t  
(VII), t,6 

(,xT, 27 h 
(IX), 42 65 

* See the footnote to Table i. 

$ We used 0.15 mmole, since, according to the data in [2], an in- 

crease in the metal carbonyl concentration in this case does not 

increase the yields of products. 

TABLE 3. 13C Chemical Shifts for VI and VII 

Compound . 5, ppm, found/calculated 

c, c2 c, I c, c5 co I c7 I c, 

(vI) 

(VII) 

73,1 

73,3 

42,9 

43,4 

22,9 
2-?-aW 

25,4 

37,1 

25,4 

62.8 

37.6 

40,3 @ i3A 

64,8 i0,6 
to,5 

W h e r e a s  a c o m p a r i s o n  of Fe(CO) 5 and Mn2(CO)t 0 r e v e a l e d  a d i f f e r e n c e  in the  p r o p e r t i e s  of t h e s e  m e t a l  
c a r b o n y l s  as  i n i t i a t o r s  f o r  the  r e d u c t i o n  of RCC13 ( see  T a b l e  1), no such  d i f f e r e n c e  was o b s e r v e d  when Fe(CO) 5 
and Mo(CO) 6 w e r e  c o m p a r e d  { e x p e r i m e n t s  1 and 2 in T a b l e  2). In th is  c a s e ,  the c o n v e r s i o n  of  the  s t a r t i n g  
RCC13, the  y i e l d s  of  r e d u c e d  RCHC12, and the  r e l a t i v e  p e r c e n t a g e  of p r o d u c t s  of r e a r r a n g e m e n t  wi th  1 , 5 - H  
and 1 , 6 - H  m i g r a t i o n  a r e  c l o s e .  As  in the  c a s e s  d e s c r i b e d  in [2], W(CO)~ and Re2(CO)i0 a r e  i ne f f ec t i ve  in the  
r e d u c t i o n  of  RCC13 to RCHC12 ( e x p e r i m e n t s  3 and 4). A s m a l l  d i f f e r e n c e  be tw e e n  Fe(CO) 5 and Mo(CO) G was 
noted in the  r e d u c t i o n  of  IV. T h u s ,  h i g h e r  c o n v e r s i o n  of  the  s t a r t i n g  IV and a s o m e w h a t  g r e a t e r  d e g r e e  of 
d e c h l o r i n a t i o n  of the  i n t e r m e d i a t e  CCI2CC12H r a d i c a l  a r e  o b s e r v e d  with Mo(CO) G ( e x p e r i m e n t s  5 and 6 in Tab le  
2). 

On the  b a s i s  of  the  p r i n c i p l e s  tha t  fo l low f r o m  the  d a t a  in T a b l e s  1 and 2 we c a r r i e d  out the  r e d u c t i o n  of 
l o n g - c h a i n  t r i c h l o r o a l k a n e s  I - I I I  in the  p r e s e n c e  of  Fe(CO)5,  Mo(CO)6, and Mn2(CO)lo on a p r e p a r a t i v e  s c a l e .  
In the reduction of RCCI 3 in the presence of Mn2(CO)lo and Mo(CO) 6 one should use no more of the metal car- 

bonyl than is required for its complete consumption in the process, since otherwise the residual undecomposed 

catalyst contaminates the reaction products as it sublimes and is difficult to separate from the RCHCI 2. In 

this respect Fe(CO) 5 is superior to Mo(CO)6 and Mn2(CO)10, since excess Fe(CO)5 and Fe salts are easily re- 

moved by washing the reaction mixture with 10% HCI. 

Products of rearrangement with i, 5-H and i, 6-H migration, viz., VI and VII, are isolated along with V 

in the reduction of I in the presence of Fe(CO) 5. Their structures were confirmed by the 13C NMR spectra 

(Table 3). 

We first calculated the chemical shifts of the C atoms in VI and VII via an additive scheme [7]. The cal- 

culations showed that the difference in the CH 3 (C 8) signals in the C2H 5 or C3H 7 groups is prognostic. The sig- 

nal from CH 3 in C2H 5 (10.6 ppm) is found in a region that is free of other signals. The signals from the CHCI 
(C 5 or C 6) group also differ appreciably for both isomers. Thus, a comparison of the calculated and experi- 

mentally found chemical shifts for a given isomer makes it possible to establish the position of the lone C1 

atom in the chain, i.e., the site from which the H atom migrated during rearrangement via Scheme i. 

The structures of 1,1,5-trichloro- and 1,1,6-trichlorononane, as well as i, 1,5-trichloro- and 1, i, 6- 

trichloroundecane - the rearrangement products obtained in the reduction of II and III- were similarly proved. 

The presence of these compounds in the reaction mixtures was confirmed by GLC by comparison with samples 
obtained by an independent method [8]. 
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Thus, with respect to their effectiveness in the reduction of RCCI 3 to RHCCI2, the investigated metal 
carbonyls can be arranged in the order Mn2(CO)I 0 > Mo(CO)6 -~ Fe(CO)5 >> W(CO)G > Re2(CO)10. With respect 
to the ease with which they bring about dechlorination (in the case of CCI3CCI2H), they can be arranged in the 

order Mo(CO)6 ~> Fe(CO)5 > Mn2(CO)10, [. e., the nature of the metal carbonyl affects the ratio of the reaction 
products. 

EX PERIME NTA L 

Analysis by GLC was carried out with an LKhM-8MD chromatograph with a catharometer, He as the car- 

rier gas, a 2 m by 3 ram steel column filled with 15% E-301 silicone on Chromaton N-AW-HMDS (0.15-0.2 mm) 
(A), and a 1 m by 9 mm steel column filled with 15% Carbowax 20M on Chroraaton N-AW-HMDS (0.20-0.25 ram) 
(B). A Tsvet-2 chromatograph with a preparative adapter was used for preparative GLC. The 13C NMR spec- 
tra of 50% solutions of the compounds in CHCI 3 were recorded with a Brucker HX-90 spectrometer with tetra- 
methylsilane as the internal standard, c~ ,~, ~-Trichloroalkanes I-Ill were obtained by the addition of CHCI 3 to 
the corresponding l-alkenes in the presence of dieyclohexyl peroxydicarbonate by the method in [9]. The purity 
of the ~,~,~-trichloroalkanes was verified by analysis by GLC. All of the experiments were carried out in 
sealed ampuls with rotatory stirring. The compositions of the reaction mixtures were determined by GLC with 
internal standards: 1, i, 1,5-tetrachloropentane for the reduction of I (column A, 140~ and 1, i, 1,2-tetrachlo- 
roethane for IV (column A, 85~ Experiments 1-3 (see below) were carried out until 95-100% conversion of 
the starting I-Ill was realized. 

Reduction of l,l,l-Trichlorooetane (I) in the Presence of Fe(CO)5 (Experiment i). A mixture of 4.35 g 
(20 mraole) of I, 9.6 g (160 mmole) of iso-C3HTOH (X), and 0.59 g (3 mmole) of Fe(CO)5 was heated at 120~ for 
3 h. The reaction mixtures from five experiments were combined and distilled with collection of the fraction 
that boiled up to 80~ (iso-C3HTOH and its transformation products). The residue was washed with 10% HCI 
and water and distilled in vacuo to give 12.4 g (65%) of i, l-dichlorooctane with bp 85-87~ (15 rata), n~ 1.4430, 
and d~ ~ 1.0055 (see [i0]). According to GLC data (column A, 140~ the fraction with bp 97-128~ (I0 tara) 
(4.2 g) contained two substances. Preparative GLC (column B) yielded 1,1,5- and l,l,6-trichlorooetanes (VI 
and VII) in the form of 95% enriched fractions containing the second isomer. The parameters of the 13C NMR 

spectra for VI and VII are given in Table 3. Found for the mixture of VI and VII: C 44.11; H 6.80; Cl 48.73%. 
CsHIsCI 3. Calculated: C 44.16; H 6.95; Cl 48.89%. 

Reduction of 1 ,i, l-Triehlorononane (If) in the Presence of Mn2(CO)I 0 (Experiment 2). The reaction was 
carried out as in experiment i. A mixture of 20 ramole of If, 160 ramole of X, and 2 mmole of Mn2(CO)10 was 
heated at 120~ for 3 h. The reaction mixtures from three experiments were combined and worked up to give 

o 20 20 9.4 g (68%) of l,l-dichlorononane with bp 102-104 C (15 rata), n D 1.4516, and d 4 0.9928 (see [9, p. 513]). The 
undistilled residue (i .6 g) contained i, 1,5- and 1, i, 6-trichlorononanes, which were identified by G LC with 
reference to samples obtained by an independent method [8]. 

Reduction of l,l,l-Trichloroundecane in the Presence of Mo(CO)6 (Experiment 3). The reaction was 
carried out as in experiment i. A mixture of 20 mraole of III, 160 mraole of X, and 1 raraole of Mo(CO)6 was 
heated at 140~ for 3 h. The reaction mixtures from five experiments were combined and worked up. Distil- 

, ._2o 1.4539, and d42~ 0.9710 (see [8]) lation gave 16.6 g (74%) of l,l-dichloroundeeane with bp I01-I02~ (2 ram) ~ 
and a fraction containing, according to G LC data, 3.2 g (16%) of a mixture of~, I, 5- and i, i, 6-trichlorounde- 
canes, which were identified by GLC with reference to samples obtained by an independent method [8]. 

C ONC LUSIONS 

i. Iron, molybdenum, and manganese carbonyls can be used successfully as initiators for the reduction 

of a ,  ~,  ~ - t r i ch loroa lkanes  (C 8-Cjl ) with isopropyl alcohol. 

2. Rear rangement  with 1 ,5-H and 1 ,6 -H migrat ion occurs  in the intermediate CC12{CH2)nCH3 radicals  
in the presence  of all of the investigated metal carbonyls ;  however,  the relat ive percentage of r ea r rangement  
products is g rea te r  in the presence  of Fe(CO) 5 or  Mo(CO) 6 than in the presence of Mn2(COh0. 

3. Fragmentat ion of the intermediate  CC12CC12H radical  with splitting out of chlorine predominates in 
the reduction of pentachloroethane in the presence  of Mo(CO)6, whereas this radical  is stabilized p r imar i ly  
by detachment of hydrogen in the presence  of Mn2(CO)I 0. 

i. 

LITERATURE C I T E D  

E. Ts. Chukovskaya, R. G. Gasanov, I. I. Kandrer, and R. Kh. Freidlina, Zh. Vses. Khira. Obshch., 
24, 166 (1979). 

1718 



2. N.A. Kuz'mina, E. Ts. Chukovskaya, and R. Kh. Freidlina, Dokl. Akad. Nauk SSSR, 254, 890 (1980). 
3. T.T. Vasil'eva, L. N. Goncharova, and R. Kh. Freidlina, Izv. Akad. Nauk SSSR, Ser. Khim., 2373 

(1976). 
4. T.T. Vasil'eva, L. N. Goncharova, and R. Kh. Freidlina, Izv. Akad. Nauk SSSR, Ser. Khim., 1182 

(1977). 
5. N.A. Rybakova and L. N. Kiseleva, Izv. Akad. Nauk SSSR, Ser. Khim., 1636 (1981). 
6. B.L. Booth and B. L. Shaw, J. Organomet. Chem., 43, 369 (1972). 
7. V.I. Dostovalova, F. K. Velichko, T. T. Vasil'eva, N. V. Kruglova, and R. Kh. Freidlina, Izv. Akad. 

Nauk SSSR, Ser. Khim., 213 (1981). 
8. L.N. Kiseleva, N. A. Rybakova, N. A. Kuz'mina, T. T. Vasil'eva, and V. I. Dostovalova, Izv. Akad. 

Nauk SSSR, Ser. Khim., 2095 (1981). 
9. R. Kh. Freidlina, F. K. Velichko, et al., Methods of Heteroorganic Chemistry. Chlorine. Aliphatic 

Compounds [in Russian], Nauka, Moscow (1973), pp. 152, 513. 
i0. E. Ts. Chukovskaya, A. A. Kamyshova, and R. Kh. Freidlina, Zh. Org. Khim., 3, 1358 (1967). 

HYDROGEN MIGRATION IN I,I-DICHLOROALKYL 

RADICALS 

L. N. Kiseleva, N. A. Rybakova, 
N. A. Kuz'mina, T. T. Vasil'eva, 
and V. I. Dostovalova 

U DC 541 .i 24:546 A 1 : 541.515:547.412 

In compounds containing a CCI 3 group, rearrangement with i, 5- and i, 6-migration of hydrogen occurs 
under the action of systems based on Fe(CO) 5 in addition to reduction to CH2CI [I]. In the case of 1, i, i, 3- 

tetrachlorononane in addition to the products of these rearrangements and reduction of the CCI 3 group to CHCI 2 
there are formed i, i, 3, 7- and i, i, 3,8-tetrachlorononanes hypothetically as a result of rearrangement in the 
intermediate radical with 1,7- and i, 8-migration of hydrogen [2, 3]. 

In continuation of these investigations, in the present work the action of systems based on Fe(CO)5 in 
combination with hexamethylphosphoramide (HMI)A) or isopropanol on 1, i, l-trichlorononane (la) and I, i, l- 
trichloroundecane (Ib) has been studied. As in [1-3] it is proposed that l,l-dichloroalkyl radicals (A) are first 
generated in these reactions. By removal of hydrogen from a hydrogen donor these radicals are converted 
into l,l-dichloroalkanes (IIa, b). 

Migration of hydrogen in radicals A leads to the formation of the isomeric radicals (BI, B2), the reac- 
tion of which with a chlorine donor (CD) form trichloroalkanes (IIIa)-(VIIIa), (I]Ib)-(Xb) (Table i). 

n~7 
- ) CHCI2(CH2)TCH3 (Iia) 
n~9 

CCI~(CH2)nCHs-- ) CHCI2(CH2)gCH~ (lib) 
(A) n=7 

CHCI2CH.e(CH2),,.CH(CH~)5 ,~CHa (BI) 

i cD 
CHCI~CH2(CH2)mCHCI(CH~)s_r~CH3 

(tIIa)--(Vlta) 
n~9 

> CHCI.~CH~(CH.2)mdH(CH2)7_r~CH~ (B~) 
led 

CItCI~CH~(CH2)m,CHCI(C H2)7_mCH3 
(IIIb)-~(IXb) 

m = 0  (III~, g); 2 (IVa, b); 3 (Va, b); 4 (Via, b); 5 (VIIa, b); 6 (VIIIb); 7 (IXb). 

U n d e r  the  s e l e c t e d  cond i t ions  (130-140~ 3 h) c o n v e r s i o n  of the  i n i t i a l  t r i e h l o r o a l k a n e s  (Ia,  b) was 
c l o s e l y  s i m i l a r  (75-83%),  but  the  y i e ld  of  1 , 1 - d i e h l o r o a l k a n e s  (IIa,  b) v a r i e d  f r o m  44 to 58% and did not in 
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