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In r ecen t  y e a r s  organic  compounds containing the t r i ch lo romethy l  group have b e c o m e  widely avai lable .  
They a re  p r e p a r e d  by the t e lomer i za t ion  of olefins with carbon t e t r ach lo r ide  o r  ch lo roform.  The CC13 group 
has been  found to be  e x t r e m e l y  r eac t i ve  toward rad ica l  and e lec t rophi l ic  r eagen t s .  Up to now compounds 
containing a d ich loromethyl  group have been less  access ib le ,  and the i r  p repa ra t ion  by the reduct ion of t r i -  
ch loromethyl  de r iva t ives  p r e sen t s  cons iderab le  in te res t .  Isola ted examples  have been r epo r t ed  of the r e -  
duction of t r i ch lo rome thy l  to d ichloromethyl .  Catalyt ic  hydrogenat ion does not achieve the des i r ed  object ,  
for  the ma in  p r o c e s s  occur r ing  is not the r ep l acemen t  of chlor ine  by hydrogen,  but dechlor inat ion and "di-  
mer iza t ion"  in accordance  with the scheme  [1]: 

H2, catalyst 
21~CC1, . . . . . . .  , }{CCi2CCI2R 

base 

In a few cases  t r i ch lo rome thy l  groups  in at iphatic compounds have been reduced e lec t ro ly t ica l ly  [2]. 
We have p roposed  new methods  for  the convers ion  of the t r i ch lo rome thy l  group into d ichloromethyl  [3, 4]: 
in these  reduct ion i s  effected by hydrogen donors  ( te r t ia ry  amines  or  hydride si lanes) in p r e s e n c e  of c o m -  
pounds of t rans i t ion  me ta l s  as ca t a lys t s .  

In the p re sen t  work  we studied the se lec t iv i ty  of the reduct ion and also extended the field ef  appl ica-  
t ion of the methods .  In s u m m a r y ,  the r e su l t s  a re  as follows: polychloro hydrocarbons  containing the CCI 3 
group a re  reduced  under  the action of t e r t i a r y  amines  [3] in p r e sence  of smal l  amounts of Fe(CO)5 or  FeC13. 
Analogous reduct ion can be effected by hydride  s i lanes  in p r e s e n c e  of Fe(CO)5 or  H2PtCI 6 .H20 as ca ta lys t s  
[41. 

CClaCH2R hydrogen donor >HCClzCH2R 
catalyst 

R e d u c t i o n  w i t h  t h e  T e r t i a r y  A m i n e - F e ( C O )  5 S y s t e m .  The effect  of the nature  of 
the amine on the cou r s e  of the reac t ion  was studied for  the case  of t , l , l - t r i c h l o r o o c t a n e .  It was found that,  
in absence of amines ,  1 ,1 ,1 - t r i ch lo rooc tane  is conver ted  under  the action of ca ta ly t ic  amounts of Fe(CO)5 
into 1 , 1 - d i c h l o r o - l - o c t e n e  in 90~c yield.  It was  shown by means  of GLC that in absence  of ca ta lys t  N,N- 
dimethylani l ine does not reduce  1 ,1 ,1- t r ich lorooc tane ,  whe reas  in p r e sence  of Fe(CO) 5 with the use  of a 
t e r t i a r y  amine containing' an aliphatic group on the n i t rogen ( t r ie thylamine,  N,N-dimethylani l ine)  1 ,1-d i -  
chlorooctane is fo rmed  in high yield.  If pyr idine or quinoline is used instead of these  amines  the yield of 
reduct ion product  fal ls  to 8-12%. 

The reduct ion of 1 ,1 ,1 - t r i ch lo rooc tane  with N,N-dimethylani l ine  in p r e s e n c e  of FeC13 goes as in the 
p r e s e n c e  of Fe(CO)5 , but the r e p l a c e m e n t  of the i ron compound by chloroplat inic  acid leads to a m a r k e d  
diminution in the yie ld  of  1 ,1-d ich loroc tane .  

In Table  1 we give examples  of  the reduct ion of chlor ine  de r iva t ives  with the (CH3)2NC6H 5 - Fe(CO)~ 
s y s t e m  (Expts. 1-3, 5, 8, 9, 11, 13, and 15). 

The reduct ion of compounds which contain a p r i m a r y  or  secondary  chlor ine  atom, alkoxy group, o r  
acetoxy group as well  as a t r i ch lo rome thy l  group goes  se lec t ive ly  at the t r i ch lo rome thy l  group. The p r e s -  
ence of a t e rmina l  double bond in 5 , 5 , 5 - t r i c h l o r o - l - p e n t e n e  lowers  the yield of reduct ion product  to 20%. 
In this case  the cou r s e  of the reac t ion  is complex.  
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TABLE 1. Reduction of Tr i ch lo romethy l  Der iva t ives  in P r e s e n c e  

of Fe(CO)~* (CC13R reducing agent)CHC12R) 
Fe(CO)~ 

R 

1 
2 
3 
4 
5 

7 

C~H~ 
n-C~H9 
n-C~H~s 
n-C~H,~ 
CH~CH~CI 
CH~CH~C1 
(c~)~C1 

~o 

DMA ~* 
DMA 
DMA 

Et3SiI~l 
I DMA 
ICI~SiH 

I E ~ a S i H  

R 

68 
57 
61 
62 
26 
78 
~3 

I (CH2) 6C1 DMA ].19 
[CH2CHCICsHII-n DMA 

I0 |CH2CtIC[CsHT-n Ei3SiH 5544 
II |(CH2)2CIt=CH~ DMA 20 
12 |(CH~)2CH=CH~ Et~giH 6 . . . .  
13 |(CH2)~OCOCIta DMA 166 
14 [(CH2)4OCOCHa Et~S~H /69 
15 /(CI-]z,LOC2H~ DMA 61 

*The exper imen ta l  conditions a re  s ta ted in Exper imenta l .  
tDMA = N,N-dimethylani l ine .  
SHH2PtC16 �9 6I-I20 was used instead of Fe(CO) 5. 
**The degree  of convers ion  of 5 , 5 , 5 - t r i c h l o r o - l - p e n t e n e  was 44%. 

The t r i ch lo romethy l  group is reduced se lec t ive ly  to d ichloromethyl  under the action of the t e r t i a r y  
a m i n e -  Fe(CO)5 sys t em.  This conclusion is conf i rmed  by the absence  of products  of the fu r the r  reduct ion 
of the d ich loromethyl  group in the reac t ion  mix tu r e  and by spec ia l  exper iments :  it was es tabl i shed that  
pentyl chlor ide,  b romide ,  and iodide a re  s c a r c e l y  reduced at all under  the given conditions, under  which 
they f o r m  qua te rna ry  sa l t s  with N,N-dimethylani l ine ,  and 1 ,1-dichloropentane is also not reduced by a 
t e r t i a r y  a m i n e - F e ( C O ) ~  sys t em.  

We made use  of the reduct ion of 1 ,1 ,1 - t r i ch lo ropropane  to elucidate some  m a t t e r s  concerning the 
t r a n s f o r m a t i o n  of the amine reducing agent in the reac t ion .  This  case  is the mos t  convenient,  because  the 
reduct ion products  boil  v e r y  much lower  than N,N-dimethylani l ine  and can read i ly  be r emoved  f rom the 
mix tu re  by f ract ionat ion.  According to the r e su l t s  of analyt ical  TLC, the main  product  of the t r a n s f o r m a -  
tion of N,N-dimethylani l ine  is the diamine (CH3)2NC6H4CH2C6H4N(CH3)2 (I). The d imer  (CH3)2NC6HtCH2N" 
(CH3)C6H 5 (II) and the t r i m e r  {CH3)2NC~H4CH2N(CH3)C6H~CH2N(CH3)CGH 5 (III) a re  p resen t  in smal l  amounts .  
F r o m  the reac t ion  mix ture ,  which was subjected to an ac id-a lka l i  t r ea tmen t ,  we also isola ted N-me thy l -  
aniline in smal l  amount.  

It may  be supposed that  the d imer  (II) is fo rmed  at f i r s t ,  and, in accord  with the data in [5], this then 
undergoes  the following t r an s fo rm a t i ons  in a weakly acid med ium with fo rmat ion  of the diamine (I): 

C6H5N (CH~) CH2C6I,ICN (CHs) z + (CH3) 2NC6H5 ---+ H+ (CI,I3,2NC6Hr (CH3) ~ + C6HsNH (CH3) (1) 

We showed by spec ia l  expe r imen t s  that heating of the d imer  (II) with N,N-dimethylani l ine  in p r e sence  
of N,N-dimethylani l ine  hydrochlor ide  at 140 ~ (i.e., under  the conditions of  the reduct ion exper iments)  leads 
to the fo rmat ion  of the d iamine  (I). However ,  the reac t ion  (1) should lead to equimolecular  amounts of the 
diamine (I) and N-methylani l ine ,  whereas  we isolated ve ry  li t t le of the la t t e r .  It is poss ib le  that  in the 
cou r se  of the reac t ion  N-methylani l ine  undergoes  fu r the r  t r ans fo rma t ions  with fo rmat ion  of condensation 
products .  When N,N-dimethylani l ine  is heated in p r e s e n c e  of Fe(CO) 5, none of the above- indicated d i m e r s  
is fo rmed,  but the N,N-dimethylani l ine  taken is r e c o v e r e d  quanti tat ively.  

It was  thus shown that the reac t ion  of the t r i ch lo romethy l  group with N,N-dimethylani l ine  is brought  
about at the expense  of hydrogen f rom a methyl  group of the N,N-dimethylani l ine .  

R e d u c t i o n  w i t h  t h e  H y d r i d e  S i l a n e -  C a t a l y s t  S y s t e m :  In eonjunction with Fe(CO)~ 
hydr ide  s i lanes  reduced t r i ch lo romethy l  to d ichloromethyl  in accordance ,  for  example ,  with the scheme  

Fe ( CO ) 5 . . . . . .  
CC13CH2R + (C2H5)~SiH - -  HtJlSlztJrl211 + (C~Hs)3SiCI 

The ef fec t iveness  of s i lanes  as reducing agents fails  in the s e r i e s  [4]: (C2Hs)aSiH > (C2H50)3SiH > C13SiH. 
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In Table 1 we give examples of the reduction of chlorine derivat ives with the (C2H5)3SiH - Fe(CO)5 
sys tem (Expts. 4, 7, 10, 12, and 14). Again in this sys tem reduction goes selectively.  The presence  of a 
te rminal  double bond in the t r ich loromethyl  compound prevents  reduction (Expt. 12), for,  on the one hand, 
the addition of the hydride silane at the double bond occurs ,  and, on the other,  the total degree of convers ion 
of 5 ,5 ,5 - t r i ch lo ro - l -pen tene  falls to 44%. By special  experiments  we showed that 1,1-dichloropentane,  and 
also butyl and s-butyl  chlorides,  a re  not reduced by the Fe(CO) 5 + (C2H5) 3 Sill system,  t -Butyl  chloride is 
part ial ly dehydrochlorinated under the reduct ion conditions, but no isobutane is formed.  

In both of the methods of reduction (by t e r t i a ry  amine and by hydride silane) the main side p rocess  is 

dehydrochlorination [3, 4]. 

reducing agent --+CHC12CH~R (2) 
CClaCH2B - ~ ~o77~ i--~ CC12 =CHR 

An important  difference between hydride silanes and te r t i a ry  amines in the reduction react ion is the 
inability of the fo rmer  to reduce  CC13 into CHC12 in p resence  of FeC13 [4]. It was shown [4] that HzPtC1 ~ " 
6H20 also catalyzes  the reduction of t r ichlorornethyl  groups by hydride si lanes,  but the following differences 
f rom the sys tems  with Fe(CO) 5 were  noted: in the f i rs t  place, in presence  of H2PtC1 ~ �9 6H20 t r ie thoxy-  and 
t r i ch lo ro-s i l anes  are effective as reducing agents as well as t r iethylsi lane,  and, in the second plsce,  the 
side react ion of the dehydrochlorinat ion of compounds containing the t r ichloromethyl  group does not occur  
at all. In the course  of this investigation we established that the H2PtC1G �9 6 H 2 0 -  X3SiH sys tem reduces  the 
CC13 group less select ively than sys tems  with the part icipat ion of Fe(CO) 5. Thus, in the reduction of 1,1,1,5- 
te t rachloropentane with t r ich loros i lane  in presence  of H2PtC] ~ �9 6H20 we observed the format ion of t , 5 -d i -  
chloropentane in a yield of about 15-20%. The reduction of 1,1-dichloropentane with the CH3C12SiH-H2PtC16 �9 

6H20 sys tem leads to the format ion of pentyl chloride in 20% yield. 

The reduction of ethyl 5 ,5 ,5- t r ichloropentyl  ether and of 5 ,5 ,5- t r ichloropentyl  acetate takes a con- 
s iderably more  complex course  than the react ions  catalyzed by Fe(CO) 5. In the lat ter  case  the acetoxy 
group is also affected by the reduction. As a resul t  a multicornponent mixture of react ion products is 
formed which contains very  little 4 ,4-dichloropentyl  acetate.  

E X P E R I M E N T A L  

P r e p a r a t i o n  o f  S t a r t i n g  C o m p o u n d s  a n d  S t a n d a r d  C o m p o u n d s  f o r  U s e  in t h e  
I d e n t i f i c a t i o n  o f  R e d u c t i o n  P r o d u c t s  b y  M e a n s  o f  G L C .  5 ,5 ,5-Tr ichloropentyl  acetate 
and 1,1,1-tr ichloro-5-iodopentm~e were  prepared  by the method descr ibed in [6]. A mixture of 5 ,5 ,5- t r i -  
ch lo ro - l -pen t ene  and ethyl 5 ,5 ,5- t r ichloropentyl  ether,  readi ly separable by fractional  distillation, was 
p repared  by the addition of 1 ,1 ,1- t r ich loro-5- iodopentane  to an equimolecular  amount of sodium ethoxide 
with subsequent s t i r r ing  and heating at 65 ~ for 4 h. 

Analogously, f rom 1,1-dichloro-5- iodopentane we obtained 5,5-dichloropentyl  ethyl ether and 5,5-di-  
ch lo ro - l -pen tene .  The yields,  constants ,  and analyses of all the substances r e f e r r e d  to above are given in 
Table 2. For  5 ,5 ,5 - t r i ch lo ro - l -pen tene  we determined PMR and IR spectra .  

The PMR spectrum,  determined with a Hitachi H-60 inst rument  (internal s tandard hexamethyldis i l -  
oxane), contains three  groups of rnultiptets. The vinyl protons give two multiplets with cen te rs  at 5 = ca. 
4.92 and ca. 5.71, cha rac te r i s t i c  for  a te rmina l  double bond. The two methylene groups (~ and fi re la t ive 
to CC13) give signals in the region 2.25 -< 5 -< 3. The intensity rat io of the three  signals (2 : 1 : 0~ c o r r e -  
sponds to the proposed s t ruc ture .  The absence of signals in the region up to 2 p.p.m, confi rms the absence 
of the groups CC13- CH = CH and C2HsCH = CH in the compound under investigation (these could be formed 
by the migra t ion of the double bond). 

The IR spec t rum also conf i rms the proposed s t ruc ture  of 5 ,5 ,5 - t r i ch lo ro - l -pen tene .  

R e d u c t i o n  w i t h  t h e  N , N - D i r n e t h y l a n i l i n e  - F e ( C O )  5 S y s t e m  

R e d u c t i o n  o f  1 , 1 , 1 - T r i c h l o r o p r o p a n e .  A mixture  of 0.14 mole of 1 ,1 ,1- t r ichloropropane,  
0.35 mole of N,N-dimethylanil ine (carefully dried by prolonged standing over  NaOH and then distilled over  
sodium), and 5.4 rnmoles of Fe(CO) 5 was distr ibuted among four ampules. The ampules were  sealed under 
argon and heated with agitation for 18 h at 140 ~ Agitation was effected by rotating the ampules in the ther -  
mostat .  The ampules were  opened, and their  contents were  found to consist  of h~o parts:  a mobile liquid 
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TABLE 2. Yields,  Cons tan t s ,  and Ana lyses  o f  Subs tances  Obtained 

Compound 

CC13 (CH2)2CII=CH2 

CC13 (CH2) ~OC~H5 

CHCI3 ('CH2) 41 

CHCI2 (CH2) 4OC2]~5 

CHC]2 (CH2) 2CH:=CH~ 

CHCI~CsH~7-n 

CHC]~CH~CHCIC~HT-n 

CHCI~ (CB~) 4OCOCH~ 

37 

36 

55 

30 

32 

31 92(120) 

81(8) 

97(4) 

05(25) 

8o(115) 

59(2) 

8l(20) 

72(5) 

G 

J 
,4685 ,2138 39:79/39,42 

/ 
,458o ,1648 51.4115o,88 

,5445 ,7568 t8.oo/47,9o 

,4495 ,o825 [5,91/45,9o 

,4540 ,o846 ~4,71/34,56 

, 4514 , 9895 ~3,67t53,56 

4660 ,1741 [4, 70144 , 45 

,4570 ,1768 16,10146,01 

F o u n d ,  % 

H CI 

Calculated, % 

C H CI 

34,79 
34,35 
38,25 
38,52 
22, ~.7 
.)2,57 
t5,37 
15,37 
13,;1 
t3,25 i 
54,82] 
~4,69[ 
~8,31] 
~8, ;;4 
~2,17 
H ,96 

4.17 50,87 
4, 1.5 50,77 
6,0~ 58,36 
6,04 i8,42 
3,43 74,05 
3,38 74,21 
7,56 38,48 
7,45 38,24 
5,87 ~0,14 
5,87 ~0,33 
~,15 35,34 
~,28 }5,61 i 
5,87 i5,261 
5,87 ~5,74 I 
3,16 15,45 
5,18 5,46 

34,61 4,071 

38,31 5,97 

22,50 3,40 i 

45,42 7,62 

43,19 5,80 

54,82 9,20 I 

38,02 5,85 

52,23 6,08 
I 

61,39 

48,47 

74,1 

38,31 

51,01 

35,97 

56,12 

35,62 

and a sol id  r e s in .  Dis t i l l a t ion  of  the  liquid p a r t  of the r e a c t i o n  m i x t u r e  y ie lded  the f r ac t ions :  I, 15.0 g, bp 
99-108 ~ conta in ing 70% of  1 , 1 - d i c h l o r o p r o p a n e  (yield 68%); II, 13.0 g, bp 90-130 ~ (620 ram); III, 7 g, r e s i n -  
ous  r e s i d u e .  

F r o m  F r a c t i o n  I on the  p r e p a r a t i v e  c h r o m a t o g r a p h  we obta ined pu re  1 ,1 -d i ch lo rop ropane ,  bp 85.5- 
86 ~ nD 2~ 1.4283, d420 1.1342. Found MR 25.65; ca lcu la ted  MR 25.79. The l i t e r a t u r e  [7] g ives :  bp 86.8-87.6 ~ 
nD 2~ 1.4288, d420 1.1321. 

A c c o r d i n g  to the r e s u l t s  of  TLC on a lumina  with a so lvent  conta in ing  90% of hep tane  and 10% of ben -  
zene  F r a c t i o n  II c o n s i s t e d  ma in ly  of  N ,N-d imethy lan i l ine ,  and F r a c t i o n  III conta ined the d iamine  (CH3)2NC 6 o 
H4CH2C6H4N(CH3) 2 (I) with a s m a l l  amount  of  N-me thy lan i l i ne .  

The  sol id  r e s i d u e  f r o m  the ampules  was  d i s so lved  in c h l o r o f o r m  and t r e a t e d  with di lute  HC1. The  
h y d r o c h l o r i c  acid so lu t ion  was  made  s t rong ly  alkal ine.  The o rgan ic  l a y e r  was  s e p a r a t e d  and ex t r ac t ed  
with c h l o r o f o r m ;  the  e x t r a c t  was  d r ied  o v e r  Na2SO4, solvent  was  d r iven  off, and the r e s i d u e  was  v a c u u m -  
dis t i l led.  We obta ined  the  f r ac t ions :  IV, 1 g, bp 50 ~ (20 ram); V, 8.5 g, bp 182-187 ~ (0.7 ram); VI, 4 g, bp 
200-280 ~ (0.8 ram).  Res idue  4.5 g. 

A c c o r d i n g  to TLC F r a c t i o n  IV conta ined N ,N-d ime thy lan i l i ne  and N-me thy lan i l i ne .  F r a c t i o n  V con-  
ta ined  a n u m b e r  of  compounds ,  the  m a i n  one of  which  was  the d iamine  (I), whi le  the d i m e r  (CH3)2NC6H4CH2No 
(CH3)C6H 5 (II) and the t r i m e r  (CH3)2NC6H4CH2N(CH3)C6H4CH2N(Ctt3)C6H 5 (III) w e r e  p r e s e n t  in v e r y  sma l l  
amounts .  F r a c t i o n  VI con ta ined  (1) and a n u m b e r  of unident i f ied subs t ances .  The compounds  (I), (II), and 
(II1) w e r e  ident i f ied by c o m p a r i s o n  with known s a m p l e s .  

A p a r t  f r o m  the e s t ab l i shmen t  of  the compos i t i ons  of  the f r ac t i ons  by  m e a n s  of  T L C ,  f r o m  F r a c t i o n  
IV we p r e p a r e d  the p - to ly l su l fony l  de r iva t i ve  of  N-me thy l an i l i ne  by G i n s b e r g ' s  method  (0.62 g; mp 91-92~ 
The l i t e r a t u r e  [8] g ives  mp  94 ~ A m i x t u r e  with a known s a m p l e  me l t ed  without  d e p r e s s i o n .  

R e d u c t i o n  o f  5 , 5 , 5 - T r i c h l o r o p e n t y l  A c e t a t e .  By heat ing a m i x t u r e  of  0.24 mole  of 
5 , 5 , 5 - t r i c h l o r o p e n t y l  ace ta te ,  0.48 m o l e  of N ,N-d imethy lan i l ine ,  and 11 m m o l e s  of  Fe(CO) 5 fo r  5 h we ob-  
ta ined  0.16 m o l e  (66%) of  1 , 1 -d i c h l o rope n t y l  ace ta te ,  bp 78 ~ (6 ram).  

R e d u c t i o n  o f  E t h y l  5 , 5 , 5 - T r i c h l o r o p e n t y l  E t h e r .  Analogous ly ,  b y h e a t i n g  a m i x t u r e  
of  0.11 m o l e  of  ethyl  5 , 5 , 5 - t r i c h l o r o p e n t y l  e ther ,  0.23 m o l e  of  N ,N-d imethy lan i l ine ,  and 8 m m o l e s  of  Fe(CO) 5 
fo r  10 h we ob ta ined  0.07 m o l e  (61%) of  1 ,1 -d i ch lo ropen ty l  ethyl  e ther ,  bp 80 ~ (15 ram).  

R e d u c t i o n  w i t h  t h e  ( C 2 H s ) 3 S i H  - F e ( C O )  5 

R e d u c t i o n  o f  1 , 1 , 1 - T r i c h l o r o n o n a n e .  A m i x t u r e  of  0.15 m o l e  of  l , l , l - t r i c h l o r o n o n a n e ,  
0.17 m o l e  o f  t r i e thy l s i l ane ,  and 9 m m o l e s  of  Fe(CO) 5 was  sea led  in s e v e r a l  g l a s s  ampules  in an a t m o s p h e r e  
of  n i t rogen  and hea ted  for  5 h at 145 ~ with agi ta t ion.  The  p r ec ip i t a t e  f o r m e d  was  f i l t e red  off, and the r e a c -  
t ion m i x t u r e  was  v a c u u m - f r a e t i o n a t e d .  We obta ined  0.09 m o l e  of  1 ,1 -d i ch lo rononane  of  95% pur i ty  (yield 
62%). 
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R e d u c t i o n  o f  1 , 1 , 1 , 3 - T e t r a c h l o r o h e x a n . e .  Reaction was between 0.15 mole of 1,1,1,3- 
te t rachlorohexane,  0.17 mole of t r ie thyls i lane,  and 9 mmoles  of Fe(CO) 5 under the same conditions as in 
the preceding experiment.  We isolated 0.08 mole of 1 ,1 ,3- t r ichlorohexane of 95~c puri ty (yield 55%). 

R e d u c t i o n  o f  5 , 5 , 5 - T r i c h l o r o p e n t y l  A c e t a t e .  A mixture  of 0.2 mole of 5 ,5 ,5- t r ich loro-  
pentyl acetate, 0.21 mole  of t r ie thyls i lane,  and 12 mmoles  of Fe(CO) 5 was heated for 6 h at 140-150 ~ with 
s t i r r ing  in a 250-ml stainless steel  autoclave. The precipi ta te  was f i l tered off. Vacuum fractionation of 
the react ion mixture  gave 0.14 mole of 5,5-dichloropentyl  acetate of 95% purity. The constants and analyses 
of the compounds obtained in the last  three  experiments  are given in Table 2 (the substances were  distilled 
through a column with a filling and were  pure according to GLC). 

D I S C U S S I O N  

It should be noted that in the reduction of the t r ich loromethyl  group to dichloromethyl  in presence  of 
Fe(CO) 5 the hydrogen donor is either an alkyl group attached to the nitrogen of an amine or  a hydrogen atom 
attached to the sil icon of a silane. 

The ability of t e r t i a ry  amines containing at least  one aliphatic group to serve  as a source  of hydride 
hydrogen and reduce cer ta in  organic compounds in absence of catalyst  has been r e f e r r e d  to in the l i terature  
in respec t  to isolated cases  [9-14]. Examples of the reducing action of hydride silanes have been examined 
by us in a previous communicat ion [4]. However,  we have found that nei ther  t e r t i a ry  amines nor hydride 
silanes will reduce the t r ich loromethyl  group at t empera tu res  of up to 145 ~ and that the react ion goes only 
in presence  of catalytic amounts of Fe(CO) 5 or  other  compounds of t ransi t ion metals  [3, 4]. In recent  yea r s  
compounds of t ransi t ion meta ls  have found ever  wider  use as cata lys ts  for var ious  reduction react ions ,  and 
together  with the extensive l i te ra ture  on hydrogenation with hydrogen more  and m o r e  data are  beginning to 
appear on the possibil i ty of reduction catalyzed by these compounds at the expense of hydrogen withdrawal 
f rom the solvent. Thus, platinum complexes cata lyze the hydrogenation of methyl  linoleate with methanol 
[15], and aqueous solutions containing the anions [Fe(CO)4] 2- or  [HFe(CO)4]- reduce ni trobenzene to aniline, 
benzil  to benzoin, and acetylene to ethylene. In the case  of the react ion of Fe(CO) 5 with cyclopentadiene, as 
well as the formation of (Cstts)2Fe(CO)4, the hydrogenation of cyclopentadiene to cyclopentene occurs  [16]. 

It is assumed that in all cases  the hydrogen c a r r i e r s  are  iron carbonyl  hydrides.  It is known that hy- 
drides and complex hydrides of nontransi t ion elements reduce  the C - C1 bond by two mechanisms .  Thus, 
there  are  many data in favor of the view that in the case  of lithium te t rahydroaluminate  and sodium t e t r a -  
hydroborate  reduction is effected by nucleophilic attack by the hydride ion (in the t ransi t ion complex) on the 
C - C1 bond [17], whereas  the reduction of t r ia lkyl -  and t r i a ry l - t i n s  with hydrides has a f r ee - r ad i ca l  cha r -  
acter  [18]. 

The data available at present  do not favor a f r ee - r ad i ca l  mechanism for reduction catalyzed by 
Fe(CO)5. Thus, the o rde r  of reducing activit ies of hydride si lanes in the reduction react ion concerned - 
(C2Hs)3SiH > (C2HsO)3SiH > C13SIH - cor responds  to the o rde r  of their  activities in ionic react ions  and is 
opposite to the o rde r  of the activit ies of hydride silanes in homolytic p rocesses .  Another argument is 
provided by the occur rence  of a heterolyt ic  side p rocess  of dehydrochlorination,  which usually accompanies 
other  heterolyt ic  t ransformat ions  of the CC13 group [19]. Finally, according to p re l iminary  data in the 
l i te ra ture  the hemolytic reduction of chloroalkanes by hydride silanes initiated by benzoyl peroxide [20] 
or  UV radiation [21-23] is not select ive with respec t  to the CC13 group, for not only CC13 but also CHC12 
and CH2CI groups can be reduced.  

In the reduction react ions  which we have studied Fe(CO) 5 may have two roIes .  In the first: place it 
may be supposed that Fe(CO)5 par t ic ipates  in the initiation state by activating the C - C1 bond in the t r ans i -  
tion complex, which also contains a molecule  of the hydrogen donor. This view is ~upported by the fact that 
in absence of hydrogen donors Fe(CO)5 cata lyzes  only the dehydrochlorination of the t r i ch loromethyl  com-  
pound into a dichlorovinyl compound.  In p resence  of hydrogen donors the yield of dehydrochlorinat ion pro-  
ducts falls as the hydride mobil i ty of the donor increases ,  e.g., on t ransi t ion f rom HSiC13 to (C2HsO)3SiH 
and to (C2Hs)3SiH [4]. In the second place Fe(CO)5 may part ic ipate  in the t r ans fe r  of hydrogen. The hydride 
migrat ion of hydrogen may occur  either direct ly  f rom the hydrogen donor, or  f rom an iron carbonyl  hy- 
dride. The lat ter  may be formed by the react ion of Fe(CO)5 with the hydrogen donor. 

Reduction catalyzed by H2PtCI G �9 6 H 2 0  probably has a different mechanism,  for the side react ion of 
dehydrochlorinat ion in accordance  with the scheme (2) does not occur  at all. In this case  the activities of 
the hydride silanes as reducing agents do not depend on the hydride mobili ty of the St-hydrogen [41. 

? ~47 



In conclusion we com pare  t e r t i a r y  amines  and hydride  s i lanes  f rom the point of view of the conveni-  
ence of the i r  application for  the p r e p a r a t i v e  reduct ion of the t r i ch lo romethy l  group. It is evident that,  de-  
pending on the subs tance  to be reduced,  p r e f e r e n c e  may  be  given to a pa r t i cu la r  one of the th ree  s y s t e m s  
proposed:  N ,N-d imethy lan i l ine -Fe(CO)5 ,  (C2Hs)3SiH-Fe(CO)~, and X3SiH-H2PtC16 .6H20. Thus,  a s y s t e m  
containing N,N-dimethylani l ine  should not be  used  when a lone chlor ine  is p resen t  in the molecule  (see 
Table  1, expts .  5, 8, and 9), and s y s t e m s  containing H2PtC16 "6H20 should not be  used when the re  a re  oxy-  
gen-containing subst i tuents  or  a t e rm i na l  double bond. The isolat ion of a product  of reduct ion of t r i e thy l -  
s i lane is compl ica ted  when the subs tance  boils  in the range  100-150 ~ and is t he re fo re  difficult to sepa ra t e  
f rom (C2Hs)3SiH and the (C2Hs)3SiC1 fo rmed .  It is t h e r e f o r e  bes t  to reduce  t e t r ach lo roa lkanes  with the s y s -  
t em X3SiH-  H2PtC16 �9 6H20 , while the reduct ion of t r i ch lo roa lkanes  can be  conducted both with hydride s i l -  
anes and with amines .  Reduction with t r i e thy l s i l ane  in p r e sence  of Fe(CO) 5 goes mos t  smoothly,  and the 
reac t ion  products  a re  read i ly  isola ted by the f ract ionat ion of the reac t ion  mix ture .  

CONCLUSIONS 

i. A method was developed for the reduction of the CC13 group to the CHCI 2 group in various com- 
pounds by means of the systems: Fe(CO)5- (CH3)2NC6Hs; Fe(CO) 5- (C2Hs)3SiH, and H2PtC16 �9 6H20- HSiX 3. 

2. Reduction by the systems containing Fe(CO) 5 goes selectively to the CHC12 group and does not af- 
fect CH2CI, CHCI, OC2H5, and OCOCH 3 groups�9 

3. The mechanism of reduction catalyzed by Fe(CO) 5 is not a free-radical mechanism. 

i. A�9 
2. M. 
3. E. 
4. E 
5. J. 
6. A. 
7. A. 
8. R. 

9. 

I0. 
i i .  
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 

20. 
21. 
22. 
23. 

LITERATURE CITED 

N. Nesmeyanov, L. I. Zakharkin, and T. A. Kost, Izv. Akad. Nauk SSSR, Otd. Khim~ Nauk, 1955, 657. 
Nagao, N. Sato, T. Akashi, and T. Yoshida, J. Am. Chem. Soe., 88, 3447 (1966). 
Ts. Chukovskaya, A. A. Kamyshova, and R. Kh. Freidlina, Zh. Organ. Khim., 3, 1358 (1967). 

�9 Ts. Chukovskaya, N. A. Kuz'mina, and R. Kh. Freidlina, Dokl. Akad~ Nauk SSSR, 175, 105 (1967). 
Braun and O. Kruber, Ber., 46, 3952 (1913). 
N. Nesmeyanov, R. Kh. Freidlina, and L. I. Zal<harkin, Dokl. Akad. Nauk SSSR, 96, 87 (1954). 
L. Henne, M. W. Renoll, and H. M. Leicester, J. Am. Chem. Soc., 61, 938 (1939)�9 
L. Shriner and R. C. Fuson, Systematic Identification of Organic Compounds [Russian translation], 

IL (1950), p. 96. 
H. Meerwein, A. AllendSrfer, P. Beekmann, F. Kunert, H. Morsehel, F. Pawellek, and K. Wunderlieh, 
Angew. Chem., 70,211 (1958). 
R. Damico and C. D. Broadus, J. Org. Chem., 31, 1607 (1966). 
H. Meerwein, V. Hederich, H. Morschel, and K. Wunderlich, Liebigs Ann., 635 , 1 (1960). 
J. L. Kurz, R. Hutton, and F. H. Westheimer, J. Am. Chem. Soc., 83, 584 (1961). 
N. P. Gambaryan and I. L. Knunyants, Izv. Akad. Nauk SSSR, Ser. Khim., 1965, 722. 
R. G. Bacon and J. K~chling, J. Chem. Soe., 1965, 5366. 
J. C. Bailar and H. Ratani, J. Am. Chem. Sot., 89, 1592 (1967). 
H. W. Sternberg and I. Wender, in: Chem. Soe. (London) Special Publication No. 13 (1959), p. 35. 
N. G. Gaylord, Reduction with Complex Metal Hydrides, Interscience Publishers, New York (1956), 

p. 889. 
L. W. Menapaee  and H. G. Kuivila,  J .  Am. Chem. Soc., 86, 3047 (1964). 
Sh. A. Karape tyan ,  N. V. Kruglova,  and R. Kh. Fre id l ina ,  Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 
1963, 307. 
Y. Nagai,  K. Yamazaki ,  and I. Shiojima, J .  Organometa l .  Chem.,  9__P, 21, 25 (1967). 
D. Copper ,  J .  Organometa l .  Chem.,  10, 447 (1967). 
J .  A. K e r r ,  B. J .  A. Smith, A. F. Tro tman-Dickenson ,  and J .  C. Young, Chem. Commun. ,  1966, 157. 
P. N. I Iasze ld ine  and J .  C. Young, J .  Chem. Soc., 1960, 4503. 

1248 


