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The Stereochemistry of Reactions Occurring at
I ron-Carbon o Bondst

Sir.'

An interest  in the mechanisms of  t ransformat ions
involv ing carbon-transi t ion metal  c bonds has led us
to determine the stereochemistry of  the react ions
between threo-(CHr)3CCHDCHDFe(CO)zCp ( t )  and
molecular bromine, mercur ic chlor ide,  and sul fur
dioxide, using an nmr procedure descr ibed previously.  z '  I
This procedure depends on the fact  that  erythro and
threo diastereomers of  most substances having the
compos i t ion  (CH3)TCCHDCHDX d isp lay  d is r inc t  nmr
spectra,  ref lect ing preferred molecular conformat ions
in which the bulky tert-butyl and X groups are trans

( l )  This work was supporred by the Nat ional  Science Foundat ion,
Grant  No, GP-14247, and by the Nat ional  Inst i tutes of  Heal th,  Grant
No. CM 16020.

(2) G. M. Whitesides and D. J. Boschetto, 
"/. Amer. Chem,.Soc., 91,

43 13 0969).
(3) R. J. Jablonski and E. I. Snyder, Tetrahedron Lett., l l03 (1968);

R. G. Weiss and E.  I .  Snyder,  Chem. Commun., l358 (1968).



I  530

2 O  H z
r l

, . l l
{i l i lr
l./ li',,n1r,^."i uri l,rli.,*

I  t h r e o  2

I  e ry th ro  2

I
I

tl
il/l
l l , .  l l

i/irrpJu'ury^t{,t'l'lnfn
I I ttrrco 3

I I arythro 3

between t  and sul fur  d ioxide yielded 4.7 The nmr
spectrum of th is substance was less easi ly analyzed than
those of  2 or 3,  s ince i ts l ines were relat ively broad.
However,  comparison of  the exper imeqJal  spectrum
with spectra calculated for mixtures containing known
proport ions oI  threo'  and erythro'4 indicated tha:

react ion had occurred with approximately 80% ir t '

ce rs ion of  conf i  gurat ion.
The stereochemical  outcome of the t ransformat lon

!  *  2 is the resul t  expected for i ronts ide electrophi l ic
at tack8 of  mercur ic chlor ide on the C-Fe bond. Bro-

minat ion  o f  carbon-meta l  bonds  has  been obser red  to
proceed w i th  invers ion  o f  con f igura t ion  in  bo th  mainr
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Figure l .  Deuterium-decoupled 100-MHz nnrr spectra of the
CHDCHD protons of  f  ,  the CHDBr proton of  3 ,  and the CHDSO,T
proton of  -1 .  Foc cornpar ison,  the pos i t ions o f  l ines character iz ing
thc threo and ery thro d iastereomers o f  2 ,  3 ,  aud 4 are g iven be low
the traces. The calculated spectrum given tor 4 is that expected for
a mixture of 82 f ery thro and l8 [  threo diastereomers.

ac ross  t he  e thy lene  mo ie t y . {  S ince  t he  resonances  due

to threo and ery thro d iastereonlers  can be ident i f ied

d i rec t l y  on  t he  bas i s  o f  t he  magn i t ude  o f  t he i r  v i c i na l

CHDCHD coup l i ng  cons tan t s , {  t h i s  t echn ique  su f f e r s

f ron r  none  o f  t he  an rb igu i t i es  wh i ch  p resen t l y  a t t end

et i 'o r ts  to  use opt ica l  ac t iv i t ,y  to  examine the s tereo-

chen r i s t r y  o f  r eac t i ons  a t  ca rbon -me ta l  bonds .  Va lues

o f  t he  v i c i na l  coup l i ng  cons tan t s  req t l i r ed  f o r  ana l ys i s

o t '  n r i x t u res  o f  t h reo -  and  e ry th ro -4  we re  ob ta ined  by

ana l ys i s  o [  t he  AA 'XX '  spec t run r  o f  (CH3)3CCH: -

CH:SO:Fe(CO):Cp l . . lnu l .  Calcd for  CmHrsOrFeS:

C , 4 7 . 8 7 ;  H , 5 . 5 6 ;  F e ,  1 7 . l 2 : S , 9 . 8 3 .  F o u n d :  C ,
4 7 . 9 9 ;  H ,  5 . 5 8 ;  F e ,  1 7 . 1 0 ;  S ,  8 . 9 2 ;  i r  ( N u j o l )  2 0 5 7 ,
2007,  I189,  I178,  1048 cm- t ] t  / th , .o  :  4 .3  Hz:
/ e r y t h r o :  1 3 . 0  H z .  A n a l o g o u s  c o u p l i n g  c o n s t a n t s
for the diastereomers o[  3,3-dimethylbutyl ' / , ,2-d2 mer-
cur ic chlor ide (2) and bromide (3) can be inferred from
data  repor ted  prev ious ly . {

React ion between 1 and a suspension of  mercur ic
chlor idei  y ie lded 2.  Isolat ion of  2,  fo l lowed by ex-
aminat ion of  i ts  deuter ium-decoupled nmr spectrum
(Figure l ) ,  establ ished that the conversion of  L to 2
takes place with >90 % retent ion of  conf igurat ion at
carbon.6 In contrast ,  analogous exper iments demon-
strated that the t ransf lormat ion of  1 to 3 on treatment
with bromine occurred with high (>90%)u stereo-
selectivity with inuersiort of configuration. Reaction
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value;  none of  the erythro diastereomer is  observed,  but  the s ignal- to-
noise rat io character iz ing the spectra is  such that  l0[  might  havegone
undetected.

and.  t rans i t ion t0  g roup compounds,  a l though o t i te  r

s te reochenr ica l  resu l ts  have a lso  been es tab l i shed. '  I  I

L i t t le  i s  known on wh ich  to  base a  mechan is t i c  p roposa i

fo r  the  lnexpcc ted  s te reochemis t ry  charac ter iz ing  t i rc

reac t ion  be tween su l f r . r r  d iox ide  and 1 ;  however '  t l t c

repor t r r  thar  reac t ion  be tween organocoba l t  compounds

anci  sul fur  d ioxide appears to be catalyzed by water

s u g g e s t s  t h a t  c a r b o n  m o n o x i d e  i n s e r t i o n ' m a y  n ( ) L

p.ouid.  o useful  model tor  th is process. Thus. th is

ind  prev iousr  s tud ies  o f  the  s te reochemis t ry  o I  reac t ions

of  I  ind ica te  tha t  bo th  re ten t ion  and invers ion  o f  con-

f igurat ion at  carbon may accompany react ions that

fo rmal ly  invoh 'e  bo th  c leavage o f  carbon- i ron  a  bonds

by  e lec t roph i l i c  reagents  (HgC11,  Br : )  and " inser t io r t "

in to  carbon- i ron  bonds by  neut ra l  mo lecu les  (CO,  SO, ) '

Ox ida t ive  ac ld i t ion  o f  op t ica l l y  ac t i ve  CH3CHBT-

CO?C2H; (5) to I r (CO)Cl[P(CeH;):CH'] t  has recent ly '

been proposed to  occur  w iCh re ten t ion  o f  con f igura t io r t .

on th-e basis oi  the observat ion that the 5 obtained orr
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t  5 3 l
c leavage of  the intermediate alkyl i r id ium(I I I )  complex
with bromine had the same conf igurat ion as the start ing

'5,  
and on the assumption that brominat ion of  th is alkyl-

i r id ium complex occurred with retent ion of  conf ig-
urat ion at  carbon. r3, t {  The inoersion of  conf igurat ion
establ ished for brominat ion of  1 indicates that th is
proposal  should present ly be accepted with reservat ion.
Al though the stereochemistry assumed for the bromi-
nat ion leading to 5 may ul t imately be demonstrated to
be correct .  i t  is  c lear that  e i ther inversion or retent ion of
conf igurat ion may character ize brominat ive c leavage
of carbon-metal  bonds.
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