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Reaction of threo'(C}{.lhCCHDCHDFe(CO)r-zr-CrHs
with Tr iphenYlPhosPhine t

Sir:

The present understanding of  the mechanism of the

hydroformylat ion and related carbonylat ion react ions is

based in pir t  on studies of  stereochemistry around the

metal  atom dur ing the steps in which the in i t ia l ly  formed

alkylmetal l ic  inteimediates are converted to acylmetal l ic

compounds.,  Informat ion concerning the stereochem-

istry at  carbon dur ing typical  carbonylat ion react ions is

clear ly required for a complete descr ipt ion of  the mech-

anisms oi  these react ions,  but has not been reported.3

We wish to c lescr ibe the synthesis of  z ' -cyclopentadienyl-

dicarbonyl i ron rhreo-3,3-dimethylbutyl-1,2-d) (Zl  and

evidence establ ishing that i ts react ion wi th t r iphenyl-

phosphine to y ie id z--cyclopentadienylcarbonyl t r i -
phenylphosphinei ion r  hreo'1,4-dimethylpentanoyl-2,3 '
d,  (3 ip io. . idt  wi th retenr ion ol  conf igurat ion at  carbon.

scheme I. Synthesis of Deuterated organoiron compounds"
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o Only one enant iomer is  shown for  each compound.

The synthesis out l ined in Scheme I  was used to con-
ver t  ace ty lene-d2 to  3 ,3 -d imethy lbu tan- l -o l -1 ,2 -d  ( l ) . {

The deuter ium-decoupled 100-MHz nmr spectrum of
the C^FID CHD protons of  I  is  an AX pattern wi th 6a

( l )  Supported in part  by the Nat ional  Science Foundat ion,  Grant
GP-7266.

(2) (a) I(. Noack and F. Calderazzo, J. Organometal. Chem., 10,
l0 l  (1967);  (b)  R.  F.  Heck,  Adcan. Organometal .  Chem.,4,213 (1966):
( c )  R .  F .  Heck ,  Accoun ts  Chem.  Res . ,2 ,  l 0  (1969) ;  (d )  K .  Noack ,  M.
Ruch ,  and  F .  Ca lde razzo ,  Ino rg .  Chem. .1 ,345  (1968) :  (e )  P .  K .  Map les
and C. S.  I ( ra ihanzel ,  J .  Amer.  Chem. Soc. ,  90,66.15 (1968),  and refer '
ences in each.  The recent  demonstrat ion that  conversion of  penta '
carbonylmangancse methyl  to pentacarbonylmanganese acety l  takes
place by migrr t ion of  the methyl  group f rom mangancse to an adjacent
carbon monoxidc l igand rathcr  than by insert ion of  carbon monoxide
into the carbon-manganese bond is of  part icular  pert inence to d iscus-
s ions  o f  the  mcchan ism o f  ca rbony la t i on .2u

(3) The decarbonylatron of  opt ical ly  act ive PhCHTCH(CHr)COMn-
(C O)s occurs wi th retent ion of  the s ign of  rotat ion:  F.  Calderazzo and
'K .  Noack .  Coord .  Chem.  Reu . , l ,  I  l 8  (1966) .
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Figure l .  Deuterium-decoupled l0Gi\{Hz nmr spectra of the
-CflDOH proton of 1, the -CHDCHD- protons of 2, and the
-CIIDCO- protons of 3. The peaks marked with an asterisk in
the spectrum of 2 are due to impurit ies. For comparison the
positions of the lines characterizing the threo and erythro diastereo-
mers of 1,2. and 3 are given below the traces; these frequencies
were calculated on the basis of coupling constants obtained by'
analysis of the spectra of the nondeuterated analogs of these
compounds.

3 . 3 8 ,  6 K  1 . 2 3 ,  a n d  J  :  1 0 . 0  H z  ( F i g u r e  l ) .  T h e

nmr spect ra  o f  ery thro and threo d iastereomers o f  I  are

eas i ly  d is t ingu ishable  on the bas is  o f  the i r  character is t ic

v ic ina l  coupl ing constants i  J , , r ,n ,o  :  9 .5  and Jchreo :

5 .8  Hz .s  The  magn i t ude  o f  t he  coup l i ng  cons tan t  ob -

served in  the nmr spect rum of  1  conf i rms the ery tho

conf igurat ion expected f rom the method of  synthes is :

the absence of  observable  peaks in  th is  spect rum at t r ib-

u tab le  to  the threo d iastereomer ind icates that  the

er l , thro  d iastereomer must  const i tu te  >95 7.  o f  the 3 ,3-

d imethy lbutan-  l  -  o l -dz  produced.

(4) This synthesis is based on the preparation of trans'| ,2-dideuterio-
ethylene oxide reported by C. C. Price and R. Spector, J. Amer. Chem.
S o c . . 8 8 . 4 1 7 1  ( 1 9 6 6 ) .

(5)  G.  M.  Whi tes ides,  J .  P.  Scvenai r ,  and R.  W.  Coetz ,  db id . '  E9 '  l l35
(1967) .  The coup l ing  cons tan ts  Ja ,v t^ ro  and . / r r , " .o  a re  ident ica l  w i th  the

v ic ina I  coup l ing  cons tan ts  J  and J '  ob ta ined on  ana lys is  o f  the  AA 'XX '

spec t rum o f  3 ,3 -d imethy lbu tan- l  -o l 'do .  The smal l  d i f fe rence be tween

the  magn i tude o f  the  observed coup l ing  cons tan t  fo r  I  and Je ,v t i . ,o  ob '

ta ined f rom the  AA 'XX 'ana lys is  p robab ly  re f lec ts  a  so lvent  e f fec t  o1

the free-energy dif ference between the gauche and trans conformers ol-

th is  a lcoho l .
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Compound 1 was converted to erythro-3,3-dimethyl-
butyl-1,2-d2p-bromobenzenesul fonate (J :  8.6 Hz),  and
thence to 2 by reaction ri ' i th Na[Fe(CO):C.,HrJ. The
nmr spectrum of the CHDCHD region of  2 consisted of
a s ingle AB quartet  centered at  6 1.38, wi th Av :  0.122
ppm and J :  4.4 Hz (Figure l ) ;  the infrared spectrum
of 2 in the carbonyl  stretching region consisted of  bands
at 2005 and 1955 cm-' .  An independenr analysis of
the nmr spectrurir of 2-d,, established that the threo
and er),thro diastereomers of 2 are characterized by
vic inai  coupl ing constants J, ,vth,o :  13.  I  and J ,n, ,o :  4.5
Hz. Thus. t ransformat ion of  1 to 2 takes place with
inoersion of  conf igurat ion.6 Within the l imi ts of
detect ion of  our exper iment,  no (<5%) erythro dias-
tereomer is produced in th is react ion.

I t  is  worthwhi le point ing out that  th is stereochemical
resul t  is  of  considerable interest  in i ts own r ight .  I t
provides the f i rst  d i rect  evidence that nucleophi l ic
displacement on an alkyl  carbon atom by a metalate
anion proceeds with inversion of  conf igurat ion at
carbon.T Further,  the observat ion that no detectable
loss in stereochemistry was observed in 2 on standing for
)12  hr  a t  30o prov ides  an  ind ica t ion  o f  the  conf igura-
t ional  stabi l i ty  to be expected for th is c lass of  carbon-
t rans i t ion  meta l  o  bonds .

React ion  o f  2  w i th  t r ipheny lphosph ine  in  THF
fol lowed by unexcept ional  work-up gave 3 as a yel low
sol id,  mp l . l3 '  dec.  The deuter ium-decoupled nmr
spec t rum o f  the  compound cons is ts  o f  two,  equa l ly
in tense,  AX pat te rns  ar is ing  f rom the  two pa i rs  o f
diastereomers represenred by 3a and 3b.8 The -CffD-
CO- resonances of  3 occurred at  6 2.72 and 2.46 both
patterns were character ized by the same I ' ic inal  coupl ing

constant.  J :  4.4 Hz(Figure l ) .  The infrared spectrum
of 3 in the carbonyl  stretching region consisted of  bands
at  1925 and 1615 cm- t .  Ana l .  Ca lcd  fo r  CarHr rO, -
F e P :  C ,  7  I  . 0 0 ;  H ,  6 . 3 4 .  F o u n d t  C ,  2 0 . 5 5  ;  H .
6.43. Comparison of  the observed coupl i i rg constant
with those estimated for the threo (J : 4.2 Hz) and
eryrhro (J : 12.5 Hz) diastereomers of 3 from anall,si:,
of  the ABXY spectrum oi  3-do establ ishes that con-
version of  the alkyl- i ron bond of  2 to the corresponding
carbon-carbon bond o f  3  has  taken p lace  w i th  comple tc
(>95 f t )  retent ion of  conf igurat ion.

Related studies of  the stereochemistry of  other reac-
t ions  occur r ing  a t  carbon- t rans i t ion  meta l  c  bonds  w i l i
be reported later.
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