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Abstract: Convenient, stereoselective syntheses of threo- and erythro-3,3-dimethylbutan-l-ol-1,2-dz (1) are de-

scribed. Reaction of the p-bromobenzenesulfonate esters of 1 with C;HrFe(CO):MgBr, -Li, or -Na yields zr'-

cyclopentadienyldicarbonyliron erythro- and threo-3,3-dimethylbutyl-l,2-d.: (erythnr- and threo-2) with >95'% in-

version of conhguration at carbon. Bromination of 2 in pentane, chloroform, carbon disulfide, and dimethyl-

formamide, and iodination in carbon disulfide, all take place with >90% inversion of configuration at carbon' Re-

action of 2 with triphenylphosphine, tert-burylisocyanide, bromine (in methanol), oxygen, cerium(IV) ion, or chlorine

(in chloroform) leads to derivatives of 4,4-dimethylpentanoic -2,3-d2 acid with >90% retention of configuration at

carbon. Reaction of 2 with sulfur dioxide in a vaiiety of solvents yields the product of sulfur dioxide insertion,

(CH')TCCHDCHDSO:Fc(CO)2Cp, with >g5%inversion of con{iguration at carbon. Insert ion of dimethyl acety-

ienedi.u.boxylate into the carbon-iron bond of 2 takes place with >80% retention of configuration at carbon.

Thermal decomposition of 2 produces a range of isotopically substituted derivatives of 3,3-dimethyl-1-butene. The

mechanistic significance of the results is discussed.

tTh. most valuable single type of information to have
I in characterizing the mechattism of a reaction that

makes or breaks bonds at a tetrahedral carbon atom is
the stereochemistry of the transformation at that carbon.
With this information it is possible to judge whether
a reaction involves intermediate free carbon radicals or
ions or occurs by SN2 or Sn2 transition states. It is
experimentally diff icult to obtain stereochemical in-
format ion about react ions involv ing t ransi t ion metal
alkyls. Traditional experimental procedures based on
the preparation and reaction of enantiomeric organo-
metall ic compounds suffer from serious shortcomings.
Enantiomerically pure organolithium and magnesium
reagents are not general ly avai lable,s and nucleophi l ic
displacements by metallate anions and decarbonylation
reactions are complicated by side reactions6 and by

thermal instabi l i ty  of  the products. l2 Further,  i t  is
presently difffrcult to relate the stereochemistry of the

starting materials and products in organometall ic
reactions, since reactions of "known" and reliable
stereochemistry have not been established. 13-15

( l )  Supportcd by the Nat ional  Sciencc Foundat ion,  Grar. r ts  GP-
1424'7 and GP-28586X, and by the National Institutcs of Hcalth, Gratrt
GM 16020.
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(1972):  J.  P.  Col lmtrn,  S.  R.  Wintcr ,  and D. R.  Clark,  ib id"  94'  1788
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2710973).

Examination of diastereomeric organometall ic com-

pounds provides approaches to organometall ic stereo-

chemistry that are more practical than those based on

enant iomeric substances.16-20 We have developed an

nmr technique, based on determination of the relative

conf igurat ions at  the CHD centers of  the (CHr)t-

CCHbCHD moiety,  that  is  part icular ly convenient '21

The usefulness of this alkyl group rests in the fact that

threo and erythro diastereomers of  most compounds

having the composi t ion (CHr)TCCHDCHDX are readi ly

identif ied using spectroscopy. These diastereomers

exist  in solut ion as a rapidly interconvert ing mixture

of one trans and two gauche conformers.  The vic inal

coupling constant characterizing the CHDCHD frag'

ment is a weighted average of  the coupl ings in each

conformer.  For most groups X, the t rans conforma-

tion is sufficiently favored energetically that the vicinal

coupling constants for erythro and threo diastereomers

ur. ' .ur i ly  d ist inguishable exper imental ly.22 Analysis

o f  the  AA 'XX '  o r  (AA 'BB ' )  spec t ra  o f  the  CH2CH:

(13) Carbonylat ion ancl  c lecarbonylat ion may prove to bc one such

reaction; ride infra.
(14) The cliff iculties elcountered in working with enar-rtiornerically

cnrichecl orgaltometall ic arc i l lustratccl by F. calderazzo and l(. Noack,

Coorel .  Chem. Rer. ,  1,  118 (1966);  (b)  J '  J '  Alexandcr and A'  Wojc ick i '

i i i r s .  Cn i ^ .  Ac ta ,5 ,655  (1971) ;  ( c )  R '  G '  Pearson  and  W'  R '  Mu i r '
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l qz i  Asee l ;  J . I ( .  S t i l l e  anc l  L .  F .  H incs '  i b id ' , 92 ,1798  (1970) '

i r l )  D .  i i .  Cou lson ,  J .  Amer '  Chem'Soc ' ,  91 ,  200  (1969) '

i rg i  e.  R.  Jcnsen and I ( .  L.  Nakamave, J '  Amer '9h'y. ' , -Soc' '  90 '

3248  (1968) ;  W.  H .  G laze  and  C .  H .  F reeman,  i b id ' , 91 ,  7198  (1969) '

i iO) W. 'H.  Glazc and C'  M. Sclmarr ,  J '  Org '  Chem',33'  !9-87 
(1968);

J . 'Orgonor te ta l .  Chem. ,  l l ,  P3  (1968) ;  W '  H '  G laze '  C '  M '  Se lman '

n.  L.-Sut t ,  Jr . ,  and E.  E'  Bray,  J '  Ors.  Chem',34,641(1969) '  ,  .
( t0tJ. 'S.  sradlcy,  D.  E.-bonnol . ,  D'  Dolphin,  J,  A ' -Labingcr '  and

J .  A .  Osborn ,  J .  A ie r '  Chem.  Soc ' ,94 ,4043  (1972) ;  J 'A '  Lab i ' se r '

n.  j .  eruus, 'D'  Dolphin,  and J.  A '  Osborn,  Chem' Commun' '  612

(1970).  The diaster iomcr ic zr-cyclopcntadicnyld icarbonyl i ron 4-mcth-

y lcyclohexancs have becn prcpared.  r0

(21) G. M. Whitcs id" t  on, i  D.  J.  Boschetto,  " / '  Amer '  Chem' Soc" 93'

1529  (197  1 ) :  i b id . ,9 l ,  431  3  (  I  969 ) '
f , : i l  C. 'vr .  whi tesic les,  j .  P.  S"u"nair ,  and R'  w'  Go^etz ' . ' l '  Amer '

Chent.  Soc. ,  89,  l l35 (1967) '  The unccrta int ies l is ted for  AE in the

thi rd columrr of  Tablc IV of  th is paper are in error ;  each should be

ca'  |o" , i ,of  the valuc of  lE.  Thus,  thc { i rs t  err t ry i r . r  th is columrr should

read AE :  2 '33 + 0.28 kcal , imol '
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moieties of a number of l-substituted derivatives of
nondeuterated 3,3-dimethylbutane had previously es-
tablished that values of the vicinal coupling constant
greater than ca. 8 Hz were characteristic of the pairs of
protons present in erythro diasteriomers, and values
smaller than ca. 7 Hz were characteristic of threo
diasteriomers. Thus, in principle, it is only necessary
to read the value of the vicinal coupling constant from
the deuterium-decoupled nmr spectrum of a com-
position (CH3)aCCHDCHDX to establish whether it
belongs to the erythro or threo ser ies.22,2r

The ability to differentiate spectroscopically between
the erythro and threo diastereomers of (CH3)aCCHD-
CHDX provides the basis for a convenient and con-
vincing method of determining the stereochemistry of
a reaction involving a carbon-metal c bond. Nucleo-
phil ic displacement of the leaving group of , e.g., threo-
(CH3)3CCHDCHDOBs by cyclopentadienyldicarbonyl-
iron anion yields an organoiron compound, 2, which
can be established to be an erythro diasteriomer by
nmr spectroscopy. Reacting this material with a re-
agent that cleaves the C-Fe bond and determining

(23) The only ambiguity in this method would arise in the unl ikety
evcnt that the gauche conformation were lowcr in cnergy than the trans
for some group X. In this event, the spectrum of the CHzCHT spin
system could st i l l  have AA'XX' character, and the erythro and threo
diasteriomers of thc dideuterated substances could st i l l  have dif ferent
vicinal coupling constants; however, . /1h1q6 would, be greater than
/eryrhro. We have not invcstigated a substi tuted derivative of 3,3-di-
methylbutanc that shows any indication of a low-energy gauche con_
formation. More importantly, previous analyses of the ie-peratu.c
dcpcndence of the coupling constants in these compounds had estab-
l ishcd that the vicinal coupling constants that would characterize a
molecule in a pure trans conformation would be cq. 14 and 4 Hz, while
the vicinal coupling constants for a molecule exist ing entirely as an
equil ibrat ing mixture of gauchc conformers woulcl be ca. 9 and 4 Hz.za
Most of the organometal l ic compounds examined in the present work
be long to  the  ery th ro  ser ies  and have coup l ing  cons tan ts  b f  t t - t+  Hr .
The magnitudcs of these couplings require that the trans conformer be
lower in energy than the gauche.

(24) These values are those expectccl from previous experimental
and theore t ica l  work :  c f .  E .  B .  Whipp le ,  J .  Magn.  Resonance.5 .  163
(1971) .  Recent  papers  d iscuss ing  conformat iona l  ana lyscs  o f  acyc l i c
molecules are summarized in E. F. Mooney, Ed., Aniu. Rep. NMR
(Nucl. Magn. Resonance) Spectrosc., l-S (1967_1973).

whether the product belongs to the erythro or threo
series using the same technique immediately establishes
the stereochemistry at carbon that characterizes the
reaction.25

This technique has a number of practical advantages
over other available methods for examining the stereo-
chemistry of reactions of transition metal alkyls: first,
the organometall ic compounds involved are primary
alkyls, and relatively stable thermally; second, E2
elimination seems to be a less important side reaction
for SN2 displacement at C-1 of the 3,3-dimethylbutyt
group than for similar reactions at secondary centers;
third, since there is no significant steric difference be-
tween threo- and erythro-(CH3)TCCHDCHDX, it is
only necessary to examine one diastereomer; f inally,
since many impurit ies do not hinder the identif ication
of the diastereomeric composition of the sample, the
standard of purity required for accurate analysis of
these substances is less rigorous than that required for,
e.9., measurement of optical rotation.

Certain restrictions characteristic of this use of the
3,3-dimethylbutyl system deserve mention. First,
organometall ic derivatives of this alkyl moiety must
be synthesized by nucleophil ic displacements using
metallate anions or by other less direct routes such as
decarbonylation or transmetallation; 3,3-dimethyl-
butylmagnesium and lithium reagents are not configura-
tionally stable.26 The rate of SN2 displacement at C-1
of this alkyl group is relatively slow. 27' 28 Second,
since nmr spectroscopy is the only practical method of
distinguishing between diastereomeric derivates in this
series, the organometall ic substances being examined
must be diamagnetic. Finally, conclusions derived
from studies of 3,3-dimethylbutylmetal compounds
cannot necessarily be generalized to other types of
alkylmetal systems, since the mechanisms of organo-
metall ic reactions seem particularly sensitive to changes
in the structures of the alkyl moieties involved.

These restrictions notwithstanding, the study of 3,3-
dimethylbutyl-1,2-d2-metal compounds offers the most
convenient method presently available for studying
the stereochemistry of reactions of transition metal

(25) A closely related technique has been developed by Snyder;
R .  J .  Jab lonsk i  and  E .  I .  Snyder ,Te tahedron  Le t t . , 1 l03  (1968) ;  R .  G .
Weiss and E.  I .  Snyder,  Chem. Commun.,  1358 (1968).  The inf luence
of steric effects on rates has also been used to infer the stereochemistry
of  Sr2 react ions:  cf .M. H.  Abraham and P. L.  Grel l ier ,  J .  Chem. Soc. ,
Perkin Trans. 2, ll32 (1973).

(26) G. M. Whitesides, M. Witanowski, and J. D. Roberts, J. Amer.
Chem. Soc. ,  87,2854 (1965);  M. Witanowski  and J.  D.  Roberts.  ib id. ,
88,737 (1966).

(27) The relative rates of reaction of neopentyl bromide, 3,3-dimethyl-
butyl bromide, and n-butyl bromide with potassium iodide in acetone
are 0.0064:4.15:100 (8. L. Eliel in "Steric Effects in Organic Chem-
istry," M. S. Newman, Ed., Wiley, New York, N. Y., 1956, p 79).

(28) P.  L.  Bock and G. M. Whitesides.  J.  Amer.  Chem. 9oc. .96.2826
u974 \ .
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Figure 1. Deuterium-decoupled 100-MHz nmr spectra of the
CHDCHD protons of threo- and eryI|ro-(CH3)TCCHDCHDOAc,
-(CH3)3CCHDCHDOH (1), and -(CH,)BCCHDCHDFe(CO):Cp
(2). The peaks marked with asterisks in the spectrum of 2 are due
to impurities.

alkyls. In this paper we detai l  procedures for the syn-
thesis of the deuterated start ing materials and the results
of studies of a number of reactions of one transit ion
metal compound, cyclopentadienyldicarbonyl iron 3,3-
di methyl butyl- 1,2- dz (2).

Results

Synthesis of erythro- and threo-(CHa)aCCHDCHD-
Fe(CO)zCp. The parent compounds threo- and ery-
thro-3,3-dimethylbutan-l-ol-1,2-dz (threo-[ and ery-
thro-[, respectively) were synthesized using the pro-
cedure outl ined in Scheme I.2e Reaction of tert-butyl
a lcohol  and 1,1-dichloroethylene in concentrated sul-
fur ic acid30 yielded 3,3-dimethylbutyr ic acid,  which
was in turn reduced to 3,3-dimethylbutanal with l ithium
in methylamine.31 The 2: 3 mixture of cis- and trans-I-

(29) The synthesis of er)'thro-l used in the early stages of the project
was based on truns-ethylene-1,2-dz oxidc.2t The synthesis of this
substance requires the manipulat ion of  large volumes of  acety lene-d:
arrd ethylene-dt and has been discarded in favor of the more convcnient
syrrthesis reported here. Details of the earlier procedure arc con-
ta ined in the Ph.D. Thcsis of  D.  J.  Boschetto,  Massachusetts Inst i tute
of  Technology,  Cambridge,  Massachusetts,  1971.

(30) K.  Bot t  and H. Hel lman, Angew. Chem.,  Int .  Ed.  Eng| . ,5,870
( 1 966).
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acetoxy-3,3-dimethylbut-1-ene produced by acid-cat-
alyzed reaction of this aldehyde with isopropenyl
acetate32 was separated by disti l lation using an annular
Teflon spinning band column; the trans isomer was
produced directly by reaction of the enolate derived
from 3,3-dimethylbutanal and lithium diphenylamide
with acetic anhydride. Deuterogenation of the trans
enol acetate over Platinum Black catalyst using 98% d
deuterium gas produced threo-l-acetoxy-3,3-dimethyl-
butane-1,2-dz which was converted to threo-3,3-di-
methylbutan-1-ol-1 ,2-d2 ( threo- l )  by hydrolysis in 20/,
aqueous sodium hydroxide solution. Deuterogena-
tion and hydrolysis of the cis enol acetate yielded
erythro-[.

The deuterium-decoupled 100-MHz nmr spectra of
the CHDCHD protons of  chloroform solut ions of
erythro- and threo-1 and the analogous acetates (Figure
I ) consist of AX patterns in which the separation be-
tween erythro and threo resonances is sufficient to
permit diastereomeric compositions to be analyzed ca.
+5%. These spectra establ ish that  the synthesis out-
l ined in Scheme I leads to deuterated alcohols with
excellent stereoselectivity and also that the presence of
the isotopic impuri t ies present in the samples does not
interfere with diastereomeric analysis. 3 3

To prepare the organoiron compounds that form the
subject of this work, these deuterated alcohols are con-
verted to the corresponding brosylates and allowed to
react with cyclopentadienyldicarbonyliron anion in
tetrahydrofuran solution. Recent communications by
Traylor and Kuivila have shown that the stereochem-
istry of the reaction between several alkyl bromides and
trimethyltin anion depends, among other factors, on
the nature of  the counter ion present in the system'34'35

(31) A.  O. Beder-rbaugh, J.  H.  Bedenbaugh, W. A.  Bcrgin,  and J.  D.
Adkins,  J.  Amer.  Chem, Soc, ,92,5774 (1970).

(32) H.  O. House and V. I ( ramer,  J.  Org.  Chem.,28,3362 (1963).
(33) Treatment of  threo- l  wi th t r iphenylphosphinc dibromide in

DMF and mass spectroscopic analysis of  the resul t ing deuterated
3,3-dimethylbuty l  bromidc cstabl ishcs i ts  isotopic composi t ion to be
1 .074  d0 ,3 .97 ;  d ,93 .4% dy  l . 7 lL  d t ,  anc l0 .071 ,  d r  Cer ta in  o f  t he  ex -
t raneous l incs in thc spcctra of  Figure I  are due to these isotopic im-
pur i t ies.

(34) G. S.  l {oermer,  M. L.  Hal l ,  and T.  G. Traylor ,  J .  Amer.  Chem.
9oc. ,94,7205 (1972).

(35) H.  G. l {u iv i la,  J .  L.  Considine,  and J.  D.  I (cnnedy,  J.  Amer.
C h em. Soc., 94, 7 206 (197 2).
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retention at carbon is observed in certain instances
when the nucleophil ic reagent is (CHa)eSnLi. We find
that attack of CpFe(Co)t-14+ on brosylates derived
from 1 takes place with >95 [ inversion of configura-
t ion at  carbon for M+ _ Na+, Li+,  and MgBl+rs-r8 and
that reaction of CpFe(CO)zLi with 3,3-dimethylbutyl-
1,2-d2 bromide also proceeds with inversion. Thus,
there is no suggestion in this system of the mechanistic
duality that apparently exists in analogous reactions
using trimethyltin l i thium. Typical spectra for the
erythro- and threo-2 arc shown in Figure l. The spec-
trum of the erythro diasteriomer provides an example
of the l ine broadening that has occasionally proved
troublesome in these studies; this broadening pre-

sumably reflects paramagnetic impurit ies present in the
solution that are not removed by the purif ications em-
ployed for 2.

The observation that nucleophil ic displacement by
CpFe(CO)z- on the brosylate derived from threo-l yields
erythro-2 establishes two useful facts: f irst, that this
displacement has the stereochemical characteristics ex-
pected of an unexceptional SN2 displacement, and
second, that the carbon-iron o bond of 2 is configura-
tionally stable over periods of t ime suflrciently long for
it to be a useful substrate for mechanistic studies. se'a0

Reactions of. erythro-2 with Halogens. Reaction of
erythro-Z with molecular bromine in pentane and carbon
disulfide occurs rapidly at 0o, yielding threo-(CHs)s-
CCHDCHDBT (3) wi th greater than 95% inversion of
configuration at carbon (Figure 2); reaction in di-
methyl formamide (DMF) y ie lds a 9:  I  mixture of
threo- and erythro-3; reaction in methanol yields no

T
I

t  h reo '4

p t s r

t  l t r t ' t t ' 3

3 but carbonyl containing products (uide infra). Re-
action of threo-2 with bromine in chloroform-dr had
previously been shown to yield erythro-3 with greater
than 95)(  inversion of  stereochemistry.2l  The part ia l
loss of stereochemistry observed in DMF may be an
artifact of the work-up procedure; bromide ion
catalyzed epimerization of 3 might be sufficiently rapid
in DMF under the conditions used in these experiments
to influence the apparent stereochemistry of the re-
action. Cleavage of the carbon-iron bond of 2 with
bromine thus proceeds with inversion of configuration,
in a reaction whose stereochemistry shows no signifi-
cant dependence on solvent polar i ty.4r '42

(36)  The soc l iunr  sa l t  i s  p roduced by  rcduc t ion  o f  [CpFc(CO) : ] ' :  t ' r ' i th

sod ium amalgam,8  the  l i th ium sa l t  by  reduc t ion  w i th  l i th ium ( l : ;  so-

d ium)  w i re ,  and thc  magncs iun ' r  b romidc  sa l t  by  rcac t ion  w i th  mag-

nes ium and 1 ,2-d ib romoethanc .  : i?

(37) J. M. Burl i tch arrd S. W. Ulmer, J. Organometql.  Chem., 19,
Pzt 11969).

(38) The alky lat ion of  CpFe(CO):-  by o-(*)-sec-buty l  bromide has
beerr  inferred to proceed wi th 751,1 invers ion of  conf igurat ion at  carbon
cf, ref l4d.

(39) Alkylcobaloximc coml ' rounds undcrgo a react ion wi th co-
bir lox i rne anion analogous to thc Finkclstc in react ion:  cf .  ref  1 ld and
D.  Dodd  and  M.  D .  Johnson ,  Chem.  Commun. ,  1371  (1971) ;  S .  N .
Arrdcrson,  D.  H.  Bal lard,  I .  Z.  Chrzastowski ,  D.  Dodd, ancl  M. D.
Johnson, ib id. ,  685 (197 2) .

(40) We have secn no evidence of  epimer izat ion of  2 on standing as a
sol id for  longcr than 3 wceks at  -20o or  in solut ion in CClr  or  CDCIr
at room tenlperaturc for 1 2 hr.
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Figure 2. Deuterium-clecoupled 100-MHz nmr spectra of the
CHDBr resonances of  (CHr)CCHDtlr  obtained by brominat ion of
erl,thro-2 in pentanc and CSr, the (CHr)TCCHD resonances from its
brominat ion in DMF, and the CIIDI  proton f rom i ts  iodinat ion in
CSs.

React ion of  erythro-2 wi th molecular iodine in
carbon disul f ide y ie lded threo-(CH3), ,CCHDCHDI (4)
and therefore also proceeds with inversion of stereo-
chemistry (Figure 2).  We were able to detect  only smal l
quant i t ies (-5%) of  3,3-dimethylbutyl  chlor ide on
react ion of  2 wi th chlor ine in chloroform at -20o;

the corresponding acid chlor ide was the major product
(uide infra).

"Carbonl' l  Insertion" Reactions of 2. The mech-
an isms by  wh ich  carbon monox ide  " inser ts "  in to  car -
bon metal  bonds have been studied in greater detai l
than most t ransi t ion metal  organometal l ic  react ions
and are general ly bel ieved to involve a concerted migra-
t ion of  the alkyl  group to an adjacent,  coordinated.
carbonyl  l igand.a3'aa We have shown that react ion of
threo-2 with triphenylphosphine yields threo-(CHs\-

(41)  The s te reochon is t ry  o f  ha logenat ion  o f  o ther  o rganometa l l i c
reagents  i s  s t rong ly  dcpcnder t t  on  so lvent :  c f .  F .  R .  Jenscn and B.

R ickborn ,  "E lec t roph i l i c  Subs t i tu t ion  o f  Org t r t romcrcur ia ls , "  McGraw-

H i l l ,  N e w  Y o r k ,  N .  Y . ,  1 9 6 8 ,  p p  8 7  a n d  9 0 .
(42)  F .  R.  Jcnscn and D.  D.  Darv is ,  J .  Amer .  Chcm.  |oc . ,93 ,4047,

4 0 4 8  ( 1 e 7 1 ) .
(43)  Rev iew:  A .  Wojc ick i ,  Adoan.  Organometa l .  Chem. ,  l l ,  88

(1973) .  For  a  d issent ing  v icw,  c . / .  H .  M.  Walborsky  and L .  E .  A l len ,

J .  Amer .  Chem.  Soc . ,93 ,  5465 (1971) .
(44)  I t  has  bcen suggestcd  tha t  these reac t ions  shou ld  be  ca l l cd  l igand

t rans fer  p roccsscs  (c / .  rc f  8 t r  anc l  F .  Baso lo  anc l  R .  G.  Pcarson,  "Mech-

an isms o f  I r ro rgan ic  Rcac t io t ts , "  2nc l  cd ,  Wi lcy ,  Neu '  York ,  N.  Y . ,  1968,

o  5 7 8 .
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RFe(CO)ZCp

+

(CH3)JC-N:C

| |  th.eo

I I erlhrc

Figure 3. Deuterium-decoupled 100-MHz nmr spectra of products
resulting from carbonyl insertion reactions of erythro-Z.

CCHDCHDCOFe(COXPPhB)Cpz t  wi th greater than
95% retent ion of  stereochemistry at  carbon. Simi lar
stereochemical results are obtained in a variety of other
react ions that lead to carbonyl  insert ion (Scheme I I ) .

Scheme II. Reactions of 2 Resulting in Carbonylation of the
3,3-Dimethylbutyl Moiety

tert-butyl isocyanide led to the carbonyl insertion
product4s with the expected retention of stereochemistry.
Less expectedly, reaction of erythro-2 with a number of
oxidiz ing agents (bromine, cer ic ammonium ni t rate
(CAN), oxygen, al l  in methanol ,  and chlor ine in chloro-
form) also lead to carbonyl inserted products, all
characterized by >95% retention of configuration at
carbon (Figure 3).a6

Sulfur Dioxide Insertion. The mechanism of in-
sertion of sulfur dioxide into carbon-iron o bonds re-
mains a puzzle,  despi te extensive invest igat ion.aT The
reaction is characterized by large. negative, entropies
of activation and by rate acceleration from electron-
releasing subst i tuents on the alkyl  group at tached to the
metal ;  O-sul f inato complexes have been impl icated as
intermediates,4E and the react ion occurs wi th high
stereoselect iv i ty (and presumably wi th retent ion of
conf igurat ion) at  i ron.ae These data are compat ib le
with a mechanism for sul fur  d ioxide insert ion resembl ing
that for  carbon monoxide insert ion.  However,  the
stereochemistry at carbon for these two reactions is
opposi te.  We have examined careful ly the S-sul f inato
complex obtained by reaction of erl-thro-Z with sulfur
dioxide in a var iety of  solvents and f ind in each in-
stance that the react ion proceeds with greater than
95% inversion of  conf igurat ion at  carbon (Figure 4);
by contrast ,  carbon monoxide insert ion proceeds
stereospecifically with retention of configuration at
carbon (uide supra).

Addition of erythro-Z to Dimethyl Acet.v"lenedicar-
boxyfate. Elimination of tert-Butylethylene on Ther-
mal Decomposi t ion of  err thro-Z. The addi t ion of
t rans i t ion  meta l  a lky ls  to  carbon carbon mul t ip le
bonds,50 and the generat ion of  carbon-carbon un-
saturat ion by metal  hydr ide el iminat ion f rom transi-
t ion metal  a lkyls,r2 are both react ion types of  central
importance in catalysis.  Organoiron compound 2 does
not add to s imple olef ins or to most of  the react ivc
carbon-carbon unsaturat ions commonly used in organo-
metal l ic  chemistry ( tetracyanoethylene,st  tetraf luoro-
ethylene,r '2 's3 hexaf luorobut-2-yne,53 or diphenylacety-
lene).  However,  when eryTl t ro- ,  was heated with di-
methyl  acetylenedicarboxylate in THF for 24 hr at
50-60" a new compound was produced which could
be isolated in 60 )( yield as a black oil. This com-
pound was assigned the structure 5 based on spectro-
scopic data summarized in the Experimental Section.

(45)  Y .  Yamamoto  and H.  Yamazak i ,  Inorg .  Chem. , l I ,2 l l  (1972) .

(46)  S .  N,  Andersor r ,  C .  W.  Fong,  and M.  D '  Johnson,  Chem.  Com-

mun. ,  163 (1973) ,  h i i vc  rcpor tcd  tha t  ox id t t t ion  o f  p -F-CoHrCH:Mo-

(CO)rCp w i th  CAN i r . r  rnc thano l  y ic lds  thc  cor rcspor rd ing  mcthy l  cs tc r .

N icho las  and Roscnb lum have reccnt ly  cs tab l i shcd tha t  ox ida t ion  o f

cyc lopentac l ieny ld icarbony l i ron  dcr iva t ives  o f  cyc lohcxane y ie ld  car -

bony la ted  produc ts  w i th  re ten t ion  o f  s te reochen. r i s t ry  on  ox ida t ion  w i th

copper ( I l ) ,  10  a t ld  J .  P .  C lo l lman,  S .  R.  Win ter ,  and R.  G.  I (omoto , , , / .

Amer .  Chem.  Soc . ,  95 ,  249 (1973) ,  have observed l igand migra t ion  on

ox ida t ion  o f  conrpounds hav ing  th i ;compos i t ion  RFe(CO)r
(41)  A .  Wojc ick i ,  Accounts  Chem.  Res. ,  4 ,344 (1971) ;  W.  I ( i t ch i r tg

a n d  C .  W .  F o r t g ,  O r g a n o m e t a l .  C h e m .  R e c . ,  S e c t .  A , S , 2 8 l  ( 1 9 7 0 ) .

(48)  S .  E .  Jacobson,  P .  Rc ich-Rohrwig ,  and A.  Wojc ick i ,  Inorg .

C h c m . , l 2 , 7 l 7  ( 1 9 7 3 ) .

G 9 \  T .  C .  F l o o c l  a n d  D .  L .  M i l e s ,  J .  A m e r .  C h e m .  S o c . , 9 5 '  6 4 6 0
(  I  9 7 3 ) .

( 5 0 )  R .  C r a m e r ,  A c c o t t t r t s  C h e m .  R e s . ,  1 ,  1 8 6  ( 1 9 6 8 ) ;  G .  W .  P a r s h a l l

and J .  J .  Mrowca,  Adcan.  Organometa l .  Chem. ,7 ,  157 (1968) ;  G.  Henrc i -

O l ivc  anc l  S .  O l ivc ,  Angew' .  Chem. ,  In t .  Ed .  Eng l . ,1O,776 (1971) .

(51)  S .  R.  Su,  J .  A .  Hanna,  anc l  A .  Wojc ick i ,  J .  Organometa l .  Chem. ,

2 t , P z t  ( 1 9 7 0 ) .
(52) J.  B.  Wi l ford,  P.  M. Treichel ,  and F.  G. A.  Stone,  Proc.  Chem.

Soc. ,  London, 2 l  8 (  l  963 ) .
(53 )  H .  C ,  C la rk  a t rd  R .  J .  Puddepha t t , l no rg .  Chem. ,9 ,2670  (1970) '
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For convenience, the reaction of 2 with triphenyl-
phosphine and the decarbonylation of the resulting
acyliron compound are both included in this scheme,
although these reactions were carried out in the op-
posite diastereomeric series. Reaction of erythro-2 with
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MeOZC-C:C-CO2Me Inser l ion

Ftom /hreo-RFe(Co)ZCp

Figure 5. Deuterium-decoupled 100-MHz nnlr spectra of the
product of insertion of dimethyl acetylenedicarboxylate rnto the
carbon-iron bond of threo-Z (upper) and erythro-2 (lower).

Pentone

cHcr3

cH30H

| | threo

| | erythro

Figure 4. Deuterium-decoupled lt[-MHz nmr spectra of the
CllDSOr protons of (CHThCCHDCHDSO:rFe(CO)2Cp produced
by reaction of erythro-Z with sulfur dioxide in a variety of solvents.
The approximate concentrations of SO.: in each solvent (v/v) are:
SO, (100);  pentane (10);  CHCIr (10);  CH3OH (10);  DMF (10).

Although the stereochemistry arollnd the carbon-
carbon double bond cannot be assigned with any
assurance, examinat ion of  the nmr spectrum of the
3,3-dimethylbutyl- r / :  moiety of  th is compound indicates
that the t ransfer of  th is alkyl  group to thc acetylenic
bond has occurred with >80% retent ion of  conf igura-
t ion (Figure 5).  The low precis ion of  th is est imate re-
f lects the poor qual i ty of  thc spectrum; we were un-
able to el iminate the broadening of  the l ines.  even af tcr
extensive pur i f icat ion.  To increase our conf idence in
this conclusion, the same exper iment was carr ied
through start ing wi th threo-Z. The spcctrum of the
resul t ing adduct was also broad (Figure 5) but again
gave no indicat ion of  inversion of  conf igurat ion in the
product.

An ef for t  to determine thc stereochemistry of  the
process leading to generat ion of  3,3-dimethylbut- l -ene
on thermal decomposi t ion of  1 was not successful ;  the
yield of  o lef ins was low (ca.  157),  and, al though the
signals of  the var ious possible isotopic subst i tut ion
patterns could be clear ly resolved (Figure 6),  the mix-
ture of products obtained strongly suggested that the
rates of  both intra- and intermolecular scrambl ine
processes were rapid under the condi t ions used.5a

Discussion

The retention of configuration at carbon observecl
for  react ions resul t ing in carbonylat ion of  the 3,3-
dimethylbutyl  moiety of  2 is the resul t  ant ic ipatecl  on

(54)  Ev ic lcncc  l ionr  o thcr  sys tcms suggcs ts  tha t  mcta l  hyc l r i c lc  ac lc l i -
t io r . r  to  o lc f i r . rs  comnron ly  occurs  c is :  C .  A .  To ln . ra r . r ,  J .  Amcr .  Chant .  Soc , ,
9 2 , 6 7 8 5  ( 1 9 7 0 ) :  W .  E .  F i c h t e m a n  a n d  M .  O r c h i n ,  J .  O r g .  C h e m . , 3 4 ,
2790 (1969) ;  L .  M.  Jackman,  J .  A .  Hami l ton ,  and J .  M.  Lawlor ,  - / .
A m e r .  C h e m .  S o c . ,  9 0 .  I  9 l  4  ( 1 9 6 8 ) .
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Scheme III. Insertion of Dimethyl
2 (Thermal Decomposition) of 2
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This react ion promises to be very useful  in future studies
o f  the  s te rcochemis t ry  o f  reac t ions  invo lv ing  t rans i t ion
meta l  o rganometa l l i c  compounds:  a  w ide  var ie ty  o f
organometal l ic  substances can be carbonylated, anci  wi th
on ly  onc  poss ib le  except ion , t " 'a l l  carbony l t r t ions  and de-
carbonylat ions whose stereochemistry has been deter-

( 5 - 5 )  F .  C a l c l c r a z z o  u n c l  l ( .  N o a c k r l  h a v c  r c l r o r t c c l  t h a t  t h e  c o t r v e r s i o t t

o f  o p t i c a l l - v -  a c t i v c  i t o  i i  p r c s c r v c s  t h c  s i g n  o f  r o t a t i o n ,  t v h i l c  c o r t v c r s i o r r

o f  o p t i c a l l y  a c t i v c  i i i  t o  i v  r c s r r l t s  i n  c h u n g c  i r . r  s i g n . ; t ;  W i t h o u t  k r r t t u i r t g

thc  rc l t r t i vc  conf ig r - r ra t io r r  o f  i  a r rc l  i i ,  anc l  o f  i i i  anc l  i v ,  i t  i s  in tposs ib lc  to

(  * ) r -PhCH,CH(CH3)COMn(CO) ,  = r
i

( * )n- l 'hCHrCH(CH,r )Mn(CO),  +  CO
i i

( -  )r i6-PhCH(C'H,,)COFe(CO):Ctr + Rh(l ' ]Ph,) 'Cl ---->

i i i

(  f  ) , ' l6-PhCH(CH,)Fe(CO),CP + Rh(COXI'Phr)rcl
i v

i n t c r l t r c t  t h c s c  s i g r r s  o f  r o t i r t i o n  i n  a n y  c o n v i t . r c i n g  * ' i t y .  F t t r t h c r ,  c o t t -

v c r s i o r r  o f  i  t o  i i  u i r s  l o u ' .  a n c l  t h c  r o t i l t i ( ) r l  r e s t r l t  i s  ( ) 1 1 e t t  t o  s ( ) r t l c  s t l s -
p i c i o n .  N o n c t h c l c s s ,  t h c  f a c t  t h u t  t w o ,  a t  l c a s t  s u p c r f i c i a l l y  s i r t t i l l r r ,

t ra r rs fo rmat io l rs  takc  p lacc  u ' i th  o1 ' r1 . rc ' l s i t c  c l i cc ts  o r t  t l . t c  s igns  o i  ro t l t -

t i o r . r  s u g g c s t s  t h a t  o n e  n t i g h t  t a k c  p l a c c  r v i t l . r  i n v c r s i o n  o f  c o r t f i g t r r a t i o r t

a t  c a r b o n .
( 5 6 )  J .  J .  A l e r a r r d c r  a n d  A ,  W o j c i c k i , , l  .  O r g a r t o r n e t a l .  C h e n t . ,  1 5 ,

P 2 3  (  I  9 6 8 ) .

Stereochernistr.t' of' Reactions al Carbon-Tran.sition Metul o BttndsWliresides, et al. I
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Figure 6. o.,,..,"],,-l..ouo,.o ,oo-*"1 ll:' ,r..,." l, ,n.
mixture of olefins obtained by therntal decomposition of erythro-2.
The stick spectra under the experimental spectrum represent the
positions of the various deuterated olefins, based on coupling con-
stants of  1.6 Hz (geminal) .  10.6 Hz (c is) ,  ancl  17.1Hz ( t rans);  where
indicated, Z and ll designate the configuration of the substance
arouncl  the ole l in ic boncl :  a,  l . l -d2,  3,3-dimethylbut- l  -ene- l , l -d2;
b,  -E-1,2-&;  c,  -Z-1,2-d2;  d,  -Z- l -dt ;  e.  E-t -dra f ,  -2- t l r ,  g,  - t ln.
The chemical shifts used for these spectra varied slightly between
conrpounds as a result of isotope eflects, but (approximately) z, - '

5 .81  6 ,  z :  :  4 .80  6 ,  anc l  y .  -  4 .88  d .

mined have been found to takc place with retent ion of
stereochemistry at  carbon. Thus, carbonylat ion and
decarbonylat ion may prove to be the stereochemical
equivalent of  the SN2 react ion in al iphat ic organic chem-
istry,  in the sense of  providing react ions of  dependable
stereochemical course that can be relied on in chemical
correlations of configuration in the organometall ic series.
The mechanism(s) of  the oxidat ive carbonylat ions is not
present lyknown. Conversion of  tetracarbonylalkyl i ron
anions, RFe(CO)r- ,  to acyl  compounds is Lewis acid
catalyzed; i '7 certain of  the react ions re ported in
Scheme I I  might also be. However.  those of  these re-
act ions run in the presence of  oxidiz ing agents more
probably involve electron transfer as an important step.
I t  is  not  immediatc ly evident why oxidat ion should
encouragc acyl  format ion,  but the phenomenon occurs
both in the several examples summarized in Scheme II
and elsewhere. ro 'a6

CO

|  ' ,  e '

R - Fe - Cp --------

I
CO

Figure 7. Deuterium-decoupled 100-MHz nmr spectrum of the
CHDCHD protons of threo-(CHr)3CCHDCHDFe(COXpphr)Cp.
For compar ison,  the computer s imulated spectrum is g iven below
the observed trace. The large peak at ca. 0.98 ppm is clue to an inr-
pur i ty .

n ium,42 t in ,a2  and leada2 compounds.  Reten t ion  has
been observed fo r  pa l lad ium( l [ ) ,17  manganese, la t r  un6
mercuryat alkyls.  I t  is  not  yet  possible to construct
convincing rat ional izat ions for  at l  of  these stereo-
chemical  resul ts.  The retent ion of  conf igurat ion ob-
served for pal ladium(l t )  probably ref lects an oxidat ive
addi t ion of  halogen fol lowed by reduct ive el iminat ion
of alkyl  hal ide and would be expected to character ize
halogenat ions of  s imi lar ,  coordinat ively unsaturated.
ds alkyls.  The mechanism descr ib ing the brominat ion
of 2 is less obvious, but the stereochemistry-c letermining
transi t ion state probably resembles ei ther that  pro-

o

b

c

d

I}'

A - lt ,{, .r --l- H
I P,r  I  

" ' , ,  
I  Pd I  +

B--f Br

1 _  ( '

I  p d  
I  * R B , .

B_ II.

The halogenation rcactions studied here that result
in carbon-halogen bond format ion al l  occur c leanly
with inversion of  conf igurat ion at  carbon. Inversion
of conf igurat ion has also been inferred to be the maior
stereochemical  resul t  of  halogenat ion of  several  orguno-
l i th ium,  to ' rs  -boron , l ,e  -coba l t ,  r r ,oo  s i l i con ,a2  germa-

(57) J.  P.  Col lnta ' ,  J .  N.  Carvsc,  arrd J.  I .  Brauma' .  J .  Amer.  Chem.
5 o c . , 9 4 , 5 9 0 5  ( 1 9 7 2 ) .
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posed by Jensen for tetraal lyt in reagents (6),  and prob-
ably important for  brominat ion of  boronate ions. i ,e or
the substance formal ly obtained by oxidat ive addi t ion
o f  b romonium ion  to  i ron  (7 ) .  S ince  the  compound
resul t ing f rom oxidat ive addi t ion of  a fu l l  equivalent of
molecular bromine to 2 would both contain a formal

T )n
\r \ \

Itr -I-I'--C.t <>Fi,
, r"  I

H
6

i ron(IV) species and violate the l8-electron rule,6r a
halogenat ion mechanism analogous to that  d iscussed
for pal ladium sccms unl ikely for  2.  The part ia l  oxida-
t ive addi t ion represented by 7 would serve to convert
the CpFe(CO), moiety into a [CpFe(CO)rBr] ,  group.

(58)  D.  E .  App lequ is t  anc l  G.  N.  Chmr" r r r ry ,  J .  Ar t te r .  Chem.  Soc , ,
8 9 . 8 7 5  ( 1 9 6 7 ) .

( 5 9 )  H .  C .  B r o u ' n  a n c l  C ,  F .  L a n c ,  C h e n t .  C o n t m u n . , 5 2 l  ( 1 9 7 1 ) .
(60)  F .  R.  Jcnscn,  V .  Mac lar r ,  i tnd  D.  H.  Buch i tnan,  J .  A tncr .  Chetn .

S o c . , 9 3 . 5 2 8 3  ( 1 9 7 1  ) .
( 6 1 )  C .  A .  T o l r n a n ,  C h e n t .  S o c .  R e r . ,  1 . 3 3 7  ( 1 9 7 2 ) .
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the lat ter  would be expected to be an excel lent  leaVing

group. The sevcral  p lausible radical  chain pathways

ior the.  brominat ion of  2 that  inr  o lve onc-electron oxida-

t ion seem unl ikely.  because the carbonylat ion prpclucts

that apparent ly charactcr ize the oxidat ion of  2 dtr

not occur c lur ing i ts brominat ion.  at  lcast  in apolar

solvents.  Suf l rc ient ly l i t t le is known about bromini t -

t ion of  the l i th ium, cobal t ,  and manganese organo-

RFe(CO)zCo n Br: ----+ [RFe(CO)rCp]'+ 1 Br' + Br-

Br' * RFe(CO):Cp -> [RFe(CO):Cp]'t * Br-

Br- -F tRFe(CO)zCPl' '  ---> BrR * Fe(CO)zCtr

Fe(CO):Cp * Br: ----> BrFe(CO):Cp * Br'

Fc(CO):Cp I Br' ----> BrFe(CO):CP

netal l ic  compounds that no c l ist inct ions between Sl2

ancl  e lectron transfer mechanisms are possible at
present.

Regardless of  the detai ls of  the mechanisms of  these

halogenat ion react ions,  i t  is  evident that  the stereo-
chemical  course of  halogenat ion of  organometal l ic
compounds nray be ci ther inversion, retent ion,  or

ep imer iza t ion ,a  r 'a2  depend ing  on  s t ruc tu re  and re -

ac t ion  cond i t ions ,  and tha t  ha logenat ion  cannot  p res-

cnt ly be used to relate the conf igurat ions of  organo-
metal l ic  compouncls to products of  their  rcact ions.

Thc mechanist ic s igni f icance of  the inversion of  con-
l igurzi t ion observecl  on react ion of  2 wi th sul fur  d ioxide
l ras  been d iscussec l  by  Wojc ick i , lT '4E '62  and needs no
lengthy c laborat ion here.  To takc placc by a process

analogous to that  occurr ing dur ing carbonylat ion
sul fur  c l ioxic lc inscrt ion would have to inrolvc in i t ia l
coorcl inat ion to the i ron atom of 2 and fornrat ion of  an
intermecl ia. te 8,  fo l lowed by migrat ion of  an alkyl  group

( 'rr
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f rom iron to sul fur .  With hindsight,  i t  seems less l ikc ly
that an incoming sul fur  d ioxide molecule would co-
ordinate to i ron in the sensc indicated by 8 than i t
would incluce carbonylation. Direct electrophil ic
at tack on thc i ron-carbon bond, ei ther f ronts ide or
backside (9),  seems the more plausible react ion course.
The stereochemical  rcsul ts reported here c lcar ly support
backside at tack.  Wojcicki  has proposed that an ion
pa i r ,  10 ,  i s  an  in te rmed ia te  in  the  reac t ion :  th is  p ro-

(62) A.  Wojc ick i ,  ,4c l t 'ur t .  Orgunometul ,  Chem.,  in press.
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posa l  i s  cons is tcn t  \ \  i th  the  ava i lah lc  k ine t ic  anc l
stereochem ica I  c ' lata.  6 "

Thc  re ten t ion  o f  s te reochcmis t ry  observcd  on  in -
sert ion of  c l inrethyl  accty lcnedicarborylate int t - t  thc
carbon- i ron bond of  2 is not an al together cxpectecl
rcsul t ,  in l ight  of  the stereochemical  coursc observeci
fo r  su l fu r  d iox ide  inser t ion .  An in te rmcc l ia tc  (11)  re -

(  I ,

I
i  (  X '  r  F ' t ' -  l i

I
i l  ( ' ( )  ( ' ( ' - ( ' t ' t t t ' l l

1 1

(  ' l r

I
i ( X ' t  F t ' ; l t

(
I

H ( ' (  )_( ' ( '  -  (_ ' ( 'O. ( 'H

1 2

sul t ing f rom coorcl inat iorr  of  thc acetylene to i ron ap-
pears no more at t ract ive than cloes 8.  but  i f  th is re-
ac t ion  ac tua l l y  invo l r "es  e lec t roph i l i c  a t tack  on  thc
carbon i ron  bond 'uv i thout  p r io r  coord ina t ion .  i t  i s  no t
cvident that  i t  should not alst-r  fo l low whatevcr dictates
that leacl  to backsic le at tack in react ion wi th sul fur
d iox ide .  Howct ' r - r .  i t  i s  pcr t inen t  tha t  c leavage o f  th . -
carbon- i ron  bond o f  2  rv i th  n re ' rcur ic  ch lo r ide  .  nor rna l l v
i in  c lcc t roph i l i c  rc - i tgcn t ,  ( )ccurs  c lcan ly  w i th  rc ten t i t ln

o f  con f igura t ion  a t  carbon. : I
In  suntnrary ,  rcac t ions  a t  the  carbon- i ron  bond o f  2

appear  t r - r  in lo lve  a t  leas t  th ree  types  o f  p rocesses :  a lky l
sh i f t .  w i th  re ten t ion  o f  con f igura t ion  a t  carhon.  to

coord ina tec l  carbon monox idc  ind t rced by  an  a t tack ing
nr , rc lcoph i lc  and io r  bv  t l r i c la t i t ln  o f  thc  i ron ;  a t tack

o1 a  noncoord ina tcd  e  lec t roph i le  w i th  invers i r l l t  o f  c6n-
f igura t ion :  and t r l i t r s f  e r  to  an  c lec t roph i l c  w i th  re -

ten t i t tn  o f  con f igura t i t ln .  Too fcu '  c la ta  i t re  p rcsent ly

tu rar lab lc  to  rcs t l l r c  t l t csc  p roccSSeS in to  de ta i lec l  r r lec l l -

an isn ts  capahr lc  o f  p rcc i i c t ing  the  s tc recrchemica l  coursc
of nc 'u '  rcact i t t l ts .  btr t  thc high stcreoselcct iv i ty char-
ac t r - r i z ing  rcac t ions  o f  2 ,  and thc  conf igura t iona l
s tab i l i t y  o f  i t s  carbpn-nre ta l  bond,  es tab l i sh  tha t  s tc reo-

chcrr-r ical  studies shr-rulc l  proVe as Lrseful  in thc elabora-

t ion of  t l ie mcchanisms of  rcact ions of  organometal l ic
dcr iva t ivcs  o f  t rans i t io l t  n re ta ls  as  they  have o f  o rgan ic

compounds.

Experimental Section

General  N{ethods.  Al l  react ions involv i lg organt lmetal l ic  cort r -

1-rounds were carr icc l  out  u ldcr  n i t roge n.  Pre pur i f icd ni t rogerr

was  passcc l  t h rough  a  l2 - in .  t ube  con ta in ing  Dr ie r i t c .  A l l  so l ven ts

wcre reagcl t t  grade:  THF was dist i l led f rom a dark l rurplc sol t t t ion

of benzolthelton13 cliarriol Lrefore usc; ether was disti l lecl fronr

I i th ium alunr inunr h-vci r ic lc .  other sohcnts rvcrc dr icc l  over molec-

ular  s ievcs and degassed b1 bul- rb l i l rg a v igorous streanl  of  n i t rogen

through thenr.  Methyl-  a lc l  4-br-r t -v l l i th ium were suppl ied by Foote

N{ineral  Corp.  or  Ventron Cor1r.  C1'c lopentacl ienyld icarbonyl i rgn

dinrer  was otr ta i t - ted l ignr Slrcnr Chenl icals Inc.  and was rccrystal -

izecl  beforc use:  by f l isst t lv ing in the nt in i tnunt  ant()L l l t l  ( ) l 'acetol l t , ]  l t t

room tcm l le ra tu rc .  a t i c l i ng  r ' . ,  t ha t  vo lun le  6 t 'wa tc r .  anc l  coo l i r - rg  i t l

a  re l ' r igcrator  mai t l ta inecl  i t t  -20 ' .  Techrr ical  gradc deuter tunl

gas wi1^\  obtainecl  l '16nt  t l re Matheson Co..  I r lc .  [ ' la t i r l r , r r r l  b lack

catalyst  w, : is  suppl icc l  b1 '  Ertgelharc l  Inc l .  Stain less steel  catrnulas

rvere r thta incr l  Ort  st tecrer l  r l rc lcr  f ' r t l rn l topl lcr  and SOns Ct l . .  New

Ycrk .  N .  Y .  1 (X)10 .  N lc l t i ng  1 ' ro in ts  anc l  bo i l i ng  1 - ro in ts  a re  L rn -

correctrc i .  ln f ' rarecl  s l )ectrut  werc laken in sodiunl  chlor ic le cel ls  on

a l rcrk ip- f : lnter  Mgclel  237 grat i lg spectrophotcmeter.  Rot t t tne

nmr spectra rvcre reccrdecl  Orr  a Var ian T-60 spectrometer:  chetnt-

(63) Floocl  l r l {  Mi lcs h i r rc prot  idccl  cv ic lct rcc that  sr-r l f r - r r  c l iox ic lc i r l -

scr t io1i  j r r to r r  c . r r I t ' rn-  i ron bond proceccls rv i th h igh stcrcosclcct iv i t ] '

l r t  i r o r r . r !  I f  . r r r  i on  p i r i r  i s  r rn  i n t c rn rcc l i a t c  i n  th i s  r c i t c t i c l t l ,  t hc  o l t sc r l ' l t -

t i c tn  tha t  s t c rc tchc r l1 i s t r ) ' i l t  i r on  i s  (p rcsu r11cd  to  bc )  r c t l l i l l cc i  s t l gges ts

tht i t  s tcrcochcr l icul  s tucl ics t r t  r .nctu l l ic  cc l t tcrs u i l l  bc icss t rscf t r l  for

i r l c6 t i f ' 1  i r rg  i p r r i e  i r r t c r r r r c t l i r r t es  th : r r t  r r r c  r t t t a logous  \ t l - l ( l i cs  ' t 1  ;11 ; l ' r o t r

cen  I c rs .
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cal  shi f ts  are reportecl  in parts per mi l l ion dorvnf ie lc l  f rom tetra-
ntct l r l ' ls i lane.  Microanalyses were per lbrmecl  by Midwest Micro-
labs.  Ltd. ,  Indianapol is .  Ind.  L ic lLr id samples lbr  e lentental  and
spcctral analysis were purified by use o1' a Heu'lett-Packard Moclel
700 thermal  concluct iv i ty  g lpc.  Analyt ical  g lpc analyses were
performed cn an F and N{ 810 instrument,  using internal  stanclard
techniques wi th respouse factors obtained using authent ic  samples.
Deuterogenat ion ancl  sul fur  d ioxide insert ron react ions were carr ied
out in aerosol  react ion vessels obtainecl  l iom VWR Scient i f ic .
Deuter ium decoupled nmr spectra were obtained using a Var ian
HA-100 spectrometer,  wi th the deuter iuni  decoupled s ignal  c ier ived
lrom Schomandl  Model  MS100M l iec luency synthesizer.  This
signal  was noise-modulated by mix ing wi th the s ignal  l icm a
Digi lab FTS/NMR Model  50 t30 c lecoupler  or  wi th a l -V scluare-
wave s ignal  swept f rcm 0 to 300 Hz at  l0 Hz/sec.  The noise nroclu-
lated s ignal  wa.s ampl i f ied using a I 'erk in-Elmer R-209 PA porver
ampl i f ier .  An ENI Model  350 L radiofrequency power ampl i l ier
was used for  { inal  ampl i f icat ion of  the c lecoupl ing s ignal .

3,3-Dimethylbuty'ric acid was prepared using a modification of a
l i terature proceciure. : j0 A I  -1.  rour-rc l -bot tomed l lask eclu ipped wi th a
magnet ic st i r r ing bar and a No-Air  stopper was c l rarged wi th 500
ml ot 'concentrated sLr l fur ic  acid.  tared,  and cooled by inrnters iou
in an ice bath.  I loron t r i f l r - ror ide gas{; r  was introduced wi th a
syr inge needle through the No-Air  stopper ancl  was al lowecl  to
bubble through the rapid ly st r r recl  solut ion.  The f lask ancl  con-
te l l ts  were weighecl  occasional l ) ' .  and.  af ter  a tota lo l '  180 gol 'boron
tr i f luor ide had c l issolvcd.  the contents o1'  the f lask was t ransl 'errecl
by l i r rccci  s iphou through a sta in le ss s leel  cannula into a 5-1.  three-
ruecked l iask.  equrplred wi th a nrechanical  st i r rer .  Dry Ice condenser,
and  No-A i r  s topper .  con ta in ing  i r r r  add i t i ona l  500  m l  o f '  con -
centrated sul fur ic  acid.  The No-Air  stopper was replaceci  wi th a
dropping f 'Ltnnel . ' ; t  thc l lask was inrrnersed in an ice l rat l r .  ancl  rapir . l
s t i r r i ng  was  in i t i a ted .  A  so lu t i o r - r  o f ' 458  g  (6 . l t l  mo l )o1 ' / c r l - [ ] u t y l
a l c o h o l  i n  8 8 4  C  ( 9 . 1 1  m o l )  o l ' 1 . 1 - c l i c h l o r o e t l r y l e n e  r v a s  a d d e d
slowly l iom the dropping funnel  1c the st i r red sr-r l l 'ur ic  acic l  over
6.5 hr .  Evolutron ol '  hydrochlor ic  acic l  began inrmccl iate ly:  the
evolvecl  gas was ventcd through a short  hy 'podermic syr inge needlc
inse r tec l  t h rough  a  No-Ar r  s topper  a t  t he  top  o l ' t he  Dr1  l ce  con-
denser.  Al ' ter  thc aclc l i t ion rvas colnpletc.  the rcact ior-r  nr ix turc was
al lowecl  to st i r  1 'or  an adcl i t ional  hour at  0 and t l ren was al lowec' l
to warnr to roonr tenrperaturc.  Tl rc r r r i r t r - r re was l lo l l red onto crr .  I
kg of  icc.  Crudc .1,3-c l imethylbutyrrc acic l  separated as an oi l  wlr ich
was separatecl  l rom t l re aclueous lower layer rv i th a separatory funnel .
The acid was laken Lr l r  in 5(X) ml t l f  ethcr  and t reatecl  $, i th 20)1, ,
aqlreoLrs sodiunr hydroxide unt i l  the krwer aclueous lay 'er  hacl  pH 9.
The aqueous layer was separated and washed wi t l - r  thrce 200-ml
po r t i ons  o f  e thc r ;  i t s  ac id i t y  was  ad j i r s tec l  t o  pH - l  us ing  6 ,V  HCl .
- fhc 

crur ie acic l  layer which separated was taken up in 500 ml of
ether.  washed wi th threc 500-rnl  port ions ol 'water  uncl  orrcc wi t l - r
2(X) ml  of  br ine,  ancl  dr iecl  (MgSO,).  The ether wi ls  rentoved by
d is t i l l a t i on  th rough  a  l5 -cm V ig reux  co lu rnn .  l eav ing  610  g  (5 .26
mol.  86. ] ; ,  based on tc l t -buty l  a lcohol)  o l  crucie acid.  Thrs nra-
ter ia i  cor-r ld L ' re usecl  rv i thout  I 'ur ther pur i f icat ion in t l te synthesis of
3,3-c l imet l iy lbutanal  that  l 'o l lows.  l t '  fLrr ther l rur i f icat ion was re-
c lu i red .  the  l r ressL r rc  was  red r - r cec l .  and  587  g  ( -5 .06  n ro l .821 ' , , )  o f
.1.3-di rnethylbr-r tyr ic  acic l  was isolated by dist i l la t ion:  i rp 91 92'
(25  mm)  (1 i1 . ; , 0  t rp  80  82  (12  rnm) ) :  i r  (nca l )  . 14 -50 -2400  (OH) .
2960 .  1705  (C :O) .  147 ,5 ,  1370 .  1265  cm-  1 ;  nmr  (C( - l r )  6  l 2 . l  ( s ,
l ) . 2 . 1 4  ( s ,  2 ) .  I  . 0  ( s .  9 ) .

3,3-Dimethylbutanal was prepared followirrg tlre procedure of
I3edcnbaugh. ' r r  A 5-1.  three-necked f lask was f i t tcr i  wi th a nre-
c l ranical  st i r rer .  a Dry lce condenscr.  and a No-Air  stopper.  The
apparatus was f lushed wi th n i t roger i  ancl  intmersecl  in a Dry lce
2-propanol  l tath.  ancl  3 l .  of  nrorromethylanr ine rvas condensed into
i t .  C ruc le  3 .3 -c l ime thy lbu ty r i c  ac id  (210  g .  l . 9 t i  n to l )  was  degasscc l
by 'bu l rb l i ng  a  v igo ro l r s  s t rean t  o l ' n i t rogcn  th rough  i t  l b r  5  n t i n ;
i t  was lhen t ransl-crred into the react ion vessel  through t l te No-Air
stopper l ry  lbrced s iphon thror-rgh a sta in less steel  cannula.  The
No-Air  stopper was replaced wi th a g lass stopper ancl  st i r r ing was
ini t iatecl .  and the contents of  the f lask was al lowed to warm to re-
f i ux  temperz r tL l re .  L i th iL rm w i re  (13 .7  g .  1 .98  g -a ton t )  w 'as  ac i i l ed
cau t ious ly ' j ' j  i n  l -g  ( l uau t i t i es  ovc r  a  pe r ioc l  o l ' 30  n t i t r .  l - he  rc -

(64) Boron t r i l l r ror ic lc  is  u h ighly car-rst ic  nrater ia l .  Al l  opcrrr t iorrs
iuvolv ing th is nrater ia l  shoulc l  bc c i r r r icr l  out  in a u 'e l l - r 'crr t i la tcc l  hoocl
uh i l c  u ,ea r ing  appro l t r i u t c  l r ro tec t i vc  c lo th i r rg  fb r  thc  hanc ls  anc l  a rn ts .

(65) A prcssLrrc cqual iz ing c l ro l . rp ing funncl  shoulc l  nbt  bc r_rscd in th is
prcparat ior . r ,  s ince thc HCI gas 1.r16dugcd in t l rc  rcact iou can c l i f fuse
lu long the s ic lc arnr  of  thc funncl  ancl  polynrcr izc i ts  conrcuts.
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sul t ing c leep bluc solut ion was al lowcd to st i r  at  ref lux for  I  hr ,
i rnc l  an  ac l c l i t i ona l  27 .4  g (3 .96  g -a to rn )o l l i t h ium w i re  wus  cau t ious ly
addeci  over a per iod ol '  I  l r r .  The solut ion was alkrwed to cont inue
st i r r ing at  ref iux l 'or  1.1 hr  c lLrr ing which t ime the bluc cclor  pers istecl .
The glass sto l rper u,as replaced wi th a d ist i l la t ion head cappecl  wi th
a Dry lce corrc lenser ancl  leacl ing to a 3-1.  f lask immersed in a Dry,
lce 2- l r ropanol  bath.  TIre react ion f lask was l reatecJ on a steanl
bath,  ancl  the major i ty  of  the mononrethylamine was removed by,
dist i l la t ion.  The recovered amine may be stored at  -20" au( l
saved for  anot l rer  reduct ion or  d iscarded. The dist i l la t ion al t -
paratus was rcplacecl  wi th a drol tp ing funnel .  and a water condenser
was subst i tutcc l  lbr  the Dry lce condenser.  Saturated aclL leous
ammon ium ch lo r ide  so lu t i on  ( l  l . )  was  added  to  the  reac t ion  m i r -
ture f rom the c l roplr ing lunnel  ov 'er  l5 nt i r r .  The whi te preci l t i tatc
whic l i  forrned was separatecl  by f i l t rat ion.  and the f i l t rate was ex-
t racted wi th f i r ,e 200-ml port ions of  ether.  T l - re ethereal  extracts
were waslred re; lealecl ly  wi th 10i , ,  ac lueous hyclrochlor ic  acid unt i l
the waslr ings remained acid ic and once wi th saturatecl  aqueous
sod ium b ica rbona te  so lu t i on  and  d r ied  (MgSO, ) .  D is t i l l a t i o r r
th rough  a  50 -cm V ig reux  co lumn y ie lded  l l 5  -e  (1 .15  mo l .  57 | i )  n |
3 .3 -c l ime thy l l ru ta r ra l :  bp  102  104 '  ( l i r . 67  102  103 ' ' ) ;  i r  (nea t )  2955 .
2 8 6 0 . 2 7 2 0 .  1 7 2 0 ( C - , O ) .  1 . i 7 0 ,  1 3 6 5 c m  1 ;  n n r r ( C C l 1 ) 6 9 . 7 ( r ,  l ) .
2 . 0 6  ( c l .  2 ) .  1 . 0  ( s .  9 ) .

crs-  and / r r r . r -1- . \cetoxy-3,3-dimethylbut-1-ene.  Fol lowing a pro-
cedure  c lesc r i t t c l  [ r1 '  HoLrse . "2  a  sc t l u t i on  o f  210  g  (2 .10  mo l )  o f  i so -
p ro l re r ry l  ace ta tc  and  l . -10  g  o l ' 2 - to luenesu l fbn ic  ac id  was  n t i xed
w i th  10 .1  g  (1 .0 -1  rno l )  o l ' 3 .3 -d i rne thy l t ru tana l  i n  t r  500 - rn l  t h ree -
necker i  t lask ccl i r ippccl  iv i th a ntagnet ic s l i r r ing l rar .  a g lass stopl tcr .
ancl  ar  No-Air  stopl)er .  Thc l lask and contents were f lus l recl  wi th a
streanr o l -  n i t rogerr .  and the l lask was zr t tacl recl  t t t  a 60-crn plat iuunr
s l r i r rn ing  banc l  c l i : t i l l a t i on  co lun tn  tha t  l rac l  p rev ious ly  been  l l ushe t l
w i t h  n i t r o g e n .  f h c  r c . r c t i o n  r n i r t u r c  w a s  h e a t e c l  t o  1 2 0 . ' b y  i n r -
n rc rs ion  in  un  o i l  bu th .  and  the  n r i r t u re  was  s t i r rec l  a t  t o ta l  re f l ux
under a u i t rogen utnrosphcre.  The acetoue wl i ich is  l t rodLrced in
th is react iou causeci  the ctr lunrn heacl  ternl terature to s lowly c lecl ine .
ancl  when t l re t rnrpcraturc was 60 ,  nrater ia l  was al lorvecl  t r t  d ist i l l
o l 'er  unt i l  thc t ! 'mpcratLrre c l inrbecl  atrove 60 ' .  Thrs o l terat ion rvas
repeutccl  throi rghoLrt  the course ol -  the rearct ic ln.  

- f l re 
react i t )n wa\

lb l l oweL l  by  g lpc  ana ly ' s i s  o l ' a l i c luo ts  taken  I ' r o rn  thc  l )ask  L - ry  a
syr i r rge neecl le insertecl  througl t  the No-Air  sto l lpcr .  Af ter  64 hr
no Llnrcactecl  a ldelryr le rcnraincd.  

- f  
he react ion nr ix turc was cooled

to rcom tcrnl lcr l tLrrc ancl  was tuken up in 200 ml o l '  pentane.  The
l lentane solut ion rvas washct l  u ' i th lhrec 100-nt l  l ror t ions of  saturatccl
ac lL teoL ls  soc l i un t  b i ca rbona te  so lu t i o r - r  anc l  once  w i th  100  n r l  o t '
wa te r  anc l  c l r i ec l  ( \ {gSO ' ) .  A  rap ic l  d i s t i l l a t i on ' r s  o l '  t he  c rude  l t rod -
luc t  t l r rough  a  60 -c r l  Tc l l on  a r rnu la r  sp inn i r rg  l ranc l  c i i s t i l l a t i on
c o l u m n  y ' i e l c l e r l  l l l  g  ( 0 . 8 1  r n o l .  7 8 " , , ) o l ' a  2 : 3  n r i x t u r e  o f  c r . i -  n n c l
I run . t -7 -ace lo \ ) . ' - 3 .3 -d ime th l l bu t - l - cne .  bp  125  160  .  Care f ' L r l  d i s -
t i l l a t i on  o l -  t h i s  l r i x tu rc  us ing  thc  Te f lon  sp i r - rn i r rg  banc l  co lumn
-v ' ie lc lecl  8.8 g o l -  ; rure (  >99 " , ;  by g lpc)  r ' i . r - l -ace toxy-. i .3-di r lc thy ' lbut-
l - e n c .  t r p  l - 1 5  l l 6  ;  3 6 . 7 g o l ' p u r c  ( > 9 9 " . ;  b y g l p c )  t r u t t r - l - a c e t o x ) -
- 1 " 3 - c l i n r e t h , v l b u t - l - e n e .  L r p  1 5 1 . 5 ' :  a n d  2 6 . 8  g  t t l ' a  n t i x t u r e  o l ' t l r e
i son re rs .  r ' i . r - l -Acc to r_ r -1 .3 -d in rc thy lbL r t - l - cne  hac l :  i r  (nea t )  29 -5 -5 .
29 (X) .  2860 .  1760  ( ( '  O) .  l 6 (n )  ( ( '  ,C ' ) .  1 .17 -5 .  I380 .  l 215  (C  O) .
l 0 -55 .  9+0 .  880 .  and  7 -10  c r l  r :  r rn l r  (C ( ' l r )  6  9 .85  (d .  1 " . /  :  7  Hz ) ,
- 1 . 6 6  ( c l .  1 .  J  -  7  H z ) ,  1 . 0 6  ( s .  3 ) ,  1 . 0 6  ( s ,  9 ) .

,1r tu l .  Calcr l  lbr  C,H, 'O. . : :  ( '  .  67 .57:  H.  9.92.  FoLrnd :  Cl .
6 7 . 7 7  .  H .  9 . 8 9 .

tnu ts - l -Ace to r l - , 1 .3 -c l imc thy ' l b i r t - l - cnc  l rac l :  i r  (nea t )  3 l ( )0 .
2980 .  290 f ) .  1860 .  1750  (C  O) .  166 i1  (C  ,C) .  t "180 .  l - r70 .  t220
( C  O ) "  1 0 8 - 5 .  l ( X 0 . 9 J 0 . 8 9 0  c n r  1 :  n n r r  ( C C l , )  d  7 . 0 5  ( d .  l .  /  :
l . r  H z ) .  - 5 . - 1 0  ( c l .  l .  J  -  l l  H z ) .  2 . 2 1 ( s .  l ) .  1 . 0 6  ( s .  9 ) .

, ' 1 t u i l .  C a l c d  I ' o r  C , H r O : :  C . 6 7 . 5 7 ;  H . 9 . 9 2 .  F o u n c l :  C .
6 7 . 3 3 ;  H , 9 . 9 0 .

l rT r r . r -1-  \cetor l ' -3,3-dimefhl , lbut- l -ene.  A 2-1.  thrce-necked i lask
was ec1ui1 ' r1-red u ' i t l r  a mechanical  st i r rer .  a pressurc-equal iz ing drol t -
p ing funnel  capped l i ' i t l r  a No-Air  stoplrer .  and a No-Air  stopper.
The  l1ask  was  f fus l r cd  r , v i t h  n i t rogen .  and  a  so lu t i on  o f  170  g  (1 .00
rnol)  of  d iphenl lamine in I  I .  of  c l r l ' .  degassecl  et l rer  was added tc l
the f ' lask b1'  forced s iphon through a sta in less steel  cannula.  Tl re
l lask and col l tents u 'ere cooled b1 immersion in a Dr1 Ice acetonr
ba th .  A  so lu t i on  o f  606  n r l  (1 .00  mo l )  o f  1 .65  ,V  n rc thv l l i t h iun r  i r r

(66)  Largc  c luar t t i t i cs  o f  h l , r l rogcr r  gas  arc  l r roc lucec l  in  l rn
r c a c t i o n  c l u r i n g  t h c  a c l c l i t i o n .  l - o o  r a p i c l  a c l c l i t i o n  o f - t h c
r e s u l t  i n  u n c o n t r o l I a b l c  c t l c r v c s c c r r c c .

6 i \  L .  S c l i r n c r l  i r r - ' - r ,  J .  . . l t r r a r .  C ' h u r t , . 9 o c . , 6 8 ,  1 6 5 0 ( 1 9 4 6 ) .
( 6 8 )  T h c  i r r r l t u r c  n l r t c r i r r l  h u s  a  t c r r c l c n c _ \ '  t o  n o l y r n c r i z c

s l o i v  s p i n n i n g  b a n c l  d i s t i l l i r t i c l n .  A  q L r i c k  c l i s t i l l a t i o n  l t r i o r
onc  vas t ly  in l r ro r  cs  thc  y ' i c lc l  o f -cno l  acL . ta tc  ob ta incr l .

c  ro thcr  rn  i c
l i t h i L r m  r v i l l

, i r r r i r r r r  t l r , '

to  thc  s lo rv



ether, transferred by cannula into the dropping funnel, was added

over a 45-min per iod to the rapid ly st i r red diphenylarni r re solut ion.

Evolut ion of  methane began immediately aqd cont i r lued lbr  sevcral

minutes af ter  the addi t ion was complete.  The resul t ing solut ion

was a c lear dark green.  The dropl- r ing f r - rnnel  was r insed wi th I0

ml of  c l ry.  degassed ether and charged wi th 92.2 g (0.92 mol)  of

3,3-dimethylbutar . ra l .  The aldehyde was s lowly added wi th con-

t inued st i r r ing tc t l . re cold solut ion of  l i th i r " rm diphenylanr ide:

addi t ion was complete in 30 min.6e The mechanical  st i r rer  and

dropping funnel  were replaced wi th No-Air  stoppers.  and the solu-

t ion was set  aside in a DrY Ice bath.

A 5-1.  three-necked f lask was equipped wi th a mechanical  st i r rer

and two No-Air stoppers. Acetic anhydride ( | kg) was acldecl to the

llask. and the reaction vessel and contents were llushed with a

stream of  n i t rogen introduced through one of  the No-Air  stoppers

by use of  a syr inge needle.  St i r r ing was begun, and the f lask was

cooled wi th an ice bath.  The green enolate solut ion was added over

1.5 hr  by forced s ip l - ron througl-r  a cannula inserted through the

other No-Air  stopper.  The restr l t ing solut ion turnecl  c loudy whi te

ancl  th ickened consic lerably.  Onc of  the No-Air  stoppers was re-

placecl  wi th a dropping funnel .  the other wi th a ref l t tx  conclenser.

The r l ropping funnel  was charged wi th a solr - r t ion of  3,50 g of  sodium

hydroxide in 500 nt l  of  water ,  ancl  th is solut ion was added caut iously

to the cooled react ion mixture;  th is hydrolysis is  very exot l rermic.
Af ter  the resul t ing solut ion l - rad been al lowed to st i r  fbr  0.5 hr .

i t  was al lowed to warm to room temperature and was extracted
with for-r r  200-nr l  port ions of  ct l te-r .  The cther extracts wcre col l -

centratecl  to a volume of  500 ml ancl  washecl  wi th 10", ]  ac lueous

sodium hydroxide solut ion unt i l  the washings remained basrc.

The extracts were then washed once wi th l00 nt l  c f  51. ;  aqueolrs
hydrochlor ic  acic l  solut ion.  once wi th 100 ml of  saturatecl  aqueous
sodir- rm bicarbonate solut ion.  once wi th 100 ml of  br ine ancl  c l r ied
( MgSOr). Disti l lation at reducecl pressure tl 'rrouglr a 60-cm Vigreux

column yie lded 93.5 g (0.66 mol ,  7 l  i l . ; j  based on 3.3-dimet l iy l -
butanal)  of  a f ract ion wi th bp 60-62" (20 mm).  Glpc and spectro-
scopic analysis s l rowed the mater ia l  to be >99i ' , ,  pure l r (urr- l -

acetoxy- 3.3-dimethylbut-  I  -ene.

thrctrl-Acetoxy-3,3-dimethylbutane-1,2-tl2 (thrco'l). A mag-

netic stirring bar was placed in a 200-ml glass aerosol rcaction vessel
(VWR or Fisher-Porter) ,  f i t ted wi th aprpropr iate pressure gauge and

inlet valve system, and 40 ml of dry (n"rolecular sievcs) ethyl acetate

and 200 mg?0 of  Plat inum Black catalyst  were introclucecl .  Thc
vessel  was stoppered wi th a No-Air  stoplrer  and cooled in an ice

bath" and the contents was degassed by bLrbbl ing a v igcrous stream
of n i t rogen through them for  5 min.  The No-Air  stcpper was rc-
movecl .  and t l re react ion vessel  was quickly at tached to the rest

of  the pressLlre react ion apparatus which had i tsel f  been l r reviously
f lushed wi th n i t rogen. Rapic l  s t i r r ing was in i t iatecl .  and the ap-
paratus was pressur ized to 50 psi  wi th deuter ium. Af ter  30 min the

apparat l rs was vented.  Two fur ther eclu i l ibrat ions of  the catalyst
wi th deuter ium were carr ied out  at  50 and 100 psi .  respect ivc ly.
Vinyl  acetate (0.75 ml)  was introducccl  thror-rgh the No-Air  stopper
by use of  a syr inge,  and the apparatus was pressur ized tc 100 psi .

Al ter  I  .5 hr  der, r ter i r - rm r-rptake stopped at  , lP :  l8 psi .  T l rc rcact iot ' t
vessel  was coolecl  in an ice Lrath and vented,  and 4 ml ( -1.62 g,  2.55
mnrol)  o l  I  ran.s- l  -acetoxy-3.3-dimethylbut-  |  -enc was in jected wi th a
syr inge.  The ap5rarat l rs was ; r ressur izecl  to 200 1rs i .  and the pres-

sure wels maintainccl  betwcen 175 arrd 200 psi  dur ing the col t rse of
t l re react ion.  Al ter  2.7 5 l t r  deuter ium uptake ccased at  a tota l  lP :

53 psi  ( theorct ical  5zl  psi . ) .  The apparatus was ventcd,  the glass

react ion vessel  was c letached and f lushed rv i th n i t rogslr ,  aucl  the
contents rvas f i l terecl .  Al l  of  t l - re f i l t rate having bp <100' '  was
separated by dist i l la t iot - t  t l i rough a 20-cm stain less stcel  spinr t ing
Lrancl  column, lcaving crude thrao- l -acetoxy-3,3-dimethylbutane-
1.2-&.  A 100-mg sample of  th is mater ia l ,  pur i f ied by glpc for
spectroscopic analysis.  had a glpc retent ion t imc indist inguishal-r le
f rom that  of  an authent ic  sample of  l -acetoxy-3,3-dimet l - ry lbutane

;rrepared f iom 3,3-dimet l ry l t r r - r tan- l -o l  and acety l  chlor ide and had:
i r  (CHCl r )  2950 .  2180 .  1740 ,  1465 ,  1365 .  1240 ,  1045  cm- l :  c le t t -

(69) A var icty of  ot t rcr  bascs inclucl ing l i th iunr ancl  l totassir . rnt  t r i -
phcrry lmethic les,  l i th ium cl i isopropylanr ic lc,  l i th iunt  c l icyclohcry lar t r idc,
luncl  cyclopcntacl icnyl l i th ium lvere t r iec l .  Al l  of  t l resc l r rovccl  to bc
infer ior  to l i th iunr c l iphenylamicle,  e i thcr  because t l re i r  use lcd to lorvcr
y ic lc ls of  t rans enol  . rcctatc or  because thcy lcc l  to a product  rn ixture-
con ta in i r rg  somc c i s  cno l  r ce ta tc .

(70) The amount of  catalyst  rcquired dcpencls on i ts  act iv i ty .  Goocl
rcsul ts wcre obtai r . recl  by using an amount of  catalyst  rvhich ef fcctcd
complcte hyclrogenat ion in 2-3 hr .
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ter ium-clecoulr lcc l  nmr (CHCI, , )  6 4.02 (d.  l .  /  :  6.1 Hz).  1.9-5 (s

3 ) .  1 . 5 0  ( d .  1 . . /  :  6 . 1  H z ) .  i ) . 9 3  ( s ,  9 ) .
The crudc acetate was hydrolyzecl  wi t l tcr l t  I 'ur ther pur i f icat ion '

thrco-3,3-Dimethylbutan-l-ol-1,2-r1.2. To 3.75 g of crude tltrco-l

was  added  l5  m l  o f  2O i ' , ' , 1 t v1* l  soc l i um hydrox ide  in  wa te r  so lu t i on .

and the react ion mixture was al lowed to st i r  at  ref lux overnight .

Glpc analysis indicated that  a l l  the acetate had been hydrolyzed.

The react ion mixture was extracted wi th f ivc 5-ml port ions of  ether.

and the cther extracts were washed twice wi th 5-ml port ions of

wa [e r  and  c i r i ed  (MgSO' ) .  
' f he  

e the r  was  removed  by  d i s t i l l a t i on

th rough  a  lO-cn t  V ig reL rx  co lumn.  and  the  h igher  bo i l i ng  mate r ia l

was c l is t i l led througl-r  a Mirr i lab microcl is t i l la t ion t rpparatus.  y ie ld-

ing  1 .86  g  (1 .8a  mmol .68 ' i i  based  on  t runs -1 -ace toxy -3 ,3 -d ime thy l -
br-r t - l -erre)  of  rhrao-3.3-dimethylbutan- l -o l -1,2-dt :  l rp 140 l4:+
( l i t . : ,  b p  1 4 0  1 , 1 5 - ) :  i r  ( c H C l , , )  3 6 0 0 . 3 4 ; 1 0 , 2 9 5 { ) . 2 1 5 0  ( C  D ) .

1420. t340" l0;10,  10,10,  9-10 cm t :  deuter ium-clecouplet l  nmr
( C H C I , I ) :  6  3 . 5 9 ( d ,  l . / :  5 . 8  H z ) . 3 . 4 0 ( s .  l ) .  1 . 4 6 ( c l .  l . - / :  5 . 8  H z ) .

0 .92  (s^  9 ) .
e r lt t I t ro-l - Acetox 1' -3,3-dimethylbutane-1,2<1,. c ry I lt ro-l wa s pre-

pared f rom cis- l -acctoxl ' -3,3-dimet l - ry lbut- l -cne fo l lowing t l re

mcthod descr i l ' rec l  above for  thrao- | .  The product  hacl  thc samc

retent ion t ime as an authcnt ic  sample of  l -acetoxy-3.3-di rneth,r ' l -

butane anci  hacl :  c leuter iunr-c lecoupled nmr (CHCIr)  o 3.99 (d.

1 . " / :  U . 8  H z ) .  1 . 9 2 ( s . 3 ) .  1 . , 1 9 ( d .  I . " / :  8 . 8  H z ) . 0 . 9 3 ( s . 9 ) .

erythro-3,3-Dimethylbutan-1-ol-1,2-& was prepared Lry the [r1'-

drolys is of  er t , t l t ro-1,  using the niethod descr ibed for  the synthesis

of  threo-Z.  The product  had the same glpc retent ion l i tne as ar l

authcnt ic  sample of  3.3-dimethylbutanol  and had:  deuter i t tm-

d e c o r - r p l e d  n m r  ( C H C I , )  6  3 . 6 1  ( c l .  1 . . t  :  9 . 2  H z ) .  l . 4 l  ( s .  l ) .  1 . 4 - l
( d .  l .  " /  

-  9 . 2 H 2 ) . 0 . 9 3  ( s . 9 ) .

zr'-Cyclopenta dienyl dicarbonyliron e r y I h ro-3,3-Dimethylbutyl- 1, 2-

t t ,  (3) .  A.  Using a l i tcrature procedure.sT nlagnesium l rowder
(40 mesh. 0.68 g.  28 nlg-atoms),  2.84 g (11.0 mnrol)  o l '  z . -cyclopenla-

d ieny ld i ca rbony l i ron  c i i n ie r .  0 .69  m l  (  I . 50  g .  U .0  mmol )  o l '  l ' 2 -

c l ibromoetf ianc.  and 100 ml of  c l r ied,  degassecl  THF were placecl

in a f lame-dr ied 200-ml l iask cquipl ted wi th a magnet ic st i r r ing bar

ancl  a n i t roger,  in let .  This react ion mixture was al lowecl  tc  st i r

at  roont  tentperature lbr  l9 hr .  A 40-nl l  cerr t r i l ' l tge tube was

equipped rv i th a magnet ic st i r r i r - rg bar and a No-Air  stoppcr and

was  l l ame c l r i ec l .  An l r yd rous  e the r  (10  m l )  and  1 .58  g  (15 .2  mmol )

o l  cn . t l t n r l  werc  i l t r o t l ucc f l  t h r6g [  t [ e  s topper  t t s ing  l t  \ ] r i l . l gc .

and the mixture was cooled ancl  st i r red in an ice bath '  
'T 'o 

th is

so lu t i on  was  ac l c lec l  7 .0  m l  (16 .0  mmol )  o i  a  2 .2 t i  M  so lu t i on  o l  l l -

buty l l i th iunt  in hexanc.  A rv l i i te precip i tate lbrrned c lur ing the

slow aclc l i t ion o1' t l te l i th iLrnr  reagent.  A1' ter  t l - re aclc i i t iorr  was corn-

l r lete.  t |c  react ion nt ix ture was al lorvecl  to st i r  fcr  l5 mir l .  and 3.88

g  (  15 .2  mmol )  o f  2 -b romobenzenesu l lony l  ch lo r ide  was  cau t ious ly

added. The solut ion was al lowecl  tc  warnt  to roonr temperat t l rc  a l lL l

to cont inue st i r r i r - rg lor  I  hr .  The solut io l - l  was cer l t r i fugecl  ancl

t l re supernatant  l ic lu ic l  was renloved and storecl  t tnc ler  r t i t roget t .

The  rema in iug  wh i te  p rec ip i ta te  was  washed  th ree  t imes  w i th  l 0 -n t l

port ions of  c lcgassed ether.  arrd the st l lu t ions ol '  brosylate and

wasft ings were aclc lecl  by forcecl  s i l rhon thror-rg l i  a sta i t l less steel

cannula to the previously l t rcparec{ solut ion of  i ro l  anion.  Tl - re

resul t i r rg solut ion was al lowecl  to st i r  under n i t rogen at  room

temperature lor  - l  hr .  The solvent  was re lnoved at  rocln tempera-

tL l re at  0.1 mm of  l r ressure.  and the sol ic l  resic lue wi tsextractecl  wi t l l

l ive 25-ni l  l lor t io ls o1'  c legasscd l tcrr tane.  The er t racts were col ' l -

centrated to a l0-ml volume ancl  chromatogral l l red uucier  r t i t rogct t

on a 2 X 20-crn column o1'  N' lerck acid-washecl  a l t r rn iua.  usrng c le-

gassecl  pentanc as the eluetr t .  Orrc yel low bauci  e lutecl :  renroval  of '

the pentarre at  room temperature ancl  0.  I  mm of  pressLlre lef t  2.6 ' l  g

(10.0 rnmol.66' . ' ' i ,  based ort  cr t ' thro-1)  o l 'a yel low sol id:  mp 33 3 '1 ;
i r  (CHCI,r)  29-50,  200-5,  1955 cm 1;  c leuter ium-clecouplecl  nnrr
( C H C l , r )  , i 0 . f i 6 ( s . 9 ; ,  1 . 4 0 ( d ,  l . J :  l l . l  H z ) .  t ' 2 6 ( c 1 '  l . / :  l 3 . l

H z ) , 4 . 6 8  ( s .  5 ) .
B.  zr-Cyclo l tentacl ienylc l icarbonyl i ror- t  c l imer (1.42 g.  4.0 mmcl)

ancl  50 ml o l 'c l ry.  c legassed THF were placecl  in a f lame-cl r ied I00-

rnl  l lask equi ; rpecl  wi th a magnet ic st i r r ing bar ancl  a n i t rogen i r r let .

F i r re ly chopped l i th ium wire (0.18 g.  26 mg-atom) was added, ancl

the react ion mixturc was al lowed to st i r  for  t  hr .  A soh,r t ion of  5.0

mmol o l  threo-3.3-dimethylbLrtan- l -o l - / .2-r l :  brosylate was added

to thc rcact io l  nt ix ture [ r -v ' forcccl  s iphon through a sta i t r less steql

cau lu la .  The  rcs i r l t i ng  r l i r t u re  wns  a l l owed  to  s t i r  l b r  3  [ r .

Work-up as before 1 ' r roclucet l  0.91 g (3.4 mmol.  68l ' i )  of 'a yel lorv

sol ic l  rvhose i r  arrd untr  spectra were ic lent ical  wi th t l rose rcportecl

rubove.
ery I hro-l-Bromo-3,3-dimethylbutene- 1,2-dz, A -50-ml round-bot-

tomed f lask equipped 'uqi th a magnet ic st i r r ing bar.  a thernlometer,

and a No-Air  stopper was f lame dr ied,  a ld 20 nl l  of  dry (molecular

Sf ereochernistrt ' o.f ' Reactittns ul Carbrtn-Trunsition M4ul o BrtndsWhiresides, et ul. ,l
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sieves), degassed dimethylformamide, 5.61 g (21.4 mmol) of tr i-
phenylphosphine, and 2.08 g (20.0 mmol) of threA were intro-
duced. The solut ion was cooled to -10o, and bromine (1.05 ml,
3.10 e, 20.0 mmol) was added in drops to this rapidly st irred solu-
tion. The bromine was added at a rate that kept the solution tem-
perature between - l0 and 5". After the addition was complete,
the mixture was allowed to warm to room temperature. The
volatile contents was distilled at 30' and 0.02 Torr into a collector
held at -78". The distillate was transferred to a separatory funnel,
ice-water (20 ml) was added, and the lower layer was separated
and dried (MgSO,). The yield of alkyl bromide was 1.46 e @O%):
deuterium-decoupled nmr (CDCl: l)  6 0.92 (s, 9), 1.80 ( l ,  2 over-
lapping doublets, J :  12.5Hz and J' :  5.3 Hzin arat io of 90: 10).

z--Cyclopentadienyldicarbonyliron t hre o-3,3-Dimethylbutyl- 1,2 -d2.
r-Cyclopentadienyldicarbonyliron dimer (0.71 g, 2.0 mmol), 25 ml
of dry, degassed THF, and 5 ml of dry, degassed HMPA were
placed in a ffame-dried 50-ml flask equipped with a magnetic
st irr ing bar and a nitrogen inlet.  Lithium dispersion (507i in
hexane, 0.070 g, 5.0 mg-atom) was added, and the reaction mixture
was al lowed to st ir  overnight. An approximately 90:10 mixture
of e ry t lt ro- and t h reo-l-bromo-3,3-dimethylbutane- I .2 -dz (330 mg,
2.0 mmol) was added by syringe, and the result ing mixture was
allowed to stir for 3 hr. Work-up as before produced 225 mg (0.86
mmol, 43%) of a yel low sol id whose ir spectrum was indist inguish-
able from that reported above: deuterium-decoupled nmr (CHCI3)
6  0 .86  ( s ,  9 ) ,  1 .44  (d ,7 ,  J  :  4 .5  Hz ) ,1 .31  (d ,  1 ,  J  :  4 .5  Hz ) .  The
lines were broad and small amounts (10%) of the erythro diastereo-
mer probably would not have been detected.

l -Bromo-3,3-dimethylbutane-1,2-d2 for Mass Spectral Analysis.
A 25-ml round-bottomed flask equipped with a magnetic stirring
bar and a No-Air stopper was flame dried, and 10-ml of dry (molec-
ular sieves), degassed dimethylformamide, 1.28 g (4.9 mmol) of
triphenylphosphine, and 0.50 c @.9 mmol) of erythro-l were in-
troduced. Bromine (O.27 ml,0.88 g,4.9 mmol) was added in drops
to this rapidly stirred solution over 5 min. After the addition was
complete, the mixture was allowed to stir for 30 min, and the con-
tents was distilled bulb-to-bulb at 0.05 Torr into a collector held
at -78". Collection of product by glpc afforded a sample of
1-bromo-3,3-dimethylbutane-1,2-dz which showed isotopic com-
position (70 eV) : 1 .O'% do, 3 .9 % db 93 .4% dz, 1 .7 7t" dt, and 0.0 7(,
dt.

Reaction of 2 with Bromine. Bromine vapor (0.15 ml, 2.7 mmol)
was swept with a stream of nitrogen through a rapidly stirred solu-
t ion of 450 mg (1.7 mmol) of the alkyl iron compound 2 in 0.5 ml
of solvent (pentane, carbon disulfide, or dimethylformamide)
under a nitrogen atmosphere at 0o. After 15 min all of the bro-
mine had been bubbled through the reaction mixture, and the com-
ponents of this mixture were distilled at room temperature (60"
for the reaction mixture employing DMF) and 0.005 Torr into a
trap cooled with a liquid nitrogen bath. Glpc analysis of the
product mixtures indicated the presence of 1-bromo-3,3-dimethyl-
butane-l,2-dz: deuterium-decoupled nmr (pentane) 6 3.26 (d,
7, J :  5.1 Hz) (other peaks were obscured by solvent peaks); in
carbon disulf ide 6 3.24 (d, 1, -/  :  5.1 Hz), l .7S (d, 1. J :  5.1 Hz),
0 .92 (s ,9) ;  in  d imethy l formamide 6 1 .78 (d ,  1 , , /  :  5 .1  Hz) .0 .91
(s, 9); the doublet at 3.24 was obscured by dimethylformamide
absorptions.

Methyl erythro-4,4-Dimethylpentanoate-2,3-d2. The bromina-
tion of 2 was carried out as described above, using anl-rydrous
methanol as the solvent. Glpc analysis of the crude product mix-
ture showed only a minor amount (-57; of the major product)
of the alkyl bromide 4, the majority of the product being identified
as methyl erythro-4,4-dimethylpentanoate-2,3-dz: ir (CHCI3)
2950, 1730, 1460- 1360, 1285, 1125 cm-t; deuterium-decoupleci
nmr  (CHCI3 )  d  3 .53  ( s ,2 .26  (d ,  q ,  / :  11 .0  Hz ) ,1 .50 (d ,  1 ,  " r :  11 .0
Hz ) ,0 .82  ( s ,9 ) .

Oxidation of 2 in Methanol Solution. A. Using Oz. A 5-ml
ffask was equipped with a magnetic stirring bar, a syringe needle
functioning as an oxygen inlet,  290 mg (1.1 mmol) of 2, and 1.5 ml
of anhydrous methanol. A slow stream of oxygen was bubbled
through the stirred solution for an hour, during which time a yellow-
brown precipitate was produced. All volatile material was dis-
tilled at 0.05 Torr and 35o into a trap cooled by liquid nitrogen:
deuter ium-decoupled nmr 6  3 .63 (s ,  3) ,2 .26 (d ,  1 , . /  :  11.1  Hz) ,
L49 (d ,  1  ,  J  :  11 . l  Hz) ,0 .89 (s ,  9) .

B. Using Ceric Ammonium Nitrate. A solution/slurry of 1 .10 g
(2.0 mmol) of ceric ammonium nitrate in 0.75 ml of degassed an-
hydrous methanol was stirred at room temperature, and 540 mg
(2.0 mmol) of 2 was added as a solid. The solution turned brown-
ish black. After 30 min of continued stirring all volatile material
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was disti l led at 0.05 mm of pressure and roonr temperature into a
trap cooled wi th l iquid n i t rogen. The deuter ium-decoupled nmr
was indist inguishable f rom the reported in part  A above.

React ion of  2 wi th Iodine.  A solut ion of  134 mg (0.5 mmol)  of
iodine in 0.5 nr l  of  carbon disul f ide was st i r red under a n i t rogen
atmosphere at  room temperature.  A solut ion of  134 mg (0.5
mmol) of 2 in 0.25 ml of degassed carbon disulfide was added in
drops to the st i r red iodine solut ion over a per iod of  5 min.  The
reaction vessel was immersed in a water bath held at 20 25 " during
the addition. The black product mixture was allowed to stir for
l5 min,  and al l  volat i le  mater ia l  was separated by dist i l la t ion at
25" (0.002 Torr)  into a t rap cooled in a l iquid n i t rogen bath.  Glpc
analysis of the crude product mixture indicated a major product
with the same retention time as an authentic sample of neohexyl
iodide:  deuter ium-decoupled nmr (CSr)  A 3.06 (d,  l .  J  :  4.7 Hz),
1 .84  (d ,  l , J  :  4 .7  Hz ) .  0 .90  Hz) ,  0 .90  (s ,  9 ) .

Reaction of 2 with Chlorine. A 25-ml round-bottomed flask
was f lushed wi th chlor ine gas,  and the chlor ine (25 ml,  l . l  mmol)
was then condensed into a l iquid n i t rogen cooled t rap on a vacuum
l ine.  The chlor inc was al lowed to bulb- to-bulb d ist i l l  in to a 5-ml
f lask held at  -  195 ' '  and contain ing 0.5 ml of  dry (  Molecular  Sieves),
degassed CHCI, ,  and a magnet ic st i r r ing bar.  The f lask was
stoppered wi th a No-Air  stopper and t ransferred to a bath held at
-20".  To th is rapid ly st i r red c l r lor ine solut ion was added in
drops over a 2 min per iod a solut ion of  100 mg (0.38 mmol)  of  2
in 0.20 ml of  dry,  degassed CHCh. The react ion mixture im-
mediately lurned brown. The react ion mixture was al lowed to
warm to room temperature,  and al l  volat i le  mater ia l  was dist i l led
at  25'  (0.005 mm).  Glpc analysis of  t l . re crude product  mixture
indicated one major  product .  ervthro-4.4-dimethylpentanoyl-
2,3-dt-chlor ide.  ident i f ied on the basis of  i ts  i r  and nmr spectra:22
i r  (CHCl r )  2930 .  1790 ,  1510 .  1360 ,  1280 ,  955  cm- i ;  deu te r ium-
d e c o u p l e d  n m r  6  0 . 9 4  ( s .  9 ) ,  1 . 6 2  ( d ,  l .  J  :  l l . 0  H z ) , 2 . 7 8  ( d ,  l ,
J  :  11 .0  Hz ) .

zr-Cyclopentadienyl(triphenylphosphine)carbonyliron t ltreo-4,4-
Dimethylpentanoyl-2,3-d2. threo-Z, 0.25 g (9.3 mmol), was dis-
solved in 2 ml of  THF and added to 0.52 g (20 mmol)  of  t r iphenyl-
phosphine in a 25-ml flask equipped with a water-cooled reflux
condenser and a magnetic stirring bar. The mixture was heated
to 65'  for  l9 hr .  An i r  spectrum of  an al iquot  of  the react ion mix-
ture indicated carbonyl  st retching at  l92O and l615 cm-r.  The
solvent was removed under reduced pressure and the red-orange
residue was dissolved in 2 ml of chloroform and chromatographed
on a 2 X 20 cm column of  Act iv i ty  I I I  neutra l  a lumina (Woelm).

Two yellow bands separated. The first was collected with 50 ml of
cyclopentane eluent  and had an i r  spectrum wi th carbonyl  st retching
at  2005 ancl  1955 cm I .  The second yel low f ract ion col lected wi th
l : l ether; cycloprentane had carbonyl stretching at 1920 and l 6l 5
cm r. Evaporation of the solvent from the second fraction gave
0 .32  g (62 ' , . ; 1o f  i ron  acy l  hav ing  mp 143"  dec .  Spec t ra l  da ta :  i r
(HCCl i )  3050 ,2950 ,  1920 .  1615 .1475 ,1450 ,  1360 ,  1090  cm-  1 ;  deu te -
r ium-decoupled nmr (DCCh) 6 0.72 (9 H, s) .  0.85 (0.5 H. c l .  J  :  4.4
H z ) ,  I  l 8  ( 0 . 5  H .  d , " /  :  1 . 4 H 2 ) . 2 . 4 6  ( 0 . 5  H .  d , " r :  4 . 4 H 2 ) , 2 . 7 2
( 0 . 5  H ,  d , - /  :  4 . 1 H 2 - ) . 4 . 4 0 ( 5 H .  d , " /  :  1 . 0  H z ) .  7 . 3 3  ( 1 5  H ,  m ) .

The nmr spectrum of  the nondeuterated analog prepared in the
same manncr consisted of  an ABXY pat tern for  the CHDCHD
protons character ized by the fo l lowing chemical  shi f ts  and coupl ing
c o n s t a n t s t  v s  : 0 . 8 5  p p m .  z H  :  1 . 1 8  p p m .  v x  :  2 . 5 7  P P r r l ,  z y  :

2 .80ppm, . /aH :  *  l 3 .6  Hz . - / r r '  :  +1  5 .7  H2 , , / r r  :  Jsv  :  .F4 .2

H z . J s y : . . h x :  + 1 2 . 5 H 2 .
Anal .  Calcd for  CrrH'r , , rOrFeP: C, 71.00;  H,  6.34.  Found:

c , 7 0 . 5 5  , H , 6 . 4 3 .
zr-Cyclopentadienyl(triphenylphosphine)carbonyliron t lt re o-3,3-

Dimethylbutyl-l,2-d2, A solution of 100 mg of the mixture of
z'-cyclopentadienyl(triphenylphosphine)carbonyliron tltreo-4,4-
dimethylpentanoyl-2,J-rl ': diasteriomers in 15 ml of benzene was
prepared under nitrogen and transferred by cannula into a quartz
tube equipped wi th a water-cooled cold f inger,  a magnet ic st i r r ing
bar,  and a serum stopper.  The react ion mix iure was i r radiated fop
2 hr in a Rayonet Photochemical Reactor using 4 No. RPR 3000-4
and 12 No. RPR 3500-A lamps. The benzene was removed under
vacuum and the residue chromatographed under nitrogen on a 2.0
X 25-cm column of  neutra l  a lumina packed in pentane.  Elut ion
with benzene gave one orange band wi th z(CHClr)  :  1900 cm-l .
Removal of solvent afforded ca. 1O me G2%) of orange, semisolid
product ,  having i r  (CHCl,r )  3040, 2910, 1910, 1480, I  440,  |  360,  1090,
995, and 815 cm-t ;  deuter ium-decoupled nmr (benzene) for  the
CHDCHD moiety,  two equal ly  intense ABX spectra wi th zr  :

1 . 0 1 .  z s  :  1 . 4 3 .  J t s :  4 . 4 H 2 , . / n x  :  0 . 7  H z ,  - / a x : 0 H z ;  v ^ ,  -

1 . 1 9 .  v s '  :  I . 3 0 .  J t , B '  :  4 . 4 H 2 ,  J n , r ,  :  2 . 0 H 2 ,  J e . x ,  :  0  H z .



The experiurental sprectrum, and the theoretical spectrllm gencrated

using thesc parametcrs, are re;rroduced in Figure 6.

zr-cyclopentadienyl(rerl-butyl isocyanide)carbonyliron t lt re o-4,4-

Oimettrylpentanoyl-1,2-d'2. A solution of 0.23 g (0'87 mmol) of

the alky l i ron compound 2 and 0.28 g (3.5 mmol)  of  tcr l -buty l  iso-

cyanidetr  in 10 ml of  dry,  degassed tetra l ,ydrofuran was st i r red at

..f lu" under nitrogen for 16 hr. Most of the solvent was removed

at room temperature ancl 0.05 Torr. The concentrated crude

react ion mixture was chromatographed on a 2 X 20-cm columrr of

Merck acid-washecl alumina using elher as eluent. Only one mobile

yel low band appeared on the column under these condi t ions.  The

yellow band wis collected under nitrogen, the solvent was removed,

ancl  250 me Q.72 mmol,  83%) of  yel low crystals were col lected:

mp 63-66 ' ; i r  1CCt , )  2950 .2150 '  1940 .  and  1630  cn t  r ;  deu te r ium-

decoup led  nmr  (CHCI3 )  6  0 .73  (s ,  9 ) ,  1 .24  ( t l ,  1 ,  J  :  I  I  ' 9  Hz ) '  1 '34

( s . 9 ) , 2 . 6 4  ( d ,  l ,  " /  :  1  1 . 9  H z ) ,  4 . 4 8  ( s ,  5 ) .

A sample of  9-do prepared in a manner analogous to the above

preparation yielclecl yellow crystals giving elemental analysis below.'  
Ant i l .  Calcd lbr  CrsHrOzFeN: C, 62.63;  H'  7.89;  N,  4 '06'

F o u n d :  C ,  6 3 . 1  2 l  H ,  7 . 7 8  ;  N ,  4 . 1  3 .

Reactions of 2 with Sulfur Dioxide. In Neat SO..r. A solution

of 180 mg (0.68 n.rn'rol) of the alkyliron compound 3 in 50 ml of

liquid suliur <jioxide was stirred under nitrogen at reflux for l6 hr.

The SOr was allowed to evaporate, and the resulting orange residue

was chromatographed twice under n i t rogen on a 2 X 20 cm column

of Merck acid-washed alumina,  using degassed ether as eluent '

In Other Solvents. Reactions were carriecl out in an 85-ml

glass aerosol  vessel .  This vessel  was equipped wi th a magnet ic

itirring bar and was llushed with nitrogen. The solver.rt (5 ml),

<lriecl and degassed. was introduced along with a weighted quarltlty

of 2 (200 nrg. 0.76 rnmol) ar.rcl the reaction vessel capped. Rapid

st i r r ing was in i t iatecl ,  ancl  the apparatus was pressur ized twice wi th

42 psi  of  SO:,  ventecl  twice,  and pressur ized to 42 psi .  Al ' ter  8 hr  the

apparatus was vented.  The react iot1 mixture was t ransferred to a

l0-ml round-bottorned flask, the solvent was removed at room

temperature and 0.05 mm of  l t ressure,  and the orange residue was

chromatogralthecl twice under nitrogen, usil lg ether as eluent.

All reactions with sulfur dioxide lecl to yellow crystall ine solids

which werc stable i ldef in i te ly at  -20'  and wl i ich were idel t i f ied as

zr-cyclopentaclienylclicarbonyliron threo-3 "3-dimethyl-1,2-r1:-sul-
f inates on the hasis of  i r  ancl  nmr spectra:  mp 174 "  dec ( l i t .  !  I  175 ' ' )  

;
i r  (CHCLT)  2955 ,  2005 ,  1190 ,  1180 ,  1045  cm-1 ;  deu te r ium-de-
ccrt rp led nmr (CHCI3) 6 0.86 (s.  9) ,  l .66 (d.  l .  J  :  1.3 Hz),  2.95
(d.  1. . /  :  4.3 Hz).  Yie lds in the var ious solvents were 45id (SOr) '

54)/,(penrane), 83 i{ (CHCI3), 62 ?; (CH;IOH), and 94:l; (DM F).

Reaction of 2 with Dimethyl ,Acetylenedicarboxylate. Dry, de-

gassed tetrahydrofuran (5 ml) and 0.70 g (4.9 mmol) of dimethyl

acetylenedicarboxylate were placed in a flame-dried l0-ml flask

(71) ter t -Buty l  isocyanidc was prepared fo l lowing a l i teraturc method:
L Ugi  and R. Meyr,  Chem.8er. ,93,239 (1960).

2825

equipped wi th a magnet ic st i r r ing bar,  a No-Air ,  s topper,  and a

ni t rogen in let .  The f lask and contents were degassed by bubbl ing

a stream of  n i t rogen through the l lask and contents.  Alkyl i ron

compound threo-2 (264 me, 1.0 mmol)  was introduced, and de-

gassing was cont inued for  l0 min.  The ni t rogen in let  was re-

moved, the f lask was stoppered,  and the f lask was heated at  50-60"

wi th st i r r ing for  24 hr .  Al l  volat i le  mater ia l  was dist i l led at  60'

ancj  0.05 Torr  rnto a t rap coolecl  wi t l - r  a l iquid n i t rogen bath '  The

residue was extracted wi th 5 ml of  degassed reagent grade chloro-

form. and the er t racts were chromatographed under n i t rogen on a

2 X 20-cm columtr  of  Merck acid-washed alunl ina using degassecl

pel tane to e lute unreacted 3 lb l lowed by degassed acetone to e lute

the greenish barrc l  of  l t roduct .  The acetone was evaporated f rom

the crude product ,  leaving 214 mg (0.60 mmol.  60%) of  a dark

brown viscous oi l .  This mater ia l  was rechromatographed r-rs ing

acetone as eluent .  and the l l roduct  was assigned structure 5 on the

basis of  i ts  i r  ancl  t tnt r  spectrum: i r  (CHCI ' i )  2960^ 2870'  1995.

1 9 7 0 ,  1 7 0 0 ,  1 6 3 0 ,  1 5 2 5 .  1 4 3 0 ,  1 3 6 0 ,  l l 8 0 ; d e u t e r i u m - d e c o u p l e d  n m r
( C D C I , , )  6  4 . 6 4  ( s ,  5 ) ,  3 . 8 7  ( s .  3 ) ,  3 . 7 1  ( s ,  3 ) '  2 . 8 3  ( d ,  1 ,  J  :  1 0 . 5  +
0 . 5  H z ) ,  1 . 3 2 ( d .  l .  J  :  1 0 . 5  +  0 . 5  H z ) ,  0 . 8 3  ( s ,  9 ) .  A n  a t r a l o g o u s

l) rocedure was uset l  to col l \ 'er t  r rv l l t ro-2 to ; l rot luct  havir tg ' /  :

1 .9  Hz .
A sample of 5-rlo prreparecl in an analogolls malll le r yielclccl a dark

browrr  o i l  whose AA'XX'  spectrum yie lds v ic inal  col tp l ing con-

s tan ts  . l  :  l 2 .OHz .J '  :  1 .9H2 .
A t r u l .  C a l c d  I ' o r  C r , , H : r O o F e :  C , 5 6 . 4 5 ;  H . 5 . 9 8 .  F o u n c l :

C ,  5 6 . 2 1  : H , 6 . 2 1 .
Thermal Decomposition of 2. A 12 5 spherical joint was sealed

at  the jo ipt less end and 530 mg (2.0 rnnlo l )  of  2- t l , '  was i t l t roduce1| .

The tut-re ancl contents were attaclred to a vacuttm li l ie and clegassecl

by twice evacuat ing and ref i l l ing wi th n i t rogen. Cyclohexane. 0.5

ml.  dr ied o1r: r  nto lccular  s ieves ancl  degassed in a stream cl f  r r i t roger l .

was acldcd to t l re tube.  and the tube and contetr ts were degassed by

tour freeze-thaw cycles. The reaction tube was sealed anci fieated

at  150' for  2.1 hr  dur ing which t i rne thecontents turned dark brown

ancl  became clu i te v iscous.  
- fhe 

contel l ts  of  the tube were dist i l led

at  0.02 mm of  prcssl l re ancl  100.  into a t rap coolecl  by a l iquid

ni t rcgen bath.  l -Hexene was added as an internal  standard.  ancl

the crucle react ion mixture was analyzed by glpc '  Four malor

l r roducts,  two having low boi l ing points and two havir rg h igh

boi l ing points,  were producccl  in the approximate rat io of  I  :  l  :  2:  l .

The two low boi l ing substances were ident i f ied by coin ject ion ol '

authenic samples as 3.3-dimethylbutene and 3,3-dimethylbutarre.

ancl they were proclucecl in I I and I 5 "' j yields. res;rcctively.

The exlrer iment was re l reatecl  r - rs i r rg labeled crythro-2.  The 1.3-

c l imethylbutene was col lected by glpc and analyzed by deuter iunl-

decouplecl  nnrr .  The resul t ing spectr t tm is shown in Figure 6.
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