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amine,® alcohol,” thiol,® phosphine,? and silane!® in the
presence of a catalytic amount of group IB and IIB
metal compounds, e.g., Cu, Ag, and Zn.

R/NH

— RN==CHNR/ (2)
R/OH
———> RN=CHOR’ (3)
R'SH

RNC——— RN=CHSR’ @
R/PH , )
——— RN=CHPR; (3)
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L—» RN=CHSIR; {(6)

The insertion of a carbon atom wvia an isonitrile by
means of a metal catalyst in these formimidation reac-
tions (eq 2-6) is mechanistically intriguing, Recently,
Balch and Miller!! reported the formation of an iron
complex (4) having a coordinated carbene ligand in the
reaction of the iron isonitrile complex with amine.
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The heterocycle synthesis in the present study may
well be interpreted by assuming a silver complex having
a carbene-type ligand (5) as a key intermediate. Fur-
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ther studies are in progress to extend the potential of
this synthetic method and to investigate the reaction
mechanism,
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Nonreciprocal Kinetic Resolution. Kinetic Evidence
for a Reactive Intermediate without

Measurement of Rates
Sir:
We wish to describe a new method for showing the

presence of a slowly formed, rapidly consumed inter-
mediate. The reaction of a chiral reagent B4+ with an

excess of a racemic substrate, A,, may give two di-
astereomeric products, P++ and P-4 (from Ay + B:
and A- + B4, respectively). In general, kinetic resolu-
tion! is observed, i.e., the amount of P+ formed differs
from the amount of P—4, and the unreacted A is en-
riched in the enantiomer corresponding to the less
abundant diastereomer.? Most commonly, when the
same reaction is performed using excess B. and, say
A+, the per cent stereoselectivity? is the same as that
from the reaction of A, with B4; we refer to such reac-
tions as showing “‘reciprocal kinetic resolution.”

Such a reciprocal relationship, however, need not
always obtain., To illustrate, we take a process A +
X + B — P reacting by the sequence A + X - A’ +
X’ (ky) and A’ + B — P (k) in which k., >> k;; this is
expanded below for the case in which A, A’, B, and X
are chiral.
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Note particularly that enantiomeric reactions (e.g.,
A’+ with B+ vs. A’ with B-) have identical rate con-
stants.®

When A+ reacts with B the ratio of the rates of for-
mation of the products is (rate Pi4)/(rate P+-) =
ko+[B+]/k2-[B-], whereas with AL + B+ (and X4) the
ratio is (rate Pyi)/(rate P-1) = ki1 [A+)/ki-[A-]. The
consequences can perhaps be seen most clearly under
“pseudo-first-order conditions,”” when the ratios of the
diastereomers upon isolation become P+4+/Pi- = kyi/
ks—and Pyt/Py = kii/ki—, i.e., the two reaction modes
yield different product ratios (or stereoselectivities).*
Such a “nonreciprocal kinetic resolution” requires at
least one reaction in which a chiral reactive interme-
diate reacts quickly via diastereomeric pathways.® It
can readily be seen that nonreciprocal kinetic resolution
also occurs in the simpler cases in which X is achiral
(including racemic) or the first step, A — A’, is uni-
molecular (in which cases P++/P—+ = 1 for the reaction
of A, with B+).

Practical illustration is provided for the case in
which X = B by the reaction of camphor-10-suifonyl
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chloride (1) with menthylamine (2).7¢ With 1+ and
2. in toluene at —10° we observed a stereoselectivity®
of ~309, in agreement with previous work,”? whereas
with 1. and 2- the stereoselectivity was negligible (1 =
19%). These observations are consistent with Scheme
Iin which ks >> ki, ki/ki— = 1.0, and key/ko— = 0.4, and
Scheme I
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provide evidence of a new kind for the intermediacy of
a sulfene in such reactions. The following experi-
ments confirm this conclusion. (a) Reaction of
camphor-10-sulfonyl-10-d, chloride with 2- (or 2.)
gave largely the sulfonamide with one C-10 deuterium
atom, as expected for a sulfene reaction.!® (b) The
observed second-order rate constants!! (k,) for the re-
action of 14+ with 2+ and 2- in toluene at —10° were
respectively 2.49 X 102 and 2.41 X 1072 M~! sec™},
k.+/k.— = 1.03.12 This ratio agrees with the ratio
ki+/ki~ = 1.0 derived above, as required by the above
mechanism (from which it is evident that k, = kj).
{c) For the reaction of l,4-diazabicyclo[2.2.2]octane
(DABCO) with 1 (using 2-propanol as the sulfene trap),
k, = 2.26 X 107t M~1sec™!, and hence in a reaction of
1+ with DABCO and 2, (molar ratio 1:4:2) most of the
3 formed would come from reaction of 1+ with DABCO.
We found the stereoselectivity the same with or without
DABCO, again, just as expected from Scheme I.

The advantage of nonreciprocal kinetic resolution
as a mechanistic tool lies in the fact that no rate deter-
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minations are required (unlike, for example, the related
“rate-product criterion’’ 13), and in certain cases it may
therefore be the most convenient or even the only ade-
quate method.

Two useful variations may be noted. (i) The final
product(s) need not be chiral; there must, however, be
chiral diastereomeric transition states, and the stereo-
selectivity determinable from unreacted B. (ii) If the
product ratio can be determined by an ‘“‘achiral” mea-
surement (e.g., nmr, as above), the experiment may be
done using racemic A with racemic and chiral B, re-
spectively, since the ratio (P++ + P--)/(P+~ + P_,),
obtained from the former reaction, approximates the
ratio P.+./P._ obtained from reaction of A+ with ex-
cess B, 14
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Transformations of Dicarbonyl
Cyclopentadienyl(alkyDiron Complexes.
Stereochemistry of Oxidative Carboxylation
Sir:

The mechanism and stereochemistry of reactions
occurring at carbon-metal bonds in transition metal
complexes have been investigated for a number of such
complexes!? and remains a subject of considerable in-
terest and some controversy.? It has, however, been
shown that triphenylphosphine or carbon monoxide
promoted ligand transfer reactions® in alkylmetal car-
bonyl complexes proceed with retention of configura-
tion at the migrating carbon center.!*—°

We now wish to report that oxidatively induced lig-
and transfer reactions*-* in dicarbonylpentahapto-
cyclopentadienyl(alkyl)iron complexes (1) also proceed
stereospecifically with retention of configuration.

While alkyl transfer reactions in 1, promoted by
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