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Vicinal Chlorination of Alkyl Chlorides
with Molybdenum(V) Chloride!

Summary: The reaction of alkyl chlorides with an excess of
molybdenum(V) chloride leads to vicinal chlorination in
fair to excellent yields.

Sir: We wish to report that alkyl chlorides and haloalkanes
in general react with an excess of molybdenum(V) chloride
under mild conditions to produce vicinal dichloroalkanes in
fair to excellent yields.2 The preparation of 2,3-dichlorobu-
tane illustrates a typical procedure. A solution of 2-chloro-
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butane (0.47 g, 5.0 mmol) in methylene chloride (7 ml) was
added over an 8-min period to a vigorously stirred solution
of molybdenum(V) chloride® (3.46 g, 12.7 mmol) in meth-
ylene chloride (6 ml) at room temperature with the rigorous
exclusion of moisture and oxygen.? The resulting mixture
was stirred for 8 hr. Direct chromatography of the reaction
mixture over low activity alumina followed by analysis in-
dicated the presence of dl-2,3-dichlorobutane (58%) and
meso-2,3-dichlorobutane (38%). Results obtained on treat-
ment of other representative halides are given in Table L.

turn undergo chlorination in exclusive preference to pri-
mary vicinal carbons.

Second, chlorination is stereospecific. Cyclopentyl and
cyclohexyl chloride yield exclusively cis-1,2-dichlorocyclo-
pentane and cis-1,2-dichlorocyclohexane, respectively.

Third, vicinal chlorination is not limited to alky! chlo-
rides. Similar results, accompanied by halide—chloride ex-
change,? are obtained with alkyl bromides.

Fourth, the products of these reactions provide convine-
ing evidence that vicinal chlorination with molybdenum(V)
chloride does not proceed via the free-radical pathway
characteristically observed in the chlorination of alkyl ha-
lides with molecular halogens and related halogenating
agents. Specifically, chlorination with molybdenum(V)
chloride occurs essentially exclusively at the carbon o to
the halogen-bearing carbon.® In addition, vicinal chlorina-
tion of cyclopentyl and cyclohexyl chloride is unaccompan-
ied by the formation of the respective trans-1,2-dichlorocy-
cloalkane, typically observed when vicinal halogenation is
performed using molecular halogen.?1°

Finally, chlorination of 2-chlorohexane yields, in addi-
tion to 2,3-dichlorohexanes, a substantial fraction of 3,4-
dichlorohexane, indicating that, at least in this instance,
chlorine migration has occurred. Such migration is reminis-
cent of the hydrogen migration observed during certain
transition metal catalyzed olefin hydrogenations!! and the
thermal decomposition of certain transition metal alkyls.12

Table I
Vicinal Chlorination of Various Alkyl Halides with MoCl;5®

Yield, %
(recovered RX, %)

Alkyl halide {concn, #) Products
2-Chlorobutane (0.4) meso-2,3-Dichlorobutane 38
dl-2,3-Dichlorobutane 58
Chlorocyclopentane (0.5) cis-1,2-Dichlorocyclopentane 88
trans-1,2-Dichlorocyclohexane <1
Chlorocyclohexane (0.5) cis-1,2-Dichlorocyclohexane 75
trans-1,2-Dichlorocyclohexane <1
3-Chloro-2-methylpentane (0.5) 2,3-Dichloro-2-methylpentane 46
2-Chloro-2,3-dimethylbutane (0.5) 2,3-Dichloro-2,3-dimethylbutane 40
1-Chlorooctane (0.5) 1,2-Dichlorooctane <5 (>90)
2-Chlorohexane (0.4) erythro-2,3-Dichlorohexane 1
threo-2,3-Dichlorohexane 36
dl-3,4-Dichlorochexane 14
meso-3,4-Dichlorohexane 2
' 2-Bromobutane (0.3) meso-2,3-Dichlorobutane -38
di-2,3-Dichlorobutane 54

@ Unless otherwise indicated all additions were carried out in CH2Cl; solution at room temperature under an inert atmosphere of dry nitro-
gen. The concentration of molybdenum(V) chloride was ~1.0 M. ® Yields wére determined by quantitative vapor phase chromatography

and are based on alkyl halide.

This reaction sequence seems applicable to the vicinal
chlorination of secondary and tertiary alkyl halides con-
taining either a secondary or tertiary vicinal carbon. Pri-
mary alkyl chlorides are not chlorinated under these condi-
tions.

Several specific points concerning the data in Table I de-
-serve brief comment.

First, chlorination of alkyl chlorides appears to be regios-
pecific. Substitution is virtually exclusively vicinal and
highly selective: tertiary vicinal carbons are chlorinated in
exclusive preference to secondary vicinal carbons which in

These processes are believed to involve repetitive metal hy-
dride elimination and addition steps. An analogous se-
quence of metal halide elimination and addition!? may be
involved in the overall reaction sequence leading to the for-
mation of 3,4-dichlorohexane.

Further observations relative to the mechanism of these
reactions will be presented in later papers.
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Anomalously Large Steric Inhibition
of Intramolecular O,N-Acyl Transfer
to Amino Acid Esters

Summary: Michael adducts of o-acetoxy-§-nitrostyrene
and amino acid esters are found to undergo quantitative in-
tramolecular, O,N-acy! transfer at anomalously slow rates;
a model which rationalizes slow intramolecular acyl trans-
fer to hindered amino acid derivatives is proposed.

Sir: REarlier,! we reported experiments demonstrating
amide formation by intramolecular acyl transfer to an
amine, trapped by a prior reaction with an electrophilic
site. In the accompanying communication,? we apply this
principle to peptide synthesis. Here we demonstrate and
rationalize an unexpected, large steric inhibition of intra-
molecular O,N-acyl transfer which defines the scope of the
principle.

In our earlier study, carbonyl functions were employed
as amine trapping sites, and unwanted O-acyl transfer and
dehydration were observed. To avoid these complications,
we have investigated nitrostyrene derivatives. Reactions of
1 with primary amines yield Michael adducts in nearly
quantitative yield;® rate constants fell in the range of 0.2 to
4 M~ ' min~14

Most strikingly, the intramolecular O,N-acyl transfer, 2
— 3, which can occur via an apparently favorable cyclic six-
atom linkage, is slow and is subject to an exceedingly large
steric effect. Thus, in acetonitrile a rate constant of 0.02
min~! is observed at 25° for NHo,—R’=HGIlyOEt, while for
methyl esters of Ala, Phe, and Val, respective values of 2 X
1074, 7 X 1075, and 2 X 10> min~! are observed. The rate
ratios of 100 for Gly/Ala and 1000 for Gly/Val may be con-
trasted with the respective values of 4 and 10, observed for
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the corresponding intermolecular aminolysis of p-nitrophe-
nyl esters.5

Replacing acetoxy by carbobenzoxyglyeyl resulted in no
systematic change in acyl migration rate. More surprising-
ly, an attempt to buttress the acyloxy group by using 3,5-
dibromo-2-acetoxynitrostyrene did not result in a signifi-
cant change in acyl transfer rate or rate span. With alanine
methy! ester 1 reacts to give two diastereomers, 2, which
rearrange to 3 at rates differing only by a factor of two.

A model which rationalizes the anomalous steric effect
can be built from a successful model for steric effects on
rates of aminolysis of peptide p-nitrophenyl esters.> Sub-
stitution of the additional linkages of 2 into the latter
model yields 4 or a diastereomer as the structure of the

transition state for the conversion 2 — 3. Steric interac-
tions not shared with 2 or 3 arise in 4 between the nitro-
methylene group and the ester or alkyl substituent of the
amine component. Stabilization of 4 through conforma-
tional changes is not possible, since the immediate environ-
ment of the carbon of the benzylamine moiety is bounded
by the 3-H of the aromatic function, the alkyl substituent
of the acyloxy function, and the nitromethylene group. The
latter group encounters an interaction of the type found in
a 1,3-diaxially substituted cyclohexane for any transition
state 4 except that derived from glycine.

From this model, one predicts that anomalous steric sen-
sitivity is expected for acyl transfer in all derivatives 5 ex-
cept those in which the electrophilic site X is small and
minimally substituted; e.g., for X equal to sulfur, meth-
ylene, or sp? carbon. In the accompanying communication
we report normal transfer rates for a methylene system.
[An attempt to prepare and study a sulfur case (derived
from 1-acetoxy-2-chlorosulfenyl-4-chloronaphthalene) re-
sulted in very slow transfer rates in an unhindered case (3
X 10~4 min—! for HGlyOEt).]

Although it is difficult to envisage a practical reversible
trapping involving an sp? electrophile, it was of interest to
study acyl transfer in such a system, and ethyl esters of N-
(2-acetoxyphenyl)glycine, alanine, and valine were pre-
pared and studied.® Most surprisingly, O,N-acyl transfer in
the unhindered Gly case is exceedingly sluggish, showing
rate constants of 5.5 X 104 (CDClg), 5.0 X 104 (PhH),



