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Zirconocene alkyl chlorides, RZrCp,Cl, readily avail-
able from alkenes by hydrozirconation with HZrCp,Cl,!
Schwartz’s reagent, undergo a number of useful trans-
formations with various electrophiles.? Interestingly,
amination of RZrCp.Cl with electrophilic aminating
reagents has never been explored. This is puzzling since
both polar organometallic reagents such as RMgX and
RLi and nonpolar organometallics like RsB and RyZn
have been investigated with various levels of success.?
Since zirconium is relatively electropositive, 1.2—1.3, on
the Pauling scale, and the Zr—C bond is polar, we
reasoned that it should react with electrophilic aminating
reagents to provide amines. As part of our ongoing
interest in the chemistry or organozirconocenes,* we have
explored this point and in this paper we present the
successful results of our efforts.

Of the various electrophilic aminating reagents avail-
able for reaction with RM, we decided to try the O-
arylhydroxylamines. They are readily available from
easily accessible starting materials in a number of high-
yielding steps.’® Some are reported to be especially
stable.® One reagent, o-(mesitylsulfonyl)hydroxylamine
(MSH), has the additional attribute of being soluble in
organic solvents. Our scheme of things, therefore, in-
volved hydrozirconation of an alkene followed by reaction
of the RZrCP,Cl with MSH (Scheme 1).

This two-step procedure worked well for a variety of
monosubstituted alkenes and alkylidenes. Results are
summarized in Table 1. Styrene (Table 1, entry 9),
however, gave two products in a 3:1 ratio, indicative that
the hydrozirconation was not completely regioselective.”
Since it is well known that hydrozirconation of trisub-
stituted alkenes places zirconium on the least hindered
carbon, that class of alkenes was not investigated.? We
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Table 1. Preparation of Primary Amines from Alkenes®

Entry Alkenes Product Yield?, %

- NN
1 1-Octene NH, 77

2 §-Chioro-1-pentene NN, 78
NH,
3 4-Phenyl-1-butene @/\/\/ 80
4 Aliyitrimethylisilane Me,Si” "N, 76
5 Vinyitrimethylsilane N 81
Me,SI/\/ H,
6 Cyclohexene

N
o" o
7 2-Ethyi-3-methyl-1- 85
butene /):\NH'

8 3-Methyl-1,2-butadiene NH, 62¢
Ny
9 Styrene @’VN"‘+ ©/\ g1d
3:1
NH,
10 (1S)-(-)-p-Pinene @—/ 88

@ All reactions were carried out on a 1 mmol scale in 1 mL of
THEF in the ratio of alkenes:HZr(Cl)Cpz:RONH;, 1.2:1.0:1.2. % Iso-
lated yield, based on HZr(Cl)Cps. ¢ Characterized as the benzoyl
amide derivative which was purified by preparative TLC. ¢ Ob-
tained as a 3:1 mixture as determined by 'H NMR analysis.
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also investigated the amination of an zirconocene allylic
chloride (entry 8) to give an allylic amine.® Reaction of
the latter could either occur at the terminal carbon or
proceed with allylic rearrangement.!° Examination of its
'H NMR spectrum revealed two nonequivalent methyl
groups on a double bond. Amination thus occurred at
the terminal carbon, without allylic rearrangement,
providing access to this important group of compounds.!?
The preparation of n-octylamine is typical .12

Some comments regarding the preparation and the
handing of MSH should be adhered to. We have found
that MSH is not stable for more than 1 day, even in
recrystallized form and under argon in the cold. It should
thus be prepared freshly and used almost immediately,
certainly no longer than 12 h after its preparation. On
the other hand, its immediate precursor, ethyl O-(mesi-

MS
F‘\/\ZGC-‘,CI —
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tylsulfonyl)acetohydroxamate, is very stable and can be
stored in the cold indefinitely. We also tried amination
with O-(tolylsulfonyl)hydroxylamine. The yields with
l-octene were comparable to those obtained with MSH.
But the overall yield of the preparation of the tolyl
derivative is much lower than that of MSH, and it is even
less stable. Other electrophilic aminating reagents were
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(13) (a) Brown, H. C.; Heydkemp, W. R.; Breuer, E.; Murphy, W. S.
J. Am. Chem. Soc. 1964, 86, 3365. (b) Brown, H. C.; Kramer, G. W;
Levy, A. B.; Midland, M. M. Organic Synthesis via Boranes Wiley: New
York, 1975. (c) This limitation, to a degree was overcome by the use
of mixed RMegB reagents where R shows considerably better migratory
aptitude than the methyl groups. But, of course, this requires the
preparation of RMe;B: Brown, H. C.; Kim, K. B.; Srebnik, M,;
Singaram, B. Tetrahedron 1987, 43, 4071.

J. Org. Chem., Vol. 60, No. 7, 1995 1913

not investigated because of their instability, difficulty of
synthesis, difficulty of drying, or low yields of amines
obtained with their use.?

Finally, in the present methodology only the alkyl
group of RZrCpsCl transfers, and thus it is more efficient
than the reactions invelving R;B reagents where one
group is lost!® or those involving R;Zn reagents with
monochloroamine or nitrogen trichloride where yields are
low and mixtures are usually obtained.#
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