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Thirty years after the introduction of Schwartz's reagent,
CpZrHCI (Cp = 5°-CsHs),t the hydrozirconation of alkenes and
alkynes continues to grow in value to the synthetic chemist at a
constant pacé.However, due to facilgd-hydride eliminations/
reinsertions that allow the bis(cyclopentadienyl)zirconium (also
known as zirconocene) moiety to “chain-walk” to the least sterically
hindered terminal position of an alkyl chdif23the hydrozircon-
ation of internal alkenes and the asymmetric hydrozirconation of
alkenes remain unrealized, if not impossible, objectives with
zirconocene-based reagefitslerein, we now document, using a
nonzirconocene ligand set, the first successful hydrozirconation of Figure 1. Molecular structure (30% thermal ellipsoids) of @g and (b)
an unfunctionalized internal alkene that produces a kinetically stable, 5. Hydrogen atoms, except for that at C(19)3& have been removed for
chiral secondary alkyl group that then undergoes stereospecnflcthe sake of clarity.
functionalization with retention of the secondary alkyl structure. scheme 1
With these results, a case can be made that the asymmetric A

hydrozirconation of alkenes is indeed a reasonable, achievable goal. M
Cyclopentadienyl zirconium acetamidinates of the general for- )«N,zl\C' MQE‘L ----- N,Zr ------ Cl—R
mula, Cp*ZrRCIIN(R)C(Me)N(R)] (Cp* = 15-CsMes, R = alkyl) kN> F0. 78°C %-N7XL '
(1), that bear alkyl substituents wiflthydrogens, have been shown . S0
to be remarkably stable in solution at elevated temperafubes. @hiMe 201 smRawe

Scheme 1 shows, this stability extends to (chiral) secondary alkyl gcpeme 2
groups as confirmed by the isopropyl asecbutyl derivatives?2

and3, that were conveniently prepared through monoalkylation of ﬁ’ _ X& \/@

the dichloride4,> and which'H NMR revealed do not engage in )(N,ZI\-\CI 7\ )(N’Zl ..... o, )(/zﬁ “Cl
B-hydride elimination, isomerization, or epimerization of the chiral //N> e e o ran /ﬂN/>H ) /‘*’N/>H
center in3 (i.e., 3a and 3b are noninterconverting).Further 5% o s .
structural characterization by NMR and single-crystal X-ray analysis '

of 2 and diastereomerically puBa, the latter of which was obtained AN /=/

through fractional crystallization, confirmed that each compound Hz (30 ps) s 2 %

pentane / 25° C / 4h

exists as a single diastereomer in which the alkyl group is positioned e

toward the Et substituent of the amidinate fragment as depicted in

Scheme 1 and shown in Figure 1a. competitively trapped by the alkene to provide a final 87% yield
With the stability of secondary alkyl groups i firmly of the expected terminah-hexyl hydrozirconated product. As

established, attention was focused on the synthesis of an analogu&cheme 2 shows, it was next determined that when hydrogenolysis

of Schwartz’s reagent that could be used for the hydrozirconation of 5 was conducted usingis-2-butene, a similarly high yield of

of internal alkenes. Unfortunately, all attempts to prepare either a the internal hydrozirconated produ&tould be obtained, withH

hydrido chloride (i.e., R= H in 1) or a dihydride complex frord NMR revealing that the ratio of the two diastereom@&assand3b,

using standard hydride reagents failed. Hydrogenolysis where was 1:2 in favor of3b. Resubjecting a pure sample ®fo further

R = Etori-Bu, further proceeded only very sluggishly, even at 60 hydrogenolysis for the same period of time did not change the ratio

°C, and the complex mixture of products obtained suggested thatof 3a and 3b, thereby suggesting that this diastereomeric ratio is

the desired hydrido chloride is not stable once forrh&dley and indeed a product of alkene face selectivity which occurs during

co-workers® however, made the observation that hydrogenolysis hydrozirconation. A small amount(0%) of then-butyl product

of the zirconium-silicon bond is a more facile process than that (R = n-Bu in 1) is also produced in the hydrozirconation @

of the zirconium-carbon bond. Accordingly, reaction dfwith 1 2-butene, but it is unlikely that it derives from the isomerization of
equiv of LiSiMePH was first carried out to provide the dia- 3 as this process has been shown not to occur in solution even at
stereomerically pure, deep-red crystalline silyl compkxthe elevated temperatures. We speculate, therefore, that this isomerized
molecular structure of which is presented in Figure® Batisfac- product might arise from another hydride speéfethe hydrozir-

torily, the hydrogenolysis db was now observed to proceed rapidly conated product of which is capable of engaging in reversible
in pentane at room temperature over the course of 4 h, althoughf-hydride elimination of the alkyl group. Interestingly, hydro-
no discreet hydrido chloride species could still be identified among zirconation of trans-2-butene using the same hydrozirconation
the final hydrogenolyzed product$However, in the presence of  protocol now provided a 2:1 ratio &a and 3b as a result of a
1-hexene, this transiently generated species could apparently beeversal in face selectivity that was coupled with a substantially

8746 m J. AM. CHEM. SOC. 2003, 125, 8746—8747 10.1021/ja0349453 CCC: $25.00 © 2003 American Chemical Society
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Figure 2. Partial'H NMR spectra for the H2 resonance of (a) 2-iodobutane, fegarqv the cyclopentadlenyl/amIdlnat.e Ilga'nd set appears to
(b) threo-3-d-2-iodobutane obtained fromnans-2-butene, and (cgrythro- potentially offer many of the same benefits of zirconocenes in terms
3-d-2-iodobutane obtained fromis-2-butené® of cost and ease of preparation, the range of achiral and chiral

derivatives that are available through short synthetic manipulations,
and a highly discriminating chiral environment about the metal that
ﬁ \@ \;& can form the basis of efficient stoichiometric, catalytic, and

Scheme 3
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4 observed in the crude material would seem to indicate that  Supporting Information Available: Experimental details, including
hydrozirconation of thisrans-alkene cannot compete with dispro-  crystallographic analyses &, 3a, 5, and 6b (PDF and CIF). This
portionation of the unstable hydrido chloride intermediate. Taken material is available free of charge via the Internet at http://pubs.acs.org.
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