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Hydrozirconation of alkenes is known to place zirco-
nium on the least hindered carbon of a chain by a process
involving dehydrozirconation/hydrozirconation.! This
isomerization is rapid at 25 °C. Some exceptions exist,
and these are primarily thought to be due to the directing
effect of lone pairs on a heteroatom substituted on the
carbon skeleton.? In contrast, thermal isomerization of
trialkylboranes is less facile and generally occurs in the
range 100—150 °C.3 Very sterically hindered R;B may
rearrange at 25 °C.* This communication presents some
unusual chemistry involving boron migrations that result
from the juxtaposition of boron and zirconium in the same
molecule.

We have demonstrated that 1-hexenyl- and 1-hexynyl-
boronates exclusively yield terminal gem-borazirconocene
alkyl and alkenyl compounds, respectively.> To investi-
gate the propensity of the zirconium and boron atoms to
become attached to the same terminal carbon, we decided
to study the hydrozirconation of several alkenylboronates.
As a method of characterizing the regioselectivity of
hydrozirconation of alkenylboronates, we have found that
conjugate addition of borazirconocene alkanes to methyl
vinyl ketone (MVK) is useful.® Thus when 3 was hy-
drozirconated and added to MVK we were surprised to
observe the formation of 4 exclusively. Clearly, migration
of boron had occurred. Quenching hydrozirconated 3
with H;O gave linear boronate 5. To test whether boron
migration had occurred by a dehydroboration process to
give a “BH species”, we added 1 equiv of 1-hexyne to 3 5
min after hydrozirconation. Indeed, we observed the
formation of pinacol 1-hexenylboronate 6. Results are
summarized in Scheme 1.

Similarly, 8, and a mixture of 10 and 11, gave 9 and
12, respectively, the products of boron migration to the
terminal carbon as indicated by the MVK adducts (Table
1). Trapping experiments with 1-hexyne are summarized
in Table 2. The fact that even 6 eliminated a “BH
species” 5 min after hydrozirconation is noteworthy.
However, addition of 1-hexyne or l-octyne to alkenyl-
boronates 3, 6, 8, 10, and 11, 24 h after hydrozirconation
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showed no formation of hydroborated alkyne, with the
exception of 1 (Table 2).

Hydroboration of alkynes with pinacolborane is slow
at 25 °C and requires 2 equiv of reagent and heating to
go to completion.” Hydroboration of alkenes is even mare
sluggish. We prepared pinacolborane and reacted it with
1-hexyne in CH;3Cl; in the absence and in the presence
of HZrCpsCl (7 mol %). Hydroboration with pinacol-
borane was considerably faster in the presence of HZrCp,-
Cl.® Therefore, it is highly unlikely that free pinacol-
borane is the active hydroborating species in our system.
Rather it is most likely associated with the presumed
alkenylzirconocenes present in equilibrium, possibly as
n-complexes.!22049  Solution 'H NMR and *C NMR
spectra of the borazirconocene derived from 1 indicate
multiple species in solution, favoring the gem-bora-
zirconocene,!® That these species are in equilibrium was
demonstrated by variable temperature 'H NMR studies.!%®
Thus, alkenylboronate systems, such as 3, 8, and 11,
exhibit boron migration during hydrozirconation, until
boron reaches the end carbon of the alkyl chain after
which no “BH species” can be detected upon addition of
an alkyne. Furthermore, since we have established that
terminal gem-borazirconocenes are stable compounds®
and do not liberate “BH” after equilibrating for 24 h,
hydrozirconation in the early stages (within 5 min) of
1-alkenyl boronates such as 6 and 10, apparently occurs
on C2 of the vinylic system to give 1,2-borazirconocenes.!
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Table 1. Reaction of Borazirconocenes with MVK

Boronate

Adduct with MVK2 _ Yield %
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Table 2. Quenching the Hydrozirconated Alkenyl
Boronates with 1-Hexyne

distribution of boronates, %*
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2 Obtained by conjugate addition in the presence of 10 mol% CuBr-SMe3 of the
hydrozirconated boronate. b Prepared according to: Washburn, R.M.; Billig, F.A.;
Bloom, M; Albright, M.; Levens, E. in Borax to Boranes; Martin, D.L., Ed; Adv.
Chem. Ser. No. 32; American Chemical Society: Washington, D.C.: 1961; p 208,
However the mixed pinacol isopropyl borate was used: Wailace, R.H.; Zong, K.K.
Tetrahedron Lett. 1992, 33, 6941, and the reaction worked up with anhydrous
HCL.  CPrepared according to: Brown, H.C.; Campbell, J.B., Jr. J. Org. Chem.
1980, 45, 389. 985:15 mixture of 10 and 11, © 1:1 Mixture of 17 and 18.
fPrepared according to: Brown, H.C.; Bhat, K.S. J. Am. Chem. Soc. 1988, 108,
293. 9Relative stereochemistry was not determined.

This is followed by loss of “BH”. An ensuing series of
“ZrH” and “BH” additions and losses proceeds until the
stable terminal gem-borazirconocenes are obtained. Bo-
ron elimination is especially facile in the styrene system

starting ‘hydrogenated
alkenyl alkenyl
boronate time? boronate boronate® 6
1 5 min 374 33.7 28.9
24 h 7.2 86.3 6.5
3 5 min 39.7 39.2 21.1
24h 7.5 92.5 0
6 5 min 91.8 5.8 2.44
24h 4.0 96.0 0
8 24 h* 17.2 82.8 0
10+ 11 5 min 41.3 0 58.7
24h 10.3 89.7 0
13 5 min 55.3 44.7 0
24 h 5.3 94.7 0
15 5 min 51.3 48.7 0
24h 6.7 93.3 0
17 + 18 5 min 77.3 22.7
24h 13.5 86.5 0
20 5 min 92.5 7.5 04
24h 21.8 78.2 04
22 5 min 52.1 47.9 04
24h 5.3 94.7 0¢

¢ 1-Hexyne was added 5 min or 24 h after hydrozirconation and
then quenched with Hz0 and analyzed GCMS. ? Time at which
1-hexyne was added to the reaction mixture after hydrozirconation.
¢ Indicative of the amount of hydrozirconation that has taken place.
4 1-Octyne was used. ¢ Hydrozirconation is too slow to be deter-
mined after 5 min.

10 and 11. Within 5 min, approximately 60% of boron
is lost (Table 2)!

The forgoing implies that 1,2-borazirconocene alkanes
are unstable and rearrange to terminal gem-borazir-
conocene alkanes. As a corollary, hydrozirconation of
allylic boronates must occur on C3 of the allylic system
to give 1,3-borazirconocenes since no “BH species” is
detected at any stage during hydrozirconation. Indeed,
'H NMR of the hydrozirconated product of 13 indicates
the presence of only the 1,3-borazirconocene.!® No
hydroborated alkyne is produced by adding alkyne either
5 min or 24 h after hydrozirconation. Similarly, no
hydroborated alkyne is detected during the hydrozir-
conation of a 1:1 mixture of allylic boronates 17 and 18
that gives only 19.12 For w-alkenylboronates, such as 22,
hydrozirconation occurs to give 1l,w-borazirconocenes,
confirmed by the MVK addition adduct 23. The yields
of the MVK adducts are generally excellent (Table 1).

The exact mechanism and series of events in this very
facile migration observed during the hydrozirconation of
1-alkenylboronates is at present still unknown. HZrCp,-
Cl apparently catalyzes hydroboration, and it appears to
catalyze isomerization of 1-alkenylboronates.’* Ongoing
studies will hopefully elucidate the process and provide
useful synthetic applications.
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