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ABSTRACT: Application of the boron-Wittig reaction to ketone electro- Me i _
philes provides a straightforward route to trisubstituted alkenylboronic esters. (pin)B.__B(pin) H:,r)\/ B(pin) ¢y~ BRI
With either a pentamethyldiethylenetriamine or trimethyl-1,4,7-triazacyclo- o Li* TMP 80% QS?S?:E
nonane additive, the olefination can occur with very high levels of . "\p, amine NYEZ  Me
stereocontrol and in good chemical yield. additive N X B(pin)
N~  82%
99:1 EZ

n the 1970s, Pelter' and Matteson” developed a boron-

Wittig reaction that accomplishes homologation of
aldehydes via the intermediacy of alkenylboron intermediates.
Whereas Pelter employed geminal bis(trialkylboranes), Matte-
son employed geminal bis(ethylene glycolboronates). In both
cases, the reactivity of the alkenylboron intermediate was
sufficiently high as to render isolation of the organoboron
impractical. Recently, we have investigated the boron-Wittig
reaction between aldehydes and geminal bis(pinacolboronates)
as a route to easily isolable disubstituted alkenylboronate
products.” In the context of an ongoing natural products
synthesis project, we required access to a stereodefined
trisubstituted alkenylboronate and considered that the boron-
Wittig reaction of ketone electrophiles might provide an
efficient inroad (Scheme 1). Of note, recent experiments by

Scheme 1. Site-Selective Functionalization of 1,2-
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Pattison® as well as Shibata and Endo’ probed the boron-
Wittig reaction of ketones, but in the former case the
intermediate alkenylboronates were not isolated, and in the
latter case the authors focused on the construction of
tetrasubstituted alkenylboroantes.” In this paper, we demon-
strate that, for a number of ketones, an efficient and highly
stereoselective boron-Wittig reaction to construct trisubtituted
alkenylboronates can be accomplished and we show that the
stereoselectivity can be significantly affected by the use of
amine additives, with triamine derivatives being particularly
effective.

Our preliminary studies probed the reactivity of methyl
isopropyl ketone in the boron-Wittig reaction. As depicted in
Table 1, when pure lithiated geminal bls(boronate) 1,
convenlently prepared as described by Cho,” was employed
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Table 1. Effect of Amine Additives on Stereoselection in
Boron-Wittig Reaction of Methyl Isopropyl Ketone

Q _reagent (pin)B (pin) (pin)B__B(pin)
i-Pr)J\Me THF )\/B (pin) ) Y
-78 °C, 16h L| Lis TMP
3 1 2
entry reagent additive (equiv) 3 (%) E/Z°
1 1 none NY 60:40
2 2 none 54 75:25
3 1 TMEDA (1.5) 54 78:22
4 1 PMDTA (1.2) 62 90:10
s 1 PMDTA (1.5) 63 94:6
6 1 HMTETA (1.5) 50 78:22
7 1 TMTAN (1.5) 63 93:7
8 1 MesTREN (1.5) 60 79:21

“Isolated yield of purified product. YE/Z ratios determined by 'H
NMR of unpurified reaction mixture.

Me Me /—\ Me N

i N /\
NN —> [ Me,N k‘ NMe,

NMe, NMe, NMez Me,N | NMe,

PMDTA HMTETA TMTAN MegTREN

as an olefination reagent, the E isomer of product was formed
in a 60:40 E/Z ratio and in 50% yield. Notably, when the
lithiated geminal bis(boronate) was prepared by in situ
deprotonation of CH,(Bpin), with LiTMP (giving complex
2), the olefination occurred with improved stereoselectivity
(75:25 E/Z) and in comparable yield. This result suggested
that the presence of amine additives should have an impact on
reaction stereoselectivity of the boron-Wittig reaction, and this
feature was probed more thoroughly. Of relevance to this
hypothesis, studies by Matteson showed that addition of amine
additives could enhance reaction efficiency in boron-Wittig
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reactions.”® In this case, while use of amine-free reagent 1 in
conjunction with TMEDA resulted in a slight increase in
stereocontrol during the boron-Wittig reaction (entry 3), use
of the 1.2 equiv of triamine compound PMDTA resulted in a
marked improvement in stereoselection (entry 4), which could
be improved even more by use of 1.5 equiv of reagent (94:6 E/
Z, entry S). Of note, use of another triamine ligand (TMTAN,
entry S) also afforded enhanced selectivity while two
tetraamine additives provided only moderate results (entries
6, 8).

To learn about the substrate scope and practical
implementation of the amine-modified boron-Wittig reaction,
we investigated the reaction of isopropyl methyl ketone
further. Rather than employing pure lithiated geminal diboron
reagent 1, we investigated whether use of in situ deprotonation
with LiTMP, followed by addition of the amine additive
PMDTA, could still furnish the alkenylboronate in high
selectivity and yield. After some optimization, it was found that
isomerically enriched product (91:9 E/Z) could be obtained
and that, with 2 equiv of reagent, consistently high isolated
yields were also observed. As depicted in Figure 1, alkenyl

(pin)B B(pin)
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Iq RS B(Pin)
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Figure 1. Conversion of aliphatic ketones to alkenylboronates by the
boron-Wittig reaction. Isolated yields are of purified material and
represent an average of two experiments. Stereoisomer ratio
determined by 'H NMR analysis.

boronate 3 was obtained in 80% yield under these conditions.
Examination of other substrates revealed that ketones bearing
an a-substituent generally reacted in high levels of stereo-
control (products S, 7—9) whereas ketones lacking such a
steric bias between the two carbonyl substituents provided
only moderate levels of stereoselection and, remarkably,
favored the Z isomer of alkenylboronate (4, 6).

Examination of aryl alkyl ketone substrates with PMDTA as
the amine additive showed that selectivity could remain high
so long as the alkyl group retains an a branch (Figure 2,
method a). For instance, phenyl tert-butyl ketone furnished the
alkenylboronate 12 in excellent yield and stereoselectivity.
Similar observations were made for compounds 13—18.
Notably, acetophenone furnished the E isomer in lower
stereoselection. Given the expected utility of alkenylboronates
that derive from boron-Wittig reaction of aryl methyl ketone
substrates, we reinvestigated acetopheone but with TMTAN as
the amine additive. In these experiments, it was found that
optimal results were obtained with 0.5 equiv of TMTAN
additive. As shown in Figure 2 (method b), with the addition
of TMTAN, the stereoselectivity for olefination of acetophe-
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Figure 2. Boron-Wittig reaction of aryl ketones in the presence of
PMDTA and TMTAN additives. Isolated yields are of purified
material and represent an average of two experiments. Stereoisomer
ratio determined by 'H NMR analysis.

none increased from 82:18 to 99:1 E/Z. Comparably high
levels of E stereoselection were observed with other aryl and
heteroaryl methyl ketones, and even a less encumbered dialkyl
ketone could now furnish the E isomer (6) albeit with only
moderate stereoselectivity.

The level and sense of stereoselectivity in the boron-Wittig
reaction may be rationalized by the mechanism proposal put
forward in Scheme 2. We consider that addition of the geminal

Scheme 2. Proposed Origin of Stereoselectivity in the
Boron-Wittig Reaction of Ketones
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bis(boronate) carbanion to the ketone may proceed as shown
in Scheme 2 where, in line with a model put forward by
Bassindale and Taylor,” the smallest group on the nucleophile
(H) would lie between the carbonyl substituents. This addition
mode would furnish A as the immediate addition product. We
consider that if O—B elimination is rapid (faster than bond
rotation), then reaction through B giving the E alkene should
be favored, as it minimizes steric interactions with the
nonreacting B(pin) group. In contrast, if elimination is slow,
bond rotation may allow conversion of A to C where the small
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H atom is sited proximal to the large Li(triamine) group;
elimination would then give the Z alkene. In connection to
this, studies by Reich show that PMDTA and TMTAN convert
dimeric Li enolates into monomeric complexes, with TMTAN
being much more effective.’ During the boron-Wittig reaction,
we suspect that the intermediacy of dimeric alkoxides may
serve to stabilize the addition product and thereby allow path
C to operate, whereas with TMTAN rapid elimination through
B occurs thus furnishing a greater proportion of the E product.
Further computational experiments to study the details of this
working model are in progress and will be described separately.

Practical aspects of the boron-Wittig reaction of ketones
were examined as depicted in Scheme 3. First, it was

Scheme 3. Practical Aspects of the Boron-Wittig Reaction of
Ketones
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determined that the reaction can be conducted on a
preparatively useful scale: a reaction employing 3 mmol of
acetophenone as substrate provided the alkenyl boronate
product 8 in comparable yield and stereoselectivity as reactions
conducted on a smaller scale. With respect to the synthesis
target mentioned in the introduction, we require access to
stereodefined f,y-unsaturated amides. It was found that
employing the pinacol alkenyl boronates produced by the
boron-Wittig reaction in Suzuki—Miyaura cross-coupling with
an a-bromoamide provides a simple route to these compounds
with preservation of the alkene geometry.

In conclusion, we have developed a modified boron-Wittig
reaction that applies to ketone substrates and furnishes
trisubstituted alkenyl boronic esters as the reaction product.
This process provides direct access to many of these important
motifs in an efficient and stereoselective fashion.
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