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A series of Bpin-containing acetophenone derivatives were reduced by asymmetric transfer hydrogen-
ation (ATH), using Noyori—Ikariya catalysts, with formic acid/triethylamine, to alcohols in high ee when the
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Bpin is in the para- or meta-position. Substrates containing ortho-Bpin groups were reduced in lower ee,
with formation of a cyclic boron-containing group. The products were converted to substituted deriva-
tives using Pd-catalysed coupling reactions. The results represent the first examples of ATH of Bpin-con-
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Introduction

The asymmetric transfer hydrogenation (ATH) of ketones, to
give enantiomerically-enriched alcohols, using Noyori-Ikariya
catalysts [(arene)Ru(TsDPEN)CI] such as 1 and derivatives such
as 2-5 (Fig. 1)," has been successfully applied extensively to a
wide range of ketone substrates. Excellent results have been
obtained for the ATH of acetophenone derivatives,” acetylenic
ketones,® fluorinated derivatives,® as well as dynamic kinetic
resolutions of a number of substrate classes.” Functional
groups which are known to be compatible with Noyori-Tkariya
catalysts include oxygenated, nitrogen-containing, carboxy
groups, and halides."™

The ATH of acetophenone derivatives containing halides,
particularly bromide and iodide, offers the possibility to func-
tionalise the alcohol product through a number of processes,
for example Pd-catalysed coupling reactions (Fig. 2a).° In these
cases, the coupling partners typically contain a boronic acid,
or Bpin group.” However, the requisite boron-containing aryl
or vinyl reagent might not be readily available for the coup-
lings and in these cases it would be advantageous for the ATH
product to contain a boronic acid or Bpin since this would
allow couplings to be carried out using the corresponding aryl
or vinylic halides (Fig. 2b). To our surprise, a search of the lit-
erature indicated that the Ru-catalysed ATH of Bpin ketones
has not previously been reported. The enzyme-catalysed resolu-
tion of Bpin-containing 1-arylethanols,®® and their kinetic
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resolution through oxidation,?” have been reported, as has
their synthesis through the use of alcohol dehydrogenases
(ADHs) for the asymmetric reduction of Bpin-containing
ketones.®*“ Given the lack of data on ATH of boron-containing
substrates, we investigated the ATH of a range of Bpin-contain-
ing acetophenone derivatives.

Results and discussion

In our initial tests, we investigated the ATH of the known
4-Bpin substituted acetophenone 6, which was prepared via
palladium-catalysed coupling reaction of 4-bromophenone
with B,pin,.” Despite the lack of literature precedents, the
reduction proceeded cleanly, using formic acid/triethylamine
5:2 azeotrope (FA/TEA) as the reductant, 1 mol% of catalyst
and DCM as a co-solvent, to give the corresponding alcohol 7
in full conversion and in 98% ee, using a range of ATH cata-
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Fig. 1 Catalysts commonly used in asymmetric transfer hydrogenation
(ATH) of ketones, and in this study.
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Fig. 2 (a) Asymmetric transfer hydrogenation (ATH) of substituted acet-
ophenone substrates and subsequent coupling reactions. (b) ATH of
Bpin-containing substrates followed by Pd-catalysed couplings.

Table 1 ATH of p-Bpin-acetophenone?

o OH

/(j)k 1 mol% (R, R)-catalyst /©/R\
o o
B FA/TEA (5:2) B

0 6 See Table 1 o 7

Entry Catalyst Co-solvent Time/h Yield/% ee/%
1 (R,R)1 DCM 72 56 98
2 (R,R)-2 DCM 24 90 98
3 (R,R)-3 DCM 72 52 98
4 (R,R)-4 DCM 24 53 98
5 (R,R)-5 DCM 24 53 97
6 (R,R)-2 None 24 72 98
7 (R,R)-2 MeOH 24 50 98
8 (R,R)-2 MeCN 24 58 98

“Full conversion was observed in each case.

lysts (Table 1). The 3C-tethered catalyst 2 gave the product in
full conversion in 24 h, therefore this was selected for solvent
screening. Alternative solvents,
without solvent, gave no improvement (Table 1).

Alcohol product 7 has been reported in asymmetric form,®
and the R-configuration was confirmed by comparison of the
optical rotation and the HPLC retention time data to the pub-
lished values. Product 7 was converted to the known 4-Ph deriva-
tive 8 using a palladium-catalysed coupling with bromobenzene
(Fig. 3), underlining the utility of the Bpin-containing products.*

This was extended to a range of further Bpin-containing
substrates, (Fig. 4). para- and meta-Bpin substituted
acetophenones were reduced in full conversion and high ee to
products 9-15 (Fig. 4a). The meta-substituted Bpin product 9
has been reported in asymmetric form, and a comparison of
optical rotation and HPLC data served to confirm its
R-configuration.®® Substituents at the a-position of the ketone,
including Me, Ph, phenoxy and morpholine, were all tolerated.

however, and a reaction
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Fig. 3 Conversion of Bpin-containing ATH product to the 4-phenyl
derivative.

In contrast, an ortho-Bpin-substituted substrate 16 gave a
cyclic benzoboroxole 17, which has previously been reported
in racemic form,'® in much lower ee (Fig. 4b). The ee and con-
figuration of the ortho Bpin product was established as S by
comparison with the known product 18 of its Pd-catalysed
coupling with 2-bromopyridine (Fig. 4b).'" It is not clear why
the configuration of 17 is reversed relative to the para- and
meta-substituted derivatives. The low ee reflects a marginal
energy difference between reduction modes in this case.

In the case of 12 (97% ee), a palladium-catalysed reaction
was used to substitute Bpin with Me, giving the previously-
reported alcohol (S)-19 in 96% ee. The direct reduction of 20
with the same ATH catalyst enantiomer also resulted in the for-
mation of (S)-19, in 96% ee (Fig. 4c)."> In this case, the con-
figuration of the product generated through either pathway,
with catalyst (R,R)-2, was identical, indicating that similar
directing effects were operating in both cases. In addition, the
R-configuration and ee of the propiophenone reduction
product 14 (which could not be directly established by chiral
HPLC) was confirmed by conversion to the known derivative 1-
([1,1"-biphenyl]-4-yl)propan-1-ol 21 (Fig. 4d) through the [Pd
(dppf),Cl,-DCM]-catalysed reaction with PhBr (63% yield, 94%
ee)."?

A further series of substrates, containing aromatic rings
opposing a para-Bpin-containing aryl group, were reduced, to
products 22-24 (Fig. 5). Although ATH was successful, the
product ee’s were much lower than the earlier series. An
almost racemic product 22 was formed from the ketone con-
taining an unsubstituted phenyl ring,"'* although this could be
improved to 55% (product 23) through the introduction of an
ortho-methoxy group, possibly the result of increase steric hin-
drance forcing the OMe ring into a less hindered position, as
has been reported for similar catalysts.’> A para-methoxy sub-
stituted ring gave a product 24 of intermediate ee (20%).

A series of ortho-Bpin-containing substrates were also
tested, again containing a range of aromatic groups. The ee’s
of the products 25-28 were again low in all cases, indicating
that the catalyst cannot readily distinguish between the aro-
matic rings flanking the ketone in each case.'® Due to the low
ee values of the products, the absolute configurations of the
products in Fig. 5 could not be confirmed.

To underline the value of the products, further transform-
ations using Pd-catalysed couplings investigated.
Products 29-32, of couplings of Bpin derivatives with 2-Br
styrene and 2-bromofuran were prepared (Fig. 6) without sig-

were
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Fig. 4 ATH products of Bpin-containing acetophenones; (a) para- and
meta-substituted products. Conditions; 1 mol% catalyst (R,R)-2, FA/TEA,
DCM, rt, 72 h (except for 9 and 14 which require 24 h). (b) ATH of ortho-
Bpin acetophenone. (c) Introduction of a para-Me group to 12 gives the
same product enantiomer as formed by direct ATH of 20 under identical
conditions. (d) Pd-Catalysed conversion of (R)-14 to known (R)-21 to
establish its configuration and ee. Products are novel unless otherwise
indicated.
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Fig. 5 ATH products of Bpin-containing ketones containing aromatic
rings. Conditions; 1 mol% catalyst (R,R)-2, FA/TEA, DCM, 72 h, rt. The
product configurations were not confirmed. Products are novel unless
otherwise indicated.
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Fig. 6 Coupling products of 4-Bpin reduction products; arrow indi-
cates position of new bond. Conditions: ArBr or ArCH = CHBr, [Pd
(dppf),Cl,-DCM], dioxane, water, KzsPO,4, 90 °C, o/n. Starting material 7
was of 98% ee and 12 was of 97% ee.

nificant loss of ee in the products. Compound 29 has been pre-
pared through the ATH of a halogenated ketone linked to a Pd-
catalysed coupling with styryl boronic acid, i.e. complementary
to our strategy.®”

Conclusion

In conclusion, we report the first application of asymmetric
transfer hydrogenation, using highly practical Noyori-Ikariya
catalysts, to the enantioselective reduction of ketones contain-
ing Bpin functional groups. para- and meta-Bpin-substituted
acetophenones give products of very high ee whilst ortho-Bpin-
containing substrates are reduced in low ee, with the for-
mation of a cyclic product. The products can be converted to a

This journal is © The Royal Society of Chemistry 2022
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number of products using Pd-catalysed cross coupling reac-
tions with aryl and vinyl halides, providing a valuable comp-
lementary strategy to the use of Pd-catalysed couplings of
halide-containing ATH products.
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