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Studies of a catalytic asymmetric version of the Matteson reaction between dichloromethylboronates and
organolithium reagents have been undertaken. From several different chiral catalytic systems studied, only
one based on a mannitol derivative has given substantial asymmetric induction close to that previously
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achieved with a bis(oxazoline) derivative and ytterbium triflate. More detailed study of the latter reaction
revealed that fresh ytterbium triflate actually reduced the level of asymmetric induction, while “aged”
ytterbium triflate, or a fresh sample that had been treated with water, brought about improved induction.
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Introduction

Boronic acid derivatives are important intermediates with
potential applications in areas such as medicine and organic
synthesis," while the use of chiral catalysts has also proven to
be efficient for the asymmetric synthesis of various organic
compounds.”® Boronic esters are generally stable compounds
with low to moderate toxicity and have been widely used in the
production of either carbon-carbon or carbon-heteroatom
bonds.” A particularly useful reaction of chiral boronic esters
(1) involves their reactions as electrophiles with dichloro-
methyllithium as a nucleophile, followed by rearrangement of
the ate complexes produced, to give the corresponding chiral
a-haloboronic esters (2) with high levels of asymmetric induc-
tion at the newly created stereogenic centre (Matteson asym-
metric homologation, Scheme 1).*'" Further stereospecific
reactions of the o-haloboronic esters with organometallic
reagents provide access to sec-alkylboronic esters (3), which on
oxidation give sec-alcohols. Alternatively, 3 can be subjected to
a similar sequence over again to generate a second contiguous
stereogenic centre in a new boronic ester (4) and further iter-
ations are also possible to give products with multiple contigu-
ous stereogenic centres. Such reactions can provide routes to
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The implications of these findings are discussed.

many useful targets in which the stereochemistry is
controlled.®'* For example, the elm bark beetle pheromone 5
(R' = n-Pr, R* = Me, R® = Et) was synthesized with high stereo-
selection from 1 (R = i-Pr, R' = n-Pr) and the corresponding
Grignard reagents."”” The other diastereoisomers can be
obtained by varying the stereoisomer of the boronate and/or
interchanging the groups R' and R?. Similar methodology can
also be extended in a limited way to the synthesis of tertiary
alcohols by use of a more complicated dichloroalkyllithium
reagent. For example, (R)-(+)-2-phenyl-2-butanol (84% enantio-
meric excess; ee) was synthesized using a reaction like that in
Scheme 1 from a chiral phenylboronate (R' = Ph), but with 1,1-
dichloroethy1lithium instead of dichloromethyllithium and
then ethylmagnesium bromide (R* = Et)."* The role played by
ZnCl, as a Lewis acid is vital to improve the yield or stereoi-
somer predominance (ee or de) of the products in all of these
reactions.'*'>'°

In the Matteson reaction the chiral auxiliary is located in
the boronate ester (substrate control), but others have adapted
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Scheme 1 Matteson asymmetric homologation.
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the approach to allow use of an achiral boronate with a
chiral organolithium reagent (reagent control). For example,
Aggarwal has made extensive and elegant use of reactions of
chiral lithiated alkylcarbamates with B-alkyl pinacolboronates'”™*
and such reactions are more widely applicable to synthesis of
tertiary alcohols and even to generation of quaternary stereo-
genic centres.”® Blakemore’s approach has been to generate
labile chiral main group metal carbenoids, such as
a-chloroalkyllithiums in situ.>'~>?

Although these approaches are undoubtedly valuable
additions to the synthetic toolbox, as with the Matteson
approach they require a stoichiometric amount of the chiral
auxiliary, and it would be desirable to be able to introduce the
chiral control through a catalytic agent. A successful catalytic
procedure has been introduced that uses a chiral nickel cata-
lyst, racemic a-chloroalkylboronates and achiral organozinc
reagents and it provides good yields and enantioselectivities
for a range of different boronates and organozinc reagents
with 16 mol% of the chiral ligand,** but in a stereo-convergent
manner (both enantiomers of the a-chloroalkylboronate
leading to the same enantiomer of the product), indicating
that the mechanism is different from that of the Matteson
reaction and potentially not as general. Nevertheless, the
nickel-catalysed procedure has been applied successfully in
the stereoselective synthesis of cholesterols and other complex
substrates.**

To our knowledge, there is only one report of the use of a
catalytic procedure for the Matteson type of reaction, involving
use of an achiral boronic ester (e.g. 2-(dichloromethyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane), and an achiral organo-
lithium reagent in the presence of a chiral ligand (e.g. a bis-
oxazoline), and a metal triflate as a Lewis acid.>® However, the
process needed a significant (five-fold) excess of the chiral
ligand in order to provide a good level of asymmetric induc-
tion in the reaction studied, ostensibly because lithium chlor-
ide generated in situ competed for the ligand.>* As part of our
interest in the use of organometallic intermediates and in par-
ticular boron reagents in organic syntheses,** > we decided to
investigate this procedure in more detail in the hope that we
may be able to overcome the difficulties and develop a pro-
cedure that was successful with a much smaller quantity of
chiral ligand. We now report our results.

Results and discussion

First, we attempted an alternative way to carry out the Jadhav
reaction® in which reaction of alkylboronate and dichloro-
methyllithium rather than dichloromethylboronate and alkyl-
lithium was investigated. The synthesis of various alkylboro-
nates should be easier than synthesis of dichloromethyl-
boronate and a range of alkyllithiums. Alternative catalysts 6
and 7 (Fig. 1), which incorporated both the Lewis acid and
chiral auxiliary components in a single molecule, were syn-
thesised using published procedures®*> and used in com-
parison with the Jadhav catalyst (8, Fig. 1, +Yb(OTf);) in the
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Scheme 2 Alternative Jadhav reaction.

reaction of 9 to give 10 followed by reaction with (15,2S,3R,5S)-
2,3-pinanediol [(S)-pinanediol] to produce 11 (Scheme 2),
which allowed the level of asymmetric induction in 10 to be
monitored (there is no epimerisation a- to boron and a high
yield of the pinanediol boronate ensures that the de for this
compound reflects the ee in the pinacol boronate precursor;
for background information on NMR analysis of diastereo-
isomer ratios of asymmetric boron-containing products, see
ref. 36). Reaction of 9 with n-BuLi (—78 °C, THF) in the pres-
ence of chiral reagents 6, 7, and [8 + Yb(OTf);] gave 10 in
88-98% yields (Scheme 2).

Product 11 was produced in high yields (81-90%) after puri-
fication, but the results obtained showed that use of reagent 8
(ratio 9/8/Yb(OTf); = 1/2.5/0.3) gave only 4% ee in 10 based on
the de calculated from the "H NMR spectrum of 11. Such a low
percentage de was surprising, even for a reaction in THEF,
which had been shown to give lower levels of induction than
non-coordinating solvents,>® since the intermediate involved
in the reaction of 9 to give 10 was assumed to be very similar
to that in the original Jadhav reaction.>> However, catalysts 6
and 7 (ratio 9/6 or 7 = 1/2.5) gave essentially no induction
(£1% de). Therefore, we decided to revert to the original
Jadhav reaction to check that everything was in order and
attempted reaction of 12 with n-BuLi (—40 °C, hexane) in the
presence of chiral ligand 8 and Yb(OTf); (Scheme 3; ratio 12/8/
Yb(OTf); = 1/0.5/0.2). The product 13 was produced in 89%
yield after purification. Reaction of 13 with (S)-pinanediol gave
14 in 88% yield, but even under these conditions the product
14 was formed with only 21% de, in contrast to the figure of
55% de reported by Jadhav under similar conditions.>®

Nevertheless, we decided to conduct the reaction rep-
resented in Scheme 3 in one-pot under conditions similar to
the optimal ones reported by Jadhav?® but with chiral catalysts

This journal is © The Royal Society of Chemistry 2021
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Scheme 3 Jadhav reaction with various chiral catalysts.
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Fig. 2 Chiral ligands 15-19.3438-41

Table 1 Synthesis of 14 according to Scheme 3 in the presence of
different chiral catalysts?

Entry Chiral catalyst Yield (%) de (%)
1 6 86 11

2 7 89 2.5

3 15 + Yb(OTf); 84 4

4 16 + Yb(OTf); 85 16

5 17 + Yb(OTf); 89 52

6 18 + Yb(OTf); 84 4

7 19 + Yb(OTf); 88 2

“Ratio 12/6 or 7 = 1/2.5; ratio 12/15, 16, 17, 18 or 19/Yb(OTf); = 1/2.5/
0.3.

6 and 7 (Fig. 1), and with chiral ligands 15, 16, 17, 18, and 19
(Fig. 2) in the presence of Yb(OTf);. The results obtained are
shown in Table 1.

Although all of the chiral catalysts gave some induction,
none gave a de as high as that reported by Jadhav (79% with 8
and Yb(OTf); under similar conditions).?® The highest induc-
tion (52% de) was achieved when chiral ligand 17 (Fig. 2) was
used in the presence of Yb(OTf); (Table 1; entry 5). In order to
gauge the importance of the Lewis acid, we conducted this
reaction in the absence of Yb(OTf);. The level of induction
achieved (46% de) was within experimental variation of that
achieved when Yb(OTf); was present, raising doubts about the
role of Yb(OTf); in this case. Chiral catalyst 6 and ligand 16 in
the presence of Yb(OTf); gave modest induction (11 and 16%,

This journal is © The Royal Society of Chemistry 2021
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respectively; Table 1, entries 1 and 4), but catalyst 7 and
ligands 15, 18, and 19 in the presence of Yb(OTf); (Table 1;
entries 2, 3, 6, 7, respectively), gave very poor induction (only
2-4% de). In view of the poor levels of induction, even with
Jadhav’s catalyst 8 in our hands under conditions similar to
ones reported by Jadhav,”® we decided to investigate in more
detail the reaction with the Jadhav catalyst (8).>

It had been speculated by Jadhav that the presence of Li
cations within the system resulted in competition with the Yb
for complexation with the chiral ligand. This had been
suggested as the reason why such a large amount of the chiral
ligand was needed in order to provide good induction.>® Such
speculation was not entirely consistent with the results
reported by Jadhav,”® but nevertheless we decided to investi-
gate the matter further by observing the influence of addition
of 12-crown-4, which forms a strong complex with Li cations,
on the level of induction in the reaction depicted in Scheme 3
in the presence of 8 (ratio 12/8/Yb(OTf); = 1/0.5/0.21). If the
speculation be correct, the effective removal of Li from com-
plexation with bis(oxazoline) should allow the ligand to be free
to complex with Yb, thereby increasing the likelihood of good
asymmetric induction. The addition of small quantities of
12-crown-4 did indeed lead to an increase in the level of induc-
tion. For example, the use of 0.6 equivalents of the crown ether
led to a maximum of around 50% de (Fig. 3; each point rep-
resents the result of a separate experiment). However, larger
quantities of the crown ether (up to 1.5 equivalents) caused
the level of induction to drop again (Fig. 3).

In order to interpret the effect of addition of the crown
ether, it is important to recognise that Yb also forms a 2:1
(ligand : Yb) complex with 12-Crown-4.** Therefore, the shape
of the graph (Fig. 3) could be explained qualitatively if the
12-crown-4 preferentially complexes Li, freeing up some
additional chiral ligand for complexation to Yb, resulting in an
increase in de, until the amount of crown ether added
becomes sufficient for significant competition with the chiral
ligand for complexation of Yb to occur, at which point the de
begins to decrease again. However, a qualitatively similar
shape of graph would result if the Li [bis(oxazoline)] complex

60

40
30

20 ¢

% de of compound 14

10

0 0.4 0.8 1.2 1.6

12-Crown-4 (equivalents)

Fig. 3 Effect of 12-crown-4 in the reaction shown in Scheme 3 under
Jadhav conditions with 8 (ratio 12/8/Yb(OTf)s = 1/0.5/0.21) on the level
of asymmetric induction.
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is the important one for induction and if the Yb complex with
the crown ether is stronger than the Li complex, so that with a
small amount of crown ether complexation of the crown ether
with Yb would free up chiral ligand to increase induction, but
with larger quantities of crown ether the crown ether competes
with the chiral ligand for complexation of Li, so that induction
diminishes.

In order to distinguish these two possibilities, an experi-
ment was conducted in which the amount of Yb(OTf); was
varied while keeping other materials constant (and no crown
ether present). If the Yb complex with the chiral ligand is the
important one for induction, as the proportion of Yb:Li
increases, the level of induction should increase, whereas the
induction should decrease if the Li complex with the chiral
ligand is the important one. In practice, the level of induction
decreased as the proportion of Yb increased (Fig. 4; each point
represents the result of a separate experiment). For example,
the de was highest (45%) in the absence of Yb(OTf); and was
lowest (18%) when 0.1 equivalents of Yb(OTf); was used. This
result suggests that the Li complex with the chiral ligand is
more important than the Yb one for bringing about induction.
This suggested that to achieve the highest level of induction it
would be better to have no Yb present.

Next, we conducted the reaction represented in Scheme 3 in
the absence of Yb(OTf); using different quantities of the
chiral ligand 8 under otherwise identical conditions. It
turned out that the level of induction increased almost line-
arly with the quantity of chiral ligand 8 present until one
equivalent of ligand had been introduced and then levelled
off, at ca. 60% de (Fig. 5; each point represents the result of a
separate experiment). This supports the hypothesis that it is
the Li complex that is important for induction and not the
Yb complex, but suggested that there was no catalytic turn-
over. However, the maximum level of induction was still
somewhat lower than Jadhav had reported even with Yb
present.”’

In the light of that result, we wondered whether different
samples of Yb(OTf); might behave differently. Our experi-

50
40
30 .
20

10

% de of compound 14

0

0.00 0.02 0.04 0.06 0.08 0.10

Yb(OTf); (equivalents)

Fig. 4 Effect of Yb(OTf)s on the % de in the reaction shown in
Scheme 3 with ratio 12/8/Yb(OTf)s = 1/0.5/as shown in the diagram. The
ligand 8 and the appropriate quantity of Yb(OTf); were premixed and
added to the reaction mixture as a solution.

4282 | Org. Biomol Chem., 2021,19, 4279-4284

View Article Online

Organic & Biomolecular Chemistry

80
<
= 60 . ¢ .
E
o °
g 40 *
]
o °
S
o 20
° °
X

0

0 1 2 3

8a (equivalents)

Fig. 5 Effect of chiral ligand 8 on the % de in the reaction shown in
Scheme 3 (no Yb(OTf)s present).

ments reported above had all been conducted with samples of
Yb(OTf); from a new, previously unopened bottle. We therefore
tested Yb(OTf); from a bottle that had been opened on numer-
ous occasions. With only 0.5 equivalents of the ligand, 70% de
was achieved, comparable with Jadhav’s result*® under similar
conditions and suggesting some level of catalytic turnover. A
similar result was achieved using a fresh supply of Yb(OTf);
and treating it with water for 24 h before use in the reaction. It
would seem likely, therefore, that something arising from the
reaction of Yb(OTf); with water could enhance the level of
induction a little and bring about a modicum of catalytic turn-
over. However, it is also possible that some direct involvement
of water in the reaction occurs, as has been observed in some
main group organometallic reactions.**** Neither varying the
reaction temperature (0 to —78 °C) nor the solvent produced
any further improvement in the de. Further research is there-
fore required in order to identify a suitable catalyst system to
provide both high levels of asymmetric induction and good
catalytic turnover.

Conclusions

In conclusion, therefore, from a range of alternative catalyst
systems, only a chiral catalyst derived from mannitol has pro-
vided a reasonable level of asymmetric induction and even this
catalyst gave a lower level of induction than the bis(oxazoline)
compound introduced by Jadhav. Yb(OTf);, which was pro-
posed by Jadhav to be an important Lewis acid catalyst for the
process, when sourced from a new bottle, does not appear to
have any beneficial effect on the level of asymmetric induction
and better induction is achieved in its absence. However,
“aged” Yb(OTf);, which has been exposed to air/moisture for
some time, does appear to give better levels of induction even
than the reaction without Yb(OTf); present and even allows a
modicum of catalytic turnover, but the extent of the turnover is
insufficient to render the process attractive. More research is
needed in order to identify the nature of the “aged” Yb(OTf);
and to identify a catalyst system that provides both high levels

This journal is © The Royal Society of Chemistry 2021
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of asymmetric induction and good catalytic turnover in
Matteson-type reactions.
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