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Suzuki and related transition-metal-catalyzed cross-couplings
have had a profound influence on how C—C bonds are created and,
by extension, on the craft of organic synthesis.>? While these
reactions have most often been applied to sp- and sp?-hybridized
halides and pseudohalides, significant progress toward extending
cross-coupling methodol ogy to primary akyl electrophiles has been
achieved in recent years.® Secondary alkyl electrophiles, as might
be anticipated, are more challenging, largely because of their
decreased rate of oxidative addition and the greater ease of
p-hydride elimination. Nevertheless, pioneering work by (i) the Fu
laboratory, beginning in 2004, with a series of Ni-catalyzed cross-
couplings of activated and unactivated secondary alkyl electro-
philes;* (i) Breit and Studte using Zn-catalyzed Grignard additions
to chiral a-hydroxy ester triflates;® and (iii) Asensio et al. with
scalemic a-bromosulfoxides,® cogently demonstrated the feasibility
of transferring chiral sp® carbons, often with pendant functionality
that increases the molecular complexity. In continuation of our own
exploration of transition-metal-catalyzed cross-couplings of func-
tionalized stereogenic carbon centers and their application to the
total synthesis of natural products,” we describe herein the
Pd-catalyzed stereospecific cross-coupling of alkyl a-cyanohydrin
triflates with aryl and alkenyl boronic acids (eq 1).
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o-Cyanohydrins attracted our attention because of their ready
availahility, often in either enantiomeric form, via addition of
cyanide or its equivalents to aldehydes and ketones.? Additionally,
the cyano group is a versatile functional group that can be easily
transformed into a range of other moieties (e.g., aldehyde, ketone,
carboxylate, amide, or primary amine) without compromising the
chiral center. Since suitably derivatized o-cyanohydrins are known
to undergo displacement by a variety of nucleophiles,® we sought
to exploit the corresponding triflates as Suzuki cross-coupling
partners with aryl boronic acids.
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Preliminary screening of catalytic systems was performed with
triflate 1 and 4-tolyl boronic acid (2) (eq 2). As expected,™® the dectron-
withdrawing cyano group facilitated the rate of oxidative addition of
1 with Pd cataysts, even at room temperature. Unfortunately, for most
cataytic systems, including Pd(OAC), or Pd,(dba); in combination with
various phosphine ligands, the reaction underwent 5-hydride eimina
tion to give 4 asthe only product. The exception was Pd(PBus),, which
gave a very modest (20%) but reliable yield of 3 in the presence of
K,COs;. Further screening of other palladium catalysts confirmed that
the bulky, electron-rich PBus ligand effectively minimized 5-hydride
elimination, whereas other ligands gave essentialy none of the desired
product.
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Table 1. Suzuki Cross-Coupling of a-Cyanohydrin Triflate 1 with
Boronic Acid 2: Effect of Reaction Parameters?®

cat. A (5 mol%)

12 H,0 (4 equiv), KF (4 equiv) 3
. equiv), equiv
(2equiv) t(?luene, rt K
entry variations from “standard” conditions yield of 3 (%)
1 none 93
boronic acid 2 (1.5 equiv) 71
3 40 °C 91
4 40 °C, catalyst A (3 mol %) 79
5 H,0 (40 equiv) 74
6 no H,O 82
7 no H,0, catalyst A (10 mol %) 85
8 THF as solvent 60
9 DME as solvent 30
10 benzene as solvent 74
11 KF (2 equiv) 76
12 K,CO; (4 equiv), no KF, no H,O 68
13 catalyst B (5 mol %) 7
14 catalyst B (3 mol %), 40 °C 68
15 catalyst C (5 mol %), —4 °C 45
Bu
Bu ¢l ‘Bu = ;3<Bu
MezN@;P-P:d-F{ NMe; Fe Pl Pd(P'BU3);
Bu &1 Bu O @
gy, Bu

A c
@ See the Supporting Information for the experimental procedure.

Extensive optimization of reaction parameters eventually led to
a 93% vyield of 3 using bis(di-tert-butyl(4-dimethylaminophe-
nyl)phosphine)dichloropalladium(ll) (catalyst A) and KF in moist
toluene at room temperature (Table 1, entry 1). Reducing the amount
of boronic acid 2 resulted in a more or less proportionate decrease
in the yield of 3 (entry 2). A modest increase in the reaction
temperature boosted the reaction rate, as expected, without affecting
theyield of 3 (entry 3), but a simultaneous reduction in the amount
of catalyst was detrimental (entry 4). Consistent with previous
studies,® the presence of a small amount of water was helpful but
had to be carefully controlled; too much (entry 5) or none (entries
6 and 7) proved unfavorable. Use of other common solvents (entries
8—10), reduced KF (entry 11), or K,COs as the base (entry 12)
were less effective. Numerous other commercial catalysts and
loadings were investigated. For example, catalysts B and C were
more reactive than A, but generaly S-hydride elimination was
simultaneously accelerated, resulting in a lower yield of 3 (entries
13—15). Other typical organoborane sources, such as boronate
esters, potassium trifluoroborates, and MIDA boronates, were aso
tested but showed no reactivity under the test conditions; the
exception was triphenylborane, which gave a moderate yield of
cross-coupled adduct (67%), possibly as aresult of in situ hydrolysis
to the corresponding boronic acid.

The application of the optimized reaction conditions, with small
variations as noted to maximize yields, to a panel of representative
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triflates and boronic acids is summarized in Table 2. For nonracemic
a-cyanohydrin triflates (-1 and (R)-1, cross-coupling with 2 and
5 stereospecifically furnished (9-3 and (R)-6, respectively, in
excellent yields (entries 1 and 2). For more sterically hindered
substrates such as ortho-substituted boronic acids 7 (entry 3) and
15 (entry 7), catalyst B was more efficacious than catalyst A, even
when employed at room temperature. The influence of steric
crowding was more evident when present near the a.-cyanohydrin
center and if a 5-hydride was present (e.g., 19 vs 21; entries 9 and
10). Otherwise, the couplings were comparatively tolerant of
electron-donating (9; entry 4) and -withdrawing substituents (11
and 13; entries 5 and 6). Likewise, vinyl boronic acid 17 was quite
successful, smoothly generating adduct 18 in high yield (entry 8).
Extensions to heteroaromatic boronic acids were positionally
dependent, reflecting the well-known proclivity of boronic acids
adjacent to a heteroatom to undergo decomposition following
oxidative addition to a transition metal (23 and 25; entries 11 and
12). In contrast with the preceding results, aiphatic a-cyanohydrin
mesylates were generally refractory to cross-coupling and decom-
posed under forcing conditions. However, benzylic mesylate 27
was atypical and gave rise to adduct 28 in good yield when catalyst
C was used (entry 13). Some racemization was observed, but control
experiments indicated that this was due to the lability of the
benzhydryl proton in 28 under the reaction conditions and not a
consequence of the coupling process.

Table 2. Stereospecific Suzuki Cross-Coupling of Alkyl
o-Cyanohydrin Triflates®

CN R ) Pd (5 mol%)/KF CN
R)\OTf (HO)B-Rgp2 toluene/H,0 R” Ry

" N . & N
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H
NG W ON
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CcN
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1 12 Ac
CoN
6 1 (HO).BL_)-F Ph«)\Q A =0 76
13 1 F
cN
7 1 (HO);B ph«/b B 2120 68
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17 18 Sp,
cN N
9 O/'\cm 2 O)\Q B 21/20 31
19 20 7 Me
CN CN
10 >H\°Tf 2 m B 21/20 78
21 227 'Me
CcN
1 1 (HO)B. S s A 40/36 21
\_/ Ph v
23 %
N
(HO),B
12 1 B Ph“)h A 40/20 56
25 S 2 S
HXCN NG H
13 X 9 S [ 40/24 84
Ph™ “OMs Phx@ (80% ee)
27 (87% ee) 28 OMe

@ Reaction conditions: triflate/mesylate (0.15 mmol), boronic acid (0.3
mmol), Pd catalyst (5 mol %), and KF (0.6 mmol) in toluene (2 mL)/
H,O (10 uL). PEnantiomeric excess determined by chira HPLC.
¢Using K3PO4+H,O (0.6 mmol) instead of KF; the same conditions
using KF (0.6 mmol) gave 33% yield.

To determine the stereospecificity of the cross-coupling, the
absolute configuration of adduct 6 (Table 2, entry 2) was established
viahydrolysis to the known carboxylic acid 29 (eq 3). Comparison
of the optical rotation of 29 with literature values™ showed a total
inversion of the configuration during the coupling. Since both the
transmetalation and the reductive elimination are known to occur
with retention,® this is consistent with studies of the oxidative
addition of secondary alkyl halides.5**

Ph Ph

: ag HCl B
PR ~"CN T 50°C2d P ~"con G
(R)-6 (94% ee) 80% 29 (94% ee)

In summary, we have introduced a valuable variant of the
traditional Suzuki cross-coupling that stereospecifically transfers a
functionalized, sp>-hybridized stereogenic carbon to aryl, heteroaryl,
and vinyl boronic acids using commercialy available Pd catalysts
under mild conditions. The coupling proceeds with complete
inversion of configuration. The resultant nitrile can be easily
converted to a variety of alternative functional groups of value in
organic synthesis and thus achieves a higher level of molecular
complexity than the products of traditional Suzuki reactions. Efforts
to utilize other electrophiles and nucleophiles are underway.
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