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Cobalt-Catalyzed Regiodivergent Ring-Opening Dihydroboration of
Arylidenecyclopropanes to Access Skipped Diboronates

Boon Beng Tan', Ming Hu', and Shaozhong Ge*

Abstract: Ligand-controlled regiodivergent cobalt-cata-
lyzed ring-opening dihydroboration of arylidenecyclo-
propanes is developed to access synthetically versatile
skipped diboronates with catalysts generated in situ
from Co(acac), and dpephos or xantphos. A variety of
arylidenecyclopropanes reacted with pinacolborane
(HBpin) to form the corresponding 1,3- or 1,4-diboro-
nates in high isolated yields and with high regioselectiv-
ity. Skipped diboronate products from these reactions
can undergo various transformations to allow selective
installation of two different functional groups along
alkyl chains. Mechanistic studies suggest that these
reactions combine cobalt-catalyzed ring-opening hydro-
boration of arylidenecyclopropanes and hydroboration
of homoallylic or allylic boronate intermediates. )

Introduction

Organoboronates are undoubtedly one class of the most
versatile building blocks in chemical synthesis because they
are relatively stable, non-toxic, and can undergo a series of
well-developed C-B to C—X (X=C, N, O, and halogens)
conversions.) Among various families of structurally diverse
organoboronates, geminal and vicinal diboronates have
recently gained increasing attention in multiple step syn-
thesis as their two C—B bonds can be selectively converted.”!
Accordingly, synthetic methods to access geminal and
vicinal diboronates have been extensively developed
through various metal-catalyzed dihydroboration reactions
from readily accessible unsaturated hydrocarbons, such as
alkenes, allenes, dienes and alkynes."!

Besides geminal and vicinal diboronates, skipped dibor-
onates, such as 1,3- and 1,4-diboronates, are also versatile
reagents as they can be employed as synthetic precursors to
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prepare various 1,3- and 1,4-difunctionalized compounds.
More importantly, discrimination of the two boryl sites in
these skipped diboronates allows orthogonal molecular
functionalization through sequential and selective C-B
transformations.”] As benzylboronates and alkylboronates
show different reactivity in various transformations, such as
Suzuki-Miyaura cross-coupling and oxidation reactions,
skipped diboronates containing both benzyl- and alkyl-
substituted boryl sites will be of particular importance for
orthogonal synthesis. However, modular and straightfor-
ward approaches to synthesize skipped diboronates are
limited. For example, homologation of 1,1- or 1,2-diboro-
nates can afford skipped diboronates, but these reactions
require boryl-prefunctionalized starting materials and stoi-
chiometric amounts of pyrophoric organolithium reagents.”
Metal-catalyzed dihydroboration of 1,3-dienes can, in
theory, also afford 1,3- and 1,4-diboronates, but it is difficult
to develop into useful synthetic methodologies due to
regioselectivity issues.”™! Hydroboration of 1,3-dienes occurs
readily on one C=C bond to form homoallylic or allylic
boronates, however hydroboration of the remaining C=C
bond does not occur smoothly.”! Therefore, it still remains
desirable to identify suitable substrates and reliable catalytic
conditions for modular synthesis of skipped diboronates.
Arylidenecyclopropanes, which can be conveniently
prepared from readily available aryl aldehydes, are very
useful reagents in organic synthesis. They possess unique
reactivity because ring-opening of their strained cyclo-
propane rings via transition metal-assisted C—C bond
cleavage is facile thermodynamically.'”! For example, the
C—C bonds of their cyclopropane rings can undergo
oxidative addition to low-valent transition metal complexes
to form metallocyclobutane intermediates (Scheme 1A).['%!
Alternatively, insertion of their C=C bonds into organo-
metallic complexes followed by subsequent B-C elimination
also leads to ring-opening of the cyclopropane ring and
generates allylic or homoallylic metal intermediates, which
contain a newly formed C=C bond (Scheme 1B).'" Accord-
ingly, various transition metal-catalyzed ring-opening func-
tionalization reactions of arylidenecyclopropanes have been
developed and these reactions mainly afford alkene
products."! Nevertheless, reactions combining ring-opening
of cyclopropane rings in arylidenecyclopropanes and hydro-
functionalization of the newly formed C=C bonds are
underdeveloped.” Recently, the Engle group reported a
copper-catalyzed protoboration of arylidenecyclopropanes
with B,pin, to synthesize cyclopropylboronates and alkenyl-
boronates (Scheme 1C).'”) However, the alkenylboronate
products from these ring-opening protoboration reactions
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A) Ring-opening of cyclopropane rings by oxidative addition to “L,M”
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Scheme 1. Ring-opening borylation reactions of arylidenecyclopro-
panes.

do not undergo second copper-catalyzed protoboration
likely because the steric hindrance around the trisubstituted
C=C bonds disfavors their migratory insertion into the
borylcuprate intermediate (L)Cu-Bpin.

During our continuous efforts to develop catalytic syn-
thesis of structurally diverse multiple organoboronates from
unsaturated hydrocarbons,"! we became interested in devel-
oping selective modular synthesis of skipped diboronate
compounds from readily accessible starting materials in the
presence of first-row transition metal catalysts. As shown in
Scheme 1D, we envisioned that, with a suitable cobalt
catalyst (L)Co—H, arylidenecyclopropane would undergo
regioselective migratory insertion into (L)Co—H to form a
benzylcobalt intermediate (I) and subsequent B-C elimina-
tion would generate a disubstituted C=C bond, which could
undergo second hydroboration. Therefore, arylidenecyclo-
propanes would be ideal substrates for syntheses of skipped
diboronates. However, there are some challenges that need
to be considered to achieve high chemo- and regioselectivity
for this ring-opening dihydroboration. For example, inser-
tion of arylidenecyclopropane into (L)Co—H needs to be
facile and regioselective, and B-C elimination of benzylco-
balt intermediate (I) needs to be faster than its o-bond
metathesis with HBpin to minimize direct hydroboration of
arylidenecyclopropanes (Scheme 1D). Herein, we report the
first ligand-controlled cobalt-catalyzed regiodivergent ring-
opening dihydroboration of arylidenecyclopropanes that
afford synthetically versatile 1,3- and 1,4-diboronates with
high chemo- and regioselectivity.
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Results and Discussion

We chose the reaction of 4-methylbenzylidenecyclopropane
(1a) with HBpin to identify cobalt catalysts and reaction
conditions for selective production of 1,3-diboronate 2a or
1,4-diboronate 3a. Cobalt catalysts employed in this study
were generated by mixing Co(acac), and bisphosphine
ligands and activated in situ by their reaction with HBpin.
We evaluated various bisphosphine ligands, solvents, con-
centrations, and additives for this reaction, and the results of
selected experiments are summarized in Table 1 (see the
Supporting Information for the detailed evaluation). In
general, the reactions were performed with 5 mol%
Co(acac), and 6 mol % ligand in various solvents at 50°C.

The reactions catalyzed by the combination of Co(acac),
and bisphosphine ligand, such as dppe, dppp, dcpe, and
dppbz, in THF did not produce detectable amounts of
diborylalkane 2a or 3a (entry 1 in Table 1), as shown by the
GC-MS analysis on the reaction mixtures. Instead, these
reactions formed a complex mixture of various boron-
containing compounds. To our delight, the reaction cata-
lyzed by Co(acac), and dpephos in THF formed 1,3-
diborylalkane 2a as the major product in 54 % GC yield,
together with a trace amount of 1,4-diborylalkane 3a
(entry 2 in Table 1). However, the corresponding reaction
conducted with Co(acac), and xantphos in THF afforded
1,4-diborylalkane 3a as the major product, albeit in modest
yield (48 %, entry 3 in Table 1).

To improve the Co(acac),/dpephos-catalyzed ring-open-
ing dihydroboration of 1a with HBpin, we then tested the
reaction in various solvents, such as THF, 1,4-dioxane,
toluene, DMA, and hexane (entries 2 and 4-7 in Table 1).
The results of these reactions showed that the solvents did
not influence the ratio of 2a to 3a significantly but had a
noticeable effect on the GC yield of 2a. The reaction in
hexane afforded 1,3-diborylalkane 2a in 77% GC yield
(entry 6 in Table 1).

With an attempt to improve the Co(acac),/xantphos-
catalyzed ring-opening dihydroboration of 1a, we also tested
the reaction in various solvents and found that the solvent
effects were profound for this reaction. For example, the
reactions performed in nonpolar solvents, such as 1,4-
dioxane, toluene, and hexane, provided cyclopropylboronate
4a as the major product, together with small amounts of 1,4-
diboronate 3a (entries 8-10 in Table 1), and the reactions in
polar solvents, such as THF and DMA, favored the
formation of 3a (entries 3 and 11). Evaluation of concen-
trations of 1a revealed that reactions conducted with high
concentration of 1a afforded 3a in lower yields but 4a in
higher yields (entries 3, and 12-14 in Table 1). Upon screen-
ing various lithium salts as additives for this reaction (see
the Supporting Information for the detailed evaluation), we
discovered that the reaction performed in 0.2 mL THF in
the presence of 10 mol % LiCl as an additive formed 1,4-
diborylalkane 3a in 75 % GC yield with high regioselectivity
(entry 15 in Table 1).

With the identified cobalt catalysts and reliable con-
ditions in hand (entries 6 and 15 in Table 1), we studied the
substrate scope of these cobalt-catalyzed ring-opening dihy-
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Table 1: Evaluation of conditions for cobalt-catalyzed ring-opening double hydroboration of 1-(cyclopropylidenemethyl)-4-methylbenzene 1a.”!

Bpin I?pin

N Me +
Co(acac), (5 mol%)
Me ligand (6 mol%) Me 2a Me a

solvent, 50 °C, 1 h

> Bpin
+ HBpin + m
Me

Bpin

PPh
2 Csz/\/PCy2 Me_ Me
dcpe
CL0)
SWSRS
(@)

Bpin
3 P dppbz

PhyP(, PPh,
n

PPh,  PPh,
n =2, dppe PPh, PPh,

4a n = 3, dppp dpephos xantphos

Entry Ligand Solvent (mL) Conv. [%]" Yield [%]" 2a:3a:4a
2a 3a 4a

1 dppe/dppp/dcpe/dppbz THF (2) >99H 0 0 <1 -
2 dpephos THF (2) >99 54 3 <1 95:5:—
3 xantphos THF (2) >99 4 48 <1 9:91:—
4 dpephos 1,4-dioxane (2) >99 59 5 <1 92:8:—
5 dpephos toluene (2) >99 64 5 <1 93:7:—
6 dpephos hexane (2) >99 77 (70 5 <1 93:7:-
7 dpephos DMA (2) >99 44 3 <1 92:8:—
8 xantphos 1,4-dioxane (2) >99 4 15 63 5:18:77
9 xantphos hexane (2) >99 3 10 66 4:13:84
10 xantphos toluene (2) >99 4 12 61 5:16:79
11 xantphos DMA (2) >99 4 28 14 9:61:30
12 xantphos THF (1) >99 5 44 25 7:59:34
12 xantphos THF (0.2) >99 <1 21 60 ~126:74
14 xantphos - >99 <1 9 68 —:12:88
158 xantphos THF (0.2) >99 5 75(69) <1 6:94:—

[a] Reaction conditions: Ta (0.200 mmol), HBpin (0.800 mmol), Co(acac), (10 pmol), ligand (12 pmol), solvent (2 mL), 50°C, 1 h; [b] The yields of
2a, 3a, and 4a were determined with gas chromatography (GC) analysis with tridecane as internal standard and the yields in parathesis are
isolated yields; [c] The reaction afforded a complex mixture of various boron-containing compounds; [d] The stereochemistry of 2a was assigned
as anti by oxidizing 2a to the corresponding 1,3-diol and comparing its NMR spectroscopic data with an authentic sample;™ [e] LiCl (20 pmol)

was added.

droboration reactions, and the results are summarized in
Scheme 2. In general, a variety of arylidenecyclopropanes
containing electronically varied aryl groups (1b-1y) reacted
smoothly with HBpin in the presence of 5 mol % Co(acac),
and 6 mol % dpephos in hexane at 50°C and produced the
corresponding 1,3-diborylalkanes (2b-2y) in 52-78 % yields
with moderate to high diastereoselectivity (5:1 to >20:1
d.r.). Meanwhile, ring-opening dihydroboration reactions of
these arylidenecyclopropanes (1b-1y) catalyzed by 5 mol %
Co(acac), and 6mol% xantphos in the presence of
10 mol % LiCl in THF at 50°C gave the corresponding 1,4-
diborylalkanes (3b-3y) in 51-74 % isolated yields. The GC-
MS analysis on the crude mixtures showed that these
reactions also generated 5-10% of borylcyclopropane by-
products, which were derived from direct hydroboration of
arylidenecyclopropanes without ring-opening. The desired
skipped diboronate products could be purified by column
chromatography on silica, however, their instability on silica
significantly lowered their isolated yields.

Data in Scheme 2 demonstrates that the substitution
patterns of aryl groups do not have significant influences on
these cobalt-catalyzed ring-opening dihydroboration reac-
tions. For example, arylidenecyclopropanes (le-1g) con-
taining a methoxy group at the ortho-, meta-, and para-
positions of the phenyl group reacted under both sets of
conditions to provide the corresponding 1,3- and 14-
diborylalkane products (2e-2g and 3e-3g) in similar
isolated yields. These cobalt-catalyzed reactions can tolerate
various reactive groups, such as fluoro (2¢/3¢ and 2d/3d),
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trifluoromethyl (2k/3k), sulfide (2q/3q), trifluoromethylthio
(2r/3r), sulfonyl (2s/3s), and acetal (2w/3w) moieties. In
addition, arylidenecyclopropanes containing fused rings,
such as naphthalene (2i/3i), benzodioxole (2n/3n and 2o/
30), benzodioxane (2p/3p), pyrene (2t/3t), and carbazole
(2y/3y), also reacted to afford the corresponding diborylal-
kane products in 53-78 % isolated yields. However, alkylide-
necyclopropanes did not react to yield the desired skipped
diboronates under both sets of reaction conditions.

To highlight the synthetic utility of this cobalt-catalyzed
ring-opening dihydroboration of arylidenecyclopropanes, we
carried out the reaction of 1b with HBpin on a 5-mmol scale
under both sets of conditions with a reduced catalyst loading
(2 mol %), and these reactions provided gram-scale synthesis
of 1,3- and 1,4-diborylalkanes 2b and 3b in 55 % and 67 %
isolated yields, respectively (Scheme 3A). In addition, we
also conducted further transformations of 2b and 3b by
converting their C—B bonds. For example, both 2b and 3b
reacted with vinylmagnesium bromide in the presence of I,
to afford 1,6-diene 5 and 1,7-diene 6, which underwent
Ru-catalyzed ring-closing metathesis to provide cyclic al-
kenes 7 and 8 in high isolated yields, respectively
(Scheme 3B).'"! Double homologation reactions of diboro-
nates 2b and 3b in the presence of LiCH,Br generated 1,5-
and 1,6-diboronates 9 and 10, respectively, albeit in modest
isolated yields (Scheme 3C).I""!

The Pd,(dba);/PPhs-catalyzed Suzuki-Miyaura coupling
of 1,3-diboronate 2b with 4-iodoanisole occurred selectively
at the benzylic site to form a secondary alkylboronate 11,
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Scheme 2. Scope of arylidenecyclopropanes for the cobalt-catalyzed ring-opening double hydroboration reactions. Conditions: benzylidenecyclopro-
pane 1 (0.300 mmol), HBpin (1.20 mmol), Co(acac), (15.0 pmol), dpephos or xantphos (18.0 pmol), hexane (3 mL) or THF (0.3 mL), 50°C, 1 h,
yields of isolated products, and the dr values of 1,3-diborylalkane products were determined by '"H NMR spectroscopic analysis on the crude
mixtures of the reactions; [b] The reaction was conducted at 70°C; [c] The reaction was conducted with 10 mol % cobalt catalyst.

which could undergo oxidative coupling with 2-thienyl-
lithium and NBS to form compound 12 in 65 % isolated
yield (Scheme 3D)."! Attempts to perform Pd-catalyzed
Suzuki-Miyaura coupling with secondary alkylboronate 11
led to protodeboronation of 11. Different from 1,3-diboro-
nate 2b, 1,4-diboronate 3b can undergo Pd-catalyzed
Suzuki-Miyaura coupling at benzylboronate and alkylboro-
nate sites selectively, which allows orthogonal functionaliza-
tion of 1,4-diboronates."” For example, Suzuki-Miyaura
coupling of 3b with 4-iodoanisole catalyzed by Pd,(dba),/
PPh; with Ag,O as a base proceeded at the benzylboronate
site to produce alkylboronate 13 in 52 % isolated yield, and
the second Suzuki-Miyaura coupling between 13 and 5-

Angew. Chem. Int. Ed. 2023, 202307176 (4 of 8)

iodobenzofuran occurred in the presence of Pd,(dba)s,
Ruphos, and NaO'Bu to form compound 14 in 73 % isolated
yield (Scheme 3E). Alternatively, these orthogonal Suzuki—
Miyaura reactions of 1,4-diboronate 3b could also be
achieved through first coupling at the alkylboronate site to
form benzylboronate 15 followed by second coupling at the
benzylboronate site to produce compound 16.

To gain insight into the cobalt-catalyzed regiodivergent
ring-opening dihydroboration reactions of arylidenecyclo-
propanes, we monitored by GC analysis the reactions of 1a
with HBpin under both sets of conditions. For the reaction
catalyzed by Co(acac), and dpephos, substrate la was
converted rapidly to the desired 1,3-diboronate 2a with no
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A) Gram-scale synthesis of 1,3-diboronate 2b and 1,4-diboronate 3b

Bpin Bpin Bpin
WMe [a] _ b ©/\/\/Bp.n
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Scheme 3. Gram-scale synthesis of skipped diboronates 2b and 3b and
their further transformations. Conditions: [a] 1a (5.00 mmol), HBpin
(20.0 mmol), Co(acac), (0.100 mmol), dpephos (0.125 mmol), 50°C,

2 h; [b] 1a (5.00 mmol), HBpin (20.0 mmol), Co(acac), (0.100 mmol),
xantphos (0.125 mmol), LiCl (0.500 mmol), THF, 50°C, 2 h; [c] vinyl-
Imagnesium bromide (6 equiv), I,/MeOH (6 equiv), THF, —78°C, 2 h;
[d] Grubbs 2™ catalyst (7.5 mol %), CH,Cl,, RT, 2 h; [e] BrCH,CI

(10 equiv), "BuLi (10 equiv), THF, —78°C-RT, 6 h; [f] Pd(dba),

(5 mol %), PPh; (50 mol %), 4-iodoanisole (1.2 equiv), K,CO;

(1.5 equiv), Ag,O (1.5 equiv) THF, 100°C, 8 h; [g] 2-thienyllithium

(3 equiv), NBS (1.2 equiv), THF/MeOH, —78 °C-RT, 3 h; [h] Pd(dba),
(10 mol %), PPh; (1 equiv), 4-iodoanisole (2 equiv) for the synthesis of
13 and 5-iodobenzofuran (2 equiv) for the synthesis of 16, Ag,O

(1.5 equiv) THF, 100°C, 12 h; [i] Pd,(dba); (2.5 mol %), Ruphos

(5 mol %), 5-bromobenzofuran (2 equiv) for the synthesis of 14 and
4-jodoanisole (1.5 equiv) for the synthesis of 15, NaO’Bu (4 equiv),
toluene/H,0, 100°C, 12 h. NBS = N-bromosuccinimide.

intermediates detected by GC analysis. However, for the
reaction catalyzed by Co(acac), and xantphos, GC analysis
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showed that substrate 1a was nearly fully consumed within
2 minutes and the reaction produced 1,4-diboronate 3a
(34 % GC yield) and (E)-homoallylic boronate 17 (35 % GC
yield) at this stage (Scheme 4A). However, the reaction
formed 1,4-diboronate 3a in 76 % GC yield in 1h and
monoboronate 17 was not detected (Scheme 4A). We then
isolated monoboronate 17 and subjected it to the reaction
catalyzed by 5mol% Co(acac), and 6 mol% xantphos.
Indeed, it reacted smoothly to afford 1,4-diboronate 3a in
85% GC yield (Scheme 4B), which suggested the compe-
tence of monoboronate 17 as a potential intermediate for
the formation of 1,4-diboronate 3a.

As monoboronate intermediates were not observed for
the reaction of 1a with HBpin catalyzed by Co(acac), and
dpephos, we prepared three allylboronate compounds 18,
19, and 20, which can potentially act as intermediates and
undergo cobalt-catalzyed hydroboration with HBpin to form

A) Monitoring the reaction of 1a with HBpin catalyzed by Co(acac),/xantphos
Bpin

Cofacac), (5 mol%) Bpin
xantphos (6 mol%)
S LiCI (10 mol%)  Me 3a
+HBpin ——————> * i
M THF, 50 °C, time X Bpin
e 1a Q/\/\/
Me 17

2 min: 3a, 34% GC yield; 17: 35% GC yield
1 h: 3a, 74% GC yield; 17: not detected

Co(acac); (5 mol%) Bpin
xantphos (6 mol%)
LiClI (10 mol%)

THF,50°C,1h

Bpin

X Bpin
/©/\/\+/HBP""
Me 17 (2 equiv.) Me 3a

85% GC yield; 76% isolated yield
B) Reactions of allylboronates 18/19/20 with HBpin catalyzed by Co(acac),/dpephos

Bpin Bpin
Co(acac), (5 mol%) Bpin
N dpephos (6 mol%) /@)\/\/
+HBpin — o
Me” g 1 equiv. 2€auv. hexane, 50°C, Th e 3a, 62% GC yield
Bpin Bpin Co(acac), (5 mol%)
— A dpephos (6 mol%)
Me Me _HBpin (4 equiv.) _ 19 and 20 were
Me Me' hexane, 50 °C, 1 h fully recovered
19, 1 equiv. 20, 1 equiv.

C) Deuterium-hydrogen scrambling experiment with 1b and 1h-D,

D_1.60D Bpin BpiB 2.84D
N/ P cD,
Ph oo on
o, A Co(acac), (5 mol%) 2h-D,, 35% isolated yield

0,
0.5 equiv. 1.60 D dpephos (6 mol%)

+

v
1b, 0.5 equiv.
D) Regiodivergent ring-opening dihydroboration of 1a-D

N o +
HBpin (4 equiv.) Bpin Bpin

—_—
hexane, 50 °C, 1 h ©)\/k
Me
2b, 30% isolated yield

no deuterium incoporation

.90 D
D=0.92D f Bpil
Co(acac), (5 mol%) Bpin D" Bpin
dpephos (6 mol%
+ HBpin pephos ( ! Rl Me
Me hexane, 50 °C, 1 h
1a-D
2a-D, 65% isolated yield
D<092D Cofacac), (5 mol%) Bpin D~-0.91D
xantphos (6 mol%)
. LiCl (10 mol% .
+ HB| Bpin
Me P TR 50°C, 1h . Me N
1a-D 3a-D, 67% isolated yield

Scheme 4. Control experiments and deuterium-labelling experiments.
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1,3-diboronate 2a (Scheme 4B). However, homoallylboro-
nate 18 reacted to provide 1,4-diboronate 3a in 62 % GC
yield and allylboronates 19 and 20 did not react under these
conditions. The results of these reactions suggest that the
substrate is coordinated to the cobalt catalyst throughout
the process of installing both Bpin groups in 1,3-diboronate
2a. To test this possibility, we carried out a crossover
experiment of Co(acac),/dpephos-catalyzed ring-opening
dihydroboration using a 1:1 mixture of substrates 1b and
1h-D, and found that this reaction did not afford any H/D
scrambled products (Scheme 4C). In addition, we also
conducted deuterium-labelling reactions of substrate 1a-D,
under both sets of conditions, and deuterium atoms were
retained at the benzylic positions in both diboronate
products 2a-D; and 3a-D,; (Scheme 4D).

Based on the results of the above mechanistic experi-
ments and the precedent for cobalt-catalyzed hydroboration
reactions of unsaturated hydrocarbons,” we proposed
plausible pathways for the cobalt-catalyzed ring-opening
dihydroboration reactions of arylidenecyclopropane 1a with
HBpin (Scheme 5). Activation of Co(acac), with HBpin in
the presence of a bisphosphine ligand produces a cobalt
hydride species (L)Co—H. Regioselective migratory inser-
tion of 1a into (L)Co—H forms a benzylcobalt intermediate
I, which undergoes B-C elimination to produce a homoallylic
cobalt species IL'™ For the Co(acac),/xantphos-catalyzed
ring-opening dihydroboration of 1a (Scheme 5A), inter-
mediate II reacts with HBpin to generate a homoallylic
boronate 17. Migratory insertion of 17 into (L)Co—H
produces a benzylcobalt intermediate III, which reacts with

A) Catalytic pathways for the formation of 1,4-diboronate 3a (L = xantphos)
Co(acac), + L + HBpin

-Tol
p- o/w (L)Co H -Tol/\/\/Bpm

1a
Bpin
p- ToI

HBpin (L)Co—H
Co(L) CO(L)
n
p—TOI(I;T /\/\/CO(L) Bpin ()
\_/ (n p-Tol HBpin
3a  Bpin

B) Catalytic pathways for the formation of 1,3-diboronate 2a (L = dpephos)
Bpin Bpin

-Tol ”
’ (L)Co-H P 'TOI)\/\
X
T |/W ))/
p-e 21
+ Co(L) HBpin
(L)CO.:” pTol 7@y (Lﬁi/rpm
dissociative ", ® p-Tol vy \H
B-H elimination \
MCO(L)
p-Tol ) H
ﬁassociative \ (L)C9 Bpin
-H elimination H -
(Lice” p-Tol 7SV Me
pTol NN v
v N Co(L)

< HBpin
p-Tol” X Me
V)

Scheme 5. Proposed pathways for the cobalt-catalyzed regiodivergent
ring-opening dihydroboration reactions of arylidenecyclopropanes.
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HBpin to afford 1,4-diboronate product 3a and regenerates
the (L)Co—H species. For the Co(acac),/xantphos system,
the rigid ligand backbone of xantphos likely prevents cobalt
intermediate II from adopting the conformation required for
B-H elimination and thus favours o-bond metathesis with
HBpin to form homoallylic boronate 17, a key intermediate
to 1,4-diboronate 3a.

For the Co(acac),/dpephos-catalyzed reaction (Sche-
me 5B), the flexible backbone of dpephos enables the
homoallylic cobalt intermediate II to readily adopt the
confirmation with Co—C—C—H coplanar, and thus intermedi-
ate II can undergo associative B-H elimination to form a
diene-coordinated cobalt hydride species I'V. Subsequent re-
insertion of the coordinated diene in intermediate IV into
the Co—H bond generates an allylcobalt species V, which
then reacts with HBpin to produce an allylboronate-
coordinated cobalt hydride species VI, where the cobalt
fragment binds to allylboronate from the less hindered face
of its double bond. Subsequent intramolecular insertion of
the coordinated allylboronate into the Co—H bond of VI
generates a benzylcobalt intermediate VII, where the cobalt
fragment stays anti to the Bpin group. Intermediate VII
then undergoes c-bond metathesis with HBpin to form 1,3-
diboronate product anti-2 with the regeneration of the
catalytically active species (L)Co—H.

If dissociative B-H elimination from II occurs as the
major pathway in the formation of allylcobalt intermediate
V, 1,3-diene 21 will be a key intermediate in the Co(acac),/
dpephos-catalyzed ring-opening dihydroboration of 1a, as
shown in Scheme 5B. To rule out this possibility, we carried
out the dihydroboration reaction of 1,3-diene 21 with HBpin
in the presence of 5 mol % Co(acac), and 6 mol % dpephos.
However, this reaction proceeded with poor regioselectivity
and produced approximately equal amounts of 1,3-diboro-
nate 2a and 1,4-diboronate 3a (Scheme 6A). In addition, we
also conducted the dihydroboration of 21 catalyzed by
5mol % Co(acac), and 6 mol % of xantphos. Similarly, this
reaction also afforded a mixture of diboronates 2a and 3a
with a GC ratio of 59:41 (Scheme 6B). The obtained low
regioselectivity for these two dihydroboration reactions of

A) Dihydroboration of 1,3-diene 21 with HBpin catalyzed by Co(acac),/dpephos
Co(acac), (5 mol%)
dpephos (6 mol%)

HBpin (4 equiv.) Bpin Bpin Bpin

—_— M + .
hexane, 50 °C, 1 h P'T0|)\/\Me p—Tol)\/\/Bp'"

2a, 35% GC yield 3a, 36% GC yield
B) Dihydroboration of 1,3-diene 21 with HBpin catalyzed by Co(acac),/xantphos
Co(acac), (5 mol%)
xantphos (6 mol%)
LiCl (10 mol%) _ _
HBpin (4 equiv.) Bpin Bpin Bpin

: + .
THF, 50 °C, 1 h p_To|)\/\Me p_T(,,)\/\/BP'"

2a, 36% GC yield 3a, 25% GC yield
C) Regioselectivity for migratory insertion of 1,3-dienes into (L)Co-H

Co(L)
X Co(L)
AN
ANy, — (LcoH Aryg _Co(L)
Ar > o
¢ Ar/\/]\Me

Scheme 6. Dihydroboration of 1,3-diene 21 catalyzed by Co(acac),/
dpephos and Co(acac),/xantphos.
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1,3-diene 21 might be due to the poor regioselectivity for the
migratory insertion step of 1,3-dienes into a cobalt hydride
intermediate (Scheme 6C). These results suggest that B-C
elimination from benzylcobalt intermediate I to form a
single homoallylic cobalt species II, as shown in Scheme 5A
and B, is crucial for achieving high selectivity for these ring-
opening dihydroboration reactions of arylidenecyclopro-
panes.

Conclusion

In summary, we have developed convenient and effective
protocols to access 1,3- and 1,4-diboronate compounds
through ligand-controlled regiodivergent cobalt-catalyzed
ring-opening dihydroboration reactions of arylidenecyclo-
propanes with HBpin. A variety of arylidenecyclopropanes
reacted with HBpin in the presence of Co(acac), and
dpephos to afford the corresponding 1,3-diboronates with
high regioselectivity and diastereoselectivity, These arylide-
necyclopropanes reacted to form 1,4-diboronates when Co-
(acac), and xantphos were employed as a catalyst. The
diborylalkane products from these reactions can undergo
various selective transformations by converting their two
C-B bonds. Mechanistic studies suggest that the selective
formation of a single homoallylic cobalt intermediate via B-
C elimination to open the cyclopropane ring is crucial for
achieving high regioselectivity for both 1,3- and 14-
dihydroboration reactions.

Acknowledgements

This work was supported by A*Star under its AME IRG
Grant (A20E5c0097).

Conflict of Interest

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available
in the Supporting Information of this article.

Keywords: Arylidenecyclopropane - Cobalt Catalysis -
Regiodivergence - Ring-Opening - Skipped Diboronate

[1] For selective reviews, see: a) N. Miyaura, A. Suzuki, Chem.
Rev. 1995, 95, 2457, b) D. G. Hall, Boronic Acids: Preparation
and Applications in Organic Synthesis, Medicine and Materials,
Vol. 2, Wiley-VCH, Weinheim, 2011; c) “Synthesis and Appli-
cation of Organoboron Compounds”:E. Ferndndez, A. Whit-
ing, in Topics in Organometallic Chemistry 49, Springer
International Publishing, Cham, 2015; d) W.L. A. Brooks,
B. S. Sumerlin, Chem. Rev. 2016, 116, 1375-1397; e) J. W. B.

Angew. Chem. Int. Ed. 2023, 202307176 (7 of 8)

Research Articles

Angewandte

intemationaldition’y) Chemie

Fyfe, A.J. B. Watson, Chem 2017, 3, 31-55; ) S. Namirembe,
J.P. Morken, Chem. Soc. Rev. 2019, 48, 3464-3474; g) P.S.
Coghi, Y. Zhu, H. Xie, N. S. Hosmane, Y. Zhang, Molecules
2021, 26, 3309.

[2] a) N. Miralles, R.J. Maza, E. Ferndndez, Adv. Synth. Catal.
2018, 360, 1306-1327; b)R. Nallagonda, K. Padala, A.
Masarwa, Org. Biomol. Chem. 2018, 16, 1050-1064; c) C. Wu,
J. Wang, Tetrahedron Lett. 2018, 59, 2128-2140; d) X. Wang, Y.
Wang, W. Huang, C. Xia, L. Wu, ACS Catal. 2021, 11, 1-18.

[3] a) L. T. Kliman, S.N. Mlynarski, G. E. Ferris, J. P. Morken,
Angew. Chem. Int. Ed. 2012, 51, 521-524; b) Z. Zuo, Z. Huang,
Org. Chem. Front. 2016, 3, 434-438; c) W.N. Palmer, J. V.
Obligacion, I. Pappas, P.J. Chirik, J. Am. Chem. Soc. 2016,
138, 766-769; d) L. Li, T. Gong, X. Lu, B. Xiao, Y. Fu, Nat.
Commun. 2017, 8, 345; e) H. Wen, L. Zhang, S. Zhu, G. Liu, Z.
Huang, ACS Catal. 2017, 7, 6419-6425; f) L. Wang, T. Zhang,
W. Sun, Z. He, C. Xia, Y. Lan, C. Liu, J. Am. Chem. Soc. 2017,
139, 5257-5264; g) W.J. Teo, S. Ge, Angew. Chem. Int. Ed.
2018, 57, 1654-1658; h) X. Wang, X. Cui, S. Li, Y. Wang, C.
Xia, H. Jiao, L. Wu, Angew. Chem. Int. Ed. 2020, 59, 13608—
13612; i) M. Hu, S. Ge, Nat. Commun. 2020, 11, 765; j) L.
Noévoa, L. Trulli, A. Parra, M. Tortosa, Angew. Chem. Int. Ed.
2021, 60, 11763-11768; k) S. Zhou, Y. Pu, Z. Liu, X. Zhang, J.
Zhu, Z. Feng, Org. Lett. 2021, 23, 5565-5570.

[4] a) A. Pujol, A. Whiting, J. Org. Chem. 2017, 82, 7265-7279;
b) C. You, A. Studer, Angew. Chem. Int. Ed. 2020, 59, 17245—
17249; c¢) H. E. Burks, L. T. Kliman, J. P. Morken, J. Am.
Chem. Soc. 2009, 131, 9134-9135

[5] M. Tobisu, N. Chatani, Angew. Chem. Int. Ed. 2009, 48, 3565—
3568.

[6] a) C. M. Crudden, C. Ziebenhaus, J. P. Rygus, K. Ghozati, P. J.
Unsworth, M. Nambo, S. Voth, M. Hutchinson, V. S. Laberge,
Y. Maekawa, D. Imao, Nat. Commun. 2016, 7, 11065; b) J. D.
Grayson, B. M. Partridge, ACS Catal. 2019, 9, 4296-4301;c) Y.
Matano, H. Nomura, Angew. Chem. Int. Ed. 2002, 41, 3028-
3031; d) M. Lenze, E. B. Bauer, Chem. Commun. 2013, 49,
5889-5891; e) J. D. Grayson, F. M. Dennis, C. C. Robertson,
B. M. Partridge, J. Org. Chem. 2021, 86, 9883-9897.

[7] a) D.J. Blair, D. Tanini, J. M. Bateman, H. K. Scott, E. L.
Myers, V. K. Aggarwal, Chem. Sci. 2017, 8, 2898-2903; b) A.
Fawcett, D. Nitsch, M. Ali, J. M. Bateman, E. L. Myers, V. K.
Aggarwal, Angew. Chem. Int. Ed. 2016, 55, 14663-14667.

[8] Y. Matsumoto, T. Hayashi, Tetrahedron Lett. 1991, 32, 3387-
3390.

[9] a) S. Peng, J. Yang, G. Liu, Z. Huang, Sci. China Chem. 2019,
62, 336-340; b) D. Fiorito, C. Mazet, ACS Catal. 2018, 8, 9382—
9387; ¢) Z. Fu, X. Guo, Y. Li, J. Li, Org. Chem. Front. 2020, 7,
2157-2167; d) J. Y. Wu, B. t. Moreau, T. Ritter, J. Am. Chem.
Soc. 2009, 131, 12915-12917; e) Y. Liu, Z. Jiang, J. Chen, Org.
Biomol. Chem. 2020, 18, 3747-3753; f) K. Duvvuri, K. R.
Dewese, M. M. Parsutkar, S.M. Jing, M. M. Mehta, J.C.
Gallucci, T. V. RajanBabu, J. Am. Chem. Soc. 2019, 141, 7365—
7375; g) Y. Sasaki, C. Zhong, M. Sawamura, H. Ito, J. Am.
Chem. Soc. 2010, 132, 1226-1227; h) Y. Liu, D. Fiorito, C.
Mazet, Chem. Sci. 2018, 9, 5284-5288; 1) R. J. Ely, J. P. Morken,
J. Am. Chem. Soc. 2010, 132, 2534-2535.

[10] a) M. Rubin, M. Rubina, V. Gevorgyan, Chem. Rev. 2007, 107,
3117-3179; b) M. E. O’Reilly, S. Dutta, A.S. Veige, Chem.
Rev. 2016, 116, 8105-8145.

[11] For selected examples, see: a) H. Taniguchi, T. Ohmura, M.
Suginome, J. Am. Chem. Soc. 2009, 131, 11298-11299; b) S.
Saito, K. Maeda, R. Yamasaki, T. Kitamura, M. Nakagawa, K.
Kato, I. Azumaya, H. Masu, Angew. Chem. Int. Ed. 2010, 49,
1830-1833; ¢) S. Simaan, 1. Marek, J. Am. Chem. Soc. 2010,
132, 4066-4067; d) J. Terao, M. Tomita, S. P. Singh, N. Kambe,
Angew. Chem. Int. Ed. 2010, 49, 144-14; ¢) P. A. Evans, P. A.
Inglesby, J. Am. Chem. Soc. 2012, 134, 3635-3638; f)T.

© 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

95UD|7 SUOWIIOD AR 9|qedl|dde au Aq peusenol a1e saja1Le WO ‘9sN Jo 3| o ARIqiT aulUO 9|1 UO (SUORIPUOD-PUR-SWLBYWOY" AS | IMAleiq 1 BU|UO//:SANY) SUONIPUOD pUe SIS | au) 89S *[£202/.0/c0] U0 Ariqiauliuo A9|IM ‘9. TL0EZ0Z @ IUe/200T OT/I0PA0d A8 1M Afelq1BulUO//SANY WO} POPeouMOd ‘0 ‘ELLETZST


https://doi.org/10.1021/cr00039a007
https://doi.org/10.1021/cr00039a007
https://doi.org/10.1021/acs.chemrev.5b00300
https://doi.org/10.1016/j.chempr.2017.05.008
https://doi.org/10.1039/C9CS00180H
https://doi.org/10.3390/molecules26113309
https://doi.org/10.3390/molecules26113309
https://doi.org/10.1002/adsc.201701390
https://doi.org/10.1002/adsc.201701390
https://doi.org/10.1039/C7OB02978K
https://doi.org/10.1016/j.tetlet.2018.04.061
https://doi.org/10.1021/acscatal.0c03418
https://doi.org/10.1002/anie.201105716
https://doi.org/10.1039/C5QO00426H
https://doi.org/10.1021/jacs.5b12249
https://doi.org/10.1021/jacs.5b12249
https://doi.org/10.1021/acscatal.7b02104
https://doi.org/10.1021/jacs.7b02518
https://doi.org/10.1021/jacs.7b02518
https://doi.org/10.1002/anie.201710389
https://doi.org/10.1002/anie.201710389
https://doi.org/10.1002/anie.202002642
https://doi.org/10.1002/anie.202002642
https://doi.org/10.1002/anie.202101445
https://doi.org/10.1002/anie.202101445
https://doi.org/10.1021/acs.orglett.1c01967
https://doi.org/10.1021/acs.joc.7b00854
https://doi.org/10.1002/anie.202007541
https://doi.org/10.1002/anie.202007541
https://doi.org/10.1021/ja809610h
https://doi.org/10.1021/ja809610h
https://doi.org/10.1002/anie.200900465
https://doi.org/10.1002/anie.200900465
https://doi.org/10.1021/acscatal.9b00992
https://doi.org/10.1002/1521-3773(20020816)41:16%3C3028::AID-ANIE3028%3E3.0.CO;2-U
https://doi.org/10.1002/1521-3773(20020816)41:16%3C3028::AID-ANIE3028%3E3.0.CO;2-U
https://doi.org/10.1039/c3cc41131a
https://doi.org/10.1039/c3cc41131a
https://doi.org/10.1021/acs.joc.1c00976
https://doi.org/10.1039/C6SC05338F
https://doi.org/10.1002/anie.201608406
https://doi.org/10.1016/S0040-4039(00)92714-X
https://doi.org/10.1016/S0040-4039(00)92714-X
https://doi.org/10.1007/s11426-018-9418-7
https://doi.org/10.1007/s11426-018-9418-7
https://doi.org/10.1021/acscatal.8b02334
https://doi.org/10.1021/acscatal.8b02334
https://doi.org/10.1039/D0QO00479K
https://doi.org/10.1039/D0QO00479K
https://doi.org/10.1021/ja9048493
https://doi.org/10.1021/ja9048493
https://doi.org/10.1039/D0OB00628A
https://doi.org/10.1039/D0OB00628A
https://doi.org/10.1021/jacs.8b13812
https://doi.org/10.1021/jacs.8b13812
https://doi.org/10.1021/ja909640b
https://doi.org/10.1021/ja909640b
https://doi.org/10.1039/C8SC01538D
https://doi.org/10.1021/ja910750b
https://doi.org/10.1021/cr050988l
https://doi.org/10.1021/cr050988l
https://doi.org/10.1021/ja9046894
https://doi.org/10.1002/anie.200907052
https://doi.org/10.1002/anie.200907052
https://doi.org/10.1021/ja100544c
https://doi.org/10.1021/ja100544c
https://doi.org/10.1002/anie.200904721
https://doi.org/10.1021/ja210804r

GDCh
~~

(12]

(13]

(14]

(15]

Angew. Chem. Int. Ed. 2023, 202307176 (8 of 8)

Yoshida, Y. Tajima, M. Kobayashi, K. Masutomi, K. Noguchi,
K. Tanaka, Angew. Chem. Int. Ed. 2015, 54, 8241-8244; g) R.
Yu, X. Fang, Org. Lett. 2020, 22, 594-597; h) N. Kimura, S.
Katta, Y. Kitazawa, T. Kochi, F. Kakiuchi, J. Am. Chem. Soc.
2021, 143, 4543-4549; i) F. Verdugo, R. Rodifio, M. Calvelo,
J. L. Mascareias, F. Lopez, Angew. Chem. Int. Ed. 2022, 61,
€202202295; j)J. Zhou, L. Meng, S. Lin, B. Cai, J. Wang,
Angew. Chem. Int. Ed. 2023, 62, ¢202303727; For a compre-
hensive summary on ring-opening functionalization of cyclo-
propane rings, see: k) G. Fumagalli, S. Stanton, J. F. Bower,
Chem. Rev. 2017, 117, 9404-9432.

For a recent example, see: J. Zhou, Q. Yang, C.S. Lee, J.
Wang, Angew. Chem. Int. Ed. 2022, 61, €202202160.

J.M. Medina, T. Kang, T. G. Erbay, H. Shao, G. M. Gallego,
S. Yang, M. Tran-Dube, P.F. Richardson, J. Derosa, R.T.
Helsel, R. L. Patman, F. Wang, C. P. Ashcroft, J. F. Braganza,
I. McAlpine, P. Liu, K. M. Engle, ACS Catal. 2019, 9, 11130-
11136.

a) W.J. Teo, S. Ge, Angew. Chem. Int. Ed. 2018, 57, 12935—
12939; b) W.J. Teo, X. Yang, Y.Y. Poon, S. Ge, Nat.
Commun. 2020, 11, 5193; c¢) X. Yang, S. Ge, Organometallics
2022, 41, 1823-1828; d)J. Li, S. Ge, Angew. Chem. Int. Ed.
2022, 61, €202213057; ¢) Y. Zhao, S. Ge, Angew. Chem. Int.
Ed. 2022, 61, €202116133.

K. Baer, M. KrauBler, E. Burda, W. Hummel, A. Berkessel, H.
Groger, Angew. Chem. Int. Ed. 2009, 48, 9355-9358.

Angewandte

Research Articles veere S Chemic

[16] N.-Y. Wu, X.-H. Xu, F.-L. Qing, ACS Catal. 2019, 9, 5726~
5731.

[17] A. Kohyama, N. Kanoh, E. Kwon, Y. Iwabuchi, Tetrahedron
Lett. 2016, 57, 517-519.

[18] M. Odachowski, A. Bonet, S. Essafi, P. Conti-Ramsden, J. N.
Harvey, D. Leonori, V. K. Aggarwal, J. Am. Chem. Soc. 2016,
138, 9521-9532.

[19] a) D. Imao, B. W. Glasspoole, V. S. Laberge, C. M. Crudden,
J. Am. Chem. Soc. 2009, 131, 5024-5025; b) W. Wang, C. Ding,
Y. Li, Z. Li, Y. Li, L. Peng, G. Yin, Angew. Chem. Int. Ed.
2019, 58, 4612-4616; c) M. Zhang, Z. Liu, W. Zhao, Angew.
Chem. Int. Ed. 2023, 62, €202215455.

[20] a) S. Yu, C. Wu, S. Ge, J. Am. Chem. Soc. 2017, 139, 6526—
6529; b) C. Chen, H. Wang, T. Li, D. Lu, J. Li, X. Zhang, X.
Hong, Z. Lu, Angew. Chem. Int. Ed. 2022, 61, ¢202205619;
c¢)M. Hu, B.B. Tan, S. Ge, J. Am. Chem. Soc. 2022, 144,
15333-15338; d) D. Lu, C. Chen, L. Zheng, J. Ying, Z. Lu,
Organometallics 2023, https://doi.org/10.1021/acs.organomet.
2c00592; For a recent review on cobalt-hydride chemistry, see:
e) W. Ai, R. Zhong, X. Liu, Q. Liu, Chem. Rev. 2019, 119,
2876-2953.

Manuscript received: May 22, 2023
Accepted manuscript online: June 7, 2023
Version of record online: mm, mm

© 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

95UD|7 SUOWIIOD AR 9|qedl|dde au Aq peusenol a1e saja1Le WO ‘9sN Jo 3| o ARIqiT aulUO 9|1 UO (SUORIPUOD-PUR-SWLBYWOY" AS | IMAleiq 1 BU|UO//:SANY) SUONIPUOD pUe SIS | au) 89S *[£202/.0/c0] U0 Ariqiauliuo A9|IM ‘9. TL0EZ0Z @ IUe/200T OT/I0PA0d A8 1M Afelq1BulUO//SANY WO} POPeouMOd ‘0 ‘ELLETZST


https://doi.org/10.1002/anie.201502505
https://doi.org/10.1021/acs.orglett.9b04374
https://doi.org/10.1021/jacs.1c00237
https://doi.org/10.1021/jacs.1c00237
https://doi.org/10.1021/acs.chemrev.6b00599
https://doi.org/10.1021/acscatal.9b03557
https://doi.org/10.1021/acscatal.9b03557
https://doi.org/10.1002/anie.201805705
https://doi.org/10.1002/anie.201805705
https://doi.org/10.1021/acs.organomet.2c00053
https://doi.org/10.1021/acs.organomet.2c00053
https://doi.org/10.1002/anie.200900582
https://doi.org/10.1021/acscatal.9b01530
https://doi.org/10.1021/acscatal.9b01530
https://doi.org/10.1016/j.tetlet.2015.12.049
https://doi.org/10.1016/j.tetlet.2015.12.049
https://doi.org/10.1021/jacs.6b03963
https://doi.org/10.1021/jacs.6b03963
https://doi.org/10.1021/ja8094075
https://doi.org/10.1002/anie.201814572
https://doi.org/10.1002/anie.201814572
https://doi.org/10.1021/jacs.7b01708
https://doi.org/10.1021/jacs.7b01708
https://doi.org/10.1021/jacs.2c06488
https://doi.org/10.1021/jacs.2c06488
https://doi.org/10.1021/acs.organomet.2c00592
https://doi.org/10.1021/acs.organomet.2c00592
https://doi.org/10.1021/acs.chemrev.8b00404
https://doi.org/10.1021/acs.chemrev.8b00404

D . An dte
GvCh Research Articles ettty Cherie
Research Articles
Synthetic Methods Bpin Bpin ¢ acr?c Co(acac), Bpin
dpephos m + HBpin XaNtehos _ _xantphos _ l@
B. B. Tan, M. Hu, S. Ge* ___ 202307176 — Bpin
25 examples
o . 52-78% isolated yields # High chemo- and regioselectivity 25 examples
Cobalfc-Cata'lyzed Reglo.dlvergent R'ng‘ drupto >20:1 & Bench-stable and readily available catalysts 51-74% isolated yields
Opening Dlhydroborat!on ofArylldenecyclo- # Synthetically versatile skipped diboronate products
propanes to Access Skipped Diboronates Regiodivergent cobalt-catalyzed ring- dpephos and Co(acac),/xantphos, re-

opening dihydroboration of arylidenecy-  spectively. The ring-opening of arylidene-
clopropanes with pinacolborane is devel- cyclopropanes to form single homoal-

oped to access synthetically versatile lylic cobalt intermediates via 3-C
1,3- and 1,4-diboronates. The catalysts elimination is crucial for the obtained
are generated in situ from Co(acac),/ high regioselectivity.
Angew. Chem. Int. Ed. 2023, 202307176 © 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

95UD|7 SUOWIIOD AR 9|qedl|dde au Aq peusenol a1e saja1Le WO ‘9sN Jo 3| o ARIqiT aulUO 9|1 UO (SUORIPUOD-PUR-SWLBYWOY" AS | IMAleiq 1 BU|UO//:SANY) SUONIPUOD pUe SIS | au) 89S *[£202/.0/c0] U0 Ariqiauliuo A9|IM ‘9. TL0EZ0Z @ IUe/200T OT/I0PA0d A8 1M Afelq1BulUO//SANY WO} POPeouMOd ‘0 ‘ELLETZST



