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A Cu())-catalyzed aminoborylation reaction of styrenes is reported.
In this transformation, diazo compounds are used as the electro-
philic amination agent. The in situ generated benzylcopper species is
trapped by the electrophilic nitrogen terminus of the diazo substrate
to afford borylated hydrazones in a regioselective manner.

Organoboronic acids and their derivatives are versatile inter-
mediates in organic synthesis, especially for transition-metal-
catalyzed or transition-metal-free cross-coupling reactions and
other functional-group transformations." Among the various
methods towards organoboron compounds, transition-metal-
catalyzed borylative difunctionalization of alkenes has been
recognized as valuable transformations, because both C-B
and C-C or C-X bonds can be formed in a single synthetic
operation.” Of these, Cu-catalyzed aminoborylation of alkenes
is particularly attractive because the ubiquity of amino groups
in the various valuable compounds such as natural products
and pharmaceuticals. Thus, the aminoborylation products can
serve as highly useful building blocks in synthetic organic
chemistry.? In 2013, Miura, Hirano and co-workers reported a
Cu(r)-catalyzed aminoborylation of styrenes, in which a benzoyl
hydroxylamine was used as the umpolung electrophilic amina-
tion agent and bis(pinacolato)diboron (B,pin,) was used as
nucleophilic boryl source.* Since this seminal report, amino-
borylation of various olefins, including unactivated terminal
alkenes, methylenecyclopropanes, cyclopropenes, vinylsilanes,
alkenylboronates and bicyclic alkenes, have developed based
on similar strategy.” However, to the best of our knowledge,
hydroxylamine derivatives have served as the electrophilic amina-
tion agent in all these cases. To further expand this chemistry,
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we have conceived it is desirable to search for alternative
electrophilic amination agents in this type of transformation
(Scheme 1).

On the other hand, diazo compounds have attracted great
attention because of their diverse reactivities.® Typically, diazo
compounds serve as metal carbene precursors in various trans-
formations, such as cyclopropanation, insertion, ylide forma-
tion and cross-coupling reactions. In addition to these mainstream
transformations in which the diazo compounds are nucleophilic
substrates, the diazo compounds can also participate in the
reactions as electrophiles. A classic example is the Japp-
Klingemann reaction for the synthesis of hydrazones from
B-ketoesters or acids.” More recently, Takamura and co-workers
reported the direct nucleophilic addition of organolithium
reagents and Grignard reagents to the terminal nitrogen of
a-diazoesters.® In a catalytic asymmetric C-N bond formation
reaction, Feng and co-workers utilized the electrophilic cap-
ability of a-diazoesters for the a-hydrazonation of ketones.® Zhao
developed a regioselective ‘BuLi-promoted method for the inter-
molecular nucleophilic addition of arenes to diazo compounds.*®

(a) Cu(l)-catalyzed aminoborylation of alkenes (refs. 4,5)

NR™,

R’ cat. Cu/lL .
RN 4 Bpin—B + BzO-NR", ———=» R
R base R 5
R
(b) Diazo compounds act as electrophiles
R @& Ro R NHNu
4 NG N —
SN T NN T )=
R Nu Nu R

(c) Diazo compounds in Cu(l)-catalyzed aminoborylation of alkenes
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Scheme 1 Cu())-catalyzed aminoborylation of alkenes and the transfor-
mations of diazo compounds as electrophiles.
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Cui and co-workers reported a Fe-catalyzed hydroamination of
olefin with diazo compounds for the synthesis of hydrazone."*
As a continuation of our efforts in the development of transfor-
mations of diazo compound, herein we report a Cu(i)-catalyzed
aminoborylation of styrenes using bis(pinacolato)diboron
(B,pin,) as the nucleophilic boryl source and diazo compounds
as the electrophilic amination agents. The reaction is under
mild conditions and is highly regioselective, affording various
borylated hydrazone products.

We began the optimization studies with 1-methyl-4-vinyl-
benzene 1a, bis(pinacolato)diboron (pinB-Bpin) 2, and methyl
a-diazophenylacetate 3a as the model substrates. Initially, the
aminoboration reaction was conducted in the presence of
Cu(MeCN),PF¢/dppe catalytic system using NaO‘Bu as base in
THF at 80 °C. The desired product 4a was formed in only
18% yield. Study of the effect of base indicated that the counter
ions of the tert-butoxide bases had significant influence on the
reaction, and the use of KOBu increased the yield to 42%
(entries 1-3). Further examination of solvent effects revealed
that 1,4-dioxane gave 4a in highest yield (entries 4-7). The effect
of temperature was also investigated. Reducing the reaction
temperature from 80 °C to 40 °C led to an increase in the yield
(entries 8-9). However, the yield diminished at room tempera-
ture (entry 10). Thus, the reaction at 40 °C offered the optimal
result. The desired product 4a could be obtained in 66% yield
in 1,4-dioxane at 40 °C when using KO'Bu as the base (Table 1).

Although Cu(y) is likely the active form of the catalyst, Cu(u)
complexes may be used as pre-catalyst because they can be
reduced by the diazo substrates. Therefore, Cu(i) complexes

Table 1 Optimization of the reaction condition?

2, Bpin, Ph \ﬂ/COQMe
[Cu], 10 mol% N
\ N, lignd, 12 mol% HN”
Me * Ph)J\COZMe base (1.5 equiv) /@)\/BP'"
1a 3a solvent, T
Me' 4a

Entry [Cu] Ligand  Base Solvent T (°C) Yield? (%)
1 Cu(MeCN),PFs dppe NaO‘Bu THF 80 18
2 Cu(MeCN),PF, dppe LiO‘Bu THF 80 11
3 Cu(MeCN),PFs dppe KOBu THF 80 42
4 Cu(MeCN),PFs dppe NaO‘Bu Toluene 80 32
5 Cu(MeCN),PF, dppe NaO‘Bu Dioxane 80 43
6 Cu(MeCN),PF, dppe NaO‘Bu MeCN 80 2
7 Cu(MeCN),PF, dppe NaO'Bu DCE 80 30
8 Cu(MeCN),PF, dppe NaO'Bu THF 60 31
9 Cu(MeCN),PFs dppe NaO‘Bu THF 40 39
10 Cu(MeCN),PFs dppe NaO‘Bu THF rt 24
11°  Cu(MeCN),PF, dppe KO'Bu Dioxane 40 66
12°  CuCl, dppe KOBu Dioxane 40 58
13°  Cu(OAc), dppe KO'Bu Dioxane 40 74
14°  Cu(OAc), dppf KO‘Bu Dioxane 40 23
15°  Cu(OAc), Xantphos KO‘Bu Dioxane 40 40
16°  Cu(OAc), dppbz KO'Bu Dioxane 40 82
17%?  Cu(OAc), dppbz  KOBu Dioxane 40 90

“ Reaction conditions: 1a (0.1 mmol), 2 (0.15 mmol), 3a (0.15 mmol),
catalyst (10 mol%), ligand (12 mol%), base (1.5 equiv.) and 1,4-dioxane
(1 mL) under nitrogen at 40 °C for 10 h. ” Determined by 'H NMR
analysis using nitromethane as the internal standard. © Reaction time
was 3 h. 9 H,0 (1.0 equiv.) was added.
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Scheme 2 Scope of the styrenes. Reaction conditions: 1 (0.1 mmol), 2
(0.15 mmol), 3a (0.15 mmol), Cu(OAc), (10 mol%), dppbz (12 mol%), KO'Bu
(1.5 equiv.), H,O (1.0 equiv.) in 1,4-dioxane (1 mL) at 40 °C for 3 h, under
nitrogen atmosphere. All the yields refer to the isolated products.

were next examined in combination with the dppe ligand.
While CuCl, impaired the reaction outcomes (entry 12), higher
yield was observed with Cu(OAc), as the catalyst (entry 13). With
Cu(OAc), some typical bidentate ligands were further screened
(entries 14-16). The reaction with dppbz as the ligand afforded
4a in high yield of 82% (entry 16). Finally, we reasoned that
introduction of proton source to the reaction could be beneficial,
and we thus carried out the reaction by adding one equivalent
of H,0. The yield of the reaction was indeed improved to 90%
(entry 17).

With the optimized conditions in hand, we then investigated
the scope of the styrenes using 3a as the electrophilic nitrogen
source. A variety of styrenes bearing different substituents on the
aromatic rings was reacted smoothly, affording the corresponding
borylated hydrazones in moderate to good yields (Scheme 2, 4a-1).
Both electron-withdrawing groups and electron-donating groups
at the para-position of styrenes have little influence on the
reactions (Scheme 2, 4b-h). Substituents at the ortho- or meta-
position of styrenes were also tolerated under the optimized
reaction conditions (Scheme 2, 4i-k). The naphthyl substituted
substrate also worked in this reaction, giving the product 41 in
67% yield. However, a-olefins such as 4-phenyl-1-butene 1m
and cyclohexylethene 1n did not yield the corresponding products
under identical conditions. The reaction of sterically hindered
a-methylstyrene 10 and trans-f-methylstyrene 1p produced the
aminoborylation products in only trace yield.

Chem. Commun., 2018, 54, 12266-12269 | 12267
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Scheme 3 Scope of the diazo compounds. Reaction conditions: 1
(0.1 mmol), 2 (0.15 mmol), 3a (0.15 mmol), Cu(OAc), (10 mol%), dppbz
(12 mol%), KO'Bu (1.5 equiv.), H,O (1.0 equiv.) in 1,4-dioxane (1 mL) at 40 °C for
3 h, nitrogen. All the yields refer to the isolated products. ° Yield determined by
14 NMR analysis using nitromethane as the internal standard.

Next, we explored the reaction scope with various diazo
compounds. Methyl-substituted aryl diazoesters at para-position
and meta-position proceeded well to give similar yields (Scheme 3,
5a and 5f). However, the reaction with ortho-substituted aryl diazo-
esters only afforded the product in low yield (Scheme 3, 5i).
Importantly, both electron-donating and electron-withdrawing
substrates could provide satisfactory results. Moreover, halogen-
substituted aryl diazoesters with p-F, p-Br, p-Cl and mp-Cl,
substituents also provided excellent yields (Scheme 3, 5¢-h).

To gain insights into the reaction mechanism, we performed
the following control experiments. Firstly, when the reaction
was conducted in the absence of B,pin,, 4-methylstyrene 1a and
methyl a-diazophenylacetate 3a remained completely unchanged
(eqn (1)). Next, in the absence of 4-methylstyrene 1a, a-diazo-
phenylacetate 3a was converted to hydrazone 6 under the
standard conditions, and no other products could be observed

except the recovery of unreacted 3a (eqn (2)). Finally, reaction of

4-methylstyrene 1a and B,pin, in the absence of diazo substrate
afforded the hydroborative product 7 in 90% yield (eqn (3)).
Based on the results of the control experiments, and also
according to our understanding of diazo chemistry and the
literature precedents, a plausible mechanism was proposed as
shown in Scheme 4. In the presence of ligand and LiO'Bu,
Cu(OAc), is initially reduced, generating the active catalyst
Cu(1) species A."> A undergoes transmetalation with B,pin, to
give borylcopper(i) species B. syn-Addition of B to the styrene
affords benzylcopper species C, which reacts as a nucleophile
trapped by nitrogen electrophile such as diazo compounds to
afford intermediate D. Protonation of D by H,O followed by

12268 | Chem. Commun., 2018, 54, 12266-12269

View Article Online

Communication

Ph CO,Me
\n/ 2 PhYCOZMe Cu(OAC),
N N
/
-— L, KO'Bu
ph)\/ pin Ph)\/Bpln pinB-Bpin
LCuX 2
H,O A
X >
= O'Bu or OH B0l
CuL
Ph\lrcozl\ﬂe
LCu—Bpin
B

Ph)\/Bpln
Ph/\

NO N >\ CuL
U} i
Ne - Ne RN 1
)J\COZMe Ph)(D\COZMe ¢ .
" protonation .
3 3 Ph/\/Bpm

in the

absence of 3 7
in the absence of 1
Bpin {\
Pl \ H-OH Bpln\ NH
LCu—Bpin N //_/4 NH N7 2
B n| N/ H,0
—
9\ Pq \ Ph)J\COZMe
COZMe
Ph ©°CO,Me LCux Ph™ "CO,Me HOBpin 6
3 @
X
X = O'Bu or OH

Scheme 4 The proposed reaction mechanism.

rapid isomerization of E furnishes the borylated hydrazone
products. In the absence of styrene 1, the diazo ester 3 is reduced
to hydrazone 6 (eqn (2)) through intermediates F and G. In
striking contrast to this, in the absence of diazo substrate 3 the
intermediate C will be protonated to give hydroborative product

7 (eqn (3)).

N standard
X, 2 conditions  starting materials
Ph)J\CO Me remained 6))]
Me' 2
1a 3a
standard _NH,
Ny conditions N
+ ByPinp —> )j\ (2)
Ph™ “CO,Me Ph™ “CO,Me
3a 2 6, 40%
standard i
A conditions Bpin
+ ByPinp ———> 3
Ve Ve ®3)
1a 2

7, 90% (NMR yield)

In summary, we have developed a copper-catalyzed regio-
selective aminoborylation of styrenes. In contrast to previous
aminoborylation of alkenes, this reaction utilizes diazo com-
pounds as the electrophilic amination agent, producing diverse
borylated hydrazones which are difficult to access by other
means. This protocol features mild reaction conditions and a
broad range of functional groups are tolerated. Further exten-
sions of this work, including the in situ transformation of the
aminoborylation products, and asymmetric version of the reac-
tion are currently underway in our laboratory.

This journal is © The Royal Society of Chemistry 2018
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