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The transition metal-catalyzed addition and the cross-coupling reaction of the

metal-metal compounds have attracted considerable attention as a direct route to prepare

various organometallic compounds. Although the corresponding reactions of boron

compounds had not yet been well developed, we recently reported the first

platinum(0)-catalyzed addition reaction of bis(pinacolato)diboron (1d) to both terminal

and internal alkynes to give cis-bis(boryl)alkenes. The addition of 1d to 1,3-dienes and

alkenes with platinum(0) complexes afforded a new access to the

cis-1,4-bis(boryl)butene and bis(boryl)alkane derivatives. The palladium(0)-catalyzed

cross-coupling reactions of 1d with aryl halides or triflates, and allyl chlorides or

acetates gave the corresponding aryl- and allylboronates in high yields, which provides

the first one-step procedure for organoboronic esters from organic electrophiles. Since

(alkoxo)diborons are thermally stable and easily handled in air, the reagent can be useful

as a boron nucleophile for the cross-coupling reaction with organic halides. The

mechanisms and the synthetic applications of those reactions are discussed.



Key words: Diboron, Unsaturated hydrocarbons, Organic

electrophiles, Diboration, Addition, Cross-coupling, Platinum

catalyst, Palladium catalyst, Organoboranes
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1b
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1c:

1d:

1e:

electric discharge
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>
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>

(MesN)-B—B(NMejy),

ROH
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~
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B—B

O—

L

/
\O/
O

—

31

Cl,B-BCl,
1a

1b

(RoN)oB-B(NRy)2

(RO)2B-B(OR),

(pinB—Bpin)

(catB—Bcat)



hexane PhsP{  PPhj

1d + Pt(PPhj), S > Pt (5)
(20 eq) 80°C/2h pinB” Bpin
2a 82%
Ce6D n-CeHia
23 + n'C6H13 — 50 OC /66 h > >:\ (6)
(1 eq.) pinB Bpin
87%
n'C4H9
p— + Br%C4H9”
pinB Ph
(1.1ed)  Pd(PPhg), (3 mol%)  MCas -
ag. KOH (3 eq.) o Ph
dioxane /90 °C /6 h /)

n'C4H9 660/0
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Ph Et O OSlM

PdCl,(dppf) / aqg. KOH PdCl,(dppf) / aqg. KOH
3,5- dlmethoxyphenol DME /r.t. /18 h
DME /r.t. /18 h

CF3COZH
57% O O

SI . Tamoxifen
(R=CHQCH2N Mez)

pinB Bpin

1 Ph pp, Rh(acac)(dppm)-Bycats Ph Ph
e + \ , '3
— THF /rt. /72 h

(9)
catB Bcat
99%
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Me Pt(dba), Me

3 mol% Bpi
1d + /\/ A\ ( ), pinBW "

toluene
(3 eq.) rt. /16 h 94%
Me
Pt(dba), (3 mol%)
+ >
1d Me—//_\\ toluene /r.t. /16 h
(1.5 eq.)
Ph Ph
o © TfO
B—B +
/ \
O O CbzHN
Ph Ph
Ph
PdCl(dppf)-dppf / ACOK O\B
DMF /100 °C /3 h g
Ph
65%

H2
Pd(OH),/C

\
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pinB
92%

COan

Bpin

(11)



Br. PPhg DMSO-dj AcO_ PPhg

Pd + AcOK A0 > Pd (13)
PhgP Ph (10 eq.) r.tL. min PhsP Ph
5a 9 99%
C6Dg _
9 + 1d : > pinB—Ph (14)
r.t. /30 min
(1.1 eq.) 67%

—()—oon—(P)
1d pinBOCONH—@
PdCl(dppf) / AcOK

DMF/80°C/20h

Br4®70F3
G OO
Pd(PPhs), / aq. KPO,

DMF /80°C /20 h

CF4CO,H
> HNCO CF;  (15)

87%
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(16)

Pd(dba),-
2P(4'MGOCGH 4)3

O (3 mol%) _
1d + ClCH2 > plnBCH2
AcOK (1.5 eq.)

(1.1 eq.) toluene /50 °C /24 h
88%
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Fig. 1

Pt(0)

Reductive Oxidative
elimination addition

~ e
s /B—Pt—B\
~ 2

B Pt—B

R1%R2

Diboration of unsaturated hydrocarbons.
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Pd(0)

Reductive Oxidative
elimination addition

~B-Pd-R X-Pd-R
6 Transmetallation 5
1

Fig. 2 Borylation of organic electrophiles.
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Table1 Reaction conditions for diboration of 1-octyne.

T catalyst (3 mol%) n-Cetlis
e 6(11.31 e; 24 h B BC
diboron catalyst solvent temp (°C) vyield (%)
1d Pt(PPhg), DMF 80 92
PtCl,(PPhg), DMF 80 0
Pd(PPhg), DMF 80 8
RhCI(PPhg)s DMF 80 1
Pt(PPh3), DMF 50 76
Pt(PPhs), hexane 50 80
1c Pt(PPh3), DMF 80 89
1b Pt(PPh3), DMF 120 7
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Table 2 Diboration of alkynes.

Pt(PPhs) 4 (3 mol%) R Ra

1d + R—=—"Re “SuF/80°C/24n —
(1.1 eq.) pinB Bpin
product yield (%)
Ph n-CgH;  CgH" Ph Ph
\B:_\B/ g o 5 \B:_:B/
- . - ~
792) 86 79
O
a/ (CHy)4 N/C~(CHy)3 é/(CHz)s
© \B/‘ o \B/ \B/‘ o \B/ \B/‘ o \B/
- ~ - ~ - ~
87 79 77

a) The reaction was carried out at 120 °C.
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Table 3  Synthesis of (E)-(1-organo-1-alkenyl)boranes.
n-CqHg Y R Pd catalyst (3 mol%)  MCaHg
— + X- > —
binB Bpin base (3 eq.) /16 h DinB R
(1.1 eq.)
X-R conditions product yield (%)
2 ro
3
80 °C /B Ph
a2 ro
3
CICH.Ph DME \B>:\;Ph 82
80 °C -~
AT o
(E)-BrCH=CHPh DME - ):\_\ 72
70 °C _B —
Ph
0T ro
(E)-CICH,CH=CHPh . 4 — 67
dioxane ~
80 °C B o
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Table 4 Diboration of alkenes.

- R Pt(dba), (3 mol%) Ri Re
1d + 1 L 2 >
N— \ toluene /50°C /1 h pinB Bpin
(1.5 eq.
product yield (%)
n-C8H17 Ph: NIC‘>_\
~ : \, ~ - B 1
_B B _B B ~ ~
8o 86 709
O
)J\(CHz)z Q @
~ / \__~ ~ - ™ -
B B B SN B S\
70b) 85 85°)

a) 10 mol% of catalyst was used. b) 3 equivs of alkene was
used.
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Table 5 Diboration of 1,3-dienes catalyzed by Pt(PPhj),.

R R
| Pt(PPh3), (3 mol%) |-
1d + > : .
/ _\\ toluene /80 °C /16 h me—/_ \BP'”
(1.5 eq.)
R
—_— 2 — pinB—/:ﬁ\\
Pt—Bpin
product yield (%)
Me Me Me
~ o RN h PEEERN ﬂ ~
/B—/_\—B\ Pi: 8 B B
95 93 91

~ o ~ ~ -
/BﬂB\ /BOB\
Me
84a) 91

a) 4.5 equivs of diene was used.
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Table 6 Diboration of allenes.

. Pt catalyst R, . Ry
! 3 mol% R 2
R, toluene pinB Bpin  pinB Bpin

4a 4b
R2
T A
—> 2 —> | PinB--- —> pinB (—Pt—Bpin

|

[ 2
_pinB H H |
1,2-diene and product conditions A conditions B

Ri1= R2= yield (%) 4a:4b  yield (%) 4a:4b
H H 99 — 99 —
n-C4Hg H 97 94:6 90 84:16
Me Me 98 24:76 99 2:98
MeO H 813 0:100 853  0:100

Conditions A: Pt(PPh3), /80 °C /16 h.
Conditions B: Pt(dba)z'P(C'C6H11)3 /50 °C /18 h.
a) 10 mol% of catalyst was used.
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Table 7  One-pot synthesis of homoallylic alcohols.

R1CHO (1.1 eq.) J\/O[Bpin
oinB Bpin dioxane /50 °C /16 h pinB Ry

X-R2 (1.1 eq.) X M
PdCl,(dppf) (3 mol%) /aq. KOH (3 eq.) Ry R,

dioxane /90 °C /16 h

R1CHO X—R2 yield (%)
PhCHO IPh 75
n-CsH;CHO IPh 622)
PhCHO CICH,Ph 61
PhCHO (E)-ICH=CHCgH14" 65
PhCHO (E)-BrCH,CH=CHPh 62

a) Allylboration was carried out for 48 h.

45



Table 8 Diboration of a,b-unsaturated ketones.

/Bpin
Ry COR* pt(dba), (3 mol%) ©
— > R R
1d + toluene /r.t. /16 h L 7 )
Ro 3 R
(1.1 eq.) | pinB R
H20 R,  COR#
> R,
pinB Rs
product yield (%)
COMe COMe Me COMe
~ ~ ~
B _B Me _B
88 64 72
O (@]
Ph COMe
~ ~ ™
/B /B /B
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Table 9  Reaction conditions for direct borylation of

bromobenzene.
Pd catalyst

1 + Br—pPh bfsem(zlos(:.) ~ “B—Ph + Ph—Ph

(1.1 eq.) 80°C/2h 7 8
diboron catalyst base solvent yi7eld (%8)
1d PdCl5(dppf) AcOK DMSO 98 0
PdCl5(dppf) K3PO, DMSO 25 60
Pd(PPh3), AcOK DMSO 43 0
PdCl,(dppf) AcOK dioxane 78 0
PdCl(dppf) AcOK toluene 67 0
ic PdCl(dppf) AcOK DMSO 86 0
1b PdCl5(dppf) AcOK DMSO 57 7
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Table 10 Direct borylation of aryl electrophiles.

1d + X
(1.1 eq.)

Pd catalyst (3 mol%) —

\ %, AcOK (3 eq)/80°C

pinB /
N\

product

yield (%)

~

o
Br 1h 76
TfO 15h 75
Me

~

/B Me

Me
| 24h 71

~
/BOCOMe

Br 1h 80
TfO 6h 92

Br 4h 84

~N
So( "o

I 2h 82
TfO 13 h 93
~
/B \ S
I 4h 60

For halides: PdCl,(dppf) /DMSO.
For triflates: PdCl,(dppf)-dppf / dioxane.
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Table 11 One-pot synthesis of biaryls.

1d >
PdCl(dppf)-dppf / AcOK

(1.1ed.)  dioxane /80°C /7-18 h

TfOOZ
SaVats
PdCl,(dppf) (3 mol%)

K3PO, (3 eq.) / dioxane /80 °C

TfOOY (1.1 eq.)
pinBOY

TfOAr and product

time (h) yield (%)
Y= /=
MeCO CN 16 93
MeO CN 24 81
MeO MeS 24 652)

a) 3 mol% of dppf was added at the second coupling.
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Table 12 Direct borylation of allylic electrophiles.

Pd catalyst (3-5 mol% ,
1d + X R y i ), pinB._~ R
(1.1 eq.) 50°C
electrophile product X time (h) vyield (%)
~ Cl 10 70
X Ph B Ph
R SENR ACO o6 23
™~ Cl 10 69
X B._~._-Ph
TN TN AcO 24 65
Ph
X ™~ Cl 10 64
N BoxPh
lh/\ A AcO 16 83
Ph Ph
XJ\ o8 )\ . X .
AN SO AcO 16 89
X Me OB Me Cl 5 78
X - X
W W AcO 60 24
Me Me
SONES G
-~ AcO 60 4

For halides: Pd(dba),-2AsPhs / AcOK (1.5 eq.) / toluene.

For acetates: Pd(dba), / DMSO.
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Table 13  One-pot synthesis of cyclic homoallylic alcohols.

(@)
3
1d R )J\Tﬁlq\f Pd(dba)»-2AsPhs (3 mol%)
+ 1 R e
(1.1 eq) R, toluene /50°C /16 h

OAc
O OH
COR3
R toluene Ry
1 R 100 °C /24 h R,
2 Bpin COR3
product yield (%)
oH OH OH OH
Me Me
Me Me
COMe CO.Et 5 Me CO,Me
71 62 77 71
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