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1 LETTER  

Abstract: The combination of 4,4,6-trimethyl-1,3,2-
dioxaborinane, a particularly stable and inexpensive borylation 
reagent, and Buchwald’s palladium catalyst provides a simple, 
fast, cost-effective borylation of electron-rich, reactive iodides, 
bromides, and triflates, to produce stable, easily purified boronic 
esters. 
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The increasing number of applications of the Suzuki-
Miyaura coupling prompts the design of efficient and 
cost-effective methods for the preparation of the arylbo-
ronic precursors. Among these, the borylation of aryl 
halides or triflates with pinacolborane1 (PinBH) is an 
excellent alternate to the more classical addition of or-
ganometallics to trialkoxyborane. Murata's team2 and 
ours3 proposed the replacement of PinBH in this reaction 
by the easily accessible, much less expensive and more 
conveniently prepared MPBH (4,4,6-trimethyl-1,3,2-
dioxaborinane4 1). In addition, Billingsley and Buch-
wald1i completed in 2008 the original study of Baudoin 
et al.1c on the very positive role of bulky phosphine 
ligands in the borylation with PinBH. We wondered if 
the advantages of both implementations could be com-
bined to provide a convenient and cost-effective access 
to aryl boronic esters from aryl halides; we discuss 
herein the advantages and limitations of this system. 
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Scheme 1 Preparation of MPBH 1. Reagents and conditions: dioxane, 
20°C, 30 min. 

MPBH is a particularly stable dioxaborinane,4 readily 
accessible from hexyleneglycol and borane. We de-
scribed earlier2,3 convenient preparations using BH3–
DMS or B2H6 generated from NaBH4 and MeSO3H. We 
considered the use of N,N-diethylaniline-borane, a safe5 
source of borane for large-scale applications, but the 
reaction of hexylene glycol with this reagent was slug-
gish. Pd/C is known6 to accelerate the decomplexation 
and solvolysis of amine-boranes in methanol. In an 
analogous manner (Scheme 1), we found that reacting 
N, N-diethylaniline-borane and hexyleneglycol in the 

presence of Pd/C (5 % by weight of 10 % Pd/C reagent) 
resulted in the complete consumption of the diol in 30 
min at room temperature. Distillation of the reaction 
mixture in vacuo provided neat MPBH in 75% yield.7,8 
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Scheme 2 Borylation of aryl halides and triflates. 

Then we studied the palladium-catalyzed borylation of 
various aryl halides and triflates with MPBH and a cata-
lyst prepared from Pd2(dba)3 and CyJohnPhos9 according 
to Baudoin's procedure1c (Scheme 2, Table 1).10 In pre-
liminary experiments, we found that toluene and dioxane 
were equally suitable solvents.  

With PinBH, a dramatic feature of this catalyst system 
compared to others1-3 is the extreme rapidity of the proc-
ess, when applied to electron-rich aryl iodides11 or bro-
mides.12 The same is true with MPBH. This high reactiv-
ity allows complete conversion of reactive aryl iodides 
and bromides (entries 1-4, 7, 8) between 20 and 40°C 
within a few hours. To our knowledge, operating at 20°C 
has not been described for this reaction yet.13 

The process remained efficient at low levels of catalyst: 
the boronate ester was produced from p-bromo-N,N-
dimethylaniline in 90% yield in 6 h at 20°C when 0.3 
mol% Pd was used (10 mmol run, entry 7).  

When less reactive iodides were used, some hydrodeha-
logenation was observed. This side-reaction is always 
met in analogous borylation with PinBH, and is favored 
by electro-withdrawing substituents on the aryl ring. In 
the present work as well as in the literature,1 it is the 
only side-reaction: the homocoupling product was never 
observed. We indicate whenever available the Ar-
B(OR)2/Ar-H ratio, but low-boiling arenes were seldom 
accurately measurable. Note that all reactions of Table 1 
were run to complete conversion of the starting material. 
Thus, lower isolated yields reflect a higher level of hy-
drodehalogenation. With the reactive substrates of en-
tries 1-4, 7 and 8, the reduced product was below detec-

Efficient borylation of reactive aryl halides with MPBH (4,4,6-trimethyl-
1,3,2-dioxaborinane). 
Nageswaran PraveenGanesh, Emilien Demory, Christine Gamon, Véronique Blandin, Pierre Y. Chavant* 
Département de Chimie Moléculaire, UMR-5250, ICMG FR-2607, CNRS, Universite Joseph Fourier, BP 53, 38041 Grenoble Cedex 09, 
France 
Fax: (+)33 476635983. Pierre-Yves.Chavant@ujf-grenoble.fr  

PUBLISHED in  

SYNLETT 2010, No.16, pp 2403–2406; DOI: 10.1055/s-0030-1258059 

© Georg Thieme Verlag Stuttgart, New York 



2 LETTER  

tion. In all cases, it was found to be less present than 
with the PdCl2(TPP)2 catalyst in our former work.3 It can 
be concluded that in the case of reactive, electron-rich 
aryl iodides and bromides, MPBH is a cost-effective 
substitute to pinacolborane in a fast and efficient palla-
dium-catalyzed borylation. 

Disappointingly, with less reactive aryl halides, a clear-
cut difference in reactivity between PinBH and MPBH 
appeared, with MPBH favouring the unwanted hy-
drodehalogenation. The difference remained limited with 
electron-depleted iodides (entries 5 and 6). Entry 5 (69% 
yield) should be compared with Masuda’s1b result: bory-
lation of ethyl 4-iodobenzoate with PinBH in the pres-
ence of PdCl2dppf yielded 79% Ar-Pin (hydrodehalo-
genated product 17%). More dramatic differences ap-
peared with electron-depleted bromides, for which hy-
drodehalogenation became deleterious (entries 9-12). In 
the same conditions, PinBH was much more efficient: 
compare entries 9 and 10, 11 and 12. 

The borylation of chlorides was practically limited to the 
most reactive, electron-rich ones (entries 15-17).14 
Remarkably, aryl triflates1b,15 were borylated efficiently 
(entries 13-14). The extent of the hydrodetriflation 
seemed less dependent of the electro-donating (entry 13) 
or electro-withdrawing nature of the substituents (entry 
14, compare also with entry 11). 

So far, all reported optimizations of this reaction were 
done with electron-rich substrates.1-3 We decided to 
check the influence of reaction parameters on the boryla-
tion-hydrodehalogenation ratio when the substrate is 
electron-depleted; 2-bromonaphtalene was our model of 
“unreactive“ substrate.16 Reactions were monitored by 
GC with internal standard. Although we could not in-
crease the yield in boronic ester 2g above 50%, some 
interesting trends appeared. Higher temperatures favor 
borylation over hydrodehalogenation (37% yield in 2g at 
80°C, 50% at 150°C), making this reaction a good can-
didate for closed-vessel, microwaves-heated reactions. 
Nevertheless, at identical temperatures, microwaves 
heating did not lead to significantly faster reaction than 
conventional heating. With 2-bromonaphtalene and 
MPBH, other ligand systems (dppf,1a,b dpePhos,1f excess 
TPP,3 N-(dicyclohexylphosphino)-2-(2'-tolyl)indole17 or 
di-tert-butylbipyridyl) led to slower reactions and in-
creased hydrodehalogenation. 

Monitoring the course of the reaction showed that the 
borylation/hydrodehalogenation ratio is lower at early 
stages of the reaction. Examples have been reported with 
PinBH18 where prolonged heating of the reaction mix-
tures caused an increase of the hydrodehalogenation. In 
the present conditions, both reactions are concurrent. 
Prolonged heating after the end of the conversion of the 
bromide never caused any significant loss of borylated 
product. A larger excess of MPBH (3 eq.) slightly fa-
vored hydrodehalogenation: best results were obtained 
with only 1.5 eq. dialkoxyborane. 

Our hypothesis is that MPBH is more prone than PinBH 
to some disproportionation19 in the reaction conditions, 
releasing small amounts of BH3 that would favor Pd-

catalyzed reduction of the substrate. Indeed, replacing 
MPBH by BH3:Et3N caused extensive hydrodehalogena-
tion. 

Table 1 Borylation of various aryl halides and triflates with MPBH 
catalyzed by Pd/CyJohnPhos.a,10 

Entry substrate conditions ArB(O
R)2/Ar
Hb 

Product 

yield 
(%)c 

1 

I

Me2N

 

3% Pd, 20°C, 
<0.5 h 

 
> 99:1 

2a 
90 

2 

I

MeO

 

1% Pd, 20°C, 
1 h 

 
> 95:5 

2b 

91 

3 

I

H2N

 

0.5% Pd, 
20°C, 
0.5 h 

 
> 97:3 

2c 

79 

4 

I

NH2

 

1% Pd, 20°C, 
3 h 

 
> 97:3 

2d 

88 

5 MeOOC

I  

1% Pd, 80°C, 
3 h 

 
70:30 

2e 

69 

6 

IO2N  

1% Pd, 40°C, 
16 h 

 
n.d.d 

2f 

60 

7 

Br

Me2N

 

0.3% Pd, 
20°C,  
6 h 

 
> 99:1 

2a 

90e 

8 

Br

MeO

 

0.5% Pd, 
40°C, 
6 h 

 
>95:5 

2b 
81 

9 
 
 
10 

Br  

MPBH (3 eq.) 
1% Pd, 100°C 
Tol.f, 30 h 
PinBH (3 eq.) 
1% Pd, 100°C 
Tol.f, 15 h 

 
30:70 
 
92:8 

2g 
_ 
 
3g 

_ 

 
11 
 
 
12 

Br

Ph

O

 

MPBH  
1% Pd, 150°C 
Tol.f, 15ming 

PinBH 
1% Pd, 150°C 
Tol.f, 15ming 

 
29:71 
 
 
70:30 
 

2h 
_ 
 
 
3h 
litt.1i 70 

13 

OTf

Me

 

1% Pd, 80°C, 
6 h 

 
n.d. 

2i 

82 

14 

OTf

Me

O

 

1% Pd, 80°C, 
16h 

 
n.d. 

2i 

73 

15 MeO

Cl  

1% Pd, 
100°C, 16h 

 
>95:5 

2b 
90 

16 

Cl

OMe

 

2% Pd, 80°C, 
16 h 

 
51:49 

2j 

45 

17 Me

Cl  

1 % Pd, 80°C, 
24 h 

 
n.d. 

2i 

62 

a Unless otherwise stated: MPBH 1.5 eq., Et3N 3 eq., Pd (as 
Pd2(dba)3), CyJohnPhos 2 eq. per Pd, in dioxane. 
b Measured by GC, except entries 3 and 4: 1H-NMR. 
c Isolated yields after chromatography. 
d n.d.: not determined. 
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e 10 mmol bromide. 
f run in toluene. 
g sealed vessel, microwaves heating. 
 

As a conclusion, the combination of MPBH, a particu-
larly stable and inexpensive reagent, and Buchwald’s 
palladium catalyst provides a simple, very fast, cost-
effective borylation of reactive, electron-rich aryl io-
dides, bromides, and triflates, to produce stable, easily 
purified boronic esters, that can be readily used as such 
in Suzuki couplings.1,2 

 

Supporting Information for this article is available online at 
http://www.thieme-connect.com/ejournals/toc/synlett. 
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This article describes our study on borylation of aryl halides and triflates with 4,4,6-trimethyl-1,3,2-dioxaborinane 
(MPBH), a stable and easily available reagent. The combination of MPBH and Buchwald’s palladium catalyst provides 
a simple, fast, cost-effective borylation of electron-rich, reactive aryl iodides, bromides, and triflates, to produce stable, 
easily purified boronic esters. 

In the course of this work we found that the desired borylation can be hampered by a concurrent hydrodehalogenation 
of the substrate. We studied the influence of various parameters on the extent of this side-reaction in the case of 2-
bromonaphtalene as the model. The results of this study are summarized in the table below. 

 
Standard procedure for the borylation of 2-bromonaphtalene 

 An oven-dried Schlenk vessel (or a 10-mL microwaves vial) was charged with 2-bromonaphtalene (0.5 mmol), 
Pd2(dba)3 (2.3 mg, 0.5 %) and CyJohnPhos (3.5 mg, 2 %) and placed under an atmosphere of Argon. Anhydrous toluene 
(1 mL), triethylamine (152 mg, 1.5 mmol), MPBH (96 mg, 0.75 mmol) and tetradecane (as an internal standard) were 
introduced with a syringe. The reaction mixture was then heated at the indicated temperature for the indicated time. 
When microwaves were used the reaction was hydrolysed after this time and analyzed by GC (relative response factors 
of the components were determined from mixtures of pure samples). Reactions performed in an oil bath at atmospheric 
pressure were monitored by repeated analysis of small aliquots.  
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Scheme: Borylation of 2-bromonaphtalene 

Table. Borylation of 2-bromonaphtalene with MPBH 
Standard conditions: 2-bromonaphtalene, MPBH 1.5 eq., Et3N 3 eq., Pd (as Pd2(dba)3) 1 mol%, CyJohnPhos 2 mol%, toluene (2 mL/mmol ArBr) 

Entry temp. time deviation from standard conditions conversion Ar-MPB:Ar-H 

18 40°C (thermal) 16 hrs 3 eq. MPBH 99 38:62 

19 80°C (thermal) 6 hrs – 100 37:63 

20 110°C (thermal) 20 min 3 eq. MPBH 100 35:65 

21 110°C (thermal) 30 min – 49 39:61 

22 110°C (µW) 30 min – 55 42:58 

23 110°C (thermal) 16 hrs – 100 44:56 

24 150°C (µW) 5 min – 100 45-50:50-551 

25 180°C (µW) 5 min – 100 50:50 

26 150°C (µW) 5 hrs 0,1mol% Pd, 0.2 mol% ligand 82 49:51 

27 150°C (µW) 30 min 1 eq Et3N 78 49:51 

28 150°C (µW) 5 min 1.2 eq. MPBH 87 47:53 

29 150°C (µW) 15 min 1.2 eq. MPBH 98 44:56 

30 150°C (µW) 30 min 
1.2 eq. MPBH, 

dioxane 
95 43:57 

31 150°C (µW) 30 min Pd as Pd(AcO)2 100 48:52 

32 150°C (µW) 30 min 
2 mol% N-(dicyclohexylphosphino) 

-2-(2'-tolyl)indole 
84 46:54 

33 150°C (µW) 30 min 1mol% DPEphos 55 43:57 

34 150°C (µW) 60 min 1mol% dppf 100 39:61 

35 150°C (µW) 30 min 2 mol% TPP 100 33:67 

36 110°C (thermal) 110 min 3 eq. MPBH, 4 mol% TPP, dioxane 100 21:79 

37 150°C (µW) 30 min 1mol% dtbpy2 61 13:87 

38 150°C (µW) 30 min Pd/C, no ligand 65 3:97 

 

                                                        
1 run repeated thrice. 
2 4,4’-di-tert-butyl-2,2’-dipyridyl 

Br B
O

O

Cy2P

+

 Et3N 

20-100 oC

toluene

Pd2(dba)3
MPBH

ArMPB ArHArBr
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Typical microwaves experiment: heating profiles 

The profiles below (entry 31) are typical. This reaction was performed on a 0.5 mmol scale in a 10 mL vessel; solvent was toluene. 

CEM DISCOVER  apparatus,  

 

 Method Parameters 

Prestirring(mm:ss): 00:15 

Type:Dynamic Stage Temp(C) Time(mm:ss) Pressure(BAR) Power(W) PowerMAX Stirring 

 1 150 30:00 17,0 300 No Low 

 Graphs 

  

 Method Summary 

 Reaction started:    

 30/10/2009 11:12:40 

 Temperature setpoint reached:  30/10/2009 11:16:00 

 Reaction cooling started:   30/10/2009 11:46:01 

 Cooling/Reaction ended:   30/10/2009 11:47:07 

  

 Reaction Completed Successfully! 

 Maximum temperature:    151 C 

 Maximum pressure:    3 BAR 

 Time to obtain setpoint:   03:20 mm:ss 

 Time at setpoint:     30:01 mm:ss 

 Time cooling:     01:06 mm:ss 

 


