O ( ‘The Journal of Organic Chemistry
Subscriber access provided by - Access paid by the | UCSB Libraries

n-Butyllithium Catalyzed Selective Hydroboration of Aldehydes and Ketones

Zhangye Zhu, Xueli Wu, Xiaojuan Xu, Zhenjie Wu,
Minggiang Xue, Yingming Yao, Qi Shen, and Xiaoguang Bao
J. Org. Chem., Just Accepted Manuscript « DOI: 10.1021/acs.joc.8b01495 « Publication Date (Web): 02 Aug 2018
Downloaded from http://pubs.acs.org on August 2, 2018

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a service to the research community to expedite the dissemination
of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in
full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully
peer reviewed, but should not be considered the official version of record. They are citable by the
Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore,
the “Just Accepted” Web site may not include all articles that will be published in the journal. After
a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web
site and published as an ASAP article. Note that technical editing may introduce minor changes
to the manuscript text and/or graphics which could affect content, and all legal disclaimers and
ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,
Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.

N4 ACS Publications



Page 1 of 8

oNOYTULT D WN =

The Journal of Organic Chemistry

n-Butyllithium Catalyzed Selective Hydroboration of Aldehydes and Ketones

Zhangye Zhu, Xueli Wu, Xiaojuan Xu, Zhenjie Wu, Mingqgiang Xue,* Yingming Yao, Qi Shen, and

Xiaoguang Bao*

Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry, Chemical Engineering and Materials Science,
Dushu Lake Campus, Soochow University, Suzhou 215123, People’s Republic of China

©® Supporting Information

ABSTRACT: Highly efficient and selective hydroboration of aldehydes and
ketones with HBpin is achieved by using the simple and convenient n-BulLi as a
catalyst. The reaction proceeds rapidly with low catalyst loading (0.1-0.5 mol %)
under mild conditions. Key features include the high catalytic efficiency,
exceptional functional group compatibility, ample substrate scope and high r'=akay
selectivity for aldehydes over ketones. Computational studies were carried out to
provide a mechanistic insight into the n-Buli catalyzed hydroboration of

aldehydes/ketones with HBpin.
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The development of inexpensive and environment-friendly
metal catalysts for valuable chemical transformations is of
great significance in modern organic synthesis. In contrast to
the intense attentions paid to the organic catalytic chemistry
driven by precious metals, the application of earth-abundant
and biocompatible main group metals is lagged and
underdeveloped.! Furthermore, the utilization of simple and
easily attainable metal catalysts remains limited as the
sphere is mostly dominated by complexes stabilized by
sterically hindered ligands.> In addition, the synthesis of
these complexes is cumbersome and labor consuming.
Therefore, there is a critical need to develop more efficient
and sustainable main group metal based catalysts which
could essentially mitigate the environmental concerns and
over-exploitation of the less abundant earth elements.
Hydroboration reduction of carbonyl compounds is a vital
transformation in organic synthesis as the resultant borates
provide an efficient approach to alcohols via hydrolysis.?*3 In
comparison to the traditional stoichiometric reduction by
using light metal hydrides, catalyzed hydroboration of
aldehydes and ketones has been realized by means of a vast
number of catalysts ranging from transition metals,"><4
main group elements724 as well as lanthanide complexes.?2¢
In most cases, however, these compounds/complexes are
either expensive or difficult to be prepared. As noted earlier,
studies on the hydroboration reactions driven by simple
main group metal catalysts are rather limited. Recently,
Zhao’s group reported that powder NaOH could catalyze the
hydroboration of aldehydes and ketones.>** However, the
relatively high catalytic demand and the use of deuterated
solvents to achieve a better solubility of the powdered alkali
hydroxide were obvious drawbacks. During the preparation
of this manuscript, Hreczycho's group reported a catalyst-

and solvent-free method for the hydroboration of various
aldehydes with pinacolborane.?” Although this scheme was
applicable to aldehydes, the ketones were largely ineffective.
Besides, a higher temperature was required to get better
conversions for aldehyde substrates. Therefore, the
development of a general and highly selective hydroboration
method based on an easily accessible metal catalyst with
great efficiency is desirable to advance the synthetic toolkit.
Herein, we report the use of the inexpensive and
commercially available n-butyllithium (n-BuLi) and other
lithium anilides as catalysts for the hydroboration of
carbonyl compounds with pinacolborane (HBpin). The
excellent catalytic performance of n-Buli for the
chemoselective hydroboration of aldehydes/ketones was
observed. More interestingly, this protocol maintains its high
catalytic efficiency when scaled up.

Benzaldehyde and HBpin were initially chosen as model
substrates to optimize reaction conditions and the progress
was monitored by 'H NMR. The reaction of a 111 molar ratio
of benzaldehyde and HBpin catalyzed by PhNHLi was carried
out at room temperature under neat conditions. A rapid
reaction was observed using as little as 0.01 mol % of catalyst
loading (Table 1, entry 1). An increase in catalyst loading
resulted in a corresponding increase in the yield of product,
giving a good yield of 96% with 0.1 mol % of catalyst loading
(entries 2 and 3). When a slight excess of HBpin was used
relative to benzaldehyde (1:1.1), full conversion was attained
(>99%, entry 4). Other lithium compounds such as
2,6-Me,PhNHLi, 2,6-Pr,PhNHLi and n-Buli could also
effectively catalyze the hydroboration of benzaldehyde with
HBpin (entries 5-7). It was recorded that all lithium anilides
and n-Buli exhibited excellent catalytic activity: complete
conversions were accomplished under solvent-free condition
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Table 1. Hydroboration of Benzaldehyde Catalyzed by
Lithium Anilides and n-BuLi®

o
o

H 4 HB —_—
o

catalyst

10 min rt
Solvent-free

o-BRin

H

entry cat. (mol %) Surl;:;te yield® (%)

1 PhNHLiI (0.01) 11 52

2 PhNHLi (0.05) L1 78

3 PhNHLi(0.1) 11 96

4 PhNHLi(o.1) 111 >99

5 2,6-Me,PhNHLi (0.1) 111 >99

6 2,6-Pr,PhNHLi(0.1) 111 >99

7 n-BulLi (0.1) 111 >99
“Benzaldehyde, HBpin, and lithium compounds at rt.

bBenzaldehyde, HBpin. Yield was determined by 'H NMR

spectroscopy.

Table 2. Hydroboration of Aldehydes Catalyzed by n-BuLi®
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d of aldehydes based

in 10 min at ambient temperature. Pleasingly, it was observed
that these lithium compounds possess comparable catalytic
activity to the rare-earth metal catalytic systems.?> Compared
with some known lithium catalysts, the catalytic activity of
lithium anilides and n-Buli is found to be better than that of
the latest published work,*+4f although lower than that of the
most active lithium hydridotriphenylborate.># Considering
the readily availability and commercial attainability, n-BuLi
as an ideal catalyst was served for this study.

With the afore-defined reaction conditions in hand, the
adaptability of n-BuLi with a wide range of aldehydes was
explored. As shown in Table 2, almost all of the aldehydes
achieved full conversions within 10 min with o1 mol %
catalyst loading. The presence of halogens had no obvious
effect as demonstrated by the clean hydroboration of the
p-fluoro and m-chloro-benzaldehyde substrates (entries 2
and 3). Electron donating aldehydes including
o-tolualdehyde, p-tolualdehyde, 2,4,6-trimethylbenzaldehyde,
and p-methoxybenzafdehyde all afforded the corresponding
borate esters in excellent yields (entries 4-7). Moreover, there
was no obvious steric effect with substrates bearing ortho
substituents (entries 4 and 6). A higher catalyst loading and
longer time were required for the full conversion of
cinnamaldehyde and ferrocene carboxaldehyde (entries 8
and 18). Naphthalene-2-carbaldehyde and heterocyclic
aldehydes such as 2-acetyl thiophene and
2-pyridinecarboxaldehyde were also compatible with the
hydroboration protocol giving full conversions (entries 9-11).
Interestingly, an increase in catalyst loading was not required
in order to achieve complete conversion for a dialdehyde
substrate m-phthalaldehyde (entry 12). For aliphatic
aldehydes, including cyclic substrate (1-formylcyclohexane),
short straight chain (propionaldehyde) and long straight
chain (n-heptanal), the corresponding borate esters were
delivered in excellent yields (entries 13-15). Pleasingly, n-BuLi
also displayed high chemoselectivity and catalytic efficiency
towards the hydroboration of aldehydic substrates
containing sensitive unsaturated functional groups such as C
=(C, C=(, and C=N. Notably, these functional groups were
left intact after completion of reaction (entries 8, 16 and 17).

Encouraged by the satisfactory results obtained with
aldehydes, the scope was expanded to ketone substrates. As
expected, a longer time was required for the hydroboration
of ketones compared with aldehydes. This is analogous to
previously described methods in which aldehydes were
generally more reactive than ketones.t©'8%192026 A catalyst
loading of 0.1 mol % was sufficient for achieving the full
conversions of acetophenone and p-fluoroacetophenone in
20 min (Table 3, entries 1 and 2). Similarly, full conversions of
most aromatic ketones were achieved within 20 min by
employing a catalyst loading of 0.1 mol % (entries 1-9). This
showcased better reactivity in comparison with the NaOH
catalytic system where the catalyst loading of 5 mol % was
required for ketone substrates.># It is worth noting that full
conversions were achieved with substrates having either
electron-withdrawing or electron-donating substituents such
as p-F, p-Cl, p-Br, p-NO.,, p-CH; and p-OCHj, groups. Again,
no obvious effect due to steric hindrance was found in this
reaction. Furthermore, 3-methyl-2-butanone required o.2
mol % catalyst loading to achieve full conversion into the
corresponding borate ester (entry 10).

In the beginning, the
4-aminoacetophenone led to a dehydrogenative byproduct

reaction involving
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coupling of the amino group with HBpin.*® However, by
controlling the order of addition of substrates, the complete
and favorable formation of the desired borate ester was
realized (entry 11). A drug molecule spironolactone was also
selectively hydroborated in excellent yield, thus indicating
the potential application of the present method in medicinal
chemistry (entry 12).

Furthermore, the chemoselective hydroboration of
aldehydes over ketones was explored. The reaction of
equimolar amounts of benzaldehyde, acetophenone, and
HBpin were carried out in the presence of n-BuLi (0.1 mol %)
under neat conditions at room temperature. This resulted in
the preferential conversion of the benzaldehyde into the
corresponding boronate ester (96% conversion). A similar
trend was also observed with the reactions involving other
aldehydes and ketones, but was more pronounced for an
aliphatic carbonyl compound where complete selectivity was
shown towards the aliphatic aldehyde (Scheme 1a).

Table 3. Hydroboration of Ketones Catalyzed by n-BuLi®

JO]\ 0 n-BuLi O/Bpin
+ HB,
R "R? 0 neat or THF, rt R1J\R2

2a-2|
cat. t yield®
entry ketones product (mol %) Tl %)
o o Bein
1 0.1 20 >99
@ (10) (96)
o o-Bein
2 @/‘k O/\ 0.1 20 >99
. ) (10) (90)
[o] O,Epln
3 Q)J\ /@/k 0.1 20 >99
cl cl
o O,Bpm
4 )@A /©/\ 0.1 20 >99
Br Br
o o-Bein
5 @* @/k 0.1 20 >99
ON o
o o-BRin
6 @* m 0.1 20 >99
) o-Bein
7 ® @/K 0.1 20 >99
Hico” H3CO
o ) oBpin
8 O i O 0.1 20 >99
S, o] —Bpil
» H( X 20 >99
10 )\(O )\(O\B‘“" 0.2 20 >99
° o-Bpin
1 /@* @A 05 20 >99
HN HoN
o /YO
() "0
12 Lt 0.5 20 >99

“Ketones (1 mmol), pinacolborane (1.1 mmol) and #-BuLi at rt. "THF
(0.2 mL) was added as ketones are solid. “Yield of ketones based on 'H
NMR analysis.

Importantly, the chemoselectivity towards aldehyde was very
noticeable in the hydroboration of 4-acetylbenzaldehyde to
give pure 2-(1-(4-acetylphenyl)ethoxy)pinacol borane in a
yield of 99% (Scheme 1b).

Scheme 1. Chemoselective Hydroboration of
Aldehydes Catalyzed by n-BuLi

OBpin Ie)

a ) 0 o
|
0.1 mol %
+ + HBpin —mMm +
20 min rt

96%

Io % OBpin o
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Cl cl
[o]
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+ + HBpin —mMmM +
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95%
3 5 ;
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94%
2 0
\(\*\ 0.1 mol %
X + n — M=
0 + HBpin
5 20 min 1t Woapm +

99%
b) o .
_Bpin
~o 0.1 mol % o
+ 1.05eqHBpin ———>
20 min rt
o O 3 99%

Both hydroboration reactions of benzaldehyde and
acetophenone with HBpin (1:1.02) catalyzed by 0.1 mol % of
n-BuLi under neat conditions were carried out, respectively,
on a large scale. Remarkably, complete conversions were
obtained in both cases giving 99% yields (Scheme 2).

Computational studies were carried out to explore a
mechanistic understanding of the n-BuLi catalyzed

Scheme 2. Large-scale Reaction of
Benzaldehyde/Acetophenone with HBpin

)O]\ . n-BuLi (0.015 mmol) Boin
pn~ >y * HBpin P o PP
30 min rt
15 mmol 15.3 mmol solvent-free 99%
Q n-BuLi (0.015 mmol) o BPin
Ph)J\ + HBpin )\
3h rt Ph
15 mmol 15.3 mmol solvent-free 99%

hydroboration of aldehydes with HBpin.* Initially, the
lithium atom of the catalyst could bind with an oxygen atom
of HBpin to form a complex INT1 (Scheme 3). Subsequently,
the alkyl group of the catalyst may attack HBpin to afford the
zwitterionic intermediate INT2 via TS1. Next, INT2 could
bind with substrate benzaldehyde to form a complex INT3,
from which the hydride migration to the carbonyl carbon
could occur to yield the intermediate INT4.3° After a ligand
exchange step with HBpin, the alkoxy group in the formed
intermediate INT5S could nucleophilically attack the HBpin
to generate the zwitterionic intermediate INT6. Similarly,
another molecule of benzaldehyde could bind with INT6 to
give INT7, and a hydride transfer to the carbonyl carbon
could follow to form the intermediate INTS8. Thus, the final
product would be obtained after a ligand exchange step with
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Scheme 3. Energy Profiles (in kcal/mol) for the

n-Buli Catalyzed Hydroboration of PhCHO with
HBpin.
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Scheme 4. Proposed Mechanistic Pathway
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HBpin and the yieled INTS5 is ready for the next catalytic
cycle. According to the DFT study, a possible mechanistic
pathway is proposed in Scheme 4.

In conclusion, the use of simple n-BuLi as an efficient
catalyst for the selective hydroboration of aldehydes and
ketones is described for the first time. Notable features
encompass high catalytic efficiency with low catalyst loading

under mild conditions, a wide range of substrates, excellent
chemical selectivity, good functional group tolerance,
solvent-free, and a controllable manner to obtain full
conversion of an amino-containing substrate into target

product. Also, the high catalytic efficiency was maintained
when the reaction was scaled up.

-65.2
——

9 91.9
O\S,H V946 ——
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/ o
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B—OCHZPh o’
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o 3

EXPERIMENTAL SECTION

General Information

All reactions were performed in a glove box under
nitrogen-atmosphere. CDCl; was purchased from TCI
chemicals and stored over activated 4A molecular sieves.
HBpin was purchased from Accela and used without further
purification. All the liquid ketones and aldehydes were
distilled, dried over CaH. and degassed prior to use. All the
solid ketones and aldehydes were degassed prior to use. 'H,
3C and "B spectra were recorded on Bruker AV-400 (‘*H: 400
MHz, 3C: 101 MHz, "B: 128 MHz). NMR chemical shifts were
reported in ppm with respect to tetramethylsilane.

General Procedure for the Hydroboration of
Aldehydes/Ketones Catalyzed by n-BuLi

Aldehyde/ketone (1 mmol, THF (200 ul) for solid substrates),
HBpin (11 mmol) and a stock solution containing n-BuLi
(0.05 M) were injected into a pre-dried vial equipped with a
magnetic bar. The resultant mixture was stirred at room
temperature and the reaction progress was monitored by 'H
NMR. For aldehydes, the disappearance of aldehydic proton
signal and appearance of a new -CH,- proton signal indicate
completion of reaction. For ketones, the completion of the
reaction was indicated by the appearance of a new -CH-
proton signal. After completion of reaction, the solvent and
excess HBpin were removed from the mixture by vacuum
drying in an oven to afford the corresponding boronate ester
without  further purification (Note: the catalytic
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hydroboration of carbonyl compounds by n-Buli is an
exothermic reaction. Large-scale reactions should be carried
out under cooling in an ice bath, and n-BuLi should be added
in a slow dropwise manner).

Spectral Data for Boronate Esters
2-(benzyloxy)pinacolborane (1a).>* Colorless oil; '"H NMR
(400 MHz, CDCL;) 8 7.36-7.23 (m, 5H, Ar-H), 4.92 (s, 2H,
OCH.), 1.26 (s, 12H, CH,); 3C NMR (101 MHz, CDCl;) § 138.8
(Ar-C), 127.8 (Ar-C), 126.9 (Ar-C), 126.2 (Ar-C), 82.5 (OC),
66.2 (OCH,), 24.1 (CH,).

2-(4-fluorobenzyloxy)pinacolborane (1b).>® Colorless oil; 'H
NMR (400 MHz, CDCl;) § 7.34-7.29 (m, 2H, Ar-H), 7.04-6.98
(m, 2H, Ar-H), 4.87 (s, 2H, OCH2), 1.26 (s, 12H, CH3); 3C
NMR (101 MHz, CDCL,) § 161.7 (ds, Ar-C), 134.5 (d, J = 3.2 Hz,
Ar-C), 128.1 (d, J = 8.1 Hz, Ar-C), 14.6 (ds, Ar-C), 82.5 (OC),
65.6 (OCHs,), 24.1 (CH;).

2-(3-chlorobenzyloxy)pinacolborane (ic).*>* Colorless oil; 'H
NMR (400 MHz, CDCL,) 8 7.36 (s, 1H, Ar-H), 7.28-7.19 (m, 3H,
Ar-H), 4.89 (s, 2H, OCH,), 1.27 (s, 12H,CH;); 3C NMR (101
MHz, CDCL;) 8§ 140.8 (Ar-C), 133.7 (Ar-C), 129.1 (Ar-C), 127.0
(Ar-C), 126.3 (Ar-C), 124.2 (Ar-C), 82.6 (OC), 65.4 (OCH,),
241 (CH;).

2-((2-methylbenzyl)oxy)pinacolborane (1d).2%* Colorless oil; *H
NMR (400 MHz, CDCl;) § 7.39 (dq, J = 7.2, 3.6 Hz, 1H,Ar-H),
718-7.1 (m, 3H, Ar-H), 4.92 (s, 2H, OCH,), 2.30 (s, 3H,
Ar-CH;), 1.26 (s, 12H, CH;); 3C NMR (101 MHz, CDCL) 8 136.7
(Ar-C), 1351 (Ar-C), 129.5 (Ar-C), 126.9 (d, J = 25.25, Ar-C),
125.4 (Ar-C), 82.4 (OC), 64.5 (OCH.), 24.2 (CH;), 18.2 (CH,).
2-((4-methylbenzyl)oxy)pinacolborane (1e).>* Colorless oil; 'H
NMR (400 MHz, CDCL) § 7.24-7.22 (m, 2H,Ar-H), 7.13-7.11 (m,
2H, Ar-H), 4.87 (s, 2H, OCH,), 2.32 (s, 3H, Ar-CH;), 1.24 (s,
12H, CH;); 3C NMR (101 MHz, CDCL;) 8§ 136.5 (Ar-C), 135.8
(Ar-C), 128.5 (Ar-C), 126.4 (Ar-C), 82.4 (OC), 661 (OCH,),
241 (CHj;), 20.7 (CH;).

2-(mesitylmethoxy)pinacolborane (1f).>* Colorless oil; 'H
NMR (400 MHz, CDCl;) § 6.83 (s, 2H,Ar-H), 4.96 (s, 2H,
OCH,), 2.38 (s, 6H, Ar-CH,), 2.25 (s, 3H, Ar-CH;), 1.26 (s, 12H,
CH,); 3C NMR (101 MHz, CDCL;) § 137.2 (Ar-C), 137.1 (Ar-C),
128.7 (Ar-C), 128.4 (Ar-C), 82.3 (OC), 60.7 (OCH,), 24.1 (CH;),
20.5 (CH;), 18.9 (CH;).

2-(4-methoxybenzyloxy)pinacolborane (1g).>® Colorless oil; 'H
NMR (400 MHz, CDCL;) § 7.29-7.25 (m, 2H,Ar-H), 6.87-6.84
(m, 2H, Ar-H), 4.84 (s, 2H, OCH.), 3.78 (s, 3H, Ar-CH;), 1.21
(s, 12H, CH;); 3C NMR (101 MHz, CDCL) § 158.6 (Ar-C), 131.0
(Ar-C), 128.0 (Ar-C), u3.2 (Ar-C), 82.4 (0OC), 65.9 (OCH.,),
54.7 (OCH;), 24.1 (CH;).

2-(cinnamyloxy)pinacolborane (1h).** Yellowish oil; 'H NMR
(400 MHz, CDCL;) & 7.38-7.36 (m, 2H, Ar-H), 7.29 (t, J = 7.5
Hz, 2H, Ar-H), 7.24-7.20 (m, 1H, Ar-H), 6.62 (d, J = 15.9 Hz,
1H, CH), 6.28 (dt, J = 15.9, 5.3 Hz, 1H, CH), 4.52 (s, 2H, OCH.),
1.26 (s, 12H, CH;); 3C NMR (101 MHz, CDCL) & 136.4 (CH),
130.1 (Ar-C), 128.0 (Ar-C), 127.0 (Ar-C), 126.3 (Ar-C), 126.0
(CH), 82.4 (OC), 64.8 (OCHs), 24.2 (CH;).
2-(2-naphthylmethoxy)pinacolborane (1i).®® White solid; mp
82-84 °C; 'H NMR (400 MHz, CDCl;) § 7.83-7.81 (m, 2H,
Ar-H), 7.49-7.44 (m, 2H, Ar-H), 5.10 (s, 2H, OCH,), 1.29 (s,
12H, CH;); 3C NMR (100 MHz, CDCL;) § 136.2 (Ar-C), 132.9
(Ar-C), 132.3 (Ar-C), 127.5 (Ar-C), 127.4 (Ar-C), 127.2 (Ar-C),
125.5 (Ar-C), 125.2 (Ar-C), 124.7 (Ar-C), 124.4 (Ar-C), 82.6
(0Q), 66.3 (OCH,), 24.2 (CH;).

2-(pyridine)pinacolborane (1j).*” Yellow oil; '"H NMR (400 MHz,
CDCLy) &8 8.61(d, J = 5.4 Hz, 1H, Ar-H), 7.01 (t, J = 7.7 Hz, 1H,

Ar-H), 7.49-7.41 (m, 2H, Ar-H), s.10 (s, 2H, OCH,), 1.32 (s,
12H, CH;); 3C NMR (100 MHz, CDCL) § 159.8 (Ar-C), 143.7
(Ar-C), 139.6 (Ar-C), 123.4 (Ar-C), 120.1 (Ar-C), 81.0 (OC), 66.5
(OCH,), 25.5 (CH;).

2-(thiophen)pinacolborane (1k).** Brown oil; 'H NMR (400
MHz, CDCL;) § 7.25 (d, ] = 4.3 Hz, 1H, Ar-H), 7.02-6.94 (m,
2H, Ar-H), 5.04 (s, 2H, OCHs,), 1.27 (s, 12H, CHj;); 3C NMR
(100 MHz, CDCl;) 8§ 142.0 (Ar-C), 126.6 (Ar-C), 125.9 (Ar-C),
125.5 (Ar-C), 83.1 (0C), 61.6 (OCHs), 24.6 (CH;).
2-(benzyloxy)dipinacolborane (11).# Colorless oil; 'H NMR
(400 MHz, CDCL;) 8 7.34-7.23 (m, 4H, Ar-H), 4.091 (s, 4H,
OCH,), 1.26 (s, 24H, CH;); 3C NMR (101 MHz, CDCl,) & 138.8
(Ar-C), 127.8 (Ar-C), 125.3 (Ar-C), 124.6 (Ar-C), 82.5 (OC), 66.1
(OCH.), 24.1 (CH;).

2-(cyclohexylmethoxy)pinacolborane (1m).>? Colorless oil; 'H
NMR (400 MHz, CDCl;) & 3.65 (d, J = 6.4 Hz, 2H, OCH,),
1.57-1.47 (m, 6H, Cs¢Hu), 1.57-1.47 (m, 1H, CsHuy), 1.25 (s, 12H,
CH;), 118-1.1 (m, 2H, C), 0.99-0.87 (m, 2H, CsH,,); 3C NMR
(1010 MHz, CDCl;) § 82.0 (OC), 69.8 (OCH.), 38.8, 28.8, 26.0,
25.2 (Cg), 24.0 (CH;).

2-(ethylmethoxy)pinacolborane (1n).>* Colorless oil; ‘H NMR
(400 MHz, CDCl;) & 3.80 (t, J = 6.6 Hz, 2H, OCH,), 1.63-1.54
(m, 2H, CH,), 1.25 (s, 12H, CH;), 0.91 (t, J = 7.4 Hz, 3H, CH,);
3C NMR (101 MHz, CDCL) 8 82.0 (OC), 66.0 (OCH,), 241
(CH;CH,), 24.1 (CH;), 9.6 (CH,CH;).
2-(hexylmethoxy)pinacolborane (10).2¢ Colorless oil; 'H NMR
(400 MHz, CDCl;) 8 3.82 (t, J = 8 Hz, 2H, OCH,), 1.52-1.58 (m,
2H, CH.,), 1.27-1.34 (m, 8H, CH,), 1.24 (s, 12H, CH;), 0.87 (t, J =
8 Hz, 3H, CH;); 3C NMR (100 MHz, CDCL;) § 82.0 (OC), 64.4
(OCH,), 313 (CH,), 30.9 (CH,), 28.4 (CH,), 25.0 (CH,), 24.0
(CH,), 22.1 (CH,), 13.5 (CH;).
2-(2-ethynylbenzyloxy)pinacolborane (1p).>?* Brown oil; 'H
NMR (400 MHz, CDCL) 8§ 7.49 (dd, J = 19.8, 7.6 Hz, 2H,
Ar-H), 7.35 (m, 1H, Ar-H), 7.23 (dd, J = 15.9, 8.4 Hz, 1H, Ar-H),
5.12 (s, 2H, OCH.), 3.30 (s, 1H, CH), 1.27 (s, 12H, CH,); 3C
NMR (101 MHz, CDCL;) & 1412 (Ar-C), 131.9 (Ar-C), 128.5
(Ar-C), 126.4 (Ar-C), 125.6 (Ar-C), 9.0 (Ar-C), 82.5 (OC), 81.7
(CHCQ), 80.4 (CCH), 64.4 (OCH.), 24.1 (CH;).
2-(4-cyanobenzyloxy)pinacolborane (1q).>* White solid; mp
92-94 °C; 'H NMR (400 MHz, CDCl;) § 7.64-7.62 (m, 2H,
Ar-H), 7.46-7.44 (m, 2H, Ar-H), 4.98 (s, 2H, OCH,), 1.27 (s,
12H, CH,); 3C NMR (101 MHz, CDCL;) 8 1441 (Ar-C), 131.6
(Ar-C), 126.3 (Ar-C), u8.3 (NC), 110.6 (Ar-C), 82.8 (OC), 65.2
(OCH,), 24.1 (CH;).

2-(ferrocenylmethoxy)pinacolborane (1r).> Brown solid; mp
70-72 °C; 'H NMR (400 MHz, CDCl;) 8 4.64 (s, 3H, Cp-H),
4.24 (s, 2H, OCH,), 4.14-4.11 (m, 5H, Cp-H), 1.26 (s, 12H, CH;);
3C NMR (101 MHz, CDCl;) § 84.9 (OC), 82.3, 67.9, 67.7, 62.7
(Cp-C), 24.2 (CH,).

2-(phenylethoxy)pinacolborane (2a).>* Colorless oil; *H NMR
(400 MHz, CDCl;) & 7.38-7.21 (m, 5H, Ar-H), 5.24 (q, ] = 6.5
Hz, 1H, OCH), 1.49 (d, J = 6.5 Hz, 3H, CH;), 1.22 (d, ] = 1.9 Hz,
12H, CH;); 3C NMR (101 MHz, CDCL) 8 1444 (Ar-C), 127.7
(Ar-C), 126.6 (Ar-C), 124.9 (Ar-C), 82.3 (OC), 72.1 (OCH), 25.0
(CH;), 24.0 (d, ] = 4.5 Hz, CH;).
2-(1-(4-fluorophenyl)ethoxy)pinacolborane (2b).?%2 Colorless
oil; 'H NMR (400 MHz, CDCl;) § 7.35-7.30 (m, 2H, Ar-H),
7.02-6.96 (m, 2H, Ar-H), 5.22 (q, / = 6.4 Hz, 1H, OCH), 1.47 (d,
J = 6.5 Hz, 3H, CH;), 1.22 (d, J = n.6 Hz, 12H, CH;); 3C NMR
(100 MHz, CDCL;) 8 161.9 (ds, Ar-C), 140.3 (d, J = 3.1 Hz, Ar-C),
127.0 (d, J = 8.0 Hz, Ar-C), 114.9 (ds, Ar-C), 82.8 (OC), 72.0
(OCH), 25.4 (CHs;), 24.5 (d, J = 6.1 Hz, CH,).
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2-(1-(4-chlorophenyl)ethoxy)pinacolborane (2c¢).>** Colorless
oil; '"H NMR (400 MHz, CDCL,) § 7.31-7.26 (m, 4H, Ar-H), 5.21
(g, J = 6.4 Hz, 1H, OCH), 1.46 (d, J = 6.5 Hz, 3H, CH;), 1.22 (d,
J = 1.6 Hz, 12H, CH,); 3C NMR (101 MHz, CDClL;) § 142.6
(Ar-C), 132.3 (Ar-C), 127.8 (Ar-C), 126.3 (ds, Ar-C), 82.4 (OC),
71.4 (OCH), 24.9 (CH;), 24.0 (d, J = 4.7 Hz, CH;).
2-(1-(4-bromophenyl)ethoxy)pinacolborane (2d).* Colorless oil;
'H NMR (400 MHz, CDCL) 8 7.45-7.42 (m, 2H, Ar-H),
7.26-7.23 (m, 2H, Ar-H), 5.19 (q, J = 6.4 Hz, 1H, OCH), 1.46 (d,
J = 6.5 Hz, 3H, CH;), 1.22 (d, J = 1.3 Hz, 12H, CH;); 3C NMR
(1010 MHz, CDCl;) 8 1431 (Ar-C), 130.8 (Ar-C), 126.7 (Ar-C),
120.4 (Ar-C), 82.4 (OC), 71.5 (OCH), 24.9 (CH;), 24.0 (d, J =
4.4 Hz, CH,).

2-(1-(4-nitrophenyl)ethoxy)pinacolborane (ze).* Yellow oil;
'H NMR (400 MHz, CDCl;) § 8.20-8.18 (m, 2H, Ar-H),
7.55-7.52 (m, 2H, CH;), 5.33 (q, / = 6.5 Hz, 1H, OCH), 1.51 (d, J
= 6.5 Hz, 3H, CH;), 1.24 (d, J = 12.7 Hz, 12H, CH,); 3C NMR
(1010 MHz, CDCL;) & 151.4 (Ar-C), 146.6 (Ar-C), 125.6 (Ar-C),
123.1 (Ar-C), 82.6 (OC), 71.3 (OCH), 24.8 (CH;), 24.0 (d, J = 11
Hz, CH,).

2-(1-(4-methylphenyl)ethoxy)pinacolborane (2f).* Colorless oil;
'H NMR (400 MHz, CDCL) § 7.26-7.24 (m, 2H, Ar-H),
7.1-7.13 (m, 2H, Ar-H), 5.21 (q, J = 6.4 Hz, 1H, OCH), 2.32 (s,
3H, Ar-CH,), 1.47 (d, J = 6.5 Hz, 3H, CH;), 1.22 (d, J = 10.4 Hz,
12H, CH;); 3C NMR (101 MHz, CDCL;) § 141.2 (Ar-C), 136.2
(Ar-C), 128.4 (Ar-C), 124.8 (Ar-C), 82.2 (OC), 72.0 (OCH),
25.0 (CH;), 241 (d, J = 3.7 Hz, CH;), 20.6 (s, Ar-CH;).
2-(1-(4-methoxyphenyl)ethoxy)pinacolborane (2g)."® Colorless
oil; '"H NMR (400 MHz, CDCL) § 7.29-7.26 (m, 2H, Ar-H),
6.86-6.83 (m, 2H, Ar-H), 5.20 (q, J = 6.4 Hz, 1H, OCH), 3.77 (s,
3H, OCH,), 1.47 (d, J = 6.4 Hz, 3H, CH;), 1.22 (d, ] = 10.4 Hz,
12H, CH;); 3C NMR (101 MHz, CDCl;) 8§ 158.2 (Ar-C), 136.3
(Ar-C), 1261 (Ar-C), 3.1 (Ar-C), 82.2 (OC), 71.7 (OCH), 54.7
(OCHs;), 24.8 (s, CH;), 24.0 (d, J = 6.2 Hz, CH,).
2-(diphenylmethoxy)pinacolborane (2h).>* White solid; mp
139-141 °C; 'H NMR (400 MHz, CDCl;) 8§ 7.39-7.20 (m, 10H,
Ar-C), 6.17 (s, 1H, OCH), 119 (s, 12H, CHj;). 3C NMR (101 MHz,
CDCL) &8 143.1 (Ar-C), 128.2 (Ar-C), 127.3 (Ar-C), 126.5 (Ar-C),
83.0 (OC), 77.9 (OCH), 24.5 (CH;).
2-(1-(thiophen-2-yl)ethoxy)pinacolborane (2i).>%* Colorless oil;
'H NMR (400 MHz, CDCl;) § 7.20-718 (m, 1H, Ar-H),
6.97-6.91 (m, 2H, Ar-H), 5.48 (q, ] = 6.4 Hz, 1H, OCH), 1.60 (d,
J = 6.4 Hz, 3H, CH;), 1.24 (d, J = 4.9 Hz, 12H, CH;); 3C NMR
(100 MHz, CDCL) 8 147.7 (Ar-C), 125.9 (Ar-C), 123.6 (Ar-C),
122.8 (Ar-C), 82.4 (OC), 68.1 (OCH), 24.6 (CH;), 24.0 (d, J =
9.8 Hz, CH,).

2-( isopropylethoxy)pinacolborane (2j). Colorless oil; H
NMR (400 MHz, CDCL,) & 3.94 (p, J = 6.2 Hz, 1H, OCH), 1.66
(dq, J = 13.5, 6.8 Hz, 1H, CH;CH), 1.25 (s, 12H, CH;), 114 (d, ] =
6.3 Hz, 3H, CH;), 0.91-0.85 (m, 6H, CHCH,); 3C NMR (101
MHz, CDCL;) § 82.3 (OC), 75.4 (OCH), 34.2 (OCHCH), 24.5
(d, J = 7.4 Hz, CH;), 19.3 (CH;), 18.1 (CH;), 17.7 (CH,).
2-(1-(4-aminophenyl)ethoxy)pinacolborane  (2k).® At the
outset, 4-aminoacetophenone (1 mmol, THF (200 ul)) and a
stock solution containing n-BuLi (0.05 M) were injected into a
pre-dried vial equipped with a magnetic bar. Then, the
resultant mixture was stirred at room temperature followed
by the slow addition of HBpin (11 mmol). The reaction
progress was monitored by 'H NMR. After completion of
reaction, the solvent and excess HBpin were removed from
the mixture by vacuum drying in an oven to afford the
corresponding boronate ester without further purification as
a yellowish oil; 'H NMR (400 MHz, CDCL;) 8 7.17-7.14 (m, 2H,

Ar-H), 6.63-6.61 (m, 2H, Ar-H), 5.14 (q, / = 6.4 Hz, 1H, OCH),
3.62 (s, 2H, NH,), 1.45 (d, / = 6.4 Hz, 3H, CH;), 1.22 (d, /] = 9.2
Hz, 12H, CH;); 3C NMR (101 MHz, CDCL,;) 8§ 145.1 (Ar-C), 134.2
(Ar-C), 1261 (Ar-C), 14.3 (Ar-C), 821 (OC), 71.9 (OCH), 24.7
(CH;), 24.0 (d, J = 71 Hz, CH,); "B NMR (128 MHz, CDCl;) §
22.15.

2-(spironolactone)pinacolborane (21).># White solid; mp
135-137 °C; '*H NMR (400 MHz, CDCL) 8 5.22 (d, ] = 8.9 Hz,
1H), 4.60-4.56 (m, 1H), 3.92-3.88 (m, 1H), 2.69-2.65 (m, 1H),
2.58-2.45 (m, 2H), 2.43-2.34 (m, 1H), 2.33 (s, 3H), 2.18 (ddd, J =
10.6, 9.1, 3.1 Hz, 1H), 2.07 (dd, J = 14.3, 2.6 Hz, 1H), 1.96-1.88
(m, 3H), 1.81-1.69 (m, 3H), 1.61-1.49 (m, 4H), 1.44-1.29 (m, 4H),
1.25 (s, 12H), 1.08 (s, 3H), 0.95 (s, 3H), 0.78 (td, ] = 1.7, 4.3 Hz,
1H); 3C NMR (101 MHz, CDCL) § 1943 (s), 176.2 (s), 141.3 (s),
125.9 (8), 953 (8), 82.1(s), 69.4 (s), 674 (5), 492 (5), 45.5, 45.4,
45.0 (s), 38.6 (s), 36.6 (s), 34.7 (s), 34.5 (s), 30.8, 30.7, 28.7 (s),
26.9 (s), 25.1 (s), 24.0 (d, J = 13.8 Hz), 21.9 (s), 19.8 (s), 18.4 (s),
14.0 (s); "B NMR (128 MHz, CDCL;) § 22.09.
2-(1-(4-acetylphenyl)ethoxy)pinacolborane (3).# Colorless oil;
'H NMR (400 MHz, CDCl;) § 7.93 (d, J = 8.3 Hz, 2H, Ar-H),
7.43 (d, ] = 8.3 Hz, 2H, Ar-H), 4.99 (s, 2H, OCH.,), 2.59 (s, 3H,
COCHs;), 1.27 (s, 12H, CH;); 3C NMR (101 MHz, CDCL) § 197.3
(Ar-CO), 1441 (Ar-C), 135.7 (Ar-C), 127.9 (Ar-C), 125.9 (Ar-C),
82.7 (0C), 65.5 (OCH,), 26.1 (COCH;), 24.1 (CH;); "B NMR
(128 MHz, CDCl,) § 22.44.
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