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铁催化酮羰基的硼化反应合成 α-羟基硼酸酯 

朱  庆 a,b    夏春谷 a    刘  超*,a 
(a中国科学院兰州化学物理研究所  兰州 730000) 

(b中国科学院大学  北京 100049) 

摘要  报道了一种铁催化烷基酮类化合物硼化合成三级 α-羟基硼酸酯的反应, 使用了可商业购买的 FeBr2作为催化剂, 

加入醇作为添加剂来加速反应的进行, 同时避免副反应的发生. 通过该方法合成了一系列三级 α-羟基硼酸酯化合物, 

反应具有很好的底物兼容性以及官能团兼容性. 该铁催化剂对于大位阻的酮类化合物的硼化反应, 表现出优于铜催化

的活性. 同时该反应可应用于克级规模的制备, 随后通过对三级 α-羟基硼酸酯的 C—O 键进行官能化, 将所得的三级

α-羟基硼酸酯转化为三级烷基硼酸酯以及偕二硼、偕硅硼类化合物. 
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Iron-Catalyzed Borylation of Ketones to α-Hydroxyboronates 
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(a State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,  
Chinese Academy of Sciences, Lanzhou 730000) 
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Abstract  Fe-catalyzed borylation of ketones to access tertiary α-hydroxyboronates has been demonstrated. In this 
transformation, commercially available FeBr2 was used as the catalyst, alcohols have been added to accelerate the 
transformation and avoid the side reaction. Various aliphatic ketones with different functional groups have been converted into 
tertiary α-hydroxyboronates. This transformation showed a particular tolerance for ketones with steric hinderance, which was 
distinguished from the traditional Cu catalyst. A gram scale reaction was also available. The alcoholic C—O functionalizations 
based on α-hydroxyboronates have been realized to access tertiary alkyl boronic esters, gem-diborylalkanes and gem-
silylborylalkanes. 
Keywords  iron catalyst; α-hydroxyboronates; borylation; ketones 

 

1  Introduction 

Organoboron compounds have been recognized as the 
momentous building blocks in chemical science,[1-4] mak-
ing the borylative transformations of basic chemical feed-
stock important for their syntheses. Convenience in the 
transformation of C—B bond to a variety of functional 
groups, organoboron compounds are widely utilized as the 
intermediates in medicinal and material chemistry.[5-9] Due 
to the high synthetic value of organoboron compounds, 
various methods have been developed to generate organo-
boron compounds. In general, hydroboration of alkenes 
and alkynes is the most common method to access or-

ganoboron compounds with an unmanageable regioselec-
tivity for their own nature. Transition metals such as 
Cu,[10-16] Fe,[17-24] catalyzed hydroborations of alkenes and 
alkynes are the effective ways to solve this problem; other 
catalysts such as Co, Ni, Au and some other noble metals 
are also applicative in this regioselectivity hydroboration to 
access alkylboranes and vinylboranes.[13,25-29] 

Carbonyl compounds such as aldehydes, ketones, car-
boxylic acids and its derivatives are widely used in drug, 
natural products, pharmaceuticals and materials. Compared 
with unsaturated C—C bond, the C＝O double bond can 
avoid the regioselectivity when it is borylated. The decar-
boxylative borylation of carboxylic acids or carboxylic 
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acid derivatives has been well developed.[30] Currently, 
very limited reports about the borylation of aldehydes and 
ketones in the presence of B2pin2 (bis(pinacolato)diboron) 

have been demonstrated. The corresponding products 
α-oxyborates species are ambient platform in constructing 
organoboron compounds and alcohols that are inaccessible 
in traditional methods.[31] The borylation of aldehydes had 
been firstly demonstrated by Sadighi and co-workers[32] in 
2006, in which copper catalyst was used. Lin and Marder 
et al.[33] disclosed the detailed mechanism with density 
functional theory (DFT) in 2008. Then, Clark’s group[34] 
had realized the borylative addition for ketones to access 
tertiary α-hydroxyboronates in the presence of copper cat-
alysts in 2010. Molander et al.[35] had replenished this 
borylative addition process. Ito and coworkers[36-37] had 
realized the enantioselective borylation of aldehydes and 
ketones in the presence of copper catalysts respectively. In 
this asymmetric borylation, chiral phosphine ligands and 
chiral N-heterocyclic carbene ligand (NHC) were used. 
Besides this, our group had developed a borylation-trans- 
formation process to convert aldehydes and ketones to 
gem-diborylalkane,[38] gem-silylboryl compounds,[38] sec-
ondary and tertiary alkyl boronic esters.[39-40] Cu-catalyzed 
borylation of aldehydes or ketones was responsible for the 
introduction of Bpin group to carbonyl compounds. Re-
cently, limit reports about the borylative transformation of 
aldehydes and ketones under Rh[41] or photocatalyst[42-43] 
have been demonstrated. Among these transformations, Cu 
catalyst is still the most common catalyst for this transfor-
mation, and expensive and inaccessible ligands or catalysts 
are always indispensable (Scheme 1). Seeking for an easily 
accessible and economical catalyst is always the target for 
synthetic methodology. 
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Scheme 1  Cu-catalyzed borylation of aldehydes and ketones 

Recently, our group has demonstrated that iron catalyst 
was also efficient for borylative transformation of carbonyl 
compounds, gem-diborylalkane and internal gem-di- 
borylalkane could be generated via iron-catalyzed deoxy-
genative diborylation of ketones[44] or hydrodiborylation of 
carboxylic esters.[45] The α-C—H borylation of secondary 
alcohols via Ru/Fe relay catalysis to access α-hydroxybo- 
ronates has also been disclosed (Scheme 2).[46] The iron 

boryl compounds were effective for C—B bond for-
mation.[47-52] Herein, we report the iron-catalyzed boryla-
tion of ketones to access α-hydroxyboronates. Although 
very limit examples had been disclosed for this transfor-
mation in our previous works, the more detailed data and 
sophisticated information have been disclosed in this work. 

 

Scheme 2  Our work in iron-catalyzed borylation of carbonyl 
compounds 

2  Results and discussion 

Inspired by the previous works in our group, simple ali-
phatic ketone 4-phenylbutan-2-one (1a) was selected as the 
model substrate, and commercially available FeBr2 was 
chosen as the catalyst. We began our initial attempt with 
0.5 mmol of 1a, 1.7 equiv. of B2pin2 and 0.4 equiv. of 
NaOtBu in the presences of 10 mol% FeBr2 catalyst (Table 
1, Entry 2). After heating and stirring in toluene at 100 ℃ 
for 1 h, the borylative product α-hydroxyboronates (2a) 
was generated in 82% yield. There was a little amount of 
gem-diborylalkane, and the amount of gem-diborylalkane 
would increase when the reaction time prolonged. After 
heating and stirring in toluene at 100 ℃ for 6 h, only 54% 
yield of 2a was generated and nearly 20% yield gem-  
diborylalkane was detected (Table 1, Entry 3). The gem- 
diborylalkane was formed from 2a in the presences of ex-
cess amount of NaOtBu and B2pin2. 

It has been demonstrated that the addition of alcohols 
could facilitate the borylation of aldehydes and 
ketones,[46,53] on the other hand, the addition of alcohols 
may avoid the further reaction of 2a in producing gem- 
diborylalkane. With this idea in mind, various condition 
parameters have been investigated with the addition of 
alcohol. Firstly, different alcohols have been investigated 
to evaluate the ability of acceleration in this transfor-
mation. For more prominent comparison, ketone 1a was 
charged with FeBr2, B2pin2 and NaOtBu, and conducted in 
80 ℃ for 20 min with the addition of different alcohols 
(see supporting information). The transformation was im-
peded in the absence of alcohols when the reaction was 
conducted at 80 ℃ for 20 min, and gave 2a in only 15% 
yield at 80 ℃ for 60 min (Table 1, Entry 6). Primary al-
cohols tBuCH2OH showed an acceleration effect and de-
livered α-hydroxyboronates 2a in 29% yield (see support-
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ing information) even higher than the yield at 80 ℃ for 
60 min. Then secondary alcohols such as isopropanol gave 
lower yield of 2a than tBuCH2OH. Tertiary alcohol, for 
instance, pinacol exhibited no obvious acceleration effect. 
Finally, tBuCH2OH was chosen as the optimal alcoholic 
additive. 

Table 1  Reaction parameters of the borylation of ketonesa 

 

 
a Standard condition: 1a (0.50 mmol), FeBr2 (0.05 mmol), NaOtBu (0.165 
mmol), B2pin2 (0.70 mmol), tBuCH2OH (0.1 mmol), toluene (3 mL), 100 ℃, 
1 h. b Yields were determined by GC analysis with biphenyl as the internal 
standard. c Without tBuCH2OH. d Isolated yield. 

After elaborate optimization in condition parameters, the 
borylation of ketones has been realized when using 1.4 
equiv. B2pin2 and 0.33 equiv. NaOtBu with the addition of 
20 mol% tBuCH2OH in the presence of 10 mol% FeBr2 
catalyst; the starting material 1a have been converted into 
2a in nearly quantitative yield (Table 1, Entry 1). The 
screen of temperature revealed that FeBr2 showed nearly 
none reaction activity under 60 ℃. When the reaction 
temperature increased to 80 ℃, ketone 1a could deliver to 
the borylative compounds 2a in 36% yield within 1 h, (Ta-
ble 1, Entry 5) and 73% yield within 2 h (Table 1, Entry 7). 
It has been also demonstrated that the FeBr2 was crucial 
for this transformation (Table 1, Entry 8). 

With the optimal condition in hand, the substrate scope 
of this borylation transformation has been investigated 
(Table 2). Aromatic alkoxyl groups were well tolerated, 
and its corresponding α-hydroxyboronates (2b) were ob-
tained in good yield. Ketones furnished with aromatic C—
Cl (1d), C—F (1e) were well compatible in this transfor-
mation. Simple alkyl ketones with different carbon chain 
such as 1,3-diphenylpropan-2-one, 3-pentanone and 
4-heptanone delivered their corresponding α-hydroxy- 
boronates (2c, 2g, 2h) in moderate to good yields. Ketones 
bearing alkenyl could be converted into the α-hydroxy- 
boronates (2i) in 60% yield. The acyclic chiral ketone (1f) 
afforded α-hydroxyboronates (2f) without diastereoselec-
tivity, which may due to the small steric difference be-
tween Me and Et groups. 

Table 2  Scope of substrates 
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a Standard condition: ketone 1 (0.50 mmol), FeBr2 (0.05 mmol), NaOtBu 
(0.165 mmol), B2pin2 (0.70 mmol), tBuCH2OH (0.1 mmol), toluene (3 
mL), 100 ℃, 1 h. The dr value was determined by 1H NMR analysis. 

Cyclic substituents containing ketones such as cyclo-
hexanone and cycloheptanone were compatible in this 
transformation and gave the desired products (2m, 2s) in 
moderate yields. α-Steric hindered cyclohexanone such as 
1n, 1o, 1p and 1r provided the desired α-hydroxyboronates 
(2n, 2o, 2p and 2r) in good to excellent yields with high 
diastereoselectivity. In addition, the Bpin group tended to 
be anti to the α-substituent in 2n, 2o, 2p due to the steric 
bulk. It was worth mentioning that the starting material 1r 
bearing three chiral carbon centers, showed 4.5∶1 dia-
stereoselectivity itself. These results are consistent with the 
observation of the Clark group when ICyCuCl is used as 
the catalyst.[34] Furthermore, ketones bearing different ste-
ric hindrance have also been evaluated. Methyl ketones 
bearing tBu or Cy group have been well tolerated and 
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transformed into their corresponding α-hydroxyboronates 
(2j, 2l) in good yields. Ketones bearing two steric hin-
drance groups such as 1k and 1q provided the α-hydroxy- 
boronates (2k, 2q) in good yields. In addition, 2-adaman- 
tane ketone (1t) with highly blocked adamantyl group was 
also tolerated in this transformation. By comparison, the 
steric hindered ketones (1k, 1q and 1t) were subjected to 
the condition of Cu catalysis using ICyCuCl as the cata-
lyst. As a result, trace or none of the desired α-hydroxy- 
boronates were detected, demonstrating the advantage of 
this FeBr2 catalysis. In order to further demonstrate the 
practicability of this protocol, a 10 mmol scale reaction 
was carried out using 2-adamantane ketone (1t) under the 
standard conditions. Subsequently, 2.21 g of white solid 
(80% yield) of the desired product (2t) was isolated, exhib-
iting the possibility to scale up this procedure. 

Since it has been demonstrated that vacant p-orbital- 
containing boryl group could promote the functionalization 
of its gem-chemical bond such as C—Cl,[54] C—O,[55] C—
N[56] and even C—C[57] via the classic 1,2-metalate rear-
rangements, in which the vacant p-orbital plays a key role 
by pulling the nucleophile from intermolecular to intramo-
lecular adjacent substitution. Our group has also demon-
strated that this α-oxyboronates were a flexible platform to 
access organoboron compounds via 1,2-metalate rear-
rangements with C—O cleavage.[38-40] Based on this, the 
selected α-hydroxyboronates (1t) with blocked adamantyl 
were subjected to this C—O transformation (Scheme 4). 
The alkylation and arylation were carried out using alkyl 
and aryl lithium reagents through 1,2-metalate rearrange-
ment triggered C—O functionalization. The desired ter-
tiary alkyl boronic esters 2ta and 2tb were obtained in 
moderate yields. The borylation of the C—O bond of 1t 
was well performed to generate gem-diborylalkanes (2tc). 
It is worthy to note that those organoboron compounds 
could not be accessed via the Cu catalyst. The silylation of 
2t was sluggish and only trace amount of 2td was ob-
served, which might due to steric hindrance. Subsequently, 
less blocked α-hydroxyboronates (1n) was suffered in this 
silylation condition to afford gem-silylborylalkanes (2nd) 
in moderate yield.  

3  Conclusions 

In conclusion, Fe-catalyzed borylation of ketones to ac-
cess tertiary α-hydroxyboronates has been demonstrated. 
In this transformation, commercially available FeBr2 was 
used as the catalyst. An acceleration effect of alcohols has 
also been proved and tBuCH2OH was chosen as the opti-
mal alcoholic additive. Various aliphatic ketones with dif-
ferent functional groups have been borylated to afford the 
tertiary α-hydroxyboronates in moderate to excellent 
yields. The particular tolerance for ketones furnished with 
blocked groups have distinguished this FeBr2 catalyst from 
the traditional Cu catalyst. A scale-up reaction has been 
conducted to demonstrate the practicability of this proto-
col. The alcoholic C—O functionalizations based on  
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(b) PhLi, ClCOCOOMe, toluene, 100 oC; (c) B2pin2, NaOtBu, toluene,
100 oC. The dr value was determined by 1H NMR analysis.  

Scheme 4  Alcoholic C—O functionalizations based on α-hy- 
droxy boronates 

α-hydroxyboronates to access tertiary alkyl boronic esters, 
gem-diborylalkanes and gem-silylborylalkanes have been 
realized. 

4  Experimental section 

4.1  General information 

All synthetic manipulations were carried out using 
standard Schlenk techniques under a nitrogen atmosphere. 
All reactions were isolated from moisture and oxygen by a 
nitrogen atmosphere with a sealed tube. All glassware was 
oven dried at 110 ℃ for hours and cooled down under 
vacuum. Toluene was purified using Pure Solv 7-SDS sol-
vent drying system. Unless otherwise noted, chemicals 
were obtained from Adamas, Aldrich, Acros Organics, 
Alfa Aesar, J&K without further purification. Thin layer 
chromatography (TLC) employed glass 0.25 mm silica gel 
plates. Flash chromatography columns were packed with 
100～200 mesh silica gel or through SepaBeamTM Ma-
chine SPB-3006012. Gas chromato-graphic analysis was 
performed on a GC-2010 Plus gas chromatography instru-
ment with an FID detector. GC-MS spectra were recorded 
on a GCMS-QP2010 SE. The High-Resolution MS anal-
yses were performed on an Agilent 6530 Accurate-Mass 
Q-TOF LC/MS with ESI mode or AB SCIEX Triple TOF 
5600 mass spectrometer with APCI mode. NMR spectra 
were recorded on 400 MHz for 1H NMR and 101 MHz for 
13C NMR, using tetramethylsilane as an internal reference 
and CDCl3 as the solvent. The boron-bound carbon was 
not detected due to quadrupolar relaxation. 



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2021, 41, 661～668 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     665 

4.2  General procedure for the synthesis of α-hydr- 
oxyboronates from ketones 

In glove box, a 25 mL resealable reaction tube of solvent 
flask equipped with a stirrer bar was charged with FeBr2 
(11.0 mg, 0.05 mmol), NaOtBu (15.8 mg, 0.17 mmol), 
B2pin2 (177.8 mg, 0.70 mmol), tBuCH2OH (8.8 mg, 0.10 
mmol) and 3 mL of toluene. The tube was sealed with a 
Teflon screw cap and taken out of the glove box. Subse-
quently, the tube was unsealed and ketone (0.50 mmol) 
was added under nitrogen atmosphere. Then, the tube was 
sealed and the mixture was heated at 100 ℃ with stirring 
for 1 h. Upon completion, the reaction was passed through 
a short silica gel column chromatography with (methyl 
tertiary butyl ether (MTBE) as the eluent. Excess B2pin2 in 
the mixture was removed by being treated with trimethyl-
amine N-oxide in acetonitrile solution. The pure product 
was obtained by flash column chromatography on silica 
gel with V(DCM)∶V(MTBE)＝20∶1 as the eluent. 

4-Phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)butan-2-ol (2a):[34] 1H NMR (400 MHz, CDCl3) δ: 
7.29～7.26 (m, 2H), 7.21～7.17 (m, 3H), 2.89～2.81 (m, 
1H), 2.60～2.52 (m, 1H), 1.95～1.88 (m, 1H), 1.79～1.74 
(m, 2H), 1.29～1.27 (m, 15H); 13C NMR (101 MHz, 
CDCl3) δ: 142.7, 128.3(4), 128.3(0), 125.6, 84.4, 43.4, 
31.8, 26.0, 24.8, 24.7. 

4-(4-Methoxyphenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dio- 
xaborolan-2-yl)butan-2-ol (2b):[46] 1H NMR (400 MHz, 
CDCl3) δ: 7.13～7.11 (m, 2H), 6.83～6.81 (m, 2H), 3.78 
(s, 3H), 2.82～2.74 (m, 1H), 2.54～2.47 (m, 1H), 1.92～
1.84 (m, 1H), 1.76～1.71 (m, 2H), 1.29～1.28 (m, 15H); 
13C NMR (101 MHz, CDCl3) δ: 157.6, 134.7, 129.2, 113.7, 
84.4, 55.2, 43.7, 30.9, 26.0, 24.8, 24.7. 

1,3-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)propan-2-ol (2c):[46] 1H NMR (400 MHz, CDCl3) δ: 
7.36～7.34 (m, 4H), 7.26～7.18 (m, 6H), 2.97～2.93 (m, 
2H), 2.87～2.84 (m, 2H), 2.04 (s, 1H), 0.96 (s, 12H); 13C 
NMR (101 MHz, CDCl3) δ: 138.4, 130.3, 127.9, 126.3, 
84.5, 46.1, 24.8.  

1-(4-Chlorophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxa-  
borolan-2-yl)propan-2-ol (2d):[37] 1H NMR (400 MHz, 
CDCl3) δ: 7.24 (m, 4H), 2.88～2.85 (m, 1H), 2.71～2.67 
(m, 1H), 1.80 (s, 1H), 1.28 (s, 3H), 1.21 (s, 6H), 1.15 (s, 
6H); 13C NMR (101 MHz, CDCl3) δ: 136.9, 132.0, 131.5, 
127.9, 84.4, 45.8, 25.9, 24.7, 24.4. 

1-(4-Fluorophenyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxa- 
borolan-2-yl)propan-2-ol (2e):[46] 1H NMR (400 MHz, 
CDCl3) δ: 7.28～7.24 (m, 2H), 6.98～6.93 (m, 2H), 
2.88～2.86 (m, 1H), 2.71～2.68 (m, 1H), 1.76 (s, 1H), 
1.29 (s, 3H), 1.21 (s, 6H), 1.14 (s, 6H); 13C NMR (101 
MHz, CDCl3) δ: 162.9, 160.5 (J＝245.4 Hz), 134.2 (0), 
134.1 (7) (J＝3.0 Hz), 131.6 (4), 131.5 (6) (J＝8.1 Hz), 
114.8, 114.6 (J＝21.2 Hz), 88.4, 45.8, 25.9, 24.8, 24.5.  

3-Methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)pentan-2-ol (2f): 1H NMR (400 MHz, CDCl3) δ: 1.81～
1.59 (m, 2H), 1.53～1.33 (m, 2H), 1.27 (s, 12H), 1.20 (d,  
J＝6.4 Hz, 3H), 0.94～0.89 (m, 6H); 13C NMR (101 MHz, 
CDCl3) δ: 84.1, 44.2, 43.5, 25.6, 23.8, 23.1, 22.8, 14.5, 

12.6, 12.5 ppm. HRMS (APCI) calcd for C12H25BO3 [M－
H]－: 227.1824; found 227.1822 

3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pentan-
3-ol (2g): 1H NMR (400 MHz, CDCl3) δ: 1.64～1.56 (m, 
2H), 1.48～1.42 (m, 2H), 1.28～1.24 (m, 13H), 0.93 (t,   
J＝7.5 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ: 84.3, 
32.4, 24.8, 9.4. HRMS (APCI) calcd for C11H23BO3 [M－
H]－: 213.1667; found 213.1675. 

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)heptan-
4-ol (2h): 1H NMR (400 MHz, CDCl3) δ: 1.73 (s, 1H), 
1.57～1.50 (m, 4H), 1.43～1.37 (m, 2H), 1.28～1.19 (m, 
14H), 0.94～0.90 (m, 6H); 13C NMR (101 MHz, CDCl3) δ: 
84.3, 42.7, 24.8, 18.4, 14.7. HRMS (APCI) calcd for 
C13H27BO3 [M－H]－: 241.1980; found 241.1982. 

6-Methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)hept-5-en-2-ol (2i): 1H NMR (400 MHz, CDCl3) δ: 5.14 
(t, J＝7.2 Hz, 1H), 2.22～2.14 (m, 1H), 1.99～1.91 (m, 
1H), 1.69～1.68 (m, 4H), 1.61～1.59 (m, 4H), 1.50～1.43 
(m, 1H), 1.28 (s, 12H), 1.24 (s, 3H); 13C NMR (101 MHz, 
CDCl3) δ: 131.5, 124.5, 84.2, 41.4, 26.1, 25.7, 24.7(2), 
24.6(7), 24.2, 17.6. HRMS (APCI) calcd for C14H27BO3 
[M＋H]＋: 255.2126; found 255.2125. 

3,3-Dimethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)butan-2-ol (2j): 1H NMR (400 MHz, CDCl3) δ: 1.83 
(s, 1H), 1.27 (s, 12H), 1.15 (s, 3H), 0.94 (s, 9H); 13C NMR 
(101 MHz, CDCl3) δ: 84.1, 36.5, 25.5, 24.7, 20.2. HRMS 
(ESI) calcd for C12H25

10BO3: 227.1933; found 227.1935. 
2,4-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)pentan-3-ol (2k): 1H NMR (400 MHz, CDCl3) δ: 
1.89～1.81 (m, 2H), 1.76 (s, 1H), 1.28 (s, 12H), 0.94～
0.91 (m, 12H); 13C NMR (101 MHz, CDCl3) δ: 84.2, 32.7, 
25.0, 18.8, 16.7. HRMS (ESI) calcd for C13H27

10BO3: 
241.2090; found 241.2091.  

Cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 
2-yl)ethan-1-ol (2l):[37] 1H NMR (400 MHz, CDCl3) δ: 

1.92～1.89 (m, 1H), 1.78～1.75 (m, 2H), 1.67～1.60 (m, 
3H), 1.35～1.08 (m, 20H), 0.90 (s, 1H); 13C NMR (101 
MHz, CDCl3) δ: 84.1, 47.0, 28.9, 26.9, 26.7, 26.6, 26.4, 
24.8, 24.7, 23.0. 

1-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)cyclohe-
xan-1-ol (2m):[34] 1H NMR (400 MHz, CDCl3) δ: 1.82～
1.58 (m, 6H), 1.44～1.41 (m, 5H), 1.28 (s, 12H); 13C NMR 
(101 MHz, CDCl3) δ: 83.9, 35.6, 25.6, 24.6, 22.0. 

2-Methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)cyclohexan-1-ol (2n): 1H NMR (400 MHz, CDCl3) δ: 
1.74～1.32 (m, 10H), 1.26 (s, 12H), 0.88～0.87 (m, 3H); 
13C NMR (101 MHz, CDCl3) δ: 84.1, 36.6, 34.4, 28.2, 
25.8, 24.6 (3), 24.5 (7), 19.1, 18.5. HRMS (ESI) calcd for 
C13H25

10BO3: 239.1933; found 239.1932. 
2-Phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 

yl)cyclohexan-1-ol (2o): 1H NMR (400 MHz, CDCl3) δ: 
7.37～7.14 (m, 5H), 2.78～2.75 (m, 1H), 2.16～2.06 (m, 
1H), 1.84～1.23 (m, 8H), 1.12 (s, 6H), 0.97 (s, 6H); 13C 
NMR (101 MHz, CDCl3) δ: 144.6, 128.7, 127.9, 126.2, 
84.1, 49.3, 34.9, 26.4, 26.3, 24.8, 24.3, 19.1. HRMS (ESI) 
calcd for C18H27

10BO3: 301.2090; found 301.2097. 
2-Allyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
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cyclohexan-1-ol (2p): 1H NMR (400 MHz, CDCl3) δ: 
5.86～5.76 (m, 1H), 5.03～4.95 (m, 2H), 2.06～2.03 (m, 
2H), 1.72～1.42 (m, 8H), 1.27～1.24 (m, 14H); 13C NMR 
(101 MHz, CDCl3) δ: 138.0, 115.8, 84.3, 41.9, 38.5, 35.0, 
25.7, 25.3, 24.8, 24.7, 19.6. HRMS (APCI) calcd for 
C15H27BO3 [M－H]－: 265.1980; found 265.1981. 

Dicyclohexyl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)methanol (2q): 1H NMR (400 MHz, CDCl3) δ: 1.88～
1.84 (m, 2H), 1.76～1.72 (m, 5H), 1.66～1.63 (m, 2H), 
1.58～1.44 (m, 4H), 1.35～1.06 (m, 20H), 1.02～0.93 (m, 
2H); 13C NMR (101 MHz, CDCl3) δ: 84.3, 42.2, 39.9, 28.9, 
27.3, 26.9, 26.8, 26.8, 26.7, 26.6, 26.5, 26.2, 25.2. HRMS 
(ESI) calcd for C19H35

10BO3 321.2716; found 321.2717. 
2,6-Dimethyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)cyclohexan-1-ol (2r): 1H NMR (400 MHz, CDCl3) δ: 
1.72～1.56 (m, 3H), 1.49 (s, 1H), 1.30～1.27 (m, 17H), 
1.00～0.88 (m, 6H); 13C NMR (101 MHz, CDCl3) δ: 84.3, 
38.0, 27.7, 25.8, 24.9, 24.8, 24.7, 18.4. HRMS (APCI) 
calcd for C14H27BO3 [M－H]－: 253.1981; found 253.1982.  

1-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)cyclohe-
ptan-1-ol (2s): 1H NMR (400 MHz, CDCl3) δ: 1.89～1.83 
(m, 2H), 1.70～1.47 (m, 11H), 1.26 (s, 12H); 13C NMR 
(101 MHz, CDCl3) δ: 83.9, 38.4, 29.4, 24.6, 21.9. HRMS 
(ESI) calcd for C13H25

10BO3 239.1933; found 239.1942 
(1R,3R,5R,7R)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaboro- 

lan-2-yl)adamantan-2-ol (2t): 1H NMR (400 MHz, CDCl3) 
δ: 2.21 (d, J＝12.8 Hz, 2H), 2.02～1.89 (m, 2H), 1.81～
1.77 (m, 6H), 1.69 (m, 2H), 1.57 (s, 1H), 1.46 (d, J＝12.8 
Hz, 2H), 1.27 (s, 12H); 13C NMR (101 MHz, CDCl3) δ: 
83.4, 37.6, 35.9, 34.6, 30.9, 27.2, 26.9, 24.5; 11B NMR 
(128 MHz, CDCl3) δ: 32.1. HRMS (APCI) calcd for 
C16H27BO3 [M－H]－: 277.1981; found 277.1975. 

4.3  Procedure for gram scale for 2t 

In glove box, a 250 mL resealable reaction tube of sol-
vent flask equipped with a stirrer bar was charged with 
adamantane ketone (1t) (1.50 g, 10.0 mmol), FeBr2 (220.0 
mg, 1.0 mmol), NaOtBu (316.8 mg, 3.3 mmol), B2pin2 
(3.556 mg, 14.0 mmol), tBuCH2OH (176 mg, 2.0 mmol) 
and 50 mL of toluene. The tube was sealed with a Teflon 
screw cap and taken out of the glove box. Then, the tube 
was sealed and the mixture was heated at 100 ℃ with 
stirring for 1 h. Upon completion, the reaction was passed 
through a short silica gel column chromatography with 
EtOAc as eluent. Excess B2pin2 in the mixture was re-
moved by being treated with trimethylamine N-oxide in 
acetonitrile solution. The pure product was obtained by 
flash column chromatography on silica gel with V(DC- 
M)∶V(MTBE)＝20∶1 as eluent. 

4.4  Procedure for the C—O alkylation and arylation 
of 2t 

The procedure for the C—O alkylation of α-hydroxybo- 
ronates was performed according to the literature proce-
dure with some modification.[39] In glove box, a 25 mL 
resealable reaction tube of solvent flask equipped with a 
stirrer bar was charged with 3 mL of toluene, then α-hy- 
droxyboronate 2t (0.50 mmol) was added. The tube was 

sealed with a Teflon screw cap and taken out of the glove 
box. Then, the tube was unsealed and nBuLi (0.5 mL, 1.3 
mmol, 2.5 mol•L－1 in hexane) was added under nitrogen 
atmosphere. The tube was warmed to room temperature 
and stirred for 1 h, subsequently, ClCOCOOMe (97.6 mg, 
0.80 mmol) was added at －30 ℃. Then, the tube was 
sealed and the mixture was heated at 100 ℃ for stirring 6 
h. After the reaction was completed, the reaction mixture 
was passed through a short silica gel column eluting with 
EtOAc and concentrated in vacuo. The pure product was 
obtained by flash column chromatography on silica gel 
with V(hexane)∶V(EtOAc)＝50∶1 as eluent. 

2-((1R,3R,5R,7R)-2-Butyladamantan-2-yl)-4,4,5,5-tetra-
methyl-1,3,2-dioxaborolane (2ta): 1H NMR (400 MHz, 
CDCl3) δ: 2.04～2.01 (m, 2H), 1.87～1.67 (m, 10H), 
1.58～1.51 (m, 2H), 1.42～1.39 (m, 2H), 1.32～1.16 (m, 
16H), 0.89 (t, J＝7.2 Hz, 3H); 13C NMR (101 MHz, 
CDCl3) δ: 82.7, 38.9, 37.8, 33.9, 31.8, 31.0, 28.2, 27.8, 
27.1, 24.9, 23.8, 14.1. HRMS (ESI) calcd for C20H35

10BO2 
[M]＋: 317.2766; found 317.2765. 

The procedure for the C—O arylation of α-hydroxybo- 
ronates was performed according to the literature proce-
dure with some modification.[39] In glove box, a 25 mL 
resealable reaction tube of solvent flask equipped with a 
stirrer bar was charged with 3 mL of toluene, then α-hy- 
droxyboronate 2t (0.50 mmol) was added. The tube was 
sealed with a Teflon screw cap and taken out of the glove 
box. Then, the tube was unsealed and PhLi (1.3 mL, 1.3 
mmol, 1.0 mol•L－1 in Et2O,) was added at －30 ℃ under 
nitrogen atmosphere. After 3 min, ClCOCOOMe (97.6 mg, 
0.80 mmol) was added at －30 ℃. Then, the tube was 
sealed and the mixture was heated at 100 ℃ for stirring 6 
h. After the reaction was completed, the reaction mixture 
was passed through a short silica gel column eluting with 
EtOAc and concentrated in vacuo. The pure product was 
obtained by flash column chromatography on silica gel 
with hexane/EtOAc (V∶V＝50∶1) as the eluent.  

4,4,5,5-Tetramethyl-2-((1R,3R,5R,7R)-2-phenyladaman-
tan-2-yl)-1,3,2-dioxaborolane (2tb): 1H NMR (400 MHz, 
CDCl3) δ: 7.38～7.36 (m, 2H), 7.30～7.25 (m, 2H), 
7.11～7.09 (m, 1H), 2.71 (s, 2H), 1.98～1.94 (m, 5H), 
1.87～1.84 (m, 2H), 1.71 (m, 3H), 1.48～1.45 (m, 2H), 
1.01 (s, 12H); 13C NMR (101 MHz, CDCl3) δ: 144.1, 
128.0, 127.2, 124.4, 82.9, 37.9, 37.4, 31.9, 31.0, 27.9, 27.4, 
24.1. HRMS (ESI) calcd for C22H31

10BO2 [M]＋: 337.2453; 
found 337.2457. 

4.5  Procedure for the C—O borylation of 2t 

The procedure for the C—O borylation of α-hydroxybo- 
ronates was performed according to the literature proce-
dure.[38] In glove box, a 25 mL resealable reaction tube of 
solvent flask equipped with a stirrer bar was charged with 
B2pin2 (139.7 mg, 0.66 mmol), NaOtBu (57.6 mg, 0.60 
mmol) and 3 mL of toluene, then α-hydroxyboronate 2t 
(0.50 mmol) was added. The tube was sealed with a Teflon 
screw cap and taken out of the glove box. Then, the mix-
ture was heated at 100 ℃ with stirring for 6 h. Upon 
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completion, the pure product was obtained by flash column 
chromatography on silica gel with hexane/EtOAc (V∶V＝ 
20∶1) as the eluent. 

2,2'-((1R,3R,5R,7R)-Adamantane-2,2-diyl)bis(4,4,5,5- 
tetra-methyl-1,3,2-dioxaborolane) (2tc): 1H NMR (400 
MHz, CDCl3) δ: 2.25 (s, 2H), 1.91～1.84 (m, 6H), 1.77～
1.66 (m, 6H), 1.24 (s, 24H); 13C NMR (101 MHz, CDCl3) δ: 
82.8, 38.0, 37.3, 30.8, 28.0, 27.8. HRMS (ESI) calcd for 
C22H38

10B2O4 [M]＋ 386.2029; found 386.2028 

4.6  Procedure for the C—O silylation of 2n  

The procedure for the C—O silylation of α-hydroxybo- 
ronates was performed according to the literature procedure 
with some modification.[38] In glove box, a 25 mL resealable 
reaction tube of solvent flask equipped with a stirrer bar was 
charged with PhMe2SiBpin (393.0 mg, 1.5 mmol), NaOtBu 
(57.6 mg, 0.60 mmol) and 3 mL of toluene, then α-hy- 
droxyboronate 2n (0.50 mmol) was added. The tube was 
sealed with a Teflon screw cap and taken out of the glove 
box. Then, the mixture was heated at 100 ℃ with stirring 
for 12 h. Upon completion, the pure product was obtained 
by flash column chromatography on silica gel with hex-
ane/EtOAc (V∶V＝50∶1) as the eluent. 

Dimethyl(2-methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxa- 
borolan-2-yl)cyclohexyl)(phenyl)silane (2nd): 1H NMR 
(400 MHz, CDCl3) δ: 7.59～7.57 (m, 2H), 7.33～7.31 (m, 
3H), 1.94～1.90 (m, 1H), 1.63～1.54 (m, 2H), 1.38～1.14 
(m, 18H), 1.16～1.14 (m, 3H), 0.39 (s, 3H), 0.34 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ: 138.5, 134.8, 128.5, 127.2, 
82.2, 37.1, 35.5, 31.8, 27.2, 26.2, 25.3, 25.1, 21.5, －2.0, 
－ 2.3. HRMS (ESI) calcd for C21H35

10BO2Si [M] ＋ : 
357.2536; found 357.2538. 
 
Supporting Information  NMR spectra of 2a～2t, 2ta～
2tc, 2na～2nb. The Supporting Information is available 
free of charge via the Internet at http://sioc-journal.cn/ 
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