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Abstract. Hydroboration of alkynes is of special interest to 
researchers since it is the most straightforward process for the 
synthesis of highly important vinyl borane synthetic 
intermediate compounds. It is significant in terms of both 
regioselectivity and stereoselectivity, since several positional 
isomers are formed during the process of hydroboration. 
Given the importance of this class of compounds, an extensive 
study has been carried out regarding catalytic condition 
development and detailed mechanistic studies for selectively 
obtaining a single isomer. This elaborate review 
comprehensively summarizes both the regioselective and 
stereoselective catalytic hydroboration of alkynes. It is aimed 
at giving readers accurate knowledge of the catalytic systems 
available for the hydroboration of certain alkynes. We 
anticipate that this inclusive review will encourage 
researchers to explore more new types of catalytic systems to 
achieve the remarkable process of hydroboration of alkynes. 
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1 Introduction  

Synthetically important organoborane reagents are 
highly popular due to their unique reactivity in various 
synthetic processes. They have been used for several 
years as synthetic intermediates in the introduction of 
various functional groups and carbonïcarbon bond-
forming processes. Well-known examples of this are 
the Suzuki-Miyaura coupling and Petasis boronoï
Mannich reaction.[1ï3] The most straightforward 
strategy used to produce an organoboron compound is 
the hydroboration of unsaturated organic compounds. 
This calls to mind Brown and Raoôs revolutionary 
discovery in 1956 of the hydroboration of an alkene 
moiety using sodium borohydride in the presence of 
aluminum chloride (Scheme 1a).[4,5] Two years after 
this discovery, R. Kºster reported the hydroboration of 
alkenes using an alkyl borane reagent (Scheme 1b).[6] 
These landmark discoveries opened the door for 
researchers to access synthetically important 
organoborane intermediates and to use them in several 
important organic transformations. Given the 
significance of the hydroboration reaction, various 
unsaturated functionalities, such as alkenes, alkynes, 
carbonyls, imines, and nitriles, have been 
hydroborated over the years.[7ï24] Among these, alkyne 

hydroboration is of special interest as it enables 
researchers to achieve synthetically important 
alkenylborane compounds.[25,26] In this regard, 
pioneering work was done by Brown and Gupta in the 
hydroboration of alkynes with readily available 
reactive catecholborane, as reported in 1975.[27]  

 
 

Supriya Rej received his B.Sc. from Calcutta University 
(RKMRC Narendrapur, 2012) 
and an M.Sc. from IIT 
Hyderabad (2014) in India. He 
completed his Ph.D. with Prof. 
Kazushi Mashima, Osaka 
University (October 2017). He 
then joined Prof. Naoto 
Chataniôs research group in 
October 2017 as a postdoctoral 
research associate. In 
September 2019, he was 
awarded a JSPS postdoctoral 
fellowship in Prof. Chataniôs 

group. In October 2020 he was appointed Assistant 
Professor (specially appointed) in Osaka University. 
Recently, he was awarded an Alexander von Humboldt 
postdoctoral fellowship and he joined Technische 
Universität Berlin in May, 2021 as a postdoctoral 
researcher. 

 



 2 

Amrita Das received her B.Sc. from Calcutta University 
(Bethune College, 2012) and 
M.Sc. degree from IIT 
Hyderabad (2014) in India. She 
received her Ph.D. from Kyushu 
University under the 
supervision of Prof. Takashi 
Ohshima in October 2017. She 
then joined Professor Shu 
Kobayashiôs group as a 
postdoctoral researcher, where 
she worked until September 
2019. In February 2020 she 
joined Prof. Chataniôs group as 
a postdoctoral researcher. 

 
 
In the early days of research, conventional 
hydroboration reactions proceeded in a catalyst-free 
manner, through the addition of diborane (B2H6), 
borane trihydride complexes (BH3·L; L = stabilizing 
adducts), or alkylboranes to unsaturated compounds. 
However, a major concern associated with this 
protocol was the lack of stability, high air sensitivity, 
and incompatibility with chromatographic purification 
of the resulting borane compounds, which limited the 
practical use of this process in organic synthesis. To 
address this issue, milder and air-stable 
dialkoxyborane compounds (HBpin: pinacolborane 
and HBcat: catecholborane) were introduced. Due to 
the reduction in electrophilicity, these dialkoxyborane 
compounds do not undergo catalyst-free 
transformations unless subjected to very high 
temperatures. In terms of a catalytic hydroboration 
reaction, Mªnnig and Nºth first reported the Rh-
catalyzed hydroboration of 1-hexyne using HBcat as 
the hydroboration reagent (Scheme 1c).[28] 
Subsequently, with the efficacy of the catalytic 
hydroboration reaction as well as the high stability and 
ease of purification of alkenylboronates being 
established, hydroboration of alkynes saw 
considerable progress, with various catalytic systems 
such as transition metals, base metals, and Lewis-acids 
or bases being used. 
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Scheme 1. Early discoveries of hydroboration reaction 

using (a) sodium borohydride and (b) trialkylborane. (c) 

Early report of transition metalïcatalyzed hydroboration of 

alkynes using HBcat. 

The ability to control the regioselective and 
stereoselective orientation of afforded alkenylboranes 
places catalytic hydroboration of alkynes in the 
limelight. From a stereoselective point of view, 
hydroboration of alkynes can proceed in two ways, via 
syn-addition or anti-addition, affording either syn-
1/syn-2 or anti-1/anti-2 respectively (Scheme 2a). 
Regioselectivity of the hydroboration of alkynes can 
also yield two forms of products, namely, Ŭ-selective 
borylated product Ŭ-1/Ŭ-2 or ɓ-selective borylated 
product ɓ-1/ɓ-2 (Scheme 2b). Regioselectivity and 
stereoselectivity of hydroboration of alkynes largely 
depends on the type of catalyst used.  A well-known 
mechanism for achieving transition metalïcatalyzed 
syn-hydroboration using HBpin is the generation of 
metal hydride and subsequent syn-hydrometallation. 
Conversely, the mechanism for obtaining anti-
hydroboration often involves multiple steps. Notably, 
anti-hydroboration is uncommon and often difficult to 
control due to the isomerization process. Overall, syn- 
and anti-hydroboration mechanisms rely largely on 
catalysts. Keeping in mind the significance of this, in 
this review, we summarize the regio- and 
stereospecific hydroboration of alkynes. We believe 
that this overview will enable readers to explore the 
topic further, gaining greater insight into the 
mechanistic aspects of the specific hydroboration of 
alkynes. 
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Scheme 2. Stereo- and regioselective hydroboration of 

internal and terminal alkynes. 

This review summary is based on the availability of 
published reports of regio- and stereoselective 
catalytic hydroboration of alkynes, containing detailed 
descriptions of syn-hydroboration and anti-
hydroboration. Although a few previously published 
reviews summarize the hydroboration of unsaturated 
compounds, none of them dealt with selective alkyne 
hydroboration to provide a synthetically useful 
compound alkenylboron compounds.[7ï24] Few review 
reports are also available which summarize the 
hydroelementation of olefins with specific 
catalysts[7,14,16,18ï20,22,24] or specific substrates,[12] 
however, the reviews are too limited to a certain 
subject and touch very small area of mono-selective 
hydroboration of alkynes. Based on our observations, 
over the past few decades, regio- and stereoselective 
overview of alkyne hydroboration is a much-discussed 
topic. We believe that it should be comprehensively 
reviewed to collate all the relevant research in this field. 
This review covers reports published prior to 2021. 

2 syn-Hydroboration of alkynes 

2.1. Transition metalïcatalyzed syn-

hydroboration 

The main attention of catalytic hydroboration of 
alkynes is the opportunity to control the 
stereochemistry of the products it affords. Metal 
catalysts play a key role in selectivity. There are two 
main mechanisms used to achieve the syn-
hydroboration of alkynes catalyzed by metal 
precursors, as shown in Scheme 3. Initially, an 
oxidative addition to the metal center occurs to afford 
an MïH (as in 1) or Mï[B] (as in 4) bond. 

Subsequently, this metal hydride or Mï[B] species is 
added to the alkyne moiety in a cis-manner, either via 
hydrometallation (path a) or boryl metallation (path b) 
to afford 2 or 5, respectively. Later, boryl 
demetallation or protonation of alkenyl metal species 
provides the stereospecific syn-hydroborated product 
(Scheme 3). 

 

Scheme 3. Mechanistic aspect of syn-hydroboration of 

alkynes. 

In a pioneering report on hydroboration of alkynes, 
Suzuki et al. described how conjugated enyne 8 
undergoes selective hydroboration onto the alkyne 
moiety to afford allenic boronate 9 in the presence of 
Pd(PPh3)4 as a catalyst. Upon quenching 9 with 
benzaldehyde, homopropargylic alcohol 10 was 
produced (Scheme 4a).[29] Using similar reaction 
conditions, a synthetic application of the Pd-catalyzed 
syn-hydroboration was reported for the synthesis of 
(E)-Doxepin.[30] In 1996, Pereira and Srebnik 
introduced an Rh-catalytic system for the ɓ-selective 
syn-hydroboration of terminal alkynes using bench-
top stable HBpin (Scheme 4b).[31] Their report 
revealed that a nickel catalyst [NiCp(PPh3)Cl] can 
work as efficiently as an Rh catalyst to afford the E-
alkenylborane compound.[31] An application of the ɓ-
selective syn-hydroboration of terminal alkynes was 
reported using an immobilized heterogeneous Rh-
catalytic system of ClRh[P(CH2CH2R6)3]3 (R = 
(CF2)5CF3)3) in CF3C6F11 solution. Significantly, the 
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catalyst was reused for up to three catalytic cycles with 
a high turnover number (TON).[32] Later, in 2004, ɓ-
selective syn-hydroboration of aromatic triyne was 
reported to afford the tris(boryl)vinyl product 14 
(Scheme 4c).[33] Subsequently, Suzuki cross-coupling 
of multi-alkenylborane compounds led to a variety of 
substrates containing chromophore units to yield 
fluorescent dye-substituted products. Given the 
importance, further studies on Rh-catalytic systems for 
stereoselective hydroboration of alkynes were carried 
out,[34,35] showing that a rhodium hydride species could 
efficiently catalyze the selective hydroboration of 
3,3,3-trifluoroprop-1-yne to produce E-selective 
product 15 (Scheme 4d).[35]  

 

Scheme 4. (a) Early report of Pd-catalyzed stereoselective 

hydroboration. Rh-catalyzed hydroboration of (b) 1-octyne, 

(c) aromatic triyne, and (d) 3,3,3-trifluoropropyne. 

Apart from the Rh-catalytic systems, various other 
noble metals, for instance, Ir,[36,37] Ru,[38,39] Pt,[40] 
Au,[41] and Ag[42ï44] proved their efficacy in the 
stereoselective hydroboration of alkynes. It is 
noteworthy that even a zirconocene hydride 
(HZrCp2Cl) efficiently catalyzed hydroboration of 1-
alkyne, in which ɓ-selective syn-hydroboration 
proceeded almost exclusively, affording a trace of an 
anti-hydroboration product (Scheme 5a).[45] Notably, 
in the case of internal alkynes, selectivity is retained. 
A simplified catalytic cycle proposed by the author 
suggests that hydrometallation followed by boryl 
demetallation is the key step in obtaining high 
stereoselectivity (Scheme 5b).[45] Recently, a Zr-
catalyzed system was established for the ɓ-selective 

syn-hydroboration of terminal alkynes using 
diisopropylaminoborane (Scheme 5c).[46] In this 
reaction, a catalytic amount of Grignard reagent is 
required to catalytically transform the di-iso-
propylamineborane complex (DIPAB; 
H3BŶNH(iPr)2) to di-iso-propylaminoborane 
(DIPOB; H2B N(iPr)2). 

 

Scheme 5. (a) Zr-catalyzed syn-hydroboration and (b) its 

mechanism. (c) Stereoselective hydroboration of terminal 

alkyne catalyzed by Zr using diisopropylaminoborane. 

Given the importance of alkenylborane compounds 
in synthetic organic chemistry, various protocols have 
been developed to finetune the stabilization of 
alkenylborane synthons. A notable contribution was 
made by Suginome et al. to the Ir-catalyzed syn-
hydroboration of alkynes using naphthalene-1,8-
diaminato (HB(dan)) (Scheme 6a). In the resultant 
product, the boronic acid moiety is masked by 
diaminonaphthalene, which can easily be demasked in 
the presence of HCl (aq.) to give reactive boric acid. 
Significantly, the masked alkenylboronic acid 
contained a C(sp2)-Br bond (20) that easily 
experienced the Suzuki-Miyaura coupling reaction 
without disturbing the alkenylboron moiety (21, 
Scheme 6a).[36] This report was a significant 
contribution. Recently, Yoshida and coworkers 
synthesized anthranilamide-substituted borane 
[HB(aam)] as a stable and easy-to-handle substitute for 
HB(pin) for use in the Ir-catalyzed syn-selective 
hydroboration of terminal alkynes (22, Scheme 6b).[37] 
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Scheme 6. Ir-catalyzed ɓ-selective hydroboration of 

terminal alkynes using (a) HB(dan) and (b) HB(aam). 

In 2009, Corma et al. reported the gold-catalyzed 
chemoselective hydroboration of alkynes. The authors 
showed that hydroboration occurred chiefly in 
terminal alkynes compared to terminal alkenes, 
yielding a substantial amount of 25 along with a 
minimal amount of 26 (Scheme 7a). They proposed 
that a gold-borane intermediate species was generated 
as an active species, rather than a gold-alkyne 
species.[41] In 2014, Yoshida et al. showed that an Ag-
N-heterocyclic carbene complex has the qualities of a 
potent catalyst for the ɓ-selective syn-hydroboration of 
terminal alkynes (Scheme 7b).[42] It was hypothesized 
that the reaction was triggered by the formation of 
borylsilver(I) species.[47] Subsequently, boryl 
metallation to alkynes proceeded largely in syn-
fashion, followed by protonation by solvent MeOH, 
resulting in the hydroboration product (11). Recently, 
in two parallel reports, both the Rit and Bi working 
groups showcased that silver salt (AgSbF6 or AgOAc) 
catalyzed the hydroboration of terminal alkynes using 
HBpin to exclusively yield syn-hydroborated E-
alkenylborane 27 (Scheme 7c and 7d).[43,44] Unlike the 
previously reported reaction catalyzed by the Ag-N-
heterocyclic carbene complex, the authors 
hypothesized that a radical pathway was involved, 
which resulted in the formation of an exclusive ɓ-
selective product. Apart from homogeneous catalytic 
systems, heterogeneous catalysts have also proved to 
be potent catalysts for the syn-hydroboration of 
alkynes. For instance, N-heterocyclic thione ligandï
stabilized platinum nanoparticles displayed efficient 
reactivity in the hydroboration of terminal or internal 

alkynes with significant selectivity for the syn-
hydroborated product.[40] Hydroboration of terminal 
and internal alkynes using effective immobilization of 
Ru(CO)Cl(H)(PPh3)3 in ionic liquids or in biphasic 
ionic liquid/supercritical CO2 systems have also been 
reported, in which high syn-selectivity is 
maintained.[38,39] 

 

Scheme 7. (a) Au-catalyzed stereo- and position-selective 

hydroboration. (bïd) Ag-catalyzed stereoselective 

hydroboration of terminal alkynes. 

3d transition metals are earth-abundant and 
demonstrate less toxic behavior, which makes them 
one of the prior choices for catalysis. In this regard, 
various first-row transition metals are also used as 
efficient catalysts in syn-selective hydroboration, for 
instance, Ti,[48,49] Mn,[50] Fe,[51ï58] Co,[59ï61] Ni,[62] 
Cu,[63ï77] and Zn.[78] 

 
Scheme 8. Ni-catalyzed regio- and stereoselective 

hydroboration of thioacetylene (Miyaura and Suzuki, 1993). 

One of the early reports of regio- and stereoselective 
hydroboration of 1-(alkylthio)-1-alkyne (28) using 
HBcat and NiCl2(dppe) as catalysts (Scheme 8) was 
published by Miyaura and Suzuki in 1993.[62] Notably, 
hydroboration proceeded exclusively on the ɓ-position 
with respect to the thioalkyl group. Unfortunately, this 
catalytic system did not show significant efficacy in 
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terms of selectivity when only an aliphatic or aromatic 
substituted alkyne (1-octyne or 1-phenyl-1-propyne) 
was used as the substrate.[62] Soon after, Hartwig et al. 
showcased a competent catalytic protocol for the syn-
hydroboration of alkynes with HBcat using readily 
available dicarbonyltitanocene as a catalyst (Scheme 
9a). In a plausible mechanism, it was shown that ů-
bond metathesis proceeded with HBcat and 
metallacyclopropene generated from the reaction 
between alkynes and the titanocene complex.[48] Very 
recently, Panda et al. synthesized a titanium(IV) 
complex supported by dianionic 
amidophosphineīborane ligands, which displayed 
high efficacy toward the ɓ-selective syn-hydroboration 
of terminal alkynes (Scheme 9b).[49] Geetharani and 
coworkers also reported that a rare-earth metal of 
group 3 (Sc) works as an efficient catalyst in the syn-
selective hydroboration of alkynes (Scheme 9c).[79] 
Commercially available Lewis acid Sc(OTf)3 was used 
as a catalyst along with a catalytic amount of NaBHEt3, 
which successfully syn-hydroborated a series of the 
terminal as well as internal alkynes. A general 
mechanism for syn-selective hydroboration of alkyne 
using Ti or Sc as the catalyst is postulated in Scheme 
9d which is in principle different from the general 
mechanism presented in Scheme 3. At first, a metal-
hydride 31A is thought to be produced which added to 
alkyne in a syn-fashion via 31B. In the last step, metal-
alkene species 31C reacted with another molecule of 
hydroboron compound to produce the syn-
hydroborated product along with the regeneration of 
metal-hydride species.[49,79] 

 
Scheme 9. (a) and (b) Ti-catalyzed syn-selective 

hydroboration of alkynes. (c) Sc(OTf)3-catalyzed syn-

selective hydroboration. (d) General mechanism for syn-

hydroboration of alkyne using Ti or Sc as catalysts. 

Cu catalysts have contributed significantly to 
hydroboration of alkynes in a highly stereo- and 
regioselective manner.[63ï77] It is worthy of mention 
that the ɓ- or Ŭ-selective borylation of aromatic 
substituted unsymmetrical internal alkynes (such as 32 
or 34) was achieved by varying the borylating reagents. 
The Yun, Tsuji, and Cazin groups independently 
reported a similar Cu-catalytic system using B2pin2 as 
the borylating precursor to achieving ɓ-selective syn-
hydroboration products 33ɓ or 35ɓ (Scheme 
10).[63,64,74] Likewise a Cu-photocatalytic system was 
also developed by Poisson et al for obtaining ɓ-
selective syn-hydroboration of internal alkynes with 
complete selectivity (Scheme 10d).[69] Conversely, Ŭ-
selective syn-hydroboration product 35Ŭ was obtained 
when HBpin was used in a Cu-catalytic system 
mentioned in Scheme 11.[64,74,77] 
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Scheme 10. (a)-(c) Cu-catalyzed ɓ-selective syn-

hydroboration of internal alkynes. (d) Cu-photocatalyzed ɓ-

selective syn-hydroboration of internal alkynes. 

 
Scheme 11. (a)ï(c) Cu-catalyzed Ŭ-selective syn-

hydroboration of internal alkynes. 

Complementary ɓ- and Ŭ-selective syn-hydro-
boration proceed based on the use of borylating 
reagent. For clarity, two plausible catalytic cycles are 
presented in Scheme 12. A boryl copper species (36) 
is responsible for the ɓ-selective product 38 (path a, 
Scheme 12), while a copper hydride species (39) was 
formed from the reaction between Cu-salt and HBpin, 
which is in charge of the formation of Ŭ-selective 
product 41 (path b, Scheme 12). Following the 
formation of copper hydride 39, hydrocupration to 
alkyne proceeded to yield 40, which showed high 
regioselectivity owing to the directing effect of phenyl 
substitution. Later boryl demetallation afforded a high 
Ŭ-selective syn-hydroborated product (41) (path b, 
Scheme 12).[64] 


