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Abstract. Hydroboration of alkynes is of special interes
researchers since it is the most straightforward process
synthesis of highly important vinyl borane synth
intermediate compounds. It is significant in terms of
regioselectivity and stereelectivity, sinceseveralpositiona
isomers are formed during the process of hydrobori
Given the importance of this class of compouadsextensiv
study has been carried owégarding catalytic conditio
developmentnddetailed mechanistic studiésr selectivel
obtaining a single isomer. This elaborate review
comprehensively summarizes both the regioselective
stereoselective catalytic hydroboration of alkyreis aimet
at giving readers accurate knowledge of the catalytic sy
available for the hydroboration of certain alkyne®Ve
anticipate that this inclusive review will encour
researchers to explore marew types otatalytic systemto
achievethe remarkable process of hydroboration of alkyi
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hydroboration is of special interest as it enables
researchers to achieve synthetically important
alkenylborane compoun#8:2¢! In this regard,

Synthetically important organoborane reagents angioneering work was done by Brown and Gupta in the

1 Introduction

highly popular due to their unique reactivity in varioushydroboration of alkynes with

readily available

synthetic processe$hey have been used for severalreactive catecHborane, as reported in 19%5.

years as synthetic intermediates in the uhiicdion of
various functional groupand carbohcarbon bond
forming processes. Wellnown examples of this are
the SuzukiMiyaura coupling and Petasis bordno
Mannich reactio®t'® The most straightforward
strategy used to produce an organoboron compound
the hydroboration of unsaturated organic compound
This calls to mind oBaryo\
discovery in 1956 of the hydroboration of an alkene
moiety using sodium borohydride in the presence c
aluminum chloride (Scheme 149! Two year
t his discov e tegthe hRirobokafioa df ¢
alkenes using an alkyl borane reagent (Schemeib).
These landmark discoveries opened the door fc
researchers to access synthetically importar
organoborane intermediates and to use them in seve
important organic transformations. Giverthe
significance of the hydroboration reaction, various
unsaturated functionalities, such as alkenes, alkyne
carbonyls, imines, and nitriles, have beer
hydroborated oveheyears’ 24l Among these, alkyne
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In the early days of research,
hydroboration reactions preeded in a catalyftee
manner, through the addition of diborane;HB,
borane trihydride complexes (BH; L = stabilizing

adducts), or alkylboranes to unsaturated compounds,,
However, a major concern associated with this

protocol was the lack of staltyl, high air sensitivity,
and incompatibility with chromatographic purification
of the resulting borane compounds, which limited th
practical use of this process in organic synthésis.
address this issue, milder and -stable
dialkoxyborane compoundgHBpin: pinacolborane

conventiona

complexes using necyclopentadienybased ligands
and their exploitation in homogeneous dgsiés under
ambient reaction conditions.

(a) Early discovery on hydroboration using NaBH, and AICI; (Brown, 1956)

g

i) NaBH, (0.5 equiv)
AICl3 (16.8 mol%)
diglyme, 3 h, rt

H
nBu)\/OH

)

"Bu " :
ii) hydrolysis
via hydroboration

(b) Early discovery on hydroboration using trialkylborane (Koster, 1958)

CHj3 )
B(iso-C4Hg)3

Ph

rc) Transition metal catalyzed hydroboration of alkyne (Noth, 1985)

RhCI(PPhjz)3 (0.05 mol%)
o\

@[ B—H (1 equiv)
(0]

(HBcat)

H
”Bu)\”ﬁ Bcat

53%

écheme 1. Early discoveries of hydroboration reaction

using (a) sodium borohydride and (b) trialkylborane. (c)
Early report of transition metatatalyzed hydroboration of
alkynesusing HBcat

and HBcat: catecholborane) were introduced. Due to

thereduction in electrophilicity, these dialkoxyborane
compounds do not undergo cataliree
transformations unless subjected to very hig
temperatures. In terms of a catalytic hydror at
reaction, Ma@nnig and -N
catalyzed hydroboration of-llexyne using HBcat as
the hydroboration reagent (Scheme @4%).
Subsequently,with the efficacy of the catalytic
hydroboration reaction as well as the high stability an
ease of purification of alkenylboronatebeing
established hydroboration of alkyree saw
considerablgrogresswith various catalytic systems
such agransition metals, base metals, and Leaggls

or basedeing used
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The ability to control the regioselective and

r§tereoselective orientation of afforded alkenylboranes

pI@Cﬁsncatalytic hydroboration of alkynes in the

Fro stere ective pojpt iew,
hydroboratibnrgfsalynei %Sﬂpr%y:eidgm woo\}fvapyisp? via R
synaddition or anti-addition, afforéhg either syn
lsyn2 or anti-l/anti-2 respectively (Scheme 2a).
gegioselectivity of the hydroboration of alkynes can
also yield two forms of products, namelyselective
borylated productU-1/U-2 or b-selective borylated
product b-1/b-2 (Scheme 2b). Regioselectivity and
stereoselectivity ohydroboration of alkynes largely
depend on the type of catalyst used. A wkhown
mechanism for achieving transition métatalyzed
synthydroboration using HBpin is the generation of
metal hydride and subsequesyrthydrometallation.
Conversely, the nmhanism for obtaininganti-
hydroboration often involves multiple steps. Notably,
anti-hydroboration is uncommon and often difficult to
control due to the isomerization process. Ovesslh;
and anti-hydroboration mechanisms rely largely on
catalysts. Keeapg 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, gaimg greater insight into the
mechanistic aspectsf the specific hydroboration of
alkynes.



(a) Stereoselective hydroboration of internal and terminal alkyne
H [B] H R

R R R
syn-1 anti-1
Note: for simplicity R = R'

(B]

or

[B]

syn-2 anti-2

anti-
hydroboration

syn-
hydroboration

(b) Regioselective hydroboration of internal and terminal alkyne

(B] H H [B]
o B R R' R R’'
o -1 _
R—=—=—R H—[B] o p-1
or E—— or
a B (B] H (B]
R—=—H )= ="'
R H R
o-2 B-2
a-—selective B—selective

hydroboration hydroboration

Scheme 2.Steree and regioselective hydroboration of
internal and terminal alkynes

This review summary is based on the availability of

published reports of regie and stereoselective
catalytic hydroboration of alkynes, containithetailed
descriptions of synhydroboration and anti-

hydroboration. Although a few previously published
reviews summarize the hydroboration of unsaturate

compoundsnone & them dedl with selective alkyne
hydroboration to provide a synthetadly useful
compound alkenylborooompounis'?4 Few review
reports are also availableshich summarizethe
hydroelementation of olefins with  specific
catalyst§ 1416182022241 or  gpecific  substratd¥)
however, the reviews are tdonited to a certain
subjectand touchvery small area of monselective
hydroboration of alkynedased on ouobservations,
over the past few decades, regimd stereoselective
overview of alkyne hydroboration is a mudtscussed
topic. We believahatit should be comprehensively
reviewed to collate all the relevant research in this fiel
This review covers ports published prior to 2021

2 syn-Hydroboration of alkynes

2.1. Transition
hydroboration

metali catalyzed syn

The mainattentionof catalytic hydroboration of
alkynes is the opportunity to control the

Subsequently, this metal hydride oii [8] species is
added to the alkyne moietly a cis-manner, eithevia
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 stereospecifsynhydroborated product
(Scheme 3).

H
H—[B] oxidative M]—(B]
addition of H-[B] 1
R——R
hydrometallation
to alkyne
boryl- R R
demetallation —
R R IM] H
— \
B] H Bl 2
3
R R
R——R
borylmetallation M] [B]
to alkyne 5
L-H
protonation of (LH = Base)
[B]—I[B] alkenylmetal
M] — [MI—[B] path b
4
d R R
_ regeneration of H 3 [B]
L-[B] metalloboron M]—L
7
6
[B]—[BI

Scheme 3.Mechanistic aspect o$ynhydroboration of
alkynes.

In a pioneering report on hydroboration of alkynes,
uzuki et al. described how conjugated enyhe
ndergoes selective hydroboration onto the alkyne
moiety to afford allenic boronain the presence of
Pd(PPh)s as a catalyst. Upon quenchiryy with
benzaldehyde, homopropargylic alcohdl0 was
produced (Scheme 48} Using similar reaction
conditions, aynthetic application ahe Pdcatalyzed
synthydroboration was reported for the synthesis of
(E)-DoxepinB% In 1996, Pereira and Srebnik
introduced a Rh-catalytic system for thé-selective
syrthydroboration of terminal alkynes using benc
top stable HBpin (Scheme 4BY. Ther report

stereochemistry of the products it affords. Metarevealed that a nickel catalyst [NiCp(RRE] can

catalyss play a key role in selectivity. There argo
main mechanisms used to achieve thesyn
hydroboration of alkynes catalyzed bynetal

work as efficiently as an Rh catalyst to afford the
alkenylborane compourit!! An application of theb-
selectivesynhydroboration of terminal alkynes was

precursors, as shown in Scheme 3. Initially, ameported using an immobilized heterogeneous Rh

oxidative addition to the metal centsecursto afford
an MiH (as in1) or Mi[B] (as in 4) bond.

catalytic system of CIRh[P(GBH:Re¢)3]z (R =
(CR)sCRs)3) in CRCeF11 solution. Significantly, the
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catalyst was reusddr up to three catalyticycles with ~ synthydroloration  of terminal alkynes using
a high turnover number (TONF! Later, in 2004p-  diisopropylaminoborane (Scheme 56). In this
selective synhydroborationof aromatic triyne was reaction, a catalytic amount of Grignard reagent is
reported to afford the tris(boryl)vinyl produd4 required to catalytically transform the -idb-
(Scheme 4c%3! Subsequently, Suzuki cressuping  propylamineborane complex (PAB;

of multi-alkenylborane compounds led to a variety oHsBY NH(iPr)) to diiso-propylaminoborane
substrates containing chromophore units to yieldDIPOB; B N(iPr),).

fluorescent dyesubstituted products. Giverthe
importance, further studies on Rhtalytic systems for
stereoselective hydroboration of alkynes weaeied
out#*3showing that a rhodiumydride species could

(a) Zr-catalyzed syn-hydroboration of terminal alkyne (Srebnik, 1995)

HBpin (1.05 equiv)
HZrCp,Cl (5 mol%) H__ Bpin H

efficiently catalyze the selective hydroboration of "Hex—= =+ )=\
. . DCM, 25°C, 16 h Hex "Hex Bpin
3,3,3trifluoroprop-1-yne to produce E-selective y .
S]
pI’OdUCt15 (SCheme 4d§°’ syn-hydroboration  anti-hydroboration
93% (syn:anti = 98:2)
(a) Pd-catalyzed hydroboration of conjugated enyne (Suzuki, 1989) (b) Mechanism of Zr-catalyzed syn-hydroboration (Srebnik, 1996)
HBcat (1 equiv) H Bpi
pin
; ___ Pd(PPhg), (1.5 mol%) PhCHO )@/Ph >:/ HZrCp,Cl "Hex—=
— — —_—
benzene, rt, 16 h >:C4\B 60°C,2h & "Hex
cat OH 1"

8 1.1 equiv 9 10 57%

'b) Rh-catalyzed syn-hydroboration of terminal alkyne (Srebnik, 1996,

(b) y. yn-hy yne ( ) HBpin H  ZrCpyCl

HBpin (1 equiv) ) —
Rh(CO)(PPhy),Cl (1 mol%) ~ H __ BPIn " Bpin  H THex 17
"Hex———H + —
DCM, 25°C, 3 h "Hex "Hex (c) Zr-catalyzed syn-hydroboration using diisopropylaminoborane
11 B-selective 12 a-selective (Pucheault, 2020)
99% (B:a. = 99:1) i) PhMgBr (5 mol%) H
. . s 5 min, rt H B—N(iPr),
(c) Rh-catalyzed stereo-selective hydroboration of aromatic triyne "Bu—== + HzB~NHiPr, >:/
(Kand and Ko, 2004) ) ) ii) HZrCp,Cl (12 mol%)  "Bu 44
HBpin (3 equiv) Bpin (DIPAB) methyl tert-butyl ether
Il [Rh(cod)Cl], (4.5 mol%) P 70°C, 16 h

PiPr; (18 mol%)

NEt; (5 equiv) . .
| h3 N Scheme 5.(a) Zr-catalyzedsynhydroboration and (b) its
Z N yoloheane . 8 Bpin” mechanism. (c) Stereoselective hydroboration of terminal
13 14 88% “Bpin alkyne catalyzed by Zr usindjisopropylaminoborane

(d) Rh-catalyzed stereo-selective hydroboration of 3,3,3-trifluoropropyne
(Braun, 2018)

RN 5 ol som ~ Given the importance aflkenylborane compounds
N— — in synthetic organic chemistry, various protocols have
excess CoDs. 1t 4 FsC been developed to finetune the stabilization of
15 96% alkenylborane synthons. A notable contribution was

made by Suginome et al. to thecatalyzedsyn
. hydroboration of alkynes usingaphthalend,8
Scheme 4(a) Early report of Patatalyzed stereoselective d%/aminato (HB(dan)) (gcheme 65)1_ Fl)n the resultant
hydroboration. Rfcatalyzed hydroboration of (b}dctyne, product, the boronic acid moiety is maskégy
(c) aromatic triyne, and (d) 3,3t8ifluoropropyne diaminonaphthalene, which can easily be demasked in
the presence of HCI (aq.) to give reactbaric acid.
, . Significantly, the masked alkenylboronic acid
Apart from the Rkcatalytic systers) various other cogntained ya C(&Br bond @0) ythat easily
noble metals, for instance, %1 Ruf*83% P experienced the SuzuMiyaura coupling reaction
Auf and Ag#*l proved their efficacy in the ot disturbing the alkenylboron moiety21(
stereoselective hydroboration of alkynes. It isscheme 6df5 This report was a significant
noteworthy that even a zirconocene hydride c,niripytion.  Recently, Yoshida and coworkers
(HZrCp:Cl) efficiently catalyzed hydroboration of 1 synthesized anthranilamigmibstituted borane

alkyne, q 'O? IWhiCh Ib-s_elelctive;r syénhydroborati?n [HB(aam)] as a stable and easyhandle substitute for
proceeded almosixclusively, affording a trace of an pipminy for use in the kcatalyzed synselective

anti-hydroboration product (Scheme %%).Notably, : : 7]
in the case of internal alkynes, selectivity is retaineohydroboratIon of terminal alkyne2¢, Scheme 60

A simplified catalytic cycle proposed by the author
suggets that hydrometallation followed by boryl
demetallationis the key step in obtaining high
stereoselectivity (Scheme 5b). Recently, a Zr
catalyzed system was established for bhselective



(a) Ir-catalyzed syn-hydroboration using HB(dan) (Suginome, 2009) alkynes with significant selectivityfor the syn

Q NH hydroborated produ#? Hydroboration of terminal
B-H and internal alkynes using effective immobilization of
O NH Ru(CO)CI(H)(PPB)s in ionic liquids or in biphasic
HB(dan) (1 equiv) ionic liquid/supercritical C@systemshave also been
[IrCl(cod)l (5 mol%) reported, in which high synselectivity is
DPEphos (6 mol%) X B(dan) maintained38-39
B { >—: :
' DCM, 50 °C, 8 h 5 /©/V
19 1.5 equiv ' 20 81% i ) )
(a) Au-catalyzed stereo- and regio-selective hydroboration (Corma, 2009)
p-tolylboronic acid (1 equiv) catB,
Pd(P'Bug), (2 mol%) - B(dan) / . y
CsF (2 equiv) O HBcat (1 equiv)
AUCIPPh; (1.5 mol%) Bcat
THF, 60 °C, 4 h O = - / . _
Me 21 87% toluene-dg, 100 °C, 24 h
24 25 50% 26 19%
(b) Ir-catalyzed syn-hydroboration using HB(aam) (Yoshida, 2019)
o (b) Ag-catalyzed p-selective syn-hydroboration (Yoshida, 2014)
NH
B—H pinB-Bpin (1 equiv)
NH (IMes)AgCI (2 mol%) .
KOtBu (6 mol%) ; pin
HB(aam) (1.2 equiv) Hex—= L en Hex” BRI+ N
[IrCl(cod)l, (2.5 mol%) eOH, 2 _ o
. ___ DPEphos (6 mol%) N Blaam) B(aam) 11 B-selective 12 a-selective
BT TR s0coaan Y By 89% (Bro: = 92:8)
22 B-selective 23 a-selective

(c) Ag-catalyzed syn-hydroboration of terminal alkyne (Rit, 2019)
88% (B:a = 99:1) ) )
HBpin (1.1 equiv)
AgSbFg (1 mol%) i
Ph———= o h ph/\/Bpm
neat, rt, 27 929

Scheme 6. Ir-catalyzed b-selective hydroboration of

terminal alkynes using (&)B(dan) and (b) HB(aam). ) ) )
(d) Ag-catalyzed syn-hydroboration of terminal alkyne (Bi, 2019)

HBpin (1.5 equiv)

In 2009, Corma et al. reported the goltalyzed pro= e lOmI) B
chemoselectivaydroboration of alkynes. The authors foluene, 120°°C, 18 1 27 80%
showed that hydroboration occurred chiefly in
terminal alkynes compared to terminal alkenesscheme 7(a) Au-catalyzed sterecand positiorselective
yielding a substantial amount &5 along with a hydroboration. (bd) Ag-catalyzed stereoselective
minimal amount of26 (Scheme 7a)They proposed hydroboration of terminal alkynes
that a goldborane intermdédte species was generated
as an active species, rather than a -gihgne
species™ In 2014, Yoshida et al. showed that an Ag 3d transition metals are eamhbundant and
N-heterocyclic carbene complex has the qualities of @emonstrate less toxic behavievhich makes them
potent catalyst for thie-selectivesynthydroboration of one ofthe prior choices for catalysis.In this regard,
terminal alkynes (Scheme 78.1t washypothesized various firstrow transition metals aralso used as
that the reaction was triggered by the formation ogfficient catalysts irsynselective hydroboration, for
borylsilver(l)  specie&”  Subsequently, boryl instance, Ti*49 Mn[59 Fel5158] Co[5961 Nj,62]
metallation to alkynes proceedddrgely in syn  Cu/8377 and znl®
fashion, followed by protonation by solvent MeOH,
resulting in the hydroboration produdtlj. Recently,
in two parallel reports, both the Rit and Bi working
groups showcasedahsilver salt (AgSbéor AGOAC) Ph—=—SMe
catalyzed the hydroboration of terminal alkynes using
HBpin to exclusively yield synhydroborated E- 28 _ , 29 95%
alkenylboran€7 (Scheme 7¢ and 7§:*/ Unlike the Scheme 8 N|-ca_talyzed regio and stereosek_actlve
previously reported reaction catalyzed the Ag-N- hydroboration of thioacetylene (Miyaura and Suzuki, 1993)
heterocyclic carbene complex, the authors
hypothesizedthat a radical pathway was involved, _ _
which resulted inthe formation of an exclusive b- One of the early reports of regiand stereoselective
selective product. Apart from homogeneous catalytifydroboration of i(alkylthio)-1-alkyne €8) using
systems, heterogeneous catalysts have also provedtBcat and NiCi(dppe) as catalysts (ScherB) was
be potent catalysts for theynhydroboration of Published by Miyaura and Suzukiin 1993Notably,
alkynes. For instancéy-heterocyclicthione ligandi  hydroboration proceeded exclusively onbRgosition
stabilized platinum nanopisles displayed efficient With respect to the thioalkyl group. Unfortunately, this
reactivity in the hydroboration of terminal or internalcatalytic systen did not show significant efficacy in

HBcat (1.1 equiv)
NiCly(dppe) (3 mol%) catB _ H

benzene, rt, 5 h Ph SMe

5



terms of selectivity when only an aliphatic or aromatioa Ti-catalyzed selective hydroboration of alkyne (Hartwig, 1996)

substituted alkyne ¢bctyne or iphenyll-propyne) HBcat (1 equiv) H

was used as the substrétéSoon afterHartwig et al. J\____ _CPTi(CO); (4 moi%) X Beat
showcased a competent catalytic protocol forsyre Me@ * Et,0,r, 2h

hydroboration of alkynes with HBcat using readily Me 30 96%

available dlcarbonyltltanocene as a CataIySt (SChen}Q Ti-catalyzed selective hydroboration of alkyne (Panda, 2020)
9a). In a plausible mechanisiit was showrthat G-

bond metathesis proceee¢d with HBcat and T Gat. (1 mo%) _
metallacyclopropene generated from the reaction pPh—= ' P BP0
between alkyngandthetitanocene comple®e Very toluene, . 1
recently, Panda et al. synthesized a titanium(lV)

27 99%

complex supported by dianionic
ami dophosphineiborane Iigands,pthzqut]N'rp;a;2 di spl ayed
high efficacy toward thb-selectivesynhydroboration /oo N

/\
H3B Me,N NMe, BH3

of terminal alkynes (Scheme 9%). Geetharani and L

coworkers also reported that a raath metal of

group_3 (SC) works a_s an efficient Catalyst in $UB‘ (c) Lewis acidic Sc(OTf);-catalyzed selective hydroboration of alkyne
selective hydroboration of alkynes (Scheme [8t). (Geetharani, 2013)

Commercially available Lewis acid Sc(O3W#as used HBpin (1.2 equiv)
. . Sc(OTf)z (5 mol%)
as a catalyst along with a catalytic amount of NaBHEt NSBHE ;
. . . a t3 (5 mol%) _Bpin
which successfullysyrrhydroborated a series tifie Ph—= Ph

termind as well ‘as internal alkynesA general foluene, 100°°C, 24

mechanism fosynselective hydroboration of alkyne
using Ti or Sc ashecatalyst is postulated in Scheme
9d which is in principle different from the general

27 95%
(d) General mechanism for Ti or Sc catalyzed hydroboration of alkyne

mechanisnpresentedn Scheme 3. At first, a metal R—=—R R_=— R
hydride31Ais thought to be produced which added to !
alkyne in asynfashion via31B. In the last step, metal M= 318
alkene specie81C reacted with another molecule of H—[B]

hydroboron compound to producghe syn

. J — M]—H
hydroboratedoroduct along with the regeneration of M[“_’”T,X [3]1A
metathydride specie4?7] =T se o
R>_<R
R R —
= M H
Bl H
H—[B] 31C

Scheme 9. (@) and (b) Ticatalyzed synselective
hydroboration of alkynes. (cBc(OTfs-catalyzed syn
selective hydroboration(d) General mechanism fayn
hydroboration of alkyne using Ti or Sc as catalysts.

Cu catalysts have contributed significantly to
hydroboration of alkynes in a highly stereand
regioselective manné® " It is worthy of mention
that the b- or Uselective borylation of aromatic
substitued unsymmetrical internal alkynes (sucl3as
or 34) was achieved by varying the borylating reagents.
The Yun, Tsuji, and Cazin groups independently
reported a similar Caatalytic system usingin; as
the borylating precursor to achiey b-selectivesyn
hydroboration products33b or 356 (Scheme
10) 6364741 _jikewise a Cuphotocatalytic system was
also developed by Poisson et al for obtainimg
selectivesynhydroboration of internal alkynes with
complete selectivity (Scheme )08 Conversely,U
selectivesyrthydroboration produ@sUwas obtained
when HBpin was used in a Cecatalytic system
mentioned in Scheme {67477



(a) Cu-catalyzed p-selective syn-hydroboration (Yun, 2011)
B,pin, (1.1 equiv)
CuCl (5 mol%)

P(p-tolyl); (6 mol%) H Bpin
NaOtBu (20 mol% i
7\ — ¢y ( o) X Bpl:l- N H
— MeOH (2 equiv) Cy Cy
THF, rt,6 h
32 338 330

88% (33p:33a. = 86:14)
(b) Cu-catalyzed p-selective syn-hydroboration (Tsuji, 2012)

B,pin, (1.2 equiv)
CuCl (2 mol%)
CF3-Ar-Xantphos (2 mol%) Bpin

NaOtBu 12 mol%) ©)\/Bpm @/\r

70% (33p:330 = 92:8)

MeOH (2 equiv)
toluene, 28 °C, 3 h

32
PAr, PAr,
4es
CF3-Ar-Xantphos
Ar = 3,5-(CF3),CgHy

(c) Cu-catalyzed p-selective syn-hydroboration (Cazin, 2014)

B,pin, (1.1 equiv)
CuCl(IMes) (0.04 mol%) H Bpin
: : NaOH (5 mol%) Bpin H
/ \ — Me X . X
—_ MeOH (2 equiv)
cyclopentyl methyl ether
34 1, 16 h 35p 350
98% (35B:350. = >98:2)

(d) Cu-photocatalyzed p-selective syn-hydroboration (Poisson, 2021)
Bopin, (2 equiv)

Cu-PC-2 (2.5 mol%) H
4 ) )
/: \: Me BuOK (2 equiv) X BpPin
= CH3CN/H,0 (9:1) Me
405 nm, rt, 7 h
34 under Ar 35

81%
Scheme 10. (a)}(c) Cu-catalyzed b-selective syn
hydroboration of internal alkyne@) Cuphotocatalyzed-
selectivesynhydroboration of internal alkynes.

Scheme 11. (a)i(c) Cu-catalyzed Uselective syn
hydroboration of internal alkynes.

Complementary b- and Uselective synhydro-

boration proceed based on the use of borylating
reagent. For clarity, two plausible catalytic cycles are

presented in Scheme 12.b®dryl copper specie36)

is responsible for thé-selective producB8 (path a,
Scheme 12), while a copper hydride specBs was
formed from the reaction between-8ailt and HBpin

which is in charge of the formation dfselective
product 41 (path b, Scheme 12).Following the
formation of copper hydride39, hydrocupration to
alkyne proceeded to yieldt0, which showed high
regioselectivity owing to the directing effect of phenyl

substitution. Later boryl demetallation afforded a high

Uselective synhydroborated produc{4l) (path b,
Scheme 124



