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Abstract The transition metal-catalyzed hydroboration of alkenes and alkynes is one of the most efficient way for the
production of boronate esters. This type of reaction is 100% atom economic, the starting material is readily available, and the
products are diverse. It is noticed that most of the known catalytic systems are based on late-transition-metals such as Rh, Ir,
Pd, Pt, Co, Fe and Cu. The use of early-transition-metals of zirconium and titanium, on the other hand, is very scarce. In this
short review, the development of application in zirconium and titanium mediated hydroboration of alkene and alkyne is sum-
marized, and the research trends of this area are also discussed.
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Scheme 1 Transformation and application of organoborons and
hydroboration of alkenes and alkynes
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Scheme 2 Synthesis of alkenyl (alkyl) boron mediated by stoi-
chiometric zirconium
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Scheme 3 Cp2ZrHCl-catalyzed hydroboration of alkynes and
possible mechanism
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Scheme 4 Cp2ZrHCl-catalyzed hydroboration of terminal alkynes and possible mechanism
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Scheme 5 Hydroamination of terminal alkynes via Zr/Cu relay catalysis
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Scheme 6 One-pot synthesis of cyclopropylboronic esters from
terminal alkynes
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Scheme 7 Zirconium-catalyzed synthesis of alkenylaminobo-
ranes
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Scheme 9 Dehydrogenative boration of alkenes enabled by zir-
conium catalyst
equiv.¥] MeOLi Jx B4 Ji% Cp,Zr(OMe), (31), 55 HBpin
YER TR CpazrH, (32)H1 MeO-Bpin. Cp,ZrH, 5 HBpin
JRSE T B P R A CpoZe(H)Bpin (33), FER Ha. B
J&, Cp2Zr(H)Bpin 37 A I 28 XUbEE i e S 45 0 Fh 34,
R p-H T BRI B A I EE BRI 35. CpoZr-
(H)Bpin 1 A 2 L 00 Fe ) 008, T it 24—l
Y%k 36, Jik— 5 HBpin @il o B85 -4 2 H br =
W EIEE MR P R4 33, SE RHEALIEA.

2 NSNS HR R

21 SEAEEHS R

FLAE 1979 4, Isagawa ST URT Fo Bk A0 A% 2 Bl
AR Si(Scheme 11). At AT S A8 FH 3 Ji 14 5 ek i 7
S B E AL BN E NI 58 FAR 7, Sk
TRFAIAH S5 A A R PR A (8144 (Scheme  11a), DAL
W) S0 A N CED AT I AL S B, 75 21 1) e S5 A
(o)L & P b8 J5 AE R AN -3t 4504k &L (CH30Na-H,0,) 14
RPAAM, BZIL P B R R A )
(Scheme 11b). 7EULMEALIE JRAAR R, X — Lk 4548
Y, [FIRESA BT IR X S8k PR 601660 1994 4F, Bur-
gess SEUTHRIE TR FH DY S SR ERVE AL, ) LZEm
t (HBcat) N A A6 AR 7, A 4k 45 2 B &4k S B2 (Scheme
11c).

1996 4, Hartwig SEUSHRIE T B HEALIG B SR
N FHT AR & (Scheme 12a). F 3 8 F % — L4k
(Cp2TiMex) NHEALF, P LASEIN ) LZE M I b 5 0 e 1 s
BRORR J52 B PG X 3elde B 1 OB A I By B S A 3 6 I v
HLERHETIRZ, 1 Scheme 12b 7, B 4% HBcat 5 7%
TR R AR S N A5 B A R T RO R )L 25 W A

http://sioc-journal.cn/ 1755



BIHEFE SR 5itR
R
R’ Bpi 42 examples
R/k§ (5 mol%) R _mn up to 85% yields
, MeOLi (1.0 equiv.) Bpin
or +  HBpin or
Tol., 100 °C Bpin
A 10 examples
R R/\/\Bpin up to 73% yields
,,,,,,,,,,,,,,,, B Y
HBpin Bpin
2 MeOLi ///;>>7//"\\\\\\\\\
2Lict 2 HBpin
% Bpm Bpin
3 2 MeO-Bpin pln
R/\/Bpin R)\,Bpin
36 34 B
pin HBpin
R p
/\El;)in
30
B 10 FEAEm a1, 1- ks
Scheme 10 Zirconium-catalyzed synthesis of 1,1-diborylalkanes from alkenes
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Scheme 11 Titanium-catalyzed alkenes hydroboration RTXx ,
41 Bcat
(% "B NMR il 'TH NMR %58). M5, & F 5 %em 44\H
B P RGRRECAE R, FRA AT RER @
FR Pk R 43, BJS-5 HBcat JE b [0 44, sl o [ Ut l RA\
44 SN EFNR 5 R A AL, SER H . a7
FEERME AT 1) F4E (Scheme 12¢). o
2000 4, Hartwig S0k AE 1A kT LTT L, ~ecar
P2 B S S ALHI (Scheme  12d). VEHFINLEL > AT B, R
THEDRAR SRR 4-50T FE A =Ml ki (HBcat')
SR R AR (B o- 4 4 Cpa Ti(HBcat'), (45) 52 4 HBcat \H/B“’“
FE S S S B TEPE AR, — ke S R HEAL TR 45 48

RS A TiIAD R IEE 46, FE)G 46 S5kl 4 %
Ti(IV)Z% &4 48. % Ti(IV)EE &Y 48 ] e 2 45 12 ke Fn
S-TRERC &R SE IR 24 ey, B 5 4800 TR V8 15 2040
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Scheme 12 Titanium-catalyzed hydroboration of alkenes and
possible mechanism
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F-11) HBcat' 2 A= R H ] 44 46, 56 R A4 751 1 T2

Sneddon “5121E Hartwig & (R AL AT 7 5
filh b, T 1998 41 2001 53 KR W TAE, ¥H
TR AR (Cpa Ti(CO) VE AL AR AL I 2 5 23 1
fit 2 i) I S 4k ) B (Scheme  13). 1456 — 33k — %4k
TEM#AIE DT I CpaTi(CO), R — /T CO, ¥r=4:
e A7 AN AN A B FEL A4 CpaTi(CO). Wl e 5 AN AT )
Je U S JE LA, AT Lhdid S A N s B—H B8R AR ROV,
B 553 3 4 AN K AT g e AR X R 1) A2

M L& Hartwig %5 TAER &0, 72 )LZE kiS5
Cp.TiMe, RMAEGL T, Wbt S804 & T l— > B A
TIETER o 484790 Cp. Ti(HBCat),. $E1L, 75K A
THT, 1EHE MR ZEMEEBIHI)E CpTi(CO), K4
SN, TR B i PR 2% 54, B R BT IF) Cpo Ti-(H-
B1oH,3)CO (52)5% Cp,Ti-(H-B1oH13), (53). B 5, CO M 52
HHFE R EL BioHis AN 53 HRRES, B4 BOHH R RS A AN
MLg&W) 54, SRIG K 54 T UL 5B REE S RE S
Y 56. BEJEHIEE 56 TR Ti(IV) &R GE 57, XA
R TN &Y E] TiAV)& @R ke 57, KT
Hartwig USRI 775, 55 & 010 )5 T bR 13 20 A
=9, TSRS 7 — 0 F 2 R, AR Rk
TE A PR A 54, JF4kSES SHEALTEIR.

2017 4, Khafizova ZERURIE T Cp.TiCL/E N
AT, AL BB AR M i 5 2R — ik
WL, A A R R A W0(Scheme 14). 1Z W ANMY
AT DL 2R TR R R, AT A S T Y i A,
M= = HAIN R ARG RN 2R NLAE %
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RERAE PR,

22 NS ERSMTR R
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+BioH14
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FE. REERMRIZR N HEF T =N SRR
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1997 4F, Smith S50 bR BB e ) o5k 26 -
1,3,2- &Mk (HBOp), fEEkEEIER T Seil 7 Efbm)
LA N, I H 26 3£ ¢ CH,=C(H)BOp Y&
HA) 58%(%:T HBOp i15). ML FEU Scheme 16 Ft
N, BRI 69 TEKE—ar T L JE R R AL
7170, B J51EAL7] 70 5 HBOp 45 & B — 0 T2/<, [
W32 T aE 71, 71 5 55— 50+ O R4 o R A5
B MM BE CH=C(H)Bop, 7€ fi4b57 70 A,
AT 70 R AT LGS & 5 — o TaASBI L, 15
F| Cp*,Ti (72), Cp*.Ti 55— LMsia, XAlfiiAE
HCAEARF 70.

2019 4, Khusainova ZF2HR 18 7 FH — & — e ki
175 TG IE IR o008 5 &0 5 R OB B i Ak
JZNi(Scheme 17). N 45HRFH, J75HIUR oI R =
T 3 B Hb AR Al s - 10 2 (R e TR R ) Wl e,
W =IA 95%. NENiTR a-W R 1EZ R B 75 21 I 016
A B R =4, RS- 1 -0 3 (R 5 TR 22 28 Wl o
FLER (R R B be. = AT P A AT e I 42,
A B I ) S LB I R A R AR B T A
RS CpoTi HHEA, CpoTi 5 &= 5 R L 5L
$t(‘PraNBCL) s AR B B4R 77, 18 J5 45 Js ) i e A e
FEANEIFEA 77 19 Ti—B A4 gl a4k 78, FE&d
S-H W BRAF 2045 30 7= 4 % Cp,TiHCI, Cp,TiHCl 5 5 —
53 F PrNBCL KA R MR EIEE H & 77 5 HCL, 58
FSCAE M R B AL OB, AR bt S L B IR AR AE
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Scheme 13 Possible mechanism for titanium-catalyzed decaborane-olefin hydroborations
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