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Selective Hydroboration of Alkynes Enabled by
a Silylene Iron(0) Dinitrogen Complex

Bai, Yunping Cui, Chunming*
(State Key Laboratory of Elemento-organic Chemistry and College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract Silylenes, isoelectronic with carbenes, are a kind of key intermediates in organosilicon chemistry. They possess a
lone pair and an empty orbital on the silicon center, and thus could be used as donors and acceptors. Consequently, they could
form complexes with various metals to support new structures and chemistry similar to both carbenes and phosphines. Iron
complexes played important roles in the development of catalysts because of the inexpensive, nontoxic and sustainable
characteristics. Catalytic hydroboration of alkynes presents the most atom-economic and straightforward protocol for the
synthesis of vinylboranes which are indispensable intermediates for C—C coupling reactions. For the catalytic hydroboration
of alkynes with iron catalysts, Enthaler’s group developed the first iron catalytic system for hydroboration of alkynes by
using Fey(CO)y (A, Chart 1) as the catalyst. Almost at the same time, Thomas’s group reported the bis(imino)pyridine derived
iron complexes (B) in combination with an activator for catalytic hydroboration of alkynes and alkenes. In 2017,
Nishibayashi and co-workers employed an iron(I) hydride complex (C) supported by a PNP pincer ligand for catalytic
E-selective hydroboration of alkynes. In 2020, Findlater et al. reported the regioselective hydroboration of alkynes and
alkenes with iron complexes supported by bis(2,6-diisopropylaniline)acenaphthene ligands. However, these catalysts still
suffered from limited substrate scope or harsh conditions. The development of highly selective catalysts for a wide substrate
scope is still desirable. On the basis of our design on silylene ligands for iron chemistry, we are interested in the silylene-iron
complexes for catalytic hydroboration reactions. In this paper, hydroborylation of terminal alkynes catalyzed by a neutral
silylene-imine iron(0) dinitrogen complex D was studied. The reaction is highly regio- and stereoselective and almost
exclusively gave E-hydroboration products. The optimized reaction conditions are as following: To a dried Schlenk tube were
added complex D (0.006 g, 0.01 mmol), toluene (1.0 mL), alkyne (0.20 mmol), and catechol borane (0.02 g, 0.20 mmol).
After the mixture was stirred at 80 “C for 24 h, it was cooled down to room temperature. The solvents were removed under
vacuum and the residue was purified by flash chromatography on silica gel to afford the desired products.
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1 == T FE T B 5 Lewis B AL T HOHIR B 52 916 44
(RoSie-Donor), 4 L R 045 ot T i 11 B b b

HERIRR,SE, silylene) & SRR, ER - gy kg qp i ke 2 TER R, EAREE R

A HEAON TR Lewis BRIEABIE. 5-F (14 JRC & OV A 32, (B 5 2 % T I AR I
ORI, RERSEMENMAE, Lewis RIEMRE iy sorem s B 0RAEs IR, 55U TH

FEOVERIAA AR ARET ARG, i g s eyt 36 > . o 2 5 o i = 3 1

* E-mail: cmcui@nankai.edu.cn; Tel.: +86-22-23503461; Fax: +86-22-23503461.
Received May 12, 2020; published June 28, 2020.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (No. 21632006).
T H 52 B X 5 AR 223 42 (No. 21632006) % B).

Acta Chim. Sinica 2020, 78, 763—766 © 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 763



1 F F ®R

| e |

TR Z—, [AI A MU A il s H A IR AP i AE VAR 2%
P, R, BT YU MBS WAL A0t R s pb 2 B R
JRHT AL e b e e B AT BN

A YU Z BB C—C BB P IR, M &b
TS S I 2 ) 4% LA e B2 1) kD), il 4 A
AR T 1 AT CAAR S 42 B 7 6 [X 45k Je ST Ak e bk, IR
I e SR A AN Wi visk £ S e D =R IR L LA /b
B R AT A RO, ZEIRK) iz K.
K, BRAEAL B I N 45 52 9%3E. 2013 4F, Enthaler
SEBHRGE T Fey(CO)o(A)V ALK BB S SN, T2 A4
B E R BIF =), [F4E, Thomas 1 B\PVR] stk iE — 1
Ji BeAA Ko FLATT AR W) 5B TE -G 25 610 (B) 7R 15 AL 771 IR A7
15 R M AL B e K e B Atk OB 2017 4R,
Nishibayashi [BA/OHHIE T 0L 0URE 28 £ 74 PNP B4 (1)
BREE A V(O AL R o B AR B0 AL R, R R A2 B
E AR 724, 2020 4F, Findlater 415\ 4 BIAN
(bis(2,6-diisopropylaniline)acenaphthene) it A IR L &4
TEBNEAL I RIAELE T, AT o Ao R 0 1 A
TR

BAVERT I SR I, A HUEE R SRR T AR e
SR EY) D(Chart 1), A LURAFRIZEL AN
Ak, BT R L, D AT BRI REAL N,
B S DY Ry T BRI A
fozhfe, AT T D TEMEAHRINE L R N 1 R
H, R INZAREL A Y3 B A R H AT AR L V1 4% R
71.

Chart 1
® R
e P(t-Bu), ) R /;Jé
| | N
Fey(CO _N N = Ph— JSi 7
20O p Nt Ny [CnFeH KN ~pg
FeCl, / | ¢
P(t-Bu), R "
- u)2 )
Ar = 2,6-(C5H5),CgH N
r (C2Hs)2CeHs3 R = tBu
A B C D
This work:
D R
- TR

2 GRS
21 REFHHML

FATLIR LB A SRR, o AL e L
FIZRAEREAT T HRA. B A& D AR, 75 np/
nxen=5%HIHOLS, X RNHREE, AT R S A
PEEAT TR (R 1), RSHERE T 'H NMR &
GC-MS BEATHRM. MR 1 ATUAE Y, RMAE SR T

764 http://sioc-journal.cn

(Entries 5 and 6)WCRIRMK, M ETFF] 80 CHf, mJLL
KB LT BB (Bntries 1 and 7). 7% N ARH
RIS, e AR AR A b AT B A T 78 DU S0 iR A
IEC st (Entries 1~3). [AfHERERZ, &Y D 1A
G R A Y e B gk B 1 3 LU AE R RS B G
(Entries 1 5 4), IX{RA I A2 & A Z AL D
TERAAS T AR R RS e W& il 24 F ) Lo B il ot
(HBCat) X # 4556 B 0 ot (HBPin) E B A AR, ZA44
AMEREAESER 1, W Entries 1 5 7 UK
Entries 545 6). {HAEWHHE K (3% 1, ELEL Entries
75 Q)AL BIRK. FrA KRR, WAL
EXMBONTE, K EZWH ]k o7 @ 3. BT XL
ZEIL FRATLL D AT, np/n 226=5%, 80 C, HAK
SRR, PLHBCat AL IR SOS R Yt 4T
T .

E. 3 WFAINE Uil Kl

Table 1 Optimization of reaction conditions

H

=z 0.01 mmol D X BPin
+ HBPin - H
solv.,, 80 °C, 24 h
0.20 mmol 0.20 mmol E

Entry*  Borane Solvent 7/C Gas  Yield% E/Z

1 HBPin toluene 80 nitrogen  >99 955
2 HBPin THF 80 nitrogen 64 94:6
3 HBPin n-hexane 80 nitrogen 60 93:7
4 HBPin toluene 80 argon 86 93:7
5 HBPin toluene 25 nitrogen 38 85:15
6 HBcat toluene 25 argon 36 95:5
7 HBCat toluene 80 nitrogen  >99 97 .3
8° HBCat toluene 80 nitrogen 86 97:3
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0.20 mmol of alkynes and borane, 1 mL of solvent. ®0.005 mmol of catalyst.
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