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Advance of Dehydrogenation and Transfer Hydrogenation of Ammo-
nia-Borane Catalyzed by Homogeneous Cobalt Complexes

Liu, Shuang®’ Zou, Lianghua™* Wang, Xiaoming™*
(“School of Life Science and Health Engineering, Jiangnan University, Wuxi, Jiangsu 214122)
(* State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract As an ideal chemical hydrogen storage material, efficient dehydrogenation and transfer hydrogenation of ammonia
borane has attracted increasing attention. Due to the advantages of cheap and easy availability and biocompatibility of
earth-abundant metals, the development of homogeneous catalytic dehydrogenation and related transformation of ammonia
borane with earth-abundant metals is a significant research topic in this field. Herein, the development of dehydrogenation and

transfer hydrogenation of ammonia borane catalyzed by homogeneous cobalt complexes is reviewed.
Keywords ammonia borane; homogeneous catalysis; cobalt complex; dehydrogenation; transfer hydrogenation
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Williams U REZH 012 AR IE IS INEE Shvo’s Y Ru ik
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[Rh(IMes)o(H) ] 4L . Weller i 84 BHRIE & H,
BEAL I [Ir(PCys)a(H)a(Ha)o HEAL T . Kang VR EZH PR IE
[¥I[Pd(allyl)][BF4]F1[Pd(MeCN)4][BF.4], %5 Pd™Mi {k77 LA

* Corresponding authors. E-mail: zoulianghua@jiangnan.edu.cn; xiaoming@sioc.ac.cn
Received February 21, 2023; revised March 22, 2023; published online March 23, 2023.
Project supported by the Postgraduate Research & Practice Innovation Program of Jiangsu Province (No. SJICX22_1115).

TLIRAA BT TR 5 SE B H TR (No. SICX22_1115) B BIBiH .

Chin. J. Org. Chem. 2023, 43, 1713~1725

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences  http://sioc-journal.cn/ 1713



BIKE

J% Conejero Ui 2H U O 1 BC AL AN LRI ) PR 71 45,
1R 5% 4 Ja A 791 v 0 P A AR A 47 e 25 1 27 55 ) R R
Hl T HERBMME. ML, REEGHEFEE,
FARRE, FRESRIED LT 7= & R S AW E i
13, A S A AT RRS R R AR 1 H bR, 7R
ZMFEFEE YT, &R FTRIE B EATEE LR
S B 22 e 725 M A SHL e M e it S ATk P A5 3 T R
IR . TR, FRATNH BARER MM &8 6 AL
AWME AR (E 1),

2013 4F, Peters LEARZHHRIE T SUBEINFE AL A2 &
G459 PBP-Co'(Ny) (DAL, HHHR T EAER
W i & P B35 P (Scheme 1), E5E, 76 Ny SREF, U
20K W (THF) 3 W H, B0 — 200 e 12 44 (PHBP) 5
CoBry. $W7KFF RN RIS 1. MG, (L&
) 1 5 — H ISR BE(DMAB) SN A A Bl U0 e U 00
FRENZS A1, SLIRRMA, AW 8038 1'7E N T,
CeDg HFHIH, HIRFEMT, LA 2 mol% R & AT

LUEAL DMAB [F A AR, TH NMR S256 R B 24
I NEG I, 127 1364k, BT8R T, SR
¥l "B NMR iEB], DMAB s FiE A &Y=
(HMe:N-BH>-Me;N-BH3), /£ 6 h W54k AV GEk
RF=HI(MeN-BHy), [ 454512 (TOF)~8 h™ ']
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Kl SR S AT T VAR TR, R Coll
4k PBP-Co(H), (1-a) /& % 8 [ i 1k 3% ¥ 4 Fh
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1) 1-a L1 Co-H #4r5 DMAB 25731 N-H #H
HAREH, [FN DMAB ) B-H #545 Bo o7 214 @ 4 o,
TER— 7S TEHAR A AR 1-b, %N JCHIR A [AA 2 7
— AN H AR T RS & 1-0), EREAR
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Weller et al., 2020
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Figure 1 Representative homogeneous cobalt catalysts for amine-borane dehydrogenation
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Scheme 1 Synthesis of PBP-Co!(N2) 1 and 1' and their application in catalytic DMAB dehydrogenation
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Scheme 2 Proposed catalytic cycle for catalytic AB dehydrogenation with PBP-Co(N2)

2015 4F, Waterman B@ 4 3HRIE T CpR°Co(CO)LL
(Bl 1: 2, R=H; 3, R=Me)# L A M it EU . 722
KELE Ny AEF, DL THE NI, 78 65 CRIZIET,
AR I, AB AR T ik 1.91 equiv. Ha (TOF~496 h™
Y, HAEBEE R AR TR DL R SRR ) ) AR
B BEAE, W26 AF T BN B AR S P25 AF T 1A I B
IR 2, KU T AR ZMEMEE R — & i
YEH.

2017 4F, Shubina @ HRIE T —3 2 15 PR A
BAEMEE%EY) EPs-CoH(E 1, E=N 0¥ PYILE
keI U B, BA THF A7, 7655 ‘CF, NPs-CoH
@itk AB K 2 equiv. Ho, [l A BRI =4,
{H PP3-CoH (5)JU{#1k AB BEAl 1 equiv.[) Ho, [FIRF=4E
ANV R E R 4.

2019 4F, Wangelin 1 Wolf PR @ZHHRIE T —

WV Ji% &k 2% 4 W [“BIAN-Co(n*-cod)]  [K(thf),]" (K 1, 4
Ar=DIPP i}, x=1.5; 4 Ar=Mes I}, x=1). H
[PPPBIAN-Co(cod)] [K(th)s]" (6)7E THF 7+, =ik
SAE R AT DM AL R b . R R b .
FERERUE 1 equiv. A<, 1 AB BEGH 1 equiv. Ha,
XA 6 1AL AB ST He B4 P(OMe); 7
A szas, IS B 26 B AN SZ 52, T A FH 98 ) 340 AR
BT K I [a,e) P02 0 (det), BEEUSON R T 3 PR
X, IXELgE BRI A REIIHN. 3 12 R =R
RFH, N—H MRS T REE R msoE s, EHS
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2020 4, Weller BREZHIOHRIE T — 8T WU e
HI: 2% 5 ) (R,PCH,CH,),NH-CoCly (8 1: 8, R="Pr; 9,
R=Cy), ZXBAFE 1,2- Jm kBRI, SiREH
T, BL 0.4 mol% A7 F & 1] DA At MeNH,BH; £ K 1
equiv. Hy (R="Pr It}, TOF~750 h™!'; R=Cy I}, TOF~
3700 h'Y, A M,=47600 (P=1.5)MEILEEY
(H:BNMeH),. {37 R, 9% 74 oot 2 e
FARELF I THE B, L 0.02 mol%ff(Cy,PCH2CH,),NH-
CoCl, H &, RMF1F3] M,=112400 HIZIEREY
(HoBNMeH),.. W 71k A 346 A6 7 (1) &2 ] 3% RS9
PIRATEE, KT HESERE &SNS TERIERS
W, M D PREEAZE.

2020 4F, Fout BRZHHRIE T & HLF I 5B 57X
(RIE) )5 B AR B 25 &) MsCCC-Co-Py(H 1,
10). 7£ 60 ‘C, THF 7, Z4&&&Yv 1k AB Bk
1.7 equiv. /o A7 VAU, FEAEBE A BT i (U0 AR
FIAECRAFEMED M E Y. £= T, LA THF X
A, 10 54025 1T 1) AB OS AR BB S A4 -2 R e
A Y)(MSCCC)CoH(NH,BH;) (Scheme 3, 10-a), %75 1%
VPR o 0 T A ST o 0 i RN A B A AL B
P H s SO A, [F) A 3R bR A0 AN % FE 2 ok B8 (DFT)
WM, (MSCCC)CoH(NH,BH;) (10-a)/&ilid AB 7F
10 1] Co H0a%F N—H yGH0A ).

1715



BIKE

QNQN@

W Y

Mes ,{l Mes
]

QD
WM“—/LN

H3N'BH3 |\CO ‘
Mes/ B<H| \H Mes
THF, r.t. P
H P
< -
X (MeSCCC)CoH(NHzBH3)
10 10-a

BR3 %EPMsCCC)CoH(NHBH:) & H
Scheme 3  Synthesis of complex (MCCC)CoH(NH2BH3)

2 HECSHREEBSN

(55— Berke WAIZLUSHLN 148 Re HEILA
W SRR AL 2 5, TEIE L4, s
e BSR4 31 7 R K
R4 M 0 F 4 Cazin 1 84U # 1) PA(IPY)-
(PCys) LB 5 MR 56 EU R B Glorius WLAE
4120434 () [RR(COD)CI], {8 1 UM L 1)
SIS PR P R 1 = e Sk B S
S S IR R BRI R, DU Swarts W42
R38O R 45 £ 0 20 5 PR AR R XL F R
% T R 2 7 L R ST 1 B B
SRS, AR RO B, B ICTE 7 G g
PRI S R U U 5

PIRIE REAL E RO B RS AL R I, B E B S:
&R, 41 C=C SRR EIE).
C=C BRMPRFIRIERDAEH C=N XURIT
B4R . C=N BRIIIEE DL A H C=0 XU,
B L X R A O IE= vy M TP 0
SOHLEE — S e 4 B L AL A 9 AL 13 1
F, T B UL 2 e R £ BH 364 U5
5 4 RERTLRE . TEBE R B RS EUE R, bR
PEIRCA 5 4 T8 SR R AL, B Jo Bl U\ S B X
B SR S R RS AR R,
SR AR I H R e A; (ERR R A, B AR
AR MRS TR 5T b fEit, LUREHEAD
R AR R R IHEAT 0, IR T 1 7
T PR I B S R ST A7 A1 2,
21 SEENEMGS MR YRS

AR 25 1 T L L o B
JIHRRIZ P9, ERT, SR b B AL 7E
AR A 0 S R & S5y T B ., it
ST AR AR R A T %, LR S T A
s Mol S R S U L T K e B 9 ST A (X
S 4 5

2016 4F, XUBRAIE 4 VB AL0NSE R T iR
A 2 A A s 7 R R

1716 http://sioc-journal.cn/ ~ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B, FHHEH T AT BRI R BHLEE(Scheme 4). B AB fE
AR, EHREERF, 50 CH&4EF, 4 11 (2 mol%)
AL, el Tk vt AE & 2= 420 1), T
8 (2 mol%)EkE 12 (1 mol%)i, Hukdm kit E ik Ay
E-J&He(23 ). Hhah, MR 12 BRI — 2K 26
1 E-PEAHEAFIHEFESR 0.2 mol%. HLEERFF
FeW, 2= A7 BRI RO I Tl i) Z- E bk e B
PR A T I ok 0 1) S W A B e s ke, T ik
B, AL 2 A7 BEE /N, @ bt 2 5
JRgh G, I S AR N B — A ot B v P R A,
PR p-EHRR, MIMAERR E-Fiid. 3R f o 74 0 72 1)
Wk i B e B 2 Ak I B T P A R A R R
AAEBEZEE L

2018 4, Balaraman iR ZH RO IE T — & FEMLIERD
1R (NNN) FR) B A T S & 20 (NNN)CoBr, (13) 46 [ B
5 Mk e #2 - S A0 [ B (Scheme 5a). ZAEALF] 13
(4 mol%)r[ LAFE 50~80 CHFEEERH, PAEMiki A
SR, AR R AR A, LR B AR
ZWiE. MUERIFFE R fEBA ABRITE DL, R LKk
HASHEMN, KU T HEAZEFEF]. B CD;0D
RNIER), ZIRCIRIPEEM RN AR T B R S
I, X—5 R, FEETTRES S 17 M54 b R A 1 5
T, (EFERMAE, TEARAESRIE T RN AR M5
BN 2K IR AN R R 2R S, AR B
55 4 M SEG (F/OMe) R W, & HL T bR s 3 B Lk i
TR, B E R TRART 59 e Co—H KR
i N\ S M. (Schemes Sb~5d).

2019 4F, FOGIREARIRIE 75 B R e i
R4 )R CoM AT 14, ZMEALFI 14 1F 40 CZM T
THF &, LG IR, BT e A Ak 07 bk i
WAE,Z)-1,3-Z 0. W50 R IZ I SO FE 9 —Fh SR R
M (Scheme 6). B 4G, 7E 40 CI¥ THF R, 14 &
PR A A it b 1) — SR A R S AL MR i . TR
BLEEA: RS S IEne AR 7T B, BRI AR I 7
A BURTEEL R AR 14-a. Bl S, 14-a JIZRNLNE 22 5L RO A4
B AR R A Y 14-b, 14-b TPRIEEE R A 1,2-T 88,
HNBEE A TR Ik FAERL 14-¢. 55, i
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Scheme 4  Stereodivergent hydrogenation of alkyne by cobalt catalysts
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Scheme 5 NNN-Co catalyzed Z-transfer hydrogenation of alkyne and controlled experiment
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Scheme 6 Sequential transformation of terminal alkynes to (£,Z2)-1,3-dienes by a cooperative pyridonate-cobalt catalyst
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B 14-d. T )5, $RRE NH; 2075 14-d FOR0E 4 fic
Kr, i Co—H Hiaik 14-e IR, BEJG, 14-e (1)
Co—H #4r 5IRM BRI R AR N R N AE G 14-f.
o, 14-F KRR TFARARUE,2)-1,3- 0, FEEH A
TEPEHER 14, (EERIE, o -5k nkng pr &
A EAR AV, TEiZ 28R s M R B T AL
Py EERA.

2022 4F, Punji U8 ZH RSV T 04 bR Ik i O A4
[CoHsN(NH)C(O)CH,NEt,] (INNNCONER) | F A (K] 45 4%
EW 13-(ONN)CoXo(NCOHNER) (X =C, Br) (15). %% &
YRR ST, HEEWR T, e 52k
ARz A RN, JE HARE T AT RE AL EE
(Scheme 7): HsN*BH; 1 2644 4% &4 15 1& J7 975 14 Co(1)
SALY) 15-a. Y FIBCALAE T R A2 BLHEAR BRE T BT
AW 15-b, B 5 R R B AL K R EAR 15-c. JE T
Co—HABNIHIETE K 15-d, B Jo s 5L 55 b 70 PR 241
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N R AR T A R R AR A R4k 15-e R R, B
S5 FRARCER AR R AMASE HaNeBH; 15 A6 T4 Sedt sl S0 )
W E A 15-a. EAERFIEAIE LT, Ffk 15-d 55+
P N—H b5 R A B A 15-f Al =0k, 1
J5 %71 HaNeBH; &AL FFAE A [A4E 15-a. ([AFFE IR,
P48 A0 16 5 15 SRAEAL — K 2 ) ) B A5 3 7 AR
PRI AR, MTTHERR T2 TE NEG X i A ) ik
HIFaEVER, THSEY 17 B 15 RAEL — K 20
AR B T B 2R AN A K, 3R A (ANNNCONER)
H e 28 AR BRI (1) N—H B P X e (3 3 1 2 A
teieE EEPER.

2022 4F, Beweries U@l 212l 12 PNNP LA
B HEHEALT PNNE-Co (18), HiZfAL 7] LAZE %
T8 25 TR HEAL DL B A U e A AR Y 5
R Bt E-FE 4k MV (Scheme 8). HLEELHTF I3 I,
J I Co(INWnFHEE AL & A2 1, Co(I)E ALY AT BE
FEFRBEI AR, FEEIIHLEL AT BN 7F MeOH A TR
b G AL) 18 1531 Co"HI A ALY 18-a. bk
12548 Coft i35 18-b, BJ5 Co-HENHIEEK L
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Scheme 8 E-Transfer hydrogenation of alkyne by PNNH-Co catalysis
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i3 4 )R A4k 18-¢, 5 MeOH KA TR, Bl Z-
IR IR F A S B b ek 18-d /=, Hrp Z-
IRAEMEAE R TR R E-IfE. 18-d 5
H;NeBH; < 4 il B(OMe); 3 4= B A5 46 15 1 1
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2022 4F, PMT IR BORIE T U 1A 2 2R I ke
BCAR(NA)ZE A Coll L & 4I(N4)-Col (19), ZAMEALF ]
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ML 2 i) e A% A SV (Scheme 9). 9 1 iE—20 [ i@
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FRIEHI 25, 4 HaNeBDs B, ZEXH T 32261
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PN LB A A G AP R R I = R B R A
1 Ni(Scheme 10), FE& R T # 70 B BA m B IE
PEPERIE 4. b 20 (1 mol%)REHE LA 1.6 equiv.f) AB
NEWE, £ 50 CHMTF, IECkeEmh, g
%%%i&ﬁ@lzmSmwm TR, N

SN EE(HFIP)EFIF, NSRS AB VAR R fi%
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Scheme 9 Transfer hydrogenation of alkene by (N4)-Co catalysis
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Scheme 10 PNN-Co catalyzed chemo-divergent transfer hydrogenation of nitriles
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Scheme 11  [*"BIAN-Co(#*-cod)] [K(thf):]" catalyzed transfer hydrogenation of ammonia borane
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Scheme 12 Xantphos-Co catalyzed reductions of nitriles to secondary and tertiary amines
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Scheme 13 Erbium-catalyzed regioselective isomerization-cobalt-catalyzed transfer hydrogenation
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Scheme 14 Controlled partial transfer hydrogenation of quinolines by cobalt-amido cooperative catalysis
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