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Research Progress on Ammonia-Borane Based Direct Transfer
Hydrogenation Reactions

Xie, Zhenming He, Jun Yu, Lin™
(School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006)

Yang, Xianghua™®

Abstract Direct transfer hydrogenation reaction is a H transfer process from a hydrogen donor to a hydrogen acceptor
without the presence of a catalyst——the so-called metal-free reaction. It’s an idea elementary process for mechanistic study,
but was rarely reported due to very high energy barriers. However, it is revealed both theoretically and experimentally that
increase in polarity of the substrates can efficiently lower the energy barrier, meaning that polar hydrogen donor and hydrogen
acceptors might make such reactions happen. Ammonia borane is well-known as a chemical hydrogen storage material with
very high H content. In the meanwhile, it’s an ideal polar hydrogen donor containing both hydridic and protic H atoms.
Applying ammonia borane as the polar hydrogen donor and some polar hydrogen acceptor molecules such as imines, polarized
olefins, aldehydes and ketones, direct transfer hydrogenation reaction occurred under mild conditions. The reaction scope,
similarity and differences in mechanism are reviewed herein.
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AL A ARV (Scheme 1).
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Scheme 1 Elementary process of a double H transfer (X, Y, X'
and Y': main group element or transition metal)
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TR A R S R B FE Y, AN R B AL
Z 51 R R E G, T2 1758 — 6D 7ER A
AT RARAEA R AR ST
60 CZSARY B VY SRR (THE) ¥ B N E i e 20 135
02 NEREF AR RIERWAEDY), F=F80T 100%, 1
S NE T8 DR B AR I (AN TR Ao /INE 31 TL R AN (R 1).

£ 1 W SEMAE THF J i 8
Table 1 Reactions of NH;BH; with various imines in THF

< THF "
X, ~R' + H3BNH; RN~ + Dehydrocoupling
R™ N 65 °C, N, H products
R R Time“/h R R Time“/h

Ph Ph 7 Cy t-Bu 21
Ph CH(Ph), 24 Ph, H 14
MCOC6H4 Ph 8 Ph M60C6H4 24
CIC¢H, Ph 5 Ph CIC4H, 4
NO,C¢H; Ph 3 Ph NO,C¢H, 0.5
MCOC6H4 MCOC6H4 20 C1C6H4 MCOC6H4 20
MCOC6H4 C1C6H4 5 C1C6H4 C1C6H4 4

© 2015 Chinese Chemical Society & SIOC, CAS

“ Times needed for reactions to complete (conversion>>99%).
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FOTVERR . N TR AN [N 5 Z e L AU
RSB 2 R H AR A, A AT E SR A T TR T
Bt PARRAS[F] 7 VAT 45 SRR B AVE I ) 508 =2
NI AR, IR B 7 1 AR A AT BRI S B fE
2. T 5 R ZR B R I 45 SRR WY 1k S S B AT AR A i A B
HeFENE(Scheme 2): ZHE(AB) & ML T A% R T
Hp #7237 W C=N th i SRR iR S b, s
THIRREEE T Hy WAL 3] 20U A v 7R
SRIEE T b, fFE R AR S, SRR K E
o AT N g 3 A — R B SR A TR INAS ) ST R 1Y
B 17 2% [A) AL & %M (Duterium  Kinetic Isotope Effect,
DKIE)%: % W(Scheme 2), Hy A 4L T IE RS &
BN (klkep > 1), BIVEUR 5 8 TUBRAR S 5B 22 F ik
‘I%(kAB/kA(D)B =1.93, kappykappmoy=1.61); Hg AT AR
FEAE T R R 3R BN (ke << 1), BB J5 7 HUAR S & BE
TH S N (kap/kapo) = 0.87, kams/kamm) = 0.72).
T 0.7~2 2 HAET 11 klkp [ELIEH B WRE B
A% H T BB RAE Sd D R AR TR, AEAS S R
AfCAEMEAN B—H M N—H BAEsb kA 730 W
24 MR TR A RE 2 ER (B 1), IEFRIRL R RN 1)
PRI T A A Rl R LB A P22, S JE]
7 2% 30N U WA R L. Dy 77 AR 1 I TR A7 2 2808 1T i
TR I IS v 0 40 Wi BRI 7 A S P S e BE R, RS
JER ) R X 45 55 P 5 - 4 0 A6 FL 3 i i 2 AR 19~ 42 (B
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7r); Dy 7 AR 1) B[RS 38 2508 D) v fig e oy el T AR
AR T e B—H B (BEREZ) 389 kI/mol) 5 1) C
—H BEEAEZ 414 kI/mol), Nii FEILLIEEHAE
LW BEW (B 1, £A). ML EAF Ne-H-N Al
Be+H---C HIAF1EBER B S B AR BT BB 48 el W R] RO e
FEMLEE, SCREAR U R AR S 0L f Ao BB I 6

H H Ph
N
P Yy
kAB/kAB =0.87 kAB/kA DB~ =1.93
H3BNH;
H D Ph _ DsBNH; HgBND; H H Ph
PH
D
DSBNDS
kngoy ko) = 1.61 op/kap)B(o) = 0.72

HD P
W
AB = NH3BH, AR

B 2 W5 &0 i) B A% S S R0 7 v i 6 L ik

Bk 5 Ml 1) R AL 8
Scheme 2 Regiospecificity & DKIE in the direct transfer hy-
drogenation process between imine and NH;BHj3

transition state reactant reactant transition state
ZPEA(H)
kylkp <1 ZPEA(H),
ZPEA(D) W
ZPEA(D)
kylkp > 1 ZPEg(H ZPEg(H)
ZPEg(D) ZPEg(D)

1 SRR AR S
Figure 1 The Morse potential curve
Left: normal DKIE, right: inverse DKIE. Where ZPE for zero point ener-
gy, subscripts G for ground state and A for activated state.
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Table 2 Reactions of NH;BH; with various polarized olefins in
acetonitrile

R E CH,CN R H E
Y=+ 1/2HsBNH; " + 1/6(BHNH),
R' E' "2 R'HFE
R, R’ E, E' Time  Yield"/%
-(CH,)s- CN, CN l1h 99
-(CH,)s- CN, CO,Me 2h 99
-(CH,)4~ CN, CN 5h 99
Me, Me CN, CN 4h 99
Me, -Bu CN, CN 1h 929
Et, Ph CN, CN 6h 99
H, H CN,H 2d Trace
CN, CN CN, CN 10 min Complex
__CON 10h 99
CN
Ph, H CN, CN 10 min 99
Ph, H CN,CO,Me 0.5h 99
CO,Me,
Ph, H COMe 3d 98
Ph, H CN,H 10d Trace
Ph, Ph CN, CN 5d 92
9-Floren CN, CN 2d 98
XX—CN .
[:f\/jg 2d 85

NC

CN 1d 86°

© 2015 Chinese Chemical Society & SIOC, CAS

“The reaction in THF is even faster, which made it difficult to understand the
mechanism; b Reactions monitored by in situ '"H NMR and conversion con-
firmed by GC-MS; ¢ Only the double bond directly connected to two CNs
being hydrogenated.
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I A8 DR s I vt P 3 v e v T SO TL B AR . ERAR
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(Scheme 3): Z MK+ & 7 IR ER T He Ffe 2 1
A0 J R OUBEE P v T8 B BN R e i S R L, R T
(MR EUR T Hy RS 21T 0 1 U I 2 9 TR
ML R IR R 1 b, KR & S BRI S S —
J7TH, DKIE HIH A 145 R (Scheme 3), Dy AR 4E
T IERIN R BN (kap/kamys = 1.55, kasoykaoso)=1.62);
Dg W JU-F-35A S RIAL 3R AR (kn/kp 1), BITARE B
A LT BB AR AT XU (kap/kaso) = 1.00, kaoys/kaoysm)
=1.04), ZFERIFGZRAN, KRG N—H #IHR
Z 5 7 gl B—H MRN8 2R Z 5 b, [
IRFTRER AEAEPRIEP 2 BTl 2 5.
H CN
Kag/kag(p) = 1.00 <:>?<CN Kng/knpys = 1.55

THSBNH3
D ON  D.BNH, CN| H3BND, C H CN
-— —_— B ———
C H CN C CN D CN
lDaBND3

kAB(D)/kA(D)B(D) =1.62 D CN kA(D)B/kA(D)B(D) =1.04

D CN

R 3 Wik e 5 & e it B e A% S S S R A i Az
BRFENE S ITEh 1 2 R LR RO

Scheme 3 Regiospecificity & DKIE in the direct transfer hy-
drogenation process between polarized olefin and NH;BHj3

Tz S Z M e THF Hl S 1 s S i 1,
FERE T UL THF 350 IR R 5 FH i A A i S e
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S B R EAALE —40 CHRaI R, HI 58 N
AR 5 =R T W R SR &, BIFEA W B i e
B e 5 59— 20 T I 5 IO AR BG40 T AR IR o 4 R 2 B
S 43 T A I = W & e (borazine, BZ), TG H H
I AT AE I ) B2 A 1 — 0 1 be S A i e Mot — 2
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AIOATEN, RA Hy MR KA RS, g5
S U o o o 42 — AN SR — A IR ER I 2R IR AL B
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B AR e 1 B LR, WG ol b (1 ) B 02
— A LA AR 2R R FE R ORI AR MR B
[EARGE RIS, Pd PN Hy R, B0 IR E
P> CN AT BHoNH; BRI 1, Beiy, gk b s
(I - FE B B b B AR 23 {8 F % R LG OSURR S I
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THTHEK.
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fiE

Scheme 4 A hydroboration intermediate trapped by low tem-
perature NMR and its reactivity
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SER, B BN AT DATE SR T Se R 8 H A i
A, BT AN EE R A T B, WTUEERT
PRI AS B B A AEE(Scheme 5).
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BOMe); MeOH ° =~ ° THF NHs
+ -~ + _— +
HO rt. o 60 °C for ketones R
/kH L rt. for aldehydes B O+H
R R’ R R' R'/3

R = alkyl, Ar; R' = alkyl, Ar, H

B 5 Z0lle S5 BHSAL S 7L 5138 7 AR o1 77 e
4 S

Scheme 5 Reaction of NH;BH; with aldehydes/ketones in pro-
tic and aprotic solvents
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AT e A8, B RE T R N A B
foal S, MIEAE THF A58 a8 E = r
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RZME T YTEARE T 59/ THF Z M HEAY.
gh FRHLERRE 7 R 45 S LR SRR 19] 2 Tl &b
S HLER [ HEN, Berke BREIZHIG H 45182, ZMEILR
JSLF s A R S e o BH; 5 NH; (AR B9, Zad #e A ]
AEZ 1 Scheme 6 B A B B (1%, 42 A R EHIEME,
A% B M2 M e i B () RIN 45 4 T — 2> T, Bl
LF Sn2 BURAIEFE. 25 58 SRR 1 SR A S5 8 I3
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M0 J& BB A B B st A% AR T B AR IR 28 i = 3 [R] (1)
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B 6 Zle 5. BlSRAL S < A I A S R m] BEALEE

Scheme 6 Possible mechanism for the hydroboration of ketones
and aldehydes with NH;BHj3
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FEFEHLEE(Scheme 7). MATTLAIBR R LE A 10 1
FEAEEN) THF ¥07E =30 N MRS Y, 8
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I, "TH NMR Al °C NMR ¥ [ HR 56 1EAH S B2 1 A 5,
T EL AN [ 657 AR P 24 FR e 0 LA R e )3 i
He
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: M+ INHZBH]
r.t., 15 min R™7>H

H
|
[H3N----;B\ ----- O=CRR'
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R™ "H

.

B 7 S0 oe S TR Y B e R S SR R mT REHLEE
Scheme 7 Direct transfer hydrogenation of aldehydes with
NH;BHj; and possible mechanism
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R 58— 30 2 Wr ) 19 U [R) 20 7 7% A A S 1 e 5 B T
H 3 1 A A A [NH,BH,], 1M 5 [NH,BH,] 5 | 5§ K&
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o R e 2P N 2R — P I A B 7 B (146.0
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Z AT R SERS AR AV &
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/ / Fast!
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Scheme 8 A direct transfer hydrogenation pathway for the hy-
droboration of ketones with AB
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T R W TR A AR ABL EL IR 1 2 A [R] — ¥ 771 v A )
REFEPR 58 1 AR IR AR A T D428 HH U0 . () AT A
PR —E AL AL B TR b A, R
0 19 A th R EAL 0 g, IR LR
Sl B A . BRI R AR S 0 AR
RN BRI 2R, Berke UREIALHN LLA H
T AR A AE B O S e ME— . AT
20 EE R T DR B A TR A A BT SR ) O e R A 1
EYMP BRI 11 A 128 10 3), Hk
REVCHTH PR AL T 8 = 2 — ST s #
FWAOS B =2 B N e 4, R R
I 5 4 AT e 0 = e AL OB S0 7 P L VA AR
THOL, DRI E O AR L BE W 5 5. (3) NI
B RN A R, BARARE EEREOR, A
i P A B R 5 R AL 1 RIS 3308 H D (5206 B Dy
TR, B AVE S Hp 1T /2 Hy RS2 i S BN
g, RUARATREH FTERRII L 2 D R R T &
B W, P AU AR A K ZESR, RE
BN RBERREE RS L 10 1 YR H (R
BldE o M)t A0 A A2 — S SE A V00 T 0 O T 1 2 A
%, i Berke WAL/ VL 1 15 ()5 ¥ 2 bt gk A2
ISR T D R U e P T AR R

WMRAE, XN R S5 18 (45 H SEbr b2 TR
R SEIR S, AEA R 172, Berke TREAAENL
BT FU A e AR 02 2K H R, il xS
T 01 LA A T P B I B Hf T AT RN IE FE I
S MIATLER, FLAEBAT Bl S O R RS S A
NS B 25 18 T LA A 14,

4 Z5ig
B, PSR SR A AL A 2 1]
{1 B BT B A S — S BT 4 €L K R S, R
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