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B(C4F5),—Catalyzed Chemoselective Reduction of Carbonyl Compounds under
Water Conditions

Sun, Guofeng” He, Yunqing* Tian, Chong"” Borzov, Maxim* Hu, Qishan”
Nie, Wanli**
(“ Sichuan Province Key Laboratory of Natural Products and Small Molecule Synthesis, Chemical Department of Leshan
Normal University, Leshan 614000, China)
(* College of Chemistry and Chemical Engineering, Sichuan University of Arts and Science, Dazhou 635000, China)

Abstract Recently, the research work concerning B(C¢Fs); catalyzed reduction of carbonyl compounds revealed that this
Lewis acid B(C¢Fs); presents, actually, a rather water-tolerant system. This fact considerably broadens the scope of the wa-
ter/base tolerant frustrated Lewis pairs (FLP) chemistry. In this research, an efficient chemoselective reduction of aldehydes
and ketones to alcohols catalyzed by the Lewis acid B(CgF5); has been developed. It is the first report about the chemoselec-
tive reduction of carbonyl compounds under aqueous conditions catalyzed by FLPs with hydridosilanes as reducing agents.
The selectivity and activity of different hydridosilanes and the influence of substituents in carbonyl compounds have been
studied. The effect of water concentration on the chemoselectivity of the reaction has also been investigated. It has been
found that a 2~3 fold excess of water relatively to hydridosilanes usually exhibits better selectivity and overall yields than in
the equimolar case. The reduction reaction can even be successfully performed with pure water as a solvent without any loss
of the reactivity. Such a procedure has been successfully applied to reduce 14 differently substituted aldehydes and ketones
into alcohols with up to 100% yields under mild conditions, but failed in case of the diaryl substituted ketones. Both experi-
mental and computational methods have been performed to confirm the possibility of the water mediated mechanism and the
effects of different Lewis bases on the LB---H-OH---LA three-component aggregates. These mechanistic studies have re-
vealed that such water mediation between a carbonyl compound and a catalyst advantageously (i) activates the C=O group
by protonation and (ii) fixes the catalytic borane moiety by formation of a B—O bond, which to some extent prevents the
direct hydrolysis of hydridosilane and makes the reaction possible under moist conditions. Detailed clarification of the actual
role of water in the reduction reaction of question will promote the further development of FLP-catalyzed and related reac-
tions in the “green” chemistry field.

Keywords frustrated Lewis pairs; chemoselective reduction; carbonyl compound; water condition; water mediated interac-
tion
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(a) B(CgF5); Catalyzed Hydrogenation:

0 Hy, Cat. B(CeFs)s OH

R R? coordinating solvents,A R'” "R?

(b) B(CgF5); Catalyzed Deoxygenation
and Hydrosilylation:

OH

R1J\R2

TDeprotection
JOL R3SiH, Cat. B(CgFs)s OSiR3 o~
R1”>R2  CH,Cl,, rit. rORz O RR

Bl 1 FLPs fii: Ak (1R 1034 J5 e i
Figure 1 Reduction of carbonyl compounds catalyzed by FLPs
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[&] T AESAE ik JE 7S, FLPs o B B e 4 Ak S A 72
FAY E T 2 SR, AR ST BT R ) LR B A I8 TR R,
B(CyFs)s A4 1 il B 20 i Rl B S B, ANSEE T
FLPs ifih 1 iy 550t i A 12 1 4 A R, i EL B ok Sl 1
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(@) The activity of ammonium hydridoborate system

R! Cat. B(CgFs)s RU A -
il . P
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R OH R'SiH3, CHCl, 4
R'"H H
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(b) This work
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R1 R2 n Hzo in CHC|3, R‘1 R2

orin HyO, r.t.
R', R?=H, Alkyl, Aryl, etc.
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B2 H/KFKMET FLPs FIREAG R SEVERT 58

Figure 2 The activity of FLPs catalyst under water conditions

Xt L I TR, EATKEAET, HO 207
i 5T B(CoFs); M) C=0 Z I =4 7> H H
TERS, AMUREE T A HiEAL, 10 Hag it — 240tk 1 il
Je 55 B A SRR . BT TR IR LUK B I ¥ I
B(CFs)s fi A e ] L4230 T A1 S 7t T MR 324

2 HRSTR
21 WEBPBHELTERR

TERE 5T LARESEAE N IE S 7, B(CoFs)s A I 5 e L
PRI )5 E R IR, SRR T AEAN RIS PR A LR b
YEFTF, 7K E A5 %o 2K FR g (1) it P () s . B2 DA
STARE T R, I A% IR S SRR A = AT
WS, 2 RS BIAETC KSR, REEXH AL FO B BA ) 25 41
AIE JETE PR RSN, DR PR S L R IR -, Rkl 22
TEARIMNJE B SEIMAN R B &, 2 1 B AN AT
I R R SR =) B P AR AR . R AT LLE H,

http://sioc-journal.cn 167



¥ F R

T PhSiH; HARRNIEIEN, HA 2 RN R K
HERHEER 3 fER, KPR TR IR R, R
1 Entry 4; TR BEPEELES PhoSiH, M EtSiH U435
£ 2 equiv. M1 3 equiv.id &K 4E T AT A% F i 50 4 4%
A RS, W& 1 Entries 7~12. Bl PhSiH; /F it
JEF, D0 1N IA 5B -5 S PN &K 2
8L, B(CeFs)s AT {0 25 A o s b A R 2 F R, 1
R BAEA I 264 T AR AATF B, L 1
Entries 5~6.

F£1 SMNEES 5T B(CeFs)s ML IR FRE TR

Table 1  B(C¢Fs)s-catalyzed hydrogenation of PhCHO using hy-
dridosilane
(e} OH
@AH BICaF, 10 mol%_ ©%H O
R3SiH?, n H,0P,
1a r.t.in CDCly 2a 3a
Water Silane“ Product Yield of
Entry . .
(n equiv.) (1 equiv.) 2a+3a 2a/%
1 0 PhSiH; 3a 0
2 1 PhSiH; 3a 0
3 2 PhSiH; 2a 88.5
4 3 PhSiH; 2a 100
5 D,O¢ PhSiH; 2a 100
6 D,0 PhSiH; 1a 0
7 1 Ph,SiH, 2a (78.0)°¢
8 2 Ph,SiH, 2a 91.0
9 3 Ph,SiH, 2a 94.0
10 1 Et;SiH 2a 64.5
11 2 Et;SiH 2a 84.0
12 3 Et;SiH 2a 65.5

“Reaction with PhSiH; 2 h/with Ph,SiH, 6 h/with Et;SiH 12 h, the 2a yield
determined by "H NMR of the crude mixture using C¢Me as internal standard;
by H,O: n equiv. over silanes; ‘D0 as solvent, CDCl; extracting; "catalyst

free; ¢ conversion.

22 IHEEERITRIFR

FH 75 AR It 78 I TR 0 5 s B, 7 I 87 435 AR
7 I E T RIE A VL=, 11 HAKAH AR g AT S M A
AR B PR EAT IR I, 2 RS BLE ARSI A
BB 77155 AR AT B S S AR [R], H SE AR T
WS ML AL, PRIEAE 9T B(CoFs)s AL BIAN R HUAR
TS T 1100 L o s I S 2 114) e I 341 DU GTUAR S0 M R 7
FERE T, VEAN S N EHE AR 2. R 2 AR AT LG H,
16 2~3 KIS 5T, WA RBAR IG5 B A
1% 2b~2g AR 75 F0 55 B A GE 5B 2h~2m 3
ARG SRR 56 A AR, PRI 2 HL T 4-
AR O 2n i, B2 AE 3 5K 25 T WAL D
B A R % VA B R T 0 B R 2R (n
20~ 2p) i A AESE B — 2Dk JE R .
2.3 MRMHEBHFR

it H. "B A F NMR ZE4% i LR Bod X s AL
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F2 AR S 5T B(CoFs)s HEALRIA FIHUCREER 34 J5
Table 2 B(CgFs);-catalyzed hydrogenation of carbonyl functions using
hydridosilane

JOL s B(CsF5); 10 mol% OH
+ 1

RVORZ 277" nH,0% CDCly, rt. R17R2
1b~1p 2b~2p

TR e U

(1PhSiH3, 3H,0, 2 h) (1PhSiHg, 3H,0, 2 h) (1PhSiHg, 3H,0, 2 h)
2b: 100% 2¢: 100% 2d: 100%
O,N

O o N

(1PhSiHs, 2H,0, 2 h) (1PhSiH3, 2H,0, 2 h)  (1EtsSiH, 3H0, 6 h)
2e: 100% 2f: 100% 2g: 100%

O o O

(1PhSiHa, 3H,0, 2 h) ( 1PhS|H3 2H,0,2h)  (1PhSiHs, 2H,0, 2 h)
2h: 100% : 100% 2j: 100%

CO-on =0, O

(1PhSiH3, 2H,0, 2 h) (1Et3S|H 3H,0, 12 h) (1Et;SiH, 3H,0, 12 h)
2k: 100% : 100% 2m: 100%

OH F

O PO O

(1Et3SiH, 3H,0, 12 h) (1Et3SiH, 3H,0, 12 h) 1Et38|H 3H,0, 12 h)
2n: 20% 20: 0% 2p: 0%

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ n H,0: n equiv. over silanes.
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1) "B NMR £ § —2.3 kA — 508 f .

Kl 4 Flros gl i A2 AR A5 B(CoFs)s £EAN ]
SR R 2% A IR TE, B AT PF NMR A%
ILIRBAE T LG, 756 KA T I f 1 e 2 R 1)
W JE, HE AT R R SRR A5 5 WAk 2 A0 5 (CO) AN [H]
T e 5 AR R 2 A S U6 (A), L DY LA 1A
LRGS0 F2(C) 5 H,O B(CFs); % PhCHO =
W PR RESEIRAS S WAL BV & (B), PR A b 7E 4 1k
SR Ik A H AT REAE IR Fk R S R A R 2 TR AEAE BAK
A 5 AR B fE A O B AT AR AF AE “ PhCH = O---
H-O(-H)---B(C¢Fs);” B =234 AR

£ B3LYPY*/6-31 4 G(d)7K -5 S Fh A [F] B 5 W
B(EN. THE. PhCH,OH. H,O. PhCHO F1 PhyP)LA7K
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Figure 4 ''B NMR (upper) and '’F NMR (down) complexation study of
B(C¢Fs); in CDCl;, A: 1a with B(C¢Fs); (10 mmol%); B: la with
B(C¢Fs); and 3 equiv. H,O; C: reaction of 1 equiv. 1a, 1 equiv. PhSiH;
with 3 equiv. H,O catalyzed by B(CqFs);

1T T ERRAC ARSI 2534, TH5KR A Gaussian 16
FEFP A MK B AR R 3 fis. WEH
B mr LU th, 7 R 5 BB “ Et;N---H-O(-H)
——-B(C¢Fs); "= ME A PH H1 — O k% (A1 BE A K (1.628
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(Entry 1), $5C FIX 5700264 T bt A& 28 RN 7EH
BEHIE R N 5K RAERFAER, AR “IRiibie
[RsNH][HO-B(C4Fs)s] 7 1 B 45 iy 45 1 THF .
PhCH,OH. H,0. PhCHO #1 PhsP FFf:#% 5 #rfsixt i &2
EWIR & (Bntries 2~6)) B—O []#E(27 1.61 A)B R4
H,O---BCF(Entry 8, 1.669 A)fH, HXIR —HrE &M
H1—0 ##(1.00~1.02 A)% H,0---BCF(Entry 8, 0.980 A)
K, ArRLHEN, DAKASAER T, W R 5 248
PhCHO Jii ¥t ) B2, 5A F T & B 347, M
(H,0),---BCF(Entry 5)f1 H,O---BCF(Entry 8)ff] B—0 /%
H1—O [AIEEMLLEC ] LB H, R BE R AAER 2
K B % 2 B LBCUNAG AR i B K5 ) AEAE I,
R ER M S B, X — M EAEE SR 1~2
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HSRIG S5 A — 3, BN RBAA R P 1 equiv. (7K
I S SR SR A T ARG 2 equiviBl 3 equiv. IR
I HsE Parkin U 4H 7E BF 50 ke 5 K 4 A
Brensted & £ I 1 3% B] /£ MeCN ' H,0/B(CgFs)s
HWRAA 5 HCLE ALK 8 ¥ P2 Entry 8 ik
) B—O [A] R B b 15 K 28 A FH 22 B R 55 T i 11k
PEH, 2B 545 RS R i R B s L B
H,0---BCF &% —.

Entry 7 H4H 1) B—O [AEE 8 PhCH=0---BCF
TAAERREE SRR, TET/K AT T iz2% S A F 250
PEBERE; ABAEA KSR BRI A 5 S L P A G LR
I oA W2 2% R ¥ PhCH=0---BCF & & 155,
W R R PR KK, A b 32 2 DL =H
%4  “PhCH=0---H-O(-H)---BCF” {71E.

#£3  “LB--—-H-O(-H)---B(C¢Fs);” =H & &Y R 1 a AL Eds
Table 3 The optimized interatomic distances for “LB---H-O(-H)---
B(C¢Fs);” three component adducts
H2
LB—>H1_6 —>B(CeFs)3

Entry LB B—O LB—HI HI-O0 H2-0
A) A) A) A

1 EuN 1.509 1.072 1.628 0.969

2 THF L1615 1.591 1.017 0.976

3 PhCHHZO 1.612 1.603 1.014 0.977

4 PhCHO 1.614 1.630 1.010 0.976

5 H,0 1.615 1.639 1.006 0.977

6 Ph;P 1.619 2.168 1.023 0.977
7 PhCHO 1.597 - - -

8 - 1.669 — 0.980 0.981

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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TE IR 22 5 50 R N 2 AR A R B EAT. FEA7K
ST I ()38 S5 S SR e, FRATTSE g — 2R T
KX FLPs fEAL N I, Wil 5 by, BATA
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FREBCH AR, 152 R BAR R A BB A AR, fE
Tt 5 K I B3 I MR AE AR KRR FE A 204, R 3AT]
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Bl5  B(CoFs)s AL S S v Il 4

Figure 5 Key intermediates of B(C¢Fs); catalyzed reactions
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(P AL T Wil 6 Fos il #2. L= 23kt
B JFER B TR KA, A TR e A
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BEW; ARG RN, SRR VS T ML R
B T A, B AR SIS, A BERE S
25 Piers 251 H ) SN2 HLEEZRML, A% 7 OH MY
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Et,SiH
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Et
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Figure 6 The mechanism of B(C¢Fs); catalyzed reduction of carbonyl
compounds under water conditions
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OH MISTHHERCEER:, 4 5 ok 2L L e S L 5
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{50, DR THE I o L 5 £ 1 AP B
I AFLE.
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PAREGENE IR IR A K 264 FLPs X R )ik
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%, S EE RN R B2 R B SR R Ak 2 AE KA o
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