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Potassium Phenyltrifluoroborate-Catalyzed Reduction of
Aldehydes and Ketones into Alcohol with Silanes

Liu, Jianhui*“” Wang, Xingyang*

(“ State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)
(4 School of Petroleum and Chemical Engineering, Dalian University of Technology, Panjin Campus, Panjin 124221)

Abstract The selective reduction of carbonyl group with organosilane as reducing agent was studied with methanol as a
solvent under the action of 2.5 mol% C¢HsBF;K and 2.2 epuiv. (EtO);SiH. The target products were obtained in medium to

high yield. This method shows good selectivity and provides a new method for carbonyl reduction.
Keywords carbonyl reduction; organosilane; potassium phenyl trifluoroborate
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B AN 1 SR 6 P Hh 43 B oK. 2009 4, Nagashima R
FRAAPUCR Pt (A7) 5 Y P 3 — RESUE(TMDS) 45 & it
F, 1E25~75 CHKMFTIBJEBRE. 2014 4, Mandal /8
UG BT — R AR T, DR REGE IR A, 76
SAF R R AR JE A I IR) T8 R T Bk FE. 2015 4F, Fer-
nandes WA MR LT —FfE ] Re fEALTE JE AL
5%, A8 TMDS SAyids J) i s sk o [ Bt e &
Y. SR, mA R E R RS T eI SRR A, 1R
AT, AR B2 HE = R R A B A e = 2
FEREIE JEFRIE V. R E WM TS [IET, FHREE
JFONER L, LRI = R A (E AT, FED, 5
T3R8, HEEAARERR. TH, %N EAA R
i ek, JF HARIER B, SRR, 25 =R
B IR S e 4 1 R T DR R
1 #R518
1.1 REEHMHL

DAXHR 2 F S N R . = LA e NIE R

s R = AR VAT TN SN BEAT
RNFAFIALGR 1), IEEFEEE Bl 0 nE) 2.5

equiv., 4 2.2 equiv.Ff, 25 min F=EH A E] 93% (R
1, Entries 1~5). EALFIFIHEN 2.5 F1 5 mol%Hf /=3
BIaTiAE]93% (3 1, Entry 5, 6), il 1 mol%H, S
A 25 min 390%)] 35 min (3% 1, Entry 7), {£HH 0.5
mol% T A kA R Bi(3 1, Entry 8), fxZEfBFH
F 2.5 mol%HIEALFI(EE 1, Entry 6). FRATX LM
HEAT T ik, 2448 F(MeO);SiH I P2 ik F] 93% (£ 1,
Entry 10). #R1fi{#H Et;SiH 1 TMDS i s W AR & A (€
1, Entries 11, 12), {8/ PhSiH; VA 23%HI77HK(E 1,
Entry 13), f#H PMHS R AME~I( 1, Entry 14). %
FE FIRERE AN M IR 2R, (8 = 28U ek e N 3 Ji 7] B
U, B Ja FA TSI T ik, {FH C,HsOH. CH;CN
HITHF A7 RS 2150 & )3 1, Entries 15~17),
2 CHCl;+ 1,4-dioxane Fl n-BuOH A7 s N A
KHA(FR 1, Entries 18~20). 24045 R 3R 87 KA H i A
ZRNARZR, 7T LAMSE] 93%1) 772 (3K 1, Entry 6), AIfg
DRI Sy 24 25 = U R A0 7 R v RV AR I B, AR T IR
MR AR T B, R R S N HEAT . AR R DL b R R AR R,
AT FEIEAT T i, n-Bu,NF 1 KBF, #5% A %
M.(3 1, Entries 22~23). 4FRAIE A 2R 5 — SRR B 1

R1 RPN

Table 1 Optimization of the reaction conditions

< > /<O silane, cat
Br —_—
H solvent, r.t.

OH
Br—< >—<
H

Entry Catalyst (mol%) Silane (equiv.) Solvent Time/min Yield®/%
1 Ar-BF:K (5.0) (EtO);SiH (0) CH;OH 60 0
2 Ar-BF:K (5.0) (EtO);SiH (1.5) CH;OH 60 58
3 Ar-BF:K (5.0) (EtO);SiH (2.0) CH;OH 60 87
4 Ar-BF:K (5.0) (EtO);SiH (2.2) CH;OH 25 93
5 Ar-BF:K (5.0) (EtO);SiH (2.5) CH;OH 25 93
6 Ar-BF:K (2.5) (EtO);SiH (2.2) CH;OH 25 93
7 Ar-BF:K (1.0) (EtO);SiH (2.2) CH;OH 35 93
8 Ar-BF:K (0.5) (EtO);SiH (2.2) CH;OH 60 0
9 Ar-BF:K (0) (EtO);SiH (2.2) CH;OH 60 0
10 Ar-BF:K (2.5) (MeO);SiH (2.2) CH;OH 25 93
11 Ar-BF:K (2.5) Et;SiH (2.2) CH;OH 60 0
12 Ar-BF:K (2.5) TMDS (2.2) CH;OH 60 0
13 Ar-BF:K (2.5) PhSiH; (2.2) CH;OH 60 23
14 Ar-BF:K (2.5) PMHS (2.2) CH;OH 60 Trace
15 Ar-BF:K (2.5) (EtO);SiH (2.2) C,H;OH 150 Trace
16 Ar-BF:K (2.5) (EtO);SiH (2.2) CH;CN 150 Trace
17 Ar-BF:K (2.5) (EtO);SiH (2.2) THF 150 Trace
18 Ar-BF:K (2.5) (EtO);SiH (2.2) CHCI, 150 0
19 Ar-BF:K (2.5) (EtO);SiH (2.2) 1,4-Dioxane 150 0
20 Ar-BF:K (2.5) (EtO);SiH (2.2) n-BuOH 150 0
21 p-COOH-Ar-BF;K (2.5)  (EtO);SiH (2.2) CH;OH 600 78
22 n-Bu,NF (2.5) (EtO);SiH (2.2) CH;OH 600 0
23 KBF, (2.5) (EtO);SiH (2.2) CH;OH 600 0

“ Reaction conditions: Unless otherwise noted, all reactions were carried out using 1.0 equiv. of 4-bromobenzaldehyde (0.75 mmol), solvent (3 mL), r.t. in air. * Iso-

lated yields (the yields of 0 and trace were based on the products spots formed on TLC).
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f14EY p-COOH-Ar-BF:K Y, &% 600 min 7= K
78%(F 1, Entry 21). BT AEE = HINRRE MATED M
R AR EL e, BT LA = S R A0 A AS S A 2R I
. FET UL RSen, AR AR RN A RS
AR, 2.5 mol% f 2K 3 = HUIER #1 VE 1L 77, 2.2
equiv. () = LA IEREGEE IR R T, HEEER, RAE
BRI 177 26N 93%
1.2 RYISCEY B

TEAAL S5 AE T AN [F) 2 2 1) B Bk & ik A7 16
JE B IR 2 ATCAE H, KEB R RS 2] T
ANEE =5, IR R AR IE = SR A2 — PP R AT Ak
A 28 F AT DL R WS R iR R (KR 2, Entry 1);
PR AR A% B ER TR PR SRR T AR, IR
HA[LF) 93% (2, Entry 2); EME R AR A A P ANER
JRF, FERAIATIA ] 90% (3R 2, Entry 3). ZHURIE AR

H 13 I 77 e, IR Ak i 2 A TR R B Rz
(81457 AR A7 )(F 2, Entries 4~ 6)F& I R UFAvEYE. [AIH,
IR S A BN 2 R S B IEAT . 05 3 B
MHEERS, PR IE R 62%(5R 2, Entry 7), 772 PR 5
A B AR IR B, S XUE RE I AR 2L A0 R 3 %
AR NIRRT, £33 62%17= 3 (3K 2, Entry 8). 24X}
BT BIERS, P2 ATIA 90%(% 2, Entry 9). H¥EYIA
LA-RZHEER, DL 81%ICR A3 Bk B M0 S5 =P 5t
$2 IR L 2, Entry 10), %H BIFWIEK

Mk R H 2.2 equivBINE 4.4 equiv.i, A
M B0 JF (2 2, Entry 11). 225585 5 o f-NHIATEE G
J5 5 AT IA F ) 80% UL Z (3R 2, Entries 12~13), ZAH T
B RIS 5, TR T RN [ A
RE, AH N ICR B L PR (K 2, Entries 14~15), &M
R A PR

x2 JRWIEHVEE ¢
Table 2 Scope of the substrates
O
(Et0);SiH OH
R™ "R® "CH,OH,rt ArBF.Kk R R?
Entry Substrate Time Product Yield“/%)| Entry Substrate Time Product Yield/%
o} OH 2 oH
X X
1 ®_/<4 8h ©_<H 78 | 13 ©/\)J\H 4h ©/\)\H 79
1a 2a

1b 2b
Cl Cl
0] OH
3 4 10 min H 90
Cl Cl
1c 2c
6] OH
4 4 lh H 88
1d 2d
(o] OH
5 : H 1h : H 85
O,N O5N
1e 2e
6] OH
6 :\< H  35min :\< H 91
NO, NO,
1f 2f

18 O 5h
(@]

Q o Q OH
14 N_Q_/(H 4h N©_<H 65
v O

1n 2n
—/\ (o] —/ OH
N N
15 H 5h —/ H 43
10 20
O OH
16" ©—< 6h ®_< 62
1p 2p
O OH
O,5N O,N
17 2 O ( 2h C O /\ 90
1q 2q

oY
0
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it
Entry Substrate Time Product Yield“/%| Entry Substrate Time Product Yield/%
O OH
QZ O e O O
2g 1s 2s
(0] OH
Q* CW o = OO0 .
O2N O5N
2 1t 2 2t
X X
_<>4' 4i>4 P P
9 4 25 min 90 21° N 5h N 78
O OH
1u 2u
C /O OH
10 : i:: 81 22 8h 72
1v 2v
O OH
O o}
11° Hj O zH /\ O ( 72 | 23 é 4h @ 83
1k
1w 2w
o)
i C\H
12 —N H 2h N 80
11

“ Reaction conditions: 1.0 equiv. of aldehyde or ketone substrate (0.75 mmol), (EtO);SiH (2.2 equiv.), ArBF;K (2.5 mol%), CH;OH (3.0 mL), in air. b (EtO);SiH (4.4

equiv.).  Isolated yields.

TEFRE AR, FRATTIE XS 75 R () SR g AT T 5 %2,
IR LT LA 62% K177 ZR A I S5 FSAH I 1) — 4 B (3K 2, Entry
16), 0 W LTRSS, PR AT 3] 90% (3K 2,
Entry 17). 3EHERE . 2R K 4 PR E o] LAAS 2] 70%~
80% IS (2 2, Entries 18~21), AR FR s NI
A RIINEGF=8, B8R =4, 24 A 2 IR Ay B2
KIF(F 2, Entry 20), 0K [ BT E], 7 Ref3 2% =
1= 2.

JUE P R D)3 o 3ok 19 491 S B LA 21 T 38, 2K 4
i DA 72% 1) 7= 2P0 IR R 2K L. FR OB LA 83% 17~ 2
WA JF R PR CURE, 10 I I S B A 22 6] i o e s i [ A7
(3R 2, Entries 22~23).

it

RS ERIAEE, K= MR TS
mol%), = ZAFEMERE(2.2 equiv.) T 7E H I 771 oK ik
U R B SRR TN, 2R N EA R
Vi@, TR AR B 2R 3 = S R Pt A P e

2
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FesE FEMEAR. ARXT RN S0 155500 A

3 SRS
BB 55
AVANCE II1500 MHz #Z B 34RO T2 "H NMR
F1°C NMR (TMS AP ARY). 75 52 B X-4 $rr B &
T s S ASCI 5 . 2 i (TLC) 3 15 T ) GF 54 12
T B T A=, a2y i i & o
M4k ).
32 ZWHE

U — 25 mL RN, AR —/#ET. FREUELA
7 0.75 mmol. ZRIE = FMIERER 2.5 mol%, [F] &N+
O 3 mL FEE, SR E = O IERERE 2.2 equiv.,, Eilf
SN A FE N, @ TLC R s SRR, fr
MEEH G, Tkt 7 KB 2R, M= a2 aikE s
AR .

HIE(2a): JoEBMAE, 7% 78%. 'H NMR (500

MHz, CDCly) : 7.39~7.29 (m, 5H), 4.66~4.65 (d, J=

3.1
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5.6 Hz, 2H), 2.25 (s, 1H); *C NMR (125 MHz, CDCl;) 6:
140.80, 128.46, 127.53, 126.92, 65.15.

XTI HEE2b): EOEE, 772 93%. m.p. 5300k
1 —FCCEvE"™ 76.5~77.0 °C); 'H NMR (500 MHz,
CDCly) d: 7.48~7.46 (d, J=8.3 Hz, 2H), 7.23~7.21 (d,
J=8.1 Hz, 2H), 4.63~4.62 (d, J=5.8 Hz, 2H), 2.07~
2.03 (t, J=5.9 Hz, 1H); “C NMR (125 MHz, CDCl;) ¢:
139.70, 131.56, 128.53, 121.38, 64.46.

2,6- A HEL(2c): AAEE, 7% 90%. mp. 5
SCERE — B CCERE " 97~98.5 C); '"H NMR (500
MHz, CDCl;) 6: 7.31~7.30 (d, J=8.1 Hz, 2H), 7.18~
7.13 (m, 1H), 4.96~493 (d, J=5.9 Hz, 2H), 2.34~2.31 (t,
J=6.3 Hz, 1H); " C NMR (125 MHz, CDCl;) 6: 135.89,
135.58, 129.72, 128.38, 60.05.

XA 3K I (2d): AR, 722K 88%. m.p. 53
BRAE —FCcitE!™ 97~98.5 °C); '"H NMR (500 MHz,
CDCly) 6: 8.20~8.18 (d, J=8.7 Hz, 2H), 7.53~7.51 (d,
J=8.7 Hz, 2H), 4.83~4.82 (d, J=4.2 Hz, 2H), 2.21 (s,
1H); *C NMR (125 MHz, CDCl;) J: 148.18, 147.19,
126.95, 123.67, 63.93.

AU FE 2K F  (2e): TEEATRIA, 7256 85%; '"H NMR
(500 MHz, CDCLy) d: 8.22 (s, 1H), 8.12~8.14 (m, 1H),
7.69~7.68 (d, J=7.6 Hz, 1H), 7.53~7.50 (t, J=7.9 Hz,
1H), 4.81 (s, 2H), 2.31 (s, 1H); “C NMR (125 MHz,
CDCly) d: 148.31, 142.83, 132.60, 129.39, 122.41, 121.42,
63.87.

PRI IR I 2D): B EEE, 773 91%. mp. 53
BRAE — BBk 70 ~72°C); '"H NMR (500 MHz,
CDCl) 6: 8.10~8.09 (dd, J=8.2, 1.1 Hz, 1H), 7.73~7.69
(d, J=7.2 Hz, 1H), 7.67~7.66 (td, J=7.6, 1.2 Hz, 1H),
7.49~7.46 (m, 1H), 4.98~4.96 (d, J=5.9 Hz, 2H),
2.64~4.61 (t, J=6.3 Hz, 1H); C NMR (125 MHz,
CDCly) d: 147.60, 136.74, 134.11, 129.93, 128.47, 124.98,
62.51.

2,4- YRR HIEE(2g): A AREE, PR 81%. m.p.
5Bk — B O E " 115.5~116.0 C); 'H NMR
(500 MHz, DMSO-d;) d: 8.75~8.74 (d, J=2.3 Hz, 1H),
8.59~8.57 (dd, J=8.6, 2.4 Hz, 1H), 8.12~8.10 (d, J=8.6
Hz, 1H), 5.87~5.86 (t, J=5.5 Hz, 1H), 4.93~4.92 (d, J=
5.4 Hz, 2H); *C NMR (125 MHz, DMSO-d;) &: 146.51,
146.33,145.76, 129.85, 127.87, 119.77, 60.01.

2-FFE S YL ZE BT (2h): O ER, PP 63%.
mp. 124~126°C (CHR{E"" 129 C);'H NMR (500
MHz, CDCl;+DMSO-dg) d: 10.97 (s, 1H), 8.21~8.20 (d,
J=2.9 Hz, 1H), 7.99~7.97 (dd, J=8.9, 2.9 Hz, 1H),
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6.93~6.91 (d, J=8.9 Hz, 1H), 5.29 (s, 1H), 4.51 (s, 2H);
BC NMR (125 MHz, CDCl;+ DMSO-ds) d: 160.41,
139.66, 130.23, 123.80, 122.66, 114.54, 57.

4-EHIRFHRL2D): BB, % 90%. m.p.t53L
BRAE —ECCER{E!™ 41~42 °C); 'H NMR (500 MHz,
CDCly) 0: 7.61~7.59 (d, J=8.2 Hz, 2H), 7.46~7.44 (d,
J=8.1 Hz, 2H), 4.74 (s, 2H), 2.63 (s, 1H); "C NMR (125
MHz, CDCl;) d: 146.36, 132.17, 126.91, 118.80, 110.77,
63.94.

¥ R EOR R (2)): A AR, FE 81%. mp.
SRR — B CCERE "™ 41.5~42 C); 'H NMR (500
MHz, CDCl;) 6: 9.91 (s, 1H), 7.80~7.88 (d, J=8.1 Hz,
2H), 7.47~7.46 (d, J=8.0 Hz, 2H), 4.73 (s, 2H), 3.16 (s,
1H). “C NMR (125 MHz, CDCls) J: 192.26, 148.01,
135.31, 129.88, 126.82, 64.18.

XPOR B 2K): EHEEAER, 773 72%. mp. 114~
115°C (CCHrEP 117.5~118.5 C); "H NMR (500 MHz,
DMSO-dg) d: 7.26 (s, 4H), 5.13~5.11 (t, J=5.7 Hz, 3H),
4.48~4.47 (d, J=5.7 Hz, 4H); "C NMR (125 MHz,
DMSO-dy) 6: 141.31, 126.67, 63.22.

M e -2- FE(21): 3% (iR Ak, P2 80%. 'H
NMR (500 MHz, CDCly) J: 8.55~8.54 (d, J=4.7 Hz,
1H), 7.70~7.68 (td, J=7.7, 1.7 Hz, 1H), 7.67~7.29 (m,
1H), 7.201~7.19(dd, J=7.1, 5.2 Hz, 1H), 4.76 (s, 2H),
424 (s, 1H); “C NMR (125 MHz, CDCl3) §: 159.19,
148.47, 136.67, 122.27, 120.55, 64.17.

PUEERE(2m): 3R 3% (O IR A, 7% 79%. 'H
NMR (500 MHz, CDCly) d: 7.35~7.30 (d, J=7.4 Hz,
2H), 7.28~7.27 (t, J=17.5 Hz, 2H), 7.23~7.20 (t, J=7.2
Hz, 1H), 7.58~7.55 (d, J=15.9 Hz, 1H), 6.34~6.29 (dt,
J=15.9, 5.7 Hz, 1H), 4.27~4.26 (d, J=>5.4 Hz, 2H), 2.44
(s, 1H); °C NMR (125 MHz, CDCl) §: 136.59, 130.85,
128.47, 128.43, 127.53, 126.35, 63.39.

4- IR FEFIEFEE(2n): A AR, FEE 65%. m.p.
5 SRR — B CCEkERY 106~107 C); '"H NMR (500
MHz, CDCly) &: 7.15~7.13 (td, J=17.5, 3.6 Hz, 6H),
7.00~6.97 (m, 6H), 6.99~6.97 (t, J=7.3 Hz, 2H), 4.53
(s, 2H), 1.72 (s, 1H); *C NMR (125 MHz, CDCl;) o:
147.69, 147.41, 134.94, 129.19, 128.22, 124.16, 123.98,
122.75, 65.00.

Xt LS IR I (20): LERAR, FEE 43%. 'H
NMR (500 MHz, CDCly) d: 7.23~7.22 (d, J=8.6 Hz,
2H), 6.69~6.68(d, J=8.7 Hz, 2H), 4.54 (s, 2H), 3.39~
3.36 (q, J=7.1 Hz, 4H), 1.82 (s, 1H), 1.19~1.16 (t, J=
7.1 Hz, 6H); "C NMR (125 MHz, CDCl;) 6: 147.40,

http://sioc-journal.cn/ 1415



BIKE

MR

128.87, 127.62, 117.73, 65.23, 44.32, 12.45.

1-(REL) 4B Q2p): K, F°% 63%. 'H NMR
(500 MHz, CDCl;) 6: 7.33~7.22 (m, 5H), 4.84~4.80 (q,
J=6.4 Hz, 1H), 2.4 (s, 1H), 1.45~1.43 (d, J=6.5 Hz,
3H); *C NMR (125 MHz, CDCly) 6: 145.75, 128.35,
127.29, 125.31, 70.18, 25.03.

1-(4-TS FL 2K ) 2B (2q): A K, P2 90%,
m.p. 5 SCHRE — ECCEkE!® 30~32 °C); "H NMR (500
MHz, CDCly) 6: 8.21~8.19 (m, 2H), 7.55~7.53 (d, J=
8.5 Hz, 2H), 5.04~5.00 (q, J =6.5 Hz, 1H), 2.05~2.04 (d,
J=6.0 Hz, 1H), 1.53~1.51 (d, J=6.5 Hz, 3H); C NMR
(125 MHz, CDCly) d: 153.01, 147.18, 126.10, 123.75,
69.50, 25.51.

ZEAEQr): AR, 2R 71%. mp.S53CERE—
FCCEE? 137 °C); 'TH NMR (500 MHz, CDCl;) 6:
7.92~7.90 (d, J=7.5 Hz, 2H), 7.52~7.49 (t, J=7.4 Hz,
1H), 7.40~7.46 (t, J=7.8 Hz, 2H), 7.34~7.31 (p, J=1.8,
7.2 Hz, 4H), 7.25~7.24 (m, 1H), 5.98~5.56 (d, J=5.9
Hz, 1H), 4.58~4.56 (d, J=6.1 Hz, 1H); *C NMR (125
MHz, CDCl;) 6: 198.89, 138.94, 133.85, 133.43, 129.09,
129.07, 128.63, 128.52, 127.72, 76.16.

33- RN 2-TH M -1-BE (2s): I [E A, 77X
85%. m.p. 5 SCHR{E —ECCHRE! 56~57 C); 'H NMR
(500 MHz, CDCl;) d: 7.39~7.18 (m, 10H), 6.62 (dd, J=
15.8, 1.2 Hz, 1H), 6.33 (dd, J=15.8, 6.5 Hz, 1H), 5.30 (dd,
J=6.7, 2.8 Hz, 1H), 2.50~2.34 (m, 1H); *C NMR (125
MHz, CDCL3) 0: 142.70, 136.45, 131.46, 130.40, 128.51,
128.48, 127.67, 126.54, 126.28, 74.96.

A-RE 3 ORI EEQ20): AR, 7R 64%. mop.
81~83 ‘CCCHRED 76~78 C); '"H NMR (500 MHz,
CDCly) o0: 8.12~8.10 (m, 2H), 7.52~7.50 (m, 2H),
7.34~7.27 (m, 5H), 5.84 (s, 1H), 2.98 (bs, 1H); *C NMR
(125 MHz, CDCly) 6: 150.94, 147.07, 142.71, 128.92,
128.35, 127.09, 126.72, 123.66, 75.45.

(R)-2-(1-¥2 .35 E (2u): TEEE, 7% 80%; 'H
NMR (500 MHz, CDCly) o: 8.43 (d, J=4.7 Hz, 1H),
7.62~7.61 (t, J=7.7 Hz, 1H), 7.30 (d, J=7.9 Hz, 1H),
7.12~7.10 (m, 1H), 4.87~4.83 (q, J=6.5 Hz, 1H), 4.48
(br. s, 1 H), 1.45~1.44 (d, J=6.6 Hz, 3H); °C NMR (125
MHz, CDCl;) 0: 163.58, 148.04, 136.85, 122.14, 119.76,
68.17, 24.14.

K OBEQv): OBk, 773 72%; 'H NMR (500
MHz, CDCls) d: 7.23~7.20 (m, 2H), 7.15~7.12 (t, J=17.5
Hz, 3H), 3.75~3.72 (t, J=6.7 Hz, 2H), 2.77~2.74 (t, J=
6.6 Hz, 2H), 1.74 (s, 1H); >*C NMR (125 MHz, CDCl5) ¢:
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138.58, 129.07, 128.59, 126.47, 63.66, 39.22.

HOBEQw): LMk, 7% 83%; 'H NMR (500
MHz, CDCl;) d: 3.59~3.53 (dp, J=8.7, 4.2 Hz, 1H),
2.40~2.38 (m, 1H), 1.86~1.84 (m, 2H), 1.72~1.70 (m,
2H), 1.53~1.13 (m, 6H); *C NMR (126 MHz, CDCl5) ¢:
70.16 , 35.46 ,25.45 ,24.17 .

45 Bh#1 Kl (Supporting Information)  H#5/*4) '"H NMR
A PC NMR %P Ix 2] AT LU 5% AR 1] 993 (http://
sioc-journal.cn/) I N .
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