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Efficient Synthesis of -Amino Alcohols Promoted by
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Abstract In this paper, a novel air-stable triphenylbismuth bisperfluorooctanesulfonate was synthesized by treatment of
moisture-sensitive triphenylbismuth dichloride with silver bisperfluorooctanesulfonate in anhydrous CH,Cl, at room tempera-
ture. Its catalytic assessment results show that the reactions of arylamine and epoxide proceed efficiently in the presence of
triphenylbismuth bisperfluorooctanesulfonates 1 (5.0 mol%) under solvent-free condition, affording f-amino alcohols in good
to excellent yields. The yields of desired products do not reduce obviously after recycling for 4 times of catalyst 1. Hence, a
convenient and efficient method for preparation of f-amino alcohols is provided.

Keywords organobismuth; perfluorooctanesulfonate; Lewis acid; f-amino alcohol; solvent-free synthesis
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XL E SR v, AR MUK AT E; — LAl il &
s R B, Bk, TRk —Mim AL FaE H 5 TRl
ST FR) FE AL R A 6 B- 28 i B EE 2 L
BRERIELTCTE L TOTRU I DL BRI A MR R 1A T
ZEM S TAEF T2 R sk, A AT
(& i S AR A LA B N A SRS T K2 K
J 23201 [ et AR AE — S el B, GnBR-BRERA E M, 1R
TAPARKATRE; SR, EABCRES. X
ARAE —E RS E BRI 1A LB BC & WA B R Y
K. AT SCERIROE, K =9 SRR IR R B 5\ B ) S
Tk, WIE—ERE L g SR S RE e, (BIAES
RPARRE, ST, Otera SRSV R LK HEM
PR TR ] AT LA ) B A A R A U
IKAETE A L JRIC &), I E 0 mT LAE e ) %
Sy IR MEAL ). TEAR VAP IR0 AR, AT
KA 7o AR TR ey, fg 7 —
IR PR N & R B o iR 5. % REL &)
HABERM Lewis BRYE, fERZ AN RS P AATR
TP BT 1. FEBLFER b, AR A T =R
AT SRR L, PR LN TR S ARG
WHIIFA . R G AR, IRIFTAF M
AU R AR R R AR

1 HR5R

ORI TSGR A R R R AR AE O K A
Fger, iR N8 OB, SONZEHE I IE e, i
TAHGE 5, g A A R R = 250 4 B I
TR EE(1) (Scheme 1). HARLED 1 W@ ZEIR(H
NMR, ""F NMR)F1 ESI-MS BEATHAIE. 1H2 i T KB
BT, BA RGP R GEEH. FE, FH
Hammett(M 2 15 ) Fi 78 7R = 28 56500 4 960 o7 JL IR 46
(DRI B AT RN, KRN 33<H, <48 (H, N
Hammett 255 5 08 50), 6B IZAC & 90 A 508 1 % 5)
Wi . 34k, I B E A b L AR E M AT IR,
RIFLAE 180 C LA N HAT B AL e 1.

N2, r.t.

2Ag0S0,CgF1; + PhsBiCl, ————
CH,Cly, 2~ 3 h

Ph3Bi(0S0,CeF 17)2

R 1 =M AR (DI K
Scheme 1 The synthesis of triphenylbismuth bisperfluorooc-
tanesulfonates (1)

LAZE(0.5 mmol)5 &3 L 4£(0.5 mmol) i FF 2R
SVAE R R, 5 mol%IEL &4 1 fE4E T, SRk
PEF, BEUETIN SN = 2R, 25 R WA 1.
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R AFTE RS T S 0

Table 1 The influence of solvent on the ring opening reaction

NH .

2 Ph3Bi(0S0,C4F 17), oH
O 22 O
solvent, r.t., 2 h N
2a 3a H

4a

Solvent  Free THF CH;CN CH,Cl, Hexane DMF
Yield/% 90 73 63 63  Trace 67

“ Reaction conditions: aniline (0.5 mmol), cyclohexane oxide (0.5 mmol),
catalyst 1 (5 mol%), r.t.; * Isolated yields.

HEE 1 WA, ZRFMET, AIMAEERIR, &
= A . X R R A DR A R A TR TR} o (R A A
T, AR B B iy, AN ASE A5 S 7 28 dg . Y 771 )
TN BEAR T S S0 FH A A0 ) R BE A 49 e B 7= 28 e
IS, HAEH 254 & B R PR SEAS KA. X e
[RIEZEFN 7 28 B — @ R, RSETCIET . =ik
PETFRRL 2 h, 193] 90%H) HARr=4), KN P s
TnIg E = A

F2 1T R FR R

Table 2 The influence of the amount of 1 on the ring opening

reaction
NH,
. OH
O: o + Ph3Bi(0S0,CgF17)2, X Mol% O: /@
solvent free, r.t.,, 2 h N
2a 3a H
4a

1mol% 0 1.0 20 3.0 40 50 6.0
Yield/% 0 57 65 79 84 90 91

© 2016 Chinese Chemical Society & SIOC, CAS

“ Aniline (0.5 mmol), cyclohexane oxide (0.5 mmol), r.t.; b Isolated yields.

FEEIRFITCIE RN T, 58 =R HL0 4 5 3 Bt
PR 5 (1) I X TY [ B RE MR, 53R LR 2. R 2
AL, CAEAFIAETE R 2 AR T, B 107
RERIK, PN 5. ST &8 5 mol%
B, FEERIEE] 90%, kNI &, F=EEa W
.

TERMAKM T, RAFRSM LS AFRFEN
EYIRIBITEIL, S5 WER 3. HER 3 WA, =KL 4
T TR £ ()% 05 e SRS R B B AT R U
MM R, I A [ R SR A A 5 A TR 5
N, BT RN p-RmIEREIAEY). T7IE R
FEXT RN B — B R, 205 e LR g
HL IR, OV RIS AL = 17 2 (Entries 2~4, % 3), 4
55 W b AR IE AW e BRI, OB 7 KR BRI (Entries
5, 6, & 3). WREAR NTTIE LG IR T T
FRIEFHFRERE, HERE R, R,
T 75 25 b R T A 15 0 e IR SR A% PR ek 55, 7 26 Bf
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Table 3 The synthesis of f-amino alcohols
R¢ i 9 R*
o, R3_N/|_| Ph3Bi(0S0,CgF17), (5 mol%) OH lll
R' "R2 solvent free, r.t., 2 h R ~R3
RZ
2 3 4
Entry R! R? R® R* Compd. Yield®/% (Conv./%)
1 CH,(CH,),CH, Ph H 4a 90 (99)
2 CH,(CH,),CH, p-CH3C¢Hy H 4b 91 (99)
3 CH,(CH,),CH, p-CH;0C¢Hy H 4c 87 (95)
4 CH,(CH,),CH, 0-CH;C¢Hy H 4d 85 (95)
5 CH,(CH,),CH, p-CIC¢H, H 4e 83 (95)
6 CH,(CH,),CH, 0-FC¢H, H 4f 82 (93)
7 CH,(CH,),CH, 2,5-(CH;30),CeHy H 4g 84 (94)
8 CH; H Ph H 4h 79 (90)
9 CH;CH, H Ph H 4i 78 (90)
10 CH;CH, H p-CH3C¢Hy H 4j 83 (92)
11 CH;CH, H p-CH;0C¢Hy H 4k 82 (92)
12 CH;CH, H Ph CH; 41 74 (88)

¢ Arylamine (0.5 mmol), epoxide (0.5 mmol), catalyst 1 (5%mmol), solvent free, r.t

i, 05 i b R HUA 3 (1) 2 R o7 BEL O e B B A — JE I 8%
Wi, 4 B Ay A B — AR, W 77 2 B {IK(Entries
417, F3). WEAAMEA T i 057 Bz AL A
PR (Entry 8~11, 3 3). (HIFE T 5P I
N, F=REBAK(Entry 12, & 3).

FmFT, ORI A G R (O &
A5 mol%, KRVEFIEA 2 h, PLRFEFIIAEIN T
NONBIAL AT 1 I EE RN, 4R NEK 4.
BT AR 1 ESSIRMEIE AN R BN, RN A5 HE,
) S SV I T, I DT BIMEAL R 1, 4kZEH T
1R

R4 AT ES R R
Table 4 The recycle use of catalyst

NH,
O: @ Ph3Bi(0SO,CsF 17)s (5 mol%) Of“i@
O +
solvent free, r.t., 2 h N
2a 3a H
4a
Number of uses 1 2 3 4 5
Yield®/% 90 89 86 83 75

¢ Aniline (0.5 mmol), cyclohexane oxide (0.5 mmol), catalyst 1 (5 mol%),
solvent free, r.t.; bsolated yields.

2 4 a5, Stk 1 SRR 4 5, B
B B S BRAR, U B A7) ) R A PR AR

ZORBLA A R B R EE (D T e S IR S
YIS AT BEHLIR L Scheme 2 FT7R.

WEAL GV RS A B R A, 15
FHARRS Loy A IR M. e U B IO BTk I
7 IE LR, 133 AR
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; PIsolated yields; © Conversion efficiency.

PhsBi(OSOCaf 17), Ph3Bi(0SO,CqF 17);
I

4
1 - R | 4 g R4
0 NG, oH R oH
Al el LK,
R’ R? ~R3 R

R1

B2 Arags N pLE

Scheme 2 Possible reaction mechanism

2 g

AR HFE R T — T K P B = IR A A
S SRR BRI ) TR MR AL TR, M ALTRIN 5 e 5 AR
BT SN B B A RIOCR,. %07 R 2%
PR AN, BRAERE, AT R YA AL, X
IR, AT A2 IRE SRS, A p-a
P PRI ] 2 B AIE 1 — P ] S R T V.
3 SERSY
3.1 UE5E

'H NMR 5 °C NMR(LA CDCl; {E# 7, TMS N
Fr)H BRUKER AC-P400 Z{5E, FHEH VG Auto
Spec-300 1M 5E, MEAEW FE5E R M Aldric 2
FIESE, CH,Cl, AW Wi mi It A5 o K728 H, '
BT S ) .
32 ZLWHE
321 ZRABARF AR 1) AR

#0255 g (0.5 mmol) PhyBiClL, ¥ f#A/E 10 mL To/K —
AH g, I 0.607 g (1.0 mmol) CgF,SO,0Ag,
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FIR BN 3 h REYE, B R g AE 2
2 HPEM, BCE T KR, SRA RIS &, HhIER A
8 P R A = 2R R A G S BRI R 2R PhsBi(OSO,-
CgFi7), (WP A E K. mp. 158~160 ‘C; 'H NMR
(400 MHz, CDCl;) ¢: 8.14 (d, J=8.0 Hz, 6H), 7.90 (t, J=
7.4 Hz, 6H), 7.72 (t, J=7.2 Hz, 3H); "°F NMR (376 MHz,
CDCly) 6: —80.73~—80.80 (t, 3F), —112.84 (s, 2F), —
120.63 (s, 2F), —121.63~—121.89 (d, 6F), —122.72 (s,
2F), —126.12 (s, 2F).

322 &4 4a~4h 894 %

] 10 mL N RGO AL &4 0.5 mmol,
% 0.5 mmol, 4% FEHE R AL T 0.025 mmol, =R
RPN, TLC KM, M 5ESJE, NG R B, # kit
I, FEEET). SRR T, EAEENTS S, 153
Hbrr=4) 4a~4h.

2- R HE-1-HA Ol (4a): HEEA. mp. 58~60 C
R 58~59 C); '"H NMR (400 MHz, CDCl;) o
7.20~7.15 (m, 2H), 6.76~6.70 (m, 3H), 3.37~3.31 (m,
1H), 3.16~3.10 (m, 1H), 2.83 (br s, 1H), 2.12~2.09 (m,
2H), 1.79~1.68 (m, 2H), 1.43~1.24 (m, 3H), 1.09~0.98
(m, 1H); *C NMR (100 MHz, CDCl3) &: 146.44, 129.15,
122.87, 115.43, 74.56, 60.38, 33.23, 31.54, 24.95, 24.24.

2-(4- P 3 2R 3 K L E 4b)PY: R WA, 'H
NMR (400 MHz, CDCL3) : 6.99 (d, J=8.0 Hz, 2H), 6.64
(d, J=8.0 Hz, 2H), 4.78 (s, 1H), 3.36~3.30 (m, 1H),
3.11~3.05 (m, 1H), 2.57 (br s, 1H), 2.24 (s, 3H), 2.12~
2.09 (m, 2H), 1.78~1.69 (m, 2H), 1.40~1.26 (m, 3H),
1.07~0.97 (m, 1H); "C NMR (100 MHz, CDCls) §:
145.39, 129.83, 127.88, 114.84, 74.54, 60.77, 33.11, 31.59,
25.10, 24.30, 20.38.

2-(4- FAR R R ) R O (de): A B K. mup.
56~57 COCHRE! 58~59 °C); '"H NMR (400 MHz,
CDCly) 8: 6.79~6.73 (m, 2H), 6.70~6.64 (m, 2H), 3.75
(s, 3H), 3.36~3.30 (m, 1H), 3.03~2.97 (m, 1H), 2.52 (br
s, 1H), 2.15~2.08 (m, 2H), 1.78~1.70 (m, 2H), 1.43~
1.26 (m, 3H), 1.09~0.98 (m, 1H); *C NMR (100 MHz,
CDCly) 6: 153.05, 141.48, 116.50, 114.90, 74.42, 61.81,
55.77, 33.11, 31.53, 25.11, 24.30.

2-(2-F EEE I AW @) KA. 'H
NMR (400 MHz, CDCLy) d: 7.14~7.06 (m, 2H), 6.79 (d,
J=8.0 Hz, 1H), 6.70 (t, J=7.4 Hz, 1H), 3.46~3.40 (m,
1H), 3.24~3.18 (m, 1H), 2.74 (br s, 1H), 2.16 (s, 3H),
2.13 (s, 1H), 1.81~1.72 (m, 2H), 1.47~1.26 (m, 4H),
1.12~1.02 (m, 1H); *C NMR (100 MHz, CDCly) ¢:
145.69, 130.45, 127.18, 123.14, 117.93, 111.64, 74.65,
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59.91, 33.23, 31.88, 25.06, 24.31, 17.70.

2-(4- A FEE I O (de): HAEME. mp. 99~
102 CCCErME™ 102~104 C);; '"H NMR (400 MHz,
CDCLy) d: 7.05 (d, J=8.8 Hz, 2H), 6.56 (d, J=8.8 Hz,
2H), 3.31~3.25 (m, 1H), 3.04~2.98 (m, 1H), 2.55 (br s,
1H), 2.06~2.00 (m, 2H), 1.72~1.64 (m, 2H), 1.37~1.18
(m, 4H), 1.03~0.93 (m, 1H); “C NMR (100 MHz,
CDCLy) d: 146.43, 129.15, 122.85, 115.43, 74.55, 60.36,
33.22,31.53,24.96, 24.24.

2-(A- AR IF T OB KA. 'H NMR
(400 MHz, CDCl3) d: 6.99~6.95 (m, 2H), 6.86 (t, J=8.2
Hz, 1H), 6.68~6.63 (m, 1H), 3.45~3.39 (m, 1H), 3.18~
3.12 (m, 1H), 2.71 (br s, 1H), 2.14~2.04 (m, 2H), 1.79~
1.72 (m, 2H), 1.43~1.24 (m, 3H), 1.15~1.06 (m, 1H);
C NMR (100 MHz, CDCl;, th&W& %, Mta 2453
8: 153.49, 136.12, 124.62, 124.59, 117.69, 117.62, 114.82,
114.64, 113.85, 74.54, 59.92, 33.14, 31.69, 25.01, 24.22.

2-(4-(2,5- = PR AR B ) 3 3F U (4g)C K BRI
f&. '"H NMR (400 MHz, CDCL3) §: 6.69 (d, J=8.8 Hz,
1H), 6.39 (d, J=2.8 Hz, 1H), 6.22~6.19 (m, 1H), 3.81 (s,
3H), 3.76 (s, 3H), 3.46~3.40 (m, 1H), 3.15~3.09 (m,
1H), 2.74 (br s, 1H), 2.15~2.09 (m, 2H), 1.78~1.72 (m,
2H), 1.43~1.26 (m, 4H), 1.13~1.04 (m, 1H); *C NMR
(100 MHz, CDCly) d: 154.69, 142.14, 138.64, 110.29,
99.76, 99.44, 74.46, 59.59, 56.00, 55.55, 33.11, 31.47,
25.02, 24.24; MS m/z: 2512 (M"); HRMS calcd for
C4H, 05N 251.1524, found 251.1516.

1- R -2- TR (4h)BY: REFAA. '"H NMR (400
MHz, CDCl;) 6: 7.18 (t, J=7.8 Hz, 2H), 6.73 (t, J=7.2
Hz, 1H), 6.65 (d, J=8.0 Hz, 2H), 4.04~3.99 (m, 1H),
3.25~3.17 (m, 1H), 3.02~2.97 (m, 1H), 1.26 (d, J=6.4
Hz, 3H); °C NMR (100 MHz, CDCl5) §: 148.24, 129.32,
117.95, 113.28, 66.46, 51.74, 20.84.

1-(FEIE)-2- T FE )P KSFAR. '"H NMR (400
MHz, CDCls) 6: 7.19 (t, J=7.6 Hz, 2H), 6.75 (t, J=7.2
Hz, 1H), 6.68 (d, J=8.0 Hz, 2H), 3.78~3.76 (m, 1H),
3.28~3.25 (m, 1H), 3.07~2.98 (m, 3H), 1.61~1.52 (m,
2H), 1.01 (t, J=7.6 Hz, 3H); *C NMR (101 MHz, CDCl5)
5: 147.87, 129.35, 118.34, 113.66, 71.62, 50.24, 27.96,
9.97.

1-C6f F R 3 )-2- T i (45)°7: KA. 'TH NMR
(400 MHz, CDCl3) 6: 6.99 (d, J=8.0 Hz, 2H), 6.58 (d, J=
8.0 Hz, 2H), 3.77~3.71 (m, 1H), 3.25~3.22 (m, 1H),
2.99~2.94 (m, 1H), 2.24 (s, 3H), 1.58~1.51 (m, 2H),
1.00 (t, J=7.6 Hz, 3H); °C NMR (101 MHz, CDCl;) ¢:
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146.05, 129.79, 127.20, 113.55, 71.72, 50.37, 27.96, 20.40,
10.00.

1-((4- FP 480 0 5 B )-2- T I (AP K B VLA
'H NMR (400 MHz, CDCI3) §: 6.79 (d, J=8.8 Hz, 2H),
6.63 (d, J=8.8 Hz, 2H), 3.75 (s, 4H), 3.24~3.20 (m, 1H),
2.98~2.93 (m, 1H), 1.60~1.52 (m, 2H), 1.01 (t, J=7.6
Hz, 3H); °C NMR (100 MHz, CDCLy) J: 152.52, 142.46,
114.90, 114.80, 71.72, 55.81, 51.05, 27.97, 9.99.

1-(F 3L CR B R I )-2- T @) R k. 'H
NMR (400 MHz, CDCl;) &: 7.24 (t, J=8.0 Hz, 2H), 6.82
(d, J=8.4 Hz, 2H), 6.76 (t, J=7.2 Hz, 1H), 3.85 (s, 1H),
3.26~3.23 (m, 2H), 2.96 (s, 3H), 2.19 (s, 1H), 1.56~1.50
(m, 2H), 1.03 (t, J=7.6 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 150.55, 129.18, 117.53, 113.45, 70.61, 60.30,
39.29,27.43,10.02.

4 Bh#4 ¥ (Supporting Information) = < 3E4) 4 5
FLRERZ 221 "H NMR. "°F NMR Al MS (EST)it LA fir
A% B AL S PI "TH NMR AlTPC NMR . X sep4 k) a)
DL %% AT X 3 (http://sioc-journal.cn/) | T %K.
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