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1. NMR spectra
1.1 'H and **C NMR spectra of 2a-d
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1.2 *H and **C NMR spectra of 3a;-d; and 3a,-d,
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2. High resolution mass spectroscopy (HRMS)



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 14070545_20140721_000001.d Acquisition Drate TI2172004 5:23:28 PM
Sample b1 Instrument Bruker Apex IV FTMS
Comment ES| Positive Operator Peking University
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Analysis Info

Analysis Mame

14070546 _20140721_D000D0D4 d

Acquisition Date

72172014 5:32:04 PM

Sample dz Instrument Bruker Apex IV FTMS
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3. Synthesis of N-benzyl ammoniumsalts b;' and b,'

The first conversion of cinchonidine (CD) to 9-epimers of cinchona alkaloids (epi-CD) was achieved by one-pot
inversion of Mitsunobu esterification—saponification ( L. Sidorowicz, J. Skarzewski, Synthesis, 2011, 5, 708-710).

The anhydrous THF solution (4 mL) containing CD (0.20 g, 0.68 mmol) and 3, 5-bis(trifluoromethyl)benzyl bromide
(0.21 g, 0.68 mmol) or 4- trifluoromethyl benzyl bromide (0.16 g, 0.68 mmol) was stirred at 65 <€ for 5 h. During this process,
white solid gradually separate out. The white precipitate was filtered, washed with THF (3 mL>2) and dried under reduced
pressure to afford pure b1' and b2', respectively in 79% and 88% yields.

OO0 NI DO DN OONONNN— OO NNNORE OO DO =IO OO0O® =t kOO0~
B RE e R R RS A R SRR 88 N e R e R RN TS e N e R I A SRR R R B s BB YRR
FOS N OO DO NOONO O NN —DONDOOONORONDNON =N~ FTOONON—OWNHOMNOOEOLWOO00n
o R T e e e L e L e e e e e L L L e e L T e R
OO0 TFIOOOOOOOORROOORONNNNNN T
[ L_L_LLW L—miLJ—L%-L—l-E___mL—RE%'\h v \V f%;JJJ I R S s TSI
o1 UL e mr
b1

i

b=d @ peg p=d €2 L0 | | o f= - D | f=4 L) | w0 <t | @

g 3| 528 2 BB 12 B (& & B 3 |8FS |8

b=d = Loy b2 | bd | [y - =T k=4 w0 brd w0 —| @0

2 3| ooy = e =@ g B F 8 e |g=x |2

= = < = i R b R o Qi (B P S e/

| . : . | . . ! | ! . ! | , ! . : . .

10 8 [ 4

[ppm]



30000
75000

70000

65000

F60000

r55000

50000

45000

40000

35000
F30000
r25000
20000
15000
10000
5000
0

F=5000

LPPS 61—~
SLOR'TT~
FS06'PT—

Z669'SH
(48095

B,
W

=rewoer
E.N,pi
L0SS 9p
908065~
6E01'19—
LoZE€Y
£206'99~"

9655 ¥l
LOPE 811
Lb8P0Z1
861121
LER0'STIL
SPR0PT 1
8160'PC1
Lzplvel
9161°bT1
8022921
6PTE LTI
1918zl
89186217
SLEL0EL
FOST0E 1
1€89°0€ 1
wwiriets
9L08ZEL
£929's€1
LLLP BRI~
880LShl—
LIZO8PL

@
w
(8]

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

b2’

1282’ —

1eeL'l —
6086') —
erL0Z—

6LV —
S92 —

V2T~

9EVEE

geors

8916 —

PLYY —

¥506°P
Lcey -\
8091'G
68z —=
PSS ——
LiZYS %
£e9Y's
V565G
9L19'G
£629°G

LSOL'L
SLZLL

O b

0 [ppm]

zgsoe [

1200°L |

=

pise’l |

§666°0

Lp90'¢
Lee0')

55000
50000

45000
40000
35000

30000

25000

20000

15000
10000
5000

-0

F-5000

FOST 1T~
P19 P~
[

699€°LE—

9018 —

TLLE 65—
€851'197
LLLEDY
0925'89—

SOStvE
L8ZY'VEL
9698521
S689'LZL

TEOR'
8L8Z
7298
BLOE'IEL
SSOL1EL

LLb6'pE f\
TsTrRel
6SSE S
£200°8PL—
90¥S 051

|~

CF,
.

140 130 120 110 100 90 50 70 60 50 40 30 20 10
f1 (ppm)

150



4. The optimization of catalytic conditions

The catalytic reaction conditions such as solvents, temperature, species and concentrations of base and used amounts of
catalyst were carefully optimized and shown in Table 1-

Table 1 The influence of various solvents on the catalytic performances ?

o]
_N&I\
O O_é solvent,BnBr

b, ( 10mol%)

50% aq.KOH

/

2/

=X, .

Entry Solvent Yield [%]°

1 CH,ClI, 85 -

2 t-BuOCHj, 99 60.7(R)
3 CH;0OH - -

4 acetone 90 5(R)
5 toluene 98 73.9(R)
6 EAC 98 30.6(R)
7 CH4CN 98 5.0(R)
8 DMF 99 -

9 CHClI, - -

10 DMSO - -

11 ether 99 82.5(R)

#Reaction conditions: by, S=0.1 mmol, S/C=10, -20 °C, 12 h, Solvent: 2 mL, KOH: 50% aq 0.4mL.

® Isolated yield.
¢ Determined by charil HPLC.

Table 2 The influence of reaction temperature on catalytic performances?

Entry Temp.[C] Time Yield [%]° %ee’
1 25 5 99 49.0(R)
2 0 5 99 67.0(R)
3 20 8 99 82.5(R)
4 40 12 97 90.5(R)
5 -60 24 73 71.3(R)

# Reaction conditions: by, $=0.1 mmol, S/C=10, ether: 2 mL, KOH: 50% aq 0.4 mL

® |solated yield.
¢ Determined by charil HPLC.



Table 3 The influence of various base on catalytic performances ?

Entry Base Yield [%]° %ee’
1 LiOH 52 521(R)
2 NaOH 63 59.8(R)
3 KOH 97 90.5(R)
4 CsOH 60 65.0(R)

2 Reaction conditions: by, S=0.1 mmol, S/C=10, -40°C, 12 h, ether: 2 mL, MOH: 50% aq 0.4 mL (LiOH:11%).
® 1solated yield.
¢ Determined by charil HPLC.

Table 4 The influence of concentration of the base on catalytic performances

Entry Wit (%) Base Yield [%]° %ee®
1 10 KOH 13 85.3(R)
2 20 KOH 21 83.8(R)
3 30 KOH 58 88.7(R)
4 40 KOH 62 88.2(R)
5 50 KOH 97 90.5(R)

2 Reaction conditions: b, S=0.1 mmol, S/C=10, -40 °C, 12 h, ether: 2 mL. KOH: 0.4 mL
® Isolated yield.
¢ Determined by charil HPLC.

Table 5 The influence of loading amount on catalytic performances ®

Entry SIC Cat. (mol%) Yield [%]° %ee’
1 20 5 98 87.9(R)
2 10 10 97 90.5(R)
3 7 15 84 87.9(R)
4 5 20 82 87.9(R)
5 4 25 78 85.7(R)

& Reaction conditions: by, S=0.1 mmol, -40 °C, 12 h, ether: 2 mL, KOH: 50% aq. 0.4 mL.
® Isolated yield.
¢ Determined by charil HPLC.

5. The data of catalytic products

‘ 'H NMR (300 MHz, CDCl3, TMS): 8 7.52 (d, 2 H, *J=7.0 Hz, Ph-H), 7.30-7.00 (m, 11 H,
N é Ph-H), 6.54 (d, 2H, 3J=6.4 Hz, Ph-H), 4.06 (dd, 1 H, *J = 4.4 Hz, 4.4 Hz, CH), 3.22-3.07 (m,
o]




2 H, CH,), 1.39 (5, 9 H, CH3). *C NMR (75 MHz, CDCl3, TMS): 5 170.8, 170.2 (C=N, C=0), 139.5, 138.3, 137.5,
136.3, 132.4, 130.0, 129.8, 129.3, 128.6, 128.4, 128.2, 128.1, 128.0, 128.0, 127.9, 127.6, 126.6, 126.1, 81.1 (O-C), 67.9
(CH), 39.5 (CH2), 28.0 (CH3). Rt HPLC (Daicel Chiralpak OD-H, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 10.0

min (R-isomer), 11.9min (S-isomer).
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DAD1 A, 51g=254.4 Re=360,100 (PENGWENWEN2013-8-23-1 -40 ZM2R.5)
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'H NMR (300 MHz, CDCl3, TMS): § 7.54 (d, 2 H, %] = 7.1 Hz, Ph-H), 7.40 (d, 2 H, *J =
7.9 Hz, Ph-H), 7.37-7.21 (m, 6 H, Ph-H), 7.13 (d, 2 H, %) = 7.9 Hz, Ph-H), 6.58 (d, 2 H, %J
= 6.4 Hz, Ph-H), 4.10 (dd, 1 H, )= 4.4 Hz, 4.4 Hz, CH), 3.27-3.14 (m, 2 H, CH,), 1.41 (s,
9 H, CHs). *C NMR (75 MHz, CDCl3, TMS): § 170.7, 170.4 (C=N, C=0), 142.6 (q, *Jc.r
= 1.3 Hz), 139.2, 137.5, 136.0, 132.4, 130.3, 130.1, 130.0, 130.0, 129.7, 128.6, 128.3, 128,2,

128.1, 128.0, 127.4, 126.0, 125.2 (q, 2Jc.r = 3.8 Hz), 124.9 (q, “Jc. = 3.8 Hz, CF3), 81.4 (O-C), 67.4 (CH), 39.2 (CH,),
27.9 (CH3). Rt HPLC (Daicel Chiralpak OD-H, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 9.6 min (S -isomer),

11.1min (R -isomer).
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DADT A, 5ig=254.4 Ref=360,100 (FENGWENWENZ013-11-43  (SBIANIXIL 588 D)
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'H NMR (300 MHz, CDCl3, TMS): § 7.76 (d, 1 H, %J=7.1 Hz, Ph-H), 7.57-7.41 (m, 4 H,

O 7 Ph-H), 7.35-7.15 (m, 7 H, Ph-H), 6.43 (d, 2 H, *J = 6.4 Hz, Ph-H), 4.13 (dd, 1 H, *J=3.5 Hz,
O 014 3.5 Hz, CH), 3.50-3.22 (m, 2 H, CH,), 1.39 (5, 9 H, CH3). **C NMR (75 MHz, CDCl;,
TMS): § 170.7, 170.5 (C=N, C=0), 139.2, 136.8 (q, “Jcr = 1.6 Hz), 136.0, 133.3, 132.4,
F5C

131.1, 130.2, 131.0, 129.6, 128.7, 128.2, 128,1, 127.9, 127.9, 127.3, 126.3, 126.0 (Ph), 125.7
(9, "Jcr= 5.7 Hz, CF3), 81.2 (O-C), 66.5 (CH), 36.0 (CH,), 27.9 (CHs). Rt HPLC (Phenomenex Lux 5u Amylose-2,

95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 10.8 min (R-isomer), 13.5min (S-isomer).
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-isomer), 13.2 min (R -isomer).

' H NMR (300 MHz, CDCl3, TMS): § 7.79—7.11 (m, 15 H, Ar-H), 6.50 (d, 2 H, *J = 6.4 Hz),
4.23 (dd, 1 H, *J = 4.4 Hz, 4.4 Hz, CH), 3.43-3.27 (m, 2 H, CH,), 1.43 (5, 9 H, CH3). Rt
HPLC (Daicel Chiralpak OD-H, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 12.0 min (S
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Y H NMR (300 MHz, CDCly, TMS): 8 7.64 (d, 2 H, 3J = 6.9 Hz, Ph-H), 7.47-7.43 (m, 3 H,
‘ 0 Ph-H), 7.41-7.35 (m, 3 H, Ph-H), 7.20-7.17 (m, 2 H, Ph-H), 5.80-5.66 (m, 1 H, -CH=),
O o%\ 5.11-5.01 (m, 2 H, =CH,), 4.02 (dd, 1 H, *J = 5.6 Hz, 5.6 Hz, CH), 2.68-2.62 (m, 2 H, CH,),
| 1.45 (s, 9 H, CH3). Rt HPLC (Phenomenex Lux 5u Amylose-2, 95:5, hexane/dioxane, 254

nm, 0.5 ml/min), 11.6 min (R-isomer), 13.4 min (S-isomer).
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Y H NMR (300 MHz, CDCls, TMS): & 7.64 (d, 2 H, *J = 6.8 Hz, Ph-H), 7.47-7.30 (m, 6 H,
N 14 Ph-H), 7.20-7.17 (m, 2 H, Ph-H), 4.75 (d, 2 H, *J = 6.6 Hz, =CH,), 4.09 (dd, 1 H, *J =5.4
o]
Hz, 5.3 Hz, CH), 2.68-2.54 (m, 2 H, CH,), 1.52 (s, 3 H, CH3), 1.46 (s, 9 H, CH3). Rt HPLC

(Phenomenex Lux 5u Amylose-2, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 10.7 min

(R-isomer), 12.6 min (S-isomer).
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'H NMR (300 MHz, CDCls, TMS): & 7.53 (d, 2 H, *J = 6.9 Hz, Ph-H), 7.35-7.21 (m, 6 H,
‘ o0 Ph-H), 7.00—-6.80 (m, 4 H, Ph-H), 6.62 (d, 2 H, °J = 6.5 Hz), 4.04 (dd, 1 H, *J = 4.6 Hz, 4.7
O © é Hz, CH), 3.19-3.05 (m, 2 H, CH,), 1.40 (s, 9 H, CH3). **C NMR (75 MHz, CDCl;, TMS): &
] 170.6, 170.4 (C=N, C=0), 163.1, 160.0, 139.3, 134.0, 132.4, 131.2 (d, 2Jc.c = 7.8 Hz, F),

131.1, 130.9, 130.2, 130.0, 128.6, 128.3, 128.2, 128.1, 128,0, 127.5 (Ph), 114.7, (d, "Jcr =
20.9 Hz, F), 81.2 (O-C), 67.7 (CH), 38.7 (CHy), 28.0 (CH3). Rt HPLC (Phenomenex Lux 5u Amylose-2, 95:5,

hexane/dioxane, 254 nm, 0.5 ml/min), 10.3 min (R-isomer), 12.5 min (S-isomer).
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YH NMR (300 MHz, CDCls, TMS): & 7.52 (d, 2 H, 3J = 7.0 Hz, Ph-H), 7.40-7.21 (m, 10 H,
‘ .- Ph-H), 6.57 (d, 2 H, %J = 6.6 Hz, Ph-H), 4.09 (dd, 1 H, *J = 5.6 Hz, 5.6 Hz, CH), 3.23-3.21
a Oj/\ (m, 2 H, CH,), 1.41 (s, 9 H, CH3). *C NMR (75 MHz, CDCl3, TMS):  170.8, 170.3 (C=N,
O C=0), 139.3, 139.2, 136.1, 133.4, 133.4, 132.4, 130.5, 130.2, 130.1, 130.0, 128.6, 128.4,
L 128.3,128.2, 128,1, 127.9, 127.4, 126.4 (q, “Jc.r = 3.7 Hz, CF3), 125.9 (Ph), 123.0 (q, “Jc.r =

3.8 Hz, CF3), 81.4 (O-C), 67.3 (CH), 39.2 (CH,), 27.9 (CH3). Rt HPLC (Daicel Chiralpak
OD-H, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 9.4 min (R -isomer), 10.9 min (S -isomer).
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'H NMR (300 MHz, CDCls, TMS): & 7.60 (d, 2 H, %] = 7.2 Hz, Ph-H), 7.35-7.23 (m, 6 H,

Ph-H), 7.09-7.04 (m, 4 H, Ph-H), 6.52 (d, 2 H, 3 = 4.1 Hz, Ph-H), 4.15 (dd, 1 H, *J = 3.9
Hz, 3.9 Hz, CH), 3.33-3.15 (m, 2 H, CH,), 2.06 (s, 3 H, Ph-CHs), 1.39 (s, 9 H, CH3). *C
NMR (75 MHz, CDCls, TMS): & 171.0, 170.1 (C=N, C=0), 139.3, 136.9, 136.3, 136.2,
132.4,131.0, 130.0, 130.0, 129.9, 128.7, 128.2, 128.1, 127.9, 127.8, 127.6, 126.3, 125.9,

" 1255 (C-Ph), 81.0 (0-C), 66.4 (CH), 36.7 (CHs), 28.0 (CHs), 19.2 (Ph-CHs). Rt HPLC

(Phenomenex Lux 5u Amylose-2, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 10.1 min

(R-isomer), 12.3 min (S-isomer).
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YH NMR (300 MHz, CDCls, TMS): § 7.81 (d, 1 H,3J = 7.2 Hz, Ph-H), 7.62-7.46 (m, 4 H,
‘ o Ph-H), 7.38-7.26 (m, 7 H, Ph-H), 6.59 (d, 2 H, % = 6.5 Hz, Ph-H), 4.09 (dd, 1 H, *J = 4.5 Hz,
- °—<~x 4.3 Hz, CH), 3.23-3.08 (m, 2 H, CH,), 2.22 (s, 3 H, Ph-CHj), 1.45 (s, 9 H, CH3). ®C NMR
O (75 MHz, CDCl3, TMS): § 170.8, 170.2 (C=N, C=0), 139.5, 138.1, 137.4, 136.3, 132.4, 132.3,

130.6, 130.0, 130.0, 128.6, 128.2, 128.2, 128.1, 127.9, 127.8, 127.7, 126.8, 126.7 (C-Ph), 81.0

(O-C), 67.8 (CH), 39.4 (CH,), 28.0 (CH3), 21.1 (Ph-CHs). Rt HPLC (Phenomenex Lux 5u

Amylose-2, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 10.0 min (R-isomer), 12.3 min (S-isomer).
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YH NMR (300 MHz, CDCls, TMS): § 7.81 (d, 1 H,3J = 7.2 Hz, Ph-H), 7.58 (d, 2H, % = 7.1
‘ Hz, Ph-H), 7.39-7.25 (m, 6 H, Ph-H), 6.96 (q, 4 H, *J = 7.9 Hz, Ph-H), 6.62 (d, 2 H, %1 = 6.6
Hz, Ph-H), 4.09 (dd, 1 H, ®J=4.4 Hz, 4.4 Hz, CH), 3.23-3.07 (m, 2 H, CH,), 2.28 (s, 3 H,
Ph-CH3), 1.44 (s, 9 H, CH3). ©*C NMR (75 MHz, CDCl3, TMS): § 170.9, 170.1 (C=N, C=0),

139.5, 137.5, 136.3, 135.5, 135.1, 132.4, 130.0, 129.6, 128.7, 128.2, 128.1, 128.0, 127.9,
127.6 (C-Ph), 81.0 (O-C), 68.0 (CH), 39.1 (CH5), 28.0 (CH3), 21.0 (Ph-CH3). Rt HPLC (Phenomenex Lux 5u

Amylose-2, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 10.7 min (R-isomer), 13.1 min (S-isomer).
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H NMR (300 MHz, CDClz, TMS): § 7.56 (d, 2 H, ®J = 7.1 Hz, Ph-H), 7.37-7.25 (m, 6 H,
O N Ph-H), 7.16-7.11 (m, 2 H, Ph-H), 6.98—6.87 (m, 2 H, Ph-H), 6.66 (d, 2 H, J = 6.6 Hz, Ph-H),
O ° é 4.19 (dd, 1 H, J=4.4 Hz, 4.4 Hz, CH), 3.36-3.12 (M, 2 H, CH,), 1.44 (s, 9 H, CH3). *C
NMR (75 MHz, CDCls, TMS): § 170.6, 170.5 (C=N, C=0), 162.9, 159.7, 139.4, 136.1,
132.3,130.1, 130.0, 128.7, 128.2, 128.2, 128.0, 128.0, 127.9, 127.9, 127.6 (C-Ph), 125.2 (d,
3Jcr=15.5Hz, F), 123.5 (d, 2Jcr = 3.5 Hz, F), 114.9 (d, YJc.r = 21.9 Hz, F), 81.2 (O-C), 66.0 (CH), 32.6 (CH,), 27.9
(CH3). Rt HPLC (Phenomenex Lux 5u Amylose-2, 95:5, hexane/dioxane, 254 nm, 0.5 ml/min), 11.0 min (R-isomer),

13.7 min (S-isomer).
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'H NMR (300 MHz, CDCls, TMS): § 7.49 (d, 2 H, %J = 6.7 Hz, Ph-H), 7.26-7.19 (m, 7 H,

3C NMR (75 MHz, CDCls, TMS): § 170.5, 170.4 (C=N, C=0), 164.2, 160.9, 140.8 (d, *Jc.r

QN ? Ph-H), 7.08 (g, 1 H, *J = 6.6 Hz, Ph-H), 6.79-6.62 (m, 4 H, Ph-H), 6.66 (d, 2 H, *J = 6.6 Hz,
@ OT/\ Ph-H), 4.04 (dd, 1 H, *J = 3.8 Hz, 3.8 Hz, CH), 3.17-3.04 (m, 2 H, CH,), 1.37 (s, 9 H, CH3).
F

=7.4Hz F), 139.3, 136.2, 132.3, 130.1, 130.0, 128.6, 128.3, 128.2, 128.1, 127.9, 127.5,

125.5, 125.4 (C-Ph), 116.4 (d, *Jc.¢ = 20.9 Hz, F), 112.9 (d, “Jc.r = 20.9 Hz, F), 81.2 (O-C),
67.4 (CH), 39.2 (CH,), 27.9 (CH3). Rt HPLC (Phenomenex Lux 5u Amylose-2, 95:5, hexane/dioxane, 254 nm, 0.5

ml/min), 9.8 min (R-isomer), 12.1 min (S-isomer).
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0.5 ml/min), 10.3 min (R-isomer), 12.3 min (S-isomer).
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'H NMR (300 MHz, CDClz, TMS): § 7.57 (d, 2 H, %J=7.0 Hz, Ph-H), 7.40-7.25 (m, 6 H,
H), 4.10 (dd, 1 H, %) = 4.7 Hz, 4.7 Hz, CH), 3.21-3.07 (m, 2 H,
CH,), 1.44 (s, 9 H, CHs). ¥ C NMR (75 MHz, CDCls, TMS): § 170.7, 170.3 (C=N, C=0),

el 1481 (d, ®Jce=125Hz, F), 147.3 (d, 3Jc.e = 12.5 Hz, F), 139.2, 136.1, 135.3 (dd, "Jc.c= 5.7
Hz, F, “Jc.r = 3.9 Hz, F), 132.3, 130.3, 130.0, 128.6, 128.4, 128.2, 128.1, 127.9, 127.5, 125.6
(dd, “Jc.r= 6.0 Hz, F, 2Jc.e= 3.6 Hz, F), 118.4 (d, “Jc.= 16.8 Hz, F), 116.6 (d, “Jo.r = 16.8 Hz, F), 114.4 (C-Ph), 81.4
(0-C), 67.3 (CH), 38.7 (CH,), 27.9 (CHs). Rt HPLC (Phenomenex Lux 5u Amylose-2, 95:5, hexane/dioxane, 254 nm,
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