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1. General Information.

'H and **C NMR spectra were recorded on a Varian instrunfdéf® MHz and 100 MHz,
respectively) and internally referenced to tetrdiyisilane signal or residual protio solvent
signals. Data fotH NMR are recorded as follows: chemical shit ppm), multiplicity (s,
singlet; d, doublet; t, triplet; g, quartet; m, tiplet), integration, coupling constant (Hz). Data
for 3C NMR are reported in terms of chemical shiftgpm). Infrared spectra were recorded on
a Perkin Elmer FT-IR Spectrometer and are reparntdequency of absorption. Low resolution
and high resolution mass spectra were recordedloer @ Micromass 70-VSE-B instrument (El,
Cl) or a Micromass Q-TOF instrument (ESI). Specifotations were measured on a Jasco
Digital Polarimeter.

High performance liquid chromatography (HPLC) asaly were performed on a Hewlett-
Packard 1100 Series instrument equipped with aequaaty pump, using Daicel Chiralpak AD,
Daicel Chiralcel OJ-H or AS-H Columns (250 x 4.6 jnnUV absorption was monitored at 254
nm.

2. Materials:

A. Catalysts (S-Figure 1): Catalysts triethylamine (TEA), DH@-and DHQ7a were purchased
from Sigma-Aldrich Inc. and used as received. DBIQQ-6* and DHQ7b® were synthesized
according to our previous reports. 59)-DHQ-7c® and DHQ7d® were prepared from known
procedures.

OMe NHAr
S

DHQ-3 Q-5, Ar = 3,5-bisCF;Ph
1
AHN  OMe PR DHQ-7a, R =Me, X, Y =H
>=s DHQ-7b, R'=TIPS, X, Y =H
HN DHQ-7¢,R'=Tf, X, Y=H

N N DHQ-7d, R'=Me, X =H, Y = NO,

\ | ~ DHQ-7e, R'=Me, X =Br, Y = H

H _N DHQ-7f, R"=Me, X=Cl,Y=H

X DHQ-7g, R'=Me, X =Me, Y =H
Q-6, Ar = 3,5-bisCF3Ph DHQ-7

S-Figure 1. Structures of cinchona alkaloids catalysts

Preparation of catalyst DHQ-7e
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OMe OMe

CHCl,

+ POBry, ——»
0°tort

DHQ-7e
At 0 °C, to the solution 081! (342 mg, 1.0 mmol) in CHGI(3.0 mL) was added dropwise the
solution of POBg (4.0 mmol, 1.15 g) in CHEI(1.0 mL) under M The orange solution was
allowed to warm up to room temperature and stioegernight. CHG (10 mL) was added and
the mixture was poured into ice-water (12.0 mLheil it was adjusted to pH=10 with NBH
(sat.). The organic layer was separated and thecas layer was extracted with &H, (20
mLx3). The organic layers were combined, driedrdvaSQO, and concentrated. The yellow
residue was applied to silica (@El,/MeOH/EgN = 50/1/1 to 10/1/0.2 ) to afford DHQe as a
white solid (210 mg, 52% yield). The catalyst vdaied in a vacuum drier at € for 6h prior
to use. m. p. 187-18%; [a]p*®= -51.0 (c = 0.30, CHG); *H NMR (400 MHz, CDCJ) § 7.93 (d,J
= 9.2 Hz, 1H), 7.66 (s, 1H), 7.33 (d#i= 9.2, 2.5 Hz, 1H), 7.17 (s, 1H), 5.50 (s, 1HBSB(Ss, 3H),
3.51 —3.28 (m, 1H), 3.14 — 2.86 (m, 2H), 2.66)&,10.0 Hz, 1H), 2.39 (d] = 13.4 Hz, 1H), 1.95 —
1.60 (m, 4H), 1.56 — 1.35 (m, 3H), 1.35 — 1.14 @H), 0.82 (t,J = 7.3 Hz, 3H)}*C NMR (100
MHz, CDCk) 6 158.2, 150.9, 144.7, 139.5, 130.9, 125.7, 1222,3, 102.0, 71.9, 59.9, 58.8, 56.0,
43.6, 37.6, 28.3, 27.9, 25.5, 21.3, 12.3; IR (CH€12929, 2866, 1620, 1578, 1556, 1504, 1454,
1288, 1233, 1093, 897, 748 ¢mHRMS (ESI/[M+H]) Calcd. for GoHa6BrN,O, requires m/z
405.1178, found m/z 405.1172.

Preparation of catalyst DHQ-7f

OMe OMe

CHCl,

+ POCI3
0 °C to reflux

DHQ-7f

At 0 °C, to the solution 081! (1.37 g, 4.0 mmol) in CHGI(18.0 mL) was added dropwise the
solution of PO (16.0 mmol, 1.5 mL) underN The orange solution was stirred &f@for 30
min before it was moved to a 7Q oil bath. After being refluxed for 2h, the réantmixture
was poured into ice-water (30 mL). Then it wasuatjd to pH=10 with NkOH (sat.). The
mixture was extracted with GBI, (50 mLx4). The organic layers were combined, \@dshith
brine (40 mL), dried over N8QO, and concentrated. The yellow residue was appbesilica
(CH,CI/MeOH = 20/1 + 1% NKOH ) to afford DHQ7f as a white solid (1.27 g, 88% yield).
The catalyst was dried in a vacuum drier af@@or 6 h prior to use. m. p. 196-188; [a]p>=
-78.6 (c = 0.22, CHG); *H NMR (400 MHz, CDCJ) § 5 7.89 (d,J = 9.2 Hz, 1H), 7.54 (s, 1H), 7.33
(dd,J=9.2, 2.5 Hz, 1H), 7.16 (d,= 2.4 Hz, 1H), 5.55 (s, 1H), 3.88 (s, 3H), 3.48, (bH), 3.08 (dd,
J=13.3, 9.8 Hz, 2H), 2.67 ({,= 9.9 Hz, 1H), 2.39 (d] = 13.5 Hz, 1H), 2.00 (bs, 1H), 1.84 — 1.62
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(m, 3H), 1.59 — 1.32 (m, 3H), 1.32 — 1.09 (m, 26181 (t,J = 7.3 Hz, 3H)!*C NMR (100 MHz,
CDCls) § 157.9, 151.8, 148.4, 143.8, 130.5, 125.4, 12210,7, 102.0, 71.8, 59.8, 58.7, 55.8, 43.4,
37.5, 28.2, 27.8, 25.4, 21.2, 12.2; IR (CHGI 2930, 2888, 1620, 1590, 1503, 1296, 1235, 1099,
1031, 911, 831, 753 ¢cln HRMS (ESI/[M+HT) Calcd. for GoH2eN-O.Cl requires m/z 361.1683,
found m/z 361.1685.

Preparation of catalyst DHQ-7g

OMe

PhMe

+ MeMgBr —— >
rtto 70 °C

DHQ-7g

A modified procedure from a reported 2'-Methylqdine synthesiswas used here. At ambient
temperature, to a dry 25 mL flask charged with M&vI§3.12 M in ether, 4.0 mL) was added
dropwise the solution d&-1 (342 mg, 1.0 mmol) in PhMe (7.0 mL) over 15 minheTresulting
dark red solution was moved to a @ oil bath. After 2.5 h, the reaction was quenchgdhe
addition of ice-water (10.0 mL). HCI (conc., 1) was added to make the solution acidic as
indicated by pH paper. The aqueous layer was whasghith EtO (10 mLx2), basified with
NaOH (sat.), and extracted with CHQRO mLx4). The organic extracts were combined,
washed with brine, dried over p&0O, and concentrated. The residue was applied tcasgel
column (CHCI,/MeOH =20/1 + 1% NHEOH) to afford DHQ7g as a light yellow solid (182 mg,
54% yield). The catalyst was vacuumed for 6h pigonse. m. p. 113-11%; [a]p*= -77.0 (c =
0.27, CHCY); *H NMR (400 MHz, CDCJ) § 7.90 (d,J = 9.2 Hz, 1H), 7.39 (s, 1H), 7.29 (db= 9.2,

2.8 Hz, 1H), 7.15 (d) = 2.6 Hz, 1H), 5.51 (d] = 3.8 Hz, 1H), 3.88 (s, 3H), 3.46 (bs, 1H), 3.15 —
3.00 (m, 2H), 2.72 — 2.59 (m, 4H), 2.44 — 2.33 (i), 1.83 — 1.64 (m, 3H), 1.54 — 1.35 (m, 3H),
1.31 — 1.15 (m, 3H), 0.81 (#,= 7.3 Hz, 3H)X*C NMR (100 MHz, CDGJ) & 157.2, 156.1, 147.8,
144.0, 130.8, 124.8, 121.3, 119.4, 101.4, 72.09,5988.7, 55.8, 43.5, 37.6, 28.3, 27.8, 25.6, 25.2,
21.5, 12.2; IR (CHG) v 2930, 2867, 1621, 1602, 1505, 1455, 1379, 13432,12121, 1034, 831,
752 cm'; HRMS (ESI/[M+HT) Calcd. for G;H29N,0, requires m/z 341.2229, found m/z 341.2236.

B. Trifluoromethyl ketones (S-Figure 2)

Trifluoromethyl ketoness-2a to S-2k and S-2n were purchased from VWR international Inc.
and used directlyS-2l andS-2m were synthesized via a literature reported proedu
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S-2h S-2i S-2j S-2k S-21 S-2m S-2n
S-Figure 2. Structures of trifluoromethyl ketones
C. Benzylamines (S-Figure 3)

BenzylaminesS-3a, S-3b and hydrochloride salts of benzylamirt@8c to S-3e were purchased
from VWR International Inc., benzylamin&s3c to S-3e were obtainedia neutralization of the
corresponding benzylamine hydrochloride salts WthOH (sat.) followed by extraction with
CH.Cl,.

NO, NH,
S-3a S-3b S-3c s-3d S-3e

S-Figure 3. Structures of benzylamines
D. N-benzyl trifluoromethyl imines

General procedure for the preparatiomNdbenzyl iminesl

Method A
X
X
(0]
+ HOAC + )J\ ﬁ.
R” “CF,4 reflux
\
NH,
R)\CF3
X =H, CF;, CO,Me, NO, 1




Method B

o)
+ TiCl, + Et;N + Et,O
RJ\CF3 -

N
NH, I
R)\CFg
X = H, CF5, CO,Me, NO, 1

Method A: To the mixture of benzyl amine (1.0 eq.) and iacatid (1.0 eq.) in CHGI(1.0
mL/mmol) was added the solution of trifluorometltkgtone (1.0 eq.) in CHE(0.2 mL/mmol)

in one portion. The resulting mixture was refluxedil all the ketone was consumed (indicated
by TLC or by the disappearance of the insolubled$olAfter cooling down to room temperature,
CHCl, (4.0 mL/mmol) was added and the mixture was washél NaHCQ (sat., 2.0
mL/mmol). The aqueous layer was extracted with@lk(4.0 mL/mmolx2). The organic phase
was combined, washed with brine, dried oves®@ and concentrated. The yellow residue was
applied to silica gel columatography (Hexanes/Chl = 20/1 to Hexanes/Gi&l, = 1/1) to
afford the benzyl imine.

Method B: At -40 °C to the solution of trifluoroketone (1.0 eq.) ithg ether (0.6 mL/mmol)
was added the solution of 4-N®enzylamine (1.0 eq.) and triethylamine (2.0 eggthyl ether
(0.4 mL/mmol). After 5 mins, the reaction mixtunas raised to 6C and TiC} (0.5 eq.) in
hexanes (4.0 mL/mmol Tig)lwas added dropwise. After the addition, the geasuspension
was allowed to warm up to room temperature. Tlaetien was monitored b{H NMR. After
the consumption of benzyl amine, ethyl ether (2l0mmol ketone) was then added. The solid
was filtered and washed with ether (2.0 mL/mmoloke). The filtrate was combined and
concentrated to afford a yellow liquid which wapkgd to silica (Hexanes/Gigl, = 20/1 to
Hexanes/ChCl, = 1/1) to afford the desired benzyl imine.

BenzylaminedAa and1Ba were synthesized according to a literature proedu

Ar 4-Carboxylate benzyl imine 1Ca. This compound was synthesizeth
kN method A and was isolated by flash chromatograptgxénes/EA = 50/1 to
| Hexanes/EA = 5/1) as a yellow liquid in 73% yiel@the compound could be
©)\CF3 stored for months under -83C. *H NMR (400 MHz, CDC}) = 8.01 (d,J =

ArS 4.COMePh 8.2 Hz, 2H), 7.54 — 7.45 (m, 3H), 7.34 {d&s 8.1 Hz, 2H), 7.31 - 7.26 (m, 2H),
1Ca 4.64 (s, 2H), 3.89 (s, 3H}*C NMR (100 MHz, CDG)) & = 166.9, 159.6 (glc.
r = 33.9 Hz), 143.3, 130.4, 130.0, 129.9, 129.1,0.2927.5, 127.4, 119.7 (q,
Jo.r = 278.8 Hz), 56.4, 52.2°F NMR (376 MHz, CDGCJ) & = -71.3; IR(CHC}) v 2953, 1719,
1669, 1613, 1577, 1436, 1332, 1277, 1190, 11289,1943, 838, 754 cth) HRMS (ESI/[M+HT])
Calcd. for G/H1sNO,F3 m/z 322.1055, found m/z 322.1061.
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Ar 4-NO; benzyl imine 1Da. This compound was synthesizéd method A as a
N white solid in 41% vyield after flash chromatograpgkexanes/CHCl, = 20/1 to
I Hexanes/CkCl, = 1/1). The compound could be stored for montigeu -50°C.
@CFs 'H NMR (400 MHz, CDC}) 6 = 8.21 (d,J = 8.5 Hz, 2H), 7.59 — 7.49 (m, 3H),
7.47 (d,J = 8.4 Hz, 2H), 7.32 — 7.27 (m, 2H), 4.69 (s, 2H% NMR (100 MHz,
Ar=ANOPh CDCl) 5= 160.4 (dJcr = 34.2 Hz), 147.3, 145.6, 130.8, 129.9, 129.3,328
127.5, 123.9, 119.7 (dc.r = 278.7 Hz), 56.0'°F NMR (376 MHz, CDCJ) & = -
71.4; IR(CHCh) v 1670, 1604, 1518, 1340, 1190, 1126, 1017, 943, 881 cm'; HRMS
(ESI/[M+H]") Calcd. for GsH12N20,Fz m/z 309.0851, found m/z 309.0847.

Ar 2-NO; benzyl imine 1Ea. This compound was synthesizaéd method A as a

kN yellow solid in 40% yield after flash chromatogrgghlexanes/CECl, = 20/1 to

I Hexanes/ChCl, = 1/1). The compound could be stored for montigeu -50°C.
©ACF~% '"H NMR (400 MHz, CDC}J) & = 8.06 (d,J = 8.2 Hz, 1H), 7.74 — 7.61 (m, 2H),

7.54 — 7.41 (m, 4H), 7.38 — 7.28 (m, 2H), 4.922d); *C NMR (100 MHz,

Ar= fégozph CDCly) & = 160.4 (qJ c.r = 34.2 Hz), 148.1, 134.21, 134.0, 130.8, 130.8,1,3

129.3, 128.4, 127.6, 125.2, 119.81@.r = 278.8 Hz), 54.13°F NMR (376 MHz,

CDCl) & = -71.2; IR(CHCY) v 1670, 1613, 1526, 1445, 1340, 1196, 1131, 1014, 868, 731
cm’; HRMS (ESI/[M+H]) Calcd. for GsH1oN-O.F; m/z 309.0851, found m/z

309.0842.

N 4-NO; benzyl imine 1Db. This compound was synthesiagd method A as a
I white solid in 35% vyield after flash chromatogragfexanes/CkCl, = 20/1
/©)\CF3 to Hexanes/CKCl, = 1/1). The compound could be stored for montineu -
50°C. *H NMR (400 MHz, CDCY) 6 = 8.19 (d,J = 8.7 Hz, 2H), 7.47 (d] =
Ar=aNOPh g 7 Hz, 2H), 7.32 (d) = 7.9 Hz, 2H), 7.18 (d] = 7.9 Hz, 2H), 4.71 (s, 2H),
2.43 (s, 3H)*C NMR (100 MHz, CDG)) & = 160.5 (qJc.r = 34.0 Hz), 147.2,
145.8, 141.1, 129.9, 129.6, 128.3, 127.5, 126.8,0,.2123.9, 119.7 (glcr = 278.8 Hz), 56.0,
21.6;"°F NMR (376 MHz, CDQ) 6 = -71.3. IR(CHCJ) v 1667, 1605, 1520, 1341, 1193, 1130,
1036, 843, 736 cih HRMS (ESI/[M+HJ) Calcd. for GgH14N,0.Fs m/z 323.1007, found m/z
323.0999.

Ar 4-NO; benzyl imine 1Dc. This compound was synthesizgd method A as a
white solid in 50% yield after flash chromatogragiexanes/CHCI, = 20/1
| to Hexanes/CKCl, = 1/1). The compound could be stored for montideu -
\©)\CF3 50°C. *H NMR (400 MHz, CDCJ) & = 8.21 (dJ = 8.7 Hz, 2H), 7.47 (d] =

A ANOPh 8.7 Hz, 2H), 7.40 (t) = 7.5 Hz, 1H), 7.34 (d] = 7.4 Hz, 1H), 7.06 (m, 2H),
1Dc 4.68 (s, 2H), 2.42 (s, 3H}*C NMR (100 MHz, CDQ) & = 160.6 (qJc.r =

34.1 Hz), 147.2, 145.8, 139.2, 131.5, 129.9, 12128 3, 127.9, 124.6, 123.9,

119.7 (d,J c.r = 278.7 Hz), 56.0, 21.6%F NMR (376 MHz, CDGJ) § = -71.4. IR(CHC)) v 1670,
1604, 1520, 1342, 1242, 1194, 1131, 1039, 968, B5&¢ni'; HRMS (ESI/[M+H]) Calcd. for
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CigH14N2OsF3 m/z 323.1007, found m/z 323.1008.

Ar 4-NO; benzyl imine 1Dd. This compound was synthesizéd method A
kN as a white solid in 49% yield after flash chromaapipy (Hexanes/CyLl,
I = 20/1 to Hexanes/Gi&l, = 1/1). The compound could be stored for

/@AC% months under -56C. *H NMR (400 MHz, CDC}) § = 8.20 (d,J = 8.4 Hz,
MeO 2H), 7.47 (dJ = 8.2 Hz, 2H), 7.25 - 7.21 (m, 2H), 7.01 Jd; 8.1 Hz, 2H),

Ar:‘i'g'fzph 4.73 (s, 2H), 3.87 (s, 3H}°C NMR (100 MHz, CDGJ) & = 161.4, 160.2 (q,
Jcr= 33.9 Hz), 147.3, 146.1, 129.4, 128.4, 124.0,.82119.9 (qJcF =
278.7 Hz), 114.7, 56.0, 55.8'F NMR (376 MHz, CDGJ) 5 = -71.2. IR(CHCJ) v 1664, 1604,

1558, 1463, 1340, 1294, 1255, 1176, 1126, 1024, 835, 737crit; HRMS (ESI/[M+HT)
Calcd. for GeH14N>OsF; m/z 339.0957, found m/z 339.0950.

Ar 4-NO; benzyl imine 1De. This compound was synthesiagd method A as a
k white solid in 28% vyield after flash chromatogragkexanes/ChCl, = 20/1
| to Hexanes/CkCl, = 2/1). The compound could be stored for montideu -
/@AC% 50°C. 'H NMR (400 MHz, CDC}) & = 8.22 (d,J = 8.7 Hz, 2H), 7.47 (d] =
= 8.8 Hz, 2H), 7.33 — 7.27 (m, 2H), 7.25 — 7.18 (id),24.69 (s, 2H)>*C NMR
Af:i—g‘fzph (100 MHz, CDC}) 6 = 164.0 (dJcr = 252.2 Hz), 159.4 (4l c-r = 34.3 H2z),
147.4, 145.5, 130.0 (d,cr = 8.5 Hz), 128.3, 125.9, 125.9, 124.0, 119.6](q,
c.F = 278.5 Hz), 116.7 (dlc.r = 22.0 Hz), 56.1°F NMR (376 MHz, CDGJ) 6 = -71.4, -108.8;

IR(CHCly) v 3081, 1660, 1601, 1517, 1343, 1226, 1195, 113071838, 771 city HRMS
(ESI/[M+H]") Calcd. for GsH11N202F, m/z 327.0757, found m/z 327.0751.

Ar 4-NO; benzyl imine 1Df. This compound was synthesizéd method A as

N a white solid after in 62% yield (based on recodeketone) after flash

| chromatography (Hexanes/@El, = 20/1 to Hexanes/CG&l, = 1/1). The
/(D)\CF3 compound could be stored for months under °G0 *H NMR (400 MHz,
Cl CDCl) 6 =8.22 (dJ = 8.7 Hz, 2H), 7.51 (d] = 8.4 Hz, 2H), 7.47 (d] = 8.8
Hz, 2H), 7.23 (d) = 8.4 Hz, 2H), 4.68 (s, 2H)}*C NMR (100 MHz, CDCJ)
6 =159.1 (qJc.r = 34.5 Hz), 147.2, 145.3, 137.1, 129.6, 129.0,2,2828.1,
123.9, 119.5 (dJ = 278.8 Hz), 56.0'°F NMR (376 MHz, CDGJ) & = -71.3. IR(CHCJ) v 1918,
1671, 1603, 1519, 1491, 1341, 1192, 1130, 109241087, 830, 767, 737 ¢ HRMS

(ESI/[M+H]") Calcd. for GsH11N>O,FsCl m/z 343.0461, found m/z 343.0464.

Ar = 4-NO,Ph
1Df

Ar 4-NO; benzyl imine 1Dg. This compound was synthesized method A as
LN a white solid in 37% yield after flash chromatodrgdHexanes/CkCl, =
| 20/1 to Hexanes/Ci{€l, = 1/2). The compound could be stored for months
/@2\% under -50°C. 'H NMR (400 MHz, CDC}) & 8.19 (d,J = 8.6 Hz, 2H), 7.65
Br (d,J=8.3 Hz, 2H), 7.44 (dl = 8.4 Hz, 2H), 7.14 (d] = 8.3 Hz, 2H), 4.65 (s,

Ar=4NOPh  2H).*C NMR (100 MHz, CDCJ) 3 = 159.4 (qJcr = 34.8 Hz), 147.4, 145.3,
J 132.7,129.3, 128.7, 128.3, 125.6, 124.1, 119.3 {g¢,= 278.6 Hz), 56.2"F
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NMR (376 MHz, CDC}) 6 = -71.4. IR(CHCJ) v 1671, 1603, 1518, 1487, 1341, 1191, 1130,
1072, 1011, 937, 825, 736 ¢mHRMS (EI/[M]") Calcd. for GsH10BrFsN,O, m/z 385.9878,
found m/z 385.9808.

Ar 4-NO; benzyl imine 1Dh. This compound was synthesizad method A
kN as a white solid after in 63% vyield after flash arnaetography
I (Hexanes/ChCl, = 20/1 to Hexanes/Gi&l, = 1/1). The compound could
/@ CFs  pe stored for months under -80. *H NMR (400 MHz, CDCJ) 6 = 8.20 (d,
F3C J=28.6 Hz, 2H), 7.79 (d] = 8.3 Hz, 2H), 7.46 (d] = 8.4 Hz, 2H), 7.41 (d]
Ar = fb'\:]OzPh = 8.1 Hz, 2H), 4.64 (s, 2H)**C NMR (100 MHz, CDGJ) & = 159.0 (qJc.r
= 34.8 Hz), 147.4, 145.2, 133.6, 132.9 Jg+ = 33.0 Hz), 128.4, 128.3,
126.5 (q,Jc.F = 3.7 Hz), 125.0 (qcr = 266.7 Hz), 124.0, 119.5 (de.r = 278.6 Hz), 56.2°F
NMR (376 MHz, CDC}) & = -63.6, -71.4. IR(CHG) v 1672, 1605, 1520, 1323, 1195, 1124,

1066, 1016, 942, 842, 736, 695 tMrHRMS (ESI/[M+H]) Calcd. for GeH1iN.O.Fs m/z
377.0725, found m/z 377.0726.

Ar 4-NO; benzyl imine 1Di. This compound was synthesizéé@ method B as a
N yellow liquid which was solidified as a yellow swlat -50°C in 33% yield after
J\ flash chromatography (Hexanes/&H, = 20/1 to Hexanes/Ci€l, = 1/1). The

Me™ "CFs  compound could be stored for months under’@0*H NMR (400 MHz, CDC}))
Ar= ‘l"gozph § = 8.23 (d,J = 8.7 Hz, 2H), 7.57 (d] = 8.7 Hz, 2H), 4.72 (s, 2H), 2.15 (s, 3H);
*C NMR (100 MHz, CDGJ) & = 158.3 (qJc.r = 33.7 Hz), 147.2, 145.8, 128.3,
123.9, 119.7 (@) c.e = 278.1 Hz), 54.3, 13.8%F NMR (376 MHz, CDGJ) § = -75.1; IR(CHCJ)
v 1688, 1606, 1518, 1339, 1195, 1118, 1050, 842, Gi&6; HRMS (EI[M]") Calcd. for
C1oH9O-NoF3 m/z 246.0616, found m/z 246.0613.

Ar 4-NO; benzyl imine 1Dj. This compound was synthesizeth a modified
N procedure from method A. To the mixture of 4-Ni@enzyl amine (5.0 mmol)
| and acetic acid (5.0 mmol) in benzene (5.0 mL) wmdded the solution of
CFs  trifluoromethyl ketone (5.0 mmol) in benzene (1.0)rin one portion. Then 500
Ar =Ai'DNj02Ph mg 4A MS was added. The mixture was refluxed for 24fter cooling down
to rt, CH.Cl, (20.0 mL) was added and the mixture was washed WaHCQ
(sat., 10.0 mL). The aqueous layer was extracidd @H,Cl, (20 mLx2). The organic solvents
were combined, washed with brine, dried over®@ and concentrated. The yellow residue
was applied to silica gel columatography (HexanEs(, = 20/1 to Hexanes/GiEl, = 1/1) to
afford 4-NO, benzyl imine 1Dj as a yellow liquid which was solidified as a yellsolid at -50
°C in 23% vyield after flash chromatography (Hexa@esCl, = 20/1 to Hexanes/CGigl, = 1/1).
The compound could be stored for months unde60'H NMR (400 MHz, CDCY) 6 = 8.23
(d,J = 8.8 Hz, 2H), 7.55 (d] = 8.4 Hz, 2H), 4.80 (s, 2H), 2.57 (@~ 7.7 Hz, 2H), 1.22 (§J =
7.7 Hz, 3H);*C NMR (100 MHz, CDGJ) & = 162.8 (q.J cr = 32.2 Hz), 147.2, 145.9, 128.2,
123.8, 120.0 (gJ c.r = 279.3 Hz), 53.5, 21.0, 10.4%F NMR (376 MHz, CDGJ) & = -73.4;
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IR(CHCL) v 2967, 2847, 1707, 1604, 1521, 1344, 1197, 11262,1936, 850, 816 cm HRMS
(EI/[M] ™) Calcd. for GiH110:N,Fz m/z 260.0773, found m/z 260.0769.

Ar 4-NO; benzyl imine 1Dk. This compound was synthesizaéd method B as a
kN yellow liquid in 41% vyield after flash chromatoghgp (Hexanes/CkCl, =
\/\)\ 20/1 to Hexanes/Ci€l, = 1/1). The compound could be stored for months
. =4-Noprﬁ under -50°C. *H NMR (400 MHz, CDC}) 6 = 8.23 (d,J = 8.7 Hz, 2H), 7.55
1Dk (d, J = 8.8 Hz, 2H), 4.79 (s, 2H), 2.60 — 2.44 (m, 2HB8 — 1.50 (m, 2H),
1.50 — 1.32 (m, 2H), 0.97 @,= 7.3 Hz, 3H);"*C NMR (100 MHz, CDGJ) & =
162.0 (qJc.Fr=32.3 Hz), 147.1, 146.0, 128.2, 123.7, 119.9 ¢y = 279.5 Hz), 53.6, 28.0, 27.6,
23.0, 13.6°F NMR (376 MHz, CDCJ) 6 = -73.2; IR(CHC}) v 2964, 2875, 1683, 1605, 1520,
1342, 1188, 1127, 1076, 980, 841, 737 cHRMS (ESI/[M+H]) Calcd. for GsH1gN20,F3 m/z
289.1164, found m/z 289.1155.

Ar 4-NO; benzyl imine 1DI. This compound was synthesizéd method B as a
kN yellow solid in 18% vyield after flash chromatogrgpitiexanes/ChCl, = 5/1
O\)\ to Hexanes/ChkCl, = 1/1). The compound could be stored for montideu -
A 4_N02CF3)';3 50°C. *H NMR (400 MHz, CDCY) & = 8.23 (d,J = 8.7 Hz, 2H), 7.55 (d] =
1Dl 8.7 Hz, 2H), 4.79 (s, 2H), 2.44 (@= 7.3 Hz, 2H), 1.84 — 1.61 (m, 5H), 1.35 -
0.73 (m, 6H);"*C NMR (100 MHz, CDGJ) & = 161.5 (q,J c.r = 32.1 Hz),
147.2, 146.3, 128.3, 123.8, 119.9 {5+ = 279.9 Hz), 54.4, 36.2, 35.6, 33.6, 26.3, 26°F;
NMR (376 MHz, CDCY) 6 = -72.0; IR(CHCY) v 2926, 2853, 1682, 1604, 1520, 1450, 1340,
1186, 1130, 1090, 839, 737 ¢rHRMS (ESI/[M+H]) Calcd. for GeHagN2O-F; m/z 329.1477,
found m/z 329.1487.

Ar 4-NO, benzyl imine 1Dm. This compound was synthesize a modified
L procedure from method A. To the mixture of 4-N&@nzyl amine (3.0 mmol)
I and acetic acid (3.0 mmol) in benzene (3.0 mL) wdded the solution of
O)\CE& trifluoromethyl ketone (3.0 mmol) in benzene (1.@)mn one portion. The
mixture was refluxed with Dean-Stark apparatus2i#in. After cooling down to
Ar= ig\ln?zPh rt, CH,Cl, (20.0 mL) was added and the mixture was washeu MatHCQ (sat.,
10.0 mL). The aqueous layer was extracted with,@H(20 mLx2). The
organic solvents were combined, washed with brined over NaSO, and concentrated. The
yellow residue was applied to silica gel columaapiny (Hexanes/CiCl, = 20/1 to
Hexanes/ChLCl, = 1/1) to afford4-NO, benzyl imine 1Dm as a mixture of E/Z imine
stereoisomers (2/1 ratio) in 32% vyield as a yellealid after flash chromatography
(Hexanes/ChCl, = 20/1 to Hexanes/Ci€l, = 1/1) (About 6% enamine was also present, but it
won't affect the isomerization.). The compoundlddue stored for months under -80. 'H
NMR (400 MHz, CDCY}) 6 = Major isomer: 8.22 (d] = 8.3 Hz, 2H), 7.56 (d] = 8.3 Hz, 2H),
4.83 (s, 2H), 2.81 (1] = 12.1 Hz, 1H), 2.00 — 1.58 (m, 6H), 1.45 — 1.68 4H); Minor isomer:
4.90 (s, 2H), 2.60 (1] = 9.7 Hz, 1H);*C NMR (100 MHz, CDGJ) 3 = Major isomer: 164.2 (g}
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c.r = 30.4 Hz), 147.3, 146.4, 128.3, 123. 9, 120.31(g,280.9 Hz), 53.3, 40.2, 30.6, 28.5, 26.3,
25.7. Minor isomer: 162.4 (d,c.r = 25.7 Hz), 128.2, 123.8, 54.6, 54.5, 43.2, 30612, 26.0.
F NMR (376 MHz, CDCJ) & = Minor: -65.6, Major: -69.2; IR(CH@) v 2937, 2860, 1675,
1520, 1468, 1342, 1192, 1120, 1017, 843, 738%ctHRMS (ESI/[M+H]) Calcd. for
Ci5H1sN>O0oF5 m/z 315.1320, found m/z 315.1318.

Ar 4-NO; benzyl imine 1Dn. This compound was synthesizagad method B as a
kN yellow solid in 39% yield after flash chromatogrgpitlexanes/ChkCl, = 20/1
©\)\ to Hexanes/CkCl, = 3/2). The compound could be stored for montideu -
CFs 50°C. 'H NMR (400 MHz, CDCY) 6 = 8.19 (d,J = 8.6 Hz, 2H), 7.45 (d] =
Ar=tT0FN 8.6 Hz, 2H), 7.39 — 7.28 (m, 3H), 7.17 {d5 7.3 Hz, 2H), 4.73 (s, 2H), 3.94 (s,
2H); °C NMR (100 MHz, CDGJ) & = 159.2 (qJ c.r = 32.9 Hz), 147.0, 145.5,
133.2, 129.2, 128.2, 127.3, 123.6, 119.7)(d = 279.1 Hz), 54.4, 33.7F NMR (376 MHz,
CDCl) & = -73.2; IR(CHCY) v 3032, 2936, 1683, 1603, 1518, 1455, 1341, 11926,11088,
997, 840, 735 cii HRMS (EI/[M]") Calcd. for GeH130.NoFs m/z 322.0929, found m/z

322.0923.
3. Isomerization of trifluoromethyl imines
Synthesis of racemic trifluoromethylated amines:

Ar Ar A( Ar
N N 10 mol% DABCO SN gN
| > R or
R
X CF4 \C)\CFa PhMe, 1.0 M, rt X CF, R\CH; CF,

Ar = 4-NO,Ph = 2
1D 2D

To the solution of trifluoromethyl imingD (0.05 mmol) in PhMe (0.05 mL) was added DABCO
(0.005 mmol), the mixture was stirred at room terapge for 2h (for aryl trifluoromethyl
imines) or 12h (for alkyl trifluoromethyl imineshtil all the imine was isomerized. The reaction
was stopped by passing the reaction mixture thraugtug of silica gel to remove DABCO.
The silica gel plug was then washed with diethyheet(1.0-2.0 mL). The solvent was
evaporatedn vacuo to afford the pure racemic trifluoromethylated aef2D in over 90% vyield.

General procedure for the asymmetric isomerizatfanfluomethyl imines:




OMe

U U
N 10 mol% DHQ-7f ~N

EN \ PhMe, 0.1 M A

DHQ-7f

To the solution of trifluoromethyl imingD (0.20 mmol) in toluene (2.0 mL) was added MS

(20 mg). The suspension was stirred at room tertyoeréor 10 min before being moved into the
specified temperature in the Table. After the om&twas fully chilled, the solution of DHQ-
(0.02 mmol) in CHCI, (0.02 mL) was added in one portion. Then the onextwas allowed to
stir for the designated time in Table 3 & 4. Thaaten was stopped by passing the reaction
mixture through a plug of silica gel to remove tagalyst. The silica gel plug was then washed
with diethyl ether (2.0-4.0 mL). The filtrate wesncentratedn vacuo to give a residue, which

is purified by column chromatography on MeOHNEtdeactivated silica (eluent: Hexanes/
CHCl, = 20/1 to 1/1) to yield the corresponding triflaorethylated amine2D.

Ar Trifluoromethylated amine 2Da. The product was obtained as a white solid in
k 75% vyield after flash chromatography (Hexanes/ClHi = 20/1 to

Hexanes/CHCl, = 1/1) and 90% e¥ as determined by HPLC analysis [Daicel
©)\CF3 Chiralpak AD, Hexanes/IPA=80/20, 1.0 ml/mih,254 nm, t(major) = 8.66 min,

t(minor) = 12.39 min] from a reaction catalyzed DMQ-7f (10 mol%) at -38C for
48h. p]p*= +205.3 (c = 0.53, CHGE 'H NMR (400 MHz, CDC}) & = 8.45 (s,
1H), 8.27 (dJ = 8.0 Hz, 2H), 7.99 (d] = 8.3 Hz, 2H), 7.52 (d] = 4.6 Hz, 2H),
7.46 — 7.29 (m, 3H), 4.84 (4,= 7.5 Hz, 1H);**C NMR (100 MHz, CDGJ) & = 163.9, 149.8,
140.8, 134.5, 129.7, 129.5, 129.0, 124.7)(g+ = 280.9 Hz), 124.1, 75.3 (d,c.r = 28.8 Hz);
% NMR (376 MHz, CDGJ) 5 = -74.1 (d,J = 7.1 Hz); IR(CHCJ) v 2879, 1650, 1603, 1523,
1455, 1386, 1345, 1258, 1167, 1124, 1051, 871, &8 HRMS (ESI/[M+H]) Calcd. for
Ci5H12N20.F3 m/z 309.0851, found m/z 309.0860.

Ar =4-NO,Ph
2Da

Trifluoromethylated amine 2Db. The product was obtained as a light yellow
liquid in 76% yield after flash chromatography (ldees/CHCl, = 20/1 to
Hexanes/ChCl, = 1/1) and 90% ee as determined by HPLC analysis [Daicel
CF3  Chiralcel 0J-H, Hexanes/IPA=70/30, 1.0 ml/niir254 nm, t(major) = 21.64 min,
t(minor) = 17.55 min] from a reaction catalyzed DMQ-7f (10 mol%) at -30C
Ar=2N0PN for 72h. Blp2= +143.2 (c = 0.32, CHE) *H NMR (400 MHz, CDCY) & =
8.46 (s, 1H), 8.30 (d] = 8.4 Hz, 2H), 8.01 (d] = 8.3 Hz, 2H), 7.42 (A1 = 7.9
Hz, 2H), 7.23 (dJ = 8.0 Hz, 2H), 4.84 (q] = 7.4 Hz, 1H), 2.37 (s, 3H}*C NMR (100 MHz,
CDCl3) 6 = 163.5, 149.7, 140.7, 139.4, 131.4, 129.6, 12R4,6 (q,J cr = 280.6 Hz), 124.0,
74.9 (q,d c.r = 28.8 Hz), 21.4**F NMR (376 MHz, CDGJ) § = -74.3 (dJ = 7.1 Hz); IR(CHCJ)
v 1649, 1602, 1523, 1345, 1257, 1164, 1125, 1058, 836 cn1; HRMS (ESI/[M+H]) Calcd.

Va1
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for Ci6H14N20O5F3 m/z 323.1007, found m/z 323.0999.

Ar Trifluoromethylated amine 2Dc. This product was obtained as a light yellow
KN liquid in 70% vyield after flash chromatography ¢(frxddexanes/CkCl, = 20/1
to Hexanes/CkCl, = 1/1) and 90% ee as determined by HPLC analysis
\©)\CF3 [Daicel Chiralpak OJ-H, Hexanes/IPA=80/20, 1.0 nil¥m 254nm, t(major) =
Ar = 4NOPh 28.39 min, t(minor) = 18.96 min] from a reactiortatgzed by DHQ?#f (10
2DC mol%) at -36C for 72h. f]p?*= +160.3 (c = 0.30, CHEE *H NMR (400
MHz, CDCLk) & 8.46 (s, 1H), 8.30 (d, = 8.5 Hz, 2H), 8.01 (d] = 8.5 Hz, 2H),
7.38 — 7.28 (m, 3H), 7.24 — 7.17 (m, 1H), 4.83)g, 7.4 Hz, 1H), 2.39 (s, 3H}*C NMR (100
MHz, CDCI3)s = 163.6, 149.6, 140.6, 138.7, 134.2, 130.1, 1226.4, 128.7, 125.9, 124.5 (q,
Jcr=280.8 Hz), 124.0, 75.2 (d.c.F = 28.8 Hz), 21.5!%F NMR (376 MHz, CDQJ) § = -74.1
(d,J=6.9 Hz); IR (CHGJ)) v 2872, 2360, 1649, 1603, 1524, 1346, 1260, 11635,11057, 857,

713 cm; HRMS (ESI/[M+H]) Calcd. for GeH14FsN20, requires m/z 323.1007, found m/z
323.1001.

Ar Trifluoromethylated amine 2Dd. The product was obtained as a light
k yellow liquid in 71% vyield after flash chromatoghgp(Hexanes/CkCl, =
20/1 to Hexanes/Ci€l, = 1/1)and 90% ee as determined by HPLC analysis
/©)\CF3 [Daicel Chiralpak AD, Hexanes/IPA=80/20, 1.0 ml/min254 nm, t(major) =
MeO 12.43 min, t(minor) = 14.53 min] from a reactiontatgzed by DHQ?f (10
Ar=4-NOPh  mol%) at -16C for 24h. fi]p?°= +173.1 (c = 0.15, CHEl; ‘H NMR (400
2bd MHz, CDCk) 6 = 8.43 (s, 1H), 8.27 (d,= 8.7 Hz, 2H), 7.98 (d] = 8.8 Hz,
2H), 7.43 (d,J = 8.6 Hz, 2H), 6.91 (d] = 8.8 Hz, 2H), 4.80 (q] = 7.4 Hz, 1H), 3.79 (s, 3H}’C
NMR (100 MHz, CDC}) 6 = 163.5, 160.4, 149.8, 140.8, 130.1, 129.7, 12624,7 (QJ cr =
280.7 Hz), 124.1, 114.4, 74.7 (ber = 29.0 Hz), 55.5'°F NMR (376 MHz, CDG) & = -74.5 (d,

J= 6.9 Hz): IR(CHCJ) v 2843, 1650, 1603, 1515, 1346, 1250, 1165, 1125810032, 813, 749
cm’™; HRMS (ESI/[M+HT) Caled. for GgH14FsN2Os m/z 339.0957, found m/z 339.0957.

Ar Trifluoromethylated amine 2De. The product was obtained as a white solid

KN in 79% vyield after flash chromatography (Hexanes{ClHl = 20/1 to

Hexanes/ChKCl, = 1/1) and 91% ee as determined by HPLC analysis [Daicel
/©)\CF3 Chiralcel OJ-H, Hexanes/IPA=70/30, 1.0 ml/min254 nm, t(major) = 20.97
F

min, t(minor) = 13.18 min] from a reaction catalgizey DHQ-/f (10 mol%) at -
30°C for 48h. fi]p>°= +188.6 (c = 0.44, CHG); 'H NMR (400 MHz, CDC})

5 = 8.48 (s, 1H), 8.31 (d,= 8.8 Hz, 2H), 8.02 (d] = 8.8 Hz, 2H), 7.54 (dd]

= 8.6, 5.4 Hz, 2H), 7.11 (] = 8.7 Hz, 2H), 4.85 (qJ = 7.3 Hz, 1H);**C NMR (100 MHz,
CDCl) & = 164.0, 163.4 (dJ c.r = 248.4 Hz), 149.9, 140.6, 130.7 Her = 8.3 Hz), 130.2,
129.8, 124.2, 124.4 (dc.r = 280.9 Hz), 116.0 (dlcr = 21.7 Hz), 74.6 (o) c¢ = 29.1 Hz);"F
NMR (376 MHz, CDC}) 6 =-74.52 (dJ = 7.0 Hz), -112.5; IR(CHG) 1650, 1604, 1525, 1511,
1346, 1258, 1168, 1126, 1058, 876, 856, 749%crARMS (ESI/[M+H]) Calcd. for

Ar =4-NO,Ph
2De
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Ci5H11N2OoF4 m/z 327.0757, found m/z 327.0752.

Ar Trifluoromethylated amine 2Df. This product was obtained as a white
QN solid in 69% vyield after flash chromatography (frorhlexanes/
CH.Cl,/diethyl ether = 20/1/0.01 to Hexanes/{CHp/diethyl ether =
/@AC% 1/1/0.01) and 88% ee as determined by HPLC andlysieel chiralcel OJ-
(o] H, Hexanes/IPA=80/20, 1.0 ml/mik,254nm, t(major) = 18.22 min, t(minor)
Ar :‘2“[)'\:02'3“ = 14.92 min] from a reaction catalyzed by DHQ(10 mol%) at -58C for
72h. p]p®= +199.4 (c = 0.46, CHEL *H NMR (400 MHz, CDCJ) & 8.48
(s, 1H), 8.31 (dJ = 8.8 Hz, 2H), 8.06 — 7.95 (m, 2H), 7.50 {d; 8.4 Hz, 2H), 7.40 (d] = 8.5
Hz, 2H), 4.84 (gJ = 7.3 Hz, 1H)*C NMR (100 MHz, CDCI3)% 164.2, 149.9, 140.5, 135.5,
132.8, 130.3, 129.8, 129.2, 124.31@,r = 281.0 Hz), 124.2, 74.6 (d.c.r = 29.1 Hz);*F NMR
(376 MHz, CDC}) 6 -74.4 (d,J = 6.8 Hz); IR (CHJJ) v 2876, 1650, 1602, 1523, 1492, 1345,

1257, 1167, 1126, 1091, 1016, 873, 808'cHRMS (ESI/[M+H]) Calcd. for GsH11N,O,FsCl
requires m/z 343.0461, found m/z 343.0456.

Ar Trifluoromethylated amine 2Dg. The product was obtained as a white

KN solid in 79% vyield after flash chromatography (Hess/CHCI, = 20/1 to

Hexanes/ChKCl, = 1/1)and 86% ee as determined by HPLC analysis [Daicel
CFs  Chiralcel 0J-H, Hexanes/IPA=80/20, 1.0 ml/min254 nm, t(major) = 17.10

min, t(minor) = 15.12 min] from a reaction catalgaey DHQ-/f (10 mol%) at -

A’:‘;'DNOZP*‘ 30°C for 48h. fi]p= +163.5 (c = 0.46, CHG) 'H NMR (400 MHz, CDC))

: o = 8.45 (s, 1H), 8.28 (dl = 8.8 Hz, 1H), 8.06 — 7.92 (m, 2H), 7.60 — 7.49
(m, 2H), 7.41 (dJ) = 8.4 Hz, 2H), 4.80 (g) = 7.2 Hz, 1H);*C NMR (100 MHz, CDGJ) 5 =
164.2, 149.8, 140.4, 133.2, 132.1, 130.4, 129.2,11@,Jd c.r = 281.2 Hz), 124.0, 123.6, 74.6 (q,
Jcr=29.1 Hz)F NMR (376 MHz, CDGJ) § = -74.4 (dJ = 7.4 Hz); IR(CHG) v 2878, 1650,
1603, 1522, 1344, 1256, 1167, 1126, 1057, 1012, 888, 749crit; HRMS (ESI/[M+H])
Calcd. for GsH11N2O2F3Br m/z 386.9956, found m/z 386.9956.

Br

Ar Trifluoromethylated amine 2Dh. The product was obtained as a white
KN solid in 81% vyield after flash chromatography (Hess/CHCI, = 20/1 to
Hexanes/ChLCl, = 1/1)and 80% ee as determined by HPLC analysis [Daicel
/@J\CFI% Chiralpak AD, Hexanes/IPA = 90/10, 1.0 ml/min254 nm, t(major) = 11.44
F5C min, t(minor) = 12.97 min] from a reaction catalgizey DHQ-7f (10 mol%) at
Ar=;—DNhOzPh -50°C for 72h. f]p?®= +150.1 (c = 0.46, CHGL 'H NMR (400 MHz,
CDCl3) 6 = 8.48 (s, 1H), 8.29 (d, = 8.7 Hz, 2H), 8.01 (d] = 8.7 Hz, 2H),
7.76 — 7.58 (m, 4H), 4.90 (4,= 7.2 Hz, 1H);**C NMR (100 MHz, CDGJ) & = 164.5, 149.9,
140.3, 138.1131.6 (qJc-r= 32.8 Hz), 129.8, 129.3, 125.8 (dd,-= 7.4, 3.7 Hz), 124.1, 123.9
(9, Jc.p = 268.1 Hz), 74.8 (q] c.r = 29.2 Hz);**F NMR (376 MHz, CDG) § = -63.3, -74.1 (d)
= 6.9 Hz); IR(CHCY) v 2875, 1651, 1604, 1525, 1347, 1325, 1257, 11626,11069, 1020, 857,
814 cm; HRMS (ESI/[M+H]) Calcd. for GeH11N»O,Fg m/z 377.0725, found m/z 377.0729.
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Ar Trifluoromethylated amine 2Di. The product was obtained as a yellow solid in
SN 61% vyield after flash chromatography (HexanestCKH = 20/1 to
)\ Hexanes/ChKCl, = 2/1) and 90% ee as determined by HPLC analysis [Daicel
Me”  CF3  Chiralcel OJ-H, Hexanes/IPA=97/3, 1.0 ml/min254 nm, t(major) = 15.82 min,
Ar= gg\ilozph t(minor) = 15.00 min] from a reaction catalyzed DMQ-7f (10 mol%) at 10C for
48h. p]p®= +73.7 (c = 0.19, CHG), 'H NMR (400 MHz, CDC}) & = 8.40 (s,
1H), 8.30 — 8.23 (m, 2H), 7.97 — 7.87 (m, 2H), 3(89,J = 13.7, 6.8 Hz, 1H), 1.45 (d,= 6.7
Hz, 3H);*C NMR (100 MHz, CDGJ) 5 = 162.3, 149.6, 140.7, 129.5, 125.4Jd.- = 281.4 Hz),
124.3, 66.7 (qJ c.r = 28.9 Hz), 15.8 (d)c.r = 2.0 Hz);"*F NMR (376 MHz, CDGJ) § = -76.7 (d,
J = 7.6 Hz); IR(CHCJ) v 2886, 1651, 1603, 1524, 1453, 1346, 1270, 11726,11124, 1084,
1020, 855, 750 cih HRMS (ESI/[M+H]) Calcd. for GoH1oN2O2Fs m/z 247.0694, found m/z
247.0691.

Ar Trifluoromethylated amine 2Dj. The product was obtained as a yellow liquid in
N 66% vyield after flash chromatography (HexanestChH = 20/1 to
\)\ Hexanes/ChCl, = 3/2) and 93% ee as determined by HPLC analysis [Daicel
CF3  Chiralcel AS-H, Hexanes/IPA=90/10, 1.0 ml/min254 nm, t(major) = 8.16 min,
Ar= ;"D'\_'O2Ph t(minor) = 17.00 min] from a reaction catalyzed DKHQ-7f (10 mol%) at 10C for
J 48h. p]p?®= +131.2 (c = 0.43, CHE); *H NMR (400 MHz, CDGJ) & = 8.37 (s,
1H), 8.30 (dJ = 8.7 Hz, 2H), 7.98 (d] = 8.7 Hz, 2H), 3.67 — 3.49 (m, 1H), 2.10 — 1.79 2H),
0.90 (t,J = 7.5 Hz, 3H);*C NMR (100 MHz, CDG)) 6 = 163.0, 149.7, 140.6, 129.6, 125.4q,
c.F = 280.2 Hz), 124.1, 73.6 (dcr = 27.6 Hz), 22.3, 10.2°F NMR (376 MHz, CDCJ) 6 = -
75.0 (d,J = 7.8 Hz); IR(CHGY) v 2978, 2880, 1651, 1603, 1526, 1348, 1273, 1172411046,
856, 823 crit; HRMS (ESI/[M+H]) Calcd. for GiH:1-N,OF3 m/z 261.0851, found m/z
261.0856.

Ar Trifluoromethylated amine 2Dk. The product was obtained as a yellow solid

kN in 69% vyield after flash chromatography (HexanestCK = 20/1 to
\/\/|\ Hexanes/ChCl, = 2/1) and 92% ee as determined by HPLC analysis [Daicel

CF3  Chiralcel OJ-H, Hexanes/IPA=95/5, 1.0 ml/min254 nm, t(major) = 7.24 min,

t(minor) = 6.82 min] from a reaction catalyzed bM@Q-7f (10 mol%) at 1GC for
48h. p]p*®= +155.8 (c = 0.31, CHEE *H NMR (400 MHz, CDC}) & = 8.34
(s, 1H), 8.31 - 8.22 (m, 2H), 8.01 — 7.87 (m, 2HB9 — 3.56 (m, 1H), 1.99 — 1.75 (m, 2H), 1.41
— 1.06 (m, 4H), 0.87 (1] = 7.3 Hz, 3H):"*C NMR (100 MHz, CDG)) 3 = 162.9, 149.6, 140.6,
129.6, 125.3 (dJc.r= 280.3 Hz), 124.0, 72.2 (d,cr = 27.5 Hz), 28.5, 27.7, 22.3, 141F
NMR (376 MHz, CDC}) 6 = -75.1 (d,J = 6.8 Hz); IR(CHC]) v 2935, 2871, 1651, 1603, 1524
1346, 1268, 1167, 1129, 1105, 855, 749'ctHRMS (ESI/[M+H]) Calcd. for GaHigN2OsFs
m/z 289.1164, found m/z 289.1167.

Ar = 4-NO,Ph
2Dk

Ar Trifluoromethylated amine 2DI. The product was obtained as a yellow
O\i\l\ liquid in 60% yield after flash chromatography (ldees/CHCl, = 20/1 to
CF;

Ar = 4-NO,Ph $-15
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Hexanes/ChLCl, = 2/1) and 94% ee as determined by HPLC analysis [Daitetalcel OJ-H,
Hexanes/IPA=90/10, 1.0 ml/mifi, 254 nm, t(major) = 5.37 min, t(minor) = 15.52 miinpm a
reaction catalyzed by DH@E (10 mol%) at 10C for 48h. fi]p>*= +156.9 (c = 0.36, CHE) 'H
NMR (400 MHz, CDC}) 6 = 8.37 (s, 1H), 8.31 (dl = 8.8 Hz, 2H), 7.98 (d) = 8.8 Hz, 2H),
3.90 - 3.74 (m, 1H), 1.87 (ddd~= 14.2, 10.3, 4.0 Hz, 1H), 1.79 — 1.60 (m, 6H261- 1.09 (m,
4H), 1.09 — 0.80 (m, 2HY’C NMR (100 MHz, CDGJ) 3 = 163.0, 149.7, 140.7, 129.6, 125.5 (q,
Jc.r = 286.1 Hz), 124.1, 69.4 (d,cr = 27.4 Hz), 36.2, 34.2, 33.1, 31.9, 26.5, 26.2028F
NMR (376 MHz, CDCJ) 6 = -75.1 (dJ = 7.7 Hz); IR(CH.) v 2926, 2852, 1650, 1603, 1525,
1450, 1346, 1268, 1164, 1129, 1069, 855, 750%:ctHRMS (ESI/[M+H]) Calcd. for
Ci6H20N20:F; m/z 329.1477, found m/z 329.1475.

Ar Trifluoromethylated amine 2Dm. The product was obtained as a yellow solid
in 58% vyield after flash chromatography (HexanestCk = 20/1 to
Hexanes/CKCl, = 3/2) and 91% ee as determined by HPLC analysis [Daicel

CF3  Chiralcel AS-H, Hexanes/IPA=90/10, 1.0 ml/min254 nm, t(major) = 5.79 min,

t(minor) = 25.58 min] from a reaction catalyzed DMQ-7f (10 mol%) at 16C for

Ar=ANOPN  4gh mo?= +147.5 (c = 0.26, CHEE 'H NMR (400 MHz, CDCY) § = 8.34 —

8.27 (m, 3H), 8.01 — 7.94 (m, 2H), 3.53 — 3.38 1), 2.10 — 1.94 (m, 1H), 1.89

— 1.58 (m, 5H), 1.40 — 1.17 (m, 2H), 1.17 — 1.0Q &H); **C NMR (100 MHz, CDGJ) & =

162.8, 149.6, 140.6, 129.6, 125.4 J@,r= 281.7 Hz), 124.0, 77.0 (4c-r = 26.1 Hz), 38.3, 30.3,

28.5, 26.2, 26.0°°F NMR (376 MHz, CDGJ) 5 = -70.6 (dJ = 8.1 Hz); IR(CHCJ) v 2933, 2858,

1651, 1603, 1526, 1347, 1269, 1162, 1122, 851, &fd3 HRMS (ESI/[M+H]) Calcd. for

Ci5H18N20-F3 m/z 315.1320, found m/z 315.1311.

=N

Ar Trifluoromethylated amine 2Dn. The product was obtained as a yellow
KN liquid in 65% yield after flash chromatography (ldees/CHCl, = 20/1 to
©\/|\ Hexanes/ChKCl, = 2/1) and 87% ee as determined by HPLC analysis [Daicel

CFs  Chiralcel OJ-H, Hexanes/IPA=90/10, 1.0 ml/miir254 nm, t(major) = 11.56 min,
Ar =4-NO,Ph

2Dn t(minor) = 10.80 min] from a reaction catalyzeddiQ-7f (10 mol%) at SC for

48h. p]p*®= +286.7 (c = 0.36, CHEE *H NMR (400 MHz, CDCJ) & = 8.24
(d,J = 8.6 Hz, 2H), 7.79 (d] = 8.7 Hz, 2H), 7.66 (s, 1H), 7.25 — 7.17 (m, 3AHP7 (d,J= 7.5
Hz, 2H), 3.91 — 3.77 (m, 1H), 3.31 (db= 13.5, 2.3 Hz, 1H), 3.05 (dd,= 13.5, 10.8 Hz, 1H);
13C NMR (100 MHz, CDG)) & = 163.2, 149.6, 140.4, 135.8, 130.0, 129.3, 1287,2, 125.1 (q,
Je.r= 280.4 Hz), 124.0, 73.4 (4¢.r = 27.7 Hz), 35.6'°F NMR (376 MHz, CDGJ) & = -75.7 (d,
J=7.0 Hz); IR(CHGJ) v 2887, 1650, 1603, 1524, 1347, 1270, 1166, 112821854, 828, 749
cm™; HRMS (ESI/[M+H]) Calcd. for GeH14N20-Fs m/z 323.1007, found m/z 323.1007.
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4. Hydrolysis of chiral amines 2D

k ®. . O Ar

X NH; Cl

N THF Sy THF ®)N\ngC|

CF 1N HCI CFs3 1N HCI
2Da 8a 2Di 8i
95% vield 92% vield
Ar = 4—N02Ph [(X]D2O =165 Ar= 4—N02Ph [(X]D20 =50
(c=1.3, MeOH) (c=0.72, MeOH)

A modified procedure from a literature regdmas used here:

At 0 °C, to the solution of amin2D (0.14 mmol) in THF (0.7 mL) was added HCI (1N, ).
The mixture was stirred at room temperature urkitree N-benzyl trifluoromethylated amine
was consumed (indicated by TLC analysis). The T#S evaporated under vacuum. Another
0.7 mL HCI (1N) was added. The aqueous layer Waa tvashed with ED (2.0 mLx3) and
concentrated under vacuum to afford the trifluorthipleamine hydrochloride saft as indicated
by 'H NMR.

@NH36C| The product was obtained as a white solid in 958tdyi[a]p*= -16.5 (c = 1.3,
MeOH); *H NMR (400 MHz, CROD) 6 7.56 (s, 5H), 5.35 (g} = 7.2 Hz, 1H).*°F
CF3  NMR (376 MHz,CD;OD) 6 = -75.5. The spectral data was consistent with that
reported in the literatuté The ee value was determined to be 90% by HPLC
R-)-8a analysis of the correspondihgbenzoyl! derivative (the NMR and HPLC spectrums
were attached).

The absolute configuration of (-)-8a was determined to be R by comparing the specific optical
rotation with a literature value. [a]p?® =-16.5 € = 1.3, MeOH) for 90% ee [Ii? [a]p®= +28.6 (C
= 0.65, MeOH) for 94% ee].

@NH3@C| The product was obtained as a white solid in 928ty [a]p?3= -5.0 (c = 0.72,
MeOH); *H NMR (400 MHz, CROD) 5 4.27 — 4.15 (m, 1H), 1.49 (d,= 6.9 Hz, 3H).
Me™ "CF3 1 NMR (376 MHz, CROD) § -78.5 (d,J = 6.5 Hz). The spectral data was consistent
R-(-)-81  with that reported in the literatdfe The ee value was determined to be 90% by HPLC
analysis of the correspondihgbenzoyl derivative (the NMR and HPLC spectrumsensttached).

The absolute configuration of (-)-8i was determined to be R by comparing the specific optical
rotation with a literature value. [a]p?®=-5.0 €= 0.72, MeOH) for 90% ee [Iif: [a]p?°= -2.94 (c =
1.0, MeOH) for 98% ee].
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w14 and BC NMR spectra for the cinchona alkaloids
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'H, B3¢ and *°F NMR spectra for imine 1
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wuyw-VI-39-p-C
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Ar
N
CF3

FsC
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1Dh
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T T T T T T

T T

T

T T

T
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wuyw-VI-32-C1-32
wuyw-VI-32-C1-32

Ar
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Me”~ “CF,
Ar = 4-NO2Ph
1Di
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7.57 2is
=] o
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wuyw-VI-68-p-C o~ @ wn m
wuyw-VI-68-p-C 5 E\ AR N = &
A g¢ ga p! = 2
— - - in ~ -
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T T T T
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wuyw-VI-43-p-2-H
wuyw-VI-43-p-H
Ar
N
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1Dk
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— T —
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11.0 105 100 95 90 85 80 75 65 60 55 50 45 0 35 30 25 20 15 10 05 00 -05 -10
f1 (ppm)
wuyw-VI-43-p-2-C ~N 2 -
w D -1 wn Mmowu ™M
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F19 OBSERVE =1
STANDARD PARAMETERS o
Ar
A
CF3
1
Ar = 4-NO,Ph
1Dl
T T T T T T T T T T T T T T T T T T T T
-45 -50 -55 60 -65 -70 -75 -80 -85 -90 -95 -105 -115 -125 -135 -145 -155 -165
f1 (ppm)

S-42




-20

-10

10

20

30

40

50

60

70

90 80
1 (ppm)
S-43

110 100

120

Lo
-
3
L e
o
L
=] VAV AT
i 186°52
F2 6v1°97
€86+ 9ge9e
I/; % Lwn £25°9C
% 5 TOSR?
266 [ 9¢1'0E-7 -
e - 629°0¢
\ Fecof L8T0b~ -
\ T6E0 [ SPTEr—
“ 560 LTS
La 9ETHS =
L 75565
L w
~”
\ 610 3
u
<
= 0Tr 7
e Lao1| o8
L 5.,?
a3
ra TTer
L=}
N%.mﬂ/
L@ Tl
i Ca1-9ZL
Las EQN%
= 810621
— -
— = Fiver @ SBE'GHT~,
b= SSTLPT B
Edl K
(S re Fore S I
E P o8l edk
el g
ke
o
Lf [ TS
(@] Dm/_ | o @) Dnux_
= O ¢ & 5 Oc
& eh Z— z p1 Z— b
wn e ] W ow T QO
5 <—7 < - e BE = w < -
== I o 3£ < L
£Z — B g —
£3 < = 8 <

200 150 180 170 160 150 140 130

210




wuyw-VI-67-53-F-2

T O
F19 OBSERVE i
STANDARD PARAMETERS 29
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'H and 3C NMR spectra and HPLC spectra for Amine 2

1) J

wuyw-VI-81-subs
wuyw-VI-81-subs

Ar
kN
CF3
Ar = 4-NO,Ph
2Da
B (d) Em)
8.27 7.39
IAas) cm)”wdu F(g)
8.45 | 7.99 || 7.52 4.84
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wuyw-V-143-5-F
F19 OBSERVE
STANDARD PARAMETERS
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\

-74.100
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<

N

CF3

Ar =4-NO,Ph
2Da
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Ay
-7f11
Ha
T T T T T T T T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 =40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -180 -200 -210
1 (ppm)
2\1\DATA\WUYW\WUYW-V=-143-5-RAC=2.D
Vial 21
g pl
25C, 28bar
VWDTA, nm (WUYWIWUYA -2.D)
mAU 3
Ar 500 H
§ \
N
CF4 \
[—
)\ J \
Ar = 4-NO,Ph o —
RaC em | c 2Da 2 i 3 5 o % T 1 B mi
Ing/ull  (not used in
B
49.2992
50.7008
w End of Report rx
Instrument 1 Page 1 of L




Vans

CF3

Ar = 4-NO,Ph
(R)-2Da, 90%ee from

sample

Enalysis Method
La:

nfo

10 mol% DHQ-7f . &
. ¥
catalyzed reaction. N
2 ) 1 i
*** End of Report ***
1n: Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message. Page lofl
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wuyw-IV-145-rac-C 2 2 S o
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Data File C:\CH
sample Name:

ocation : Vial 21
Injection Da

Ar Acq. Method

last

Volume : 8 pl

Analysis

Last changed
N

Sample Info 254nm, left, 25C, 66ba

F VWDTA, im (WOYWWOY D)

200

175

Ar = 4-NO,Ph
Racemic 2Db

— )

100 \
]
1 1
25 ‘ / |
\
8 i S NS .
; % ) B P
(not used in calc
Signal 1: vwDl 2,
Instrument 1 5/1/2012 10: Page 1

Data

wuy

s lent umes 1
Injection Date : 11/23/2011 10:57:23 PM
Ar Different Inj Volu
Acq. Method |
last changed
N Analysis Method :

Last changed
Sample Info 254nm, 25C, left, 65b

CF3

VWD A, Wavelength=254 nm (WUYWIWUYW-V-145-1.0)

Ar = 4-NO,Ph |
(R)-2Db, 90%ee from
10 mol% DHQ-7f ol
catalyzed reaction.

100

200

VWDL 2,

Peak RetTime Type
#  [min]

*** End of Report *x

< Created with novaPDF Printer (www.novaPDF com). Please register to remove this message.
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wuyw-V-111-p-H
wuyw-V-111-p-H
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wuyw-V-111-p-F @ ™~
wuyw-V-111-p-F 5’ Q
Ar )
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CF3
Ar =4-NO,Ph '
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-7H.12
H
s S —
T T T T T T T T T T T T T T T T T T T T T T T T T
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f1 (ppm)

Ar . VWDTA, nm (WOYWIWUY! D) .
L,
CFs (\
| i
Ar = 4-NO,Ph | | \
Racemic 2Dc \ A
;I U | G A
{ng/ul] (not used in calc.)

.26769e4
1.27490e4
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Data File C

sample Name:

WUYH-VI=19-2-S88-1.D

ged

sample Info : OJ-H, Hex/IPA n, 254nm, 54bar, left

WDTA. i (WOYWINOY D)

] H ,»55"\
L b
N \

\

|

250

ey |

/ \
\
Ar = 4-NO,Ph P ‘

g ¢ [
(R)-2Dc, 90%ee from i I\

10 mol% DHQ-7f X I NS A G S

catalyzed reaction. ] ) ) ) ) :

Area Percent

Totals : 2.63291e4  382.38860

of Report

Instrument 1 2/24/2012 9:40:33 AM wuyw

wuyw-VI-29-p-H
wuyw-VI-29-p-H

Ar

SN

CF3

MeO J /

Ar = 4-NO,Ph
2Dd
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A 7 i
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wuyw-VI-29-p-C e R 54 RIS = o
wuyw-VI-29-p-C B g £ EESx =
1] LT AT
Ar
$4
CF3
MeO
Ar = 4-NO,Ph
2Dd
Afq)
74.65
—
]
1 ‘ !
- | I . .
T T T T T T T T T T T T T T T T T T T T T T T T
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f1 (ppm)
wuyw-VI-29-p-F L]
F13 OBSERVE =
STANDARD PARAMETERS Y
A[
SN ‘
1
CF3
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2Dd
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="
_____-_._-—v———-— " M
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Data

o

Injec

Acqg. Method
Last
Znal Method : C:\CHEM32\1\METEODS D:
Last changed 5/1/2012 1:49:44 PM by DAVID
(modified a loading)
sample Info ap, 20, 1.0 mL/min, 254nm, 25C,

VWDTA, m (WOYWWOYW-VI-22-3-20)

3s0-]
a00-]
250-]
200

150

CF;

—12571

14.587

MeO

Ar = 4-NO,Ph
Racemic 2Dd

signal 1: VWDl &, Wavelengt
Peak RetTime Type
#  [min]

End of Report ***

Instrument 1 5/1/2012 1 Page 1 1
Sample Name: wuyw-VI-31
Injection Date : 34:00 PM
Act Method c 2\1\METHODS\METHOD1 .M
last changed : 1 2 7:28:18 PM by wuyw
( d.
Analysis Method : C 2
Last changed 1 2
Sample Info : =780/20, 1.0 mL/min, 254 nm, 28 bar, Left
VWD1A, nm (XZ3JWUYW-VI-31-SEP-1.0)
mAU g N
§ .
1000-] F““
Ar ‘
\
N \
CF5 ‘
|
MeO |
e J
o] ~
Ar = 4-NO,Ph I I I b P -
(R)-2Dd, 90%ee from
10 mol% DHQ-7f
B Signal
catalyzed reaction. 16000
H 1.00000 [ng/ul (not used in calc.)
[min]
***x End of Report **x
< Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message. Page 1l of 1




F

F

wuyw-V-144-H

wuyw-V-144-H
Ar
SN
CF3
Ar = 4-NO,Ph
2De
B (d) D (dd)
8.31 7.54
A@)|c) E()
8.48 | 8.02 711
HH H — —
l |
LS A L T
o T (] (=] (=1
(=20 (=] ir=] o
[= IR — — —
T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -0.5 -1.0
f1 (ppm)
wuyw-V-144-C = = R N
Wuyw-V-144-C 3 2 g 484
| | |
Ar
SN
CF3
Ar = 4-NO,Ph
2De ,
ol(@)
| 1241.39
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— =
]
" m | | |
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S-56



wuyw-V-144-F o =
F19 OBSERVE s o
STANDARD PARAMETERS \/ f
Ar
SN
CF3
F
Ar =4-NO,Ph
2De
]
P 1 B
T T T T T T T T T T T T T T T T T T T T T T T T T
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f1 (ppm)
DT R 5
mAU 3
Ar |
k 0] “ H
N \ F‘
\ /
CFq \ A
\
\} \\ [\
F B ) |
Ar = 4-N02Ph 2% s 75 % s P s P 25
Racemic 2De
Totals :
*+* End of Report **=
Instrument 1 5/1/2012 1:56:38 PN Page 1 of
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Cl

wuyw-VI-31-p-H
wuyw-VI-31-p-H

Ar

S

N

Ar
§

N
CF3
Ar =4-NO,Ph
(R)-2De, 91%ee from

10 mol% DHQ-7f
catalyzed reaction.

CF3

Ar = 4-NO,Ph
2Df

Enalysis Method :
La:

sample Info .Oml/min, 254mm, 25C, le

£t, 65b

ST A Waeee Ty
mAU =
550
|
a0 \
20 ;
(‘
\
||
0] } |
\
|
g | \
50 o
A |\
— /\J \ b
: 5 5 % % i

Area Percent

signal 1

Peak RetTime Type
# 1

*** End of Report ***

1In¢ Created with novaPDF Printer (www.novaPDF .com). Please register to remove this message.
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wuyw-VI-31-p-C L, g PRRELRNS
WU 31-p-C :  § sgdaRERE
| | VOSSN
Ar
SN
|
CF3
Cl
Ar = 4-NO,Ph
2Df
B(q) A(q)
124,29 74,64
—— =

T T T T T T T T T

T
60 50 40 30 20 10 0 -0 -20

T T T T T T T T
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fi (ppm)

T T T T
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wuyw-VI-31-p-F [
F19 OBSERVE G
STANDARD PARAMETERS y/
Ar
SN
CF3
Cl
Ar = 4-NO,Ph
2Df
M W
T T T T T T T T T T T T T T T T T T T T T
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Data

s
Injection Date

Acqg. Method
Last changed
ading)
0DS\METHODL . M
by DAVID

Analysis Method :
Last changed

Sample Info

ter loading)
80:20, 254nm, 1.0 mL/min, 56

VWDTA, nm (WUYWIWUY! D)
N |
CF3 | /’\
| \
Cl 0] \ |
Ar = 4-NO,Ph \
Racemic 2Df |
S R B G AR
ISTDs
*** End of Report *#**
Instrument 1 5/1/2012 Page 1 1

Data File C:\
Sample Name

o

884

58

PM by wuyw
ODS\METHOD1 .M
AVID

b

(modi £
0J-H, Hex/IPA

sample Info :

VWD A, Wavelength=254 im (WUYWIWUYW-VI-31-3D-SEP-1.D]

800
7004
600
C F 3 500
400
300

cl

200

Ar =4-NO3Ph
(R)-2Df, 88%ee from

100

10 mol% DHQ-7f % I % %

catalyzed reaction.

Area Percent R

Dilution
Use Multiplier &

Signal 1: VWDL 3,

Peak RetT.

**% End of Report **=

Instrument

S-60




wuyw-VI-62-p-H
wuyw-VI-62-p-H

Ar
SN

CF3

il

Br
Ar =4-NO,Ph
2Dg

e
NS =N
[=) B~ o R Vo T
O v o o
T T T T T T T T T T T T T T T T T T T
11.0 10.5 100 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5

wuyw-VI-62-p-C
wuyw-VI-62-p-C

—164.15
—149.78
40
33
32
30,
29,
2
2361

Ar I N\ v
SN
CFs N =
Br
Ar = 4-NO,Ph
2Dg
B|(q) Alfq)
12411 74.57

k.

T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 lff)?( 9%) 80 70 60 50 40 30 20 10 0 -10
ppm
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wuyw-VI-62-p-F

F16 OBSERVE i
STANDARD PARAMETERS iy

Ar
SN
CF3
Br

Ar =4-NO,Ph
2Dg

T L — T T LI — T T T T T T T

0 -10 -20 -30 -40 -50 -60 -70 -80 -90  -100

T
-110 -120 -130 -140 -150 -160 -170 -180 -190 -200
m

T

-210

f1 (ppm)

14-RAC-2.D

: Ini
+ 2/8/20

1/2012
(modified a
: OJ-H, H

20, 1.0 mL/min, 254 nm, L

VWDTA, nm (WOVWWUYW-V-114-RAC-2.D)

2
200

L u
|

CF3

Br

Ar = 4-NO,Ph T
Racemic 2Dg

Totals : 1.48318 17

£ Report **%

Instrument 1 5/1/2012 2:10:00 PM

S-62




CF3

Ar =4-NO,Ph
(R)-2Dg, 86% ee from
10 mol% DHQ-7f
catalyzed reaction.

wuyw-VI-41-3-H
wuyw-VI-41-3-H

Ar

S

N

CFs
J

Ar = 4-NO,Ph
2Dh

L

Data File C:\Ch
Sample Name:

wuyw

Sequence File
Method

Ins ent 1
: 3/18/2012 7:23:01 BM

250-|

200

150

100

VWDT A, Wavelength=254 nm (WUYWWUYW-VI-62-2D-SEP-1.0)

Area Percent Ref

Totals 1.08415e4  304.72518
*#*% End of Report *#+
Instrument 1 3/19/2012 9:44:26 AM wuyw

0.924
11401
11584
13.04+

T T T T T

1.001

11.0 105 100 95 9.0 85 80

_,
=
=
To
3
=

S-63




wuyw-VI-41-3-C ~ @D @~ I~ oo o
13C OBSERVE E g 555;555
¥ T 57 =3\
Ar
kN
] I
CF3
F3;C
Ar = 4-NO,Ph
2Dh ,
Cl(q)
128.92

‘Em
G

e
R

=
5O
0=
@
]

T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 12{]( 9? 80 70 60 50 40 30 20 10 0 -10 -20
ppm

wuyw-VI-41-3-F = mn
F19 OBSERVE [ g%
STANDARD PARAMETERS | v/
Ar
AN N
CFj3
F3C '
Ar = 4-NO,Ph
2Dh
Alld)
714
=
—_—
T T T T T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -1021 ( -11)0 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
ppm

S-64



=

CF3

FsC
Ar = 4-NO,Ph
Racemic 2Dh

z

/
z

CF;

FsC

Ar =4-NO2Ph
(R)-2Dh, 80% ee from
10 mol% DHQ-7f
catalyzed reaction.

i

S-65

Data File C:\
sample Name:

Reg

Instrument 1
+ 2/3/2012 1:16:09 BM

c s Location : Vial 21
Injection Da

j Volume : 8 pl
Acqg. Method :
last changed  :

ading)
ODS\METHOD1 .M
by DAVID

ng)

1.0 ml/min, 254 nm, 27bar, Left

Analysis Method :
Last changed

Sample Info

VWDTA, nm (WUYWIWUYW-VI-41-RAC-5.D)
mau i
700 f
[
- \ §
500
400]
/ |/
VAN
J
- - . - : - . . -
: i 3 3 P % o & % =
=
smount (not used in ca
**%x End of Report ***
Instrument 1 5/1/2012 :58 PM DAVID Page 1
e C:\Chem32\ +B
Neme: WO
Focabian
Volume 5 pl
Method s Ce\ M32\1\METHODS \METHO!
Last changed 2/8/2012 1 :03 PM by wuyw
Sample Info AD, Hex/IPA=90/10, 1.0mL/min, 254nm, left, 25C, 25bar
VWO A, Wavelengih=25H o WOVWWUYWAT3SEP 25
mau
1000 ]
a00 |
a0 |
a0 ]
- |y g
200 P
| &
\ A
) /\
. Nyl
; | . - : - g : ,
} : 3 3 T % A % & -
¢
Sample Amount ¥ 5.00000 ng/ul) (not used in calc.)
Use Multiplier & Dilution Factor 1sTDs
Signal 1: VWDl A, Wavelength=254 nm
**x End of Repor:t **x
Page 1 of 1

* Created with novaPDF Printer (www.novaPDF com). Please register to remove this message.




wuyw-VI-38-4-H
wuyw-VI-38-4-H

Ar
SN
Me CF3 /
Ar = 4-NO,Ph J
2Di
—
A(s)|C(m) D (dq) | E|(d)
8.40 | 7.04 3.8 143
=== (=
M L L I JL/LA JL
e, T NN
— O O (=1 wn
o~ S ™
O~ —- — (42}
T T T T T T T T T T T T T T T T T T T T T T T T
110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0
f1 (ppm)
wuyw-VI-38-4-C 3] M Q o o
WLyW-VI-38-4-C o 2 B &% 28
L E & L e e
| | [ et
Ar
SN
Me CF3
Ar = 4-NO,Ph
2Di
c )
12543
==
]
]
A 1 LL, ——— .
T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 1?{1( 9? 80 70 60 50 40 30 20 10 0 -0 -20
ppm

S-66




wuyw-VI-38-4-F
F19 OBSERVE
STANDARD PARAMETERS

Ar
SN
Me”~ "CFjq

Ar = 4-NO,Ph
2Di

-76.65
-76.67

e

0 -10 -20 -30 -40 -50 -60

Ar
P
Me CF;
Ar = 4-NO,Ph
Racemic 2Di

-80

T T

-100  -110
f1 (ppm)

Data [}

T T
-120  -130 -140

sample Name: i

T
-150

-160 -170 -180

+ 254 nm,

T
-200

600

500

400

300

200

100

VWDTA, im (WOYWWOY

(not used in calc.)

Instrument 1

5/1/2012 2:

S-67




Ar

Sy
Me)\CF3

Ar =4-NO,Ph
(R)-2Di, 90% ee from

10 mol% DHQ-7f
catalyzed reaction.

wuyw-V-125-1-P
wuyw-V-125-1-p

Ar
SN

\)\CF3

Ar = 4-NO,Ph
2D;j

Hii
s (@)
A9s

t, 25C, 44bar

VWDTA, m (WOYWIWOY 0]

1000

800

600

4004

200

Instrument 1 5/1/2012 2:20:32 BM

i [0]
490

110 105 100 95 90 85 80 75

.0
f1 (ppm)

S-68

5 45 40 35 30 25 20




wuyw-VI-70-C
wuyw-VI-70-C

Ar
SN
\)\ca;

Ar = 4-NO,Ph
2D;j

163.02
—149.71
—140.63

—129.63
—124.12

B {d)
35

—22.28
10.21

Aq)
73.61

T T T T T T T

T
210 200 180 180 170 160 150 140

-74.986
-75.006

T
130 120

W

T

110

T T
100 90
f1 (ppm)

80

70 60 50 40 30

T

-20

T

0 -10 -50 -60

-70

-80

-90

T T
-100  -110
f1 (ppm)

S-69

-120

T

T

T T T T T
-130 -140 -150 -160 -170 -180 -1%0

-200

-210




Acg. Instrument
Injection Date

Acq. Method
Last changed
ading)
ODS\METHODL .M
M by DAVID

Analysis Method : C:\CHEM32\
last changed  : 5/1/2012

(mod: fter loading)
sample Info : AS-H, 90:10, 1.0 mL/min, 254 nm, 50 bar, 30C,
Left
VWDTA, i (WOYWIWU o
mAU 3
700
600

Ar
k 500+
A

N

16015

CF3 ‘
Ar = 4-NO,Ph \ //
Racemic 2Dj : : : J,\ : : : :

Bl

(not used in calc.)

Signal A,

Peak RetTime Type
#  [min)

802.28192
390.53619 50.1108

1192.81812

Instrument 1 5/1/2012

Operator
Instrument

c st
Injection Date

32\1\METHODS\METHOD .M
2012 6:00:30 PM by wuyw
(modified after loading)

: AS-H, Hex/IPA=90/10, 1.0 mL/min, 254nm, left, 30C, 50ba

Method
Last changed

Sample Info

A[ WA, e WOV o
\ N 800

CF3

Ar =4-NO,Ph
(R)-2Dj, 93% ee from
10 mol% DHQ-7f
catalyzed reaction. I\ £

— 61

6.996

Sample Amount (not used in calc.)
Use Multiplier & D

*** End of Report **x

1:06 PM wuyw

Instrument 1




wuyw-VI-44-2-H
wuyw-VI-44-2-H

Ar
P
CF3 [ f
Ar = 4-NO,Ph J }
2Dk

M ] L.JL
s N [ I
2N aN] o — [=]} o
pot kel = N T
T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
wuyw-VI-44-2-C @ M ~ ™ @ o)
13C OBSERVE = 2 4 4% 28R 7§
EERL 59
Ar
SN
CF3
Ar = 4-NO,Ph
2Dk

B {d)

T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 1?{]( 9? 80 70 60 50 40 30 20 10 0 -10 -20
ppm

S-71




wuyw-VI-44-2-F
F19 OBSERVE
STANDARD PARAMETERS

Ar

-75.06
-75.08

{

SN
\/\)\C|:3

Ar = 4-NO,Ph
2Dk

T T T T T T

-20 -30

T T T T T T T T T T T
=40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -180 -200 -210
1 (ppm)
_a S
Sample Name:
Location Vial 21
n3 Volume : 5 pl
1.0mL/min, 254nm, left, 25C, 45bar
VWDTA, nm (WUYWIWUYA D)
mAU ] >
g & o
1400 “’?@0 g wp\"
RS
M
A( /“ /\
N I |
\/\)\ N } | |
[
||
CFs3 an
1 |
Ar = 4-NO,Ph ) \Y) \
. PR ~ |
Racemic 2Dk I 1 T i 3 i T T
(not used in ca!
**%x End of Report ***
Instrument 1 5/1/2012 2: PM Page 1 of

S-72




Ar

L,
\/\)\C Fs

Ar =4-NO,Ph
(R)-2Dk, 92% ee from
10 mol% DHQ-7f
catalyzed reaction.

, Hex/

1200

1000

800

600+

400+

2004

m (WOYWWOY -20)

45

**% End of Report *#*

% Created with novaPDF Printer (www.novaPDF com). Please register to remove this message.

wuyw-VI-60-H
wuyw-VI-60-H
Ar
SN
CF3
Ar = 4-NO,Ph f Fi J
2Dl
i T AP A
~N OO o M~ o o w0
QN o [=)=¢] O
S — - - ST Mmoo
T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
f1 (ppm)

S-73




wuyw-VI-60-C o~ © @ v o -
13C OBSERVE 2 s O EE SR8ERAS
= . o e BEMRE8S
Ar | | || =4/
\
CF3
Ar = 4-NO,Ph
2DI
A(q)
69.39
=]
|
I—————— — ‘ st Vool i vV Y A o
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20
f1 (ppm)
wuyw-VI-60-F =)
F19 OBSERVE bl
STANDARD PARAMETERS s
L/
Ar
\
CF3
Ar = 4-NO,Ph
2Dl
Al(d)
-75.08
e
T T T T T T T T T T T T T T T T T T T
0O -0 -0 30 -4 50 60 70 -80 -90 -10?1(-11)0 4120 130 -140 -150 -160 -170 -180 -190 -200 -210
ppm

S-74




c:\cl

le
Sample Name

EM32\1\DATA\WUYW\WUYW-VI-60;
1-60-rac

Analysi

Last changed

g. Method
Last changed

s Method

Location :

Volume :

Sam Info
VWDTA, nm (WUYWIWUYA D)
Ar 300
\ N 200
H
100 2
CF3 ﬁ\
Ar = 4-NO,Ph : AN
r=4-NOy ‘ : : : : :
Racemic 2Dl
& Dilution Factor h ISTDs
Signal 1: VWDl A, Wavelength=254
497.40454 A.Q.BDAZi
2 1 91.81660 50.1988
Totals 589.22115
*** End of Report *#*
Instrument 1 Page 1
Data le C:\! DATA\WI +
Sample Name: WUYW-VI-60-1-sep
3/19/2012 9:42:27 BM
: 10 pl
Acg. Method C:\CHEM32\1\METHODS\METEOD1 .M
Last changed 3/19/2012 9:39:49 PM by wuyw
254nm, le:
Ar
AN N mAu- { g
CF;
Ar = 4-NO,Ph
(R)-2DI, 94% ee from
10 mol% DHQ-7f
H 400 -
catalyzed reaction |
\ B
\
3 i 6 ] 1 12 14 16 B i
Use Multi
gnal 1: VWDl A,
] RetTrj\e
- |
Totals : 1.81760e4 1615.48519
*** End of Report **=*
Instrument 1 3/20/2012 9:2 AM jpchen 1




wuyw-VI-63-2-H
wuyw-VI-69-2-H

Ar
SN

CF3

Ar = 4-NO,Ph

2Dm
T T T T
~ (=] = I~ Mmoo
@ ™M S 0 S Mo
— -~ o wm ~ ™M
T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 725 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
f1 (ppm)
wuyw-VI-63-2-C )} [T} n
WiLyW-VI-69-2-C 3 e B 2% H8352
[t=3 < < o~ W O WY v
LT AR
Ar
\N
]
CF3
Ar = 4-NO,Ph
2Dm
1
1 ]
1
]
]
it it e l 'l. o Wi/ oy o priusp L J
T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 1?{1( 9? 80 70 60 50 40 30 20 10 0 -0 -20
ppm

S-76




wuyw-VI-63-2-F

&
F19 OBSERVE S o
STANDARD PARAMETERS ’-‘\’;'

Ar
N

CF3

Ar = 4-NO,Ph
2Dm

| — T T I — T T T T T T T T

T T
-0 -20 30 40 50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160
f1 (ppm)

T T

T T T
-1700 -180 -1%0 -200 -210

sample Info

VWD A Wavelength=254 rm (WOVIWUYW-VI-65-8T20]
mAU
1000-]
800
Ar
k o
S
N 400+
g
C F3 200-] ﬁ\
[\
\
N J\
Ar = 4- NOzph 5 10 15 2 % Y £

Racemic 2Dm

1244.00580

**% End of Report **=

Instrument 1 5/2/2012 11:05:52 AM DAVID

S-77




Ar
CFs
Ar = 4-NO,Ph
(R)-2Dm, 91% ee from
10 mol% DHQ-7f | )
catalyzed reaction. I\ &

length=254 nm

*** End of Report **

Instrument 1 5/2/2012 10:59:24 A

J D ol

wuyw-VI-54-p-H

Ar
SN
CF;

Ar = 4-NO,Ph
2Dn

126-’{
1
Ty
1.001
1.021
w 11,129

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35

f1 (ppm)

S-78




wr1-S4pC 2 Lu¥RIEes -
wuyn-VI-54-p-C & BIBERERS g
Ar € SE558538R% 4
k AT |
>N
C [
Fs3 .
Ar = 4-NO,Ph
2Dn

T T T T T T T T T T T T T T T T T T T T

T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
wuyw-VI-54-p-F [
wuyw-VI-54-p-H ] %
R R
Ar L
=N
CF3
Ar = 4-NO,Ph
2Dn
j//—\—_
T T T T T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -%0  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)

$-79



/
z

CF3
Ar =4-NO,Ph
Racemic 2Dn

/)
pd

CF;
Ar = 4-NO,Ph
(R)-2Dn, 87% ee from
10 mol% DHQ-7f
catalyzed reaction.

Data

Location : Vial 21

3 Volume

Acqg. Method :

last changed  :
a

THODS\M

Analysis Method :
Last changed

)
sample Info 1.0 mL/min, 254nm, left, 25C,

VWDTA, im (WOYWWOYW-VI-40-1-3.0]

300 T

250
200 (
150 \

12.419

t:
Use Mul

ISTDs

*#% End of Report ***

Instrument 1 5/2/2012 11

Page
Operator
cq. Instrument : Instrument 1
Injection Date : 3/6/2012 12:14:42 PM
C:\CHEM DS\METHO!
3/6/2012 1 15 PM by wuyw
Analysis Method : C:\CHEM32\1\METHODS\METHODI.M
last changed  : 5/26/2012 4:20
Sample Info : 0J-H, Hex/TPA n, 254nm, 25C, left, 47bar
VWDTA, i (WOYWWUY)
mau ]
12004
1000
800-|
600-|
400-|
200
5 10 15 2 2 Y mi

Area Percent Report

Signal
1.0000
o : 1.0000
Use Multiplier & Dilution Factor

1STDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime

Instrument 1 6/8/2012 2:38:26 PM xiao

S-80




'H and *C NMR spectra and HPLC spectra for Amine salts 8

wuyw-VI-81-2-p
wuyw-VI-81-2-p

©
ONH, I

CF3

R-(-)-8a [

756 5.35
H —

T T T T T

T T
11.0 105 100 95 90 85 80

~ 15,034

wuyw-VI-81-2-p-F
F19 OBSERVE
STANDARD PARAMETERS

—-75.46

S}
ONH, Cl

CF3

R-(-)-8a

-140

T T T T T T T

-100  -110
f1 (ppm)

T
-120  -130

T
-150

T
-160

-170

T
-180

T
-190

T
-200 -210

S-81




wuyw-VI-87-H
wuyw-VI-87-H

@NH3@CI
Me” “CFg
R-(-)-8i

T T T T T T

T T
11.0 105 10.0 95 90 85 80 75

wuyw-VI-87-F
F19 OBSERVE
STANDARD PARAMETERS

Oy, el

Me CF3
R-(-)-8i

-78.45
-78.47

T

T T T

T T T
0 -10 -20 -30 -40 -50 -60

-70

T
-80

-90

T T
-100  -110
f1 (ppm)

S-82

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-1%0

T
-200

-210




wuyw-VI-111-H
wuyw-VI-111

HNCOPhH

CF3

N-Bz 8a

141~
0.87
a7t

T T T

T
11.0 105 10.0 95

wuyw-VI-111-F
F19 OBSERVE
STANDARD PARAMETERS

HNCOPhH

CF3

N-Bz 8a

o 71004 ==—

o

55 50 45
f1 (ppm)

T T T T T T T T T T T T T

T
-100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

T T T T T T T T T T T

f1 (ppm)

S-83



HNCOPh

CF3

Racemic N-Bz 8a

HNCOPh

CF3

N-Bz 8a, 90% ee

Data

Last changed

Analysis Method : C:\CHEM32\1\METHODS\
Last changed

Operator

6/20/2012 2:5

Inj
5]

om_Sequence
2\ 1\METHODS\
2 3:13:59 v

d

wayw Seq. Line

Instrument : Instrument Location

Inj
Volume
Volume

sample Info :
VWDT A, A (WOYWIWOYW-VI-T11-RAC-1 D)
may
4004
300 3
2004
100
0
T T T T T T T T
2 4 6 8 10 12 14 18 mi
Use Multiplier & Dilution Factor with ISTDs
Peak RetTime Type
#  [min] m
1 6.923 8B  0.1739 5267.27 50.2084
2 11.254 38 0.3057 5223. 49.7916
Totals 1
*** End of Report ***
Instrument 1 6/21/2012 11:36:57 AM wuyw Page 1 of
CHEM32\1\DATA\WUYW\WUYH- .D
WUy 1
Acq
Acq.
Injection nj
j Volume
Diff i Volume
Acg. od
Last changed  : 6/20/2012 3:13:59 PM
(modified after loa
Analysis Method : C:\CHEM32\1\METHODS\W
Last changed 2 3:42:28 PM by wuyw
sample 220nm, S4bar, left
VADTA, UYWIT12.0)
mAU
2500
2000
1500
1000
500
P SN ) I
T T T T y y T y
3 4 5 8 10 12 1 16 mi
*#+ End
ument 1 6/21/2012 1:11:53 PM wuyw Page 1

S-84




wuyw-VI-112-rac-2
wuyw-VI-112-rac-2

HNCOPhO
Me CF;
N-Bz 8i

D (d) Fld)
6.17 143
— [
J . . {
e T T o
mnwmo [==] [=] -
0w o (=] M~
s - - -
T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 95 90 B85 80 75 70 65 60 55 50 4 0 35 30 25 20 15 1.0 05 00 -05 -10
f1 (ppm)
wuyw-VI-112-rac-2-F [Ty
F19 OBSERVE N
STANDARD PARAMETERS o
HNCOPhO
Me CF;
N-Bz 8i
T T T T T T T T T T T T T T T T T T T T T
0 -20 30 40 50 60 -70 -80  -90 -1021(-11)0 120 -130 -140 -150 -160 -170 -180 -190 -200 -210
ppm

S-85




Data File C

sample Name

CHEM32\1
WUYW-V

Location : Vi

W
~

Injection Date : 6/20/2012 10:22:20

Inj Volume : 5 pl
Acq. Method : M
Last changed

HEM32\1\METHODS \METH(
20508 3

sis Method :
last changed  :

:148:54 AM by wuyw
ied after loading)
5/5, 1.0 mL/min, 220nm, left, 47 bar, 25

Sample

VWOTA, i (WOYWIWOYW-VI-12-RAC O]
mAU 8 =
20 ﬁ é
200 /\

HNCOPh

100

Me CF;

Racemic N-Bz 8i J \ A

Zrea Percent Report
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1 13.379 MM 94.8947
2 17.008 MM 5.1053
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