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Asymmetric Activation of tropos 2,2'-Biphenol with Cinchonine Generating a
Remarkably Effective Catalyst for the Asymmetric Strecker Reaction of N-Ts
Protected Aldimines and Ketoimines
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(A) General

'H NMR spectra were recorded at 400 MHz. The chemical shifts were recorded in ppm relative to tetramethylsilane
and with the solvent resonance as the internal standard. Data are reported as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet, br = broad), coupling constants (Hz), integration. C NMR data were
collected at 100 MHz with complete proton decoupling. Chemical shifts are reported in ppm from the tetramethylsilane
with the solvent resonance as internal standard. Melting points (m.p.) were measured on electrothermal digital melting
point apparatus and were uncorrected. Enantiomeric excesses were determined by chiral HPLC analysis on Daicel
Chiralcel OD-H/AD-H/AS-H in comparison with the authentic racemates. Optical rotations were reported as follows:
[a]p™ (c: g/100 mL, in solvent). ESI-HRMS spectra were recorded on a commercial apparatus and methanol was used to
dissolve the sample. N-Ts Imines were prepared according to the literature procedures.!) TMSCN and Ti(OiPr), were
commercially available and distilled before use. Cinchona alkaloids are commercially available and directly used without
further purification. Toluene used in the catalytic reactions was distilled from sodium benzophenone ketyl. Substituted
BIPOLs** and BINOL™# were synthesized according to the literatures. The spectra and other data were consistent with

the reported values.



(B) General procedure for the asymmetric catalytic Strecker reaction

Method 1 was used for optimizing reaction conditions and studying catalyst structure; method 2 was used to expand
the substrate scope of N-Ts imines.

Method 1:

Under Ar atmosphere, Ti(OiPr); (1.0 M in toluene, 20 uL, 0.02 mmol) was added to a dry tube containing a
suspension of cinchonine (5.9 mg, 0.02 mmol), biphenol (0.02 mmol) and 0.25 mL toluene. The mixture was stirred at
40°C for 1 h to give a clear solution. After that, N-Ts benzaldimine (25.9 mg, 0.10 mmol) in 0.2 mL toluene was
transferred to the catalyst preprared above at —20°C. Then TMSCN (16.2 uL, 0.12 mmol) followed by iPrOH (2.4 M in
toluene, 50 uL, 0.12 mmol) (if required) was added at the same temperature and allowed the content to stir until the
imine was consumed. The residue was purified by silica gel column chromatography (petroleum ether/CH,Cl,/diethyl
ether, 15/2/3, V/V/V for the aldimines; petroleum ether/ethyl acetate, 5/1, V/V for the ketoimines) to afford the
corresponding N-Ts amino nitrile.

Method 2:

Step 1: Preparation of the catalyst (0.05 M in toluene):

Under Ar atmosphere, Ti(OiPr); (1.0 M in toluene, 60 uL, 0.06 mmol) was added to a dry tube containing a
suspension of cinchonine (15 mg, 0.05 mmol), bipenol 3h (26.5 mg, 0.06 mmol) and toluene (0.6 mL). The mixture was
stirred for 0.5-1.0 h at 40°C and diluted to 1.0 mL with toluene to afford the catalyst solution (0.05 M in toluene).

Step 2: Manipulation of the asymmetric catalytic reaction:

The catalyst (0.05 M in toluene, 100 uL, 0.005 mmol) prepared above was introduced to a dry reaction tube charged
with N-Ts imine (0.1 mmol) and toluene (0.3 mL) under Ar atmosphere at —20°C. Then TMSCN (2.4 M in toluene, 50
ul, 0.12 mmol) and iPrOH (2.4 M in toluene, 50 uL, 0.12 mmol) were added in turn with stirring. The reaction was
monitored by TLC. When the imine was consumed, the residue was purified by silica gel column chromatography
(petroleum ether/CH,Cl,/diethyl ether, 15/2/3, V/V/V for the aldimines; petroleum ether/ethyl acetate, 5/1, V/V for the
ketoimines) to afford the desired corresponding N-Ts amino nitrile.

(C) The results of the asymmetric Strecker reaction employing some other amino alcohols and

cinchona alkaloids as activators

Ph
20 mol% activator O OH O oH
20 mol% biphenol NHTs OH
20 mol% Ti(OiPr), O OH
PhCH=NTs + TMSCN - )\ OO O

toluene, -20°C
4a 1.2eq Ph e CN

3g
Table 1. Asymmetric cyanation of 4a using other activators.

entry activator biphenol ec% 3_9
~N OH ~N"  TOH
\ 11 \ 10

1 10 39 4
2 11 39 9
3 cinchonidine 3h 90(R)
4 quinine 3h 79(R)
5 quinidine 3h 93(S)




Other amino alcohols and cinchona alkaloids were tried to replace the cinchonine, but none of them exhibited better
result (Table 1). However, cinchonidine gave the product in 90% ee with the opposite configuration, which made it

possible to provide the (R)-enantiomer conveniently.

(D) The results of the cyanation of N-Ts unsymmetrical diarylketoimines

NTs NHTs
SN x mol% 1a, 1.2 x mol% 3h, 1.2 x mol% Ti(OiPr), AN 7
> CN
|/ % 1.2 eq. TMSCN, 1.2 eq. iPrOH, toluene, -20°C |/ /
R R

6p-6v 7p-7v

p:R=2-F t:R=3-Me

g: R=2-Cl u:R=4-Me

rrR=2-Me v:R=4-MeO

s: R=3-Cl

Table 2. Asymmetric cyanation of N-Ts unsymmetrical diarylketoimines.

entry ketoimine x  time (h) yield %™ ee [%]™

1 6p 5 45 26 76
2 6p 10 5 96 98
3 6q 10 45 95 97
4 6r 10 45 90 94
s 6r 10 45 90 97
6 65 10 11 >99 0

8 6t 10 8 >99 2

9 6u 10 8 >99 28
10 6v 10 8 >99 28

[a] Unless noted, reactions were carried out with imine (0.1 mmol), TMSCN
(0.12 mmol), iPrOH (0.12 mmol) and toluene (0.5 mL) at —20°C. [b] Isolated
yield. [c] Determined by HPLC. [d] 1.5 eq. TMSCN and 1.5 eq. iPrOH was

used.
From Table 2 we can see that the activity and enantioselectivity varied considerably with the catalyst loading and the
substituted position of substituent R. In the presence of 5 mol% catalyst, low reactivity and moderate enantioselectivity
were observed in the cyanation of 6p (entry 1). While excellent result could be obtained by increasing the catalyst
loading to 10 mol% (entry 2). Also it is evident that ortho-substituted diarylketoimines were the most suitable
substrates which could be transformed to the corresponding amino nitriles with excellent ee’s and yields (entries 2-5).

Whereas meta- and para-substituted benzophenone imines turned out poor ee’s (entries 6-10).

(E) The analytical and spectral characterization data of optically active N-Ts amino nitriles

(S)-2-phenyl-2-(tosylamino)acetonitrile (5a)
uts  white solid; m.p. 124-126°C; >99% vyield, 97% ee. [a]p™ = —53.5 (¢ = 0.11 in CHCl3). HPLC
(DAICEL CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A = 210
CN nm, retention time: 10.6 min (major) and 14.7 min (minor); "H NMR (400 MHz, CDCl;,25°C,
5a TMS): 6=2.45 (s, 3H), 5.34 (d, J = 8.8 Hz, 1H), 5.46 (d, J = 8.8 Hz, 1H), 7.35-7.81 (m, 9H)

aiz



ppm; *C NMR (100 MHz, CDCl; 25°C, TMS): 6= 21.7, 48.2, 116.3, 127.1, 127.4, 129.4, 129.9, 130.1, 132.1, 136.0,
144.8 ppm; HRMS (ESI-TOF) calcd for C;sH;3N,0,S ([M-H']) = 285.0697, Found 285.0698.
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2-(4-fluorophenyl)-2-(tosylamino)acetonitrile (5b)
white solid; m.p. 100-104°C; >99% yield, 96% ce. [a]p™" = —47.4 (¢ = 0.12 in CHCl3). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A =210
CN  nm, retention time: 9.1 min (major) and 14.1 min (minor); 'H NMR (400 MHz, CDCl;, 25°C,
5b TMS) 6=2.45 (s, 3H), 5.43 (d, J = 9.2 Hz, 1H), 5.56 (d, J = 9.2 Hz, 1H), 7.04-7.78 (m, 8H)
ppm; C NMR (100 MHz, CDCl5 25°C, TMS) 6 = 21.7, 47.6, 116.2, 116.3, 116.6, 127.3,
128.0, 128.0, 129.1, 129.2, 130.1, 135.8, 144.9, 162.1, 164.6 ppm; HRMS (ESI-TOF) calcd for C;sH;,FN,0,S ([M-H'])

NHTs

=303.0603, Found 303.0603.
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2-(4-chlorophenyl)-2-(tosylamino)acetonitrile (5¢)
white solid; m.p. 113-115°C; 97% yield, 93% ee. [a]p> = —42.5 (¢ = 0.12 in CHCl3). HPLC
e (DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 =
cn 210 nm, retention time: 10.8 min (major) and 18.3 min (minor); 'H NMR (400 MHz, CDCl;,
. 25°C, TMS) & = 2.45 (s, 3H), 5.42 (s, 1H), 5.61 (s, 1H), 7.33-7.76 (m, 8H) ppm; °C NMR
c (100 MHz, CDCl3, 25°C, TMS) 6=21.7, 47.6, 116.0, 127.3, 128.5, 129.6, 130.1, 130.6, 135.8,

136.0, 144.9 ppm; HRMS (ESI-TOF) caled for CsH,3CIN,0,SNa ([M+Na']) = 343.0284, Found 343.0284.
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2-p-tolyl-2-(tosylamino)acetonitrile (5d)
white solid; m.p. 120-121°C; >99% vyield, 97% ee. [a]p"’= —52.8 (¢ = 0.11 in CHCl3). HPLC

NHTs
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 =
cN 210 nm, retention time: 10.0 min (major) and 13.7 min (minor); 'H NMR (400 MHz, CDCl;,
e 25°C, TMS) 6= 2.35 (s, 3H), 2.45 (s, 3H), 5.33 (d, J = 8.0 Hz, 1H), 5.40 (d, J = 8.0 Hz, 1H),

7.17-7.80 (m, 8H) ppm; *C NMR (100 MHz, CDCl5 25°C, TMS) 5= 21.2, 21.7, 48.0, 116.5,
127.0, 127.4, 129.1, 130.0, 130.1, 136.0, 140.0, 144.7 ppm; HRMS (ESI-TOF) caled for C¢H;sN,0,S ([M-H']) =
299.0853, Found 299.0854.
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2-m-tolyl-2-(tosylamino)acetonitrile (5e)

white solid; m.p. 101-103°C; >99% yield, 94% ee. [a]p™" = —50.0 (¢ = 0.11 in CHCl;). HPLC

(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 =

CN 210 nm, retention time: 8.4 min (major) and 9.3 min (minor); 'H NMR (400 MHz, CDCl;,
25°C, TMS) 6= 2.33 (s, 3H), 2.45 (s, 3H), 5.23-5.42 (m, 2H), 7.20-7.80 (m, 8H) ppm; "°C
NMR (100 MHz, CDCl; 25°C, TMS) §=21.3, 21.7,48.2, 116.4, 124.1, 127.4, 127.7, 129.3,

130.1, 130.6, 132.0, 136.0, 139.5, 144.7 ppm; HRMS (ESI-TOF) calcd for C;¢H; sN20,S ([M-H']) = 299.0853, Found

299.0854.
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2-(4-methoxyphenyl)-2-(tosylamino)acetonitrile (5f)
white solid; m.p. 100-101°C; >99% yield, 97% ee. [alp™ = —49.2 (¢ = 0.12 in CHCI;).

NHTs  HPLC (DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0

mL/min, 4 = 210 nm, retention time: 14.9 min (major) and 23.7 min (minor); 'H NMR (400
MHz, CDCl; 25°C, TMS) &= 2.45 (s, 3H), 3.80 (s, 3H), 5.38 (s, 2H), 6.87 (d, J = 8.8 Hz,
o o 2H), 7.33 (t, J= 9.2 Hz, 4H), 7.78 (d, J = 8.4, 2H) ppm; >C NMR (100 MHz, CDCl; 25°C,
TMS) 6=21.7,47.7, 55.5, 114.7, 116.6, 124.0, 127.3, 128.6, 130.0, 136.0, 144.6, 160.6 ppm; HRMS (ESI-TOF) calcd

CN

for C1gH1sN>05S ([M-H']) = 315.0803, Found 315.0803.
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2-(benzo[d][1,3]dioxol-6-yl)-2-(tosylamino)acetonitrile (5g)
NHTs  white solid; m.p. 124-126°C; >99% yield, 97% ee. [a]p™" = —44.3 (¢ = 0.11 in CHCI;).

o HPLC (DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0
CN

< mL/min, 2 = 210 nm, retention time: 16.4 min (major) and 21.1 min (minor); '"H NMR (400

0 > MHz, CD;COCD; 25°C, TMS) & = 2.44 (s, 3H), 2.93 (s, 1H), 5.65 (s, 1H), 6.05 (s, 2H),

6.85-6.97 (m, 3H), 7.42 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H) ppm; *C NMR (100 MHz, CD;COCDs,25°C, TMS)
5=20.6,47.5,101.8, 107.4, 108.2, 117.2, 121.1, 127.1, 127.5, 129.7, 137.6, 143.8, 148.3, 148.5 ppm; HRMS (ESI-TOF)

caled for C1gH13N>04S ([M-H']) = 329.0595, Found 329.0596.



B

2ba T ebo

o.ac]

A

oo oo

R

EARI

2-(1-naphthyl)-2-(tosylamino)acetonitrile (5h)

white solid; m.p. 115-116°C; 92% vyield, 91% ee. [a]p>"= —91.0 (¢ = 0.12 in CHCL;). HPLC

(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 =
210 nm, retention time: 10.5 min (major) and 43.6 min (minor); 'H NMR (400 MHz, CDCl;,
25°C, TMS) 6= 2.44 (s, 3H), 5.29 (s, 1H), 6.09 (d, J = 5.2 Hz, 1H), 7.29-8.03 (m, 11H) ppm;

C NMR (100 MHz, CDCl5 25°C, TMS) &6 = 21.7, 46.4, 116.5, 122.4, 125.0, 126.6, 126.8,
127.0, 127.5, 127.9, 129.1, 129.6, 130.0, 131.3, 134.0, 135.8, 144.7 ppm; HRMS (ESI-TOF) caled for C;9H;5N,0,S

(IM-H']) = 335.0853, Found 335.0853.
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2-(2-naphthyl)-2-(tosylamino)acetonitrile (5i)
white solid; m.p. 138-140°C; 97% yield, 96% ee. [a]p™ = —34.2 (¢ = 0.12 in CHCl3). HPLC

NHTs

ac’og

(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 =

CN
5i

210 nm, retention time: 19.4 min (minor) and 27.1 min (major); 'H NMR (400 MHz,
CD3;COCD;,25°C, TMS) 8= 2.41 (s, 3H), 2.93 (s, 1H), 5.94 (s, 1H), 7.39-7.97 (m, 11H)

ppm; °C NMR (100 MHz, CD;COCD3,25°C, TMS) & = 20.6, 48.0, 117.1, 124.4, 126.4, 126.9, 127.1, 127.2, 127.7,
128.1, 129.1, 129.7, 131.1, 133.0, 133.4, 137.6, 143.9 ppm; HRMS (ESI-TOF) caled for C;oH;sN,0,S ([M-H']) =

335.0853, Found 335.0854.
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2-(2-furyl)-2-(tosylamino)acetonitrile (5j)

S

\

NHTs

CN

(6] 5]
1H), 7.34 (d, /= 8.0 Hz, 3H), 7.39 (s, 1H), 7.77 (d, J = 8.4, 2H) ppm; BC NMR (100 MHz, CDC13,25°C, TMS) 6=21.7,
42.3, 110.5, 111.0, 114.7, 127.3, 130.0, 136.0, 144.0, 144.5, 144.8 ppm; HRMS (ESI-TOF) caled for C;3H;;N,O3S

white solid; m.p. 90-92°C; 93% vyield, 90% ee. [a]p" = —23.6 (¢ = 0.11 in CHCls). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 = 210
nm, retention time: 9.0 min (major) and 10.7 min (minor); 'H NMR (400 MHz, CDCl; 25°C, TMS)
0=12.44 (s, 3H), 5.46 (d, J= 9.2 Hz, 1H), 5.53 (d, /= 9.2 Hz, 1H), 6.35 (s, 1H), 6.46 (d, J=3.2,

(IM-H']) = 275.0490, Found 275.0491.
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2-(2-thienyl)-2-(tosylamino)acetonitrile (5k)

\

X

S

white solid; m.p. 101-103°C; 94% yield, 94% ee. [a]p>’= —59.6 (c = 0.14 in CHCls). HPLC

NHTs
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A =210
cN hm, retention time: 9.6 min (major) and 12.3 min (minor); 'H NMR (400 MHz, CDCl3,25°C,
TMS) 6= 2.44 (s, 3H), 5.58-5.64 (d, 2H), 6.96 (s, 1H), 7.19 (s, 1H), 7.35 (d, J = 6.4 Hz, 3H),
5k

7.79 (d, J = 7.6 Hz, 2H) ppm; °C NMR (100 MHz, CDCl; 25°C, TMS) 6= 21.7, 44.1, 115.8,

127.3, 127.4, 128.0, 128.2, 130.1, 134.6, 135.8, 144.9 ppm; HRMS (ESI-TOF) caled for Ci3H;1N,0,S, ([M-H]) =

291.0261, Found 291.0262.
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(E)-4-phenyl-2-(tosylamino)but-3-enenitrile (5I)
NHTs white solid; m.p. 95-97°C; 96% yield, 91% ee. [a]D20= —46.4 (¢ = 0.11 in CHCI3).
HPLC (DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 25/75, flow rate = 1.0
N CN mL/min, 4 = 210 nm, retention time: 16.2 min (minor) and 19.3 min (major); 'H NMR
sl (400 MHz, CDCl;3, 25°C, TMS) 6= 2.42 (s, 3H), 5.07 (t, 1H), 5.35 (d, J = 9.2 Hz, 1H),
5.99-6.04 (dd, J = 5.6, 16.0 Hz, 1H), 6.83 (d, J = 16.0 Hz, 1H), 7.32-7.81 (m, 9H) ppm; *C NMR (100 MHz, CDCls,
25°C, TMS) 6 = 21.7, 46.2, 115.7, 119.3, 127.1, 127.4, 128.9, 129.2, 130.1, 134.4, 135.8, 136.1, 144.8 ppm; HRMS

(ESI-TOF) calcd for Cy7H;5N,0,S ([M-H']) = 311.0853, Found 311.0853.
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2-cyclohexyl-2-(tosylamino)acetonitrile (5m)
NHTs  white solid; m.p. 98-100°C; >99% yield, 92% ee. [a]p™"= —29.1 (¢ = 0.13 in CHCls). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 1 =
CN 210 nm, retention time: 5.8 min (major) and 6.8 min (minor); 'H NMR (400 MHz, CDCl;,
5m 25°C, TMS) 6= 1.05-1.86 (m, 11H), 2.44 (s, 3H), 4.04 (dd, J = 6.4, 9.6 Hz, 1H), 547 (d, J =
9.6 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.78 (d, J = 8.0 Hz, 2H) ppm; °C NMR (100 MHz, CDCl; 25°C, TMS) 8= 21.7,
25.3,254,25.6,28.3,28.8,41.3, 49.8, 116.8, 127.2, 130.0, 136.0, 144.6 ppm; HRMS (ESI-TOF) calcd for C;sH;9N,0,S

([M-H']) = 291.1166, Found 291.1167.
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3-methyl-2-(tosylamino)butanenitrile (5n)
white solid; m.p. 74-76°C; 96% vyield, 84% ee. [alp™ = —38.2 (¢ = 0.19 in CHCI;). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 2 =210 nm,

NHTs

CN  retention time: 5.5 min (major) and 6.6 min (minor); 'H NMR (400 MHz, CDCl; 25°C, TMS) &=

5n 1.04 (dd, J = 1.6, 6.8 Hz, 6H), 2.04 (g, J = 6.8 Hz, 1H), 2.44 (s, 3H), 4.04 (dd, J = 6.0, 10.0 Hz,

1H), 5.67 (d, J = 10.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H) ppm; °C NMR (100 MHz, CDCl;,

25°C, TMS) & = 17.8, 18.4, 21.6, 32.4, 50.7, 116.7, 127.2, 130.1, 136.1, 144.6 ppm; HRMS (ESI-TOF) calcd for
C1,H6N,0,SNa ([M+Na']) = 275.0830, Found 275.0830.
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3,3-dimethyl-2-(tosylamino)butanenitrile (50)
white solid; m.p. 130-132°C; 98% yield, 84% ee. [oz]D20 = —43.4 (¢ = 0.12 in CHCl;). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 = 210 nm,

NHTs

CN retention time: 4.9 min (major) and 5.9 min (minor); 'H NMR (400 MHz, CDCl; 25°C, TMS) §=

50 1.06 (s, 9H), 2.45 (s, 3H), 3.88 (d, J = 10.8 Hz), 5.55 (br, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.79 (d, J =

8.0 Hz, 2H) ppm; *C NMR (100 MHz, CDCl3,25°C, TMS) 6=21.7,25.7, 35.3, 54.7, 116.7, 127.3, 130.1, 135.9, 144.6
ppm; HRMS (ESI-TOF) calcd for C,3H7N,0,S ([M-H']) = 265.1010, Found 265.1010.
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2-phenyl-2-(4-Clbenzenesulphonyl amino)acetonitrile (5p)

white solid; m.p. 120-122°C; >99% yield, 94% ee. [a]p> = —54.7 (¢ = 0.25 in
NH5020C| CHCI;). HPLC (DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80,

N flow rate = 1.0 mL/min, A = 210 nm, retention time: 9.0 min (major) and 10.6
min (minor); '"H NMR (400 MHz, CDCl; 25°C, TMS): 6= 5.34 (s, 1H), 5.50
(s, 1H), 7.40-7.46 (m, SH), 7.53 (d, J = 8.8 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H)
ppm; °C NMR (100 MHz, CDCl; 25°C, TMS): §=48.3, 116.1, 127.1, 128.7, 129.5, 129.8, 130.1, 131.8, 137.6, 140.3
ppm; HRMS (ESI-TOF) calcd for C;4H;;CIN,0,SNa ([M+Na']) = 329.0127, Found 329.0129.
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2-phenyl-2-(benzenesulphonyl amino)acetonitrile (5q)

white solid; m.p. 100-102°C; 94% yield, 94% ee. [oc]D25 = 514 (¢c = 0.15 in
NHSOZO CHCI;3). HPLC (DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow
rate = 1.0 mL/min, 4 = 210 nm, retention time: 8.6 min (major) and 12.3 min
(minor); '"H NMR (400 MHz, CDCls, 25°C, TMS): & = 5.34-5.50 (m, 2H),
7.38-7.44 (m, 5H), 7.55-7.66 (m, 3H), 7.91-7.93 (m, 2H) ppm; “C NMR (100

MHz, CDCl;, 25°C, TMS): 6 = 48.3, 116.3, 127.1, 127.3, 129.4, 129.5, 129.9, 132.1, 133.7, 139.1 ppm; HRMS
(ESI-TOF) caled for C14H2N,0,S Na ([M+Na+]) =295.0517, Found 295.0520.

CN

5q
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2-phenyl-2-(mesitylenesulphonyl amino)acetonitrile (5r)
colorless oil; 75% yield, 90% ee. [a]p> = —28.4 (¢ = 0.44 in CHCls). HPLC

(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0

NHSO,

CN

5r

Found 337.0988.

mL/min, A = 210 nm, retention time: 10.4 min (major) and 15.4 min (minor); 'H
NMR (400 MHz, CDCl;,25°C, TMS): §=2.33 (s, 3H), 2.66 (s, 6H), 5.13 (d, J =
8.4 Hz, 1H), 5.39 (d, J = 8.8 Hz, 1H), 7.01 (s, 2H), 7.40-7.46 (m, 5H) ppm; °C
NMR (100 MHz, CDCl;,25°C, TMS): §= 21.1, 23.0, 47.9, 116.2, 127.2, 129.4,
129.9, 132.2, 132.3, 132.8, 139.4, 143.4 ppm; HRMS (ESI-TOF) calcd for C;;H;sN,0,SNa ([M+Na']) = 337.0987,

0.50

0.0
20

| 1 e

(S)-2-phenyl-2-(tosylamino)propanenitrile (7a)
white solid; m.p. 109-111°C; >99% yield, >99% ee. [a]p> = —17.2 (¢ = 0.25 in CHCL) [[a]p”
= —13.4 (¢ = 0.5 in CHCI CHCL;, 85% ee, (5))].l'Y HPLC (DAICEL CHIRALCEL OD-H,

NHTs

",
CN

7a

2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 2 = 210 nm, retention time: 8.8 min

(minor) and 10.0 min (major); the NMR data were consistent with the reported values.

12
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2-(4-fluorophenyl)-2-(tosylamino) propanenitrile (7b)

NHTs

white solid; m.p. 110-113°C; 90% yield, 98% ee. [a]p> = +1.9 (¢ = 0.43 in CHCl3). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A =

“neN 210 nm, retention time: 10.0 min (minor) and 11.3 min (major); 'H NMR (400 MHz, CDCl;,

7b

25°C, TMS) 5= 1.92 (s, 3H), 2.42 (s, 3H), 5.61 (s, 1H), 6.94-6.98 (m, 2H), 7.23-7.25 (d, J =
8.4, 2H), 7.42-7.46 (m, 2H), 7.55-7.57 (d, J = 8.4, 2H) ppm; °C NMR (100 MHz, CDCl;,

25°C, TMS) 6 = 21.6, 30.5, 56.0, 115.6, 115.8, 119.0, 127.4, 127.8, 127.9, 129.6, 132.8, 132.8, 137.1, 144.2, 161.7,
164.1 ppm; HRMS (ESI-TOF) calcd for C;¢H;sFN,0,SNa ([M+Na']) = 341.0736, Found 341.0738.

a

a

osc]
o5 =1
\
o.ac | 'I II': |I
[
= \
o.20] | [\
|I II
CELE
i) | \ I".
ERT= i 4 {
i’ /
D.ocr S — M i \\,,/7 <
1.5 200 sha = ba 500 5.0a 7.ho B5.ba =00 To'co 1100 1zlog 12lcd
in
.50 g‘
o.ac rl'
fo
CELE [
\
| !
CELE { 1
\
= | \
oo = I \
.o AT r s S— —— =
T T T T —T T T T T T T T T
o0 =00 .00 400 s.00 =5a T.ho =50o =.ba 10'0a 11.00 1200 1200
)

(S)-2-(4-chlorophenyl)-2-(tosylamino) propanenitrile (7¢)

C

NHTs

/
1)
CN

7c

white solid; m.p. 116-117°C; >99% yield, >99% ee. [a]p> = +6.1 (¢ = 0.20 in CHCL) [[a]p> =
+6.92 (¢ = 0.52 in CHCL, 71% ee, (S) )].'Y HPLC (DAICEL CHIRALCEL OD-H,
2-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min, 2 = 210 nm, retention time: 22.2 min

(minor) and 24.6 min (major); the NMR data were consistent with the reported values.

13
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(S)-2-(4-bromophenyl)-2-(tosylamino) propanenitrile (7d)

white solid; m.p. 112-115°C; >99% yield, >99% ee. [a]p" = +11.3 (¢ = 0.33 in CHCL)

NHTs
, [[a]p® = +9.29 (¢ = 0.56 in CHCls, 71% ee, (S))].!'Y) HPLC (DAICEL CHIRALCEL AS-H,
‘
2-propanol/n-hexane = 15/85, flow rate = 1.0 mL/min, A = 210 nm, retention time: 27.7 min
Br 7d (minor) and 34.2 min (major); the NMR data were consistent with the reported values.
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(S)-2-(4-methylphenyl)-2-(tosylamino) propanenitrile (7¢)

NHTs

»
CN

7e

white solid; m.p. 94-97°C; >99% yield, >99% ee. [a]p> = —26.6 (¢ = 0.13 in CHCL3) [[a]p>
= —15.65 (¢ = 0.52 in CHCL), 61% ee, (S)].'"Y HPLC (DAICEL CHIRALCEL OD-H,
2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A = 210 nm, retention time: 8.7 min

(minor) and 9.5 min (major); the NMR data were consistent with the reported values.

14
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(S)-2-(4-methoxyphenyl)-2-(tosylamino) propanenitrile (71)
NHTs white solid; m.p. 94-96°C; 99% yield, >99% ee. [a]D25= —20.3 (¢ =0.12 in CHCl5) [[oz]D25
= —11.96 (¢ = 0.46 in CHCls, 76% ee, (S))].') HPLC (DAICEL CHIRALCEL AS-H,

n,,
N 2-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min, A = 210 nm, retention time: 22.3

~ 7t

o min (minor) and 31.7 min (major); the NMR data were consistent with the reported values.
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2-(3-chlorophenyl)-2-(tosylamino) propanenitrile (79)
NhTe  White solid; m.p. 112-114°C; >99% yield, >99% ee. [a]p” =-8.1 (c = 0.30 in CHCl;). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min, 4 =
210 nm, retention time: 16.1 min (minor) and 18.5 min (major); 'H NMR (400 MHz, CDCl;,
9 25°C, TMS) 8= 1.91 (s, 3H), 2.42 (s, 3H), 5.88 (s, 1H), 7.20-7.27 (m, 5H), 7.44-7.46 (m,
1H), 7.51-7.55 (m, 2H) ppm; °C NMR (100 MHz, CDCl;,25°C, TMS) 6= 21.6, 30.7, 56.1, 118.8, 124.3, 126.0, 127.2,

129.3, 129.6, 130.0, 134.8, 136.9, 138.6, 144.3 ppm; HRMS (ESI-TOF) calcd for C;¢H;sCIN,0,SNa ([M+Na']) =
357.0441, Found 357.0441.

|
c CN
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2-(2-fluorophenyl)-2-(tosylamino) propanenitrile (7h)

white solid; m.p. 112-115°C; >99% yield, 90% ee. [a]p"> = +12.9 (¢ = 0.27 in CHCl3). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 = 210
CN nm, retention time: 8.0 min (minor) and 9.4 min (major); 'H NMR (400 MHz, CDCl;, 25°C,
7h TMS) 6= 2.06 (s, 3H), 2.38 (s, 3H), 5.66 (s, 1H), 6.71-6.76 (m, 1H), 7.12-7.31 (m, 4H) 7.49 (d,
J=18.4,2H),7.70 (t,J = 8.0, 1H) ppm; *C NMR (100 MHz, CDCl;,25°C, TMS) 6= 21.5, 28.0,
28.0, 54.9, 116.6, 116.8, 118.2, 123.6, 123.6, 124.5, 124.5, 127.3, 128.7, 128.7, 129.3, 131.4, 131.5, 136.8, 143.8, 158.4,

160.9 ppm; HRMS (ESI-TOF) calcd for C;¢H;sFN,0,SNa ([M+Na']) = 341.0736, Found 341.0735.
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(S)-2-(2-naphthyl)-2-(tosylamino) propanenitrile (7i)
pale yellow solid; m.p. 116-119°C; 90% yield, >99% ee. [a]p>" = +8.5 (c = 0.34 in CHCl;)
[[a]p> = +7.0 (¢ = 0.6 in CHCls), 71% ee, (S)]."Y HPLC (DAICEL CHIRALCEL OD-H,

“eN 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 = 210 nm, retention time: 12.2 min
7i (minor) and 15.9 min (major); the NMR data were consistent with the reported values.

NHTs
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2-(2-furyl)-2-(tosylamino) propanenitrile (7j)
NHTs  White solid; m.p. 96-98°C; 97% yield, 99% ece. [a]p” = -31.2 (¢ = 0.24 in CHCl;). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 = 210
X CN nm, retention time: 8.3 min (minor) and 9.3 min (major); "H NMR (400 MHz, CDCl; 25°C, TMS)
\ 0 7 0=1.98 (s, 3H), 2.41 (s, 3H), 5.64 (s, 1H), 6.28 (m, 1H), 6.52 (d, J=3.6), 7.18 (s, 1H), 7.25 (d, J
= 8.0, 2H), 7.65 (d, J = 8.4, 2H) ppm; *C NMR (100 MHz, CDCl;5,25°C, TMS) &= 21.6, 26.5,
50.8, 109.9, 110.6, 117.8, 127.4, 129.6, 136.8, 143.8, 143.9, 147.7 ppm; HRMS (ESI-TOF) calcd for C;4H;4N,O3SNa

([M+Na']) = 313.0623, Found 313.0625.
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2-(2-thienyl)-2-(tosylamino) propanenitrile (7k)
white solid; m.p. 90-91°C; 97% vyield, >99% ee. [a]p> = —43.2 (¢ = 0.28 in CHCI;). HPLC

NHTs
(DAICEL CHIRALCEL AS-H, 2-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min, A = 210
= cN hm, retention time: 17.2 min (major) and 19.1 min (minor); the NMR data were consistent with
\ the reported values.
S 7k
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2-phenyl-2-(tosylamino)butanenitrile (71)
white solid; m.p. 112-114°C; >99% vyield, >99% ee. [a]p> = +8.8 (¢ = 0.11 in CHCl;). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4 = 210
CN ' nm, retention time: 6.9 min (minor) and 9.6 min (major); '"H NMR (400 MHz, CDCl;, 25°C,
- TMS) 6=0.86 (t, J= 7.2, 3H), 2.05 (m, 1H), 2.28 (m, 1H), 2.40 (s, 3H), 7.17 (d, J = 8.4, 2H),
7.22-7.40 (m, 5H), 7.50 (d, J = 8.4, 2H) ppm; *C NMR (100 MHz, CDCl3,25°C, TMS) 6= 8.6, 21.6, 36.1, 62.0, 118.2,
126.3, 127.3, 128.6, 128.9, 129.4, 135.1, 137.5, 143.7 ppm; HRMS (ESI-TOF) calcd for C;7H;sN,0,SNa ([M+Na']) =

NHTs

337.0987, Found 337.0981.
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2-phenyl-2-(tosylamino)pentanenitrile (7m)
white solid; m.p. 92-95°C; 93% yield, >99% ee. [a]p> = +11.1 (¢ = 0.26 in CHCl3). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A = 210
cN  nm, retention time: 6.4 min (minor) and 9.7 min (major); 'H NMR (400 MHz, CDCl;,25°C, TMS)
6=0.83 (t, /= 7.2, 3H), 1.01-1.09 (m, 1H), 1.40-1.48 (m, 1H), 1.93-2.00 (m, 1H), 2.15-2.22 (m,
m 1H), 2.40 (s, 3H), 7.17 (d, J = 8.0, 2H), 7.22-7.40 (m, 6H), 7.50 (d, J = 8.4, 2H) ppm; °C NMR
(100 MHz, CDCl3,25°C, TMS) 6= 13.4, 17.6, 21.6, 44.7, 61.1, 118.3, 126.2, 127.3, 128.6, 128.9, 129.4, 135.6, 137.5,
143.7 ppm; HRMS (ESI-TOF) calcd for CgH,0N,0,SNa ([M+Na']) = 351.1143, Found 351.1143.

NHTs
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(E)-2-methyl-4-phenyl-2-(tosylamino)but-3-enenitrile (5n)

white solid; m.p. 107-109°C; 97% yield, 98% ee. [a]p> = ~118.8 (¢ = 0.22 in CHCls). HPLC

NHTs
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 25/75, flow rate = 1.0 mL/min, 1 =
N CN 210 nm, retention time: 10.5 min (minor) and 13.6 min (major); the NMR data were
5n consistent with the reported values.
1.50 %l §
| 1 =
= 400 I lII I"IJ. l‘.",,l
==ef | l'k [N
- i / e
- )
=2 A\
O.a0— § III "'l‘.‘
o : N
o zho 4+ bo s.ka =.ka 1olac =00 ='oo Taloa 1=7on

2-cyclohexyl-2-(tosylamino) propanenitrile (70)

NHTs

CN

70

white solid; m.p. 108-110°C; >99% yield, 94% ee. [a]p> = —25.8 (¢ = 0.31 in CHCl3). HPLC
(DAICEL CHIRALCEL AS-H, 2-propanol/n-hexane = 15/85, flow rate = 1.0 mL/min, A = 210

nm, retention time: 19.6 min (minor) and 25.5 min (major); the NMR data were consistent with

the reported values.
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2,3,3-trimethyl-2-(tosylamino)butanenitrile (7p)
white solid; m.p. 114-116°C; 98% vyield, 69% ee. [a]p = —22.6 (¢ = 0.25 in CHCl;). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A = 210

NHTs

f f
'I |I \‘\
..,\‘.hﬂ./. —
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&00 1200 0 .00 2E.00 2500 ooa 22.00
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CN nm, retention time: 6.1 min (major) and 7.0 min (minor); the NMR data were consistent with the

p

reported values.
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2-(2-fluorophenyl)-2-phenyl-2-(tosylamino)acetonitrile (7q)

F NHTs

CN

79

.,_,_,_,_,_,_v_,_,.,_,_."l."\-_,_,,_,,_,__ / \;\_‘—
4.':0_ P sho o eho 650 7ho TR0 | abo
"""" T o I S = I = i = = = e

white solid; m.p. 102-104°C; 96% yield, 98% ee. [a]p"" = —4.5 (¢ = 0.31 in CHCl3). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 4
= 210 nm, retention time: 7.7 min (major) and 10.0 min (minor); 'H NMR (400 MHz,
CDCl;,25°C, TMS): 8= 2.39 (s, 3H), 5.67 (s, 1H), 6.82-6.88 (m, 1H), 7.15-7.23 (m, 3H),
7.32-7.38 (m, 6H), 7.56-7.68 (m, 3H) ppm; *C NMR (100 MHz, CDCl; 25°C, TMS): 5=

21.6, 60.9, 116.6, 116.8, 116.8, 116.8, 124.4, 124.5, 124.5, 126.6, 127.5, 129.1, 129.3, 129.4, 129.7, 131.7, 131.8, 136.6,
136.9, 143.9, 158.2, 160.7 ppm; HRMS (ESI-TOF) calcd for C;H;7FN,0,SNa ([M+Na']) = 403.0893, Found 403.0894.
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2-(2-chlorophenyl)-2-phenyl-2-(tosylamino)acetonitrile (7r)
Cl NHTs white solid; m.p. 96-98°C; 95% yield, 97% ee. [a]p> = —14.1 (¢ = 0.37 in CHCl3). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, A =
O CN O 210 nm, retention time: 13.4 min (major) and 19.2 min (minor); 'H NMR (400 MHz,
4 CDCl;5, 25°C, TMS): 6= 2.38 (s, 3H), 5.97 (s, 1H), 7.14-7.19 (m, 3H), 7.29-7.38 (m, 7H),
7.57-7.59 (m, 2H), 7.87-7.89 (dd, J,;= 3.2, J,= 8.0, 1H) ppm; °C NMR (100 MHz, CDCl; 25°C, TMS): 5=21.5, 62.9,
116.6, 126.6, 127.2, 127.5, 129.2, 129.3, 129.5, 130.7, 130.8, 131.9, 132.4, 133.4, 136.8, 136.9, 143.8 ppm; HRMS

(ESI-TOF) calcd for C,;H;7CIN,0,SNa ([M+Na']) = 419.0597, Found 419.0597.
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2-(2-methylphenyl)-2-phenyl-2-(tosylamino)acetonitrile (7s)
NHTs white solid; m.p. 70-72°C; 90% yield, 97% ee. [a]D25: -31.9 (¢ = 0.41 in CHCI5). HPLC
(DAICEL CHIRALCEL OD-H, 2-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min, 4 =
O CN O 210 nm, retention time: 10.9 min (major) and 13.3 min (minor); 'H NMR (400 MHz,
7s CDCl;,25°C, TMS): 6= 1.98 (s, 3H), 2.39 (s, 3H), 5.52 (s, 1H), 7.03-7.05 (m, 1H), 7.17 (d,
J=8.0,2H), 7.26-7.33 (m, 7H), 7.53-7.63 (m, 3H) ppm; °C NMR (100 MHz, CDCl3,25°C, TMS): 6= 20.9, 21.6, 62.8,
117.9, 126.2, 127.2, 127.5, 128.2, 128.9, 129.3, 129.3, 129.6, 133.0, 134.6, 136.6, 136.8, 137.2, 143.8 ppm; HRMS

(ESI-TOF) calcd for CyH,0N,0,SNa ([M+Na']) = 399.1143, Found 399.1144.
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(F)Facile Converting the N-Ts Amino Nitrile to the Corresponding N-Ts Amino Acid and Assignment of the

Absolute Configuration of 5a (the conditions were not optimized)

NHTs NHTs
©ACN Con. HCI, HOAc N COOH
5a reflux for 2 h B 9

>99%ee

[0]p%° = +109.2 (c = 0.21 in EtOH) (S)
[it.3) [a]p2° = +106.1 (c = 2.25 in EtOH, (S))]

Recrystallization of the 97% ee of 5a from ethyl acetate to afford the optically pure
2-phenyl-2-(tosylamino)acetonitrile (>99% ee); 5a (48.0 mg, 0.168 mmol, >99% ee) placed in a round-bottom flask was
treated with concentrated HCI (2 mL) and acetic acid (2 mL). The mixture was refluxed for 2 h with stirring. After that,
water (5 mL) was added and cooled the mixture in the cool water bath for 15 min. Filtered out the precipitate, washed
with water (5%1.5 mL) and dried to afford the pure 2-phenyl-2-(tosylamino)acetic acid 9 (37 mg, 0.121 mmol, 73% yield)
without any loss of enantioselectivity; '"H NMR (400 MHz, CD;COCDs, 25°C, TMS) & = 2.39 (s, 3H), 5.07 (s, 1H),
7.29-7.38 (m, 7H), 7.69 (d, J = 8.0 Hz, 2H) ppm. Absolute configuration was determined to be S based on the
comparison of the optical rotation of 9 with the reported value; [a]p>"= +109.2 (¢ = 0.21 in EtOH) [lit.’); [a]p?"= +106.1
(¢ =2.25 in EtOH, >99% ee (5))]
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(G) Copies of NMR Spectra for the Products
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