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1. General methods

Unless otherwise stated, all reagents were purchased from commercial suppliers and used
without further purification. All reactions were carried out in air and using undistilled solvent,
without any precautions to exclude moisture unless otherwise noted. Organic solutions were
concentrated under reduced pressure on an EYELA N-1001 rotary evaporator. Reactions were
monitored by thin-layer chromatography (TLC) on silica gel precoated glass plates (0.2 + 0.03
mm thickness, GF-254, particle size 0.01-0.04 mm) from Yantai Chemical Industry Research
Institute, P. R. China. Chromatograms were visualized by fluorescence quenching with UV light at
254 nm. Flash column chromatography was performed using silica gel (particle size 0.04 — 0.05
mm) from Yantai Chemical Industry Research Institute, P. R. China. *H and **C NMR spectra were
recorded in CDClIz; or DMSO-dg on Varian Inova (400 MHz or 300 MHz and 100 MHz or 75 MHz,
respectively) spectometer. Chemical shifts (6 ppm) are relative to the resonance of the deuterated
solvent as the internal standard (CDCls, & 7.26 ppm for proton NMR, & 77.23 ppm for carbon
NMR; DMSO-dg, 6 2.50 ppm for proton NMR, & 39.52 ppm for carbon NMR). 'H NMR data are
reported as follows: chemical shift (8, ppm), multiplicity (s = singlet, d = doublet, q = quartet, m =
multiplet), coupling constants (J) and assignment. Data for *C NMR are reported in terms of
chemical shift (6, ppm). IR spectra were recorded on a Varian 1000 FT-IR spectrometer. Mass
spectra were carried out using Agilent 6120 Quadrupole LC/MS system with ESI resource.
High-resolution mass spectra (HRMS) for all the compounds were determined on Micromass
GCT-TOF mass spertrometer with ESI resource. High performance liquid chromatography (HPLC)
was performed on an Agilent 1200 Series chromatographs using a AD-H. X-ray data were
recorded on a Rigaku Mercury CCD/AFC diffractomrter. Optical rotations are reported as follows:

[a] o> (c in g per 100 mL, solvent).

2. Experimental section

Table S1 Effect of solvents
(0] (0]

D \ 1d D
N, + Tmscn 14(10mol®%) \
JN solvent ';‘
Ph Ph” >CN
2a 3 4a
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entry? solvents time(min) yield(%)" ee(%)°

1 1,4-Dioxane 45 94 67
2 THF 45 90 25
3 Et,O 30 92 25
4 Acetionitrile 20 89 10
5 PhCI 28 92 42
6 EtOAC 20 85 13
7 DCM 20 87 7

8 Cyclohexane 30 88 52
9 Benzene 10 76 62
10 Ethylbenzene 20 96 57
11 Isopropylbenzene 5 75 47
12 tert-Butylbenzene 20 83 36
13 0-xylene 2 98 66
14 m-xylene 45 98 63
15 p-xylene 45 95 66
16 Mesitylene 10 95 67

% All reactions were carried out with 2a (0.2 mmol), 3 (0.24 mmol, 1.2
equiv) and 1d (0.02 mmol, 10 mol %) in corresponding solvents (0.5 mL)
at room temperature. ® Isolated yields. ¢ Determined by chiral HPLC
(Daicel Chirapak AD-H column).

Table S2 Further investigating

@) @)
_N\+ \ + TMSCN Catal.1 (10 mol %_l HN\ \
JN solvent N
Ph Ph” >CN
2a 3 4a
—

FsC CFy; F5C CFs
1d 1j
entry  solvents additive” temp.(°C)  time(h)  vyield(%)°  ee(%)"
1 toluene - -20 5 99 78
2 o0-xylene - -20 5 98 72
3 m-xylene - -20 5 99 74
4 mesitylene - -20 5 93 80

S3



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

5 mesitylene - -15 35 94 79
6 mesitylene - -40 12 96 79
7° mesitylene - -40 12 90 -72
8 mesitylene diethyl phosphite -15 2 92 77
9 mesitylene PhCOOH -15 1 90 80
10 mesitylene amino alcohol' 15 3 93 79
11 mesitylene PhOH -15 15 92 81
12 mesitylene 4-NO,CgH,OH -15 27 93 65
13 mesitylene 4-MeOC¢H,OH -15 2.5 92 82
14 mesitylene  2-'Bu-4-MeCgH;OH -15 2 96 77
15 mesitylene (R)-BINOL -15 27 92 74
16 mesitylene (S)-BINOL -15 27 94 86

& All reactions were carried out with 2a (0.2 mmol), 3 (0.24 mmol, 1.2 equiv) and 1d (0.02 mmol,
10 mol %) in mesitylene (0.5 mL). ® 10 mol % additive was used. © Isolated yields. * Determined
by chiral HPLC (Daicel Chirapak AD-H column). ¢ Catalyst 1j (10 mol %) was used instead of 1d.
(1R, 2S)-(+)-2-amino-1,2-diphenylethanol was used.

Table S3 Screening of other catalysts

) )
- 0,
N‘f{j b, TMSCN Catal.1 (10 mol%) HN\N )
J mesitylene, -15 °C H
Ph Ph” > CN
2a 3 4a

1k: R = 4-NO,CgH,; 1I: R = 2-MeOCgH,
1m: R = 4-MeOCgH,; 1n: R = 2,6-(iPr),CgHs

10: R=Bn; 1p: R=Et; 1q: R=Bu r
entry catalysts solvents  temp. ('C)  time (h) yield (%) ee (%)°
1 1k mesitylene -15 15 89 66
2 1l mesitylene -15 16 91 75
3 1m mesitylene -15 22 93 85
4 1n mesitylene -15 8 91 75
5 lo mesitylene -15 75 95 80
6 1p mesitylene -15 6 94 81
7 1q mesitylene -15 2 94 76
8 1r mesitylene -15 0.5 90 84
9 1s mesitylene -15 5 95 76

# Unless otherwise noted, reactions were carried out with 2a (0.2 mmol), 3 (0.24 mmol, 1.2
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equiv) and 1 (0.02 mmol, 10 mol %) in mesitylene (0.5 mL) at -15 C. °Isolated yields. ©
Determined by chiral HPLC (Daicel Chirapak AD-H column).

Ar - 1h (1.0 mol %) Ar H , _ H
Mt N_0 TMSCN (1.2 equiv) M N_o _POH__ Ar HN
H N\_/v/ , > N rt, 2h, quant >:N\_):O
mesitylene, -15°C NC »eh " NC
2q-2r 4q Ar = m-N02C6H4, 90% yleld 5q Ar= m-N02C6H4
a 4r Ar = p-NCCgH,, 87% yield 5r Ar = p-NCCgH,
~ ~
\ 0 \
N 1h (1.0 mol %) N/ \N H

_ TMSCN (1.2 equiv)

\+N :

1| — "L
K O mesitylene, -15°C, 5d N ¢ N\_)':
H \_f NC \_f NG

2s 5s, 96% yield

Scheme S1 Unexpected p-eliminative N-N bond cleavage with 2g-s as substrates.

3. Typical experimental procedure

3.1 General procedure for the preparation of unreported quinine derived catalysts.

p— -

OMe PPh; (1.2 equiv), OMe
DIAD (1.2 equiv),
DPPA (1.2 equiv)

PPh; (1.3 equiv)

THF, r.t. to 50°C H0, 50°C
I
-
- - OMe
OMe OMe RNH. (1 )
CS,, DCC 2(1 equiv)_
it THF(0.4 M), rt.
THF

Catalyst 1f, 1n, 1o, 1p, 1r and 1s which were described in this paper were prepared according
to the similar reported procedures.*? 9-amino (9-deoxy) epi-quinine (I1) was obtained via the
classic Mitsunobu and Staudinger reactions from Quinine (I) and subsequently transformed into
isothiocyanate (I11) which was used as a common electrophile in the following reactions with
corresponding primary amines to give those catalysts.

3.2 General procedure for the preparation of racemic amino nitriles 4

Racemic amino nitriles described in this paper were prepared by nucleophilic addition of the

azomethine imines with TMSCN: the azomethine imines (0.2 mmol), TMSCN (0.24 mmol, 1.2

equiv) were combined into a vessel, 0.5 mL DCM was added via syringe and the system was
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stirred at room temperature until the reaction was complete (detected by TLC). The solvents were
evaporated under reduced pressure and the residue was purified by column chromatography on
silica (n-hexane/ethyl acetate = 1/1) to give amino nitriles 4 as solids.

3.3 General procedure for cinchona alkaloid-derived multiple hydrogen-bonding
catalyst 1h catalyzed asymmetric Strecker reaction

Azomethine imines 2 (0.2 mmol) and the catalyst 1h (0.002 mmol, 1 mol %) were added to a
vessel, to this vessel was carefully added TMSCN (30.54 pl, 1.2 equiv) in one portion at -15 °C,
after that 0.5 mL mesitylene was injected into the system via syringe. The system was stirred at
the same temperature until the reaction was detected complete by TLC. Then 1 mL
dichloromethane was added and the amino nitriles 4 were obtained after purification by flash
chromatography on silica (n-hexane/ethyl acetate = 1/1).
9-amino (9-deoxy) epi-quinine (I1)

= 'H NMR (300 MHz, CDCly) § = 8.74 (s, 1H), 8.03 (d, J = 7.5 Hz, 1H), 7.73 —

OMe

7.51 (m, 2H), 7.50 — 7.37 (m, 1H), 6.04 — 5.79 (m, 1H), 5.18 —4.98 (M, 2H),
4.70 (d, J = 7.5 Hz, 1H), 3.97 (s, 3H), 3.48 — 3.25 (m, 3H), 3.18 — 2.86 (m, 5H),

2.30 (s, 1H), 2.00 (t, J = 13.4 Hz, 1H), 1.62 (s, 1H), 1.21 — 1.06 (m, 1H), 0.97

(s, 1H); *C NMR (75 MHz, CDCly) & = 157.62, 147.67, 144.49, 140.48,
131.92, 131.60, 128.56, 121.68, 119.78, 114.56, 101.21, 62.37, 55.42, 49.32, 47.15, 39.14, 27.42, 26.42,
24.87, 23.05 ppm.
isothiocyanate (111)
= [a]p? = 40.59 (¢ 0.17, CHCI3); *H NMR (300 MHz, CDCly) § = 8.68 (d, J =
Ve 4.5 Hz, 1H), 7.96 (d, J = 9.2 Hz, 1H), 7.38 (d, J = 4.5 Hz, 1H), 7.32 (dd, J =
9.2, 2.5 Hz, 1H), 7.25 (s, 1H), 5.67 (ddd, J = 16.9, 10.4, 6.3 Hz, 1H), 5.40 (d, J

= 10.0 Hz, 1H), 5.16 — 5.03 (m, 2H), 3.95 (d, J = 19.6 Hz, 3H), 3.78 (dd, J =

13.4, 10.4 Hz, 1H), 3.67 — 3.44 (m, 2H), 3.32 — 3.11 (m, 2H), 2.69 (s, 1H),
2.11 (d, J = 15.9 Hz, 1H), 2.05 — 1.81 (m, 3H), 1.72 — 1.57 (m, 1H); *C NMR (75 MHz, CDCl) § =
164.10, 157.82, 147.68, 144.38, 141.83, 138.37, 131.78, 127.12, 121.40, 119.79, 116.78, 101.39, 66.46,
65.66, 57.07, 55.76, 46.12, 38.64, 27.57, 26.11, 25.38 ppm; IR (KBI) vime: 2934.6, 2379.9, 2053.5,
1627.2, 2539.8, 1236.2, 1026.3, 926.5, 846.1, 713.1, 619.4 cm™; ESI-MS (%): m/z = 366.2 [M+H]";

HRMS (ESI): m/z = 366.1645 (calcd for Ca3HgoN,0sS+H" = 366.1635).
6
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Catalyst 1f

= White solid; 83% vyield; [o]p® = -135.12 (c 0.62, CHCIy); H

OMe

NMR (300 MHz, CDCls) & 8.88 (s, 2H), 8.73 (d, J = 4.6 Hz, 1H),
8.04 (s, 1H), 7.98 (d, J = 9.2 Hz, 1H), 7.47 (s, 1H), 7.41 — 7.32 (m,

1H), 6.93 (d, J = 17.9 Hz, 1H), 6.74 (s, 1H), 5.74 -5.55 (m, 1H),

5.10 (dd, J = 13.7, 9.4 Hz, 2H), 4.11 (dd, J = 14.2, 7.1 Hz, 1H),
4.02 (d, J = 14.1 Hz, 3H), 3.83 — 3.72 (m, 1H), 3.57 (dd, J = 15.0,
9.4 Hz, 3H), 3.20 -3.03 (m, 1H), 3.02 — 2.88 (m, 1H), 2.66 (d, J = 7.8 Hz, 1H), 2.17 — 2.05 (m, 1H),
1.94 (s, 1H), 1.74 — 1.54 (m, 3H), 1.33 — 1.22 (m, 1H), 1.20 — 1.07 (m, 1H), 0.89 — 0.78 (m, 2H); **C
NMR (75 MHz, CDCl;) 6 178.0, 158.4, 147.5, 144.7, 143.2, 136.5, 131.3, 127.9, 122.7, 120.4, 117.5,
102.4, 59.8, 58.9, 55.9, 53.2, 41.5, 36.5, 32.1, 26.7, 24.5, 23.5, 22.8, 11.4; IR (KBr) v 3273.8,
3069.3, 2934.6, 2488.0, 1628.3, 1544.3, 1357.9, 1233.2, 1034.9, 920.1, 840.9, 673.5 cm*; ESI-MS
(%): m/z = 441.2 [M+H]"; HRMS (ESI): m/z = 441.2328 (calcd for Cy4H3,N40,S+H"™ = 441.2319).
Catalyst 1n

= White solid; 76% vyield; [a]o® = -90.95 (c 0.21, CHCI5); *H NMR (300

OMe

MHz, CDCl5) § 8.76 — 8.53 (m, 1H), 8.11 — 7.72 (m, 3H), 7.54 — 7.40 (m,
1H), 7.39 — 7.26 (m, 2H), 7.15 (d, J = 6.4 Hz, 1H), 7.12 — 6.95 (m, 1H),

6.52 (5, 1H), 5.84 (s, 1H), 5.64 — 5.42 (m, 1H), 5.14 — 4.97 (m, 1H), 4.88

iPr iPr — 4.74 (m, 1H), 3.92 (s, 3H), 3.79 — 3.52 (m, 1H), 3.40 (s, 1H), 3.24 —
1n 3.04 (m, 2H), 3.04 — 2.89 (m, 1H), 2.89 — 2.67 (m, 2H), 2.65 — 2.45 (m,
1H), 2.39 — 2.25 (m, 1H), 2.14 (s, 1H), 1.90 — 1.78 (m, 2H), 1.39 — 1.14 (m, 6H), 1.14 — 1.04 (m, 4H),
0.98 — 0.88 (m, 3H); 3¢ NMR (75 MHz, CDCl3) 5 181.4, 157.8, 147.8, 147.6, 147.2, 1445, 141.0,
131.3,130.3, 129.9, 128.8, 128.4, 124.3, 124.1, 123.4, 122.1, 118.8, 114.5, 102.5 98.4, 67.3, 61.3, 55.5,
49.1, 41.0, 39.3, 33.9, 28.7, 28.3, 27.8, 27.3, 24.9; IR (KBr) vma: 3179.9, 2945.7, 2356.9, 1629.9,
1518.8, 1238.9, 1031.5, 919.5, 841.4, 671.4 cm™; ESI-MS (%): m/z = 543.3 [M+H]*; HRMS (ESI):
m/z = 543.3164 (calcd for C33H,4,N,OS+H™ = 543.3152).
Catalyst 1o

= White solid; 73% yield; [a]p? = -103.75 (c 0.32, CHCI,); *H NMR (300 MHz,

OMe

CDCly) 5 8.62 (s, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.74 (s, 2H), 7.32 (dd, J = 23.3,
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10.2 Hz, 4H), 7.15 (s, 2H), 5.63 (dd, J = 16.3, 8.1 Hz, 2H), 5.08 — 4.85 (m, 2H), 4.55 (s, 2H), 3.95 (s,
3H), 3.26 (s, 2H), 2.99 (d, J = 10.8 Hz, 2H), 2.71 (s, 1H), 2.52 — 2.16 (m, 2H), 1.89 (s, 2H), 1.60 — 1.52
(m, 1H), 1.30 (d, J = 11.4 Hz, 2H), 0.89 (s, 1H); *C NMR (75 MHz, CDCl,) § 182.4, 158.0, 147.6,
144.7, 140.1, 137.5, 131.7, 128.6, 127.9, 127.6, 127.1, 122.1, 102.1, 60.8, 55.8, 54.8, 49.1, 40.9, 38.8,
33.9, 32.9, 27.1, 25.4; IR (KBr) vina: 3410.8, 2926.4, 2379.2, 1629.3, 1550.7, 1388.4, 1236.4, 1026.1,
847.5, 703.9 cm; ESI-MS (%): m/z = 473.2 [M+H]"; HRMS (ESI): m/z = 473.2382 (calcd for
CygH3N,0S+H" = 473.2370).

Catalyst 1p

= White solid; 66% yield; [o]p? = -94.12 (c 0.68, CHCI5); *H NMR (300 MHz,

OMe

CDCl;) & 8.75 (d, J = 3.0 Hz, 1H), 8.04 (d, J = 9.0 Hz, 1H), 7.75 (s, 1H),
7.44-7.41 (m, 1H), 7.40 — 7.38 (m, 1H), 5.79 — 5.61 (m, 2H), 5.05 — 4.98 (m,

1H), 4.98 — 4.95 (m, 1H), 4.00 (s, 3H), 3.48 — 3.13 (m, 6H), 2.88 — 2.68 (m,

3H), 2.34 (s, 1H), 1.79 — 1.55 (m, 4H), 1.44 — 1.33 (m, 1H), 1.08 — 0.97 (m,
3H); *C NMR (75 MHz, CDCI;) & 181.9, 157.9, 147.6, 144.8, 140.8, 131.8,
127.9, 121.9, 120.2, 102.1, 60.9, 55.8, 55.3, 41.1, 39.2, 27.6, 27.3, 25.7, 14.1; IR (KBr) v 3313.8,
3072.2, 2932.5, 1621.5, 1544.2, 1236.3, 1031.4, 918.8, 846.8, 667.4 cm*; ESI-MS (%): m/z = 411.2
[M+H]*; HRMS (ESI): m/z = 411.2223 (calcd for C,3H3oN,OS+H" = 411.2213).
Catalyst 1r
= White solid; 86% vyield; [a]p® = -111.16 (c 0.86,
OMe
CHCI,); *H NMR (300 MHz, CDCl5) & 8.72 (s, 1H), 8.02
(d, J = 5.3 Hz, 1H), 7.81 — 7.28 (m, 4H), 5.58 (dd, J =
16.7, 8.4 Hz, 1H), 5.34 (s, 1H), 4.87 (t, J = 12.1 Hz, 2H),

4.38 (s, 1H), 4.12 — 3.87 (m, 5H), 3.17 (dd, J = 25.4,

13.5 Hz, 1H), 3.01 (s, 2H), 2.65 (d, J = 13.6 Hz, 2H),
2.46 (s, 1H), 2.24 (s, 1H), 2.07 (d, J = 12.6 Hz, 1H), 1.98 (s, 1H), 1.93 — 1.68 (m, 3H), 1.60 (d, J = 20.6
Hz, 4H), 1.51 — 1.13 (m, 11H), 1.07 (s, 3H), 0.88 (s, 4H), 0.62 (d, J = 33.8 Hz, 4H), 0.43 (d, J = 33.8
Hz, 4H); *C NMR (75 MHz, CDCly) & 181.8, 177.4, 171.1, 158.4, 147.7, 144.9, 141.0, 132.4, 127.6,
121.8, 120.2, 114.7, 100.9, 62.9, 60.3, 59.8, 56.7, 55.6, 55.5, 55.4, 55.2, 43.5, 41.9, 41.7, 41.1, 40.7,

40.3, 39.7, 395, 37.9, 37.7, 33. 7, 28.8, 27.9, 27.3, 255, 24.4, 21.6, 21.0, 19.9, 18.7, 14.1, 13.2; IR
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(KBI) vinax: 3545.5, 2941.8, 2496.3, 1950.1, 1719.7, 1544.8, 1020.6, 846.5, 741.5 cm’l; ESI-MS (%):
m/z = 713.5 [M+H]*; HRMS (ESI): m/z = 713.4455 (calcd for C,sHgoN4OsS+H"* = 713.4459).
Catalyst 1s

= Yellow solid; 43% yield; [o]p® = -138.63 (¢ 0.81, CHCI;); *H NMR (300

OMe

MHz, CDCl) & 8.71 (d, J = 4.1 Hz, 1H), 8.03 (d, J = 9.3 Hz, 1H), 7.46 — 7.29
(m, 4H), 7.18 — 7.12 (m, 2H), 7.00 (s, 1H), 5.74 — 5.58 (m, 1H), 5.37 (s, 1H),

4.97 (dd, J = 2.9, 1.1 Hz, 1H), 4.92 (s, 1H), 3.87 (s, 3H), 3.10 (s, 3H), 2.87 (s,

1H), 2.69 — 2.44 (m, 5H), 2.21 (s, 1H), 1.73 (s, 2H), 1.66 — 1.47 (m, 5H), 1.32
(s, 1H), 0.92 — 0.69 (m, 2H); *C NMR (75 MHz, CDCl5) & 181.0, 158.2, 147.6,
1s 144.8, 137.2, 135.8, 132.0, 129.2, 129.1, 128.6, 127.4, 126.1, 122.2, 120.4,
114.8, 100.8, 55.6, 54.9, 52.9, 49.1, 40.6, 39.2, 33.9, 28.8, 27.6, 27.3, 25.6, 24.9, 19.1; IR (KBr) va:
3278.7, 3056.4, 2929.9, 2354.3, 1926.7, 1629.6, 1522.9, 1348.5, 1234.1, 1032.2, 913.7, 842.8, 739.6
cm; ESI-MS (%): m/z = 513.3 [M+H]*; HRMS (ESI): m/z = 513.2691 (calcd for C3;H3sN,OS+H" =
513.2683).
(S) 2-(3-oxopyrazolidin-1-yl)-2-phenylacetonitrile 4a
0) White solid; 97% vyield, 95% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 93/7,
H'\?‘D flow rate: 1.0 mL-min™*, A = 254.4 nm, t (major) = 40.098, t (minor) = 36.087]; [o]p?

: on = 107.18 (¢ 0.59, CHCI); 'H NMR (400 MHz, CDCl5) & 7.91 (s, 1H), 7.57 — 7.50

©/\ (m, 2H), 7.48 — 7.42 (m, 3H), 4.95 (s, 1H), 3.58 (s, 1H), 3.53 — 3.44 (m, 1H), 2.65 (s,

4 2H); BC NMR (75 MHz, CDCls) 6 175.4, 131.1, 129.8, 129.2, 128.3, 117.0, 62.8,

49.3, 29.8; IR (KBr) vinax: 3451.3, 3189.5, 2200.1, 1692.3, 1072.1, 929.6, 699.9 cm’; ESI-MS (%):
m/z = 202.1 [M+H]"; HRMS (ESI): m/z = 202.0965 (calcd for Cy;H1;N;O+H" = 202.0975).

(S) 2-(2-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4b
(@) White solid; 98% yield, 92% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15,
flow rate: 1.0 mL-min', A = 254.4 nm, t (major) = 20.234, t (minor) = 13.614]; [a]p™

= 89.57 (c 0.23, CHCI3); *H NMR (400 MHz, CDCly) § 7.64 (t, J = 7.32 Hz, 1H),

7.55 — 7.38 (m, 2H), 7.21 — 7.12 (m, 1H), 5.19 (s, 1H), 3.80 — 3.61 (m, 1H), 3.60 —

3.44 (m, 1H), 2.75 (s, 1H), 2.61 — 2.46 (m, 1H); *C NMR (75 MHz, CDCly) § 175.7,
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158.6, 132.2, 132.1, 130.2, 124.9, 118.9, 118.7, 116.4, 116.3, 116.0, 56.5, 49.9, 29.6; IR (KBr) vina:
3460.3, 3158.1, 2848.9, 2114.2, 1697.3, 1494.7, 1094.7, 944.6, 804.9, 665.9 cm™*; ESI-MS (%): m/z =
220.1 [M+H]*; HRMS (ESI): m/z = 220.0881 (calcd for C;;H;oFN;O+H" = 220.0881).
(S) 2-(4-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4c
0 White solid; 95% yield, 95% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
HI\?\_) 85/15, flow rate: 1.0 mL-min!, A = 254.4 nm, t (major) = 17.480, t (minor) =
N 23.212]; [a]o® = —106.25 (c 0.32, CHCI5); *H NMR (400 MHz, CDCl5) & 7.61 —
7.42 (m, 2H), 7.12 (t, J = 8.44 Hz, 2H), 4.87 (s, 1H), 3.83 — 3.35 (m, 2H), 2.62 (s,
4c 2H); *C NMR (75 MHz, CDCl;) & 175.5, 165.0, 161.7, 130.3, 130.2, 127.0,
116.9, 116.4, 116.1, 62.1, 49.2, 29.8; IR (KBr) vinax: 3457.9, 3154.4, 2020.4, 1692.9, 1422.8, 1084.5,
862.4, 638.1 cm™; ESI-MS (%): m/z = 220.1 [M+H]"; HRMS (ESI): m/z = 220.0886 (calcd for
C11H1oFN;O+H* = 220.0881).
(S) 2-(2-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4d

o White solid; 98% yield, 89% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15,

HNE \ flow rate: 1.0 mL-min*, A = 254.4 nm, t (major) = 28.720, t (minor) = 16.028]; [a]o*
cl -

= -100.27 (c 0.38, CHCls); "H NMR (400 MHz, CDCl;) § 7.73 — 7.65 (m, 1H), 7.49

—7.43 (m, 1H), 7.42 — 7.34 (m, 2H), 5.33 (s, 1H), 3.74 — 3.57 (m, 1H), 3.55 — 3.38

(m, 1H), 2.86 — 2.69 (m, 1H), 2.67 — 2.45 (m, 1H); *C NMR (75 MHz, CDCl,) &
175.7, 134.3, 131.4, 130.4, 130.3, 129.2, 127.6, 116.6, 59.8, 50.1, 29.7; IR (KBr) viax: 3464.8, 3168.3,
2098.8, 1708.1, 1458.9, 1040.3, 942.0, 753.5, 650.6 cm™; ESI-MS (%): m/z = 236.1 (100) and 238.1
(38) [M+H]* for *ClI and *'Cl isotopic pattern; HRMS (ESI): m/z = 236.0575 (calcd for
C11H1CIN;O+H" = 236.0585).

(S) 2-(3-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4e

White solid; 98% vyield, 97% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

@)
HNS \ 85/15, flow rate: 1.0 mL-min™*, A = 254.4 nm, t (major) = 13.448, t (minor) =

11.605]; [a]p”™® = -105.28 (c 0.36, CHCI5); *H NMR (400 MHz, CDCI;) & 8.09

cl
CN
\(jA (s, 1H), 7.55 (s, 1H), 7.47 — 7.36 (m, 3H), 4.94 (s, 1H), 3.79 — 3.32 (m, 2H),

de 2.69 (s, 2H); *C NMR (75 MHz, CDCl) 8 175.5, 135.0, 133.1, 130.5, 129.97,
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128.4, 126.4, 116.6, 62.2, 49.3, 29.8; IR (KBI) v 3476.6, 3186.5, 2239.4, 1694.9, 1427.8, 1083.6,
1016.779, 892.2, 677.9, cm™; ESI-MS (%): m/z = 236.1 (100) and 238.1 (38) [M+H]" for *Cl and *'CI
isotopic pattern; HRMS (ESI): m/z = 236.0582 (calcd for C,H,CIN;O+H" = 236.0585).
(S) 2-(4-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4f

0 White solid; 99% vyield, 93% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

HNE \ 85/15, flow rate: 1.0 mL-min™, A = 254.4 nm, t (major) = 28.720, t (minor) =

16.028]; [0]p> = -110.94 (c 0.32, CHCI5); *H NMR (400 MHz, CDCl5) & 7.57 —
CN

7.34 (m, 4H), 4.90 (s, 1H), 3.76 — 3.37 (m, 2H), 2.90 — 2.42 (s, 2H); °C NMR
° af (75 MHz, CDCls) 6 175.5, 135.9, 129.6, 129.4, 116.6, 62.3, 49.4, 29.7; IR (KBr)
Vimax. 3449.7, 3173.0, 2238.9, 1685.2, 1408.2 1088.1, 858.3, 685.3 cm™; ESI-MS (%): m/z = 236.1
(100) and 238.1 (38) [M+H]" for **Cl and ¥'Cl isotopic pattern; HRMS (ESI): m/z = 236.0574 (calcd
for C11H1,CIN;O+H" = 236.0585).
(S) 2-(2-bromophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4g
0 White solid; 99% yield, 87% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15,

flow rate: 1.0 mL-min*, A = 210.8 nm, t (major) = 17.439, t (minor) = 12.347]; [a]p®

Br

= _50.57 (¢ 0.44, CHCl,); 'H NMR (400 MHz, CDCls) § 7.94 (s, 1H), 7.70 (d, J =

7.68 Hz, 1H), 7.65 (d, J = 7.96 Hz, 1H), 7.48 — 7.38 (m, 1H), 7.37 — 7.28 (m, 1H),

5.30 (s, 1H), 3.76 — 3.58 (m, 1H), 3.53 — 3.35 (m, 1H), 2.90 — 2.68 (M, 1H), 2.66 —
2.43 (m, 1H); °C NMR (75 MHz, CDCl3) & 175.6, 133.6, 131.5, 130.7, 130.3, 128.1, 124.5, 116.6,
62.0, 49.9, 29.6; IR (KBI) vi: 3467.6, 3187.1, 2239.9, 1693.9, 1431.2, 1024.3, 943.8, 758.2 cm™*;
ESI-MS (%): m/z = 280.0 (94) and 282.0 (100) [M+H]" for "°Br and ®'Br isotopic pattern; HRMS (ESI):
m/z = 280.0072 (calcd for Cy;H;oBrN;O+H" = 280.0080).
(S) 2-(3-bromophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4h
e) White solid; 99% vyield, 95% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

HN 85/15, flow rate: 1.0 mL-min™*, A = 254.4 nm, t (major) = 12.783, t (minor) =
N

Br : N 18.109]; [a]p® = -72.80 (c 0.50, CHCI3); "H NMR (400 MHz, CDCl;) & 8.32
\Oﬂ (bs, 1H), 7.69 (s, 1H), 7.56 (d, J = 7.52 Hz, 1H), 7.48 (d, J = 7.32 Hz, 1H), 7.39
4h —7.29 (m, 1H), 4.93 (s, 1H), 3.81 — 3.26 (m, 2H), 2.68 (s, 2H); *C NMR (75

MHz, CDCl,) 6 175.4, 133.2, 132.8, 131.13, 130.6, 126.8, 123.0, 116.4, 62.1, 49.3, 29.7; IR (KBI) Vinax:

3451.6, 3167.0, 2239.5, 1689.2, 1418.0, 1079.1, 936.9, 874.7, 785.5 cm™; ESI-MS (%): m/z = 280.0
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(94) and 282.0 (100) [M+H]" for "Br and ®Br isotopic pattern; HRMS (ESI): m/z = 280.0069 (calcd
for C11H10BrN;O+H" = 280.0080).
(S) 2-(4-bromophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4i
e) White solid; 97% vyield, 97% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
Hl\h 85/15, flow rate: 1.0 mL-min™*, A = 254.4 nm, t (major) = 12.783, t (minor) =
N 18.109]; [0]n% = -96.36 (c 0.33, CHCI3); 1H NMR (400 MHz, CDCl;) § 8.72 (s,
Br/EjA 1H), 7.56 (d, J = 8.28 Hz, 2H), 7.40 (d, J = 8.20 Hz, 2H), 4.92 (s, 1H), 3.84 —
4i 3.20 (m, 2H), 2.63 (s, 2H); *C NMR (101 MHz, CDCl,) 5 175.7, 132.6, 130.4,
130.1, 124.4, 116.8, 62.6, 50.2, 29.9; IR (KBr) v 3436.8, 3150.1, 2293.6, 1679.7, 1481.3, 1080.1,
937.5, 865.1, 718.5 cm™; ESI-MS (%): m/z = 280.0 (94) and 282.0 (100) [M+H]" for "Br and ®Br
isotopic pattern; HRMS (ESI): m/z = 280.0074 (calcd for C1;H;oBrN;O+H" = 280.0080).
(S) 2-(3-oxopyrazolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetonitrile 4j
o) White solid; 90% yield, 90% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

HN 85/15, flow rate: 1.0 mL-min™*, A = 210.8 nm, t (major) = 9.580, t (minor) =

~

oz

12.821]; [o]p®® = -78.18 (c 0.17, CHCIs); *H NMR (400 MHz, CDCls) & 8.68
. C/OACN (bs, 1H), 7.78 — 7.62 (m, 4H), 5.03 (s, 1H), 3.79 — 3.28 (m, 2H), 2.65 (s, 2H);
i 4j 3C NMR (101 MHz, CDCl;) § 175.7, 135.2, 132.4, 132.1, 129.0, 128.9, 126.4,
126.4, 125.2, 122.5, 116.6, 62.8, 50.0, 29.9; IR (KBr) via: 3439.2, 3176.1, 2238.4, 1689.9, 1421.8,
1328.1, 1016.7, 937.6, 875.0, 808.2, 659.6 cm™; ESI-MS (%): m/z = 270.1 [M+H]"; HRMS (ESI): m/z
=270.0840 (calcd for C1,H;oF3sN3O+H" = 270.0849).
(S) 2-(2-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4k
@) White solid; 95% yield, 90% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15,

HN flow rate: 1.0 mL-min*, A = 254.4 nm, t (major) = 34.166, t (minor) = 16.694]; [a]p™

~

: Aoy © L1438 (032 CHCly); 'H NMR (400 MHz, CDCl3) & 7.54 (d, J = 7.40 Hz, 1H),

OCH, 7.48 — 7.37 (m, 1H), 7.11 — 7.01 (m, 2H), 6.93 (d, J = 8.28 Hz, 1H), 5.29 (s, 1H),

4k 3.87 (s, 3H), 3.71 - 3.58 (m, 1H), 3.55 — 3.41 (m, 1H), 2.69 (s, 1H), 2.59 — 2.40 (m,
1H); *C NMR (75 MHz, CDCl;) & 175.5, 156.8, 131.5, 129.8, 120.9, 119.5, 117.3, 111.2, 56.4, 55.9,
50.0, 29.7; IR (KBr) wmx: 3491.6, 3168.8, 2835.1, 2032.4, 1706.6, 1471.0, 1095.6, 1021.8, 837.7,
749.8, 654.9 cm™; ESI-MS (%): m/z = 232.1 [M+H]"; HRMS (ESI): m/z = 232.1072 (calcd for

C1,H13Nz0,+H" = 232.1081).
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(S) 2-(4-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4l
0 White solid; 97% yield, 83% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =
H’\?——) 85/15, flow rate: 1.0 mL-min™*, A = 254.4 nm, t (major) = 15.166, t (minor) =
oN 238741 [a]p?® = -96.99 (c 0.47, CHCIly); *H NMR (400 MHz, CDCls) &
,_,300/E>A 8.25 (brs, 1H), 7.43 (d, J = 8.04 Hz, 2H), 6.94 (d, J = 8.00 Hz, 2H), 4.89 (s,

4|

1H), 3.82 (s, 3H), 3.59 — 3.32 (m, 2H), 2.60 (s, 2H); °C NMR (75 MHz,
CDCl;) 6 175.4, 160.6, 129.7, 122.9, 117.1, 114.5, 62.2, 55.4, 49.1, 29.7; IR (KBr) v 3449.0,
3180.1, 2230.0, 1683.8, 1407.6, 1249.5, 1023.7, 841.1, 647.9 cm™%; ESI-MS (%): m/z = 232.1 [M+H]";
HRMS (ESI): m/z = 232.1075 (calcd for Cy,H13N3O,+H* = 232.1081).
(S) 2-(3, 5-dimethoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4m
White solid; 98% yield, 90% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

0]
HNS \ 85/15, flow rate: 1.0 mL-min %, A = 254.4 nm, t (major) = 21.059, t (minor) =

24.922]; [o]o®® = -80.44 (c 0.23, CHCI3); 'H NMR (400 MHz, CDCl,) &

H,CO N
6.66 (d, J = 1.36 Hz, 2H), 6.49 (s, 1H), 4.84 (s, 1H), 3.82 (s, 6H), 3.68 —
OCH, 3.41 (m, 2H), 2.65 (s, 2H); *C NMR (75 MHz, CDCly) § 175.3, 161.2,
4m 133.2, 116.8, 106.1, 101.6, 62.9, 55.5, 49.3, 29.8; IR (KBI) Vs 3446.5,

3158.5, 2243.6, 1687.8, 1461.5, 1065.4, 834.4, 747.1, 690.9 cm™*; ESI-MS (%): m/z = 262.1 [M+H]";
HRMS (ESI): m/z = 262.1175 (calcd for C13H;5sN305+H" = 262.1186).
(S) 2-(benzo[d][1,3]dioxol-5-yl)-2-(3-0xopyrazolidin-1-yl)acetonitrile 4n

(0) Yellow solid; 93% vyield, 85% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

HN 85/15, flow rate: 1.0 mL-min*, A = 210.8 nm, t (major) = 20.523, t (minor) =

N

0 N 22.498]; [0]p® = -94.81 (c 0.14, CHCI5); *H NMR (400 MHz, CDCl5) 5 8.00
<oj©ﬁ (bs, 1H), 7.06 — 6.92 (m, 2H), 6.83 (d, J = 7.68 Hz, 1H), 6.01 (s, 2H), 4.82 (s,

4n 1H), 3.70 — 3.32 (m, 2H), 2.64 (s, 2H); *C NMR (75 MHz, CDCl;)  180.4,
148.9, 148.4, 124.7, 122.2, 116.8, 112.6, 108.5, 101.7, 62.6, 49.7, 29.7; IR (KBr) Vi 3433.7, 3155.1,
2292.3,1960.2, 1683.0, 1498.2, 1240.9, 1031.9, 921.4, 797.9 cm*; ESI-MS (%): m/z = 246.1 [M+H]";
HRMS (ESI): m/z = 246.0868 (calcd for Cy,H1;:N;O5+H" = 246.0873).

(S) 2-(naphthalen-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 40
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Q White solid; 99% vyield, 87.3% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH =

HN_ ) 85/15, flow rate: 1.0 mL-min™*, A = 254.4 nm, t (major) = 14.979, t (minor) =

CN 17.002]; [o]o® = -83.14 (¢ 0.26, CHCIs); *H NMR (400 MHz, CDCls) & 8.02
(s, 1H), 7.94 — 7.77 (m, 3H), 7.54 (d, J = 5.76 Hz, 3H), 5.07 (s, 1H), 3.83 —

40

3.29 (m, 2H), 2.62 (s, 2H); *C NMR (75 MHz, CDCl,) 6 175.4, 133.6, 132.9,
129.2,128.5, 128.3, 127.9, 127.8, 127.3, 126.9, 125.1, 117.0, 62.9, 49.3, 29.8; IR (KBr) vinax: 33449.9,
3151.5, 3039.5, 2007.5, 1684.8, 1426.7, 1371.6, 1079.2, 859.2, 751.3, 632.9 cm*; ESI-MS (%): m/z =
252.1 [M+H]*; HRMS (ESI): m/z = 252.1123 (calcd for Ci5H13N30,+H" = 252.1131).
(R) 2-(furan-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4p
@) White solid; 99% vyield, 74% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15,
HI?\D flow rate: 1.0 mL-min !, & = 254.4 nm, t (major) = 16.289, t (minor) = 26.215]; [a]p>
GZCN = 66.82 (c 0.22, CHCIl5); *H NMR (400 MHz, CDCl5) & 7.59 (s, 1H), 7.48 (s, 1H),
\_0 6.61 (d, J = 3.04 Hz, 1H), 6.48 — 6.39 (m, 1H), 4.93 (s, 1H), 3.64 (s, 1H), 3.59 — 3.48
® (m, 1H), 2.50 (s, 2H); *C NMR (75 MHz, CDCly) & 175.7, 144.6, 144.0, 115.3,
111.9, 111.2, 56.2, 49.5, 29.6; IR (KBr) vya: 3455.6, 3151.1, 1696.0, 1499.4, 1311.8, 1072.0, 954.8,
760., 607.1 cm™; ESI-MS (%): m/z = 192.1 [M+H]*; HRMS (ESI): m/z = 192.0770 (calcd for
CoHgN3O,+H" = 192.0768).
(S) 2-(3-nitrophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4q
e} White solid; 90% yield; chiral GC and RPC (CH3CN and water as eluant) also

HN ) failed to detect its enantioselectivity; [a]p? = +99.23 (¢ 0.26, CHCl3); 'H NMR

NO, N (400 MHz, CDCl;) 6 8.82 (s, 1H), 8.42 (s, 1H), 8.31 (d, J = 8.28 Hz, 1H), 7.92

@A (d, J = 7.52 Hz, 1H), 7.80 — 7.60 (m, 1H), 5.07 (s, 1H), 3.87 — 3.41 (m, 2H),

4q 2.75 — 2.53 (m, 2H); *C NMR (75 MHz, CDCl;) & 175.6, 148.6, 134.1, 133.4,

130.4, 124.8, 123.5, 116.0, 62.3, 50.7, 29.7; IR (KBr) viax: 3396.4, 3172.9, 2093.3, 1702.9, 1094.8,

921.3, 814.9, 669.3 cm™; ESI-MS (%): m/z = 247.1 [M+H]*; HRMS (ESI): m/z = 247.0814 (calcd for

C11H1oN4Og+H" = 247.0826).

(S) 4-(cyano(3-oxopyrazolidin-1-yl)methyl)benzonitrile 4r

Q White solid; 87% vyield, chiral GC and RPC (CH3CN and water as eluant) also

failed to detect its enantioselectivity; [a]p> = -64.80 (c 0.25, CHCly); *H NMR

CN
S14
NC
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(400 MHz, CDCl3) & 7.99 (brs, 1H), 7.74 (d, J = 7.84 Hz, 2H), 7.67 (d, J = 7.92Hz, 2H), 4.97 (s, 1H),
3.73 — 3.39 (m, 2H), 2.88 — 2.45 (m, 2H); *C NMR (75 MHz, CDCl;) & 175.6, 136.2, 132.9, 129.1,
117.9, 116.3, 113.6, 62.6, 49.9, 29.7; IR (KBI) v 3443.0, 3150.1, 2005.8, 1931.5, 1369.5, 1072.5,
807.5, 649.9 cm™; ESI-MS (%): m/z = 227.1 [M+H]"; HRMS (ESI): m/z = 227.0920 (calcd for
C1oHgN,O+H" = 227.0927).

(S) 2-cyclohexyl-2-(3-oxopyrazolidin-1-yl) acetonitrile 4t

o) White solid; 95% yield, 12% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15,
HN. flow rate: 1.0 mL-min™, A = 254.4 nm, t (major) = 8.334, t (minor) = 14.499]; [a]p®
N o = +31.25 (c 0.16, CHCly); *H NMR (400 MHz, CDCl3) & 9.12 (s, 1H), 3.55 (d, J =
8.28 Hz, 1H), 3.47 — 3.40 (m, 2H), 2.92 — 2.48 (m, 2H), 1.98 (d, J = 12.08 Hz, 2H),

4t

1.83 — 1.54 (m, 4H), 1.36 — 1.11 (m, 3H), 1.11 — 0.89 (m, 2H); **C NMR (75 MHz,
CDCl;) 6 175.7, 117.7, 65.5, 50.1, 38.6, 30.1, 29.9, 29.8, 26.0, 25.4, 25.2; IR (KBI) v 3168.8,
2229.1, 1688.8, 1374.5, 1090.4, 741.4 cm™; ESI-MS (%): m/z = 208.1 [M+H]*; HRMS (ESI): m/z =
208.1435 (calcd for C11H;7N;O+H" = 208.1444).
3-(cyano(3-nitrophenyl)methyleneamino)propanamide 5q
O White solid; >95% vyield; *H NMR (300 MHz, CDCl3) & 8.71 (s, 1H), 8.26 (d, J =

(. NH, 25.38Hz, 2H), 7.92 — 7.49 (m, 1H), 6.40 — 5.70 (m, 2H), 4.50 — 4.00 (m, 2H), 3.00
N

oy 245 (m. 2H); 3C NMR (75 MHz, CDCly) & 172.9, 141.2, 136.6, 132.6, 128.1,

117.8, 115.7, 112.9, 109.0, 54.6, 35.7; IR (KBr) vma: 3195.2, 2256.6, 1966.3,

NO2 54 1649.9, 1527.4, 14252, 1346.1, 1095.5, 929.7, 803.4, 744.1, 689.2, 634.3 cm*;

ESI-MS (%): m/z = 247.1 [M+H]"; HRMS (ESI): m/z = 247.0816 (calcd for
C11H1oN4Og+H" = 247.0826).
3-(cyano(4-cyanophenyl)methyleneamino)propanamide 5r
o  White solid; >95% yield; *H NMR (400 MHz, CDCl5) 8 8.09 (d, J = 9.12 Hz,

/ ZNHZ 2H), 7.78 (d, J = 9.12 Hz, 2H), 5.99 — 5.36 (m, 2H), 4.55 — 3.97 (m, 2H), 3.00
N
| — 2,53 (m, 2H); *C NMR (75 MHz, CDCl;) § 172.9, 141.2, 136.6, 132.6,
CN

128.1, 117.8, 115.7, 108.9, 54.7, 27.7; IR (KBI) vax: 3197.7, 2932.4, 2226.8,

NC

Sr 1942.0, 1648.9, 1420.2, 1029.9. 854.7, 772.3, 644.3 cm™%; ESI-MS (%): m/z

=227.1 [M+H]"; HRMS (ESI): m/z = 227.0921 (calcd for Cy,HoN,O+H* = 227.0927).

3-(cyano(pyridin-2-yl)methyleneamino)propanamide 5s
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o  White solid; 96% yield; *H NMR (400 MHz, DMSO-d¢) & 8.63 (d, J = 3.76 Hz,
ﬂNHz 1H), 7.94 — 7.73 (m, 2H), 7.54 — 7.20 (m, 2H), 6.79 (s, 1H), 4.17 — 3.79 (m, 2H),
|N 2.60 — 2.42 (m, 2H); *C NMR (101 MHz, DMSO-dg) & 177.5, 156.4, 154.8, 148.4,
@AC'\I 143.0, 132.0, 126.3, 115.1, 59.8, 40.5; IR (KBr) vma: 3168.5, 2925.1, 2229.6,
S 1665.3, 1427.6, 1056.6, 924.9, 801.9, 628.7 cm™; ESI-MS (%): m/z = 203.1
[M+H]"; HRMS (ESI): m/z = 203.0920 (calcd for C1oH;oN,O+H" = 203.0927)
4. X-ray data of chiral 4h and 4i

4.1 Crystal structure determination of compound 4h:

Crystal data and structure refinement for 4h:

Identification code cd212477

Empirical formula C11H10BrNzO

Formula weight 280.13

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a=5.6282(9) A  alpha = 90 deg.

b =9.0457(14) A beta = 90 deg.
c=22.768(4) A gamma = 90 deg.

Volume 1159.2(3) A3

Z, Calculated density 4, 1.605Mg/m"3
Absorption coefficient 3.528 mm~-1

F(000) 560

Crystal size 0.276 x 0.211 x 0.143 mm

Theta range for data collection  2.42 to 25.49 deg.

Limiting indices -6<=h<=6, -10<=k<=10, -26<=1<=27
Reflections collected / unique 6749/ 2154 [R(int) = 0.0442]
Completeness to theta = 25.49 99.9 %

Absorption correction Empirical
Max. and min. transmission 1.00000 and 0.42118
Refinement method Full-matrix least-squares on F*2
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Data / restraints / parameters 2154 /17149
Goodness-of-fit on F*2 1.063

Final R indices [I>2sigma(l)] R1=0.0462, wR2 = 0.1173
R indices (all data) R1=0.0557, wR2 = 0.1220

Absolute structure parameter 0.008(16)
Largest diff. peak and hole 0.719 and -0.746 e.A"-3

Figure S1. Packing of moleculars in a unit cell of 4h
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Figure S2. OPTEP drawing of 4h (40% thermal ellipsoids)

The crystal was prepared from the solution of 4h in DCM and n-hexane. CCDC 902498 contains
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the supplementary crystallographic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
4.2 Crystal structure determination of compound 4i:

Crystal data and structure refinement for 4i:

Identification code cd212479

Empirical formula C11H10BIrN;O

Formula weight 280.13

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Triclinic, P1

Unit cell dimensions a=5.5927(10) A  alpha = 113.882(4) deg.

b=9.9073(17) A beta = 91.874(4) deg.
c=11.448(2) A gamma = 99.063(4) deg.

Volume 569.50(18) A ~3

Z, Calculated density 2, 1.634 Mg/m"3

Absorption coefficient 3.591 mm~"-1

F(000) 280

Crystal size 0.265 x 0.145x 0.112 mm
Theta range for data collection 1.96 to 26.00 deg.

Limiting indices -6<=h<=6, -12<=k<=10, -14<=I<=13
Reflections collected / unique 3448/ 2757 [R(int) = 0.0186]
Completeness to theta = 26.00 99.6 %

Absorption correction Empirical

Max. and min. transmission 1.00000 and 0.36709
Refinement method Full-matrix least-squares on F/2
Data / restraints / parameters 2757 1441324

Goodness-of-fit on F*2 0.947

Final R indices [I>2sigma(l)] R1 =0.0355, wR2 = 0.0814
R indices (all data) R1=0.0523, wR2 = 0.0880

Absolute structure parameter -0.006(7)
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Largest diff. peak and hole 0.332 and -0.344 e.A"-3

Figure S3. Packing of moleculars in a unit cell of 4i
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Figure S4. OPTEP drawing of 4i (40% thermal ellipsoids)
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The crystal was prepared from the solution of 4i in DCM and n-hexane. CCDC 902501 contains

the supplementary crystallographic data for this paper. These data can be obtained free of charge

from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
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9-amino (9-deoxy) epi-quinine (I1)

S22



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

= Iz 3535955 Zzz Z=2 es : 5 Zzs 5 Tz mg g=m=a
i LY AP U7 EYEERY T TN T NSNS
/

OMe

/ Jf/ ) f{f{/

T T I T T T I LI T I T
= kS = B 2 = H R =2 2 = =5
- - - - - - = - - - - - - -
T T T T T T T T T T T T T T T T T T T T
.0 £ 5 ED 7.5 T0 &5 [ +] 5.5 5.0 4.5 4.0 3.5 30 5 .0 1.5 1.0
= b= EE BZE SHSESCZE E - = - =
5 : 33 57 585558 : 38 izii i
B = ) - k-3 -3
[ [ FT 7T 507 [ A R N T
/

T
L] 180 170 180 150 140 130 120 110 100 ; 20 B0 T0 L] i) 40 30 20

isothiocyanate (111)

S23



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

EE] 5% ghsnssds EREEEEEERN DL SEEb=zZZEEgEs= 3 =gsszsbEss
v G e LA TIPS T HEREE
/
1
OMe

hi L J( ,M,L'NL____,._/'J“JI v, L_.J'L-Jilljwuﬁ“t.ﬂhk__J

oy o 4 T i i anan e o
= 5 LG LI 8k & ® 8 L
T T T T - T T T T T T lw l"l - T ‘“ T T T T
5.0 85 8.0 7.5 7.0 8.5 8.0 55 EDQ 45 40 15 3.0 2.5 0 1.5 1.0 0.5 0.0
= E LR E =2 =FE g 23 =¥ E] 3 =
T & £IzE g & n=f E :E:ﬂ' zE £ = nEg
I I E [ OV I / | I N
e
OMe

Catalyst 1f

S24



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

. 0o6g

W i
/
OMe
|
|
|
[ ' /]
| (]
/o 0w
|
N J A
L n 0
90 85 80 15 oo
E % gZz EZz2%ig z £533  z3fzsii 0 3
= 2 EEZE EERHEES ] EEES T=Egsag =
| | A T T T I NS s a1 I

OMe

Catalyst 1n

S25



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

ZEZ E] = L EZEESE £:
£Ez E £ EREEEEE EE
=m= o -] L] memmen Ll
Y% | | NP N

OMe

“ﬂ (1A} | N
| }L LIL |'. ¥ I‘ | [ |I | Un| | | 'W‘I s v ||I | || |I | |)|' Ll
| | i
’_)Uk / o 'k_____,a AV L,_J J‘M _)) s t) S J.-
— TN T O TT OTT TSI TTT T IS
9‘0 S.IS B.rCI rIS rIO 6.’5 DIO 5.‘5 5.’0 4‘5 4.‘0 3-.’5 5.‘0 2.‘5 ZrO 1I5 1.‘0 OTS OI(
g E gt E 2 E B &2
g E E § = 5 3 & £ =t
| | | [ [ | ¥
/
OMe
iPr iPr
1n
|
[ I [ | I | I
W I | I ”HL&L@M WJN{A‘LM’J‘UWLQ\‘LLIJ
S N A A A R R
Catalyst 1o

S26



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

5 Vol R A Ry RN R 7 TVTITOTT W T
—

OMe

& Z gEsgEizszss s £ E=g5ssEEs5g%8R

= E EEESEEEELEE = = EEFEEE R R EEEEE

| | e . aa | R e e e s
/

Catalyst 1p

S27



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

v VT RE 1 RN BN T
/
OMe

s

/
|II| |l/ 'Ir /
| [ I f
[y / J ) /]
Jl.l i Ilt / Jlllr )’I /{ A /f I

L'\"‘L’\_ A

'_I_"'I"'I'

1.5 I.I] 05 00

.
E
/
I[,-'=-
. -
[
L
e
LT “—s

P

[==]
=
gl
(=]
=

g 5 £3s £5 5§ = g F g8 EF Zod z =
| I AN [ [ Y ] W W
/
OMe

0 180 170 B0 130 140 130 120 WD 00 90 B0

Catalyst 1r

S28



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

WL
RO I,
A ,”r
WL
E_:ﬂ____.
Ej_
B E1
(N
LY
E_M
BI-F
e
URF
150 &y
460 £
1L WL__H
e
1A
ng—
g

G0
LR -

L%
Wi

ey
¥ E:.W
il

mpEE—

L]
e

&L 0—

OMe

M.. AT

T BT

] 435 40 is i

is

8.0

B3

2.0

Fill
G108
arin

FA At
OTpe

EE LD
P
BE
g
HHED
b Ja
TG
IFY)
G102

2918 7

8320

LG IO e

A0
O 15

BE0D "
Ul

JUET
2310
FOLE
.10

0eEn

0eGL
qEDE
008
ATED
HALE

a150
Goon
2104

A090

a0h
FERE

1
|l
ol
18

g
‘BE
8
eql
e
BE
BE
op
Tb

—
-

Kl

B

oi O & o 1 b

0 D@ S e n e
TS L i
e

T

w
el
-
et
T
E T,

1%

TRl
B
1

i

UL

N
eI

WL

J

L

/

k"—\ﬁ—u}l

v w“

J

ocind o

1 (el

S29

(W w’l

J.,»,L_WLLLMIJJ‘

Catalyst 1s



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

EF gs g f E §3E £ EEEEE EEiE
A T TTW 7 ST R
P
OMe
II |'Ill‘ /
' |'
| ( / | /I
II|I I | f/ , II| Ilr I|l |II /
| / ] [ /
J / / i VAVAVERY j } / /

1s
F |
I || i |
l l‘ J| , I | |||‘~ |'!‘| |||U|,'I
I J' A \ L
(] 1
J| L UL ﬁmk_/'\_ﬂ._ L ) 1 ¥ lk_.,_____/J\‘J\w‘l YA M‘l‘
ll :-E‘I .rll IDI:Lll ¥ 1 II-I ﬂ lcrll k L!l I.I:I'I Inl 1 .;1 IJ.“"-_";' IAI
'IO B.I5 B.ICI TI5 T.IO [ -B.IO 5.‘5 5.‘() - 4‘5 4‘() 5:5 &ICI 2.‘5 E.IO 1.‘5 1.0 (1‘5 O.ICI
=2 E] HE EEESEEFEEE B = o1 o=
E 5 2E SBZRZEsEEE G z ggsr B3 &
E 8 3 ctesgaazdss 2 E S e
| i 1T WSy ee | 2RI
/
OMe

2-(3-oxopyrazolidin-1-yl)-2-phenylacetonitrile 4a

S30



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

FBEBREELY 2 BEEeLe 2
......... z b
| = |

-
>
p
s
-
|
:

N Sadb
: i
7.56 ( 7) 46 'Hl
f1 (ppm ‘ I
/\'W_ N

\ 3I 5 3.I 0 2.I 5
HN. 1 (ppm)

4a ! il
AR L _J q N A I
—— CR T~
R 55 8 o g
o - - o~ -
8.0 7.0 6.0 5.0 4.0 3.0 2.0
1 (ppm)
S EEEE 3 = = g
= P = = E- =
: e !
(0]
HN_ >
N
©/\CN
4a
1
0 170 w0 1% Mo 1 i 10 w0 % = @™ @ »
1 (pmm)

2-(2-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4b

S31



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

BIFFIPeQerT e $HIIINT 12335 3
[ o o S Y S S w e T T ] o ool e -
e e = — NN |
%5 BBEEES
TT7 VR
BIINIReY |on= lﬂkr',.
P T ) I 'H
5 SN A | NP /J\ o
| \
" L A
| I
w iy g 3
JI'”‘L J"\'\ h o — T T T T T T T T T T T T T T T T
._,_. 3.80 3.65 3.50
:’ @ . 8 f1 (ppm)
7.9 7.5 7.1 R 8idi
o) f1 (ppm Mz
/ 1
JI
— T j T —
I s s
| ! | 2.9 2 2.5
‘ JIQ A 1 (?pm)
e J \J |" (. J'L_._ ,,,,,,,, j U l\__,“_/\J 1\_ jll\_A_ S AJJ"\._L
o I R R
28 5 g g2 53 5
- e - - - S -~ =]
8.0 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)
E 7] SEZ E ZEEEE = o
: : S:3 3 23sis P E
| | VT RN [ | I

ol

130 120

T
100

110 90
i1 (ppm)

2-(4-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4c

S32



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

858372 s BHE3¥52 S
[l o S S SN S -+ MMM om o~
ISR |
(0]
HN_ >
N I~
$58% | =zse f B 38959
Ry ‘ N CN T"kfiil"i?/”
I
I i
/h Ll F M
M I\ MI 4 i
) L JII\J S ¢ “||I| |
- l IL||
s 8 L
1. 7.4 7.2 7.0 T —— . o
. f1 (ppm) 2
‘ 3.8 3.6 3.4
! 1 f1 (ppm)
|
N | . \‘
UL ) _J‘\. J"I'M\__-_/\h_, A N o
7 . [ — [ —
= 8 g e 3
o o - o -
7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
1 (ppm)
E EE ZEE EEE E z z
E EEFI 5 E 5
| | ! Sl | | |
(@)

iz

i i v

Il

Mm&m

l|

i

T T T T
0 180 170 110 100 20 ED

£l (pmm)

T
18 X 120

2-(2-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4d

S33

T
o

30



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

TTL2IIEHR @ 583352
L N W 005 03
- —ly

$3 39 353
=~ P ==~
\7 WIRNP

g o= .
c el S8R
7.75 7.60 7.45 e S
| 1 (ppm) ‘ﬁ i
Hl I%' h u|
1
| \ | |
gs §|_’2 N
ﬂ 3.6 2

i T e
853 8 g &
-1 - - -

N

8.0 7.5 7.0 6.5 60 55 50 45 4.0
1 (ppm)

1%

2-(3-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4e

S34

o

. e - e T
130 1E0 170 180 130 140 130 120 110 100
f1 (pgm)

2.0

—Hh0.%64

0040

1.0

.

M6

i

0.5 0.0

A

1 .

0 10



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

g 8 by b3 BB5%gE 3
<] [l o o N N -+ el B o e ] o™
[ | e |

B 23585

™~ [y

| N

|

2 2
7.60  7.50 7.40
1 (ppm)
(@)
HN_ \
cl :
|“Cr
4e
S 1Y S
—— i
R82
(=1 on

8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

w T = m =

—fG500

i

B

i

i

3

1
—1 553

HFH
—49 385
—H %6

I

T T T T T T T
180 170 180 150 140 130 120 110 100 20 B0 70 4] 50 40 ] 20
£l (pmm)

=
=

2-(4-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4f

S35



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S% §5%% 3 B35 3
s 1 APEEE
$5 33
P |
A
| VAW
f J U BeTe
B " - 723
% 5 A
7.55 7.50 7.45 7.4Q 7.35 . ___/ \\__
1 (ppm) — —
°§ 2
3.8 3.7 3.6 3.5 3.4 3.3
o= )
|
| | |
AL ] © | / \' ‘Il Ilk r
_ U ' L e l
_ wu ,_4{__%_' N e [ A Ve
4 5% 2 g 8
S - -3 o -
8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
1 (ppm)
g E g8 = E 2 =
= s =S = = = =
| | | |
0]

A A A s

2-(2-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4g

S36




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

dERB8IZIYISBS

L S A A A A
ah

R

5. 31
<5. 30

FR33 $33 3883
TR STTOONTEN
A [
! Iu'\ 1A Ve
"\ AL V\J
J \_ J \_FJ A .
T T T T ~ =
g = g F o o
e )
7.7 7.6 7.5 7.4 7.3
. 1 (ppm) fi
| I;‘\
| [
L
[ e
. . & 8
' 3.3
‘. f1 (ppm)
I}
'. N
|'H'| h M i i | ll‘ ||| \
| ||I
_J KJ U L L __._»\._._;l |LJ - J V I\H.__JLJL_JL_»_____JJL__.
e T laE R
5 858z g €5 &8
o ocdoco - - - S o«
80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
f1 (ppm)
= EEEEEE 3 g = g
£ EEEEES 2 2 E =
[ bt T i
|
]
W’ I
1
10 w0 180 1 140 13 120 10 100 %0 8o 70 &0 50 @ 50 o 10
£l (ppm]

2-(3-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4h

S37



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

& SHBITISN & 593 2
T RERRFEST 1 9T g
$ 53 %% I8
~ [ [
| A Sl
!
I”l I 1 H
HII .'“'JI‘I| -'ﬂ""q'I .lfl|'n'||
I ASAVARYA Y
" & W ) %9
o~ (-1 o~ =] e ]
T < v = —t S
7.7 7.5 7.3
| f1 (ppm) '\}'\}\
o) _NE/J o
HN_ T T T T ‘ T '
N 3.8 3,7 3.6 3.5 3.4 3.3 3.2
H | f1 (ppm)
Br ||
CN |
/ |
|
1.
I M M an l || A | ‘
| f
____A.&NUWL J\- . L_J L N |
SR calL
k5388 8 8 s
S S=a« - - -
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1. 0.0
f1 (ppm)
= EEETEEEE g - 2
= EEZEHE= = 2 =
I ] | I
(0]
HN_ >
N
Br -
4h
: - S R S |

I S e B L I e S B s
180 150 140 130 120 110 100 0 B0

180 1T
£l (pmm)

2-(4-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4i

S38



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

; 5838 : 3398 3
o P - 3 03 o) o o
S | L \
(@)
HN_ >
N
o
| e 5% Br 393 3
TT 1T 4i J 7
f |r| i |I'J'}' u'n'u
I|| | I|| I |I
|I I'JI | |I IIJll / | \
I| q
1L/ | — = N~
2 2 <
7.55 7.35 3.5 . 2.5
1 (ppm) f1 gppm)
| | ,;
i ‘ .'
\I IL.-'I | || .'I | J
AN o A A N N T S
[ el — T T
N RR 8 Q g
S - - o o
.5 8.5 7.5 6.5 5.5 4.5 3.5
f1 (ppm)
T 7T T T T
@)
HN_ >
N
Br
4i
|
I
|
| 180 10 180 130 140 10 120 10 100 % @ 10 & 30
(o)

2-(3-oxopyrazolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetonitrile 4j

S39



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

A g 58333 8
o [ o N N w MMM Mmm o~
| e e |
(0]
HN_ >
~$3e CN
S
|| v II Mmoo 5] F3C .
| b 4j
N \/\ RSN |
— / _— N” .'n"\
— ) / \
@
T T T T e T T T T ___,/ l\____ e \__ _
7. 80 7.70 7.60
f1 (ppm) g &
3.5 3.0 2.5
1 (ppm)
* Ilrlll'
fl I |
__/k_.q_.._zl l\—o—-\_J;_ S _.__..____,.Mllk__ — " _J |\~__,—/ k_.__J\_/\JL-__p-JI\- R
— H [ —r —
= = 8 8 8
o o - - -
8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5
f1 (ppm)
z g s 2
T T T T
I
(0]
HN_ >
o™
F3C |
4
I
1
h.(lll | — . .
l':l 180 l I%Cl 111:() l 150 l 1;-() lé-Cl l 120 I IZ:.CI ICI:CI I S0 l EICI T::l l [=] l E:D d::l 30 ZIG IIG (I)

£l (pmm)

2-(2-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4k

S40



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

8393838835 & BEIIHITEY 5T
SN 24 7 TRgRigiss gy
o)
HN_ >
N
88 ¥38 | I383% :
RTORTS EVPR b ©5\CN
| .
"|'I| \ || Iur||ul h| OCH3
Il
A U 33839339 gk $ 93
g 3 d 3 =4 \‘/ =L RN
—r 1 r T r 1 1 °r 1T =T ®*=7T T II I
76 7.4 1.2 1.0 Md. ,M i
f1 (ppm) ! f /
JH l.\ _ /\j i
e
| & 8 & 8
. b 3.5 3.0 2.5
i | ‘ 1 (ppm)
I} | I‘“
) 'u'H_,___H__WMJ'LH__M_WWHLJd‘L M j\_)L_M__JL
DU T T e, e LU
g8 r3 g 858 g8
- — - o - S o~
0 7.5 7.0 6.5 60 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Z & SE 2328 3 3= = =
= & =8 EEE = EE F =
| \'%4 SEA ] N
O \ 1
HN_ >
N
| @\CN
. OCH,
. 4k
M ©0  ue o ue e @ no  m0  % & % & % @ %
i1 (pmm)

2-(4-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4l

S41



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

3 83 : 355998 3
I~~~ 00 =t o107 09 03 0 00
Vo ! R |
HN_ >
39 8%
Ny 7 /@/\
| '1
i |L||I HsCO
[
— Y R N JI \_ [
— e — "’.ﬂ:gﬂ:g.
& & F R
7.5 7.2 6.9
| 1 (ppm)
.I | | ______J-__)J’I‘“'—\l
1]
| ;
‘ 365 3.50
| i [f1 (ppm)
| |l | o JII' ‘
e~ AN L JL A LJ . _ A i|J|
— T o —r
5 8 = & g & &
=] - - (=] L) - -
0 8.0 7.0 6.0 5.0 4,0 3.0 2.0 0.0
f1 (ppm)
= = £ £ =3 = £ g &
= = E B == 2 o8 = =
I [1 1 T T 7 i
|
(@]

o
H,CO

4|

T ¥ T T T ¥ T
30 120 110 100 20
L et

T T
180 170 1

2-(3, 5-dimethoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4m

S e

t - ' .
30 20



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

B8 3 228B56%
<53 < o o3 3 03 03 05 o3
Y | et

H,CO

|
: 3 i
————————————— e —————— T~ Uk
6.70 6.50 — -
1 (ppm) P
' 3.70 3.60 3.50 3.40
f 1 (ppm)
|
D S I ke N i
T . T
& 2 8 2 s
- O - 0 ™
7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
f1 (ppm)
= e g s = E £ Z £
= &= =] = = = = =
| [ | 11 T
O |
HN_ >
N
H,CO :
3 \©/\CN
OCH,
4m
|
|
%0 o 1o 10 1% 1& 1m0 20 uo 1w % s 10 e © %

2-(benzo[d][1,3]dioxol-5-yl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4n

S43




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

o —o oy - o <+ o P 3

o ocoo0nmo o @ -+

@ NoE95 C < o303 e o3 o
Tl N |

6. 84
—6.82
I
T
/

Z

=
o Mo
(@)
pd
—3.54
AN
—3.45

M
L [/ N
| T 1
< o .
. . Ir-: . . " . . . 4n | \/JU\
7.10 6.9 6.80 7 .
£1 |(ppm) :
ppm 2
I 37 36 35 3.4 3.3 3.2
! f1 (ppm)
‘ h A
| ‘I f |
1 | | { {1 |
T 'l J \Jl l\ o /\ . ;I '\___A__A___/I lk____/l Lbl‘LA_ o lkq\_f\ Jul
— i T e —— —
2 X8 2 g 3 g
o - o o o o o

.5 8.0 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 2.5 2.0 1.5

1 (ppm)
H = SE==E = = E
| S A NS | | |
0]

1.0 0.5 0.0

PRI

i

T T T T
110 100 90 4] ™ [=4] 0
£l (ppm)

T T T
180 170 180

2-(naphthalen-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 40

S44

40 ki 20



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

388338583 5 85993 3
TEGESEES 9 EEEE 9
g K833 Ba
[ T o e e (@)
| A \i/
| rlI
b d N, )
fi [ <
|||I |‘UI|I\J\ ||| =
I A L Y A :
I $
8.1 7.9 7.7 7.5 40
1 (ppm) Br333 2
R 7
!
i /\
N N
e _
~ 8 3
3.4 3.0 2.6
‘ ‘ r 1 (ppm)
I‘ ll
. L'll ‘IJ'\_ | . J\d'\__j\\._ lJ._-fH__A__. BN | S
M R —— T
3538 8 8 3
—mm - ~ ™
8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0
1 (ppm)
= SEEEEPTEEE z 2 s
= EEESSESnaREEs = =2 =
] e | |
1}
(@] L
HN_ >
N
O0h
40
180 170 16 1% 0 1@ 1® om0 100 s & 70 & % 4 %
a1 (el

2-(furan-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4p

S45



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

N 559 2 IHBBEI 3
== 000 -+ MMM MM o
W] 7 | el
@)
HN_ >
33 g A
kY 7 R
! . X" "CN
I
RS
I A 358393 3
| R E L R K] o
J b tREIIS |
o B '
& & , "ﬂ
6.7 6.6 65 6.4 6.3 ‘f\d“u' L
1 (ppm) -
T —
| 8 3 5
. 3.8 3.4 3.0 2.6
‘ f1 (ppm)
1 ) |
,_/—/\4 lLMJ' |\_.___‘___) \J |l,_,_.___._ﬁ_..._‘._J-.,._‘__) | — | Lw“-.._)l L____n,.m_._._m_... -_._U._J«J L
T T T T =
RS &s 8 &3 s
(=2 3 (=1 =] - =2 -

0 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

— 1%, T
= 1H A6
S 1M, 00 ¥
12T
1119798
= 1n ma1
—h6 12
0. Gned
—mnETaY

(@) |

4p f

!!JJWWNWM’W MMIIMW ,o MAEMMM MMMMMMMMM

T T T
170 1g0 150 120 11

i1 (pm)

2-(3-nitrophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4q

S46



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

8 I8885R8S8 S 83885 RRRS
P L L o S o oiodod
| N e e

¥28 25 233
78 RV
|'I'
| I ;ﬂ
I LN 38825 epey
VAN V1 G G E&EE st
8 8 g : f .
8.6 | 'a.'2' 78 f|'|||. i
1 | (ppm) 1 J\
o)
— L_‘_d_/w _
' HN\B F —
N 2.5
H 1 (ppm)
N
‘ 02©/\CN
N L

|

L/| “UI lk.__) . . )|
-
8

o H —r |—|—|
£ 83 8{3 ] o 1
(=] - - - — o N
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)
= £ EESsg = = = =
= E: Zzs3s = = = E
| | VAN | | |
(0]
HN_ >
N
NO -
o
4q
| |
w160 o 100 X 0 70 P 5 © % 20

£l (ppm)

4-(cyano(3-oxopyrazolidin-1-yl)methyl) benzonitrile 4r

S47



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2013

8&RRNEY & BEHBT R3
W \ W G
O
HN_
N
CN
RR 8 3
T % TNe B3RS Re3
. A 4r 32T RPN
i I.'I I', I|I | F."n' \ ﬁP|
AR RAN [
S _J L e Ve
T 3 : »y _/”“wa_*_,,/u\th
T T e T T T T |:' T T = g
7.80 7.68 el T
f1 (ppm) 3.5 3.0 2.5
f1 (ppm)

T T
382 8 3 8
Sl — — -
8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5
1 (ppm)
= EEE gz g EZg88 = =
= -] = _§-] H O E=Egs 2 =
| " MY | Vo I

MJWWW

T

130

T
120

bt i

110 100 B 80 T
£l (ppm)

2-cyclohexyl-2-(3-oxopyrazolidin-1-yl) acetonitrile 4t

S48

o bty

|
T T T
20 10



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

o e ca e e e C e S eSS — S
e e B B i
(@)
T2 H2=%8 85qT2rgzsgeLRd
i \ TN TR e
HN\N ?'l‘ﬁ? T'llll |IA'/
B | | /%~'| H\J}"I“l 11
: A U W
CN I | \ /J, HlU'IJl |I\
-A'LVL'_'J T T 1
& 3 & ~ .
4t 2 e T Nl l-' T i
1.8 1.4 1.0 ’
f1 (ppm) |
BRYSI3 28 . i
”T”QTE’ T . |
| ﬂ ‘
il :
N 3 JAVAN . \ ﬂ
| \ ||
|'I - L — ‘H ||| | |
|||‘ &% 3 ‘ ||H| r| ‘ a
||I| L L L B L S S B ||| |\I| | ‘
| 3.2 | I AV
—T s n ey e L B
3: 8 8 8 8 8 3 S
o Ll | o [ I LT
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)
z g g E=EE822
= = = EEE
| | | e

—fEhG?

oz

4t

T T T T T T
120 110 100 30 &0 T &

T T T
180 170 180 150 140 130
#1 (o)

3-(cyano(3-nitrophenyl)methyleneamino)propanamide 5q

S49



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

g EE % £ 5
T 79 T 1
0]

Z NH»

|'q ]
CN
i /I 4
; N02 f
- I|.' ; 5q /
/".( ,Jlll" ,,f'ﬁ S Il P

| |

- |
|

—1mn

I| | | K\ 1
| |
WA AN \_ A NN A i
T i) I 1! g
T T E'I T "i_ T "-‘ T T T Hr T T T T :" T T ?. T T T T T T
LS 2.0 E5 EQ 7.5 7.0 [ [9+] 5.5 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 [+ +]
£1 {pmm)
=] == e === 85
£ Exzs EcEs 2 &
= FEES ==nE = =
| AT 1777 i i
1
O
Z NH,
L
CN
NO,
5q
1 |
1
| |
|
T T T T T T T T T T T T T T T T
180 17 180 150 140 130 120 110 100 k] B0 0 =] 40 0 20 10

i1 (pm)

3-(cyano(4-cyanophenyl)methyleneamino)propanamide 5r
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2-(3-oxopyrazolidin-1-yl)-2-phenylacetonitrile 4a

DAD1 C, Sig=210,8 Ref=360,100 (E:\WXWI\DATALINECF20120403\LINECF000003.D)

mAU ]
ZZOE iﬁl i
I
180 ,' ." ﬂ
160 Il I‘.I
140—; JI ‘I".I ."I \
wi O S O A
] |5 'Ib 'I|5 ‘ 2‘0 2|5 3‘0 ] 35 T 4ID T
Peak RetTime Type Width BArea Height Area
# [min] [min] [mAU*s] [mAU] %
e R B |- - | - - | == |
1 35.699 MM R 0.8984 7360.14795 136.54027 49.7985
2 38.892 MM R 0.9410 7419.6€9971 131.40828 50.2015
DAD1T A, 51g=294,4 Ret=360,100 (EAWXWIDA I AALINECH20120323\LINECFDD0036.D)
mAL 1 ©
E /3
120 ) “'\l
100
80
60 /
40 & / 'a
20 8 /
D—i e e _\\‘_'_;
0 % T T4 T T T T g T
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s] [mAU] %
——mm |- e |- | = - |- |
1 36.087 BB 0.6551 313.54459 6.71127 2.3352
2 40.098 BB 1.2240 1.31132e4 148.53275 97.6648
2-(2-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4b
DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW'\DATALINECF\20120223\LINECF000013.D)
mAU B
100 ' g
80 ¥
60
404
20
O_
._“t 1IO 1I5 2‘{] 2I5 min
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* =] [mAU] %
e B R B |- - | - - | - |
1 14.23e BB 0.3472 2787.46313 121.68%956¢ 50.6350

2 20.455 BB 0.4958 2717.54639 83.47952 49.3650

DADT A, Sig=254 4 Ref=360,100 (EAWXW\DATAILINECF20120410\LINECF000006.D)

mAU 3 <
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504 o
0 ——W\k—m—h,s/\,_,
é 1b ‘I|5 ZID 2‘5 3‘0 3‘5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %

e e | ———mm - | ——mmmm - |- |
1 13.¢14 BB 0.3171 571.7125%9 27.436l16 4.2454
2 20.234 BB 0.6627 1.28951e4 314.30371 95.7546

2-(4-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4c

DAD1 A, Sig=254 4 Ref=360,100 (E:WXW!\DATALINECF\20120407\LINECF000008.D)

B72

mAU
100

—=23.436

80

60

404 [ [

20—; [ |

0] .
e
5 10 15 20 25 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %
|- |-l ——————- |- |- | -—————- |
1 17.6€72 BB 0.4593 3379.40869 112.24490 50.3348
2 23.436 BB 0.5650 3334.45654 89.83614 49.6652

DADTA, Sig=254 4 Ref=360,100 (E:\WXW\DATAILINECF\20120407\LINECF0O00006.D)
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Peak RetTime Type Width BArea Height Area
# [min] [min] [MAT*s] [mAU] %
e B | -=—= | ——————- | -——— - | - - | -—————- |
1 17.480 BB 0.44e6 3064.14331 104.96231 97.40¢7
2 23.212 BB 0.4639 81.57852 2.53192 2.5933

2-(2-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4d

DADT A, Sig=254,4 Ref=360,100 (E:WXWI\DATALLINECF\20120407\LINECF000009.D)

mAU 7 b

40 @

304 &

204

104

04 S

E‘v 'IIO 1|5 2|[] 2‘5 3‘0 minI
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3

Sl B | === |- | ————mm- R |-~ |
1 16.113 BB 0.3806 1349.76880 54.55830 49.8574
2 28.560 BB 0.6746 1357.49060 31.01432 50.1426

DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW\DATALINECF\20120407\LINECF000007 D)
mAU o
| k
80 ] Ii|l'\1
] \
60 f/ |‘
40 / |I
] 8 o
20 e [
1 Lo A L/ \
0 AW B N S N
é ‘IIG 1‘5 Z‘ID 2‘5 BID mil
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %

el EEEE | == - |- e e |
1 16.028 BB 0.3714 298.72064 12.12578 5.7387
2 28.720 BB 0.7656 4906.63574 97.74610 94.2613

2-(3-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4e

DAD1 C, Sig=210,8 Ref=360,100 (EX\WXW\DATAILINECF20120223\LINECF000017.D)
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Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU* =] [mAU] %

1 11.723 MM R 0.3691 2.35014e4 1061.22424 49.6437
2 13.566 MM R 0.4216 2.38387e4 942,.376¢04 50.3563

DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW\DATAILINECF\20120407\LINECF000004.D)

AU_; E
80 M
60—5 ‘.‘ I‘.
- |
20—3 g -"I‘I I\
0d_ D A B o~ = ‘_ S N
2 a 6 B 10 ) 1 mie
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 3] [mAU] %
| | -] - | - | - |- |
1 11.605 BB 0.2742 39.76666 2.1654¢6 1.6989
2 13.448 BB 0.3419 2300.96021 102.48891 98.3011

2-(4-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4f

DAD1 A, Sig=254 4 Ref=360,100 (EAWXW'DATALLINECF20120222\LINECF000002.D)
mAU =
150
125 M
1003
753 (] |
50 [ [

2572 / / \ / \
hE B ,_ VAN N\ , SN

—=17.416

Peak RetTime Type Width BArea Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.640 BB 0.3504 4049.04150 176.00130 49.9650
2 17.416 BB 0.4482 4054.71460 137.43324 50.0350

DADT A, Sig=254,4 Ref=360,100 (EAWXW\DATALINECFI20120407\LINECFO00001.D)
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Peak RetTime Type Width Area Height Ares
# [min] [min] [mAU*s] [mAU] %
———m |- | —=—= | ===~ |- | - - | == |
1 12.360 BB 0.3252 3060.18994 143.23972 96.2967
2 17.124 BB 0.4002 117.e871¢6 4.45558 3.7033

2-(2-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4g

DAD1 C, Sig=210,8 Ref=360,100 (E:WXW\DATAILINECF\20120519\LINECF000003.D)

mAU ] b °

8004 E

600 4

400 4

2004 1

r—— -
25 5 75 10 125 15 175 20 mir
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU* =] [mAU] %

| - e | -=—mmm - R | -—————- |
1 12.261 BB 0.3072 2.09142e4 1028.495902 49,8717

2 17.326e BB 0.4292 2.10218=4 745.10242 50.1283
DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW'\DATAILINECF20120519\LINECF000001.D)
mAU 1§ 3
703
60 4
504
404
30+
204 g
10 b
S I VOV AN
2‘5 é TI’S ‘IID ‘\2‘ 5 1‘5 ‘ITI 5 QID I“nir

Peak RetTime Type Width Area Height Area

¥ [min] [min] [mAU* =] [mAU] %

P |-——— | ——————- R | = |- |
1 12.347 BB 0.2963 1660.92944 95.09286 6.7739
2 17.439 BB 0.4337 2.56109=4 900.92346 93.220l

2-(3-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4h

DAD1 A, Sig=254 4 Ref=360,100 (E\WXW \DATAILINECF\20120519\LINECF000004 D)

mAU 2
404
30

20
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Peak EetTime Type Width Area Height Ares

# [min] [min] [MAU*s] [mAU] %
—— |- e B R | - R |
1 11.606 BB 0.3098 1092.95337 53.62835 50.0519

2 13.231 BB 0.3441 1090.68726 48.18037 49.9481
DAD1 C, Sig=210,8 Ref=360,100 (E:\WXW\DATALINECF\20120519\LINECF000002 D)
mAU A
‘I[]OD—; | ‘
BOD—; : lI
BOO—; f \I
400—; - |‘ I‘.
200 8 I
o] A o =, SN I
T 2!5 T L‘ﬁ ‘ o 7!5 o WID T ‘I2|.5 T 1‘5 T 1i|'.5 T 2‘0 Imir
Peak RetTime Type Width BArea Height Area
¥ [min] [min] [mAU* 3] [mAU] %

e | === | === |- | - | -—————- |
1 11.663 VvV 0.3645 686.33545 27.00343 2.2903

2 13.285 VW 0.3671 2.92802e4 1215.23230 97.7097

2-(4-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4i

DAD1 A, Sig=254 4 Ref=360,100 (EWXW \DATAILINECF\20120419\LINECF000003.D)
mAU 2

25 5 75 10 125 15 175 20 225 mir
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
e B e |- - | - | -——————- |
1 12.785 BB 0.3610 101.86327 4.29036 49.8044
2 18.082 MM 0.5150 102.66332 3.32259 50.1956
DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW\DATALINECF\20120424\LINECF000001.D)
mAU %
- i
30—5 ‘l l"
20 ‘|| I‘: i
i ."l“"f.“f. ——— "L‘—‘—“f\f e f?ﬁ —_
25 5 75 10 125 15 17.5 20 min
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* =] [mAU] %
e R R |~ |- |
1 12.783 BB 0.3208 996.0849%9¢ 47.08452 98.2886
2 18.10%9 MM R 0.3859 17.34409 7.49047=e-1 1.7114
2-(3-oxopyrazolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetonitrile 4j
DAD1 C, Sig=210,8 Ref=360,100 (E:\WXW\DATA\LINECF\20120418\LINECF000002 D)
mAU - n e
2404 ; o
290 5 % ﬁ
200 I a
180 A R
1603 \ | !
140 || \ " '|‘
120 A | ‘ [
128 : ] \‘v\ /\,_\ o JZ| \ﬁr _L/J u\_T_ e -
T s T T T T T T s T T 2 mi
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s] [mAU] %
———m | - e |- | - | ———————- |
1 9.547 BB 0.3701 4520.15527 175.72083 49.7712
2 12.756 BB 0.4651 4561.71875 153.34102 50.2288
DAD1 C, Sig=210,8 Ref=360,100 (E:\WXW'DATALINECF'\20120419\LINECFO00001.D)
mAU 8
600
500 4
4004
300
200 S
1004 &
o4 N
é £|1 l.l“) ?IS ‘II[] ‘\|2 ‘II4 ‘IIB m‘in
Peak RetTime Type Width Area Height Ares
# [min] [min] [MAT* =] [mAU] %
e R |- |~ |- |
1 9.580 VB 0.3405 1.59127=4 T29.43243 95,1122
2 12.821 BB 0.3984 B817.74750 31.14148 4.8878
2-(2-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4k
DAD1 A, Sig=254,4 Ref=360,100 (E2\WXW'\DATA\LINECF20120226\LINECFO00006.D)
mAU @
140:5 §
1203 1 b
1003 ([ ;
804
o0 I A
403 [ [
205 [ /
04 AN _ _ L,_\
s T T s 20 25 30 R
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Peak RetTime Type Width BArea Height Area
# [min] [min] [MAU* 3] [mAU] %
e | —=== | === | -—————- R | ———————- |
1 16.764 BB 0.4433 5534.51807 190.28606 50.922
2 34.0el BB 0.8988 5334.06934 88.80187 49.0779

DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW\DATAILINECF\20120416\LINECF000001.D)

mAU “ﬁl
125 ?4,
10 M
75 |I l‘l‘
5 [
25 ‘l \I
0 3 |
25 e |
5 j‘4~—f\_44h_4_%4ﬁ____“_H___gi. \
et — Y ————————————
10 15 20 25 30 35 40 45 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %

| - | ———— |- |- |~ |- |
1 16.694 BB 0.4189 63.37877 2.277561 4.9423

2 34.166 BB 0.8693 1218.98633 20.75125 95.0577

2-(4-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4l

DAD1T A, Sig=254 4 Ref=360,100 (EXWXW'\DATALINECF20120223\LINECF000005.D)
mAU 3 o

703 F
60 3
504
40
304
204
104

O |

21.116

T T T T T
5 10 15 20 25min

Peak RetTime Type Width Aresa Height Area
¥ [min] [min] [mAU* =] [mAU] %
——mm |- e R | - | -—-———- |
1 14.887 BB 0.3982 2109.40503 80.90417 50.8536
2 21.11e BB 0.5221 2038.59180 59.44e€09 49.14¢64
DADT A, Sig=254 4 Ref=360,100 (EX\WXW\DATALLINECF\20120410\LINECF000003.D)
250—: |

mAU

200
150
100 (1

<
50 [ =
1 P

o~
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el B | -=—= | ===~ | -——— - |- | -————- |
1 15.l1ee BB 0.4478 8863.46680 304.3322 91.3506

2 23.874 BB 0.9280 839.22040 13.16070 8.6494

2-(3, 5-dimethoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4m

DAD1 A, Sig=254,4 Ref=360,100 (E\WXW\DATALINECF2012030 1'LINECF000022.D)

mAU
-85
-90
-95
-100
-105
é ‘IID 1‘5 2|l] 2|5 min

Peak RetTime Type Width Area Height Area

¥ [min] [min] [mAU* =] [mMAU] %

| - |- |- | - |-~ |- |
1 21.001 MM R 0.6179 942.54315 25.4235%9 50.3058

2 24,531 MM R 0.814e 931.08521 19.04945 49,6942

DADT A, Sig=254,4 Ref=360,100 (E-\WXW\DATAILINECF12012042 1L INECF000002 D)
"0 :
30—§

4 |
20 \ |

o] R !
103 LA » — ) \ A
R e e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %

e e |- - | = | -———- |
1 21.059 BB 0.5580 2026.24316 55.49463 95.0461
2 24,922 MM R 0.7464 105.60909 2.35826 4.9539

2-(benzo[d][1,3]dioxol-5-yl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4n

DAD1 A, Sig=254.4 Ref=360,100 (E:\WXW\DATALINECF\20120419\LINECF000004.D)

5 10 15 20 25 mit
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* 3] [mAU] %

1 20.¢l1l5 BB 0.5364 379.3e777 10.73183 50.1737

2 22,508 BB 0.5634 37¢.74094 9.91358 49.82¢3
DAD1 C, Sig=210,8 Ref=360 100 (E:\WXW'\DATALINECF\20120424\LINECF000004 D)
"0
180 N
160 A
140 3 |‘ |
120 [
100 L8
80 , | by
CI M I _J_\r‘/f\ .
C 5 ‘ 1o 15 0 % min
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s] [mAU] %
e et |-———] - |- - |- |- |
1 20.523 BB 0.5220 5476.98877 158.15971 92.5311

2 22.498 BB 0.5370 442.08966 12.25114 7.4689

2-(naphthalen-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 40

DAD1T A, Sig=254 4 Ref=360,100 (EAWXW'\DATAILINECF'20120414\LINECF000005.D)

mAU_ 2 §
1504
1254
1004
754
504
2549
O,
2‘5 % T|5 WID 12:,5 'IIS ‘I"" 5 2‘0 mir
Peak RBetTime Type Width BArea Height Area
# [min] [min] [MAU* 3] [mAU] %
e e |- R | ———————- |
1 14.953 BB 0.3646 4713.05713 195.93488 50.1266

2 17.006 BB 0.4102 4689.25000 173.04314 49.8734

DAD1 A, Sig=254 4 Ref=360,100 (E:WXW \DATALINECF\20120414\LINECF000003.D)
mAU 3
4004
3503
300
250 [
200 [
1003 [ =
503 f \ =
04 e

14879

25 5 75 10 125 15 175 20 min
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Peak RetTime Type Width BLrea Height Area

# [min] [min] [MAU*s ] [mAU] %
e e |- R | ———————- |
1 14.979 BB 0.3736 1.11436e4 452.04181 93.6806

2 17.002 BB 0.4015 751.7133Z2 28.52491 6.3194

2-(furan-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4p

DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW\DATAILINECF120120223\LINECF000021.D)

mAU ®
BD—; g g
60 ‘l ‘l %
| i
20—5 .‘I ". .‘I‘ I"\
0 U\ VAN
R e e
Peak RetTime Type Width LArea Height Area
¥ [min] [min] [mAU* =] [mAU] %
| | === |- e — |~ | ————— |
1 16.267 BB 0.4300 3081.76465 109.59901 51.1684
2 26.0l16 BB 0.6590 2941.02759 67.68298 48,8316
DAD1 A, Sig=254 4 Ref=360,100 (E2WXW'\DATAILINECF\20120223\LINECF000020.D)
mAU %
704 >
604 ﬁ
03 |
403 [
30*; | 0
20 I &
104 . ]
o4 - IR S W - VAN -
104 I T I T T T T
5 10 15 20 25 30 n
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %

e e R | ——mmmm - |- |
1 16.289 BB 0.41e8 2330.33423 85.82217 87.%co64
2 26.215 BB 0.5917 318.78488 8.19775 12.0336

2-(3-nitrophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4q

DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW'\DATALINECF'20120226\LINECF000008 D)
mAU
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Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAT* =] [mAU] %
———— | - | -=—=]——————- | -—————- | - R |
1 23.143 BB 0.6415 9830.99121 232.40099 49,9584
2 29.014 BB 0.7855 9847.37207 189.09953 50.0416

DAD1T A, Sig=254,4 Ref=360,100 (E:\WXW\DATAILINECF'20120226\LINECF000007.D)

mAU_§ @
300—5 ‘f‘.‘ |
2504 ( [
2003 | I‘I ~ [
150 | 2 %.‘
1004 ‘| \ /‘\“ \
3 \ \ 4
525 I ) L . }J .
L
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e R |- |~ - | ———————- |
1 23.297 BB 0.6508 4119.61230 95.58554 17.019¢
2 29.119 BB 0.8122 2.00855e4 375.38516 B82.9804
4-(cyano(3-oxopyrazolidin-1-yl)methyl)benzonitrile 4r
DAD1 A, Sig=254,4 Ref=360,100 (E:\WXW'DATAILINECF\20120414\LINECF000010.01)
mAU 1 i
2oo—f IH'\
] |||
150 \ \
: B
100 A 3 8
] | @ -
50 b ;"
R T e T
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* 5] [mAU] %

e R R | == - | - |
1 29.392 BV 0.8048 2599.50513 49.16806 49.4882
2 31.206 VB 0.7873 2653.26904 51.48138 50.5118

DAD1 A, Sig=254 4 Ref=360,100 (E2WXW'DATALINECF20120414\LINECF000009.D)
nAlU

80 \‘
] |
60
] {1
404

o | 1
20 \

1| 20365
] /
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Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU* s3] [mAU] %
e R |- - |- |- |
1 29.365 BB 0.7458 2014.34387 40.81464 95.8044
2 31.215 BB 0.4780 88.21461 2.32841 4.1956

2-cyclohexyl-2-(3-oxopyrazolidin-1-yl) acetonitrile 4t

DAD1 A, Sig=254 4 Ref=360,100 (E:\WXW'\DATAILINECF\20120226\LINECFD00010.D)

mAU ] <
2oo—f %’
] \ g
150 |‘| <
1004 | ‘I ."\
5] I \
E I [
] a |
03 - R S S &ﬁ________
R N e ™
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mAU] %

e e |- - | = | -———- |
1 8.344 BB 0.2238 3430.00903 232.91977 50.3768

2 14.340 BB 0.4047 3378.70410 124.47782 49.6232

DADT A, Sig=254 4 Ref=360,100 (EX\WXW\DATAILINECF20120226\LINECF000009.D)

mAU 3
703 5
60 ;ﬁi _
0 1 :
404 | =
303 |“ |'[\‘\
20 [ [
104 [ "
04 I\ _J \
S T T T T T T T T T T T2 T T T T e T s
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU*s] [mAU] %

e e |- | = |--—————- |
1 8.334 BB 0.2189 1172.36548 80.963501 56.0850

2 14.499 BB 0.3718 917.97308 37.47684 43.9150
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