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General Methods. Unless otherwise stated, all reagents were purchased from
commercial suppliers and were used without further purification. Reactions were
monitored by thin layer chromatography (TLC) on GF,s4 silica gel plates, using UV
light as a visualizing agent. Flash column chromatography was performed using
200-300 mesh silica gel. '"H NMR spectra and ?C NMR spectra were recorded on a
Varian INOVA-500 (500 MHz) spectrometer in needful D-reagents with
tetramethylsilane (TMS) as an internal reference. Data for '"H NMR are reported as
follows: chemical shift (ppm), and multiplicity (s = singlet, d = doublet, t = triplet, dd
= double of doublet, br = broad, m = multiplet), coupling constants (Hz) and
integration; Data for ’C NMR are reported as ppm. Melting points were measured on
an Xy-type micro-melting point apparatus and were uncorrected. Electrospray
ionization (ESI) mass spectrometry (MS) experiments were performed on an ABI
PE-QSTAR mass spectrometer. High-resolution mass spectra (HRMS) were obtained

on a Bruker APEX IV FT_MS (7.0) spectrometer for electrospray ionization (ESI).
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Catalyst and Solvent Screening:

NH,
)J\ Catalyst NC CN
ot : N MeOH, rt CN
Ph Ph
3a
Entry Catalyst Additive Media Time (h) 3a Yield (%)*
NH
1 [ ol HOAc®  MeOH 12 66
NH,
NH
2 [ 2 HOAC®  MeOH 48 63
NH,
NH
3 [NH2 ; MeOH 12 64
NH
4 |:NH2 ; MeOH 48 )
5 C HOACc® MeOH 48 trace
NH,
6 @ - MeOH 48 trace
NH,

(Nj HOAC MeOH 48 trace
H

8 (Nj - MeOH 48 trace
H

9 N HOAC’ MeOH 48 -

10 rNT - MeOH 48 -
NH

1 [ 2 HOA®  CHCl 48 ;
NH,
NH

12 [ 2 HOAC? THF 48 ;
NH,
NH

13 L HOAC®  DMSO 48 Trace

2

* Isolated yield of the corresponding product; ® The additive loading is 40 mol%; ¢ The additive
loading is 20 mol%.
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General procedure for multicomponent domino reactions:

To a mixture of ary ketone 1, aromatic aldehyde 2 (1.0 mmol), malononitrile (2.2
mmol) and catalyst ethanediamine (0.2 mmol) in 1.0-1.5 ml of MeOH was added the
acid additive HOAc (0.4 mmol). The resulting mixture was stirred under room
temperature for the required time monitored by TLC (silica gel, pet ether: ethyl
acetate, 4:1). The resulting mixture was then directly purified by filtration and/or

recrystallization to afford the pure products 3.

NH,
R)(J)\ . CI:HO . 2 <CN Ethanediamine (20% mol) NC;@ESE
1 Ra cN  HOAc (40% mol); rt, MeOH R R,
3
Entry® R, R, Time(h) Yield (%)°
1 Ph Ph 15 3a-90
2 Ph 2-CIPh 12 3b-92
3 Ph 3-CIPh 12 3c¢-95
4 Ph 4-MePh 10 3d-89
5 Ph Me(CH,)y 10 3e91
6 4-MePh Ph 15 31-88
7 4-MePh 2-CIPh 18 3g-86
8 4-MePh 3-CIPh 18 3h-90
9 4-MePh 3-BrPh 14 3i-96
10 3-CIPh 4-CIPh 13 3j-93
11 3-CIPh 4-MePh 12 3k-93
12 4-FPh Ph 18 31-91
13 4-FPh 3-FPh 12 3m-89
14 3,4-diCIPh Ph 12 3n-95
15 3,4-diCIPh 3-CIPh 12 30-95
16 3,4-diMeOPh Ph 32 3p-86

* All the reactions were conducted at room temperature; ° Isolated yields of the corresponding

products.
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Scope of the Domino Reactions:

2-amino-4,6-diphenylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3a:' obtained in
NHZCN 90% yield; white powder; m.p. 158-160°C; "H NMR (500

NC O cN  MHz, CDCLy): 8 7.50 (s, 1H), 7.46-7.43 (m, 1H), 7.42-7.39 (m,
O 2H), 7.32-7.31(m, 2H), 7.23 (d, J = 7.5 Hz, 2H), 5.72 (d, J =

4.0 Hz, 1H), 5.60 (s, 2H), 4.24 (d, J = 4.0 Hz, 1H), 2.39 (s,

3H); ESI (m/z): [(M+H) '] calcd. for C,H;sN4 323.1297, found 323.1305.

2-amino-6-(2-chlorophenyl)-4-phenylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3b:
NH, obtained in 92% yield;? light yellow powder; m.p. 152-154°C;

NC O cn 'H NMR (500 MHz, CDCls): & 7.66 (dd, J = 2.5 Hz, 7.5 Hz,
O 1H), 7.54 (dd, J = 2.0 Hz, 7.5 Hz, 1H), 7.40-7.25 (m, 7H),

Cl 5.69 (d, J=4.0 Hz, 1H), 5.67 (s, 2H), 5.11 (d, J= 4.0 Hz, 1H);

C NMR (125 MHz, CDCls): d 145.8, 137.9, 136.6, 135.2, 132.2, 131.3, 130.7, 130.3,
129.5, 129.0, 128.3, 127.7, 116.3, 115.9, 111.5, 110.9, 82.2, 44.2, 43.0.

2-amino-6-(3-chlorophenyl)-4-phenylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3c:

NH obtained in 95% yield; colorless crystals; m.p. 226-228C;

2
CN

"H NMR (500 MHz, CDCls): § 7.51 (m, 1H), 7.48-7.45 (m,

O
z

)
O Cl'1H), 7.42-7.39 (m, 8H), 5.77 (d, J = 3.5 Hz, 1H), 5.24 (s,

2H), 425 (d, J = 4.0 Hz, 1H); °C NMR (125 MHz,
CDCls): 0 145.1, 137.8, 136.1, 135.7, 135.3, 130.6, 130.3, 129.5, 129.4, 129.1, 128.8,
127.6, 127.5, 115.3, 111.6, 110.2, 82.6, 48.6, 43.9; ESI (m/z): [(M+Na) ‘] calcd. for
C21H,3CINyNa 379.0726, found 379.1204.

2-amino-4-phenyl-6-p-tolylcyclohexa-2,4-diene-1,1,3-tric
NC N arbonitrile 3d: obtained in 89% yield; yellow powder; m.p.
O O 210-212°C; 'H NMR (400 MHz, CDCl3): d 7.43 (m, 5H),

7.40 (d, J = 10.5 Hz, 2H), 7.27 (d, J = 9.5 Hz, 2H), 5.82 (d,
J=5.0Hz, 1H), 5.59 (s, 2H), 4.26 (d, J = 4.5 Hz, 1H); *C NMR (100 MHz, CDCl;):
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o0 145.6, 139.8, 137.0, 136.3, 129.8, 128.9, 127.3, 116.1, 115.6, 115.6, 111.8, 110.4,
81.3, 48.6, 44.1, 21.0; ESI (m/z): [(M+Na) ] calcd. for C2,HsN4Na 359.1273, found
359.1270.

2-amino-6-decyl-4-phenylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3e: obtained in

NH 91% vyield; colorless oil; '"H NMR (500 MHz, CDCl3): ¢

2

NC O CEN 7.41-7.36 (m, 5H), 5.61 (d, J = 3.5 Hz, 1H), 5.45 (s, 2H),
(CH2)9CH3

3.01 (dt, J= 3.5 Hz, 1H), 1.93-1.87 (m, 1H), 1.87-1.78 (m,
O 1H), 1.66-1.60 (M, 1H), 1.56-1.26 (m, 19H), 0.89 (t, J =
6.5 Hz, 4H); *C NMR (125 MHz, CDCly): 6 145.3, 136.5, 136.3, 129.0, 128.6, 127.4,
115.8, 115.5, 112.4, 110.6, 82.3, 42.4, 42.3, 31.9, 29.9, 29.5, 29.5, 29.3, 29.3, 29.2,
26.4,22.7, 14.1; HRMS-ESI (m/z): [(M+H) *] caled. for Co5HsoN4Na 409.2368, found
409.2365.

2-amino-6-phenyl-4-p-tolylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3f:* obtained

NHZCN in 88% yield; light yellow powder; m.p. 162-164°C; 'H

NC O oy NMR (500 MHz, CDCLy): § 7.52-7.49 (m, 2H), 7.47-7.44

O (m, 3H), 7.44-7.35 (m, 3H), 7.33-7.31 (m, 2H), 7.22 (d, J =

7.5 Hz, 2H) 5.79 (d, J = 3.5 Hz, 1H), 5.53 (s, 2H), 4.26 (d, J

= 3.5 Hz, 1H), 2.38 (s, 3H); '°C NMR (125 MHz, CDCL): § 145.3, 139.3, 137.2,

133.8, 133.5, 129.9, 129.7, 129.4, 129.4, 129.3, 129.1, 128.4, 127.3, 115.7, 115.6,
111.9, 110.5, 82.5, 49.1, 44.2, 21.3.

2-amino-6-(2-chlorophenyl)-4-p-tolylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3g:
NH, obtained in 86% yield;* yellow powder; m.p. 208-210°C; 'H

CN
NC O oy NMR (500 MHz, CDCly): d 7.66 (dd, J = 2.0 Hz, 7.5Hz,

O O 1H), 7.53 (dd, J = 1.5 Hz, 7.5Hz, 1H), 7.41-7.35 (m, 2H),

o 7.31 (d, J= 8.0 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 5.66 (d, J

= 4.0 Hz, 1H), 5.96 (s, 2H), 5.10 (d, J = 3.5 Hz, 1H), 2.38 (s, 3H); °C NMR (125
MHz, CDCl;): § 145.2, 139.3, 137.5, 134.9, 133.4, 131.9, 130.9, 130.5, 130.0, 129.4,
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127.9,127.3, 115.6, 115.4, 111.3, 110.6, 82.3, 43.9, 42.7, 21.3.

2-amino-6-(3-bromophenyl)-4-p-tolylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3h:
NG NHZCN obtained in 90% yield;4 white powder; m.p. 98-99°C; 'H
O CN' NMR (500 MHz, CDCLy): 6 7.49 (s, 1H), 7.47-7.43 (m, 1H),
O 7.40-7.38 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.23 (d, J= 8.0

c Hz 2H), 5.72 (d, J=4.0 Hz, 1H), 5.63 (s, 2H), 4.23 (d, J =

4.0 Hz, 1H), 2.39 (s, 3H); °*C NMR (125 MHz, CDCl3): J 145.4, 139.4, 137.7, 135.8,
135.2, 133.3, 130.6, 130.2, 129.5, 129.4, 127.6, 127.3, 115.6, 114.5, 111.6, 110.3, 82.2,

48.6,43.9,21.3.

2-amino-6-(3-bromophenyl)-4-p-tolylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3i:
NH, obtained in 96% yield; white powder; mp: 205-209 C;

NG CN

2H), 4.22 (d, J = 3.5 Hz, 1H), 2.39 (s, 3H); '°C NMR (125 MHz, CDCls): § 145.4,

CN "H NMR (500 MHz, CDCls): d 7.65 (m, 1H), 7.61-7.59
Br

O (m, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.35-7.30 (m, 3H),

7.25-7.22 (m, 2H), 5.71 (d, J = 3.5 Hz, 1H), 5.63 (s,

139.4, 137.8, 136.1, 133.3, 133.1, 132.4, 130.8, 1294, 128.1, 127.3, 123.2, 115.6,
114.5, 111.7, 110.3, 82.2, 48.5, 43.9, 21.3; HRMS-ESI (m/z): [(M+H) +] calcd. for
C22H15BI'N4N21 4370378, found 437.0377.

2-amino-4-(3-chlorophenyl)-6-(4-chlorophenyl)cyclohexa-2,4-diene-1,1,3-tricarbo

NHZCN nitrile 3j: obtained in 93% yield; white powder; mp:
NC
O CN 172-174 ‘C; "H NMR (500 MHz, CDCLy): § 7.51-7.43
Cl
O O (m, 4H), 7.41-7.35 (m, 3H), 7.32-7.30 (m, 1H), 5.78 (d,
Cl

J=4.0 Hz, 1H), 5.68 (s, 2H), 4.27 (d, J = 3.5 Hz, 1H);
C NMR (125 MHz, CDCl3): 6 145.7, 137.9, 136.7, 136.3, 134.7, 131.8, 130.7, 130.0,
129.7, 129.4, 127.6, 125.7, 116.3, 115.2, 111.5, 110.2, 81.4, 48.4, 43.9; HRMS-ESI
(m/z): [(M+H) '] calcd. for C2;H>C1,N4Na 413.0337, found 413.0334.
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2-amino-4-(3-chlorophenyl)-6-p-tolylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3k:

NHZCN obtained in 93% yield; light yellow powder; mp: 159-162
NC
O CN ‘C; '"H NMR (500 MHz, CDCLs): 6 7.41-7.34 (m, 5H),
Cl
O O 7.32-7.30 (m, 1H), 7.27-7.26 (m, 2H), 5.82 (d, J = 4.5 Hz,

1H), 5.60 (s, 2H), 4.24 (d, J = 4.0 Hz, 1H), 2.39 (s, 3H);
13C NMR (125 MHz, CDCls): 6 145.7, 140.2, 138.1, 136.1, 134.7, 130.3, 130.1, 130.0,
1293, 129.2, 127.6, 125.7, 117.3, 115.4, 111.8, 110.4, 81.5, 48.7, 44.1, 21.2;
HRMS-ESI (m/z): [(M+H) 7] caled. for C5,H;sCINsNa 393.0883, found 393.0878.

2-amino-4-(4-fluorophenyl)-6-phenylcyclohexa-2,4-diene-1,1,3-tricarbonitrile 3l:

NH obtained in 91% yield; white powder; mp: 160-161 C; 'H
N
NC O oy NMR (500 MHz, CDCLy): 6 7.51-7.45 (m, 5H), 7.42-7.38 (m,
O Ph  2H), 7.14-7.09 (m, 2H), 5.79 (d, J = 3.5 Hz, 1H), 5.60 (s, 2H),
F

427 (d, J = 3.5 Hz, 1H), 2.39 (s, 3H); °C NMR (125 MHz,
CDCls): § 163.3 (d, 'J c.r = 247.9 Hz), 145.6, 136.4, 133.6, 132.5, 130.0, 129.4, 129.3,
116.2, 115.9, 115.7, 115.5, 111.8, 110.4, 81.9, 49.0, 44.1; HRMS-ESI (m/2): [(M+Na)
+] calcd. for C,1H3FN4Na 359.1108, found 363.1019.

2-amino-6-(3-fluorophenyl)-4-(4-fluorophenyl)cyclohexa-2,4-diene-1,1,3-tricarbo

nitrile 3m: obtained in 89% yield; white powder; mp:
NH,

NG CN 162-164 C; '"H NMR (500 MHz, CDCls): 6 7.51-7.45 (m,
CN
O 5H), 7.42-7.38 (m, 2H), 7.14-7.09 (m, 2H), 5.79 (d, J= 3.5
- O O Hz, 1H), 5.60 (s, 2H), 4.27 (d, J= 3.5 Hz, 1H), 2.39 (s, 3H);

F  C NMR (125 MHz, CDCL): 6 163.3 (d, 'J c.r = 248.0
Hz), 162.9 (d, 'J cr = 247.0 Hz), 145.6, 136.9, 136.0, 135.9, 132.3, 131.1, 131.0,
129.4, 129.3, 125.2, 117.2, 117.1, 116.5, 116.4, 115.9, 115.7, 115.4, 115.3, 111.6,
110.2, 81.8, 48.6, 43.8; HRMS-ESI (m/2): [(M+H) ] calcd. for C,1H3F,N, 359.1108,
found 359.1106.
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2-amino-4-(3,4-dichlorophenyl)-6-phenylcyclohexa-2,4-diene-1,1,3-tricarbonitrile

NH 3n: obtained in 95% yield; light yellow powder; m.p.:
2

CN
NC O oy 124-126 C; 'H NMR (500 MHz, CDCLy): & 7.52-7.48 (m,
cl O O 7H), 7.27 (dd, J = 1.6 Hz, 8.0 Hz, 1H), 5.84 (d, J = 3.5 Hz,
cl 1H), 5.63 (s, 2H), 4.27 (d, J = 3.5 Hz, 1H); °C NMR (125

MHz, CDCl;): 6 145.9, 136.2, 135.4, 133.6, 133.2, 133.1, 130.7, 130.1, 129.5, 129.4,
129.3, 126.8, 117.4, 115.2, 111.6, 110.2, 81.2, 49.0, 43.9; HRMS-ESI (m/z): [M+H) ']
calcd. for C,1H3CIbN4 391.0517, found 391.0519.

2-amino-6-(3-chlorophenyl)-4-(3,4-dichlorophenyl)cyclohexa-2,4-diene-1,1,3-tric

NH arbonitrile 3o: obtained in 95% yield; white powder;
2

CN
NC O N m.p. 129-130 ‘C; 'H NMR (500 MHz, CDCLy): ¢
Cl O Ph-Clm  7-53-7.51 (m, 2H), 7.49-7.47 (m, 2H), 7.44-7.35 (m, 3H),
Cl 7.28-7.26 (m, 3H), 5.79 (d, J = 4.0 Hz, 1H), 5.59 (s, 2H),

4.25 (d, J = 3.5 Hz, 1H); °C NMR (125 MHz, CDCLs): ¢ 145.7, 135.9, 135.9, 135.4,
135.2, 133.7, 133.2, 130.8, 130.7, 130.5, 129.4, 129.4, 127.5, 126.8, 116.4, 114.9,
111.3, 109.9, 81.4, 48.6, 43.7, 14.2; HRMS-ESI (m/z): [(M+Na) ‘] calcd. for
C21H1,C1sN4Na 446.9947, found 446.9942.

4-(3,4-dimethoxyphenyl)-6-phenylcyclohexa-2,4-diene-1,1,2,3-tetracarbonitrile

NH2CN 3p: obtained in 86% yield; light yellow powder; m.p.
NC
O CN 122-124°C; 'H NMR (500 MHz, CDCl3): § 7.53-7.48 (m,
MeO
O Ph 51, 7.01(dd, J = 1.5 Hz, 8.5 Hz, 1H), 6.92-6.89 (m, 2H),

MeO 5.79 (d, J = 3.5 Hz, 1H), 5.53 (s, 2H), 4.27 (d, J = 3.0 Hz,

1H), 3.92 (s, 3H), 3.91 (s, 3H); >C NMR (125 MHz, CDCL3): 6 149.9, 148.9, 145.3,
136.9, 133.9, 129.9, 129.4, 129.3, 129.0, 120.2, 115.8, 115.1, 111.9, 111.1, 110.6,
110.5, 82.6, 56., 55.9, 49.1, 44.2; HRMS-ESI (m/z): [(M+Na) '] caled. for
Ca3H1sN402Na 405.1327, found 405.1322.
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N2 2,6-dicyano-3,5-diphenylaniline 4a: obtained in 21% yield;

NC CN
O white powder; '"H NMR (500 MHz, CDClL3): 6 7.59-7.48 (m,

O O 10H), 6.90 (s, 1H), 5.38 (s, 2H).

2-amino-4-phenyl-4a,5,6,7-tetrahydronaphthalene-1,3,3(4H)-tricarbonitrile ~ 7a:

NHZCN obtained in 86% yield; white powder; m.p. 254-255°C; '"H NMR
NC

‘ cN (500 MHz, CDCL): § 7.58 (m, 1H), 7.49-7.44 (m, 4H), 7.29 (m,
‘ 1H), 6.05 (d, J = 2.5 Hz, 1H), 4.89 (s, 2H), 3.13-3.05 (m, 1H),

2.90-2.85 (m, 1H), 2.31-2.26 (m, 1H), 2.19-2.10 (m, 1H),
1.81-1.78 (m, 1H), 1.70-1.66 (m, 1H), 1.56-1.46 (m, 1H), 0.99-0.91 (m, 1H); "*C
NMR (125 MHz, CDCL): 6 140.3, 133.6, 131.8, 129.6, 129.2, 127.5, 126.6, 125.6,

115.1, 111.9, 111.8, 88.3, 52.2,43.2,34.7,27.2,25.4, 21 .4.
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NMR spectra for product 3
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File: CARBON
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Sl £1% st 1]

Relax. delay 1.000 sec

Pulse 45,0 degrees

Acy. time 1.300 sec

Width 31421.8 Hz

6144 repetitions

DBSERVE C13, 125.7004322 MHz
DECOUPLE  H1, 439,39043860 Mz
Power dis

continucus ly on

WALTZ=16 nodulated

OATA PROCESSING

Total time 18 hr, 42 min, 23 s5&c

48 . 629

L 145.101
S —137.898
- 136.129

1i0.203

" 111.615
—BZ.618
q3.861
=0.018

Ll e e el g e i
s ey st A A il | L i o ottt SHelA
T T T T T T R T T T L L UL ) LR L R B
220 200 180 160 ian 1z0 100 a0 (1] 40 20 o ppm
Hfwepoininy 80 v GG 5 =
P el el wiw vl - o =
ROl S v I
MH
gt
MWC
O CN
1
1 |
il sl J
MR ik, . o
Z8% s E 2 £
o i = i = -
by T T T T T T T T T T T & T T T T T T T T T T T X T
e 108 100 95 a0 8.5 &0 1.5 T 6.3 6.0 . 4.5 4.0 3.5 30 .5 20 1.5 10 0.3 0.0 =0.5
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Tt
YAl
76.8:
76.5:
76.5:

76,8

—8Lx

Y

—48,57

— 4405

—21.02

T T T T T T T T T T -
180 170 160 150 140 130 120 1o 100 90 80 0 60 50
fl {ppm)

40

3e

File: PROTOR

Pulse Sequence: sZpul

Solvent: cdcld
Temp. 25.0 C s Z98.1 K
INOVA=500 “BHUSOD"

Relax. delay 4.000 cac
L}

Y
ra
»n
a
1.256

16 repetitions

OBSERVE W1, 459.3018004 MHz
DATA FROCESSING

FT size 65536

Total time 1 min, 34 sec

MHz

NC CHN
CN
Ph {CH2)4CHy

T T T T S e o B

0.899

"0 .886
0.872

4.56{
2
L]
2
o

0
1
1.
Z
1

0.087

— OB
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wiD9121402

File: CARBON

Pulse Sequence: £2pul

Solvent: cdcls
Tomp. 25.0 C ; 208.1 K

User: 1-14-8:
INOVA=S00 "BHMUSDO™

Relax. delay 1.000 sec
Pulse 45.0 degrees

OBSERVE C13, 125.7004326 WHz
DECOUPLE M1, 499.9042E60 HHz
Powsr 38

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 131072

Tetal time 19 hr, 42 min, 23 sec

MNHz
e CM
Ch
Fh (CHZlgtH

-145.287

—136.545

- - 136.286

—129.031

128,615

127402

115.841

—— 112 .366

n—110.642

77.252
" 77.000

BZ.317

s
g 2HNE
2n550n
=517 05

E= R e

wa | ]

ag [ Jes

1 Pl

1.008

B e e o e B R R T T r T T
220 zo0 180 140 120 iao :1] a0
DEINEILE L1
Tamp, 5.0 C ¢ 298.1 K
INOVA=500 “BHUSOO™
Relax. delay 4.000 sec
Pulse B5.3 degrees
Acg. time |.ags sae
Width 7998.4 Hz
16 repetitions
OBSERVE Hi, 499.8019025 MHz
DATA PROCESSING
FT size 65536
Total time 1 min, 31 sec
F4
b =
w - g
l o =
| sileh [
= =T
& ]
MH
TN
NG
g -
| |
JWL A ] LT
L L e e o e e L | —— T . T T T T T
13 iz 11 10 s T 6 _ 4 i i =0 =i ppm
et —
S = = - =
= s = = =
el - e = m
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Fulse Sequence: sZpul

Solvent: cdcl3
Temp. 25.0 C 7 298.1 K
User: 1-14-

INOVA-500  "BHUSDO"

Relax. delay 1.000 sec
Pulse 45.0 deqrees
Acg. time 1.300 sec
Width 21421.8 Hz
960 repetitions
OBSERVE C13, 125.7004341 WMz
DECOUPLE M1, 495.0043360 HHZ
Fower 2
continuous 1y on
TZ=16 modulated
DATA PROCESSING
Ling broagening 3.5 Hz
FT size 131072
Total time 19 hr, 42 min, 23 sec

??
77.

115.589

m
= w
a = &
% B o
E) - o
= o= 5 i
a7 g |
J 5 o
P o S
‘ (| L =
I I
o | | | |
e | |
g CN
O O |
—— A A " - iohdad m . " Lol
wr m L4 & b T ik oy L s e | e & L e bk
T T e . ! R RSLA BN B R T T T T I T T
220 znn 180 160 ian 1z0 ino an 40 20 0 ppm
Solvent: cdcild
Temp, 25,0 C ¢ F98.1 K
THOVA-500  “BHUSOD"
Relax. delay 4.000 sec
Pulse B2.8 degrees ;
Acg, time 1,892 sec p:
Width 7998.4 Hz
16 repetitions
OBSERVE  Hi, 498.9019025 Wiz
DATA PROCESSING
FT size 65536
Total time 1 min, 34 sec
o
H
-
o
a
NH2CN
MG
g CN
O cl O
L i L J|_. b s
T T T T —r T e e B |
13 12 11 110 ] B: # I o [ 4 - -0 -1 ppm
e Bs @ =
Elit=cy 22 2 B
] —— = "
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A P -
solvent: COC1Z L i
Tamp. 25.0 C s 298.1 K EEEE -
User: 1-14-87 e
File: wios0dqnzoz-1-c J)J
INOVA-500  "BHUSDO" -
Relax. delay 1,000 sec
Pulse 5.0 degrees
Cl time 1.300 sec
width $1421.8 Hz
1184 repetitions
OBSERVE C13, 125.7004346 WHzZ
OECOUPLE H1, 4898043560 HHz
Power
continuously on e
WALTZ-16 modulated A s
DATA FROCESSING b =
Line broadening 3.5 Hz 2 = n i
FT size 131072 =riLE) - =
Total time 6 hr, 34 min, 7 sec L o3 -
2
o
P ~
BTN -
T L = I £
Shimnin I |=
L Q gl |3 5 8
S = = ~
NHZC % \ i ] 7 ;
N - - o J
NG
‘ g CON
Cl

S -
2z0 200 1580 160 140 120 100 &0 G0 40 20 1] ppm

3h

File: PROTON

Pulge Sequence: e2pul
Solvent: cdeol®
Temp. T5.0 C / 788.1 &
IKDVA-500  “ENUS00"
Relax. delay 4.000 sec

Pulse 52.8 degreas
cq. time 1.882 sec

2385

Width 79964 mz =5
16 _repetitions rm fm
DBSERVE H1, 439.9019043 MHz Wi 3™ N
DATA PROCESSING = =it I
FT size G5536 L BT | 1
Total time 1 min, 33 sec i
o
- m
- / 22
-
=
o
= =
- =
)
| | e
MH; |
[
NC
CH
Cl
1
{
B e e o e e e e e - T — + = T 1T
13 1z 11 10 9 i 7 e 3 4 3 2 1 =0 =1 pp
Do w = w
=== Sn = =
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File: CARBON

Pulse Sequence:
Solvent: CDC13
Temp. 25.0 C s 298.1 K
serr  1=14=

INOVA-500 "BHUSOO"

sEpuT

Relax. delay 1.000 sec
Pulse 45.0 degqrees
0.700 sec

Acg. time
Width 31421.8 Hz

127.593
127.302

129,393

2368 repetitions

—129.508

s

QBSERVE  C13, 125.7004374 Wiz .
DECOUPLE W1, 433.9043850 Wiz g3
cont inuous 1y on e
WALTZ-16 modulated =
DATA PROCESSING 1
Line broadening 3.5 Hz
FT size 6 »
Total time 4 hr, 51 min, 33 sec =
nE
a8 g &
= =]
i ~ - H
Rt 2
TR | = @ -
CEEET R 2| 8 8
= | FE | @ |oe i -
L i g E 3
3 2 w
=, o =
A B H
m
2
MNH2 ‘ ‘
CN | |
MNC |
CN |
E O Cl
|
il b L L ) v Ll b Rt i L L ) ini A T
B e e R B - L na o e SR T i i
220 2o 180 160 140 1z0 100 80 60 a0 20 0 ppm
3i
wii8040201
0
2
File: PROTON H
Pulse Sequence: s2pul
solvent: cdcla
Temp. 5.0 C 7 296.1 K
INOVA-S00  “BHUSOO®
Relax. delay 4.000 sec
Pulse 85.3 degrees
fcy. timé 1.B32 sec
widih 7998.4 Hz
16 repetitions
DESERVE  H1, 439.3018040 Nz
DATA PROCESSING
FT 5128 65538
Total time 1 min, 24 see
c
L3 e
~iEg
| 15 ) i
~ ™ o
] a3
w \k bt
] -
]
~
L i
2
\ g
T
MC ] N
O O ’
|
' |
‘u L . ! A |
T T T T T T T — e —T T —
13 12 11 10 9 B i 6 . 5 4 Y - 1 - -1 ppm
P T = o
et B H ]
Sioin . - o
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g CAKBUN

o™ e

=] ﬂoow
& Sequence: SEPUT g,,lcgqh. E.S'r'u‘

la® @ =
ant: cdci2 gemEh e
i e s 2981 K EEEE] ne
-5 1-14-87 JJ/J/ I
=500 "BHUS 0O -

lax. delay 1.000 see

=LI| 21421.5 Hz

J repetitions

(RVE  C13, 125.7004350 MHz
JUPLE ML, 499, 9043860 WHz
sar 38 dB

Akinuously on

_TE-16 modulated

4 PROCESSING

=
feol
e broadening 3.5 Hz 4 -4 2
size 131072 = S e i
Wl time 18 hr, 42 min, 2% sec 3 8o -
L ____J—l' 2
&
CBoma | o
gwm -
Bl ] [| B =
) i gt A
EEELE || | =%
1 | o=
UL ! I 2z g
e |
1 ' 2 s

43 .364

MH
TN

MNC
CHN
SRAeS |

R B s T B e e REEEE e T T L B B S L
220 2ng 180 160 140 120 100 a0 60 an 20 0 ppm

3i

fGolvent: cdold
Temp. 25.0 C ; 295,
INOVA-500 “BHUSDOY

-

K

Relax. delay 5.000 sec
Pulese 85.3 degrees VM [
Acq. time 1.592 sec saeed
Width 10000.0 Hz DA
16 repetitions -
ORSERVE  H1, 195 9018013 Mz | [__
DATA PROCESSING
FT size 65536

Total time 1 min, 50 scc

g
Ea. :
o i N
e | =
L i =
e |
™
NHZCN
M
CH
o
o
B eoream . e i e ek e e L. =1 S S,
N ——————
14 1z 10 8 [ 4 2 0
=2 &2 S
= =
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Tenp. §5.0 € ¢ 285.1 K
User: 1-14-87
THDVA-500  “BHUSGD"

Relax. delay 1.000 sec
Pulse 45_0 degrees
Acg, time 1.300 sec
Width 314218 Hz

418 repetitions

OBSERVE €13, 125.7004341 MHz
DECOUPLE H1, 499.9043860 MHz
Power 38 di

cont inuous Ty on
LT2-16 nodulated

Total time 19 hr, 42 min, 23 sec

130 698

== 130.026

_124.870

T
7

16,7

=
i
| & =
ot -
| 2 %
5 { |
= |
- 1
= | =
= =
- C
) n
Z
|
" e e e el o )
IEmEaamE T e ; : I ST T e : T
220 200 1810 160 120 100 &0 ED an 20
Temp. 25.0 C ¢ 794.1 K
IHDVA-500  "BNUSDO"
Helax. delay 5.000 sec
Fulie B5.3 degress o
hcg. time 1,892 sec S @
Width 100000 Hz L1
16 repetitions o
OBSERVE I, 195.9013013 HHz o
OATA PROCESSING N a
FT size 3270 S
Total time 1 min, 50 sec o
a
=
gz H
] - :
w o -
= Lt s
A ke e -
- 2
=
MH=
NC |
cl ‘ g
I :
I |
|
| |
| |
i A \ % 1
o e —r o T ) e . o -
10 9 bR 6 g X 3 -0 pE
P Ea = =
=en na o N
7 e & - = "
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Solvent: cdcld

Temp. 25.0 C 7 298.1 K
User: 1-14-B7
INCVA-500  “BHUSOD"

—7Tad
|
76

Relax. delay 1.000 sec

Pulge 45.0 degrees

fcg. time 1.300 sec

Width 314214 Hz

448 repatitions
OBSERVE C13, LZ5.7004311 Wz
DECOUFLE N1, 489.3043860 Mz
Powsr 38 df

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 131072 L7
Total tims 19 hr, 42 min, 23 sec -

130.057

. 145.753
S 140,185
128,143
136 . 057
— 134.668
130.278
115 .364
110.444

—81.531

=
[
]
=
S
— 111,808

fiker o L,

48,725

44,144

21.227

T - -
220 200 180 160 140 120 100 &0

L L B o e e L

File: FROTON

Pulse Sequence: sZpul
Solvent: cdcld

Temp. 25.0 C ¢ 298.1 K
INOVA=500 “BHUSO0O™

Relax. delay 5.000 sec
FPulse B5.3 degrees
Acq. time 1.832 sec
Width 10000.0 Hz

16 repetitions =
OBSERVE Hi, 499.9013013 HWHz -
DATA PROCESSING -
FT size 65536

Total time 1 min, 50 sec

7.476
7.arz

1.596

0.000

H

LA e
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wf09112807

File: CARBON

—77.252
—77.000

Fulse Sequence: sZpul i

Solvent: cdcld
Temp. 25.0 C ;s 206.1
User: 1-l1a-87
INOVA-S00  "BHUSDO™

76,744

.

Relax, delay 1.000 sec
Pulse 45.0 degroes
fhcq. time 1.300 sec
width 31421.8 Hz

1408 repetitions
OBSERVE C13, 125.7004341 MHz
DECOUFLE W1, 499.9043860 HHz
Power 38 db

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 131072

Total time 18 hr, 42 =min, 23 sec

129,817

115.856
115. 685

120,007
—116.200
S— N T}

NH
TN

MC
95
fepae

133.570
132.452

164.252
162.269
145.604
186,419
—111.7886
110,436

S Y L
A4.073

—B81.947

I HJ U B

B B o o o o B o B i i I L B L I L B L B R B

220 200 130 160 130 120 io0 1] 60 40 Z0 L] ppm

File: FROTON

Pulse Sequence: 5Zpul
Solvent: cdcld

Temp. 25.0 C 7 298.1 K
INOVA-500 “BHUSOD"

Relax. delay 5.000 sec
Fulse B2.8 degrees

Acq. time 1,892 sec

Width 7998.4 Hz

16 repetitions

OBSERVE W1, 499.901800% MHZ
DATA PROCESSING

FT si1ze 65536
Total time 1 min, 50 sec
2
=
=
L
= E
i
e I
SEi%a
el i
- Loy
o2 LT
e
MNH-
CHM
MC
CH
O O F
F

B
13 12 11 10 9 81l T
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wf08121401

File: CARBON

Pulse Zequence: szpul
Solvent: CDCI3
Tamp, Zﬁig C;f 2981 K

User:
INOVA-500  “BMUSDO"

Belax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 0.700 sec

Width 31421.8 Wz

3456 repetitions

OBSERVE C13, 125.7004355 WHz

l)tl?(:lUF'-’Lg2 :a. 499, 9043860 HHz
r

contlnuously on

WALTZ-10 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 65536

Total time 4 hr, 51 min, 39 sec

128,325

120,386
—125.15%

010

131,072
13

161.876
145,619
/136,854
/ 4—135.931
135.870
/—lSZ,Zﬁ!

163,652

164,302
162.318

=
T
5
]
=
¢ A
S

—117.248

o

117.088
116,539
116,364
115.898
115,723
115.402
h— 115,280

111.558
110.223

81.798

-77.252

76,992
76.741

ab.598

43.816

R R e e L R o
zzon 200 180 160 140 1z0 100 &0 a0 20 1]
TEMp. ¥9.U LU S EHE.L R
INOVA-S00  “BMUS0D"
Relax. delay 4.000 sec
Pulse 85.% degrees =
Acg. time 1,882 zec 2
Width B36B.2 Hz .
16 repetitions "
OBSERVE M1, 443_3013009 WHz I
DATA PROCESSING H
FT size 65536 =
Total time L min, 24 sec <
=
g2
L 2
] 48
Jw e
s . L
o | K
H] 5
v | i
L |
(]|
I
NHZCN | |
MG
CR
) O O
Cl
|
|
|
L=, X_ )
o B e S o i e . — — S o T o - R,
14 12 10 Bl = 2 -0
i F =
5= - s
o - - -
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solvent: cdcld
Temp. 25.0 C_/ 298.1 K
-a7

User: 1-14-3
INOVA-500 “BMUSDD"

Relax. delay 1.000 sec
Pulse 45.0 degrees

1216 repetitions

OBSERVE €13, 125.7004336 MHz
DECOUPLE M1, 34359 9043860 HHz
Power 38 dB

cont inuously on

WALTE-16 modulated

DATA PROCESSING

Line broadening 3.0 Hz

FT size 131072 o m
Total time 26 hr, 16 min, 31 sec on;g =]
sRT,ET
ggE=ed
]
My 2
NG S
cN s S
o 528
) ) |
b a55 o |
“ ..; J 5 o
g - g B
| : g
‘ | w
I
: it S . iy R e .
.. e e - e e e .
2210 zon 180 160 80 60 a0 20 1 ppm
Solvent: cdcl3 ]
Temp. 25.0 C ¢ 298.1 K
INOVA-500 "BMUSDO"™
Relax. u=1ey 4.000 sec
Pulse 85.3 degrees
Acg. time 1842 sec
Width 7938.4 Hz
B4 repetitions
OBSERVE H1, 499.3018338 MWHz
DATA PROCESSING
FT sizn ES526 w3
Total time 6 min, 17 sec mESEN
g8
T
|)..
52z
mIE
NH &2 L -
B e \|| = 2e = o
ME I : R 2 i g
CH | A = b H F
cl g 5 | L x |
O Ph-Cl-m | |
| |
Cl |

e L e . . e
13 12 11 10 9 8 7 6__ & L4 3 2 1 -1 -1 ppn
= g3 g
e - =
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wf09041104

File: CARBON

2,000
76744

Pulse Sequence: s2pul

Solvent: cdcl2

Temp . 0 Gy 2881 K
User: 1-14-8

INOVA-500  "BHUSOO™

—77.252

i

Relax. delay 1.000 sec
Pulze 45.0 degrees
Acg. time 1.300 sec
Width 21421.8 Hz
2688 repetitions
OBSERVE CLE, 125.7004322% MHz
DECOUPLE  HL, 439.9013860 MHz
r o2& db
continuous 1y on
LTZ=16 modulated
DATA PROCESSING
Line broadening 2.0 Hz
FT size 131072
Total time 18 hr, 42 min, 23 sec

A8, 557

145.726

108,978

B81.3%0
~A3.73E

14,186

NH
TN

Ot
o O Ph-Cl-mm
cl

NG

B R LI B e o

e e S it e SRl i | il il ol
220 200 180 160 140 1z0 100 &0 60 40 20 L] ppm
Solvent: cdcld
Temp. 25.0 © ¢ F98.1 K
INOVA=500  “GMUS00"
Relax. delay 1,000 sec
Pulse 85.% degress
time 1.532 see
Width 7998.0 H,
16 repetitions
OBSERVE  H1, 499.4019001 MHz
DATA PROCESSING
FT size H5536
Total time 1 min, 34 sec
NHz. | o H
- |
M L
CN
BOARS
ed
: S Bl T L)) | e
1,3 llz.. Tt LI B R B e e L B e e I T — T T
11 10 9 8 - ‘.:w e e S -yl i 3 2 1 -0 -1 ppm
R B s 2
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& MHz
0 HHz
-
=g
sg ~fomd
ma AT aad
T o S
T oBun-
Mo WO
Hoy HT AmT
- || T
. 23 gec S L
| ot
~ | 3!\-
e o | ke b
= = = s
= - I
. ® | i B
m o | = -
™ - =1 -
- | - py
Te o = l\ - J ] -
= 0 =
2| - rn -
aen 2 y [ =
2a0 Mo I = ~
,of =l = ]
Bmn W - o
= - : bk
- o b
' L~ -
-
-

hed

hie

B L) L e T LB I e L L B L B T T L o e
180 160 140 120 100 80 60 40 20 1]

PROTOR

Sequence: sZpul
nt: cdcld
20.0 C s 398.0 R
600 “mmusoe=

. delay 4.000 seéc

82.8 segrees

Lima 31_8%2 sec

7EE8_2 Mz

petitions

H1, 455 8018997 HHz
SHING

L]
Lime 1 sim, 34 sec

e T T e o MR T S o e
13 12 11 10 9 8 T 3 5. 4 35 i -0 -1 ppn

25



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

wf03121309

File: CARBON

Fulse Sequence: sZpul
Solvent: CDCI3

Temp. 25.0 C / 208.1 K
User: 1-14-87
INOVA-500 “BMUSOO™

77.252
77.000
—76.748

Relax. delay 1.000 sec

2680 repetition

i3

UBSERVE 13, 125.7004336 WHz -
DECOUPLE H1, 499.3043B60 MHz ~ ™
Pw:: 2 d% SEm e
cont inuously on - 3 LY

16_modulated as - R
DATA PROCESSING AEG_m i) - .
Line broadening 3.0 Hz L"'--:D o 5 b
FT size 65536 Lm= i,
Total time & hr, 51 min, 33 sec w |

= |

—

140.279
133,551
131.842

111.779

Vi
—
\J'_
43.213

BB.290

T B e - T T T BB e e - R e R AT

T
220 200 180 160 140 120 100 &0 G0 40 20 1] ppm
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