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General Procedure for the Reactions of Azides with Dichloroindium Hydride.

The starting azide (1 equiv.) was added at 0 °C to an acetonitrile solution of dichloroindium hydride
(1.1 equiv.), generated in situ by stirring under argon anhydrous indium trichloride (1.1 equiv.,
previously dried by heating at 130 °C under argon for 1 h) and triethylsilane (1.1 equiv.) in acetonitrile
(4 mL) for 5 min at 0 °C (Hayashi, N.; Shibata, 1.; Baba, A. Org. Lett. 2004, 6, 4981). When used,
triethylborane was added immediately after the azide. The resulting mixture was stirred at 0 °C until
disappearance of the starting material. The final crude was quenched with an acid aqueous solution and
extracted with diethyl ether to remove the silane residues. The aqueous phase was neutralized and
extracted with diethyl ether to give the amine, which was in a few cases eventually purified by column
chromatography. Yields and reaction times are reported in Table 1.

Analogous results can be obtained by dissolving the azide into the solution of dry indium trichloride

and then adding triethylsilane (and, when it is the case, triethylborane).
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Preparation and Characterization Data for Azides 1, 3, 5, and 7.

Aromatic azides 1a-h were prepared by standard diazotization of the corresponding anilines followed
by treatment with sodium azide, and were identified by comparison with literature data.

1a: Huber, M. L.; Pinhey, J. T. J. Chem. Soc., Perkin Trans. 1 1990, 721.

1b: Nicolaides, A.; Enyo, T.; Miura, D.; Tomioka, H. J. Am. Chem. Soc. 2001, 123, 2628.

1c: Butler, R. N.; Collier, S.; Fleming, A. F. M. J. Chem. Soc., Perkin Trans. 2 1996, 801.

1d: Tomioka, H.; Sawai, S. Org. Biomol. Chem. 2003, 4441.

1f: Hassan, S. S. M.; Tadros, F. S. Anal. Chem. 1985, 57, 162.

1g: Klump, S. P.; Shechter, H. Tetrahedron Lett. 2002, 43, 8421.

1h: Liu, Q.; Tor, Y. Org. Lett. 2003, 5, 2571.

4-Azidobenzoic acid methyl ester 1e was previously reported (Logue, M. W.; Han, B. H. J. Org.
Chem. 1981, 46, 1638) but characterized as a mixture of products; IR (Wmax, CHCI3) 2118 (N3) and 1718
(CO) em™; "H NMR (400 MHz, CDCl3) 8 3.89 (3 H, s), 7.03 (2 H, A part of AA’BB’, J = 8.9 Hz), 8.00
(2 H, B part of AA’BB’, J = 8.9 Hz); °C NMR (100 MHz, CDCls) § 52.6 (CHs), 119.3 (CH), 127.3
(CH), 131.9 (CH), 145.2 (C), 166.7 (C).

Sulfonyl and acyl azides 1i,j were synthesized by treatment of the corresponding acid chlorides with
sodium azide in DMSO (Regitz, M.; Hocker, J.; Liedhegener, A. Org. Synth. Coll. Vol. V, 1973, 179).

1li: Dang, H. -S.; Roberts, B. P. J. Chem. Soc., Perkin Trans. 1 1996, 1493.

1j: Bose, D. S.; Reddy, A. V. N. Tetrahedron Lett. 2003, 44, 3543.

Alkyl azides 1k,0 were prepared by treatment of the corresponding alkyl bromide and iodide,
respectively, with sodium azide in DMSO (L’abbé, G.; Sannen, 1.; Dehaen, W. J. Chem. Soc., Perkin
Trans. 1 1993, 27). 3-Phenylpropyl azide (1k) (Moriarty, R. M.; Reardon, R. C. Tetrahedron 1970, 26,
1379): IR (Mmax, CHCl3) 2096 (N3) cm™'; "H NMR (400 MHz, CDCLs) § 1.91 2 H, dt, J, = 7.5, J,= 6.7

Hz), 2.70 2 H, t, J = 7.5 Hz), 3.27 2 H, t, J = 6.7 Hz), 7.16-7.24 (3 H, m), 7.26-7.32 (2 H, m); "*C
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NMR (100 MHz, CDCls) 6 30.4 (CH,), 32.7 (CH,), 50.6 (CH,), 126.1 (CH), 128.4 (CH), 128.5 (CH),
140.8 (C). 2-Phenylethyl azide (11) (Katritzky, A. R.; Liso, G.; Lunt, E.; Patel, R. C.; Thind, S. S.; Zia,
A. J. Chem. Soc., Perkin Trans. 1 1980, 849): IR (Wmax, CHCl3) 2097 (N3) cm'; 'H NMR (400 MHz,
CDCl3) 62.89 2 H, t,J =73 Hz),3.49 2 H, t,J = 7.3 Hz), 7.18-7.23 (2 H, m), 7.23-7.27 (1 H, m),
7.29-7.35 (2 H, m); °C NMR (100 MHz, CDCl3) § 35.3 (CH,), 52.4 (CH,), 126.7 (CH), 128.6 (CH),
128.7 (CH), 138.0 (C).

Azide 3a: L’abbé, G.; Sannen, 1.; Dehaen, W. J. Chem. Soc., Perkin Trans. 1 1993, 27; mp = 46 °C;
spectral data not reported. IR (Umax, CHCl3) 2103 (N3) and 2238 (CN) ecm'; 'H NMR (300 MHz,
CDCls) § 2.62-2.72 (2 H, m), 3.32-3.43 (2 H, m), 7.27-7.42 (10 H, m); *C NMR (75 MHz, CDCl;) &
38.1 (CHy), 47.8 (CH»), 49.3 (C), 121.3 (C), 126.5 (CH), 128.2 (CH), 129.1 (CH), 139.0 (C); MS m/z
(70 eV) 234 (M" - 28, 19%), 192 (36%), 105 (100%).

Azides 3b-d, 5: Benati, L.; Bencivenni, G.; Leardini, R.; Minozzi, M.; Nanni, D.; Scialpi, R.;
Spagnolo, P.; Zanardi, G.; Rizzoli, C. Org. Lett. 2004, 6, 417.

2-(2-Azidoethyl)-5-phenyl-2-(phenylsulfonyl)-4-pentenenitrile (3e). 5-Phenyl-2-(phenylsulfonyl)-
4-pentenenitrile was prepared in 70% yield from phenylsulfonylacetonitrile and cinnamyl bromide
following a general method reported in the literature for the synthesis of 2-alkyl-2-
aryl(phenylsulfonyl)acetonitriles (Abd-El-Aziz, A. S.; de Denus, C. R.; Hutton, H. M. Can. J. Chem.
1995, 73, 289); 'H NMR (300 MHz, CDCl;) & 2.80 (1 H, dddd, J; = 14.1, J, = 10.4, J;=7.4, J,= 1.4
Hz), 3.10 (1 H, dddd, J; = 14.1, J, =74, J; =4.5,J,= 1.4 Hz), 4.03 (1 H, dd, J; = 10.4, J, = 4.5 Hz),
6.08 (1 H, dt, J;=15.7,J,=7.4 Hz), 6.59 (1 H, dt, J, = 15.7, J,= 1.1 Hz), 7.23-7.34 (5 H, m), 7.59-7.66
(2 H, m), 7.72-7.78 (1 H, m), 8.01-8.05 (2 H, m) (a 'H NMR spectrum is reported in: Lu, X.; Jiang, X.;
Tao, X. J. Organomet. Chem. 1988, 344, 109); *C NMR (75 MHz, CDCls) § 30.8 (CH,), 57.8 (CH),
114.1 (C), 121.0 (CH), 126.9 (CH), 128.6 (C), 129.0 (CH), 130.0 (CH), 130.1 (CH), 135.8 (CH), 135.9

(C), 136.3 (CH).
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5-Phenyl-2-(phenylsulfonyl)-4-pentenenitrile was alkylated with 1,2-dibromoethane according to a
reported general alkylation procedure (Diez-Barra, E.; De La Hoz, A.; Moreno, A.; Sanchez-Verdu, P. J.
Chem. Soc., Perkin Trans. 1 1991, 2589) to give 2-(2-bromoethyl)-5-phenyl-2-(phenylsulfonyl)-4-
pentenenitrile (92%); IR (Umax, CHCl3) 2237 (CN) em™'; "H NMR (300 MHz, CDCls) § 2.51-2.77 (2 H,
m), 2.81 (2 H, dd, J; =7.6, J, = 1.4 Hz), 3.53-3.69 (2 H, m), 6.06 (1 H, dt, J; = 15.6, J,= 7.5 Hz), 6.57
(1 H,dt, J;=15.6,J,=1.3 Hz), 7.24-7.38 (5 H, m), 7.62-7.72 (2 H, m), 7.75-7.84 (1 H, m), 8.00-8.09 (2
H, m); >C NMR (75 MHz, CDCl3) § 25.5 (CH,), 35.0 (CH,), 37.1 (CH,), 65.9 (C), 115.8 (C), 119.6
(CH), 126.9 (CH), 128.8 (CH), 129.1 (CH), 130.0 (CH), 131.2 (CH), 134.2 (C), 136.0 (CH), 136.1 (C),
137.7 (CH); MS m/z (70 €V) 405 (M + 2, <1%), 403 (M, <1%), 263 (99%), 261 (100%).

Treatment of 2-(2-bromoethyl)-5-phenyl-2-(phenylsulfonyl)-4-pentenenitrile with sodium azide in
DMSO gave azide 3e (85%); IR (lmax, CHCL3) 1152 (SO,Ph), 2102 (N3), and 2254 (CN) cm '; '"H NMR
(300 MHz, CDCls) 6 2.28 (1 H, ddd, J; = 14.7, J, = 8.5, J; = 6.5 Hz), 2.40 (1 H, ddd, J;, = 14.7, J, = 8.5,
J;=6.5Hz),2.88 (2H,dd, J;=74,J,=1.1Hz),3.57-3.77 (2H, m), 6.07 (1 H, dt, J; = 15.7, J,= 7.4
Hz), 6.55 (1 H, dt, J; = 15.7, J,= 1.2 Hz), 7.21-7.39 (5§ H, m), 7.60-7.71 (2 H, m), 7.73-7.83 (1 H, m),
8.00-8.10 (2 H, m); >C NMR (75 MHz, CDCl3) & 31.1 (CH,), 37.4 (CH,), 47.6 (CH,), 64.4 (C), 116.2
(©), 119.8 (CH), 126.9 (CH), 128.7 (CH), 129.1 (CH), 130.0 (CH), 131.2 (CH), 134.2 (C), 135.9 (CH),
136.1 (C), 137.6 (CH); MS ESI 389 (M + Na, 100%), 367 (M" + 1, 10%).

(2-Azidophenyl)acetonitrile (7). (2-Aminophenyl)acetonitrile (commercially available) (5 mmol)
was diazotized according to a standard procedure and treated dropwise in 45 min at 0-5 °C with an
aqueous (10 mL) solution of sodium azide (10 mmol). The reaction crude was extracted with diethyl
ether (3 X 25 mL), the organic phase was dried over magnesium sulfate, and the solvent evaporated to
give azide 7 (3.1 mmol, 60%) as a solid, mp = 57.5-58.7 °C; IR (Umax, CHCl3) 2132 (N3), and 2255 (CN)
cm'; 'H NMR (300 MHz, CDCls) § 3.67 (2 H, s), 7.13-7.22 (2 H, m), 7.35-7.46 (2 H, m); °C NMR
(75 MHz, CDCls) 6 19.1 (CHy), 117.1 (C), 117.9 (CH), 120.1 (C), 124.9 (CH), 129.3 (CH), 129.4 (CH),

137.7 (C); MS m/z 158 (M", 20%), 103 (100%).
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Characterization Data for All the Reaction Products.
All the amines obtained from azides 1 (Table 1) are commercially available compounds and their

identification was based on spectral comparison with authentic samples.

3,3-Diphenyl-2-pyrrolidinimine (4a). mp = 209.3-210 °C; IR (Umax, CHCl3) 3504 (NH), Ph
Ph

3403 (NH), 1650 (C=N) cm'; "H NMR (400 MHz, CDC;) 3 2.85 (2 H, t, /=64 Hz),3.58 N “~nH
(2 H, t, J=64Hz),9.12 (2 H, br s), 7.21-7.28 (5 H, m), 7.30-7.40 (5 H, m); °C NMR (10% MHz,
CDCls) & 39.8 (CH,), 44.5 (CH,), 61.1 (C), 127.8 (CH), 128.1 (CH), 128.9 (CH), 139.0 (C), 173.7 (C);
MS ESI 237 (M" + 1). Anal. caled for C¢HgNa: C, 81.33; H, 6.82; N, 11.85. Found: C, 81.46; H, 6.81;

N, 11.73.

3-Benzyl-2-imino-3-pyrrolidinecarbonitrile (4b). Benati, L.; Bencivenni, G.; Leardini, R.; CN

\_/iBn
Minozzi, M.; Nanni, D.; Scialpi, R.; Spagnolo, P.; Zanardi, G.; Rizzoli, C. Org. Lett. 2004, N SNH

H
6,417.
2-Imino-3-(3-methyl-2-butenyl)-3-pyrrolidinecarbonitrile ~  (4c). Benati, L. CN
Bencivenni, G.; Leardini, R.; Minozzi, M.; Nanni, D.; Scialpi, R.; Spagnolo, P.; mlﬂ/(
N
H
Zanardi, G.; Rizzoli, C. Org. Lett. 2004, 6, 417.
2-Imino-3-(3-phenyl-2-propenyl)-3-pyrrolidinecarbonitrile ~ (4d).  Benati, L. CN
—
Bencivenni, G.; Leardini, R.; Minozzi, M.; Nanni, D.; Scialpi, R.; Spagnolo, P.; N SNH Ph
H

Zanardi, G.; Rizzoli, C. Org. Lett. 2004, 6, 417. >C NMR not reported. *C NMR
(100 MHz, CDCl3) & 35.8 (CH,), 39.2 (CH,), 47.9 (C), 53.1 (CH,), 120.4 (CN), 121.8 (CH), 126.4

(CH), 128.0 (CH), 128.6 (CH), 135.9 (CH), 136.2 (C), 162.0 (C).
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3-(3-Phenyl-2-propenyl)-3-(phenylsulfonyl)-2-pyrrolidinimine (4e). mp = 180.1- Ph

I
0=58=0

182.5 °C; IR (Umax, CHCl3) 3491 (NH), 3395 (NH), 1661 (C=N) cm™'; "H NMR (400 (i\/Aph
MHz, CDCl3) § 2.17 (1 H, ddd, J; = 14.6, J, = 8.9, J; = 5.7 Hz), 2.39 (1 H, ddd, J, = N "
14.6, J,=8.6,J;=4.4 Hz), 2.79 (1 H, ddd, J, = 14.1, J, = 8.7, J; = 5.7 Hz), 2.88 (1 H, ddd, J, = 13.9, J;
=9.0, J;=0.8 Hz), 3.25 (1 H, ddd, J; = 13.9, J, = 5.7, J; = 1.7 Hz), 3.30 (1 H, ddd, J; = 13.9, J, = 9.0,
J;=4.4Hz), 5.03 (2 H, brs), 6.05 (1 H, ddd, J; = 15.6, .J,=9.3, J; = 5.5 Hz), 6.56 (1 H, d, J = 15.7 Hz),
7.18-7.37 (5 H, m), 7.53-7.63 (2 H, m), 7.65-7.74 (1 H, m), 7.92-8.00 (2 H, m); *C NMR (100 MHz,
CDCl3) § 30.6 (CH,), 34.2 (CH,), 52.7 (CHy), 77.2 (C), 121.7 (CH), 126.3 (CH), 127.7 (CH), 128.5
(CH), 129.1 (CH), 130.0 (CH), 134.3 (CH), 135.3 (C), 135.8 (CH), 136.5 (C), 159.9 (C); MS m/z (70
eV) 340 (M", 1%), 199 (100%); MS ESI 363 (M" + Na, 90%), 341 (M" + 1, 100%). Anal. calcd for

Ci9H20N,0,8S: C, 67.03; H, 5.29; N, 8.23. Found: C, 67.16; H, 5.28; N, 8.32.

1-Isoindolinimine (6). Benati, L.; Bencivenni, G.; Leardini, R.; Minozzi, M.; Nanni, D.; \H
Scialpi, R.; Spagnolo, P.; Zanardi, G.; Rizzoli, C. Org. Lett. 2004, 6, 417. Sawanischi, H.; Q%H

Sashida, H.; Tsuchiya, T. Chem. Pharm. Bull. 1985, 33, 4564. The trifluoroacetate was also obtained
and characterized, since it seems less susceptible to tautomerism with respect to the free base. '"H NMR
(300 MHz, DMSO-d¢/TFA) 6 4.83 (2 H, s), 7.60-7.70 (1 H, m), 7.75-7.85 (2 H, m), 8.30-8.37 (1 H, m),
9.45 (1 H, s, NH), 9.85 (1 H, s, NH), 10.59 (1 H, s, NH); >*C NMR (75 MHz, DMSO-d¢/TFA) & 51.4
(CH), 115.4 (CF3), 124.0 (CH), 124.2 (CH), 128.4 (C), 128.6 (CH), 133.7 (CH), 144.5 (C), 158.9 (CO,

TFA), 164.0 (C).

1,3-Dihydro-2H-indol-2-imine (8). This compound is not stable and readily NH

decomposed after the reaction mixture was quenched with water (a deep violet color ”

developed after few minutes). Therefore, it was characterized as trifluoroacetate, as previously reported
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(Diana, P.; Barraja, P.; Lauria, A.; Almerico, A. M.; Dattolo, G. Cirrincione, G. Tetrahedron 2000, 56,
5177). The trifluoroacetate was obtained by quenching the reaction mixture directly with TFA,
evaporating acetonitrile and excess TFA, and dissolving the residue in DMSO-d¢/TFA. 'H NMR (400
MHz, DMSO-d¢/TFA) 6 4.12 (2 H, s), 7.18 (2 H, m), 7.33 (1 H, m), 7.39 (1 H, m), 9.39 (1 H, s, NH),
9.59 (1 H, s, NH), 11.95 (1 H, s, NH) [above lit. '"H NMR (200 MHz, DMSO-ds/TFA) 8 4.17 (2 H, s),
7.12 (1 H, dt), 7.18 (1 H, dt), 7.27 (1 H, dd), 7.39 (1 H, dd), 9.86 (1 H, s), 10.02 (1 H, s), 12.41 (1 H, s)];
*C NMR (100 MHz, DMSO-d¢/TFA) & 37.7 (CH,), 113.9 (CH), 117.3 (CF5), 126.4 (CH), 126.6 (CH),

128.1 (C), 130.4 (CH), 144.5 (C), 161.2 (CO, TFA), 173.9 (C).
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13

Amblent temperature

Flle: 020505_carbomstosall3
GEMINT-300BE "g300™

Relax. delay 2.000 gec
Pulee 25.3 degrees

Agg. time 2.666 seo

Width 4500.5 Hz

16 rapatitions

OBSERVE H1, 300,0315602 MHz
DATA PROCESHING

FP plze 32768
Total time 1 min, 16 sec

o7 g"

Methyl-4-azidobenzoato (le)
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13C RESOLUTION
DBECOUPLED DICKANE

Fulse Segquence: s2pul

Bolvant: ODC13

Amblent temperature

Flle: 020505_carbomstogalR3 13C
GEMINT-300BE "g300™

Relax. delay 2.000 gec
Pulee 0.0 degrees

Agg. time 0.750 sec

wWidth 20000.0 Hz

32 repeatitions

OBSERVE (13, 75,4429558 Mz
DECOUPLE H1., 300.0325732 MHz
Powar 43 4B

op during acqguisition

off during delay

WALTE-16 modulated

DATA PROCESSING

Line bhroadening 1.0 Hz

FT plza 65536

Total time 48 min, 37 sec

0 No—

Methyl-4-azidobenzoate (1e)

WWWMWWW

220 200 180

160

140

120

100

80

60

40

20

0

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13

Pemp. 235.0 C / 298.1 K
File: phenylpropN3_lh
Marcury-400EE "md 00"

Relax. delay 1.000 gec
Tulge 45.0 degreesg
Aog. time 2.731 seo

Width 5598.8 Hxz

4 repetitions N3
OBSERVE H1, 399,924585% MHz
DATA PROCESSING

FP glze 65536 3-Phenylpropyl azide (1K
Total time D min, 17 eec AR ( )

12 11 10 9 8 7 6 5 4 3 2 1 -0 -1 Ppm
L L L L
4.89 2.04
2.00 2.05
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13

Temp. 25.0 C / 29B.1 K
File: phenylpropN3_13C
Marcury-400BE “md 00"

Relax. delay 3.000 gec
Pulee 59.4 degrees

Agg. time 1.000 sec

Width 26525.2 Hz

68 rapatiticns
OBSERVE (13, 100,5611186 Mz
DBCOUPLE H1, 399.9265569 MHz
Powar 40 4B

continuously on

WALTZ-16 modulated
DATE PROCESHING

Line broademing 1.0 Ez
FT size 65536

Total time 1 hr, 10 minm, 42 sec

©/\/\N3

3-Phenylpropyl azide (1K)

LEL s S e e e e

220 200

180

160

140

120 100

80

60

40

20

0

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Temp. 25.0 C / 29B.1 K
File: phenyethylN3_1h
Marcury-400EE "md 00"

Relax. delay 1.000 sec N3
Tulge 45.0 degreesg
Aog. time 2.731 seo

Width 5998.8 Hz ]
4 repetitions 2-Phenylethyl azide (11)
OBSERVE HA, 399%,9245860 Mux
DATA FROCESSING
FP glza EES3E Jo
Total time 0 min, 17 »

4.51 2.03
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13

Temp. 25.0 C / 29B.1 K
File: FhenylethylN3_13C
Marcury-400BE “md 00"

Relax. delay 3.000 gec
Pulee 59.4 degrees

Agg. time 1.000 sec

Width 26525.2 Hz

18 rapatitions
OBSERVE (13, 100,5611186 Mz
DBCOUPLE H1, 399.9265569 MHz
Powar 40 4B

continuously on

WALTZ-16 modulated

DATE PROCESHING

Line broademing 1.0 Ez

FT size 65536
Total tima 1 hr, 10 min, 42 sec

o

2-Phenylethyl azide (11)

15¢ 140 130
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13
Amblent temperature
File: R57_1h
GEMINT-300BE "g300™

Relax. delay 1.000 gec
Pulee 50.5 degrees

Agg. time 2.666 seo

Width 4500.5 Hz

16 rapatitions

OBSERVE H1, 300,0315764 MHz
DATA PROCESHING

FP plze 32768
Total time 1 min, 0 sec

4-azido-2,2-diphenylbutanenitrile (3a)
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13C RESOLUTION
DBECOUPLED DICKANE

Fulse Segquence: s2pul

Bolvant: ODC13
Amblent temperature
Flle: R57_13¢C
GEMINT-300BE "g300™

Relax. delay 2.000 gec
Pulee 56.9 degrees

Agg. time 0.750 sec

wWidth 20000.0 Hz

64 rapatiticns
OBSERVE (13, 75,4430086 Mz
DECOUPLE H1., 300.0325732 MHz
Powar 43 4B

op during acqguisition

off during delay

WALTE-16 modulated

DATA PROCESSING

Line bhroadening 1.0 Hz

FT plza 65536
Total time 48 min, 37 sec

4-azido-2,2-diphenylbutanenitrile (3a)

B

"

r

e

220 200

180

160

140

120

100

80

60

40

20

0

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: a2

Bolvant: ODC13
Amblent temperal
Flle: 2207056h

GEMINTI-300BE "¢

Puls
2eq
widy
8 re¢

5-Phenyl-2-(phenylsulfonyl)-4-pentenenitrile

/

23 aec

JM

|
8 7 6 5 4 3 2 1 PP
i B e Ly by Lo Lol gl
1.51 1.67 0.85 0.80 0.85
0.83 4.32 0.88 1.00
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13C RESOLUTION

DBECOUPLED DICKANE

Fulse Sequence
Bolvant: CDC1

n3pul
3

Anblent tenmperature

File: 2207056c
GEMTNT-300BE

Relax. delay

Pulee &0.0 aag
Agg. time 0.750 seo
0

wWidth 20000.
48 rapatition
OBSERVE (13,
DBCOUPLE H1.,
Powar 43 4B

rg300™

L {500 gec

z
2]
75.,4439723
BO0. ¢

3357332

sition

ted

Line broadeni
FT giza 65536

hg 1,0 Hz

Total time 40 pin, |16 sec

Mz
MHZ

5-Phenyl-2-(phenylsulfonyl)-4-pentenenitrile
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13
Amblent temperature
Flle: 070905H
GEMINT-300BE "g300™

Pulsae 50.5 degreas

Aog. time 2,866 sec

width 4500.5 Wz

8 repetitions
OBSERVE H1, 200.0315740 MEZ
DAT2 PROCESSING
FT size 31768
Total tima O min, 23 gee

o/

i

2-(2-bromoethyl)-3-phenyl-2-(phenylsulfonyl)-4-pentenenitrile

WL L
1.751.86
0.54 4.59

6
NI
.53

0.95
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13C RESOLUTION
DBECOUPLED DICKANE

Fulse Segquence: s2pul

Bolvant: ODC13
Anblent tenperature
Flle: 070905C

GEMINT-300BE "g300"

Relax. delay 1.500 gad
Pulee 0.0 degrees
Agg. time 0.750 sec
wWidth 20000.0 Hz

160 repetitions

OBSERVE Cl3, 75,44397
DECOUPLE H1., 300.03257
Powar 43 4B

op during acqguisition
off during delay
WALTE-16 modulated
DAT2 PROCESEING

Line broadening 1.0 Hz
FT plza 65536
Total time 39 min, 14 4

L

L

2-(2-bromoethyl)-5-phenyl-2-(phenylsulfonyl)-4-pentenenitrile

O=wn=0
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul
Bolvant: ODC13
aubilent temperature -0

File: 130905H o)
GEMINT-300BE "g300" =

Pulge 50.5 degreaes N N
Acg. time 2.666 seg 3

width 4500.5 Br . .
8 repetitions 2-(2-Azidoethyl)-5-phenyl-2-(phenylsulfonyl)-4-pentenenitrile (3¢)
CBSERVE H1, 20{.0315752 MEz
DATA PROCEISING
FT size 32768
Total time O mind 23 aec

[ 4 ;s /A 7

e b e J L * J
T | T T T | T T T | T T T T | T T T | T T T | T T T T | T T T T | T T T | T
8 7 6 5 4 3 2 1 pom
RS . L L L CF I
1.73 1.88 0.81 2.00 1.02
0.95 4.74 0.93 1.98 1.05
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13C RESOLUTION
DBECOUPLED DICKANE

Fulse Segquence: s2pul
Bolvant: ODC13
aubilent temperature -0

File: 180905¢C 093
GEMINT-300BB "g300" =

Relax. delsy 1.500 gac N N
Pulee 0.0 degrees 3

Bog. time 0.750 sec . .
Width 20000.0 Hz 2-(2-Azidoethyl)-5-phenyl-2-(phenylsulfonyl)-4-p entenenitrile (3¢)
96 rapatitions

OBSERVE Cl3, 75.4439733 Muz
DECOUPLE H1., 300.0325732 MHz
Powar 43 4B

op during acqguisition

off during delay

WALTE-16 modulated

DAT2A PROCESSING

Line broadening 1.0 Hz

FT plza 65536

Total time 39 min, 14 sec

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13

Amblent temperature
Flle: 180106_Eé67_1h
GEMINT-300BE "g300™

Relax. delay 2.000 gec
Pulee 50.5 degrees

Agg. time 2.666 seo

Width 4500.5 Hz

8 repetitions
OBSERVE H1, 300,0315720 Mux
DATA PROCESHING
FP plze 32768
Total time D min, 39 mec

N3
e

2-(2-Azidophenyl)acetonitrile (7)

R
1.91
1.90
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13C RESOLUTION
DBECOUPLED DICKANE

Fulse Segquence: s2pul

Bolvant: ODC13

Amblent temperature
File: 13%0106_R67_13C
GEMINT-300BE "g300™

Relax. delay 3.000 gec
Pulee 56.9 degrees

Agg. time 0.750 sec

wWidth 20000.0 Hz

64 rapatiticns
OBSERVE (13, 75,4430272 Mz
DECOUPLE H1., 300.0325732 MHz
Powar 43 4B

op during acqguisition

off during delay

WALTE-16 modulated

DATA PROCESSING

Line bhroadening 1.0 Hz

FT plza 65536
Total time 1 hr, 5 min, 19 sec

e

2-(2-Azidophenyl)acetonitrile (7)

J

220 200

180

160

140

120

100

80

60

40

20

¢

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13

Amblent temperature
Flle: 310305_pMeONHZ
GEMINT-300BE "g300™

Pulsae 50.5 degreas

Aog. time 2,866 sec

width 4500.5 Wz

8 repetitions
OBSERVE H1l, 200.0315742 MEZ
DAT2 PROCESSING
FT size 31768
Total tima O min, 0 see

4-Methoxyaniline (2a)
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K
File: 23mar06_1H 4CN-Fh-NH2
Marcury-400EE "md 00"

Pulsa 45.0 degreas

Aog. time 2,731 sec

width 5908.8 Wz

8 repetitions
OBSERVE Hl, 299.9245716 MEzZ
DAT2 PROCESSING
FT size 65536
Total tima O min, 24 gec

CN

4-Aminobenzonitrile (2b)
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Amblent temperature

File: 100305_pCLFhNHZ dopocolonna.
GEMINT-300BE "g300™

Pulsae 50.5 degreas

Aog. time 2,866 sec

width 4500.5 Wz

8 repetitions
OBSERVE H1l, 200.0315764 MEZ
DAT2 PROCESSING
FT size 31768
Total tima O min, 23 gee

Cl
4-Chloroaniline (2¢)
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K
File: PINHEZ
Marcury-400EE "md 00"

Relax. delay 1.000 gec
Pulee 45.0 degrees

Aog. time 2.731 seo

Width 5598.8 Hxz

8 repetitions
OBSERVE H1, 399,924580% MHz
DATA PROCESHING
F? plze E5536
Total time D min, 32 mec

4-Todoaniline (2d)
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul
Bolvant: ODC13

Pemp. 35.0 € / 298.1 K

File: pCarbometossi 1h
Marcury-400BE "md 00"

Pulsa 45.0 degreas
Aog. time 2,731 sec
width 5998.8 Wz

8 repetitions

OBSERVE H1, 399.9245745 MEz

DAT2 PROCEISING
FT size 65536

Total tima O min, 24 gec

o? > o”

Methyl-4-aminobenzoate (2€)

L
T ‘ LEIE B P | [ (N R | | T
8 7 6
] N
1.82
1.50
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K
File: pDNOZNWH2 1h
Marcury-400EE "md 00"

Relax. delay 1.000 sec N
Pulee 45.0 degrees
Aog. time 2.731 seo
Width 5998.8 Hz

8 repetitions L

OBSERVE 1, 349, 9285740 30z 5
DATA PROCESHING O»NQO
FT slze 65536 -
Total time D mix, 32 eec
4-Nitroaniline (2f)

9 8 7 6 5 4 3 2 1 0 ppm
L k4 I
1.54 2.08
2.00
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STANDARD 1H OBSERVE

Fulse Sequence: s2gul

Solvant: CDC13
Pemp. 235.0 C / 294.1/ K
File: 150605_NaftNj OH-

Marcury-400BE "md (0"

Relax. delay 2.00( sec
Pulpe 45.0 aad
Aog. time 2.[733 ago
Width 5995.2| Hz

16 rapatiti J
OBSERVE Hi,| 399,32
DATA PROCESE
FP? plze 6553
Total time 1 » 18 pac

5955 MEZ

1-naphthalenamine (2g)

8
Hoowy
32.10 2.13
2.30
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Temp. 25.0 C / 29B.1 K
File: pAcN3-20_secraccOH-
Marcury-400BE “md 00"

Relax. delay 2.000 gec
Pulee 45.0 degrees
Aog. time 2.733 seo
Width 5995.2 Hz

16 rapatitions

OBSERVE  HA1, 399,924572( Muxz

DATA PROCESEING
FP glza EES3E
Total time 1 min, 18 mec

1-(4-aminophenyl)-1-ethanone (2h)
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K
File: B802NWH2 1h
Marcury-400EE "md 00"

Relax. delay 1.000 gec
Pulee 45.0 degrees

Aog. time 2.731 seo

Width 5598.8 Hxz

8 repetitions
OBSERVE Hi, 399,9245745 MEz
DATA PROCESHING
F? plze E5536
Total time D min, 32 mec

Benzenesulfonamide (21)

1 . v
L 18
‘ T | I | T T T | T T T | T T | T
8 7 6 5 4
o L
1.96 2.00
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Temp. 25.0 C / 29B.1 K
File: 200506_R5_benzamlde
Marcury-400BE “md 00"

Relax. delay 2.000 gec
Pulee 45.0 degrees

Aog. time 2.733 seo

Width 5995.2 Hz

16 rapatitions

OBSERVE Hi, 399,9245724 Mz
DATA PROCESHING

F? plze E5536

Total time 1 min, 18 wec

H H
N°
o
Benzamide (2))
| e & T A ‘ T
5 4

S34



STANDARD 1H OBSERVE

Fulse Segquence: s2pul
Bolvant: ODC13

Anblent tenperature N ,H
Flle: 040205_1h propilammnina 1
GEMTNI-300BE Q300" H

Pulge 50.5 degraas 3-Phenyl-1-propanamine (2k)
Acg. time 2.666 seg

width 4500.5 Br

8 repetitions
CBSERVE H1, 300.0315745 MEz
DATA PROCEISING
FT size 32768
Total tima O min, 23 gee
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Bolvant: ODC13 H
Anblent tenperature |

File: 240205_phethylammina xif 1h N. H
GEMINT-300BE "g300™

Pulsa 25.3 degreas

Aog. time 2,866 sec

width 4500.5 Wz

8 repetitions
OBSERVE H1l, 200.0315736 MEzZ
DAT2 PROCESSING
FT size 31768
Total tima O min, 23 gee

2-Phenyl-1-ethanamine (21)

10 9 8 7 6 5 4 3 2 1 PP
LA i R L
1.%5 2.00 2.06
2.83 2.01
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13
Pemp. 235.0 C / 298.1 K
Mercury-400BE “mi00™

Relax, delay 1,000 sec
Pulsa 45.0 degreas

Aog. time 2,731 sec

width 5998.8 Wz

16 repetitions

OBRSERVE Hl, 299.9245527 MEz
DATA PROCESSING

FT size 65536

Total tima 1 min, 2 gee

3,3-Diphenyl-2-pyrrolidinimine (4a)

Acetonitrile
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13
Pemp. 235.0 C / 298.1 K
Mercury-400BE “mi00™

Ralsx, dalay 3.000 sec
Pulsa 59.4 degreas

Aog. time 1,000 sec

width 26525.2 Hz

32 repetitions

OBSBERVE (€13, 100.5611291 MEz
DECOUPLE M1, 399,926556% Mux
Power 40 dB

continucnaly om

WALTS-16 modulated

DAT2 PROCESEING

Line broadening 1.0 Hz

FT alze 65536

Total time 1 hr, 10 min, 42 sec

3,3-Diphenyl-2-pyrrolidinimine (4a)

220 200

180

160

140

120

100 80 60

40

20

0

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13
Pemp. 235.0 C / 298.1 K
Mercury-400BE “mi00™

Relax, delay 1,000 sec
Pulsa 45.0 degreas

Aog. time 2,731 sec

width 5998.8 Wz

16 repetitions

OBRSERVE Hl, 299.9245732 MEZ
DATA PROCESSING

FT size 65536

Total tima 1 min, 2 gee

3-Benzyl-2-imino-3-pyrrolidinecarb onitrile (4b)

T
T

5 4 3
. L L Lt
0.92 1.00 0.96
2.02 1.001.04 1.04
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13
Pemp. 235.0 C / 298.1 K
Mercury-400BE “mi00™

Ralsx, dalay 3.000 sec
Pulsa 59.4 degreas

Aog. time 1,000 sec

width 26525.2 Hz

34 repetitions

OBBERVE C13, 100.5611178 MEz
DECOUPLE M1, 399,926556% Mux
Power 40 dB

continucnaly om

WALTS-16 modulated

DAT2 PROCESEING

Line broadening 1.0 Hz

FT alze 65536

Total time 1 hr, 10 min, 42 sec

3-Benzyl-2-imino-3-pyrrolidinecarb onitrile (4b)

220 200

180

16¢

140

120

100

80

60

40

20

0

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K
File: crotil 1h
Marcury-400EE "md 00"

Relax. delay 2.000 gec
Pulee 45.0 degrees

Aog. time 2.731 seo

Width 5598.8 Hxz

8 repetitions
OBSERVE H1, 399,9245663 MHz
DATA PROCESHING
F? plze E5536
Total time D min, 40 sec

2-Tmino-3-(3-methyl-2-butenyl)-3-pyrrolidinecarbonitrile (4c)

é
-

5 4 3
[ [
2,72 1.0
0.96
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K
File: crotil_13c¢
Marcury-400EE "md 00"

Relax. delay 3.000 gec
Pulee 59.4 degrees

Agg. time 1.000 sec

Width 26525.2 Hz

B0 rapatitions

OBSERVE (13, 100,5611194 Mz
DBCOUPLE H1, 399.9265569 MHz
Powar 40 4B

continuously on

WALTZ-16 modulated

DATE PROCESHING

Line broademing 1.0 Ez

FT size 65536

Total time 1 hr, 10 minm, 42 sec

2-imino-3-(3-methyl-2-butenyl)-3-pyrrolidinecarbonitrile (4c¢)

N/
A

N

H

220 200

180

160

140

120

100

80

60

40

20

0

ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: CDC13
Pemp. 235.0 C / 298.1 K
Mercury-400BE “mi00™

Relax, delay 1,000 sec
Pulsa 45.0 degreas

Aog. time 2,731 sec

width 5998.8 Wz

16 repetitions

OBRSERVE Hl, 299.9245751 MEzZ
DATA PROCESSING

FT size 65536

Total tima 1 min, 2 gee

2-Imino-3-(3-phenyl-2-propenyl)-3-pyrrolidinecarbonitrile (4d)

HET
1.08.08
1.081.07
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13
Pemp. 235.0 C / 298.1 K
Mercury-400BE “mi00™

Relax, delay 3.000 sec H‘N

Pulsa 59.4 degreas | /
Aeg. time 1,000 sec H‘“N

width 26525.2 Hz N

37 repetitions

OBBERVE C13, 100.5611178 MEz
DECOUPLE M1, 399,926556% Mux
Power 40 dB

continucnaly om

WALTS-16 modulated

DAT2 PROCESEING

Line broadening 1.0 Hz

FT alze 65536

Total time 1 hr, 10 min, 42 sec

2-Imino-3-(3-phenyl-2-propenyl)-3-pyrrolidinecarbonitrile (4d)

220 200 180 16¢ 140 120 100 80 60 40 20 0 ppm
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£ 1 OBSERVE

Fulse quence: nd

Solvent: €DC13
Tenp.|25.0 C|/ 29Q.1 K

File: 011205 R50_rfAnnitippt_1h
Marcury-400BE | "mifjp”

(0]
o”sff &
Pulsa||45.0 degres
Aog. fime 2,¥31 s m
width(|5998.8| ¥z N ‘H
1s titicnhs .
OB H1,||299. H

— 655:6 3-(3-Phenyl-2-propenyl)-3-(phenylsulfonyl)-2-pyrrolidinimine (4e€)
Total fime O

Dichloromethane
T | T T T T ‘ T T T | T T T | T T T T | T T T T ‘ T T T T | T T T | T T T T | 1
8 7 6 5 4 3 2 1 ppm
L e 4 L ! e L L L
1.97 2.01 1.00 2.09 1.06 1.08
1.05 5.29 1.02 2.09 1.09 1.10

S45



13C OBEERVE

Fulse Segquence: s2pul

Solvant: CDC13

Pemp. 25.0 C / 298.1 K

File: 011305_R50 13C pptriuniti
Marcury-400EE "md 00"

Relax. delay 3.000 gec
Pulee 59.4 degrees

Agg. time 1.000 sec

Width 26525.2 Hz

112 repetitions

OBSERVE (13, 100,561121% Mz
DBCOUPLE H1, 399.9265569 MHz
Powar 40 4B

continuously on

WALTZ-16 modulated

DATE PROCESHING

Line broademing 1.0 Ez

FT size 65536

Total tima 1 hr, 10 min, 42 sec

oy ¥ #

e

3-(3-Phenyl-2-propenyl)-3-(phenylsulfonyl)-2-pyrrolidinimine (4¢)

"

Vitiachly

257

=
e O

N

1

H

H

s

il

RS

T

w

st

»

L
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ppm
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STANDARD 1H OBSERVE

Fulse Segquence: s2pul

Solvant: TMED

Pemp. 25.0 C / 298.1 K

File: R73_1h IMB0O STD

Mercury-A00EE  "md00” N=H .« TFA

\!
Relax. delay 1.000 sec N=H
Ivise 45.0 degrees 1-Isoindolinimine (6)
Aog. time 2.731 sec
Width 5998.8 Hz X = Toluene internal std

8 repetitions
OBSERVE H1, 399,9264694 MEz
DATA PROCESSING
FP glza EES3E
Totzl time D wmin, 32 eec

Y = Trifluoroacetic acid

I [T f ff
Y
X
X
L
T | T T T T | T T T T | T T T T ‘ T T T T | T T T T | T T T T | T T T T | T T T T
12 11 10 9 8 7 6 5
X I Wy y
0.87 1.01 2.15 2.00
1.06 1.06 1.05
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13C RESOLUTION
DBECOUPLED DICEANE

Fulse Segquence: s2pul

Bolvant : TME0

Amblent temperature
File: 0S0206_RT3_13C_LMBO
GEMINT-300BE *"g300™

Relax. delay 3.000 gec
Pulee 56.9 degrees

Agg. time 0.750 sec

wWidth 20000.0 Hz

128 repetitions

OBSERVE (13, 75,4433613 Mz
DECOUPLE H1. 300.0339983 MHzZ
Powar 43 4B

op during acqguisition

off during delay

WALTE-16 modulated

DATA PROCESSING

Line bhroadening 1.0 Hz

FT plza 65536

Total time 0 min, 0 sec

N—H « TFA

\
N~H

1-TIsoindolinimine (6)

X = Trifluoroacetic acid

DMSO

X
X
X x
XX X
IIII|IIII|II\I|I\II|III\|IIII|IIII‘Ill\llI\I|IIII|IIII|IIII|IIII‘III\|IIII|IIII|IIII|I\II|\III‘IIIIlIIII|\III|IIII|I\II|\III|IIII|II
220 200 180 160 140 120 100 890 €0 40 20 0 ppm
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STANLARD 1H OBSERVE

Fulse Sequence: sipul
Scolvant: TMEO —N . TFA
Peup. 35.0 C / 298.1 K N sH

File: 310106_R70_1h bwuono !
Mercury-400BE “md Q" H
1,3-dihydro-2H-indol-2-imine (8)

Relax. delay 2.000 gec

Pulge 45.0 degrees

aog. time 2.731 sec

Width 55958.8 Hz

16 rapetit / [ J
OBSERVE » 399,9263834 MEx sl

DATA PROCESSING

FP glze 65536

Total time 1 min, 18 mec

12 11 10 9 8 7 6 5 4 3 2 1 =0
Lol byl L b
0.82 0.95 2,08

1.01 2.63 2.00
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13C OBEERVE

Fulse Segquence: s2pul

Solvant: TMED

Pemp. 25.0 C / 298.1 K
File: 310106_R70_13C_buomo
Marcury-400EE "md 00"

Relax. delay 2.000 gec
Pulee 59.4 degrees

Agg. time 1.000 sec

Width 26525.2 Hz

112 repetitions

OBSERVE (13, 100,5613625 Mz
DBCOUPLE H1, 399.9284566 MHz
Powar 40 4B

continuously on

WALTZ~-16 modulated

DATA PROCESHING

Line broademing 1.0 Ez

FT size 65536

Total tima 54 min, 2 aec

@f}:r{ .« TFA
N H

3

H
1,3-dihydro-2H-indol-2-imine (8)

X = Trifluoroacetic acid

ety

DMSO

240 220 200
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160
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120 100
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ppm
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