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GENERAL METHODS:

All solvents were freshly distilled prior to use. Melting points were determined using capillary
method and are uncorrected. Analytical thin-layer chromatography (TLC) was performed on
glass plates and aluminum sheets precoated with silica gel (Silica gel GF;s4, layer thickness 0.25
and 0.2 mm, respectively) using the following solvent systems as mobile phases: (a) Ethyl
acetate: Hexane (1:9) for cyanamides and (b) Ethyl acetate: Hexane (4:6) for ureas and the
visualization was accomplished by UV light (254 nm). IR spectra were recorded on a 400D FT-
IR spectrometer (KBr pellets). Nuclear magnetic resonance spectra were recorded in CDCl; and

DMSO on a AMX 400 MHz spectrometer.

Experimental Section:

Typical procedure for the preparation of cyanamides (2)

To a solution of amine (1.0 mmol) in dry diethyl ether (10 mL) at 0 °C was added a solution of
CNBr (1.5 mmol) in diethyl ether (4 mL). The mixture was stirred till the completion of the
reaction as judged by TLC and then the reaction mixture was filtered to remove the residual salt
and concentrated to yield corresponding cyanamide. The crude is then diluted with EtOAc and
washed twice with 10% HCI (10 mL), water and brine. Organic extract was dried over anhydrous
Na;S0O4 and evaporation of the solvent in vacuo results in cyanamide which was further purified

by silica gel column chromatography (EtOAc /hexane system).

Phenyl cyanamide1 (2a).

Oily liquid; yield = 83 %; IR (neat) 3176, 2226 cm™;

"H NMR (400 MHz, CDCl3) 6 (ppm) 5.81 (s, br, 1H), 6.98-7.09 (m, 3H), 7.21-7.32 (m, 2H).
3-Chloro-phenyl cyanamide2 (2b).

White Solid; yield = 84 %; Mp 94-96 °C (Lit. 93-95 °C); IR (KBr) 3156, 2232 cm’.

S3



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

4-Hydroxy-phenyl cyanamide’ (2¢).

White Solid; yield = 89 %; Mp 258-260 °C (Lit. 259-261 °C); IR (KBr) 3215, 2231 cm’™.

2-Cyanamido benzoic acid (2d).

Yellow Solid; yield = 68 %; Mp 154-156 °C; IR (KBr) 3493, 3256, 2232 cm'l;

Piperidine-l-carbonitrile4 (2e).
Oil; yield = 81 %; IR (neat) 2210 cm™;

"H NMR (60 MHz, CDCl5) & (ppm) 1.10-1.26 (m, 6H), 2.93-3.20 (t, J = 4.2, 4H).

(S)-Methyl-1-cyanopyrrolidine-3-carboxylate (2f).
Gummy; yield = 74 %; IR (neat) 2230, 1738 cm™;
"H NMR (400 MHz, CDCl3) 6 (ppm) 1.75 (m, 2H), 1.89 (m, 2H), 2.84 (t, J = 5.2 Hz, 2H), 3.48

(m 1H), 3.63 (d, J = 2.4 Hz, 2H).

Morpholine-4-carbonitrile4 (2g).
Oil; yield = 82 %; IR (neat) 2220 cm™’;

"H NMR (60 MHz, CDCl3) 6 (ppm) 3.18 (t, J = 4.2 Hz, 4H), 3.68 (t, /= 4.2 Hz, 4H).
N, N —Diethyl cyanamide* (2h).
Oil; yield = 78 %; IR (neat) 2206 cm'l;

"H NMR (60 MHz, CDCl5) & (ppm) 1.20 (t, J = 6.4 Hz, 6H), 3.00 (g, J = 6.2 Hz, 4H).
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Benzyl cyanamide3 (2i).
Gummy; yield = 92 %; IR (neat) 3208, 2221 cm™;
"H NMR (400 MHz, CDCls) 6 (ppm) 4.13 (d, J = 5.2 Hz, 2H), 4.69 (s, br, 1H), 7.25-7.38 (m,

SH).

p-Tolyl cyanamide” (2j).
Gummy; yield = 83 %; IR (neat) 3167, 2229 cm'l;
"H NMR (400 MHz, CDCl5) ¢ (ppm) 2.27 (s, 3H), 4.12 (s, br, 1H), 6.88 (d, J = 8.4 Hz, 2H),

7.12 (d, J = 8.4 Hz, 2H).

Cyclohexyl cyanamide’ (2K).
Gummy; yield = 88 %; IR (neat) 3192, 2219 cm'l;
"H NMR (400 MHz, CDCl5) & (ppm) 1.12-1.54 (m, 6H), 1.75-2.01 (m, 4H), 3.10-3.15 (m, 1H),

3.51 (s, br, 1H).

4-Nitro-phenyl cyanamide2 0.

Yellow Solid; yield = 82 %; Mp 180-182 °C (Lit. 178-180 °C); IR (KBr) 3362, 2226 cm’".

Typical procedure for the preparation of urea (4)

To a mixture of cyanamide (1.0 mmol) and an alcohol (2.0 mmol) in DCE (10 mL), was added a
20 mol% FeCls. The reaction mixture was refluxed at an elevated temperature till the completion
of the reaction as monitored by TLC. Upon complete consumption of the cyanamide, the reaction

medium was evaporated under reduced pressure and the product was extracted using EtOAc (15
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mL). The EtOAc layer was then washed with 5% Na,S,03 (5 mL), water (2 x 5 mL) and brine
(5 mL). The organic layer was dried over anhydrous Na,SO4 and the solvent was evaporated in
vacuo to afford the crude which was then purified through silica gel column chromatography

(EtOAc/hexane).

1-benzyl-3-phenylurea’ (4a).

White Solid; yield =86 %; Mp 176-178 °C (Lit. 175-176 °C);

"H NMR (600 MHz, CDCl5) d (ppm) 4.17 (d, J = 4.96 Hz, 2H), 6.26 (t, J = 5.96 Hz, 1H), 6.86 —
7.38 (m, 10H), 8.50 (s, 1H);

BC NMR (100 MHz, DMSO- dg) d (ppm) 44.1, 117.7, 121.0, 128.6, 140.5, 156.0.

HRMS Calcd for C4H14N,0 m/z 249.1004 (M "+Na); found 249.1005.
1-benzyl-3-(3-chlorophenyl) urea (4b).

White Solid; yield = 80 %; Mp 187-189 °C;

"H NMR (400 MHz, DMSO- ds) J (ppm) 4.28 (d, J = 6.8 Hz, 2H), 5.51 (s, br, 1H), 6.36 (s, 1H),
6.91-7.38 (m, 8H), 8.11-8.13 (m, 1H);

BC NMR (100 MHz, DMSO- dg) 6 (ppm) 43.7, 121.0, 121.2, 122.5, 127.3, 129.0, 132.5, 136.3,
139.8, 155.5.

HRMS Calcd for C4H3CIN,O m/z 283.0614 (M +Na); found 283.0618.
1-benzyl-3-(4-hydroxyphenyl) urea (4c).

White Solid; yield = 74 %; Mp 197-198 °C;

"H NMR (400 MHz, DMSO- dg) J (ppm) 4.21 (d, J = 4.8 Hz, 2H), 6.40 (t, J =4.8 Hz, 1H), 7.19-

7.31 (m, 8H), 7.93 (s, br, 1H), 9.13 (s, br, 1H);
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BC NMR (100 MHz, DMSO- ds) 8 (ppm) 43.5, 121.0, 121.2, 122.5, 127.3, 129.0, 132.4, 136.3,
139.8, 142.3, 155.5.

HRMS Calced for C14H14N>O»> m/z 265.0953 (M++Na); found 265.0961.

2-(3-benzylureido) benzoic acid (4d).

White Solid; yield = 63 %; Mp 168-169 °C;

"H NMR (400 MHz, DMSO- d¢) J (ppm) 4.21 (d, J= 4.8 Hz, 2H), 6.39 (t, J = 4.4 Hz, 1H), 7.11
-7.31 (m, 9H), 7.79 (s, br, 1H), 10.19 (s, br, 1H);

BC NMR (100 MHz, DMSO- dg) & (ppm) 42.9, 126.5, 126.7, 126.8, 126.9, 127.1, 127.4, 128.0,
128.1, 138.5, 139.4, 140.8, 158.1, 172.6.

HRMS Caled for C15sH14N,03 m/z 293.0902 (M +Na); found 293.0914.
N-benzylpiperidine-l-carboxamide6 (4e).

White Solid; yield = 79 %; Mp 103-104 °C (Lit. 102 °C);

"H NMR (400 MHz, CDCl3) 6 (ppm) 1.50-1.61 (m, 6H), 3.30-3.34 (m, 4H), 4.43 (d, J=5.6 Hz,
2H,), 4.75 (br s, 1H, NH), 7.24-7.34 (m, SH);

BC NMR (100 MHz, DMSO- d¢) d (ppm) 15.6, 26.1, 45.4, 47.1, 127.1, 127.8, 128.6, 138.5,
157.6. HRMS Calcd for C3H sN,0 m/z 241.1540 (M'+Na); found 241.1556.

(R)-methyl 1-(benzylcarbamoyl) pyrrolidine-2-carboxylate (4f).

White Solid; yield = 71 %; Mp 227-230 °C;

"H NMR (400 MHz, CDCls) 6 (ppm) 1.65 (m, 2H), 1.92 (m, 2H), 2.87 (m, 2H), 3.52 (m, 1H),
3.66 (m, 2H), 4.36 (s, 2H), 5.18 (s, br, 1H), 7.31-7.54 (m, 5H);

BC NMR (100 MHz, CDCl3) 6 (ppm) 16.1, 21.7, 46.9, 47.7, 67.2, 120.5, 125.5, 128.20, 141.83,
155.81, 171.33.

HRMS Calcd for C14HsN,O3 m/z 285.1215 (M++Na); found 285.1224.
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N-benzylmorpholine-4-carboxamide’ (4g).

White Solid; yield = 82 %; Mp 139-141 °C (Lit. 136-139 °C);

"H NMR (400 MHz, DMSO- ds) 6 (ppm) 3.24 (s, 4H), 4.21- 4.24 (m, 4H), 4.64 (s, 2H), 6.41 (s,
br, 1H), 7.14-7.29 (m, 5H);

BC NMR (100 MHz, DMSO- dg) d (ppm) 43.5, 45.4, 65.6, 126.9, 127.1, 127.7, 139.8, 156.4.
HRMS Caled for C1,H sN,0; m/z 243.1109 (M+Na); found 243.1112.
3-benzyl-1,1-diethylurea (4h).

White Solid; yield = 78 %; Mp 89-93 °C;

"H NMR (400 MHz, DMSO- d¢) d (ppm) 2.49 (t, J =4.2 Hz, 6H), 3.31 (s, 4H), 4.22 (d, J = 4.8
Hz, 2H), 6.40 (t, /= 4.4 Hz, 1H), 7.19-7.31 (m, 5H);

BC NMR (100 MHz, DMSO- dg) ¢ (ppm) 13.3, 40.0, 42.9, 44.1, 126.5, 126.9, 128.2, 140.9,
158.0. HRMS Caled for C,H sN,0 m/z 229.1317 (M'+Na); found 229.1319.
1-tert-butyl-3-phenylurea® (4i).

White Solid; yield = 85 %; Mp 172-174 °C (Lit. 171-172 °C);

"H NMR (400 MHz, DMSO- ds) 6 (ppm) 1.27 (s, 9H), 5.96 (s, br, 1H), 6.68 (s, br, 1H), 7.18-
7.38 (m, SH);

BC NMR (100 MHz, DMSO- dg) d (ppm) 29.1, 49.5, 121.2, 124.8, 128.7, 140.7, 156.1.

HRMS Calcd for C11HsN,O m/z 215.1160 (M++Na); found 215.1163.
1-benzyl-3-tert-butylurea9 4)).

White Solid; yield =91 %; Mp 111-114 °C (Lit. 109-112 °C);

'"H NMR (400 MHz, DMSO- dg) 6 (ppm) 1.22 (s, 9H), 4.14 (d, J = 5.96 Hz, 2H), 5.73 (s,

br,1H), 6.06 (t, J = 4.8 Hz, 1H), 7.21-7.30 (m, SH);
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BC NMR (100 MHz DMSO- d¢) d (ppm) 29.4, 42.6, 49.2, 126.6, 127.0, 128.3, 141.0, 157.5.
HRMS Calcd for C1,HsN,O m/z 229.1317 (M++Na); found 229.1321.
1-tert-butyl-3-(3-chlorophenyl) urea (4k).

White Solid; yield = 81 %; Mp 175-177 °C;

"H NMR (400 MHz, DMSO- dg) § (ppm) 1.26 (s, 9H), 5.43 (s, br, 1H), 6.16 (s, br, 1H), 6.90-
7.22 (m, 3H), 7.68 (d, J = 8.1 Hz, 1H);

BC NMR (100 MHz, DMSO- dg) J (ppm) 30.3, 42.9, 120.6, 123.5, 127.0, 128.2, 132.9, 137.7,
158.0.

HRMS Calcd for C1,H;5CIN,O m/z 249.0771 (M +Na); found 249.0779.
1-tert-butyl-3-p-tolylurea' (41).

White Solid; yield = 83 %; Mp 185-186 °C (Lit. 184-186 °C);

"H NMR (400 MHz, DMSO- ds) J (ppm) 1.35 (s, 9H), 4.76 (br s, 1H, NH), 6.23 (br s, 1H, NH),
7.10-7.21 (m, 4H).

BC NMR (100 MHz, DMSO- ds) d (ppm) 20.4, 28.8, 50.6, 123.8, 128.8, 132.4, 138.2, 155.2.
HRMS Calcd for C1,HsN,O m/z 229.1696 (M++Na); found 229.1685.
1-tert-butyl-3-cyclohexylurea9 (4m).

White Solid; yield = 87 %; Mp 224-226 °C (Lit. 223-224 °C);

"H NMR (400 MHz, DMSO- ds) 6 (ppm) 0.93 (s, 9H), 1.02-1.24 (m, 6H), 1.69-1.72 (m, 4H),
3.27-3.29 (m, 1H), 5.30 (s, br, 1H), 5.84 (s, br, 1H);

BC NMR (100 MHz, DMSO- d¢) J (ppm) 24.6, 25.4, 33.3, 47.7, 158.2.

HRMS Calcd for C11H»»N,O m/z 221.1630 (M++Na); found 221.1631.
1-tert-butyl-3-(4-nitrophenyl) urea'’ (4n).

White Solid; yield = 77 %; Mp 143-145 °C (Lit. 142-143 °C);
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"H NMR (400 MHz, DMSO- ds) J (ppm) 1.39 (s, 9H), 4.80 (s, br, 1H, NH), 6.75 (br s, 1H,
NH), 7.48 (d, J=9.2 Hz, 2H), 8.14 (d, /= 9.2 Hz, 2H);

BC NMR (100 MHz, DMSO- dg) d (ppm) 23.4, 50.8, 121.7, 128.8, 139.5, 143.6, 157.6.

HRMS Calcd for C;1H 5sN303 m/z 260.1166 (M +Na); found 260.1155.
1-benzhydryl-3-benzylurea (40).

White Solid; yield =83 %; Mp 241-244 °C;

"H NMR (400 MHz, DMSO- d5) J (ppm) 4.23 (s, 2H), 5.80 (d, J = 6.8 Hz, 1H), 6.47 (s, 1H),
7.19-7.31 (m, 15 H), 8.17 (s, 1H);

BC NMR (100 MHz, DMSO- dg) J (ppm) 44.5, 56.5, 117.7, 121.0, 128.5, 132.3, 140.5, 141.9,
156.0.

HRMS Calcd for C»HyoN,O m/z 339.1473 (M +Na); found 339.1478.
1-benzhydrylmorpholine-4-carb0xamide11 (4p).

White Solid; yield =81 %; Mp 181-182 °C (Lit. 180 °C);

"H NMR (400 MHz, DMSO- ds) J (ppm) 3.28 (s, 4H), 3.58 (s, 4H), 5.27 (d, J = 6.0 Hz, 1H),
6.11 (d, J=6.2 Hz, 1H), 7.23-7.18 (m, 6H), 7.32-7.26 (m, 4H);

BC NMR (100 MHz, DMSO- de) d (ppm) 44.2, 58.4, 65.6, 127.2, 128.2, 140.2, 156.5.

HRMS Caled for C1sHN,0; m/z 319.1326 (M+Na); found 319.1330.

N- (1-phenylethyl) morpholine-4-carb0xamide11’12 (4q).

White pluffy Solid; yield =80 %; Mp = 84-86 °C (Lit. 83-84 °C);

"H NMR (400 MHz, DMSO- d5) d (ppm) 1.48 (d, J = 6.4 Hz, 3H), 3.30 (m, 4H), 3.66 (m, 4H),
4.62 (d,J=6.4 Hz, 1H), 5.04 (m, 1H), 7.32-7.28 (m, SH);

BC NMR (100 MHz, DMSO- dg) 0 (ppm) 22.1, 44.5, 50.6, 66.8, 127.1, 127.6, 128.2, 142.2,

156.8. HRMS Caled for C13H;sN205 m/z 257.1309 (M +Na); found 257.1317.
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1-allyl-3-(3-chlorophenyl) urea (4r).

White Solid; yield =68 %; Mp 214-216 °C;

"H NMR (400 MHz, DMSO- ds) J (ppm) 3.88 (d, J= 6.8 Hz, 2H), 4.61-4.64 (m, 1H), 5.55-5.58
(m, 2H), 6.80 (s, br, 1H), 6.90-7.22 (m, 3H), 7.67-7.68 (m, 1H), 8.18 (s, br, 1H);

BC NMR (100 MHz, DMSO- ds) 6 (ppm) 42.7, 116.0, 117.0, 120.6, 130.2, 133.0, 137.5, 142.1,
155.7.

HRMS Calcd for C1oH;;CIN,O m/z 233.0458 (M '+Na); found 233.0463.

1-allyl-3-phenylurea (4s).

White Solid; yield = 73 %; Mp 191-193 °C;

"H NMR (400 MHz, DMSO- ds) J (ppm) 3.90 (d, J = 6.7 Hz, 2H), 4.62-4.65 (m, 2H), 5.54-5.57
(m, 1H), 5.90 (s, 1H), 6.54 (s, 1H), 7.19-7.31 (m, 5H);

BC NMR (100 MHz, DMSO- ds) 6 (ppm) 43.6, 117.7, 121.0, 127.6, 128.5, 131.1, 140.5, 155.9.

HRMS Calcd for CoH2N,0 m/z 199.0847 (M +Na); found 199.0852.
1-(4-methylbenzyl)-3-phenylurea'® (4t).

White Solid; yield = 83 %; Mp 186-188 °C;

"H NMR (400 MHz, DMSO- ds)  (ppm) 2.08 (s, 3H), 4.19 (s, 2H), 6.25 (s, 1H), 6.86-6.89 (m,
1H), 7.18-7.38 (m, 8H), 7.72 (s, 1H);

13C NMR (100 MHz, DMSO- de) & (ppm) 26.2, 49.1, 118.3, 121.1, 126.8, 128.8, 132.3, 140.8,

156.7. HRMS Calcd for CsH4N,0 m/z 263.1217 (M'+Na); found 263.1220.
1-(4-nitrobenzyl)-3-phenylurea (4u).
Yellow Solid; yield = 81 %; Mp 196-198 °C;
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'H NMR (400 MHz, DMSO- dg) & (ppm) 4.08 (s, 2H), 5.78 (s, 1H), 6.8-6.89 (m, 1H), 7.18-7.39

(m, 6H), 7.82-7.83 (m, 2H), 8.05 (s, 1H);

13C NMR (100 MHz, DMSO- de)  (ppm) 50.0, 116.8, 119.1, 121.8, 128.2, 130.9, 138.2, 140.3,

142.6, 158.2. HRMS Caled for C14H5N305 m/z 294.0923 (M +Na); found 294.0925.

Dibenzyl ether'* (A)

Colourless oil;

'H NMR (400 MHz, CDCl3) § (ppm) 7.35 (s, 10H), 5.10 (s, 4H).
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