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In a one-pot strategy we have achieved an efficient method for the synthesis of organic cyanamides start-
ing from dithiocarbamic acid salts/amines. In this strategy the in situ generated alkyl or aryl isothiocya-
nates, obtained by the desulfurization of dithiocarbamic acid salts with diacetoxyiodobenzene (DIB) react
with aqueous ammonia forming alkyl or aryl thiourea which on subsequent oxidative desulfurization

with DIB led to the formation of corresponding cyanamide in good yields. Mild reaction conditions,
shorter reaction time, an environmentally benign protocol, and easy isolation of the desired product
make the present methodology a suitable alternative for the preparation of various organic cyanamides.

© 2009 Elsevier Ltd. All rights reserved.

Due to its unique reactivity, cyanamide is an important func-
tional group in synthetic organic chemistry. Cyanamides are useful
precursors in the synthesis of pharmaceutically important hetero-
cycles! and N-alkyl or N-aryl imides.2 Due to the easy removal of
the cyano group from cyanamide,’ they often serves as a useful
protecting groups in the synthesis of secondary and tertiary
amines containing heterocycles.> Cyanamides are also important
intermediates for the synthesis of many biologically active com-
pounds, such as minoxidil* and herbicides.”

The most frequently adopted method for the synthesis of cyana-
mides is the cyanation of amine using cyanogen halides,® or its
synthon (CN*). The reagents capable of delivering electrophilic
cyanogens (CN") are 2-chlorobenzyl thiocyanate,” 1-cyanoimidaz-
ole® 2-cyanopyridazin-3-(2H)-ones,® 1-cyanobenzotriazole and
metal cyanide,'® tosylcyanide,!! thiocyanogen,'? and cyanogen
azide.'® In an alternative approach, cyanamides are obtained from
ureas and thioureas.!? The other less commonly adopted method is
the Tiemann rearrangement of amidoximes.!> Recently, they were
prepared from organic isocyanides and trimethylsilyl azide via a
Si-N bond cleavage catalyzed by [{(n3-C5H5)PdCl},],'® and in one
pot by reacting isocyanate or isothiocyanate with sodium bis(tri-
methylsilyl)amide as deoxygenating or desulfurizing agent in
THF at room temperature.'” In yet another method, cyanamides
were prepared from N,N’-disubstituted glycylamide using a penta-
valent iodine reagent in the presence of tetraethylammonium bro-
mide at ambient temperature.'®

Most of the reported methods use cyano cation (CN*) directly
from highly toxic cyanogen bromide or indirectly from (CN*) syn-
thons which, in turn, are prepared from toxic cyanogen halides. An
other reported method uses extremely alkaline conditions, toxic
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and expensive reagents, high reaction temperatures giving low
yields, and involving tedious purification procedures. Due to ready
availability, low toxicity, and easy handling, the use of hypervalent
iodine reagents is of current interest.!® Hypervalent iodine(Ill) has
a mild oxidizing ability similar to mercury, lead, and thallium-
based reagents and hence is a suitable alternative to toxic, heavy
metal-based reagents.2? Recently we have exploited the thiophilic
nature of DIB in the regioselective N-acylation of thiourea to N-acyl
urea.?! Further, the desulfurization ability of DIB has been used for
the preparation of isothiocyanate from the corresponding dithio-
carbamate salt.?? The in situ generated isothiocyanates on reaction
with various bis-nucleophiles gave different heterocycles.?? Taking
cues from this work, we have reasoned that isothiocyanate can be
obtained from dithiocarbamic acid salt and DIB in the presence of
aqueous ammonia without using triethylamine. The in situ gener-
ated isothiocyanate will react further with ammonia giving alkyl or
aryl thiourea, which, on oxidative desulfurization with DIB and
ammonia, would form organic cyanamide. All these processes
can be performed in one pot. Herein, we report a high yielding
‘one-pot’ preparation of cyanamides from dithiocarbamate salts
using the non-metallic, non-toxic, eco-friendly hypervalent iodi-
ne(Ill) reagent diacetoxyiodobenzene (DIB).

Various dithiocarbamate salts can be prepared easily in high
yields from amines following the literature procedure.!'?*> When
a freshly prepared salt of dithiocarbamate salt 1 (2 equiv) in aceto-
nitrile (5 mL) was treated with aqueous ammonia (25%) (2 mL) and
DIB (2 equiv) under ice-cooled conditions, 1-phenylthiourea was
obtained. When DIB (2 equiv) was added to this reaction mixture,
phenylcyanamide (1a) was isolated in 85% yield.?* A plausible
mechanism for the transformation of dithiocarbamic acid salt 1
to cyanamide 1a is shown in Scheme 1.

The mechanism for the formation of isothiocyanate is expected
to be similar to the one recently proposed by us.2? The in situ gen-
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Scheme 1. Proposed mechanism for the formation of cyanamide.

erated isothiocyanate on reaction with NH; would give 1-phenyl-
thiourea. The 1-phenylthiourea on oxidative desulfurization leads
to the formation of a carbodiimide intermediate which is con-
verted to its stable cyanamide analogue (1a).

The precipitation of elemental sulfur supports the mechanism
proposed. The formation of isothiocyanate was confirmed by
recording the IR spectra of the crude reaction mixture, which
shows a strong peak at 2063 cm™! characteristic of isothiocyanate.
Further, when isolated 1-phenylthiourea in acetonitrile was trea-
ted with DIB in aqueous ammonia, it gave cyanamide (1a) confirm-
ing the intermediacy of phenylisothiocyanate and 1-
phenylthiourea in the reaction mixture. It may be mentioned here
that the reaction of 1-phenylthiourea with DIB in the absence of
any base is reported to give 1,2,4-thiadiazole.?®

Irrespective of the mechanism involved, the success of the
method depends on the strong thiophilic nature of the DIB.
Employing this one-pot strategy, we have successfully prepared a
series of cyanamides (Table 1) from both aliphatic and aromatic
amines. Aromatic amines containing various substituents in the
phenyl ring (1-7) gave corresponding cyanamides (1a-7a) in good
yields. Benzylic amines 8 and 9 gave a satisfactory yield of corre-
sponding cyanamides 8a and 9a respectively. This method was also
extremely successful in the preparation of cyclohexyl (10a), cyclo-
propyl (11a), and n-butyl (12a) cyanamides starting from their par-
ent amine/dithiocarbamate salt.

This method is compatible with a number of other functional
groups such as —OH, -NO,, and -COR as was tested in substrates
13, 14, and 15 giving their corresponding cyanamides 13a, 14a,
and 15a, respectively, (Table 2). The stability of other functional
groups containing substrates such as alkenes 16 and esters 17 were
also found to be compatible in the second stage of the reaction giv-
ing, respectively, products 16a and 17a.

It was difficult to get suitable thiocarbamate salts having these
functionalities. Hence, their compatibility was tested from isothio-
cyanates 16 and 17 having these functionalities. It is heartening to
know that both these functionalities survived under the reaction
condition giving cyanamides 16a and 17a, respectively, in good
yields. However in the case of 16a and 17a, 0.5 mL of aq NH;
was used per mmol of the substrate instead of 1 mL of the aq
NH; used when the reaction started from thiocarbamate salt.

In an attempt to synthesize cyanamide of secondary amines
such as pyrrolidine, no traces of cyanamide could be detected.
Rather, it underwent oxidative dimerization. This is possible be-
cause of the inability of the secondary amine to form isothiocya-
nate, thereby further supporting our mechanism. Thus, by this
method, cyanamide of a secondary amine cannot be prepared
and this is perhaps the only draw back of the method.

In conclusion, hypervalent iodine reagent DIB serves as an effi-
cient desulfurizing agent for the conversion of dithiocarbamic acid
salts to cyanamides. Organic cyanamide in the past was prepared
by an arduous method involving toxic and expensive reagents.
Although the isolated yield looks moderate considering three steps

Table 1
Preparation of cyanamide from dithiocarbamate salt and DIB?
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2 Reactions were monitored by TLC.
b Confirmed by IR, 'H, and '*C NMR.3!

¢ Isolated yield.
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Table 2
Preparation of cyanamide from dithiocarbamate salt and DIB?
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@ Reactions were monitored by TLC.

b Confirmed by IR, 'H, and '*C NMR.?!

¢ Isolated yield.

in one pot, the yields are, in fact, good to excellent. Thus, this is
perhaps the most efficient method reported so far for the prepara-
tion of organic cyanamides.
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73.87; H, 6.86; N, 19.14. MS (ESI): 146 (M*). 2-Chloro-phenyl cyanamide 5a:%’
mp 101-103 °C. 'H NMR (400 MHz, CDCl3): § 6.56 (br s, 1H), 7.05 (m, 1H), 7.31
(m, 2H), 7.35 (m, 1H). '3C NMR (100 MHz, CDCl5): 6 110.0, 116.2, 120.4, 124.5,
128.6, 129.9, 134.3. IR (KBr): 3163, 2921, 2243, 1598, 1500, 1426, 1295,
1049 cm~'. C;HsCIN, (152.58): caled C, 55.10; H, 3.30; N, 18.36. Found: C,
55.11; H, 3.32; N, 18.29. 3-Chloro-phenyl cyanamide 6a:'’* mp 93-95 °C. 'H
NMR (400 MHz, CDCls) 5 6.92 (m, 1H), 7.03 (m, 2H), 7.26 (t, ] = 8.0 Hz, 1H). 1*C
NMR (100 MHz, CDCl3) § 111.1, 113.8, 115.9, 124.0, 130.9, 135.7, 138.7. IR
(KBr): 3154, 2910, 2237, 1602, 1513, 1423, 1256 cm . C;HsCIN, (152.58):
caled C, 55.10; H, 3.30; N, 18.36. Found: C, 55.10; H, 3.29; N, 18.29. MS (ESI):
152 (M"). 4-Chloro-phenyl cyanamide 7a:>® mp 95°C. 'H NMR (400 MHz,
CDCly): § 6.91 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H). 13C NMR (100 MHz,
CDCls): 6 111.4, 116.9, 128.9, 129.9, 136.2. IR (KBr): 3166, 2954, 2234, 1600,
1494, 1251, 1091 cm™ . C;H5CIN, (152.58): caled C, 55.10; H, 3.30; N, 18.36.
Found: C, 55.09; H, 3.33; N, 18.32. Benzyl cyanamide 8a:° Gummy. 'H NMR
(400 MHz, CDCl3): § 4.11 (d, ] = 5.2 Hz, 2H, CH,), 4.66 (br s, 1H), 7.27-7.37 (m,
5H). '*C NMR (100 MHz, CDCl5): 6 49.9, 116.7, 127.9, 128.4, 128.9, 136.4. IR
(KBr): 3207, 2925, 2220, 1455, 1359, 1155, 1014 cm™". CgHgN, (132.17): caled
C,72.70; H, 6.10; N, 21.19. Found: C, 72.66; H, 6.13; N, 21.11. Benzo[1,3]dioxol-
5-ylmethyl-cyanamide 9a:%® mp 82-84 °C. 'TH NMR (400 MHz, CDCl5): 6 4.05 (d,
J=5.2Hz, 2H, CH,), 4.57 (br s, 1H), 5.94 (s, 2H, OCH,), 6.77 (m, 3H). 1*C NMR
(100 MHz, CDCl3): 6 49.9, 101.4, 108.46, 108.54, 116.5, 121.7, 130.1, 147.8,
148.2. IR (KBr): 3233, 2952, 2897, 2220, 1500, 1445, 1038, 925, 809 cm 1
CoHgN,0, (176.18): calcd C, 61.36; H, 4.58; N, 15.90. Found: C, 61.41; H, 4.61;
N, 15.85. Cyclohexyl-cyanamide 10a:° Gummy. 'H NMR (400 MHz, CDCl5): &
1.31 (m, 5H), 1.61 (m, 1H), 1.78 (m, 2H), 1.95 (m, 2H), 3.09 (m, 1H), 3.91 (br s,
1H). 13C NMR (100 MHz, CDCls) § 24.3, 25.1, 32.6, 54.3, 115.9. IR (KBr): 3196,
2933, 2857, 2217, 1453, 1367, 1167 cm™. C;HyoN, (124.19): caled C, 67.70; H,
9.74; N, 22.56. Found: C, 67.67; H, 9.70; N, 22.50. Cyclopropyl-cyanamide 11a:%°
Gummy. 'H NMR (400 MHz, CDCl3): 6 0.71 (m, 4H, 2 x CH,), 2.71 (m, 1H, CH),
5.10 (br s, 1H). *C NMR (100 MHz, CDCls): & 7.1, 26.9, 116.3. IR (KBr): 3206,
2224, 1571, 1471, 1358, 1238, 1014 cm™ . C4HgN, (88.11): calcd C, 58.52; H,
7.37; N, 34.12. Found: C, 58.49; H, 7.40; N, 34.06. n-Butyl-cyanamide 12a:°
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Gummy. 'H NMR (400 MHz, CDCl5): 4 0.94 (t, ] = 7.6 Hz, 3H, CH;), 1.40 (m, 2H,
CH,), 1.58 (m, 2H, CH,), 3.06 (m, 2H, CH,), 4.61 (br s, 1H). 3C NMR (100 MHz,
CDCl3): 6 13.6, 19.5, 31.7, 45.7, 117.2. IR (KBr): 3207, 2961, 2875, 2221, 1614,
1463, 1373, 1171 cm™'. CsHoN, (98.15): caled C, 61.19; H, 10.27; N, 28.54.
Found: C, 61.22; H, 10.23; N, 28.48. 4-Hydroxy-phenyl cyanamide 13a.° mp
259-261°C. '"H NMR (400 MHz, CDCl; + DMSO): & 5.67 (br s, 1H), 6.77 (d,
J=8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 8.98 (br s, 1H, OH). 1*C NMR (100 MHz,
CDCl3 + DMSO): 6 112.8, 115.6, 115.8, 129.5, 152.2. IR (KBr): 3213, 2992, 2230,
1613, 1519, 1444, 1258, 1224 cm ™. C;HgN,0 (134.14): caled C, 62.68; H, 4.51;
N, 20.88. Found: C, 62.72; H, 4.55; N, 20.83. 3-Nitro-phenyl cyanamide 14a.'”?
Yellow Solid. Mp 133-135 °C. 'H NMR (400 MHz, CDCl; + DMSO):  7.38 (d,
J=84Hz, 1H), 7.52 (t, J=8.4Hz, 1H), 7.85 (m, 2H). '3C NMR (100 MHz,
CDCl3 + DMSO): 6 109.6,110.7,116.8, 120.8, 130.1, 139.9, 148.4. IR (KBr): 3147,
2919, 2241, 1621, 1531, 1354, 1260, 1071, 937, 871 cm~'. C;H5N30, (163.14):
caled C, 51.54; H, 3.09; N, 25.76. Found: C, 51.58; H, 3.12; N, 25.71; MS (ESI):
163 (M*). 4-Acetyl-phenylcyanamide 15a.3° mp 153-157 °C. '"H NMR (400 MHz,
CDCl5 + DMSO): & 2.56 (s, 3H, CH;), 7.08 (d, ] = 8.8 Hz, 2H), 7.91 (d, J = 8.8 Hz,
2H). 3C NMR (100 MHz, CDCl5 + DMSO): ¢ 25.9, 110.9, 114.5, 129.8, 131.2,
142.9, 196.2. IR (KBr): 3188, 2966, 2228, 1666, 1599, 1585, 1411, 1362, 1278,
1176, 962 cm . CoHgN,0 (160.18): calcd C, 67.49; H, 5.03; N, 17.48. Found: C,
67.53; H, 5.08; N, 17.44. MS (ESI): 160 (M"). 4-(Allyloxy)-phenyl cyanamide 16a:
mp 66-70 °C. 'H NMR (400 MHz, CDCls): ¢ 4.49 (d, J= 4.4 Hz, 2H), 5.29 (d,
J=10.8 Hz, 1H), 5.40 (d, J = 17.2 Hz, 1H), 6.02 (m, 1H), 6.87 (d, ] = 8.4 Hz, 2H),
6.93 (d, ] = 8.8 Hz, 2H). 3C NMR (100 MHz, CDCl;): § 69.5, 112.4, 116.1, 116.9,
118.1, 130.7, 133.2, 155.0. IR (KBr): 3148, 3079, 2954, 2887, 2214, 1510, 1240,
1172, 1108, 1014, 994 cm ™. C;oH1oN,0 (174.20): calcd C, 68.95; H, 5.79; N,
16.08. Found: C, 68.91; H, 5.77; N, 16.00. MS (ESI): 174 (M*). 4-Cyanamide-
phenylacetate 17a: mp 95-97 °C. "TH NMR (400 MHz, CDCl5): § 2.32 (s, 3H), 6.93
(d, J= 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 7.08 (br s, 1H). *C NMR (100 MHz,
CDCl3): 6 21.3, 111.5, 116.5, 122.9, 135.4, 146.4, 170.7. IR (KBr): 3168, 3100,
2974, 2233, 1754, 1610, 1512, 1374, 1226, 1202, 1164, 1014 cm ™. CsHgN,0,
(176.18): calcd C, 61.36; H, 4.58; N, 15.90. Found: C, 61.40; H, 4.61; N, 15.8.



