
Since Kagan and co-workers1 demonstrated a simple prepara-
tion of samarium diiodide from samarium metal and 1,2-
diiodoethane, SmI2 has been extensively developed as a mild,
neutral and versatile single electron transfer reductant in syn-
thetic chemistry.2 Barbier reactions, Reformatsky reactions,
pinacol coupling and ketone–olefin reduction have all been
reported using SmI2 as the reagent. The reactivity of various
nitrogen functional groups (imine,3b oxime,3b nitro,3 azo,4

hydrazones,3b,5 azides6 and hydroxylamines7) towards SmI2
have been examined.

Amidines are the nitrogen analogues of carboxylic acids and
from part of several compounds of biological interest8. They
can be prepared by reacting aromatic amines with nitriles under
intensive reaction conditions9, such as high temperature and
long reaction times, using sodium or lithium. Our group has
studied synthesis of amidines via reductive coupling of nitriles
with nitro compounds10 and azobenenes promoted by samarium
diiodide in mild and neutral condition under nitrogen.

Results and discussion

Here, we report a facile synthesis of amidines from aromatic
azides and nitriles promoted by SmI2 in THF. When aromatic
azides 1 and nitriles 2 were treated with SmI2, the intermole-
cular reductive cross coupling product amidines 3 were
obtained (Scheme 1). The results are summarized in Table 1.

In our experimental work, it was found that aromatic azides
reacted with aromatic or aliphatic nitriles to produce amidines
in good yields, but no reaction took place when corresponding
amines were treated with nitriles under the same reaction con-
dition. It was also found that 2 equiv. of SmI2 were enough to
accomplish the reaction, but 6 equiv. and 4 equiv. of SmI2
were consumed respectively for the reaction of nitro com-
pounds10and azobenzenes with nitriles under similar condi-
tions. The reductive coupling of nitriles with azides completed

within 2 to 5 minutes, while with nitro compounds it was 4
hours and with azobenzenes it was 18 to 24 hours.

Though the detailed mechanism of the above reaction has
not been clarified yet, the possible mechanism may be postu-
lated as shown in Scheme 2. 

In conclusion, with good yields, mild and neutral conditions
as well as a straightforward procedure, we think that the work
described herein provides a useful method for the preparation
of aromatic amidines.

Experimental

Tetrahydrofuran was distilled from sodium/benzophenone ketyl
immediately prior to use. All reactions were conducted under a nitro-
gen atmosphere. Melting points are unconnected. Infrared spectra
were recorded on a PE-683 spectrometer in KBr with absorptions in

32 J. CHEM. RESEARCH (S), 2001

SHORT PAPER

Samarium diiodide induced reductive coupling of
nitriles with azides†

Weike Su,a,b Yongshu Lia and Yongmin Zhangb,c

aCollege of Chemical Engineering, Zhejiang University Of Technology, Hangzhou, 310014, 
P.R. China
bDepartment of Chemistry, Zhejiang University at Xixi Campus, Hangzhou, 310028, P.R. China 
cShanghai Institute of Organic Chemistry, Chinese Academy of Science, Shanghai, Shanghai,
200032, P. R. China

A series of amidine derivatives were synthesized via the intermolecular reductive coupling of nitriles with azides
induced by samarium diiodide in good yields under mild and neutral conditions.

Keywords: samarium diiodide, reductive coupling, nitriles, azides

* To receive any correspondence.
† This is a Short Paper, there is therefore no corresponding material in

J Chem. Research (M).

J. Chem. Research (S),
2001, 32–33

Table 1 Intermolecular reactions of azides with nitriles
induced by SmI2

a

Entry R1 R2 Reaction Yield/%b

time/min

a C6H5 C6H5 2 72
b C6H5 C6H5CH2 5 60
c C6H5 m-CH3C6H4 2 75
d m-CH3C6H4 C6H5 2 76
e m-CH3C6H4 C6H5CH2 5 62
f m-CH3C6H4 m-CH3C6H4 2 72
g o-ClC6H4 C6H5 2 74
h o-ClC6H4 C6H5CH2 5 63
i o-ClC6H4 m-CH3C6H4 2 73
j o-CH3C6H4 C6H5CH2 5 60
k o-CH3C6H4 m-CH3C6H4 2 68
a1 equiv. azides, 1.1 equiv. nitriles and 2 equiv. SmI2 were used.
bIsolated yield based on azides.

Scheme 1

Scheme 2



cm–1. 1H-NMR spectra were determined on a Bruker 80MHz instru-
ment with CCl4 used as the solvent. Chemical shifts are expressed in
p.p.m. downfield from internal tetramethylsilane. Mass spectra were
recorded on ZAB-HS or Finnigan MAT GC–MS spectrometers.
Microanalysis were carried out on Perkin–Elmer 24°C or Carlo-Erba
1106 instruments.

General procedure: A solution of azides 1 (1 mmol) and nitrites 2
(1.1 mmol) in anhydrous THF (1ml) was added dropwise to a solution
of SmI2 (2 mmol) in THF (20 ml) at room temperature under a nitro-
gen atmosphere. After the completion of addition, the mixture was
stirred for 2–5 min under a N2 atomosphere. After the reaction was
completed, the reaction mixture was treated with 10% K2CO3 (30 ml)
and extracted with diethyl ether (3 × 30 ml). The combined extracts
were washed with saturated aqueous Na2S2O3 (10 ml), brine (15 ml),
and dried over anhydrous Na2SO4. After evaporating the solvent under
reduced pressure, the crude product was purified by preparative TLC
on silica gel using ethyl acetate cyclohexane(1:3)as eluent.

3a: m.p. 113–114 °C (Lit11., 112 °C); νmax/cm–1 3500, 3380, 1630,
1600, 1580, 1490, 1450, 1380, 1240, 1170, 1080, 1020, 835, 770,
750, 700; δH 5.30 (2H, brs, NH, C=NH), 6.87–7.83 (10H, m, ArH)

3b: m.p. 128–129 °C (Lit12., 127–130 °C); νmax/cm–1 3470, 3320,
1650, 1610, 1490, 1400, 1070, 860, 790; δH 3.63 (2H, S, CH2), 4.8
(2H, brs, C=NH), 6.80–7.3 (10H, m, ArH)

3c: m.p. 105–106 °C (Lit12., 104–106 °C); νmax/cm–1 3460, 3320,
1640, 1590, 1490, 1390, 1240, 1170, 1020, 840, 800, 770, 720, 695; δH
2.37 (3H, s, CH3), 5.2 (2H, brs, NH, C=NH), 6.907.80 (9H, m, ArH).

3d: oil; νmax/cm–1 3440, 3280, 2375, 1640, 1610, 1575, 1475,
1450, 1390, 1260, 1175, 1020, 920, 820, 780, 700; δH 2.23 (3H, s,
CH3), 4.65 (2H, br s, NH, C=NH), 6.57–7.70 (9H, m, ArH); m/z212
(M+2, 5), 211 (M+1, 38), 210 (M+, 100), 194(22), 107(62), 107(62),
106(28), 104(32), 91(35), 77(24); Anal. Calcd for C14H14N2: C,
80.00; H, 6.67; N, 13.33. Found: C,79.84; H, 6.73; N, 13.43

3e: m.p. 98–99 °C; νmax/cm–1 3425, 3300, 2920, 2360, 1640, 1610,
1575, 1500, 1425, 1390, 1290, 1270, 1175, 1075, 1025, 910, 800,
740, 700; δH 2.15 (3H, s, CH3), 3.45 (2H, s, CH2), 4.15 (2H, brs NH,
C=NH), 6.5–7.3 (9H, m, ArH); m/z 225 (M+1, 11), 224 (M+1, 11), 224
(M+, 34), 133(100), 107(12), 91(48); Anal. Calcd for C15H16N2: C,
80.35; H, 7.14; N, 12.51; Found:C, 80.19; H, 7.23; N, 12.58

3f: m.p. 98–99 °C; νmax/cm–1 3450, 3300, 2950, 1630, 1580, 1485,
1365, 1290, 1265, 1160, 920, 790, 690; δH 2.1 (3H, s, CH3), 2.25 (3H,
s, CH3), 4.1–4.4 (2H, brs, NH, C=NH), 6.2–7.5 (8H, m, ARH); m/z
225 (M+1, 25), 224 (M+, 100), 208(21), 107(94), 91(45), 106(38),
77(7). Anal.C15H16N2. Calcd: C, 80.35; H, 7.14; N, 12.51. Found: C,
80.19; H, 7.18; N, 12.63

3g: m.p. 115–116 °C (Lit13., 116 °C); νmax/cm–1 3440, 3250, 1640,
1610, 1570, 1500, 1465, 1385, 1320, 1260, 1235, 1125, 1050, 1030,
940, 870, 840, 780, 750, 690; δH 4.3–4.7 (2H, br s, NH, C=NH),
6.8–7.8(9H, m, ArH); m/z 231 (M+1, 27), 230 (M+, 100), 214(36),
175(52), 127(68), 104(50), 77(65). Anal. Calcd for C13H11N2Cl: C,
67.68; H, 4.77; N, 12.18. Found: C, 67.59; H, 4.83; N, 12.09.

3h: m.p. 88–89 °C; νmax/cm–1 3440, 3300, 1640, 1580, 1490, 1460,
1420, 1400, 1300, 1260, 1230, 1125, 1050, 1030, 980, 820, 760, 720,
690; δH 3.5 (2H, s, CH2), 3.7, 4.2 (2H, brs, NH,C=NH), 6.8–7.5 (9H, m,
ArH) m/z 246 (M+2, 11), 245 (M+1, 11), 244 (M+, 33), 209(20),
153(100), 127(12), 118(13), 111(9), 91(26)Anal. Calcd for C14H13N2Cl:
C, 68.71; H, 5.32; N, 11.45. Found: C, 68.58; H, 5.24; N, 11.76.

3i: m.p. 117–118 °C; νmax/cm–13450, 3300, 1630, 1600, 1570,
1460, 1440, 1380, 1290, 1260, 1235, 1120, 1050, 1030, 940, 920,
865, 840, 790, 780, 740, 690; δH 2.3(3H, S, CH3), 4.4–4.7 (2H,br, s,
NH, C=NH), 6.8–7.6 (8H, m, ArH); m/z 246 (M+2, 33), 245 (M+,
100), 244 (M+, 100), 228(32), 209(63), 127(61), 118(41), 111(15),
91(49); Anal. Calcd for C14H13N2Cl: C, 68.71; H, 5.32N, 11.45.
Found: C, 68.66; H, 5.40; N, 11.38

3j: m.p. 95–96 °C; νmax/cm–1 3475, 3300, 2340,1640, 1590, 1480,
1390, 1280, 1230, 1040, 820, 790, 740, 720, 690; δH 1.95 (3H, s,

CH3), 3.4 (2H, s, CH2), 4.15–4.8 (2H, brs, NH, C=NH), 6.6–7.3 (9H,
m, ArH); m/z 225 (M+1, 10), 224 (M+, 42), 133(100), 107(10),
106(29), 91(40), 77(5) 

3k: m.p. 107–108 °C; νmax/cm–1 3430, 3290, 2375, 1640, 1600,
1580, 1480, 1375, 1240, 1110, 1020, 910, 840, 790, 740, 700; δH 2.0
(3H, s, CH3), 2.35 (3H, s, CH3), 4.25–4.35 (2H, brs, NHC=NH),
6.4–7.4 (8H, m, ArH); m/z 225 (M+1, 3) 224 (M+, 100),
209(33),118(34), 107(65, 106(38), 91(29), 77(6); Anal, Calcd for
C15H16N2: C, 80.35; H, 7.14; N, 12.51. Found: C, 80.21; H, 7.21; N,
12.58
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