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Dichlorinating Reaction of N-Chlorosuccinimide with Isonitriles for the
Synthesis of N-Phenyldichloroimides
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Abstract With N-chlorosuccinimide as the chlorinating source, the dichlorination of isonitriles has been achieved to afford
N-phenyldichloroimide compounds under mild and convenient conditions. The optimized reaction conditions were established
through systematic investigations of the effect of solvents, temperature, time, chlorinating sources and their dosages in the
reaction. The reaction exhibits good compatibility of various substrates, and a variety of isonitriles with different substituted
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patterns can undergo the dichlorination smoothly and furnish products with high yields of up to 93%.
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Table 1 Optimization of the reaction conditions for the dichlo-
rination of isonitrile (1a)

O O [Cl)
B —
NC Solvent

1a

L,
N™ ~Cl

3a (not detected)

Chlorinating Dosage/

Entry ) Solvent Tm,le/ TGI.m)'/Yieldb/%
source equiv. min C
1 NCS* 2.0 THF 45 25 50
2 NCS 2.0 1,4-Dioxane 45 25 79
3 NCS 2.0 CH,Cl, 45 25 65
4 NCS 2.0 CH;CN 45 25 85
5 NCS 2.0 DCE 45 25 48
6 NCS 2.0 CH;CN 60 25 82
7 NCS 2.0 CH;CN 30 25 76
8 NCS 2.0 CH;CN 45 40 55
9 NCS 2.0 CH;CN 45 0 70
10 NCS 2.2 CH;CN 45 25 80

11 TCcca? 0.7 CH;CN 45 25  Trace

“ All reactions were carried out with 1a (0.2 mmol), chlorinating source (2.0

equiv.) in solvent (2 mL) at room temperature for 45 min. ® Isolated yields.
¢NCS = N-chlorosuccinimide. ¢ TCCA = trichloroisocyanuric acid.
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Table 2  Scope of the dichlorination of isonitriles 1

3
R“:_\ 2 NCS (2.0 equiv) g1 : ol
5 6/ N=C: CHsCN N—=(
1 r.t., 45 min Cl
2
Entry R Product Yield”/%

1 2-Ph 2a 85
2 2-Ph-4-Me 2b 91
3 2-Ph-5-Cl 2¢ 93
4 2-(4-MeOC4H,) 2d 88
5 2-(2-CIC4H,) 2e 80
6 2-Me-4-1 2f 59
7 2-Cl 28 60
8 3-Et 2h 70
9 4-t-Bu 2i 33
10 4-Et 2j 65
11 4-Ph 2k 76
12 4-Br 21 71
13 3-Cl-4-Cl 2m 90
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“Reaction conditions: 1 (0.5 mmol), NCS (1.0 mmol) in CH;CN (5.0 mL) at
room temperature for 45 min unless otherwise noted. * Isolated yields.

1.3 RMHIBRIIEIE

T A A R NI, FRATTIT R T WD AL S
5. HFRAAERRHE SR I BRI BN 0.5 equiv. 1)
H I 2,2,6,6-DY H FEIRIE ZUAMA)(TEMPO)IY,
S5 BRI VSR K % 25 28%.  #E— 548 i TEMPO
FIHEZR 2.0 equiv.if, RMIGEIER HAT(Eq. 1).

O TEMPO
O NCS (2.0 equiv.) O
_—
NG CH3CN

r.t., 45 min
1a

M

TEMPO: 0.5 equiv. yield: 28%
TEMPO: 2.0 equiv. yield: 0

BT FIANIFRIGUE S, FATHEN % S FE P K
H 3NV FE. 1556, NCS TR MNAK RN =4 R EH H
B REEARESREla @A ERELIE—PE
A HEAEH B4 2a (Scheme 1).
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Scheme 1 Proposed mechanism
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0.5 mmol A5, 5.0 mL ¥l 255 1.0 mmol N-
ST SRR I 15 mL RN, B RRE
WIAE SR P PR RN 45 min. RS IESE, SONRHIN
A 10 mL 7K, R SR FE(10 mLX3)ZEHL, HHUAHH
To/K NaySO, T, 8 ShIE J5 LB 71, K= S &4 2
Wit JRIFHI N A B 28R BV © V=100 : 1).

N-2-(1,1-F K 56 — &0 (2a) ) T o IR AR,
P 85%. '"H NMR (400 MHz, CDCl3) 6: 7.41~7.31 (m,
7H), 7.28~7.24 (m, 1H), 6.91 (dd, J=8.0, 1.2 Hz, 1H);
3C NMR (100 MHz, CDCl5) d: 143.3, 138.6, 133.0, 130.6,
129.1, 128.3, 128.1, 127.5, 127.2, 126.3 119.9; IR v: 1661
(N=C) cm '; MS (EL 70 eV) m/z: 249 [M].

N-Q2-FEHE-4-F R — ST (2b): MRl
1K, 7F2Z 91%. "H NMR (500 MHz, CDCl;) J: 7.49~7.38
(m, 5H), 7.30 (d, J=1.5 Hz, 1H), 7.24 (dd, J=8.0, 1.5 Hz,
1H), 6.92 (d, J=8.0 Hz, 1H), 2.46 (s, 3H); °C NMR (125
MHz, CDCls) 6: 140.8, 138.7, 136.0, 133.0, 131.2, 129.0,
128.6, 128.2, 127.3, 126.3, 119.7, 20.9; IR v: 1649 (N=C)
cmfl; HRMS calcd for C4H;;CLLN 263.0269, found
263.0275.

N-(5-5-2-2KF8) R I S (2¢): A, 7=
93%. m.p. 44~46 C; '"H NMR (500 MHz, CDCl;) ¢:
7.47~7.43 (m, 2H), 7.41~7.36 (m, 4H), 7.30 (dd, J=38.5,
2.0 Hz, 1H), 6.99 (d, J=2.0 Hz, 1H); *C NMR (125 MHz,
CDCly) 6: 144.0, 137.4, 133.6, 131.6, 131.5, 128.8, 128.6,
128.4, 127.7, 126.3, 119.9; IR v: 1656 (N=C), 903 (CI)
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cm'; HRMS caled for C;;HsCLN 282.9722, found
282.9730.

N-2-(4- FARU B 2 ) R — G000 e 2d): 11 f i 44,
P2 88%. m.p. 38~40 ‘C; '"H NMR (500 MHz, CDCl;)
0: 7.44 (dd, J=7.5, 1.5 Hz, 1H), 7.39~7.35 (m, 3H),
7.33~7.29 (m, 1H), 7.01~6.98 (m, 2H), 6.96 (dd, J=7.5
Hz, 1.5 Hz, 1H), 3.88 (s, 3H); °C NMR (125 MHz,
CDCly) d: 159.1, 143.2, 132.8, 130.9, 130.4, 130.1, 127.6,
126.8, 126.2, 119.8, 113.8, 55.2; IR v: 1648 (N=C) cm ;
HRMS caled for C4H;;CLLNO 279.0218, found 279.0210.

N-2-(2-F- 2R 38 5 G % (2e): To L IARIBAA,
P2 % 80%. "H NMR (500 MHz, CDCl) : 7.53~7.49 (m,
1H), 7.48~7.45 (m, 1H), 7.39 (dd, J=8.0, 1.5 Hz, 1H),
7.36~7.33 (m, 3H), 7.32~7.30 (m, 1H), 7.05 (d, J=8.0
Hz, 1H); “C NMR (125 MHz, CDCl;) d: 143.6, 137.3,
133.6, 131.4, 131.1, 130.0, 129.6, 129.0, 128.7, 127.2,
126.4, 125.8, 119.8; IR v: 1646 (N=C), 898 (Cl) cm ';
HRMS caled for C3sHsCI;N 282.9722, found 282.9731.

N-(4-T-2- H ) 2R 6 — G0 i (2f): 3% IR VR A,
P72 59%. 'H NMR (400 MHz, CDCly) d: 7.57 (d, J=1.2
Hz, 1H), 7.51 (dd, J=8.4, 1.6 Hz, 1H), 6.57 (d, J=8.0 Hz,
1H), 2.12 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 144.2,
139.4, 135.5, 131.0, 127.5, 120.8, 90.3, 17.3; IR v: 1652
(N=0C) cm !y HRMS caled for CgHCLIN 312.8922,
found 312.8912.

N-2-F R AW Qe TRk, 7%
60%. '"H NMR (400 MHz, CDCl;) d: 7.43 (dd, J=8.0, 1.6
Hz, 1H), 7.29~7.25 (m, 1H), 7.17~7.13 (m, 1H), 6.92
(dd, J=8.0, 1.2 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
143.0, 130.4, 130.1, 127.4, 126.8, 124.8, 120.7; IR v: 1659
(N=C) cm™'; MS (EI, 70 eV) m/z: 207 [M'].

N-3-ZF R E S W (2h): ¥ ARk, 72 =
70%. "H NMR (400 MHz, CDCL3) 6: 7.20~7.05 (m, 3H),
6.73 (dd, J=17.6, 1.2 Hz, 1H), 2.47~2.41 (m, 2H), 1.09 (t,
J=17.6 Hz, 3H); °C NMR (100 MHz, CDCl;) d: 142.9,
133.8, 127.9, 125.4, 125.3, 125.1, 118.0, 23.8, 13.2; IR v:
1655 (N=C) cm”'; HRMS calcd for CoHyCLLN 201.0112,
found 201.0118.

N-4-FUT FeRIE — GO 20): MR, P
83%. 'H NMR (400 MHz, CDCLy) d: 7.41~7.37 (m, 2H),
6.96~6.92 (m, 2H), 1.32 (s, 9H); *C NMR (100 MHz,
CDCLy) 6: 149.4, 142.3, 125.9, 125.5, 120.3, 34.6, 31.3; IR
v: 1653 (N=C) cm '; HRMS caled for C,H;;CLN
229.0425, found 229.0418.

N-4- 7 3 — R IZ (25): & OmeRmik, 7%

Chin. J. Org. Chem. 2016, 36, 1954~1957



Chinese Journal of Organic Chemistry

NOTE

65%. '"H NMR (400 MHz, CDCL;) d: 7.20 (d, J=8.4 Hz,
2H), 6.94~6.91 (m, 2H), 2.67~2.62 (m, 2H), 1.24 (t, J=
7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 142.8, 142.4,
129.1, 128.5, 120.5, 28.4, 15.4; IR v: 1651 (N=C) cm /;
HRMS calcd for CoHyCL,N 201.0112, found 201.0119.

N-4-(1, 1 2Rk 38 & W % (2k): 3 Al 4k, 7= %
76%. m.p. 118~120 ‘C; 'H NMR (500 MHz, CDCL;) ¢:
7.67~7.62 (m, 4H), 7.50~7.47 (m, 2H), 7.42~7.38 (m,
1H), 7.13~7.10 (m, 2H); C NMR (125 MHz, CDCl;) §:
144.1, 140.2, 139.3, 128.8, 127.8, 127.4, 126.9, 126.6,
120.9; IR v: 1655 (N=C) cm '; HRMS caled for
C3sHoCILN 249.0112, found 249.0124.

N-4-JR A F- LD 35 Rk, 77
71%. '"H NMR (400 MHz, CDCl;) d: 7.53~7.49 (m, 2H),
6.88~6.84 (m, 2H); °C NMR (100 MHz, CDCL) o:
144.0, 132.3, 127.7, 1222, 119.6; IR v: 1486 (N=C)
em'; MS (EL 70 eV) m/z: 251 [M'].

N-3,4- RS A R 2m)! R i, PR
90%. m.p. 41~45 C; 'H NMR (400 MHz, CDCl;) ¢:
7.46~7.44 (d, J=8.4 Hz, 1H), 7.10~7.10 (d, J=2.4 Hz,
1H), 6.85~6.82 (dd, J=8.8, 8.4 Hz, 1H); C NMR (100
MHz, CDCls) 0: 144.2, 133.2, 130.9, 130.1, 129.3, 122.4,
119.9; IR v: 1653 (N=C), 909 (Cl) cm™'; MS (EIL 70 eV):
m/z: 243 [M'].

4 B KL (Supporting Information) 7% 2a~2m (%
MERAE B X ek} ] DL f 2 AAS ) I 355 (http://sioc-
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