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Highly Efficient Catalyst-Free One-Pot Synthesis of
Dithiocarbamates under Solvent-Free Conditions
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(Department of Chemistry, Lishui University, Lishui 323000)

Abstract A highly efficient and simple synthesis of dithiocarbamates is reported in the one-pot reaction of amines, CS,, and

alkyl halides without using a catalyst under solvent-free conditions. The mild reaction conditions, high yields, and broad scope

of the reaction illustrate the good synthetic utility of this method. The reaction is a highly atom-economic process for produc-

tion of dithiocarbamates and can be successfully used in large amount for the pharmaceutical or agrochemical industries.

Keywords dithiocarbamates; solvent-free; carbon disulfide; a,f-unsaturated compounds
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1 WL
1.1 UEMRF

15 552 A Yanagimoto MFG., & RIS IE; #
U ILHRAN: Bruker Avance 300, LA TMS 4 AR, TACE
15 MEEH;, JGE ML Perkin-Elmer 240C. FIf F 11245
i BB T (1) 40 BT A B fb 7 4k, B v Ak, R 22k
— oAb P
1.2 &ERKE

HEESYR, 11 Schlenk &I CS, (6 mmol),
a - AHAME S Yl X (4 mmol), VKA HIE] 0 C,
W HHE T, 25 NIRTZ(4.5 mmol), UK itk
30 min J&, =i FHiEE 30 min~2 h, TLC IREER N, H
BRMNFERL. W NIRA YA RS, IS SR IEK
LWEE LS Sk o] DA B0 Al 1 =), JorsidAEaife;
KNVAREPIN A A, BEMEES SR L) -
VAR CkE)=1 : 51132 HAxr=¥) 3a~3j Fl 4a~4p.
1.3 FEHIRILEE

1-IHE g JE — AR 2 2 PR -(2- R ML ) £ 2 1R (3a):
@ E AR, mp. 118~120 CU' '"H NMR (CDCls, 300
MHz) 6: 7.92 (d, J=7.2 Hz, 2H), 7.56~7.69 (m, 3H), 3.82
(t, J=6.9 Hz, 2H), 3.47~3.57 (m, 6H), 1.90~2.09 (m,
4H); “C NMR (CDCl;, 75 MHz) ¢: 190.0, 138.4, 133.9,
129.3, 128.3, 55.3, 55.0, 50.6, 28.6, 26.0, 24.2. Anal. calcd
for C3H;,NO,S;: C 49.49, H 5.43, N 4.44; found C 49.50,
H 5.41, N 4. 46.

1-WR BE 5t — A AR 28 2 FH IR -(2- R AL ) & L TR (3b):
F@E AR, mp. 127~129 CML '"H NMR (CDCls, 300
MHz) 6: 7.95 (d, J=7.2 Hz, 2H), 7.55~7.69 (m, 3H), 4.11
(br, 2H), 3.77 (br, 2H), 3.53 (t, J=7.2 Hz, 4H), 1.65 (br,
6H); “C NMR (CDCl;, 75 MHz) ¢: 193.2, 138.7, 133.9,
129.3, 128.3, 55.3, 52.6, 29.1, 25.1, 24.2. Anal. calcd for
C1sHsNO,S5: C 51.03, H 5.81, N 4.25; found C 51.08, H
5.86, N 4. 26.

LR AR H R -2- KRS ) L FE R (Be):

HE AR, mp. 99~101 ‘CM. '"H NMR (CDCl;, 300
MHz) 6: 7.94 (d, J=7.2 Hz, 2H), 7.55~7.69 (m, 3H), 3.92
(q, J=3.2 Hz, 2H), 3.64 (q, J=4.1 Hz, 2H), 3.46~3.58
(m, 4H), 1.17~1.24 (m, 6H); *C NMR (CDCl;, 75 MHz)
5:193.2, 138.7, 133.8, 129.3, 128.3, 55.3, 49.6, 46.8, 29.1,
12.5, 11.5. Anal. calcd for C;3H;oNO,S;: C 49.18, H 6.03,
N 4.41; found C 49.14, H 6.06, N 4. 44.

1- T8 A H BR-2- KN IE) £ 5B (3d): A
4k, m.p. 122~124 C" "H NMR (CDCls, 300 MHz)
5: 7.89 (d, J=7.2 Hz, 2H), 7.56~7.65 (m, 3H), 3.55 (q,
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J=3.6 Hz, 2H), 3.43 (br, 1H), 3.31~3.50 (m, 4H), 1.50~
1.59 (m, 2H), 1.31~1.35 (m, 2H), 0.87 (t, J=7.1 Hz, 2H);
C NMR (CDCl;, 75 MHz) 0: 195.0, 138.4, 134.0, 129.5,
128.2, 55.6, 47.2, 30.1 27.6, 20.1, 13.7. Anal. calcd for
C13H1oNO,S5: C 49.18, H 6.03, N 4.41, found C 49.16, H
6.05, N 4. 43.

3-(1-MhE P Jo — i A 28 2 F R A6 ) N TR (2- R i 4 &
Fo)lik(3e): I MPRIBAA. "TH NMR (CDCls, 300 MHz)
8: 7.37~7.40 (m, 2H), 7.21~7.38 (m, 3H), 4.28 (t, J=6.9
Hz, 2H), 4.26 (br, 2H), 3.84 (br, 2H), 3.55 (t, J=6.6 Hz,
2H), 3.16 (t, J=6.9 Hz, 2H), 2.79 (t, J=6.6 Hz, 2H), 1.68
(s, 6H); C NMR (CDCls, 75 MHz) &: 194.7, 171.8, 135.1,
129.8, 129.1, 126.6, 63.2, 51.3, 33.9, 32.3, 31.5, 25.5, 24.3.
Anal. calcd for C;;H;3sNO,S,: C 60.50, H 6.87, N 4.15;
found C 60.55, H 6.84, N 4. 16.

3-(N,N-— L AR R 2% ) I R (2- R 4 &
TR W OMPIRBR. '"H NMR (CDCLs, 300 MHz)
8: 741 (d, J=7.2 Hz, 2H), 7.19~7.38 (m, 3H), 4.28 (t,
J=6.9 Hz, 2H), 4.05 (q, J=3.2 Hz, 2H), 3.72 (g, J=3.2
Hz, 2H), 3.54 (t, J=6.6 Hz, 3H), 3.15 (t, J=6.9 Hz, 2H),
2,78 (t, J=6.6 Hz, 2H), 1.28 (t, J=6.6 Hz, 6H); °C NMR
(CDCL, 75 MHz) §: 194.8, 171.8, 135.1, 129.9, 129.1,
126.6, 63.2, 49.6, 46.7, 34.0, 32.4, 31.5, 12.5, 11.6. Anal.
calcd for C;sH»3NO,S,: C 59.04, H 7.12, N 4.30; found C
59.05,H 7.19, N 4. 31.

3-(N-"R Bk i A P R R ) P IR (2- 2R ik £k ) I
(3g): WML, 'TH NMR (CDCls, 300 MHz) o:
7.21~7.42 (m, 10H), 4.90 (d, J=5.0 Hz, 2H), 4.56 (br,
1H), 4.26 (t, J=6.6 Hz, 2H), 3.55 (t, J=6.9 Hz, 2H), 3.16
(t, J=6.6 Hz, 2H), 2.77 (t, J=6.6 Hz, 2H); “C NMR
(CDCl;, 75 MHz) &: 197.2, 171.6, 136.0, 135.0, 130.1,
129.1, 128.9, 128.3, 128.2, 126.7, 63.3, 51.3, 34.2, 32.5,
30.2. Anal. calcd for CoH,NO,S,: C 63.48, H 5.89, N
3.90; found C 63.50, H 5.84, N 3.88.

3-(1-WRME St A AR E 28 FH R 2 ) N R-2-(2- 25 &
FolE3h): MR AL, "TH NMR (CDCls, 300 MHz)
8: 7.77~7.86 (m, 4H), 7.44~7.52 (m, 3H), 4.33 (t, J=6.9
Hz, 2H), 4.28 (br, 2H), 3.85 (br, 2H), 3.56 (t, J=6.6 Hz,
2H), 3.26 (t, J=6.9 Hz, 2H), 2.79 (t, J=6.6 Hz, 2H), 1.69
(s, 6H); *C NMR (CDCls, 75 MHz) &: 194.7, 171.8, 133.7,
132.5, 131.9, 128.7, 127.9, 127.7, 127.6, 127.2, 126.7,
125.9, 63.1, 51.4, 34.0, 32.2, 31.5, 25.4, 24.2. Anal. calcd
for C,H,5NO,S,: C 65.08, H 6.50, N 3.61; found C 65.11,
H 6.48, N 3.65.

3-(N,N-—.

LB AN IR AL N IR -2-(2- 25 Wi 3 &
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FE)E(30): ¥R E RA. "H NMR (CDCls, 300 MHz)
5: 7.78~7.87 (m, 4H), 7.44~7.52 (m, 3H), 4.33 (t, J=6.9
Hz, 2H), 4.05 (q, J=3.2 Hz, 2H), 3.73 (q, J=3.4 Hz, 2H),
3.54 (t, J=6.7 Hz, 2H), 3.26 (t, J=6.9 Hz, 2H), 2.79 (t,
J=6.7 Hz, 2H), 1.27 (t, J=7.0 Hz, 6H); >C NMR (CDCl;,
75 MHz) 6: 194.8, 171.8, 133.7, 132.5, 132.0, 128.7,
128.0, 127.7, 127.6, 127.2, 126.7, 125.9, 63.1, 49.5, 46.7,
33.9, 32.3, 31.5, 12.5, 11.6. Anal. caled for C,0H,5sNO,S,:
C 63.96, H 6.71, N 3.73; found C 63.97, H 6.74, N 3.76.

3-(N-"F 2 B mi A R ) I R -2-(2- Z8 it ik & %)
Fi&(3§): P OMIRIBAA. "H NMR (CDCl;, 300 MHz) o:
7.78~7.87 (m, 4H), 7.46~7.51 (m, 3H), 7.28~7.38 (m,
5H), 4.91 (d, J=4.9 Hz, 1H), 4.57 (br, 1H), 433 (t, J=6.9
Hz, 2H), 3.51 (t, J=6.6 Hz, 2H), 3.26 (t, J=6.9 Hz, 2H),
2.77 (t, J=6.6 Hz, 2H); *C NMR (CDCl;, 75 MHz) ¢:
197.2, 171.6, 136.1, 133.7, 132.5, 132.0, 128.9, 128.7,
128.6, 128.3, 128.2, 128.0, 127.7, 127.1, 126.6, 126.0,
63.3, 51.3, 34.2, 32.3, 30.2. Anal. caled for C53H»;3NO,S,:
C 67.45, H 5.66, N 3.42; found C 67.47, H 5.67, N 3.46.

1-Ek gt 6 — i AR 2 2 P R A TAT I (da): ¥R B C AR
WA TH NMR (CDCL, 300 MHz) d: 5.87~5.96 (m,
1H), 5.25~5.31 (dd, J=16.8 Hz, 1.2 Hz, 1H), 5.12 (d, J=
9.9 Hz, 1H), 4.00 (dd, J=6.9 Hz, 0.75 Hz, 2H), 3.91 (t,
J=6.7 Hz, 2H), 3.63 (t, J=6.6 Hz, 2H), 1.91~2.11 (m,
4H); C NMR (CDCl;, 75 MHz) ¢: 192.1, 132.9, 118.3,
55.0, 50.5, 39.5, 26.0, 24.2.

1-WRE s — 1 A 2 58 P R 0 A 15 (4b): ¥R B 4 iR
WA "H NMR (CDCls, 300 MHz) 0: 5.86~5.98 (m,
1H), 5.30 (dd, J=16.8 Hz, 1.0 Hz, 1H), 5.14 (d, J=9.9
Hz, 1H), 4.27 (br, 2H), 4.00 (d, J=6.9 Hz, 2H), 3.88 (br
2H), 1.69 (br, 6H); *C NMR (CDCls, 75 MHz) 6: 195.1,
132.8, 118.4, 51.4, 40.3, 25.6, 24.3.

LR IE AR R N TG (4e): VR (PR
AR TH NMR (CDCls, 300 MHz) 6: 5.86~6.00 (m,
1H), 5.27~5.33 (dd, J=16.8, 1.0 Hz, 1H), 5.14 (d, J=9.9
Hz, 1H), 4.02 (q, J=3.2 Hz, 2H), 3.98 (d, J=6.9 Hz, 2H),
3.74 (q, J=3.2 Hz, 2H), 1.27~1.30 (m, 6H); °*C NMR
(CDCls, 75 MHz) 6: 195.0, 132.7, 118.4, 49.5, 46.7, 40.3,
12.4,11.5.

1-"R 2 AR R I T4 T (4d): ¥R 2 f8 R
#U51 TH NMR (CDCls, 300 MHz) 6: 7.33~7.35 (m, 2H),
7.28~7.33 (m, 3H), 7.11 (br, 1H), 5.84~5.98 (m, 1H),
5.26 (d, J=9.9 Hz, 1H), 5.15 (d, J=9.9 Hz, 1H), 4.90 (d,
J=6.9 Hz, 2H), 3.94 (d, J=6.6 Hz, 2H); *C NMR
(CDCl;, 75 MHz) d: 1952, 137.8, 131.9, 128.9, 126.5,
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126.4, 118.4, 51.6, 39.9.

1-Hht s e — A 2 i FH R B TN i (de): 38 o E it AR
WitA. "H NMR (CDCls, 300 MHz) 6: 4.11 (d, J=2.6 Hz,
2H), 3.93 (t, J=6.8 Hz, 2H), 3.64 (t, J=6.6 Hz, 2H), 2.23
(t, J=2.7 Hz, 1H), 1.94~2.13 (m, 4H); *C NMR (CDCl;,
75 MHz) 6: 190.5, 78.7, 71.3, 55.2, 50.5, 26.1, 25.2, 24.2.
Anal. caled for CsH;NS,: C 51.85, H 5.98, N 7.56; found
C 51.87,H5.97, N 7.60.

1-WR W 2 B AR 2 I R b P TG (4): ¥R B Ea IR
WA, 'TH NMR (CDCl;, 300 MHz) d: 4.26 (br, 2H), 4.10
(d, J=2.5 Hz, 2H), 3.85 (br 2H), 2.23 (t, J=2.5 Hz, 1H),
1.69 (br, 6H); *C NMR (CDCls, 75 MHz) d: 193.5, 78.5,
71.5, 51.1, 26.0, 25.7, 24.2. Anal. caled for CoH3NS,: C
54.23,H 6.57, N 7.03; found C 54.25, H 6.59, N 7.06.

N- L5 AR R R (dg): VR B IR

WA, "H NMR (CDCls, 300 MHz) 6: 4.08 (d, J=2.7 Hz,
2H), 4.02 (q, J=3.1 Hz, 2H), 3.72 (q, J=4.6 Hz, 2H), 2.23
(t, J=2.5 Hz, 1H), 1.22~1.32 (m, 6H); *C NMR (CDCl,
75 MHz) 6: 193.3, 78.5, 71.5, 49.7, 46.8, 25.9, 12.5, 11.5.
Anal. caled for CgH3NS,: C 51.29, H 6.99, N 7.48; found
C 51.26, H 6.96, N 7.02.

1- 2 A T BRI I8 (4h): 3 3 B HPER VAR
'H NMR (CDCls, 300 MHz) 6: 7.31~7.41 (m, 2H),
7.28~7.32 (m, 3H), 7.11 (br, 1H), 4.13 (d, J=2.7 Hz,
2H), 4.09 (d, J=2.7 Hz, 2H), 2.21 (t, J=2.5 Hz, 1H); °C
NMR (CDCl;, 75 MHz) 6: 193.3, 137.9, 131.8, 128.6,
126.7,78.5,71.5, 52.8 , 25.9. Anal. calcd for C;H;NS,: C
59.69, H 5.01, N 6.33; found C 59.66, H 5.03, N 6.32.

1-ntl s 56 AR AR S Y R I (4i): % B TR
#0151 TH NMR (CDCls, 300 MHz) d: 7.38~7.41 (m, 2H),
7.27~7.33 (m, 3H), 4.58 (s, 2H), 3.94 (t, J=6.7 Hz, 2H),
3.62 (t, J=6.9 Hz, 2H), 1.92~2.10 (m, 4H); “C NMR
(CDCl;, 75 MHz) &: 192.3, 136.5, 129.2, 128.5, 127.4,
55.0,50.5,41.2,26.1, 24.3.

1-WR e B AR I R R T (4g): VR 2 B i IR
#0151 TH NMR (CDCls, 300 MHz) d: 7.38~7.41 (m, 2H),
7.27~7.34 (m, 3H), 4.56 (s, 2H), 4.30 (br, 2H), 3.86 (br
2H), 1.69 (br, 6H); °C NMR (CDCl;, 75 MHz) J: 195.3,
136.1, 129.4, 128. 6 127.4,52.5,42.2,25.8, 24.3.

N,N-— 2 5 A T IR R IR (4K): % iR
#US1 TH NMR (CDC13, 300 MHz) d: 7.38~7.41 (m, 2H),
7.23~7.34 (m, 3H), 4.54 (s, 2H), 4.05 (q, J=3.2 Hz, 2H),
3.72 (q, J=3.6 Hz, 2H), 1.27~1.30 (m, 6H); “C NMR
(CDCl;, 75 MHz) 0: 195.3, 136.0, 129.3, 128.5, 127.4,
49.4,46.7,42.2,12.5, 11.6.
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1R I A R (A1) R B o R A,
'H NMR (CDCl;, 300 MHz) d: 7.33~7.46 (m, 4H),
7.13~7.31 (m, 6H), 6.41 (br, 1H), 4.78 (d, J=6.9 Hz,
2H), 4.60 (s, 2H); °C NMR (CDCls, 75 MHz) J: 197.3,
136.0, 132.7, 128.9, 128.3, 128.2, 127.9, 126.9, 118.5,
51.2, 38.5.

1-WR g 3 — A A2 2 P R -2-(2- e Wy £ 45 ) 15 (4m):
I MRBAK. 'TH NMR (CDCls, 300 MHz) 0: 7.13~
7.15 (dd, J=5.0, 1.0 Hz, 1H), 6.88~6.95 (m, 2H), 4.29
(br, 2H), 3.89 (br, 2H), 3.60 (t, J=6.5 Hz, 2H), 3.23 (t, J=
6.5 Hz, 2H), 1.69 (brs, 6H); *C NMR (CDCls, 75 MHz) ¢:
195.1, 142.8, 126.8, 125.1, 123.6, 52.2, 38.2, 29.6, 26.5,
24.3. Anal. calced for C,H,;NS;: C 53.09, H 6.31, N 5.16;
found C 53.11, H 6.34, N 5. 14.

N,N- " 3 5 i AR R -2-(2-WE Wy 4,35 ) T (4m):
IR, 'TH NMR (CDCls, 300 MHz) 0: 7.13~
7.15 (dd, J=5.0, 1.0 Hz, 1H), 6.88~6.95 (m, 2H), 4.04 (q,
J=3.5 Hz, 2H), 3.73 (q, J=3.6 Hz, 2H), 3.58 (t, J=6.5
Hz, 2H), 3.23 (t, J=6.5 Hz, 2H), 1.27 (t, J=6.5 Hz, 6H);
3C NMR (CDCls, 75 MHz) d: 195.1, 142.8, 126.8, 125.1,
123.6, 49.5, 46.7, 38.2, 29.5, 12.5, 11.6. Anal. calcd for
CiiH;7NS5: C 50.92, H 6.60, N 5.40; found C 50.90, H
6.62,N 5. 44.

1- "R G AR R -2-(2-E Wy 2 55 ) 16 (do): ¥ %
[ 4K, m.p. 55~56 C!'S) 'H NMR (CDCls;, 300 MHz)
8: 7.33~7.35 (m, 5H), 7.15 (d, J=5.1 Hz, 1H), 7.08 (br,
1H), 6.78~6.95 (m, 2H), 4.90 (d, J=4.8 Hz, 2H), 3.60 (t,
J=6.5 Hz, 2H), 3.23 (t, J=6.5 Hz, 2H); >*C NMR (CDCl;,
75 MHz) o: 197.5, 142.4, 136.1, 128.9, 128.3, 128.1,
126.9, 1252, 123.8, 51.3, 36.9, 29.8. Anal. calcd for
C4HsNS;: C 57.30, H 5.15, N 4.77; found C 57.31, H
5.14,N, 4. 76.

-7 J ik AR P R -2-(2-WE Wy 2,355 6 (4p): V&
OMPIRIAA. '"H NMR (CDCls, 300 MHz) 6: 7.15 (d, J=
4.9 Hz, 1H), 6.88~6.95 (m, 2H), 3.71 (q, J=3.8 Hz 2H),
3.54 (t, J=6.5 Hz, 2H), 3.42 (br, 1H), 3.23 (t, J=6.5 Hz,
2H), 1.57~1.67 (m, 2H), 1.35~1.45 (m, 2H), 0.94 (t, J=
7.1 Hz, 2H); *C NMR (CDCl;, 75 MHz) d: 197.2, 142.5,
126.8, 125.2, 123.7, 47.0, 36.7, 30.4, 29.9, 20.1, 13.7.
Anal. calcd for C;;H7NS;: C 50.92, H 6.60, N 5.40; found
C 50.96, H 6.66, N 5. 42.

2 H#R5hE
2.1 AT KGR E X R R R R
G LREE ZIG AN DU CSy SN A
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B, BIFFEHE NS BN R (1), A& R 77
DMF. /K. 4. &4~ OME K THF 554 NS, 4%
1.2 TR SR D BT S, RV 2 h 5, VI
REERIE 1.

b3 W ARl b ) AN AR S A
Table 1 The effect of solvents on the yield

O P

NH + CS, + S Solvent-free
: 2

_ >

r.t.,, 10 ~ 30 min

Solvent DMF H,0 CH;CH,OH CH;CICH;CN THF Neat

Yield/% 80 83 85 79 88 80 96

© 2012 Chinese Chemical Society & SIOC, CAS

MRS 25 BT UR Y, 1RO i AR K 2 50
IR RN, A S B =, RIS RIS, vl B
53 B AL MBOR. BESEEN R ELER AT T,
SRV S AS M BEEAE UK N RN, R IR S CS,
SOV ARH TRGE, 5515 2GRS A, [R5 105
J¥z ()3 T Tk P8t M Ay L
22 RMNMABEMNNESREERIREE IRE

MAH G SCHR A AT 0T LU & R N SRR b g — A
Michael JCSN, - FHEEFRATTHEE T H AT B8 S I AL A dn
Scheme 2 iz, RG-S CS, Ay LU 1) s W,
T8 56 WA A2 BT D5 i 55 Sy s I3 ) v i) A — fini A
1R, B 5 SRAEE T aB-ANERES 1T Michael
I ANA

TN,
R'R?NH  + S=C=S —— R'R2N ., _C—SH
S
12 l
x/\/SYNR R X/\/ﬁs NR'R2
I hil
S

Scheme 2
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