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Improvement of the Synthesis of Isothiocyanates

Li, Zhengyi Shi, Song Zhuang, Yue Zheng, Chonggian Zhang, Jinlong

Sun, Xiaogiang™
(“Jiangsu Key Laboratory of Advanced Catalytic Materials and Technology, School of Petrochemical Engineering,
Changzhou University, Changzhou 213164)

Abstract Isothiocyanates were prepared from the reactions of phenyl chlorothionoformate and various primary amines vis
one-step or two-step process without additional base. The one-step process is good at highly active amines, while two-step
approach is suitable for all kinds of amines. This method has many merits such as environment-friendly, easily available raw

materials, low toxicity and convenient operation, which has a good application prospect in industry.
Keywords isothiocyanate; phenyl chlorothionoformate; primary amine; synthesis

SR E IR R M AT AEY) R — R EERNALE
[k, W25 ZMANRN, HT 62 E S AT
WEY, HRRA R EY. P2 RRMATE
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Priadb. busm. R, BRESEME, O ZNHTEY.
2 YRR Tk 450
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GC-MS

| '

H
O\H/Cl CH,Cl, O\H/N\R m
R-NH, + s T I — = [R-N=C=s
r.t. L

| b, Fiil 4 T

Teh, i

B 1 B R H 5 K

Scheme 1 Synthesis of isothiocyanates

ZIRMY A R B F RS, R A SCE T HE T R AN
AT, DA BRRER AR N R, 1R s T4
— P BN D S S I SR o SEURR I 117 45 B (Scheme 1).
1 GZR5TR
1.1 REFHMIK

5, DIBACSE T B 2R R (1) 5 Az (2a) (W) i 1) &
Ee 1 D20 RSB IR B, X e S 14T I 12
SR & e, THE. &4 M. oK. —HE
VERIEFR, — SRR, RNGERWE 1 Fin. L5
LERERH] AWk, THE. &4, ZHEEFRIN, R
AE1S BIIRAC(V-2R I ) 2 2 R R I 4a(3K 1, Entries 1~
4), FE—B R EE, DU R 2RO RIS, AT R
BRI R FIRES 3a, PFAEFICEAYSER 1, En-
tries 5~6). BE/5, PAFHRONIETR, 554 B A EC Lt
SN IR (FE 1, Entries 7~9). 45 R0 MR 1 A
2a DRI E LN 10 2 I, ZREE AR FIRER 3a (UK
Hrmr; MK 2a W &, R 2 5 8081 =P IR 1)
P DR, SRR RN A AE T IR AR R (1) S
W Qa)(W R B EL 1 2) 78 B o | RO 1,
Entry 8).
1.2 RYIRVAR

TR TR SR IE FHVE L, T8 B B2 A
T, BET —RHIPMARE, SGRIE 2. LK R
75 I 1 AR (1) FEL T RRLX S B R R, R T
PRI = TR 45 HE T 7 T RR N i e 350 e DAL v 1A 7= 28 e A
AR N ) R AR ER (P 2% 73~80%, % 2, Entries 1~3
1 8~10); HLAVEEEAR I B 05 i A5 AN
AT R 9 JEORH Y, R . D S T IR I PR AL 3 IR (7 2
38%~56%, % 2, Entries 4~7). #E—3%F ELAARZ ) pK,
BRI, BRARAL, BPEA X B i (pK > 5, R 2,
Entries 2~3 fll 8~10)%5 g Biff# B HP(10~15 h),
HUCR WG 73%~80%); 117140 X 45 58 i
(pK,<<5, 3 2, Entries 4~7)Z 5k BiffEE 1224 h),
AUCRBEBARG=E 38%~56%). X2 H T ML FEH
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Table 1 Optimization of reaction conditions

©/O\H/C| NHz2  solvent
+ —_—
S Reflux

1 2a
NCS oN NN
o-OTo-grT o
3a 4a 5a
Molar ratio .. Yield/%

Entry Solvent (1: 2a) Time/h 3a 4 5a
1 CH,Cl, 1:1.0 9 — 70 —
2 THF 1:1.0 12 — 78 —
3 CHCl, 1:1.0 15 — 75 —
4 CH;CN 1:1.0 16 — 60 —
5 Toluene 1:1.0 10 60 — —
6 Xylene 1:1.0 8 61 — —
7 Toluene 1:1.5 16 67 — —
8 Toluene 1:2.0 12 80 — —
9 Toluene 1:25 15 52 — 36

K2 BES G EREE ¢
Table 2 Synthesis of isothicyanates via one-step process

O\H/CI Toluene
+ R—NH, —— > R-NCS
S Reflux
3
1 2

Entry R pK,of2 Product Time/h Yield®/%
1 C¢Hs 4.61 3a 16 80
2 4-MeCgH,  5.04 3b 12 76
3 4-Me,NC¢H, 6.64 3¢ 15 80
4 4-O,NCeH, 101 3d 24 38
5  4-FC¢H, 4.66 3e 24 51
6  4-CIC¢H, 3.97 3f 24 56
7 1-Naphthyl 421 3g 24 48
8 Bn 9.06 3h 15 73
9  (CHysMe  10.69 3i 12 73
10 Cy 10.57 3j 10 78

© 2015 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out with 1.5 mmol of 1 and 3.0 mmol of 2 in 15
mL of refluxed toluene; bisolated yield.

B2 BRIt 78 2 TR A, BB B B AR ) 2
MR, DA, X0 R B U IR 1) 7 Y20 B A i
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) v i T SR LB 288, ARSI FH T P 2 55 P s
)78

RN TR B AR A T s PR A e, R
M%ﬁ%ﬁﬁymm&ﬁ%ﬁﬁ ERR s, BNl
oy B AR R ER AR 4, IN5 FRHAE RO
¢Eﬁ&f%£$%%£ﬁ EERRE 3, 45 W% 3.
SELE R P R, JLF A A A
TR I i 8] 4 40 e 8% 5 (58 3@ i i 5 0 AR S IR R R 7
T R S R SO A, TR A 3 R 1 (A A
% o =R ol ikl S s 7= VA B N o i
75 JHe o N F e T AR 0 T DAAR BRI b A FR 25 B 97 26 1F R
DA 5 [ 77 2R (77 2R T6%~ 97 %) 15 31 K S 1) S Bk BB T
DRI, P 20 025 6 B S T R I I T & AN R 2R AL Y
Jiz, JUHR T DRI M SIS MR I B 7 5 i B
AT W AR 75 %2 5 (1) ) Bi(3R 3, Entries 2~5).
1.3 TAEERIR RIHLIE

ShE DA SO AR SRR 1) AR, LA 3a [T
RN I N Z S BB T 40 Scheme 2 BT AT RE
HLEE. 10, R (2a)it Boim A S B 2R I8 (1) B B ik
Bt & — o> F A R P AR da; S5, FIEIA 4a 7EF
2R el A R 2 — A R A RS R R B (3a).
YIRS R, ShIR e 5K 2a 456 R EL, X FE R R AT
SNCPATRAA # S, Rt Ak 4a AR, MNITTHE =
i EL RS 3a U, IXEIRLF R T At A —2
L AU BRARTE 1 AR 2a P &N T :
2 I AR AR =R B 1 D 181 1S EGER
1, Entries 6 vs 7 vs 8, /=% 60% vs 67% vs 80%). {H11 %
i A & R 2R B8 (1) AR IZ (2a) Y R = ELRET 1: 2
BF, I 2a 20 3a 4hEE I B AR B R B IR (Sa) (3R
1, Entry 9), RIMFEE T HErr=9) 3a Ui, B AR

o

’ 2 equiv. 2a, toluene

Reflux

B2

NOTE
3 PP EA RS ¢

Table 3 Synthesis of isothicyanates via two-step process

O\H/C' CH,Cl,
©/ s + R—NH, —’r_t_

1 2

H
©/O\H/N\R Toluene R—NCS

S Reflux

4 3
Entry R 4 (yield"/%) tslzz /i 3 (yield®/%)
I CeHs 4a 91 15 3a(92)
2 4-0,NCH, 4d (85)° 24 3d(76)
3 4-FCH, de (87) 18 3e(79)
4 4CIC(H, 45 (94) 12 3£(85)
5 1-Naphthyl 4g (93) 10 3g(88)
6  4-McOCH, 4k (92) 8 3k(97)

“First step: the reaction was performed with 1.5 mmol of 1 and 3.0 mmol of 2
in 10 mL of anhydrous CH,Cl, at room temperature for about 30 min. Second
step: the reaction was carried out with 1.0 mmol of 4 in 10 mL of refluxed
toluene; bisolated yield; ¢ the reaction mixture was refluxed in THF.

SUP BB RZ VIR RO 10 2 R R NAC
k.

2 #ig

ASCARTE 7 — Fob St ORI 1) 5 S ik, B
FERFTASMINGRE AT, MRS AHA T IR B A
fE A JEORE, 73 )L — 20 B A B S B S I SRR I £
A . 2R RASRERAE . RS, (KE M
PERIEAFI AL, BAREFH Tk N T 5. Hrh, —2
B RGETC TR 2 B TRACE A R R AR, (EAZ 7R AR
e PR R LA 2%, ARG TR, P E R
NGy B R, (HAZ 5 R0E T S AR [F) e
RIRZ ).

o. N

H2N\© CHZCI2 ©/
Orwij
+ 2a°HCI
2a

Toluene I
Reflux |

NCS

e

2a

©©

HE M) S AL

Scheme 2 Proposed reaction mechanism
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3 IS
3.1 X5

XT4-100X ZY 5 Fh s 5 A (g e A ds A R
HIRAF, KL IE); SHIMADZU GCMS-QP2010 %L Ji
4% (H Z); BRUCKER Avance I1I 300, 400, 500 MHz %!
AR (B E), CDCly N, TMS AW bx; #HEZE
PrRIeERS . A EMTRER (G B e A A]).

TEREF RS KA, He I A T A pr 4l
A
3.2 —HEEMFMERES

7E 25 mL OGN InARAR F R AREEQ) (1.5
mmol). 1A% 2 (3 mmol)F1 I Z5(15 mL), FEHE [F17 = B,
TLC W5 s 48 JEoRE 1 R rp e 4k 4 2%, 28 1k M. Jak
JEZERR I, IO\ 30 mL S0P EAT 20 mL 10%HIF 5
TR, REHLSY AN, 2 5 K A fn 6 Shok sk ik, &
K NapSO, T, W48 5 & kE 2 M (A B E NS i) 5
FIHFR™ i 3.

3.3 AL EEMFMEERES
33.1 F—: ARAKL T EREE(4) 49 & A%

£ 25 mL B OB AR FERAEE®0) (1.5
mmol). fAlE 2 (3 mmol)F — & HF%E(10 mL), ZEEIR T
BiFEZ) 0.5 h, TLC MMM 28 5ok 1y 2%, 45 1k v
HPERR A, DR A RS, TRV oA 2
T (A M T/ 28 B8 AE R 10 7)) 4 380 AH 7 ) AR 2 2k
R E (41,

33.1 H = FEUABRESR 3 6946 %

FREUBT AR I LB (4) (1 mmol)i& T (10 mL),
PEAEEIR R L., RN EE RS, K B R B4R, 2R
L ENT B R LR RV, 152 B b=
3.

FRARR ARG T EAHIRA. 'TH NMR (500
MHz, CDCLy) 8: 7.35 (t, J=7.5 Hz, 2H, ArH), 7.28 (d, J=
7.5 Hz, 1H, ArH), 7.23 (d, J=7.5 Hz, 2H, ArH); *C NMR
(125 MHz, CDCLy) ¢6: 130.2, 128.5, 126.3, 124.7, 123.2;
MS (70 eV) m/z (%): 135 (M™, 100).

4- F O S 0 SRR K R (3b): (I A [E AR, mup. 25~
26 C (lit.'" 25~27 C); '"H NMR (500 MHz, CDCL;) ¢:
7.13 (d, J=8.5 Hz, 2H, ArH), 7.10 (d, J=8.5 Hz, 2H,
ArH), 2.34 (s, 3H, CH3); C NMR (125 MHz, CDCly) 6
137.5, 134.4, 130.1, 128.4, 125.5, 21.2; MS (70 eV) m/z
(%): 149 (M", 100).

4-N,N- — H B S5 B R K B (3e): 3t [ 44, mup.
67~69 C (1it" 69 C); '"H NMR (400 MHz, CDCl) ¢:
7.09 (d, J=8.8 Hz, 2H, ArH), 6.59 (d, J=8.8 Hz, 2H,

2002 http://sioc-journal.cn/
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ArH), 2.96 (s, 6H, CHs); °C NMR (125 MHz, CDCl;) ¢:
149.3, 129.6, 126.7, 121.8, 112.3, 40.3; MS (70 eV) m/z
(%): 178 (M, 100).

4-T TR EUER K BB (3d): A B E 44, mp. 108~
109 ‘C (it!" 109~110 ‘C); 'H NMR (400 MHz,
CDCly) 0: 8.25 (d, J=8.8 Hz, 2H, ArH), 7.35 (d, J=8.8
Hz, 2H, ArH); "C NMR (100 MHz, CDCl;) 6: 145.9,
140.5, 138.0, 126.4, 125.3; MS (70 eV) m/z (%): 180 (M",
100).

45 AR ERR KR (3e) ) F O, "TH NMR (500
MHz, CDCl;) d: 7.22~7.19 (m, 2H, ArH), 7.04 (t, J=8.5
Hz, 2H, ArH); *C NMR (125 MHz, CDCl;) 6: 160.2,
136.1, 127.4, 123.2, 116.8; MS (70 eV) m/z (%): 153 (M",
100).

- E R ARARE3D: A4, mp. 42~44 C
(1it.'"! 42~43 “C); '"H NMR (500 MHz, CDCl3) 8: 7.32
(d, J=8.5 Hz, 2H, ArH), 7.16 (d, J=9.0 Hz, 2H, ArH); "*C
NMR (125 MHz, CDCly) o: 136.7, 132.9, 130.0, 129.8,
126.9; MS (70 eV) m/z (%): 169 (M", 100).

1- 2R AR 3e): HlE Ak, mp. 56~58 C
(1it.'® 53~54 °C); '"H NMR (500 MHz, CDCl5) : 8.10
(d, J=8.5 Hz, 1H, ArH), 7.86 (d, J=8.0 Hz, 1H, ArH),
7.78~7.75 (m, 1H, ArH), 7.62~7.54 (m, 2H, ArH),
7.42~7.38 (m, 2H, ArH); *C NMR (125 MHz, CDCl;) ¢:
136.1, 134.0, 129.3, 128.4, 127.7, 127.5, 127.4, 127.1,
125.4, 123.4, 122.7; MS (70 eV) m/z (%): 185 (M, 100).

R M EMREEGH)!Y: HEBA. 'H NMR (500
MHz, CDCl3) 6: 7.39 (t, J=7.0 Hz, 2H, ArH), 7.35 (d, J=
7.0 Hz, 1H, ArH), 7.31 (d, J=7.0 Hz, 2H, ArH), 4.71 (s,
2H, CH,); “C NMR (125 MHz, CDCLy) &: 134.3, 132.4,
129.0, 128.4, 126.8, 48.7; MS (70 V) m/z (%): 149 (M",
28), 91 (100).

IFE & SR EREEGH: Lk 'H NMR (500
MHz, CDCly) d: 3.52 (t, J=7.0 Hz, 2H, NCH,), 1.73~
1.67 (m, 2H, CH,), 1.45~1.39 (m, 2H, CH,), 1.37~1.29
(m, 4H, CH,), 0.91 (t, J=7.0 Hz, 3H, CH;); °C NMR
(125 MHz, CDCl;) d: 129.3, 45.1, 31.0, 29.9, 26.2, 22.5,
14.0; MS (70 eV) m/z (%): 143 (M, 10), 115 (100).

WO TR EREG)!: LEWE. "H NMR (500
MHz, CDCly) d: 3.71~3.69 (m, 1H, NCH), 1.94~1.86
(m, 2H, CH,), 1.74~1.64 (m, 4H, CH,), 1.51~1.38 (m,
4H, CH,); “C NMR (125 MHz, CDCls) d: 129.5, 55.4,
33.2, 25.0, 23.2; MS (70 eV) m/z (%): 141 (M", 68), 55
(100).

4-FEERRER EBEGCK)!: FHOBIE 'H NMR

Chin. J. Org. Chem. 2015, 35, 1999~2003
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(500 MHz, CDCLy) &: 7.17 (d, J=9.0 Hz, 2H, ArH), 6.85
(d, J=9.0 Hz, 2H, ArH), 3.81 (s, 3H, OCH;); *C NMR
(125 MHz, CDCly) §: 158.5, 129.7, 127.0, 123.5, 114.8,
55.6; MS (70 eV) m/z (%): 165 (M, 100).

4 BT KL (Supporting Information) L&) 3a~3k
R iR R vl D e =y v i R D N YN N R
(http://sioc-journal.cn/) I N %K.
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