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Na,S,0g Promoted Direct Thiocyanates from Thiols: a Practical
Method for the Synthesis of Thiocyanates
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Abstract A metal-free method for the preparation of thiocyanates through Na,S,0¢/DBU (1,8-diazabicyclo[5.4.0Jundec-7-
ene)-promoted direct thiocyanation of thiols with NaCN was developed. The reaction was run under mild conditions, and the

products were obtained in 31%~78% yields.

Keywords thiocyanates; sodium persulfate; metal-free; thiol
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22 SR L T 2k UK 2R, — = B R (SCN) i3
MR ECE IR R M BB EE T B, prE
FH P S 710 A 2 Tl TR 1) 5 R AL ) AR,
{HIXFNIPEAFAE R A2 - XS PP 2 A FH 6 )8
AL TRSEGR AL o — 2% A U 22 A WL I R AL
J7 iR U0 B w U (ON) 1 6 B AR o = R R R e
(TMSCN). FIEBERE — ZBH(DEPC)Z i # I /E FU R4k
B, 33— i A2 PR AR AR 1 A M R L
BRAL S5 R R R IR K. lﬁbk%ﬂiﬁﬁﬂ? Gk
B ORI T A, — 28 S R, anal AR
FEAME R =7 T I E%ﬁﬁﬁf’ﬁ?’jﬁxﬁlﬁﬁﬁkﬁ%ﬁ’ﬁ fll, {5
SEXT ERAGERE | el SR S 2 < S TR AR R AR A AT
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ANReE G, BT TE RN, S F I ) A A AR e 2
AW AT DIAE AT R U IE B 7 (CON ) fh L1010 10e]
TN A S H AR R B AR R E ). R R
WEII & STk C A Rk, (HR R %
N2 A R B TR AR TR s AT EAS I Rs. A ) 1
EMERE, BREEHE AL 7B (CN) B R 2 i

R SR FEDN 7% AR SCHRE T — PP E IR R B
FAET =D a0 M H & RS A 7%
(Eq. 1).

_SH base, oxidant _S. ™)
R + NaCN solvent, 55 °C R™°CN
1a 2a

1 HR5WE

AR B e %2 TR B EA M, DRI E MR
¥, N 1.1 equiv.B 1,5- % 4% 3 [5.4.0] F—-5-
(DBUYE N, 2.0 equiv.F) NaCN 1ERNFIEEIE, 2.0 equiv.
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[¥] Na,S,05 TERNEALAN. KATE 55 CFikT 12 h 54>
AL S BERIE S W, PR 57%. BN Na,S,04 I
BRI HEFIREE 1, Entry 1), 35 XER T HE
AT, KoS,05 FI(NH,),S,05 7E AL FIFRIF )77 5
239N 69%A1 50%(F 1, Entries 2~3), &AL, 0
Oxone FI NalO, ¥ F{EIX /N [ B H 15 BRI 7= 3 (3%
1, Entries 4~5). & &P W1 NN-— F 5 FHE i
(DMF). PQEIEIR(THF). & ZKE(DCE). HlE. #%%
WeE RN AT RN . BT DMF, HEEFIE R R
LHERANRERS B4 N I~ 2(3K 1, Entries 6~10). 7
Ah, ARG T B A R, R I N B Ek A e LA
K,COs, H M7= R ARIEH A, MR, B = L%
(BN S B A (2 E/E FH (3% 1, Entries 11~13).
K1 PKAFRAL

Table 1 Optimization of the reaction conditions”

Entry Solvent Base Oxidant Yield®/%
1 CH,CN  DBU Na,$,05  579,78% 76°
2 CH;CN DBU K»S,04 69
3 CH;CN DBU (NH,4),S,05 50
4 CH;CN DBU Oxone 17
5 CH;CN DBU NalOy4 10
6 DMF DBU Na,S,05 65
7 THF DBU Na,S,05 30
8 DCE DBU Na,S,04 Trace
9 CH;0H DBU Na,S,04 0
10 Benzene DBU Na,S,04 19
11 CH;CN NO Na,S,04 27
12 CHiCN  EuN Na,$,05 70
13 CH;CN K,CO4 Na,S,04 36

“The reactions were conducted with 0.2 mmol of 1a, 0.22 mmol of base and
0.5 mmol of oxidant under N, atmosphere for 12 h. * Isolated yields. DBU:
1,8-diazabicyclo[5.4.0]undec-7-ene. “2.0 equiv. Na,S,0s; a5 equiv Na,S,0s;
3.0 equiv. Na,S,0gs.

AR 2 )5, ARSI HEE T &P ORIy S
FERALSAE T I g i, 45 BB oR, K BA k1
SERTW H - 5 1 2R By 1S 1T LAY BIAH R IR 2R AR, L
7L L TR PR AR ) 7= 0 = — L6 (& 2, 2b~2¢, 2h~
2k), X T ZHURIZRBREY SR UL, 2,6- O U B R I ) =
RAGE— 2, A8 BT A PR SR R (B 2, 2g
2e). FRIEMZERMITEX AN BRI, BT H
TR, ASLIG 25 52 T AR W e 0B B AN J B 2R I 1)
BB, BT I R 2638 i KB 2, 20~2q).

N TR AA BT SEBR R M, FRATMSCT R
SN, SO 4644 9: 10 mmol ZEHREY, 11 mmol DBU,
20.0 mmol NaCN #1 25 mmol Na,S,0q, ZJEV7] 40 mL,
B, RSB 12 h, 2 REFEREAN LR
68%.

N T TR A S FIALEE, AT AR (il B it
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Figure 2 Scope of thiols
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L, LEARTEE IR B2 EAT OB, 45 55 B 15 B 2R B,
FEEN 80%. 2K Bk 107 A2 AT BESR H KGR H H 1)
HESMA, AT IRUEARRE HENAE, LR ERH
2,2,6,6- Y F EL IR g S AL W (TEMPO) 2 4l 3k, 45 AN
D BEIRIRESRAR, AR IR B B2 179,
3 AT R T g 2 Bl T O R R AN AR I AR IR AR T
L7 TEMPO, 5 K,S,0q 1E AR By = A 20 H b 2
o SCRRIE!, 3T B sead e L R scmkkas™Y, R
IR — AT RER SN AL RS, 58, KRiE# DBU
JBE 2% — AN 19 B R B BB T, AR JE ORI R TR
Na,S,05 F A3 B 20 B th2E(Path A). K6 B 2R &
NASH| 2K BB, CN 0 28 iRk R A S B
IRty B R R W I T e S R N . £5 2
FAIEAR R =Y). BT A DBU 1t a3 3]
DSEFEYI(ER 1, Entry 6), L, RAERRZHETTEEZ
Na,S,0g 7 r= A TR AR H 1 5( SO, ) BRI A B I 1)
S A R H BRI EM(HSO, ), 1M H #
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3.1 UESHF

Bruker AVANCE I #%f3E9R 3 1542 (400M/600M,
LI TMS AWFR, CDCLy ), £HE 243 E1e 6890N-
5973N S BBk HAX; PerkinElmer Frontier {37414
A, ZR5d X-6 BAUE sl e B AR S i 4l
WA, Aot —Dab .

3.2 ZLWAHE

F 10 mL B MR IINRE I3 . BREE 1(0.2
mmol, 1.0 equiv.) M Zf§¥# 7] 2.0 mL J5, #/1 DBU
(0.033 g, 0.22 mmol)ZA 54+ 10 min, #5 I NaCN
(0.0196 g, 0.4 mmol). Na,S,05 (0.1190 g, 0.5 mmol), 7
ANEARY. WRATER I TIn#HZE 55 C,
N 12 h, N GERGAEEEE, I RS, RERER
FEO S, FA M O ABE(V - V=5 0 P B4
E B E AL = .

R NaCN J& TRIFEA 0, 06 257 18 A
WIHEAT. $ B JE R E IR pH=10 Zfi
MEENBKER R, ANOEREE, IS R IR AR,
itk 2~3 h, i ON M54, FHEIN S0 = R AR
.
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3.3 HAEMRIE

FE(2a)"": 15 210 mg FOBIK, 77K 78%. 'H
NMR (400 MHz, CDCLly) 6: 7.53 (dd, J=7.7, 1.8 Hz, 2H),
7.49~738 (m, 3H); “C NMR (150 MHz, CDCl) o:
130.19, 130.03, 129.50, 124.36, 110.53; IR (KBr) v: 2926,
2153, 1634, 1544, 1507, 1456, 698 cm '; GCMS (EI")
m/z: 135.

4-FHAFEFEFRE D) 15251 mg OB, FoF
76%. '"H NMR (400 MHz, CDCl;) 0: 7.50 (d, J=8.9 Hz,
2H), 6.95 (d, J=8.9 Hz, 2H), 3.83 (s, 3H); *C NMR (100
MHz, CDCl;) o: 161.30, 133.80, 115.83, 113.79, 111.59,
55.53; IR (KBr) v: 2906, 2837, 2156, 1590, 1496, 1253,
1177, 1029, 827 cm™'; GCMS (EI") m/z: 165.

2-FARSEERR A Qo™ 13 231 mg WEAMIA, R
70%. "H NMR (400 MHz, CDCL3) 6: 7.60~6.89 (m, 4H),
3.92 (s, 3H); °C NMR (100 MHz, CDCLy) &: 156.44,
130.50, 129.90, 122.04, 113.13, 111.40, 110.42, 56.15; IR
(KBr) v: 2926, 2154, 1566, 1490, 1010, 769 cm ';
GCMS (EI') m/z: 165.

3-SR A (2d) ™ £ 238 mg F A, 25
72%. '"H NMR (400 MHz, CDCl3) J: 7.40~6.88 (m, 4H),
3.83 (s, 3H); “C NMR (100 MHz, CDCl;) 6: 160.64,
131.00, 125.28, 121.97, 115.55, 115.07, 110.44, 55.57; IR
(KBr) v: 2902, 2157, 1592, 1576, 1481, 1250, 1035, 840,
771, 681 cm™'; GCMS (EI") m/z: 165

3.4-HEEH R E (2e): 19 297 mg HEAR A, 7=
% 76%. m.p. 49.4~49.6 COCHRE!" 49~50 C); 'H
NMR (400 MHz, CDCl;) 6: 7.15 (dd, J=8.4, 2.3 Hz, 1H),
7.05 (d, J=2.2 Hz, 1H), 6.89 (d, J=8.4 Hz, 1H), 3.91 (s,
3H), 3.90 (s, 3H); *C NMR (150 MHz, CDCls) : 150.84,
149.96, 125.25, 114.43, 113.79, 112.03, 111.47, 56.10,
56.01; IR (KBr) v: 2971, 2936, 2153, 1583, 1507, 1262,
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1230, 1018, 870, 808, 765 cm™'; GCMS (EI") m/z: 165.

4-FEERFREON: 5 209 mg HOWE, R
70%. "H NMR (400 MHz, CDCl5) d: 7.43 (d, J=8.2 Hz,
2H), 7.24 (d, J=8.0 Hz, 2H), 2.38 (s, 3H); °C NMR (100
MHz, CDCl;) 6: 140.23, 130.94, 130.70, 120.53, 111.03,
21.15; IR (KBr) v: 2871, 2157, 1493, 1400, 1015, 805, 515
cm'; GCMS (EIY) m/z: 149.

2,6- R IR H(2g): 15 180 mg HEREIA, F=%x
55%. m.p. 61.5~61.9 ‘CCCHRE® 62~62.5 C); 'H
NMR (400 MHz, CDCly) 8: 7.32~7.23 (m, 1H), 7.19 (d,
J=17.8 Hz, 2H), 2.60 (s, 6H); >*C NMR (100 MHz, CDCl;)
5: 142.92, 131.03, 129.18, 122.62, 110.51, 22.00; IR (KBr)
v: 2985, 2943, 2153, 1642, 1464, 1440, 1167, 1027, 790
cm '; GCMS (EI') m/z: 163.

4-HERR DY 15 227 mg KWK, %
67%. 'H NMR (400 MHz, CDCl;) 6: 7.48 (d, J=8.8 Hz,
2H), 7.42 (d, J=8.8 Hz, 2H); *C NMR (100 MHz, CDCl,)
5: 136.19, 131.45, 130.44, 122.72, 109.95; IR (KBr) v:
3086, 2159, 1571, 1478, 1391, 1090, 1011, 817 cm ';
GCMS (EI'") m/z: 169.

2-FUERRD!™: 15 232 mg B OWAK, 7F 69%.
'"H NMR (400 MHz, CDCly) o6: 7.77~7.68 (m, 1H),
7.53~7.45 (m, 1H), 7.44~7.33 (m, 2H); >C NMR (150
MHz, CDCls) 6: 132.62, 130.31, 130.11, 129.67, 128.42,
124.79, 109.24; IR (KBr) v: 3086, 2158, 1653, 1507, 1475,
1089, 1010, 815 cm™'; GCMS (EI") m/z: 169.

3-GFUEREEHI™: 15251 mg FOWAEK, 77F 74%.
'H NMR (400 MHz, CDCls) d: 7.53 (s, 1H), 7.44~7.36
(m, 3H); *C NMR (150 MHz, CDCl;) d: 135.95, 131.13,
129.74, 129.39, 127.69, 126.09, 109.53; IR (KBr) v: 3089,
2159, 1653, 1574, 1464, 1410, 1120, 865, 775, 673 cm ';
GCMS (EI'") m/z: 169.

4-FHFEFRRFQK): 15 202 mg FHOE &, 77% 56%.
m.p. 130.2~131.6 ‘CCCHME"" 130 C); 'H NMR (400
MHz, CDCl;) : 8.30 (d, J=9.0 Hz, 1H), 7.67 (d, J=9.0
Hz, 1H); °C NMR (150 MHz, CDCly) d: 147.91, 133.33,
128.64, 125.06, 108.05; IR (KBr) v: 3105, 3059, 2164,
1604, 1579, 1516, 1344, 1107, 1084, 855, 843, 737 cm ';
GCMS (EI'") m/z: 180.

1- 250 21): 19 226 mg A G, 7% 61%. m.p.
54.9~55.6 CCCErfE!™ 55 C); '"H NMR (400 MHz,
CDCly) d: 8.25 (d, J=8.2 Hz, 1H), 7.96 (dd, J=19.0, 7.8
Hz, 3H), 7.75~7.58 (m, 2H), 7.51 (dd, J=8.1, 7.4 Hz,
1H); C NMR (150 MHz, CDCly) d: 134.31, 132.41,
132.19, 131.56, 128.97, 128.13, 127.21, 125.86, 124.22,

Chin. J. Org. Chem. 2017, 37, 480~484

© 2017 Chinese Chemical Society & SIOC, CAS

120.71, 110.66; IR (KBr) v: 3057, 2153, 1646, 1653, 1502,
794,790, 769 cm'; GCMS (EI'") m/z: 185.

2-ZEBRE(2m): 15 252 mg AMGEE, FEER 68%.
m.p. 382~38.6 ‘C(CLHRE"™ 43~44 C); 'H NMR
(400 MHz, CDCls) &: 7.97 (s, 1H), 7.89~7.74 (m, 3H),
7.60~7.46 (m, 3H); *C NMR (150 MHz, CDCLy) o:
133.46, 132.92, 130.16, 129.71, 127.84, 127.55, 127.50,
127.46, 126.10, 121.12, 110.58; IR (KBr) v: 3061, 2156,
1504, 1280, 1150, 857, 815, 746, 475 cm”'; GCMS (EI")
m/z: 185.

FKHFEEn)!": 15 188 mg LEMIE, % 63%.
'H NMR (400 MHz, CDCl3) d: 7.45~7.36 (m, 5H), 4.19
(s, 2H); *C NMR (150 MHz, CDCl;) J: 134.28, 129.10,
128.94, 128.87, 111.94, 38.29; IR (KBr) v: 3068, 3032,
2048, 2153, 1494, 1457, 1243, 766, 697 cm '; GCMS
(ET") m/z: 149.

1- R0 15 209 mg LWL, 7F 61%.
'H NMR (400 MHz, CDCLy) d: 2.94 (t, J=6.9 Hz, 2H),
1.82 (m, 2H), 1.49~1.11 (m, 10H), 0.88 (t, J=6.9 Hz,
3H); *C NMR (150 MHz, CDCl;) 6: 112.41, 34.02, 31.65,
29.83, 28.98, 28.79, 27.91, 22.55, 14.02; IR (KBr) v: 2968,
2928, 2156, 1504, 1371, 1341, 795, 769 cm '; GCMS
(E1") m/z: 171.

2- B EMERp)"Y: 15 176 mg HOWBIE, FoF
63%. '"H NMR (400 MHz, CDCls) d: 7.45 (d, J=1.7 Hz,
1H), 6.45 (d, J=3.3 Hz, 1H), 6.41~6.35 (m, 1H), 4.21 (s,
2H); *C NMR (150 MHz, CDCL) J: 146.99, 143.93,
111.57, 111.05, 110.62, 30.94; IR (KBr) v: 2928, 2348,
2161, 1653, 1015 cm™'; GCMS (EI') m/z: 139.

4-MEIERRE(2q): 13 85 mg B CAREMA, & 31%.
m.p. 52.4~53.6 CCCEAE 51~53 C); 'H NMR
(400 MHz, CDCl;) d: 8.65 (dd, J=4.6, 1.6 Hz, 2H), 7.40
(dd, J=4.6, 1.6 Hz, 2H); *C NMR (150 MHz, CDCl;) ¢:
150.74, 136.75, 121.54, 107.31; IR (KBr) v: 2958, 2922,
2850, 1653, 1646, 1507, 1024 cm '; GCMS (EI') m/z:
136.

5 Bh A4 &l (Supporting Information) i &AL 4 1A% il
4R TS Ak 1 1. 3 e R T A G B AR T R
(http://sioc-journal.cn/) I N #k.
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