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Trichloroisocyanuric Acid-Promoting the Convenient and Efficient

Synthesis of Thiophosphates
WANG Liang,CHEN Qun,HE Ming-yang
(School of Petrochemical Engineering,Changzhou University,Changzhou 213164, China)

Abstract: A series of thiophosphates were synthesized by coupling reaction between thiophenols and phos-
phites promoted by trichloroisocyanuric acid(TCCA). All the compounds were characterized by ' H NMR,
"C NMR and Mass. Compared with conventional methods, this protocol shows some advantages such as

fast, highly efficient, mild and good substrate compatibility. This work provides a new methodology for

the synthesis of thiophosphates.
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Fig. 1 Methods for the synthesis of thiophosphates
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Table 1 Influence of solvent on the reaction
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Table 2 Reaction of various thiophenols with phosphonates

i ' R! R? i RN
1 H Ph 3a 87
2 p-CH; Ph 3b 74
3 p-Br Ph 3c 70
4 pF Ph 3d 69
5 p»-OCHj Ph 3e 85
6 H n-C, Hy 3f 90
7 H CH; 3g 81
8 p-OCH; CH; 3h 66
9 p-CF; CH; 3i 89
10 m-CF3; n-CyHy 3j 83
11 p-CF; n-CyHy 3k 67
12 0-Br n-CyHy 31 89
13 p-OCH; n-Cy Hyg 3m 92
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Table 3 Reaction of alkyl thiols with phosphonates

i > R! R? s/ TRE) %

1 cyclohexyl Ph 5a 88

2 71’(:5 H13 Pl’l Sb 76

3 benzyl Ph 5c 78

4 cyclohexyl n-Cy Hy 5d 75

5 cyclohexyl CH; Se 70
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3a: ORI AL ;' H NMR (400MHz, CDCl,)
8 7.16~7.30(m,6H),7.31~7.37(m,7H).7. 48
~7.51 (m, 2H) ;" C NMR (100MHz, CDCL,) &
115.3,120.3(d, J =2.7Hz),125.5,129.2,129. 4,

129.5,129.7,135.1(d, ] =5.4Hz),150.2(d, ] =
9. 1H2) ;"' P NMR(162MHz, CDCl;) 6 15.52; MS
(EDm /2 :342(M" ),

3b: B A MAR A ;' H NMR (400MHz, CDCl)
8 2.33(s,3H),7.11~7.21(m,8H),7.30~7. 38
(m, 6H) ;" C NMR (100MHz, CDCL,) & 21.1,
115.4,120.4(d,J =5.5Hz),125.5,129.2,129. 7,
130. 2(d,J =2.8Hz),135. 2(d,J =5. 5Hz) ,140. 0,
150. 3(d, J =9. 1H2) ;"' P NMR (162MHz, CDCl;)
8 15.93; MS(ED m/z:356(M "),

3c: LAMARB AR ;' H NMR (400MHz, CDCI)
8 7.18~7.23(m,6H),7.31~7.35(m,6H),7.42
~7.44 (m, 2H) ;" C NMR (100MHz, CDCL,) &
115.3,120.3(d,J =4.6Hz),125.7,129. 2,129. 8,
132.5(d, J = 2.8Hz), 136.6 (d, J = 5.4Hz),
150. 1;*' P NMR (162MHz, CDCl,) 6 14.49; MS
(ED m/2:429(M "),

3d: Fe @R WA ;' H NMR (400MHz, CDCl3)
8 7.00~7.05(m,2H),7.19~7.26(m,6H),7.33
~7.37(m,4H),7.43~7.47 (m, 2H) ;" C NMR
(100MHz, CDCl;) & 115.3,116.7 (dd, J = 2. 4,
21.8Hz), 120.4 (d, J = 4.8Hz), 125.7, 129. 8,
137.4(q.J =4.7Hz),150. 2(d, ] =8. 6Hz) ,163. 7
(dd, J = 3.8, 250.1Hz);*' P NMR ( 162MHz,
CDCly) 6 15. 193 MS(ED m /2 :360(M™ ),

3e: TR AL ;' H NMR (400MHz, CDCl;)
8 3.77(s,3H),6.83~6.85(m,2H),7.17~7.22
(m, 6H), 7.31 ~ 7.39 (m, 6H);"® C NMR
(100MHz, CDCly) & 55.2,114.7(d,J =8.2Hz),
115.0(d,J =2. 7Hz),120. 3(d.,J =5. 4Hz) ,125. 4,
129.6,136.8(d,J =5.5Hz2),150. 2(d,J] =8. 2Hz) ,
160. 8(d, J =2.7Hz) ;"' P NMR (162MHz, CDCl,)
8 16.17; MS(ED m /2 :372(M™)

3L AP W4 ;' H NMR (400MHz, CDCl;)
80.88(t, ] =7.4Hz,6H),1.30~1.40(m,4H),
1.59~1.66(m,4H),4.06~4.17(m,4H),7. 33~
7.36 (m, 3H), 7.55 ~ 7.58 (m, 2H);"* C NMR
(100MHz, CDCl,) & 13.4, 18.5,31.9 (d, J =
7.3Hz),67.6(d, ] =6.3Hz),126.5,128.8(d, ] =
2.8Hz), 129.1 (d, J] = 1.9Hz), 134.3(d, J =
4.5H2) ;"' P NMR (162MHz, CDCl;) & 23.60; MS
(ED m/2:302(M7),

3g: B AR WA ;' H NMR (400MHz, CDCl)
8 3.80~3.84(m,6H),7.34~7.38(m,3H),7.55
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~7.58 (m, 2H) ;" C NMR (100MHz, CDCl,) &
54.1(d.J =5.4Hz),125.8(d, ] =7.3Hz),129.0
(d,] =2.8H2),129.3(d,J =2.7Hz),134.4(d, J
=5.5Hz) ;"' P NMR (162MHz, CDCl,) & 26. 81;
MS(ED m/z:218(M" ),

3h: B A PR A ;' H NMR(400MHz, CDCI,)
8 0.91(t, ] =7.4Hz,6H),1.33~1.41(m,4H),
1.60~1.66(m,4H),3.80(s,3H) 4. 06~4. 15(m,
4H).6.86~6.88(m,2H),7.46~7.48(m,2H) ;"
C NMR(100MHz,CDCl;) & 13.4,18.5,32.0(d.J
=9.4H2z),55.2.67.6(d.J =7.3Hz),114. 8(d.J =
1.8Hz), 116.4 (d, ] = 8.2Hz), 136.2 (d, ] =
2.7Hz), 160.3;" P NMR ( 162MHz, CDCl, ) &
24. 32; MS(ED m /2 :332(M "),

3i: # IR AK ;' H NMR (400MHz, CDCl3)
8 3.79~3.84(m,9H).6.87~6.90(m,2H),7. 45
~7.48 (m, 2H) ;" C NMR (100MHz, CDCl;) &
54.0(d,J =6.3Hz),55.2,115.0(d, J = 1. 8Hz),
115.8(d, J = 6.4Hz). 136.2 (d, J = 4.5Hz),
160.5;"' P NMR (162MHz, CDCl,) & 27.46; MS
(ED m/z:248(M ™),

39 WA HIR WA ;' H NMR (400MHz, CDCL)
8 0.88~0.96(m,6H),1.30~1.40(m,4H),1. 60
~1.67(m,4H) ,4.08~4.20(m,4H),7.49(t,] =
7.8Hz,1H),7.61~7.63(m,1H),7. 78 ~7.84(m,
2H) ;% C NMR (100MHz, CDCl,) & 13.1, 18.4,
31.8(d,J =6.8Hz),67.8(d, ] =6.8Hz),123. 3(q,
J=271.1H2),125.4,128. 2(d,J] =6.8Hz),129. 5,
130.8,131.4 (q, J = 32.0Hz), 137.5 (d, | =
4.8Hz);*'P NMR (162MHz, CDCl;) & 22.27; MS
(ED m/2:370(M™ ),

3k: MR AR ;' H NMR(400MHz,CDCI;)
8 0.88~0.94(m,6H),1.26~1.40(m,4H),1.61
~1.68(m,4H) ,4. 07~4.21(m,4H),7.60(d, ] =
8.4Hz,1H),7.72(d. ] =8. 0Hz,1H),7. 78~7. 84
(m, 2H) ;" C NMR (100MHz, CDCl,) 6 13.3,
18.4,31.9(d, J =6.8Hz),67.9(d, ] =6.6Hz),
123.6(q. J = 270.9Hz), 125.9, 130.7 (q. ] =
32.8Hz), 131.9 (d. J] = 6.6Hz), 134.1 (d, ] =
5.4Hz) ;%P NMR(162MHz, CDCl;) & 22.06; MS
(ED m/2:370(M™ ),

31 B R A ;' H NMR (400MHz, CDCl)
8 0.88~0.93(m,6H),1.32~1.41(m,4H),1.61
~1.67(m,4H),4. 11~4.20(m,4H),7.17~7. 21

(m,1H),7.28~7.32(m,1H),7.32~7.63 (m,
1H), 7.79~7.81 (m, 1H);" C NMR (100MHz,
CDCly) 6 13.3,18.4,31.9(d,J =7.3Hz),67.9(d,
J=6.4Hz),127.8(d,J =1.8Hz),128.1(d, J =
7.3Hz),128.5(d,J =5.5Hz),129. 9,133. 3,136. 1
(d, ] = 4.5Hz);*' P NMR (162MHz, CDCl;) &
22.03; MS(ED m/z:380(M"),

3m: J& A IR W 4A;'H NMR (400MHz,
CDCly) & 3.84~3.89(m,6H),7.20~7.25(m,
1H),7.30~7.34(m,1H),7.64~7.66(m,1H),
7.74~7.77(m,1H) ;" C NMR(100MHz,CDCl,) ¢
54.3(d,J =6.0Hz),128.0(d, ] =2.4Hz),128.0
(dd, J =7.8,106.2Hz), 130.3 (d, ] = 3.0Hz),
133.4(d, J =2.4Hz),136.4(d, J =4.4Hz);* P
NMR (162MHz, CDCL;) & 25.14; MS(ED) m/z:
286(M"7),

Sa: AR AL ;' H NMR(400MHz, CDCl;)
61.19~1.37(m,3H),1.41~1.53(m,3H), 1. 64
~1.69(m,2H),1. 96 ~2.00(m,2H),3. 44 ~ 3. 47
(m,2H),7.17~7.21(m,2H),7.25~7.36 (m,
8H);* C NMR (100MHz, CDCl,) & 24.9, 25.6,
34.9(d,J =4.4Hz) ,46.9(d,J =3. 6Hz) ,120. 5(d,
J=4.5H2),125.3,129.5,150.0(d,J =8. 2Hz) ;"
P NMR(162MHz,CDCly) & 21.64; MS(ED) m/z:
348(M ™),

5be L AR EAR ;' H NMR(400MHz, CDCI,)
8 0.83~0.87(m,3H),1.17~1.33(m,6H),1.55
~1.62(m,2H),2.89~2.96(m,2H),7.18~7. 25
(m, 2H), 7.28 ~ 7.38 (m, 8H);"” C NMR
(100MHz,CDCly) 6 13.8,22.2,27.8,30.4(d,J =
5.4Hz),30.9,31.6(d,J =3.7Hz),120.5(d, ] =
4.6Hz),125.4,129.6,150.0(d, J] =8.2Hz);*' P
NMR (162MHz, CDCl;) & 22.23; MS(ED) m/z:
350(M "),

Sc: B A IRRWAER ;' H NMR(400MHz, CDCI;)
6 4.11~4.15(m,2H),7.18~7.28(m,11H),7. 30
~7.35(m, 4H);"” C NMR (100MHz, CDCl,) ¢
35.7(d,J =3.6Hz),120.6(d,J =4.6Hz),125. 6,
127.8,128.7,128.9,129.7,136.4(d.J =6.4Hz),
150.1(d, J =8.2Hz) ;" P NMR (162MHz, CDCl;)
8 20.69; MS(ED m/2:356(M"),

5d: ek A ;' H NMR (400MHz, CDCI)
8 0.86~0.96(m,6H),1.24~1.60(m,10H),1. 65
~1.77(m,6H),2.05~2.09(m,2H),3. 26 ~3. 29
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(m, 1H), 4.01 ~ 4.012 (m, 4H);" C NMR
(100MHz,CDCl;) & 13.4,18.6,25.1,25.7,32.0
(d.J =7.3H2),35.1(d,J =5.5H2),45. 3(d. ] =
3.6Hz),66.9(d.J =6.4Hz);" P NMR(162MHz,
CDCly) & 28.01;MS(ED m/z:308(M"),

Se: B AR A ;' H NMR(400MHz, CDCl;)
81.22~1.44(m,3H),1.48~1.61(m,3H),1.73
~1.79(m,2H),2.06~2.10(m,2H), 3. 23~3. 31
(m, 1H), 3.75 ~ 3.78 (m, 6H);"® C NMR
(100MHz, CDCl;) & 24.9, 25.6, 34.9 (d, J =
5.4Hz), 45.3 (d, J = 2.8Hz), 53.4 (d, J =
5.5Hz) ;¥ P NMR (162MHz, CDCl;) & 31.73; MS
(ED m/z:224(M™),
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