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Supplementary data

Proof for the reversibility of isomerisation of anhydrides 1 to 2

The question may arise whether acyl dithiophosphates 1 are indeed in equilibrium with O‑thioacyl monothiophosphates 2. 
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Scheme S1.
To prove that, we heated isolated O‑thiobenzoyl O,O‑diisopropyl monothiophosphate 14a (obtained from anhydride 12a) in the NMR tube monitoring progress of the reaction with 31P NMR. In this experiment we observed formation of benzoyl O,O‑diisopropyl dithiophosphate 12a thus proving that isomerization is reversible (scheme S2, figure S1).
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Scheme S2.
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Figure S1.
Experimental part

Isomerization of thiobenzoyl O,O‑diisopropyl monothiophosphate (14a): solution of thiobenzoyl O,O‑diisopropyl monothiophosphate (0.032 g, 0.1 mmol) in CDCl3 (0.7 cm3), placed in NMR tube was warmed at 50 ºC (±3 ºC) and 31P NMR measurements were recorded after 24 h and 72 h. Formation of benzoyl O,O‑diisopropyl dithiophosphate (12a) was observed. Results are presented at figure S1.

Melting points of amides and thioamides obtained in the reactions of anhydrides 5‑7 with amines

Table S1. Melting points of amides and thioamides obtained in the reactions of anhydrides 5‑7 with amines. (The data apply to products included in Table 2 and 4)

Entry
R
Amine
M.p. [ºC]lit.
M.p. [ºC]lit.

a
Ph
H2NPh
162-1641
97-9812

b
p‑C6H4OMe
HNEt2
42-432
46-4713

c
p‑C6H4NO2
H2NPh
214-2153
153-15414

d
1‑Naphthyl
H2NPri
133-1344
99-1004

e
CH=CHPh (E)
HNEt2
68-695


f
Me
H2NPh
115-1166
75-7615

g
Pr
H2NPh
94-957
31-3316

h
Pri
H2NPh
104-1068
49-5117

i
But
H2NPh
129-1319
88-8918

j
CH(CH2)5
H2NPh
143-14410
148-15019

k
CH2OPh
HN(CH2)2O
89-9111
83-8520
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Analytical data for anhydrides 5-7, 17

Table S2. 1H NMR data for anhydrides 5.

No
R
aMe
eMe
aCH2O
eCH2O
R

5a
Ph
0.93s
1.38s
4.02dd, JH‑H 10.7

              JP‑H 25.9
4.38dd, JH‑H 10.7,

              JP‑H 3.9
7.97d, J 7.8 (o‑CH); 7.49t, J 7.3 (m‑CH); 7.64t, J 7.3 (p‑CH);

5b
p‑C6H4OMe
0.92s
1.36s
4dd,       JH‑H 10.7,

              JP‑H 25.4
4.35dd, JH‑H 10.7,

              JP‑H 3.9 
7.92d, J 8.8 (o‑CH); 6.94d, J 8.8 (m‑CH); 3.88s (OCH3)

5c
p‑C6H4NO2
0.96s
1.41s
4.06dd, JH‑H 10.7,

              JP‑H 25.4
4.38dd, JH‑H 10.7,

              JP‑H 3.4
8.35d, J 8.8 (o‑CH); 8.15d, J 8.8 (m‑CH)

5d
1‑Naphthyl
0.94s
1.39s
4.05dd, JH‑H 10.7,

              JP‑H 25.4
4.42dd, JH‑H 10.7,

              JP‑H 1.9
8.68d, J 8.3, 8.2d, J 6.8, 8.07d, J 8.3, 7.89d, J 8.3, 7.64t, J 8.3, 7.57t, J 7.8, 7.52t, J 7.8 (C10H7)

5e
CH=CHPh
0.93s
1.36s
4.0dd,    JH‑H 10.7,

              JP‑H 25.4
4.35d,    JH‑H 10.7
6.75d, J 15.6 (COCH); 7.66d, J 16.1 (COCH=CH); 7.55d, J 8.3 (o‑CH); 7.42m (m,p‑CH)

5f
Me
0.91s
1.33s
3.96dd, JH‑H 10.7,

              JP‑H 25.3
4.25dd, JH‑H 10.7,

              JP‑H 3.4
2.54d, J 2.7 (CH3)

5g
Pr
0.91s
1.32s
3.95dd, JH‑H 10.3,

              JP‑H 25.4
4.24dd, JH‑H 10.3,

              JP‑H 3.9
2.72dt, JH‑H 7.3, JP‑H 1.9 (COCH2); 1.71tq, J1 J2 7.3 (COCH2CH2); 0.97t, JH‑H 7.3 (CH3)

5h
Pri
0.91s
1.32s
3.96dd, JH‑H 10.7,

              JP‑H 25.4
4.24dd, JH‑H 10.7,

                 JP‑H 4.4
2.84sptd, JH‑H 6.8, JP‑H 1.9 (CH); 1.25d, J 6.8 (CH(CH3)2)

5i
But
0.91s
1.31s
3.95dd, JH‑H  11,

              JP‑H 25.3
4.23dd, JH‑H 11,

             JP‑H 4.8
1.26s (CH3)

5j
(CH2)5CH
0.91s
1.32s
3.95dd, JH‑H  10.7,

              JP‑H 25.4
4.23dd, JH‑H 10.7,

             JP‑H 4.4
2.59ttd,. J1 11.2, J2 3.2, J3 2.4 (CH(CH2CH2)2CH2); 1.99dd,    J1 13.2, J2 2.4, 1.48tdd, J1 12.7, J2 11.7, J3 2.9 (CH(CH2CH2)2CH2); 1.78dt, J1 13.2, J2 3.4, 1.29dtt, J1 12.7, J2 12.69, J3 3.4 (CH(CH2CH2)2CH2); 1.65dt, J1 12.2, J2 3.4, 1.2dtt, J1 12.2, J2 11.7, J3 2.9 (CH(CH2CH2)2CH2)

5k
CH2OPh
0.88s
1.33s
3.95ddt, JH‑H 10.8,

               JP‑H 25.6,

               JH‑H 1.6
4.2dd,   JH‑H 10.8,

             JP‑H 4.4
4.77s (CH2); 6.94d, J 8.8 (o‑CH); 7.33dd, J1 8.8, J2 7.2 (m‑CH); 7.05d, J 7.2 (p‑CH)

5l
CH2Ph
0.86s
1.31s
3.92ddt, JH‑H 11,

              JP‑H 24.9,

              JH‑H 1.5
4.17dd, JH‑H 11,

             JP‑H 4.4
3.98d, J 2.2 (CH2); 7.32m (C6H5)

5m
CHPh2
0.84s
1.31s
3.89dd, JH‑H 10.8,

              JP‑H 25.4
4.13dd, JH‑H 10.8,

             JP‑H 4.15
5.35d, J 2.93 (CH); 7.33m (C6H5)

5n
(CH2)4COOMe
0.92s
1.33s
3.97dd, JH‑H 11,

              JP‑H 25.3
4.25dd, JH‑H 11,

             JP‑H 4.8
2.79dt, J1 7, J2 1.5 (COCH2); 1.7m (COCH2CH2CH2); 2.34t, J 7 (CH2COOCH3); 3.67s (OCH3)

5o
CH2NPht
0.9s
1.32s
3.96dd, JH‑H 10.7,

              JP‑H 25.9
4.25dd, JH‑H 10.7,

             JP‑H 3.4
4.73s, (CH2); 7.89m (N(COCCHCH)2); 7.78m (N(COCCHCH)2)

5p
CH2CH2NPht
0.91s
1.32s
3.95dd, JH‑H 10.7,

              JP‑H 25.9
4.28dd, JH‑H 10.7, 

             JP‑H 3.4
3.18t, J 7.3 (COCH2); 4.01t, J 7.3; 2.78t, J 7.3 (NCH2); 7.84m (N(COCCHCH)2); 7.72m (N(COCCHCH)2)

Table S3. 13C NMR data for anhydrides 5.

No
R
aMe
eMe
C
CH2O
CO
R

5a
Ph
20.99
22.79
32.73d, JP‑C 7.6
79.1d,   JP‑C 9.9   
185.97
136.61 (COC); 129.18 (o‑CH); 128.62 (m‑CH); 134.91 (p‑CH)

5b
p‑C6H4OMe
21.01d, JP‑C 1.8
22.81
32.71d, JP‑C 7.5
79.02d, JP‑C 10.1
184.01
132.61 (COC); 131.1 (o‑CH); 114.38 (m‑CH); 165.05 (C‑OMe); 55.97 (OCH3)

5c
p‑C6H4NO2
20.94
22.73
32.77d, JP‑C 7.8
79.41d, JP‑C 10.1
185.22
141.13 (COC); 129.55 (o‑CH); 124.35 (m‑CH); 151.32 (C‑NO2)

5d
1‑Naphthyl
21.05
22.8
32.79d, JP‑C 7.3
79.1d,   JP‑C 10.1
187.05d, JP‑C 2.3 
133.81d, J 1.8, 130.63d, J 2.8, 129.16, 135.11, 129.62, 128.82, 125.42, 124.63, 127.3, 134.04 (C10H7)

5e
CH=CH2Ph
20.99
22.75
32.73d, JP‑C 7.3
79.03d, JP‑C 9.6
183.48d, JP‑C 2.7
124.95d, JP‑C 4.1 (COCH); 145.32 (CHCH); 133,59; (CHCHC); 129.42 (o‑CH); 129.13 (m‑CH); 131.82 (p‑CH)

5f
Me
20.96
22.63
32.7d,   JP‑C 7.4
78.91d, JP‑C 9.9
189.57d, JP‑C 3.5
33.58d, JP‑C 3 (CH3)

5g
Pr
20.98
22.66
32.69d, JP‑C 7.1
78.81d, JP‑C 9.6
192.72d, JP‑C 3.5
48.72d, JP‑C 2.5 (COCH2); 18.78 (CH2CH2CH3); 13.55 (CH3)

5h
Pri
21.02
22.69
32.7d,   JP‑C 7.3
78.82d, JP‑C 9.8
197.12
46.04 (CH); 19.15 (CH(CH3)2)

5i
But
21.03
22.7
32.69d, JP‑C 7.4
78.77d, JP‑C 9.9
199.7
49.45 (COC); 27.23 (C(CH3)3)

5j
(CH2)5CH
21.03
22.7
32.14d, JP‑C 7.1
78.77d, JP‑C 9.9
195.96
55.18 (COCH); 29.39 (CH(CH2CH2)2CH2); 25.45 (CH(CH2CH2)2CH2); 25.68 (CH(CH2CH2)2CH2)

5k
CH2OPh
20.99d, JP‑C 1.5
22.72
32.73d, JP‑C 7.6
78.95d, JP‑C 9.9
192.22d, JP‑C 3.1
73.62d, JP‑C 2.3; (CH2); 157.24 (CH2OC); 115.04 (o‑CH); 129.87 (m‑CH); 122.63 (p‑CH)

5l
CH2Ph
21.03d, JP‑C 1.5
22.77
32.7d,   JP‑C 7.1
78.85d, JP‑C 9.9
190.77d, JP‑C 4
52.93d, JP‑C 3.1 (CH2); 132.04 (CH2C); 129.88 (o‑CH); 128.98 (m‑CH); 128.04 (p‑CH)

5m
CHPh2
20.91d, JP‑C 1.5
22.69
32.62d, JP‑C 7.6
78.9d,   JP‑C 9.9
192.58d, JP‑C 4
67.65d, JP‑C 3.1 (CH); 137.09 (CHC2); 129.31 (o‑CH); 129.14 (m‑CH); 128.2 (p‑CH)

5n
(CH2)4COOMe
20.79
22.48
32.52d, JP‑C 6.8
78.69d, JP‑C 10.3
192.2d,   JP‑C 3.4
46.26d, JP‑C 3.4 (COCH2); 24.35 (COCH2CH2); 23.99 (COCH2CH2CH2); 51.64 (CH2COOMe); 173.47 (COOMe); 33.55 (COOCH3)

5o
CH2NPht
20.85
22.67
32.69d, JP‑C 7.6
79.36d, JP‑C 9.9
188.39
48.16d, JP‑C 3.8 (CH2); 167.21 (N(CO)2); 131.98 (N(COCCHCH)2); 134.85 (N(COCCHCH)2); 124.11 (N(COCCHCH)2)

5p
CH2CH2NPht
20.93
22.67
33.6d,   JP‑C 8.7
79.06d, JP‑C 9.6
190.59
44.51 (COCH2); 32.69 (CH2NPht); 168.06 (N(CO)2); 132.11 (N(COCCHCH)2); 134.49 (N(COCCHCH)2); 123.71 (N(COCCHCH)2)

Table S4. 1H NMR data for anhydrides 6, 7, 17.

No
R
aMe
eMe
aCH2O
eCH2O
R

6a
Ph
0.89s
1.39s
4.02dd, JH‑H 10.7

              JP‑H 24.4
4.2d,     JH‑H 10.7
8.21d, J 7.8 (o‑CH); 7.45t, J 7.8 (m‑CH); 7.64t, J 7.3 (p‑CH)

7b
p‑C6H4OMe
0.89s
1.36s
3.95dd, JH‑H 11.2

              JP-H 25.9
4.26dd, JH‑H 11.2

              JP-H 4
8.12d, J 8.8 (o‑CH); 6.87d, J 9.3 (m‑CH); 3.87s (OCH3)

7d
1‑Naphthyl
0.88s
1.33s
3.93dd, JH‑H 11.2

              JP-H 25.9
4.2d,      JH‑H 11.2
8.27d, J 8.3, 7.92d, J 8.4, 7.87d, J 7.8, 7.63d, J 7.3, 7.56t, J 6.8, 7.52t, J 6.8, 7.47t, J 7.8 (C10H7)

7i
But
0.88s
1.34s
3.93dd, JH‑H 11.2

              JP-H 25.9
4.14d,    JH‑H 11.2


1.44s (CH3)

17a
Ph
0.9s
1.37s
3.98dd, JH‑H 10.7

              JP‑H 25.9
4.29dd, JH‑H 10.7

              JP-H 3.4
8.04d, J 8.3 (o‑CH); 7.4t, J 7.8 (m‑CH); 7.59t, J 7.8 (p‑CH)

17d
1‑Naphthyl
0.91s
1.36s
3.96dd, JH‑H 10.3

              JP‑H 26.4
4.26d,    JH‑H 10.2


8.27d, J 7.8, 7.96d, J 7.3, 7.9d, J 7.3, 7.6d, J 6.8, 7.58t, J 9.8, 7.54t, J 8.8, 7.48t, J 7.9 (C10H7)

17i
But
0.89s
1.34s
3.94dd, JH‑H 10.7

              JP-H 25.9
4.19d,    JH‑H 10.7

              JP-H 3.9
1.45s (CH3)

Table S5. 13C NMR data for anhydrides 6, 7, 17.

No
R
aMe
eMe
C
CH2O
CS
R

6a
Ph
20.9
22.37
32.4d,  JP‑C 6.9  
78.46d, JP‑C 9.2  
201.86d, JP‑C 6.9 
138.16d, JP‑C 8.2 (CSC); 129.45 (o‑CH); 128.82 (m‑CH); 134.32 (p‑CH)

7b
p‑C6H4OMe
20.55
22.34
32.78d, JP‑C 7.2
79.01d, JP‑C 7.6
215.06
138.67d, JP‑C 7.6 (CSC); 129.98 (o‑CH); 113.91 (m‑CH); 164.88 (C‑OMe) 55.99 (OCH3)

7d
1‑Naphthyl
20.49
22.22
32.81d, JP‑C 7.3
79.1d,   JP‑C 7.3
224.13
145.79d, J 7.3, 126.88, 124.98, 131.26, 128.88, 128.67, 124.53, 124.83, 127.6, 133.89 (C10H7)

7i
But
20.55
22.28
32.75d, JP‑C 7.1
78.86d, JP‑C 7.1
241.28d, JP‑C 4.8
54.89d, JP‑C 6.5 (CSC); 31.4 (C(CH3)3)

17a
Ph
20.96
22.64
32.65d, JP‑C 7.3
78.91d, JP‑C 9.6
219.44
145.56d, JP‑C 5.5 (CSC); 128.73 (o‑CH); 127.32 (m‑CH); 133.6 (p‑CH)

17d
1‑Naphthyl
20.95
22.57
32.68d, JP‑C 7.3
78.96d, JP‑C 9.6
224.99d, JP‑C 3.7
145.84d, J 5, 126.88, 125.14, 131.15, 129.12, 128.62, 124.81, 124.85, 127.6, 133.9 (C10H7)

17i
But
20.99
22.62d, JP‑C 4.2
32.61d, JP‑C 7.1
78.67d, JP‑C 10.1
241.86d, JP‑C 4.2
55.07d, JP‑C 3.6 (CSC); 31.29 (C(CH3)3)

Table S6. IR data for anhydrides 5‑7, 17.

No
R
C=O ν[cm‑1]
P-O-C ν[cm‑1]
P-O-C ν[cm‑1]
P=S ν[cm‑1]

5a
Ph
1679
1043
985
668

5b
p‑C6H4OMe
1671
1043
991
690

5c
p‑C6H4NO2
1676
1042
990
679

5d
1‑Naphthyl
1680
1040
985
670

5e
CH=CH2Ph
1673
1041
984
684

5f
Me
1721
1045
990
684

5g
Pr
1744
1043
988
678

5h
Pri
1731
1046
991
672

5i
But
1703
1046
997
686

5j
(CH2)5CH
1732
1045
990
678

5k
CH2OPh
1728
1040
985
690

5l
CH2Ph
1742
1043
989
673

5m
CHPh2
1708
1043
986
685

5n
(CH2)4COOMe
1734
1046
995
679

5o
CH2NPht
1774, 1722
1044
989
690

5p
CH2CH2NPht
1774, 1717
1044
988
680



C=S
P-O-C
P-O-C
P=S

6a
Ph
1163
1044
990
684



C=S
P-O-C
P-O-C
P=O

7a
Ph
1181
1047
1002
1287

7b
p‑C6H4OMe
1176
1039
993
1290

7d
1‑Naphthyl
1140
1030
1001
1300

7i
But
1120
1056
1001
1288



C=S
P-O-C
P-O-C
P S

17a
Ph
1181
1042
985
678

17d
1‑Naphthyl
1140
1020
986
685

17i
But
1209
1045
992
678
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