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R. SHABANA**, H. J. MEYERb and S.-0.  LAWESSON' 

"National Research Centre, Dokki, Cairo, Egypt 
'Cheminova, A / S, Box 9, DK- 7620, Lemvig, Denmark. 

'Department of Organic Chemistry, Chemical Institute, University of Aarhus, 
Denmark (Deceased) 

( Received May 14, 1985; in final form June 13, I985 ) 

The reaction between nitriles and 0.0-dialkyldithiophosphoric acid (2) under anhydrous conditions 
produces 0,O-diethyl-N-thiobenzoylamidophosphate (5). contrary to literature. When water is present the 
same reaction gives the corresponding thioamides in reasonable to good yields. Mechanistic considera- 
tions and spectral data are presented for the products. 

INTRODUCTION 

In connection with our investigation on new thioacylating reagents, prepared accord- 
ing to the following transformation.* 

S 
II 

S Il 
II 

\ 
R - C - S - P - O R  R - C - 0 - P - O R  

\ s Od ! O R  

Certain limitations were encountered, which we thought could be circumvented by 
adding 0,O-dialkyldithiophosphoric acid (2) to nitriles under anhydrous conditions 
to give the suggested isolable 1 : 1 adduct (3).3*4 Subsequent reaction of 3 with H,S 
would then give a thioacylating reagent, 4. (Scheme 1). 

*Author to whom all correspondence should be addressed. Present address: Department of Organic 
Chemistry, University of Umeh, S-901 87 UMEA, Sweden. 
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II 
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= 2 - C hlorophenyl C3H,..iso 

S S S S 
I II n I 

R-C-NH-P (OR-), R-C- S-P (OR-), 

4 5 
+ 

S 
II 

R-C - NH, 

6 
SCHEME 1 

However, it was not possible to confirm earlier w ~ r k , ~ . ~  compound 3 was not 
isolated but instead the rearrangement product, 5, was the main product. "his paper 
will report on the reaction between 1 and 2 under anhydrous conditions to give 5 
and with water present to give thioamides. 

TABLE I 

Experimental. reaction conditions and the products of the reaction of 
0,O-dialkyldithiophosphoric acid, 2, and nitriles 

Molar Ratio Reaction Reaction Products X 
Starting 1 : 2  time (h) temp ("C) 5 6 

C,H,CN + 2a 1:l 24 20 12 22 
C6H,CN + 2b 1 : l  2 80 28.6 5.8 
C6H,CN + 2b 2 :  1 2 80 58 9.1 
C6H,CN + 2b 1 : l  22 80 12 26.5 
2-CIC6H4CN + 2b 1 : l  107# 20 19.5 10.5 

C6H,CN + 2c 1 : l  98 20 44.5 28.4 
43 - CICH,CN + 2b 2 : l  39 0 

Notes to table I: 2a. R = CH,; b, R = C,H,; c, R - 2-C3H,. 
§The reaction times in days. 
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NITRILES AND (R0)2P(S)SH 299 

RESULTS AND DISCUSSION 

0.0-Dialkyldithiophosphoric acid (2, R' = C,H,) was reacted with benzonitrile (1, 
R = phenyl) in equimolecular amounts at 80°C for 2 hrs to give 29% 0,O-diethyl- 
N-thobenzoylamidothiophosphate, 5, and 6% of thiobenzamide, 6, (Table I). A 
byproduct, tetrathiophosphoric anhydride- P'-0,s-diethyl ester-P2-0,s-diethyl ester 
(7), was formed at longer reaction time. 

P-O- P 

/ \ 

7 

The structure of the products 5 and 6 has been confirmed by, (Table 11-IV) 
analytical results, derivatives and spectral data. Compound 7 gave M t  (354), the 
phosphorus chemical shift is at 6 94.5 ppm. Compound 6 (R = Ph) is known from 
literature.' The yellow product 5 (R = phenyl, R' = C2H5) exhibits a doublet (1 H) 
at 8.05-8.17 ppm ( *JPNH 14 Hz), which compared to ,JPNH 10 Hz for 0,O-diphenyl- 
N-phenylamidophosphate6 is quite reasonable for structure 5. The size of the 
coupling conistant makes structure 3 improbable, especially as 13C NMR also shows 
an absorption at 6 202.4 pprn which well known for the thiocarbonyl carbon of 
thioamide.'.' The 31P NMR of 5 was found at 6 61.0 ppm which is in accordence 
with earlier findings.' In UV a strong absorption was found at 280 nm (logl = 4), 
typical for thoamide chromophore. In the mass spectra the expected fragmentation 
pattern was noticed. Also negative ion mass spectra has been investigated. Com- 
pound 5 is easily soluble in base and can be extracted from an ether phase by 1 M 
NaOH. Methylation of the tetrabutylammonium salt of 5 (R = phenyl, R = C,H,) 

TABLE I1 

UV and IR Data of Compounds R-C(S)-NH-P(S)(OR), 5, R-C- N -P(S)(OR),, 8. 

4 CL, 
and R--CtS)-NH--P(O)(OR)2 , 12 

UV(CHC1,) IR(CHCI, .cm-')  

Compound R R' nm 1% N H  c=s 
5 Ph Et 280 4.06 3380 1430 
5 Ph Me 295 - 3380 1430 
5 Ph i-C,H, 280 4.01 3400 1420 
5 2-C1-C6H4 Et 288 3.96 3400 1420 
8 Ph Et 278 - 

12 Ph Et 256 3.95 3360 - 
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gave 8 in quantitative yield. 

1 -K,H,&HSO~ S S 
oc 2H5 il II , OC,H, 

2 - NaOH C 6 H 5  - C-N-P , S 
1 - 

I 0C2H5 
C,HS - C -- NH - P 

\ C H , I  CH, 
oc 2 "5  

5 

J 

8 

13C NMR of 8 exhibits absorption at 2iO.O ppm and by comparison with the 
13C NMR of thiobenzanilide, 9, and its N-alkylated derivatives, 10, proves the 
structure of 8. 

s 
S I I  

C6H, - C- 
/ 

N-C6H, 
I 

/ CH -CH = C  h2 
206.8 

9 10 

As a conclusion we have to state, that the reaction of 0,O-diakyldithiophosphoric 
acids and nitriles produces compounds of the type 5.  It should be added, that 
making attempts to optimize the reaction, we have found an improved yield when 
1/2 = 2. (Table I). 

The mechanism for the formation of 5 from 1 + 2 is indicated in Scheme 1. After 
the addition of the S-acid to the nitrile function, 3 is formed but not isolated. The 
subsequent S + N rearrangement (transphosphorylation) produces the final prod- 

TABLE V 
Experimental and reaction conditions of the reaction of 0,O-Diethyldithiophosphoric acid and Nitriles 

in presence of water 

Starting Molar Ratio Reaction time Reaction temp. Yield M.P. 
Amide 1 : 2 : Water (hr) ("C) (W) ("C) M.P."' 

PhCN 

PhCH,CN 
PhCH2CH2CN 
2-CIC6H4CN 
2-OHCb H4CN 
4-OHC, H, CN 
4-NO& H, CN 

CI-CH,CN 
Hexannitrile 

CH,CN- 
PhCH(CN)COOC, H, 
CH,(CN)COOCH, 

2 : l : l  
2 : l : l  
1 : l : l  
2 : 1 : 2  
2 : 1 : 2  
1 : l : l  
2 : l : l  
1 : l : l  
1 : l : l  
1 : l : l  
1 : l : l  
2 : 2 : 1  
1 : l : l  
1 : l : l  
1 : l : l  

24 
336 

1 
1.5 

336 
6 

384 
6 
1 
1 
6 

72 
6 
6 
6 

22 
22 
80 
80 
22 
80 
20 
80 
80 
80 
80 
2 

80 
80 
40 

49.6 
58.7 
82.5 
73.0 
44.5 
46.0 
65.0 
80.0 
78.0 
97.0 
42.0 
55.0 
45.0 
92.0 
56.0 

1 1 6 7  
- 

~ 

96 
84 
62 

175 
155 

49-51 
77-78 

loell1 
118-119 
76-78 

115-7 

116-7' 
- 

- 

9814 

62-312 
117-8'' 

175" 
157" 
51LR 

78-7913 
115-619 
12120 
792' 

- 

*New compound with the following microanalysis: Calc. C, 65.54; H, 6.73 N, 8.47; S,  19.35. Found: C, 
65.45; H, 6.67 N, 8.49; s, 19.39. 
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uct 5. As to similar rearrangements attention should also be drawn to work on 
isonitriles” and N, N-dialkylcyanamides.” 

When nitriles 1 (1 mole), 0,O-diethyldithiophosphoric acid 2 (1 mole) and water 
(1 mole) are mixed and allowed to react for 1 4  hours the corresponding thioamides 
are formed in reasonable to high yield (Table V). 

It is noted, that an ethoxycarbonyl group and substituents (Cl, OH, NO,) on a 
benzene ring remain unchanged under these reaction conditions. At lower reaction 
temperature, longer reaction time is needed, and with chloroacetonitrile a reaction 
temperature of 0-2°C is necessary. Both sulfur atoms of 2 are used in this type of 
reactions. Benzonitrile (0.01 mole), 2 (R’ = C2H5,0.005 mole) and water (0.01 mole) 
at 8OoC for 1.5 hr produce 73% of thioamide. Compound 5 (R = C6H5, R’ = C2H5) 
is formed, in the presence of water when benzonitrile (0.05 mole), 2 (R’ = C2H5, 
0.025 mole) and water (0.025 mole) were kept at room temperature for 24 hrs to give 
49% of thioamide and 3.8% of 5 (R = C6H5, R’ = C2H5). Somewhat unexpected 
results were observed when benzonitrile, 2 (R’ = C,H,) and water (ratio 2 : 1 : 1) 
were allowed to stand for 14 days and nights at 22°C. Besides the thioamide and 5 
also 0,O-diethyl-N-thiobenzoylamidophosphate 12, (Scheme 2) was isolated. The 

0 

route 1 

s 

1 I 

R C - N  

I 

R -C=NH 1 

I 
S P ( OR*) , 

I I  
S 

r 
3 

I I  H,O 
R - C - - N H - - P ( O R I ~  

I1 
5 

route 2 

HZO 

S 

5 
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structure of 12 has been proved by IR, UV, NMR ('H, 13C and 31P) and microanaly- 
sis. In the IR Spectra absorption bands at 3360 cm-' for NH, 1256 cm-' for free 
P=O and 1035 cm-' for P-0-C,H,. In the 'H NMR the NH proton resonates at 
9.1-9.5 ppm (d) with ,,IpH = 10 Hz. In the I3C the C=Sabsorbs at 204.1 ppm 
(Table 11, 111, IV). 

As to the mechanism for the formation of thioamides, 6, routes 1 and/or 2 are 
possible (Scheme 2). As 5 hydrolyses very slowly we suggest route 1 to be dominat- 
ing. The 0,O-diethylthiophosphoric acid 11, has not been isolated but its reaction 
product with benzonitrile has been found (see below). The formation of 12 (Scheme 
2) is suggested to occur by addition of 11 (the P-SH tautomer) to the nitrile 
followed by a rearrangement, which has been proven by an independent synthesis 
when authentic 11 was used. 

EXPERIMENTAL 

'H  NMR spectra were recorded at 60 MHz on a Varian 360 spectrometer. 13C and "P NMR spectra 
were recorded at 20 and 32 MHz, respectively, on a Varian CFT-20 spectrometer. TMS was used as 
internal standard and chemical shifts are expressed in 6-values. "P chemical shifts are related to 85% 
H,PO, . CDCI,, CCI,, (CD,),CO or DMSO-d, were used as solvents. IR spectra recorded on a 
Beckmann IR-18 spectrometer. Mass ' spectra were recorded on a Micromass 7070F spectrometer 
operating at 70 ev using direct inlet. Silica gel 60 (Merck) was used for chromatography. M.Ps are 
uncorrected. U.V. spectra were recorded on a Perkin-Elmer 402 spectrometer. 

1) Reaction of Benronitrile + 0.0-diethyldithiophosphoric acid (ar reflux temperature). a) 1.03 g (0.01 
mole) of benzonitrile were mixed with 1.86 (0.01 mole) of 0,O'-diethyldithiophosphoric acid and heated 
for 2 hrs at 8 0 ° C  separation on silica gel column gave 0.08 g (68)  of thiobenzamide, m.p. 115-116°C 
(lit.' 116-117). 0.83 g (29%) of 5 (R = C,H,, R = C2H,), m.p. 68°C. 

b) 2.06 g (0.02 mole) of benzonitrile + 1.86 g (0.01 mole) of 0.0-diethyldithiophosphoric acid as 
above, yield 1.69 g (58%) of 5 (R = C,H,, R - C,H5), and 0.1 g (9.1%) of thiobenzamide. 

c) 1.03 g (0.01 mole) of benzonitrile and 1.86 g (0.01 mole) of 0.0-diethyldithiophosphoric acid were 
kept at  80°C for 22 hrs to give 0.20 g (128) of O,O-diethyl-N-thiobenzoylamidophosphate5.0.25 g (27%) 
of thiobenzamide 6 and 0.75 g of 7. The physical data of compound 7 are: 'H  NMR: at 6 1.28-1.43 (12 
H, t, 4 CH,), 6 2.88-3.22 (4 H, dq. 2 CHZS), 3.99-4.33 (4H, dq, 2 CH20). ?IPSCH = 16 Hz. "PNMR: 6 
94.5. MS: M+ 354. IR: P-0-C,H, 1025 cm-l, P=S 665 cm-'. 

2) At  room temperature. 5.15 g (0.05 mole) of benzonitrile and 4.65 g (0.025 mole) of 0,O-diethyldi- 
thiophosphoric acid were kept at room for 14 days and nights. The mixture was dissolved in ether and 
extracted with 2 X SO ml 1 N NaOH. Addition of petroleum ether to the dried ether phase precipitates 
0.32 g of thiobenzamide. The basic H,O-phase was acidified with 4 N HCl, extracted with ether (2 x 100 
ml), and the combined ether phases washed with water, dried (MgSO,), concentrated and applied to 
column chromatography to give 4.24 g (59%) of 5 (R = C,H,, R = C,H,) and another 0.24 g ol 
thiobenzamide. 

Methvlation of compound 5, preparation of 8. 0.24 g (0.001 mole) of tetrabutylammonium hydrogensul- 
fate, 0.08 g (0.002 mole) of NaOH were dissolved in 20 ml H 2 0 ,  0.289 g (0.001 mole) of 5 (R = C,H,, 
R = C,H,) was dissolved in 20 ml chloroform and the solutions were mixed with stimng. Then 0.141 g 
(0.001 mole) CH,I was added and stirring continued for 0.5 hr. The CHCI, phase was separated and 
dried (MgSO,). After removal of CHCI, ether was added and the precipitated tetrabutylammonium 
iodide was removed by filteration. From the ether phase was isolated 0.30 g (99%) of 8 (R = C,H,, 
R - C,H,), n$ - 1.5835. 

Compound 5 ( R  = GH,, R - CH,). A mixture of 1.13 g (0.011 mole) of benzonitrile and 1.58 g (0.01 
mole) of 2 (R = CH,) are kept at room temperature for 24 hrs, when 2 is consumed completely. The 
usual work-up gives 0.30 g (22%) of thiobenzamide and 0.32 g (128) of the title compound. The reaction 
gives a complex mixture at 80-10O0C. 
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NITRILES AND (RO),P(S)SH 305 

Compound 5 ( R  = C, U s ,  R = 2-Prop.yl). 5.15 g (0.05 mole) of benzonitrile and 10.7 g (0.05 mole) of 2 
(R = 2-propyl) were mixed and kept for 19 days at room temperature. 50 ml ether are added and 
extracted with NaHC0,-solution. The ether phase is dried (MgSO,) and after the ether is stripped off, 
ether-petroleum ether (1/9) is added and 0.99 g of thiobenzamide precipitates. The organic phase is 
concentrated and by using column chromatography 5.08 g (46%) of the title compound, m.p. 60°C. are 
isolated. Also 1.50 g benzonitrile was recovered and more thiobenzamide (0.37 g) separated. 

Compound 5 ( R  = 2-chlorophenyl, R = C2 H 3 ) .  4.83 g (0.05 mole) of 2-chlorobenzonitrile and 4.65 g 
(0.05 mole) of 2 (R’ = C,H,) were mixed together and kept for 107 days at room temperature. The same 
work-up as above yield 1.64 g (19.5%) of 5 (R = 2-chlorophenyl. R’ = C2Hs) m.p. 35°C and 0.18 g 
(10.58) of 2-chlorothiobenzamide, m.p. 62°C (Lit.” 62.5 - 3°C). 

Reaction ofchloroacetonitrile with 2 (R‘ = C2 H 3 ) .  3.78 g (0.05 mole) chloroacetonitrile and 4.65 g (0.05 
mole) of 2 (R’ = C,HS) were allowed to react for 3 days at 0-2°C to give after working up of the 
reaction 1.18 g chlorothioacetamide (43%) m.p. 77°C (lit.” 78-79°C). and 1.1 g from another compound 
which seems from NMR that (C,H,O),P(S)CH,CN. 

Reuction of 0.0-diethvldithiophosphoric arid with nitriles in presence of water. The starting nitrile and 
0,O-diethyldithiophosphoric acid were mixed together in presence of water and heated or leaved at room 
temperature (22OC). The molar ratio of the reactants, reaction times, reaction temperature and the yield 
are listed in Table V. After the reaction has been completed (TLC), the reaction mixture was extracted by 
ether, washed by NaHCO, and dried over MgSO, to give the thioamide product. 

Note. In case of the reaction of benzonitrile, 2 (R’ = C,H,) and water in ratio (2 : 1 : 1) (entry 2 in 
Table V) besides the thioamide 6 and 5 (4.2%) also 0,O-diethyl-N-thiobenzoylamidophosphate 12 was 
formed in 4.1% yield, m.p. 116-7°C its physical data (Tables 11, 111, IV). 
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