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Abstract-2-Hydroxybenzoic acid heated with ZA - bis(4 - methoxyphenyl) - 1,3,2,4 - dit~~dip~sphetane - 2,4 - 
disulfide, 1, gave 2 - (p - methox~~nyl) - 4f? - I.32 - ~~xathiaphosphorin - 4 - one 2 - sulfide, 3, and its 
thiianalogue, 4, while its ethyl or phenyi esters gave 4 as the sole product. 2 - Mercaptohenzoic acid and its ethyl 
ester when heated with 1 produced 3& - 12 - ~~~ithiole - 3 - one, 8.38 - 1.2 - ~~ith~le - 3 - &one, 9, and 2 
- (p - methoxyphenyl~ - 41j - I,32 - henzodithia - phosphorin - 4 - one 2 - sulfide, 10. The reaction of 2 - 
aminobenzoic acid with 1 gave I3 - dihydro - 2 - (p - methoxyphcnyl) - 4fj - 3J.2 - henzoxaphosphorin - 4 - one 2 - 
sulfide. 12. Reactions of 1 with methyl 2 - aminohenzoate and 2 - aminohenzamides are described. Mechanistic 
considerations for the formation of the hcterocyclic phosphorus compounds are presented, 

It has been found that 2.4 - bis(4 - methoxyphenyl) - 
1,3,2,4 - dithiaphosphetane - 2,4 - disulfide, 1, is a most 
effective thiation reagent for ketones,2 carboxamides,2“ 
esters,a’O S-substituted thioesters: lactones,” lactams,‘2 
imides,” enaminones,13 hydrazides’. and hydrazones.15 

H,co+J-~<~:;-@oc”, 
S t - 

The reagent 1 is easily available and undergoes also 
two ring-closure reactions with substrates containing 

functional groups.‘“~‘5 To extend the use of 1 to other 
bifunctional substrates, its reaction with 2 - hydroxy-, 2 - 
mercapto-, and 2 - amino&r&c acid and their deriva- 
tives has been investigated and found to give new phos- 
phorus heterocycles. Our results are reported in this 
paper. 

RJiSULTs AND DISCUSSION 

By reAuxing 2-hydroxy~nzoi~ acid, Za, with f in 
anhydrous toluene at 1loP two new phosphorus hetero- 
cycles, 2 - (p - methoxyphenylj - 4Ij - I.32 - benzoxathia - 
phospho~n - 4 - one 2 - sulfide, 3, (high yield) and its 
thioanalogue, 4. (low yield) are formed. 
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ton leave from Faculty of Science, University of Tanta, 
Tanta, Egypt. 

At higher temperature (140” in anhydrous xylene), the 
reaction between ethyl 2 - hydroxybenzoate, 2b, and I 

gave 4 in 40% yield besides diethyl - 4 - methoxyphenyl- 
phosphonotrithioate, 9~‘~ 

s S-R 

HP 0 -u II/ 
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a.R=CH, 

b.R=C?H, 

The highest yield of 4 (81%) was found when using 
phenyl 2 - hydrox~n~ate, k at lru)” in anhydrous 
xylene. 

The structural proofs for 3 and 4 use spectroscopic 
data and elemental analyses. The IR spectrum of 3 
showed a strong absorption band at WOcm-’ (GO). In 
the ‘% NMR spectra the carbonyl carbon of 3 absorbs at 
180.7 ppm and the thiocar~nyl carbon of 4 at 212.6ppm. 
The mass spectra of 3 and 4 showed m/e 322 (W) and 
338 (I@), respectively. In the 31P NMR spectra the 
chemical shifts of 3 and 4 were found at 84.3 and 
78.3 ppm, respectively, which is in accordance with other 
compounds containing the following structure:“’ 

As to the formation of 5h it is suggested that the 
ethanol, formed from the ringclosure reaction (Scheme 
I), will react with 1 to give a I : I-adduct, which then by a 
not too-well understood reaction will give the final 
product. The reaction between hydroxy compounds and 
i and other similar reagents is known.‘*= 

Compound 3 was also refluxed in CCL for 30 hr but 
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the starting material was recovered and no rearrange- 
ment*’ was observed: 

i/OR’ n i/OR 
R-F-S-PN _ R-C-O-P, 

0 
OR’ 

! 
OR’ 

The reaction of equimolecular amounts of 2 - mercap- 
tobenzoic acid, 78, with 1 in anhydrous toluene at 110” 
gave the following products: 3H - 12 - benzodithiole - 3 - 
one, 8,** 3H - 12 - benzodithiole - 3 - thione, 9,*‘-= and a 
new phosphorus heterocycle, 2 - (p - methoxyphenyl) - 
4H - 1,3,2 - benzodithiaphosphorin - 4 - one 2 - sulfide, 
10. 

a 0 
SH 1 - 
i-0” 

0 
X 

7 a.R=H 

b,R=C,H, 

10 - 

In the reaction of 7a (1 mole) with excess of 1 
(2 moles) in anhydrous toluene at I IO”, 8 was not isolated 
while the yield of 9 increased (due to thiation of 8) but 
the yield of 10 did not change. Compound 9 was also 
obtained in high yield by reacting ethyl 2 - mercap- 
tobenzoate, 7b, with I in anhydrous xylene at 140”. In 
addition also Sb and 10 were isolated. The formation of 8 
and 9 has also been observed in the reaction of P,!& 
with different derivatives of 2 - mercaptobenzoic acid.* 
26 

The structural proof of 10 is based on IR, ‘H, 13C, “P 
NMR and mass spectroscopy and elemental analyses. In 
the IR spectrum a strong absorption at 1670cm-’ (C=O) 
was observed. In the “C NMR spectrum the carbonyl 
carbon absorbs at 187.0ppm and in “P NMR spectrum 
there is a singlet at 63.8 ppm. Its mass spectrum showed 
m/e 322 (W). 

The reaction of 2 - aminobenzoic acid, 11, with 1 in 
anhydrous benzene at 60 or 80” yielded I,2 - dihydro - 2 - 
(p - methoxyphenyl) - 4H - 3,1,2 - benzoxazaphosphorin - 
4 - one 2 - sulfide, 12, (no thiation was observed). 

a NH, 
0 

;-OH 
0 

0 

n 12 - 

The structural proof of 12 is based on IR, ‘H, ‘% and 
3’P and mass spectroscopy. In the IR spectrum strong 

absorptions at 1750cm-’ (O-GO) and 32OOcm-’ (NH 
stretching) were observed. In the ‘H NMR spectrum 
there are a singlet at 3.8 ppm (3H, OCH,) and a doublet 
at 9.35 ppm (lH, JPH 16 Hz) NH. In the “C spectrum, 
the carbonyl carbon absorbs at 170.2 ppm and in the “P 
NMR spectrum there is a singlet at 77.7ppm in ac- 
cordance with other compounds containing the following 
structure:‘7b 

Its mass spectrum showed m/e 305 (W). 
On the other hand, at elevated temperature (140”, 

xylene) the reaction of methyl 2 - aminobenzoate, 13, 
with 1 produced 1.2 - dihydro - 2 - (p - methoxyphenyl) - 
4H - 3,1,2 - benzothiazaphosphorin - 4 - thiope 2 - sulfide, 
14, and dimethyl - 4 - methoxyphenylphos- 
phonotrithioate, Sa. 

a 0 

0 

13 14 - - 

The structural proof of 14 is based on ‘H NMR and 
mass spectroscopy. In the ‘H NMR there is a singlet at 
3.8 ppm (3H, OCH,) and a doublet at 9.5 ppm (IH, lPH 
15 Hz) NH. Its mass spectrum showed the mass peak at 
m/e 337 (W). The structure elucidation of Sa is based on 
‘H, 13C, and “P NMR, mass spectrometry and elemental 
analyses. Its ‘H NMR spectrum contains a doublet (3H 
and 3H) at 2.3ppm corresponding to the two (SCH,) 
group protons, one singlet (3H) at 3.85ppm (OCH,). In 
the ‘C NMR spectrum there is one methyl signal at 
15.3 ppm (‘Jo 3.5 Hz, SCH3).n In the “P NMR spec- 
trum there is one singlet at 83.5 ppm also in accordance 
with literature data for the following structure.a19 

-s s 
\p// 

-S’ ‘R 

The mass spectrum of Sa showed peaks at m/e 264 (W) 
and m/e 217 (W-SCH,, base peak). 

As to the mechanism for the formation of the p- 
heterocycles 3, 4, 10 and 14 (Rf H) it is suggested 
(Scheme 1) that a nucleophilic attack on 1 gives A, 
followed by ring closure and expulsion of the alcohol 
(ROH) to give I$ Subsequent thiation produces C. When 
R = H (Y = 0 or S) the same mechanism as above is 
suggested, but with anthranilic acid it is assumed that the 
carboxylate of the betaine, 11’ attacks 1 on phosphorus 
giving a salt, which at elevated temperature loses H,S’ to 
give 12. 

By reacting 2-aminobenzamide, Ha, and 2 - amino- 
cyclohexylbenzamide, lSb, with 1 the respective phos- 
phorus heterocycles, 22 - dihydro - 2 - (p - methoxy- 
phenyl) - I$,2 - benzodiazaphosphorine - 4 (IH) - thione 
- 2 - sulfide, Ma and 16b were formed. 

The structural proof of 16 is based on spectroscopic 
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Scheme 2. 
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data and elemental analyses. In Ma the lR spectrum 
(KBr) showed absorption band at 326Ocm-’ (NH-P-) 
stretching frequency and a band at 315Ocm-’ (NH-C-) 
stretching frequency.m The IR spectrum (film) of Mb 
showed a band at 3300 cm-’ (broad) corresponding to the 
NH stretching frequency.W In the ‘H NMR spectra of 
1611 and 16b there are singlets at 3.80 and 3.85ppm 
corresponding to the OCH, group protons, respectively. 
In 16b there is a multiplet at 0.7-1.8 ppm (lOH, cyclo- 
hexyl group) and a multiplet at 2.62.8ppm (lH, CH 
proton). In “C NMR of 16a and lib the thioabonyl 
carbon at 194.6 and 1%.4ppm, respectively. The “P 

NMR spectra showed a singlet at 48.4 and 515ppm 
corresponding to the absorption of 16a and Mb, respec- 
tively, which is in accordance with other compounds 
containing the following structure:” 

3 
\ 2 

:N 
jp\, 

Concerning the mechanism for the formation of 16~ 
and 16b the following is suggested: 
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Scheme 3. 

EXP-AL. 

‘H NMR spectra were recorded at 6OMHz on a Varian EM- 
Also “P chemical shifts are reported positive low field to 

360 spectrometer. “C and “P NMR spectra were obtained 
(external) HQO,. IR spectra were recorded on a Beckman IR-l8A 
spectrometer. Mass spectra were recorded on a Micromass 7070 

on a Varian WI’-20 instrument at 20.14 and 32.19MHz, F mass spectrometer operating at 70eV using direct inlet. Ele- 
respectively. CDCI, was used as solvent and TMS as internal 
reference standard. Chemical shifts are expressed as S-values. 

mentary analyses were carried out by Novo Microanalytical 
Laboratory, Novo Industri A/S. Novo AI&, DK-2880 Bagsvaerd. 

Table I. Experimental and analytical data of the products 

sterting Reaction Reaction Yield Analyses Calc./Found (46) 

Compound Product Time (h) solve& Temp. (“c) (S) 

e 9 34 T 110 72 98 52.17 3.42 9.62 19.90 
52.20 3.64 9.39 18.72 

4 10 102 49.70 3.25 9.17 2H.40 

49.70 3.32 9.87 28.37 

a 4 2 X 140 40 

2 7 oil” 

c k 2) X 140 01 

iv 8 3 T 110 15 78=0 

e 52 94.4 

‘0 32 130 49.70 3.25 9.17 28.40 
50.51 3.30 9.06 27.60 

zEb e 2 T 110 75 

lo 30 

i!!? z 2 X 140 10 

1 80 

3 33 

11 Jz 2f B 60 50 168 (0) 

12 a 2f X I40 31 Oil 40.91 4.92 11.74 36.36 
41.33 4.96 10.36 37.20 

L!! 10 135 

a - 16a 24 B 25 24 95= 52.44 4.06 9.69 20.00 
51.92 4.08 9.32 19.99 

LA!? 16b 6 - T 110 20 11Q (*) 

a) & (1 mole) + 1 (1 mole) 

b) (1 mok,&rZ mobl) 

c) fN;Calc. 8.75, Found 8.81s) 

d) T I to1uen*, x = xylone. B I benzene 

0) n.s. 
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