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STUDIES ON ORGANOPHOSPHORUS COMPOUNDS¥

THIATION OF 3,1-BENZOXATHIAN-4-ONES. NEW ROUTES TO
1,2-BENZISOTHIAZOLE-3(2H)-THIONES AND 3H-1,2-BENZODITHIOL-3-
IMINES
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Abstract—3,1-Benzoxathian-4-ones, 2, when heated with 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphos-
phetane-2,4-disulfide, 1, or with P,S,, give one or more of the following products: 3,1-benzoxathian-4-
thione, 3, 1,3-benzodithian-4-one, 4, 1,3-benzodithian-4-thione, 5, and 3H-1,2-benzodithiole-3-thione, 6.
Compounds 2, when heated with primary and secondary amines and with hydrazines, give 2-
mercaptobenzamides, 7, and 2-mercaptobenzohydrazides, 8, or their corresponding disulfides, 7' and 8. 3H-
1,2-Benzodithiol-3-imines, which are in equilibrium with 1,2-benzisothiazole-3(2H)-thiones, (9A = 9B), are
prepared by two new routes: (a) by allowing 3 or 5§ to react with primary amines or hydrazines, (b) by

allowing 7, 8, 7' or 8’ to react with 1.

The reaction of aldehydes with 2-mercaptobenzoic
acid smoothly gives 3.1-benzoxathian-4-ones, 2' 3,
but no basic chemistry of 2 seems to be known. In our
search for acylating and thioacylating reagents it was
thought that the activated ester 2 and its thiono-
derivatives, 3 and 5§, would react with nucleophiles to
give acylated (thioacylated) products. We therefore
have reacted 2 with 2,4-bis(4-methoxyphenyl)-1,3,2,4-
dithiadiphosphetane-2,4-disulfide, 1, and with P,S,
to obtain 3-6. Compound 1 is a new thiation reagent,
which has been found to give very high yields of
products when reacted with ketones*, carboxa-
mides® ™%, esters!®, S-substituted thioesters'®,
compounds containing two carbonyl functions'®~ 3,
and different carbonyl-containing hetero-
cycles!!:12:14.15  Besides the thiation studies this
paper reports on the reaction of 2, 3 and 5§ with
nucleophiles and also on the reaction of 2-
mercaptobenzamides, 7, with 1 to give new unexpected
routes to 3H-1,2-benzodithiol-3-imines, 9A, and 1,2-
benzisothiazole-3(2H)-thiones, 9B. It is known® that
salicylic amides, when reacted with 1, produce salicylic
thioamides + P-heterocycles.

t Part XXXIII. Part XXXII, K. A. Jgrgensen, R. Shabana,
S. Scheibye and S.-O. Lawesson, Bull. Soc. Chum. Belg. 89, 247
(1980).

§ On leave from Faculty of Science, University of Tanta,
Tanta, Egypt.

RESULTS AND DISCUSSION

By refluxing 3,1-benzoxathian-4-ones, 2, with 2,4-
bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane-
2,4-disulfide, 1, in benzene or toluene, or with P,S,, in
toluene or xylene one or more of the following
products: 3,1-Benzoxathian-4-thione, 3, 1,3-benzo-
dithian-4-one, 4, 1,3-benzodithian-4-thione, 5, and
3H-1,2-benzodithiole-3-thione, 6, are isolated (Scheme
1). Based on earlier findings' ' 2 it is suggested that 2 is
thiated to give 3, which rearranges to 4, and a final
thiation then gives 5. Compound 6 is known to be
formed from the reaction of P,S;, with different
derivatives of 2-mercaptobenzoic acid'®~'®. We have
also isolated 6 in high yields from the reaction of 1 with
2-mercaptobenzoic acid, ethyl 2-mercaptobenzoate,
2,2'-dithiobisbenzoic acid, and diethy! 2,2'-dithiobis-
benzoate.

Compounds 2 have been allowed to react with
different types of nucleophiles but in our hands only
amines and hydrazines gave the aldehyde RCHO and
the reaction products: 2-Mercaptobenzamides,
7!°-27 2-mercaptobenzohydrazides, 82832, and the
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Table 1. Experimental data for the reaction of 3,1-benzoxathian-4-ones, 2, with primary and secondary amines

Products (% Yields)

Starting R’R"NH Reaction 2 g | 8 pn
C-NR'R -NR'R
compound R’ R"  time (h) @(SH (@S ) Mp. (°C)

. 2 e _
2a -H —@ 6 7d (29) 11019
23 =(CHy),-0-(CHy) o= 2.5 725 (32) 143°7
Y SH o =(CHy)g-CHy 7 2%a (58) 15946
b -H O 10 2’b (74) 2u9*®
Y N -cnz-© 0.2 77cP(49) 20646
2 -H H;©20 774 (46) 26819
ETR -4{::> 8 2% (55) 2887

He
& '(Cﬂz)?'o'(cﬂz)‘?‘ 1-5 2;5 (56)
2¢ -H —O 4.5 76 (76) 12447
2e -H -m2-© 0.7 2¢P (03) 1088
2c -H —@ 1.0 24 (30)

Ma)
2¢ -H —©12 2'e (39)

Mo
2¢ -(CHy) 5~ 1.3 2£ (89) 69°7
2¢ -(CHy)5-0-(CHy) - 3.5 2g (63)
24 -H -(CH2)5—0H3 4 2’a (58)

a) Anal. F: C 69.99, H 5.48, N 5.44, S 12.66. Calc. C 70.31, H 5.47, N 5.47, 3 12.50 %.

b)

corresponding disulfides 7’ and 8’ (Scheme 2, Tables 1
and 2). Sodium ethoxide, sodium phenoxide and
sodium benzyl sulfide only gave the hydrolysis product
2-mercaptobenzoic acid.

Compounds 3 and 5, being thioacylating reagents,
did not give the expected 2-mercapto-N-benzylthio-
benzamide (reported to be unstable3343; but see also
patent literature**) when reacted with benzylamine,
but a subsequent oxidation produced 9Ac = 9Bc
(route a). A by-product from the reaction of 3 (R = H)
and benzylamine is N,N’'-dibenzyl 2-mercaptobenz-
amidine, 10, characterized by 'HNMR, MS and
elemental analyses.

It is a well-known fact that 3H-1,2-benzodithiol-3-
imines, 9A (for R’ = alkyl, NH,) are in equilibrium
{(known as the Dimroth-rearrangement3% 4!} with 1,2-
benzisothiazole-3(2H)-thiones, 9B, whereas (for
R’ = aryl, NHR”, H, OH, OR, and acyl) 3H-1,2-
benzodithiol-3-imines, 9A, are the only isomers
found®3~*!, As the assignments of the two structures
9A and 9B earlier have been made by means of
'HNMR, IR, and UV spectroscopy>44® and X-ray
diffraction measurements*?, further comments are
unnecessary except that also 3 C NMR confirms the
structure of 9B as absorptions at § = 183.8—-185.3 ppm
corresponding to a thiocarbonyl carbon are observed.

In literature 7c and 7'c are sometimes confused.?9+33 33,38

Another route (b) to 9A 2 9B has also been devised:
Reaction of N-substituted 2-mercaptobenzamides, 7,
or the corresponding disulfides, 7', with 1in anhydrous
benzene at 80° or in HMPA at 100° gave as main
products 9A 2 9B. However, the N,N-disubstituted 2-
mercaptobenzamides (or the disulfides) when heated
with 1 or P,S,, under the same conditions as above,
only gave 3H-1,2-benzodithiole-3-thione, 6.

It should also be mentioned that 3 or 5, when reacted
with phenylhydrazine or hydroxylamine, gave the
known 9Ai and 9Aj, respectively. With 5 (R = ¢) and
phenylhydrazine also 4-phenylhydrazono-2-phenyl-
1,3-benzodithian, 11, was isolated as a by-product. The
proof of 11 is based on 'H NMR, !3C NMR, MS, and
elemental analyses.

SH s ¢
K
S
ﬁ-NH-CHz—w c”
I
N-CH,-¢ N-NH-¢

10 11
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Another new route (c) to 9Ah,i and 9Bh is that 2-
mercaptobenzohydrazides 8 (R'=H or ¢) or the
corresponding disulfides are reacted with 1 to give
9Ah 29Bh and 9Ai respectively. Also here no 2-
mercaptothiobenzohydrazide was isolated.

SH

1
C—~NHNHR'’ route ¢
I
0
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R
X
H NH, -R"’
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R
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1
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|
0
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Rl
a —(CHZ )5-CH3

IS
c —CH2~<:>

M

Q'©

In conclusion it can be stated that new synthetic
ways of preparing 9A = 9B have been worked out and
also that 3,1-benzoxathian-4-ones are suitable starting
materials for the preparation of 2-mercaptobenz-
amides and related derivatives.
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Table 2. Experimental data for the reaction of 3,1-benzoxathian-4-ones, 2, with hydrazines

Products (% Yields)

Starting HZN-NHR' Reaction S—NI{-N'HR’ 8-N}{-NHR' Mo. (°C)

compound R’ time (h) @SH @(S > P. '
2¢ -H 24 8°h (36) 2178
2¢ ~Ph 17 1 (56) 18647

Table 3. Experimental data for the reactions of 3 and 5 with primary amines and hydrazines and for 7,7',8and 8’

with 1
Starting Reacted Products Reaction
compound with (% yields) time (h)
3a PhCH,NH, 9ic - 9B (33)°° 0.5
2a PhNENH, A1 (75°% 5
b1Y BhCH,NH, 9ic - 9Bc (58) 0.5
b PhIHNH, 9ai (89} 2
3p NH,OH 9ai (e0)?®> o
5S¢ PhCH,NE, Qi - 93¢ (48) 0.5
Sc PhNHNE, 9ai 7 3.5
5S¢ NH,OH 9aj (82) 0.1
ay 1/8MPA 9ab - 98b (52)° 3.5
2c 1/HMPA 9ic - 9B8c (45) 1.5
7a 1/HVPA 9ad a3 1
iy 1AMpA 9ia - 98a (62)?1 4
Z2’e 1/HMPA/pY 9ic - 93¢ (54) 9
Ze 1MHMPA 2ie (19; 15
8’h  1/MMPA AR - 93h ( 5)77 18
2L 1MMPa 2ai (z0) 1
EXPERIMENTAL anhyd benzene or toluene or with 0.01 mole of P,S,, in anhyd

'H NMR spectra were recorded at 60 MHz on a Varian A-60
spectrometer. 3C NMR spectra were recorded at 20 MHz on
a Varian CFT-20 spectrometer. TMS was used as internal
standard and chemical shifts are expressed in §-values. CDCl;
or DMSO were used as solvents. IR spectra were recorded on
a Beckman IR-18 spectrometer. Mass spectra were recorded
on a Micromass 7070 F mass spectrometer operating at 70eV
using direct inlet. Elementary analyses were carried out by
Novo Microanalytic Laboratory, Novo Industry A/S, Novo
Allé, DK-2880 Bagsvaerd, supervised by Dr. R. E. Amsler.
Silica gel 60 (Merck) was used for chromatography. M.ps are
uncorrected.

Compound 1 was prepared as described earlier®.

3.1-Benzoxathian-4-ones, 2a-d, were prepared from 2-
mercaptobenzoic acid and the respective aldehydes according
to known procedures! 3. In *3CNMR of 2a-d the carbon
absorptions of the carbonyl groups were found in the range
161.3-164.2 ppm.

Reaction of 3,1-benzoxathian-4-ones, 2, with 1 and with
P,S,o. 0.01 mole of 2 was refluxed with 0.01 mole of 1 in

TET Vol. 36, No.22 -M

toluene or xylene until no more starting material could be
detected (tlc). The solvent was evaporated and the mixture
subjected to column chromatography on silica gel using
ether/light petroleum as eluant.

Reaction of 3,1-benzoxathian-4-one, 2a, with 1 (Shr). 3,1-
Benzoxathian-4-thione, 3a, yield 68 %, m.p. 67°. '*C NMR:
C2 70.2, C4 2049. (Found: C, 52.52; H, 3.26; S, 35.04.
CsHg0S, requires: C. 52.72; H, 3.32; S, 35.18%).

Compound 2a with P,S;, (4hr) yielded 11° of 1,3-
benzodithian-4-thione, Sa, m.p. 60°. '3C NMR: C2 32.6, C4
220.5 and 3H-1,2-benzodithiole-3-thione, 6, yield 27, m.p.
98° (lit.32 98°). 13C NMR: C3 216.3.

Reaction of 2-trichloromethyl-3,1-benzoxathian-4-one, 2b,
with 1 (16 hr). 2-Trichloromethyl-3,1-benzoxathian-4-thione,
3b, yield 28°/, m.p. 104°. 3CNMR: C2 91.6, C4 202.2.
{Found: C, 36.06: H, 1.67: C1,35.05: S, 21.74. C,H,Cl,08,
requires: C, 36.08; H, 1.68; Cl, 35.50; S, 21.40%).

Compound 2b with P,S,, (4 hr). 3b, yield 249, 6, yield
359%.

Reaction of 2-phenyl-3,1-benzoxathian-4-one, 2c, with 1
(16 hr). 2-Phenyl-1,3-benzodithian-4-thione, Sc, yield 39°,,
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m.p. 94°. 3 CNMR: C2 52.5, C4 219.2. (Found: C, 61.21; H,
361; S, 3494. C,;H,,S; requires: C, 61.27; H, 3.67; S,
35.05%). 6, yield 19%, '

Compound 2c with P,S, 4 (4 h): Sc, yield 35 %. 6, yield 159,
Reaction of 2-o-nitrophenyl-3,1-benzoxathian-4-one, 2d, with
1 (16 hr): 6, yield 33%.

Compound 2d with P,S;, (4hr). 2-o-Nitrophenyl-1,3-
benzodithian-4-thione, 5d, yield 29 %, m.p. 142°. 13C NMR:
C246.4,C4220.6. (Found: C, 51.73; H,2.92; N, 4.23; §, 29.95.
C,4HgNO,S; requires: C, 52.66; H, 2.82; N, 4.39; 5, 30.09 %).
6, yield 30%.

Compound 6 from 2-mercaptobenzoic acid, ethyl 2-
mercaptobenzoate, 2,2'-dithiobisbenzoic acid, diethyl 2,2'-
dithiobisbenzoate or 3H-1,2-benzodithiol-3-one. Same
procedure as above for the reaction of 2 with 1. Reaction time:
2-10hr, yields 78-98 %.

Preparation of 2-mercaptobenzamides, 7, and 2-
mercaptobenzohydrazides, 8. 0.01 mole of 2, and 0.03 mole of
amine or hydrazine were refluxed in 10 ml anhyd benzene
under N, until no more starting material could be detected
(tlc). After cooling to room temp the mixture was poured into
water and acidified with dil HCl. The two phases were
separated and the organic phase extracted with dil NaOH aq.
After neutralization the ppt was filtered off and dried.
Experimental and physical data are given in Tables 1 and 2.

Preparation of 2-mercaptobenzanilide, 7d, and 22'-
dithiobis(2,6-dimethylbenzanilide, 7'e. 0.02 mole of 2, and
anilinomagnesium bromide or 2,6-dimethyl-anilino-
magnesium bromide (prepared according to the procedure
given by Aksonova*®) were refluxed until no more 2 could be
detected (tlc). Working up of the products: same as above.

Reaction of 3,1-benzoxathian-d-thione, 3, and 13-
benzodithian-4-thione, 5, with benzylamine, phenylhydrazine
and hydroxylamine (route a). 0.01 mole of 3 or § and 0.03 mole
of the amine, hydrazine or hydroxylamine were refluxed in
anhyd benzene under N, until no more starting material
could be detected (tlc). The solvent was evaporated and the
mixture subjected to column chromatography on silica gel
using ether/light petroleum as eluant. Experimental and
physical data are given in Table 3.

For 3a with benzylamine a by-product, N,N’-dibenzyl-2-
mercaptobenzamidine, 10, was isolated, m.p. 184°. (Found: C,
75.10; H, 6.03; N, 8.49;8§,9.69. C,, H,(N,S requires: C, 75.90;
H,6.02; N, 8.43;8,9.64 %). MS: m/e 332 (M ™, 52 %). Another
by-product was 7'c. :

For 8¢ with phenylhydrazine 4-phenylhydrazono-2-phenyl-
1,3-benzodithian, 11, was isolated as a by-product, m.p. 148°.
13CNMR: C2 50.3. (Found: C, 68.29; H, 4.59; N, 8.00; S,
18.34. C,oH (N,S, requires: C, 68.96; H, 4.59; N, 8.04; S,
18.36%). MS: m/e 348 (M*, 100 %).

Reaction of N-substituted 2-mercaptobenzamides, 7, 2-
mercaptobenzohydrazides, 8, or their disulfides, 7'and 8', with
1 (route b). 0.01 mole of 7,8, 7 and 8’ and 0.01 mole of 1 were
heated in anhyd benzene (80°) or in HMPA (100°) until no
more starting material could be detected (tic). The solvent
was evaporated and the mixture subjected to column
chromatography on silica gel with ether/light petroleum as
eluant. The experimental data are given in Table 3.

For 7f, and 7g, under the same reaction conditions only 6
was isolated in 729 and 75 9 yield, respectively.
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