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ORGANOPHOSPHORUS COMPOUNDS, XXXV. 
REACTION OF ALKYL PHOSPHlTES WITH 

AND ITS ANILS 
BENZO[ b]THIOPHENE-2,3-DIONE 

M. M. SIDKY, W. M. ABDOU and N. M. ABD-EL RAHMAN 

National Research Centre, Dokki-Cairo, Egypt 

(Received November 4, 1982; in final form March I, 1983) 

Dialkyl phosphites convert benzo[b]thiophene-2,3-dione (3) into the corresponding 2,3-dihydro-2- 
oxobenzo[ bI-thien-3-yl dialkyl phosphates (4). Trialkyl phosphites effect the reductive dimerization of 3 
yielding isothioindigo (9). Trialkyl phosphites react with thianaphthenequinone anils (lo), in the presence 
of a protonating agent, to give the respective dialkyl-2-(arylamino)benzo[b]thien-3-y1 phosphates (12). 
Structural assignments are based on analytical, chemical and spectroscopic evidence. 

It has been shown' that dialkyl phosphites react with isatins to form the correspond- 
ing dioxindole-3-phosphonic esters (1). Trialkyl phosphites, on the other hand, effect 
the conversion of isatins into colorless 2 :  1 adducts having the cyclic saturated 
oxyphosphorane structure (2). 

1 2 
, R = Xlkyl and 

3 R'= H OT CH 

Since benzo[ b]thiophene-2,3-dione (3) bears formal analogy to isatin and also 
shows the chemical properties associated with both a-diketones and thiolactones,* it 
seems therefore worthwhile to investigate its behaviour towards the action of these 
phosphite esters. 

RESULTS AND DISCUSSION 

Dimethyl- and diethyl phosphites react with benzo[b ]thiophene-2,3-dione (3) to give 
colorless crystalline addition compounds, assigned structure (4). Correct analytical 
values were obtained for the new compounds (44 b) and their molecular weights 
(MS) corresponded to monomeric formulae (4a, b). The assigned phosphate structure 
(4) is based on the following evidence: (i) The IR spectra of these compounds lack 
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4 

0 
OH II /\.- !- P( OH) 

( ~ 0 ) ~ j i - o ~  
3 

(5 ,  not formed) 

3 

2 5  

a) R=CH 

b) R = C  H 

the characteristic absorption band attributable to the stretching frequency of an 
-OH function. They exhibit intense bands corresponding to the :P=O and 
P-0-C(alky1) stretching  vibration^.^ In addition, they show a strong absorption 
band at 1710 cm-' (thiolactone)! (3) Structure (4a) is also based on the 31P NMR 
shift (- 2.69 ppm, vs. H3P04)5 which corresponds to a phosphate and not to an 
a-hydroxyphosphonate.6 The 'H NMR spectrum of (4a) is consistent with the 
phosphate structure. It discloses the two methoxyl groups attached to phosphorus as 
two doublets (each with JHp = 11.5 Hz) at S = 3.95 and 6 = 3.73. The methine 
proton appears in the spectrum also as two doublets each with JHp = 11.5 Hz at 
6 = 3.82 and 6 = 3.70. The splitting of all spectral lines into two is probably due to 
the asymmetry of the molecule. The spectrum shows the four aromatic protons as a 
complex pattern in the S = 8.00-7.17 ppm region. 

From the above results, it can be seen that dialkyl phosphites react with 
benzo[ b]thiophene-2,3-dione (3) in a manner different from that already noted with 
isatin.' Thus, while dialkyl phosphites react with the latter compound to give the 
a-hydroxyphosphonates (l), the same phosphite reagents react with (3) to yield the 
corresponding 2,3-dihydro-2-oxobenzo[b]thien-3-yl dialkyl phosphates (4). It is quite 
possible that the initial product of the reaction of dialkyl phosphites with 
benzo[ b]thiophene-2,3-dione (3) is the a-hydroxyphosphonate (5) which undergoes 
rearrangement7 to the phosphate (4). Closer insight into this reaction is, however, 
beyond the scope of the present study. 

Trialkyl phosphites, namely, trimethyl-, triethyl-, and triisopropyl phosphites react 
exothermally with benzo[ b]thiophene-2,3-dione (3) in dry benzene, to afford one and 
the same product in each case. This compound is deep violet in color. Its elemental 
and mass spectroscopic analyses confirmed to be C,6Hs02S2, and proved to be 
identical (superimposable IR spectra) with isothioindigo (9).' 

The formation of the dimeric compound (9) can be explained by Scheme 1. This 
involves the formation of a five-membered cyclic oxyphosphorane intermediate (6) 
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OR 

0 

6 7 

8 9 

, R=CH C H or C H (iso) 3 '  2 5  3 7  

SCHEME 1 

which can lose phosphate to give the epoxide (7, or react with more phosphite to 
furnish the intermediate (8). The latter ejects further a phosphate molecule yielding 
(9) which is likewise formed from the epoxide (7) upon reaction with a trialkyl 
phosphite.' 

The significance of this finding is not only the discovery of a new pattern for 
deoxygenative dimerization of benzo[ b]thiophene-2,3-dione (3) by trialkyl phos- 
phites, but also the establishment of a facile and novel method for preparing the 
known isothioindigo dye (9). 

Further, thianaphthenequinone anils (10% b) were allowed to react with trialkyl 
phosphites in order to see if the carbonyl or imino centre would be attacked 
preferentially by phosphorus. As expected, the more electrophilic carbonyl centre 
was attacked (Scheme 2, path A), but the predicted product (13) formed by 
N-alkylation at intermediate stage (11) was not formed (path D). Instead, dialkyl-2- 
(arylamino)benz[b]thien-3-yl phosphates (12) were formed in a good yield. It was 
also observed that very little reaction occurs and the starting materials are recovered 
if the reactants were rigorously dried before use. This indicates that protonation of 
intermediate (11) occurs much faster than N-alkylation. Moisture, present in the 
reaction solution, was probably the source of the protons. When acetic acid is added 
at the beginning of the reaction, it proceeds smoothly. Protonation of (10) on the 
nitrogen atom would facilitate the attack of trialkylphosphites, which may explain 
the ready reaction in the presence of acetic acid. 

The assignment of structure (12) for the product was based on the following 
evidence: Compound (12a), taken as example, gave correct analytical values and its 
molecular weight (MS) agreed with the formula C,,H,,NO,PS. This formula ruled 
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14 15 

10e, Ar=C H 11 6 5  
b, Ar=C6H,,N(CH ) 3 2  

I 

SCHEME 2 

I 
out (13) and (15) (path D, E), respectively, as did the lack of N-Me or =C-OMe 
absorption in the NMR spectrum. The product showed the two methoxyl groups 
attached to phosphorus as two doublets each with JHp = 11.5 Hz at 6 = 3.40 and 
3.75 ppm. The aromatic protons appear as a complex pattern centred at 6 = 6.85 
ppm. The ''P NMR shift (vs. H3P04) recorded for compound (12a) was - 18.08 
ppm. This value lies in the range of phosphate shifts." The infrared spectrum of 
(12a), in KBr, showed NH and no C=O absorption, which is also in favour of 
structure (12). Moreover, compound (12a) was likewise formed and identified (m.p., 
mixture m.p. and comparative IR spectra) by allowing anil (1Oa) to react with 
dimethyl phosphite at 100" for 6 h, in the presence of piperidine. 

From the above results, it could be seen that the carbonyl and not the imino-func- 
tion in anils (lOa,b) is preferentially attacked by alkyl phosphites. Besides, as a 
requisite for the reaction of trialkyl phosphites with anils (lOa,b) to proceed, a 
protonating agent (e.g. H,O or CH,COOH) should be present in the reaction 
medium. This reaction is reminiscent to similar ones, namely, the reaction of 
anthraquinone anil with trimethyl phosphite whereby dimethyl (lO-anilino-9- 
anthranyl) phosphate". was formed. However, the reaction of trialkyl phosphites 
with thianaphthenequinone a d s  is markedly different from that with a,@- 
unsaturated carbonyl compounds, e.g., 2-benzylidene-3[2H]thianaphthenone- 1,l- 
dioxide which leads to cyclic oxypho~phoranes.'~ In this latter case, no protonation 
is observed unless acid is added externally. 
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EXPERIMENTAL* 

All m.p.s were uncorrected. Ether, benzene and cyclohexane used were dried over metallic sodium. 
Trialkyl phosphitesI4* I s  were purified by prolonged treatment with sodium ribbon, followed by fractional 
distillation. Dialkyl phosphitesI6." were freshly distilled. The IR spectra were run on a Perkin-Elmer 
Infracord Spectrometer Model 157 G (grating), in KBr or in CHCI,. The 'H  NMR spectra were run, in 
CDCI,, at 90 MHz on Bruker 90 instrument and the 31P NMR spectra were performed on Varian CFT 
20, 32 MHz instruments (vs. 85% H,PO4 as an external standard). The mass spectra were run at 70 eV on 
Kratos equipment provided with data system. 

Reaction of Dialkyl Phosphites with Benzo[h]thiophene-2,3-dione (3). A mixture of dione (3)" (0.5 g, 
0.003 mol) and dimethyl phosphite (0.01 mol) in dry benzene (30 ml) was kept at room temperature for 24 
h. After removing the volatile materials under reduced pressure, the residual material was collected (0.4 g, 
80%) and recrystallized from cyclohexane to give 2,3-dihydro-2-oxobenzo[b)thien-3-yl dimethyl phosphate 
(4a) as colorless crystals, m.p. 105". Anal. Calcd. for CloH,,05PS: C, 43.79; H, 4.04; P, 11.29; S, 11.69. 
Found: C, 43.59; H, 4.12; P, 11.26; S, 11.54. Mol. Wt.: Calcd. 274.24. Found (MS): 274. IR: bands at 
3100 cm-' (CH, aromatic), 1710 cm-l (thiola~tone-carbonyl),~ 1595, 1575 cm-I (C=C, aromatic), 1230 
cm-' (P=O), and at 1060 cm-l (P-0-CH3)., 

Similarly, 2,3-dihydro-2-oxobeno[b]thien-3-yl diethyl phosphate (4b) was obtained (yield ca. 85%) by 
reacting dione (3) (0.003 mol) with diethyl phosphite (0.01 rnol). Adduct (4b) was obtained as colorless 
crystals (from cyclohexane), m.p. 95-97", Anal. Calcd. for Cl2HlSOsPS: C, 47.68; H, 5.00; P, 10.25; S, 
10.61. Found: C, 47.65; H, 4.48; P, 10.47; S, 10.47, IR (expressed in cm-I): Bands at 3100 (CH, 
aromatic), 1710 (thiolactone-carbonyl), 1595, 1575 (C=C, aromatic), 1235 (P=O) and at 1050 
(P-0-C2Hs). 'H  NMR (expressed in S scale): signals at 1.35-1.05 (6 H, for the ethoxy-CH, protons, 
triplet), 3.3C2.60 (4 H, for the ethoxy-CH, protons, quintet), 3.83 (1 H, for the methine proton, pair of 
doublets) and at 8.W7.15 (4 H, aromatics, multiplet). 

Reaction of Trialkyl Phosphites with (3). Dione (3) (0.5 g, 0.003 mol) in dry benzene (50 ml) was treated 
at 10°C with a solution of trimethyl phosphite (0.01 mol) in the same solvent (10 ml) whereby a 
violet-coloured material immediately formed. The reaction mixture was then left to stand at room 
temperature for 6 h. The precipitated material (0.4 g, 85%) was dried and recrystallised from benzene to 
give violet crystals proved to be isothioindigo (9) (m.p. and mixture m.p. 224").' Anal. Calcd. for 
C,,H80,S2: C, 64.84; H, 2.72; S, 21.64. Found: C, 64.66; H, 2.65; S,  21.62. Mol. Wt., Calcd.: 296.37. 
Found (MS): 296. Similarly, isothioindigo (9) was obtained (ca .  95%) and identified (m.p., mixture m.p. 
and comparative IR spectra) by reacting (3) (0.003 mol) with triethyl phosphite (or with triisopropyl 
phosphite). 

Reaction of Triaikyl Phosphites with 2-( Phenytimino) benzo[ b]-thiophen-3-(2H)-one (1Oa) and 2-[ 4- 
( Dimethylamino)phenyl]-imino benzo[ b] thiophen-3( 2H)-one (lob) 

General Procedures 
(a) In absence ofproronuting agents: A mixture of lOaI9 (or 10b)19 (0.002 mol) and the trialkyl phosphite 

(0.01 mol) was heated on the steam bath for 12 h. After cooling, the precipitated material was collected 
(> 95%), recrystallised from aqueous ethanol and proved to be unchanged 1Oa (or lob) (m.p., mixture 
m.p. and comparative IR spectra). 

(b) In presence of protonating agents: A mixture of 1Oa (or lob) (0.002 mol), the appropriate trialkyl 
phosphite (0.01 mol) and 1 ml of acetic acid (or 1 ml of water), was heated on the steam bath for 3 h. 
After removing the volatile materials, in uacuo, the oily residue was triturated with petroleum ether (b.r. 
40-60") and left to cool in the ice-chest. The solid material, so formed, was collected, dried and 
recrystallised from the suitable solvent to give compounds 12 (yellow in colour). Percentage yields, 
physical and analytical data for compounds (12a-f) are given in Table I. 

Reuction of Dialkyf Phosphites with 10 

General Procedure. A mixture of 10a (or lob) (0.002 rnol), the appropriate dialkyl phosphite (0.02 mol) 
and 1 ml of piperidine, was heated on the steam bath for 6 hr. After removing the volatile materials, in 
oacuo, the residue was triturated with petroleum ether (b.r. 40-60") then left to cool in the ice-chest. The 

*The names of the compounds described in this work are in line with the current CA index names, 
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solid product, thus formed, was collected, dried and recrystallised from the suitable solvent to gve 
compounds (12). Percentage yields of compounds (12a-f) were comparable with those given in Table I. 
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