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In pyridine or benzene dehydration of phthalanilic acid (I) in the presence of two equivalents 

of phenyl isocyanate (II) gives equivalent amounts of N-phenylphthalimide (III) and 1, 3-diphenyl- 

urea (IV). However, in DMSO at 25’, N-(g-thiomethoxymethyll-N’-phenylurea (V) is found in 30% 

yield (eqn. 1) along with III (44%‘0), IV (63%) and recovered I (36%). Traces of phthalic anhydride 

are also present. 
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The structure of V (m. p. 155-155. 5”) is indicated by mass spectral analysis (m/e 272, 

70 eV)(l), a satisfactory elemental analysis, nmr (DMSO-d6, 60 MHz: 6 9. 13 (singlet, ZH), 

7. 91 (broad singlet, ZH), 6. 9-7. 6 (multiplet, 7H). 3. 75 (singlet, 2H) and 1. 97 ppm (singlet. 3H), 

and infrared (CHC13: 2. 92p, NH; 5. 95p, broad, C=O; 6. 57p, CO-NH; 6. 91p, 7. 61~-CH3). 

Desulfurization with Raney nickel (2) yields N-phenyl-N’-o-tolylurea, m. p. 198-199. 5’, m. m. p. 

(with authentic tolylphenylurea) 198-202“. 

Oxidations with dimethyl sulfoxide (3, 4) involve an intermediate dimethylsulfoxonium salt 

(5) formed by addition of DMSO to a generalized anhydride. Thus dicyclohexylcarbodiimide (6), 

nlkyl chloroformates (7). acetic anhydride (8). phosphorus pentoxide (9), sulfur trioxide (16). and 

r-lost recently, mercuric acetate (11) have been used successfully with DMSO as mild oxidants. 
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The reaction of a carboxylic acid with an isocyanate has been shown to form a mixed car- 

boxylic-carbamic anhydride (12, 13, 14). Accordingly, the anhydride formed in situ from ben- 

zoic acid and phenyl isocyanate (9b, 16), reacts with DMSO to give after rearrangement 60% 

thiomethoxymethylbenzoate. This ester arises from attack of DMSO atdhe “acid” carbonyl of 

the mixed anhydride. 

The formation of V is most easily explained by reaction of DMSO at the “urethane” carbonyl 

of VI, forming a sulfoxonium salt (VII) and phthalanilate (eqn. 2). In the absence of easily 

+ DMSO 4 C6H5-NH-’ + 
0 

S’ 

0 CH3O ’ ‘CH3 
‘gH5 

0 

-Ii 0 
C6H5NCo* v 

-co2 S\ 
CH3 CH3 

(2) 

oxidizable molecules, the salt VII can either undergo Pummerer rearrangement (17) or cyclize 

with elimination of carbon dioxide. A third choice would involve elimination of carbon dioxide in 

a four-centered transition state leading to a sulfimide (18, 19). Neither the Pummerer product 

nor the sulfimide have been detected. 

No ester analogous to Sorenson’s (16) or Onodera’s (9) could be found, perhaps because the 

sulfoxonium salt (VIII) formed by attack at the “acid” carbonyl readily loses a proton and a 

0 FH3 

,S@ 
‘;,H CH3 

“6H5 

VIII 

molecule of solvent to form N-phenylphthalimide. However, N-methylphthalanilic acid (IX) in 

which imide formation is prevented reacts with phenyl isocyanate in DMSO to give both the 

alkylated urea V and the rearrangement product X. At 25“ the products are V (500/o), IV (26%). 
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starting acid (26%) and thiomethoxymethyl 0-(N-methylphthalanilate)& 30%). The oily ester 

was not isolated, but was determined admixed with V by nmr. The isolation of V in this case 

was accomplished by alkaline hydrolysis of the mixture and separation of the urea and N- 

methylphthalanilic acid. 

+ 2 C6H5NC0 
DMSO + 0 NHtNHd-cH3 

+ + 

V 

(3) 

C6H5NHCONHC6H5 

IV 

The characterization of the ester X depends upon its nmr and ir spectra and its hydrolysis. 

Resonances (CC14 60 MHz) at 1. 726 (singlet), at 5. 146 (singlet) in the ratio 3:2 are assigned 

X 

to the thiometnoxymetnyleneoxy group (6b, 6c), while the N-methyl is a broad singlet at -3. 46 

and the aromatic protons appear between 6. 7 and 7. 78. Infrared absorptions at 5.82~ and 

6. 10~ (C-O), at 8. 0 and 9. 0~ (phthalate) and at 7. 6~ (S-CH3) identify the molecule further. 

That tne mixed anhydride is involved in these reactions and not the starting materials 

separately is attested to by the following control reactions. Diphenylurea is recovered un- 

changed i:l 98% yield after heating with DMSO at 120” for 112 hrs. Phenyl isocyanate in DMSO 

at 120° for 136 hrs gives 16% urea, 37% triphenyl isocyanurate and 16% starting material. 

After 24 hrs at 120”, phthalanilic acid is simply dehydrated to imlde (93%), leaving 3% (re- 

covered) starting acid. N-Methylphthanilic acid and diphenylurea in DMSO under the reaction 

conditions are inert. 
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