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Abstract - I-(N-Ary1amino)-1-methylthio-2-nitroethen, prepared by 
reaction of the arylamine with 1,l-bis(methylthi0)-2-nihethene, are 
converted into 2-methylthio-3H-indol-3-one 3-oximes by treatment 

with triflic acid at room temperature. 

Relatively few methods exist for the synthesis of indolonesl (3H-indol-3-ones): in the Bayer 
synthesis? (for 2-arylindolones) a 2-arylindole is hitrosated, reduced to 3-amine, oxidised to 
indolone-imine and this then hydrolysed. Hot phosphorus pentachloride converts isatin into 

2-chloroindolone and this elechophilic species can be made to react with electron-rich aromatics 

affording 2-aryl-substituted indolones,3 and with amines affording 2-aminoindolones.4 

[satins5 (IH-indole-2,3-diones) are useful intermediates, for example in the synthesis of 
indolo[2,3-blquinoxalines,6 oxindoles,7 o-aminobenzonitriles,8 (via isatin oximes), the Pfitzinger 
modification of the Friedlander synthesis to produce 4-carboxyquinolines?indoIe-2,3- 
dicarboxylic acids>O and various indole-related biologically active substances.11 Indeed, isatin 
itself has been shown to be the biologically active chemical produced by an Alteromonas sp. 
strain inhabiting the surface of embryos of the caridean shrimp Palaemon macrodectylus, which 
protects them from the otherwise lethal effects of infection by the pathogenic fungus Lagenidium 
callinectes.12 

The most frequently used ring-synthetic route to isatins is that of ~andme~erS.13 in which an 
aniline is reacted with chloral hydrate and hydroxylamine to generate an anilide of glyoxylic acid 
oxime, which is then subsequently ring-closed using strong acid. There have been reports that 

hydrogen cyanide can be a byproduct in such ring closures.14 

An early preliminary report>S that 2-nitro-N-phenylacetamide could be converted into isatin 3- 
oxirne using concentrated sulphuric acid at 300C or anhydrous hydrogen fluoride at 750C, was 
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recently re-examined and shown to be the prototype of a general process (Scheme I), the 

preferred acid for the room temperature conversion of 2-nitro-N-arylacetamides (2) into isatin 3- 

oximes (3) being shown to be trifluoromethanesulphonic (triflic) acid.16 It was also shown that 

isatin 3-oximes can be hydrolysed by warm concentrated hydrochloric acid acid to afford isatins. 

Scheme 1 

Since the 2-nitro-N-arylacetamides utilised were in turn prepared from 1-(N-ary1amino)-1- 

methylthio-2-nitroethenes (1) by alkaline hydrolyeis, it seemed not unreasonable that the latter, 
themselves might suffer a ring closure, under appropriate acidic conditions, to give bicyclic 

products containing an indole nucleus, at the same oxidation level as an isatin. 

We have now examined the reaction of a range of I-(N-arylamino)-I-methylthio-2-nitroethenes 

(1) with strong acid. Concentrated sulphuric acid treatment led to no useful products however 
the use of triflic acid, at room temperature, led in all cases to the formation of orange-red bicyclic 

Table 1 

e. 

b Melting points are of column-eluate-evaporated materials 
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products (Tables 1 and 2) which were shown to have the constitution of 2-methylthio-3H-indol- 
3-one 3-oximes (4). One may view the process (Scheme 2) as being initiated by nitro-group 
double protonation'7 generating a species (5) in which cyclising electrophilic attack on the 

aromatic ring, followed by loss of water produces the observed products (4) 

+ 

SMe 
N 

Scheme 2 

In principle, the methylthioindolones (4) could exist as tautomeric nitroso-indoles (6). 5-Chloro- 

2-methylthio-3H-indol-3-one 3-oxime was reacted with methyl iodide in the presence of sodium 

hydride to afford a monomethyl derivative, which on the basis of the chemical shift of the 
introduced methyl group, S 4.25, is the 0-methyl-derivative (7) but since no close models exist for 

the chemical shift of a methyl in the alternative situation (8) further confirmation for this 

SMe SMe 

4 6 

SMe 

7 8 Me 
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assignment was sought. An nOe experiment provided this evidence: the 0-methyl and the 4- 

hydrogen were shown to be close (15%), but there was no nOe observed between the introduced 

methyl and the ring H-7, such as would have been expected for the N-methylated isomer (8). 

The nOe experiment also proves that, at least in the methylated product, the geometry of the 

oxime C.N is E, as shown in 7. The UV/VIS absorption spectra of 5-chloro-indolone (4h), and its 

0-methylated derivative, recorded in ethanol were very similar, from which we conclude that 
for (4h), the oxime tautomer does indeed represent the predominant species. Further, since all 

products (4) had closely comparable UV/VIS absorptions (Table 2) we believe that all exist 

predominantly as oxime tautomers in solution. 

Alkaline hydrolysis of 4e and 4h afforded 5-fluoro- and 5-chloroisatins in high yields, showing 

that this route provides an alternative means for the synthesis of isatins. 

EXPERIMENTAL 

2-Methylthio-3H-indol-3-one 3-Oximes (4); General Procedure 

The I-(N-ary1amino)-1-methylthio-2-nitroethen (1)'6 (1 g, ca. 4.5 mmol), was dissolved 

cautiously in trifluoromethanesulphonic acid (10 ml, 67 mmol) at OW, the solution was allowed 
to come to room temperature, and maintained at that temperature until tlc analysis indicated 
that all starting material had been consumed. The solution was quenched by addition to ice- 
water and product was isolated by extraction into ether. The 2-methylthioindolone oxime (4) 
was purified by chromatography over silica eluting with CHC13/EtOH (95:5). 

Methylation of 5-chloro-2-methylthio-3H-indol-3-one boxime 

The methylthio-oxime (4h) (50 mg, 0.26 mmol), methyl iodide (31 mg, 0.22 mmol) and sodium 
hydride (6 mg, 0.25 mmol) were stirred together in DMF (1.5 ml) at room temperature for 12 h. 

The mixture was quenched with ice-cold aqueous 5% ammonium chloride and organic product 
was extracted into chloroform. Chromatography of crude material, obtained by evaporation, 
over silica eluting with CHCI3/EtOH (9:l) yielded the 0-methyl product (7) (34 mg, 64%), mp 106- 

1070C (from EtOH), ha,, (EtOW 267,32lsh, and 426 nm (log E 4.69,3.81, and 3.59); SH (CDC13) 2.65 

(3H, s, SCH3), 4.25 (3H, s, 0CH3), 7.20 (lH, d, J 8Hz, H-7), 7.30 OH, dd, J 2,8 Hz, H-6), 7.85 (IH, d, J 2 

Hz, H-4); v,,,, (nujol) 1657 cm-1; m/z (EI) 240 (45, M+), 209 (loo), 194 (62), 182 (12). Anal.Calcd for 

CIOH9N20CIS: C, 50.0; H, 3.8; N, 11.7; C1, 14.8; S, 13.3. Found: C, 49.9; H, 3.8; C1, 14.9; N, 11.7; S, 

13.3. 

Hydrolysis of 5-fluoro- and 5-chloro-2-methylthio-3H-indol-3-one 3-oximes 

The methylthioindolone oxime (4e and 4h) (100 mg, ca. 0.5 mmol) was heated at reflux in 

aqueous potassium hydroxide (O.lN, 10 ml, 1 mmol) for 8 h, and slowly dissolved. The cooled 
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Table 2 

yic  and Analytical data for 2-methylthio-3H-indol-3-one 3-oximes (4). 

Found Required ha,, (log E) 8~ E I  ms 

(%) or (M+) (7%) or (M) ( E ~ H )  (J in Hz) m/z  a ( % )  

C, 56.0; H, C, 56.3; H, 261 (4.43), 323 (CD30D) 2.65 (3H. s), 7.28 192 ( l l ) ,  175 (33). 
$0; N, 14.2; 4.2, 14.6; (4.2% 404 (3.32) (IH, t, J a), 7.40 (IH, d, J 8), 160 (16),43 ( l a )  
3, 16.2 5, 16.7 7.50 (1H. t, J 8). 8.10 (IH, d, 

7 R, 

3, 15.2 5, 15.5 ( 1 ~ ;  d , ' ~  8). 7.88'(1" s) 
C, 58.0; H, C, 58.3; H, 264 (4.19), 328 (CD30D) 2.35 (3H. s), 2.60 206 (231,192 (42), 
4.8; N, 13.4; 4.9; N, 13.6; (3.32), 396 (2.98) ( 3 4  s), 7.10 (IH, dd, J 3, 8), 175 (X), 160 (28),45 

5, 15.4 S, 15.5 7.21 (IH, d, J 3). 7.95 OH, d, (100) 
J 8) 

C, 57.8; H, C, 58.3; H, 261 (4.55), 330 ((CD3)~O) 2.40 (3H, s), 2.60 206 (64), 189 (IW), 
4.6; N, 13.3; 4.9; N, 13.6; (3.57), 411 (3.43) (3H, s), 7.06 (IH, t, J 8), 7.23 174 (27), 142 (27) 
S, 15.2 5, 15.5 (IH, dd, J 2,8), 7.84 (1H. dd, 

12.8) 
C, 51.3; H, C, 51.4; H, 264 (4.56), 325 ((CD3)20) 2.60 (3H, s), 7.18 210 (331, 193 (441, 
3.6; N, 12.6; 3.3; N, 13.3, (3.58). 412 (3.34) (IH, m), 7.31 (IH, dd, J 4,8), 178 (41). 147 (401, 
F, 8.4; 5.15.1 F, 9.0; 5.15.2 7.73 OH, DD, J 3,8) 137 (40), 43 (1W) 

C, 51.2; H, C, 51.4; H, 265 (4.36). 322 ((CD3)2SO) 2.6 (3H, s), 6.85 210 (29), 193 (43). 
3.6; N, 12.8; 3.3; N, 13.3, (3.66), 410 (3.40) (IH, m), 7.05 (IH, dd, J 3,9), 178 (3% 166 (5), 147 
F, 8.5; $15.1 F, 9.0; $15.2 8.02 (1H. dd, J 6.9) (15). 40 (100) 
C, 51.2; H, C, 51.4; H, 266 (4.42). 326 ((CD3I20) 2.60 (3H, s), 7.20 210 (611,193 (IW), 

3.5; N, 12.7; 3.3; N, 13.3, (3.60). 406 (3.20) (2H. m), 7.85 (IH, m) 178 (89), 166 (ll) ,  
F, 8.4; S,15.0 F, 9.0; 5.15.2 147 (15) 
C, 48.2; H, C, 47.7; H, 267 (4.64), 320sh ((CD3)ZSO) 2.65 (3H. s), 7.45 226 (54), 209 (IM)), 
3.1; N, 11.9; 3.1; N, 12.4; (3.67), 417 (3.52) (IH, d, J 8). 7.55 (IH, dd, 194 (96L 178 (38L 
C1,15.6; 5.13.7 C1,15.7; 5.14.1 J 2.8). 14.0 (IH, br s) 163 (39) 

C, 47.4; H, C, 47.7; H, 269 (4.55). 328 ((CD3)2SO) 2.60 (3H. s), 7.20 226 (56), 209 (103, 
2.8; N, 11.9; 3.1; N, 12.4; (3.58), 400 (3.19) (IH, d, J8),  7.32 (lH,s),  7.90 194 (50) 
C1.15.5; 5,13.7 C1.15.7; S,14.1 OH, d, J 8) 
C, 47.5; H, C, 47.7; H, 268 (4.31). 329 (CD30D) 2.65 (3H. s), 7.20 226 (m, 209 (IW, 
2.9;N. 12.0; 3.1; N, 12.4; (3.60). 410 (3.25) (1H. t. 18). 7.50 (1H. d. 18). 194 (57) 
C1.154; 5,13.61 CL15.7; 5.14.1 1 1 8.20 (IH, d, J 8) I 
M, 269.9457 M, 269.9463 270 (4.62), 329 ((CD3)20) 2.60 (3H, s), 7.35 270 (48), 253 (IW), 

(3.76). 385 (3.39) (1H. dd, 12.8). 7.55 (IH, d, J 238 (48) 
2). 7.85 (IH, d, 18) 

M, 222.0455 M, 222.0463 270 (4.62), 325sh ((CD3I2SO) 2.55 (3H, s), 3.80 222 (57). 205 (IW), 
(3.73), 437 (3.54 ) (3H, s), 6.95 (IH, dd, J 2, 8), 190 (48). 149 (37) 

7.30 (1H. d. 18). 7.50 (1H. d, 
J 2) 

M, 222.0455 M, 222.0463 255 (4.47), 290sh ((CD3)~O) 2.55 (3H. s), 3.90 222 (791, 201 (IW), 
(3.65). 395 (3.07) (3H, s), 6.70 (IH, dd, J 2, 8). 190 (70). 149 (74) 

6.90 (IH, d, J 2). 7.90 (1H. d, 
18) 

solution was neutralised with hydrochloric acid and organic material extracted into ether, then, 

after drying the solution and evaporation, crude material was purified by chromatography over 



162 HETEROCYCLES. Vol. 33. No. 2, 1992 

silica, eluting with CHCI3/EtOH (95:5), to give the 5-flu0r0- (89%) and 5-chloro- (87%) -isatin 

oximes identified by comparisons with authentic samples.'6 
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