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propriate N-methylaniline with 2-chloro- or 2-bromoace- 
toacetate. However, reaction of aniline with ethyl 2-chloroa- 
cetoacetate (1) results in enamine formation to give 2 instead 
of the desired substitution product. Herein, we describe a 
useful, high yield preparation of N-unsubstituted-2-anili- 
noacetoacetates as well as their photoconversion to N-un- 
substituted indoles. 

In 1960, Beyer and Badicke reported that the semicarba- 
zone of ethyl 2-chloroacetoacetate 3a undergoes base-cata- 
lyzed 1,4-elimination of hydrogen chloride to give azoene 4a 
and that 4a reacts in Michael fashion at  C(2) with aniline to 
give the semicarbazone of ethyl 2-anilinoacetoacetate 5 in 65% 
yield.2 We find the N-carbomethoxyhydrozone 3b to be a 
superior intermediate;3 azoene 4b is produced by treatment 
of 3b with mild base, and 4b reacts with a variety of aniline 
derivatives to give addition products 6 in excellent yield 
(Table I). 

Regeneration of the ketone carbonyl group in 6 is best ac- 
complished by reaction with aqueous titanium tr i~hlor ide,~ 
from which the 2-anilinoacetoacetates 7 can be obtained 

//ru’* 
NNHX 

C1 H 
3a. X=CONH2 4 

b. X=CO?CH, 
NNHX 0 

CO,Et ArNH. 

.4riH 
5, X = CONH,; Ar =C,H, 7 
6, X=CO?CHJ 

without the need for further purification. Pyrex-filtered ir- 
radiation of 7 in degassed benzene-methanol-acetic acid so- 
lution gives indoles 8 in excellent yield (Table I). We note that, 
except for example 7e, alkoxy, halogen, and carbomethoxy 
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Recently, we reported that N-methyl-3-hydroxyindolines 
can be prepared in excellent yield by photocyclization-rear- 
rangement of 2-(N-methylanilino)acetoacetates.~ In acetic 
acid, the 3-hydroxyindolines undergo rapid dehydration to 
give N-methylindolee; alternatively, irradiation of the 2- 
(N-methylani1ino)acetoacetate in acetic acid solution pro- 
duces indoles directly. Experiments designed to probe the 
mechanism of 3-hydroxyindoline formation indicate that 
cyclization is completely stereoselective and occurs from the 
enol tautomer of the 2-anilinoacetoacetate. 

The 2-(N-methylanilino)acetoacetate required for indole 
preparation is conveniently prepared by reaction of the ap- 

C,H,NH 

61 
1 

C1 
2 

H 
8 

substituents on the benzene ring are compatible with photo- 
cyclization. On the other hand, the p-nitro derivative 7i failed 
to give an indole on extended irradiation. With meta-substi- 
tuted anilines, cyclization results in both 6- and 4-substituted 
indoles; however, with m-bromo-2-anilinoacetate 7j, cycli- 
zation occurs mainly away from the bromine atom to give a 
6-bromoindole as the major reaction product by a factor of 
1O:l.  A halogen atom can serve as a blocking group as illus- 
trated with example 7n, in which cyclization gives only the 
4-methoxy-7-chloroindole. Eventual removal of halogen by 
hydrogenolysis or lithium aluminum hydride reduction would 
give the 4-methoxyindole with complete overall regioselecti- 
vity. 

The methodology presented here represents the first report 
of N-unsubstituted indole preparation by photochemical 
means. We consider photocyclization of 2-anilinoacetoacetates 
to be a useful alternative to the traditional Bischler indole 
synthesis. Carbon-carbon bond formation occurs in the ab- 
sence of strong acids, and, in contrast to the Bischler synthesis, 
electron deficient aniline derivatives give indoles in high yield. 
It should be noted that indole-2-carboxylic esters may be 
hydrolyzed and decarboxylated on treatment with copper 
chromite in q ~ i n o l i n e . ~  
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Table I. Preparation of N-Carbomethoxyhydrozones 6 and Their Conversion to 2-Carboethoxy-3-methylindoles 8 

registry 6 registry 8 registry 
Ar no. (% yield) no. mp: "C (% yield)a no. mp, " C b  

a CsHj 62-53-3 92 66552-27-0 155-156 96 26304-51-8 134-135 
(lit. 1 3 3 ~ 5 - 1 3 4 ) ~  

b 2-CH30CsH4 90-04-0 98 66552-28-1 162-163 94 66552-39-4 116-117 
c 3-CH30CsH4 536-90-3 95 66552-29-2 115-116 93 C 

e 2-CH302CCsH4 134-20-3 95 66552-31-6 165-166 Od 

d 4-CH30CsH4 104-94-9 95 66552-30-5 118-119 89 16381-42-3 151-152 
(lit. 150)l 

f 3-CH302CCsH4 4518-10-9 97 66552-32-7 127-128 84 e 
g 4-CH302CCsH4 619-45-4 90 66552-33-8 116-117 90 66552-40-7 164-165 
h 2-C1-5-CH30C:sH3 2401-24-3 79 66552-34-9 135-137 95 66552-41-8 120-121 
i 4-N02C& 100-01 -6 43 66552-35-0 191-192 0 
j 3-BrCsH4 591-19-5 67 66552-36-1 143-144 50 f 
k 3-PhCHzOCsH4 1484-26-0 88 66552-37-2 111-113 95 g 
1 C6H5l 103-32-2 87 66552-38-3 119-120 93 66552-42-9 61-62 

Yield based on starting hydrazone 6. * Recrystallized from 95% ethanol. c A mixture of 6-methoxy (mp 123-124 "C, lit. 122 "C, 
T. Wieland and D. Grimm, Chem. Ber., 98,1727 (1965)) and 4-methoxy (mp 152-153 "C) isomers (1:l) were produced which were 
separated by thick layer chromatography (silica gel, methylene chloride solvent). d Irradiation of 7e gave a complex mixture of un- 
characterized products. e A mixture of 6-carbomethoxy (mp 154-155 "C) and 4-carbomethoxy (mp 131-132 "C) isomers (56:44) were 
produced which were separated by thick layer chromatography (silica gel, methylene chloride solvent). f A mixture of 6-bromo and 
4-bromo isomers (10: 1) which were not separated. g A mixture of 6-benzyloxy and 4-benzyloxy isomers (1:l) which were not separated. 
h T. Lesiak, Prsemysl. Chem., 41,140 (1962). I M. Julia and J. Lallemand, Bull. SOC. Chim. Fr., 2046 (1973). 1 In this case, N-benz- 
ylaniline was employed; thus, secondary amines will add to C(2) of azoene 4. 

E:sperimental Section 

General. 1H NMR spectra were obtained on a Varian A-60A or 
EM-390 NMR spectrometer (tetramethylsilane internal standard, 
deuteriochloroform solvent). Infrared spectra were recorded on a 
Perkin-Elmer Model 1:37B infrared spectrometer, and melting points 
were measured on a calibrated Thomas-Hoover capillary melting 
point apparatus and are uncorrected. Photochemical reactions were 
performed in sealed test tubes degassed by four cycles of a freeze- 
pump-thaw routine. The light source for irradiation was a 450-W 
Ace-Hanovia medium pressure, mercury vapor lamp. Mass spectra 
were obtained on a Finnigan 3300 gas chromatograph-mass spec- 
trometer. 

Ethyl 2-Chloro-3-anilino-2-butenoate (2). A stirred solution of 
ethyl 2-chloroa~etoacetate~ (1) (4.74 g, 29 mmol), pyridine (2.4 mL), 
and aniline (4 mL, 44 mmol) in ethanol (7 mL) was refluxed for 1 2  h. 
After rotoevaporation of solvent, the residue was dissolved in chlo- 
roform (50 mL) and washed successively with 1 N hydrochloric acid 
(3 X 15 mL) and water (3 X 20 mL) and dried over anhydrous mag- 
nesium sulfate. Rotoevaporation of solvent and distillation gave 2 
[4.11 g, 64%, bp 106-108 "C (0.03 mm)]: 'H NMR 6 1.33 (3 H, triplet, 
J = 7.5 Hz), 2.20 (3 H, singlet), 4.26 (2  H, quartet, J = 7.5 Hz), 
6.93-7.55 (5 H, multiplet), 11.75 (1 H, broad singlet); IR (neat) 6.08, 
6.26,6.32,8.00 pm; electron impact mass spectrum m/e 241 (16%), 239 

Ethyl 2-Chloroacetoacetate Carbomethoxyhydrazone (3b). 
To a stirred solution of 1 (16.21 g, 0.10 mol) in anhydrous ether (100 
mL) was added methylhydrazine carboxylate7 (8.90 g, 0.10 mol). After 
the suspension was stirred at room temperature for 24 h, the solid was 
filtered and washed with petroleum ether (75 mL) to give 3b (21.40 
g, 9296, mp 103-103.5 "C): 'H NMR 6 1.29 (3 H, triplet, J = 7.0 Hz), 
1.96 (3 H, singlet), 3.83 (3 H, singlet), 4.25 (2 H, quartet, J = 7.0 Hz), 
5.13 (1 H, singlet), 7.93 (1 H, broad singlet); IR (Nujol) 3.13,5.71,5.78 
pm. 

Ethyl 3-Carbomethoxyazocrotonate (4b). To a suspension of 
hydrazone 3b (21.40 g, 90 mmol) in ether (200 mL) was added a 1 N 
sodium bicarbonate solution (150 mL). After stirring at room tem- 
perature for 45 min, the red ether solution was separated and dried 
over anhydrous magnesium sulfate. Rotoevaporation of solvent gave 
4 as a bright red liquid [16.89 g, 93%, bp 68-70 "C (0.05 mm)]:8 'H 
NMR 6 1.35 (3 H, triplet, J = 7.0 Hz), 2.25 (3 H, singlet), 4.05 (3 H, 
singlet), 4.31 (2 H, quartet, J = 7.0 Hz), 6.97 (1 H, quartet, J = 1.0 Hz); 
IR (neat) 5.66,5.79,6.06 pm. 

Ethyl 2-Anilinoacetoacetate Carbomethoxyhydrazone (6a). 
General Procedure. To a stirred solution of 4 (408 mg, 2.04 mmol) 
in tetrahydrofuran (THF) or anhydrous ether (1 mL) was added a 
solution of aniline (190 mg, 2.04 mmol) in THF or ether (2.5 mL). 
After solidification and standing at  room temperature for 7 h, n -  
pentane (3.5 mL) was added and the solid filtered and dried to give 

(45%), 203 (20%), 160 (22%), 158 (43%), 132 (100%). 

6a (547 mg, 92%, mp 155-156 "C): 'H NMR 6 1.25 (3 H, triplet, J = 
7.0 Hz), 1.76 (3 H, singlet), 3.86 (3 H, singlet), 4.25 (2 H, quartet,J = 
7.0 Hz), 4.86 (2 H, sharp singlet and broad singlet superimposed), 6.76 
(3 H, multiplet), 7.20 (2 H, multiplet), 7.78 (1 H, singlet); IR (Nujol) 
2.95, 3.13, 5.74,5.81 pm. 

Using the appropriately substituted aniline (ArNHZ), hydrazones 
6b-1 were prepared on the same scale (-2 mmol) by the same proce- 
dure with the following exceptions noted. 

6d. The ether solution of 4 was cooled to 0 "C during the addition 
of the p-anisidine solution. 

6e. The THF solution of 4 and methyl anthranilate was heated at  
70 "C for 15 hand then cooled to 0 "C before the addition of pentane 
(8 mL). 

6f. The THF solution of 4 and methyl rn-aminobenzoate was heated 
at 70 "C for 1 h, the solvent removed by a stream of nitrogen gas, and 
the residue triturated with n-pentane. 

6g. The THF solution of 4 and methyl p-aminobenzoate was heated 
at 70 "C for 5 h, the solvent rotoevaporated, and the residue triturated 
with ether. 

6i.  The THF solution of 4 and p-nitroaniline was heated at  70 "C 
for 24 h. 

61. The ether solution of 4 and N-benzylaniline was stirred at room 
temperature for 24 h. 

Ethyl 2-Anilinoacetoacetate (7a). General Procedure. To a 
stirred solution of hydrazone 6a (150 mg, 0.51 mmol) in acetone (2  
mL) was added a 20% aqueous solution of titanium trichloride (0.6 
mL, 0.78 mmol). After stirring at  room temperature for 1.5 h, ether 
(30 mL) and water (10 mL) were added. The organic layer was sepa- 
rated, washed with water (3 X 10 mL), and dried over anhydrous 
magnesium sulfate. Rotoevaporation of solvent gave 7a: 'H NMR 6 
[keto ester tautomer, 62%] 1.23 (1.86 H, triplet, J = 7.0 Hz), 2.28 (1.86 
H, singlet), 4.25 (1.24 H, quartet, J = 7.0 Hz), 5.08 (0.62 H, singlet), 
[enol ester tautomer, 38%],1.13 (1.14 H, triplet, J = 7.0 Hz), 2.03 (1.14 
H, singlet), 4.20 (0.76 H, J = 7.0 Hz), 12.36 (0.38 H, singlet), -5.03 (1 
H, broad singlet), 6.47-6.90 (3 H, multiplet), 7.04-7.34 (2 H, multi- 
plet); IR (neat) 2.94, 5.71, 5.79,6.06, 6.21 pm. 

2-Anilinoacetoacetates (7b-1) were prepared on the same scale 
(-0.5 mmol) by the same procedure and were used without further 
purification in the subsequent photoreaction. It is interesting to note 
that 7i was prepared without reduction of the NO2 group by 
T i c l ~ . ~  

Irradiation of Ethyl 2-Anilinoacetoacetate (7a). A solution of 
7a (as obtained from the reduction-hydrolysis of hydrazone 6a) in 
benzene-methanol-acetic acid (15:15:1,3.5 mL) in a sealed, degassed 
test tubel0 was irradiated through Pyrex for 20 h. Rotoevaporation 
of solvent and trituration with pentane gave ethyl 3-methylindole- 
2-carboxylate 8a (100 mg, 96% from hydrazone 6a, mp (EtOH) 
134-135 "C): lH NMR d 1.43 (3 H, triplet, J = 7.0 Hz), 2.61 (3 H, 
singlet), 4.41 (2 H, quartet, J = 7.0 Hz), 7.16-7.76 (4 H, multiplet); 
IR (Nujol) 3.03, 5.97 pm." 
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In 1969 Chiang, Luloff, and Schippesl reported the syn- 
thesis of 1,2-oxathiolm-5-one 2-oxide (1) by the chlorination 
of 3,3'-dithiodipropionic acid in methylene chloride. The re- 
ported analytical data for C, H, and S, as well as the molecular 
weight (Rast), were in good agreement with structure 1, and 
the infrared and NMR. spectra could also be assigned to 1. To 
our knowledge this is the only reported example of a stable 
mixed carboxylic-sulfinic anhydride, though a mixed anhy- 
dride of this type was postulated as an intermediate in the 
reaction of sodium p-toluenesulfinate with acyl chlorides.2 

0 

HOOCCH,CH,SSCH,CH,COOH 

0 

n t 
1 o=c,O, s=o 

found is not surprising as the chlorination of disulfides in the 
presence of carboxylic acids followed by the addition of water 
leads to thiosulfonates.3 Indeed the addition of 2 mol of 
chlorine per mol of 3,3'-dithiodipropionic acid produced no 
precipitate until the mixture came into contact with moist air. 
The product that precipitates was shown to be 2 by compar- 
ison of ita melting point, mixture melting point, and infrared 
and NMR spectra with an authentic sample prepared by the 
peracetic acid oxidation of 3,3'-dithiodipropionic acid.4 

The following evidence suggesting that the compound 
prepared by Chiang et al.1 is 2 and not 1 is put forth. First, the 
reported melting point of 2 (146-147 0C)4 is virtually the same 
as that reported for 1 (148-150 "C). Second, the infrared 
spectrum of 2 has all the major absorptions ( f 1 0  cm-1) re- 
ported for 1 though of course the assignments are different. 
Note particularly that assignment of the 1700-cm-l absorp- 
tion to a carboxylic acid carbonyl is more reasonable than 
assigning it to a cyclic anhydride.5 Third, the NMR spectrum 
of 2 is similar to that reported1 for 1; however, we propose that 
the reported split doublet a t  6 3.0 is really two overlapping 
triplets which we observed at  6 2.73 and 2.76 and that the 
multiplets a t  6 3.4 and 3.9 are the triplets we observed at 6 3.29 
and 3.79. Fourth, attempts to determirie a Rast molecular 
weight of 2 gave widely varying results due to decomposition. 
Fifth, 2 was soluble in hot water and insoluble in cold water 
as reported for 1. The report1 that 1 dissolves in aqueous basic 
solution and is recovered unchanged upon neutralization can 
be rationalized since the action of hydroxide ion on thiosul- 
fonates produces disulfides and sulfinic acids.6 In this case, 
the 3,3'-dithiodipropionic acid which precipitates on neu- 
tralization could easily be mistaken for starting material since 
it is similar in appearance and melting point (157-159 0C).7 
Sixth, when 2 is heated with o-chloroaniline, 3,3'-sulfonyldi- 
propio-o-chloroanilide is produced as reported1 for 1. Al- 
though we cannot explain the fact that the reported per- 
centage hydrogen for 1 is 0.59% too low for 2, we are satisfied 
that the compound described by Chiang et a1.l is the 
thiosulfonate 2 and the existence of a stable mixed carbox- 
ylic-sulfinic anhydride has yet to be demonstrated. 

Experimental Sections 
Preparation of S-(2-Carboxyethyl)-3-thiosulfopropionic Acid 

(2). (a) To a stirred slurry of 0.2 mol of 3,3'-dithiodipropionic acid 
(Aldrich) in 100 mL of dichloromethane in a 500-mL, three-necked 
flask equipped with a thermometer, chlorine addition tube, and 
condenser with a calcium chloride drying tube was added 0.4 mol of 
chlorine gas over a period of 90 min. The temperature was kept at -30 
f 10 "C during the addition. The flask was allowed to warm to room 
temperature after addition had been completed. The reaction mixture 
was filtered to remove unreacted 3,3'-dithiodipropionic acid and the 
yellow filtrate, upon standing for 2 h, yielded compound 2 upon fil- 
tration. Compound 2 was recrystallized several times from water 
yielding 8.95 g: mp 149-150 "C dec; 'H NMR (MezSO-de, 100 MHz) 
8 3.79 (t, J = 6 Hz, 2 H), 3.29 (t, J = 6 Hz, 2 H), 2.76 ( t , J  = 6 Hz, 2 H), 
2.73 (t, J = 6 Hz, 2 H); IR (KBr) 3200-2400 (broad, OH), 1690 (acid 
C=O), 1310 and 1110 (SOz), and 1240 and 1160 (C-0 stretch). 

(b) Compound 2 was also prepared by the peracetic acid oxidation 
of 3,3'-dithiodipropionic acid in a manner similar to Dickinson,4 mp 
149-150 "C dec [lit.4 mp 146-147 "C dec]. 

Preparation of 3,3'-Sulfonylydipropio-2-chloroanilide. Pre- 
pared according to the directions of Chiang et al.' from compound 2 
and 2-chloroaniline, mp 233-235 "C [lit.' mp 234-235 "C] .  
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In our hands, the chlorination of 3,3'-dithiodipropionic acid 
as directed1 did not give 1. The only precipitate found in the 
reaction was unreacted 3,3'-dithiodipropionic acid which is 
quite insoluble in methylene chloride. We suggest that the 
product obtained bv Chiane et a1.l was not the carboxvlic- 
sulfinic anhydride "l but &e thiosulfonate, S-(Z-carGoxy- 
ethyl)-3-thiosulfopropionic acid (2), which formed by 
exposing the reaction mixture to moist air. That 2 should be 

bgistry No.-l, 19955-28-3; 2, 18365-80-5; 3,3t-dithiodipropionic 
acid, 1119-62-6; peracetic acid, 79-21-0; 3,3'-sulfenyldipropio-2- 
chloroanilide, 19955-50-1; 2-chloroaniline, 95-51-2. 
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