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Abstract Several latentiated derivatives of 3-methyleneoxindole were 
synthesized and examined for cytotoxic activity. The latentiated forms 
are represented by three general types which differ in leaving and cleaved 
groups. All are expected to be converted into 3-methyleneoxindole by 
bioactivation processes normally occurring in the cell. Two compounds 
were tested against L-1210 lymphoid leukemia, and six were tested 
against P-388 lymphocytic leukemia; all were inactive. 
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Beneficial effects were reported when several cancer 
patients were treated with 3-indoleacetic acid for extended 
periods (1). Other studies found that certain esters of 3- 
indoleacetic acid prolonged the survival time of white mice 
(2) implanted with Ehrlich ascites carcinoma. The simi- 
larity of the effect on cell growth of 3-indoleacetic acid and 
3-methyleneoxindole (I) (3) and the demonstrated oxi- 
dative conversion of 3-indoleacetic acid into I (4) strongly 
suggest that I may be the actual pharmacological agent in 
the action of 3-indoleacetic acid on cancer growth. 

BACKGROUND 

Compound I was first synthesized in 1964 (5) and is unstable. It pos- 
sesses an activated ethylenic double bond and is very reactive toward the 
sulfhydryl group. It reacts smoothly with thiophenol(5), glutathione, and 
other biologically important thiol compounds (6) to give stable adducts. 
A sulfhydryl reagent such as I may exhibit selective cytotoxicity toward 
cancer cells, not only because rapidly proliferating cells reportedly expose 
more sulfhydryl groups (7) but also because I-sulfhydryl adducts should 
be more resistant toward dissociation (6) in the more acidic tumor cells 
(81, resulting in a slower rate of detoxification of I (9). 

Finally, I bears a marked similarity to a number of anticancer sub- 
stances including the antibiotic enzyme inhibitor sarkomycin (11) (1G12) 
and the antiascites substance primocarcin (111) (13,14). 

The pronounced instability and reactivity of this compound and the 
marked concentration dependency of its biological action (3,15) make 
it impractical to apply I itself as a drug. This report is concerned with the 
synthesis and evaluation of latentiated forms of I, which can be converted 
into the active I by processes known to occur in oiuo, e.g., hydrolysis, 
oxidation, and reduction (16). 

Immediate precursors of I that  may he expected to undergo sponta- 
neous conversion into the active compound can be represented by the 
three general types, A, B, and C (17), illustrated in Structures Ia, Ib, and 
Ic, respectively. In these structures, X represents leaving groups (e.g., 
halogens, hydroxyl, acyloxy, and amino), while Y stands for cleaved 
groups capable of being cleaved off from the electron pair that binds them 
to the rest of the molecule (e.g., carboxylate and immomium). In most 
cases, these immediate precursors are too unstable to be useful as drugs 
and need to be latentiated. 
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RESULTS AND DISCUSSION 

Synthesis-Two examples of compounds of Type A were prepared 
(VIa and VIb, Scheme I). Compound VIa was obtained in four steps from 
oxindole (18,19). Compound VIb was analogously prepared, except that 
acylation in the next to the last step involved ethyl chloroformate. 

Three latentiated 3-methyleneoxindole derivatives of Type B were 
prepared. Ethyl 2,3-dioxindolyl-3-acetate (VII) (20) was synthesized from 
isatin and ethyl bromoacetate. Compound VII is a close relative of 3- 
bromo-3-oxindoleacetic acid (VIII); the latter is transformed into I almost 
immediately by dissolving it in water (5). For this reason, VIII (21) also 
was prepared for biological evaluation. 

In addition, the preparation of the spirolactone X (Scheme 11), which 
represents a third Type B compound, was attempted. 5-Bromo-2,3- 
dioxindole-3-butyric lactone (IX) was obtained by the N-bromosuc- 
cinimide oxidation of 4-indolebutyric acid according to a previous method 
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(22) for the corresponding propionic lactone. However, debromination 
of IX failed to give X. Bioactivation of X would necessitate lactone hy- 
drolysis followed by &oxidation (Scheme 111). 2,3-Dioxindole-3-acetic 
acid (XII) has been proposed as the intermediate in the enzymatic oxi- 
dation of the plant growth hormone 3-indoleacetic acid to I (23). 

Compounds of Type C include XIV-XVI (Scheme IV). Treatment of 
oxindole with diethyl carbonate in the presence of sodium ethoxide 
provided 3-ethoxycarbonyloxindole (XIII). The latter readily added 
formaldehyde and gave the adduct XIV. Tosylation of XIV afforded the 
corresponding tosyl derivative XV. Compound XVI was synthesized in 
good yield from XI11 and N-chloromethylphthalimide (Scheme IV). 

Biological Activity-Compounds VIa, VIb, VII-IX, and XIV-XVI' 
were screened according to standard protocols2 (24). Compounds VIb 
and VIII were evaluated against L-1210 lymphoid leukemia and were 
inactive at doses of 100, 200, and 400 mghg. The remaining six com- 
pounds were tested against P-388 lymphocytic leukemia and were inac- 
tive at  50,100, and 200 mghg. 

One interpretation of the data is that I is devoid of antitumor activity. 
Other possible explanations include: (a)  unfavorable distribution of the 
latentiated forms chosen, ( b )  inappropriate biological test systems, and 
(c) bioactivation before reaching the tumor site. Further investigation 
is required to determine which, if any, of these explanations is correct. 

EXPERIMENTAL3 

3-Bromo-3-oxindoleacetic Acid (VII1)-This compound was pre- 
pared according to Hinman and Bauman (21) and recrystallized from 
acetonitrile, mp 153.5-155.5' [lit. (21) mp 152-153'1. 
3-Methylaminomethyleneoxindole (1V)-A mixture of 1.0 g (4.34 

mmoles) of 1-acetyl-3-ethoxymethyleneoxindole (18) in 20 ml of 30% 
aqueous methylamine was stirred at  ambient temperature for 2.5 hr 
(Scheme I). The resulting precipitate was filtered and dried and 
amounted to 690 mg of solid, mp 230-232' [lit. (19) mp 235'1. Its IR and 
UV spectra agreed with the reported (19) spectra. 

3-[( N-Methylacetamido)methyl]oxindole (VIa)-This compound 
was obtained by hydrogenation of Va (Scheme I) according to the re- 
corded procedure (19), mp 134-136' [lit. (19) mp 135O]; NMR (CDC13): 
6 1.92,2.09 (2 s, 3H, CH3C=O), 3.02,3.05 (2 s, 3H, NCHB), 3.58-4.17 (m, 
3H, CH2 and aliphatic CHI, 6.75-7.50 (m, 4H, ArH), 9.36, and 9.67 (2 
broad s, lH, NH) ppm. 

3-[ (N-Ethoxycarbonyl-N-methylamino)methylene]oxindole 
(Vb)-To a stirred, cooled solution of 4.0 g (0.023 mole) of IV in 32 ml 
of dry pyridine was added dropwise 12 ml of ethyl chloroformate (Scheme 
I). The solution was then warmed on the steam bath for 15 min and 
poured onto ice. The pale-yellow solid was filtered and washed well with 
cold water. The dried product, 5.24 g (93%), was recrystallized from 95% 
ethanol, mp 201-203'; IR (CHC13): 1710 (C=O) cm-'; NMR (dimethyl 
sulfoxide-de): 6 1.28 (t, 3H, CCH3), 3.43 (s, 3H, NCHs), 4.30 (4, ZH, 
OCHz), 6.73-7.68 (m, 4H, ArH), 7.90 (s, lH, =CHN), and 10.47 (broad 
s, lH, NH) ppm. 
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NSC 246030-246037, respectively. 
National Cancer Institute. 
Melting points were determined with a Fisher-Johns melting-point apparatus 

and are uncorrected. The structures of the products were confirmed by their IR 
and NMR spectra. IR spectra were obtained on a Beckman 1R-8 spectrophotometer. 
NMR spectra were determined on a Varian A-60A spectrometer, using tetra- 
methylsilane as the internal reference. Microanalysis were performed by Dr. Kurt 
Eder, Geneva, Switzerland. 
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Anal.-Calc. for C13H14N203: C, 63.40; H, 5.73; N, 11.38. Found C, 
63.14; H, 5.84; N, 11.20. 

3 - [(N - Ethoxycarbonyl - N - methylamino)methyl]oxindole 
(V1b)-A slurry of 2.5 g (0.0102 mole) of Vb in 200 ml of 95% ethanol 
containing 250 mg of 10% palladium-on-carbon catalyst was hydroge- 
nated in a Parr apparatus (Scheme I). Hydrogen uptake stopped after 
30 min, and the solution was filtered and evaporated under reduced 
pressure to give a colorless oil in quantitative yield. The oil was dried over 
phosphorus pentoxide in a drying pistol a t  0.1 mm Hg for 2 hr. TLC on 
silica gel (ethyl acetate) exhibited a single spot, R, 0.52; IR (CHC13): 1700 
(C=O) cm-l; NMR (CDCl3): 6 1.18,1.23 (overlapping t, 3H, CCH3), 3.0 
(s,3H, NCH3),3.50-4.35 (m,SH,OCHz,CCH2,and CH),6.78-7.44 (m, 
4H, ArH), and 9.70 (broad s, lH, NH) ppm. 

Anal.-Calc. for C13H16N203: C, 62.89; H, 6.50; N, 11.28. Found: C, 
62.93; H, 6.54; N, 11.34. 

Ethyl 2,3-Dioxindolyl-3-acetate (VI1)-Compound VII was ob- 
tained uia a Reformatsky reaction between isatin and ethyl bromoacetate 
by the method of Hallmann (20). The product was recrystallized from 
benzene and yielded colorless crystals, mp 111-111.5° [lit. (20) mp 102']; 
mass spectrum: m/e 235 (M+); NMR (CDC13): 6 1.13 (t, 3H, CCHz), 2.98 
(s, 2H,CH#=O),4.08 (4, 2H, OCH2),4.82 (s, lH,OH),6.76-7.56 (m, 
4H, ArH), and 9.02 (broad s, IH, NH) ppm. 
5-Bromo-2,3-dioxindole-3-butyric Lactone (1X)-This compound 

was prepared according to a previous procedure (22) (Scheme 11) for the 
preparation of the propionic lactone analog. The pale-yellow solid ob- 
tained from filtration was air dried overnight and amounted to 2.15 g, 
mp 198-203'. From the ether extraction, an additional 0.33 g was ob- 
tained, mp 204-208', giving a total of 2.48 g (79%). Recrystallization from 
aqueous methanol afforded white crystals, mp 208-211'; IR (KBr): 1720 
and 1750 (C=O) cm-l; NMR (dimethyl sulfoxide-ds): 6 1.42-2.94 (m, 
6H, CH2CHzCH2) and 6.75-7.92 (m, 3H. ArH) ppm. 

Anal.-Calc. for C12H10BrN03: C, 48.67; H, 3.40; N, 4.73. Found: C, 
48.48; H, 3.60; N, 4.66. 

Attempted Debromination of IX-A mixture of 1.0 g (3.37 mmoles) 
of IX, 350 mg of 5% palladium-on-charcoal catalyst, 4 ml of dry trieth- 
ylamine, and 75 ml of absolute ethanol was hydrogenated in a Parr ap- 
paratus for 2 hr (Scheme 11). Workup gave 100 mg of crystals, mp 
160.5-163.5'. A second crop of 65 mg, mp 164.5-168", was also obtained. 
Spectroscopic evidence indicated that this compound was a carboxylic 
acid and i t  was not investigated further. 

3-Ethoxycarbonyloxindole (XII1)-To a hot solution containing 
10.5 g (0.079 mole) of oxindole, 40 ml of diethyl carbonate (-0.32 mole), 
and 50 ml of dry toluene was added dropwise an ethanolic solution of 
sodium ethoxide [from 1.97 g (0.085 g-atom) of sodium in 30 ml of abso- 
lute ethanol] (Scheme IV). The flask contained a mechanical stirrer and 
was equipped for distillation. Moisture was excluded by means of a drying 
tube. The rate of addition was controlled to allow a smooth rate of dis- 
tillation of the ethanol-toluene azeotrope (bp 76.7'). 

Near the end of the addition, a heavy precipitate appeared and an 
additional 75 ml of toluene was added. Heating was continued until the 
boiling point of the distillate fell below 76". The resulting solid was fil- 
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tered, washed with toluene, slurried in water, and acidified in the cold 
to pH 3-4. The mixture was extracted three times with 100-ml portions 
of ether, and the combined extract was dried over magnesium sulfate. 
Concentration of the solution gave 11.5 g (71%) of an oil that slowly so- 
lidified. 

Trituration with ligroin and recrystallization from cyclohexane-ben- 
zene gave crystals, mp 91-93’. A second recrystallization from the same 
solvent system afforded the analytically pure product, mp 93-94’; IR 
(CHCl3): 1725 ( C 4 )  cm-l; NMR (CDC13 containing DzO and NazC03): 
6 1.27 (t, 3H, CH3),4.25 (q,2H, OCH2), and6.75-7.60 (m,4H, ArH) ppm. 
Both the NH and 3-H exchange under these conditions. 

Anal.-Calc. for C11H1INOB: C, 64.38; H, 5.40; N, 6.83. Found C, 64.50; 
H, 5.44; N, 6.87. 
3-Ethoxycarbonyl-3-hydroxymethyloxindole (X1V)-To a cooled 

solution containing 5.7 g (0.0278 mole) of 3-ethoxycarbonyloxindole and 
100 mg of calcium oxide in 150 ml of 70% aqueous ethanol was added 
dropwise a mixture of 2.26 ml of 40% aqueous formaldehyde in 5 ml of 
water (Scheme IV). The resulting solution was kept at room temperature 
overnight. The mixture was acidified with 6.5 ml of 5% aqueous hydro- 
chloric acid, followed by addition of 50 ml of 95% ethanol. The solution 
was filtered and evaporated under reduced pressure at  35O to give a solid. 
Recrystallization from acetonitrile afforded 2.5 g (38%) of crystals, mp 
149-152’ dec. (with evolution of formaldehyde); IR (KBr): 1720 (C=O) 
cm-’; mass spectrum: m/e 235 (M+); NMR (dimethyl sulfoxide-ds): 6 
1.08 (t, 3H, CH3), 3.74 (m, 4H, 2 CHd, 5.05 (t, lH,  OH), and 6.85-7.53 
(m, 4H, ArH) ppm. 

H, 5.65; N, 6.00. 
Anal.-Calc. for C12H13N04: C, 61.27; H, 5.57; N, 5.95. Found C, 61.15; 

3 - Ethoxycarbonyl - 3 - p - toluenesulfonyloxymethyloxindole 
(XV)-A mixture of 2.11 g (0.00897 mole) of XIV and 3.43 g (0.018 mole) 
of p-toluenesulfonyl chloride in 75 ml of pyridine was stored at  0’ for 46 
hr. The rose-colored solution was poured onto 100 g of ice and stirred; 
a pink solid was collected by filtration. After drying in uacuo, 1.65 g (47%) 
of the tosylate was obtained, mp 155-157’. Recrystallization from 95% 
ethanol gave colorless crystals, mp 163-164.5’; IR (CHC13): 1730 (C=O) 
cm-l; NMR (CDC13): 6 1.14 (t, 3H, OCCH3), 2.42 (s, 3H, ArCH3), 4.18 

= I0 Hz, SOzOCHz), 6.78-7.85 (m, BH, ArH), and 8.93 (broad s, lH, NH) 

Anal.-Calc. for C19H19N06S: C, 58.61; H, 4.92; N, 3.60. Found C, 
58.74; H, 4.99; N, 3.61. 
3-Ethoxycarbonyl-3-phthalimidomethyloxindole (XV1)-To a 

slurry of 368 mg (7.68 mmoles) of a 50% sodium hydride dispersion in 
mineral oil in 40 ml of dimethylformamide was added 1.28 g (6.25 
mmoles) of XI1 portionwise a t  room temperature (Scheme IV). After 
stirring for 15 min, 1.22 g (6.26 mmoles) of N-chloromethylphthalimide 
(25) was added. The dark-red color of the mixture was slowly discharged 
upon stirring at  room temperature overnight. Then the solution was 
poured onto 100 g of ice, and the precipitate was filtered. After drying, 
1.95 g (85%) of solid was obtained, which was recrystallized from ben- 
zene-carbon tetrachloride, mp 202-203’; IR (CHC13): 1720 and 1770 
( C 4 )  cm-’; mass spectrum: m/e 364 (M+); NMR (CDC13): b 1.19 (t, 3H, 

J = 14.5 Hz, NCHz), 6.75-7.93 (m, 8H, ArH), and 8.72 (broads, lH,  NH) 

(q, 2H, O=COCHp), 4.58 (d, lH, J = 10 Hz, SOzOCHz), 4.83 (d, lH,  J 

ppm. 

CH3), 4.25 (q,2H, OCHp), 4.50 (d, IH, J = 14.5 Hz, NCHz), 4.83 (d, lH, 

ppm. 

Anal.-Calc. for CzoH16N205: C, 65.93; H, 4.43; N, 7.69. Found: C, 
65.95; H, 4.39; N, 7.82. 

REFERENCES 

(1) A. C. Boranao, Reu. Argent. Cancerol., 4,84 (1962). 
(2) D. Norman and R. D. Schultz, Nature (London), 206, 477 

(3) P. S. Basu and V. Tuli, Plant Physiol., 50,507 (1972), and papers 

(4) R. L. Hinman and J. Lang, Biochemistry, 4,144 (1965). 
(5) R. L. Hinman and C. P. Bauman, J .  Org. Chem., 29, 2431 

(6) C. C. Still, T. T. Fukuyama, and H. S. Moyed, J. Biol. Chem., 240, 

(7) P. Emmelot, in “Molecular Pharmacology,” vol. 2, E. J. Ariens, 

(8) Ibid., pp. 127,134, 149. 
(9) W. C. J. Ross, “Biological Alkylating Agents,” Butterworths, 

London, England, 1962, chap. 8. 
(10) N. Neuss, M. Gorman, and I. S. Johnson, in “Methods in Cancer 

Research,”vol. 111, H. Busch, Ed., Academic, New York, N.Y., 1967, pp. 

(11) J. A. Stock, in “Experimental Chemotherapy,” vol. IV, R. J. 
Schmitzer and F. Hawking, Eds., Academic, New York, N.Y., 1966, pp. 
300-305. 

(12) P. Emmelot, in “Molecular Pharmacology,” vol. 2, E. J. Ariens, 
Ed., Academic, New York, N.Y., 1964, part 111, pp. 125-127. 

(13) Y. Sumiki, K. Isono, J. Nagatsu, and T. Takanuchi, J .  Antibiot. 
(Tokyo), Ser. A, 13,416 (1960). 

(14) R. E. Bowman, M. D. Closier, and P. V. Islip, J. Chem. Soc., 1965, 
470. 

(15) V. Tuli and H. S. Moyed, J.  Biol. Chem., 241,4564 (1966). 
(16) J. N. Smith, in “Comparative Biochemistry,” vol. VI, M. Florkin 

and H. S. Mason, Eds., Academic, New York, N.Y., 1964, pp. 403-457. 
(17) J. A. Jonker, Chern. Tech. (Amsterdam), 25,349 (1970). 
(18) H. Behringer and H. Weissauer, Chem. Ber., 85,774 (1952). 
(19) E. Wenkert, J. H. Udelhofen, and N. K. Bhattacharyya, J.  Am. 

(20) G. Hallmann, Chem. Ber., 95,1138 (1962). 
(21) R. L. Hinman and C. P. Bauman, J .  Org. Chem., 29, 1206 

(22) W. B. Lawson, A. Patchornik, and B. Witkop, J .  Am. Chem. SOC., 

(23) R. L. Hinman, C. P. Bauman, and J. Lang, Biochem. Biophys. 

(24) J. M. Venditti, Cancer Chemother. Rep., 3 ,1  (1972). 
(25) H. Bohmer, Chem. Ber., 92,1258 (1959). 

(1965). 

cited therein. 

(1964). 

2612 (1965). 

Ed., Academic, New York, N.Y., 1964, part 111, pp. 100, 144. 

657,660-662. 

Chem. Soc., 81,3763 (1959). 

(1964). 

82,5918 (1960). 

Res. Commun., 5, 250 (1961). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received June 21,1976, from the College of Pharmacy, University of 

Accepted for publication September 16,1976. 
Kentucky, Lexington, K Y  40506. 

Tu whom inquiries should be directed. 

1024 1 Journal of Pharmaceutical Sciences 


