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Gelsemine. II. The Chemistry and Rearrangements of Spirooxindoles1 

BY BERNHARD WITKOP2 AND JAMES BURNS PATRICK 

RECEIVED DECEMBER 20, 1952 

The reactions, interconversions and rearrangements in the spiro-(cyclopentane-l,3'-pseudo6xindole) series are described 
(Chart I) . The rearrangement of the carbinol amine X I X to 9-roethyltetrahydrocarbazole is likely to prove useful in the 
structural elucidation of gelsemine. Na-Methyl derivatives of gelsemine and dihydrogelsemine were prepared and found 
identical with the so-called "des-bases." Experiments to prepare carbinol amines in the gelsemine series (XXV) have 
been started. 

The revisions in the chemistry of spirodxindole 
derivatives were made almost simultaneously and 
independently by two different groups of investiga
tors3-6 prompted either by observations of the 
rearrangement of quinamine to isoquinamine6'7 

or by studies on the mechanism of oxidation in the 
indole series.8 Occupation with another alkaloid, 
gelsemine9 (having hypotensive properties), led us 
to extend and investigate the chemistry and re
arrangements of spirooxindoles. 

The reactions summarized in the Chart show 
three different routes to the spirooxindoles V and 
XIV. 

(i).—Starting with the spiroindoxyl VI,10 methyl-
magnesium iodide effects a twofold Wagner-
Meerwein rearrangement11 to give the methyl -
indolenine VII, in which the methyl is activated 
by the adjacent —C=N— group.1U3 Reaction 

with nitrous acid yields the oximino compound XI, 

OH 

I , m. p. 104° c o 

Y, in. p. 113 

Oj. N 

TL, m.p. 2 2 9 

O2N 

2HI, m.p. 142° 

(C H3) 2 SO4 

XTV, m. p. 63c 

I 
CH3 

XC, m. p. 89 ° W T 

Chart I.—Interconversions and rearrangements of spirooxindoles and indoxyls. 

(1) Preceding paper in this series, T H I S JOURNAL, 70, 1424 (1948). 
(2) National Institute of Arthritis and Metabolic Diseases, Bethesda 

14, Md. 
(3) S. G. P. Plant and R. Robinson, Nature, 165, 36 (1950). 
(4) J. B. Patrick and B. Witkop, T H I S JOURNAL, 72, 633 (1950). 
(5) B. Witkop and J. B. Patrick, Experienlia, 6, 183 (1950); T H I S 

JOURNAL, 73, 2188 (1951). 
(6) C. C. J. Culvenor, L. J. Goldsworthy, K. S. Kirby and R. 

Robinson, J. Chem. Soc, 1485 (1950). 
(7) B. Witkop, T H I S JOURNAL, 72, 2311 (1950). 
(8) B. Witkop and A. Ek, ibid., 73, 5664 (1951). 
(9) M. Kates and L. Marion, ibid., 72, 2308 (1950); Can. J. Re

search. 29B, 37 (1951). 

convertible, via the liquid nitrile (not isolated in 
pure form) and the amide X, to the spirooxindole 
V14 identical with the (acetic anhydride-catalyzed) 

. (10) Cf. B. Witkop, T H I S JOURNAL, 72, 614 (1950). 
(11) B. Witkop and J. B. Patrick, ibid., 73, 1558 (1951). 
(12) G. PIancher and D. Bettinelli, Goo. chim. UaL1 291, 106 

(1899). 
(13) H. Leuchs and H. Schulte Overberg, Ber., 64, 1903 

(1931). 
(14) W. H Perkin and S. G. P. Plant, / . Chem. Soc, 123, 688 

(1923). 



June 5, 1953 CHEMISTRY AND REARRANGEMENTS OF SPIROOXINDOLES 2573 

deacetylated rearrangement product from II.16 

The same correlation has been carried out recently 
by Plant16 using the oxindole synthesis of Brunner. 
In this sequence the acid XVII was not obtained 
from the amide X by acid treatment.17 The 

COOH COOH 
XVII XVIII 

analogous 3,3-dimethylindolenine-2-carboxylic 
acid18 is known to undergo an acid-catalyzed 
decarboxylation19 and rearrangement to 2,3-di-
methylindole. We tried to effect a Hammick 
reaction20 with 3,3-dimethylindolenine-2-carboxylic 
acid (XVIII). When XVIII was refluxed in benzo-
phenone solution, there was formed instead the 
trimer of 3,3-dimethylindolenine,18'21'22 m.p. 214-
215°. 

(ii).—The methiodide of the methylindalenine 
VII, which could be reduced to the N-methylindol-
ine IV by sodium borohydride23 gave a free ether-

(15) 9-Acetyl-10,ll-cij-dihydroxyhsxahydrQcarbaZQle, previously 
prepared by the addition of nitric acid" to, or the osmium tetroxide oxi
dation of, 9-acetyltetrahydrocarbazole [P. W. Qckendeo and K. 
Schofield, Nature, 16B, 603 (1951)] can also be obtained by the proce
dure of Milas and Sussman [Tips JOURNAL, 58, 1302 (1936)] from 9-
scetyltetrahydrocarbazole; see Experimental. 

(16) R. F. Moore and S. G. P. Plant, J. Chem. Soc, 3475 (1951), 
(17) Likewise the liquid 3,3-dimethyl-2-cyanoindoleniae, on the 

action of either acid or base, lost hydrogen cyanide to give 3,3-di-
methyloxindole (ref. 12), whereas Leuchs (ref. 13) was able to isolate 
3,3-dibenzylindoIenine-2-carboxylic acid from the parent nitrile by 
basic hydrolysis. 

(18) R. Robinson and H. Suginome, J. Chem. Soc, 298 (1932). 
(19) The thermal decarboxylation (ref. 18) probably proceeded 

through the zwitterion XVIIIa [B. R. Brown and D. L. Hammick, / . 
Chem. Soc, 659 (1949); cf. B. R. Brown, Quarterly Rev., S, 131 (1951)]. 

However, there seems to be no indication for the presence of the car-
boxyl anion of XVIIIa [band at 6.35 mp., cf. I. M. Klptz and D. M. 
Gruen, J. Phys. Colloid Chem., 82, 961 (1948); H. W. Thompson, D. L. 
Nicholson and N. L. Short, Faraday Soc, Discussion 9, Spectroscopy 
and Molecular Structure, 1951] in the infrared spectrum of XVIII in 
chloroform. The position of the carboxyl band of a few representa
tives of this series are: 

Compound 
3,3-Dimethylindolenine-2-

carboxylic acid 
a-Picoliaic acid 
a-Picolinic acid hydrochloride 
Nicotinic acid 
Qumolinic acid 
Quinaldinic acid 

Absorption of carboxyl 
5.66 

(5.86? unassigned) 
5.65 
5.75 
5.81 
6.32 
5.64 

Measured in 
Chloroform 

Chloroform 
Nujol 
Nujol 
Nujol 
Chloroform 

The shift to red in the ultraviolet ahsorption spectrum of the zwitterion 
XVIIIa (cf. ref. 30) is not found: 3,3-dimethyIindoleuine-2-carboxylic 
acid absorbs Xmn (log «) 289 m« (3.93) in ethanol at somewhat shorter 
wave length than the methyl ester, Xn , , (log«) 295 me (3.99); the amide 
(X) absorbs in between these two values at 292 ran (4.10). 

(20) P. Dysqn and D. L. Hamnjjck, J. Chem. Soc, 1724 (1937). 
(21) K. Brunner, Monafsh., 16, 854 (1895). 
(22) The trimerization happened also when XVIII was refluxed 

with acetic anhydride in an attempt to prepare the mesipnic condensa
tion product analogous to Besthprn's red quinoline dye [cf. B. R. 
Brown and D. L. Hammick, f, Chem. Sot., 628 (195Q)J. 

(23) Cf. B. Witkop and J. B. Patrick, T H I S JOIJRNAI,, in press; K. 
W. Bentley and R. Robinson, J. Chem. Soc, 951 (1952). 

soluble oily carbinol base XII or "Fischer base" 
XVI. The picrate of this base, m.p. 159°, is prob
ably derived from the original quaternary com
pound VIII in accordance with the rules of tauto-
merism in this series.24 The free base (XII or 
XVI) on pyrolysis lost methane (or was oxidized) 
to give the spirooxindole XIV.26 If a loss of meth
ane were involved, the reaction would be reminis
cent of the base-catalyzed transformation of 2,2-
dialkylbenzimidazolines to 2-alkylbenzimidazoles.26 

(iii).—The condensation of N-methyloxindole 
(XV) with tetramethylene bromide in the presence 
of sodium methoxide gives the spirodxindole XIV 
in good yield.4 The reaction is patterned after 
similar condensation reactions.27'28 Nitration of 
XIV gave the 5-nitro derivative XIII identical 
with the product obtained by nitration (IX) and 
methylation from V.14 

The partial reduction of the spirooxindole XIV 
with lithium aluminum hydride29 gave the carbinol-
amine XIX, the picrate of which was derived 

He 
(120°) 

(-H2O) 

XXI 

H© 
(-H2O) -He 

from the anhydro form in accordance with the 
genera,! mechanism of salt formation of open and 
cyclic Schiff bases.30 The action of hydrochloric 
or polyphosphoric acid at elevated temperature 
(100-150°) caused the carbinolamine XIX to re
arrange to 9-methyltetrahydrocarbazole (XXII) 
(via the intermediate carbonium structure XXI). 
The same sequence of reactions was carried out by 
Ciamician in the conversion of 1,3,3-trimethyloxin-
dole to 1,2,3-trimethylindole via l,3,3-trimethyl-2-
hydroxyindoline.31 It may be recalled that re
arrangement and/or loss of water in the case of 
the alkanols XXIII10 and XXIV6 occurred already 
at room temperature with dilute acetic or picric 
acids. 

(24) For an up-to-date discussion cf. P. L. Julian, E. W. Meyer and 
H. Printy in R. C. Elder-field's "Heterocyclic Compounds," Vol. 3, 
New York, 1952, p, 74. 

(25) The pyrolysis of comparable 1,2,3,3-tetrasubstituted 2-
bydroxyindolines [K. Brunner, Monatsh,, 28, 1359 (1905); G. Jenisch, 
ibid., 27, 1223 (1906)] would be of interest in this connection. 

(26) R. C. Elderfield, 12th National Organic Chemistry Symposium, 
Denver, Col., June, 1951, Abstracts, p. 86. 

(27) O. Eisleb, Per., 74, 1433 (1941). 
(28) E. Kretz, J. M. Milller and E. Schlittler, HeIv. Chim. Acta, 38, 

520 (1952). 
(29) F. Galinowsky, Manatsh., 82, 551 (1951). 
(30) B. Witkop, J. B. Patrick and H. M. Kissman, Ber., SS, 949 

(1952). 
(31) G. Ciamician and A. Piccinini, ibid., 29, 2467 (1896); Gait 

chim. M; «TI, 341 (18,97), 
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OH 
/ —H 

H 
XXIII 

OH 

A 
H H 

XXIV 

The analogous rearrangement of the correspond
ing carbinolamine (XXV) 3 2 from what is currently 
pictured as N-methyldihydrogelsemine should re
move the main obstacle in the pa thway of degrada
tion of gelsemine, viz., the quaternary carbon in 
position 732 to yield X X V I . The significance of 
this change would be comparable to the strychnine 
-*• strychnone conversion in which the acid-cat
alyzed loss of water proceeds with fission rather 

XXV XXVI 

than rearrangement of the carbon skeleton.33 

When the required N a-methyl derivatives of gel
semine and dihydrogelsemine were prepared, they 
were found to be identical with the corresponding 
"des-bases."34 '36 

A wide variety of conditions was tried for the 
selective reduction of N-methyldihydrogelsemine, 
N-methylgelsemine and their methiodides and hy
drochlorides: l i thium aluminum hydride in vary
ing proportions (one, two and four equivalents of 
hydrogen) in solvents such as ether, te t rahydro-
furan, N-methylmorpholine, carbitol36 and HCl-
saturated ether37 applying normal as well as in
verse addition; sodium borohydride in cold and 
refluxing methanol and ethanol; sodium in ethyl 
and isopropyl alcohols. Polarographic analysis38 

indicated a high potential is required for the reduc
tion ; electrolytic reduction, therefore, has not been 
tried yet,39 bu t could possibly lead directly to re
arrangement when applied in strong acid a t ele
vated temperature. If an O-methyl ether of the 
oxindole could be prepared, its reduction would 
offer promise. Our reduction a t t empts in some 
cases have led to small amounts of the desired 
carbinolamine (typical infrared bands a t 2.75 and 
2.92 ix, no more carbonyl).40 The work had to be 
discontinued a t this point. 

(32) R. Goutarel, M.-M. Janot, V. Prelog, R. P. A. Sneeden and 
W. I. Taylor, HeIv. Chim. Acta, 84, 1139 (19Bl); cf. M. S. Gibson and 
R. Robinson, Chemistry and Industry, 93 (1951). 

(33) R. B. Woodward, W. J. Brehm and A. L. Nelson, THIS JOURNAL, 
69, 2250 (1947). 

(34) T. Habgood, L. Marion and H. Schwartz, HeIv. Chim. Acta, 35, 
638 (1952). 

(35) V. Prelog, J. B. Patrick and B. Witkop, ibid., 35, 640 (1952). 
(36) I. Goodman, / . Chem. Soc, 2209 (1951). 
(37) H. M. Doukas and T. D. Fontaine, THIS JOURNAL, 73, 6917 

(1951). 
(38) Cf. W. C. Sumpter, P. H. WUken, T. L. Williams, R. Wede-

meyer, F. L. Boyer and K. W. Hunt, / . Org. Chem., 16, 1777 (1951). 
(39) Cf. Electrolytic reduction of spirothiooxindoles, ref. 27. 
(40) Drs. Marion and Schwarz informed us that by reduction of N'-

methytgelsemine with sodium in liquid ammonia they had obtained a 
dihydro compound the infrared spectrum of which was indicative of a 

Experimental41 

Methyl Cyclopentyl Ketone.42-43—In a 500-ml. 3-necked 
flask, equipped with a mechanical stirrer, a thermometer 
and a dropping funnel was placed 41 g. of crystalline sodium 
dichromate followed by 19 cc. of concentrated sulfuric acid 
in 200 cc. of water. About 5 cc. of methylcyclopentylcar-
binol44 was added with stirring. The solution assumed a 
dark brown color and the temperature rose. The car-
binol was then added dropwise at a rate determined by the 
rate of heat evolution. Occasional application of an ice-
bath to the flask was used to keep the temperature at or 
below 55°. When all the carbinol was added (45 min.), 
stirring was continued until the temperature had fallen to 
60°. The flask was cooled and about 200 cc. of ether was 
added. After thorough mixing, the layers were separated 
and the brown ether layer was washed with three 35-cc. 
portions of 1 N alkali solution. The pale yellow ether solu
tion was dried over sodium sulfate and the ether was then 
evaporated. The crude ketone (21.6 g.) was transferred 
to a 25-cc. flask and distilled in vacuo yielding 15.0 g. (57%) 
of a colorless fragrant liquid boiling 80-85° (65 mm.) 
(approx.), which in the Fischer indole synthesis gave directly 
the spiroindolenine VII." 

Spiro-(cyclopentane-l ,3 '-pseudo-2 '-f ormoxuninoindole) 
(XI).—To 2.1 g. of VII, dissolved in 15 cc. of glacial acetic 
acid, was added with stirring an ice-cold solution of 0.67 g. 
of sodium nitrite in 5 cc. of water. The solution assumed a 
dark orange color, became somewhat warm, and suddenly 
set to an orange sludge. After ten minutes stirring the mix
ture was diluted slowly with 60 cc. of water and filtered. 
The yellow filter cake was thoroughly washed with water, 
sucked dry at the pump, and stored overnight in a vacuum 
desiccator over phosphorus pentoxide. The crude product 
amounted to 1.724 g. of yellow solid, m.p. 207-212*. 

On recrystallization from methanol, the analytical sample 
formed long silky yellow needles, m.p. 213-215° (crystalline 
transformation to short prisms 145°; softening, 193°; sub
limation 210°; clear light yellow melt). 

Anal. Calcd. for Ci,HuNsO: C, 72.86; H, 6.58; N, 
13.08. Found: C, 73.39; H, 6.77; N, 13.05. 

Spiro-(cyclopentane-l,3'-pseudooxindole) (V).—A mix
ture of 1.6 g. of the oxime (XI) and 40 cc. of acetic anhy
dride was refluxed for two hours. The resulting dark solu
tion was stirred with 400 cc. of hot water to destroy the ex
cess anhydride. The brown, oily organic layer was then 
taken up in ether, washed with 2 N potassium hydroxide 
solution and with saturated sodium chloride solution and 
dried over anhydrous potassium carbonate. The solution 
was then filtered from the drying agent and the ether was 
evaporated. The residual oil was thoroughly extracted 
with cold pentane. The yellow pentane solution was 
evaporated, and the residual oil then crystallized. The 
sticky crystalline mass was washed with pentane until the 
washings were colorless, and the combined washings set 
aside (see below). The residual colorless crystals, after 
drying overnight in vacuo, amounted to 202 mg. of light 
tan granules, m.p. 113.5-114° (sublimation, 100°; clear 
colorless melt). A mixed melting point with the spiro-
oxindole (V) prepared from 9-acetyl-10,ll-e»s-dihydroxy-
hexahydrocarbazole by the method of Perkin and Plant14 

showed no depression, and the infrared spectra of the two 
compounds were identical. 

Spiro-(cyclopentane-l,3'-pseudoindole-2'-carboxamide) 
(X).—Evaporation of the combined pentane washings left 
an oil possessing strong absorption at 4.5 n in the infrared 
(cyano group), but also showing a strong oxindole band at 
5.8 p. Both bands were still present after the oil had been 
subjected to vacuum distillation, giving 469 mg. of clear 

carbinolamine. A sample of this dihydro compound, which could not 
be reduced to the tetrahydro compound, also failed to undergo any 
changes in polyphosphoric acid at 220°. We are most obliged to Drs. 
Marion and Schwarz for placing some of the compound at our disposal. 

(41) All melting points are corrected (Kofler block); all boiling 
points are uncorrected. The analyses were performed by Dr. W. C. 
Alford and associates in the Microanalytical Laboratory of the Na
tional Institutes of Health. 

(42) This ketone, previously prepared by a less satisfactory 
method,11 was needed for the Fischer synthesis of the indolenine VII. 

(43) Cf. M. Godehot and P. Bedos, BM. soc. chim., 43, 822 (1928). 
(44) From acetaldehyde and cydopentylmagnesium bromide (ref. 11 

and 43). 
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yellow oil, b.p. 93-134° (1 mm.). This oil was chromato-
graphed on a 20-mm. diameter column of 15 g. of Fisher 
alumina, made in hexarxe. The chromatography was carried 
out by the general procedure of Reichstein and Shoppee." 
Elution with 80% chloroform in benzene yielded 181 mg. of 
crystalline material (and 200 mg. of less pure substance) 
which was obtained, after two recrystallizations from ben-
zene-ligroin, as large brilliant birefringent prisms, m.p. 113-
115° (sublimation from 95°; melting and resolidification 
98.5°; clear colorless melt). 

Anal. Calcd. for CI1HUNJO: C, 72.86; H, 6.58; N, 
13.08. Found: C, 73.49; H, 6.67; N, 12.52. 

The substance melted 60-103° when admixed with the 
spiroQxindole (V). The infrared spectrum of the material 
snowed no cyano band. 

Spiro-(cyclopentane-l,3'-pseudo-2'-methylindole_) Meth-
iodide (VIII).—A mixture of 590 mg. of the tertiary base 
VII, in 10 cc. of methanol with 4 cc. of methyl iodide was 
refluxed for three hours and allowed to stand overnight. 
Evaporation in vacuo left a purple crystalline residue (weight, 
1.085 g.). This residue was thoroughly washed, first with 
ether, then with acetone. After drying, the crystalline 
residue amounted to 669 mg. (70%); colorless needles, 
m.p. 203-204° (darkening and distillation in yellow drops at 
190°; clear yellow melt). 

Anal. Calcd. for CuH16N-CH8I: C, 51.39; H, 5.54; 
N, 4.28. Found: C, 51.52; H, 5.59; N, 4.16. 

Spiro-(cyclopentane-l ,3'-I ',2'-dimethylindoline) (IV).— 
Three hundred and fifty mg. of the methiodide VIII was 
added, with external ice cooling, to a suspension of 350 mg. 
of sodium borohydride in 10 cc. of alcohol. The addition 
was accompanied by vigorous gas evolution. The mixture 
was then refluxed for two hours, decomposed with water, and 
filtered. The filtrate was thoroughly extracted withetherand 
the ether extract was washed, first with water, then with sat
urated salt solution, and finally dried over magnesium sul
fate. Evaporation of the dry ether solution left 276 mg. of 
a clear light-yellow oil which could not be induced to crys
tallize. Infrared spectrum in chloroform: no NH or OH 
bands; strong band at 6.21 /* (Ph-N). This oil was 
divided into two portions. One portion was converted 
into the picrate in aqueous solution. The water-insoluble 
picrate, after recrystallization from methanol, formed 
yellow prisms, m.p. 165-167.5° (sublimation at 136°, dark
ening 146°, sublimate crystallizes 157°, dark melt-decom
position). 

Anal. Calcd. for CuHuN-C6H3N8O7: C, 55.81; H, 
5.15; N, 13.02. Found: C, 55.68; H, 5.34; N, 13.14. 

Hydrochloride.—On recrystallization from isopropyl 
alcohol-ethyl acetate, the hydrochloride, prepared from the 
second portion in ethereal solution, formed colorless bire
fringent prisms, m.p. 123-129° (clear colorless melt). The 
compound sublimes very strongly. 

Anal. Calcd. for Ci4Hi9N-HCl: C, 70.72; H, 8.48; N, 
5.89. Found: C, 70.79; H, 8.45; N, 5.83. 

Spiro-(cyclopentane-l, 3 '-pseudo-2'-methylindole) Picrate. 
—A solution of 550 mg. of the methiodide VIII in approxi
mately 10 cc. of methanol was added to an aqueous solution 
of thallous hydroxide prepared from 504 mg. of thallous sul
fate with barium hydroxide. A copious orange precipitate 
formed which was removed by centrifugation and allowed to 
stand, still moist, overnight, whereupon it developed a red
dish color. The precipitate was thoroughly washed with 
water (which took up most of the red color) and ether, then 
discarded. The water layer was made strongly basic by 
addition of 2 N potassium hydroxide and extracted with 
ether. The red color disappeared. The tan ether extract 
was dried over magnesium sulfate. On standing a red 
coloration appeared. The oily residue of the ether extract 
in chloroform solution showed the following infrared absorp
tion bands: 2.95m (bonded OH?); 3.37»; 3.50"; 6.07" 
/>N—C=CH2FN; 6.22"; 6.70"; 6.85"; 6.93w; 7.24"; 7.42m; 

7.47m; 7.21»; 8.72"; 9.02"; 9.31m; 9.60"; 9.78m; 10.65m; 
11.85m. Treatment of two aliquots, one with perchloric, 
the other with ethereal oxalic acid, produced only oils, but 
a third aliquot yielded a crystalline picrate, on treatment 
with picric acid in benzene. On recrystallization from 
methanol the picrate formed clear yellow birefringent plates. 

(45) T. Reiebstein end C. W. Sboppee, Disc. Faraday Soc, 305 
(1949). 

m.p. 158.5-159.5° (darkening from 148°, sublimation from 
150°, clear, dark yellow melt). 

Anal. Calcd. for Ci4Hi7N-C6H3N8O7: C, 56.08; H, 4.71; 
N, 13.08. Found: C, 56.41; H, 4.89; N, 12.85. 

When silver oxide was used instead of thallous oxide the 
ether-soluble compound was an oil showing a strong car-
bonyl band (5.83 n) indicative of oxidation to the oxindole 
(XIV). 

Spiro-(cyclopentane-l ,3'-pseudo-l '-methyloxindole) 
(XIV). A. By Pyrolysis of XII.—The rest of the ether 
solution was transferred to a small Hickman still and the 
ether evaporated. Distillation of the residue in vacuo 
yielded four drops of a single colorless liquid, b.p. 88-121° 
(0.17-0.18 mm.). The infrared spectrum was identical 
with that of a specimen of the spirooxindole (XIV) synthe
sized by the method described below. 

B. By Condensation of N-Methyloxindole with Tetra-
methylene Dibromide.—To a refluxing mixture of 2 g. of 
N-methyloxindole and 3 g. of tetramethylene dibromide in 
30 cc. of absolute ethanol was added a solution of 0.65 g. of 
sodium in 15 cc. of absolute ethanol. The addition was 
carried out dropwise over a period of about 25 minutes. 
The mixture was refluxed for half an hour after the addition 
of all the sodium alcoholate; then the solvent was removed 
in vacuo. Microdistillation of a portion of the residual red 
oil produced colorless crystals which were used to seed the 
rest of the oil. The entire mass then crystallized in large 
needles. On recrystallization from petroleum ether magni
ficent hexagons were obtained, m.p. 61-63° (yield 60-70%). 

Anal. Calcd. for Ci3HuNO: C, 77.57; H, 7.51. Found: 
C, 77.81; H, 7.67. 

Spiro-(cyclopentane-l ,3 '-pseudo-1 '-methyl-S '-nitroBxin-
dole) (XIII).—Three hundred fifty milligrams of the spiro
oxindole XIV was added to 10 cc. of nitric acid (1:4). The 
mixture was slowly heated and boiled for three minutes. 
The greenish oil which first formed set to a yellow paste on 
washing and after drying in a vacuum desiccator, solidified 
to yellow crystals, which were recrystallized from alcohol, 
m.p. 141-142° (sublimation from 100°; clear, pale yellow 
melt). 

Anal. Calcd. for Ci3Hi4N2O3: C, 63.40; H, 5.73. 
Found: C, 63.57; H, 5.96. 

A mixed melting point of the above compound with a 
sample of the spirooxindole (XIV), prepared from II via 
I —• V -*• IX,14 showed no depression. 

9-Acetyl-10,ll-cis-dihydroxyhexahydrocarbazole (H) by 
Addition of Hydrogen Peroxide to N-Acetyltetrahydrocar-
bazole.—To a solution of 2 g. of 9-acetyltetrahydrocarba-
zole in 25 cc. of i-butyl alcohol was added 12 cc. (100% 
excess) of a 1.67 Msolution of hydrogen peroxide in the same 
solvent. The mixture was chilled to 0° and 1 cc. of a 1% 
solution of osmium tetroxide in /-butyl alcohol was added. 
Within ten minutes a product began to crystallize from the 
mixture. After standing overnight the mixture was worked 
up at ice temperature by dilution with ether and thorough 
extraction with water and a little 2 N potassium hydroxide 
to remove osmium. The residual ether solution, after 
drying with sodium sulfate, was evaporated, leaving an 
orange oil. The oil was taken up in benzene-petroleum 
ether (1:3) and allowed to crystallize. There was obtained 
a quantity of prisms, m.p. 124-133°, and a number of small 
lumps of purer crystalline material, clusters of prisms, m.p. 
205-208° (clear melt, after considerable sublimation), 
identical with 9-acetyl-10,ll-dihydroxyhexahydrocarbazole 
prepared according to Perkin and Plant.14 The yield under 
these conditions was poor and no attempt was made to im
prove it. 

Spiro-(cyclopentane-1,3 '-N-methyl-2 '-hy droxyindole) 
(XIX).—To a solution of 200 mg. of spiro-(cyclopentane-
l,3'-N-methyl-pseudo-oxindole) (XIV) in 30 cc. of dry 
ether was added 36 mg. of lithium aluminum hydride and 
the mixture refluxed for one hour. After decomposition 
with ice, the dried ether layer left 185 mg. of a colorless oil 
which showed (in chloroform solution) the following infra
red bands: 2.81 (hydroxy), 6.21, 6.74, 6.89. The same 
compound was obtained in subsequent experiments even 
when more than V4 mole of lithium aluminum hydride was 
employed for the reduction. 

Spiro-(cyclopentane-l,3'-N-methylindoleninium) Picrate 
(XX).—While the oxalate and hydrochloride of the above 
alkamine were obtained oily, a crystalline picrate was formed 
in benzene solution. Recrystallized from methanol it 
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formed long yellow birefringent prisms, m.p. 162-164° 
(sintering at 153°, yellow-green melt). 

Anal. Calcd. for CuHnN-CIiH3N3O7: C, ,54.94; H, 4.60. 
Found: C, 54.99; H, 4.94. 

Rearrangement to 9-Methylcarbazole (XXII).—When 
the free alkamine (XIX) is left in a mixture of methanol and 
concentrated hydrochloric acid at room temperature, the 
unchanged free base can be recovered. With methanolic 
concentrated HCl (1:1) on the steam-bath or in polyphos-
phoric acid at 150° for a few minutes the alkamine is re
arranged to a non-basic compound which crystallizes out 
of the acid- and base-washed and dried ether extract in 
colorless plates, m.p. 48°. The ultraviolet and infrared 
spectra were in agreement with an N-methyl indole com
pound. The picrate, prepared in benzene solution, formed 
red-brown needles, m.p. 114°. 

The literature records m.p . 50°46'47 for 9-methyltetrahy-
drocarbazole and 114.5°46 and 116°47 for the picrate. 

N-Methylgelsemine.—A mixture of 2.41 g. of gelsemine, 
300 mg. of potassium metal and 30 cc. of benzene was re-
fluxed and stirred. Within 15 minutes a copious creamy 
precipitate had formed. After an hour 1.09 g. of methyl 
iodide in 4 cc. of benzene was added and refluxing was con
tinued for two more hours. After standing overnight the 
mixture was filtered. Evaporation of the filtrate (steam-
bath) left 552 mg. (22%) of a yellow oil which crystallized 
on scratching. Decomposition of the filter cake with water, 
followed by ether extraction, recovered 275 mg. of gelsemine, 
bringing the corrected yield to 25%. The crude N^methyl 
compound was taken up in boiling ligroin, decolorized with 
diatomaceous earth, and allowed to crystallize; colorless 
prisms, m.p . 141-142.5° (sublimes in small prisms 126°; 
clear colorless melt). 

Anal. Calcd. for C21H24N2O2: C, 75.01; H, 7.20; N, 
8.33. Found: C, 74.72; H, 7.27; N, 8.23. 

The reduction of N-methylgelsemine with lithium alu
minum hydride gave N-methyldesoxydihydrogelsemine, 

(46) H. Adkins and H. L. Coonradt, T H I S JOURNAL, 63, 1563 (1941). 
(47) W. H. Perkin and S. G. P. Plant, J. Chem. Soc, 119, 1834 

(1921). 

Discussion 
In order to study the fate of colchicine derivatives 

in biological studies, the preparation of a series 
of representative compounds labeled with C14 

was undertaken. Walaszek3 recently reported the 
biosynthesis of such compounds by growth of 
colchicum plants in an atmosphere of C14O2. 
Extraction of the plants gave the C14-alkaloids. 
With this method, however, the positions of the 
labeled carbon atoms are not known, and thus the 
identification of labeled metabolic products is more 
difficult. Through the use of radioactive diazo
methane and radioactive acetyl chloride we have 
prepared a number of colchicine derivatives labeled 

(1) This investigation was supported (in part) by a research grant 
from the National Cancer Institute of the National Institutes of 
Health, U. S. Public Health Service. 

(2) Research Associate. 
(3) E. T. Walaszek, F. E. Kelsey and E. M. K. Geiling, Science. 116, 

225 (1952). 

m.p. 117-119°, identical with des-N-methyldesoxydihydro-
gelsemine.36 

N-Methyldiiydrogelsemine. A. By Hydrogenation.—A 
solution of 50 mg. of N-methylgelsemine in 4 cc. of methanol 
was stirred with 20 mg. of platinum oxide under hydrogen. 
In 19 minutes the hydrogen uptake was 21.65 cc. The 
solution was filtered and evaporated to leave colorless bire
fringent prisms, m.p . 164-168° identical (infrared spectrum) 
with the product obtained by methylation of dihydrogelse-
mine. 

B. By Methylation.—A mixture of 213 mg. of dihydro-
gelsemine, 40 mg. of metallic potassium and 20 cc. of ben
zene was refluxed for 4 hours, 120 mg. of methyl iodide in 2 
cc. of benzene was added dropwise and refluxing continued 
overnight. The mixture was filtered and the filtrate evap
orated to leave 260 mg. (80%) of a yellow oil which crys
tallized readily on trituration with hexane. On recrystalli-
zation from hexane (and decolorization with diatomaceous 
earth) there were obtained large colorless birefringent 
prisms, m.p. 167-169° (sublimes in long needles 134°, sin
ters 157°, clear colorless melt). 

Anal. Calcd. for C21H26N2O2: C, 74.53; H, 7.75; N, 
8.28. Found: C, 75.17; H, 8.18; N, 8.12. 

The reduction of N-methyldihydrogelsemine with lithium 
aluminum hydride led to N-methyltetrahydrodesoxygelse-
mine, m.p. 148°, identical with des-N-methyl-desoxytetra-
hydrogelsemine.a5 

Methiodide.—A mixture of 200 mg. of N-methyldihydro
gelsemine, 10 cc. of methanol and 0.5 cc. of methyl iodide 
was refluxed for 30 minutes, left overnight, and evaporated 
on the steam-bath. The residue, amounting to 300 mg., 
crystallized readily on trituration with acetone. After 
washing with acetone, a portion was recrystallized from 
ethanol. Small hard glossy birefringent cubes, m.p . 305-
306.5° (slow darkening from 200°, spalling and crystalline 
transformation 250-265°, melts with decomposition, brown 
melt). 

Anal. Calcd. for C22H29N2O2I: C, 55.00; H, 0.08; 
N, 5.83. Found: C, 55.34; H, 6.07; N, 5.78. 
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in rings A, B and C as shown in formulas I, II and 
III. 

Ordinarily, in reactions involving the use of 
diazomethane, a liberal excess of the reagent is 
employed. In the present problem, however, it 
became necessary to obtain maximum methylation 
with a minimum expenditure of the C14 reagent. 
This involved the determination of the diazo
methane equivalent of the nitrosomethylurea, 
optimum conditions for the methylation of the 
various colchicine derivatives, and adequate separa
tion of isomeric products when these were formed. 

The usual methods4 for the determination of 
diazomethane were unsuitable inasmuch as they 
would have consumed the reagent to give C14 

products of no immediate interest to our problem. 
A method was therefore devised based on the well-

(4) A. H. Blatt, "Organic Syntheses," Coll. Vol. II, John Wiley and 
Sons, Inc., New York, N. Y., 1943, p. 165. 
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