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Steroidal ^-Methylene 5-Lactones as Potential Antitumor Agents 
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Four novel steroidal a-methylene <5-lactones have been synthesized and shown to be active against human naso­
pharyngeal carcinoma (KB) cells in culture. The syntheses involved the use of known a-methylenation procedures. 
In addition, the lactone 6 was directly methylenated by reaction with CH20/KOH or Et2NH/CH20/Et2NH-HCl. 
The formation of a cysteine adduct (15) with the a-methylene lactone 10 is reported. 

The achievement of selectivity is a major problem in 
cancer chemotherapy. One rationale of designing a less 
toxic drug is to attach an alkylating mustard moiety to a 
biological carrier. In this way, steroidal mustards have 
been developed and shown to be highly active against 
various experimental tumors.1 

The a-methylene butyrolactone grouping found in sev­
eral terpenoid compounds of natural origin is a highly 
active alkylating function and confers powerful cytotoxic 
activity on these compounds. Thus, the activity of ele-
phantopin is ascribed to a rapid and essentially irreversible 
Michael-type addition to biological nucleophiles.2-4 

Only compounds containing additional functional groups 
have activity in vivo,5 but this is associated with poor 
therapeutic indices. Efforts to reduce toxicity by pro­
ducing simpler butyrolactones have resulted in compounds 
cytotoxic in vitro6,7 but, when tested, lacking useful activity 
in vivo.' 

We have synthesized potential target-specific alkylating 
agents by introducing the a-methylene lactone function 
into the A and D rings of the steroid nucleus and evaluated 
these compounds against human nasopharyngeal carci­
noma (KB) cells in culture. Recently, and after the start 
of this work, a series of steroidal a-methylene spirolactones 
(e.g., 1) have been shown to be strongly cytotoxic.8 

Chemis t ry . a-Methylenation of the lactones 29 and 39 

was achieved using the procedure of Yamada and co­
workers.10 Reaction of the lactone 2 with N a H / H C 0 2 E t 
in ether gave the hydroxymethylene lactone 411 which was 
generally used without purification, owing to its relative 
instability. Conversion of the hydroxymethylene lactone 
(4) to the diethylaminomethylene lactone 6,11 followed by 
catalytic hydrogenation, gave the diethylaminomethyl 
derivative 8 and some «-methylene lactone 10. Heating 
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the mixture with NaOAc/AcOH gave the a-methylene 
lactone 10. A similar procedure with the lactone 3 led 
through the hydroxymethylene lactone 5 , u the diethyl­
aminomethylene lactone 7,11 and the diethylaminomethyl 
lactone 9 to the a-methylene lactone 11 and its acetylated 
derivative 12. The acetylation leading to the latter com­
pound occurs in the final elimination step. 

Reaction of the lactone 1312 with H C H O / K O H in 
aqueous ethanol gave the a-methylene lactone 14 directly 
in modest yield (27%) with some recovery of starting 
lactone 13 (34%). This direct reaction demonstrates that 
it is not necessary to preform13,14 the enolate of the lactone 
13 in order to achieve reaction with formaldehyde. Direct 
a-methylenation of the lactone 13 was also achieved using 
a Mannich reaction with HCHO/Et^NH/Et^NH-HCl. The 
conversion was relatively low (27%), and considerable 
starting lactone 13 (33%) was isolated. Even so, the re­
action is of interest since direct application of the Mannich 
reaction to simple lactones has not been reported and, 
quite recently, the reaction of their preformed enolates 
with Eschenmoser's salt has been reported as a synthetic 
method for a-methylene lactones.15,16 The generality of 
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Table I. Effects of Steroidal a-Methylene Lactones and 
Related Compounds on Inhibition of Cell Growth 

compd 

e lephantopin 
1 

10 
11 
12 
14 
tes tos terone 
5a-pregnane-3,20-dione 

LD50 

KB 

0 .30 c 

0.82 
0.76 
0.72 
1.00 
1.27 

, Mg/mL 

HEp-2 a 

0.48' ' 
0 .58 d 

0.44, CSS* 
0 .84 d 

a Taken from literature sources as indicated. b Sample 
kindly provided by Professor A. T. Sneden, University of 
Virginia. c CCNSC data quotes 0.32 Mg/mL (ref 21). 
d See ref 8. e See ref 22. 

this direct Mannich reaction and the H C H O / K O H reac­
tion has not been investigated. 

The a-methylene lactone 10 readily forms the adduct 
15 with L-cysteine and, although it was not possible to 
obtain a satisfactory NMR spectrum, owing to low solu­
bility, the structure was supported by the IR and mass 
spectra. 

Biological Results and Discuss ion 

The steroidal a-methylene lactones 10-12 and 14 were 
evaluated for cytotoxicity against human nasopharyngeal 
carcinoma (KB) cells in culture. All of the compounds 
show inhibition of growth at concentrations of 1 /ug/mL 
or less (Table I), that is, in the same concentration range 
as the plant product elephantopin. 

The a-methylene lactone 10 readily reacts with L-cys­
teine in vitro (see Chemistry Section and Experimental 
Section), and the compounds may act in vivo in this way. 
However, scavenging of cysteine is probably not important, 
but more so is the rapid irreversible alkylation of thiol 
groups of cell-surface proteins17 or essential intracellular 
proteins, possibly those involved in cell replication and 
differentiation.18 None of our a-methylene lactones are 
active in the Ames mutagenicity tests,19 suggesting that 
they do not modify DNA. Sesquiterpene a-methylene 
lactones do not alkylate nucleic acid bases,18 although it 
has been recently suggested that the germacranolide eu-
pahyssopin does react with DNA, as measured by UV 
absorption.20 

The activity of testosterone against KB cells and H.Ep-2 
cells and of 5a-pregnane-3,20-dione against the H.Ep-2 
cells raises the possibility that the steroid nucleus may have 
activity of its own, in addition to the activity of the al­
kylating function. Certainly many of the digitalis glyco­
sides are highly active against KB cells.21 However, al­
though only a few structures were tested, the degree of 
activity appears to be independent of whether the a-
methylene lactone function is part of the A ring or of the 
D ring, suggesting that the alkylating function itself is 
sufficient to confer cytotoxic properties on the molecule. 
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This is further confirmed by the inactivity (up to 50 ng-
/mL) of the lactone 2. 

Further work is planned to investigate the effects of the 
compounds in vivo and the possibility of specificity of 
action toward tumors of the breast and prostate. 

Experimental Section 
Solutions were dried over anhydrous magnesium sulfate, and 

solvents were removed in vacuo on a rotary evaporator. Plates 
(1 m X 0.5 mm thick) of Kieselgel PF 254 (Merck) were used for 
preparative TLC. IR spectra were determined with Perkin-Elmer 
257 and 177 spectrophotometers. UV spectra were determined 
with a Unicam SP 8000 spectrophotometer. lH NMR spectra were 
determined for solutions in CDC13, unless specified otherwise, at 
60 MHz with a Varian EM360A spectrometer or at 90 MHz with 
a Perkin-Elmer R32 spectrometer. Mass spectra were determined 
with AEI MS902 and Kratos (AEI) MS 50 spectrometers. Ro­
tations were measured for solutions in CDC13 at ambient tem­
perature with a Bendix polarimeter 143C. Melting points were 
determined on a Kofler hot-stage apparatus. 

2-(Hydroxymethylene)-4-oxa-5a-cholestan-3-one (4). The 
lactone 2 (388 mg, 1.0 mmol) was added to a stirred suspension 
of NaH (from 960 mg of a 50% dispersion in oil, 20 mmol) in dry 
ether (200 mL) under an atmosphere of nitrogen. After 5 h, ethyl 
formate (1.58 g, 20 mmol) was added and the reaction mixture 
was kept at ambient temperature for 70 h. The reaction mixture 
was carefully acidified with dilute hydrochloric acid, and the ether 
layer was washed with water (three times), dried, and evaporated 
to give the hydroxymethylene lactone 4 (374 mg, 84%), which 
was used directly in the next stage. A small sample which was 
crystallized from ethanol had mp 238-240 °C; [a]D +104° (c 0.12); 
MS 416.3293 (M, C27H4403). 

2-[(N,JV-Diethylamino)methylene]-4-oxa-5a-cholestan-3-
one (6). Diethylamine (1.46 g, 20 mmol) was added to a solution 
of the hydroxymethylene lactone 4 (374 mg, 0.9 mmol) in dry 
benzene (150 mL), and the reaction mixture was heated under 
reflux using a Dean-Stark trap. After 85 h, the solution was 
evaporated and the residue was crystallized from acetone-pe­
troleum ether (bp 60-80 °C) to give the diethylaminomethylene 
lactone 6 (382 mg, 90%), which was used directly in the next stage. 
A small sample was recrystallized from acetone-petroleum ether 
(bp 60-80 °C) and gave mp 156-158 °C; [a]D -16.2° (c 0.46); MS 
471.4076 (M, C31H63N02). 

2-Methylene-4-oxa-5a-cholestan-3-one (10). A solution of 
the diethylaminomethylene lactone 6 (375 mg, 0.8 mmol) in glacial 
acetic acid (40 mL) was stirred in an atmosphere of hydrogen in 
the presence of Pt02 (50 mg) until the uptake of hydrogen ceased. 
The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was taken up in acetic acid (40 mL) and 
sodium acetate (400 mg) was added, after which the mixture was 
heated under reflux until elimination was complete (TLC). After 
partial evaporation of the reaction mixture, excess saturated 
aqueous sodium bicarbonate was added and the aqueous mixture 
was extracted with ether (three times). The combined ether 
extracts were washed with water, dried, and evaporated. Crys­
tallization of the residue from methanol gave the a-methylene 
lactone 10 (243 mg, 76%); mp 105-106 °C; [a]D +90.5° (c 0.16); 
IR (KBr) 1728 (C=0), 1620 (C=C) cm"1; UV Xmal (EtOH) 213 
nm (c 7190); 'H NMR & 6.5 (1 H, m, i), 5.57 (1 H, m, ii), 4.04 (1 

H, q, J = 11 and 5 Hz, 5-H), 0.92 (3 H, s, 10-Me), 0.70 (3 H, s, 
13-Me); MS 400.3341 (M, C27H4402). Anal. (C27H4402) C, H. 

17/9-Hydroxy-2-methylene-4-oxa-5a-androstan-3-one (11) 
and 17/3-Acetoxy-2-methylene-4-oxa-5a-androstan-3-one (12). 
Lactone 3 was similarly converted via 17/3-hydroxy-2-(hydroxy-
methylene)-4-oxa-5a-androstan-3-one [5; 87%; mp 221-223 °C; 
[a]D +95°; MS 320.1986 (M, C19H2804)] and 17/3-hydroxy-2-
[(Ar,Ar-diethylamino)methylene]-4-oxa-5a-androstan-3-one [7; 
93%; mp 121-123 °C; [a]D +42°; MS 375.2771 (M, C23H37N03)] 
to the a-methylene lactone 12 [30%; mp 141-143 °C; [<*]D +72°; 
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MS 346.2147 (M, C21H30O4). Anal. (C21H30O4) C, H] and the 
a-methylene lactone 11 [28%; mp 139-140 °C; MS 304.2071 (M, 
C^H^C^)], which were separated by preparative TLC eluting with 
chloroform-methanol (85:15). 

3 0 - H y d r o x y - 1 6 - m e t h y l e n e - 1 7 a - o x a - D - h o m o - 5 a -
androstan-17-one (14). a. A solution of the lactone 13 (53 mg, 
0.16 mmol), paraformaldehyde (30 mg, 0.8 mmol), and KOH (10 
mg) in ethanol (1 mL) and water (0.5 mL) was heated under reflux 
for 10 min and diluted with water (3 mL). After it was left 
standing overnight at ambient temperature, the reaction mixture 
was cooled to 10 °C, acidified with dilute HC1, diluted with water 
(5 mL), and extracted with ether (three times). The combined 
ether extracts were washed with water, dried and evaporated. 
TLC of the residue, eluting two times with ether-chloroform 
(80:20), gave the lactone 13 (18 mg, 34%) and a less polar fraction 
which crystallized from methanol to give the a-methylene lactone 
14 (15 mg, 27%): mp 259-260 °C; [a]D +89°; IR (KBr) 3420 (OH), 
1715 (C=0), 1630 (C=C) cm1; UV X ^ (EtOH) 214 nm U 3760); 
'H NMR <5 6.48 (1 H, m, i), 5.70 (1 H, m, ii), 5.63 (1 H, m, 3-H), 
1.29 (3 H, s, 13-Me), 0.78 (3 H, s, 10-Me); MS 318.2241 (M, 
C20H30O3). 

b. A solution of the lactone 13 (136 mg, 0.44 mmol), 37% 
aqueous formaldehyde (0.5 mL, 4.84 mmol), diethylamine (150 
mg, 2.05 mmol), diethylamine hydrochloride (170 mg, 1.55 mmol), 
and dioxane (10 mL) was heated under reflux for 8 h under a 
nitrogen atmosphere. The solution was made alkaline by the 
addition of sodium hydroxide (2 N) solution and extracted with 
benzene (three times). The combined benzene extracts were 
washed with NaCl solution, dried, and evaporated. TLC of the 

Bronchial asthma is a chronic and debilitating disease 
which in its severe forms can be life threatening. Tradi­
tionally, three classes of drugs have been employed to 
combat the symptoms of this disease: ^-sympathomimetic 
agents, phosphodiesterase inhibitors, and corticosteroids. 
All three classes have serious liabilities1 and the intro­
duction of disodium cromoglycate in 1967 was considered 
a major breakthrough.2,3 This novel drug inhibits release, 
from sensitized mast cells, of the mediator substances 
responsible for the clinical manifestations of bronchial 
asthma while lacking bronchodilator activity.3 Although 
disodium cromoglycate is not orally active and must be 
administered by insufflation, it has become an important 
drug in the prophylactic therapy of this state. 

A great deal of synthetic work has been directed toward 
the discovery of more potent and orally active compounds. 
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residue as in a gave the lactone 13 (45 mg, 33%) and the a-
methylene lactone 14 (38 mg, 27%). 

Reaction of L-Cysteine with 2-Methylene-4-oxa-5a-cho-
lestan-3-one (10). A solution of the a-methylene lactone 10 (40 
mg, 0.4 mmol) and L-cysteine (12 mg, 0.4 mmol) in 60% aqueous 
ethanol (5 mL) was heated under reflux for 1 h and allowed to 
cool to ambient temperature. The resultant white precipitate was 
collected by filtration and recrystallized from aqueous ethanol 
to give the cysteine adduct 15 (41 mg, 79%): mp 186-189 °C; 
IR (KBr) 3700-2300 (COOH and NH2), 1725 (C=0 of carboxylic 
acid and lactone), 1630 (C021 cm"1; MS 402.3492 (M - C3H6N02S, 
C27H4602), 401.3388 (M - C3H6N02S, C27H4502), 400.3333 (M -
C3H7N02S, C27H4402). 

Cell Culture Assay. KB cells were cultivated in Eagle's 
minimal essential medium (MEM) supplemented with 10% fetal 
calf serum. 

Preliminary screening was performed using a rapid microti-
tre-plate assay.22 Active compounds were then assayed following 
the Cancer Chemotherapy National Service Centre (CCNSC) 
protocol for KB cells.23 Cell numbers were determined using a 
Coulter counter, and LD^ values were determined from plots of 
mean cell counts at 48 h. In all cases, drugs were added in Me2SO, 
which did not exceed a final concentration of 0.5%. 
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Recently, an interesting series of 2-substituted pyrido-
[2,l-6]quinazoline-8-carboxylic acids has been described.4 

We are therefore prompted to describe one aspect of our 
work in this area which constitutes an extension of the 
reported results.4 

Results and Discuss ion 
The 2-bromo derivatives 1-4 (Table I) were prepared 

by thermal condensation of 5-bromoanthranilic acid5 with 
the appropriate 5-substituted 2-chloropyridine either neat 
or as a triglyme suspension in the presence of a catalytic 
amount of potassium iodide. The oxime 5 was readily 
available from the ketone 4 by reaction with methoxy-
amine. The 2-chloro-5-(l-methylethyl)pyridine (17) nec­
essary for the preparation of 3 was synthesized through 
the intermediates 15 and 16 (Scheme I). 

In order to convert the bromides 1-5 to the corre­
sponding carboxylic acids, we employed a variation of a 
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Pyrido[2,l-o]quinazohnecarboxylic Acids as Orally Active Antiallergy Agents 
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A series of 8-substituted pyrido[2,l-6]quinazoline-2-carboxylic acids was prepared by the nickel carbonyl mediated 
carboxylation of the corresponding bromides. The activities of these compounds in the rat PCA test are comparable 
to those of the corresponding 2-substituted pyrido[2,l-6]quinazoline-8-carboxylic acids. 
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