
3053 55 

a-METHYLENE-7-LACTONE FUSED TO STEROIDAL, RING D 

AS POTENTIAL ANTITUMOR AGENT 

Marian Kocor+, Marek Pi. Kabat, and Jerzy Wicha 
Institute of Organic Chemistry of the Polish Academy 
of Sciences, 01-224 Warsaw, Poland 

Wanda Peczyrjska-Czech 
L. Hirszfeld Institute of Immunology and Experimental 
Therapy, 53-114 Wroclaw, Poland 
Received 11-8-82 

ABSTRACT 

Steroidal a-methylene-7-lactone h has been synthe- 
sised from 3P-hpdroxy-5-androsten-1'7-one 2 and showed to 
be active against HeLa cells. 

Cytotoxic activity inherent in several sesquiterpenes 

such as elephantopin, vernolepin, and helenalin has been 

attributed to the presence in their structure of an U-me- 

thylene-7-lactone moiety, and explaned by a rapid and 

essentially irreversible reaction of this functional group 

with biological nucleophiles (1). The activity of these 

plant derived compounds is overshadowed by their high toxi- 

city and poor therapeutic indices, which preclude their 

clinical use (2), In the search for drugs for cancer chemo- 

therapy which would exert a more selective action, the 

a-methylene-7-lactone grouping has been attached to the 

steroid nucleus at the positions 3 and 6 in Spiro-fashion 

(3). Recently other steroidal carriers of an a-methylene- 

lactone function have been synthesised and found to possess 

antitumor properties (4,5,6)Q 

The aim of this work was to synthesise and examinethe 

cancerostatic activity of the a-methylene-7-lactone deriva- 
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tive & in which the structure of rings A-D is typical of 

natural steroids, and the lactone ring is condensed to 

ring D at Cl6 and C17" 

Ketone 1 was transformed by Kurath and Cole's method 

(7) via the hydroxy keto acid 2 into the dihydroxy acid &, 

diacetoxy methyl ester & of which gave upon partial hydro- 

genation in acetic acid, over a platirulm Catalyst, the 

diacetoxy ester 2* Treatment of this product with ac,ueous; 

potassium hydroxide followed by acidification resulted in 

hydrolysis of the ester groups and closure of the 5-mem - 

bered lactone ring, The lactone & showed$ysical and spec- 

troscopic properties in agreement with those described (7). 

In order to introduce a methylene group at the lncto- 

ne rir,g of compound &, the hydroxy group was prctected as 

tetrahydropyranyl (THP) ether , and the derivative $b_ was 

treated in tetrahydrofuran (THF) with lithium diisopropyf- 

amide (LDA) followed by metbyl iodide. The alkylation pro- 

duct 6c, isolated in 94% yield, shcwed in its ZH NPR 

spectrum a doublet at 6 1,26 ppm, integrating for 3H, J= 7 

Hz, which was assigned to the methyl group at the position 

41 0 It was assumed that methylation of the lactone & 

proceeds from the exo side of the cis-fused 5-memberedrings 

wriich would result in a product with an a-oriented methyl 

group, The methyl lactone & was treated sequentially with 

LDA and phenylselenyl bromide. A crystalline selenide @ 

was obtained in 87% yield; the structure of the product & 



a R=H 

& R=THP 

3 & RI q R2=R3=H 

fi RI =Rz=H , R3=Me 

h RI =Rz=Ac.R3=Me 

OAc 

*co&oo” R,o&: 

6 a R’=R*:R3:H 

6 b R’=THP, R2=R3=H 

6C R’=THP , R2=Hr R3=Me 

6 d R1 =THP , R2=Me.R3=SePh 

70 R=THP - 

B R=H 
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was substantiated by analytical and spectroscopic data, 

the most indicative being a singlet at 8 1.55 ppm integra- 

ting for 3H in its "H MY& spectrum, which corresponds to 

the 41-methyl group* The selenide $& was oxidized at O°C 

with hydrogen peroxide in MF containing acetic acid 

whereupon the formation of a selenoxide and the eliminat- 

ion of phenylselenic acid took place. The product of this 

reaction (91% yield) had an IR spectrum of Smax1765 and 

1695 cm-1 corresponding to an a, &unsaturated lactone; 

however,in its l-H NMR spectrum there were no signals for 

the methylene protons, Instead, a sharp singlet for 3H 

at 8 1.87 ppm appeared, suggesting that tne a-methyl 

lactone z was formed0 The structure of compound '& was 

confirmed by other spectral and analytical data, and by 

hydrolysis to the alcohol n, which showed analytical and 

spectral properties in accord with those expected. 

The formation of the lactone & provides evidence 

that the phenylselenyl group and the proton on Cl6 are 

located at the same face of the mol.ecule, because & - 

elimination of phenylselenic acid under the conditions of 

the reaction is well documented. Therefore, an electro- 

philic attack of phenylsefenyl bromide on the lithium 

enolate generated from the methyl Iactone 6c proceeds - 

from the a-side (exo) of the molecule. Inspection of a 

molecular model of compound & reveals that the methylad 

methirrprotons are equally available for the selenoxide 
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moiety, and that there is no distitict difference in sta- 

bility between the two possfble isomers which would result 

in sefenoxide elimination. However, exclusive formation of 

the endo praoduct '& is in com;lliance with the dipole - 

dipole interaction of the lactone carbonyf and selenoxide 

group as postulated by Trost et af,(8) for the analogous -- 

fragmentation of ~-me~yl~~(methylsu~finy~~~~-butyro- 

lactones, 

At this~int it become clear that the synthetic route 

to the methylene lactone 2 should lead through the inter- 

mediate 6f in which the phenylselenyl group and the 16~~ 

hydrogen are in the trans configuration. Accordingly, the 

lactone & was treated with IDA and phenylselenyl bromide 

to give the phenylselenyl derivative & in 91% yield. In 

the $ NIW spectrum of compound 6e, a doublet at 6 3.69 

ppm, J=7 Hz, integrating for lH appeared. This signal was 

ascribed to the proton at the carbon bearing the phenyl- 

selenyl grotlp, The phenylselenyl lactone & was then 

methylated with LDA and methyl iodide, The product 6f (87% 

yiefd) was more polar (Rf=0.51, benzene - ethyl acetate 

9: 1) in thin layer chromatography than its previously ob- 

tained epimer 6& ( Rf=0.57)o Oxidation of the phenylselenide 

6f with hydrogen peroxide in lFfF at 0% led to a single 

product in 93% yield. In its NMR apect~m,~o doublets 

appeared at S 6.18 and 5.56 ppm, J=3 Hz, each corresponding 

to fH, These signals together with other analytical and 
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spectral data indicate that the u-mcthylene-T-lactone 2 

was formed as expected, The mild acid hydrolysis of the 

acetal linkage in the THP-derivative 2 afforded the target 

compound >. 

The compound & was evaluated in vitro for cytotoxic 

activity against HeLa (human carcinoma cervix uteri) cells,, 

The assays were conducted following the Cancer Chemotherapy 

National Service Centre (CCNSC) protocol for KB cells (9) 

and based on inhibition of the growth of HeLa cells in 

culture, The ED50 value for the compound & is estimated 

for 5.?jugfmL, Further biological evaluation of this 

compound is in progress0 

E;(PEHII%NTAL PART 

Melting points were determined on a Kofler hot-stage 
apparatus. The spectra were recorded with the following 
instruments: IR-Beckman 4240 or Unicam SP200; W-Beckman 
MIV; NMR-Jeol ~~-4H-lOO.(~less otherwise stated in CDCl3 
solutions); mass spectra-LKB2091 (at 15 eV ionization po- 
tential). Chemical shifts are reported in b units, parts 
per million (ppm) downfield from tetramethylsilane. Column 
chromatography was performed on kieselgel 60, and TLC on 
silica gel G, Merck, Grganic solutions were dried over 
anhydrous Na SO , and solvents were removed in vacua on a 
rotary evapo$at$r. Yields refer to products homogenous on 
TLC. Experiments are numbered to facilitate reference to 
description of procedures which are used repeatedly, Micro- 
analyses were performed in our analytical laboratory. 

1, 3~,1'i'&.Dihydroxy-5-androsten-l6-ylidenacetic acid methyl 
ester 4b 

3x1713-Dihydrox 
(?)(6.4 g) in ether ir 

-5-androsten-16-ylidenacgtic acid & 
300 mL) was treated at 0 C with an 

excess of diazomethane in ether* The ester 4b (6.51 g) was 
isolated in usual way, mp 249-251'C (MeOH), max (EtOH) 
226 nm, ?=13200, 0 
(C=C), 

s'max (KBrJ1351G (GHj, 1695 (C=G), 1665 
and I225 (C-O-C) cm NMR (pvridine) 0.87 and 1.07 

(sin lets, angular CH ), 3.76 (3H, s; COOCH > 3.80 (Z-l, m, 
C3-H , 7 4.26 (lH, s,c:;-~), 6.49 (l.H, m, Clzsg). Anal.Calcd. 



for C22H3204: C, 73.33; H, 8.89%. Found: C, 73.34; R, 9.1'7% 

2. 3~,17P-Diacetoxy-5-androsten-l6-ylidenacetic acid 
methyl ester 4c 

The diol4b (6,25 g) was treated overnight at room 
temperature (Rn with acetic anhydride (50 mL) and pyridine 
(100 mL). The product was isolated w&th ether to give 
compound 4c (7.31 g, 93W) mp 181-182 C (MeOH), A max_$EtOIi) 
221 nm,C.~5700,i;;max(KBr) 1730 (C=Ol, 1670 (C--C) cm -, 
iWR 0.74 and 1.G4 (2s, angular C$), 2.02 (3H, s, CjOCOCg3), 
2.15 (3H, s, c -0COCH.. ), 3.70 (3&H, s, COOCH f, 4, 59 (1 
Ii, m, C,-H), $10, z-I--3s c 
(lH, t,'J:3 Hz, Cl6 

-H), 5.39 (lH, c3 C -H) 5070 
1-!I).'An&Calcd. for C &I $ 7 6, 

70.23; H, 8017%. F&nd: C, 70,26; H, 8.2$&,36 6 

30 31~,17~-Diacet~xy-5-andros~e~-l6~-yla~etic acid 
metk;yl ester 2 

A mixture of compound 4c (6,55 g), platinum oxide 
(200 mg), and acetic acid (3 mL) was shaken in a hydrogen 
atmosphere under atmospheric pressure until 375 mL of 
hydrogen was absorbed, The catalyst was filtered off, the 
filtrate was 

was obtained- 

4. 3~j-~~y~~o~y-4~-~51 ,16cr,17~tetrahydro-5-androstenotl?, 
16.blfuran-5 -one 6a 

A solution ofyompound 2 (5.6 g) in methanol (200 mL) 
containing water (20 mL) and KOH (5 g) was heated under 
reflux for 1,5 hrs, cooled, concentrated, and diluted with 
water, Then the mixture was acidified with 5% HCl and the 

P 
roduct was isolated with chloroform to give the lactone j& 
3.07 g 93%), mp 235-23?*C (acetone), Described (7): mp 
236-239&C. 

5. 3P-Hyqroxy -41,51,1&~,17u-tetrahydro-5-androsteno/17, 
lG-b'furan-5 -one 3-tetrahydropyranyl ether 6b 

-"A mixture of the alcohol 6a (3.10 g, 9,Fmmol) d;$lo- 
romethane (70 mL), d.ihydropyra~(l.03 mL, 11.3 mmol j, 
p-tofuenesulfonic acid (p-~A)~l~O mg) was stirred at RT 
3 hrs, then washed with sat. aq, NaHCO and the product was 
isolated in usual way, 'The THP-derivatgve 6b was obtained 
(3.49 g, 89%), mn 159-162OC (fileOH) 3max (mC1 > 1'765 cm'1 
IWR Cr.75 and l,O? (2s angular CH \, 3*49 (2H,3'IXP-H), 3.8& 
(1H m C -H), 4,37 (?.H, d, J=9 wg C -II), 4-70 (lE, THP- 
H),?& ?I& m, C6-2). Anal, Calc:. iXr-C26H3~04: C, 75.36 
w, 9.18%. Found: C, 75029; H, 9,30$. 
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11 ,5 ,16a,l7atetrahydro- 
3-tetrahydropyranyl 

IFan argon atmosphere, there was added to a stirred 
mixture of diisopropylamine (140~L, 1.04 mmol) and THF (2 
mL), at -5'C, n-butyllithium (Oi65 mL of 1,6 M solution in 
hexane, 1.04 mmol). After 15 min the mixture was cooled to 
-78OC, and a solution of the lactone 6b (360 mg, 0.87 mmol) 
in THF (3 mL) was added dropwise over? period of 30 mine 
The mixture was stirred at -?8*C for 30 min and treated 
with a mixture of methyl iodide 65,&, 1.04 mmol), hexa- 
meth lphosphoric triamide (HMPT) 

T 
t 18O+L, I.,04 mmol), and 

THF 1 mL). Then the temperature was allowed to rise in 3 
hrs to 2Z°C, and the reaction was quenched with 10% HCl, 

7. 41~R)3P-Hydroxy-4'-methyl-4'~selPnop~enyl-4~,~~,16u, 
17u-tetrahydro-5-androstenocl7,16-blfuran-5 -one 3-tetra- 
hydropyranyl ether @ 

The methyl lactone & was treated with phenylselenyl 
bromide in an analogous manner as the lactone 9 with met!@ 
iodide in the Experiment 6, The reagents were used as 
follows: diisopropylamine (126pL, 0,90 ~01) in THF (2 mL), 
n-butyl~~~i~ (0.56 mL of 5.6 M in hexane, 0.90 
mmol); the lactone 6c 324 mg, 
phenylselenyl bromiz 213 mg, t 

in Ti-IF (3 mL), 

0.90 mmol) in TriF (2 mL). 
and HMPT (157/-k& 

Chromatography of the crude product on a silica gel 
column (5 g, elution: hexane- eth 1 acetate, 97:3) gave_ 
seleno derivative 6d (384 mg, 87% 
(KBr) 3060 (arom.) 

3 
5-1765 (GO) and'1580 (arom,) cm" 

mp 187-1890 (Me~H)~~~$x 
g 

0,63 and 1.00 (Zs, an ular CH ), X.55 (3H, s, C l-CH');?.53 
THP-H) 3 88 'i 2H 

k?!'CrnlH) 4-75 (iH T&H)' 5 31 (m 
d -$=lO Hz overlaping4m F3 -H 

?*55-05'( 
C -H) 7.2-i,41ki 

a;omatic'H), &al. talcd,'fog c !H 0 Se: 
67.92; H, '1.55%. Fou?id: C, 67.84; H, 7.48%? 44 ' 

C, 

8. 3~-Hy~oxy-4'-methyl-5', 
16-bffuran-5 

16&dihydro-5-androsteno, 17, 
-one 3-tetrahydropyranyl ether ?a c 

'- To a vigorously stirred solution of theyactone 6d 
(283 mg, 0.49 mmol) in THF (2 mL), cooled to OOC, ace-c 
acid (0.1 mL) was added followed by 30% hydrogen peroxide 
(0,2 mL). After 15 min the reaction was quenched with sat* 
aq. NaHCO 

;ih" 
The product was isolated with benzene and chro- 

matogrphe on a silica gel column (2 g, elution: hexane - 



ethyl agetate, 95:5) to give compound 7a (188 mg, 91961, 
213-215 ,A max (ElO;Ou) 222 nm,C=ll300, Sm'a~tKBr) 1765 and 

mp 

1695 (CO-C&) cm' , IWIR 0.53 and A,02 (29, angular CR ), 
1,87 (3H, s, C41-CH3), 3.50 (2R, THP-II), 3.90 (.LH, m$! -If), 
4.53 (li-I -HT, 4.72 (UI, TQP-H), 5.33 (Ui, m, C6zHT. 
ibE!l. c,G: 

76.04; H, 9.26%. 
C, 76.06: ii, 8,92$6. Found: CT 

9. 3B-ii~~droxy-4~-me~~y1-51 
16-a furan 7b 

,X06-dihydro-5-androstenop?, 

The THcether 7a (41 mg) was treated with methanol (3 
mL) containing p-TSA(ca 5 ,mg) at RT for 3 hrs, Work-up 
with benzene gave the alcohol 7b (31 mg, 94%), mp 266-268% 
(acetone-hexane), A max (EtO!I)923 nm & 122GO,$ max(CMC1 ) 
3620 (OH), 1750 2nd 1695 (CO-C-C) cm-4 W!R 0,53 and 1,033 
(2s, angular CR?), 1.82 (3H, s, C l-C&), 3,55 (Ui, m, C - 
-Ii), 4-53 (DI, ?Z, C 
for C22H3003 Cal&, 

-H) 5.34 (14H m< C6-H) 
173;2'.2195, Found: 342,2%5, 

Mass 3 spec r* 

10. 41(R)3~-Hydroxy-41-_se1cnop~~~ny1-41,51,16~,17~-tetra- 
~;~;;-!j;androsteno[17,16-bJfuran-5 -one 3-tetrahydrpyranyl 

Tha laetone 6b was treated with phen 
in an analogous mzner as the lactone 6c ? 

lselenyl bromide 
Expcr,iment 7). 

The reagents were used as follows: diizprop 
0.70 mol) in TiiF (2 mi), n-butyllithium (0, X 

lamine (98 L, 
nL of 1,6 FI 

C,70 mol), t'r?e lactone 6b (250 mg,0.60 
phenylsefenyl bromide (m8 mg, 0.72 
L) in THF (2 mL), The crude product 
on a silica gel column (3 g, elution: 

hcxane - ethyl acetate, 95:5) to give 
22?-229o~~e~~i~,~max (KBrf 3050 (arom. 

6e (313 mg, 91%), mp 

1580 (arom.) cm-l, 
F1'75C (C=O), and 

NDIR 0.71 and 0.98 2s, angular CR ),3,49 
(2H, DIP-H), 3069 (X-I, d, J=7 Hz, C l-H), 3.88 (lH,@ J=lO 
IQ, Cl -HT‘, 4.71 (XI, W&H), 5.3C f4lH; m, C6-Ii), 7,25-7,40 
and 7.;50='7.75 (aromatic II), Anal. Calcd. for C32H4204Se: 
C, 67.49; H, 7.38%. Founz: 67,68; Ii, 7.64%. 

11. 4l(S)3~-Hydroxy-4l-methyl-41-selenop'lenyl-4 1,51,16~, 
17~-t~trahydro-5-androsteno~7,16-b~~~~ran-5~-one +tetra- 
hydropyranyl ether 6f 

The lactone 6e was treated with methyl iodide in an 
analogous manner z lactone 6b (Experiment 6). The reagents 
were used as folfo~s: diisopropylamine (81 L, 0.58 mmol) in 
TRF (1,s mL), n-butyllithium (0.36 mL of 1.6 M in hexane, 
0.58 mmol), 6e (283 mg 0,49 mmol) in THF (2 mL) methyl 
iadide (80 LT1.2 nmolf, and HMPT (60 L) in 'IX!? (lo!3 mL). 

Chromatography of the crude product on a silica gel 
column (5 g, elution: hexane - ethyl acetate, 97:3) gave 
compound 6f (252 mg, 87%), mp 175-177'C (acetone - 
$max (KBT 305C (arom.), 1765 (GO) and 1580 
Me C,90 and 1.04 (2s, angular CE,), 3,50 (2H, 
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!$'5mjli ?I.?? 'm C -H) "7,;-7.45 anE?. 7'!8-7,& (&omati& H). 
C -H) 4.36 (l.H d Jz3.0 Hz C -H) 4 71 (1H 'XHP- 

cal,;alcd, ;o+;H$+~Se: C, 67.92; FI, 7.5594. Found: 't5, 
67,79; H, ?,l+O%d, 

12. 3@-Hyr?roxy-4 
1 
-::ic~~yljdpne-4',51,16u,17~-t~trahydro- 

-5-androsteno/_l7,16-b_ffuran-5 -one 3-tetrahydropyrenyl 
ether lb 

G selenophenyl lactone 6f ('70 mg, O-12 mmol) in IHF 
(2 ml) was treated with 30% hyscgen peroxl.de (0.2 mL) and 
acetic acid (0,l mL) in an annlogous manner as described 
in the Experiment 8, The crude product was chromatographed 
on a silica gel column (2 
95:5) to give compound lb ?I 

elution: hexane-ethyl acetate, 

(acetone-hexane), 
8 mg, 93%) mp 193~195oC 

h max7MeOH 211 nm,t. =9900, ;?max (KBr) 
1760 (C=O) and 1665 (C=C) cm' 1 
angular CII ) 3045 (3H, m, C 

NMR 0.66 <and 1.02 (2s, 
lH overlaping 'IHP-H) 3.87 

lH, m, C-&l, 4,72 (2H THPlfi R) 5.33 (W m, i5 IH) 5056 
W, d, Jz3-Hz, C=C-H),'6.18 (l&'d, Jz3 Hz: C=&-6): ivlal. 

;al;dj5gr C27H3S04 :%, 76.06; H, 8.92%. Found: C'; 75.92; 
t 0 * 

13. 3P-Hydroxy-hl :methylidyne-4 11 ,5 ,16a,l?a-tetrahydro- 
-5-androstenojyl7,16-bj furan-5.-one _& 

The THP-ether jb (42 m 
(ca 2 mg) in methanol (3 mL 7 

) was hydrolyzed with p-ISA 
for 3 hrs at RT and the pro- 

duct was isolated with benzene to give the alcohol b 
(32 mg, 95%), mp 229-231'C (ethyl acetate), h max (MeOH) 
211 nm, &=9870, \)max (CHCl ) 3600 (OH), 1760 and 1660 

NMK 0,7C ana 1.02 (2s, angular CH ), 3.5@ 
(Xi, d, J=IO Hz, c3 -H), 5.34 
Hz, C=C-II), 6,18'7lE, d, 

for C22H3003-Calcd. 342,2195. 

:/e t!lank Dr. E. saranowska for measurements of hich 
resolution mass spectra, 
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