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Abstract - The stereoselecave syntheses of (-) 4,8P-dlmethyl testolactone u from (+) 0-15methyl 

lsoagathate 2 IS described The construction of nng D by stereoselecnve electrophdlc cychzatlon and the 

appropnate funclonallzatlon of the A-nng were camed out m a nine-step process with a good overall 

yield 

The methylanon of steroids m many instances has been shown to enhance or prolong their blologcal 

acavity, and m some cases to dlmmlsh undesirable side effects * 4-Methyl progesterone @ or 4-methyl 

testosterone 43, which are more active than progesterone 1 and testosterone 2, respectively, and the useful 

anabohc Ip-methyl testosterone s4, are examples of evldent mterest. 

Whilst 4-methyl steroids are easdy avadable by duect alkylanon, Ip-methyl steroids are a relatively 

unknown type of compounds, probably due to the difficulties encountered m the alkylation at the C-8 position 

of the steroid nucleus Proof of this fact is the lack of reports about general methods of thm synthes& 
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Prompted by this sltuatron and by an early report of Baran to the effect that testolactone 6 exhlblts 

anabollc propemes and ObJectwe regresslon in the breast cancer of some pahents, we embarked on a 
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programme of the synthens of methyl testolactones 

Our spectfic target was 4,8j3-methyl testolactone B. As the startmg mate& we selected 0-15methyl 

lsoagathate z, an mexpenslve and readily available startmg matenal The structure and sltuatlon of the 

fimcuonal groups makes compound 2 an Ideal substrate for its conversion into 4,8P-methyl testolactone To 

accomphsh thts transformaaon, the followmg operaaons are requred (1) Elunmatlon of the carboxyhc group 

at C-4, (2) elongation of the side chiun, (3) construction of rmg D, and (4) funclonahzahon of nng A 

\ 
R F - “11, 

0 

,“cul R=CHzOH 11 
E 

R =CHzOTs 

V It R==CH2 
U R = CH2-CH-(C02Et)2 

” k4 R = CH2-CH2-C02Et 
“’ KU R = CH2-CH2-C02H 
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1, LTA. benzene-w . II, 220 “C, III, LIAIH~, E30. IV, p-TCI, pyr , v. &ethyl malonate, Na, toluene, VI, NaCl. aq 

DMSQ VII, KOH aq, EtOH, WI, BF3 E%O, benzene, IX, Na.+Ok AcOH-AcZO, x, Se02 AcOH-t-BuOH 
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The first step was done by oxidatlve deearboxylation of acid 2 vvlth lead tea-a-acetate (LTA) m benzene- 

pyndme at reflux for 4 h which gave a 35.25 40 rmxture of the unsaturated esters &g (50 46) and the &ester 

2 (25 %) Pyrolysis of 2 afforded a 1 2:3 muture of the unsaturated esters & 111 quantitahve yield 

Treatment of the whole nurture of & vvlth mdme m benzene at reflux for 3 h gave only the unsaturated 

ester & Isomenzauon of the A3 and A exe-double bonds mduced by mdme8 occurs with remarkable 

chemoselectlvlty as observed m the experunental result, the A13double bond remam unaffected 

Elongation and selecuve funclonahzanon of the side cham of h was done by the followmg chermcal 

transformations Reduction of b with LIA~I-I~ m dlethyl ether gave the alcohol fl, which by tosylation 

followed by condensation of the tosylester U with sodmm dlethyl malonate m refluxmg toluene afforded a 

rmxture of the Qester n and the mene 12 Deethoxycarbonylatlon of diester u was camed out with a 

nuxture of sodmm chloride, dlmethyl sulfoxlde and water at 180 “C Hydrolysis of the ester 14 camed out 

with potassium hydmxlde m ethanol-water followed by atitlon of hydrochlonc acid gave the unsaturated acid 

fi m 62 % overall yield from ester h 

Construction of nng D was achieved by electrophrhc cychzation induced by Lewis acid9 Thus, the 

reacuon of u with boron mfluonde &ethyl ether m benzene at room temperature afforded stereospectically 

the &lactone 16 m 90 % yield 

The axial poslhon of the methyl group bonded to the newly created choral centre at C-13 and also the tram 

nng C/D fusion was demostrated by the slgnal at a,22 87 ppm This displacement value rules out the C-13 

epuner m which the attached methyl group m a equatonal posmon will appear at a lower field5. 

The two last steps III our synthesis concerned the appropnate mod&anon of the A-nng Allyhc oxldatlon 

around the A4-double bond of compound 16 was smooth and selectively camed out ~th anhydrous sodmm 

chromate10 at 50 ‘C for 18 h, m 7 1 % yield, to afford 12 The exstence of the enone system was shown by an 

1 r absortlon at 1680 cm-l, together with the presence of three slgnal at 186 89,129 04 and 162 17 ppm m the 

13C nmr spectrum assigned to C-3, C-4 and C-5 respectively, and a singlet signal at 6 1 43 ppm in the ‘H 

n m r of the methyl group bonded to C-4 Dehydrogenauon of u was selectively performed by treatment 

with selemum Qoxlde” in acetic acid/t-butanol at reflux for 20 h, to gve the target denone u m 45 % yield 

The posltlon of the newly created double bond has been based on the spectral 13C n m r data The signal at 8, 

184 84 ppm assigned to C=O (C-3) rules out the isomer A6 for wluch It would appear at a lower field12 

EXPERIMENTAL 

General - Mps were determmed on a Kofler hot-stage apparatus and are uncorrected I r spectra were 

recorded on a Beckman 33-IR spectrophotometer, film *H n m r (200 MHz) and l3C n.m r (50 MHz) 

spectra were recorded on a Bruker WP-200-SY spectrometer Spectra were measured in deutenochloroform 

Chemical shifts are given m ppm downfield from Tetramethylsdane Chermcal shifts and coupling constants 
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were obtained from a first-order analysis of the spectra Optical rotahons were measured on a dlgtal Perkm 

Elmer 241 polanmeter in a I-dm cell Mass spectra were measured on a V G TS-250 apparatus 

M~croanalyses were performed usmg a Carlo Erba 1106 elemental analyser 

Solvents were &stilled before use and were dned, as necessary, by literature procedures Work-up of 

solutions mvolved evaporanon under reduced pressure at below 40 “C Reactions were carned out under 

mtrogen S&cage1 for column chromatography refers to Merck Geselgel60 

Oxidative decarboxylation of methyl 15isoagathate z - A mixture of the ester acid z (12g, 34 5 

mmol). dry benzene (1100 ml), pyndme (25 ml) and freshly crystalhzed lead ten-a acetate (22 g, 50 mmol) was 

stmed at reflux for 4 h The cooled nuxture was filtered and the filtrate was washed consecutively with 2N 

hydrochlonc acid, aqueous sodmm hydrogen carbonate and brme, dned (Na2S04) and concentrated to yield a 

yellow 011 which was cromatographed (10 % light petroleum-ether) to give a fraction of olefimc esters u 

(5 2 g, 50 %), whose 1H n m r spectrum m&cated the presence of 35% of s;P, 25% of m and 40% of k 

Further elutlon (20 8 light petroleum-ether) gave methyl ent-4-acetoxy-19-nonsocopal-12-en-15-oate 2 

(3 1 g, 25 %) as a colourless 011, I r v,,, (film) 1730, 1450, 1250 cm-l, n m r 6,O 98 (s, 6H), 142 (s, 

3H), 1 60 (s, 3H), 1 90 (s, 3H), 2 85 (br s, lH), 3 60 (s, 3H), 5 42 (br s, 1H) Anal Calcd for (&H34O4, 

C 72 92, H 9 39 Found, C 72 94, H 9 41 

Pyrolysis of methyl ent-4-acetoxy-19-norIsocopal-12-en-15-oate 2 - The acetate ester 2 (3 lg, 

8 5 mmol) was heated at 220 ‘C under reduce pressure for 25 mm The residue was cooled and extracted with 

ether The orgamc layer was washed with aqueous 5 46 NaHC03 and with water, dned (Na2S04) and 

evaporated Chromatography of the residue gave the olefimc ester nuxture u (2 5 g, 98 %) 

Methyl ent-19-norisocopal-4,12-dien-Soate & -A solution of the olefimc esters rmxture h (6 5 

g, 215 mmol) m dry benzene (650 ml) was heated under reflux wth iodme (245 mg, 1 mmol) for 3 h, and the 

lsomenzatlon was quenched by cooling and washing with sodmm thlosulphate soluuon and saturated sodmm 

chlonde soluuon, dned (Na2S04) and evaporated Chromatography of the residue (10 % light petroleum- 

ether) gave the unsaturated ester & (6 3 g, 97 S) as a yellow 011, [a]#J +18 7 (c 0 72, CHCl3), 1 r vmax 

(film) 1760, 1465, 1260, 840 cm-l, n m r 6, 0 96 (s, 3H), 100 (s, 3H). 1 53 (s, 3H), 1 55 (s, 3H), 3 60 

(s, 3H), 5 47 (br s, 1H) Anal Calcd for CmH30O2, C 79 47, H 9 93 Found, C- 79 51, H 9 81 

Ent 19-norisocopal-4,12-dien-15-01 u - A solution of &a (5 5 g, 18 mmol) m anhydrous ether (80 ml) 

was gradually added to a stmed nnxture of hthmm alumm~um hydnde (14 g, 35 5 mmol) m anhydrous ether 

(20 ml) at room temperature After 5 l/2 h of stnnng, the reaction nuxture was carefully quenched with water 

and the soluuon was acidified with 2N H2SO4 The nuxture was extracted with ether and the extract was 

washed with bnne, dned (Na2S04) and evaporated to gve the crystallme compound 2 (4 8 g, 91%), mp 117 

Y!, [cx]~~~ +78 2 (c 1 52, CHClq), I r v,,, (film) 3386, 2940, 2860, 1050, 850 cm-l, n m r &J 0 96 (s, 
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D-homo-17a-oxa-4,8~-dimethyl-androst-4-en-l7-one 16 - Boron mfluonde etherate (0 5 ml) was 

gradually added to a solution of fi (0 5 g, 1 5 mmol) m dry benzene (75 ml) and the reaction nuxture was 

stmed at room temperature for 5 h Water (200 ml) was added and the water layer was extracted unth ether 

The combmed organic extracts were washed with brme, dned (Na2S04) and concentrated to gve the title 

compound 16 (0 45 g, 90 %) as a crystallme solld,mp 148 “C, [a]$0 +27 6 (c 0 77, U-K&), I r vmax 

(film) 1740 cm-l, n m r 6, 0 94 (s, 3H), 0 96 (s, 3H), 1 40 (s, 3H), 1 62 (s, 3H) Anal Calcd for 

C2tH32O2, C 79 75, H 10 12 Found, C 79 81, H 10 11 

D-homo-17a-oxa-4,8P-dimethyl-androst-4-ene-3,17-dione n - Unsaturated lactone 16 (213 mg, 

0 67 mmol) m benzene (1 1 ml), acehc acid (1 ml) and acehc anhydnde (1 ml) was warmed to 40 ‘C! and 

anhydrous sodmm chromate (184 mg) was added The mixture was stmed for 18 h at 50 ‘C after which ice- 

water (10 ml) was added The solunon was extracted with ether and the orgamc layer was washed w~tb 10 % 

aqueous sodmm carbonate and saturated sodium chlonde solution, dned (Na2S04) and evaporated The 

residue was chromatographed (80 % hght petroleum-ether) to afford compound 16 (157 mg, 71 %) as a 

crystalline solid, m p 193 “C, [a]~20 +24 2 (c 135, CHC13), I r v,,, (film) 1740, 1670, 1620,980 cm-l, 

n m r 6, 104 (s, 3H), 1 12 (s, 3H), 143 (s, 3H), 179 (s, 3H) Anal Calcd for C2tH30O3, C 76 36, H 

909 Found,C 7641,H 909 

D-homo-17a oxa-4,8P-dimethyl-androstan-1,4-diene-3,17-dione u - A mixture of 12 (120 mg, 

0 36 mmol), selenium &oxide (192 mg), acetlc acid (0 08 ml), and t-butyl alcohol (8 5 ml), was refluxed for 

20 h The resultant mixture was concentrated to half the volumen, Qluted with water and extracted urlth ether 

The combined extracts were washed with 5 % bicarbonate solution and brme, dned (Na#O& and 

evaporated Chromatography of the residue (10 % hght petroleum-ether) gave the title compound u (55 mg, 

45 %) as a crystalline solid, mp 182 ‘C, [a]#’ -48 7 (c 0 77, CHCl,), 1 r v,, (film) 1740, 1680, 1640, 

1620, 990 cm-l, n m r 6, 1 10 (s, 3H), 1 17 (s, 3H), 142 (s, 3H), 1 92 (s, 3H), 6 20 (d, lH, J 10 Hz), 

7 03 (d, lH, J 10 Hz) Anal Calcd for C2tH2803, C 76 83, H 8 53 Found, C 76 89, H 8 63 
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C-l 
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c-12 
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c-15 

C-16 

c-17 

C-18 

c-19 

cH3wv 

~3FW 

CH30- 

CH20- 

@a) (9) 

39 17 39 28 

2173 21 83 

32.53 32 58 

123 95 123 43 

136 02 136 43 

18 67 18 72 

40 79 40 43 

36 28 36 10 

53 14 5371 

37 50 37 54 

23 52 23 45 

123 95 123 78 

129 04 132 79 

61 98 57 29 

172 86 60 70 

20 99 21 63 

20 75 2091 

19 26 

14 74 

50 66 

19 27 19 27 19 36 20 55 1122 10 43 

14 79 14 17 1362 15 13 1506 15 42 

CH3-(CH,O)- 

Table I 

l3C Chemical Shifts 

(14) (15) (16) (17) (18) 
39 24 39 2 39 87 36 34 154 42 

21 88 2191 21 37 33 25 128 98 

32 61 32 64 32 79 186 89 184 84 

123 24 123 40 124 68 129 04 125 91 

13666 136 61 135 55 162 17 16077 

18 82 1884 18 69 23 96 23 85 

39 88 39 86 39 10 38 85 40 70 

36 92 36 95 37 32 37 11 40 64 

53 90 53 88 53 72 53 63 53 17 

37 59 37 61 37 83 39 27 43 25 

23 68 2371 15 84 1603 15 99 

123 00 123 15 4133 41 18 40 78 

134 22 134 02 83 48 83 12 82 60 

54 24 54 22 59 16 58 49 55 18 

22 25 22 07 19 50 19 16 20 36 

36 15 35 99 29 00 29 03 28 54 

173 40 180 06 17135 171 18 170 64 

21 88 2191 22 87 23 01 22 83 

2081 20 83 19 60 18 16 20 47 

60 01 

13 58 
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