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Abstract - Catalytic hydr~genat#~n of a totally synthet#c 
mixture of f~~-3-methoxy-14-methyl~l4~~estra-l,3~5(~D~, 
9fr3)-tetraen-~7-oneftf and the carresponding 1,3~5flUf,8- 
tetraen-17-one(2l gives 8 mixture of 14ff-methyL8@,9B-, 
-8at,8a-, and -8@,9a-estrones, whfch is converted into the 
17D-hydroxy-mixtures. t-Butylation gfves a separable 
mixture of the three isomers, af which #,*I-17B-t-butoxy-3 
meth~xy-~4-methyl-9~,1Qa-estra~~~3~6~~U~-triene~6~ is the 
major cumpz>nent. The correspondfng 14a-methylestradfols 
are prepared, A prrtctfcal synthesfs of t +)-lb-methyl- 
14a-estra-X,3,SflDf,6~~-pentaene_3,178_d#ol~~6~ is 
described, and it is shown that DDQ dehydrogenation of 
1,3,5(101,9(11J_tetraenes in this series leads exclusively 
tQ the corresponding r,3,6f1D),6,8,~rmhexaenes, whereas 
that of 1,3,Sf10f,g-tetraenes g#ves anly 1,3,5(IQf,6,8- 
pentaenes. 

We have recently descr#bed an efficient total synthesis crf Pi-3-methaxy-f4- 

methyl-14a-estra-1,3,S(XQf-trien-W-one,' #n which the penultimate step enta+ls 

l#th#un-liquid ammonia reduction of 17,170ethylenedioxy-derivatives af the 

correspandfng A 'f%nd &-compounds (11 and ($i. Huwever, catalytk 

hydrogenatfon af etther of these campounds, ur their respective 17.acetals, 

afforded inseparable mixtures of 8,9-dihydro-isomers* Accordingly, it was not 

poss#ble to prepare pure 14a-methyl-8a- and i4a-methyl-9B-analagues of estrene 

methyl ether by thfs route. and alternative pathways ta this abjectfve were 

sought through modification of the 17-functionality of Q1 and f<f. 

Ideally, a practical approach would entail modification of a mixture of II) 

and 125, sfnce prfor separation can only be achieved w#th difficulty or 

#nd#r;ctly,' However, #nft#al experfments were carried out upon the pure 

A9( “~-isomer q,, in order to optimfse the reaction sequences and condNfons, 

and tq ascertain whether the expected' mjxture of anly two djhydro-isomers could 

be separated, It was rebsoned that cctnvers#~n of the f7-oxo-group inta a 

IQ-t-butoxy-group, via sequentfat reduction and etheriffcatfon, would dtminfsh 

the averall polarity elf the products to a level where their distinctive skeletal 

features wuuld enable them ta be separated chromatographically. 

Treatment sf the dgfrit-If-ketone Ilf with sod#um in refluxing iSopropa- 

nol-taluene afforded a readily-separable mixture uf 17~~ and 17@- 

hydroxy-campounds (31 and f41; as expe&ed,2 the latter isomer was preponderant 



(ca 76%). Treatment of (41 wfth fsobutene In the presence of phosphorfc acfd and 

baron trffluorfde-etherate" gave the corresponding I?$.!-t-butyl ether f5) (88%); 

there was no evfdence of cancomitant tsomerisation of the A8f’r)+bond durfng 

thfs step. Hydrogenatfon of f5t fn the presence of 10% palladfuin on 

charcoal prloceeded slowly (20 hi to give a two-component rafxture [RF 0.35 and 

0.18 in benzene-hexane WU], which was readfly separated by column chronatogra- 

PhY* The less-polar mfnar isomer f34%1 was assigned gp-conffguratfon CSI, 
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a&for products. Although it is not obvfous how the k7p-t-butoxy-group can exert a 

dfrect effect upon the stereocher@fcaf outcome of hydrogenatfon of the A~~'~)- 

bond, it may be responsfbie fm- buttressing the f3p-methyl group fn 151 or 

altering the rfng 0 conformatfun to &n extent whfch fncreases the pu&rfng a-f 

rfng C, and hence, the steric shfelding upon the @-face about the ~~~~')-bond, 

Although the successful separatfon of the fsoners (Q) and (21 demonstrated 

the feasfbflfty of this route to the hftherto fnaccessfble gp-serfes of 

r4u -methylestrone analogues, the un favourable stereosel ectfvfty of A 

hyd rogenatfon, fn the presence of a lit$+t-buto xy-~~oup, necessf tated 
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the reaction sequence. Furthermore, it was necessary to ascertain whether the 

8a-series, detected as minor products of hydrogenation of bs-precursors,1 could 

also be isolated via a unified process starting from the mixture of estratetraenes 

(iI and (51. 

Accordingly, the 1:l mixture of (1) and (21, obtained during the cyclodehy- 

dration step in the total synthesis,' was hydrogenated in the presence of 10% 

palladium on charcoal, to give a mixture of products, which was chromatographical- 

ly separated into the 14a-methylequilenin analogue (1;) (13%) and an oily fraction 

(84%) comprising the three possible 8,9-dihydro-compounds (13). As expected from 

hydrogenations carried out upon the respective pure estrate;Laenes fl) and (21,' 

the major component (65%) of the mfxture was shown by n.m.r. (relati;e intensity 

of the I4a-methyl signal at 0.32 p.p.m.1 to be the 9R-isomer; the 'natural' 

isomer comprised 25% and the 8a-isomer, ca 10%. 

6 + 9+ 

16 R = But 

Reduction of the dihydro-mixture (13) with sodium in refluxing isopropanol- 

toluene gave a complex mixture, which was separated chroaatographically into 

two main fractions, comprising the mixtures of 17a-hydroxy-compounds WJI (7%) 
and 17p-hydroxy-compounds (15) (86%). These fractfons did not display c_ 
significant differences in the proportions of their component 8,9-dihydro-isomers, 

as evidenced by n.m,r. The latter fraction was t-butylated in the usual way. 

Chromatography of the resultant mixture on silica gel afforded two very minor 

products, which were shown by mass spectromctry to contafn two t-butyl residues 

[see below), followed by the pure 9R-isomer (61 (56%), an intermediate fraction 

(9%), and the pure 'natural' isomer (91 (22%). The intermediate fraction was 

shown by n.m.r. to comprise the k-Isomer (i6) contaminated with the 

A’(“)-compound (2,. 
..c 

The origin of the contaminant is uncertain, but it may 

have arisen through a small amount of residual tetraene from incomplete hydrogena- 

tion, which escaped detection during the intermediate stages of the reaction 

sequence. 
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Treatment of this fraction with iiJ-chloroperbenzoic acid in dichloromethane at 

O°C resulted in conversion of the contaminant, via the labile 9,110epoxide, into 

polar decomposition products. Chromatography of the resultant mixture afforded 

the pure 8a-isomec_(l6), which was deprotected with toluene-l-sulphonic 'acid in 

refluxing benzene to gfve I+)-14-methyl-8a,14~-estra-1,3,5(10~-triene~3,17~~dio~ 

3-methyl ether (17 I. Scarcity of material precluded preparation and 

chiiacterisation of the parent diol. 

The foregoing unified method of preparatfon thus afforded access to the three 

families of isomers, in relative yields dictated by the stereoselectivity of 

hydrogenation of the estratetraene mixtures (1) and (21. The preponderance of 

9p-products makes the method complementary to that described earlfer$ in which 

the 'natural' isomers are obtained stereoselectively. 

In order to complete the synthesis of comparable compounds in this series, an 

efficient method was sought for preparfng lb-methyl-14a-estra-1,3,5(101,6,8- 

pentaene-3,17@-diol (251, It was not expected that direct hydride reduction of 

the 14a-methylequilenin analogue (12) would favour formation of the 17p-hydroxy- 

compound, owing to the steric effect of the 14a-methyl group.5 Indeed, a 

small-scale reduction of (12) with lithlum aluminium hydride revealed that the 

desired isomer comprised only 20% of the product ft.1.c.L Furthermore, the 

attempted reduction of [G$ with sodium in isopropanol led to complex mixtures 

arising from concomitant reduction of ring A. In view of the small amount of 

(1_2) available as a by-product of the hydrogenation sequence, an alternative route 

to (24) and (25) was investigated. 

Thus, the 1111 mixture of estratetraenes (1) and (2) was reduced with sodium in 

refluxing isopropanol-toluene to give mainly-the expected 1:l mixture of Ag(111 

and A'-178-alcohols (191 (86%1, which was readily separated from the minor 

fraction (11%1 comprising a comparable mixture of 17a-alcohols (18). t-Butylation 

of (191, under standard conditions for 65h, gave an inseparable iixture of 

AsWlJ - and A8-17~0t-buty? ethers ~21)(61%). A significant by-product & 

28%) was formed under these reaction conditions, but could be almost completely 

suppressed by carrying out the t-butylatfon of (19) for shorter periods. The 

by-product mixture was assigned the Z-t-butyl-17i:t-butoxy-structure (201, since -_ 
n.m.r. examination showed two pairs of one-proton singlets in the aromatic region 

(6.58-7,67 p.p.m.1. Interestingly, the n.m.r. spectrum also revealed that the 

ratio of A'(l')- and A8-isomers in (20) was ca 35:65, whereas that of the ..* 
1700t-butoxy-mixture (111 showed that the ratio of Ag(ll)- and A*-isomers 

was ca 60:40, - This implies that C-alkylatfon of the A8-component of the 

olefinfc mixture proceeds more rapidly than that of the A'(")-component. 

Treatment of (2'1 with 2,3-dichloro-5.6.dicyanobenzoquinone (DDQl in 

refluxing benzene resulted in smooth formation of two readily-separable 

products, the hexaene (22) and the pentaene (231,in proportions similar to 

those of the Agtll)- an;j-A8 -isomers in the starting material. The pentaene 

(;Z) failed to undergo further dehydrogenation in the presence of DDQ in refluxing 

benzene. 

The dehydrogenation products tz!) and (??I were readily identified with 

the aid of their distinctive spectroscopic properties. The ultraviolet spectrum 

of the pentaene (231 was dominated by absorption at 229 nm (log E 4.831, with a 

complex pattern of-less intense bands between 259 and 339 nm; comparable 

absorptfon is reported for equilenin and its 3-wethyl ether? In the hexaene 

(GJ, the main absorption occurred at 242 nm (log E 4.791, and all the secondary 

bands appeared to be shifted to longer wavelength in relation to the pentaene 

(23). 

The 90 MHz n.m.r. spectra of U!!) and (23) were not clearly resolved but, __ 
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at 500 MHz, the aromatfc proton sfgnals could al7 be dfstfngufshed. Thus, the 

spectrum of the hexaene (22) displayed the familiar pattern of ring A proton 

signals, together wfth doublets centred at S 7.6 and 7.17 (J_ 8.2Ht) for 6- and 

7-H, and at 6 7.06 and 6.31 Ll_ 9.7Hx) for lb and 12-H. Signals for 6- and 7-H 

fn the pentaene QI occurred at S 7.55 and 7.17 fd, g 8.3HrI. Interestingly, 

the signals assigned to the 14oc-methyl group in (221 and f23) displayed long-range 

couplfng (J ca IHz), presumably to 156-H, whereas-ihat assigned to the 13@-methyl -- 
group in the pentaene (q$ also displayed couplfng Q_ 0.6HzI to 12a-H. 

In practice, the overall effkfency of the dehydrogenatfon reaction could be 

improved to ca 91% through catalytic hydrogenation of the hexaene (?!I, 

which cleanly saturated the A" -bond, to gfve further pentaene (?!l. Stepwfse 

deprotectfon of (231 afforded the 17@-alcohol (241 and hence, M-14-methyl- 

14a-estra-1,3,5(1~~,6,8-pentaene-3,17fl-dfol (25i: ma 
In order to obtain further insight into the foregoing dehydrogenation, a 

similar experfment was carried out with LlDQ upon the I:1 mixture of bg(III- 

and A*-170ketones 11) and 121 in refluxfng benzene. As before, the proportions of 
- 

the derived hexaene*(261 and pentaene 1121 were similar to those of the starting 

material mixture. Aiiordfngly, separa;; experiments were carried out upon pure 

Q} and (?I, which confirmed that the A'(")-fsomer (!I gave only the 

hexaene (261, whereas the A *-isomer (2) gave only the pentaene (12). 

It fs iierefore evfdent that the first step fn dehydrogenatfon-of the 

A~( ")-compound QI entails loss of hydrfde from C(12), and that the resultant 

3-oxonfum species undergoes rearrangement with loss of the C(8) proton to fom a 

transfent 1,3,5~10~,8,1bpentaene. The failure to detect such an intermediate 
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followed by the 17B-t-but 1 ether (5)(146 mg) 
methanol); m/z 354 TMh3m-Me) and 29; ~,'~~bs~-"~~.~fC~~~~~~~~o~~~~- 
(138-Me), l.T5-(061~~). 318 (OMer, 3.9; (1H. m, W- ca 16iz - 
W bHz,ll-HI. 6.56-6.8 (2H, m, 2- and 4-H). and -4.65 
7. 81.7; H, 9.7. 

(1H,'d:7; kk,6if~)~:~;“~; 
C2,,H3,,02 requires C.81.3; H, 9.7%). 

Catalytic Hydrogenation of the 17p-t-Butyl Ether (5) 

The 17g-t-butyl ether (5)(50 mg) in ethyl acetate (10 ml) was hydrogenated in 
the presence of palladium on carbon (10%; 50 mg) for 20h. The filtered reaction 
mixture was concentrated and chromatographed on silica gel (10 g) with benzene- 

and 7.2 (1H. d, J 8Hz. 

17~-t-butoxy-3-methox~-l4-methyl-l4a-estra-l,3,5(lO~~triene (9)(2! mg). m.p. 
95-9Tc'C (from dichloromethane-methano 1 , 1. 
and 0.88 (13p- and 14a-Me). 1.12 (OBu 

y/z 356 (M 1 and 299 (M -But); 6 0.86 
1, 3.78 (OMe). ca 3.84 obsc (1H. m, 

17a-HI. 6.57-6.8 (2H, m. 2- and 4-H). and 7.2 (1H. d,j 8Hz. 1-H)(Found: C. 80.8; 
H. 10.4%). 

14-Methyl-9p.l4a- and - 
and (10) 

-14a-estra-1,3,5(10)-triene-3,17(+diol 3-Methyl Ethers (7) 

- 

(a) A solution of the t-butyl ether l6)(400 mg) and toluene-e-sulphonic 
acid (370 mg) in benzene (90 ml) was refluxed for 2h under nitrogen. Aqueous 
sodium hydrogencarbonate was added to the cooled solution, and the organic layer 
was separated, washed with water, and dried (MgSO,,). The residue obtained after 
evauoration of the solvent was filtered through silica qel (30 q) with ethyl 
acetate-benzene (1:lO). to qive the 175- 
3620 (OH) cm-l; m/z 300 (M 1 and 2M5 + 

lcohol (7) as a glass i324 mg), ‘iax 
(M -Me 6 0.2 (14a-Me) 

3.78 (OMe), 4.02 6r-(lH, di.i, J 9 and 6Hx. 
1.02 (13f3-Me), 

17aiH). 6.6-6.83 (2H: m, 2- and 4-H). 
and 7.2 (lH, d. J gHz, 1-H)(F-dund: M+. 300.2089. C2gH2a02 requires M, 300.2088). 
The comoound failed to afve reoroducfble mfcroanaTvtlcaT results. Owino to 
tenacious retention of iolvent: 

(b) Similar treatment of the t-butyl ether (9)(214 mg) afforded the 
corresponding 17p-alcohol (lOI(145 mg), m.p. 133-135OC (from benzene-hexanej; 
;$$IMeI, 3620 3.78 (OH) (OHe): cm-'. m/z 300 (M+)and 285 (M+-MeI* 

4715 (lH, Ud, J 8.5 an'd 6Hz, ‘17~-~jag6!%!~6f&4 k!‘a; I?I?“~- and 
4-H). and 7.22 (lH, d, J 8Hz. 1-H)(Tit.,2 m.p. 130-132°Cj. 

14-Methyl-9@,14a- and -14a-estra-1,3,5(10)-triene-3,17p-diols (8) and (11) - 

(a) A solution of boron tribromide (280 mg) in dichloromethane (0.55 ml) was 
added to the 3-methyl ether (7) (220 mg) in dry dichloromethane (10 ml) at -78OC. 
After 2h at O'C, the reaction mixture was quenched through addition of aqueous 
sodium hydrogencarbonate. After 20 min, the precipitate was collected, washed in 
turn with water and dichloromethane, and crystallised from aqueous ethanol, with 
charcoal treatment, to give the 3,17!-diol 
needles, m.p. 239-24O'C; 

(8)(148 mg) as slightly discoloured 
m/z 286 (M )(Found: C, 79.8; H, 9.4. ClgH2602 requires 

C, 79.7; H, 9.15%). - - - 

(b) Similar treatment of the 3-methyl ether (lOI(82 mg) afforded the 3,17p-diol 
(llI(60 mg), m2p. 237-239'C (from aqueous ethanol); _ _ 
H, 9.2%)(lit., m.p. 230-231'C). 

m/z 286 (tj+)(Found: C. 79.8; 

and -8p,9a-isomers (6).(9), 

A 1:l mixture (1.6 g) of 3-methoxy-14-methy1-14a-1.3.5(10).9(11~- and 
-1,3.5(10),8-tetraen-l?-ones (1) and-(21 in ethyl acetate (i50 ml) was 
hydrogenated in the presence of palladium on carbon (10%; 320 mg) until hydrogen 
uptake ceased (ca 18h). The filtered reaction mixture was concentrated and 
chromatographed-n silica gel (150 g) with ethyl acetate-benzene (1:49) to give 
3-methoxy-14-methy1-14a-1,3,50,6,8-pentaen-17-one (12) (214 mg). m.p. 
186-187OC (from benzene-hexane); hmax 229 (log E 4.81, 265 (3.741, 276 (3.761, 
287 (3.58), 321 (3.271, and 336 (3.37) nm; 6 (500 MHz) 0.89 (3H. s, 135-Me), 1.13 
(3H. d. J 0.6Hz. 14a-Me). 3.9 (3H. s. OMe). 7.12 (1H. d. J 2.7Hz. 4-H). 7.16 (1H. 
dd..J 9.2 and 2;7Hz, 
and 7.86 (1H. 

2-Hj, 7.26 (iH;d, J 8.4Hz. 7-Hj. 7.52 (lH;d, J 8.4Hz. 6-Hj, 
d. J 9.2Hz. 1-H) (lit..' m-p. 186-187°C). followed by an isomeric 

mixture of 8,9-difiydro-compounds (13)(1.35 g), m/z 298 (M+). This mixture (13) -- 
was treated with sodium in refluxing toluene-isopropanol,as described in a 
previous experiment, and the product was chromatographed on silica gel (150 g) 
with ethyl acetate-benzene (1:lO) to give an oily fraction (97 mg), comprising the 
8,9-dihydro-17a-hydroxy-isomers (141, vmax 3620 cm-' (OH); m/z 300 (M+) and 285 -- 
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(M+-Mel; the estimated proportions of the 88,98- .8a,ga-, and 8p,9a-isomers were 
cZ 65:10:25 (n.m.r.). - 

The mixture (15) was t-butylated, as described in a previous experiment, and 
the product was chromatographed on silica gel (120 g) with benzene-hexane (2:3). 
Early fractions afforded two minor products (19 and 10 mg resp.), having m/z 412 
(M+), which were not further characterised. Further elution with the same- 
s<lvent gave the 8p,9fi-dihydro-compound (61(750 mg), m.p. and mixed m.p. 112-114°C 
(from dichloromethane-methanol), followed successively by an impure oily fraction 
(122 mg) and the 8@,9a-dihydro-compound (9)(305 mg), m.p. and mixed m.p. 96-97OC 
(from dichloromethane-methanol). The impure fraction was homogeneous on t.1.c. 
but had m/z 356 (M+) and 354, and n.m.r. examination rev$p]ef that it contained fi 
70% of tTie_desirea product (16). contaminated with the A -compound (5). 
The fraction was treated with m-chloroperbenzoic acid (50 mg) in dichloromethane 
at O°C for 3h. Aqueous sodium hydrogencarbonate was added and the organic layer 
was separated, washed with water, dried (MgSO,,), and evaporated under reduced 
pressure. The crystalline residue was chromatographed on silica gel (10 g) with 
benzene-hexane (1:l) to give 17@-t-butox -3-methox -14-meth 1 8a,l4a-estra- 
1,3,5(10)-triene (16)(54 mg), m.p. -l-KT$ooc~ *+- rom dich oromethane-methanol); 

6 0.97 (14a-Me), 1.1 (138-Me). 1.13 (08~1~1, 3.74 
m/z 

356 (M+) am (M+-C,HB); 
-- 

obsc TlH, m, 17~t-HJ, 3.78 (OMe), 6.57-6.8 (2H. m, 2- and 4-H), and 7.1 (lH, d, J 
8Hz, 1-H)(Found: C, 80.9; H, 10.0. CZ4Hj602 requires C, 80.85; H. 10.2%). 

14-Methy1-8~,14~-estra-1,3,5(10)-triene-3,17~-dio1 3-Methyl Ether (17) 

The t-butyl ether (16)(36 mg) was treated with toluene-e-sulphonic acid in 
refluxing benzene under nitrogen for 3.5h and the product was chromatographed on 
silica gel (39) with ethyl acetate-benzene (1:lO) to give the 176-alcohol (17)(26 
mg), m.p. 140-141°C (from aqueous methanol); m/z 300 (M+)and 285 (MT-Me); 6 0.98 
(14a-Me), 1.08 (136-Me), 3.78 (OMe), 4.01 (lH,-da, J 8.5 and 6Hz. 17a-H), 6.54-6.8 
(ZH, m, 2-, and 4-H), and 7.09 (1H. d, J 8Hz. 1-H)(Found: C, 80.15; H, 9.5. 
CZoH2a02 requires C, 80.0; H, 9.4%). 

17p- t-Butox -3-methoxy 
--f-L) tetraenes 

-14-methyl-14a-estra-1,3,5(lD),9(1~)- and -1,3,5(10),8- - 

A 1:l mixture (500 mg) of 3-methoxy-14-uethyl-14a-estra-1,3,5(lU),9(11)- and 
-1,3,5(10),8-tetraen-17-one (1) and (2) was treated with sodium in refluxing 
toluene-isopropanol, as described in a previous experiment, and the product was 
chromatographed on silica gel !50 g) with f":y~i~~~~~t~;b~ate~~_(~~~O~~_l~~~ first 
fraction (55 mg) comt;;;e;mfl ;;;;parable . 

~~~‘~“~-~~~~~n~~e~ 0.78 (13p-Me),'l.!:z(~~~-~$) ingd :~~e~('~;"~)48 br (1H 
m. 178-H), 6.3 br (1H. m.,& 6Hz. 11-H), 6.58-6.6 (iH. m. 21 Tied 4-H). and i.65 
(lH, d, J 9Hz, 1-H); 6(8 -component) 0.7&l (13@-Me), 
3.98 br TlH, m. 178-H). 

1.26 (14a-Me). 3.8 (OMe). cd 
6.58-6.8 (2H,m, 2- and 4-H), and 7.14 (1H. d, J 9Hz, 

1-H). 
FUrts~r,~ 

mgi of the A 
same solvent gave an inseparable 1:l mixture (430 

I":l~"Arlr:,_'~fcohols (19). vmax 3620 cm- (OH); m/z 298 
(M )and 283 (M+-Me); 6(Ag ’ ) component) 0.78 (14a-Me), 0.86 (13B-AeS. 3.7 
(UMe), 4.12 b7 (lH, m. 176-H). 6.24 br (lH, m. W 6Hz), 11-H. 6.45-6.8 (2H. m. 
2- and 4-H). and 7.62 (1Hl. d, J 9Hz, 1-H); +a 6 A -component) 0.88 (13@-Mel. 1.02 
(14a-Me), 3.7 (OMe), 4.12 br (1HT m. 17a-H), 6.45-6.8 (2H .m, 2- and 4-H). 7.0-7.3 
(1H. m, 1-H). 

The mixture of 17g-alcohols (19) was t-butylated, as described in a previous 
experiment, and the product was chromatographed on silica gel with benzene-hexane 

6.55-6.8 (2H, m, 2- and 4-H). and 7.65 (lH, d, J 9Hz, 11H); 
40%) 0.85 (13p-Me). 1.02 (14a-Me), 1.15 (OBut),-3.78 (OMe), 3.95 br (lH, m, - 
17a-HI, 6.55-6.8 (2H. m, 2- and 4-H). and 7.13 (lH, d, J 9Hz. 1-H). 

17~-Butoxy-3-methoxy-14-methy1-14~-estra-1,3,5(10),6,8-~entaene (23) 

(a) The 3:2 mixture (270 mg) of the 17p-t-butoxy-A’(“)- and -A'-COmPOUndS 
(21) was refluxed with 2,3-dicyano-5,6-dichlorobenzoquinone (DDQ)(454 mg) in dry 
benzene (90 ml) under nitrogen for 4h. Aqueous sodium hydrogencarbonate was 
added, and the organic layer was separated and washed with water, dried (MgSOr). 
and evaporated to give a crystalline residue (280 mg), which was chromatographed 
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on sfltca gel (30 gL Eltutfun wfth benzene-hexane fl:t) afforded 17B-t-Butox -3- 
-14-mcth I-14a+stra-I,3 5110!,6,8,lf-hexaene (22)fffil mg), %p* 

~~~~h,~h~"~~~n*,~~~ 
-&c f 

243 flog E 4 75 f, 284 (3.641, 297 t3.62), 
316 {3.62), and 343 f3.62) nm; 'ut~drx36D (I@), and.293 tM+-8&; S (500 MHz), 
0.84 (3H, s, 138-M& 1.17 [3H, -ar,-,I 1*2HZ, 14a-nef, id?2 fW, s/t-W, 3.89 (3H, 
s, UFJ~), 4.26 (IH, dd, 3 8.7 and 6H5, 17~HI, 6.31 ilH, 3 9.7 Hz, 12-H), 7.06 NH, 
d, J 9,7~r, 11-H), 7.08-fIti, 6, J 2*6Hz, 4-N, 7.13 t&H,-dd, 3 9.2 and 2*6Hz, 
2-h-j., 7.17 (1H, d, J 8.2Hz, 7-H); 7.6 IfH, 6, 3, 8.2Hz, 6-H), and 7.91 IIH, d, 2 
9*2Hz, l-HItFound: -C, 82.1; 
followed by 
(23lf99 mgl, m*p* 
4*$31, 266 fJ.djSl; 277 (3.721, 287 13.551, 322 f3.31, and 337 t3.42) nm; m/z 352 
(# Z and 337 (# -iifef; 5 [SOS MHE), 0.73 (fH, d, J O.CiHz, 13@Iet, 1.l 0HY- ‘“i3, J, 
1TU4 ftz, f4tr-CilriIt I.19 f9H, s, I-W, 3.89 f3H, s’;T OMeI, 3.99 (lH, dd, J 8+9 ana 
6,4Ht,l7a-Hi, 7.09 {IH, d, J 2.7Hz, 4-H), LX3 UH, dd, 3 9.2 and 2.7Hzy 2-H), 
7.17 (lH, d, 2 , 8.3 ~z, 7-Ti), 7.55 (lH, d, g 8.3Hr, 6-HT, and 7.86 (1H, d, j_ 
9.2Hz, l-HItFound: C, 81.2; H, 9.1. C24H3$12 requires C, 81.8; H, 9.15%). 

(bl The hexaene (2215136 mg1 in ethyl acetate (10 ml) was hydrogenated fn the 
presence of r>allad<un art charcmf (5%: 40 mg) fur 2h, and the fVtered solutfon 
was evapurated. The crystallfne resfdue was ffltered through siljca gel tI5 g) 
with benzene-hexane [l:l) to give the pentaene 123Nl23 mg), m-p. and mixed 
m. p. li32-134°C (from dichloromethaneMmethano1 f . 

14-Methy~-~4~-estra-1~3~5~10~~6~8~~entaene~3~17~-d~o1 S-Methyl Ether (241 

Treatment of the X7j+t-butyt ether i23)UrlD ngl wtth to~ueneu~~sulphun~~ 
acid (50 mg) fn reftuxfng benzene, ils described fn prevjous experfments,followed 
by filtration of the product through sjlfca ge: wZth ethyl acetate-benzene (X:10), 
;;;; ~~el17g-alcohol(24)(ll~ mg), m.p. 133-134 C (from benzene-hexane); 

(OH’= 296 fM 1 and 281 {kJ -Me); 6 0.78 (13@-Me), 1.1 (14~~~!‘f~ 3.92 
(One), 4.32 (lH, ?ld,J_ 8.5-and 6Hz, 17~H), 7.1-7.3 (3H, m, 2-, 4-, and 7-H], 7.6 
ftH, d, J 8Hz, 6-H$ 4;; ~~92H~l~~2~i j_ lOHt, I-HtfFound: C,8Q.8; H, 8.2. 
CgoH2&-requfres s . ; t . . 

14-Met~~14~-estra-1,3,5t101,6,8-pentaene~3,17~~d~~~ (25) 

The methyl ether (24 1 t 60 mgZ was hydrolysed with boron tribromfde ils described 
Jn prevfous experisents. The product (46 mg) was crystalfIsed twfce from 
~~lo~uf~r~~~th~~o~ to g+W the dial (251, @,p, 140-14WC; & 
4.771, 259 13.452,268 (3.61, 279.66, 290 (3.511, 326 ~3.~~~~2~~d~~~~ f3.355 nm 
(Found: M’, 282.1620. C19H22U2 requires & 282.1619). Attempted removal of 
solvent 07 crystallisatfan under high vacuum resulted in decomposition of the 
compound. 

Dehydrugen~tiun of the Estratctraen-17-unes IX1 and 121 -.--(I*) 

la1 The 1:1 mfxture f29.6 mgl of Asfrsl- and As-f7-ketones (11 and 
2) was refluxed with DDU (50 mg) in dry benzene WI ml) under nitrogen for 4h* 
The product was worked up and chroratographed on silica gel (39) with ethyl 
acetate-benzene (1~49) to give 
hexaen-f7-one C26 f i 14 mgl S m.p* 
clit”-fCO 1 ;x 242 flag E: 4.791 
(3.531, and !!!# (3.57); 

2Q2 t3.68 303 13*85f, 316 23.95 
mfz 292*f~ f and 2 j (M+-Mef; 3 6 (5UU MHz %% f3H, s 1 

1389Me), 1.18 (3H, d, rZ Ox-Hz, 14;.Me), 3.91 (fH, s, DMeI, 6.47 (lH, d, 3 9.7 iz, 
12.~1, 7.11 (lH, d, J 7.6Hz, 4-H), 7.162 obsc (lH, d, J ca 9.7Hx, 11-H), 7.164 
(l&i, dd, J 9.3 and 276Hx, 2-H), 7,28 flH, 6, J 8.2Hz -7T3, 7.69 (lH, d, J 8.2Hz, 
6-H), and-7.99 {lH, d, J 9.3Hz, l-H)[Found: F, 82.0; w, 7.O. C~QH~QO~ yequfres 
C, 82.2; H, 6.9%). Fcrther elutjon wfth ethyl acetate-benzene (1:19f gave the 
pentaene 1121 15 mg), m.p. and mfxed m-p. 184-186V [from benzene-hexanel. 

(b) Dehydrogenation of theAgf “I -compound (I;)(3 mg1 with DDQ,as descrjbed 
in (a), afforded the pure hexaene (261(3 mg) m.p. and mixed n.p. 1660167?, 
uncontaminated with (121. 

(cf Simflar dehydrogenat~on of the d8 -compound i2ft6 mg) afforded only the 
penteene fIP)l5 mgi, m*p. and a$xed 184-f.8fi°C. 
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