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TRACT

T-Methoxyisochroman-4-one(III), synthesised from
m-methoxybenzyl alcohol, is converted into racemic 3-
methoxy~-7-oxaestra~1,3,5(10), 8~tetraen-17(e)~0l(IX).

Recent reviews on oxa-steroids(1) and on total
syntheses of heterocyclic steroidal systems(2) mentioned
that there has been no report on the total synthesis of
T-oxaestrone. This prompted us to report here the details
of the total synthesis of the title compound (IX) (3).

The synthesis of the hitherto unknown 7-methoxy-
isochroman-4~one(III) was achieved starting with
m-methoxybenzyl alcohol(4). The sodio-derivative of the
m-methoxybenzyl alcohol on treatment with ethyl bromo-
acetate in refluxing benzene furnished ethyl m-methoxy-
benzyloxyacetate(I) in 40%. yield. Alkaline hydrolysis of
the acetate(I) afforded the desired hitherto unimown
n-methoxybenzyloxyacetic acid(II) in 68%. yield. All
attempts to cyclise this acid(II) using conventional Iewis
acid catalysts such as ZnClz-AcZO/AcOH, Pc15-A1013, FPA
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(polyphosphoric acid) and also DCC (dicyclohexylcarbodiimide)
(5) failed to furnish the desired Ketone(III). However, the
acid chloride of the acid(II) on treatment with anhydrous
S.n(Jl4 in benzene at 8-1 O°, gave the anticipated 7-methoxy-
isochroman—4-one(III) as pale yellow needles, m.p. 78-80°,
in 307. yield.

7-Methoxyisochroman-4-one(III), on treatment with
vinylmagnesium bromide under Normanti's reaction conditions
(6) afforded the expected 4-hydroxy-4-vinyl-7-methoxy=-
isochroman(IV) as a colourless thick gum in 907, yield.
The NMR spectrum of(IV)(CCl4) indicated signals at
63.25(s, 1H, OH, disappeared on D,0 exchange), 3.67(s, 3H,
CCHg), 4.45(s, 2H, benzylic CH,) and 6.38 - 7.3(m, 3H,
aromatic). The complex multiplet observed at & 5.18~5.85,
the intensity of which corresponded to three protons, and
which represents the olefinic (- CH = CH,) protons, was in
accordance with an ABC pattern expected for systems such as
styrene and vinyl chloride(8). The methylene group at
03(1sochroman numbering) being adjacent to an asymmetric
centre is expected to appear as an AB-quartet. In fact
the NMR spectrum, as expected, indicated an AB-quartet
centered at & 3.62, The values for 8,z and J,g as calcu-
lated for the spectrum were found to be 7 and 11 Hz respec-
tively. The ratio of éAB/JAB was found to be 0,64, The

intensities of the four lines of the AB-spectrum noticed
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for the methylene group at c3 in the iR spectrum were
found to correspond well to that calculated for an AB-
system in which the ratio &/J 4is less than unity(9).

The mass spectrum indicated the most prominent peaks at
m/e 206 (M* ion, 277.), m/e 188(8%), m/e 176(1007.),

w/e 175(67%.), m/e 161(687.), m/e 149(30%.) and m/e 121(167.).
The peaks at m/e 188(8Y.) and m/e 175(67Y.) seem best to
support the structure (IV)., The peaks at m/e 176(1007.)
and m/e 149(307.) not only supported the structure (IV)
but also clearly ruled out the cleavage of the C-0 bond
in the heterocyclic ring during the Grignard reaction,
inecontradistinetion to what was noticed earlier by Colonge
and coworkers(7) in the case of the parent isochromanone

and its T7-methyl derivative.

The allyl alcohol (IV) reacted smoothly with
thiourea and glacial acetic acid (10) at room temperature,
affording the expected T-methoxyisochromanylidenecethyliso-~
thiuronium acetate (V) as a white amorphous solid,
m.p.137—8°, in 607, yield. Condensation of the isothiuro-
nium acetate (V) with 2-methylcyclopentane~1,3~-dione in a
nixture of ether and water (1:1) furnished the expected
3-methoxy-8,14-seco~7~oxaestra~1,3,5(10),9(11 )~tetraen-14,
17-dione (VI) as a white crystalline solid, m.p. 86-7°,

in 737. yield. Cyclodehydration of the secosteroid (VI)
with methanolic hydrochloric acid gave 3-methoxy-T7-
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oxaestra-1,3,5(10),8,14-pentaen-17-one (VII) as a pale
yellow crystalline solid, m.p. 142—40. in 70Y, yield. The
pentaene steroid (VII) appeared to be very unstable in
golution but stable in the solid phase. The tetracyclic
pentaene steroid (VII), on reduction with sodium borohy-
dride in methanol, afforded an almost pure sample of
racenic 3-methoxy~7-oxaestra-1,3,5(10),8,14~pentaen-17(e)-
01(VIII) as a pale yellow solid, m.p. 82-92°, in 90%
yield, The triplet of 1 H intensity at & 4.03(J = 8.5 Hz)
was quite characteristic of an axial 17-hydrogen(11) and
thus provided conclusive evidence in favour of an equa~
torial conformation of the 17-hydroxyl group., The mass
spectrum of (VIII) indicated among other peaks a mass
line at m/e 256, corresponding to a loss of 28 mass units,
This has been rationalized by the elimination of 'CO!

from the D-ring with the concomitant saturation of the

14, 15-olefinic bond (12).

The catalytic reduction of the 14, {15-double bond
in the 17-hydroxy derivative (VIII) employing 107.
palladiun-on-carbon catalyst in dry benzene afforded the
expected 3-methoxy-7-oxaestra-1,3,5(10), 8-tetraen-17(e)-
01(IXX13) as a white crystalline solid, m.p. 123-7°, in
737. yield. The assignment of the equatorial configura-
tion for the 17-hydroxyl and trans-stereochemistry for the
C/D-ring junction was based on the findings of Banerjee
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and his associates (14). Attempted reduction of the 8,9-

olefinic bond in (IX) with lithiwm in liquid ammonia or by

its satwration over 107/, palladium-on-carbon catalyst
failed to furnish the anticipated 3-methoxy~7-oxaestra—

1,3,5(10)=trien-17(e)-01(X),

EXPERIMENTAL (15)

Et%zl mﬁethoxxbgngxlox%g%eﬁatgfIz.w To a suspen~
sion of finely divided sodiwm (4.6g) in 250 m) of dry thio-
phene~free benzene was added dropwise m-methoxybenzyl
alcohol (27.6g) in 30 ml of dry thiophene-~free benzene
with stirring under anhydrous conditions at room tempera-
ture. The entire mixture was left overnight under
stirring followed by a gentle reflux for one hour the

following day. The sodio-derivative was precipitated as
a pale yellow solid.

To the well-stirred suspension of the above
obtained sodio-derivative of the m-methoxybenzyl alcohol,
ethyl bromoacetate(22.2 ml, 33.4 g) in 30 ml of dry
thiophene-free benzene was added dropwise. During the
addition, the colowr of the precipitate changed from pale
yellow to reddish yellow. After the addition was over,
the resulting solution was refluxed for 15 hours under
anhydrous conditions. The unreacted sodium, if any, was
destroyed by adding cautiously methanol and later the
reaction pmixture was treated with water. The yellow
gelatinous product in the aqueous layer was exiracted
with ether %2 X 200 ml). The organic layer, dried over
anhydrous sodium sulphate, was eva.po:gated. The residnal
liguid on vacuum distillation at 140°/12 mm furnished a
colourless liquid with a fruity odour (17.9g) in an overall
40Y%. yield which showed a single spot in TIC [benzene:ethyl
acetate (20:1)] ; UV A max 274(€ 1,721) and 280 nm se 1,549);
IR(smear) 3 max 1740, 1595, 1585, 1485 and 1265 cm~1;

MR (CC1,) & 1417 (%, 3 Ch=Gi Y 3:69(s, 3H, 0CH3), 3.85
(s, 2H,-0-CH,=C0-), 4.07(q, 2, =08, ~Ci;), 4.450s, 210 benzylic
CHy) and 6.62~7.1(m,4H,aromatic),

m-Metho;zbenleox%g%e;gig égidf I1).~ Ethyl
m-methoxybenzyloxyacetate (1 15.4g/) was refluxed with

60 ml of a 10% methanolic KOH solution for 18 hours.
After this period, the reaction mixtwre was extracted with

-
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ether (2 x 50 ml). The resulting aqueous alkaline solu-
tion was acidified and then extracted with ether, The
ethereal layer was washed several times with water and
finally extracted with a saturated sodium bicarbonate solu~
4ion., The bicarbonate layer was acidified carefully with
ice-cold concentrated hydrochloric acid. The liberated
free acid (II) was extracted with ether (2 x 100 ml).

The ethereal layer, dried over anhydrous sodium sulphate,
was evaporated. The resulting crude acid on vacuum
distillation at 125°/0.18 mn furnished an analytically pure
sample of m~methoxybenzyloxyacetic acid (II) (9.2g) in

68%, yield. UV A max 222 (€ 4,937) and 274 mm (€ 1,731);
IR (CHGI3§ A max 3000, 1720, 1590, 1480 and 1260 cm™?;
NMR iccl 8 3.72 (s, 3&, OCH: ), 4.05 (s, 2H,-O-CH,-C00-),
4.52 s,zﬁ,benzylic CH,) and 6762~7.3 (m, 4H, aromatic).

» Caled, for C O4: C. 61,21 H, 6.17.
Found: c’ 1.65; H, 6‘33./0- 10H12 4 R

~Methoxyisochroman-4—~one (ITI).~ A mixture of
1.98g of mmfﬁm&nzy!ﬁoxyace%?ﬁc a.céa (%I) and a large
excess of freshly distilled thionyl chloride (5 ml) was
stirred at room temperature till the evolution of HC1l gas
ceased. ILater, the solution was refluxed with stirring
for 15 minutes under anhydrous conditions, After this
period, the excess of thionyl chloride was removed under
reduced pressure, The acid chloride thus obtained as a
brown 1iguid (233 was characterised by its IR spectr;rm;
IR(smear) ~ max 1790, 1590, 1500, 1420 and 1260 cm=1,

To an_ice-cold stirred solution of the acid
chloride (1.11g) in 50 ml of dry thiophene~free benzene
was added under anhydrous conditions 0,61 ml of anhydrous
stannic chloride in 10 ml of thiophene-free benzene drop-
wise for a period of 10-15 minutes. After the addition
was gver, the mixture was stirred for 30 minutes at
5-10", The reaction mixture was then decomposed by the
addition of 15 ml of ice-cold 2N HCl. The resulting
product was extracted with ether (2 x 50 ml). The ethereal
layer was washed thoroughly with a saturated solution of
NalCO3 (3 x 25 ml), Evaporation of the dried ether layer
gave a brown gummy solid (0.47 g) in 50%. yield. This was
chromatographed over Brockuman neutral alumins (1%g). The
s0l11d obtained from petroleum ether-benzene (1:1) eluates
was further purified by repeated recrystallization from
acetone-petroleun ether to furnish the analytical sample
of the ketone (III) (0.28g) as pale yellow needles, m,p.
78-80°, in 307, yiel%; UV Amax'224 (€ 11,440) and 276 nn
(€ 15,640); IR (CC1,)'d max 1680, 1585, 1465, 1445 and
1265 cm™%; ‘MR (cCl;) & 3.77 (s, 3H, OCHz), 4.1(s, 2H,
0~CHy~C0-), 4.68 (s,2H,benzylic CHZ’), 6;z9—6.92 (m, 24,
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aromatic protons at Cg and Cg) and 7.86 (d4,1H,J = 8,5 Uz,
peripmoton at C ); mass peaks at m/e 178 21\&* ion 48%. ),
m/e 148 (100% ) m/e 120 (39/), w/e 105 (117.), m/e 91(257.),
m/e 90 (11% andn,m(z?/.

« Calcd. for C Oz: C, 67.4; H, 5.66.
Found: C .7; H, 6.01%.. 1044005 ©» ’

- 1~ s () iV).- To a
stirred suspension of vinylmagnesium e 3 TOm
10 m1 of vinyl bromide and 2g of ma@.esmm turnings) cooled
to ~20° was added dropwise a solution of 7-methoxyisochroman—

4¢-one (III) (2.5g) in dry tetrahydrofuran precooled to =20°
in an atmosphere of dry nitrogen. The pale yellow reaction
nixture was slowly brought to room temperature and then
refluxed for 12 hours. The yellowish green mroduct
obtained on decomposition with ice co0ld NWH4Cl was extracted
with ether to give rise to (IV). The crudé product on
vacuum dlstillation at 1400° 0 .00001 mm furnished the apaly-
tical sample of (v) ctg as a colourless thicgk gum in
90% yield; UV Amax 217 5, 971 , 227 (€ 6, 8123
278 nm (€ 4,473); IR (0614 ¥ max’ 3420, 1595, 1565,

1285, 1255, 990 and 915 cm

« Caleds for € Oz: C 69.9./'-; H 6079-
Found: C, 70.02; H, 6.92%. 12}1“ 37 ’

A mixture of ally coho
.186g) and glacial acetic acid
stirred at room temperature for 16 hours., The precipi-
tated so0lid obtained on addition of 20 ml of ether was
filtered and washed repeatedly with d:cy acetone to furn&sh
the isothiuronium acetate (V) (0.474g, 607.), m.p.137-8°;

UV A\ max 221 (e 12,380), 258 (sh) e 8 ,461), 275 (e 15460)
and 298 nm (sh) (€ 4,704); IR (KBr) 9 max 3170, 1590,
1550, 1485, 1230 and 840 om~1; mmsnmo—as) & 1.74 (s,3H,
-0-C0~CHz ), 3.77(s,3H,0CHs), 5.83 (d, 2, J = 8.5 Hz,
~S-CHp ), 4.53 (s, 2H, OCH), 4.63 (s, 2H, benzylic CHp),
6.04(t,1H,J=8 Hz, olefinic), 6. 65-—6.90(m,2H,aroma‘bic),
7.2=7.53 (brgad,4H,NH,) and 7.64 (a, 1H )r Hz uomatlc
proton at Cg/; mass peaks at m /e 222 (2% ), e (1007. ),
m/e 188 (417, m/e 161 (587.), w/e 159 (43%.), m e 146
(174.), n/e 144 (217.), w/e 129 (15%), m/e 116 (11%)
and m/e 115 (29%.).

P CagHrnaOy N S: C 5066' H 6417;
N, 8.64. Fonay: GMed T C1gRg N2 4 5500 B

~lie thOXY = ~3EC 0~ stra~ 0 )-
21 ion .~ The isothiuwronium acetate
.818g) and 2-me cyclopentane-1,3-dione(0.3g) were
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vigorously agitated in a mixture of water (10 ml) and ether
(10 ml) for 6 hours. The aqueous layer was extracted with
ether (2 x 20 ml1) and then the combined ether extracts were
washed successively with a 10% xaoog solution (3 x 10 ml)
and water (2 x 15 ml). The dried ether layer on evaporation
of the solvent afforded a pale yellow solid which on repeated
recrystallization from methanol gave the sece gteroid (VI)
(0.59g) as_a white crystalline solid, mep. 86-7°, in 737%.
yield; UV Amax 221 (8 17,370), 258 (sh) 2e 17,350), 266

(€ 21,750) and 297 mm (sh) (e 6,874); IR (CHClz) ~ max 1750,
1705, 1595, 1485, 1270, 1045, 1025 and 840 cm~1; NMR (0014)
8 1.07 (8,3H,methyl at Cq4zJ), 2.38 (q,2H,J=8 Hz, methylene

at Cq0), 2,58 (8,4H,=CO-LHp—CH,~C0=), 3.7 (s,3H,0CHz),
1.33'04,2H,T=1 Hz, allylic coupling -OCHp), 4.56 (s,
benzylic 01’12), 5.68 (t, 1H, vinylic), 6.%3-6.75(m,2§1,
aromatic) ahd 7.42 (d,1H,J=8.5 Hz, aromatic proton at C4);
mass pesks at m/e 300 (MF ion, 30%.), m/e 183 (1007. ),
n/e 188(25% ), m/e 161 (777.), m/e 159 (377.), m/e 146 (137),
n/e 144 (12%), m/e 129 (11%) and m/e 115(16% ).

« C de C 0,: C 72' H 6067.
Found: C, TIABEF'H e 8" 18720%¢ O 725 H,

~Met ~T—0xaestrg=- 0),8 - -17=

one (VII).- To a solutionef the seco sie . g
in a imum quantity of methanol (8 ml) was added dropwise
with stirring conc. HCl until the solution became turbid.
After stirring the contents for 45 minutes, complete preci-
pitation was observed. The precipitate was filtered and
washed several times with a mixture of water and methanol
(1:1) and finally dried. Preparative TIC [benzene:ethyl
acetate (20:1)]of the solid followed by rapid recrystalli-
zation from acetone-petroleum ether furnished the analytical
sample of the pentaene steroid (VII) 0(0.3948) as a pale
yellow crystalline solid, m.p. 143-4°, in 70Y. yield; UV
Amax 221 Se 12,330), 297 (€ 9,204) and 320 nm (€ 13,170);
IR(CHC1;) ¥ max 1730, 1595, 1585, 1555, 1245 and 1035 cm™%;
MR (CDC13) & 1.13 (s,3H,methyl at Cy3), 1.49-}.96 (m, 2H,
methylene’at Cqp), 2,63 (m,2H,pethylefie at C44J, 3.08
éd,ZH,J=8 Hz, methylene at C4g), 3.75 (s,ﬁ,&ﬂg), 5.0

8,2H,benzylic 03%2 s 6,07 (t, 1H, olefinic protbn at Cy5)
and 6.,55-7.3(m,3H, aromatic); mass peaks at qy3 282

¥+ ion, 100°4); m/e 254 (74%.), m/e 253 (17.), m/e 239(20%.)
and m/e’ 211 (8%.).

. Caled, for CqnH4n0=: C, T76.61; H,6,38,
Found: C, T6<Thy H, 6.74%. 1 18277 P

Jjfethoxy-T-oxaestra-1,3.3(10), ks pentacn.
17(e)=01(VIII).~ To a stirred ice-cold me olic solutien
of +the (

tetracyclic 17-ketome (VII) (0.207g) was added
sodium borohydride (0.099g) in one lot. The reaction
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mixture was stirred for 3 hours after bringing it slowly
to room temperature. The yellow precipitate obtained on
neutralization (pH7) with ice-cold 2N KCl was recrystalli-
zed from methanol to furnish the analytical sample of the
17-hydroxy derivative (VIII) (0.188g) as a pale yellow
solid, m.p. 85-927, in 907. yield; UV A max 225 (€ 9,961),
282 (sh) (€ 4,842) and 321 nm (€ 17,660); IR (CHClz)

¥ max 3400, 1590, 1555, 1485, 1275, 1240 and 1035”cm~1;
MMR (ODC13) 6 0.97 (5,3H,CHs at Cy3), 1.03-2.65 (m,TH,
methylene” protons at C44,C42 and d ¢ and the OH proton

at C 7)9 307 (393H’00H35, 1.% ( Zgi,benzylic CH ’ 5062
(t,1ﬁ,olefinic proton at Cys and 6.137-7.2 (m,Bﬁ,aromatic);
mass peaks at m/e 284 (Mt idn, 100%.), m/e 256 (14Y.),

m/e 255 (10%.), m/e 241 (8%.) and m/e 213 (77.).

=Methoxy~7~0Xges tra- 0),8-tetraen- -
ol(IX).~ A squ%:.:on of %He pen%aene s%eroia 13@115 E8.295)
in 10 ml of thiophene-free dry benzene was stirred with
10% palladium-on-carbon catalyst (0.29g) in an atmosphere
of hydrogen until 1 mole of hydrogen was absorbed. The
catalyst was filtered and the white solid obtained on
removal of the solvent, was chromatographed over Brockman
neutral alumina (20g). The benzene-chloroform (1:1)
eluates on evaporation gave a solid which on repeated
recrystallization afforded the tetracyclic tetraene
sterold (IX) (0.22g) as a white crystalline solid, m.p.
123-7°, in 73%. yield; UV A max 221m$e 9,770) and 286 mnm
(e 10,006); mass peaks at m/e 286 (M¥ ion, 100%. ), m/e
228 (97.), m/e 227 (20% ), m/e 226 (3°,), m/e 225 (9%),
m/e 213 (137.), m/e 199 (237.), w/e 148 (257.) and m/e
147 (18%.).

. Calecd. for C 0z: G, T75.53; H, 7.69.
Found: C,%‘]; H, 8.,01%. 18H22 3 ' HER )

N.B. Prolonged hydrogenation of (IX) over the same cata~
lyst, however. failed to saturate the 8,9-olefinic bond.

ra lefinic bond
mmonig:~ To a2 stirred solution

_! I ] LA J cl
o7 f 1iquid ammonia and the tetraene steroid (0.09g
in 50 ml of dry ether were added small bits of lithium

(7 mg) in one lot. Stirring was continued until the
reaction was complete as indicated by the disappearance

of the blue colowr. After the evaporation of liquid
ammonia, the ethereal layer was washed with water

(3 x 10 m1). The dried ether layer on evaporation of the
solvent afforded an almost pure resinous solid (0.075g)
which on evaporative distillation at 180°/0.0005 mm gave

a pure sample., Examination of its NMR spectrum revealed
that the compound had suffered a cleavage (16,17) of the
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heterocyclic ring resulting in the formation of a
polymeric material.
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