Tetrahedron Vol 41,No 37, pp 7951-7964, 1991 0040-4020/91 $3 00+ 00
Printed m Great Britain © 1991 Pergamon Press plc

Structural Parallels Between the Cardiotonic

Steroids and the Erythrophleum Alkaloids - 1.

Synthesis of Phenanthrenone Precursors to Novel
Erythrophleum Alkaloid Analogues

Robert W Baker, John R Knox and Dan H Rogers,
School of Chenustry, The University of Western Austraha, Nedlands, Western Australia, 6009

(Recewed in UK 3 July 1991)

Abstract (4aR*,10R*,10aR*)-10-Hydroxy-7-methoxy-3,4,4a,9,10,10a-hexahydrophenanthren-
2(1H)-one (3) has been synthesised with the key step involving intramolecular electrophilic alkylation
of the aromatic ring, via a Pummerer rearranged intermediate, to complete the B-ring of the
phenanthrene nucleus Phenanthrenones (4) and (5), bearing a 1-methyl or 1-ethyl group in an axial
configuration, have also been prepared by a parallel route: during the cyclisation reaction the 1-atkyl
group, lying o to a 1,3-dioxolane protecting group, underwent acid-catalysed epumerisation to give a
preponderance of the desired axial epumer

The posttive motropic effect on the heart produced by cardiotonic steroids such as digitoxigenin (1) has
been postulated to result from inhibition of membrane-bound Na*/K+-dependent adenosine 5'-triphosphatase
(Na+,K+-ATPase) | Erythrophleum diterpene alkaloids related to cassaine (2) have an intense action on the heart
simlar to that produced by the cardiotomc steroids? and are also mhbitors of Nat,K+-ATPase 3 The available
biochemical evidence 3 strongly suggests that the cardiotonic steroids and the Erythrophleum alkaloids share the
same binding site on Na*,K+-ATPase

\ [
CO,CH,CH,NMe,

Based on superficial inspection of the structural formulae of the cardiotomic steroids and the
Erythrophleum alkaloids, Thorp and Cobbin# have suggested three possible structural parallels between the two
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classes of compounds which could account for their comparable biological activity  the unsaturated ester side-
chan of the alkaloids occupies a similar position to the unsaturated lactone side-chain of the steroids; the C-3
oxygenation of both groups of compounds are 1n smlar positions; and the 14a-methyl group of the alkaloids
may be homologous to C-15 of the cis-fused D-ring of the steroids.

Previous structure-activity studies of the Erythrophleum alkaloidsS have shown the importance of the
unsaturated ester grouping and an electronegative grouping at C-3 for cardiotonic activity, but have not given
clear msights 1nto the role of the phenanthrene skeleton The influence on activity of the 14a-methyl group has
been largely ignored, undoubtedly owing to the syntheuc difficulties 1nvolved 1n establishing the axial
configuration of this group In view of the possible structural correlation of the 14a-methyl group with the D-
ring of the cardiotonmc steroids, we were encouraged to undertake the synthesis of analogues of the
Erythrophleum alkaloids bearing & 14a-methyl group. Our imtal observations comparing the Na*,K+-ATPase
nhibitory activity of analogues with and without the methyl substituent (presented 1n the accompanying paperS)
encouraged us to also examine the influence of an ethyl substituent Oxygenation at the 7-position (functionality
present m all the Erythrophleum alkaloids) was retamned 1n our analogues, however, for ease of synthesis we
chose to have an aromatic A-ring In this paper we report the synthesis of the precursor phenanthrenones (3),
4) and (5).7

3)R=H @ R=Me (5)R=Et

In the reported approaches to the total synthesis of cassaine (2)8.9 and the synthesis of methyl-(-)-4-ep1-
cassamate from absetic acid,!0 introduction of the oxygenation at C-7 was accomplished after construction of the
tnicyclic skeleton In our approach this functionality was to be introduced as a direct consequence of the
procedure used in forming the B-nng The methodology involves a Pummerer rearrangement of a B-
ketosulphoxide intermediate followed by an intramolecular alkylation of the aromatc ring, and 1s based on earlier
reports of such cychisations 1n the formation of phenanthren-2-ones,!1 p-tetralones!2 and some heterocyclic
compounds 13

Ziegler and Condon!4 have reported a facile method for preparing the cyclohexanecarboxylic acid (8)
from p-methoxyphenylpyruvic acid in good yield This method proved to be well-suited to our needs for the
synthesis of (3) Condensation of p-methoxyphenylpyruvic acid with methyl vinyl ketone 1n the presence of
sodium hydroxide furmished the hydroxy acid (6) (of undetermined stereochemustry) which on heating to 1its
melting point spontaneously dehydrated to the enone (7) Reduction of (7) with zinc 1n wet acetic acid then
afforded (8) Estenfication of (8) (methanol/sulphuric acid) and protection of the ketone as the 1,3-dioxolane
(ethylene glycol/p-toluenesulphonic acid) gave the cis-ester (9) Heating a solution of (9) 1n methanolic sodium
methoxide under reflux gave the trans-ester (10) 1n an overall yield of 78% from the known acid (8) The ester
(10) was then converted to the p-ketosulphoxide (11) 1n quantitative yield by reaction with sodium dimsyl 15
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This product consisted of a 1:1 mixture of diastereomers, epimeric at the sulphur centre, as evidenced 1n the g
nmr spectrum.

S(O)Me
® 10 (40 )]

When the B-ketosulphoxide (11) was treated with tfluoroacetic anhydnide, according to the general
procedure of Mander et al ,!! Pummerer rearrangement occurred to give (12) as a mixture of epimers at the
methylthio substituted centre  After sturing the reacthion muxture at room temperature for several hours, there was
no evidence of further transformation of this substance to cyclised products However, when several equivalents
of anhydrous tnfluoroacetic acid were included with the tnfluoroacetic anhydnde, the desired cychsation to (13)
was achieved after stirnng for ca twenty hours at room temperature This 1s consistent with Mander's
observation!! of catalysis of the cyclisation of thewr Pummerer rearranged intermedhates by the trifluoroacetic acid
formed during the 1imtial Pummerer rearrangement and subsequent cychsation, and 1t encouraged us to examne
the use of a stronger protic acid Indeed, by using 0 5 equivalents of trifluoromethanesulphonic acid, cyclisation
of the Pummerer rearranged intermediate occurred 1n only 45 minutes at -10°, giving smoother conversion of

1) w 13)
o/>
(™
e

R
(13)R=SMe (14)R=H

The lHnmr spectrum of the crude cyclisation product displayed two signals for the methylthio group,
suggesting that the phenanthrene (13) consisted of a mxture of methylthio epimers In addition, (13) and the
product of the next step (14) were found to undergo acnal oxidation with considerable ease, hence punfication of
these intermediates was not attempted. The sensitivity of compounds sinmlar to (13) and (14) to aenal oxidation,
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and the products of oxidation, have been previously commented on 1,16 Thus, the crude cychisation product
(13) was desulphurised with W2 Raney nickel in acetone at room temperature to obtain the parent
phenanthrenone (14), which was immediately treated with hthium aluminium hydnde to effect reduction of the
ketone functionality The desired alcohol (15) was thus obtained 1n 41% overall yield of from the B-
ketosulphoxide (11) and was concluded to have the equatonal configuration of the hydroxyl group after
consideration of the 'Hnmr spectral data (it should be noted that within the Erythrophleum group of alkaloids
approximately half of the 1solated compounds have the C-7 oxygenation as a carbonyl group while the other half
have an equatonal B-hydroxyl group3)

Removal of the 1,3-dioxolane protecting group of (15) (wet acetone/pyndintum p-toluenesulphonate)
gave the ketone (3) 1n 77% yield The IHnmr spectrum of (3) displayed a signal attnbutable to H-10a which
was not observable 1n the spectrum of (15) due to overlapping The signal appeared at § 1 79 and showed three
large axial-axial couphing constants (J10,10a 10 Hz, J1ax,10a 14 Hz, J44,10a 10 Hz) and a small axial-equatonal
coupling (J1eq,10a 4 Hz), confirming the zrans stereochemstry of the ring junction

A parallel pathway was used for the preparation of the methyl- and ethyl-substituted phenanthrenones (4)
and (5) Sodium methoxide catalysed condensation of p-methoxyphenylpyruvic acid with ethyl vinyl ketone or
propyl vinyl ketone (generated in siu from 1-chloro-3-pentanone and 1-chloro-3-hexanone respectively) gave the
hydroxy acids (16) and (17) 1n 50% and 62% yield respectively

The !Hnmr. and 13C n.mr spectra of the products indicated that they were diastereomerically pure,
however, the stereochemustry has not been determined Heating (16) and (17) to their melting points to effect
dehydration furmished the enones (18) and (19) 1n 91% and 88% yield respectively Treatment of the enones
(18) and (19) with zinc 1n wet acetic acid to effect reduction of the double bond gave the ketoacids (20) and
(21), as mixtures of diastereomers, in 85% and 95% yield respecuvely Hp lc analysis of the methylated
(diazomethane) ketoacid mixture (20) indicated the presence of three components in a ratio of 33 11 56, (21)
consisted of four components 1n the rato 10 37 4 49 The two major diastereomers 1n each case, (20a)/(20b)
and (21a)/(21b), were 1solated 1n pure form using a combination of radial chromatography and fractional
crystallisation, with the assigned stereochemustries readily following from exammnation of the lHn mr and 13C
nmr spectra of the isomers

The ketoacid mixtures (20) and (21) were then esterified (methanol/sulphunic acid) and the ketone groups
protected as the 1,3-dioxolanes (ethylene glycol/p-toluenesulphomc acid) to give the esters (22) and (23) in 76%
and 83% overall yield respectively The IHnmr spectra of (22) and (23) indicated that each consisted of three
of the four possible diastereomers with 1somer distributions somewhat altered from those of (20) and (21) As
will be discussed later, an equatonal configuration of the methyl or ethyl group 1s not necessarily preferred when
1t lies o to a 1,3-dioxolane group, and 1s subject to epimerisation under the reaction conditions employed
Heating solutions of (22) and (23) 1n methanolic sodium methoxide under reflux 1n order to epimense the
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methoxycarbonyl group exclusively into an equatonal disposition gave the esters (24) and (25) 1n 98% and 88%
yield respectively The 'H n.mr spectra of (24) and (25) indicated that each consisted of a mixture of two
diastereomers 1n a ratio of 4:1 The 1somers were not chromatographically separable, however, the major
diastereomers (24a) and (25a) could be 1solated 1n pure form by fractional crystalhsation and were shown to
have the all trans stereochermstry (6R*,75*,8R*) based on their IH nmr spectra. The munor diastereomers
present 1n the mixtures (24) and (25) presumably have the (6R*,7R*,85*) configuration, where the methyl or

ethyl group 1s axially oniented.
o] ‘ 0
R R

10’ coH O
MeO 7 Meo COH

(16) R=Me (17)R =Et (18) R=Me (19)R=Et (20)R=Me 21)R=Et

(20a) R =Me (20b)R =Me (22)R=Me
(21a)R=Et (21b)R=Et @23)R=Et

S(O)Me
249)R=Me (25)R=Et (24a) R =Me (25a) R =Et (26)R=Me (27)R=Et

Reaction of the ester mixtures (24) and (25) with sodium dimsyl afforded the B-ketosulphoxides (26)
and (27) as mixtures epimeric at the sulphur centre 1n addition to the methyl or ethyl substituted centre, 1n 94%
and 92% yield respectively Subjecting the methyl-substituted p-ketosulphoxide mixture (26) to the same series
of reactions as detailed for (11) above, 1 ¢ Pummerer rearrangement with trifluoroacetic anhydnde, cyclisation
with triflucromethanesulphonic acid (the cyclisaton proceeding more slowly 1n this case), desulphurisation with
‘W2 Raney nickel and reduction with ithium alumimium hydnde, gave the desired phenanthrene (28) 1n 28%
overall yield from (26)

The structure of (28) followed from analysis of its lHnmr spectrum The signals for H- 'eq (53 12,
dd, J9'eq9'ax 16 Hz, Jgreq,10' 6 Hz) and H-9'ax (52 82, dd, Jy'eq,9'ax 16 Hz, Jo'ax 10 10 Hz) established that the
10" hydroxyl group was equatonal (H-10' was obscured by other signals) Taken together with the signal at §
191, assigned to H-10a’, with two large axial-axial couplings (J4a',10a' 12 Hz, J1¢,10a' 11 Hz) and a small axial-
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equatonial couphing (J1',104' 4 Hz), the configurations at C1', C4a’, C10' and C10a' were established. In the 13C
nm.r spectrum of (28), the y-effect 17 of the axial 1'-methyl group shielded C3' (7 3 p.pm), C4a' (72
pp.m) and C10' (3 4 p.p m ) 1n (28) when companng the chemical shifts for these carbons 1n the des-methyl

phenanthrene (15)
o/>
0N
BeOe

28)R=Me (29)R=Et 30

In addition to (28), a shightly mgher Rf component was 1solated, 1 20% yield by weight from (26),
which proved to be an inseparable mixture of two compounds The lugh field !Hn m.r spectrum of the mixture
indicated the presence of a phenanthrene, thought to have structure (30), together with an umdentfied
component, 1n a ratio of ca 31 The muxture was sufficiently enriched 1n (30) to allow some meanimgful
decoupling experiments to be carned out, identufying key signals for the assignment of structure The
establishment of the axial configuration of the 10'-hydroxyl group of (30) followed from assignment of the
signals for H-10" (3 4 32, broad singlet, Wiy2 9 Hz), H-9'eq (8 3.08, dd, J9'eq,9'ax 16 Hz, Jg'eq,10' 3 Hz) and H-
9'ax (62 89, dd, Jo'eq,9'ax 16 Hz, Joax,10r 2 Hz) H-10a’ appeared at 51 51 with a small couphing to H-10'
(J10,102' = 2 Hz) and two large couphings (J1'10a' = J4a',10a' = 11 Hz) to H-1' and H-4a', thus estabhishing the
configurations at C1', C4a’, C10' and C10a'.

The results of the cychisation sequence suggest that the two phenanthrenones leading to (28) and (30) are
formed 1n an estimated ratio of ca 3 2, with the axial epimer predominating, and that lithum aluminium hydnde
reduction of these takes place 1n a thermodynamically preferred direction (the resulting hydroxyl group avoiding
an unfavourable 1,3-interaction with the methyl group) Since the starting B-ketosulphoxide (26) had a
preponderance of the equatonal methyl epimer (ca 4 1), epimenisation at the methyl-substituted centre appeared
to have occurred during cychisation Approximately the same product distribution was found when the p-
ketosulphoxide denived from (24a), and thus having only the equatonial methyl configuration, was used for the
conversion Epimerisation of the methyl group 1s assumed to occur duning the cyclisation reaction through acid-
catalysed openming of the 1,3 dioxolane ring reversibly forming an enol-ether species The preference for the axial
configuration of the methyl group may be the result of an unfavourable steric interaction between the 1,3-
dioxolane ring and the methyl group when 1n an equatorial configuration 1n the tricychic product The observed
epimerisation of the methyl group and the direction of hydride reduction has some precedence in the work of
Turner et al 9

Removal of the 1,3-dioxolane group of (28) using the weak acid catalyst, 2,6-dimethylpyndinium p-
toluenesulphonate!8 1n wet acetone, cleanly afforded the desired phenanthrenone (4) 1n 90% yield, wath no
evidence of epimenisation of the methyl group The use of stronger acids, or exposure of (4) to base, readily
formed a 1 1 mixture of the epimenic 1-methylphenanthren-2-ones The fact that the methyl group of (4)
remamed axial followed from the IH nmr spectrum, where the H-10a signal appeared at 5 1 88 with two large
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axial-axial couplings (J4a,10a 11 Hz, J10,10a 10 Hz) and a small axial-equatonal coupling (J1,10a 4 Hz)
Comparison of the 13C n.m . spectrum of (4) wath that of (3) indicated shielding of C3 (6.3 p.pm), C4a (6.5
ppm)and C10 (4 1 p.p.m), as expected for an axial configuration of the 1-methyl group.

Cychisation of the ethyl-substituted B-ketosulphoxide mixture (27) gave the axial 1-ethyl phenanthrene
(29) 1n 27% overall yield from (27) The stereochemical assignment of (29) followed from 1its IHnmr and
13Cnmr spectra, which were analogous to those of the corresponding 1-methylphenanthrene (28) The other
major component from the reaction sequence (1solated 1n 11% overall yield by weight from (27)) proved to be an
mseparable 1 1 mixture The 1H n mr. spectrum of the mixture was too complex to completely confirm the
formation of an equatonal ethyl-substituted phenanthrene analogous to (30), however, a broad singlet at 5 4 31
(Why2 = 10 Hz) attributable to H-10' and a broad doublet at § 3 08 (J = 16 Hz) attnbutable to H-9'eq suggested 1ts
presence Removal of the 1,3-dioxolane protecting group from (29) (2,6-dimethylpyridimum p-
toluenesulphonate/wet acetone ) then gave the ketone (5) in 98% yeld.

The phenanthrenones (3), (4) and (5) are thus readily available in multigram quantities using the
methodology described, and have been converted 1nto analogues of the Erythrophleum alkalods for structure-
activity studies, as detailed 1n the accompanying paper

Experimental

General Meltung points were determined on a Kofler hot stage apparatus and are uncorrected. Microanalyses
were performed by either the Australian Microanalytical Service (Melbourne) or MHW Laboratories, Phoenix,
Anzona 'Hnmr spectra were recorded using the following mnstruments: 80 MHz, Bruker WP80, 90 MHz,
Bruker HX90, 300MHz, Bruker AM300. Spectra were recorded with CDCl3 or d4-MeOH solutions with exther
trimethylsilane as internal standard (5 0.00), or referenced using residual CHCl3 (57 26) or residual CHD,0OD
(53 30) The multiplicities of the signals are described as either s (singlet), d (doublet), t (tniplet), q (quartet), m
(muluplet, Wh = width at half-height) or br (broad). 13C n m.r spectra were recorded using either a Bruker
WPS0 (20 1 MHz) or a Bruker AM 300 (75 5 MHz) instrument Chemucal shifts were measured relative to
CDCl3 (577 0) or d4-MeOH (5 49 0) Assignments were made with the aid of SFORD and DEPT techmques
Assignments marked with an asterisk are interchangeable Mass spectra (m/z) were recorded with a Hewlett-
Packard 5986 GC/MS system using a darect insertion mode (iomzation energy 35 eV) and are described 1n terms
of m/z (% of base peak) Optcal rotations ([a]p) were measured using a Perkin-Elmer 141 Polanmeter at
ambient temperature Concentrations are quoted in g/100 ml Hagh pressure hiqud chromatography (hplc)
was carried out on a Waters Associates Liqud Chromatograph equipped with a model 6000A solvent delivery
system, a model 440 absorbance detector (operating at 254 and 280 nm), and using a 10 | p-Porasil Radial-Pak
Column 1nstalled 1n a Waters Z-module Radial Compression Separation System. Radial chromatography was
carried out with a Harmson Research Chromatotron using glass plates spread with either 1, 2 or 4 mm layers of
Merck Keiselgel 60PFas4 (Art 7749) Analytical thin layer chromatography (t 1 ¢ ) was carned out using Merck
(Art 5554) silica gel 60 PFas4, precoated alumanium sheets  Organic materials were visualised by spraying the
plates with 6% CeSO4 1n 2N H,SO4 after which they were warmed at 100° for 5 min  Alumuna refers to Fluka,
507c, neutral alumina, and was adjusted to activity II by the addition of 3% (v/w) of water

Materials 1-Chloro-3-pentanone was prepared from propionyl chloride and ethylene according to the
procedure of Woodward et al 19 1-Chloro-3-hexanone was prepared from butyryl chlonde and ethylene
according to the procedure of Bowden ez al 20 Pynidinum p-toluenesulphonate was prepared from pyndine and
p-toluenesulphonic acid monohydrate according to the procedure of Grieco et al 21 The same procedure was
adapted for the preparation of 2,6-dimethylpyndinium p-toluenesulphonate p-Methoxyphenylpyruvic acid and
cis-6-(4'-methoxyphenyl)-3-oxocyclohexanecarboxylic acid (8) were prepared according to the procedures of
Ziegler and Condon 14 All other reagents were obtained from commercial sources Light petroleum (petrol)
refers to the fraction boiling at 40-60° Anhydrous tetrahydrofuran (thf) and anhydrous ether were obtained by
distullation from sodium benzophenone ketyl Other solvents were punfied and dned (where necessary) by
methods described 1n the literature 22

Methyl ci1s-8-(4’-Methoxyphenyl)-1,4-dioxaspiro[4.5 Jdecane-7-carboxylate (9) A solution of the acid (8)
(26 0 g, 105 mmol) and concentrated sulphuric acid (5 ml) in methanol (250 ml) was heated under reflux for 12
hrs The solution was cooled, poured into water and extracted with CHpCly The extract was washed with sat
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r, dried (MgSO4) and the solvent was removed iz vacuo. The product was dissolved in benzene
1-toluenesulphomc acid (100 mg) and ethylene glycol (40 g) and the mixture was heated under
stropic removal of water for 20 hrs. The solution was cooled, washed with water, dried (MgSOy)
it was removed in vacuo The ester (9) (27.6 g, 87% over two steps) crystallised from
m p. 106-7°; Found C, 6670; H, 7.32% C;7H220s requres C, 66 65, H, 7 24%, 1 Hnmr
C13) 8 156-2 44 (m, 6H, {H-6)2, {H-9}2, {H-10}2), 2 94-3 28 (m, 2H, H-7, H-8), 3 50 (s,
} 72 (s, 3H, OMe), 3 92 (br s, 4H, {H-2)2, {H-3}9), 6.72-7.33 (AA'BB', Jop 9 Hz, 4H, ArH),
1 MHz, CDCl3): See Table 1, m/z. 306 (24%, Mt), 192 (32), 159 (21), 157 (43), 149 (19),
100), 99 (94), 86 (14)

-(4'-Methoxyphenyl)-1,4-dioxaspiro{4.5]decane-7-carboxylate (10). The ester (9) (25.0 g, 82
olved 1n methanolic sodium methoxade (200 ml, 0.2 M) and the solution was heated under reflux
solution was cooled, poured into 5% aqueous NH4Cl solution and extracted with CH2Clp The
shed with water, dried (MgSQj4) and the solvent was removed in vacuo. The ester (10) (22.5 g,
ed from benzene/petrol, m p 88-9°, Found C, 6687, H,7 32% Cj7H220s5 requires C, 66 65,
nm.r (90 MHz, CDCl3). § 161-2 11 (m, 6H, {H-6}2, {H-9}2, {H-10}2), 2.56-3 00 (m, 2H,
3 (s, 3H, CO2Me), 3 73 (s, 3H, OMe), 3.95 (br s, 4H, (H-2}2, {H-3}7), 6 72-7 26 (AA'BB',
ArH), 13C n.m.r (20 1 MHz, CDCl3)- See Table 1, m/z 306 (19%, M+), 192 (38), 157 (37),
11), 134 (100), 99 (62)

hoxyphenyl)-14-dioxaspiro[4 5]decan-7-yl Methylsulphinylmethy! Ketone (11) A solution of
, prepared from NaH (1 54 g of 55% daspersion, 35 mmol) and DMSO (20 ml),15 was diluted
) and cooled to 0° under an atmosphere of Ar. A solution of the ester (10) (5 0 g, 16 mmol) 1n thf
n added dropwise and the mixture was sturred for 0.5 hrs  The reaction mixture was poured onto
ished 1ce (200 g) and concentrated HCI (5 ml) and was then extracted with CH2Cly The CH2Clp
shed with 5% aqueous NaHCO3, water, dried (MgSO4) and the solvent was removed in vacuo
as dissolved 1n a small volume of CH2Cly and was triturated with petrol to give the
) as a colourless, amorphous solid (5.75 g, 100%), 1H n.mr. (90 MHz, CDCl3)- § 1.56-2 00
2, {H-9}2, {H-10}2), 2.26 (s, 1 5H, S(O)Me of one diastercoisomer), 2.33 (s, 1.5H, S(O)Me
oisomer), 2 44-2 89 (m, 1H, H-7), 3 06 (A part of ABq, J 17 Hz, 0.5H, COCADHS(O) of one
r), 2.94-3.29 (m, 1H, H-8), 3 37 (s, 1H, COCH2S(O) of one diastereoisomer), 3 68 (B part of
0 5H, COC(H)HS(O) of one dhastereoisomer), 3 76 (s, 3H, OMe), 3 98 (br s, 4H, {H-2},,
726 (AA'BB', Jap 9 Hz, 4H, ArH)

'0a’R*)-10"-Hydroxy-7'-methoxy-3'4'4a’,9',10°,10a’- hexahydrospiro[ 1,3-dioxolane-
anthrene] (15) To a stirred solution of the sulphoxide (11) (10.0 g, 28 mmol) 1n dry CH>Cl,
* under an atmosphere of Ar was added dropwise trifluoroacetic anhydnide (4.4 ml, 31 mmol),
fluoromethanesulphonic acid (1 2 ml, 14 mmol) The solution was stirred at -10° for 0.75 hrs
1e (7 ml) was then added 1n a rapid stream The solution was washed with dilute HCI, water,
and the solvent was removed in vacuo The product was dissolved 1n acetone (300 ml) and was
Raney mickel (40 g) for 2 hrs at room temperature under an atmosphere of Ar, The mixture was
ough Celite, the nickel was washed with CH2Cly, and the solvent was removed from the filtrate in
10n of the product in dry ether ( 200 ml) was added dropwise to LiAlH4 (2 g) 1n ether (100 ml) at
nosphere of Ar and the mixture was then stirred for 0.5 hrs  Saturated aqueous Na3SO4 was
to the mixture until coagulation occurred, the mixture was filtered through Celite, the sohids were
her and the solvent was removed from the filtrate in vacuo The product was applied to a pad of
1, acawvity II, 200 g) and was eluted wath 30% EtOAc/petrol to give the desired phenanthrene (15)
small amount of another substance which 1s assumed to be the 10'S* 1somer (t1¢ analysis)
from CH2Cly/petrol gave the pure phenanthrene (15) (3 34 g, 41% over three steps), mp 168-
,70.30, H,740 % C17H2204 requires C, 70 32, H, 7 64%, H nmr. (300 MHz, CDCl3) 5
5, 12.5 Hz, 1H, H-1'35), 145-1 61 (m, 1H, H-4%,), 1.63-1 77 (m, 2H, H-3'3x, H-10a"), 1 91
}, 13 Hz, 1H, H-4'¢q), 2.27-2 46 (m, 3H, H-3'¢q, H-4a', H-1'¢q), 2.79 (dd, J 10, 16 Hz, 1H, H-
J 6,16 Hz, 1H, H-9'q), 3 71 (ddd, 7 6, 10, le(‘)le, 1H, H-10"), 3 77 (s, 3H, OMe), 3 90-4 06
l2, {H-5}2),662(d,J25Hz, 1H, H-8"), 674 (dd,J 25, 85 Hz, 1H, H-6),718 (d, J 85
13Cnmr (755 MHz, CDCl3) See Table 2, m/z 290 (11%, M+), 272 (14), 188 (46), 186
171 (12), 145 (12), 128 (15), 99 (100)

0aR*)-10-Hydroxy-7-methoxy-3,4,4a,9,10,10a-hexahydrophenanthren-2(1H)-one (3) A
1,3-dioxolane (15) (7 80 g, 27 mmol) and pyndinium p-toluenesulphonate (2 0 g, 8 mmol) in
'0 ml) was heated under reflux for 20 hrs The acetone was removed iz vacuo and the residue was
H>Clz The CH2Cl; solution was washed with water, dned (MgSOj4) and the solvent was
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removed in vacuo The ketone (3) (5 10 g, 77%) crystallised from CH2Cla/petrol, m.p 140-2°; Found C,
7291; H,734 % C;sH;g03 requires C, 73 15, H, 7.37%, 1H n.mr. (300 MHz, CDCls): 8 1 66 (dddd, J 6,
12, 12, 12 Hz, 1H, H-4,4), 1.79 (dddd J 4, 10, 10, 14 Hz, 1H, H-10a), 2.23 (dd, J 14, 14 Hz, 1H, H-1,;),
2.49-257 (m, 2H, H-34, H-4 2 69-2.88 (m, 3H, H3 eq, H-4a, H-95x), 2.96 (ddd, J 2, 4, 14 Hz, 1H,
H-1leg), 317 (dd, J 6, 16 Hz, ll-leqH9 eq)» 3 78 (s, 3H, OMe), 3.84 (ddd, J 6, 10, 10 Hz, 1H, H-IO) 664(d,J
125 Hz, 1H, H-8), 6.76 (dd, J 2 5, 85Hz, 1H, H-6), 7.21 (d, J 8 5 Hz, 1H, H-5); 13C n.m.r (75.5 MHz,
CDCl3)" See Table 2; m/z: 246 (100%, M+), 228 (16), 189 (46), 186 (26), 175 (22), 174 (22), 173 (22), 172
(48), 171 (66), 161 (38), 159 (17), 158 (20), 146 (16), 145 (24), 115 (25), 91 (19)

1-Hydroxy-6-(4’-methoxyphenyl)-2-methyl-3-oxocyclohexanecarboxylic Acid (16) p-Methoxyphenylpyruvic
acid (160 g, 0.825 mol) was added in portions to a stirred solution of sodium methoxide (117 g, 2.17 mol) 1n
methanol (1 1), maintaimng the temperature of the mixture below 10° 1-Chloro-3-pentanone (115 g, 0 96 mol)
was then added dropwise and the mixture was stirred at room temperature for 20 hrs. The reaction mixture was
then poured into 5% HCI (2 1) and the precipitated product was collected. The acid (16) (115 g, 50%)
crystallised from MeOH/EtOAc, mp 170-5° (dec), Found' C, 64 82, H, 6.57% C15H180s requires C, 64 75,
H, 647% Hnmr (300 MHz, d4-MeOH) 3093 (d, J 6.5 Hz, 3H, Me-2), 195 (m, Wpy2 26 Hz, 1H, H-
Seq)» 237-2 55 (m, 2H, H-4eq, H-5ax), 2.67 (m, Wpy2 35 Hz, 1H, H-44x), 3.12 (dq, J 1, 6 5 Hz, 1H, H-2),
3 57 (dd, J 4, 13 Hz, 1H, H-6), 3 73 (s, 3H, OMe), 6 76-6 81/7 25-7 30 (AA'BB', Ja 9 Hz, 4H, ArH), 13C
nmr (75.5 MHz, d4-MeOH): & 8 8 (Me-2), 30 1 (C-5), 41 9 (C-4), 50 3* (C-6), 52 2* (C-2), 55 6 (OMe),
839 (C-1), 114 4 (C-3, C-5), 130 8 (C-2', C-6", 133 4 (C-1"), 160 2 (C-4"), 175 7 (CO2H), 212 0 (C-3),
miz 278 (12%, M*), 147 (17), 135 (11), 134 (100)

6-(4'-Methoxyphenyl)-2-methyl-3-oxo-1-cyclohexenecarboxylic Acid (18) The acad (16) (100 g, 0 360 mol)
was heated at 190° (bath), under a stream of Ar, until the solid had completely melted. The o1l was mechanically
stirred for 10 mun, and was then diluted with toluene (150 ml) On cooling to room temperature the unsaturated
acid (18) (85 g, 91 %) was collected, m p. 150-3°, Found C, 69 38, H, 6.34% C;5H;604 requires C, 69.22,
H, 620%, !Hnmr (300 MHz, d4-MeOH) 8195 (d,J 2 Hz, 3H, Me-2), 2 10 (m, Wpp 35 Hz, 1H, H-5,),
228253 (m, 3H, {H-4}, H- 5e ), 374 (s, 3H, OMe), 407 (ddq, J 5, 5, 2 Hz, 1H, H-6), 6 82-6 87/7 12-
7 17 (AA'BB’, Jaop 9 Hz, 4}1 ArH) BCnmr (755 MHz, d4-MeOH) 8 13 1 (Me-2), 32.6 (C-5), 36 2 (C-
4), 441 (C- 6), 557 (OMe), 1150 (C-3', C-5", 1303 (C-2', C-6"), 134 2 (C-1"), 136.0 (C-2), 150 4 (C-1),
160 2 (C-4", 171 1 (CO2H), 201 4 (C-3), m/z 260 (86%, M*), 242 (22), 215 (12), 200 (15), 187 (10), 186
(22), 173 (31), 172 (100), 171 (11), 159 (26), 144 (11), 134 (12), 128 (14), 121 (10), 116 (11), 115 (21), 108
(22)

6-(4'-Methoxyphenyl)-2-methyl-3-oxocyclohexanecarboxylhic Acid (20) To a solution of the unsaturated acid
(18) (80 g, 0 308 mol) 1n glacial acetic acid (1 1) was added water (100 ml) and zinc dust (115 g) and the mixture
was then heated under reflux After 24 hrs additional zinc dust (115 g) was added and refluxing was continued
for a further 24 hrs The solution was decanted from the residual zinc while still hot and the solvent was then
removed in vacuo The residue was partiioned between dilute HCI and EtOAc, and the aqueous phase was then
extracted further with EtOAc The combined organic extracts were washed with sat NaCl, dried (MgSOy) and
the solvent was removed in vacuo to give the acid (20) (68 g, 85%) as a sohd Hplc analysis (10%
EtOAc/petrol, 2 0 ml mun-1) of the methylated (diazomethane) acid (20) indicated the presence of two major
diastercomers (R¢ 8 5 mun, 33%, R, 16 5 min, 56%) and one minor 1somer (R¢ 14 2 min, 11%) The major
1somers were 1solated by radial chromatography (30% EtOAc/petrol) The (1R*,25*,65*) 1somer (20a) (R; 8 5
min) eluted first and crystallised from CHaCla/petrol, mp 90-2°, Found C, 69 39, H, 7.43% Cj;6H2004
requires C, 69 55, H, 7 30%, 1H nmr (300 MHz, CDCl3). § 101 (d, J 6.5 Hz, 3H, Me-2), 199 (dddd, J 5,
13, 13, 13 Hz, 1H, H-5,%), 2 17 (dddd, J 3, 3, 6, 13 Hz, 1H, H-5¢), 2 48-2 67 (m, 3H, H-1, {H-4}2), 2 84
(dq, J 12, 6 5 Hz, 1H, H-2), 3 29 (ddd, J 3, 13, 13 Hz, 1H, H-6), e§41 (s, 3H, COzMe), 378 (s, 3H, OMe),
6 80-6 85/7.08-7 13 (AA'BB', Jap 9 Hz, 4H, ArH), 13C nmr (755 MHz, CDCl3) See Table 1, m/z 276
(25%, M+), 217 (14), 216 (14), 203 (11), 200 (26), 192 (11), 174 (15), 161 (17), 159 (11), 148 (10), 147
(31), 135 (21), 134 (100), 128 (12), 121 (18), 91 (11).

The (1R*,2R* 6R*) 1somer (20b) (R; 16 5 mun) crystallised from CH2Clo/petrol, m p 128-30°, Found
C, 6957, H,725% Ci16H2004 requires C, 69 55, H, 7 30%, !Hnmr. (300 MHz, CDCl3) 5103(d,J65
Hz, 3H, Me-2), 2 07 (ddddd, J 2, 2, 5, 6, 12 Hz, 1H, H-5¢q), 2 50 (dddd, J 1, 6, 13, 14 Hz, 1H, H-4,y),
2 60-2 80 (m, 3H, H-2, H-4¢q H—Sax) 322 (ddd, 12 5 5 Hz 1H, H-1), 3.43 (ddd J5,5,13 Hz, IH, H-6),
345 (s, 3H, CO2Me), 379 (s, 3H, OMe), 6 83-6 87/7.09-7 12 (AA'BB', Jag 9 Hz, 4H, ArH), 13C nmr
(75 5 MHz, CDCl3) See Table 1, m/z 276 (34%, M%), 216 (10), 200 (11), 174 (10), 161 (14), 148 (16), 147
(53), 135 (17), 134 (100), 129 (30), 121 (25), 119 (11), 101 (15), 91 (12)
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Methyl 8-(4'-Methoxyphenyl)-6-methyl-1,4-dioxaspiro[4.5]decane-7-carboxylate (22) A solution of the acid
(20) (60 g, 0.229 mol) and concentrated sulphuric acid (10 ml) n methanol (600 ml) was heated under reflux for
25 hrs The solution was cooled, poured into water and extracted with CH2Cla. The extract was washed with
sat NaHCOj3, water, dried (MgSOg4) and the solvent was removed :n vacuo The product was dissolved 1n
benzene (500 ml) with p-toluenesulphonic acid (100 mg) and ethylene glycol (50 g) and the mixture was heated
under reflux with azeotropic removal of water for 24 hrs. The solution was cooled, washed with water, drnied
(MgSOy) and the solvent was removed in vacuo to give the ester (22) (56 g, 76% over two steps) as a sem1-
sohd; 'H nm.r (80 MHz, CDCl3, partial spectrum): § 0.85 (d, J 6.5 Hz, 0.73H, Me-6), 100 (d, J 7 Hz,
172H, Me-6), 1.11 (d, J 6.5 Hz, 0.55H, Me-6), 3.37 (s, 0.73H, CO2Me), 3 40 (s, 1 72H, CO2Me), 343 (s,
0 55H, CO;Me), 3 76 (s, 3H, OMe), 3.84-4.09 (m, 4H, {H-2},, (H-3}2)

Methyl (6R*S*,7R* 8S*)-8-(4’-Methoxyphenyl)-6-methyl-14-dioxaspiro[4.5]decane-7-carboxylate (24) The
ester (22) (50 g, 0.156 mol) was dissolved 1n methanolic sodium methoxide (500 ml, ca. 3 M) and the solution
was heated under reflux for 24 hrs The solution was cooled, poured into 5% aqueous NH4Cl solution and
extracted with CHpCly The extract was washed with water, dried (MgSO4) and the solvent was removed in
vacuo to give the ester (24) (49 g, 98%) as a solid, !H n mr (80 MHz, CDCl3, partial spectrum) &0 85 (d,J
6 5 Hz, 2 45H, Me-6), 103 (d, J 7 Hz, 0.55H, Me-6), 3 37 (s, 2 45H, COsMe), 3 46 (s, 0.55H, COxMe),
376 (s, 3H, OMe), 3 98 (br s, 4H, {H-2}9, {H-3}2) A portion of the ester (24) was recrystallised twice from
CH2Cly/petrol to give the (6R*,75* 8R¥*) 1somer (24a), mp 105-7°, Found C, 67 56; H, 7 70% C;gH2405
requires C, 67 48, H, 7 55%; lHnmr (300 MHz, CDCl3) §0 84 (d, J 6 5 Hz, 3H, Me-6), 1.60 (m, Wpp 33
Hz, 1H, H-104y), 175-1.91 (m, 3H, {H-9})3, H-10¢q), 2.12 (dq, J 11, 6 5 Hz, 1H, H-6), 2 60 (dd, J 11, 11
Hz, 1H, H-7), 2 80 (ddd, J 5, 11, 11 Hz, 1H, H-8), 3 36 (s, 3H, CO2Me), 3.74 (s, 3H, OMe), 3 90-4 02 (m,
4H, {H-2}2, {H-3)2), 6.75-6 80/7 06-7.10 (AA'BB', Jop 9 Hz, 4H, ArH), 13C nmr (75 5 MHz, CDCl3)
See Table 1, m/z 320 (8%, M*), 171 (12), 134 (54), 100 (10), 99 (100).

(6R*S* 7R * 8S*)-8-(4"-Methoxyphenyl)-6-methyl-1,4-dioxaspiro[4 5]decan-7-yl Methylsulphinylmethyl
Ketone (26). The ester (24) (20.0 g, 62 5 mmol) was added to a solution of sodium dimsyl, prepared from
NaH (6 0 g of 55% dispersion, 0 138 mol) and DMSO (150 ml),!15 and the mixture was stirred at room
temperature under an atmosphere of Ar for 20 hrs The reaction mixture was poured onto a mixture of crushed
1ce (500 g) and concentrated HCI (20 ml) and was then extracted with CHoClp The CH2Cl, extract was washed
with 5% aqueous NaHCO3, water, dried (MgSO4) and the solvent was removed in vacuo to give the sulphoxide
(26) (21.5 g, 94%) as a pale yellow gum; !H n mr (80 MHz, CDCl3, partial spectrum) & 085 (d, J 6.5 Hz,
1 6H, Me-6), 092 (d, J 7 Hz, 0 5H, Me-6), 098 (d, J 7 Hz, 0 9H, Me-6), 2 22 (s, 1 6H, S(O)Me), 2 26 (s,
0.)5H,[ S(g)})Me), 241 (s, 09H, S(O)Me), 376 (s, 1 OH, OMe), 377 (s, 2 0H, OMe), 400 (br s, 4H, {H-
2}2, {H-3]2)

(I'R*4a’S*,10°'S*,10a’R*)-10"-Hydroxy-7'-methoxy-1'-methyl-3',4',4a’,9°,10",10a’-hexakydrospiro{ 1 ,3-
dioxolane-2,2'(1’ H)-phenanthrene] (28). To a stirred solution of the sulphoxide (26) (21 5 g, 58 7 mmol) 1n
dry CH2Cl (800 ml) at -10° under an atmosphere of Ar was added dropwise trifluoroacetic anhydride (9 1 ml,
64 4 mmol), followed by tnfluoromethanesulphonic acid (2 4 ml, 28 mmol) The solution was stirred at -10° for
15 hrs and dry pyndine (15 ml) was then added in a rapid stream The solution was washed with dilute HCl,
water, dnied (MgSO4) and the solvent was removed in vacuo The product was dissolved 1n acetone (500 ml)
and was stirred with W2 Raney nickel (80 g) for 2 hrs at room temperature under an atmosphere of Ar The
muxture was then filtered through Celite, the nickel was washed with CH,Cly, and the solvent was removed from
the filtrate in vacuo A solution of the product n dry ether ( 300 ml) was added dropwise to L1AIH4 (4 g) 1n
ether (150 ml) at -78° under an atmosphere of Ar and the mixture was then stirred for 0 5 hrs  The mixture was
then allowed to warm to room temperature over 1 hr, and sat Na2SO4 was added dropwise until coagulation
occurred The mixture was filtered through Celite, the solids were washed with ether, and the solvent was
removed from the filtrate 12 vacuo Radial chromatography (25% EtOAc/petrol) gave two major components, a
higher Rf component (4 2 g), followed by the desired phenanthrene (28) (5 0 g, 28% over three steps) as a gum,
Found C,7093,H,786% CjgH2404 requires C, 7103, H, 795%, 1H nmr (300 MHz, CDCl3) 5106
(d, 77 Hz, 3H, Me-1"), 150 (dddd, J 35, 13, 13, 13 Hz, 1H, H-4'3), 1 68 (dddd, J 2, 3, 3 5, 13 Hz, 1H, H-
3'eq), 189 (ddd, J 4, 13, 13 Hz, 1H, H-3'y,), 1 91 (ddd, J 4, 11, 12 Hz, 1H, H-10a"), 2 26-2.39 (m, 2H, H-
1, <i—l-4’eq), 2 67 (ddd, J 3, 12, 13 Hz, 1H, H-4a"), 2 82 (dd, J 10, 16 Hz, 1H, H-9'4), 3 12 (dd, J 6, 16 Hz,
1H, H-9%q), 3 77 (s, 3H, OMe), 3 85-4 01 (m, 5H, {H-4}2, {H-5}2, H-10), 6 60 (d, J 2 5 Hz, 1H, H-8),
673 (dd, J 25, 85 Hz, 1H, H-6", 719 (d,J 8 5 Hz, 1H, H-5", 13C nmr (755 MHz, CDCl3) See Table
2, m/z 304 (7%, M), 188 (7), 175 (5), 100 (10), 99 (100).

Higher R¢ component (mainly compound (30)): lHnmr (300 MHz, CDCl3, partial spectrum) 5 1 03
(d,J 65 Hz, 2 25H, Me-1"), 1 08 (d, J 6 5 Hz, 0 75H, Me-umidentified component), 1 51 (ddd, J =2, 11, 11
Hz, H-10a", 160 (ddd, J =35, 13, 13 Hz, H-3'5), 197 (dq, J = 6 5, 11 Hz, H-1"), 2 42 (m, Wp2 20 Hz,
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0 75H, H-4'¢y), 2.67 (ddd, J 3 5, 11, 11 Hz, 0 75H, H-4a"), 2 89 (dd, J 2, 16 Hz, 075H, H-9'54), 3 08 (dd,
J 3, 16 Hz, 0 75H, H-9'¢g), 377 (s, 2 25H, OMe), 3.79 (s, 0 75H, OMe-umdenufied component), 390-4.10
(m, 4H, 1 3-d1oxolanes) 432 (br 5, Wh2 9 Hz, 0.75H, H-10'), 6 61 (d, J 2.5 Hz, 0.75H, H-8"), 671-6 80
(m, 1 25H H-6' and ArH umidentified component), 7 09 (d, J 8 Hz, 0 25H, ArH umdentified component), 7 23
(d, J 8 5 Hz, 0 75H, H-5"

(IR* 4aS*,108*,10aR*)-10-Hydroxy-7-methoxy-1-methyl-3,4,4a,9,10,10a-hexahydrophenanthren-2(1H)-one
(4) A solution of the 1,3-dioxolane (28) (4 8 g, 15 8 mmol) and 2,6-dimethylpyndinium p-toluenesulphonate
(15 g, 54 mmol) 1n wet acetone (300 ml) was heated under reflux for 70 hrs The acetone was removed in
vacuo and the residue was dissolved in CHzCla  The CH3Cl3 solution was washed with water, dried (MgSOy4)
and the solvent was removed in vacuo. The ketone (4) (3 7 g, 90%) crystallised from CHClo/petrol, mp 125-
6°, Found C,7400,H,772% C6H2003 requires C, 73 82, H, 7 74%, 1H n m.r (300 MHz, CDCl3) &
125 (d, J 7 5 Hz, 3H, Me-1), 1 60 (m, Wyy2 44 Hz, 1H, H-44), 1 88 (ddd, J 4, 10, 11 Hz, 1H, H-10a), 2 40
(m, Wyp2 26 Hz, 1H, H-3¢g), 2 62-2 77 (m, 2H, H-3y, H-4 eg)» 2.83 (dd, J 10, 16 Hz 1H, H- 9ax), 297-311
(m, 2H, H 1, H- 4a) 3.15 %d J 6,16 Hz, 1H, H-9¢q), 378 (s, 3H, OMe), 400 (m, Wys2 30 Hz, 1H, H-10),
663 (d,J25Hz, 1H,H-8),676 (dd, J25, 85Hz 1H, H-6), 722 (d, J 8 5 Hz, 1H, H-5), 13C nmr (755
MHz, CDCI3) See Table 2, m/z 260 (100%, M*), 203 (94), 199 (30), 187 (18), 186 (25), 185 (59), 175 (37),
172 (33), 171 (95), 161 (37), 160 (16), 159 (39), 158 (19), 147 (15), 146 (15), 145 (22), 144 (25), 128 (15),
122 (17), 115 (18), 91 (18)

2-Ethyl-1-hydroxy-6-(4'-methoxyphenyl)-3-oxocyclohexanecarboxyhic Acid (17) p-Methoxyphenylpyruvic
acid (75 g, 0 387 mol) was condensed with 1-chloro-3-hexanone (57 g, 0 43 mol) according to the procedure
described for the preparation of (16) The acid (17) (70 g, 62%) crystallised from MeOH/EtOAc, mp 170-4°
(dec), Found C, 6553, H, 6 83% C1gH2005 requires C, 65 74, H, 6 90%; 'Hnmr (300 MHz, d4-MeOH)
8 085-105 (m, 4H, C(ﬂ)HCH ), 187-203 (m, 2H, H-5¢q, CH)HCH3), 2 36-2 57 (m, 2H, H-4¢q, H-55),
267 (m, Wpp2 40Hz 1H, H-4,x), 2 91 (apparent dd, J 1 5 10 Hz, 1H, H-2), 3 55 (dd, J 4, 13 Hz, H, H-6),
372 (s, 3H, OMe), 6 76-6 81/7 23-7 28 (AA'BB', Jap 9 Hz, 4H, ArH); 13C n mr (75 S MHz, d4-MeOH) 5
13 6 (CH2CH3), 18 8 (CH>CH3), 30 5 (C-5), 427 (C-4), 50 6 (C-6), 555 (OMe), 59.4 (C-2), 847 (C-1),
114 3 (C-3', C-5", 1308 (C-2', C-6, 1331 (C-1"), 160 1 (C-4"), 175 8 (CO2H), 211 4 (C-3), m/z 292
(5%, M*), 148 (7), 147 (11), 135 (12), 134 (100), 121 (5), 119 (5)

2-Ethyl-6-(4'-methoxyphenyl)-3-oxo-1-cyclohexenecarboxylic Acid (19) The acid (17) (75 g, 0 257 mol) was
converted to (19) according to the procedure described for the preparation of (18) The unsaturated acid (19)
(62 g, 88%) crystallised from EtOAc, mp 145-8°, Found C, 6984, H,671% Ci6H1804 requires C, 70 06,
H, 661%, lHnmr (300 MHz, CDCl3) & 107 (apparent t, J 7 5 Hz, 3H, CH2CH3), 2 00 (m, Wy 34 Hz,
1H, H- Sax), 230-2 62 (m, 5H, {H-4}2, H-5¢q, CH2CH3), 3 77 (s, 3H, OMe), 4 05 (br dd, J = 5, 5 Hz, 1H,
H-6), 6 82-687/7.08-7 13 (AA'BB', Jap9 Hz, 4H, ArH), 13C nmr (755 MHz, CDCl3) § 142
(CH2CH3), 20 7 (CH2CH3), 312 (C-5), 347 (C-4), 42 1 (C-6), 552 (OMe), 114 1(C-3', 'C-5' ), 129 0 (C-2',
C-6", 132 0 (C-1Y), 1434 (C-2), 1452 (C-1), 158 6 (C-4"), 172 3 (CO2H), 199 2 (C-3), m/z 274 (57%,
?;I&)) 256 (15), 213 (15), 186 (38), 173 (19), 166 (18), 158 (18), 134 (16), 128 (16), 121 (18), 115 (18), 108
)

2-Ethyl-6-(4"-methoxyphenyl)-3-oxocyclohexanecarboxylic Acid (21) The unsaturated acid (19) (120 g, 0438
mol) was converted to (21) according to the procedure described for the preparation of (20) The acid (21) (115
g, 95%) was obtamed as a sohd Hplc analysis (10% EtOAc/petrol, 2 0 ml min-!) of the methylated
(diazomethane) acid (21) indicated the presence of two major diastereomers (Ry 6 9 min, 37%, R;12 1 min,
49%) and two minor 1somers (R; 6 3 mn, 10%, R; 97 mn, 4%) The major 1somers were 1solated by radial
chromatography (20% EtOAc/petrol) The (1R*,25*,65%) 1somer (21a) (R; 6 9mun) eluted first and crystallised
from CH;Cly/petrol, mp 82-3°, Found C, 7037, H,7 71% C;7H2204 requires C, 70. 32 H, 7 64%, 1H
nmr (300 MHz, CDCl3) §089 (dd, J75, 75 Hz, 3H, C(HHCH3), 1 34 (m, 2 38 Hz, 1H,
C(H)HCH3), 1 61 (m, Wyy2 42 Hz, 1H, C(H)HCH3), 197 (dddd, J 5, 13, 13, 13 Hz, 1 H/ H-53x), 2 15
(dddd, J 3, 3, 5 5, 13 Hz, 1H, H-5,, ,248 (ddd, J 3, 5, 13 Hz, 1H, H-4, ),258 (ddd J 55,13, 13 Hz, 1H,
H-454), 2 66 277 (m, 2H, H-1, H%), 325 (m, Why2 27 Hz, 1H, H—6), g 38 (s, 3H, COxMe), 377 (s, 3H,
OMe), 679-6 84/7 06-7 11 (AA'BB', Jop 9 Hz, 4H, ArH), 13Cnmr (755 MHz, CDCl3) See Table 1, m/z
290 (24%, M+), 231 (12), 230 (14), 214 (15), 192 (10), 188 (10), 175 (11), 174 (10), 148 (10), 147 (29), 135
(17), 134 (100), 121 (21), 115 (16), 91 (10), 83 (11)

The (1R*,2R*,6R*) 1somer (21b) (R¢ 12 1 mun) crystallised from CHyCla/petrol, mp 103 5-4 5°,
Found C, 7052, H,783% C17H2204 requires C, 7032, H, 7 64%, 1H nmr (300 MHz, CDCl3) §093
(dd, J 75, 75 Hz, 3H, C(H)HCH3), 1 08 (ddq, J 6, 12, 75 Hz, 1H, CH)HCH3), 190 (ddq, J 6, 12,75
Hz, 1H, C(H)HCH3), 2 05 (ddddd, J 15, 2, 5, 6, 12 Hz, 1H, H-5¢), 2 41-2 54 (m, 2H, H-2, H-44y), 2 57-
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278 (m, 2H, H-4¢q, H-5ax), 330 (ddd, J 15, 5, 5 Hz, 1H, H-1), 339 (ddd, J 5, 5, 13 Hz, 1H, H-6), 343 (s,
3H, CO;Me), 3.78 (s, 3H, OMe), 6.81-6 86/7 07-7 12 (AA'BB', Jop 9 Hz, 4H, ArH); 13C n.m . (75.5 MHz,
CDCl3) See Table 1; m/z 290 (27%, M*), 175 (10), 174 (14), 148 (14), 147 (45), 143 (26), 135 (16), 134
(100), 121 (29), 115 (24), 83 (13)

Methyl 6-Ethyl-8-(4"-methoxyphenyl)-14-dioxaspiro[4.5]decane-7-carboxylate (23). The acid (21) (103 g,
0 373 mol) was converted to (23) according to the procedure described for the preparation of (22) The ester
(23) (99 g, 83% over two steps) was obtained as a sem-sohd, 'H n mr (80 MHz, CDCl3, partial spectrum) §
3 36{(s, g}6H{ C(gz}N;e), 339 (s, 1 5H, COz2Me), 3 49 (s, 0.9H, COxMe), 3.77 (s, 3H, OMe), 3 88-4 13 (m,
4H, {H-2}, {H-3}2

Methyl (6R*S*,7R*,85%)-6-Ethyl-8-(4’-methoxyphenyl)-1,4-dioxaspiro[4.5 Jdecane-7-carboxylate (25) The
ester (23) (99 g, 0 296 mol) was epimensed according to the procedure described for the preparation of (24)
The ester (25) (87 g, 88%) was obtained as a solid, 1H nm.r (80 MHz, CDCl3, partial spectrum)- § 3 35 (s,
2 4H, COsMe), 3.45 (s, 0 6H, COaMe), 3 75 (s, 3H, OMe), 3 99 (br s, 4H, {H-2},, {H-3}3) A portion of
the ester (25) was recrystallised twice from CHCly/petrol to give the (6R*,75*,8R*) 1somer (25a), mp 101-
2°, Found C, 6813;H,789% Cj9H260s requires C, 68 24, H, 7 84%; H nmr (300 MHz, CDClz) 5
089 (dd, J7 5, 75 Hz, 3H, CH)HCH3), 1.20 (ddq, J 4, 14, 7 5 Hz, 1H, CEH)HCH3), 1 51-1 62 (m, 2H,
C(H)HCH3, H-104x), 1.70-1.90 (m, 3H, {H-9},, H-10eq), 1 97 (ddd, J 4, 4, 11 Hz, 1H, H-6), 2.69 (dd, J 11,
11 Hz, 1H, H-7), 2.79 (ddd, J 4, 11, 11 Hz, 1H, H-8),e% 35 (s, 3H, CO2Me), 375 (s, 3H, OMe), 392-405
(m, 4H, {H-2)2, {H-3)2), 6 77-6 81/7 08-7 10 (AA'BB', Jap 9 Hz, 4H, ArH), 13C nm.r (755 MHz,
CDCl3) See Table 1, m/z 334 (5%, M*), 185 (9), 135 (5), 134 (39), 100 (7), 99 (100)

(6R*S* 7R* 8S*)-6-Ethyl-8-(4’-methoxyphenyl)- 1 4-dioxaspiro[4.5 ]decan-7-yl Methylsulphinylmethyl Ketone
(27) The ester (25) (10 0 g, 30 0 mmol) was converted to (27) according to the procedure described for the
preparation of (26) The sulphoxide (27) (10 5 g, 92%) was obtamed as a gum, !Hnmr (80 MHz, CDCls,
partial spectrum) & 2.17 (s, 0 72H, S(O)Me), 2 23 (s, 1 42H, S(O)Me), 2 44 (s, 0 86H, S(O)Me), 3 76 (s,
072H, OMe), 378 (s, 2 28H, OMe), 402 (brs, 4H, {H-2}2, {H-3}2)

(I R*,4a’S*,10'S*,10a'R*)-1'-Ethyl-10'-hydroxy-7'-methoxy-3',4',4a'9',10',10a’-hexahydrospiro[ 1,3~
dioxolane-2,2'(1'H)-phenanthrene] (29) The sulphoxide (27) (10 0g, 26 3 mmol) was converted to (29)
according to the procedure described for the preparation of (28) Radial chromatography (25% EtOAc/petrol) of
the reaction product gave two major components, a higher R¢ component (1 1 g), followed by the desired
phenanthrene (29) (23 g, 27% over three steps) as a gum, Found C, 7148, H, 820% C;9H2604 requires
C,7167, H, 823%, !Hnmr (300 MHz, CDCl3) & 111 (apparent t, J 7 5 Hz, 3H, CH,CH3), 1 40-1 57
(m, 3H, H-4'3x, CH2CH3), 1 69 (dm, J 13 Hz/Wh2 8 Hz, 1H, H-3'¢y), 1 90 (ddd, J 4, 11, 11 Hz, 1H, H-
10a’), 1 93 (ddd, J 5, 13, 13 Hz, 1H, H-3'yx), 2 06 (m, Wh2 14 Hz, 1H, H-1%), 2 30 (m, Wy 24 Hz, 1H, H-
4'eq), 2 55 (ddd, J 3, 11, 13 Hz, 1H, H-4a’), 2 80 (dd, J 10, 16 Hz, 1H, H-9'4x), 3 07 (dd, 7 5, 16 Hz, 1H, H-
9'eq)> 3 76 (s, 3H, OMe), 3 85-4 03 (m, 5H, (H-4}2, {H-5}2, H-10"), 6 58 (d, 7 2 5 Hz, 1H, H-8"), 6 72 (dd,
J25,85Hz, 1H, H-6"), 716 (d, J 8 5 Hz, 1H, H-5", 13C nmr. (75 5 MHz, CDCl3) Sec Table 2, m/z
318 (5%, M), 190 (4), 100 (6), 99 (100)

(IR* 4aS*,108*,10aR*)-1-Ethyl-10-Hydroxy-7-methoxy-3,4,4a,9,10,10a-hexahydrophenanthren-2(1H)-one
(5) The 1,3-dioxolane (29) (5 4 g, 17 0 mmol) was converted to (5) according to the procedure described for
the preparation of (4) The ketone (5) (4 6 g, 98%) was obtained as a gum, Found C, 7452, H,819 %
C17H3203 requires C, 74 42, H, 808%, 'H nmr (300 MHz, CDCl3)- 8 090 (dd, J7 5, 75 Hz, 3H,
C(H)HCH3), 1 60 (m, Wpp2 48Hz, 1H, H-4,4), 1 70 (ddq, J 12, 12, 7 5 Hz, 1H, C)HCH3), 1 80-1 92 (m,
2H, C(H)HCH3, H-10a), 2 40 (m, Wny2 20 Hz, 1H, H-3¢q), 2 61-2 73 (m, 2H, H-3a5, H-4¢q), 2 77-2 88 (m,
2H, H-1, H-9,x), 3 07-3 20 (m, 2H, H-4a, H-9¢g), 3 78 (s, 3H, OMe), 4 05 (m, W1 28 Hz, 1H, H-10), 6 62
(d, J25 Hz, 1H, H-8), 675 (dd, J 25, 8 5 Hz, 1H, H-6), 721 (d, J 8 5 Hz, 1H, H-5), 13C nmr (755
MHz, CDCl3) See Table 2, m/z 274 (100%, M+), 227 (26), 217 (45), 200 (16), 199 (73), 185 (19), 175 (22),
172 (35), 171 (84), 161 (30), 159 (38), 158 (23), 147 (19), 145 (18), 144 (18)
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