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Abstract-The total synthcsls of (+)-I I-methoxy-18-nor-51 and 5/Landrosta-8(9).11,13114)-tricne-3.17- 
dione is reported 

Partial synthesis of ring-C aromatic compounds 
through aromatisationofring-Cofsuitablysubstituted 
steroids with concomitant migration of 13-Me group 
to C-12 or C-17 have been described by Stevenson et 
al.’ and other workers.2 The main interest for ring-C 
aromatic steroids was lo evaluate the biological 
activities of this class of compounds. The transfor- 
mation of C-aromatic diterpene to C-ring aromatic 
steroid has also been reported.3 The impetus for such 
work comes from the isolation of viridin”. the first 
naturally occurring C-ring aromatic steroid with 
remarkably high fungistatic activity. 

Synthesis of ring-C aromatic bisnorsteroids have 
been reported by Birch et aI.< and Windholz et ~1.~ We 
first reported in a preliminary communication’ the 
total synthesis of a ring-C aromatic compound with 
C-10 Me group, and steroidal oxygenation pattern at 
C-3. C-l 1 and C-l 7. A similar synthesis ofa ring-C aro- 
matic steroid was also achieved* by one of us in a 
different laboratory. We now wish to report here the 
experimental details. and also our imtial attempts m 
this endeavour. 

We initially planned to devise a method for an 
efficient synthesis of the phenanthrene derivative 5 
substitutedatc-gbyaBratom.ThissubstitutionatC-8 
was thought to serve as a handle for introducing the 
propionic acid chain necessary for building up the 5- 
membered ring to complete the synthesis of the title 
compound. The synthesis of the desired tricyclic 
compound 5 has been achieved. and this is shown in 
Scheme I. y-(jn-Methoxyphenyl)butyric acid’ la was 
brominated to give the bromo-acid” lb in respectable 
yield. Alkaline permanganate oxidation of this acid lb 
provided the known 2-bromo-5-methoxybenzoic 
acid” thus establishing the position of bromine in the 
aromatic ring. Polyphosphoric acid (PPA) cyclisation 
of the acid lb afforded the r-tetralone derivative 2a in 
high yield. Grignard reaction of 2a with MeMgI and 
subsequent dehydration furnished the dihydro- 
naphthalene derivative 3 in high overall yield. Perdcid 
oxidation of this styrene 3 gave a product which on acid 
treatment afforded in good yield the /,‘-tetralone 
derivative 4 for ring annelation reaction. Incidentally 
the IX- and /I-tetralone derivatives 2a and 4 were 

0 (II MeMgl 
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f Abstracted m part from the Ph.D. thesis (1970) of B. Ci. H. 
A part ofthis work appeared in a preliminary communication 
(see [7]). 
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converted respectively to the debrominated products 
2band7” throughcatalytichydrogenolysisin presence 
of triethylamine. 

The above p-tetralone 4 on reaction with the 
methiodide, prepared from I-diethylamino-3- 
butanone, in presence of base provided the crystalline 
phenantrhene derivative 5 in moderate yield. The UV 
absorption maximum of this compound 5 at 230nm 
(~27,540) is anomalous in that maximum absorption at 
24Onm is predicted from Woodward’s rule.13 Similar 
shifts have, however. been noted in the case of related 
phenanthrene derivatives studied by RobinsonI and 
Turner.” Catalytic reduction of this unsaturated 
ketone 5 in presence of triethylamine removed the 
bromineandsaturated thedouble bond. Thecrystalline 
product, m.p. 62-63”, isolated in 79”/, yield, has been 
assigned as the &-isomer 6 from analogy.lb This 
assignment is also supported from the fact that the 
known” tricyclic compound 8, prepared from the 2- 
tetralone derivative 7, on metal--ammonia reduction 
furnished in excellent yield an isomeric ketone, m.p. 
71-72”. The truns-stereochemistry 9 for this ketone 
follows from the well-known stereochemical course of 
Birch reduction of a related system.‘“.” After the 
completion of o& work, the synthesis of these isomeric 
compounds 6 and 9 was reported’” by Stork et a1.t 
through a novel stereospecific cyclisation of some 
cyclopropyl ketones. and also by the procedures 
reported above. 

Due to paucity of the tricyclic ketone 5. its 
potentialities as intermediate for the title compound 
could not be investigated further. 

When the above work was in progress, we also 
considered the feasibility of another direct approach 
shown in Schemes 2 and 4 for our objective. 

Two efficient routes to /I-(4,6-dimethoxynaphthyl)- 
propionic acid 10, the potential intermediate for 
the total synthesis, have been reported” from 
commercially available l,7-dihy,droxynaphthalene. 
Reduction of this acid 10 with lithium metal in liquid 
ammonia was carried out under different conditions,- 
but always afforded a mixture of two crystalline 

compounds easily separable through careful chromat- 
ography over silica gel. Use of excess lithium favoured 
the formation of one of the compounds as the major 
product in about 66°C yield. and the other in about 16”,, 
yield. The minor component lla. m.p. 126.-127” 
formed a crystalline semicarbazonc. and on Huang- 
Minlon reduction furnished the major product 12a. 
m.p. 173” mentioned above. The I-keto structure Ila 
for the minor product is supported from the 
characteristic two proton singlet at r6.44 in ‘H NMR 
spectrum. With a view to improving the yield of the 
desired compound lla, reduction of the acid 10 with 
sodium metal in liquid ammonia was investigated. 
Under controlled conditions (Experimental). this 
reduction provided the desired 2-tetralonc derivative 
1 la, and the undesired demethoxylated product 12a in 
64 and l3”;, yields respectively. In this connection a 
similar reduction ofy-(4,6-dimethoxynaphthyl)butyric 
acid, the higher homologue of 10, was reported” to be 
unsuccessful. lnourhands thisreductionafforded” the 
expected /I-tetralone derivative in 63% yield 

Polyphosphoricacidcyclisationoftheabove tetralin 
derivative 12a aRbrded a crystalline ketone in excellent 
yield. The structure 14 for this indanone derivative is 
supported by its spectral characteristics and elemental 
analysis. The acid 12a was further converted to methyl 
ester 12b which on careful dehydrogenation and 
subsequent alkaline hydrolysis furnished the known p- 
(4-methoxy-1-naphthyI)propionic acid”* 13. 
HydrogenolysisofOMegroupduringmetal--ammonia 
reduction of naphthalene derivatives are well 
documented,” and the reductive removal of the OMe 
group in the present case may be rationalised by the 
pathways shown in Scheme 3. 

The p-tetralone acid lla was next esterified with 
diazomethane to give the crystalline methyl ester 11 bin 
excellent yield. Condensation of this ester with the 
methiodide. prepared from l-diethyl- 
amino-3-butanone, afforded a crude product which 
was purified by evaporative distillation, and 
chromatography. The product thus obtained as a glass 
was characterised as 15+ from its spectral properties. 

(CH,),.Co$ 

Mctol/NH3 
E,OH 

*‘R-H 
b.R-Me 

2-steps 

I 

Scheme 2. 

t Unfortunatelytheauthorsdidnot reportthem.psof6and t This compound may serve as an intermediate for 18,19- 

9. bisnor ring-C aromatic steroid. 
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and crystalline ?,4-dinitrophenylhydrazone derivative. 
The UV absorption maxima of this tricyclic ketone 15 
at 227 and ?65nm, and the behaviour of the DNP 
derivative during crystallisation indicated that it is 
most probably contaminated with minor amount ofits 
/I.:-isomer. 

The enamine alkylation procedure has been found” 
to be advantageousespecially for the monomethylation 
of /I-tetralone derivatives in high yield. The keto-ester 
1 lbon reaction with pyrrolidineaflorded thecrystalline 
enamine 16 which on alkylation with methyl iodide 
followed by hydrolysis provided in high yield a product 
characterised as 17 from elemental and spectral 
analysis. This keto ester 17 on Mannich-Robinson 
reaction furnished a high boiling viscous oil in 6?“,, 
yield. This material was found to be homogeneous 
(tic), and its spectral characteristics are in agreement 
with thestructure 18a assigned to it. Thespecial feature 
of its ‘H NMR spectrum is the olefinic proton singlet at 
~4.32. Alkaline hydrolysis of this ester 18a produced a 
non-crystalline acid characterised as l8b through its 
crystalline semicarbazone derivative. Lithium-liquid 
ammonia reduction of this acid 18b followed by 
esterification with diazomethane furnished in moderate 
yield the crystalline ester 19a. The trans- 
stereochemistry for this ester was assigned for the 

MeOfi 

reasons already mentioned above. Saponification of 
19a provided the crystalline keto-acid 19b in excellent 
yield. PPA cyclisation of this acid l9b finally afforded 
the desired C-ring aromatic compound 20 with 
steroidal oxygenation pattern at C-3, C-l I and C-l 7. 

For the synthesis ofC-ring aromatic steroid with cis- 
A/B junction, the tricyclic unsaturated ester 18a was 
catalytically reduced under neutral conditions. The 
non-crystallinesaturatedester,obtainedasamixtureof 
stereoisomers 21, provided expected elemental analysis 
and spectral properties. Alkaline hydrolysis of this 
mixture gave an acidic product which on cyclisation as 
before afforded a neutral product as a mixture. 
Fractional crystallisationsofthismixture furnished the 
desired &compound 22, m.p. 138 - 139”. and the trans- 
isomer 20 mentioned earlier as the major and minor 
component in the mixture. 

Catalytic hydrogenation of A4-3-keto steroid 
generally atTordslJ a mixture of3-ketones with cis- and 
trans-A;B junctions. It has been reL=ntly reported”’ 
that ring-CaromaticA”-3-ketosteroid is hydrogenated 
stereospecifically from the /&face in neutral medium. 
The reasons for this stereospecificity have been 
discussedZh in terms of a delicate balance between the 
relative stability of catalyst-steroid complexes. In this 
context the formation of the trrlns-compound 20. 

Mco* 

22 c!. 

Scheme 4 
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though in minor amount, from catalytic reduction of 
the tricycliccompound Ma followed by hydrolysis and 
cyclisation is informative. 

ltmaybementionedthatourtricyclicketo esterl8a. 
prepared by our proceduret with slight modification, 
has been utilisedZi for the preparation of ring-C 

aromatic analopue of testosterone for biological 
testing. 

EXPEKIMENTAI. 

All compounds described are racemic. The same 
experimental procedures and mstruments were used as 
describcdlgb previously. 

;‘-(?-Brotno-5-metho.~~p/~efl~/)burJ:ric ucid lb. To a cold 
(2-S”)andstirredsolnofla’(l ajinCHCI,(ZOmllwdsadded 
dropwiseduringl5minasolno&!(0.45g?~nCHCl (3.3ml). 
After complete addition. the mixture was stirred for 1 hr at 5”. 
Theresulting brown mixturewasdissolved in alargevolumeof 
ether, and the solvent was washed repeatedly with cold water, 
dried and evaporated. The crude bromo-compound thus 
obtained on recrystallisation afforded pure lb (0.85 g. 61 ‘lb). 
m.p. 97” reported.‘O m.p. 94-95” (Et,O-benzene). (Found: C, 
48.27: H.4.75. Calc. for C,,H,,O,Br: C.48.35: H, 4.76”/,.) 

Oxidation of this actd lb with alkaline permanganate 
provided the known 2-hromo-5-mrthoxybenzoic ucid, 
m.p. 160” (Et,&light petroleum) (reported” m.p. 162”. 
(Found: C. 41.80: H, 3.30. Calc for C,H,O,Br: C. 41.55; H, 
3.034/o.) 

5-Bromo-8-merho~~~-l-rerru/one ta. The above lb (8 g) was 
added to polyphosphoric acid, prepared from H,PO, (89’!~. 
32ml)and P,O, (64g).Theresultingmmlxturewasheatedona 
steam bath for I hr &h occasional stirrmg. The mixture was 
then decomposed with water. and the product was extracted 
with ether (3 x 75 ml). The extract was successively washed 
with water, dil KOH aq and finally with water. Evaporation of 
the dry solvent furnished the desired 2a (7g. 94”;). b.p. 
148 150”/0.4mm Hg. (Reported’” b.p. 128.-131’ 
0.09 mm Hg), i.,,, 226 (~25,120). 256 (~6310) and 327 nm 
(~4169): Y,, (film) 1685cm ‘. TIC showed a bright single 
spot using benzene-MeOH (9:lO) as eluting solvent and 
lodinevapourasadevelopmgagent.(Found:C,51.71 ~H.4.59. 
Calc. for C,,H,,O:E&: C. 51.77; H. 4.3l”b.) ?,4- 
Dinitrophenylhydrazone (96”,,) separated from MeOH and 
hadm.p. 258-260’ (d)(CHCI,-benzene). (Found: C.46.74; H. 
3.25: N, 12.77. Calc. forC,,H, ,O,N,Br: C.46.89: H, 3.45: N. 
1?.87”,..) Semicarbazone derivative (87”L1 senaratcd from 
MeOHand had m.p. 194-195”. (Founh: Cr46.3k: H.4.44: N. 
13.74. Calc. for C,,H,,O,N,Br: C. 46.15: H, 4.49: N. 
13.46”&) 

Regeneration of the ketone 2a from its semicarbafone 
derivative also provided the ketone as a hquid material (9 I I’<, ). 
b.p. 130’;0.2 mm Hg. 

5-Bro~no-8-n~etho\-~-l-mrth~/-3.4-dih~drot~uphrho/mr 3. A 
soln of2a (3 g) in dry ether (40 ml) was added dropwise durmg 
I5 min to an ice-cold and stirred soln of the Grlgnard reagent 
prepared from Mg metal (0.568) and Mel (3.35 g) in dry ether 
(6Oml). The resulting mixture was stirred for 1 hr in the ICX- 

cold, and then rclluxed for 5 hr. Alicr 14hr. at r.t.. the mixture 
was decomposed by careful addition of cold ammomum 
chloride soln (100 ml. 30’:“). The organic layer was separated. 
and the aqueous phase was extracted with ether (3 x 50ml). 
The combined solvent was washed with water, dried and 
evaporated. The resulting heavy oil (3 g) was dehydrated by 
heatingatl60 165”for30mmwithfreshlyfusedKHS0.,(5g). 
The residue was dIstilled to give 3 as colourless oil (2.66g. 
90”,,,),b.p. 120”(bath)~0.4mmHg.(Found:C.57.12:H.5.0?. 
Calc. for C, ?H, ,ORr: C. 56.93: H. S.l4”,,.) 

tDuringtheprogressofthiswork.oneofus(B.G.H.)wasa 
postdoctoral fellow (1974 75) in Sheehan Institute of 
Research. Cambridge. Mass.. L.S.A. The pubhcation” was 
avallable to us only in October 1979. 

S-Brorno-8-merhol!- I -merh!/-?-fc,rrctlo~~~ 4. To an Ice-cold 
soln of3 (I 1.05 g) in anhyd ether (20 ml) was added a cold soln 
of monoperphthalic acid (9.768) in ether (150ml). After stir- 
ring for 1 hr. the mixture was allowed to stand in the refriger- 
ator for 64 hr for complete oxidation. The precipitated phthal- 
ic acid was filtered otTand washed with ether. The combined 
solvent was successively washed with water, NaHCO, aq and 
finally with water. The crude semi-solid material. obtained 
after removal of the dry solvent. was heated under reflux for 
3 hr with a mixture of EtOH (40ml), water (32ml) and cone 
H,SO, (6.5ml). The mixture was then cooled. diluted with 
water,and the product wasextracted with ether i3 x lOOmI). 
Usual processing of the solvent afforded 4 as a colourless oil 
(7.78 g, 66%); v_*. (film) 1710~1~‘. 2.4-Dinitronhenvlhvdra- 
zone (80”/,) se&;ated from MeOH and had m.p. i91 :I92 
(CHCI, McOH). (Found: C. 47.90: H. 3.87: N. 12.64. Calc. 
forC,,H,,O,N,B~:C,48.lI;H,3.78;~, 12,47%.)Thesemi- 
carbazonederivative(83:‘/,)hadm.p. 195-196”(d). (Found:C, 
47.86;H,4.69.Calc.forC,,H,,N,O2Br:C.47.85:H.4.905”,.) 

The above semicarbazone derivative (I g) was refluxed for 
3 hr with an aqueous soln of oxalic acid (48 ml. 20:</,,. Usual 
work up provided 4 as a colourless oil (0.82g. 99°C); Y,,, 
17lOcm- ‘. TIC indicated that the product is homogeneous, 

8-Metho~~~-l-merh~l-2-rerrulo~~~ 7. A soln of 4 (3.13 g) m 
95 7; EtOH (I 5 ml) was hydrogenated over Pd-C (0.3 g. 10%) 
in presence oftriethylamine (1.70ml). The theoretical amount 
of H, was absorbed within 45min. The catalyst was then 
filterdd off, washed with ether, and the combmed filtrate was 
evaporated. The residue was diluted with water. and the 
product was extracted with ether (3 x 50ml). Theextract was 
successively washed with water. dil HCI (50;)) and finally with 
water. Evaporationofthedrysolvent aNorded7asacolourless 
oil (2.1 g. 95”,,). b.p. 115’~0.3mmHg (reported” b.p. 
142’iO.l mm Hgj;/.,,, 270nm (~4892); v,,,~. (film) 1711 cm-‘. 
(Found: C, 75.40; H. 7.40. Calc. for CllH,402: C. 75.76; H, 
7.42 “,,). The semicarbazonc derlvatlve (87 “,,) was prepared as 
needles, m.p. 206 207 (Found: C, 63.21: H.6.90; N, 17.01. 
Calc. for C,,H,:02N2: C, 63.14; H. 6.93; N, 16.99”,,). 

X-.~derho.rJ,-l-retrulone2b. Catalyticreductron of2a (8.69 g) 
in presence of triethylamine furnished 2b (3.7g. 65O;;) as 
colourless oil. b.p. 115 118”.0.4mm Hg), i.,,,255 (c9772)and 
315 nm (~3890); v,,X(film) 1683cm-‘.Tlcshohed the product 
to be homogeneous. (Found: C. 75.29: H. 6.72. Calc. for 
C,,H,,O,. C. 75.01: H. 6.81”.1.) Deen red 2.4- 
diitrdphenylhydrazone derivative (SS“‘,,) had i.p. 239 240, 
(d) (MeOH-CHCI,). (Found: C, 57.54: H, 4.67; N, 15.39. 
Calc. for C,,H,,05NJ. C. 57.30; H. 4.53; N. 15.72”,,.) The 
semlcarbazone derlvatlve (84:,,) separated as needles. m.n. 
180. 181” (dil MeOH). (Found: C, 62.00: H, 6.35; N. 18.2’8. 
Calc. for C, ,H,,O,N,: C. 61.80: H. 6.44: I\;. 18.024/,.1 

8-Bromo~~-n~c~~h6.~~~-12-n~u~h~~-?-oxo-2.3.~,9,lO.l~~~~~~- 
hydrophenanrhrenr 5. To thk crystalline methoiodide. 
prepared from 1-dlethylamino-3-butanone (0.6ml) and Mel 
(0.2 ml) was added a soln of 4 (0.82 g) in dry thiophene free 
benzene(6ml1.Th~smixturewascooledin1ceandasolnofNa 
metal (0.1 I g) in dry MeOH (4ml) was added during IOmm 
with stirring under N?. Stlrring was continued in the cold for 
3 hr. and then the mixture was heated under retlux for 30min. 
The rcsultmg red mixture was cooled. acldificd with dll 
H,SO, (5”,, IOmI),and the product wasextractedwithether 
(3 x 50ml). The extract was washed with water. dried and 
evaporated. Trlturatlon ofthe resultmg crude brown material 
with ether provided a light yellow-solid. m.p. 115 124”. 
Rccrystallisation of this product afforded 5 (5lOmp, 53”:). 
m.p.-128’ (ether light p&roleum); &. 230 (~25.%0) and 
280 nm (~2884); ~~~~~ 1665cm“. (Found: C, 59.69: H. 5.34. 
Calc. for C,.H,.02Br. C. 59.81. H. S..lO”;;.) The red 2.4- 
dmitrophenylhydra7one derivative (96 “,,) had m.p. 237 238 
(CHCI, MeOH). (Found. C. 52.84: H. 4.39: N. 11.10. Calc 
for C?,H?,O+N,Br: C. 52.70: H. 4.19; N. 11.18”,, ) 

cis-5-MPrho.~l~-l 2-n1erI1r~/-2-o.~o-l,2.3.4.9.1O.I I.1 2-ocro- 
A~droph~nu,lrhre;l~6. A soln of5 (0.3 g) in EtOH (I 5 ml. 95”,;) 
was hydrogenated over Pd-C (0.1 g. lo”,) in presence of 
trlethylaminc (0.15mll The required quantity of H, was 
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absorbed within IOmin. Work-upofthemixturefurnishedan 
oil which on tritumtion with light petroleum (40-W) 
furnished a solid (0.23 g). m.p. 58-62”. Recrystallisation 
afforded pure 6 (O.l8g, 79:#;), m.p. 62-63” (light petroleum, 
40-6O”):i.,,,271 (e1445)and279nm(c1549):~~,,,1706cm~’. 
(Found: C. 78.67: H. 8.42. Calc. for C,,Hz,OI: C, 78.65: H, 
8.25”&) Semicarbazonc derivative (88’7;) had m.p. 169-170” 
(dtl MeOH ). 

trans-5-Merhos~-l2-,nerh~~-2-o.~o-l.?,3,4.9.10.1 1.12~ocra- 
hydrophencrnrhrrrte 9. Compound 7 (1.62 g) on condensation 
with the methoiodide prepared from l-diethylamino-3- 
butanone (16mljalTorded 8 (I.1 2g. SO”;) mp. loo” (reported 
‘* m.p. 100 ) (Et,0-light petroleum); i,,, 228 (~19.950) and 
272 nm (c2692): t*,*, I664cm ‘. (Found: C, 79.45: H. 7.3Y. 
C’alc. for C,,H,,O,: C. 79.31: H. 7.49!/,.) The 2.4- 
dinitropheny)hd&one (X0”,,) separated as .red needles. 
m.p.217 218”. (Found: CT. 62.63: H. 5.26. Calc. for 
C$Hr,N.,O,: C. 62.55; 1-l. 5.?5”;.) 

To stirred liquid ammonia (15Oml. ducctly from the tank) 
was added Li-metal (0.07~) in small pieces. To the resulting 
blue soln was added in a slow stream a soln of8 (0.3~) in dry 
ether (ZOmltduring 3 min. The mixture was stirred for 1Omin 
and ammomum chlorrdc (1.5g) was then added to discharge 
the blue colour. Ammonia was then evaporated. and the 
residue was diluted with water. and the product was extracted 
with ether (3 x 50 ml). Usual processmgofthesolvent gave an 
otl(O.3 g). and this was oxtdtscd with Jones reagent to afford a 
solid materlal (0.3 g). m.p. 64 6X”. Chromatography of this 
product on alumina (I Zg), and elution of the chromatogram 
with benzene-light petroleum (30: 70)afforded thepurerruns- 
9 (0.21 g, 7(X,,). m.p. 71. 72’: t.,,, 271 (~1380) and 279nm 
(+,1445): V,“_ 17lOcm-’ (Found: C, 78.53: H. 8.19. Calc. for 
C,,*H,,,O,: C. 7X.65: H. X.25”..) The semtcarbazonc 
d&vat&(91 ‘I,,) was obtained as colourless needles. m.p. 
211..212” (dil M&H). (Found: C. 67.72: H. 7.42: N. 14.11. 
Calc. for C,,H,,O,N,:‘C, 67.75; H, 7.69: N. 13.94”,1.) 

Sodium ~iquif~ um~tlunj~i redrrcf ion of ~~-(4,~~~~~~ef~~~~~- 1 - 
nophth!l)-propbttic ocrd IO: fknarion of’ ,&(8-merhttx~-2- 

o.yo-I .2.3.4-terruh~dro-5-,lupltrlt~l )propionic ucrd I la. und /f- 
(8-tnerho.xF-I .2,3.4-tetruhydro-5-nuphrh),l)propionic acid 12a. 
To a strrred hqmd ammoma (175 ml. directly from the tank), 
taken in a 3-necked Hask. was added a small piece of Na-metal 
(: oftotal used). To the resulting bluesoln wasadded ina slow 
stream during 1 mm a soln of tOi (0.5 g) in dry THF (35 ml 1. 
The rest ofthe Na-metal (0.35 g. total used 1 was added m small 
piecesduring 1 mm.Aftercompleteaddition,thebluecolourof 
thesolnwasdischarged bydropwiseaddmonofEtOH (3.5ml) 
during I min. After complete evaporation ofammonia at r.t., 
the residue was diluted with water (SOml), and the resultmg 
clear soln was acrdtfied with cold dil HCI (IOml. 3N). To this 
mixture. a further quantity ofdil HCI (10ml. 3N) and EtOH 
(5 ml) was added. and the resulting mrxturewas heated under 
retlux for IOmm. Most of THF was removed under reduced 
pressure. the residue was diluted with water (3COml). and the 
product wasextractcd wnhether(3 x 50ml).Theextract was 
washed wtth water. dried and evaporated to furnish a solid 
product (0.58). m.p. 10X-122 This product was 
chromatographed over stlica gel (2Og). Elution of the 
chromatogram with ether-hght petroleum (20:80) afforded 
12s (0.06~. 13”:,) as white plates. m.p. 173’ (Et10 light 
petroleum ), i,,, 274 nm (~1694): vmai l7ltcm ‘.(Found:C. 
71.56:H,7.8l:N.E.235.1.Calc.forC,,H,,O,:C.71.77;H. 
7.744;,. N.E. 234.3.) Elution of the chromatogram wtth 
ether light petroleum (I : I ) atTordcd 1 la (0.305 g, 64”<) as 
short need1es.m.p. 126 127” (Et,O-light petroleum);&,,,275 
(~1995) and 283nm (~1963): v,_ 17l?cm-‘, CHCI, soln 
containingadropoftriethylamineshowedbandsat 1711.1623 
and I38 I cm ‘; r6.77 7.57 (XH, m): 6.45 (2H.s). 6.22 OH. s). 
3.12 (2H. q. J8 Hz). (Found: C, 67.39: H, 6.‘81. Calc. for 
C,,H,,O,: C. 67.73; 11. 6.50’!,..) The semicarbazone 
ddriva’tivei97”;,) had mp. 213 214”‘(d). (Found: C, 58.92: H, 
6.31: N. 13.83. Calc. for C,;H,,O,N,: C. 59.01: H. 6.27: N. 
13.76”.;.) 

The reductron of 10 with Li metal (15 g atoms per mole of 

the acid) afforded 12a as the major product (66%). and the 
desired Ila as the minor product (16%). 

Using 6 g atom of Li-metal per mole of the acid IO provided 
thedemethoxylatedacid 12a.and the{Gtctraloneacid llain42 
and 33“{, yields respectively. 

Huang .~~)t~~~~i re~~urriun of S-8-lnrt8ox~-2-oxo-1.2.3.4- 
rermhvdro-5-naghrh~l)proptonir acid Ila. A mtxture of I la 
(0.1 g), diethylene glycol ‘(gml), KOH (28) and hydrazine 
hydrate (0.8ml. 99”/,) was relluxed under NL for I hr. The 
water formed was then distilled out until the temp of the 
mixture reached 180”. Refluxing was continued for a further 
periodof4hrat 180-185”.Acidificationofthecooledmixture 
with dil HCI afforded some solid material. The product was 
then extracted with ether (3 x SO ml). Usual processing of the 
solvent nrovtded 12a (0.07 e.74’:,)m.n. 172 173’(ether--haht 
petroleum). m.m.p. with ihe acid 1;s reported‘before was 
undepressed. 

6-Mefhozy-4,5-( 1’.2’.3’,4’-re~ruhydrohenz)indun-l-one 14. 
Compound 12a (O.lSg) was added to polyphosphoric acid, 
prepared from a mixture of H,PO, (1.5 ml, 89’!/,) and PIO, 
(2Sg). The mixture was heated in a direct flame for complete 
soln oftheacid. The reaction was then completed by heating on 
a steam bath for 30min. Usual work-up of this mrxture 
provided 14 as whtte needles (0.138. 93”/,), m.p. 148.149” 
(Et,O--light petroleum). i,,, 263 (1:14.320) and 316nm 
l/:6622): v,,_ 1694cm ‘: ~8.09 X.32 (4H, m). 7 23-7.48 (XH. 
m).6.17(3H,s);3.02(IH,s~.(Found:C,77.53:H.7.54.Calc.for 
C,,H,,O?: C. 77.75: H, 7.46%.) The deep red 2.4- 
dinitrophenylhyd~zone (87”~) had m.p. 283”. (Found: C, 
60.48; H. 5.32: N. 14.26. Calc. forC,eH,,N,O,: C, 60.60; H, 
$09: N. 14.13’:,.) 

,Merhrl /~-(b-merhox~-1.2,3,4-tefruhydro-5-naphthy/~pro- 
pmnnre 12b. The acid 12a (0.7g) was esteritied with an 
ethereal soln of CH,N, prepared from nitrosomethyl urea 
(I g), Usual work-up afforded 12b as an oil (O.hg), b.p. 
120-125” (~th~~O.3mm Hg v,_ 1733cm-‘. (Found: C. 
71.95: H, 7.96. Calc. for C,,H,,O,: C, 72.55: H, 8.12u/,.) 

a-(4_Merhox~-l_naphrk~l)propiunic acid 13. The ester 12b 
(0.25 g)wasdehydrogenated with sulphur (0.097 g) by heating 
at 240 250” for 6 hr. The product was then extracted with ether 
(3 x 75ml). and the extract was washed successively wtth 
water. saturated hrme solution and finally with water. 
Evaporation of the dry solvent alforded a product as an oil 
(0.25 g). This product (0.25 g) was hydrolysed by retluxing for 
3 hr with a soln of KOH (0.15~) m MeOH (4ml) and water 
(0.S ml). Usual processing of the mixture furnished an acid as 
light brown solid (0.15g. 64‘:/,). Purtfication of this solid by 
sublimation and crystallrsation afforded 13 as white needles, 
m.p. and m.m.p. with an authentic samplergD was 170” 
(benzene). 

Meth~f~~-(S-methoxy-2-oxo-l.2.3,4-terrahydro-5-n~~h~h~i)- 
propionufe 1 lb. The crystalline 1 la (1 g) was esterified with an 
ethereal soln of CH,NZ prepared from nitrosomethyl urea 
(1.21 g). Usual processing of the mixture afforded lib as 
needles (1 g, Uly;), m.p. 84”, L,,, 275 (81905) and 283nm 
(~1928); v,,,_ li’?Ocm-‘: r6.81 7.57(8H,m),6.46(2H,s).6.32 
~3H.s).6.20(3H.s~.3.17(2H,q,J8.6Hz).(Found:C,68.53;H. 
6.90. Calc. for C,,H,,O,: C. 68.6Y: H. 692:a.) The 
~m~carbazonederivative(9O~~,~),obtainedasneedl~, hadm.p. 
l74-l75”~MeOH~.(Found:N,12.88.Calc.forC,,H,,N,O,: 
N, 13.16”,.) 

Merhrl ,Y-(5-merhox~-2-oxo-2,3,4,9,10,12-hexa-hydro-8- 
phenonrhryI)-propionare 15. The reactron of metho- 
iodide, prepared from I -diethylamino-3-butanone (0.42 g) 
and Mel (0.4748). with Ilb (0.7~) in presence of base was 
performedasdescribed.Thecrudeproduct (0.8g)wasdistilled 
to give a light yellow viscous material (0.39 a. 46%): b.v. 200 
(b~th)~O.i mm_Hg; i.,,,227 (sl5,850)and 263 nm 64169); Y 
1662and 1720cm-‘.This~roductf0.39e)wasfurthernurifi~ 
through chromatopraphy’over silica gei”(l6g). Elution of the 
chromatogram with benzene--ether (75:25) afforded 15 as 
a glassy material (0.28 g). vmrl 1662(s) and 1720cm- I(s). The 
mude 2.4dinitrophenylhydrazone derivative had m.p. 
I65 -175”. This product on repeated recrystallisations 
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furnished an analytical sample as red crystals, m.p. 211 212” 
(CHCI,-MeOH) i.“HC’ti 392 nm (~32.630). (Found: 
C, 60.59; H. 5.46. ??dc. for Cz5H2,,N407: C, 60.72; 
H. 5.30 “;,.) 

Alkaline hydrolysis of I5 (0.22g) provided an acidic 
material as viscous liquid (0.18g). This failed to give any 
crystalline product even after chromatography. 

fyrrolidine enuminc of merhyl lI-(8-merhox~-2-oxo- I .2,3,4- 
retrah~dro-5_naphth~/)propionrrte 16.Amixtureofl lb(1.05 g), 
dry thiophene free benzene (40 ml). pyrrolidine (1.14 g) and a 
catalytic amount of p-toluenesulfonic acid was heated under 
reflux under N, in a Dean and Stark water separator for 3 hr. 
The solvent and the excess pyrrolidme were then removed 
under reduced pressure to furnish a crystalline enamine 
derivative(l.25 g):m.p. 94-98O.A portion was recrystallised to 
furnish an analytical sample of 16as silky needles, m.p. 98” (d) 
(light petroleum 40-60”). vmPl 1728, 1611 and 1568ct-n’. 
(Found: C. 72.81: H. 7.93. Calc. for C,,H:,O,N: C. 72.35: H, 
7.99%.) 

Methyl /~-(8-merho.~~-l-methp/-2-oxo-l,2,3.4-retrahydro-5- 
naphthyl)propionure 17. A soln of 16 (1.25g) in abs MeOH 
(2Oml) was treated with Mel (IOml), and the mixture was 
refluxed under N I for 4 hr. Excess Mel was removed, and the 
residue was heated under reflux for 2 hr under N1 with glacial 
AcOH (1 ml), CH,COONa (I g) and water (IOml). Excess 
MeOH was then removed, and the residue was treated with 
cold dtl HCI. The product was then extracted with ether 
(3 x 50ml) and the extract was washed with cold water, 
NaHCO, aq and finally with water. Evaporation of the dry 
solvent afforded a colourless oil (0.95g. 86”/,), b.p. 150” 
(bath);O.l mm Hg. This material was chromatographed over 
silica gel (30 g ). Elution of the chromatogram with ether -light 
petroleum (20: 80) afforded 17 again as a colourless oil (0.9 g). 
b.p. 150” (bath);O,l mm Hg: i,,, 276 (~1905) and 283nm 
(~1950): r,.,(film) 1733 and 1711 cm. ‘; :(CCI,) 8.74 (3H. d, 
37.5 Hz), 7-7.8 (9H. m), 8.41 (3H. s), 6.23 (3H, s), 3.25 (2H.q. 
J7.2Hz). (Found: C, 69.52: H. 7.22. Calc. for C,e,H,,,O,: C, 
69.55: H, 7.30’/,.) TIC showed a bright single spot using two 
solvent system: MeOH--benzene (15:85), and EtOAc-light 
petroleum (40:60).Thesemicarbazonederivattve(91 y/,)ofthe 
above keto-ester had m.p. 204”. (Found: C, 61.09: H, 7.04. 
Calc. for C,,H,,O,N,: C, 61.25: H. 6.95!:/,.) 

.~efh~/-~~-(5-merhox~-l2-mefhy/-2-oxo-2,3.4,9,10,12- 
hexahydro-8-phenanrhrrl)propionure 18n. The reaction of 17 
(1.5g) with the crystalline methtodide. prepared from l- 
diethylamino-3-butanone (0.55 g) and Mel (0.85 g), in 
presence of base provided a neutral material (I.Zg) and an 
acidic material (0.8 g). Thts acid was esterified with CH,N? 
and the combined neutral product was distilled to give 18~1 as 
light yellow viscous oil. (1.1 g). b.p. 200” (bath)!O.l mm Hg: 
i,,, 229 (~22.280). 277 nm (~3090) and 284 nm (~3020): Y,,, 
1660and1715~~‘;~(CCl,)8.32(3H,s).6.95-8.22(12H,m). 
6.37 (3H. s), 6.18 (3H. s), 4.32 (lH, s). 3.20 (2H. q. J8.4Hz). 
(Found: C, 73.07; H, 7.83. Calc. for C20H,10,: C, 73.15; H, 
7.37?$.) The deep red ?&dinitrophenylhydrazone (64”/,) had 
m.p.182-183”(CHCI,-Mc0H).(Found:C,61.13;H.5.51:N. 
10.92. Calc. forCr,H,,O,N,: C, 61.41; H.5.55; N, ll.O?‘;/,.) 
Thesemicarbazonederivative had m.p. 239-240” (d) (MeOH). 
(Found: N. 10.64. Calc. for C,,H?,O,N,: N, 10.90”/<.) 

/I-(S-Merhoxy-I 2-merhr/-2-oxo-2.3,4.9.10,12-hexahydro-8- 
phenanthr~l)prdpionic ucid 18b. Compound 18a (0.1-g) was 
hvdrolvsed by relluxma for 2 hr under N, with a soln of KOH 
cd.05 gi in MeOH (2 m?) and water (0.5 ml). The crude acidic 
material was purified by dissolving in NaHCO, aq which 
afforded a gummy acid (0.09g. 92”/,). This acid was 
chromatographedoversil~cagel(6g).ElutionwithEt,O-light 
petroleum provtded 18b as viscous 011 (0.07g. 74”/,), i,,, 
230nm (~19.1 IO); rmaX 1660 and 1711cm I. The semi- 
carbazone derivative (70”,,) had m.p. 244”. (Found: C, 64.35: 
H,6.90:N.10.74.Calc.forC.,H,,O,N,:C,64.67:H,6.78:N. 
11.31”<.) 

trans-methJ/ ~L(5-methoxy-12-merhy/-2-oxo-l,2,3,4,Y,lO,- 
11.12-ocrahydro-8-phr,lu~lr~r~/) propionare IYa. Li metal 
(0.15g) III small pteces was added to hquid ammonia 
(XWml.directlyfrom thetank~.andthcmixturewasstirredfor 

5min. To the resulting blue soln was added rapidly with 
stirrlngasolnofl8b(0.7g)indryether(50ml),andthemixture 
was stirred for 4min. Ammonium chloride (1.5 g) was then 
added in small portions when the blue colour of the soln 
completely disappeared. Ammonia was evaporated and the 
residue was diluted with water and acidified with dil HCI. The 
product was then extracted with ether (3 x 50ml) and 
afforded a gummy product which was oxidised with Jones 
reagent (0.2mI) in acetone solution. Usual processing of the 
mixture provided an acidic material as an oil (0.7 g) which was 
directly esterrtied with CHIN, (from 0.8g of nitrosomethyl 
urea) to furnish an ester (0.5 g), b.p. 180” (bath)/O.l mm Hg, 
After standing for a few days this ester partly sohdified. 
Trituration with ether-light petroleum provided crystalline 
solid (0.28g) m.p. 80-84”. The oily material (0.22g) which 
failed to solidify was chromatographed over silica gel (12 g). 
Elution of the chromatogram with ether--light petroleum 
afforded an additional amount of the ester (O.O9g), the total 
yieldof19a was(0.37 g,Sl”/<). Recrystallisationofthismaterial 
gave an analytical sample of 19n as short needles. m.p. 89”. i,,, 
275 (~1938) and 282 nm (81945): I’,,, 1705 and 1723cm I. 
(Found: C. 72.59: H, 7.84. Calc. for C,,,HI,O,: C, 72.70; H. 
7.93X.) 

trans+(5-merhox~-12-oxo-1,?,3,4.9,10,11.12-ocrah~dro-8- 
phenanthry/)propionic acid 19b. The ester 19a (0.18 g) was 
hydrolysed by refluxing for I hr under N 1 with a soln of KOH 
(0.07g) in MeOH (3 ml) and water (0.5 ml). Usual work up 
provided the acid initially as an oil (0.16g). Chromatography 
ofthismaterialoversilicagel(8g),andelutionwithEt,O-light 
petroleum (1 :I ) afTorded 19b (O.l?g) as crystalline needles, 
m.p. 140”. i,,, 276 (~1823) and 283nm (cl833); v,,, 1705 
(broad). (Found: C. 72.00: H. 7.63. Calc. for C,,H,,O,: C. 
72.13: H. 7.65”G.I 

.? _- - 

I? I-1 I-Merhoxr-18-nor-5a_androsrn-8(9), 11,13(14)- 
triene-3,17-dione 20. Acid 19b (0.12g) was added to PPA. 
prepared fro H ,PO, (25ml). 89”;,) and PZO, (4g). The 
mixture was then heated on a free flame for 30sec only to get 
the acid in soln. The mixture was further heated on the steam 
bath for @min. Usual work-up of the deep red mixture gave 
the crude 20 as a coloured solid (0.1 g), m.p. 156-163”. 
Chromatography over silica gel (6g). and elution with light 
petroleum-benzene (1: 1) afforded the pure n-arts-20 (0.07 g, 
62%). m.p. 172” (ether-light petroleum), i,,, 264 (~15,490) 
and 319 nm (~6542): v,~, 1704cn~ (broad): m:e 298 (M’). 
283 (M--Me),241 (283~-CH,CO). (Found: C, 76.33; H, 7.38. 
Calc. for C,,H,,O,: C. 76.48; H. 7.43x.) 

cIs-Meth~/-~-(5-~nefhox~-l2-metR~1-2-o~o- 
1,2,3,4.9,10,11,12-octo/~~dro-8-phe,la,~rhryl)propionare~ und 
the corresponding trans isomer 21. A soln of 18s (0.75g) in 
EtOH (957;. 2Oml) was hydrogenated over Pd-C (O.l5g, 
10%). H, (56ml) was absorbed within 30min. The catalyst 
was filtered otTand washed with ether. The combined filtrate 
was evaporated and the residue on distillation afforded 21 
(0.55g). b.p. 180” (bath)/O.l mm Hg; i.,.. 277 (~2141) and 
283 nm (62157): I mar 1720 cm ’ (broad). (Found: C. 72.80: H. 
7.83. Calc. for C,,,H,,O.: C. 72.70: H. 7.93’5;.) .,, _II - 

( f )-I I -Merhor~- I8-nor-5 f?-androsra-8(9).1 1,13( l4)- 
friene-3,17-dione 22, and the corresponding tmns-isomer 20. 
The above 21 (0.5g) (from catalytic hydrogenatton) on 
alkaline hydrolysis as before furnished a crude gummy acid 
(0.42 g) and thts was purified through chromatography over 
silica gel (18 g). Elution with ether-light petroleum (40: 60) 
furnished an acidic material (0.35 g) as viscous oil. 

PPA cyclisation of the above oily acid (0.35 g) (as in the case 
of 19b) provided a neutral material as glass (0.28g). b.p. 
180.-190” (bath)/O.l mm Hg This material on keeping gave 
some solid product (0.12g). m.p. 120-135”. Recrystallisatton 
of this solid afforded the less soluble rruns-20 (0.01 g), m.p. 
170.- 172” (ether- light petroleum) reported before. The 
mother liquors from these crystallisations on concentration 
afforded some solid which on repeated recrystallisation from 
theabovesolventmixturefurnishedananal~ticalsampleofthe 
cis-22asstlkyneedles(O.l g).m.p. 138-139”):,.,,,259(1:14.?90) 
and317nm(r:5715):v,,, 1702ctW’(broad).(Found:C,76.49: 
H. 7.35. Calc. for C,,H!,O,: C. 76.48: H. 7.43”/,.) 
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