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Abwect-A route lo pamcyclic steroid derivatives has been &nlopcd involving the condensation 
of steroidal lbhydroxymefhykna17-ketones with methyl vinyl ketone. The Menodvmistry of tha 
producta has ban investigated. 

THE anti-inflammatory activity of the steroidal cortical hormones may be enhanced 
by alkyl substitution at certain positions of the molecule, eg. at C-16.’ Anti-inflam- 
matory activity is not confined however, to the steroids, and is possesseda to some 
degree by, for example, the pentacyclic triterpene glyccrrhetic acid.’ We therefore 
prepared some novel pentacyclic steroids in which C-16 and C-17 form part of a 
carbocyclic ring. While this work was in progress some related studies by other 
investigators appeared in the literature.’ 

Pentacyclic steroids in which an additional six-membered ring is built onto Ring A 
of the steroid skeleton may be prepared@ by condensing a 2-hydroxymethylene-3 
ketone with methyl vinyl ketone and cyclising the resulting 2-(3’-oxobutyl)-3-ketone.7 
An analogous synthetic pathway has now been employed for the preparation of 
steroidal derivatives having an additional &membered ring attached to Ring D. 
Reaction of the model compound 16hydroxymethylene-3B_hydroxyandrost-kn-17- 
one with methyl vinyl ketone in pyridine containing triethylamine gave a product 
which yielded on chromatographic separation three substances conveniently designated 
A, B and C. 

Substance A, C,,H,O,, the major component, has been assigned the structure 
3/%hydroxy-l6a-(3’-oxobutyl)androst-kn-17-one (I)* on the following evidence. The 

.Tha~tryrtC,,is~indaaillPtcriathispaper. 
1 Part XLVI, C. Burgess, D. Bum, P. Feather, M. Howarth and V. Petrow, Terruhe&w~ 22,2829 

(1966). 
D See, for exampk, G. E. Arth, J. Fried, D. B. R. Johnson, D. R. Hoff, L H. !Zarctt. R. H. Silber. 

H. C. Stocrk and C. A. Winter, 1. Amer. Chcm. Sot. SO.3161 (1958); E. P. Oliveto. R. Rausscr, 
A. L. Nwbaum. W. Gcbcrt. E. B. Her&berg, S. Tolksdorf. M. E&r, P. L Pcrlman and M. M. 
Pachct, Ibid. p. 4428: E P. Olivelo, R. Rauwr, L. Wcbcr, A. L Nuubaum, W. Gcbcrt, C. T. 
Coniglio. E. B. Her&berg. S. Tolkadorf. M. Eiskr, P. L. pulmnn and M. M. Pcchct, Ibhf. p. 4431; 
E. P. Oliveto. R. Rawer, H. L. Henog, E. B. H&berg. S. Tolksdorf, M. E&&r, P. L. Perlman 
and M. M. Pcchct, Ibid. p. 6687. 

’ Sec. for cxampk, S. D. Kraus. 1. Phurm. Pharwc. 12,3&I (1960). 
* J. M. Beaton and F. S. Spring, J. Chum. SW. 3126 (1955) and Refs. there cited. 
’ See, for exampk. M. E. Wall. S. Scrota, H. E. Kcnncy and G. S. Abemcthy 1. Amer. Gem. Sot. 85, 

1844 (1963); P. Bladon and T. Sleigh. 1. Chem. Sot. 3264 (1962); S. G. Levine, M. E. Wall and 
N. H. Eudy. J. Org. Chcm. 28, 1936 (1963): J. E. Pike, M. A. Rebcmtorf. G. Slomp and F. A. 
Mackellar, J. Org. C/urn. 28, SW9, 2502 (1963). 

* G. Cooky. J. W. Ducker, B. Ellis, V. Petrow and W. P. Scott, J. Ckm. .%c. 4108 (1961). 
’ Y. Urushibara and J. Inomata. Bufl. Glum. Sot. Japm 32, 101 (19S9). 
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IR spectrum revealed the presence of the 17-ketone (band at 1730 cm-l) and one other 
saturated ketone (band at 1708 cm-i). A band in the NMR spectrum at ca. 7.85 7 
established the presence of a methyl ketone, whilst both the NMR and IR spectra 
indicated the absence of a formyl group. Treatment of the 16a-(3’-oxobutyl)-17- 
ketone (I) with hot aqueous alcoholic alkali effected cyclisation and gave a compound, 
CaaH,O,, formulated as 3&hydroxypentara-5,17(20)dien-21-one+ (II; R -2 H). 
The presence of the a/%unsaturated carbonyl group was established by UV absorption 
at 237 rnp and by IR absorption at 1678 and 1647 cm-i. The cyclisation product 
formed a monoacetate (II; R - AC). lacking hydroxyl absorption in the IR. 

HO 

0 

RO 

r_” 
HOW “OJVLJ 

III N 

The two minor components B and C, obtained by chromatography of the reaction 
product have been assigned the spirocyclic structures III and IV on the basis of the 
following evidence. Substance B, Ca,H,O,, contains at least one hydroxyl group 
(3593 and 3494 cm-l) and two carbonyl groups. These carbonyl groups give rise to 
one broad bandt (1709cm-’ in Nujol, 1720 cm-r in CH,ClJ, the area of which 
corresponds to two groups. Presumably hydrogen bonding (see III) shifts the 17- 
ketone absorption to longer wavelength, very close to that of the 4’-ketone. In 
addition, the NMR spectrum indicated the absence of formyl and COCH, groups. 
On treatment of the compound with acetic anhydride-pyridine, aatylation with 
concomitant dehydration occurred to give a substance GH,O, which proved to 
be identical with the acetate prepared from the minor component C. The latter 
compound retains the 17-ketone moiety (1733 cm-‘) and, in addition to one acetate 
group, contains an a&unsaturated ketone (1680 and 1610 cm- I). The anomalous 

l Note on nomenclature. In order to avoid the cumbasom 16.17-cyclohcx-2’u~4’-on~ nomcn- 
claturc, it is propowl to assign the trivial name ‘pentmane’ to the carbon skcktoa cxcmplifkd by 
structure (II) and to adopt the numbering shown. The stucochunistry of the D/E ring junction is 
specified by the configuration of the hydrogen atoms at C,, and C,,. 

t In one case (Expcrimcntal), the carbonyl group-2 give rise to a doubkt in Nujol. 
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UV spectrum, namely the presence of 3 maxima (see experimental), could possibly 
result from charge transfer between the 17-ketone and @-unsaturated ketone, which 
from models are favourably orientated for asymmetric orbital overlap to occur.@ 
The formation of compounds III and IV is explained by assuming that the initial 
condensation product is a 16formyl-1 doxobutyl- 17-ketone. During chromatography 
on alkaline alumina, this intermediate is transformed into products III and IV by 
separate reaction pathways involving (i) elimination of the formyl group by a reverse 
Claisen condensation and (ii) cyclisation, not involving the C-17-ketone, by an aldol 
condensation. The amounts of compounds III and IV isolated however, reveal that 
the latter reaction occurs only to a minor extent. Partial dehydration of compound III 
on alkaline alumina is not unexpected. 

The preparative route exemplified by the transformations 16hydroxymethylene- 
17-ketone+(I) + (II) has been applied to a wide variety of steroidal starting 
materials, preferably without purification of the crude condensation products, when 
the overall yields of pentacyclic derivatives were generally in the order of 35-45x. 
The facile condensation of steroidal 3-ketones with ethyl orthoformate (at C-2) pre- 
cluded their use as starting materials in this synthetic route. 3-Ketals and Ihydroxy 
starting materials were quite suitable, and the pentacyclic products were readily 
converted into the required fketones. 

Pentranes oxygenated at C-1 1 are of especial interest from the standpoint of anti- 
inflammatory activity. Suitable starting materials for their preparation were readily 
obtained from cortisone.* Thus, vigorous borohydride reduction of cortisone 
acetate Iketal and its Sadihydro analogue, followed by periodate cleavage of the 
resulting 11/?,17a,20,21-tetrols, gave the IFketones V (A& and 52 H). An alternative 
procedure was employed to prepare 1 l~-hydroxy-5/?-pentar-l7(2O)-ene-3,2ldione. 
The 163’-oxobutyl derivative obtained from 3,3-ethylenedioxy-I l#?-hydroxyandrost- 
5-en-17-one was deketalised to the corresponding 4-en-3-one (VI). Catalytic hydroge- 
nation of the latter compound under alkaline conditions gave the SB_dihydro derivative 
whichwascyclised to the required pentarane. 5a- and 5/Idihydro-3-hydroxy pentaranes 
were prepared from 52- and SB_dihydrocortisone acetates by borohydride reduction to 
the 5adihydro3p.l l/I, 17z,20,21- and 5/3dihydro-3a ,11@,17a,20,21- pentols, periodate 
cleavage to the corresponding androstan-17-ones and application of the described 
pentaranc synthesis. In order to prepare a 9&luoropentarane, the 1 I/?-hydroxy-3-ketal 
V (A6) was dehydrated (POCl,pyridine) to the 9(1 l)-ene which was converted 
into the corresponding pentarane. Introduction of the 9a-fluoro-1 l/I-hydroxy system 

V VI 

l Essentially similar prmxlura have been dacribcd in the literature. cf. Ref. e, Tabk 4. 

’ R. Grintcr. S. F. Mason arxi G. W.Vanc. nm. FadaySoc. 60,285(1964)andnfermca lhercci ted. 
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QMethylated pentarancs, lacking an oxygen substitucnt at C-11, were readily 
prepared from 3&hydroxy-6-methylandrost-5-cn-l7-one (see Tables). As no suitable 
6-alkylatcd intermediates carrying an 1 l-oxygen substituent were available, the 
application of the Vilsmeier process Ia to 1 l-oxygenated pentarancs was examined. 
Brief (ca. 4 hr) treatment of 1 l/l-hydroxypcntara4,17(2O)dien-3,21dione with methyl 
orthoformate and toluenopsulphonic acid resulted in selective conversion into the 
3-enol methyl ether XI (R = H). The last compound showed a band in the NMR 
spectrum at 6.42 T, characteristic of a methoxyl group, with an area corresponding 
to only 3 protons. The observation that the 17(20)-cn-21-one system present in the 
model compound 3/l-acctoxypentara-5,17(2O)dien-21-one II (R = AC) reacted 
extremely slowly with methyl orthoformate under the same conditions indicates that 
enol ctherification cccurs at C-3 and not at C-21. Brief treatment of the enol ether 
XI (R = H) with the Vilsmeier reagent prepared from phosphoryl chloride and 
dimethylformamide gave the corresponding dformyl derivative XI (R = CHO). 
characterized by UV absorption at 238 (17(2O)-en-21-one) and 322 rnp (6formyl-3- 
methoxy-3,Sdiene). Selective reduction of the formyl group was achieved by treatment 
with lithium borohydride under very mild conditions. Treatment of the resulting 
(not purified) 6hydroxymethyl derivative XI (R = CH,OH) with acid gave lip- 
hydroxy-&methylenepcntara4,17(20)diene-3,21dione (XII), characterized by UV 
absorption at 240 (17(2O)-cn-21-one) and 265 rnp (bmethylen4cn-3-one). 

0 

HO 

MC0 
& 

R 

We next examined the application of the foregoing synthetic routes to the 
preparation of 1Pnorpcntarancs. The ldhydroxymethylcne derivative of cestrone 
methyl ether was submitted to the foregoing reaction sequence and afforded 3- 
mcthoxy-19-norpcntara-l,3,5(10),17(2O>tctracn-21-one (XIII). Protection of the 
G21-ketone as its ethylene ketal followed by Birch reduction and subsequent acid 
hydrolysis, gave a 1Pnorpcntara4,17(20)diene-3,21dione (XIV) having m.p. 173-S” 
and [a]n + 124”. In view of the somewhat disappointing overall yield in the above 
sequence, an alternative route was investigated. 3-Methoxy ocstra-2,5(1O)dicn-17-one 
was converted into the 16hydroxymethylene derivative which was similarly submitted 
to the pcntarane synthesis. Acid hydrolysis of the product gave a second 19- 
norpcntara4,17(20)diene-3,21dione (XIV), m.p. 179”. [a]n -22*7”, differing 
markedly from that obtained by the first route. 

u D. Bum, G. Cooky. M. T. Davies, J. W. Ducker. B. Ellis, P. Feather. A. K. Hiscock, D. N. Kirk, 
A. P. Lcfhvick, V. Pctrow and D. M. Williamson. Tetrahedron 20,597 (1964). 
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The formation of two different 19norpentaranes by these reaction sequences 
was totally unexpected. A possible explanation is provided by a study of the NMR 
spectrum of 21-ketal of XIII in which the signal due to the vinyl proton at C-20 
(ca. 4.3 r) is absent. This could indicate that the 17(2O)double bond migrates to the 
unconjugatcd 16(17>position on ketalization of the C-21-ketone, giving XV, and 
moves back into conjugation upon deketalization as shown by the UV extinction 
coefficients of the 19norpentaranes XIV (cz(i 33,ooO) (cf. ketalixation of steroidal 
Qen-3-ones). Two further pcntaranes, 3&hydroxypentara-5,17(20)-dien-21-one II 
(R := H) and 3,!Lhydroxy-5z-pentar-17(20)-en-2I-one, were also converted into the 
corresponding 21-ketals. In each case the double-bond was shown by NMR to have 
migrated to the 16,17-position. On deketalization, a/?-unsaturated ketones were 
obtained which were isomeric with the original ketones. These facts indicate that the 
pairs of pcntacyclic derivatives may be epimeric at C-16. In an attempt to elucidate 
their* stereochemistry, the assumption was first made that methyl vinyl ketone would 
attack a 16hydroxymethylene-17-ketone from the less hindered a-side of the molecule. 
Thus in the ‘normal’ pcntaranes the angular hydrogen atom at C-16 might bc expected 
to have the @-configuration ‘A’, whilst in the cpimcric and thermodynamically stable 
series, this hydrogen atom would have the 16zconfiguration ‘B‘ (Fig. 1). 

The physical properties (Table 1) of the two series showed, in every respect other 
than ORD, only small, but consistent, differences which do not allow stereochemical 
assignments to be made. 

Careful examination of Dreiding models of configurations A and B revealed a 

l A preliminary eamnt of this stercochem.ical problem was pmcntcd by Mr. M. T. Davies. 
The British Drug Houses Ltd. at the NATO Advanced Study Counts on ORD and CD held at Bonn 
in September 1965. 
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marked difference in the chiralitics of the 17(2O)-en-21-one system (Fig. 1). paralleling 
the difference between the 4-en-3-one system of 19-nortestosterone’4 on the one hand, 

0 

FIO. 1. 

e-0 
P 

a 

c’,, 

and those of both 19-nor-retrotestosterone’5 and B-norcholest_Qen-3-one*‘ on the 
other. It has been firmly established” that the sign of the na* transition ORD 
spectrum of an enone system is determined by the chirality of that system which,!in 

TABLE1 

- A B 

1,.x (4 
*Ccl, (2l-one. 17(2O)-cnc) 
l NMR (C-2&proton) 
ORD Cotton effect 

236 w (17,000) 
1673, 1643 an-’ 

4.30 T 
multiple, -I-vc 

242 w (17,000) 
1658,1607 an-’ 

4.14.2 T 
multipk. --w 

l The si@ due lo this proton appeared as a doublet (J 1.5 c/s) due to aNylic coup% with the 
C-1 6 proton.” 

the case of 4-en-fones, is controlled by the conformation (chair, or skew, induced 
by a c&BC junction) or the size of ring B. Conformation A (Fig. 1) is associated 
with a multiple positive Cotton effect, while conformation B is associated with a 
multiple negative Cotton effect. The ORD curves obtained from dioxan solutions of 
the epimeric 3,9-hydroxy-5a,l6&pentar-l7(2O)-en-2l-ones (Fig. 2) leave little doubt 
that the normal and isomeric pentaranes have been correctly assigned the 16r- and 
16/?-confQurations respectively. 

We next examined the hydrogenation of the 17(2O)double bond present in 
representative G16 cpimeric pentaranes. In each case, the hydrogenation appeared 
to be essentially stereospecific. ORD data were again utilized for the determination 
of the stereochemistry of the resulting 17(2O)dihydr*21-ketones. Particularly note- 
worthy are the extremely large amplitudes (Experimental) of the Cotton effects. These 
amplitudes are among the largest recorded for cyclohexanones and strongly suggest 
twist conformations for ring E. I7 Considering first structures having a trans D/E 
ring junction (i.e. 16a,l7& and 16@,17a-stereochemistry), examination of corre- 
sponding Dreiding models shows that not only are the twist forms of ring E highly 

IJ S. Stemhell. Rev. Pure and Appt. Chem. 14.15 (1964). 
I1 C. Djemai, R. Riaikcr and B. Rinikcr, 1. Amer. Chem. .Toc. 78.6362 (19%). 
U P. Crabbe. Opricnl Rorarory Dbpwsh and Circular DlchroLtm h Oganlc Chemhrrry tip. 9 and 

and Rcfs. there cited. Hddeo-Day. San Framisco (196%. 
*@ W. B. Whalky. Chum. & Ind. 1024) (1962); 0. Snatzke. Tefrahrdron 21,413,421 (1965). 
IT C. Djcrassi and W. Klyne. Prue. Naf/. Ad. Scl. 48,1093 (1962). 

30 
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strained,‘_but also that they lead to the prediction of Cotton effects of opposite signs 
to those observed experimentally. Of the other possible trans conformations, the 
boat forms lead to the prediction of Cotton effects of the wrong signs, whilst the chair 

0 

FIO. 2 

forms lead to the prediction of Cotton effects of the correct signs but of considerably 
reduced amplitudes. Turning now to structures having a cis D/E ring junction, 
examination of the appropriate Dreidiag models leads to the following predictions: 

16a.17a Wl7P 

Boat +vc cotton. SlMll amplhb +w cottoo, small unplitude 
c&air -va cotton, smll amplituda --w Cottoo, rrmll unplitude 
Twist -vc cotton. llrgs mnplitudo +w cotton, luga mplihldl9 

The experimentally determined ORD curves of isomeric pairs of dihydropcntarancs 
can be reconciled only with cis D/E ring junctions in which ring E is in the twist 
conformation. It is worth noting that Drciding models of these ciJ-twist structures 
appear to be the least strained of all the possible forms. 

One of the saturated pcntarancs (3B_acetoxy-5a, 164 17B_pcntaran-21-one) prepared 
during the course of this work is of especial interest because a compound having the 
same overall structure has been prepared by Engcl and Lcssarda by an entirely 
different route. The 16&configuration was assigned to this compound on the basis 

” ch. R. Engel and J. Lusard,/. Anur. Ckm. Sot. U!& 638 (1%3X 



Mod&d steroid hormoott?CLVlI I%3 

of (i) its marked lacvorotation and (ii) the concept of preferred a-side attack; no 
configuration was proposed for the hydrogen atom at C-17. The physical constants 
quoted by the Canadian workers (m.p. 16&168”, [a]u -1020) are in excellent agree- 
ment with those (m.p. 167”. [aID - 1090) found by us for the 16/I,17/?-isomer, and 
differ markedly from those (m.p. 170*5”, [a]o + 113”) of the 16a,17a-isomer. Whilst 
we have not carried out a direct comparison of the two compounds, there seems 
little doubt that Engel and Lessards’ product has the 16/?,17&configuration. 

In Tables 2, 3 and 4 are presented data for many of the pentacyclic steroids and 
intermediates prepared in the course of this work. 

EXPERIMENTAL 

Optical rotations were determined on ca. 1% soln in chf a1 room temp. UV spectra were de&r- 
minaI in EtOH soIn on either a Ekckma~ DK2 or a Perkin-Elmer 3SO spectrophotometcr. IR 
rpcctra were measured on a Hi@ H&IO0 spcctrophotomctcr Ettal with either a NaCl or a CaF, 
prism. NMR spectra were measuItd in CDCl, soln, with TMS as internal standard. on a Perkin- 
Elmer 40 MC/S spectrometer. ORD spbcva were determined in Me-OH or dioxan soln on a Bcndix- 
Bellingham and Stanky Polarmatic 62 spbdropolarimetcr. 

Preparation of 16+&o_aymethylm-1 I-kctmes (Tabk 2) 

McONa was prepared from Na (10 parts) and dry Me-OH (200 parts) lad excess Me-OH was 
removed umkr reduced pry. A aoln (or suspension) of the 17-ketone (l&15 parts) and cchyl 
orthoformatc (IO parts) in dry benzene (200 parts) was added, the mixture was stirred under N for 
1-2 hr a1 room tcmp foUowcd by l-2 hr under nflux. The mixture was paural into water. the benzene 
layer was separated and the aqueous layer was washed with seeral portions of ether. Tho aqueous 
layer was frad of ether by bubbling N throught it, and then acid&d with dil H&O, or AcOH. The 
precipitated hydroxynuthyknc derivative was colkctcd. washed with water and drkd (yield ca. 
8&95%). It could bc rrsod in this form for further transformations, a small portion only being 
aysUizd from a suitable solvent for characterization. 

Preparation of 163’-oxoburyl-1 ‘I-ketones (Tabk 3). 

To a soln of the ldhydroxymethykne-17-ketone (5 parts) in py7idinc (7~100 parts) was addal. 
under N. freshly distilkd methyl vinyl ketone (5 parts) and E1.N (2.S parts). The mixture was stirred 
at room tcmp overnight and the sohents M= removed In cucyo. A soh~tion of ti residue in ether 
or dichloromthane was washed succusivcly with dil HCI, dil KOHaq and water, driai (Na,SO,) 
and evaporated lo dryness. A knzcne solo of the residue was chnmutographcd on alumina (100 
parts). Uution with benzene and benzene+ thcr (1: 1) gave the 16-Y-oxobutyl-17-kctonc which was 
crystallized in the usual way. 

Cycltzation of the 163’-oxobutyi-17-ketones (Table 4) 

To a soln of the 163’-oxobutyl-17-ketone (S parts) in EtOH (50-100 pnrts) was ad&d. under N 
KOHaq (200/ 7S m) and the mixture was rctluxcd for ca. 1 hr. The pentacyclic compound 
generally crystallizd on cooling and/or dilution of tbn mixture with water and was colkcted and 
purified in the usual way. When no crystallization occurr& the reaction mixture was paured into 
water and the steroid was isolated with ether. 

Isolation of l&formyl-ld3’-oxobutyl-l7-ketones 

a. The condensation between 3,3ethyknedioxy-1 IB-hydroxy-lbhydroxymcthyleoandrt-S-en- 
17-0~ (26 g) and methyl vinyl ketone was carried out as described above. The rat&c obtained on 
evaporation of the liquids under ruluad press was dissolved in bcnz~~ and the -In was kept ovcr- 
night. A portion of the crystalline solid (24 3, m.p. 16S-170”. whkh had separated was crystallized 
from acclonchcxanc lo give 3,3cthykncdioxy-l6b_formyl-1 lB_hydroxy-lo-3’oxobuty~cnt- 
Ten-17sne. m.p. 169*5-170”, [aID +82*9*. I~,= CU* 3615 (-OH), 174s (C-17-ketone). 1714 an-’ 
(formyl + oxobutyl ketones). NMR QS (40). 4.29 (C6-H), 5S (110-H). 6.05 (mult. kctal). 
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788 (XO-CHe), 8.S4 and 880 T (GHJ- and C-1-H.). (Found: C, 70.5; H, 89. C,,H,O; 
rquircs: C. 70.25; H, 8.15x.) 

A portion of this material was absorbed from bmttne soln onto an alumina column and kept 
overnight. Hution with benrcnc gave, as the major product, 3,3uthykncdioxy-llghydroxy-l6a-3’- 
oxobutylandrost-5-ca-I’I-onc, nccdks from acctonc-hcxane, m.p. 168-170” (Table 2). 

A further portion of the 16formyl-3’-oxobutyl-1Fkctonc was trcatcdwith aq ak. KOH a&scribed 
above for the cychration of 163’-oxobutyl-17-ketones. The product was 3,kthykncdioxy-1 l/J- 
hydroxy-l6~-pcnta1a-5,17(20)dicnc-2lsnc, nccdks from mcthyknc chloridtaatonc (containing a 
traa of pyridine). m.p. 240” (Table 3). 

b. 1bHydroxymcthykncocstrone methyl cater (35 g) was condensed with methyl vinyl ketone in 
the usual way. Evaporation of the liquids under rcduccd prcas and crystallization of the residue 
from chf-hcxanc gave 16~fo~yl-l~-3’sxobutyl-3-mctoxyoestra-1.3,5(10)-tricn-17-one, m.p.. 
127.5”. [a]n +217-4”. rF.$‘s 1745 (C-17-kctonc), 1715 (formyl T oxobutyl kctoncs), 1610, 1575. 
15WI an-r (3-mcthoxy-1.3.5(lo)-tricnc), NMR 0.5 (C-16-CHO). 3 (quartet, aromatic protons), 
6.23 (C3~Mc). 784 (--COXH,) and 9.18 T (C-184,). (Found: C, 75.65; H. 7.7. C,,HIIOI 
rcquircs: C, 75-35; H. 7.9%) 

Isolation 01 ~hc sphcyclic by-proActs 

a. 3~-Hydroxyandrost-~-17~nc-ldspiro-l’~ohcxan-2’~l-4’~nc and 3B_hydroxyandroat-5- 
cn-l7-onc-l6-spiro-1’-cyclohcx-2’~n-4’-on. The product obtained from 3&hydroxy-lChydroxy- 
mcthykocandrost-S-en-17-one (log) and rncthyl vinyl kctonc was chrcmatographcd in bcnzcnc 
solution on alumina (800 g). Ehttion with #her-bcnzcne (1: I) and ether gave 3/Uydroxy-l&3’- 
oxobutylandrost-kn-17-one (6.5 g, see Tabk 2); chttion with ether-Me-OH (99: 1) gave 3/Y-hydroxy- 
androst-5cn-l7-onc-l6-spirol’_cyclohcx-2’-cn-4’-onc (0+6 s> as nccdka from mcthylartchlorida 
bcxanc. m.p. 234”. [z)D -237.5”. 1,, 218 (c 7914). 2SO (a 54454) and 305 mp (u 809). rz$‘e 3560 
(-OH), 1740 (C-I7-kctonc). 16S5, 1615 cm-t (z/J-unsaturated kctonc). (Found: C, 789; H, 835. 
C,,HI,O, rcquircs: C, 78.22; H, 8.75x.) The aatatc formed nccdks from acctonr+&anc. m.p. 
232-233”. [a]n -222.8’. La. 218 (a 7840), 250 (e 5620) and 305 rnp (e 7%). ~2’ 1720-1735 
(C17-ketone A aatatc), 1675. 1620 (r/3-unsaturated kctonc) and 1250 an-’ (aatatc). (Found: 
C, 75.9; H. 8.55. CuHuOI rcquircs: C, 76QS; H. S.U’/,) Fur&r chttion of tbc column with 
cthcr-M&H (9s: 5) gave 3z-hydroxyandrost-kn-17-onc-l6-spir~l’cyclobcxan-2’-ol4’-o~ (25 g) 
which crystallized from chf-aatonc as rods, m.p. 239-240”. [z]n +21.6’, rFzg 3593, 3494 (OH) 
and 1720 cm-r (1709 cm-r in Nujol). (Found: C. 74.U; H, 8.7. C,,H,O, rcquircs: C, 7455; H, 
8+85%.) On aatylation (Ac,(lpyridinc, ICW. ihr), the aatatc, m.p. 230”. of the a&unsaturatcd 
ketone described above was obtained 

b. 3,3-E~hylcndioxy-I l~hycloxycmdrosr-kn-l7snr~~-lbsp~~l’syclohrx-2’~-or. The 
condensation bctwccn 3,kthykncdioxy-II/l-hydroxy-16hydroxymcthyk ncamkost-S+n-17-orbc (60 
g) and methyl vinyl kctonc was carried out as dacribcd above and a portion (50 g) of the audc 
16/?-formyl-l6a-3’-oxobutyl-l7-kctonc was chromatographcd in bcnrcnc soln on alumina (1 kg). 
Elutionwith benrcncand bcmznc-cthcr (I : l)gavc3,3-cthykncdioxy-1 l/Lhydroxy-16u-3’sxobutylan- 
drost-kn-l’l-onc (26 g. m.p. 170”. see Tabk 2). Ehrtion with cthcr and ether-McOH (99:l) gave the 
spirocyclic unsaturated ketone (3 g) which wascrystahizcd from chf-aoctonc,m.p. 28(P, [aIn -210.1’. 
1 -,x 252 (e 6100) and 307 rnp (c 772). vmU 1738 (GlFkctonc), 1678 and 1612 cm-r (u&msaturatcd 
ketone). (Found: C. 73.0: H. 7.8s. C,eH,,Oe requires: C. 73.2; H, 8.05%) 

c. 3-Merhoxyoesrra-1.3.5( IO)-rrfcn-l7-oru-l6-spiro-l’-cyclohrx-2’~~o. The wndcnsation ba 
twccn lbhydroxymcthykncncstronc methyl ether (5 g) and methyl vinyl kctotu was carrkd out as 
described above and the crude product was chromatograpbcd in bcnzcnc soln on ahunina (15Oog). 
Elution with bcnecncgavc 3-mcthoxy-l61-3’-oxobutyloutra-1,3.5(10)_tricn-17-onc(3~6 g,sccTabk2). 
Elution with bcnIcnc+thcr (1: I) @vc the spirocyclic unsaturated ketone (O-15 g) whkh was crystal- 
lizcd from acetone-bane. m.p. 19&lW, [a]n -92.9”, J.,.. m (e 6063). 278 (a 2591). 287 (e 24%) 
and 307 rnp (e 846). w::? 1740 (C-I7-ketone) and 1680. 1610 cm-r (a&urnattnatcd kctonc). 
(Found: C, 78.85; H, 7.X C,,H,O, tcquircs: C, 79.1; H. 7.75%) 

d. 31,S-Cyclo-Sadndrosran-6gsl- I7-ene- 1 bsplrv- I ’-cycIohexan-2’-oL&wu d 3z$~y&-%- 
androsrun-6/kl- I ‘I-one-lbspiro- 1 ‘-cyclohex-2’-cn-4’-one. Tbc condensation bctwccn lChydroxy- 
mcthylcnc-3z.5+o-5r-androsran-6/?-ol-l7-onc (8.5 g) and methyl vinyl kctonc was carrkd out as 
dacribcd above and the product was chromatogtaphcd in benzene soln on alumina (2SO g>. Hution 
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with benzene gayt 16a-3’-oxobutyl-34~~~~~~l-l7~ (3 g, = Table 2). Elutioa 
with bcnzme and bmrme+&r (1: 1) eve the spirocyclic umaturatcd kctooc (1 g> m.p. 190-192’ 
(from aatorn+hcxanc), [z]n -1328”. llau 219 (c, 7739). 251 (e, 5196) and 305 mp(s, 752). x2? 
3620 (C-&hydroxyl), 1735 (Cl7-ketone) and 1676. 1615 a-’ (a@msaturated ketone). (Found: 
C, 77.4; H. 8.75. C,,H,,O,.fH,O requires: C, 77.3; H. 8.8x.) 

Further elution of the column with ether and ether-MeOH (9S:S) ~DVO the ~pir_ B_kctd 
(0.3 g, which crystahizd from aatonc+hexane, m.p. 235-240” dcc, [aIn + 87.2”. no W absorption, 
xzs 3615 and 1719 cm-* (1725 and 1711 an-* in Nujol). (Found: C, 74.8; H, 9.05. &HUOI 
requires : C, 74.55 ; H, 8.85 %.) 

A sojn of 3,3&ykr~dioxy-ll,%hydroxy-l6a-3’-oxobutylandrost-S-en-l7-onc (1 g, in AcOH 
(15 ml) and water (5 ml) was warmed on the steam bath for 20 mm. Dilution with water and 
crystallization of the ppt from tionc-hwne gave 1 I/?-hydroxy-l6a-3’-oxobutylandrost4-en~- 
3,17dionc (0.7 & as prisms, m.p. 174”. [aIn .:’ 160.4”. &x 241 rnp (c, 16,020), 4$” 3376 (OH), 1736 
(C-17.ketone), 1708 (side&am ketone). 1646 and 1608 cm-’ (4-cn-3-one). (Found: C. 74.4; H, 8.7. 
C,,H,,O, requires: C, 74.15; H, 8.65x) 

l6a-3’-ox06uryl-s~osr~l ls_of-3,17_dioru 

To a soln of the foregoing ~-CO-3-one (58 g) in dioxan (200 ml) was added a soln of KOH (15 g) 
in dry McOH (20 ml) and the mixture was hy-ted at NTP over pre-rrducod S ‘/. Pd+hamoal 
(3g); Huptalrc(ca.leq)wascom~tainlhr. Tbcatalystwaaranovcdandthcso4nwaacvapo- 
rated to dryoeJs under reduced press. A soln of the residue in ether (containing sane methylens 
chloride) was washed with water, dried (Na$OJ, and evaporated- wtioa of the r&duo 
from scctoae gave the saturated trionc as mtdles. m.p. 212-213”. [ah +86-9’. no W absorption, 
V- 3437 (OH), 1735 (17.ketone). 1712 (Eketone) and 1690 cm-’ (H-bonded s&chain kctooe). 
NMR 7-87 (sidadrain COCH,). 8-65 (OH), 8.74 (Cl9-Me) and 8.91 T (Gl8-Me). (Found: C, 
73.35; H, 9.05. C,,HuOI requires: C, 73.75; H. 9*15x.) 

1 I/.?-Hydroxy-S,!?, 16~-pcnrcu-l7(~~~-3,21~~ 

The foqoing 16-oxobutyl compound was cycliz.ed in the usual way. The product a-ystalhred 
from accton+&xane to five the pentaranc as laths, m.p. 216217O, [all, -3-Y. Am.. 236-S my 

(8, 16,900). 1m.s 3605 (OH), 1711 (3_kctone), 1665 and 1633 an-l (a,%unsaturated ketone), NMR 
4.38 (doubkt. G-H), 8.37 (OH), 8.70 (C-19-MC) and 8.78 7 (Gl8-Me). (Found: C. 77-l; 
H. 8-8. &H,,O, requires: C, 77.5; H. 9.05%) 

a. A soln of 3,%aatoxy-l6/?-~ntara-S,l7(2O)dkn-2lonc (2 g) and DDQ (1.4 g. 1.2 q) in dry 
dioxan (SO ml) was refluxai for 5) hr. ‘Ihe soln was cooled and the @pitated hydroquinone was 
filtered off. The filtrate was diluted with et&r, washed with Na,CO,aq and water, dried (Na,SO,) 
and evaporated under reduced press. Crystallization of the r&due from ch-McOH gave the phenol 
(0.8 g) as nccdkd, m.p. 280”. [zI]n -68”. &.x 281 rnp (6, 3SOO). v~P 3560 (C2l-OH), 1731 
(C-3-OAc) and 1615, 1593 cm-r (aromatic ring). (Found: C, 78.9; H, 8.75. GH,,O, rquira: 
C, 78.9; H. 8-S%.) 

The 3.2l-diacetate (A&-pyridinc. loo”, ) hr) formed mdka from McOH m.p. 159”. [aL 
- 54.8’. a,., 266.5 (e. 1470) and 273 rnp (d. 1430). v_.= aot*css 1768.1208 (phcnolic OAc) and 1739,124O 
cm-* (aliphatic OAc), NMR: ca 39 (aromatic protons), 7.72 (pbcnolic OAc), 7.96 (C3 /?-OAc), 
8% (C)~--MC) and 9.03 t (C-l%Me). (Found: C, 76.25; H. 8.1. C,,H,,O, requires: C, 76.75; 
H. 8.1%) 

The methyl ether (3@OH) (Me$O,-mcthanolic KOHaq) formed plates from MeOH, m.p. 
16%164’, [zln -69”. &u 226 (e, 6870). 279 (e, 3170) and 286 mp (e, 2720). xp.$“s 3610, 1676 and 
16lOcm-‘,NMR: 2.9-3.S(aromaticABX systan),455(CbH).6~21 (G2l-OMc).8~92(C-l9-Me) 
and 9+6 7 (C-18-Me). (Found: C, 82.1; H, 8.95. C,,H,,O, requirea: C, 81.75; H, 9.150/,) 

b. A soln of 3~-aatoxy-16/?-pcntara-5.17(20)dien-21-onc (2 g) and chloranil (5 g) in dry 1. 
butanol (SO ml) was refluxcd for 34 hr. After keeping overnight at room tanp, the - qumom 
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was flkcred off and the filtrate was coaantrated under rcdua~! press The residue was dihttaI with 
ether, washed with S% KOHaq and water. dried (Na,SO,) and evaporated to dyesa Gystabation 
of the residue from chf-McOH gave the phenol as nadks, m.p. 27$277’, identical with the product 
obtained using DDQ. 

A soln of 11/?-hydroxy-16ec3’-oxobutylandrost4cne-3,17diom (l-3 g) and DDQ (1.3 g, 1.3 cq) 
in dry dkxao (50 ml) was rcfluxcd for 6 hr. After cooling. the precipitated hydroq uinoWwas!lltcred 
off, the fItrate was diluted with ether and washed with 5 % KOHaq and water. Evaporation of the 
dried (Na,SOJ extract and crystallization of the residue from aaton&cxane gave the dicnedione 
@6 S, as needles, m.p. 226.5”. [z]n +85.2”. R,= 242 rnp (a, 14.264). 4%’ 3375 (OH), 1739 (C17- 
ketone), 1715 (side-chain ketone), 1657. 1613 and 1603 an-t (1,4dkn-3-o&. (Found: C, 74.65; 
H, 8.3. C,,H,O, requires: C, 74.55; H. 8.lS%.) 

Tbc fomgoing 1,4-dicn-3-o~ (1 g) was cyclimd as described earlier. Crystallization of the prodW 
from aatone-hcxanc gave the pentarane (0.55 g) as laths. m.p. 20%209’. [a],, + 15.8’. &s 238 rnp 
(u.28,700). v~~~* 3330 (OH), 1662, 1643, 1612 and 1597 cm-l (unsaturated ketones). (Found: C, 
7895; H, 7.6. f&H,O, requires: C. 78.35; H. 8.0%) 

11 ,%Ifydroxy- 16z-3’oxobufylandros~a4,6-ditne-3,17-dk~~ 

A soln of 11/?-hydroxy-1601-3’-oxobutylandrost4cne-3,l7dionc (2 g) and chloranil (S g) in dry 
t-butanol (SO ml) was rcfhxcd for 3 hr. After cooling, cxass quinonc was hltercd off, the 5hratc was 
diluted with ether and washed with S% KOHaq and water. Evaporation of the dried (Na,SOJ 
extract and crystallization of the residue from aatom+hmmnc gavcthcdkncdionc(l~l g)asnculks, 
m.p. 221-Z. [I]~ +133*6’. 1-x 282 rnp (e, 24,400). vz$” 3520 (OH), 1741 (Cl’I-ketone). 1721 
(sidcchain ketone), 1640.1616and 1S77cm-1(4,6dkn-3-onc). (Found: C, 74.3; H, S-25. C&HrO, 
requires: C. 74.55; H. 8.15%) 

The forugoing 4,6dkn-3-oae (1 g) was cyclimd as described earlier. Tba product crystallimd 
from ecetonc to give the pcntara~ (0.65 g) as nadles, m.p. 263-264’. [a] -44.4’. 1,~ 237 (e. 
16,200) and 280 rnp (e.22.700). (Found: C, 78.15; H, 89. C,,H,O, mquircs: C, 78.35; H, 89yW) 

A soln of 3,3+thyknedioxy-llj3-hydroxyandrost-Scn-17sne (29 g) in py-ridinc (25On-d) wax 
ad&d, dropwise at 0”. to a stirred solo of FOCI, (60ml) and HJ’O, (Sml) in pyridinc (25Oml). 
Aftez stirring for a further 2 hr at 0”. the soln WM kept overnight at room tcmp and poured into water. 
Cr+kation of the ppt (24 g) from acat one&xMa gave 3.34ykncdi0xya4mata-5,!9(1 I_- 
17-ona aa needler, m.p. 194-1950. [aIn +101*3’ (dioxan). no UV absorption. (Found: C, 76.3; 
H, 8.5. C,,H,O, requires: C, 76.8; H, 8.6%) 

, 

9a-~~ll~hyct4xyl6~-~mo4,17(~~-3fl~~* 

A soln of 16~-peotara4.9(11).17(2O~triem-3,2ldiow (l.Sg, see Tabk 4) in dioxan (7Sml). 
water (IS ml) and 70% pcrchloric acid (075 ml) was stirred with N-bromaatamidc (1.6 g) for 1 hr 
at room tanp. Na,SO,aq wps added to discharge the colour and the ppt was colkctcd. The brom- 
hydrin formed needles (1.5 g) from CH&.&h4cOH. rn.p.-inddinito decomposition, [a]r, +58-9’. 
Lxou 239 rnp (e, 32,600). vF.p 3615 (Cl14H). 1662 and 1612 cm-’ (a&rnsaturated ketones). 
(Found: C, 64.1; H, 7.1; Br. 19.1. GHJtrO, requires: C. 63.7; H. 6.7; Br. 18.4%) 

9~.11~-kiDoxyl6~~~~,17(20)-dltnr_3.21-dbN* 

A soln of the fcrcgoing bromhydrin (2.4 g) and anhyd AcOK (2-S g) in EtOH (200 ml) was refhxcd 
for 1 hr. The soln was concentrated under rcduczd pm and diluted with water. The ppt was 

l Experiment carried out by M. Howarth. 
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colleaed ana chromatographcd in benzene soln on silica (a00 g). Efutioa with btnotaoeihcr mix- 
tures gave the S/3,1 l/J~xidc. (@8 g). m.p. 221-222’ (from aatotA~~~~). [ah -64.8”. L 238 rnp 
(c. 31,lu)). ~2 167s. 1642 and 1622 cm-‘. (Found: C. 78.15; H, 8.1. C,,H,O, requirea: C, 
78.4; H, 8.0x.) 

To a cooled (0”) solo of the foregoing cpoxidc (1.U g) in dimcthylform.amide (7.5 ml) was added 
anhydrous HP (7.S ml). The mixture was kept at (P for 6 hr and overnight at room temp. The 
oil obtained on pouring the mixture into K,CO,aq wasextracted into CH,Cl,. the extract was washed 
(H.0). dried (Na&O,) and evaporated. Crystallization of the residue from bcnztnc gave the 
fluorhydrio (@7 g> as ncedks. m.p. 24s-244”. [aID i-27.8”. Imu 237 rnp (c, 31,630). rF.$” 3614, 
1667, 1624 cm-‘. (Found: C. 73.8s; H. 7.9. C.,H”FO, requires: C, 74.1s; H, 7*8S%.) 

1 l~-Hydrox~3-mcthoxy-16~~~a-3.S.17(20)_~ricn-21ons 

A suspension of 11/?-hydroxy-l6/?-pcntara-4.17(2O)dknc-3.21dionc (1.4 g) in dry THF (15 ml), 
trimethyl orthoformatc (1.2 ml) aod McOH (1 ml) containing tolucoe-@phonic acid (0+04 g) waa 
stir& at room tanp for 2S mio. during which time the steroid dissolved. pridbe (1 ml) and water 
(ca. SO ml) were added and the ppt was colkctcd. Crystallization from CH,Cl~McOH (containing a 
tram of pyridiac) gava the tool ether (0.7 g) as nccdks. m.p. 216219’. [aID -247.7”. Isu 2383 mp 
(c, 32,X0). NMR 4.3 (d, J ca. 2 c/s, C&H). 4.87 (m. G4 + C6H). 6.42 (G3--OMe). 8.76 T 
(C-18 +- C-19-MC). (Found: C, 77.6s; H, 8.35. C,,H,,O, n+rcs: C, 78.2; H, 8*7S%.) 

To a soln of the Vihmicr reapt prepared from KXZI, (1.3 ml) and dimethylformamidc (3 ml) 
in CH,Cl, (20 ml) was added, at 0’. a solo of the foregoing cool ether (1.8 g) in CH,Cl, (20 ml, 
cootainiog a few drops of pyridioe) and the mixture was stirred at (r for IS min. NaOAcaq (107’. 
100 ml)andetherwmadded,theoqueoutphoscwueeparrted,thedbawu~wi~N~CO~q 
and water, dried (Na,SO,) and evaporated. Ctystalbtioo of the residue from MeOH gave the 
dformyl enol ctbcr (@6S g) as necdka, m.p. 267-268”. [aIn - 184.S’. L 238 (6, ~,~) ad 322 
rnp (c, 16.800). v-a= 3S30 (OH). 16S6 (CZl-ketone), 1619 and 1600 an-’ (cbformyl en01 ctbcr). 
(Found: C. 753; H. 8.1. C,H,,O,requircs: C. 757; H, 8-1S%.) 

1 l~-H~oxy-6-mcrhy/~-l6~-~ura~,l7(20>dimc-3,2l-dbrw 

To a soln of the foregoing dformyl extol ether (0.3 g) in THF (6 ml) was added lithium borohydrick 
(~1Sg)aodtbcmixturewaskeptatroomtanpforSmin. Theprodwztwaaprscipitatedwithwatcr 
and extracted into et&r. Evaporation of the wasbed (H.0) and dried (Na&OJ extract kft a ruidue 
which was dissolved in 90% A&H (Sml) and kept at W for 10 min. Dilution with wata and 
c+aUization of the ppt from Me-OH gave the 6-mcthykoc derivative (@l g) as nadka, m.p. dccom- 
poses above 24s”. [ah +2S1*8°. SU 240 (a, 24,400) and &,, 26s rnp (c, 11,800). NMR 4.14 
(W-H), 4.37 (G&H), ca. 4.97 (AB quanet. > =CH,), 8.18 (Cl 1 WH). 8.61 (Gl9-Me), and 
8.7s T (C-18-MC). (Found: C. 78-U; H. 7.9. &H-O, requires: C. 78.65; H, 8.2Sx.) 

A soln of 3-methoxy-19-oor-16~~~-1.3,~10),17(20)_tct21~~ (6.2 g) in ethyl methyl 
dioxolan (120 ml) containing tol~~sulphoak acid (0.1 g) was slowly diatilkd ovtt 3 hr. pridins 
(1 ml) and bcnztno wem added. the mixture was washed with water, dried (Na,SOJ and evaporated 
under rcduad press. Crystallizatioo of the residue from McOH (containing a trace of pyridinc) gave 
t&a kctal (5 g) as prisms, m.p. 110-I 11”. [aID +7.3”. NMR a. 3 (m, aromatic protons), 64 (ku~I). 
6.23 (G-Me) and 9.22 7 (G18-Me). (Found: C. 78.11; H, 8.4. C,,H,,O, requires: C, 78.9; 
H, 8.5x.) 

A soln of the abovt ketal(4 g) in THF (2SO ml) was ad& to a solo of Li (1 g) in liquid ammonia 
(200 ml) and the mixture was stirred under nflux for 4 hr. Ammonium chloride (IO g) was added 
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and the ammonia was allowed to evaporate overnight. Ether and water wtfc added to the residue, 
the etbcr layer was sparated. washed with water, dried (Na,S0J and evaporated. A sola of the 
residue (ca. 3 g) in aatonc (SO ml) was rcfluxcd with tolucne-psulphonic acid (@25 g) for 3 hr. and 
then poured into dil Na,CO,aq. The product was isolated with ether and chromatographed onto 
alumina (150 g) in bcnzcnc sol. Elutioo with benttnoether (4: 1) gave small quantities of products 
retaining an aromatic ring A; elutioo with bemzntithcr (2: 3) gave crystalline materials which were 
combined and crystallized from MeOH aq to give 19-oor-16x-pcmara4.17(20)icnc-3,21-dionc 
(0.35 g, as laths, m.p. 173.5”. [& + 123.9”. Lx 241 rnp (e, 33,100). NMR 4.13 (m. G4 and C-20 
protons) and 9.02 T (C-18-Me). (Found: C, 81.1; H, 8.55. CI,H,,OI rcquircs: C. 81.45; H, 
8.7 %.) 

A suspension of 3-mcthoxyocstra-2,5( 10)-d&-17-one (I95 g) in dry bcnzne (500 ml) was added 
to McONa (prepared from Sg Na) and ethyl formate (30 ml) and the mixture was stirred at rmrn 
temp for 1 hr. More formate (10 ml) was added, the mixture was rcfluxcd for 1 t hr, cookd, and the 
product was isolated as described earlier. The crude product (145 g> was dissolved in dry py-ridine 
(150 ml), methyl vinyl ketone (10 ml) and Et,N (5 ml) were added and the mixture was kept under N 
at room tcmp for 16 hr. The solvents were removed in WCI(O. the residue was dissolved in EtOH 
(200 ml), a soln of KOH (30 g) in water (100 ml) was added and the soln was refluxcd for 30 min. 
After cooling, the ppt was colkctcd and crystahizcd from CHIC!,-MeOH (containing a few drops of 
pyridinc) to give 3-methoxy-l9-nor-16/?-pentara-2,5(10),17(20)-tricn-21-onc (10.5 g) as plates, m.p. 
198”. [xl,, ~79.3”. Lx 2345 m/r (e, 18.400), vz 1695 (one band of 3QMa2,5(10)-dicoc d), 
1674 and 1642 cm-’ (17(2O)-cn-2l-onc), NMR 4.31 (d, J 2 c/s. G&H), 5.32 (CZ-H), 644 (C- 
3-OMc)and 9.04 z(CI8-Me). (Found: C. 81.6; H.9.1. C,,H,O,rcquircs: C.81.6; H.8.95%.) 

A soln of the foregoing enol ether (5 g) in McOH (250 ml) was rcfluxed with a sola of cone HCl 
(30 ml) and water (30 ml) for 30 min. Dilutioo of the mixture with water, and crystalliratioo of the 
ppt from CHIC&-McOH gave. 19-oor-16/?-pcntara-4.17(20)dicnc-3,21dione, m.p. 179”. [a]n -22.7”. 
I&x 238 rnp (6, 33,600). NMR 411 (C-&H), 4.29 (d. J 2.3 c/r, C-2tL-H) and 8.98 z (C-I&Me). 
(Found: C, 81.0; H, 8.85. C,,H”O, requires: C, 81.45; H. 8.7%) 

A suspension of 3~hydroxy-l6~-~tara-5,17(2O&ficn-2l-one (2 g) in ethyknc glycol (100 ml) 
containing tolueaa~ulphonic acid @OS g) was slowly distilled under rcduad pram (ca. 2 mm) for 
1 hr (ca. 25 ml distillate); the steroid dissolved within 10 min and the product separated shortly 
afterwards. The suspension was cookd. ncutralimd with pyridioe (ca. 5 ml) and the ppt colbdad 
Crystallization from McOH gave the ketal(l.3 g) as obedks. m.p. 190”. [a]n -67’. no UV absorption, 
NMR spectrum 46 (C6H, 1 only), 6.05 (-CH C of ketal). 8.05 (OH), 8.97 (Gl9-Me) and 9.23 T 
(Cl&Me). (Found: C, 78.15; H, 9.4. C,,HWO, required: C. 78.1; H, 9*450/,) 

A soln of the foregoing Letal (2 g) in acetom (60 ml) and water (5 ml) containing toluene-p- 
sulphonic acid (025 g) was refluxed for 8 hr. Ether (500 ml) was added. the sohr was washed with 
Na,CO,aq and water, dried (Na$&) and evaporated to dryness. Cr@liz.ation of the ruidut 
from a&one gave 3,!?-hydroxy-16a-pcntara-5,17(20)dien-21~~ (I.2g) as latha, m.p. 212”. [a]r, 
+ 3”, 1-u 242 rnp (a, 15,200), v:.~( 3674.3594 (OH), 1659 and 1606 cm-t (a@naaturated kc&me) 
NMR 4.17 (G20-H). 4.56 (C-6-H). 808 (OH), 8.96 (C-19-Me) and 998 T (Cl&MC). 
ORD f&, -1710’; I4lut.r -1280”; [dlw -1SSOO’; [dLu +4W (infl.); [#Lu +26lo”(intY.); 

Ml,,, r369O0 (id.) and [OL, -;3950’ (in&) (c, @099 in dioxan). (Found: C, 79.4; H, 9-55. 
~H,,O,.)H,O requires: C, 79.05; H, 95x.) 

By comparison, 3~-hydroxy-l6~ptara-S.l7(2O)dkn-2l-onc (see Tabk 4) bad the following 
ORD spectrum: [#]ru +1400”; f&U +lOO”; [9hU +1020°; [+I,” -~uup; [&a --2u)(p; 
ML96 -5730” (in&); (c, 0966 io dioxan). 
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A suspension of 3/?-hydroxy-Sx,16&pcntar-17(2O)-en-2l-one (6 g) in ethylene glycol(200 ml) con- 
taming tolucnc-psulphonic acid (0.15 9, was slowly distilled under rcduad press (ca. 2 mm) for 2 hr; 
after ca. 45 min the steroid had dissolved and the p&duct prozipitated soon aftenvards. The solution 
was cookd, ncutralimd with pyridine (ca. 5 ml) and diluted with water. The ppt was collected and 
crystallized from CHICIS-McOH to give the kctal (5.7 3 as plates, m.p. 194”. [zh, +@9’, no UV 
absorption, NMR 6.01 (XH,- of kctal), 768 (OH), 9.16 (C-19-Me) and 9.27 T (Gl8-Me). 
(Found: C. 77.2; H, 1015; C,,H,O, requires: C, 77.65; H. 9.9%) 

A soln of the foregoing ketal(4 g) in acetone (90 ml) and water (IO ml) was rcfluxcd with tolucoe- 
psulphonk acid (2 g) for 3 hr. Pyridine (3 ml) and water (IO ml) wcrc added and some of the acetone 
was boiled off. The mixture was cooled, the ppt was collcctcd and crystallized from CH,Cl,-asetone 
to give 3~-hydroxy-5x,16a-pcntar-l7(2O)_en-21-onc (3.1 g), m.p. 18&181°, [ah, +71.3*. I,, 242 
rnp (E. 16.000). pm:“?,“’ 3499, 3268 (OH), 1666 and 1644 cm1 (a~unsaturated ketone). NMR 4.18 
(d. J 2 c/s. C-20-H). 9.1 I (CI8-Me) and 9.16 +(C-19-MC), ORD [+],,t., -4990”, [+I,., -3420”; 

141 ,,, -4290”; [4],,, +2W (infl.); [db,, + 10.080” (infl.); [41un + 15,2OCP (infl.); (c. 0.038 in 
dioxan). (Found: C. 78.4; H, 9.85. C,,H,O,.+H,O requires: C, 78.6; H. lO+OS%.) 

By comparison, 3,5-hydroxy-5z,16@-~ntar-l7(2O)-en-2l-onc (see Table 4) had the following ORD 
spectrum: [41u, 2 2780; [41ru + 1660”; [4],,, -i2250”; [+b,, - 1490” (intl.); [4],,, -4960” (it&); 

[41 ,,, -6660” (infl.); (c, 0.034 in dioxan). 

3/?-Acrroxy- I6jI~17~-penrar-5-tn-21 -one 

A soln of 3,!Lhydroxy-l6/?-pentara-5,17(20)dien-2l-o~ (2.3 g) in EtOH (100 ml) was hydra- 
gcnatcd at NTP over pm-reduced 5% Pd<harcoaf (@2 g); H uptake virtually aascd after 40 min 
(190 ml. I.3 cq). After removal of the catalyst. the soln was evaporated to dryness and the residue 
was acctylatcd (Ac,O-pyridine. lOO”, 2 hr). Crystallization of the product from -one andCH,Cl,- 
MeOH gave 3/?-aatoxy-l6/?.17jFpcntar-kn-2l-one (1.7 g) as plates. m.p. 218”. [a], - 179.2”. no 
UV absorption, uk:$csr 1733, 1245 (acetate) and 1715 cm-r (C-21 ketone). NMR 4.6 (d. C-f&H), 
7.96 (aatatc), 8.97 (C-19-Me) and 9.13 T (Cl8-Me). (Found: C. 78.2; H, 9.55. C,,H”O, requires: 
C. 78.1; H. 9.45 %.) Hydrolysis of the foregoing aatatc with alcoholic KOHaq (room temp. 3 hr) 
gave the 3@kohol, plates from MeOH, m.p. 186”. [xJD -ml”, NMR 4.6 (d, c6H). 7.85 (OH + 
H.0). 899 (C-19-Me) and 9.14 T (C-18-Me), ORD [4] m -9530”; [4]- +78W; a, -173” (c, 
0087 in McOH). (Found: C. 77.15; H, 10.05. ClrHuOl. H.0 requires: C, 77.6; H, lO.OS%.) 

A soln of 3/I-hydroxy-16x-pcntara-5,17(20)-dkn-21-one (1.5g) in EtOH (loOmI) was hydro- 
genated at NTP over proreduced Pddoal (5”/ @2 g); H uptake was essentially complete 
within IS min (110 ml, 1.1 cq). After mnoval of the catalyst, the solvent was evaporated in wuy) 
and the residue was crystallized from CH,C&-McOH to give 3B_hydroxy-l6x,l7a-pentar-5-en-2l-one 
(1.2 g) as nccdlu, m.p. 223”. [ah, +73’. no UV absorption. NMR 4.55 (m, G6-H). 8.47 (OH), 
8.97 (C-19-Me) and 9.22 T (C-I&Me). ORD [4l,,, +9970”; [4l,,, - 11.760”; a, 217.3” (c, OQ77 
in MeOH). (Found: C. 80.55; H. 10.1. C,H,O, requires: C, 8@65; H, 10X1%.) 

The 3/&etate (AC@-pyridine. room temp. overnight) formed tuedka from aqueous MeOH, 
m.p. 188”. [a’JD $55”, I=*‘% 1733. 1238 (acetate) and 1716 cm-* (G21 ketone), NMR 4.57 (m 
C-&H), 7.8 (aatate). 8.97 (C-19-Me) and 9.22 z (C-18-MC). (Found: C. 78.55; H. 9.5. 
CUHUO, requires: C, 78.1; H, 9.45%) 

A solo of 3~-hydroxy-Sz,16~-penlar-17(20>en-21~~ (1.8 g) in EtOH (100 ml) was hydrogenated 
at NTP over pm-reduced Pd*harcoal (5%. @16 g); H uptake was compkte in 20 min (145 ml, 
I.1 q). After removal of the catalyst, the soln was evaporated to dryness and the residue vvaa crystal- 

lixed from CH,Clmtone to give 3/?-hydroxy&,16/?,178_pentarao-21one (I.35 g) as needks, m.p. 
190”. [aIn -951”, no UV absorption below 260 rnp, NMR 8.35 (OH) and 9.18 T (cl8 + Gl9-MC), 
ORD [dls,, -8280”; [41w +8510”; a. 168. (c, 0096 in M&H). (Found: C, 8045; H, 1065. 
C,H,O, requires: C. 80.2: H, lO.55%.) 
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The 3&aatate (A@-pyridinc, room temp. overnight) formed laths from aqubolls MeOH, np. 
167”. [& - 109.1”; wZ‘*~~ 1733, 1240 (acetate) and 1717 cm-‘(C21 ketone). NMR 7.97 (rcctrtc), 
and 9.16 T (C-18 + C-19-Me). (Found: C, 77.15; H, 9.85. CuH+,O, requira: C, 776S;H, 9*9’/,) 

A soln of 3B-hydroxy-S3,161-pentar-l7(#)>eo-21~~ (l-5 g) in EtOH (75 ml) was hydrogznated 
at NTP over pre-reduced Pd-charcoal (S%, @lS g); H uptake ceased after 10 min (10s ml, 145 c+). 
After removal of the catalyst, the soln was evaporated IO dryness and the residue was crystallized 
from CH,Cl,-acetonc to give 3,9-hydroxy-Sz,lti,l’Iz-pcntaran-2l-ooe (1.15 @ as prisms, m.p. 184”. 
[alr, + 138.1”; no UV absorption below 260 rnp, NMR 8.26 (OH), 9.16 (C-19-Me) and 9.23 T (C- 
l&Me), ORD [&, +11,900”; [&,, -11.300”; a, 232” (c, 0425 io MeOH). (Found: C, 78.25; 
H, 10% GHUO,.iH,O requires: C. 78.15; H, IO%%.) 

The 3/I-scttate (Ac,O)-pyklinc. 100” for 1 hr) formed laths from CHIC&-M&H, m.p. 170-171”. 
[aIn + 113.1”. v~$::‘O~ 1733, 1245 (acetate) and 1717 cm-l (G21 kctonc), NMR 798 (acetate) 
9.16 (C-19-Me) and 9.25 r(Cl&,Me). (Found: C, 77-E; H, 10.2. GH”O, requires: C, 77.6s; 
H, 9.9x.) 


