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Am--The ambiguity concerning the relative importance of the spatial configuration and the electronic 
characteristics in determining the biological activity of steroids is reviewed. A novel approach to the 
resolution of this ambiguity, involving determination of the activity of model compounds, is presented. The 
total synthesis of some of these compounds, which are based on the 7(8+ I Ia)&eoestrane ring system. is 
described. The biological activity of this class of compounds is found to provide evidence of the importance 
of the spatial characteristics of estrogens. 

INTRODUCTION 

“IN STEROID chemistry there is some uncertainty as to whether the molecule’s electronic 
characteristics or the spatial configuration of each feature of the ring system influence 
biological activity.” This introduction to a recent article2 probably understates the 
paucity of unambiguous information in this area of biochemistry, where the detailed 
mechanisms of the varied physiological activity of steroid hormones still remain 
speculative.3 In this paper we will describe how the synthesis and activity of some model 
compounds have provided us with a dfierent approach to the evaluation of the role of 
steric and electronic effects. In order to properly present the rationale of this approach it 
is first helpful to review briefly the current understanding of structure-activity relation- 
ships in steroids. 

Previous work’ on the biological activity of steroids as a function of their structure 
has led to the generalization that ease of access to the a and p faces of the molecule can 
significantly tiuence physiological activity. In fact, progestational and androgenic 
activity have been associated with approach to the fi and a faces, respectively, of the 
steroidal ring system.5 This hypothesis is of practical value; for example, the removal of 
the 19(p) Me group and the introduction of an axial alkyl substituent on the a-face (eg 
17a) is an established procedure for enhancing progestational activity. The importance 
of steric effects is also suggested by recent work6 which has shown that 2-thio-A-nor- 
androstanes are biologically active. That is, substitution of sulfur for the C---L group, an 
isosteric exchange, does not remove the androgenic activity despite the drastic electronic 
differences between the two groups. On the other hand, hormonal activity is also very 
dependent on the electronic properties of the (oxygen) functions at C-3, C- 17, and other 
positions,:’ and may be modified by introduction of suitable electronegative substituents 
proximate to these functions. For example, halogenated steroids have been extensively 

l Meaning cleavage of the 7.8 bond of the estrane skeleton and formation of a new 7- 1 la bond. The 
numbering of the intermediates is based on the steroid system. 

t To whom correspondence should be addressed. 
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studied because of the enhanced hormonal activity of compounds such as the 9-halo- 1 l- 
keto-progesterones.’ Expansion or contraction of one or more rings in the skeleton 
generally effects an alteration in hormonal activity,’ which may be attributed either to 
modification of the hydrocarbon template or to a change in the relative spatial orienta- 
tion of the two or more functional groups in the molecule. The importance of relative 
spatial orientations is also implied by conformational analysis of the anti-inflammatory 
corticosteroids, which has shown’ that the relative geometry of the functional groups in 
these molecules is the same as that in iqji’ammtafory agents such as histamine and 
serotonin. 

Ho@ “o$yH 
dandI-3-hydroxy-7(8+ 1 Ia~beoestra-A’~‘~~LU’-trien-17~-ol 

FIG. I. Stmochcmical rektionships between d-cstradiol and d- and I-3-hydroxy- 
7(8-r I Ia)obeotstra-A’.‘.n’U’-tricn- 1784 

However, the important question of whether and why the 1: 2cyclo-pentenophenan- 
threne ring system of the steroid molecule is unique remains unanswered. Interaction of 
this tetracyclic hydrocarbon skeleton with the hydrophobic region of the receptor may 
well be very important. Alternatively, as noted in the preceding paragraph, the effect of 
defining the geometry of two or more functional groups of the steroid, relative to each other 
and to the receptor site, must be considered a definite possibility. 

These questions may be probed by a comparison of the steroid with a molecule which 
retains the steroidal C-3 and C- 17 functions in exacrly the same spatial relationship, yet 
possesses a di&zrenr hydrocarbon skeleton connecting these functions. The simplest 
molecule which possesses these requirements is based on the 2 : 3cyclo-pentenophenan- 
threne ring system, which differs from the steroidal skeleton only in the displacement of 
rings B or D. This paper describes the synthesis and biological activity of two such 
derivates, d- and 1-3-hydroxy-7(8-+ 1 la)abeoestra-A’* ‘* y’“~-trien-17j%ol. 

In Fig 1 it can be seen that one antipode of this racemic pair differs from natural 
estradiol only in the placement of C-6 and C-7 (Ring B), while the other differs at C-15 
and C- 16 (Ring D). Apart from this, the stereochemistry of the functional groups and the 
ring systems of both antipodes is identical. 

Synthetic procedures 
5fl-Acetoxy- 108-methyl-truns-2decalone (III) was chosen as the starting material for 

the total synthesis. It may be obtained in substantial quantities by well documented 
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procedureslO and its stereochemistry is established.“* ‘* While the envisaged synthesis 
(Figs >6) would be more efficiently accomplished starting with the analogous rruns- 
hydrindanone II (Fig 2), the problem of effecting truns reduction” of the corresponding 
a,/3unsaturated ketone I negates the use of this compound. Velluz and others” have 
shown that truns reduction ofthe indanone I can be accomplished ifthe 4-position is first 
alkylated (eg, R =CH,CH,COOH): however, this approach is hardly applicable to the 
construction of the 2 :3cyclopentenonaphthalene skeleton. 

OAc OAc 

Jp -z Jp 

R R 

I II 
FIG 2 

Annellation of the decafone III (Fig 3) with methyl vinyl ketone, using Stork’s 
enamine procedure,” gave a 3 : 7 mixture of the a-p and p-y unsaturated ketones V and 
VI in 50-60% yiel.d, along with unchanged III and other minor products. The position of 
alkylation could be confidently assigned on the basis of earlier studies” of enolization 
dependent reactions of truns-#?decalones. The NMR spectrum of the pyrrolidine 
enamine IV also supported the proposed direction of alkylation. Only a small amount 
(-7%) of a tricyclic material, isomeric with V and VI, which may represent the alternate 
alkylation product VII, was formed in this reaction. As expected from the behavior of 
related systems,“* r6 V and VI were labile in the presence of acids, both being trans- 
formed to an equilibrium mixture containing 57% of V and 43% of VI. This equilibrium, 
which involves the C- 11 ring juncture, demonstrates that the C- 11 hydrogen atom and 
the C-13 Me group of V must be in the stable syn configuration. 

IVa 

V 

VI 

OAc 

IVb VU 

FIG 3 
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UAc OAc 

/ 

ci 
4 

WC 

FIG 4 

Both V and VI formed the same pyrrolidine enamine: Alkylation of this enamine 
(VIII. Fig 4) with 1,3dichlorobut-2ene. followed by sulfuric acid hydrolysis. was used 
to attach the desired oxybutyl side chain at the 5position of the hydroanthracene 
skeleton. The position of the side chain in IX and X was readily verified by NMR and 
UV spectroscopy. 

Saturation of the double bond of the z-p unsaturated Ketone, to form the all-trans 
perhydroanthracene ring system, was first accomplished by selective ketalization of the 
side chain ketone group, followed by reduction with lithium in liquid ammonia (Fig 5). 

FIG S 

l In fact, a mixture of enamines may be formed, with the heteroannullar diene dominant;” because of its 

irrelevance to the synthetic outcome. this possibility was not explored. 
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Removal of the ketal group and aldol condensation to form XII were completed in a 
single step by treatment of the reduced Product with hydrochloric acid in acetic acid. 
With regard to the stereochemistry of XII, the fact that the ketal XI was not isomerized 
by treatment with sodium methoxide demonstrated that the C- 13 methyl group and the 
C-l 1 H-atom were still in the stable syn configuration’* prior to reduction. With this 
knowledge, there is ample precedentI to believe that the Li/NH, reduction of an a$- 
unsaturated ketone of the structure XI would produce the tram ring juncture. Further- 
more, the transformations X-+X1+X11 are identical to the sequence used by Velluz et 
aI.” to construct the all-tram natural steroidal ring system. 

R’ 

XIVa: R=H. R’=OH 
b: R=Me, R’=OH 
c: R=Me. R’=O 

b:RFMe 
II 

\ R 

XVIIIa: R =0 
b:R=OH 
c:R=O.CO.CH, 
d:R=O.CO.CH,I 

FIG 6 

The stereochemistry of XII having been established, the transformation X --) XII was 
carried out more conveniently by stereoselective catalytic hydrogenation, followed by 
aldol condensation of the intermediate XIII. Since no problems of stereochemistry were 
involved after this stage, the remaining transformations (Fig 6) could be simply 
accomplished by standard literature procedures. Aromatization of the A-ring was 
completed using N-bromosuccinimide. ‘I The D-ring was then contracted by one of the 
standard methods developed by Johnson, 22 affording 3-methoxy-7(8-r 1 Ia)&euestra- 



532 C. G. Prrr and R. W. HANDY 

A’*3*W’o%rien-170ne (XVIIIa) as the fmal product of the synthesis. An X-ray analysis,” 
carried out on the 1784odoacetate (XVIIId), confirmed the assigned structure. 

The desired 7(8+ 1 lakrbeoestrane system having been obtained by a necessarily 
lengthy but stereochemically rigorous route, some attention was paid to an alternative 
and more efficient synthesis.* The basic scheme which was considered involves the 
Michael addition of 2-methylcyclopentane-1,3dione (Ring D) to an a$-unsaturated 
ketone which already contains the rudimentary components of rings A, “B” and C.t T’he 
synthesis of the z&unsaturated ketone (XX), which is the key intermediate in the 

xx 
Fm 7 

scheme, is shown in Fig 7. The base catalyzed Michael addition of 2-methylcyclopen- 
tane-1,3dione to this olefinic ketone (Fig 8) was apparently hindered by the a- 
substituent on the double bond, but proceeded slowly in refluxing n-butanol. Aldol 
condensation of the adduct occurred in part under the same conditions, although 
refluxing in xylene with benzoic acid and triethylamine was used to complete this 
condensation. Ring closure of XXI to the tetracyclic ring system using polyphosphoric 
acid proceeded smoothly but was complicated by the formation of two isomeric 
products, shown to be interconvertible in the presence of acid and tentatively assigned 
the structures XXIV and XXV. This complication was avoided if the saturated keto 
group of XXI was first reduced with sodium borohydride, and the alcohol group 
acetylated prior to ring closure. Polyphosphoric acid treatment then afforded the desired 
heteroannular diene XXIII as the sole product. It appears that changing the hybridiza- 
tion at C-17 from spz to sp3 has a strong influence on which olefin is formed on 
cyclization, or alternatively it influences the rate of isomerization under these acidic 
conditions. 

Catalytic reduction of the heteroannular diene XXIII gave a number of different 
products, depending on the catalyst and solvent used. Stepwise reduction could only be 
accomplished with difficulty using low catalyst to substrate ratios and dilute solutions. 

l This only became feasible once an authentic sample of the 7(8+ I la~o&westrane system was 
available. 

t The synthetic scheme bears a formal resemblance to a previous steroid synthesis“. The most recent 
advances in steroid synthesis are not applicable to the 2.3~cyclopentenophenanthrene skeleton. 
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OAc WC OAc 

McO/\// McOv 

xxm XXN XVIIIC 
FIG 8 

The optimum conditions involve the use of palladium on strontium carbonate in 
benzene, which caused both bonds to be reduced, and the all-trans product XVIlIc to be 
formed in 55% yield, along with two other isomers (5 and 40%). The all-tram product 
was readily separated by crystallization and proved identical in all respects with 3- 
methoxy-7(8-+ 1 la)u&oestra-A’~3*H’o~-trien-17~-ol acetate, obtained by the original 
synthetic procedure. Conversion to the 3,178diol was accomplished with pyridine 
hydrochloride. Birch reduction of XVIIIc gave 3-keto-7(8+ 1 la)ubeoestr-Aw’o)en- 
178-ol. 

77re biological activity of the 7(8+ 1la)abeoestrane system 
dl-3-Hydroxy-7(8+ 1 la)abeoestra-A’~3~“‘o~-~ien-17~-ol and the corresponding 3- 

methoxy- 178-acetate (XVIIIc) are very weak estrogens, exhibiting between 2 x 10m2 and 
10m3 of the activity* of estrone. 3-Keto-7(8-, 1 la)&ecestr-A~~‘“~en-17~ol acetate is a 
moderate antiestrogen. 

The lack of estrogenic activity exhibited by the 7(8+ 1 la)abeoestrane system is 
somewhat surprising, for it has long been thought that the structure-activity criteria for 
estrogenic molecular design are much less exacting than for other types of hormonal 
activity. For example, the derivatives of 1,2,5,6dibenzanthracene and diphenylethane 
represent two of many classes of non-steroidal estrogens.25 In the case of the 
7(8 -+ 1la)ubeoestrane skeleton, the ease of access to both the a and II faces, as well as the 
stereochemical relationship of the functional groups in rings A and D, is identical to that 
of estradiol, and cannot account for the substantially lower activity. We can only 

l Dctamincd by the uterine weight response in mice. 
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conclude that the edge-profile, as well as the faces of the molecule, must play a critical 
role in determining estrogenicity. 

EXPERIMENTAL 

IR spectra were mcaaurcd with a Perkin-Elmer model 221 spcctrophotomcter. NMR spectra were 
obtained using a Varian A-60 spectrometer with samples dissolved in CDCI, and are reported downfield 
from TMS (internal standard). Signal intensities are reported to the nearest integer ratio. W spectra were 
obtained using a Gary I4 spectrophotometer. TLC was run on plates coated with Silica Gel G, and 
developed with 5% phosphomolybdic acid in EtOH or 5% CcSO, in 10% HxSO,. Mps are not corrected. 
The elemental analyses were petformed by Micro-Tech Laboratories, Skokie, Illinois. Mass spectral 
analyses were otnained with an MS9A mass spectrometer. 

In the following experimental description, the reactions (Arabic numerals) and compounds (Roman 
numerals) are referenced with respect to the synthetic schemes depicted in Figs 3-9. 

77~ reactlon of III with pyrrolidfne and methyl vinyl ketone 
Reaction I. A soln of III (32.6 g-O.146 mole) in benxcne (325 ml) was rcfluxal for several min. to remove 

water and dissolved 0,. Pyrrolidinc ( 15.5 ml. 0.186 mole) was added to the cooled soln. which was then 
rclluxcd for 2.5 hr, removing water (2.8 ml) formed in the reaction by means of a Dean and Stark trap. GLC 
indicated less than 2% of unchanged III remained in the reaction mixture. The solvent was removed fn 
wacuo. to leave the enamine as a yellow oil. The structure IVa, rather than structure IVb, was assigned to this 
product on the basis of its NMR spectrum which showed signals at 248 Hz (s. W+ 7 Hz, IH. 
CH,---CH=C), 54 Hz (s, 3H. CH,-C). 122 Hz (s, 3H. O-CG-CH,), 26&283 Hz (m, lH, CH- 
OAc). I7 l-189 Hz (m, 4H. CH,-C&-N) in addition to the methylene envelope. Attempts to crystallize 
the cnaminc were without success. 

The mamine was redissolved in dry bcnxene (300 ml) and methyl vinyl ketone (10.2 g, 0.146 mole) was 
added to the stirred soln. GLC and NMR analyses showed that no reaction had occurred at room temp after 
24 hr. The soln was therefore rctIuxcd for 20 hr. before adding 75 ml of I : 2 : 2 mixture of NaOAc. AcGH 
and water. and rcfluxing for a further 4 hr. The aqueous phase was separated and extracted with benzene 
(3 x 50 ml). The combined organic phases were washed with 10% HClaq (3 x 100 ml), NaHCO, aq (2 x 30 
ml) and water (2 x 30 ml). The solvent was evaporated In vacno and the semisolid residue was shown by 
GLC to contain 10% of unchanged III. 24% of VI, 55% of V. as well as 7% of VII and 4% of a less volatile 
unidentified product. Fractional crystallization from ether afforded 6.605 g (16.4%)of V,mcltingat IZI.S- 
124O (capill). and containing less than 2% of VI. The mother liquors were concentrated and the residual oil 
was dissolved in M&H (200 ml) and pyrrolidine (15ml). This soln was retluxcd under N, for I hr and 
cooled to -5”. to give 16.50 g (34.3%) of VIII. melting at 961 I I” (cvac. capill.). 

In a separate experiment, the crude reaction product was fractionally crystallized from ether, and then 
various fractions were cluted from a florisil column with an ether/benzene mixture to provide pure samples 
of V: m.p. 128.5-129O (Koflcr); vz 3030,174O. 1670.1245 cm-‘;1”sH240 nm (e 17,400); NMR: 63.5 
Hz (s, 3H, C-CH,). 123.5 Hz (s. 3H, GCGCH,). 350 Hz (s. W + 4.5 Hz, lH,CH-C==Cfl), 260-282 
Hz (m. IH, CHOAc). (Found: C. 74.05; H, 8.87. Calcd. for C,,H,,O,: C, 73.88; H. 8.75%). VI: m.p. 
107-107.5° (Kofler); vk2 1745, 1725,1250cm“;1,, “‘~“286 nm (a 30); NMR: 5 I.5 Hz (s, 3H, C-CH,), 
124 Hz (s. 3H, O-CO-CH,), 164.5 Hz (s. W + 5 Hz, 2H, CO-CH,-C=C), 266-289 Hz (m, IH, 
CH-GAc). (Found: C, 73.97; H. 8.82. C&d for C,,HI,O,: C, 73.88; H. 8.75%). VII: m.p. l38.5- 
139.5O (Kofler); Y$ 3030. 1735. 1670. 1245 cm“;1 “s”240 nm (e 16,300); NMR: 64 Hz (s, 3H. C- 
CH,), 123 Hz (s. 3H, G-CO-CH,). 35 I.5 Hz (s, W + 4 Hz, IH. CH-C==CH). 260-281 Hz (m, IH. 
CHOAc). (Found: C, 72.95, 73.00; H, 8.41. 844; m/e 276.174. Calcd. for C,,H,O,: C, 73.88; H, 
8.75%; m/e 276.172). 

The isomcric ketones V and VI (100 mg each) were separately dissolved in ether (2 ml) containing 
anhydrous HCI [from ether (190 ml). 37% HCI aq (IO ml) and an excess of anhyd MgSO.1. After standing 
at room temp for 20 hr, the acid was neutralized by addition of CaCO,. GLC and NMR analyses indicated 
that both solns had been converted into an equilibrium mixture of 43% of VI and 57% of V. In both 
expcrimmts the GLC peak corresponding to V showed a shoulder of longer retention; however, the 
concentration of this material was not sufecimt to allow detection in the NIviR spectrum. 

When the ketone VII was subjected to the above conditions, no isomerixation to V and VI was observed. 
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contirming the different skeletal arrangement of this compound. A small amount of isomerization (C 5%) to 
a new compound, presumably the l&y-isomer corresponding to VII, was observed. 

pvrroiid&re enambtc of v 
Reaction 2. Pyrrolidine (0.2 ml) was added to a relluxing solo of V (200 mg) in MeOH (2 ml) under N,. 

ARer refluxing for 15 min. the mixture was allowed to cool to -So, when 179 mg of the product separated as 
white crystals, yield 75.1%; m.p. 1 IO- 112” (evac. capill.); v- eut’~l 725 1590 and 1260 cm-i. A tithu 

(e 12.500):NMR:52Hz(s.3H.C--CH,),123Hz(s,3H.0~~H,),265-295Hz(m,~~,~~~ 
and C=CH-CH), 259 Hz (s, W + 3 Hr. IH. N-C-H), in addition to the Me envelope. (Found: C, 
76.37; H, 9.48; N. 4.46. Calcd. for C,,H,,NO,: C. 76.55; H. 9.48; N, 4.25%). 

Repetition of this experiment using the i&y-isomer VI gave a 49.2% yield of the pyrrolidine enamine 
identical in all respects (mixture m.p.. IR. UV, NMR) with the enamine from V. 

Reaction of VIII with trans- 1,3-dlchlorokr-2-e 
Reacrion 3. A soln of VIII (12.41 g, 0.03768 mole) in dry benzene (75 ml), dry DMF (100 ml) and 

pyrrolidine (1.2 ml) was refluxed under Nz for 2 hr. removing any water in the reaction mixture by means of 
a Dean and Stark trap. The benzene and pyrrolidine were then evaporated in YUCUO. KI (6.255 g. 0.03768 
mole) was added to the soln, which was stirred and cooled to O-5” before adding rronr- 1.3-dichlorobut-2- 
ene (6.717 g. I.4 mole quiv) dropwise. The slurry was stirred overnight. allowing the temp to rise to 23’. 
before adding water (20 ml) and stirring for a further 4 hr. The reaction mixture was diluted with water ( 150 
ml) and extracted with ether (4 x 100 ml). The combined ether extracts were washed with 10% HClaq 
(2 x 100 ml), NaHCO,aq (25 ml)and water (2 x 20 ml) before drying over MgSO,. After evaporation ofthe 
ether, IR spectral analysis indicated the residual oil was a mixture of both saturated and a-g-unsaturated 
ketones. This oil was dissolved in ether (150 ml) containing HCI [from ether (190 ml), 37% HClaq (10 ml) 
and an excess of anbyd MgSO,] and allowed to stand at room temp for 24 hr before washing with 
NaHCO, aq (2 x 40 ml) and water (2 x 20 ml). The soln was dried over MgSO, and then the solvent was 
evaporated, to afford II.570 g of a brown viscous oil. A portion (2.040 g) of the crude product was purified 
by elution from a florisil column with a benzene/ether mixture. yielding 8 13 mg of the desired product IX as 
a clear viscous oil. Attempts to crystallize the oil were without success. 

The NMR spectrum showed signals at 63 Hz (s. 3H. C-CH,). 123.5 Hz (s, 6H. C%-CH, and O- 
CO-CH,). 192 Hz (d. J= 7 Hz. IH. C%-C&-CH=C), and 264-285 Hz (m, IH, CH-OAc). 
v:r: 1745. 1670. 1255 cm-‘; AM&u249 nm (s 13,600). (Found: C. 68.87; H, 7.95; Cl, 9.53. Calcd. for 
C,,H,,CIO,: C. 69.12; H. 8.01; Cl. 9.72%). 

Hydrolysis of IX with sufiric acid 
Reacfion 4. A soln of IX (490 mg) in AcOH (1 ml) was added to cone H,SO,(S ml) at - IO”. The soln 

turned a green to brown color and gas evolution was noted. The soln was allowed to warm to room tcmp over 
a period of 20 mm, and then poured into sat Na&O, aq (50 ml). The product was extracted with chloroform 
(3 x 50 ml) and the combined organic extracts were washed with water (50 ml) and dried over MgSO,. The 
solvent was evaporated and the residue was crystallized from hexanc (50 ml) to give 358 mg (76.9%) ofthe 
desired product X as white prisms melting at 156157.5O. Crystallization from MeOH afforded an 
analytical sample, 157-158.5” (evac. capill.):l~’ 25Onm (c 14.800): v;;.” 1720,1660,1605 and 1260 
cm-‘. The NMR spectrum showed signals at 63.5 Hz (s. 3H. C-CH,). 124 Hz (s, 3H. @-CO--CH,). 
128.5 Hz (s, 3H, C-CO-CH,). 151 Hz (s. 4H. =C-CH,--CH,-C=). 263282 Hz (m, lH, 
CHOAc). in addition to the methylenc envelope. (Found: C. 72.57; H. 8.77. Calcd. for C,,H,,O,: C. 
72.80; H, 8.73%). 

PreparaUon of the mono+thylenedioxy dkriva~lve of X 
Reaction 5. A soln of X (502 mg) andptoluenesulfonic scid monohydrate (10 mg) in 2,2ethylmethyl- 

I.3dioxolane (20 ml) was allowed to stand at room temp for 30 hr. TLC showed only a trace amount of 
unchanged X. and the presence of a single product. The soln was diluted with benzene (75 ml). washed with 
NaliCO, aq (2 x 10 ml) and water (3 x 10 ml). and dried over MgSO,. Tbe solvent was evaporated, and the 
residual oil was eluted from florisil with a benzene/ether mixture, to aIford 239 mg ofthe desirg product XI 
as a clear gum. 0 

The NMR spectrum showed signals at 63.5 Hz (s, 3H,C--CH,). 81.5 Hz (s, 3H.\rGH,), 124 Hz 
6.3H. O-CO-CH,). 238 Hz. (s. 4H, O-CH,-CH,--O), 263283 Hz (m, IH, CHOAc). in addition 
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to the methylene envelope; ~2 1740.1665. 1245.1060 cm-‘;l “,gH 250 nm (12.700). (Found: C, 7090; 
H, 8.58. Cakd. for C,,H,O,: C, 70.74; H, 8.78%). 

Sodium merhoxi& fre&menr ofXI. To a soln of Na metal (9 mg) in MeOH (10 ml) was added 40 mg of 
XI, and the mixture was retluxed overnight under Ns. The solvent was evaporated to leave a yellow gum. the 
IR spectrum of which showed absorption in the CO region at 1665 cm-’ (C!$) only. The gum was 
redissolved in pyridinc (2 ml) and AGO (0.6 ml) and allowed to stand overnight. The soln was diluted with 
water (25 ml) and extracted with chloroform (4 x 20 ml). The combined organic extmcts were washed with 
water (2 x 20 ml), dried over MgSO,, and the solvent was evaporated. After removing residual solvent at 80” 
(0.1 mm) for 4.5 hr. the residual gum (4 1 mg) was shown by TLC and IR spectral analysis to be unchanged 
Xl. 

Reduction of Xl with lithium in ammonia 
Reaction 6. A soln of XI (80 mg) in dry THF (10 ml) was added to a stirred soln of Li metal (SO mg) in 

redistilled liquid ammonia. AIter 5 min, the excess of Li was destroyed with NH&I and the ammonia was 
allowed to evaporate. The residue was diluted with benzene (75 ml) and washed with water (5 x 10 ml) 
before drying over MgSO,. The solvent was evaporated, to leave 78 mg of a clear gum. TLC showed this 
reduction product was of greater than 90% purity. The IR spectrum showed absorption at 3620 cm-* (OH), 
1715 cm-’ (C=G) and 1060 cm-‘; there was no absorption at 1250 cm-’ (OAc). 

The reduction product was dissolved in glacial AcGH (5 ml) containing 0.25 ml 37.5% HCI. APer 6 hr. 
the sobs was diluted with NaOHaq (SO ml) and cxtmctai with benzene (4 x 50 ml). The combined benzene 
extracts were washed with water (3 x 25 ml) before drying over Mg!SO,. The solvent was evaporated and the 
residue (72 me) was eluted from a Florisil column with a benzene/ether mixture to afford 46 mg (68%) of a 
gum. which TLC indicated was homogeneous. Crystallization from ether (10 ml) gave 34 mg of crystals, 
melting at 186185.5O (evac. capill.), identical (mixture m.p., IR. NMR, TLC) with the product obtained 
from acid catalyzed cyclization of XIII. 

Catalytic hydrogenation of X 
Reaction 7. A soln of X (200 mg) in EtOH com.aining 10% triethylaminc (9 ml) was added to 

prehydrogenated 10% PdC in the same solvent (3 ml). The mixture was stirred under Hz atmosphere until 
gas uptake had ceased. The reaction time was 40 min, and a total of 15.7 ml H, was consumed. (I mole 
quiv = 14.1 ml). The catalyst was filtered off, and the filtrate was evaporated to afford a quantitative yield of 
XIII as a clear gum. While TLC indicated the product was virtually homogeneous, crystallization was not 
successful. 

The NMR spectrum showed signals at 58 Hz (s,3H. C-CH,), 122 Hz (s, 3H, G-CG-CH,). 127 Hz 
(s. 3H, c--CG-CH,). 360-380 Hz (m, 1H. CHOAc); v,_ cSz 1735,1715(sh).1710,1245cm-‘.(Found:C, 
72.1 I; H, 9.24. Calcd. for Cr,H,sO,: C, 72.38; H. 9.26%). A soln of XIII (110 mg) in AcGH (5 ml) 
containing 0.25 ml 35% HCI aq was allowed to stand at room temp for 7 hr. The soln was diluted with water 
(25 ml) and the ppt was filtered off and drii &I vacua. Crystallization from ether (10 ml)at 0” afforded 70.3 
mg (67%) of XII as white prisms, m.p. 184-184.5O (evac. capill.). An analytical sample melted at 185-S 
186.5”. The NMR spectrum showed signals at 57.5 Hz (s, 3H,C-CH,), 123 Hz (s, 3H, G-CG-CH,). 
262-282 Hz (m, lH,CHOAc). 352 Hz (s. W + 3.5 Hz. lH,CG-CH=C-CH); V&Z 3030,1740,1675. 
l25Ocm~‘.l~~H242nm(14,600).(Found:C,76~27;H.9~16.Calcd.forC,,H,,O,:C,76~32;H,9.I5%). 

Arofn4ztization of XII 
Reacfion 8. A mixtureof XII (589 mg. 1.782 mmolc)and N-bromosuccinimide (589 mg, 3.309 mmole) 

was dissolved in rethtxing Ccl, (150 ml) under N,. The soln was irradiated using a sun lamp until a yellow 
color developed (5 min). After rdluxing for 1.5 hr, the soln was allowed to cool and filtered to remove 
succinimide. The gltrate was washed with NaHCO, aq (2 x 10 ml). dried over MgSO, and then evaporated. 
The residue was rediisolved in EtOH (80 ml) and added to prereduced PtQ (60 mg) in F.&H (10 ml) under 
Hr. After uptake of Hz had ceased (IO.9 ml. 2.5 hr), the catalyst was filtered off and the solvent evaporated. 
The solid residue was recrystallixd from benzene to afford 17 I mg (29.2%) of the desired product XIVa as 
off-white plates. m.p. 227-230° (Kofler). The mother liquors were concentrated, eluted from silica gel (16 8) 
with benzene containing 2.5% ether. and crystaked from benxene, to afford a further 196 mg (33.5%) of 
XIVa, m.p. 225.5-229.5O (Kofla). 

The NMR spectrum (perdcuteriodimethylsuIfoxide) showed signals at 53-5 Hz (s. 3H. C--CH,), 120 
Hz(s. 3H.O-CO-CH,).26&278Hz(m. lH.CB--OAc)~d38~3Hz(m,3H,yrl-H);~~ 3425. 
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3025. 1730 sh (non-bonded OAc), 1705 (bonded OAc), 1620, 1280 (bonded OAc), 1225 (non-bonded 
OAc);lgH 281 mn (2,350).288nm (shoulder, 2130). (Found:C, 76.61; H. 8.70.0&d. for Cs,H,O,:C, 
76.79; H, 8.59%). 

Methyl ether of XlVa. A slurry of XlVa ( I.0 g) in MeOH (IO ml) was treated with approx 5 ml 36% 
mcthanolic KOH. The rcsuhing soln was cooled to 8”. and MeSO, (10 ml)and 20 ml 36% mcthanolic KOH 
was lldded simultaneously from sepuuc addition funnels over a period of I.5 hr. maintaining the temp at 5- 
12O. The mixture was then bcld at room temp for 16 hr before diluting with iced-water and extracting with 
CH,CII. The organic atracts were drii over Mg!ZO, and evaporated. The residue (0.9 g) in 36% 
mcthanolic KOH (25 ml) was rdktxcd for 30 min. diluted with water (150 ml), and extracted with CH&I,. 
AtIer drying over MgSO,, the combined organic extracts were evaporated, and the residue was triturated 
with an c&r-light petroleum, giving 0.50 g of the desired XJVb as a white solid, m.p. 138-140° (capill.). 
Recrystallization from MeOH afforded an anlytical sample, m.p. 13%140° (capill,); +s 3630 (OH), 2845 
(OMe), 1610, 1500 (C=C) cm-‘; 1, 278 nm (4070). 286.5 nm (3750). The NMR spectrum showed 
signals at 50 Hz (s, 3H. C-CH,), 180-210 Hz (m, IH, C&-OH). 225 Hz (s. 3H, OCH,) and 3904lO 
Hz (m,3H,aryLH),inaddition tothemcthylcneenvelopc. (Found:C. 79.86;H,9038.CaJcd. forC&,Ol: 
C, 79.95; H, 9.39%). 

/ones oxidorlon of XJVb. A soln of XJVb (130 mg) in acetone (7 ml) was treated with 0.11 ml Jones 
reagent [chromium trioxidc (26.72 g), H,SO, (23.0 ml),diluted with water to 100 ml] at room temp. Excess 
of the oxidant was destroyed with McOH, and the mixture was filtcrcd and concentrated fn vacno. The 
residual solid (130 mg) was crystallized from MeOH to give 80 mg of analytically pure XIVc as white 
crystals, m.p. 15bl55” (capill.); ~3 2845 (OMe), 1710 (C=O), 1610. 1500 (C=C)cm-‘. The NMR 
spectrum showcd signals at 68 Hz (s, 3H, C-CH,), 227 Hz (s. 3H. C-CH,) and 290-440 Hz (m, 3H, 
aryl-H). in addition to the methylate envelope. (Found: C. 80.46; H. 890. Calcd. for C,&,Oz: C, 80.49; 
H. 8.78%). 

preporotion of &fivylidene &riwtiw XV 
Reaction 9. The ketone (45 mg) in warm MeOH (IO ml) was treated with 33% NaOH aq (1 ml) and then 

with redistilled hufural (0.12 ml). The partially heterogeneous mixture was kept in the dark at room tcmp 
under N, for 18 hr. The mixture was cooled to -4P bcforc filtering. to give 60 mg of the desired product as an 
off-white powder. m.p. 158160° (capill.). An analytical sample, crystallixed from EtOH, melted at 158 
159“ (capill.); Y::‘+ 168Ocm~‘;~& OH32 1 nm (24,400). The NMR spectrum showed signals at 64 Hz (s, 3H. 
C-CH,). 227 Hz (s, 3H, OCH,) and 386-456 (m, 3H, aryl-ij), in addition to the methylene envelope. 
(Found: C. 79.63; H, 7.56. Calcd. for C,H,O,: C, 79.75; H. 7.50%). 

Oxidaffve cleavage qfthefirf~lidene drrivatiw XV 
Reuction 10. A soln of XV (350 mg) in EtOH (300 ml) containing NaOEt (from 0.2 g atom of Na) was 

treated with 30% H,O,aq (40 ml). The resulting heterogeneous mixture was rapidly stirred in a capped 
Waring blender, the heat of stirriig maintaining a temp of -50°. Aftcr 28 hr. the still heterogeneous mixture 
was concentrated using a rotary evaporator, and then diluted with water (150 ml). The aqueous soln was 
extracted with ether to remove neutral materials. before acidifying with HCI and extracting with CHCI,. The 
combined CHCI, extracts were washed with FeSO.4, and water, and then dried ova MgSO,. After 
removing the solvent in vaeuo, the residual crude XVIa was ester&d with diaxomethane in ether. Elution of 
the product from silica gel with CHCI, gave 280 mg (80.4%) of XVIb as an oil, vgz4 1730 cm-‘. The 
NMR spectrum showed sign& at 68 Hz (s, 3H, C-CH,), 221.5,223 and 226 Hz (s, 3H, O-CH,) and 
400-430 Hz (m, 3H. aryl-Hi). in addition to the mcthylatecnvelopc. (Found: m/e, 374.2086. Calcd. mlefor 
Cz2H,,0,: 374.2093). 

Dieckmann wdensation of XVIa 
React&m 11. K (0.3 g) was dissolved in dry t-BuOH (30 ml) under N1. The excess of t-BuOH was 

evaporated In vucue; dry bauene (30 ml) was added to the residue. The benzene was distilled in order to 
axeotropically remove the ratmining t-BuOH. This process was twice rqmated. The ester XVJa (226 mg) in 
dry bcnzcne (6OmJ)wasaddaitotheresidual t-BuOK,~dthemirmrewrsstirredaodrrflur#ifor4hr.and 
then stirred overnight at room temp. The mixture was exbac&d with 5% H$O,aq, and water, and 
concentrated. A sohr of the residual solid in AcOH (20 ml). 37% HCl4 (10 ml) and water (2 ml) was 
rcfluxcd for 90 mm, before evapomting the majority of the solvent. Tbe residue was diluted with water and 
extracted with CHCI,. The combined CHCI, atracts m anrhed with NaHCO, and water and dried over 
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MgSO,. The solo was concentrated, and the residue (163 mg) was eluted from silica gel with CHCI, to give 
124 mg of XVIlIa which after recrystallization from McGH melted at 16 1- 163” (Kofler); vzb 1750 cm“. 
The NMR spectrum showed signals at 54 Hz (s,3H.C-CH,), 227 Hz (s. 3H,G-CH,),and 390-445 (m. 
3H, aryl-H). in addition to the methylare envelope. (Found: m/e 284.1781. Calcd. m/e for C,,H,,O,: 
284.1776). 

Conversion o/XVIIIa IO l’lg-ocernre and iodoacerare. NaRH, (40 mg) in EtOH (5 ml) was added to 
XVIIIa (125 mg) in EtOH (I5 ml). The mixture was stirred at room temp overnight, when TLC indicated 
the absence of starting material. The solvent was evaporated, and the residue treated with 5% HCI aq, and 
extracted with ether. The combined ether extracts wcm washed with water and dried over MgSO,. The 
solvent was evaporated, and the residual XVIIIb was treated with pyridine (10 ml) and chloroacetic 
anhydride (2 g). After 6 hr at room temp. the mixture was diluted with 15% HCI aq (60 ml) and extracted 
with ether (3 x 50 ml). The combined ether extracts were washed with NaHCO, (2 x 25 ml). and dried over 
MgSO,. The solvent was evaporated. and the residual chloroacetatc of XVIIIb (pure by TLC and GLC 
analysis) in acetone (15 ml) was treated with NaI ( 1 .O g). The soln was stirred overnight at room temp. and 
then at reflux for 2 hr. The acetone was waporatcd, and the residue treated with water (20 ml) and extracted 
with CHCI, (3 x 30 ml). The combined organic extracts were washed with Na_&O, aq and water, dried over 
MgSO, and concentrated. The residual XVIIId (100 mg) crystallized from ether, m.p. 140-l42O (Kofler); 
v&s 1735.1275 cm-‘. The NMR spectrum showed signals at 52 Hz (s, 3H. C-CH,); 221.5 Hz (s, 2H, 
CG-CH,-I). 226 Hz (s, 3H. GCH,). 275-295 Hz (m, IH, CHO-COCHJ) and 395-445 Hz (m. 3H, 
aryl-H). in addition to the methylenc envelope. (Found: m/e 454.1009. Calcd. m/e for CI,H,,IO,: 
454.1007). 

The aqueous acidic portion from the preparation of the chloroacctate was saturated with salt and 
extracted with CHCI,. The CHCI, extracts were concentrated, and the residue was heated on a steam bath 
with EtOH (9 ml). KOH (0.5 g), and water (0.5 g) for 1 hr. The base was neutralixal with HCI aq, and the 
majority of the solvent was evaporated fn vacua. The residual slurry was extracted with ether, and the ether 
extracts were dried and concentrated to yield 70 mg of XVIIIb. The crude alcohol was acetylatcd with 
pyridinc (5 ml) and AGO (2 ml), allowing the mixture to stand overnight at room temp. Unchanged reagents 
were evaporated In YM(O. and the residue was elutcd from alumina (Activity I. 7g). to give 50 mg of the pure 
XVIIlc. which crystallized from ether, m.p. l25-l25O (Koflcr). ~$2 1740, 1240 cm-‘. The NMR spectrum 
showed signals at 50 Hz (s. 3H. C-CH,). 123 Hz (s, 3H, -CG-CH,), 226 Hz (s, 3H, GCH,). 270-295 
Hz (m. lH, CH-GAc), 395445 Hz (m, 3H, aryl-H). in addition to the methylcnecnvelope. (Found: m/e 
328.2043. Calcd. m/e for CI,H,sO,: 328.2038). 

Saponification of XVlIId with ctbanolic KOHaq, and acetylation of the resulting crude XVIIIb with 
Ac+O in pyridine gave a quantitative yield of XVIIIc. 

3-(m-MerhoxyphenerhyI)bur-3in-2-one (XX). The K salt of ethyl acetoaccmte was alkylated with m- 
methoxyphcnethyl iodide by the procedure of Robinson.” to give XIX in 81% yield. 

A soln of XIX (9 1 .O g. 0.345 mole), ethylene glycol (27.2 g. 0.438 mole), andp-tolucncsulfonic acid 
(0.8 g) in tolucne (400 ml) was rctluxed. collecting water in a Dean and Stark trap. After water evolution had 
ceased (5 hr), the cooled mixture was washed with NaHCOraq. water, and dried over MgSO,. The crude 
kctaI(lOO~5 g. 94.5%) showed a single IR CO stretching band at 1740 cm-‘. The NMR spectrum exhibited 
signals at 83 Hz (s. 3H, C-CG-CH,). 76 Hz (t.J= 7 Hz. 3H, G--CH2--C&). 225 Hz (s, 3H. GCH,), 
25 1 Hz (q. I= 7 Hz. 2H, G-CHr-CH,), and multiplets attributable to aromatic, aliphatic and O- 
CH,-CH,-G groupings. The latter was a partially split singlet, the adjacent asymmetric center creating 
an A,Et, pattern. Although prolonged heat caused decomposition, a small sample (<5 g) distilled at 130- 
132” (0.07 mm). (Found: m/e 308.1622. Calcd. m/e for C,,H,,G,: 308.1624). 

The crude kctal of XIX (94.0 g. 0.305 mole) in dry THF (150 ml) was added dropwise to a stirred slurry 
of LAH (12.9 g, 0.340 mole) in THF (500 ml). and the mixture was then heated at rcflux for 18 hr. Water 

through celite, washing the ppt thoroughly with CHCI,. and concentration gave 7 I.0 g (87%) of the crude 
hydroxykctal. The IR spectrum (film) showed maxima at 3450 (OH). 2840 (GCH,). 1605 and 1495 (Ar) 
cm-‘, but no absorption in the CO stretching region. (Found: m/e 266.1518. Calcd. m/e for C,,H,,O,: 
266.1518) 

The hydroxykctal (71.0 g) was dissolved in 90% MeGHaq (710 ml) containing 37.5% HCI (7.1 ml). 
ARer 1 hr at room temp. TLC indicated the reaction was complete. The solvent was evaporated in vocuo, 
and the residue extracted with CHIC&. After drying and concentrating, the crude g-hydroxyketone (59 g, 
100%) remained as an oil: vz 3445. 1705 cm-‘. The NMR spectrum showed signals at 129 Hz (s, 3H. 
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C-CO-CH,), 224 Hz (d, J=5 Hz, 2H. CH-CHz-OH) and 226 Hz (8. 3H. OCH,), as well as 
multiplets associated with the remaining aromatic and aliphatic protons. (Found: m/e 222.1252. Calcd. m/e 
for C,,H,,O,: 222.1256). 

Small scale experiments (- 1 g) indicated the ghydroxyketonc was not dehydrated to Xx with iodine, but 
could be converted to XX in refluxing pyridie. Duplication on a large scale was unsuccessful although 
conversion to XX occurred during distillation. 

A soln of the ghydroxyketone (59 g) in pyridine (450 ml) was retluxed for 15 hr under N,. TLC indicated 
minimum conversion to XX. Concentration and distillation through a 12 mm Vigreaux column at 0.15 mm 
afforded 25.4 g (46.5%) of XX boiling at 113-l 16“. The IR spectrum (film) showed absorption at 1675 
(C%-C=O), 1600 and 1485 (Ar) cm-i, and no maxima attributable to OH or saturated CO groups. 
The NMR spectrum showed signals at 136 Hz (s. 3H, C-CO-CH,), 158 Hz (s, 4H, CO--CH,-CH, - 
CX), 224 Hz (s. 3H. OCH,), 343 Hz (s, 1H. C=C-_B). 358 Hz (s. lH,C%-Hi), 295-t45 Hz (m. 
4H. a@-H). (Found: C, 76.42; H, 7.81; m/e 204.1144. Calcd. for C,,H,,O,: C, 76.44; H. 7.90%; m/e: 
204.1150). 

pToluenesulfonic acid treatment of the g-hydroxyketone in benzene did not lead to XX but to a single 
product identifled as I-acetyl-6-methoxy-tctralin on the basis of NMR, IR, and mass spectral analyses. 

M&hoe1 addillon of 2+nethylcyclopenton- 1.3-d&e to Xx 
Reaction 12. The ketone XX (6.12 g). 2-methylcyclopentanc-1.3dione (5.04 g, 1.5 mole equiv) and a 

half of a pellet of KOH in n-BuOH (10 ml) were stirred and retluxed under Nz for 40 hr when TLC showed 
the virtual absence of starting material. The mixture was diluted with benzene and filtered to remove 
unchanged dione. The tlltrate was washed with NaHCO, aq and the washings back-washed with benzene. 
The combined organic phase was washed with 10% HCI aq. water, and then dried and concentrated in uaeuo. 
The residual oil in xylene (50 ml) containing benzoic acid (1.9 g) and triethylamine (1.85 ml), was refluxed 
under N, for 4 days, collecting water evolved in a Dean and Stark trap. The mixture was then diluted with 
benzene and washed with 10% HClaq, NaHCO, aq and water. After drying and concentrating, the residual 
oil was crystallized from ether (50 ml) to give 2.0 g (22%) of XXI as off-white crystals, m.p. 125-127.S” 
(capill.). Recrystallization from MeOH raised the m.p. to 128.5-130’; ~~~2840,1745,1665.1600.1485 
crn-‘;rl~~ 279 (2310), 272 (2430), 235 sh (11000). 221 (15900) nm. The NMR spectrum showed signals 
at 76 Hz (s. 3H, C-CH,), 227 Hz (s. 3H.OCH,). 358 Hz (s. W * 3.5 Hz, lH,C--LH--C~),and 395- 
440 Hz (m, 4H, aryl-H), in addition to the methylene envelope. (Found: C. 76.33; H. 7.47;mle 298. Calcd. 
for C,zHzrO,: C. 76.48; H. 7.43%; m/e 298). 

Cyclization of XXI with polyphosphortc acid 
Reaction 13. A soln of XXI (500 mg) in benzene (20 ml) was added to Pro, (I a2 g) and H,PQ (s.g. I .7. 

1.75 ml) and the mixture was stirred and refluxed under N, for 30 min. The mixture was washed with water, 
NaHCO,, dried over MgSO,, and then concentrated. Although TLC showed only one spot, the NMR 
spectrum indicated two components (ratio 2 : I) with angular Me groups resonating at 69.5 and 63.5 Hz 
respectively. Crystallization from MeOH (20 ml) at 0” afforded 145 mg of the predominant component 
XXIV. m.p. 104-108°. containing approximately 20% of the minor component XXV; v__ 1750 cm-‘; 
A=:” 302,296 (inf), 3 12 (inf) nm. The NMR spectrum showed signals attributable to XXIV at 69.5 Hz (s. 
C-CH,), 227.5 Hz (s, OCH,). 347 Hz (s, W’ 7 Hz, C==CH-CH,), 401 Hz (s, C==CH-C==C), in 
addition to the aromatic and methylmic protons. (Found: C. 81.24; H. 7.16. Calcd. for C,,H,,O*: C, 
81.39; H. 7.19%). 

A mixture of XXV (1 part) and XXIV (2 parts), when dissolved in CDCI, saturated with HCl, was 
converted within 15 min to an equilibrium mixture of XXV (1 part) and XXIV (1 part), as judged by NMR. 
This interconversion, and the presence of only a single oldlnic signal at 380 Hz (W * 4 cps) in the NMR 
spectrum (apart from those attributed to XXIV) is the only evidence forbe structure assigned to XXV. 

Cyclization of XXIl with polyphaphoric ucid 
Reaction 14.NaBH,(0.45g. ll~9mmolc)inEtOH(l00ml)wdsaddeddropwisetoastirrbdsolnofXXII 

(3.55 g, 11.9 mmole) in THF (50 ml). After TLC indicated the mixture was complete (-2 hr). excess of 
NaBH, was destroyed with AcOH. The mixture was then treated with NaHCO, (c 5 g) and water (20 ml) 
and concentrated in vucuo.Thc product was extracted with benzeneand then CHCl,,dried over MgSO,. and 
concentrated to leave 3.829 g of the 178~alcohol as a viscous noncrystallizable oil, essentially pure as 
judged by TLC; viz 3430.1660. The NMR spectrum showul signals at 66.5 Hz (s. 3H. C-CH,), 22 1 Hz 
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(s,3H.GCH,),25OHz(m, lH,CH-GH).347Hz(s, lH,C~~--C=O)~swcU~tboseattribut4blet 
faromatk and mcthylcnic protons. (Found: m/e 300.1723. Calcd. m/e for C,&O,: 300.1725). 

The crude product in pyridine (5 ml) was treated with AcsO (5 ml) and, alter standing overnight, the 
volatilea WQC evaporated 6, vocuo. TLC of the residual oil (4.04 g) showed that acetylation was complete; 
v&P 1740, 1670 cm-‘. The NMR spectrum showed signals at 64 Hz (s. 3H. C-CH,). 121 Hz (s, 3H, 
G-CG--CH,). 221 Hz (s, 3H. GCH,), 284 Hz (t,J=8 Hz, 1H. CHOAc), 343 Hz (s, lH, CH=C), in 
addition to multiplets attributable to the remaining aromatic and aliphatic protons. (Found: m/e 342.184. 
Calcd. m/e for C,,H,,O,: 342.183). 

Asolnofthis~(2~019g)inbau*le(12ml)wassddedtoastirrcdmixturrofP,O,(4.62g)and 
HsPG, (s.g. 1.7.6.5 ml), and then rdluxcd under N, for 30 min. The mixture was diluted with more bcnxmte, 
and washed with NaHCO, until neutral. before drying and concentrating in VMU). Ehttion from silica gel 
with CHCI,, followed by crystallization from acetone, afforded 1.495 g of XXIII. m.p. 13 l-l33O @pill.), 
yield (based on XXII) 38%; vz’s 1730, 1250 cm-’ (OAc), 1605. 1495 cm-’ (aromatic); Aus 315 nm 
(Intel.. 22,ooO), 302 nm (29,600), 295 nm (intI., 28,100). The NMR spectrum showed signals at 6 I Hz (s, 3H. 
C-CH,). 126 Hz (s. 3H. G-C-H,), 228 Hz (s, 3H, GCH,), 303 Hz (t,J= 8 Hz, CHOAc). 326 Hz 
(m. W’ 7 Hz, lH, -CH,Cki=C), 404 Hz (s, 1H. AR-CLPC). and the remaining aromatic protons 
(395-415 Hz) and aliphatic protons (70-190 Hz) as multiplets. 

caraly1ic reducrion of XXIII 
Reocrion 15. (a) A mixture of 10% Pd on RaCO, (30 mg) and XXIII (300 mg) in benzene (300 ml) was 

stirred under Hr. when GLC analysis indicated conversion of XXIII to the dihydro product XXIV was 
optimum, relative to the formation of tetrahydro products (< 10%). the hydrogenation was stopped (6 hr). 
The catalyst was filtered off, the solvent was evaporated. and the crude product was crystallixed from 
MeGH, to give 148 mg of XXIV, m.p. 95-103O (capill.). The purity (-95% on the basis of GLC analysis, 
XXIII is major contaminant) was not improved by further recrystallization. The NMR spectrum showed 
signals at 51 Hz (s. 3H.C-CH,). 123 Hz (s, 3H. G-CO-CH,), 226 Hz (s, 3H,GCH,), 287 Hz (tJ= 8 
Hz, IH, CH--GAc), 35 1 Hz (s, W + 3 Hz, IH, =C&-CH), 395-460 Hz (m, 3H, aryl-H); ~$4 1740. 
1245 cm-‘; AnA” 265 nm (18,500). 

When HCI was eddai to an cthanolic soln of XXIV the absorption maxima changed to 272 nm ( I5.600). 
AmixtureofXXIV(117mg)and5%P1C(100mg)inbcnzene(100ml)wasstimdinaH,atmosphere 

until uptake of the gas was complete. The catalyst was filtered, and the solvent w-ted to leave a residual 
oil. which was shown by GLC to be a mixture of XVII1 (87%) and a single isomaic impurity (13%). 

(b) A soln of XXIII (225 mg) in benzene (20 ml) was added to a prehydrogcnated suspatsion of 10% Pd 
on RaCO, (200 mg) in benzene (25 ml). and the mixture was stirred until gas uptake ceased (3 1.9 ml in 60 
mitt, theory uptake 33.8 ml). GLC analysis showed the product was a mixture of XVIIIc (55%) and two 
isomaic impurities (5%. 4096). The catalyst was filtered, and the solvent cvaporat.al. The mixture was 
partially separated by elution from alumina (Grade I, 50 g) with bmtzene, the desired product beiig elutcd 
lirst. Fractional crystallization from ether at -10” afforded XVIIIc, m.p. 123-12S” (Kollcr). Mixture m.p.. 
NMR and IR analysis showed the product to be identical with that obtained from Reaction Il. 

The product distributions obtained from the catalytic reduction of XXIII W~TC very sensitive to the 
concentration of substrate and catalyst, and the solvent employed. Dilution favored the formation of 
XVIIIc. More polar solvents and use of palladium chloride favored formation a (single) isomer of XVIIIc. 

Birch reduclfon of XVIIIc. Li wire (120 mg) was ad&d to a stirred mixture of XVIII (93 mg) in ether (25 
ml) and redistilled ammonia (25 ml). After 15 min, EtOH (2 ml) was added in portions over a period of 15 
min. After the ammonia had evaporated, water (30 ml) was added and the ether layer was separated. The 
aqueous layer was extracted with ether (3 x 50 ml). and the combined ethereal phase was washed with water 
and dried over MgSO,. The ether was evaporated, and the residue was treated with MeOH ( I5 ml) and oxalic 
acid dihydrate (230 mg) in water (3 ml). After I hr. when TLC showed conversion to a new product was 
complete, the mixture was made basic with NaHCO,. and the product was extracted with ether (3 x 50 ml). 
The combined ether extracts were washed with water and dried over MgSO,. The solvent was evaporated 
and the residual oil was treated with Ac,O (1 ml) and pyridme (2 ml). A&r 4 hr, GLC showed ester&cation 
was complete, and the rcagcnts were evaporated In vucuo. The residue was elutcd l?om silica gel with 2.5% 
EtOAc in CH&. to give 44 mg of 3-keto-7(8-r I la)&ocstr-A w i”rcn- 17gol acetate; m.p. (Evacuated 
capill.) 148-S-150°; ~22 1740-1730, I255 cm“. The NMR spectrum showed siguals at 50 Hz (a, 3H, 
C-CH,). 122.5 Hz (s. 3H. G-CG-CH,). 146.5 Hz (s, W ’ 4 Hr., 4H. C=C-CHs<H,-C=G), 
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165 Hz (s, W + 6 Hz, 2H, C=C-CH,-C--V), 282 Hz. (1, I= 7 Hz, IH, CHOAc). (Found: m/e 
316.2037. Calcd. m/e for C&,0,: 316.2038). 

3-Hydroq-7(8+ 1 la)o&eo-A*~‘*yLoQr&n- 17g-ol. A mixture of XVlIlc (5 mg) and pyridine hydrochlor- 
i&(200mg)wssheatsdat2100undaN,for60min.Themiaurcwas~led,dilu~with~(1ml)rrnd 
the product extra&d with ether. The combined ether extracts were dried over Na$O,. and then concen- 
trated. The residual product was purified by elution From CbromAR 500 (Mallinkrodt) with an acetom+ 
hexane (1:4) mixture and then distilled in rocuo (200°, 0.05 mm) from bulb to bulb; v,, 3595 cm-’ 
(broad); no absorption 17C&1750 cm-‘. The R, of the product (GLC, TLC) was identical with that of 
estradiol. (Found: m/e 272.178. Calcd. m/e for C,sH,O,: 272.178). 

Rcknowledgemenrs-We are pleased to acknowledge the financial support and encouragement of this work 
by the Eli Lilly Company. Valuble experimental contributions have been made by D. Hoskins. G. S. 
Abemethy and M. S. Habercom. We would also like to thank Drs. M. E. Wall and S. Levine for constructive 
discussions. 

REFERENCES 

’ IUPAC-IUB Revised Tentative Rules for Nomenclature of Steroids, J. org. Chem. 34, 1527 (1969) 
2 General article, Chem. Eng. News 47,92 (1969) 
’ J. R. Tata, Norare, Loti. 219.331 (1968) 
1 For example, see l &fechanism of Action of Steroid Hormones, InternaIional Ser&s of Monographs on 

fire and Applied Chmimy. (Edited by C. A. Villee and L. L. Engel), Vol. I, Pergamon Press, New 
York.N. Y. ( 1961);bChem. Eng. News45.44( 1967);CMolecular Mod@icatlonin DrugDesign.Advances 
in Chemistry Series No. 45. American Chemical Society (1964) 

5 H. J. Ringold in Ref 4u, p. 24X)-234 
6 M. E. Wolff and G. Zanati, 1. Med. Chem. 12,629 (1969) 
’ J. Fried and A. Barman, Vitamins and Hormones 16, 303 (1958) 
s For a compilation of activity profiles, see Steroid Drugs, N. Applczweig, Vol. I, McGraw-Hill, N.Y. 

(1962); Vol. 2, Holden-Day, N.Y. (1964) 
p L. B. Kier. 1. Med. Chem. II. 915 (1968) 
10 S. Ramachandran and M. S. Newman, Org. Syn. 41. 38 (1961); A. B. Mekler. S. Ramachandran. S. 

Swaminathan and M. S. Newman, Ibid. II. 56 (1961) 
‘I C. B. C. Boyce and J. S. Whitehurst, J. Gem. Sot. 2680 (1960) 
‘* A. J. Birch, E. Pride and H. Smith, Ibid. 4688 (1958) 
I’ For a discussion of this problem. see L. Velluz. J. Valls and G. Nomine, Ang. Chem. International Edition, 

4. I81 (1965) 
” G.Stork.A.Brizzolar~H.~dcsma,J.SzmuszkoviczandR.Te~ell,J.Am.C~.S~.~,207(l963) 
I5 For a recent summary. see P. Oberhiinsli and M. C. Whiting. J. Chem. Sot. (B). 467 (1969) 
I6 R. L. Clarke and C. M. Martini. J. Am. Chem. Sot. 81. 5716 (1959) 
” H. 0. House, B. M. Trost, R. W. Magin. R. G. Carlson. R. W. Franck and G. H. Rasmussen. J. org. 

C/rem. 30. 2513 (1965); N. F. Firrell and P. W. Hickmott. J. Chem. Sot (B). 293 (1969) 
‘” For a structural analogy, see E. Farkas. J. M. Owen, M. Dehono. R. M. Molloy and M. M. Marsh, 

Tetrahedron Letters 1023 (1966) 
” H. Smith, ChemLFtry in Non-Aqueous ionizing Solwnts. Vol. I, Pt. 2. Interscience, Wiley, New York 

(1963) 
p L. Velluz. G. Nomint, R. Bucourt, A. Pierdot and Ph. Dufay, Tetrahedmn Levers 127 (1961); R. Joly, 

J. Wamant, J. Jolly and A. Guillemette, Fr. P. I. 305,992, Chem. Absfr. 58, 8001 (1963) 
I’ J. A. Hamnan. A. J. Tomascmki and A. Dreiding. J. Am. Chem. Sot. 78.5562 (1956) 
*’ W. S. Johnson. B. Bannister. R. Pappo and J. E. Pike, Ibfd. 78.6354 (1956) 
” A. McPhail and P. Coggon. unpublished results 
I4 G. H. Douglas, J. M. H. Graves, D. Hartley, G. A. Hughes. B.J. McLaughlin.J. Siddhall and H. Smith, J. 

Chem. Sot. 5072 (1963) 
I5 Forarecent review,seeR. I. Dorfman.Kirk-O~hmerEncyclopediaof~heChem&alTechno&gvVol. I I.pp 

127-141. Wiley, New York (1966) 
I‘ W. S. Rapson and R. Robinson. J. Chem. Sot. 1533 (1935) 


