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The synthesis of dl-18-norestrone (11) from the known dl-18-nor-D-homoestrone methyl ether (IVB) is described. The 
corresponding methyl ether (VIIIB) was shown to be the racemic form of the methyl ether of the compound obtained by 
alkaline treatment of 18-hydroxyestrone (I), thus confirming the structure of the latter. In the equilibrium mixture of VIIIp 
and its 13-is0 epimer, the latter predominates in an approximately 2 to 1 ratio. 

Loke, Watson, and lLlarriana reported the isola- 
tion of a new estrone derivative from the ketonic 
phenolic fraction of the urine of pregnant women. 
This compound, CleHzz03, was provisionally as- 
signed the Etructure 18-hydroxyestrone (I) on the 
basis of a negative reaction with the blue tetra- 
zolium reagent (absence of an a-keto1 function), 
sodium borohydride reduction to an estriol, 
absence of the absorption at  7.26 p in the infrared 
that is characteristic of the angular methyl, and 
cleavage by alkali to formaldehyde and a new 
ketone, 11, C17Hza02. The alkaline cleavage was 
considered to be a dealdolization, and the ketonic 
product I1 was thus formulated as 18-norestrone, 
these structures for I and I1 being the only ones to 
accommodate the production of formaldehyde by 
the retrograde aldol cleavage of an hydroxylated 
CI8 steroid. 

HOCHz 0 0 

HO 
I I1 

Since int,ermediates developed in these labora- 
tories in the course of the total synthesis of estrone4 
promised ready conversion to 18-norestrone (11), 
it was considered that the total synthesis of 11 
would offer the most direct unequivocal proof of 
its structure, and hence that of its natural pre- 
cursor I. Flirther, a t  that time few 18-nor steroid 

(1) A preliminary account of a portion of this work has 
appeared, K. H. Loke, G. F. Marrian, W. S. Johnson, W. 
L. RIeyer, and D. D. Cameron, Bzochzm. Biophys. Acta, 
28,214 (1958). 

(2) (a) National Science Foundation Postdoctoral Fellow. 
University of Wisconsin, 1957-58; present address, Depart- 
ment of Chemistry, Indiana University; (b) Present address, 
Department of Chemistry, StanCord University. 

(3) I<. H. Loke, E. J .  D. Watson, and G. F. Marrian, 
Biochzm. Biophys. Acta, 26, 230 (1957); K. H. Imke, G. F. 
Marrian, and E. J .  1). Cl'atson, Biochern. J., 71, 43 (1959). 

(4) iV. S. Johnson, I). I<. Ranerjee, W. P. Schneider, C. 
I). Gutsche, W. E. Shelberg, and L. J. Chinn, J .  Am. Cheni. 
SOC., 74,2832 (1952). 

hormones were known,6 and in view of the es- 
tablished therapeutic importance of certain 19- 
nor hormones, it seemed of interest to examine the 
physiological behavior of representative members 
of the 18-nor series.6 The attainment of the syn- 
thetic objective, together with several interesting 
observations on the nature of the products, is the 
subject of the present paper. 

Total spnthesis of dl-18-norestrone methyl ether 
and i ts  C-13 epimer. It was previously reported4 
that aluminum chloride catalyzed cyclization of 
5-P-m-methoxyphenylethyl-A9-1-octalone, 111, pro- 
duced a mixture of two isolable stereoisomeric 
forms of the niethoxyhydrochysenone IV, desig- 
nated a (IVa) and p (IVp).7 That the p isomer 
possesses the trans-anti (C-9, C-8, C-14) configura- 
tion of the natural steroids has been unequivocally 
demonstrated by its conversion to e ~ t r o n e , ~  which 
is known to have this stereochemistry,s by a se- 
quence of reactions which left the centers of asym- 
metry in question undisturbed. In  the present 
work, cyclization of I11 afforded, rather than the 
mixture of IVa and IVp previously obtained, 
only the desired isomer (IVP) as an isolated product. 
In fact the yield of this isomer, although poor, 
was significantly higher than previously obtained, 
and scrutiny of the phenolic fraction formed con- 
comitantly in the aluminum chloride treatment 
revealed further amounts of the corresponding 
phenol. Clearly the nature and quantity of products 

(5) Cf. N. 4. Nelson and R. B. Garland. J .  Am. Chem. 
Soc., 79, 6313 (1957). 

(6) Since our initial communication, several other partial 
and total syntheses of 18-norsteroids have been published, 
inter alza (a) W. F. Johns, J .  Am. Chem. SOC., 80, 6456 
(1958); (h) G. Stork, H. N.  Iihastgir, and A4. J. Solo, J .  Am. 
Chenz. SOC., 80, 6457 (1958); (c) R. Anliker, M. Muller, AI. 
Perelman, J. Wohlfahrt, and H. Heusser, Helv. Chinz. Acta, 
42, 1071 (1959); (d) L. Velluz, G. Amiand, R. Heymes, 
and B. Goffinet, Compt. rend., 250, 371 (1960); (e) W. S. 
Johnson and K V, Yorka, Tetrahedron Letters, KO. 8, 11 
(1960). 

(7) Unless otherwise specified, all synthetic compounds 
herein discussed are racemic. A single enantiomer is depicted 
in each of the structural formulas. Steroid numbering is 
used throughout. 

(81 \V. S. Johnson, I. .4. David, H. C. I)ehln, R. J. Highet, 
E. W. Rarnhoff, W. I). \Vood, and E. T. Jones, J .  Am. Chem. 
SOC., 80, 661 (1958). 
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formed in this and related cyclization reactions are 
highly dependent on the reaction  condition^.^!^ 

The contraction of ring D of IVp was accom- 
plished by the reaction sequence applied in other 
series. Condcnsation with furfuraldehyde af- 
forded in excellent yield the corresponding fur- 
furylidene ketone V, m.p. 172-173', A,,, 325 mp. 
Initial attempts to ozonize this to the dibasic 
acid VI ( R = H) afforded low and variable yields 
of the desired product. While ozone has been 
used to carry out this type of conversion in excellent 
yield in saturated steroid synthcses,12 results in 
other aromatic series have often been less favor- 
ab1e14~* apparently because of attack a t  the acti- 
vated benzylic position a t  C-9 with the production 
of undesirable by-products.* In  the hope of mini- 
mizing such side reactions resulting from an excess 
of ozone or prolonged exposure to oxygen, the use 
of a solution of ozone as the reagent was investi- 

(9) A similar observation of the formation of the &isomer 
as the sole isolable product in a related cyclization was made 
by H. C. Dehm, Ph D. dissertation, University of Wis- 
consin, 1954. In  that and the present work, freshly resub- 
limed aluminum chloride was used to  catalyze the cycliza- 
tion, and it is to  this more active catalyst that the results 
are ascribed. The yield of IVp in the present work mas 
9.6%, including that obtained by methylation of the by- 
product phenol. 

(10) W. S. Johnson, J .  Am. Chem. SOC., 65, 1317 (1943). 
(11) W. S. Johnson, B. Bannister, and R. Pappo, J .  A m .  

Chem. SOC., 78, 6331 (1956). 
(12) W. S. Johnson, E. R. Roger, and J. Ackerman, J .  

Am. Chem. SOC., 78, 6322 (1956) and subsequent papers in 
the serie. 

gated. Indeed, we found that on addition of a 
saturated methylene chloride solution of the 
appropriate amount of ozone to the furfurylidene 
ketone, reaction was nearly instantaneous, and 
subsequent decomposition of the ozonide with 
periodic acid afforded reproducibly high yields of 
the desired dl-18-norhomomarrianolic acid methyl 
ether VI (R = H), m.p. 215-215.5'. The ultra- 
violet spectrum of this product, Amax 278, 287 
mp, confirmed the presence of the 3,4-disubstituted 
anisole as the only chromophore. 

The dimethyl ester V I  ( R = CH3), m.p. 84- 
84.5", A,,, 278, 287 mp, prepared by the use of 
diazomethane, underwent Dieckmann cyclization 
in nearly quantitative yield on treatment with 
potassium t-butoxide in benzene. l1 Surprisingly, 
however, attempted hydrolysis and decarboxyla- 
tion of the resulting keto ester VI1 with hydro- 
chloric and acetic acids1' produced little, if any, of 
the desired Bnorestrone methyl ether (VIII). lS 
Only higher-melting materials were obtained, 
perhaps the products of aldol dimerization of the 
initially produced norestrone, C-16 and C-17 
being considerably less hindered here than with 
the Cls homologs. 

As basic hydrolysis of VI1 would be expected to 
open ring D, producing VI rather than VIII,14 
we turned our attention to a purely thermal 
process. l6 Hydrolysis and decarboxylation pro- 
ceeded smoothly when the keto ester VI1 was 
heated briefly a t  186" in aqueous triethylene glycol. 
The neutral product from this reaction, obtained 
in 85% yield, proved to be a mixture of the two C-13 
epimeric dl-18-norestrone methyl ethers VIIIa 
and VIIIp. This mixture was separated into its 
components by chromatography on Florisil, af- 
fording VI&, m.p. 123-124', A,,, 278, 287 mp, 
and VIIIB, m.p. 153-153.5", A,,, 278, 287 mp in a 
ratio of about 2 to 1. The assignment of configura- 
tions to the epimers is considered in the sequel. 

On demethylation with pyridine hydrochloride,s 
the crude mixture of VIIIcv and VIIIp afforded the 
parent phenol, dl-18-norestrone (11). There is no 
reason to doubt that this product, like the methyl 
ether, consisted of a mixture of C-13 epimers. 
However, only one of these, m.p. 225.5-227' dec., 
was readily isolated from the reaction mixture. 
Only a sufficient quantity of the pure phenol for 
melting point comparison with the naturally 
derived &enantiomorph, m.p. 22G-228', was pre- 

(13) In our preliminary communication (ref. 1) we re- 
ported acidic conversion of VI1 to VIII, but this experiment 
cuuld not be repeated. 

(14) Cf. W. Dieckmann, Ann., 317, 27 (1901). 
(15) Several high-boiling solvents have been utilized for 

such thermal hydrolyses, cf. H. Meerarein, Ann., 398, 242 
(1913); W. S. Johnson, R. Pappo, and W. F. Johns, J .  Am. 
Chem. SOC., 78, 6339 (1956); W. S. Johnson, B. Bannister, 
R. Pappo, and J. E. Pike, J. Am. Chem. Soc., 78, 6354 
(1956); and W. L. illeyer and W. R. Vaughan, J. Org. 
Chem., 22, 1554( 1957). 
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pared. All further studies, i.e., comparisons and 
configurational determinations, were carried out 
with the methyl ethers. 

The infrared spectrum of the 153" synthetic 
(racemic) isomer was rich in detail and identical 
with that of the methyl ether37l6 obtained by 
methylation of the naturally derived d-11. The 
spectrum of the 124" racemate, on the other hand, 
differed considerably in detail in the 6-13-p re- 
gion. Subsequent to the completion of this work, 
JohnsGa described a partial synthesis of the enan- 
tiomers of VIIIa and VI110 from natural steroids. 
Infrared spectra of these two substances proved to 
be identical with those of the 124 and 153" race- 
mates, respectively. l7 Thus the dealdolization 
product, 11, was unequivocally shown to have the 
assigned structure, and the natural precursor must 
indeed be 18-hydroxyestrone (I). The possibility 
of the 13-is0 configuration is considered unlikely on 
biogenetic grounds. 

Configurations of the epimeric norestrone ethers. 
By virtue of the method of synthesis from IVp, 
the asymmetric centers a t  C-9, C-8, and C-14 of 
VIIIa and VIIIp must have the same relative con- 
figurations, and this must be trans-anti (see above). 
Thus VIIIa can differ from VIIIp only in the rela- 
tive configuration at  C-13, Le., C/D fusion cis 
(13a-H) and trans (13p-H). The greater solubility, 
lower melting point, and more rapid elution on 
chromatography of the 124" isomer initially 
suggested that it corresponded to the l3-iso struc- 
ture with the C/D cis fusion and the carbonyl 
group axial to ring C. This was readily confirmed 
by optical rotatory dispersion measurements. The 
curve for the naturally derived methyl ethers,l6 
exhibited a strong positive Cotton effect typical 
of trans-a-hydrindanones of this (17-keto steroid) 
enantiomeric series. Since it is known that analo- 
gous cis-a-hydrindanones show a negative Cotton 
effect,18 Marrian's8,l6 methyl ether and, in turn, 
the 153" racemate must be d- and dl-18-norestrone 
methyl ether (VIIIp), respectively. The 124" 
isomer accordingly is dZ-13-iso-18-norestrone methyl 
ether (VIIIa).18C 

The 13-iso epimer VIIIa is inert to pyridine- 
borane6e under conditions which effect complete 
reduction of VIIIp and estrone methyl ether. 
Thus the generality of this reagent for ascertaining 
configurations of 17-keto-18-norsteroids is sup- 
ported and the validity of the earlier structural 

(16) We are indebted to Professor G. F. Marrian for the 
sample of this material. 

(17) We wish to express our thanks to Dr. Johns for 
samples of his products. 

(18) (a) C. Djerassi et al., J. Am. Chem. SOC., 78, 440, 
3163, 6362 (1956) ; (b) J-F. Biellmann, P. CrabbB, and G. 
Ourisson, Tetrahedron, 3, 303 (1958); (c) N. L. Allinger, 
R. B. Hermann, and C. Djerassi, J. Org. Chem., 25, 922 
11960). We are indebted to Professor Carl Djerassi and 
Dr. E. J. Eisenbraun for the optical rotatory dispersion 
measurements. The 0. R. D. curve is reproduced and dis- 
cussed in ref. 1%. 
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assignments using this technique6e (C/D trans 
reduced, C/D cis unattacked) is confirmed. 

The vigor of the conditions for their formation 
suggests that the isolated mixture of VIIIa and 
VIIIp may represent nearly the equilibrium ratio 
of these epimers with respect to the enolizable 
center C-13. Although no precise quantitative 
estimation of this ratio was made in the course of 
this work, the infrared spectrum of the hydrolysis 
mixture suggested the two isomers to be present 
in roughly equal amounts. On chromatographic 
fractionation, about 65% of the separated material 
was isolated as nearly pure VIIIa and about 35% 
as nearly pure VIIIp, although in several inter- 
mediate fractions, amounting to 10% of the total, 
the mixture remained unresolved. Allinger18~ has 
measured the position of this equilibrium by means 
of optical rotatory dispersion, and found the 
equilibrium mixture to consist of 55% VIIIa and 
45% VIIIp, while Johns,Ga from rotation measure- 
ments, suggested a 70% VIIIa-30% VIIIp mix- 
ture. The fact that only VIIIp was obtained on 
methylation of naturally derived I1 is undoubtedly 
a result of separating only the less soluble isomer. 

EXPERIMENTAL" 

dl-l7-Furfuryl.ldene-18-nor-~-homoestrone methyl ether (V). 
A solution of 256 mg. of the methoxyhydrochrysenone IVp, 
m.p. i53.5-156.0", in 51 mi. of methanol was treated with 
0.5 ml. of furfuraldehyde and 2.6 ml. of 33y0 sodum hy- 
droxide solution under a nitrogen atmosphere. After 16 hr. 
in the dark a t  room temperature, the crystalline precipitate 
was filtered and washed with methanol, affording a first 
crop of 274 mg. (847,), m.p. 156-171°.20 A second crop of 31 
mg., m.p. 162-167', could readily be obtained by concen- 
tration and cooling, bringing the total yield to 305 mg. 
(93%). After one recrystallization from benzene-petroleum 
ether, the product formed pale yellow needles, m.p. 172- 

6.02, 6.23, 6.30 p. 
Several recrystallizations from the same solvent pair 
produced the analytical sample, m.p. 170-172', A:' C2H80H 

325 mp (log e 4.35). 
Anal. Calcd. for Cz4HZ60a: C, 79.52; H, 7.23. Found?' 

C, 79.4; HI 7.3. 
dl-l8-Norhomomarrianolic acid methyl ether (VI. R = H )  

Ozonized oxygen, generated by a Wellsbach Model T-23 
ozonizer operating a t  an oxygen pressure of 8 p.s.i., 110 
volts, and a flow rate of 0.015 cu. ft./min., was passed 
through 8.4 ml. of dry methylene chloride a t  -70' for 
10 min. in chamber B of the Rubin2* ozonization apparatus 

(19) Unless otherwise specified, all melting points are 
corrected for stem exposure. 

(20) This material appeared to undergo a polymorphic 
change during melting, starting as prisms which underwent 
extensive melting from 156-158', at  which temperature stout 
needles could be observed in the melt. Cooling from 158' 
produced recrystallization as needles which remelted 165- 
171'. In some preparations, only needles were obtained 
from the reaction, in which cases the crude product had 
n1.p. 169-171". 

(21) Microanalysis by G. Winestock and S. M. Aronovic. 
(22) Designed by Dr. ill. B. Rubin at  the University 

of Wisconsin. The volume of ozone-saturated methylene 
chloride was determined as that which is just sufficient to be 
completely decolorized by 0.208 mmole of 2-furfurplidene- 
1-decalone in the same apparatus. 

325 mk (log e 4.33), 1730, AE~: CZHPOH 
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Fig. 1. Ozonization apparatus. A, ozonization chamber; 
B, chamber for saturation of solvent with ozone; C, sample 
introduction tube; D, ozone inlet; E, ozone outlet; F, 
magnetic stirrer 

shown in Fig. 1. A solution of 75 mg. (0.208 mmole) of the 
furfurylidene ketone V in a small volume of methylene 
chloride was introduced into chamber A, and at  -70" with 
stirring the ozone solution was forced into chamber A by 
applying a small positive pressure of dry nitrogen to tube E. 
The blue color of the ozone was completely discharged, a 
colorless solution resulting. The apparatus was transferred 
to an ice bath and 3 ml. of 0.33 M aqueous periodic acid 
was added, followed by sufficient acetic acid t o  produce a 
homogeneous solution, approximately 11 mi. being required. 
This mixture was allowed to come to room temperature 
and remain there for 22-24 hr. 

Three such reaction mixtures, pale yellow in color, were 
combined (0.624 mmole of V)  and diluted with 250 ml. of 
dilute sodium chloride solution and 100 nil. of ethyl acetate. 
The phases were separated, the organic phase was washed 
with dilute salt, and the combined salt solutions were ex- 
tracted with ethyl acetate. The combined organic solutions 
were dried with sodium sulfate, and the solvent was re- 
moved at reduced pressure. The residue was taken up in 
ethyl acetate, acidic material was thoroughly extracted 
with excess 5% sodium bicarbonate, these basic extracts 
were chilled in ice, acidified to Congo Red with 10% hydro- 
chloric acid, and the product was extracted with ethyl 
acetate. The extracts were washed with saturated brine, 
dried with sodium sulfate, and the solvent was removed a t  
reduced pressure. The tan oil which remained crystallized 
readily on trituration with ether, and after being washed 
three times with small volumes of ether, afforded 93 mg. of 
pale tan crystals. The ether wash solutions were evaporated 
and again triturated to afford a second crop of 44 mg. By 
chromatography of the residue on 600 mg. of silicic acid, a 
further quantity of nicely crystalline colorless acid could be 
obtained in the chloroform and 17, methanol in chloroform 
eluates, bringing the total yield of crude VI (R = H) 
to 170 mg. (82'%) of tiny prisms, n1.p. 208-215". After one 
recrystallization from benzene-ethyl acetate, 108 mg. (527,) 
of tiny prisms, m.p. 216-219", was obtained, X ~ ~ c C ' H 6 0 H  
278 mp (log e 3.29) and 287 (3.26). An analytical sample, 
m.p. 215-215.5', was prepared by several recrystallizations 
from the same solvent pair. 

Anal. Calcd. for C I ~ H ~ ~ O ~ :  C, 68.66; H, 7.28. Found:zl , .  
C, 68.4; H, 7.4. 

A dimethvl ester VI (R = CHRL m.a. 74-79', was ob- 
tained in qGantitrttive yield on treit 'mek with diazomet>h- 

ane. One recrystallization from methanol raised the m.p. to 
77-80". The analytical sample was recrystallized several 
times from methanol, m.p. 84.0-84.5", A:: CPHsoH 278 mp 
(log e 3.33), 287 (3.30), X ~ ~ ~ ' ' "  5.84 and 6.24 p.2a 

Anal. Calcd. for C21H280b: C, 69.98; H, 7.83. Found:Z4 
C, 69.7; H, 7.8. 

dl-18-Norestrone methul ether IVIIIB) and dl-lS-iso-18- 
norestrone methyl ether (?IIIa). The Dieckmann cyclization 
was carried out by the procedure used in the epiandrosterone 
series." To a suspension of alcohol-free potassium t-butoxide 
in 20 ml. of dry benzene (prepared from 0.7 g. of potassium 
by the procedure in ref. 11) in a dry nitrogen atmosphere 
was added a solution of 225 mg. of the dimethyl ester VI 
( R  = CH,), m.p. 79-83', in 25 ml. of dry benzene, and this 
was followed by an additional 30 ml. of benzene. The pale 
yellow suspension was stirred a t  reflux for 4 hr. and then a t  
room temperature for an additional 15 hr. To the mixture 
was added 1.8 ml. of acetic acid, the resulting white suspen- 
sion was poured into excess 570 sodium bicarbonate, the 
layers were separated, and the aqueous solution was ex- 
tracted twice with ether. The ether solution was washed with 
saturated brine and dried with sodium sulfate and the sol- 
vent was removed a t  reduced pressure to afford 205 mg. 
( 100%) of oily product which crystallized readilv on tritu- 
ration with methanol, m.p. 96-141' A''' C P H 6 0 H  &7 3 8 mp 
(log e 3.30) and 287 (3.27) and X&'amF.73, 5.80, 6.22, 
and 6.35 p. This material, which was presumed t o  be a 
mixture of epimeric keto esters, gave the typical violet 
color with alcoholic ferric chloride. 

A 196-mg. sample of the crude keto ester was suspended 
in 55 ml. of triethylene glycol containing 2 ml. of water, 
and the mixture under a nitrogen atmosphere was im- 
mersed in an oil bath preheated to 208". Stirring was 
initiated, the temperature rapidly fell to 186', and the 
suspended material quickly dissolved. The temperature 
was maintained a t  186" for 8 min. after initiation of heating. 
The mixture was then cooled, diluted with 150 ml. of water, 
and extracted with chloroform. A4fter washing the chloroform 
extracts with xater, they n ere dried with sodium sulfate 
and evaporated to dryness. Chromatography of the oily 
residue (which gave no color with ferric chloride) on Florisil 
afforded 137 mg. (85%) of a crystalline mixture of VIIIa 
and F'IIIp in the 50-95% benzene in petroleum ether 
eluates. 

This mixture was separated into its two components by a 
second chromatogram on Florisil, VIIICV being eluted in 
the early 507, benzene in petroleum ether fractions, and 
VIIIp being removed in later fractions and finally completely 
eluted by 10% ether in benzene. From 249 mg. of the crystal- 

(23) A substance, m.p. 110-111", to which this structure 
was assigned was obtained by esterification of the per- 
manganate oxidation product of the corresponding piperon- 
ylidene ketone in the course of the estrone synthesis, ref. 
4. The oxidation product was isolated in very low yield, and 
too little of the 111" material was available for further study 
a t  that time. The infrared spectra of VI and the 111" 
material show slight differences in the fingerprint region, 
and a mass spectral molecular weight determination sup- 
ports formulation of the 111' material as the corresponding 
norester i. This presumably arises from over-oxidation by 
permanganate as is known to sometimes occur. The mass 
spectral determination was carried out on a Type 21 C. E. 
C. mass spectrometer by Dr. H. Budzikiewicz to whom we 
extend our thanks. 

i 
CHnO 

(24) Microanalysis by Spang Microanalytical Lahora- 
tory, Ann Arbor. Mich. 
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line mixture there was obtained in thir manner 146 mg. which 
was predominantly VII Ia  and 78 mg. which was predomi- 
nantly VIIIP. 

dl-13-Iso-18-norestrone methyl ether, VIIIa, was further 
purified by recrystallization from methanol, m.p. 118-124'. 
The analytical sample was obtained as colorless prisms 

3.34), 287 (3.31), A:::'a 5.79, 6.20 p. 
Anal. Calcd. for C I ~ H ~ ~ O ~ :  C, 79.94; H, 8.20. Found?' 

C, 79.9; H, 8.2. 
dl-l&Norestrone methyl ether, VIIIP, was recrystallized 

from methanol, m.p. 142-150'. Repeated recrystallization 

(log B 3.35), 287 (3.32), A:::"" 5.79, 6.20 p. 

from methanol, m.p. 123-124', C*HsoH 278 mp (1% e 

gave colorless prisms, m.p. 153-153.5", A:: c'H80H 278 m P 

Anal. Calcd. for C1BH2%OZ: C, 79.94; H, 8.20. Found:Z4 
C, 79.8; H, 8.25. 

The infrared spectrum of the latter isomer (VIIIB) was 
rich in detail and identical in all respects with that of a 
sample of the naturally derived enantiomorph, m.p. 143- 
147" (uncorr.) supplied by Prof. G. F. Marrian.Sv16 A 
mixture melting point determined in Prof. Marrian's 
laboratory was 142-147' (uncorr.). 

dl-18-Arorestrone (11). The demethylation of the ether 
mixture of VII Ia  and VIIIP was carried out by the usual 
procedure.* A mixture of 1.0 g. of freshly prepared pyridine 
hydrochloride and 48.7 mg. of the crude mixture of VII Ia  
and VIIIB was heated a t  210' under a nitrogen atmosphere 
for 40 min. After cooling, the mixture was taken up in 5% 
hydrochloric acid and chloroform. The aqueous phase was 
thoroughly extracted with chloroform, the organic extracts 
mere washed with sodium bicarbonate and brine, dried with 
sodium sulfate, and the solvent was removed a t  reduced 
pressure. The crude crystalline product was chromatographed 
on Florisil to yield 21 mg. (42%), m.p. 203-217" dec., 
which after recrystallization from methanol had m.p. 
225.5-227' dec., (stage), 262-263' (eealed capillaryza). 
On admixture with the naturally derived d-enantiomorph, 

(25) These melting points were determined by Prof. G. 
F. Marrian. 

(m.p. 264-268" cap.2a), the melting point was 255-260" 
(sealed capillary,26 different heating rate). When compared 
on the hot stage, the melting point of the natural enantio- 
morph, 226-228', was undepressed on 

Pyridine-borane reductions.ee To a solution of 0.38 mg. of 
estrone 3-methyl ether in 0.030 ml. of glacial acetic acid 
was added 0.23 mg. of pyridine borane (Callery Chemical 
Co.) in 0.005 ml. of acetic acid. The mixture was allowed to 
stand a t  room temperature in a nitrogen atmosphere for 3 hr., 
one drop of 10% hydrochloric acid was added, followed 
by excess water. The product was isolated by extraction 
with ether, washing successively with water, 10% potas- 
sium carbonate, and water, drying with anhydrous sodium 
sulfate, and evaporation of the solvent. The crude product 
was assayed by thin-layer chromatography on silica gel, 
using 4% ether in benzene as the developing solvent. Spots 
u-ere located by spraying with a solution of 0.2 ml. of 37% 
formaldehyde in 10 ml. of concd. sulfuric acid. The product 
showed a single spot with an R f  identical with that of au- 
thentic estradiol-3-methyl ether and considerably different, 
from starting kr tone. 

Reductions of 0.566 mg. of VII Ia  and 0.433 mg. of VIIIB 
were caried out in an identical manner, using in each case a 
total of 0.050 ml. of acetic acid and 0.75 mg. of pyridine 
borane. Thin-layer chromatographic assay of the products, 
isolated as described above, showed that VIIIa had been sub- 
stantially unaltered. The Ry of the major spot was identical 
with that of VIIIa, although a second very faint spot ap- 
peared at a location between that of estrone 3-methyl ether 
and estradiol 3-methyl ether. This may be indicative of a 
small amount of reduction. The product from VIIIP, on the 
other hand, showed no residual VIIIP, but only material of 
R f  nearly the same as that of estradiol 3-methyl ether. 
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