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solution of 0.330 g, (0.73 mmole) of 9a-fluoro-16a-methoxy- 
hydrocortisone acetate (XXTX) and 0.175 g. (1.57 mmoles) 
of selenium dioxide in 18 ml. of t-butyl alcohol containing 
0.055 mL of pyridine waa treated as described in the 
preparation of XXII. The crude material was chromato- 
graphed on silica gel. The solids eluted by benzene-ether 
(3: 1) were combined and recrystallized from acetone-hex- 
&ne to give 0.103 g. (32% yield) of crystals, m.p. 226-229" 

dec. An additional recrystallization gave the analytical 
apecimen (40 mg.) as white crystals, m.p. 238-240' dec.; 
[Q]D + 70.5" (acetone); A,,, 240 mp ( E  17,100); vmsx 3400, 
1730, 1712, 1650, 1612, 1600, 1230, 1098 cm.-l 

Anal. Calcd. for CMHalFOi: C, 63.98; H, 6.94; F, 4.22. 
Found: C, 64.50; H, 7.77; F, 4.63. 
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Distillation of estradiol 3-methyl ether from boric acid gives preponderantly the olefin 2. The by-products of this reaction 
have been isolated and characterized. Other methods of effecting the rearrangement are described. 

Among the possible synthetic routes to 18-nor 
steroids is that utilizing retropinacolic elimination 
of the (3-17 substituent of a suitable androstane or 
estrane. In  this reaction migration of the angular 
methyl group to C-17 occurs, leaving, ideally, a 
double bond located between carbons 13 and 17 
(such as olefin 2). Such compounds are excellent 
starting materials for the preparation of hormonal 
analogs lacking a C-13 substituent.lJ 

Among the first of a large number of such re- 
arrangements in steroid literature is that contained 
in the structure elucidation of estradiol by Cohen, 
Cook, and Hewetta; methyl migration was ob- 
served both with estradiol 3-methyl ether and with 
17a-methylestradiol 3-methyl ether upon treat- 
ment with Lewis acid catalysts. Later Miescher 
and Kagi4 proved that treatment of l7a-hydroxy- 
androstanes with formic acid gave as a major 
product a A1*(17), 17-methyl steroid ("pseudo- 
androstene"), the rearrangement in this case being 
facilitated by the coplanarity of the four centers 
involved.s "Retro"-steroids, postulated to be AIa,- 

17-methylandrostenes and -estratetraenes, were 
prepared in the same period by treatment of 17- 
chloroandrostanes (or -estratrienes) with base.6 
More recently the reaction of 17/3-tosylates with 
various nucleophilic agents has been investigated ; 
the products are in part the 13(17)-0lefins.~*~ 

(1) W. F. Johns, J. Am. Chem. SOC., 80,6456 (1958). 
(2) G. Stork, H. N. Khastgir, and A. J. Solo, J .  Am. 

(3) A. Cohen, J. W. Cook, and C. L. Hewett, J. Chem. 

(4) K. Miescher and H. Kaai. Hdv. Chim. Acta, 32. 761 

Chem. SOC., 80, 6457 (1958). 

SOC., 445 (1935). 
- I  , .  

(1949); 22,683 (1939). 
(5) D. H. R. Barton. J. Chem. SOC.. 1027 (1953). 
(6) U. Westphal, Y:-L. Wang, and H. Hellmann, Ber., 

72,1233 (1939). 
(7) 0. S. Madaeva, J. Gen. Chem. U.S.S.R., 2 5 ,  1373 

(1958), Zhur. Obshchei Khim., 27,2573 (1957); F. Sondheimer, 
0. Mancera, M. Urquiza, and G. Rosenkram, J. Am. Chem. 
Soc., 77, 4145 (1955); J. Elks and C. W. Shoppee, J. Chem. 
Soc., 241 (1953). 

Finally, both androstane9 and pregnanesg possess- 
ing a C-17-tertiary hydroxyl have been shown to 
undergo this rearrangement readily under acidic 
conditions. 

The use of this reaction in the synthesis of 18- 
nor hormones was unattractive due to the difficul- 
ties in obtaining starting materials of the proper con- 
figuration and/or in the subsequent low yields of 
the desired isomer. These objections were removed 
by the discovery that estradiol 3-methyl ether on 
distillation from boric acid yields 65-70% of ole- 
fin Z.lo Ozonolysis of 2 to a diketone (6) (A,,, 
5.83 p)  established the ditertiary nature of the 
double bond. Base treatment of this diketone led 
to a hydroxy ketone (9) (NMR showed only 0- 
methyl, no C-methyl) which formed in turn an 
unsaturated ketone (8) whose ultraviolet absorp- 
tion (Amx 239 mp) eliminates two (3, 10) of the 
three possible ditertiary olefins not conjugated 
with the A-ring. Thus only structure 2 is consistent 
with the data." Conclusive proof of the structure 
of this olefin was obtained by its conversion to 18- 
norestrone methyl ether.' 

Accompanying olefin 2 were several products 
isolated by osmium tetroxide hydroxylation of the 
entire olefin mixture and subsequent chromato- 
graphic analysis. The glycols obtained were oxi- 
dized with periodate and the cleavage products 
were treated with base to complete the identifica- 
tions. Additional quantities of these cleavage 

(8) 0. S. Madaeva, J .  Gen. Chem. U.S.S.R., 26, 3267 
(1956); N. L. Wendler, R. P. Graber, and G. G. Hazen, 
Tetra., 3, 144 (1958); V. Tortorella, G. Lucente, and A. 
Romeo, A n d .  Chim. (Rome), 50, 1198 (1960). 

(9) See, for example, H. L. Herzog et al., J. Am. Chem. 
Soc., 81, 6478, 6483 (1960); J. E. Herz et al., J. Am. Chem. 
Soc., 78, 4813 (1956); R. Hirschmann et al., J .  Am. Chem. 
Soc., 78,4814 (1956). 

(10) Dr. D. A. Tyner of these laboratories was the first 
to utiliie these conditions and we wish to thank him for 
allowing us to identify and exploit the products. 

(11) Cf. ref. 4 for a similar proof of structure. 
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products were obtainable by direct ozonolysis of 
crude 2 followed by chromatography. 

The major component, the C-134-17 glycol (6) 
was cleaved to the known diketone 6. None of the 
epimeric cis glycol was found. The stereospecificity 
of this hydroxylation is not easily predicted from 
inspection of the molecular model of this compound 
and configumtional assignments are therefore 
tentative. 

Among the minor constituents were a pair of 
glycols (11, 12) found to be epimeric by virtue of 
their cleavage to the same diketone (16). The lack 
of aldehyde absorption in the infrared spectrum 
of 16 again shows the glycols and their parent ole- 
fin ( IOU) to be ditertiary. Since both olefins 2 and 
10 have very nearly the came spatial orientation 
the major glycol (11) is assumed to have the same 
configuration as the sole glycol of olefin 2. By ro- 
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tational comparison with its diastereomer (12) 
evidence can be adduced for the configurations of 
glycols 5, 11, and 12. 

Mild base treatment of diketone 16 afforded a 
hydroxycyclohexanone (14) (A, 2.85, 5.89 p )  
and an unsaturated ketone (IS) (A- 251 mp, 
[O]D -150).12 Further treatment of the un- 
saturated ketone (or the hydroxy ketone) with base 
yielded an isomeric unsaturated ketone (17) with a 
similar ultraviolet spectrum (A, 250 mp, [a], + 194O). None of the starting compound was detect- 
able from this tramformation indicating the ex- 
treme position of the reaction equilibrium. Catalytic 
reduction of either unsaturated ketone occurred 
readily, giving in each case a cyclohexanone (A, 
5.85 p). The spectral and analytical data of the six 
compounds stemming from the initial pair of gly- 
cols most rationally supports the 13(14) position of 
the double bond in the parent olefin (10). 

The second unsaturated ketone (17) is most 
reasonably epimeric at the labilized c.8 position. 
The C-17-methyl group may have inverted also 
but the relatively minor alteration possible here 
(especially in view of the almost planar &ring) 
seems insufficient to explain completely the strong 
change in rotation or in the secondary infrared 
"a and the lack of signiscant change in the 
NMR spectrum. More pertinent is the well docu- 
mented stability relationships of cis- and tram- 
hydrindanonea, present here as the B and C rings. 
The closest analogy to this situation is in the 
B-norcholestanes, in which the greater stability 
of the cis fusion has been demonstrated.la Addi- 
tional confirmatory data is supplied by systems 
containing a terminal five-membered ring.14 

When another pair of glycols was isolated, it  
became clear that the parent olefins arose from a 
secondary protrotropic shift during the retropinacol 
mangement .  The first of the pair (20) was cleaved 
to a monoketone (A- 5.78 p) shown later to be 
identical in all respects to l&nor-l3cuestrone 
methyl ether (21).51a The Becond glycol (23) was 
cleaved to a ketoaldehyde (25) (A, 3.66, 5.82 p). 
The hydroxycyclohexanone (26) (A, 2.85, 5.86 p), 
formed on mild base treatment, readily af€orded an 
unsaturated ketone (27) (A, 225 mp, A, 
5.96 p).  Catalytic reduction gave the d-whomonor- 
steroid 24 identical in the infrared to a sample of 

(12) The corresponding &homo unsaturated ketone 
(with a six-membered C-ring) has A,, 248.5 mfi (log 
4.12): W. S. Johnson, B. Bannister, and R. Pappo, J .  Am. 
Chem. Soc., 78,6331 (1956). 

(13) W. G. Dauben, G. A. Boswell, and G. H. Berezin, 
J .  Am. Chem. Soc., 81, 6082 (1959); W. G. Dauben, BuU. 
am. dim.  France, 1960,1338. 

(14) In the 18-nor steroids (ref. 1) the cie juncture again 
predominates (70% at equilibrium). For other examples see 
J. F. Biellmann, I). Francetic, and G. Ourisson, Tetra. Let 
ters, 1960 (18), 4; ref. 13, and articles cited in these papers. 

(15) That the C-13 hydrogen is alpha in compounds 
S, 19, and 23 is strongly supported by this experiment, and 
also by consideration of hydrindanone stabilities. 

the authentic dl-material,16 a comparison affording 
proof of the structures 22-27. 

Glycol 29 was isolated in small amounts as the 
only evidence of formation of the A12 steroid 28 
in this rearrangement. The structure of this glycol 
was established only after additional material 
became available from an alternate reaction 
sequence (see below). The low yield of this olefin 
may be attributed to the thermodynamic control 
of the reaction products and the lower stability 
of the secondaq-tertiary double bond as compared 
to the preponderant &tertiary olefins f 0 ~ n d . l ~  

Accompanying the glycols was a crystslline 
olefin @), shown to be inert to osmium tetroxide 
by a subsequent experiment. This lack of reactivity 
coupled with the ultraviolet (only anisole absorp- 
tion) and NMR (no vinyl hydrogens) spectra 
point clearly to C-8(14) as the position of the uu- 
saturation in this molecule. 
In an attempt to obtain olefin intermediates 

unstable at the distillation temperatures (380- 
goo), the temperature of the boric acid rearrange- 
ment was decreased to a point (280') at which the 
product was only partially formed. After one hour 
at this temperature, the product was isolated, 
hydroxylated, and chromatogmphed. Only a mall 
amount of glycol 5 was obtained along with large 
amounts of conju&ted olefins and starting ma- 
terial (la).  No other glycols were found nor was 
any C-17 borate ester detected. Attempts to con- 
vert the olefins formed at 280° to olefin 2 by heating 
with boric acid were unsucce99fuI. One explanation 
of this result is that the stable olefins 2 and I& are 
initially formed in something approximating an 
equilibrium mixture; on prolonged treatment par- 
tial isomerization to the more remote positions 
(A8@) or A8(14)) occurs. 

The simplest mechanistic path for this rearrange- 
men@ to follow is via the carbonium ion i, formed 
by concerted elimination of a protonated hydroxyl 
or borate ester, and shift of the angular methyl 
g r 0 ~ p . l ~  cis-Elimination by ester pyrolysis has been 

(16) "his sample was kindly supplied by Dr. J. A. Cella 
of these laboratories, prepared according to W. S. Johnson, 
D. K. Banerjee, W. P. Schneider, C. D. Gutsche, W. E. 
Shelberg, and L. J. Chinn, J .  Am. C h .  Soc., 74, 2832 
(1952). 

(17) For examples of polycyclic olefin stabilities see R. B. 
Turner, W. R. Meador, and R. E. Winkler, J .  Am. Chem. 
Soc., 79,4122 (1957); W. G. Dauben, E. C. Martin, and G. 
J. Fonken, J .  Org. Chem., 23,1205 (1958). 

(18) For a comprehensive review of the mechanism and 
stereochemistry of this rearrangement see C. K. Ingold, 
Strutwe and Mechanism in Organic Chemiaby, Come11 
University Press, Ithaca, N. Y., 1953, p. 473, and G. W. 
Wheland, Advanced Organic Chemistry, J. Wiley and Sons, 
he., New York, N. Y., 1949, p. 451. 

(19) The &configuration of the G I 7  methyl in olefins 
3, IO, and 98 is derived by consideration of thii mechanism; 
the methyl group has no opportunity to 1.eave the &face 
during the migration, at le& in the direct reaction path. 
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R o  HOCH, & / 

CH:,O 
z9a. R = Ac 

b . R = H  

CHjO 
91 

proposed20 for boric acid dehydrations as an 
alternate mechanism which would lead to the un- 
rearranged olefin S l .  Although it is possible that 
olefin would protonate yielding ion i and then 
rearrange to ii, it would have to do so completely 

CH, CHa 

fi i 

since none of this product (31) was detected; 
this explanation seems unlikely and unnecessarily 
complex.21 

Having readily isolated and identified deriva- 
tives of several estratetraenes, it was possible to 
confirm early structural assignments in this area. 
Phosphorus pentachloride and estradiol 3-methyl 
ether reacted to give the 17-chloro compound 
4a, [ a ] D  +15O. Rearrangement of this intermediate 
with sodium acetate at  120’ gave an olefin mixture 
from which could be separated the crystalline 
olefin loa,  identified by hydroxylation to the known 
13,14-glycol 11. Direct correlation of olefin loa  to 
the compounds in the literature6 was accomplished 
by methylation of Westphal’s olefin 10c (following 
his preparative route through compounds l b ,  4 4  
and lob),  thus demonstrating his structural assign- 
ments to be correct. 

The remaining components of the olefin mixture 
containing 1 Oa, as produced from pure chloride 
4a, were determined by hydroxylation and chroma- 
tography. The preponderant glycol found was the 
13,17-diol 5 ;  also isolated were smaller amounts of 
glycol 11 and its diastereomer 12. The remaining 
material was largely unchanged olefin from which 
was isolated the crystalline naphthalene 7 (A,,, 
280 mp, no vinyl protons in the NMR). Again no 
glycol from the Al6-olefin 31 was isolated.22 From 
this analysis it appears that the “retroestratetra- 

(20) G. L. O’Connor and H. R. Nace, J .  Am. Chem. Soc., 
77,1578 (1955). Also see J. Fajkos, Coll. Czech. Co”. Chem., 
20, 312 (1955) for the pyrolysis of an androstan-178-01 
hexahydrobenzoate to the corresponding A1*-compound. 

(21) See alas C. H. De Puy and R. W. King, Cham. Reus,, 
1960,481, 

ene”6 is a minor component of the mixture pro- 
duced. 

Phosphorus pentachloride is normally expected 
to react with a secondary hydroxyl by inversion.28 
To eliminate the possibility of retention of con- 
figuration2* in the displacement of the C-17 @- 
hydroxyl, an alternate route of synthesis of the 
chloride 4a was sought. A direct method, by treat- 
ing the thioketal 32 (formed from the correspond- 
ing ketone) 25 with deactivated Raney nickel, 
failed to produce a monochloro compound. 

Indirect proof of the configuration of chloride 
4a was secured by preparation of the C-17 @- 
chloride. Treatment of estrone methyl ether with 
phosphorus pentachlorideZ6 yielded the vinyl chlo- 
ride 33 which could be reduced to the new saturated 
chloride 34. Configurational assignment is made on 
the basis of rotational data,Z4 greater stability 
towards elimination than its axial isomer 4a (as 
would be predicted from the four coplanar center 
rule)5 and mode of preparation. 

That zinc chloride at  180’ is an efficient rear- 
rangement catalyst for estradiol 3-methyl ether 
was shown by repeating the work of Cohen, Cook, 
and H e ~ e t t . ~  The olefinic mixture produced was 
treated with osmium tetroxide and was then 
chromatogrammed. No 13,17-glycol was obtained. 
The bulk of the material was a mixture of styrenes 
and more highly conjugated compounds, including 
the phenanthrene 16 described originally, The olefin 
2 may be an intermediate in the formation of the 
products found and might be obtained in good 
yield from milder reaction conditions employing 
this catalyst. However, under these conditions it 

( 2 2 )  It seems probable in view of this result that the olefin 
obtained from the analogous androstane would similarly 
give the olefin. Cf. M. Gut and M. Uskokovic, J .  
Org. Chem., 24,673 (1959). 

(23) R. J. Bridgewater and C. Pi. Shoppee, J. Chem. SOC., 
1709 (1953); C .  W. Shoppee, J. Chem. Soc., 1138 (1946). 

(24) C. W. Shoppee, M. E. H. Howden, and R. Lack, 
J. Chem. Soc., 4874 (1960). 

(25) G. F. Mueller and W. F. Johns, J .  Org. Chem., 26, 
2403 (1961). 

(26) See L. Mamlok and J. Jacques, Bull. soc. chim. 
France, 1960, 484 for a aimilar reaction in the androataneod 
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is an imperceptible portion of the product.27 
Similarly, treatment of estradiol 3-methyl ether 
with aluminum chloride under mild conditions 
followed by hydroxylation of the product yielded 
no glycol. 

The Bamford-Stevens rearrangement% offered 
the possibility of an even more selective olefin 
preparation via a bulky cyclic intermediate. 
Base catalyzed decomposition of the p-tolylsul- 
fonylhydrazone of estrone methyl ether yielded an 
olefinic mixture shown to consist of roughly equal 
amounts of olefins 2 and loa as determined by 
glycol analysis. Glycol 29 was also isolated for the 
first time; it formed a monoacetate on acetylation 
and a ketoaldehyde on cleavage. Mild or vigorous 
base treatment of the ketoaldehyde (SO) led only 
to an amorphous hydroxy ketone. This data con- 
firms the AI2 C-17 methyl structure (28) as the 
parent olefin of these derivatives. 

EXPERIMENTAL" 

1 7~-Meth~Z-S-methoxy-l8-norestra-ll3,6( 1 O), 13( 1 ?")-tetra- 
me (8)." An intimate mixture of 100 g. of estradiol 3-methyl 
ether and 25.0 g. of boric acid was heated a t  140' in a nitro- 
gen atmosphere by means of a metal bath. After 20 min. a 
quantity of water containing boric acid was distilled by 
raising the temperature to 200'. The receiver was changed, 
the pressure was reduced to 10-25 mm. and the temperature 
was raised to the boiling point of the steroid (380450"). 
The actual distillation occurred over a 10-min. period. This 
distillate consisted of 88 g. of a pale yellow, viscous oil, 
[a ]D  +92". Careful chromatography of 2.0 g. of this material 
on 400 g. of silica yielded only noncrystalline fractions from 
elution with 15% benzenepetroleum ether (b.p. 65-68'). 
The center fractions were essentially pure lS-nor-178- 
methyl-3-methoxyestra-l,3,5( lo), 13( 17)-tetraene (8);  [ a ] D  
+go'; A ~ ~ c l '  6.21,6.34 p; Ams= 277 (log E 3.35), 286(3.31) mpal. 

Anal. Calcd. for C10H240: C, 85.02; H, 9.01. Found: C, 
84.84; H, 9.02. 

Estradiol 3-methyl ether (0.15 9.) was also eluted from the 
silica column with 2% ethyl acetate-benzene; it was identi- 
fied by ita infrared spectrum and melting point. 

1 7p-Methyl-S-methozy-l8-no~e.vtra-l,S,6( lO)-trien-l3cr,- 
lYa-diol(6).  To a solution of 9.40 g. of the total crude tetra- 
ene 8 (as obtained above) in 150 ml. of ether was added 1.0 
equivalents of osmium tetroxide (8.90 g.), The solution 
started to boil gently and a black precipitate formed im- 
mediately. The solution was stirred at room temperature 
overnight, and was then diluted with 400 ml. of ethanol and 

(27) Steroid texts, L. F. Fieser and M. Fieser, Sleroids, 
Reinhold Publishing Corporation, New York, N. Y., 1959, 
p. 456, and C. W. Shoppee, Chemistry of Steroids, Academic 
Press, Inc., New York, N. Y., 1958, p. 116, are somewhat 
misleading in their description of the original experiments, 
implying olefin 8 is isolable. 

(28) W. R. Bamford and T. S. Stevens, J. Chem. Soe., 
4735 (1952); R. Hirachman, C. S. Snoddy, Jr., C. F. Hiskey, 
and N. L. Wendler, J. Am. Chem. SOC., 76,  4013 (1954). 

(29) All melting points were taken on a Fisher-Johns 
melting point apparatus. Rotations were determined in 
chloroform solution (l%), ultraviolet spectra in methanol, 
and infrared spectra as potassium bromide disks unless 
otherwise stated. 

(30) We wish to thank Mr. C. Jung for his assistance in 
carrying out large scale preparations. 

(31) The maxima indicated here are characteristic of the 
anisole A-ring; further mention of them wil l  be omitted. 

a solution of 10 g. of sodium sulfite in 200 ml. of water. The 
mixture was heated a t  reflux for 1 hr. and was filtered, using 
hot ethanol and hot benzene to wash the precipitate. The 
solution was then concentrated to a small volume under re- 
duced pressure. The normal extraction and concentration 
procedure82 yielded 6.40 g. of material. Crystallization from 
acetone gave 1.66 g. of the 13,17-diol 6, m.p. 173-179". 
Recrystallization from acetone gave the pure materia1 as 
hard irregular prisms of an acetone solvate, m.p. 181-182'; 

Anal. Calcd. for CnHa2O4: C, 73.30; H, 8.95. Found: C, 
73.29; H, 9.12. 

Chromatography of the mother liquors (5.0 g.) on 240 g. 
of silica yielded an additional 1.50 g. of crude glycol 6, eluted 
with 10% ethyl acetate in benzene. Recrystallization from 
acetonepetroleum ether yielded 0.60 g. of the pure glycol, 
m.p. 173-178", identical in the infrared to the material ob- 
tained by direct crystallization. 

Eluted first (with benzene) from the silica column was 
0.20 g. of crude 17~-methyZ-S-methoxy-l8-mr-lScr-est~a-1,~,6- 
(10),8(14)-tetraae(3) which on recrystallization from 2-pro- 
panol gave the analytical sample, m.p. 83-84"; [ a ] ~  +135"; 
6.258 (0-methyl), 9.700 and approximately 1O.OOO 7 ( 0 1 7  
CHa ). 

Anal. Calcd. for ClsH%O: C, 85.02; H, 9.01. Found: 0, 
84.82; H, 8.94. 

Retreatment of this tetraene with excess osmium tetroxide 
in ether for 3 days at room temperature effected no change. 
Treatment with ozone at -70" until 1 mole of ozone had been 
taken up (determined by the ozone concentration of the 
effluent gases) afforded only noncrystalline materials which 
lacked the normal aromatic spectrum. 

Elution of the chromatographic column with 5% ethyl 
acetate in benzene gave 0.15 g. of crystalline residue which 
upon recrystallization from acetonepetroleum ether and 
treatment with charcoal yielded 40 mg. of 17p-methyl-S- 
methozy-18-norestra-l,3,6( 1 O)-trien-lSa, 14adioZ( 11 ), m.p. 

Anal. Calcd. for C 1 9 H ~ O ~ :  C, 75.46; H, 8.67. Found: C, 
75.69; H, 8.56. 

Continuing the chromatogram with 15% ethyl acetate in 
benzene yieldod 0.45 g. of crude diol which on recrystalliza- 
tion from acetone afforded 0.15 g. of the pure 17p-methyl-3- 
methoxy-18-nm-13atra-1,S16(10)-tn',1 radio1 (E?), 

[ a ] D  +117O; A,, 2.82, 2.97 p; 8.800 7 (C17-CHa).a3 

126-128"; [a ]D  +Bo; 2.83,2.99 #. 

m.p. 188-189'; [a ]D  +92"; 2.85,2.99 
Anal. Found. C, 75.19; H, 8.91. 
Ethyl acetate (20%) in benzene as eluant of the chromato- 

graphic column gave 0.20 g. of impure 80. Recrystallizat,ion 
from acetone yielded 17p-methyl-S-methoxy-18-nm-13a- 
e .v t~e- l ,S ,6(10)- t l . ia - l7a ,~~~io l (~~) ,  m.p. 160-161", [ a l ~  
f129'; A,, 2.85,2.92 p. 

Anal. Found: C, 75.45; H, 8.79. 
Attempts to hydroxylate olefin d with potassium perman- 

ganate in acetone, iodine and silver acetate in wet acetic 
acid, or with performic acid gave a variety of non-crystalline 
products which proved to contain little G13-C-17 glycol. 

I-( 3-OxobutyZ)-7-mefhoxy-l,2,S,4,4a~,9,10, loa@-octahydro- 
phenanthren-&one(6).* A .  Ozonolysis of the tetraae 2. A 
solution of 86 g. of the tetraene 8 in 400 ml. of methylene 
chloride and 400 ml. of methanol a t  -70" was treated with a 
stream of oxygen containing 1 equivalent of ozone over a 
5-hr. period. At the end of this time the effluent gas showed 
a sharp increase in concentration of ozone. Zinc dust (40 g.) 
and 40 ml. of acetic acid in 40 ml. of methylene chloride 

(32) The usual isolation of the reaction product was 
accomplished by dilution of the reaction with water and ex- 
traction with benzene; the extract was washed with water 
and aqueous potassium bicarbonate, dried over anhydrous 
magnesium sulfate, and concentrated to dryness under re- 
duced pressure. 

(33) We wish to thank Dr. N. L. McNiven for the NMR 
smctra and his helpful comments on their hterpretatfonr 
The spectra were d&rmined in deuturochloroforfti, 
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were added to the atirred solution. The Dry Ice bath waa 
removed and replaced by an ice bath. Decomposition of the 
ozonide seemed to occur near O', aa evidenced by a sudden 
discontinuity in the temperature increase (to 5'). After 45 
min. the solution was filtered and washed with water, and 
worked up in the normal manner.a* The midue waa crystal- 
lized from acetonepetroleum ether, yielding 49.0 g. (51%) 

A d .  Calcd. for GrHrol: C, 75.97; H, 8.05. Found: C, 
76.14; H, 7.81. 
An additional 34% of pure 6 could be obtained from chro- 

matography of the mother liquors on silica, eluted by 10% 
ethyl acetate in benzene. The yield of this diketone on direct 
crystalhation rom to 65% from amsller runa. 

B. Periodcrlc oziddion 01 the g l y d  6. The diketone 6 was 
also obtained by treating the glycol 6 (0.10 g.) in 10 ml. of 
dioxane and 0.2 ml. of pyridine with 0.10 g. of periodic acid 
dihydrate in 1 ml. of water for 2 hr. at room temperature. 
Dilution with water and filtration furnished 90 mg. of 6, n p .  
112-116°, identical in the i n f d  with the material ob- 
tained from the previous experiment. 

8-M~9,S,4,.6cra,dbB,6,6,1 &all 1 ,lSdt?d@dty~m- 
Goru (8)" A solution of 54.90 g. of the diketone 6 in 2.2 1. of 
methanol and 350 ml. of 10% aqueous potassium hydroxide 
waa heated in an atmoephere of nitrogen for 1 hr. The solu- 
tion waa cooled and diluted with 0.5 1. of water. The precipi- 
tate which formed waa collected on a filter, washed with 
water and dried, yielding 42-20 g. of the -msaturated ketone 
8, m.p. 146-147', and 7.30 g., m.p. 143-145'. Recrytalliza- 
tion from acetonepetroleum ether gave the analytical sam- 
ple aa &it platea, m.p 146-147'; [U]D +a": A,. 5.97,6.19 
p; A, 239 mdlog c 4.25).' 

A d .  Calcd. for Ga&: C, 80.81; HI 7.86. Found: C, 
80.57; H, 7.82. 

8 - M ~ l d a - h ~ d ~ ~ l  ,t?,Sl4,&aJbfl,6,6,l Obql 1 , 19,- 
19-dr&sm* (9). The diketone 6 (4.0 9.) 
waa slurried in 240 ml. of methanol containing 2 ml. of 10% 
aqueous potassium hydroxide. This waa a t i d  Vigorously at 
mom temperature for 20 min., diluted with water and fil- 
tered, yielding 3.7 g. of crystale. Chmmatography on 200 g. of 
riilica yielded 3.0 g. of starting material. The remainder, 
eluted at 10% ethyl a c e t a t 4 m " ,  waa largely the 
hydroxy ketone 9, which on recrptakation from acetone- 
petroleum ether yielded the pure compound, m-p. 200-203"; 
[ a ] ~  +27'; A,. 2.92, 5.82 f i ;  7.258 7 (O-methyl group; 
spectrum run in deuterated pyridine). 

A d .  Calcd. for G&O,: C, 75.97; H, 8.05. Found: C, 
75.84; H, 7.95. 

Treatment of this hydroxy ketone in refluxing methanol 
containing 5y0 aqueous potassium hydroxide gave a good 
yield of the unsaturated ketone 8. 

trien-ld,l4dkme (16).  A solution of the glycol 11 (35 mg.) 
in 5 ml. of methanol containing 0.4 ml. of pyridine was 
treated with 100 mg. of periodic acid dihydrate in 1 d. of 
water at room temperature for !E?, hr. (only starting material 
wa9 isolated after 1 hr.). Dilution with water gave 30 mg. of 
the dione, m.p. 139-141' which waa recrystallized from ace- 
tonepetroleum ether to give the analytical sample with the 
same melting point; 5.86,5.90 fi. 

Anal. Found: C, 76.07; H, 8.12. 
An identical pmcedure on 50 mg. of the epimeric glycol 19 

yielded, after 22 hr., 45 mg. of the diketone, m.p. 137-140", 
with the correct i n f d  spectrum. Again, a 1-hr. reaction 
period returned mainly starting material. 

Ozonolysis of the crude d yielded additional s d l  amounta 

of hard p m  m-p. 118-119'; [ U ] D  +so; 5.87 p. 

1 7 ~ - M c l S , 1 4 ~ 1 8 - n o r a r t ~ ~ - l , S , 6 (  10)- 

(34) To cancel the effert of the aromatic A-ring on this 
spectrum, an equal concentration of estrone methyl ether 
was run in the reference cell of the spectrophotometer. 
This eliminates the shifted and enhanced maxima as well as 
p a k s  crested only by the overlapping of the unsaturated 
ketone and k l e  a b r p ~ o n s .  

of the diketone 16 after chromatogmphy, eluted at 2% ethyl 
acetate in benzene from a riilica column 

1 0 b a , l l , l l a a ~ h ~ ~ ~ r y s ~ - l ~ ~  (14)  and a-meul&8- 

one ( I S ) .  A solution of 1.50 g. of the diketone 16 in 75 ml. of 
methanol containing 7.5 ml. of 1% aqueous potassium 
hydroxide waa stirred at room temperature for 10 min. The 
eolution was diluted with water and acidified with hydro- 
chloric acid. The precipitate waa collected on a filter, washed 
with water and dried, yielding 1.0 g. of crystals. Chromatog- 
raphy of this material on 40 g. of &ca yielded, at 2% ethyl 
acetate in benzene, 0.45 g. of the pure unsaturated ketone 
13, m.p. 14+142' after recrystelliat.ion from acetone- 
petroleum ether; [& -15'; & 6.03, 6.19 p; &- 251 mfi 
(log e 4.10)*; 6.242(O-methyl), 8.792 and 8.892 7 (C-17 
C H d  

A d .  Calcd. for G,H&: C, 80.81; H, 7.86. Found: C, 
80.87; H, 7.92. 

Eluted a t  5% ethyl acetate in benzene waa 0.44 g. of the 
hydroxy ketone 14. By recrystallization from acetone-petw 
leum ether the pure sample, m.p. 117-119', waa obtained; 

A d .  Calcd. for CloH~OI: C, 75.97; H, 8.05. Found: C, 
76.13; H, 8.06. 

~ M e t h y d B - m e ~ ~ - 1 , d 1 S 1 ~ , ~ a , ~ b ~ , 6 , 6 , 1 0 b ~ , 1  1,l la- 
undeuahydrdtysen-l-one (18).  To a solution of 0.67 g. of 
of the unsaturated ketone 13 in 40 ml. of ethanol waa added 
100 mg. of 5% palladium-on-charcoal catalyst. The mixture 
absorbed 1 equivalent of hydrogen in 20 min. Concentration 
of the filtered solution yielded a semicrystalline residue 
which upon recrystallization from methanol gave 0.38 g. of 
rode, m.p. 89-93"; [ a ] ~  +25"; & 5.87 p. 

A d .  Calcd. for C1,H&: C, 80.24; H, 8.51. Found: C, 
80.30; H, 8.53. 

hydrdrysen-l+w (17). A solution of 100 mg. of the un- 
saturated ketone I S  in 10 ml. of methanol containing 1 ml. of 
5y0 aqueous pot&um hydroxide was heated a t  reflux for 1 
hr. in an atmosphere of nitrogen. The product waa isolated 
by extraction,e yielding 99 mg. of r " ic rys tdhe  m~ter id ,  
[ U]D + 194", which on rec-zation from petroleum ether, 
yielded 60 mg. of the pure unsaturated ketone 17, m.p. 93- 
95', [ U ] D  +194"; A,6.00, 6 . 1 0 ~ ;  A-250 mp(1og a4.08)*'; 
6.242 (0-methyl), 8.792 and 8.912 7 (C17 C E ) .  

Anal. Calcd. for Q,H=02: C, 80.81; H, 7.86. Found: c, 

~ J f d Y ~ 4 a ~ - l  ,dId,4,.6cr,4afl,~~~, 

nre (hozy -C-nOr-  1~,,S,~,4bfl ,6,6,lOa~,11 - ~ ~ d T O C h l Y 8 ~ - 1 -  

[ U ] D  +61°; Am, 2.85,5.89 p. 

.%Methyl$--l ,~,S14,4b~,6,6,lOb~,1 1 - s  

80.83; H, 7.96. 
No trace of the starting material could be found in the 

mother liquors by direct or spectral examination, or by con- 
sideration of the rotation of the crude product. 

This unsaturated ketone readily took up 1 equivalent of 
hydrogen when dissolved in ethanol containing 5% p d a -  
dium-on-carbon catalyst. The noncrystalline product showed 
the typical cyclohexanone absorption a t  5.85 fi. 

l ~ - A o e t o ~ e h ~ 9 ~ a o t y ~ 7 - m e t h o z y - 1 , 9 , ~ , ~ , ~ ~ , 9 , 1 0 , 1 ~ -  
ocfuhydrophaanthrene (%). Treatment of 0.10 g. of the glycol 
dS in 15 ml. of methanol containing 0.3 ml. of pyridine with 
0.10 g. of periodic acid dihydrate in 1 ml. of water at mom 
temperature for 1 hr. provided, by dilution with water and 
filtration, 80 mg. of crude 95. Recrystallization from petro- 
leum ether gave 70 mg. of pure ketddehyde, m.p. 92-93'; 

A d .  Calcd. for ClpHUOl: C, 75.97; H, 8.05. Found: C, 

8-Mdhoq-3-h ydrozyl,,%?,S,4,4a,4b&5,6,1 Oh, 11 , 19,1%- 

[a10 4- 62"; A,, 3.66, 5.82 p. 

75.73; H, 8.07. 

a2decahydrmhqmn-l-oru (B). A solution of 50 mg. of the 
ketoaldehyde 9.5 in 3 ml. of methanol containing 1 ml. of 1% 
aqueous potassium hydroxide was stirred a t  mom tempera- 
ture for 30 min. The solution WBS diluted with water and 
filtered. Recrystallization from acetone-petroleum ether 
gave the analytical sample, 45 mg., m.p. 175-182"; [ a ] D  
+39"; A- 2.85, 5.86 p. 

Anal. Found: C, 75.75; €1, 7.74. 
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8-Methozyl,4,&~,4b~,6,6,lOa~,l 1,l d,l &P-decahydr+ 
ch~sen-l-onc (W).  A methanol solution (30 ml.) of 0.22 g. of 
the hydroxy ketone aS and 6 ml. of 10% aqueous potassium 
hydroxide was heated to reflux under nitrogen for 1 hr. The 
solution wsa cooled and extracted,- yielding 0.22 g. of semi- 
crystalline residue. This was chromatographed on 10 g. of 
eilica. Elution with 2% ethyl acetate gave 160 mg. of crystals 
which were recrystsllized from acetonepetroleum ether, 
sftording 80 mg. of the pure uneaturated ketone 87, m.p. 163- 

A d .  Calcd. for (&HA: C, 80.81; HI 7.86. Found: C, 
80.47; H, 7.65. 

8-Methmyl,d,3,,4,~oa,4b~,6,6,10ba,l l,ld,ldai3-dodeea- 
hy&.oclrtysen-l-onc (84). A solution of 0.15 g. of the unsatu- 
rated ketone 87 in 70 ml. of ethanol containing 75 mg. of 5% 
paliadium-on-charcoal and 0 05 ml. of 10% aqueous potas- 
sium hydroxide absorbed 1 equivalent of hydrogen in 5 min. 
The solution WBB filtered and concentrated in r " ~ .  The 
&due was filtered through 4 g. of silica in 5% ethyl acetate- 
benzene, givingO.ll g. of product, crystallized from methanol 
to yield 80 mg. of pure 84 as granular crystals, m p. 172- 174'; 

Anal. Calcd. for CISHUG: C, 80.24; H, 8.51. Found: C, 
79.97; HI 8.35. 

A chloroform spectrum of this material was identical to 
that of &24 prepared by an independent route.16 

18-Nor-l$etr&mthyZ ether ( d l ) .  The glycol 90 (70 
mg.) in 10 ml. of methanol and 0.2 ml. of pyridine was treated 
with 0.10 g. of para-periodic acid in 1 ml. of mater a t  room 
temperature for 1 hr. Dilution with water gave 50 mg. of a 
crJratalline product, m.p. 118-119', isolated by filtration. 
Recrystallization from ether-petroleum ether gave the 
analytical sample, m.p. 121-122'; [ a ] ~  -66"; X, 5.78 p. 

A d .  Calcd. for C,SH,OI: C, 79.96; H, 8.20. Found: C, 
80.14; HI 8.25. 

This sample waa identical in all respects to a sample 
eynthesized by a different route.' 

Boric cscid-catalyzed rearrangement of esttadaol $-methyl 
ethet at 980'. An intimate mixture of 15 g. of estradiol 3- 
methyl ether and 15 g. of boric acid was heated over a 1 5  
min. period to 280's and was maintained a t  that temperrr- 
tum for 1 hr. The mixture waa then cooled and diluted with 
water. The usual work-up gave 13.8 g. of an oil, which was 
chromatographed on 500 g. of silica. Elution with 15y0 ben- 
zene in petroleum ether gave a total of 7.84 g. of oil, the latter 
portions of which crystallized in part giving, after recrystal- 
lization from &propyl alcohol, 50 mg. of the naphthalene 7, 
m.p. 78-81'; (described fully below). Further elution .of the 
column provided 5.5 g. of crude estradiol 3-methyl ether 
(37y0), identified by its infrared spectrum. 

The olefin mixture (4.3 g., after chromatographic purifica- 
tion) in 700 ml. of ether was treated with 3.9 g. of osmium 
tetroxide for 65 hr. Following the work-up described for the 
preparation of glycol 6 there was obtained 4.60 g. of oil. 
This waa chromatographed on 200 g. of silica. Elution with 
benzene gave 0.80 g. of oily mixture; [U]D +21; h ,  228 
(log t 4.56), 264 (3.77), 321,336 mp; 1, 6.13,6.22 p. 
The only crystalline component was eluted with 5% ethyl 

acetate in benzene. This gave 1.42 g. of crude glycol 6, which 
on recrystallization from acetone-petroleum ether gave 0.78 
g. of crystals, m.p. 173-180', identical in the infrared with 
an authentic sample. 

Treatment of the total noncrystalline glycol fractions with 
periodic acid followed by chromatography gave only non- 
cryatalline mixtures containing ketone but no discernible 
aldehyde abeorption in the infrared. 

17&~&melho~yes tm- l ,3 ,6 ( lO) - t~4a) .  A solution 
of 28.4 g. of estradiol 3-methyl ether in 0.8 1. of carbon tetra- 
chloride a t  5' waa treated with 22 g. of phosphorus penta- 
chloride. After 2 hr. of vigorous stirring, the solution was 

164'; [ U ] D  -8'; h- 5.96 p; h- 225 mp (1% 6 4-22)." 

[U]D +ao; h- 5.86 1- 

(35) S i  treatment a t  230' for 20 min. effected no 
chsnge. 

treated with an ex- of aqueous potsssium bicarbonate, 
and then was worked up in the usual manner.- The residue 
was chromatographed quickly on 0.8 kg. of silica, the product 
being eluted with 5y0 benzene in petroleum ether. Recrys 
tallbation of thia material yielded 9.5 g. of the chloride 4a, 
m.p. 103-106'. Recrystallization of a portion yielded the 
analytical sample, m.p. 107-108'; [ a ] ~  +15"; 5.837 and 
5.937(17&H), 6.242 (0-methyl), 9.195 r (GI8 (26). 

A d .  Calcd. for C19H&10: C, 74.85; H, 8.27. Found: 
C, 74.83; H, 8.23. 

Attempts were made to invert this chloride by use of both 
lithium chloride in refluxing tetrahydrofuran (4 d~p) or 
tetraethylammonium chloride in refluxing chloroform (24 
hr.). In neither case was there evidence of formation of the 
higher melting &isomer, although in the former the recovery 
of starting materid was only 700/,. 

178- Methyl - S - m ~ ~ y - 1 8 - ~ t e s t n r - 1 , 3 , 6 ( 1 0 ) , 1 3 - t e l -  
raen.e (loa).* To a solution of 3.5 g. of the chloride 4a in 150 
ml. of diethylene glycol was added 2 g. of sodium acetate and 
1 g. of potassium iodide diesolved in 50 ml. of water. The 
reaction was heated a t  reflux with stirring for 20 hr., was 
cooled, and was extracted with benzene in the usual way." 
The residue, 2.78 g., gave 0.80 g. of crystals, m.p. 78-88' 
from propanol, and was recrystallized to give 0.40 g. of the 
pure olefin 1 h ,  m.p. 107-109'; [U]D -38". 

Anal. Calcd. for G H u O :  C, 85.02; H, 9.01. Found: C, 
8.5.18; H, 9.04. 

Varying the amounts of potsssium iodide used or running 
the reaction in ethanol a t  125' had little effect on the yields of 
olefins d and 10. 

The same olefin (loa) could be obtained from methylation 
of the phenol ~ O C ,  described by Westphal and prepared by 
hia procedure: 0.30 g. of lOc, m.p. 156-159', was slurried with 
4 g. of potassium carbonate in 50 ml. of ethanol and 10 ml. of 
methyl iodide. The mixture was heated at reflux and stirred 
for 3 hr., cooled and diluted with water yielding 0.24 g. of 
crystals, m.p. 80-90'. Recrystallization from methanol 
yielded 110 mg. of the olefin loa described above, identical 
by the normal comparisons of physical properties. 

Hydroxylation of the rettoestmtetraene mizture. Estradiol 
methyl ether (50 g.) and 50 g. of calcium carbonate in 0.5 1. 
of chloroform were treated with 46 g. of phosphorus penta- 
chloride a t  5-10". After 1 hr. excess cold aqueous sodium 
bicarbonate was added, and the chloroform solution was 
separated, and washed succcmsiveJy with dilute hydrochloric 
acid, water, and aqueous d u m  bicarbonate. The chloro- 
form solution was dried over anhydrous sodium sulfate and 
concentrated to drynees under reduced pressure yielding 54 
g. of amorphous product, the crude chloride &. A solution 
of 150 g. of this material in 1 1. of 80% aquaous ethanol con- 
taining 8 g. of d u m  acetate and 0.2 g. of potassium iodide 
w a ~  heated a t  125' in a 2-1. Parr bomb. The aolution was 
then concentrated to a small volume and the product iso- 
lated by extraction." The residue (12.0 g.) was chromato- 
graphed quickly over 250 g. of Bilica gel, 11.1 g. of an oily 
substance being obtained with benzene. 

A portion (4.2 g.) of this purified olefin mixture waa bated 
in 200 ml. of ether with 4.0 g. of d u m  tetroxide. After 18 
hr. the reaction mixture waa poured into a solution of 0.6 g. 
of lithium aluminum hydride dissolved in 100 I$. of ether. 
The reaction mixture was heated a t  reflux for 2 hr., cooled, 
and treated cautiously with water and then dilute hydro- 
chloric acid. The product, extracted with benzene in the 
usual way, WBB chromatographed on 400 g. of silica. Elution 
with 2% ethyl acetate in b e n e  gave 0.60 g. of an oil which 
on crystallization and recrystallization from ?.-propanol and 
then from petroleum ether gave 0.12 g. of 17,9-mei.hyGp 
m e 2 h o z y - 1 8 - n o t - ~ s t r ~ l , ~ , 6 ( 1 0 ) , 6 , 8 , 1 ~ ~ ~  (7), m.p. 84- 
85'; [a ln  - l o ;  A, 280 nu (log 3.41); 6.192 (&methyl), 
8.642 and 8.750 T (C-17 C&). 

Anal. Calcd. for C19H&: C, 86.32; H, 7.63. Found: C, 
86.14: H, 7.84. 

The same compound WSB ieolsted in small yield from both 
the low temperature boric acid tzeatment (280') and from 
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direct chromatography of the crude chloro compound (be- 
fore base treatment). 

Elution of the column with 5% ethyl acetate in benzene 
gave 0.83 g. of crystals mhich on recrystallization from ace- 
tone-petroleum ether gave 0.62 g. of the pure glycol 11 (m.p. 
126-128"), identity confirmed by comparison of the infrared 
spectra. 

Elution with 10% ethyl acetate in benzene yielded a crys- 
talline material (0.18 g.) which on recrystallization from 
acetonepetroleum ether afforded 0.12 g. of 17B-methyZ-3- 
methoxy-l8-norestra-l,3,5( tO>trien-l3&14p-diol ( l a ) ,  m.p. 
136-138"; [U]D + 153'; XmX 3.00 p (theinfrared in potassium 
bromide or chloroform was distinctly different from that of 
the glycol 11). 

A d .  Calcd. for C1eH2sOl: C, 75.46; H, 8.67. Found: C, 
75.29: H. 8.65. 

The same glycol ( l a )  was also obtained by hydroxylation 
of the pure olefin loa in approximately the same ratio to its 
epimer ( 1  1 )  as found here. 

Further elution of the column with 10% ethyl acetate in 
benzene yielded 1.5 g. of crude crystalline material which 
was recrystallized to yield 1.05 g. of the 13,17-glycol 6, 
identical in the infrared to an authentic sample. 

Ozonolysis of the retroestratetraene mixture. The chloride 
4a (9.2 g., n1.p. 103-106") was rearranged in 245 ml. of 80% 
aqueous ethanol containing 1.25 g. of sodium acetate and 60 
mg. of potassium iodide at  125" for 12 hr. Isolation of the 
product as described above gave a total of 1.2 g. of the olefin 
loa, m.p. 92-100". The mother liquors (5.8 g.) in 150 ml. of 
methylene chloride and 50 ml. of methanol were treated with 
1 equivalent of ozone a t  -70". The solution was then treated 
with 10 g. of zinc dust and 10 ml. of acetic acid. After stirring 
a t  0' for 30 min., the solution was filtered, washed with 
water and dilute potasfiium bicarbonate, dried over magne- 
sium sulfate, and concentrated to dryness, yielding 6.03 g. of 
oil. 

Chromatography of this material gave first, 0.40 g. of oil, 
Xmax 281 (log c 2.78) mM. Elution with 3% ethyl acetate in 
benzene gave, after recrystallization from acetone-petroleum 
ether, 1.10 g. of the pure 13,14dione (15)  m.p. 136-139", 
identical in the infrared to an authentic sample. Elution of 
the column with 5% ethyl acetate in benzene yielded, after 
recrystallization from acetone-petroleum ether, 1.95 g. of 
the 13,17-diketone (6) m.p. 117-119", showing no difference 
in the infrared from the known compound. 

5-MPthoxy-1 ~~-chloroestra-l ,3,5( lO)-trien-16-one propylene 
lhioketal(32). A solution of 0.18 g. of 3-methoxy-l7~-chloro- 
estra-l,3,5( lO)-trien-16-one25 in 0.5 ml. of propanedithiol and 
0.5 ml. of redistilled boron trifluoride etherate WRS allowed 
to stand at  room temperature for 25 min. The solution was 
diluted with methanol and then water. It was extracted with 
benzene, the benzene solution washed t,wice with 2% aqueous 
potassium hydroxide, dried and concentrated in oucuo yield- 
ing 0.25 g. of an oil (no carbonyl absorption in the infrared). 
The material was adsorbed on 4 g. of silica. The fractions 
eluted with 60% benzene in petroleum ether were recrystal- 
lized from acetone-petroleum ether and from methylene 
chloridemethanol yielding 125 mg. of the pure thioketal 
3.2, m.p. 151-153'. 

Anal. Calcd. for C??H29C10Sz: C, 64.60: H. 7.15. Found: 
I .  

C, 64.84; H, 7.37. 
Raneu nickel reduction of the thioketal 32. Ranev nickel 

catalysi (W-5) was deactiGated by refluxing for 3O"min. in 
1 : 1 ethanol-acetone. To one-half teaspoon of this catalyst in 
30 ml. of ethanol was added 0.12 g. of the thioketal 38. The 
solution was stirred at room temperature for 2 hr., filtered 
and concentrated to dryness. The residue was chromato- 
grammed on 4 g. of silica gel. Elution with 15% benzene- 
petroleum ether gave 25 mg. of residue which on recrystal- 
lization from 2lpropanol gave 12 mg. of crystalline material, 
m.p. 68-71", identical in the infrared to an authentic sample 
of 3-methoxyestra-Il3,5( 10),16-tetraene (31 ). 

Further elution of the column with 70% benzene in petro- 
leum ether yielded 30 mg. of crystalline material which WBP 

recrystallized from methylene chloride-methanol to yield 
crystals, m.p. 147-149", identical in the infrared to starting 
material. 

A third substance, eluted with 5% ethyl acetate in ben- 
zene, exhibited a strong carbonyl absorption in the infrared 
(5.78 p). Comparison of the spectrum to that of several re- 
lated carbonyl compounds failed to afford a proof of struc- 
ture. No further work was done with this noncrystalline 
material. 

.S-Methozy-l7-chZ~roestra-l,3,6(10),16-tetraene (33). To 500 
ml. of chloroform were added 50 g. of estrone methyl ether 
and 60 g. of phosphorus pentachloride. The solution was 
heated a t  reflux for 90 min., was cooled and was poured onto 
0.5 kg. of ice. Excess aqueous potassium hydroxide was added 
and the product was isolated in the normal fashion, yielding 
60 g. of an oil. The product was chromatographed on 800 g. 
of alumina (Merck). Elution with 10% benzene in petroleum 
ether yielded 24 g. of product, which on recrystallization 
from petroleum ether yielded 10.4 g. of the pure chloride 33, 

Anal. Calcd. for C,eH&lO: C, 75.35; H, 7.65. Found: C, 
75.05; H, 7.37. 

Elution of the column with polar solvents led first to non- 
crystalline mixtures, from which could be obtained additional 
chloride SS, by treatment in reffuxing collidine (1 hr.) and 
repeated chromatography. There was also obtained 12.4 g. of 
starting material, m.p. 165-170'. 

From rechromatography of the collidine-treated mother 
liquors (8.4 9.) on silica (650 g.) there was obtained by ether 
recrystallization of material eluted with 15% benzene- 
petroleum ether 0.28 g. of a new compound, m.p. 163-167"; 

2.792, 2.917, 3.183, 3.333 (the two aromatic hydrogens), 
4.367 (C-16 H), 6.133 (0-methyl), 9.125 T ((2-13 CH3). This 
compound is most probably the 4-chloro derivative of 33: 
3-methoxy-4,17-dichlorestra-1,3,5( lo), 1 Gtetraene. 

Anal. Calcd. for CloH&l20: C, 67.66; H, 6.56. Found: C, 
67.80; H, 6.24. 

3-Methoxy-l7~-chloroestra-l,3,5( lO)-triene (34).  A solution 
of 1.43 g. of the chloride 33 in 15 ml. of dioxane and 20 ml. of 
ethanol containing 150 mg. of 5% palladium-on-charcoal was 
treated with hydrogen. The calculated amount of gas was 
absorbed within 30 min. and the reduction was interrupted. 
The solution was filtered and concentrated to dryness under 
reduced pressure. The residue was recrystallized from methyl- 
ene chloride-methanol yielding 0.73 g. of the saturated chlo- 
ride 34, m.p. 136-148'. Further recrystallization from this 
solvent pair and from acetone-petroleum ether gave 0.46 g. 
of the pure compound, m.p. 168-169'; a]D +91"; 6.233 
(0-methyl), 9.153 7 ((3-18 CHs). (The C-17 a-H peak is 
masked by the 0-methyl absorption.) 

Anal. Calcd. for CIOH&~O: C, 74.85; H, 8.27; C1, 11.63. 
Found: C, 74.72; H, 7.93; C1, 11.82. 

Treatment of 0.15 g. of the chloride 34 in 45 ml. of 80% 
aqueous ethanol a t  125' for 12 hr. or in 20 ml. of diethylene 
glycol containing 0.20 g. of potassium iodide and 0.40 g. of 
sodium acetate in 6 ml. of water at reflux for 18 hr. returned 
nearly quantitative yields of starting material. 

Zinc chloride treatment of estradiol $-methyl ether. A mixture 
of 21 g. of estradiol 3-methyl ether and 42 g. of zinc chloride 
was heated under nitrogen at  180" for 30 min. The normal 
isolation3* gave 20.05 g. of pale yellow oil. A portion (9.7 g.) 
of this material was chromatographed on 970 g. of silica. 
Elution with 20% benzene in petroleum et,her gave 7.80 g. of 
oil, the earliest fractions exhibiting a maximum at 227 mp 
(log e 4.08); [ U ] D  $15". The latter fractions were rich in the 
phenanthrene %5. Crystallization of several of these latter 
fractions readily yielded 0.21 g. of pure %6, m.p. 149-151', 
possessing the expected strong absorption in the ultraviolet. 
Elution with 30% benzene in petroleum ether yielded semi- 
crystalline .mixtures (0.62 g.) of additional substances with 
multiple intense maxima in the ultraviolet. 

Analysis of 4.3 g. of the zinc chloride olefin mixture wag 
accomplished by treatment with 3.9 g. of osmium tetroxide 

m.p. 114-115"; [U]D +97'. 

[a]D $. 50'; 267 (log E 3.30), 276(3.36), 286(3.19) mp; 
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in 200 ml. of ether for 18 hr. The sodium sulfite decomposi- 
tion of the osmate ester was used (as described above) yield- 
ing 4.2 g. of a mobile oil. This was chromatographed on 200 
g. of silica. Elution with 30% benzene in petroleum ether 
gave 3.53 g. of an oil, essentially the same as the starting 
product by comparison of ultraviolet and infrared spectra. 
Further elution with benzene-ethyl acetate mixtures, ex- 
pected to elute the known glycols provided only small 
amounts of noncrystalline oils. 

Aluminum chloride treatment of estradiol $-methyl ether. 
A solution of 7.0 g. of estradiol 3-methyl ether and 8.0 g. of 
aluminum chloride in 250 ml. of chlorobenzene was allowed 
to stand a t  room temperature for 20 hr. The product was 
isolated in the usual manner and was then analyzed with the 
osmium tetroxide procedure as described above. Again no 
crystalline glycols or starting material could be obtained 
even after chromatography. The bulk of the product was 
highly conjugated and/or inert to hydroxylation. 

Bamford-Stevens rearrangement of estrone methyl ether. 
A slurry of 11.0 g. of estrone methyl ether and 9.0 g. of p-  
tolylsulfonylhydrazide in 600 ml. of ethanol and 4 ml. of 
concd. hydrochloric acid was heated a t  reflux for 30 min. 
The condenser was removed and the solution was concen- 
trated to half volume, cooled, and diluted with water. The 
product was collected on a filter and then recrystallized from 
ethanol yielding 13.5 g. of estrone S-methyl ether p-tolyl8ul- 
fonylhydratone, m.p. 201-203°; [& f 5 9 " ;  A,,, 3.09, 6.02 CC. 

Anal. Calcd. for CzsH32N203S: C, 68.99; H, 7.17. Found: 
C, 68.97; H, 7.17. 

Sodium metal (6 g.) was added to 250 ml. of ethylene glycol 
and the solution was stirred and warmed gently until the 
sodium dissolved (after an initial induction period, solution 
occurred with great vigor). The hydrazone (13.0 g.) was 
added and the stirred solution was heated a t  130-170" for 45 
min. A gentle evolution of gas began a t  130" and continued 
for 30 min. The solution was then cooled, diluted with water, 
and filtered. The oily precipitate was dissolved in benzene, 
washed twice with water, dried, and concentrated to dryness, 
yielding 8.5 g. of oil. From 2-propanol there was obtained 
1.60 g. of crystals in two crops. Recrystallization from 
methylene chloride-methanol gave 1.10 g. of pure olefin 
loa ,  m.p. 109-11Oo, identical in the infrared to that of the 
known compound. 

The mother liquors of this reaction (6.8 g,) were treated 
with osmium tetroxide (6.6 g,) for 18 hr. and then worked 
up with sodium sulfite as described for earlier hydroxyla- 
tions. The product was chromatographed on 700 g. of silica. 
Eluted with 100% benzene was 0.15 g. of material, which 
was recrystallized from 2-propanol to yield 60 mg. of the ole- 
6n 3, m.p. 73-76' (identical infrared spectra). 

Eluted with 870 ethyl acetate in benzene was 2.5 g. of an 
oil containing a small amount of crystalline material. 
Acetylation and rechromatography of this material gave 0.40 
g. of the pure 13a,14a-diol 11; the remainder, eluted in a 

separate band, failed to crystallize; lithium aluminum hy- 
dride treatment of this material (to remove the acetate 
grouping) followed by another chromatogram failed t o  yield 
any crystalline material. 

Elution of the column with 10% ethyl acetate in benzene 
yielded first 0.12 g. of the @-glycol 12, map. 133-136". Con- 
tinued elution with the same solvents provided 3.9 g. of a 
crystalline mixture from which could be obtained directly 
1.6 g. of crystalline 13,17-diol5, m.p. 176-180° (identity con- 
firmed by infrared). The remainder of the material was acety- 
lated with pyridine-acetic anhydride and rechromato- 
graphed. Besides an additional 0.38 g. of the 13,17-diol there 
was obtained 0.80 g. of a new compound by elution of the 
silica column with 5% ethyl acetate in benzene. Recrystal- 
lization from acetone-petroleum ether afforded 0.40 g. of 
pure 17o-meth?jl - 3-mellwxy-18- nurestra-l,3,6( lO)-trien - 1 $?a,- 
13cr-dioZ IBmonoacetate ($?9a), m.p. 138-140"; [ a ] ~  +136"; 

2.85, 5.82 p. 
Anal. Calcd. for CLXHBO~: C. 73.22: H. 8.19. Found: C, 

I .  . ~ .  

73.01; H, 8.03. 
Elution of the column with 20% ethyl acetate in benzene 

gave, after recrystallization from acetone-petroleum ether, 
50 mg. of a crystalline compound, m.p. 146-148", identical in 
all respects to the 17,20-diol10. 

17~-Methyl-$-methox~-l8-norestra-l ,S,5( 1 O)-trien-l2cuJlSor- 
diol (2Qb).  A solution of 0.37 g. of the diol monoacetate 29u 
in 15 ml. of methanol containing 5 ml. of 10% aqueous potas- 
sium hydroxide was heated a t  reflux for 1 hr. The solution 
was cooled and diluted with water; the resulting precipitate 
was collected on a filter, yielding 0.35 g. of material, m.p. 
158-160'. Recrystallization from acetone-petroleum ether 
afforded 0.34 g. of the pure diol 29b m.p. 161-163", [ U ] D  
+104O; Lsx 2.85, 2.99 p. 

Anal. Calcd. for CKIHZ~OZ: C, 75.46; H, 8.67. Found: C, 
75.58; H, 8.58. 

I 7~Methyl-3-md~xy-1/15-seco-l8-norestra-l ,b, 6( 10)- 
trim-18,fSdione (30). The diol 2% (0.15 9 , )  in 5 ml. of 
methanol was treated with 0.6 ml. of pyridine and a solution 
of 0.15 g. of paraperiodic acid in 2 ml. of water. After 30 
min. the solution was diluted with water and the product 
isolated by extraction with benzene. The resulting oil was 
chromatographed on 4 g. of silica gel, the product being 
eluted at 2% ethyl acetate in benzene. Attempts to crystal- 
lize the material failed; however, the infrared spectrum (xmX 
3.62, 5.77 p )  and elemental analygis agree with the assigned 
structure. 

Anal. Calcd. for CldHlhO~: C, 75.97; H, 8.05. Found: C, 
76.05; HI 8.16. 

Treatment of this ketoaldehyde with potassium hydroxide 
in refluxing methanol yielded an amorphous hydroxy ketone, 
X,, 2.74, 5.78 i~. 
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