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We have previously described the synthesis of d, l -estrone by the condensation of 1-vinyl-6-methoxytetralol  with 
2-methylcyclopentane-1,  8-dione [1]. The present paper gives the results of a detailed investigation of the reduction of 
derivatives of the methyl ether of 8-dehydroestrone in order to discover the optimum conditions for the synthesis of d, l- 
estrone. The reactions of 3-methoxyestra-1, 8, 5(10), 8-tetraen-17-one (I), 3-methoxyestra-1, 3, 5(10), 8-tetraen-17/3-ol 
(II), and 17-ethylenedioxy-3-methoxyestra-1,  3, 5(10), 8-tetraene (III) with alkali metals (potassium, sodium, and lithi- 
um) in liquid ammonia in the presence of ammonium chloride were investigated. 

The condensation of 1-vinyl-6-methoxytetralol  (IV) with 2-methylcyclopenta-1,  3-dione was carried out in p-  
xylene in the presence of Triton B, with a yield of 50%, calculated from the vinylcarbinol (IV), or 60070, calculated 
from the 2-methylcyclopentane-1,  3-dione, of 3-methoxy-8,  14-secoestra-1, 3, 5(10), 9( l l ) - te t raene-14,  17-dione (V). 
Cyclizat£on of the latter by means of p-toluenesulfonic acid in benzene gave an 85070 yield of 3-methoxyestra-1, 3, 5(10), 
8, 14-pentaen-17-one (VI). 
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The selective hydrogenation of the ketone (VI) in tetrahydrofuran in the presence of 10°7o Pd/CaCO 8 led to 3 -me th -  
oxyestra-1, 3, 5(10), 8- tetraen-17-one (I) with a yield of 78%. Reduction of the ketone (VI) with LiA1H 4 in tetrahydrofu- 
ran formed the corresponding 17t~-ol (VIII) with a yield of 72°,  and this was converted by selective hydrogenation over 
10070 Pd/CaCO s in tetrahydrofuran with a 68% yield into 3-methoxyestra-1, 3, 5(10), 8-tetraen-1715-ol (II). The latter was 
also obtained in quantitative yield by the reduction of the ketone (I) with LiA1H 4 in tetrahydrofuran. 

The ketal (III) was obtained by three routes: a) IV --* V ~ VI ~ VII --* III, b) IV ~ V -* VI --, I --  III, and c) IV 
V -- VIII ~ III, route (c) proving to be best as it was the shortest and gave the highest yield (28070). 

The exhaustive hydrogenation of the carbinol (II) over 80070 Pd/SrCO s in tetrahydrofuran gave a 50% yield of the 
methyl  ether of d, l-8-isoestradiol (IX). The method of hydrogenation with platinum oxide in ethyl acetate recommended 
by Tsuda [2] for 3, l l$-dihydroxyestra-1,  3, 5(10), 8- tetraen-17-one was also tried. It was found that the ketone (I) did 
not hydrogenate at all under these conditions, while in the hydrogenation of ketone (VI) 2 moles of hydrogen were ab-  
sorbed to give a mixture of  ketones and carbinols (from the IR spectrum) not containing the equilenin system (from the 
UV spectrum). 
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The redact ion of the ketone (I) with potassium or l i thium in liquid ammonia  (dried by passage through a column 
containing alkal i )  in the presence of ammonium chloride formed a mixture of the methyl  ethers of d , / -es t rone  (XI) and 
d, l -es t radiol  (X) in a 1:2 ratio with yields of 82 and 60%, respectively.  Oxidation of this mixture with chromic anhy-  
dride (by Jones's method) in acetone gave a yield of the methyl  ether of d , / -es t rone  of only 62%. 

When the ketone (I) was reduced with sodium and liquid ammonia  in the presence of ammonium chloride, only the 
methyl  ether of d, l -es t radiol  (X) was formed, with a yield of 74. 5%. 

On reduction of the ketone (I) with l i thium in ammonia  that had been dist i l led over me ta l l i c  sodium, a mixture of 
the ethers (X) and (XI) with the methyl  ether of d, l -estradiol  (II) predominating (ratio of XI to X, 1: 6) was obtained 
with a total  yield of about 70%. Oxidation of the latter with Sarett 's  reagent  gave a 90% yield of the methyl  ether of d, 
/-estrone (XI). Demethyla t ion of the lat ter  by means of pyridine hydrochloride led to d, l-estrone (XIII) with a yield of 
50%. Thus, the yield of the methyl  ether of d , / -es t rone  (XI) from the vinylcarbinol  (IV) by the best variant  IV --* V ~ VI 

I ~ X ~ XI is 25000, ca lcu la ted  on the basis of the 6-methoxytetralol ,  and the yield of d, l -estrone by this route is 13%. 

. 
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The analogous reduction of the carbinol (II) gave the methyl  ether of d, l -es t radiol  (X) with a yield of 75% in the 
case of potassium, 80% in the case of sodium, and 60% in the case of l i thium. Consequently, the yield of the methyl  
ether of d, /-estrone (XI) by the route I V ~  V ~  V I ~  I ~ I I -~  X ~  XI is 22% for the use of potassium, 28.8%for  sodi- 
um, and 17% for l i thium, and the yields of d , / -es t rone  (XIII) are 11. 3, 12. 1, and 8.6%, respect ively,  ca lcula ted  on 
the basis of the 6-methoxytetra lone.  
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Reduction of the ketal  (III) with sodium under the same conditions led to the 17-keta l  of the methyl  ether of d, l -  
estrone (XII) with a yield of 80%. Replacement  of the sodium by l i thium scarcely affected the yield (88%), while we 
have previously shown [1] that the analogous reduction of the ketal  (III) with potassium gave a y ie ld  of keta l  (XII) of only 
66°00. These results show that the yie ld  of reduction products from derivatives of AS-dehydroestrone depends to some ex -  
tent on the reuduction potent ia l  of the me ta l  [8]. The best yield with compounds with a substituted 17- function (ketals) 
is obtained with l i thium, which possesses the greatest reduct ion potent ia l  (2. 99). In the case of the 173- carbinols (II) 
and the ketones (I), the best results are given by sodit~m, with the lowest potent ia l  (2. 59). 

The hydrolysis of the ketal  (XII) by boil ing with 1 N hydrochloric acid in tetrahydrofuran leads to the methyl  ether 
of d , / -es t rone  (XI) with a y ie ld  of 70°]0. In working with the ketal  (XII), i t  is most convenient  to use the route IV ~ V --> 

VIII -~ III -~ XII ~ XI. On reduction with potassium, the yield of the methyl  ether of d, l-estrone (XI) amounts to 13%, 
with sodium 15.8, and with l i thium 15. 4000, ca lcula ted  on the basis of the 6-methoxytetra lol .  

c", 07 0 

Thus, of all the variants of the synthesis of the methyl ether of d,/-estrone (XI) the best results are obtained by the 

route IV -+ V --+ V1 -+ I ~ X --+ XI. 
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Experimental  

The course of the reactions and the completeness of the conversions were followed by means of chromatography in 
a thin fixed layer on plates [4]. The absorbent was a lumina (act ivi ty grade II-III),  layer thickness 1-1. 5 ram, e ther-  
benzene (1:1 or 2: 1) system; spots revealed in UV light or with iodine vapor. The IR spectra were taken in l iquid paraf-  
fin (with some exceptions) on UR-10 and IKS-14 instruments; the UV spectra were taken in alcohol on a SF-4 instrument. 
The 1 -v iny l -6 -methoxyte r ra lo l  (IV) [5] and the 2-methylcyc lopentane-1 ,  3-dione [6, 7] were obtained by previously de -  

scribed methods. 

Condensation of 1 - v i n y l - 6 - m e t h o x y t e t r a l - l - o l  (IV) with 2-methylcyc lopentane-1 ,  8-dione.  An alcohol ic  solution 
of Triton" B (prepared from 11. 4 g of t r imethylbenzylammonium chloride, 8. 88 g of caustic potash, and 31 ml of a l co -  
hol) and 50 ml  of p -xylene  was placed in a four-necked flask fi t ted with a reflux condenser, dropping funnel, water-  
separator, and stirrer, and the alcohol was dist i l led off in a water bath. Then 100 ml  of p -xy lene  and 41 g of 2 -me thy l -  
cyclopentane-1 ,  3-dione were added to the catalyst.  The mixture was heated to the boil, and a solution of 75 g of fresh- 
ly-prepared 1 -v iny l -6 -methoxyte t ra lo l  (IV) in 246 ml  of p-xylene  was added in drops at 140-160 ° (over 45-60 rain), the 
water dist i l l ing off. Then the mixture was boiled for 30 min and cooled, and the unchanged diketone (7 g, mp 169-181 °) 
was f i l tered off; the fi l trate was washed with 5% caustic potash solution and with water and, after the solvent had been 
dist i l led off, crystal l izat ion gave 54. 3 g of 3-methoxy-8 ,  14-secoestra-1,  3, 5(10), 9 ( l l ) - t e t r aene -14 ,  17-dione (V) with 
mp 78-7 ci° (from methanol).  IR spectrum (in chloroform): 1610, 1728 cm-*; UV spectrum, Xmax: 264 m~t, (log 6 4. 27). 

Found %: G 76. 48; H 7.88. 

Calcula ted for ClsHizOs: C 76. 48; H 7.43%. 

The yield of diketone (V) was 50%, ca lcula ted  from the vinylcarbinol  (IV) and 60% calcula ted  from the 2 -me thy l -  
cyclopentane-1 ,  3-dione that had reacted.  

Cycl iza t ion  of the diketone (V). A solution of 15.8 g of the diketone (V) and 0.9 g of p- toluenesulfonic  acid in 
800 ml  of benzene was boiled in a flask fi t ted with a reflux condenser and a water separator for 5-10 rain (until the evo-  
lution of water ceased). The benzene solution was washed with water, with saturated sodium carbonate solution, and 
with water again, and the solvent was dist i l led off to give 12. 58 g (85% of theoret ical)  of 3-methoxyest ra-1 ,  3, 5(10), 8, 
1 4 - p e n t a e n - l ? - o n e  (VI) with mp 109-110" (from ethyl acetate) .  UV spectrum, kmax: 812 my (log ~ 4. 80); IR spectrum: 
1140, 1252, 1570, 1599, 1610, 1740 cm -I. 

Focnd %: C 81. 85; H 7.16. 

Calculated for Cj.gHmOg: C 81. 89~ H 7.19%. 

H_.y_j:lrogenation of the ketone (VI). I n  the presence of 0.5 g of 10% Pd/Cacos, 13 g of ketone (VI) in 120 ml of an-  
hydrous tetrahydrofuran was hydrogenated until 1 mole  of hydrogen had been absorbed. The catalyst  was f i l tered off and 
the solvent was dist i l led off in vacuum, The residue was crystal l ized from ethyl ace ta te  to give 10.2 g (78% of theore t i -  
cal)  of 3-methoxyest ra-1 ,  3, 5(10), 8 - te t raen-17-one  (I) with mp 116-118". An analy t ica l  sample had mp 120-121 ° (from 
ethyl  acetate) .  UV spectrum, Xmax: 277 ml~ (log ~ 4. 484); IR spectrum: 1140, 1252, 1570, 1610, 1740 cm -1. 

Found %: C 80.98; H 7.76. 

Calcula ted  for C19HmO2: C 80.81; H 7.85%. 

Reduction of the ketone (VI) to the carbinol (VII). A solution of 5 g of the ketone (VI) in 25 ml of anhydrous te t ra -  
hydrofura~a was added over an hour to a stirred suspension of 0.5 g of l i thium aluminum hydride in 5 ml  of te t rahydro-  
furan at 20 °. Then the mixture was stirred for a further 1 hr. It was then decomposed by the successive addit ion of 5 ml  
of ethyl  aceta te ,  85 ml of water, and 2. 5 ml  of hydrochloric acid. The solution was extracted with ether, the extract  
was dried with magnesium .sulfate, and the solvent was dist i l led off, after which crystal l izat ion from alcohol  gave 3. 6 g 
(72% of theoret ical)  of 3-methoxyes t ra-1 ,  3, 5(10), 8, 14-pentaen- l?f~-ol  (VII) with mp 76-78". UV spectrum; krnax: 309 
mtJ (log 6 3.49); IR spectrum: 1615, 1621, 1638, 3508 cm -I. 

The ace ta te  of the carbinot was obtained by ace ty la t ion  with ace t ic  anhydride in pyridine (20 °, 16 hr), mp 110- 
111" (from alcohol). 

Found %: C 77. 81; H 7.40. 

Cal,~ulated for C~IH~408: C 77.75; H 7.46%. 

Production of the carbinol (II). a. In the presence of 0. 1 g of 10% Pd/CaCOs, 2 g of the carbinol  (VII) in 20 ml  of 
tetrahydr(ffuran was hydrogenated until 1 mole  of hydrogen had been adsorbed. After the usual working up and crys ta l l iz -  
ation from alcohol  , 1. 25 g (68% of theoret ical)  of 8-methoxyest ra-1 ,  3, 5(10), 8- te t raen-17B-ol  (II) with mp 131-132 ° 
was obtained. UV spectrum, kmax: 274 m/l (log ~ 4. 30); IR spectrum: 1574, 1611, 3405 cm -~. 
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Found %: C 80.34; H 8. 52. 

Calcula ted for C19H2402: C 80.24; H 8. 51. 

The ace ta te  of the carbinot (II) was obtained in the usual way with mp 117-118" (from alcohol). UV spectrum, 
kmax: 274 my (log ~ 4. 3). 

Found %: C 76. 83; H 8.11. 

Calcula ted for CllHmO3: C 77.27; H 8. 03% 

b. The ketone (I) was reduced with l i thium aluminum hydride under conditions analogous to those for the reduc-  
tion of the ketone (Vt). The yield of carbinol (II) was quanti tat ive.  

Production of the  methyl  ether of d , / -8- i soes t rad io l  (IX). a. In the presence of 30% Pd/SrCO3, 1 g of the carbinol 
(VII) in 10 ml  of anhydrous tetrahydrofuran was hydrogenated until 2 moles of hydrogen had been absorbed. The usual 
working up yie lded 0.53 g of a substance with mp 90°92 °. Two crystal l izat ions from alcohol gave 0.36 g of the pure 
methyl  ether of d , / -8 - i soes t rad io l  (36% of theoret ical)  with mp 100-100.5" (after drying in vacumn); the substance 
readi ly  gave a solvate with alcohol (rap 78-101°). UV spectrum, Xmax: 279 m/~ (log ~ 3.56); IR spectrum: 1585, 1610, 
3310 cm -1. 

Found %: C 79. 69; H 9. 13. 

Calcula ted for CtgH2602: C 79.68; H 9.15%. 

b. In the presence of 0.25 g of 30% Pd/SrCOs, 5 g of the carbinol  (II) was hydrogenated in 50 ml  of anhydrous 
tetrahydrofuran. The hydrogenation took place  very slowly and after 29 hr only 380 ml of hydrogen (as compared with 
435 ml  theoret ica l ly)  had been absorbed. After the usual working up, 4. 62 g of a substance with mp 88-91 ° was obtain-  
ed. Two crystal l izat ions from alcohol  and subsequent vacuum drying of the substance gave 2 g of the methyl  ether of 
d, l -8- isoes t radiol ,  mp 100-100.5 °. The mother liquors were again subjected to hydrogenation (after 28 hr 120 ml of hy-  
drogen had been absorbed). After working up and crystal l izat ion,  a further 0.5 g of product with mp 99-100 ° was isolat -  

ed. Total  yield: 50% of  theoret ical .  

Oxidation of the methyl  ether of d, l -8- isoes t radiol  (IX). At 0 °, a solution of 1 g of the methyl  ether of d, / -8 -  
estradiol (IX) in 10 ml  of pyridine was added to a freshly prepared solution of the complex of chromic anhydride and py-  
ridine (from 0 . 4  g of CrO 3 and 10 ml of pyridine). The mixture was left for 24 hr at 20°C, and the usual working up and 
crystal l izat ion from alcohol yie lded 0.7 g (70% of theoret ical)  of the methyl  ether of d, l -8- isoest rone (IXa) with mp 
150-151 ° , the mel t ing  point and spectral  characterist ics of which were ident ical  with those of sample obtained previous- 
ly [81 

Preparation of the ketal  (VIII). A mixture of 14 g of the dienone (VI), 100 ml  of ethylene glycol,  1 g of p - t o lu -  
enesulfonic acid, and 668 ml  of toluene was boiled for 4 hr in a flask with a water separator; then i t  was cooled, the 
toluene layer was separated off, and the aqueous layer was extracted with ether. The combined ethereal  and toluene ex-  
tracts were washed with saturated sodium carbonate solution and with water, and dist i l lat ion of the solvent and crysta l -  
l iza t ion  from a mixture of alcohol and ethyl ace ta te  gave 14. 5 g (90% of theoret ical)  of the ketal  (VIII) with mp 91- 
92 °, ident ica l  in respect of mel t ing  point and spectral characterist ics with a sample obtained by the keta l iza t ion  of the 
diketone (V) [1]. 

Hydrolysis of the ketal  (VIII) by boiling in alcohol  with 1 N hydrochloric acid  (5 min) y ie lded  about 20°1o of the 
in i t ia l  dienone (VI); the residue consisted of a dark purple non-crysta l l iz ing oil  containing, according to the IR spectrum, 
a substance with the equilenin system (kmax: 336 my). 

Preparation of the ketal  (III). a. A mixture of 1. 24 g of ketone (I), 50 ml  of toluene, 7 ml  of ethylene glycol,  
and 0. 1 g of p- toluenesulfonic  acid was boiled in a flask with a water separator for 5 hr. After a working up similar to 
that described in the preceding exper iment  and three crystal l izat ions from ethyl aceta te ,  0.5 g (40% of theoret ical)  of 
the ketal  (III) with mp 126-128 ° was obtained; UV spectrum, kmax: 275 my (log ~ 4. 20). 

Found %: C 77.26; H 7.98. 

Calcula ted  for C~.1H2603: C 77.27: H 8. 03%. 

b. In the presence of 0. 25 g of 10% Pd/CaCCh, 5 g of the ketal  (VIII) in 50 ml  of absolute tetrahydrofuran washy-  
drogenated until 1 mole  of hydrogen had been absorbed. The usual working up and crys ta l l iza t ion gave 3 g (60%) of the 
ketal  (III) with mp 126-128 °, ident ica l  in mel t ing point and UV spectrum with an authentic sample. 

Hydrolysis of the ketal  (Ill). 2 ml of 1 N hydrochloric acid was added to a solution of 0 . 4  of ketal  (III) in 50 ml  of 
ace t ic  acid, Which had been heated to 80°; the mixture was then stirred for 3 rain and poured into 300 ml  of water. It 
was extracted with ether. After dist i l l ing off the solvent and fractional  crys ta l l iza t ion from alcohol,  we obtained 0. 15 g 
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of ketone (:i) with mp 115-118", which gave no depression of the mel t ing  point with an authentic sample. 

Front the mother liquors we isolated 60 mg of the ethyl ether of d , / - t rans -equ i len in  with mp 181-183 °, ident ica l  

in mel t ing point and UV spectrum with an authentic sample [1]. 

Production of the 3 -methy l  ether of d , / - e s t r a -3 ,  1713-diol (X). a. Reduction of the ketone (I) with potassium or 
l i thium in Liquid ammonia  dried over caustic potash. A solution of 3 .3  g of the ketone (I) in 270 ml of tetrahydrofuran 
and 150 ml of ether was added at a temperature of - -40  to --50 ° to 300 ml of liquid ammonia  which had been dried by 
passage through a column containing caustic potash. At - 5 0  to - 6 0  °, 5 .3  g of potassium (in small  pieces) was added to 
the resulting solution, the mixture was left  for 1. 5 hr at  the same temperature,  and then 15 g of dry a m m o n i u m  chloride 
was carefuIly added. After the evaporation of the ammonia ,  the residue was treated with water (at --5 to 0 °) and was ex-  
tracted with ether. The ethereal  extract  was neutral ized with solid carbon di.~.xide, washed with water, and dried over 
sodium sulfate. After the solvent had been dist i l led off, an oi l  was obtained which readi ly  crystal l ized on the addit ion of 
alcohol to give 1. 4 g of the methyl  ether of d , / - e s t r a -3 ,  l?I3-diol (X) with mp 130-131 *. When the mother liquors were 
chromatographed on alumina,  a petroleum ether-benzene (2: 8) fraction yie lded a further 0. 3 g of substance (X) with 
mp 129-130 °. The fraction eluted by petroleum ether gave 0. 2 g of the in i t ia l  ketone (I) with mp 116-119 ° giving nc de -  
pression of the mel t ing  point with an authentic sample. The petroleum ether-benzene (8: 2) fraction gave 0. 63 g of the 
methyl  ether of d , / -es t rone  (XI) with mp 139-141 °, giving no depression of the mel t ing  point with an authentic sample, 
and the petroleum e ther -benzene  (1: 1) fraction gave 0 .4  g of a mixture with mp 116-124 ° containing, from the results 
of preparat:Lve chromatography on A1208 plates,  a mixture of the methyl  ethers of d , / -es t rone  (XI) and d , / - e s t r a -3 ,  l?t3- 
diol (X) in a ratio of 1: 1. Thus, a total  of 0. 83 g of the methyl  ether of d , / -es t rone  (yield 25%) was obtained together 
with 1. 9 g (57% of theoret ical)  of the methvl  ether of d , / - e s t r a -3 ,  17B-dio1 (X) with mp 133-133.5 ° (from a mixture of 
alcohol and ethyl acetate) ,  UV spectrum, }'max: 2?9 mr1 (log ~ 3.56). 

Found %: C 79. 56; H 9. 16. 

Calculated for C19H26Oz: C ?9.68; H 9.15. 

The ,~cetate of the 3 -me thy l  ether of d , / - e s t ra -3 ,  1713-diol was obtained by ace ty la t ing  the diol (X) in pyridine 
(20 °, 16 hi), mp 148. 5-149" (from alcohol); UV spectrum, kmax: 2?8 m~ (log ~ 3.36).  

Found %: C ?6. 56; H 8. 49. 

Calca la ted  for C91HlsO.q: C 76. 79; H 8.59%. 

The ~imilar reduction of 0.5 g of the ketone (I) with 0. 25 g of l i thium in 100 ml of ammonia ,  40 ml of te t rahy-  
drofuran, and 20 ml  of ether, with subsequent decomposit ion by means of 2. 5 g of a m m o n i u m  chloride, gave a mixture 
from which, by preparat ive chromatography on A120 s plates, we isolated 0 .2  g (40%) of the methyl  ether of d , / - e s t r a -3 ,  
l?t3-diol (X) with mp 127-128 °, 0. 11 g (20%) of the methyl  ether of d , / -es t rone  (XI) with mp 140-143 °, and 0. 15 g of a 
non-crysta l l iz ing oi l  containing, from the IR spectrum (1602, 3820 cm-1), a phenolic  hydroxyl group. 

The :;imilar reduction of 4 g of the ketone (I) with 5 .54  g of sodium in 400 ml  of ammonia ,  250 ml  of te t rahydro-  
furan, and 150 ml  of ether, with subsequent decomposit ion with 30 g of ammonium chloride, gave 2. 13 g of t heme thy l  
ether of d, ;~-estradiol (X) with mp 128-130 °. Preparative chromatography of the mother liquors on A120 s plates gave a 
further 0.8'? g of the diol (X) and 0.2  g of a non-crystal l iz ing oil  containing, from the IR spectrum (1605, 3280 cm-1), a 
phenol ic  hTdroxyl group. It was impossible to detect  the presence of the methyl  ether of d , / -es t rone  (XI) by chromatog-  
raphy. The yield of compound (X) was ?4. 5%. 

b. Reduction of the ketone (I) with l i thium in liquid ammonia  dist i l led over me ta l l i c  sodium. Under s imilar  con-  
ditions, 1 ~ of the ketone (I) in 75 ml  of anhydrous tetrahydrofuran and 150 ml  of ammonia  (previously dist i l led over 
caustic potash and m e t a l l i c  sodium) was reduced at  - 5 0  to - 6 0  ° with 0.5 g of l i thium. After the addi t ion of 4 g of a m -  
monium chloride and appropriate working up, 720 mg of an oi l  which par t ia l ly  crysta l l ized was obtained and from this, 
crys ta l l iza t ion y ie lded  550 mg of the methyl  ether of d , / -es t rad io l  with mp 127-130 °. From theresul t sofchromatography 
on plates, the mother liquors consisted of a mixture of the methyl  ethers of d , / -es t rone  (XI) and d , / - e s t r a -3 ,  17t~-diol 
(X). On chromatography of this mixture on A12Os, a petroleum e ther -benzene  8 :2  fraction gave 70 mg of the methyl  
ether of d, l-estrone (XI) with mp 139-142", a petroleum ether-benzene (1: 1) fraction gave 40 mg of a mixture of the 
methyl  ethers of d , / -es t rone  (XI) and d , / - e s t rad io l  (X) with mp 115-125 °, and a benzene fraction gave 43 mg of the 
methyl  ether of d , / - e s t r a -3 ,  1713-diol (X) with mp 129-131 °. In total ,  610 mg (61°fc of theoret ical)  of the methyl  ether of 
d , / - es t ra -3 ,  1713-dioI (X) and 90 mg of  the methyl  ether of d , / -es t rone  (XI) (yield 9%) were isolated. When 0. 8 g of the 
mixture of methyl  ethers of d , / -es t rone  (XI) and d , / - e s t r a -3 ,  17B-diol (X) in 20 ml  of acetone was oxidized with 0.75 g 
of chromic anhydride and 0. 65 ml  of sulfuric acid  in 3 ml of water (added over 10 rain at - 5  to 0 °, the mixture being 
left  for 6 hr at 20°), working up yie lded 0.5 g (62% of theoret ical)  of the methyl  ether of d , / -es t rone  (XI) with mp 136- 
138 °. Crysta l l izat ion from ethyl aceta te  gave 0 .4  g of the pure methyl  ether of d , / -es t rone  (XI) with mp 142-143 °, iden-  
t icaI  in me~'~ting point  and spectral  characterist ics  with an authentic sample [9]. 
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Reduction of the carbinol (II). A solution of 1 g of the carbinol (II) in 80 ml of anhydrous tetrahydrofuran, 45 ml 
of anhydrous ether, and 150 ml of liquid ammonia was treated at -60* with 0. 85 g of sodium. The mixture was stirred 
for 30 min and then 2. 65 g of ammonium chloride was added. The ammonia was eliminated and the residue was treated 
with 150 ml of water; after the usual working up and crystallization from methanol, 0.81 g of the methyl ether of d, l- 
estra-3, 17B-diol (X) with mp 130-131", identical in melting point and spectral characteristics with an authentic sample 

was obtained. Analogous reduction of the carbinol (II) with potassium yielded 75% of the methyl ether d , / -estra-8,  171~, 
diol (X). 

Analogous reduction of the carbinol (II) with lithium gave the methyl ether of d, / -estra-8,  17B-diol (X) with a 
yield of 6 0 °  together with 20% of a phenolic fraction (soluble in alkalis) in the form of a non-crystallizing o i l  

Reduction of the ketal (III). At - 5 0  to -60*, 0. 85 g of sodium was added to a solution of i g of the ketal (III) in 
80 ml of anhydrous tetrahydrofuran and 46 ml of anhydrous ether in 225 ml of ammonia. The dark blue solution was 
stirred for 30-40 min at the same temperature, and 7. 66 g of ammonium chloride was added. The usual treatment with 
water, extraction, distillation of the solvent, and crystallization from a mixture of ethyl acetate and alcohol gave 0.8 g 
(80% of theoretical) of the a -methyl  ether of the ethylene ketal of d, /-estrone (XII) with mp 122-124", identical in 

melting point with an authentic sample [1]. The analogous reduction of  the ketal (III) with lithium gave 88% of the 
ketal (XII). 

P rgduction of the methyl  ether of d, Z-estrone (XI). a. A solution of 0. 5 g of the ketal (XII) in 20 ml of tetrahy- 
drofuran and 5 mi of 1 N hydrochloric acid was boiled for 16 min. The mixture was extracted with ether, and the ex- 
tract was washed with sodium bicarbonate solution and water and was dried with sodium sulfate. After removal of the 
solvent by distillation, crystallization from ethyl acetate gave 0. 3 g (70% of theoretical) of the methyl  ether of d, l- 
estrone (XI) with mp 141-148 °, identical in melting point with an authentic sample [8]. 

b. A solution of  0.5 g of the methyl ether of  d, Z-estra-3, 17B-diol (×) in 6 ml of anhydrous pyridine was added 
with cooling to Sarett's reagent prepared from 0. 6 g of chromic anhydride in 7 ml of anyhydrous pyridine. The mixture 
was left for 16 hr at 20"C, and the usual working up and crystallization from ethyl acetate gave 0. 46 g of the methyl 
ether of d, /-estrone (Xt) with mp 141-148". 

Production of d, /-estrone (XIII). A mixture of 8 g of freshly-prepared pyridine hydrochloride and 0. 4 g of the 
methyl ether of d, l-estrone (XI) was heated in a flask with a reflux condenser for 40-50 min at 210-230". Then it was 
cooled, dissolved in 50 ml of  5% hydrochloric acid, and extracted with chloroform. The extract was washed with 5% 
caustic potash solution, and the alkaline solution was acidified with hydrochloric acid and extracted with chloroform. 
Distillation of the solvent and crystallization from a mixture of ethyl acetate and alcohol gave 0. 2 g (52% of theoreti- 
cal) of d, /-estrone (XIII) with mp 248-260", identical with an authentic sample. 

summary 

Various routes for the synthesis of the methyl  ether of d, l-estrone (XI) and of d, /-estrone itself (XIII) have been 
investigated. The best results were obtained by synthesis according to the route IV --+ V ~ VI --, I ~ X ~ XI ~ XIII, 
when the yield of the methyl  ether of d, /-estrone (XI) was 25% and that of d, /-estrone 13%, calculated on the basis of 
6-methoxytetralone. 
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