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To isolate the isocaproaldehyde which results from treatment Registry No. -4, 34578-46-6; 5, 34578-47-7; 6, 
of the tetrols with tetraacetate, the oxidation was performed 34578-48-8; 7, 34578-49-9; 8,  34578-50-2; 9, 34578- 

51-3; 10, 34578-52-4; 11, 34578-53-5; 16, 34578-54-6; as stated above. After the acetic acid solution was allowed to 
stand for 48 hr, water was added and the suspension was ex- 
tracted two times with methylene chloride. The organic ex- 21, 34578-55-7; 22, 34578-56-8; 23, 34578-57-9; 24, 
tracts were washed with bicarbonate to remove all acetic acid 34625-43-9; 27, 34578-58-0; 28, 21902-63-6; 30, 
and then shaken with water. The methylene chloride solution 34578-60-4; 31, 34578-61-5; 32, 34578-62-6; 33, 
was cooled to 0' and dried over anhydrous sodium sulfate. 
After drving. the organic extract was decanted off, cooled to 

2190242-5. 
I -I 

O " ,  and evaporated to-0.1 ml in a stream of nitrogen. Identifica- 
tion of the isocaproaldehyde as the only volatile product result- 
ing from tetraacetate oxidation of the tetrol side chain was per- 
formed gas chromatographically utilizing the conditions pre- 
viously described by Burstein, et al." 
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14p-Fluoro-17a-hydroxy analogs of testosterone, estrone, and estradiol have been prepared from ring D un- 
Small amounts of saturated 17 ketones via perchloryl fluoride fluorination of the corresponding enol acetates. 

14p-hydroxylated compounds were also isolated from the fluorination mixture. 

For the use of steroid sex hormones in the chemo- 
therapy of certain types of cancer, their primary hor- 
monal activity is usually undesirable and may limit the 
applicable dose level or the duration of treatment. 
Consequently, efforts were directed toward the syn- 
thesis of such analogs of sex hormones that, ideally, 
would be hormonally inactive or a t  least have a favor- 
able ratio of tumor inhibitory vs. hormonal activity. 
In  the hope that substituting the strongly electronega- 
tive and somewhat larger fluorine atom for a hydrogen 
atom might suitably alter receptor site affinity of the 
resulting sex hormone analogs, we have synthesized 
compounds which are related to testosterone, estrone, 
and estradiol but are fluorinated in position 14p of the 
steroid nucleus diff ering from the normal steroid hor- 
mones in the cis juncture of rings C and D. This work 
reports the preparation and characterization of these 
compounds and of their synthetic intermediates. 

The synthesis of the testosterone analog 10 is shown 
in Scheme I. Starting with dehydroepiandrosterone 1, 
the bromo ketone 2 was prepared without attack upon 
the homoallylic group by direct bromination of 1 with 
cupric bromide in me than~ l . l -~  Following dehydro- 
bromination of the bromo ketone 2 with lithium bro- 
mide and lithium carbonate in dimethylacetamide, 
compounds 3 and 4 were separated by fractional crys- 
tallization of the resulting equilibrium mixture. The 
nmr spectrum of the conjugated ketone 3 showed the 
vinylic protons at  ClS and Cl6 as two doublets of dou- 
blets centered at  7.81 and 6.26 ppm (J = 6 and 2.5 H a ) ,  
and the vinyl proton at  Cg (unresolved) a t  5.43 ppm. 
In  the region corresponding to  tho n + T* transition, 
the ORD spectrum of 3 exhibited a positive Cotton 
effect. Sondheimer4 reported the Cotton effect nega- 
tive for 3p-hydroxyandrost-15-en-17-one but found it 
positive for the corresponding l4p-isomeric steroid. 

(1) d .  Koohi, J. Amer. Chem. Soe., 77, 6274 (1955). 
(2) E. R. Glazier, J. Ow. Chem., $7, 2937 (1962). 
(3) D. K. Phillips, P. P. Wickham, G. 0. Potts, and A. Arnold, J .  Med. 

(4) F. Sondheimer, 9. Burstein, and R. Meohoulem, J. Amer. Chem. Soc., 
Chem., 11,924 (1968). 

sa, 3209 (1960). 

Recently, using circular dichroism measurements, 
Crabb6, Cruz, and Iriarte5,6 found analogously oriented 
Cotton effects for a pair of epimeric 3-methoxyestra- 
1,3,5(10),15-tetraen-l7-ones, i .e. ,  negative for the 14a 
and positive for the 14p isomer. The nmr spectrum 
of ketone 4 showed a broad peak at  5.53 ppm due to the 
two vinylic protons at  c6 and CIS. When 4 was ace- 
tylated, the product had the same melting point and 
opposite specific rotation of the same absolute value as 
the acetate described by St. Andre and  coworker^.^ 

The enol diacetate 5 was prepared directly from the 
crude equilibrium mixture of 3 and 4. I ts  nmr spec- 
trum showed the vinyl proton resonances as an unre- 
solved peak at 5.53 ppm (proton at  c6) and as a pair of 
doublets centered at 6 ( J  = 2.1 Hz) and 5.8 ppm (J = 
2.1 Hz). Since the proton at  c16 interacts with, and is 
also somewhat shielded by, the protons of the C17 
acetoxy group, its signal is probably the less well de- 
fined doublet a t  higher field, while the sharper doublet 
a t  6 ppm arises from the proton at  C15 which only inter- 
acts with the proton at  Cl6. The ultraviolet absorp- 
tion spectrum shows a maximum at  268 nm ( E  6700) 
due to the ring D chromophore of 5 .  

Perchloryl fluoride treatment of the enol acetate 5 
in aqueous tetrahydrofuran gave a mixture of fluo- 
rinated and hydroxylated products which were sep- 
arated by column chromatography. The hydroxy ke- 
tone 7, isolated in small amounts from the more polar 
fractions, was identified as androsta-5,15-diene-3p1 14p- 
diol-17-one 3-acetate by its elementary analysis (CW 
H2804), presence of OH-stretching absorption at  2.88 
p ,  and by its nmr spectrum showing two doublets cen- 
tered at 7.63 and 6.08 ppm ( J  = 6 He for both) indi- 
cating the CIS and c16 vinyl protons as well as the ab- 
sence of a proton at C14 since further splitting was 
lacking. Yonreactivity of the product under acetyl- 
ating conditions and observation of a positive Cotton 

(5) P. Crabbe, 8. Cruz, and J. Iriarte, Chem. Ind. (London), 1522 (1967). 
(6) P. Crabbe, A. Cruz, and J .  Iriarte, Can. J. Chem., 46, 349 (1968). 
(7) A. T. St. Andre, H. B. MacPhillamy, J. A. Nelson, A. C. Shabica, and 

C. R. Scholr, J .  A m w .  Chem. Soc., 74, 5506 (1952). 
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effect in the ORD spectrum confirmed the presence of 
a 14p-oriented tertiary hydroxyl group. 

The less polar main product was a fluoro ketone, 
C21H27F03, characterized as 14p-fluoroandrosta-5,15- 
dien-3p-ol-17-one acetate (6) based on the following 
evidence. Its ORD spectrum showed a positive Cotton 
effect in accord with the 14p configuration expected for 
products of addition across the 14,15 double b ~ n d . ~ J  
In  the nmr spectrum the vinyl protons on CIS and C16 
resonated as a pair of doublets of doublets centered at  
7.63 and 6.36 ppm, respectively, with a proton-proton 
coupling constant of J" = 6 Hz. The proton-flu- 
orine coupling constants were the same both for the 
vicinal ClGH, and for the coplanar, allylic Cl6 H, with 
the value of J H F  = 2.5 Hz. This coupling constant 
would seem rather high for the dihedral angle of about 
80-85" which appears between the 148 C-F bond and 
the 15 C-H bond when a Dreiding model of compound 
6 is constructed with ring C in its usual chair form. 
However, a model with its ring C in the boat form shows 
a more acute angle approaching 60". Taking into ac- 
count the Karplus curve9 the observed coupling con- 
stant might thus indicate a preferred boat conforma- 
tion for ring C of 6. Shoppeelo reported similar con- 
formational preferences for a number of 14p steroids. 
Due to interaction with the 14p fluorine, the protons of 
the Cl8 methyl group were split into a doublet centered 
at 1.13 ppm ( J H F  = 4.5 Hz). Long-range proton- 
fluorine coupling through four u bonds (or, conceivably, 
across space) involving the C18 methyl protons has 

(8) (a) L. Ruzicka, P. A. Plattner, H. Heusser, and J. Pataki, Helu. Chim.  
Acta,  29, 936 (1946); (b) P. A. Plattner, L. Ruzicka, H. Heusser, J. Pataki, 
and K. Meier, Helu. Ch im.  Acta,  29, 942 (1946). 

(9) N. S. Bhacca and D. H. Williams, "Applications of NMR Spectros- 
copy in Organic Chemistry: Illustration from the Steroid Field," Holden- 
Day, San Francisco, Calif., 1964, p 49. 

(10) C. W. Shoppee, N.  W. Hughes, R. A. Lack, and B. C. Newman, 
Tetrahedron Lett., 3171 (1967). 

9 10,R-H 
loa, R = Ac 

been found in 12a- and 17a-fluor0 1 4 a - s t e r o i d ~ ~ ~ J ~  but 
was not observed for the C I ~  methyl protons in 5a- or 
Sa-fluoro steroids. lb 

The double bond in ring D of the fluoro ketone 6 was 
selectively reduced with palladium-calcium carbonate 
catalyst in dimethoxyethane. In  the nmr spectrum of 
the saturated ketone 8 the vinylic proton signals at  CIS 
and Cl6 disappeared, while the signal of the Ce vinylic 
proton persisted at  5.4 ppm. The angular methyl pro- 
tons at cl8 again appear as a doublet centered at  1.1 
ppm, due to 14p-fluorine coupling, but the constant 
( J H F  = 1.5 Hz) now reflects the change of geometry re- 
sulting from reduction of the A15 double bond. 

The free alcohol 8a was obtained by methanolysis 
and used to  prepare the diketone 9 by Jones oxidation. 
After chromatographic purification, the ultraviolet 
spectrum of 14P-fluoroandrost-4-ene-3,17-dione (9) ex- 
hibited a maximum at 239 nm (e 15,800) in agreement 
with the A4-3-one chromophore. In the nmr spectrum, 
there was a signal centered at  5.8 ppm attributed to the 
vinylic proton at  C4. The Cle methyl signal had shifted 
to lower field (1.23 ppm) due to  deshielding by the un- 
saturated ketone grouping, and the doublet correspond- 
ing to the angular CIS methyl appeared centered at 
1.13 ppm ( J  = 1.5 Hz). Diketone 9 was reduced with 
sodium borohydride, and the crude allylic alcohol was 
reoxidized by the modified Oppenauer oxidation 
method described by Heusler and cotvorker~.'~ The 
product was purified by chromatography. Compound 
10 showed in the infrared spectrum a hydroxyl band a t  
2.85 p and carbonyl absorption at  6.01 p (a,p-unsat- 

(11) (a) A. D. Cross and P. W.  Landis, J .  Amer.  Chem. Soc., 84, 1736 

(12) P.  A. Diassi, J. Fried, R. M. Palmere, and P. A. Principe, Abstracts, 

(13) K. Heusler, J. Kalvoda, P .  Wieland, and A. Wettstein, Helu. Ch im.  

(1962); (b) ibid., 86,4005 (1964); (c) A. D. Cross, ibid., 86,4011 (1964). 

International Congress on Hormonal Steroids, Milan, Italy, 1962. 

Acta,  44, 178 (1961). 
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urated ketone). The nmr spectrum is in agreement 
with the assigned structure: a broad singlet a t  5.76 
ppm corresponding to the Cd proton, a singlet a t  1.21 
ppm belonging to  the angular methyl a t  CIS, and a 
doublet at 1.1 ppm ( J  = 1.5 Hz) for the CIS methyl 
group were seen. The signal for the proton at  C17 ap- 
peared as a not very well-defined triplet a t  3.7 ppm. 
Configuration at  C17 follows from the mode of prepara- 
tion since hydride reduction of 17-keto steroids yields 
mainly 17a-hydroxy steroids if their C/D ring junction 
is cis.'1l4 Thus, the principal product of the above se- 
quence is 17a-hydroxy-l4@-fluoroandrost-4-en-3-one 

For the synthesis of the estrogen analogs the diace- 
tate l l I 5  served as a starting material (Scheme 11). 
It was brominated to give the bromo ketone l2l6q17 
which was dehydr~brominated~ to the mixture of ke- 
tones 13 and 14. The mixture could be separated by 
column chromatography. The nmr spectrum of 13 
exhibited a broad signal a t  5.65 pprn corresponding to 
the vinylic proton at  (316. The aromatic multiplet ap- 
peared centered at  about 7.0 ppm. A singlet a t  1.16 
ppm with area equal to  three protons was attributed 
to  the methyl protons at CIS. Compound 14 showed 
in its nrnr spectrum a doublet of doublets centered at  
7.6 and 6.21 ppm with coupling constants of 6.0 and 
2.5 Hz, respectively, representing the proton signals a t  
C I ~  and Cle. The multiplet of the aromatic protons 
appeared a t  about 7 ppm, and the singlet for the CIS 
methyl was at  1.15 ppm. The ORD curve showed a 
positive Cotton effect, again indicating 14p configura- 
tion. 

The preparation of estra-l,3,5( 10) ,14,16-pentaene- 
3,17-diol diacetate (15) was similar to that of the enol 
acetate 5 of the androstane series. In  the ultraviolet 
15 showed a maximum at  268 nm, with the high extinc- 

(10). 

(14) L. J. Chinn, J. Org. Chem., 2T,  54 (1962). 
(15) N. 8. Leeds, D. K. Fukushima, and T. Gollagher, J. Amer. Chem. 

(16) W. 8. Johnson and W. F. Johns, ibzd., 79, 2005 (1957). 
(17) J. Fishman and N. E. Bigperstaff, J .  Ore. Chem., 89,1190 (1058). 

Soc., 78,  2943 (1954). 

tion of E 14,800, due to its ring D chromophore aug- 
mented by the presence of an aromatic ring in the mole- 

In  the nmr spectrum, a doublet appeared cen- 
tered a t  6.13 ppm ( J  = 2.5 Hz); it was assigned to the 
C16 proton; the less well-defined doublet centered at  
5.83 ppm corresponded to the C16 proton. 

The fluorination of 15 was carried out under the same 
conditions as that of the enol acetate 5 .  Pure 14p- 
fluoroestra-1,3,5(10),15-tetraen-17-one acetate (16) was 
obtained after chromatography on Florisil. I n  its 
nmr spectrum the C15 proton appeared as a doublet of 
doublets centered at  7.5 ppm (J = 6 and 3.5 Hz). The 
Cle proton signal was a doublet of doublets centered at  
6.4 ppm ( J  = 6 and 2.4 Hz). The C18 protons ap- 
peared as a doublet centered at  1.17 ppm with J H F  = 
3.5 Hz, due to fluorine-proton interaction. The com- 
pound showed a positive Cotton effect in its ORD 
curve. 

From the more polar fractions estra-1,3,5(10),15- 
tetraene-3,14@-diol-17-one acetate (18) was isolated and 
identified by its analysis and spectroscopic properties. 
The ir spectrum showed hydroxyl absorption at 3.05 p ,  
the acetate carbonyl a t  5.68 p,  and a carbonyl band for 
the a,@-unsaturated five-membered ring ketone at  
5.87 p .  The nmr spectrum showed two doublets cen- 
tered at  7.4 and 6.3 ppm ( J  = 6 Ha) due to the vinylic 
protons at  CIS and (716, respectively, a singlet a t  2.03 
ppm which disappeared upon treatment with DzO 
(lH, 14p OH), and a singlet a t  1.11 ppm pertaining to 
the CIS methyl group. The ORD spectrum showed 
positive Cotton effect indicating cis junction of rings 
C and D. 

The reduction of 16 to 18 was effected with palladium 
on carbon catalyst. Treatment of 18 with sodium 
borohydride led directly to 14p-fluoroestra-1,3,5(10)- 
triene-3,17a-diol(lQ). I ts  nmr spectrum showed broad 
singlets a t  5.4 ppm for the 3-hydroxyl and at  1.65 ppm 
for the 17a-hydroxyl. Both signals disappeared on 
treatment with DzO. A triplet centered a t  4.33 ppm 
and corresponding to one proton ( J  = 8 and 7 Hz) was 
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assigned to the 17p hydrogen. The CIS methyl signal 
a t  1.11 ppm was a doublet with a coupling constant of 
1.6 Hz. 

Experimental Section 
Melting points were determined in open capillary tubes and 

are not corrected. Specific rotations were taken in chloroform 
solutions. Ultraviolet spectra were obtained in EtOH on a 
Cary 11 recording spectrophotometer. The nmr spectra were 
taken in CDC13 solution on a Varian 60 instrument; chemical 
shifts, ( 6 )  are expressed in parts per million downfield from in- 
ternal tetramethylsilane. Optical rotatory dispersions were re- 
corded on a C:uy instrument. Microanalyses were performed 
by Mr. J. Alicino, Metuchen, N. J. 

16a-Brornoandrost-5-en-3p-ol-l7-one (2).-To a solution of 
100 g of dehydroepiandrosterone in 1 1. of benzene and 2 1. of 
MeOH, 150 g of cupric bromide was added. The mixture was 
heated under reflux for 3.5 hr. The warm solution was filtered 
and concentrated to about 2/a volume under reduced pressure. 
The remainder was diluted with 2 1. of benzene and washed 
with HzO. The dried solution was evaporated and the residue 
was crystallized from MeOH: first crop, 47.0 g, mp 172-175'; 
second crop, 30.6 g, mp 172-174'; third crop, 10.4 g, mp 172- 
175'; yield69%. 

14p-Androsta-5,15-dien-3P-ol-17-one (3) and Androsta-5,14- 
dien-3p-17-one (4).-The bromo ketone 2 (90.7 g) was dissolved 
in 1.8 1. of dimethylacetamide, and 133 g of lithium bromide 
and 115 g of lithium carbonate were added. The mixture was 
refluxed for 3.5 hr under nitrogen. The cooled mixture was 
poured into 2.7 1. of 20% acetic acid and extracted with a I :  1 
mixture of benzene-ether. The organic layer was washed with 
a 5'30 NaHC03 solution and with H2O. The dried solution left 
after evaporation of the solvents 77.9 g of a mixture of 3 and 4. 
A portion of this mixture was fractionated by crystallization 
from acetone-hexane. The AI6 ketone was the less soluble com- 
ponent. 14p-Androsta-5,15-dien-3p-ol-17-one (3) had mp 216- 
217'; [ a ] D  +329'; ir 2.88 and 5.9 p ;  nmr 6 7.81 (d, d, 1, J = 
6 and 2.5 Hz, H-15), 6.26 (d, d, 1, J = 6 and 2.5 Hz, H-16), 

nm (e  8110). 
5.43 (s, 1, H-6), 1.1 (s, 3, CHa-18), 1.0 (s, 3, CHa-19); Amax 228 

Anal. Calcd for CIQHze0z: C, 79.50;. H, 9.10. Found: 
C, 79.69; H ,  9.15. 
Androsta-5,14-dien-3p-ol-17-one (4) had mp 167-168"; ir 

5.76 p ;  nmr 6 5.53 (s, 2, H-6 and H15), 1.15 (s, 3, CHa-18), 1.1 
(s, 3, CHa-19). The compound was characterized as its acetate, 
mp 130-131', [ a ] ~  -55.40 (lite7 mp 130-132", [ a ] ~  +54O). 

Androsta-5,14-triene-3p, 17-diol Diacetate (5).-The solution 
of the crude dehydrobromination mixture (77.9 g) in 1060 ml of 
isopropenyl acetate and 1060 ml of acetic anhydride was refluxed 
with 31.5 g of p-toluenesulfonic acid. After 4 hr, the solution 
was poured on ice and the mixture was stirred for 1 hr. The 
oily product was taken .up in ether, and the solution was washed 
with a 5% NaHCOa solution and with HzO. After drying, the 
ether was removed in uacuo. The residue gave from MeOH 
45.3 g of 5, mp 151-154'. From the mother liquors an addi- 
tional 14.2 g, mp 151-153', was secured, yield 657, based on 2. 
The analytical sample melted at  154.5-156.5'; [ a ] D  4-19.1"; 
Amax 268 nm (E 6774); ir 5.71,5.78, 8.02,8.20 p .  

Anal. Calcd for CZ8H,,Oa: C, 74.56; H,  8.16. Found: 
C, 74.47; H,  8.11. 

14p-Fluoroandrosta-5,15-dien-3p-ol-17-one Acetate (6) and 
Androsta-5,15-diene-3& 14p-diol-17-one 3-Acetate (7).-Perchlo- 
ryl fluoride was bubbled into a stirred solution of 15.0 g of 5 in 760 
ml of tetrahydrofuran and 380 ml of HzO for 50 min at  room 
temperature. Most cf the tetrahydrofuran and excess reagent 
were removed on the water pump and the residue was extracted 
with ether. The extract was washed with a 5% NaHC03 solu- 
tion and with HZO. The solvent was evaporated from the dried 
solution and the residue (15.5 g) was chromatographed on 450 g 
of Florid. Petroleum ether containing 4-6y0 of acetone eluted 
7.34 g of a partly crystalline material which gave, from hexane, 
5.28 g of 14~-fluoroandrosta-5,15-dien-3p~ol-17-one acetate (6), 
mp 109-111", yield 38%. The analytical sample melted at  
113.5-114.5': [ a ] ~  +111.2'; ir 5.79, 5.83 p ;  nmr 6 7.63 (d, d, 
1, J = 6 and 2.5 Hz, H-l5), 6.36 (d, d, 1, J = 6 and 2.5 Hz, 
H-16), 5.5 (s, I, H-6), 4.6 (s, 1, H-3), 2.01 (5.3, CHaCO), 1.13 
(d, 3, J = 4.5 Hz, CH3-18), 1.06 (s, 3, CHa-19). 

Anal. Calcd for C21H27F03: C, 72.80; H,  7.85; F, 5.48. 
Found: C, 72.96; H,7.97; F, 5.55. 

The petroleum ether-acetone (8:2) eluates (1.12 g) gave from 
MeOH-H20 0.37 g of androsta-5,15-diene-3p,14P-diol-17-one 3- 
acetate (7), mp 162-163.5'. One additional crystallization 
furnished the analytical sample: mp 165-166'; [ a ] ~  +115.9'; 
ir 2.88,5.77,6.25 1.1. 

Anal. Calcd for Cz~HzsOa: C, 73.22; H, 8.19, Found: C, 
73.35; H, 8.26. 
14p-Fluoroandrost-5-en-3p-ol-17-one Acetate (8).-VI (10.2 g) 

was hydrogenated in 250 ml of dimethoxyethane (freshly distilled 
from calcium hydride) in the presence of 2.0 g of 10% Pd/CaCOa 
catalyst. The hydrogen uptake ceased after 1.04 mol equiv 
was absorbed. The solution was filtered from the catalyst and 
the solvent was removed in vacuo. The crystalline residue was 
purified from hexane to afford 6.2 g of 8, mp 134-135"; from the 
mother liquors 2.0 g of the compound, mp 121-126", was re- 
covered, yield 81%. The analytical sample had mp 139.5- 
141'; [ a ] ~  f6'; ir 5.71, 5.76, 8.03 p ;  nmr 6 5.4 (s, 1, H-6), 
4.58 (3, 1, H-3), 2.01 (6, 3, CHSCO), 1.1 (d, 3, J 
CHa-18), 1.05 (s, 3, CH3-19). 

1.5 Hz, 

Anal. Calcd for Cz1HZ9FO3: C, 72.38; H, 8.39; F, 5.45. 
Found: C, 72.14; H,  8.55; F, 5.61. 

14p-Fluoroandrost-5-en-3p-ol-17-one (8a).-To a solution of 
20.0 g of 8 in 750 ml of MeOH, 11.6 ml of concentrated HC1 
was added and the solution was kept for 23 hr a t  room tempera- 
ture. Sodium acetate (12.0 g) in 180 ml of H20 was added and 
about 500 ml of MeOH was distilled off under reduced pressure. 
After cooling, the crystalline product was filtered off, washed 
well with H10, and dried. The crude 8a was recrystallized from 
MeOH, yield 11.03 g, mp 195-196.5'. From the mother liquors 
5.43 g of product melting a t  182-190' was obtained. The ana- 
lytical sample had a melting point of 197.5-200'; [ a ] ~  +9.60; 
ir 2.84, 5.73 p .  

Anal. Calcd for C1~H27FOz: C, 74.47; H, 8.88; F, 6.20. 
Found: 

14p-Fluoroandrost-4-ene-3,17-dione (9).-To a solution of 11 .OO 
g of 8a in 1640 ml of acetone (distilled from potassium per- 
manganate), cooled in an ice bath, 7.4 ml of an 8 N chromium 
trioxide solution (Jones reagent) was added with stirring. After 
2 min, 6 ml of EtOH was added and the reaction mixture was 
poured into 6 1. of ice water. The mixture was extracted with 
methylene chloride, and organic layer was washed with HzO 
and saturated NaCl solution. After drying with NazS04, the 
solvent was evaporated. The crystalline residue (10.5 g) was 
suspended in 800 ml of MeOH and 9.5 ml of concentrated HC1 
was added. After the crystals had dissolved (about 3 rnin), 
the solution was stirred in a nitrogen atmosphere for 15 min a t  
room temperature. Sodium acetate (12.75 g) was added and 
the MeOH was removed in vacuo. The residue was extracted 
with ether and washed with HzO and with a 5% NaHC03 solu- 
tion. The solution was dried and the ether was evaporated. 
The remaining product (9.47 g) was chromatographed on 275 g 
of florisil. The dione 9 (7.2 g) was eluted with petroleum ether 
containing 7% acetone. Crystallization from acetone-hexane 
gave 5.54 g, mp 153-156'. From the mother liquors 0.648 g, 
mp 149-151", was obtained, yield 56.7%. The analytical sam- 
Dle melted a t  158.5-160"; [ a ] ~  +140.6"; ir 5.72, 5.98 l.4; Amax 

C, 74.62; H,  9.18; F, 6.31. 

239 nm (E 15,801). 
Anal. Calcd for CloHziFOz: C. 74.96: H,  8.28; F, 6.24. 

Found: 
14p-Fluoroandrost-4-en-l7~-ol-3-one (lo).-To a solution of 

5.47 g of diketone 9 in 650 ml of MeOH, 2.16 g of sodium boro- 
hydride was added. The solution was cooled in an ice bath 
during the addition, then kept a t  room temperature for 21 hr. 
Acetic acid ( 5  ml) was added and most of the solvent was removed 
under reduced pressure. The residue was dissolved in methylene 
chloride and the solution was evaporated. The residue (5.40 g) 
was dissolved in 270 ml of anhydrous benzene, and the solution 
of 5.5 g of aluminum isopropoxide in 20 ml of acetone was added. 
After standing for 24 hr a t  room temperature, the solution was 
washed with 2 AT HC1 solution and with HzO and dried. Evap- 
oration of the solvent left a semicrystalline residue (5.1 g) which 
was chromatographed on 150 g of Florid. The fractions ob- 
tained with mixtures of petroleum ether containing 8-107, of 
acetone weighed 2.80 g and gave, after crystallization from ace- 
tone-hexane, 2.60 g of 10, mp 150" dec, yield 47.2%. The 
analytical sample melted at  160-162" dec; [ a ] ~  +98.7'; ir 
2.85, 6.01 p ;  Amax 240 nm ( a  15,870); nmr 6 5.76 ( R ,  1, H-4), 

C, 75.17; H, 8.09; F: 6.20. 

1.21 (s, 3, CHa-Ig), 1.1 (d, 3 , J  = 1.5H~,CH8-18). 
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Anal. Calcd for C~H27F02: C, 74.47; H,  8.88; F, 6.20. 
Found: 

14p-Fluoroandrost- 4-en-17a-ol-3-one Acetate (loa).-10 (200 
rng) was acetylated with acetic anhydride-pyridine. The solu- 
tion was evaporated to dryness and the residue was recrystallized 
several times from ether-petroleum ether. The melting point 
of the analytical sample was 111.5-112.5', ir 5.74, 5.98 p .  

Anal. Calcd for CzlHzsF03: C, 72.80; H,  7.88; F, 5.48. 
Found: 

16a-Bromoestra-l,3,5( lO)-trien-3-01-17-one Acetate (12).-A 
solution of 50 g of estra-1,3,5(10),16-tetraene-3,17-diol diacetate 
(11) (15) in 31 ml of carbon tetrachloride was stirred with 40 g 
of anhydrous KzCOs at  -8". To the mixture, 27.37 g of bro- 
mine was added over a period of 30 min. The mixture was 
poured into ice water containing a small amount of NaHS03. 
The organic layer was washed with a 5% NaHCO, solution and 
with HzO and dried with NazS04. After the solvent was evap- 
orated, the residue crystallized from MeOH to yield 46.08 g 
of 12, mp 164-163". The mother liquors gave after acetylation 
and the usual work-up an additional 5.9 g of 12, mp 161-169", 
yield 78.501, 
Estra-1,3,5(10),14-tetraen-3-ol-17-one Acetate (13) and 14p- 

Estra-1,3,5(10),15-tetraen-3-ol-17-one Acetate (14).-12 (I g) 
in 25 ml of dimethylacetamide was refluxed with 1.5 g of lithium 
bromide and 1.35 g of lithium carbonate under nitrogen for 3.5 
hr. The mixture was poured into 25 ml of 20% acetic acid and 
extracted with ether. The ether solution was washed with 5% 
NaHC03 solution and with H?O. The residue (0.879 g) left 
after evaporation of the solvent was chromatographed on 30 g 
of silica gel. Petroleum ether containing 3-4% acetone eluted 
0.32 g of 13, which was recrystallized from acetone-hexane to 
give 0.266 g of pure estra-1,3,5( 10),14-tetraen-3-01-17-0ne acetate 
(13): mp 141.5-142.5'; [ a ] ~  +255"; ir 5.68, 5 . 7 6 ~ .  

Anal. Calcd for CzoH220s: C, 77.41; H,  7.09. Found: 
C, 77.50; H,  7.09. 

The fractions obtained with petroleum ether containing 5-670 
acetone (0.310 g)  gave from acetone-hexane 0.135 g of estra- 
1,3,5(10),15-tetraen-3-01-17-one acetate (14), mp 123-125'. 
The purest sample had mp 125.5-126': [ a ] ~  $420'; ir 5.68, 
5.75 p;  Amax 280 nm ( E  13,400). 

On a preparative scale, 51 g of the bromo ketone 12 afforded 
20.10 g of 13 (49.7%) and 9.8 g of 14 (24.2%). 

Estra-l,3,5( lo) ,  14,16-pentaene-3,17-diol diacetate (15).-The 
solution of 20 g of crude 13 in 240 ml of isopropenyl acetate and 
240 ml of acetic anhydride was refluxed with 8.0 g of p-toluene- 
sulfonic acid for 4 hr. The reaction mixture was worked up a 
described in the preparation of 5. The enol diacetate crystal- 
lized from MeOH, yield 18.6 g of 15, mp 149-150.5". A second 
crop of 2.14 g obtained from the mother liquors melted at  143- 
146", yield 91.1%. The melting point of the analytical sample 
was 151-1525': [alo +263"; Amax 268 nm ( E  14,800); ir 
5.68, 8.3 p ;  nmr S 2.26 (s, 3, CH3CO-3), 2.20 (s, 3, CHsCO-17), 

Anal. Calcd for CzzH2aO4: C, 75.00; H,  6.81. Found: 
C, 75.02; H,  6.88. 

Starting with 9.8 g of 14, the same reaction gave 9.4 g of 15, 
mp 147-150'. 

140-Fluorestra- 1,3,5 (IO), 15-tetraen-3-01- 17-one Acetate (16) 
and Estra-1,3,5( 10),15-tetraene-3,14p-diol-17-one 3-Acetate (17). 
-Perchlory1 fluoride was bubbled into a stirred solution of 23.3 g 
of 15 in 1165 ml of tetrahydrofuran and 580 ml of HzO for 50 
min a t  room temperature. The work-up of the reaction mixture 
was essentially the same as in the androstane series. The crude 
reaction product was chromatographed on 630 g of Florisil. 

Petroleum ether-acetone (3-5oj,) eluted 10.19 g of 16 which 
crystallized from acetone-hexane, yield 7.95 g (36.6%), mp 
103-109". The analytical sample of 14p-fluoroestra-1,3,5(10),- 
15-tetraen-3-01-17-one acetate showed a melting point of 112.5- 
113.5': [ a ] D  +265"; ir 5.68, 5.81 p ;  nmr S 7.5 (d, d, 1, J = 6 
and 3.5 Hz), ca. 7 (m, 3, aromatic H), 5.4 (d, d, 1, J = 6 and 

Anal. Calcd for C W H ~ ~ F O ~ :  C, 73.19; H ,  6.39; H, 5.78.  

C, 74.41; H, 9.02; F, 6.12. 

C, 72.67; H,  7.79; F, 5.67. 

1.1 (5, 3, CHs-18). 

2.4 Hz, H-16), 2.26 (s, 3, CHaCO), 1.17 (d, 3, J = 3.5 Hz, 
CHs-18). 

Found: C,72.88; H,  6.34; F,6.02. 

The material eluted with petroleum ether-15% acetone gave 
from acetone-hexane 0.486 g of 17, mp 170-170.5'. The ana- 
lytical sample of estra-1,3,5(10),15-tetraene-3,14~-diol-l7-0ne 3- 
acetate melted at  177.5-178":[a]~ $240'; ir 3.05, 5.66, 5.87 p.  

Anal. Calcd for CZOH~ZO~:  C, 73.64; H, 6.74. Found: 
C, 73.61; H,  6.82. 

14p-Fluoroestra-1,3,5(lO)-trien-3-ol-17-one Acetate (18).-16 
(5.3 g) was hydrogenated in 135 ml of freshly distilled dimethoxy- 
ethane in the presence of 1.05 g of 10% Pd/C catalyst. After 
the hydrogen uptake ceased, the mixture was filtered and the 
filtrate was evaporated to dryness. The residue was crystallized 
from acetone-hexane and yielded 3.66 g of 18, mp 141-144'. 
From the mother liquors 0.66 g of the same compound was ob- 
tained, yield 81.5%. The analytical sample had mp 147-148': 
[ a ] ~  +116'; ir 5.68, 5.75 p ;  nmr 6 ea. 7 (m, 3, aromatic H), 

Anal. Calcd for CZOHZ~FO~:  F ,  72.75; H,  6.96; H, 5.75. 
Found: C, 72.67; H,7.00; F,5.85. 
'14p-Fluoroestra-1,3,5(lO)-trien-3-ol-17-one (Ma).-A solution 

of 1.3 g of 18 in 40 ml of EtOH and 2.2 ml of concentrated HCl 
was refluxed for 1 hr. The solution was poured into HzO and 
the mixture was extracted with ether. The ether solution was 
washed with a 5% NaHCOs solution and with HzO and dried. 
The evaporation residue crystallized from benzene, first crop 
0.88 g, mp 183' dec, second crop 0.155 g, mp 178' dec, yield 
91%. The analytical sample melted a t  183" with decomposi- 
tion, [ a ] ~  +139", ir 3.05,5.75 p .  

Anal. Calcd for C18H~1F02: C, 75.02; H,  7.28; F, 6.59. 
Found: C,75.16; H,7.47; F,6.80. 

14p-Fluoroestra-1,3,5( lO)-triene-3,17a-diol (19).-To a cold 
solution of 2.18 g of 14p-fluoroestra-1,3,5( lO)-trien-3-01-17-one 
acetate in 800 ml of EtOH, 1.1 g of sodium borohydride was 
added. The solution was allowed to stand for 23 hr a t  room 
temperature. Acetic acid (2 ml) was added and most of the 
solvent was removed under diminished pressure. The residue 
was poured into HzO and extracted with ether. After the usual 
work-up, 1.028 g of 19, mp 151' dec, was obtained from MeOH, 
yield 53.8%. The analytical sample had mp 159' dec: [a]D 
+70.7"; ir 3.05 p ;  nmr 6 ca. 7 (m, 3, aromatic H) ,  5.4 (m, 1, 
HO-3), 4.33 (t,  1, J = 8 and 7 Ha, H-17), 1.15 (s, 1, HO-17), 

Anal. Calcd for C18HzaF02: C, 74.50; H,  7.92; F, 6.54. 
Found: C,  74.35; H,7.80; F,6.80. 

14p-Fluoroestra-1,3,5( lO)-triene-3,17a-diol Diacetate (lQa).- 
The mother liquors of 19 were evaporated to dryness and the 
residue (1.2 g) was acetylated with acetic anhydride-pyridine 
overnight. After the solvents were removed in vacuo, the residue 
was crystallized from acetone-hexane to give 0.564 g of 19a, mp 
127-130". The analytical sample melted at  136-137", [.ID 
+48", ir 5.7, 5.81 p .  

Anal. Calcd for C Z Z H Z ~ F O ~ :  C, 70.61; H, 7.21; F, 5.07. 
Found: 

Pure 19 (20 mg) was acetylated as above. The acetylated 
product displayed the same nmr as 19a from the mother liquors 
of 19, mmp 136-137". 

2.26 (s, 3, CHaCO), 1.13 (d, 3, J = 1.5Hz, CH3-18). 

1.11 (d, 3, J = 1.6 Hz,  CHs-18). 

C, 70.60; H,  7.40; F,  5.17. 
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