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Regiospecific Syntheses of Modified Steroid Hormones. Part V.l 6p- 
Fluoro-7a- hydroxy-I 7P-oestradio1, 7a- Fluoro-6a- hydroxy-I 7p-oestradio1, 
and 7a-Fluoro-l7P-oestradioi 

By M. Neeman." Y .  Osawa, and T. Mukai, Roswell Park Memorial Institute, Buffalo, New York 14203, U.S.A. 

6F- Fluoro-7a-hydroxy-l7~-oestradiol 3.1 7-diacetate C3a) was obtained by reaction of hydrogen fluoride with 
6a.7a-epoxy-I 7P-oestradiol diacetate (2). Oxofluorination of oestra-l,3,5(10),6-tetraene-3,17~-diol diacetate 
(1 b) gave 7a-fluoro-6-oxo-l7~-oestradiol diacetate (4b). which was reduced stereoselectively to  7a-f luoro-6~- 
hydroxy-l7@-oestradiol 3.1 7-diacetate (5a). Conversion of the 6a-01 (5a) into the 6-methanesulphonate (5b), 
followed by reaction with lithium aluminium hydride, gave 7a-fluor0-17p-oestradiol (6a). 

REGIOSPECIFIC syntheses of ring-a-monohalogeno ring- 
A-aromatic steroids are described in the preceding 
papers.l*-d A preliminary communication la outlined 
the synthesis of the ring-B-monohalogeno ring-n-aromatic 
steroid, 7a-fluoro-17P-oestradiol(6a), vin 7a-fluoro-6-0~0- 
17 p-oestradiol diacet ate (4b), 7a-fluoro-6a-hydroxy-17 p- 
oestradiol3,17-diacetate (5a), and 7a-fluoro-6a-mesyloxy- 
17P-oestradiol diacetate (5b). We now give details of 
this synthesis, together with that of the fluorohydrin 
isomeric with (5a), 6p-fluoro-7a-hydroxy-17 p-oestradiol 
3,l'l-diacetate (3a), and the fluoro-ketone isomeric with 
(4b), 6~-fluoro-7-oxo-17~-oestradiol diacetate (3b). 

The common starting material was oestra-1,3,5( 10) ,6- 
tetraene-3,17P-diol diacetate (1b).2 Epoxidation of 
(lb) with m-chloroperbenzoic acid in methylene chloride 
gave the 6a,7a-epoxide (2).3 The best conditions for 
the regio-specific oxiran ring opening by hydrogen fluoride 
to give the trans-fluorohydrin (3a) involved addition of 
hydrogen fluoride in tetrahydrofuran (molar ratio 1 : 1.7) 
a t  -65" in 470-fold excess to the epoxide (2) in methyl- 
ene chloride, and work-up after 64 h at  0". The assign- 
ment of the stereochemistry of the trans-fluorohydrin 
(3a) was supported by its n.m.r. spectrum, and by its 
i.r. spectrum, which exhibited bands at 3622 and 
3598 cm-l, the relative intensity of which was dependent 
on concer,tration in the range 0-005-4.015~ in carbon 
tetrachloride solution. Chromic acid oxidation of the 
tram-fluorohydrin (3a) gave 6p-fluoro-7-oxo-17 F-oestra- 
diol diacetate (3b). This compound showed an en- 
hanced Cotton effect (a 416), suggesting chiral orbital 
overlap in the homobenzylic ketone system. 

The synthesis of 7a-fluoro-17~-oestradiol (6a) required 
the design of a new reaction for regiospecific and stereo- 
selective fluorination at  C-7a; no such procedure was 
kn0~1-1 .~  The oxofluorination reaction was developed 
with indene as a model compound for ring-A-arOmatiC 
A6-steroids, e.g. ( la  and b). The major product of oxo- 
fluorination of indene was 2-fl~oroindanone,~ correspond- 
ing to 3-acetoxy-7a-fluoro-oestra-l,3,5(10)-triene-6,17- 
dione (4a) ,6b obtained by oxofluorination of 3-acetoxy- 
oestra-l,3,5( 10),6-tetraen-17-one (la). The oxofluorin- 
ation of oestra-1,3,5(10),6-tetraene-3,17/3-diol diacetate 

(a) Part I, 31. h'eeinan and Y. Osawa, Tetrahedron LPttevs, 
1963, 1987; (b) Part 11, M. Neeman, Y. Osawa, and T. Mukai, 
1.C.S. Perkin I, 1972, 2297; (c )  Part 111, 111. Neeman, T. Mukai, 
J. S. O'Grodnick, and A. L. Rendall, ibid., p. 2300; (d) Part IV, 
M. Neeman, J .  S. O'Grodnick, and K. Morgan, ibid., p. 2302. 

C .  Djerassi, G. Rosenkranz, J. Romo, S. Kaufmann, 2nd 
J. Pataki, J .  Attaev. Chem. SOC., 1950, 72, 4534. 

(lb), used in the synthesis of 7a-fluoro-l7~-0estradiol 
(6a),la was envisaged as regiospecific fluorination at C-7, 
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styrene bond of (lb) ; the postulated intermediate 
6a-chloryloxy-7a-Auoro-l7~-oestradiol diacetate (6c) was 
expected to undergo ready elimination of chlorous acid to 
give 7a-fluoro-6-oxo-17~-oestradiol diacetate (4b), which 
was the major isolable product. The 7a-fluoro-6- 
ketone (4b) showed a 16 nm bathochromic shift on its 
0.r.d. maximum relative to 6-oxo-oestradiol diacetate 

Reduction of the fiuoro-ketone (4b) with sodium boro- 
hydride afforded stereoselectively the cis-fluorohydrin 
(5a), which was converted into its 6-mesylate (5b). The 
assigned stereochemistry of the 7a,6a-fluorohydrin (5a) 
was supported by its i.r. spectrum, which showed a band 
at  3590 cm-l (CCl,) independent of concentration 
(5-15m~). The 6-mesylate (Sb) gave 7a-fluoro-17~- 
oestradiol (6a) on reductive removal of the mesyloxy- 
group with lithium aluminium hydride. 

(4C) .G 

ESPERIMEKTA4L 
For general directions see Part II.lb 
7a-Fluoro-6-oxo- 1 7(3-oestradioZ Diacetate (4b) .-A slow 

stream of perchloryl fluoride was passed through a solution 
of oestra-1,3,5( 10),6-tetraene-3,17p-diol diacetate (lb), (8.96 
g) in dioxan-water (99 : 1 ; 70 ml) a t  23" for 70 h. Nitrogen 
was bubbled through the mixture for 5 min, most of the 
solvent was evaporated off a t  0-10" under reduced pres- 
sure,* and the residue was taken up in benzene-diethyl 
ether (5 : 2; 700 ml). The solution was washed with water, 
dried (Na2S04), and evaporated to dryness. The product 
was chromatographed on Fluorisil (100 g), first with 
benzene (1 1) as eluant, and then with a gradient of benzene 
(2 1) changing to acetone-benzene (1 : 4) (200 ml). Eluate 
(1500 ml) from the gradient elution gave crystalline material 
(2.127 g), which afforded 7a-flztor0-6-oxo-l7~-oestradiol 
diacetate (4b) (1.267 g, 13%), m.p. 174-175" (from ethanol) ; 
lmax. (EtOH) 211 (E 20,000), 255 (10,500), and 305 nm 
(2200) ; vmax. (CH,Cl,) 1764, 1727, and 1695 cm-1; G(CDCl,) 
4-81 ( lH,  m, J 50 Hz, 713-H), 2-32 (3H, s, 3-OAc), and 
2-07 (3H, s, 17-OAc) ; 0.r.d. (c 0.10 in dioxan) [ C D ] , ~  - 175O, 
[@Ijag -315", -773", - 156", - 1348", 
[a],,, -935", [@[)Is6, -2900°, [<D],j8 -2630", and 
-44290" (Found: C, 67-95; H, 6-25; F, 5-1. C,,H,,FO, 
requires C, 68.0; H, 6-5; F, 4.9%). Rechromatography 
and recrystallization of combined materials from the initial 
benzene eluate (1 1) and the mother liquor of the first 
recrystallization of (4b) gave an additional 1-155 g (12%) 
of fluoro-ketone (4b). 
7a-Fluoro-6a-hydroxy-l7~-oest~adiol 3,17-Diacetate (5a) .- 

To a stirred suspension of 7a-fluoro-6-oxo- 17P-oestradiol 
diacetate (4b) (0.191 g)  in methanol (10 ml) a t  - 5 O  was 
added a solution of sodium borohydride (0.054 g) in meth- 
anol (3 nil) during 10 min; after 30 min a t  -5" the mixture 
was acidified with aqueous acetic acid (10%; 1.5 ml). 
The solvent was removed at 0" under reduced pressure and 
the residue was washed with water and dried to give a solid 
product (0.186 g), which was chromatographed on Merclc 
acid-washed alumina (18 g), first with benzene (50 ml) as 
eluant, and then with a gradient of benzene (500 ml) changing 
to ethanol-benzene (1 : 4) (100 ml). Eluate (121-180 ml) 
from the gradient elution afforded crystals (0.158 g) ,  which 

* A product of unknown structure, obtained by reaction of 
perchloryl fluoride with a steroidal enamine, was reported to 
have detonated when the solvent was removed, after chromato- 
g r a p h ~ . ~  

gave 7a-~~oro-6a-hydroxy-l7~-oestradiol 3,17-diacetate (5a) 
(0.148 g ,  77%), m.p. 192-198° [from benzene-hexane 
(1 : l ) ] ;  Lx. (EtOH) 267 (E 540) and 274 nm (510); vmx. 
(CH,Cl,) 3610, 1754, and 1727 cm-l (Found: C, 68-35; H, 
6.9; F, 4.9. C,,H,,FO, requires C, 67.65; H, 6-95; F, 
4.85%). 

7a-Flztoro-6a-mesyloxy- 17P-oestradiol 3,17-Diacetate (5b). 
-To a solution of 7a-fluoro-6a-hydroxy-l7~-oestradiol3,17- 
diacetate (5a) (0.094 g) in pyridine (1.5 ml) a t  0" was added 
methanesulphonyl chloride (0-4 ml). After 1 11 at 23" the 
mixture was poured into ice-water. The white precipitate 
was washed with water, dried, and chromatographed on 
Fluorisil (5 g) with a gradient of benzene (500 ml) changing 
to acetone-benzene (1 : 1) (100 ml). The eluate (91-240 
ml) afforded 7a-fluoro-6a-mesyZoxy- 17@-oestradiol3, l'l-diacet- 
ate (5b) (0-094 g, 83%), m.p. 206-208"; Lx. (CHC1,) 269 
(E 710) and 276 nm (700) ; v,, (CH,Cl,) 1757 and 1727 cin-l; 
G(CDC1,) 3.22 (3H, s, 6-OMs), 2-30 (3H, s, 3-OAc), and 2.07 
(3H, s, 17-OAc) (Found: C, 58-45; H, 6.05; S, 6.8. C,,H,,- 
FO,S requires C, 58-95; H, 6.25; S, 6.85%). 

7a-Fluoro-l7~-oestradiol (6a) .-To a stirred suspension of 
lithium aluminium hydride (0.600 g) in ether (200 nil) a t  0" 
was added a suspension of 7a-fluoro-6a-mesyloxy- 1713- 
oestradiol 3,17-diacetate (5b) (0.430 g) in ether (700 ml) 
during 2 h. More lithium aluminium hydride (0-400 g) 
was then added, and the mixture was stirred for 7 h a t  0". 
The excess of reagent was decomposed with wet ether (100 
ml) and the mixture was shaken with aqueous sulphuric 
acid (10% ; 50 ml). The aqueous layer was separated and 
extracted with ethyl acetate. The extract was combined 
with the ethereal solution, washed with water, aqueous 
sodium hydrogen carbonate (5:4), and water, dried (Na,SO,), 
and evaporated. The combined product from three runs 
(0.949 g) was chromatographed on a column of Woelm 
anionotropic alumina containing So/(, water (100 g )  , first 
with methylene chloride (500 ml) as eluant, and then with a 
gradient of methylene chloride (1500 ml) changing to 
ethanol-methylene chloride (2 : 3) (220 ml). Eluate (361- 
780 nil) from the gradient elution gave crystalline material 
(0.507 g) ,  which afforded 7a-fluoro-17~-oestrad~o~ (6a) 
(0.393 g, 49%), m.p. 167" (decomp.) (from benzene); Am, 
(EtOH) 280 (E 2000) and 287 nm (1800) ; Amax. (EtOH-KOH) 
300 nm (E 2700); vms. (KBr) 3378 and 3125 cm-l (Found: 
C, 76.6; H, 7-75; F, 5.1. C,8H2,F0,,0.5C6H6 requires C ,  
76.5; H, 7.95; F, 5.75%). Acetylation (acetic anhydride- 
pyridine) gave 7a-flzcoro-l7~-oestradiol diacetate (6b), m.p. 
115-116°, Amx. (EtOH) 267 (E 960) and 274 nni (900); 
v,,,. (CH,Cl,) 1754 and 1727 cm-l; G(CDC1,) 5.00 (lH, m, 
J H ~  50 Hz, 713-H), 2.28 (3H, s, 3-OAc), and 2.06 (3H, s,  
17-OAc) (Found: C, 70.25; H, 7-05; F, 5-1. C,,H,,FO, 
requires C, 70.55; H, 7.25; I?, 5.050/,). 

6a, 7u-Epoxy-l7@-0estradioZ Diacetate (2) .-To a stirred 
solution of oestra-1,3,5( 10),6-tetraene-3, 17p-diol diacetate 
(lb) 2 (3.480 g) in methylene chloride (100 ml) a t  23" was 
added, during 10 min, m-chloroperbenzoic acid ($50,; : 
2.264 g) in methylene chloride (60 ml). After being stirred 
a t  28" for 1-5 h, the mixture was washed with aqueous 
sodium sulphite (lo%), sodium hydrogen carbonate (lo?;), 
and saturated sodium chloride solution, dried (Na,SO,), and 
evaporated, leaving a white solid (3.641 g), which gave 
6a,7a-epoxy-l7~-0estradiol diacetate (3) (1-924 g, 530/,), 
m.p. 167-169" (from propan-2-01). 

1964, 29, 1325. 
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6~-Fluoro-7a-hydro;-l'7~-oestradiol 3,17-Diacetate (3a) .- 

A solution of hydrogen fluoride (6-85 g) in tetrahydrofuran 
(42.54 g) was added to a solution of 6a,7a-epoxy-17P-oestra- 
diol diacetate (2) (0-264 g) in methylene chloride (30 ml) 
a t  -65". The mixture was kept a t  0" for 64 h, then 
poured into aqueous sodium hydrogen carbonate (0'). 
The aqueous layer was extracted with methylene chloride 
and ether. The combined organic layers were washed with 
saturated sodium chloride, dried (Na,SO,) , and evaporated. 
The residue was chromatographed on a column of Fluorisil 
(25 g), first with benzene (180 ml) as eluant, then with a 
gradient of benzene (1320 ml) changing to benzene-ethyl 
acetate (1 : 1) (500 ml). The eluate (720-1090 ml) yielded 
a residue (0.166 g). A sample (0.118 g) crystallized from 
benzene gave 6P-flzcoro-7a-hydroxy-l7~-oestradiol 3,17-di- 
acetate (3a) (0.095 g, 57%), m.p. 141-144"; A,,, (EtOH) 

270 (E 745) and 277 nm (702) ; G(CDC1,) 5.25 (lH, q, J H F - ~ ~ ~  49 
J E ~ - ~ ~  2.5 Hz, 6u-H), 4.13br (1H, m, JHF-ae 11, J H H - ~  CU. 2.5 
Hz, 7P-H), 2.28 (3H, s, 3-OAc), and 2-05 (3H, s, 17-OAc) 
(Found: C, 68-25; H, 7.1; F, 5-05. C2zH27F05 requires 
C, 67-65; H, 6.95; F, 4.85%). Chromic acid oxidation8 
of the 6p, 7a-fluorohydrin (3a) gave 6~-flzloro-7-oxo-l7~- 
oestradiol diacetate (3b), m.p. 138-143", A (EtOH) 267 
(z 753) and 272 nm (773); 0.r.d. (c 0.270 in dioxan) [Q],,,,, 
260°, [@Isss 390°, 21,500", 17,700", and 

0", -20,100" (Found: C ,  67.45; H, 6.5; 
F, 4.35. C,,H,,FO, requires C ,  68.0; H, 6-5; F, 4.9%). 

max. 
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