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«,8-EPOXYKETONE CHEMISTRY, I:
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Steroidal «,B-epoxyketones eerve se key intermediates in syntheses of modified hormones.
The mechsnietic varisbles, which determine the course of the reection of «,B-spoxyketones
with nucleophiles, ere poorly understood. The present study is designed to explore the
effects of epoxyketone structure, solvent, and nucleophile on reaction course end mechanism.
The «,B-spoxyketone 1 can take three reaction peths (Scheme 1): the az-mode end the B-mode,

involving trens-dimxial opening of the oxirene by nucleophile to 2 and 3, respectively;

end the a-mode, by resction of nucleophile at the «'-carbon, to give q ,
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Previous studiee of «,B-epoxyketone resctions with HF led to conflicting results.
Klimetra and (Jounull5 cleimed that 17B-acetoxy-la,2a-epoxy~Sa-endrostane-3-one was ocon-
verted by HF in glacial HOAc to the corresponding 2-fluoro-l-en-3-omne, but Kerb et 5_];.“
ssaigned to the product of HF ring opening of this epoxyketone the 48 -fluoro=l-en~3-one
structure. A series of compounds synthesized by Cemerino et a_l_.5 by reaction of steroidel
48,58 -epoxyketones 5 with HF in GI-ICI3 /EtOH, 211 of which had Amex 240t 1 nm, were errone-
ously eseigned the 4-fluoro-4-en-3-one pertiel structure, authentic 4-fluoro-l-en-3-cunes
sxhibiting the chromophore 248 mn.6

Resction of 48,5B-epoxy~-endrostene~l 78-hydroxy-z-one 5a 5% with EF did not occur in

THF or LMF at 25°, posaibly due to competition of the solvent for protons required for oxi-

rene protonstion. When 48,5B-epoxy-sndrostane~l7B-scetoxy-Z-one 5h 5% vas treated with HF
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in neat CHClj,-, & product (8a } wes 1soleted: mp 186-189°; IR (KBr): 3462 ent and

3510 cm™l (OH), 1715 cm™} (C=0); MMR (ODC13): 4,640 (1H, q, Jyp-ne= 23 Hz, Jyz= 6.5 Hz, 4-H),
3.45¢8 (1H, d, J = 6.5 Hz, 4-OH), 1.128 (=H, s, 19-CH5); CD (dioxene): A €ogy = =0.88. The
Jyp of 22 Hz indicstes vicinal diexial CH-GFG, and hence the structure Sa-fluoro-4a,l7B-

dihydroxy-5a-sndrostene-z-cne 178-ecetate 8 wae mesigned to the 186-189° product.
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The structure (8a ) wee confirmed by spin decoupling, which showed that the 4-OH proton
doublet at 3.458 wee coupled to the 4-H proton; deuteration collepsed the 4-H signel to

# doublet, and the IR (lei) of the deutersted product showed replacement of OH by OD
bends at 2580 cn~! and 2405 ca™l, The aplittings of 6.5 Hz in the 4-H and the 4~OH proton
signele are attributed to the lsck of repid proton exchenge of the 4«-OH of (8a ), pre-
sumed to be due to intramolecular hydrogen bonding. Acetylstion of the fluorohydrin (8a )
gave the discetste (8b ), mp 182-184°; IR (CHCIB): 1751 cm-l (C=0 4~scetate), 1732 cm.l
(C=0 17-acetate); NMR (cm15)= 5.758 (1H, d, Jpp_ e = 34 Hz, 4-H), 2.256 (2H, =, 4-Cic),

2.05% (3H, », 17-0Ac), 1.106 (3H, », 19-CH,); CD (dioxane): Ac =40.098, sh st 208 mm,
rd

302

& c272 = -0,088. We interpret this resction es regiospecific B-mode oxirane opening by

fluoride to the trans-diaxiel Sa«,48-fluorchydrin ( 7 ), followed by ecid-cetslyzed epi=

merizetion of the C-4 hydroxyl to give the cis~5a,4a-fluorchydrin ( 8a ). A mixture of

48 ,58-epoxy-androstene-178-ol=3-one 9 end 4a,5«-epoxy-endrostane-17B-ol-3-one 5& (B :a =
5:1 by nmr) yielded under enelogous conditions, two products, isolated after scetylation in
# 411 retio: the mejor one wees the dimcetate (8b ) of the 5a,4a-fluorchydrin (8a ), and

the minor product, which showed e 19-CH, doublet, Jyp = 10 Hz, end a trans-diexiel Jup =
s

24 Hz, wes essigned the structure Sp-fluoroc-4B,l P-dihydroxy-EB-endrostane-3-cne 4,17-di-

ecetate 10 ; derived from the minor component of the etarting materiesl, the a-epoxide (9 ).
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Thus both epoxides, 9 as well as 52 , rescted with HF in nest GHCli by the B-mode. This
mode appears to be favored in situstions sllowing s partiel positive charge to be more
resdily sccomodated at the B- then st the «-oxirane csrbon in the transition state.

The course of the a,8-epoxyketone resction with HF is criticelly dependent upon sol-

? the product ( 6a ) was iso-

vent. V¥hen the reaction solvent was CH015 containing 10% EtCH,
lated, mp 152-2°; UV A max (c): 240 (16,100); IR (KBr): 1698 cm™l (conj 0=0); NMR (cDo1,) s
5.798 (14, d, J = SHz, 4-H), 5.048 (1H, octat, Jﬁ!—gom = 49 Hz, JHH-:. = 5.5 Hz, Jm_.. =

1z Hz, 2-H), 1.208 (28, s, 19-CH3); CD (dioxene): & €335 = = 2.60; ORD (dioxsne): (¢) 00 =*
480°, (¢)589 =+815°. (¢)§60 = -2,51400, (¢)§OO =+1§,700°. This product wes eesigned the
structure of 2a-fluorotestosterone 6a .10 Similarly, the reaction of 48,5@~epoxy-10B-hydroxy-
estra-3,17-dione 5C with HF in CHC14 / EtOH ot 0% afforded 2«fluoro-108-hydroxy-estr-k-en-
3,17-dione 6b s mp 235-238°%; UV \ mex (c)s 233 (15,%00); IR (CHGl.j): 1704 co™l (conj C=0);
NMR (cw13): 5.848 (1#, d, J = 5 Hz, 4-H), 5.3358 (1H, octet, Jm,_g.- = 49 Hz, Jyy_ne = 7 Hz,
IiH_ag = 1% Hz, 2-H); OD (dioxene): & Cxyy = 1+21, b cggy = -1.32, begiq® 0%, a €96
+1.69; M8 M+, 206, fragmentetion pattern consistent with proposed structure (6b).

The structures of the series of compounds of Cesmerino et el. ,5 ell of which hed X\ max
240y nm, to which these authors had erroneously aseigned the 4-fluoro-i-en-3-one structures,
ere now being corrected, by enslogy, to the corresponding 2a-fluoro-4-en-3-one structures
( 6 ) arising from o'-mode ring opening., The mechanietic details of the «'-mode of oxirene

4 considered their reported production of 48-fluoro-178~-

are &s yet unknown. Kerb ot al.,
hydroxy=5ac-sandrost-l-en=3-one 17B~acetate by resction of the corresponding la«,2c-epoxy=-%-
one with HF ( in THF or DMF ) to be a resrrangement reaction, without specifyirg the primary
product before rearrsngement, while demonstreting that it could not heave been 2-fluoro-

1B -hydroxy-5a-androst-l-en-3-one 17ﬂ-acetato.n An intermedieste for Kerb's postuleted
rearrengement does not resdily present itself. We have demonsirated thet B-mode oxirane
opening of epoxyketone ( 5a ) leads to B,a=flucrohydrin (8 a ), which if conceived ss an
intermediate for resrrengsment, would require an unlikely 1,4-shift of fluorine to produce
the a'-fluoro-a,p-en-one ( 4 ). We consider Kerb's "resrrangement” mechenism of an unepeci-
fied intermediste impleusible. We fevor a mechenism of direct fluoride reaction, in the
presence of an hydroxylic solvent, 2t the «'-carbon of «,B-epoxyketons 1 , possibly as

enol, end 1f so, this reaction could be viewed es & cine-substitution.
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