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01 ,p-EPDXYKETONN CHKNISTRY, I: 

REACTION OF HI WITH STEROIDAL ~,3+BPOXY-3-ONESl 

I Noemsn and J.9. O’Orodnick* 

Rosuoll Park Memorial Institute, Buffalo, New York 14203 

(Receivrd in USA 22 !;eptember 1971; reoeivad in UK f'or publication 16 November 1971) 

Steroidal a,S-epoxyketonea serve am key intermediate8 in l ynthceom of modified hornonsm. 

The wchanistic varisblea, which determine the course of the reaction of a,@-epoxyketon*m 

with nuclaophilar, era poorly underrtood. The present atudy.ir derignad to explore the 

effect* of epoxyketono structure, solvent, and nuoleophila on reaction court and meohani*m. 

Yha or,@-epoxyketone 1 can take tbrme reaction psthr (Schene 1): the a-modo and the S-mode, 

dicxial opening of the oxirane by nucleophile to 2 and 3 , reapectively; 

snd the aLmode, by reaction of nucleophilo at the a’-carbon, to give 4 . 

Previour rtudfes of a,S-opoxyketone resationa with HF led to conflicting remultm. 

Klimrtra and 0ounsal13 claimed that l~-rcotoxy-lr,2~-epoxy-3cr-androntmne-3-one wan oon- 

verted by HF in glacial HOAc to the corresponding P-fluoro-1-en-j-on., but Kerb fi&. 
4 

swvlgned to the product of HF ring opening of thim epoxykatone the 48-fluoro-1-on-j-on. 

structure. A series of compound@ aynthraized by Gamerino et a1.5 by roaotion of rteroid*l -- 

4@,3t3-epoxykkrtonos 5 with HF in CHC13 /EtOH, all of which had Ur~x 242 1 nm, wre rrrone- 

oualy sssignod the 4-fluoro-4-en-3-one partial structure, authentic 4-fluoro-4-on-3-onem 

l rhibitlng the chrotxophors 248 nm. 
6 

Reaction of 4S,3S-epoxy-androstane-178-hydroxy-j-one% 50 with EF did not occur in 

THF or IiMF at 23’, possibly due to competition of the solvent for protons required for oxi- 

rem protonation. When @,3S-epoxy-sndrostane-17B-scetoxy-,- 1. one5b 3’ we treatad with HF 
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in neat CHC13, 
7 

A product (8a ) MB lsol&ed! mp 186-~39~; IR (Kar): 3462 cd1 nnd 

3510 cm-l (OH) ) 1715 cm-1 (C=O); NM3 (G+,)r 4.64b (Ui, q, Jtlr-ae= 33’Hs, JgH- 6.5 Hz, 4-H), 

j.45b (lH, d, J = 6.5 He, 4&H), l.ljb (3H, l , 19-CH3); CD (dioxsne): A c284 = -0.88. The 

JHF of' 2: HZ indicatae ~i~in01 diexial CH-CP’, snd hanoo the atruature gr-Pluoro-4a,lB- 

dihydroxp-5a-endromtene+ona l’lf)-ecetata8a wan areigned to thm 186-189’ product. 

The structure (8a ) WIO confirmed by rpin deooupling, which rhowed thet the A-OH proton 

doublet at 3.4yb wee coupled to the 4-H proton; deuteration collapred the 4-H rignal to 

8 doublet, rnd the IR (CIXX3) of the deutersted product rhowad replacemant of OH by OD 

bends at 25e0 of+ 0nd 2405 CID-~. The splittings of 6.5 Hz in the 4-H and the b-OH proton 

eignels ere attributed to the lack of repid proton exchange of the k-OH of (8a ), pre- 

eumed to be due to lntramolaculer hydrogen bonding. Acetylstlon of the fluorohydrin (8a ) 

gave the diacetste (8b ), mp 182-184O; IR (OHO13): 1751 cm-l 
-1 

(CrO J+-acetste), 1733 cm 

(O=Q I+acotate); NMR (CoC13): 5.nb (lH, d, JHF_aa = 34 He, 4-H), 2.256 (3H, a, 4-C&), 

2.056 (3H, l , 17-OAc), 1.106 (3H, l , 19-CH,); CD (dloxano): 
/ 

A cJo2 =+0.098, rh at 308 nm, 

A c272 = 4.088. We interpret this reaotion nn regioepecific B-mode oxirane opening by 

fluoride to the w-diaxial 5a,%-fluorohydrin ( 7 ), followed by acid-catelyzed epi- 

merizetion of the C-4 hydroxyl to give the &+a,&-fluorohydrin (8a ). A mixture of 

48,5B-epoxy-endrootane-l7i3-ol-3-one 9 end &,‘jol-epoxy-sndroetane-ln-ol-3-one 5a (b ta = 

511 by nmr) yielded under analogour conditione, two products, iaoleted rfter ecatylstlon in 

a 421 ratiol the major one ma tha discetata (8b ) of the 5a,4a-fluorohydrin (8a ), and 

th* minor product, which ahowed n 19-CH 
3 

doublet, JHF - 10 He, and n m-disxial JHF = 

34 Hz, wan aeeigned the atruoture p-fluoro-#,lB-dihydroxy-SD-androatane-3-ona 4,17-di- 

acetat* ; derived from the minor component of the etnrting mtarirl, the a-•poxido ( 9 ). 
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Thus both l poxidos, 9 l . wall &I 5a , rracted with HP in nest CHC15 by the B-mods. This 

mods appssrs to be favored in situstions slloring e partial positive charge to bo IPOrs 

rssdily eccomodated at the S- thsn st the a-orirsne osrbon in the transition state. 

The course of the a,8_opoxyketone reaction with HF is critically dependent upon l ol- 

*sat. When the reaction solvent wss CHCl5 oontslnlng 10% ?!!toR,' the product (6a ) was lso- 

lsted, mp 152-j’; UV A tmx (c): 240 (16,100); IR (XB?): 1698 cm-’ (oonj 04); NM (CDC15): 

5.79A (18, d, J = 5% 4-H). 5.046 (IH, octet, J~g_~,m = 49 Ha, JhD_ss = 5.5 Hz, J=_as = 

13 He, 2-H), 1.506 (jH, s, 19-CH5); CD (dioxene): A c335 = - 

4&o, ($89 

2.&o; ORD (dioxsns): (@) po =+ 

=+815O, (@I:, = -2,540°,(@)joo =+15,pO”. This product nss sssigned ths 

structure of 20-fluorotestostsrono 6a . 
10 

Similarly, the reaction of 48,58-epoxy-lo@-hydroxy- 

estra-3,17-dione SC with HF In CHCl 
3 
/ EtOH at O" afforded 2rr-fluoro-lO&Lhydroxy-estr-b-en- 

5,17-dione 6b I IUP 235-238’~ uv A DNJX (C)I 233 (15,700); IR (cHcL3): 1~4 CII+ (conj c=O); 

Njm (CDG13): 5.848 (lH, d, J - 5 Ha, 4-H), 5.336 (18, octet, JHF_g,m = 49 Hz, J~_ss - 7 Ho, 

JHH_ss = 14 Hz, 2-H); CD (dioxenr): A E 
544 

= -1.21, A c334 = -1.52, A c 3 16 - O", A C296 = 

+1.69; IS: U+, 306, fragmentstion pattern consistent with proposed struoturo ( 6 b ). 

Thq structures of the series of compounds of Csmerino & c.,5 011 of which hsd X msx 

240% nr, to which thess authors had erroneously assigned ths 4-fluoro-4-on-5-one structursa, 

srs now being corrected, by analogy, to the corrssponding 2a-fluoro-4-en-5-one structures 

( 6 ) arising from a’-mode ring opening. Ths xmchanistic details of the cl-mods of oxlrsno 

l re am yet unknown. Korb c 1. ,4 considered their rrported production of $-fluoro-178- 

hydroxy-5=-androst-1-en+onr l+ecetsts by reaction of the corresponding la,20-epoxy+ 

ens with HF ( in THF or DMF ) to be e rearrangement rsaction, without specifying ths prlxmry 

product bsfors resrrsngament, while demonstrsting thet it could not have been P-fluoro- 

178~hydroxy-5a-sndroet-l-en-j-one lm-acetats. l1 An intermediate for Xerb’s postulated 

rearrsngement doss not readily present itself. We havr demonstrstod that S-mods oxirano 

opening of epoxyketone ( 5a ) leads to S ,a-fluorohydrin ( 8 a ), uhlch if oonooivod sa an 

lntermediete for resrrsngement, would require an unlikely 1,4-shift of fluorine to produce 

the a’-fluoro-a,8-en-one ( 4 ). We consider Kerb’s “resrrangewnt” mschanism of an unspsci- 

fied intermediate Implsusible. Ws favor s mechenlsm of dirsot fluoride rem&ion, In the 

prssoncs of en hydroxylic solvent, st the or’-carbon of a,S-epoxyketons 1 , possibly as 

onol, snd if so, this reaction could be viensd as s tine-substitution. 
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