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In Part I the reaction8 of HP with ateroldal a,p-epoxyketones were 

shown to occur reglospeoifically by two alternative modes, B or a*, depend- 

ing upon the eolvent employed.3 In neat CHC13, two model compound8 48,5a- 

epoxy-178~hydroxy-endrosten-3-one lb end 4r,5a-epoxy-178-hydroxy-androeten- 

3-one 5 ahowed B-mode regioapeciflcity leading to the corresponding &- 

@,+fluorohydrine. In contrast, a'-regioapecificity obtained in the reaction 

of the A/B c&-epoxyketone (lb) with HP in CHC13/EtOH, leading 

fluoro-a,@-en-one (4 b 1. 
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The present communication ie concerned with mechanietic variables, 

such ae ionic radii of halides, steric factore, and solvent effects, in 
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relation to regioepecificity. To atuay (I ana o’-regioepecificities, the 

A/B &-epoxyketones ( lo ) and (1 b ) were ueed ae model compounde. In reac- 

tiona with thee8 compounaa, nucleophilez having sizable aterio requirements 

could encounter hindrance in approaching the C-5 oxirane carbon from the 

a-side of the moleoule, an effect whioh would decrease the likelihood of 

p-mode oxlrane opening by Br- and Cl-, in contra& to F”, which reaota by 

#-mode in CHC13.4 

Cur prevloue finding had indicated lack of a-mode orlrane opening of F -3 . 

This conclusion was confirmed in the present study by subjecting A/B cis- - 

epoxyketone (la ) to 30$ aqueous RF in acetone (21’. 3 hrs), when no reaction 

occurea. Ip contraat, a-mode regioepecificity wae effected by reaction of 

epoxyketone (la ) In acetone eolutlon with either 37s aqueous HCl (O’, 15 min) 

or SOP aqueous HBr (20°, 15 mln) which afforded trans-dlaxlal 0 ,fl-halohydrins: 

4=-chloro-5B,17B-dlhydroxy-eetran-3-one20,5 mp 198-200’; IR (IL&): 3480 and 

3270 cm-’ (OH), 1735 cm-? (C=O); IG!R (DM80): 4.10) (la, 0,4-H), 0.67b (3H, 

E, 18-C&j); ORD (HeOH):(~)7oo = + 127’, (@)58g = + 127°,(@)315 = + 3720°, 

( 0 )2g4 = - 3370’; CD (MeOH) : Aa 303 = + 1.42; and 4a-bromo-58,17t%dihydroxy- 

e&ran-3-one 2b, q p 128-129’; IR (KBr): 3487 and 3270 cm” (OH), 1714 cm-l 

(O=O); RMR (DMSO): 4.13) (lH, 8, 4-H), 0.684 (3H, 8, 18-C&); ORD (MeOH): 

(*)700 = + 260°,(@)58g = + 260°,(@)332 = + 56w0,(@)28; = - 88600*(4)278= 

- 93ooO; CD (dloxane) : A L 308 = + 3.52, eh at 300 and 313 nm. The o ,fi-bromo- 

hydrln (2b) wae converted to 4-bromo-17P-hydroxy-eetr-4-en-3-one3b6 in the 

oame reaction medium (30% HBr in acetone) at higher temperature (57’, 1 hr). 

The a-mode reaction capabilities of Cl- and Br- , ae contrasted to the lack of 

such capability of F-, reflect the greater polarizabilitiee of the larger X-; 

conceivably some degree of orbital overlap with carbonyl in the transition 

state 1,s involved in a-mode oxirene opening. 

The propensity of a-mode reactivity of Cl- suggested that under condi- 

tions leading to a’-mode regiospeclficity of F-, the corresponding reaction 

of Cl- would not be a’-regioapeclfic, Indeed; when epoxyketone ( lb ) wee 

subjected to reaction with HCl in CHC13/EtOH,7 two product0 were isolated 



in a 1:l ratio: product A, UV (EtOH): 256 (14,700) was identified as 4- 

chlorotestosterone3a, 8 and product B, W (MO@: 243 (14,800); NMR (CDCl3): 

5.908 (lH, 8, 4-H), 4.70) (lH, q, J,, = 5.5 H%, J, = 14 Hz, 2-H) was 2a- 

chlorotestosterone 4a, ’ indicating a 1:l ratio of =:a'-mode oxirane opening. 

This cr:a' ratio could be altered by changea in reaotion conditione: when the 

solvent was TFIF,loa the ratio ~r:~r' waa 2:l; when the HCl/THF ratio was de- 

creaeed,lob a-mode regiospecificity was attained, with concomitant reduction 

in reaction rate. The reported product ratios of 3a :40 can be viewed as 

reflecting ,~:a'-mode ratioa, assuming no chloride migration in conversion 

of primary to final reaction products. The following experiment8 support 

this assumption: (i) a 1:l mixture of 3o:4a, when exposed to THF/HCl,'Oa 

was recovered unchanged, indicating no ~'+amigration of Cl; (ii) when 

(3a) was exposed to HCl in CHC13/EtOH,7 it was recovered unchanged, indica- 

ting no=+a' migration; (iii) when (20) was exposed to HCl in CHC13/Et0H,7 

4-chloro-17Q-hydroxy-estr-4-en-3-one3c11 was obtained, and no products con- 

taining a 2-chloro-eubstituent were formed, ruling out a 4a,58-chlorohydrin 

as an intermediate in pro-mode reaction leading from epoxyketone (lb ) to 

2a-chlorotestosterone4o. These findings enlarge the scope of the =*.-mode 

reaction of a,@,-epoxyketones to encompass nucleophilic tine-chlorination 

in addition to tine-fluorination. 
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