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We have described the use of templatesl'z’3 to direct the free radical chlorination of

steroids to specific positions. It seemed likely that such template methods should also be
applicable to electrochemical functionalization, in particular halogenation.

When 2 substrate is anodically oxidized in the presence of chloride ion, it can be chlox-
inated by either of two mechanisms.4 In the indirect process, the chloride is oxidized to Clz,
which then performs the haloganation of the substrate. In the direct mechanism, the substrate
itself is oxidized to a cation radical, which captures c1” as a step in the overall halogena—
tion of substrate. We have now found that steroid 1 can be anodically chlorinated electrochem-
ically to 5 in a template-directed selective process. Novel tests allow us to distinguish

between the direct and the indirect mechanism; interestingly, it seems that EQEE are involved.

Controlled potential electrolyses of 0.0l M solutions of 1 were performed inza divided
three~compartment cell purged with argon, using a silver wire pseudoreference electrode.
Results were essentially indistinguishable using acetonitrile or propionitrile solvent with 0.1
M tetrabutylammonium perchlorate, lithium perchlorate, or tetrabutylammonium fluocborate support-
ing electrolytes, and either platinum gauze or carbon rod anodes. Cyclic voltammetry at plat-
inum reveals that ] itself can be oxidized at approximately 2.6 V vs. &g, while €1 has a
broad anodic peak at approximately 1.0 V.5 Preparative electrolysis of a solution of ] was
performed with one equivalent of el present initially, and 2 egquivalents more added dropwise
during the course of the reaction.

Passage of 3 F/mol at 1.8 V vs. Ag led to no halogenation of 1 in the dark, and a trace
of chlorination at C~9 in room light. Thus, the oxidation of cl to Cl2 at the electrode in-
wvolves no species which is able to transfer a chlorine atom to 1 to generate intermediate 3,
although with light some photochemical initiation of a halogenation by Cl1, is detected. By
contrast, electrolysis under the same conditions (dark) except at a potential of 2.7 V vs. Ag
results in a very effective template~directed chlorination of the steroid at C-2 to produce 5,
identical with authentic material, leading to an overall isclated yield7 of 35-71% of AS(1l)-

cholesten-30~-0l after saponification of the reaction mixture.

At first sight this appears to be a direct electrochemical halogenation, since oxidation
of substrate 1 to the cation radical 2 is apparently-required. If 2 captures a chloride ion it
can produce intermediate radical 3, the species which performs selective hydrogen abstraction.
Howevey, the result of such a hydrogen abstraction would be 4, a carbon radical at C-9, and one
must then wonder how 4 is converted to the 9-chloro product 5. One likely jpossibility8 is re-

action of this steroid radical with electrochemically generated C12, but such a reaction
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generates a new chlorine atom and thus might initiate a free radical chain halogenation (the
indirect mechanism). Trapping studies prove that this is indeed the course of the reaction.
Thus, when the electrolysis at 2.7 V is conducted in the presence of 02, NO, or Br2, the ster-
0id functionalization is largely suppressed and high yields of the steroid can be recovered
unchanged with a sufficient concentration of these added reagents. With Brz, for instance,
this must mean that the initial direct functionalization reaction through intermediates 2 and 3

leads to a steroid radical which is then captured by Br., not C12. The resulting bromine atom

’
is not then able to initiate a chain halogenation proceis. Apparently only a small amount of
functionalization occurs by the direct mechanism.

Thus, it seems that anodic oxidation of the substrate is needed to initiate the halogena-
tion, but that the bulk of the halogenation in this reaction then occurs by the indirect mech-
anism involving electrochemically generated Clz. The simple electrochemical criterion is thus
deceptive as a clue to the mechanism. As with other radical halogenations, this process shows

excellent selectivity and may be an attractive variant of these template~directed free radical

methods.
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The Direct Mechanism
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