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While the use of oxidation potentials can provide a guide for Scheme 1
what will happen in a preparative oxidation reaction, their use can

also be misleading. For example, we have found that in certain S From1a;
situations amides can be oxidized in the presence of electron-rich H?E’j :;%Z’:";:ﬁm
aromatic rings that have oxidation potentials over 300 mV lower OH

than that of the amidkln these cases, the initial oxidation of the OH ot =a

aromatic ring leads to a rapid equilibrium between the radical cation 1b.Ha =

of the aromatic ring and the radical cation of the amide. Product I P Biome
formation is then determined by which radical cation “decomposes”

fastest under the reaction conditions, a scenario that fits the €urtin ™ »
anodic

Hammet principle. S5<®  oxidation
Yet how general was this observation, and was it dependent on )/ﬁﬁ\ MeOH
HO ?

the presence of the aromatic riddgRecently, we began to wonder
about these questions in the context of the chemistry outlined in 4
Scheme 1. The sequential Horagimmons-Wadsworth/ Michael

reaction strategy used by Vandewalle and co-workers to convert S¢heme 2

lactol 1a into the tetrahyropyrarB is one of the most efficient rl RYC anade Q MeO_ OMe
syntheses of a building block for thed=-Cy6 region of bryostatin ELNOTSs (0.2 M) .

reported to daté Yet while the Vandewalle approach is very T 0% MeOH/ THF MeO o ‘)foj\
efficient (a total of only five steps), it has not been routinely  med OBn gma/25Fmole  MeO OBn MeO OBn
employed in bryostatin syntheses$nstead, the most successful 7 we 8. 70% 9.10%
bryostatin syntheses utilized a building block for thg-€Ci region l ’

that had an aldehyde at;£and a protected alcohol at;g3P ny Q

Alternative approaches used closely related building blocks that —_—

had protected alcohols at both thes@nd the Gy positions®a.cd ZHo ")i(j\

Relative to these examples, building blagkad extra carbons at MeO 4, OBn MeO  ,, OBn

the Gp terminus. These extra carbons were a consequence of the

Michael reaction used by Vandewalle and co-workers to construct an intermolecular trapping reaction involving the methanol solvent.
the tetrahydropyran ring. This Michael reaction required the addition Because the specific adsorption of an electrolyte on the surface of
of the ring oxygen to a carbon that wasgo a carbonyl. However,  the electrode can exclude solvent from the region surrounding the
the recent discovery that anodic oxidation reactions can be used toelectrode and thereby impede solvent trapping of the reactive
initiate cyclizations between enol ethers and alcohol nucleophiles intermediates generated at the surfactjs reaction would
would suggest that the very efficient synthetic route pioneered by potentially be slow relative to the intramolecular trapping reaction
Vandewalle and co-workers might also prove useful for constructing of an enol ether radical catiors)( If an intramolecular electron
C10—Cye building blocks that do not have the extra carbons found  transfer between a sulfur radical cation and the enol ether were
in 3. As illustrated in Scheme 1, replacement of the Michael reaction possiblel® then a Curtin-Hammet type scenario might again control

in the Vandewalle approach with an anodic cyclization reaction product formation in this reaction (Scheme 2).

would, in principle, enable the rapid conversion of ladtblinto a To test this idea, electrolysis substratevas synthesizéd and
Cio—Cus building block @) having both the _deswed aldehyde  then oxidized in an undivided cell using a reticulated vitreous carbon
equivalent at g and the alcohol at £ already in place. anode, a platinum cathode, a 0.2 MEDTs in 30% MeOH/THF

A cursory look at oxidation potentials would suggest that this electrolyte solution, and 2,6-lutidine as a proton scavenger. The
proposal was seriously flawed. Methoxy enol ethers oxidize at a reaction was performed at 4& with a constant current of 8 mA
potential of+1.40 V versus a Ag/AgCl reference electradéhe until 2.5 F/mol of charge was passed (Scheme 2). A 70% yield of
thioacetal (which played an important role in the synthesi8)of  the desired cyclized product was obtained, although the oxidation
oxidizes at a potential of-1.16 V versus a Ag/AgCl reference  potential for7 was measured to bé1.12 V versus a Ag/AgCl
electrodé Therefore, the anodic oxidation dfwould be expected electrode. Approximately 10% of the product obtained from
to oxidize the thioacetal in preference to the enol ether. Yet would oxidation of the thioacetal grou®) was obtained.
this really stop the cyclization reaction from occurring? In this case,  The mechanistic proposal for the reaction was supported by two
the initially generated sulfur radical cation would “decompose” via additional observations. First, the reaction benefited from the use

*To whom correspondence should be addressed. E-mail: moeller@ of an elevated_ temperature (Table 1 ent”esd')l‘ For _example,

wuchem.wustl.edu. when the reaction was run at room temperature, the yield of product
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Table 1. Conditions for the Oxidation of Substrate 7

where it again led to a product derived from enol ether oxidation.

entry  electrolyte  conc M femp °C recovered 7 g 9 In this case, a 52% isolated yield of the cyclized prodigh was
1 EULNOTs 0.2 —40 20% 0% 38% obtained. No ewdgnce was _found for oxidation of the _second enol
2 EYNOTs  0.06 —20 10% 15% 20% ether!® The selective oxidation of the enol ether proximal to the
2 Efé“gg 8-% fi%m temp 08% 783% iing thioacetal in12b was clearly consistent with a mechanism that
5 EWNOTs 003  roomtemp 0%/0 54%/0 ;100/2 !nvolved an initial oxidation of the thioacetal followed_ by an
6 EtNOTs 1.0 room temp 20% 49% 13% intramolecular electron transfer to form the enol ether radical cation
7  LiClOg4 0.2 room temp 40% 0% 34% that led to the cyclization. It would appear that the introduction of
8 BuwNBF, 02  roomtemp 25% 20%  25% 4 thioacetal group into an electrolysis substrate allows for a new
level of selectivity to be introduced into a subsequent anodic
Scheme 3 process.
M RVC anode ™ In conclusion, an intramolecular electron-transfer reaction allows
5SS Qe 555 MeQ, [OMe for the anodic coupling of an enol ether to an intramolecular oxygen
MeOL S 90% MoOH/ THE  MeO o . MeO.z nucleophile despite the presence of a thioacetal functional group
- 2t o MeO 7 _ that oxidizes at a Ipwer potential than the enol ether. Byl taking
ved room temperature E e Ve advantage of this intramolecular electron transfer, the thioacetal

12a. X =H (41% recovered)
12b. X=0OH

8 dropped to 59%. At-20°C, a 15% yield of product was obtained
(the change in electrolyte concentration for entry 2 would not be

13a. Not applicable

14a. 33%
13b. 52% 14b. -

expected to have a large effect. For example, consider entries 3

and 5). At—40 °C, none of the desired product was formed. The
inverse temperature effect on the yield of product was consistent
with an intramolecular cyclization competing with an intermolecular
side reaction. Because the intramolecular reaction pathway would
involve a smaller entropy of activation, it would be favored to a

group can be used to effect the selective oxidation of a proximal
enol ether in the presence of an otherwise identical second enol
ether.
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of the reaction increased. In each case, the formation of cyclized ejectrochemical substrates and corresponding products (PDF). This
product8 was accompanied by the formation of the intermolecular material is available free of charge via the Internet at http://pubs.acs.org.

trapping produc®. Unfortunately, produc® proved difficult to

isolate and unstable to the reaction conditions at room temperaturereferences

and above. Therefore, its isolated yield did not provide an accurate
indication of the course of the reaction, although it was clear that
more of9 did form in experiments where the yield of the cyclization
reaction suffered. Second, the yield of cyclized product was
sensitive to either the use of a high concentration of electrolyte
(entry 6) or a change in the electrolyte employed (entries 7 and 8).
These observations were again consistent with a cyclization reaction
that was competing with an intermolecular trapping reaction. As
mentioned earlier, the specific adsorption of an electrolyte on an
electrode surface can protect the reactive intermediates generated
at the electrode surface from solvent trapping. Changes in the
concentration and nature of the electrolyte can significantly alter
this situation and have a dramatic effect on the chemistry
observed?12The use of either a high concentration of electrolyte
or a larger electrolyte (BINBF,) can serve to reduce the extent of
substrate coadsorption on the surface leading to greater exposure
of the reactive intermediates generated to the solvent. The use of
a smaller electrolyte (LiClg) can allow for a higher concentration
of methanol to be present at the electrode surface. Both scenarios
would lead to an increase in the rate of intermolecular trapping
and a decrease in the yield of cyclized product.

Further evidence in support of the proposed intramolecular
electron-transfer mechanism was gathered by examining the elec-
trolyses of substratek2aand12b (Scheme 3}1P The oxidation of

12awas performed to provide preparative support for the suggestion (11)

that it was the intramolecular cyclization reaction that “drove” the

reaction toward the oxidation of the enol ether. In the absence of
the trapping group, the anodic reaction led to oxidation of the

thioacetal group and the formation d#a An NMR spectrum of

the crude reaction mixture showed no evidence for an oxidation of
either enol ether. Reintroduction of the trapping group to the

substrate 12b) then altered the course of the reaction to a point
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