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Abstract: Intramolecular anodic olefin coupling reactions have been used to construct both bicyclo[3.2.1]octane
and bicyclo[2.2.1]heptane ring systems. The effect of substituents on the stereochemistry about the newly generated
carbon-carbon bond was examined. © 1998 Elsevier Science Ltd. All rights reserved.

Scopadulcic acid B is a natural product wi

skeleton features a bicyclo[3.2.1]Joctane ring skeleton with a central quaternary carbon. Bicyclo[3.2.1]octane ring
skeletons are commonly found in biologically relevant natural products and have been the focus of numerous
synthetic s.,ld.es but few of these studies have utilized oxidative cyclization reactions to construct tt
bicyclic core of the molecules.® Oxidative ¢ cyclizations are potentially important reactions because they generate
products that retain the functionality used to initiate the cyclization.” For example, consider the retrosynthetic
nalysis of scopadulcic acid B outlined in Scheme 1. In this scheme,
reaction® is used to couple the enol ether in compound 4 to a
o 7o . second electron-rich olefin in order to form both the key

quaternary center and the
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bridged bicyclo[3.2.1]octane rin
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that could then be used in the completion of the synthesis,
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quaternary carbons with control of relative qtereochemlqtr‘y and the resulting acetals were used in the synthesis of
efin coupling reaction be used fto
synthesize even more strained bridged bicyclic ring skeletons, or will the additional strain slow the cyclization to a

point where decomposition of the radical cation intermediate competes? While radical anions generated from
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radical cation derived from an electron-rich olefin has been reported. With this in mind, a program to investigate the

utility of intramolecular anodic olefin coupling reactions in the synthesis of bridged bicyclic molecules was
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model substrate because bis enol ether substrates have consistently led to high yields of cyclized products when
6d

oxidized at an anode, and because a successful cyclization originating from substrate 7 would lead to the

bicyclo[3.2.1]octane ring system needed for the proposed scopadulcic acid B synthesis. Substrate 9 was selected in

order to examine what effect the additional strain of forming the bicyclo[2.2.1]heptane ring skeleton would have on

the cyclization reac
The preparative clectrolyses of 7 and 9 were achieved at a reticulated vitreous carbon (RVC) anode using a

. platinum wire cathode, an undivided cell, 2 0.1 M lithium
Ncheme 2 bs

YYD

I’ electrolyte solution, 2,6-lutidine

RVC anode
- Pt cathode 10
MeO :/&\Ul(/ MeO Eﬂ as a proton scavenger, and a constant current of 28.6 mA. " A
N LBERY.ERal’e} N i
- \_l/’ u. IIV|L\‘IU 7/\ "
“ome fOJA’UM‘E?:' THE Med MeO OMe total of 2.2 F/mole was passed. The reactions were run with a
28.6 mA/ 2.2 F/mole .
7 . ¥ . Fa—— iy mamdaad s e e Ao 1ANn
8 g?ifo(r:‘;r;?no substrate concentration of 0.03 M and a scale ranging from 100
RVC anode : tel
to 400 mg. In both cases, the electrolysis conditions wer
e F]-ﬁ Pt cathode MeQ /? g > y ¢
=l | 0.1MLCIO, W identical (Scheme 2). In the case of 7. an 82% isolated vield of
OI 50% MeOH/ THF €S 1e0 OMe ’ Y
Me 356 ma 3.2 Fimole the desired bicyclof3.2.1]Joctane ring product was obtained,
9 10. 65% (1:1 ratio
of isomers)

whereas oxidation of 9 led to a 65% isolated yield of the desired
As with earlier intramolecular anodic olefin coupling reactions, the cyclizations illustrated in Scheme 2
could be initiated with the use of a 6-volt lantern battery.” While these cyclizations demonstrated that

between the two coupling reactions was much more pronounced when the less sophisticated reaction setup was

utilized. When the anodic oxidation of 7 was repeated using the 6V-lantern battery (all of the other conditions were

the use of the battery. However, the oxidation of 9 using the battery power supply did not fare as well and led to

only a 33% isolated yield of the bicyclo[2.2.1]heptane ring product.

bicyclo[2.2.1]heptane ring skeleton causing the cyclization reaction to be slower. This would allow more time for

the radical cation intermediate to decompose. However, this suggestion was not consistent with cyclic voltammetry

followed by a very fast chemical reaction, the potential measured for a substrate depends on the rate of the chemical

reaction. For an oxidation reaction, a fast chemical step following the electron transfer lowers the potential



shown this behavior.* For example, the oxidation potential measured for bis enol ether substrate 11a was ca. 200
- . 6d,12 -~ . .
mV lower than the potential measured for methyl enol ether derived from heptanal (12). The potential obtained

for substrate 11b leading to a six-membered ring product was ca. 100 mV lower than the potential measured for 12,

- 4L 1

OMe OMe OMe suggest Tg, that the six-membered “:‘I‘lg y tion was slower than
# & Mom the five-membered ring cyclization as expected. The oxidation
( Y
\C/\) NN k_) potential for 13 was 150 mV lower than the potential measured for
OMe
11a. n=1 i2 13 the methyl enol ether derived from cyclohexanone in spite of the
11b. n=2

generation of a new quaternary carbon. In the current study, the E, values (vs. Ag/AgCl) obtained for 7. 9, and 1-
methoxymethylidene cyclopentane were +1.13 V, +1.10 V, and +1.14 V respectively. The closeness of the
-lopentane indicated that neither
cyclization reaction proceeded at a rate equivalent to the previous cyclization reaction that had generated a
quaternary carbon (13). Presumably, this was due to the strain of the ring system being synthesized following the
oxidation of 9 and the formation of a six-membered ring following the oxidation of 7. The slightly lower potential
measured for 9 indicated that the radical cation derived from 9 cyclized faster than the radical cation derived from 7.
Evidently, the formation of a six-membered ring slows the cyclization down to greater extent than does the added

strain of the bicyclo[2.2.1]heptane ring skeleton.

Finally, substrate 14 was studied in order to determine if substituents on the chain connecting the olefins

. would allow for stereocontrol of the groups surrounding the
rlguu: 1
MeOsC oG newly generated carbon bond. In this example, it was hoped that
fala Y s we Meo\'\\ )\CO,|I'I|6 . . .«
MeO \;/x\/)( U2 MeO ﬂ 2 the presence of an axial ester group in the transition state of the

OMe - cyclization would force the disubstituted enol ether into a
equatorial position (Figure 1). This proved to be the case. The oxidation of 14 led to a 75% isolated yield of a

bicyclo[3.2.1Joctane product having a 19:1 ratio of .

isomers about the newly formed carbon-carbon bond MeO,C RVC anode MeO2C

cathode
. . . e Lo — COMe
(Scheme 3). The major product was assigned as having Meo ! = T MLICIO, MeO 1/

O% MeOHI THF

5 . - . . . - OMe 2,6-lutidine MeO el OMe
the C2 dimethoxyacetal substituent in an equatorial 28.6 mA/ 2.2 Fimole
14 15. 75% (95/5 eq

position by examining proton NMR coupling constants.

In this assignment, the methine proton at C; gave rise to a doublet of triplets in the NMR with Jd=12.7 Hz and Jt =
rﬁl‘vie 4.0 Hz. Clearly, the 12.7 Hz coupling constant was the result of a trans diaxial coupling,
|

qﬂ‘ 16 placing the substituent in the equatorial position. Substrate 14 was also studied using cyclic

voltammetry. In this case, the E ; (vs. Ag/AgCl) obtained was +1.15 V. The higher valu

the potential relative to earlier cases was a resuit of the ester substituents on the sidechain. As a

reference, the Ej, value obtained for compound 16 which did not cyclize was +1.17 V vs. Ag/AgCL.



In conclusion, we have found that the intramolecular anodic coupling of enol ethers can be used to generate
bridged bicyclic ring skeleions. While the reactions are not inherently stereoselective, the stereochemistry o

cyclization products can be controlled with the use of substituents on the chain between the olefins. Work aimed at

utilizing these reactions to synthesize scopadulcic acid B is underway and will be reported in due course.
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