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Reaction of Penta- substituted Phenols
*
by Using Anodic Oxidation
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Abstract

In connection with Acouriia sesquiterpenes, anodic oxidation is useful for construction of the
corresponding tricyclo[5.3.1.01-5Jundec-9-en-8,11-diones from penta-substituted phenols.
© 1998 Elsevier Science Ltd. All rights reserved.
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In 1965, a cationic [5+2]cycloaddition reaction was first reported by Joseph-Nathan et
al. [1}, 1 llowed by Biichi et al., who successfully applied this methodology to the total
i , g_lmgugh their vields were not satisfactorv. Re _“tlv QGrieco et
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61up}ﬁj!’iug il 16u1'y'15ﬂy1 triflate and lithium peicn hlorate in ELu'y'IL acetate [4]. In their
method, an unstable phenoxy cation will be formed by the action of Lewis acid to the
quinone monoketal, which was prepared by DDQ oxidation of the corresponding phenol.
Independently, we have extensively developed our own synthetic methodology by means of
anodic oxidation of phenols to synthesize a variety of natural products including 8,14-
cedranoxide [5, 6, 7]. In these experiments, our investigation was focused on the

intramolecular cationic [5 + 2]cycloaddition reactions of tri- or tetra-substituted phenols with

-
-

an alkyl chain bearing an olefinic double bond.
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Andenaa Sereun nnnnttc erpenes lhowa hasem Aneeiad At Arrraxrn P orinh hiclhlsy fivemntimen liwad
Cearane-type SCSqQuitCipeiies nave oceii Cdiriea Outl. rOwever, Sudlil niginy functionalized

cedranes as found in Acourtia nana [9] have not been synthesized. In connection with these
sesquiterpenes represented by 1, whose retrosynthesis is shown in Scheme 1, we describe
herein some intramolecular cationic [5 + 2]cycloadditions of penta-substituted phenols with
an alkyl chain bearing an olefinic double bond, in addition to a tetra-substituted phenol.

Table 1. Electrochemical synthesis of some tricyclic compounds.
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Entry Phenol Products* Yield (%)
1 4:R1=H 30:R1=H 52
R2 = CH20Bn R2 = H, R3 = CHp08Bn

3:R1=H 18
R2 = CH20Bn, R3 =H
2 5:R1 = CHo0BN 2p: R1 = CH20Bn 34
= CH20Bn R2 = CH20Bn, R3 = H
3 6:R1=CHg 9: R1=CH3 46
R2=H RZ=R3=H
4 7:R1 =CH3 10: R1 =CH3 40
R2 = CH20Bn R2 = CH20Bn, R3 = H
5 8: R1 = CH20Bn 11: R1 = CH20Bn 33
R2=H RZ=R3=H

* The spectral data for the new compounds cited herein are in accord with the structure assigned.

According to essentially the same procedure as described in the synthesis of 8,14-
cedranoxide [6], the corresponding tetra- and penta-substituted phenols (4 - 8) were
prepared from commercially available 5-bromovanillin in high yields. These several phenols
were subjected to anodic oxidation (ca. 7 - 9 mA; ca. 2F/mol) in acetic anhydride containing
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9-en-8,11-diones, as shown in Table 1. In the case of the tetra-substituted phenol (4), it was

converted into a mixture of two stcrconsomers (3a and 3P ) in 70 % yield ( relative ratio: 3ct
/3B =3/1) (entry 1). As shown in Scheme 1, both of stereoisomers can be converted into
the target sesquiterpene (1), although one carbon atom must be introduced, as indicated by
an arrow (see 3 in Scheme 1).

On anodic oxidation of penta-substituted phenols (5 - 8), as shown above,

intramolecular cationic [5+2]cycloaddition reactions took place to afford the corresponding
desired tricyclo{5.3.1 .01.5 1 undec-9-en-8,11-dinones (‘)R 9 . 11). The structure of the
promising synthetic intermediate 2B) was unambiguously conﬁrmed by its spectral data: 28
s s A A”TA NATD /\lj_\‘l Yh Il‘ IA‘_‘\ 1™e&n 17 PaYa) AMA_I 1YY WTA AT
as dll U L3oﬂ34U5 [HIIL XX LF1D \ 17)], 1IN (1LIIl) 170U, lD IU, lDUU cm 1 INIVIK

(CDCl3) 6 1.04 (3H, s), 1.08 (3H, s), 1.17-1.39 (2H, complex), 1.63-1.86 (2H complex),
3.18 (1H, s), 3.82 (3H, 5), 3.96 (1H, dd, J = 7.6, 9.2 Hz), 4.05 (1H, dd, J = 6.0, 9.2 Hz), 4.49
(1H, d, J = 10.8 Hz), 4.50 (2H, s), 4.51 (1H, s), 4.60 (1H, d, J = 10.8 Hz), 7.29 - 7.38 (10H,
complex); 13C NMR (CDCls) & 24.8, 24.9, 28.4, 31.5, 36.4, 42.2, 60.7, 64.3, 66.6, 70.0,

72.8,73.1,78.8, 127.3, 127.4, 127.7, 128.3, 128 .4, 131.6, 132.2, 137.9, 138.7, 150.0, 152.5,
19033, 204.0.
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position. The a-isomer was not detected in any amount (entry 2) because of steric repulsion
between the R! and R2 groups in the cyclic transition state. The tricyclic compound (10) was
also proved to have the same stereochemistry as that of 2 at the C,-position, as judged from
its NMR spectral data (entry 4). As compared with 4, in the case of penta-substituted

phenols, each yield is relatively low. The corresponding 8-membered cyclic ethers were
produced before oxidation because of a proximity effect of the R! group (CH,OBn) on the

alkyl chain at the C,-position, as shown in Scheme 2.

Scheme 2
According to the two different procedures developed by Biichi and Grieco [2, 3, 4], we were
able to obtain the desired o-isomer (3) from the tetra-substituted phenol (4) (Biichi’s
method: 39%; Grieco’s method: 49%). As compared with our method, in the case of the
penta-substituted phenol (5), the yield of 2 was relatively low (Biichi’s method: 11%;
Grieco’s method: 22%).
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beaker [GC-20, Tokai Carbon Co. Ltd.] and a platinum wire tip as an anode and a cathode, respectively.



electrolysis is also quite effective for
promoting an intramoiec iar ationic [5 + 2]cycloaddition reaction of penta-substituted
phenols, as previously reported in the case of tetra-substituted phenols. [6] Our synthetic
studies on Acourita sesquiterpenes represented by 1 are in progress using the two synthetic

tri-cyclic compounds (2f and 3).
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