HETEROCYCLES, Vol. 29, No. 2, 1989

THE DI-T-METHANE REARRANGEMENT IN 3,4-DIBENZYL-2(5H)-FURANONE

Takefumi Mcmose,* Genzoh Tanabe, Hisayuki Tsujimori, and Mié Higashiura

Faculty of Pharmaceutical Sciences, Kinki University

Kowakae 3-4-1, Higashi-Osaka, Oszka 577, Japan
Ichiroh Imanishi and Ken-ichi Kanai

Faculty of Pharmaceutical Sciences, Osaka University
Yamada-oka 1-6, Suita, Osaka 565, Japan

Abstract - The phcto-irradiation of 3,4-dibenzyl-2(5H)~furanone {5) in ac-
etone or in methancl resulted in selective rearrangement of the 4-benzyl
and gave l-benzyl-5-phenyl-3-oxabicyclo[3.1.C]hexan-2-one (7) along with
cis- and trans-3,4-dibenzyldihydro-2(3H)-furanone (8a and 8b). Attempted
rearrangement of the 3-benzyl system (13) resulted only in photo-reduction
or photo-~addition of solvent and gave no evidences for the di-n-methane

rearrangement.

In a previous paper,l we have reported the regiospecific di-m-methane rearrangement
of f-apolignan (1) into a tetrahydrocycloprop{a)indene (2) and have revealed that
the rearrangement is commonr among f-apolignans irrespectively of their ring substi-
tuents and that only the pendant phenyl migrates among three possible di-nm-methane
systems found in the B-apolignan system. On the other hand, the photo-rearrange-
ment of the 4-benzyl-2(5H)-furanone system (3) into a 5-phenyl-3-oxabicycle[3.1.0]-

hexan-2-one (4), a type reverse to the one in the case of B-apolignan, has been re-

ported.2
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Consequently, we have assumed that this feature of rearrangement in B-apolignan is
closely associated with the stereochemistry of the B-apolignhan system capable of
the quasi-axial conformation of its pendant phenyl ring. We examined the photo-
reaction of 3,4-dibenzyl-2{5H)-furanone (5}, the system lacking the rigidity in
stereochemistry essential to such a conformation responsible for the migratory ap-
titude of the system, and found that only the 4-benzyl migrated and no rearrange-
ment was detected with the 3-benzyl in contrast to the case of B-apoclignan.

The furanone 5 was prepared as follows. The selective reduction of methyl hydro-
gen a,B—bisbenzylidenesuccinate3 with Super-Hydride at -10° 0°C and subseguent
tosic acid-catalyzed lactonization of the resulting hydroxy acid afforded a butyro-

lactone (g),4 which was converted by action of sodium borohydride into the desired

furanone 5 in 85% yield from §.
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The photo-irradiation of 5 in acetone through a Pyrex filter for 6 h5 gave a rear-
ranged photo-product (1), in 27% yield, and sterecisomeric dihydrofuranones (ﬁgﬁ in
8% yield and 8b in 21% yield). In methanol, the irradiation for 24 h gave 7, Ba,
and 8b in 6%, 6%, and 20% yield, respectively. In benzene, the photo-irradiation
resulted in complete recovery of the starting material.

The Birch reduction of 5 by application of an incomplete reaction period gave the
same members of dihydrc products as those obtained from the photolysis of 5. The
major product of the reduction was identical with 8b and was assigned the trans ste-
reochemistry.7

The photo-preduct (1) displayed an ir absorption8 for a lactone carbonyl at 1759 cm_l

and no olefinic band in the region of 1650 - 1620 cm_l. The lH--nmr spectrum8 disg-
played a pair of one-proton doublets for the cyclopropane proton at 1.32 and 1.62
ppm, a pair of one-proton doublets due to the benzyl methylene at 2.62 and 3.04 ppm,

and a pair of one-proton doublets due to the lactonic y-methylene at 4.36 and 4.45
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ppm. Moreover, the compound displayed a ms peak8 due to the molecular icn at m/z
264 (51%) and a fragment peak due to tropylium at m/z 91 (100%).

The furanone 5 has two di-m-methane systems capable of transformation into 7 or its
alternative (3), and it was difficult from the above spectral data to discriminate

between 7 and 9. Thus, we examined the hydrogenclytic cleavage of the cyclopro-

pane system in 7. Ph Ph
\//EjL\Me
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Catalytic hydrogenation of the lactone (7) over palladium on carbon gave a diaste-
reomeric mixture of lactones (10}, in 39% yield, and a diastereomeric mixture of
carboxylic acids (11}, in 57% yield. The lactones displayed the ir absorption for
their lactone carbonyl at 1723 cm_l. The 1H-nmr signals for the major counterpart
of lactone 10 appeared as a one-proton multiplet, at 2.84-2.92 ppm, due to the meth-
ine o to its lactonic carbonyl and as a pair of one-proten ones consisting of a dou-
blet of doublets for the benzylic methylene at 2.806 and 3.47 ppm. In addition, lac-
tone 10 displayed a ms peak due tc the mclecular ion at m/z 266 (36%) and a fragment
peak due to tropylium at m/z 91 (29%). The acids (1l) were converted, without sep-
aration, into the corresponding methyl esters (12) by use of diazomethane, which
displayed the ir abscrption at 1724 cm_l for the ester carbonyl. The lH-nmr sig-
nals for the major counterpart of ester 12 appeared as a three-proton doublet for
the methyl attached tec a benzylic carbon, at 1.20 ppm, and as a one-proton doublet
of doublets of doublets of doublets (J=10.0, 8.0, 7.0, 4.0 Hz), due to the methine o
to an ester carbonyl, centered at 2.48 ppm. Moreover, ester lz displayed a ms peak
due to the molecular ien at m/z 282 (12%) and that due to tropylium at m/z 91 (15%).
After all, both lactone 10 and ester 12 displayed no nmr signals for any o-methine
proton of the phenylacetate system resulting possibly from the hydrogenolysis of 2.
In addition, one of the benzyl protons in 10 is shifted to much lower field (3.74

ppm) possibly by the deshielding effect cof the lactone carbonyl. These evidences

indicate the '3-benzyl' structure for cyclopropane 7.
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In corder to confirm the selectivity in migratory aptitude for the 4-benzyl in 5,

the di-m-methane rearrangement was examined for 3- and 4-benzyl-2{5H) -furanone (;39
and ;ﬂlo).
Ph
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The irradiation of 14 in acetone through a Pyrex filter for 6 h gave a butanolide
(;é}lla in 8% yield and a cyclopropanolactone (;5)12 in 23% yield. In methanol,
the irradiation for 24 h gave 13, 16, and methyl 2-(hydroxymethyl)-2-phenylcyclo-
propane-l-carboxylate (17) in 18%, 11%, and 7% yield, respectively. Compound 15
displayed the ir absorption for a lactone carbonyl at 1778 cm_l and no olefinic
band. The lH—nmr spactrum displayed a pair of one-proton doublet of doublets
for the lactonic o-methylene at 2.29 and 2.61 ppm, a three-proton multiplet for the
benzyl methylene and B-methine in butanclide at 2.74-2.92 ppm, and a pair of ocne-
proton doublet of doublets indicative of a lactonic y-methylene at 4.04 and 4.34
ppm. In addition, lactone 15 displayed a ms peak due to the molecular ion at n/z
176 (32%) and that due to tropylium at m/z 91 (100%). On the other hand, compound
16 displayed the ir abscrption for a lactone carbonyl at 1768 cm-l and nc clefinic
band. The lH—nmr displaved a one-proton doublet of doublets due to the highly
shielded methine ¢ to carbonyl at 1.38 ppm, a pair of one-proton signals consisting
of a doublet of doublets of doublets for the cyclopropane proton at 1.70 and 2.32
ppm, and a pair of one-proton signals consisting of a doublet of doublets indica-
tive of a lactonic y-methylene at 4.47 and 4.51 ppm. The ms of compound 16 dis-
played its mclecular ion peak at m/z 174 {56%) and a peak due to tropylium at m/z
31 (28%). On the basis of these spectral evidences, we assigned the structures 135
and 16. The structure of 17 was assigned on the hasis of its ir band (CO at 1722
cmhl}, lH—nmr signals {(cyclopropane CH2 at 1.36 and 2.10 ppm as a pair of doublet

of deoublets, COCH at 1.74 ppm as a doublet of doublets, CH,OH at 3.57 and 3.80 ppm

2
as a pair of doublets, and OCH; at 3.43 ppm as a singlet), and ms peaks [m/z 206(5%)
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and 91(66%)].

The irradiatieon of 13 in acetone through a Pyrex filter for & h gave a butanolide
(;g)ll and 3-benzyl-4-(2-hydroxy-2-propyl)dihydro-2 (3H)~furanone (19), and the ir-
radiation in methanol for 24 h gave 18, 3-benzyl-3-(hydroxymethyl)dihydro-2(3H)-fu-
rancne (20), 3-benzyl-4-(hydroxymethyl)dihydro-2(3E}-furanone (21}, and some un-
identified products, but we could not detect any evidences for formation of a cy-
clopropanolactone (gg).l3

Consequently, on the photolysis of the aryl-butenolidyl di-m-methane system such as
5, 13, and 14 which lack the rigidity in stereochemistry, the migratory aptitude is
reversed as compared with the f-apolignan system. As for the rearrangement of B-
apolignan, it seems conclusive that the pendant phenyl being fixed in quasi-axial
conformationl4 is essential for the rearrangement and fulfils the gpecial stereoc-

electronic requirement.
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