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a-Angelicalactone dissolved in thiophene in the presence of benzophenone was irradiated with uv light in
order to find out if the unsaturated lactone behaves either as an olefin capable of yielding a [2 + 2] adduct
with the heterocycle or if it rather reacts as a substrate for the excited benzophenone. The isolation of two
isomeric oxetanes indicates that the latter is the preferred reaction pathway. One of the oxetanes undergoes

an interesting thermal rearrangement.
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It is well known that citraconic anhydide and 2,3-di-
methylmaleic anhydride undergo [2 + 2] cycloaddition
reactions with thiophene and furan in the presence of
benzophenone as the sensitizer (1). It is also well known
that 2,3-dihydrofuran undergoes photocycloaddition reac-
tion with benzophenone to form an oxetane (2).

a-Angelica lactone may be viewed as a compound
possessing a double bond which may be capable of
undergoing [2 + 2] cycloadditon reactions with hetero-
cyclic systems in a fashion similar to that of the above
mentioned anhydrides or else it may behave as a
derivative of dihydrofuran to yield an oxetane. Since this
apparent dual character of a-angelicalactone has not been
explored as yet an experiment was carried out in an at-
tempt to find an answer to the dilemma. Thus, a reaction
mixture consisting of o-angelicalactone and ben-
zophenone dissolved in excess thiophene was irradiated
for 3 hours with uv light. At the end of the experiment two
cyrsialline compounds were isolated in excellent yield.
Structure elucidation of these compounds revealed that no
[2 + 2] cycloaddition product between a-angelicalactone
and thiophene was formed. Instead, the two crystalline
compounds were isomeric oxetanes I and II.
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Product I predominated and the ratio I to IT was 3/2.
a-angelicalactone may perhaps be considered for the pur-
poses of the cycloaddition reaction as an enol ether and as
such the cycloaddition may proceed through a biradical
intermediate. Of the two possible biradical precursors of
the obtained products, la is more stable then Ila and for
that reason product I forms in larger quantity (3).
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The oxetanes were identified mainly by their 'H-nmr,
3C.nmr, ir as well as the mass spectra. Even though the
'H-nmr spectra of the compounds may suffice to differen-
tiate between the two isomers the *C-nmr spectrum is
given as well and it also contributes to support the propos-
ed structures.
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In the 'H-nmr spectrum aside from the resonances cor-
responding to the aromatic protons at about 7.40 ppm the
characteristic features of the two spectra are as follows: a)
the methyl proton resonances for II appear at 1.67 ppm
while those for compound I appear slightly upfield at 1.33
ppm. On the other hand, the opposite may be observed for
proton at C-5 which resonates at 5.13 ppm for I and shifts
upfield to 3.91 ppm for II. This opposite effect on the posi-
tions of the methyl proton resonances in relation to that
for the proton at C-5 for the two isomers should be ex-

_pected, considering that the methyl group in I is located

at a carbon atom between two oxygen atoms and proton at
C-5 in I is located on a carbon atom next to an oxygen
atom; in both cases a deshielding effect is operating on
these groups. On the other hand, this effect is not present
for proton a C-5 in II and may be attenuated for the
methyl group in I since in this isomer it is located at a car-
bon atom next only to one oxygen atom. b) Proton at C-5
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and the two protons at C-4 exhibit a typical ABX spectrum
where proton at C-5 (X part) appears in both isomers as
two doublets at 5.13 ppm for I and at 3.91 ppm for II as
was explained above. On the other hand, the two proton.
at C-4 (AB part) give a complicated pattern made up of
four doublets centered at 2.77 ppm for I and at 2.53 ppm
for II. This resonance collapses in both cases to a typical
AB spectrum (doublet of doublets) when decoupling of
proton at C-5 is performed.

It is interesting to note that when compound II is left on
the bench for several days at room temperature it slowly
changes into a another compound. Since it was suspected
that the compound was undergoing a thermal rearrange-
ment a sample of it was sealed in a glass ampoule and
heated in an oil bath for 20 minutes above its melting
point. After cooling and opening the ampoule it is found,
upon structure elucidation of the compound, that II rear-
ranges quantitatively into compound III. The nmr spec-
trum of this isomer is virtually the same as that of com-
pound II except for the fact that proton X (ABX spectrum)
is slightly shifted downfield for III as compared to
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the same proton in II. This result should be expected
because that particular proton in II is under the
anisotropic influence of the carbonyl group in the
aliphatic sidechain: no deshielding influence of the sort is
present in the neighborhood of the analogous proton in II.
An interesting observation which calls one’s attention
when comparing the two spectra is the fact that the AB
part of the ABX spectrum of III apears approximately as
the mirror image of its counterpart in II. Perhaps, the ex-
planation for this fact lies in the magnitude of the dif-
ferent coupling constants involved. Thus, J.5 is approx-
imately the same for both compounds but J .x in II1 is vir-
tually the same as Jpx in II and likewise J 1y in II is approx-
imately of the same order of magnitude as Jzy in III, as
may be verified in Table I. Nevertheless, the most striking
difference between the two compounds is found in the ir
and the "*C-nmr spectra. The ir spectrum of II exhibits on-
ly one carbonyl stretching absorption band at 1795 cm"!
while compound III shows two carbonyl absorption bands
one at 1780 cm™* corresponding to a lactone and a second
band at 1725 cm"* which may be correctly assigned to the
aliphatic carbonyl group.

On the other hand, the **C-nmr spectrum of II shows on-
ly one carbonyl carbon atom resonance at 175.3 ppm while

Vol. 20
Table 1
NMR Data
Compound Protons Chemical Integral Coupling constants (Hz)
shift (ppm) and multi-
plicity
I 1-CH, 1.33 3s
C4 2.77 2m Jaa = 19.0
C-5 5.13 1d,d Jax = 1.9, Jux = 44
11 1-CH, 1.67 3s
C4 2.53 2m Jar = 191
C-5 3.91 1d,d
111 CH, 1.68 3s Jax = 9.1, Jax = 2.7
C4 2.70 2m Jas = 177
C-3 4.30 1d,d Jax = 2.7, Jax = 7.2

The chemical shift for the aromatic protons was found at 7.4 ppm s,
singlet; d, doublet; m, multiplet; deuteriochloroform TMS.

compound III exhibits two carbonyl carbon atom reson-
ances at 206.3 and at 174.3 ppm which may be assigned to
the aliphatic carbonyl group and to the lactone carbonyl
group, respectively. The formation of compound III from
II may presumbly follow a pathway as illustrated in
scheme I.
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SCHEME 1

It is important to note that this rearrangements is not
induced by light. Compound I is far more stable than com-
pound II upon standing and when it is subject to heating
under the same experimental conditions used for II
neither rearrangement nor decomposition product is
isolated.

Table IT

3C-NMR Data

Carbon Atoms
C., ppm
Compound
CH, C1 C-2 C3 C4 (o8 [oF 3 C-7

I 184(g) 90.8(s) — 1780(s) 35.8() 80.1(d) — 96.5(s)
Il 238(q) 111.0() — 1753 (s) 32.1 (1) 48.1(d) 857 () —
I 303() — 904() 560 (d) 39.0() 174.3 (5)206.3 (5 —

All the aromatic resonances were found between 125 and 145 ppm. All the spectra
were measured in deuteriochloroform (TMS). Letters in parentheses give off-
resonance 'H information s,d,t and q for singlet, doublet, triplet and quartet, respec-
tively.
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The results of this investigation show that the thermal
behavior of the two isomeric oxetanes obtained from
a-angelicalactone is different from that of the oxetanes
previously obtained in this laboratory from other five-
membered ring heterocycles (4) in the sence that they do
not undergo decomposition to yield the starting materials;
instead, one rearranges and the other remains reasonably
stable.

Inspection of the mass spectra of compounds I and Il in-
dicates that the retro Diels Alder type mechanism leading
to the starting materials, benzophenone and «a-angelica-
lactone is an important fragmentation pathway. However,
other fragmentation pathways appear to be important as
well, as rationalized in scheme II (see Table III).
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Table 111

Mass Spectral Data (a) m/e/%

Compound M a b c d e f q h
280 183 182 105 98 77 70 55 43
1 — 100 14 98 38 46 16 27 23
11 02 68 8 92 41 68 17 47 100
111 1 100 10 93 25 38 11 25 34

(a) The mass fragments in the table refer to Scheme II.

Table IV
Physical Data

Compound Mp Yield Empirical Analysis

°C % formula Calcd./Found

C H
I 154-156 59 CisH160s 71712 5.75
77.10 5.79
Il 151-152 36 CisH 60, 71.12 5.75
76.86 5.77
I 141-143 100 CisH160; 7112 5.75
7118 5.79

a-Angelicalactone 207

EXPERIMENTAL

All H-nmr spectra were measured at approximately 30° with a Varian
390 spectrometer and the ‘*C-nmr spectra with a Varian XL-100 spec-
trometer. Deuteriochloroform was used as the solvent and TMS as an in-
ternal standard. The mass spectra were determined in a Dupont 21492B
spectrometer. The elemental analyses were performed by Franz Pascher
Mikroanalytisches Laboratorium, Bonn, Germany.

a-Angelicalactone (Aldrich) and thiophene (Aldrich) were purified by
distillation.

1-Methyl-7,7-diphenyl-2,6-dioxabicyclo[3.4.0Jheptan-3-one (I) and
1-Methyl-6,6-diphenyl-2,7-dioxabicyclo[3.2.0]heptan-3-one (II) (5).

a-Angelicalactone 6 g (0.06 mole) and benzophenone 7.2 g (0.04 mole)
were dissolved in a mixture of hexane (230 ml) and methylene chloride
(20 ml) and irradiated for 14 hours at -10° with a Hanovia 450 W mercury
lamp in a quartz apparatus with a pyrex filter sleeve. Nitrogen was bubbl-
ed through the solution before and during irradiation. At the end of the
irradiation the solvent was distilled under vacuum and the residue wash-
ed with benzene. The crude product was chromatographed over silica
gel; two crystalline compounds were isolated from the chromatography
column, product I (mp 154-156°) and product II (mp 151-152°) in 59 and
36% yield respectively.

2,2-Diphenyl-3-acetylbutyrolactone III.

Ten mg of 11 was placed in a pyrex ampoule and imersed in an oil bath
at 140°. After 20 minutes heating the ampoule was removed from the
bath and allowed to cool to room temperature. It was then opened and
compound III removed, mp 141-143°, 100% yield.
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