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SYNTHESIS OF 4-TRIFLUOROMETHYLAZETIDIN-2-ONES BY A NOVEL 2+2 PHOTO-
CYCLOADDITION OF 3-TRIFLUOROMETHYL-QUINOXALIN-2-ONE OR
-1,4-BENZOXAZIN-2-ONE TO KETENE

Nobuya Katagiri,* Kouichi Kasai, and Chikara Kaneko*
Pharmaceutical Institute, Tohoku University,
Aobayama, Sendai 980, Japan

This is a description of the facile synthesis of 4-trifluoro-
methylazetidin-2-ones from 3-trifluoromethyl derivatives of'
quinoxalin-2-one and 1,4-benzoxazin-2-one, using a novel 2+2 photo-
cycloaddition of the latter compounds to ketene.
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The recent discovery of the biologically potent 4d-methyl-1-sulfoazetidin-2-
one derivatives1) has stimulated considerable interest in the synthesis of
azetidin-2-ones having a fluorinated methyl group at the 4—position.2) This is
because the electron-withdrawing property of the fluorinated methyl group
increases the chemical reactivity of thes3 -lactam ring that may be correlated with
the biological activity.3) Recently, we observed that while quinoxalin—Z-one4) or

1,4—benzoxazin—2—one5)

afforded the 2+2 photocycloadducts only with electron-poor
olefins, their 3-trifluoromethyl derivatives gave the corresponding azetidines
irrespective of the kinds of olefins.®) In this paper, we describe a facile
synthesis of some 4-trifluoromethylazetidin-2-ones from 3-trifluoromethyl deri-
vatives (lg, lp, and ﬁ) of quinoxalin-2-one and 1,4-benzoxazin-2-one by the 2+2
photocycloaddition reactions with ketene.

A solution of 197) in benzene was irradiated at = 300 nm®) under bubbling of
ketene?) for 30 min to give the azetidin-2-one 2? (mp 152-153.5 °C)10) in 82%
yield. In the same manner, the azetidinone 2b (mp 160-162 °C) was obtained in 61%
yield fronllp.11) Complete recovery of 1b when the reaction was carried out in the
dark indicates that the addition reactions proceed via the excited species (T1)12)
of 1. The IR spectra of 2a and 2b showed absorption bands at ca. 1795 cm™ ' attri-
butable to a g-lactam. Facile ring cleavage reactions of these adducts to esters
(3a: mp 136-138 °C and 3b: mp 85-85.5 °C) by methanolysis further confirmed the g-
lactam structure of 2.

This remarkable photo-assisted cycloaddition reaction also proceeded smoothly
when 4 was irradiated under the same conditions. Again, the g-lactam 5 [mp 118.5-
119 °cC; IR,/max (CHC13): 1812 sh, 1800, and 1783 cm‘1] was obtained in 61% yield.
The lactone ring in E,is more prone to solvolysis than the lactam ring. Thus,
merely heating in methanol gave ,6v [oil; IR)jmax (CHCl3): 1790 and 1760 cm'1 ] which
on treatment with HCl in methanol afforded the ester 7 [mp 96.5-97.5 °C; IRy pax
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(CHC13): 1770 and 1745 cm'1]. The sequential reactions proceeded with almost
quantitative yields.

Though thermal 2+2 cycloaddition reactions of imines with ketenes are

13) 14)

known, it is remarkable that the reactions proceed only under irradiation
and that the imine function involved in the hetercaromatic ring participates in
this type of cycloaddition reaction. The present method not only provides a new
route for the synthesis of azetidin-2-ones having a trifluoromethyl group at the
4-position but also appears to be applicable to related systems (mono- or

difluoromethyl derivatives and other heterocaromatic compounds).
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