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Cyclic O-acyloximes were prepared as novel photolatent
bases with good photoreactivity and thermal stability. They were
transformed into cyclic imines on irradiation at 254 nm and
showed higher crosslinking ability for poly(glycidyl methacry-
late) compared with an O-acyloxime with noncyclic structure.

Photolatent catalysts have been widely used as key materials
for imaging and coating technologies.1,2 Photochemical gener-
ation of free-radicals and acids has already been investigated
extensively, and compounds that generate basic materials have
been increasing recently.25 O-Acyloximes are photoreactive
compounds with good thermal stability and are known to
generate primary amines on UV irradiation.6,7 For example,
acetophenone O-phenylacetyloxime (1) generates benzylamine
on irradiation followed by hydrolysis of resulting imine 1a as
shown in Scheme 1. However, acetophenone is also produced as
a by-product. In some applications, the elution or migration of
by-products is undesirable. Herein we designed O-acyloximes
with a cyclic structure, 4,5,6,7-tetrahydro-3-phenyl-8H-1,2-
oxazocin-8-one (2a) and 4,5-dihydro-3-phenyl-7H-1,2-oxaze-
pin-7-one (2b), which will not release ketones. The cyclic
structure is advantageous for the formation of imines after
decarboxylation. In this communication, photochemical and
physical properties of 2a and 2b are clarified, and photo-
crosslinking behaviors of poly(glycidyl methacrylate) (PGMA)
containing these O-acyloximes are compared.

2a and 2b were prepared from 6-hydroxyimino-6-phenyl-
hexanoic acid and 5-hydroxyimino-5-phenylpentanoic acid,
respectively. The acids were treated with thionyl chloride in
pyridinediethyl ether mixture at below ¹5 °C. After purifica-
tion, cyclic products were isolated and identified by IR, 1H and
13CNMR spectra, and elemental analysis.8 The yields of 2a and
2b were 41 and 10%, respectively.

Thermal and optical properties of O-acyloximes are summa-
rized in Table 1. Thermal decomposition temperatures (Tds) of

2a and 2b were higher than 200 °C, showing high thermal
stability as well as 1. UV absorption characteristics of 2a and 2b
in acetonitrile were similar to 1. Quantum yield of photolysis at
254 nm (Φ254) for 2a was found to be essentially the same as 1.

The acetonitrile solution of 2a after irradiation with
60mJ cm¹2 was analyzed by GC-MS.9 The GC chromatogram
showed peaks at 26 (broad), 24.3, and 9.4min, which were
assigned to 2-phenyl-3,4,5,6-tetrahydropyridine (3a) (m/z 159),
2-phenylpyridine (4a) (m/z 155), and benzonitrile (m/z 103),
respectively. Similarly, 2b showed GC-MS9 peaks assignable to
3b (m/z 145), 2-phenylpyrrole (4b) (m/z = 143), and benzoni-
trile. From these results, photoreaction mechanisms are proposed
as Scheme 2, where both cyclic imines and benzonitrile were
produced from biradical intermediates. It is unclear whether 4a
and 4b were formed during irradiation or pretreatment for GC-
MS.

In general, ketimines are easily hydrolyzed10 to form
ketones and amines in air. Thus, 3a was prepared authentically11

from 5-chlorovaleronitrile and phenyllithium as described in the
literature,12 and its stability was investigated. When 3a having a
C=N stretching band at 1635 cm¹1 in IR spectrum was treated
with concd. HCl, yellowish solid having a peak at 1685 cm¹1

assignable to C=O stretching band was obtained, indicating the
formation of hydrochloride salt of 5a. After treating with NaOH
aqueous solution and extraction with chloroform, the solid was
turned into brownish oil whose 1HNMR and IR spectra were
identical to those of 3a. These results suggest that 3a was stable
in 6-membered cyclic form and not hydrolyzed immediately to
5a in contrast to 1a.

The photocrosslinking of PGMA containing O-acyloximes
was performed. Mn and glass transition temperature of PGMA
were 17000 and 70 °C, respectively. On irradiation followed by
heating, the films became insoluble in tetrahydrofuran (THF).
Figure 1 shows the changes of insoluble fraction of PGMA films
containing 3mol% of O-acyloximes13 based on the ratio of film
thickness before and after soaking in THF. Irradiation energy
required for the insolubilization of films containing 2a and 2b
was less than that containing 1, showing the high crosslinking
ability of 2a and 2b.
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Scheme 1. Photoreaction of 1.

Table 1. Physical properties and ¯254 of O-acyloximes

O-Acyloxime
Mp
/°C

Tda

/°C
max

b

/nm
¾ at 254 nmb

/Lmol¹1 cm¹1 ¯254
b,c

1 4243.5 201 245 14200 0.35
2a 136137 208 246 13800 0.36
2b 215216.5 233 252 13300 ®d

aTd from thermogravimetric analysis. Heating at 10 °Cmin¹1

under N2. bIn acetonitrile. cBased on normal phase HPLC
analysis of irradiated acetonitrile solution (2 © 10¹4M) under
N2. dNot measured because the solubility of 2b was too low to
prepare 2 © 10¹4M.
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The insoluble fractions of PGMA films containing 5mol%
of 2a and 2b were 65 and 67%, respectively, after irradiation at
300mJ cm¹2 followed by heating at 120 °C for 5min. Under the
same heating conditions, the insoluble fraction of PGMA film
containing 5mol% of authentically prepared 3a was 91%. These
results suggest that cyclic imines might contribute to the high
potentiality of the crosslinking, probably through the nucleo-
philic attack on epoxy carbon by a lone pair on nitrogen atom of
cyclic imine.

In conclusion, novel cyclic O-acyloximes showed good
photoreactivity and thermal stability. On irradiation, they
generated cyclic imines which were not hydrolyzed easily, and
caused photocrosslinking of PGMA films more effective than
non-cyclic compounds.

References and Notes
1 J. M. J. Fréchet, Pure Appl. Chem. 1992, 64, 1239.
2 K. Dietliker, R. Husler, J.-L. Birbaum, S. Ilg, S. Villeneuve,

K. Studer, T. Jung, J. Benkhoff, H. Kura, A. Matsumoto, H.
Oka, Prog. Org. Coat. 2007, 58, 146.

3 K. Dietliker, in Photoinitiators for Free Radical Cationic &
Anionic Photopolymerization, 2nd ed., ed. by J. V. Crivello,
K. Dietliker, John Wiley & Sons/SITATechnology Limited,
Chichester, 1998, Vol. III, pp. 479566.

4 M. Tsunooka, K. Suyama, H. Okumura, M. Shirai, J.
Photopolym. Sci. Technol. 2006, 19, 65.

5 K. Suyama, M. Shirai, Prog. Polym. Sci. 2009, 34, 194.
6 K. Ito, M. Nishimura, M. Sashio, M. Tsunooka, J. Polym.

Sci., Part A: Polym. Chem. 1994, 32, 2177.
7 J. Lalevée, X. Allonas, J. P. Fouassier, H. Tachi, A.

Izumitani, M. Shirai, M. Tsunooka, J. Photochem. Photo-
biol., A 2002, 151, 27.

8 Supporting Information is available electronically on the
CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/.

9 Irradiated solutions of O-acyloximes (2.0 © 10¹4M) were
passed through a pipette holding small amount of silica gel,
evaporated under reduced pressure, dissolved into a mixed
solution of ethyl acetate and hexane, and conducted to a
Shimadzu QP2010plus GCMS with a DB-5MS column and
an injection temperature of 200 °C. Oven temperature was
held at 50 °C for 5min, increased by 5 °Cmin¹1 to 200 °C,
and held at 200 °C for 10min.

10 K. Suzuki, N. Matsu-Ura, H. Horii, Y. Sugita, F. Sanda, T.
Endo, J. Appl. Polym. Sci. 2002, 83, 1744.

11 3a was unstable and gradually turned into dark liquid even if
stored at ¹20 °C after bubbling argon gas. Therefore, we
redistilled before use.

12 B. George, E. P. Papadopoulos, J. Org. Chem. 1976, 41,
3233.

13 [epoxy unit]:[O-acyloxime] = 97:3 (mol/mol).

0

20

40

60

80

0 50 100 150 200 250 300

In
so

lu
b

le
 F

ra
ct

io
n

 / 
%

Irradiation Energy / mJcm−2

Figure 1. Insolubilization of PGMA films containing 3mol%
of ( ) 2a, ( ) 2b, and ( ) 1 on irradiation followed by heating
at 140 °C for 5min. Film formation: by spin-coating cyclo-
hexanone solutions on silicone substrates followed by drying at
80 °C for 5min on a hot plate (film thickness: 0.30.4¯m).
Soaking: THF 10min at room temperature.
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Scheme 2. Proposed photoreaction mechnisms of cyclic O-acyloximes.
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