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Photopolymerization of Methyl Methacrylate
and Styrene by Sulfur Ylides

SHUJI KONDO, SHOJI ITOH, and KAZUICHI TSUDA

Nagoya Institute of Technology
Gokisocho, Showa-ku, Nagoya 466, Japan

ABSTRACT

The photoinitiating ability of some sulfur ylides was studied. Di-
phenylsulfonium bis(methoxycarbonyl)methylide (DPSY) could
photoinitiate methyl methacrylate and styrene. A free radical
mechanism was confirmed by a kinetic study, the inhibiting effect
of benzoquinone, and the copolymer composition. From an analysis
of the photodecomposition products it is suggested that the phenyl
radical generated from the bond fission between the sulfur atom
and the phenyl group participates in the initiation of this free radi-
cal polymerization. Methylphenylsulfonium bis (methoxycarbonyl)
methylide, as well as DPSY, served as a photoinitiator, but dimethyl-
sulfonium bis(methoxycarbonyl)methylide did not. The differences
are explained based on UV spectra.

INTRODUCTION

A number of papers on sulfur compounds as photoinitiators for radi-
cal polymerization have been published [1-3]. However, there are few
reports in which ylide was employed as photoinitiator. Meanwhile, the
photolysis of sulfur ylides has been studied by several investigators.
For example, Corey et al. [4] found that the photolysis of a ketosul-
fonium ylide affords a ketocarbene. The evidence of a carbene inter-
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mediate in the photolysis of sulfonium ylides was also found by
Trost [5].

We previously reported that triphenylphosphonium ylides as well
as tetraphenylphosphonium salts serve as photoinitiators for the free
radical polymerization of styrene (St) and methyl methacrylate (MMA)
[6, 7]. Further, we have recently found that triphenylsulfonium salts
also have a photoinitiation ability for free radical polymerization [8].
These initiators undergo bond fission between the phosphorus atom
and the phenyl group or the sulfur atom and the phenyl group on irra-
diation by a high pressure mercury lamp, and the phenyl radical pro-
duced participates in the initiation of polymerization. From the struec-
tural similarity between sulfonium salts and sulfonium ylides, diphenyl-
sulfonium ylides are expected to work as photoinitiators. This article
describes the photoinitiating ability of sulfur ylides; the initiation
mechanism is discussed.

EXPERIMENTAL
Material

Diphenylsulfonium bis(methoxycarbonyl)methylide (DPSY), methyl-
phenylsulfonium bis(methoxycarbonyl)methylide (MPSY), and dimethyl-
sulfonium bis (methoxycarbonyl)methylide (DMSY) were prepared ac-
cording to Ando's method: DPSY, mp 120-121°C (Ref. 9, 127-128°C);
MPSY, mp 126-127°C (Ref. 9, 126-127°C); DMSY, mp 167-168°C (Ref.
9, 169-170°C). Methyl methacrylate (MMA) and styrene (St) were °
purified by ordinary methods. Solvents were used after distillation.

Polymerization Procedure

Polymerization was carried out by the method described previously
[6]. In the case of copolymerization, the composition of copolymers
was determined by elementary analysis of carbon and hydrogen. The
monomer reactivity ratio was estimated by the Finemann-Ross method.

Photolysis of DPSY

A solution of DPSY (1.58 g, 5 mmol) in CCl, (200 mL) and ethanol
(50 mL) was irradiated by a RIKO 450 W high pressure mercury lamp
for 3 d at room temperature under nitrogen atmosphere. From analy-
sis by gas chromatography (Carbowax 20 M, 10%, 2 m), 0.8 mmol of
chlorobenzene and 0.03 mmol of hexachloroethane were detected. After
evaporation of the solvent, 2.7 mmol of DPSY was recovered by the use
of column chromatography (Alumina).
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RESULTS AND DISCUSSION

Though various sulfur ylides have been prepared, we employed
DPSY, MPSY, and DMSY. These sulfur ylides were easily obtained
by the reaction of sulfides and carbene generated from the decompo-
sition of dimethyl diazomalonate [9]:

| |

R

NS + N,CICO,CHy), v _or CuSOs R g 5C02CHs
- 2/

R? R NCO,CH3

. | 2
DPSY R =R =C6H5
MPSY : R'=CgHs. R%:=CH.

DMSY: R'=R%=CH,
(1)

Photopolymerization of MMA by these sulfur ylides was attempted
by the use of a high pressure mercury lamp as the light source. The
results are summarized in Table 1. Although MMA alone is polymer-
iZed to a considerable extent by the light employed (> 300 nm), it is
evident from Table 1 that DPSY and MPSY serve as photoinitiators.
The same tendency was found in the case of the polymerization of St
(Table 2). The ylides used here did not initiate polymerization in the
dark at room temperature. In addition, these photopolymerizations
were inhibited by the addition of benzoquinone as a radical scavenger,

TABLE 1. Photopolymerization of MMA by Several Sulfonium
Ylides (11 h)

Initiator Benzoquinone

MMA (mL) (10* mol/L) (10* mol/L) Yield (%)
5 - - 2.1

5 DPSY 1 - 18.5

5 DPSY 1 1 0

5 MPSY 1 - 9.8

5 MPSY 1 1 0

5 DMSY 1 - 2.2

5 DMSY 1 1 0
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TABLE 2. Photopolymerization of St by Several Sulfonium Ylides
(10 h)

Initiator Benzoquinone

St (mL) (10* mol/L) (10° mol/L) Yield (%)
5 - - 0.5

5 DPSY 1 - 5.3

5 DPSY 1 1 0

5 MPSY 1 - 2.6

5 MPSY 1 1 0

5 DMSY 1 - 0.8

5 DMSY 1 1 0

suggesting that the polymerizations proceed via a free radical mechan-

ism. To understand the order of initiation ability, the ultraviolet spec-

tra of these ylides were measured in ethanol. As can be seen from

Fig. 1, there is a relatively large difference in the xmax of these ylides.

Although the absorption bands of DPPY and MPSY appear at a wave-
length longer than 300 nm, DMSY does not have an absorption band in
that region. Therefore, DMSY has little initiation ability under the con-
ditions employed here. That is, the order of initiation ability depends
on the wavelength of the absorption bands.

The time conversion of the photopolymerization of MMA by DPSY
is shown in Fig. 2, From Fig. 2 the overall rate Rp was calculated as

4.32 X 10™° mol/L- s and no induction period was observed. This value
is about half of that observed with triphenyl-phosphonium ylide [6].

In Fig. 3 the rate of photopolymerization of MM A by DPSY is plotted
logarithmically against the initiator concentration, and a straight line
having a slope of 0.48 is found. The correlation between Rp and MMA

concentration is shown in Fig. 4; Rp is directly proportional to the

monomer concentration. Accordingly, the equation for R_ in this polym-
erization was formulated as P

R, = kiMMA]"°(Dpsy) % *® @)

This equation also indicates that DPSY initiates the radical polym-
erization of MMA.

Further, in order to confirm the mechanism of this photopolymer-
ization, copolymerization of St with MMA was carried out. Figure 5
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FIG. 1. UV spectra of sulfonium ylides in ethanol.
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FIG. 2. Time-conversion of photopolymerization of MMA by DPSY.
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FIG. 3. Relation between Rp and MMA concentration.
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FIG. 4. Relation between Rp and DPSY concentration.
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FIG. 5. Monomer-copolymer composition curve of St (M;) and
MMA (M:).

shows the monomer-copolymer composition curve. From this figure
the monomer reactivity ratio was calculated as Tg = 0.57, TMIMA =

0.46. This result is in good agreement with the data reported for the
radical copolymerization of St with MMA [10].

The effect of a radical scavenger and a kinetic study clarified that
photopolymerization of MMA and St by DPSY proceeds by a free radi-
cal mechanism,

In order to obtain information on the initiation species for this
polymerization, the photolysis of DPSY was investigated. Irradiation
of a solution of DPSY in carbon tetrachloride and ethanol afforded
chlorobenzene, hexachloroethane, and unknown compounds:

DPSY h »  CgHsCl + CCI;CCl, -

CCl,/ C,HgOH

These products indicate the existence of phenyl radicals as intermedi-
ates in this reaction. The phenyl radical may be generated by bond



19: 55 24 January 2011

Downl oaded At:

440 KONDO, ITOH, AND TSUDA

fission between the phenyl group and the sulfur atom as observed with
triphenylsulfonium salts [8]:

CeHs £0,CH, _CO,CH;

. : \
CeHs NCO0,CH, CeHs CO,CHy (4)

From this consideration it is concluded that the phenyl radical is
an initiation species in the photopolymerization by DPSY. However,
the fate of the cation radical produced together with the phenyl radical
is not clear at present.

REFERENCES

[1] K. Tsuda and Kosegaki, Makromol. Chem., 161, 267 (1972), and
references cited therein. T
[2] T. Otsu and M. Yoshioka, Makromol. Chem., Rapid Commun.,
3, 127 (1982), and references cited therein.
3] J. V. Crivello and J. H. W. Lam, J. Polym. Sci., Polym. Lett.
Ed., 16, 563 (1978).
4] E.J. Corey and M. Chaykovsky, J. Am, Chem. Soc., 86, 1640
{1964). o
] B. M. Trost, Ibid., 88, 1587 (1966).
] S. Kondo, Y. Kondo, and K. Tsuda, J. Polym. Sci., Polym. Lett.
Ed., In Press.
7] D. Asai, A. Okada, S. Kondo, and K. Tsuda, J. Macromol. Sci.—
Chem., A18, 1011 (1982).
8] S. Kondo, M. Muramatsu, and K. Tsuda, Ibid., A19, 999 (1983),
9] W. Ando, T. Yagihara, S. Tozune, and T. Migita, Tetrahedron
Lett., p. 1979 (1969). —
[10] ¥. M. Lewis, F. R. Mayo, and W. F. Hulse, J. Am, Chem. Soc.,
67, 1701 (1945).

Accepted by editor March 9, 1983
Received for publication April 6, 1983



