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Vinyl Polymerization by Binary Systems 
of N- Benzoy lox ysucci ni m ides 
and pToluenesulfonic Acid 

TSUNEYUKI SATO, MAKOTO METSUGI, and TAKAYUKI OTSU 

Department of Applied Chemistry 
Faculty of Engineering 
Osaka City University 
Sugimotocho, Sumiyoshi-ku, Osaka 558, Japan 

A B S T R A C T  

The binary systems of N-acyloxyimides with p-toluenesulfonic 
acid (PTS) were found to serve as effective initiators for the 
radical polymerization of such vinyl monomers a s  methyl meth- 
acrylate (MMA), methyl acrylate, and acrylonitrile. N-Benzoyl- 
oxysuccinimide (NBS), N-acetoxysuccinimide, and N-benzoyl- 
oxyphthalimide were used as the N-acyloxyimides. The 
polymerization of MMA with the NBS/PTS system depended upon 
the solvents used. The results of copolymerization of MMA with 
styrene initiated by this system and of the application of the spin 
trapping technique indicated that polymerization proceeded through 
a radical mechanism. A kinetic study on the polymerization of 
MMA with this system in ethanol was also investigated. The 
observed overall activation energy was 18.2 kcal/mole. The rate  
of polymerization (R ) was expressed a s  R = k[ NBS]'"[ PTS]o*5 

[ MMA]'". From the results obtained, the initiation mechanism 
of vinyl polymerization by the NBS/PTS system was proposed 
and discussed. 
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348 SATO, METSUGI, AND OTSU 

I N T R O D U C T I O N  

In a previous paper [ 11 it was found that N-hydroxysuccinimide, 
a nitrogen analog of peracid, served a s  an effective initiator for radi- 
cal polymerizations of acrylate monomers. 

It has recently been found that combined systems of N-acyloxy- 
iniides, nitrogen analogs of diacyl peroxide, and p- toluenesulfonic 
acid (PTS) induce radical polymerization of vinyl monomers. This 
binary initiator system seems to be interesting in connection with 
the initiation mechanism for the diacyl peroxide/tertiary amine 
initiator s stems in which the reaction is  considered to proceed a s  
follows [ 2 t  

+ 
R-COO R-COO-~d 

1 +dN - 
R-COO R-COO' 

(1) 

(2) 
+ l  

I - R-COO. + .NR3 + R-COO- 

Thus the structure of N-acyloxyimides used here seems to r e -  
semble that of the reaction intermediate (I) in Eq. (1). The present 
paper deals with the results of vinyl polymerization with the binary 
initiator systems of N-acyloxyimides and PTS. 

N- benzoyloxyph thal im ide (NBP) were used a s  N- ac yloxy im ide s. 
N-benzoyloxysuccinimide (NBS), N-acetoxysuccinimide (NM), and 

N-0-CO-CH3 

co 
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E X P E R I M E N T A L  

NBS was prepared by the reaction of N-hydroxysuccinimide (NHS) 
with benzoyl chloride in pyridine and recrystallized from ethanol: 
mp 139- 140" C (Ref. 3, 136" C). NAS was prepared by reaction of NHS 
with acetic anhydride and recrystallized from ethanol: mp 132-133" C 
(Ref. 4, 131-132°C). NBP was prepared by reaction of N-hydroxy- 
phthalimide with benzoyl chloride in pyridine and recrystallized from 
ethanol: mp 176- 178°C (Ref. 5, 174-175°C). Commercially available 
PTS was  purified by recrystallization from ethyl acetate. Phenyl- 
tert-butylnitrone (PBN), a spin trapping reagent, was prepared 
according to the method of Emmons [ 61 and recrystallized from 
petroleum ether: mp 73°C (Ref. 6, 76°C). The solvents and mono- 
m e r s  were used after purification by the usual methods. 

degassed by a freezing and thawing method. 
Polymerizations were carr ied out in sealed tubes which were 

The viscosity-average molecular weight mV) of the poly(MMA) 

obtained was viscometrically determined in benzene at  30" C by using 
[71: 

log Mv = 5.34 i 1.32 log [ 01 (3) 

The reaction of NBS with PTS was carr ied out in the presence of 
PBN, a spin trapping agent, in an ESR tube which was degassed and 
sealed under vacuum. The ESR spectrum of the reaction mixture was 
recorded by using a JES-ME-3X spectrometer with 100 kHz modula- 
tion. 

R E S U L T S  AND DISCUSSION 

P o l y m e r i z a t i o n  o f  M M A  w i t h  t h e  N B S / P T S  S y s t e m  

In order to see whether NBS, a nitrogen analog of diacyl peroxide, 
can induce vinyl polymerization, the polymerization of MMA with NBS 
was carr ied out a t  80°C in bulk for 5 hr. The results obtained a r e  
shown in Table 1. 

According to the results, NBS itself is not effective a s  an initiator 
but in the presence of PTS it serves  as an excellent initiator for MMA. 
Its initiator activity depends upon the solvents used. Among them, 
ethanol strongly accelerates this polymerization. 

NAS and NBP were also used in the polymerization of MMA in 
ethanol, and the results are shown in Table 1. The NAS/PTS and 
NPS/PTS systems can also induce the polymerization of MMA, but 
they a r e  not as effective as the NBS/PTS system. The viscosity- 
average molecular weights (Mv) of the poly(MMA) obtained from these 

systems are as high a s  (1.72 - 4.4) X lo5. 
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TABLE 2. Polymerization of Some Vinyl Monomers with the NBS/ 
PTS system at 60°C for 10 hr in Ethanola 

Monomer Yield (%) 

Methyl met hacr yla te 61.9 

Acrylonitrile 58.6 

Methyl acrylate 56.8 

Styrene 4.4 
Vinyl acetate Trace 

Monomer = solvent = 5 mL, [ PTS] = 0.079, [ NBS] = 0.023 mole/L. a 

TABLE 3. Copolymerization of Styrene and Methyl Methacrylate 
(MMA) with the NBS/PTS System at 60°C in Ethanol 

Mole % 
of MMA 

In the monomer mixture 51.9 
In the copolymer 5 1.2 

P o l y m e r i z a t i o n s  of S o m e  V i n y l  M o n o m e r s  b y  t h e  
N B S / P T S  S y s t e m  

Some vinyl monomers were polymerized by the NBS/PTS system 
at 60°C for 10 hr. The results a r e  shown in Table 2. This binary 
initiator system is found to be effective for MMA, methyl acrylate, 
and acrylonitr ile (electr on-accepting monomers) while it gives only 
low yields in the polymerization of electron-donating styrene (St) 
and vinyl acetate. 

C o p o l y m e r i z a t i o n  of S t  a n d  MMA w i t h  t h e  N B S / P T S  
S y s t e m  

To see whether this polymerization proceeds through a radical 
mechanism, the copolymerization of St (2.36 mole/L) and MMA (2.55 
mole/L) with the NBS/PTS system was carr ied out at 60°C. As 
shown in Table 3, the molar ratio of MMA to St in the resulting co- 
polymer is about 1, indicating that this polymerization propagates 
via a free-radical intermediate. 
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8 0 ° C  

7 0 ° C  

5 0 ° C  

4 0 ° C  

I 

0 2 4 

Time ( h r )  
FIG. 1. Time-conversion curves in the olymerization of MMA 

mole/L, with the NBS/PTS system in ethanol. [ NBS? = 2.3 X 
[ PTS] = 7.9 X 10.' mole/L, [ MMA] = 4.68 mole/L. 
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FIG. 2. Arrhenius plot in the polymerization of MMA with the NBS/ 

PTS system in ethanol. [ NBS] = 2.3 x lo - '  mole/L, [ PTS] = 7.9 X 
10- mole/L, [ MMA] = 4.68 mole/L. 
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3 + log [ N B S ]  (mol/l) 
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FIG. 3. Relationship between the polymerization rate  (R ) and the 

concentration of the initiator system in ethanol at  60°C. [ MMA] = 
4.68 mole/L, 0 : [ PTS] = 7.9 X l o - '  mole/L, : [ NBS] = 2.3 X 

P 

mole/L. 

K i n e t i c  S t u d y  of t h e  P o l y m e r i z a t i o n  of MMA w i t h  
t h e  N B S / P T S  S y s t e m  

The polymerization of MMA with the NBS/PTS system was studied 
kinetically in ethanol. Although poly(MMA) is insoluble in ethanol, 
the polymerization system is homogenous in the initial stage under 
the present conditions because MMA is  a good solvent for i ts  polymer. 

Figure 1 shows the time-conversion obtained in the temperature 
range from 40 to 80°C. This polymerization shows a short induction 
period which becomes even shorter with an increase in the reaction 
temperature. 

Figure 2 shows an Arrhenius plot of the rate  of polymerization 
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0 0 . 5  1.0 

loy [ M M A ]  (mol/l) 

FIG. 4. Relationship between the polymerization rate  (R ) and 

mole/L, ethanol: 

P 
the monomer concentration a t  60" C in ethanol/ethyl acetate mixture. 
[ NBS] = 2.3 x 10- 
30 ~01%.  Ethyl acetate was used as a diluent. 

mole/L, [ PTS] = 7.9 X 

(Rp) obtained from the time-conversion curves in Fig. 1 with the r e -  
ciprocal polymerization temperature. From the slope of the straight 
line in Fig. 2, the overall activation energy of this polymerization is 
calculated as -18.2 kcal/mole, which is somewhat lower than that 
(20 - 21 kcal/mole) by azobisisobutyronitrile. 

vestigated a t  60" C at a constant concentration of MMA. The results 
a r e  shown in Fig. 3. From the slopes of both straight lines, R is 

found to depend on the 0.2 order of the NBS concentration and on the 
0.5 order of the PTS concentration. The reason for the lower order 
NBS concentration is uncertain at  the present time. 

Figure 4 shows the relationship between R and the MMA concen- 
tration observed at  60°C when ethyl acetate was used as a diluent to 
keep the ethanol concentration constant (30 ~01%). From this figure, 
R is proportional to the first  order of the MMA concentration. 

The effects of the concentrations of NBS and PTS on Rp were in- 
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FIG. 5. ESR spectrum of the mixture of NBS with PTS in the 
presence of PBN after being reacted at 60°C for 2 hr in ethanol/ 
ethyl acetate (50:50 vol/vol) mixture. [ NBS] = 4.6 X 10- 
[PTS] = 9.5 X 

mole/L, 
mole/L, [PBN] = 2.8 X l o - '  mole/L. 

I n i t i a t i o n  R e a c t i o n  b y  t h e  N B S / P T S  S y s t e m  

A s  shown above, the results of copolymerization of St and MMA 
with the NBS/PTS system reveal that this polymerization proceeds 
through a radical mechanism. In order to get further information on 
the initiation mechanism by this initiator system, the reaction of 
NBS with PTS was carried out in an ethanol-ethyl acetate mixture in 
the presence of phenyl-tert-butylnitrone (PBN), a spin trapping agent. 

Figure 5 shows the ESR spectrum obtained from this reaction 
mixture. The nitroxyl radical observed is formed by the addition 
of some radical (R.) to PBN (Eq. 4). However, the radical produced 
cannot be identified at  the present time. 

0 
t 

R. + CsHsCH=N-t-BU -c_ CH-N- t- BU (4) 
/ 

R 

The possible initiation mechanism of this system seems to be 

NBS can interact with PTS through hydrogen-bonding between the 
expressed in Eqs. (5)-('7). 

carbonyl groups in NBS and the acidic hydrogen of PTS. A similar 
interaction is also assumed between N-chlorosuccinimide and PTS, 
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-H-03S-C 6 4  H -CH 3 e- - 
NBS + PTS 7 c ) N - 0 - C O - C  6 5  H 

(11) (5) 

N *  + *O-CO-C H + PTS 6 5  I1 or I11 .-p 

(IV) 

N - 0 .  + .CO-C6H5 + PTS ( 7 )  
11 or 111 __3 LC> co 

(V) 

which can act a s  a radical initiator [ 81. This hydrogen-bonded com- 
plex (I1 o r  111) closely resembles the N-acyloxyammonium intermedi- 
ate in the acyl peroxide/tert-amine system. Therefore, this complex 
decomposes homolytically into benzoyloxy and succinimidyl radicals, 
IV (Eq. 6), to initiate polymerization. 

However, the scission of the 0-CO bond in NBS is also possible 
because the N-oxyl radical (V) is considered to be fairly stable and 
because photolysis of NBS causes homolysis of both the N-0 and the 
0-CO bonds. The results of photosensitized vinyl polymerization 
with N-acyloxyimide compounds will be published in the near future 
191. 
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