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Su I f u r-Con t a i n i ng Vi n y I Monomers. XI V. 
Radical Polymerizations and Copolymerizations 
of Vinyl Mercaptobenzazoles 

TAKAYUKI OTSU and HIROSHI OHNISHI 

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

A B S T R A C T  

Vinyl mercaptobenzazoles [ thiazole (VMBT), oxazole (VMBO), 
and imidazole (VMBI)] were prepared through dehydrochlori- 
nation of the respective P-chloroethyl mercaptobenzazoles. 
These monomers were found to undergo vinyl polymerization 
in the presence of light or radical initiator, cr,a’-azobisisobutyo- 
nitrile, to give relatively high molecular weight homopolymers. 
From the  results of radical copolymerizations of these mono- 
mers  with various monomers, the copolymerization parameters 
were determined a s  follows: VMBT(M2 )-styrene(M d: r t = 
2.12 * 0.09, rz = 0.336 i 0.028, Q z  = 0.75, ez = -1.38; 
VMBO(Mz)-styrene(Ml): rl = 2.61 * 0.13, r2 = 0.274 * 0.03, 
Q2 = 0.61, e2 = -1.38; VBMI(M2)-styrene(Md: r l  = 4.0, t z  = 
0.2, Qz = 0.37, ez = -1.17. The polymerization reactivities of 
these monomers obtained from these parameters were compared 
with those of other vinyl sulfide monomers and discussed. 

*For Part  Xm of this series see H. Inoue and T. Otsu, J. Polym. 
Sci. Polym. Chem. Ed., 14, 845 (1976). 
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I N T R O D U C T I O N  

OTSU AND OHNISHI 

In previous studies, it was found that various alkyl [ 1, 21 and 
p-substituted phenyl sulfides [ 31 could easily undergo homopolym- 
erization and copolymerization with vinyl monomers in the presence 
of radical initiator. From the observed Q and e values, i. e., Q = 
0.3-0.5 and e = -1.1 to -1.7, these vinyl sulfide monomers were found 
to belong an electron-donating conjugative monomer. These findings 
indicated that the electron-sharing 3d orbital resonance between the 
growing radical of the vinyl sulfide and its adjacent sulfur atom was 
important in the transition state of radical polymerization. 

On the other hand, some vinyl monomers containing a hetero- 
cyclic ring have been noted to obtain their polymers and copolymers 
with functionalities each a s  catalysis, chelate formation and ion 
exchange [ 41. Mercaptobenzothiazole is known to have been used a s  
a mastication and vulcanization accelerator in the rubber industry 
and to be easily transformed to its vinyl derivatives [ 5, 61. There- 
fore, the present paper will  describe the results of the preparations 
of vinyl mercaptobenzazoles such as vinyl mercaptobenzothiazole 
(VMBT), vinyl mercaptobenzoxazole (VMBO), and vinyl mercapto- 
benzimidazole (VMBI) from the respective mercaptobenzazoles 
according to Eq. (l), and their homopolymerization and copolymeri- 
zation behavior in the presence of radical initiator, a@'-azobisiso- 
butyronitrile (AIBN). 

VMBT: X = S  
VMBO: x = o  
VMBI: X = NH 

The preparations of these monomers have been made throu h the  
reaction of the respective mercaptobenzazoles with acetylene r 5 ,  61 
and the free radical addition and oxidation reactions [ 71 with these 
azoles have been reported. However, detailed polymerization 
behavior of these monomers has not been studied, except for a paper 
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SULFUR-CONTAINING VINYL MONOMERS. XIV 1479 

of Kern [ 81 regarding the radical polymerization and copolymeriza- 
tion of VMBT. 

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

P r e p a r a t i o n  of V M B T  

VMBT was prepared by the reaction of sodium 2-mercaptobenzo- 
thiazole with 1,2-dichloroethane in water, followed by dehydrochlori- 
nation according to Eq. (1). To a mixture of 167 g (1 mole) of 
mercaptobenzothiazole dissolved in 450 ml of aqueous solution 
containing sodium hydroxide (45 g, 1.1 mole), 300 g (3 mole) of 
1,2-dichloroethane was added dropwise a t  60°C under st irring, and 
subsequently this mixture was allowed to s t i r  a t  60°C for 5 hr. 
After separation of the lower layer from the mixture, washing with 
water and drying over anhydrous sodium sulfate, dichloroethane was 
distilled off under reduced pressure.  Then P-chloroethyl mercapto- 
benzothiazole was obtained from the resulting oily material  by using 
an alumina column; yield 198 g (86%). 

To a solution of 198 g of 0-chloroethyl mercaptobenzothiazole 
and 200 ml of absolute ethanol, 80 ml of 50% potassium hydroxide 
as the ethanol solution was added dropwise under s t i r r ing a t  40°C 
for 3.5 hr. The ethanol was subsequently distilled off, and the 
residue was washed with water, followed by drying. VMBT was 
obtained by distillation under reduced pressure:  yield 122 g (73%): 
bp 97.5-98.O"C/O.l Tor r  (lit. [ 61 b , 135"C/3 Torr) ;  ng 1.6871 
(lit. [ 61 1.6866); d:' 1.2619 (lit. [ 6 p  1.2629). 

ANAL. Calcd for C9H7NS2: C, 55.92%; H, 3.65%: N, 7.25%: S, . 
33.17%. Found: C, 55.75%; H, 3.38%; N, 7.300/0; S, 32.80%. 

P r e p a r a t i o n  of V M B O  

VMBO was prepared by a method s imilar  to that described for 
VMBT, except that the dehydrochlorination procedure was ca r r i ed  
out with potassium tert-butoxide in tetrahydrofuran-butanol (4: 1) 
mixed solvent at -30°C. The to;$ yield was 80%; bp 89"C/2 Tor r  
(lit. [ 71 bp, 97-99"C/3 Torr) ,  nD 1.6221 (lit. [ 71 1.6221), dIo 1.2001 
(lit. [ 7) 1.2142). 

ANAL. Calcd for C9H7NOS: C, 60.99%; H, 3.98%: N, 7.90%. 
Found: C, 60.54%; H, 4.07%; N, 7.91%. 
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1480 OTSU AND OHNISHI 

P r e p a r a t i o n  of VMBI 

0-Chloroethyl mercaptobenzimidazole was prepared by the reaction 
of potassium mercaptobenzimidazole with P-chloroethanol in water at  
20°C for 10 h r ,  followed by chlorination with thionyl chloride. The 
yield of crude material was 80% and recrystallized from an ethanol- 
water mixture: mp 122-123°C. This compound was then dehydro- 
chlorinated with potassium tert-butoxide in tetrahydrofuran-butanol 
mixed solvent at 50°C for 5 hr. The pure VMBI was obtained by 
recrystallization from ethanol. The total yield was 70%; mp 171- 
172°C (lit. [ 71 mp, 156-161°C). 

ANAL. Calcd for C8HeN2S: C, 61.34%; H, 4.58%; N, 15.9%; S, 
18.1%. Found: C, 61.11%; H, 4.32%; N, 16.0%; S, 18.2%. 

O t h e r  R e a g e n t s  

Other monomers were distilled just before use. Solvents and 
precipitants were used after purification by ordinary methods. AIBN 
was recrystallized twice from methanol. 

P o l y m e r i z a t i o n  

Polymerizations and copolymerizations were carr ied out in a 
sealed tube with shaking in the absence of light. The required 
amounts of monomer and initiator were charged into a glass ampoule 
which was then degassed under vacuum by a conventional freezing and 
thawing technique, and finally sealed off under vacuum. After polym- 
erization for a given time, the tube was opened and its contents poured 
into a large amount of methanol to precipitate the polymer. The 
resulting homopolymers and copolymers were purified by reprecipi- 
tating their benzene solutions into excess methanol. Conversions 
were calculated from the weight of the dried polymer obtained. 

The composition of the copolymers was calculated from elemental 
analyses of carbon, and the monomer reactivity ratios (rl and r2) 
were determined by a nonlinear least-squares method based on an 
integration equation [ 81. 

RESULTS A N D  D I S C U S S I O N  

P r o p e r t i e s  of M o n o m e r s  

these three monomers were in good agreement with those reported, 
As was shown in the preceding section, the  physical properties of 
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SULFUR-CONTAINING VINYL MONOMERS. XIV 148 1 

LO00 3000 2000 1600 1LOO 1200 1000 800 

wavenumber ( c  m-' ) 
FIG. 1. LR spectra of monomers and their radical polymers: 

(1)  VMBT; (2) VMBO; (3 )  VMBI; (1') poly(VMBT); ( 2 ' )  poly(VMB0); 
(3')  poly(VMB1). 
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1482 OTSU AND OHNISHI 

wavelengthhm) 

FIG. 2. W spectra of (-1 monomers and (----I their radical 
polymers: (1) VMBT; (2)  VMBO; (3) VMBI. 

and their elemental analyses also coincided with the calculated 
values. Therefore, it is obvious that these monomers a r e  pure 
monomers. 

The IR spectra of these monomers are shown in Fig. 1. It i s  
seen from this figure that there a r e  characteristic absorption bands 
due to both the carbon-carbon double bond (1580, 1590, 900, and 990 
cm- ' ) and benzazole groups. 

Figure 2 shows the  W spectra of these monomers; the charac- 
teristic A max 
NMR spectra. Absorption bands a r e  present at 5.3-5.8 and 6.8-7.0 
ppm due to vinyl protons and at  7.0 - 8.0 ppm due to the protons on 
benzazole rings. 

VMBT and VMBO a re  almost colorless, viscous liquid, and VMBI 
is in the form of colorless needles. These monomers were found to 
polymerize easily by a radical mechanism. 

and e are summarized in Table 1. Figure 3 shows the 
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SULFUR-CONTAINING VINYL MONOMERS. XIV 1483 

TABLE 1. W Data for VMBT, VMBO, VMBI, and their Radical 
Polymers 

Monomer in EtOH Polymer in THF 

'max 'max 
(4 € (4 € 

VMBO 

VMB I 

VMBT 203.0 

226.0 

248.0 

285.5 

293.5 

303.5 

245.0 

253.0 

260.0 

279.0 

286.0 

216.0 

252.0 

277.0 

286.0 

293.0 

19,000 

17,000 

8,420 

13,800 

13,800 

12,000 

12,700 

12,900 

11,800 

16,400 

15,200 

41,000 

7,550 

6,510 

10,800 

11,700 

- 
226,O 

249,O 

284,5 

294,5 

303,O 

245,O 
- 
258,5 

280,O 

287,5 

213,O 

254,O 

260,O 

287,O 

294,O 

- 
17,500 

a, 240 

10,300 

9,940 

8,310 

10,500 
- 
7,570 
9,280 

8,540 

27,800 

6,850 
6,680 

1 1,300 

9,250 

H o m o p o l y m  e r i z a t i o n  

Table 2 shows the results of radical polymerization of VMBT, 
VMBO, and VMBI under various conditions. These monomers polymerize 
easily with AIBN in the presence or absence of light to give relatively 
high molecular weight polymers. These findings a re  in good agreement 
with the results that vinyl sulfides could homopolymerize by a radical 
mechanism, as reported in our previous papers. Although the former 
two monomers could also polymerize under irradiation of W light, 
VMBT did not give polymer in the absence of AIBN, even at  150°C. 

From Table 2, it is found that the radical homopolymerization 
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1484 OTSU AND OHNISHI 

FIG. 3. NMR spectra of monomers: (1) VMBT; (2)  VMBO; 
(3) VMBI. 

reactivities of these monomers increase in the order: VMBI < 
VMBT < VMBO. As i s  shown later, the polymers obtained at 60°C 
were found to consist of the ordinary vinyl polymerized structure. 
A detailed kinetic study of radical polymerization of VMBT will be 
described in the next paper [ 91. These monomers did not homo- 
polymerize in the presence of cationic initiator, boron trifluoride 
diethyl etherate, in dichloroethane at 0°C for 24 hr .  

C o p o l y m e r i z a t i o n s  w i t h  S t y r e n e  

Table 3 shows the  results of radical copolymerizations of VMBT, 
VMBO, and VMBI (Ma) with styrene (MI)  initiated by AIBN at 60°C. 
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1486 OTSU AND OHNISHI 

TABLE 3. Radical Copolymerizations of VMBT, VMBO and VMBI 
( M z )  with Styrene (MI)  Initiated by AIBN at 6 0 ’ 0  

Copolymer 
[Mz]  in 
comonomer Time Conversion [ MZI 

Mz (mole % I  b i n )  (%I C (%) (mole %) 

VMBT 7.69 

15.8 

33.3 

42.8 

52.9 

63.6 

75.0 

87.1 

VMB* 15.8 

33.3 

52.9 

75.0 

87.1 

VMBO 16.3 

34.2 

43.8 

53.9 

64.5 

87.5 

VMBI 7.67 
19.2 

30.7 

42.7 

50.8 

71.1 

65 

65 

65 

65 

65 

65 

65 

65 

30 

30 

10 

10 

10 

90 

90 

90 

90 

90 

90 

3 18 

360 

582 

582 

750 

522 

4.2 

4.3 

4.5 

4.8 

5.1 

4.0 

5.4 

3.2 

8.0 

9.3 

4.4 

5.6 

4.3 

4.1 

4.4 

4.8 

5.2 

5.6 

4.8 

8.7 

9.6 

12.2 

11.1 

14.2 

9.8 

90.01 

86.85 

8 1.48 

78.54 

75.08 

70.83 

67.52 

62.15 

88.24 

83.19 

75.66 

67.07 

61.12 

89.23 

84.52 

81.79 

79.17 

75.7 1 

67.87 

9 1.59 

89.71 

87.97 

85.06 

82.40 

75.29 

3.43 

8.60 

18.5 

24.6 

32.6 

43.6 

53.4 

72.2 

6.28 

15.2 

3 1.2 

54.9 

76.4 

5.7 

15.6 

22.0 

28.6 

37.6 

64.4 

1.22 

4.75 

8.18 

14.3 

20.3 

38.9 

aCopolymerization conditions: [ AIBN] = 5.0 x mole/liter in 

bCopolymerization at 30°C: [ AIBN] = 5-7 x lo-’  mole/liter in bulk. 
bulk. 
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SULFUR-CONTAINING VINYL MONOMERS. XIV 1487 

3 
[Mz] in comnomer(mole-o/o) 

FIG. 4. Copolymer composition cu rves  for radical copolymeri- 
zations of styrene ( M J  with (1)  VMBT, ( 2 )  VMBO, ( 3 )  PVS, and ( 4 )  
VMBI a t  60°C. 

All copolymerizations take place readily and their rates are a lmost  
independent of the monomer feed. 

are shown in Fig. 4, in which the curve  observed for the copolymeri- 
zation of phenyl vinyl sulfide (PVS) with styrene is a l so  drawn a s  
comparison. The monomer reactivity ra t ios  for these copolymeriza- 
tions a r e  shown in Table 4, from which the reactivit ies of these 
monomers toward the polystyryl radical is observed to b e  in the 
order:  VMBT > VMBO > PVS > VMBI. 

for the other vinyl sulfides. The e values of a l l  monomers a r e  quite 
s imi la r  and highly negative. These r e su l t s  a r e  understandable f rom 
the fact that the alkylthio group in vinyl sulfide shows an excellent 
electron-releasing nature due to 2p-3p conjugation between carbon- 
carbon double bond and sulfur atoms. On the other hand, the Q values 
a r e  almost equal, indicating that these monomers belong to a con- 
jugative monomer, and that the following 3d orbital  resonance between 
the growing radical and the adjacent sulfur atom [ Eq. (2)] is im- 
portant: 

The monomer-copolymer composition curves  derived from Table 3 

It is of interest  to compare  the observed Q, e values with those 

-CH~<H-SR - -CH~-CH=SR (2)  

Therefore, these monomers  a r e  concluded to be an  electron- 
donating conjugative monomers. 
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1488 OTSU AND OHNISHI 

TABLE 4. Copolymerization Parameters of Vinyl Sulfides ( M I  = St) 

Mz rt r2 l/r I Q e 

VMBT 2.12 i 0.09 0.336 i 0.028 0.472 0.75 -1.38 

VMBO 2.61 i 0.13 0.274 i 0.032 0.383 0.61 -1.38 

VMBI 4.1 0.20 0.25 0.37 -1.17 

PVS 3.27 0.258 0.308 0.22 -1.20 

PVSa 3.71 0.30 0.27 0.45 -1.3 

MVSb 5.0 0.15 0.20 0.31 -1.3 

Results of Tsuda et al. [ 31. a 
bResults of Otsu and Inoue [ 21. 

P r o p e r t i e s  of P o l y m e r s  

The IR and UV spectra of the homopolymers obtained at 60°C a r e  
shown in Figs. 2 and 3, respectively. When both spectra a r e  com- 
pared with those of the respective monomers, characteristic absorp- 
tion bands except the band due to carbon-carbon double bond in the 
monomers were observed. Especially, as shown in Table 1, X m a x  

and E in the W spectra of both monomers and polymers were quite 
identical. The,refore, it was clear that these polymers were obtained 
through ordinary pol 

vinyl derivative at rather high temperature [ Eq. (311, and this 
monomer then participated in radical polymerization of VMBT to 
yield a copolymer. 

erization of azole monomers. 
found that VMBT could isomerize to its N- Previously Kern 

hd (3) 

However, a s  stated above, it was concluded that such copolymers 
were not produced from VMBT and other azole monomers under 
these conditions. Such a conclusion is strongly supported by the 
fact that no thermal isomerization of VMBT to its N-vinyl derivative 
was observed, even at  150°C, by means of gas chromatography. 
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The properties of the resulting polymers a re  shown in Table 5; 
those of PVS a re  also shown for comparison. All of these polymers 
were colorless or pale colored powders whose molecular weight 
were above 25000. These polymers were also soluble in benzene, 
chloroform, dioxane, tetrahydrofuran, dimethylformamide, dimethyl 
sulfoxide, and concentrated hydrochloric acid, but insoluble in water, 
methanol, acetone, carbon tetrachloride, diethyl ether, and n- hexane. 

The results of thermogravimetric analyses of these polymers 
a re  shown in Table 5. In general, all of these polymers were not 
so thermally stable, but the approximate order of their thermal 
stabilities was PVS < VMBI < VMBT < VMBO. 
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