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387. Aryluxotriarylmethanes und Tetru-urylsuccinic Dinitriles as 
Catalysts in A d d  ition Polymerisation. 

By D. H. HEY and G. S. MISRA. 

Experiments are described on the polymerisation of styrene in which p-chloro- and p -  
bromo-phenylazotriphenylmethane, phenylazotri-p-methoxyphenylmethane and tetra-p-meth- 
oxyphen ylsuccinic dinitrile are used as catalysts. For the substituted phenylazotriphenyl- 
methanes there is evidence that both the aryl and the triarylmethyl radicals are incorporated 
in the polymer. The radicals derived from the substituted tetraphenylsuccinic dinitrile also 
become incorporated in the polymer. 

ALTHOUGH the fundamental principles of the free-radical theory of addition polymerisation, 
which is supported by both chemical and kinetic evidence, are now firmly established, there 
remains a number of points on which further information is desirable. The present com- 
munication describes the results of experimental work designed to make a further contribution 
to the subject from the chemical standpoint. Investigations carried out by one of us fifteen 
years ago (Grieve and Hey, J . ,  1934, 1797 ; Hey, J . ,  1934, 1966 and subsequent papers) revealed 
the possibility of the occurrence of free radicals as transient intermediates in a number of 
organic reactions in solution and thus indicated the types of compound which might be active 
as catalysts for the initiation of addition polymerisation. The function of benzoyl peroxide 
in this respect was suggested by Hey and Waters (Chenz. Reviews, 1937, 21, 201), and the sub- 
sequent identification of fragments of the catalyst in the polymer molecule confirmed the 
hypothesis. By the use of p-bromobenzoyl peroxide, p-methoxybenzoyl peroxide, and chloro- 
acetyl peroxide, polymers were obtained from styrene and methyl methacrylate which con- 
tained bromine, methoxyl, and chlorine, respectively (Price, Kell, and Krebs, J .  Amev. Chein. 
Soc., 1942, 64, 1103). Similar results were later reported with 3 : 4 : 5-tribromobenzoyl per- 
oxide (Price and Tate, i b id . ,  1943, 65, 517) and with m-bromobenzoyl peroxide (Pfann, Salley, 
and Mark, ibid., 1944, 66, 983). In like manner by the use of p-bromobenzenediazo hydroxide 
(Price and Durham, ibid. ,  1942, 64, 2508) and of substituted nitrosoacetanilides (Blomquist, 
Johnson, and Sykes, ibid., 1943, 65, 2446), polymers were again obtained in the molecules 
of which fragments of the catalyst were incorporated. 

When a catalyst is employed which can be considered to give rise in solution to two different 
free radicals it would be reasonable to suppose that the more reactive radicals would play the 
predominant role in the initiation of the polymerisation process. The peroxides of organic 
acids can be regarded as sources of two types of radical because, provided that the temperature 
is not high, the peroxide can give both a hydrocarbon radical and an acid radical, thus : 

(RCO,), -+ R. + R.CO.0. + CO, 

In agreement with this view Bartlett and Cohen (ibid., 1943, 65, 543) have shown that, when 
styrene is polymerised in the presence of 9-bromobenzoyl peroxide, the polystyrene contains 
both p-bromophenyl and 9-bromobenzoyloxy-groups. The groups are not, however, found 
in equal amounts and a differential activity is revealed since some 64% of the bromine in 
the polymer is present as p-bromobenzoyloxy- and some 36% as p-bromophenyl groups. 
The proportions in which the two different end groups are found depend upon the experi- 
mental conditions used. Similar results were recorded for the polymerisation of ally1 acetate 
with p-chlorobenzoyl peroxide (Bartlett and Altschul, ibid., 1945, 67, 8 12). These results 
may be due in part to a step-wise decomposition of the catalyst, e.g., 

(R-CO,), + 2RCO.0. 
2R*CO*O* __f RCO.0- + R. + CO, 

and the possibility of similar considerations arising with catalysts which provide free radicals 
with liberation of nitrogen must not be overlooked. An even greater differential effect was 
revealed in the work of Blomquist, Johnson, and Sykes (Zoc. cit.),  who used as catalysts a series 
of substituted nitrosoacylanilides, which can also give two types of radical, thus : 

Ar-N(NO)*COR Ar.N:N*OCOR -+ Ar* + R.CO.0. + S, 

The results obtained indicated that only the active free aryl radical, Ar*, becomes incorporated 
in the polymer molecule and that the free acyloxy-radical, R-CO-00, appears not to be involved. 
The contrast with the behaviour of the peroxides, which also yield an aryl and an acyloxy- 
radical, was unexpected, but may be attributed in part t o  the fact that the experiments with 



1808 H e y  and Misva : Avylazotriarylmet~alzes and Tetra-arylsuccilzic 
the peroxides made use mainly of aromatic acyloxy-radicals, whereas, in the experiments with the 
nitrosoacylarylamines, only aliphatic acyloxy-radicals were used. A recent re-examination 
of the use of nitrosoacylarylamines containing aromatic acyloxy-groups (Hey and Misra, Faraday 
SOC. Discussion, 1947, 2, 279) provided some indication that both aryl and acyloxy-groups 
were incoporated into the polymer molecules, although under these conditions the aryl radicals 
still appeared to be the more active. 

In order to obtain further information on the differential incorporation of catalyst frag- 
ments in polymer molecules attention has now been directed to the use of substituted phenyl- 
azotriphenylmethanes, which on heating can give two free radicals of markedly different 
stability, thus : 

R.K:N.CR', --+ R* + R',C* + N, 

The use of the unsubstituted phenylazotriphenylmethane as a catalyst in the polymerisation 
of styrene was first reported by Schulz (Naturwiss., 1939, 27, 659), but there appear to be no 
records of the use of substituted phenylazotriphenylmethanes and in the absence of a sub- 
stituent atom or group, which can be qualitatively identified, the incorporation of either or 
both radicals into the polymer cannot be readily observed. Experiments have now been 
carried out with phenylazotriphenylmethanes as catalysts for the polymerisation of styrene 
and methyl methacrylate in which either (a)  the single phenyl group carries a chlorine or 
bromine atom a t  the para-position or (b)  the triphenylmethyl group is replaced by the tri-p- 
methoxyphenylmethyl group. Analysis of the purified polymers for either halogen or methoxyl 
showed that both types of radical can become incorporated into the polymer molecules, and 
it is possible that, whereas the more active aryl radicals play the dominant role in initiating 
the polymerisation process, the much more stable triarylmethyl radicals act as retarders and 
cause chain termination. It is known that free radicals of the triarylmethyl type are able 
to add to certain ethylenic systems (Conant and Scherp, J .  Awer. Chew. Soc., 1931, 53, 1941 ; 
Conant and Chow, ibid., 1933, 55, 3475; Marvel, Dec, and Corner, ibid., 1945, 67, 1855), and, 
with styrene, triphenylmethyl gives rise to a 1 : 2-adduct. Mayo and Gregg (ibid., 1948, 70, 
1284) have suggested that with a radical of the stability associated with triphenylmethyl 
almost as many chains may be stopped as started, and that its function as catalyst or 
inhibitor is not clear-cut. On the other hand, Schulz (ZOG. cit.) considers that both the aryl 
and triarylmethyl radicals act as initiators and has suggested that in the polymerisation 
of styrene with phenylazotriphenylmethane the termination of the chain reaction is less 
likely to arise from dimerisation and that with relatively high concentrations of the catalyst 
the termination process may be due to combination with a free radical from the catalyst. I t  
may be noted that experiments designed to place different labelled end-groups at  either end of 
polystyrene molecules have already been reported by Price and Read ( J .  Polymer Res., 1946, 

The use of tetraphenylsuccinic dinitrile as a catalyst for the polymerisation of styrene and 
methyl methacrylate was reported by Schulz and Wittig (Naturwiss., 1939, 27, 387 ; Kunstoffe, 
1943, 33, 224). Its function as a catalyst presumably results from its dissociation into two 
diphenylcyanomethyl radicals, thus : 

1, 44). 

Ph.&*CN + 
Ph,C.CN z P h 2 ~ o C N  

The incorporation of fragments of this catalyst into polymers prepared from styrene is shown 
by the presence of nitrogen, but in order to confirm the presence of the free-radical catalyst 
experiments have now been carried out with tetra-p-methoxyphenylsuccinic dinitrile and styrene 
using solutions in dioxan in order to favour the formation of polymers of low molecular weight. 
The use of this substituted tetraphenylsuccinic dinitrile has the further advantage that, accord- 
ing to Lowenbein and Gagarin (Ber., 1925, 58, 2643), tetra-9-methoxyphenylsuccinic dinitrile 
dissociates into two di-p-methoxyphenylcyanomethyl radicals a t  temperatures between 60" 
and 80' with the production of a rose-red colour, whereas a temperature of 140" is required 
for the production of a similar colour with tetraphenylsuccinic dinitrile (cf. Wittig et aZ., AnnuZen, 
1934, 513, 26 ;  Bey. ,  1936, 69, 790). In spite of these observations i t  was found that a t  tem- 
peratures below 9 7" the effect of any di-p-methoxyphenylcyanomethyl radicals so formed was 
negligible, and that the resulting polymers, when purified by precipitation from ethyl acetate 
solution, did not contain methoxyl groups. In polymerisation experiments carried out a t  
97-98" the rose-red colour due to the free radicals disappeared within fifteen minutes, but, 
if the polymerisation was stopped at  this stage, again no methoxyl groups were found in the 
purified polymers and a considerable quantity of the adduct of styrene with the dinitrile, which 
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was removed b y  its comparative insolubility in cold ethyl acetate, was isolated. If, however 
heating was continued for at least a further fifteen minutes af ter  the  disappearance of the  
colour, the  polymers thus formed were found t o  contain fragments of the  catalyst. Wi th  high 
concentrations of the  catalyst the main product consisted of the  adduct. Schulz and  Wittig 
(ZOG. cit.) had reported the  formation of a similar adduct  in their experiments with tetraphenyl- 
succinic dinitrile. The polymerisation of styrene with a chlorinated tetraphenylsuccinic 
dinitrile has  been studied by Raff, b u t  no experimental details are available (see Abere, Gold- 
finger, Mark, and Naidus, Ann. N . Y .  Acad.  S C ~ . ,  1943, 44, 293). 

EXPERIMENTAL. 
Preparation of .Materials. 

Styrene and Methyl Methacrylate.-The sample of styrene was left in contact with solid potassium 
hydroxide to  remove quinol and, after decantation, distilled under reduced pressure, the middle fraction 
alone being used. 

Phenylazotriphenylmethane, p-Chlorophenylazotriphenylmethane, and Phenylazotri-p-rt?ethoxyphelzyl- 
methane.-These compounds were prepared by the method of Wieland, Popper, and Seefried (Bey., 
1922, 55, 181 6).  Phenyl- and p-chlorophenyl-hydrazotriphen ylmethane were oxidised by potassium 
ferricyanide as described by Wieland, vom Hove, and Bdrner (AnnaZen, 1926, 446, 31), but for the 
oxidation of phenylhydrazotrj-p-methoxyphenylmethane silver oxide was used. 

p-BromophenyZuzotripheny1methane.-A mixture of triphenylchloromethane (5 g.) and p-bromo- 
phenylhydrazine (7.62 8.) in absolute ether (100 c.c.) was boiled under reflux for 4 hours. -4fter the 
mixture had been kept overnight the precipitated p-bromophenylhydrazine hydrochloride was filtered 
off and the filtrate, made up to 250 C.C. with ether, was oxidised with an aqueous alkaline solution of 
potassium ferricyanide (26 g. in 80 c.c.). The ethereal layer was separated, washed several times 
with water, and finally dried (CaC1,). After removal of the ether under reduced pressure, p-bromo- 
phenyluzotriphenylmeth~ne (4.8 g.) was obtained, which after crystallisation from benzene-alcohol 
melted a t  110" (Found : C, 70.0 ; H, 4-6. C,,H,,N,Br requires C, 70.25 ; H, 4.5%). 

TetraphenyZsuccinic Dinitrile.-Diphenylacetonitrile, prepared by the method of Wittig and Petri 
(AnnaZen, 1934, 513, 39) from diphenylchoromethane, was converted into tetraphenylsuccinic dinitrile 
by the action of iodine in sodium ethoxide solution (Auwers and Meyer, Ber., 1889, 22, 1228). 

Tetra-p-methoxyphenylsuccinic Dinitrile.-Di-p-methoxyphenylacetonitrile was prepared from 
p-methoxymandelonitrile and an excess of anisole in presence of concentrated sulphuric acid (Bistrzycki, 
Paulus, and Perrin, Ber., 191 1,44, 2606). The action of alkaline potassium ferricyanide on di-p-methoxy- 
phenylacetonitrile afforded tetra-9-methoxyphenylsuccinic dinitrile in 57 yo yield. The substance 
melts indefinitely a t  220" (with red coloration) (cf. Lowenbein and Gagarin, loc. czt.). 

Tetra-p-methoxyphenylsuccinic Dinitrile-Styrene Adduct.-Tetra-p-methoxyphenylsuccinic dinitrile 
(1 g.) was aded to boiling styrene (5 c.c.), and the mixture heated under reflux for a few minutes until 
the rose coIour which appeared a t  the beginning faded to a straw-yellow. The mixture was cooled 
and the precipitated solid was crystallised from ethyl acetate. The adduct (0.56 g.) separated in hex- 
agonal plates, m. p. 213-214' (Found : C, 78.6; H, 5-95. 

Polymerisation Studies. 
For the determination of the molecular weight of purified samples of polystyrene, viscosities 

were measured with an Ostwald viscometer, and the revised equation of Kemp and Peters ( I n d .  Eng. 
Chem., 1942, 34, 1097), viz., M = log T,I? x K,./C, where Km. = 0.45 x lo4 for polystyrene in benzene 
and 7, is the relative viscosity, has been used. To calculate the molecular weights of samples of poly- 
merised methyl methacrylate, the original Staudinger equation, M = r],,./CK,, where K ,  = 1.7 x 10-4 
for methyl methacrylate in benzene and T ~ ~ .  is the specific viscosity, was used. Typical approximate 
formulz are ascribed, where possible, to  the polymers formed based on the observed molecular weight 
+500. 

(1) A mixture of styrene (9.07 g.) and phenylazotriphenylmethane (1 g.) was heated on the boiling 
water-bath for 18 hours. The crude polystyrene was dissolved in dioxan and precipitated by pouring 
into methyl alcohol. The polymer (8 g.) was purified by three such reprecipitations (Found : C, 89.8; 
H, 7 4 %  ; M ,  23,560). 

(2) A mixture of styrene (18.15 g.), p-bromophenylazotriphenylmethane (3 g.), and benzene (80 c.c.) 
was heated under reflux on a water-bath for 5 hours. The crude polystyrene was purified as described 
above and weighed 0.50 g. after one purification [Found : C, 88.8;  H, 7-3; Br, 2.5%; M ,  12,810. 
C6H,Br~(C,H,)Izo*C,H4Br requires C, 91.2; H, 7.6; Br, 1.257;; iM, 12,7921. 

(3) A mixture of styrene (5.21 g.) and p-bromophenylazotriphenylmethane (0.62 g.) was heated in 
a sealed ampoule a t  78" for 48 hours. The reaction was then brought to an abrupt end by chilling The 
crude polymer (4.5 g . ) ,  obtained by dissolving the reaction mixture in dioxan and pouring this into an 
excess of methyl alcohol, was purified three times in this way. The purified polymer weighed 3.75 g. 
[Found : C ,  90.4; H, 7.4; Br, 1.8%; M ,  15,080. C,H,Br~(C,H,),,,~C,H,Br requires C, 91.4; H, 7.6;  
Br, 1 . 1 % ;  &I, 14,8721. 

(4) A mixture of styrene (4.54 g.), P-chlorophenylazotriphenylmethane (2 g.), and dioxan (25 c.c.) was 
boiled under reflux for 5 hours under nitrogen. The crude polymer (0.5 g.) was purified three times as 
above by reprecipitation [Found : C, 90.6 ; H, 7.3 ; C1, 1.5% ; M, 2,980. C,H4C1.(C,H,),,.C(C,H4), 
requires C, 91-4; H, 7 4 ;  C1, 1.2%; M, 3,058. C,H,C1.(C8H8),,-C,H, requires C, 91.2; H, 7.5; C1, 
1.3%; M, 2,8161. 

(5) A mixture of styrene (5.44 g.) and p-chlorophenylazotriphenylmethane (1 g.) was heated in a 
sealed ampoule a t  65' for 48 hours. The crude polymer (1.2 g.), obtained by dissolving the reaction 
mixture in dioxan and pouring the solution into an excess of methyl alcohol, was purified three times by 

The methyl methacrylate was purified similarly. 

C,,H,,O,N, requires C, 78.9; H, 6.0%). 
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reprecipitation [Found : C, 91-3; €3, '7.5 ; C1, 0.9% ; M ,  4,700. C,H4C1.(C,H,),2~C(CGH5)3 requires 
C, 91.7 ; H, 7.5; C1, 0-'75y0 ; M ,  4,723. C6H,C1*(C,H,),,*C8Hg requires C, 91.7 ; H, 7.6 ; C1, 0.8% ; M ,  
4,6881. 

(6) A mixture of styrene (4-91 8.) and p-chlorophenylazotriphenylmethane (1 g.) was heated in a 
sealed ampoule at 85" for 22 hours. The polymer, isolated and purified as in the previous case, weighed 
2.2 g. [Found : C, 9.18; H, 7.9; C1, 0.9%; M ,  8,240. C,H4C1.(C,H,)76.C(C6H5)~ requires C, 92.0; 
H, 7.6; c1, 0.4% ; M ,  8,260. C,H,C1'(C,H,)7,'C,H,Cl requires c ,  91.6 ; €3, 7.6 ;. c1, 0.85% ; M ,  8,3361. 

(7) A mixture of styrene (5.44 g.) and p-chlorophenylazotriphenylmethane (0.996 g.) was heated in 
a sealed ampoule at 95" for 22 hours. The polymer, isolated and purified as in experiment (5), weighed 
2.5 g. [Found : C, 90.55; H, 8.7; C1, 0.3%; M ,  17,740. C,H,C1.(C8H,),,,.C,Hg requires C, 92-1 ; H, 
7.7; C1, 0.2%; M ,  17,7921. 

(8) A mixture of styrene (4.54 8.) and 9-chlorophenylazotriphenylmethane (0.993 g.) was sealed in 
an ampoule and maintained at 100" for 18 hours. The crude polvmer was purified three times in the 
usual way and weighed 2-5 g. [Found : C, 91.2; H, '7.7 ; C1,0.6% ; #M, 16,480: C6H,Cl.(C,H,) 156.C6H4C1 
requires C, 91.9; H ,  7.6; C1, 0.4%; M ,  16,4471. 

-(9) A mixture of p-chlorophenylazotriphenylmethane (1 g.), styrene (4-537 g.),  and dioxan (10 c.c.) 
was heated in a sealed ampoule at 80" for 5 hours. The contents were poured into methyl alcohol, 
but no precipitate was formed. The mixture 
was shaken with ether and cooled. The ethereal layer was then poured into an excess of ice-cold methyl 
alcohol. A powdery polymer separated which was again purified in the same way (Found : C1, l.Oyo). 

(10) A mixture of phenylazotri-p-methoxyphenylmethane (0.50 g.), styrene (9.074 g.), and dioxan 
(10 c.c.) was boiled under reflux for 3 hours under nitrogen. The crude polymer, obtained by pouring 
the dioxan solution into methyl alcohol, was purified three times in the usual way and afforded 1 g. of 
pure polystyrene [Found : C, 92.1 ; H, 7.9; OMe, 0.7%; M ,  11,770. C6H,-(C,H,)llo~C(C6H,~OCH,), 
requires C, 91.9; H ,  7.6; OMe, 0.8yo; M ,  11,8501. 

(1 1) A mixture of phenylazotri-p-methoxyphenylmethane (0.50 g.) and styrene (4.537 g.) was main- 
tained at 100" under nitrogen for 2 hours. The crude polystyrene (2.3 g.) was purified several times by 
reprecipitation [Found : C, 91.4; H, 7.7; OMe, 0 % ;  M ,  13,520. C,H,*(C8H,),,,*C,H, requires C, 92.3; 
H, 7.7; M ,  13,4661. 

(12) A mixture of phenylazotri-p-methoxyphenylmethane (0.50 g.), styrene (4.54 g.), and dioxan 
(10 c.c.) was heated in a sealed ampoule at 80" for 6 hours. The mixture was poured into an  excess 
of methyl alcohol, and the crude polymer (0.50 8.) which separated was purified three times by repre- 
cipitation [Found : C, 89.7 ; H, 7.3 ; OMe, 1.6% ; .%!I, 12,900. C,H,*(C,H,) 120~C(C,H,~OCH,)3 requires 
c ,  92.0; H ,  7.6; ONe, 0.7% ; M ,  12,890. (CH30~C6H4)3C~(C,H,),16~C(C6H,~OCH3)3 requires c, 91-6; 
H ,  7-6; OMe, 1.5y0; M ,  12,7301. 

(13) A mixture of p-chlorophenylazotriphenylmethane (2.001 g.) and methyl methacrylate (10.681 g.) 
was sealed in an  ampoule and heated a t  65" for 24 hours. The crude polymer (2.5 g.), obtained by 
dissolving the reaction mixture in dioxan and pouring into an excess of methyl alcohol, was purified 
three times by reprecipitation and weighed 1.5 g. [Found : C, 59.4; H, 7.6; C1, 0.8%; M ,  7,303. 
C,H,Cl*(C,H,O,) ,,-C5HgO2 requires C, 60.1 ; H,.7-9; C1, 0.5%; M ,  7,3121. 

(14) A mixture of tetraphenylsuccinic dinitrile (1 g.), styrene (4 c.c.), and dioxan (20 c.c.) was heated 
under reflux for 3 hours under nitrogen. The crude polystyrene (2.5 g.), obtained by pouring the 
reaction mixture into an excess of methyl alcohol, was dissolved in ethyl acetate. A small portion of 
the solid which did not dissolve was found to  be the adduct of styrene and the dinitrile, m. p. 224". 
The polvstvrene was then obtained bv Dourina the filtrate into methvl alcohol. It was Durified three 

On addition of water, globules of an oily liquid separated. 

times i i t h k  way [Found : C, 91.3 : H, ?-3 ; N': 1.8% ; M ,  9,888. 
requires C, 92.1 ; H,  7.6; N, 0-6OA; M ,  9,7441. 

(C,H,)2(CK)C.(C,H,),,k(CX)(C,H,), 

* (15) A mixture of tetra-p-mechoxyphenyisuccinic dinitrile (0.50 g.), styrene (4.54 g.), and dioxan 
(15 c.c.) was heated in a sealed ampoule at 80" for 6 hours. The crude polymer, obtained by pouring 
the dioxan mixture into methyl alcohol, was dissolved in ethyl acetate. A small portion of the solid 
remained undissolved and was identified as the adduct of styrene with the dinitrile, m. p. 212-214". 
The polymer was precipitated on pouring the filtrate into methyl alcohol and was further purified by 
two more precipitations (Found : C, 90.7; H, 7.6%.; ONe, 0 ;  M ,  17,420). 

(16) A mixture of tetra-p-methoxyphenylsuccinic dinitrile (0.50 g.), styrene (4.54 g.), and dioxan 
(10 c.c.) was heated in a sealed ampoule a t  80" for 6 hours. The crude polymer was purified three 
times by dissolving i t  in ethyl acetate and pouring into an excess of ice-cold methyl alcohol (Found : 
C, 91.2; H ,  7.8%; OMe, 0 ;  M ,  20,250). 

(17) A mixture of tetra-p-methoxyphenylsuccinic dinitrile (0-50 g.),  styrene (13.61 g.), and dioxan 
(60 c.c.), was heated under reflux under nitrogen for 1 hour The rose-red colour disappeared in about 
10 minutes. The crude polymer was purified as in the previous examples [Found : C, 91-4; H, 7.4; 
OhIe, 2.1 % ; 11.1, 8,702. (CH30~C,H4),(CN)C~(C,H8),,~C(CN)(C,H4~OCH,)2 requires C, 91.3 ; H, 7.6; 
OiCIe, 1.5%; AT, S,IOO!. 

(18) A mixture of tctra-9-methoxyphenylsuccinic dinitrile (1.00 g.), styrene (9.074 g.), and dioxan 
(15 c.c.) was heated at 90" for 2 hours. When the mixture was poured into ice-cold methyl alcohol, 
the crude polymer (0-70 9.) separated. It was purified twice by precipitation from ethyl acetate (Found : 
C, 90.9; H, 7.5%; OMe, 0 ;  11.1, 15,720). From the first filtrate some adduct was obtained. 

(19) A mixture of tetra-p-methoxyphenylsuccinic dinitrile (0.50 g.), styrene (9.074 g.), and dioxan 
(20 c.c.) was heated at 95" for 2 hours. The crude polymer (0.70 g.), obtained by pouring the murture 
into ice-cold methyl alcohol, was purified twice by precipitation from ethyl acetate (Found : C, 91.5; 
H 7.65%; ORIe, 0 ;  M ,  18,890). As before, some adduct was obtained. 

(20) A mixture of tetra-p-methoxyphenylsuccinic dinitrile (1 g.), styrene (9.074 g.), and dioxan 
(50 c.c.) was heated under reflux under nitrogen for $ hour. The bulk of the dioxan was evaporated 
under reduced pressure, and the crude polymer (2 g.) was purified three times by precipitation from 
ethyl acetate [Found : C, 90.05; H ,  7.6; OMe, 1.6y0; M ,  5,274. 
(CH,O.C,H,),(CN)C-(C,H,),,-C(CN)(C,H,*OCH,), requires C, 90.8;  H, 7-5 ; OMe, 2.35% ; M ,  5,2881. 
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(21) A mixture of tetra-p-methoxyphenylsuccinic dinitrile (1-20 g . ) ,  styrene (9.074 g . ) ,  and dioxan 

(60 c.c.) was heated under reflux under nitrogen for 16 minutes. The reaction was stopped as soon 
as the pink colour disappeared. A small quantity of the crude polymer was obtained and purified as 
described above (Found : C, 86.9 ; H, 7.5% ; OMe, 0 ; M ,  8,017). 

(22) A mixture of styrene (9.074 g.), dioxan (50 c.c.), and tetra-p-methoxyphenylsuccinic dinitrile 
( 1  g.) was heated under reflux for 15 minutes under nitrogen. The crude polystyrene was purified as 
described above (Found : C, 90.6; H, 7.5%; OMe, 0).  

(23) A mixture of styrene (9.074 g.) and dioxan (50 c.c.) was heated under reflux for 15 minutes 
under nitrogen. The crude product (0.70 g . ) ,  obtained by taking off the bulk of dioxan under reduced 
pressure and pouring the residue into methyl alcohol, was purified by precipitation from ethyl acetate 
(Found : M ,  9,949). 

(24) A mixture of styrene (9.074 g.), dioxan (50 c.c.), and tetra-9,-methoxyphenylsuccinic dinitrile 
(1  g.) was heated under reflux under nitrogen for 2 hour. The crude polymer (1.3 g . )  was purified 
three times by precipitation from ethyl acetate [Found : C, 90.95 ; H, 7-6 ; OMe, 0.4y0 ; M ,  11,360. 
(CH,O*C,H,),(C.N)C~(C,H,),,,*C,H, requires C, 90.0; H, 7.7 ; OMe, 0*55y0 ; M ,  11,2761. 
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