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J. MACROMOL. SCL-CHEM., A9( l), pp. 97-113 (1975) 

Cyclopolymerization. 1. 
Structure and Mechanism 

D. H. SOLOMON 

Division of Applied Organic Chemistry 
CSIRO 
Melbourne, Victoria 3001, Australia 

A B S T R A C T  

This paper reviews the subject of cyclopolymerization with 
emphasis on the reaction mechanism and the s t ructures  of 
the resulting polymers. In general, the s t ructures  have been 
postulated on the assumption that the reaction products are 
the result  of thermodynamic control, no consideration being 
given to the possibility of kinetic control. Consequently, the 
majority of polymers are believed to contain six-membered 
ring units, often with little supporting evidence. The amount 
of unsaturation present and the number of uncyclized units 
is also the subject of ambiguous evidence. 

T H E  S T R U C T U R E  O F  C Y C L O P O L Y M E R S  AND T H E  
M E C H A N I S M S  O F  T H E I R  F O R M A T I O N  

Classical polymer science teaches that when a difunctional* monomer 
undergoes polymerization, a linear polymer is formed. Similarly, a 

T h e  functionality of a monomer is defined, in  accordance with the 
concept introduced by Carothers, as the number of other monomers with 
which it may join when polymerized. [W. H. Carothers,  Trans.  Faraday 
-- SOC., 32, 39 (1936); Chem. Revs., - 8, 353 (1931)l. 
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98 SOLOMON 

monomer with a functionality greater than two is expected to give a 
branched and then a cross-linked structure. The theories of Flory 
[ I], Stockmayer [ 21, and others [ 3- 51 predict the extent of reaction 
at which cross-linking will occur. In most cases the theoretical 
predictions approximate to the experimentally observed gel points. 

Where discrepancies have arisen between the predicted and ob- 
served gel points, various explanations have been offered. For 
example, when the gel point occurs at a higher extent of reaction 
than predicted, one explanation has been the loss of functionality as 
a result of cyclization reactions. A classical example, from step 
growth polymerization, is the condensation of glycerol with 
phthalic anhydride where cyclic structures 1 or 2 have been 
reported [ 61. 

0 OH 

A similar observation was made by Simpson et al. [ 7-91 in what is 
presumably a chain polymerization of a tetrafunctional monomer, 
namely diallyl phthalate. 

Simpson et al. proposed structures such as (3) to account for the 
delay in the gel point. The extreme example of this  type of cyclization 
was reported initially by Butler et al. [ lo], who showed that, under 
certain conditions, 1,6-dienes (that is, monomers with an expected 
functionality of 4) gave linear polymers which were saturated. To 
account for these observations, Butler [ 111 suggested that the propaga- 
tion reaction involved a series of intramolecular-intermolecular re- 
actions which result in the monomer having an effective functionality 
of 2. This type of polymerization is now generally referred to as 
cyclopolymerization although the terms intra-intermolecular 
polymerization [ 11, 121 and transannular polymerization [ 13-17] are 
sometimes used. 

Cyclopolymerization has been reviewed by a number of authors 
[ 18-24] in recent years and the broad principles are now well 
established. The propagating species can be an ion or radical and three 
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CYCLOPOLYMERIZATION. I 99 
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II 
C - O-CH,- CH 

\ 

C -0- CH,- CH 
II I 
0 

, CH, 

major reactions compete in the chain growth step (shown here for 
radical only). These are: 1) the propagation of the uncyclized radical, 
2)  the cyclization reaction, and 3) attack of the cyclized radical on the 
monomer. 

The relative rates of these reactions depend (among other things) 
on the experimental conditions and on the structure of the monomer. 
For example, saturated linear polymers are often formed at low 
monomer concentrations [ 11, 25-30] where cyclization (Reaction 2) 
is favored over propagation of the uncyclized radical (Reaction 1). 
At higher monomer concentrations the relative ratio of Reactione, 1 
and 2 can be altered sufficiently to allow for greater amounts of 
Reaction 1 to occur and the possibility of cross-linked polymer form- 
ing [ 111. The polymerization of many l,f3-dienes follows this general 
pattern. 

More detailed studies on the structure of the polymers are often 
lacking o r  are not sufficiently accurate to support the conclusions 
reached relating to the proposed structures. Two major points for 
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100 SOLOMON 

(/J addition not 

10 
shown) 

Cyc lizat ion 1 
+o* or 

concern are: 1) the size of the ring structures formed in the cycliza- 
tion step, and 2) the amount, structure, and location of the unsaturated 
units, An understanding of each of these factors in vital to further 
developments in cyclopolymerization. 

THE RING STRUCTURES FORMED I N  
CYCLOPOLYMERIZATION 

The original studies on the structure of the noncross-linked saturated 
polymers which were formed from 1,6-dienes were concerned with 
establishing the cyclic nature of the repeat units and the linear structure 
of the polymer chains. For example, Butler's [ 31, 321 degradation 
studies on the polymer formed from diallylamine hydrobromide 
established the cyclic nature of the repeat unit but not the size of the 
ring structures as suggested initially by the authors and by others since. 
Most, but not all, workers in the field of cyclopolymerization of 1,6- 
dienes have assumed that six-membered rings would be formed. 

The initiating reaction is generally assumed to lead to 4 (and not 3 
or 5); with Radical 4 then cyclizing to the secondary Radical 7 (and not 6). 
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CYCLOPOLYMERIZATION. I 101 

/Ck 

‘X’ ‘X’ 

R-CHrCH CH’ 

ha CH, CHI CH, 
I I  R- CH,- CH - CH- CH, 

I 

These assumptions are based on generally accepted notions* about the 
relative stability (thermodynamic) of the radicals; no consideration 
even being given to their ease and rate of formation (kinetic). 

membered ring structures has often led to inadequate proof of the 
polymer structure. Many authors have recognized that five- and/or 
six-membered rings are feasible, but examples are to be found in 
which proof of structure of the polymer has involved only a comparison 
of physical properties of the polymer and a six-membered monomeric 
analog. The possible five-membered monomer analog was not prepared 
[ 331. In the majority of cases, unambiguous proof is difficult to obtain 
and often only physical evidence is available. In Table 1 [ 341 are listed 
the proposed ring units in some cyclopolymerizations and the evidence 
for the structures proposed; only for a few is the evidence conclusive; 
e.g., where carbonyl frequency in the IR is well established as being 
different in a five- or six-membered ring [ 431. 

The preconceived idea that the cyclic units are most likely to be six- 

“rhe relative thermodynamic stabilities of (6) and (7 )  are difficult 
to assess a priori, although the common notion would be that (7), 
being a secondary radical, should be the more stable. 
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102 SOLOMON 

TABLE 1. Evidence for Ring Siaes in Cyclopolymerization 

Structure Evidencea Ref. 

R, = R, = H; X = B r  
R, = R, = H; X = C1 
R, = H; R, = CH,; X = C1 
R, = H; R, = C,H,; X = C1 
R, = H; R, = C,H,; X = C1 
R ,  = H; R, = CIHe; X = C1 
R1 = R, = CH,; X = C1 
R1 = R, = CH,; X = B r  
R, = CH,; R, = CH,CH, Ne 

(CH,).,; X = C1 

R ,  = CH,; R, = C,H,; X = C1 
R ,  = R, = C,H,; X = C1 
R, = R, = C,H, ; X = Br 
R,  = R, = CHZCHIOH; X = C1 
R ,  = R, = CH,COCH,; X = C1 
R, = R, = CH,CH(NO,)CH,; X = C1 

R1 = R2 = CH,OC,H ; X = C1 
R1 = R, = C,H,; X = C1 

R ,  = R, = C H , C H , O ~ , H ~ ;  x = ci 

R = SO,CH, 
R = C1,CCO 
R = ClCH,CO 
R = CH,CN 
R = CN 
R = CH,CO 
R = CH,OCO 

Sol., IR, Chem. 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR, Chem. 
Sol., IR, Chem. 

Sol. 

Sol. 
Sol. 
Sol., IR 
Sol., IR 
Sol. 
Sol. 
Sol. 
Sol. 
Sol. 
Sol. 

Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 

31 
31 
12 
12 
12 
12 
31, 12, 11 
31, 12 

35, 36 

35, 36 
35, 36 
11 

35, 36 
35, 36 
35, 36 
35, 36 
35, 36 
35, 36 

12, 11, 35 

33, 37 
38 
38, 39 
39 
39, 40 
38, 39 
39 

(continued) 
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CYCLOPOLYMERIZATION. I 103 

TABLE 1 (continued) 

Structure Evidencea Ref. 

R = SO, C, H, 

R = CH,CH,CO 
R = SO,C,H, 
R = SO,C,H,CH - p 
R = C,H,CO 
R = p -  NO,C,H,CO 
R = CH,C,H5 

R = CHZCHZCN 

R, = R , = H  
R, = H; R, = CH, 
R ,  = R, = CH, 
R, = R, = CH,CH,CN 
R ,  = R, = CH CH,CONH 
R, = R, = cyc\opentylmeehyl 
R ,  = R, = CH,CH,SC,H, 

n 

R,  = SO,CH, 
R = SO, C, H5 

Sol., IR 
Sol., IR 
Sol. ,  IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 

Sol. 
Sol. 
Sol. 
Sol. 
Sol. 
Sol. 
Sol. 

Sol., IR 
Sol., IR 

33, 37  
38  
39 
39 
38, 3 9  
38, 3 9  
38  
38  

35, 36, 41 
42 
35, 36 
35, 36  
35, 36  
35, 3 6  
35, 36  

33, 37 
33) 37 

(continued) 
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104 SOLOMON 

TABLE 1 (continued) 

Structure Evidencea Ref. 

R ,  = R, = H; X = Br 
R, = R, = H; X = C1 
R, = H; R, = CH,; X = C1 
R, = H; R, = C,H,; X = C1 
R ,  = R, = CH,; X = C1 

R ,  = R, = H 
R, = H; R, = C,H, 
R, = H; R, = C,H, 

R =CH, 
R = C,H, 
R = C,H, 
R = C,H, 

Sol. 
Sol. 
Sol. 
Sol. 
Sol. 

Sol. 
Sol. 
Sol. 

41  
4 1  
4 1  
4 1  
35, 36 

4 1  
4 1  
4 1  

Sol., IR, NMR 43, 44 

Sol., TR, NMR 43, 44 
Sol., IR 43 
Sol., IR 43 
Sol., IR, N M R  43, 44 

sol. ,  m 45 

(continued) 
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CYCLOPOLYMERIZATION. I 105 

TABLE 1 (continued) 

Structure Evidencea Ref. 

R, = R , = H  
R, = H; R = CH, 
R, = R, = k H  
R, = H; R, = b,H, 
R, = CH,; R, = C,H, 
R ,  = H; R, = C,H, 
R, = H; R, = is0 - C,H, 
R, = H; R, = C,H, 
R, = H; R, = is0 - C,H, 
R, = R, = + C H , h  
R, = H; R, = C,H, 
R, = H; R, = O  -CH,C,H, 
R, = H; R, = m -CH,C,H, 
R, = H; R, = p - CH,C,H, 
R, = H; R, = o - CH,OC,H, 
R, = H; R, = p - CH,OC,H, 
R, = H; R, = m - CH OC,H, 
R, = H; R = a-naphtkyl 
R, = R, = k , H ,  

r 1 

R, = R, =I?, = R, = H 
R ,  = R, = R, = H; R, = C1 
R = R  = R  = H ; R  = O H  
R: = R: = Cf; R = $; R = COOH 
R, = R, = R, = h; R, = kOC1 
R, = R, = R 
R, = R, = R: = H; R, = COOH 

= H; R, = CN 

Sol., IR, Chem. 
Sol., IR, Chem. 
Sol., IR 
Sol., IR, Chem. 
Sol. 
Sol., IR, Chem. 
Sol., IR, Chem. 
Sol. 
Sol., IR, Chem. 
Sol., IR 
Sol., IR, Chem. 
Sol., IR, Chem. 
Sol., IR, Chem. 
Sol., IR, Chem. 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 

46, 47 
46, 47 
48 
47 
48 
47 
47 
46 
47 
48 
46, 47, 49 
49 
49 
49 
50 
50 
50 
51 
51 

Sol., IR 52 
Sol., IR, Chem. 53 
Sol., IR, Chem. 53 
Sol., IR, Chem. 54 
Sol., IR, Chem. 53 
Sol., IR, Chem. 54 
Sol., IR, Chem. 53 

(continued) 
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TABLE 1 (continued) 

SOLOMON 

Structure Evidencea Ref. 

R, = R, = R, = H; R, = CONH, 

R,  = R, = COOh; R, = R = H 

Sol., IR, Chem. 

Sol. 
Sol , IR, Chem. 
Sol. 
Sol. 
Sol. 

R , = R , = C N ; R ,  = R ,  = H  Sol., IR 
R, = R, = H; R = CN; R, = COOH 

R,  = R, = R, = H; R, = COOC,H, 
R, = R, = R, = H; R, = 8OCH, 

R, = R, = H; R, = CN; R, = COOC,H, 
R, = R, = H; R, = R, = COCH, 
R, = R, = COOCHS; R 
R, = R, = C1; R, = COkH, ; 

R, = COOC,H, 
R, = R, = C1; R, = R, = COOC,H, 
R,  = R, = COOC,H,; R, = R = H 
R,  = R, = H; R, = R, = COOk,H, 

R ,  = R, = R, = H; R, = COOC,H, 
R, = R, = R, = H; R, = OCOC,H, 
R, = R, = R, = H; R, = CONHC,H, 
R, = R, = C,H ; R, = R, = H 
R,  = R, = C o d ;  R = R, = H 
R, = R, = CONH2; f?, = R, = H 
R, = R = H; R, = COCH,; R, = 

= R, = H 

RI = R, = H; R, = C,H,; R, = CN 

C d C ,  H, 

Sol., IR 
Sol. 
Sol., IR, Chem. 
Sol., IR 
Sol. 
Sol. 
Sol. 
Sol. 
Sol., IR 
Sol. 
Sol., IR 

R = H  
R = CH, 

Sol. 
Sol., IR, Chem. 

Sol., IR 

Sol., IR, Chem. 
Sol., IR, Chem. 

Sol., IR 

53 
56, 58 
54 
55, 56 
53) 57 
53 
54 
54 
55 

53 
54 
55 
57 
53 
53 
53 
53 
59 
58 
56, 58 

57 

60, 61, 32 
62, 63, 64 

61 

(continued) 
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CYCLOPOLYMERIZATION. I 107 

T A B L E  1 (continued) 

Structure Evidencea Ref .  

R = H  
R = CH, 

R ,  = H; R, = CH, 
R ,  = H; R, = CZH, 
R ,  = H; R, = C,H, 
R ,  = R, = CH, 
R ,  = R, = C,H, 
R ,  = CH,; R, = C,H, 
R ,  = R, = C, H, 
R ,  = R, = $ . C H , h  
R ,  = R, = + c H z h  

R ,  = R, = CH, 
R ,  = R  = C , H ,  
R ,  = C k , ;  R, = C,H, 
R ,  = R, = - f C H , h  
r 1 

Sol., IR 
Sol., IR 

Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 
Sol. 
Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 

Sol., IR 
Sol., IR 
Sol., IR 
Sol., IR 

65 
66 

67 
67 
67 
67, 68 
67 
67, 69, 28 
68 
28 
28 

28 
28 
28 
28 

Sol., IR 30, 70 

(continued) 
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108 SOLOMON 

TABLE 1 (continued) 

Structure Evidencea Ref. 

R = CH, 

R = C,H, 
R = C,H, 

R = C H , ; X = B r  
R = C,H,; X = Br 
R = C,H,; X = B r  
R = C,H,; X = Br 
R = C,H,; X = C1 

R = CH, 
R = C , H ,  
R = C,H, 
R = C,H, 

Sol., IR 71  
Sol., IR 71  
Sol., JR May contain 

five- membered 
rings 30 

Sol., IR 
Sol., IR 

Sol., IR 
Sol., IR 

Sol., IR 

27 
27 
27 
27 
27 

Sol., IR 27 
Sol., IR 27 
Sol., IR 27 
Sol., IR 27 

Sol., IR 27 

%ol. = solubility; IR = infrared; NMR = nuclear magnetic resonance; 
Chem. = chemical. 
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C YCLOPOLYMERIZATION. I 109 

In a number of model 1,6-diene systems, cyclization of radicals 
of Type 4 has been demonstrated to give five-membered rings [ 72-75]. 
Some authors have expressed surprise [ 261 that the reactions should 
proceed via Radical 6. This is a direct result of placing too much 
emphasis on the stability of the final radical (see preceding footnote) 
o r  product at the expense of considering the likely transition states 
and the relative rates of the competing reactions. 

[ 76- 791 to proceed via the following transition states, but to conclude 
which of these states applies to cyclopolymerization is not possible at 
present . 

Radical addition to a carbon-carbon double bond has been suggested 

However, in any case, given that there is a preferred transition 
state, it is reasonable to expect different rates of cyclopolymerization 
leading to five- or six-membered rings. 

Where Radical 6 is formed more rapidly than Radical 7, formation 
of five-membered ring products is expected though their formation 
involves a primary radical. 

The situation could be complicated further by the formation of 
both five- and six-member rings, and by a change in ring size with 
reaction conditions, as evidenced by the studies of Smets [ 611 and 
Butler [ 441. 

T H E  R E S I D U A L  UNSATURATION 
I N  C Y C L O P O L Y M E R S  

The residual unsaturation, if  any, in cyclopolymers is important 
from the point of view of the propagation and termination reactions and 
the practical aspects of the properties of the polymer. 

the chain length is a measure of the relative rates of cyclization (Reaction 2) 
and propagation of the noncyclized radical (Reaction 1). As mentioned 
above, the concentration of the monomer has a bearing on the relative 
rates of these reactions and hence on the formation, either during 
polymerization or  subsequently, of a cross-linked structure. 

Knowledge of the number of residual double bonds in conjunction with 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



110 SOLOMON 

The location of the noncyclized units is important as they are 
possible chain transfer and chain terminating agents [ 601. 

From the practical viewpoint, polymers with a cross-linked or  
potentially cross-linked structure (i.e., those which contain some un- 
saturation) and those with a saturated linear structure would have 
vastly different applications and processing characteristics. 

The accurate measurement of residual unsaturation by chemical 
methods is difficult [ 801, and most results have been obtained by 
physical methods [ 34, 441 (Table 1). The inherent accuracy of these 
physical methods, however, is not good enough to give the information 
required. 

Overriding the problems of measurement of unsaturation is the 
difficulty of isolating the polymer, free from monomer, in a manner 
which does not destroy the unsaturated centers. For example, Butler 
[ 811 has shown that prolonged extraction of polydiallylammonium 
chlorides reduced the unsaturation from 7.5 to 5.5%. While Butler 
concluded that this w a s  evidence for monomer occlusion, the results 
support equally well the loss of unsaturation by oxidation or some other 
chemical transformation. 

SUMMARY 

1,GDienes have been shown to yield polymers which contain five, 
six, and a mixture of five- and six-membered rings ( in  different chains?). 
The polymers may contain noncyclized unsaturated units and be 
essentially linear, or the unsaturated centers may undergo further 
reaction to give cross-linked polymers. 

Much of the evidence for the polymer structures proposed is 
ambiguous, and further detailed studies are necessary to establish 
specific polymer structures conclusively. This is a complicated problem 
since one polymer chain may contain all possible structures, and it is 
likely that the chain ends could be different from the main structural 
units. For  example, it is feasible that the main chain repeat unit could 
be a five-membered ring and the terminal unit a six-membered ring o r  a 
noncyclized unit. 

The papers that follow in this symposium will attempt to answer some 
of the questions posed above with specific emphasis on diallylamine-type 
monomers. 

R E F E R E N C E S  

[ 11 P. J. Flory, Principles of Polymer Chemistry, Cornell Univ. Press, 
Ithaca, New York, 1953. 

[ 21 W. H. Stockmayer, J. Chem. Phys., 11, 45 (1943); - 12, 125 (1944). - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CYCLOPOLYMERIZATION. I 111 

[ 51 

I 

321 

W. H. Carothers, Trans. Faraday SOC., 32, 39 (1936). 
G. Christensen, Offic. Dig. Fed. SOC. Pazt Technol., - 36, 28 
(1964). 
E. G. Bobalek, E. R. Moore, S. S. Levy, and C. C. Lee, J. Appl. 
Polym. Sci., 8, 625 (1964). 
L. M. R. Crawford and D. A. Sutton, Chem. Ind., 1970, 1232. 
W. Simpson, T. Holt, and R. J. Zetie, J. Polym. Sci., - 10, 489 
(1953). 
W. Simpson and T. Holt, - -  Ibid., 18, 335 (1955). 
T. Holt and W. Simpson, Proc. Roy. S O ~ . ,  -- A, 238, 154 (1956). 
G. B. Butler and F. L. Ingley, J. Amer. Chem. S O ~ . ,  - 73, 895 
(1951). 
G. B. Butler and R. J. Angelo, Ibid., 79, 3128 (1957). 
Y. Negi, S. Harada and 0. Ishizaka, JTPolym. Sci., - A5, 1951 
(1967). 
L. E. Ball and H. J. Harwood, Abstracts, 139th Meeting of the 
American Chemical Society, S p  
v s t r . ,  22, 1404 (1961-62). 
B. Reichel, C. S. Marvel, and R . 3 .  Greenley, J. Polym. Sci., 
- Al, 2935 (1963). 
R. Dowbenko and W. Chang, -9 Ibid 3 2, 469 (1964). 
J. P. Kennedy and J. A. Hinlicky, Polymer, 6, 133 (1965). 
G. B. Butler, f'Cyclopolymerization,ft in Encyclopedia of Polymer 
Science and Technology, Vol. 4 (H. F. Mark, N. G. Gaylord, and 
N. M. Bikales, eds.), Wiley-Interscience, New York, 1966, 
p. 568. 
G. C. Corfield, Chem. Rev., 1( 4), 523 (1972). 
C. L. McCormick and G. B. Eutler, J. Macromol. Sci.-Revs. 
Macromol. Chem., C8( 2), 201 (1972). 
S. G. Matsoyan, RUST Chem. Rev., 35( l), 32 (1966). 
G. B. Butler, J. Polym. Sci., 48, 27-1960). 
G. S. Kolesnikov and S. L. Davydova, Russ. Chem. Rev. (Eng. ), 
- 29, 679 (1960). 
W. E. Gibbs and J. M. Barton, in Vinyl Polymerization, Vol. 1, 
Part 1 (G. E. Ham, ed.), Dekker, New York, 1967. 
W. H. Schuller. J. A. Price. S. T. Moore. and W. M. Thomas, 
J. Chem. Eng. Data, 4( 3), 273 (1959). 
H. L. Panzick and J . B .  Mulvaney, J. Polym. Sci., lo, 3 
G. B. Butler, D. L. Skinner, W. C. Bond and C. L. Roge 
Macromol. ScL-Chem., A4, 1437 (1970). 
-B.tandkmStackman, Ibid., A3, 821 (1969). 
G. B. Butler and B. Iachia, -- Ibid., A3,14K( 1969). 
K. D. Berlin and G. B. Butler, J. Amer. Chem. S O ~ . ,  82 
(1960). 
G. B. Butler, A. Crawshaw, and W. L. Miller, - -  Ibid., 80, 
(1958). 
A. Crawshaw and G. B. Butler, - -  Ibid., 80, 5464 (1958). 

' 

469 (1 
rs,J, 

, 2712 
3615 

972). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



112 SOLOMON 

[ 331 A. Crawshaw and A. G. Jones, J. Macromol. Sci.-Chem., - A6, 65 
(1972). 

[ 341 R. J. Cotter and M. Matzner, Ring Forming Polymerizations, 
Academic, New York, Vol. 13A, p. 32, 1969 ; Vol. 13B, p. 291 
1972. 

[35] G. B. Butler, Peninsular Chemresearch Inc., U.S. Patent 3,288,770 
(1966). 

[ 361 Peninsular Chemresearch Inc., British Patent 1,037,028, (1966); 
via  Chem. Abstr., 65, 15611, (1966). 

37 A. Crawshaw and A.G. Jones, Chem. Ind. (London), - 1966, 2031. 
38 V. G. Ostroverkhov, L. A. Brunovskaya, and A. A. Kornienko, 

Vysokomol. Soedin., S, 925, ( 1964). 
[ 391 S. G. Matsoyan, G. M. Pogosyan, A. 0. Dzhagalyan, and A. V. 

Mushegyan,@ ,?, 854, ( 1963). 
[ 401 K. Uno, K. Tsuruoka, and Y. Iwakura, J. Polym. Sci., - -  A- 1, 6, 85 

(1968). 
[ 411 G. B. Butler, R. J. Angelo, and A. A. Crawshaw, Penninsular 

Chemresearch Inc., U.S. Patent 2,926,161 (1960). 
[ 421 Penninsular Chemresearch Inc., British Patent 905,831 ( 1962); 

via  Chem. Abstr., 58, 4662 (1963). 
[ 431 T. A. Sokolova a n d z .  D. Rudkovshaya, J. Polym. Sci., C, 16, 

1157. f19671. 

[ I  

[ 441 G. B: Butler and G. R. Myers, J. Macromol. Sci.-Chem., - A5 
135. (1971). 

451 F. Gotzen ibd  G. Schroder, Makromol. Chem., 88, 133 (1965). 
461 T. A. Arbuzova and E. N. Rostovskii, J. P o l y m x c i . ,  - 52, 325 

Ibid., 52, 189 (1961). 
Saakyan, Vysokomol. Soedin, - 3, 1317 

(1961). 
S. G. Matsoyan and L. M. Akopyan, Ibid 5, 1329 (1963). [ 501 S. G. Matsoyan, G. M. Pogosyan andTk-Saakyan ,  
Karbotsepnye Vysokomol. Soedin. (Suppl. Issue), 1963, 3. 

[ 511 S. G. Matsoyan and L. M. Akopyan, Chem. Abstr., 59, 11367 
(1963). 

49 

~- 
[ 521 C. S. Marvel and J. K. Stille, J. Amer. Chem. SOC., - 80, 1740 

(1958). 
[ 531 S. G. Matsoyan, G. M. Pogosyan, R. K. Skripnikova, and L. L. 

Nikogosyan, Izv. Akad. Nauk Arm. SSR, Khim. Nauki, - 15( 5), 
541 (1962); via Chem. Abstr., 59, 7655h (1963). 

[ 541 S. G. Matsoyan, G. M. PogosyK, R. K. Skripnikova, and A. V. 
Mushegyan, Vysokomol. Soedin., 5, 183, (1963). 

[ 551 C. S. Marvel- A h e r .  Chem. SOC., 79, 5771 

J. Polym. Sci., 41, 295 (1959). 
G. M. Pogosy& and R. K. Skiripnikova, 

Vysokomol. Soedin., - 4, 1142 ( 1962). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



C YC LOPOLYMERIZATION. I 113 

C. S. Marvel and R. D. Vest, J. Amer. Chem. SOC., - 81, 984 
(1959). 
C. S. Marvel and E. G. Gall, J. Org. Chem., - 25, 1784 (1960). 
J. F. Jones, J. Polym. Sci., 3- 
J. Mercier  and G. Smets. Ibid.. A l .  1491 (1963). 

*---I 

W. L. Miller, W. S. Brey, Jr., and G. B. Butler, -- Ibid., 54, 329 
(1961). 
J. C. H. Hwa, Ibid., 60, S12 (1962). 
G. Smets, P. HOU8, &d W. Deval, -- Ibid., A2, 4825 (1964). 
J. F. Jones,  Ibid., 33, 7 (1958). 
W. Dewinter= CTS. Marvel, Ibid., A2, 5123 (1964). 
L. E. Guselnikova, K. S. N a m e t E L x  Polak, and T. I. 
Chernyskera, Vysokomol. Soedin., - 6, 2006 ( 1964); v ia  Chem. 

G. B. Butler and R. W. Stackman, J. Org. Chem., - 25, 1643 
(1960). 
V. Ya. Bozomol'nye, Vysokomol. Soedin., - 1, 1469 (1959); via  
Chem. Abstr., 54, 14753 (1960). 
K. I. Beynon, JTPolym. Sci., A l ,  3357 (1963). 
K. D. Berlin and G. B. B u t l e r 7  Org. Chem., 25, 2006 (1960). 
N. 0. Brace, J. Amer. Chem. Soc.,19T4). 
N. 0. Brace, J. Org. Chem., 31, 287T( 1966); 32, 2711 (1967). 
N. 0. Brace, J. Polym. S c i . , T l ,  - -  8, 2091 (1970). 
J. I. G. Cadogan, M. Grunbaum, D. H. Hey, A. S. H. Ong, and 
J. T. Sharp, Chem. Ind., 1968, 422. 
B. Capon, and C. W. Rees,  Ann. Rept., 61, 221 (1964). 
H. G. Richey and A. M. Rothman, Tetr&-edron Lett., 1968, 
1457. 
D. L. Struble, A. L. J. Beckwith, and G. E. Gream, -- Ibid., 1968, 
3701. 
A. L. J. Beckwith, Chem. SOC. Spec. Publ., 1970(24), 239. 
B. M. Brauer  and E. Horowitz, Analytical Chemistry of Polymers,  
Part III (G. M. Kline, ed.,), Wiley-Interscience, New York, 1962, 
p. 86. 
G. B. Butler and T. W. Brooks, J. Macromol. Chem., - 1, 231 
(1966). 

Abstr., 62, 6560 (196 5). - -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


