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IOn the Epimeriration of endo-Dicyclopentadiene 
i j  u ri n g Terpo I ymer izat i on with Ethylene 
and Propylene 

S. CESCA, G. BERTOLIPU-I, G. SXKTI, and A. ROGGERO 

SNAV PROGETTE Polymer Laborator ies  
San Donato Milanese, 20097, Italy 

-4 B S T R A C T 

The  isomerization of endo-DC? (I! to exo-DCP (?I) durlnng 
rhe synthesis of EPDM with several  Ziegler-Natta 
catalysts has  been investigated by means of IR spectroscopy 
and by reference to  EPDM containing different levels  of 
t rue s o - D C P .  The I - IT epimerization was absent for all 
the catalysts examined. Only -@.th the sys t ems  VC1, - 
Et2.41C1 was a t r ace  of isomerization observed, and then 
only at the l imit  of sensitivity of the analytical method. No 
isomerization was detected via gas-chromatographic 
analysis in monomeric DCP recovered from the polymer- 
ization mixture. Ziegler-Natta catalysts having acidic 
character  can homopolymerize I? but epimerization was 
observed only ~ t h  the system VOC1,-Et,A12C1,. The 
resul ts  obcained have been interpreted in t e r m s  of a 
terpolymerization mechanism having a prevalent 
coordinaied character .  The  polyfunctionality of Zieglex,- 
Natta catalysts i s  sometimes responsible of the secondxry 
isomerization process .  
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I N T R O D U C T I O N  

CESCX ET AL. 

Some years  ago De Kock and Veermans [ I] reported that dur- 
ing the synthesis of EPDM ( ethylene-propylene-uconjugated diene 
terpolymers) containing dicyclopentadiene [ tricyclo-( 5.2.1.0' " )- 
deca- 1,g-diene: DCP] , the endo configuration ( I )  of the third 
monomer in the EPDM chains would transform into the exo 
structure (TI): 

Although the termonomer used has the endo structure exclusively 
(derived preferably, in view of the s ter ic  control, from the Diels- 
Alder dimerization of cyclopentadiene, according to the c i s  addition 
rule [ 21 of Alder), the epimerization of the bridgehead carbon atoms 
in position $ 5  o r  6,a could not be excluded 3 priori during the 
terpolymerization process. In fact, electrophilic agents were found 
able to convert I into 9,lO-derivatives of exo-DCP according to a 
cationic mechanism [ 3,  281: 

which may describe the Wagner-Yeenvein rearrangement { 41. 

analyses carr ied out on EPDM prepared with I and by making 
reference to some model compounds derived from the endo and 
exo series.  However, the range of the IR spectrum e-xamined was 
quite restricted, from 13.0 to 15.0 u,  3nd some complications, due 
to the absorption of the methylenic sequences present in ETDM, 
were not taken into account. 

Recently we had the opportunity to e n n i n e  the IR spectra of 
EPDM containing true rI [ 51, and by comparing them with the 
s p e c t n  of EPDM based on I, we have reached the conclusion that. 

The De Kock' s conclusion ( 11 m s  reached on the basis of IR 
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E FIMZRIZATTOX OF EI.iDO-DICYCLOPEXTADIEhT 477 

generally, no I -IT isomerization takes  place. In this paper we report  
the evidence supporting our  conclusion. 

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

a t  e r i a 1 s 

endo-DCP ( Fluka) was purified by distillation under vacuum: 
V P C  purity was higher than 99.55, the main impurity being 1,2- 
dinydrodic yclopentadiene. 

exo-DCP was prepared according to Ref. 6: the s t e r i c  purity 
was 96%, the remainder  being the endo isomer.  

9,lO-Dihydro-endo-DCP and 9,lO-dihydro-exo-DCP were ob- 
tained according to  Ref. 7. After distillation the products were 
99.5% pure (VPC). 

(toluene, n-heprane, tetrachloroethylene, CC1, , CHCl,, CS, ) 
were purified as previously reported [ 81 and s tored under d r y  
nitrogen. 

ALkyls), VCl,, VOCl, ( S t a f f e r ) ,  TiC1, (C. E rba j ,  VO(0-n-C,H, j 3 ,  
and VOC1( OSt), (Dynami: Xobel) were pure grade reagent and 
used without a preliminary treatment.  

VAcac, (Acac = acetylacetonate) was prepared according to 
Ref. 9. 

Ethylene and propylene were Phillips products ( polymerization 
grade) and were passed through an  A M 3  solution before use. 

The solvents for  the polymerization experiments and analyses 

Et,AlCl, Et2X12C1,, EMLCL,, A l ( i -C4Hg)3 ,  Al(n-C,H,  7 ) 3  {Texas  

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

The apparatus and the procedure adopted to synthetine EPDM 
were reported elsewhere [ 101. The catalyst  was prepared in s i tu  
and the third monomer added to the feed, in part  (50%) a.t the begin- 
ning of the operation and the remainder  as inrermittent xdditions 
t every minute) during the terpolymerization. 

Attempts to  isomerize endo-DCP in the presence of cationic 
o r  Ziegler-Natta catalysts were ca r r i ed  out in three-necked flasks,  
equipped with a magnetic s t i r r e r ,  heated under d r y  nitrogen, and 
placed in a thermostatic bath. The reagents  were added by means 
of glass syringes in the following order :  solvent, monomer, 
catalyst. The  end of the reaction was obtained by adding an excess  
of methanol containing XH3. Samples of the mixture of the 
reactants  were withdrawn and subjected to VPC analysis for 
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478 CESCA E T  XL. 

testing the isomerization reactions. Polp-DCP was purified through 
dissolution in CHC1, and precipitation from merhanol. 

X n a l y s  e s 

Some analyses of the EPDV’s  produced ( intr insic  viscosity, 
a-oleiine content, crystallinity) were car r ied  out as previously re- 
ported [ l o ] .  The unsaturations were determined by absorption of 
IC1 (BDH), according to Ref. 11). In some cases  they were con- 
firmed by XMR analysis,  measuring the a r e a s  of signals at 5.50 
ppm (oleiinic protons of cyclopentene ring),  1.2 pprn (methylenic 
and methynic protons),  and 0.8 ppm ( methylic protons), re fe r red  to 
HMDS. 

The IR spec t ra  were performed on a Perkin-Elmer spectrophotometer 
(Model 225), using films obtained by evaporation of CS, solutions of EPDhf. 
DCP homopolymers were examined by means of both KBr disk and solution 
( CCl, ) technique. The optical densities at 12.7, 13.3, 13.3, and 14.3 g were 
read with respect to a base line drawn, respectively, between 12.3 and 
13.0 f i ,  13.4 and 13.7 p, 12.9 and 13.1 y ,  and 14.2 and 14.9 y. 

pure liquids. 

( F a c t o v a p  Model GT)  having a ionizing flame detector and a 
Carbowax 20 >VI column. Conditions: column 3 m, diameter 1 X 2 
mm, Tcol = 9O’C, Tevaa = l S C ,  c a r r i e r  N2. Under these 
conditions, 0.2% of exo-DCP, in the presence of endo-DCP, can be 
detected. 

(Model K4- 100) from CC1, o r  CDC1, solutions of :he polymers. 

The model compounds were examined with tR spectroscopy as 

VPC analyses were car r ied  out with a C.Erba instrument 

NMR measurements were car r ied  out vith a Varian spectrometer  

R E S U L T S  A N D  D I S C U S S I O N  

S p e c t r o s c o p i c  O b s e r v a t i o n s  

Figures 1 and 2 show the IR spec t ra  of two EPDM’ s containing, 
respectively, I and lT and having the same content of third monomer 
( 13 T&). In order  to facilitate the examination of Figs. 1 and 2, Te 
report  in Figs. 3 and 4 the s iguficant  p a r t  of the IR spectra  of 9,lO- 
dihydro-endo-DCP and 9,lO-dihydro-exo-DCP which simulate the 
s t ructures  o i  I and n when they are inserted in the EPDM chains. 

cussed, with other data, in the following paragraphs. 
For the sake of clarify, the spectra  herein reported will be dis- 
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FIG, 3. Significant par t  of the IR spectrum of 9.10-dihydro-endo-DCP. 

T h e r e  a r e  two bands, at about 13.5 and 14.5 F ,  which a r e  present 
both in the endo and exo series of DCP derivatives. Both were 
attributed [ 121 to the out-of-plane deformation of a H of a c i s  double 
bond. However, their  intensities a r e  opposite, i.e., compounds in  the 
endo series have the s t ronger  absorption at  about 1 3 . 5  
weaker one at about 14.5 F ,  whereas compounds in the exo series 
have the s t ronger  absorption a t  about 1 4 . 5  p and the weaker one at  
about 13.5 u.  The  same  re su l t s  were found by De Kock [ 11 on 
investigating several  model compounds. From those IR spectra  
and f rom Fig. 4 it is possible to  calculate approximately the n t i o  
of the optical densities a t  13.5 and 14.5 1 for  the exo series as R = 
D14. ./D, z. = 1.0-2.1 (in one case R = 8.5). On the other hand, for 
the endo s e r i e s  R = 0.33-0.49 (cf.  Ref. 1 and Fig. 3). 

and the 

In the case of our terpolymer containing 11, it is possible to 
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FIG. 4. Significmt pa r t  of the IR spectrum of 9,lO-dihydro-exo-DCP. 

evaluate (Fig 2) R = 1.3, which is in agreement with the model com- 
pounds results. 

There a r e  a lso  two bazds at 6.19 and 6.23 (attributed [ 11 to 
the stretching of the cis doubie bond present in the cgclooentece 
ring) which a r e  characterisric, respectively, of the exo and endo 
series. However, their intensities a r e  rather weak and useless fo r  
our purposes. 

their IR spectra shoyp a strong absorption at  724 cm -' ( 13.93 ,u) 
to be ascribed [ 131 to the rocking notion of the rnerhylenic 
sequencies ( - (  CH, In-, where n > 5 [ 141 ). 

When the ethylene content of EPDM' s is higher than 50 s o l e  3, 

In the case of EPDM based on I the stronger band at  13.9 y 
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]partially overlaps the band a t  about 13.5 u. However, the absorption 
:it 13 .5  1 is srill evident through the presence of a shoulder, but i t  
is impossible to  calculate, even in an  approsimate way, the intensity 
of the band at 13.5 p,  

A similar situation occurs  in the spec t r a  reported by De Kock, 
but the complication a r i s ing  with respect  t o  the model Compounds 
spectra  was not discussed [ 11. This  is an important point; in 
fact, De Kock concludes that t he re  is a I - IT i somerba t ion  during 
the terpolymerization since only the band a t  14.5 p is clear ly  
evident in his spectra ,  assuming ( i n  contrast  with the experimental  
eridencies shown by the model compounds) that the absorpt:ion at 
14.5 I-L is exclusively character is t ic  of the exo-compounds. 

It is worth noting the s imilar i ty  of our  Fig. 1 with the spec t r a  
previously reported [ 11. This  s imilar i ty  can be described on a 
quanfitative basis by the rat io  R' = D14. 5 / D 1 3 v 9 .  In fact, from 
Fig. 1 R' = 0.32 is obtained and R' = 0.33 can be calculated from 
lief. 1. The  discrepancy may be attr ibuted to differences in the 
composition of the EPDM' s investigated (unfortunately, De Kock 
did not report  the composition of the polymer studied). 

In o rde r  to confirm this preliminary conclusion, we have 
examined two series of EPDM' s having the s a m e  composition 
m d  containing I o r  I1 in different amounts. The  resul ts  are re- 
ported in  Table 1: and it  is possible to  deduce therefrom that the 
rat io  R '  is useful t o  distinguish between EPDM's  containing I' o r  
11. In fact, in the case of TI the value of R' is about 5 t imes higher 
than the value of R '  calculated for EPDM based on I (Fig. 5). 
Obviously the comparison has  to be made between EPDM's  having 
s imi l a r  composition since the bands used ( 13.9 and 14.5 1) are 
related to  ethylene and third monomer contents. However, when 
the amount of DCP is higher than 5 wt% and the content of ethylene 
is not rigorously constant, R' > 0.5 for  EPDM containing II and 
El' < 0.3 in the case of I. 

The comparison of Fig. 1 with Fig. 2 shows that the band at 
1.2.76 p ( 7 8 4  cm -' ) i s  character is t ic  of the exo ser ies .  In fact i t  
is always present in the IR spec t r a  of the model compound of II 
(Fig. 4 )  and also of pure II [ 61. Furthermore,  it was observed [ 151 
i n  a low MU' homopolymer of ll. Up t o  now, i t s  origin is unllinom. 

i n  the IR spectra  of EPDhl based on I, of pure I, and other derivatives 
o f  I ( Fig. 3). 

There fo re  this band c2n be utilized to detect the presence of II 
i n  the EPDM chains. In fact (Table  21, by employing as third monomer 
mixtures of I and I1 having different contents of s t e r eo i somcrs ,  it is 
possible to observe the absorption at 12.7 c in the corresponding 
E: PDM. 

On the contrary,  the absorption at  12.7 p i s  practically absent 
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a 
TABLE 1. Spectroscopic Properties of ZPDM Containing endo 
o r  exo-DCP 

1 endo-DCP 3.3 0.086 0. 

3 endo-DCP 6.9 0.20 0 

4 exo-DCP 6. a 1.08 0.17 

5 endo-DCP 13.0 0.35 0 

2 exo-DCP 3.7 0.36 0,08 

6 exo-DCP 13.0 1.20 0.24 

%repared by using the catalyst  VAcac,-diXtl C1 at 0°C. 
bAverage content of ethyiene, 50 *nt% 

FIG. 5. Relationship between Dl+. , /D, 3. znd the DCP 
content of EPDM containing endo or exo-DCP. 
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0 5 10 .*X0' O C P < w t X )  

FIG. 6. Dependence of the ratio D12. ?/Dl,. , on the content of 
exo-DCP present in EPDM. 

The minimum level of TI decectable in EPDhI through the intensity 
of the absorption a t  12.7 
i l lust ra tes  the dependence of the ratio D,?.  -/Dl,. on the content of 
II in different samples of EPDM. This  minimum level i3 l e s s  than 2 
wt8 and corresponds,  in the series of samples reported in Table 2, 
to about 10% of I1 with respect to the o v e n l l  content of DCP. 

When the content of ethylene is nearly constant in different 
samples  of EPDM having different amounts of rf, the ratio D1 4. /D, ,. 
is roughly proportional (Table  2)  to the content of II in the feed. 
However, the ratio DL2. ?/D1,. 
ethylene and is more regularly proportional to the low concentrations 
of II in the feed. 

has been evaluated from Fig. 6 which 

does not depend on the content of 

The use of N X R  measurements vas found v e r y  useful in determin- 
ing endo or  exo configuration, both in low molecular weight products 
[ 61 a d  in polymers [ i3]. 

Relatively high concentrations of the epimeric forms a r e  un- 
fortunately reqmred to obtain c lear  XvIR specrra,  and this is not the 
case  for low amounts of third monomer present in EPCbX. Our 
attempts, car r ied  out on EPDM containing l e s s  than 8 a% of II, 
were unsuccessful. 
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T e r p o l y m e r i z a t i o n  E s p e r i m e n t s  

Our resul ts .  reported in the previous section. were obtained from 
EPDM ' s prepared with the catalyst system VAcac,-AlEt, (31. Un- 
fortunately the re  is no indication in the paper of De Kock [ 13 about 
the preparatioa of the EPDM investigated except that Ziegler 
catalyst  are cited incidentally for  polymerization reactions of this 
type. Therefore  we nad to  examine the most typical catalyst 
sys t ems  utilized in the synthesis of ethylene-propplene rubbers  
[ 16, 171 in o rde r  to  check the existence of the 1-11 rearrangement  
during the terpolymerization process. 

Table 3 conrains the catalysts utilized to  synthetize EPI)?rI by 
employing I. Figure 7 shoms the significant par t  of the IR spectra  
recorded from the terpoiymers  obtained which, generally, contain 
more than 10 wt% of DCP. According to  Fig. 7 there  is, generally, 
no evidence of absorption at 12.7 p due to IL Only the sample pre- 
pared with the catalyst VC1 -AlEt,Cl shows a very weak band at 
12.7 p whose intensity, on the bas i s  of Fig. 6, could indicate the 
presence of 1 -2  wts of exo-DCP in the sample. However, apart  
some differences between the spec t r a  of Fig. 7 ,  which can be 
zttributed to the different composition of the EPDM' s investigated 
(owing to the fact that we adopt a constant ethylene/propylene 
molar  ra t io  in the feed),  the spec t r a  of Fig. 7 a r e  s i m i l a r  t o  the 
one of Fig. 1 and quite different from the one of Fig. 2. 

T e r p o l y m e r i z a t i o n  M e c h a n i s m  

Despite the enormous amount of work on the Ziegler-Natta 
catalyst  systems,  there  is not, up to  now, a unique view coricerning 
the mechanism of this peculiar polymerization. Several  authors 
consider the mechanism to be anionic-coordinate [ 181 in particular 
when i t  is r e fe r r ed  to ethylene-propylene copolymerization [ 171. 
Apart from some important details  concerning the single si:eps of the 
mechanism, the more recent  views favor monometallic actwe sites 
on the transit ion metal  atom, activated by the organometallic 
component [ 191. According to  these studies [ 201 it is neceissary t o  
distinguish between "isospecific," "syndiospecific," and "a:jpecific" 
mechanisms in the homopolymerization of a-olefins, and it is not 
correct  to speak of them in t e r m s  of conventional mechanisms 
(ionic o r  radicall ike),  even though, in the past, a number 0 1  results 
q e r e  interpreted in t e r m s  of anionic-coordinate mechanism [ 211. 

In the field of the ethylene-propylene copolymerization few 
contributions have so  far been published concerning mechanistic 
aspects  of the process.  af ter  the foundamexal  work of Carr ick [22] ,  
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FIG. 7 .  Sigr-iiicant pa r t  of the IR spectra  of EPDM prepared with 
different catalysts i the numbers r e fe r  to the  samples  of Table 3) .  
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Yatta [ 231,  and Zambe1.U [ 2 0 ] .  Very recently it has been shown that 
Ziegler-Narta systems used in the ethylene-propylene copolymerization, 
sometimes, contain more than one tjlpe of active centers and the 
determination of the reactivit.] n t i o s  requires particular caution [ 2 31. 
This means that much vork  is necessary before a conclusive mechanistic 
picture can be arr ived a t t  even though the values of the reactivity ratios 
obtained for several  catalyst systems were found to be in agreement with 
an anionic mechanism [ 261. X more detailed discussion on the mecnan- 
istic aspects of EPDM synthesis will be published elsewhere [ 311. 

However, apart  the problems under discussion, an explanation of the 
action of Ziegler-Natta catalysts v i a  a cationic mechanism was proposed 
occasionally and sometimes limited to a single step of the complex 
mechanism [ 241,  thus it does not find persuasive support in the ex- 
perimental material  so f u  collected. A s  a matter of fact, none of the 
more recent reviewers of the subject has proposed a cationic mechanism 
providing the action of the Ziegler-Natta catalyst [ 19a, 301. 

This picture is not consistent with the view of De Kock (11 who in- 
vocked a n  overall cationic terpolymerization mechanism to explain 
the supposed endo-DCP - exo-DCP isomerization through a Wagner- 
Meerwein rearrangement. 

It seems more reasonable, in agreement with the experimental 
evidence, to attribute the fundamental process of terpolymerization 
to a coordinate mechanism, whereas some occasional epimeriza- 
tion, involving the molecule of DCP, should be ascribed to the particular 
heterogeneity o r  polyfunctionality of some Ziegler-Natta Catalysts 
which c m ,  sometimes, promote cationic processes when the monomers 
Lrivolved a r e  suitable [ 291. Undoubtly this is  the case of the I -11 
isomerization via a Wagner-Meerwein rearrangement, but the degree 
of acidity of the catalyst i s  decisive in inducing the cited isomeriza- 
tion [ 151. 

we have tested the possibility of using acidic (in the sense of Lewis) 
catalysts in the terpolymerization process. 

Table 3 shows, in addition to some of the most typical ZiegLer- 
Natta catalysts, some particularly acidic systems since both the 
transition metal compound and the orgnometal l ic  component a r e  good 
Lewis acid ( s e e  Samples 3 and 5 of Table 3). 

Also in these experiments no isomerization was observed; therefore 
the data of Table 3 show that the presence of isomerized DCP in EPDM 
i s  a scarcely probable event which. however, h a s  little extension 
when strung acidic Zie$er-?Jatta systems a re  employed. 

mechanism of DCP, we examined the structure of monomeric DCP 
recovered from the reaction mixture containing both cationic 
initiators and Ziegier-Natta catalysts. The aim of these experi- 
ments was to check the preliminary epimerization of I to I1 before 
entering the polymerization reactions. The results (Table -1) indicate 

In order  to confirm this conclusion and our above-mentioned results, 

In order to collect further informations on the terpolymerization 
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that this fact does not take place under the typical and mild conditions 
of the EPDM synthesis: therefore,  the eventual isomerization oi I 
should be a simultaneous reaction with the polymerization process. 

homopolymerize L The yields increase vhen the overall  acidity of 
the sys tems increases  and, generally, :he isomerization I - II is ob- 
served under the conditioxis adopted. These results agree  wi th  the 
character is t ics  oi a cationic homopolymerization of DCP [ 321 and 
also with some preliminary data reported in the l i terature.  

In fact, recently the homopolymerization of I via the norbornene 
double bond opening was inves t ip ted  [ 151 by using cationic initiators. 
Low MW polymers containmg the monomeric units rearranged in the 
exo conf ipra t ion  v e r e  obtained when a strong cationic initiator 
(BF,.OEt, ) was used. X mild lnitiator such as PdCl,( PhCN)? was 
active only at elevated temperatures  ( 170' C), and the result ing 
polymer contained the repeat units in the endo configuration. 

pentadiene, induced by Ziegler-Natta catalyst, was carefully in- 
vestigated. The more relevant resul ts  of this  study were the com- 
plexity of the recur r ing  units and the drasticity of the conditions 
adopted to induce the polymerization reaction. Furthermore,  the 
I - I1 isomerization was not observed when Ziegler-Yacta catalyst  
of the type TiCl,-Al(i-C,H,),  o r  VCl,-XlEt, was used. Only the 
cationic initiator TiC1, ( i.e. , without or!ganometallic cocatalystl is 
able to give a low yield of homopolymer having both endo and exo 
forms; however, TiC1, is a weak catalyst, as we coniirmed in a 
previous paper [ 271. 

Furthermore,  only the more acidic catalysts of Table 4 a r e  able to 

In another recent paper [ 121 the homopolymerization of dicyclo- 

C O N C L U S I O N S  

Several  evidences have been collected against a generalized 
isomerization of endo-DCP to exo-DCP during the terpolymeriza- 
tion of ethylene, propylene, and endo-DCP. 

1) The presence of exo-DCP in EPDM can be ascertained by 
using the absorption band at 12.76 ,K. The minimum level of exo-DCP 
detectable by IR spectroscopy is between 1 and 2 wt%. 

rough evaluation of the exo-DCP content in EPDM, in particular a t  a 
low level o i  diene, owing to the perturbing effect of the band a t  13.9 .u 
on the former  band. 

3)  EPDM's containing endo-DCP show values of the rat io  
D,, /D, 3. 
provided the composition of terpolymers is nearly the same. 

2) The absorption bands near  13.5 and 14.5 9 can give only a 

about 5 t i n e s  lower than EPDM' s containing exo-DCP, 

4) Vnder typical terpolymerization conditions, also car r ied  out 
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vitn Ziegler-Natta catalysts having acidic character ,  the endo-exo 
isomerization of DCP has been detected in the result ing EPDhl' s 
'mly €or  the system VC14 -E:?AlCI. However, the e.xtent of the 
,epimerization reaction is very low, near  t o  the sensitivity l imit  of 
,:he analytical method 

'nornopolymer via norborne double bond opening: the endo-exo isomeriza- 
\:ion was usually observed with the systems able to  homopolymerize endo- 
.DCP under the conditions adopted. 

6 )  Endo-DCP, unreacted under cationic o r  coordinated cmditions,  shows 
an  unchanged s t ructure  when examined at the end of the rea.ctior. period, 

7 )  The resul ts  reported in this paper a r e  consistent with seve ra l  data 
(of the l i terature  which attr ibute to  the EPDM synthesis a m e c h z i s m  having 
:L prevalent coordinated character.  Under particular condittons, Ziegler- 
Satta catalysts having enhanced elecrrophilic cha rac t e r  may originate 
: jecondan reactions. Among them, the epimerization of DCP via a Wagner- 
Meerwein rearrangement  can take place to a very limited extent in the 
presence of ethylene and propylene. 

5 )  Only acidic Ziegler-Natta catalysts convert endo-DCP to solid 
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