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Abstract 
Second-order rate constants were calculated 

for the Diels-Alder reaction of hexaehlorocyclo- 
pentadiene and hexabromoeyclopentadiene with 
various unsaturated fat ty esters and a model 
alkene. Diene concentrations during reaction 
were determined by measurement of ultraviolet 
absorption at 322 m~ (hexachlorodiene) or 346 
m~ (hexabromodiene). Steric factors in the 
specific perhalodiene used and, particularly, the 
structure of the olefins were shown to have 
pronounced effects on the rate of reaction of these 
highly substituted dienes. 

Introduction 

I N THE COURSE OF WORK o n  the preparation of flame- 
resistant urethane polymers from halogenated castor 

oil derivatives (4), including adducts of castor oil 
with hexachlorocyclopentadiene, it became necessary 
to determine optimum conditions for preparation of 
these adducts. Therefore the rates of reaction of 
hexachloro- and hexabromocyelopentadiene with castor 
oil and other long-chain olefins were determined. The 
effects of structural changes and temperature on these 
reaction rates were investigated. 

As illustrated in Equation 1, the reaction of hexa- 
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chlorocyelopentadiene with olefins is a Diels-Alder 
type condensation. In the case of castor oil, reaction 
takes place at the 9,10-double bond of ricinoleic acid. 
Reactions of this type with fatty acid derivatives have 
been described by Fields (3) and others (1,6). 

Materials 
Materials used, as received from commercial sup- 

pliers, were castor oil (AA grade, Baker Castor Oil 
Company), hexachlorocyclopentadiene (C-56, Hooker 
Chemical Corporation or PCL, Velsieol Chemical 
Corp.), epoxidized soybean oil (Epoxygen, Type 90, 
General Mills Inc.), 1-octadeeene and methyl elaidate 
(K & K Laboratories, Inc.), and methyl 10-undeeenoate 
(Eastman Organic Chemicals). 

Hexabromocyclopentadiene was prepared by re- 
acting eyclopentadiene with potassium hypobromite 
(7). The product was a yellow crystalline compound 
melting at 86C. 

Methyl oleate ( >  99% purity) was purified by 
chromatography in methanol solution on a silver- 
saturated ion exchange resin (2). 

Methyl ricinoleate ( >  95% purity) was prepared 
by two successive distillations under reduced pressure 
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FIO. 1. UV absorption spectrum of hexachlorocyclopenta- 
diene: 0.0374 moles/liter in tetrahydrofuran, 0.01099-cm cell- 
path length. 

of the mixed methyl esters which were obtained by 
alcoholysis of castor oil (8). 

Methyl ricinelaidate ( >  95% trans-isomer) was ob- 
tained by recrystallization of the product from iso- 
merization of methyl ricinoleate (5). 

Experimental Procedures 
M e a s u r e m e n t  o f  D i e n e  Concentrat ions  

Diene concentrations were determined by measuring 
UV absorption of reaction mixtures. Hexachloro- and 
hexabromoeyclopentadiene have absorption maxima at 
322 and 347 m~ respectively, with extinction coeffi- 
cients as indicated in Figures 1 and 2. Sample con- 
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FIO. 2. U V  absorp t ion  spec t rum of  hexabromocyclopenta-  
d lene:  0.0288 moles / l i t e r  in  t e t r a h y d r o f u r a n ,  0.01099-em cell- 
p a t h  length .  
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centrations of about 0.2 g in 10 ml of t e t r ahydro fu ran  
were used in a 0.01-em quartz cell. 

Mixtures of a diene with an olefin often darkened 
when heated and developed an increasing background 
UV absorption. To correct for  this background ab- 
sorption, a tangent  base line was used as shown in 
Figures  1 and 2. 

D e t e r m i n a t i o n  o f  R e a c t i o n  R a t e s  

Fields (3) determined reaction rates by periodically 
measuring olefin concentrations by  absorption of 
bromine at 0C. In  this work, reaction rates were 
calculated f rom diene concentrations, which were mea- 
sured as described above. 

Equimolar  mixtures of diene and olefin were heated 
without solvent under  ni trogen in small vials in a 
circulating air oven. Vials were removed at regular  
intervals and cooled prior  to analysis of the contents. 
In  some cases 10% epoxidized soybean oil was added 
as a stabilizer to reduce the development of dark  
colors and background UV absorption. The presence 
of this stabilizer had no significant effect on reaction- 
rate constants. 

Rate constants were obtained f rom second-order rate 
plots as i l lustrated in F igure  3. These data are f rom 
the reaction of castor oil with hexachlorocyclopenta- 
diene at 150C. The diene concentrations at 0, 2, 4, 8, 
and 16 hr were 2.12, 1.71, 1.37, 1.02, and 0.65 moles// 
liter. 

Results  and Discuss ion 
T e m p e r a t u r e  E f f e c t  a n d  A c t i v a t i o n  ~ . n e r g y  

To determine the effect of tempera ture  on this reac- 
tion, castor oil was heated with hexachloroeyclopenta- 
diene at temperatures  between 110 and 180C. The 
rate  constants at 110, 130, 150, and 180C were 1.7, 
5.3, 18, and 83 • 10 -6 l i ter /mole sec. By  using the 
Arrhenius plot  shown in F igure  4, the activation 
energy was calculated to be 19.5 kcal/mole. An activa- 
tion energy of 20.3 kcal /mole has been reported (3) 
for the reaction of hexaehlorocyclopentadiene with 4- 
methylcyclohexene. 

E f f e c t  o f  Olef in  S t r u c t u r e  

Effect of olefin s t ructure  on the rate of reaction with 
hexachlorocyclopentadiene was investigated. Struc- 
tura l  variat ions under  s tudy were location of the 
double bond in the aliphatic chain, presence of a 

1.o 
a.  
% 
u 
7 0 . 8  

~'E~ 1.6 ~ ~ 

-': 1.4 

0.6 = = 1.8 x 1~ 5 I./mole sec. 

0.4 I I I I I 
2 4 6 8 16 

H o u r s  a t  150~ 
F m .  3. S e c o n d - o r d e r  r a t e  p l o t  f o r  r e a c t i o n  o f  c a s t o r  o i l  

w i t h  h e x a c h l o r o c y c l o p e n t a d i e n e .  

= - - 4 . 5 8  s l o p e  

19.5 Kcal./mole 

- - 4 . 0  

O~ --5.G 
0 ..4 

-6.C 

D E C E M B E R ,  1967  

I I 
2.2 2.4 2.6 

IO001T 

, \  

FIG. 4. P l o t  f o r  c a l c u l a t i o n  o f  a c t i v a t i o n  e n e r g y  f r o m  r a t e  
c o n s t a n t s  a t  d i f f e r e n t  t e m p e r a t u r e s  f o r  r e a c t i o n  o f  c a s t o r  oil  
w i t h  h e x a c h l o r o c y e l o p e n t a d i e n e .  

homo-allylic hydroxyl  group (e.g., ricinoleates), and 
the geometric configuration of the double bond. 

The effect of bond location on reaction rates is 
indicated below : 

k~ at 150C 
liter/mole sec 

Terminal 
1-octadecene 1.8 X 10 .4 
methyl 10-undecenoate 2.4 X 10.4 

Mid-chain 
methyl oleate 2.8 X 10 "~ 

The terminal  double bonds of 1-octadecene and methyl  
10-undecenoate reacted 6-9 times faster  with hexa- 
ehloroeyelopentadiene than  did the mid-chain double 
bond in methyl  oleate. A t  110C the rate constant 
observed for 1-octadecene was 1.64 • 10 -5, which 
agrees well with 1.8 • 10 -5 calculated by Fields (3) 
f rom the change in olefin concentration dur ing this 
reaction. 

The effect of the homo-allylic hydroxyl  group in 
castor oil and other ricinoleates on the rate  of this 
reaction may be seen in the rate constants listed below : 

k~ at  150C 
liter/mole sec 

- - C H  = CH---CH2--CH~---  
methyl oleate 2.8 X 10 "~ 

- - C H  = C H - - C H ' ~ - - C H  ( O H ) -  
methyl rieinoleate 1.8 X 10 -5 
castor oil 1.8 X 10 "~ 

Rieinoleie acid differs f rom oleic acid by  having an 
hydroxyl  group at  carbon-12. The presence of this 
hydroxyl  group reduced the reaction rate  about 35%. 

The rate constants listed below il lustrate the effect 
of the geometric configuration of olefins on the reaction 
with hexaehloroeyelopentadiene : 

k2 at 150C 
liter/mole sec 

cis 
methyl  oleate 2.8 X 10 -~ 
methyl rieinoleate 1.8 X 10 4 

trans 
methyl elaidate 4.9 X 10 -e 
methyl ricinelaidate 3.8 X 10 -6 

The cis-olefins reacted 5-6 times faster  than the trans- 
olefins. Disappearance of the trans-double bond in 
methyl  ricinelaidate dur ing reaction was determined 
by  measurement  of the I R  absorption at  10.3 ~. The 
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rate constant at 150C, based on the concentrations of 
ricinelaidate found, was 3.4 • 10 6 l i ter/mole see. This 
agrees well with the rate calculated f rom concentra- 
tions of diene. 

Effects of Diene  Structure 

Hexabromoeyelopentadiene and its adducts are con- 
siderably less stable to heat than the corresponding 
chlorinated compounds. At  150C hexabromoeyelo- 
pentadiene or mixtures  of it with castor oil decom- 
posed in 0 . 5 4  hr, even in the presence of 10% 
epoxidized soybean oil. However, at 130C, the epoxide- 
stabilized diene did not decompose in 7 hr. The reac- 
tion rates of hexabromo- and hexachlorocyclopenta- 
diene were therefore compared at  130C. The second- 
order rate constants for reaction with castor oil are 
3.5 • 10 6 for the hexabromodiene and 5.3 x 10 -6 l i t e r /  
mole see for  the hexachlorodiene. 

These studies show that  hexachloroeyclopentadiene 
adds more rap id ly  to long-chain olefins than does 
hexabromocyclopentadiene and that,  in reactions with 

hexachloroeyclopentadiene, terminal  olefins react 6-9 
times faster  than mid-chain olefins, beta-hydroxy 
olefins react about two-thirds as fast  as corresponding 
unsubst i tuted olefins, and cis-olefins react 5-6 times 
faster  than trans-olefins. Sterie factors thus appear  to 
have a pronounced effect on the rate of reaction of 
these highly substi tuted dienes and should be con- 
sidered when designing syntheses with these reactions. 
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