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Prev ious ly  we had found a h igh - t empera tu re  method for the prepara t ion  of f luorobenzene,  which con- 
s is ted in the joint pyro lys i s  of cyclopentadiene and a source  of e i ther  d i f luorocarbene or  chlorof luoro-  
carbene in the gas phase in a flow sys tem [1]. The advantage of the d iscovered  method over  other  methods 
[2-4] for the synthesis  of aryl  f luorides is the ready  availability of the s tar t ing reac tants ,  the efficiency 
and s implici ty  of beth the p rocess  i tself  and the apparatus,  and the fact that it is of pract ical  interest .  How- 
ever ,  the kinetics and mechanism of this p roces s  have not been studied. In the present  paper  we repor t  
the resu l t s  of studying the react ion of cycloepentadiene with chlorof luorocarbene ,  genera ted  by the pyro l -  
ysis  of dichIorofluoromethane.  

According to the data in [5], the h igh- t empera tu re  t ransformat ions  of dichlorof iuoromethane proceed 
along the following main d i rec t ions .  

kl 
CHC12F ~-CCIF + HC1 

k--I 

k, 
CC1F @ CC1F -+ CC1F=CC1F 

According to [1], f luorobenzene is formed in the p resence  of cyclopentadiene by the scheme: 

F 

-1- CC1F ~ /~ ~ / /C1  ---, C~HsF \ j  [ \ / /  ] +HCl 

In the range 550-670 ~ the p roces s  proceeds  in the same manner  in platinum and quartz  r e ac to r s ,  
which tes t i f ies  to its homogeneity.  For  most  of the exper iments  the mater ia l  balance in carbon and fluo- 
r ine is found to be in the range 90-100% (based on identified products) ,  and dec reases  somewhat in carbon 
with increase  in the contact t ime at  670 ~ due to par t ia l  decomposit ion of the cyclopentadiene (Fig. 1); he re  
the format ion of t a r r y  products  in the heating zoning is observed.  

The principal  react ion products  a re  f luorobenzene,  hydrogen chloride,  and 1 ,2 -d ich lo ro - l , 2 -d i -  
f luoroethylene,  in which connection the yield of C6H5F reaches  90-100%. The absence of noticeable amounts 
of other compounds test i f ies  to the  fact that side react ions are  not present ,  and conf i rms the fact that 
the l imit ing step of the react ion (3) is the addition of CC1F to the cyclopentadiene. Two 6 -ch lo ro -6 - f luo ro -  
bicyclo[3.1 .0]-2-hexene i somers  should be formed as the resu l t  of the addition. 

el F ~ C I  
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Fig. 1. Calculated kinetic curves and experimenta! 
points for consumption of CHC12F (1) and eyelopenta- 
diene (2), and accumulation of C6HaF (3) and CC1F =CC1F 
(4), at various t empera tures  (in the graphs the CC1F 
=CC1F concentration is increased  100 t imes) .  

According to the known rules for the retention of orbital  s y m m e t r y  [61, only the cleavage of tile endo- 
hMogen atom can be accompanied by an expansion of the f ive-membered  ring; consequently, the fo rma-  
tion of fluorobenzene f rom the endo-chlorine,  and of chlorobenzene from the endo-fluoride,  could be ex- 
peered. However, reeent  nonempirical  calculations disclosed that in synchronous p rocesses  of halogen 
cleavage and eyclopropylalIyl ie  t ransformat ion the difference ~n the activation energies of the allowed and 
forbidden (according to Woodward-Hoffman)  p rocesses  does not exceed 10 k e a l / m o l e  [7]. Since fMs value 
is noticeably smal le r  than the difference in the energies of the C - F  and C - C I  bonds (40-50 kea l /mole ) ,  
while the i somer ic  chlorofluorobieyclo[3.1.0]-2-hexenes a re  formed as the resul t  of the exceedingly exo- 
thermie  addition of CC1F, the endo-fluoride in our ease evidently also undergoes cleavage of the C1 atom 
with the subsequent formation of fluorobenzene. A s imi lar  rule was also observed previously in the r e n t -  
tion for the ring expansion of the ehlorof luorocarbene adduet to 2,3-dihydrofuran [8]. 

The p rocess  for the preparat ion of fluorobenzene [reactions (1)-(3)] is descr ibed by the following 
sys tem of differential equations. 

d [CC1Ft 
d~ 

d (CHC12F] 
dv 

d [ ~ - ~ ]  d [C~HsF] 
d-r - -  d-~ 

d [CC1F=CC1F] 
d~ 

kl [CHCI~F] ~- k_~ [CClF] [HC1] 

-- k~ [CC1FI 2 

--kl[CHC12F]--k-I[CC1FI[HCll--k3[CC1F] [/@]--2k2[CC1F] ~ 

[HCI] = [CHCI2P]o q- [~--~]o --[CHCI~PI-- [~--~] 
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The constant k 3 was de te rmined  by the method of sor t ing  for each point, s t a r t ing  with the minimizat ion con- 
dition 

c 
C~. )% 

e o 
where  Ci and C i a re ,  r e spec t ive ly ,  the exper imenta l ly  found and calculated concentra t ions  of the react ion 
products .  The following express ion  was obtained by the method of l e a s t  squares .  

ka ---- i09'3~+~ exp ( - -  5078+ 620~ - ~ ] liter/mole, sec. 

As can be seen f rom Fig. 1, the calculated kinetic curves  based  on Eqs. (I)-(V), using the values of 
k 1, k_ 1, k 2 [5], and k 3 found by us he re  and prev ious ly ,  show sa t i s f ac to ry  a g r e e m e n t  with the exper imenta l  
po ints. 

E X P E R I M E N T A L  M E T H O D  

The s ta r t ing  mix tu res  we re  p r e p a r e d  by diluting d ichlorof luoromethane  and cyclopentadiene with 
ni t rogen in a d ry  gas m e t e r ,  connected to a U-shaped m e r c u r y  manomete r .  The exper iments  were  run 
under  the conditions of the s t r e a m  method desc r ibed  in [5]. The gas mix ture  was analyzed ch roma to -  
g raph ica l ly  in a Tswet t -1  ins t rument  equipped with a f lame- ioniza t ion  de tec tor  (column length 1 m, packed 
with 10% dibutyl phthalate deposi ted on INZ-600 br ick ,  0.25-0.50 m m ,  60 ~ c a r r i e r  gas H2, 2.5 l i t e r / h ) .  

The R u n g e - K u t t a  equation [9] was used for  the numer ica l  integrat ion of the s y s t e m  of Eqs. (D-(V), 
with an automat ic  se lec t ion of the spacing on an N a i r y - 2  e lec t ronic  computer .  

C O N C L U S I O N S  

1. The kinet ics  of the g a s - p h a s e  reac t ion  of ch lorof luorocarbene  with cyclopentadiene,  leading to 
the format ion  of f luorobenzene,  was studied and the r a t e  constant  was  de termined.  

2. The value of the a t ivat ion energy  for  the reac t ions  of ca rbenes ,  containing multiple bonds, was 
expe r imen ta l ly  de te rmined  for  the f i r s t  t ime  on the example  of the react ion  of CC1F with cyclopentadiene.  
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