
When contamination by dlphenylurea was detected,  which was formed bythe p resence  of t r aces  of mois ture  
in the reac t ion  mix ture ,  the product  was r ec rys t a l l i zed  f rom absolut~ isopropyl  alcohol. 

The specif ic  act ivi ty of i4C-sydnocarb was 28 mCi/g.  Total  act ivi ty was 17.78 mCi. The rad iochemica l  
yield was 36.3% calculated on 14C sodium cyanide. 
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Methylheptenone (I) is an in termedia te  in the synthesis  of pseudo- and beta- ionones  used in the manufacture  
of vi tamins A and E. A method for  obtaining (I) is known f ro m  dimethylvinylcarbinol  (H) and methyl isopropenyl  
e t h e r  (III) under  conditions of homogeneous acid catalysis  [1]. According to the data of Ill and in agreement  with 
our  resu l t s  by methods descr ibed  previous ly  [2] the synthesis  p roceeds  in the p resence  of orthophosphoric  acid 
according to the following scheme:  
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In the absence of kinetic studies on this react ion we have investigated these.  

According to the accepted exper imenta l  p rocedure  a p repared  mixture (about 2 ml) of compounds (II), (HI), 
and or thophosphoric  acid in definite propor t ions  is placed at a t empera tu re  o f - 5  to 0~ in glass ampuls. The 
sealed ampuls of about 10 ml capacity each were t r a n s f e r r e d  to a the rmos ta t  at the react ion tempera ture .  One 
ampul was taken out a f t e r  definite t ime intervals ,  cooled t o - 5  to 0~ and the contents analyzed. Analysis of the 
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T A B L E  1. Values  of  C o r r e l a t i o n  Coeff ic ients  and Effec t ive  R e a c -  
t ion  Cons tan ts  at the Studied T e m p e r a t u r e s  
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Fig. 1. Comparison of results of processing experimental data at 105~ and c K c~ 0.03. 
. i - t 0  

Crosses were calculated from formula (7); small circles were calculated from formula (10); [F I 
(ciI) ] and [F 2 (cii) ] are coefficients from the left hand portions of equations (7) and (10) respec- 
tively. 

Fig.  2. R e p r e s e n t a t i o n  of e x p e r i m e n t a l  data  in A r r h e n i u s  coord ina t e s  fo r  e K Cli 0.03. 1) Ap-  
p r o x i m a t e d  s t r a i g h t  line ( smal l  c i r c l e s  a r e  ca lcu la ted  points) ;  2) l imi t s  of va r i a t i on  of log K c o r -  
r e spond ing  to the conf idence  l imi t  fo r  K. 

Fig.  3. Dependence  of e f fec t ive  ra te  cons tan t  K on OK/Cli 0 at 105~ Approx ima ted  s t r a igh t  line 
( smal l  c i r c l e s  a r e  ca lcu la ted  points) .  

r e a c t i o n  mix ture  was  c a r r i e d  out by GLC on an LKhM-7A e h r o m a t o g r a p h  us ing  in te rna l  s t anda rds .  The c h r o m a t -  
o g r a p h i c  co lumn had a length of  2 m. The s t a t i o n a r y  phase  (SE-30) was appl ied at 5 w t . % t o  c a r r i e r  ( c h r o m a -  
ton  NA-W) of  pa r t i c l e  s ize  0 .16-0 .20  mm: .  Column t e m p e r a t u r e s  were  50-100~ (changed by p r o g r a m  at a 
r a t e  of 8~C p e r  min), d e t e c t o r  125~ e v a p o r a t o r  170~C, c a r r i e r  gas  was hel ium,  and octane was the in t e rna l  
s tandard .  E x p e r i m e n t s  were  c a r r i e d  out at  90, 105, and 120~C with m o l a r  p r o p o r t i o n s  cIi I cii of 1-3 and cw 

0 I x  
cii_ 0 .005-0.030 (here ciii0 , and OK a r e  the ini t ia l  concen t r a t ions  of (II), (III), and ca ta lys t  r e s p e c t i v e l y  in 
mo~es p e r  l i ter) ,  cII~ 

Two v a r i a n t s  of  the m a t h e m a t i c a l  d e s c r i p t i o n  were  cons ide red  when developing the kinet ic  model .  

The f i r s t  va r i a n t  s t a r t e d  f r o m  the r e a c t i o n  s c h e m e  (1). A s s u m i n g  that  al l  s t ages  a re  f i r s t  o r d e r  to  a 
componen t  the comple te  s y s t e m  of kinet ic  equat ions  at  a fixed concen t r a t i on  of ca t a ly s t  wil l  have the f o r m  

dCII ..L 
d'c ----KI' r  @ K I O I V ;  

dClv 
�9 a~ = - -K+qv + K2-CvCv, -- KF-qv + K+qicm;  

dcvl 
d'~ = --K3Cv' -+- K2+elV -- K2CvCvI; 

dcln 
dr =- -K+cmcv  + K~-CvH-- K+qicm + Ki-qv;  
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--~-~= -K~+c,~:v + Ki'Cv,z + X,+C,v- X~-CvCv,~ 

"-~'-r : K.cvI; 

-~ : K+ c,,:v - X;-Cv,,, (2) 

where ci is the running concentration of component i (i = I ..... VII)  in mole/liter; ~, K~ are the effective 

constants of the forward and reverse J reactions in min "i or in liter' mole -i mln't; K s is the effective reaction 
constant of the thermal rearrangement (in mln'i); r is time {rain). 

Itwas established by us that the intermediate compounds, vlz. the mixed ketal (IV), the vinyl ether WI), 
and methanol W) do not accumulate in the reaction mixture at temperatures above 60"C. Seemingly accelera- 
tion of the Claisen rearrangement (compound VI to I) occurs with increasing temperature, andthe reversible 
interaction between (HI) and (V) is shifted in the direction of forming acetone dimethylketal (VII). 

In view of this we assume 
dClV dcv dcw d, = ~ = ~ = o. (3) 

Substituting equation (3) into the s y s t e m  of equations (2) and since the concentrat ions c iv ,  cv,  and c v i a r e  
close to ze ro  f r o m  the analyt ical  data, we obtain: 

dClI 
" - , ' ,~  = --K+c'IcIV; (4) 
d_~ l dcni &I dVVlI (5) 

The ma te r i a l  balance between components  (II) and (]12) is e x p r e s s e d  by the re la t ionship  

CIH ' - -  ell I = 2 ( e l l  . - -  e l l ) .  

Solving Eq. (4) allowing for  the re la t ionship  (6) we find: 

1 ln[C, zo(Cm,--?'CZ,o+2C,])]=_K~.~. 
F I ( C ] I ) = - -  t i l l  o - 2 c l I "  ClIClI, 

(6) 

(7) 

The other mathematical model of the kinetics was obtained from the assumption that the reaction between 
(HI) and (V) is close to being irreversible. Then summing the separate stages of route (1) we arrive at the 
empirical equation 

II ~- 2 III ~ I -b VII. (8) 

The cor responding  d i f fe rent ia l  equations may be wri t ten as 

dcii 
"TC = --Kcwc~n" (9)  

Expre s s ing  cii I in this equation through cii with the aid of re la t ionship  (6) and in tegra t ing  we find 

I 
F= (cxz) -- (Cmo _ 9c11.)= 

(lo) 
[ ~ (~,,. - c,,,o) (c,,~ - c,, ] In eli~ (clI~ - -  2cI]~ "t" 2Oil -[- = --Kx. 

r r (CIII~ - -  2CI]. "~- ~'Cll 
r 

Graphs  are  shown in Fig. 1 i l lus t ra t ing  the t r ea tmen t  of the expe r imen ta l  resu l t s  according to equations 
(7) and riO) for  mola r  ra t ios  ciii0 cii~ 3, c K cii 0 0.03, and a t e m p e r a t u r e  of 105~ L inea r  approximat ion  of the 
found values of F 1 (cII) and F 2 (Orr) was ca r r i ed  out by a modified leas t  squa re s  method allowing for  the fact that 
the s t ra ight  lines must pass  through the origin of coordinates  [3]. 

With the a im  of compar ing  the adequacyof the  two cons idered  models the appropr ia te  co r re la t ion  coef-  
f icients r [ r ,  F 1 (cii) ] and r[T, F 2 (cIi) ] were  calculated [4]. 
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As is evident from Table 1, on linearization the best results were achieved through equation (107 (cor- 
relation coefficient r[~', FS (oH)]). On this basis the model possessing mechanism (8) with kinetic differential 
equation (9) and Integral (10) was taken for the reaction being considered in the temperature range 90-120'C 
and at c K ell 0 0.03. The effective reaction constants K found as slopes are given in Table I. Values of the 
constants in Arrhenlus coordinates were satisfactorily disposed along straight lines (Fig, 2). The limits of the 
change in log K calculated from the confidence limit for K are shown as broken lines in Fig. 2 and were deter- 
mined by known methods using the Student criteria [4]. The calculated energy of activation was 11.7 kcal/ 
mole. 

Analysis of the experimental results showed that the reaction rate depended appreciably on catalyst con- 
centration. In this case the following expression is true in general: 

K =] (cQ exp I-- "~-'J 'I1.7 I (11) 

where f(c K) is an unknown function of CK; R is the universal gas constant (in kca]/mole" deg); T is absolute 
temperature (K). It was established for a temperature of 120 ~ that in the examined concentration interval of 
CK the function f(cK) was linear and passed through the origin of coordinates (since the reaction does not go 
when CK=0 so f(c K) =0). The  relationship of K on c K has the form (Fig. 3) 

K=0.016 ca (12) 
ell 0 

Substituting known values of R, T, and ciI ~ 

f (r = 1,97. I04.c,. 

Then from formulas (9), (ll)t  and (13) we have finally 

dcH I 1.7 
d~ = l'97' lO"exp { - -~} ' cK ' cx I ' c I iP  

in formula (II) and solving jointly with equation (12) we find 

(13) 

(14) 

The experimental data make it possible to draw the conclusion that the majority of intermediate reaction 
stages occur at sufficiently high rates at the investigated temperatures. Evidently the limiting step is the pro- 
tonation of ether (IIIT. Then in spite of the presence of a thermal rearrangement step which occurs without 
catalyst participation it is possible to consider that under the experimental conditions a situation is brought 
about which is similar to that taking place in the case of general acid catalysis. This is also evident from 
formula (147 into whichthe catalyst concentration clearly enters. 

A mathematical description has been derived as a result of the investigation and may be used for model- 
ing a reaction for the synthesis of methylheptenone and for automating control of the process. 
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