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4 - P r o p e n y l - 1 , 3 - d i o x a n e  (I), the  condensation product  of p ipery lene  and formaldehyde  [1], can be used 
to syn thes ize  in te res t ing  and prac t ica l ly  useful  compounds.  It was shown previous ly  that  the the rmoca ta ly t i c  
decomposi t ion  of (I) y ie lds  methylcyclopentadienes  (MCPD) [2]. The convers ion  of (I) to 1 , 3 , 5 - h e x a t r i e n e  (II) 
was studied in the p re sen t  paper .  

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

The reac t ion  products  were  analyzed by GLC on an LKhM-7M ins t rument  using a p r o g r a m m e d  t e m p e r -  
a tu re  in the range  70-230~ a 300 x 0.4 cm column packed with 13% Silicone E-301 deposi ted on Chromaton 
N-AW, and H 2 as the c a r r i e r  gas .  

4 - P r o p e n y l - l , 3 ~ d i o x a n e  (I) (bp 177.5 ~ riD2~ 1.4520, d42~ 0.9837), 4 - h e x e n e - l , 3 - d i o l  (III) (bp 84-85 ~ 
(4 ram),  riD2~ 1.4510, d42~ 0.9770}, and 2 , 4 - h e x a d i e n - l - o l  (IV) (bp 67-68 ~ (11 mm) ,  nD2~ 1.4950) were  s y n t h e -  
s ized as descr ibed  in [1, 3, 4] and were  98-99% pure  (based on the GLC data).  

The the rmoca ta ly t i c  decomposi t ion exper iments  were  run in a 400 x 18 m m  r e a c t o r  of the flow type 
(catalyst volume = 10 ml),  which was placed in an e lec t r ic  furnace .  The reac t ion  products  were  collected 
in a r e c e i v e r ,  cooled with a mix tu re  of ice  and NaC1, and a f t e r  neutra l iza t ion,  drying,  and the addition of 
hydroquinone, were  subjected to f rac t ional  dist i l lat ion using a column with an efficiency of 16 theore t ica l  
p la tes .  Here  we isolated 1 ,3 ,  5 -hexat r iene  (II) 06% pure ,  the r e m a i n d e r  was MCPD), bp 80 ~ nD 2~ 1.5080, 
d42~ 0.7910, and 2 -me thy l -5 ,6 -d ihydro -{2H) -pyran  (V), (99.2% pure) ,  bp 102.5 ~ nD2~ 1.4328, d42~ 0.8794. 

The f rac t ion  with bp up to 80 ~ was ref luxed for  30 h, the undimerized products  (mainly piperylene)  were  
dist i l led off up to 50 ~ (40 m m ) ,  and the res idue  was decomposed by heating up to 170 ~ Here  we isolated a 
mix tu re  of 63%of l - m e t h y l -  and 37% of 2-methylcyclopentadiene  (based on the GLC data) ,  bp 69-75 ~ nD2~ 
1.4598, d42~ 0.8180; the adduct with male ic  anhydride had mp 50-52 ~ 

It was a lso  es tabl ished by GLC that the react ion  mix tu re  contains a smal l  amount of 2 , 4 - h e x a d i e n - l - o l  
(IV). 

DISCUSSION OF RESULTS 

The the rmoca ta ly t i c  decomposi t ion of 1 ,3 -d ioxanes ,  containing a methyl ,  methylene or  methine group 
in the 4 posi t ion,  leads to acycl ic  1 ,3 -d ienes .  MCPD a r e  fo rmed predominant ly when propenyldioxane (I) is 
passed  as a mix ture  with s t e a m  over  HsPO4, deposited on s i l ica  gel [2]. As it proved,  on other ca ta lys ts  
(Table 1) (I) f o rms  mainly t r i ene  (II), together  with MCPD and (V), and a lso  smal l  amounts of (IV) and p ip e r -  
ylene.  

A poss ib le  p r i m a r y  react ion  product  is diol (HI), s ince i ts  dehydrat ion actually proceeds  with the fo r -  
mation of the s a m e  compounds as in the the rmoca ta ly t i c  decomposi t ion of (I) (see Table  1). However ,  we 
were  unable to detect  (HI) in the convers ion  products  of (I). In addition, t r i ene  (II) is fo rmed  in lower  yield 
(53.7%) in the dehydrat ion of (III) than in the decomposi t ion of (I) (70.7%). Consequently,  dienol (IV) and di-  
hydropyran (V) a r e  m o r e  probable  p r i m a r y  reac t ion  products .  The convers ion of (IV) to (II) on dehydration 
ca ta lys ts  is known [5]. According to  the resu l t s  obtained by us,  (V) when passed  together  with s t e am over  
ca lc ium phosphates  fo rms  t r i ene  (II) in up to 75% yield ,  although it r eac t s  with m o r e  difficulty than dioxane 
(I) (see Table  1). 
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T A B L E  1. T r a n s f o r m a t i o n  Resu l t s  of (I), (Ill), and (Y) on Var ious  
Ca ta lys t s  

Catalyst 
Spaceve, loc- Conversion, Yield, %of theory* 

T,~ It-y, h -t % r MCPD 

4-Propenyl- ] ,3 -dioxane (I) 
KF--70 200 0,42 95,0 69,9 

) 2,50 0,42 97,5 70,7 
300 0,42 97,4 33,8 

) 350 0,42 t00,0 3t,7 
KDV-15 300 0,42 91,5 62,2 

) 250 0,42 96,3 58,7 
) 400 0,42 t00,0 36,3 

25O " 0,39 AI~O~ 85,0 24,4 
Aluminosilicat( 2,50 0,42 68,1 25,4 

3OO 0,42 73,0 43,t Silica gel 
4-Hexene-l, 3-diol (IlI) 

KF- 70 200 ~ t,00 ] - 33,1 
, 250 [ 0,45 / - 47,3 
) 250 t,00 - 53,7 

2-Methyl-5,6-dihydro-(2H)-pyran (V) 

,  1,0 I I 44,4 

* Based on converted starting product (I), (V) and on taken (III). 

{v} 

-- 3,5 
- 32  

12,7 5,0 
16,8 t,t 

- 2,9 
tt ,4  i ,9 
t 6 , 8  0 ,8  

~ t  65  9,9 
- 9,t 

5,7 
9,2 
8,3 

39,2 
25.4 
27,3 

t0,t [ -- 
t9,0 

The  p r e s e n c e  of p ipe ry lene  in the  r eac t ion  p roduc t s  is evidently the  r e su l t  of the  pa r t i a l  c r ack ing  
of (I). 

In v iew of  the  obtained data  a p robab le  s c h e m e  fo r  the  t h e r m o c a t a l y t i c  decompos i t ion  of (I) is  the  
fol lowing:  

_ _  O~O/x'~''/ -2CH,O CHaCH=CHCH=CH2 

i --CHtO I 

()- 'CH3--H'O'  ~ C  O -- H-H~ CHs--~H=CHCH=CHCH2OH - ! 
H3 (V) (IV) 

--H,O --H,O I 
CII2=CHCH =CHCH =CH2 "----: 

(ll) 

The t h e r m o c a t a l y t i c  decompos i t i on  of (I) on ca l c ium phosphates  (KF-70 and KVD-15) g ives  (II) in up 
to  70% yie ld  (see Tab le  1). Compound (II) is f o r m e d  in lower  y ie ld  on the o ther  ca t a lys t s  t e s t ed  by us ,  
s ince  a subs tan t i a l  pa r t  of (I) undergoes  c rack ing .  

C O N C L U S I O N S  

1. The t h e r m o c a t a l y t i c  decompos i t i on  of 4 - p r o p e n y l - 1 , 3 - d i o x a n e ,  which supposedly  p roceeds  via 
the  i n t e r m e d i a t e  f o r m a t i o n  of 2 , 4 - h e x a d i e n - l - o l  and 2 - m e t h y l - 5 , 6 - d i h y d r o - ( 2 H ) - p y r a n ,  leads to  1 , 3 ,  5- 
hexa t r i ene  and me thy lcyc lopen tad ienes .  

2. The na tu re  of the  ca ta lys t  exe r t s  the  de t e rmin ing  effect  on the d~rection of the  conve r s ion  of 4-  
p r o p e n y l - 1 , 3 - d i o x a n e ;  in p a r t i c u l a r ,  when ca lc ium phosphates  a r e  used the  main  r eac t ion  produc t  is 1 , 3 , 5 -  
hexa t r i ene .  
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S U L F O O X I D A T I O N  OF S A T U R A T E D  H Y D R O C A R B O N S ,  

I N I T I A T E D  BY O Z O N E  A N D  H Y D R O G E N  P E R O X I D E  

M. A .  S a i t o v a  a n d  R .  F .  K h a l i m o v  UDC 542.943:547.21:546.224-31 

The sulfooxidation of saturated hydrocarbons is the most  promising method for  the preparat ion of alkyl-  
sulfonic acids.  

RH + SO~ + UzO,-" RSO3H 

The radica l -chain  cha rac t e r  of the react ion stipulates the use of either UV or T radiation as Ini t iators ,  and 
also chemical  init iators (C12, 03, organic peroxides,  e tc . ) .  

The initiation of the react ion with the ozone--hydrogen peroxide sys tem was studied in the present  paper ,  
which sys tem was pract icaUy not used previously to initiate chain p rocesses .  

The react ion of O 8 with H202 proceeds with the intermediate  formation of f ree  radicals Ill. 

H202 + 03 ~ H() + HOt + Oz 

H0~+O s~H0+20' 
H0 +Os-+Hd~+0, 
HO + H~O~ -+ HO~ + H,O 

(1) 

(2) 

(3) 

(4) 

The OH radicals  quickly cleave a H atom from the hydrocarbon (k 5 ~ 109 l i ters /mole)[2]  

RH ~- ()H--+ I~ -P H20 

The formed alkyl radical  R adds SO2, and then the sulfooxidation goes by the known scheme [3]. 

In the absence of H202 the initiation rate  is determined by the reaction: 

R H + 0 3 - ~ R ~ - H ( ) + O ,  

(5) 

(6) 

When [RH] ~- 5 mole / l i t e r ,  k6~l .  10 -2 l i t e r / m o l e - s e c  [4], 03 ~ 1-10 -4 mole / l i t e r  in the gas mixture,  and W i ~ 
5.10 -6 mole / l i t e r ,  sec.  

The addition of H202 changes the initiating step, and W i '  in this case  is determined by reaction (1), s ince 
reaction (5) proceeds with a high ra te  constant.  Assuming k 1 is equal to the rate  constant (reaction of ozone 
with methyl hydroperoxide is 10 l i t e r s /mole ,  sec [5]), H202 ~ 1.10 -1 mole / l i t e r ,  we obtain W i '  ~ 10 -4 mole /  
liter, sec.  As a resul t ,  the addition of H202 to the reaction,  with the other conditions kept constant,  increases  
W i '  by ~10 t imes when k 5. [RH] >> k 3. [03] + k 4. [H202]. The sulfooxidation rate  should also increase  by the 
same fac tor ,  s ince the chains a re  terminated l inearly under the experimental conditions [6]. 

A study of the sulfooxidation rate  as a function of the t empera tu re  and composition of the gas mixture 
disclosed that the optimum reaction t empera tu re  is 40~ and the optimum SO2:O 2 rat io = 2. It should be men-  
tioned that c lear  reaction products a re  formed in the presence  of H202. 

The experimental  data,  given in Table 1, permit  making the following conclusions. Aqueous H202 solu- 
tion (without 03) initiates the sulfooxidation inefficiently (Expts. 3 and 4). In the presence  of O 3 the reaction 
rate depends on the [H202] in solution, and the optimum amount of H202 is 0.5- 1 vol. % of the hydrocarbon 
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