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nbet raa t  - L a t a  a b w t  1,3-dioxacyclane r e a c t i o n s  with water.61- 

coho18 , t h i o l s ,  H2Sr e s t e r s ,  amines, phenols am given. #or  

the  f i r s t  time r e s u l t s  obtained from r eac t i ons  of r e a c e t a l i z a t -  

ion,  exchange and r ecyc l i z a t i on  of 1,3-dioxacyclanes have been 

m m e r i z e d .  Beaot ions meohanisms ana k i n e t i c s  have been inves- 

t iga ted .  

In recen t  yea r s ,  t he r e  h a s  been observed in our country and abroad a  t rend  to-  

wards increased i n d u s t r i a l  production of 4.4-dimethyl-l,3-dioxan, which is i n t e r -  

1 mediate in the  syn the s i s  of high-purity isoprene . Theo re t i c a l  fundamentals have 

been developed and methods f o r  manu fac tu r i q  a  whole a e r i e s  of o the r  alkyl-,  

aryl-,  hal ide-  and pc lycyc l ic  ir3-dioxacycloalkanes2-9 have been introduced in- 

d u s t r i a l l y .  Beady a v a i l a b i l i t y  of r a w  ma t e r i e l s  and easy manufacturing t e chn i  - 
quee on the one hand. and s impl ic i ty  of t r a n s i t i o n  t o  a  wide spectrum of organic 

Oompcund of var ious  o l a s s e e  on the o the r  hana. unaer l i e  the  unremit t ing i n t e r e s t  

expressed by i nves t i ga to r e  i n  tne onemistry ana the  tecnnology of oycl io  aoe ta l s .  

Genera l iza t ions  of she achievements in the  f i e l n  of mauufacture and study of the 

chemioal and phys ica l  p rope r t i e s ,  stereoonemistry ana some a spec t s  of p r a c t i c a l  

u t i l i z a t i o n  of 1.3-aioxacyolanes, punlished up t o  1970, a r e  oontained in a nun- 

ber  of reviews and monographies 

In subsequent years ,  t ne r e  were conducted d e t a i l e d  i nves t i ga t i ons  of homolytioal 

liquid-phase r eao t i ons  and new h e t e r c l y t i c a l  t rans format ions  of 1.3-dioxacycla- 

n e s  under t he  ac t ion  of t h i o l s ,  e s t e r s ,  amines, phenols and o the r  compwnde lead- 

ing t o  products  of a g r e a t  economic a 1  importame. The p o s s i b i l i t i e s  have been 

e s t ab l i&ed  of exchange r e a c t i o n s  end recyc l ing  oyc l io  a c e t a l s  e f f ec t ed  under 

aoid c a t a l y s i s  condi t ions.  

The r e s u l t s  of a study of the  e t r uc tu r e  and t h e  r e a c t i v i t y  of 1,3-dioxacyclane 



r a d i c a l s  and of t h e  v a r i o u s  t r ans format ions  have been s u m e d  up in a  r e c e n t l y  

23 publ ished review . 
in the  p resen t  work, the  a u t h o r s  have 8enera l i zed  the aohievements of r e c e n t  

y a m s  in tna f  l e l a  o r  some r e a o t i o n s  of 1.3-aioxacyclanes wi th  h e t e r o l y t i c  

breakdown of carDon-oxygen Donds. 

8 h k f i W l ~ i d i s ~ H Y .  KINfi ' iKS K*L uILL;~IAIUI~UI OP HnAWlOIb 0' 1,3- 

~rlOXrr(;Y(;h~unS rYITH A ~ J ~ I ~ O W  

Heactions of c y c l i c  a c e t a l s  with a looho ls  a re  a  convenient methoa f o r  ob ta in ing  

8 l y c o l s  and another prbducts24-37, methanolysis  being v e r y  widely employed in 

p r e p a r a t i v e  o%anic chemist ry  28-33. 

However, the  numher of p u b l i c a t i o n s  devoted t o  t h e  e tereochemiatry ,  k i n e t i c s  and 

meonanism oi the  r e a c t i o n s  i s  v e r y  l i m i t e d .  

I n i t i a l  d a t a  on the  mamtenanoe of t n e  conf igura t ion  of the  d i a l  p a r t  of the  mo- 

l e c u l e  io a c e t a l i z a t i o n  and a l c o h o l y e i s  were obtained by Garner a d  l u o a ~ ~ ~ .  It 

was e s t a b l i s h e d  t h a t  4.5-dimethyl- and 2.4.5-trimethyl-1.3-dioxolaoes obtained 

from an o p t i c a l l y  a c t i v e  2.3-butandiol e x h i b i t  an o p t i c a l  a c t i v i t y 3 ,  t h e  l o s s  

in o p t i c a l  a c t i v i t y  on t r a n s i t i o n  i r o n  g l y c o l  t o  fo rmal  and then a g a i n  t o  g l y c o l  

amounts t o  a  mem o.J,b. 

'Ithe r e t e n t i o n  of t h e  s t e r i o  c e n t r e s  of moleoules of 1,3-cioxans in methanolysis  

has  been noted kl s e v e r a l  works 22135-37.  'Yhus the  reduc t ion  by l i t h i u m  aluminium 

hydride  of oxyketones 35 '36 o r  a c e t o a c e t i c  e s t e r s  37 r e s u l t e d  i n  s u b s t i t u t e d  

1 .3 -d io l s  whose a c e t a l i z a t i o n  l e a a s  t o  ?,3-dioxanes w i t h  a  p r e f e r a b l e  c o n t e n t  of 

one of t h e  isomers: 

I n i t i a l  g l y c o l s  were ootained Dy methanolysie I, w - i a o m e r e  y i e l d i n g  tnrec- 

1 ,3 -d io l s ,  and from c&-erythro: 
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Retention of the configurat ion in the t r a n s i t i o n  from a i o l  t o  d i o ~ c y c l a n e  and 

back evidences t he  fragmentat ion of the heterocycle  r i ng  on t he  carbon-oxygen 

bonds by t he  a c e t a l  carbon. 

Pive- and seven-link c y c l i c  a c e t a l s  ahw, dur ing  t he  methanolysia, a  g r e a t e r  r e -  

a c t i v i t y  a s  compared t o  1 . 3 - d i o ~ a n ~ ~ .  Parberov and ~ o - w o r k e r e ~ ~  have found t h a t  

the  methanolysis of 4-alkyl-1.3-dioxan may be desoribea by an equation of rever- 

s i b l e  r e a c t i o n s  of the  t n i r d  order  ( f i r s t  order  in each of t h e  reagents  and t he  

c a t a l y s t ) .  

A h igh ly  negat ive value af so (-24 t o  -27 8.u.). in the  view of the authors,  ccm- 

f i r m s  t h a t  methanolysis fol lows a bimolecular mschanim. 'The quan t i t a t i ve  e f f e c t  

of the  aubs t i tuen ta  on the  r a t e  of r e ac t i on  i s  descr ibed by the  T d t  equat ion:  

= - 1 . 35 . c  * ( r  = 0.985) 
ko 

The swges t ed  mechmim c o n s i s t s  in a  consecutive formation of cxonium and oar-  

benium i o n s  and fragmentation of t he  molecule on the  01-C2 a d  C2-O3 bmds: 

The addi t ion  of t he  f i r s t  molecule of a lcohol  is, probably, the r a t e  determing 

s tep.  The asymmetric a c e t a l  (11) r e a c t s  with the  second molecule ROH r ap id ly ,  

t h i s  lemain6: t o  the  observed products  of the r e ac t i on ,  i . e .  t o  d i o l  and dialko- 

xymethane. The poss ib le  r o r m a t i m  of cxmium ion a s  a  r e s u l t  of a t t a c k  by a  pro- 

ton remote from the oxygen atom eubs t i tuen t  is not  disousaed. 

A de t a i l ed  study the products  ot. t h e  methanolyais of i ,3-iioxans40* 41 ha s  

revealed 4.0-aioxaheptau -1-018 which am very  important f o r  determining t h e  Be- 

quenoe of Che r eac t i on  s t a e a .  The study of the behavior of the  i nd iv idua l  oomp* 



nen t s  of t h e  r e a o t i m  mixture in an w i d  o a t a l y s i s  ha s  made poss ib le  a oonolus- 

ion t h a t  the  primary produot in a r eaa t i on  be twen  4,4-dimethyl-1,3-dioxan and 

methyl s loohol  is  3.3-dimethyl-4,b-aioxa-I-heptbanol (111) whose t ransformations 

lead t o  the  fol lowing produots of the reac t ion ;  

The c loee  va lue s  of t h e  k ine t i c  parameters of methkurolysis of 1.3-dioxans suo- 

s t i t u t e a  a t  C4 (Table 1) a r e  pr,obably t he  e f f e c t  of the remoteness or  the  aubsti- 

t u e n t s  from the reao t ion  oen t re  of the molecule42' 43. 

The reao t ion  inc ludes  t he  formation of the first s t w e  of the  intermediate  a b -  

s t i t u t e d  4,6-dioxaheptabl-01 (IV) whioh may be obtained,  unaer oe r t a i n  oondit- 

ions ,  a l so  a s  the  main produot of t he  r e a ~ t i o n ~ ~ i  

The au thors  explain the  f a i l u r e  of 4-alkenyl-1.3-dioxens t o  oonform t o  t h e  r a t e  

oonstant  vs .  Taft o m s t a n t  o o r r e l a t i m  by a poss ib le  s p l i t  of t h e  he t e rmyo le  

m 03-O4 bond and a formation of a s t a b l e  a l l y 1  oation. 

The p o e a i b i l i t y  of the i n t e r a c t i o n  betneen oycl io  aoe ta la  and t h i o l s  was shown 

f o r  the  f i r s t  ti- by Shestakovski i  and o o - w ~ r k e r e ~ ~ .  Cyolio w e t a l s ,  s i m i l a r  t o  

l i n e a r  ones 46*47, remat with t h i o l s  in the  presenoe of w i d  c a t a l y s t s  p-toluene- 
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Table 1 

KUhTIC PXtWUT'uhb W YITWIYOLYSIS OH SUb;ITI'I'IPihb 1,)-LIOILKNS 

3 Kp.10 , 5 H. K, 10 . *r*  
kcal l/mole s L a L  - 
mole mole 

Ref eren- 
c e s  

42,  43  

42, 43 

42,  43 

4 2 ,  4 3  

42, 43 

42, 43  

42, 43  

42, 43  

42,  43  

39 

39 

39 

33 

The authors have advanced a mggestion on the primary formation of intermediate 

product ( V ) .  However, the author8 fa i l ed  t o  i so la te  t h i s  compound because of i t 8  

decomposition in d i a t a l l a t i ~ n ~ ~ ;  



After t reatment  of 2-methyl-l,3-dioxolme by hydrosen su l f i de  t he  produot was 

2,4,6-trimethyl-1,3,5-trithiaue and glycol4'. 

It i s  assumed t h a t  an uns tab le  A-chloro ds te r (V1)  i s  formed on t he  f l r a t  strrge 

of the  r e a c t i m :  

+H2b 

-HC 1 

CH3CH( SH) LXH2CH20H 

(VII) 
HoweVe~. no V I  and V U  were found in  r eac t i on  produats. The oa t i on i t e  ~ y - 2 ~ ~  may 

serve a s  a s p l i t t i n g  c a t a l y s t .  

Unsubstituted t r i t h i a u e  is formed from c y c l i c  fo rmals  i n  a  good yield50. 

The information t h i o l y s i s  c a r r i e s  a s  r e d a d s  the asoertainment of t he  s t sge  me- 

chamism of acid-oatalysed traneformations of 1.3-diooyolanee, end t he  p o s e i b i l i -  

t y  of obtaining g l y c o l s  and d i t h ioaoe t a l a  having a  p r a o t i o a l  s ign i f icanoe ,  were 

t h e  reasons f o r  i nves t i ga t i ng  the  t h i o l y s i s  of 1.3-dioxaoyolanes i n  d e t a i l .  

It was shown by way of numerous examples tha t  t h e  main produots of t h e  r e ac t i on  

a r e  d i t h i o a o e t a l s  and g lyco l s  

It was es tab l i shed  that the  s t r u c t u r e s  of t he  l , ~ -d ioxacyo l ane  t e l l s ,  m the  

f i r s t  p lace ,  on t he  s e l e c t i v i t y  of formation of g lyco l .  b i t h l o a o e t a l s  a r e  rorm- 

ed mostly a t  a  y i e l d  o lose  on 90765~ (Table 2 ) .  

The f a c t o r  having a nost  s u b s t a n t i a l  e f feo t  upon the  a c t i v i t y  of 1,3-dioxacyo- 

lane in a  t h i o l y a i s  is the  s i z e  of the auba t i tuen t  by t h e  a o e t a l  oarbon of a he- 

t e r m y o l i o  compound. In a  homogeneous c a t a l y s i s ,  t h e  m a o t i v i t y  of 1,3-dioxan is 

symbatio with the  s i z a  of the  ~ u b s t i t u e n t ~ ~ .  In a  c a t a l y s i s  by the KY-2 oat io-  

n i t e  56158, the r a t e  of the reao t ion  f o r  2-hew1 and 2-octyl-1,3-dioxan is pro- 

bably determined by the r a t e  of d i f fus ion  of s u b s t r a t e s  toward the  ac t i ve  oent-  

r e 8  of the o e t a l y s t .  
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Table 2 

Y U f i  OP (GLYCOL AUD i iKh l I 'HYwHIW.& ' I ' a IS  I N  THIOLYSIS OF 1,3-DIC- 

Pempe- Lurat- Yield of 
ea ture ,  ion.  

I n  a  homogeneous c a t a l y s i s ,  t h e  a o t i v i t i e s  of' th ioa loohols  up t o  bu tane th io l  dif- 

f e r  but negl igibly56.  .Kn e. heterogeneous o a t a l y s i s ,  t h e r e  i s  observed an appre- 

o i a b l e  d i f f e r ence  in the  a o t i v i t y  of the  primary t h i o l a  d i f f e r i n g  by m e  methyl- 

ene group, t h i s  Wing l inked t o  a  drop in the r a t e  of dUi'u8ion of' the  reagent  

toward the  ac t i ve  oen t r e s  of the  o a t a l y s t .  Beginning with hexanethiol ,  t h e  reaot- 

ion p r a o t i c a l l y  

The r eac t i on  producte  of t h e  t h i o l y s i s  of 4,4-dimethyl-1.3-dioxm oontained a  

ooqound with a s t r u c t u r e  of 4-thi0-2,>dirnethylhex-l-ene~~. Tetrahydrofuran i s  



formed in aube t an t i a l  amounts from i,3-dioxepane a s  a  r e s u l t  of a  f a a t  dehydrat- 

ion  of the r e e u l t i n g  1 , 4 - b ~ t a n e d i o l ~ ~ '  61. 

It is of i n t e r e s t  t o  no t e  t h a t  t he  addi t ion  of t h i o l e  t o  2-viqyl-1.3-dioxaoyo- 

l ane s  can be oar r ied  out  only i n  an a l k a l i  o a t a l y a i a  reao t ion .  'the use of an 

aoid o a t a l y e t  leade t o  d i ( a lky1 th io ) aoe t a l e  62, 63' 

The t h i o l y a i e  of bis- and epim-1,3-dioxe$yolanes p r w e e d s  a s  a  oonseoutive f r a -  

gmentation of oyolio oompmnd 64. 65: 

The r a t e  of t h i o l y a i e  by t he  use of the  KY-2 o a t i a n i t e  is  deeoribed by the  

equation f o r  f i r s t  order  maot ions .  The zero order  in terms of t h i o l  i s  r e l a t e d  

t o  a high r a t e  of s a tu r a t i on  of t h e  oa t a ly s t  by memaptane, a8  evidenoed by a 

change i n  the  time of the  nuolear sp in - l a t t i c e  r e ac t i on  of protons58. The energy 

of ao t i va t i on  of t h i o l y s i a  depends but s l i g h t l y  on the s t r uo tum of 1.3-dioxaoyo- 

l ane ,  whereas t he  r e l a t i v e  r e a o t i v i t y  d i f f e r s  by approximately an order  of meg- 

n i t ude  (Table 3 ) .  

The e leo t ron  dens i ty  of oxygen atoms f a i l s  t o  o o r r e l a t e  with the r e a o t i v i t y  of 

the  heterooyol io  oompound 6 0 ~ 6 5 ;  
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1,3-lrioxaoyc lane Rela t ive  hnergy of ac t i va t -  
r e a c t i v i t y  ion,  koaUmole 

Thus, protonat ion is no t ,  in a l l  p robab i l i t y ,  the  slow s tage ,  and t h e  prooese is  

l imited by t he  r a t e  of the  s p l i t t i n g  of t h e  c y c l i c  compound: 

The seomd s tage  - f r e m e n t a t i o n  ( V L I I J  t o  t h i o a c e t a l  and g l y c o l  - proceeds si- 

mi l a r l y  t o  the f i r s t  one. 

The d a t a  on r e a c t i o n s  of 1,3-diocaoyxlanee with such an abundant c l a s s  of orga- 

n io  compound a s  e s t e r s  have appeared in the l i t e r a t u r e  but recen t ly .  h s t e r o l y e i s  

expands s u s t a n t i a l l y  the  p o t e n t i a l i t i e s  of t h e  syn the s i s  of some very  valuable  

compounds and the  understanding of t h e  acid-oatalysed t rans fa rmat ions  of 1,3- 
66 dioxaoyolaues . 

In an acid c a t a l y s i s ,  the main produc ts  of e a t e r o l y s i s  ( a t  temperatures  of up t o  

I ~ ~ O C )  of unsubs t i tu tea  i,3-dioxaus ere f ou r  products,  l i n e a r  aoe t a l ,  g l yco l  d i -  

aoe t a t e  (I&), osy e s t e r  formal (X) and unsynmetrio oxy e a t e r  and a l i p h a t i o  aloc- 

h o l  formal ( r ~ ) ~ ~ *  67; 



RGH2CCH2(CH2)nCH2D(X:CH3 (XI)  

A separa te  study of t h e  behaviour of (XI)  in an e s t e r o l y s i s  is i n d i c a t i v e  of i t s  
66 format ion in t h e  f i r s t  s t age  of t h e  r e a c t i o n  : 

+ ~ 4 . 0 0 ~ -  H ~ ~ O G H ~ ( ~ H ~ ) ~ C H ~ G H ~ O H  

I n t e r a c t i n g  with t h e  second moleoule of e a t e r ,  [ A )  t u r n s  t o  a d i e s t e r  (11) and 

a c e t a l :  

XI + HIGOOR - IX + C H ~ ( O R ) ~  

Symmetrization of (XI)  l e a d s  t o  a c e t a l  and (X): 

Products,  s i m i l a r  t o  compounds ( IX) ,  (Y) and (XI) ,  are f ormed in e s t e r o l y s i s  by 

thioesters6'. .4s t h e  sulphur  atom is alwaye wi th  e o e t a l  oarbon, i t  may beassum- 

ed t h a t  t h e  he te rooyol io  oompound i s  fragmented on the bonds between e o e t a l  car-  

b~ and oxygen atoms O1 and O3 : 

CH COCGH2(CH2)n~H200(;GH3 3 

It should be noted t h a t  a c t i v e  and s e l e c t i v e  e s t e r o l y s i s  c a t a l y s t s  a r e  proton- 

donor ao idsbY '  70. Polymers are  mainly formed in c a t a l y s i s  by Lewis ac ids .  The 

s e l e o t i v i t y  of format ion of d i a c e t a t e a  i n o r e a s e s  by a f a c t o r  of 1.5-2 in a he te -  
b8 rogeneous c a t a l y s i s  by cat ion-emhange resins . 

The i n t r o d u c t i o n  of t h e  propenyl,  methyl o r  pheqyl s u b s t i t u e n t  in the f o u r t h  po- 

s i t i o n  of the  r i n g  r e s u l t s  in craoking proaucts68: 

The format ion of 2-methyl-j,6-dihydm-2H-pyran is  t h e  r e s u l t  of the e l i m i n a t i o n  

of t h e  formaldehyde molecule from 4-propenyl-1,3-dioxan: 
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A s  t h e  molecular wei&ht of t h e  e s t e r  m c r e a s e s ,  i t s  a c t i v i t y  in the e s t e r o l y s l h  

6 8  f a 1 1 8  O r i  . 
The r a t e  of the  r e a c t i o n  of 1,)-dloxolane, l ,>-dioxan and 1,)-dioxepane wlth 

q l  a c e t a t e  is p r o p o r t i o n a l  t o  the concen t ra t ion  of each of the  r e a g e n t s  and 

t h e  c a r a l y s t ,  whloh 1s s u l f u r i c  acid7'. 'l'ne energy of a o t i v a t i a n ,  determined M 

t h e  i n t e r v a l  of t empera tu res  between 40 and 80°c by t h e  beginuing r a t e  of con- 

sumption of 1.3-dioxacyclanes, amount t o  8.0,  1  10.8 kcal/mole f o r  1,3-dio- 

xolane,  1,3-dioxan and 1,3-dioxepwe r e s p e c t i v e l y .  'The c n a r a c t e r  ot t h e  va lue  of 

Concentra t ion a s  a  f u n c t i o n  of time i s  t y p i o a l  of r e v e r s i b l e  r e a o t i o n s ,  m a  t h e  

r e s u l t s  evidence a  p o s s i b i l i t y  of a e s c r i b i n d  e s t e r o l y a i s  by t n e  r e v e r s i b l e  reac- 

t i o n  73 .  

2-~lkoxytetrahydropyrans r e s t  w i t h  e s t e r s  t o  exchan(je a lkoxyl  groups72; 

t HICOOK 

on1= 

It was shown by quantum-Chemioal C a l c u l a t i o n s  t h a t  t h e  s p l i t t i n g  of exo-cyclio 

8Ceta1 bond i s  e n e r g e t i c a l l y  more favourab le  ( b y  100 kcal/mol) than  t h e  opening 

The e s t e r o l y s i a  of 2-alkoxytetrahydropyrans i s  d e s c r i b e d  by an equat ion f o r  r e -  
btl v e r s i b l e  th i rd -order  r e a c t i m s  . 

The dependences of r a t e  c o n s t a n t s  and r e a c t i o n  e q u i l i b r i u m  upon t h e  temperature  

(Table  4 )  have y ie lded  t h e  e n e r g i e s  of a c t i v a t i m  of tne  forward Ma t n e  r e v e r s e  

r e a c t i o n  ( 12.3 and 9.1 kcal/mole r e s p e c t i v e l y ) .  

Based on the c o n s i d e r a t i o n  of rhe s t r u c t u r e  of tk3 r e a o t i o n  p r w u c t s  aria t h e  ki- 

n e t i c  r e ~ u l a r i t i e e ,  the mecnaniea at' e s t e r o l y a i s  may be m p m s e n t e a  a s  t h e  s p l i *  

ting of t h e  c y c l i c  compound along the C-C-C bond of the a c e t a l  oarbon by t h s  

actim of t h e  a c y l  c a t i o n 8  



~ J W N W ~ ~ U J  WJ, man umT,ww 7 ~ d o ~ a  H,T,JU ~T~HMOH~HYH~T,I ,T, 

-xxo,~,m-z m ((Lk) SNOIVWW W H U A ~ I  WL .TO mitr (5) WWO,T ao 

swnu m z  80 TNK (54) z ~ ~ ~ v r c ~ o n  t n n r x u m r n * ~  arr ,so C U ~ W N ~ ~ ~ T  
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are  used, a  convenient method f o r  s h i f t i n s  the equi l ibr ium i s  t o  conduct the re- 

ac t ion  i n  methanol. The removal of methylal  from the  r eac t i on  zone ensures  ootai-  

n ing  the end product i n  high yield77:  

When ketones a r e  employed, the  formation of 1.3-dioxacyclanes proceeds smoothly 

f o r  both 1.3-dioxacyclanes unaubs t i tu tea  am subs t i t u t ed  a t  C478. 

The r eace t a l i z a t i on  of 1.3-dioxsoyclanes by di-,  tri- ana t e t r a018  i s  t he  method 

f o r  introducmg va r ious  s u b s t i t u t e s  i n t o  t he  Iour th ,  f i f t h ,  s i x t h  pos i t i on  oi 

It becomes poss ib le  t o  Bhif t  t he  equilibrium by removing The low-boiling 1 , 3 4 1 0 -  

xacyclane from the  reactlo,. zone. Por sald purpose, i t  i s  good practaoe t o  emp- 

loy a s  s t a r t i 4  compounds ethylene g lyco l  ana 1, ?-aioxsoyclane, f r e e  from subs t i -  

t u t e s  a t  C2. because of a  high y i e l d  of 1,3-dioxalane, s a i d  method may be recom- 

mended a s  means f o r  analyzing h i & - o o i l i q  c y c l i c  formals79. 

Reaoe ta l iza t ion  of 1,3-dioxalenes by l i n e a r  a c e t a l s  is  Car r iea  out under milder 

condi t ions  a s  compared t o  t h a t  by aldehydes80. 

'The primary product d the reao t ion  i s  probably mixed a o e t a l  forming a s  a  r e s u l t  

of the  add i t i an  ot' fragments of l i n e a r  a c e t a l  on the  C2-0 bond of l,3-dioxaoyc- 

1ane81: 

When using methyl a loohol  a o e t a l s  and cyol io  formals ,  the  r e s u l t i n g  methylal  i s  

dr iven  from the  r eac t i on  zone and the  y i e ld  of f i n a l  1,3-dioxsoyclane r i s e s  t o  

80-906. 

&thylene end propylene oxides  r e a c t  with 1,3-dioxacyclanes t o  form up t o  25-4016 

1.3-dioxalanes and 4-methyl-1, 3 - d i o ~ a l a n e s ~ ~ .  when use is made of the s t a b l e r  

3,3-bit3 (chloromethygoxacyolobutane and 1-chloro-2.3-epaxypropane, i'ormed are  



2-auuetituted 5,2-bis(chloromethy1)-1,3-dioxane ana 2-aubet i t u t e d  4-chlorome- 

thyl-1,3-aioxolanes with y i e l d s  of 65-75~.  L t  proves impossible t o  i s o l a t e  the  

expeoted a lky l - subs t i tu ted  A,)-oxides from the reao t ion  products  because of a 

high r a t e  of t h e i r  polymerization. The r eac t i on  between 1,3-dioxepane with ha- 

l ide-subs t i tu ted  oxides r e s u l t s  in t e t r a h y d r ~ ~ y r a n ~ ~ .  

Exchange r eac t i ons  of 1.3-dioxacyolanes with 1, 3-dioxacyblanes ', 1,3-oxathiaoea, 

7.3-dithions 83-85: 

1 m,n = O. I ,  2;  R , RI' = a lky l ,  a ry l . . .  ; X,Y = 0, s, N- 

h x c n w e  r eao t i ons  of 1,3-dioxacyclanes make i t  pos s ib l e  t o  obtain a a y m e t r i o  

bis- ana spiro-1.3-dioxaoyolanes 86-68: 

The r e su l t an t  compounds are very i n t e r e s t i l y  ob jeo ts  from the  viewpoint of de- 

termining the r e a c t i v i t i e s  of eaoh of the Cyclic compounds ana inves t iga t ion  of , 

sterecchemical problems. 

The ao t iva t ion  energy of exchange r eac t i ons  lice within t he  limits of 2 t o  12 

kcal/mole (Table 5 ) .  

'The r a t e  oi the  slow stage i s  propor t iona l  t o  the concentrat ion i n  the  f i r s t  

order  o i  each o i  the maden t s  am the c a t a l y s t .  In a l l  p robab i l i t y ,  the r e ac t i on  
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Reaction 

R ~ A C T I O N ~  H ~ ~ C ~ C L I L A T I O N  l I 3 - b I O & + C l C i l u Y t b  

I t  was ea tab l i shea  t h a t  2-alkyl-4.4-dimetul-1.3-dioxans r e o y c l i z e  in  tne pre- 

sence of hydroohloric w i d  i n t o  2-al~1-4-4-chloro-4-metqyltetr&ydropYranB89?90: 

R = CH3; i - G3H7, n-G3H7 

probably, the reaction of r e a c e t a l i e a t i o n  1s oomon t o  I ,>-aioxans with electron- 

donor s u b s t i t u e n t s  a t  C4. 'thus, i n  the  r e a c e t a l i z a t i o n  of 4-H-4-methyl- 1,3-dio- 

xans by k e t m e s t h e r e  are formed not  the 2,2.4,4,-tetraalkyl-1.3-dioxans, but is* 

meric a lky l - subs t i tu ted  dihydropyr8na9'* ": 



4-uethyl- and 4-phenyl-j,b-dihydro-211-pyrans are  formed a s  a r e s u l t  of intramo- 

l e c u l a r  dehydrat ion of 4,4-dimethyl-, o r  4-methyl-4-phenyl-i,3-dioxan i n  t h e  

p rocess  of t h e i r  syn tnea i s  anb a p l i t t i n g r  
R 

In t h e  presence of aldehydes,  ketones  o r  l i n e a r  ( o y c l i c j  a c e t a l s ,  t h e r e  is  noted 

I I1 t h e  fo rmat ion ,  along wi th  4-prrenyl-5,6-dihydro-2H-pyran, of 2-R -2-R -4-phenyl- 

1 LI 3, b-dihyaro- a m  2-H -2-R -4-phenyl-5-6-dihydropyrims 92: 

2.4.0-Trimethyl-5,b-dihydro-2H-pyran only i s  ob ta inab le  from 2,4,4,6-tetramethyl- 

1.3-dioxany'; 

Thus, t h e  format ion of dihydropyrans is the  r e s u l t  of the  breakdown of the  

03-C4 bond, which i s  p o s s i b l e  only if a s u f t ' i c i e n t l y  s t a u l s  ( f o r  example, a  t e r -  

t i a r y )  carbonium ion i s  formed. 

Hecycl lzat ion seems Go be a  convenient  t r a n s i t i o n  from t h e  r e a d i l y  a v a i l a b l e  

petroleum o l e f i n s  t o  s u o s t i t u t e d  dihydropyrana and t h e i r  d e r i v a t i v e s .  In d d i t -  

ion ,  t h e  study of s a i d  r e a c t i o n  makes it p o s e i b l e  t o  go i n t o  g r e a t e r  d e t a i l  on 

t h e  format ion of dihydropyrans in  theraooontact  s p l i t t i n g  of 4 .4 -d i subs t i tu ted  

1,3-aioxans i n t o  diene hydrocaroons. 

among the  known methods of oota in ind  diene hydrocarbons,  and i n  p a r t i c u l a r ,  of 

i soprene,  promising is tne  "dioxan method" c o n s i s t i q  i n  the s p l i t t i n g  of 4.4- 

dimthyl-1 ,3-aioxan over s o l i d  c a t a l y s t s  i n  t h e  vapour phase93. The technology 

developed by s o v i e t  s o i e n t i s t s  f e a t u r e s  gomi performance and makes 
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it  p o s e i b l e  t o  o b t a i n  s p e c i f i c  h u h - p l r i t y  x d i s a d v a n t w e  of the  

prooeas i s  t h e  format ion of ConaideraDle amounts of h a r d - t o u t i l i z e  by-products 

an0 t h e  neea of f r e q u e n t l y  regenera t ing  the  c a t a l y s t 1 .  

In s c i e n t i f i c  l i t e r a t u r e ,  t h e r e  a r e d a t a  on the  p o a s i o i l l t y  of outainint:  d iene  

hydrocarbons a s  a r e s u l t  of tne decomposition of alkyl-1.3-oioxans in l i q u i d  

phase by watar  o r  a l c o h o l s  ". However, the  s e l e c t i v i t y  of formation of d i -  

ene is then lower than t h a t  in  the rmooa ta ly t i c  processes.  T h i s  u n d e r l i e s  the  

search forcompoundswhich r e a o t  wi th  formaldehyde but do no t  r e a c t  wi th  dlenea.  

Most promising f o r  s a i d  purpose proved t o  De amines and phenols.  

The bes t  y i e l d s  of d i e n e s  a r e  achieved a t  a molar r a t i o  of m i n e  t o  dioxan with- 

in t h e  l i m i t s  of 0.2 t o  0.4-to-1'". ~t lower m i n e  concen t ra t ion ,  the  diene 

y i e l d  d r o p s  because of t h e  presence l n  the  r e a c t i o n  zone of a l a rge  q u a n t i t y  of 

unbonaed f ormaldenyae. 

'the number of a l k y l  s u b s t i t u e n t s  in tne  h e t e r o c y c l i c  compound h a s  n e g l i g i b l e e f f e c t u p m  

i t 8  r e a c t i v i t y .  Nonetheless ,  i t  i s  w e l l  t o  note  a somewhat lower s e l e c t i v i t y  of 

format ion of d i v i n y l  from 4-methyl-1.3-dicxan Decause of the a i f f i c u l t y  of de- 

hydra t ion  of tne  primary-seoondary g l y c o l s  a s  compared t o  tne  p r i m a r y - t e r t i a r y  

onesy8. 'the determining in f luence  upon the s e l e c t i v i t y  o i  formation of a i e n e  is 

the n a t u r e  of t h e  amine (Table  b ) .  

,the a t t endan t  a i e n e  p roduc t s  a r e ,  d e p e n d a  on t h e  n a t u r e  o i  tne amine, oximesy8' 

99, hexemethylenetetramineloo, f o r m e l ~ e n e ' ~ '  mu ochers .  

Of i n t e r e s t  i s  t h e  s p l i t t -  of a i o x a n s  in the p resence ,  ius tead  of m i n e  s a l t s ,  

of b i f u n c t i o n a l  organio compoundscontaining, along wi th  t h e  iW group, ac id  re -  2 
s i d u e s s u c h a e s u ~ f a n i l i o a o i d ~ ~ ~ .  The d iene  y i e l d  i s  i n  t h i s  case  a s  h i g h  a s  88- 

85%. 

The a i m  of t h e  f i r s t  i n v e s t i g a t i o n  of t h e  r e a c t r o n  of 1.3-aioxans wi th  phenols 

was t h e  mmufac tu re  of phenol r e e i n s l o 3 '  Io4. The obtained phenol r e s i n s  were 

worse i n  q u a l i t y  than i n d u s t r i a l  specimens, t h e  reason f o r  t h i s  being t h e  pre- 

sence in t h e  polymer of propylene and e thylene bridges: 
OH OH 

&ct.I~i.II~w2ui2@ ; ~ q H i j t c H 2 w 2 0 H p H 2  



Conversion oi di0xans .k  S e l e c t i v i t y  of f o r -  
mation of dxene, ,% 

m i n e  4-me thy l -  4-dime- 4,4,5- d i v i -  i so -  2,3-di- 
1,3-aio- t h y l - l , 3  tr ime- nyl p rene  methyl- 

buty lamlne 

Libutylamine 

T r i b u t y l m i n e  

ffi t ylamine 

Uecy lamine 

momat i c  
amine s 

luethylani l ine  

Limetnylani-  
l l n e  

Yyrrolidone 

ue thy lpyr ro -  
l idone  

luorphollne 

Lthylenedia-  
mine 

Hyaroxilslnine 

Non-organic 
amine 

nmmonia 

xan t hy l -  
1,3-dio- 
xan 

38.5 

32.8 

48.6 

42.4 

39.8 

51.b 

49.9  

48.5 

63.2 

57.8 

48.2 

59.4 

'71.3 

30.8 

58.3 

1.3-bu- 
t ad iene  

It was shown l a t e r 1 0 5  t h a t  tne  r e a c t i o n  may be d i r e c t e d  toward t h e  format ion.  

depending m c o n d i t i o n s ,  of g l y c o l s  o r  d i e n e s  ( t a b l e s  7, 8) .  

The presence in ~ h e n o l  oi s u b s t i t u e n t s  i n f l u e n c e s  substantially t h e  y i e l d  of 

g l y c o l s .  The conaensat ion ofm,p- and o-chlorophenols and 2 ,4-diohlorophenol  with 
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aldehyde on thed-carbon  atom of t h e  aromatic r i n g  i s  d i f f i c u l t ,  and t he  y i e l d  

of g lyco l  f a l l s  off t o  30-406. 

Uhen t he  temperature i s  r a i s e d  ana t h e  experiment i s  conducted under non-equi- 

l ib r ium condi t ions  favouring t he  dehydration of g lyco ls ,  the end products of the  

r e ac t i on  a r e  diene hydrocarbons10'. 

rower y i e l d s  of d i enes  i n  phenolyais a s  aga ins t  aminolysie are, i n  a l l  probabi- 

l i t y ,  the consequences of a  high r a t e  of processes  of a lky l e t i on  of phenols by 

compounds containing unsaturated bonds and hyarollyl groups. 

The study of the  r e ac t i on  of alkyl-1,3-dicxane with va r i ous  subs t i t u t ed  phenols  

(Table 8) tends  t o  i nd i ca t e  t h a t  d ienes  a r e  formed e f f ec t i ve ly  when using phe- 

n o l s  f r e e  from most a c t i ve  d-hydrogen atoms, e.g., 2,b-di-tert-outylphenol.  

'i'aole 7 

IuAiJk'aCl'L'IIHr. Ok U L W O L 3  ill PH~IVOLISE Oh' 113-LlO&ICfCbNhS 

lr3-Lioxacyc- 
lane 

1 ,341 i o  xan 

1,3-liioxan 

1.3-Dioxan 

1,3-Lioxan 

I. 3-bicxan 

1.3-l ioxan 

1,3-bioXolene 

+Methyl-1,3- 

dioxen 

4,4-bimethyl- 

1.3-dioxan 

Phenol 

Phenol 

m-Creaol 

o-Cresol 

p-Ghlorophenol 

04h lo ropheno l  

2.4-liichlorophe- 
no1 

2,6-Li-tert-bu- 

tylphenol  

2.4-ui-tert-nu- 

ty  lphe no 1 

Phenol 

Phenol 

Phenol 

Glycol 

I ,  3 -~ ropand io l  

hthyleneglyool  



Phenol 

Phenol 

%Cresol 

o-Cre sol 

m-Chlorophenol 

0-Chlorophenol 

2,4-Uichlorophenol 

2.6-Di-tert-butylphenol 

Uiene yield. A 

2.3-dime thyl- 
divinyl isoprene 1,3-butadiene 

In the oase in hand, bis(3,6-di-tert-butyl-4-oxyp+nyl)methane was isolated 

from the still residue. 
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