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The vinyl  e ther  of o- f luorophenol  by diene condensat ion with ac ro l e in  fo rms  an adduct and this  with a higher  
y ie ld  than the vinyl  e the r s  of ch lo ro -  and bromophenols .  Eight 2 -ha logenaroxy-3 ,  4 -d ihyd ropy rans  were  
synthes ized .  New ha logen-conta in ing  ace ta l s  and p o l y m e r s  of the t e t r a h y d r o p y r a n  s e r i e s  were  obtained. 

We had p rev ious ly  s tudied the r eac t ion  of ac ro l e in  with v iny la ry l  e t he r s  having mainly  e l ec t ron  donating 
subs t i tuents  in the benzene r ing  [2, 3]. As is known, the bes t  d ienophi les  a r e  those compounds having double bonds 
ac t iva ted  by conjugation with e l ec t ron  accept ing  subs t i tuents  [4, 8]. Continuing our inves t iga t ions  of the diene 
condensat ion using ac ro l e in  as s t a r t ing  m a t e r i a l ,  we s tudied the behavior  of the vinyl  e the r s  of va r ious  halogenated 
phenols,  as well  as  the p r o p e r t i e s  of the syn thes ized  2 -ha logenaroxy-3 ,  4 -d ihydropyrans  with r e s p e c t  to r eac t ions  of 
hydrogenat ion,  ace ta l  fo rmat ion  and po lymer iza t ion .  As d ienophi les  we employed  the vinyl  e the r s  of o- f luorophenol  
(I), of o- ,  m- ,  and p -ch lo ropheno l s  ( II-IV),  of o- ,  p - b r o m o p h e n o l s  iV, VI), of 2, 4 -d ich lorophenol  (VII), of 2, 4-  
d ibromophenol  (VIII), and of 2, 4, 6 - t r i ch lo ropheno l  (IX). The in te rac t ion  of these  compounds with ac ro l e in  p roceeds  at 
170-180 ~ C (the p r o c e s s  i s  accompanied  by some res in i f i ca t ion ,  but at 150-160 ~ C the y ie lds  of adducts  sha rp ly  
dec r ea se ) ,  in the cour se  of 6 - 8  hr  according  to the following scheme:  
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R= fl, F, CI, Br ; R'=II,CI,Br 

Underthe given conditions, a substantial influence on the yield of the desired product is exerted by the nature of the 
halogen, the number of atoms and their position in the benzene ring. Thus, the yields of o-fluoro-, O-chloro- and 
O-bromophenoxy-3, 4-dihydropyrans amounted to 92, 85, and 74% respectively. With respect to the yield of adduct 
with acrolein, the isomeric vinyl ethers of chlorophenols may be arranged in the following order: o > p > m. 

In p rev ious  p a p e r s  it  had been shown that  the opt imum t e m p e r a t u r e  for  the condensat ion of v iny la ry l  e t he r s  
having e l ec t ron  donating subs t i tuents  in the r ing  a r e  t e m p e r a t u r e s  c lose  to the boil ing points  of the e the r s  under  study 
[2]. P robab ly  due to the e l ec t ron  accept ing p r o p e r t i e s  of the halogens ,  the double bond of d ienophi les  I - V I  is  m o r e  
act ivated,  and, the re fo re ,  the i r  diene syn thes i s  with ac ro l e in  p roceeds  at a much lower  t e m p e r a t u r e .  More diff icul t  
was to c a r r y  out the r eac t ion  with d ich lo ro - ,  d ib romo- ,  and al l  the m o r e  with t r i c h l o r o d e r i v a t i v e s  of vinyl  e the r s  
(VI-IX).  These  r e q u i r e  more  s e v e r e  condit ions,  which p romote  the oc c u r r e nc e  of s ide  reac t ions ,  the p a r t i a l  
decompos i t ion  and r e s in i f i ca t i on  of the r eac t ing  subs tances .  Fo r  this  r e a s o n  the y ie ld  of 2 - (o - ,  p -d ich lorophenoxy) -  
3, 4 -d ihyd ropy ran  (XVI) amounted to 67%, and that of 2- (0- ,  p -d ibromophenoxy) -3 ,  4 -d ihyd ropy ran  (XVII) to only 14~a 
It was not pos s ib l e  to obtain the adduct of the t r i c h l o r o  de r iva t ive  (IX) and ac ro l e in  at 190-200 ~ C, and s t r o n g e r  heating 
led to the decompos i t ion  of the r eac t ion  mix ture .  Table  1 p r e s e n t s  the p r o p e r t i e s  of the d ihydropyrans  synthes ized .  

The i r  s t r u c t u r e  was proved by chemica l  convers ions  to a roxy -  and po lya roxy t e t r a hyd ropy ra ns .  The double band 
of the dehydropyran  cycle  in compounds X-XVII  became  l e s s  r e a c t i v e  due to the influence of the halogens,  which is 
t r a n s m i t t e d  through the double oxygen br idge ,  and this was conf i rmed  by in f r a r ed  s p e c t r o s c o p y  da ta  [9]. 

Under the ac t ion of n ickel  ca ta lys t ,  hydrogen a t tached i t s e l f  to d ihydropyran  XIII to form 2- (p-  
ch lo rophenoxy) te t r ahydropyran  (XVIII). In the p r e s e n c e  of ca ta ly t i c  quant i t ies  of hydrogen chlor ide ,  XV r e a c t ed  with 
ethanol  to fo rm two s y m m e t r i c  and one mixed  ace ta l s  accord ing  to the following scheme:  

*For part VI, see [I]. 
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XV ~ XlX 

xx XXl 

As a resul t  of the react ion of XV with propargyl  alcohol, p-cresol ,and  p-chlorophenol, formation of a symmetr ica l  
s t ructure  was not observed in the reaction products, and only mixed acetals  of the te t rahydropyran se r i e s  (XXII-XXIV) 
were obtained. With the highest yield, about 90%, calculated on reacting dihyropyran XV, was obtained 2-(p- 
bromophenoxy)- 6-(p- chlorophenoxy)tetr ahydropyran. 

~ R R" 

C1 a 

Br 
CI 
Br 

Table 1. 

Bp ~ 
(pressure 

in nm) 

136 )l 

tl2 (2) 
95,5 (i) 
155 (7) 
160 (13) 
111 (0,5) 

XIVL 
x v  b / 
XVI[ C1 
VII c ] Br 

~ ' o ' ~ O . ~ R ~  
R 

2 - H a l o g e n a r o x y - 3 ,  4 - d i h y d r o p y r a n s  

M R ~  Found, Calcu- J 
d~ ~~ nD~~ "~ ~o~ Molecular l ~  lated, % 

formula 
C H C H 

1.1751 1.5179 50.02 4@.91 CHHIjFO2 67.98 5.71 68.04 5.67 
1.2100/ 1.5452 5489154 88~Cl1H,,C O~ 63.03 5.06}62.85L5.24 
1 2129/1.5475 55.06!54.88]C H tClO~ 62.91 5.25 62.85 5.24 
1.2100t 1.547! 55.0'8 54.88 C~IH,1C10~ 62.41 5.32 62.85 5.24 I 
L424011.5629158.14 57.781CnHnB~O2 51.83 4.24 51.76 4.31 
1.4270[ 1.5640158.11 57.78 CnHlrBrO2 51.9014.36]51.76 4.31 
1.3400q 1.5629q59.37'59.75 CnH~0Cl~O2 53.76 4.15 53.88 4.08 I j - -  - -  CIIHIoBr202 39,38 2.90 39.52 3.00 

92 
85 
71 
80 
74 
71 
67 
14 

*(a) m-Isomer; (b) mp 46 ~ C; (c) mp 62 ~ C. 

The synthesized compounds X, XII-XV were able to open the double bond of the pyran cycle to form 2- 
polyhalogenaroxytetrahydropyrans with molecular  weights from 2000 to 3500. The basic ring of these compounds has 
the following s t ructure  (by analogy with previous investigations): 

R' R' 

0 0 

0 

~:' I~" R' 

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

The o r i g i n a l  v iny l  e t h e r s  w e r e  obta ined  f r o m  ha logena ted  pheno l s  in an au toc l ave  under  p r e s s u r e ,  a c c o r d i n g  to 
the F a v o r s k i - S h o s t a k o v s k i i  r e a c t i o n  [10, 13]. T h e i r  p r o p e r t i e s  [bp ~ ( p r e s s u r e ,  nm),  n ~ ,  r e s p e c t i v e l y ]  w e r e  as  
fo l lows:  I) 60(10), 1.4970; II), 69(9), 1.5420; III) 67(7), 1.5399; IV) 53(4), 1.5400; V) 83(5), 1.5680; VI) 38(0.5), 1.5677; 
VII) 105(8), 1.5571; VIII) 145(17), 1.6035; IX) 114(12), 1.5609, mp 37 ~ C. The  a c r o l e i n  u t i l i z ed  in the r e a c t i o n  was  

d e h y d r a t e d  and f r e s h l y  d i s t i l l ed ,  bp 5 1 - 5 2  ~ C (720 mm) ,  n]~;1.3990. 

2-(o-Fluorophenoxy)-3, 4-dihydropyran (X). In an autoclave of 0.2 1 capacity were placed 27.6 g (0.2 mole) of I 
and 11o2 g (0.2 mole) of acrolein. A current of nitrogen was blown through, and the reaction mixture was maintained 
at 190 ~ C during 8 hr. The reaction product was submitted to distillation 1.9 g of acrolein, 4.7 g of I and 29.1 g of 
compound X were recovered. This corresponded to a 92% yield, cal.culated on the quantity of I that had reacted. The 
remaining 2-halogenaroxy-3, 4-dihydropyrans XI-XVII were prepared in a similar way. They dissolved well in acetone 
and in carbon tetrachloride, but with difficulty in ethanol. 
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2-(p-Chlorophenoxy)te t rahydropyran (XVIII). Into a react ion vesse l  for hydrogenation, were placed 2.5 g (0.012 
mole) of XIII, 0.5 g of Rainey nickel, and 15 g of absolute ethanol. A cur ren t  of hydrogen was then passed  through. 
2.4 g (95%) of XVIII was obtained, b p l 4 0  ~ C (9 ram); d42~ 1.1821; n ~  1.5325. Found, ~g C 62.25; H 6.01; MR D 55.84. 
Calculated for CtlH13C102, %: C 62.11; H 6.11. MR D 55.35. According to the l i t e ra tu re  [11], bp 127 ~ C (3 ram). 

2- (p-Bromophenoxy)-6-e thoxyte t rahydropyran  (XIX). F rom 12.77 g (0.05 mole) of XV and 2.3 g (0.05 mole) 
ethanol, and following the procedure  descr ibed in [12], 2.56 g (17%) of XIX was obtained, bp 161 ~ C (3 mm); d 2~ 1.3895; 
u ~  1.5103. Found, %: C 51.76; H 5.60; MR D 69.32. Calculated for CI3H17BrO3, %: C 51.82; H 5.65; 1VIR D 69.13. 
Fur the rmore ,  1.2 g (30%) of 2, 6-die thoxytet rahydropyran (XXI) was obtained, with constants which agreed with those 
recorded in the l i t e ra tu re  [3], and 1.21 g (12%) of 2, 6-di - (p-bromophenoxy) te t rahydropyran (XX), mp 101 ~ C. Found, 
%: C 47.51; H 3.67. Calculated for C17HI6Br203, %; C 47.66; H 3.74. 

2- (p-Bromophenoxy)-6-propinoxyte t rahydropyran  (XXII). F rom 2.55 g (0.0105 mole) of XV and 0.56 g (0.01 mole) 
of propargyl  alcohol, 0,87 g (28%) of XXII was obtained, bp 182 ~ C (8 ram); d~ ~ 1.4121; n ~  1.5662. Found, %: C 52.01; 
H 4.78. MR D 71.83. Calculated for C14HI~BrO3, %: C 52.34; H 4.67. MR D 71.74. 

2 - (p-Bromophenoxy)-6- (p-cresoxy) te t rahydropyran  (XXII). In an acid medium, 2.55 g (0.0105 mole) of XV and 
1.08 g (0.01 mole) of p - c r e so l  yielded 2.8 g (77%) of XXIII, mp 93.5 ~ C. Found, %: C 59.05; H 5.31. Calculated for 
ClsH19BrO 3, %: C 59.30; H 5.23. 

2- (p-Bromophenoxy)-6-(p-chlorophenoxy) te t rahydropyraa  (XXIV). From 2.55 g (0.0105 mole) of XV and 1.28 g 
(0.01 mole) of p-chlorophenol,  3.45 g (90%) of XXIV was obtained, mp 85.5 ~ C. Found, ~ C 53.21; H 4.20. Calculated 
for Cl~H16C103Br , %: C 53.19; H 4.17. 

Table 2. Poly(2-halogenaroxy)tet rahydropyrans.  

R R' mp, ~ [711 M yield, % 

F 
H 
H 
Br 
H 

H 
CI* 
CI 
H 
Br 

107 
115 
120 
142 
146 

0.295 
0.319 
0.340 
0.481 
0.493 

2100 
2270 
2400 

33~ 

* l~l-I$omer. 

73 
70 
78 
88 
81 

Poly(2-o-f luorophenoxy)te t rahydropyran (XXV). Into a f lat-bottomed flask, 5 g of X were placed, and under 
s t i r r i ng  0.075 g of hydrated s tannic chloride was added. After 12 hr a viscous reac t ion  product was formed, was 
dissolved in 10 ml of acetone and then precipi tated with 200 ml of ethanol. The precipi tated polymer  was dried under 
vacuum to constant  weight at 50 ~ C. 3.65 g (73%) of poly(2-o-f luorophenoxy)tetrahydropyran was obtained. The 
remain ing  2-halogenaroxy-3,  4-dihydropyrans  were polymerized under  s i m i l a r  conditions.  Table 2 s u m m a r i z e s  the 
proper t ies  of the po lymers  obtained. 
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