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The ac t ion  of ch lor ine  and b romine  on 2 - a r y l o x y - 3 , 4 - d i h y d r o p y r a n s  has  been studied;  a s e r i e s  of 6 - a r y l o x y -  
2, 3 - d i h a l o g e n o t e t r a h y d r o p y r a n s  has  been  obtained.  The s tab i l i ty  of the compounds syn thes ized  r i s e s  with 
the in t roduct ion  of e l e c t r o n - a c c e p t i n g  subs t i tuen ts  into the benzene r ing .  On being heated in the p r e s e n c e  of 
a l k a l i s ,  they  sp l i t  off a mo lecu le  of hydrogen  ha l ide  and open the t e t r a h y d r o p y r a n  r ing .  

It is  known that  the halogenat ion of d ihyd ropyran  t a k e s  p lace  at  a low t e m p e r a t u r e  in die thyl  e the r  solut ion [2 -5 ] .  
The ha logens  in the r e a c t i o n  p roduc t s  p o s s e s s  a high ac t iv i ty  and can be r e p l a c e d  by v a r i o u s  funct ional  g roups  [6, 7]. 

In th is  work  we have s tudied fo r  the f i r s t  t ime  the ch lo r ina t ion  and b romina t i on  of 2 -phenoxy- ,  2 - (o - ,  m - ,  and 
p - m e t hy lphenoxy ) - ,  2 - (o - f luo rophenoxy) - ,  and 2 - (o -  and p - c h l o r o p h e n o x y ( 3 , 4 - d i h y d r o p y r a n s  ( I -VII ) ,  r e s p e c t i v e l y ) .  
The inves t iga t ions  c a r r i e d  out have shown that  the two halogen a toms  add to the double bond of the d ihydropyran  r ing  
with the f o r m a t i o n  of 6 - a r y l o x y - 2 ,  3 - d i h a l o g e n o t e t r a h y d r o p y r a n s  (VIII-XVI).  

The r e a c t i o n  of ch lo r ine  with 2 -phenoxy-  and, e s p e c i a l l y ,  2 - m e t h y l p h e n o x y - 3 , 4 - d i h y d r o p y r a n s  ( I - IV)  mus t  be 
c a r r i e d  out at  - 1 5  ~ C with the g radua l  addi t ion of the halogen solut ion to the d ihydropyran  solut ion.  The p r e s e n c e  of 
e l e c t r o n e g a t i v e  subs t i tuen ts  in the benzene  r ing  enab les  the r eac t i on  to be c a r r i e d  out at  h igher  t e m p e r a t u r e s  (0 -5  ~ C)o 

The 6 - a r y l o x y - 2 ,  3 - d i h a l o g e n o t e t r a h y d r o p y r a n s  (VIII-XII)  a r e  uns table  and de l iquesce  and fume at r oom 
t e m p e r a t u r e ,  sp l i t t ing  off hydrogen  ha l ides .  The d ib romo  d e r i v a t i v e s  begin  to decompose  i m m e d i a t e l y / a f t e r  t h e i r  
i so la t ion  f r o m  so lu t ions ,  jus t  l ike the p roduc t s  of the halogenat ion of v inyl  e t h e r s  [ 8 - ] 0 ] .  

The in t roduct ion  into the a ry loxy  group of I of such subs t i tuen t s  as  f luor ine  and ch lor ine  i n c r e a s e s  the s t ab i l i t y  
of the c o r r e s p o n d i n g  halogenat ion p roduc t s  XIV-XVI.  These  compounds can be s to red  for  a long t ime  without change.  

On being heated in the p r e s e n c e  of caus t i c  potash ,  XII and XIII sp l i t  off a molecu le  of hydrogen  ha l ide  l ike the 
monohalogen d e r i v a t i v e s  of p y r a n  [11, 12]. We a s s u m e ,  by analogy with vinyl  e t h e r s  [13], that  the ch lo r ine  a tom in the 
f l -  pos i t ion  is  the m o r e  s tab le  and the ac t ion  of a l k a l i  on XII and XIII g ives  the 2 - a r y l o x y - 5 - h a l o g e n o - 3 , 4 - d i h y d r o p y r a n s  
(XVII-XVIII) with a y ie ld  of 60-70%. The e l e m e n t a r y  compos i t ion  of dehydrochlor ina t ion  p roduc t s  of XII and XIII  
c o n f i r m s  t h e i r  s t r u c t u r e .  In addi t ion,  the given s t r u c t u r e  of XVII and XVIII is  shown by t h e i r  IR s p e c t r a .  The 
a p p e a r a n c e  of an abso rp t ion  band of XVII in the 1660 em -1 r eg ion  (figure) i s  due to the  v ib r a t i ons  of the C-----C bond in 
the d i hyd ropy ran  r ing .  St rong abso rp t ion  at 1600 and 1500 cm -1, and a l so  at 3040 cm -1, con f i rms  the p r e s e n c e  of an 
a r o m a t i c  s t r u c t u r e .  The b r o a d e s t  and s t ronges t  bands  in the s p e c t r u m - - a t  1220-1225 c m - l - - i s  due to e the r  bonds ,  
including the C - - O  bonds of the r ing .  The s t rong  band at  694 cm -1 mus t  be a s c r i b e d  to the C--C1 s t r e t c h ing  v i b r a t i o n s .  
In sp i te  of the p r e s e n c e  in the s p e c t r u m  of bands c h a r a c t e r i s t i c  fo r  the d ihydropyran  r ing ,  t h e r e  i s  abso rp t ion  at  
1740 and 1735 cm -1, r e s p e c t i v e l y ,  fo r  XVII and XVIII. This  may  be caused by the v ib r a t i ons  of the ca rbony l  group~ 
Apparen t ly ,  dehydroch lo r ina t ion  is  accompan ied  by the opening of the r ing  due to the i n s t ab i l i t y  of the 2 - a r y l o x y - 5 -  
c h l o r o d i h y d r o p y r a n  f o r m e d  : 

O 

However ,  we have been unable to ident i fy  the p roduc t s  not conta ining a p y r a n  r ing .  

Under  the ac t ion  of an e x c e s s  of ha logens  on the 2 - a r y l o x y - 3 ,  4 - d i h y d r o p y r a n s  in addi t ion to the s a tu r a t i on  of the 

* F o r  p a r t  VII, see  [1]. 403 



double bond the r ep lacement  of hydrogen atoms of the r ing  by the halogens takes place.  The rep lacement  occurs  most  
read i ly  at t e m p e r a t u r e s  f rom - 5  to -10" C in compounds I I - IV having a methyl  group in the benzene r ing.  To pe r fo rm 
this  reac t ion  with Is the t e m p e r a t u r e  mus t  be ra i sed  to 0* C. Compounds V-VII  exchange hydrogen for  chlor ine  only 
at room t e m p e r a t u r e .  We a s sume  that in these cases  subst i tut ion takes place p r i m a r i l y  in the pyran  r ing.  
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IR spec t rum of 2 - (p -me thy lphenoxy) -5 -ch lo ro -3 ,4 -d ihydropyran  (XVII). 

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

The IR spect ra  were  taken on a UR-10 spect rophotometer .  

The in i t ia l  2 - a r y l o x y - 3 , 4 - d i h y d r o p y r a n s ,  obtained as descr ibed  by 8hostakovskii  et al .  [15] have the following 
constants  [number  of compounds,  bp* C (mm); n~]:  I, 93 (4), 1.5367; l-I, 107 (8), 1.5300; III, 145 (11), 1.5312; IV, 115 
(5), 1o5300; V, 136 (10), 1.5179; VI, 138 (9), 1.5452; VII, 95.5 (1), 1o5471. 

2,3-Dlbromo-6-phenoxytetrahydropyran (VIII). At -10" C, 3.4 g (19.6 mM) of I in 30 ml  of e ther  was added 
dropwise to 1 ml  (19.6 mM) of b romine  in 50 ml  of absolute diethyt e ther .  After  2 hr ,  the solvent was dis t i l led off and 
the re s idua l  product  was washed with pe t ro leum ether  and dried to constant  weight in vacuum.  This gave 6036 g (98%) 
of VIII (table). IR spec t rum,  c m - l :  2950, 1595 (s), 1503,(s), 1495 (m), 1448 (m), 1405, 1360 (w), 1320 (w), 1294, 1270, 
1230 (v . s ) , l 123 ,  1094 (s), 1063 (s), 1035(s), 960, 890, 855, 780 (m), 755 (s), 694 (v.s) ,  653 (s), 628 (s), 604 (s), 
524 ( v . s ) ,  506 (s). 

6 -Ary loxy-2 ,  3-d iha logenote t rahydropyrans  

I 
MRD Empirical Found, %~ Calculated, % / 

R X d42~ nn~~ . . . . . . . . .  I ~= ]cal-eu. I f . . . .  la halo- C H halo- ~" 
e  /latedr CL"lg~ / L o- 

I I i I t 
6601 Cl~H~sBr202 3876371 4790 3928 357 4762 198 VIII ~ H Br] 1,7010 1,5850 66,1! , . . . . . .  

IX [4-CHa Br/1,6350 1,5751 70,7; 70,63i C~:H~4BrsO2 40,8113,95 46,12/41,14 4,00 45,71 t 96 
X 2-CH3 C1]1,2647 1,5409 64,8, 54,83:CtsH]4CI202 /55,13i5,21/27,15t55,17/5,36127,20 196 

XI 3-CHz C1/1,2647 1,5405 64,8( 64,83 C1sHI4CI202 55,42,5,28 27,38/55,17 5,36 27,20 94 
XII/4-CHa C1/1 2658 1,5412 64,8( 64,83 C12H14C1202 55,11 5,33 27,31155,17 5,36 27,20 98 

X I l l a  ] H  CII - -  -- -- 
-- C HHCI2FO= 49,394,02 34 11/49,8l 4 15 33.96 ~ 92 

xIVbl 2.F Cll -- -- C,,H,=CI,O= 53,21[ 4,80 29,03/ 53,44 4,86 28,74 98 
XV c 2-C1 - -  CuHitCla02 4 6 7 0 4 1 3 3 7 8 1 1 4 6 8 9 3 9 0 3 7 8 3  93 

XVI d 4-C1 C1 --~ -- -- CHHHCIaO2 [46'83!4'20. 37'8~46'89] , 3'90 37'83, 93 

aRectangular prisms, plates, mp 103-105 ~ c.boctahedra,  mp 108-110 ~ C. CNeedles, mp 98-103 ~ C. 
eSum of the halogens. 

2, 3-Dichloro--6-(p-f luorophenoxy) te t rahydropyran (XIV). With cooling to 0 ~ C, 3.88 g (0.02 mole) of V dissolved 
in 30 ml  of CC14 was added dropwise to a solution of 1.42 g (0.02 mole) of chlor ine  in 50 ml  of carbon te t rach lor ide .  
The mix ture  was kept for  1 hr  and then the solvent  was evaporated off at 10 mm.  This  gave 4.87 g (92%) of XIV in the 
fo rm of white c rys t a l s  with mp 110" C (from diethyl ether) .  IR spec t rum,  c m- l :  2951 (m), 2861, 1615 (m), 1990 (w), 
1520 (v.s)  1445 (m), 1425 (m), 1360, 1340, 1290(m),  1230 (v . s ,  broad),  1180, 1122 (s), 1909 (s), 1060 (s), 1033 (s), 
965 (s), 890, 858, 815 (s), 778 (s), 753 (s), 704, 650 (m), 602, 555 (w), 717 (s). 

The halogenat ion of the other d ihydropyrans;  H-IV,  VI-VII ,  was ca r r i ed  out under  s i m i l a r  condit ions (table). 

5 -Ch lo ro -2 -phenoxy-3 ,4 -d ihyd ropy ran  (XVIII). A mix ture  of 4.9 g of XIII and 0.3 g of KOH was heated in vacuum.  
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This gave 2.66 g (63%) of XVIII in the form of a light yellow mobile liquid soluble in acetone, dioxane, and ethanol. Bp 
137 ~ C(2 ram); d} ~ 1.2290; n}~ ].5442. Found, ~o: C 62.25; H 5.24; C1 17.63; MR D 54.88. CllHllC102. Calculated, %: 

C 62.85; H 5.24; C1 16.86; MRD 54.01. 

5-Chloro-2-(p-methylphenoxy)-3,4-dihydropyran (XVII). This was obtained in a similar manner to XVIII. Yield 
71%, bp 161 ~ C (7 mm); d~ ~ 1.1632; n}~ 1.5405. Found, %: C 64.44; H 5.93; C1 15.43; MRD60.47. C12H14C102. Calculated, 
%: C 64.]4; H 5.83; C1 15.62; MR D 59.50. 
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