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V*.  INFLUENCE OF THE NATURE OF THE SUBSTITUENT 

ON ACE TAL FORMATION 
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2 - A l k o x y - 6 - a r y l o x y t e t r a h y d r o p y r a n s  and a number  of new 2 ,6 -d ia ry loxy te t r ahydropyrans  
have b e e n  synthes ized  by  the r eac t i o n  of 2 - a ry loxy -3 ,4 -d ihyd ropyrans  with ethanol,  
p ropargy l  alcohol ,  phenol,  p - c r e s o l ,  and p-chlorophenol .  The nature  of the subst i tuents  
p r e s e n t  in the benzene r ing of the a ry loxydihydropyrans  (CH3, C1, OCtI3) has  a funda-  
menta l  influence o n  the yield of these  mixed  ace ta l s .  

Continuing an invest igat ion on the r eac t iv i ty  of the double bond of the d ihydropyran  r ing ,  in the p r e -  
sent  work  we have studied the condensat ion of hydroxyl-conta in ing compounds with 2 - a r y l o x y - 3 , 4 - d i h y d r o -  
py rans  containing var ious  subst i tuents  in the benzene r ing (I-VI). All the expe r imen t s  were  c a r r i e d  out 
under the s a m e  condit ions,  which were  those p rev ious ly  p roposed  for  the synthes is  of ace ta ls  f r o m  2- 
phenoxy-3 ,4 -d ihydropyran  [1]. It  was  shown that  the reac t ion  of equ imolecu la r  amounts of I -VI  with a l -  
cohols in an acid m ed i um  usual ly  f o r m s  two s y m m e t r i c a l  ace ta l s  and one mixed aceta l .  

~L-oc6.,R + •'o, "~- R , ~ - o c 6 , , ~  + ~ , o - ~ o ~  ,+ RC6,~O~OC6.,R 
t-vt vu-xvm xJx, :ix XXL xxvl 

R=H (I, VII, VIII, XXi); o-CHs (11, IX, X, XXII); rn-CHs (111, Xl, XII, XXlII); p-CHs 
(IV, Xil!, XIV, XXIV); p-CI (V, XV, XVI, XXV); p-OCHs (VI, XVlI, XVIII, XXVI); 
R'=C2Hs (VII, IX, XI, Xlil, XV, XVIi, XIX); HC~-.CCH2 (VIll, X, XII, XIV, XVI, 
XVlll, xx). 

The yields  of the 2 - a l k o x y - 6 - a r y l o x y t e t r a h y d r o p y r a n s  (VII-XVIII, Tab les  1 and 2) depend on the nature  
of the subst i tuents  in the benzene  r ing  of I -VI .  Elec t ron-donat ing  groups ,  pa r t i cu l a r l y  when p r e s e n t  in the 
or tho and p a r a  posi t ions  with r e s p e c t  to the e the rea l  oxygen, r a i s e ,  and e l ec t ron-accep t ing  subst i tuents  
such as chlor ine  lower ,  the pe r cen t age  fo rma t ion  of' the m ~ e d  aee ta l s .  3~hus, for  example ,  the yield of 
2 - a r y l o x y - 6 - e t h o x y t e t r a h y d r o p y r a n s  d e c r e a s e s  with a r i s e  in the negat ive induction effect  of the sub-  
s t i tuents  (Table 1). 

At the s a m e  t i m e ,  the amount  of s y m m e t r i c a l  r eac t ion  products  fo rmed  r i s e s ,  l>ropargyl alcohol is 
capable  of f o rmi ng  m o r e  s table  mixed aee ta ls  with the d ihydropyrans  I -VL Apparent ly  for  this  r e a so n ,  
t he i r  yields  a r e  higher  than in the r eac t i on  with ethanol.  However ,  in the i r  influence on the yield of 2- 
a ry loxy -6 -p ropyny loxy te t r ahydro fu rans  the subst i tuents  of the a ry loxy group fall  into the s a m e  sequence.  

* F o r  Communicat ion V, see [3]. 
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TAB LE 3. 2 ,6 -Dia ry loxy te t r ahydropyrans  (XXIV-XXXI1]) 

Corn-  
pound R R" 

XXIV p-CHa p-CHa 
XXV] p-Cl p-Cl 

XXVI] p-CHaO p-CH30 
XXVIIt o-CHa p-CHa 

XXVIII] o-CHa I p-Cl 
XXIX[ m-CHa p-CHa 
XXX[ rn-CHa p-Cl 

XXXI] p-CHa p-Cl 
XXXII I p-CHaO p-CHa 

XXXIII[ p-CHaO p-Cl 

mp,, ~C 

81 
92 
67 
781" 
92 
81,2~t 
91,6 
90,3 
64,2 
74 

Empirical [ Found, % 
for mffJ.a / c H 

ClgH~Oa 76 9 7,2 I ' 
ClzHIsOaCl2 [ 60,0 4,8 
C19HmOs 69,0 6,6 
C19HmOa 76,4 7,4 
CIsHIoO3C1 i 67,8 [ 5,9 
CloH~Oa 76,9 I 7,4 
C,8H,903CI 67,8 I 6,0 
C18HI9OaCl 67,7 6,0 
C19H~204 72,5 6,9 
CjsH1904CI 64,4 5,7 

Calc., % 

c H 

76,8 7,4 
60,2 4,7 
69,1 6,7 
76,8 7,4 
67,8 6,O 
76,8 7,4 
67.8 6,0 
67,8 6.0 
72,6 7.0 
64,6 5,6 

Yield, 
% 

90 
97 
l l*  
80 
98 
78 
93 
98 
79 
98 

* Compound XXVI was obtained by  the r eac t ion  of VI with 
ethanol as a r e s u l t  of d ispropor t ionat ion.  

d 2~ 1.1103; n~  1.5475; found MR D 85.17; calculated NLR D 85.47. 
$ bp 186~ (1.5); d 2~ 1.1041; n~  1.5501; found MR D 85.76; ca / -  
culated MR D 85.47. 

Compounds I -Vi  behave  pecu l i a r ly  with phenols.  Rega rd l e s s  of the nature  of the subst i tuents  in the i r  
benzene r ings ,  the s t a r t ing  m a t e r i a l s  a re  conver ted  comple te ly  into 2 , 6 - d i a r y l o x y t e t r a h y d r o p y r a n s  (XXI, 
XXIV, XXV, XXVII-XXXIII,  Table  3). 

~ O C 6 H 4 R  + R"C~H4Olt H+ R,,C6 H 4 0 _ ~ O C 6 H 4  R 

XXI, XXIV,XXV, XXVI I-XXXI 11 
XXI R=H; XXVII, XXVIII o-CH3; XXIX, XXX m-CH3; XXIV, XXXI p-CHa; XXV p-Cl; XXXII, XXXIII p-CHaO; 

XXI R"=H; XXIV, XXVII, XXIX,XXXII p-CHa; XXV, XXVII|,XXX,XXXI,XXXII! p~ 

No d ispropor t iona t ion  of the r eac t ion  products  is observed ,  and no s y m m e t r i c a l  ace ta ls  we re  isola ted 
in those cases  where  R and R w w e r e  di f ferent .  The s t ruc tu re  and pur i ty  of the 2 ,6 -d i a ry loxy te t r ahydro -  
py rans  were  shown by the i r  in f ra red  s p e c t r a  and e l e m e n t a r y  and chromatograph ic  ana lys i s .  The influence 
of subst i tuents  on the yie lds  of the t e t r ahyd ropy rans  XXIV, XXVII, XXIX, and X X X I I -  the products  of the 
addition of p - c r e s o l  to I -VI  - was  as before  (Table 1). 

Higher ,  a lmos t  quant i ta t ive,  yields  of aee ta ls  (XXV, XXVIII, XXX, XXXI, XXXIII) a re  given with 
ehlorophenol  by  all the d ihydropyrans  I -VI  studied.  Chlorine,  p o s s e s s i n g  a high e lec t ronega t iv i ty ,  ensu re s  
a high mobi l i ty  of the hydrogen a tom and this apparen t ly  explains the ease  with which the addition of ch loro-  
phenol to the double bond of the dihydropyan r ing takes  p lace ,  p-Aminophenol  differs  cons iderab ly  in its 
ac t iv i ty  in this a c e t a l - f o r m i n g  r eac t i on  f r o m  the phenols ment ioned above. At tempts  to add it to the 2- 
a ry loxy-3 ,4 -d ihydropyrans  I -VI  were  unsuccessfu l ,  and dist i l lat ion usual ly  gave the initial a ry loxydihydro-  
py rans  and p-aminophenol .  Thus,  the act ivi ty  of  the phenols studied in the i r  r eac t ion  with the double bond 
of the d ihydropyran  r ing  fal ls  with a d e c r e a s e  in the acidi ty  of the phenol.  

Spect ra l  inves t igat ions  of compounds I -VI  show an i n c r e a s e  in the C---C s t re tch ing  v ibra t ions  of the 
p y r a n  r ing  f r o m  1630 cm -1 (for the unsubst i tuted pyran  ring) [2] to 1670-1680 c m  - I  with the introduction 
of e lec t ron-dona t ing  c r e s oxy  subst i tuents  into posi t ion 2. The shif t  in the v ibra t iona l  f requencies  under the 
influence of subs t i tuents  is in h a r m o n y  with the a constants  of Hammet~,s  equation [3]. The re la t ionships  
obtained show that  in compounds I -VI  the oxygen a tom connecting the d ihydropyran and a r o m a t i c  r ings  t r a n s -  
mi t s  the influence of the subst i tuted phenyl rad ica l  f a i r l y  well .  The vinyloxy group in these  compounds is 
m o r e  sens i t ive  to the t r a n s m i s s i o n  of the of the e lec t ronic  influences of the subst i tuents  of the benzene r ing 
than in s imple  a ry l  vinyl e the r s .  This is conf i rmed  by  the invest igat ions in the p re sen t  work  of the e l ec -  
t rophf l ic  addition of alcohols and phenols to var ious  2 - a ry loxy -3 ,4 -d ihyd ropy rans .  

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

The 2 - a ry l oxy -3 ,4 -d i hyd ropy rans  g-V]) were  obtained by the condensation of the cor responding  ary l  
vinyl e the r s  with ac ro le in  in an autoclave with heat ing [4]. The alcohols w e r e  r e n d e r e d  absolute and the 
phenols we re  r ed i s t i l l ed  for  the r eac t ions .  
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2-Ethoxy-6-phenoxyte t rahydropyran  (VII}. With mechanica l  s t i r r ing ,  three  drops of a solution of 
hydrogen chlor ide in absolute dioxane was added to a mix ture  of 17.6 g (0.1 mole) of 2 -phenoxy-3 ,4-d i -  
hydropyran  (I) and 4.6 g (0.1 mole) of absolute ethanol. The t e m p e r a t u r e  of the react ion mixture  r o s e  to 
40~ After 3 h the product  was neutra l ized with potass ium carbonate  and dist i l led in vacuum. This gave 
4.66 g (21%) of VII, 3.05 g (35%) of 2 ,6-d ie thoxyte t rahydropyran  (XIX) and 1.35 g (10%) of 2,6-diphenoxy- 
te t rahydropyrml  [I]. 

2- (p -Cresoxy) -6 -e thoxy te t r ahydropyran  (XII~ was obtained in a s imi la r  manner  to VII; in addition 
to XIII, 19% of XIX and 5% of 2 ,6 -d i (p -c resoxy) te t rahydropyran  (XIV) were  obtained. 

The other  acetals  (Table 2) were  obtained under s imi la r  conditions. 

The 2 ,6 -d ia ry loxy te t rahydropyrans  (XXVII-XXXIII, Table 3) were  obtained in a s imi l a r  manner  to 
VII. During the reac t ion  the mix tu re  solidified.  The products  obtained were  c rys ta l l i zed  f r o m  ethanoI. 

1. 

2. 
3. 

4. 
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