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A n u m b e r  of 2 ,6 -d i a lkoxy-3 -b romote t r ahydropyrans  were  obtained by the e l ec t rochemica l  
b romomethoxyla t ion  of 2 -a lkoxy-Ab-dihydropyrans .  An assumpt ion regard ing  the s t e r e o -  
speci f ic i ty  of the e l ec t rochemica l  and chemica l  bromoalkoxyla t ion  was s ta ted on the bas i s  
of the dehydrobrominat ion and hydrogenation of the compounds obtained and on the bas i s  of 
the r e su l t s  of gas - l iqu id  ch romatography ,  the react ion p roceeds  as cis  and t rans  addition 
at the mult iple  bond, and the alkoxy group occupies only the t r ans  position with r e spec t  to 
the alkoxy group a l r eady  p resen t  in the r ing .  The i s o m e r i c  2 ,6-dia lkoxy-A4-dihydropyrans  
a r e  fo rmed  along with 2 ,6-dia lkoxy-A3-dihydropyrans  in the dehydrobrominat ion  of 2 ,6-di -  
a l k o x y - 3 - b r o m o t e t r a h y d r o p y r a n s .  

2 ,6-Dialkoxy-A3-dihydropyrans ,  which a re  p romis ing  in t e rmed ia te s  for  organic  syn thes i s ,  a re  ob- 
tained f r o m  2-a lkoxy-A5-dihydropyrans  (adducts in the diene synthes is  of acrole in  and vinyl alkyl e thers)  
by the action on the l a t t e r  of N-b romosucc in imide  in alcohol solution and subsequent  dehydrobrominat ion  
with alcoholic a lkal i  [1]. 

.We have invest igated the poss ibi l i ty  of obtaining 2 ,6 -d i a lkoxy-3 -b romote t r ahydropyrans  by e l e c t r o -  
chemica l  bi 'omoalkoxylat ion of 2-a lkoxy-Ab-dihydropyrans  in alcoholic ammonium b romide  solut ions.  Two 
var ian t s  of the m e c h a n i s m  of the e l ec t rochemica l  bromoalkoxyla t ion  can be p roposed .  

1. The b romine  fo rmed  as a r e su l t  of the e l ec t ro lys i s  of ammonium bromide  adds to the double bond 
to fo rm 2 -a lkoxy -5 ,6 -d ib romote t r ahyd ropy rans .  The b romine  a toms in the compound obtained a r e  non-  
equivalent:  the aceta l  b romine  is  exchanged for an alkoxy group of the alcohol.  The hydrogen b romide  
evolved is neu t ra l i zed  by the ammonia  fo rmed  on the cathode, and the ammonium bromide  again undergoes  
e l e c t ro ly s i s .  

2. The b romine  fo rmed  in the e l ec t ro lys i s  of ammonium bromide  undergoes  he tero ly t ic  c leavage  to 
give Br  $ . The polar iza t ion of the double bond causes  e lec t rophi l ic  addition of Br  $ in the 3 posit ion.  An 
alkoxide ion ~OR') ,  in compet i t ion with B r - ,  adds to the resul t ing  carbonium ion. 

I o .o l 
I R=R'=CH3; II R-:=R'=C~H,~; Il l R=C2HS, I~'=Ct[~; 1V R=fi~l{9, R'=CH3; V fe,=R'=c~H 9 

Despi te  a previous  study [2] of the alkoxylation of 2 ,3 -d ib romote t r ahydropyrans ,  the second mechan-  
i s m  s e e m s  m o r e  likely, since the concentrat ion of @ OR ions is much  higher  than the Br  e concentra t ion.  
An indi rec t  conf i rmat ion  of this is the absence of 2 ,3 -d ib romote t r ahydropyrans  in the reac t ion  products .  
E l ec t rochemica l  alkoxylation of furan p roceeds  via a s i m i l a r  m e c h a n i s m  [3]. 

E l ec t roche m i ca l  and chemica l  means  were  used  to obtain 2 ,6-d imethoxy- ,  2 ,6-die thoxy- ,  2 -me thoxy-  
6-ethoxy - ,  and 2 - m e t h o x y - 6 - b u t o x y - 3 - b r o m o t e t r a h y d r o p y r a n s  (I-IV). The gas- l iquid  c h r o m a t o g r a m s  of 
the reac t ion  products  demons t ra ted  that  two i s o m e r s ,  which appear  as two incomple te ly  s epa ra t ed  peaks ,  
a re  obtained in all  c a s e s .  The peaks d iverge  be t te r  as the volume of the alkoxy groups i n c r e a s e s .  The �9 
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i somer  rat io in the mixture var ies  as a function of the method - e lec t rochemica l  or chemical  - used to ob- 
tain them, For  2 ,6-d ie thoxy-3-bromote t rahydropyran  (II) obtained by e lec t rochemica l  and chemical  b r o m o -  
alkoxylation of 2-ethoxy-A~-dihydropyran,  the i somer  rat io is 4 : 6 in the f i rs t  case and 7 : 3 in the second 
case .  About the same i somer  rat io is also observed in the preparat ion of other 2 ,6 -d ia lkoxy-3-bromote t ra -  
hydropyrans  by these methods.  

OR OR OR OR 

OR' Br OR' Br 
I 2 3 4 

~OR OR OR 

OR' OR' 

In theory,  four geometr ica l  i somers  (1-4) can be obtained in the bromoalkoxylation of 2-alkoxy-A 5- 
dihydropyran.  It has been assumed that electrophil ic addition to a multiple bond proceeds as t rans  addi- 
tion [4]. However,  studies that demonst ra te  that electrophil ic  addition can also proceed in the cis position 
have recent ly  appeared [5]. In par t icu lar ,  chloronitrosat ion and chlorination of A2-dihydropyran give a mix-  
ture  of cis  and t rans  i somers  [6]. On the basis of these resul ts ,  the formation of i somers  2 and 4 cannot be 
excluded. 

The alkaline dehydrobromination of I, II, and V via the method in [1] gives the corresponding 2,6-di-  
a lkoxy-A3-dihydropyrans,  which give one peak on the gas- l iquid ch roma tog rams .  The hydrogenation of 
these products over  Raney nickel gave 2,6-dimethoxy- ,  2,6-diethoxy-,  and 2,6-dibutoxytetrahydropyrans,  
which also emerge  on the gas- l iquid ch romatogram as a symmet r i ca l  peak. The same dia lkoxytet rahydro-  
pyrans were also obtained in the addition of the corresponding alcohols to 2-alkoxy-AS-dihydropyrans under 
conditions where,  as shown in [7,8], the t rans  i somers  are  formed.  This se r ies  of success ive  t r a n s f o r m a -  
tions demonst ra ted  that both the chemical  and e lec t rochemica l  bromoalkoxylation of 2-alkoxy-AS-dihydro - 
pyrans proceed as cis and t rans  addition of bromine and the alkoxy group to  the double bond, and the en te r -  
ing alkoxy group occupies the t rans  position with respec t  to the alkoxy group al ready present  in the ring 
(isomers 1 and 2). I somers  1 and 2 cannot be separated,  and their  configurations were not established, but, 
considering the s te r ic  hindrance,  which may determine the s te reospeci f ic i ty  of the chemical  and e l ec t ro -  
chemical  bromoalkoxylat ion,  it can be assumed that s t ruc ture  2 cor responds  to the i somer  formed in 
g rea t e r  amounts during chemical  bromoalkoxylat ion,  while s t ruc ture  I cor responds  to the predominant  
i somer  formed during e lec t rochemica l  bromoalkoxylat ion.  

Two i somers  that differ with respec t  to the position of the multiple bond are  formed in the alkaline 
dehydrobrominat ion of 2 ,6-d ia lkoxy-3-bromote t rahydropyrans  having different alkoxy groups.  Thus 2- 
methoxy-6-butoxy-A3-dihydropyran and 2-methoxy-6-butoxy-A4-dihydropyran are  formed in a rat io of 3 : 1 
in the dehydrobromination of IV. The composit ion of this mixture was confirmed by introducing it into the 
Grignard react ion with methylmagnes ium iodide, as a resul t  of which alcohols previously synthesized f rom 
2,6-dimethoxy-  and 2,6-dibutoxy-A3-dihydropyrans [9] were obtained. The dehydrobromination of III gives 
2-methoxy-6-e thoxy-A3-dihydropyran  (85%) and 2-methoxy-6-ethoxy-A4-dihydropyran (15 ~ Similar  
i somer iza t ion  of the multiple bond during dehydrobromination was also noted in [10]. 

Thus the e lec t rochemica l  bromoalkoxylat ion of 2-alkoxy-AS-dihydropyrans does not differ substant ial-  
ly with respec t  to geomet r ica l  specif ici ty f rom their  bromoalkoxylation with N-bromosuccin imide  in a lco-  
hol.  E lec t rochemica l  bromoalkoxylat ion gives  sa t i s fac tory  resul ts  in the case  of methoxylation, somewhat 
poorer  resul ts  in the case of ethoxylation, and has advantages over the chemical  method in the preparat ion 
of bromo derivatives of pyran with different alkoxy groups.  Thus 20-30% transalkoxylat ion occurs  in the 
preparat ion of 2 -methoxy-6-bu toxy-3-b romote t rahydropyran  by the chemical  method, and 2,6-dimethoxy-  
3 -bromote t rahydropyran  is formed as a side product .  Transalkoxylat ion is a lmost  completely excluded in 
e lec t rochemica l  bromoalkoxylat ion,  since the pH of the medium is maintained at pract ica l ly  a neutral  level 
during the e lec t ro lys i s .  About 5% 2 ,6-d imethoxy-3-bromote t rahydropyran  is present  in the products of the 
e lec t rochemica l  bromomethoxylat ion of 2-butoxy-AS-dihydropyran.  

2 ,6-Dia lkoxy-3-bromote t rahydropyrans  are  obtained in lower yields (40-50%) in the e lec t rochemica l  
method than in bromoalkoxylat ion with N-bromosuccin imide  (60-70%). This is possibly a consequence of 
the imperfect  construct ion of the e lec t ro lyze r .  
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E X P E R I M E N T A L  

The e l ec t rochemica l  bromoalkoxyla t ion  was accompl ished  as follows. An alcohol solution of equi-  
m o l e c u l a r  amounts  of 2-a lkoxy-AS-dihydropyran and ammonium bromide  was e lec t ro lyzed  at -15~ the ca l -  
culated n u m b e r  of a m p e r e - h o u r s  of e l ec t r i c i ty  was passed  through the solution, and it was neut ra l ized  with 
sodium alkoxide and dis t i l led.  The e l ec t ro lyze r  was a g lass  beake r  containing a nickel  cyl inder  (cathode) 
and a graphi te  rod (anode). Al ternat ing line cu r r en t  was supplied to the e lec t rodes  through a 100-GM-20A 
se len ium r e c t i f i e r .  The voltage was va r i ed  f rom 10 to 40 V while maintaining the c u r r e n t  s t rength  at 2-3 
A. The solubil i ty of ammonium bromide  in the alcohol d e c r e a s e d  as the alcohol molecu la r  weight in-  
c r ea sed ,  and the e l ec t r i ca l  conductivity Of the solution de te r io ra ted .  It was t h e r e f o r e  n e c e s s a r y  to inc rease  
the vol tage,  which resu l ted  in the evolution of a l a rge  amount of heat  and r equ i red  v igorous  cooling.  This  
compl ica ted  reac t ions  with C 3 and higher  a lcohols .  

Gas- l iquid  ch roma tog raphy  (GLC) was c a r r i e d  out with a PAKhV-02 ch romatograph  with a 1 -m by 6- 
m m  column packed with 10% polyethylene glycol  on Cel l i te-545 with hel ium as the c a r r i e r  gas .  

2 ,6 -Dime thoxy-3 -b romote t r ahydropyran  {I). A solution of 13.6 g (0.119 mole) of 2-methoxy-AS-di  - 
hydropyran  and 12.6 g (0.129 mole)  of a m m o n i u m  bromide  in 200 ml  of methanol  was cooled to -20  ~ and 
4.3 A-h  of d i r ec t  cu r r en t  was passed  through it at -15  ~ followed by the addition of 15 ml  of sodium m e t h -  
oxide solution f r o m  0.3 g (0.013 g -a tom)  of sodium meta l .  Dist i l lat ion of the mix tu re  gave 12.1 g (45.4%) 
of I with bp 60-61 ~ (0.2 ram) and n~ 1.4756 [1]. Gas- l iquid ch romatography  of the product  gave two incom-  
ple te ly  sepa ra t ed  peaks  in a ra t io  of 1 �9 2 (150 ~ helium flow ra te  40 m l / m i n ,  ~ 7 min 15 sec ,  8 min 55 sec).  

2 ,6 -Die thoxy-3 -b romote t r ahydropyran  (II). This  compound was s i m i l a r l y  obtained in an i s o m e r  ra t io  
of 2 : 3  (120 ~ hel ium flow ra te  60 m l / m i n ,  T 9 rain 10 sec ,  10 rain 50 sec) and had bp 75-76 ~ (0.4 ram) and 
n ~  1.4666 [1]. 

2 -Me thoxy -6 -e t hoxy -3 -b rom ot e t r ahyd ropy ran  (III). This compound was s i m i l a r l y  obtained and had 
bp 72-73 ~ (0.1 ram) and n~  1.4694. Found: Br  33.8%. CsHI~BrO 3. Calculated:  Br  33.4%. The i s o m e r  
ra t io  was 4 : 5 (150 ~ hel ium flow ra te  70 m l / m i n ,  T 4 rain 5 sec ,  4 rain 52 sec) .  

2 -Me thoxy-6 -bu toxy -3 -b romote t r ahydropyran  (IV). This  compound was s i m i l a r l y  obtained and had 
bp 73-74 ~ (0.2 ram) and n~ 1.4685. Found: Br  29.9%. CIoH19BrO 3. Calculated:  Br  29.1%. The i s o m e r  
ra t io  was 2 : 3 (150 ~ helium flow ra te  60 m l / m i n ,  �9 9 rain 40 sec ,  11 rain 35 sec) .  

2 -Me thoxy-6 -bu toxy -3 -b romote t r ahydropyran  (IV). A solution of 64.3 g (0.423 mole)  of 2-butoxy-A 5- 
d ihydropyran in 50 ml  of absolute methanol  was cooled to -10  ~ and 70 g (0.393 mole) of N - b r o m o s u c c i n -  
imide was added while maintaining the t e m p e r a t u r e  below 0 ~ . The mix tu re  was then s t i r r e d  at r o o m  t e m -  
pe r a tu r e  for  3 h, the succinimide was r em ov ed  by f i l t ra t ion,  and the f i l t ra te  was made alkaline with a so lu-  
tion of 10 g of sodium hydroxide in 60 ml  of wate r .  The alkaline f i l t ra te  was ex t rac ted  with e ther ,  and the 
e~her ex t r ac t  was dr ied with magnes ium sulfate .  Before  dist i l lat ion,  the react ion  product  gave four peaks  
on the gas- l iqu id  c h r o m a t o g r a m :  19, 8, 50, and 20% (150 ~ hel ium flow ra te  40 m l / m i n ,  ~ 7 min 15 sec ,  8 
rain 55 sec ,  9 rain 50 see ,  and 12 rain 10 sec) .  The f i r s t  two peaks  per ta in  to I, while the l as t  two peaks 
a r e  re la ted  to IV. Disti l lation gave 23 g of I with bp 70-73 ~ (0.4 ram) and n~  1.4750, and 28 g of IV with bp 
78-80 ~ (0.4 ram) and n~  1.4634. 

2 ,6-Dimethoxy-A3-dihydropyran .  This  compound was obtained by alkaline dehydrochlorinat ion via 
the method desc r ibed  in [1] and had bp 57-58 ~ (5 ram) and n~  1.4483 [1]. Gas- l iquid  ch roma tog raphy  gave 
one peak.  

2 ,6-Diethoxy-A3-dihydropyran.  This  compound was s i m i l a r l y  obtained and had bp 78-79 ~ (8 ram) and 
n ~  1.4425 [1]. Gas- l iquid  ch roma tog raphy  gave one peak.  

2 -Methoxy-6-e thoxy-A3-d ihydropyran .  This  compound was s i m i l a r l y  obtained and had bp 68-70 ~ (8 
ram),  n ~  1.4430, and d 2~ 0.998. Found. C 60.5; H 8.7Yc; MR D 41.9. C8H1403. Calculated:  C 60.70; H 8.92%; 
MR D 41.52; Gas- l iquid ch roma tog raphy  gave two peaks:  85 and 15% (120 ~ gas flow ra te  50 m l / m i n ,  �9 2 
rain 35 sec ,  3 rain 20 sec) .  

3 2-Methoxy-6-butoxy-A -d ihydropyran .  This  compound was s i m i l a r l y  obtained and had bp 62-63 ~ 
(0.8 ram),  n~  1.4468, and d 2~ 0.987. Found: C 64.7; H 9.7~c; MR D 50.39. C10H1803. Calculated:  C 64.79; 
H 9.58%; MR D 49.7. Gas- l iquid  ch roma tog raphy  gave two peaks:  75 and 25% (120 ~ gas  flow ra te  50 m l /  
rain, r 7 min 10 sec ,  8 rain, 50 s e c ) .  
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2,6-Die thoxyte t rahydropyran .  A 2-g (11.6 mmole)  sample  of 2, 6-die thoxy-A3-dihydropyran was 
hydrogenated  over  Raney  nickel  in 50 ml  of ethanol .  Disti l lat ion of the reac t ion  mix tu re  gave 1.6 g (78%) 
of 2 ,6 -d ie thoxyte t rahydropyran  with bp 78-80 ~ (18 ram) and n~  1.4295 that was identical  to the compound 
obtained via the method in [7]. Gas- l iquid  ch roma tog raphy  gave one peak. 

2 ,6 -Dimethoxy te t rahydropyran .  This  compound was s i m i l a r l y  obtained and had bp 62-63 ~ (20 mm) 
and n~  1.4283. Gas- l iquid  ch roma tog raphy  gave one peak.  

2 ,6-Dibutoxyte t rahydropyran .  This compound was s i m i l a r l y  obtained and had bp 133-135 ~ (10 ram7 
and n~  1.4364. It was ident ical  to the compound obtained via the method in [7]. Gas- l iquid  ch roma tog raphy  
gave  one peak.  

2 -Methoxy-6 -bu toxy te t r ahydropyran .  This  compound was s i m i l a r l y  obtained and had bp 100-101 ~ (10 
ram), n~  1.4332, and d 2~ 0.956. Found: C 63.8; H 10.8~c; MR D 51.1. C10H2003. Calculated:  C 63.90; H 
10.63%; MR D 51.11. Gas- l iquid  ch roma tog raphy  gave one peak.  

2-Alkoxy-3-hepten--6-o ls .  A 4-g (0.022 mole) sample  of 2 -methoxy-6-bu toxydihydropyran  (containing 
the A 3 and A 4 i s o m e r s  in a ra t io  of 3 : 1) in 15 ml  of absolute e the r  was added to a solution of m e t h y l m a g -  
nes ium iodide, obtained f r o m  1.22 g (0.05 g-a tom)  of magnes ium and 7.15 g (0.05 mole) of methyl  iodide in 
50 ml  of absolute e ther ,  and the mix tu re  was ref luxed for 3 h. The solution was then decomposed  with a m -  
monium chlor ide  solution and ex t rac ted  with e ther .  The ex t r ac t  was dr ied with magnes ium sulfate  and 
dist i l led to give 0.99 g (31.8%7 of 2 - m e t h o x y - 3 - h e p t e n - 6 - o l  with bp 46-47 ~ (0.13 ram) and n~  1.4461. It was 
ident ical  to the compound obtained in the reac t ion  of 2 ,6-d imethoxy-A3-dihydropyran  with me thy lmagnes ium 
iodide [8]. Also obtained was 1.23 g (40%) of 2 -bu toxy-3 -hep ten -6 -o l  with bp 61-620 (0.18 ram) and n~ 1.4483, 
which was ident ical  to the compound obtained f rom the reac t ion  of 2 ,6-dibutoxy-A3-dihydropyran with 
me thy lmagnes ium iodide [8]. 
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