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2-A lkoxy-6-phenyl-A3-dihydropyrans  were synthesized by bromoalkoxylation of 6-phenyl-  
A2-dihydropyran with N-bromosucc in imide  in the presence  of alcohols and subsequent de- 
hydrobrominat ion of the resul t ing 3 -bromo-2-a lkoxy-6-phenyl te t r~hydropyrans .  The s t ruc -  
tural  s te reospeci f ic i ty  of the bromoalkoxylat ion and dehydrobromination react ions was 
studied by g a s - l i q u i d  chromatography and PMR spectroscopy,  and the configurations and 
p re fe r red  conformations of the compounds were also established. 

Bromoalkoxylat ion of A2-dihydropyrans is widely used in the total synthesis of monosacchar ides ,  
amino sugars ,  and other biologically act ive compounds. In the presen t  r e s e a r c h  we have investigated the 
s t e r eochemis t ry  of bromoalkoxylat ion of A2-dihydropyrans and subsequent dehydrobrominat ion of the r e -  
sulting bromoalkoxyte t rahydropyrans  [1]. The bromoalkoxylation of a A2-dihydropyran with a phenyl group 
in the 6 position by the action of N-bromosuccin imide  (NBS) in methanol or te r t -buty l  alcohol gives alkoxy- 
bromides I, the i somer ic  composit ion of which was studied by ga s - l i qu id  chromatography (GLC) and PMR 
spectroscopy.  

Bromination in methanol gave 2 -me thoxy-3 -b romo-6-pheny l t e t r ahydropyran  (Ia) in 80% yield, which, 
according to GLC, is a mixture of two i somers  (cis-Ia and t rans- Ia) .  The ra t io  of the areas  of the peaks 
of the i somers ,  which have g rea te r  and lesse r  retention t imes,  is 1 : 4. The PM:R spec t rum of a mixture 
of the i somers  of Ia has two signals in the region of an anomeric  proton that a lso have an integral intensity 
rat io of 1 : 4. The doublet at 5 4.34 ppm (J= 8.5 Hz) belongs to the anomeric  proton of the i somer  present  
in smal le r  amounts.  The J value shows that the 2- and 3-H protons occupy a t rans-d iax ia l  position (cis-Ia).  
The signal of the anomer ic  proton of the i somer  present  in g rea te r  amounts lies at ~ 4.80 ppm and, judg- 
ing f rom its width (W1/2 ~ 3 Hz) is related to the equatorial  proton. The signal of the 3-H proton for this 
i somer  is a poorly rew multiplet with WI/2 ~ 7 Hz. These data constitute unambiguous evidence for 
a t rans-d iaxia l  orientation of the bromine atom and the methoxy group in the i somer  having a shor te r  r e -  
tention t ime and formed in grea te r  amount ( trans-Ia).  The PMR spec t rum of a mixture of i somers  Ia also 
contains two quartets  at 6 4.44 and 4.68 ppm (in both, JAX = 11 Hz and JBX=2.5 Hz), which are  related to 
the axial 6-H proton in both the cis and t rans  i somers  of Ia. (See scheme on following page.) 

Bromoalkoxylt ion of 6-phenyl-A2-dihydropyran in te r t -buty l  alcohol gave 2 - t e r t - b u t o x y - 3 - b r o m o - 6 -  
phenyl te t rahydropyran (Ib) (71% yield), which, according to the GLC and PMR data, is the individual t rans  
i somer .  Thus a singlet of an equatorial  anomer ic  proton at 5.18 ppm (Wl/2 ~3  Hz), a poorly resolved mul- 
tiplet of an equatorial  3-H proton at 3.96 ppm (W1/2 ~ 7 Hz), and a quar te t  of an axial 6-H proton at 4.85 
ppm (JAN = 11 Hz and JBX=2.5  Hz) a re  observed in the PMR spect rum.  

Dehydrobromination of I with alcoholic alkali gives 2-alkoxy-6-phenyl-A3--dihydropyran (II), Only one 
i somer  (IIb) is formed f r o m  the individual t rans- Ib .  The signal of the anomer ic  proton at 5.28 ppm in its 
PMR spect rum has a poorly resolved s t ruc ture  with J ~ 3  Hz (Wl/2 ~5.5  Hz), which indicates its pseudo- 
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equa to r i a l  or ien ta t ion .  The t r i p l e t  a t  4.89 ppm with a width of 15 Hz at  the ex t r eme  peaks  is r e l a t ed  to the 
ax i a l  6-H proton.  Thus, as expected,  t r a n s  i s o m e r  Ib is conver ted to t r a n s  i s o m e r  IIb. 

A m i x t u r e  of i s o m e r s  of 2 - m e t h o x y - 6 - p h e n y l - A 3 - d i h y d r o p y r a n  (IIa) in a r a t i o  of 1 : 6 was obtained 
by dehydrobromina t ion  of a mix ture  of i s o m e r s  of b r o m o m e t h o x y t e t r a h y d r o p y r a n  Ia. It is  known that  the 
ep imer i za t i on  of 6 -subs t i tu ted  2 - a l k o x y - A 3 - d i h y d r o p y r a n s  in the p r e s e n c e  of boron t r i f l u o r i d e  e the ra t e  leads  
p r a c t i c a l l y  e n t i r e l y  to the fo rmat ion  of t r ans  i s o m e r s  [2]. We found that  s i m i l a r  t r e a t m e n t  of a mix ture  
of i s o m e r s  IIa leads p r a c t i c a l l y  e n t i r e l y  to conver s ion  of the i s o m e r  fo rmed  in s m a l l e r  amounts  to the i s o -  
m e r  that  is obtained in l a r g e r  amounts  and has a s h o r t e r  r e ten t ion  t ime.  We ass igned  a t r a n s  conf igura -  
t ion to the l a t t e r .  This  was a l so  conf i rmed  by the PMR spec t r a ,  in which a t r i p l e t  6-H s igna l  a t  4.77 ppm 
that  is p a r t i a l l y  over lapped  by the s igna l  of the 2-H proton at  4.80 ppm is observed .  An app rox ima te  evalu-  
a t ion of the width gives  Wi/2 ~5 .5  Hz for  the s igna l  of the 2-H proton and 14 Hz for  the s igna l  of the 6-H 
proton.  Hydrogenat ion of th is  i s o m e r  gave 2 - m e t h o x y - 6 - p h e n y l t e t r a h y d r o p y r a n ,  in the PMR s p e c t r u m  of 
which p a r t i a I  over lapp ing  of the s ing le t  of the a n o m e r i e  pro ton  at  4.7 ppm with the qua r t e t  of the 6-H p r o -  
ton at  4.6 ppm is  obse rved .  An a c c u r a t e  e s t i m a t e  of J is a l so  i m p o s s i b l e  here ,  but an a p p r o x i m a t e  e s t i -  
mate  of the width of the s ignal  of the a n o m e r i c  pro ton  as  being 3 Hz and of the quar te t  as being 14 Hz is 
fully adequate  for  the qua l i ta t ive  a s s ignmen t  of the t rans  conf igurat ion.  

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

A n a l y s i s  by GLC was p e r f o r m e d  with an LKhM-8MD chromatograph  with a c a t h a r o m e t e r .  A 1.0 by 
4 mm column with 12.5% polyethylene g lycol  ad ipa te  (PEGA) on Chromatone-N was used;  the hel ium flow 
r a t e  was 25 m l / m i n ,  The PMR s p e c t r a  of 30% solut ions  of a l l  of the compounds in CC14 were  r e c o r d e d  with 
a Var i an  XL-100 s p e c t r o m e t e r  with hexamethy ld i s i loxane  as  the in te rna l  s t andard .  The phys i ca l  constants  
and y ie lds  of the compounds and the r e s u l t s  of e l e m e n t a r y  ana lys i s  a r e  p r e sen t ed  in Table  1. 

3 - B r o m o - 2 - a l k o x y - 6 - p h e n y l t e t r a h y d r o p y r a n s  (D- A 0 .1 -mole  sample  of NBS was added with s t i r r i n g  
to a mix tu re  of 0.1 mole of 6 -pheny l -A2-d ihydropyran  and 1 mole of the a p p r o p r i a t e  a lcohol  ( a t - 1 0  ~ for  
methanol  and a t  25 ~ fo r  t e r t - b u t y l  alcohol) ,  and the r e s u l t i n g  p rec ip i t a t e  was r e m o v e d  by f i l t r a t ion .  The f i l -  
t r a t e  was t r ea t ed  with e the r  and water ,  and the e ther  e x t r a c t  was dr ied with magnes ium sulfate .  The ether] 
was r emoved  by d i s t i l l a t ion ,  and the r e s i d u e  was vacuum d i s t i l l ed .  

2 - A l k o x y - 6 - p h e n y l - A 3 - d i h y d r o p y r a n s  (II). A mix tu re  of 0.05 mole of t e t r a h y d r o p y r a n  I, 0.3 mole  of 
po t a s s ium hydroxide ,  and 0.5 mole of abso lu t e  a lcohol  was ref luxed for  6 h (the bath t e m p e r a t u r e  was 140- 
150~ a f t e r  Which the mix tu re  was cooled and ex t rac ted  thoroughly with e ther .  The ex t r ac t  was washed with 
water ,  d r ied  with po ta s s ium carbona te ,  and vacuum d i s t i l l ed .  

TABLE i .  
- - - - - - -  

corn  - 
pound 

Ia C 

I b /-C4H9 
lla CHa 

II b .' t-C4Hs 
IIIa CH~ 

C h a r a c t e r i s t i c s  
m 

bp, *C 
(mm) 

93--94 
(0,1) 

94~96 
(0,4) 

61-62 
(o,ol) 

m P r  nD~ 
~ 

1,551 
3--8 1,5~ 

3--9 1,5-~ 

of the Compounds Obtained 

Empirical 
formula 

CI~HIsBrO2 

C~sH21BrO2 
Cl~Hi402 

C15H2oO2 
C12H1602 

Found, % 

C H Ir 

53,0 5,7 ~0,0 

57,3 6,9 ~5,2 
75,8 7,3 

77,3 8 8 
74,8 8,2 

Calc., % 
Yield, 
% 

8O 

71 
75 

64 
82 
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t r ans -2 -Methoxy-6-pheny l t e t r ahydropyran  (IIIa). A 0.02-mole sample of t r ans - I Ia  was hydrogenated 
in 40 ml of methanol over Raney nickel at 20-25 ~ and an initial p r e s su re  of 120 atm. The usual workup gave 
te t rahydropyran  IIIa in 82% yield. 
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