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The ethoxy group is replaced by the corresponding residue when 2-ethoxy-L,3-dihydropyrans 
are  heated with compounds having a labile hydrogen atom (alcohols, imidazoles,  and urethanes).  
The s te reochemica l  pr inciples  of the react ion of 6-subst i tuted 2-ethoxy-A3-dihydropyrans  
with benzyl alcohol were studied. 

2-Ethoxy-A3-dihydropyrans  are  convenient start ing mate r ia l s  for the synthesis  of ethyl glycosides  of 
racemic  4-desoxy sugars  i l l .  2-Benzyloxy-A3-dihydropyrans  [2], synthesized by t ransaceta l iza t ion of 2-  
e thoxy-A3-dihydropyrans  with benzyl alcohol, can s imi lar ly  be used for the synthesis  of benzyl glycosides.  

We have studied the possibi l i ty of the utilization of the exchange of the ethoxy group of 2-e thoxy-A 3- 
dihydropyrans  for other substituents for the synthesis of dihydropyran compounds with ni t rogen-containing 
groups attached to the C 2 atom of the dihydropyran ring, which are  unique models of nucleosides.  It was 
found that imidazole,  its analogs, and ure thanes  are  capable of replacing the ethoxy group of 2-e thoxy-A 3- 
dihydropyran (I) to give N-(A3-dihydro-2-pyranyl) -subst i tu ted imidazoles  I Ia-c  and ca rbamates  IId-e [3]. 
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The reaction was accomplished by heating 2-ethoxy-L,Z-dihydropyran (I) with compounds having a 
labile hydrogen atom at t30-200 ~ C with simultaneous removal  of the result ing ethanol by distillation. In 
individual cases ,  catalytic amounts of anhydrous zinc chloride were added to the react ion mixtures .  

In [2] it was shown that some 6-subst i tuted 2-ethoxy-A3-dihydropyrans react  with benzyl alcohol to 
give individual i somers  of 6-subst i tuted 2-benzyloxy-A3-diphydropyrans.  In connection with the fact that 
Mochalin and c o - w o r k e r s  did not unambiguously prove the configuration of the compounds, we undertook a 
study of the th ree-d imens iona l  s t ruc tu res  of these dihydropyrans.  
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We used mixtures  of the c is  and t rans  i somers  of 2 -e thoxy-6-methy l -  and 6-carbamoyl-A3-dihydro  - 
pyrans  (IIIa and IIIb) [4, 5] as the s tar t ing mater ia ls .  The ratio of the cis  and t rans  i somers  in the mix-  
tures  of IIIa and IIIb was established previously  as 1 : 1 for IIIa [4] and ~ 1 : 1 for IlIb [5]. In the react ion of 
the corresponding mixtures  of i somers  IIIa and IIIb with benzyl alcohol, the cis  or  t rans  i somers  of 6 - sub -  
stituted dihydropyrans Va and Vb, as well as mixtures  of them, can theoret ical ly  be obtained. However, the 
react ion of var ious geometr ica l  i somers  of amide HIb with benzyl alcohol gives individual i somer  Vb, to 
which Mochalin and co -worke r s  assigned a cis  configuration [2]. 

We ca r r i ed  out t ransaceta l izat ion by the method descr ibed in [2], as a resu l t  of which we isolated Va 
and Vb, respect ively.  
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We isolated Vb in a yield exceeding the previously descr ibed  yields [2] for the reaction of individual 
geometr ica l  i somers  of IIIb with benzyl alcohol. 

The three-dimensional  s t ruc tu res  of the dihydropyrans  (Va and Vb) formed in the t ransaceta l izat ion 
react ions  were established by means of their  PMR spectra.  

The PMR spect rum of dihydropyran Va contains a doublet of the 2-H protons at 4.90 ppm with a spin- 
spin coupling constant [SSCC] of the vicinal 2-H and 3-H protons (J2,3 = 2 Hz) and a multiplet at 3.95 ppm of 
the 6-H proton with a SSCC of the 5-H and 6-H protons (Jsqa,6 = 12.8 Hz and Jsqe,6 = 6.6 Hz). Onthebas i s  of 
the l i terature  data [6, 7], these SSCC attest  to a pseucloaxial orientation 0f the benzyloxy group and an equa-  
torial  orientation of the methyl group; this in turn consti tutes evidence for  a t rans orientation of the ben- 
zyloxy group relative to the methyl group. The absence of signals affiliated with the possible cis  i somer  of 
Va at tests  to the specificity of the t ransacetal izat ion react ion leading to predominantly the t rans  i somer  of 
Va. 

The PMR spectrum of amide Vb contains a doublet of the 2-H proton at 5.16 ppm with a SSCC of the 
vicinal 2-H and 3-H protons (Jz.3 = 1.6 Hz) and a quartet  of a 6-H proton at 4.41 ppm with an SSCC of the 
5-H and 6-H protons (Jsqa,6 = 10.8 and J~qe,6 = 4.5 Hz). On thebas is  of [6, 7], these SSCC also attest  to a 
pseudoaxial orientation of the benzyloxy group and an equatorial  orientation of the carbamoyl  group; this in 
turn conf i rms  the t rans  orientat ion of the benzyloxy group relat ive to the ca rbamoyl  group. The absence in 
the spect rum of signals affiliated with the possible cis  i somer  of Vb at tests  to the specificity of the t r ans -  
acetalization react ion leading to predominantly the t rans  i somer  of Vb. 

Thus individual t rans  i somers  of 6-subst i tuted 2-benzyloxy-L3~dihydropyrans Va,b are  formed in the 
t ransaceta l izat ion of 6-subst i tuted 2--ethoxy-A3-dihydrop:~rans IIIa,b with benzyl alcohol.* 

The formation of individual i somers  of Va, b form a mixture of i somers  of IIIa,b and the fact that 
aprotic acids catalyze replacement  of the ethoxy group in I by other substituents with convers ion of it to 
I Ic-e  consti tutes evidence in favor of the formation of cations of IVa and IVb, as well as of IV (R = H), as 
intermediates .  The high s tereospecif ic i ty  of the convers ions  of the cat ions of IVa,b in target  products  Va,b 
may be explained by an anomeric  effect leading to the formation of predominantly t rans  i somers  at high 
t empera tu res  [8]. 

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

The PMR spect ra  of 30% solutions of Va and Vb in deuterochloroform were recorded with a Varian 
HR-100 spec t romete r  with te t ramethyls i lane as the internal  standard. 

1-(AS-Dihydro-2-pyranyl) imidazole ( I Ia ) .  A 2.56-g (0.02 mole) sample of dihydropyran I and 1.58 g 
(0.023 mole) of imidazole were  mixed in a Wurtz flask, and the mixture was heated at 130-150 ~ for 1 h with 
simultaneous removal  o[ the l iberated ethanol by distillation. The mixture was then cooled to room t em-  
p e r a t u r e a n d  fi l tered through a thin layer  of aluminum oxide to remove the excess  imidazole. The fil trate 
was fractionated to give 1.8 (60 %) of imidazole Ua as a yellow viscous syrup with bp 138-140 ~ (0.06 ram). 
Found: C 63.9; H 7.0; N 19.2%. CsHt0N20. Calculated: C 64.0; H 6.7; N 18.7c~. 

* The  c i s  conf igura t ion  w a s  e r r o n e o u s l y  a s s i g n e d  to th ese  comp ou n d s  in [2]. 
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1-{L~-Dihydro-2-pyrany l )benz imidazo le  (IIb~. This  compound was s i m i l a r l y  obtained f rom I and ben-  
z imidazole  at 160-175 ~ The reac t ion  mix tu re  was  d isso lved  in methylene chlor ide ,  and the unchanged ben-  
z imidazole  was  r em oved  by f i l t rat ion.  The f i l t ra te  was  evapora ted ,  and the res idue  was  ch romatographed  
with a 300 • 25 column filled with ac t iv i ty  II a luminum oxide with elution by hexane and e ther .  The solvent 
was r emoved  f rom the appropr i a t e  f rac t ions  by dis t i l la t ion to give c r y s t a l s  of benzimidazole  IIb with mp 
85-86 ~ ( f rom ether)  to 70~  yield. Found: C 71.9; H 6.3; N 13.9%. C12H12N20. Calculated: C72 ,0~H6.0 ;N 
14.0 %. 

7 - ( s  (IIc). As in the p r epa ra t i on  of IIa,  this  compound was  obtained 
f rom I and theophylline at 180-200 ~ with the addition of ca ta ly t ic  amounts  of fused zinc chlor ide .  The r e -  
action mixture  was diluted with methylene chlor ide and f i l tered.  The f i l t ra te  was  evapora ted ,  and the r e s i -  
due was  r e c r y s t a l l i z e d  f rom ca rbon  te t rach lor ide  to give c r y s t a l s  of IIc with mp 194.5-195.0 ~ (from carbon 
te t rach lor ide)  in 49'Yc yield.  Found: C 54.7; H 5.3; N 21.4%o Ci2H14N403o Calculated: C 55.0; H 5,4; N 21.4%. 

Methyl N- (A3-Dihydro -2 -pyrany l ) ca rbamate  (IId). A mix tu re  of 12 g (0.094 mole) of I and 8.3 g (0.11 
mole) of  methylure thane  was  heated in a Wurtz f lask at 135-145 ~ for  10 min  in the p resence  of 0.1 g of 
anhydrous  zinc chlor ide  with r emova l  of the l ibe ra ted  ethanol by dist i l la t ion.  The react ion  mix tu re  was 
cooled and d isso lved  in 500 ml  of e ther .  The e ther  solution was washed success ive ly  with sa tura ted  sodium 
bicarbonate  solution and wate r  and dr ied  with magnes ium sulfate.  The e ther  was r emoved  by vacuum d i s -  
t i l lat ion to give 8.1 g (55 %) of IId with mp 64-65 ~ ( f rom ether) .  Found: C 53.4; H 7.2; N 8.8 %. CTHllNO~. 
Calculated: 53.5; H 7.1; N 8.9. 

Ethyl  N- (A3-Dihydro -2 -py rany l ) ca rbama te  (IIe). As in the p repa ra t ion  of IId, this  compound, with mp 
80-81 ~ ( f rom ether) ,  was  obtained f rom I and ethylurethane in 67'~ yield. Found: C 55.9; H 8.0; N 8.1 ~. 
CsH13NO 3. Calculated:  C 56.1; H 7.6; N 8.2 %. 

t r a n s - 2 - B e n z y l o x y - 6 - m e t h y l - A 3 - d i h y d r o p y r a n  (Va). Th is  compound was obtained by the method in 
[2] f r o m  a mixture  of c i s -  and t r a n s - 2 - e t h o x y - 6 - m e t h y l - A 3 - d i h y d r o p y r a n s  @IIa) and benzyl alcohol at  190 ~ 
The yield of  product  with bp 99-101 ~ (0.5 ram) and nD 2~ 1.5236 [bp 99-101 ~ (0.2 ram) [2] and nD 2~ 1.5126] was  
60 ~. 

t r ans72 -Benzy loxy-6 -ca rbamoy l -A37d ihydropyran  (Vb). This  compound was  obtained by the method in 
[2] f rom a mix tu re  of c i s -  and t r a n s - 2 - e t h o x y - 6 - c a r b a m o y l - L 3 - d i h y d r o p y r a n s  (IIIb) and benzyl alcohol at  
190 ~ The yield of  product  with mp 161-162 ~ (from CC14) ImP 161-5 ~ (from dioxane)] was 64 %. 
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