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It  is shown that polar iza t ion  of the endocyclic double bond in the e lec t rophi l ic  addition of 
alcohols and water  to 2 - f o r m y l - 2 , 5 - d i a l k o x y - 2 , 3 - d i h y d r o - T - p y r a n s  is d i rec ted  toward  the 
carbon atom in the 6 posit ion. 

We have previous ly  obtained 2 - f o r m y l - 2 , 5 - d i a l k o x y - 2 , 3 - d i h y d r o - y - p y r a n s  (I) by diene se l f - condensa -  
t ion of 2-a lkoxyacrole ins  [1]. The es tab l i shment  of the f r e e - r a d i c a l  c h a r a a t e r  of this react ion  in the p r e s -  
ent r e s e a r c h  enabled us to cons iderably  acce le ra t e  it by the action of UV i r rad ia t ion  and to ra i se  the yields  
of adducts apprec iably .  The photochemical  reac t ion  p roceeds  s t e r eose l ec t ive ly  and is not accompanied  by 
the format ion  of the i somer i c  addition product  that  is obse rved  during the t h e r m a l  p roce s s  [1]. 

A pecul ia r  s t ruc tu ra l  feature  of pyrans  I is the location of the C =C bond between two oxygen a toms .  
In the presen t  r e s e a r c h  we set  out to de te rmine  the direct ion of polar iza t ion  of the double bond in dihy- 
d ropyrans  I and its re la t ive  act ivi ty in e lec t rophi l ic  addition reac t ions .  A l inear  product  of the addition of 
two molecu les  of 2 ,4-dini t rophenylhydrazine (2,4-DNPtt) is p r i m a r i l y  fo rmed  in the hydrolyt ic  cleavage of 
dihydropyrans I with 2 N hydrochlor ic  acid in the cold in the p resence  of 2,4-DNPH (I to 2,4-DNPH m o l a r  
rat io  1 : 2). In a de terminat ion of its s t ruc tu re  on the bas i s  of the PMR spec t r a  we ass igned to it the 6- 
hydroxy-2,5-dioxohexanal  1 ,5-bis(2,4-dini t rophenylhydrazone)  s t ruc tu re  (II), although the i somer i c  1 ,2 -b i s -  
gaydrazone) s t ruc tu re  also s eems  acceptable .  The appearance  in the PMR spec t rum of a solution of II in 
dimethyl  sulfoxide (DMSO) of a signal in the region pecul ia r  to the alcohol OH group (6 5.1 ppm) [2] and the 
c h a r a c t e r  of the spli t t ing (triplet,  J =6.1 Hz) unambiguously a t tes t  to the p resence  of a CH2OH group in the 
molecule .  This s t ruc tu re  is also conf i rmed by an analys is  of the IR spec t rum.  
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The indicated conditions for  the hydrolys is  of d ihydropyran I a re  mos t  convenient for  the isolat ion of 
individual b ishydrazone II, which is fo rmed  in the g rea t e s t  amount.  Possible  oxidation and reduct ion r e -  
actions of the adjacent OH group (see [3]) do not occur  in this  case .  A mix tu re  of products  of the reac t ion  
of 2,4-DNPH with th ree  and four carbonyl  groups,  which is not amenable to separa t ion  by rec rys taUiza t ion ,  
is fo rmed  in o ther  cases  (on heating, alcohol media ,  o r  in the p resence  of 2,4-DNPH). 

Almost  quanti tat ive yields of 2 - f o r m y l - 2 , 5 , 5 - t r i a l k o x y t e t r a h y d r o - y - p y r a n s  (Ill) are  fo rmed  by the 
action of excess  alcohol on dihydropyran I at 0 ~ in the p resence  of a catalyt ic  amount of hydrogen chlor ide .  
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TABLE 1. P a r a m e t e r s  of the PMR Spect ra  of 2 - F o r m y l - 2 , 5 , 5 -  
T r ia lkoxyte t  r a h y d r o - T  -p y rans  

RO \ / / ~ .  
RO/~ 5 ' ~ O R  
".7%~c/,o 

\H 

I 

CHO 

C2H5 9,35 
CHa 9,35 

Chemical shifts, 5, ppm 

3-  and 4-H 

1.67--1.73 
1.67--1.73 

6-H e 

3,72 
3,73 

6"H a R 

3,36 3,44:0,92 
3,37 3,21; 3.19; 3,15 

J, Hz 

"/66" 

11,5 
II,5 

16" 4 

2,2 
2.2 

Under the indicated conditions, the fo rmat ion  of ace ta l s  with the par t ic ipa t ion  of the carbonyl  group was 
not obse rved  even in the p r e s ence  of a sevenfold excess  of the alcohol.  An inc rease  in the reac t ion  t ime  
and an inc rease  in the reac t ion  t e m p e r a t u r e  (at 70 ~ for  2 h) reduced the yield of II to 40%. When the r e -  
action was c a r r i e d  out at 20 ~ for  3 days (the conditions for  the addition of alcohol to 2 - f o r m y l - 2 , 3 - d i h y d r o -  
T - p y r a n  [4]) t e t r a h y d r o p y r a n  HI could not be isola ted at all  because  of pronounced res ini f ica t ion.  The 
s t ruc tu re  of III was conf i rmed  by t i t r a t ion  with hydroxylamine (which leads to the fo rmat ion  of t r iox ime  
IV), by the p repa ra t ion  of a 2,4-DbIPH der iva t ive  (II) under  the conditions of hydrolyt ic  opening of the h e t e r o -  
ring, and also by the PMR (see Table 1) and I1R spec t r a .  

Both the 6-H chemica l  shif ts  (in the case of addition of an OR group to the 6 posi t ion the 6-H proton 
should be obse rved  at weake r  field) and the s p i n -  spin coupling cons tants ,  which a re  c h a r a c t e r i s t i c  for  the g e m -  
inal protons  in such s y s t e m s  [5], indicate the p resence  of two OR groups in the 5 posi t ion in the HI m o l e -  
cule. The weak-f ie ld  port ion of the quar te t  at 3.72 ppm, which is due to the equator ia l  6 ' -H  proton [6], ex -  
pe r i ences  addit ional spli t t ing.  By double resonance  methods  (INDOR and tota l  double resonance)  we e s -  
tabl ished that  it is due to the long- range  s p i n - s p i n  coupling of 6 ' - H  with the protons  in the 4 posi t ion.  A 
s i m i l a r  in te rac t ion  through four  bonds was prev ious ly  noted in such s y s t e m s  [7]. 

In o rde r  to conf i rm the direct ion of e lec t rophi l ic  a t tack  of the endocyclic double bonds we c a r r i e d  out 
the reac t ion  of 2 - i s o p r o p o x y - 5 - e t h o x y - 2 , 3 - d i h y d r o - T - p y r a n  (V) with 2,4-OlqPH in an acidic aqueous medium.  
We obtained 5 -hydroxy-4-oxopen tana l  1 ,4-bis(2 ,4-dini t rophenylhydrazone)  (VII). I ts  fo rmat ion  is poss ib le  
if  r ing opening of I occurs  through the in te rmedia te  format ion  of VI. 
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Thus the inves t igated reac t ions  prove the predominant  effect  of the OR group r a t h e r  than the endocy- 
clic oxygen a tom on polar iza t ion of the double bond in 2 ,5 -d i a lkoxy -2 ,3 -d ihyd ro -T-py rans .  

E X P E R I M E N T A L  M E T H O D  

The PMR s p e c t r a  were  r eco rded  with a Tes l a  BF 487B s p e c t r o m e t e r  (80 MHz) with hexamethy ld i s i lox-  
ane as the s tandard .  

2 - F o r m y l - 2 , 5 - d i e t h o x y - 2 , 3 - d i h y d r o - y - p y r a n  (I, 13 =C~H$). A 38-g (0.38 mole)  sample  of o t -e thoxy-  
acro le in  was i r r ad ia t ed  with the UV light of a PRK-2 lamp (1000 W) for  2.5 h at 120-140 ~ a f t e r  which d i s -  
t i l la t ion gave 24.5 g (70%) of d ihydropyran I (R =C2H 5) with bp 92-93 ~ (3 ram) and n~  1.4585 [1]. The f resh ly  
dis t i l led product  c rys ta l l i zed  on s tor ing in a r e f r i g e r a t o r  to give a product  with mp +6 ~ 

2 - F o r m y l - 2 , 5 - d i m e t h o x y - 2 , 3 - d i h y d r o - T - p y r a n  (I, R =CH3). This  compound was obtained in 62% yield 
by UV i r rad ia t ion  of ~ -m e t hoxyac ro l e i n  at 90-100 ~ for  5 h. I ts  physica l  constants  were  in ag reemen t  with 
the l i t e ra tu re  values  [8]. 

2 - F o r m y l - 2 , 5 - d i b u t o x y - 2 , 3 - d i h y d r o - T - p y r a n  (I, 1R =C4Ho). A 14.0-g (0.11 mole)  sample  of a - b u t o x y -  
acro le in  was i r r ad ia ted  with UV light at 85-90 ~ for  3 h, a f t e r  which fract ionat ion gave 8.6 g (62%) of dihy- 
dropyran  (I) (R=C4H 9) with bp 136 ~ (3 ram), n~ 1.4568, and d 2~ 1.0111. Found: C 65.9; H 9.7%; MR D 68.93. 
C14H240 4. Calculated:  C 65.7; H 9.4%; MR D 69.12. 
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6-Hydroxy-2,5-dioxohexanal  1,5-Bis(2,4-dini trophenylhydrazone) (II). A 1.0-g (0.005 mole) sample 
of dihydropyran I (R =C2H 5) was added to a solution of 2.0 g (0.01 mole) of 2,4-DNPH in 2 N HC1 cooled to 
+ 5 ~ and the resul t ing precipitate was washed thoroughly with 2 N HC1 and water  and r ee rys t a l l i zed  th ree  
t imes  from te t rahydrofuran  (THF). The yield of the bishydrazone,  with mp 203 ~ was 1.0 g (40%). IR 
spectrum (KBr pellet): 3490 (OH) and 1725 cm -1 (C =O). The PMR spect rum contains signals at 6 12.3 (NH), 
7.8-8.8 (C6H3), 8.4 (N=CH), 5.1 (OH), 4.0 (doublet, OCH2), and 2.7 ppm (CH2). Found: C 42.5; H 3.4; N 
22.2%. CI?HI6NBO B, Calculated: C 42.9; H 3.2; N 22.2%. 

2-Formyl -2 ,5 ,5 - t r i e thoxy te t r ahydropyran  (III, R =C2H~). Five drops of alcohol sa tura ted  with HC1 
were added to a solution of 27.5 g (0.138 mole) of dihydropyran I (R =C2H 5) in 50 ml  (1.05 mole) of absolute 
alcohol cooled to 0 ~ and the react ion mixture  was held at 0 ~ for  1 h. The solvent was removed,  and the 
residue was disti l led to give 26.4 g (92%) of t e t rahydropyran  III (R =C2H 5) with bp 107-107.5 ~ (2 ram), n~ 
1.4412, and d 2~ 1.0490. Found: C 58.7; H 8.8%; MR D 61.98. C12H2205. Calculated: C 58.6; H 8.9%; MR D 
62.04. Absorption at 1733 cm -I (C =O) was noted in the IR spec t rum of a thin layer  of the product,  and ab- 
sorption in the double-bond region was absent.  Ti t ra t ion  with hydroxylamine [9] indicated the presence  
of three  carbonyl  groups. Hydrolysis  of the product in the p resence  of 2,4-DNPH under  the conditions p r e -  
sented for  dihydropyran I gave bishydrazone II in 62%yield; no melt ing-point  depress ion  was observed for  
a mixture  of this product  with an authentic sample of II. The IR spect rum of the product was identical to 
the spect rum of II obtained from I. 

2 -Formyl -2 ,5 ,5 - t r ime thoxy te t r ahydropyran  (IH, R =CH~). This compound, with bp 115 ~ (5 ram), n~ 
1.4500 and d 2~ 1.1549, was s imi la r ly  obtained in 60%yield. Found: C 52.6; H 7.7%; MR D 47.67. CgH1605. 
Calculated: C 53.0; H 7.8%; MR D 48.14. 

2- Isopropyl-5-e thoxy-2 ,3-dihydro-~/ -pyran  iV). A mixture  of 22.9 g (0.229 mole) of ~-e thoxyacro le in  
and 494 g (4.56 mole) of vinyl isopropyl e the r  was heated in an autoclave at 160-170 ~ for  12 h, a f te r  which 
rect i f icat ion gave 6.0 g (20%) of dihydropyran V with bp 61 ~ (2 ram) and n~ 1.4455 [1]. 

5-Hydroxy-4-oxopentanal  1,4-Bis(2,4-dini trophenylhydrazone) (VII). A 1.6-g (0.007 mole) sample of 
dihydropyran V was added to a solution of 3.0 g (0.015 mole) of 2,4-DNPH in 2 N HC1 cooled to +5 ~ Three  
recrys ta l l iza t ions  of the product f rom THF gave 2.9 g (70%) of 1 ,4-bishydrazone VH with mp 231 ~ Absorp-  
tion at 3500 cm -1 (m, OH) was noted in the IR spect rum of a KBr pellet  of the product,  and absorption at 
1730 cm -1 (C =O) was absent.  Found: C 42.8; H 3.4; N 23.4%. Cl?HI6N80 9. Calculated: C 42.9; H 3.4; 
N 23.5%. 
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