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A method was developed for  the p repa ra t ion  of 2 -pyr idy lme thoxy-3 ,4 -d ihydropyrans  on the 
bas i s  of the t h e r m a l  in teract ion of vinyl e thers  of 2-,  3- ,  and 4 -pyr idy lca rb ino l s  and  
acro le in .  The addition of hydrogen,  chlor ine ,  and ethanol to the double bond of the d ihydro-  
pyran  r ing was s tudied.  The act ivi ty  of the pyridine n i t rogen a tom in quaternizat ion and 
complexing reac t ions  was demons t r a t ed .  It  was es tab l i shed  that both reac t ion  cen te r s  p a r -  
t ic ipate  in the reac t ion  with hydrogen chlor ide .  Nine new compounds were  i so la ted  and 
c h a r a c t e r i z e d ,  and the i r  s t r u c t u r e s  were  p roved  by means  of PMR, IR, and UV spec t roscopy .  

In a p rev ious ly  published s e r i e s  of pape r s  [2], the reac t ion  of acro le in  with s imple  vinyl a ry l  e t h e r s  
was r epor ted ,  and a route to the synthes is  of var ious  benzene- r ing-subs t i tu ted  2 - a roxy -3 ,4 -d ihyd ropy rans  
was p roposed .  

In the p re sen t  study, vinyl e the r s  of 2- ,  3- ,  and 4 -pyr idy lca rb ino l s  (VPC) [3] a re  inves t igated for  the 
f i r s t  t ime as dienophiles in the D ie l s -Alde r  reac t ion .  Our previous  a t tempts  to introduce acrole in  into the 
diene synthes is  with vinyl e the r s  of aminophenols  were  unsuccess fu l .  In this  connection, a s tudy of the 
behav ior  of VPC, the pyridine r ing in the molecu les  of which (which is s epa ra t ed  f rom the vinyloxy group 
by only*one methylene  bridge) ce r ta in ly  affects  the p r o p e r t i e s  of the vinyloxy group, is of pa r t i cu la r  i n t e r -  
e s t .  

As a r e su l t  of our invest igat ions ,  we es tab l i shed  that the addition of acro le in  to VPC p roceeds  when 
the reac t ion  mix tu re  is heated in an autoclave at 130-160 ~ for  4-10 h without the addition of a specia l  
ca ta lys t .  Adducts with a s i x - m e m b e r e d  oxygen-containing r ing  a re  fo rmed  in a m a x i m u m  yield of 40-80%. 
Under the indicated condit ions,  the synthes is  of 2 -pyr idy lme thoxy-3 ,4 -d ihydropyrans  (PDP) p roceeds  via 
the scheme  

~CH2 

J - - -  ~o ~.N< ocH~ 

While it has been p rev ious ly  noted that  the opt imum t e m p e r a t u r e  of the diene condensation for  vinyl 
a ry l  e the r s  should c o r r e s p o n d  to or be c lose  to the boiling point of the s ta r t ing  e ther  [2,4], the reac t ion  of 
VPC with acro le in  r equ i r e s  m i l de r  t e m p e r a t u r e  condit ions.  However ,  the position of the vinyl group in the 
ring with r e s p e c t  to the ni t rogen a tom has an apprec iab le  effect  on the r a t e  of the p r o c e s s .  The m e t a  
i s o m e r  of the VPC proved  to be the mos t  act ive in the reac t ion  with ac ro le in .  It  gave 2- ( -3 -pyr idy lmethoxy) -  
3 ,4-d ihydropyran  in 68% yield a f te r  5 h at 140 ~ . Under the s a m e  condit ions,  the pa ra  i s o m e r  of VPC reac t s  
m o r e  slowly, and we were  able to isolate  2 - (4 -pyr idy lmethoxy) -3 ,4 -d ihydropyran  in only 35% yield.  

* See [1] for  communica t ion  IX. 
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Fig. I .  PMR spec t rum of 2-(3-pyr idylmethoxy)-3 ,4-dihydropyran.  
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Fig.  2. IR spec t rum of 2-(3-pyr idylmethoxy)-3 ,4-dihydropyran.  

The synthesized adducts are stable on s torage and dissolve in most  organic solvents.  The puri ty of 
the PDP was confirmed by th in- layer  chromatography (TLC) on activity II aluminum oxide. The s t ruc tures  
of the adducts were proved by means of chemical  methods, for example, hydrogenation of the adducts to the 
corresponding 2-pyr idylmethoxyte t rahydropyrans ,  and by PMR and IR spect roscopy.  

In the PMR spect rum of 2-(3-pyr idylmethoxy)-3 ,4-dihydropyran (Fig. 1), the protons of the pyridine 
ring are  responsible for the appearance of the following signals:  a singlet (2-H), two doublets (6-H and 
4-H), and a doublet (5-H); (52 8.40, 56 8.33, 54 7.48, 55 7.08 ppm; J4,5 = 7.5, J5,6 = 5.0 Hz). The following 
resonate  at s trong field: the ~-olefinic proton (doublet, 56 6.11 ppm; JCH==CH = 5.0 Hz) and the proton of 
the O - C H  group (triplet, 5 4.93 ppm, JCH-CH~ = 3.5 Hz). The signals of the remaining two methylene 
groups,  which form a multiplet, are found at s trong field. 

The IR spec t rum of 2-(3-pyr idyhnethoxy)-3 ,4-dihydropyran is presented in Fig. 2. The spec t rum 
shows the absence of aldehyde groups,  while the strong bands that are charac te r i s t i c  for the vibrations of 
the C - O - C  grouping in the pyran ring appear at 1114 cm -1 . The band at 1225 cm -1 is related to the v ib ra -  
tions of the C - O - C  ether  group (the oxygen between the r ings) .  The intense absorption band at 1654 cm -1 
attests  to the existence of a c a r b o n - c a r b o n  double bond in the pyran ring. The stretching vibrations of the 
CH 2 groups of the pyran ring are charac te r ized  by bands at 2855 and 2935 cm -1. The oxygen atom that 
links the pyridine and dihydropyran r ings forms an acetal grouping with the ring oxygen, and the vibrations 
of this acetal grouping appear in the spect rum as a broad band at 1025, 1040, and 1060 cm -~ . The v ibra-  
tional frequencies at 1580, 1590, and 1430 cm -1 are  charac te r i s t i c  for the pyridine ring. 

In the case of 3 -PDP,  severa l  react ions that make it possible to evaluate compounds of a new type 
were investigated. (See scheme on following page.) 

One should note a number  of peculiari t ies  in the s t ruc tures  of the PDP molecules that have a substan-  
tial effect on the react iv i t ies  of these substances .  The PDP have severa l  very  s trong nucleophilic reaction 
centers  - the nitrogen and oxygen atoms and one double bond in the s ix -membered  oxygen-containing ring.  

The possible t ransmiss ion  of the effect of the pyridine ring on the react ivi ty  of the isolated double 
bond of the pyran ring through the double oxygen bridge with alternating methylene groupings cannot be d i s -  
regarded.  

In addition, the PDP molecule can be considered to be a Cyclic vinyl ether .  In this connection, the 
react ions charac te r i s t i c  for simple vinyl ethers  were mainly ca r r i ed  out in the present  r e s e a r c h .  How- 
ever ,  when the react ions were ca r r i ed  out with electrophilic reagents ,  the react ion with not only the C = C  
bond of the pyran ring but also with the unshared e lectron pair  of nitrogen was always possible.  
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The effect of the presence  of a pyridine ring on the proper t ies  of the vinyl group has a l ready been 
well noted in the hydrogenation of PDP,  Thus, while 2-alkoxy= and 2-aroxy=3,4-dihydropyrans  add hydro-  
gen in the presence  of Raney nickel at room tempera tu re  and a tmospher ic  p ressure ,  we were able to c a r r y  
out the hydrogenation of the PDP only on heating them to 50 ~ at elevated hydrogen p r e s s u r e s .  This can 
probably be explained by the suppress ion of the cata lyst  activity due to the formation of a stable complex 
between nickel  and the unshared electron pair  of the nitrogen atom. The bands at 1654 and 950 cm -~ that 
are  cha rac te r i s t i c  for the double bond of the dihydropyran ring vanish in the IR spec t rum of hydrogenated 
PDP.  In this case ,  the acetal  s t ruc ture  of the molecule does not change, and the broad band at 1025 and 
1040 cm -1 is retained in the spec t rum.  

It is known that the react ion of 2=aroxy=3,4-dihydropyrans with aliphatic alcohols gives a mixture of 
cycl ic  acetals  [5]. The react ion of PDP with ethanol also initially proceeds through a step involving the 
formation of a 2=pyr idylmethoxy-6-ethoxyte t rahydropyran,  which then undergoes disproportionation.  We 
were  able to isolate only the previously  descr ibed  2,6=diethoxytetrahydropyran in the pure s tate .  

A crys ta l l ine  water- insoluble  product  was isolated in 80~c yield in the hydrochlorination of PDP.  Ac= 
cording to the resul ts  of e lementa ry  analysis,  it contains 2 moles of hydrogen chloride per  mole of PDP.  
We suppose that the addition of d ry  hydrogen chloride in an aprotic solvent proceeds success ive ly  or simul= 
taneously at the two react ion cen te r s :  

C H20-~..2--CI 

N ~  C | | 2 0 ~  + 2 ttC[ H 2 ~  

tIC! 

The bands at 950, 1654, 3030, and 3060 cm -1, which a re  due to the vibrations of the double bond, d i s -  
appear in the IR spec t rum of the hydrochlor inated PDP,  and an absorption band that at tests  to the formation 
of a c a r b o n - h a l o g e n  bond appears  at 675 cm -1. The bands of the pyridine ring are  shifted (1580-- 1563 
and 1590 ~ 1620 cm-l ) ,  and their  intensities dec rease .  Bands corresponding to ni trogen=coordinated hydro-  
gen chloride molecules  appear at 2500-2800 cm -1. 

Considering the information that pyridines catalyze the addition of chlorine to a double bond [6], it 
can be assumed that addition of halogen to the 5 and 6 positions of the dihydropyran ring will proceed in the 
f i r s t  step of the halogenation of PDP.  Products  containing 26 and 45% halogen, respect ively ,  were obtained 
on t rea tment  with chlorine or bromine,  which at tests  to the addition of two atoms of halogen to the PDP.  
The absorption bands of a double bond are  present  in the IR spec t ra  of the products of halogenation of the 
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+ x ,  - 

X=CI, Br 

PDP,  and a C - X  band appears at 670 cm -i together with a number  of frequencies due to salt  formation at 
the pyridine nitrogen atom. The fl-elimination reaction that is usual for (~ ,/~-dihaloalkyl ethers  evidently 
also occurs  here .  The HX evolved in this case is tied up s t rongly at the pyridine ni t rogen atom. However, 
we were unable to identify products containing only one halogen atom per PDP molecule .  The presence  in 
the PDP of severa l  active centers  capable of participating in the reaction complicates  the isolation of in- 
dividual substances .  

In order  to ascer ta in  the activity of the unshared  pair  of e lectrons of the nitrogen atom, we synthe-  
sized the quaternary salts of the PDP.  Methyl iodide was used as the quaternizing agent. It was found 
that the react ion proceeds  readi ly  at the boiling point of the mixture of components to form a viscous mass  
that is soluble in water ,  alcohol, acetone, and dimethylformamide.  The s t ruc ture  of the product was proved 
by means of spectra l  methods.  The bands charac te r i s t i c  for the double bond are retained in the IR spec -  
t rum,  while the bands of the pyridine ring are shifted f rom 1432 to 1509 cm -t . A bathochromic shift of the 
absorption band at 260 nm with a simultaneous significant increase  in the extinction is observed when one 
compares  the electronic spec t ra  of PDP and its quaternized product,  and, in addition, an ex t remely  intense 
absorption band appears at 218 nm.  

Hydrated stannic chloride reac ts  with PDP to give a donor -accep tor  complex due to the vacant  orbital 
of the metal  and the unshared electron pair  of the nitrogen atom. A shift in the vibrational  frequencies of 
the pyridine ring and the appearance of new bands at 1500-1550 cm -I are  observed in the spec t rum of this 
compound. According to the resul ts  of e lementary  analysis,  the complex is a mixture of compounds with 
PDP to SnC14 ra t ios  of 2 :1  and 1 : 1 .  

Thus the indicated chemical  t ransformat ions  demonstra ted that the combination in the molecule of 
two of the mos t  highly active centers  - the unshared electron pair  of nitrogen and the double bond of the 
pyran ring - cer ta inly  has an effect on the react ivi t ies  of the synthesized PDP.  The centers  frequently 
compete in electrophil ic addition react ions .  

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

The star t ing vinyl e thers  of 2-,  3-,  and 4-pyr idylcarbinols  were  obtained f rom the corresponding 
hydroxypyridines and acetylene by the method we previously descr ibed in [3]. 

2- (2-Pyr idylmethoxy)-3 ,4-dihydropyran .  A 6-g sample of the vinyl ether  of 2-pyr idylcarbinol  [bp 
73-74 ~ (7 ram), n~ 1.5130] and 2 g of acrolein (equimolecular amounts) were placed in a r o t a ry  steel auto- 
clave,  and the mixture was held at 130 ~ for 10 h. The result ing dark-brown viscous liquid was vacuum dis -  
tilled to give 4.9 g (58%) of a product with bp 118 ~ (3 mm),  n~ 1.5240, and d 2~ 1.1078. Found: C 68.9; H 6.8; 
N 7.4%; MR D 52.82. CI1H13NO 2. Calculated: C 69.1; H 6.8; N 7.3%; MR D 53.16. 

2- (3-Pyr idylmethoxy)-3 ,4-dihydropyran .  A viscous product was obtained f rom 20 g of the vinyl e ther  
of 3-pyr idylcarbinol  [bp 96-98 ~ (15 mm), n~ 1.5210] and 8.3 g of acrolein (without hydroquinone) by heating 
at 160 ~ for 6 h. Vacuum distillation yielded a substance with bp 112 ~ (2 ram), n~ 1.5288, and d 2~ 1.1207. 
Found: C 68.9; H 6.9; N 7.2%; MR D 52.56. CllH13NO 2. Calculated: C 69.1; H 6.8; N 7.3%; MR D 53.16. The 
yield was 23.1 g (82%), and the R f  value [in b e n z e n e - e t h e r  (1 : 5)] was 0.55. 

2- (4-Pyr idylmethoxy)-3 ,4-d ihydropyran .  A 1.2-g sample of acrolein was added to 3.5 g of the vinyl 
e ther  of 4-pyr idylcarbinol  [bp 85 ~ (7 mm), n~ 1.5160], and the mixture was heated at 130 ~ in an autoclave 
for 4 h to give 1.8 g (43%) of 2-(4-pyr idylmethoxy)-3 ,4-dihydropyran with bp 108-110 ~ (6 ram), n~ 1.5255, 
and d 2~ 1.0963. Found: C 69.0; H 7.0; N 7.1%; MR D 53.55. CIIHI3NO 2. Calculated: C 69.1; H 6.8; N 7.3%; 
MR D 53.16. 

Hydrogenation of 2- (3-Pyr idylmethoxy)-3 ,4-d ihydropyran .  A solution of 4 g of PDP in 20 ml of alco-  
hol was placed in a 0.5-liter autoclave, 2 g of Raney nickel was added, and hydrogen was fed into the sys tem 
under a p r e s su re  of 50 atm. The mixture was heated at 50 ~ for 4 h to give 3.4 g (85%) of 2- (3-pyridylmeth- 
oxy)tetrahydropyran with bp 118-119 ~ (2 ram), n~ 1.5157, and d] ~ 1.0897. Found: C 68.4; H 7.8; N 7.3~c; 
MR D 53.52. CIIHIsNO 2. Calculated: C 68.4; H 7.8; N 7.2~; MR D 53.63. 
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Reaction of 2- (3-Pyr idylmethoxy)-3 ,4-d ihydropyran  with E thanol .  Two to three drops of anhydrous 
dioxane sa turated with hydrogen chloride was added with s t i r r ing  to an equimolecular  mixture of 6 g of 
2- (3-pyr idylmethoxy)-3 ,4-dihydropyran  and 1.4 g of absolute ethanol. The reacticl~ mass  was heated at 80 ~ 
for 1 h, 0.9 ml of alcohol was removed by distillation at a tmospheric  p res su re ,  and 0.3 g of 2,6-diethoxy- 
te t rahydropyran  [bp 47 ~ (2 ram), n~ 1.4323] was isolated by vacuum distillation (bp 82 ~ (13 ram), n~ 1.4290 
[7]). 

Hydrochlorination of 2- (3-Pyr idylmethoxy)-3 ,4-d ihydropyran .  Saturation of a solution of 1.1 g of the 
pyran in 40 ml of carbon te t rachlor ide  at 20 ~ with dry hydrogen chloride gave 1.2 g of a powder with mp 93- 
95 ~ Found: C126.9%. CllHisNO2C12. Calculated: C126.8%. 

Chlorination of 2- (3-Pyr idylmethoxy)-3 ,4-d ihydropyran .  A total of 40 ml of ch lor ine-sa tura ted  c a r -  
bon te t rachlor ide  was added dropwise in the course  of 40 min at +5 ~ to a solution of 1 g of PDP in 40 ml of 
CCI 4. Workup gave 0.5 g of a ve ry  viscous product .  Found: C125.9~c. CIiH13NO2C12. Calculated:  C127.0~c. 

The bromination of PDP was ca r r i ed  out s imi la r ly  to give a product with mp 50-55 ~ Found: Br 
45.6%. CtlH13NO2Br2. Calculated: Br45.5% 

Synthesis of the Quaternary  Salt of 2 - (3-Pyr idylmethoxy)-3 ,4-d ihydropyran .  A 2-g sample of 2-(3-  
pyr idylmethoxy)-3 ,4-dihydropyran was added dropwise to 8 g of f reshly  distilled methyl iodide, during 
which the react ion mixture became yellowish. The mixture was heated at 51 ~ for 4 h, and the resul t ing p r e -  
cipitate was washed with 80 ml of absolute diethyl e ther  to give 3.4 g (97%) of the quaternary  salt .  Found: 
138.3%. Ci2Hi6NO2I. Calculated:  138.1~c. 

Complex of PDP with Hydrated Stannic Chloride.  A solution of 1 g of PDP in 5 ml of diethyl ether 
was added dropwise to a solution of 1.83 g of ~C14 " 5H20 in 10 ml of absolute diethyl e ther .  A copious 
white precipi ta te  formed immedia te ly  upon mixing the solutions. It was separated,  washed severa l  t imes 
with e ther  to remove unchanged s tar t ing mater ia l s ,  and dried to constant weight to give 2.0 g of a mixture 
of complexes with mp 108 ~ Found: Sn 21.7~c. C22H26N204CI4Sn. Calculated: S~ 18.5~c. 

The LR spec t ra  were obtained with a UR-20 spect rophotometer  at 500-3600 cm -I . Solid samples  
were  prepared  by press ing  with KBr, while the spec t ra  of the liquid compounds were recorded  in m i c r o -  
l aye r s .  Carbon te t raehlor ide  was used as the solvent for the recording of the. PMR spectra ,  and hexa- 
methyldisi loxane was used as the internal  s tandard.  The chemical  shifts in par ts  per  million (ppm) were  
measured  on the 5 sca le .  
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