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The conditions of heteropolar  and radica l  thiylation of 2 - formyl -2 ,5-d ie thoxy-2 ,3-d ihydro-T-  
pyrans  were studied. Oxidation of the carbonyl group occurs  along with the Cannizzaro reaction 
in the react ion of 2 - fo rmyl -2 ,5 -d ie thoxy-2 ,3 -d ihydro-y -pyran  with si lver  oxide in alkaline media. 
Oxidation of 2- formyl-2 ,5-d ibuty l th io-2 ,3-d ihydro-T-pyran  with s i lver  oxide leads to stable 2,5- 
dibutylthio-2,3-d ihydro-y-pyran-2-ca rboxy l tc  ac id. 

In o rder  to study the react ivi t ies  of 2 ,5-dialkoxy(alkyl thio)-2,3-dihydro-T-pyrans (I) and ascer ta in  the 
biological activity of the derivatives obtained we car r ied  out their react ion with mercaptans under heterolytie 
and radica l  conditions. In contras t  to ready alcoholysis [1], the thiylation of 2 ,5-die thoxy-2 ,a-dihydro-T-pyran 
with C2H~SH in the presence of HC1 and p-toluenesulfonic acid proceeds with difficulty, and the substitution 
p r o d u c t -  2 - fo rmyl -2-e thoxy-5-e thy l th io -2 ,3 -d ihydro- ' r -pyran  ( I I I ) -  is formed ra ther  than the expected 2- 
formyl-2 ,5-d ie thoxy-5-e thyl th io te t rahydropyran  (II), although II is an intermediate,  judging from the PMR spec-  
t rum of the react ion mixture (from the decrease  in the integral  intensity of the HC = signal). 

The liberated alcohol, successful ly competing with the mercaptan,  readily adds to the double bond of 
s tar t ing I to give 2 - fo rmyl -2 ,5 - t r i e thoxy te t rahydro-T-pyran  (IV), which was charac te r ized  by compar ison of its 
PMtt spec t rum with that of an authentic sample [11 and identified in the form of the derivative formed with 3,5- 
dini trobenzoylhydrazide (V). For  compar ison,  we obtained the analogous derivative VI from 2- fo rmyl -2 ,5 -  
d ie thoxy-2 ,3-d ihydro-g-pyran  I. Also allowable is an al ternative representat ion of the formation of IV as a 
consequence of paral le l  disproport ionation of II, but the high-boiling product of this react ion - a dithioketal - 
was not detected. 
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In cont ras t  to vinyl ethers [2] and dihydropyran [3, 4], the described thiylation of I under mild conditions 
(0 ~ 20-50 ~ 1 h) occurs  slowly, and up to 50% of s tar t ing I is reeovered.  Severe conditions (60-100 ~ 2 h) pro-  
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T A B L E  1. P M R  S p e c t r a  of t h e  C o m p o u n d s  O b t a i n e d  

C o m  - 
pound 

IX 
VII 

III 
I 

X 
XII 

H-6 

5.8! 
4,93" 
4,80 
4,60 
6,56 
5.99 
5,99 
6,53 

H-5 

3,37 
3.[7 

Chemical shifts, 6, ppm 
COH 
COOH(OH) H-3,3'; 4,4' 

2.87 
9,27 
9.43 
9,34 
9,43 
9,45 
8,62 

I1,2 

1 62--'~ % 
1,52--I,88 

1,88--2,25 
1,62--2,25 
1,62--2,25 
1,88--2,28 

SC!I: 

2.~2 

I 
2.40 

2,63 

*Doublets: J5,6=2.4, J5,6=1.6, and J6,5=8.9 Hz. 

OCth CI-13 

3.48 1,88 
3fi2 1,!7 

3.53 1,10 
3,60 i.17 
3,58 0.97 

-- 0,94 

mote polymerization, which did not occur in the reaction of mercaptans with dihydropyran [5]. Thiylation in the 
presence of SO 2 at 20 ~ by the method in [6] does not occur, whereas at 60 ~ in an ampul it leads to the liberation 
of ethanol, the yield of which corresponds to splitting out of both ethoxy groups in starting I. This confirms the 
reactivity of the ketal group in 2 position, as in [5]. However, we were unable to isolate the individual cleavage 
product because of resinification. Thiylation of I by means of UV irradiation leads to anti-Markownikoff addi- 
tion product VII in 84% yield. 

5-Unsubstituted dihydropyrans [7] acid carboxylic acids to the double bond under mild conditions to give 
unstable addition products. The reaction with carboxylic acids is significant in the investigation of the biologi- 
cal activity of the 2,5-dialkoxy-2,3-dihydro-y-pyrans. Attempts to add acetic acid to I were unsuccessful even 
when HCI and p-toluenesulfonic acid were used as catalysts. Under mild conditions (40~ despite the observed 
exothermic effect, disappearance of the double bond in the reaction mixture (by PMR spectroscopy), and a per- 
ceptible increase in the viscosity of the medium, starting I (up to 80%) was recovered when the mixture was 
fractionated. Addition product VIII is difficult to isolate by fractionation even at 0.1 ram, possibly because of 
easy splitting out of CH3COOH (reversible reaction) and the polymerization of I, which is peculiar to acrolein 
dimers of the type in [8]. 

Oxidation of I with sih, er oxide in alkaline media leads to 2-methylol-2,5-diethoxy-2,3-dihydro-T-pyran 
(IX) and 2,5-diethoxy-2,3-dihydro-y-pyran-2-carboxylic acid (X). Like unsubstituted 2,3-dihydropyran-2-ear- 
boxylic acid [9, 10], crystalline acid X is very rapidly converted to a viscous liquid, which is 80% potentiome- 
trically titrated (based on monomer X). In our case the conversion has irreversible character, since frac- 
tionation leads to decomposition of the compound. The formation of the lactone form in analogy with [11, 12] was 
not observed. 

In contrast to I, only 2,5-dibutylthio-2,3-dihydro-y-pyran-2-carboxylic acid (80%), which is stable in the 
monomeric form but cannot be vacuum fractionated, is formed in the oxidation of 2-formyl-2,5-dibutylthio-2,3- 
dihydro-T-pyran. 

- q . ~ s , w / .  ~ q " ~ s x d ~ -  ~ 
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E X P E R I M E N T A L  

T h e  P M R  s p e c t r a  ( s e e  T a b l e  1) w e r e  r e c o r d e d  w i t h  a T e s l a  BS 4 8 7 B  s p e c t r o m e t e r  (80 MHz)  w i t h  h e x a -  
m e t h v l d i s i l o x a n e  a s  t h e  s t a n d a r d .  

Reaction of I with Ethyl Mercaptan. A 9.6-g (0.15 mole) sample of ethyl mercaptan was added to a cooled 
(to 0 ~) mixture of 30.1 g (0.15 mole) of 2-formyl-2,5-diethoxy-2,3-dihydro-y-pyran and 0.03 g (0.17 rumple) of 
p-toluenesulfonic acid, and the mixture was stirred at room temperature for 1.5 h and at 40 ~ for 15 min. It was 
then neutralized with a methanol solution of sodium metho• (calculated amount) and subjected to vacuum frac- 
tionation to give 15.4 g of dimer I, containing 15-20% IV, and 9.6 g (60% based on the converted I) 2-formyl-2- 
ethoxy-5-ethylthio-2,3-dihydro-T-pyran (Ill) with bp 111-111.5 ~ (2 ram), nD2~ 1.4930, and dl 2~ 1.1062. Found: 
C 55.9; H 7.7; S 14.3%; IVIR D 56.78. Ct0H1603S. Calculated: C 55.5; H 7.4; S 14.8%; MR D 57.01. IR spectrum, 
v, cm-l: 1630 (C=C) and 1747 (C=O). 

In contrast to the intensity of the starting material, the intensity of the double bond in the spectrum of this 
compound is considerably stronger and is approximately equal to the intensity in the spectrum of the thioacro- 
lein dimer. 
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2 - F o r m y l - 2 , 5 , 5 - t r i e t h o x y t e t r a h y d r o p y r a n  (IV). A 7.5-g (0.12 mole) s amp le  of ethyl mercap tan  was added 

to a mix ture  of 24.1 g (0.12 mole) of I and 0.1 g (0.5 mmole)  of p- to luenesul fonic  acid,  and the mix tu re  was 
heated to 40 ~ and mainta ined at  this  t e m p e r a t u r e  for 1 h. It was then t rea ted  with sodium ca rbona te  solut ion 
and ex t rac ted  with e ther .  The e ther  ex t r ac t  was dr ied  with MgSO~, the e ther  was removed ,  and the r e s idue  was 

20 f rac t iona ted  to give 2.7 g (10%) of 2 - f o r m y l - 2 , 5 , 5 - t r i e t h o x y t e t r a h y d r o p y r a n  (IV) with bp 97-98 ~ (2 ram), n D 
1.4510, and d420 1.0884 [1]. Found: C 58.1; H 8.4%; MR D 60.89. C12H2205. Calcu la ted :  C 58.6; H 8.9%; MR D 
62.04. 

A 0.4-g  (90%) s amp le  of hydrazone V, with mp 199 ~ was obtained when 0.5 g (2 mmole) of IV was heated 
with 0.25 g (I mmole)  of 3 , 5 - d i n i t r o b e n z o y l h y d r a z i d e i u  alcohol  at 60 ~ for  30 rain. Found: C 50.1; H 5.8; N 

12.4%. C19H26OgN 4. CalcuIa ted:  C 50.3; H 5.7; N 12.3%. 

A 0 .5-g  (72%) sample  of hydrazone VI, with mp 174 ~ was obtained when 0.7 g (3.5 mmole) of I was heated 
with 0.38 g(1.5 mmole) of 3 ,5 -d in i t robenzoy lhydraz ide  in alcohol  at 60 ~ for  45 min. Found: C 50.2; H 4.6: N 

13.7%. C17H20OsN ~. Calcu la ted :  C 50.0; H 4.9; N 13.7%. 

2 - F o r m y l - 2 , 5 - d i e t h o x y - 6 - e t h y l t h i o t e t r a h y d r o - y - p y r a n  (VII). A mLxture of 12.4 g (62 mmole) of 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 - ~ - p y r a n  and 21.7 ml (0.31 mole) of ethyl  mercap tan  was mainta ined under  the UV light 
of a PRK-2 lamp (1000 Wt) in a quar tz  tes t  tube with a ref lux condense r  for  7 h. It was then subjec ted  to vacuum 
f rac t iona t ion  to give 12.6 g (84%) of VII with bp 135 ~ (3 mm), nD2~ 1.4787, and d~ 20 1.099. Found: C 54.9; H 8.4; 
S 12.0%; MR D 67.6. C12H2204S. Calcula ted:  C 55.0; H 8.4; S 12.2%; MR D 68.3. IR spec t rum,  ~, c m - l :  1742 
(C = O). 

Oxidation of 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 - 7 - p y r a n .  Solutions of 36 g (0.21 mole) of AgNO 3 in 20 ml 
of H20 and 12.7 g (0.32 mole) of NaOH in 20 ml of wate r  were  added dropwise  s imul taneous ly  to a wa te r - coo led  
solut ion of 21 . !  g (0.105 mole) of I in 40 ml of dioxane,  a f te r  which the t e m p e r a t u r e  of the mix ture  was slowly 
r a i s e d  to room t e m p e r a t u r e ,  and it was allowed to stand at this  t e m p e r a t u r e  for  3 h with vigorous s t i r r i n g .  The 
p rec ip i t a t ed  Ag20 was removed  by f i l t r a t ion  and washed five to seven t imes  with water .  The f i l t r a t e  and wash 
waters  were  ex t rac ted  with e ther .  The solvent  was removed ,  and the r e s i due  was f rac t iona ted  to give 5.3 g 
(21%) of 2 - m e t h y l o l - 2 , 5 - d i e t h o x y - 2 , 3 - d i h y d r o - ~ - p y r a n  with bp 88 ~ (2 mm), nD2~ 1.4705, and d420 1.0921. Found: 
C 59.5; H 8.9%; MR D 51.3. C10H180 ~. Calcu la ted :  C 59.4; H 9.0%; MR D 52.1. IR spec t rum,  v, c m - l :  1722 
(C=O),  3450 (OH), and 1680 (C=C).  

Ch lo ro fo rm was added to the aqueous por t ion  r ema in ing  af te r  ex t rac t ion  with e ther ,  and the mix ture  was 
acidif ied with the ca lcu la ted  amount of HC1 at 5-10 ~ and ex t rac ted  with ch lo ro fo rm.  The ex t r ac t  was dr ied  with 
MgSO~ and concen t ra ted  s l ight ly  at room t e m p e r a t u r e .  It was then cooled,  and the p r e c i p i t a t e  was removed  by 
f i l t ra t ion  to give 5.0 g (22%) of 2 - c a r b o x y - 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  with mp 93 ~ Found: C 55.9; H 
7.9%. C10H1605. Calcu la ted :  C 55.6; H 7.4%. A viscous  liquid (9.3 g), with nD 2~ 1.4680, r ema ined  in the mother  
l iquor a f te r  evapora t ion  of the solvent .  Po t en t iome t r i c  t i t r a t ion  with (C~Hg)~NOH in methanol  conf i rmed the 

p r e s e n c e  of 80% ca rboxy l  groups based on X. 

2 , 5 - D i b u t y l t h i o - 2 , 3 - d i h y d r o - y - p y r a n - ' 2 - c a r b o x y l i c  Acid (XII). Solutions of 17.5 g (0.102 mole) of AgNO 3 
in 15 ml of H20 and 6.2 g (0.155 mole) of NaOH in 15 ml of H20 were  added dropwise  s imul taneous ly  to a cooled 
(water s t r eam)  solut ion of 14.8 g (51 mmole)  of XI in 100 ml of dioxane, a f te r  which the t e m p e r a t u r e  of the 
mix ture  was s lowly r a i s e d  to room t e m p e r a t u r e  and mainta ined at  room t e m p e r a t u r e  with v igorous  s t i r r i n g  for 
3 h. The p rec ip i t a t ed  Ag20 was removed  by f i l t ra t ion  and washed five to seven t imes  with water .  The f i l t r a t e  
and the wash wa te r s  were  ex t rac ted  with e ther .  The ca lcu la ted  amount of concent ra ted  HC1 was added to d rop -  
wise  at 10 ~ to the aqueous por t ion  r ema in ing  af te r  ex t rac t ion  with e ther ,  and the organic  l aye r  was sepa ra t ed .  
The aqueous l aye r  was ex t rac ted  with e ther ,  and the ex t rac t  and organic l aye r  were  dr ied  with MgSQ. The 
e ther  was r emoved  to give 12 g (80%) of XII. F o r  pur i f ica t ion ,  a solut ion of the sa l t  was again obtained and ex-  
t r ac ted  with e ther  to r emove  the impur i t i e s .  Ether  ex t r ac t s  were  obtained af te r  ac id i f ica t ion  with the ca lcu la ted  
amount of HCi and were  dr ied  with MgSO 4. Thorough r e m o v a l  of the e ther  in vacuo (oil pump) gave XII with 
riD2~ 1.5300 and d420 1.1358. Found: C 55.1; H 8.0; S 21.0%; MR D 82.44; C14H2403S 2. Calcu la ted :  C 55.3; H 
7.9; S21.2%; MR D83.36.  IR spec t rum,  v, cm-1:  1630 (C=C),  1720 (C=O), and 3300 (OH). 
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S Y N T H E S I S  O F  P Y R Y L I U M  S A L T S  AND H E T E R O C Y C L I C  

N I T R O G E N  B A S E S  F R O M  C Y C L O A L K E N Y L A C E T I C  A C I D  E S T E R S  

G. P .  S a f a r y a n  a n d  G. N. D o r o f e e n k o  UDC 542.951.1:547.814'833.07 

2-A lkyl-6-  methoxy-3 ,4- te t ramethylene-  and 3,4-pentamet hylenepyrylium perc hlorates were ob- 
tained by acylation of cycloalkenylacet ic  acid es ters  with aliphatic acid anhydrides.  2-Methyl-  
6-methoxy [2,3-c ]cholestanopyrylium perchlora te  was s imilar ly synthes iz ed. 2-A lky l -3 ,4 - te t ra -  
methylene-6-pyr idones  were isolated by t reatment  of 2 -a lky l -6 -methoxy-3 ,4 - te t ramethy lene-  
pyryl ium perc hlorates with excess  concentrated ammonium hydroxide. 2-Methyl-3 ,4-penta-  
methylenc-6-aminopyr id ine  was obtained by the action of excess concentrated ammonium hydrox- 
ide on 2 -me thy l -6 -me t  hoxy-3,4-pentamethylenepyryl ium perc hlorate. 

In a continuation of our study of the acylation of/3,T-unsaturated compounds [1, 2] and homoveratr ic  acid 
es te rs  [3] and in order  to synthesize previously unknown 2-a lky l -6 -methoxy-3 ,4 - te t ramethy lene-  and 3,4-penta- 
methylenepyryl inm salts and their  nitrogen derivat ives we studied the acylation of methyl cycloalkenylacetates 
(I) with aliphatic acid anhydrides (acetic, propionic, butyric,  and valeric) in the presence  of 70% perchloric  acid. 

As a resul t  of the react ion we obtained 2-a lky l -6-methoxy-3 ,4- te t ramethy lenepyry l inm perchlora tes  (IIa- 
d! and 3 ,4-pentamethylenepyryl ium perchlora tes  (IIIa-d) in 25-50% yields. 

/CH~--C---OCH 3 
, C h o ) . ~ t  - E; 
, \ , ~ 1  0 ~ O ,  

I 

IV 

, / ~ - - - - ~ , ~ 0  c H 3 

I CiO~- 
R 

11, I11 a -d  

I-IV n=4,5 ;  II. lll ,1 R=CH3; bR=C2Hs: C R-n-CzHz; d R-n-C4H 9 

We were unable to isolate pyryl inm salts in the acylation of cyclopentenylacetic es te rs  in view of their 
extreme hygroscopic charac te r .  Cyclic hydroxy es ters  IV, obtained directly via the Reformatski i  reaction, are 
readily dehydrated under the conditions of the acylation to olefins and subsequently undergo diacylation. The 
pyryl ium salts formed in this case  were isolated in the form of oils, which were converted to the corresponding 
nitrogen bases without fur ther  purification by the action of excess concentrated ammonium hydroxide. The 
yields of the nitrogen compounds ranged from 74 to 83%. 
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