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the pmr spectra of amides upon addition of pyridine,23 
shifts in the electronic spectrum of pyridazine in the pres- 
ence of b e n z o p h e n ~ n e , ~ ~  and the rapid rate of which P -  
keto alcohols effect displacement of halide from 2-halopy- 
ridines.25 As a test of this mechanism we examined the 
rates of hydrogen evolution accompanying acylations of 1 
with methyl p-chlorobenzoate and ethyl trifluoroacetate, 
anticipating that the more positive carbonyl groups of 
these two esters would favor complex formation. If this 
occurred, the rates of hydrogen release should exceed the 
rate observed with methyl benzoate. The indeed proved to 
be the case, as shown in Figure 2, where it may be seen 
that the reaction with trifluoroacetate was greater than 
60% complete after only 1 hr. It should also be noted that 
excess methyl benzoate should favor formation of complex 
13, thereby increasing the rate of hydrogen evolution as is 
observed. Thus, the course of the sodium hydride promot- 
ed benzoylation of 1 uia complex 13 appears to be consis- 
tent with our experimental findings. It is also possible 
that acylations of P-diketone monoenolates in' the pres- 
ence of excess sodium hydride might also involve similar 
complex formation prior to removal of a terminal methyl 
proton, since the rates of such reactions are dependent on 
ester concentration.20 
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Hydrogen  sulf ide reacts w i t h  2,3-dihydropyran t o  f o r m  2- te t rahydropyranth io l  (1). 1 has been shown t o  be a 
usefu l  reagent for  d i rect  i n t roduc t i on  of a protected mercap tan  i n t o  a var ie ty  of organic compounds. A d d i t i o n  
reactions under  i on i c  a n d  free-radical condit ions a n d  d isp lacement  reactions have been studied. Subsequent 
faci le cleavage u t i l i z i n g  neu t ra l  aqueous si lver n i t ra te  fol lowed b y  t rea tmen t  of t he  mercapt ide with hydrogen 
ch lor ide gave the desired mercaptans. 

2,S-Dihydropyran reacts with aliphatic and aromatic 
hydroxyl or sulfhydryl groups under acidic conditions to 
form alkyl or aryl tetrahydropyranyl ethers2 or  sulfide^,^ 
respectively. These cyclic acetals and monothioacetals are 
readily hydrolyzed, in most instances, under mild acid 
conditions to yield the free alcohol or mercaptan. 

It seemed possible that the same protected thiol func- 
tion might be prepared directly by addition of 2-tetrahy- 
dropyranthiol (1) to multiple bonds or by appropriate dis- 
placement reactions. Of perhaps greatest interest was the 
possibility of preparing derivatives of otherwise unstable 
tautomers such as enethiols or thioimidates. Although our 
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original efforts4 in the latter direction were inconclusive, 
there were, nevertheless, indications of potential utility. 

2-Tetrahydropyranthiol (1) can be prepared in 40-6070 
yield by treating a four- to fivefold excess of hydrogen sul- 
fide with dihydropyran in the presence of an acid catalyst. 
A mixture of p-toluenesulfonic acid and trifluoroacetic 
acid gave the best results. The other product in signifi- 
cant quantities appears to be the bis(2-tetrahydropyranyl) 
sulfide (2). 1 is relatively stable but undergoes gradual dis- 

QSH 
1 2 

proportionation to 2 and decomposition to polymeric ma- 
terial. The thiol l is stable when stored under nitrogen in 
the cold for several weeks. 

With the potential reagent in hand a study of its addition 
reactions under ionic and free-radical conditions was under- 
taken. The addition products of 1 and acetylenes are the 
corresponding substituted vinyl 2-tetrahydropyranyl 
sulfides (3, 4, and 5 ) .  All base-catalyzed additions of 1 to 
the acetylenes gave predominantly the product from trans 

RSH 
1 
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R' 

RS 
f R'CIC-R" - >=cHR// 

3, R' = H; R"=CO,Et 

5. R' = H; R" = Ph 
4, R' = R" = COLMe 

201 1 

addition, as anticipated from the work of Truce5 on similar 
reactions with simpler thiols. The cis/trans ratios were 
determined for both ionic and free-radical additions by 
analysis of the nmr spectra which was in some cases con- 
firmed by glc analysis. 

Addition reactions of the thiol 1 were also studied with 
diethyl maleate and styrene as representative olefins. The 
expected tetrahydropyranyl derivatives of diethyl 2-mer- 
captosuccinate (6) and /3-phenylethanethiol (7) were ob- 
tained in good yield. 

R' - \CHCH,R// 
R', / H  

RSH + ,C=C, 
H' 

1 

R" RS' 
\ 

6, R' = R" = C02Et 
7. R' = H; R" = Ph 

. . . . . . . . . 
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Substitution reactions using 1 with ethyl 2-bromopro- 
pionate, n-butyl bromide, and benzyl chloride provided 
the expected products 8, 9, and 10, respectively. 

RSH + RCHX - R’CHSR 
I 

R“ R“ 

8, R’ = CH,; R” = C0,Et; X = Br 
9, R’ = n-C3Hi; R” = H X = Br 

1 I 

10, R’ = Ph; R”=H; X = C1 

Having established that the thiol reacts in the expected 
ways to provide a series of thio ethers, it was then neces- 
sary to demonstrate that cleavage to the free mercaptan 
could be accomplished in satisfactory yield. In contrast to 
the facile cleavage of acetals by hydrochloric acid, mer- 
captals and monothioacetals are generally more resistant 
to this a ~ i d . ~ , ~  The use of silver nitrate to form the mer- 
captide of a monothioacetal has been reportedS8 

During our preliminary attempts to cleave the 2-tet- 
rahydropyranyl sulfides, including the heterocyclic sys- 
tem discussed below, this resistance to mild acid treat- 
ment was borne out. Most systems were resistant to aque- 
ous, ethanolic or gaseous hydrogen chloride and aqueous 
or ethanolic p-toluenesulfonic acid. However, the silver 
salts of the mercaptans are easily obtained by addition of 
an equivalent amount of aqueous silver nitrate to a 
methanolic solution of the sulfide. The precipitated mer- 
captide is then suspended in chloroform through which 
excess gaseous hydrogen chloride is passed. After filtration 
of silver chloride the mercaptan is recovered from the 
chloroform. 

In the case of enethiols derived from cleavage of the ad- 
dition of 1 and acetylenic compounds there was no evidence 

R’ 
3, 4, or 5 - 

for the formation of tautomeric thioketones or thio alde- 
hydes. With these substances, all of which contain sub- 
stituents expected to stabilize the enethiol tautomer, this 
is not surprising. Since preparation of protected enethiols 
appears to be one of the more useful applications of 1 we 
plan to conduct a more complete study of such substances 
and their cleavage products. 

The potential use of the reagent is further illustrated by 
preparation of the protected mercapto oxazole 12. Previ- 
ous reactions with dialkyl and diary1 dithiooxaldiim- 
idatesg provided alkyl- or arylmercaptooxazoles which 
could not possibly provide the free thiol. Reaction of 1 with 
cyanogen provided the expected thiQimidate 11, which was 
too unstable to be characterized completely. However, it 

reacted with benzaldehyde in the usual way to give the 
fully characterized heterocyclic product 12. This and other 
uses of the reagent are the subject of continuing studies. 
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