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until it  cooled to room temperature. Scratching and cooling 
induced precipitation of the product, which was collected by 
filtration and recrystallized from a mixture of methanol and 
water. Yield: 249 mg; 83y07,; m.p. (dec.) 202". 

Anal .  Calcd. for CgHgN605S: N, 10.71. Found: N, 10.45. 
Kinet ic  measurements of the reaction of Z with vinul ace- 

tate, in d r y  acetic acid, at 36". The determination of the 
second order constant, k2, was made in the manner described 
by Orr and Kharasch, in dry acetic acid a t  35 =!= .02", and 
gave a value for lie (1. X mol-' X min-I) of 2.94 X loW4 f 
47,.  
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The preparation of ethyl 3,4-dihydro-2H-py- 
ran-2-carboxylate3 and the subsequent reaction with 
phenols to prepare ethyl 6-aryloxytetrahydropy- 
ran-2-carboxylates4 have been reported. We wish to 
report the synthesis of several alkyl 6-alkoxytetra- 
hydropyran-2-carboxylates (11) and the 2,5-di- 
methyl derivatives. These materials are prepared 
readily by the reaction of 7-oxo-6,8-dioxabicyclo 
[3.2.1.] octane (I) or its 1,4dimethyl derivative 
with the appropriate alcohol in the presence of sul- 
furic acid as a catalyst and isopropyl ether as an en- 
trainer to remove the coproduct water. 
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The starting lactones may be prepared from acro- 
lein dimer or methacrolein dimer by oxidation with 
silver oxide3 or oxygen,5 by the Tishchenko reac- 
tion,6 or by the Cannizzaro reaction.' 
The reactant combinations that were used and the 

results that were obtained are shown in Table I. 
Good to excellent yields were obtained in all cases 
and the products from a single distillation were of 
high purity. 

As a means of obtaining esters for which the alkyl 
groups of the ester and of the acetal functions 

(1) Presentcd in part before the Southeastern Regional 
Xeeting of the American Chemical Society a t  Gainesville, 
Fla., December 1958. 

(2) Present address: University of South Carolina, Co- 
lumbia, S. C. 

(3) R. R. Whetstone and S. A. Ballard, J .  Am. Chem. Soc., 
73,5280 (1951 I. 

(4)  R. R. Whetstone, U. S. Patent 2,574,444 (1951). 
(5) A. E. Montagna and L. V. McQuiIlen, British Patent 

(6) C. W. Smith, C. S Patent 2,537,921 (1957). 
( 7 )  G. G. Stoner and J. S. McNulty, J .  Am. Chem. SOC., 

782,430, (1957). 
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were different, two of the acetal-esters were sub- 
jected to base-catalyzed transesterification. The 
reactions were conducted in a standard manner and 
the equilibrium was shifted by removing the ex- 
changed alcohol by distillation. The reactant com- 
binations used and the results obtained are summa- 
rized in Table 11. 

Whetstone and Ballarda reported that, in their 
attempts to isolate the free 3,4-dihydro-2H-pyran- 
2-carboxylic acid (111) by acidification of the so- 
dium salt and extraction with ether, a viscous, wa- 
ter-soluble product was obtained. The acid was un- 
stable and resinified on standing but immediate dis- 
tillation provided the lactone, 7-oxo-6,8-diuxabi- 
cyclo [3.2.l]octane (I). In  addition to the extracted 
acid, these workers isolated also a viscous solid by 
evaporation of the aqueous solution. On the basis 
of the analytical results, this material 'ivas consid- 
ered to be a mixture of the hydroxy acid (IP) and 
5-formyl-2-hydroxypentanoic acid (Y) , These ma- 
terials were presumed to have formed by the acid- 
catalyzed hydration of the unsaturated acid (111). 

I11 

v 
We have encountered this same problem in our work 
even when the unsaturated acid (111) was isolated 
from its sodium salt under conditions designed to 
minimize hydration of the acid (80% acidification 
at 0" with mineral acid and in the presence of sol- 
vent to immediately extract the unsaturated acid.) 
The isolated acid resinified rapidly to form a clear, 
tacky solid and appeared to  be in major part a ho- 
mopoIymer of the unsaturated acid (111), based 
upon analyses (elemental, functional group, and in- 
frared) and the fact that strong heating converted 
the polymer to  the monomeric lactone. 

O ! O H  0 (n 1 2 )  OC Q 

The lactone (I) polymerized in a few hours in the 
presence of ferric chloride or aluminum bromide to 
yield a water-insoluble polymer which appeared 
very similar to that obtained from the unsatu- 
rated acid (111). 

The 6-hydroxytetrahydropyran-2-carboxylic acid 
(IV) was isolated in low yield from the aqueous solu- 
tion remaining after the sodium salt had been acidi- 
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fied (with excess mineral acid) and the unsaturated 
acid (111) had been removed by extraction. This 

quantitative Yield by the acid-catalyzed hydration 
of 7-oxo-6,8-dioxabicyclo [3.2.1 ]octane. tacky. 

tion (0 " )  gave an approximate value of 45% purity. The 
infrared spectrum contained discrete absorption bands at 
3,7, 5.7, 7.7, and 1 0 . 6 ~  characteristic of the carboxyl group 
and at  6 . 0 4 ~  characteristic of the unsaturation. In a few hours 
the material had resinified to a nonpourable state and was 

Anal .  Calcd. for C8HBOJ: C, 56.20; HI 6.29; Sap. Equiv., 
128.1. Found: C, 56.iO; HI 6.17; Sap. Equiv. 135. 

After the polymer had stood for approximately 2 months, 
31.8 g. wits heated (oil bath at 160 to 200") under 3 mm. 
of pressure. The vapors were passed through a gooseneck 
and condensed to provide 24 g. of a water-insoluble liquid. 
This material was identified as the lactone, 7-oxo-6,S-dioxa- 

hydroxy acid was prepared in 

@$ + H@ Hf+ 

EXPERIMENTAL* 

7-0xo-6,&dwxabicyclo [S.b.l ]octane and 1 ,I-dimethyl-7- 
oxo-6,8-di~zabicyclo [S.2.1 ]octane. These materials were pre- 
pared via the silver-catalyzed oxidation with molecular 
oxygen of acrolein dimer and methacrolein dimer, respec- 
tively. The oxidation has been reported elsewhere,' and in- 
volves the oxidation of the aldehvdes with molecular oxygen 
with a silver catalyst in an aqueous solution of sodium hy- 
droxide. The products of the oxidation are the salts of the 
acids from which the lactones are recovered by acidification, 
extraction, and distillation. 

Esterification procedure. For the preparation of the "sym- 
metrical" acetal-esters, the lactone and alcohol were used 
in the quantities shown in Table I. These materials along 
with the sulfuric acid catalyst (0.5 to 0.75 weight %) were 
charged to the kettle of a distillation assembly which carried 
a liquid-liquid separating head. Sufficient isopropyl ether 
was added (200-400 ml.) to insure ready separation of the 
water of reaction during the reflux period. At the comple- 
tion of the water removal, the mixtures were allowed to 
stand a t  room temperature for several hours, usually over- 
night. The sulfuric acid wits neutralized with sodium ethoxide 
or sodium acetate and the mixtures distilled to recover the 
alkyl 6-akoxytctrahydropyran-2-carboxylates. 

Tramesterification procedure. The transesterifications 
shown in Table I1 were conducted in a standard manner 
using sodium methoxide or sodium ethoxide as a catalyst. 
The acetal-ester and alcohol were mixed in the proportions 
shown in Table I1 and 0.5% catalyst (sodium methoxide or 
sodium ethoxide) by weight of the reactants was added. The 
mixtures were distilled to remove most of the lower boiling, 
exchanged alcohol at atmospheric pressure. The last traces 
of the exchanged alcohols were removed under reduced 
pressure followed by removal of the excess reactant alcohol 
and the product ester. For the last reactant combination 
shown in Table 11, the mixture containing the catalyst was 
permitted to stand 16 hr. a t  room temperature. The co- 
product allyl alcohol was then removed by distillation a t  
essentially room temperature under reduced pressure. Inas- 
much as distinctly superior results were obtained for this 
experiment as compared to the other reactant combina- 
tions, this may be the preferred method of performing this 
transesterification. 

Poly(S,4-dihydro-2H-pyran-~-carboxylic acid) .  Four hun- 
dred g. of aqueous solution containing 100 g. of sodium 3 , 4  
dihydro-2H-pyran-2-carboxylate which was neutral to 
phenolphthalein, was acidified with 26.2 g. of concentrated 
sulfuric acid (SOTG of theory) in 130 ml. of water. The acidi- 
fication was conducted a t  0" and in the presence of 300 ml. 
of ethyl ether. The aqueous layer wits removed and ex- 
tracted twice with 200 ml. of ether. The combined extracts 
were distilled (steam bath) under reduced pressure to remove 
the ether. The residue amounted to 59 g. and was a colorless, 
viscous liquid which was water-soluble and evolved carbon 
dioxide upon treatment with aqueous sodium bicarbonate. 
Immediate titration with standard base to a phenolphthalein 
end point gave a purity of approximately 50.5yG as the mono- 
meric acid. The value was somewhat uncertain due to the 
fading end point. Determination of the purity by bromina- 

(8) All melting points are corrected, boiling points are 
uncorrected. 

bicyclo[3.2.l]octane, on the basis of its boiling point (65"/3 
mm.; lit.3 value is 63/3 mm.) and refractive index (ny 
1.4582; lit.a value is ng 1.4587). 
6-Hydrozytetrahydropyran-2-carboxylic acid. An aqueous 

solution of 430 ml. remaining from the acidification with 
excess sulfuric acid of the sodium 3,4dihydro-2H-pyran-2- 
carboxylate and extraction with isopropyl ether was evapo- 
rated to dryness a t  room temperature. On the basis of the acid 
balance, the aqueous solution could have contained a maxi- 
mum of 30 g. of the 6-hydroxytetrahydropyran-2-carboxylic 
acid. The light colored, tacky solid was extracted several 
times with ethyl ether and the extracts evaporated. The 
white solid was recrystallized from ethyl acetate to provide 
2.5 g. of white prisms or needles believed to be 6-hydroxy- 
tetrahydropyran-2-carboxylic acid and which melted a t  

This same acid wm prepared as follows: a suspension of 
25.6 g. (0.2 mol.) of 7-oxo-6,S-dioxabicyclo [3.2.l]octane1 20 
ml. of water, and 7.3 ml. of 0.5N sulfuric acid was shaken a t  
room temperature. After several minutes the solution tem- 
perature increased to about 40" accompanied by a completc 
solution of the organic phase. The solution was neutralized 
with 7.3 ml. of 0.5N sodium hydroxide and the water evapo- 
rated below 30" using a vacuum desiccator to provide 29.2 
g. of 6-hydroxytetrahydropyran-2-carboxylic acid of m.p. 
89.0-90.5". A melting point of 89.0-90.5' was observed for 
a mixture of the acids isolated from the two sources. The 
infrared spectrum contained no absorption for ethylenic 
unsaturation but did contain strong bands characteristic of 
the -OH and -COOH groups. 

Anal .  Calcd. for C6Il0O4: C, 49.3; H, 7.0; Neut. Equiv. 
146. Found: C, 49.0; HI 7.0; Neut. Equiv., 147. 
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As part of a study of cellulose-reactive materials, 
the preparation of a number of amino-substituted 
perfluoroalkyl-s-triazines was undertaken. I t  is 
known that the N-methylol derivatives of 2-alkyl- 
4,6-diamino-s-triazines can be used as crosslinking 


