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SOME ATTEMPTS TC INTRODUCE HYDROXYL GROUP
INTO 2=-ALKYL-4H-PYRAN-4-ONE

Ryoshy Suzuki, Takashi.H;fggoto, and Itaru Takasu
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On the total syrthesis of 2-alkyl-3~hydroxy-4-pyrone, the so-called
Daicel Process consisting of four steps comprising 1) insertion of
ketene into orthoformic ester, 2) Claisen condensation of the formed
mono~ingerted ester with methyl kqtone. 3) acyloxylation toward active
methylene in the formed beta-diketone, and %) cyclizing condensation of
the mono-acyloxylated beta-diketone and hydrolysis of the acyloxy group
to hydroxy group had already been established.1 Aceyloxylating agent in
the third step was found to be valid if it was lead tetraacetate or an
aryl-iodoso-diacylate, but there were some problems by the waste dis-

posal,
Here, four attempts were made to introduce & hydroxyl pgroup into

2-ethyleb-pyrone in place of the above third and fourth steps. These
intentions are described by the following pathways:
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(1) A method via chlorinated I

In a typical experiment, equimolar amount of S0
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2012 diluted with

CClhwas agdded into a mixture of I and CCl4 and the reaction was com-

pleted., The solvent was then removed, the product was separated by

extracting with ether and distilling the extract, GC analysis of this

product showed that the yield of II was 21%and that of 2-ethyl-k-
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pyrone was 40%.

Generally the product consisted of many components and contained
15-20% chlorine (16 %: theoretical)}. There being contained 30-50%
unchlorinated product, it is thought for the rest to consist of high-
ly chlorinated preducts in a fairly large amount, In order to ascer~
tain the formation of II, a concentrated chlorination product contain-
ing about 50% II was reacted with KOAc at the boiling temperature of
AcOH, Results showed that the yield of X attained to about 9% by means
of colorimetric determination,

{(2) A method via VII

Starting material I is readily cyclized by treating with a strong
acid and/or by heating to convert inte VII (in 97% yield), For the
purpose of preparing X by the oxidation of VII, VII{0.01mol), AcOH,
and oxidizing agent(s) selected from the combinations of one of 60%

(0 0t2mol), BPO(0,010mel), and 40% AcO H(C.007 mol) with Co(OAc)
4H 0(0 Ol mmol) or none were reacted at fixed temperatures (50° and
120 C) for 2h and then subjected to evaporation under reduced pres-
sure and extraction with CHClB.

To confirm if the positive color test in a AcO H- Co(OAc) 4H 0-
120°C run resulted from the formation of X, a ten«times aca&e axperi-
ment was carried out and the CHClB-extract was distilled to get a
white orystalline product (a) through purifying the distillate, The
product (a) possessed an intense caramel-like odour and axmp of 101%
higher than that of X aa much as nearly 10%.

Though the preduct (a) resembles X in IR and NMR spectra, the
chemical shifts (in Sppm) of 6,50 and 8.05 in (a) indicate apparently
no'mutual coupling, while 6.41 amd 7.78 in X have each other a cou-
pling constant equal to 6Hz, Accordingly it is concluded that (a) is
of an sllomasltol-type structure in which a He-atom in S-pouition of VII
is replaced by a hydroxyl group.

0 0
H " 40% AcO,H HO H
C.H
23 Co(OAc)Z‘hHaO e5

‘L. C, Dorman2 reported that among the coupling conatants betwesn
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ring protons of 2-methyl-4=pyrone the coupling constant between 3- and
6-position is of the smallest value: J3 6 £ 0.6z, whereas J3 5 = 2.5
L} L
5 6 = SO?HZI
1

This information as well as the fact that allomaltol is known to be

Hz and J

the only assigned product when 2-methyl-4-pyrone is reacted with ACOZH

support the above conclusion.

(3) A method by direct oxidation of I by the use of AcoaH or 3202

P, Karrel et al.3 accomplished the oxidation of beta-diketones by
perbenzoic acid to the cerresponding 2-hydroxy compound and also H. 0.
House et a&.# or A.J. Hubert et a&.s
for beta-keto esters.

conducted the similar experiments

To examine the applicability of such a principle for the synthesis
of X, direct oxidation of I was carried out. A mixture of 40% agueous
Ac02H(0.1mol) and AcOH was added slowly to a solution of I(C.imol) in
AcOH at 100°C, The reaction mixture revealed positive colorization by
FeClj—test. From the thickgned and partly neutralized product, the
organic ingredients were extracted with CHClB. A white c¢rystalline
product (b){in 1.6 %$yield) of a mp of 85°C and sweet caramel-like
odour was isolated by distilling the extract.

Though the product {b) also resembles X in IR and NMR spectra, the
chemical shifts (in § ppm) of 6.53 and 7.57 in (b} gave a coupling of
J 5 2Hz. Accordingly it is presumed that (b) is of a structure corre-

sponding J = 2,5 Hz as previously stated., Thus the following scheme

345

is accepted as the most plausible.

N
AcOLB H 0
02H5000HacocaecH(OCH3) > 2 caascocnacowzg 1(100}13 } 2]
HO -ﬂ: ]— 02H5

Colorimetric analysis indicated that the apparent yields of ones
‘forming chelate with ferric ions were 15-16% in the case of AcOH

-oxidation and 7-10% in the case of H,O

20 oxidation.

(4) An oxidation method by the use of benzoyl peroxide (BPO)
6~9

S. 0. Lowesson et al. ° presented that benzoyloxylation of an active

methine group in a beta-dicarbonyl compound was attained in good yield
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by treating sodium salt
this method was applied

Thus,
dropwise a solution of

into a stirred
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of the beta-dicarbonyl compound with BPO, So,
to sodium salt of I.

mixture of NaH{0O.3mol) and benzene was added
1{0.5mol) in benzene at 10-15°C. After the

calculated amount of hydrogen evolved, precipitating sodium salt of I
was collected in nearly quantitative yield., Next, into a stirred sus-
pension of the salt V(0.05mol) in benzene was slowly added a solution
of BPO(0.05mol) in benzene at 5-15°C. A greasy liguid product{16.6 g)
was obtained by concentration from the reaction mixture washed with
water. An aliquot of it was heated with %,5%HCL so as to give X and
submitted to colorimetric analysis. Apparent conversion of V inte X
was estimated at 25%. Another aliquot being dissolved in methanol
at SOOC and cooled, a white crystalline product (c) melting at 108.7-
109.400 emerged. The IR and NMR spectra of (¢) showed that tﬁis com=-
pound was assigned as follows:
8675 e
! - -
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.Further experiments were carried out to find out the improved re-
action conditions under which monobenzoyloxylation was effected and
the best yield(46 %) of X was obtained when the reaction between
sodium salt V(0.01mol) and BPO carried out at 80°¢C (0.5+3h)} in the
presence of CaH(O.4 g) and the mole ratio of BPO to V was adopted to be
0.,9-1,0, Thus X was isolated as a crystalline product having a mp of
90.5—-90.400 through the treatment of the reaction mixture with stoh.

In conclusion, (%) in the case of chlerinating I polychlorination
and cyclization reactions occurred besides monochlorination and de-
sired product X could not be isolated; (2) although both peracetic acid
and hydrogen peroxide were capable of oxidizing VII, the product in the
former was not X, but was isomeric 2-ethyl-5-hydroxy-4-pyrone; (3) I
was oxidized both by peracetic acid and by hydrogen peroxide similarly

to (2), but the product was another isomer, 2-ethyl-6-hydroxy-4%-pyrone;
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{4) the introduction of benzoylexy group into I was successful by
reacting its sodium salt V with BPO, but the yield of X could not
exceed 46 %, Hereafter, more advanced methods should be sought.
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