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Abstract—2-Alkoxy-SH-furan-4-ones (7, 8) and 4-alkoxy-SH-furan-2-oncs (4, 5) were prepared regiospecifically and
in high yieds from tetromic acids (4-bydroxy-SH-furan-2-ooes) (2) in the first case by acetytating the 4-OH group
and thea reacting with triafkyloxonium tetrafiuoroborate, and in the second case by alkytating tetrabutylammonium
tetronates with diakkyl sulfate, respectively. Direct akylation of tetronic acids with trialkyloxonium tetrafluoro-
borate gave in four cases regiospecific 2-O-alkylation, in one case 4-O-alkylation and in two other cases mixtures of

2- and 4-alkoxy derivatives.

Several reports exist on the formation of 4-O-alkyl-
tetronic acids (4-alkoxy-SH-furan-2-ones) from tetronic
acids (4-hydroxy-SH-furan-2-ones) 2 and various alkylat-
ing agents.' In no case the possibility of other products
being formed is mentioned, and the yields obtained are
either not recorded or meager. Some investigators report
on preparative problems or complete irreproducibility of
the procedures.’*” 4-Alkoxy-SH-furan-2-ones have also
been reported formed upon lactonization of y-acetoxy-
B-keto esters with hydrogen chioride in alcohol.*
Because of the tautomeric equilibrium which can exist
between the diketo form 1 and its two enolic forms 2,
isomeric alkylated products may be formed as demon-
strated by the diszomethane methylation of 3-methyl-
tetronic acid (2: R' = Me, R? = H)® behaving analogous
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to the 2,4-pyrandiones.'® As we are interested’’ in using
2-alkoxy- and 4-alkoxy-SH-furanones as synthons for the
synthesis of naturally occurring compounds, we have

investigated the alkylation of some tetronic acids (2) and
we wish to report on regiospecific procedures leading to
4-alkoxy-SH-furan-2-ones (4, 5) and 2-alkoxy-SH-furan-4-
ones (7, 8), respectively.

RESULTS AND DESCUSEION

Attempts to prepare the 4-alkoxy-SH-furanones (4, 5)
by general methods as treatment of 2 with HCl in alcobot
or treating silver or sodium salts of 2 with alky! iodide or
dialkyl sulfate are generally unsuccessful. Considerable
high-boiling material, apparently of a di- and polymeric
nature from aldo! condensations, are obtained along with
several other unidentified products. Only methylation
with diazomethane affords separable mixtures of 4 and 7.

It has been demonstrated that in many cases the
alkylation of a tetraalkylammonium salt of an ambident
anion is superior to other methods of alkylation and in
some cases it has been the only useful method.'? There-
fore, the tetracthylammonium salt of 2a was prepared
and alkylated in dichloromethane with dimethyl sulfate.
It resulted not oaly in a regiospecific introduction of a
4-alkoxy group to give exclusively 4a, but also without
introducing a purification step in the direct preparation of
48 in acceptable yield. To test the applicability of the
method, some other derivatives (2d, 2e, 2f) were alkyl-

"t m

Protedre 3(e,4,0,1)
3 icn

5

z(e.b.c.d.o.f)

ﬁgm

6la,b,0,d) Te

4(0,d,0,1) B:zMe
S(a,d,0) R:B

e s

RixzMe
8id,c,d) R:B

Scheme 1.

281



am

o

2(s,0)

&«

2(d,0,1.9)

A SCWNEDLER WENGEL of ol

= .

40 Ry

Ao - X

4(0,6) RaMe  T(D,6) Rietg

e &

T(40,1,9) Rt

a cld et ]y
RIH [ H M [ma]Er|t2]me
R H [Me[Et|H[H[H]|me
Scheme 2.

ated. Without purification they all gave exclusively 4
methoxy<(4d, de, &) and 4-ctboxy-SH-furan-2-ones (Sa,
$d, Se), respectively. These clear cut and prepanatively
useful results coatrast the analogous alkylatios proce-
dure of methyl acetoscetate, in which C-alkylatioo
dominates, but with three compooents in the reaction
mixture to separate.’’

As a result of our attempts to produce 2-alkylated
derivatives of tetroaic acids (2) we bave found that it is
possible to achieve a high yield of 2-metboxy (7s) and
2-ethoxy-SH-furan4-ooes (80, Sc. 8d), respectively, by
the following simple method: O-acylation of 2 with acetic
anhydride and alkylatioe of this ester (6) with trialk-
ylozxonium tetrafluoroborate to give after bydrolysis the
desired 2-alkoxy derivatives (7.8). The formation of 2-
methoxy-6-metbyl4-pyrose from &hydroxy#oethrl -2-
pymebubeearepaudvnbeﬂhermmyisdyi
acety! blocking groups.'

The two regiospecific alkytation procedures described
above offer excellent alternatives to previous procedures
using diazomethane which involve a laborious separation
of the two isomenc products. Nevertheless, it was of
interest to explore the direct reaction of tetronic acids
with tertiary oxonium salts, since an efficient alkylative
conversion of moposubstituted amides to amidates have
been achieved in recent years using particularly trialk-
yloxonium tetrafluoroborate and methyl fluorosul-
fonate.' Recently, Beak and Lee'’ have observed
regiospecific alkylation of 4-hydroxy-6-methyl-2-pyrone
o give 2-methoxy-6-methyl4-pyrooe and have inter-
preted their results in terms of kimetically controlled
alkylation. Although the mobility of an active hydrogen
genenally precludes its function as a blockiag or directing
group in the traditional sense, the above alkylations
suggest that in certain cases the protoa of a prototropic
ambident nucleophile can direct alkylation away from its
bonding site in the major tautomer. Five other similar
systems behave anslogoutly, ¢.g. with methy! Suorosul-
fonate they are methylated at the heteroatom which does

not bear the proton in the major lautomer,'’ whereas
another report exists in which the alkylating agent does
not exhibit the requisite selectivity.'®

The tetronic acids can be considered as prototropic
ambident oucieophiles and upoo reaction with tnimethy-
loxoaium tetrafluoroborate we find that the unsubstituted
tetronic acid (2a) is alkylated at the oxygen carrying the
proton giving 4-O-methoxy-SH-furan-2-ooe (4a) in high
yield. In contrast 3-substituted tetroaic acids (24, 2e, 2.
2g) are all alkylated at the oxygen not carrying the proton
to give high yields of 2-alkoxy-SH-furan-4-ones (7d, 7¢. M,
7g). In & further test of the applicability of the reaction
two S-alkyltetronic acids (2b, 2) were reacted with the
same alkylating reagest to give a mixture of 2-alkylated
and 4-alkylated products (4 + T and & + 7c). In the case
of 3-substituted tetronic acids direct alkylation provides
a useful alternative for the regiospecific alkylation of the
2-O-alkyl denivatives.

Recently y-acetoxy-S-ketoesters have beea cyclized in
alcobolic solutios to 4-alkoxy-SH-furan-2-ones® The
structure of these compounds was assigned according to
spectral data. The LR spectra exhibited an a.8-butenolide
stretching frequency at 1760-1770cm ™', and an allylic
coupling coostant [,s=1.5c/s was indicated in the
'H NMR spectrum.

Our results coafirm the above assignment since all
4-alkoxy-SH-furan-2-ones (4, 5) exhidit in the IR spectra
stretching frequencics at 1745-1780cm™' and the
'"HNMR spectrum of suitably substituted derivatives
display allylic couplings with identical coupling con-
stants. It has also 1o be mentioned that three of the
compounds (4a, 4, Se) in the IR spectrum exhibit two
bands i the carbonyl region due probably to a Fermi
resonance effect.'® These spectral results cootrast the
data for the 2-atkoxy-SH-furan4-ooes (7.8). This is of
interest because these latter compounds could not be
excluded as cyclizatios products of y-acetoxy-B-keto-
esters.® The 2-alkoxy derivatives all show stretching
frequencies at 1865-1700 cm ™' characteristic of a.8-un-
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Regiospectfic alkylation of tetronic acids

saturated cyclic ketones and with C=C stretching vibra-
tions at ca. 1590cm™' (the equivalent values for the
4-alkoxy derivatives are ca. 1675¢cm™).

EXPERIMENTAL

M.ps and b.ps are uncorrected. 'H NMR spectra were recorded
oo & Jeol C-80 LH spectrometer and IR spectrs were obtained
with 2 Perkin-Elmer imfrared spectropbotometer 580, Mass
spectra were obtained on a Varian 311 A mass spectrometer.
Thin layer and prepanative layer chromatography were per-
formed with silica gel 60 F 254 Merck. The regioselectivity of the
different procedures coald easdly be estimated by tic with ether
or dichloromethane as eluests. Upon irradiation with UV light
the 4-alkoxyfuramones, which gemerally have the higher Ry
valoes, show up by Buorescence and the 2-alkoxyfuranoees by
shsorption.

Compounds 28.™ 18.® 26 24 2™ N and 2¢" were
prepared by the published procedure.

Procedare A

Tetrabutylammonium tetronates (3). To & stirved soln (100 ml)
of 0427 M aqueons aum hydroxide was added
0.0427 mol of the tetronic acid. When dissolved (ca. 1S min), the
mixture was evaporated in vacmo. The precipitated crystals were
then washed with refluxing EtOAc (1Sel) and filtered hot,
Tetraburylammonium tetronate (3u), yield: 93%; m.p. 149.5-151".
Tetrabutylammonium 3-methyltetronate (M), yield: 92%; m.p.
182-188°. Tetrabutylammonim 3-ethyltetronaie (), yickd: 54%;
m.p. 102-105%. Tetrabutylammoninm 3-benzyitetronate (3}, yield:
83%; m.p, 92-95".

& Abkoxy-SH-furan-2-ones (4, 5). The
tetronate (16.5 mmol) dissolved in 70 ml CH,Cl; and dimethyl or
diethyl sufate (17.3 miol) was added. After stirring for the time
required (Table 1) the mixture was evaporated in pacso. Waler
{50 ml) was added and the residual CH,Cl, was removed upon
renewed cooceatration in vacwo. The phase was extrac-
ted continuously with ether for 2x 3hr. The combined ether
extracts were extracted with s very small volume of sat. NaHCO,
aq, dried and evapoeated to give crystalline or oily material. All
products formed were pure according to NMR and tic. Scheme |
gives the compounds synthesized and Tables | and 2 summarize
the results.

Procedure B

& Acetoxy-SH-furan-2-ones (6). The enol acetates were pre-
pared by mixing the appropriste tetronic acid with a smalt excess
of Ac;0 and adding a few drops of conc H,SO,. 2 After standing
at room temp. for 2-3 hr the soln was diluted with CHCY, and
washed with satd NaHCO, aq. The organic phase was dried, the
solveot evaporated and the remaining ol was distilied & vacwo.
The purity was checked by 'H NMR. 4 Acetoxy-5H-furan-2-one,
yield: 43%: b.p.Jtorr 1000.2mm; NMR (CDCly): 595 ¢, IH,
F=15), 486 (d, 2H. 1 = 15}, 2.33 (3, 3H). 4 Acaroxy-S-methyi-
SH-furan-2-ome, yield: 75%; bpltor 74-76/0.1mm; NMR
(CDCYy): 6.03¢d, TH, I = 1.5),493(dq, tH, I = 15,] =7, 1.50(d,
3H, J =), 2.33 (s, 3H). 4 Acetoxy-5-ethyl-SH-furan-2-one, yiel:
8% oot distilled; NMR (CDCl,): 6.10 (d, 1H, ] = 1.5), 4.86 (m,
tH), 2.36 (s, 3H), 1.86 (m, 2H), 1.00 (1, IH, ] = 7). & Acetoxy-3-
methyl-SH-furan-2-one, vield: 90%: bpforr 78-80/0.1 mm;
NMR (CDCL}): 5.06 (g, 2H, I = 1.5), 2.36 (s, 3H), 1.80 @1, 3H.
I=19,
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2-Alkoxy-SH-furan-4-ones (7, 8). The enal scetate 6 (10 mmol)
in CH,Cly (10ml} was treated with cither tnethyloxonium or
trimethyloxonium tetrafiuoroborate (10 mmol) under N,. For time
and temp. cp. Tabie 1. To the stirred soln was cautiously added
an excess of satd NaHCO, aq. The organic pbase was dried and
the solvent removed in vecwo. Crystalline compounds were
washed with cther and liquid compounds were purified by dis-
tiflation.

Procedure C

4&Methoxy-SH-furan-2-one (43). Tetronic acid (22) was alkyl-
ated directly with trimethyloxonium tetraffuorcborate as des-
cribed under procedure B. For details see Tables 1 and 2.

2-Alkoxy-SH-furan-4-ones {7, 8). Direct methylation of 24, Ie,
2 and 2g without any blocking group {(procedure B) gave the
2-methoxy derivatives 7d, 7e, M, 7g and 3-methyl-tetronic acid
() gave upon cthylation compound 8d. Tables | and 2 sum-
marize the results,

2-Methoxy-SH-furan-4-ones (¥, Tc) and 4-methaxy-SH-furan-
2-ones (88, &c). The two S-alkylated tetronic acids 20 and 2c gave
upon direct methylation with trimethyloxonium tetrafiuoroborate
following procedure B mixtures of as well the 2- as the 4
methylated furanoncs as easdy recognized by tke and 'H NMR.
Only & was isolated upon peeparative lasyer chromagraphy (see
Tables 1 and 2).
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