Ttrahedron Vol. M, pp. 14531435
© Pergamon Press Lid., 1978 Pristed in Great Britsin

$000- 4020750301 SN0

TETRONIC ACIDS AND DERIVATIVES—IV'
SYNTHESIS AND LACTONIZATION
OF y-ACETOXY B-KETOESTERS

PATRICK POLLET and SUZANNE GELINT

Département de Chimie Organique, Service de Chimie Organique Institut National des Sciences Appliquées,
20, Avenue Albert Einstein 69621 Villeurbanne, France

(Received in the USA 13 October 1977 Received in the UK for publication 6 Janxary 1978)

Abstract—Through our investigation of syathetic routes to tetronic acids, elsboration aad cyclization of y-acetoxy-
B-ketoesters were examined. Synthesis of these f-ketoesters 2 has been realized by selective monoacylation of the
magnesioenolate of monoethy! malonate. Lactosization of 2 leading to tetronic acids or to 4-alkoxy-furan-2(SH)-

ones is reported.

The pubhsbed methods for the synthesis of tetronic acids
1 depend in many cases, on the preparation of y-
hydroxy,? halogeno B-ketoesters or of diethyl (a-
acetoxyacyl),® (a-halogenoacyl)’® malonates. We have
recently reported the lactonization of ethyl y-acetoxy-a-
cthoxycarbonylacylacetates and subsequent acid-
catalyzed decarboxylation.” The present paper is an ex-
tension of our research in order to find a mose direct
route to tetronic acids from ethyl y-acetoxy-acylacetates
2 as precursors.

Hitherto, only compound 2a was known and was
synthetized, in moderate yield, from ethyl y-bromo-
acetoacetate by Br/fOCOCH; exchange with potassium
acetate.®t Our attempts on ethyl y-bromopropionyl-
acetate gave a mixture from which no ideatifiable
compound could be obtained.

We now wish to report a new procedure leading to
monoacylation of magnesium monoethyl malonate 3 by
a-acetoxyacid chlorides, having at least one proton at
the a positiond It was known that the monoethyl
magnesiomalonate underwent diacylation by acid
chlorides.” Monoacylation was only reported with
mixed anhydride or imidazoline derivatives of carboxylic
acids.''§ The mixed a-acetoxypropionic ethylcarbonic
anhydride showed, in our hands, the formation of ethyl-
2-acetoxypropionate only. We then tumed our attention
towards a-acetoxyacid chiorides.

After a complete examination of the reaction
parameters we founded critical conditions leading to the
monoacylation: the monoethyl malonate was converted
to the magncslum complex 3 with two equivalents of
isopropyl magnesium bromide in methylene chiloride-

fhwunlwobtamedfromethyll-dnmetouﬂm

£This method is unfortunately ineffective with a-acetoxy-a.a-
disubstituted acid chlorides.

$Monoalkylation of the dianion of monocthyl malonate was
recently reported.”?

{Isopropyl magnesiom bromide was founded superior to
magnesium ethoxide or other Grignard resgents. The preseace of
methyiene chloride is essential to the homogeneity of the reac-
tion mixture. Upon prolonged reaction time dimerisation to 2,5-
dietboxymbonyl-l&doxocydohexm occured in the basic
conditions."”

“—Hy&oxy-s.s-duubsmmed-fnun-z(SH)-onu were also con-
verted to enol ethers in the same conditions.

tetrahydrofuran 1-5 solution and then acylated by 0.4
equivalent of a-acetoxy acid chloride. Immediste
aqueous acidic work-up and subsequent purification
afforded directly the expected compounds 2a-¢ in
reproductible yields (56-88%).§ Furthermore, the poten-
tial broad applicability of this S-ketoester preparation
was demonstrated by a facile elaboration of ¥,3-un-
saturated-p-ketoesters from the corresponding a,8-un-
saturated acid chlorides."

The NMR spectra of the S-ketoesters 2 indicated that
they exist, in solution, at least, mainly in the diketo form
{9-10% of enclic form in carbon tetrachioride), according
to pubhshed data of ethyl acetoacetate *and higher
homologues."*

The compounds 2a-c on heating in a water-bath with
1% hydrogen chloride in absolute primary alcohols
(methanol, ethanol, benzyl akcohol) afforded the 4-al-
koxyfuran-2(SH)-one derivatives 4-6 respectively in
good yiekds. However, in order to facilitate the final
climination of the benzyl alcoho!, compounds 6 can be
more conveniently prepared by azeotropic elimination of
water from a benzenic solution of 2, benzyl alcohol and

p-toluenesulfonic acid.

The detection of tetronic scids along this reaction
course (TLC and ink-blue sodium nitrite coloration®) led
us to examine the reaction of tetronic acids t and pri-
mary alcohols in acidic conditions. As expected, we
found that all C-3 unsubstituted compounds 1 yielded
enol ethers 4-6! With various 3-substituted tetronic
acids, the starting materials were recovered, even after a
lengthened reaction time.

The structure of these compounds as 4-alkoxy-furan-
2(5H)-one derivatives rather than isomeric 2-alkoxy-
furan-4(5H)-oncs § was assigned according to spectral
data.]nallasesthemspectrumofthecnﬂemﬁon
mixture exhibited only one lacton stretching frequency at
1780cm™"' attributable only to a a,8-butenolide. The
;H-NMR spectrum displayed an allylic coupling constant

as=1.5cps.

Compounds 2a-c, in acetonitrile solution were con-
verted to tetronic acids la-¢ by the action of two
eqmvalentso(%sulfmamdutroomten:p«ttm

Previously known O-akkyl tetronates'™* 45 (from
other routes) have surprising stability and they are only
converted in hard acidic conditions to tetronic acids.
Interestingly, the hydrogenolysis of the 4-beazyl encl
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Scheme 1.

ether derivatives 6 with the aid of Pd/C as catalyst,
quantitatively afforded the corresponding tetronic acids
1. This behavior allows.them to be considered as possible
synthons to more sophisticated butenolides with a
temporary protected keto group.
The overall procedures are outlined in the scheme

. Further investigations on synthesis and reactivity of
the tetronic ring systems are in progress.

EXPERIMENTAL
Mummﬂmwlmmmmmm

Mpmodnm‘fonst‘rndwhﬂonofnmahyl

green‘solution was cooled to — 10° followed by the addition oyer
ulodeMMMcﬂuﬂe(”mol)n
methylene chloride (201:!). The mixture is then immediatly
poured into a mixture of 10% iced hydrochloric acid (200 ml)-
chioroform (200 mi). After removal of the aquoous solution, the

%’

Ethyl-4-acetoxy-3-oxobutanoate 2a: (5.64g 60%), b.p. 91-
2°/0.5 torr., lit. 86-87°/0.2 torr®, m.p. 17-18°, NMR(CCly) 8: 1.32
(t, 3H,J =7 Hz); 2.13 (s, 3 H); 3.52 (s, 2 H, 90%, keto form); 4.25
(. 2H, J=7Hz); 4.78 (s, 2H); 5.27 (s, 1 H, 10% enol form): 12
(s, 1 H, 10%).

Ethyl -3-oxopentanoate 2%: (8.1, 80%). bp. 9%~
97°/0.5 torr., mp™ 1.4325: NMR (CCLY &: 1.26 (¢, 3H, ] = 7Hz);
14, 3H. J-7Hz). 2.1 (s, 3H); 3.55 (s, 2 H. 90%, keto form);
423 (q, 2H,J=7Hz); 5.25(q. 1H,J=7Hz); .27 (s. | H, 10%
enol form); 12 (s, 1 H, 10%). (Found: C, 53.73; H, 7.15. Cak. for
CeH,/05: C, 53.46; H, 6.98%).

Ethyl-4-acetoxy-4-phenyl-3-oxobutancate 2: (11.5g, 88%).
m.p. 41° (ether-bexane 50-50). NMR (CCl) 8: 1.25 (¢, 3 H,
J=THz): 2.23 (3, 3IH); 3.53 (s, 2H, 90% keto form): 4.2 (q. 2 H,
J=7Hz); 5.43 (s, L H, 10% enol form); 6.3 (s, 1 H): 7.5 (s, S H);
123 (s, 1 H, 109% enol form). (Found: C, 63.35; H. 6.10. Calc. for
CieH 1 Os: C. 63.62; H, 6.10%).

4-Alkoxy-furan-XSH)-ones

General procedure. Compounds 4-8. Compounds 2 (15 mmol)
(procedure A) or tetronic acids (15 mmol) (procedure B) were
added to an approximatively 1% solution of hydrogen chioride in
methanol or ethanol (25 mi) the solution was heated at reflux for
4-10h (Table 1). Evaporation of the volatiles in vacno afforded
oils which were dissolved in chioroform (20 ml), washed with
(CaCly) followed by removal of solvent and columa chromato-
graphy (neutral alumina, ether-hexane (3-7 to 4-6) afforded the
title compounds which could be further purified by vacuum
distiliation or recrystallization.

Compounds 6. A solution of 2 (15 mmol) (procedure A) or 1
(15 mmol) (procedure B). p-toluese sulfonic acid (200 mg) and
benzy! alcohol (3.24 g, 30 mmol) in beazene (50 ml) was refluxed
in a flask topped with a water separator for 80h, and then
wo;tednpupnoedelﬂyduaibed.mmulummmnd
in Table 1
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Table 1.
Yisldt Reaction np. b.p./torx I.R. _ 1
compa wt B @ .@ te/ATs  (Selveat)(c) (o) veax cal BSR(CICLy) & pom, JEe
G X M 7% 75 . 63° 17 105/0.5 1760 1635 3.91 (s,3M); 4.62 (d,28,y,5=1.5)s
e 5.22 (t,18,3y s=1.3).
® N e 8o o1 4 12-13° 110°/0.5 1760 1635 1.35 (4,38,J=7); 3.92 (s,38);
-~ (4) 4.75 (4q,1K,3=7,3y g=1.5)s
5.2 (4,18,3y,5°1.5).
4 ™ e 7 79 10 97° 22 1770 1650 3.91 (s,3W), 5.25 (4,1K,J3,¢=1.5);
b S.78 (4,1R,Jy,5=1.5)s 7.5 (s,50).
Sa E . 9 93 [} 12-13 18 100°/0.5 1760 1638  1.42 (t,3R,3=7); 4.19 (q,28,3=7);
bt 4.65 (4,2H,3y ¢=1.5): 5.12
(4,1%,34,5=1.5) .
L) Mo Bt 81 67 10 105°/0.5 1760 1635 . 1.45 (t,IN,J=7); 1.48 (4,3W,J=7);
bt (e) 4.25 (q,28,3=7);
4.95 (&q,18,3=7,7y s=1.5))
5.17 (4,18,3y,5=1.5).
So m =t 81 67 10 57-58°(f) 1760 1635 1.38 (¢,30,J=7); 4.16 (q,2R,J=7)¢
= (pet. ether) 5.2 (a,u.a, s=1.5); 5.75 (4,158,335 5=1.5))
7.5 (s,
6a X cmm 61 59 80 103-104° (g) 1760 1645 2 (4,78,3y,5=1)s 5.17 (s,2M);
- (benzens) S (d,1R,3y,5=1)3 7.5 (s,58).
® Mo CL S0 49 80 72° () 1760 1645 1.5 (4,38,3%7)14.86 (4q,J=7,J3, §=1)1
= (diisopropylethar) 5.1-8.2 (s,38); 7.5 (e,50).
(a) Procedure A. (b) Procedure B. (c) Physical data, UV, IR are in agreement with previously published values. (d) C, 56.16; H, 6.1S.

CH{0, caked for C, 56.24; H, 6.29%. (¢) C, 59.10; H, 7.25. C,H 40 calcd for C, 59.14; H, 7.09%. (f) C, 70.25; H, 5.90. C,,H,205 calcd for C,
70.57; H, 5.92%. (g) C, 69.67; H, 5.27. C,H,40; caked for C, 69.46; H, 5.30%. (h) C, 69.89; H, 5.90. C;,H 70, calcd for C, 70.57; H, 5.92%.

Table 2.
Compd m Yield o a.p.
{(a) (b) (a) (@) (c)
1a 2 6 1 91 140-141°
o » @& T 86 118-119°
1c 2¢ ” 142¢

{a) procedure A ; (b) proocedure B ; (o) physical,
spectroscopic data are in agreement with ref.5-7

4-Hydroxy-furan-2(5 H)-ones 1

Procedure A. To a stirred solution of compounds 2 (10 mmol)
in acetonmitrile (10ml) 50% sulfuric acid (3mi, 27 mmol) was
added. After stirring for 4h at room temp. the solution was
with ether, the aqueous layer was acidified (HC1) and comtine-
oualy extracted with ether for 24 h. Concentration and drying by
ammdmmuonofbem(soll)lﬂadedmmnx

Pmcde A stirred mixture of benzyl ethers 6 (10 mmol),
S%Pdcmmom)muhylm(lwnl)mhydm-
genated at room and atmospbere pressure until
hydrogen uptake ceased (35-4Smin for about 235-240 mi).
Filtration of the catalyst and -cvaporation of the filtrate gave
crystalline tetronic acids. The results are summarized in Table 2.
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