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Abstract: Functionalized 3-hydroxymaleic anhydrides were pre-
pared by cyclization of 1,1-bis(trimethylsilyloxy)ketene acetals
with oxalyl chloride.
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Functionalized maleic anhydrides represent versatile
building blocks for organic synthesis.! For example,
pharmacologically relevant y-alkylidenebutenolides have
been prepared by Wittig reactions of maleic anhydrides.?
Maleic anhydrides have been transformed into
maeimides® which represent key-intermediates for the
synthesis of 5-alkylidene-5H-pyrrol-2-ones.® The em-
ployment of maleic anhydrides as dienophiles in [4+2],
[3+2] and [2+2] cycloaddition reactions allows the syn-
thesis of avariety of carba- and heterocyclic frameworks.*
Functionalized 3-alkanoylacrylic acids and naphtho-
guinones were prepared by Friedel—Crafts acylations
using maleic anhydrides as reagents. The reaction of
maleic anhydrides with enolates provides a convenient
approach to 4-alkylidenebutane-1,3-diones.® A variety of
functionalized a,B-unsaturated carbonyl compounds were
prepared by reaction of maleic anhydrides with nucleo-
philes.®

Functionalized maleic anhydrides have been prepared by
conjugate addition of nucleophiles onto parent maleic an-
hydride and subsequent halogenation and elimination.” 2-
M ethoxy-3-methylmaleic anhydride has been prepared by
base-mediated condensation of ethyl propionate with di-
ethyl oxalate® and subsequent methylation.?* 2-Methoxy-
3-arylmaleic anhydrides are available by condensation of
arylacetonitrileswith diethyl oxal ate to give open-chained
pyruvates, subsequent methylation and treatment with
acid.® 3-Hydroxymaleic anhydrides are of potential
synthetic usefulness as precursors of enol triflates to be
employed in palladium-catalyzed cross-coupling reac-
tions. For example, the synthesis of (symmetrical) 2,3-di-
hydroxymaleic ~ anhydride,'® 2 3-diacetoxymaleic
anhydride'®* and 2,3-dimethoxymaleic anhydride'®™ has
been reported. In contrast, unsymmetrical 2,3-dihydroxy-
maleic anhydrides, containing one free and one protected
hydroxy group, have not been prepared so far. Herein, we
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wish to report a new method for the synthesis of 3-hy-
droxymaleic anhydrides based on what are, to the best of
our knowledge, the first cyclization reactions of 1,1-
bis(trimethylsilyloxy)ketene acetals with oxalyl chlo-
ride.*¥-1* This methodology alows a convenient one-pot
synthesis of a variety of maleic anhydrides which are in
many cases not directly available by other methods.
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Schemel Cyclization of 1,1-bis(trimethylsilyloxy)ketene acetal 1a
with oxalyl chloride.

The known 1,1-bis(trimethylsilyloxy)ketene acetal la
was prepared by deprotonation of phenylacetic acid with
lithio-1,1,1,3,3,3-hexamethyldisilazane and subsequent
addition of trimethylchlorosilane to the dianion thus
formed.™ The reaction of 1a with oxalyl chloride (2) in
the presence of trimethylsilyl-trifluoromethanesulfonate
(Me;SIOTf) afforded the 3-hydroxymaleic anhydride 3a
inupto 70% yield (Scheme 1).26 Thedirect reaction of the
dianion of phenylacetic acid*” with oxalyl chloride or
diethyl oxalate resulted in the formation of complex
mixtures. In fact, the employment of 1,1-bis(trimethyl-
silyloxy)ketene acetal 1la, which can be regarded as a
masked dianion, proved mandatory to induce a clean cy-
clization. During the optimization, the following parame-
ters proved to be important: a) the employment of 0.5
equivalents of Me,SIOTf (the use of stoichiometric
amounts of TiCl, resulted in the formation of complex
mixtures), b) the solvent (CH,CI,), c) the reaction time
and d) the temperature. The formation of 3a can be
explained by Me,SIOTf-mediated attack of the carbon
atom of 1a onto 2 to give intermediate A and subsequent
cyclization via the oxygen atom.
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Scheme 2 Synthesis of 3a—n: a, (1) Li[N(SiMey),] (2.0 equiv),
THF, 78 °C, (2) Me;SiCl (2.2 equiv), =78 °C — 20 °C; b, Me,SiOTf
(0.5 equiv), CH,Cl,, —78 °C — 20 °C, 12 h, then 20 °C, 3 h.

Tablel Productsand Yields

3 R Yield (%)?
a Ph 70
b 4-MeCgH, 73
c 4-CIC¢H, 65
d 4-(MeO)C¢H, 53
e 3,4-(Me0),C¢H; 70
f Me 20
g Et 36
n-Pr 42
i n-Pent 50
j n-Oct 56
k Allyl 20
| MeO 53
m PhO 50
n BnO 40

aYields of isolated products.

To study the preparative scope, the substituents of the 1,1-
bis(trimethylsilyloxy)ketene acetal were systematically
varied (Scheme 2, Table 1). The cyclization of 1,1-bis(tri-
methylsilyloxy)ketene acetals 1a—e with oxalyl chloride
afforded the aryl-substituted 3-hydroxymaleic anhydrides
3a—e. The ketene acetals 1f— were prepared from propi-
onic-, butanoic-, pentanoic-, heptanoic- and decanoic
acid, respectively. The cyclization of 1f— with oxalyl
chloride afforded the alkyl-substituted 3-hydroxymaleic
anhydrides 3f—j. The cyclization of oxalyl chloride with
1k, prepared from pent-4-enoic acid, gave the allyl-substi-
tuted maleic anhydride 3k. The methoxy-, phenyloxy- and
benzyloxy-substituted 3-hydroxymaleic anhydrides 3l-n
were prepared from the corresponding 1,1-bis(trimethyl-
silyloxy)ketene acetals 11-n. All cyclizations proceeded
in good to moderate yields and with very good regiosel ec-
tivity.

We currently study the functionalization of the 3-hy-
droxymaleic anhydrides by palladium-catalyzed cross-
coupling reactions of the corresponding enal triflates.
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ToaCH,Cl, solution (17.8 mL) of oxalyl chloride (0.20 mL,
2.3 mmol) and 1a (0.50 g, 1.8 mmol) was added a CH,Cl,
solution (5 mL) of TMSOTf (0.16 mL, 0.9 mmol) at 78 °C.
The temperature of the solution was alowed toriseto 20 °C
during 12 h. After stirring for 3 h at 20 °C, an aq solution of
HCI (10%) was added. The organic and the aqueous layer
were separated and the | atter was extracted three times with
CH,Cl,. The combined organic layers were dried (Na,SO,),
filtered and the solvent of thefiltrate was removed in vacuo.
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The residue was purified by chromatography (silicagel,
hexane-EtOAC) to give 3a asayellow solid (240 mg, 70%),
mp 164 °C. *H NMR (300 MHz, CDCly): § = 7.42-7.50 (m,
3H, Ar), 8.05-8.08 (m, 2 H, Ar). 3C NMR (75 MHz,
CDCl,): 6 =112.0 (C), 126.9 (C), 128.8 (CH), 129.1 (CH),
130.3(CH), 149.4 (C), 163.4(C), 163.5 (C). IR (neat): 3244
(), 3123 (w), 1840 (s), 1760 (s), 1673 (s), 1393 (), 1262 (),
939 (s), 762 (s) cm™. MS (El, 70 eV): m/z (%) = 190 (43)
[M*], 162 (100), 145 (22), 118 (27), 105 (15), 89 (81), 77 (8).
Anal. Calcdfor C,jHgO,: C, 63.16; H, 3.18. Found: C, 62.87;
H, 3.63.

For areview of dianionsof carboxylic acids, see: Petragnani,
N.; Yonashiro, M. Synthesis 1982, 521.
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