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REACTION OF O-TRIMETHYLSILYLATED CYANOHYDRINS WITH «-BROMOESTERS:
A NEW SYNTHESIS OF TETRONIC ACIDS
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Abstract: Tetronic acids and B-keto-7 -butyrolactones are easily prepared by the zinc
induced reaction of O-trimethylsilylated cyanohydrins and a-bromoesters.

A variety of natural products have as a common structural feature an unsaturated
Y-butyrolactone ring.] Among the Aa’ﬂ-butenolides, those hydroxylated at the 8 position
(commonly known as tetronic acids) are a subclass of considerable importance.2 In addition
to the familiar ascorbic acid, tetronic acids are widely distributed in nature. These
butenolides are characteristic of a large number of sponge, fungal, and lichen metabolites,
and include important pigments as well as compounds with significant antibiotic, anticoagu-
lant, insecticidal, and herbicidal activities.?»3

A number of synthetic routes to tetronic acids have been developed.4 Few of these
methods, however, are particularly general, simple, or proceed from readily available
starting materials.

We have recently shown5 that Grignard reagents react with O-trimethylsilylated
cyanohydrins to produce acyloins. We have now examined the addition of Reformatsky6
reagents (Blaise7 reaction) to O-trimethylsilylated cyanohydrins and have found that
this reaction constitutes an exceptionally facile synthesis of tetronic acids 2

{or pB-keto-7 -butyrolactones 1) as outlined below.
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In practice, an excess of the o -bromoester is added to a slurry of the O-trimethyl-
silyated cyanohydrin, activated zinc dust,8 and a trace of jodine in tetrahydrofuran
to cause a mildly exothermic reaction. Disappearance of organic starting materials
can be monitored by gas chromatography. The reaction was also examined in ether and
in mixed ether-benzene solvents. In these latter solvent systems, however, the reaction
was sometimes difficult to initiate until an extra charge of zinc, iodine, or o-bromocester
was added.
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Acid hydrolysis of reaction intermediates causes spontaneous lactonization. An
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intermediates requires several hours at room temperature, so that aqueous acid extraction
of the reaction mixture effects a separation of water soluble product intermediates
from side products and any unreacted starting materials. In many cases, a major portion
of the tetronic acid 2 {or B -keto-7Y-butyrolactone l) product later separates from this
aqueous phase in a very pure form.

Some representative examples are presented in Table 1. The reaction seems to have
considerable steric constraints, since O-trimethylsilylated cyanohydrins derived from
ketones and pivaldehyde gave significantly lower yields {see Table 1, entries 10 and
11). Despite this shortcoming, we believe this reaction has several features to recommend
it: 1) O-trimethylsilylatedcyanohydrins are readily avaﬂab]e9 from a variety of aldehydes
and ketones; 2) a number of o« -bromoesters are either commercially available or easily
preparedlo; 3) the reaction is operationally simpie; and 4) in many cases, a major
portion of the reaction product can be obtained in a very pure form by simple filtration
and/or extraction of the aqueous phase from the reaction work-up (see experimental example).
We believe these features should make the zinc induced reaction of «-bromoesters with
O-trimethylsilylated cyanohydrins a useful new method for the synthesis of B-keto-7
-butyrolactones and tetronic acids.

The following procedure, for the preparation of 2-methyl-4-phenyltetronic acid
(3-methyl-5-phenyl-~2,4(3H,5H)-furandione, entry 5, Table 1) is representative. A solution
of ethyl o -bromopropionate (5.0 mL, 38.5 mmol) in dry tetrahydrofuran (25 mL) was added
dropwise over a period of about 0.5 hr to a stirred siurry of the O-trimethylsilylated
cyanchydrin of benzaldehyde (5.1 g, 25 mmol), activated zinc dust® (4.9g, 75 mmol) and
a crystal of iodine in dry tetrahydrofuran (35 mL) under argon. When addition was complete,
the mixture was refluxed for 2 hr, then stirred at room temperature overnight.

The mixture was filtered and the unreacted zinc washed with ether (200 mL). The organic
solution was poured onto a mixture of ice (~ 200g) and sulfuric acid {~ 25 mL). The
layers were separated and the organic layer extracted with several portions of a 10%
hydrochloric acid solution (75 mL}. The agueous extracts were combined and allowed

to stand at room temperature overnight. The white crystals which separated from the
aqueous solution were filtered off and dried to afford the nearly pure tetronic acid
(2.07g). Extraction of the aqueous solution with several portions of ethyl acetate
afforded another portion of the desired tetronic acid (1.42g). The organic layer from
the reaction was dried over magnesium sulfate, filtered and evaporated to leave an oil
(1.25g). Ethanol (50 mL) and a 10% hydrochloric and sotution (5 mL) were added and

the solution refluxed for 1 hr and then allowed to stand overnight at room temperature.
Solvent was evaporated, the residue taken up in ether (150 mL), and extracted with several
portions of a 5% sodium hydroxide solution (25 mL). The combined basic extracts were
acidified by the addition of hydrochloric acid and extracted with several portions of
ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered



and evaporated to leave another 0.16g of the desired product.
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The various portions
of the tetronic acid were combined and recrystallized from ethy! acetate-hexanes to
afford 3.1g (65%) of 2-methyl-4-phenyltetronic acid, mp 141-143°% [1it.*P, mp 145-146%]
1460,
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4 Product, Yield? m.p.;OC

3 1, 72% 50-52
1, 549 72-74

3 1, a2 (bp 189-191°¢)
2, 69% 132-132.5°¢
2, 65% 141-143¢
2, 56% 202-204°
2, 67% 121.5-123
2, 64% 139-142
2, 40% 166-168"
2, 234 179-181
2, 21% 221-2249
20 68% 134-136

A1l products were fully characterized including satisfactory IR,

]H-NMR, combustion analysis, and/or accurate mass MS. b) Four equiva]ents of a-bromoester
were used in this example; 1.5 equivalents of a-bromoester were used in all other cases.

c) 1it.%¢, mp 128%. d) 1it.%P, mp 145-146°%. e) Tit.'!
165°C, "solidifies and remelts 18]-]82°C".
OH.

3.
R” = CH,CH,

g) lit.

12

, mp 205-208°C. ) 1it.'', mp
s Mp 218°C. h)In this tetronic acid
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