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Abstract: Furan-2-acetic esters are obtained in good yields by direct oxidative cyclization-
alkoxycarbonylation of (Z)-2-en-4-yn-1-ols. bearing both an alkyl or an aryl substituent o to the
hydroxy group. in the presence of catalytic amounts of palladium iodide in conjunction with potassium

iodide at 50-70°C and 100 atm of a 9:1 mixture of carbon monoxide and air.
© 1997 Elsevier Science Ltd.

We previously reported a new and efficient method for preparing B- and y-lactones containing (Z)-a.-
(alkoxycarbonyl)methylene chains by Pd-catalysed oxidative carbonylation of substituted propynyl alcohols !
and 3—yr1-1-ols,lb respectively. If this method is applied to (Z)-2-en-4-yn-1-ols 1, furan-2-acetic esters 2,
deriving from an oxidative cyclization-alkoxycarbonylation process, are obtained in good yields (64-82%) and
with high catalytic efficiencies (up to 820 mol of product per mol of palladium used) [eqn. (1)]. 2,3-

Dimethylfurans 3 (4-10%) are also formed as by-products due to a competitive cycloisomerization reaction.’
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R \\+ CO + MeOH + O, R CO,Me + R (1
OH (0] (¢
1 2 3
aR=H aR=H aR=H
bR =Et bR=Et b R =Et
c R=Ph ¢ R=Ph ¢ R=Ph

In a typical experiment, a 300 ml stainless steel autoclave charged with PdI; (3.6 mg, 0.010 mmol), KI

(83.0 mg, 0.50 mmol) and (Z)-3-methylpent-2-en-4-yn-1-o0l 1a (960 mg, 10.0 mmol) dissolved in MeOH (45
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ml) was pressurized with air (10 atm) and CO (up to 100 atm of total pressure). The temperature was then
raised to 70°C and the solution was stirred for 15 h. GLC analysis indicated a 82% vyield of 2a (based on
starting 1a) and 8% of 2,3-dimethylfuran 3a at total substrate conversion. After the usual work-up, 2a was
isolated by column chromatography (SiO,, pentane-AcOEt from 95 : 5 to 90 : 10 as eluent) (1.12 g, 73%).3
Analogously to what has been proposed for the Pd(Il)-catalysed intramolecular alkoxy-
alkoxycarbonylation of y- or 8-hydroxyalkenes to give tetrahydrofuran- or tetrahydropyran-2-acetic esters, "’
the formation of furans 2 can be viewed as occurring through anti-exo-dig intramolecular nucleophilic attack of

the hydroxy group on the triple bond coordinated to palladium ® followed by alkoxycarbonylation and

aromatization (Scheme 1; anionic iodide ligands are omitted for simplicity).
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e — ———————
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Pd(0) + 2HI + (1/2)0, — PdI, + H,0

Scheme 1

Both a high carbon monoxide partial pressure and an excess of KI are important in order to direct the
catalytic process towards the carbonylative pathway. This is likely to be due to the need for stabilizing the
vinylpalladium intermediate against protonation. In fact, by reducing the total pressure at 20 atm, after 15 h the
yields of 2a and 3a were 50% and 14%, respectively. When the reaction was carried out at 100 atm (CO : air
= 9:1) using only 10 mol of KI 7 per mol of PdI,, the 2a : 3a ratio obtained was about 3 with a total yield of
68%. In the latter case, a higher substrate conversion rate was observed (97% conversion after 4 h using a
substrate : Pd ratio = 2000), probably due to the diminished competition between the iodide ligands and the
substrate for coordination to palladium.

In the case of enynols 1 subtituted with an alkyl group the reaction gave less satisfactory results owing to
the formation of by-products deriving from an unusual methoxylation at the o carbon of the alky! group. For
example, the carbonylation of 1b under the usual conditions afforded 2b (36%), 3b (4%) and the

corresponding methoxy derivatives 4 (20%) and 5 (9%).
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The occurrence of these by-products could be strongly curtailed by further increasing the K1 : PdI, molar
ratio. In fact, when the reaction of 1b was carried out using a K1 : PdI, molar ratio = 300 rather than 50, after
20 h GLC yields of 2b and 3b were 64% and 9%, respectively, with compound 4 (4%) and 5 (3%) being
formed only in little amounts. Column chromatography [SiO;, light petroleum (bp 40-60)-diethyl ether = 99 : 1
as eluent] afforded pure 2b (55%).

With secundary enynols substituted with an aryl group, such as 1c, an undesired side reaction was the

etherification of the alcoholic function '>®

with formation of 6. This is probably due to the formation of a
particularly stable n-allyl intermediate, in which the allyl system is conjugated to the phenyl substituent. This

intermediate readily undergoes methanol attack to give 6 (Scheme 2).

0)+ MeOH =
1¢ M, Ph—""," —_— MeOA(_&
-H,0 pa-\\ -[PdO+HD on N

.

I 6

Scheme 2

This side reaction was easily minimized by working at lower temperature,.rb even though the reaction rate
was decreased. Thus, by reacting 1c under the usual conditions but at 50 °C and using Pd : KI : substrate
molar ratios = 1 : 100 : 200, after 52 h 2¢ was obtained in 67 % GLC yield. Products 3¢ (4 %) and 6 (9 %)
were also detected in the reaction mixture. Pure 2¢ (58%) was recovered by column chromatography (SiO3,
hexane-AcOEt from 95 : 5 to 90 : 10 as eluent).

The fact that an oxidative cyclization-monocarbonylation can be obtained with high selectivity, in spite of

the multifunctional character of the subtrates, is noteworthy in view of the ability of the PdI/KI system to

selectively catalyse the oxidative dialkoxycarbonylation in the case of simple alk-]-ynes,7b propyny! alcohols 1.7

7a,8

and 3~yn-l-ols.lb Furthermore, no protonolysis or substitutive carbonylation of the allyl moiety was

observed.

This is the first example of synthesis of furan-2-acetic derivatives via direct carbonylation of nonfuranoid
substrates. Furan-2-acetic acid was obtained by Co(CQO)4 -catalysed carbonylation of furfuryl chloride.” A
recently developed method for the synthesis of furan-2-acetic esters starting from (Z)-2-en-4-yn-1-ols, not
involving organometallic catalysis, required a sequence of 2 or more steps [2 steps for (Z)-3-methylpent-2-en-
4-yn-1-ol, 3 steps for enynols bearing an alkyl substituent o to the hydroxyl group; no examples were reported

with secondary enynols substituted with an aryl group]. 10
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