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Abstract
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A number of 3,5,6-tri- and 3,4,5,6-tetrasubstituted o-pyrones have been prepared in good yields by the reaction
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palladium catalyst. The methodology provides an especially simple, convenient, and regioselective route to .-
pyrones containing aryl, silyl, fert.-alkyl and other hindered groups. The reaction is believed to proceed through a
seven-membered palladacyclic salt in which the regiochemistry of the reaction is controlled by steric factors.
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o-Pyrones are useful rmediates in the sy sis of a varietv of imnortant hetero- and
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carbocvchc molecules [ 11 and occur as structur subunits in numerous natural products that
exhibit a wide range of biological activity [2]. Very recently, low molecular weight o-
pyrones have been shown to be potent HIV-1 protease inhibitors [3].

We have prevrously reported that the reaction of methyl 2-iodobenzoate with internal
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Kynes affords isocoumarins in the presence of pauaalum cararysr [4] Due to the
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their synthesis. Indeed, we have now found that the annulation of internal alkynes by cyclic
and acyclic vinylic iodides, bromides and triflates provides a convenient, new synthesis of a
variety of 3,5,6-tri- and 3,4,5,6-tetrasubstituted o-pyrones.

The starting materials for our o-pyrone synthesis are readily prepared. B-Iodo substituted
propenoates 1,4, 8 and 11 (see Table 1) were synthesized by the MnQO, oxidation [5] of (Z)-
B-iodo-substituted 2-propenols, which were in turn s nthesrzed by CuI-catalyzed Grignard
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addition to the appropiiaic pr
13 and 15 and triflates 1

procedures [7,8].
The palladium-catalyzed annulation of a variety of internal alkynes using these vinylic
iodides, bromides and triflates has been carried out as shown in eq 1. The reaction conditions
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employed were those developed during earlier related work and have not been optimized for
any specific example [4, 9]. The resuits are summarized in Tablie 1.
In general, this process affords good yields of highly substituted o-pyrones. Both acyclic

and r*vr'hr‘ esters and a varietv of internal alkvnes have been
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successfully utilized. This process

i1
1s anerallv regioselective, although mixtures of regioicome s have occasionally been

observed. A substituent in the 3-position of the ester increases the regioselectivity "of this
annulation reaction. For example the reaction of ester 1 with 4 4—d1methyl -2-pentyne
afforded o-pyrones 2a and 2b in 54% yield as an 1nseparable 69:31 mixture. Similarly, a-
pyrones Sa and Sb were obtamed in 40% and 25 % 1solated y1 s respecuvely However, the
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more substituted esters 8 and 13 rt:ducd with the same au(y ne to afford o- pyrones $ (70%
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yield) and 14 (65% yield) as single regioisomers, respectively. This selectivity is no doubt

due to increased steric hindrance during carbopalladation of the alkyne (see the later
mechanistic discussion).

Other internal alkynes have also been successfully employed in this annulation process.
Diphenylacetylene (entries 2 and 8), 2,5-dimethyl-3-hexyn-2,5-diol (entry 4), 2-methyl-4-
phenyi-3-butyn-2-ol (entries 7 and 11) and ethyl 3-phenyl-2-propynoate (entry 10) have all
afforded a-pyrones in good yields as single regioisomers. Trialkylsilyl-substituted o-pyrones
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in which C-Si bonds are avaﬂab‘e for further functionalization can also be obtain ,

al
to good yields (entries 5 and 12). The low yield of o-pyrone 7 is
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desﬂvlatlon of phenyl triethylsilyl acetylene durmz the reaction. It is worth mentioning that
even cyclic vinylic bromides 13 and 15 have been successfully reacted with 4,4- d1methyl-2-
pentyne and ethyl 3-phenyl-2-propynoate to afford c-pyrones 14 and 16 in 65% and 77%
yields, respectlvely, as single regmlsomers V1nyhc triflates can also be employed in this a-

pyrone synthesis. In contrast to the acyclic triflate memyl 2,3- mmemyl 3- mnuorometnane—
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SULIONY10XY-£-propenoate, i 5’“'6 O-pyromnes i omy 1u-zuvw _yicnub cyclic vinylic
triflates 17 and 19 can be used to regioselectively annulate internal alkynes to afford bicyclic
o-pyrones in good yields (entries 11 and 12).

This chemistry is not without its limits. During the course of this study, we have found that
alkynes with propargylic hydrogens on the sterically more hindered end of the alkyne fail to
afford any o-pyrone products using this annulation process. We have also found that the
presence of a hydrogen next to the carbonyl in the startmg ester lowers the yields of the
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examnle ethvl (Z) 3iodo- 2-propenoate afforded onlv oy yields (10-20%) of a-pyrones as a
mixture of regioisomers if unsymmetrlcal internal alkynes are employed. Methy (Z)-3-iodo-
3-phenyl-2-propenoate failed to give any a-pyrones at all.

Consistent with our earlier work [4], these alkyne annulation reactions generally afford
products in which the vinylic moiety of the starting ester adds to the iess mnaered end of tne
carbon-carbon ti‘ip‘li‘; bond. Oluy’ f%latlvcl_y' unhindered vinylic substrates afford mixtures of
regioisomers. The reglochennstry was established for the products of entry 3 of Table 1 by
NOESY SDectrosconv For the minor product Sb of entry 3, there was an NOE interaction
between C*-H and C° -C(CH,), and no interaction between C*-H and C*-CH,. This compound
was therefore assigned the structure shown in Table 1. The rest of the products in Table 1
have been assigned by analogy with the above observations.

Based on the above rebults and our prev10us work [4] we belleve that tlns annulation
- LT -~

the ac.a.al Pd((l) catalyst, xidative addition of the starting hahde or triflate to Pd(0), (3
vinylp lladium coordination to the alkyne and subsequent insertion Qf the alkyne to form a

vmylpallz-ldxd intermediate, (4) at attack of the carb
1ntermed1ate to form a seven-membered palladacyclic s
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oxonium salt with simultaneous regeneration of the palladium(0) catalyst. Loss of the R group
of the ester may occur either during the reaction itseif by either an Sy1 or S\2 process or

uurmg the aqueous woniup
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In conclusion, a variety of 3,5,6-tri- and 3,4,5,6-tetrasubstituied o-pyrones have been
prepared in modest to good yields by the reaction of acyclic and cyclic vinylic iodides,
bromides and triflates bearing ester functionality with internal alkynes in the presence of a

palladium catalyst.
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