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ABSTRACT
— R [(n3-C3Hs)PdCIl R
< PPh
o] + CO .3 @ Cfg:o
— CYQNMG 0
AR\ // 1atm toluene, 120 °C

The reaction of yne esters with carbon monoxide (1 atm) in the presence of palladium complexes gives bicyclic unsaturated lactone derivatives
in good to high yields. The 2-pyridinyloxy group is a good leaving group among leaving groups examined.

Unsaturated lactones are important subunits in naturally

occurring as well as biologically active compoud$While Scheme 1

numerous methods have been developed for the synthesis R

of such skeletons, cyclocarbonylation continues to be a f R cat. _
method of choice for the construction of lactone riRgs. < % + €O <Io$:o
variety of substrates, such as alkyriglenyl alcohols, halo o} H
alkenes a-keto alkynes, and S-iodo enone$, have been /7

used thus far in the preparation of unsaturated lactones via lM ﬂl V M

cyclocarbonylatior. We previously reported on the Ru

(CO)-catalyzed cyclocarbonylation of 1,6-alkynals leading —x X 'co
to a,8-unsaturated bicyclic lactonéOne of the proposed / o]

mechanisms for this reaction is shown in Scheme 1. The H o MX
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Table 1. Cyclocarbonylation of Yne Esters Scheme 2
Et
product yield (time) product yield (time) Me. ——FEt [(n3-C3Hs)PdCl],
O + CO 0.025 mmol Me><Ig‘:O
Et Me Me PPhg 0.075 mmol  Me o
Me N Me X CyoNMe 0.5 mmol
mo 94% (40 h) ><I$:o 90% (40 h) toluene 2.5 mL )
Me (@) Me (o) 1 0.5 mmol 1atm 120°C,20h

0 o)
o} (o} J\ 0 j\
RJ\CI R)J\O’%Fs : N\;} RJ\o’N R s Ph

70% 1a 38% 1b trace 1c trace 1d 0% 1e 23%
2 0] 2.0, 20
R” 07N R)J\O SN OMe  RT07 N
1f 84% 1g 86% 1h 10%
=FEt
57% _Me
Me” CH,-$-

d, did not give satisfactory result$A thioesterlewas also

51% not a suitable substrate for the present carbonylation (23%
yield), although catalytic reactions involving the oxidative
addition of thioesters to palladium complexes are well-
known!? We recently found that the 2-pyridinyloxy group
is a good leaving group for Pd-catalyzed cross-coupling

Cy
E =
(o
E (0]
9
Et
7(IS: reactions of pyridin-2-yl esters with arylboronic acids leading
(0]
E O
E
1

O  60% (40 h)

18% to aromatic ketone We then prepared the yne estHt
As expected, the reaction df at 120°C at 1 atm led to
dramatically improved yield o2 of 84% vyield. The use of
aReaction conditions: substrate (0.5 mmol);3[CsHs)PdCl} (0.025 higher CO pressures, such as 5 atm decreased the product
%mféﬁeﬁpé’éo(fzmr?ﬂ)‘zgﬂw'e (0.5 mmol), toluene (2.5 mL) at 120 yjeld to 71%. The use of a CO balloon ga®@ 23% yield,
' indicating that a slight positive CO pressure is necessary for
the reaction to proceed efficiently.
reductive elimination, does not proce¥dbut instead a Results for the carbonylation of various pyridinyl esters
B-hydride elimination leading to unsaturated lactones would @ré shown in Table 1. Substrates_ having alkyl-, aryl-, and
be expected to occur. Herein, we report on the successfulneteroaryl groups on the acetylenic carbon gave the corre-
use of this approach for the construction of unsaturated, fusedSPonding unsaturated lactones in good to high yields. Certain
bicyclic y-lactones via the Pd-catalyzed cyclocarbonylation additional functional groups, such as methoxy and nitro, are
of hex-5-ynoic acid pyridin-2-yl esters (% a 2-pyridyloxy compatible for the present reaction. The presence of a
group). geminal group at the tether is not essential for the reaction
An intramolecular acetyleneacid chloride (X= Cl) was to proceed. The formation of a cyclohexyl-fused lactone
the first choice for a representative substrate to examinefailed to proceed smoothly. _ _
because acid chlorides are well-known to generate acyl 1he reaction appears to proceed in a manner consistent
complexes related té\ via oxidative addition. Although ~ With the working hypothesis proposed in Scheme 1. A
extensive studies were carried out usings®®):, as the pyridinyl ester oxidatively adds to a palladium complex to
catalyst, the expected product was not formed. However, thedive an acyl palladium complex\.** The complex A
use of a palladium catalyst resulted in the formation of the Undergoes carbometalation to give the vinyl palladium
expected unsaturated lactones. The reaction of 3,3-dimethyl-cOMplexB, in which CQO is inserted to give an acyl complex
oct-5-ynoyl chloride {a) with CO (1 atm) in the presence C. The cyclization ofC gives ther-allyl palladium complex

of a palladium catalyst gave 3-ethyl-5,5-dimethyl-4,5-dihy- :
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D, which then undergoes ghydride elimination to give || ||| N AEIEINNENEN

the final product® Based on the proposed mechanism, a Scheme 3

catalytic amount of amine is sufficient for the reaction to Mo, —=—Ft [(n3-CaHg)PACI
proceed. However, the use of 10 mol % (0.05 mol) of amine " X 2 4 cos pt——_pg 2025mm
decreased in the product yield to 52% yield. The exact reason © oy E?:ﬁr\%%?sr&w&
for why the 2-pyridinyloxy group is the leaving group of 1£(05mmol) 1 atm 15mmol  toluene2.5mL
choice is currently not clear. 2-Hydroxypyridine was not able 120°C, 20h

to be isolated from the reaction mixture. However, when Et B Et
3-hexyne was added to a reactionldfunder the reaction Memo . =
conditions shown in Scheme 2, the hydroesterification of Me o H g Opy
2-hydroxypyridine also took place to givie in 56% yield, 2 80% 12 56%

along with2 in 80% yield, indicating that 2-hydroxypyridine
was formed and was sufficiently stable to be trapped (SChemeappIications of this method for generating acyl complexes
3).1e.17 from pyridin-2-yl esters to new catalytic reactions are under
In summary, we demonstrate the Pd-catalyzed cyclocar-Study.

bonylation of yne esters leading to the formatioryedlkyl-
idenea,3-unsaturategr-lactones. The 2-pyridinyloxy group
was found to be a good leaving group for generating acyl
palladium complexes via oxidative addition compared with
other leaving groups in this cyclocarbonylatinThe OL0514956
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