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The palladium-catalyzed arylation of the a-methylene-y-butyrolactone proceeds in good yields and may be directed toward the synthesis of
3-benzylfuran-2(5H)-ones when the starting aryl iodides contain strongly electron-withdrawing groups. The combined palladium-catalyzed
arylation/nydrogenation of the o-methylene-y-butyrolactone represents a new simple entry into functionalized a-benzyl-y-butyrolactones.

Recently, a growing amount of attention has been paid to eral methods for the synthesis of these latter derivatives it is
the synthesis of B-furan-2-ones and a-benzylideney- worth noting, owing to its simplicity, the synthesis of
butyrolactoned.Some of these derivatives exhibit interesting

biological activities’ Moreover, they are useful synthetic (1) Arcadi, A.: Cacchi, S.: Fabrizi, G.; Marinelli, F.; Pace, Bur. J.
intermediated.In connection with our interest in developing Org. Chem1999 3305. Gabriele, B.; Salerno, G.; Costa, M.; Chiusoli, G.

; ; ; P.Tetrahedron Lett1999 40, 989. Trost, B. M.; Toste, F. Dl. Am. Chem.
new s_ynthenc s?rateg|es for. the construction of heterocycles Soc.1999 121, 3543, Mabon. R . Richecoeur. A. M. E.- Sweeney, JJB.
involving palladium catalysig&we report thati-methylene- Org. Chem.1999 64, 328. Ma, S.; Shi, ZJ. Org. Chem1998 63, 6387.
y-butyrolactonel may represent a suitable building block Rossi, R.; Bellina, F.; Biagetti, M.; Mannina, Detrahedron Lett1998

for th thesis oFi5f 2 & and st 39, 7599. Boukouvalas, J.; Lachanche, N.; Ouellet, M.; Trudeau, M.
precursor for thé Syntnesis okisturan-2-oness and Steréo-  Tetrahedron Lett1998 30, 7665. Cacchi, S.; Ciattini, P. G.; Morera, E.;

defineda-benzylideney-butyrolactonegl. Among the sev- Pace, PSynlett1996 545. Matsushita, K.; Komori, T.; Oi, S.; Inoe, Y.
Tetrahedron Lett1994 35, 5889. Knight, D. W.Contemp. Org. Synth.
1994 1, 287. Arcadi, A.; Cacchi, S.; Fabrizi, G.; Marinelli, Bynlett1993

TIngegneria Chimica e Materiali. 65. Arcadi, A.; Bernocchi, E.; Burini, A.; Cacchi, S.; Marinelli, F.; Pietroni,
* University Medical School. B. Tetrahedron Lett1989 30, 3465. Arcadi, A.; Bernocchi, E.; Burini, A.;
§ Janus Pannonius University. Cacchi, S.; Marinelli, F.; Pietroni, Bletrahedron1988 44, 481.
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substitutedx-benzylideney-butyrolaconesE + Z steroiso- Assignment of the olefin geometry was unambiguosly
mers) in excellent yields through the palladium-catalyzed done by using T-ROESY NMR experiments. Surprisingly,
reaction of arenediazonium salts (Heck-type reaction) with the reaction showed a very low selectivity in {helimina-
18 tion step and the 3-benzylfuran-2{one4, derived from
On the basis of the stereochemical trend of the vinylic endocyclic elimination of hydridopalladium species from the
substitution observed with a variety of reactions of unsatur- addition intermediat®, was isolated in 42% yield (Scheme
ated halides/triflates witbi-acetamido acrylic acid derivatives ~ 2). To our knowledge, this is the first example of butenolide
and methylo-methyl acrylic acid derivativeSwe decided
to investigate the palladium-catalyzed arylationlofising
aryl iodides2 as arylating agents with the aim of achieving Scheme 2
a stereoselective synthesis of substitutedenzylideney- CH-~
butyrolactones. Sterodefinemtbenzylideney-lactones are
useful intermediates for the synthesis of podophyllotbxin @o
and optically activen-spirocyclopropyllactones. o 5 HB' 4 + CH,COOH + pd"
4-lodoacetophenone was selected as the model aryl iodide, 5
and the preparation of the correspondindpenzylideney- o 0P
butyrolactone was attempted under a variety of conditions
to evaluate the influence of the catalytic system, bases, and
1/2 ratio on the reaction outcome (Scheme 1 and Table 1).

derivative formation starting froni. Omitting the ligand
(Table 1, entry 2) produced only minor modifications of the

Scheme 1 reactivity and/or selectivity, at least from a synthetic point

H of view. Switching to AcOK, in the presence of catalytic

Arl ST Ar amounts of Pd(OAg)in DMF at 80°C produced chemose-

4_10 — - Cio + o lectively 4 in 54% yield (Table 1, entry 3). The addition of
;) Pd Catalyst ;) i’ n-Bu,NCl increased the reaction rate without modification

in the selectivity (Table 1, entry 5Y. With N-methyl-2-
pyrrolidone and\,N-dimethylacetamide as solvents, a very
) ) ~similar trend was observed; however, lower conversions of
With the use of BN as base in the presence of catalytic the starting materials than in DMF took place (Table 1,
amounts of Pd(OAejPd(o-tolyl)s]. in DMF at 80°C, the  entries 6 and 7). The role of the base for directing the
corresponding.-benzylideney-butyrolactone was isolated  g_palladium hydride elimination step is even demonstrated
as single ) steroisomer afte8 h in 21%yield (Table 1, by the lower selectivity obtained using a mixed system
entry 1). AcOK/EtN (Table 1, entry 8). Finally, we used AcOTI in
place of AcOK, to make sure that the formationbfvas
not a consequence of the migration of the double bond of
Table 1. Experimental Conditions for the Synthesis®ft 420 the initially formed3. TI(I)!! salts are reported to eliminate
from 1 and 4-lodoacetophenone the isomerization of the double bond causegBhyalladium
hydride elimination/readdition/elimination sequence. The

3+4 isolation of4 as the main product, also in the presence of
entry base  solvent catalyst t(h) %yield (4:3) !
1 EtsN DMF  Pd(OAc),/P(o-tol); 8 63 2 (2) lyer, S.; Ramesh, Cletrahedron Lett1999 40, 4719. Ballini, R.;
2 Et;N DMF  Pd(OAc), 20 60 1.3 Marcantoni, E.; Perella, Sl. Org. Chem1999 64, 2954.
(3) Gebbink, E. A. K.; Stork, G. A.; Jansen, J. M.; de Groot, A.
8 AcOK  DMF  Pd(OAc) 9o 544 Tetrahedrorl 999 55, 11077-11094. Mulzer, J. itomprehensie Organic
4 AcOK DMF  Pd(OAc), 48 53 5.6 SynthesisFlemming, I., Trost, B. M., Eds.; Pergamon: Oxford, 1991; Vol.
5 AcOKd DMF  Pd(OAc); 4 54 25 6, p 323. Hoffmann, H. M. R.; Rabe, Angew. Chem., Int. Ed. Endl985
8 Ak NMP Pd(OAck 2L 4 28 24’(51;)4 Steuer S.: Podlech, @rg. Lett. 1999 1, 481. Rousset, S.; Abarbri
euer S.; Podlech, Qrg. Lett. , . Rousset, S.; Abarbri,
! AcOK DMA — Pd(OAC) 23 32 30 M.; Thibonnet, J.; Duchee, A.; Parrain, J.-LOrg. Lett.1999 1, 701. Rao,
8  AcOK+ DMF  Pd(OAc) 9 66 11 Y. S.Chem. Re. 1976 76, 625.
EtzN (5) Arcadi, A.; Marinelli, F.; Rossi, ETetrahedron1999 55, 13233.
9 AcOK + DMF  Pd(OAc), 5 - Skoda-Ftdes, R.; Vador, K.; Kolla, L.; Horva, J.; Tuba, ZJ. Org. Chem.
K.CO 1999 64, 5921.
23 (6) Brunner, H.; Le Cousturier de Courcy, N.; Genk-P.Tetrahedron
10 AcOTI DMF  Pd(OAc)2(PPhs) 24 33 8.5 Lett. 1999 40, 4815.
11 AcOTI DMF  Pd(OAc) 8 55 7.1 (7) Arcadi, A.; Cacchi, S.; Marinelli, F.; Morera, E.; Ortar, Getrahe-
dron 199Q 46, 7151. Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G.
aUnless otherwise started, reactions were carried out 4C80nder a Tetrahedron Lett1987 28, 3039.
nitrogen atmosphere using the following molar ratids2:catalyst:base= (8) Ishibashi, H.; Ito, K.; Hirano, T.; Tabuchi, M.; Ikeda, Metrahedron
1:1.5:0.05:3" Yields refer to single runs and are given for pure isolated 1993 49, 4173.
products £ Temperature 40C. @ Reaction was carried out at 8C under (9) Otto, A.; Ziemer, B.; Liebscher, Synthesis1999 965.
a nitrogen atmosphere using the following molar ratit=2:catalyst: TBACI: (10) Jeffery, T.Tetrahedron Lett1999 40, 1673.
base= 1:1.5:0.05:1:3. (11) Crisp, T. JChem. Soc. Re 1998 27, 427. Cabri, W.; Candiani, I.

Acc. Chem. Red.995 28, 2.
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AcOTI (Table 1, entries 10 and 11) clearly rules out that
isomerization occurs. With regard to the effect of the acetate

Table 2. Experimental Condition for the Synthesis &

anion on the reaction course, an explanation based on thegab and 6 Derivatives

formation of ac-alkylpalladium acetate intermediafeand
its decomposition through basic intramolecular attack of the
acetate moiety on thg-hydrogen?2 could account for the
regioselectives-elimination observed in the presence of
favorable electronic effects (the presence of the electron-
withdrawing acyl group in the aromatic ring makes fie
hydridopalladium elimination more difficult) (Scheme 2).
Related mechanisms involving a seven-membered cyclic
transition state containing palladium have been repdfted.
According to that, when the system was extended to other
aryl iodides the chemoselective formation of the butenolide

derivatives has been accomplished only in the presence of

strongly electron-withdrawing substitutents in the aromatic
ring.13

The stereochemistry of thebenzylideney-butyrolactones
was always found to b&. It must be emphasized that
variable amounts of biaryl derivatives were observed in all
the reactions, and better results were usually obtained usin
a 1.5 molar excess of tleemethyleney-butyrolactone over
the halide. Even if the selectivity of th&hydropalladium
elimination is limited, the mixtures o8 + 4 can be
hydrogenated to the correspondindpenzyly-butyrolactones
6 in high yield. A one-pot arylation/hydrogenation reaction
to give 6 derivative has, also, been accomplished (Scheme
3).1* The importance of these results is further stressed by

Scheme 3
2
1 — Ar
Pd(0) H, (i
Catalyst 0 (6]
6

the observation that we failed to obtain the corresponéing
derivative through the palladium-catalyzed conjugate addition
of a-methyleney-butyrolactone with 4-iodoacephendhé3
+ 4 were isolated in 75% vyield3:4 ratio = 1).
The results obtained are summarized in Table 2.
Interestingly, one application of this synthetic methodology
(Scheme 4), by using the androsten-3,5-dienyl-17-one 3-tri-
flate as o-donor in the palladium-catalyzed Heck-type

(12) (a) Amorese, A.; Arcadi, A.; Bernocchi, E.; Cacchi, S.; Cerrini, S.;
Fedeli, W.; Ortar, G.Tetrahedron1989 45, 813. (b) Bakvall, J.-E.;
Bystrom, S. E.; Nordberg, R. El. Org. Chem1984 49, 4619. Hutchins,
R. O.; Learn, KJ. Org. Chem1982 47, 4380. Bakvall, J.-E.; Nordberg,
R. E.; Bjorkam, E. E.; Moberg, CJ. Chem. Soc. Chem. Commu98Q
943. Trost, B. M.Tetrahedron1977, 33, 2615.

(13) General Procedure.A total of 2 mmol of aryl iodide, 3 mmol of
o-methyleney- butyrolactone, 6 mmol of AcOK, and 0.1 mmol of Pd-
(OACc), were dissoved in 3 mL of DMF, and the mixture was stirred under
nitrogen at 80°C for 3 h. After it was cooled, the reaction mixture was
washed with a mixture ethyl acetate and saturated agueous NaHG®

3+4
entry 2 % yield (4:3) 6 % yield
1 4-CH3CO-CgH4-1 64 (8) 95¢d
2 4-CH300C-CgHa4-I 60 (20) 95¢
3 4-CH300C-CgHa-I 57¢
4 2-CH300C-CgHa-I 81 (1.2) 96°
5 2-CH300C-CgHa-I 78°
6 4-CH30-CgHa-1 73 (0.6) 96°
7 4-CH30-CgHa-1 82 (0.6)f
8 4-CH30-CsHa-1 63 (0.5)9
9 4-CH30-CgHa-1 74 (0.6)"
10 4-CH30-CgHa-1 708
11 1-iodonaphthalene 62 (0.7) 95¢
12 1-iodonaphthalene 59¢
13 3-CF3-CgHa-I 81 (0.7) 96°¢
14 3-CF3-CeHa-1 788

aUnless otherwise stated, reactions were carried out 8C8% DMF
in the presence of an excess of AcOK under a nitrogen atmosphere using
he following molar ratios:1:2:Pd(OAck:AcOK = 1.5:1:0.05:3" Yields
efer to single runs, are given for pure isolated products, and are based on
2. ¢Yields refer to reduced products derived from hydrogenation of isolated
3 and4. dYield refer to 3-(4-ethybenzyl)furan-2(3)-one.¢ Yields refer
to isolated reduced products of the one-pot procediReaction was carried
out at 80°C in DMF in the presence of an excess of AcOK under a nitrogen
atmosphere using the following molar ratiok2:Pd(OAc):ddpf:AcOK =
1.5:1:0.05:0.05:39 Reaction was carried out at 8@ in DMF in the
presence of an excess ofszNHtunder a nitrogen atmosphere using the
following molar ratios: 1:2:Pd(OAc):Et;N = 1.5:1:0.05:4" Reaction was
carried out at 80C in DMF in the presence of an excess ofNEunder a
nitrogen atmosphere using the following molar ratids2:Pd(OAc):ddpf:
EtsN = 1.5:1:0.05:0.05:4.

Scheme 4
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reaction, gives special prominence to the possibility of

stereocontrol in the formation of the new sterocenters.
The steroidal substitutegtlactone7 was isolated in high

de (80%). No attempts were made to determine the config-

(14) General Procedure.A total of 2 mmol of aryl iodide, 3 mmol of
a-methyleney- butyrolactone, 6 mmol of AcOK, and 0.1 mmol of Pd-
(OACc), were dissoved in 3 mL of DMF, and the mixture was stirred under
nitrogen at 80°C for 3 h. After it was cooled, the reaction mixture was
washed with a mixture of ethyl acetate and saturated agueous NaHCO
The phases were separated, and the combined organic phases were dried
over NaSQy, After removal of the solvent, the crude product was dissolved
in ethyl acetate and was hydrogenated in the presence of Pd/C (5%) at

phases were separated, and the combined organic phases were dried ovettmospheric pressure. After the completion of the hydrogenation the catalyst

NaSQy. After removal of the solvent, the crude was purified by flash
chromatography. All products were identified By and 1°C NMR and
mass spectroscopy.

Org. Lett., Vol. 2, No. 1, 2000

was filtered, the solvent was evaporated and the crude product purified by
chromatography (silica gel, CHgpetroleum ether).
(15) Cacchi, S.; Arcadi, AJ. Org. Chem1983 48, 4236.
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uration of the new chiral centers. Further work is in progress combined arylation/hydrogenation reaction of tieeneth-
to evaluate the scope and the limitations of this synthetic ylene«-butyrolactone represent a new simple entry into
methodology with triflates. functionalizeda-benzyl«y-butyrolactones.

In conclusion, the palladium-catalyzed arylation of the
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