ORGANIC
LETTERS

Pd(0)-Catalyzed Coupling —Cyclization of Vol 00
2-(2',3'-Allenyl)acetylacetates and 529531
Organic Halides: An Efficient Synthesis

of 4,5-Dihydrofuran Derivatives

Shengming Ma,* Zilong Zheng, and Xuefeng Jiang

State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic
Chemistry, Chinese Academy of Sciences, 354 Fenglin Lu, Shanghai 200032,
P. R. China

masm@mail.sioc.ac.cn

Received November 29, 2006

ABSTRACT
R R?
o ,  Pd(PPhg); (5 mol %)
v R K3PO,3H,0 (2.0 equiv) ) COCH
3P U4 5! -J equiv (0]
COOE DMF, 85 °C R
62-100%

selectivity > 97 : 3

Highly chemo- and regioselective Pd(0)-catalyzed coupling ~ —cyclization of 2-(2 ',3'-allenyl)acetylacetates with organic halides using K sPQO, as
base in DMF efficiently afforded 4,5-dihydrofuran derivatives in moderate to excellent yields, with a selectivity of >97:3.

The development of new chemical processes for producingof carbocycles and heterocycles.Especially, 2-(2',3'-
elaborate and important hetereocyclic structures in an ef-allenyl)malonates could afford carbocycles, i.e., vinylic
ficient manner has become an important area of research incyclopropané and cyclopenteriéderivatives, highly selec-
organic chemistry due to the importance of heterocyclic tively by tuning the solvent and base used; the reaction of
compounds.Among heterocyclic compounds, dihydrofuran 1,2-allenyl ketones and organic halides in toluene usigy Et
derivatives are intensively studied. They are important as the base affords polysubstituted furans by the catalysis
subunits in many biologically active compoufdmd are of Pd(0) and AgCO;s;7¢~¢ 2,5-dihydrofurans and 5,6-dihy-
also important intermediates in organic synthésihus, dropyrans can be synthesized via the Pd(ll)-catalyzed
much attention has been paid to the development of newcoupling—cyclization of allylic halides with 2,3- or 3,4-
methods for the synthesis of furans and dihydrofurans. allenols, respectivel{9 The reaction of 3,4-allenols with
Recently, we and others have shown that functionalized aryl iodides afforded 2,3-dihydrofurans via the oxidative
allenes can be facile starting materials for the preparation addition—exo-mode oxypalladatiomeductive elimination
sequencé’ Based on these observations, we envisioned that
a Pd(0)-catalyzed cyclization of an organic halide with
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2-(2',3'-allenyl)acetylacetates may form 4,5-dihydrofurans,

_2,5—dihydroxepines, cyclopentenes, or_cyclopropanes with thetple 1. Effect of Base on the Pd(0)-Catalyzed
intramolecular attack of the enolate intermediate (Scheme coypling—Cyclization of 2-(2',3'-Allenyl)acetylacetate and

1). In this paper, we report a highly selective formation of

Scheme 1
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4,5-dihydrofurans from organic halides and 232allenyl)-
acetylacetates.

At first, a mixture of 2-(2,3"-allenyl)acetylacetatéa, Phl,
and LiOH in DMF was stirred in the presence of Pd(pPh
at 85°C for 7 h toafford the expected produBtain 63%
yield together with the formation of the five-membered
carbocycledaain 15% yield (entry 1, Table 1). To improve

Phi
Ph
Ph
o Pd(PPhg),
*opal o COOEt
COOEt DMF, 85-90 °C oY COOEt
1a 2a o
3aa 4aa

time isolated yield ratio

entry base (h) of 3aa (4aa) (%) 3aa:4aa’
1 LiOH 7 63 (15) 81:19

2 t-BuOK 8 54 91:9

3 NaOH 8 68 99:1

4 NaH 7 45 100:0

5 K2COs 8 68 100:0

6 EtsN 7 73 100:0

7 KOH 8 68 100:0

8 8 13¢ 100:0

9 KsP04-3H0 8 100 100:0

2 The reaction was conducted usi8ga (0.15 mmol), Pd(PP (5 mol
%), Phl (1.2 equiv), and base (2.0 equiv) in DMetermined by NMR
analysis.t 71% of 1a was recovered.

CG; (entry 5, Table 1), BN (entry 6, Table 1), KOH (entry
7, Table 1), or KPOy (entry 9, Table 1), the reaction afforded
3aaas the only product. Without base, the reaction is also
highly selective, but produ®aawas formed in only 13%
isolated yield (entry 8, Table 1).4RQO, turned out to be the
best base, affordingaain a quantitive yield.

The solvent effect using 0O, as base was then studied.
THF (entry 2, Table 2) and GI&N (entry 3, Table 2) formed
product3aatogether with 2—3% oflaa. Toluene (entry 4,

the selectivity and yield, the base effect was studied (Table Taple 2), DMSO (entry 5, Table 2), 1,4-dioxane (entry 6,

1). With the addition of LiOH,t-BuOK, or NaOH, the
reaction afforded a mixture ddaa and 4aa (entries 1—3,
Table 1). Using bases such as NaH (entry 4, Table 1), K
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Carretero, J. C.; Garrido, J. L.; Magro, V.; PedregalJ @®rg. Chem1997,
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Table 2), or CHCI, (entry 7, Table 2) afforded produ8aa

as the only product in relative low yields. The reaction in
CH30OH (entry 8, Table 2) failed to afford the products. DMF
is the best solvent (entry 1, Table 2).

By applying these standard reaction conditions, we studied
the synthesis of 2-methyl-3-ethoxycarbonyl-5-vinyl-4,5-
dihydrofuran from 2-(23'-allenyl)acetylacetatéa and dif-
ferent organic halides. The results are summarized in Table
3. From the results in the table, the following issues should

(6) For most recent examples, see: carbocycles (a) Molander, G. A,;
Cormier, E. PJ. Org. Chem2005,70, 2622. (b) Mukai, C.; Kuroda, N.;
Ukon, R.; Itoh, RHeterocycle®005,70, 6282. (c) Ma, S.; Duan, D.; Shi,
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(e) Hoffmann-Rolder, A.; Krause, NDrg. Lett.2001,3, 2537. (f) Ma, S.;
Gao, W.Org. Lett.2002,4, 2989. (g) Ma, S.; Zhang, Angew. Chem., Int.
Ed. 2003,42, 184. (h) Ma, S.; Yu, F.; Gao, W. Org. Chem2003, 68,
5943. (i) Ma, S.; Lu, L.; Zhang, J. Am. Chem. So004,126, 9645. (j)
Ohno, H.; Hamaguchi, H.; Ohata, M.; Kosaka, S.; Tanakd, Am. Chem.
S0c.2004,126, 8744. (k) Zhang, Z.; Liu, C.; Kinder, R. E.; Han, X.; Qian,
H.; Widenhoefer, R. AJ. Am. Chem. So006,128, 9066. (I) Liu, Z;
Wasmuth, A. S.; Nelson, S. G. Am. Chem. So2006,128, 10352. (m)
Alcaide, B.; Almendros, P.; Campo, T. M\ingew. Chem., Int. EQ®006,
45, 4501.
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Lett. 2000, 2, 941. (d) Ma, S.; Zhang, £hem. Commur000, 117. (e)
Ma, S.; Zhang, J.; Lu, LChem. Eur. J2003,9, 2447. (f) Ma, S.; Gao, W.
Tetrahedron Lett200Q 41, 8933. (g) Ma, S.; Gao, W.. Org. Chem2002
67, 6104. (h) Ma, S.; Gao, Wsynlett2002,1, 65.
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Table 2. Solvent Effect of Pd(0)-Catalyzed
Coupling—Cyclization of 2-(2',3'-Allenyl)acetylacetat@ and

PhR
o] _PdPPhy: /\Q' j?
+  Phl COOEt
COOEt K3PO43H0 COOEt
1a 2a
temp time isolated yield ratio
entry  solvent °C) (h) of 3aa (%) 3aa:4aa
1 DMF 85 8 100 100:0
2 THF reflux 8 81 100:0
3 CH3CN  reflux 8 81 >97:3
4 toluene 85 8 91 100:0
5 DMSO 85 8 82 100:0
6 dioxane 85 8 87 100:0
7 CH,Cly reflux 6 78 100:0
8 CH30H  reflux 6 0

aThe reaction was conducted usifig (0.15 mmol), Pd(PPf (5 mol
%), Phl (1.2 equiv), and #0; (2.0 equiv).

be noted: (i) the yields of this reaction range from moderate
to excellent; (ii) electron-rich (entries 2 and 3, Table 3),

Different 2-(2',3'-allenyl)acetylacetates can also be used
in this reaction (Table 4).

Table 4. Steric Effect in the Reaction of
2-(2',3'-Allenyl)acetylacetates with Phenyl lodide

Ph
Ph

R2
Pd(PPhy), (5 mol %
O 4 ppy PAEPR) Smal %) cooMe
K3PO43H0 (20 equiv)  0-4 R~ cooMe
CoOMe A

DMF, 8 h R?
1boric 3 4

temp isolated ratio
1 °C) product  yield (%) 3:4¢
1b (R = n-Pr) 85 3ba 91 4ba 99:1
1lc (R =i-Pr) 85 3ca 81 4ca 98:2
1c 60 3ca 40 4ca 97:3
1c 100 3ca 40 4ca 97:3

aDetermined by NMR analysis.

The reaction of 2-(23-butadienyl)cyclohexane-1,3-dione
afforded the bicyclic produ@da, providing an opportunity
for the construction of a bicyclic skeleton (Scheme 2).

Scheme 2. Reaction of
2-(Buta-2',3'-dienyl)cyclohex-1,3-dione and Phenyl lodide

Table 3. Reaction ofla with Different Organic Iodides o o
+ PRI Pd(PPh3)4 (5 mol %) Ph
o, gy CAPPhak(Emil%) oot K3PO43H;0 (2.0 equiv) o
- K3PO4 3H,0 (2.0 equiv) 'COOEt (¢ DMF, 9 h, 58%
la DMF, 85 j& 1d 2a 3da
time isolated yield ratio . -
entry R! product  (h) of3a(%)  Sada In conclusion, we have developed an efficient method for
T 3 5 00 000 the synthesis of substituted 4,5-dihydrofurans with different
o AMeCH 322 o a7 1000 substitution patterns in high chemo- and regioselectivity. The
= 6114 . . . .
3 4-MeOCH, 3ac 3 89 1000 study of new chemp—, regio-, ?nd stereoselective reactions
4  4-MeO,CCeH, 3ad 8 58 99:1 for differently substituted 2-(23'-allenyl)acetylacetates are
5  4-AcCeHy 3ae 2 100 97:3 currently being carried out in our laboratory.
6  4-BrCeH 3af 8 80 99:1 : . _
7 l-n;p}it}fyl SZg 8 7 100:0 Acknowledgment. Financial supports from National
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