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Highly Enantioselective Palladium(ll)-Catalyzed Table 1. Cyclization of £)-4'-Acetoxy-2-butenyl 2-Alkynoates
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The use of transition metal catalysts in the carbocyclization of ™ a Reaction conditions1 (0.5 mmol), Pd(OAg) (0.027 mmol) and
alkenes and alkynes offers the unique means to construct a varietyspy (0.032 mmol) in HOAc (2.0 mL) at 68C. ® Isolated yield< Z:E
of synthetically important carbo- and heterocycles with high > 95:5.
efficiency not normally accessible by traditional methd@zspite

the development of numerous catalytic carbocyclization protocols,  |n hydroacetoxylation of alkynoates, acetate attacks the triple
highly enantioselective reactions remain limitédOn the other bond under palladium catalyst vieans-acetoxypalladation fol-
hand, compared to the impressive development of asymmetriciowed by protonolysig.It occurs to us that acetate may be a good
reactions with chiral Pd(0) catalysasymmetric reactions with  nucleophile to replace halide ions in the Pd(ll)-catalyzed cycliza-
Pd(ll) species have received scant attentibterein, we wish to tion of enyne esters.
report a new type of Pd(ll)-catalyzed cyclization of enyne esters e initially examined the reaction of)-4'-acetoxy-2-butenyl
utilizing bidentate nitrogen-containing ligands for the synthesis 2-butynoatesi(a).8 The cycloisomerization ofaunder the action
of y-butyrolactones initiated by acetoxypalladation with high of 5 mol % Pd(OAc), 6 mol % bpy (2,2bipyridine) and 1.2
efficiency as well as its catalytic asymmetric version. equiv of LIOAc at 60°C led to a 53% vyield of the cyclization

A Pd(ll)-catalyzed cyclization of'4X-2'-butenyl 2-alkynoates  producta-(2)-acetoxymethylideng-vinyl-y-butyrolactone Za)
(X = leaving groups) initiated by halopalladation has been and a 37% vyield of the hydroacetoxylation byprodadeq 2)°
developed in this grouppur long-standing goal is to make itan  Further experiments revealed that LiOAc could be omitted and
enantioselective process. Our previous work shows that excesshe yield was raised to 87% without the detectiorBdTable 1,
amounts of halide ions are required to inhibit tiehydride entry 1). The reactions proceeded smoothly to affordytmi-

elimination reactiohand make the reaction highly reactive and  tyrolactones in high yields with high stereoselectivity regarding
selective® However, there exist problems in the way of developing the exocyclic double bond&E > 95:5)1°
the corresponding catalytic asymmetric process. A major one lies

in the inevitable disturbance of the excess of requisite halide ions 5 mol % Pd(OAC),

to the coordination of chiral ligands with palladium species. In ﬂ - _OAG 12 s LiOAe Acoi—A AconH o Ohe
fact, the reaction dose not occur in the presence of the commonly o OJ/V Thoae | oPo” T oo @
used phosphine ligand3To solve these problems, a new type ) 60°C 2a 3

of reaction should be developed where a ligand and a nucleophile 2 53% 37%

are utilized to act the both roles of halide ions (eq 1).
The plausible mechanism of the reaction involveans

R R acetoxypalladation of the triple bond, followed by intramolecular
| Pd(ln) - L . olefinic insertion and finally the carberpalladium bond is
\ AR nucleophile N, X A L
R, - jA " guenched by deacetoxypalladation instead of the comproy
oo~ o” o dride elimination (eq 3). Here, the nitrogen-containing ligand was
X = leaving group of critical importance in the reaction. It not only played the same
role as the halide ions to inhibit th&-hydride elimination but
(1) (a) Trost, B. M.; Krische, M. JSynlett1998 1. (b) Frihauf, H.-W. also made the intramolecular olefinic insertion into the vinyl
Ehﬁ”}j&?ﬁ%ﬁ@%éﬁ%&%&"“""‘ I Tzamarioudaki, M.; Li, Z.; Donovan, - phajladium bond more preferable to its protonolysis, thus avoiding
(2) (a) Perch, N. S.; Widenhoefer, R. &. Am. Chem. Sod.999 121, the formation of protonolysis produgt
6960. (b) Shibasaki, M.; Boden, C. D. J.; Kojima, Petrahedron1997, 53,
7371. (c) Murakami, M.; Itami, K.; Ito, Y.J. Am. Chem. S0d.997 119 R
2950. (d) Goeke, A.; Sawamura, M.; Kuwano, R.; Ito,Ahgew. Chem., Int. 0
Ed. Engl.1996 35, 662. (e) Hicks, F. A.; Buchwald, S. L. Am. Chem. Soc. acetonvoaladation AcO” Sy o EN0AC
1996 118 11688. 4 + pg(y —2oxypatadation _insertion_
(3) Notable examples include allylic substitution and Heck reaction: (a) o~ o
Tenaglia, A.; Heumann, AAngew. Chem., Int. Ed1999 38, 2180 and R Pd"

references therein. (b) Tsuji,Balladium Reagents and Catalysts: Inations . OAc
in Organic SynthesjsJohn Wiley & Sons: Chichester, 1995. AcO ™ deacetoxypaliadation )
(4) (a) Hollis, T. K.; Overman, L. EJ. Organomet. Chen1999 576, 290. o 2+ Pd(ll) @)
(b) Hagiwara, E.; Fujii, A.; Sodeoka, M. Am. Chem. Sod998 120, 2474.
(c) El-Qisairi, A.; Hamed, O.; Henry, P. Ml. Org. Chem1998 63, 2790.
(d) Itami, K.; Palmgren, A.; Thorarensen, A.;'&wall, J. E.J. Org. Chem. (7) (@) Lu, X.; Zhu, G.; Ma, STetrahedron Lett1992 33, 7205. (b)
1998 63, 6466. (e) Uozumi, Y.; Kato, K.; Hayashi, T. Am. Chem. Soc. Wakabayashi, T.; Ishii, Y.; Murata, T.; Mizobe, Y.; Hidai, Metrahedron
1997 119, 5063. (f) Sodeoka, M.; Ohrai, K.; Shibasaki, Nl. Org. Chem. Lett. 1995 36, 5585.
1995 60, 2648. (8) Zhu, G.; Ma, S.; Lu, X.J. Chem. Research (3p93 366.
(5) (&) Ma, S.; Lu, XJ. Org. Chem1991, 56, 5120. (b) Lu, X.; Zhu, G.; (9) With the catalyst systems such as Pd(QA&PPh, Pd(OAc)AsPh;,
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Table 2. Asymmetric Cyclization ofla Employing Pymox and
Bisoxazoline Ligands
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Table 3. Asymmetric Cyclization oflL Employing4c or 6 as
Ligand

yield (%)
entry ligand 2a 3 % ee of2&°
1d 4a 24
2 4b 29 34 0
3 5 15 44 68
4 6 88 81
5 4c 78 92

aUnless otherwise noted, the reaction was carried out under the

following conditions.1a (0.5 mmol), Pd(OAg)(0.027 mmol) and ligand
(0.054 mmol) in HOAc (5 mL) at 66C. ® Isolated yield . Determined

by chiral HPLC using the chiralcel OJ column eluting with 8:2 hexane:
2-propanol { = 214 nm).443% of 1a was recoveredt HOAc (0.5
mL). f 1a(0.5 mmmol), Pd(OAg)(0.049 mmol) andtc (0.099 mmol).

With these results in hand, further effort to the development
of an asymmetric catalysis was made using the homochiral
nitrogen-containing ligands. We initially employed the easily
available monooxazoline (pymox) and bisoxazoline ligaids.
Generally the reaction dfa was carried out with 5 mol % Pd-
(OAc), and 10 mol % chiral ligand in HOAc at 6. We found
that the different substituent on the oxazoline ring significantly
affected the reactivity and enantioselectivity of the reaction (Table
2). For example, no cyclization produ2a was obtained with
the benzyl-substituted bisoxazoline liga#d (Table 2, entry 1)
and only a 29% yield o2awith disappointing zero enantiomeric
excess employing the isopropyl-substituted bisoxazolibeas
the ligand (Table 2, entry 2). Limited improvement was made
utilizing the bisoxazoline ligan8 to give modest levels of stereo-
induction (68% ee) despite the lower yield (15%) (Table 3, entry
3). Luckily, the employment of R)-pymox-Ph 6) or phenyl-
substituted bisoxazolindc as the ligands led to remarkable
improvement in both yield and enantioselectivity (Table 2, entries

4 and 5).
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Some representative results employ#wor 6 as the ligands
were summarized in Table 3. High enantioseclectivity (79% -

92% ee) was achieved. In general, the catalyst system employing

4c as the ligand showed relatively lower reactivity but higher

enantioselectivity than that emloyiy Table 3, compare entries

1 with 2 and 9 with 10). But in some cases, the two catalyst
systems showed similar enantioselectivity (Table 3, compare
entries 3 with 4 and 7 with 8).

entry 1 conditions (time) 2 vyield® (%) % eé (config)
1 1la A (18h) 2a 88 81 ((H)-R)
2 1la B (35h) 2a 78 92 ((H)-R)
3 1b A (34h) 2b 83 81 ((H)-R)
4 1b B (42h) 2b 80 80 ((+)-R)
5 1c A (48h) 2c 70 81 ((H)-R)
6 1c B (72h) 2c 58 79 ((H)-R)
7 1 A (23h) 2d 86 84 ((+)-R)
8 1d B (48h) 2d 77 85 ((H)-R)
9 le A (41h) 2e 72 79 ((H)-R)
10 1le B (48h) 2e 67 87 ((+)-R)

aConditions A: 1 (0.5 mmol), Pd(OAg)(0.027 mmol) and (0.054
mmol) in HOAc (5 mL) at 60°C. Conditions B: 1 (0.5 mmol),
Pd(OAc) (0.049 mmol) andic (0.099 mmol) in HOAc (5 mL) at 60
°C. " Isolated yield.°c Determined by chiral HPLC using the chiralcel
0OJ column eluting with 8:2 hexane:2-propandl=€ 214 nm).
identify y-butyrolactone2d as the key intermediate. Conveniently,
(+)-2d (84% ee) (Table 3, entry 7) was converted in four steps
(57% total yield) to enantiomerically enrichedjj+)-A-factor
(86% eéd) (eq 4). Thus, comparing the signs of the specific
rotation of the othep-butyrolactones with-)-2d (Table 3), all
other y-butyrolactones in Table 3 were identified to be iR 3
configuration.

R R R
Aco)jj/% Aco/jﬁor« HO)T(\OH
—_ —_— 4
1) o a,b,c ¢ e} d o) o/ )
70% 82%
(+)-2d (3S)-(+)-A-factor

R = i-CyHyg

(+)-7

Reagents and conditions: a) Cat. K,0sO,, NMO, acetone-H,0, rt. b) NalO,/SiO,, CH,Cl,, rt.
¢) NaBH,, MeOH, -2 °C. d) Cat. 4-(dimethylamino)pyridine, MeOH, 9 °C.

In summary, we first developed a new type of carbocyclization
of enyne esters for the synthesisyebutyrolactones initiated by
acetoxypalladation under Pd(ll) catalysis with high efficiency and
stereoselectivity. The nitrogen-containing ligands played an
important role in the reaction. Employing pymox or bisoxazoline
as the ligands, the catalytic asymmetric protocol was established
with high enantioselectivity (up to 92% ee). While the asymmetric
cyclization of enyne is usually catalyzed with Pd(0) catad§st,
this work is the first example of realizing the efficient asymmetric
synthesis of the optically active-butyrolactones from the
cyclization of enyne esters catalyzed by Pd(ll) species.
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utility of the asymmetric protocol, we chose A-factor as our target
molecule!? The retrosynthetic analysis of A-factor could easily
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