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Abstract

A palladium-catalyzed transformation of 1-(3-methoxycarbonyloxy-1-propynyl)cyclobutanols to cyclo-
pentanones on treatment with phenol derivatives is described. This process can be visualized to proceed via
nucleophilic attack to allenyl palladium species by phenol, followed by ring expansion reaction of Tt-allylpalladium
complex to form the corresponding cyclopentanone. © 1999 Elsevier Science Ltd. All rights reserved.
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Palladium-promoted ring expansion reactions of 1-alkenyl or 1-alkynyl cyclobutanols is a well-
investigated reaction that is triggered by release in the strain of the four-membered ring systems.!2
This useful methodology for the construction of five-membered ring systems has been successfully
applied to the synthesis of natural products.> Recently, we have developed a cascade insertion—ring
expansion reaction of allenylcyclobutanols with aryl iodides.* The reaction enables the formation of a car-
bon-carbon bond along with expansion of the four-membered ring system in a one-pot process. Propargyl
carbonates undergo a variety of palladium-catalyzed transformations with nucleophiles, which constitute
an important class of palladium-catalyzed reactions.>® Here, we report a novel type of palladium-
catalyzed cascade ring expansion reaction of 1-(3-methoxycarbonyloxy-1-propynyl)cyclobutanols 1 with
phenols. The reaction can generate a carbon—oxygen bond to afford cyclopentanones 2 in a one-pot

process (Scheme 1).
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Table 1
Cascade reactions of cyclobutanols with p-cresol

Me
<:> o]
H M
E',.,.,E_-__/OCOZMG 1.2eq. HO ¢ &\0/@
4

R 5 mol % Pda(dba)3-CHCl3
R 3 20 mol % dppe, dioxane
80°C,1-2h
entry substrate product yield(%)
1 3aR=R'=H 4 81
2 3b R=Heptyl R'=H 5b 80
3 3¢ R=Ph R'=H 5¢ 83
4 3d R + R'= Cyclohexyl 5d 99

Cascade reactions were first studied using 1-(3-methoxycarbonyloxy-1-propynyl)cyclobutanols 3a—d’
and p-cresol (Table 1). Treatment of 3a and p-cresol with 5 mol% Pd,(dba); - CHCls3, 20 mol% dppe in
dioxane at 80°C for 1 h provided the isomerized cyclopentanone 4 in 81% yield (entry 1). When 2-alkyl-
or 2-aryl-substituted substrate 3b or 3¢ were subjected to the reaction, the trans-cyclopentanone 5b or
5c was obtained as the sole product (entries 2 and 3).2 Similarly, the 2,2-disubstituted substrate 3d was
transformed into 5d in quantitative yield (entry 4). Thus, it was evident that the reactions proceeded in
regio- and diastereoselective manners at the more substituted carbon.

We then examined the reactions of 3b and its diastereomer 3b’ with a variety of substituted phe-
nols (Table 2). When 3b was treated with the electron donating group-substituted phenols, trans-
cyclopentanones 6 were selectively produced in high yields (entries 1-4). Since the isomers 8 were
also provided in accordance with increase in the acidity of the phenols, it is expected that acid-catalyzed
isomerization occcured (entries 5—7). In contrast with the case of 3b, the isomers 8 were mainly obtained
from 3b’, and cis-cyclopentanones 7 were obtained as minor products when electron enriched phenols

Table 2
Cascade reactions with various substituted phenols

R CO,Me = /@
) B .
'j_-;—f 1.2 eq. Ho_<\:>\x &)LQ ’\x

" NN 5 mol % Pda(dba)y CHCg

§ NN
3b R==OH 20 mol "/g (;Iop(;:)e,1 E:Iéor)‘(ane 6 R=1H
3b' R=1OH ! 7 R==H
entry substrate X product yieid (%)
1 3b 4-OMe 6 98
2 3b 2,4,6-Trimethyl 6 20
3 ab 4-Me 6 80
4 3b 2-OMe 6 93
5 3b H 6:8 = 65:35 94
6 3b 4-Cl 6:8 = 68:32 67
7 3b 4-NO; 8 23
] 3b’ 4-OMe 78 = 36:64° 98
9 3pb' 2,4,6-Trimethyl 78 =23.77 98
10 3b’ 4-Me 8 92
1 3b 2-OMe 8 93
12 3b' H 8 g7
13 3p' 4-Cl 8 96
14 3 4-NO; 8 70

* The product ratio was determined by IH-NMR.
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were used (entries 8 and 9). These reactions generally proceeded in high yields except in the case of
nitrophenol (entries 7 and 14).

A plausible mechanism for the reacion is shown in Scheme 2. The propargylic carbonate 1 would
be converted into the allenylpalladium methoxide 9 by reaction with palladium(0). The complex 9
would be subjected to the nucleophilic attack by phenols to lead to the Tr-allylpalladium complex
11 via the intermediate 10. Finally, ring expansion reaction of 11 would give the phenoxy-substituted
cyclopentanone 2, which further isomerizes to 12 under the same reaction conditions.
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Scheme 2.

Scheme 3 provides a possible explanation for the diastereoselectivity of the reactions. It can be presu-
med that the stereochemistry of the reaction is controlled by the conformation of the Tr-allylpalladium
complex during the ring expansion step. Thus, in the case of 3b, the ring expansion process would proceed
via 13, the most stable conformer, to give 6. Similarly, when diastereomer 3b’ is employed, 7 would be
produced via 14. But 7 is very unstable due to the steric interaction, and can easily isomerize to 8.

ArOH _Ar _Ar
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cat.Pd(0)
R
L R 8
Scheme 3.

In conclusion, we have developed a novel type of cascade ring expansion reaction of 1-(3-
methoxycarbonyloxy-1-propynyl)cyclobutanols with phenols. Efforts to extend the scope of this reaction
are currently in progress.

Acknowledgements

M.Y. acknowledges support from the Research Fellowships of the Japan Society for the Promotion of
Science for Young Scientists.



8586

References

W

. For our previous works on the palladium catalyzed ring expansion of cyclobutanols, see: (a) Nemoto, H.; Shiraki, M.;

Fukumoto, K. Synlett 1994, 599-600. (b) Nemoto, H.; Miyata, J.; Fukumoto, K. Tetrahedron 1996, 52, 10363~10374. (c)
Nemoto, H.; Miyata, J.; Yoshida, M.; Raku, N.; Fukumoto, K. J. Org. Chem. 1997, 62, 7850-7857.

. Recently, Uemura et al. reported a palladium(lI)-catalyzed oxidative ring cleavage reaction of cyclobutanols: Nishimura,

T.; Ohe, K.; Uemura, S. J. Am. Chem. Soc. 1999, 121, 2645-2646.

. For the application to natural product synthesis, see: (a) Nemoto, H.; Nagamochi, M.; Fukumoto, K. J. Chem. Soc., Perkin

Trans. 1 1993, 2329-2332. (b) Nemoto, H.; Nagamochi, M.; Ishibashi, H.; Fukumoto, K. J. Org. Chem. 1994, 59, 74-79.
(c) Nemoto, H.; Yoshida, M.; Fukumoto, K.; Ihara, M. Tetrahedron Lett. 1999, 40, 907-910. (d) Nemoto, H.; Miyata, J.;
Ihara, M. Tetrahedron Lett. 1999, 40, 1933-1936.

. Nemoto, H.; Yoshida, M.; Fukumoto, K. J. Org. Chem. 1997, 62, 6450-6451.
. For review, see: Tsuji, J.; Mandai, T. Angew. Chem., Int. Ed. Engl. 1995, 34, 2589-2612, and references cited therein.
. (a) Tsuji, J.; Watanabe, I.; Minami, 1.; Shimizu, I. J. Am. Chem. Soc. 1985, 107, 2196-2198. (b) Minami, I.; Yuhara, M.;

Watanabe, H.; Tsuji, J. J. Organomet. Chem. 1987, 334, 225. (c) Greeves, N.; Torode, J. S. Synthesis 1993, 1109. (d) Geng,
L.; Lu, X. Tetrahedron Lett. 1990, 31, 111-114. (e) Minami, I.; Yuhara, Y.; Tsuji, J. Tetrahedron Lest. 1987, 28, 629-632.

. Compounds 3a-d were prepared from the corresponding cyclobutanones as follows: Cyclobutanone was treated with

3-(2H-tetrahydropyran-2-yloxy)-1-propynyl lithium at —78°C to give the acetylenylcyclobutanol. The THP group of the
product was then deprotected with TsOH in MeOH to give the propargylalcohol, which was converted to 1-(3-methoxy-
carbonyloxy-1-propynyl)cyclobutanol using methyl chloroformate in pyridine at 0°C. Selected spectral data for 1-(3-
methoxycarbonyloxy-1-propynyl)cyclobutanols: 3b: IR (neat) 3400, 2230, 1750 cm™'; 'H NMR (300 MHz, CDCl;) §
0.88 (3H, t, J=6.9 Hz), 1.18-1.46 (12H, m), 1.53-1.66 (1H, m), 1.77-1.88 (1H, m), 2.05 (1H, dt, /=9.6 and 10.5 Hz),
2.23-2.36 (2H, m), 2.56 (1H, s), 3.82 (3H, s), 4.82 (2H, s); '*C NMR (75 MHz, CDCl») 8 14.0, 19.0, 22.6, 26.9, 29.2,
29.6,31.7,31.8,35.5,49.0,55.1, 55.8, 71.7, 79.4, 88.7, 155.4; MS m/z 254 (M*-28); HRMS calcd for Cy4H,04: 254.1518
(M*-28), found: 254.1563.

. Typical experimental procedure for the cascade reaction (entry 2 in Table 1 and entry 3 in Table 2): A slurry of the

cyclobutanol 3b (35.8 mg, 0.127 mmol), p-cresol (16.4 mg, 0.152 mmol), Pd,(dba); -CHCIl; (6.6 mg, 6.4 umol), dppe
(10.1 mg, 25.4 pmol) in dioxane (3 mL) was stirred for 1 h at 80°C. After evaporation of the solvent, flash chromatography
(silica gel, 98:2 v/v hexane:ethyl acetate) afforded the cyclopentanone 5b (32.1 mg, 80%) as a colorless oil. 5b: IR (neat)
1740 cm™'; 'TH NMR (300 MHz, CDCl5) § 0.90 (3H, t, J=6.9 Hz), 1.20-1.53 (12H, m), 1.70-1.82 (1H, m), 2.20-2.35 (2H,
m), 2.32 (3H, s), 2.36-2.56 (2H, m), 2.57 (1H, d, J=10.8 Hz), 4.03 (1H, d, J=2.1 Hz), 4.17 (1H, d, J=2.1 Hz), 6.91-6.96
(2H, m), 7.10-7.16 (2H, m); *C NMR (75 MHz, CDCls) § 14.0, 20.7, 22.5, 26.9, 27.3, 29.1, 29.6, 31.7, 34.6, 38.5, 40.5,
61.8,91.3,120.2, 121.3, 130.1, 130.2, 134.0, 152.8, 159.9, 216.7; MS m/z 314 (M*); HRMS calcd for C;;H3,0,: 314.2246
(M%), found: 314.2232.



