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Using PAClo(PhCN)2-SnCl», 2-methylene-3-buten-1-0l causes carbonyl allylation
of various aldehydes to afford 1-substituted-3-methylene-4-penten-1-ols; the Diels- Alder
reaction of those with dienophiles produces 1-(2-hydroxyethyl)cyclohexenes. Diels-
Alder reaction of 2-methylene-3-buten-1-ol with dienophiles followed by carbonyl

allylation produces structurally isomeric 1-methylene-2-(hydroxymethyl)cyclohexanes.

Carbonyl allylation by isoprenylmetal compounds is one of the most reliable methods for introduction of
1,3-diene skeleton, and can be applied to the synthesis of ipsenol and ipsdienol.1‘3) One starting material, 2-
bromomethyl-1,3-butadiene is unstable and is usually prepared from 2-methylene-3-buten-1-ol (1).1) Other
starting materials, 2-(trimethylsilyl)methyl-1,3-butadiene2) and 2-(trimethylstannyl)methyl-1,3-butadiene3) are
somewhat troublesome to prepare. We report here palladium-catalyzed carbonyl allylation by 2-methylene-3-
buten-1-ol (1), easily derived from 3,4-epoxy-3-methyl-1-butene with lithium diisopropylamide,l) with SnClr4)
and construction of structurally isomeric six-membered cyclic systems by A) carbonyl allylation/Diels-Alder
reaction and B) Diels-Alder reaction/carbonyl allylation.5)

Carbonyl allylation by 1 was carried out in the presence of PACly(PhCN)20) with SnCly at ambient
temperature’) in THF-H,08) 10 produce the corresponding 3—methylene-4-penten-1-015.9) The results are
summarized in Table 1. The carbonyl allylation is very slow, but both aromatic and aliphatic aldehydes can be
employed. Aldehyde chemoselectively reacted in the presence of ester or aryl halide under those conditions. The

preparation of ipsenol (2e) was achieved by the reaction of 3-methylbutanal with 1.
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Table 1. Palladium-Catalyzed Carbonyl Allylation by 1 with SnCl,2)
PdCI,(PhCN),

~J_on + Reho Sncle - \)J\/Okl;

THF/H,O, r. 1., 8 days

2
Entry R Product Yield/%D)
1 CeHs 2a 78
2 4-CH300CCgH4 2b 83
3 3,4-(CH202)CgH3 2¢ 76
4 2-BrCgHy 2d 76
5 (CH3)2,CHCH2 2e 56
6 c-CeHi1 2f 58
7 CeHs(CH2)2 2g 68
8 CeHsCH(CH3) 2h 740)
9 CH,=CH(CH>)g 2i 79

a) The reaction of 2-methylene-3-buten-1-ol (1, 0.13 g, 1.5 mmol) and aldehydes (1
mmol) was carried out with PdClp(PhCN)> (8 mg, 0.02 mmol) and SnCl; (0.57 g, 3
mmol) in THF/H7O (3/1, 4 mL) at room temperature under a nitrogen atmosphere. b)
Isolated yields. c) syn:anti=72:28.
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Scheme 1.
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Table 2. Diels-Alder Reaction of 3 with Dienophilesa)

Entry Diene Dienophile Product Yield/%®

OAc

2 3g MeQOC 4b; R=C¢Hy(CHy), 70

3 3a . COOMe MeOOCU/\rR 4c; R=C¢H; 739
MeOOC MeOOC™ OAc

4 3g 4d; R=C¢H(CH,y), 779

5 3a MeOOC—=-COOMe MeOOCIj(\r R 4e; R=C¢H; 759

MeOOC OAc .

6 3g 4f; R=C¢H5(CH,), 739

a) The reaction of 3 (1 mmol) with dienophiles (1.5 mmol) was carried out in refluxing toluene (5
ml) for 48 h. b) Isolated yields. c¢) The structure and ratio of diastereomers were not confirmed.
d) 4e and 4f contain dehydrogenated aromatic compounds in 17% and 43% yields, respectively.

Table 3. Diels-Alder Reaction of 1 with Dienophiles and Carbonyl Allylation by §

E Diels-Alder Reaction® Carbonyl Allylation®
nry Dienophile Product Yield/%® Product Yield/%®
MeOOGC MeOOC

MeOOC  COOMe OH d)
1 _ MeOOCU\ 5a 75 MeOOCmPh 6a 88
OH
COOMe MeOOC,, MeOOC,,
2 ~ Q/\OH 5b 85 000 Ph 6b 719
MeOOC MeOOC OH
MeOOG MeOOC
3 MeOOC—==—COOMe U\OH s5¢ 72 MeOOC]C/(rPh 6c 799
MeOOC OH

a) The reaction of 1 (84 mg, 1 mmol) with dienophiles (1.5 mmol) was carried out in refluxing
benzene (5 ml) for 48 h. b) The allylation of benzaldehyde (0.16 g, 1.5 mmol) by § (1 mmol) was
carried out with PdCl2(PhCN)2 (8 mg, 0.02 mmol) and SnCl, (0.38 g, 2 mmol) in DMI (3 ml) at 50
°C for 5-7 days. c) Isolated yields. d) The structure and ratio of diastereomers were not confirmed. e)
The diastereomer ratio is 85:15.

Formation of structurally isomeric six-membered cyclic compounds was carried out with 1, benzaldehyde,
and a few dienophiles via A) carbonyl allylation followed by Diels-Alder reaction or B) Diels-Alder reaction
followed by carbonyl allylation.9) The reactions are illustrated in Scheme 1. 3-Methylene-1-phenyl-4-penten-1-
ol (2a), prepared by the carbonyl allylation of benzaldehyde with 1, was not applied to Diels-Alder reaction with

dienophiles, because 2a caused polymerization. 3-Methylene-1-phenyl-4-pentenyl acetate (3a), derived from 3-



1202 Chemistry Letters, 1993

methylene-1-phenyl-4-penten-1-ol (2a) with acetic anhydride, caused Diels-Alder reaction with dienophiles to
produce 1-(2-hydroxyalkyl)cyclohexene derivatives 4 (Table 2). 3-Methylene-1-(2-phenylethyl)-4-pentenyl
acetate (3g) can be also employed in the Diels-Alder reaction (Table 2). Diels-Alder reaction of 1 with
dienophiles in refluxing benzene afforded 1-(hydroxymethyl)cyclohexene derivatives 5, which reacted with
benzaldehyde in the presence of PACla(PhCN)3-SnCly to produce 1-(1-hydroxy-1-phenylmethyl)-2-
methylenecyclohexane derivatives 6 regioselectively (Table 3). These results show that order of those reactions
controls regiochemistry in the connection of three components, namely 1, benzaldehyde, and dienophiles.
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9) All new compounds obtained here exhibited satisfactory spectral and physical properties. Typical 1H NMR
(CDCl3) spectra of compounds 2, 4, 5, and 6 are as follows. 2a: 8 2.11 (br, 1H), 2.56 (dd, /=14.3, 8.9
Hz, 1H), 2.70 (dd, /=14.3, 4.0 Hz, 1H), 4.84 (dd, J=8.9, 4.0 Hz, 1H), 5.10 (s, 1H), 5.15 (d, /=10.4 Hz,
1H), 5.17 (s, 1H), 5.33 (d, /=17.3 Hz, 1H), 6.41 (dd, /=17.3, 10.4 Hz, 1H), 7.37 (br, 5H). 4c: § 2.05
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2.38-2.54 (m, 2H), 2.79-2.97 (m, 2H), 3.70 (s, 6H), 4.02 (s, 2H), 5.70 (br, 1H). 6b: & 1.44-1.73 (m,
1H), 2.10-2.58 (m, 5H), 2.62-2.83 (m, 1H), 2.86-3.07 (m, 1H), 3.57, 3.61, 3.68, 3.70, 3.71, 3.72 (6s,
6H), 4.68-4.85 (m, 1H), 5.07, 5.12, 5.18, 5.54 (4br.s, 2H), 7.31-7.43 (m, 5H).
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