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Development of cascade cyclization reaction via the direct activation of
propargylalcohols

YOSHIDA, MASAHIRO

3,900,000

1,3-

Propargylic compounds having an elimination group at the propargylic
position are known as useful substrates in the palladium-catalyzed reactions. The reaction often
employs activated propargylic alcohol derivatives such as propargylic esters, carbonates and
halides, and no examples have been reported about the palladium-catalyzed reactions of underivatized

propargylic alcohols with soft nucleophiles. The author developed palladium and boric
acid-catalyzed cyclization of underivatized 1,3-diaryl propargylic alcohols with 1,
3-cyclohexanediones. Boric acid plays a role for the efficient activation of the propargylic
alcohols. Various substituted tetrahydrobenzofuranones were obtained in moderate to good yields.

Reactions using 4-hydroxy-2-pyrones as the nucleophile also proceeded to afford the substituted
dihydrofuropyranones.
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la 1,3-cyclohexanedione (2a)
dioxane 10mol%  Pd(PPhs),
(Table 1)
1 B(OH)s
3aa 45%
(entry
1) BF; OEt,
(entry 2) Sc(OTf)3
(entry 3)
(entries 4-10)
(entries 4-6)
(entries 7-9) B(O'Pr);
52%
(entry 9)
3aa

(entry 10)



Tablel
OH
Ph——=
Ph 10 mol% Pd(PPhs); 7 Ph
1a 1 equiv Lewis acid
* - PN Ph
o dioxane, 100 °C
o
iJ\AI\ 3aa
O
2a
Entry Activator Time (h) Yield (%)
1 B(OH)s 3 45
2 BF;-OEt, 1 decomp
3 Sc(OTh); 5 10
4 MeB(OH), 25 12
5 EtB(OH), 35 31
6  BuB(OH), 55 19
7 B(OMe); 6 12
8 B(OTMS); 9 30
9 B(O'Pr); 3 52
10 PhCO,H 3 decomp
(Table 2) -5 mol%
sz(dba)g' CHC13 1 B(OIPI')3
(entries 1-8)
BINAP 3aa 76%
(entry 7) entry 7
B(OH);
80% 3aa
(entry 8)
Table2
OH 5 mol%
Ph——— Pdy(dba)s CHCl3
Ph 20 mol% ligand (0] Ph
1a 1 equiv Lewis acid /
+ -,
0 dioxane, 100 °C Ph
2-6h 0
3aa
o
2a
Entry Ligand Lewis acid Yield (%)
1 DPPE B(O'Pr); 34
2 DPPP B(O'Pr); 67
3 DPPB B(O'Pr); 71
4 DPPPent B(O'Pr); 55
5 DPPF B(O'Pr); 48
6 DPEPhos B(O'Pr); 32
7 BINAP B(O'Pr); 76
8 BINAP B(OH); 80
(Table 3) 20 mol% BINAP 1
B(OH);

(entries 1-3) Pd(OAc),
87%

(entry 3) B(OH);
20 mol%
84%
(entry 4) B(OH),
20% (entry 5)
Table3
—<OH
Ph— 10 mol% palladium
Ph 20 mol% BINAP o 7 Ph
1+a B(OH);
o dioxane, 100 °C Ph
2-3h %
(0]
2a
Entry Palladium Amount of Yield (%)
B(OH),
1 Pd(OCOCF;), 1 equiv 46
2 PdCl,(MeCN), 1 equiv no reaction
3 Pd(OAc), 1 equiv 87
4 Pd(OAc), 0.2 equiv 84
5 Pd(OAc), none 20
1b- 1le
Table 4
1b- 1le
2a
3ba—3ea
(entries 1-4)
3ea
X Z
Table4
OH
Al —
' <Ar 10 mol% Pd(OAc),
bt 20 mol% BINAP @ 7 Ar
—le 20 mol% B(OH)3
+ : o Ar
0 dioxane, 100 °C o
2-4 h
3ba-3ea
o
2a
E Substrate 1 Product 3 Yield
ntry Ar roduct (%)
4-methylphenyl
1 3ba 81
(1b)
2-fluorophenyl
2 3ca 85
(10
3 4-fluorophenyl 3da 2
(1d)
4 4-chrolophenyl 3ea g4
(1¢)




la
B 2b—2e
(Table 5)
5
2b 2c
3ab 3ac
(entries 1 and 2) 5-
d 3ad
(entry 3)
2e 3ae
(entry 4)
Table 5
Reactions using substituted 1,3-cyclohexanediones 2b—2e.?
Entry Substrate 2 Product 3 Yield (%)
(0] O Ph
Ph (dri1:1)
O 0]
2b 3ab
(e} (e} Ph
2 / 80
Ph (drl:1)
Ph o] Ph 0
2¢ 3ac
o o} Ph
5 !
Ph 7
e O
2d 3ad
e} o Ph
/
b 53
4 Ph (brsm)
0 (e}
2e 3ae

2 The reactions were carried out using 1a and 2 (1.2 equiv) in the
presence of 10 mol% Pd(OAc),, 20 mol% BINAP and 20 ml1%
B(OH)j; in dioxane at 100 °C for 2—4 h.

b3 equiv of 2e was used.
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Table 6
Reactions using substituted 4-hydroxy-2-pyrones 2f-2Kk.
Entry Substrate 2 Product 3 Yield (%)
]
1 o) ‘ 62
N-"0H
2f
]
2 92
3 91
4 72
5 48
6 72

2 The reactions were carried out using 1a and 2 (1.2 equiv) in the
presence of 10 mol% Pd(OAc),, 20 mol% BINAP and 20 mol%
B(OH); in dioxane at 100 °C for 2—4 h.
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