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Kazuhiko Takai,* Ryotaro Morita, Shuji Sakamoto

Department of Applied Chemistry Faculty of Engineering, Okayama University, Tsushima, Okayama 700-8530, Japan

Fax +81(86)2518094; E-mail: ktakai @cc.okayama-u.ac.jp
Received 15 July 2001

Abstract: Treatment of o,B-acetylenic ketones with chromium(ll)
in the presence of aldehydes, Me;SiCl and water in THF gives 2,5
disubstituted furansin good to excellent yields.
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One-electron transfer to o, p-unsaturated ketones produces
radical enolate species which can undergo further reac-
tions. Among the possible reductants, chromium(l1) hasa
mild reducing ability, and so the one-electron reduction of
enones proceeds without affecting the coexisting alde-
hydes. This enables chromium(l1) to be used in cross-cou-
pling reactions of enones and aldehydes.’*”? In this
communication, we report on reactions between ynones
and aldehydes initiated with chromium(l1). When the re-
actions are conducted in the presence of Me,;SICl and wa-
ter, 2,5-disubstituted furans are produced via cross-
coupling of the two carbonyl compounds.®

A mixture of ynone 1a and nonanal wastreated with CrCl,,
in DMF at 25 °C. The aldehyde was consumed in 30 min,
and the Baylis-Hillman-type adduct 2a was obtained as a
major product (37% yield) after hydrolysis (Equation 1).
In the case of the internal ynone 1b, the coupling product
2b, having aZ-configuration, was obtained in 44% yield.#
The reaction was accelerated and the yield increased to
66% by addition of Et,AICI.

o CrCl, OH O

(8.0 equiv.)
n-CgHi7CHO + R — n-CgHyy | RO @
o Z DMF, 25 °C 5
1 (2.0 equiv.) R

R’ = Ph(CHy), a: R=H additve none 0.5h 37%

b: R=Bu none 3h  44%

Et,AICI (2.0 equiv.) 2h  66%

Equation 1

The reaction course changed markedly when Me,SICl
was present in the reaction mixture.® For example, treat-
ment of a mixture of la (2.0 equiv) and nonana with
CrCl, (8.0 equiv) in the presence of Me;SiCl (6.0 equiv)
in DMF at 0°C for 4 h, followed by desilylation with
Bu,NF (4.0 equiv), gave the cross Pinacol-type diol 3a as
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amajor product, and 2a was not observed (Equation 2). In
addition, the 2,5-disubstituted furan 4a was obtained un-
expectedly in 5% yield. Because such aone-pot formation
of afuran via cross-coupling of an ynone and an aldehyde
is useful,® we explored the optimum reaction conditions
for the synthesis.

(0]

/J\ CrClp, Me3SiCl BusNF
RICHO + 2
R
41(3 DMF, 0°C, 4h THF
25 °C, 10 min
Rlzn-Can \\\
R? = Ph(CH ., POH
(CH2), . 3 R o R
R+ A\ &)
OH
3a 32% 4a 5%

Equation 2

The yield of the furan 4a increased to 51% by changing
the solvent from DMF to THF and stirring the mixture for
24 h.5> Moreover, addition of 1.0 equiv of water to the mix-
ture increased the yield to 80% (Equation 3). Further ad-
dition of water (5.0 equiv), however, resulted in a
decreaseintheyield (31%). When D,O wasused inthere-
action, deuterium was incorporated at the 3 position of 4a
in 70% content.

o}
CrClp, MesSiCl RN _O\__R?
R'CHO +// R2 N\ / ®
1a THF, 25°C, 24 h

4a (D)
1
R =n-CgHy7 additive none  51%
R2 = Ph(CH,), D,O  80% (D: 70%)
Equation 3

The results of the synthesis of 2,5-disubstituted furans
from ynones and aldehydes are shown in the Table. Be-
cause organochromium reagents add selectively to alde-
hydes, the furan formation can be accomplished without
affecting the coexisting ketone group (Table, entry 5).5
Because reduction of the substituted ynone 1b with CrCl,,
did not proceed in THF at 25 °C (95% recovery after stir-
ring for 24 h), a 2,3,5-trisubstituted furan could not be ob-
tained. In order to reduce the amount of the chromium
salt, a catalytic cycle with manganese as a reductant of
chromium(l11) was examined.” However, the yield of 4a
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Table Synthesis of 2,5-Disubstituted Furans®

o
/J\ CrCly, MesSiCl, H,O R O R2
RICHO + __~ “go \@/
/

THF, 25°C, 24 h

Entry R! R? Yield /%°
1 n-CeHyy Ph(CH,), (4a) 80
2 31°
3 ¢-CeHyy Ph(CH,), 65
4 Ph Ph(CH,), 73
5 MeCO(CH,); Ph(CH,), 79
6 Ph(CH,), c-CgHyy 72
7 ¢-CeHyy c-CeHyy 57
8 Ph ¢-CeHyy 70

2 Reactions were conducted on a 1.0 mmol scale. Y none (2.0 mmol),
CrCl, (8.0 mmol), Me;SiCl (6.0 mmol), and water (1.0 mmol) were
used per mmole of an aldehyde.

b |solated yields.

¢ CrCl, (0.8 mmol), Mn (8.0 mmol), Me;SiCl (6.0 mmol), and water
(2.0 mmol) were used per mmole of nonanal.

became 31% yield, probably dueto the slow reaction (Ta-
ble, entry 2).

A plausible mechanism for the formation of the Baylis—
Hillman-type adduct and furan, promoted by chromi-
um(ll), is shown in Scheme 1. One-electron reduction of
the acetylenic ketone 5 with Cr(I1) gives the allenyl eno-
late radical 6. Under anhydrous conditions, an aldol reac-
tion of 6 with an adehyde proceeds and a second one-
electron reduction gives 7. In contrast to the case of enone,
cyclopropanol formation from 7 does not occur,? and the
Baylis—Hillman type adduct 8 is produced as a major
product after hydrolysis. When Me,SICl and water are
added to the reaction mixture, hydrochloric acid is gener-
ated in situ.? Protonation of the enolate 6 followed by a
second one-electron reduction proceeds to give the B-
chromioenone 10. When the amount of protonsisinsuffi-
cient, 8 and 9 are obtained as byproducts.® Addition of 10
to an aldehyde® followed by ring closure and elimination
produces the 2,5-disubstituted furan 13.2° This mecha-
nism explains the incorporation of deuterium at the 3-po-
sition of 13 when D,O was used.***2

In conclusion, a,B-acetylenic ketones are reduced with
chromium(ll) in DMF to give alenyl enolate radicals,
which add to aldehydesto give Baylis-Hillman-type prod-
ucts. When the reductions are conducted in the presence
of Me;SiCl and water in THF, 2,5-disubstituted furans are
produced in good to excellent yields.

Typical Procedure

(Table 1, entry 1) To amixture of CrCl, (0.98 g, 8.0 mmol) in THF
(14 mL) was added Me;SiCl (0.76 mL, 6.0 mmol) and a THF solu-
tion of water (1.0 mmol), and the mixture was stirred at 25 °C for
20 min. A solution of nonanal (0.14 g, 1.0 mmol) and 5-phenyl-1-

0 cro 0 HO 0

ocr'" In
)\ cr''o (e} HO 0
R2 1 2
Z T F— Rl)W‘/U\RZ

cr! 7 H20 8

Ha0*

LD;;O)')
(e}

(D)
crl! l Rly l 11 OH 12
1

(0]
©) , R o Coc  ri__o_ R
RN
cri 10 D) 13 O

Scheme 1

pentyn-3-one (0.32 g, 2.0 mmol) in THF (10 mL) was added at
25 °C. After stirring for 24 h at 25 °C, the reaction mixture was
poured into water (10 mL). The mixture was extracted with ether
(3x 20 mL) and the organic extracts were dried over anhydrous
magnesium sulfate and concentrated. Purification by column chro-
matography on silica gel (hexane) gave 2-octyl-5-(2-phenyleth-
yl)furan 4ain 80% yield (0.23 g, 0.80 mmol). 4a: bp 130 °C (bath
temp, 0.2 Torr); IR (neat): 3028, 2953, 2926, 2855, 1567, 1497,
1455, 1015, 780, 749, 698, 666 cm™; *H NMR (CDCl5): § 0.89 (t,
J=6.8 Hz, 3H), 1.28-1.32 (m, 10 H), 1.58-1.65 (m, 2 H), 2.57 (t,
J=7.7Hz, 2H), 2.86-2.96 (m, 4 H), 5.84 (s, 2 H), 7.17-7.30 (M, 5
H); C NMR (CDCl,): § 14.1, 22.7, 28.1, 28.2, 29.2, 29.2, 29.3,
30.0, 31.9, 34.5, 104.9, 105.5, 125.9, 128.3, 128.4, 141.5, 153.4,
154.9.
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OH
OH O
RY R2 R2
Rl | RZ 1 Rl |
14 15
2a 13% OH 21% OH 3%
Rl =n-CgHyz R?=Ph(CHy),
Figure
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0
Rl - Hzo R O. R2
X R2 —————= \ / 4)
oH 15 CDCly

. . 4a
R n-CgHi7, R Ph(CH2)2

Equation 4
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ocr' 0OSiMeg OSiMe3
/]\ MesSiCl )\ cr!
: R2 —> ; R2 crt : R?
./ 6 ./ \/ 16
RCHO
H,0
n 2 OSiMe
PR (Dzo) ocr" )\ :
\ / R?
Scheme 2
CI’C|2
PhCHO +
OP(OPh) TH
25°C, 24 h HO Ph g194
O“M/O
crit Ph
17 not detected
Equation 5
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