CHEMISTRY LETTERS, pp. 1909-1912, 1982. © The Chemical Society of Japan 1982

LACTONIZATION OF Y-HALO ESTERS WITH SILICA GEL CATALYST
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A facile synthesis of Y-butyrolactones by the lactonization
of Y-halo esters with silica gel catalyst and its application to

the stereoselective synthesis of (X)-canadensolide are described.

The acid~catalyzed lactonization of Y-halo acids is one of representative
synthetic methods of Y-butyrolactones, but is not suitable for compounds contain-
ing functional groups lable to the hydrolytic conditions since they are usually
derived from the corresponding esters.l In the course of our studies on the
allylic rearrangement of wvinylogs of «-halo ketones,z’3 we found silica gel
promotes the lactonization of Y~halo esters under neutral conditions, The
present communication describes this simple and convenient method for the prep-
aration of Y~butyrolactones with silica gel catalyst and its application to the
synthesis of bis-~Y=butyrolactones,

Table I shows several examples of the lactonizations of Y-halo esters
with silica gel catalyst, The reaction was carried out by the following pro-
cedures. The stirred mixture of Y-halo esters, silica gelu (2-6 equiv,), and
xylene was heated at the reflux temperature for 3-15 h, After the mixture was
filtered, concentration of the filtrate gave a crude product, which was purified
by chromatography or distillation. The effectiveness of silica gel catalyst
for the lactonization was investigated representatively on the conversion of
ethyl 4~bromobutanoate Qﬁ) to Y=butyrolactone (£)° When the solution of 1 in
xylene was heated at the reflux temperature in the presence of silica gel (B.h
equiv, ), lactone 2 was obtained in 66% yield., On the other hand, the thermal
treatment of %‘in xylene in the absence of silica gel resulted in the recovery
of the starting material‘;'l‘;° Although it was reported that the thermal treatment
of Y~halo esters without solvents afforded the corresponding Y-butyrolactones
in moderate yields, it required more drastic condition (170-18000) than the
present method.7

Vinylogs of Y=halo esters such as 5 and 7 were also converted to the corre-
sponding Y-=butyrolactones 6 and 8 in 63 and 46% yields, respectively. Further-
more, the present method was adapted to the cyclization of Y-halo esters pos-

sessing Y=butyrolactone skeleton., Treatment of the lactone triester 9 with
wv
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Table I, Lactonization of Y=Halo Esters and Its Vinylogs Using Silica Gel
Catalyst

Halo Esters® Y=Butyrolactone sb Yie1ld® Reaction
(%) Time (h)
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a Preparations are outlined in ref 5, b Physical data are described in

ref 6, © Isolated yields unless otherwise noted, d Determined by GLC.



Chemistry Letters, 1982 1911

silica gel afforded bis-Y-butyrolactone 10 in good yield, The last example is

the application of this procedure to thevggeparation of a key intermediate for

the synthesis of (})-canadensolide (&2)8 which is one of metabolites produced by
Penicillium canadense, Lactone diester && was
treated with silica gel to give exclusively the
bis-Y=butyrolactone 12, of which the conversion
to &2 has been estaﬂIIshed in our 1aboratory.9

Lactone 11 was prepared according to the following
A

scheme, Alkylation of dimethyl n-hexylidenemalonate &ﬂ
with trichloroethyl iodoacetate in the presence of lithium

diisopropylamide (LDA) afforded stereospecifically the trans ~

O2Me  1ch,c0,CH CCl OMe
—

O Me LDA O2Me

14
=~ CO2CH,CClg

7n COoMe

CH3CO,H COpMe —— 1)
Ki3
CO2H
16
L 0 ad
olefin 15 in 58% yield. Chemoselective hydrolysis of 15 with zinc in acetic
WAL A
acid gave the acid &é in 53% yield, which was subsequently converted to the
lactone 11 as a sole product (63% yield) by the iodolactonization.
A
The present note provides a operationally convenient, and economical

method for the syntheses of Y-butyrolactones with several ester groups.
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7 Compd 5 was prepared by the

Compd 3 was prepared by the known method,
reactlon of chloral with diethyl a-acetylglutarate in 47% yield (K 003, THF,
45°c, 12 h): bp 125-130 °c/0.,1 mmHg. Compd 7 was obtained in 68% yield by
the reaction of chloral with (Et0),P(0)CH, C(CH )=Cc(CO,Et), in the presence

of NaH: mp 20° Ce Compd 9 was prepared by the reactlon of 2=-chloro-2-
methylpropanal with die€g§l 2,3=-diethoxycarbonylbutanedioate (NaOEt, ethanol,
20 h at 2500, 1 h at reflux temp). These compds except'i'and~2 are new and

show satisfactory spectral (IR and NMR) and analytical properties,

Spectral data of Y-=butyrolactones.,
11

6: TR (neat) 1790, 1740, 1620 cm ~; “H NMR (C°1h) & 1,32 (t, 3, J = 7 Hz,

e

A

=
N

7)

8)

9)

CO,CH,CH;)s 2455 (m, 4, CH,CH,), 4.25 (a, 2, J = 7 Hz, CO,CH,CHy), 6.32
ppm (s, 1, =CH).

mp 69-71°C; IR (neat) 1800, 1720, 1620 em™'; 'H NMR (cC1,) & 1.33

(ty 3, J = 7 Hz, COZCHZCEB), 2.45 (s, 3, =C-CH3), 4,30 (g, 2, J = 7 Hz,
COZCEZCHB), 5.81 (d, 1, J = 10 Hz, >CHC1l,), 6.71 ppm (a, 1, J = 10 Hz,
=CH).

IR (neat) 1800, 1780, 1730 cm™'; 1u NMr (cDC1,) 6 1.25 (t, 3, CO,CH,CH,),
1.50 (s, 3, (CH )20'), 1.55 (s, 3, (CH )20’), 3.02 (d, 1, J = 19 Hz,
CH,C0,), 3.45 (d, 1, J = 19 Hz, CH,CO, ), 4.30 (a, 2, J = 7 Hz, COZCEZCHB),
k.55 pom (s, 1, oc<); o0 MR (CD013) & 14.0 (a), 22.8 (a), 26.5 (a),
36.3 (t), 58.9 (s), 63.9 (t), 86.3 (d), 86.9 (s), 166.6 (s), 171.6 ppm
(s).

IR (neat) 1795, 1780, 1740 cm-l; 1y nMr (cclh) 5 0.95 (br t, 3, CEBCHZ),
1.5 (m, 4, CH, (CH ) )y 1.8 (m, 2, CHy (cH )20 )y, 2.85 (d, 1, J = 18 Hz,
CH,CO ), 3. 35 (a4, 1, J = 18 Hz, CH, co )y 3.8 (s, 3, CO, H3), 4,75 (m, 1,
OCHBu), 5.05 ppm (d, 1, J = 4 Hz, )CHOCOCH ) 3¢ or (CD013) 5 13.8 (a),
82.6 (d), 165.6 (s), 171.5 ppm (s).
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