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SYNTHESIS OF COREY LACTONE VIA HIGHLY STEREOSELECTIVE
ASYMMETRIC DIELS-ALDER REACTION
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Summary: We have succeeded in a highly stereoselective asymmetric Diels-Alder reaction
between a chiral acrylate 3a derived from commercially available D-pantolactone 2 and 5-
benzyloxymethyl-cyclopentadiene 4 to give the adduct 5a in 94% d.e. and 79% yield for the synthesis of
Corey lactone 1 .

Corey lactone 1 is one of the most important key intermediates in prostaglandin syntheses
because of the wide applicability and availability. Many reports about the chiral synthesis of Corey
lactone have been knownl), and almost vig optical resolution. In this letter, we wish to report a highly
stereoselective asymmetric Diels-Alder reaction and the effective application to the synthesis of Corey
lactone 1, providing four asymmetric centers on five-membered ring of 1 at once vig Diels-Alder
reaction.2)

There has been only one successful report on the Corey lactone synthesis via Diels-Alder
reaction by Corey and coworkers themselvesS). They also accomplished the high diastereoselectivity in
the asymmetric Diels-Alder reaction between 5-benzyloxymethyl-cyclopentadiene 4 and a chiral acrylate
3b. But there have been two drawbacks in the chiral source. Firstly 3b needs four steps to be prepared

from S-(-)-pulegone. Secondly S-(-)-pulegone is not commercially available, especially in high optical

purity.
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So we have searched for the other chiral source, and found D-pantolactone 2 commercially
available in high optical purity. And we have also succeeded in a highly stereoselective asymmetric
Diels-Alder reaction between a chiral acrylate 3a, prepared from 2 in one step, and 5-benzyloxymethyl-
cyclopentadiene 4. The similar Diels- Alder reaction between a chiral acrylate 3a and non-substituted
cyclopentadiene have been widely researched by Helmchen et al.® It is very interesting that even
though 4 had a benzyloxymethyl group, which was thought to have a strong interaction with Lewis
acids, the high diastereoselectivity could be kept in our reaction.

The dienophile 3a, prepared from D-pantolactone 2 and acryl chloride by one step, was
dissolved in methylene chloride and petroleum ether (7:1), and wreated with various equivalent of TiCly
in methylene chloride at -15 *C. To this mixture, was added a methylene chloride solution of 5-
benzyloxymethyl-cyclopentadiene 4, prepared from cyclopentadiene according to the reported method
1) “his mixture was maintained for various reaction time at various low temperature and then worked
up as usual manner. The chromatographic separation of resultant mixture on silica gel afforded the endo
adduct Ja. The results under various reaction conditions are sumrmnarized in table 1.

Table 1. Asymmetric Diels-Alder reaction 3a + 4 & Sa***

entry | TiCl4 (eq)* 4 (eq)y* temperature *C (hr) yield d.e.
1 0.1 2.5 -60(1.5) trace —

2 0.1 2.5 -60(7)~> ON**~ 20 50% 92%

3 0.5 2.5 -55(10)>0.N.**= 0 74% 95%

4 0.5 2.0 554 —~ -20(16) 79% 94%

5 0.75 2.0 553 - -20(16) 60% 94%
{*equivalent to 3a ) (**ON.=Overnight) (***carried out in5-15 mmol of 3a)

When the reaction temperature was maintained for longer period at low temperature, the yield
of 3a showed the tendency to increase. The best amount of TiClgq was around 0.5 eq to 3g, and less or
more amount of the Lewis acid decreased the yield of 3a (eniry 2 and 5). We guess these phenomena
were due to the essentiality of instability of 3a and 4 under Lewis-acidic condition. The reaction
condition of entry 4 gave the highest vield (Y=79%).

The diastercofacial selectivity of this Diels- Alder adduct was determined 94%d.e. by HPL.C
method?). In addition to this high diastereofacial selectivity, the adduct 3a could be easily purified up to
100%d.e. as coloriess crystals ( m.p. 96-96.5 °C ) by single crystallization in 81%. In a point of view
of practical synthesis, this is one of the most distinguished advantages of this reaction.

After hydrolysis of Ja, the resulting carboxylic acid 6 was converted to the ketone 7 and
further to the iodolactone § according to the reported method®). The jodolactone § was obtained in high
optical purity { [a)p-34.8"(c=1.0,CHCl3),m.p.120-121 °C )7) Furthermore § was actually converted 1o
Corey lactone 1, whose analytical and spectral data are all in complete agreement with authentic sample.

Thus we have succeeded in developing a new synthetic route of Corey lactone la, which hag
included some advantages in practical synthesis.8)
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ndition
a) LiOH (3.8eq) / THF:Hy0=1:1,Y=100%b) 1) LDA (2.5eq) / THF, 2) MeSSMe( 1.5¢q)
3) NCS(2.0eq) / EtOH, 4) 2N HC1,Y=52%. €) 1) H20,(1.5eq)-NaOH(1.3eq) / Eto0:H;0=
1:1, 2) KI(3.0eq)-12(3.0eq),Y=70%. d) 1) DHP(1.5eq),p-TsOH(1mol%) / CH,Cl;,
2) BusSnH(1.0eq},AIBN / PhH, 3) H3,10%Pd-C / EtOH; AcOH=20:1,4)tBuMe;SiCl(1.1eq),
imidazole(1.3eq),Y=78%.
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