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Abstract: The dihydroisocoumarin fragment of the gastroprotective natural product AI-77-B has
been synthesized in optically active form by using a regiospecific Diels-Alder reaction of 1-methoxy-
1,3-cyclohexadiene and an acetylenic ester derivative, prepared stereoselectively from leucinal.
© 1998 Elsevier Science Ltd. All rights reserved.

The 3.4- dlhvd isocoumarins are important structural featu es for many biologically active
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established by Shimojima and co-workers through spectrai studies and X-ray crystallographic
analysis.> AI-77-B represents a unique drug class since it has shown potent antiulcerogenic activity
towards stress ulcers without any anticholinergic, antihistaminergic or central suppressive effects.> In
view of its significance as a gastroprotective agent, synthetic studies and further structural
modification of AI-77-B has become the subject of immense interest over the years. Already, a number
of total syntheses as well as several partial syntheses of AI-77-B have been reported.* > Thus far, the

major strategy for the construction of the dihydroisocoumarin segment has been the addition of
anione derived from ortho-toluvl ecter or oxazoline to nrotected leucinal. Thic annroach generally
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Herein, we report a stereoselective route to the

-
results in a mixture of epimers at the C-3 position.
7-B by a regiospecific Diels-Alder reaction of I-methoxy-1,3-

dihydroisocoumarin segment of Al-7
cyclohexadiene and substituted acetylenic ester derivative as a dienophile. Both the natural C-3(S)-
configuration and its epimer have been generated diastereoselectively by allyl-metal or propargyl-

metal addition to leucinal %’

AlL-77-B (1)
As depicted in Figure 1, we planned to construct the dihydroisocoumarin skeleton by a Diels-

Alder reaction as the key step. Thermal Diels-Alder reactions of 1-methoxy-1,3-cyclohexadiene and
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conveniently. This strategy has been utilized for the syntheses of mellein, phthalates and phenols.
For the synthesis of dihydroisocoumarin fragment 2, we first synthesized the acetylenic substrate
stereoselectively. As shown in Scheme 1, the known N-BOC-leucinal § was prepared in multigram
scale by LAH reduction of the corresponding Weinreb amide.” Treatment of 5 with 2 equiv of SnCl,
at -78°C followed by dropwise addition of allyltributyltin in CH,Cl, provided the homoallylic alcohol

Scheme 1
G I} 1. Me,C(OMe), \J o
5o C_g\/u\ Q_ SuBus BOC _ CHCL2C_ ”\/k// CHO
; H SnCly CH,Clp 2 03, CH,Cl, ”
-~ 5 -78°C, 4 h \/ 6 -78°C -~ T
HC=C-CH,Br o o Cs5CO4
Zn, DMF-Et,0 ~OMe |
o0°C. 191 )H(P\ OMe 1-propanol
Yy v No§g Y
H QH \/]'-“G R \/L‘{J‘ R
S ' I
BOC-N\/\/ M% BOC- /// BOC-N\/'\/
. CH,Cl,, 23°C
\l/ 11 \|/ \I/
nBuLi,-78°c [ 12R=H nBuLi,-78°C [— 9R=H
CICO,Me 13 R = CO,Me CICO,Me l>1 CO,Me

6 in 60% yield as a 14:1 mixture of diastereomers by '*C-NMR analysis. The reaction of 5 with
allyltrimethylsilane in the presence of SnCl, at -78°C has also resulted in 6 with comparable
diastereoselectivities.®® The stereochemical assignment of alcohol 6 was based upon a chelated
transition state model A shown in Figure 2. Such allyl metal addition to a-aminoaldehydes has been
previously studied by Kiyooka er al and Rich er al® Homoallylic alcohol 6 was converted to
protected aldehyde 7 by treatment with dimethoxypropane in the presence of a catalytic

amount of p-TsOH at 23°C for 12 h followed by ozonolytic cleavage of the resulting olefin at -78°C

amount T'sOH for 12hf zonolytic cleavag ! ulting olefin at

H ~_
o
Ao K LA
Nu m\r/Q 0 —» 6 (Syn  (Ant) 11 -— N—( | ) <= Nu
H /I’Cl /0 \ T H
A o, (IZI a (Figure 2) —7\ © B

(76% from 6). The C-NMR analysis revealed the presence of a single diastereomer at this point.
Installation of the acetylenic functionality was accomplished by exposure of the aldehyde 7 to 1.5
equiv of 1-diazo-2-oxopropyl phosphonate 8'° in propanol followed by addition of 2 equiv of Cs,CO,
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at 0°-23°C ction proceeded smoo _y plundulg tne acetyie lene derivative 9 in 82%
yield after silica gel chromatography. Acetylene 9 was then deprotonated with 1.5 equiv of n-BuLi in
THF at -78°C for 1 h and the resuiting lithium acetylide was treated with methyl chloroformate at
-78°C to furnish the acetylenic ester 10 in 86% yield. The corresponding C-3 epimer 13 was
synthesized stereoselectively by an alternative route. Thus, N-BOC-Leucinal 5 in a mixture (1:1) of
DMF and Et,0 at 0°C, was treated with 4 equiv of propargyl bromide followed by slow addition of
zinc dust at 0°C.” The resulting mixture was allowed to stir at 0° to 23°C for 12 h to provide the

aphy. The 'H-NMR and *C-NMR
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homopropargylic alcohol 11 in 62% yield after silica gel chromatogr.

polar C-N b()nd as depu,ted in Flgure 2“

The BOC-aminoalcohol 11 was protected as the
isopropylidene derivative by treatment with dimethoxypropane in the presence of a catailytic amount
of p-TsOH at 23°C to furnish 12 in 95% yield. Acetylene 12 was converted to acetylenic ester 13 as a
single diastereomer in 85% yield as described above.

The Diels-Alder reaction of acetylenic ester 10 with excess of 1-methoxy-1,3- cyclohexadiene 3
(10 equiv) was carried out in toluene in a sealed tube at 175°C bath temperature for 72 h (Scheme 2).
The cycloaddition proceeded with the extrusion of ethylene to provide the benzoate derivative

15 in 73% yield after silica gel chromatography. Exposure of benzoate derivative 15 to a catalytic

Scheme 2
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the reported data.* For the synthesis of the C-3 epimer, cycloaddition of 3 with dienophile 13 was
carried out under similar conditions to furnish the cycloadduct 16 in 84% yield. Treatment of 16 with
p-TsOH in MeOH afforded the epimeric dihydroisocoumarin derivative 17 (o,> = +81.5; ¢, 2.92,
CH;OH) in quantitative yield."
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a regiospecific Diels-Alder reaction as the key step. The route allows the d‘astereoseiecuve synthesis
of 3,4-dihydroisocoumarin derivative 2 or its C-3 epimer 17 from N-BOC-leucinal. Further synthetic

studies of Al-77-B are currently under investigation.
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