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An efficient and highly stereoselective synthesis of the gastroprotective natural product Al-77-B is described. The stereocenters of the hydroxy
amino acid moiety were generated by an ester-derived titanium-enolate-mediated syn-aldol reaction, a Curtius rearrangement, and application

of Dondoni’s aldehyde homologation. Condensation with the dihydroisocoumarin fragment and subsequent deprotecting transformations furnished
optically active Al-77-B.

Al-77-B (1), a novel pseudopeptide, was isolated from the droxyamino acid moiety have now been repoft€die
culture broth ofBacillus pumilusAl-77 in 1982! This recently reported a stereoselective route to the dihydroiso-
strongly fluorescent pseudopeptide is composed of a 3,4-coumarin fragment by a regiospecific Diel8lder reaction
dihydroisocoumarin linked to a dihydrox3~amino acid side  of 1-methoxy-1,3-cyclohexadiene and an alkynic ester de-
chain. Its structure and absolute configuration were estab-rivative which was prepared stereoselectively frhABoc-
lished by Shimojima and co-workers through spectral studies L-leucinal” The dihydroxyamino acid moiety has now been
and X-ray crystallographic analysif\l-77-B represents an  synthesized using an ester-derived titanium-enolate-mediated
important drug class since it exhibits potent antiulcerogenic synaldol reaction, a Curtius rearrangement, and Dondoni’s
activity toward stress ulcers without anticholinergic, anti- @@ md 5 V. Tavior W, CStudios 1 Natural Product

. . . . . . a Clnerney, b. V.; laylor, . udies In Natural roducts
h'SIammerglc' or centrgl suppressive side efféthIe Al- . Chemistry Atta-ur-Rahman, Ed.; Elsevier Science: Amsterdam; 1995, Vol.
77-B has shown very important gastroprotective properties, 15, p 381. (b) Hill, R. A.Prog. Chem. Org. Nat. ProdL986 49, 1.
; ; ial ic limi (5) Total syntheses: (a) Kotsuki, H.; Araki, T.; Miyazaki, A.; lwasaki,
its thergpeutlc potgntlal is limited becausel of poor oral M.; Datta, P. K.Org. Lett. 1999 1, 499. (b) Broady, S. D.; Rexhausen, J.
absorption properties. As a result, synthetic studies andg.; Thomas, E. 1. Chem. Soc., Perkin Trans1999 1083. (c) Ward, R.
further structural modification of Al-77-B have become the ﬁ-:lpﬂéﬁeh %‘Tt iltfgggd;gn;ggi%‘ Vb23glh(dg\ Dgfgn?t, J&Mt-: \ao%el, P.

. . . e . ely. Im. AC 3 . (e ard, R. A.; Procter, G.etranedron
subject O_f enormous 'nter‘?St- Some StI’UCﬂI_IﬁIVIty studies Lett. 1992 33, 3359. (f) Broady, S. D.; Rexhausen, J. E.; Thomas, B. J
resulted in new orally active prodrugs derived from Al-77- Chem. Soc., Chem. Commua®91, 708. (g) Hamada, Y.; Hara, O.; Kawai,

; ; ; ; - A.; Kohno, Y.; Shioiri, T.Tetrahedron1991, 47, 8635. (h) Hamada, Y.;
B, WhICh are np_vel in their combined antiinflammatory and Kawai, A. Kohno, Y. Hara. O.: Shioifi. TJ. Am. Chem. S0d989 111,
antiulcer activities:* 1524,
A number of total syntheses of Al-77-B and synthetic _ (6) Dihydroisocoumarin moiety: (a) Superchi, S.; Minutolo, F.; Pini,
. . . . D.; Salvadori, PJ. Org. Chem1996 61, 3183. (b) Bertelli, L.; Fiaschi,
approaches to either the dihydroisocoumarin or the hy- R Napolitano, E.Gazz. Chim. Ital.1993 123 669. (c) Kotsuki, H.;

Miyazaki, A.; Ochi, M. Chem. Lett.1992 1255. Hydroxyamino acid
(1) sShimojima, Y.; Hayashi, H.; Ooka, T.; Shibukawa, Rgric. Biol. moiety: (d) Shinozaki, K.; Mizuno, K.; Masaki, YChem. Pharm. Bull
Chem 1982 46, 1823. 1996 44, 1823. (e) Hamada, Y.; Kawai, A.; Matsui, T.; Hara, O.; Shioiri,

(2) (a) Shimojima, Y.; Hayashi, H.; Ooka, T.; Shibukawa, Tétrahedron T. Tetrahedron199Q 46, 4823. (f) Gesson, J. P.; Jaquesy, J. C.; Mondon,
1984 40, 2519. (b) Shimojima, Y.; Hayashi, H.; Ooka, T.; Shibukawa, M. M. Tetrahedron Lett1989 47, 6503. (g) lkota, N.; Hanaki, AChem.

Tetrahedron Lett1982 23, 5435. Pharm. Bull.1989 37, 7(4), 1087. (h) Kawai, A.; Hara, O.; Hamada, Y.;
(3) () Shimojima, Y.; Shirai, T.; Baba, T.; Hayashi, H.Med. Chem Shioiri, T. Tetraheron Lett1988 29, 6331.
1985 28, 3. (b) Shimojima, Y.; Hayashi, H.. Med. Chem1983 26, 1370. (7) Ghosh A. K.; Cappiello, JTetraheron Lett1998 39, 8803.
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aldehyde homologation as the key steps. Herein, we report{jj | [ IIININGNGQNGEEEEEEE

a convergent and highly stereocontrolled total synthesis of Scheme %
Al-77-B in which four of the five stereogenic centers have Ts Ts.
been set by asymmetric synthesis. “NH NH o oH
Our synthetic plan for Al-77-BY) is outlined in Figure @Q_OR b @Q_OMOBn
1. Retrosynthetically, assembly of Al-77-B can be carried \/
a 8 R=H 10
9 R = CO-(CHy»CH=CH, ic’d
HO O o
ol
0 H OH  NH, Boc-N I OBn e f Q
' N;MCOQH NN ~———  HN_A_OBn
O OH N 6 R N
AI-77-B (1) lg .
MeO O U
0 1 Yo . o )
; H OP NHR Boc-N H 1 Boc-N \N
N-Boc + Ho\n)\/'vcosz ~ N > .
: 2 0 X OR
& bp - 5 -
2 3

‘ 13R=H K
U U j 14 R=TMS
OMe  CO,R Lm WLQ N

é - o O 4 B Boc-N\/\(‘\N
| | O Boc-N__A !
+ NR : OH 15 X~ OBn
' OBn
5

7
2 (a) 4-Pentenoic acid, DCC, DMAP, Gal,, 23°C (99%); (b)
4 TiClg, 'PrNEb, 0—23°C, 1 h, then BnOCKLCHO, —78°C, 20 min
U (97%); (c) LiOH, HO,, THF—H,0 (3:1), 23°C 12 h (96%); (d)
DPPA, NE§, CH,Cl,, reflux, 12 h (92%); (€) Bo®©, NEt, DMAP,
THF, 23°C, 2 h, then aqueous NaGHEtOH (1:1) (96%); (f) DMP,

o on #—o TsOH, CHCl,, 23 °C, 6 h (92%): (g) Li/NH, THF, —33 °C, 5

. oR BN, o OB min (95%); (h) (COCR, DMSO, NE, CH,Cl,, — 78° to 0 °C

Xe=0" C—  BoeN_ A OBn (95%); (i) 2-TST, CHCly, 23°C, 6 h (85%); (j)"Bu4N*F-, THF,
~ 7 ~ & 23°C, 20 min; (k) NaH, BnBrBu,N*I-, THF, 12 h (95%): ()

MeOTf, 4 A MS, MeCN, 23°C, 30 min, NaBH, MeOH, 0°C, 30

Figure 1. min, then CuO, CuGtH,0, MeCN-H,0 (10:1), 23°C, 10 min

(82%); (m) NaCIQ, NaH,PO,-H,0, 2-methyl-2-butenéBuOH—
H,0 (5:1) (98%).

out by coupling of dihydroisocoumarin fragme@t and
dihydroxyamino acid3. The synthesis off-amino acid3 o .
could be generated from isopropylidene derivatieoy amine in CHCI, at 23 °C generated 'thPT Correspondm.g
oxidative cleavage of the terminal olefin. Thehydroxy acid titanium-enolate. Reaction of the .resultlng enolate with
of 4 would be elaborated via stereoselective addition to the Penzyloxyacetaldehyde ai78 °C furnishedsynaldolate10
corresponding aldehyde derived frofn Protected amino @S 2 single diastereomer in 97% yield after silica gel
alcohol6 would be obtained from the correspondifidny- chromatography. Ester hydrolys!s W_|th I|th|_um hydroxide in
droxy acid of7 by a Curtius rearrangement. The stereocenters the presence of hydrogen peroxide in a mixture of THF and
of 7 can be set by an asymmetsignselective aldol reaction. ~ Water (3:1) gave the correspondifighydroxy acid. Chiral

An optically active synthesis of the dihydroisocoumarin auxiliary 8 was recovered without loss of optical purity (92%

segment?) has already been achieved using a Did\der recovery). Conversioq of the-hydroxy gcid to oxazolidinone
reaction of 1-methoxy-1,3-cyclohexadiene and acetylenic 11Was then accomplished by a Curtius rearrangerh&he
ester derivatives.” acid was reacted with diphenylphosphoryl azide and triethyl-

As shown in Scheme 1, we planned to utilize an ester- @mine in CHCl,, and the resulting mixture was heated at

derived titanium-enolate-mediatexyrraldol reaction with

i _  (8)(a) Ghosh, A. K.; Fidanze, S.; Senanayake, CShinthesis1998
benzyloxyacetaldehyde to install both stereocenters of al 937. (b) Ghosh, A. K.; Fidanze, S.; Onishi, M.; Hussain, KTatrahedron

dolate7.8 Accordingly, acylation of {)-(1S2R)-1-(N-tosyl- Lett. 1997 38, 7171. (c) Ghosh, A. K.; Onishi, Ml. Am. Chem. S04996
amino)-2-indanolB with 4-pentenoic acid was carried out 118 2527. o
with DCC and DMAP to furnish estein nearly quantitative o, (@) © hglst'..@'eKé J.L'g’rg\{v ghe%gés%hgg]'igg?. ?Cl) Sire. ()

yield & Exposure of9 to TiCl, and N,N-diisopropylethyl- Ninomiya, K.; Yamada, SJ. Am. Chem. Sod972 94, 6203.
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reflux for 12 h to afford oxazolidinone derivativiel in 92%
yield as a single isomer byH and *3C NMR analysis'°
Treatment of11 with Boc,O and triethylamine in the
presence of a catalytic amount of DMAP in THF at 23

for 2 h and subsequent hydrolysis of tNeBoc-oxazolidi-
none derivative with sodium hydroxide in a mixture of EtOH
and water (1:1) provided thé-Boc-protected amino alcohol
in 96% vyield. Protection of the amino alcohol &§O-
isopropylidene using 2,2-dimethoxypropane and a catalytic
amount ofp-TsOH in CHCI, at 23°C afforded acetonidé

in 92% vyield. Reductive cleavage of the benzyl ether was
achieved by exposure @to lithium in liquid ammonia at
—33°C for 5 min. The resulting alcohol was then oxidized
to aldehydel2 under Swern conditions. Stereoselective
homologation ofl2was carried out by a procedure developed
by Dondoni and co-workers. Treatment ofL2 with 2-(tri-
methylsilyl)thiazole in CHCI, at 23°C for 6 h yielded a
1:1 mixture of alcoholl3and TMS derivativel4. Exposure

of the reaction mixture t@Bu;N*F~ for 20 min afforded
13in 85% vyield as a single diastereomeriyand*C NMR
analysis.

Our synthesis now required the conversion of the thiazole
moiety into an aldehyde followed by oxidation of the
aldehyde to acidl. Thus, benzylation of alcohdl3 with
sodium hydride and benzyl bromide in the presence of
tetrabutylammonium iodide yielded benzyl etli&in 95%

Scheme 2
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a(a) 2, CRCO,H, CH.CIy, 0 °C, 30 min; (b)4, EDCI, DMAP,
CH.Cl,, 23°C, 12 h (72%); (c) @ CH,Cl,, —78 to 23°C; (d)
NaClG,, 2-methyl-2-butene, NaifO,-H,0, 'BUOH—H0 (5:1); (e)
CsCOs, MeOH—-H,0 (5:1), 30 min, BnBr, DMF, 0C, 6 h (87%);
() Mgl,, THF, reflux, 5 min (93%); (g) K 10% Pd/C, Dowex
50-X8, THF-MeOH (1:1), 23°C, 12 h (75%).

obtained in 72% yield. Ozonolysis of the terminal alkene at

yielq. Trans_formation of the thiazole into an aldehyde was _7g ¢ fyrnished the corresponding aldehyde. Exposure of
carried (,)llit In a one-pot, three-stgp sequence d(_aveloped bhe resulting aldehyde to sodium chlorite in a mixture of
Dondoni** Hence, a-benzyloxythiazolel5 was first N- tert-butyl alcohol and water (5:1) in the presence of 2-methyl-
methylated by treatment with methyl trifluoromethane- 5 p iene furnished the corresponding acid. Reaction of this
sulfonate in the presence of molecular sieves in acetonitrile ojg with cesium carbonate and benzyl bromide afforded
for 30 min at 23'C. Subsequent reduction of the thiazolinium  en,y| esten 7 in 87% yield in a three-step sequence from
C=N bond with sodium borohydride in MeOH at®@ for 16 The benzyl ester protection was necessary to allow clean
30 min followed by removal of the thiazolidine by use of = g.gemethylation in a subsequent step. Treatmeafafiith
copper(ll) oxide and copper(ll) chioride in a mixture of magnesium iodide in THF followed by heating of the result-
acetonitrile and water (10:1) furnished thebenzyloxy-  jng mixture at reflux furnished smoof-demethylation, and
aldehyde in an overall yield of 82%. The more commonly pheng| derivativel8 was isolated in 93% yiel#:!2 In
used mercury(ll) chloride converted the thiazolidine to conirast, attempted demethylation in the presence of un-

a-benzyloxyaldehyde in only modest yields (235%). protected acid resulted in substantially lower yields<{15
Oxidation of the aldehyde with sodium chlorite in a mixture  2504).

of tert-butyl alcohol and water _(5_:1) and ir_1 the presence of To complete the synthesis, we now needed to remove the
2-m§thyl-2-butgne affordeo! acdlin 98_% yield. _ remaining protecting groups. Our initial attempts at sequential
W|th the read"y a.Va.||a.b|e ISsocoumarin fragm@ﬁnd aC|d . removai Of the remaining protecting groups proved to be
4, we then set out to couple these fragments as shown inmore difficult than we had expected. After much effort, we
Scheme 2. Since the free amine of isocoumarisknown  optimized conditions to effect deprotection of all three
to form the Correspondlng lactam upon Standlng, we elected protecting groups Convenient|y in a One-pot procedure_
to carry out the coupling immediately after removal of the Exposure of18 in a mixture of THF and MeOH (1:1) to
N-Boc group?® Thus, Boc-derivativ® was treated with neat  pd/C and Dowex 50-X8 resin at 2L under a hyrogen
trifluoroacetic acid at °C for 30 min, the mixture was  atmosphere resulted in clean removal of the isopropylidene,

concentrated to dryness, and the resulting amine salt wasert-butoxycarbonyl, and benzyl groups. This procedure
reacted with acidt in the presence of EDCI and DMAP in  rendered optically active Al-77-B in 75% yieldo(%

CHCI; at 23°C for 12 h. The coupling reaction proceeded —752 ¢ 0.11, MeOH); lit5h [o]?3, = —78.2 € 0.08,
nicely under this protocol, and amide derivati¥é was MeOH); mp 134-135°C; lit.?2mp 139.5°C). Spectral data
for synthetic ¢)-1 are in full accordance with the reported
data for authentic samplés>b:c

(10) Ghosh, A. K.; Fidanze, S. Org. Chem1998 63, 6146.

(11) (a) Dondoni, A.; Perrone, D.; Semola, M. J..Org. Chem1995
60, 7927. (b) Dondoni, A.; Fantin, G.; Fogagnolo, M.; Medici, A.; Pedrini,
P. Synthesid 988 685. (c) Dondoni, A.; Fogagnolo, M.; Medici, A.; Pedrini,
P. Tetrahedron Lett1985 26, 5477.

(12) Yamaguchi, S.; Sugiura, K.; Fukuoka, R.; Okazaki, K.; Takeuchi,
M.; Kawase, Y.Bull. Chem. Soc. Jpri984 57, 3607.
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In summary, a stereocontrolled synthesis of the gastro- Acknowledgment. Financial support by the National
protective substance Al-77-B has been accomplished. Fourlnstitutes of Health is gratefully acknowledged.
of the five stereogenic centers of-)-1 were set by
asymmetric syntheses. The synthesis utilized an ester- derivet.?\I
stereoselective aldol reaction, a regioselective Didlisler
reaction, and Dondini homologation as the key steps. The
present synthesis will provide convenient access to structural
analogues of Al-77B. 0L0101279
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