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yield upon the addition of solvent may be due to the reduced
pressures from cavity implosion caused by solvent vapor present
in the cavities.

In summary, ultrasonication can be a simple, effective method
to promote cycloadditions, possibly a substitute for high-pressure
conditions. Furthermore, 1 has proven a useful dienophile for the
synthesis of several biologically active abietanoid natural products.
Thus the reaction of 8 with 1 directly gave 2 (76%, 10:3).!!
Nortanshinone (3) was similarly produced from the cycloadduct
of 9and 1 (65%, 8:1) following deprotection by passage through
a column of silica gel impregnated with FeCl,.!2  Synthetic
compounds (2, 3, and 4) were identical with authentic samples.>*!3
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(13) Chien, M.-K,; Young, P.-T.; Ku, W.-H.; Chen, Z.-X.; Chen, H.-T;
Yeh, H.-C. Acta Chim. Sin. 1978, 36, 199.

Stereoselective Total Synthesis of AI-77-B, a
Gastroprotective Substance from Bacillus pumilus
Al-77'2

Yasumasa Hamada,* Akiyoshi Kawai, Yasushi Kohno,
Osamu Hara, and Takayuki Shioiri*

Faculty of Pharmaceutical Sciences
Nagoya City University
Tanabe-dori, Mizuho-ku

Nagoya 467, Japan

Received October 11, 1988

AI-77-B (1),? isolated from a culture broth of Bacillus pumilus
Al-77 as the major product with characteristic fluorescence, is
a unique naturally occurring 3,4-dihydroisocoumarin derivative
having a hydroxy amino acid side chain.* Its absolute stereo-
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Tetrahedron Lett. 1982, 23, 5435. (b) Shimojima, Y.; Hayashi, H.; Ooka,
T.; Shibukawa, M. Agric. Biol. Chem. 1982, 46, 1823. (c) Shimojima, Y;
Hayashi, H.; Ooka, T.; Shibukawa, M. Tetrahedron 1984, 40, 2519.
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9Reagents and conditions: (a) 1.3 equiv of LDA, THF, -70 °C, 0.5
h; then 1.2 equiv of PhSeBr (prepared in situ from Ph,Se, and Bry),
THF, -70 °C, 15 min; (b) ozone, CH,Cl,, =74 °C, 2 h; pyridine, =74
°C — room temperature, 75% from 6; (¢) 0.1 equiv of OsOy, 1.4 equiv
of NMO, aqueous acetone, room temperature, 15 h, 65%; (d) an excess
of 2,2-dimethoxypropane, PPTS (cat.), acetone, room temperature, 10
h, 98%; (e) 5% Pd—-C, NH,NH,H,0, MeOH, 95%; (f) 2 equiv of
KCN, 0.1 equiv of 18-crown-6, 1.1 equiv of Bu,P, 1.1 equiv of CCly,
CH,CN, 30-40 °C, 1 h; then 70-80 °C, 2 h, 71%; (g) 1.15 equiv of
(Boc),0, DMAP (cat.), CH,CN, room temperature, 1 h, 92%; (h)
LiOH, 70% aqueous THF, room temperature, 30 min, 70%; (i) 2, 1.25
equiv of DEPC, 3.2 equiv of Et;N, DMF, 0 °C, 3 h, room temperature,
20 h; then an additional 0.45 equiv of DEPC, room temperature; an
additional 1.47 equiv of Et;N, room temperature, 11 h, 70%; (j) an
excess of trimethyl orthoformate, 5% HCI-MeOH, 5 °C, 44.5 h; (k)
H,0, 12 h; 0.1 N NaOH (pH 9), aqueous MeOH, room temperature,
3 h; 0.1 N HCI (pH 6.5), 76% from 14.

structure containing S configurations at all five chiral centers has
been established by Shimojima and co-workers?® through X-ray
analysis in combination with chemical and spectral studies.
AI-77-B has been found to exhibit potent antiulcerogenicity action
without central suppressive, anticholinergic, and antihistaminergic
properties.’®5 We wish to report the first synthesis of AI-77-B
(1) in a stereoselective and convergent manner, which provides
an easy access to many other congeners required for pharmaco-
logical evaluation.®

(4) Structurally analogous compounds are known; see: (a) Okazaki, H.;
Kishi, T.; Beppu, T.; Arima, K. J. Antibiot. 1975, 28, 717. (b) Ito, J.; Omoto,
S.; Shomura, T.; Nishizawa, N.; Miyado, S.; Yuda, Y.; Shibata, U.; Inoue,
S. J. Antibiot. 1981, 34, 611. (c) Ito, J.; Shomura, T.; Omoto, S.; Miyado,
S.; Yuda, Y.; Shibata, U.; Inoue, S. Agric. Biol. Chem. 1982, 46, 1255. (d)
Ito, J.; Omoto, S.; Nishizawa, N.; Kodama, Y.; Inoue, S. Agric. Biol. Chem.
1982, 46, 2659.

(5) Shimojima, Y.; Hayashi, H. J. Med. Chem. 1983, 26, 1370.

(6) Since AI-77-B has been transformed to AI-77-C, -D, and -F,%¢ this
synthesis constitutes a formal synthesis of these congeners.
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Construction of the dihydroisocoumarin derivative 2, the western
fragment of 1, commenced with transformation of ethyl 6-
methylsalicylate’ to the methoxymethyl (MOM) methyl ester 3
(R = H) in the usual manner. Reaction of (tert-butyloxycarbonyl
(Boc))-L-leucinal (4)¥ with the in situ generated benzylic anion
3 (R = Li), prepared by treatment with lithium diisopropylamide
(LDA) in the presence of tetramethylethylenediamine in THF
(=78 °C, 1 h), afforded a separable mixture of 5a and 5b in 32%
yield (61% conversion yield). By use of an excess of LDA (2.6
equiv) and 4 (1.4 equiv), the desired Sa was obtained as the major
product with 81:19 diastereoselectivity.” The diastereoselection
in this reaction can be explained in terms of Cram’s chelation
control as shown in Scheme I. The stereochemistry of Sa was
firmly established by its conversion to 2 (mp 206-207 °C, [«]%p
-47.4° (¢ 0.11, MeOH)), which was completely identical with
the sample (mp 210 °C, [a]?[ -47.45° (¢ 0.11, MeOH)) derived
from natural Al-77-B.}

Construction of the hydroxy amino acid moiety 13, the eastern
building block of 1,1° started from the V,0-benzylidene derivative
6 of D-pyroglutaminol, prepared from D-glutamic acid by the
known procedure.!! Treatment of 6 with LDA in THF followed
by phenylselenyl bromide afforded the crude selenide, which was
oxidized with ozone in methylene chloride to give the «,3-un-
saturated lactam 7 (mp 85-86 °C, [«a]®p -215.6° (¢ 1.05,
CHCly)) in 75% yield. Catalytic osmylation of 7 in aqueous
acetone in the presence of N-methylmorpholine N-oxide (NMO)
stereoselectively proceeded on the less hindered convex side with
98.4:1.6 diastereoselectivity, giving after chromatographic puri-
fication the desired 8-diol 8 (mp 164-166 °C, [«]®p -221° (¢
1.14, MeOH)) in 65% yield, After protection of the diol group
as the acetal, removal of the benzylidene function of the acetonide
9 was achieved under catalytic hydrogen-transfer conditions using
palladium—carbon and hydrazine hydrate in MeOH,!? providing
the lactam alcohol 10 (mp 141-142 °C, [a]**p +46.7° (¢ 1.03,
MeOH)) in 95% yield. Introduction of the C; unit to 10 was
accomplished by our own method!® using potassium cyanide,
18-crown-6, tributylphosphine, and carbon tetrachloride to give
the nitrile 11 {mp 207-208 °C, [@]**p +42° (c 0.84, MeOH))
in 71% yield. Treatment of 11 with di-tert-butyl dicarbonate
((Boc),0) in the presence of 4-(dimethylamino)pyridine (DMAP)
in acetonitrile afforded the N-Boc lactam 12, which was easily
ring opened by brief treatment with lithium hydroxide in aqueous
THEF to give the key Boc amino acid 13.

Coupling of 13 with 2 was performed by use of diethyl phos-
phorocyanidate (DEPC, (C,H:0),P(O)CN)!4 in the presence of
triethylamine in DMF to produce the amide 14, containing the
full carbon skeleton of 1, in 70% yield. Transformation of the
nitrile function of 14 to a carboxyl group was achieved by use of
the intramolecular Pinner reaction as follows. Treatment of 14
with 5% hydrogen chloride-MeOH in the presence of trimethyl
orthoformate under strictly anhydrous conditions generated the
imino lactone hydrochloride 15, which was directly subjected to
hydrolysis of the imino function with water. Selective ring opening®
of the five-membered lactone function with 0.1 N NaOH at pH
9 was followed by neutralization to pH 6.5 with 0.1 N HC].%¢
After purification on ion-exchange resin (Amberlite XAD-2),

AI-77-B (1) was obtained in 76% yield from 14. The synthetic
sample ([a]??p -72.2° (¢ 0.07, MeOH)) was identical with the
natural one ([a]?p —78.2° (¢ 0.08, MeOH) in every respect (TLC,
NMR, FAB-MS).
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Biliverdins are open chain tetrapyrrole compounds widely
distributed in nature and are either free or bound to proteins.!
All the free biliverdins have the energetically favored helical-all-syn
conformation (as in 1-3, 5Z-syn, 10Z-syn, 15Z-syn; Scheme I).
Their absorption spectra have a ratio e(vis)/e(UV) = 0.25,% in
agreement with MO calculations® and similar to the UV-vis
absorption ratio observed in a porphyrin spectrum. In the phy-
cobiliproteins from algae (which are light harvesting complexes*)
the biliverdin chromophore is held in an “extended” conformation
by the protein matrix. A similar situation is present in phyto-
chrome, a plant biliprotein which governs plant morphogenesis.®
In all these biliproteins the e(vis)/e(UV) ratio of the biliverdin
chromophore spectrum is greatly enhanced (about 16-fold over
the ratio found in the helical-shaped conformation) since the
extended bilitriene is more similar to a polyene than to a cyclic
tetrapyrrole. In solution extended forms of biliverdins could only
be detected as short-lived species.® Helicoidal (ZZZ)-biliverdins
could be photoisomerized to their extended £ZZ or EZE con-
formers,’ but the latter reconverted back to their helical forms.
Free biliverdins are in stable extended conformations only in the
neopterobilins,® a group of butterfly pigments where an intra-
molecular addition of vinyl side chains to the pyrrole nitrogens
provide rigid structures. The synthesis of a biliverdin held in the
extended form by a covalent bound stilbenoparacyclophane was
recently described.’
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(8) (a) Hamada, Y.; Shioiri, T. Chem. Pharm. Bull. 1980, 30, 1921. (b)
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