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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).u 

Nortanshinone (3) was similarly produced from the cycloadduct 
of 9 and 1 (65%, 8:1) following deprotection by passage through 
a column of silica gel impregnated with FeCl3.12 Synthetic 
compounds (2, 3, and 4) were identical with authentic samples.3c'13 
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(10) The ratio of cycloadduct regioisomers reported in ref 4 for diene 6 
was inadvertantly reversed. 

(11) Previous syntheses of 2 and related natural products from 5. milt-
iorrhiza: (a) Bailie, A. C; Thomson, R. H. J. Chem. Soc. C 1968, 48. (b) 
Kakisawa, H.; Inouye, Y. J. Chem. Soc, Chem. Commun. 1968, 1327. (c) 
Kakisawa, H.; Tateishi, M.; Kusumi, T. Tetrahedron Lett. 1968, 3783. (d) 
Inouye, Y.; Kakisawa, H. Bull. Chem. Soc. Jpn. 1969, 42, 3318. (e) Imai, 
S. J. Sci. Hiroshima Univ., Ser. A 1971, 35, 171. (f) Tateishi, M.; Kusumi, 
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AI-77-B (I) ,3 isolated from a culture broth of Bacillus pumilus 
AI-77 as the major product with characteristic fluorescence, is 
a unique naturally occurring 3,4-dihydroisocoumarin derivative 
having a hydroxy amino acid side chain.4 Its absolute stereo-
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(1) "New Methods and Reagents in Organic Synthesis. 83". For Part 82, 
see: Kawai, A.; Hara, 0.; Hamada, Y.; Shioiri, T. Tetrahedron Lett. 1988, 
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(2) Presented in part at the 11th International Congress of Heterocyclic 
Chemistry, Heidelberg, Aug 16-21, 1987 (Abstracts of Papers, p 178) and 
at the 108th Annual Meeting of the Pharmaceutical Society of Japan, Hi
roshima, April 4-6, 1988 (Abstracts of Papers, S. 61 and p 49). 
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Tetrahedron Lett. 1982, 23, 5435. (b) Shimojima, Y.; Hayashi, H.; Ooka, 
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"Reagents and conditions: (a) 1.3 equiv of LDA, THF, -70 0C, 0.5 
h; then 1.2 equiv of PhSeBr (prepared in situ from Ph2Se2 and Br2), 
THF, -70 0C, 15 min; (b) ozone, CH2Cl2, -74 0C, 2 h; pyridine, -74 
0C - • room temperature, 75% from 6; (c) 0.1 equiv of OsO4, 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, NH2NH2-H2O, MeOH, 95%; (f) 2 equiv of 
KCN, 0.1 equiv of 18-crown-6, 1.1 equiv of Bu3P, 1.1 equiv of CCl4, 
CH3CN, 30-40 0C, 1 h; then 70-80 0C, 2 h, 71%; (g) 1.15 equiv of 
(BoC)2O, DMAP (cat.), CH3CN, 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 Et3N, DMF, 0 0C, 3 h, room temperature, 
20 h; then an additional 0.45 equiv of DEPC, room temperature; an 
additional 1.47 equiv of Et3N, room temperature, 11 h, 70%; (j) an 
excess of trimethyl orthoformate, 5% HCl-MeOH, 5 0C, 44.5 h; (k) 
H2O, 12 h; 0.1 N NaOH (pH 9), aqueous MeOH, room temperature, 
3 h; 0.1 N HCl (pH 6.5), 76% from 14. 

structure containing S configurations at all five chiral centers has 
been established by Shimojima and co-workers3 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.3b,s 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.6 

(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. / . 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,3a'c 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-
methylsalicylate7 to the methoxymethyl (MOM) methyl ester 3 
(R = H) in the usual manner. Reaction of (ferr-butyloxycarbonyl 
(Boc))-L-leucinal (4)8 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 0C, 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 5a was obtained as the major 
product with 81:19 diastereoselectivity.9 The diastereoselection 
in this reaction can be explained in terms of Cram's chelation 
control as shown in Scheme I. The stereochemistry of 5a was 
firmly established by its conversion to 2 (mp 206-207 0C, [a]22

D 

-47.4° (c 0.11, MeOH)), which was completely identical with 
the sample (mp 210 0C, [a]22

D-47.45° (c 0.11, MeOH)) derived 
from natural A1-77-B.3 

Construction of the hydroxy amino acid moiety 13, the eastern 
building block of I,10 started from the 7V,0-benzylidene derivative 
6 of D-pyroglutaminol, prepared from D-glutamic acid by the 
known procedure.11 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 (^-un
saturated lactam 7 (mp 85-86 °C, [a]26

D -215.6° (c 1.05, 
CHCl3)) in 75% yield. Catalytic osmylation of 7 in aqueous 
acetone in the presence of /V-methylmorpholine TV-oxide (NMO) 
stereoselective^ proceeded on the less hindered convex side with 
98.4:1.6 diastereoselectivity, giving after chromatographic puri
fication the desired /3-diol 8 (mp 164-166 0C, [a]25

D -221° (e 
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,12 providing 
the lactam alcohol 10 (mp 141-142 0C, [a]24

D +46.7° (c 1.03, 
MeOH)) in 95% yield. Introduction of the C1 unit to 10 was 
accomplished by our own method13 using potassium cyanide, 
18-crown-6, tributylphosphine, and carbon tetrachloride to give 
the nitrile 11 (mp 207-208 0C, [a]24

D +42° (c 0.84, MeOH)) 
in 71% yield. Treatment of 11 with di-revr-butyl dicarbonate 
((BoC)2O) 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 
THF to give the key Boc amino acid 13. 

Coupling of 13 with 2 was performed by use of diethyl phos-
phorocyanidate (DEPC, (C2H5O)2P(O)CN)14 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 opening5 

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 HCl.3a,c 

After purification on ion-exchange resin (Amberlite XAD-2), 

(7) Hauser, F. M.; Pogany, S. A. Synthesis 1980, 814. 
(8) (a) Hamada, Y.; Shioiri, T. Chem. Pharm. Bull. 1980, 30, 1921. (b) 

Hamada, Y.; Shibata, M.; Sugiura, T.; Kato, S.; Shioiri, T. J. Org. Chem. 
1987, 52, 1252. 

(9) In this reaction, replacement of the yv-Boc group with benzylsulfonyl 
proceeded with complete diastereoselectivity. After removal of the MOM 
function with hydrogen chloride in methanol, the benzylsulfonyl derivative of 
6 with the desired stereochemistry was obtained in 70% yield. However, 
deprotection of the 7V-benzylsulfonyl group was unsuccessful under various 
conditions. 

(10) Alternative stereoselective construction of another hydroxy amino acid 
moiety has been achieved; see ref 1. 

(11) Thottathil, J. K.; Moniot, J. L.; Mueller, R. H.; Wong, M. K. Y.; 
Kissick, T. P. J. Org. Chem. 1986, 51, 3140. 

(12) Bieg, T.; Szeje, W. Synthesis 1987, 317. 
(13) Mizuno, A.; Hamada, Y.; Shioiri, T. Synthesis 1980, 1007. 
(14) (a) Shioiri, T. J. Synth. Org. Chem. Jpn. 1979, 37, 856. (b) Takuma, 

S.; Hamada, Y.; Shioiri, T. Chem. Pharm. Bull. 1982, 30, 3147. 

AI-77-B (1) was obtained in 76% yield from 14. The synthetic 
sample ([a]22

D -72.2° (c 0.07, MeOH)) was identical with the 
natural one ([a]22

D -78-2° (c 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.1 

All the free biliverdins have the energetically favored helical-all-syn 
conformation (as in 1-3, 5Z-syn, lOZ-syn, 15Z-syn; Scheme I). 
Their absorption spectra have a ratio e(vis)/e(UV) = 0.25,2 in 
agreement with MO calculations3 and similar to the UV-vis 
absorption ratio observed in a porphyrin spectrum. In the phy-
cobiliproteins from algae (which are light harvesting complexes4) 
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.5 

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.6 Helicoidal (ZZZ)-biliverdins 
could be photoisomerized to their extended EZZ or EZE con-
formers,7 but the latter reconverted back to their helical forms. 
Free biliverdins are in stable extended conformations only in the 
neopterobilins,8 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.9 

(1) (a) McDonagh, A. F. In The Porphyrins; Dolphin, D., Ed.; Academic 
Press: New York, 1979; Vol. 6A, p 293. (b) Valasinas, A.; Sambrotta, L.; 
Diaz, L. E.; Frydman, B. J. Org. Chem. 1986, 51, 3001. (c) Barbier, M. 
Experientia 1981, 37, 1060. 

(2) Scheer, H. Angew. Chem., Int. Ed. Eng. 1981, 20, 241 and references 
therein. 

(3) (a) Blauer, G.; Wagniere, G. J. Am. Chem. Soc. 1975, 97, 1949. (b) 
Pasternak, R.; Wagniere, G. Ibid. 1979, 101, 1662. 

(4) Schirmer, T.; Huber, R.; Schneider, M.; Bode, W.; Miller, M.; Hac-
kert, M. L. J. MoI. Biol. 1986, 188, 651. 

(5) Thummler, F.; Rudiger, W. Tetrahedron 1983, 39, 1943. 
(6) Braslavsky, S. E.; Holzwarth, A. R.; Schaffner, K. Angew. Chem., Int. 

Ed. Engl. 1983, 22, 656. 
(7) (a) FaIk, H.; Muller, N.; Schlederer, T. Monatsh. Chem. 1980, 111, 

159. (b) FaIk, H.; Grubmayr, K.; Haslinger, E.; Schlederer, T.; Thirring, K. 
Ibid. 1978, 109, 1191. (c) FaIk, H.; Grubmayr, K. Angew. Chem. 1977, 89, 
487. 

(8) Choussy, M.; Barbier, M. HeIv. Chem. Acta. 1975, 58, 2651. 
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