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Summary: The structures of a novel gastroprotective substance AI-77-B and its analogues AI-77-C,
D, F and G, which are produced by Bacillus pumilus, are described. Five of the asymmetric centers
of AI-77-B have S absolute stereochemistry confirmed by X-ray in combination with chemical studies

AI1-77-A, B, C, D, E, F and G have been isolated from the culture broth of Bacillus pumilus
AI-77 as structural analogues with characteristic fluorescence. AI-77-A and B, which were the
major products in earlier and later fermentation stages respectively, exhibited potent gastro-
protective activities against stress ulcers in rats, whereas the other AI-77s were minor products
with less activities. Details of production, isolation, primary characterization and pharmacol-
ogical activity of each compound have been reported1. AI-77-B appears to be part of a unique
drug class because it has non-centralsuppresive, non-anticholinergic and non-antihistaminergic
properties despite its potent antiulcerogenicity acting against stress ulcers. In order to
clarify the relationship between the chemical structure and pharmacological activity we elucidate
the structures of AI-77-B, C, D, F and G, here.

A1-77-B (1), mp 139.5-140 °C (dec.), FD mass M+1 425, showed UV AHS®" nm () 246 (6250) and
314 (4450), CD (MeOH) A€325=—0.42, A€306=—0.67 and A€257=—3.3, Fluorescence Excit. max 320 nm
emmision max 470 nm and IR, KBX 1692 sh, 1680 sh, 1670 sh, 1662 and 1625 cm|. The UV spectrum
of (1) agreed with those of me11ein2, A& (e) 246 (6500) and 314 (4100), and bacipfe]ac1n3,
A MQQH nm () 245 (6050) and 314 (4900). These findings suggest that AI-77-B contains a chromo-
phore similar to 3,4-dihydro-8-hydroxyisocoumarin in its structure. The color reactions of (1)
with ninhydrin and with FeC]3 reagent indicate the presence of an amino acid moiety and a
phenolic hydroxyl function, respectively.

y-Lactone derivative (2), C20H26N207~HC1( mt m/e 406.1736, calcd. 406.1733) was obtained by
evaporating an ethanol solution of (1) with HC1 to dryness. In the IR spectrum of (2) a new
absorption band appearing at 1790 cm-1 indicates the formation of a y-lactone. In the 1H-NMR
spectrum (d6-DMSO) of (2), the signal of a methine proton at §3.64 in spectrum of (1) shifted
downfield by 0.91 ppm.

Acetylation of (1) under different conditions afforded three kinds of acetate. The reaction
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Fig AL-77-B (1) .
of (1) with acetic anhydride in pyridine at 0 °C gave exclusively monoacetate (3)". Treatment of

(1) with ZnC]2 in acetic anhydride at 50 °C afforded diacetate (4) Extensive acetylation of
(1) with acetic anhydride in pyridine at 50 °C gave triacetate (5) The UV spectrum of (5)
revealed blue shifts [ 236 (e, 7150) and 288 nm {¢,1805) in MeOH] with accompanying disappearance
of the fluorescence.

Acid hydrolysis of (1) with 2 N HC1 at 105 °C for two days afforded chromophore moiety (6)
and pyrrolidonecarboxylic acid5 (7) predominately. Both compound (6) and (7) were separated from
the hydrolysate by column chromatography (Amberlite XAD-2). Chromophore moiety (6) was obtained
as white needles from a methanol eluate of the column and identified as the chromophore moiety of
baciphe]acine3. The fraction eluated with water gave pyrrolidonecarboxylic acid (7). Compound
(8) was obtained as the monosodium salt by treating compound (7) with 1 N NaOH (pH 10) at room
temperature overnight, followed by adjusting the pH to 6.5 with Dowex 50 (H+) and Tyophilizing
(yield 87 %). The spectral data® give reasonable grounds to conclude compound (8) to be 2,3-
-dihydroxy-4-amino-hexanedioic acid. Leucine (11) was obtained by the oxidative degradation’ of
diacetyl derivative (9) of chromophore moiety (6) with excess potassium permanganate in neutral
aqueous solution, followed by deprotection of the amine group with acid hydrolysis {(yield 23 3%
by amino acid autoanalysis). After purification by column chromatography with Dowex 50 (H ),
leucine was crysta111zed from hot water and then identified opt1ca11y as L-leucine within experi-
mental error; [a]D +15.4 (c 1.57, 6 N HC1), authentic L-leucine [a]D +15.2 (c 1.58, 6 N HC1).

Based on the above studies and detailed spin decoupling experiments on the 1H NMR spectrum
in addition to the ]3C—NMR spectrum, the structure of AI-77-B (1) was proposed and confirmed
by the following single crystal X-ray analysis (Fig. 1).

Crystals grown in aqueous solutions were used for X-ray diffraction study using CuKa radia-
tion. The crystal data are : AI-77-B tetrahydrate, C20H28N208 4H20 FW=496. 5 monoclinic, space
group PZ], 7=2, ¢=15.902(7), »=10.161(5), ¢=7.571(4) A, 8=95.28(5 5), v=1218 A D,=1.356 Mgm 3,
De=1.354 Mgm 3. The structure shown in Fig. 3 was determined and refined on the basis of 2655
observed structure factors (90 % of those involved within 20<165) to an R value of 0.054 inclu-
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ding 27 hydrogen atoms.
groups were not included.

(10) (11) L-Teucine

Nine of those bonded to the oxygen atoms of crystal water and hydroxyl
To determine the absolute configuration, the values of

r=|Fa(RkL)Y / IFc(h?i)I were calculated by taking into account the anomalous dispersion effect of

C, N and 0 atoms for CuKa radiation.

Comparison with the observed values for all the 11 Friedel
pairs giving the largest or
smallest » values, indicated the
configuration presented in Fig. 3.
It is then confirmed that all the
five asymmetric centers of (1)
have the same absolute configu-
ration and they were indicated to
be 5 by the X-ray anomalous
dispersion method. The configu-
ration at C-5' has been related
to L-leucine which was obtained
from chromophore moiety (6) in
the above chemical studies. For
additional crystallographic
details consult reference 9.
Perhaps chromophore moiety (6) is



5438

derived biogenetically from four molecules of acetic acid and one molecule of L-leucine.

AI-77-C (12) was identified as a monoacetate (3) and AI-77-D {13) was identified as the mono-
propionate (14) obtained by acylation of (1) with propionic anhydride in pyridine at 0 °C.
Spectral data of AI-77-F (15)]0 were characteristic of a butenolide [IR 1790 and 1755 cm_], The
NMR § 5.35(1H,dd), 6.24 (1H,dd) and 7.55 (1H,d) —9H—CH=CH—CO-]. Detailed spin decoupring experi-
ments on the ]H—NMR spectrum led to elucidation of the structure of AI-77-F (15) as shown in Fig.]
The UV spectrum of AI-77-G (16) agreed with that of (1) determined after standing overnight in
0.1 N NaOH solution. By evaporating an ethanol solution of (16) with HC1 to dryness,
y-Tactone derivative (2) was obtained in excelent yield (98 %). From these findings and spectral
data the structure of (16) was determined to be ring opening form of §-lactone of AI-77-B (1).

Although AI-77-C, D, F and G have been isolated from the culture broth of Bacillus pumilus
AI-77 , two of the latter cannot be proved to be either chemically degraded products or biogenetic
products.
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