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Abstract-The structures and the chemical nature of a novel gastroprotective substance AI-77-B (1) and 
its analogues AI-77-C (2), D (3), F (4) and G (3, which are produced by Bacillus pumih AZ-77, are 
described. The structure of 1 was confirmed to he 6-[[l(S)-(3(S)&dihydro-8-hydroxy-I-oxo-W-2- 
benzopyran-3-yl)-3-methylbutyl]amino]-4(oic acid by X-ray in 
combination with chemical studies and the structures of 2, 3, 4 and 5 were determined by chemical 
syntheses from 1 and spectral analyses. 

A novel gastroprotective substance AI-77-B 1 and its 
structural analogues with characteristic fluorescence 
AI-77-C 2, D 3, F 4, and G 5 have been isolated from 
a culture broth of a bacteria which was newly isolated 
from a soil sample and was classified as Bacillus 
pumilus AI-77. During further studies on AI-77s, 1 
was found to be a member of a unique drug class 
because it has noncentral suppressive, non- 
anticholinergic and non-antihistaminergic properties 
in spite of its potent antiulcerogenicity action against 
stress ulcers induced.in rats by restraint and water- 
immersion. The other AI-77s 2,3,4 and 5 were minor 
products with lower activities. Details of production 
isolation, primary characterization and pharma- 
cological activity of each compound have been re- 
ported.’ In order to clarify the relationship between 
the chemical structure and pharmacological activity, 
the structures and the chemical nature of five com- 
pounds have been studied. In our previous commu- 
nication2 we preliminarily reported the absolute ste- 
reochemistry of 1 and proposed the structures of 2, 
3, 4 and 5. This paper concerns with details of the 
chemical nature and structure determination of these 
five compounds. The structure of 1 proposed by 
chemical studies and spectrometrical analyses was 
confirmed by a X-ray analysis and then the absolute 
stereochemistry was established by means of a chem- 
ical correlation. The structures of 2, 3, 4 and 5 were 
determined on the basis of spectrometrical analyses 
and chemical syntheses from 1. The effects of minor 
structural modifications of 1 on the biological activity 
also were examined and structural requirements have 
been discussed in our preceding paper.3 

AI-77-B 1, m.p. 139.5 N 140” (dec), UV AK” nm 
(E) 246 (6250) and 314 (4450), was shown to have the 
molecular formula Cr,,Hr8N208 on the basis of its 
mass (FD) and “C NMR spectra in addition to the 
exact mass of its triacetylated derivative 8. The color 
reactions of 1 with ninhydrin and with FeCI, reagent 

indicate the presence of an amino acid moiety and a 
phenolic hydroxyl function, respectively. The UV 
spectrum was similar to those of mellein4, A=” nm 
(6) 246 (6500) and 314 (4100), and bacipfela&, 
AZ” nm (6) 245 (6050) and 314 (4900). These 
findings suggest that 1 contains a chromophore sim- 
ilar to the 3,4 - dihydro - 8 - hydroxy - 1H - 2 - 
benzopyran - 1 - one skeleton in its structure. The IR 
spectrum supports the presence of a lactone carbonyl 
group (1680 cm -‘)6 which is hydrogen bonded to a 
phenolic hydroxy function and a substituted phenyl 
group (810~ 777ctn’). The “C NMR spectrum 
confirmed the signals for twenty carbon atoms in- 
cluding three carbonyl carbons at 6 168.9, 172.7 and 
174.6 (Table 2). The ‘H NMR spectrum indicated the 
presence of the following groups, two methyl, three 
methylene, one methine proton, five methine protons 
attached to 0 or N functions, three aromatic protons 
and one amide proton. 

Extensive spin decoupling experiments of the ‘H 
NMR spectra of 1 allowed the formation of four 
partial structures. Decoupling from the broad multi- 
plet at 6 1.67 converted two methyl doublets at 6 0.87 
and 0.92 into two singlets, which indicated the pres- 
ence of a (CH,),CH- group (A part). The sequential 
decoupling from the methine proton was impossible 
to continue due to the nearly identical chemical shifts. 
The two protons at 6 2.22 and 2.38 appeared as two 
sets of double doublets. The larger coupling 
(J = 18 Hz) indicated that they were mutually cou- 
pled, forming the AB part of an ABX system. In 
addition to the chemical shifts of H, and Hi,, the 
enhanced geminal coupling (Jqb = 18 Hz) suggested 
that a carbonyl group was attached to this point. The 
X part was located at 6 3.34 as a multiplet, and was 
further coupled (J = 4 Hz) to the methine proton 
appearing as a double doublet at 6 3.73 (J = 4 and 
7.5 Hz) which was coupled to another methine dou- 
blet proton at 6 3.99 (J = 7.5 Hz). The above findings 
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2’ ’ 

1 2 A=COC!-l3 

3 R=COCH2CH3 

Table 1. ‘H NMR chemical shifts (a), multiplicities (J, Hz) and spin-decoupling study of 1 (400 MHz, 
DMSOd, at 60°C) 

Proton No. 8 (ppm) J (Hz) 
Spin-decoupling 

studies 

C3-H 

C4-Ha 

C4-Hb 

C5-H 

C6-H 

C7-H 

Cl'-H 

C2'-H 

C3t -H 

C4'-Ha 

cc,'-Hb 

C5'-H 

Can-H 

Cgl-H 

Cl,)@-H 

C11'-Ha 

Cll'-Hb 

6'-NH 

4.68 (lH, m) 

2.88 (1Hv dd) J4a,3 = 4.5, J,,b = 16 

3.06 (lH, dd) J4b,3 = 11, Ja,b = 16 

6.84 (lH, d) J5,6 = * 

7.48 (lH, dd) 56.5 = 8, ~~,7 = 8 

6.80 (lH, d) J7,6 = a 

0.89 (3H, d) Jl’,3 = 6.5 

0.92 (3H, d) 521.3 = 6.5 

1.67 center (2H, m) 

1.38 center (lH, m) 

4.22 (1H. m) 55’3 = 4 

3.99 (lH, d) Ja’,g’ = 7.5 

3.73 (1H. dd) Jg’,lO’ = 4, Jg’,a’ = 7.5 

3.34 (1H, m) 

2.22 (1Hs dd) Jl0’,11’~ = 4.5, Ja,b -18 

2.38 (lH> dd) JlO’,lllb = 9, Ja,b = 18 

7.76 d J-9 

3 
4 J 
3 
3 

5 
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Table 2. Assignments of “C NMR chemical shifts (a)’ of 1 
and 4 

Carbon No 13 44 

3 

4 

5 

6 

7 

8 

9 

10 

1' 

2' 

3' 

4' 

5' 

8' 

9' 

10' 

11' 

7' 

12' 

80.9 80.9 

28.9 29.1 

118.4 118.8 

136.2 136.7 

115.2 115.6 

160.9 161.1 

108.3 108.4 

140.6 140.3 

21.5 2 

I 

21.2 2 

23.3 23.2 1 
38.6* 38.8* 

24.0 24.0 

48.1 48.5 

71.4 2 70.8 

71.6 I 84.2 

50.4 154.7 

33.4 121.9 

168.9 2 

I 

169.1 2 

172.7 170.1 

174.6 173.2 I 

*40.1 ppm in CD,OD 
‘Measured in DMSOd, at room tempexature. 
The assignments may be interchanged. 
3,4Assignments were. made based on chemical shifts and 

substituent effects as well as correlation of ‘H NMR and 13C 
NMR spectra by the selective decoupling method or cor- 
relation to the 13C NMR assignments of 1. 

and their chemical shifts suggested the presence of a 

00 b AI 

-Lb t.5 t5 - H- H- H-CHr- 8 - moiety (B part). This 
was proved by later studies on acyl derivatives and 
hydrolysates of 1. 

Decoupling from the methine multiplet at 6 4.22 
simultaneously caused collapse of four parts of sig- 
nals as follows; the methine multiplet at 6 4.68 was 
changed to a double doublet (J = 4.5 and 11 Hz), the 
amide doublet at 7.76 collapsed to a singlet and both 
multiplets at 6 1.38 and 1.67 simultaneously caused 
change in shape, indicating that H, and Hb protons 
coupled mutually with a large geminal coupling 
resonated at above 6 positions. It was not possible to 
continue the sequential decoupling from the geminal 
methylene protons due to the nearly identical chem- 
ical shifts. Decoupling from the methine multiplet at 
6 4.68 caused substantial change in the shape of the 
methine multiplet at 6 4.22 and caused conversion of 
the two double doublets forming another AB part of 
an ABX system, 6 2.88 and 3.06, into two doublets 
(J = 16 Hz). These findings and their chemical shift 

considerations indicated the presence of a partial 

0 ’ 
structure -&-CHr-&H-z:-CHr - (C part). Possibly 

the methine of the isopropyl group (A part) is 
attached to the methylene terminal of this partial 
structure. In addition to the above, the presence of 
three adjacent aromatic protons were showed as two 
doublets at S 6.80 and 6.84 (each J = 8 Hz) and a 
triplet like double doublet at 6 7.48 (J = 8 Hz) (D 
part). Decoupling from the proton at 6 7.48 con- 
verted the two doublets to two singlets. When both 
methylene protons at 6 2.88 and 3.06 were simulta- 
neously irradiated, two doublets of aromatic protons 
revealed further splits by a meta coupling (J = 1 Hz) 
indicating that the methylene protons were also cou- 
pled to aromatic protons by long range couplings. 
This finding indicated that the terminal carbon of C 
part must be an aromatic carbon. The UV and IR 
spectra of 1 indicated the presence of a 3,4 - dihydro 
- 8 - hydroxy - 1H - 2 - benxopyran - 1 - one skeleton. 
Therefore the methylene protons coupled to aromatic 
protons could be assigned to those of C4 of the 
skeleton and three adjacent aromatic protons could 
be assigned to those of C,, Cs and C,. 

‘H NMR and 13C NMR spectral data and assign- 
ments are shown in Tables 1 and 2. ‘% NMR spectral 
data supported the presence of the above partial 
structures. In order to clarify which carbonyl group 
in B part forms an amide group with the -NH 
terminal group of C part and what functional groups 
having 0 or N exist in B part, following studies were 
carried out. 

The y -1actone derivative 6, C,H,N,O,, was ob- 
tained by evaporating an ethanol solution of 1 with 
HCl to dryness.’ The IR spectrum indicates the 
formation of a y -1actone ring (1790 cm- ‘). In the ‘H 
NMR spectrum (DMSO-d,) of 6 the signal (6 4.61) 
of a methine protone on C, shifted downfield by 
0.97 ppm compared with corresponding signal in the 
spectrum of 1. The facts indicated that a secondary 
hydroxyl group attached to Cg. and formed a 
y-lactone ring with a carboxyl group located favor- 
ably to permit the ring formation. 

Acetylation of 1 under appropriate conditions 
afforded three kinds of acetylated derivatives.3 The 
reaction of 1 with acetic anhydride in pyridine at 0 
gave exclusively a N-acetylated derivative 2, 
C2rHrsNZ08. The ‘H NMR spectrum (DMSO-ds) of 
2 showed a methyl singlet of -NHCOCH, at 6 1.69 
(3H, s) and two amide doublets at 6 7.85 (J = 8 Hz) 
and 8.36 (J = 7 Hz). Moreover, one methine multiplet 
at 6 3.40 (C,,-H) in the spectrum of 6 shifted 
downfield to 6 4.32 in 2. Treatment of 1 with ZnC1, 
in acetic anhydride at 50” afforded a diacetylated 
derivative 7, Cr4H,,N,09. The ‘H NMR spectrum 
(DMSO4) of 7 showed an additional signal of 
-OCOCH, at 6 2.08 (3H, s) with an accompanying 
shift of the methine proton (C,-H) by 0.91 ppm 
downfield compared with that of 2. These findings 
indicate the presence of two secondary alcohol 
groups in 1. Extensive acetylation of 1 with acetic 
anhydride in pyridine at 50” gave a triacetylated 
derivative 8, C&H,,NrO,,. The UV spectrum of 8 
revealed blue shifts [12$‘” nm (6) 236 (7150) and 288 
(1805)] with accompanying disappearance of the 
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I HCl/EtOH, dry UP 

or II Acylation 

1 

2 N HCl 

105 'C, 2 days 

OH 0 
2 R,=Ac R2,R3 = H (I!) 

H OH 

Ii 

3 R,= COC2H5 f$, Rj = H [II) 

6 R,, R2, Rx = H (I) 

04 N 
H 

CHZCOOH 7 R,,R2=Ac R3=H(II) 

10 
8 R,, R2, R3 = AC (II) 

12 13 

fluorescence. The ‘H NMR spectrum (DMSO-de) of 
8 revealed a methyl singlet due to -OCOCH, at 6 2.27 
in addition to signals in the spectrum of 7. Further- 
more, the signal near 6 10.8 corresponding to the 
phenolic hydroxyl group in 2 or 7 was no longer 
detected in this spectrum. In the IR spectrum of 8 the 
absorption band due to the 6-lactone (1730 cm-‘) 
free from hydrogen bonding was found in addition to 
the three other ester bands [1790 (y-lactone), 1775 
and 1755 cm-‘]. 

The chromophoric hydrolysate 9 was obtained 
from 1 in an almost quantitative yield by con- 
ventional hydrolysis of the amide bond with 6 N HCl, 
but none of the corresponding side chain moiety was 
obtained from the hydrolysate due to a variety of side 
reactions.3 Acid hydrolysis of 1 with 2 N HCl at 105” 
for two days afforded 9 and pyrrolidonecarboxylic 
acid’ 10 predominately. Both 9 and 10 were separated 
by column chromatography (Amberlite XAD-2). 
White needles of 9 was obtained as a HCl salt from 
a methanol eluate of the column, CL4H19N03, 
UVIZLP” nm (E) 246 (6280) and 314 (4100). Com- 
pound 9 was identical with chromophoric moiety of 
baciphelacine.5 In a methanol solution, the free base 
of 9 easily changed to a seven-membered lactam 
derivative 12 at room temperature. The UV spectrum 
of 12 revealed blue shifts (A%$‘” 230 sh and 305 nm) 
and the IR absorption band shifted from 1680 to 
1630 cm-’ (lactam). In the ‘H NMR spectrum of 12, 
the chemical shift of C,-H in 9 moved upfield by 

14 

L-leucine 

15 

0.93 ppm. These findings showed reasonable grounds 
to conclude 12 to be a seven-membered lactam 
derivative as shown in Fig. 2. The fraction eluted 
from the above Amberlite XAD-2 column with water 
gave 10. It was subjected to hydrolysis with aqueous 
NaOH at pH 10, followed by desalting with Dowex 
50 (H+) to give 11.3 The completely salt-free sample 
of 11 could not be obtained due to facile formation 
of the pyrrolidone ring. Compound 10 and 11 were 
colored yellow and purple respectively with a nin- 
hydrin reagent. The hydrolysate 11 showed two quasi 
molecular ion peaks at m/z 194 (M + 1) and 216 
(M + Na) in the FD mass spectrum and the IR vf.“: 
3500-3000 (broad, NH3+, OH), 1710 (COOH), 1600 
(COO-) and 1570sh (NH,+). The ‘H NMR spec 
trum (200MHz D,O) of 11 showed the following 
signals, three methine protons attached to 0 or N 
function at 6 4.25 (lH, d, J = 6 Hz, C,-H), 4.15 (lH, 
dd, J = 4, and 6 Hz, C,-H), and 3.92 (lH, m, C4-H) 
and a methylene group showing the AB part of an 
ABX system at 6 2.96 (lH, dd, J = 4 and 17 Hz) and 
2.79 (lH, dd, J = 8 and 17Hz). The “C NMR 
spectrum showed six signals including those of two 
carbonyl carbons at 6 177.4, 175.9, 73.3, 71.7, 51.5 
and 33.3ppm. From these spectral data, 11 was 
concluded to be 4amino-2,3-dihydroxyhexanedioic 
acid. 

Based on the above studies and the “C NMR 
spectrum, the structure of 1 was proposed to be 6 - 
[[l - (3,4 - dihydro - 8 - hydroxy - 1 - 0x0 - 1H - 2- 
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benzopyran - 3 - yl) - 3 - methylbutyl]amino] - 4,5- 
dihydroxy - 6 - 0x0 - 3 - aminohexanoic acid. This 
structure was subsequently confirmed by the single 
crystal X-ray analysis (Fig. 3) which also indicated 
that all the five asymmetric centers of 1 have the S 
configuration. The absolute configuration was as- 
sumed to be S by the X-ray anomalous dispersion 
method. In order to confirm the absolute 
configuration, leucine was obtained by the oxidative 
degradation of the diacetylated chromophore 13 with 
excess potassium permanganate in neutral aqueous 
solution,’ followed by deprotection of the amino 
group by acid hydrolysis. After purification by col- 
umn chromatography with Dowex 50 (H+), the 
leucine was crystallized from water and shown to 
have L-(S)-configuration by [a]n measurement. 
Therefore, the configuration at C-5’ was related to 
L-leucine and then all of the asymmetric centers of 1 
were established to have S absolute stereochemistry. 

AI-77-C, C&Hz8NZOs, was proved to be identical 
with the N-acetylated derivative 2 derived from 1’ by 
analyses of spectral data (exact mass, W, IR and ‘H 
NMR) and melting point determination. The chem- 
ical shifts of the ‘H NMR spectrum are shown in 
Table 3. 

AI-77-D, C,,H,,N,OB, showed almost similar W 
and IR spectra to those of 2. The ‘H NMR spectrum 
of AI-77-D 3 was almost identical with that of 2 
except the presence of a methyl triplet at 6 0.88 (3H, 
J = 8 Hz) and a methylene quartet at 6 1.94 (2H, 
J = 8 Hz) which coupled each other in place of the 
methyl singlet at 6 1.69 due to -NHCOCHs. AI-77-D 
was identified as the N-propionyl derivative 3 ob- 

018 ’ 

17’ 

Fig. 3. The molecular structure of 1 drawn by ORTEP9 
program. Some of the hydrogen atoms bonded to solvent 
water molecules and hydroxyl groups were omitted because 
they were not shown by difference electron density maps. 

tained by acylation of 1 by spectral analyses (exact 
mass, UV, IR and ‘H NMR). 

AI-77-F 4, &,H,NO, was indicated the presence 
of a butenolide ring in the IR spectrum (1790 and 
1755 cn- I). Unlike the ‘H NMR spectra of 2 or 3, 
the spectrum of 4 was characterized by the appear- 
ance of signals of two olefinic protons at 6 6.24 (lH, 
dd) and 7.55 (lH, d) accompanied by the disap- 
pearance of signals for a methylene and a methine 
proton corresponding to C,,-H and Co-H in 2. 
Detailed spin decoupling experiments confirmed the 
structure of 4 as shown in Fig. 1. The “C NMR 
assignments of 4 are shown in Table 2. Compound 4 

Table 4. Comparison of the observed and calculated rz values to establish the absolute configuration 

Observed value Calculated value 

h k R 
2 

=o e.s.d. 
2 

=c 

-18 1 0 1.05 0.05 1.02 

-15 1 0 0.86 0.07 0.97 

-14 1 0 0.97 0.05 0.97 

-15 3 0 0.93 0.06 0.97 

-3 3 0 1.01 0.04 1.02 

-18 4 0 1.00 0.06 1.03 

-1 4 0 0.94 0.04 0.97 

-4 4 0 0.95 0.04 0.97 

-4 11 0 0.87 0.84 0.93 

-14 6 1 0.77 0.11 0.94 

311 1 0.97 0.06 0.97 

511 2 0.90 0.05 0.96 

3 6 4 0.89 0.05 0.96 

-8 10 4 0.78 0.10 0.94 

-6 11 4 0.86 0.08 0.94 

-10 9 5 0.74 0.15 0.91 

,-- = IF,(hk~)(/lF,(hji~)I, rc = iFc(hke)i/lF,(hEa)l 
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whose CD spectrum was identical with that of the 
natural product was produced concomitantly by 
methylation of the amino group on 1 with excess 
methyl iodide. Therefore, it is concluded that 4 have 
all S absolute stereochemistry as well as 1. The ‘H 
NMR assignments of 4 are shown in Table 3. 

AI-77-G 5 was obtained as a white powder with 
uvn!g nm 245 sh and 300 and Irving 3500-3000 
(broad), 1664 sh, 1620sh and 159Ocnr’. The W 
spectrum of 5 agreed with that of 1 obtained after 
standing overnight in O.lN NaOH solution. In com- 
parison with the ‘H NMR spectrum (DMSO-$) of 1, 
that of 5 revealed an upfield-shift (1.15 ppm) of the 
signal for a methine proton corresponding to C3-H in 
the lH-2-benzopyran-l-one skeleton. These findings 
suggest that hydrolysis of 1 at the ester bond of the 
d-lactone ring leads to the formation of 5. By evap- 
orating a methanol solution of 5 with HCl to dryness, 
the y-lactone derivative 6 was obtained in nearly 98% 
yield. Furthermore, 1 was obtained by hydrolysis of 
the y -lactone derivative 6 with alkali under condi- 
tions such as pH 7-10. The molecular formula of 5 
was determined to be C20H30NZ09 on the basis of the 
exact mass of 6 derived from 5 and its structure was 
elucidated as shown in Fig. 1. The completely salt- 
free sample of 5 could not be obtained due to the ease 
with which the 6-lactone ring formed. The ‘H NMR 
assignments of 5 are shown in Table 3. 

EXPERIMENTAL 
Melting points were determined in capillary tubes using a 

Yamato MP-21 silicone oil bath and are uncorrected. UV 
spectra were measured with a Shimaclzu UV-2lOA spec- 
trophotometer; CD spectra with a JASCO J-20 automatic 
recording spectropolarimeter; optical rotation with a 
JASCO DIP-4 automatic polarimeter; IR spectra with a 
Hitachi model 285 spectrophotometer and mass spectra with 
a JEOL model OISG-2 spectrometer. ‘H NMR spectra were 
recorded on a JEOL JNM-MH 100 or FX-200 or FX-400 
spectrometer using Me,Si as the internal standard and 13C 
NMR spectra recorded on a JEOL FX-100 NMR snec- 
trometei. TLC was carried out on plates coated wiih a 
0.25 mm laver of silica eel 60 F,., (Merck). For amino acid 
analyses A&e1 SF (Fuiakoshi)&$&es were used. For prep- 
arative separations, plates with a 2 mm layer thickness were 
used. Amino acids were analysed with a Hitachi 835 amino 
acid analyzer. Wacogel C-100 (40-100 mesh) was used for 
silicagel column chromatography. 

AI-77-B 1; white needles (CH,OH), m.p. 139.5-140” (dec); 
C,,H,,N,O,, FD mass spectrum M + 1 425, showed 
UV1tyH nm (c) 246 (6250) and 314 (4450), CD (MeOH) 
At,,, = -0.42, A+,,, = -0.67 and A+,, = -3.3, Fluo- 
rescence excitation max 430 nm emission max 470 nm and 
IRviz 3520 (sharp), N 3000 (broad), 2960, 2925, 1692 sh, 
1680 sh, 1670sh, 1662, 1625, 1590, 1570sh, 1562 sh, 1520, 
8 10,795,760,705,690 cm - I. (Found: C, 56.28; H, 6.78; N, 
6.58. Calc for C,H,,N,O,: C, 56.60; H, 6.60, N, 6.60x.) 

y-Lactone derivative 6, CzoH,,N,O,, (exact mass m/z 
406.1736, talc 406.1733). showed UVl!!.?” nm 246 and 314: 
IR(KBr) 1790, 1680 ~6; 1660, 1625; +?-NMR (CD,OD) 8 
7.46 (IH, dd, each J = 8 Hz, aromatic H), 6.84 and 6.81 (ZH, 
2d, each J = 8 Hz, aromatic H), 4.70 (IH, m, C&-H), 4.56 
(lH, m, C,H), 4.44.2 (2H, m, C,-H and C&-H), 3.40 (lH, 
m, C,,-H), 3.2-2.95 (3H, m, C,-H and C,,.-Ha), 2.70 (IH, 
dd, J = 4 and 18 Hz, C,,.Hb), 1.95-1.20 (3H, m, C,,-H and 
C,,-H), 0.96 and 0.92 (6H, 2d, each J = 8 Hz, 2CH,). 

N-Acetylated derivative 2; white needles (C,H,OH-H,O), 
m.p. 21&211” (dec); C,,H,,N20, (exact mass m/z 448. 1830, 
calcd. 448. 1838); UVlz” 246 and 314 nm and IRvz 
(carbonyl region) 1780 (y-lactone), 1695, 1675, 1662, 
1655 sh, 1638 sh, 162Ocn-’ (Found: C. 58.62: H. 6.58: N. 

6.12. Calc for GH,,N,O,: C, 58.93; H, 6.25; N, 6.25%. ‘H 
NMR spectrum was identical with that of AI-77-C. 

Diacetylated derivative 7: white needles (C,H,OH-H,O), 
m.p. 216217” (dec); C&H,N,O, (exact mass m/z 490.1939, 
talc 490.1943); UVaKp mn (c) 246 (5410). 314 (3850; 
IRvE (carbonyl region) 1805 aid 1790 ih (y-iactone); 1755 
ester). 1685sh. 1675 sh. 1660. 1655 sh. 1615 cm-‘: ‘H NMR 
(DM&d, 5&) 6 10.8.(s, phenolic OH), 8.38 (2d; J = 7 and 
8 Hz, 2 CONH), 7.49 (lH, dd, each J = 8 Hz, aromatic H), 
6.82 and 6.85 (each lH, 2d, each J = 8 Hz, aromatic H), 5.18 
(d, J = 4 Hz, C,-H), 4.8w.50 (2H, m, C,-H and C,.-H), 
4.55-4.00 (2H, m, C,-H and C,,-H), 3.10-2.75 (3H, 
m, C,H,, and C,,,-H& 2.30 (lH, dd, J= 18Hz, C,,-Hd, 
2.08 (3H, s, C,.-OCOCH,), 1.58 (3H, s, C,,.-NHCOCH,), 
1.85-i.10 (3H,“m, C,-Haland CylH), 0.96-and 0.80 (each 
3H. 2d. each J = 6.5 HZ C-H and C-.-H). (Found: C. 
58.65; h, 6.46; N, 5.54. Calc’ for C,H,$O,: d, 58.78; H; 
6.12; N, 5.71x.) 

Triacetylated derivative 8; white needles (C,H,OH-H,O), 
m.p. 170” (dec); C,H,,N,O,, (exact mass m/z 532.2028, talc 
532.2048); UVI,.$‘H nm (e) 236 (7150) and 288 (1805); 
IRvE” (carbonyl region) 1790 (y-lactone), 1775 (ester), 1755 “_” 
(ester), 1730 (a-lactone), 1690 sh, 1678, 1672, 1660 sh, 
1650sh. 164Osh. 1613cm-‘: ‘H NMR(DMSO-d,. 5o”C)6 
8.45 anh 8.42 (id, J = 7 Hz’and J = 8 Hz, 2 COfiH), 7&l 
(lH, dd, J = 8 Hz, aromatic H), 7.27 and 7.12 (each lH, 2d, 
each J = 8 Hz. aromatic HI. 5.19 (IH. d. J = 4 Hz. C,.-H), 
4.70-4.00 (4fi, m, C,&; C&I, &H and ‘C,;.-H); 
3.12-2.80 (3H, m, CA-H,, and C,,,-H,), 2.40-2.20 (lH, m, 
C,,-Hd, 2.27 (3H, s, CgOCOCH,), 2.09 (3H, s, 
C.rOCOCH& 1.84-1.20 (3H, m, C.,.-H., and C&H), 1.59 
(YH, s, C,,.-NHCOCH,), ‘0.92 and b.8dv(each 3; 2d; each 
J = 6.5Hz. C,-H and C,.-H). (Found: C, 58.44; H, 6.39; N, 
5.16. Cal; fdr C,,H,,N;O,,:‘d, 58.65; H, 6.02; N, 5.26x.) 

AI-77-C was identical with N-acetylated derivative 2. 
AI-77-D; white needles (C,H,OH-H,O); C,H,N,O, (ex- 

act mass m/z 462.2007, calcd. 462.1999); UVIZT” nm (c) 
246 (5700), 314 (4080); IRvE; (carbonyl region) 1790 
(y-lactone C==O), 1690 sh, 1680 sh, 1670 sh, 1665, 1650, 
16351~11~‘. (Found: C, 59.61; H. 6.40: N. 6.16. Calc for 
CZ3H,N,0,: ‘C, 59.74; ti, 6.44; ti, 6.0&j 

AI-77-F 4: white needles (C,H.OH-H,O\. m.n. 182-183”: 
C,H,,NO, ‘(exact mass A/, j89.147i, ‘talc’ 389.1473); 
UVL!:” nm (c) 245 (6100) and 312 (4200); CD (dioxane) 
A+, = -0.31, AE,, = -0.47 and AE,,, = -4.5; IRvyd 
3500-2900 (broad), 1790,1755,1735,1685 sh, 1675 sh, 1670, 
1655sh, 1647sh, 1635sh, 1618, 805, 795 sh, 720 and 
695cn-‘. (Found: C, 61.73; H, 5.89; N, 3.62. Calc for 
CJLNO,: C. 61.70: H. 5.91; N. 3.60x.) 

AI-77-d 5; ‘white powder, ‘C,$-I,,N~~~ (based on exact 
mass of 6); UVAkT 245 sh, 300 nm; IRvz (carbonyl re- 
gion) 1670 (sh), 1620 (sh), 1590 cm -I; Na, 0.82 equivalent 
weight (atomic absorption analysis). 

Conversion .from 9 to 12. A suspension of 9 (230mg, 
0.8 mmol) and guanidine carbonate (90 mg, 0.5 mmol) in 
ethanol (10 ml) was stirred overnight at room temp and then 
the solvent was evaporated in vacua. The residue was 
dissolved in ethyl acetate, the insoluble guanidine hydro- 
chloride were filtered and then filtrate was successively 
extracted with 0.01 N aqueous HCl (10ml) and water 
(lOm1). After drying over Na$O,, the organic layer was 
evaporated to dryness to give 16Omg (yield 80%) of 12: 
UVLzH nm (c) 230sh (5740), 305 (3860); IRvz 
3-3050 (broad), 1645 sh 1630, 16lOcn-I; ‘H NMR 
(DMSOdd d 10.34 (s, phenolic OH), 9.6 (d, J = 6.5 Hz, 
amide), 7.21 (lH, dd, J = 7 and 8 Hz, C,-H), 6.74 and 6.72 
(2H, 2d, J = 7 and 8 Hg C,-H and Cd-H), 4.85 (lH, d, 
J = 6Hz, C&H), 3.90 (lH, m, C,,-H), 3.06-2.86 (2H, m, 
C,-H and C,-H), 2.56 (lH, dd, J = 10 and 12 Hz, C,-H), 
1.-%-l&l (3H, 4, C,-fi and C,-H), 0.80 and 0.69-teach 
3H, each d. J = 6.5 and 7 Hz. C-H and C-H). 

kce?yla&n of 9. To a soln df 9 i2.0 g, 7 &ol) ‘m pyridine 
(10ml) was added acetic anhydride (2.14g, 21 mmol) the 
soln was stirred for 2 h at 50°C. After evaporating the 
pyridine in vucuo, the residue was dissolved in 5ml of ,, ,, 
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methanol and passed through a column packed with 50 ml 
of Amberlite XAD-2. The column was washed with 150 ml 
of 20% methanol and then with 150ml of 500/, methanol, 
followed by elution with 8W/, methanol. Fractions contain- 
ing 13 were evanorated to drvness to aive 2.30 a (91M of 13 
as-a white powder: UV&$$fH 236 nm (6 3300) and”290 (6 
1650); IRvKB’ 3430 (broad). 1770 (ester). 1735 (S-lactone). 
1666,1610&- ‘; ‘I-I NMR(CD,bD) 6’7.56 (HI, dd, each 
J = 8 Hz, aromatic H), 7.21 and 7.04 (2H, 2d, each J = 8 Hz 
aromatic H), 4.50 (lH, m, C,-H), 4.26 (lH, m, C,-H), 2.98 
(ZH, m. G-H), 2.29 and 1.97 (each 3H. each s. each- 
bC&I,),-1.9i)-2.00 (3H, m, C$H and Cd-H), 0.97 and 
0.92 (each 3H, 2d, each J = 6 Hz, C-H and C,-H). 

Oxidntive degradation of 13 (L-leucine from 13). 
Magnesium sulfate (4.32g, 36mmol), potassium per- 
manganate (5.70 g, 36 mmol), water (180 ml) and 13 (1 .OO g, 
3 mmol) were added in this order to a round-bottomed flask 
fitted with a reflux condenser and the mixture was heated on 
an oil bath (105-l 10’) with stirring. After 1.5 h, the man- 
ganese dioxide was filtered off and washed with 1OOml of 
50”/, aqueous acetone previously warmed to about 50”. The 
pale yellow filtrate was concentrated in vacua to about 
50ml. The concentrate containing 14 was extracted twice 
with 50 ml of ethyl ether (50 ml x 2) and the aqueous layer 
was concentrated-in vacua to about 5 ml, which- was heated 
in a sealed tube with 6 N HCI at 120°C for 16 h. The yield 
of leucine 15 in the hydrolysate was 23.3% by amino-acid 
autoanalysis. The hydrolysate was evaporated in vacua to 
dryness and dissolved in 5ml of water. The solution was 
passed through a column packed with 15 ml of Dowex 50 
@-I+). After washing successively with 30ml of water and 
100 ml of buffer-l*, the column was eluted with 100 ml of 
buffer-2*. The eluted fraction was monitored on TLC 
(Avicel SF plates) by spraying with a ninhydrin reagent. 
This treatment separated the objective compound 15 from 
the other ninhydrin positive minor product. Fractions con- 
taining 15 were collected and passed through another 
column packed with 15 ml of Dowex 50 (H + ). The column 
was washed successively with 100ml each of water, 0.1 N 
HCI and 0.5 N HCl, followed by elution with 1N HCl. 

Fractions containing only 15 were combined and neutral- 
ized with Dowex 2 (OH-), filtered and evaporated to 
dryness to give 85 mg of crude 15 (purity 87% by amino acid 
autoanalysis, yield 190/, The crude sample was crystallized 
from water to give 31 mg of 15 as colorless glossy crystals: 
(Found; C 54.90, H 10.05, N 10.66. Calc for C6H,,N02; C 
54.90, H 10.00, N 10.68%): [a]: = + 15.4 (c 1.57, 6 N HCl). 
The optical rotation of authentic Lleucine, + 15.2 (c 1.58, 
6 N HCl), was obtained under the same conditions as for 15. 
Other analytical data (m.p., IR and ‘H NMR) of 15 agreed 
with those of authentic L-leucine. 

composition *buffer- 1 **buffer-2 

distilled water 
lithium citrate (4H,O) 
lithium chloride 
citric acid (H,O) 
ethanol 
thiodiglycol 
caproic acid 
Total 
PH 

7OOn-d 
9.80 g 
2.12 g 

34.00 g 
40ml 
5ml 
0.1 ml 

1OOOml 
3.00 

700 ml 
9.80 g 
6.36 g 

12.OOg 
30 ml 

5ml 
0.1 ml 

1OOoml 
3.70 

Synthesis of 3 from 1. A stirred, ice-cooled soln of 1 
(4.24g, 1Ommol) in pyridine (25ml) was treated with 
propionic anhydride (2.04 g, 20 mmol) for 2 h. After evano- 
rating in vacua, the residue was crystallized from 
ethanol/water to give 2.6 g (56%) in 3 of the form of white 
needles. All the analytical data (UV, IR and ‘H NMR) were 
identical with those of AI-77-D 3. 

Synthesis of 4 and N-methylated 6 from 1. 1 (4.24g 
IO mmol) and N.N-dimethvlformamide (20 ml) were ulacec 
in 100 ml glass .pressure container. Methyl iodide -(6 ml 
96 mmol) and triethylamine (4.5 ml, 30 mmol) were addec 
to it and then the container was closed and shaken vigor 
ously for 2 h at room temperature. Two portions of 6 m 
each of methyl iodide were added to the container at 21 
intervals. After vigorous shaking of the container for 24 h 
the mixture was evaporated. The residue was dissolved it 
50 ml of tetrahydrofuran and the solution was filtered am 
evaporated to dryness. The residue was dissolved again ir 
30 ml of tetrahydrofuran containing 0.5 ml HCl and the 
solution was evaporated to dryness to complete the for 
mation of the butenolide and y-lactone rings. The resultim 
powder was dissolved in 5 ml of methanol and applied to a 
column packed with 200g of silica gel slur&d in chloro. 
form. The column was washed with 2OOrnl of chloroforn 
and eluted with CHCI,/MeOH (15: 1). Fractions containing 
only 4 were collected, and evaporation to give 350 mg of 4 
(yield 9.0”/,) in a form of white needles, which was re 
crystallized from ethanol/water. (Found: C, 61.73; H, 5.89 
N, 3.62. Calc for C,H,NO,; C, 61.70; H, 5.91; N, 3.60%) 
All the analytical data (m.p., UV, CD, IR and ‘H NMR 
agreed with those of 4 isolated from the culture broth 01 
Bacillus pumilus AI-77. The column was then eluted with 
CHCI,/MeOH (1O:l) and fractions containing only 16 were 
evaporated to dryness. The resulting powder was dissolved 
in 50 ml of 0.01 N HCl. The solution was adjusted to pH 7.2 
with 0.5 M NaHCO, and extracted with ethyl acetatc 
(30 ml x 2). The organic layer was dried over Na$O, and 
evaporated in vacua to give 410 mg of N-methylated 6 (yield 
9.8%) in salt-free form: UVIzH 247 and 315nm; IRvE; 
(carbonyl region) 1780, 169Osh, 1675, 1655sh and 
1620cm-‘; ‘H NMR (DMSO-d,) 6 7.40 (lH, dd, J = 
8 Hz, aromatic H), 6.79 and 6.74 (2H, 2d, each J = 8 Hz. 
aromatic H), 4.70 (lH, m, G-H), 4.64 (lH, m, C-H), 4.38 
(lH, d, J = 2 Hz, C,-H), 4.32 (IH, m, C,-H), f.jO(iH, m 
C&-H), 3.10-2.80 (3H, m, C ,,Ta-H and C-H), 2.35 and 2.2C 
(lH, overlapping with -NHCH,, C,,,-H), 2.28 (3H, s. 
-NHCH,), 2.05 - 1.10 (3H, m, C,,-H and C.,-H), 0.98 and 
0.94 (each 3H. 2d. each J = 6 Hz. C-H and C-H). (Found: 
C, 66.08; H, &Ii N, 6.62. Calc: for C,,H,N;O,:’ d; 60.00 
H, 6.71; N, 6.67”/,.) 

Conversion of 5 to 1. An aqueous solution (20ml) of 5 
(500 mg, 1.1 mmol), was evaporated with HCl (1 ml) in 
vacua to dryness and the residue was dissolved in methanol 
(20ml), and then re-evaporated to give 6. To the dried 
residue dissolved in methanol (20 ml), was added dropwise 
0.1 N aqueous NaOH solution with stirring to a pH of 9.0. 
The pH was held at 9.0 by the addition of alkali until the 
spot of 6 could no longer be detected on TLC to open the 
y-lactone ring, and then the pH was adjusted to 6.5 with 
0.1 N HCI. The resulting solution was passed through a 
column (Amberlite XAD-2,50 ml). The column was washed 
with methanol/water (1: 4,100 ml) and eluted with methanol 
(1OOml). The eluate was concentrated in vacua to about 
20 ml to give 220 mg of 1(47x) in a form of white needles 
m.p. 139140” (dec). All the spectral data (UV, IR and ‘H 
NMR) were identical with those of the authentic sample 01 
1. 

X-Ray crystallographic study of AI-77-B 1. Crystalr 
grown in aqueous solutions were used for X-ray diffraction 
study using Cuku radiation. The crystal data are: AI-77-B 
tetrahvdrate, C,.H,.N,0..4H,O, FW = 496.5, monoclinic, 
space- group I?!,,-“Z-=-2, a 2 15.9020, b = 10.161(5) 
c = 7.571(4) A. 6 = 95.28(5)“. V = 1218 A3. D- = 
1.356 Mgtn”, 0, = i.354 Mgm’< The structure show;;’ in 
Fig. 3 was determined and refined on the basis of 2655 
observed structure factors (go”/, of those invobed within 
20 165) to an R value of 0.054 including 27 hydrogen atoms. 
Nine of those bonded to the oxygen atoms of crystal water 
and hydroxyl groups were not included. To determine the 
absolute configuration, the values of r, = IF~(hkf)l/lF,(h~) 
were calculated by taking into account the anomalour 
dispersion effect of C, N and 0 atoms for Cuka radiation. 
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Table 4 shows a comparison of r,’ with the observed roz 
values for all the 11 Friedel pairs giving the largest or 
smallest r, which indicates the configuration presented in 
Fig. 3. 

Supplementary material available. Crystallographic data 
including positional and thermal parameters as well as bond 
distance and angle calculation have been deposited with the 
Cambridge Crystallographic Data Centre (CCDC) in En- 
gland. 
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