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Summary: The structures of a novel gastroprotect ive substance AI-77-B and i t s  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 

AI-77-A, B, C, D, E, F and G have been isolated from the cul ture broth of Bacillus pumilus 

A I - 7 7  as st ructura l  analogues with charac ter is t ic  fluorescence. AI-77-A and B, which were the 

major products in ear l ier  and la te r  fermentation stages respect ive ly ,  exhib i ted potent gastro- 

protect ive a c t i v i t i e s  against stress ulcers in ra ts ,  whereas the other AI-77s were minor products 

with less a c t i v i t i e s .  Detai ls of production, i so la t i on ,  primary character izat ion and pharmacol- 

ogical a c t i v i t y  of each compound have been reported I .  AI-77-B appears to be part of a unique 

drug class because i t  has non-centralsuppresive, non-ant ichol inerg ic  and non-ant ihistaminergic 

properties despite i t s  potent an t iu lce rogen ic i t y  acting against stress ulcers. In order to 

c l a r i f y  the re la t ionsh ip  between the chemical structure and pharmacological a c t i v i t y  we elucidate 

the structures of AI-77-B, C, D, F and G, here. 

AI-77-B ( l ) ,  mp 139.5-140 OC (dec.) ,  FD mass M+I 425, showed U V ~ H  nm (E) 246 (6250) and 

314 (4450), CD (MeOH) Ac =-0 42, Ac =-0 67 and Ac =-3 3, Fluorescence Excit  max 320 nm 
325 . . "  306 " 257 " 1 " 

emmision max 470 nm and I R ~  1692 sh, 1680 sh, 1670 sh, 1662 and 1625 cm- . The UV spectrum 

of ( I )  agreed with those of mellein 2 ,1~QH nm (c) 246 (6500) and 314 (4100), and bacipfe lacin 3, 

~ H  nm (~) 245 (6050) and 314 (4900). These f indings suggest that AI-77-B contains a chromo- 

phore s imi la r  to 3,4-dihydro-8-hydroxyisocoumarin in i t s  s t ructure.  The color reactions of ( I )  

wi th ninhydr in and with FeCI 3 reagent indicate the presence of an amino acid moiety and a 

phenolic hydroxyl funct ion,  respect ively.  

y-Lactone der ivat ive (2), C20H26N207.HCI( M + m/e 406.1736, calcd. 406.1733) was obtained by 

evaporating an ethanol solut ion of ( I )  with HCl to dryness. In the IR spectrum of (2) a new 

absorption band appearing at 1790 cm -I  indicates the formation of a x- lactone. In the IH-NMR 

spectrum (d6-DMSO) of (2),  the signal of a methine proton at ~3.64 in spectrum of ( I )  sh i f ted 

downfield by 0.91 ppm. 

Acety lat ion of ( I )  under d i f f e ren t  condit ions afforded three kinds of acetate. The reaction 
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/270 MHz IH-NMR spectrum of ( I ) ~  
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Fig. 1 AI - l l -B  ( I )  
of (I) with acetic anhydride in pyridine at 0 °C gave exclusively monoacetate (3) 4 . Treatment of 

(I) with ZnCI 2 in acetic anhydride at 50 °C afforded diacetate (4) 4 . Extensive acetylation of 

(I) with acetic anhydride in pyridine at 50 °C gave tr iacetate (5) 4 . The UV spectrum of (5) 

revealed blue sh i f ts  [ 236 (c, 7150) and 288 nm (c,1805) in MeOH] with accompanying disappearance 

of the fluorescence. 
Acid hydrolysis of ( I )  with 2 N HCI at 105 °C for two days afforded chromophore moiety (6) 

and pyrrolidonecarboxylic acid 5 (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 ident i f ied as the chromophore moiety of 

baciphelacine 3. The fract ion eluated with water gave pyrrolidonecarboxylic acid (7). Compound 

(8) was obtained as the monosodium sal t  by treating compound (7) with 1 N NaOH (pH I0) at room 
temperature overnight, followed by adjusting the pH to 6.5 with Dowex 50 (H +) and lyophi l iz ing 

(yield 87 %). The spectral data 6 give reasonable grounds to conclude compound (8) to be 2,3- 
-dihydroxy-4-amino-hexanedioic acid. Leucine ( I I )  was obtained by the oxidative degradation 7 of 

diacetyl derivative (9) of chromophore moiety (6) with excess potassium permanganate in neutral 

aqueous solut ion, followed by deprotection of the amine group with acid hydrolysis (yield 23.3 % 
by amino acid autoanalysis). After pur i f icat ion by column chromatography with Dowex 50 (H+), 
leucine was crysta l l ized from hot water and then ident i f ied opt ica l ly  as L-leucine within experi- 
mental error; [~]23 +15.4 (c 1.57, 6 N BCI), authentic L-leucine [~]23 +15.2 (c 1.58, 6 N HCI). 

Based on the above studies and detailed spin decoupling experiments on the IH-NMR spectrum 

in addition to the 13C-NMR spectrum, the structure of AI-77-B (1) was p.roposed and confirmed 

by the following single crystal X-ray analysis (Fig. l ) .  
Crystals grown in aqueous solutions were used for X-ray diffraction study using CuK~ radia- 

tion. The crystal data are : AI-77-B tetrahydrate, C20H28N208"4H20, FW=496.5, monoclinic, space 

group P21, Z=2, a=15.902(7), b=I0.161(5), o=7.571(4) A, B=95-28(5) ° ,  v=1218 ~3, Dm=i.356 Mgm -3, 
D0=I.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 2@<165) to an R value of 0.054 inclu- 
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ding 27 hydrogen atoms. Nine of those bonded to the oxygen atoms of crystal water and hydroxyl 

groups were not included. To determine the absolute conf igurat ion, the values of 

r=IFe(hkl) i / IFo(hkl)l were calculated by taking into account the anomalous dispersion e f fec t  of 

C, N and 0 atoms for CuKa radiat ion. Comparison with the observed values for  al l  the I I  Friedel 

W4 
012 011 

Fig. 3 

w2 

L 

7'k 7  o:7, 
. . . .  ~ ~ 8 ' l Ol 3 ( ~ I ~ ~  

W3 " •  4N16' 

pairs giving the largest or 

smallest r values, indicated the 

conf igurat ion presented in Fig. 3 

I t  is then confirmed that al l  the 

f ive asymmetric centers of ( I )  

have the same absolute configu- 

rat ion and they were indicated to 

be S by the X-ray anomalous 

dispersion method. The configu- 

rat ion at C-5' has been related 

to L-leucine which was obtained 

from chromophore moiety (6) in 

the above chemical studies. For 

addit ional crystal lographic 

deta i ls  consult reference 9. 

Perhaps chromophore moiety (6) is 
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derived biogenetically from four molecules of acetic acid and one molecule of L-leucine. 

AI-77-C (12) was identif ied as a monoacetate (3) and AI-77-D (13) was identif ied as the mono- 

propionate (14) obtained by acylation of (1) with propionic anhydride in pyridine at O °C. 

Spectral data of AI-77-F (15) lO were characteristic of a butenolide [IR 1790 and 1755 cm - l ,  lH- 

NMR65.35(lH,dd), 6.24 (IH,ddl and 7.55 (IH,d) -CH-CH=CH-CO-]. Detailed spin decoupring experi- 
1 ments on the H-NMR spectrum led to elucidation of the structure of AI-77-F (15) as shown in Fig.l 

The UV spectrum of AI-77-G (16) agreed with that of l l )  determined after standing overnight in 

O.l N NaOH solution. By evaporating an ethanol solution of (16) with HCI to dryness, 

y-lactone 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 Baci l lus pumilus 

AI-77 , two of the la t ter  cannot be proved to be either chemically degraded products or biogenetic 

products. 

Acknowledgments : The authors are indebted to prof. T. Goto (Department of Agricultural Chemistry, 

Faculty of Agriculture, Nagoya University) and Prof. Y. Yamada (Tokyo College of Pharmacy) for 

valuable suggestions. We thank Mr. I .  Nagoya (NMR spectra) and Mr. K. Tamura (Mass Spectra) in 

our laboratry. 

References and Notes 

I .  Y. Shimojima, H. Hayashi, T. Ooka and M. Shibukawa : Agric. Biol. Chem., 46, 1823 (1982). 

2. J. Blair and G. T. Newbold : J. Chem. Soc., 1955, 2871 (1955). 

3. H. Okazaki, T. Kishi, T. Beppu and K. Arima : J. Antibiot.,  28, 717 (1975). 

4. Comp. Formula mass M + mp °C(dec.) -NHCOCH3 -OCOCH_~ I -N_HCOCH3 @-OH H-8'(d6-DMSO) 

(3) C22H28N208 448.1830 210-211 1.69 s 7.88 d 10.85 s 4.32 d ~ ppm 

(4) C24H30N209 490.1939 216-217 1.59 s 2.08 s 8.38 d 10.80 s 5.18 d 

(5) C26H32N2010 532.2028 170 1.59 s 2.09 s,2.27 s 8.42 d 5.19 d 

5. A. I. Virtanen and T. Ettala : Acta. Chem. Scand., l l ,  182 (1957). 

6. IH-NMR spectrum (200 MHz in D~O) 6ppm from TMS: H-2 4.25(lH,d J=4), H-3 4.15(IH,dd J3,4=2.5), 
L K r 

H-4 3.92(lH,m J4,5a=2, J4,5b=4), H-5 2.79(lH,dd) and 2.96(lH,dd J5a,5b=17). IRvm~ 1710, 

1600 and 1570 sh cm -l.~ FD mass M+l 194 and M+Na 216. 

7. J. P. English, R. C Clapp, Q.P. Cole, I. F. Halverstadt, J. O. Lampen and R. O. Roblin : 
J. Am. Chem. Soc., 67, 295 (1945). 

8. The 13C-NMR assignments were based on chemical shifts and substituent effects as well as 

correlation of the IH-NMR and 13C-NMR spectra by selective decoupling methods: (270 MHz in 

d6-DMSO)~ppm from TMS, C-3 80.9, C-4 28.9, C-5 I18.4, C-6 136.2, C-7 115.2, C-8 160.9, 

C-9 I08.3, C-lO 140.6, C-l' or C-2' 21.5 or 23.3, C-3' 38.6 (40.I in CD3OD), C-4' 24.0, C-5' 

48.1, C-8' or C-9' 71.4 or 71.6, C-lO' 50.4, C-If ' 33.4, C-l, C-7', C-12' 168.9, 172.7, 174.6 

9. Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre. 

lO. C20H23NO 7 (M + m/e 389.1474, calcd. 389.1473); white needles,mp 182-183 °C; U V ~  H nm(~) 

245(6100), 312(4200); CD (dioxane) z~c327=-0.31, AE303=-0.47, /Ic258=-4.5; 13C-NMR (d6-DMSO,6ppm 
from TMS)21.2, 23.2, 24.0, 29.1, 38.8, 48.5, 70.8, 80.9, 84.2, 108.4, 115.6, 118.8, 121.9, 

136.7, 140.3, 154.7, 161.1, 169.1, 170.1, 173.2. 

(Received in Japan 14 September 1982) 


