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Virginiae butanolide C, [2-(1"-hydroxyhexyl)-3-(hydroxymethyl)butanolide (3)}, is one of
the inducers of virginiamycin production in Streptomyces virginiae. Various racemic
analogues were synthesized, and their effectiveness in virginiamycin induction was studied.
Among analogues having a series of C-2 side chains, those with 1’-hydroxyheptyl or 1’-hy-
droxyoctyl moiety were most effective with a minimum effective concentration of 0.8 ng/ml.
At the same length of C-2 side chain, a 2,3-cis analogue was 10-fold more active than a 2,3-
trans analogue, and the 2,3-trans analogue was 10-fold more active than an analogue having
a 1’-ketoalkyl moiety at C-2 (A-factor type analogue). Methoxylation or deletion of either -
one of the two hydroxy groups in virginiae butanclide C analogues caused a 100 to 1,000-fold
decrease in activity, thus indicating the importance of the two hydroxy groups in virginiamycin
induction.

Actinomycetes are Gram-positive bacteria characterized by their versatile ability to produce
various secondary metabolites, such as antibiotics, and therefore, are one of the most important groups

of industrial microorganism. One of the most interesting features of these microorganisms is their

Fig. 1. Structures of signal molecules isolated from Streptomyces.
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production of endogeneous and exogeneous signal molecules. These have been called “autoregu-
lators”!»%, and the best studied among them is A-factor (1) from Streptomyces griseus, which is essential
for the production of streptomycin and the formation of aerial mycelia® in some antibiotic- and aerial
mycelia-minus mutants. Besides A-factor, additional signal molecules have been isolated and their
structures elucidated: Anthracycline-inducing factors (2~5) from Streptomyces viridochromogenes®,
Streptomyces bikiniensis and Streptomyces cyaneofuscatus®, B-factor which induces rifamycin produc-
tion in Nocardia sp.t-”, C factor which induces conidia formation in S. griseus®, pamamycin which
stimulates aerial mycelia formation in Streptomyces alboniger®, and sporulation pigment from Strepto-
myces venezuelae'® .

Recently, we have isolated similar signal molecules named virginiae butanolide A (3), B (6) and
C (7) (VB-A, B and C, Fig. 1) from Streptomyces virginiae'”, which are effective at 1 ng/m! in in-
itiating virginiamycin production. VBs are 2,3-disubstituted butanolides, and thus, share a common
structure with those of A-factor and anthracycline-inducing factors (Fig. 1). This paper deals with
structure-activity relationships of various VB-C analogues.

Materials and Methods

Strain and Medium

S. virginiae of YanacmMoro and Teru1'2-'® was used for testing the inducing activity of VB-C
analogues. Bacillus subtilis PCI 219 was used to determine the resultant virginiamycin production.

The medium for S. virginiae contained Bacto-casitone (Difco) 7.5 g, yeast extract (Oriental Yeast
Co., Ltd., Tokyo) 7.5 g, glycerol 15 g and NaCl 2.5 g per liter, pH 6.5. The medium for B. subtilis
PCI 219 contained Polypeptone 5 g, meat extract 3 g and agar 15 g per liter, pH 6.5.

Assay of Virginiae Butanolide Activity

Activities of various VB-C analogues and other compounds were assayed in liquid cultures of S.
virginiae by measuring the production of virginiamycin essentially as described before'? except that
during the assay culture, 1 ml of an 8-hour cell suspension was added to 1 ml of fresh medium con-
taining appropriately diluted samples in 16.5 mm test tubes.

Analytical Methods

IR spectra were determined as films on a Hitachi model 215 grating IR spectrophotometer. NMR
spectra at 60, 100 and 270 MHz were recorded on a Hitachi model R-24B, a Jeol model PS 100
and a Jeol model INM-GSX 270 spectrophotometer, respectively. NMR spectra were taken at
100 MHz in CDCI, unless otherwise described. Chemical shifts were expressed downfield from
TMS as an internal standard. Mass spectra were obtained with a Hitachi RMU-6E mass spectro-

meter.

Synthesis of 3-(Hydroxymethyl)butanolide (16) and 3-(Trimethylsilyloxymethyl)butanolide (17)

3-(Hydroxymethyl)butanolide (16) was synthesized by reduction of diethyl formylsuccinate with
NaBH,, and 3-(trimethylsilyloxymethyl)butanolide (17) by trimethylsilylation of 16 as previously
described!?.

Synthesis of 3-(Methoxymethyl)butanolide (18)

To a solution of 3-(hydroxymethyl)butanolide (16) (3 g) and 1,10-phenanthroline in 20 ml of dry
benzene, n-butyl lithium (1.1 equiv, hexane solution) was added dropwise at room temperature under
a nitrogen atmosphere with stirring. After standing for 1 hour, methyl iodide (6 equiv) was added
and incubated overnight. The reaction was stopped by the addition of MeOH, the mixture was poured
into 100 ml of 1 N HCI and extracted with dichloromethane. The dichloromethane layer was dried
over anhydrous sodium sulfate, concentrated to dryness, and the resulting oil (4.43 g) was purified on
a silica gel (70 g) column developed with n-hexane - EtOAc (6:4). Yield of 18, 0.23 g: 'H NMR
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(100 MHz, CDCl,) ¢ 4.48~4.04 (2H, m, 4-H,), 3.48~3.32 (5H, m, CH,OCH,), 2.98~2.68 (1H, m,
3-H), 2.68~2.36 (2H, m, 2-H,); IR (film) cm™! 3500, 2900, 1780; electron impact mass spectra (EI-
MS) m/z 130 (M), 100 (M —OCH,).

Synthesis of 3-Methylbutanolide (19)

1) n-Octyl 3-(Carboxy)-3-butenoate (20): Itaconic anhydride (21, 25g) was mixed with »-
octanol (38.6 ml, 1.1 equiv), and the mixture was stirred at 110°C. After a 6-hour reaction, 100 ml
of water was added and stirred for a further 30 minutes. The reaction mixture was extracted with
hexane (300 ml), and the extract was washed with water (150 ml, twice), dried over anhydrous sodium
sulfate, and evaporated. The resulting oil (51.6 g) was distilled in vacuum to remove the remaining
n-octanol and 45.2 g of 20 was obtained: *H NMR (60 MHz, CDCl,) § 6.37 (1H, s), 5.74 (1H, s), 4.04
(2H, t), 1.24 (14H, br), 0.82 (3H, t); IR (film) cm~* 2916, 2850, 1724, 1684, 1638.

2) n-Octyl 3-(Carboxy)butyrate (21): 20 (20 g) dissolved in 200 ml of EtOAc was catalytically
hydrogenated with 5% Pd - C (1.5 g) at room temperature for 6 hours. The catalyst was removed
by suction filtration, and the filtrate was concentrated to dryness yielding 20.2 g of 21: *H NMR (100
MHz, CDCl,) 6 4.04 (2H, t), 2.61 (1H, q), 1.4 (14H, b), 1.2 (3H, d), 0.88 (3H, t); IR (film) cm™1! 3200,
2916, 2850, 1740, 1712.

3) 3-Methylbutanolide (22): To a solution of 21 (5g) in 50 ml of dry THF, borane-methyl
sulfide complex (2 M solution in THF, 20.6 ml) was added dropwise with stirring at —5°C for 1 hour.
The reaction was continued for a further 6 hours. MeOH (25 ml) was added dropwise, and the re-
action mixture was evaporated. The residue was again dissolved in MeOH and evaporated, yielding
5 g of n-octyl 3-(hydroxymethyl)butyrate (23): *H NMR of 23 (100 MHz, CDCl;) ¢ 4.02 (2H, t), 3.45
(2H, d), 2.25 (1H, q), 1.3 (14H, br), 1.0 (3H), 0.88 (3H, t); IR (film) cm~* 3400, 2920, 2850, 1740.

23 (5 g) was hydrolyzed in a mixture of EtOH (50 ml), KOH (2 equiv) and water (20 ml) by re-
fluxing at 110°C for 1 hour. After removing EtOH by evaporation, water (50 ml) was added, and
the reaction mixture was extracted by hexane to remove n-octanol. After acidification with conc
HCl, the water layer was extracted with dichloromethane, and the extract was dried and evaporated
yielding 1.67 g of crude oil. The oil was purified on a silica gel (30 g) column eluted with dichloro-
methane. Yield of 22; 1 g: tH NMR (100 MHz, CDCl,) § 4.5~4.28 (1H, m), 3.98~3.78 (1H, m),
2.78~2.58 (2H, d), 2.28~1.88 (1H, m), 1.21~1.04 (3H, d); IR (film) cm™* 2970, 2905, 1786.

Synthesis of Racemic Virginiae Butanolide C Analogues (8~ 15)

A-Factor type analogues (8) with various alkyl side chains at C-2 were synthesized essentially as
described before'® by reacting 3-(trimethylsilyloxymethyl)butanolide (17) with a suitable alkyl chlo-
ride. A-Factor type analogue (8) thus obtained was reduced with NaBH, yielding a mixture of cis
(10) and trans (9) isomers, and these isomers were separated by reverse phase HPLC. For 6-deoxy
analogues (14 and 15), heptyl iodide was used instead of heptanoyl chloride. For the syntheses of
3-methoxymethyl analogues (11a, 12a and 13a), 3-methyl analogues (11b, 12b and 13b) and 3-nor ana-
logues (11c¢ and 12¢), 3-(methoxymethyl)butanolide (18), 3-methylbutanolide (19) and butanolide,
respectively, were used instead of 3-(trimethylsilyloxymethyl)butanolide (17).

8a: MS mjz 158 (M, C;H,,0,); IR (film) cm™* 3450, 2950, 1760, 1680, 1470, 1430; ‘H NMR
(60 MHz) 6 1.7 and 2.5 (3H, s, CH,, enol and keto), 3.2~ 3.3 (1H, m), 3.6~ 3.8 (2H, m), 4.0~4.5 (3H,
m); yield 25%.

8b: MS m/z 172 (M); IR (film) cm~* 3430, 2950, 1760, 1720, 1620, 1460; 'H NMR ¢ 1.0~ 1.2
(31, t), 2.6~3.3 (3H, m), 3.6~ 3.8 (2H, m), 4.0~ 4.6 (3H, m); yield 22%;.

8c: MS m/z 186 (M); IR (film) cm™* 3450, 2960, 1770, 1720, 1640, 1470; *H NMR 6 0.80~ 1.00
(3H, t), 1.4~ 1.8 2H, m), 2.3~ 3.3 (3H, m), 3.5~ 3.8 (2H, m), 4.0~ 4.6 (3H, m); yield 34 %,.

8d: MS m/fz 200 (M), 182 (M—H,0); IR (film) cm™! 3450, 2950, 1760, 1720, 1640, 1470; ‘H
NMR 6 0.8~1.0 (3H, t), 1.2~1.8 (6H, m), 2.4~ 3.3 (3H, m), 3.6~3.8 (2H, m), 4.0~4.6 (3H, m);
yield 26 %.

8¢: IR (film) cm™* 3450, 1770, 1720; *H NMR 4 0.9 (3H, t), 1.0~ 2.0 (6H, m), 2.5~ 3.4 (3H, m),
3.5~ 3.8 (2H, m), 3.7~ 4.6 (3H, m); yield 27%.

8f: MS m/z 228 (M), 210 (M—H,0); IR (film) cm™! 3450, 2940, 1760, 1720, 1640; 'H NMR 4
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0.8~1.0(3H, t), 1.1~ 1.8 (8H, br), 2.6~3.3 (3H, m), 3.6~ 3.8 2H, m), 4.0~ 4.6 (3H, m); yield 329.
8g: MS m/z 242 (M), 224 (M—H,0); IR (film) cm~* 3450, 2940, 1776, 1720, 1620; ‘H NMR
00.8~1.0(3H, t), 1.2~ 1.8 (10H, br), 2.4~ 3.3 (3H, m), 3.5~ 3.8 (2H, m), 4.0~ 4.5 (3H, m); yield 25%,.
8h: MS m/z 256 (M), 238 (M—H,0); IR (film) cm~*! 3450, 2950, 2850, 1760, 1720; ‘H NMR
30.8~1.0(3H, t), 1.2~ 1.8 (12H), 2.5~ 3.4 (3H, m), 3.6~ 3.8 (2H, m), 4.0~ 4.5 (3H, m); yield 24 %.
8i: MS m/z 270 M), 252 M —H,0); IR (film) cm~* 3450, 2950, 2870, 1780, 1730; *H NMR
30.8~1.0(3H, t), 1.2~ 1.8 (14H, br), 2.5~ 3.4 (3H, m), 3.6~ 3.8 (2H, m), 4.0~4.5 (3H, m); yield 34 %.
9a: MS m/z 160 (M), 142 M —H,0); IR (film) cm~1! 3350, 2960, 2900, 1760; *H NMR § 1.2~ 1.4
(2H, d), 24~3.1 2H, m, J,,;=8.8 Hz), 3.3~ 3.5 (1H, br), 3.6~3.8 (2H, m), 3.9~4.5 (3H, m); yield
5%.
9b: MS m/z 174 (M), 156 (M —H,0); IR (film) cm™~* 3400, 2950, 2880, 1760; ‘H NMR § 0.9~
1.1 (34, t), 1.5~1.9 2H, m), 2.6~2.9 (2H, m, J,,,=8.8 Hz), 3.1~3.3 (1H, br), 3.6~3.8 2H, m),
3.9~4.5 3H, m); yield 12%,.
9¢: MS mfz 188 (M), 170 (M —H,;0); IR (film) cm~* 3400, 2950, 2870, 1760; ‘H NMR § 0.8~
1.1 (34, t), 14~1.8 (4H, m), 2.5~2.9 2H, m, J, ,=8.8 Hz), 3.1~3.5 (2H, br), 3.6~3.8 2H, m),
3.9~4.5 (3H, m); yield 15%.
9d: MS m/z 202 (M), 184 M —H,0); IR (film) cm~* 3400, 2950, 2850, 1760; *‘H NMR 6 0.8~
1.1 (3H, t), 1.2~2.0 (6H, m), 2.5~2.9 2H, m, J,,,=8.8 Hz), 3.0~ 3.4 (2H, br), 3.6~3.8 2H, m),
3.9~4.5 (3H, m); yield 10%.
9¢: As described before!?,
9f: MS mjz 230 (M), 212 (M—H,0); IR (film) cm~* 3400, 2930, 2850, 1760; ‘H NMR 4§ 0.8~
1.0 (3H, t), 1.2~1.8 (10H, m), 2.5~2.9 CH, m, J, ,==8.8 Hz), 2.9~ 3.4 (2H, br), 3.6~3.8 (2H, m),
3.9~4.5 (3H, m); yield 6%,.
9g: MS m/z 244 (M), 226 (M —H,0); IR (film) em~* 3400, 2930, 2850, 1760; ‘H NMR o 0.8~
1.0 (3H, t), 1.2~1.8 (12H, m), 2.5~2.9 (2H, m, J,,,=8.8 Hz), 3.6~3.8 (2H, m), 3.9~4.5 (3H, m);
yield 13%.
Sh: MS m/z 258 (M), 240 M —H,0); IR (film) cm~* 3400, 2950, 2850, 1760; *H NMR 4§ 0.8~
1.0 (3H, t), 1.2~ 1.8 (14H, m), 2.5~2.9 2H, m, J, ,=8.8 Hz), 3.5~3.8 (2H, m), 3.9~4.5 3H, m);
yield 8.
9i: MS m/z 272 (M), 254 (M—H,0); IR (film) cm~* 3400, 2950, 2860, 1780; *H NMR § 0.8~
1.0 (34, t), 1.2~1.8 (16H, m), 2.5~2.9 2H, m, J,,,=8.8 Hz), 3.4~ 3.6 (2H, br), 3.6~ 3.8 (2H, m),
3.9~4.5 (3H, m); yield 6%.
9j: MS m/z 200 (M), 182 (M —H,0); IR (film) cm~* 3400, 2920, 2850, 1760; 'H NMR 4§ 1.6~
1.8 (2H, m), 2.0~2.4 (2H, m), 2.5~2.9 2H, m, J,,,=8.8 Hz), 3.4~3.8 2H, m), 3.9~4.2 (2H, m),
4.3~4.5 (1H, m), 4.9~5.2 2H, m), 5.6~ 6.0 (1H, m); yield 1%.
9k: IR (film) cm™! 3370, 3070, 2930, 2850, 1760, 1640; *H NMR 4§ 1.2~ 1.8 (6H, m), 2.0~2.3
(2H, m), 2.6~ 3.0 2H, m, J,,;=38.8 Hz), 3.4~ 3.9 (4H, m), 3.9~4.2 2H, m), 4.3~4.6 (1H, m), 4.9~
52 (2H, m), 5.6~6.0 (1H, m).
16a: MS m/z 142 (M—H,0); IR (film) cm™! 3400, 3000, 2880, 1780, 1680; ‘H NMR 4 1.4 (3H,
d, J=7.2Hz),2.2~2.9 2H, m, J,,,=7.1 Hz), 3.6~ 3.8 (2H, d, J=6.5 Hz), 3.9~ 4.5 (3H, m); yield 2%.
~10b: MS mfz 174 (M), 156 (M—H,0); IR (film) cm™~* 3400, 3000, 2880, 1780, 1680; ‘H NMR
§0.9~1.1 (3H, t), 1.6~1.8 (2H, m), 2.2~2.9 2H, m, J, ,=7.1 Hz), 3.6~ 3.8 2H, d, J=6.5 Hz), 3.9~
4.5 (3H, m); yield 5%.
10c: MS m/z 188 (M), 170 M —H,0); IR (film) cm~* 3400, 2950, 2850, 1750, 1650; *H NMR
§09~1.1 (3H, t), 1.3~1.8 (4H, m), 24~2.9 H, m, J,,,=7.1 Hz), 3.6~ 3.8 2H, J=6.2 Hz), 4.0~
4.5 (3H, m); yield 8%.
10d: MS m/z 202 (M), 184 (M—H,0); IR (film) cm~! 3400, 2950, 2840, 1760, 1660; ‘H NMR
50.8~1.0 BH, t), 1.2~ 1.8 (6H, m), 2.4~2.9 2H, m, J,,,=7.1 Hz), 3.6~3.8 (2H, d, J=6.2 Hz), 4.0~
4.5 (3H, m); yield 49%.
10e: As described before'?.
10f: MS m/z 230 (M), 212 (M—H,0); IR (film) em~* 3400, 2950, 2840, 1760, 1660; *H NMR
5 0.8~1.0 (3H, t), 1.2~1.8 (10H, m), 2.4~2.9 (2H, m, J,,;=7.1 Hz), 3.6~3.8 (2H, d, J=6.1 Hz),
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4.0~4.5 (3H, m); yield 4%,.

10g: MS m/z 244 (M), 226 (M—H,0); IR (film) cm™* 3400, 2950, 2850, 1760, 1660; ‘H NMR
0 0.8~1.0 (3H, t), 1.2~ 1.8 (12H, m), 2.4~2.9 (2H, m, J,,,=7.1 Hz), 3.6~3.8 2H, d, J=6.1 Hz),
4.0~4.5 (3H, m); yield 6%.

10h: MS m/z 258 (M), 240 M —H,0); IR (film) cm™1 3400, 2950, 2850, 1760; "H NMR 5 0.8~
1.0 (3H, t), 1.2~1.8 (14H, m), 24~3.1 2H, m, J,,,=7.1 Hz), 3.6~3.8 (2H, d, /=6.1 Hz), 4.0~4.5
(3H, m); yield 5%.

10i: MS m/z 272 (M), 254 (M —H,0); IR (film) 3400, 2950, 2850, 1760; *H NMR ¢ 0.8~ 1.0
(3H, t), 1.2~ 1.8 (16H, m), 2.4~ 3.0 2H, m, J,,;=7.1 Hz), 3.6~ 3.8 (2H, d, J=6.1 Hz), 4.0~ 4.5 (3H,
m); yield 3%.

10j: MS m/z 200 (M), 182 (M—H,0); IR (film) cm~* 3400, 2920, 2850, 1760; *H NMR § 1.6~
1.9 2H, m), 2.0~24 (2H, m), 2.4~2.9 2H, m, J,,;=7.1 Hz), 3.6~ 3.8 (2H, d, J=6.1 Hz), 4.0~4.5
(3H, m), 4.9~ 5.2 (2H, m), 5.6~ 6.0 (1H, m); yield 1%.

10k: IR (film) cm~! 3370, 3070, 2930, 2850, 1750, 1640; ‘H NMR ¢ 1.2~ 1.8 (6H, m), 2.0~2.3
(2H, m), 2.4~2.7 (1H, m, J,,,=6.5 Hz), 2.7~ 3.0 2H, m), 3.0~ 3.2 (1H, m), 3.6~ 3.9 (2H, m), 4.0~
4.2 (2H, m), 4.3~4.6 (1H, m), 4.8~ 5.2 (2H, m), 5.6~ 6.0 (1H, m); yield 3%.

11a: MS m/z 242 (M), 224 M —H,0); IR (film) cm~?* 2930, 2850, 1780, 1720; *H NMR § 0.8~
1.0 (3H, t), 1.2~ 1.8 (8H, m), 2.5~2.9 2H, m), 3.2~ 3.5 (SH, m), 3.6~ 3.8 (1H, m), 4.0~4.5 2H, m);
yield 37%. .

11b: IR (film) cm™! 2940, 2860, 1780, 1720; ‘H NMR 6 0.8~ 1.0 (3H, t), 1.0~1.2 3H, 4, J=
7.2 Hz), 1.2~1.8 (8H, m), 2.4~3.2 (2H, m), 3.2~3.4 2H, m), 3.7~3.9 (1H, m), 4.3~4.6 (1H, m);
yield 25%.

11c: MS m/z 198 (M); IR (film) cm™? 2930, 2850, 1770, 1720; *H NMR § 0.8~ 1.0 (3H, t), 1.2~
1.8 (8H, m), 2.2~ 3.0 (4H, m), 3.6~ 3.9 (1H, m), 4.2~ 4.4 (2H, m); yield 559%,.

12a: IR (film) cm~?! 3450, 2940, 2850, 1760; ‘H NMR 6 0.8~1.0 (3H, t), 1.2~ 1.8 (10H, m),
24~2.6 (1H, m, J;,;=9.0 Hz), 2.7~ 3.1 (1H, m), 3.3~ 3.5 (5H, m), 4.0~4.5 (3H, m); yield 1%.

12b: IR (film) cm™* 3400, 2940, 2850, 1760; '"H NMR 4 0.8~ 1.0 (3H, t), 1.1~1.2 (3H, d, J=
7.1 Hz), 1.2~ 1.8 (10H, m), 2.2~2.4 (1H, m, J,,,=11.4 Hz), 2.6~ 3.0 (1H, m), 3.6~ 3.9 (1H, m), 4.0~
4.2 (1H, br), 4.3~4.5 (1H, m); yield 1%.

12¢: IR (film) cm~! 3450, 2920, 2850, 1760; ‘H NMR ¢ 0.8~ 1.0 (3H, t), 1.2~ 1.7 (10H, m),
2.1~3.0 (3H, m), 3.6~4.0 (1H, br), 4.0~4.5 3H, m); yield 3%.

13a: IR (film) cm~! 3450, 2930, 2850, 1770; 'H NMR 4§ 0.8~ 1.0 (3H, t), 1.2~ 1.7 (10H, m),
2.5~2.9 (2H, m, J;,,=17.2 Hz), 3.3~3.5 (5H, m), 3.8~4.1 (1H, m), 4.3~4.5 (1H, m); yield 3%.

13b: IR (film) 3450, 2940, 2850, 1760; *H NMR 6 0.8~ 1.0 (3H, t), 1.1~ 1.2 (3H, d, J=7.1 Hz),
1.2~1.8 (10H, m), 2.1~2.7 (2H, m, J,,,=9.6 Hz), 3.0~ 3.2 (1H, br), 3.6~4.0 (2H, m), 4.3~4.5 (1H,
m); yield 1%.

14: H NMR (270 MHz) § 0.8~0.9 (3H, t), 1.2~2.0 (12H, m), 2.3~2.5 2H, m, J,,;=7.0 Hz),
3.6~ 3.8 2H, m), 4.0~4.5 2H, m); yield 5%.

15: H NMR (270 MHz) 6 0.8~0.9 (3H, t), 1.2~2.0 (12H, m), 2.3~2.5 2H, m, J,,,=5.8 Hz),
3.6~3.8 (2H, m), 4.0~4.5 (2H, m); yield 2%.

Results and Discussion

Effect of VB-C Analogues Having Various C-2 Side Chains
on Virginiamycin Production

Various VB-C analogues tested for their inducing activity are shown in Fig. 2. They can be
divided into three main groups, i.e. group I, analogues having the 3-(hydroxymethyl)butanolide
skeleton in common but with various C-2 side chains (compounds 8~ 10); group II, analogues with
the heptyl moiety at C-2 but lacking a free hydroxy group at C-5 (11~ 13); group II1, analogues lacking
the C-6 hydroxy group (14 and 15). Before testing those analogues, we tested butanolide and its
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Fig. 2. Structures of various VB-C analogues.
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analogues (cyclopentane, cyclopentanone, tetrahydrofuran and 2-pyrrolidone) to check the possibility
that the butanolide skeleton itself has inducing activity. However, none of them showed inducing
activity at 100 ug/ml, nor suppressed the inducing activity of VB-C (10 ng/ml) at the concentration
of 100 pg/ml, indicating that substituents in VB-C are essential in inducing virginiamycin production.

In Fig. 3 is shown an example of the bioassay in which several concentrations of A-factor type

analogues (8) were tested. When the concentration of analogues tested was insufficient for virginia-

mycin production, no clear zone was observed (8 mm corresponds to the diameter of the cups). At
or above the effective concentration, the diameter of clear zone increased, by which we determined the
minimum effective concentration of each analogue (Table 1). By comparing the minimum effective
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Fig. 3. Induction of virginiamycin production by a series of A-factor type analogues.
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Table 1. Minimum effective concentration of VB-C analogues.
OH OH OH
o (o] o]
R W, R R
1,
5 f
8 9 10
A-Factor type trans VB-C type cis VB-C type
Analogue (8) (ug/ml) 9) (ng/ml) (10) (ug/ml)
a >100 >100 100
b 10 100 100
c 10 10 10
d 10 1 0.1
e 10 0.1 0.003
f 10 0.01 0.0008
g 10 0.01 0.0008
h 1 0.1 0.1
i 10 1 0.1
j — 100 10
k — 0.1 0.001
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concentrations for 8, 9 and 10, it was clear that Fig. 4. Effect of length of the side chain at C-2 on

cis VB-C type analogues (10) were 10-fold more the inducing activity of cis VB-C analogues.

active than the corresponding trans isomers (9), 4 OH
and 9 were 10-fold more active than A-factor R
type analogues (8). Therefore, 2,3-cis configura- o OH
tion is important for inducing activity. This
agrees well with the fact that all the natural 100
factors (3, 6 and 7) from S. virginiae have the cis © ’:5 10+ a
configuration. %g 1¢

Since natural VBs (3, 6 and 7) differ only in % g c.1}
the substituent at C-2, the moiety at C-2 seems g’é 0.01 }
rather flexible. Therefore, to determine the g ;c: 0.001 f
optimum size of the substituent, we synthesized 3 § 0.0001 |
a series of 10 and compared their effectiveness © I ST SR TS SV S

—
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(Fig. 4). The highest activity was observed with
n-heptyl or m-octyl substituents. These had a

minimum effective concentration of 0.8 ng/ml Chain length indicates the number of n+1 in
R=(CH,),CH,. Value for an analogue having a

which was 2.5-fold lower than that for natural terminal double bond in R is indicated by (4).

VB-C (about 2 ng/ml). Longer or shorter sub-

stituent resulted in lower activity, and the presence of a terminal double bond resulted in a 100-fold
decrease of the activity. A similar tendency was observed for the trans type (9) analogues. KAwAGucHI
et al.” reported that the n-octyl ester of B-factor showed the highest activity in the induction of
rifamycin production in Nocardia sp. The requirement of an n-octyl group for highest inducing
activity in different organisms suggests that a hydrophobic interaction with such a non-polar group is
important in the process of induction. For A-factor (1) in S. griseus, KaokuLov® reported that
analogues having one carbon atom shorter or longer than the natural A-factor (1) exhibited only
0~159 or 0~ 109 activity, respectively. In VB-C, analogues of n-heptyl and n-octyl showed the
same activity. The reason for this difference between A-factor analogues and VB-C analogues is
not clear, but may result from the difference between S. griseus and S. virginiae.

Importance of Hydroxy Groups on the Substituents for Inducing Activity

By fixing the size of the C-2 side chain to an n-heptyl group, we next investigated the importance
of the two hydroxy groups on the substituents (Table 2). For the C-5 hydroxy group, methoxylation
(13a) caused a dramatic decrease (1,250-fold) in inducing activity. Interestingly, deletion of a free
OH group (13b) or deletion of even a hydroxymethyl group from C-3 (13¢) did not cause a further
decrease in the activity; they all showed the same minimum effective concentration of 1 ug/ml. There-
fore, the C-5 carbon atom and oxygen atom do not seem to play an important role in the inducing
activity, but the free OH group seems to be an important group, probably by making a hydrogen bond,
although for the oxygen atom in the methoxy analogue (13a), we cannot exclude the possibility that
steric hindrance caused by the methyl group was the actual reason for the activity loss.

With regard to the hydroxy group at C-6, its deletion (15) also resulted in a great decrease (125-
fold) in inducing activity, but less of a decrease than that for the C-5 hydroxy group, indicating that
the C-5 hydroxy group is more important than the C-6 hydroxy group in the inducing activity of VB-C.
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Table 2. Minimum effective concentration of VB-C analogues.

A-Factor type, transRV.be thpe, cis X}i-g I:Iype,

Structure (R Z/;l% (2,3-trans) (2,3-cis)

e (ng/m) (ug/ml)

O;:Ci/\/\ 10 (8£) 0.01 (9f) 0.008 (10f)

CH
Ogj:;ol/a\/\ 10 (11a) 10 (123 1 13
og/\/\/\ 1 (11b) 1 (12b) 1 (13b)
OQY\/\/\ 1 (110) 1 (120
OH .

cgx\/\/\ P R

As a conclusion, VB-C can be said to have at least 4 important parts for demonstrating inducing

activity, i.e., i) C-5 free hydroxy group, ii) C-6 hydroxy group, ii) 2,3-cis configuration, and iv) C-2
side chain length with an optimum at 7 or 8 carbon atoms. The presence of two oxygen atoms as well
as the cyclic structure of the butanolide skeleton may also play important roles in the induction, but -

these possibilities remain to be determined.
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