
1156 THE JOURNAL OF ANTIBIOTICS JULY 1993

DELAMINOMYCINS, NOVEL EXTRACELLULAR MATRIX

RECEPTOR ANTAGONIST

IV. STRUCTURE-ACTIVITY RELATIONSHIPS OF
DELAMINOMYCINSAND DERIVATIVES

Mitsuhiro Ueno, Masahide Amemiya, Katsuhisa Yamazaki, Masatomi Iijima,
Michiyo Osono, Tetsuya Someno, Hironobu Iinuma1, Masa Hamada1,

Masaaki Ishizuka* and Tomio Takeuchi

Institute for Chemotherapy, Microbial Chemistry Research Foundation,
18-24 Aza-Motono, Miyamoto, Numazu-shi, Shizuoka 410-03, Japan

fInstitute of Microbial Chemistry, Microbial Chemistry Research Foundation,
3-14-23 Kamiosaki, Shinagawa-ku, Tokyo 141, Japan

(Received for publication February 24, 1993)

Delaminomycins A, B, C and their derivatives were prepared and investigated biological activities
of them. Amongthese compounds, spiro compounds (A2, B2 and C2) showed stronger inhibitory
activity than natural products (Al, Bl and Cl) on B16 melanomacells adhesion assay and Con
A-induced proliferation of murine splenic lymphocytes assay. In MLCRand antimicrobial assay,
however, Al, Bl and Cl showed more potent inhibitory activity than spiro compounds(A2, B2 and
C2).

On the other hand, as to C-5' substituents of pyrrolidine ring, the order of inhibitory activity
was R=OH> R=OCH3> R=H on Con A-induced proliferation of murine splenic lymphocytes
assay. In MLCR and antimicrobial assay, however, the order of inhibitory activities were
R=H>R=OCH3>R=OH.

Inhibitory activities of A4 which was lacked pyrrolidine ring were reduced on B16 melanoma
cells adhesion assay and on cytotoxicity against tumor cells in vitro in comparison with those of Al.

In the course of screening for inhibitors of cell adhesion to fibronectin (FN), laminin (LM) and collagen
type IV (CL), components of the extracellular matrix (ECM), we found new non-peptide antibiotics,
delaminomycins, produced by Streptomyces albulus MJ202-72F3. In the preceding paper, we reported that
delaminomycins suppressed immuneresponses in vitro and in vivo and exhibited antimicrobial effect on
Gram-positive bacteria1*. In this paper, we report the biological activities of delaminomycins and their
derivatives and the structure-activity relationship of them.

Chemistry

We have described the synthesis of 5'-Hydroxy-2-[(l^,3J£)-6-hydroxy-5-methyl- l ,3-octadienyl]-4a,5,7-

trimethyl- l ,2,3,4,4a,4b,5,6,7,8,8a, 1 0a-dodecahydrophenanthrene-3-spiro-3'-pyrrolidine-2',4,4'-trione (A2)
from delaminomycin A (Al) in the preceding paper2). As shown in Fig. 1, Al was converted to form a
spiro ring upon acid treatment into A2. Compounds 5/-Methoxy-2-[(l.£',3£')-6-hydroxy-5-methyl-l,3-

octadienyl]-4a,5,7-trimethyl-l,2,3,4,4a,4b,5,6,7,8,8a, 10a-dodecahydrophenanthrene-3-spiro-3'-

pyrrolidine-2',4,4'-trione (B2) and 2-[(l£I,3^)-6-hydroxy-5-methyl-l,3-octadienyl]-4a,5,7-trimethyl-

l,2,3,4,4a,4b,5,6,7,8,8a,10a-dodecahydrophenanthrene-3-spiro-3'-pyrrolidine-2',4,4'-trione (C2) were
prepared from delaminomycins B (Bl) and C (Cl)3) by the same method used for the synthesis of A2.



Fig. 1. Structures of delaminomycins and analogs.
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Reduction ofA2 with NaBH4 gave a tetrahydro derivative 4/,5'-Dihydroxy-2-[(l^,3^)-6-hydroxy-5-methyl-

l ,3-octadienyl]-4-hydroxy-4a,5,7-trimethyl-l ,2,3,4,4a,4b,5,6,7,8,8a, 10a-dodecahydrophenanthrene-
3-spiro-3'-pyrrolidine-2'-one (A3) which was obtained as an epimeric mixture. An alkali hydrolysis of Al
with NaOH gave 3-2-[(3£, 5^)-2,8-Dihydroxy-7-methyl-3,5-decadienyl]-l ,6,8-trimethyl-l ,2,4a,5,6,7,8,8a-
octahydro- l -naphthyl] -3-oxopropionamide (A4).

Biological Activity
B16 Cell Adhesion Assay
B16 melanoma cell adhesion assays1} were performed using the modified method reported by Graf

et-al*'5). As shown in Table 1, Al, A2 and B2 at 2.8~6.5/xg/ml showed stronger inhibitory activity on
adhesion of B16 melanoma to all ECMcomponents tested than that of other delaminomycins. A2, B2
and C2 showed stronger inhibitory activity than Al, Bl and Cl, respectively. Cl and C2 showed no
inhibition on FN at 100^g/ml. Inhibitory activity of A3 was slightly reduced reduced in compared with
that of Al, and inhibitory activity of A4 was further reduced than that of A3.

Cytotoxicity
Tumor cells were cultured in RPMI-1640 containing 10% FCS with test samples for 72 hours in 5%

CO2 and 95% air and cytotoxicity was determined by MTTassay1}. As shown in Table 2, A2 and B2
showed stronger cytotoxicity than Al and Bl, respectively, although Cl showed stronger cytotoxicity than
C2 except for L1210. L1210 cells were rather resistant to delaminomycins and their analogs tested than
other tumor cells.

Con A-induced Proliferation of Murine Splenic Lymphocytes.
Con A-induced proliferation assays were performed by the method described previously1}. As shown

in Table 3, all samples tested showed inhibitory activity against Con A-induced proliferation of murine
splenic lymphocytes. A2 and B2 showed stronger inhibitory activity than Al and Bl, respectively. A2
showed the strongest activity and IC50 value was 0.78 /ig/ml.

Mixed Lymphocytes Culture Reaction (MLCR)
MLCRassay was performed by the method described previously1*. As shown in Table 4, all samples

Table 1. Inhibition of adhesion of B16 melanoma cells Table 2. Cytotoxicityofdelaminomycinsandanalogson
to ECMcomponents by delaminomycins and analogs. tumor cells in cultures.

IC50 Oxg/ml)

Laminin Fibro nectin
Compounds

Al
A2
A3
A4
Bl
B2
Cl
C2

6.0

3.7

13.0

50.0
17.0

2.8

>100

>100

3.3
4.4

10.7
47.9
14.0

4.8
14.5
22.3

IC50 Oig/ml)

Compounds
L1210 P388Di EL4 B16

>100

3.7

17.4

>100

30.0

8.0

42.0

3.6

14.0 17.9
10.0 4.1

N.D. N.D
N.D. N.D

13.3 ll.1
12.1 6.8

3.1 1.9
22.0 13.3

21.1
8.3

18.0

52.2

>100

17.9

7.4

16.9
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Table 3. Inhibitory effect of delaminomycins and ana-
logs on ConA induced proliferation of splenic
lymphocytes.

Compounds

Al A2 Bl B2 Cl C2

IC50(/ig/ml) 17.5 0.78 4.0 0.85 1.0 1.6
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Table 4. Inhibitory effect of delaminomycins and ana-
logs on MLCR.

Compounds

Al A2 Bl B2 Cl C2

IC50Gig/ml) 8.6 13.9 1.1 8.6 0.5 37.9

Table 5. Antimicrobial activity of delaminomycins and analogs.
MIC (iig/ml)

Microorganisms
Bl

B2

Staphylococcus aureus FDA209P
S. aureus Smith
S. aureus MS9610
S. aureus No. 5 (MRSA)
S. aureus No. 17 (MRSA)
Micrococcus luteus FDA16
M. luteus IFO3333
M. luteus PCI1001
Bacillus anthracis
B. subtilis NRRL B-558
B. subtilis PCI219
B. cereus ATCC 10702

Corynebacterium bovis 1810

12.5

25

25

25
25

6.25

6.25

100

3.12

6.25

6.25

6.25

3.12

12.5
12.5
12.5
12.5
12.5

6.25
6.25

12.5
6.25
6.25

12.5
6.25

12.5

50

>100

>100

>100

>100

12.5

12.5

>100

25

>100

>100

50

100

3.12 100

3.12 >100

3.12 >100

3.12 >100

3.12 >100

1.56 > 100

1.56 100

1.56 > 100

<0.78 100

3.12 >100

3.12 >100

1.56 > 100

3.12 >100

tested showed inhibitory activity against MLCR.Among them Al, Bl and Cl showed stronger inhibitory
activity than A2, B2 and C2, respectively. C2 showed the lowest activity (37.9/ig/ml in IC50) and Cl
showed the strongest inhibitory activity against MLCR,and IC50 value was 0.5 ^g/ml.

Antimicrobial Activity
Antimicrobial activity of drugs was examined by the serial agar dilution method using Mueller-Hinton

agar (Difco) for antibacterial tests with incubation at 37°C for 18 hours and a nutrient agar containing
1 % glucose for antifungal tests with incubation at 27°C for 42 hours. Minimuminhibitory concentration
(MIC) value is expressed as the minimumconcentration which inhibits growth of the microorganisms.
As shown in Table 5, Al at 3.12-100jug/ml, A2 at 6.25-12.5/xg/ml, Bl at 1.56-6.25//g/ml and

Cl at 0.78 - 3. 12 /zg/ml showed antibacterial activity only against Gram-positive bacteria. None of samples
tested showed antibacterial activity Gram-negative bacteria or fungi at 100 /ig/ml (data not shown). Cl
showed the strongest antibacterial activity. Antimicrobial activities of B2 and C2 were reduced in compared
with those of Bl and Cl, respectively. C2 only showed the activity at more than lOO^g/ml.

Discussion

The structure-activity relationship of delaminomycins and their derivatives on biological activities
was studied. In B16 cell adhesion assay, delaminomycins Al, A2 and B2 showed stronger inhibitory activity
to all ECMcomponents tested. The inhibitory activity of A4 was reduced on cell adhesion in compared
with that of Al. These facts indicated that pyrrolidine moiety can be thought to play an important role in
inhibiting cell adhesion to ECMcomponents. A2, B2 and C2 showed stronger inhibitory activities than
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Al, Bl and Cl, respectively. Therefore, spiro compounds (A2, B2 and C2) are more potent than natural
products (Al, Bl and Cl) on inhibition of B16 adhesion to ECMcomponents.

In cytotoxicity against tumor cells, A2, B2 and C2 showed stronger cytotoxicity than Al, Bl and Cl,
respectively. Since cytotoxicity of A4against tumor cells was reduced in comparedwith that of Al,
pyrrolidine moiety should play important role for cytotoxicity as well as for inhibition of cell adhesion
to ECMcomponents.

In Con A-induced proliferation assay, the order ofinhibitory effect was A2>B2> Cl > C2>Bl >Al.
This result suggests two structure-activity relationships on the assay. Firstly, spiro form plays major role
in inhibition on Con A-induced proliferation assay, and secondly, substitution of C-5' in pyrrolidine ring
plays minor role in inhibition on the assay. The order of potency for inhibition on the assay was
R=OH>R=OCH3>R=H.

In MLCRassay, natural products (Al, Bl and Cl) exhibited more potent suppressive activity than
spiro compounds (A2, B2 and C2). In addition, the inhibitory activity on MLCRwas affected by
replacements at C-5' position of pyrrolidine ring. The order of inhibitory effect on MLCR was
R=H>R=OCH3>R=OH. Therefore, C-5' position of pyrrolidine ring has importance on the

structure-activity relationship as well as spiro ring form.
In antimicrobial assay, the order of potency against Gram-positive bacteria was C1>B1>A2>

A1»B2>C2. Thus, natural products (Al, Bl and Cl) is more potent than spiro ring compounds (A2,
B2 and C2). Moreover, C-5' position of pyrrolidine ring is important. The order of antimicrobial activity
against Gram-positive bacteria on the substitution of C-5' was R=H>R=OCH3> R=OH.

In conclusion, pyrrolidine ring of delaminomycins and analogs is important for biological activities,
and replacements at C-5' position of pyrrolidine ring also affect biological activities. Furthermore, the
change of original form to spiro ring form affects significantly on biological activities.

Experimental

General
NMRspectra were recorded on a JEOLJNM-GX400NMRspectrometer and mass spectra were

measured using a JEOL JMS-SX102 spectrometer. UV spectra were recorded on a Hitachi 228A
spectrometer and IR spectra on a Hitachi 260-10 spectrometer.

Acid hydrolysis of Al (Preparation of A2)
To 3.0g of Al was added 48ml of In HC1-acetone (1 :3, v/v), and the mixture was stirred at room

temperature for 17 hours. The reaction mixture was concentrated and extracted with EtOAc. The organic
layer was washed with saturated NaCl solution and dried with anhydrous Na2SO4and concentrated to
dryness. The residue was subjected to centrifugal partition chromatography (Sanki Engineering) previously
equilibrated with the lower layer of«-hexane - EtOAc - CH3CN(7 : 2 : 3) at 25°C, 900 rpm. Chromatography
was first performed with 1,000ml of the mobile phase of the upper layer of ra-hexane-EtOAc-CH3CN
(7:2: 3) in the ascending mode and A2 was remained in the immobile phase, and was eluted with the
lower layer of«-hexane - EtOAc - CH3CN(7 : 2 : 3) in descending mode and dried up under reduced pressure.
The resulting residue contained A2 was applied to a preparative HPLC(YMC-PackSH-343, ODS,
20 x 250mm) and eluted with a linear gradient from 70% MeOHto MeOH. The fractions containing A2
were combined and concentrated to give 1.04g of a colorless powder in 35.9% yield. UV/lá"l°H (E}^);
231 nm (614). IR v**xr; 3350, 2950, 2900, 1790, 1700, 1680, 1450, 1250, 1080 and 990cm-1. FAB-MS m/z;
482(M-H)". Molecular formula; C29H41NO5. TLC; Rf=0.67 (CHC13 -MeOH-NH4OH=40 : 10 : 1, Art.
5554 Kieselgel 60F254, Merck)

Reduction of A2 with NaBH4(Preparation of A3)
To a solution ofA2 (15mg) in MeOH(1 ml) was added NaBH4(7mg), and the mixture was stirred

at room temperature for 28 hours. The crude product was subjected to a preparative HPLC(YMC-Pack
SH-343, ODS) and eluted with a linear gradient from 80% MeOHto MeOH. The fractions containing
A3 were combined and concentrated under reduced pressure. The residue was loaded onto a Sephadex
LH-20 column and eluted with MeOH. The fractions containing A3 were combined and concentrated to
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give 8.6mg of a colorless powder. UV >C?H (E1^); 236nm (728). IR v££; 3380, 2950, 2900, 1670, 1450,
1375, 1290-1240, 1100-1040, 995, 970, 750 and 710cm"1. FAB-MS m/z; 488 (M+H)+, 486 (M-H)~.
Molecular formula; C29H45NO5. TLC; Rf=0.44 (CHC13 - MeOH - NH4OH=40 : 10 : 1, Art. 5554 Kieselgel
60F254, Merck).

Alkali Hydrolysis of Al (Preparation of A4)
To a solution of Al (38mg) in MeOH(3ml) was added 2n NaOH(1 ml), and the mixture was stirred

at room temperature for 8 days. The crude product was concentrated and loaded onto a Diaion HP-20
column (1 5 ml). Eluate with MeOHwas concentrated under reduced pressure and subjected to preparative
HPLC (YMC-Pack, ODS) and eluted with a linear gradient from 80% MeOHto MeOH. The fractions
containing A4 were combined and concentrated under reduced pressure. The residue was loaded onto a
Sephadex LH-20 column and eluted with MeOH.The fractions containing A4 were combined and
concentrated under reduced pressure to give 9.0 mg of a colorless powder. UV A^?H (E{^n); 234 nm (400).
IR VSJ; 3420, 2910, 1680, 1460 and 1000cm"1. FAB-MS m/z; 468 (M+Na)+, 444 (M-H)". Molecular
formula; C27H43NO4. TLC; Rf=0.65 (CHCl3 - MeOH-NH4OH=40 : 10 : 1, Art. 5554 Kieselgel 60 F254,
Merck)

Preparation of B2
To 100mgofBl was added 4ml of 1 n HC1-acetone (1 : 3, v/v), and the mixture was stirred at room

temperature for 18 hours. The crude product was subjected to a preparative HPLC(YMC-Pack,silica
gel) using the same gradient system of that of A2. The fractions containing B2 were concentrated and
injected to a preparative HPLC (YMC-Pack, ODS) and eluted with a linear gradient from 80% MeOH
to MeOH.The fractions containing B2 were combined and concentrated under reduced pressure. The
residue was loaded onto a Sephadex LH-20 column and eluted with MeOH.The fractions containing B2
were combined and concentrated to give 34.6mg of a colorless powder. UVti£l°H (E}^m); 232nm (588).
IR v££ 3400, 2950, 2900, 1780, 1700, 1680, 1450, 1380, 1260, 1080 and 1000cm"1. FAB-MS m/z; 520
(M+Na)+, 496 (M-H)~. Molecular formula; C30H43NO5. TLC; Rf=0.78 (CHCl3-MeOH-

NH4OH=40: 10: 1, Art. 5554 Kieselgel 60 F254, Merck)

Preparation of C2
To a solution ofCl (22mg) in MeOH(2ml) was added 1 n HC1(0.5ml), and the mixture was stirred

at room temperature for 17 hours. The crude product was subjected to a preparative HPLC(YMC,ODS)
and eluted with a linear gradient from 80% MeOHto MeOH.The fractions containing C2 were concentrated
and loaded onto a Sephadex LH-20 column and eluted with MeOH.The fractions containing C2 were
combined and concentrated to give 9.8 mg of a colorless powder. UV Aá"ea°H(Ej^J; 230nm (708). IR vS£;
3390, 2940, 2900, 1780, 1690, 1450, 1370, 1265 and 950cm"1. FAB-MS m/z; 468 (M+H)+, 466 (M-H)".
Molecular formula; C29H41NO4. TLQ Rf=0.80 (CHC13 - MeOH - NH4OH=40 : 10 : 1, Art. 5554 Kieselgel
60 F254, Merck)
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