100 THE JOURNAL OF ANTIBIOTICS FEB. 1979
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A novel carboxylic acid ionophore, antibiotic X-14547A, closely related to the polyether
antibiotics has been isolated along with four other metabolites from fermented cultures of a
new strain of Streptomyces antibioticus. The structure, determined by X-ray analysis of the
R(-)-1-amino-1-(4-bromophenyl)-ethane salt contained pyrrole carbonyl and trans-butadienyl
chromophores in addition to the unusual tetrahydroindane bicyclic ring system. A second
novel metabolite was identified as 3-ethyl-1,3-dihydro-3-methoxy-2H-indol-2-one.

Although the polyether antibiotics were first isolated in 1951%:®, the present high level of interest
in these monocarboxylic acid ionophores began with the determination of the structure of monensin
in 1967° and nigericin®’ the following year. These two antibiotics obviously constituted a new class
of ionophores as they had many new structural features in common as well as similar ion transporting
properties whether determined by equilibrium complexation in a single phase or distribution in two
phases”. One of the few differences between the two, was in their specific ionophore selectivity.
Although both were shown to complex mono-, but not divalent, cations, monensin exhibits greatest
affinity towards the Na* cation, whereas nigericin forms complexes better with K*. In contrast to
these results, the third polyether to be structurally defined, lasalocid® ™, had both a different structure
(aromatic chromophore, 3C-ethyls) and a strong affinity for divalent cations (Ba**, Ca®") as well as
the monovalent type (Na*, K+).

Since 1970, while more than twenty of the monovalent polyethers have been characterized (e.g.
dianemycin®’, lenoremycin (Ro 21-6150)", salinomycin'®, A204A'") the structure of only three of the
lasalocid-like divalent type have been solved, namely lysocellin'®’, iso-lasalocid!® and A23187'®.
One of the latter, antibiotic A23187, contains a pyrrole-2-carbonyl moiety. The present report
describes the characterization of a second novel pyrrole-ether (a recently proposed name for pyrrole
containing monocarboxylic ionophores!'®’), antibiotic X-14547A (1), which like lasalocid A forms
complexes with both divalent and monovalent cations.

Isolation and Characterization

Antibiotic X-14547A (1), m.p. 138~ 141°C, [a],—328° (¢ 1, CHCl;), was isolated as part of a
screen for rovel ionophores, by ethyl acetate extraction of the whole fermentation broth from a novel
culture of Streptomyces antibioticus NRRL 8167'®.  The crude extract, worked up as shown in Scheme
1 yielded five different metabolites. The first one crystallized from the crude extract in good yield

and was shown by nmr, uv and ms to be pyrrole-2-carboxylic acid, a metabolite produced via 4-hydroxy-
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L-proline by Spirillum serpens, Aerobacter aero-
genes and Paracolobactrum aerogenoides'™. The
second two products were isolated from an ace-
tonitrile-hexane partition step and shown to be
the iso-acids, 14-methylpentadecanoic and 15-
methylhexadecanoic acid reported previously as
metabolites of Bacillus subtilis'®.

Silica gel chromatography of the remaining
extract yielded two novel microbial products,
antibiotic X-14547A and a minor product iden-
tified as 3-ethyl-1,3-dihydro-3-methoxy-2H-indol-
2-one (2), m.p. 179°C.

Characteristic of the ionophores, antibiotic
X-14547A is water-insoluble, but with alcohols,
esters and diethyl ether, up to 109, w/v solubili-
ties are possible and more concentrated solu-
tions can be obtained with CHCls, CH:Cl;, THF,
DMF and DMSO. The antibiotic has pKa'=
7.12 in 509 aqueous isopropanol and micro-
analysis, mass spectrometry (Fig. 1) and *C nmr
(Fig. 2) were all consistent with a molecular
formula of C3;1HNO:.
a molecular ion at m/e 493 and fragments ions
at mfe 475 (M —H;0), 464 (M — C:H;), 446 (M
— C3H; — H:0), 251 (fragment 3) and a base peak
at m/e 94, strongly indicative of the pyrrole car-

In the ms, there was

bonyl cation, 4. In the **C nmr, thirty-one car-
bon signals were detected using CH:Cl; as sol-
vent. Single frequency off-resonance decoupling
experiments resulted in the following assign-
ments: 612.5,13.1, 13.7, 14.1 (CH:); 21.5, 22.0,
26.5, 27.1, 27.5, 29.8 (CHs); 30.4, 40.6, 41.2,
44.0, 45.0, 50.1 and 52.5 (CH); 74.1, 75.4 (CH-
0); 110.3, 116.4, 123.9, 125.3,127.3,129.1, 129.4
and 132.3 (CH=C); 132.4, 140.8 (C=C); 179.3
and 191.6 (C=0) ppm (Fig. 2).

Further evidence for a pyrrole carbonyl
chromophore was the maximum observed in the
UV spectrum at 291 nm (e 16,100) in ethanol(Fig.
3). A second UV maximum at 244 nm (¢ 32,000)
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Scheme 1.

Whole broth (1,350 liters)

Extracted with equal
| volume of ethyl acetate

|
Solvent extract Spent broth

Concentrated (in vacuo) to a small
volume (2.5 liters) washed with
equal volume of N HCI 3 times.

|
Solvent Spent HCI
Dried over Na,SO,
Concentrated to an oil (in vacuo)
Dissolved in diethyl ether (4 liters)

Crude crystals Mother liquor, conc. to oil

I Recrystallization
| in ethanol-ether J
Pyrrole-2-carboxylic acid |
(crystals, 10 g) ‘

| Dissolved in acetonitrile
(2 liters)

Washed with equal volume
of n-hexane, twice.

Hexane washes

’ Extracted with
‘ methanol (1 liter)

Acetonitrile

Concentrated in
vacuo to oil.
Dissolved in
acetonitrile.
Cooled overnight
at 3°C.

l
Spent hexane  Methanol——

|
Crystals, 8.46 g
X-14547A

|

‘7 Mother liquor
| |
Crystals, 9.4 g iso ‘
acids 14-methyl- |
pentadecanoic |
15-methylhexa- ‘

|

decanoic acid (1: 9) Concentrated to an oily solid

Chromatographed on a hexane
slurry packed silica gel
l column (600 g)

Eluted with 250 ml hexane, then a
gradient between 1 liter of 29 ethyl
acetate in hexane to 1 liter of ethyl
acetate — hexane (3: 1), and then 500 ml
ethyl acetate. \

| |
Fraction £100~ 200 Fraction 201 ~ 290
(60 ml/fraction)
Concentrated in vacuo.
Crystallization from

acetonitrile

3-Ethyl-1,3-dihydro-3-
methoxy-2H-indole-2-
one (108 mg)

Concentrated to recover
additional X-14547A
(0.64 g)

Total yield of antibiotic
X-14547A=9.1¢g

indicated the presence of a conjugated diene which was consistent with the ir spectrum in KBr disc

(Fig. 4) showing an absorption peak at 1627 (C=C), in addition to carbonyl absorption at 1650

(C=CC=0), 1710 and 1735 cm™! (CO:H).

In the proton nmr spectrum of 1, (Fig. 5) resonances due
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to four methyl groups were observed as triplets at ¢ 0.76, 0.90 (CHsCHz:) and as doublets at § 0.82,
1.12 (CHsCH), four methines and six methylenes between 1.2 and 2.2 in addition to five methines at
6 2.98 (CH-(CO:H), 3.35 (CH-CH=CH), 3.4 (CH-C=0), 3.9 and 4.2 (CH-O-CH), five vinylic protons
between 8 5.1 and 6.0 (CH=CH, CH=CH-CH=C), one pyrrole proton at ¢ 6.22 (CH-CH=CH-NH) and
two at § 6.91 (CH-CH=CH-NH) and two exchangeable protons at ¢ 8.15 (CO:H) and 10.25 (NH).

The complete structure of antibiotic X-14547A was determined by X-ray analysis to be «(R),
5(S)-dimethy1-6(R)-[1-ethyl-4[4(R)-(2-pyrrolylcarbonyl)-1(S)-ethyl-3a(R),5(R),7a(R)tetrahydroindan-
5-y1]-1(E),3(E)-butadienyl]tetrahydropyran-2(R)acetic acid (1).

Unlike the polyethers solved earlier such as monensin® and lasalocid* where the heavy atom
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salts, Ag* and Ba®* were analyzed by X-ray, or Fig. 3. UV spectrum of X-14547A (C:H;OH)
A23187'Y and X-206'?, analyzed as free acids, €
the structure and absolute configuration of X-

244 nm € 32,000

30f
14547A was determined from a crystal of the

R(+)-1-amino-1-(4-bromophenyl)-ethane salt,
m.p. 128~131°C, [a], —303° (¢ 1, CHCls) (Fig. 20
6). The salt had been prepared as part of an

291nm € 16,100

investigation into the resolving power of lasa-
locid*® and related antibiotics towards asymmet- 10t
ric amines. Clearly, a cation containing an
asymmetric carbon of known configuration

makes the assignment of the asymmetric centers o 250 300 350 200 nm
present in the antibiotic a considerably easier
sl thian Is pemlly T Ease, Fig. 4. IR spectrum of X-14547A (KBr)
A unique aspect of the R(+)-1- o . S

amino-1-(4-bromophenyl)-ethane TN
salt of X-14547A is the 2: 1 stoi- T ,VJ"’“*
chiometry found for antibiotic: \ . U\K
amine in the salt complex al- \ M
though the antibiotic is a mono- ) ] \' /
carboxylic acid and the amine is \/\ .
monobasic.

Crystals of the bromo-phen-

ethylamine salt of 1 are tetra-

! ' 1 L 1 L L I L

gonal, space group P4;2:2, with 4000 3000 2000 1600 1200 800 400 cm™!
a=15.456(2), c=20.526(8) A and

four  [Cs:HisNO4]a- CsHio NBr Fig. 5. NMR spectrum of X-14547A (100 MHz, CDCls)
dimers per unit cell. The dimers 510~6.10

are located on the crystallo- ”'\;’

graphic two-fold axes. The two %”\;\

molecules of 1 comprising the H

dimer are related by the two-fold
axis but the bromophen-

695 420 335
. 622
ethylamine molecules 390 | 298
are statistically disor- N AUAY
1 1 1 1 : - 1 k. L 1 1
dered throughout the 10 9 8 7 6 5 4 3 2 1 0 ppm (6)

crystal. The crystal

structure was solved by direct methods (Multan) and the final refinement was by block diagonal least
squares in which the matrix was partitioned into five blocks. In the final refinement, anisotropic
thermal parameters were used for the non-hydrogen atoms of the molecule of 1 and the bromine
atom, and isotropic temperature factors were used for the other non-hydrogen atoms of the phen-
ethylamine and all hydrogen atoms. The hydrogen atoms were included in the structure factor

calculations but they were not refined. The final discrepancy indices were R =0.107 and wR =0.128
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for 2154 observed reflections. The relatively high R values were due to mechanical problems with
the diffractometer. The problem was not discovered until well after the experiment was completed
and the structure had been fully refined.

In addition to the unusual stoichiometry of the amine salt, there are two structural elements in
antibiotic X-14547A that have not been observed in any of the other polyether antibiotics. One
novel feature is the 1(E),3(E)-butadiene system encompassing carbons C-8 to C-11 in 1, the first
example of a diene in this class. The other unusual structural feature is the first example to be
reported of a trans fused tetrahydroindane from natural sources, making the mechanism for the bio-
synthesis of the bicyclic system (rings B and C in Fig. 1) of considerable interest. Part of the
molecule, 1, more characteristic of the polyethers is ring A which is identical to the analogous ring in
salinomycin. Another part of the molecule found also in the first nitrogen-containing ionophore of
the class, A23187, is the pyrrolyl chromophore referred to as ring D in Fig. 1.

From Fig. 6, the ‘dimeric’ nature of the salt complex can be characterized as two antibiotic
molecules forming a jaw-like structure within which the ammonium salt is bound. The amine is
held within the dimer by three hydrogen bonds, to O-3 and the carbonyl O-4 of one antibiotic mole-
cule (solid bonds in Fig. 6) and the carboxylate O-1 of the second, (open bonds in Fig. 6) molecule.
The hydrogen bonds holding the two antibiotic molecules together are from O-1 to NH’, O-1" to NH
and a third between the two other carboxyl oxygens, O-2 and O-2’. The 2: 1 stoichiometry of the
complex results from only one of the molecules of X-14547A (solid bonds in Fig. 6) being ionized in the
complex, allowing the two O-2 oxygens to be hydrogen bound via the proton on the non-ionized
carboxyl OH (in the open bonded molecule).

The indication from earlier experiments in the polyether class is that the formation of dimeric
complexes in the crystalline state is accompanied by an ability to transport divalent as well as mono-
valent inorganic cations and this was confirmed for X-14547A in the conventional U-tube experiment
by demonstrating the transport of radioactive **Ca** from one aqueous CaCl; solution to another
through a bulk organic phase (CHCI;s) on addition of the antibiotic. Subsequently, the calcium salt
of X-14547A was formed and crystallized as a hemihydrate, (C3;1H4:NOy):Ca-H:0; m.p. 179°C, [a],
—401° (¢ 1, CHCls).

The taxonomy and microbiological characteristics of Streptomyces antibioticus NRRL 8167 and
the antimicrobial and other biological activities of antibiotic X-14547A are presented in the accom-
panying paper!®.

Experimental

A flow diagram outlining the isolation procedure for X-14547A is shown in Scheme 1.

Physical Constants and Microanalyses

Pyrrole-2-carboxylic acid, m.p. 202~ 203°C
Calcd. for C;H;NO: (111.1) C 54.06, H 4.54, N 12.60
Found: C 54.33, H 4.65, N 12.60

Antibiotic X-14547A, m.p. 138~ 141°C. [a],—328° (¢ 1, CHCl;).
Calcd. for Cs HysNO4(493.7): C 75.42, H 8.78, N 2.84
Found: C 75.57;, H 892, N 2.67
3-Ethyl-1,3-dihydro-3-methoxy-2H-indole-2-one, m.p. 179°C.
Calzd. for C11HisNO»(191.2): C 69.09, H 6.85, N 7.33
Found: C 69.02, H 6.96, N 7.19
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bromophenethylamine salt.

Fig. 6. Stereodrawings of the crystalline conformation of X-14547A,
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14-Methylpentadecanoic: 15-methylhexadecanoic acids (9: 1), m.p. 52~ 54°C, [«],—1.2° (¢ 1, CH;0H).
Calcd. for CigH320: (256.4): C 74.94, H 12.58
Found: C 74.93, H 12.97

Preparation of the R(+)-1-amino-1-(4-bromophenyl)-ethane salt of antibiotic X-14547A (1)

To a solution of 493 mg (1 mmole) of 1 in methylene chloride was added a solution of 181 mg of
R(+)-1-araino-1-(4-bromophenyl)-ethane in methylene chloride. After stirring for 5 minutes, addi-
tion of n-hexane followed by slow evaporation gave a quantitative yield of the salt which on recrystal-
lization had m.p. 128~131°C, [e«],—303° (¢ 1, CHCIls) and was subsequently analyzed by X-ray
crystallography. Microanalysis of the salt, which consisted of two molecules of 1 to one molecule of
amine (Fig. 6):

Calcd. for CroHgsBrN;Os (1187.46):  C 70.70, H 8.15, N 3.54, Br 6.73.
Found: C 70.96, H 8.30, N 3.68, Br 6.83.

Preparation of the Calcium Salt of 1

To a solution of 493 mg of 1 in ethyl acetate was added an aqueous solution containing 3 mmole
of Ca(OH):. After shaking for 5 minutes, the two layers were allowed to separate and the solvent
evaporated under reduced pressure to yield an amorphous salt which on recrystallization from acetone-
acetonitrile yielded 490 mg of the crystalline calcium salt of 1, m.p. 179°C, [«], —401° (¢ 1, CHCls).

Calcd. for [CsiH42NO,]:Ca-H:0 (1043.5): C 71.37, H 8.31, N 2.68, Ca 3.84
Found: C 70.84, H 8.32, N 2.44, Ca 3.91
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