
Our continuing studies on antifungal agents from

pathogenic Nocardia, have revealed a novel compound

designated as transvalencin A (1) from cultured mycelia of

Nocardia transvalensis IFM 10065, which was isolated

from a male Japanese patient with actinomycotic

mycetoma1). In a preceding paper1), we reported the

taxonomy of the producing strain, fermentation, isolation,

and biological activities of the novel compound (1). The

antibiotic is a thiazole-class compound that is related

structurally to a known family of antibiotic whose members

include thiocillins2), micrococcins3,4), YM-266183 and 

YM-2661845), radamycin6), nocathiacins7,8), nosiheptide9),

glycothiohexides10), cystothiazoles11), and melithiazols12).

This paper describes the structural elucidation of the new

antibiotic using spectroscopic studies including two-

dimensional NMR experimentation and X-ray

crystallographic analysis.

Results and Discussion

The FAB-MS of transvalencin A (1) gave positive

pseudomolecular ions at m/z 655 [M�H]�, 653 [M�H]�,

and 651 [M�H]�, and potassium adduct ions [M�K]� at

m/z 693, 691, and 689 with the addition of KI (Table 1).

Furthermore, positive pseudomolecular ions

[M�Na�CH3CN]� were observed at m/z 718, 716, and

714 in the ESI-MS spectrum of 1. These data suggest that
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this compound includes halogen (X) and/or metal (M)

atoms, 2�X or 2�M or X�M, whose stable isotopes have

relatively high natural abundance. 1H and 13C NMR spectra

of 1 (Table 2) indicated that the antibiotic comprises 27

hydrogen and 23 carbon atoms and more than 12

heteroatoms such as oxygen, nitrogen, and sulfur atoms.

Simulation of the MS spectrum indicated that the molecular

formula of 1 is C23H27ClN4O6S3Zn because the calculated

relative abundance of the pseudomolecular ions at 

m/z 718 [M(37Cl,66Zn)�Na�CH3CN]� (72.4%), 716

[M(37Cl,64Zn/35Cl,66Zn)�Na�CH3CN]� (100%), and 714

[M(35Cl,64Zn)�Na�CH3CN]� (91.7%) was appropriate for

the intensity of the (M�Na�CH3CN) ions observed in the

ESI-MS of 1 (Table 1). The UV spectrum of 1 exhibited

maxima at 225, 251, and 358 nm, indicating the presence of

an ortho-oxygenated phenyl chromophore. The IR

spectrum also suggested the presence of a benzene ring

(1595 and 1520 cm�1) in the molecule as well as the

presence of a hydrogen-bonded hydroxyl group

(3400 cm�1), �C�O and �C�N– bonds (1660 and

1625 cm�1).

Table 2 summarizes the 1H and 13C NMR data of 1,

which were assigned with COSY, NOESY, HMQC, and

HMBC spectra. The 1H NMR spectrum showed ABC-type

aromatic protons, 7 methine and 4 non-equivalent

methylene protons, 12 protons of methyl groups (two N-

CH3, an O-CH3 and a doublet methyl), and a hydroxyl

proton. The 13C NMR spectrum revealed 23 carbons, of

which there were 4 methyl, 2 methylene, 7 methine, and 7

quarternary resonances, and 3 aromatic carbons bearing

hydrogen atoms. The 13C-1H long-range couplings of 2J and
3J that were observed in the HMBC experiments (Table 2)

indicated the following spin-spin networks. Cross-peaks

between H-3 and C-1, C-2 (oxygen-bearing carbon, d
169.7), C-5, between H-4 and C-2, C-5, C-6 and between

H-6 and C-2, C-5 supported the presence of a benzene ring

(A-ring). The H-6 was also correlated to the sp2 carbon at 

d 168.5 (C-7, heteroatoms and a sp2 carbon bearing

carbon13)), which was further correlated with H-9. The

quartet proton (H-9) was coupled with doublet methyl

protons (H3-8), which were correlated (2J and 3J) with C-9

and C-10. The hydroxy proton [H-24 (OH-10), d 7.08]

correlated with C-9 and C-10 (d 100.6) suggesting the

presence of the hydroxyl group at the C-10 position. These

data indicated the presence of a five-member ring (B-ring)

with a methyl group, a hydroxyl group, two heteroatoms

(nitrogen and oxygen/sulfur) and a double bond. The C-10

signal was correlated with H-11 on a five-member ring (C-

ring) with a N-CH3 group and an unidentified heteroatom

(oxygen or sulfur). From these data, a partial structure A
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Table 1. Physico-chemical properties of transvalencin A (1).



(Fig. 2) was elucidated along with the following partial

structure B (D- and E-rings). Similar NMR experiments

indicated a five-member ring (E-ring) with a carbonyl

group, a methoxyl group, a N-methyl group and an

unidentified heteroatom (oxygen or sulfur), which all

existed in the partial structure B. The H-17 of the

heterocyclic ring correlated with the proton (H-16) of the

other five-member ring (D-ring) with two unidentified

heteroatoms (nitrogen, oxygen, or sulfur). Further effective

data for structural elucidation were not obtained from NMR

VOL. 57 NO. 12 THE JOURNAL OF ANTIBIOTICS 805

Table 2. NMR data for transvalencin A (1) in CDCl3 (d [ppm], J [Hz]).

Fig. 1. Structure of transvalencin A (1). Fig. 2. Partial structures A and B of
transvalencin A (1).



experiments.

Collectively, the molecular formula, UV, IR, and NMR

spectral data suggested that transvalencin A (1) is a

thiazolidine/oxazoline/thiazoline type antibiotic. However,

a complete structure was not determined because of the

presence of N, O, S, and Zn atoms in the molecule. Several

repeated attempts to obtain a suitable crystal for X-ray

analysis were performed and eventually we obtained a

crystal of 1 from methanol. This crystallized sample was

analyzed using X-ray diffraction to give the structure of 1

as shown in Figure 3.

Although many thiazole type antibiotics have been

reported, thiazolidine, or thiazoline type antibiotics are very

rare. Most thiazole antibiotics are produced by

Streptomyces6,9), Bacillus2,3), or myxobacteria11,12). Recently,

new thiazolyl peptide antibiotics were isolated from a

Nocardia sp. strain isolated from soil6,7). We believe that the

thiazolidine-class antibiotic reported here is the first

member of this class from a clinical isolate of pathogenic

Nocardia. The transvalencin A structure is unique because

it contains a zinc atom in the molecule. The active role of

the zinc atom in exerting antifungal activity is unclear, but

it is known that a zinc atom plays an important role in

protein structure conformation14). For that reason, this

antibiotic may be a useful tool to elucidate the inhibitory

role of the zinc atom in enzymes such as adenylyl cyclase.

Experimental

General

Melting points were determined using a Yanaco MP-

500V apparatus (GTR TEC Corp., Kyoto, Japan); they are

uncorrected. The UV spectrum was measured with a

spectrophotometer (UV-265; Shimadzu Corp., Kyoto,

Japan). The 1H and 13C NMR spectra were recorded on an

NMR spectrometer (JEOL JNM EXP-500; JEOL,

Akishima, Japan). Chemical shifts were reported with

respect to CDCl3; dH 7.24 (CHCl3) and dC 77.0.

Electrospray ionization (ESI) MS and FAB-MS were

measured with JEOL JMS-700 and JMS-AX500

instruments, respectively. The sample for ESI-MS analysis

was dissolved in CH3OH - CH3CN - H2O (70 : 25 : 5).

Nitrobenzyl alcohol was used as a FAB-MS matrix. We

obtained IR and CD spectra using a Jasco FT/IR-300E

spectrometer and a Jasco J-720W CD spectropolarimeter,

respectively (Jasco Inc., Hachioji, Japan).

X-Ray Crystallographic Analysis of Transvalencin A (1)

A clear prism crystal of C23H27ClN4O6S3Zn with

approximate dimensions of 0.49�0.25�0.08 mm was

mounted on a glass fiber. All measurements were made

using a diffractometer (Bruker Smart 1000 CCD; Bruker

Analytik, GmbH, Germany) with graphite monochromated

Mo-Ka radiation. Cell constants and an orientation matrix

for data collection corresponded to a primitive monoclinic

cell with the following dimensions: a�10.056(2) Å,

b�7.919(2) Å, c�17.678(3) Å, b�105.799(3)°,

V�1354.7(4) Å3. The calculated density is 1.60 g/cm3 for

Z�2 and F.W.�652.50. Based on the systematic absences

of: 0k0: k�2 n packing considerations, a statistical analysis

of intensity distribution, and the successful solution and

refinement of the structure, the space group was determined

to be P21. Data were collected at 173�1 K to a maximum

2q value of 57.0°. Final R and weighted R values were

0.029 and 0.034, respectively.
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Fig. 3. ORTEP picture of transvalencin A (1).*

* Inter atomic distances: C(2)-O-Zn, 1.955 Å;
C(20)-O-Zn, 1.99 Å, C(7)-N-Zn, 2.048 Å; C(14)-N-Zn,
2.03 Å; C(17)-N-Zn, 2.355 Å, C(11)-N-Zn, 3.00 Å,
C(10)-OH-O-C(20)�O, 1.79 Å. Bond angles: C(2)-O-
Zn-N-C(7), 89.3°; C(2)-O-Zn-N-C(14), 104.6°; C(2)-
O-Zn-N-C(17), 90.2°; C(2)-O-Zn-O-C(20)�O, 136.5°;
C(10)-O-H-O-C(20)�O, 165.3°, C(2)-O-Zn-N-C(11),
134.8°.
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