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The structure of a new antifungal antibiotic, mulundocandin, C48H77N7O16,was elucidated
by high field NMRexperiments e.g., homo- and heteronuclear correlation spectra, distor-
tionless enhancement by polarization transfer (DEPT) spectra as well as nuclear Overhauser
effect. The compoundis a lipopeptide antibiotic belonging to the echinocandin class.

A new lipopeptide antifungal antibiotic, named mulundocandin, was isolated from the culture
filtrate of Aspergillus sydowi (Bainier and Sartory) Thorn and Church var. nov. mulundensis Roy1},
The antibiotic is a new memberof the echinocandin type of antibiotics which are neutral cyclic peptides
with a fatty acid side chain2). In this paper we report the structure elucidation of mulundocandin.

The antibiotic, present both in the culture filtrate and mycelium, was isolated from the ethyl
acetate extract of the culture filtrate by silica gel column chromatography and droplet counter-current
chromatography. Mulundocandin (1) was obtained as a colorless amorphous powder, mp 225°C;

M2D5 -42.77° (c 1.6, MeOH); elemental analysis C 55.70, H 7.82, N ll.29%.

The molecular weight of the compoundwas deduced to be m/z 1,007 from the fast atom bom-
bardment MS(FAB-MS) of the cluster ions of mulundocandin with lithium and sodium. Thus in
the presence of lithium iodide in 3-nitrobenzyl alcohol matrix the [M+Li]+ peak appeared at m/z
1,014 and in the presence of sodium acetate in the same matrix the [M+Na]+peak was observed at
m/z 1,030. Without any additive to promote clustering the compound did not exhibit the [M+H]+
peaKas memostaounaantpeaKaue to extensive
loss of H2O-the most intense peak was observed
at m/z 990 and in addition, an [M+Na]+ cluster
ion of variable intensity appeared.

The electron impact MS (EI-MS) of the tri-
methylsilylated mulimdocandin gave a cluster of
peaks at nominal mass of 1,799. This corre-
sponds to trimethylsilylation at ll sites. The

intensity of the different signals of the isotopic
cluster of the molecular ion matched with the
intensity pattern of the isotopic cluster calculated
for CsiHiesNyOigSin. The molecular formula of
mulundocandin is then C48H77N7O16. The UV
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spectrum ofmulundocandin0 G*max 223 (sh), 275, 282 (sh) nm in methanol; ^max 245, 290 nm in alkaline
methanol) is similar to the UVspectrum of the echinocandin type of antibiotics2). Mulundocandin
(1) gave no coloration with ninhydrin. However upon acid hydrolysis, the hydrolysate showed intense
violet coloration with ninhydrin indicating the presence of amino acids. The acid hydrolysate also had
an ether extractable compound. Hence mulundocandin, like other echinocandins2) , is a cyclic peptide
with a lipophilic side chain. This is further confirmed by the IR spectrum0 (3333, 2941, 1640, 1613,
1515, 1413, 1220 and 1060cm-1) and XH NMRspectrum0 (7.24-7.99 ppm, 5 amidic protons ex-
changing with D2O; 1.18- 1.32 ppm, 18 aliphatic protons) of mulundocandin.
Amino acid analysis of mulundocandin showed the presence of serine, threonine and hydroxy-

proline. Since unusual aminoacids are also present in echinocandin type of antibiotics such amino
acids have to be identified by alternate methods.

Acid Hydrolysis of Mulundocandin (1)
Concentration of the ethereal extract of the acid hydrolysate (6 n HC1, 1 10°C, 20 hours) furnished

a fatty acid (2) which upon treatment with ethereal diazomethane gave the corresponding ester (3).

Fig. 1. 400 MHz1H NMRspectrum of mulundocandin.
All spin systems identified in a COSY-spectrum are indicated by bars centered at the chemical

shift of the signal.
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GC-MSof the ester 3 gave the molecular ion at m/z 256 corresponding to the molecular formula
C14H29COOCH3.As revealed by the *H NMRspectrum, the methyl ester 3 has a CH2CH3group
(0.84, t, J=l Hz, 3H) and a CHG£f3 group (0.82, d, /=7 Hz, 3H). The fatty acid 2 is then a branched

Table 1. Proton-proton correlation spectrum of mulundocandin.
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chain acid-methyl substituted tetradecanoic acid-and the methyl substituent is linked to any carbon
between C-2 to C-12.

Resolving the methylene envelope in the XHNMRspectrum of 3 with lanthanide shift reagent
[Eu(fod)3] ruled out any substitution up to C-8. The position of the methyl substitution was inferred
based on the comparison of the chemical shifts of C-10 to C-15 in the 13C NMRspectrum with the
calculated chemical shift values3). With the methyl substituent at C-12 the chemical shifts for C-10
to C-15 agree well with the calculated values obtained from the appropriate branched long chain hy-
drocarbons. Any other position of the group gives quite different chemical shifts for C-10 to C-14.

Shorter hydrolysis period (6 n HC1, 100°C, 2 hours) and esterification with diazomethane enabled

Fig. 2. Spin-connectivities detected in a two dimensional COSY-spectrumand a proton-carbon hetero-
nuclear correlation spectrumare depicted on the left side.

Each spin system, consisting of several protons and carbons (signal numbers in the 13C NMR
spectrum are indicated in bold numerals on the left side), can be correlated with a chemical formula
by interpretation of spin-connectivities and chemical shift as is shownon the right side.
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isolation of an additional lipophilic compound 4 by preparative HPLCusing silica gel. The com-
pound 4 showed weak ninhydrin color reaction and was found to be the methyl ester of iV-(12-methyl-
tetradecanoyl)-4-oxoproline. 4-Oxoproline is known to be produced during acid hydrolysis of 4,5-
dihydroxyornithine moiety present in echinocandin type of antibiotics4). The isolation of 4 established
the point of linkage of the fatty acid part with the peptide - amino acid portion.

Compound 5 was isolated by successive chromatographic purification (Sephadex LH-20, silica
gel, preparative HPLC) of the crude acid hydrolysate obtained under much milder conditions (6 n
HC1, PrOH, 25°C for 3 days/37°C for 1 day, freeze-drying). Acids such as 5 are present in the echino-
candin type of antibiotics4). Howevercompound5 appears to be an artifact since there is no evidence
for the presence of a OC3HTgroup in mulundocandin (1). It is conceivable that the benzylic ether is
formed from the propanol used in the reaction.
The above experiments indicated the nature of only some of the constituents of mulundocandin.

Also the sequence of the amino acids remained to be established. The structure of the individual
amino acids and their sequence were then elucidated using conventional NMRexperiments.

The proton-proton correlation spectrum (COSY)5~7) (Fig. 1 and Table 1), established the different
spin systems (Fig. 2) and thus the structure of all the constituents of mulundocandin. The proton-
carbon correlation spectrum8>9) and the distortionless enhancement by polarization transfer (DEPT)
spectrum10'10 were used to assign the 13C NMRsignals of mulundocandin (Table 2). These results

Table 2. 13C NMRspectrum of mulundocandin.
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According to the DEPTspectrum.
According to proton-carbon heteronuclear correlation spectrum.
See Table 4.
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Table 3. NOEstudies of mulundocandin.

Intensity
Irrad iati o n Res p o n se enh ancemen t(%)

Al Cl 3.5

C2 3.4

B2 16.7

Bl B3 3.0

B4 4.6

B5 7.8

Gl 9.4

B9 B7 5.0

B8 2.4

F2 4.4

F3 28.6

Cl C2 7.5

C3 3.0

D2, D3 7.3

Al 2.1

C3 F2 1.2
F6 2.2

B6 1.5
Dl E7 8.2

D2, D3 12.0

D4 5.0

confirmedthe structure of the constituents of
mulundocandin. The sequence of the subunit was
determined by nuclear Overhauser effect (NOE)-
difference spectroscopy12'13) and by long range

proton-carbon correlation spectroscopy14).

Irradiating the amide protons and observing
the enhancement of spatially proximate protons
(Table 3) led to the sequence of the spin systems,
The NOEexperiments also established conforma-
tional restrictions within the molecule, some oi
which are depicted in Fig. 3.

The proton-carbon correlation via small

couplings10 optimized for /=12.5 Hz (Table
4) confirmed this sequence, as three carbonyl-
signals gave correlation peaks to a neighbouring
amide proton as well as to a C-H in a different
spin system. This established the connectivities
of spin systems B...G, B...F and C..D which
are all in agreement with the sequence elucidated
from NOEexperiments.

Fig. 3. The sequence of all spin-system-subunits, established using the selective steady state NOE's (Table
3) and supported by proton-carbon long range couplings of several amide protons to the neighbouring
carbonyl (Table 4), are depicted.

Arrows indicate NOE's, which can be interpreted as spatial proximity of the protons involved-thick
lines are used if the distance is small (large NOE) and thiner lines are used if the distance is large (small

NOE).
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Table 4. Long range carbon-proton correlation of mulundocandin.

287

Signal Chemical shift Correlations to
(ppm) protons Assignment

1

4

5

171.97

170.37

169.41

168.88

Gl, G2, Bl C=O, 12-methyltetradecanoic acid
C=O,serine
C = O, 2-amino-3,4-dihydroxy-4-(4-

hydroxyphenyl)butyric acid
C = O, 3-hydroxy-4-methylproline

Interpretation of the experiments described above unambiguously establishes the constitutional
formula of mulundocandin as 1. This structure of mulundocandin is not known for any antibiotic of
the echinocandin type reported in the literature. Hence mulundocandin (1) is a new member of the
family of the echinocandin type of antibiotics.

Experimental

General
Diazomethane solution in ether was prepared according to the published procedure15). GC

analysis was performed using Perkin-Elmer 900 gas chromatograph with 3 % OV-1 on Gas-chrome
Q column maintained at 170°C; the injector part and detector temperature were 200°C. MSwere
obtained using AEI MS-902S spectrometer equipped with an on-line data system DS-50 SM. The
NMRspectra were recorded in DMSO-J6on Bruker AM400 WBspectrometer operating at 400.13 MHz
for protons and 100.62 MHzfor carbons. The 270 MHz*H NMRspectra and 68 MHz13C NMR
spectra were recorded on Brucker AM-270spectrometer.

Acid Hydrolysis of Mulundocandin
(a) Preparation of 3: Mulundocandin (560 mg) and 4 ml of 6 n hydrochloric acid were heated

at 110°C for 20 hours in a sealed vial. After cooling, the vial was opened and the reaction mixture
was diluted with water (10 ml). It was then extracted with distilled diethyl ether (3 x40 ml). The
ethereal extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced
pressure to obtain 2 (100 mg). It was then dissolved in diethyl ether and treated with excess ethereal
diazomethane solution. After 1 hour at 5- 10°C the ethereal solution was concentrated under reduced
pressure to obtain a beige-colored liquid 3 (100mg). GC analysis showed 3 (retention time: 8

minutes 12 seconds) to be accompanied by another minor compound(retention time: 6 minutes 30
seconds).

EI-MS m/z 256 (26% relative intensity, M+), 199 (20%, M-QH9), 143 (18 %, (CH2)6COOCH3+),
87 (62%, CH2=CHC(QH)OCH3+), 74 (100%, CH2=C(OH)OCH3+); XH NMR (270 MHz, CDC13)
d 0.82 (d, J=7 Hz, C£f3CH), 0.84 (t, /=7 Hz, C#3CH2), 1.1 (m, CH2), 1.25-1.30 (m, 8xCH2-fCH),
1.4 (m, 3-CH2), 2.28 (t, J=7 Hz, 2-CH2), 3.65 (s, OCH3); 13C NMR (68 MHz, CDC13) d 51.3 (OCH3),
174.1 (C-O), 34.2 (C-2), 25.0 (C-3), 29.2-29.7 (C-4...C-9), 27.1 (C-10, calcd 27.1), 36.1 (C-ll, calcd
36.7), 34.5 (C-12, calcd 34.6), 30.0 (C-13, calcd 29.7), ll.3 (C-14, calcd ll.1), 19.3 (C-15, calcd 19.0).

(b) Preparation of3 and 4: Mulundocandin (150 mg) was dissolved in 2 ml of 6 n hydrochloric
acid and left standing for 2 hours at 100°C in a sealed vial. The preparation was then cooled to 0°C
and extracted with diethyl ether. To the washed and dried ether extract an ethereal diazomethane
solution was added. After 5 minutes the volatile components were removed in mild vacuum. The
residue, dissolved in 0.2 ml CH2C12, was applied onto a column (4 mmxlO cm) filled with silica gel
(Grace GmbH, Worms, 60 A HPLC, 5 ^m). The column was then eluted with CH2C12 at a pressure
of -70 bar. Along with the compound 3 (12.7 mg), another compound 4 (1.2 mg) showing a weak
ninhydrin positive reaction was isolated.

EI-MS m/z 367.2717 (ll % relative intensity, M+, calcd 367.2723 for C21H37NO4), 308 (6%,
M-COOCH3), 225 (4.5%, CUH29CO+), 198 (5%, M-C12H25), 185 (65%, M-C13H26), 143 (25%,

M-C14H28CO), 84 (100%, amine fragment of oxoproline); IR (KBr) vmax cm"1 1660 (amide), 1750
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(ester), 1770 (5-membered ring carbonyl); XH NMR(270 MHz, CDC13) d 0.82 (d, J=7 Hz, C#3CH), 0.84
(t, /=7 Hz, C#3CH2), 1.1 (m, CH2), 1.25-1.35 (m, 8xCH2+CH), 1.65 (m, 3-CH2), 2.27 (t, J=lHz,
2-CH2), 2.6 and 2.9 (ABX system, /AB=18 Hz, JAX=3 Hz, /Bx=10 Hz, 3'-CH2), 3.75 (s, OCH3), 3.97
and 4.03 (AB system, /AB=16 Hz, 5'-CH2), 5.0 ppm (dd, J=3 and 10 Hz, 2'-CH).

(c) Isolation of 5 from Mild Hydrolysis Reaction: Mulundocandin (400 mg) was dissolved
in 40 ml of 6 n hydrochloric acid and 5 ml of propanol. The reaction mixture under argon was allowed
to stand for 3 days at room temperature and for 1 day at 37°C. The solvent was then removed by
freeze- drying. The reaction mixture was initially purified on a Sephadex LH-20 column (3.5 x
85 cm) in methanol. An enriched fraction (76 mg) was chromatographed on silica gel using methanol
in chloroform (20% methanol in chloroform increased to 30% methanol in chloroform) as eluent.
The main hydrolysis product, showing ^max at 276, was then purified by preparative HPLC(Lichrosorb
RP-18), E. Merck, Darmstadt; the mobile phase was 0.5% TFAin water to which a gradient of the
same solvent with 20% CH3CNhas been added) to obtain 5 (1.3 mg). The structure of the compound
was based on EI-MS spectra of its silylation product.

EI-MS m/z 557.2841 (1.2%, M+9 calcd 557.2844 for C25H51NO5Si4), 440 (9%, M-COOSi(CH3)3),
339 (18%, (CH3)3SiOC6H4CHOC3H7CHOSi(CH3)3+), 320 (5%, +CHOSi(CH3)3CHNHSi(CH3)3-

COOSi(CH3)3), 237 (100%, (CH3)3SiOC6H4CHOC3H7+), 218 (45 %, +CHNHSi(CH3)3COOSi(CH3)3).
All fragments have been confirmed by high resolution MS(HR-MS).

NMRExperiments
(a) COSY-spectrum: The spectrum was recorded with the standard pulse scheme ^/2-t1-7r/4-t2

(tt/2=9.0 ^seconds) and phase cycling of both radio-frequency (rf)-pulses6'7). The data matrix of
1,024 x2,048 points resulted from 1,024 spectra, 4K each, with a maximumacquisition time of 284.6
mseconds in tt and 573 mseconds in t2.

(b) Proton-carbon Correlation Spectrum: The spectrum was recorded with the standard
pulse-scheme nn (1H)-t1/2-7r (13C)-t1/2-i-7r/2 CHHtt/s (13C)-J-t2 (BB dec) and phase cycling of all

rf-pulses16) Or/SOH)=32 ^seconds, 7r/2(13C)=13.6 ^seconds). The data matrix of 512 x4,096 points
resulted from 512 spectra, 4K each, with a maximumacquisition time of 213.5 mseconds in tx and 275
mseconds in t2. A was optimized for a proton-carbon coupling constant of 152 Hz (3.3 mseconds).

The same pulse sequence was used for detecting long range connectivities (J =40 mseconds optimal
for a proton carbon coupling constant of 12.5 Hz). The data matrix of 512 x 1,024 points resulted from
512 spectra, IK each, with a maximumacquisition time of 192.3 mseconds in tx and 512 mseconds
int2.

(c) Selective Steady State NOEDifference Spectra: Saturation of the indicated signals was
obtained by 10 seconds low power irradiation during the relaxation time. Spectra without irradiation
were subtracted from these free induction decays (FID) and gave, after Fourier transformation,
the difference spectra. Intensities are calculated with respect to the saturated signal (=100%).

Acknowledgment

We are thankful to Dr. H. H. Schone, Pharma Biochemie, Hoechst AC, Frankfurt for the amino acid
analysis, Dr. G. C. S. Reddy and Mr. R. G. Bhat for technical assistance and Dr. P. K. Inamdar for GC
analysis.

References

1) Roy, K.; T. Mukhopadhyay, G. C. S. Reddy, K. R. Desikan & B. N. Ganguli: Mulundocandin, a
new lipopeptide antibiotic. I. Taxonomy, fermentation, isolation and characterization. J. Antibiotics
40: 275-280, 1987

2) Berdy, J.; A. Aszalos, M. Bostian & K. L. McNitt (Ed.): 4313 Echinocandin type. In CRC Hand-
book of Antibiotic Compounds. Volume IV Part 1. Amino Acid and Peptide Antibiotics, pp. 355-367,
CRC Press, Inc., Boca Raton, 1980

3) Bremser, W.; L. Ernst & B. Franke: Carbon-13 NMRSpectral Data. Verlag Chemie, New York, 1978
4) Benz, F. ; F. Knusel, J. Nuesch, H. Treichler, W. Voser, R. Nyfeler & W. Keller-Schierlein: Echi-
nocandin B, ein neuartiges Polypeptid-Antibioticum aus Aspergillus nidulans var. echinulatus : Isolierung



VOL. XL NO. 3 THE JOURNAL OF ANTIBIOTICS 289

und Bausteine. Helv. Chim. Acta 57: 2459~2477, 1974
5) Aue, W. P.; E. Bartholdi & R. R. Ernst: Two-dimensional spectroscopy. Application to nuclear
magnetic resonance. J. Chem. Phys. 64: 2229~2246, 1976

6) Nagayama, K.; P. Bachmann, K. Wuethrich & R. R. Ernst: The use of cross-sections and of projec-
tions in two-dimensional NMRspectroscopy. J. Magn. Reson. 31 : 133~ 148, 1978

7) Bodenhausen, G.; H. Kogler & R. R. Ernst: Selection of coherence-transfer pathways in NMRpulse
experiments. J. Magn. Reson. 58: 370~388, 1984

8) Maudsley, A. A. & R. R. Ernst: Indirect detection of magnetic resonance by heteronuclear two-di-
mensional spectroscopy. Chem. Phys. Lett. 50: 368~372, 1977

9) Maudsley, A. A.; L. Muller & R. R. Ernst: Cross-correlation of spin-decoupled NMRspectra by
heteronuclear two-dimensional spectroscopy. J. Magn. Reson. 28 : 463 ~ 469, 1977

10) Pegg, D. T.; D. M. Doddrell & M. R. Bendall: Proton-polarization transfer enhancement of a
heteronuclear spin multiplet with preservation of phase coherency and relative component intensities. J.
Chem. Phys. 77: 2745-2752, 1982

ll) Sorensen, O. W. & R. R. Ernst: Elimination of spectral distortion in polarization transfer experiments.
Improvement and comparison of techniques. J. Magn. Reson. 51 : 477~489, 1983

12) Massiot, G.; S. K. Kan, P. Gonord & C. Duret: The fourier transform difference spectra method.
An application to structural elucidation of andranginine, a novel indole alkaloid. J. Am.Chem.Soc.

97: 3277-3278, 1975

13) Kuo, M. C. & W. A. Gibbons: Total assignments, including four aromatic residues and sequence con-
firmation of the decapeptide tyrocidine A using difference double resonance. Qualitative nuclear Over-
hauser effect criteria for p turn and antiparallel ^-pleated sheet conformations. J. Biol. Chem. 254 : 6278 ~

6287,1979

14) Wynants, C; K. Hallenga, G. Van Binst, A. Michel & J. Zanen: Assignment of amino acids in
peptides by correlation of a-hydrogen and carbonyl carbon-13 resonances. J. Magn. Reson. 57: 93~ 98,

1984

15) De Boer, T. J. & H. J. Backer: Organic Synthesis. Coll. Vol. 4. Ed., N. Rabjohn, p. 250, John Wiley &
Sons, Inc., New York, 1963

16) A. Bax: Two Dimensional Nuclear Magnetic Resonance in Liquids. Riedel, Boston, 1982


