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ANTIBIOTIC SB22484: A NOVEL COMPLEX OF THE AURODOX GROUP

II. STRUCTURE ELUCIDATION OF THE FOUR FACTORS
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SB22484,active against Neisseriae gonorrhoeae and Neisseriae meningitidis, is a complexof four
factors, designated 1 through 4, which from two pairs ofisomers, 1 and 3, and 2 and 4. Factors 1 and
3 account for 65% of the complex, factor 3 being the predominant one.

On the basis of the existing and implemented correlations between structure and physico-chemical
characteristics (UV and IR spectroscopies, ionization properties, MSas FAB and as negative and
positive CI, *H NMRspectroscopy as 2D COSYand NOESY)in the aurodox field, the complete
structures were assigned. Factor 3 can be described as 7V-[7-[5(^)-[7-[l ,2-dihydro-4-hydroxy- l//-2-
oxo- 3-pyridinyl] -6-methyl-7-oxo- l (£), 3 (£) , 5(£)-heptatrienyl] tetrahydro-3 (»S) ,4(i?)-dihydroxyfuran-
2(5)-yl]-6(^-methoxy- 5, 7(i?)-dimethyl-2(J£),4(£)-heptadienyl] -a(S)-methyl-5 (5)-methyltetrahydro-
2(S),4(S or 7?)-dihydroxy-6(5)-[ l (£),3(Z)-pentadienyl]-2i/-pyran-2-acetamide. Factor 1 is an epimer
of factor 3 with the opposite configuration at the anomeric center. Factors 2 and 4 have an ethyl
group instead of the methyl group a to the acetamide moiety and are in the same stereochemical
relationship as the pair 1 and 3.

SB22484 is a new antibiotic complex isolated from Streptomyces strain NRRL15496 and is active
against Neisseriae gonorrhoeae and Neisseriae menin-
gitidis^. As the investigation carried out for novelty
determination indicated that SB22484 belongs to the
aurodox type antibiotics, antibiotic activity is sus-
pected to involve inhibition of bacterial protein
synthesis via interference with the elongation factor
Tu (EF-Tu)2>3) and they are also referred to as

"elfamycins"4).

SB22484 was shown by chromatographic

analysis (see Fig. 1) to be a complex of four factors,
designated 1, 2, 3, and 4 according to their
chromatographic elution order in a reverse phase

system1*. These factors form two pairs of isomers
(1 and 3, and 2 and4) and the pair 1 and 3 account
for about 65%of the complex. Furthermore, the
two isomers of each pair are in chemical equilibrium
in aqueous solution1*.

This paper deals with the structure elucidation
of the four factors of SB22484.

Fig. 1. HPLC chromatogram of SB22484 complex.

Column: Bakerbond C8, 0.46x25cm. Mobile
phases: A) CH3CN-THF- HCOONH4 (40 : 40 : 20).B)
CH3CN-THF-HCOONH4 (10: 10:80). Gradient:

linear from 10% ofA to 90% ofA in 20 minutes.
Flow rate: 1.8 ml/minute. Injection: 20/il of a solution
in CH3CN-Na2CO3 0.1m (1 :9) at 5mg/ml.

Present address: Farmitalia Carlo Erba Research Labs., Via C. Imbonati 24, 20159 Milano, Italy.
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Experimental

The UVspectra were recorded with a Perkin-Elmer spectrophotometer model 320 from water solutions
at different pH values, obtained by adding various quantities of HC1 or NaOHto the mother solution.
Buffer solutions were not used, in order to make the far UVregion sufficiently transparent.
The IR spectrum was obtained from a mineral oil suspension with a Perkin-Elmer spectrophotometer

model580.

The acid-base analysis in aqueous mediumwas obtained by titrating with 0.1 n KOHa solution of
SB22484 in methylcellosolve-water (4: 1 and 1 : 1).
The liquid chromatography (LC)-MS analysis was carried by direct liquid introduction (DLI) negative

ion technique with a Hewlett-Packard instrument model 5958B on the antibiotic complex.
XHNMRspectra were recorded in DMSO-d6and in acetone-d6 solutions at 22°C on a Bruker AM-250

or on a Bruker AM-500spectrometer, both equipped with an Aspect 3000 computer. The 2D experiments
were: 1H-1Hcorrelation through 3 and 4 bonds in the phase sensitive mode double quantum filter
(COSYPHDQ),using time-proportional-phase-incrementation in ft and dipolar correlation through space
by NOEin the phase sensitive mode (NOESYPH),using time-proportional-phase-incrementation in fx.
The mixing time was chosen as 200minutes.

Structure Determination
The structure elucidations were carried out in analogy with the existing correlations between structure

and phvsico-chemical characteristics of related antibiotics. The complete structures of the four factors of
the SB22484 complex (including the configurations)
are shown in Fig. 2 together with the numbering
system adopted by the authors of the paper on
aurodox5). The majority of this investigation was
carried out on isomers 1 and 3.

Fig. 2. Structure and configuration of the four factors
of SB22484.

Numbering system from ref 5.

Table 1. UVbands and absorptivities of SB22484 in water solutions at different pH values.

pH value . *á"\ a /-" a *á"\ a ^ a(nm) (nm) (nm) (nm)

3.0-4.0 332 33.0 285 (sh) 17.0 232 68.6 200 (sh) 52.9
4.8 330 32.6 285 (sh) 16.6 232 69.5 200 (sh) 51.6

5.7 327 33.6 275 (sh) 15.7 232 70.4 200 (sh) 49.4
6.3- 10.0 325 34.1 270 (sh) 15.3 232 71.2 200 (sh) 47.2

a: 1cm, 1g/liter.

Fig. 3. UVspectrum of SB22484 complex in water
solution at different pH values.
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UV Spectra
The spectra in the relevant pH range are shown in Fig. 3. It must be mentioned that in acidic (below

pH 3) and basic (above pH 12) media clear signs of decomposition were observed during the UVexperiment.
The bands and the absorptivities are given in Table 1.

The presence of an ionizable function connected to the chromophore is clearly deduced by inspection
of the figure. In fact, the presence of five isosbestic points (332, 288, 272, 248, and 206nm) indicate the
existence of an acid-base equilibrium. By calculation from the different absorptions as a function of pH,
an apparent pKa of 5.4 was obtained for this ionizable function.
On the basis of the existing correlations between the UVabsorption and structure in general6) and

specifically for this class of antibiotics7), the following assignments can be made. The maximathat are
sensitive to the pH, at 332nm, £mol=24,820 (325nm, £mol=25,640) and 200nm, emol=39,780 (215nm,
£mol=44,550) are due to the extended chromophore formed by the trienone and 4-hydroxy-a-pyridone,

while the maximumnot sensitive to the pH at 232nm, smol=51,590, is due to the two separate diene
chromophores. Furthermore, the blue shift displayed by the 332 nm band by increasing the pH is a behavior
unexpected for a phenol but can be interpreted as due to the presence of the ionizable OHgroup on the
a-pyridone ring8).

IR Spectrum
The main bands of the IR spectrum (see Fig. 4) are summarized in Table 2, together with the relevant

assignments. Table 2 shows that the spectrum is in agreement with an aurodox structure, considering the
presence of an a-pyridone, a secondary trans amide, polyenic systems, and a hemiketalic pyran ring.

Ionization Studies
A function with a pJ^MCS=8.2 was revealed. The same titration carried out in methylcellosolve - water

(1 : 1) showed a p^MCS value of 7.2, in agreement

with the behaviour of an acid. This function can be Table 2. Attributions of the main functional IR
correlated to the pK =5A obtained from the UV absorption bands in mineral oil suspension.
spectra and assigned to the 4-hydroxy-a-pyridone v (cm- i) Assignment
moiety.

The ionization in non-aqueous mediumwas
obtained from a solution of SB22484in glacial acetic
acid titrated with HC1O4with the aim of getting
information on weakly basic functions. The presence
of a very weakly basic function was found, which
is attributable to the pyridone nitrogen8).

3700-3100

1690

1 640

1640, 1610

1570- 1530

1170-950

808

a-Pyridone vc=o
Amide I (vc=o)

Heterocyclic vc=c and amide II (<SNH)
Sugar vc_o
Pyridone yCH

Fig. 4. IR spectrum of SB22484 factor 3 in mineral oil suspension.



1362 THE JOURNAL OF ANTIBIOTICS NOV. 1990

Fig. 5. DLI negative ion spectra of SB22484.

MS Studies
DLI negative ion LC-MS analysis was originally carried out on the antibiotic complex9*.

The four componentswere chromatographically resolved and the corresponding mass spectra showed
identical m/z values for components 1 and 3, and likewise for the pair 2 and 4, strongly suggesting that
SB22484 is composed of two pairs of isomers. In a subsequent MSstudy, involving both FABand DLI
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ionization, the isolated components 3 and 4 were compared with other aurodox type antibiotics9). The
MW'sof components 3 and 4 were shown to be 752 and 766, respectively, by the observation of M~ at
these values in the DLI negative ion spectra (see Fig. 5). Correspondingly, in the FABnegative ion spectra
obtained in thioglycerol matrix, the (M -H)~ peaks are at m/z 751 and 765 and the (M-H+thioglycerol)~
peaks are at m/z 859 and 873.

The DLI negative ion spectra are qualitatively similar to those of other aurodox type molecules
containing a 2,3-dihydroxytetrahydro-furan ring9). The fragmentation pattern observed was very diagnostic
and was interpreted as shown in Figs. 5 and 6. After the expected losses of water and methanol, the peaks
denoted as I (-H2O) (638 for 3 or 652 for4), II (598 for 3 or 612 for4), III (+H) (500 for 3 and 4), Va
(-H2O-H2)(473 for3 or487for4),V(+H2)(261 for3 and4),VaandI (-H2O-H2) (377for3 or391
for4), andVa and II (-H,) (337 for 3 or 351 for
4) indicate that, in a comparison with aurodox, the
pyran moiety in SB22484 is deoxygenated at position
3 and desmethylated at position 5 and that the 14
mass unit difference between the pairs 1 and 3, and
likewise 2 and 4 is located at position 28.

NMRSpectra
The lH NMRspectrum of SB22484 factor 3 is

shown in Fig. 7. Examination of this spectrum for
the assignment of the signals and their attribution
to the aurodox type structure, including configura-
tions was accomplished by a number of 2D
experiments, e.g., the COSYPHDQis shown in Fig.
8.

The attribution of all the signals to the relevant
protons is reported in Table 3 for factors 1 and 3,
in comparison with the data for phenelfamycin A10)
and kirromycin11}. The structures and configura-
tions of SB22484 are substantially the same as that
of kirromycin. The only important difference is

located at position 32, where one of the two methyl

Fig. 6. Interpretation of the fragmentation ofSB22484
factor 3 from the DLI negative ion spectrum.

The fragments, indicated by roman numerals, are
characterized by their m/z values.

Fig. 7. XH NMRspectrum ofSB22484 factor 3 in DMSO-d6 solution at 250MHz.
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Fig. 8. ^H COSYPHDQspectrum of SB22484 factor 3 in DMSO-d6 solution at 250MHz.

groups present in kirromycin-like molecules is lacking in SB22484, thus generating an additional
stereocenter. The configuration of this new stereogenic center C-32 could be assigned from the
NOESYPHexperiment, as indicated by the proximities shown for isomer 3 in Table 4, Starting from the
configuration S of C-33, assigned by comparison with kirromycin and other kirromycin-like molecules the
diaxial proximities of 47-CH3 to one of the two 30-H and of 29-OH to 33-H indicate for factor 3 the
configuration S for C-32 and S (a) for C-29. On the other hand, the configuration of the C-31 center
might be assigned as S by analogy with kirromycin, but this configuration is not warranted by the present
NOESYPHexperiment and it remains uncertain. In fact, the configuration of this center is not unique in
aurodox type molecules, e.g., the antibiotics A73A12) and A40A (factumycin)13) are R and S epimers,
respectively, at C-31.

The assignment of the structure to the isomeric factors 1 and 3 was based on the differences between
the NMRsignals 26-NH, 45-CH3 and 30-CH2, which can be interpreted as being due to the different
configuration at the anomeric center C-29. The presence of a hydrolyzable hemiketal bond at this position
29 is in agreement with the experimental evidence that factors 1 and 3 are in equilibrium whenkept in
aqueous solvents1*. The interpretation of the existence of two anomeric isomers is new for kirromycins and
likely refers to the early observation of an equilibrium in solution for kirromycin itself14). This fact was
recently interpreted as a possible tautomeric equilibrium1 X) but the authors do not report any NMRdata
for the single tautomer or any convincing discussion. A further reasoning is that the most plausible
tautomerism may operate at the pyridone ring, but the XHNMRspectra of SB22484 factors do not show
important differences between the signals concerning this moiety of isomers 1 and 3.

The spectrum of factor 4 differs from that of factor 3 only for the signals at 0.85ppm, 46-CH3 (1.10,
45-CH3), 1.65ppm, 45-CH2 (absent), and 2.35ppm, 28-CH (2.50, 28-CH). Consequently, factor 4 must
have the same configuration at the chiral center 29 as that of factor 3. It was not possible to obtain pure
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Table 3. 1H NMRdata in DMSO-d6(S, ppm) and structural attributions for the couple of factors 1 and 3.

Proton
No.

PHELF KIRRO

39
38
37
36
35
33
32
47 (CH3)

31
31-OH
30 (CH2)

29-OH
28
45 (CH3)
26 (NH)
25

24

23
22

1.75 1.74

5.50 5.44

6.03 6.00

6.60 6.58

5.68 5.67

4.31 4.23

0.94, 0.90
0.89 0.90

3.83 3.61

n.i. n.i.
5.02 3.68

n.i.

2.97

n.i.

2.78

n.i. 7.78

4.02, 4.05
4.02 3.91
5.67 5.72

6.52 6.52
5.98 6.02

1.69

5.42

6.00

6.47

5.61

4.48
1.80

0.70

4.02

n.i.

1.70

1.25

6.02

2.50

1.10

8.16

3.80

3.80

5.64

6.48

5.99

1.71
5.42
5.98
6.47
5.58
4.45
1.75
0.61

4.02
n.i.

1.90
1.43
n.i.

2.50
1.06
7.82
3.75
3.75
5.64
6.48
5.99

Proton
No.

PHELF KIRRO
3 1

44 (CH3) 1.65 1.68

20 3.40 3.37

43(OCH3) 3.30 3.17

19 1.70 2.19

42 (CH3) 0.72 0.84

17 4.62 3.65

16 2.00 4.20
16-OH n.i. n.i.

15 4.38 4.30
15-OH n.i. n.i.

14 4.37 4.26

13 6.12 6.03

12 6.43 6.41

1 1 6.72 6.54

10 6.43 6.60

9 7.30 6.60

41 (CH3) 2.00

6 7.60

5 5.97

4-OH n.i.

40 (NH) n.i.

1.61 1.61

3.31 3.31

3.07 3.07

2.09 2.07

0.76 0.76

3.75 3.75

4.06 4.05

n.i. n.i.

4.39 4.42
n.i. n.i.

4.16 4.14

6.00 5.97

6.34 6.36

6.61 6.63

6.61 6.63

6.82 6.84
1.88 1.86

7.28 7.28

5.93 5.93
ll.2-10.7 ll.2-10.7

ll.2-10.7 ll.2-10.7

PHELF: Phenelfamycin A (data from acetone-d6 solution)10).
KIRRO: Kirromycin (data from acetone-<i6 solution)11].
n.i.: Not identified.

Table 4. Protons involved in dipolar coupling as revealed by the NOESYPHexperiment for factor 3.
47-CH3-35-H, 47-CH3->30-H, 45-CH3^29-OH, 44-CH3-*23-H, 44-CH3-+43-OCH3,

44-CH3^42-CH3, 22-H->20-H, 20-H^17-H, 43-OCH3^i7-H, 29-OH->33-H

factor 2 suitable for NMRstudies because of its low abundance in the complex. However, the LC-MS
fragmentation of both factors 2 and 4 are consistent with this structure and also indicate that factor 2
has an ethyl group at position 28. It was also found that the two isomers 2 and 4 easily equilibrate under
the same conditions as described for isomers 1 and 3. Consequently, factors 2 and 4 are very likely isomers
at position 29. This is supported by the strong analogy between the two pairs of isomers 1 and 3, and 2
and 4, as deduced from the LC-MSfragmentation, from the capacity to equilibrate in solution and from
the HPLCretentivity. Consequently, the configuration of the anomeric center C-29 is S (a) for factor 4
and R (fi) for factor 2.

In conclusion, factor 3 can be described as A^-[7-[5(i?)-[7-[l,2-dihydro-4-hydroxy-l/f-2-oxo-3-

pyridinylj^-methyl-T-oxo- l ^^^^C^-heptatrienylJtetrahydro^C^^C^-dihydroxyfuran^C^-yl]-
6(5)-methoxy-5,7(i?)-dimethyl-2(^,4(£)-heptadienyl]-a(5)-methyl-5(5)-methyltetrahydro-2(5),4(5 or R)-
dihydroxy-6(5)-[l(£),3(Z)-pentadienyl]-2^-pyran-2-acetamide. Factor 1 is isomeric to factor 3 for the

opposite configuration at the anomeric center. Factors 2 and 4 have an ethyl group instead of the methyl
group a to the acetamide moiety and are in the same relationship as the pair 1 and 3 for the anomeric
configuration.
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