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Abstract -- The lBC-nmr spectral assignments of a subgroup of the polyether

antibioties including lonomycin, mutalomycin, carriomycin, etheromyein, A20LA,
septamycin, nigericin and monensin are summarized. Based on these spectral
data, some empirical rules for structural elucidstion of polyether antibictics

have been established and their applicaticn to a new antibioties is presented.

INTRODUCTION
The polyether antibiotics characterized as a class of lonophores possessing several cyclic ether
systems are mainly produced by the Streptomxces genusl. Due to structural complexity, difficulty
to obtain degradation products useful for structural studies, and extensively overlapping lH—nmr

spectra, X-ray analysis has been the only practical method for siructural elucidation of these
compounds. Until a few years ago, on the other hand, lBC—nmr spectroscopy which has played an
important role in natural products chemistry was not a method of cheoice for structursel studies of
poiyether antibiotics apparently due to the difficulty in anelyzing very complicated 13C—nmr
spectra. This obstacle has been overcome in recent years by the aid of bilosynthetic labeling
method2 as well as Anteunis® extensive lH—nmr work53_9 which enable unambigudus assignments of
the 130 signals to be made through selective proton decoupling. As a result, enough 13C-—nmr
spectral datae have accumulated to establish the relationships between specific structures and
chemical shifts of relevant carbons in the 13C—nmr spectra of polyether antibioticslo

Thus, 13C—nmr spectroscopy which allows to observe almost all carbon resonances without overlapp=-
ing is now becoming & very attractive methodology for researchers working in the field of poyether

antibiotics.

1
In this review, the 3C assignments of a group of the polyethers will he presented together with
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their application to structural studies. These data wlll be useful for analyzing sclution confor-
matlions of the polyether antibiotics, their interaction with metal cations and structures of new

antibioties to be isolated in future,

CLASSTIFICATION OF POLYETHER ANTIBIOTICS

The polyether antiblotics gre divided into five major groups depending on the characteristic
partial structures which are reflected in the chemical shifts of 130-nmr spectra. Representatives
of each group are shown iIn Fig. 1. In this review, special emphasis will be given tc the explana-
tion of 13C—nmr spectra of lonomycin-type polyether entibiotics. The lSC—nmr spectral datae
reported for the members of other groups include lasalocidll, salinomycinle, narasinlB, noborito-

mycinlh, X—lhT66Al5, 1ysocellin16, di&nemycian, 1enoremycian(A-l30A)18, lenseramycinlg

s A2318720
: . 21
and icnomycin

There exists the following carbon skeleton common to the all members of the lonomycin-type antibio-

.2 s . 2 e a s s
tics with the exception of monensin 2 and leidlomycein 3. The antibiotics of this group possess

CR OR

methoxy carbons appearing at 50-62 ppm, more frequently at 55-60 ppm except for laidlomyein. The
number of the methoxy function ranges from one (mutalomycin)gu to five (K-L41A and K-hlB)zs. This
groups is further divided intc the following subgroups. The members of goups 1 and 2 contaln three
(hemi }ketal carbons whereas those of groups 3 and U4 possess two (hemi)ketal functions.

1) Lonomycin26 and mutalcmycineu without a deoxysugar (Fig. 5).

21, AzohAQB, etheromycinu, septamycin D (4286954)30, A28695B°C, K-h1425

2) Carriomycin
and K-U1B with one or two deoxysugars (Fig. 9). The rezonance of an scebel signal
{95-103 ppm) due to O-methylamicetose is found only in this group.

3} Nigericin32 and grisorixin33 (Fig, 11) lacking a hemiketal function at C3 which
appears at 99-100 ppm in group 1.

;. 22 . . 23 s , s

L) Monensin®™® and laidlomycin®~ (Fig. 12) without A-ring common to the other members

of groups 1 to 3.

SC ASSIGNMENTS OF POLYETHER ANTIBIOTICS

TECHNIQUES USED FOR 1
One of the structural feastures of most polyether antibiotics is the repetition of similar partial

structures in the molecules which results in complicated 13C-nmr spéetra with many methylene and

methine signals congested in a narrow region. Therefore, in addition to commonly employed
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salinomycin

dianemycin

OMe OMe OMe

X-206

MeHN

A23187

Fig, 1. Representative members of various groups of the polyether antibioties.
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techniques such as single frequency off resonance decoupling {(sford) and selective proton
decouping, pertially relaxed Fourier transform (PRFT) nmr techniques and biosynthetic methods are

required to obtain total assignments of 13

C-nmr spectre of polyether antibioties. Some explana-
tion of these methods will he given in the following.

A. Differentistion of methyl, methylene, methine and quaternary carbon signals

; 1 R : - :
The first step to analyze 3C-nmr spectre is to discriminate methyl, methylene, methine and
quaternary carbons. This can be accomplished mostly by sford or sometimes by weak noise off
resonance decoupling which enables to detect non-protonated carbonth. In case of pcolyehter

antibiotics, however, sford is not necessarily a useful technique tc identify methylenes and

methines (and occasionally tert-methyls) in the region of ca. 25-40 ppm due to extensive over-

lepping of signals under the sford conditions (see Fig. 2e). Higher order coupling as well as
unequivalent chemicel shifts of some methylene protons make the situation even worse3h.
This problem can be sclved in most case by the PRFT mmr techniqueSs. In this method, a 90°

monitor pulse is applied to the sample under investigation after some intervel time following
. N PR ; 1 . . . .
a 180° pulse which is utilized to invert 3C signals. This pulse sequence is repeated until

sgtisfactory signal-to-ncise ratic is obtained. During the weiting time between the two pulses,

130 signals begin to recover to the original state according to their longitudinal relaxation

36 Since the relaxation time T. usually increases i1n the order of CH

times Tl . 1 < CH £ CHE

< -C-,

2 3

{e)

{d)

{c)

40 30 20 10

Fig. 2. L3¢ e spectra of nigericin sodium salt in CDC1,. (a) proton noise decoupled, (b) PRFT
spectrum (waiting time, 0.2 see), (c) PRFT spectrum {waiting time, 0.35 sec), (4) off-rescnance
decoupled under PRFT condition {(waiting time 0.35 sec) and {e) off-resonance decoupled. g, t and

d in {b) represent methyl, methylene and methine, respectively.
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these signals can be distinguished from each other by setting an appropriate waiting time.

For example, in the PRFT spectrum of nigericin sodium salt3T(Fig. 2b, waiting time 0.20 sec) meth-

ylene resonances appear as positive signals while the methine and methyl peaks remain negative.
It should be noted that the discrimination of these signals can be hardly made by sford (Fig. Ze].

Although time-consuming, one can obtain more detailed information by measuring relaxation time T1

which further enables 4o distinguish carbon resonances due to the deoxysugar showing longer Tl

values from those to the sglycone with much shorter T. wvalues in glycosidie polyether antibiotics

38

1
(group 2, see later)}. Detailed explanation was given by Wehrli to the use of 13C spin-relaxa=-
tion data in orgenic structure assingments.

In special cases, observation of sford spectra under a PRFT condition (Fig. 2d) or selective

39

excitation condition may be necessary to analyze overlapping signals. The latter technique
facilitates toobserve signals in a& very narrow range selectively; thus, preventing undesirsble
overlapping of unnecessary peaks.

INEPTuO, a new technique intrcdueced wvery recently which is not yet applied to the nmr studlies of
the polyether antibiotlics, will become the most powerful tool to distinguish methyl, methylene,

methine and quaternary carbons In very near future.

B, Selective proton decoupling

This method 1s widely utilized in the assipgrments of 13C-nmr spectra., The prerequisites for
successful selective proton deccupling are well separabtion and detailed assignments of lH signals
to be irradiated in the 1H—nmr spectra. As explained later, most 13C-nmr works were made by using
spectrometers cperating at 25 MHz {100 MHz with regard to lH resonance frequency). Under such
experimental conditions, these requirements can be hardly satisfied due to overlapping of 1H

signals {(Fig. 3).

6 5 4 3 2

Fig. 3. 1H—Nmr gpectra of lonomycin A sodium salt taken gt 100 and 270 MHz in CDC13,
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On the other hand, by taking sdvantage of belter separation cbtained by nmr instruments operating
at & higher magnetic field, Anteunis et al., made slmost complete anglysis of lH signals excepting

5

for some methylenes of the following antibioties; cerriomyein”, etheromycinh, lonomycin6, septa=-

)

mycinT, nigericinB and monensin”.
13

Thus, the assignments of ~~C resonances of these antibiotics were made possible by selective proton
decoupling. For example, based on thelr work sbout lonomycin A, signals due to H2, HS, HT, H9,
H1l, H1T7, H22, H25 and H2T could be assigned as shown in Fig, 3 and the carbons eppended to them
were unambigucusly identified by selective proton decoupling experiments, Although the protons
combining to C2l, C23 and C24 are not well separated from each other, it can be seen from the
Figure that these carbons could be distinguished as a set from the remaining carbons by this
technique. Rigorous assignments of (21, €23 and C2L were obtained by the use of other methods

such as comparison to structurally related compounds or biosynthetic method. Useful explanaticn

on selective proton decoupling experiments was given in detail by Johnsonhl

C. Blosynthetic labeling method

13

Tt has been well recognized that 13Cunmr spectroscepy in combination with the use of ~~C labeled

precursors is a very useful tool to investigate the biosynthesis of natural productshz. Utiliza-

130—130 couplings has mede this technique more attractive not only for studying resction

tion of
mechanisms such as reasrrangement invelved in the biosynthetic process, but also for its power in
meking assighments of l3C signals of complex moleculesz.

Biosynthetic studies reported for other groups of the polyether antibiotics such as 1asalocidll,

17

salinomycinlz, narasin13, lysocellin16 and dianemycin® ' by 13C-nmr spectroscopy have revealed that

these metabolites are derived from lower fatty acids such as acetic acid, propionic scld and
butyrie acid. Polyketide origin of monensin was also confirmed by 1hC tracersh3.

Taking account of structural similarities between the polyether antibiotics, it can be reascnably
assumed that all the members of thils group would also be built up from the same biosynthetic
precursors. This hypothesis enables one to choose a proper precurscr to increase gselectively
signal intensities of desired carbons, thereby facilitate to make easier and reliable 130 assign-

3

ments. An applicetion of this technique for analyaing 1 C chemical shifts of lonomycin A is

explained in the following.
Based on the hypothesis, lonomycin A is expected to derive from five acetate and ten propionate

13

units as shown in Fig. 4. Therefore, use of CH3 CCOOH will enable to distinguish three oxymethines

€11, C17 and C23, and two (hemi)ketals C13 and C29 from the remaining carbons. Furthermore, the
carbons adjacent to these functional groups can also be identified by 130H313COOH which causes 130-

130 couplings to occur between C11-C12, C13-Clh, C17-C18, C€23-024 and 0P9-C30. Tt should be

noticed in this case that the specific partisl structures of O-C(O)-CHQ, 0~CH-CH-0 and O—C(O)—CH3
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CHy—CHp=COH +  CHy=COH

. . .
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Fig. 4. Biosynthetic pathwsy of lonomycin A.

ere only Tound at C13-Cik, €23-02L and €29-£30 to give conclusive evidences for the unsmbiguous
assignments of these carbons.

Distinction of the two combinations between an oxymethine and a methylere, i.e. Cl1-Cl2 and Cc17-C18
can be made with ease by selective proton decoupling experiments irradiating at the H1l or HIT
proton. Although the H11l and H17 signals are overlapped by other signals in the 100 MHz lH-nmr
spectrum as shown in Fig. 3, separation of these two signals is large enough for selective proton
decoupling to be successfully carried out at 25 MHz.

13COOH and CH313CH213COOH can be

& great help for signal assignments of the remaining cerboms, C1-C2, ¢3-Ch, ¢5-C6é, C7-CB, €9-C10,

By analogy, it will be easily understcod from Fig. 4 that CHBCH2

£15-016, €19-C20, {e1-C22, €25-C26 and C27-C28.

As mentioned earlier,the assignments of methylene carbon signais by selective proton decoupling are
frequently distressed by severe overlapping and unequivalent chemical shifts of methylene protons
to be irradisted. Biosynthetic labeling, on the other hand, will supply a reliable methed to
obtain unambiguous assignments of methylene carbons.

In eddition to the antibiotiecs mentioned earlier, this teehnique has been also used for analyzing

13C—nmr spectra of 6016 and nigericin and the results are contained in Tables 1 and 3.

13C-NMR SPECTRA OF POLYETHER ANTIBIOTICS

For convenient compariscn of the 13C-nmr spectral data of polyether antibiotics, the numbering

Ls

systems proposed by Westley ~ and Westley et al.h6 are employed in this review with a modificetion
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that alkyl or methoxy substituents sre referred to the numbers of the carbons to which they
attech. This maekes it easier to correlate the chemical shifts of methyl, ethyl or methoxy carbons

in similar envircmments, but with different numbers by the proposed systems.

13

Most C-nmr works described in this article were made at 25 MHz in CDCl_ or 06D6 solution using

3

13

tetremethylsilane as internal standard. It should be kept in mind that C chemical shifts are

somewhat dependent on sample concentration, temperature and solvents. Dormen et al.l3 described

that even small amount of water contained in CDCl3 affected the 13

a polyether antibiotic belonging to enother group. Therefore, care must be taken when one compares

C chemical shift of narasin,

experimental dsta with literature wvalues.

Group 1: lonomycin =nd mutalomycin {see Table 1 and Fig. 3)

The cemplete essignment of lonomycin & spdium salt was obtained by biosynthetic labeling as

described abovehh. The results (Table 1} were exploited to establish "some empirical rules for

nl0

the structural elucidaticn of polyether antibiotics which will be explained later.

Precise selective proton decoupling and comparison to mutelomycin slso facilitated to assign methyl

13
6

lonomycin had been reported by Rodios and Anteunis™.

and methine rescnences which were not enriched by ~~C labeled precursors. The 1H—nmr study of
Lallemand et al.LLT carried out selective proton decoupling of emericid'(identical with lonomycin
A) using & spectrometer operating st 62.9 MHz to obtain the slmost identical results more easily.
Some methylene snd methoxy signals, however, remain unassigned. More recently, they reported the
advanced assignments of the antibioctiec by a new simulation techniqueLB

3C-Nmr spectral anelysis of mutalomycin was accomplished based on the established chemical shifts
of lonomycin carbon signalshh. During this study, it was found that the configuration of Ch of
mutalomycin reported earlier must be revised as shown in Fig. 5.h9

[The structures of lonomycins B and ¢]

Lonomycins B (B) and C (C) were isolated from the fermentation broth of Streptomyces ribosidificus

&s minor components of lonomycin A (5)50. B was easily converted to A in organic solvents such as
acetone and ethyl acetate at room temperature, whereasg the reverse reaction under the same condi-
tion was almost negligible. This phenomenon together with the identical mass spectra of the both
compounds implies that these two antibiotics are interconvertible through inversion at a ketal or

hemiketal functicn.

51 3

Seto et al. determined the positicn in guestion by = Conmr spectroscepy. As shown in Fig. 6,
the 13C—nmr spectra of A and B are very similar suggesting for the most part that the two anti-
biotics are identical., However, the following remarkable differences between them were observed

at around C3 hemiketal carbon.
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Table 1. 13() Chemical shifts of sodium salts of lonomycinl, mutalomycinl, et’heromycing, A2OHA2’3,
carriomycin2, septamycinz’l‘ end 6016° in CDCL,.

carbon| functionality | lonomycin | mitelomyein | etheromyein A20k4A carriomycin | septamycin{ £016
1 COOH 181.5% 181.2 180.7 180.3 180.4 180.2 |178.L°
2 CH ks, 0 h7.1 hs5.1 45,5 k6.0 45.3 72.1
3 0-C-0H 100.%4% 99.6 99.5 99.3 100.1 95.4 | 99.2%
4 cH 35.4 35.0 uo.2* 1.1 35,2 39.5 | 3h.0"
5 CH-0 g2.2% 8z.0 76.6 79.5 7.6 88,5 | 82.3%
6 | cH or C-0 1.1 1.1 2.7 7.3 3.6% 8o.o | 33.4%
7 CH-0 10.8% 1.5 TL.h &1 4.0 67.3 | 6u.8°
8 | CH or CH, 37.7 6.6 39.77 32.7 37.3 32,8 | 36.9
9 CH=0 63.3" 6h.1 63.0 1.2 61.2 61.5 | 60.6°
10 | ci or cH, 33.7 Lo.2 32, 5% 31.2% 31.3% 31.1% | 3.
1 CH-0 82.0? 70.3 79.9 79.3 79.h 19.5 | 79.6%
12 | cH, or CH 3%.1° 33.57 39.0" 36.8 36.7 36.7 | 36.7
13 | o-c-0 107.1° 106.8 109.2 106.5 106.4 106.%  |107.9%
1k | cH, or CH 39.4° 39.0 36,9 L6.0" 45.9 56,0 | 39.3
15 | cHy or CH-0 33.5% 33.3" 32.9 gh .k ol i 9k.5 | 38.9%
16 c-0 gl.2 Bh.3 85.2 83.1 82.9 83.0 | 82.6
17 CH-0 81.4° 81.6 83.0 83.2 83.2 83.2 | 89.9°
18 CH,, 25.9¢ 26.9 2h .k 22,9 23.0 23.0 | 9.0
19 CH, 30.0% 30.7 30.5 25.5 25.6 25.6 | 30.5°
20 | C-0 or CH-0 85.8 83.8 86.1 78.7 78.9 78.9 | 73.9
21 CH-O 8.3 86.1 84.0 79.1 79.0 79.1 | 78.6°
22 CE or CH, 36.1 34.3 29.8% 29.1% 29,1% 25.1% | 26 1%
23 |cH, or ca-0 80.5° 32,3 2h .4 2.1 241 24,1 | 2k.3P
2k CH-0 75.8% 78.8 80.7 80.0 80,3 80.2 | 80.7
25 CH-0 73.8% T3.4 73.6 73.7 75.3 75.2 | Th.5%
26 CcH 37.7 33.1 39.3 39.2 32.7 2.7 | 32.7
21 |cHy or CH-O 8l 0® 36.4 BL.6 84, 36.8 36.8 | 36.5%
28 ci u6.6 40,2 L6.3 u6.2" 39.6 40.6 | 39.k
29 | o-c-c 58.8° 96.5 98,4 98.1 96.6 96.6 | 96.6°
30 CH, 26.5° 25.7 26.6 26.5 26.4 26.4 | 26,5

continued on the next page
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continued from the previous page

carbon |functionality | lonomycin | mutalomyein | etheromycin A204A cerriomycin |septamycin 6016
2-Me 11.5 11.7 11.0 11.5 11.5 i1.5 —
L-Me 11.1 11.1 11.8 13.1 11.7 1.9  |11.71
6-Me b1 b1 8.1 12.6 5.5 9.9 5.0
B-Me 10,2 10.0 11.8 -— -— _— —_—

10-Me 12.0 10.6 — —— — — —
12-Me _— — 13.2 12.5 12.6 12.6 |12.5
1L-Me —— S —— 11.5 11.6 11.5 13.0
16-Me 29.2 29.0 29.2 28.L 28.4 28.4 28.0
20-Me 22,3 23.2 22.6 —_— _— _— —
22-Me 9.0 16.2 -— —_— -— _— —
26-Me 13.8 17.6 13.6 13.5 17.3 17.3 17.3
25-Me 12.5 17.0 12,4 12.5 16.9 16.9 |16.8
5-0Me 56.0 55.8 — —— _— 1.5 55.8
6-0Me -— — J— k9.5 — — _—
11-0Me 58.6 -— 58.8 58.8 58.8 58.7 58.8
15-OMe —_— — -_— 6.0 60.0 60.0 —
23-0Me 57.3 -— -— - -— -— -—
27-0Me 59.9 56.6 59.7 -— — -— -—
decxysugar at C-6 £-5 =5 c-6 Cc-18
1 95.2 98.3 97.6 96.3 | 98.9
2! 28.7 29.8 30.8 31.8 30.6
3 27.3 23.3 27.2 27.6 26.9
bt 79.9 81.2 8c.3 8o.0 79.9
5! TV T €8.2 Th. 4 T4l [ Th.b
6 18.2 18.5 18.3 i8.5 18.2
L' —OMe 56.9 56.2 56.7 56.6 56.7
+, * Agsignments may be interchanged.
® enriched by CH3CH213000H, ® enriched by CH313COOH, Cenriched by 13CH3000H.

1) see ref. bb.

2) see ref. 37 and 10,

3] see ref. 25.
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Fig. 5. The structures of lonomycin A (Rl=CH R2=OCH3) and mutalomycin (R1=R2=H)

3’

o e i e e
| LT e i re

ISR YU b LS O N W N R

Fig. 6. Pertinent region of the 13C-nmr spectra of lonomycins A, B and C in CDCl

3

(1) The C2 signal at L46.0 ppm in A was shifted downfield by 6.0 pom.

(2) The absorption of Ch at 35.4 ppm also suffered downfield shift by 3.0 ppm in B.

(3) The methyl resorance CH3(C2) at 11.1 ppm in A was replaced by a methyl peak at 1L.9 ppm

in B.

(L) A methyl signal due to CH3(C’4) at 11.6 ppm moved to 12.7 ppm in B.

(5) Slight shift was observed with the carboxyl (C1} and hemiketal (C3) signals.
The structure of 4 given by an X-ray analy51526 shows that the relationship of H2 and CH3(C|+) and
of Hh and CH3(C2) ere syn axisl as shown in Fig. 7. Therefore, it is reasonably snssumed that the
y-effect acts strongly on C2, Ch, CH3(02) and CH3(Ch) in A, The downfield shift of these carbons
in B can only be reconciled with the configurational change at C3 as shown in Fig. 7. Thus, C2 and

its substituents in B are oriented not to interfere sterically with HY and CH3(Ch) resulting in

LonomycinA Lonomycing

Fig. 7. The stereochemical relatioship around C3 in lonomycins A and B.
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the lack of the y-effect. The ggmilarity of the chemical shifts of the carbons adj)acent to the
ketsl (C13) and hemiketal (C29) functions in both the compounds indicated the structural identity
of the remaining pert of A and B.

C is similar to A in its physicochemical properties, however, it contains one less carbon and two
less hydrogen atoms than A. The 1SC—nmr spectrum of { showed close similarity to that of A except
for (1) the disappearance of the methyl resonance CHB(CZ) present in A, (2} the downfield shift by
3.0 ppm of the C4 signal and (3) the upfield shift of the C3 peak by 2.0 ppm. In addition, the
signel at 46.5 ppm corresponding to C2 in A was shown to be a methylene by the sford spectrum of .
These chemical shift changes are reascnsbly accounted for by the disappearance of f- or y-

52, 53

effect”? on C3 and CL exerted by the methyl substituent CH_(C2) in A. Thus, the structures of

3

B and C are illustrated as shown in Fig. 8.

OMe OMe

{B)
Fig. 8. The partial structures of lonomycins A, B and C. The remesining part of lonomyeing

B and C are identical with that of lonomyecin A.

Group 2: etheromycin, A2OMA, carriomycin, septamycin, 6016, K-41A and K~-L1B (see Tables 1 and 2

and Fig. )
This group contains the largest number of polyether antibictics which are very clese to each other
in their structures. CarriomycineT, septamycingg, AQOMAEB, 601631, K-U1A and K—hlB25 can be
distinguiéhed by the positions of methoxy and/or deoxysugar substituents. Futrthermore, the latter
three compounds are characterized by the presence of a hydroxy function at C2. These structural

130 chemical shift data within the group a very useful

method to achieve totel assignments of the 13C—nmr spectra.

similarities made the comparison of the

In sddition, selective proton decoupling was also effective to achieve 13C assigrments of etherco-

10,37 10,37 190, 37 10,37 {

mycin , A20LA , carriomycin and septamycin A28695A)30 &5 summarized in Table 1.

Again, extensive lH—nmr analytical works by the Anteunis’® group on etheromycinh, AEOMAB, carrio-
mycins, and septamycin7 were the basis for the selective proton decoupling experiments.

As explained later, the structural determination of 60165h was made by using "empirieal rules"lo.
During this process, about half of the signals of 6016 were analyzed. Its total assignment has been
obteined by selective proton decoupling and biosynthetic method, the results of which are also
contained in Table 1.

13

The ~~C signals of K=4lA sodium salt obtained in C6D6 were assigned by making reference to the
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, C=)R' 2 OMe
5

L]

1)

I

OH H

ul 2 .3 doepi RO=RS=0CH,,)

carriomyein (R-=Deo, R“=R°=H), A2CLA (R =epi-Deoc, R'= 3

septamycin (Rl=OCH3, R2=Deo, R3=H)
OMe OMe

1
i
E)

K-b1s (R=OCH3) and K-41B (R=0-Deo)

-OMe AMe

(A) B Q)
Fig. 9. The structures of etheromycin, carriomycin, A204A, septamycin, 6016, K-41A, K-41B and
derivatives of K-b1A, (A), (B) and (C). The remaining parts of (A), (B) and {C) are

identical with that of K-41A,
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Table 2. 130 Chemical shifts of codium salts of Ki1A and K41BT in CePg

carbon | functionality | Kbla Kh1B carbon | functionality | KLla KL1B
1 COOH 179.8 1 179.7 y-pe® 12,5 | 12.5
2 CH-0H 72.5| T72.% 6-Me® 1.0 | 10.9
3 0-C-0H 53.8 39.7 12-Me 12.6 12.6
b CH 39.4 39.3 1hMe 11.7 11.1

CH-O 86.9 86.9 16-Me 28.7 26,3%%
6 c-0 78.8 78.8 26-Me 13.8 13.8
7 CH-0 67.6 | 67.6 28-Me 13.2 | 13.2
g% CH,, 33.3 | 33.3 5-CMs 60.8 | 60.8
9 CH-0 61.9 62.0 6-0Me 50.9 50.9
10% CH,, 3.3  31.b 11-0Me 59.4 | 59.5
11b CH-0 79.9 79.9 15-0Me 59.9% | ——
12 CH 37.0| 37.2 sugar at C-27
13 0-C-0 107.2 | 106.6%# 1! 103.0 |103.0
1k CH h6.L 46.5 21 31.0 31.0
15 CH-C ob.9 93, 3% 3 27.h 27.h
16 -0 83.7 8l 3w b 80.6 80.6
17 CH-0 83.8 8h.3 5! Th.7 ThT
18" CH, 25.9 | 25.8 6 18.8 | 18.8
15® CH, 23.3 23,4 %' -CMe 56.2 56.2
20P CH-0 79.6 | 79.6 sugar et C-15
2P CH-0 79.5 | 79.3 " - |103.8%
22® CH,, 29.2 | 29.2 an _— 31.0%
23* CH, 24,3 ] 24.3 3t — 27.1%
24° CH-0 81,1 81.1 4 — 8o.2
25 CH-0 4.6 Th.6 5" _— Th. %
26 CH 39.8 39.8 6" _— 15.5%
27 CH-0 82,9 | 83.0 §"Cle _— 56, 4M
28 CH 4.2 | LB.2
29 0-C-0H 98.9 93.8 a-d Tentatively assigned end may be interchanged.
30 CH, 27.2 27.1 * GSignels observed only in K-41B.
*H#

1) see ref. 25.

These slightly shifted signals supported

the structure of K-L1B,
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130 spectra of septamycin sodium salt, A20LA sodium salt, K-L1A potassium salt and three deriva-
tives (A, B and € in Fig. 9) of K—hlAgS. The spectrum of A confirmed the (1-Cl, and C7 signal
assignments in K-U41A sodium salt, and the spectrum of C sodium salt verified the C29 and C30

signal assignments. The signals due to the deoxysugar moiety as well as C25-C28, and CH,(C26} and

3
CH3(CEB) in K-41A were easily assigned by comparison with those of sepbtamycin and B sodium salt in
which signals due to the deoxysugar at C27 disappeared. The total assigmments of K-41A together

with its minor component, K-41B, produced by Streptomyces hygroscopicus are summarized in Table 2,

The structural determination of K-U1B was accomplished by comperison to K-U1A. As seen from the
Table, the 130 signals of K-W1B correspond well to those of K-LlA, but K-41B has seven additionl
signals (* in Table 2) assignable to the second deoxysugar moiety. BSince K-L1B lacks the CH3O(C_15)
signal, the seccnd deoxysugar was situated at Cl5 as shown in Fig. 925.

Dorman et al. determined the structure of A28595B30, a minor component of A28695A (septamycin}

30 pmr spectral assignment of APB695A. The downfield shifts of the C26

based on the established
{(+5.% ppm) and €28 (+2.6 ppm) signals (B-effects) and the upfield shifts of the €25 (-4.8 ppm),
CH3(026} {«3.7 ppm) and CH3(028) (-3.3 ppm) signals (steric y-effects) from A2B695A to AP8GYSH
were reasonably explained in terms of the structure (Fig. 10). The downfield shift of €29 signal

was attributed to the hydrogen bonding between 27-CH and 29-CH.

OMe OMe OH

Fig., 10. The structure of A28695B

Group 3: nigericin and grisorixin {see Table 3 and Fig. 11)

Higericin 32 and grisorixin33 are closely related to mu’c.alcvm:;n:ingl‘L in the right half side structure
and to 6016 in the substitution patterns of B and C rings. However, these two antibiotics can be

discriminated from the groups 1 and 2 by the disappearance of hemiketal signals at 99-100 ppm in

e 13

the 130—nmr spectra. Th ¢ chemical shift of nigericin sodium salt (see Table 3) were assigned

by selective proton decoupling based on 1H--nmr analysis by Rodios and Anteunisa. Ambiguities with

regards to the chemical shifts of some methylene carbons were eliminated by the aid of biosynthetic

lBCOOH, 13CHBlBCOOH and CH.,CH, 13COOH37.

method using CH 4CHy

3
s s A . 1 . . .

Based on comparison to nigericin, the assignments of 3C signals of grisorixin were also

37

gecomplished 88 shown in Table 3.
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13

Table 3. C Chemical shifts of sodium salts of nigericin, grisorixin, monensin and laidlomycin
in CDCl;’
carbon| function- [nigericin | griso- |monensin|laidlo- || cerbon ] nigeriein| griso- | monensin)laidlo-
ality rixin mycin rixin mycin
1 COOH 183.9% | 180.9 | 181.2 | 179.9 [} 2-Me 1.1 wa?| 6.8 1647
2 CH 45.9 L5.8 }5.0 43.3 hoMe 11.6 11.9 11.0 10.8
3 CH-0 73.2% 73.h 83,0 75.6 |1 10-Me _— — 10.5 10.0
4 CH 25.0 28.9 37.5 Lo.2 || 12-Me 13.0 12.8 _— -—
5 CH,, 26.4° | 264 — el 1kMe 13.L 13,3 | —- —
6 CH,, 23.4% | 23.)4 -— —— [l 16-Me 27.7 27.9 | 27.% 27.4
7 CH-0 68.1° £8.0 -— -— 20-Me 22.8 22,4 8.1 23.7
8 CH, 35.8° 35.5 -— -_— 22-Me 16.2% 6. 5# 1k.5 13.9
9 CH-O 60.4° 60.3 88.3 68.1 | 26-Me 17.0 17.0 16.8# 16.5#
10 | CH,/CE 32.35 | 32.5 34.3 34,4 | 28-Me 16,47 17,57 | 16.0 15.8
11 CH-0 79.5% | 79.3 70,4 70.4
12 | ca/on, 36.67 | 36.7 33.3 33.2%|| 20-cH,l - — 30.6 —
13 { 0-C-C 107.7% | 107.4 | 107.0 | 106.8
1h CH/CH, 39.6 39.5 39.2 39.1 3-0Me — — 57.8 -—
15 CH,y 3.7 | 8.8 | o335t | 33.07| 11-oMe| 595 55,3 [ --- -—
16 c-0 82.11’i 82.2* 65.8* 85.0*
17 CH-0 81.5° | 1.7 B2.5 81.3 [ cn, —— _— - 9.1
18 CH, 25.9° | 25.6 27.3 er.2 || cm, — — - 27.7
19 CH, 29.6% | 29.7 29.8 30.1 f €00 — _— — 173.4
20 c-0 8u.8" 85.0* 85.2* 83.?ii
21 Ch-0 85.3" 8.8 8k.9 85.2 AL Assignments may be interchanged.
22 cH 3.2 3.1 34.8 %1 ? enriched by CH3CH213000H.
23 CH, 32'1b 32.6 33.35 32.8" P cnriched by CH313COOH.
2k CH=-0 76.5° | 75.9 6.4 6.4 ® anriched by 13CH3COOH_
25 CH-0 76.9% | T77.8 Th.5 Th.h 1) see ref. 37.
26 CH 31.9 31.9 31.8 31.6
27 CH, 31.2% | 36.9 35.7 35.5
28 CH 36.8% | ho.3 36.5 36.3
29 | o-c-o 97.2° | 96.6 98.3 98.0
30 [Ciy/CH,08 67.251 2s5.7 64.9 6L.7
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Fig. 11. The structures of nigericin (R=CH20H) and grisorixin ( =CH3)

Group 4: monensin and laidiomycin (see Table 3 and Fig. 12)

The l3C—nmr spectrum of monensin22 was analyzed partly by selective proton decoupling. Its

structural similarities to mutalomyein (with regard to B and € rings) and nigericin {with regard

to E and F rings) were utilized to advance further assignments of the remaining resonances as

37

shown 1n Table 3. However, the partisl structures specific to monensin, i.e. the presence of

an ethyl group at (20 and & linear structure {C1 to Ch) left some ambiguity in the assignments of

9

relevant carbon signals. The lH—nmr spectral analysis of monensin had been made by Anteunis”.
The methoxy function at C3 and ethyl substituent-at C20 in monensin sre replaced by propieonyl and

methyl groups, respectively, in laldlomycin. Taking adveantage of these structural differences,

13

the assignment of the Cenmr spectrum of liaidlomycin was made straightforwardly as summarized in

Table 3.37

1 2
Fig. 12, The structures of monensin (R1=CH3, R2=CH2CH3) and laidlomycin {R =COCH,CH,, R =CH3).
The numbering system common to the other groups is employed to make comparison easier.

Note that carbons 5 to § are not present in this system.

IBC CHEMICAL SHIFT TRENDS OF POLYETHER ANTTRIOTICS

Some empirical rules for structural elucidation c¢f polyether antibiotics by 13C—nmr spectroscopy

As a result of extensive studies on the assignments of the 13C«nmr spectra of the polyesther anti-
biotics under discussion, Seto et al.lo established some empirical rules for structural determina-
tion of antibiotics possessing the basic carbon skeleton common to greups 1 to 3 (Fig. 13). The
rules can alsc be applied to compounds with similar partial structures such as monensin and
dianemycin.

As shown in the follewing, in extracting the empirical rules from the established assignments, were
utilized only signals appearing in the chargcteristic regions or ones easily distinguishable from

the other signals by several l3C-nmr techniques,
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L etheromycin, lonomycin,mutalomyein

«— carriomycin, septamycin, AZ04A

=

ig. 13. The basic carbon skeleton common to etheromycin, lonomycin, mutalomyein,

carriomycin, septamycin, AROMA =nd nigericin.

{A-ring)
The absolute configuration of the A-ring of carriomycin, septemycin and A204A is opposite to that

of loncmyecin, mutalomycin and etheromycin as shown, Tts stereochemistry is related to the presence

carriomycin {R;=K, Rp=sugar) etheromycin (R;=sugar, Rz=H)

septamycin (Ry=sugar, Rz=CH;) lonamycin and

A204A (Ry=0CH,, Ra=sugar} mutalomycin {Ry=H, Rp=CH,)
€-7: 64.0~68.4 C-7: 70.8~71.5

of a methyl at C8. This methyl causes a downfield shift of the CT signal(carriomycin, septamycin
end A204A).
The presence of a substituent other then the methyl at C6 can be detected by the characteristic
chenical shifts of the axisl méthyl at C6, A methoxy or sugar substituent st C6 causes large
downfield shift of this methyl carbon (mutalomycin, lonomycin and carriomyein L.1-5.5 Dpm
compared with etheromycin, septamycin and A20MA  8,1-12.6 ppm). The signal due to the hemiketal
carbon (3 appearing st 99.2-100.4% ppm in the members 1 and 2 is absent in nigericin and grisorixin
which have no hydroxy function at C3,

(B and C rings)
Three étructures have been reported for the B-ring. The differences are due to the presence of a
methyl at C8 and the position of a methyl at C10 or Cl2. As shown in the figure, & methyl at C8
cguses o downfield shift of C9 by ca. 3 ppm. Among the members witp a methyl at C8, etheromycin

can be distinguished from lonomycin and mutelomycin by the chemical shift of C13.
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nigericin carriofmycin, septisycin, AZ04A
-9 60.4 C-%: 61,2-61.4

£213: )07.7 -§3: 106 4-106.%

L-16; 2.4 €-16: 82 9-83.1

CH,{18}; 21.7 M,{16): 28 4

etheromycin lonomycin (R=CH,1, mutalomycin (R=H)
c-3; 63.0 €-9: 63,3-64.1

c-13: 109.2 £-13: 106.8-107.0

€-16: B5.2 €-16, #4.2.84.3

THy{16}: 29.2 CH,{T6): 29.0-29.2

Two kinds of structures exist for the C-ring. One has a methyl substituent at C14 and the other
has not. This difference can be detected by the chemical shift of C16. In compounds with a methyl
at (14, Cl6 is cbserved at rather higher field than those lacking the substituent at Clbh. The
methoxy group at C15 in carriomycin, septamycin and A20UA cen be detected by the very character-
istic oxymethine signal at 94.5 ppm due to C15. The value cen be compared with that of the
correspendi g carbon G25 in noboritomycinlh.

(D and E-rings)
There are two kinds of structures for the D-ring. One has & methyl at CRP0 and the other has not,
The latter group includes carriomycin, septamycin and A20bA. Since the methyl at C20 resonates at

& characteristic region (22.3-23.3 ppm}, its presence can be revealed very easily,

20
4 . )
107 i 0

H H
etheromyein {Ry, Ry=H} carriomycin
lonomycin {R,=CH,, Ry=0CH,) septamycin
wutalooycin (Ry=CHy, Ry=N) A2044
C-20: B3.8-g6.1 C-20: 78.8-78.9

CHy(20): 22.3-23.3

The structure of the E-ring can be conveniently established by the characteristic resonances of
& methyl at €22 (mutalomycin 16.2 and lonomycin 9.0 ppm) and & methoxy at (23 {(lonomycin 57.3 ppm)-

There exists no substituent on the E-ring for compounds without a methyl at C20 such as carriomycin

and septamycin,
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{Fering)
Three kinds of structures are known for the F-ring, the differences being due to the presence of
a methoxy at C27 and a hydroxy st C30. Two methyls at C26 and C28 move to higher field due teo
the y-effect of the methoxy at C27. Since the chemical shift values of these methyls unsubsti-
tuted at €27, such as carriomycin, mutalomycin and septamycin, are characteristic among the methyl
resonances, distinction of the nigericin and carriomycin types from the etheromycin type is very
streightforward. "The chemical shifts of the hemiketal carbon C29 are also useful to detect the
nmethoxy at C27.
Distinction of the nigericin type with a hydroxy substituent at C30 from the other compounds can

be made by the characteristic hydroxy methyl signal at 65-67 ppm.

QCH,
1
Lo X
k[+]
{o‘mZOH{o“ {0‘-
H  OCH H OH H ~ OH

nigericin carriomycin ethergmycin
mtalomycin lonomycin
septamycin A204A

c-29- 97.2 C-29: 96.5-96.§ €-29: 98.1-98.8

C-30: 67.2 C-3G: 25.7-26.4 £-30: 26.5-26.6

CHy(26) 17.0 CHy{26): ~17.5 £H,{28}: ~13.5

CHy{28}. 16.4 CHa(28): ~17.0 Hy{28}:~12.5

(4'-O-methylamicetose)

The sugar found in polyether antibiotics is almost always 41_Q-methylamicetose¥,

56.9 56.2
.~OCH; L~-OCH;
9.7 1.2
stjlzft:Etr m.J;jﬁi]%E?
o’ 07 eh, g 07 e,
] 18.2 i 1B.5
/Iv H A
a2.7 C 3 . H
carrfomycin etheromyecin septamyein A204A

Advantageously, the oxymethine carbons in tge_sugur moiety can be detected by taking FRFT spectre.
Since the chemical shift of an anomeric carbon is affected by the anomeric configuration as well as
by the enviromment of the carbon to which the;sugar is attachedsG, it is much better to utilize the
chemical shift of CS5' for obtaining information about the anomeric configuration. The chemical
shift of C5' in APOMA clearly shows the anomerie configuration to be ®. The upfield shift of this
carbon is due to the y-effect of the axial ocxygen at Cl'. Anomeric carbons attached to & guater-

nary carbon appear at ccnsiderably higher field then those combined to a methine carbon,

* Very recently, two dianemycin like antibiotics, TM-531B and TM-531C have been reported, in which

W' _O-methylemicetose is replaced by amicetose and 2',6'-dideoxy-4'-Comethylglucose, respectivelyss.
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(methoxy signals)

M
I matalomycin
27M 1M 2am
i Tonomysin
oM
I l ila atheromycin
1 TV A
I ![ ‘ J" A204A
: A
I l l [ﬂ carriomycin
; TVRE A B
_'J_ |L .i |I In| . septemye in
95 ) 58 s s
g
OR
4
o Ty
O H

AZ04A {Ry=CHs, Ra=supar)

septamycin {Ry=sugar, Ry=CH,)

signal at 94.5 ppm.

{signals appearing at 45-L7 ppm}

HETEROCYCLES, Vol 17, 1982

The most characteristic-in this region is the
methoxy signal (L19.5 ppm) linked to the quater-
nary carbon C6 in A204A. Another signal showing
discernible chemical shift (1.5 ppm) in septa-
myein is assigned to a methoxy carbon at C5
which is connected to the quaternary oxycarbon
C6. Thus, the chemical shifts of these methoxy
carbons are very useful to know the substitution
pattern at C4.

The chemical shifts of the methoxy carbons at
€15 and C27 are very close. However, as

previously explained, the methoxy at C15 is

always accompanied by a very characteristic

This region is ususlly specific to the methine carbon {C2) adjacent to the terminal carboxylic

acid. In addition, two different methine signals

aseribed to the C28 methine with & methoxy substituent at C27,

and €28 do not resonate at ca. 17 ppm and the C29
(98-99 ppm).

istic oxymethine signal at oL.5 ppm mssignable to

A
HOL~2 0 Vi
R

0o,

may sometimes be cobserved. One of them is
In this case, two methyls st C26

hemiketal carbon appears at much lower field

The other is due to the methine signal of C1h which is accompanied by a character-

C15.

OH
most polyethers etheromycin carriomycin
(R=H or OH) lonomycin septamycin
AZO4A AZOAA
r-29: 98-59 £-15: W5

{Application of the "empirical rules”

for the structural elucidation of 6016)

The usefulness of the empirical rules has been exemplified by their application to the structural

6,

determination of a new antibictic 601

Streptomyces sp. and active against gram positive

The antibiotic 6016, C),gH

77016Na, is produced by

bacteria, mycobacteria, fungi and yest.
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Tts ToC-nmr spectrum (Fig. 14} shows the presence of a carboxylate (178.4 ppm), three (hemi)ketals

{107.9, 99.2 and 96.6 ppm), three methoxys (58.8, 56.7 and 55.8 ppm) and an ancmerie earbon
($8.9 ppm). These spectral deta indicated that the antibiotic possesses the same basic carbon
skeleton common to carriomyein, septamycin and A204A and in fact, the structural determination of

the entibiotic could be sccomplished by application of the empirical rules as shown in Fig. 15.
TIM M 16M  J0M 8" 26M 28M aM
i 85 4D E 75 ) 13 10

60
1\( T w” H H
140 13 [ 75

Fig. 1. 13C-Nmr spectrum of 6016 sodium selt in CDClB. The suffix M represents either a methyl

or methoxy group on the numbered carbon. The carboxylic aeid is not shown in this Fig.

4'M

30

105 95 90

-7 55.8 58.8

ro signal
at 45~47

[ 95.6
HO32C ; . 26.5
OH
e [ gl o sigan
5 and “at ,",Js
2223 o

Fig. 15. The structure of 6016 obtained by analysis of its 13C--nmr spectral data. The chemicel

shift values are basie of the partial structures connected by dotted lines.

l3C Chemical shift data supporting for the structures of the A, B, C and F-rings are given in the

figure and are connected by dotted lines to the relevant carbons. It should be noted thet only
carbon signals numbered in Fig. 15 were utilized to structural determination of 6016.

Some comments may be necessary for the carbincl carbon C2 and the position of h'-O-methylamicetose.
Carbinol carbon C2

The most striking festure of the l3C-nmr spectrum of 6016 is the absence of signals between 40—

55 ppm, the region being specific to the €2 methine carbons as explained previously. Since removal
of the methyl from the C2 methine does not considerably affect its chemical shift (cf. €2 methylene

in lysocellin 45.9 ppmls), the only reasonable explanation for this spectral feature can be given

by placing a hydroxy function an ¢2,
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The position of the decxysugar on the mein framework
13

Since the structures (and ~~C assignments) of A, B, C and F-rings have been established without
doublt by the empirical rules (for 130 assigmments of these rings, see Table 1), the sugar must be
placed on either the D or E-ring (see Fig. 15). TIts position was determined by 1H--nmr spectro-
scopy as follows. A sharp doublet at 3.61 ppm in the 1H—nmr spectrum of the antiblotiec was proved
by selective proton decoupling to be on the carbon at 89.9 ppm which is not contsined in A, B, C
or F-ring. Moreover, this proton was coupled to an oxymethine st ea. 4.4 ppm. This spectral
feature can only be accomodated by a D-ring with the sugar at C18. This structure resulted in a
large upfield shift of C20 {78.9 in cerriomycin + T73.9 ppm in 6016} which mey be retionalized by
the stereochemistry with the sugar substituent and the hydrogen at €20 on the ssme plane of the
D-ring (due to the strong y—effect). Thus, the structure of 6016 has been determined as shown in

Fig. 9. The stereochemistry of C2 has been proved to be R by X-ray analysis3l.

CONCLUSION
13C—Nmr spectroscopy is well known to be & very useful toel for structural eiucidation of natursl
products. This is also true with the polyether antibiloties, especially when good erystals suitable
for X-ray analysis are not cbtainable.

In addition to structural investigation, this methodology will further enable to study important
problems associated with the mechanism of action of the polyether antibiotics such as intersction
with metal cations in soluticn. Subtle conformational changes of the antibioties ceused by complex
formation will be amply reflected in their 136-nmr spectra, Therefore, detailed analysis of the
spectral change will give valuable information which can be hardly obtained by other techniques,
The basic requirement for 13C-—nmr spectroscopy to be fully powerful in sueh kind of works, i.e.
complete assignmwents of the 13C—nmr gpectra of the polyether antibiotics, has been almost satisfied

by extensive works as explained in this review and accumulated 130 chemical shift data will become

vital to physical, chemical and biochemical studies of the polyether antibiotics in future,
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