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-- The 13c-nm, spectral assignments of s subgroup of the polyether 

antibiotics includiug lonomycin, mutalomycin, carriomycin, etheromycin, A20hA. 

septanycin, nigericin and monensin are swnmarlzed. Based on these spectral 

data, some empirical rules for structural elucidation of polyether antibiotics 

have been established and their application to a new antibiotics is presented. 

INTRODUCTION 

The polyether antibiotics characterized as a class of ianophores possessing several cyclic ether 

1 
systems are mainly produced by the Stre~tomyces genus . Due to structural complexity, difficulty 

1 
to obtain degradation products usefvl for structural studies, and extensively overlapping H-nmr 

spectra, X-ray analysis has been the only practical method far structural elucidation of these 

Compounds. until a few years ago, on the other hand, 13c-nmr spectroscopy whxh has played an 

important role in natural products chemistry was not a method of choice for str"cture.1 studies of 

polyether antibiotics apparently due to the difficulty in analyzing very compPicated 13c-nm, 

spectra. This obstacle has been overcome in recent years by the aid of biosynthetic labeliw 

method2 as well as hteunis7 extensive l ~ - m r  ~ o r k s ~ - ~  which enable unambiguous assignments of 

the 13c signals to be made through selective proton decoupling. As e result, enough 1 3 ~ - m r  

spectral data have accumulated to establish the relationships between specific structures and 

10 
chemical shifts of relevant carbons in the 13C-nmr epectra of polyether antibiotics . 
Thus, 13~-nm, spectroscopy which allows to observe almost all carbon resonances without overlapp- 

ing is now becoming a very attractive methodology for researchers workmg in the field of poyether 

antibiotics. 

In this review, the 13c assignments of s group of the polyethers will be presented together with 



their application to structural studies. These data will be useful for analyzing solution confor- 

mations of the polyether antibiotics, their interaction with metal cations and structures of new 

antibiotics to be isolated in future. 

CLASSIFICATION OF FQLYETHFR PSYTIBIOTICS 

The polyether antibiotics are divided into five major groups depending on the chsracteristic 

partial structures which are reflected in the chemical shifts of 13c-nmr spectra. Representatives 

of each group are shown in Fig. 1. In this review, special emphasis will be given to the explana- 

tion of 13c-nmr spectra of lonomycin-type polyether antibiotics. The 13c-m epect~sil data 

reported for the members of other groups include lasalocidll, salinomycin12, narasin13, noborito- 

mycin14, x-14766*l5, 1ysocellinl6, dianemyein17, l e n a r e ~ c i n ~ ~ ( ~ - 1 3 0 ~ ) ~ ~ ,  leuseraqcin19, ~ 2 3 1 8 7 ~ ~  

21 and ionomycin . 
There exists the following carbon skeleton common to the all members of the lonomycin-type antibio- 

tic= with the exception of monensinZ2 and laidlomycinZ3. The antibiotics of this group possess 

methoxy carbons appearing at 50-62 ppm, more frequently st 55-60 ppm except for laidlomycin. The 

number of the methoxy function ranges from one (m~talomycin)~~ to five (K-41A and K-41~)'~. This 

groups is further divided into the following subgroups. The members of goups 1 and 2 contain three 

(hemi)ketal carbons whereas those of groups 3 and 4 possess two (hemi)ketal functions. 

1) Lonomycin26 and mutal~mycin~~ without a deoxysngar !Fig. 5). 

4 
2) ~arriomycin~~, A204A2', etheromycin , s e p t a m y ~ i n ~ ~ ( A 2 8 6 9 5 ~ ) ~ ~ ,  ~ 2 8 6 9 5 ~ ~ O ,  K-41A25 

and K-418 with one or two deaxysugars (Fig. 9 ) .  The resonance of an acetd signal 

(95-103 ppm) due to 0-methylamicetose is found only in this group. 

3) ~igericin~' and g~isorixin~~ (Fig. 11) lacking a hemiketal. function at C3 which 

appears at 99-100 ppm in group 1 

4)   on ens in" and laidl~mycin~~ (Fig. 12) without A-ring common to the other members 

of groups 1 to 3. 

TECXNIQUES USED FOR 13c ASSIGNMENTS OF POLYETHER ANTIBIOTICS 

One of the structural features of most polyether antibiotics is the repetition of similar partial 

structures in the molecules which results in complicated 13c-nmr spectra with many methylene snd 

methine signals congested in s narrow region. Therefore, in addition to commonly employed 
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Fig. 1. Representative members of various groups of the polyether antibiotics. 



techniques such as s ing l e  frequency of f  resonance decoupling (= fo rd )  and s e l e c t i v e  proton 

decouping, p a r t i a l l y  re lsxed Fourier  transform (PRFT) nmr techniques and b io syn the t i c  methods are 

requi red  t o  obta in  tots i las igments  of 13~-nmr spec t r a  of polyether a n t i b i o t i c s .  Some explana- 

t i o n  of t he se  methods w i l l  be given i n  t h e  following. 

A .  Dif f e r en t i a t i on  of methyl, methylene, methine and quaternary carbon s i g n a l s  

The f i r s t  s t e p  t o  analyze 13c-nm, spec t r a  i s  t o  d iscr iminate  methyl, methylene, methine and 

quaternary carbons. This can be accomplished mostly by s ford  o r  sometimes by weak noise  of f  

34 resonance decoupling which enables t o  de t ec t  "on-protonated carbons . I n  case of polyehter 

a n t i b i o t i c s ,  however, s ford  i s  not  neces sa r i l y  a use fu l  technique t o  i d e n t i f y  methylenes and 

methines (and occas ional ly  te r t -methyls )  i n  t h e  region  of ca. 25-40 p p  due t o  extens ive  over- 

lapping of s i gna l s  under t h e  s ford  condi t ions  (see  Fig.  2e ) .  Higher order  coupling as wel l  as 

34 unequivalent chemical sh i f t s  of some methylene protons make t h e  s i t u a t i o n  even worse . 
This problem can be solved i n  most case by t h e  PRFT mr technique35. I n  t h i s  method, a 90° 

monitor pulse  i s  appl ied  t o  t h e  sample under i nves t i ga t i on  a f t e r  some i n t e r v a l  t ime following 

a 180' pvlse  which i s  u t i l i z e d  t o  i nve r t  13c s igna l s .  This  pulse  sequence i s  repeated u n t i l  

s a t i s f a c t o r y  signal-to-noise r a t i o  i s  obtained.  During t h e  wai t ing  time between t h e  two pu l se s ,  

13c s igna l s  begin t o  recover t o  t h e  o r i g i n a l  s t a t e  according t o  t h e i r  l ong i tud ina l  r e l axa t i on  

t imes T 36 . Since t h e  r e l axa t i on  t ime T usua l ly  increases  in t h e  order  of  CH2 < CH 6 CH < 4-, 1 3 

. 2. '3c-~mr spectra, of n i g e r i c i n  sodium s a l t  i n  C D C ~ ~ .  (a) proton no i se  decaupled,  ( b )  PRFT 

spectrum (wai t ing  t ime, 0.2 see) ,  ( c j  PRFT spectrum (wai t ing  t ime, 0.35 s e c ) ,  ( d )  off-resonance 

decoupled under PRFT condi t ion  (wai t ing  t ime 0.35 s e c )  and ( e )  off-resonance decoupled. q, t and 

d i n  ( b )  r ep re sen t  methyl, methylene and methine, respect ive ly .  
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these signals can be distinguished from each other by setting an appropriate waiting time. 

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

ylene resonances appear ss pesitive signals while the methine and methyl peaka remain negative. 

It shooul be noted that the discrimination of these signals can be hardly made by sford (Fig. 2e). 

Although time-consuming, one can obtain more detailed infomation by measuring relaxation time T 
1 

which further enables to distinguish carbon resonances due to the deoxysugsr showing longer T 
1 

values from those to the aglycone vith much shorter T values in glycosidic polyether antibiotics 
1 

(group 2, see later). Detailed explanation was given by wehrli3' to the use of 13c spin-relaxa- 

tion data in organic structure assinwents. 

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

excitation condition39 may be necessary to analyze overlapping signals. The latter technique 

fecilitatestoobserve signals in a very narrow range selectively; thus, preventing undesirable 

overlapping of unnecessary peaks. 

a new technique introduced very recently which is not yet applied to the nmr studies of 

the polyether antibiotics, will become the most powerful tool to distinguish methyl, methylene, 

methine and quaternary carbons in very near future. 

B. Selective proton decoupling 

This method is widely utilized in the assignments of 13~-m~ spectra. The prerequisites for 

1 
successful selective proton decaupling are well separation and detailed assignments of X signals 

to be irradiated in the ltI-m spectra. As explained later, most 13c-nmr works were made by using 

1 spectrometers operating at 25 MHz (100 MHz vith regard to H resonance frequency). Under such 

1 
experimental conditions, these requirements can be hardly satisfied due to overlapping of H 

signals wig. 3). OH. OH. 

w. 3. '~-~mr spectra of lonomycin A sodium salt taken at 100 and 270 MHz in CDC13. 

- 5 5 9 -  



On the other hand, by taking advantage of better separation obtained by nmr instruments operating 

1 at a higher magnetic field, Anteunis et sl. made almost complete analysis of H signals excepting 

for some methylenes of the following antibiotics; carriomycin5, etheromycin4, lonomycin6, septa- 

8 mycin7, nigericin and monensin9. 

Thus, the assignments of resonances of these antibiotics were made possible by selective proton 

decoupling. For example, based on their work about lonomycin A,  signals due to HZ, H5, H7. H9, 

H11, H17, H22, H25 and H27 could be assigned as shown in Fig. 3 and the carbons appended to them 

were unambiguously identified by selective proton decoupling experiments. Although the protons 

combining to C21, 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 C21, C23 and C24 were obtained by the use of other methods 

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

41 on selective proton decoupling experiments "as given in detail by Johnson . 
C. Biosynthetic labelinp, method 

It has been well recognized that 13c-nm, qectroscapy in combination with the use of 13c labeled 

precursors is a very useful tool to investigate the biosynthesis of natural products42. Utiliaa- 

tion of 13c-13c couplings has made this technique more attractive not only for studying reaction 

mechanisms such as rearrangement involved in the biosynthetic process, but also for its power in 

2 meking assignments of 13c signals of complex molecules . 
11 Biosynthetic studies reported for other groups of the polyether antibiotics such as lasalocid , 

salinomycin12, nsrasid3, lysocellin16 and dianemycinl" by l3c-nmr epectroscopy have revealed that 

these metabolites are derived from lower fatty acids such as acetic acid, propionic acid and 

43 butyric acid. Polyketide origin of monensin was also confirmed by 14c tracers . 
Taking account of structural similarities between the polyether antibiotics, it can be reasonably 

assumed that all the members of this group would also be built up from the same biosynthetic 

precursors. This hypothesis enables one to choose a proper precursor to increase selectively 

signal intensities of desired carbons, thereby facilitate to make easier and reliable 13c assign- 

ments. An application of this technique for analyzing 13c 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 

units as shown in Fig. 4. Therefore, use of C H ~ ~ ~ C O O H  will enable to distinguish three orymethines 

Cll, C17 and C23, and two (hemi)ketsls C13 and C29 from the remaining carbons. Furthermore, the 

carbons adjacent to these functional groups can also be identified by 1 3 ~ ~ 3 1 3 ~ ~ ~ ~  which causes 13c- 

13c couplings to occur between C11-C12, ~13.~14, C17418, C23424 and C29-C30. It should be 

noticed in this case that the specific partial structures of 0-C(0)-CH , 0-CH-CH-0 and 0-C(0)-CH 2 3 
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a. 4. Biosynthetic pathway of lonomycin A .  

are only found at C13-C14, C23-C2b and C29-C30 to give conclusive evidences for the unambiguous 

assignments of these carbons. 

Distinction of the two combinations between an onymethine and a methylene, i.e. C11-C12 and C17-C18 

can be made with ease by selective proton decoupling experiments irradiating at the H11 or KL7 

proton. Although the H l 1  and H17 signals w e  overlapped by other signals in the 100 MHz 'H-mr 

spectrum as shorn in Fig. 3, separation of these two signiils is large enough for selective proton 

decoupling to be successfully carried out at 25 MHz. 

By analogy, it will be easily understood from Fig. 4 that CH CH 1 3 ~ ~ ~  and CH 1 3 ~ ~ 2 1 3 ~ ~ ~ ~  can be 
3 2 3 

a great help for signal assignments of the remaining carbons, C1-C2, C3-C4, C5-C6, C7-CB, C9-C10, 

C15-C16, C19-C20, C21-C22, C25-C26 and C27-C28. 

As mentioned earlier,the assignments of methylene carbon signals by selective proton decoupling are 

frequently distressed by severe overlapping and unquivalent chemical shifts of methylene protons 

to be irradiated. Biosynthetic labeling, on the other hand, will supply a reliable method to 

obtain unambiguous assignments of methylene carbons. 

In addition to the antibiotics mentioned earlier, this technique has been also used for analyzing 

13c-nw spectra of 6016 and nigericin and the results are contained in Tables 1 and 3. 

S P E W  OF POLYETHER ANTIBIOTICS 

For convenient comparison of the 13c-nmr apectral data of polyether antibiotics, the numbering 

systems proposed by ~ e s t l e ~ ~ ~  and Westley et 8 1 . ~ ~  are employed in this reviw with a modification 



t h a t  a lkyl  or methoxy subst i tuents  are referred t o  t h e  numbers of t h e  carbons t o  which they 

a t tach.  This makes it eas ie r  t o  co r re la t e  t h e  chemical s h i f t s  of methyl, e thy l  o r  methoxy carbons 

i n  s imilar  environments, but with d i f f e ren t  numbers by t h e  proposed systems. 

Most 13c-m works described i n  t h i s  a r t i c l e  were made a t  25 MHz i n  C D C l  o r  C D solut ion using 
3 6 6  

tetramethylsilhne as i n t e rna l  standard. ~t should be kept i n  mind t h a t  ' 3 ~  chemical s h i f t s  are 

somewhat dependent on sample concentration, temperature and solvents.  Dorman e t  a1.13 described 

t h a t  even small amount of water contained i n  CDC13 af fected t h e  13c chemical s h i f t  of naras in ,  

a polyether an t ib io t i c  belonging t o  another group. Therefore, care must be taken when one compares 

experimental data  with l i t e r a t u r e  values. 

Group 1 :  lonomycin and mutalomycin (see  Table 1 and Fig. 5 )  

The complete assignment of lonomycin A sodium s a l t  was obtained by biosynthetic label ing as 

described above44. The r e s u l t s  (Table 1 )  were exploited t o  e s t ab l i sh  "some empirical ru le s  fo r  

t h e  s t r u c t u r a l  e lucidat ion of polyether ant ibiot ics"1°  which w i l l  be explained l a t e r .  

R e c i s e  se lect ive  proton decoupling and comparison t o  mutalomycin a l so  f a c i l i t a t e d  t o  assign methyl 

1 and methine resonances which were not enriched by 13c labeled precursors.  The H-nmr study of 

6 lonomycin had been reported by Rodios and Anteunis . 

Lallemand e t  a1.47 carr ied out se l ec t ive  proton decoupling of emericid ' ( iden t i ca l  with lonomycin 

A) using a spectrometer operating a t  62.9 MHz t o  obta in  t h e  almost iden t i ca l  r e s u l t s  more eas i ly .  

Some methylene and methoxy s ignals ,  however, remain unassigned. More r ecen t ly ,  they reported t h e  

48 advanced assignments of t h e  an t ib io t i c  by a new simulation technique . 
13c-~mr spec t ra l  analysis  of mutalomycin was accomplished based on t h e  established chemical s h i f t s  

of lonomycin carbon signals44. During t h i s  study, it was found t h a t  t h e  configuration of C 4  of 

mutalomycin reported e a r l i e r  must be revised as shorn i n  Fig. 5. 49 

[The s t ructures  of lonomycins B and C] 

Lonomycins B (3) and C (C) were i so la t ed  from the  fermentation broth of Streptomyces ribo;idificus 

ss minor components of lonomycin A (A)50, B was eas i ly  converted t o  A i n  organic solvents such as 

acetone and e thy l  aceta te  at room temperature, whereas t h e  reverse react ion under t h e  same condi- 

t i o n  was almost negl igible .  This phenomenon together with t h e  iden t i ca l  mass spectra  of t h e  both 

compounds implies t h a t  these  two an t ib io t i c s  are  in terconver t ib le  through inversion a t  a ke ta l  o r  

hemiketal function. 

Seto e t  a1.51 determined t h e  posi t ion i n  question by 13c-nmr spectroscopy. A s  shown i n  Fig. 6 ,  

the  1 3 c - m  spectra of A and 2 are very s imilar  suggesting f o r  t h e  most pa r t  t h a t  t h e  two an t i -  

b io t i c s  are ident ical .  However, t h e  following remarkable differences between them were observed 

a t  around C3 hemiketal carbon. 
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Table 1. 13c Chemical shifts of sodium salts of lonomycinl, mutalomycinl, etheromycin2, A ~ o ~ A ~ ' ~ ,  

continued on the next psge 

- 5 6 3 -  



continued from the previous page 

+, * Assignments may be interchanged. 

arbon 

2-Me 

4-Me 

6-Me 

8-Me 

10-Me 

12-Me 

14-Me 

16-Me 

20-Me 

22-Me 

26-Me 

28-Me 

5-OMe 

6-OMe 

1-OMe 

5-OMe 

3-OMe 

7- OM^ 

eoxysugar 

theromycin 

11.0 

11.8 

8.1 

11.8 

--- 
13.2 

--- 

29.2 

22.6 

--- 
13.6 

12.4 

--- 
--- 
58.8 

.-- 

--- 

59.7 

c-6 

functionality 

at 

a enriched by C H ~ C H ~ ~ ~ C O O H ,  enriched by C H ~ ~ ~ C O O H ,  'enriched by 1 3 ~ ~ 3 ~ ~ ~ ~ .  

1) see ref. 44. 2)  see ref. 37 and 10. 3) see ref. 25. 4) see ref. 30. 

6' 

'-OMe 
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1 2 1 2  u. 5. The s t ruc tu res  of lonomycin A (R =CH3, R =OCH 1 and mutalomycin ( R  =R = H )  
3 

3. 6. Pertinent region of t h e  13~-nmr spectra  of lonomycins A ,  B and C i n  C D C l  
3. 

(11 The C2 s i g n d  a t  46.0 ppm i n  &'as s h i f t e a  downfield by 6.0 ppm. 

(21 The absorption of C4  a t  35.11 p p  a l s o  suffered dowf ie ld  s h i f t  by 3.0 ppm i n  B. 

( 3 )  The methyl resonance CH ( ~ 2 )  a t  11.1 ppm i n  & w a s  replaced by a methyl peak a t  14.9 ppm 
3 

i n  g. 

(111 A methyl s ignal  due t o  CH (Chi a t  11.6  p p  moved t o  12.7 ppm i n  B. 
3 

(51 Sl ight  s h i f t  was observed with t h e  carboxyl (C1) and hemiketal (C3) s ignals .  

The s t ructure  of & given by an X-ray analysisZ6 shows t h a t  t h e  r e l a t ionsh ip  of H2 and CH3(C4) and 

of Hir and CH (C2) are gyl a x i a l  as shown i n  Fig. 7 .  Therefore, it i s  reasonably assmed t ha t  t h e  
3 

y-effect a c t s  strongly on C2, Ck,  C H ~ ( C Z )  and CH3(C4) i n  &. The domf ie ld  s h i f t  of these  carbons 

i n  B can only be reconciled with t h e  configurational change a t  C3 as show i n  Fig. 7. Thus, C2 and 

i t s  subst i tuents  i n  B are oriented not t o  i n t e r f e r e  s t e r i c a l l y  with H4  and CH3(Ch) r e su l t ing  i n  

a. 7. The stereochemical r e l a t i o s h i p  around C3 i n  lonomycins A and B. 



the lack of the y-effect. The iimilarity of the chemical shifts of the carbons adjacent to the 

ketal (C13) and hemiketal (C29) functions in both the compounds indicated the structural identity 

of the remaining part of 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 13c-nmr spectrum of C showed close similarity to that of & except 

for (1) the disappearance of the methyl resonance CH (C2) present in P., (2) the downfield shift by 
3 

3.0 ppm of the C4 signal and (3) the upfield shift of the C3 peak by 2.0 ppm. In addition, the 

signal at 46.5 ppm corresponding to C2 in &was shorn to be a methylene by the sford spectrum of C. 

These chemical shift changes are reasonably accounted for by the disappearance of 8- or y- 

effect52' 53 on C3 and C4 exerted by the methyl substituent CH (C2) in A_. Thus, the structures of 
3 

B and C are illustrated as shorn in Fig. 8. - 

HOIC & 1 6~ H no$& I OH A d!x OH A 

(A) (0) (C) 

. 8. The partial structures of lonomycins A, B and C. The remaining part of lonomycins 

B and C are identical with that of lonomycin A. 

Group 2: etheromycin, A204A, csrriomycin, septamycin, 6016, K-41A and K-41B (see Tables 1 and 2 

and Fig. 9) 

This group contains the largest number of polyether antibiotics which are very close to each other 

in their structures. carriomycin2', septmycinZ9, A204AZ8, 6016~l, K-hlA and ~ - 4 1 ~ ~ ~  can be 

distinguished by the positions of methoxy andlor deoxysugar substituents. Furthemore, the latter 

three compounds are characterized by the presence of a hydrony function at C2. These structural 

similarities made the comparison of the 13c chemical shift data within the group a very useful 

method to achieve total assignments of the 1 3 ~ - ~  spectra. 

In addition, selective proton decoupling was also effective to achieve 13c assignments of ethero- 

mycin10'37, A ~ o ~ A ~ " ~ ~ ,  carriomycinlO' 37 and septarny~in~~'~~ (~28695.4)~~ as summarized in Table 1. 

Again, extensive 'a-nmr analytical works by the Anteunis3 group on etheromycin4, A ~ o ~ A ~ ,  carrio- 

7 mycin5, and septmycin were the basis for the selective proton decoupling experiments. 

As explained later, the structural determination of 6 0 1 6 ~ ~  was made by using "empirical rules"lO. 

During this process, about half of the signals of 6016 were analyzed. Its total assignment has been 

obtained by selective proton decoupling and biosynthetic method, the results of which are also 

contained in Table 1. 

The 13c signals of K-41A sodium salt obtained in C6D6 were assigned by making reference to the 
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etheromycin 

1 2 3 1 2 3 
carriomycin ( R  =Deo, R =R = H ) ,  A 2 0 4 A  ( R  =epi-~eo, R =R =oCH 3 

1 2 
septamycin ( R  =OCH,, R =Dee, R3=H) 

?Me VH 0-Deo 

0 
H H OMe 

m. 9. The structures of etheromycin, carriomycin, A 2 0 4 A ,  septamycin, 6016, K - 4 l A ,  K-41B and 

derivatives of K-LlA,  ( A ) ,  ( B )  and (C). The remaining parts of ( A ) ,  ( B )  and ( C )  are 

identical with that of K-41A. 



1 
Table 2. 13c Chemical s h i f t s  of sodium s a l t s  of K41A and K41B i r  

func t iona l i t y  

COOH 

CH-OH 

0-C-OH 

CH 

CH-0 

C-0 

CH-0 

CH2 

CH-0 

CH2 

CX-0 

CH 

0-C-0 

CH 

CH-0 

C-0 

CH-0 

CH2 

CH-0 ' 

CH-0 

CH2 

CH2 

CH-0 

CH-0 

C H  

CH-0 

CH 

0-C-OH 

CH3 

- 
I -- 

- 
sugar a t  C-27 

a-d 
Ten ta t i ve ly  assigned and may be interchanged. 

* Signals  observed only  i n  K-41B. 

" These s l i g h t l y  s h i f t e d  s i g n a l s  supported 

the  s t r u c t u r e  of K-41B. 

1) see r e f .  25. 



13c spectra of septamycin sodium salt, A204A sodium salt, K-bL4 potassium salt and three deriva- 

tives (A, B and C in Fig. 9) of K - 4 1 ~ ~ ~ .  The spectrum of confirmed the C1-C4, and C7 signal 

assignments in K-41A 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 

CH (C28) in K-4lA were easily assigned by comparison with those of septamycin and B sodium salt in 
3 

which signals due to the deoxysugar at C27 disappeared. The total assignments of K-&LA together 

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

The structural determination of K-41B was accomplished by comparison to K-4lA. As seen from the 

Table, the signals of K-41B correspond well to those of K-41A, but K-41B has seven addition1 

signals ( *  in Table 2) assignable to the second deoxysugar moiety. Since K-41B lacks the CH30(C15) 

25 signal, the second deoxysugar was situated at C15 as shown in Fig. 9 . 
Dorman et al. determined the structure of ~ 2 8 6 9 5 ~ ~ O ,  a minor component of A28695A (septamycin) 

based on the established 13c-nw spectral assignment of A28695A. The dawnfield shifts of the C26 

(t5.4 ppm) and C28 (+2.6 ppm) signals (B-effects) and the upfield shifts of the C25 (-4.8 ppm), 

CH3(C26) (-3.7 ppm) and CH3(C28) (-3.3 ppm) signals (steric y-effects) from A28695A to A28695B 

were reasonably explained in terns of the structure (Fig. 10). The downfield shift of C29 signal 

was attributed to the hydrogen bonding between 27-0g and 29-OH. - 

Fig. 10. The structure of A28695B 

Grou~ 3: niaericin and ~risorixin (see  Table 3 and Fig. 11) 

Nigericin 32 and g~isorixin~~ are closely related to mutalomycinZ4 in the right hillf 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 

the 13~-nmr spectra. The 13c chemical shift of nigericin sodium salt (see  Table 3) were assigned 

1 8 by selective proton decoupling based on H-nmr analysis by Rodios and Anteunis . Ambiguities with 

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

method using C H ~ ~ ~ C O O H ,  1 3 ~ ~ 3 1 3 ~ ~ ~ ~  and CH 3 CH 2 1 3 ~ ~ ~ ~ 3 7 .  

Based on comparison to nigericin, the assignments of 13c signals of grisorixin were also 

acc~mplished~~ as shown in Table 3. 



T ~ b l e  3. 13c Chemical s h i f t s  of sodium s a l t s  of niger ic in ,  gr isor ixin ,  monensin and laidlomycin 

- 
Wct ior  
llity 

COOH 

CH 

CH-0 

CH 

CH2 

CH2 

CH-0 

CH2 

CH-0 

CH2/CH 

CH-0 

CH/CH2 

0-C-0 

CH/CH2 

CH2 

C-0 

CH-0 

CH2 

cH2 

C-0 

CH-0 

CH 

c"2 

CH-0 

CH-0 

CH 

CX2 

CH 

0-C-OH 

3/CH20H - 

- 
ige r i c i  

- 
183.9' 

45.9 

7 3 . P  

29.0 

~ 6 . 4 ~  

~ 3 . 4 ~  

68. 4b 

35.8' 

6 0 . 4 ~  

3 ~ . 3 ~  

79.5a 

36.6' 

1 0 7 . 7 ~  

39.6 

41.7~ 

82.4. 

~ 1 . 5 ~  

~ 5 . 9 ~  

29.6= 

84.8* 

~ 5 . 3 ~  

35.2 

32.1 b 

76.5' 

76.9& 

31.9 

37. za 

36.8' 

97. zb 

67.2' - 

- 
:rim- 
rixin - 
L80.9 

45.8 

73.4 

28.9 

26.4 

23.4 

68.0 

35.5 

60.3 

32.5 

79.3 

36.7 

LOT. 4 

39.5 

41.8 

82.2. 

81.7 

25.6 

29.7 

85.0* 

85.8 

35.1 

32.6 

75.9 

77.8 

31.9 

36.9 

40.3 

96.6 

25.7 

- 
aidlo 
ycin - 
179.9 

43.3 

75.6 

40.2 

--- 

--- 
--- 
--- 
68.1 

34.4 

70.4 

33.2 

106.8 

39.1 

33.0 

85.0 

81.3 

27.2 

30.1 

83.7 

86.2 

35.1 

32.8 

76.4 

74.4 

31.6 

35.5 

36.3 

98.0 

64.7 
- 

- 
:arbo, 
- 
2-Me 

4-Me 

LO-Me 

L2-Me 

L4-Me 

16-Me 

?O-Me 

!2-Me 

'6-Me 

%-Me 

20-CH: 

3-OM 

L1-OM, 

CH3 

CH2 

COO - 

- 
gr im-  
r ix in  - 
l'4.1ff 

11.9 

.-- 

12.8 

13.3 

27.9 

22.4 

16.5' 

17.0 

17.5 ff 

--- 

--- 

59.3 

--- 
--- 

--- 

+'*" Assigments may be interchanged. 

a enriched by CH CH 13c00~ .  3 2 

enriched by C H ~ ~ ~ C O O H .  

enriched by 1 3 ~ ~  COOH. 3 

1) see ref .  37. 



HETEROCYCLES, Val. 17. 1982 

%. 11. The structures of nigericin (R=CH~OH) and grisorinin (R=cH~) 

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

The 13c-nmr spectrwn of rn~nensin~~ was analyzed partly by selective proton decoupling. Its 

structural similarities to mutalomycin (with regard to B and C rings) and nigericin (with regard 

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

shown in Table 3.37 However, the partial structures specific to monensin, i.e. the presence of 

an ethyl group at C20 and a linear structure (C1 to C4) left same ambiguity in the assignments of 

1 9 
relevant carbon signals. The H-~nr spectral analysis of monensin had been made by Anteunis . 
The methoxy function at C3 and ethyl substituent-at C2O in monensin are replaced by propionyl and 

methyl groups, respectively, in laidlomycin. T&ing advantage of these structural differences, 

the assignment of the 13~-mr 8pectrum of. kidlomycin was made straightrowardly ass summarized in 

Table 3. 37 

OH 

1 1 2 a. 12. The structures of monensin (R =CH R2=cII CH ) and laidlomycin (R =COCH2CH3, R =CH3). 
3' 2 3 

The numbermg system common to the &her groups is employed to make comparison easier. 

Note thaL car.Dons 5 to 8 are not present in this system. 

13c CHEMICAL SHIFT TRENDS OF POLYETHW ANTIBIOTICS 

Some empirical rvles for structural elucidation of polyether antibiotics by 13c-nmr spectroscoPy 

As a result of extensive studies on the assignments of the 13c-nmr spectra of the polyether anti- 

biotics under discussion, Seto et al.1° established some empirical rules for structural determina- 

tion of antibiotics possessing the basic carbon skeleton camon to groups 1 to 3 (Fig. 13). The 

rules can also be applied to mmpounds with similar partial structures such as monensin and 

dianemycin. 

As shorn in the following, in extracting the empirical rules from the established assignments, were 

utilized only signals appearing in the characteristic regions or ones easily distinguishable from 

the other signals by severrrl 13c-nm, techniques. 



a. 1 3  The basic carbon skeleton c a m n  to etheromycin, lonomycin, mutalomycin, 

carriomycie, septamycin, ~204A and nigericin. 

(A-ring) 

The absolute configuration of the A-ring of csrriomycin, septunycin and A204A is opposite to that 

of lonomycin, mutalomycin and etheromycin as shown. Its stereochemistry is related to the presence 

of a methyl at C8. This methyl causes a domfield shift of the C7 signal(carriomycin. septamycin 

and A204A). 

The presence of a substituent other than the methyl at c6 can be detected by the characteristic 

chemical shifts of the axial methyl at C6. A methoxy or sugar substituent at C6 causes large 

domfield shift of this methyl carbon (mutalomycin, lonomycin and carriomycin 4.1-5.5 ppm 

compares with etheromycin, septamycin and A204A 8.1-12.6 ppm). The signal due to the hemiketal 

carbon C3 appearing at 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 structures 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 ClO or C12. As shown in the figure, a methyl at C8 

causes s domfield shift of C9 by ca. 3 ppm. Among the members with a methyl at C8, etheromycin 

can be distinguished from lonomycin and mutalmycin by the chemical shift of C13. 
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Tuo kinds of s t ruc tu res  e x i s t  f o r  t h e  C-ring. One has a methyl subst i tuent  at C l 4  end t h e  other 

has not. This d i f ference can be detected by t h e  chemical s h i f t  of ~ 1 6 .  In  compounds with a methyl 

a t  C 1 4 ,  c16 i s  observed a t  ra ther  higher f i e l d  than those lacking t h e  subst i tuent  a t  C 1 4 .  The 

methoxy group a t  C 1 5  i n  carriomycin, septamycin and A204A can be detected by t h e  very character- 

i s t i c  oxwethine s ignal  a t  94.5 ppm due t o  C 1 5 .  The value can be compared with t h a t  of t h e  

1 4  corresponding carbon C25 i n  noboritomycin . 
( D  and G r i n g s )  

There are two kinds of s t ruc tu res  for  t h e  D-ring. One has a methyl a t  C2O and t h e  other has not .  

The l a t t e r  group includes carriomycin, septamycin and A204A. Since t h e  methyl a t  C2O resonates a t  

a ~ h ~ r ~ c t e r i s t i c  region (22.3-23.3 ~ ~ r n ) ,  i t s  presence can be revealed very eas i ly .  

ether-In (h. l."11 ~ " I m s f n  

1-3" (Il*",. R , U H , I  revtawrin 

u t l 1 m C i n  (I,<",, &."I U W  

L-20: B1.8-86.1 C-m: 78.~78.9  

w.im1: a.1-2x1 

The s t ruc tu re  of t h e  G r i n g  can be conveniently es tabl ished by t h e  cha rac te r i s t i c  resonances of 

a methyl a t  CZZ (mutalomycin 16.2 and lanomycin 9.0 PP) and a methoxy a t  CZ3 (lonomycin 57.3 ppm). 

There e x i s t s  no subst i tuent  on t h e  E-ring f o r  compounds vithout a methyl a t  C20 such as carriomycin 

and septamycin. 



(F-ring) 

Three kinds of structures are known for the F-ring, the differences being due to the presence of 

a methoxy at C27 and B hydroxy at C30. Two methyls at ~ 2 6  and C28 move to higher field due to 

the y-effect of the methoxy at C27. Since the chemical shift values of these methyls unsubsti- 

tuted at C27, 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 

straightforward. The chemical shifts of the hemiketal carbon C29 are also useful to detect the 

methoxy at C27. 

Distinction of the nigeri~in type with a hydraxy substituent at C30 from the other compounds can 

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

(4'-0-methylamicetose) 

The sugar found in polyether antibiotics is almost always 4'-0-methylamicetoseX 

Advantageously, the oxymethine carbons in the,sugar moiety can be detected by taking PRFT spectra. 

Since the chemical shift of an anomeric carbon is affected by the anomeric configuration as well as 

by the environment of the carbon to which theisugar is attached56, it is much better to utilize the 

chemical shift of C5' for obtaining information about the nnomeric configuration. The chemical 

shift of C5' in A204A clearly shows the anomeric configuration to be a. The upfield shift of this 

carbon is due to the y-effect of the axial oxygen at Cl'. Anomeric carbons attached to a quater- 

nary carbon appear st considerably higher field than those combined to a methine carbon. 

* Very recently, two dianemycin like antibiotics, TI-531B and TM-531C have been reported, in which 
4'-0-methylamicetos is replaced by amicetose and 2',6'-dideory-4'-0-methylg1ucose, re~pectively~~. 
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(methoxy signals) 

The most characteristic -in this region is the 

methoxy signal (49.5 ppm) linked to the quater- 

nary carbon C6 in A204A. Another signal showing 

discernible chemical shift (61.5 ppm) in septa- 

mycin is assigned to a methoxy carbon at C5 

which is connected to the quaternary oxycarhon 

C6. Thus, :he chemical shifts of these methoxy 

carbons are very useful to know the substitution 

pattern at C6. 

The chemical shifts of the methoxy carbons at 

C15 and C27 are very close. However, as 

previously explained, the methoxy at C15 is 

always accompanied by a very characteristic 

signal at 94.5 ppm. 

(signals appearing at 45-47 ppm) 

This region is usually specific to the methine carbon (C2) adjacent to the terminal carboxylic 

acid. In addition, two different methine signals may sometimes be observed. One of them is 

ascribed to the C28 methine with a methoxy substituent at C27. In this case, two methyls at C26 

and C28 do not resonate at ca. 17 ppm and the C29 hemiketal carbon appears at much lower field 

(98-99 ppm). The other is due to the methine signal of C14 which is accompanied by a character- 

istic oxmethine signal at 94.5 ppm assignable to C15. 

(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 

54 . determinatmn of a new antibiotic 6016 . The antibiotic 6016, C46H7T016Na. is produced by 

Streptomyces sp. and active against gram positive bacteria, mycobacteria, fungi and yest. 



Its 13c-nw spectrm (Fig. 14) shows the presence of a carboxylate (178.4 ppm), three (hemi)ketais 

(107.9, 99.2 and 96.6 ppm), three methoxys (58.8, 56.7 and 55.8 ppm) and an anomeric carbon 

(98.9 pm). These spectral data indicated that the antibiotic possesses the s m e  basic carbon 

skeleton camon to carriomycin, septamycin and A20hA and in fact, the structural determination of 

the antibiotic could be accomplished by application of the empirical rules as shown in Fig. 15. 

l IH CM BM IPM IOM O'XM 10H EM 

lu, > i 1. 29 1' >d I I 1 '  20 1 I 1' is 1 i o  IL ~b 6 
18 C 

165 !do 9j ob 

a. 14. l3c-~rn spectrum of 6016 sodium salt in CDC13. The suffix M represents either a methyl 

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

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

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

13c 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 that only 

carbon signals numbered in Fig. 15 were utilized to structural determination of 6016. 

Some coments may be necessary for the crtrbinol carbon C2 and the position of 4'-0-methylamicetose. 

Carbinol carbon C2 

The most striking feature of the 13~-nm, spectm of 6016 is the absence of signals between 40- 

55 ppm, the region being specific to the C2 methine carbons as explained previously. Since removal 

of the methyl from the C2 methine does not considerably affect its chemical shift (cf. C2 methylene 

16 
in lysocellin 45.9 ppm 1, the only reasonable explanation for this spectral feature can be given 

by placing a hydroxy function on C2. 
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The position of the deoxysuaar on the main framework 

Since the structures (and 13c assignments) of A, 0, C and F-rings have been established without 

doublt by the empirical rules (for 13c assignments of these rings, see Table l), the sugar must be 

1 
placed on either the D or E-ring (see  Fig. 15). Its position was determined by H-nmr spectro- 

1 
scopy as follows. A sharp doublet at 3.61 ppm in the X-nmr spectrum of the antibiotic was proved 

by selective proton decoupling to be on the carbon at 89.9 ppm which is not contained in A,  B, C 

or F-ring. Moreover, this proton was coupled to an oxymethine at ca. 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 "pfield shift of C2O (78.9 in carriomycin * 73.9 ppm in 6016) which may be rationalized by 

the stereochemistry with the sugar substituent and the hydrogen at C20 on the same plane of the 

D-ring (due to the strong y-effect). Thus, the structure of 6016 has been determined as shown in 

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

CONCLUSION 

13c-~mr spectroscopy is well knam to be a very u s e M  tool for structural elucidation of natural 

products. This is also true with the polyether antibiotics, especially when good crystals suitable 

for X-ray analysis are not obtainable. 

In addition to structural investigation, this methodology will *the= enable to study ivportant 

problems associated with the mechanism of action of the polyether antibiotics such as interaction 

with metal cations in solution. Subtle confornational changes of the antibiotics caused by complex 

formation will be amply reflected in their 13~-mr spectre, Therefore, detailed analysis of the 

spectral change will give valuable information which can be hardly obtained by other techniques. 

The basic requirement for 13~-nmr spectroscogy to be fully powerful in such kind of works, i.e. 

complete assignments of the 13c-nmr spectra of the polyether antibiotics, has been almost satisfied 

by extensive works as explained in this review and accumulated 13c chemical shift data will become 

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