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Although "C-nmr spectroscopy is becoming one of the most powerful tools for the structural 

determination of natural products, it has never found its practical use in the structural eluci- 

dation of ionophorous antibiotics. The lack of suitable model compounds as well as of degrade- 

tion products hampered to obtain the basic chemical shift data necessary for the assignment of 

the "C-nmr spectra of the antibiotics. 

Recently, Dorman et al. 2) -- reported the assignment of narasin(4-methylsalinomycin). Half of 

their assignment, however, were not made on one-tonne basis, and furthermore, in view of our 

experimental results, half of the signals were incorrectly assigned. 

We wish to report herein the almost complete assignment of a polyether antibiotic, salino- 

Iqycin3) , assisted by the use of "C-"C coupling 4) . 

In the 13C-nmr spectrum of salinomycin free acid 5) (S&H), C4aH70011(Fig. l), sJ.l 42 carbon 

signals were well resolved (Table 1). Based on the chemical shift trend, these signals were 

assigned to a ketone (Cl1 214.5), a carbo~lic acid (Cl l77.2), two olefinic carbons (Cl3 and 

~13, 121.6 and 132.4), two ketal carbons (Cl7 and C21, 99.2 and 106.41, nine oxygenated carbons 

(88.5-67.21, three methines adjacent to a carbonyl group (56.5-48.91, four methines, ten metbyl- 

enes and ten methyls. 

The two olefinic and two ketal carbons were distinguished respectively by comparison of SLH 

and 20-deoxyssJ.inomycin free aci&)(DSLH). (SLH + DSLH, cl3 121.6 * 121.8, cl3 132.4 * 125.6, 

cl7 99.2 + 99.0, ~31 106.4 *105.0). In addition, the replacement of a set-carbinyl carbon - 

(67.2 in SIJI) by a methylene (40.0 in DSLH) established the assignment of C20 in SLH. 

The three methines eajacent to a carbonyl carbon were assigned as follows. The comparison 7) 

of SLH and its sodium salt (SLNa) indicated a signal at 48.9 in SLJi to be assigned to C, which 

appeared et 51.1 in SLNa. The structural similarity around 8 ketone in co-n to SLH, lysocell- 

in 8) and lasdocidg) (Fig. 1) required signals at 49.2 and 56.5 to be assigned to Cl0 and C12, 

respectively. These carbons had been differentiated based on the chemical shift of ketones 
10) obtained from lysocellin and lasalocidg'll) by retroddol reaction. 

Unlike to these two antibiotics, alkaline treatment of SLH gave, instead of the expected 

retroaldolketone, a y-lactone (C13H220,, M" m/e 242, v E33440, 1765~~~1) via mechanism shown 

in Fig. 1. This y-lactone, the assignment of which wss made mainly based upon selective proton 
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Fig. 1 

lw 
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partial structure of lysocellin and lasalocid 
(*Assignment may be exchanged) 

decoupling, assisted to establish the assivnt of C~I+ to Cs3 in SLH. 

Since several efforts to obtain degradation products or derivatives of SLH useful for the 

4) assimnt were unsuccessful, we next turned to the use of the double labeling method using 

sodilrm 1,2-1SC-propi0nate and sodium 1,2-l' C-acetate to advance further assignment of SLH. 

In the 13C-nn, ~ectrwn of SLE tabsled with l,2-13C-pr0pi~te, six pairs of 13C-'sC coupl- 

ings were observed. Am0ng these, two AB-type couplings between a methylene and a methine had 

been previously ') assigned to c5(26.4)-cs(28.01, Jc_$ 33% and C1~(38.6)-c1~(40.7), JC_C032Hz by 

taking the chemical shift of e-3,5dimethyltetrabydropyrsn into consideration. A coupling 

between an oxygenated qumtery carbon, C24(88.5) and a methylene established the assignment of 

C2,(30.2, JGc=34.8Hz). Of the three pairs between a methine and an oqgenated methine, one is 

easily assigned to Clo(49.2) and C~(68.7, JC_$42Hz). On elimination of the already established 

relationships, the two remaining pairs, i.e. CH-0(75.2)-CH(32.6), JC_C536Hz and CH-0(71.7)-CH 

(36.5). Jc,e41Hz were limited to C7-Ce ~7 Cls-Cl~+. In salinomycin methyl ester 12)(SI&le), the 

signal at 75.2 moved downfield by 3.9ppm . This 5igne.l is therefore assigned to C7 due to its 

sterical proximity to Cl. thus, the assignment of CT, ~e(32.6), cls(71.7) ana ~lr(36.5) was 

established. The relatioship of CT-Ce and Cs-Cl0 mentioned above were confirmed by "C-horn0 

nuclear spin decoupling. 

In the I3 C-nm spctmon of SLE labeled oith 1,2-13 C-acetate, I2 pairs of coupling with 

strong intensity were 14) observed and eight out of these pairs were found between carbon signals, 

the assigmnent of which had been already explained (C1-C2, C11-C12, C17-CIB, Clg-C20, C25-C26, 

c27-c29, c29-c30 and Cfl'C92). The comparison of SLH ana 4-methyl SLR 1) had revealed the rela- 

tion of Ca(74.9)-C,(20.1), Jcz=35.9Hz. 

Of three remaining pairs, one was easily assigned to ~~~(106.4) ma a methylene, ~~~(36.2) 

due to its characteristic coupling constant (Jc c _ =43.5Hz), leaving CH2(22.7), cH2(16.6), CH, 

(13.2) snd CE,(ll.9) to be connected. Although the 13C-13 C couplings of these four carbons were 

of the smue magnitude (Jcx. L35Hz), the AB-type coupling between CH2(16.6)-CHs(13.2) revealed the 

relLionship of CH2(22.7)-CH,(11.9). These partial structures were only found at C3&37 aa 

cCl-c42. Of these, the signal at 16.6 was assigned to C!I,~ since it moved downfield by 2.7ppm on 
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carbon SLH* SLNa* DSLH* SLMe* J,r;* J& 

1 177.2 184.8 177.1 175.8 56.0 

2 48.9 51.1 48.2 47.8 55.6 

3 74.9 75.8 74.7 74.9 35.9 

4 20.1 19.7 20.1 19.7 35.7 

5 26.4 26.8 26.6 26.2 33.2+ 

6 28.0 28.0 28.1 28.1 32.6+ 

7 75.2 75.6 75.6 79.1 35 Rsa 

8 32.6 32.5 32.7 33.2 36.3a 

9 68.7 67.8 68.5 69.1 41 Isb 

10 49.2 49.6 49.6 48.4 43 Ivb 

11 214.5 217.6 213.8 213.5 38.9 

12 56.5 55.5 56.3 56.7 38.8 

13 71.7 71.3 71.6 71.7 41.2 

14 36.5 35.9 36.2 36.5 40.9 

15 38.6 38.6 38.8 38.9 32.9++ 

16 40.7 40.6 41.0 40.4 32.0++ 

17 99.2 99.1 99.0 99.0 50.1 

18 121.6 122.1 121.8 120.8 50.2 

19 132.4 130.8 125.6 132.6 44.6 

20 67.2 66.6 40.0 67.5 44.6 

21 106.4 107.1 105.0 106.2 43.5 

22 36.2 36.1 33.1 36.5 43.5 

23 30.2 32.5 30.0 30.3 34.8 

24 88.5 88.3 88.5 87.8 34.8 

TABLE l** 

carbon SLH* SLNa* DSLH* SLMe* 

25 73.7 74.6 74.1 74.2 

26 21.9 19.9 22.2 22.1 

27 29.3 29.1 29.7 29.2 

28 70.9 70.5 71.3 70.7 

29 77.2 76.5 76.4 76.7 

30 14.5 14.7 14.4 14.6 

31 30.6 32.1 31.9 30.8 

32 6.3 6.5 6.5 6.3 

33 25.8 27.7 25.8 25.8 

34 17.9 17.6 17.9 17.6 

35 15.6 15.7 15.7 15.6 

36 22.7 23.7 22.7 22.6 

37 11.9 12.4 11.9 11.8 

38 12.8 12.1 13.2 12.9 

39 7.0 6.8 7.0 7.3 

40 11.2 10.7 11.2 11.0 

41 16.6 15.7 16.6 19.3 

42 13.2 13.2 13.4 13.9 

36.7 

37.1 

37.6 

37 i 

37.2 

37.1 

35.1 

35.2 
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34.7- 

OCHs 52.5 

HDetermined on a JEOL FX-100 nmr spectrometer 
operating at 25 .O.%Eiz, in CDCls, relative to 
internal !C?6. Data point? 16~, flip sngle 
m 00 
13 ' 

spectral width; for measureme nt of "C 
- C coupling constants, 2.5KEz, for whole 
spectra, 6~~2. 

*abbreviations; SLH:salinomycin free acid, SLNa:salinomycin sodium salt, DSLH:2&deoxy salinq- 
Pr h 13 tin free acid, SLk:salinomycin methyl ester, JC_C and JC_c: C-l% coupling constants in Hz 

observed with SLH1;abeied by 1,2-"C-propionate end 1,2-13C-acetate, respectively. 
+,++, +++ AB-type C-13C coupling was observed between these signals. Weak intensities of the 
outer siands of these AB auartets Drevented to obtain accurate counlin~ constants. 
# Due to the overlapping of-other si-&t.ls, the correct %ues could not be obtained. 
a,b The relationship of these carbons were confirmed by C-"C spin decoupling experiments. 
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going from SLH to SLMe. Thus, the methyl at 13.2 must be assigned to C42, the pair of Csr(22.7) 

-Cs7(11.9) being established by elimination. 

Now at this point, the unassigned 8re five methyl signals (C34, Csz, Cs8, CSS and C40). C40 

had been assigned to a signal at 11.2 based on the comparison with 4-methyl Sd). The structu- 

ral similarity of SLE, lasalocid and lysocellin suggested a signal at 12.8 to be due to Css 15) . 

Among the three finally remained methyl signals (7.0, 1.5.6 and 17.9), one appeared due 

probably to a strong y-effect at considerably higher field than usually observed for CHs-CH<in 
16) 

- 
polyether antibiotics . This type of steric compression is expected between Cs-OH and Css. 

Since the crystal structure of SLH itself was not determined, no evidence was available about 

the conformational disposition between Css and Co-OH in SLH. However, the crystal structures 

of p-bromophenacyl ester 3) of salinomycin and of lysocellin silver salt 8) showed such conforme- 
17) tional relationship8 really existed and the carbon corresponding to CSS in lysocellin sodium 

salt had been assigned to 5.41'). Of the two carbons (C34 and Csz), CSS is expected to move 

higher field due to the y-effect by a substituent at Cls. Thus, signas at 1.5.6 and 17.9 were 

assigned to Cs5 and C34, respectively. 

The established assignment of SIJi and SLNa has revealed the biosynthetic origin 18) of SLE 

and is expected to be of use for the conformational analysis in solution of polyether antibio- 

tics as wel; as for the structural determination of salinomycin related compounds to be isolated 

in future. 
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