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The isolation1 and characterisation' of nystatin, the antifungal 

aRent produced by Streptanvces noursei hmebeen described, and the -, 
structure3 and stereochemistry4 of mycoscnnine, its ad-c-sugar moiety, 

2 
Part IV, see ref.4. The present p.mer also constitutes Studies in 
Relation to Biosynthesis, Part XXXVI and Macrolide Antibiotics, 
Part XIII (Part XXXV and Part XII, respectively, A.J.Bir&, 
C.Djerassi, J.D.htcher, J.llajer, D.Perlman, E.Pride, R.W.Rickards 
and P.J.Thcmson, ~J.Chem.Soc., in the press). The work was presented 
in part at the 142nd .tier.chm.Soc. Meeting, Atlantic City, 1962. 
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1486 Structural features of nystatin No.23 

have been elucidated. Accumulated analytical data supsort the mclecular 

formula C,+6._4+i73_75018~~ for the antibiotic, rather than C,,,&O19i as 

previously proposed.2 The aglycone, nystatinolide, which would thus 

==sWld to CQCLL+lhEj2_ljl+015' contains diene and tetraene chrcnor?hores 

in addition to lactone, car-boxy1 and numerous hydroxyl functions. 
2 '.le 

present evidence derived fmn biosynthetic studies in combination with 

deeradative chemistry, for the presence of the structural features (XII) 

and (XIII) in nystatin. 

Shaken cultures of S.noursei were fermented in the presence of _- 
various "C-1abelled substrates. In each case where incorporation into 

nystatin occurred, the mycceamine was inactive, in amement with its 

expected direct origin in carbohydrate metabolism. The effective 

utilisation of sodim [1-, Z-, or 3-"C]nropionate (8-l@%) and sodium 

[l-l'C]acetate (3-S%) shaJed clearlv that the anlvcone was derived 

fundamentally fran these units, while negative results with [?-14C]- 

mevalonic lactone and [methyl-" Clmethionine indicated the absence of 

introduced terpenoid or Cl units. Degradation of the labelled nystatin 

sanples gave fragments whose radioactivities are shown in the Table. 

Oxidation of nystatin with lead tetraacetate or ozone affotied,' 

as the only steam-volatile carbonyl canpound, tiplic aldehyde (I), in 

which the olefinic bond must arise by B-elimination of an oxygen function 

during the distillation. Consideration of the oarhon skeleton of ti,"lic 

aldehyde (I) indicated that this portion of the aelycone oririnates in an 

acetate-propionate condensation, the acetate unit in fact renrcsentinc 

the "primer" unit frun which the chain is extended.6 Uhen nvstatin 

derived fmm [l-, 2-, or 3-14C]pronionate was oxidised, the molar 

activity of the aldehvde (I) resulting was one-third that of the narent 

'A.J.Birch, C.W.Holzapfel, R.W.Fickards, C.Djerassi, i-'.C.Seidel, V.Suzuki, 
J.!Jestley and J.D.IXltcher, following paper. 

6Cf. A.J.Birch, ?roc.Chem.Soc., 1967, 3. 
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Activities of !iystatin Frafgwznts 

(Values are relative molar activities* exm-essed as 
percentems of the pwent nvctatin activibj). 
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ne 

(I) MeC&HO 

Pyrolysis EaC03 

(II) at m" 

(III) at 36Y 

(IV) Kuhn-2.oth MeCC12H 

i*le 

Ci121i 

36.8 32.3 32.7 6.39 

26.8 0.75 

5.3 4.68 

0.w 15.9 0.02 

15.9 0.37 1.76 

'/\.J.Bixh, R.!?.Massv-Westropp, R.W.K&,zds and H.Smjth, ~T.chm.SoC., 
1958, 360. 
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nystatin. Therefore, not only does the tiplic aldehyde contain the 

three carbons of one propionate unit, but also there illp three propionate 

units in nystatin. The additional rresence of sixteen acetate units in 

the aglyoone, in gocd agreement with the C40 4l formula, was indicated by 

similar calculations7 based on [1-14C]aoe&-derived materials. 

Pyrolytic decarboxvlation of the free carboxyl PTOUD of nystatin 

occurred at 210' (II), whilst at 360' a seoond mole of carbon dioxide 

(III) was released from the lactone function. P~yrolysis of nystatin 

labelled by [3-1"C]propionate and [1-14C] acetate shobEd clearly, despite 

sare overlap of the two decarboxylation reactions, that the &xyl 

group arises by biological oxidation of the methyl group of one propionate 

unit, while the lactone .zrbon was originally an acetate CJrboxrll. 

Kuhn-Roth oxidation of ny-statin prepared frcm [2-l'C] and [3-14C]- 

propianate gave acetic acid samples (IV) carrying one-sixth of the 

nystatin activity; Schmidt demdation showed this activihr to be in the 

carboxyl and methyl groups respectively. Acetic acid arising from 

oxidation of prvpionate-derived C-methyl groups, of which there can be at 

most two, is being isotonicallv diluted in a 1:l ratio with acid four 

other inactive sources. In conjunction with noma1 analysis, which 

indicates the minimum C-methyl content (Found: 3.4 - 3.8), these data 

unequivocally establish the presence of four C-methyl pupis in nystatin. 

Reduction of nystatin over a platinm catalyst, folloGled bv oxidation 

with nitric acid, afforded 2-methylheptadecanedioic acid W as the 

largest dibasic acid.5 This diacid (V) contained onlv one propionate 

methylene carbon (necessarily associated with the C-methyl group), two 
7 

carbons fmn propionate carboxyl, and seven from acetate carboxyl. 

Schmidt degradation of the diacid gave the correspndini: C16-diamine 

(VI) and two moles of bariwn carbonate (VII) which wcw derived from 

7 
Allc~ance is made here for the extent to which the prcnionate units are 
labelled by acetate tracer; the conversion of nronionate to acetate is 
negligible. 
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carboxyl carbons of an acetate and a propionate unit. This labelling 

pattern is compatible only with the biogenetic arrangement WI111 of 

acetate and propionate units in this section of the aplycone. 

Consequently, the aldehvde (I) and the diacid (V) must contain different 

propionate-derived C-methyl groups (since the biogenetic entixvrnnentsof 

these groups are different), and all four C-methyl groum of nystatin 

are then accounted for in degredation products. 

yi Ye 

Lk c+ ‘+m36+c+ 
-- 

(VIII) 

Lead tetraacetate oxidation of [3-14C]nropionate-labelled nystatin 

afforded carbon dioxide which was, hodever, effectively inactive, 

excluding oxygenation a to the carboxyl croup. Labelled carbon dioxide 

was released fmn both (3-l4 C]nropionate-derived nystatin and its 

hydrogenation product on pyx-olvsis or on warmin:: with mineral acid. 

Prior reduction with sodiun borohvdride prevented this decarboxylation, 

wd also the retroaldolisation of nystatin in hot alkali to yield acetone 

and acetaldenyde. Whilst the acetone (IX) 3-e from acetate carbon 

only, the acetaldehyde (X) was derived equally fran acetate and fran the 

l- and ?-positions of a px-opionate unit. The B-keto-acid svstem (XI), 

which explains the observed fission products but not their labelling 

patterns, must thus be rejected in favour of the 6 or 6-keto-acid 

structure (XII). Decarboxylation of such a svstem would nroceed throuph 

the By-unsaturated acid. 
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(XI) 

Me 

This enviromnt for the cwboxyl function necessitates that the 

pmpionate unit cleaved as in (VIII) during: formation of the cliacid (V) 

is that of tip.lic aldehyde, and thus defines the skeletal section (XIII) 

in nystatin. The follcwinp. mmunication provides demadative confim- 

ation of this carbon skeleton (XIII), and in coniunction with other 

evidence leads to a tentative structure for nwtatin. 
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