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COMPLETE STEREOSTRUCTURE OF NYSTATIN A,: A PROTON NMR STUDY
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Summary: Using the sugar D-mycosamine as an internal chiral probe for nmr spectroscopy, the
absolute configuration at the asymmetric centers of the C10-Cl9 fragment of nystatin A, as
well as the B-configuration of the D-mycosamine unit, were assigned by a combination of 2D-proton
phase-sensitive DQF-COSY, NOESY and ROESY experiments.

In previous re[:)ortsl’z’3

, the 3R, 5R and 7R absolute configurations of the C1-CI0 fragment
of nystatin A1 were demonstrated on the basis of spectroscopic and chemical evidence., The struc-
ture of the sugar [g—mycosam‘ine has been known for some timea, and the pioneering work of Borow-
ski _E_:t_al.5 settled the absolute configuration of the C33-C37 fragment. We now report the deter-
mination of the eight remaining asymmetric centers based on recent 2D-proton nmr experiments
on the natural antibiotic. The feasibility of this approach was based on the idea that the macrocy-
clic ring would be a rather ridig molecular assembly for at least two reasons: the CIi3-Cl7 portion
is known to be cyclized in a tetrahydropyran ring in solutions, and a restrained geometry is imposed
by the C20-C33 polyene section although some considerable flexibility can be brought about by
the C28-C29 saturated carbons. Once the relative configuration is set up, unambiguous proton
nmr-derived distance constraints between the D-sugar and the macrocycle would then establish
the absolute configuration.

Configurational and conformational features of nystatin A1 are all derived from scalar and
dipolar coupling connectivities extracted from phase-sensitive DQF-COSY7 (15 mM DMSO-d,
or 4 mM CD;OD solutions), ROESY (4 mM CD,0D solutions) and NOESY (15 mM DMSO-d, solu-
tion) experimentss’lo.

Information gathered from the phase-sensitive DQF-COSY is given on the Table below. The
proton resonances of a CD3OD solution of nystatin Al were previously assigned“ and are con-
firmed here in a DMSO-d6 solution. The phase-sensitive version allows, in this case, the assign-
ment of the scalar coupling constants although a complete extraction of the J couplings was not
possible for the methylene protons at C4, C6, C8, C9, C28 and C29 due to the complexity of
the methylene region (1.4-2.4 ppm).

COSY (see Table) and NOESY-ROESY ({Scheme 1} connectivities found for the C33-C37 seg-
ment fully confirmed the previous assignment5 based on degradation studies.

The relative configuration of the C13-Cl7 region could easily be assigned from the COSY
data (see Table) where substituents at Cl5, Cl6 and Cl7 are all equatorially disposed in a chair
conformation (11%,15 4.5 Hz, llka,li 10.5 Hz, 115,16 9.5 Hz and 116,17 11 Hz).

Definition of the local conformation of the Cl17-C2! portion, crucial for the determination
of the absolute configurations because of the proximity of this structural segment to the D-sugar,
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Proton S, ppm Coupling partner (J, Hz)

3-9 1.45-1.55

10 3.23 H9 (3)', HI" (8.5), HI1 (4)

11 391 H10 (4)*, H12a ( 1), HiZe (10.5)

12a 1.55

12¢ 1.69

l4a 1.17 Hl4e (12.5), H15 {10.5)

l4e 1.39 Hl4a (12.5), H15 (4.5)

15 3.96 Hl4a (10.5), Hl4e (4.5), H16 (9.5)

16 1.89 H15 (9.5), H17 (11)

17 3.98 (4.26)* H1é (11), H18a (8), Hi8e (1)

13a 1.70 (1.68)* H17 (8), H18e (13), H19 (1.5}

18e 1.86 (2.11)* H17 (1), Hi8a (13), H19 (6)

19 4.36 Hl18a (1.5), Hlg8e {6), H20 (7.5)

20 5.77 H19 (7.5), H21 (15)

21 6.23 (6.17)* H20 (15), H22 (10.5%)

22 6.25 (6.31)*

33 5.52 H32 (15), H34 (8.5)

34 2.255 H33 (8.5), H35 (3.5) #OCH (6.5)

35 3.14 H34 (8.5), H36 (4)

36 1.81 H35 (4), H37 (4.5), 39CH, (6.5)

37 5.08 H36 (4.5), 38(:H3 (6.5)

I 4.51 H2' (0-1)

2 3.73 H1' (0-1), H3' (3.5}

3 2.77 H2' (3.5), H&* (9.5) Scheme 1: Through-space connecti-
4 3.12 H3' (9.5), H5' (9.5) vities obtained from 2D NOESY
5 3.15 H4* (9.5), 6'CH, (6.5) (ROESY) spectra for the C32-C37
6'CH; 116 H5' (6.5) region. For S, M, W see Reference 12.

Table: Selected proton assignments from phase-sensitive
DQF-COSY of nystatin A, (DMSO-d,, 298°K; solvent as
2.49 bpm);  *irf CDBOD (CD
4.82 ppm).

internal reference
internal reference

Scheme 2: Through-space connectivities
obtained from 2D NOESY (ROESY) spectra
for the C10-C21 region.
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was derived from COSY and NOESY(ROESY) data. Analysis of a COSY experiment in CD,OD
gave the complete 'H-'H coupling pattern of the C17-C21 fragment (3, o 8 Hz, 3|7 g0 |
Hz, glga,lg l.5 Hez, 1189,19 6 Hz, -J-l9,20 7.5 Hz and _120,21 15 Hz) which’shows the topic,ity of
the protons at Cl8 (H18a,18 are not resolved in a DMSO—d6 solution), hence the orientation of
the OH at C19 (Scheme 2). This configurational assignment was validated by the analysis of the
NOE(ROE) connectivities depicted in Scheme 2, especially for the proton pairs HI7-H20 (M)lz
and H19-H2! (8). This led us to the relative configurations R/S (S/R) for Cl7-Cl9 and at this
stage, the conclusion was reinforced by COSY experiments conducted under similar conditions
(DMSO-d,, 313°K) on amphotericin B (175, 19R configurations) which furnished very similar coupling
patterns in the Cl17-C21 portion.

Taking into account the overall geometry imposed by the macrocycle for the C1-Cl3 polyol
chain, the relative configurations at C10 and Cl1 could be given as syn based on the COSY data
(Table, Jg | 3 Hz, Jg, 1o 85 Hz, 3y ) & Hz, 3)y 5 ~1 Hz and J)) ). 10.5 Hz). At this
point these two centers had to be connected to the CI13-Cl7 cyclic portion of the molecule and
the inter-residue contacts were derived from the NOESY spectrum (DMSO at 298°K). Starting
from Hl4a, four cross-peaks can be labeled with confidence: Hl4a-H12a (M), Hi2a-H10 (M), Hl4a-
HlZe (W), and HiZe-HI0 (W). The intensity of the cross-peaks defines the diastereotopicity of
the protons at Cl2 and the results imply that HI0 is on the same face of the molecule as Hl4a
allowing the configuration given in Scheme 2. The Hl2a, Hl2e and Hl%e protons are unfortunate-
ly too close together (see Table) so that the Hl2e-Hl4e NOE connection is lost in the diagonal
peaks.

After the Cl0 to CI9 relative stereostructure was set up, we turned our attention to the
through-space contacts between the D-mycosamine residue and the macrocycle. The NOE map
first established the unknown B-configuration of the anomeric linkage (H1'-H3', H3'-H3' connectivi-
ties} of the D-mycosamine in a I‘Cl conformation. Dipolar coupling connectivities between HI'-HI9
() and H1'-H18e (M) define well the space location of the anomeric proton HI' relative to nysta-
tin A| aglycone. A third NOE — H2'-H17 (W) — observable in ROESY (CD3OD solution) and NOESY
(DMSO‘ds solution) at various mixing times, then requires that the configuration at Ci9 be R.
Further, the interactions found satisfy the exo-anomeric effect and make possible the electro-
static interaction of the NH,* at C3' and the COO" at Cle.

By imposing the proximity of HI1' to both HI9 and Hl8e as found in NOESY and ROESY,
no reasonable conformer would place H2' close enough to H17 in modelling the interactions of
the D-sugar with an enantiomeric aglycone. In this situation, cross-peaks should be detected rather
between H5' (and/or 6'CH3) and HI7 (and/or Hl8e).

Based on this study, the 10R, 11R, 135, 15§, 16R, 175, ISR, I'R configurations are assigned
for nystatin A1 (Scheme 3). It is interesting to note that with the experimental protoczl)ls used,
the structural assignment only required an intermediate field spectrometer (300 MHz "H). The
asymmetric centers found for the C13-Cl9 structural segment of nystatin A  are the same as
those found in amphotericin B and, in closely related polyenes (pimaricin, tetrins, partricins...),
a similar chiral pattern may be anticipated as well. A detailed comparison of the spectral data
of amphotericin B and nystatin /\1 revealed conformational differences with a possible biological
significance. We plan to evaluate these differences by using mechanical and/or restrained dynamic

calculations.
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Scheme 3: Nystatin Al
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