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Ganefromycin ¢ (1)

The full structure of ganefromycin a has been determined. The relative configurations were determined from 3Jy4 coupling constants and
NOE data, while the absolute configurations in moieties A and B were determined separately by difference CD of their acylate derivatives,
which showed typical exciton couplets. The configurations of the stereogenic centers in ganefromycin a are 8S, 9S, 11R, 12S, 13S, 21S, 22R,

23R, 24R, and 268S.

Ganefromycinu (1) produced byStreptomyces lydicussp.
tanzaniusis an antibiotic with commercial potential as a

the trisaccharide was determined by X-ray crystallography
and optical rotation, while the relative configuration of

performance enhancement agent in livestock. The discoverymoiety B has been determined by NMRn the following,
isolation, and biosynthesis of ganefromycin have been the relative configurations in moiefy have been determined

reported; and its “planar” structure has also been published.

by NMR and the absolute configurations of moiethesnd

However, the relative and absolute configurations remain to B by exciton-coupled circular dichroic spectroscopy (GD).
be determined. The absolute configuration of a related To determine the configurations, ganefromycin was degraded
antibiotic, aurodox, has been determined by X-ray crystal- to 2 and 3,° according to previously described methods

lography of degradation products, see Figure 1.

Me

Me OH O N
OH MeO,
Me Sles HEt "o H oo W T
39~ 21 XNy i
" OH o Me H Me OH OH o OH
© Aurodox

Figure 1. Full structure of aurodox determined by X-ray.

Ganefromycino. can be divided into three sections: the
trisaccharide and moietie& and B. The full structure of
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(Scheme 1%.

With respect to the tetrahydrofuran moietyAn(C-8 to
C-13) the relative configurations were determined by evalu-
ating J constants and NOEs @ and/or3.5 For the acyclic
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via an sp hybridized C-21 intermediatethe C-21 config-
uration in2 is epimerized; however, this does not affect the
conclusion regarding the absolute configuration.

Moiety A (Figures 2 and 3). The three stereogenic centers
at C-8, -9, and -11 on the tetrahydrofuran ring give rise to
four possible isomers with different relative stereochemis-
tries. Of the four possibilities, the relative configurations at
these centers and conformation of the ring were determined
as represented hyon the basis ofl values and NOE data
of 2 and/or3.

The intense NOEs observed (Figure 2) between 8-H/10-
Ha and 9-H/10-Ha, the medium NOE between 9-H/10-Hb,

Jvalues (Hz)

89 =3
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Figure 2. Configuration and conformation of the THF moiety

C-12/C-13 moiety, the NOE intensities were compared with derived fromJ and NOE data (arrows) &and/or3 and molecular

distances based on molecular mechanics calculatidis.

NMR experiments were performed in deuterated methanol
to avoid intramolecular hydrogen bonding. The absolute

configuration of the cyclic hemiacetal moiety B was
determined using aglycahthat is formed upon ammonolysis
and esterification ofl. As this 23-benzyloxo to a 21-

mechanics calculation.

in connection with the valued o = 3 Hz, Jg10a= 3.5 Hz,
andJs 10p= 1 Hz define the stereochemistry as follows: C-7
triene chain pseudoequatorial, 8-H pseudoaxial, 9-H pseudo-

methyleneamino group transformation is postulated to occur 83 10-Ha pseudo-ax, and 10-Hb pseudo-eq; since 9-H is

(5) NMR data for2: *H NMR (MeOD, 500 MHz)dy 0.70 (3H, d,

pseudo-eq the 9-OH is pseudo-ax (or pointing up). The NOE
between 8-H and 9-H could not be estimated due to the small

Jio-me 12= 7, 12-Me), 0.88 (3H, s, 25eq-Me), 0.89 (3H, s, 25ax-Me), 1.62  gshift difference between the two protons. The strong 9-H/

(3H, S, 14-Me), 1.66 (lH, ddd’ﬁz,n: 3, Jl?,l}Me = 7, J12,13= 10, H-lZ),
1.73 (3H, dd,]3(y|v|e'3o= 7, J3(yMe,29= 1, 30-Me), 1.96 (lH, ddelObygz
1, Jiob,10a= 13, J1op,11= 6.4, H-10b), 2.03 (1H, dddlipa,9= 4, J10a,100=
13, Ji0a11= 10, H-10a), 3.11 (H, m, H-21), 3.13 (3H, s, 13-OMe), 3.41
(1H, d,J1312= 10, H-13), 3.43 (H, ddJ21-cH2a,21= 4, J21-CH2a,21-CHab =
14, 21-Cha), 3.48 (2H, s, CkPh), 3.57 (H, dJa23= 4, H-24), 3.59 (H,
dd, Jo1-chob21= 4, J21-cHob2t-cH2a = 14, 21-CHb), 3.68 (H, d,J2423=
4, H-23), 3.72 (3H, S, -COOME), 3.75 (H, dd],sa’]j: 7, Jlgaylgbz 16,
H-18a), 3.87 (H, dd,]lgb’]j: 7, Jlgb,lga: 16, H-lgb), 4.19 (lH, dJ25'27
= 6, H-26), 4.28 (1H, broad, H-9), 4.33 (1H, di,; = 7, Jso = 3, H-8),
4.65 (1H, ddd,.]ll,]_()az 10, J11,10b= 6, J11,12= 3, H-ll), 5.47 (1H, dq,
J30,30-Me = 7, J30,20= 11, H-30), 5.59 (1H, dt)17,16= 15,J1718= 7, H-17),
5.59 (lH, dd,J 27,26 — 6, J27,232 15, H-27), 5.89 (1H, d.,]zlg = 15, H-Z),
6.05 (H, dd,J;g = 7, J76 = 15, H-7), 5.96 (1H, m, H-15), 5.96 (1H, m,
H-29), 6.05 (1H, ddJ7 6= 15,J78= 7, H-7), 6.40 (H, ddJs3=11,Ja5=
15, H-4), 6.43 (H, ddJs5 = 11, Js7 = 15, H-6), 6.47 (1HJ1615= 11,
J16,17: 15, H-16), 6.51 (1H, de28,27: 15,-]28,29: 11, H-28) 6.67 (1H,
dd, Js6 = 11,J54 15, H-5), 7.26 (5H, m, Ph), 7.33 (H, m, H-3); MS (ESI-
pos.)m'z 807.2 (M+ HT). NMR data for3: IH NMR (MeOD, 500 MHz)
(SH 0.71 (3H, d,.]j_sze,lz: 7, 12—Me), 1.68 (3H, S, 14—Me), 1.68 (1H, m,
H-12), 1.97 (lH, ddelOeq'gz 1, JlOeq,lOaxz 13, JlOeq,ll= 6.4, H-lOeq),
2.03 (1H, ddelOaxygz 4, Jloaxylogq: 13,\]10@(,11: 10, H-10ax), 3.16 (3H,
S, 13—OMe), 3.44 (1H, dJ13,12= 10, H-13), 3.57 (2H, dJ13'17= 7, H-18),
3.72 (3H, s,-COOMe), 4.28 (1H, broad, H-9), 4.33 (H, &k = 7, Jg 0 =
3, H-8), 4.65 (lH, ddell,lOax: lo,Jll,lOqu 6, J11,12: 3.3, H-ll), 5.75
(1H, dt,‘]17,16= 15;-]17,18: 7, H-l?), 5.92 (1H, dJ2,3: 15, H-Z), 6.05 (H,
dd, 7= 7, 376 = 15, H-7), 6.06 (H, dJi516= 11, H-15), 6.40 (H, dd,
Jaz=11,Js5= 15, H-4), 6.43 (H, ddJs 5= 11,Js 7= 15, H-6), 6.70 (H,
dd,.]15'15: 11,.]15_172 15, H-16), 7.33 (H, dd,]gyz = 15,33,42 11, H-3).
The assignments ¢&f and 3 were based on chemical shiftsyalues, and
NOE data.

(6) All molecular mechanics calculations were obtained using the MMF
force field on Spartan V5.0, Wavefunction, Inc.
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10-Ha NOE and medium 9-H/10-Hb NOE show that 9-H
bisects the 10-Hs but is closer to 10-Ha. Finally, dhalues

of 10a/11-H and 10b/11-H, together with NOE data (structure
1), define the C-11 configuration, where the C-12 side chain
adopts a pseudo-eq orientation. The lowest energy conforma-
tion of the THF moiety based on molecular mechanics
calculations performed with the 9-methyl ether (to avoid
H-bonding effects) yielded a conformer that was in full
accord with the NMR data.

The relative configurations at C-11/C-12 (Figures 2 and
3, 1) were determined from the gauche coupling between
11-H and 12-H (3 Hz) and the NOE data: 12-Me/10-Ha
(strong), 12-Me/10-Hb (medium), 12-H/10-Ha (medium), and
12-H/10-Hb (medium). The relative configurations at C-12/
C-13 (Figure 3JIl) were determined from the anti coupling
between 12-H and 13-H (10 Hz) and the intense NOE
between 12-Me/14-Me and 13-H/15-H. Projection structure
[l is the only one that satisfies both thealues and NOE
results.

The absolute configuration in moieyy was determined
by using the trienoate chromophorémnax 290 nm, and

¢ acylating the allylic 9-OH with a chromophore that would

couple with the trienoate. The amplitudes of exciton couplets

Org. Lett., Vol. 2, No. 7, 2000
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Figure 5. CD and UV spectra o2 (green) and4 (blue) and the

s . . ) difference CD (red) betweef and 2.
originating from the interaction between two different

chromophores are larger the closer thgx of the two

chromophores. This led to the employmentpedimethyl- (Figure 6). After determination of relative configurations in
aminobenzoate Withlmax 307 nm (Figure 4). A further s mojety from NMR data of ganefromycia (1) itself,

the absolute configuration was determined from the exciton
coupling between the 23- and 24-biacylates of agly2on

Me\
N—Me
307nm
@

OMe

H o o] o)
Cc(12)

o wH 290nm

@

Figure 4. Conformation of4 in moiety A. The dihedral angle
between the two chromophores is estimated to be ca. 60

Jog 24 3.5 Hz (gauche)

Figure 6. Relative configurations in moiet3. The NOEs are

. . . . denoted S (strong), M (medium), and W (weak).
advantage in choosing this chromophore is that the 242 nm

negative Cotton effect & (Figure 5) does not interfere with
the exciton coupling. The angle between the triene and the strong NOE is found between 24-H/26-H (both hydro-
9-OH was estimated from NMR and molecular mechanics gens ax) andhs s = 3.5 Hz (23-H is eq). For C-21 i
to be ca. 60in I, which is close to the optimal 7Gangle ’ ’
for exciton coupling (Figure 4).

Thus, the 9-OH in2 was converted into itp-dimethyl-

molecular mechanics calculation shows that 21-H and 22-
OH are anti periplanar, a reasonable conformation since the
. . e two large 21-C substituents are directed away from the ring;
aminobenzoate (dma-B2)by reaction of2 with dimethyl- e \yeak NOE between 21-H and the axial 25-Me confirms
aminobenzoic acid in the presence of EDC and DMAP. The this conformation. A medium intensity NOE between 21-

UV and CD of4 are shown in Figure 5. Sinc2shows & ¢y,/53 H places the 21-CHbn the side closest to 23-H as
positive Cotton effect around 300 nm due to the trienoate, shown inlV .

:Ee (t1|fferenc_(te_ €D beF;/veezhandl_Z with At=b+t71 rsptresents{h The absolute configuration of the hemiacetal sugar moiety
€ true positive exciton coupling contrioution bEWeen the ., 5 a5 determined by naphthoylation of 23- and 24-

tzr;dman; andt.trlenoategchrlomot;?]horegl;.nThlstgstabl|fsrt1ﬁ.s hydroxyls in2 with 2-naphthoic acid in the presence of EDC
e configuration as 95 I.e., the configurations of this and DMAP? Since the 9-OH is the most reactive 2y a

m0|et.y are & S_JS’ LR 125 and 135 i , chromophore that does not couple strongly with the 8-trienoate
Moiety B (Figure 6). The relative configuration of the

hemlac'etal portlpn in thed h_alf of gaHEfromyCIna @) (7) Dong, J. G.; Akritopoulou-Zanze, I.; Guo, J.; Berova, N.; Nakanishi,
determined earli@rwas confirmed in the present work K. Harada, N.Enantiomer1997, 2, 397-409.
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Figure 7. CD and UV spectra o2 (green) and (blue) and the
difference CD (red) betweeh and 2.

absorbing at 290 nm should be selected. 2-Naphthoate

with the triene system. Aglyco was thus converted into

its 9,23,24-trisnaphthoate for CD see Figure 7. The intense
positive couplet, A= +443, observed in the difference CD
between5 and 2 establishes the configuration asRR24R;

note that there is no observable coupling between the 290
nm trienoate and naphthalenoid chromophores. The configu-
rations in moietyB are therefore 23, 22R, 23R, 24R, and

26S (as in Figure 6JV). This leads to the full structure of
ganefromycina depicted in structuré.

Acknowledgment. We thank NIH for Grant GM 34509
(to K.N. and N.B.) and the Jacob and Alice Wallenbergs
Foundation (to T.A.) for financial support.

Supporting Information Available: (1) NOE data for
2; (2) CD and UV spectra of compounds 2, and 3; (3)
experimental procedures with spectroscopic datadfand
5. This material is available free of charge via the Internet
Sat http://pubs.acs.org.

absorb at 235 nm and therefore would not interact strongly OL005598U
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