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Abstrae-The. conformation of leucomycin, a macrolide antibiotic with a l6-membered ring lactone. 
was examined in solution by IR, NMR and CD spectral analysis. The IR reveals that the live hydroxyls 
are all involved in intramolecular H-bonding. The NMR of the l6-membered ring lactone forming the 
aglycone shows that the acetyl-carbonyl at C-3, tbe allylic proton at C-II and the aldehyde proton are 
in close proximity on the lactone ring. CD studies suggest that the conformation of the l6-membered 
ring lactone, especially around the lactone, is mobile and solvent dependent. 

Now THAT THE STRUCTURE of leucomycin,2* 3 a macrolide antibiotic having a 16- 
membered ring lactone, has been clarified, its conformational analysis will provide 
a valuable index for its chemical modification in examining the relationship between 
structure and biological activity, and is important in the study of its action mechanism. 
Conformational analysis ~3 of erythromycin, a similar antibiotic with a 1Cmembered 
ring lactone, has been reported but that of a 16-membered ring lactone has not been 
clarified. The conformational analysis of leucomycin was carried out, with reference to 
its IR,’ NMR, and CD” data, and the previously reported absolute structure” of 
demycarosyl-isoleucomycin-A, (XV) and X-ray crystal structural data.’ 2 

IR spectral studies 
The presence of intramolecular H-bonding was examined in the IR absorption 

of the OH groups distributed almost uniformly in the molecule. Leucomycin possesses 
the components shown in Fig 1. IR spectra of the components U (III) and V (IV), and 
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their derivatives in dilute Ccl., were measured, and the differential spectra of each OH 
was examined. 

Leucomycin-V (IV) has five OH groups; one each at 3” and 4” on the mycarose 
noiety, one at 2’ on mycaminose, and one each at 3 and 9 on the lactone. 
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FIG. 2. vCH Absorptions of compounds. V. VI. VII. VIII. IX. and X 

Firstly, absorption of the equatorial secondary OH at 2’ on the mycaminose in 
II was examined by comparison with the IR spectrum of p-methylmycaminoside13 
(V) as a model compound, shown in Fig. 2-a. The IR spectrum of V has twoOH 

absorptions at 3593 and 3460 cm- ‘. The former indicates intramolecular H-bonding 
between the equatorial OH at 2’ and the oxygen of the OMe, and the latter between 
the equatorial OH at 4’ and the N atom in the dimethylamino group.‘” On the other 
hand, two OH absorptions of 2’ at 3606 and 3438 f 10 cm-’ were observed from 
the differential spectra of 9-monoacetyl-leucomycin-A, (VI) (1.5 x 10e3 mole. Ccl,) 
and 9,2’diacetyl-leucomycin-A, (VII) (1.5 x 10e3 mole. Ccl,). The data indicates 
that the OH at 2’ on mycaminose is present as two conformers. the absorption at 3606 
cm-’ (a) showing the OH forming an intramolecular H-bond with ethereal oxygen 
of the glycoside bond and that at 3438 f 10 cm-’ (b), that with the N atom in 
dimethylamino group. 

With respect to the OH in the 9-position of the lactone, the stretching vibration 
of OH was calculated as 361& cm-’ from the differential spectrum of triacetyl-leu- 
comycin-A, (VIII) (I.5 x lw3 mole. Ccl,) obtained by acetylation of the OH groups 
in the 3 and 9-positiors on the lactone and that in 2’ on mycaminose and 2’-mono- 
acctyl-leucomycin-A3 (IX) (15 x l(r3 mole, Ccl,). When IX was catalytically reduced 
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over platinum to tetrahydro-2’- monoacetyl-leucomycin-A, (X); a conjugated diene. 
the absorption of the OH shifted to a higher wave-number and was observed at 
3633 cm-’ (Fig. 2b). This revealed that the OH in the 9-position formed an intra- 
molecular H-bond with the Ir-electrons I5 of the conjugated diene, with absorption at 
3618 cm- ‘. 

With respect to the OH at the 3-position on the lactone, the differential spectra of 
VII, which possesses an OH in the 3-position, and of VIII, in which the OH in 3-posi- 
tion has been acetylated, indicated the OH absorption at 3514 f 10 cm- ’ as shown in 
Fig. 2c. This suggested three possible structures, A. B. and C for formation of H- 
bonding. 

In order to distinguish between the three types the IR spectra of mycaroside 
derivatives were measured. For the possibility of structure A, the IR spectrum of 
acetyl-a-0-methyl-mycaroside (XIa)* indicated an OH forming a H-bond with 
oxygen in OMe at 3533 cm- ’ and a free ester CO at 1743 cm- ’ as shown in Fig 3a. 
On the other hand, the spectrum of acetyl-B-O-methylmycaroside (XIb)* showed a 
H-bonded OH absorption at 3604 cm- ’ and an acetoxyl CO16* ” in which alcoholic 
oxygen contributed to intramolecular H-bonding as the proton acceptor, at 1753 
cm- ‘. Since the OH at the 3-position of the lactone has an absorption at 3514 + 10 
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FIG 3. v. H and vco absorptions of XIa and Xlb, and vO_” absorptions of XIIIa and XlIIb 

l In order to allow comparison with the structures of the derivatives and components of leucomycin. 
model compounds. XIa XIb. XIIIa. and XIIIb were numbered as the 3”-position at tert. hydroxyl and 

4”-at sec. hydroxyl or acetoxyl group as shown in Fig 3a and 3b. 
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cm-‘, and considering the values in XIa and XIb, the possibility of structures A and 
B can be ruled out. In order to examine the possibility of structure C, a comparison 
was made between the absorption of a CO in components III and IV. and isovaleryl- 
aldehyde (XII) as a model compound. As shown in Fig 4, IV possesses the lactone 
CO and the aldehyde CO, and its IR spectrum exhibited absorptions at 1729 and 
1716cm- l. Since the spectrum of XII showed a CO absorption at 1734cm-‘. the 
absorption at 1729 cm- ’ in IV was assigned to the aldehyde-CO and that at 1716 
cm-’ to the lactone-CO. The spectrum of III, in which the 3-position on the lactone 
ring has been acetylated. showed aldehyde absorption at 1730 cm- ‘. an acetyl group 
in the 3-position at 1741 cm-‘, and a free lactone-CO at 1754 cm- ‘. Therefore in 
IV, the lactone-CO forms a H-bond with the OH in the 3-position, as shown by 
structure C, and the absorption at 1754 cm-’ in III has shifted to a lower wave number 
byca.38cm-‘. 
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FIG 4. vS H absorptions of isovalerylaldehyde (XII). leucomycin-U (III) and -V (IV) 

Compound VIII shows OH absorption at 3513 cm-‘, and whether the OH at 
3”-position forms an intramolecular H-bond or not, the OH absorptions were com- 
pared with those of a- (XIIIa)* and l3-methylmycaroside (XIIIb),* shown in Fig 3b as 
model compounds. Absorptions indicating H-bonding was observed in XIIIa at 
3514 cm-’ for an OH at 3” and the oxygen in the OMe group, and at 3545 cm-’ 
for the equatorial secondary OH at 4” and the oxygen of the OH in the 3” position. 
These facts revealed that the OH at 3” on mycarose in IV was forming a H-bond 
with the ethereal oxygen in glycoside bonding with absorption at 3513 cm-‘, and 
that, with absorption at 3530 f 10 cm-’ between the secondary OH at 4” with the 
oxygen of the OH in the 3” position. la The foregoing evidence reveals that the OH 
groups present in leucomycin form intramolecular H-bonds as shown in Fig 5. 

Comparisons were also made between the hydrogen accepting ability of various 
oxygens during formation of an intramolecular H-bond from the wave number 
shifts, Avon on the IR spectra of various derivatives of mycarose. As shown in Scheme 
1, this hydrogen-accepting ability was the largest in the oxygen of the OH forming 
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FIG 5. Hydrogen bonds on leucomycin-V (IV) in Ccl, 

a H-bond, oxygen in the OMe and free OH groups was about the same. and that the 
oxygen in the base of 0-acetyl group was much lower. 

CD and NMR studies 
The Ifi-membered ring lactone in leucomycin contains photoactive chromophores 

like conjugated dienes, lactone CO, and an aldehyde CO. In order to examine their 
environment, the CD spectra in various solvents and low-temperature CD in EtOH 
were measured. 

Components 1 and II were measured in EtOH, dioxan, and CHCl,, and results 
are shown in Fig 6. A marked solvent effect was observed in both I and II, which 
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FIG 6. Circular dichroism curves of leucomycin-A,(I) and-A,(U) in various solvents 

showed changes in ellipticity, and inversion of the sign of the Cotton effect. In both 
components, the absorption at 210-230 nm was assigned to the lactone C0,20*21 
that at 240-259 nm to chirality of the conjugated diene22 since this absorption 
disappears in the tetrahydro compound (XIV), and the absorption at 2% nm showing 
a negative Cotton effect was assigned to the aldehyde CO on the lactone ring.23 In 
polar EtOH, both I and II showed almost similar CD curves. In CHCl,, the absorp- 
tion due to the lactone CO is shifted to a longer wave length, molecular ellipticity 
is increased, and the sign of Cotton effect shows inversion from negative to positive 
This suggests that the conformation around the lactone part in both I and II differs 
in EtOH and in CHCl,. In EtOH, the absorption due to the n + x* transition of the 
lactone CO is considered to be under the effect of intermolecular H-bonding with 
solvent.24 and a blue shift of 22 nm is observed in I and that of 20 nm in II. The CD 
curve of the lactone CO in dioxan shows a positive Cotton effect at 228 nm ([0]-5500) 
in II, indicating that I and II have different conformations in the same solvent. 
Reversion of the Cotton effect sign merely by the difference in OH (I) and OAc (II) 
in 3-position of the lactone ring seems to suggest. together with changes in the 
Cotton effect accompanying changes in the solvent and in temperature, that the 
conformation of the lactone ring is rather flexible. 

The CD curves of I and II were measured in EtOH at temperatures of 25”, - 45”, and 
- 80”. As shown in Fig 7, there were no changes in the sign of Cotton effect due to low 
temperature in both I and II, but an increase in the molecular ellipticity of the 
lactone and aldehyde CO was observed. This was considered to be due to the increas- 
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FIG 7. CD curves of leucomycin-.4,(I) and -A&II) at low temperature 

ing population of the most stable conformer of the solvated molecule, becoming 
greatest at - 80”. 

The ally1 system possesses a trans-mm configuration from the values of the 
coupling constants, J,,, = 4.2, J,,,, = 8.9, J,,,,, = 15.4, J1i,i2 = l@O, and 
J - 15.2 Hz in its lOO-MHz NMR spectrum.’ The bonding angle between 12.13 - 

C-11 and C-12 was calculated to be 140-150” by application of the Karplus equation 
to the value J11,12 = 10-O Hz, and a clockwise or anticlockwise conformation 
with this bonding angle was considered. From the fact that the conjugated diene 
shows a negative Cotton effect in the CD curve of I and II in EtOH at 246 nm ([0] 
-3050 in I) 240 nm ([8] -2750 in II), and by application of the helicity rule,22 
conformation at C-9 to C-13 was found to be a non-planer anticlockwise type of 
transoid diene, as indicated by a in Fig 8. This conformation is also deduced from the 
behavior of I and II in the CD curve in dioxan and CHCI,. 
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FIG 8. Conformation of conjugated diene 

From the results of CD curves, the most mobile part of the lactone ring seems to 
be the lactone CO and the surrounding groups. This is dependent on the solvent and 
temperature, and it is difficult to carry out its conformational analysis from the CD 
curve. 

In NMR spectra of I and II, a shift in the chemical shifts of aldehyde proton and 
C-11 proton is observed in II, in which the OH at 3-position in the lactone ring has 
been acetylated. In CDCl,, the signal for the aldehyde proton appears at 9.73 ppm 
and that of C-U proton at 666 ppm in II, while they are observed respectively at 
9.87 and 6-2-6.3 in I as shown in Fig 9. When the OH at the 3-position is acetylated, 
the aldehyde proton shifts to higher field (0.14 ppm) and the C-11 proton to lower 
field (O-28+18 ppm). Similar shifts were observed in the NMR spectra measured 
in MeOD-d,. 

This suggzsts that the acetyl CO at the 3-position and the aldehyde proton and C-l 1 
proton are in close proximity on the lactone ring, and both protons are under the 
magnetic anisotropy effect of the acetyl CO. Comparison of erythromycin and 
leucomycin suggests that the stable conformation of erythromycin- might be due 
to the steric effect of Me groups at 2, 4, 6, 8, 10, and 12 positions which tends to fix 
the movement of the ring. There is little steric effect of this kind in leucomycin. 

With respect to the conformation of the leucomycin molecule, reference was made 
to the X-ray crystal structure12 of the aglycone of demycarosyl-isoleucomycin A, 
(XV) which is different from that of II in the OH position as a result of an ally1 re- 
arrangement ’ 1 from C-9 to C-13. Considering the CD, IR and NMR data, the prefer- 
able conformation of II in EtOH is shown in Fig 10. and is consistent with the X-ray 
crystal structure of XV, excluding the ally1 system. Especially, the fact that the hydro- 
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FIG 9. NMR spectra of leucomycin-A,(I) and -A,(II) 

phylic groups like the aldehyde group, lactone CO, and the OH at the C-9 position 
in the lactone ring, are all situated above the ring might play an important role in the 
appearance of the biological activity of leucomycins. 
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FIG 10. Preferable conformation of aglycone moiety in leucomycin-A&II) in EtOH 

EXPERIMENTAL 

IR spectra were recorded on JASCO DS-403G spectrometer in NaCl 20 mm path length cells in Ccl,. 
CD curves were measured with a JASCO ORD UV-5 spextropolarimeter fitted with a CD attachment. 
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Samples were measured with cells of path lengths between 0.1-1.0 mm in puritied CHCI,. dioxan. and 

EtOH at various temperatures NMR spectra were recorded on Hitachi H-60 (60 MHz) and Varian 

HA-100 (100 MHz) spectrometers in CDCI, and methanol-d, containing TMS. 

The preparations and properties of each compounds. VI. VII. VIII. IX. X. Xla Xlb. Xllla. XIIIb. and XIV 

will he published shortly. Compound XII was a commercial producf which was purified by distillation 

in vocuo. 
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