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Abstract—An alternative synthesis and the thermal atropisomerism of a fully functionalized DEFG ring system of teicoplanin are

described. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

Teicoplanin (1)"? is a complex of five closely related
glycopeptides isolated from Actinoplanes teichomyceti-
cus (ATCC 31121) that belongs to the ristocetin (2)*-¢
family. Teicoplanin and vancomycin (3)”"'? are clini-
cally useful drugs which are used as a last resort for
treatment of methicillin-resistant Staphylococcus aureus
(MRSA) infections.!® However, the first report of van-
comycin-resistant enterococci appeared in 1988 and the
incidence is increasing.'> These antibiotics incorporate
the identical ABCD ring system, but teicoplanin and
ristocetin possess an additional 14-membered FG ring
system!>!* not found in vancomycin, making them even
more challenging synthetic targets than vancomycin.!?
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We recently reported first and second generation total
syntheses of the teicoplanin aglycon'® incorporating the
common vancomycin/teicoplanin ABCD ring system as
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Vancomycin (3)
R' = sugar unit

a key intermediate which was first prepared in the
course of a total synthesis of the vancomycin aglycon.!’
Thus, precursors of the teicoplanin DEFG ring system
were coupled with the common ABCD ring system
followed by diaryl ether macrocyclization of the DE
ring system enlisting a phenoxide aromatic nucleophilic
substitution reaction of an o-fluoronitroaromatic.'® In
the course of these studies, we observed substantial
variations in the level of kinetic atropisomer
diastereoselection achieved in the closure of the tei-
coplanin DE ring system which depended on the sub-
strate structure (Fig. 1). Thus, closures of 4, 5 and 6
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Figure 1.

induced by treatment with CsF provided the macrocy-
clization products 7, 8 and 9 in superb yields, but with
widely different atropisomer preferences.'® Notably, the
diastereoselection of the ring closure was superb
employing the substrate 4 with the FG ring system
intact and favored the natural atropisomer stereochem-
istry (>10-15:1).'¢ The diastereoselection was lower
(3:1) and the ring closure was slower with the substrate
5 containing an acyclic FG ring system precursor, but
still favored the natural atropisomer stereochemistry.
The comparable closure of 6 on the other hand, which

also lacks the attached ABCD ring system, proceeded
with a weak preference for the unnatural DE atropiso-
mer (1:2-3). These results indicate that both the intact
ABCD ring system and especially the preformed FG
ring system influence both the ease of ring closure and
the kinetic diastereoselection. Consequently, we subse-
quently became interested in the relative ease and
potential kinetic diastereoselection of the analogous
ring closure of the untested substrate 10 versus 6 for the
preparation of the isolated teicoplanin DEFG ring sys-
tem. Herein, we report the results of these studies.
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Scheme 1.
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2. Results and discussion

The substrate required to study this closure of the
teicoplanin DE ring system was easily assembled from
existing precursors. The carboxylic acid 11, correspond-
ing to the intact EFG ring system of teicoplanin which
was prepared in our preceeding studies,'® was coupled
with free amine 12'° (PyBOP, DMF, NaHCO,, —58°C,
2 h, 59%) providing the key substrate 10 (Scheme 1).
The use of the free D ring amino alcohol versus the
ester precludes potential epimerization of the C,* center
under the conditions of macrocyclization.!*?° The
macrocyclization of 10 occurred with a facility that
exceeded that of 6 lacking the preformed FG ring
system. Thus, treatment of 10 with CsF (100 equiv,
DMF, 10°C, 24 h) provided a quantitative conversion
to a 3:2 mixture of the separable P- and M-13 favoring
the natural stereochemistry.?! By contrast, the closure
of 6, which lacked the preformed FG ring system,
required the use of DMSO versus DMF as solvent and
a reaction temperature of 25°C for effective macrocy-
clization. Thus, both the facility of ring closure and the
atropisomer diastereoselection improved (3:2 versus
1:2-3) with the substrate 10 versus 6.

We also examined the thermal isomerism of the
atropisomers (Scheme 2). The unnatural M-atropiso-
mer could be rapidly equilibrated to a 1:1 mixture of
M:P atropisomers thus permitting recycling to the nat-
ural stereochemistry. Consistent with prior observa-
tions, this occurred with an experimental E, of 22.9
kcal/mol which was analogous to, but slightly lower
than the corresponding chloride (E,=23.3 kcal/mol)'®
and greater than 9 lacking the preformed FG ring
system (E,=16.2-17.2 kcal/mol).'¢
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For 10: [«]% —14 (¢ 0.1, MeOH); '"H NMR (CD,0D, 400
MHz): ¢ (8.03 (dd, J=2.4, 7.4 Hz, 1H), 7.60 (m, 1H),
7.31 (t, J=7.9 Hz, 1H), 7.22 (dd, J=2.0, 8.5 Hz, 1H),

7.18 (d, J=8.5 Hz, 1H), 6.99 (d, /J=2.1 Hz, 1H), 6.64 (t,
J=2.0 Hz, 1H), 6.58 (brs, 1H), 6.31 (brs, 1H), 6.29 (brs,
2H), 5.33 (brs, 1H), 5.02 (brs, 1H), 4.63 (m, 2H), 3.83 (s,
3H), 3.74 (s, 3H), 3.71 (s, 4H), 3.65-3.62 (m, 2H), 3.10-
3.03 (m, 2H), 1.40 (s, 9H); MALDIFTMS (DHB) m/z
872.2753 (M+Na*, C, H,,FN;O,, requires 872.2761).
For: P-13 (60% yield): [«]% —24 (¢ 0.02, MeOH); 'H
NMR (CD,0OD, 500 MHz): ¢ (7.90 (s, 1H), 7.77 (d,
J=7.7 Hz, 1H), 7.27-7.24 (m, 2H), 7.15 (d, J=8.5 Hz,
1H), 7.14 (d, J=1.9 Hz, 1H), 6.74 (brs, 1H), 6.64 (t,
J=1.9 Hz, 1H), 6.43 (d, J=1.9 Hz, 1H), 6.19 (brs, 1H),
5.54 (brs, 1H), 5.27 (s, 1H), 4.99 (brs, 1H), 4.23 (brs, 1H),
3.93 (s, 3H), 3.84 (s, 3H), 3.79 (s, 3H), 3.71-3.68 (m, 2H),
341 (brs, 1H), 3.09-3.03 (m, 2H), 1.46 (s, 9H).
MALDIFTMS (DHB) m/z 8522707 (M+Na",
C,Hy43N50,, requires 852.2699). For: M-13 (40% yield):
[«]1 =21 (¢ 0.02, MeOH); '"H NMR (CD,0D, 400 MHz):
0 (8.21 (s, 1H), 7.53 (d, /=7 Hz, 1H), 7.28-7.24 (m, 2H),
7.20-7.13 (m, 2H), 6.69 (s, 1H), 6.65 (brs, 1H), 6.43 (d,
J=1.9 Hz, 1H), 6.21 (brs, 1H), 5.59 (brs, 1H), 5.29 (s,
1H), 4.98 (brs, 1H), 4.23 (brs, 1H), 3.93 (s, 3H), 3.85 (s,
3H), 3.79 (s, 3H), 3.71-3.68 (m, 2H), 3.41 (brs, 1H),
3.09-3.03 (m, 2H), 1.46 (s, 9H). MALDIFTMS (DHB)
m/z 852.2697 (M+Na*, C, H,;NsO,, requires 852.2699).



