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Abstract—Studies leading to the discovery of TD-6424 and their relevance to other hydrophobically-substituted glycopeptides are
reviewed along with a brief comparison of properties for related agents currently undergoing clinical evaluation.
# 2003 Elsevier Ltd. All rights reserved.
The glycopeptide antibiotic vancomycin has received
increasing use with the emergence and spread of multi-
drug-resistant Gram-positive bacterial pathogens.1�5

While vancomycin-resistant enterococci have become an
important problem, staphylococcal infections are both
more common and more virulent. Thus, a bigger chal-
lenge may ultimately result from vancomycin-tolerant
staphylococci and strains with intermediate suscept-
ibility or frank resistance to vancomycin.6�14

Following the work of Nagarajan, Nicas, Allen, and
colleagues to improve the activity of vancomycin, other
groups have pursued a semi-synthetic approach to the
discovery of glycopeptide antibacterials active against
resistant bacteria.15�23 For some analogues, physical,
pharmacokinetic and safety properties were also differ-
ent than for the parent glycopeptides.21,23 While pro-
gress has been made in identifying lead candidates,
structure–activity relationships (SARs) appear to be
complex.16,24 Studies of the mechanism of action
(MOA) for these agents in relation to both their bac-
tericidal activity and spectrum have focused on self-
association driven by substrate affinity, and more
recently on direct inhibition of the transglycosylase
reaction involved in polymerization of the cell wall.

However, no one hypothesis can completely account for
the antibacterial properties, and distinct and multiple
mechanisms may be present among members of this
class. The urgent need for additional agents active
against resistant pathogens and the intriguing potential
of multiple mechanisms of action prompted us to pre-
pare our own glycopeptide antibacterials. Here we
review the clinical candidate derived from this work,
TD-6424 (Fig. 1), briefly discuss observations of SARs
and MOA made during discovery of this agent (Fig. 2),
and compare the properties of TD-6424 with reports on
other glycopeptide antibacterials (Table 1).

Hydrophobically-substituted derivatives of vancomycin
were prepared by regioselective reductive alkylation of
the vancosamine nitrogen.21,25�27 The decyl-aminoethyl
vancomycin analogue THRX-689909 was further sub-
stituted at the resorcinol position via Mannich reaction
conditions using formalin and the appropriate amine to
yield TD-6424.21 TD-6424 exhibted in vitro anti-
bacterial activity against both Staphylococcus aureus,
and vancomycin-resistant enterococci (Table 1). Lead-
ing up to the discovery of TD-6424 a number of analo-
gues had been prepared with increasing size for the
hydrophobic substituent. The antibacterial properties of
these N-alkylated vancomycin analogues were depen-
dent on the length of the hydrophobic substituent as
well as on the bacterial species (Fig. 2). Increasing size
of the hydrophobic-subtituent group resulted in a slight
initial increase in activity followed by reduction in
activity against methicillin-resistant S. aureus,28 while
against the VanA enterococci activity increased with
increasing substituent size until a size corresponding to
13 methylene equivalents was achieved. No further
improvement in activity was observed with larger
hydrophobic substituents. We noted the similarity of
our findings to those reported by the Lilly group.24,28,29

In addition to the differences between the antibacterial
activities against S. aureus and enterococci observed
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with this glycopeptide series, we noted a poor asso-
ciation between antibacterial activity and ability of
the molecules to inhibit peptidoglycan synthesis.
Vancomycin exerts its antibacterial activity through
inhibition of peptidoglycan synthesis via binding of
the lipid II substrate intermediate.30 This may affect
both the transglycosylation and transpeptidation
reactions involved in cell wall polymerization.30 The
activity is believed to be impacted by self-association,
or formation of non-covalent vancomycin dimers, with
correspondingly enhanced substrate affinity.31�34 If
hydrophobic substitution of the glycopeptide antibiotic
were to result in enhanced self-association then it might
be expected that both inhibition of peptidoglycan
synthesis and antibacterial activity would be
enhanced.35�37 We performed a variety of studies to
evaluate a role for enhanced substrate binding but could
not support this hypothesis. Our findings suggested fur-
ther complexity and a second mechanism of action with
TD-6424.

Although other semi-synthetic glycopeptide anti-
bacterials may directly interact with the transglycosylase
enzyme and directly inhibit cell wall synthesis,19,20 in
our glycopeptide series MIC was not associated with
transglycosylase inhibition when using the same
Escherichia coli model as previously used by others.20

For example, IC50 for the transglycosylase reaction
decreased from 11.6 to 0.01 mg/mL for the series of gly-
copeptide analogues having hydrophobic susbtituents of
sizes between six and fifteen methylene equivalents,
while MICs against methicillin-resistant S. aureus were
1.6 mg/mL for all with the exception of THRX
689909 MIC of 0.4 mg/mL. Instead, studies with analo-
gues leading to the discovery of TD-6424 suggested dis-
ruption of membrane function.28,29,38 Further
examination revealed that both fatty acid and sub-
sequent phospholipid syntheses were inhibited in sta-
phylococci, streptococci, and enterococci by our
substituted vancomycin derivatives.28,29 TD-6424 IC50s
for [14C]-glycerol incorporations into lysylphos-
phatidylglycerol were 23 mg/mL for S. aureus ATCC
Figure 1. Structures of TD-6424, THRX-689909 and vancomycin.
Figure 2. Structure–activity relationships of N-alkylated vancomycin
derivatives. MRSA, S. aureus ATCC 33591; VanA, E. faecalis MGH-
01; MIC, minimal inhibitory concentration (mg/mL); and PSI, IC50

(mM) for peptidoglycan synthesis inhibition.
Table 1. Antibacterial activitya,c of glycopeptides against important gram-positive pathogens
TD-6424
 Oritavancin
 Dalbavancin
 Vancomycin
MRSA
 MIC90
a
 1
 1
 0.25
 4
VRSA
 MICa
 2
 0.5
 NAb
 >128

S. pneumoniae
 MIC90
 0.008
 0.008
 0.06
 0.5

Eneterococcus spp., VanA
 MIC90
 8
 4
 128
 >128
aMIC, minimal inhibitory concentration (mg/mL) determined by NCCLS methods, MIC90, MIC for 90% of strains assayed (N=100–200).
bNA, data not available.
cReferences for susceptibility data.14,24,29,39�43,45�50,56
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33591, 15 mg/mL for Streptococcus agalactiae KPB-01,
and 10 mg/mL for VanA Enterococcus faecalisMGH-01.
Neither vancomycin, teicoplanin, nor penicillin G
inhibited phospholipid synthesis in these bacteria.
Clearly TD-6424 acts through multiple mechanisms,
some distinct from that of vancomycin. The varying
effects of substituents on S. aureus and enterococci sug-
gest that different mechanisms may predominate in one
bacterial species versus another.

TD-6424 and related analogues exhibited enhanced in-
vitro bactericidal activity including concentration-
dependent bactericidal action superior to that of van-
comycin, and longer post-antibiotic effect. Although
their in vivo efficacy was also superior, some of these
molecules were less soluble than vancomycin and
showed nephrotoxic potential in animal models.21 For
example, BUN values for mice treated with 50 mg/kg
THRX-689909 were 5-fold greater than values from
vehicle-treated mice. Urinary clearance was reduced and
liver and kidney deposition were greater than observed
with vancomycin.21 In an attempt to improve the clear-
ance and distribution, a second substituent group at the
carboxy or resorcinol positions was introduced.21 Some
of the compounds derived from this series did exhibit
reduced nephrotoxic potential, showing tissue distribu-
tion profiles similar to vancomycin, with rapid clearance
in the urine. TD-6424 was among this group of com-
pounds.

In addition to improved tissue distribution and clear-
ance, TD-6424 Cmax and Cmin were 45 and 5 mg/mL
following a 5-mg/kg dose in human volunteers.39,51,52

TD-6424 has an 7 h half-life in man which is consistent with
once daily dosing.29,51,52 While it is known that the intro-
duction of a hydrophobic appendage to a glycopeptide
causes an increase in half life, other hydrophobically
substituted glycopeptides like oritavancin, derived from
chloroeremomycin, and dalbavancin have half-lives of
approximately 1 week.24,53,54 The shorter half-life of
TD-6424 may be due to its vancomycin core structure.

TD-6424 and oritavancin are broadly active against
Gram-positive pathogens (Table 1).11,24,29,39�43 Both
agents are active in vitro and in vivo against drug-resis-
tant staphylococci including MRSA and the recently
isolated fully vancomycin-resistant S. aureus.44 TD-6424
and oritavancin are also active against VanA enter-
ococci in contrast to both dalbavancin and vancomy-
cin.45 Finally, TD-6424 and oritavancin are both more
active than other compounds against Streptococcus
pneumoniae including penicillin-resistant iso-
lates.29,39,40,46�49

TD-6424 exhibits a longer post-antibiotic effect than
vancomycin, or literature values reported for dalba-
vancin.29,40,50 and is uniformly active in both
immuno-suppressed and -competent animal models of
disease.29,39 Serum bactericidal titers against MRSA
determined with patient samples obtained during the
Phase I clinical studies of TD-6424 were 256–>512
and 8–32 at peak and trough, respectively.29,39

Corresponding values reported for dalbavancin were
16–64 at peak concentrations and 4 at trough con-
centrations.55 Human Phase II efficacy studies with TD-
6424 are ongoing. Phase III studies with oritavancin
have recently been completed and dalbavancin Phase III
studies are underway.

In conclusion, TD-6424 has the potential to be an
important tool for the treatment of serious bacterial
infections with the possibility of clinically important
improvements over vancomycin. While much progress
has been made in identification of potentially useful
semi-synthetic glycopeptides, the complex MOA and
SARs for these compounds suggests that each agent
may have unique and distinctive properties.
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