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Abstract: Epothilones are bacterial macrolides with potent microtubule-stabilizing and antiproliferative activity, 
which have served as successful lead structures for the discovery of several clinical candidates for cancer treat-
ment. Overall, seven epothilone-type agents have been advanced to clinical evaluation in humans so far and one 
of these has been approved by the FDA in 2007 for clinical use in breast cancer patients. Notwithstanding these 
impressive numbers, however, the structural diversity represented by the collection of epothilone analogs that 
have been (or still are) investigated clinically is rather limited and their individual structures show little divergence 
from the original natural product leads. In contrast, we have elaborated a series of epothilone-derived macro-
lactones, whose overall  structural  features significantly deviate  from  those of  the natural  epothilone scaffold 
and thus define new structural families of microtubule-stabilizing agents. Key elements of our hypermodification 
strategy are the change of the natural epoxide geometry from cis to trans, the incorporation of conformationally 
constrained side chains, the removal of the C(3)-hydroxyl group, and the replacement of C(12) with nitrogen. The 
latter modification leads to aza-macrolides that may be described as ‘non-natural natural products’.
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1. Introduction

Natural Products (NPs) have a long-stand-
ing history as a highly prolific source of 
new drugs and an even larger number of 
unique lead structures for drug discovery 
and development. Based on an extensive 
analysis of the origin of currently em-
ployed clinical drugs, but also using a very 
expansive definition of the term ‘natural 

product’, it has been suggested that >60% 
of our small molecule-based armamentar-
ium for pharmacotherapy is derived from 
NPs, either directly or indirectly.[1] Other 
analyses suggest these numbers to be low-
er,[2] but the fact remains that NPs have 
been and will continue to be an important 
pool of physical leads, but also of struc-
tural inspiration, for drug discovery. It has 
been argued that the unique potential of 
NPs to act upon many relevant drug targets 
is related to a built-in ability to bind to bio-
logical macromolecules, as the result of an 
evolutionary selection process.[3] In com-
bination with the concept of the conserved 
nature of ligand binding sites in proteins[4] 
the perception of NPs as pre-validated 
protein ligands has led to the concept of 
‘biology-inspired synthesis’ or BIOS as 
a new and highly success-prone strategy 
for lead discovery.[5] This approach has 
further expanded the scope of NP-based 
lead finding, by adding to the previously 
developed ‘diversity-oriented synthesis’ or 
DOS strategy,[6] which entails the synthe-
sis of diverse libraries of complex LMW 
molecules with NP-like structural charac-
teristics. 

BIOS as well as DOS involve the syn-
thesis of compound collections which may 
subsequently be screened for activity in 
a variety of bio-assays; alternatively, it 
could be envisioned that new chemotypes 
of NP-like lead structures for a specific, 
pre-defined therapeutic target may be 
evolved from existing, biologically active 
NPs through extensive structural modifica-
tions.[7] These would not be limited to sim-
ple peripheral changes, as they are often 
present in semi-synthetic NP derivatives, 
but would also involve modifications of 
the core or scaffold structure, thus produc-
ing new structural templates for drug dis-
covery. In a very general sense, one might 
think of this strategy as the synthesis-based 
equivalent to the discovery of a new natural 
product with a specific biological activity. 

Due to our long standing interest in 
epothilones as lead structures for antican-
cer drug discovery, we have tried to ap-
ply these ideas to the creation of new and 
unique hypermodified epothilone analogs 
(i.e. molecules with very limited, if any, 
structural similarity with the original ep-
othilone scaffold).[7] The natural products 
epothilone (Epo) A (1) and B (2) (Fig. 1) 
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are potent inhibitors of human cancer cell 
proliferation in vitro and of tumor growth 
in vivo.[8,9] The antitumor activity of Epos 
is based on a taxol-type mechanism of ac-
tion, which involves the stabilization of 
microtubules and the suppression of mi-
crotubule dynamics;[10] at the cellular level 
the interference with microtubule func-
tionality leads to cell cycle arrest in mitosis 
and programmed cell death (or apoptosis). 
The lead potential of epothilones for the 
development of new anticancer agents has 
been explored extensively and at least sev-
en epothilone-derived agents have entered 
clinical evaluation in humans, including 
the natural product Epo B (Fig. 2).[11] One 
of these analogs, the Epo B lactam BMS-
247550 (ixabepilone, Ixempra®) has been 
approved for the treatment of metastatic 
and advanced breast cancer by the US FDA 
in 2007.[12] At the structural level, all of the 
clinical epothilones are still closely related 
to Epo B (2), i.e. there is little structural 
differentiation from the original natural 
product lead (Fig. 2). As illustrated by the 
example of ixabepilone such small struc-
tural changes can suffice to produce mean-
ingful and favorable changes in overall 
pharmacological profile; in general, how-
ever, the availability of more structurally 
diverse analogs would be highly desirable, 
as they may offer a higher a priori poten-
tial for pharmacological distinction from 
the starting natural product.
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Fig. 1. Molecular structures of the major natural 
epothilones.

This article will highlight some of our 
efforts on the evolution of hypermodified 
epothilone analogs and it will illustrate that 
the reengineering of the natural epothilone 
manifold can indeed lead to new, structur-
ally distinct chemotypes of microtubule-
stabilizing agents. At a more general level 
some of these compounds may be regarded 
as ‘non-natural natural products’ that retain 
most of the (two-dimensional) structural 
features of the NP lead; at the same time they 
are structurally unique, as they are outside 
of the general scope of nature’s biosynthetic 
machinery for polyketide biosynthesis. 

2. Polyketide-based Analogs

The design of the more advanced tar-
get structures that we have investigated 
as part of this program was based on the 
results of SAR work for Epos that we had 
previously conducted in our laboratory. 
More specifically, this had involved i) 
changing the geometry of the C(12),C(13) 
epoxide moiety from cis to trans and ii) 
the rigidification of the C(15) side chain 
through incorporation of a phenyl linker 
between the heterocycle and the macrolac-
tone ring. Thus, the in vitro antiprolifera-
tive activity of 12S,13S-trans-Epo A (3) 
(Fig. 3) is comparable with (if not slightly 
higher than) that of natural Epo A (1).[13] 
Rigidification of the C(15) side chain as 
in analogs of type 4 or 5 (Fig. 3) generally 
leads to enhanced cellular potency; out of 
the limited number of examples investi-
gated, this effect was most pronounced 

for a dimethyl-benzimidazole side chain 
(Fig. 3, X = N(CH

3
), R = CH

3
).[14] This 

particular modification was thus selected 
as the standard structure in the design of 
hypermodified epothilone analogs.[15] 

Combining the activity-enhancing 
dimethyl-benzimidazole side chain with a 
trans-Epo A core macrolactone led to analog 
14 as an advanced target structure for syn-
thesis and biological evaluation (Scheme 
1).[15] Following a strategy that we had 
successfully employed in the synthesis of 
trans-Epo A (3),[13] the synthesis of 14 was 
based on the Suzuki-Miyaura coupling of 
olefin 9 and vinyl iodide 8, which produced 
the desired fully protected seco acid in 
moderate, but still practical yield (55%).[15] 
Vinyl iodide 8 was prepared from aldehyde 
6 through Takai reaction, which initially 
gave an inseparable 5/1 mixture of (TBS-
protected) E- and Z-vinyl iodides (7). From 
this mixture the almost pure isomer 8 
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limited in their cellular activity by P-gp 
mediated drug efflux. 

In a next modification cycle we then 
investigated the 3-deoxy analog of 14, i.e. 
compound 16 (Fig. 4),[17] which now ac-
cumulates three distinct types of structural 
changes relative to the parent epothilones. 
We had previously shown that the removal 
of the C(3)-OH group as such, although 
leading to reduced cellular activity and 
microtubule binding affinity, was reason-
ably well tolerated (cf. e.g. analog 15, Fig. 
4, Table 1).[18] These findings were subse-
quently rationalized by structural studies 
on complexes between tubulin and Epo 
A (1), 3-deoxyEpoA (15), and also 3-de-
oxy-2,3-dehydroEpoA (15a), respectively, 
which showed that all three compounds 
adopt virtually the same bioactive confor-
mation (M. Erdelyi, T. Carlomagno, K.-H. 
Altmann et al., unpublished data; see also 
ref. [18]). The presence of the C(3)-OH 
group, at least in cis epoxide-based epothi-
lones, thus, has no significant impact on 
the preferred conformational space occu-
pied by these macrolides. 

As shown in Scheme 2, the key trans-
formations in the preparation of analog 
16 were the Suzuki-Miyaura coupling of 
olefin 17 with vinyl iodide 8, Yamaguchi 
macrolactonization of a partly protected 
seco acid, and finally epoxidation of the 
C(12)–C(13) double bond in deprotected 
macrolactone 18.[17] In analogy to the 
transformation of 12 to 14 (Scheme 1), 
the epoxidation step involved the use of 
catalyst 13[16] and provided 16 as a single 
isomer in 65% isolated yield after simple 
flash chromatography (86% based on re-
covered starting material). Quite remark-
ably, the antiproliferative activity of 16 
is virtually identical with that of Epo A 
(1) or taxol (data for taxol not shown), in 
spite of its harboring major structural al-
terations relative to the native epothilone 
scaffold (Table 1),[17] and the same is true 
for its tubulin-polymerizing activity (data 
not shown). However, as for analog 14, the 
growth inhibitory activity of 16 is slightly 
lower against the multidrug-resistant KB-
8511 cell line than the taxol-sensitive KB-
31 line (IC

50
(KB-8511) = 7.6 nM).[17] 

Based on the systematic analysis of the 
cellular activity of a series of selected ep-
othilone analogs with different polarity (as 
assessed by clogP; data not shown), it ap-

(E/Z-ratio >15) was obtained in 43% yield 
(based on 6) by conversion into the corre-
sponding mixture of free alcohols, careful 
crystallization, and subsequent reprotec-
tion. Saponification of the ester moiety 
in the coupling product was accompanied 
by concurrent cleavage of the TES group 
on C(15)–O and the resulting seco acid 
was elaborated to the desired analog 14 
through Yamaguchi macrolactonization, 
TBS-ether cleavage, and finally epoxida-
tion of the C(12),C(13) E double bond in 
macrolactone 12 with excess oxone in the 
presence of 0.8 equiv of ketone 13.[16] An 
8/1 mixture of epoxide isomers was ob-
tained in the latter step in 70% yield (af-
ter flash chromatography), from which 14 
was isolated in pure form and 53% overall 
yield through preparative HPLC.[15] The 
yield of the epoxidation step (12→14) was 
substantially higher than the yield we had 
obtained previously for the conversion of 
trans-Epo C (Epo C = 12,13-deoxyEpo A) 
into trans-Epo A (3) under similar condi-
tions (13%).[13]

As illustrated by the data shown in 
Table 1, trans-Epo A analog 14 is a potent 
inhibitor of human cancer cell growth in 
vitro, whose antiproliferative activity is 
comparable to that of Epo B (2) as the 
most potent natural epothilone (and, thus, 
significantly higher than that of Epo A 
(1)). The compound appears to be a mod-
erately efficient substrate for the P-gp ef-
flux pump, based on its reduced activity 
against the P-gp-overexpressing KB-8511 
line (ca. 5-fold;[15] data not shown). As will 
be discussed below, this finding has led to 
the design of new analogs which are not 
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Scheme 1. i. CHI3, CrCl2 (8 equiv), dioxane/THF 6/1, 62%. ii. CSA, CH2Cl2/MeOH, crystallization 
from CH2Cl2/hexane/MeOH, 43% (92% for 5/1 mixture of E/Z isomers before crystallization). iii. 
TES-Cl, imidazole, DMF, 0 °C, 90 min, 97%. iv. a) Olefin 9, 9-BBN, THF, r.t., 2h (solution A); b) 
addition of solution A to a mixture of Cs2CO3, PdCl2(dppf)2, Ph3As, vinyl iodide 8, DMF, –10 °C → 
r.t., 16 h, 55%. v. LiOH (6 equiv), i-PrOH/H2O 4/1, 50 °C, 7 h, 78%. vi. 2,4,6-Cl3C6H2C(O)Cl, Et3N, 
THF, 0 °C, 15 min, then dilution with toluene and addition to a solution of DMAP in toluene, r.t., 
1 h, 93%. vii. HF•pyridine, THF, r.t., 8 h, 80%. viii. Oxone®, ketone 13, Bu4N(HSO4) (cat), K2CO3, 
MeCN/DMM/0.05M Na2B4O7 •10 H2O in 4.10–4 M Na2EDTA 1/1/1.3, 0 °C, 3 h, 70%.

Table 1. Antiproliferative activity of natural and 
modified epothilones 

Com- 
pound

IC50 KB-31 

[nM]a
IC50 A549 
[nM]a

Epo A (1) 2.15 ± 0.07 3.2 ± 0.5

Epo B (2) 0.29 ± 0.05 0.34 ± 0.03

14 0.25 ± 0.02 N. D.b

15 N. D.b 58.4 ± 6.8

16 3.16 ± 0.55 N. D.b

19 0.17 ± 0.04 N. D.b

20 0.25 ± 0.05 1.3 ± 0.09

29 31 130 ± 24

30 0.34 ± 0.15 1.9 ± 0.4

34 96.8 ± 2.4 148 ± 35

aIC50 values for growth inhibition of the 
human cervical carcinoma cell line KB-31 
and the non-small cell lung cancer line 
A549. Cells were generally exposed to 
compounds for 72 h. Numbers are means of  
≥3 independent experiments (± SD).  
bNot determined. 
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peared that the reduced activity of analogs 
14 and 16 against the P-gp-overexpressing 
KB-8511 cell line might be related to the 
increased polarity of these benzimidazole-
containing compounds, compared to natu-
ral epothilones incorporating the natural 
side chain. As a consequence, we felt that 
this problem could perhaps be remedied 
by the (structurally) simple replacement 
of the epoxide moiety by a cyclopropane 
ring, thus resulting in analogs 19 and 20 as 
the next generation target structures (Fig. 
5).[19,20] Chemically, however, this type of 
continued structural alteration of the mac-
rolide core posed a significant challenge, 
as the direct cyclopropanation of macro-
lactone 12 (cf. Scheme 1) did not deliver 
the desired cyclopropane with any useful 
degree of selectivity under a variety of 
conditions.[19] We, therefore, had to resort 
to alternative strategies which involved the 
incorporation of the cyclopropane moiety 
at an earlier stage of the syntheses. For 
3-deoxy analog 20 this entailed the ste-
reoselective cyclopropanation of allylic 
alcohol 22 under Charette conditions (i.e. 
employing catalyst 23[21]), which provid-
ed the required cyclopropane isomer 24 
in excellent yield and as a single isomer 
(Scheme 3).[20] Two-carbon extension of 
24 (including a series of functional group 
manipulations) led to olefin 26; the latter 
was esterified with acid 27 to provide di-
ene 28 as a substrate for ring-closing me-
tathesis (RCM). Ring-closure proceeded 
smoothly in the presence of Grubbs II cat-
alyst to furnish the macrocyclic E alkene 
as the only isolable isomer in 94% yield. 
Subsequent protecting group removal fol-
lowed by hydrogenation with Crabtree’s 
catalyst gave target structure 20. Both cy-
clopropane analogs 19 and 20 proved to 
be highly potent antiproliferative agents 
and, most importantly, neither compound 
showed any measurable activity differen-
tial between the drug-sensitive KB-31 cell 
line (Table 1) and its drug-resistant KB-
8511 variant (IC

50
 (KB-8511) = 0.13 nM 

(19); 0.082 nM (20)). In fact, 20 was found 
to be significantly more active against the 
KB-8511 line (ca. 5-fold); the reasons for 
this phenomenon are elusive at this point, 
however, and care should be taken in gen-
eralizing this finding.

3. 12-Aza-epothilones

The analysis of structural similarity 
on the basis of Tanimoto coefficients re-
vealed analog 16 to be as different from 
Epo A (1) as other, unrelated, macrolide-
based microtubule stabilizers, such as lau-
limalide or peloruside A,[10,17] thus lend-
ing support to the concept that iterative 
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Scheme 2: i. a) Olefin 17, 9-BBN (0.8 equiv), THF, r.t., 2 h (solution A); b) addition of solution A to 
a mixture of Cs2CO3 (1.5 equiv), PdCl2(dppf)2 (0.1 equiv), Ph3As (0.2 equiv), vinyl iodide 8 (Scheme 
1, 1 equiv), DMF, –10 °C→ r.t., 16 h, 58%. ii. LiOH (6 equiv), THF/H2O 7/1, r.t., 24 h, 76%. iii. 
2,4,6-Cl3C6H2C(O)Cl, Et3N, THF, 0 °C, 15 min, then diluted with toluene and added to a solution 
of DMAP in toluene, r.t., 1h, 71%. iv. HF•pyridine, THF, r.t., 6 h, 94%. v. Oxone®, ketone 13 (0.8 
equiv), Bu4N(HSO4) (cat), K2CO3, MeCN/DMM/0.05M Na2B4O7•10 H2O in 4 x 10–4 M Na2EDTA 
1/1/1.3, 0 °C, 3 h, 65% (86% based on recovered starting material; single isomer).
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(COCl)2, DMSO, NEt3, CH2Cl2, –78 °C → 0 °C. viii. PPh3CHCO2Et, CH2Cl2, r.t. ix. DIBAL-H, CH2Cl2, 
–78 °C → 0 °C, 65% over 3 steps. x. NaBH4, CoCl2•6H2O (40 mol%), MeOH/DMF 1.7/1, 74%. 
xi. a) o-NO2PhSeCN, PBu3, THF; b) H2O2 (30%), NaHCO3, 30 °C → 50 °C, 90%. xii. CSA, MeOH/
CH2Cl2 1/1, 0 °C → r.t., 74%. xiii. EDC, DMAP (1 eq), CH2Cl2, r.t., 24 h, 84%. xiv. Grubbs II (10 
mol%), toluene, 110 °C, 15 min, 94%. xv. CH2Cl2/TFA 4/1, 18 h, 80%. xvi. [Ir(cod)(PCyD3)(py)]PF6, 
CH2Cl2, 0 °C → r.t., 62% (after prep. HPLC).
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A B

C D

Fig. 7. Confocal fluorescence microscopy of 
logarithmically growing HeLa cells expressing 
a red fluorescent protein (RFP)-a-tubulin fusion 
protein after treatment with 34 (5 μM, 2.5 h). 
(A) Excitation at 561 nm. (B) Excitation at 488 
nm. (C) Visible light (no excitation). (D) Merged 
images from (A) and (B), which illustrates that 
the microtubule-derived fluorescene and the 
compound-derived fluoresence completely co-
localize.

structural alterations of biologically ac-
tive natural products can eventually lead 
to new structural scaffolds for the inhibi-
tion the original NP’s biological target. 
However, even analogs such as 16 or 20 
are still based on a regular polyketide-
type macrolactone core, which is one of 
the defining structural features of natu-
ral epothilones. In an attempt to reach 
beyond such polyketide-based analogs, 
our efforts to develop new structural tem-
plates for microtubule stabilization have 
also included the design of different types 
of aza-epothilones (‘azathilones’). In 
these analogs one of the backbone carbon 
atoms is replaced with nitrogen, which 
disrupts the all-polyketide character of 
the macrocyclic backbone.[7,22–24] In light 
of this fundamental structural change we 
have termed such analogs ‘non-natural 
natural products’[24] (vide supra). Proto-
typical examples of this class of epothi-
lone analogs are depicted in Fig. 6 (29 and 

30) and Scheme 4 summarizes our second 
generation approach to the synthesis of 
the side chain-modified azathilone 30.[24] 
This approach involved the reductive ami-
nation of aldehyde 6 with amine 32 (ob-
tained in three steps from the known pro-
tected tetrol 31[13]) as a central step in the 
assembly of the hetero-aliphatic skeleton 
of 30. This reaction proceeded most effi-
ciently with a slight excess of aldehyde 6 
(1.1 equiv) and with NaBH(OAc)

3
 as the 

reducing agent in the presence of AcOH 
(2 equiv) and 4-Å molecular sieves. The 
product of the reductive amination was not 
purified, but the newly formed secondary 
amino group was directly converted to the 
corresponding tert-butyl carbamate, thus 
avoiding the cumbersome and impracti-
cal handling of the very polar free amine. 
The N-BOC derivatized amine was then 
elaborated into seco acid 33 by selective 
cleavage of the primary TBS-ether with 
CSA followed by oxidation of the result-

ing free alcohol with PDC and removal of 
the TBS protecting group from C(15)–O 
with TBAF. 33 was cyclized under Yama-
guchi conditions[25] to produce bis-TBS 
protected 30; subsequent selective cleav-
age of the TBS protecting groups with 
HF·pyridine gave target structure 30 in 
40% yield (after HPLC purification). 

Azathilone 30 is a highly potent an-
tiproliferative agent, which inhibits the 
growth of different types of drug-sensitive 
human cancer cell lines with low nM IC

50
-

values (Table 1; other data not shown). For 
those cell lines investigated the compound 
proved to be >60-fold more potent against 
drug-sensitive human cancer cells than the 
corresponding parent azathilone 29 (Fig. 
6); this potency increase is significantly 
higher than previously observed upon 
the replacement of the natural side chain 
by a dimethyl-benzimidazole moiety in 
polyketide-based analogs (2–15-fold).[15] 

Given the significant structural altera-
tions of compounds such as 29 and 30 
relative to the natural epothilone scaffold, 
we felt it important to confirm that the in-
hibition of cancer cell growth in vitro by 
azathilones, as for natural epothilones, was 
based on a direct interaction with the cel-
lular microtubule network. Such studies 
were enabled by the attachment of a fluo-
rophoric nitro benzoxadiazol (NBD) moi-
ety to N(12) of the azathilone macrocycle 
(Scheme 5), leading to analogs such as 34 
as versatile fluorescent probes for cellular 
experiments. Although less potent than 29 
or 30, analog 34 inhibits human cancer 
cell growth in vitro with sub-mM activity, 
thus making it a relevant tool for mecha-
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Scheme 4: i. H2/Pd-C, EtOAc, r.t., 62 h, 86%. ii. HN3, DEAD, PPh3, THF, 0 °C, 25 min, r.t., 30 min, 
96%. iii. H2/Pd-C, MeOH, r.t., 3 h, 92%. iv. a) 6 (1.1 equiv), NaBH(OAc)3 (1.6 equiv), AcOH (2.0 
equiv), 4-Å MS, r.t., 2.5 h; b) BOC2O, Et3N, THF, 0 °C, 45 min, 60% (two steps). v) CSA (1.1 equiv), 
CH2Cl2/MeOH 1/1, 0 °C, 3 h, 80%. vi. PDC (15 equiv), DMF, r.t., 24 h, 50%. vii. TBAF (6 equiv), 
THF, r.t., 24 h. viii. 2,4,6-Cl3C6H2C(O)Cl, Et3N, THF, 0 °C, 20 min, then diluted with toluene and 
added to a solution of DMAP in toluene, 75 °C, 1 h, 44% (two steps). ix. HF•pyridine, pyridine, 
THF, r.t., 2.5 h, then preparative HPLC, 40%. 
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nistic studies.[26] As illustrated in Fig. 7, 
compound 34 specifically labels cellular 
microtubules in HeLa cells expressing a 
red fluorescent protein (RFP)-a-tubulin 
fusion protein in interphase cells and simi-
lar fluorescence images were also obtained 
with mitotic cells (data not shown). This 
finding strongly suggests that the antipro-
liferative activity of 34 is indeed based on 
its binding to cellular microtubules; it then 
seems reasonable to imply that this is also 
true for other azathilone-type cancer cell 
growth inhibitors. The data thus support 
and reinforce the results of previous stud-
ies on the mechanism of action of analog 
30.[24] Unfortunately, azathilones in gener-
al have been found to be less potent against 
the multidrug-resistant cervical carcinoma 
cell line KB-8511 than the drug-sensitive 
KB-31 line, especially when incorporating 
an activity-enhancing benzimidazole side 
chain as in 30.[24] However, as illustrated 
above for polyketide-based epothilone an-
alogs, the susceptibility to P-gp-mediated 
drug efflux may be modulated through 
adjustments in compound polarity and this 
strategy could also be explored for lead 
structure 30.

4. Conclusions

The work reviewed in this article dem-
onstrates how the iterative modification 
of an appropriate natural product scaffold 
can lead to highly potent analogs with 
significantly altered structural features. In 
the specific context of tubulin modulation 
compound 20 and related analogs may be 
considered to represent a new chemotype 
for microtubule stabilization, which, a 
priori, should offer the same potential for 
pharmacological differentiation from Epo 
A (1) or B (2) as any newly discovered 
natural product microtubule stabilizer, 
such as laulimalide, peloruside, dictyo-
statin,[7] or, as a very recent addition to 
this group, zampanolide.[27] Similar con-
clusions apply to 30 and related 12-aza-
epothilones, which may be considered as 
members of a distinct group of ‘non-nat-
ural natural products’ with unique struc-
tural features. It is also clear, however, 
that the overall pharmacological profile of 
our analogs still needs to be established 
in in vivo studies. Apart from this essen-
tial issue, work currently ongoing in our 
laboratory aims at a better understanding 

of the SAR associated with structures of 
type 20 and 30, with preliminary data in-
dicating that the SAR for aza-epothilones 
does not fully parallel the SAR associated 
with natural epothilones. 
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Scheme 5: i. ZnBr2, 
CH2Cl2, 5 h, 94%. ii. 
KOOC-N=N-COOK/
AcOH, CH2Cl2, refl., 
4 h. iii. NBD-F, EtOH, 
refl., 15 min, 50% (2 
steps). iv. HF•pyridine, 
THF, 2.5 h, 82%.


