
FULL PAPER

Towards Immunoproteasome-Specific Inhibitors: An Improved Synthesis of
Dihydroeponemycin

Abby Ho,[a] Kedra Cyrus,[a] and Kyung-Bo Kim*[a]

Keywords: Immunoproteasome / Dihydroeponemycin / Phosphonate / Wittig–Horner reaction / Baylis–Hillman reaction

Eponemycin, an antitumor and antiangiogenic epoxy ketone
natural product, is previously shown to target proteasome for
its activity. Although there have been many synthetic ap-
proaches developed, practical and efficient synthetic strategy
for eponemycin has yet to be accomplished. Here, we report

Introduction

Intracellular protein degradation is a highly regulated
process in which proteins are first targeted for degradation
by conjugation to ubiquitin, a 76 amino acid polypeptide.
Ubiquitinated proteins are then recognized by the 19S regu-
latory domain of the 26S proteasome. Through a series of
ATP hydrolysis-dependent processes, targeted proteins are
deubiquitinated and threaded into the core proteolytic com-
plex, the 20S proteasome, where they are degraded into
small peptides. Interestingly, exposure of cells to stimuli,
such as interferon (IFN)-γ, tumor necrosis factor (TNF)-γ
and lipopolysaccharide (LPS), induces the synthesis of cer-
tain catalytic subunits (LMP2, MECL-1, and LMP7) that
together are incorporated into alternative proteasome form,
known as the immunoproteasome.[1]

The immunoproteasome, as compared to the constitutive
proteasome, has an enhanced capacity to generate peptides
bearing hydrophobic and basic amino acids at their C ter-
mini, and a reduced capacity to produce peptides bearing
acidic residues at their C terminus.[1,2] Consequently, the
spectrum of the produced peptides is shifted towards pep-
tides which associate with MHC class I molecules with in-
creased affinity,[3] implicating a major role in antigen pres-
entation. Furthermore, it has been suggested that the im-
munoproteasome may be involved in some pathological
processes, such as diabetes and autoimmune diseases.[4]

However, the exact role of the immunoproteasome is not
clearly defined at this time, due in large part to the lack of
appropriate molecular probes. As a result, it is yet to be
determined whether immunoproteasome-specific inhibitors
have potential as a pharmaceutical target. It should be
noted that the proteasome inhibitor Velcade™ (bortezomib)
has recently been approved for multiple myeloma that has
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an efficient new route for the preparation of dihydroepone-
mycin, an active eponemycin derivative. This will aid the de-
sign of proteasome inhibitors with novel activity.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

not responded to other treatments. However, currently
available proteasome inhibitors including Velcade™ ran-
domly target both the constitutive proteasome and the im-
munoproteasome. Thus, development of immunoprotea-
some-specific inhibitors may be useful to investigate the role
of immunoproteasome and to determine whether immuno-
proteasome is a potential target for development of phar-
maceutical agents.

Antitumor natural products epoxomicin (1) and epone-
mycin (2) (Figure 1) are members of linear peptides con-
taining α�,β�-epoxy ketone pharmacophore[5,6] and have
been shown to exert their anticancer activity through pro-
teasome inhibition.[7–10] Of particular interest was the find-
ing that, despite structural similarities, epoxomicin (1) and
dihydroeponemycin (3), an active derivative of eponemycin,
differ in their proteasome subunit binding specificity.[8,10]

Moreover, unlike other classes of proteasome inhibitors
that show non-target specificity, epoxy ketone proteasome
inhibitor is shown to be highly specific for the 20S protea-
some. The crystal structure of the yeast 20S proteasome
complexed with epoxomicin revealed that the unique speci-
ficity of epoxy ketone pharmacophore is contributed to the
formation of an unusual six-membered morpholino ring be-
tween the amino terminal catalytic Thr-1 of the 20S protea-
some and the α�,β�-epoxy ketone pharmacophore of epox-
omicin (Figure 2).[11]

In addition, it has been shown that dihydroeponemycin
(3) targets the subunits of both constitutive proteasome and
immunoproteasome, whereas epoxomicin (1) preferentially
labels the catalytic subunits of the constitutive protea-
some.[8,10] Recent studies indicated that the ability of di-
hydroeponemycin to bind immunoproteasome subunits is
attributed to the P3 isooctanoic moiety of dihydroeponemy-
cin but not the hydroxy groups in the P2 and P1� positions
(see Figure 1).[12] Therefore, isooctanoic-based dihydro-
eponemycin analogue 4 may provide an opportunity for the
development of immunoproteasome-specific inhibitors.
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Figure 1. α�,β�-Epoxy ketone linear peptide natural products, epox-
omicin and eponemycin, and eponemycin analogues.

However, a simple and practical approach for the synthesis
of dihydroeponemycin has yet to be developed. Particularly,
the lack of the efficient synthetic approach for the hy-
droxymethyl-substituted enone motif has been a major ob-
stacle for efficient synthesis of dihydroeponemycin and their
P1� derivatives 4. Of note, careful analysis of proteasome
subunit labeling by inhibitors strongly indicate that P1� site
may be an important determinant for selective immunopro-
teasome subunit binding.[13]

Figure 2. Proposed mechanism of proteasome inhibition by an epoxy ketone natural product epoxomicin.
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Results and Discussion
Herein, we report a new and improved route to the syn-

thesis of the hydroxymethyl-substituted enone and dihydro-
eponemycin (3). In addition, we show that the hydroxy
group, commonly present in both eponemycin and epoxom-
icin at the P2 position, is not required for immunoprotea-
some binding.

Over the years, a number of elegant synthetic strategies
for the synthesis of eponemycin and dihydroeponemycin
have been developed. A key step in the synthesis is the prep-
aration of hydroxymethyl-substituted enone 10. In several
earlier approaches, the enone 10 was prepared from the re-
action of dilithio reagent 8 with the corresponding aldehyde
(Scheme 1).[7,12,14–16] However, low yields and extra steps
involving protection, oxidation and deprotection of OH
groups prevented large scale preparation. In similar ap-
proaches, the Weinreb-type amide derivatives treated with
dilithio reagent 8 did not yield the desired hydroxymethyl-
substituted enone 10.[17] More recently, new synthetic ap-
proaches have been developed based on the cinchona alka-
loid-catalyzed Baylis–Hillman-type reactions that yield the
intermediate 7[18] or Stille coupling of Fmoc-Leu-Cl with n-
tributylvinyltin followed by modified Baylis–Hillman reac-
tion (Scheme 1).[17] However, multiple steps and low yields
associated with these approaches may not be ideal for ef-
ficient derivatization or construction of small library of di-
hydroeponemycin analogues for screening immunoprotea-
some-specific inhibitors.

As an alternative approach, we set out to develop an ef-
ficient, practical synthetic strategy for the synthesis of hy-
droxymethyl-substituted enone and dihydroeponemycin.
First, we started out with readily available Boc–Leu–OMe,
which was prepared from the reaction of Boc–Leu–OH with
iodomethane in DMF. The reaction of Boc–Leu–OMe with
dimethyl methylphosphonate treated with tert-butyllithium
yielded compound 13. Finally, the combination of Wittig–
Horner- and Baylis–Hillman-type one-pot reactions yielded
the hydroxymethyl-substituted enone 14 in high yield
(Scheme 2). The resulting hydroxymethyl-substituted enone
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Scheme 1. Synthetic strategies for the preparation of α-hy-
droxymethyl-substituted enone.

Scheme 2. Reagents and conditions: (a) i. CH3PO(OCH3)2, BuLi, THF, –78 °C, 2 h; ii. 12, THF, –78 °C, 3 h; (b) CH2O, K2CO3, H2O,
room temp., 4 h; (c) TBDMSCl, Imidazole, CH2Cl2, room temp., 24 h; (d) benzonitrile, H2O2, iPr2EtN, MeOH, 0 °C, 3 h; (e) TFA,
CH2Cl2, room temp., 15 min; (f) i. 19, HBTU, HOBt, iPr2EtN, CH2Cl2, room temp., 12 h; ii. TBAF, THF, room temp., 10 min.
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was treated with tert-butyldimethylsilyl chloride (TBDMS-
Cl) to yield compound 15. Epoxidation of 15 with hydrogen
peroxide[16] afforded two epoxy ketone isomers 16 and 17
as a 1:1.5 mixture, which were readily separated by flash
column chromatography using an elution system (hexanes/
ethyl acetate, 10:1, v/v). The isomer (2R)-epoxide 17, which
migrates faster than the (2S)-epoxide 16 in thin-layer
chromatography (TLC), was found to have the same config-
uration as that of eponemycin epoxide.[7] Although epoxid-
ation could occur at a higher stereoselectivity employing the
Sharpless epoxidation,[19] it is of great interest to use both
isomers for biological testing in the near future. The final
coupling reaction between epoxy ketone 18 and dipeptide
19[7,12] was performed with O-benzotriazole-N,N,N�,N�-tet-
ramethyluronium hexafluorophosphate (HBTU), followed
by removal of the tert-butyldiphenylsilyl (TBDPS) and
TBDMS groups and normal phase HPLC (hexanes/2-pro-
panol, linear gradient, hexanes 100% to 50%) to yield di-
hydroeponemycin (3).

As compared to previously reported synthetic strategies,
the combination of Wittig–Horner- and Baylis–Hillman-
type two-step “one-pot” reaction presented here is efficient
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Scheme 3. Mechanistic consideration for the one-pot reaction that may occur sequentially through the Wittig–Horner- and Baylis–
Hillman-type reactions.

and practical for a large quantity preparation, easily provid-
ing the key intermediate, hydroxymethyl-substituted enone,
in a multi-gram scale. The one-pot reaction may be ration-
alized by the following mechanistic consideration (Scheme
3).

Next, we wanted to determine whether or not the OH
group of the serine residue that is commonly present in
both epoxomicin and eponemycin plays a role in protea-
some inhibition and also whether or not it is important for
preferential immunoproteasome binding by dihydroepone-
mycin. To further investigate this, we have prepared a di-
hydroeponemycin derivative, in which the serine residue at
the P2 site was replaced with alanine. To test its ability to
label catalytic subunits of both the constitutive- and immu-
noproteasome, murine thymoma EL4 cells were first treated
with biotinylated dihydroeponemycin.[12] Increasing con-
centration of either dihydroeponemycin analogue 5 or di-
hydroeponemycin (3) was co-treated in molar excess of 0,
1, 5 and 10. The cells were then incubated at room tempera-
ture for 30 minutes. Cell lysates were analyzed by denatur-
ing gel electrophoresis (with sodium dodecyl sulfate poly-
acrylamide, SDS-PAGE) followed by protein immobiliza-
tion on PVDF membrane and detection of biotinylated pro-
teins by avidin-horseradish peroxidase (HRP). Since SDS
denatures proteins, the presence of biotinylated proteins in-
dicates the presence of covalent protein adduct forma-
tion.[16] As seen in Figure 3, when only biotinylated di-
hydroeponemycin was added, a major 23 kDa protein and
a minor 25 kDa was observed. These two bands have been
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previously identified as LMP7/X and LMP2, in which
LMP7 and LMP2 are the immunoproteasome catalytic sub-
units.[8,12] Not surprisingly, these protein bands were ef-
ficiently competed away by excess dihydroeponemycin. In
addition, the bands were also efficiently competed away by
compound 5. Both 3 and 5 compete with biotinylated di-
hydroeponemycin at a similar rate. This result suggested
that the serine residue of dihydroeponemycin is not crucial
for the immunoproteasome catalytic subunits binding.

Figure 3. Competition assay to analyze the importance of serine
residue at the P2 site of dihydroeponemycin in the binding of both
constitutive- and immunoproteasome catalytic subunits. EL4 cells
were treated concurrently with 1 μm of biotinylated dihydroepone-
mycin and 0, 1, 5, 10 molar excess of 3 or 5. The dihydroeponemy-
cin analogue with alanine at the P2 site efficiently competes with
biotinylated dihydroeponemycin for labeling both immuno- and
constitutive proteasome subunits.

In conclusion, we have shown an efficient and practical
synthesis of the antiangiogenic compound, dihydroepone-
mycin through a two-step “one-pot” procedure that applies
Wittig–Horner-and Baylis–Hillman-type reactions. In ad-
dition, we have shown that the OH group present at the P2
site of dihydroeponemycin does not play a role in directing
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the preferential binding towards immunoproteasome cata-
lytic subunits. The synthesis steps for dihydroeponemycin
derivatives can be further reduced as the serine residue of
dihydroeponemycin needs to be protected and the alanine
residue of its analogue does not. The synthetic strategy pre-
sented here and SAR information will aid to design immun-
oproteasome-specific inhibitors.

Experimental Section
General Remarks: Unless otherwise stated, all reactions were car-
ried out under nitrogen with dry freshly distilled solvents, oven-
dried glassware and magnetic stirring. All solvents were reagent
graded. Tetrahydrofuran (THF) was distilled from sodium/benzo-
phenone. Methylene chloride (CH2Cl2) was distilled from calcium
hydride. Diethyl ether anhydrous was purchased from EMD Chem-
icals and used without further purification. All reagents were pur-
chased from Sigma–Aldrich and used without further purification.
All reactions were monitored by thin layer chromatography (TLC)
using E. Merk 60F254 pre-coated silica gel plates. Flash column
chromatography was performed using E. Merk silica gel 60 (par-
ticle size 0.040–0.063 mm) and with the indicated solvents. 1H and
13C NMR spectra were recorded in CDCl3 using a Varian 300 MHz
spectrometer at ambient temperature using an internal deuterium
lock. Chemical shift are referenced to residual chloroform (δ = 7.27
ppm for 1H and δ = 77.0 ppm for 13C). High- and low-resolution
mass spectra were carried out by the University of Kentucky Mass
Spectrometry Facility.

Dimethyl (4S)-3-(tert-Butoxycarbonyl)amino-5-methylhexa-2-oxo-
phosphonate (13): To a solution of dimethyl methylphosphonate
(9 mL, 82.3 mmol) in THF (50 mL) at –78 °C, tBuLi (2.5 m in hex-
ane, 33 mL, 82.3 mmol) was added dropwise. The solution was
stirred at –78 °C for 2 h. A solution of Boc–Leu–OCH3 (12) (5.05 g,
20.6 mmol) in THF (30 mL), was then added to the mixture at
–78 °C. After stirring for 3 h, the resulting mixture was poured into
water (100 mL) and extracted with diethyl ether (3 × 80 mL). The
organic layers were combined, washed with brine, dried with
Na2SO4, filtered and concentrated under reduced pressure. The
product was then subjected to flash column chromatography (hex-
ane/EtOAc, 1:1) to give a soft white solid 13 (11.5 g, 93%): 1H
NMR: δ = 5.22 (d, 1 H, NH), 4.34 (m, 1 H, 3-H), 3.81 [d, 3JH,P =
3.3 Hz, 3 H, CH3O(PO)OCH3], 3.77 [d, 3JH,P = 3.3 Hz, 3 H,
CH3O(PO)OCH3], 3.22 (dd, 2JH,P = 94.8 Hz, 2JH,H = 13.8 Hz, 1 H,
1-Ha), 3.22 (dd, 2JH,P = 50.1 Hz, 1 H, 1-Hb), 1.67 (m, 2 H, 6-H, 5-
Ha), 1.45 (s, 9 H, HBoc), 1.38 (m, 1 H, 5-Hb), 0.96 (d, 3J = 3.6 Hz,
3 H, CH3CHCH3), 0.94 (d, 3J = 3.6 Hz, 3 H, CH3CHCH3) ppm.
13C NMR: δ = 202.41 (C-2), 155.62 (COBoc), 76.80 (Boc), 59.09
(C-1), 53.40 (C-3), 40.14 (C-4), 39.15 [CH3O(PO)OCH3], 37.43
[CH3O(PO)OCH3], 28.62 (Boc), 25.14 (C-5), 23.59 (5-CH3), 21.85
(C-6) ppm. HRMS (EI): m/z = 338.1709, calcd. for C14H27DNO6P:
m/z = 338.1712.

(4S)-4-(tert-Butoxycarbonyl)amino-2-hydroxymethyl-6-methylhept-
1-en-3-one (14): K2CO3 solution (1.51 g, 10.2 mmol, in 33.3 mL
H2O) was added dropwise using a dropping funnel over a period
of 15 min to a vigorously stirring solution of 13 in formaldehyde
(10 mL, 360 mmol). The solution was then stirred vigorously at
room temperature for 4 h. The resulting mixture was poured into
water (80 mL), and the crude product was extracted with diethyl
ether (3 × 50 mL). The combined organic layers were washed with
brine, dried with Na2SO4, filtered and concentrated under reduced
pressure. Flash column chromatography (hexane/EtOAc, 3:1) af-
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forded 14 as a yellowish oil (5.15 g, 55.6%). 1H NMR: δ = 6.24 (s,
1 H, 1-Ha), 6.12 (s, 1 H, 1-Hb), 5.13 (br., 1 H, NH), 5.03 (m, 1 H,
4-H), 4.34 (dd, 2J = 15.3 Hz, 2J = 15.6 Hz, 2 H, (2-CH2), 2.38 (br.,
1 H, OH), 1.74 (m, 1 H, 6-H), 1.50 (m, 1 H, 5-Ha), 1.43 (s, 9 H,
HBoc), 1.38 (m, 1 H, 5-Hb), 1.01 (d, 3J = 6.6 Hz, 3 H, CH3CHCH3),
0.92 (d, 3J = 6.6 Hz, 3 H, CH3CHCH3) ppm. 13C NMR: δ = 201.86
(C-3), 155.69 (COBoc), 145.01 (C-2), 126.44 (C-1), 76.84 (Boc),
62.66 (2-CH2), 53.31 (C-4), 43.06 (C-5), 28.70 (Boc), 25.37 (C-6),
23.74 (C-7), 22.08 (6-CH3) ppm. HRMS (EI): m/z = 272.1844,
calcd. for C14H24DNO4: m/z = 272.1846.

(4S)-4-(tert-Butoxycarbonyl)amino-2-(tert-butyldimethylsiloxy-
methyl)-6-methylhept-1-en-3-one (15): To a solution of 14 (137 mg,
0.50 mmol) in CH2Cl2 (5 mL), imidazole (100 mg, 1.46 mmol) and
tert-butyldimethylsilyl chloride (228 mg, 1.51 mmol) was added.
After stirring at room temperature for 24 h, the resulting mixture
was concentrated under reduced pressure and was subjected to
flash column chromatography (hexane/EtOAc, 10:1) giving 15
(158 mg, 81%) as a yellowish oil. 1H NMR: δ = 6.20 (d, 2J = 10.2
Hz, 2 H, 1-H), 5.07 (m, 2 H, NH, 4-H), 4.36 (dd, 2J = 30.90 Hz,
2J = 14.70 Hz, 2 H, 2-CH2), 1.72 (m, 1 H, 6-H), 1.48 (m, 1 H, 5-
Ha), 1.42 (s, 9 H, HBoc), 1.31 (m, 1 H, 5-Hb), 1.01 (d, 3J = 6.6 Hz,
3 H, CH3CHCH3), 0.91 (s, 9 H, 2-tBu), 0.90 (d, 3J = 6.4 Hz, 3 H,
CH3CHCH3), 0.07 (d, 4J = 5.6 Hz, 6 H, 2-CH3SiCH3) ppm.

(2RS,4S)-4-(tert-Butoxycarbonyl)amino-2-(tert-butyldimethylsiloxy-
methyl)-6-methyl-1,2-oxiranylheptane (16, 17): To a solution of 15
(158 mg, 0.40 mmol) in MeOH (5 mL) at 0 °C was added benzon-
itrile (0.3 mL, 3.0 mmol), H2O2 (0.45 mL, 50% solution in H2O,
7.8 mmol), and diisopropylethylamine (0.5 mL, 3.0 mmol). The re-
action was stirred at 0 °C for 3 h. The resulting mixture was con-
centrated under reduced pressure and subjected to flash column
chromatography to yield 16 and 17 with a ratio of 1:1.5 (107 mg,
65%). 17: 1H NMR: δ = 4.80 (br., 1 H, NH), 4.43 (d, 2J = 11.7 Hz,
1 H, 2-CHa

2), 4.34 (m, 1 H, 4-H), 3.57 (d, 2J = 11.4 Hz, 1 H, 2-
CHb

2), 3.18 (d, 2J = 4.3 Hz, 1 H, 1-Ha), 3.01 (d, 2J = 4.3 Hz, 1 H,
1-Hb), 1.74 (m, 1 H, 6-H), 1.62 (m, 1 H, 5-Ha), 1.41 (s, 9 H, HBoc),
1.07 (m, 1 H, 5-Hb), 0.99 (d, 3J = 6.3 Hz, 3 H, CH3CHCH3), 0.94
(d, 3J = 6.3 Hz, 3 H, CH3CHCH3), 0.87 (s, 9 H, 2-tBu), 0.06 (d,
4J = 5.2 Hz, 6 H, 2-CH3SiCH3) ppm. MS (ESI): m/z = 526, calcd.
for C30H42DNO5Si: m/z = 526.

Dihydroeponemycin (3): To a solution of 17 (66 mg, 0.16 mmol) in
CH2Cl2 (1 mL), trifluoroacetic acid (100 μL, 0.87 mmol) was
added. The reaction mixture was stirred at room temperature for
15 min. The resulting crude product was then concentrated under
reduced pressure and subsequently dried under high vacuum to
remove trifluoroacetic acid. The resulting crude product 18 (50 mg,
ca. 100%) was used in the final coupling reaction without further
purification. To a solution of the epoxy-β-amino ketone 18 (50 mg,
0.16 mmol) and 19[12] (75 mg, 0.16 mmol) in CH2Cl2 (5 mL),
HBTU (91 mg, 0.24 mmol), HOBt (37 mg, 0.24 mmol) and diiso-
propylethylamine (0.14 mL, 0.8 mmol) was added. The reaction
solution was stirred at room temperature for 12 h. The resulting
mixture was then concentrated under reduced pressure and purified
by flash column chromatography (hexane/EtOAc, 5:1) to afford
TBDPS-TBDMS-protected dihydroeponemycin as a white solid
(92 mg, 78%). 1H NMR: δ = 7.71 (d, 3J = 7.8 Hz, 2 H, Ar-H), 7.63
(dd, 3J = 16.9 Hz, 3J = 6.7 Hz, 2 H, Ar-H), 7.41 (m, 6 H, Ar-H),
7.02 (d, 3J = 8.4 Hz, 1 H, 4-NH), 6.18 (d, 3J = 6.6 Hz, 1 H, 2�-
NH), 4.63 (m, 2 H, 2�,4-H), 4.45 (dd, 2J = 19, 2J = 11.6 Hz, 1 H,
2-CHa

2), 4.02 (m, 1 H, 3�-Ha), 3.71 (m, 1 H, 3�-Hb), 3.55 (dd, 2J =
11.4, 2J = 8.8 Hz, 1 H, 2-CHb

2), 3.17 (d, 2J = 5.1 Hz, 1 H, 1-Ha),
3.01 (d, 2J = 4.8 Hz, 1 H, 1-Hb), 2.13 (t, 3J = 7.5 Hz, 2 H, 2��-H),
1.63 (m, 4 H, 3��-Ha, 5-Ha, 6-H and 6��-H), 1.27 (m, 4 H, 4��-H,
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5-Hb, 3��-Hb), 1.16 (m, 2 H, 5��-H), 1.06 (s, 9 H, 3��-tBu), 0.96 (d,
3J = 6.2 Hz, 3 H, CH3CHCH3), 0.93 (d, 3J = 6.1 Hz, 3 H,
CH3CHCH3), 0.87 (s, 9 H, 2-tBu), 0.06 (d, 4J = 5.6 Hz, 6 H, 2-
CH3SiCH3) ppm. To a solution of TBDPS-TBDMS-protected di-
hydroeponemycin (40 mg, 0.054 mmol) in THF (1 mL), tetrabu-
tylammonium fluoride (1.0 m in THF, 32 μL, 0.11 mmol) was
added. The reaction solution was stirred at room temperature for
10 min. The resulting mixture was concentrated under reduced
pressure and subjected to flash column chromatography (hexane/
EtOAc, 1:3) to give dihydroeponemycin as an oil (18 mg, 86%). 1H
NMR: δ = 7.13 (d, 3J = 7.1 Hz, 1 H, 4-NH), 6.50 (d, 3J = 7.1 Hz,
1 H, 2�-NH), 4.49 (m, 2 H, 2�, 4-H), 4.19 (d, 2J = 12.6 Hz, 1 H, 2-
CHa

2), 4.00 (dd, 2J = 11.4 Hz, 3J = 3.4 Hz, 1 H, 3�-Ha), 3.70 (d,
2J = 12.6 Hz, 1 H, 2-CHb

2), 3.55 (dd, 2J = 11.4 Hz, 3J = 5.8 Hz,
1 H, 3�-Hb), 3.29 (d, 2J = 4.9 Hz, 1 H, 1-Ha), 3.07 (d, 2J = 4.9 Hz,
1 H, 1-Hb), 2.20 (s and t, 3J = 7.6 Hz, 3 H, 2��- H and OH), 1.62
(s, 1 H, OH), 1.57 (m, 4 H, 3��-Ha, 5-Ha, 6-H and 6��-H), 1.27 (m,
4 H, 4��-H, 5-Hb, 3��-Hb), 1.16 (m, 2 H, 5��-H), 0.92 (d, 3J = 6.2
Hz, 3 H, CH3CHCH3), 0.91 (d, 3J = 6.1 Hz, 3 H, CH3CHCH3)
ppm. 13C NMR: δ = 208.64 (C-3), 174.65 (C-1��), 172.12 (C-1�),
63.43 (C-3�), 62.99 (C-2), 62.23 (C-9), 54.13 (C-2�), 25.22 (C-4),
50.08 (C-1), 39.25 (C-5 and C-5��), 37.19 (C-2��), 28.46 (C-6��),
27.68 (C-4��), 26.53 (C-3��), 25.96 (C-6), 23.97 (C-8), 23.24 (C-7��

and C-8��), 21.74 (C-7) ppm. MS (ES, Na): m/z = 423.2 [M +
Na]+, calcd. for C20H36N2O6Na: m/z = 423.2.

EL4 Cell Culture and Competition Assay: Murine lymphoma EL4
cells were purchased from ATCC and grown in RPMI Medium
(Gibco), 10% Fetal Bovine Serum and 1% of penicillin and strepto-
mycin at 37 °C in a 5% CO2 incubator. Cells were pretreated with
1 μm biotinylated dihydroeponemycin and then treated with in-
creasing concentrations of either dihydroeponemycin analogue 5
or dihydroeponemycin 3. The cells were then incubated at room
temperature for 30 minutes. Cells lysates were analyzed by 12%
SDS-PAGE and transferred to polyvinylidene fluoride (PVDF)
membrane. Biotinylated proteins were visualized by enhanced
chemiluminescence (ECL) using streptavidin-conjugated horserad-
ish peroxidase and Biomax X-ray film (Kodak).[15]
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