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Abstract—Novel kazusamycin A derivatives were designed in the viewpoint of decrease of reactivity at the a,-unsaturated d-lactone
moiety against Michael-type addition. Although 25-30 steps were required for the synthesis of each compound, their syntheses were
achieved. Cytotoxicity against HPAC cell line was evaluated, and two of them exhibited comparable potency to kazusamycin A.

Hepatic toxicity of these designed compounds was much lower than that of kazusamycin A.

© 2006 Elsevier Ltd. All rights reserved.

Kazusamycin A was first isolated from the culture broth
of Streptomyces sp. No. 81-484 in 1984, and its absolute
structure was determined by total synthesis in 2004.2
Kazusamycin A exhibited potent antitumor activity
against many kinds of leukemia and cell line of solid tu-
mors both in vitro and in vivo,>* but it has not been
used in clinical setting by now> because of its hepatic
and gastrointestinal toxicity.%’

X = OH : kazusamycin A
X =H :leptomycin B

Kazusamycin A has a unique o,-unsaturated -lactone
ring. The mechanism of action of leptomycin B whose
structure was very similar to that of kazusamycin A
was studied, and it has become clear that the sulfhydryl
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group of Cys-529 in the target protein CRM 1/exportin 1
causes irreversible Michael-type addition to this o,f-
unsaturated 8-lactone moiety.®

callystatin A

A study on structure—activity relationship of callystatin
A derivatives, which have an o,f-unsaturated 8-lactone
ring and a lipophilic side chain, also gave us useful infor-
mation.” Various transformation of the lipophilic side
chain was investigated, and all compounds synthesized
decreased antitumor activity. This result indicates that
the lipophilic side chains of natural products are one
of optimized structures. Accordingly, irreversible
Michael-type addition of CRM1/exportin 1 is the main
reason for extremely potent antitumor activity along
with high affinity of lipophilic side chain to the target
protein.

However, this reactive lactone moiety would also lead
to high toxicity. It may react with side chains of
cysteine, serine, lysine, or arginine moiety of proteins,
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or nucleophilic components of a living body. Then, this
reaction would cause unfavorable effects.

In order to overcome this drawback of kazusamycin A,
we have designed more stable o,B-unsaturated d-lactone
ring systems. They will decrease the reactivity against
nucleophilic addition of CRM1/exportin 1, but its toxic-
ity will also decrease because of its less reactivity. The
decrease of antitumor activity and toxicity might be par-
allel in general, but we have expected that the safety
margin would become wider since the lipophilic side
chain showed high affinity to the target protein.’

There are two strategies to decrease the reactivity of o, 3-
unsaturated 6-lactone moiety to nucleophilic addition.
One is to increase steric hindrance around the B-position
at which nucleophiles attack, and the other is to deacti-
vate the carbon-carbon double bond by adding elec-
tron-donating substituent at the a- or B-position.

We designed four compounds to confirm this hypothesis
(Fig. 1). Compound 1a is an example of more hindered
compound by adding a methyl group at the y-position,
and 1b is an example of deactivation of the carbon—car-
bon double bond by adding an electron-donating methyl
group at the B-position. This methyl group would also
affect steric hindrance around the B-position. Com-
pound 1c¢ is an example of sterically less hindered but
electrically deactivated compound by eliminating the
y-methyl group and adding a methyl group at the B-po-
sition of kazusamycin A. Compound 1d is the least reac-
tive compound in these four because of both steric and
electrical factors arising from the addition of two methyl
groups at the B- and y-position of kazusamycin A.

Syntheses of the designed compounds should be
achieved by using a similar route of total synthesis by
Kuwajima.? Key intermediates of this project are com-
pounds 2a-2d, which would be transformed to the de-
signed compounds easily by using similar reactions of
total synthesis as shown in Scheme 1.

Coupling of aldehydes 2a-2d with fragment D via Wittig

reaction followed by two-step reactions would afford
fragment C, which would be allowed to react with

kazusamycin A

Figure 1. Design of kazusamycin A derivatives.
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Scheme 1. Retrosynthetic analysis of the designed compounds.

fragment B via Wittig reaction. Then, compound A
would be synthesized in further eight-step reactions.'®!!

As shown in Scheme 2, syntheses of 2a—2c¢ were analo-
gous. Aldehydes 3a—3c!? were converted to the dichloro-
ethylene derivatives 4a—4c by Wittig reaction using
CCI;PO(OEt),. Treatment of 4a—4c with BuLi afforded
the lithiated acetylenes, which were allowed to react with
methyl chloroformate to give the acetylenes 5a—Sc.
Hydrogenation of 5a by Lindlar catalyst poisoned by
quinoline in toluene afforded cis-olefin 6a in 87% yield.
Trisubstituted olefins 6b and 6c¢c were synthesized by
addition of Me,CuLi in THF at —78°C (92% and
82% vyield, respectively). Compounds 6a—6¢ were con-
verted to 2a—2c¢ in six steps each without any difficulty.
Syntheses of 1a, 1b, and 1c were achieved by similar
reactions described in the literature.?

For synthesis of compound 2d we developed a new syn-
thetic route which is shown in Scheme 3. The starting
alcohol 7'* was oxidized by sulfur trioxide-pyridine
complex at rt in 97% yield, and methylmagnesium bro-
mide was added to the resulting aldehyde at 0 °C. Then,
the secondary alcohol formed was oxidized by sulfur tri-
oxide—pyridine complex at rt to give the methylketone 8.
Treatment of 8 with 6 N HCI in THF furnished hydro-
lysis of the acetal moiety followed by cyclization to
afford the hemiacetal 9. The primary alcohol moiety
which existed as a ring-opening form of 9 was protected
by the reaction with TBDPSCI in the presence of
DMAP. The total yield of these successive four steps
was 26%. Then, the secondary alcohol moiety of 10
was allowed to react with bromoacetyl bromide in the
presence of triethylamine to afford compound 11 in
98% yield. Treatment of 11 with samarium iodide gave
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Scheme 2. Syntheses of the intermediates 2a, 2b, and 2¢. Reagents and
conditions: (a) BuLi, CCl3PO(OEt),, THF-Et,0, —100 °C to —50 °C;
(b) BuLi, THF, —78 °C to 0 °C, then CICOOMe, —78 °C to 0 °C; (c)
Lindlar catalyst, H,, quinoline, toluene, rt, 87%; (d) Me,CuLi, THF,
—78 °C, 92% (6b), 82% (6¢); (¢) Dowex S0 W X8, MeOH, rt, then
Amberlyst 15, CH,Cl,, rt; (f) TBDPSCI, imidazole, DMF, 0 °C to rt;
(g) DIBAL, CH,Cl,, —78 °C; (h) i-PrOH, PPTS, benzene, rt; (i) TBAF,
THEF, rt; (j) (COCl),, DMSO, CH,Cl,, —78 °C, then Et3N, —78 °C to
0°C.
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Scheme 3. Synthesis of the intermediate 2d. Reagents and condi-
tions: (a) SO5py, DMSO, rt, 97%; (b) MeMgBr, THF, 0 °C to rt;
(¢) SOspy, DMSO, rt; (d) 6 N HCI, THF, 0°C to rt; (e)
TBDPSCI, Et;N, DMAP, CH,Cl,, 0°C to rt, 26% (four steps);
(f) bromoacetyl bromide, pyridine, CH,Cl,, 0°C, 98%; (g) Sml,,
THF, —78°C; (h) SOCl,, pyridine, 0°C, 86% (two steps); (i)
DIBAL, CH,Cl,, —78°C; (j) i-PrOH, PPTS, benzene, rt; (k)
TBAF, THF, rt; (1) (COCl),, DMSO, CH,Cl,, —78 °C, then Et3;N,
—78°C to 0°C.

Table 1. Cytotoxicity against HPAC cell line

Compound R! R? R? 1Cs5¢* (nM)
Kazusamycin A CH; H H 0.0747

la CH; CH; H 0.0382

1b CH, H CH, 179

1lc H H CH; 0.309

1d CH; CH, CH, 16100

#1Csq values were calculated from the concentration-response curves,
as the concentration of the test compounds elicited a decrease in the
measured absorbance, equivalent to 50% of the vehicle group.

the hydroxylactone 12, which was dehydrated via sulf-
inylation by thionyl chloride. Compound 12 could be
converted to 2d in five steps by referring to the reported
method.?

Cytotoxicity of kazusamycin A'> and four derivatives'®
against human HPAC cell line (ATCC CRL-2119) was
tested,!” and ICs, values of them are summarized in
Table 1.

Compound 1a exhibited similar cytotoxicity to kazusa-
mycin A, and 1c¢ was slightly less potent than kazusamy-
cin A. ICs, value of compound1b was much greater than
that of kazusamycin A, and 1d showed least potency.

This result is well explained by steric and electric effects.
The high potency of 1a indicates that the upper face of
the lactone ring would not be important for both bind-
ing to CRMl/exportin 1 and addition of sulfhydryl
group of Cys-529 in the target protein to the o,B-unsat-
urated d-lactone moiety. Comparable potency of 1¢ to
kazusamycin A could be explained by balance of steric
and electric factors. Namely, addition of a methyl group
at the B-position gave unfavorable effect because of both
deactivation of the carbon—carbon double bond and ste-
ric hindrance around the B-position, but removal of the
methyl group at the y-position gave quite favorable
effect. Indeed, addition of a methyl group to the B-posi-
tion of kazusamycin A caused marked decrease of
potency (1b). The least potency of compound 1d is
reasonable since it is most hindered and deactivated
compound of the four.

Finally, toxicity was evaluated to confirm our hypothe-
sis. Compounds 1a, 1¢, and kazusamycin A were intra-
peritoneally administered once daily to female BALB/c
mice at dose levels of 0.125, 0.25, and 0.5 mg/kg for four
days. Saline was injected to vehicle control mice.

As regards kazusamycin A, all mice given 0.5 mg/kg
died, and higher value of ALT (GPT) was observed at
0.125 and 0.25 mg/kg in serum biochemistry. As regards
compounds 1a and 1e¢, all mice survived, and value of
ALT was a similar level to that of the control mice even
at 0.5 mg/kg.'81°

Kazusamycin A exhibited fatal toxicity at higher dose
and hepatic toxicity even at 0.125 mg/kg, whereas com-
pounds 1a and 1c did not exhibit hepatic toxicity even
at 0.5 mg/kg. This result indicates that our designed
compounds with comparable potency to kazusamycin
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A are much less toxic than kazusamycin A. So it would
be possible to say that our hypothesis has been proved.

In summary, novel kazusamycin A derivatives were de-
signed in the viewpoint of decrease of reactivity at the
o,B-unsaturated 4-lactone moiety against Michael-type
addition. Although 25-30 steps were required for the
synthesis of each compound, their syntheses were
achieved. Cytotoxicity against HPAC cell line was eval-
uated, and 1a and 1c exhibited comparable potency to
kazusamycin A. Hepatic toxicity of these designed com-
pounds was much lower than that of kazusamycin A.
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A human pancreatic ductal carcinoma cell line HPAC
CRL-2119 was obtained from the American Type Culture
Collection (ATCC) and cultured in 1:1 mixture of
Dulbecco’s modified Eagle’s medium and Ham’s F-12
medium supplemented with 10% fetal bovine serum in a
humidified atmosphere of 95% O, and 5% CO, at 37 °C.
Cells were seeded at a concentration of 2 x 10° cells/well in
culture medium into 96-well microtiter plates. Kazusamy-
cin A and four derivatives were dissolved in DMSO. After
a 24 h incubation period, treatment of test compounds was
started. The final concentration of DMSO was 0.1%. After
72 h, 10 phL WST-1 reagent was added to each well, and
the plate was incubated at 37 °C for 3 h. Absorbance of
the culture supernatant at 450 nm was measured using a
microplate reader.

ALT values (means = SEM) of kazusamycin A (0.25 mg/
kg), 1a (0.5 mg /kg), 1c (0.5 mg/kg), and vehicle control
were 89.71+99, 27.3+£7.2, 223+2.0, and 27.7£3.9,
respectively.

. As regards values of AST (GOT) and LDH, similar

evidence was observed.
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