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Synthesis of 9-methylstreptimidone analogs and their inhibitory activities against NF-jB (nuclear
factor-jB) are reported. Among several active derivatives synthesized in this study, 8 with a relatively
simple structure, exhibited inhibitory activity against LPS-induced NO production comparable to that
of 9-methylstreptimidone.

� 2009 Elsevier Ltd. All rights reserved.
NHOH

O

O

O NH

R

O

O

O

NF-jB (nuclear factor-jB) was first discovered in 1986 as a fac-
tor that bound to the enhancer of immunoglobulin-j light-chain of
B lymphocytes.1 This transcription factor promotes expressions of
immune, growth, and inflammation genes, such as IL-1,2 IL-2, IL-
6, IL-8, TNF-a;3 cell adhesion molecules, such as E-selectin, inter-
cellular adhesion molecule 1 (ICAM-1), and vascular cell adhesion
protein (VCAM-1); anti-apoptotic proteins, such as inhibitors of
apoptotic proteins (IAPs)4 and Bcl-XL;5 COX-2; and iNOS.6–8 These
transcriptional products are involved in cell survival, proliferation,
angiogenesis, inflammation, invasion, and metastasis. NF-jB is of-
ten activated in cancer, leukemia cells and inflammatory cells, such
as macrophages. Therefore, low molecular weight substances
inhibiting NF-jB should be useful as anti-inflammatory and anti-
cancer agents.

9-Methylstreptimidone (1), which was first isolated as an anti-
biotic,9 was rediscovered from the culture filtrate of Streptomyces
species by Umezawa and co-workers in 2006 as a novel inhibitor
of NF-jB (Fig. 1).10 9-Methylstreptimidone (1) inhibited NO pro-
duction and iNOS expression in LPS-stimulated RAW264.7 cells,
and induced apoptosis in Jurkat cells and adult T-cell leukemia
cells, similar to other NF-jB inhibitors. Therefore, 1 and/or its ana-
logs would be new leads of anti-inflammatory or anticancer agents.
However, only small supply from the culture broth disturbs further
in vivo-scale assessment of 1. We planned to synthesize simplified
analogs of 1. As shown in Figure 1, 9-methylstreptimidone (1) con-
sisted of the glutarimide residue and hydrophobic alkyl chain.
All rights reserved.

iyama).
Thus, as part of our ongoing plan, we initially fixed the glutarimide
structure and designed analogs possessing linear alkyl chains.

Analogs of 1 were synthesized according to the plan mentioned
above (Scheme 1). Compound 2,11 readily available by coupling of
diethyl 1,3-acetonedicarboxylate and cyanoacetic acid, was con-
nected to appropriate alcohols, amines, or thiols to afford the ana-
logs 3–9.12,13 Next, unsaturated ketone 11 and ester 12 were
synthesized (Scheme 2). According to the Fukuyama protocol,14

reduction of thioester 8 provided aldehyde 10, which on the corre-
sponding Wittig reagents gave 11 and 12, respectively.

The synthetic analogs 3–9 and 11–12 were subjected to the as-
say for LPS-induced NO production. NO is produced by inducible
NO synthase (iNOS), expression of which is mediated by NF-jB. Ta-
ble 1 showed the results, along with the cytotoxicity, which was
not observed in 2–4, 6, 7, 9, and 12. Carboxylic acid 2, as well as
its ester and amide derivatives 3–7, did not inhibit NO production
in RAW264.3 cells. On the other hand, the thioester derivative 8
exhibited inhibitory activity comparable to that of 9-methylstrep-
timidone (1: IC50 1 lg/mL; 8: IC50 1 lg/mL). The analog 9 derived
from 2 and n-hexanethiol, also inhibited NO production, while
the activity was diminished to 1/15 that of 8. Ketone 11 exhibited
9-methylstreptimidone (1) glutarimidealkyl chain

Figure 1. 9-Methylstreptimidone (1) and its analog.
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Scheme 1. Synthesis of analogs 2–9.
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Scheme 2. Synthesis of analogs 11 and 12.

Table 1
Inhibitory activity (IC50) for LPS-induced NO production and cytotoxicites (ED50) of 2–
9, 11, 12, 13 and 1415

Compound IC50 (lg/mL) ED50 (lg/mL)

2 >30 >30
3 >30 >30
4 >30 >30
5 >30 25
6 >30 >30
7 >30 >30
8 1 15
9 15 >30
11 3 8
12 30 >30
13 2 8
14 2 20

The cytotoxicity values were obtained in the presence of LPS.
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a good activity (IC50 3 lg/mL), but ester 12 showed weak inhibition
(IC50 30 lg/mL).

To investigate the influence of the glutarimide structure, several
derivatives were prepared from 8 (Scheme 3). Alkylation of 8 affor-
ded N-alkyl derivatives 13–14 in good yields, which also exhibited
good inhibitory activities.

These results suggested that the glutarimide and the thio ester
structures might play important roles in the inhibitory activity of
NO production. The most potent 8 can be synthesized in 4 steps.
This will prompt further biological investigation and development
as an effective chemotherapeutic agent. Mechanistic studies of the
inhibition will be performed in due course.

In conclusion, we synthesized analogs of 9-methylstreptimi-
done, an inhibitor of NF-jB, and evaluated their activities. The ana-
log 8 was shown to exhibit inhibitory activity against LPS-induced
NO production comparable to that of 9-methylstreptimidone.
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