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a b s t r a c t

In an effort to develop novel potent antitubercular drugs, thirty-one oridonin derivatives were designed
and prepared. All the compounds obtained were screened for their in vitro activities against Mycobacte-
rium phlei, Mycobacterium smegmatis and Mycobacterium marinum. Among them, thirteen compounds
showed significant inhibitory activity against M. phlei with MICs less than 2 lg/mL. Compounds 2k, 8d,
10c, 10d containing trans-cinnamic acid moiety were the most potent (MIC = 0.5 lg/mL), comparable
to the well-known antitubercular drug streptomycin. The preliminary structure–activity relationships
(SARs) were also analyzed.

� 2014 Elsevier Ltd. All rights reserved.

It is estimated that one-third part of the world population was
infected with the tubercle bacillus, and 8 million new cases
emerged annually.1 The World Health Organization (WHO)
reported that nearly 3 million deaths which represent the largest
number of incidence of human deaths were directly attributable
to infection with the bacillus.2 In the past decade, the incidence
of tuberculosis infection has rapidly increased, the long treatment
duration, emergence of drug-resistant strains of Mycobacterium
tuberculosis, co-morbidity with HIV-AIDS and lack of new antitu-
bercular drugs have increased the pressure on current chemother-
apy regimes.3 The urgent need for the development of novel drugs
to reduce the global burden of tuberculosis has been well docu-
mented,4 unfortunately, new drugs against tuberculosis have not
been developed in over 30 years.

Natural products currently play an important role in the chemo-
therapy of tuberculosis,5 for example, streptomycin, capreomycin,
cycloserine, semisynthetic rifamycin analogues rifampicin, rifabu-
tin, and rifapentine are used as either front-line or second line
drugs. These natural products as well as their semisynthetic
analogues have indicated that inhibitory activity against M.
tuberculosis is widespread in nature. Now, there is a re-emerging

interest in natural products as being able to provide novel template
for the development of new drugs and being particularly suitable
as antibacterial leads.6 Isodon (formally Rabdosia) is a cosmopolitan
and important genus of the Labiatae family, and Isodon diterpe-
noids have attracted considerable attention as antibacterial, anti-
inflammatory and anti-tumor agents.7 It is known that oridonin
(1), isolated from the herb Isodon rubescens that is always used in
China for the treatment of respiratory, inflammation and bacterial
infection, was found to exhibit antibacterial activity against
Gram-positive bacteria as early as in 1976.8 However, until now,
there has been no report on the activity of oridonin or its deriva-
tives against M. tuberculosis.

Herein, we wish to report natural oridonin and its derivatives as
new promising template for further elaboration as antitubercular
drugs.

To evaluate the potential as a lead for the development of new
drug against tuberculosis, oridonin was initially evaluated for its
antitubercular activities against Mycobacterium phlei, Mycobacte-
rium smegmatis and Mycobacterium marinum. It was observed that
1 showed moderate activity with an MIC value of 16 lg/mL (The
MIC is defined as the minimum concentration of compound
required to inhibit the visible growth of bacteria) against M. phlei
(Table 1). This positive result encourages us to further optimize
the structure of oridonin for enhancing its activity. Structurally,
oridonin is a highly oxygenated 7,20-epoxy-ent-kaurane-type
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diterpenoid that features densely functionalized hydroxyl groups.
Due to the fact that the cell wall of mycobacteria contain lipophilic
substances, more lipophilic substances are likely to penetrate more
easily into the cell. It has been reported that the modulation of
C logP values often contributes better antitubercular activity for
some compounds.9 So, a small library of 14-O-derivatives of orido-
nin (2a–l) was constructed by selective introduction of a series of
different side chains into the 14-O-position of oridonin to reduce
the number of hydroxyl groups and to increase the lipophilicity.
As shown in Scheme 1, due to the steric effect, the 14-hydroxy
appears to be the most reactive, the 14-O-derivatives of oridonin
could be mainly obtained by accurate control of the reaction time
and stoichiometry. The treatment of oridonin with corresponding
acids in the presence of DMAP/EDCI in dry dichloromethane gave
corresponding compounds 2a–l in 47–89% yields.10

Lipophilicity of the newly synthesized derivatives 2a–l is
expressed in terms of C logP values. As shown in Table 1, a remark-
able improvement in lipophilicity of the synthesized oridonin
derivatives was evidenced by C logP values (0.66–3.45), relative
to the parent oridonin (�0.62). The inhibitory activity of the deriv-

atives against Mycobacterium phlei was evaluated using the Micro-
plate Alamar Blue Assay (MABA). As shown in Table 1, some of the
14-O-dervatives of oridonin (2a, 2c, 2h, 2i, 2j, 2k, 2l) with their MIC
values between 0.5 and 8 lg/mL exhibited better activity than that
of oridonin (16 lg/mL). To our delight, four compounds (2i–l)
obtained by conjugation with various trans-cinnamic acid dis-
played comparable activity (MIC = 0.5–2 lg/mL) to positive drug
streptomycin (MIC = 0.5 lg/mL).

It is traditionally known that trans-cinnamic acid (3) possesses
antimycobacterial activity11 and has also been proven to have syn-
ergistic action when tested with clinically used drugs.12 In recent
years, trans-cinnamic acid derivatives have attracted much atten-
tion, for example, curcumin (4) (Fig. 1), a polyphenolic compound
found in turmeric and piplartin (5), an alkaloid isolated from Piper
tuberculatum have been widely investigated and their anti-tumor,
antimicrobial properties have been well established.13 More
importantly, superior intracellular and in vivo activity of a cin-
namyl-rifamycin derivative (6) in comparison with rifamycin was
observed when tested against 20 susceptible and MDR M. tubercu-
losis strains.14

Subsequently the 14-O-dervatives of oridonin exhibiting good
antimycobacterial activity were further evaluated against Myco-
bacterium smegmatis and Mycobacterium marinum, the data

Table 1
Structures and activities of oridonin derivatives (lg/mL)

Compd R MPa MSb MMc C logPd PSAd

(Å2)

1 — 16 >64 >64 �0.62 107.22

2a 8 NDe ND 2.31 113.29

2b 16 ND ND 2.93 113.29

2c 2 16 16 3.45 113.29

2d
F

32 ND ND 2.14 113.29

2e
CF3

16 ND ND 2.88 113.29

2f N 16 ND ND 0.66 125.65

2g

NH

32 ND ND 1.89 125.32

2h
N

N
4 32 32 0.78 138.01

2i 1 8 8 2.45 113.29

2j
F

2 4 8 2.59 113.29

2k
O

0.5 4 4 2.37 122.52

2l O
O

1 8 16 2.11 131.75

SMf 0.5 0.125 0.5 — —

a Mycobacterium phlei (ATCC 355).
b Mycobacterium smegmatis (ATCC19420).
c Mycobacterium marinum (ATCC 927).
d Calculated using chem draw ultra 12.0.
e ND = Not determined.
f Streptomycin.
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Scheme 1. Synthesis of oridonin derivatives 2a–l. Reaction conditions: (a) RCOOH,
EDCI, DMAP, rt, overnight, 47–89%.

Figure 1. trans-Cinnamic acid (3), curcumin (4), piplartin (5) and cinnamyl-
rifamycin derivative (6).
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