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Phytol, a diterpene alcohol was modified to several semisynthetic analogues. Some of the modifications
were done logically to enhance lipophilicity of the molecule. Analogues 14, 16 and 18 exhibited antitu-
bercular activity (MIC 15.6–50 lg/mL) better than phytol (100 lg/mL). The most potent analogue 18 was
evaluated for in vivo toxicity in Swiss albino mice and was well tolerated by the experimental animals up
to 300 mg/kg body weight as a single oral acute dose.

� 2009 Elsevier Ltd. All rights reserved.
According to the latest report of World Health Organisation on
tuberculosis (TB), globally there was an increase in incidence of TB
in 2007.1 Most of the estimated number of cases in 2007 were in
Asia (55%) and Africa (31%), with small proportions of cases in the
Eastern Mediterranean Region (6%), the European Region (5%),
and the Americas (3%). In terms of maximum number of cases,
the top five countries were India (2.0 million), China (1.3 million),
Indonesia (0.53 million), Nigeria (0.46%) and South Africa (0.46%)
in 2007. Although the prevalence and mortality rates are falling
globally and in all six WHO regions, the number of new cases are
still increasing. So, WHO has set an immediate target that TB prev-
alence and death rates should be halved by 2015 compared with
their level in 1990. Increase in the multidrug resistance tuberculo-
sis (MDR-TB) and extensive drug resistance tuberculosis (XDR-TB)
cases make it imperative to explore for new anti-TB agents. Many
natural products and their semisynthetic analogues have been
playing an important role in the chemotherapy of tuberculosis.2

Streptomycin (1) and its semisynthetic analogues amikacin (2), Rif-
amycin (3, 4) and its semisynthetic analogues rifampicin (5), rifab-
utin (6), rifapentine (7), etc. are used in combination with other
antitubercular agents as either frontline or second line drugs (see
Fig. 1).3

The present study was intended to explore possibility of modi-
fication of phytol (8) to better antitubercular agent. Several ana-
logues were synthesized and evaluated against Mycobacterium
tuberculosis H37Rv strain radiorespirometrically. The most active
All rights reserved.
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derivative thus obtained was then logically modified to get better
antitubercular analogues of phytol. The most potent antitubercular
analogue of phytol was further evaluated for in vivo oral acute tox-
icity in Swiss albino mice.

In our experiments, phytol (8) exhibited antitubercular activity
against M. tuberculosis H37Rv strain at 100 lg/mL (MIC). To get bet-
ter analogues for antitubercular activity, we modified it to various
derivatives (Scheme 1) at hydroxyl and double bond positions.
Phytol (8) was treated with acetic anhydride in dry pyridine to
get an acetyl derivative (9). Epoxidation of phytol with m-chloro-
perbenzoic acid (m-CPBA) in dichloromethane afforded compound
10.4 Formylation of phytol was done using Vilsmeier reagent
(DMF–POCl3) to get a formate ester (11).5 The alcoholic hydroxyl
of phytol was converted into a bromo derivative (12) using phos-
phorus tribromide in dry benzene.6 Phytyl bromide (12) was fur-
ther treated with sodium azide in DMF to get an azide derivative
(13).7 The primary alcoholic group of phytol was oxidised to an
aldehyde (14) by treating it with pyridinium chlorochromate
(PCC) in dry dichloromethane.8 Phytol was dimerised at alcoholic
position to get an ether derivative (15) on dehydrating with conc.
sulfuric acid in dry benzene.8

Further, the aldehyde derivative of phytol (8) was modified to
some more lipophilic analogues (Scheme 2). Phytal (14) was re-
fluxed with hydroxylamine hydrochloride in ethanol to get corre-
sponding oxime derivative (16) of aldehyde.8 Two different fatty
acid ester chains were hooked up at hydroxyl position of oxime
derivative to enhance lipophilicity of the molecule. It was first trea-
ted with ethyl bromoacetate in presence of anhydrous potassium
carbonate in dry acetone to get 17. Similarly, 18 was obtained by
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Figure 1. Some of the natural and semisynthetic antitubercular drugs.
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treating 16 with ethyl bromocrotonate by the same procedure. An-
other lipophilic derivative was obtained on treating phytyl bro-
mide with demethoxycurcumin to get a derivative (19)
possessing two phytyl chains attached to both the phenolic posi-
tions of demethoxycurcumin. Demethoxycurcumin has been re-
ported to exhibit antitubercular activity at MIC 200 lg/mL.9 All
the analogues 9–19 were confirmed by spectroscopy.10

Compounds 8–19 were evaluated for in vitro antitubercular
activity with BACTEC 460 Radiometric Susceptibility Assay against
M. tuberculosis H37Rv (ATCC 27294).11 Rifampicin (Sigma Bio-
chemicals) and streptomycin (Sigma Biochemicals), were used as
positive controls. Analogues 14, 16 and 18 exhibited potent antitu-
bercular activity, 11 and 17 possessed lower activity than the phy-
tol while rest of the analogues were found to be inactive (Table 1).

Rajab et al. reported antitubercular activity of phytol at MIC
2 lg/mL against M. tuberculosis H37Rv strain radiorespirometrical-
ly.12 They synthesized several analogues of phytol and reported
structure–activity relationship. Saludes et al. reported antitubercu-
lar activity of phytol at 32 lg/mL against M. tuberculosis H37Rv
strain radiorespirometrically.13 However, in our experiments phy-
tol which was a mixture of cis- and trans-isomers (1:1) exhibited
antitubercular activity MIC at 100 lg/mL against M. tuberculosis
H37Rv strain radiorespirometrically. The antitubercular activity re-
ported earlier was for trans-isomer of phytol by other workers.12,13

The aldehyde derivative of Phytol (Phytal, 14) was further modified
to three other derivatives having enhanced lipophilicity. A moder-
ate to high lipophilicity of the compounds exhibit better antituber-
cular activity due to the lipophilic nature of the Mycobacterium
cell wall.14–16 Over 60% of its cell wall is lipid due to which it poses
difficulty to permeability to drug molecules, which ultimately re-
tards the transport of polar compounds through outer lipid layer
of mycobacterium and thus, the pathogen is resistant to many anti-
biotics, acidic and alkaline compounds, resistant to osmotic lysis
via complement deposition, resistant to lethal oxidations and sur-
vival inside of macrophages.17 So, lipophilicity was enhanced by
modifying the aldehydic position of 14.

The most potent analogue of phytol that is, 18 was evaluated for
in vivo acute oral toxicity in Swiss albino mice in accordance with
the ‘Organisation for Economic Co-operation and Development
(OECD)’ test guideline No. 423 (1987).18

Three different doses 5, 50 and 300 mg/kg body weight of the
test compound were given to mice after making suspension of 18
in distilled water using traces of ethanol as co-solvent. No observa-
tional changes, morbidity and mortality were observed throughout
the experimental period (7 days). Blood and serum samples upon
analysis showed non-significant changes in all the parameters
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Table 1
Antimycobacterial activity of phytol and its analogues against M. tuberculosis H37Rv
strain by BACTEC assay

S. No. Compound No. MIC (lg/mL)

1 8 100
2 9 n.aa

3 10 n.a
4 11 500
5 12 n.a
6 13 n.a
7 14 50
8 15 n.a
9 16 25

10 17 500
11 18 15.6
12 19 n.a
13 Rifampicin 2.0
14 Streptomycin 2.0

a n.a. = not active at 500 lg/mL concentration.
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studied like total RBC, WBC count, differential leukocyte count,
haemoglobin, serum total cholesterol, triglycerides, creatinine le-
vel, SGPT and SGOT activity (Table 2). Similarly, animals on gross
pathological study showed no changes in any of the organs studied
including their absolute and relative weight (see Figs. 2 and 3).
Therefore, the experiment showed that analogue 18 was well tol-
erated by the Swiss albino mice up to the dose level 300 mg/kg
body weight as a single acute oral dose. However, sub-acute and
chronic experiments with this analogue need to be carried out to
look for adverse effect if any on repeated exposure to compound
18 for its future development.

In conclusion, the present study provides three better antitu-
bercular analogues (14, 16 and, 18) of phytol against M. tuberculosis
H37Rv strain. Analogue 18, exhibited most potent antitubercular
activity and was well tolerable at 300 mg/kg body weight as single
acute oral dose.



Figure 2. (A and B) Effect of phytyl derivative 18, as a single acute oral dose at 5, 50
and 300 mg/kg body weight on absolute and relative organ weight in Swiss albino
mice. (n = 4, Non significant changes were found compared to control).

Figure 3. Effect of phytyl derivative 18, as a single acute oral dose at 5, 50 and
300 mg/kg body weight on differential leucocytes counts in Swiss albino mice.
(n = 4, Non significant changes were found compared to control).

Table 2
Effect of phytyl derivative 18, as a single acute oral dose @ 5, 50 and 300 mg/kg body weight on body weight, haemogram and serum biochemical parameters in Swiss albino mice

Parameters Dose of phytyl derivative, 18, in mg/kg body weight as a single oral dose

Control 5 mg/kg 50 mg/kg 300 mg/kg

Body weight (g) 23.56 ± 1.547 25.41 ± 2.31 25.39 ± 2.43 20.56 ± 1.53
Total RBC count (millions/mm3) 6.24 ± 0.51 5.98 ± 0.21 6.58 ± 0.19 5.14 ± 0.78
Total WBC count (thousands/mm3) 10.71 ± 2.47 14.45 ± 1.16 13.46 ± 0.99 14.24 ± 1.55
Haemoglobin (g/dL) 7.54 ± 1.05 6.41 ± 0.61 10.09 ± 2.36 5.55 ± 0.07
Serum total cholesterol (mg/dL) 43.25 ± 4.04 57.67 ± 7.95 54.91 ± 4.95 62.27 ± 8.28
Serum triglycerides (mg/dL) 72.43 ± 8.40 84.31 ± 14.76 71.90 ± 3.46 68.95 ± 7.80
Serum creatinine (mg/dL) 0.71 ± 0.14 0.61 ± 0.12 0.59 ± 0.08 1.20 ± 0.32
SGPT (U/L) 8.13 ± 0.79 11.15 ± 4.50 10.06 ± 1.19 11.36 ± 1.00
SGOT (U/L) 28.34 ± 3.37 28.03 ± 3.52 35.44 ± 7.64 41.73 ± 9.44

n = 4, non significant changes were found in all the parameters studied compared to control.
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