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Abstract

Podophyllotoxin finds a lot of scopes in pharmaceutical field as it show wide biological activities.
Several analogues of podophyllotoxin were reported variety of biological activities such as cathartic, cytotoxic,
antimitotic, anticancer, antitropical skin disease, antimalarial, virucidal, fungicidal etc. Experiment was carried
out to synthesize 6, 6a-dihydro-2, 3-dimethoxy-9-methyl-11bH benzo [c] fluoren - 5, 7 dione and Synthesis of 6,
6a-dihydro-3-methoxy-2, 9-dimethyl-11 bH benzo [c] fluoren - 5, 7 dione. The products were re-crystallized in
ethanol and characterized by spectrometric methods, IR, NMR and Mass spectroscopy. A yield of 82.72 and
83.6 percent were recorded respectively. The anti-mitotic activities of the synthesized analogues were examined
by the onion root tip method with reference to b- apopicropodophyllin and Podophyllotoxin. In the present
work, the synthetic analogues D and E have shown increased anti-mitotic activities with ID50 of  2.005 x 10-6 M
and 2.260 x 10-6M respectively with reference to standard and control.
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1. Introduction

Podophyllotoxin (a)1 is a strong anti-
mitotic agent, which has been extracted from two
important medicinal plants named Podophyllum
emodi an Indian species and Podophyllum peltatum
a North American species that belong to the family

of berbideracea2. Recently it has also been
extracted from other medicinal plant called
podophyllum pleianthum by David Jackson et al3.
The dried roots and rhizome of these plants are
known as podophyllum, which on extraction from
alcohol and after drying gives a resin termed
podophyllin. In 1942 Kaplan cured the venereal
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wart condyloma acuminatum with the topical
application of podophyllin in oil. This led to the
studies of the action of podophyllin on tumor
tissues and to intensive chemical examination of
the constituents of podophyllin4.

Podophyllotoxin and several of its
analogues show wide variety of biological activities
such as cathartic, cytotoxic, antimitotic, anticancer,
antitropical skin disease, antimalarial, virucidal,
fungicidal5-8 etc. Podophyllotoxin derivatives and
vinca alkaloids were the only drugs found
markedly inhibit DNA ligases from normal cells9.
Highly purified Podophyllotoxin (a) efficiently
suppress in-vitro and in-vivo immune responses.
Podophyllotoxin (a) in extremely low doses
efficiently inhibits antibody responses to Sheep
erythrocyte10.

-Apopicropodophyllin (b), a dehydrated
isomerised product of podophyllotoxin acts as a
much stronger antimitotic agent11. The total
synthesis of -apopicropodophyllin(b), a
dehydrated isomerised product of podophyllotoxin
acts as a much stronger antimitotic agent11. The
total synthesis of -apopicropodophyllin (b) was
carried out by Gensler et al. in 196012. Very
recently the asymmetric total synthesis of -
apopicropodophyllin (b) was prepared for the first
time from podophyllotoxin(a) by a three steps
procedure by Schrecker and Hartwell­[13].
Recently, a convenient one step procedure for the
preparation of -apopicropodophyllin(b) from

podophyllotoxin(a) in excellent yield have been
reported by Murthy and coworkers13.

    

The sandoz company in Basel (Switzerland)
have developed a number of semi synthetic
derivatives mainly glycosides that have retained
the desirable antimitotic activity and lost the
undesired side effects. At least four of these VIZ:
SP-1 and SP-G, VM-26 (tenoposide) and VP-16-
213 (etoposide) are now in clinical use14-18.

An interesting observation from Schreier
and his coworkers is that tridemethoxy--
apopicropodophyllin (C) a synthetic product, which
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act as a strong antimitotic agent11-35.

Hence it was decided to synthesize the
analogues D and E by replacing tri-methoxy phenyl
group with dimethoxy and methoxy methyl groups
respectively by Gensler’s method12 and  the anti-
mitotic activity was studied in the present study.

Material and Methods

1. Synthesis of 6, 6a-dihydro-2, 3-dimethoxy-
9-methyl-11bH benzo [c] fluoren - 5, 7 dione:

1.1 Conversion of 1a into 2a

A mixture of 3, 4 – dimethoxy - 4’ –
methyl – benzhydryl succinic acid 1a (2g,
0.00558 mole) and thionyl chloride (40ml) was
boiled for 5hours. The excess of thionyl chloride
was distilled off to obtain 2a.

1.2 Conversion of 2a into 3

A solution of 3, 4-dimethoxy-4’-
methyl-benzhydryl succinoyl chloride 2a
(1.5g, 0.00379 mole) in dry dichloromethane
(50ml) was added over a period of a magnetically
stirred solution of anhydrous aluminum chloride
(0.505g, 0.00379 mole) in dry dichlomethane at

0oC for 8h. The reaction mixture was treated with
cold 5N HCl (50ml). The organic layer was
washed with 10% NaOH solution (2x50ml) and
finally with water. The solvent was removed by
distillation gave a  light yellow residue. The crude
product was column chromotographed over silica
gel (1cmx30) using chloroform as the eluant. The
solvent was removed and evacuated at 50oC on
a rotary evaporator gave white solid.

2. Synthesis of 6, 6a-dihydro-3-methoxy-2, 9-
dimethyl-11bH benzo [c] fluoren - 5, 7 dione
2.1 Conversion of 1b into 2b :

2b was prepared from 4-methoxy-3-
methyl-benzhydryl succinic acid 1b (2.0g,
0.005841 mole) and thionyl chloride (40ml) by
refluxing for 5hours.

2.2 Conversion of 2b into 4
The 2b (1.5g, 0.003954 mole) was

cyclised to 4 using anhyd. Aluminum chloride
(0.5273g, 0.003954 mole) in dry dichloromethane
(50ml) gave white crystalline solid.

3. Anti-mitotic activity :
The antimitotic activities of the

synthesized analogues of - apopicropodophyllin
were examined by the onion root tip method.

3.1 Reagents required :

3.2 Orcein Solution: 2g of orcein dissolved in
45% acetic acid at boiling temperature, cooled to
room temperature and filtered. The filtrate was
used for staining.

3.3 Hydrochloric acid: 0.1N :
3.4 Test Solution: Prepared by dissolving exactly
known weight (0.001 to 0.003g) of synthetic
analogue in 3ml of absolute ethanol and diluted
with distilled water to 250 ml in a standard flask.
All the tested synthesized products gave a clear
solution in the above process.



3.5 Procedure: Onion base was immersed to an
extent of about half a centimeter in a sample tube
(7x3 cm) after removing the old roots from it and
the immersion continued for two days for
germination. After two days, germinated root tips
were removed and placed on the sample tube
containing fixing solvent (absolute ethanol-glacial
acetic acid, 3:1v/v). After 24h fixing solvent was
decanted carefully and the root tips were washed
with preserving solvent (70% ethanol) and keep
immersed in the same solvent. An onion was also
allowed to germinate in a control solution (3 ml of
absolute ethanol diluted with distilled water to 250
ml) without the synthetic analogue in exactly the
same way as was done in preparing solution of
synthetic analogues.

Root tips were placed on a clean watch
glass containing stain solution (orcein solution-HCl
solution 7:1 v/v) and heated on the flame until
fumes come out. It was then cooled to room
temperature. Root tips were then placed on the
micro slide, a drop of stain solution was added
and the root tips were squashed by a razor blade
and slides were prepared.

Result and discussion

1. synthetic analysis of 6,6a-dihydro-2, 3-
dimethoxy-9- methyl-11b h benzo [c] fluoren-
5, 7-dione :

6,6a-dihydro-2, 3-dimethoxy-9- methyl-
11b h benzo [c] fluoren-5, 7-dione D and 6,6a
dihydro-3-methoxy -2, 9 dimethy-11bh benzo [c]
fluoren 5, 7-dione E were prepared by friedel
craft’s intramolcular acylation reaction36. The
experiment was carried out to synthesize 2a by
refluxing a mixture of 3, 4 – dimethoxy - 4’–
methyl – benzhydryl succinic acid 1a and thionyl
chloride for 5h. As the reaction is completed, the
excess of thionyl chloride was distilled off. Finally,
a pale yellow residue was obtained as gummy

product 2a. A yield of 82.72% (1.824g) was
recorded. The product formation was confirmed
by IR spectrum by not having peak for -OH group.

IR (Nujol): 1710 cm-1 for -C=O, and no -OH peak

a: R1 = R2 = OCH3
b: R1 = OCH3, R

2=CH3
Scheme of synthesis

The compound D was obtained by pouring
a solution of 3, 4-dimethoxy-4’-methyl-
benzhydryl succinoyl chloride 2a in dry
dichloromethane into solution of anhydrous
aluminum chloride over a period. The resulting
mixture was magnetically stirred at 0oC for 8h.
The reaction mixture was treated with cold 5N
HCl (50ml) which results in the separation organic
and aqueous layer. The organic layer was washed
with 10% NaOH solution and finally with water.
On distillation, the solvent was removed forming
light yellow residue. The crude product was
purified by column chromatography over silica gel
using chloroform as the elutant. The elutant were
collected and evacuated at 50oC using rotary
evaporator gives white solid. It was re-crystallized
from ethanol and a yield of 83.6% was recorded.
Melting point of the re-crystallized product is 166-
168oC. The final product was analysed by the
following analytical techniques
IR (KBr): 1689 cm-1 (Indenone carbonyl), 1666
cm-1 (tetralone carbonyl), 1600 (aromatic C=C)
PMR (CDCl3): δ2.4 (s, 3H, CH3), δ2.8-3.0 (d,
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J=6Hz, 2H, C6-H), δ3.2-3.9 (m, 1H C6a-H) δ4.0-
4.1 (s, 6H, OCH3), δ4.7 (d, J=6Hz, 1H, C11b-H,),
δ7.1-7.8 (m, 5H, Ar-H);
Mass (m/z, % abundance): 322 (M+, 98);
Anal. Calcd. For C20H18O4; C, 74.5; H, 5.62%;
Found: C, 74.48; H, 5.59%.

2. synthetic analysis of 6, 6a-dihydro-3-
methoxy-2, 9-dimethyl-11bH benzo [c] fluoren
- 5, 7 dione :

The compound 2b was prepared from 4-
methoxy-3-methyl-benzhydryl succinic acid
1b  and thionyl chloride. A yield of 82.2% was
obtained.

The 2b was cyclised by pouring the
solution of 2b in dry dichloromethane over a period
into anhydrous Aluminum chloride in dry
dichloromethane. White crystalline solid was
obtained having an yield of 92% yield. The crude
compound was re-crystallized in ethanol and the
melting point is recorded as 102-1040C. The final
product was analysed by the following analytical
techniques
IR (KBr): 1702 cm-1 (Indenone C=O), 1674 cm-1

(tetralone C=O), 1590 cm-1 (aromatic C=C) PMR
(CDCl3): δ2.3-2.5 (bs, 6H, CH3), δ2.75-2.95 (d,
J=6Hz, 2H, C6-H), δ3.1-3.8 (m, 1H, C6a-H) δ4.0

(s, 3H, OCH3), δ4.6 (d, J=6Hz, 1H, C11b-H), δ7.0-
7.7 (m, 5H, Ar-H);
Mass (m/z, % abundance): 306 (M+, 96);
Anal. Calcd. For C20H18O3; C, 78. 41; H, 5.92%;
Found: C, 78.34; H, 5.85%.

3. Anti-mitotic activity :
Assay:

The prepared slide was mounted for
observation under a compound microscope. The
total numbers of cells and the number of dividing
cells were counted. The percent of the number
of dividing cells compared to the control and the
percent inhibition of mitosis by the test antimitotic
agent at a given concentration against a control
were calculated.

The inhibition study for each synthetic
product was done for three different concentrations.
The statistical data are presented in the table.

A graph of concentration, versus percent
inhibition for each test compound was drawn. The
concentration needed for 50% inhibition (ID50)
was shown from the bar graph and ID50 values
for the synthetic derivatives for antimitotic activity
are tabulated.

Figure 1: Percent inhibition versus concentration
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The antimitotic activity data was recorded
as shown in the Table 1. From the table it is clear
that the anti-mitotic activities of the newly
synthetic analogues D and E showed an increased
trend in compare to Control, Podophyllotoxin (a)
and ß-apopicropodophyllin. The maximum activity
for D and E of ID50 were 2.005 x 10-6M and 2.260
x 10-6 M relatively to that of Podophyllotoxin (a)
and ß-apopicropodophyllin having ID50  with 4.290
x 10-6M and 2.870 x 10-6M. It is conspicuously
believed that the nucleophilic functional entities
in the cell constituents might easily attack the
electrophilic lactone ring moiety. The anti-mitotic
activities of the newly synthetic compounds mainly
based on the size of the substituents attached to
the aromatic rings.

Conclusion
Podophyllotoxin, its derivatives and

Table 1. Biological assay and anti-mitotic activity of D and E
Conc. Total Total %. of %. of
In mol/ No. of no. of  %. of dividing inhibition ID50M

Compound l x 10-6  dividing cells dividing Average cells compare ((X10-6

cells cells compare to control mol/ l)
control

Control - 19 104 18.269 20.116 100 0.0 -
18 93 19.354
20 88 22.727

Podophyllo- 1.44 18 202 8.991 16.712 83.25 16.75 4.29
toxin (a) 46 230 20.000

52 245 21.224
ß-apopicro- 1.51 23 209 11.005 14.792 73.53 26.47 2.87
podophyllin 34 183 18.579
D 1.24 18 281 6.405 7.677 38.163 61.637 2.005

2.48 25 343 7.288
3.72 48 514 9.338

E 1.3 35 512 6.835 8.505 42.279 57.721 2.260
2.61 31 341 9.090
3.92 47 490 9.591

analogues finds a lot of scopes in pharmaceutical
field as it show wide biological activities. Several
researchres worked on the analogues of podo-
phyllotoxin and its derivatives for variety of
biological activities such as cathartic, cytotoxic,
antimitotic, anticancer, antitropical skin disease,
antimalarial, virucidal, fungicidal5-18. In the present
work the analogues of podophyllotoxin 6, 6a-
dihydro-2, 3-dimethoxy-9-methyl-11bH benzo [c]
fluoren - 5, 7 dione and 6, 6a-dihydro-3-methoxy-
2, 9-dimethyl-11bH benzo [c] fluoren - 5, 7 dione.
The products were re-crystallized in ethanol and
characterized by spectrometric methods, IR, NMR
and Mass spectroscopy. A yield of 82.72 and 83.6
percent were recorded respectively. The anti-
mitotic activities of the synthesized analogues
were examined by the onion root tip method with
reference to - apopicropodophyllin and Podo-
phyllotoxin. The synthetic analogues D and E have
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shown increased anti-mitotic activities with ID50

of 2.005 x 10-6 M and 2.260 x 10-6M respectively
with reference to standards of ID50 with 4.290 x
10-6M and 2.870 x 10-6M. It is strongly believed
that the nucleophilic functional groups in the cell
constituents might easily attack the electrophilic
lactone ring moiety. The anti-mitotic activities of
the newly synthetic compounds mainly based on
the size of the substituents attached to the aromatic
rings.

Future Scope of the work :

The derivatives and analogues of
Podophyllotoxin show wide biological activities.
Hence the exploration of new analogues gives
conspicuous importance in medicinal field and lead
innovative researches.

The authors are grateful to CDRI
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Mass and CH analysis data and sincerely
acknowledge the support of the principal Maharani’s
Science College for Women, Mysuru.
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