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Abstract

Osthol, Heraclenin and Oxypeucedanin were isolated from the hexane extract of Prangos pabularia and
the structure was confirmed by NMR spectroscopy. The biotransformation of osthol epoxide and
Heraclenin was performed using Saccharomyces cerevisiae. The structure of these compounds were
analysed by NMR spectroscopy and mass spectroscopy. The result reveals that the reduction has taken by
in epoxides by ring opening of the epoxide.
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Introduction

Prangos is the most widely distributed and important genus in the Umbelliferae family
consisting of around 36 species worldwide [.In India, they are commonly known as “Komal”
and occurs in the rocky slopes of Jammu and Kashmir [, There are various coumarins,
flavonoids, alkaloids and terpenoids were isolated from various Prangos species [ 1. The
extracts and the compounds are known to possess many biological activities including
antibacterial * €, antispasmodic effects & °1. Anti-inflammatory effects . Antioxidant [0 1,
Insecticidal activities 2. And cytotoxicity effects [**- 23, The chloroform root extract of this
plant yielded yuganin A (7-methoxy-8-((1S,2S)-1,2,3-trihydroxy-3-methylbutyl)-2H-chromen-
2-one), heraclenol  3’-O-B-D-glucopyranoside,  oxypeucedanin  hydrate  3'-O-B-D-
glucopyranoside, heraclenol, oxypeucedanin hydrate, osthol, oxypeucedanin, heraclenin,
isoimperatorin, imperatorin and the disaccharide 4. The biological activities of these
compounds can be enhanced by biotransformation. The microorganisms have the capability to
chemical modify a wide range of organic compounds. During the biotransformation process,
they synthesize many enzymes which act on organic compounds and modify them.
Biotransformation processes are mediated by two groups of microorganisms especially
bacteria and fungi 3. The whole-cell biocatalysts are more convenient and more stable
sources of enzymes and are often preferred. These cells have a high capacity to act as a redox
biocatalyst (16, Saccharomyces cerevisiae has been recurrently employed in biotransformation
reactions, due to its readiness of access and low cost. They are the ideal choice for conversions
that lead to the oxidation-reduction and has a long history of safe use in the food industry
makes this microorganism user-friendly [ 281, Dehydrogenases have been extensively used for
the reduction of carbonyl groups of aldehydes or ketones and carbon-carbon double bonds.
Saccharomyces cerevisiae helps in the asymmetric reduction of carbonyl compounds 29, In
this study, biotransformation of compounds were carried out using Saccharomyces cerevisiae
as they were able to attack the epoxide ring present in heraclenin and osthol epoxide to get the
new derivatives of the parent compound. The structures of these compounds were elucidated
using extensive spectral data.

Materials and Methods

Sample collection

The roots of Prangos pabularia were collected from Kashmir and the plant was identified by
Dr. J.A. Banday, Department of Chemistry, National Institute of Technology, Srinagar, Jammu
and Kashmir.
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Compound extraction

Procedure for the extraction of Heraclenin, Osthol and
Oxypeucedanin

The chemicals used for this research was procured from

Sigma- Aldrich. The roots of Prangos pabularia were shade
dried and powdered using a mixer. Then 50 g of roots were
taken in a glass jar and 200 ml of Hexane was added and left
overnight (2x). The solvent was then filtered using filter paper
and kept for slow evaporation. 1.883 g of crude extract
obtained was purified by column chromatography using Silica
gel 70-230 mesh as stationary phase and eluted with solvents
of increasing polarity. The isolated compounds were
confirmed by performing thin layer chromatography on 0.25
mm silica gel F254 plates (Merck) and UV was used to

visualize the spots.

A Simple procedure for the extraction of oxypeucedanin

Oxypeucedanin was extracted by keeping the hexane extract
@ 4 °C. The sediment formed was air dried to get
oxypeucedanin. The isolated compound was confirmed by

performing thin  layer
spectroscopy.

chromatography and NMR

Biotransformation of heraclenin
100 mg of Heraclenin added to the medium containing

1333.32mg of Saccharomyces cerevisiae and 5 g of sucrose

and incubated for 15 days @ 28 °C. The transformed

compound was sequentially extracted using DCM solvent by

keeping in the shaker for 10 min. This process was followed

thrice and the extract was pooled. The trace of water present
was removed by adding sodium sulphate crystals. The solvent

was removed to afford the crude extract of the transformed

compound. The transformed compound was purified by
using NMR

column chromatography and
spectroscopy.

analysed

Chemical transformation of osthol

For chemically transforming the osthol, 120 mg of osthol was
treated with 200 mg of 3- perchloro benzoic acid and 4 ml of
Dichloromethane was added and kept in the shaker for 3
hours. The compound was extracted by after adding 300mg of

sodium bicarbonate to neutralize the acid. Then it was washed
with water and DCM. The filtrate was extracted with DCM

and dried using little quantity of sodium sulphate and
evaporated on hot plate to give a yield of 146 mg. The
compounds were purified by column chromatography using
Silica gel 70-230 mesh as a stationary phase. The isolated
compounds were confirmed by performing thin layer
chromatography on 0.25 mm silica gel F254 plates (Merck)
and UV was used to visualize the spots and further confirmed
by NMR spectroscopy.

Biotransformation of osthol epoxide

For chemically transforming the osthol, 30 mg of epoxy
osthol added to the medium containing 833.33 mg of
Saccharomyces cerevisiae and 2 g of sucrose and incubated
for 7 days @ 28 °C. The transformed compound was
sequentially extracted using DCM solvent by keeping in the
shaker for 10 min. This process was followed thrice and the
extract was pooled. The traces of water present were removed
by adding sodium sulphate crystals. The solvent was removed
to afford the crude extract of the transformed compound. The
transformed compound was purified by column
chromatography and analysed using NMR spectroscopy.

Result and Discussion

Isolation of compounds

The compounds isolated were found to be osthol, heraclenin
and oxypeucedanin which were confirmed using NMR
spectroscopy. Similar results regarding the presence of these
compounds in the Prangos species were confirmed by the
previous research 141,

NMR of heraclenin: White crystals; Yield: 126 mg.

'H NMR: 7.71(d,1H,J=9.5Hz), 7.69(d,1H,J=2.0Hz), 7.40
(s,1H), 7.26(s,1H), 6.82(d,1H,J=2.0Hz), 6.36(d,1H,J=9.5Hz),
4.58(m,2H), 3.31(t,1H,J=5.5Hz), 1.34(s,3H), 1.28(s,3H).

13C NMR: 160.47, 148.44, 146.94, 144.45, 143.74, 131.57,
126.12, 116.63, 114.92, 114.01, 106.94, 106.10, 72.59, 61.45,
58.30, 24.68, 18.99.

The NMR spectral data of the heraclenin (Fig: 1) were
compared with those of previously reported data and it was

proved to be identical which confirms the isolated compounds
[20]

Fig 1(a): 1 H NMR of Heraclenin
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Fig 1(c): Structure of Heraclenin

Fig 1(b): 13 C NMR of Heraclenin

NMR of osthol

Pale yellow crystals; Yield: 140 mg.
'H NMR: 7.60(d,1H,J=9.2Hz),
6.84(d,1H,J=8.8Hz),
5.23(t,1H,J=7.2Hz),
1.69(s,3H).

13C NMR: 161.40, 160.24, 152.86, 143.74, 132.67, 126.19,
121.12, 118.04, 113.03, 107.36, 77.33, 77.02, 76.70, 56.05,
25.78,21.94, 17.93.

According to the literature and comparing the spectrum values
(Fig: 2), the compound was identified as osthol [23,

7.30(d,1H,J=8.8Hz),
6.23(d,1H,J=9.2Hz),
3.54(d,2H,J=7.2Hz),  1.84(s,3H),
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Fig 2(a): 1 H NMR of Osthol
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Fig 2(b): 13 C NMR of Osthol

NMR of oxypeucedanin

White crystals; Yield: 53 mg.

'H NMR: 8.23(d,1H,J=9.9 Hz), 7.62(d,1H,J=2.4 Hz),
7.20(s,1H), 6.96(d,1H,J=2.2 Hz), 6.33(d,1H,J=9.8 Hz),
4.61(dd,1H,J=10.8 Hz,4.3 Hz), 4.46(dd,1H,J=10.5 Hz6.5
Hz), 3.32(dd,1H,J=4.3 Hz,6.5 Hz).

0 o 0 13C NMR: 161.22, 158.17, 152.68, 148.49, 145.46, 139.17,
pd 114.35, 113.31, 107.58, 104.64, 95.04, 72.45, 61.25, 58.51,
24.74, 19.16. The isolation of oxypeucedanin was confirmed

= as the NMR spectral data (Fig: 3) was in agreement with the

previous studies 22,
Osthol

Fig 2a: Structure of Osthol
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Fig 3(a): 1 H NMR of oxypeucedanin
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Fig 3(b): 13 C NMR of oxypeucedanin

Oxypeucedanin

Fig 3(c): structure of oxypeucedanin

Biotransformation of compounds

Heraclenin was bio transformed to a new compound by the
reduction process but Saccharomyces cerevisiae was not
capable of bio transforming the osthol as it doesn’t have
epoxide ring. So, osthol was chemically transformed to epoxy

osthol and thus the Saccharomyces cerevisiae was able to
reduce it by breaking down the epoxide ring.

NMR of hydroxy imperatorin

Pale yellow; Yield: 69 mg.

'H NMR: 7.78(d,1H,J=9.5 Hz), 7.70(d,1H,J=2.0 Hz),
7.40(s,1H), 6.84(d,1HJ=2.0 Hz), 6.34(d,1H,J=9.5 Hz),
4.76(dd,1H,J=10 Hz,2.5 Hz), 4.34(dd,1H,J=10 Hz,2.5 Hz),
3.84(d,1H,J=8.0 Hz), 3.34(m,1H).

13C NMR: 160.47, 148.44, 146.88, 144.37, 114.84, 113.82,
106.91, 76.04, 75.76, 29.70, 26.69, 25.09.

In the proton NMR of the product (Fig: 4) there is an absence
of triplet peak at 3.31 indicating that the reaction has taken
place in the epoxide ring of the heraclenin. Further the
adjacent peak at 3.8 d and a multiplet at 3,34 indicates the
ring opening of the epoxide In 13C NMR there is absence of
epoxide peak at 61.45 and 58.30 and the presence of peak at
75.76 and 76.04 indicates the reaction in the epoxide ring.
The presence of the additional CH, peak at 29.70 and the OH
peak at 76.04 clearly indicates that heraclenin been reduced to
hydroxy imperatorin.

Fig 4(a): 1 H NMR of hydroxy imperatorin
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Fig 4(b): 13 C NMR of hydroxy imperatorin

OH 'H NMR: 6.23 (d,1H,J=9.4 Hz), 7.62 (d,1H, J=9.4 Hz), 7.36
(d,AHJ=8.6 Hz), 6.87(d,1H,J=8.6 Hz), 3.02(m,2H),
3.17(dd,AH,J=3 Hz,8.6 Hz), 1.49(s,1H), 1.28(s,1H),
0 3.93(s,3H).
13C NMR: 160.89, 160.59, 153.27, 143.64, 127.11, 114.01,
112.93, 112.83, 107.32, 62.84, 59.16, 56.03, 24.64, 22.37,
19.01. Comparision of the 1H NMR data of the product epoxy
osthol (Fig: 5) with osthol showed that the triplet due to
alkenic methine disappeared. Instead, a multiplet appeared at
3.17 ppm corresponding to one proton. The benzylic
Heraclenin Hydroxy imperaiorin methylene appeared as a multiplet at 3.02 ppm. The gem
dimethy group was separated by 0.2 ppm and clearly appeared
as two singlets. In addition, appearance of new signals, a
: : quarternary carbon at 59.1 ppm and a methine at 62.8 ppm in
Elll\o/ltlgag: Z%mest(;csnghgr epoxy osthol C13 spectrum confirmed the structure to be 7-methoxy-8-(3-
White powder: Yield: 71 mg methyl-2,3-epoxybutyl) coumarin. This was further supported
' ' ' by DEPT and 1H-13C COSY experiments.

0 Saccharomyces cerevisiae
_—

Sucrose

Fig 4(c): Biotransformation of heraclenin

Fig 5(a): 1 H NMR epoxy osthol
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Fig 5(b): 13 C NMR epoxy osthol
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Fig 5(c): Chemical transformation of osthol

NMR of transformed hydroxy osthol

Pale yellow; Yield: 18 mg.

H NMR: 7.65(d,1H,J=9.2 Hz), 7.36(d,1H,J=8.8 Hz),
6.26(d,1HJ=9.2 Hz), 6.88(d,1H,J=8.8 Hz), 3.94(s,3H),
3.65(dd,1H,J=12.0 Hz,4 Hz), 3.13(dd,1H,J=12.0 Hz,4 Hz),

3.03(dd,1H,J=12.0 Hz,
6.34(s,6H).

13C NMR: 143.97, 127.04, 113.13, 107.44, 78.39, 73.07,
56.28, 29.71, 26.06, 25.28, 23.99.

The *H NMR of the bio transformed product (Fig: 6) is the
same as that of osthol except for changes in the epoxide ring.
The absence of doublet of the doublet (dd) at 3.013 and the
presence of peak at 3.65, 3.03, 3.13 and 2.32 indicate that
epoxide moiety has undergone the reaction. In *C NMR
spectrum there is absence of peak at 62.84 and 59.10. Instead,
there is an OH peak at 78.39 indicates that the epoxide ring
may be reduced to alcohol and in DEPT 135 in which the
additional CH; peak at 29.71 and a (qC-OH) peak at 78.38.
All the above facts clearly indicate that the epoxy osthol has
been reduced to hydroxy osthol.

4 Hz), 2.32(m1H,J=12.0 Hz),
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Fig 6(a): 1 H NMR hydroxy osthol
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Fig 6(b): 13 C NMR hydroxy osthol
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Fig 6(c): Biotransformation of osthol epoxide

Most of the reviewed literature focus on the reduction of the
carbonyl compounds (both- simple and conjugated) and there
is no much report on the reduction of the secondary
metabolites using the simple eco-friendly system. In this
research, compounds have been isolated from the
non-polar solvent hexane. Three compounds have been
isolated and two compounds (heraclenin and osthol) have
been transformed by Saccharomyces cerevisiae by the
reduction of the epoxide ring and not by the reduction of a, §
unsaturated double bonds.

Conclusion

Biotransformation has proven to be very useful for the
synthesis of new compounds. It makes it possible to derive
the compounds without requiring additional steps. Although
the yields of the bio transformed products are minimal, the
media composition and the extraction protocol can be
modified to get the better yield. In the future, these
compounds can be further analyzed for their enhanced
bioactivity to that of the parent compounds. Having known
the potential of biotransformation, more and more compounds
can be synthesized and can find its application in the field of
agriculture, industry and health sector.
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