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New sterol esters from the flowers of Punica granatum Linn.

Priyanka Bagri, Mohammed Ali*, Shahnaz Sultana and Vidhu Aeri

Phytochemistry Research Laboratory, Department of Pharmacognosy and Phytochemistry, Faculty
of Pharmacy, Jamia Hamdard (Hamdard University), New Delhi 110062, India

(Received 27 December 2008; final version received 29 March 2009)

Two new b-sitosterol esters have been isolated from the flowers of Punica granatum
Linn. (Punicaceae) along with the known compounds n-tricosane (3), n-heptacosanyl
n-hexanoate (4), olean-5,12-dien-3b-ol-28-oic acid (5), and olean-12-en-3b-ol-28-oic
acid (6). The structures of the new phytosterols have been elucidated as stigmast-5-en-
3b-ol-3b-dodecanoate (b-sitosterol laurate, 1) and stigmast-5-en-3b-ol-3b-tetrade-
canoate (b-sitosterol myristate, 2) on the basis of spectral data and chemical analyses.

Keywords: Punica granatum; Punicaceae; steroidal esters; b-sitosterol laurate;
b-sitosterol myristate

1. Introduction

Punica granatum Linn. (Punicaceae),

commonly called as pomegranate, is an

ancient fruit with an illustrious medical

history [1]. It is a shrub or a small tree and

considered to be a native of Iran and

Afghanistan. It is also found growing wild

in the warm valleys and outer hills of the

Himalayas, and is cultivated throughout

India [2]. In Ayurvedic medicine, the

pomegranate is considered ‘a pharmacy

unto itself’. The bark and root possess

anthelmintic and vermifuge properties,

and the peels are a powerful astringent

and used to cure diarrhoea and oral

aphthae [3,4]. The powdered flower buds

are ingested to relieve bronchitis,

diarrhoea, and dysentery; as a styptic to

the gums and to allay biliousness, ulcers,

sore throat, and sore eyes [5]. In Unani

medicine, pomegranate flowers serve as a

remedy for diabetes mellitus [6]. The earlier

studies of P. granatum flowers have shown

the presence of sterols, phenolic com-

pounds, and pentacyclic triterpenes [7,8].

The present paper describes the iso-

lation and characterization of two

unknown steroidal esters from the

flowers of P. granatum of the unexplored

North Indian Delhi region along with the

four known compounds n-tricosane (3),

n-heptacosanyl n-hexanoate (4), olean-

5,12-dien-3b-ol-28-oic acid (5), and olean-

12-en-3b-ol-28-oic acid (6).

2. Results and discussion

Compound1, namedb-sitosterol laurate, was

obtained from petroleum ether–chloroform

(1:1) eluants as a colorless crystalline mass. It

responded positively to steroidal tests. Its IR

spectrum showed characteristic absorption

bands for the ester group (1736 cm21),

unsaturation (1629 cm21), and long aliphatic

chain (724 cm21). On the basis of MS, HR-

MS, and 13C NMR spectra, its molecular

weight was established at m/z 596 consistent
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with the molecular formula of a steroid

esterified with a C12 fatty acid, C41H72O2. Its

molecular formula indicated six double bond

equivalents. Four of them were adjusted in

the tetracyclic carbon framework of the

steroidal nucleus, one in the vinylic linkage

and the remaining one in the ester group. The

prominent ion peaks generated at m/z 581

[M2Me]þ, 553 [M2CHMe2]
þ, 413 [M2

CO(CH2)10CH3]
þ, 183 [CO(CH2)10CH3]

þ,

397 [4132Me]þ, 396 [M2CH3(CH2)10

COOH]þ, 272 [4132C10H21, side chain]þ,

270 [27222H]þ, 255 [2702Me]þ, 240

[2552Me]þ, 213 [2552ring D fission]þ,

and 198 [2132Me]þ suggested that a C12

acyl moiety was esterified with the hydroxyl

group of the sterol containing a C10 saturated

side chain. The 1H NMR spectrum of 1

displayed a one-proton broad multiplet at d

5.27 ascribed to the vinylic H-6. A one-

proton broad multiplet at d 4.16 with a half

width of 16.5 Hz was attributed to an a-

oriented C-3 carbinol proton. Two three-

proton broad signals at d 0.67 and 1.04 were

assigned to C-18 and C-19 tertiary methyl

protons, respectively. Four doublets at d 0.93

(J ¼ 6.3 Hz), d 0.87 (J ¼ 6.6 Hz), d 0.80

(J ¼ 6.0 Hz), and d 0.83 (J ¼ 3.6 Hz), all

integrating for three protonseach, weredue to

C-21, C-26, and C-27 secondary and C-29

primary methyl protons, respectively.

The presence of all methyl signals in the

range of d 1.04–0.67 suggested the location

of these functionalities on the saturated

carbons. Two one-proton doublets at d 2.50

(J ¼ 5.2 Hz) and d 2.48 (J ¼ 5.2 Hz) were

accounted to the C-20 methylene protons

adjacent to the ester group. A one-proton

triplet atd0.85 (J ¼ 6.1 Hz) was due to H-120

terminal primary methyl protons.

The remaining methylene and methine

protons resonated between d 2.39 and 1.17.

The 13C NMR spectrum of 3 showed

important signals for the ester carbon at d

173.2 (C-10), the vinylic carbon atd141.1 (C-

5) and d 119.8 (C-6), the carbinol carbon at d

69.7 (C-3), the primary methyl carbon at d

13.8 (C-120), and the remaining methyl,

methylene, and methine carbons between d

55.4 and 11.3. The 1H and 13C NMR spectral

data were compared with b-sitosterol [9],

lawsaritol [10], and other related steroids

[11]. Alkaline hydrolysis of 1 yielded

b-sitosterol and lauric acid. The 1H and 13C

HETCOR spectrum of 1 showed correlations

of C-6 with H2-4 and H2-7; C-5 with H-3,

H2-4, and H-6; and C-10 with H-3 and H2-2
0.

On the basis of the spectral data analysis and

chemical reactions, the structure of1hasbeen

established as stigmast-5-en-3b-ol-3b-dode-

canoate. It is an unreported sterol ester

(Figure 1).

Compound 2, named b-sitosterol

myristate, was obtained from petroleum

ether–chloroform (1:3) eluants as a color-

less crystalline mass. Its IR spectrum

showed characteristic absorption bands

for the ester group (1737 cm21), unsatura-

tion (1640 cm21), and long aliphatic chain

(727 cm21). On the basis of FAB-MS, HR-

MS, and 13C NMR spectra, its molecular

weight was established at m/z 624 consist-

ent with the molecular formula of a sterol

ester, C43H76O2. Its molecular formula

indicated six double bond equivalents; four

of them were adjusted in the tetracyclic

skeleton of the steroid and one each in the

vinylic linkage and ester group. The MS of

2 exhibited prominent ion fragments

generated at m/z 609 [M2Me]þ, 413

[M2CO(CH2)12CH3]þ, 211 [CH3(CH2)12

CO]þ, 396 [M2CH3(CH2)12COOH]þ,

Figure 1. Structures of compounds 1 and 2.
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228 [CH3(CH2)12COOH]þ, 398 [4132

Me]þ, 272 [4132C10H21, side chain]þ,

270 [27222H]þ, 255 [2702Me]þ, 240

[2552Me]þ, 213 [2552 ring D fission]þ,

and 198 [2132Me]þ suggested that a

sterol was esterified with a C14 fatty acid.

The ion fragments that arose at m/z 108

[C6,7 –C9,10 fission]þ, 122 [C7,8–C9,10

fission]þ, 164 [C8,14–C9,11 fission]þ, 178

[C8,14–C11,12 fission]þ, and 192 [C8,14–

C12,13 fission]þ supported the existence of

the vinylic linkage in ring B at C5 and the

saturated nature of ring C. The 1H NMR

spectrum of 2 displayed a one-proton

multiplet at d 5.26 ascribed to the vinylic

H-6. A one-proton broad multiplet at d

4.01 with a half width of 16.5 Hz was

attributed to an a-oriented C-3 carbinol

proton. Two three-proton broad signals at

d 0.67 and 1.04 were assigned to C-18 and

C-19 tertiary methyl protons, respectively.

Four doublets at d 0.93 (J ¼ 6.2 Hz), d

0.87 (J ¼ 6.4 Hz), d 0.80 (J ¼ 6.1 Hz), and

d 0.82 (J ¼ 5.6 Hz), all integrating for

three protons each, were due to C-21,

C-26, and C-27 secondary and C-29

primary methyl protons, respectively.

The presence of all methyl signals in the

range of d 1.04–0.67 suggested the

location of these functionalities on the

saturated carbons. Two one-proton doub-

lets at d 2.50 (J ¼ 5.2 Hz) and 2.48

(J ¼ 5.2 Hz) were accounted to C-20

methylene protons adjacent to the ester

group. A one-proton triplet at d 0.84

(J ¼ 6.1 Hz) was due to H-140 terminal

methyl protons. The remaining methine

and methylene protons appeared in the

range of d 2.27–1.17. The 13C NMR

spectrum of 2 showed important signals

for the ester carbon at d 173.1 (C-10), the

vinylic carbon at d 141.1 (C-5) and d 119.9

(C-6), the carbinol carbon at d 69.8 (C-3),

the primary methyl carbon at d 14.5

(C-140), and the remaining methyl, meth-

ylene, and methine carbons between d 55.4

and 11.4. The 1H and 13C NMR spectral

data of the steroidal nucleus of 2 were

compared with b-sitosterol [9], lawsaritol

[10], and other related steroids [11].

Alkaline hydrolysis of 2 afforded b-

sitosterol and myristic acid. The 1H and
13C HETCOR spectrum of 2 showed

correlations of C-5 with H-3, H2-4, and

H-6; and C-10 with H-3 and H2-20. On the

basis of the foregoing discussion, the

structure of 2 has been elucidated as

stigmast-5-en-3b-ol-3b-tetradecanoate. It

is an unknown sterol ester (Figure 1).

Compounds 3, 4, 5, and 6 are the

known phytoconstituents and their struc-

tures have been established as n-tricosane,

n-heptacosanyl n-hexanoate [12], olean-

5,12-dien-3b-ol-28-oic acid, and olean-

12-en-3b-ol-28-oic acid [13], respectively.

3. Experimental

3.1 General experimental procedures

Melting points were determined on a Perfit

melting point apparatus and are uncor-

rected. The IR spectra were recorded on

KBr pellets using a Jasco FT/IR-5000

instrument. The UV spectra were scanned

in methanol on a Lambda Bio 20

spectrophotometer. The 1H NMR

(400 MHz) and 13C NMR (75 MHz)

spectra were recorded on an Advance

DRY 400, Bruker Spectrospin in CDCl3.

The MS were measured in the FAB

ionization mode with a JEOL-JMS-DX

303. Silica gel (60–120 mesh; Qualigens,

Mumbai, India) was used for column

chromatography. Silica gel (Qualigens)

was used for analytical TLC. Spots were

visualized by exposure to iodine vapors,

UV radiation, and by spraying reagents.

3.2 Plant material

The flowers of P. granatum were pur-

chased from the Khari-Baoli market of

Delhi and identified by Dr M.P. Sharma,

Taxonomist, Department of Botany, Jamia

Hamdard, New Delhi. A voucher speci-

men (No. PRL/JH/05/21) has been depos-

ited in the herbarium of the Phytochemical

Research Laboratory, Faculty of Phar-

macy, Jamia Hamdard, New Delhi.
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3.3 Extraction and isolation

The flowers (800 g) dried at 458C in an

electric oven were coarsely powdered and

exhaustively extracted with methanol in a

Soxhlet apparatus for 72 h. The combined

extracts were concentrated and dried on a

steam bath under reduced pressure to

obtain 420 g of a dark brown mass. It was

dissolved in 250 ml methanol and

adsorbed on silica gel (60–120 mesh) for

the preparation of slurry. The slurry was

dried and chromatographed over silica gel

column packed in petroleum ether.

The column was eluted with petroleum

ether, petroleum ether–chloroform (9:1,

3:1, 1:1, 1:3 v/v), chloroform, chloro-

form–methanol (99:1, 98:2, 95:5, 9:1, 3:1,

1:1, 1:3 v/v), and methanol, successively,

in the order of increasing polarity.

3.3.1 b-Sitosterol laurate (1)

Elution of the column with a petroleum

ether–chloroform (1:1) mixture yielded

colorless crystals of 1, recrystallized from

methanol, 756 mg (0.094% yield); Rf: 0.68

(toluene:ethyl acetate:formic acid, 10:10:3);

mp 108–1098C; UV lmax (MeOH) (log1):

211 (5.8) nm; IR nmax (KBr): 2920, 2852,

1736, 1629, 1463, 1463, 1373, 1225, 1173,

724 cm21; 1H and 13C NMR (DMSO-d6)

spectral data: Table 1; þ ve FAB-MS m/z

(rel. int.): 596 [M]þ (C41H72O2) (6.2), 581

(19.3), 553 (52.3), 413 (37.8), 397 (100),

396 (41.3), 383 (20.1), 381 (16.2), 272

(10.2), 270 (10.1), 255 (23.6), 240 (13.2),

213 (26.5), 198 (21.3), 192 (11.6), 183

(16.2), 178 (32.8), 164 (23.7), 159 (83.6),

145 (84.2), 133 (65.3), 122 (31.9), 108

(69.3), 107 (73.8), 95 (97.3), 91 (70.2); HR-

MS: 597.5610 [MþH]þ (calcd for

C41H73O2, 597.5598).

3.3.1.1 Alkaline hydrolysis of 1. Com-

pound 1 (60 mg) was dissolved in aqueous

ethanol (5 ml) and then 1 N NaOH solution

was added. It was heated on a steam bath for

30 min. The solution was dried under

reduced pressure and the residue was

dissolved in CHCl3 (5 ml). It was washed

with H2O (3 £ 5 ml), dried over anhydrous

Na2SO4, and crystallized to obtain

b-sitosterol, mp 135–1378C, EI-MS m/z

414 [C29H50O]þ; Co-TLC comparable. The

residue after separating the chloroform-

soluble portion was dissolved in water

(5 ml) and acidified to Congo red with dil.

HCl. It was extracted with CHCl3

(3 £ 5 ml). The CHCl3 extract was dried

under reduced pressure to obtain lauric acid,

mp 42–448C (co-TLC comparable).

3.3.2 b-Sitosterol myristate (2)

Elution of the column with a petroleum

ether– chloroform (1:3) mixture gave

colorless crystals of 2, recrystallized

from methanol, 137 mg (0.017% yield);

Rf: 0.47 (petroleum ether:chloroform:ethyl

acetate, 1:1.5:0.5); mp 116–1178C; UV

lmax (MeOH) (log 1): 209 (5.2), 229 (3.1)

nm; IR nmax (KBr): 2927, 2857, 1737,

1640, 1461, 1375, 1244, 1181, 1106, 1049,

960, 727 cm21; 1H and 13C NMR (DMSO-

d6) spectral data: Table 1; þ ve FAB-MS

m/z (rel. int.): 624 [M]þ (C43H76O2) (5.3),

609 (8.3), 413 (37.2), 398 (16.2), 396

(12.6), 272 (11.3), 270 (11.5), 255 (21.6),

240 (6.2), 228 (13.2), 213 (38.1), 211

(15.6), 198 (43.2), 192 (17.9), 178 (33.1),

173 (65.8), 164 (23.6), 159 (90.3), 145

(87.6), 133 (73.2), 192 (7.1), 178 (9.2), 164

(12.5), 122 (3.1), 108 (12.6), 95 (100);

HR-MS: 625.5932 [MþH]þ (calcd for

C43H77O2, 625.5951).

3.3.2.1 Alkaline hydrolysis of 2. Com-

pound 2 (60 mg) was dissolved in aqueous

ethanol (5 ml) and then 1 N NaOH solution

was added. It was heated on a steam bath

for 30 min. The solution was dried under

reduced pressure and the residue was

dissolved in CHCl3 (5 ml). It was washed

with H2O (3 £ 5 ml), dried over anhy-

drous Na2SO4, and crystallized to obtain

b-sitosterol, mp 135 – 1378C, EI-MS

m/z 414 [C29H50O]þ; co-TLC compar-

able. The residue after separating the

Journal of Asian Natural Products Research 713

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
6
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



chloroform-soluble portion was dissolved

in water (5 ml) and acidified to Congo red

with dil. HCl. It was extracted with CHCl3

(3 £ 5 ml). The CHCl3 extract was dried

under reduced pressure to obtain myristic

acid, mp 57–588C (co-TLC comparable).

Table 1. 1H and 13C NMR spectral data of b-sitosterol laurate (1) and b-sitosterol myristate (2).

1 2

1H NMR 13C NMR 1H NMR 13C NMR

Position a, b a, b

1 1.35 m, 2.39 m 36.7 1.35 m, 2.27 m 36.7
2 1.90 m, 1.79 m 31.1 1.95 m, 1.78 m 31.1
3 4.16 m (w1/2 ¼ 16.5) 69.7 4.01 m (w1/2 ¼ 16.5) 69.8
4 1.78 m, 1.73 m 41.9 1.78 m, 1.71 m 41.9
5 – 141.1 – 141.1
6 5.27 m 119.8 5.26 m 119.9
7 2.14 dd (7.2, 4.8), 2.16 m 31.1 2.14 dd (7.2, 4.8), 2.18 m 31.3
8 1.17 m 31.1 1.19 m 31.1
9 1.49 m 49.5 1.47 m 49.5
10 – 38.1 – 38.9
11 2.06 m, 1.43 m 21.1 2.03 m, 1.47 m 23.5
12 1.19 m, 1.90 m 39.8 1.21 m, 1.95 m 39.8
13 – 41.9 – 41.9
14 1.52 m 55.9 1.52 m 55.9
15 1.17 m, 1.68 m 24.2 1.17 m, 1.70 m 24.1
16 1.68 m, 1.49 m 28.7 1.70 m, 1.47 m 28.9
17 1.43 m 55.4 1.43 m 55.4
18 0.67 brs 11.3 0.67 brs 11.4
19 1.04 brs 19.2 1.04 brs 19.3
20 2.06 m 36.7 2.03 m 36.7
21 0.93 d (6.3) 18.3 0.93 d (6.2) 18.4
22 1.52 m, 1.19 m 33.3 1.52 m, 1.19 m 33.2
23 1.26 brs, 1.79 m 25.7 1.27 brs, 1.78 m 25.7
24 1.68 m 27.3 1.69 m 27.8
25 1.52 m 45.1 1.50 m 45.1
26 0.87 d (6.6) 20.3 0.87 d (6.4) 20.4
27 0.80 d (6.0) 18.7 0.80 d (6.1) 22.5
28 1.52 m, 1.66 m 23.5 1.54 m, 1.63 m 23.9
29 0.83 d (3.6) 11.3 0.82 d (5.6) 11.6
10 – 173.1 – 173.1
20 2.50 d (5.2), 2.48 d (5.2) 40.1 2.50 d (5.2), 2.48 (5.2) 40.1
30 2.39, 2.16 m 28.5 2.27 m, 2.25 m 28.6
40 2.14 m, 2.06 m 28.5 2.14 m, 2.03 m 28.6
50 1.26 brs, 1.29 brs 28.5 1.25 brs, 1.25 brs 28.6
60 1.26 brs, 1.29 brs 28.5 1.25 brs, 1.25 brs 36.7
70 1.26 brs, 1.29 brs 28.5 1.25 brs, 1.25 brs 31.1
80 1.26 brs, 1.29 brs 28.5 1.25 brs, 1.25 brs 69.8
90 1.26 brs, 1.29 brs 28.5 1.25 brs, 1.25 brs 41.9
100 1.26 brs, 1.29 brs 28.4 1.25 brs, 1.25 brs 141.1
110 1.26 brs, 1.29 brs 28.4 1.25 brs, 1.25 brs 119.88
120 0.85 t (6.1) 13.8 1.25 brs, 1.25 brs 31.2
130 1.25 brs, 1.25 brs 31.1
140 0.84 t (6.1) 14.5

Coupling constants in Hz are provided in parentheses.
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3.3.3 n-Tricosane (3)

Elution of the column with petroleum

ether furnished a colorless amorphous

powder of 3, recrystallized from acetone,

1.47 g (0.183% yield); Rf: 0.77 (petroleum

ether); mp 46–478C; IR nmax (KBr): 2921,

2852, 1463, 1375, 724 cm21; 1H NMR

(DMSO-d6): d 1.39 (16H, brs, 8 £ CH2),

d 1.32 (26H, brs, 13 £ CH2), 0.99 (3H,

brs, Me-1), 0.92 (3H, brs, Me-23); þ ve

FAB-MS m/z (rel. int.): 324 [M]þ

(C23H48).

3.3.4 n-Heptacosanyl n-hexanoate (4)

Elution of the column with a petroleum

ether–chloroform (3:1) mixture afforded

colorless crystals of 4 [12], 252 mg

(0.031% yield); Rf: 0.66 (petroleum

ether:chloroform, 4:1); mp 52–538C; IR

nmax (KBr): 1736 cm21; þ ve FAB-MS

m/z (rel. int.): 494 [M]þ (C33H66O2)

(10.5), 395 (57.8), 99 (11.6).

3.3.5 Olean-5,12-dien-3b-ol-28-oic

acid (5)

Elution of the column with a chloroform–

methanol (99:1) mixture yielded pale

yellow crystals of 5 [13], 599 mg

(0.074% yield); Rf: 0.49 (chloroform);

mp 274–2768C; IR nmax (KBr): 3423,

1691, 1635 cm21; þ ve FAB-MS m/z (rel.

int.): 454 [M]þ (C30H46O3) (49.6).

3.3.6 Olean-12-en-3b-ol-28-oic acid (6)

Elution of the column with a chloroform–

methanol (97:3) mixture afforded color-

less crystals of 6 [13], 698 mg (0.087%

yield); Rf: 0.63 (chloroform); mp 308–

3108C; IR nmax (KBr): 3424, 1690,

1645 cm21; þ ve FAB-MS m/z (rel. int.):

456 [M]þ (C30H48O3) (24.8).
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