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ABSTRACT

Borago officinalis L. (Boraginaceae), commonly known as bee bread or borage, is a native to Europe, North Africa
and Asia minor and cultivated in some countries including Iran, Turkey, Spain and India as ornament. Its leaves are
useful as diuretic, demulcent, emollient and expectorant. Phytochemical investigation of its leaves led to the
isolation of a new acyclic triterpenic ester, two fatty acid ester and a steroidal ester characterized 3,7,11,15,19,23-
hexamethyl-n-tetracos-cis-6,cis-12-dien-184,23-diol-1dodecanoate (boragoterpenyl laurate) (1), 4/8-hydroxynon-
cis-6’-enyl-1-octadecanoate (hydroxynonenyl stearate) (2), n-nonacosanyl-n-octanoate (n-nonacosanylcaprylate)
(3) and stigmast-5,22-dien-34-olyl-n-octadec-9'-enoate (boragosteryl oleate) (4). The structures of all the isolated
phytoconstituents have been elucidated on the basis of spectral data analysis and chemical reactions.
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INTRODUCTION

Borago officinalis L. (Boraginaceae), commonly known as bee breadooage, is a course, hairy, erect, annual
herb, 30-70 cm high. It is a native to Mediterraneegion and North Africa and cultivated in Iranyrkey, Spain,
Asia Minor and India as an ornamental and to rémpetcts. The leaves are bristly hairy with largatevstalked
lower leaves, narrower, wavy-edged stalkless uppes. The tender leaves and flowers are relishgdtaserb and
used in pickles and cakes. They import a pleadanbdr and cooling effect to beverages. The malesges are
suspected to cause dermatititis [1]. It is mainlgrketed in pharmaceutical sector in health foods rautritional
supplements. There is a small market for boragae sgice and for the young leaves in salad. Mucifage the
crushed foliage is useful to treat catarrh, rheismatand some skin diseases. Borage has benefftéat en the
brain, being used to dispel melancholy and to iedeigphorbia. The leaves and flowers are adrenat glimulant,
restorative, galactogogue, diuretic, diaphoretipeetorant, laxative, febrifuge, nervine and arirdssive [1].
Borage oil is taken orally in nutritional and ctial supplements where impaired or inadequet desaturase
activity may be involved in the initiation and pregsion of several dicades [2]. The impairement b&wglleviated
by dietary supplementation withlinolenic acid. Pyrrolizidine alkaloids [3,4};linolenic acid [5], cyanogenetic
glycoside dhurrine [1], rosmarinic acid [6], essa&ntoil composed mainly of nonadecane, tetracosand
heptacosane [7] and fatty acids consistingr-ofind y-linolenic, stearidonic and palmitic acids [7,8/2ve been
reported from the borage leaves. This manuscriptritees isolation and characterization of acydliterfpenic,
steroidal and fatty acid esters from the boragedsa

MATERIALSAND METHODS

The melting points were determined on a Perfit egipg and are uncorrected. The IR spectra werededmn KBr
pellet using a Jasco FT/IR-5000 instrument (FTS, H&nhgkong). ThéH NMR (400 MHz) and**C NMR (100
MHz) spectra were scanned on Avance DRX 400, Bragectrospin 400 MHz instrument (Rheinstetten, Geyh
using CDC} as solvent and TMS as internal standard. FAB-MSewmeasured using JEOL-JMS-DX 303
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spectrometer (Peabody, MA, USA). Column (450x4>g chromatography was performed on silica gelX80-
mesh, Qualigens, Mumbai, India) and thin layer otatography on silica gel G-coated TLC plates (Mer8pots
were visualized by exposure to iodine vapours, difation and by spraying with ceric sulphate soluti

Plant material

The leaves oB. officinalis were procurred from local market of Delhi, Khaadi and authenticated by Prof. M.P.
Sharma, Taxonomist, Department of Botany, Facuitgaence, Jamia Hamdard (Hamdard University). Acher
specimen No. PRL/JH/08/48 is deposited in the harvaof the Phytochemistry Research Laboratory,idam
Hamdard, New Delhi, India.

Extraction and isolation

The dried and pulverized leaves (3 kg) were extdh@xhausted with ethanol (95 %). The ethanolicaektwas
concentrated under reduced pressure to yield brewgepus, syrupy mass (150 g, 5.0 %). It was digsblin
minimum amount of methanol and adsorbed on siifal20 mesh) for the preparation of slurry. It waied and
chromatographed over silica gel column packed itropeum ether (b.p. 60-80 °C). The column was dlute
successively with petroleum ether, mixture of peton ether and chloroform (9:1, 3:1, 1:1, and %),
chloroform and chloroform-methanol (99:1, 49:1, 1199:1 v/v) in order of increasing polarity to isolate the
following compounds:

Boragoterpenyl laurate (1)

Elution of column with petroleum ether furnishedaeoless crystals of, recrystallized from chloroform:acetone
(1:1), 250 mg (0.0069 % vyield),F0.4 (petroleum ether : chloroform, 9:1); m.p. 8B°C; UV Aynax(MeOH): 210
nm (log e 5.1); IR vmax (KBr): 3368, 2920, 2851, 1733, 1635, 1461, 137866] 1009, 793, 721 ch'H NMR
(CDCly): 6 5.34 (1H, ddJ)=5.5, 5.3 Hz), 5.25 (1H, m,w=8.3 Hz, H-13), 5.11 (1H, ddz6.5, 5.3 Hz, H-12), 4.50
(2H, t,J=8.5 Hz, H-2), 3.63 (1H, brm, w,=17.1 Hz, H-18a), 2.86 (1H, m, H-11), 2.80 (2H, k3;8), 2.29 (2H, t,
J=7.2Hz, H-2'), 2.04 (1H, m, H-19), 1.85 (2H, m,H4), 1.83 (2H, m, K5), 1.68 (4H, brs, H22, H-17), 1.60
(3H, brs, Me-26), 1.52 (4H, m, 2xGK 1.29 (6H, brs, 3xC}h), 1.25 (8H, brs, 4xC}), 1.25 (14H, brs, 7xCHjl, 1.22
(6H, brs, Me-24, Me-30), 1.01 (3H, 6.1 Hz, Me-29), 0.96 (3H, d=6.3 Hz, Me-28), 0.87 (3H, d=6.5 Hz, Me-
27), 0.77 (3H, dJ=7.1Hz, Me-25), 0.65 (3H, tI=6.1 Hz, Me-12; *C NMR (CDCE): 6 173.61 (C-1), 140.75 (C-
7), 130.16 (C-12), 129.72 (C-13), 117.51 (C-6)480(C-23), 72.36 (C-18), 62.65 (C-1), 50.66 (C-148,72 (C-
19), 22.23 (C-15), 39.67 (C-3), 32.78 (C-5), 36(@48), 36.82 (C-14), 35.89 (C)234.78 (C-22), 32.14 (CH
31.53 (CH), 31.34 (CH), 30.98 (CH), 30.15 (CH), 29.66 (CH), 29.42 (CH), 29.32 (CH), 29.22 (CH), 29.11
(4xCH,), 28.10 (CH), 27.91 (CH), 27.53 (CH), 25.68 (CH), 24.77 (Me-24, Me-30), 23.30 (Me-26), 23.30 (Me-
25), 22.60 (Me-29), 21.0 (Me-26), 18.1 (Me-27),8.5Me-28), 14.0 (Me-12, +ve FAB MSm/z (rel. int): 649
[M+H] ™ (C42Hg:104) (29.3), 589 (4.3), 489 (7.8), 419 (17.6), 406.{J0393 (41.7), 390 (31.6), 365 (18.9), 325
(23.5), 323 (22.6), 283 (18.2), 255 (46.7), 229527227 (30.2), 199 (31.6), 183 (36.5), 159 (3512p (23.6).

Hydroxynoneny! stearate (2)

Elution of column with petroleum ether: chlorofotiil) yielded colourless crystalline crystals2pfecrystallized
from chloroform 310 mg (0.0086 % vyieldy: 0.6 (chloroform:methanol, 1:1); m.p. 41-42 °C; W\, (MeOH):
207 nm (loge 4.1);IR vmax (KBr): 3510, 2919, 2850, 1725, 1640, 1460, 1012 @m®; *H NMR (CDCL): 6 5.36
(1H, m, w,= 8.5 Hz, H-6), 5.33 (1H, m, w,=8.1 Hz, H-7), 4.47 (2H, tJ=4.8 Hz, H-1'), 3.63 (1H, brm, w,=16.6
Hz, H-5), 2.33 (2H, tJ=7.5 Hz, H-2), 2.27 (2H, m, &#5'), 2.24 (2H, m, K8, 2.19 (2H, m, CH), 2.13 (2H, m,
CH,), 1.54 (2H, m, CH), 1.29 (12H, brs, 6xC}), 1.25 (6H, brs, 3xCh), 1.17 (10H, brs, 5xC}jl, 0.88 (3H, tJ=6.5
Hz, Me-9), 0.84 (3H, tJ=6.3Hz, Me-18);"*C NMR (CDC}): 6 173.71 (C-1), 130.10 (C% 129.93 (C-7, 80.62
(C-4), 63.11 (C-1), 34.38 (C-5), 33.85 (C-2), 32.75 (O;831.90 (C-3, 29.67 (C-3), 29.44 (2xCH 29.33
(2xCH,), 29.14 (5%CH), 27.94 (CH), 27.56 (CH), 27.18 (CH), 25.13 (CH), 24.21 (CH), 22.66 (CH), 21.94 (C-
9), 14.29 (C-18); +ve FAB M&vz (rel. int): 425 [M+H] (CyHs505) (20.3), 409 (27.8), 406 (30.9), 395 (16.8), 369
(10.1), 355 (11.6), 325 (12.2), 283 (12.7), 255622169 (38.1), 141 (25.3).

n-Nonacosany! caprylate (3)

Elution of the column with petroleum ether-chlonofo (1:3) gave colourless crystals 8f recrystallized from
chloroform-methanol (1:1), 210 mg (0.0058 % vyielg); 0.7 (chloroform:methanol, 1:1); m.p. 71-72 °C; WV
(MeOH): 260 nm (log: 5.3);IR vinay (KBF): 2917, 2850, 1732, 1615, 1465, 794, 723'ctil NMR (CDCk): 6 3.99
(1H, t, J=6.9 Hz, H-1), 2.37 (1H, t,J=7.5 Hz, H-2), 1.63 (2H, m, K#2), 1.52 (2H, m, Ch), 1.29 (50H, brs,
25xCH), 1.25 (10H, brs, 5xC}), 0.93 (3H, tJ=6.3 Hz, Me-8), 0.85 (3H, I=6.9 Hz, Me-29; *C NMR (CDCE}):

0 171.65 (C-1), 64.30 (CH1 31.92 (C-2), 29.69 (2xCGH 29.43 (26xCH), 29.35 (2xCH), 29.24 (CH), 22.68
(CHy), 14.10 (C-8, C-29; +ve FAB MSm/z (rel. int): 551 [M+H] (Cs;H-:0,) (7.1), 423 (8.2), 143 (17.9), 127
(13.1).
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Boragosteryl oleate (4)

Elution of the column with chloroform afforded caltess crystals o, recrystallized from chloroform, 330 mg
(0.00916 % yield); R 0.5 (chloroform:methanol, 19:1); m.p. 115-116 &/ Ana(MeOH): 240 nm (log: 4.5);IR
vmax (KBr): 3381, 2919, 2851, 1732, 1698, 1640, 14BHB5] 1365, 1308, 1035, 723 ¢ntH NMR (CDCk): 6 5.34
(1H, d,3=5.5 Hz, H-6), 5.25 (1H, m, H-22), 5.21 (1H, m, B}25.05 (1H, m, H-9, 4.93 (1H, m, H-19, 4.02 (1H,
brm, wy,=16.5 Hz, H-3), 2.36 (2H, tJ=7.3 Hz, H-2'), 2.29-1.16 (51H, m, 22xCGH7xCH,), 1.01 (3H, brs, Me-
19), 0.96 (3H, dJ=6.3 Hz, Me-21), 0.87 (3H, dI=6.6 Hz, Me-26), 0.85 (3H, dI=6.0 Hz, Me-27), 0.82 (3H, t,
J=7.1 Hz, Me-29), 0.78 (3H, t1=6.3 Hz, Me-18 ; *C NMR (CDCE): § 37.24 (C-1), 31.59 (C-2), 71.83 (C-3),
40.48 (C-4), 140.76 (C-5), 121.69 (C-6), 31.15 §C31.90 (C-8), 51.23 (C-9), 36.49 (C-10), 21.071(W, 39.76
(C-12), 42.25 (C-13), 56.85 (C-14), 24.29 (C-15)823 (C-16), 56.04 (C-17), 178.73 (C-18), 19.381@}, 36.13
(C-20), 18.77 (C-21), 138.31 (C-22), 130.04 (C-2H,82 (C-24), 29.25 (C-25), 19.80 (C-26), 19.02{T, 23.73
(C-28), 11.84 (C-29), 173.72 (C}134.37 (C-2, 33.63-22.68 (13xC}), 129.75 (C-9, 129.36 (C-10, 14.16 (C-
18); +ve FAB MSmvz (rel. int): 707 [M+H] (C4H-¢04) (3.1), 425 (21.8), 286 (18.9), 281 (12.3), 279.23, 265
(55.1), 241 (21.7).

RESULTSAND DISCUSSION

Compoundl, named boragoterpenyl laurate, was obtained adamurtess crystalline mass from petroleum ether
eluents. Its IR spectrum showed characteriristisogition bands for hydroxyl groups (3368 Ymester function
(1733 cn), unsaturation (1635 ¢ and long aliphatic chain (793, 721 ¢nit had molecular ion peak at'z 649
[M+H]* on the basis of FAB mass ati€ NMR spectra consistent with the molecular formfla triterpenic ester
CugHg10, with three double bond equivalents. The ion peakising atm/z 183 [CH; (CH,)1,COJ", 199
[CH3(CH,)1,COQT’, 589 [M-Me&COHJ", 406 [589-183] and 390 [589-199]indicated that tertiary hydroxyl was
located at one terminal of the molecule and laugabeip at other end of the chain. The ion fragmeeterating at
mz 129 [CgCye fission, MeC(OH)(CH);CHMe], 519 [M-129], 159 [GrCys fission,
Me,C(OH)(CH,);CH(OH)MeJ, 489 [M-1597, 229 [G3C,, fission], 419 [M-229], 255 [G4-C,, fission], 393
[M-255]", 325 [G-C; fission], 323 [M-325], 365 [G-C; fission]" and 283 [M-365] suggested the existence of one
of the hydroxyl group at C-18 and vinylic linkagesC-12 and C-6. ThiH NMR spectrum ofl showed three one-
proton signals as double doubletsgab.34 (=5.5, 5.3 Hz) and 5.11 (6.5, 5.3 Hz) and as a piettiatd 5.25
(w1,=8.3 Hz) assigned tas-oriented H-6, H-12 and H-13 vinylic protons, resipecly. A two-proton triplet ab
4,50 ¢=8.5 Hz) and a one-proton multiplet &t3.63 with half-width of 17.1 Hz were attributed daygenated
methylene H1 and carbinol H-18 protons, respectively. A three-proton broad sighal60, a six-proton broad
singlet até 1.22, four three-proton doubletsil.01 0=6.1 Hz), 0.96 J=6.3 Hz), 0.87 (6.5 Hz), 0.70<7.1 Hz)
and a three-proton triplet 4t0.65 (J=6.1 Hz) were ascribed to C-26 methyl protons agtdcto the vinylic carbon,
tertiary C-24 and C-30 methyl protons, secondar89CC-28, C-27 and C-25 methyl protons, and prin@u{2
methyl protons, respectively. The remaining methgland methine protons appeared betwie2r86-1.25. Thé*C
NMR spectrum ofl showed signals for ester carbordi73.61 (C-1), vinylic carbons a$ 140.75 (C-7), 130.16 (C-
12), 129.72 (C-13) and 117.51 (C-6), carbinol quetey carbon aé 80.49 (C-23), carbinol secondary carbom at
72.36 (C-18), oxygenated methylene carbo#i 62.65 (C-1), methine and methylene carbons d0.66 to 25.68
and methyl carbons betweén24.77-14.0. Alkaline hydrolysis df yielded lauric acid as one of the component,
m.p. 43-44 °C; TLC comparable. On the basis of éhegidences, the structure dfhas been elucidated as
3,7,11,15,19,23-hexamethmgitetracos-cis-6,cis-12-dien-223-diol-1-dodecanoate. It is a new acyclic tritarie
ester.

Compound2, named hydroxynonenyl stearate, was obtained fyetroleum ether-chloroform (1:1) eluents. Its IR
spectrum displayed distinctive absorption bands Hpdroxyl group (3510 cif), ester function (1725 cm,
unsatuaration (1640 c¢thand long aliphatic chain (725 &n The molecular ion peak & was determined at/z
425 [M+H]" (C,Hs403) on the basis of mass artdC NMR spectra. The ion fragments arising naiz 283
[CH3(CH,)1£COOQ]" and 141 [M-283, (Ck;CHOHCH,-CH=CHCH,CHs]* suggested that stearic acid was esterified
with nonendiol. The ion peaks generatingré 325 [G-C., fission, CH(CH,):sCOO(CH)s]", 355 [C-Cs fission;
CH;(CH,)16 COO(CH)sCHOH]" and 369 [G-Cg fission, CH(CH,);{COO(CH,);CHOHCH;,]" indicated location of
the hydroxyl group at Ct4and vinylic linkage at C6 The *H NMR spectrum of2 showed two one-proton
multiplets ato 5.36 (w,,=8.5 Hz) and 5.33 (wv=8.1 Hz) assigned tois-oriented vinylic H-6 and H-7 protons,
respectively, a two-proton triplet &4.47 (=4.8 Hz) ascribed oxygenated methylenglHprotons, one-proton
broad multiplet ab 3.63 with half-width of 16.6 Hz attributed teoriented carbinol H-5 proton, two three-proton
triplets ato 0.88 (=6.5 Hz) and 0.84JE6.3 Hz) accounted to primary C-8nd C-18 primary methyl protons,
respectively, and methylene protons betwéeh33-1.17. Thé*C NMR spectrum of exhibited signals for ester
carbon av 173.71 (C-1), vinylic carbons &t130.10 (C-§ and 129.93 (C-¥, hydroxyl methine carbon &t80.62
(C-4), oxygenated methylene carbon &63.11 (C-1), methylene carbons betweén34.38-22.66 and methyl
carbons ab 21.94 (C-9 and 14.29 (C-18). Alkaline hydrolysis @fyielded stearic acid, m.p. 68-69 °C; Co-TLC
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comparable. On the basis of foregoing discussium structure of has been characterized g8-Hydroxy-non-cis-
6’-enyl-1-octadecanoate. This is a hew fatty acid ester.

Compound3 designated as-nonacosanyl caprylate, was obtained as a colaudestalline mass from petroleum
ether-chloroform (1:3) eluents. Its IR spectrumvg&d characteristic absorption bands for ester g(@@p2 cnt)
and long aliphatic chain (723 ¢hhand had a molecular formula#&-s0,, m'z551 [M+H]" as determined by FAB-
MS and *C NMR spectra, indicating one degree of unsatumatibhe ion peaks forming atVz 127 [CH
(CH2)COT", 143 [CH(CH,)¢COOJ and 423 [M-127; O(CH»sCHs]" indicated that capric acid was esterifiednby
nonacosanol. ThéH NMR of 3 exhibited a one-proton triplet @ 3.99 (=6.9 Hz) assigned to oxygenated
methylene H-1' protons, other methylene protons betwéén37-1.25 and two three-proton triplets)dt.93 (=6.3
Hz) and 0.85J=6.9 Hz) ascribed to C-8 and C‘38imary methyl protons, respectively. THE NMR spectrum of
3 showed signals for ester carborddf71.65 (C-1), oxygenated methylene carbaoh@4.30 (C-1), other methylene
carbons betweef131.92-22.68 and methyl carbonsidt4.10 (C-8, C-29. Alkaline hydrolysis of3 yielded caprylic
acid as one of the constituent, Co-TLC comparaDie.the basis of these evidences, the structur® fads been
identified as-nonacosanyh-octanoate.

Compound4, named boragosteryl oleate, was obtained as aiteds crystalline mass from chloroform eluant. Its
IR spectrum showed characteristic absorption bdodsarboxylic group (3381, 1698 ¢t ester function (1732
cm™), unsaturation (1640 ¢ and long aliphatic chain (723 € Its molecular formula was deduced asHG40,

by FAB mass an&®C NMR spectramyz 707 [M+H]', indicating nine degree of unsaturation. The ieaks arising

at m'z 265 [CHy(CH,);CH=CH(CH,),COJ", 281 [CH(CH,);CH=CH(CH,),COOQT’, 425 [M-281], 271 [286-Me]
and 241 [286-COOH]Jindicated that the sterol unit was esterified vatkic acid and the sterol processed one each
vinylic linkage in the carboxylic skeleton and sideain and one carboxylic group in the steroidassnahe'H
NMR spectrum o# exhibited five one-proton signal as a doublet &t34 §=5.5 Hz) and as multiplets from 5.25 to
4.93 assigned to vinylic H-6, H-22, H-23 and Ha@d H-10 protons. A one-proton broad multipletéa$.02 with
half-width of 16.5 Hz was ascribed to oxygenatedmme H-3x proton. A two-proton triplet ai 2.36 (=7.3 Hz)
was attributed to methylenex2’ adjacent to the ester group. Six three protonadsgas a broad signal &tL.01, as
three doublets af 0.96 §=6.3 Hz), 0.87 §=6.6 Hz) and 0.85J6.0 Hz) and as triplets at0.82 (¢=7.1 Hz) and
0.78 (=6.3 Hz) were associated correspondingly to teri@&19, secondary C-21, C-26 and C-27 and primaRdC
and C-18 methyl protons. The remaining methine and metley/lprotons resonated from2.29 to 1.16. Thé’C
NMR spectrum ol displayed signals for ester carbordt73.72 (C-1), vinylic carbons in the range 6f140.76 to
121.69, oxygenated methine carbom &t1.83 (C-3), carboxylic carbon &t178.73 (C-18) and methyl carbonssat
19.38 (C-19), 18.77 (C-21), 19.80 (C-26), 19.02(Q; 11.84 (C-29) and 14.16 (C!L8The absence of & NMR
signal neap 0.67 for C-18 methyl carbon suggested locatiothefcarboxylic group at C-18. THE and™*C NMR
spectral data of the steroidal unit 4fwere compared with the reported data of the smatanpounds. Alkaline
hydrolysis of4 yielded oleic acid as one of the component, Co-Tddinparable. On the basis of the above
discussion, the structure dfhas been elucidated as stigmast-5,22-dfenka-n-octadec-9enoate. This is a new
steroidal ester.

OH

1
HeC. PSS P
NN
’ \(CH2)16C1_O/\2'/>C 6 8 3
H
2

8 1 1 29'
CHj3; (CH,)6COOCH,(CH,),7CHgz

3
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|1' 9 10 18’
CO - (CHy); CH=CH - (CH) -CHs
4

CONCLUSION

The leaves oB. officinalis contained esters of squalene-type triterpene, fatgls and a sterol which might be
responsible for the medicinal properties of theapla
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