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Abstract-Three new coumarins, sesebrin(7-methoxy-S-[3-methylbut-2-enyloxy]-8-[3-methyl-2,3-epoxybutyl] cou- 
marin), sesebrinol(7-methoxy-5-[3-methylbut-2-eny~oxy]-8-[3-methyl-2,3-dihydroxybutyl] coumarin) and sibiricol 
(7-methoxy-S-hydroxy-8-(3-methylbut-2-enyl] coumarin) have been isolated from the roots of Seseli sihiricum, in 
addition to sitosterol and 7 known coumarins, isobergapten, bergapten, phellopterin, sibiricin, coumurrayin, osthenol 
and meranzin hydrate. 

INTRODUCTION Himalayan region, we undertook a detailed chemical 

&se/i sibiricum Benth. is an odorous perennial glabrous 
examination of the roots which resulted in the isolation 

herb growing in Jammu and Kashmir at altitudes of 
of IO coumarins, in addition to osthol and sesibiricin. 

2500-35OOm ]I]. Its roots are rich in essential oils 
Of the 10 coumarins, 3 are new. 

which yield a number of monoterpenes [2]. Four 
coumarins viz. osthol, imperatorm, bergapten and 
sibiricin have been isolated from its umbels [3]. From the 

RESULTS AND DISCUSSION 

roots of the plant, isolation of two coumarins, osthol and The roots of S. sibiricum were successively extracted 
sesibiricin have been reported [4, s]. In the course of our with hexane and benzene. The hexane extract on chroma- 
researcheson the Umbelliferaeplantsofthenorth western tography yielded sesibiricin [5], osthol[4], isobergapten, 
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bergapten, coumurrayin, pheffopterin, sibtricin. sito- 
sterof and two new coumarins for which WC propose the 
names sesebrin and sesebrinof. 

Sesebrin (M 344). mp I12 113’ has been charactcr- 
iced as 7-methoxy-g-(3-methyf-2,3-epoxybutyf)-5-(3-mc- 
thyfbut-~-enyfoxy) coumarin (I) on the basis of following 
evidence. In the PMR spectrum (IOOMHz) a pair of 
doublets at d 6 and 7.9 were assigned to H-3 and H-4, 
respectively. H-6appeared asa singletat 6.26.Theofetinic 
proton at d 5.4 was a triplet whilst the methoxy protons 
resonated at il3.U. A doubfct at 64.57 was assigned to the 
O-methylenc. The benzyfic mcthyfene and epoxymcthine 
protons appeared as a muftipfet between CT 2.6-3.2. 
The two mcthyfs of the epoxyprcnyf chain appeared as 
singlets at 6 1.23 and 1.44 whilst the methyls of the prenyl- 
oxy chain at C-j showed up as a singlet at 1.74. The MS 
of sesebrin (1) showed significant peaks at mlu 276 (base 
peak), 233. Zf8.205. 177. 175 which may be rationalized 
as in Schcmc 1. The structure for sesebrm is confirmed 
by its synthesis from sesibiricin [6]. Sesibiricin (4) 
was rcadity deafkyfatcd with I % aqueous methanofic 
HCf to the phenol (3). the acetate (6) of which on epoxida- 
tion with pcrbenzoic acid gave the epoxide (7) which, on 
rruns-prcnyfation with isoprenyf chloride in acctonc 
solution in the presence of anhydrous K,CO, and a 
crown-ether, afforded sescbrin (1). 

Scsebrinof (M * 362). mp 114, has been assigned the 
structure. 7-methoxy-g-(3-methyl-2,3-dihydroxybutyl)-j- 
(3-mcthylbut-2-enyfoxy) coumarin (2). In its PMR spec- 
trum H-3 and W-4 appeared as a pair of doublets at 6 
5.97 and 7.xX. The methoxy protons resonated at 6 3.83 
and the methyls of the isopentenyfoxy chain at C-S 
appeared at li I.72 and 1.76. A coupled triplet at d 5.38 
is assigned to the ofcfinic proton whilst the 0-methylene 
showed up as a doublet at 5 4.51. A muftipfct ccntrcd at 
j 2.73 and intc~rating for 4 protons was assigned to the 
henzyfio methyfene and the hydroxyl groups because on 
II:0 exchange the muftipfet integrated for only two 
protons. A pair ofdoublets at S 3.49 is for the methine in 
-Cff,--_cH (OH)- (X part of ABX system. AB part 
being the benzyfic methyfene). The methyls in the di- 
hydroxytsopcntyf chain showed up as a singlet at d 
1.26. fn the MS of 2. prominent peaks are observed at 
W+ 294. 176. 236, 23% 205, 177, I75 and 59 (Scheme 2) 
which arc in accordance with the structure (2). Synthesis 
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of sesebrinol (2) from the acetate (6) was achieved by 
treating (6) with OsO,, decomposing the osmatc to 
obtain 9 followed by rruns-prenylation. Sesebrinof (2) 
is also formed amongst other products by heating 1 
with aqueous oxalic acid. 

The benzene extract of the roots on chromatog~phy 
yielded a new coumarm. named sibirrcof besides 2 and 
meranzin hydrate. 

Sibiricof (M ’ ‘60). mp 194 has been characterized 
as 5-hydroxy-?-methoxy-8-(3-methyibut-7-cnyf)coumar- 
in (3). It zhows a greenish ycffow lluoresccnce in IJV 
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light. It has a phenolic hydroxyl group and gives a 
positive FeCI, test. In the PMR spectrum of 3, H-3 
and H-4 appeared as a pair of doublets at 6 6.03 and 
7.77. A singlet integrating for two protons represents 
H-6 and the hydroxyl since on D,O exchange the signal 
integrates for one proton. The prenyl side chain at C-8 
was discernible from the singlets at 6 1.58 and 1.73 
(methyls), a doublet at 6 3.35 and a triplet at d 5.13 
(-CH,-CH=). The methoxy protons resonated at 
6 3.77. The identity of sibiricol with the acid hydrolysis 
product (3) from sesibiricin became evident at this stage. 
Final proof of the structure was obtained by comparing 
their physical data as well as comparing the data of 
sibiricol acetate with those of the acetate of the acid 
hydrolysis product from sesibiricin and also by convert- 
ing sibiricol into coumurrayin (8) [7] and 4. It is inter- 
esting to note that the dcalkylation of 4 with methanolic 
HCI gives 3 in ca 5% yield, the major products being 
the hydroxyprenyl(5)and methoxyprenyl(IO)derivatives. 
These results are the outcome of experiments designed 
to prepare sibiricol (3) in high yield, required for the 
synthesis of 1 and 2. 

EXPERIMENTAL 

Mps are uncorr. PMR spectra were recorded at 100 MHz 
in CDCI, unless otherwise stated. R, values refer to TLC on 
Si gel plates using C,H,,-Me,CO (9:l) as solvent. The plant 
materials (roots) were collected from Kashmir (voucher 
specimen No. 7124 deposited at the Plant Survey Division of 
R.R.L., Jammu). The identity of the known products was estab- 
lished by comparison of their physical data with those of their 
authentic samples. These include mps, UV fluorescence, R, 
values, NYR and MS. The new coumarins were characterized 
on the basis of chemical evidence and spectral data. 

Exrrcrcrion und isolation. Dried and ground roots (4.5 kg) 
of S. sibiricum were extracted successively with hexanc and 
C,,H,, (Soxhlet) for 48 hr. The hexane extract on removal of 
solvent yielded a brown residue (28Og) which was chromato- 
graphed over neutral Al,O, (5 kg) deactivated with H,O 
(loo/,). 46 fractions (2 1. each) were collected, fractions l-36, 
37-40, 4145 and 46 having been eluted with hexane, CT,HE, 
CHCI, and EtOAc, respectively. Fractions 5-6 afforded seslblrl- 
cm (IO g). mp 122”, R,0.76. Fractions 7 -13 (95 g)on rechromato- 
graphy over Si gel gave sesibiricin (14g), a mixture (21 g) of 
sesibiricin and osthol, osthol (29g), mp 84’. R, ,0.68 and a 
mixture (21 g) of osthol and isobergaptcn from which isoberg- 

apten (800 mg), mp 216217”. R 0.72, was separated by frac- 
tional crystallizaation from C,, 4,. Fractions 14-17 (12g) were 
rechromatographed over Si gel (4QOg). Elution with hexane- 
C,,H, (l:I)gaic coumurrayh (8) (3&mg), mp 155-156”, R, 
0.58. C.H. eluted sitosterol(520 mg), mo 137”. Fractions 18-36 ., ., 
(30 g) were rechromatographed ov& Si’gel (1 kg). C,H, eluted 
phellopterin (2 g), mp lo?, RI 0.54 and bergapten (4.7g), 
mp l88”, R, 0.52. Elution with C,H, CHCI, (I:I) gave a 
fraction which on crystallization from Me,CO-hexane afforded 
sesebrin (1) as needles (830mg). mp 112--l 13”. Later C,H,- 
CHC!, eluates yielded sibiricin (630 mg), mp 153”. R, 0.40. 
Fractions 36 -46 (16 g) were chromatographed over Si gel (500 
g). The CHCI, eluate on rechromatography over Si gel gave 
osthenol (2.1 g), mp 128-129’ (needles from EtOAc-hexane), 
blue fluorescence in UV light. R, 0.41. Elution with CHCI,- 
EtOAc(4:l)gaveafraction whichoncrystallizationfromE1OAo- 
hexane yielded sesbrinol(2) as needles (1.6 g). mp 114-l 15”. The 
C,,H, extract of the hexane extracted roots yIelded on removal 
of the solvent a dark brown residue (I 85 g). This was chromato- 
graphed over AI,O, (3 kg, grade IV). The C,H, eluatc was 
rechromatographed over Si gel. The C,H,-CHCl, (1 :l) eluate 
gave a greenish yellow fluorescent compound which on crystal- 
lization from EtOAc hexanc afforded slbirlcol (3) as needles 

(310 mg), mp 193-194”. CHCI, eluted a mixture of 2 blue fluor- 
escent compounds which was rechromatographed over Si gel. 
Earlier CHCl,-E1OAc (4:1) eluates gave sesebrinol (2OOmg). 
mp 1 I5”, whilst later fractions yielded meranzin hydrate (1 I i), 
mp 128-l 29”, naedles from EtOAc-hexane, R ~ 0.05. 

Sesebrin (1). Mp 112-113”. La&, 7 15 (c ix, EtOH). Blue 
fluorescence in UV light. R, 0.51 A,~ nm: 327.261.253 (sh), 239 
(sh). PMR (8 ppm): 1.23 (s) and 1.44 (s) (Me’s epoxyprenyl), 1.74 
(6H, s, Me’s of prenyloxy), 2.63.2 (3H, m, Ar<H_,- 

/O\ 
CH-C Me,), 3.85 (3H, s, OMe), 4.57 (2H, d, J = 7 Hz, 
-0- Cl&-CH=), 5.4 (IH, coupled t. J = 7 Hz, -O- 
CH,- m=), 6 (IH, d, J = 9.5 Hz, H-3), 6.26 (IH, s. H-6) and 
7.9 (IH. d, J = 9.5 Hz, H-4). MS: m/e 344 (Me), 276, 233, 218 
(m/t> 233-Me). 205, 177, 175, 161, 147,91. 

Sesehrinol (2). Mp 114-115’. [z], + 56’ (c 1%. EtOH). 
Blue fluorescence in UV hght. R, 0.07. i.__” nm: 330, 262, 256 
(s/1),238(.+1). PMR(6in ppm): 1.26~6H,s,M’%Sofhydroxyprenyl), 
1.72 and 1.76 (3H each, s,= CMe,), 2.76 (4H. m. on D.0 
exchange 2 H, m, Ar-_C&-CH(6H)-C \m) Me,). 3y49 
(IH, dd-on removal of OH coupling by DZO exchange- 
J = 3.5, 7.5 Hz, -CH,-CH(OH)-), 3.83 (3H, s. OMe). 
4.51 (2H.d.J = 7 Hz, Ar-0-_CH,-C?H=), 5.38 (IH. coupled 
f, J = 7 Hz, -0-CH,--CH=). 5.97 (1H. d. J = IOHz. 

1- 

H-3). 6.24 (lH, S. H-6). 7.88 (IH, d, J = 10 Hz, H-4). MS: mie 
362 (MI), 294, 276 (m!e 294-H,O), 236 (m/e 294 - Mc,CO). 
235 (m/e 294 - Me?COH). 206.205, 177,175, 161, 147. 91.59. 

Sibiricol (3). Mp 193.194 Circerush yellow tluorcscence In 
UV light. R, 0.23. F&I, test green. &ax nm: 327, 266. PMR 

(6 in ppm, 90 MHz): 1.58 (3H, s. Me), 1.73 (3H, 5, Me), 3.35 (2H, 
d, J = 7Hz, Ar-_CH,-CH=), 3.77 (3H. s. OMe), 5.13 (IH, 
t, J = 7 Hz, Ar-CH,--CA=), 6.03 (IH, d, J = 10 Hz. H-3), 
7.17 (ZH, s. on D,O exchange lH, s, H-6 and phcnolic OH). 
7.77 (IH, d, J = IO Hz, H-4). MS: m/c 260(M +), 245 (m/e 260 - 
Me), 217 (m/e 245 - CO), 189 (m/e 217 - CO). On treatment 
with Ac,O-C,H,N 3 gave the acetate (6). mp 124-125’. PMR 
(6 in ppm, Ccl,, 60 MHz): 2.3 (3H, s, OCOMe), 6.55 (IH, s, 
H-6), no D,O exchangeable peak, rest of signal similar lo that 
of 3. 

&fethylation. Sibiricol(3) (100 mg) in MeOH (5 ml) was treated 
with an Et,0 soln of CH,N,. After 24 hr the soln was cvapd 
to dryness and the residue crystallized from Me,CO hexane 
when coumurrayin (8) was obtained as needles, mp 156”. Identi- 
cal with naturaicoumurrayin (mmp, Co-TLC, PMR). 

Prenvlation. 3 (100 ma) in drv Me-CO (10ml) and orenvl 
chloridk (0.2 ml) were re$uxed in the iresence of’dry KlCO:). 
After 2 hr the mixture was filtered and the filtrate cvapd to 
dryness. The residue was crystalhLed from Me, CO-hexane when 
scsibiricin (4) was obtained as needles. mp 121 123 (mmp, 
Co-TLC, PMR). 

Acid hydro/.ws q/ 4 in MeOH: formorion qf’ 3. 5 and IO. 
4 (I g) in 5x, HCI-MeOH (30ml) was rcfluxed under NL for 
3 hr. AfterremovalofMeOH,thercsiducwastaken up~nCHCl,. 
Usual work up gave a gummy mass which on separation by PLC 
gave 3 phenolic products. The least polar phenol was charac- 
terized as 3 (50mg). mp 193”. on the baslb of physical data 
including mmp, R,, PMR and MS. The middle one. charac- 
terized as 10 was crystallized from EtOAc hexane as needles 
(360 mg), mp 148”, acetate (ll), prepared by treating 10 with 
Ac,O-C,H,N, mp 112”. PMR of 11 (d in ppm. Ccl,. 60 .MHz): 
1.32 (6H, 5, Me’s). 1.45-2 (2H, m. Ar- CH,-a,-_). 2.42 
(3H. S.-O COMe), 2.6-3.1 (2H, m, Ar- C& -CH,-), 3.3 
(3H, s, OMe m the side cham), 4 (3H, s, Ar-OMe), 6.16 (I H. 
d, J = IOHz, H-3), 6.65 (IH, s, H-6). 7.62 (IH, d, J = 1OHr. 
H-4). The most polar phenol (5) was crystallized from EtOAc 
hexane as colourless needles (130mg). mp 195-196’. which on 
treatmcntwithAc,O-C,H,Ngavcthcacctat~(I2).mpl4&147”. 
PMR of 12 (6 in ppm. 90 MHz): 1.32 (6H. s. Me’s). 1.5-2 (3H, 
m, on D,O exchange 2H, m. -CH,-_CH,-C (.Q!I)Me,). 2.41 

(3H, s, Z OCOMe), 2.7-3.1 (2H, coupled r;Ar- m,-C!H,-_), 
3.91 (3H, s, OMe). 6.25 (IH, d, J = IO Hz, H-3). 6.69 (IH. s, 
H-6). 7.65 (1 H, d, J = 10 Hz, H-4). 
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Acid Irrdrolrsis of4 in aq. MeOH. 4(3 g) was trcatcd with I ‘:;, 
HCI in 50 “/, aq. McOH (150 ml) for 30 mm under refhrx under 
N,. It was diluted with H,O (I 50 ml) and dist. ~8 i:t~cido at 50 
to collect about 100 ml. The sohd which separated was~ollccted 
by filtration. washed with HI0 anddried.Thison crysralliration 
from EtOAc-hexane afforded 3 as colourless ncedles(l.6 g), 
mp 193”. identical with natural sibiricol (mmp, Co-T1.C‘). 

Swfhrsis of scsehrin (1). To a soln of sibiricol acetate (6) 
(600 mg) in CHCI, (I 5 ml) was added a soln of perbenzoic acid 
(400 mg) in CHCI, (5 ml). After being left for 2 hr at room temp. 
thesoln waswashedwlthaq.NaHCO,andH,O.dried(tia,SO,) 
and cvapd to dryness rn I’(ICUO The residue on crystalhzation 
from EtOAc hcxanc afforded 3 as colourless needles (I.6 g). 
needles (57Omg). mp I.57 15X PMR (n in ppm, 60MHz). 
1.27, I.45 (3H each. .s, Me‘s), 2.34 (3H, s. OCOMc). 2.6-3.2 

/O\ 
(3H. m, Ar--CH,-_CH-Cl. 3.92 (3H. s. OMe). 6.15 (IH. 
d, J = IO Hz. H-3). 6.64 (IH, s, il-6) 7.57 (Iti. d. J = IO 
Hz. H-4). The epoxide (7) (200 mg) in dry Me,CO 130 ml) was 
refluxedwithdry K,CO,(I g)and IX-Crown-6(40mg)underN2 
After I hrprenylchloride(l ml)wasaddedtothisand themixture 
refluxed for a further 30 min. The mixture was cooled and the 
solid filtered off. The filtrate was evapd to dryness in G~CUO. 
Crystallization of the residue from MezCO-hexane afforded 
needles (160 mg), mp 107. 109”. The product was found to be 
identical with sescbrin (1) on comparison of PMR. MS, TLC 
and mmp. 

Swflwsis of .scwhinol (2). To sibiricol acetate (6) (450 mg) 
in thiophcnc fret Na-dried C,H,, (20 ml) wa$ added 0~0, 
(400 mg). After leavmg the mixture IX hr. C,H, was removed 
in rocuo at room temp. The black osmate ester was suspended 
in aq EtOH (50 ml) and dccomposcd by refluxmg with NaHSO, 

(I.5 g) for 30 min. It was cooled, filtered and the residue washed 
with EIOH. The combined filtrate and washings were diluted 
with H,O (50 ml). EtOH was removed in racuo and the residue 
taken up in EtOAc. Evapn of EtOAc Rave a solid which on 
crystalhzation from MeiCO- hexane afforded the diol (9) 
(320 mg). mp 194-196’. (PMR in agreement with the structure 
(9)). The diol (9) (200 mg) in dry Me>CO (40 ml) was rrans- 
prenylated with prcnyl chloride and worked up as in the syn- 
thesis of I when a product (I40 mg) was obtained as needles, 
mp 120.-121 This was found to be identical with natural 
sesebrinol (2) on the basis of fluorescence. mmp. R,. PMR and 
MS data. 
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