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Abstract-Three furocoumarms, bergapten, heraclenm and heraclenol have been isolated from the roots of 
Seltnum tenulfolzum (Umbelhferae) Another coumarm, mp 85-86”, isolated from the same source and 
provlslonally designated as ST-l, has been proved to be mixture of lmperatorm, and 8-geranyloxypsolaren 
by analyses of various reaction products and separation by preparative TLC on silica gel G impregnated 
with silver nitrate 

INTRODUCTION 

PHYTOCHEMICAL lnvestlgatlon of two species of Seknum, VIZ S uagmatum and S monnlerz 
(Umbelhferae, Ammmae) has revealed the presence of both angular furocoumarms and 
dlhydrofurocoumarms 1,2 Moreover, angular &hydropyranocoumarm derlvatlves’ also 
occur m S uagmatum, but neither of these 2 species IS known to elaborate any 
linear furocoumarm These results prompted us to examme the constituents of S 
tenulfohm, growing in the Daqeeling area, West Bengal 

RESULTS AND DISCUSSION 

Extraction of the roots of Sel~um tenulfohm with light petrol and benzene resulted 
m the lsolatlon of the furocoumarms, bergapten (lo), heraclemn (7), heraclenol (ll), and a 
coumarm, mp 8586”, provisionally designated as ST-l The spectral and chermcal 
properties of the latter resembled those of lmperatorm (2) However, extensive chermcal 
mvestlgatlon revealed that it was not a single entity3 but consisted of an inseparable 
rmxture of two structurally similar compounds 

The “coumarm”, ST-l, m p 85-86”, &splayed a single spot on TLC with a number of 
solvent systems mdlcatmg it to be homogeneous The furocoumarm nature of the “com- 
pound” was indicated by its UV and IR spectral data and Its NMR and MS resembled 
those of lmperatorm4 (2) However, the analytlcal data and melting point of ST-1 showed 
wide variation from those of imperatorm and as the MS also lacked any M+ peak, the 
molecular formula as well as the structural features of the “compound” had to be settled 
on the basis of spectral analyses of its various reaction products 

* This work was presented by N AC m the IUPAC Sympoxum on the Chemrstry of Natural Products, 
New Delhi, India, Abs, p 85 (1972) 

1 NIELSEN, B E (1971) m The Btology and Chemistry of the Umbelhferae (HEYWOOD, V H, ed), p 325, 
Academic Press, London 

’ SESHADRI, T R and VISWAPAUL (1971) Indran J Chem 9,418 and references cited therem 
3 ADITYACHAUDHURY, N and GHOSH, D (1971) J Indtan Chem Sot 48, 1067 
4 BUDZIKIEWICZ, H , DJERASSI, C and WILLIAMS, D H , (1964) Structure Eluc&non of Natural Products by 

Mass Spectrometry, Vol 2, p 259, Holden-Day, San Francisco 
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Thus, ST-l consumed 1 mol of hydrogen m l&1.5 mm on hydrogenation with lo”,, 
Pd-C to afford a compound, m p 245~-248”, whose physlcal and spectral data were m 
accord with those reported for xanthotoxol (3) The latter was also ldentlfied as the sole 
redctlon product when ST-I was subjected to hydrolytic cleavage with AcOH-cone 
H2S0, showmg that ST-1 contdmed ‘i 8-prenyloxypsoralen denvatlve The struLturd1 
pattern of the prenyl moiety was settled by pyrolysis of ST-1 at 180~200 /O 05 mm to give 
allolmperatorm5 (4, M + 270), m p 212-, as the mnm product and ‘i mmor product which 
proved to be a mixture of at least two compounds (TLC) The MS ot the lnttel mixture 
showed peaks at m/e 338, 270, 255, 202 and 69 The peak dt WV 270 corresponded to 
the M’ pedk of alloimperatorm (4) while the Ion species dt r~?ir 338 suggested the 
presence of an lsomerlc compound (5, Mt 338) formed by Clnlsen mlgratton of n C-10 
ether side chain to the C-8 posItIon of the psoralen skeleton (1) In ‘iddltlon to the 
common Ion species at m/e 202 and at m/e 69, an intense peak appeared ‘it ~JI, e 255 It should 
be noted that the MS of authentic dllolmperatorln (4) [q/r 270 (M’ 1. 702, 691 does not 
give any peak at m/e 255 The Intense pedk at qe / 255 along with the two common Ion 
species at m/r 202 and mn/e 69 m the mmor pyrolytic mixture might drive by cleavage of 

C,H,,- dnd C,H,-fragments from d C-IO (geranyl) side chum dt Cj m the postulated 
isomeric compound (5) as shown by broken dnd dotted lines This experiment demons- 
trated the complexity of ST-1 and indicnted further thdt it conslsted of imperntorm (2) 
and most probably 8-geranyloxypsordlen (6) 

To dscertam that ST-1 wds d mixture of imperdtorm (2) dnd 8-geranyloxypsordlen (6), It 
wdb subJeLted to perbenzolc acid oxiddtion giving oxyimperdtorm (7) and d mixture, 
andlysed by MS of oxylmperdtorm (7, M ’ 286), n probable dlepoxlde (8 M ’ 370) correc 
pondmg to a compound (6), and a probable tetrol derivdtive (9 M’ 406) folmed by 
openmg of the dlepoxlde (8) These ddtn showed the non-homogeneity of ST-I and 
suggested again that it wds d mixture of imperdtorin (2) and X-gelanyloxypsordlen (6) 
Confirmdtion that ST-I wns cl mixture of (2) dnd (6) wds obt‘uned by comp,umg the 
integrated NMR spectra of ST-I dnd ‘I 1 1 mixture of .luthentlc (2) ,md (6) The 
mtegrdted protons due to -C=C-cIHz-C&C=C- Tystem whrch appeared ‘it n 2 0 were 

’ SPATH E and Ho~zrv H (1931) C/w/n Arr 66, 1117 
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compared6 and the proportton of (2) (6) was found to be 3 1 m ST-l A rmxture of authentic 
(2) and (6) (3 1) when crystallized from light petrol-benzene mtxture showed tdenttcal 
m p and TLC behavrour as a pure sample of ST-1 

Attempts to separate ST-1 mto tts mdrvrdual components by careful graded column 
chromatography over slhca gel or preparative TLC over sthca gel G using a number of 
solvent systems were met with failure However, rt 1s possible to separate ST-l mto (2) 
and (6) by preparative TLC over sthca gel G impregnated with silver nitrate solutron 
using CHCl,-MeOH (99 1) as the solvent system 

Unlike the other two Sellnum spectes,‘,2 S tenulfolrum 1s thus found to be a rich 
source of linear furocoumarm dertvattves 

EXPERIMENTAL 

M ps were determmed either on a Kofler block or H2S04 bath m open capillary and are uncorrect UV were 
recorded m aldehyde-free EtOH IR were determined m Nulol and only the major bands are quoted For 
column chromatography silica gel (Gourl Chemical Works, Calcutta, Batch 8, 6&100 mesh) was used Light 
petrol used had bp 6G-80” TLC was carried out with silica gel G (Gourl Chenucals Works, Calcutta, 
Batch 8) as adsorbent, the developing system bemg C,H,-EtOAc (2 1) 

Extraction of Sehnum tenmfohum The air dned and nulled roots of S tenulfof~um’ (1 kg) were successively 
contmuously extracted with light petrol and C,H6 for 20 hr A crystalline solid mixed with a brown 011 
separated out from the petrol extract and as filtered (ST-l, yield 8 kg) The cone light petrol and C,He 
extracts were separately worked up The light petrQ1 concentrate (12 g) dissolved m C,H, (50 ml) was 
chromatographed over silica gel (250 g), the column bemg eluted with solvents of increasing polarity using hght 
petrol, C6H6 and CHCl, m different proportions Light petrol -C,H, (8 2) eluates furnished a pale yellow solid 
(compound A, yield, 0 2 g) Light petrol-C,H, (1 1) fractions yielded another crop of ST-l (yield, 0 2 g) 
CsH6 eluates provided yet another crystalhne compound (compound B, yield, 0 3 g) Chromatography of the 
CsH6 extract (4 g) over silica gel (100 g) and elutlon of the chromatogram m a similar way as that followed 
for light petrol extract afforded the compound ST-l m light petrol -C6Hs (1 1) fractions (yield, 0 5 g) Benzene 
eluates provided further quantity of compound B while CsHs-CHCI, fractions gave yet another crystalline 
component (compound C, yield, 1 g) The characterlzatlon of the compounds A, B and C was done in the 
following way 

Bergapten (10) Compound A on recrystalhzahon from acetone-light petrol afforded shmmg needles, mp 
185-187”, [cc]o _+ 0” (CHCl,), UV A,,,,, 249 (log E 4 23), 268 (log E 4 24) and 305 nm (log E 4 23) IR vmax 1735 
(coumarm lactone), 1640 (aromatic rmg), 1090 cm-’ (benzofuran) MS m/e 216 (M+), other slgmficant peaks at 
m/e 201, 173, 145, 117, 89 (Found C, 85 60, H, 4 71 Calc for C12Hs04 C, 85 69, H, 4 79%) The identity of 
compound A with bergapten (10) was established by m m p , IR, and co-TLC with an authentic sample 

Heraclenm’ (7) Comoound B on recrvstalhzabon from CHClx-light petrol gave colourless needles, mp 
107-108”, [%I,‘+ 23” (pyridme) UV &,,i, 249 (log E 4 30) and 300 <rn dog E 4%) IR v,,, 1735 (coumarin 
lactonei. 1600 (aromatic right). 1100 cm-’ (benzofuran) NMR (CDCI,) 6 6 4 (d, 1H. C-3). 7 8 Id, 1H. C-4). 7 7 
(d, G(-H’ of fuian), 6 83 @, i-H of furanj, 7 4 (s, lk, aromatic), y6 (d, iH,-&a;-CH:), 3 3 (d,’ lH, 
-0-CH,-Qi-), 12, 1 4 (2S, 6H, ter C&), MS m/e 286 (M+), significant peaks at m/e 202, 85 59 (Found 
C, 67 00, H, 492 Calc for C16H1405 C, 67 12, H, 493%) The propertles of compound B were found to be 
identical with those reported for heraclenm (7) 

Heraclenol’ (11) Recrystalhzatlon of compound C from CHCl,-light petrol furnished colourless needles, m p 
114-l 15”, [cc],, + 16” (pyndme) UV I,,, 249 (log E 4 17) and 305 nm (log E 445) IR v,,, 3350 (OH), 1700 
(coumarm lactone), 1590 (aromatlc), 1085 cm-’ (benzofuran) NMR (CDCI-,) 6 6 3 (d, lH, C-3), 7 8 (d, lH, C-4), 

7 64 (d, r-H of furan), 6 83 (d, B-H of furan), 7 4 (s, lH, aromatic), 4 5 (m, 2H, -@C&-C<gH-), 3 9 (m, lH, 

-CH,-CH=OH-), 1 26 (s, 6H, ter CH,) MS m/e 304 (M’), promment peaks at m/e 202, 174, 59 The spectral 
data coupled with the physlcal properties agreed well with those reported for heraclenol (11) 

Charactertzutlon of ST-1 The compound ST-1 was purified by repeated crystalhzatlon from C,H,-hght 
petrol as glistening needles, mp 85%86”, [a]o f 0” (CHCI,), R, 091, 0 82 and 0 56 m the solvent systems 
C,H,-EtOAc (2 l), C,H,-EtOAc (4 I), and light petrol -EtOAc (2 1) respectively (Found C, 7168, H, 5 86%) 

Hydrogenation of ST-1 to vanthotoxol (3) ST-1 (0 1 g) dissolved m 95% aldehyde-free EtOH (25 ml) was 

6 SHARMA, Y N, ZAMAN, A, KIDWAI, A R , BATES, R B , and THALACKER, V P (1966) Tetrahedron 22,322 
’ The plant material used m this mvestlgatlon was obtained from Mr R Sarker, Umted Chemical & Alhed 

Products, 10, Chve Row, Calcutta 1, where d voucher specimen has been preserved 
* SHARMA, Y N , ZAMAN, A and KIDWAI, A R (1964) Tetrahedron 20, 87 
9 SHARMA, Y N , SHARMA, R C, ZAMAN, A and KIDWAI, A R (1964) Naturwrssenschaften 51, 537 
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hydrogenated (15 mm) with lO”b Pd-C (10 mg) After working up m the usudl way, d gummy residue was 
obtained wluch crystalhzed from acetone-hght petrol as needles, mp 248” (70 mg) The latter was ldentlfied as 
xanthotoxol(3) by m m p IR and co-TLC with dn authentic sample 

Aced tatalysed cleavage of ST-1 to \ant/loroxol (3) ST-l (0 25 g) wds refluxed with AcOH (5 ml) and cone 
H,SO, (8 drops) for 1 hr dt 120-130’ The solution was poured onto Ice and the yellow ppt crystalhzed from 
acetone-hght petrol, m p 248” The latter did not depress the m p of authentic xanthotoxol (3) 

PyrolyslT of ST-1 ST-l (05 g) was heated m subhmatlon tube nt 18~200”/005 mm A yellow subhmdte 
(025 g) was obtamed showmg 3 drstmct spots on TLC The latter was chromatographed over silica gel (5 g) 
and eluted with solvents of mcreasmg poldrlty Eludtes were collected m fractions of 5 ml each A crystdlhne 
compound (solid A), m p 175-180” wdb obtained from the C,H, eludtes showing two spots on TLC The rmxture 
could not be separdted by crystallization MS revedled two M+ peaks at ~I/P 270 and 138 C,H,-CHCI, 
(1 1) eludtes afforded a crystalhne residue (Solid B), m p 200-205” @ch on recrystalhrdtlon from CHC13- 
hght petrol, furmshed colourless needles (20 mg), m p 210-2 I2 , identified as dllolmpcrntorm (4 m p, m m p 
IR, co-TLC, MS) 

Epovrdatron of ST-1 ST-l (05 g) m mm quantity of dly CHCI, was treated with perbenzolc dcld soln 
(50 ml, 06 g) m CHCI, dnd kept at room temp for 72 hr The mixture %d\ diluted alth Et,0 .md 
washed ~lth dq satd NnHCO, The solvent wds removed and the red gum dls\ol\ed m C,H, and 

chromdtographed over aihca gel (10 g), the column bemg eluted successively with solvents of mcreasmg 
POidrlty C,H, eluates furmshed a crystalline compound which on recrystallization afforded needles mp 
112 I14 characterized as oxylmperdtorm (7 m p m m p IR) C,H, CHcl, eluates gd\i d Lrystdlhne tmxt&t 
in poor yield m p X5 -9O’, wh]Lh fins found fo be d rnlwture (TLC) MS prominent peaks dt I~I. e 406 170 
286, 202; 5Y 

Sqwratm of ST-1 unto (2) and (6) Silica gel G (Merck, 6 g) in dq AgN03 (12 5”, 14 ml) soln’” wd\ used 
dried at 110’ for 1 hr with CHCl,-MeOH (99 1) R, lmperatorm (0 68) geranvloxypsoralen (0 92) 
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