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Abstract—Besides celereoside and nodakenin, three new furanocoumarin glucosides have been 1solated from the seeds
of Apium graveolens The new glucosides have been structurally assigned as (+)-2,3,-dthydro-9-hydroxy-2[1-(6-
smapinoyl) f-D-glucosyloxy-1-methylethyl]-7H-furo[3,2g] [1]-benzopyran-7-one, (—)-2,3-dihydro-9-0-p-D-gluco-

syloxy-2-1sopropenyl-7H-furo[3,2¢g] [1]-benzopyran-7-one, and 5-methoxy-8-0O-f-D-glucosyloxypsoralen.

INTRODUCTION

In previous phytochemical investigations of Apum grav-
eolens L seeds [1-5], we have reported the 1solation of
both new and known furanocoumarins including two
glucosides We now report on the 1solation of three new
furanocoumarin glucosides (1, 3 and 5) from the seeds.

RESULTS AND DISCUSSION

The concentrated water-soluble portion of the etha-
nolic extract of the seeds on CC followed by repeated
partial crystallizations of the evaporated residues of sel-
ected CC fractions yielded five compounds All of the five
compounds gave a positive Molisch’s test for sugars and
showed UV absorption characteristics of linear furano-
coumarins [6].

Compound 1, [2]3°+75°, showed a positive ferric
reaction and also gave a positive Gibb’s test indicative of
an unsubstituted position para to a hydroxyl group in the
molecule From the '"H NMR spectrum of 1, the presence
of erther the rutaretin [17] or the isomeric celereomn unit
[5] and a symmetrically trisubstituted styryl umt n
compounds 1 were clearly discermible. Two promment
doublets (1H each) at 6 39 and 7 6 with a large coupling
constant (J =159 Hz) strongly suggested a trans orien-
tation for the two olefinic protons of the styryl umt

The appearance of another doublet at 64 7 (J =7.8 Hz)
assignable to the anomeric proton indicated that the
sugar motety was linked to the coumarn/styryl unit
through 1ts C-1 position Moreover, in the 'HNMR
spectrum of the pentaacetate (1a) of 1, the presence of two
signals integrating 1n total for nine protons only 1n the
aliphatic acetoxyl region (62 01, 2.08) was consistent with
the existence of a disubstituted sugar unit in 1.

Additionally, in the *H NMR spectrum of 1 the meth-
ylene protons on the C-6 position of the sugar group
were shifted downfield from their normal value by 604
thereby rdentifying the C-6 position as the other possible
site for hnkage [7]

The mass spectrum of the dimethyl ether dertvative
(1b) of 1 (formed by treatment with ethereal CH,N,)
showed the M * peak at m/z 658. Accurate mass measure-
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ments on the M* peak established the composttion
C,3H;50,, for 1b. A further peak at m/z 438 was assig-
ned to the glycoside residue left after fission of the acid
fragment while the peak at m/z 259 arose due to subse-
quent loss of the glycosyl group. The base peak at m/z
217 was derived from the aglycone (m/z 276) by the
principal fragmentation pathway of hydroxyisopropyl-
dihydrofuranocoumarins [6].

Rutaretin [1] was 1solated from the ethyl acetate ex-
tract of the acid hydrolysate of 1, and D-glycose was
detected 1n the aq phase. Graded hydrolysis with barium
hydroxide produced isorutarin (2) [8] and 4-hydroxy-
3,5-dimethoxycinnamic acid (sinapmic acid). The latter was
identified by GC-MS comparison of its volatile di-TMSi
derivative with an authentic sample Formation of 2,3,4-
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tri-O-methyl-D-glucopyranose on methanolysis of the
permethylate of 1 [9] established the (1 —6) linkage of
glucose with rutaretin and sinaptmc acid respectively
The B-hnkage of the glucose unit was confirmed by
enzymatic hydrolysts Thus compound 1 was identified as
(+ J-2,3-dihydro-9-hydroxy-2{ 1-{6-sinapmoytj-f-D-glu-
cosyloxy-I-methylethyi]7H-furo-{3,2¢] [ 1]-benzopyran-
7-one

Compound 3, C,,H,,0,, [2]3"—60 . gave negative
ferric chloride and Gibb's tests and did not form any
methyl derivative on treatment with ethereal diazometh-
ane The '"H NMR spectrum of 3 revealed the presence of
an apiumetin nucleus (4) as the major component Ace-
tylation of 3 gave the tetraacetate 3a, C,,;H,,0,;, the
"H NMR spectrum of which showed that only aliphatic
acetoxyl groups are present Enzymatic hydrolysis of
compound 3 gave aptumetin (4) [1] but acid hydrolysis
with 7% refluxing H,SO, seemed to decompose the
aglycone and only D-glucose could be identified 1n the aq
hydrolysate Compound 3 did not show the molecular
ion peak on EI mass spectrometric analysis presumably
because of its thermal degradation before ionization
[10] The mass spectrum was quite similar to that of the
aglycone. Based on the above data the structure of com-
pound 3 was established as (—)-2,3-dihydro-9-0-§-D-
glucosyloxy-2-1sopropenyl-7TH-furo [ 3,241 [11-benzo-
pyran-7-one

Compound 5, gave negative ferric chloride and Gibb's
tests did not yield any methyl derivative on treatment
with ethereal diazomethane, but readily formed a tetra-
acetate (5a), C, H,0,,, on reaction with acetic anhy-
dride 1n pyridine The 'HNMR spectrum of acetate Sa
showed three upfield signals at 4200, 207, 225 and a
downfield signal at 6422 assignable to four aliphatic
acetoxyl groups and to a methoxyl group respectively In
addition the NMR spectrum contamned a set of signals
attrtbutable to a 5,8-disubstituted psoralen nucleus Acid
hydrolysts of compound 5 produced 8-hydroxy-5-
methoxypsoralen (6} [2] and b-glucose Finally, the §-
Iinkage of glucose was confirmed by enzymatic hydrol-
ysts Compound 5 was thus assigned the structure 5-
methoxy-8-0-8-b-glucosyloxypsoralen

The other two glycosides were identified as celeroside
[3] and nodakenin [11] This 1s the first report of the
occurrence of nodakemin i1 4 graveolens

EXPERIMENTAIL

Mps uncorr, 'HNMR 250 MHz, TMS as internal standard,
A VG analytical 12-250 mass spectrometer system was used for
mass spectra of TMS:1 denivatives mntroduced from a directly
coupled Hewlett Packard Model 5790 gas chromatograph
equipped with 25m capillary column (BPl) 180230 at
5°/min MS (70 eV) Accurate mass measurement was obtained
using the peak matching method TLC and CC silica gel using
the solvent system (1) EtOH-MeOH-H,O (100 165 135), (n)
CHCl;-MeOH (3 1), () CHCI;-MeOH (1 1), (1v)
CH¢-Me,CO (3 1), (v} CHCL,-MeOH (91, (vi)
C.H¢-Me,CO(9 1)

Isolatton Air-dried Apwum graveolens seeds (3 5 kg) were ex-
tracted successively with petrol (bp 60-807), Et,O and 98%
EtOH under reflux The EtOH extract was concd under red
pressure, the residue was suspended in H,O and extracted with
EtOAc using a hquid-hiquid extractor The H,O soluble portion
was again concentrated under reduced pressure and the gummy
residue (ca 150 g) was chromatographed on silica gel (1.5 kg)
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using ¢ CHCl,—-50% CHCl;-MeOH gradient Fractions elu-
ted with CHCl;-MeOH (9 1) were pooled together and re-
chromatographed on silica gel usng a CHClL—10%
MeOH-CHCl; gradient Fractions eluted with 5 10%,
MeOH-CHCl, were combined and the solvent evapd The
residuc was dissolved n warm EtOH and left for severat days at
ambient temperature {ca 28 j for crystatiization Four crops of
crystals were collected TLC examination {solvent 1) of these
showed that the first two crops were richer in compound 1 while
the subsequent two had compound 3 as their major component

Recrystathization from EtOH of the combimed first and second
crop of crystals yielded pure compound 1 Stmilar recrystalliz-
ation of the combined third dand tourth crops of crystdls gave
pure compound 3

The carlier fractions eluted with CHCl; MeOH (17 3) on
repedated CC followed by partial crystallization of the purified
material (CHCl;-MeOH) yielded compound § and nodakenin
[11] From the latter fractions celeroside [3] was 1solated by
careful crystathzation from EtOAc Compounds 1. 3 and § were
obtained 1n ca 5- 10 mg quantitics

Compound 1 Recrystallization from FtOH yielded compound
1 as colourless shiny plates. mp 166 68 , [x]3"+75 [MeOH,
¢ 038]. R, 058 (system 1), 045 (system u) UV, . nm MeOH
(log £} 246 sh (4 06), 265 (373), 330 (4 35) IR v A% em 3580,
1705, 1630, 1586, 1425 and 1158. "H NMR [(CD,;),CO] d1 35
and 137 (s, 3H each, gem dimethyl), 3 00-3 92 (m, 6H, 4 glucosc
protons and Ar-CH, CH=Z). 387 (+, 6H. 2 x ~-OMe) 420 (m.
2H, H-6 of glucose), 4 70(d, 1H. J =7 & Hz anomeric H), 4 86 (m.
IH. Ar-CH,~CH<0), 6 1 (d. IH, J=9 5 Hz. H-6). 6 39 (d, IH, J
=159Hz, H,),692(s. 1H,H-4),6 96 (+, 2H, H . H, 1. 7 6(d. TH, J
=159 Hz, Hg)and 771 (d 1H, J=95Hz H-5)

Methylation of 1 by dropwise addition of ethereal CH,N, to
1ts methanolic soln yielded the dimethyl ether 1b, which crystal-
hized from CHCly—n-hexane as colourless needles, mp 145,
[«]3°~381 (CHCl;. ¢047), (Found M"™ 6582257
C4,H,,0, , requires M 658 22612) UV . 1O nm 276 314 The
tetraacetate la (prepared vig Ac,O-pyridine) recrystallized from
CHCI,-MeOH as white powder. mp 139-140 , [x],--25
[CHCL,, ¢ 0771 UV MO nm (log:) 240 sh (396), 258 (3 84)
298 (4 36). 310 5h (4 33). "TH NMR(CDCl;) 61.25and 1 34 (s. 3H
each, gem dimethyl), 201 (s, 6H. 2 x -OCOMe), 208 (v, 3H,
-OCOMe), 235 (s, 3H, “OCOMel. 245 (. 3H -OCOMe) 335
(m, 2H, Ar-CH,—-CH<), 357-398 (m. 3H glucose protons),
386 (s, 6H, 2x -OMe), 488 (d. IH J=80Hz. anomeric H)
474-527 (m, 4H, 3 glucose protons and Ar-CH, CH<) 621
(d.1H.J=96 HzH-6),633(d. 1H J =16 0 Hz, H,). 6 77 (s, 2H,
H.H,), 7 11 (s, 1H, H-4). 7 56 (d. IH. J =16 0 Hz. Hg ) and 7 59 (d.
IH, /=96 Hz, H-5)

1 (6 mg) was hydrolysed with H,SO, (7%%, w 'v) for 2 hr under
reflux The soln was thoroughly extracted with EtOAc and the
residue left after evapn of the solvent was punfied by prep TLC
(system v) The purified aglycone, crystallized from EtOAc -n-
hexane, was found to be identical with rutaretin [ 1] (mp co-
TLC, UV and co-IR) p-Glucose was identified by PC in the
neutrahized aq phase

Compound 1 (2 mg) was hydrolysed with 0 1 N Ba(OH), soln
at ambient temp The soln was carefully neutralized with cold
dil H,S0,, filtered and the agq filtrate extracted with Ft,0 The
BaSO, ppt was washed with Et,O and the combined extract
evapd The residue obtained was shown to contan sinapintc
acid by GC-MS analysis of its di-TMS1 derivative, prepared by
treatinent with N-O-bis (trimethylsilyhacetamide 1in pyndine
(2 I) An authentic sample of di-TMS1 derivative of sinapinic
acid was also analysed by GC-MS for comparison The gas
chromatograms of both the samples showed a prominent pedak
corresponding to a major component which eluted at ca 16 mun
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post-injection The mass spectrum of this component (m/z 368)
of each sample, which corresponded to the incorporation of two
Me,S1 groups 1n the acid, was indistinguishable from the other

Isorutarin [8] was identified in the residue obtained after
lyophilization of the extracted aq hydrolysate by its UV spec-
trum, AMeOM 265, 335 nm Permethylation of compound 1 by
Hakomarr’s method [9] and subsequent methanolysis of the
product with MeOH-HCI (5%) gave 2,3.4-tr1-O-methyl-D-glu-
copyranose which was identified by direct comparison with
an authentic sample [TLC (system 1v) and PC (n-
BuOH-EtOH-H,0, 5 1 4)] The p-configuration of the glu-
cose linkage was established by the hydrolysis of 1 with emulsin

Compound 3 crystallized from EtOH as colourless needles, mp
165°, [a]3°—60° [CHCl,, c0 16], R, 060 (system 1), 045 (sys-
tem 1) UV AMOM (log ¢) 250 (341), 262 (335), 333 (387,
IR vEBrecm ™! 3400, 1725, 1600, 1440, 1140 and 860 (Found C,
590, H 52 C,,H,,0, requires C 591, H, 54%). '"HNMR
(DMSO-d¢+D,0) 6174 (s, 3H, -Me), 494 and 512 (s, 1H
each, =CH ), 5.38 (m, 1H, Ar—CH,—CH<Z), 3 10-5 35 (7 glucose
protons and Ar~CH ,—CH<{), 6 26 (d, 1H, J =9 5 Hz, H-6), 7 23
(s, 1H, H-4), 794 (d, 1H, J =9 5 Hz, H-5)

The acetate 3a (prepared via Ac,O-pyridine) recrystallized
from aq EtOH as colourless needles, mp 139-142° (Found C,
583, H, 55 C,3H;,0,; requires C, 585, H, 52%) 'HNMR
(CDCl;) 6174 (s, 3H, Me) 202 (s, 9H, 3 x -OCOMe), 218 (s,
3H, -OCOMe), 3.38 (m, 2H, Ar-CH ,—~CH<C), 3 42-4 50 (m, 3H,
glucose protons), 475-530 (m, SH, 4 glucose protons and
Ar—-CH,—-CH<(),4 88 and 5 08 (s, 1H each =CH,), 6 18(d, 1H, J
=10 Hz, H-6), 702 (s, 1H, H-4) and 7 54 (d, 1H, J =10 Hz, H-5)
Compound 3 (3 mg) was hydrolysed with emulsin 1n Pi buffer
(002 M, pH 7) at ambient temp The aglycone 1solated from the
EtOAc extract of the enzyme digest was 1dentified as apiumatin
(4) [1] by direct comparison with an authentic sample (mmp,
TLC, UV and co-IR). Compound 3 (2 mg) was hydrolysed with
H,SO, (7%, w/v) for 1 hr under reflux. The hydrolysate was
extracted with EtOAc and D-glucose was identified by PC 1n the
neutralized aq extract

Compound 5 Recrystallization from CHCI,-MeOH yelded
compound § as colourless needles mp 230°, R, 0.42 (system 1),
057 (system i), UV AM:O nm (log ) 241 (4.04), 266 (4.13), 271
(417)and 313 (4 04), IR vie® em ™~ !+ 3375, 1680, 1590, 1450, 1170
and 823. The tetraacetate 5a (Ac,O-pyridine) recrystallized from
CHCI1;-C¢Hg as colourless needles mp 129° (Found' C 559,
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H44 C,(H,40,, requres C, 555, H, 46%) 'HNMR
(90 MHz, CDCl;) 6200 (s, 3H, -OCOMe), 207 (s, 6H, 2x
—OCOMe), 2 25 (s, 3H, ~OCOMe), 4 22 (s, 3H, -OMe), 3.634.20
(m, 3H, glucose protons) 4 805 20 (m, 4H, glucose protons) 6 26
(d, 1H, J =10 Hz, H-3), 701 (d, 1H, J =2 Hz, H-3' furan), 7 63 (d,
J=2Hz, H-2' furan) and 8 10 (d, 1H, /=10 Hz, H-4) Com-
pound 5 (2 mg) was hydrolysed with H,SO, (7%, w/v) for 2 hr
under reflux The hydrolysate was thoroughly extracted with-
EtOAc and the aglycone obtained by evapn of solvent was
crystallized, as pale yellow needles mp 218°, from EtOAc-n-
hexane after purification by TLC (system vi1) The aglycone was
identified as 8-hydroxy-S-methoxypsoralen [3] by direct com-
parison with an authentic sample (mmp, UV and co-IR) D-
Glucose was 1dentified by PC 1n the neutrahzed aq phase The
aglycone (6) was also obtained by hydrolysis of compound 5
with emulsin
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