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Abstract---Besides celereostde and nodakentn, three new furanocoumartn glucostdes have been isolated from the seeds 
of Apium graueolens The new glucosldes have been structurally asslgned as (+)-2,3,-dlhydro-9-hydroxy-2[1-(6- 
smapmoyl) /I-D-glucosyloxy-1-methylethyl]-7H-furo[3,2g] [l]-benzopyran-7-one, (-)-2,3-dihydro-9-0-j-D-gluco- 
syloxy-2-lsopropenyl-7H-furo[3,2g] [11-b enzopyran-7-one, and 5-methoxy-8-O-b-D-glucosyloxypsoralen. 
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INTRODUCTION 

In previous phytochemlcal mvestlgatlons of Aplum grau- 
eolrns L seeds [l&S], we have reported the isolation of 
both new and known furanocoumarms mcludmg two 
glucosldes We now report on the lsolatlon of three new 
furanocoumarin glucosides (1, 3 and 5) from the seeds. 

RESULTSANDDISCUSSION 

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

Compound 1, [r]A’+ 75”, showed a posltlve ferric 
reaction and also gave a posltlve Glbb’s test mdlcabve of 
an unsubstltuted position para to a hydroxyl group m the 
molecule From the ‘H NMR spectrum of 1, the presence 
of either the rutaretm [l] or the lsomeric celereom unit 
[S] and a symmetrically trlsubstltuted styryl unit m 
compounds 1 were clearly dlscermble. Two prominent 
doublets (1 H each) at 6 6 39 and 7 6 with a large coupling 
constant (J = 15.9 Hz) strongly suggested a trans orien- 
tation for the two olefimc protons of the styryl unit 

The appearance of another doublet at 64 7 (J = 7.8 Hz) 
assignable to the anomerlc proton indicated that the 
sugar moiety was linked to the coumarm/styryl unit 
through Its C-l position Moreover, m the ‘HNMR 
spectrum of the pentaacetate (la) of 1, the presence of two 
signals integrating m total for rune protons only m the 
ahphatlc acetoxyl region (62 01,2.08) was consistent with 
the existence of a dlsubstltuted sugar unit m 1. 

Addltlonally, m 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 SO 4 
thereby identifying the C-6 posltlon as the other possible 
site for linkage [7] 

The mass spectrum of the dlmethyl ether derivative 
(lb) of 1 (formed by treatment with ethereal CH,N,) 
showed the M+ peak at m/z 658. Accurate mass measure- 

2 R=H 

OR OR 

3 R = @-D-Gkpyr 

4 R=H 

5 R = @-D-Glcpyr 

6 R=H 

ments on the M+ peak established the composltlon 
C&H3sO14 for lb. A further peak at m/z 438 was asslg- 
ned to the glycoslde 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 
prmclpal fragmentation pathway of hydroxyisopropyl- 
dlhydrofuranocoumarms [6]. 

Rutaretm [l] was isolated from the ethyl acetate ex- 
tract of the acid hydrolysate of 1, and D-glycOSe was 
detected m the aq phase. Graded hydrolysis with barium 
hydroxide produced lsorutarm (2) [S] and 4-hydroxy- 
3,5-dlmethoxycmnamic acid (smapmlc acld). The latter was 
identified by GC-MS comparison of Its volatile dl-TMSi 
derivative with an authentic sample Formation of 2,3,4- 
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tri-0-methyl-D-glucopyranose on methanolysls of the 
permethylate of 1 [9) estabhshed the (1-6) lmkage of 
glucose with rutaretm and smapmlc acid respectively 
The p-linkage of the glucose unit was confirmed by 
enzymatic hydrolysis Thus compound 1 was ldentlfied as 
(+ )-2,3-dlhydro-9-hydroxy-21I-(6-slnaprnoylj-B-r~-glu- 
cosyloxy- I -methylethyl]7H&ro-[3,2yl [ I]-benzopyran- 
7-one 

Compound 3, C2,,H220cI, [~]p-60 . gave negative 
ferric chloride and Glbb’s tests and drd not form any 
methyl derivative on treatment with ethereal dlazometh- 
ane The ‘H NMR spectrum of 3 revealed the presence of 
an aplumetm nucleus (4) as the major component Ace- 
tylatlon of 3 gave the tetraacetate 3a, CZ8H,,0,,, the 
‘H NMR spectrum of which showed that only ahphatlc 
acetoxyl groups are present Enzymatic hydrolysis of 
compound 3 gave aplumetm (4) [l] but acid hydrolysis 
with 7% refluxmg H,SO, seemed to decompose the 
aglycone and only D-glucose could be identified m the aq 
hydrolysate Compound 3 did not show the molecular 
ton peak on EI mass spectrometrlc analysis presumably 
because of Its thermal degradation before lomzatlon 
[lo] The mass spectrum was quite slmdar to that of the 
aglycone. Based on the above data the structure of com- 
pound 3 was established as (-)-2,3-dlhydro-9-0-/i-D- 
glucosyloxy-2-lsopropeny1-7H-furo[3,2L/] [ I]-benzo- 
pyran-7-one 

Compound 5, gave negative ferric chloride and Glbb’s 
tests did not yield any methyl derlvatlve on treatment 
with ethereal dlazomethane, but readily formed a tetra- 
acetate (5a), C,,H,,O,,, on reaction with acetic anhy- 
drlde m pyrrdme The ‘HNMR spectrum of acetate Sa 
showed three upfield signals at ~$2 00, 2 07. 2 25 and a 
downfield slgnal at 64 22 assignable to four ahphatlc 
acetoxyl groups and to a methoxyl group respectively In 
addltlon the NMR spectrum contamed a set of signals 
attributable to a 5&dlsubstltuted psoralen nucleus Acid 
hydrolysis of compound 5 produced 8-hydroxy-5- 
methoxypsoralen (5) [2) and D-glucose Fmally, the I$- 
linkage of glucose was confirmed by enzymatic hydrol- 
ysls Compound 5 WdS thus assigned the structure 5- 
methoxy-8-O-B-D-glucosflvxfpsoralen 

The other two glycosldes were ldentrfied as celeroslde 
[3] and nodakenm [I 11 This 15 the first report of the 
occurrence of nodakenm rn A y~u~olrna 

EXPERIMENTAI 

Mps uncorr, ‘H NMR 250 MHz, TMS as internal standard, 

A VG analytical 12-250 mass spectrometer system &as used for 
mass spectra of TM% derivatives introduced from a directly 

coupled Hewlett Packard Model 5790 gas chromatograph 
equipped with 25m capillary column (BP11 180-230” dt 
5”imm MS (70 eV) Accurate mass measurement wa? obtamed 
usmg the peak matchmg method TLC and CC sthca gel usmg 

the solvent system (1) EtOH-MeOH-H,O (100 16 5 13 5). (11) 
CHCI,-MeOH (3 1). (III) CHCl,-MeOH (1 l), (IV) 
C,H,-Me&O (3 I), (v) CHCl,-MeOH (9 I), (VI) 
C,H,-Me&O (9 1) 

lwlarron Air-dned Aplum qrateolrns seeds (3 5 kg) were ex- 
tracted successively with petrol (bp 6U_t(O’), Et,0 and 98% 

EtOH under reffux The EtOH extract was coned under red 
pressure, the residue was suspended m H,O and extracted with 

EtOAc usmg a hqu&hquld extractor The H,O soluble portlon 
was agam concentrated under reduced pressure and the gummy 

residue (ca 150 g) was chromatographed on slhca gel (1.5 kg) 

usmg d CHCl,-50% CHCl,-MeOH gradient Fractlonj elu- 

ted with CHCl,-~MeOH (9 1) acre pooled together and re- 
chromatographed on s11iw gel u\mg d CH’J-IO”;, 
MeOH-CHCI, gradlent Fractions elutcd Rlth 5 IO”‘“. 
MeOH-CHCI, were combrned and the solvent cvapd The 
rcsrduc was drssolved III warm EcUH and Icft forsc\eral day\ at 

ambrent temperature (r~ 28 ) for Lry\tdilliratrcrn Four ~ltlp*l of 

crystals were collected TLC examlnatlon (solLent I) of these 

showed thdt the tir\t two crops v~crc richer tn compound 1 whllc 

the subsequent two had compound 3 ‘~5 their major component 
Recrystallrzatron from EtOH of the combmed first ,md frond 

crop of crystals ylelded pure Lompound 1 Srmdar rccry\talllz- 

atron of the combrned thrrd ,tntf tourth crops of cry\t‘& g‘tvc 

pure compound 3 

The carher tractIon\ eluted with CHCI, MeOH (17 31 on 

repeated CC followed by partial crystalhr,mon of the purified 

material (CHCl,-MeOH) yIelded compound 5 and nodahenm 
[I I] From the latter fractions celerosldc 1.31 wds laolatcd by 

careful crybldlh7dtlon from EtOAc Compounds 1. 3 ,rrrd 5 wer’e 

obtamed m cn 5- IO mg quantltlc\ 
Compound 1 Recrystdlhzdtmn from FtOH ylelded compound 

1 as colourless shiny plates. mp I h6 68 , [ x] :” + 75 LMeOH. 

( 03X], K, 058 (system I), 045 (system 11) UV/,,, nm M&H 
(log r) 246 sh (4 06), 265 (3 73). 330 (4 35) IR \ ;;; cm ’ 3580. 

1705, 1630, 1586, 1425 and 11%. ‘H NMR [(CD,),CO] ~$1 31; 
dnd I 37 (5, 3H each, yrrn dimethyl), 3 O@3 92 (m. 6H. 4 glucose 

protons and Ar-Clj, CH: ). 3 87 I\. 6H. 2 x --OMe) 4 20 (m. 

2H, H-6 ofglucose), 4 70 (d, 1 H, J = 7 8 HZ anomeric H). 4 X6 (m. 

IH. Ar-CH,pClj<). 6 1 Id. IH. .J-95 Hr. H-6). 639 ((1, IH. .I 

=159Hr,H,),692(~.IH,H-4),696(~,2H,If,H,).76(d,IH,./ 

=159Hr, H,)and 771 (d lH,J=95Hr, H-5) 

Methylatlon of I bq dropklse addltlon of etheredl CH2hZ to 

Its methanohc soln ylelded the dlmethyl ether lb. Rhlch cryslal- 

hzed from CHCl,-n-hexane ds colourlesx needles, mp I45 , 
[a]A0-38 1 (CHCI,. ~047). (Found M’ 6582257 

C,,H,,O,, requires M 658 22612) UV t z:p” nm 276 3 I4 The 

tetraacetnte la (prepared WI Ac,O-pyrldlne) rccry\talhzcd from 

CHCl,--McOH as white powder, mp 139-140 . [xlD --35 
LCHCI,, c 0 77] UV i ::p” nm (logi) 240 ch (3 96). 358 (3 X4) 
298 (4 36). 310 sh (4 33). ‘H NhlR ICDCI,) 6 1.25 ,Ind 1 34(s. 3H 

each. ~jem dtmethyl). 2 01 (3, 6H. 2 Y -OCOMe), 2 08 (5. ZH. 

OCOMe). 2 35 (A. 3H. -0COMel. 245 (\. 3H -0COMc) 3 15 
(m, ?H, ArXIj-CH<), 3 57--? 98 (m. 3H glucose proton\), 

3 86 (7, 6H, 2 x -0Me). 4 88 (d. I H J = 8 0 Hz. anomerlc H) 

4?4- 5 27 (m. 4H, 3 glucose protons and Ar-CH, Cij<) 5 21 
(d.lH.J=96HzH-6),633(d.lH .1=16OHz.H,).677(\,?H. 
H, H,), 7 11 (s. I H, H-4). 7 56 (d. 1 H. J x I6 0 Hr. H, ) dnd 7 59 (d. 

IH, J=96 Hz, H-5) 
I (6 mg) was hydrolysed with H,SO, (7”& * ‘k) for 2 hr under 

reflux The soln was thoroughly extracted with EtOAc and the 

residue left after evapn of the sollent w.ts purlfed by prep TLC 

[system v) The purllied aglycone. crystalhzed from EtOAL +I- 

hexdne, wds found to be ldentlcal ~lth rutaretm [I] (mp co- 

TLC, UV and co-IR) I>-Glucose was Identified bj PC In the 
neutrahzed aq phdse 

Compound I (2 mg) wds hydrolysed with 0 I N Ba(OH), soln 

dt amblent temp The soln was carefully neutrahzed with cold 

dll H,SO,, filtered and the aq filtrate extracted with Ft20 The 

BaSO, ppt was washed with Et10 and the combmed exlrnct 
evapd The residue obtamed wds shown to contdm amdpmic 

acid by GC-MS analysis of Its dl-TM% dernatl,e. prepared by 

treatment with h’-O-bla (trlmethyfsdyl)acetamlde m pyrrdme 

(2 1) An authentlL sample of dl-TMSI derrvdtlve of \maptmc 
acid was also analysed by GC-MS for compdnson The gas 

chromatograms of both the samples shohed a promment pe,tk 

correspondmg to a major component which eluted at ta 16 mln 
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post-inJection The mass spectrum of this component (m/z 368) 

of each sample, which corresponded to the mcorporatlon of two 

Me,SI groups m the acid, was mdtstmgulshable from the other 

Isorutarm [S] was identified m the residue obtained after 

lyophlhzatlon of the extracted aq hydrolysate by Its UV spec- 

trum, AMgo”, 265, 335 nm Permethylatlon of compound 1 by Xn=X 
Hakomarl’s method [9] and subsequent methanolysls of the 
product with MeOH-HCI (5%) gave 2,3,4-tri-O-methyl-D-glu- 

copyranose which was identified by direct comparison with 

an authentic sample [TLC (system 1~) and PC (n- 

BuOH-EtOH-H,O, 5 1 4)] The /?-configuration of the glu- 

cose hnkage was established by the hydrolysis of 1 with emulsm 

Compound 3 crystallized from EtOH as colourless needles, mp 

165”, [a]F-60” [CHCI,, CO 161, R, 060 (system I), 045 (sys- 

tem u) UVnf$“’ (log E) 250 (3 41), 262 (3 35), 333 (3 87, 

IR viz; cm-’ 3400, 1725, 1600, 1440, 1140 and 860 (Found C, 

59 0, H 5 2 C H 0 reqmres C 59 1, H, 5.4%). ‘HNMR 20 22 9 
(DMSO-d,+D,O) 6174 (s, 3H, -Me), 494 and 5 12 (s, 1H 

each, =CIj,), 5.38 (m, lH, Ar-CH,-EC), 3 10-5 35 (7 glucose 

protons and Ar-CH,&H<), 6 26 (d, lH, J =9 5 Hz, H-6), 7 23 

(s, lH, H-4), 7 94 (d, lH, J =9 5 Hz, H-5) 

The acetate 3a (prepared via Ac,O-pyridme) recrystallized 
from aq EtOH as colourless needles, mp 139-142” (Found C, 

58 3, H, 5 5 C,,H,,O,, requires C, 58 5, H, 5 2%) ‘HNMR 

(CDCI,) d 1 74 (s, 3H, Me) 2 02 (s, 9H, 3 x -OCOMe), 2 18 (s, 

3H, -OCOMe), 3.38 (m, 2H, Ar-CH,-CH:), 3 424 50 (m. 3H, 

glucose protons), 475-5 30 (m, 5H, 4 glucose protons and 

Ar-CH,-CIj<), 4 88 and 5 08 (s, 1H each =ClI,), 6 18 (d, lH, J 

= 10 Hz, H-6), 7 02 (s, 1 H, H-4) and 7 54 (d, lH, J = 10 Hz, H-5) 
Compound 3 (3 mg) was hydrolysed with emulsm m PI buffer 

(0 02 M, pH 7) at ambient temp The aglycone isolated from the 

EtOAc extract of the enzyme digest was identified as apmmatm 

(4) [I] 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-ghCOSC was Identified by PC m the 
neutralized aq extract 

Compound 5 Recrystalhzatton from CHCI,-MeOH yielded 

compound 5 as colourless needles mp 230”, R, 0.42 (system I), 
0 57 (system iii), UV i.::p nm (log E) 241 (4&l), 266 (4.13), 271 
(4 17)and 313(404),1Rv~~~‘cm~‘~3375,1680,1590,1450,1170 

and 823. The tetraacetate Sa (Ac,O-pyndme) recrystallized from 

CHCI,-C,H, as colourless needles mp 129” (Found C 55 9, 

H 44 CZ6H26014 requires C, 55 5, H, 46%) ‘HNMR 

(90 MHz, CDCI,) 62 00 (s, 3H, -OCOMe), 2 07 (s, 6H, 2 x 

-OCOMe), 2 25 (s, 3H, -OCOMe), 4 22 (s, 3H, -OMe), 3.634.20 

(m, 3H, glucose protons) 4 8(r5 20 (m, 4H, glucose protons) 6 26 

(d, lH, J = 10 Hz, H-3), 7 01 (d, lH, J =2 Hz, H-3’ furan), 7 63 (d, 
J=2 Hz, H-2’ furan) and 8 10 (d, lH, J = 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 obtamed by evapn of solvent was 

crystalhzed, as pale yellow needles mp 218”, from EtOAc-n- 

hexane after purification by TLC (system VI) The aglycone was 
identified as 8-hydroxy-5-methoxypsoralen [3] by direct com- 

parison with an authentic sample (mmp, UV and co-IR) D- 

Glucose was identified by PC m the neutrahzed aq phase The 

aglycone (6) was also obtained by hydrolysis of compound 5 

with emulsm 
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