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Abstract-Three new coumarin glycosides isolated from roots of Seseli montanum were shown to be the 3’-0-, 
2’-0-, and the 7-O-p-D-glucopyranosides respectively of 2’(R)-6-(2’,3’-dihydroxy-3’-methylbutyl)-7-hydroxy- 
coumarin. The structures were elucidated by spectroscopic and chemical methods. (R)-Configuration was assigned to 
the aglycone, also known as (+ )-peucedanol, and to its 7-methyl ether, (+ )-ulopterol, by chemical correlation. 
Additionally, apterin was obtained and characterized. 

The umbellifer Seseli montanum L. is widely distributed in 
the southern part of Europe. In an earlier report by 
Bohlmann et a/. on its content of acetylenic compounds 
[l], this species was stated also to contain coumarins. 
We now report a re-investigation of the roots, which has 
led to the isolation of four coumarin glycosides, three of 
which are new. 

The glycosides were obtained upon methanol extrac- 
tion of the dried plant material and subsequent frac- 
tionations by column chromatography on polyamide and 
cellulose columns. The main glycoside (1) (C,,H,,O,, 
elemental analysis, FD-MS) was isolated in substantial 
quantity. Upon acid hydrolysis of 1, D-glUCOSe was the 
only sugar component detected. The presence of a cou- 
marin skeleton in 1 was suggested by the blue fluorescence, 
by bands in the IR-spectrum at 1732 and 1700 (CEO), 
1624 (C=C), 1573 and 1494 cm-’ (aromatic) and by the 
UV spectrum, which is very similar to that of 7-hydroxy- 
coumarin. A strong bathochromic shift upon addition of 
NaOAc revealed the presence of a free phenolic OH 
group. The PMR-spectrum (D,O) showed characteristic 
coumarin doublets at 67.57 and 66.00 (J = 9.6 Hz) and 
two one-proton singlets at 67.08 and 66.38, attributable 
to the aromatic protons in a 7-hydroxy-6-substituted 
coumarin. Also observable, outside the region of the 
sugar protons, was a broad two-proton multiplet ccntred 
at 62.6, obviously the AB-part (J,, = 14 Hz) of a par- 
tially hidden ABX-pattern and two three-proton singlets 
at 61.29 and 61.27. Considering also the elemental 
composition of 1, these signals could be assigned to the 
benzylic methylene group and the gem-dimethyls, res- 
pectively, of a 3,4-dioxygenated isopentyl side chain at 
C-6. In confirmation of this assignment. the aglycone (4) 
obtained by acid hydrolysis of 1 showed physical data 
(UV, IR, PMR, [xl, mp) in accordance with those re- 
ported for (+)-peucedanol [2] and, additionally, a side 
product formed by acid catalyzed cyclization of 4 during 
the hydrolysis, was shown to be (- )-3’-hydroxy-3’,4’- 

* Part 21 in a series ‘Constituents of Umbelliferous Plants’. 
For Part 20 see Nielsen, B. E. and Jensen, E. (1976) Phytochem- 
istry 15, 1049. 

dihydroxanthyletin (5) by comparison with an authentic 
sample. This cyclization product, (5) to which R- 
configuration has earlier been assigned [3], also provided 
a clue to the hitherto unknown stereochemistry of (+)- 
peucedanol(4), which must be R also. 

From the facile formation of the peracetyl derivative of 

(5) 

1, R = Glc, R’ = R” = H 
2, R’ = Glc, R = R” = H 
3, R” = Glc, R = R’ = H 
4 R = R’ = R” = H 
6 R = R’ = H R” = Me 

1 under condition where 4 only afforded a diacetate, the 
presence of a free tertiary OH group at C-3’ in 1 is 
unlikely. Also a comparison of &values for methine and 
for gem-dimethyl protons in these acetates and in the 
triacetate of 4, prepared under forcing conditions, shows 
shift differences, conceivable only with C-3/-0 as the 
position of sugar attachment in 1. Lastly, the PMR- 
spectrum of 1 showed the configuration of the glucosidic 
linkage to /I by the J value (7.3 Hz) of the doublet, arising 
from the anomeric proton, at 64.64. Hence, 1 is the 3’-0- 
b-D-glucopyranoside of 2’(R)-6-(2’,3’-dihydroxy-3’- 
methylbutyl)-7-hydroxycoumarin. 

Two glycosides (2) and (3). isomeric with 1, were ob- 
tained in minor quantity. The spectral data of these 
compounds and the results of the acid hydrolysis, to- 
gether established 2 as the 2’-0-/?-D-glucopyranoside of 4 
with a free phenolic OH group, and 3 as the 7-0-p-D- 
glucopyranoside of 4. Whereas the PMR-data indicate 
/?-configuration in 2, as clearly as in the case of 1, the 
anomeric proton of 3 only show an ill-resolved doublet 6 
4.99. A P-configuration also for this compound was 
inferred, however, from the width of the signal (W+ = 
9 Hz) and from the difference in molecular rotations, 
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A[M]o (3 and 4) - 193’, compared with [M]n values of 
the phenyl D-glucopyranosides, r .491, /I. - 152 (MeOH) 

[41. 
( +)-(R)-Peucedanol (4) and its enantiomer have been 

obtained earlier from one umbellifer [I] and from one 
rutaceous plant [S] respectively, but this is the first report 
on its occurrence m glycosidlc form. Uiopterol, the 
7-methyl ether of peucedanol. has been reported to occur 
in members of the same plant families. described either as 
the dextrorotatory form [6.7], or without specification 
of optical rotation [S. 91. Now. R-configuration (6) has 
been assigned to ( + )-ulopterol, as this was the enantiomer 
obtained upon methylation of 1 with diazomethane and 
hydrolysis of the resultant glycoslde. 

Finally a coumarin glycoside (7) was obtained, which 
from the results of acid hydrolysis and from an inspection 
of the PMR-spectrum appeared to be a mono-p-D- 

glucopyranoside of cis-9-hydroxy-8,9-dihydrooroselol. 
The identity of 7 with the known l-O-[j-D-glucopyrano- 
side of this aglycone, apterin [lo], was established by 
comparison with an authentic sample. Some corrections 
to the data originally reported for this compound is 
given in the Experimental. The detection of apterin in 
several umbellifers was recently reported [ 111. 

EXPERIMENTAL 

Mps were corr. and determmed in capillary tubes. PMR spec- 
tra were obtamed at 90 MHz using acetonttrlle (A2.00) for D,O 
solutions. and TMS otherwise, as int refs. Optical rotations 
were measured on a Perkin-Elmer 141 polarlmeter. MS were 
obtamed with an EIiFI/FD Ion source. A high temp. carbon 
activated tungsten wire emitter (emitter + catode 10.5 kV) was 
used in FD--MS. an el. energy of 70 eV m EI-MS, sample temp. 
200-750 throughout. D-Glucose was ldentlfled by TLC. and by 
the o-glucose oxldase test. The plant material was grown at the 
Botanic Garden of Copenhagen. and Its IdentIty verified by 
Dr. K Rahn. 

Isolution c!f cournwin g/ycmdrs. Dried and ground roots 
(21X g) were extracted v&h MeOH. An aq. soln of the MeOH 
concentrate (35 g) was extracted with EtOAc and evapd. The 
residue (26 g) was chromatographed on a polyamide column 
(220 g) ulth a Hz0 + MeOH gradlent, giving a series of frac- 
tlons (total ctl 1.9 g) contaimng blue-fluorescent compounds. 
Rechromatography on polyamide columns and on columns of 
rmcrocrybt. cellulose with C,H,~EtOAc~AcOH~H,O (2.5 2 1) 
as cluent afforded crystallme 7.3. I and 2. mentloned m order of 
elutlon from polyamide. 

(R)-P~cedanol ~‘-0-B-o-g/ucop~rcrnosrdr (I) 7Y0 mg (from 
EtOH). ill-def. mp (Found C. 56.10: H. 6.3X. C,,H,,O,, 
requues C, 56.33: H. 6.07”,,,). [K];’ + 16.9 . [x15:, + 63.0 
(MeOH: cl.‘). i.y$’ nm (log E). 332 (4 11). 256 (sh) (3 46). 247 
(sh) (3.55). 222 (-l 14). NaOAc shift. i.,,,332 + 37X. IR ?$,crn- ’ 
3300 (OH). 1732 (C=O). 1700 (S/I) (C=O). 1624 (C=C). 1573 
and 1494 (aromatic). PMR (5 in D,O) 7.57 (IH. d, J = 9.6 Hz, 
H-4). 7.08 (1H. s. H-5), 6 38 (1H. s, H-8). 6.00 (1 H. d. J = 9.6 Hz. 
H-3). 276 (IH. hd. J = 14Hz. H&-l’) 2.37 (IH. dd, J = 14, cu 
10 Hz. H,-I’) 1.29 and 1.27 (6H, ss. gml-dimzthyls), 4.64 (1H. d. 
J = 7.3 Hz. anomerlc H, overlapping DOH shifted by add. of 
CF,COOD) 3 9-3.1 (7H. tn. oiher sugar protons and H-2’). 
FD-MS. tn!~. 127 (M’ + 11. EILMS. m/c. (ret int ) 26-1 IM+ 
aglycon] (18). 246 ‘[M:-H,b] (27). 22X [M,: -2H,O] (2)_206 
(11). 188(7).1X7(8). 176(86), 175(100). 163(9). 147(12). 

Acrd hydrolysis qfl. 166 mg 1 was hydrolysed in 0 25 N HCI 
for 1 hr at 100 Upon extractlon several times with CH,Cl, 
D-glucose was detected in the aq. soln The CH,Cl, extractives 
were chromatographed on a Si gel column. Elutlon with a 
solvent gradlent. CH,Cl, + CH,Cl, EtOAc (I I) with further 
add. of MeOH (0 d 2”,,) afforded. (a) (R)-peucedanol (4). 
70mg. mp 177.5-178 (EtOAc) (la [3] 174-175 ) [xl;” + 

50.2 (EtOH 96”,,. c 0.5). [z]? + 53.2 and [z]iib + 140.7 
(MeOH: c 0.5) (lit. [2] [x]p + 31 2 (EtOH): c 0.6) and for the 
enantiomer [5] [xlr, - 17 (EtOH; c 0 7)) PMR, IR and UV 
spectra as reported [2] (h) (R)-3’-Hydroxy-3’.4’-dlhydroxan- 
thgletin (5). 5mg. mp 181 5 (petrol) [y];,’ - IO7 (C,H,N: 
c 0.1) (lit. [3] mp 180.5%181.5 [xl;;’ - 107 lCjH,h’. c 0 5)). 
Identical (TLC, IR) with an authentic sample 

Acrtylatwn of 1 und 4. Treatment of 1 with Ac,O-C,H,N 
(2 1) for 2.5 hr at 24’. evapn of reagents at red. press and purilica- 
tion on a Si gel column with CH,C12-EtOAc mixtures as eluents 
afforded non-crystallme I hexaac~tate. PMR (ri m CDCI,) 7.64 
(1H.d.J = 9.5 Hz.H-4). 7.31(1H.s.H-5). 707(1H,s.C-8).6.36 
(1H. d, J = 9.5 Hz, H-3). 5.18 (dd. H-2’. bq dccouplings). 3.03 
(1H. dd, J = 14.5. cu 3 Hz, H,-I’). 2.73 (IH, dd, J = 14.5 <‘u 
10 Hz. H,-1’). 1.77 and 1.25 (6H. ss. gem-dlmethyls), 4.76 (IH, d. 
J = 7 5 Hz, anomeric H). other sugar protons at 5 3-4.9 and 
4.2-3.6, acetyl singlets at 2.40 (3H, phenolic). 2.05 (1 ?H) and 1 X6 
(3H). IR (Ccl,) no OH absorption Acetylatlon of 4 as for 1 
afforded a diacetate (96 ‘<, yield) PMR (partial. (i in CDCI,) 
5 07 (1H. dd. H-2’). 2.94 (2H. ITI. H-l’). 1.95 (I H. s. exchangeable 
by add. of DZO. -OH), 130 (6H. s, gcnl-dimethyls). acetyl 
singlets at 2.39 (3H. phenolic) and 1.92 (3H) Further acetylation 
of 4 dlacetate by refIuxing with AcZO-CaHz C,H, at 110 for 
22 hr [ 121. workmg up as usually and chromatography on a SI 
gel column with CH,CIZmEtOAc nuxtures as eluents. afforded 
4 triacetate (65 “,, yield). PMR (partial, ii m CDCI,) 5.45 (1 H. dd. 
H-2’) 2.87 (2H. m. H-l’) 1.57 nd 1.53 (6H. SY. y(z)+dimethyls), 
acetyl singlets at 2.41 (3H, phenolic) 1.97 and 1.89 (6H). 

7-O-Methyl&on of 1 and acid hydrolyxs A MeOH soln of 1 
(101 mg) was treated with an excess of ethereal CH,N for 24 hr. 
Upon evapn. and chromatography on cellulose and Si gel 
columns with C,H,~EtOAc~AcOH~H,O (2 5 2 I) as the 
eluent, amorphous 1 7-Me ether (69 mg) was obtamed. [m]i;” + 
39’ and [a]::, + 122 (MeOH. c 20). i.ld: nm (log E). 330 
(4.10). 298 (sh) (3.83). 253 (sh) (3.63). 224 (4 2-l). no NaOAc shift. 
IR v”,B,‘,cm-’ 3400-OH). 1716and 1711 (C=O). 1624(C=C). 
1575 and 1502 (aromatIc). PMR (li in DZO) 753 (1H. d, J = 
9.5 Hz, H-4). 698 (1H. s. H-5) 6.32 (1H. s. H-8). 5.96 (1H. d. 
J = 9.5 Hz, H-3). 2.63 (IH. hd. J = I-1 Ha. H,$-I’). 2.20 (IH. dd. 
J = 14 HZ,CLI 10 Hz. H,-I’). 1.27 and 1.22(6H.ss. qrrn-dlmethyls) 
4.67 (I H. d. .J = 7.5 Hz. anomerlc H. overlappmg DOH shifted 
bv add. of CF,COOD), 4.0~3.1 (10H. !!I. other sugar urotons. 
H-2’ and -0ke (S 3.62)). FD-MS n~je J-II [M’ + i]. Acid 
hydrolysis as for 1 afforded (+)-(R)-ulopterol (6) mp 141.5- 
142 (EtOAc) (lit. [6] 136 -13X ). [g]x” + 98 and [xl::, + 
267 (MeOH: c 03) lit. [6] [2]b’ + 81 8 (MeOH. c 0.07) [I] 
A’ + 73’ (CHCI,: c 0.2) (ht. [7] [#~]n + 57 (CHCI,)) UV. 
IR. PMR-spectra as reported [6---91. 

(R)-Peucedunol 2’.0-/I-n-glucop) rtr~srd~ (2). 20 mg (from 
EtOH) ill-def. mp [&]A’ ’ + 13.1 and [z]::, + 51.3 (MeOH; 
c 1.2) i”&;o,” nm (log E). 331 (4.08). 757 (3.50). 217 (3.57). 223 
(4.09). NaOAc shift. 2 ,,,331 --t 377 IR $~:,crn~‘. 3300 (OH). 
1734. 1711 (sh) (C=O). 1625 (C=C) 1577 and IAYh (aromatIc) 
PMR(ii m D,0).7.67(1H.d. J = 9.5 Hz.H-4). 7 IX(1H.s. H-5). 
6.52 (1H.s. H-8). 6.06 (lH, d. J = 9.5 Hz. H-3). 2 Xl (1H. hd 
J = 14 Hz. Ha-l’), 2.44 (1H. dd, J = 14. <‘tl IO Hz. H,-I’) 1.28 
(6H, s. gem-dimethyls). 4.65 (1H. d. J = 7.3 Hz. anomerlc H. 
overlappmg DOH sluRed by add. of CF,COOD). 4.0-3 I (7H. 
m. other sugar protons and H-2’). FD-MS. I+@ 427 [M+ + 11. 
EI-MS, m/e (rel. int.). 264 [M+ aglycon] (27). 246 [MT-H201 
(32), 22X [MT-2H,O] (9). 213 (10). 206 (9). 188 (31). 187 (33). 176 
(92). 175 (100). 163 (26). 147 (18). Upon acid hydrolysis (0.25 N 
HCI, 2 hr. 100 ) D-ghCOSe and 5 were detected and 4 isolated 
(UV. IR, [v]. mp) 

(R)-Peueedanol 7-O-P-o-glucopgranosjd~ (3). 55 mg mp 205- 
205.5 (EtOH). (Found. C. 56.30: H. 6.15. CZI,H,,O,, requires 
C. 56 33: H. 6.07 “,). [%I;;” - 12.3 and [r]::, + 4.0 (MeOH, c 
1.0). A"nZH nm (logz). 326(1.10). 294(3.91).751.(3.48). 222(4.27). 
no shift with NaOAc. IR $,B;,crn-’ ca 3400 (OH). 1711 (C=O), 
1627 (C=C). 1569 and 1500 (aromatic). PMR (6 in D,O) 6 7.58 
(lH.d.J = 9.5Hz.H~4) 7.12(1H.s. H-5)682(IH.s. H-8),6.03 
(1H. d, J = 9.5 Hz. H-3), 2.93 (IH. hd. J = 13 5 Hz. H;1’). 2.27 
(lH, dd. J = 13.5. ca 10 Hz. H,-1’). 1.23 (6H. s. gcrll-dimethyls), 
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4.99 (lH, bd, W, 9 Hz, anomeric H), 4.1-3.4 (7H. m, otber sugar 
protonsandH-2’).FD-MS,m/e.427[Mf + 11. EI-MS,m/e(rel. 
int.) : 264 [Mafglycon ] (36),246 [M,+-H,O] (8). 213 (3), 206(21), 189 
(ll), 188 (8), 187 (10). 176 (100). 175 (90). 163 (30). 147 (13). Upon 
acid hydrolysis (0.25 N HCl, 2 hr, 100) D-glucose and 5 were 
detected and 4 isolated (UV, IR. [ml, mp). 

Apterin (7). 47 mg (EtOH), ill-def. mp [cx];” + 213” (MeOH; 
c 0.4). [N];“ + 228” (H,O; c 0.1) (lit. [lo] [e]P - 229” (H,O; 
c 0.9)). n:F nm (log E). 324 (4.14), 259.5 (3.38), 249 (3.40), 218 
(4.15). ~-Glucose was the only sugar detected upon acid hydro- 
lysis. Except for an upfield shift (0.50 ppm) of all signals. the 
PMR-spectrum (D,O) was as reported [lo] (the high d-values 
reported presumably are with external (capdiary) TMS as ref- 
erence, instead of internal standard). Identity was established by 
comparison with authentic apterin by IR-spectroscopy and by 
TLC. The authentic sample in our hands showed [a]? + 227” 
(H,O; c 0.3) opposite to the reported value. 
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