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Abstract-From the ethyl acetate extract of the fresh roots of Angelica oflcinalis var. himuliaca, besides sitosterol, 
pregnenolone, peucenin-7-methyl ether, osthol and 18 furanocoumarins have been characterized by spectroscopic 
methods, including 13C NMR, and some chemical transformations. 

INTRODUCIION 

The genus Angelica Hoffm. is well documented for the 
presence of coumarins [ 11. Five species of the genus grow 
wild in northern temperate regions. A. glauca and A. 
oficinalis var. himaliaca are found growing wild in the 
States of Jammu and Kashmir [2]. The former species has 
been reported [3] to contain isoimperatorin and prango- 
larin. Chatterjee and Sen Gupta [4] have identified 
furanocoumarins, namely archangelin, prangolarin, an- 
gelican and angelicin from a species procured from 
Kashmir. Although Chatterjee et al. subsequently rep- 
orted the presence of ostruthol [5] and archangelenone 
[6] in A. archangefica, the exact identity of the plant 
species (from Kashmir) on which they worked is un- 
certain. This together with the known broad spectrum 
pharmacological properties of coumarins prompted us to 
study the detailed chemical composition of the fresh roots 
of the title plant. 

RESULTS AND DISCUSSION 

From the ethyl acetate fraction of the defatted ethanolic 
extract of fresh roots of A. oficinalis var. himaliaca, 20 
compounds 12-21), besides sitosterol$, were recovered. 
The compounds were characterized, mainly by spectro- 
scopic methods (UV, IR, ‘H NMR, high resolution mass 
spectrometry and “C NMR) and some chemical trans- 
formations, as well as comparison of the melting points 
with authentic samples or those in the literature. 

Compound 2, [Ml+ at m/z 316.2402, C2,H3202, was 
shown to be an unsaturated steroid by positive Lieber- 
mann-Burchard and TNM tests. Its IR and UV spectra 
indicated the presence of a hydroxyl function, a double 
bond and an unconjugated carbonyl group. The ‘H NMR 
spectrum contained resonance signals at 60.85 (3H, s) and 
0.58 (3H, s) due to the methyl groups at C-18 and C-19, 
respectively, of a steroidal system [7], 6 5.25 (lH, br s) due 

*To whom correspondence should be addressed. 
#Sitosterol (compound 1) is well known and is not illustrated. 

to the vinylic proton, and 64.0 (lH, s, exch. D,O), due to a 
hydroxyl function. A downfield methyl proton signal at 
62.0 suggested that this group was linked to the carbonyl 
carbon, because a shift of the ester carbonyl and the ketonic 
functions were observed at 6 170.4 and 204.2, respectively, 
in the 13C NMR spectrum of its acetate. The resonance 
signal at 64.5 (lH, d, J = 6 Hz) was assigned to the 
carbinylic proton. The presence of a C-3 equatorial 
hydroxyl function in 2 was revealed by its facile acety- 
lation to 22, [M]’ at m/z 358.2494, C23H3403 (calculated 
358.2509); IR v_ cm - ‘: 1740 (C=O), 1245 (C-O-C); 
‘H NMR: 62.12 (3H, s, -O-CO-Me). The carbinylic 
proton in the ‘H NMR spectrum shifted downfield to 
64.60 (lH, m). Furthermore, after Jones oxidation, 2 gave 
a positive Zimmermann test, characteristic of C-3 keto 
steroids. The mass spectrum of 2 contained prominent 
peaks at m/z 301 [M -Me]+, 298 [M - H?O]+, 283 [M 
-H,O-Me]+ and 255 [M -COMe-H,O]+. A de- 
tailed analysis of the mass spectrum showed that the 
compound was a As-steroid. Based on this evidence the 
compound was characterized as pregnenolone [8]. 

Compound 3, [M] + at m/z 274.1200, gave a violet 
colour with alcoholic ferric chloride and showed UV 
absorption maxima (ethanol) characteristic of 5,7-dioxy- 
genated chromones [9]. The presence of a chromone 
structure was also supported by its IR spectrum. It also 
revealed the presence of a chelated hydroxyl group; 
[IR v,, cm- I: 3450 (OH), 1660 (C=O); ‘H NMR: 
612.75 (lH, br s exch. D20)j and a geminal dimethyl 
group (1360,138O cm-‘). The H NMR spectrum showed 
that the compound contained a 2-methylchromene nuc- 
leus by resonance signals at 62.32 (3H, s) and 6.0 (lH, s) 
and also indicated the presence of a methoxy group at 
S3.85 (3H, s) and an isopentenyl group at 6 1.65 and 1.75 
(3H, each, s, =CMe,) 3.30 (2H, d, J = 8.7 Hz, Ar-CH2-) 
and 5.20 (lH, m, -CH&u=C-). The single proton 
singlet at 66.32 was assigned to H-8. The mass spectral 
fragmentation exhibited features of a 5,7-dioxygenated-2- 
methyl chromone, indicating that the compound followed 
pathways I and II analogous to those of flavones [lo]. The 
chromone was thus identified as peucenin-‘l-methyl ether. 

On treatment with alkaline ammonium hydroxide 
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-HCl]+, 245 and a base peak at m/z 202. Based on 
spectral evidence, 14 was identified as saxalin [18]. 

Compound 13, [M]’ at m/z 332.1254, ClsH2,&, was 
also shown to possess a secondary hydroxyl function; 
IR v-cm-‘: 3470; ‘H NMR: 62.90(1H, brs,exch. D20), 
3.95 (lH, m, CHOH). On acetylation it formed 24 whose 
‘H NMR spectrum contained the resonance signal at 
6 5.40 (lH, m), due to a carbinylic proton. The ‘H NMR 
spectrum of 13 contained signals at 64.40 (lH, dd, J 
= 7.93 Hz) and 4.60 (lH, dd, J = 3.57 Hz) due to 
oxymethylene protons. This clearly indicated that the side 
chain of the compound was rigid. A two-proton quartet at 
63.49 (J = 9.92 Hz) and a triplet at 1.20 (3H, J = 3.96, 
7.93 Hz) was characteristic of an ethoxy function, which 
must be attached to a tertiary carbon. The downfield 
chemical shift of H-4, S8.2 (CDCIB), indicated that 13 was 
substituted at C-5 [14]. The mass spectrum of 13 was in 
conformity with oxypeucedanin hydrate-3”-ethyl ether. 

On the basis of the detailed study on the spectral data, 
other compounds were identified as psoralen (5), bergaptol 
(7), bergapten (8), isoimperatorin (9), oxypeucedanin (IO), 
oxypuecedanin hydrate (ll), isooxypeucedanin (12), os- 
truth01 (15), xanthotoxol (16), xanthotoxin (17), im- 
peratorin (l&l), heraclenol(19), I-geranyloxypsoralen (20) 
and allo-isoimperatorin (21). 

From the genus Angelica, pregnenolone, peucenin-7- 
methyl ether and oxypeucedanin hydrate-3”-ethyl ether 
have been characterized for the first time. Although 

Me 

CMe2 

3 

compound 13 is believed to be present in Ruta pinnata and 
R. oresgasme [16], details of the characterization of this 
compound are reported for the first time. The C-8 isomer 
of this compound has been previously reported from If. 
granatense [19, 201. The occurrence of mammalian hor- 
mones in plants is well established and there is sufficient 
evidence to support the occurrence of pregnenolone in 
plants [21] as well. The presence of ethyl ethers and 
chloro-compounds in plants is unusual. The former has 
been reported from thg genus Heracleum [19] while the 
latter has been characterized from A. saxatilis [18]. 
Except for ostruthol and angelicin, we have not been able 
to obtain the compounds reported by Chatterjee et al. 
14961. 

EXPERIMENTAL 

Mps. are uncorr. IR were recorded in KBrdiscs. ‘H NMR were 
run at 250 MHz and 60 MHz, MS at 70 eV and 13C NMR at 
62.896 MHz. 

Extraction and isolation. Fresh roots of A. oficinaiis var. 
himaliaca Clarke (voucher No. 2180, ARN, Khillanmarg; 20.8.73, 
PGD Botany, University of Kashmir) were procured from 
Khillanmarg (Kashmir Valley). After hot extraction with EtOH 
and removal of the solvent, the residue was re-extracted success- 
ively with petrol (4(Mo”) and EtOAc. The EtOAc extract thus 
obtained was chromatographed on silica gel columns using 
gradient elution. The mixtures recovered during CC were 
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1245. ‘H NMR (CDClo, 60 MHz): 61.36 (3H, s, H-4”), 1.41 (3H, 
s, H-S’), 2.30 (3H, s, CH-O~X-GH), 2.46 (lH, 6r s, DzO exch. 
CaH), 4.63 (2H, na, H-l”, Ar-GCHz), 5.20 (lH, m, H-2”, 
OCH,&&-), 6.33 (lH, d, J = 9 Hz, H-3), 6.80 (lH, d, J 
= 2.2 Hz, H-3’), 7.36 (lH, s, H-5), 7.70 (lH, d, J = 2.2 Hz, H-2’), 
7.78 (lH, d, J = 9 Hz, H-4). On heating with A@-pyridine for 
5 hr, 19 afforded 31, mp 65”, [Ml+ m/z 388, C&Hz,,Os; 
‘H NMR (CD& 60 MHz): 6 1.42 (3H, s, H-4”), 1.50 (3H, s, H- 
5”),2.30 (3H, s, OAc), 2.36 (3H, s, OAc), 4.63 (2H, m, Ar-OCI-& 
5.26 (lH, m, H-2”, -OCH,-C~OAc), 6.26 (lH, d,J = 9.5 Hz, H- 
3), 6.80 (lH, d, J = 2.2 Hz, H-3’), 7.30 (lH, s, H-5), 7.6O(lH,d,J 
= 2.2 Hz, H-2’), 7.70 (lH, d, .! = 9.5 Hz, H-4). 

8-Geranyloxypsoralen (20). Mp 53”, [M]’ m/z 338.1512 (talc. 
for C H 0 338.1502). IR v-cm-‘: 1710,1600,1560,1490, 21 22 4, 
1380, 1360. ‘HNMR (CDQ 6OMHz): 61.53, 1.63, 1.69 (3H, 
each s, side-chain methyls), 4.69 (2H, d, J = 8.5 Hz, Ar-GCHz), 
5.43 (2H, t, methine), 2.0 (4H, d, CHz-CHz-CH), 6.13 (lH, d, J 
= 10 Hz, H-3), 6.66 (lH, d, J = 2.2 Hz, H-3’), 7.16 (lH, s, H-5), 
7.49 (lH, d, J = 2.2 Hz, H-4), 7.60 (lH, d, I = 10 Hz, H-4). The 
identity of the compound was confirmed by co-TLC and mmp 
with an authentic sample. 

Allo-isoimperatorin (21). Mp 213” (lit. mp 228-230”). [M] + m/z 
270.0882 (talc. for C 16 14 4, H 0 270.0875). IR v_ cm-‘: 3310, 
1720, 1600, 1470,1430, 1380,1365,1120,650. MS m/z (rel. int.): 
270,255,202,201, (lOO), 145. On acetylation with AczO-pyridine, 
21 afforded 32, mp 129”, [M]’ m/z 312, ClsH160s; 

IR vmax cm-‘: 1750,1600,1590,1380,1360,1245,820. ‘H NMR 
(CDC&, 60 MHz): 6 1.63 (3H, s, H-4”), 1.79 (3H, s, H-5”), 2.43 
(3H, s;OAc), 3.60 (ZH,d,J = 7 Hz, H-l”), 5.12 (lH, t,J = 9.6 Hz, 
H-2”), 6.26 (lH, d, J = 9.5 Hz, H-3). 6.79 (lH, d, J = 2.2 Hz. H-3’), 
7.60 (lH, d, J = 2.2 Hz, H-2’). 7.9 (lH, d, J = 9.5 Hz, H-4). 
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