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Abstract-Three new sulphate ester salts derived from known coumarin alcohols-ne of them tertiary-have been 
obtained from roots of Seseli libanotis subsp. eu-libanotis. Their structures were established as (2’S)-rutaretin-l”- 
sulphate, (3’R)-lomatin-3’-sulphate and (3’R,4’R)-khellactone-3’-sulphate. They were together with their parent 
alcohols characterized by 13C NMR spectroscopy. It is the first report on coumarin sulphates in plants. 

INTRODUCTION 

Seseli libnnotis (L.) Koch is a perennial herb, which in its 
typical form, subspecies eu-libanotis Thellung, is wide- 
spread in Europe. It has earlier been shown to be a rich 
source of coumarins [l, 21 in particular diesters of (+)- 
cis-khellactone, well known for their properties as cor- 
onary vasodilators [3,4]. 

In continuation of our earlier studies on the chemistry 
of Umbelliferae, and in a search for new biologically active 
coumarins, we have initiated a study of polar coumarins of 
this plant. In the present communication we describe the 
isolation and strticture elucidation of three coumarin 
sulphate ester salts l-3 from a water-soluble extract of the 
roots. The occurrence of sulphated coumarins in plants 
has not been described before. 

RESULTS AND DISCUSSION 

The coumarin sulphates, 1-3, obtained in this work 
were found to be strongly retained by chromatography of 
the crude water-soluble root extract on polyamide, using a 
water-methanol gradient, but were quickly eluted upon 
addition of a small percentage of ammonium carbonate to 
the eluent. Thus, they were easily separated from most 
other polar constituents, including glycosides. Primarily 
chromatography on Sephadex LH 20 was utilized for 
further separation and purification. The major coumarin 
sulphate, 1, crystallized readily in the form of its pot- 
assium salt, whereas the salts of 2 and 3 were obtained 
only as amorphous powders. Upon hydrolysis with 
aqueous hydrochloric acid they all, in addition to sulphate 
ion, afforded known coumarin alcohols. Thus (-)- 
rutaretin, la [S, 61, (+)-lomatin, 3a [7,8], and a mixture 
of epimeric alcohols, (+)-cis-khellactone, 2a and (-)- 
trans-khellactone, 2b [9, lo], were obtained from 1,3 and 
2 respectively. Epimerization at the benzylic carbon of 2, 
during acid hydrolysis was not unexpected, as epimeriz- 
ation is known to occur also during alkaline hydrolysis 
and acid methanolysis of khellactone carboxylic esters 
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[9]. It was found, however, that mild solvolysis of the acid 
form of the sulphate, 2, in wet ethyl acetate as commonly 
used for cleavage of steroid sulphates [ll], proceeded 
quickly and without epimerization, affording only (+ )- 
cis-khellactone, 2a. The presence of a single sulphate 
group in 1 and in 2 followed from their sulphur content, 
which was analysed with some difficulty due to their 
hygroscopicity and their propensity to retain solvents. 
Additionally, monosulphation in 1 and 2 was inferred 
from the similarity of the electrophoretic mobilitics of 1,2 
and 3 [12]. 

The possibility that cyclization reactions might have 
taken place during hydrolysis of the sulphates could be 
rejected, as comparisons of ‘H NMR as well as ’ 3C NMR 
spectra (Table 1) of l-3 with those of their respective 
hydrolysis products la-3a, showed subtle differences, 
fully explicable in terms of their structural relationships as 
sulphate esters and parent alcohols. Thus, 3 must be (3’R)- 
lomatin-3’-sulphate. Furthermore a singlet at 69.6 in the 
‘H NMR spectrum of 1 confirmed the presence in this 
compound of a free phenolic group, as had been suggested 
already by shifts induced in its UV spectrum by addition 
of sodium acetate. As this pointed to the tertiary oxygen 
function as the site of sulphation, 1 must be (2’S)- 
rutaretin-1”-sulphate. Similarly, 3’-0-sulphation in 2 was 
evident from the coupling observed in its ‘H NMR 
spectrum between H-4’ and the hydroxylic proton. 
Accordingly 2 must be (3’R,4’R)-khellactone-3’-sulphate. 

The sulphation shifts deduced from the spectral data 
were 0.6 ppm downfield for the a-hydrogens in 2a and 34, 
in similarity to data reported earlier for carbohydrate and 
steroid sulphates [ 13,141, and 0.2-0.4 ppm downfield for 
fl-hydrogens in la-3a. Consistently, the sulphation shifts 
deduced for the a-carbons of la-3a were downfield and 
those of the j-carbons slightly upfield. This observation 
and the magnitudes of the a-shifts (+ 5 ppm) deduced for 
2a and 3a are concordant with data earlier reported for 
sulphates of secondary (and primary) alcohols [13]. A 
more dramatic sulphation shift (+ 9 ppm) was observed 
for the acarbon of the tertiary alcohol, la, which may 
possibly be seen as a parallel to the large a-shifts 
(+ 10 ppm) generally observed upon acetylation of ter- 
tiary alcohols. 

Although some sulphate ester salts have been described 
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(Found: S, 7.8 7;. Ci,H,sOsSK requires 8.4%); FDMS of acid 
form m/z: 324 [M - 18]‘, 262 (M+ of parent alcohol); R, 0.60 
(blue fluorescent spot); elea$rophoretic mobility: (a) 0.86, 
(b) 0.88; UVI;gH nm (log E): 219sh (4.10), 247 (3.47), 257 
(3.43) 299 sh (3.863, 325 (4.09); IR vg cm-‘: 1250 strong and 
broad (S=O); ‘H NMR (90 MHz, DMSO-I,): 67.98 (lH, d, J 
= 9.5 Hz, H-4), 7.55 (lH, d, J = 8.6 Hz, H-5), 6.78 (lH, d, J 
= 8.6 Hz, H-6), 6.28 (lH, d, J = 9.5 Hz, H-3), 5.32 (lH, t, H-4’), 
4.93 (lH, d, J = 4.2 Hz, 4’-OH) 64.18 (lH, d, .J = 4.4 Hz, H-3’) 
1.40 (6H, s, gem-dimethyls). 

Soloolysis osocidform of2. An aq. soln of 2 (30 mg) was passed 
through a column of Lewatit SP1080 (H+). The aq. eluate was 
coned to 2 ml at red. pres., dissolved in EtOAc (80 ml) and left at 
50” for 1.5 hr. Washing with Hz0 and evaporation afforded (+)- 
cis-khellactone, ZP, mp 171-172”; [u]g + 79.5 (CHCl,; c 0.3); 
‘H NMR (90 MHz, DMSO-d, +O.S% CFsCOOD) partial: 
64.92 (lH, d, J = 4.6 Hz, H-4’), 3.62 (lH,d, J = 4.6 Hz, H-3’), 1.36 
(6H, s, gem-dimethyls). Compound 2a was identified by com- 
parison with an authentic sample. In the coned aq. washing, 
SOi- was detected. 

(3’R)-Lomatin-3’-(hydrogen sulphate), potassium salt, 3. Non- 
crystalline; [a] h3 +27, [a]& +92 (MeOH; c 0.2); FDMS of 
acid form m/z: 327 [M + l]‘, 326 [Ml’, 246 (M+ of parent 
alcohol); R, 0.65 (blue fluorescent spot); electrophoretic mobility: 

MeOH nm (logs): 220 sh (4.1), 246 sh (3.5), 
;)7;;;; ;;5r$);; $ _ cm - i. 1250 strong and broad (S =O); 
‘H NMR (90 MHz, DMSO-d6): 67.97 (lH, d, J = 9.5 Hz, H-4), 
7.46 (lH, d, J = 8.6 Hz, H-5) 6.77 (lH, d, J = 8.6 Hz, H-6), 6.26 
(lH, d, J = 9.5 Hz, H-3), 4.34 (lH, t, H-3’), 3.18 (lH, dd, J = 3.9 
and 17.8 Hz, H-4;), 3.01 (lH,dd, J = 4.9and 17.8 Hz,H-4i), 1.35 
(3H, s, Me), 1.27 (3H, s, Me). 

Soloolysis of acid form of 3. As for 2 this afforded ( + )-lomatin, 
3n, mp 180-182”; [cz]~ + 51 (EtOH; c 0.2); ‘H NMR (90 MHz, 
DMSO-d, + 0.5 “/;, CF,COOD) partial: 63.75 (lH, dd, J = 4.9 
and 6.8 Hz, H-3’) 2.98 (lH, dd, J = 4.9 and 17.3 Hz, H-4:), 2.68 
(lH, dd, J = 6.8 and 17.3 Hz), 1.30 (3H, s, Me), 1.25 (3H, s, Me). 
Compound 3a was identified by comparison with an authentic 
sample. In the coned aq. washing, SO:- was detected. 
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