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Ab6h&-five cxxmwim, angckin. oroscld, lotnatin, sclinidin and vaginidin, have km isolate! 
from the petroleum ether extract of the roots of sclfnum v@nurw7f. The srructurc of the rbcw 
coumtuins stlinidin and qinidii have bun atabtishcd by spectral studies and chanic4 degrad&w 
to known compounds. 

THE roots of Selinum tq@atzun (Umbcllifercae) form an aromatic drug and arc 
commonly used in the fumigation of houses. It is generally an adultcrantl of another 
drug hrurdo~~achys juramunsi (Valerianaccac), whose roots are well known for their 
medicinal properties .* They resemble each other in their external appearance though 
they can be diffcrcntiat~ by close study and particularly by microscopic examination. 
Recently Shanbhag er al? have reported the presence of the same coumarins in 
N./nrumnnri as have been isolated from S. uuginatum but do not mention the presence 
of jatamansonc (I) which is the characteristic component of ~.~~r~rn~~i.‘ In view of 
the unusual features of their report, petroleum ether extracts of authentic samples 
of the roots of both plants have been examined and shown to differ markedly.6 
It is clear that S. uuginatwn was mistaken for N. ja&.zmanri. Consequently the name 
jatamansin is not justified and sclinidin alone should be used. 

The present work on S. cuginu&m has led to the isolation in good yields of two 
new coumarins, sclinidin and vaginidin and three known coumarins, angelicin, 
orosclol and lomatin. These arc not artcfacts, since the crude petroleum ether 
extract showed their prcscncc on TLC. 

Selinidin. It is a highly crystalline compound, m.p. 97-98’ and its homogeneity 
has been proved by TLC. It has the molecular formula C,,H,O,, based on analysis 
and mol. wt determination. It does not contain any alcoholic or phcnolic OH, CO, 
Me0 or acetoxy groups. Comparison of its spectral data with those of known 
coumarinf provided at the outset strong evidence for the presence of a 7sxygcnatcd 

8 P. N. Mehra and S. S. Jolly, F/unru Mcdiro 11, 8 (1963). 
( A. K. Nadkami, In&an Marerh Medica (3rd Edition) Vol. 1; p. 980 Popular Book Depot, 

Bombay (1954). 
’ S. N. Shanbhag, C. K, M&a, M. L. Mtihwui, S. K. Paknikar and S. C BhattrrchrrWI, 

Tetrahedron 20,X05 (1964); Ibid. 21.359591 (1965). 
L T. R. Govindachari. B. R. Pai and S. Rajadurai, Tehhfro~~ Lerrm 5 (1959). 
4 T, R. Scshadri and M. S. sood, Pkymchmis;ry in pns” 
* E. Smith, N. Hosansky, W. G. Bywata and E. JZ. Van Tamcka, j. Am. chcm Sot. ts, 3S34 (19n). 
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coumarin chromophore, an assignment also supported by chemical reactions. On 
catalytic hydrogenation, selinidin gave a tetrahydro derivative, C,oHuOs, m.p. 
107-108°, which showed two strong absorption bands at 1775 and 1745 cm-’ in IR 
spectrum. The first can be assigned to a CO of the dihydro cournarin system’ and 
the second to the CO of an aliphatic ester group. in the IR spectrum of selinidin 
itself there was only one CO frequency obviously due to the merging of the coumarin 
and unsaturated ester frequencies. This showed that there is a reduceable double 
bond in selinidin other than that of the coumarin. The mass spectrum of selinidin 
(Fig. I) not oniy gave the mol. wt, but also the characteristic break down of the 
ester unit. 

Since there were indications for the presence of unsaturated eSter group, selinidin 
was subjected to the following reactions: (i) Ozonolysis gave acetaldehyde as a 
volatile fragment, its identity being established through its DNP; this observation 
indicated the presence of an ethylidene group. (ii) Hydrolysis with methanolic 
alkali gave equimolar quantities of tiglic acid and a hydroxy compound. The con- 
stitution of the hydroxy ~rn~und was determined as follows: It had the molecular 
formula CI,H,,O,, m.p. 183-l&$‘, and one free OH group which was not phenolic 
in nature. It gave a mono acetate, C,,,H,,O,, m.p. 136-137”. That hydrolysis had 
not brought about any change in the chromophore was shown by comparison of 
its UV spectrum with that of selinidin. 

Important evidence was obtained by the dehydration of the hydroxy~um~n 
with acid, the product being identified as dihydro-oroselone (II) from its m.p., W 
and IR spectral data and confirmed by comparison with an authentic sample. It 
could have arisen from the structures III to VI by dehydration, with or without 
rearrangement; mechanisms of these changes are well-known.* 

I\ V \‘I 

Structures IV and VI could be ruled out because the hydroxycoumarin did not 
undergo hydrogenolysis and did not, therefore, have a henzylic alcoholic group. 
Structure 111 has aheady been assigned to columbianctin,@ which is different from 
the present hydroxycoumarin in m.p., W, IR and NMR data; thus only structure V 

T J. L.ecmnte, Ham&i& der Phpik =@ditcd by S. Flug@ Vol. 22; p. 5%. Springa, Baiin (19%). 
* W. Burke. J. Eiibcis and H. Schmid. Hek. Chkn. Acra 39,923 (S95Q. 
’ R E WiJktte and T. 0. Soinc, /. fknn. Sci. 53.27s (196)). 
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is left as possible. This was confirmed by catalytic hydrogenation of the hydroxy 
compound to give dihydro derivative VII, C,H,,O,, m.p. 124126”. which agreed 
in m.p. and UV spectrum with the product of known constitution obtained from 
samidin (VIII), by hydrolysis followed by hydrogenolysis. This structure V (3’- 
hydroxy3’,4’dibydroseselin) has been recently assigned to lomatin isolated from 
L.omatinwn nuftallium by Soine et al.,lO and comparison with lomatin has co&mad 
its identity. Hence selinidin could be tiglyl ester of lomatin. 

In the earlier note” we gave details of the NMR spectrum of the alcohol (lomatin) 
in support of its constitution, subsequently we have obtained the NMR spectrum 
of the ester, sehnidin itself. Particular mention may be made of the signal due to 
the p-proton of the ester side chain, which is a multiplet centered at T 4.02 (I H), 
characteristic of the p-proton of angelyl ester’* and hence selinidin should be assigned 
the structure of angclate of lomatin (IX); the formation of tiglic acid on hydrolysis 
is due to easy isomerization during hot alkaline hydrolysis. Its mass spectrum 
(Fig. I) also gave support to this structure. It showed a molecular ion peak at m/e 328. 
Other major fragmentation peaks were obtained at m/e 228, 213 (base peak), 83 and 
55. The peak at 228 corresponds to a loss of C,H,O, from molecular ion peak. 
The base peak at m/e 213 corresponds to a further loss of -CH, group. Another 
prominent peak at m/e 83 corresponds to an aliphatic side chain of C,H,O residue 
from which a further loss of CO unit gives the peak at m/e 55. 

Vaginidin. The second new coumarin has been recently isolated from the neutral 
fraction of the petroleum ether extract by elaborate column chromatography. It is 
a highly crystalline compound, m.p. 133-134”. has the molecular formula C,,H,O,, 
and has been named “ Vaginidin”. It gave IR absorption bands at 3410 (-OH 
group), 1740 and 1622 (conjugated blactone), 1492, 1260, I 150 and 840 cm-r (tetra 
substituted benzene), and UV absorption bands at 246, 258 and 323 rnp (log e 3.52 
3.49 and 4.18 respectively). The spectral data and colour reactions suggested that 
vaginidin has the Same basic chromosphere as selinidin and is probably also an ester. 

Based on the above arguments vaginidin was subjected to hydrolysis under 
acidic as well as basic conditions. In both cases it yielded I mole of angelicin (X) 
and isovaleric acid. The easy formation of angelicin may be explained by the strut- 
tures XI to XIV for vaginidin. Structures XI and XII can undergo ring contraction 
during hydrolysis to the diol XV, while XIII and XIV will give rise to the same diol 
without rearrangement. Compound XV will further undergo retroaldol cleavage 

I* T. 0. Soinc and F. H. Jawad. L Phm. Sci. 53,990 (1964). 
lx T. R Sahadti, M. S. Sood. K. L Handa and Viiwapaul, Tatmhaha Lclters 3367 (1964). 
*’ R R Fraser, Cunotf. 1. Chem. 38,549 (1960). 
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followed by loss of water to yield angelicin (X). A known example of this type is 
provided by libanotin (XVI)U which also yields angelicin on hydrolysis. 

XIV 

Structures XII 
chemical reaction. 

s\ S\‘I 

and XIV can be eliminated by consideration of the following 
Vaginidin on catalytic hydrogenation yielded a colourless crystal- 

line compound, C,,H,O,; m.p. 105-106”, which did not show any absorption in 
the OH region but showed two strong absorption bands at 1770 and 174Ocm-r in 
IR spectrum. These can be assigned to the carbonyls of the dihydrocoumarin system 
and of the aliphatic ester group respectively. This indicated that besides the coumarin 
double band, vaginidin has lost one oxygen atom belonging to a free benzylic alcohol 

group. 
The correct choice between structures XI and XIII was based on a comparison 

of the NMR spectrum of vaginidin with other known compounds. The NMR 
spectrum of vaginidin (Fig. II) shows two pairs of doublets one at T 2.38 (1H) and 
3.80 (1 H), J = 9.5 c/s corresponding to protons at 4 and 3, and the second at T 2.58 
(IH) and 3.16 (lH), J =.= 8.5 c/s, can be assigned to the protons at 5 and 6 positions 
of the coumarin. The singlet at T 7.25 (1H) was eliminated by exchange with D,O 
and hence can be assigned to the proton of the OH group, which is also indicated 
in the IR spectrum of vaginidin. A singlet at 7 8.55 (6H) can be assigned to two Me 
groups of the tertiary C-atom and a doublet at T 9.1 (6H). J = 7 c/s, is indicative 
of two Me groups attached to the secondary carbon of the isovaleryl group. Other 

Me 
/ 

protons of the isovaleryl group 

i i 

-C-CH,-CH are indicated by the signals 

b 
\ 

Me 
IJ A. P. Prokopmko, Khim. Prfsbdn socdin. Akmi. Nank U2 USSR, 3 (l%S); Chum. Ahstr. 14638 

(1969. 
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at 7 7.80 (2H, doublet) and 8-l (lH, multiplet). These features are common to both 
the formulae. 

The doublets at 7 3.0 (1H) and 5.5 (1 H), J = 7 c/s, lead to the comet choice of 
formula XIII for vaginidin. The former can be assigned to proton (a) and latter to 
proton (b); the signal for proton (a) is the same as found in the analogous compound 
archangelicin (XVlI),14 but the signal of proton (b) has undergone a shift of @8 T 
to higher frequency region because this hydrogen is linked to the carbon atom 
bearing a secondary OH instead of an ester group,” causing interaction between 
the two hydrogen atoms of the HO-CH group. Hence vaginidin is 3’-hydroxy- 
2’,3’dihydro_orosclol isovalerate (XIII). 

In addition to sclinidin and vaginidin we have also isolated from the pet. ether 
extract angelicin, oroselol (XVIII) and the free hydroxy compound, lomatin. Their 
identity has been confirmed by direct comparison with authentic samples. 

EXPERIMENTAL 

AU m.ps are uncorra%ut. Rotations unless othswisc stated were taken in dioxan soIn. L)b 
activated alumina, was used in chromatography. Pet. ether refers to the fraction b.p. tiMto“. The 
II2 spectra were recorded in a nujol suspension OQ a Ikrkin-W Model No. 137 infracord spaxro- 
photometer and the UV spectra were measured in McOH soln on P&in-Elmer spoctrophotomcta 
Model No. 4ooo-A, 

Ertractbn. Powdered roots of sclinrun tq+zfum (obtained from Jammu; 1.2 kg) were extracted 
with pet. ether (S 1.) in a soxhcJct, and the cxtrmct conantratcd under reduocd press. Sclinidin 
scpurtcd out ~uUy on freezing the utracl at 0” for xvcral days. Compkte xpamtion of the 5 
coumarins angelkin, iulinidin, vaginidin. oroselol and lomatin. as indicated on TLC plate (Silica 
Gd G.) wss distal by chuGcal fmctionation and elaborate column ~o~t~hy of the residual 
extract on deactivated (A&H) alumina a~ follows: After the separation of sclinidin from the pet. 
cthercxtract,thcrcsiducwascxtructcdMKxrssi wly with NaHCO,aq and Na,CO,aq and NaOHaq. 
NaHCO,aq and Na,CO,aq extracts did not give any crystallii compound while NaOHaq extract 
gave a yellow solid (designated as compound-A) on acid&&on. 

coqooLind A (A@&f!l): it mdtcd at 13&137*; had IR bands at: 1740. 1655, 1620, 83s and 
750 cm-‘; UV qxstrum: d,,.. 2% and 301 w flog 6 4.39 and 44 rcqctivdy); NMR in Dh%SO: 
a pair of doubkts at T 1% (1H) and 3.65 (IH), J - SC/S (due to protons at 4 and 3 rcqxctivcly); 
another pair of doubkts at 7 1.9s (1 H) and 2.85 (1 H), J = 2 c/s (due to protons 5’ and 4’ respectively) 
and sin@ at T 248 (2H), due to protons at 5 and 6); it did not depress the m.p. of an authentic 
sampk ofangclii (Found: C. 71.4; H, 3.2. Cak. for C,,H,OI: C, 71.0; H, 3.30/,) 

The neutral fraction (10 g) of the pet. ether extract was chromatographcd on a deactivated alumina 
cohamn (3OOg). The column was first cluted with pet. ether, which on concentration yicfdaf a 
colourb crysfaib~ subslanct marked compound B. The column we then clutcd with pet. ether- 
bentaw: (3: 1) when compound C was obtained. Pet. ether-ti (1: 1) elutcd compounds D and E. 

ConJpovnd B (selinidh). It had ap. 97-98”. [a): -t2@3 (c. 1.474); LR bnods at: 1724. 1613, 
1242, 1117 and 846cm-‘; UV qcctrum: 1,. 256 and 325 w (log (I 3.52 and 4.17 rcspaztivcly). 

lb B. Eichstcdt Niklscn and John Lemmkh, Acru. Ckm. Sd. 18,932 (1964). 
Is L. M. Jackman, Application of NMR qwctroscopy in OrgamIc Ckmbry p. 55. Pcrgamon Press, 

New York, N.Y. (19S9). 
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NMR spectrum in CDCl,: doublets at z 2.32 (I H), J - 9 c/s (due to one proton at 4); 7 2.70 (1 H) 
J - 8 c/s (due to one proton at 5); z 3.20 (lH), J = 8 c/s (due to one proton at 6); T 3.73 (lH), 
J = 9 c/s (due to one proton at 3); a multiplct centered at T 4a2 (IH) due to olcfinic proton of 
angdyl residue. A triptct at T 4.75 (IH) due to one proton at 3’; a multiplet centered at T 682 (2H) 
due to two bcnqiic protons at 4’; a multiplet ocntcred at T 8.1 (6H) due to two MC groups of angdyl 
residue; a strong singlet at T 8.58 (6H) due togent-dimcthyl group at 2’. (Found: C, 695; H, 64. 
Calc for C,,Ii~O,: C, 69.S; H, 6*Oo/) 

Ter?~~~sel~. Schnidin (1 g) dissolved in AcOEt (20 ml) was stir& in I-I, with prcrcduccd 
Pd-C catalyst (1 g) for 24 hr. The equivalent of 2 mob of H. was absorbed in 4 hr. after which 
there m no further absorption. The catalyst WBS filtered off and the solvent removed under reduced 
press to furnish a residue, which on crystallization from pet. ether, afforded tctrahydroxlinidin as 
colourlcss nccdta (800 mg), m.p. 107-108“; IR bands at: 1775. 1745, 1137. 833 and 760~1~i; 
i au 280 rnp (log t 3.47). (Found: C, 68.6; H, 7.6; Ci,&O, requires: C, 68.7; Ii, 720/,) 

Hydrolysis of tclinidin. Sclinidin (4 9, in EtOH (10 ml) was trcatcd 1N McOH in KOH (50 ml) 
and the soln allowed to stand at rmrn tcmp overnight. The mixture was diluted with water. concen- 
tratcd under rcduccd press to remove the solvent, acidified with dil. H,SO,aq and cxtractcd with 
ether (4 times). The combined ether extract was washed well with NaHCO+q to separate the acidic 
portion. 

Acidicporrbn (r&lie u&f). The NaHCO, extract of the ethereal soln was acidified with I&SO,aq 
and extracted thoroug~y with ether. The ether extract was dried (Na&O,) and the solvent rcmovcd 
to give an oily residue, which sublimed during distillation under reduced press. It agrd in m.p.. 
(mixed m.p., undquscd), UV and IR spectra with tiglic acid, yield, 1 g. 

Isolarion ol hydroxy coqmmd (iomrin). The ethereal extract containing the neutral product of 
hydrolysis of selinidin was washed with water. dried (Na&O&nd the ether removed to furnish a solid 
residue, which uystallizcd from bcnxcnc as colourlw nccdlu (3 9, m.p. 183-184”; [xl: + 17.2 (c, 
@81S); IRbandsat: 3S4lO,1700,1281,1075and830cm -i; &.. 247,2S? and 329 w (log 6 3.63.3.52 
and 4.19); NMRspoctrumin DMSO; apairofdoubletsat r2@9(lH)and 3.78 (IH). J - 95 cfs(duc 
to protons 4 and 3 rcspaztively); another pair of doublets at T 2.52 (1H) and 3.28 (IH), J - 8.5 c/s 
(due to protons at S and 6 rcspcctivcly); multiplets ctntcrcd at T 62 flH), due to proton at 3’ and 
T 7.1s (2H), due to bmzylic protons at 4’; a singkt at f 648 (lH), due to the proton of the OH at 
4’ and two singlets at z 8.6 (3H) and 8.70 (3H) due to gem-dimethyl group at 2’. It has been found 
identical in all propcrtics with lomatin. (Found: C, 68.3; H, 5.6. C,,Hi,O, rcquircs: C, 68.3; 
H, 5.7x.) 

Acerare of lomuGtr. Lomatin (@2S gl was trcatcd with Ac.0 (30 ml) and pyridine (IO ml) and kept 
at room tcmp over night. The product when worked up crystallized from pet ether as colourlus 
nccdla (@30 g). mp. 136137*, (Found: C, 66.3; H, S.6. C,,H,,O, requires: C, 66.7; Ii, 5.6%) 

0wnolysi.r of seflnidh. Seiinidin (1 g) was dissolved in AcOEt (20 ml) and ozonizcd 0, passed for 
1 hr at 0’. The ozonide was decomposed by catalytic hydrogenation using prereduad Pd-C (500 “9, 
as catalyst. Afta the absorption of Hs aascd the reaction mixture was filtcrcd and the solvent 
removed from the filtrate under rcduad press. The residue was mixed with water and steam distilled. 

The volatile product was converted into 2,4-dinitrophcnylhydrazonc m.p. 147-148’; mixed m.p. 
with that of aataldehydc undeprcsscd. The non-volatile product left after steam distillation was 
extracted with ether. The ether extract was dried, concentrated and the residue on chromatography 
on deactivated (A&H) alumina, fumishcd a cxysta%ne compound, m.p. 18>iM”. identical with 
l0Illdn. 

DehpMbn of fomorln. Lomatin (@S g,) was rcfluxcd with glacial AcOH-conc. HCI (1: I) on a 
water bath. It was workcd up as dcsctibcd by Soinc et 01.‘~ when dihydroorosclonc was obtained as 
colourlcss nccdks m.p. 139-140”. It agreed in mp. (mixed m.p. undcprd). UV and IR spectra 
with the authentic spccimm of dihydro-orosclonc. 

Carulytic hydrogen&on of lomufh. Lomatin (@S g) was dissolved in dry AcOEt (25 ml) and the 

catalyst (Pd/C; @5 g) was added to the soln. The reaction mixture was stirrod in H, atm for 24 hr. 
After the absorption of H, ocascd, the reaction mixture was fittered. The filtrate on concentration 
yicldcd dihydrolomatin, which crystallized as shining nccdlcs from AcOEt-pet. ether. m.p. 124-126”. 
(Found: C, 67.4; H, 6.7. Cak. for CIIHIIOI: C, 67.7; H, 6+5’/&) UV spcmum kn, 285 IIW 

flog 6 2.6). 
Compound C (~~din). It was crystallized from aq.McOH m.p. 133-134”; IR bands at 3410, 
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2950, 1740. 1622, 1580. 1492, 1425. 1407, 1370. 1345. 1282. 1260.1180, 1154J, 1115. 1085. 1035, 1025. 
looO,968,935.840 and 772 cm-t; UV and NMR s@ data (dcsull earlier). (Found: C, 66.1; 
H, 6.3. C,,HnO, requires: C. 65.9: H, 6.3 %.) 

Hydrolysis of q+nidin. Vaginidin (1.0 g) in McOH (5 ml) wa, treated with DSN mcthanolic 
KOH (10 ml) and the soln was allowed to stand at room temp for 24 hr. The mixture was diluted 
with water, concentrated under reduced press to remove the solvent, acidified with dil. H,SO,aq and 
extracted with ether (3 times). The combined extract was cxtractcd fully with NaHCO,aq to separate 
the acidic portion. 

Acidic portion (iuxderic acid). The NaHCO, extract of the ethereal soln was acid&d with dil. 
H,SO,aq and extracted thoroughly, with ether. The ether extract was driul and the solvent removed 
to give an oily residue with a very characteristic unpleasant smell. It distilled at 170-172”. It was 
proved identical with isovalcric acid by paper chromatography and cochromatography with authentic 
sample. 

Neurrul/rocrion. Tk ethereal extract containing the neutral f-ion of hydrolysis of vaginidin 
was washed with water. dried (Na,SO,) and the ether removed to furnish a solid residue. which 
crystallized from McOH as colourlm needles, m.p. 136137”; identical with angelicin in chemical 
reactions and spectral data. yield. @5 g. 

Catalytic hydrogenation of w#nkfin. Vaginidin (al g) was dissolved in dry AcOEt (25 ml) and 
the catalyst (Pd/C; 01 g) was added to the soln. The reaction mixture was stirred in the atm of H, 
for 24 hr. After the absorption of II, ceased, the reaction mixture was filtered. The filtrate on 
concentration yielded a colourlm solid, which crystalkd as shining nadks @07 I$ mp. lOS-106”. 
IR bands at: 1770, 1740, 1450, 823 and 77Oan-I. (Found: C, 68.9; H, 7.2. C,,H,,O, requires: 
C. 68.8; H, 7.3%) 

Compowd D (oro~lol). It ctystallired from bcnznc-pet. ether mixture, m.p. 147-148”; lR bands 
at: 3500. 1724. 1634, 840 and 770cm-i; Lx 252 and 301 rnfi (log c 440 and 442 respectively). 
(Found: C, 68.9; H, 4.9. Calc. for CIIH,,OI: C. 68.6; II, 50x.) It agrad in m.p. (mixed m.p. 
undcprcsscd) UV and IR spearal data with those of oroselol. 

Dchydrarion of oroselol. Orosclol (SO mg) was heated on a water bath for @5 hr with AcOH-conc. 
HCl (1: 1). The mixture WBS diluted and the white ppt formed was washed well with water, dried 
and crystallized from h&OH to give white needles of oroselone. mp. 174-176”. The dehydrated 
product agreed in m.p. mixed m.p. (undcpruscd). UV and IR spectra with the authentic sample of 
oroselone. 

Compowd E (lomurin). It had m.p. 18S184” mixed m.p. umlcpraaul on admixture with an 
authentic sample of hydroxy compound obtained from hydrolysis of sclinidin and with lotnatin. 
The IR, UV and NMR sprctra are also identical. 
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