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A STUDY OrF THE CHEMICAL COMPONENTS OF ENHYDRA FLUCTUANS
N. R. KRISHNASWAMY, T. R. SESHADRI axp B. R. SHARMA

Department of Chemistry, University of Delhi,

ENHYDRA FLUCTUANS is a marshy herb
belonging to the family Compositge (tribe,
Helianthe@e) and has been used in Indian
medicine in the treatment of skin diseases,
nervous ailments and as a laxative.l Botani-
cally and in its use it is closely allied to Eclipta
alba which we have analysed recently in de-
tall.r Enhydra fAuctuans was examined earlier
by Chakravarti and Dutta* who isolated
stigmasterol. In our experiments we found that
there is considerable wvariation from batch fto
batch of the plant material and it is not always
available in the fresh condition. We now
make a brief preliminary report of some special
observations on the components of this plant.
From a petroleum ether extiract of one of
the batches collected in March, 1967, a very
small vyield of a lactone could be obtained
merely on cooling the hot extract. It does not
agree with any of the Compositze lactones re-
ported so far and has therefore been named
‘enhydrin’. As the amount available was small
only a preliminary study, mainly spectral, has
so far been possible. It crystallised from alco-
hol as colourless needles, m.p. 185-86°. The
clemental analysis and molecular weight deter-
mination by mass spectrum (464) agreed with
the molecular formula C,.,H, O,, and it con-
tained one methoxyl group (Found: OCH,,
6-0% ; C.,,H,.O, OCH., requires OCH,; 6-7%).
In its solubility and TLC behaviour and colour
reaction with concentrated sulphuric acid
(golden~yellow turning dark brown on gentle
heating) enhydrin exhibited similarities with
other sesquiterpene lactones of Compositze such
as coronopilin,* ivaxillarind (samples Kkindly
supplied by Prof. W. Herz) and helenalin.b Its
U.V. spectrum (in ethanol) had a strong end
absorption in the region 220-240 mu but no dis-
tinct maximum (¢f. xanthinini). The IR spec-
trum (nujol) had three frequencies in the car-
bonyl region at 1790, 1779 and 1730 cm.! (in
KBr an inflexion at 1750 em."! was also notice-
able) which were suggestive of the presence
of saturated ~-lactone as in psilostachyin,s
-3 unsaturated-vy—-lactone and ester groups.
the absorption at 165¢ c¢m.”! is atiributable 1o
an exocyclic double-bond conjugated with the
v-lactone, for which there is analogy in the
observations of Herz and co-workers.?10 The
weak, broad absorption at 3,650 cm.! could he
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due t0 a hydroxy! which must be tertiary since
enhydrin failed to undergo acetylation. The
presence of the exocyclic double-bond was
further supported by absorptions at 3,100 and
1,420 cm.' and confirmed by the characteristic
pair of doublets (one proton each) ag & 5-79
and 6-32, J =3 in the NMR spectrum (in
benzene).

The NMR spectrum was run at 60 MC both
In benzene and in chloroform but as the solu-
bility of enhydrin in benzene was greater, the
spectrum in that solvent was better resolved,
Therefore the signal positions given in Table I
are those observed in benzene solution: those

of chloroform solution are given in brackets.
The total proton count was 28.

TarLE I
NMR Spectrum of enhydrin
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blgnal pncatmn .
in ppm protons Assignment
05 (1+17)d {) =6) 3 A secondary methyl (E)
<35 {1-34D) 3 A terttary methyl on a
carbo.1 carrying an oxy-
gen function (G)
1-62 (1-72) 3 A tertiary methyl on a
double bond (F)
71(2:Q7) 3 Acetoxyl (D)
~3+1 (A group of 7 .s
complex
~ignaly)
3457 (3+86) 3 Methoxyl ©of carbometh-
axyd {(C)
Ca 3-96 | .
4+34 ct 1 Lactonic hydrogea (A)
5:.79d (]1=3) ] Exocyclic methylene can-
6:-32d (J=3) ] } jugated with a lictone
carbonyl (A)
592 ] .
617 ! May be a hydroxyl pro-

ton (signal position so -
vent dependent)
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'd’ (Ienf}tes daubiet, ‘¢! complex and
traplet.

The signals at 1:67(2-07) and 3:'97(3-86)
were markedly imfluenced by the nature of the
solvent, benzene causing upfield shifts expect-
ed for the assignments given,? The character-
istic complex triplet at 4-34 could be attributed
either to the lactonic proton, i.e., the one
adjacent fo the oxygen of the unsaturated
v-lactone as in gaillardin,0 calocephalin!l and
related compounds (part structure I) or to a
proton in a similar environment., The former
alternative is more likely since no signals
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otherwise sattributable to this iactonic proton
could be detected. On the basis of these data
the groups A to X are recoghizable in enhydrin
anid the part structure (I) may be present in
it also
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262-264 mu. 11 was identified as elemental sul-
phur, the data agreeing with those for mono-
clinic. Obviougly, it has been derived from a
sulphur compound present in the plant. Bohi-
mann and Kleinel? have recorded the isolation

H H
—CHN /O ° O\
—0OCH; Or ‘i|: OCH,4 O—C-—CH,
AT Nen, ST CH o 5
H | H
(4) (B) (e) (D)
o L
(E) (F) (G) (H)
CH,
H H
\/H o o
\/ IV )
N\ /\ NcH,
N H
(1)

A study of the mass gpectrum supports some
of the features mentioned above. Besideg the
molecular ioh peak at m/e 464, some other
prominent peaks appeared at m/e 446(M-18),
433 (M-31), 405(M-59) and 348(M-116). The
last-mentioned ion is the second most abund-
ant, the base peak appearing at m/e 58. The
M-18 peak supports the presence of a hydroxyl
group and those at 433 and 405 support the
carbomethoxyl. Further studies on the struc-
ture of enhydrin are in progress.

The petroleum ether extract, after removal
of enhydin, was further concentrated when a
second solid separatad. On. TLC it gave a
number of spots, two of which exhibited bright
blue fluorescence under UV light. The brighter
of these was eluted and a spectrum taken,

AEtOH 955  350-355 mg. The amount, however,
was too little for further characterisation. Thc
filtrate on c¢oncentration and chromatography
over alumina vielded an orange-red petroleum

ether eluate which gave a pale yellow crystal-

line solid and an orange-red oil. The 5011{}
answered the Lassaigne test for sulphur und
crystallised from alcohol as pale yellow

\ cyclohaxane

plates and prisms, m.p. 118-20°; A _‘=°

of dark red oily compounds such as (II)
accompanying the polyacetylenes and related
thiophenes from extracts of some plants of
Heliantheg and Helenice, These compounds
are unstable and decompose during chromato-
graphy or even in solution in course of time,
vielding thiophenes such as (III) and elemen-
tal sulphur. It is probable that the sulphur of
E. fluctuans might also have been derived from
similar compounds. The accompanying orange-
red oil mentioned above showed on TLC three
spots exhibiting blue fluorescence under UV
light much like the acetylenic thiophenes.
Examination of the UV specira of these com-
ponents after TLC separation showed that they
were similar to the spectra of acetylenic thto-
phenes though no definite 1dentifications were

possible.

H,C-C C < \-: C=CH CH-CH-—CH o - >
11
HoC-C=CE N CoCl- CH-CIE ClE s S
N ¢/
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A petroleum ether extract of another batceh
of the plant collected during the summer of
1967 did not yield enhydrin but gave elemental
sulphur and the orange-red oll besides a good
vield of a long chain aliphatic ester (m.p.
84-86°). A subsequent chloroform extract,
did, however, contain enhydrin as shown by
TLC but it could not be isolated in a pure
state,

We thank Professor R. N. Chakravarti for
the supply of the plant material from Calcutta,
Professor W. Herz for the samples of corono-
pilin and ivaxillarin and the Director, N.C.L,

for the mass spectrum,
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RADIOCARBON DATES OF KALIBANGAN SAMPLES

D. P. AGRAWAL AND SHEELA KUSUMGAR
Tata Institute of Fundamental Research. Homi Bhabha Road, Colaba, Bombay-5

ALIBANGAN, the welldknown Harappan
site on the river Ghaggar, has been exten-
sively excavated (Ghosh, 1960-63) by B. B. Lal
and B. K. Thapar under the aegis of the Archaeo-
logical Survey of India. The site was exten-
sively sampled for both Kalibangan I and II
periods The C!* dates of the samples collecied
from this site and a brief discussion thereof
are presented in this article.

All samples are cleaned manually first 1o
gset rid of extraneous matter including visible
rootlets, and then treated with dilute HCI to
remave soluble carbonates. Wherever possible,
NaOH pretreatment was also given to remove
any humic acid present, Samples are counted
in the form of methane in gas proportional
counters, For modern reference standarda 95%
activity of N.B.S. oxalic acid was used. FPro-
cessing procedures have beennt described in
detail earlier (Agrawal et al., 1965).

All dates are given in years B, P. The first
date is based on radiccarbon half-life of 3563
yrs. ; the second, within brackets, is based on
the wvalue of 5730 yrs.

DISCUSSION

Kalibangan provided a very rich site for
extensive sampling. A sizable number of
samples was dated not only to determine the
time-spreads of the two cultures, but alsg to
study the internal consistency and factors

responsible for divergences, if any. As the
excavations were screntifically controlied, any
ambiguity due 1to siratification errors could
largely be avoided. The only errors which
could arise at, this site were those due te humic
actd and such other faetiors.

The Kalibangan Period 1 dates are all consis-
tent, except for TF-240, Due {0 the presence
of siructures above, good levels with proper
coil-cover generally could not be tapped for
sampling the Period I sequence., Most of the
seamples are derived from the periphery of the
mound, Thus humus contamination coupled
with 1he inherent errors of the order of =+ 100
yrs, can easily magmiy such short-time
brackeis ; the spread therefore could be smaller
but in no case larger,

Kalibangan has by now been extensively
datad (Agrawal and Kusumgar, 1866), For
Kalibangan IT (Harappan! a consistent seguence
of dates exists for the early and middle phases.
This helps ih selecting the meaningful dates
from the scatter of late phase,

We would discuss below the factors which
could affect the dates at Kalibangan site,

The role of soill-cover in preserving the
samples against contamination has been recog-
nized. Sites that have been deserted thousands
of wvears before, like Kalibangan, get humic
acigd from organic decay right up to the time



