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COUMARINS  (1,2)

The fusion of a pyrone ring with a benzene nucleus
gives rise to a class of heterocyclic compounds known as
benzopyrones, of which two distinct types are recognized :
(1) benzo-u~pyrones commanly called coumaring and (2)benzo-
Y -pyrones, called chromones, the latter differing from the
former only in position of the carbonyl group in the

heterocyclice ring.

Benzo-x- Pyrone . Benzo - y- Pyrone
Representatives of three groups of compounds are found to
occur in the vegltable kingdom, either in the free or in
the combined state. Coumarin, the parent substance of the
benzo-q -pyrone group, was first isolated from tonkabeans
in 1820, Several coumarin derivatives have been found to
be widely distributed in the plant kingdom. Particularly
the plant belonging to the natural orders of orchidaceas,
Leguminoceae, Rutaceae, Umbelliferae and Lablatae are
rich sources of naturally occuring coumarins.

Coumarin and its derivatives are substances of
potential value for synthetic purposes. Their easy
accessibility opens the way through suitable reactions to

the synthetic preparation of other heterocyclic compounds,
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such as cowmarones, furanocoumarins ﬂ or furccoumarins )
chromons -u -pyrone, flavano-g-pyrones and chromones as well
as natural products containing such ring systems.

Coumarinsg have been found to be physiologically
effective for animals as well as man. It has been observed
that coumarin acts as a narcotic for rabbits, frogs,
earthyorms and many other animals. It is a sedative and
hypnotic for mice. It has toxle effect on man as well as
dog.

Some hydroxycoumaring possessing the power of
abgorbing ultraviolet light are extensively used as
Medlcinals in skin diseases. Some coumarins in the plant
play the important role of protecting the plant from

harnful effeet of the shortwave rediztion,
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ULTRAVIOLET ABSORPTION SPECTRA OF COUMARINS

Introduction

Tasaki (1) studied the absorption spectra of the
substituted coumarias in alcoholic solution. Coumarin,
hydroxy-and methoxycoumarins, dihydroxycoumarin, esculin,
esculetin, acetylcoumarin, dlacetylesculatin and
methylenedihydroxyphenyl coumarin were studied. Coumarin
showed two absorption maxima. When one or two hydroxy
groups were introduced into the benzene nucleus of coumarin
the substance showed only one absorption maximum.

Mangini and Passerini (2) have reported the
ultraviolet absorption maxima and log ¢ for coumarin (I)
its 3-,4-,5-,6-,7-,8-Me, 3-, 4=, 6-, 7-CL and 3-, %-, 6-,
7-MeO derivatives in ethanol, CgHy,, 60 % HC10, or HyS0,
(1 105). I and the 3-, 5-, 6-, 7- and 8Me derivatives
showed maximsg at é32—86 mp, loge 3.95-4.02 § the L Me
derivative at 287 mp loge 3.55. |

Examination of ultraviolet spectra by Chmielewska
and Cliecierska (3) showed that the three substituted
derivatives of Y-hydroxycoumarin in 96 % ethanol were

completely ionized with the formation of an

e —

' ion, Dicoumarol (I)

0"

and pelentan (II) under similar conditions did not form ions
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of this type. The results, though not sufficient to prove

the ketal structure of I and II, were considered to show
that in ethanol both I and II given badow, must occur in

tautomeric form.
0 0 O Dvo 0

CHy
OH OH OH OH

o0 C2H5‘

(1) (11)

5-y 6~ and 7-hydroxy (I), methoxy-(II¥), methyl-(III)
and acetoxycoumarins (IV) and 5,7-, 6,7- and 7,8-dihydroxy(V),
dimethoxy (VI), dimethyl (VII), and diacetoxy (VIII) coumarins
were prepared by ﬂakabayashi, Tokoroyama, Miyazaki and Isono(l)
and the ultraviolet absorption spectra were determined in 95 %
ethanol (I11), (IV), (VII) and (VITT) showed spectra similar
to that of coumarin, irrespective Sf thé position or number
of the substitutents j (I), (II), (IV) and (VI) on the other
hand showed complicated spectra according to the position
and number of substitutents present. On the assunption that
the two absorption bands of coumarin at 270 and 312 mp, were
those of benzene around 200 and 240-260 mp that had shifted
‘to these regions the ultraviolet absorption spectra of these
coumarin derivatives were qualitatively explained according
to the latest theory regarding light absorption:

Jacobson and Amstutz (5) recorded ultraviolet
absorption spectra of a series of thirteen new coumarins and

concluded that neither addition of the L-methyl group nor
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of the 6-alkyl groups have significant effect on the speetra.

Goodwin and Pollock (6) studied the ultraviolet
abgsorption spectra of a series of coumarin derivatives for
use as a clue to the ldentification of unlmown fractions
. isolated from the roots. They eoncluded that saturation of
the double bond -at the 3,4-position in the coumarin nucleus
grately reduces absorpti;on at wavelength larger than 300 ma,
secondly L4-Me substitutionshassvery little effect upon the
absorption and thirdly there is a great simllarity between
the absorption spectra of hydroxy deri;ratives and t heir
ethers. ‘

Cingolani (7) studied the-ultraviolet absorption
spectra in ethanol, 0.1 NaOH and 60 % HC10, solution of
coumarin (I), and its following derivatives, 3;Me, 3-Me-6-Me0,
3 Me-7-Me0, 3-Me-8-MeO, 3-Me-6,7-diMe0, 3-Me-6, 8-diMeO,
hMe, Lh-Me-6-MeO, 7-MeO, 4-Me-5,7-diMe0,k-Me-6,7-d1Me0 and
4-Me~7,8-d1Me0 and have given interpretation in terms of
electronie structures. Variations of spectra in acid and
alkaline solutions agree with the possibility that coumarins
could ionige as bases or acids (by ring opening). Spectra
in alcoholic solution were attributed to I, in 0.1 N NaOH
to II and 60 % HC10, to III. I,3-Me-I and 4-Me-I gave similar
"spectra in aleohol v;ith a strong band at 265-275, and a weak
band at 325-75 mp. The position of MeO in the ring influences
the spectra. 6-MeO derivatives caused bathochromic shifts
in the 1st band below 250 mp. ; 8-MeO derivatives caused
hypsochromic shifts. The maxima band of all 3-Me-I



derivatives were shifted to greater A in contrast with

YeMe-I derivatives. The position of the Me caused a shift to

+
i H
= ] ~—=
coon H OH
0= -0
H

(11) (111)
greater ) . This was evident when with the lactone form of
J-Me-I derivatives and explained by admitting that the
equilibrium for 3-Me-I is shifted toward quinoid form, where

as with 4-Me-I it was shifted to nonquinoid form,
Cingolani (8) examined the ultraviolet absorption

spectra in ethanol, in 0.1 N NaOH, and after acidification of

alkaline solution for coumarin and the following derivatives:
4-Me-8-0H, 8-0H, 4-Me-5, 8-(0H),, 3-Me, 4-Me, 4-Me-6-0H-5,
7 -(Me0), and“44Me—5fOH. The curves are characteristic enough
for any of these compounds to be identified in an unknown
solution, e@specially if the behaviour in alkaline solution
is examined, since the lactone ring opens and t he hydroxy
cinnamic acid formed isomerizes at different rates according
to structures. After isomerization the original lactone can
only be recovered by acidification if a 5-0H group 1is
present. In ethanol the 275 and 3lb mp. bands of coumarin
were shifted to longer A by 6-0H or 6-Me, and to shorter )
by S5-or 8-0H or Me alone. Both 5 and 8 substituents together
give bands for Me at 228, 293 and 343 mp. 7-0H or Me gives a

single band at 310-30 mp.

'S
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" Ganguly and Bagchi (9) studied t he ultraviolet
absorption maxima and 1;g ¢ for counarin (I), 3-Me(I), 3,4-
diMe(I), 4,8-diMe(I) and 4,6-diMe(I) in 95 % ethanol
solution. Absorption measurement in region 220-340 mp showed
that 1t is possible to distinguish between them on the basis
of absorption characteristics. A methyl group present
elther in the benzene or in the pyrone ring fails to show
.any significant change in the absorption properties of the
parent compound.

Sen and Bagehi (10) studied the ultraviolet
absorption spectra of coumarin (I), 7-0H(I), 7-OH-L4-Me(I),

6 -OH-4-Me(I), 4-0H(I), %-OH-3-Me(I), 3-0H(I) and 5-OH-4-Me(I)
in ethanol. Absorption spectra of coumarin substituted by
hydroxy groups in the aromatic as well as iIn the heterocyclie
nueleus in different positions showed bathochromic shift in
the position of one or more of the pfinéipal bands.

The above data on the ultraviolet absorption spectra
seem to be in rather largely, in not easily accessible
literature and mutually not quite in agreement. The
ultraviolet absorption spectra reported by Bagchi and
coworkers could be useful in distinguishing between
coumarins and chromones 3 they, however, did not think that
isomeric methylcoumarins could bg distinguished by their |
data.

This chapter gives comparative survey of the
published data on ultraviolet absorption spectra of
coumarins and also reinvestigation of some coumarins with a

view to assessing the usefulness of ultraviolet absorption

40



spectra in distinguishing substituted isomeric coumarins

and their estimation in dilute ;olution.

Experimental : )
Chemicalg :+ The substituted coumarins except 6-hydroxy -4%-

methylcoumarin, 7-hydroxy -4#-methyleoumsrin, 5,7-dihydroxy -
k-methylecoumarin and 5,7 -dimethoxy>#-methylcoumarin were
obtained from Prof. S.M.Sethna,s laboratory and were
recrystallised and checked for melting point. Digtilied
water, ethanol (95 % ) and distilled methanol (B.D.H,)

were used.

6 -Bydroxy ~+-methylcoumarin ¢ (11)
Hydroquinone (5 g.) mixed with ethyl acetoacetate

(5 g.) and sulphuric acid (25.0 mle, 80 7 ) was added
élowly to it. The reactionwmixture on keeping over night
was poured in ice-cold water. The product which separated
out crystallised from alcohol, mep. 24400.

7 -Hydroxy -l-methylcoumarin : (12)

Resorcinol (5 g.) was condensed with ethyl

acetoacetate (5 g.) in presence & sulphuric acid (25 ml.
80 7 ) and kept overnight. The reactlon mixture was poured
in icecold water. The product obtained was crystallised from
" alcohol ym.p. 185000
547 -Dihydroxy -4 -methylcoumarin : (13)
Phboroglucinol (12 g.), ethyl acetoacetate (12.5 g.)

and sulphuric acid (60.0 ml., 80 % ) were kept overnight.
The next-day the reaction mixture was poured in ieecold

watep and yellow product obtiined was .crystallised from

[
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alcohol, m.p 290-91 °C4 Pechmann and Cohen (13) give
m.p. 282-84 Co , |
547 -Dimethoxy -t-methylcoumarin : (1k)

5,7 -Dihydroxy -4-methyleoumarin (1 g,) was dissolvéd
in .acetone (70 ml.) and refluxed with dimethyl sulphate
(0.8 m1.) and anhydrous potassium ¢ arbonate (3.0 g.) for
9 hrs, fhe reaction mixture was filtered and the acetone
recovered. The solid obtained was crystallised from
aleohol, mepe. 17%°¢. Canter, Curd and Robertson (1%) give
‘the_same melting point, ‘
Procedure : The stock solu@ipﬁ of coumarins were first
prepared by dissolving known weights of coumarins in
solvents and the concgntrations'weae calculated from
weights. The stock soluﬁioﬁs were then suitably diluted
with solvent.Thé ultraviolet absorption spectra were
studied with a Beckman Model DU SpectrOphofomeﬁer using
10 mm, quartz gg}ls in the range 240 mp-370 mp. The values
of the extinction coefficients, ¢ , were calculated by
dividing the observed optical density, D, by the

conecentration of coumarins in gram moles per 1itfe.
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Results :

ki

Table 6,01

Ultraviolet absorption cof ¢oumerin in water

Wave length Wave length

(mu ) ¢ (mp) €
250 3008 280 10530
252 3548 28L 10000

254 L4191 286 9506
256 L0y 296 6615
258 5549 298 6353
260 - 6220 300 6176
264 7739 305 6132
266 8468 310 6059
268 9082 312 5087
270 9668 31k 5855
272 10210 316 5593
274 10460 325 4235
276 10640 340 1139

278 10680 350 21041
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Ultraviolet absorption of

Table 6,02

coumarin in ebthanol

Wave length

Wave lensth

(mp) 4 (mp) €
250 3242 276 10810
252 3825 278 10630
254 4512 280 10290
256 5228 286 0024
260 6805 296 5125
26k 832k 305 5330 .
266 0038 310 550L
268 9709 315 5359
270 10320 325 3967
272 10760 340 935
274 11010 350 102
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Table 6,03

Ultraviolet absorption of coumarin in methanol

Wave length

" Wave length

(mp) : ) €
250 3212 278 975k
252 3782 280 ollg
25% 4410 286 7856
256 5111 296 4717
258 5884 305 5140
260 6643 310 5228
264 8032 312 5242
266 8660 31k 5183
268 9258 316 5053
270 9813 325 3650
272 10120 340 832
274 10200 350 102
276 9959
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Table 6, O

Ultraviolet absorption of 3=methylcoumarin in methanol

Wave length Wave length
(mu) € Cmi)
2k0o 3885 286 11060
242 3752 290 9313
olly 3664 296 7902
246 3730 298 7767
248 3752 300 7945
250 Lk 305 8364
252 L1988 310 8320
25k 5581 315 7631
256 6555 S 320 6223
. 260 8299 325 4591
26k 9913 330 3311
268 11460 335 1832
270 12290 ” 340 905
274 13020 345 574
278 12170 350 375

282 11940 360 265
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Ultraviolet absorption of Yemethylcoumarin in methanol

Table 6,05

Wave length

Wave length

(mp) (myp)
240 L5ok 278 09860
- 2k2 4583 282 8686
okl L6hh 286 7268
2hé Lols 290 6273
243 5368 292 6152
250 5880 296 L5k
252 6454 300 7117
25k 7147 305 7690
256 7962 310 8052
258 8746 315 7087
260 9380 320 5126
262 9922 325 3680
266 11100 330 o745
270 12300 335 1659
272 12250 340 81k
o7l 11640 345 573

47



Table 6, 06

Ultraviolet absorption of 7-methylcoumarin in methanol

Wave length Wave length
(mp) € (mp) €
2k2 4147 286 11800
2L 3992 283 11700
246 3585 290 11410,
248 3430 294 10470
250 3623 296 9979
258 3953 - 300 9535
254 4360 305 9883
256 4825 310 10230
260 6124 315 o84y
264 7558 320 8778
268 9126 325 7207
272 10950 330 5658
276 11450 335 Lo25
280 11620 340 2635
282 11690 350 775

28¥‘ 11760 360 504
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Table 6, 07

Ultraviolet absorption of 8-methoxycoumarin in methanol

Wave length Wave length

(mp) € (mp) €

240 5737 276 8137

2h2 64ho 280 9674
oLé 7499 28l 10730
248 3800 290 11320
250 7949 29L 10800
252 7725 296 10310
254 7060 300 9036
256 5438 305 697k
258 3938 310 W62
260 3075 320 2550
262 - 2813 330 2063
266 3750 340 1500
268 L537 350 975
272 6uL2 360 600

274 7311




AETAL S

AR URNIR T

. i wiss
iay Fh- o % %2 1 3 22
TV Sy AR LRy groimnays: St T RAnsadn hauya Phw e ¥ 2 resel ST e b Tt T o H o T easlEienst:
A i i i} . - 4 Ay e . )
rs Sinseses il Samiledaligagl I e f.“.« Jan:é imﬂw.‘..unr Tﬂn o Eises Tir e ave ot v 4
VESY SESSR AN i 1 S RN S Y s v
- 3 1 ve) 1 WO R gl g 7 1t 1
x TRRs + Swdut i T .LF.» 33i5s hTh &~»Jr.?§rxfhﬂ.~4fb iEniRey A : THT 7
1 et s iesteiinadceheeree: it ST T ey Tt = fegstsazuts:
hiy o 1 A b b - Ty e 3 o T ) "
o by 3 4 e e b e T T e gy Eis: + ¥ - > 447
5 rHrbe e ety sataatsave Tt et e HE et By T : :
e ot iy ot e T b Fo bk T THY TTIEIT X
¢ e : k 3 Vi I Ttet + T
X i 1 R epaeveas: sty 1 STk redenss ey
= 1 Ties Tt ¥ T3
1 T Tyt 1 AL 1t S r}rt
« + y ooy i wiont 4 IS 13t B Wi o + o s Gws a8
e t s laen + ¥ ¥ . 1y o
e L T 1 6 suw RS Oge: 3 o TN et
4 1 144 s Feais > T T
]
o 1 % $Eal: pa. 13 1T
3 : EPE ) T 1% SBpabREsse
o 9 ¥ eshelontey
T hody 1 iy 3 T + s
i T RN y 3 ot ot 1t
+ 5 1 ot ; Exas pus;
1 + % + b 1
: v T I
Y e I + ¥ 1T
4 1 SE0N T &+ 1
e 3 11 35
e T 44 ¥ AR RO 00 B WY
hie : S : i o
é k) " b e
Sage 3 1 jeie + T 1 $ha 3
s et / H : 2 :
m HEYTHTT £ 7 e asd > 19 &4 sy
T 3
7 Tt E3izsensasalBilins 1 5 een: f : FHy
BT + Sekeitad relyswmid ) 1 et : T
¥ i T axnnadl £ o 1 ¥
FRARE a8 T ¥ <
Hi 1 : SSRTAEAR LT + 1
i s Yy < 1 b e g id 4 padd g 4o T
e - ) 1 ¥ 1. »
+ 1 TSRS o A - g 1
+t =~ 3 Tt - VRYRY §A 1 3 § "t 1gan:
e gy yoa Shaa! p 3 A ap s e T 3 vt I
2583 } 2 T 1 S
11 1 I kY P + s
i tHals i s , ! 1
% ; ¥ ITelve i oss ineasepel T ]
rasbbpranet E . T 1 o) 131 iy s R SR B o] 1
i feesiybalohnayin H T \ focid sivesdey T T %) b v aded o PR .
SEagasy ety ees! s YoTHT 3 TN b poras o' s ad
e & b ¥ i + 'y =y i 3 44
T I FE + 117 = Fraty 3 1 i -
e T " }: ¥ t } he
y T i T t 1 4 T vt { + 3 3
Shege Y 1 1 1tk ki ¥ = 3 s
< -+ ot 1ot T risaa % 3 g N i I
173t 3 - T ’e
1333 IRy NS ou b4 TS 3 +. ’) ¥ 1
s paisnettstaablasEtitvore ot et 3t 1 : 1 T
ok BN - s Argeetrt e T I3 Slysusanar suw 1 135 4 3 1 T
. 7 - ety ¥ e jb- -4 3 St b
1 3 it gL s s no\\\. s CE R e, 1 < iy
u 243 11 ST T T " o iin s 03 ¥
N LI ST VA4 T Bd i AL e . 1 T Bhiviiaaagh LT ‘m. s34
4 o 52 T > T 1 San g g ..M..lv..»lia. vy - 37 i o4 ieesnsispaligionyt saninlyds
1 ; ATy 4 H ity SrrtTiity intaghey ve s b ¥ i pssateusessars veqsucss
3} 1 ¥ I pSs sube - tlh Eoe 14 " xt p RS e
. +1¢ T Ity S wavas BHEET Tty o <S ik 7 B e sEehizey
s i el Hi xmﬁxéxloﬁ ST 1 > ¥ % va X T eeas:
o waRE +ON e beaaas ) Hy Soagtiemidagsin T Fragess s T y Y 4 e
+ yaRnl e + oy et [ 4 1 10BN EBY 51 [ Y
oo dmand 4 o t T 7 T S Ty 4 ve ST I i 7He ! L
i & aealil 11 1 iEant issssnaritsebiteadizests, vEen T T :
3 Ty M o " L3 ¥ T
3 Pl y = > T et drist ey 3 il TEITIENEy e i =g aak P ok o
4 32 Agn Pk eagye, X e 3 '3 T334 srati poren :..;M&L $isits 3 y it A 34
o vy iy - B Hh s eIl s it £ - 23 + 3 TN T % + youn
3 %E, >, S¥egme Sy ussspes [~33) : 1 Freesds s T 1 hdegns:
fativale Rt Ity $ THe - T s ves ) T TN 5 t
ts $-3d ’ v SESSpRasE LT vt sEosusss * 3 ¥ + ¥ L T
» e EyRpERAYe: - s amas \Rkedy 3 + A : ¢ 4 ~ T y
R i e rocae F] o TR b s
1 abbogs it e wol >3 ¥ o8 s 1 41 iy ¥ T Y ani 1. 3 ¥
; e TR H e i3 i : T : ? : : 3 S i T
A O 1 $334as betaifisad > Ve ne o s + " 3 3 T
7 3 4 4 e
iyt e b anewsbedihues i 3 et 3 % ¥ 3 ¥ orases T e
L 4oy fipd 4 ¥ K A T ¥ } . 1.
1 ferskpealiipaiyentosunaviey dagrinsadsris ot i 3k sos bsti 1] Tt : : s : R T Tty NI 3
(1 } T A3k 4 7
a3 L, 1 Y et iy + L
Liges: hinili ittt i ces Sispadnesitte it B e e T e e e e T o :
1iateay SR §eshsceiptidAn b El tee { i Maaxurda Nalsgijtpdelsetod sy sCRNSTS T i e retivents: THES Tt + *
frs apiat ekpurs e, Aod s reuuregrartgne ot phypitiabise = - ptd yanayssnessgdvines gl " Tttt H P by TN .
nxnwu At ety SRy ey eagpblou ranstaps s soapns s s oM Lol shuks Fi31 \%,.H.v 11 Jaaud sty wrmﬁmi o “ririis ot 4 3 315 . - %
isdies 3 ~ b udiu ST PAA b 98§ 55 5ufe I N1 ré 42 5 1 i b e
igastssfotadvcm gt rsatsbancabeyastitangd el ey ey iy F T gty - Y [aasexss b
z -3 4 2k . P y e 8 6wy i, >3 ’ ¥ 4 3 b
,niwﬁz{n ixisifebelitite SR enr ol sl s sty et S e 5 il mrszw sy feitst: i ot TR 1 1ENGE
e id 4 s B Pt ¥ R i 1 b
iR (A w,.w.,um.tm HH H T Hp e R e R TR S gtcIieis: ; THRE
eas il SAa 33y STeisdera Segs iy I o iy 83 20 Bk 1 g . i
St + SR A g ¢ droind ] The 1T Sokeysuoa; t e vO S R4 \
be [pugaa. gy e 5 ot Lo PP OV 1 4 1 b .y * ROy uws: 1 a4 Tt
e A R R R R Sthb bl e e Rt LR B e be bl : T :
T.ﬁﬁ:%r fan p3v i . ey vk bSas s aae i 3k 4 Tiddirtt T reony i (S ens
Ly e o b5 bt 3 4 Y it B 4 T e $rhi NPEEE 508 ?
il g e aths ettty T T P P ST St aha iR nan i pipbysctbssatingg TN Sfah] S
Hu oL pregend #ﬁﬁ#ﬁ.ﬁn e3u “ va ERELgasarangs o e G S pppve St Eb bty cd, s R - geidpsyvn ey : T FIssties
P n,v L et Gpn e e ey (108 SEE EE N s R R A A SR L T IR
tesili o : - oo hailie 2 oo ny e ANy ] Py 3 -l
R e E R R R B e R R et LG HE Fpet il TP ATy
- " I e - e il - 4 T ¥
7 EipRe=tjivisgess joapat 3 LIRS 3 vuAkS somil stredibissg it i RISTILRRIY vttt i bed o4 rpad
i .H.ﬁsrvf.ﬁﬂq’?:i sSpheinsnacanicaliviie sies! by i ey U T T A B e :
3L 438 s (s piedy s oy sy iy 1 dey ity T ;
HICE Ectesens et dad o T THIHT mhbears iRy it By b
R O L AT R TR Easaakat agibimintinvha il i I3eEAs. et 24! ityet il
b ol e ¥ T e radd 3b. tegtor oy SQEs b /4 wrpd e fp g et e oo’
TSR ;.ﬂm. T e e S T Y st wﬁwn it el
H Jr.’w.y bl T 2 asT LT = E s vd s odoe pidus ahateshels < ve T
3 : Sypet ot Feredpiig: + reer i}
ST : —ia i g s Adh +
£ e + -+ r3% Foudd mew) LT wngd b rreiny brwre § 4 ¥ Wi Db VAR 4 ¥ vy
rEps A T i ¥ s ek d 23 e Ay R Ty e e St et RES A28 PeTeRR Jety s 1 4
rigi st r B et e b PRt i A L e T T r3sit Feessining o
el TR e S T T T T e e R S e e e T i e

g
g

310 330

290

270




Ultraviolet absorntion of 7-hydroxycoumarin in methanol

Table 6, 08

Wave length

Wave length

(mp) € (mp) ¢
250 3272 28% 5378
252 3240 290 6448
253 3207 29k 6965
25% 3336 298 7839
255 3013 302 858%
256 2851 306 9815
258 2818 310 11240
260 2592 31k 12440
262 2657 318 13280
268 2689 322 13600
266 2851 32l 13710
268 3240 326 13680
270 3466 330 13220
272 3661 33k 11920
274 3823 338 10530
276 4083 342 9005
278 4373 348 6253
279 LL06 355 3240
280 4731 360 2138
282 5087 370 1652
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Table 6,09

Ultraviolet absorption of 3,4 dimethylc

- \g\: ;: \\}/ ) {i(( i}j,t?///
Wave length Wave length \;’if@iﬂ//
(mp) € (mp) ¢
240 L5091 o6 12630
oL2 Lo 278 12330
2 4366 280 11640
o446 4658 o8l 10880
248 5150 288 9539
230 5665 292 8420
252 6338 206 83 30
254 7099 298 8598
256 7881 300 5867
258 8688 305 9361
260 9539 310 9LOL
262 10350 315 858
26k 11060 320 65%
266 11730 325 5015
268 12410 330 393
270 12990 335 1792
272 13390 340 oLO
27k 13210 345 Y
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Ultravinlet absorption of Tahydroxy-lt-methyleoumar in

in methanol,

Table 6, 10

\

Wave length

Jave length

(mp) € (mp) £
2u0 - 67 54 278 8377
242 7207 282 9654
246 7815 286 10690
2khg 8009 290 11730
250 8226 292 11990
252 8074 294 12130
25k 7425 296 12080
256 5758 298 11930
258 47 20 300 11800
260 4005 305 11040
262 3832 310 9k39
266 1438 320 6537
270 5585 330 4200
272 623k 340 2706
274 6926 350 1429
276 7663 360 823
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Ultraviolet absorption of 6-hydroxy-b-methylcoumarin.

in methanol.

Table 6, 11

Wave length

Wave length

(mp) 4 (mp) ¢
240 5507 290 6045
2L2 5202 295 3468
246 5086 . 300 2038
2l8 5248 305 1875
250 5389 310 2203
252 5670 315 2695
254 6092 320 3280
256 6631 325 3819
258 7333 330 k265
260 8013 335 4686
262 869k 340 49 20
266 10310 342 b by
272 11620 345 49 20
27k 11670 350 4593
276 11570 355 4171
280 10L20 360 3468
28 8622
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Table 6, 12

Ultraviolet absorption of 7=hydroxy-bemethyleounarin

in methanol,

Wave length YWave lencsth

(mp) € (mp) €
240 5248 310 12380
242 5042 ~ 315 14020
248 4075 320 15230 '
252 4213 325 15020
254 3868 328 14270
258 338k 330 13400
262 3522 335 11630
266 4385 - 3ho 9736
272 L8 3L 34g 602
278 5352 350 3350
284 6492 355 1589
290 7423 360 967

300 91ho
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Table 6, 13

Ultraviolet absorption of 5,7-dihydroxycoumarin

in methanol,

Wave length

Wave length

(mp) € (mp) €
240 25770 290 13940
242 24630 204 14090
246 22630 296 14450
248 21780 300 14950
250 21140 305 15310
252 20290 310 15170
25% 19510 315 14950
256 19070 320 14520
258 18150 325 14030
260 17230 330 13310
262 T 15590 335 11890
266 13460 340 10600
268 12960 3k 8898
272 12670 350 7190
274 13110 355 5482
276 12390 360 Lhal
280 12750 370 3203
284 12880

59



- 360

ASSES X g & Ao TITINX L oo 404 WY TR TP RS 8 5 383 i I-Mk VELWT VRS vt e + -
R TR L5 T radgsne sy RhTE FY R R e £E rn 4 5 2B SA SR IRE S SRS $ A% 5 e TH T T Srrret H %)
4 rwn bilped + i $ e SR Sy DA ¥ &5 MU 5 G IS SR IE ] it PED SNDR Y WD 1 b1 ARRESEWESRERES:
THT {¥eLagusitonne jesss: T e et hs: it | Sazes: t I4gEss b
T + + o & ¥ BN sty Pt v 1 RPSVEhY e ua et it dbnt ineey 15 o 1 eSO
HH R e T 7 T Hi Sl el i 8 TR TSy 8 aanas oy s HINT Ttk
T rtiri ittt { 13131 T AR Sl Peope Su 4] hs s seves yui et g v Y4 » 1 AT o ity
44 + + H o 1 iy £1aiadl T e i t . T Apas sy
3 o s T T : vt
s {oATas! {Sme 5ot et ialal 2 SusTnbaxs: i T
; it ¥ re qgse et : t L
t ety I p ' 0445 84 4 NPy T
- + ot pbyes vy T s & s S ¥ ¥
<+ T ii 3 ry i i A §) i
% T Ty ses ! LT T 2o RhedSeRud g us [Araagaanad o
ot
+ T : e
3T 13 L - AT bt A4
et 4 5 3 4 + age! vos » o Foht T + asif o 453
R sapese webdat I 543 : i 4 3
s, ; 1 tt + 1T e : T
T T 4t ' 1 s 1 wagaem
1 T |aguae 1 it ihoyel 4 s
: + : . v
T 83 : Sresissas: :
v t +
: t
s ssaascas: e :
T T T 13 T
. L t 1 T 1 Tt
eas s, ! a3t
r panEs, v 35 : 5
1 3 & e iy
: > * s
b3 : T 1 HHie 1 1 L
iy + o X y 1 iy hgtethit o u\t.w: s i
L aSial; }
T 1 1 1 ¢ ) vea; £ t T T 2}
v + s T . R 1 1 1 b t pe
+ e 3 ettt 1. 14 3 4 1 w«
1 BensRat sl Esesitiys : ¥ ; SasEpres: it
T3 t 7 e e 2 3 t 1 £ - Tt g 3T d
s x + e & is 3L il Y. Tis FRENE A + uw a9
Hist T $ + > 3
Y et ] e * ¥ ; ! ¥ E1s i Een
! S He ) ek R 3T I 3 4 ¥ ¥ i 3 t
T et B 3 T S rRcLey
D e Vi + ; + 1 eye:
T 3 5 L i 17 ety
¢ et st 3 + 1 ' ol -t .
g 1+ = - Lﬂﬁlm.xv,_b 1y B : -4 ) 1 .M ok T
B 1 + T i s esag
. + 344 < 11T HAked 5 riH 3 ,,l:xw. oy Bt b s puah2
E aeisesiisy 1 : yis st aEgataans e H S e B e
ba ww o VI 4 b 3 4 by ++ t : . Tt Sassgapgsaiaanyeaany "y oan
3 P9 8! 3 1 210 T 3 S8y 4 s oas
S ey T isebduns: rags! I 3 e ; 1 ey 3 TR
FLILEDSTE E1gsnel iR 1 ! Ty X b 1 ‘ iy
4 3L : H iy pon g ¥ + 14 + + Ipearsqres ynpaonyed
+ : + ¥ T reew 1 4 1 Espgenay Pt
bt T bty Tt 7 WiV pudaeqsavageeesurs
: e & reshdnbel Ty T v jasass! ! T
: : : AfpR e i ¥ : jEEes: 7 ey
Y + T T bt i ey T Hy ey { tr ¥ YL ng o
3 1 - 3 R avays kbl T 4t swa y 3 3 T e % 1 - .uk
$ 7 3127 ¥ 3 o T
11 $ Lt tidf g LU b peTe g p e i by b g -3 4 s . sdal ot
3 lmﬁ,.uu,/t_w. LT s iET Rt ! - s
1 S RPN LAE RIS b o ; T por b osn i3 : TirgsT
; i G TTH R BT et Rieaen LdriHET it akeres seti
¢ e e it ur:.” IPeassst oS b < + I
t it BT e yry ey sxsusl 11t e
7 3 bo 343 AT ey &2 Trets 1 t 1
T ] T R T ey ey, et 7
; ? ElR sl e b e it ; : :
anse:
f + el T Ly I T e T Aiyteiss T T
t 1 3 H i Wala A sidtviT 1 T sanEs
: aianpenns peapsoneky LratNes s, frenakaie: aRer st o ; i
+ e ecEBTTRehe s 3 y 6% o . ) SR Y t t 1
j ; te e i i T R e N e e
i @ " Fhte T i s 7 2ehd Fitur— g gl AP PUT § wa s 5
2l eies rrede] b iy 7 TR baprakaa el
< 4 4 iy gl & by 4 T4 4 e uame AR) . y ¥
& 3tr resuady re 1 1 T : LI I 1
1 Livsss i HeIy t s eTgual P i T
e + Paebessass : 3 = es b 1
o 54 > 1 THTTIE 1 t = : )
11t o ’ Cn Ry ¢ e i S el § Eas
T k1 44 SYRpRexiaby s gpy o] 3 1 X 1 g 98 ¥
e 4 - 4+ _— e
e b Teended e L AT T T SR TH aEE S !
- e & ' ¥ -+
iy T w@««minnm 74 + It Pt s e sFsEarhes heeostashiunsy o 1 5
ety Ty 2 se S ey rriies T it + t 1 >4+
it eI ls gt nies v 3 » SHRS nUw.wM,Jr STH mwu. $ LT e s 't +
Pren a0 e i N {. . ¥ [OERR JP s yARA NI pA W] R S T Ry N o o e vy
GEERR e HOR T i : ¥ datisisaise Sidabl sriamie s $ERaEAE 7 :
Hl 4..@3@4&‘ gy t ot 3 AL stas = 7 HL 1 5 e r T Tube: 5%
I . 1 Frpviy L 1. frive woeatedsels] ] B33 fupkxapuad fna: g : 1
; b 1 AL i Sfitte t y Swud s oy = eyl + :
At e Hn i T 5 i s %
ey -+ o Bl P e ; ST g rrpiriingas iy ) T T s Sprangses
et R s : FREES T T <1 5 e ;
41 5519 Vi Py ey 3 it A e phase sy 8 ¥
Lo 1im?r»:.( ] §5 ¥ .»?m,,.“u 3 t
@1» L pwdr i 2+ % e G Fa mEdiges sisus )l S $ T ! i :
o 3 : D by Sybarziet
Pl i , ik S o s IR s
s + riaail t T T e 1 t
. T FEPURRN N g fot W ot 98 7 3 Sk g o YT Xty i e poire S 1 1 3
A PR 14 8980 gae 123 DN P risat ity s anme ity rryid LR BT s T R N 15 + % Fhtes
w12l e ets] el ie gt be = Tt TN Tl si gt o tie Lat ) ..QQP iy Sisese peiel Hystyegies T Seyeysogigrey
et . + Prs 333 T rhant ey r -+ bt Ejsitepsaran
o 2oy e Py < bosew R idA s 44 bt bhes gl Ay 1T AP AS e - by
< e PiEs .a I 1136 3 s uihie i ?».,mwﬂ L b ehsipelpsete 13 H Fekey HE ST
HE RS ] gatristeiritd ¥ 1 i Lvs rsEevatudtoctnra i iyt pafeaneyti ie 4} HET T E R e R
7 HHG 8 14 Fesd : yamediiipuidsg, e 51 L L Fordes gy e o] S35 rogulareuss ot
1 18 B 1T et d by Taa e gl e i gt l e fpeded i SURPERS O¥ 7 i el 3 T + 1 " a3 3oes,
it dib i iitenRt i iR TR TR N B e ST ixy R i
st RS 1 3! 4t Hhlinhint n. o R bt i = ittt ot 1 : { :
3 <+ T . it b 3
o3 G pe il Yugwl by 4 Tt = 1 ¥
pgst & 2} pasuwad ..\:xa\ll&n.x e Aot T fréet 5 = Hittit et o t e shss
A e e HE R ot : i R N :
+ 3. ey AW 4 <
Hrky T ritre 3 R dwe Y e enusgame: : 7 £ hiscoRtaiarEagas T 1
Fherapis ngela NN 7wt T Tl il "t : 3 3 ¥ 3 38,
4§ baded Jon boader e ot e 44 d hh an..ﬂ:v .w“_nﬁ v 4 i 4 Jee a9 4 ' +
% Suin AL TINEd Y Lt &y Py 3 Synay 2t Te 345 ¥ t iy T 1 1 % 1 ol
ferasertag i fw&v siisiat i T Sihinitctvoont Dea b inds fobg iy S E IR 1 BT frivipts ittt : b ST T
o

-

230 320
b - ﬂg,,.aﬂx L ML

-




Ultraviolet absorption of 5, 7= d1hydroxy-lrmethylcoumarin

in methanol

Table 6, 14

Wave length

Wave length

(mp) € (mpr) €
240 6971 296 8580
2Lo 70l 300 9367
2h6 7223 305 10470
248 . 7471 310 11300
250 7508 315 11730
252 7365 320 11940
254 7223 325 11800
256 7330 330 11400
258 7437 335 10620
260 679 340 9510
262 5434 .34y 8007
266 3896 350 6436
268 3718 355 5077
272 3968 360 3968
276 1183 365 3290
280 4826 370 2932
28 56k9 380 2502
290 7079
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Ultraviolet absorption of 5,7-dimethoxy-l-methylcounarin

In methanol,

Table '6. 15

Wave length

Have length

(mp) € (mp)
240 7736 290 7561
2k2 8041 294 . 8736
246 7780 296 934k
2438 7518 300 10430
250 7214 305 11610
252 7214 310 12470
254 70L1 315 13120
256 6433 320 13390
258 k91l 325 12690
260 360k 330 11480
262 30L2 335 9933
266 2998 340 8042
268 3173 345 5476
272 3651 350 3303
27k 3868 355 1999
276 4216 360 1217
280 5042 370 782
284 5998 380 652
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Ultraviolet absorption of 6,7-dihydr oxy-l=methylcoumarin

in methanol,

Tgble 6,16

Wave iength

Wave length

(mp) € (mp) ¢
240 7464 290 5782
oho 6236 291 5801
okl 5367 296 5782
246 4780 300 5328
248 4612 305 4780
250 4516 310 4780
252 4516 315 5499
254 Ll 320 6671
256 4403 325 7936
258 L2252 330 9279
260 4102 335 10580
262 3836 340 11340
266 2967 345 11760
268 2777 350 11570
272 3024 359 10770
274 3307 360 9618
276 3648 370 6331
280 4lyeD 380 2929
28k 5367 390 1323
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Ultraviolet abSOrpﬁion of 7-methoXy-b-hydroxy.l-methyl-

Table 6,17

coumarin in methanol,

Wave length

Wave length

(mp) (mp) ¢
240 9687 290 6356
22 7802 20l 6049
24l 6531 296 5720
244 5676 300 k909
248 5326 305 4296
250 5129 310 L559
252 k975 315 5501
25% 4756 320 6774
256 L6225 325 8Xx10
258 406 330 929k
260 4012 335 10280
262 34lp 340 . 10890
266 28%49 3k 10980
268 2981 350 10500
272 359k 355 9401
274 4033 360 8110
276 4406 370 1690
280 5370 330 164
284 609 390 G50k
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Table 6,18

Ultraviolet absorption of 7 48~ dime thoxycounarin

in methanol,

Wave length

Wave length

() € (Qﬂ) ¢
240 8164 280 7856
2k2 77 64 284 8997
2k 7395 288 10160
246 7271 292 11280
243 7206 296 12390
250 7055 300 13090
252 6963 305 13930
254 7025 310 14350
256 7055 315 14270
258 6717 320 13870
260 63535 325 12880
262 5669 330 11100
264 5299 335 9243
266 5207 340 7086
268 5330 345 4622
270 5669 350 2558
272 6070 360 8863
274 847x 370 493
276 6933
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Ultraviolet absorption of 7 » 8= dihydroxy-temethyleoumarin

in methanol,

Table 6,19

Wave length

Wave lenzth

(mp) ¢ (my) ¢
250 6377 290 - 58L8
252 7099 292 6306
254 7839 294 6834
256 8333 296 7311
258 8681 300 8363
260 8966 305 9690
262 898 310 10800
264 8620 315 11530
266 7450 320 12070
268 5865 325 11940
270 Lho2 330 11110
272 3612 335 9970
274 3294 340 8403
276 3418 345 6290
278 3593 350 k298
280 3893 355 2766
282 4263 360 1726
284 4615 370 652
286 4o 67 380 352
288 5426




Table .6, 20

x

Ultraviolet absorption maxima and extinction coefficients for coumarins

51, No, Solvent Substahea:anca M mp N2 mp iog €, log €
1. 2. 3. L, 5 6. _ 7.
1 Water . (1) . 27% 305 4, 03 3.73
2 4 (1) 27k 311 L, 03 3. 7%
3 ¢ (1) 274 311 L, 01 3.72
L C 3-Me (I) 274 307 4, 11 3.92
5 c L-Me (T 271 310 4, 10 3.90
6 B 5-Me (D 275 315 4, Ok 3.8k
9 A 6-Me (D) 278 320 Lk, 07 367k
8 c 7-Me (I) 284 312 L4, 10 4, 01
9 A 7-Ye (D) 315 3.95
10 4 7-Ye (D) 283 313 4, 03 3.92
11 A 8-le (1) 281 310 4, 07 3,65
12 A 5-MeO () 298 - \ L, 11
13 i 6=MeO () 278 3h2 L, 06 3, 69
1 A 7-Me0 (I) 323 b, 33

15 A 7=-Me0 (I) 252 318-23 3e 32 L, 17



o

Table 6,20 ( Continued)

1 2 3 L 5 6 7

16 ¢ 8-MeO (D) 250 292 3.9 . 4, 05
17 A 5.0H (D) 250 298 3,79 4, 01
18 A 6-0H (D) 280 345 4, 03 3. 65
v ¢/ 7-0H(D 25 32k 3. 52 b, 2
20 5’ 8~0H (D 253 292 3,92 l, 00
21 B 3-Membuled (D) 337 3.73
22 B 3=Me=7=HMa0. ( b. 320 4, 20
23 B 3-Me-8-Med (T 252 287 3.95 L, 11
oY G 4,3-di-Me (T) 272 308 4, 13 3,97
25 B kyb-di-Me (D) 273-3,5  317-23 ), 01 3, 69
26 B k,7-di-Me (1) 277-8,5 31415 4. 03 3.95
27 B 4,8=di-le (1) 276, 5-8 311 L, 09 -

28 c LpMe«5-0H (I) 250 20 3.91 L, 08
29 c l-Hom6-OH ( 1) 27% 342 4, 07 3. 69
30 ¢ - te-7-O0H () 252 322 3,62 ), 18
31 B YaMewbaleO (1) 273 340 L, 05 3.70

e ot e e o o e e o et ot e o e

(Continued on next page )
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Table 6,20 ( Continued )

1, 2. 3. L, S 6. 7.

32 c 5,7=(0H) 2 (D 306 4, 18
33 c -Me-5,7-d10H ( I) 258 320 3.87 k, 08
3k c 4-Me-5,7-31Me0 (1) 252 320 3.86 4,13
35 c Yulea6,7-d10H (I) ogh. 346 3. 76 L, 07
36 c o Higm b O 72 MeC( T) 290 345 3,80 b, Ok
37 B hoMen6,7-diMeo (T 200 3h2 3.72 L, 06
38 B 3-Momb,7-diteo { I) 295 340 3.76 4, 10
30 c 7,8-diMeo (1) 255 312 3.85 b, 16
%0 c 4-Me-7,8-d10H (1) 261 322 3.95 Lk, 08

() indicates coumarin, A =95 % ethanol § B = ethanol ; and C = methanol.

Tata for compound Nos, 1-5, 8,16,19,24,28-30,32-36,39 and 40 reported by (15); data for
Nog 6 reported by (£ 3 for Wos, 7,9,12-1k, 17 and 18 reported by (2) j for Nos, 10,11,15,20.23
31,37 and 38 reported by (3) § and for Nos, 25-27 reported by (7). .

l

J
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Table 6,21 .

Effect of substitution on the ultraviolet absorption maxima of esumarin

Position Substituent
Me Mal - OH
AN AN AN Ahy AN\, Ahy
3 +0 -k - - - -
b -k 40 - - - _
> + 0 + k4 - - 16 - 22 - 16
6 + b + 8 + b + 32 o+ b + 32
7 + 8 + U - 22 + 12 - 22 + 12
8 + 8 + O - 22 - 18 - 22 - 18

Ay indicates the shift from the first ultraviole® absorption maxlma, 274 myu, of coumarin
when the H in the positlon indicated is substituted by methyl,methoxy or hydroxy groups,
.Dyvmzﬁomwmm the shift from the second ultraviolet absorption maxima, 311 mn, of coumarin

when H in the position indicated is substituted by methyl,methoxy or hydroxy groups,




Discugsion

Table 6.20 gives the values for ultraviolet

¥

absorption maxima and log of extinction coefficients for
coumarins. Coumarin shows one principal maximdyat 27% mp and
second maximé?at 311 mp. In almost all cases the principal
maxima are sharp and well defined but{g; second maxima

except in few cases are in general broad . Table 6.21

gives the shifts from these maxima when one H in coumarin is
substituted by methyl hydroxy or methoxy group.
Methyl-substituted ¢oumarins 3 The daté presented in tables
6.21 indicate that when one H in coumarin is substituted by a
methyl group, the shifts in\the two maxima of coumarin are
small, but significant and characteristic for the position
of substitution. A study of results presented in table 6.20
also indicates that for dimethylcoumarins, the shifts in the
two maxima of coumarin are in fair agreement with those
caleulated from algebric addition of the shifts for the
maxima for the two groups from table 6.21. Thus the shifts
given in table 6.21 should be useful in distinguishing between
different monomethyl- and dimethyleoumarins. -

5,6,7_and 8-monohydroxy- and /_ or methoxycoumgrins :

The results in table 6.21 4 also indicgte that the
substitution of hydroxy or methoxy groups substantially

shifts the maxima of coumarin. These could be used, however,
forfmono-substitutgd coumarins, the substituent being OH or
Me0, to distinguish between (5 or 8 ), 6 or 7 positions of
substitutions. However, the shifts could not be used to declde

whether the substituent is OH or MeO. Also, the shifts are

66
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not additive for di(OH and / or MeO ) substituted coumarins,

as calculated from table 6.20 5 : (15).
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SORPTION STUDIES:WITH COUMARING

" Sorption of weak nonélectrolytes on ionexchange

resins has been investigated by several workers (1-20);

no study with coumarins is;howeVer;avaiiable. So the column ~
/sorptioh—Qesérption of coﬁﬁéfiﬁ"with water and methanol as
sol&énts énd the coﬁparative sorptioﬁ of coumarin énd twelve
substituted coumarins in 10'% ﬁethanol (by volume) on a ‘
strongly basic anion-éxchange resin,Miberlite IRA-400, are
described in thig/chapter (22). .

Experimental : o

Besin : The resin used was Ambérlite IRA-40O (Rolm and Haas
Coe«)e This is a strongly basi& anion exchange resin,obtained
by introducing strongly basiec quatérnary ammonium groups,as
ionogenic groups,into a styrene divinylbenzéne‘copolymer. The
resin was alr-dried and -40,+60 mesh fraction~§as‘used in this
work., ‘ ‘

The resin was cycléd thrice betwéen sodium chloride
and sodium hydréxide, finally regenerated with a large excess
of sodium hydroxide,waéhed free of alkalil,air-dried,and stored.
The moisture content was estimated by drying samples (e~ 0.5 g.)
to a constant weight at 10506. For capécity estimation,
weighed samples (e~ 0.5 g.) were piacéd‘in contact with 50 cec.
of standard hydrochloric acid (v 0.1 N ) with intemmittent
shaking and the aéfd sorbed was estimateds Moisture éontent
= 21,15 % § capacity per g. of air-dried and oven dried resin
= 2.035 meq. and 2.58 meq. respectively.
gégg;gglg : 8-Hydroxycoumarin, 7,8-dihydroxy—#qmethylcoumarih

and 7,8-dimethoxycoumarin we#e obtained from Prof.S.M.Sethna’s
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laboratory, were recrystaliised and checked for melting points.

Coumarin and rest of substituted coumarins were from samples
used in chapter 6. Hydrochloric acid and sodium hydroxide of A.R.
quality,distilled water and distilled methanol(B.D.H.)were hsed.

Procedure : Coumarin and substituted coumarins were estimated
in column effluent samples by ultraviolet absorption(2l)with
Beclman Model DU spectrophotometer, using 10 mm. quartz cells.

Results and Discussion @

Bun one : A resin column of the following column data

was set up : capacity of the resin in the column = 92 meq.
30 ml,

I

123 ml. bed length = 53.5 em, vold-volume

i

5ed volume
An équeous coumarin solution (5.49 x 10 M ) was passed
downflow in the column at the rate of 10 ml./min"and 36
samples ( each of 100 ml.) were collected. The first sample
included 30 ml. éf water from void-volu@e. The first sample
and then even numbered samples were estimated for coumarin.
Let '‘a”and' b denote for the sorption run the concentration
(in g. moles/litre) of solute in the influent solution and
effluent samples reséectively ;3 then 100(a-b) / a is denoted
by x. The sorption curve is obtained by plotting x against
the effluent sample number. The sorption curve obtained in
this way is shown in Fig{ 7.1. Plot 1 A. '

After 36th sample, the column was draiﬁed,backwashed
with distilled water, resin allowed to se?tle, ard then
distilled water was passed downflow.at the rate of 10 ml./min.
36 samples (each of 100 ml,.) were collected. The first and
then the evén numbered samples were estimated for coumarin,

iét ﬁ denote the concentration of solute (in ganqles./litre)
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Table 7,01 a

o in R
Sorption of coumarlnAsolut:Lon wish water on Amberlite

IRA.400 in hydroxyl form

%

Bample Sample x Sample x
No, No, No,
1 100 1 61,5 26 25,8
2 100 16 50, 2 28 2,
b 100 18 42,2 30 24, 0
6 100 20 34,0 32 24,0
8 95.9 22 29.7 34 2L, 0
10 88.3 oL 27.8 36 2k, 0
12 76,8

Tgble 7.01 b

Elution of coumarin after the above run with water

Sample y Sample v Sample y
No, o, No,
1 15,7 14 1,9 28 6, 0
2 15.9 16 12, 6 30 5.9
Ly 16,9 18 10,6 32 5¢8
6 18. k4 20 9,0 34 5.8
8 1.5 22 7.8 36 5,8

10 18.8 2L 7.1 38 %8

12 7.1 26 6, 1t
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Table 7.02 a

from n .
Sorption of coumaringsolutlon wi#a water on IRA-LOO in

chloride form,

Sample x Sample X Sample x
No, o, No,
1 100 12 87,4 2k 15,2
2 100 1 759 26 10,0
L 100 16 6.2 28 e 2
6 100 18 45,7 30 3.0
8 100 20 33.3 32 L5
10 95 22 22,8 34 0,0

Tahle 7,02 b .

Blution of coumarin after the above run with water

Sample ¥ sample ¥ sample ¥

Vo, Wo, Ko.
1 84,0 14 67.1 28 10, 0
2 82,8 16 60,9 30 6.8
L 81,9 18 56,0 32 ho 5
6 82,8 20 38.5 34 2.6
8 82,2 22 29.9 36 L3

10 77.6 24 19,9 38 0, L

12 70,5 26 15,6 40 0,1
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Tahle 7,03 b

Blution of coumarin after the ahsorption of aqueous

solution of coumarin with methanol

Sample v Samyp le ¥
No, No.
1 34k 6 10,5
2 669 7 8.0
3 551 8 4 0
b 63 9 L5

5 22,5 10 ﬁ 0,0




Table 7, Ok
$vom
Sorption of coumarin/\solution in 10 2 methanol on IRA-LOO

in ehloride form,

Sample x Samp le X = Sample X
Yo, ‘I\To, No,
1 62,3 6 1, 57 12 0.5
2 19,4 8 0,87 1 . 0,17
L b 10 0,7 - -
Table 7,09

) "
Sorption of 7,8-dimethoxycomnarinias?olution in 10 4
methanol on IRA.LOO in chloride form,

Sample X Sample pis Sample X
Yo, ' No, ‘ No,
1 5349 6 50 1 12 2,0
2 18.9 58 3.5 14 L2

L 8.3 10 2,9 16
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Table 7,06

74

$vom

Sorption of 6,7-dimethoxy-k-methyleoumaringsolution

in 10 %4 methanol on IRA.LO0 in chloride form,

Sample x Sample x Sample x
Fo Ho No
1 55.0 6 8.6 12 3.7
2 22, 2 8 5. & 1k 2.1
L 11 4 10 4. 6 15 0.8
Table 7,07

from
Sorption of 8-methoxycoumarinAsolution in 10 % ¢

methanol on IRA.LOO in chloride form,

Sample x Sample X Sample x
No, No, No,
1 72,2 6 5. 8 12 0.3
2 33.6 8 2.5 14 ' -
4 12,5 10 L1 16 -




Table' 7,08
trom
Sorption of 3-methyleoumaringsolution in 10 % methanol

on IRA-4D0 in chloride form,

Sample x Samp le x Samp le x
No, No, No,
1 75.8 6 5.6 12 0.7
2 3571 8 3.1 14 0.7
L 2 10 1.1 16 0,5
JTable 7,09
from

Sorption of 7-methyleoumaringsolution in 10 % methanol

on IRA-L4O0 in chloride form,

Sample x Samp le X Sample x
Yo, Yo, No.
l 79 . 2 6 8! 7 12 20 9
2 38.9 8 5.3 1y 22,2

16,6 10 Lo 16 -




i s g s

C from
Sorption of 8-hydroxycoumarin solution in 10 % methanol

on IRA-400 in chloride form,

Sample x Sample X Samople X
No, Wo, No,
1 92,9 8 118, 7 16 8.6
2 79.5 10 13,5 18 8.3
C b 46,8 12 11,2 10 -
6 28,7 o 9.0 20 -

. Table 7.1l
: - from Solution
Sorptlon of 6-hydroxy-lt-methyleoumarin £ in 10 4 methanol

on IRA.LOO in chloride form,

Sample x Sammp le x Samp le X
No, No, No,
1 96,0 8 22, 4 16 7.6
2 80,0 10 19,2 18 3.3
b 4.3 12 17. 2 19 2.8
6 3% 3 1 4, 2 20 -
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Table 7,12
Tom
Sorption of 7-hydroxycounaringsolution in 10 % methanol

on IRALOO in chloride form,

Sample X Sample X Sample x
No. , No, No,
1 100,0 8 46,8 16 25,6
2 98,0 10 36,6 18 2k, 5
L 90,0 12 32,0 19 22,8
6 74,8 1k 28,7 20 -
Table 7,13

g . from
orption of 7-hydroXy-L-methyleoumarin Asolution in 10 %
methanol on IRA.LO0O in chloride form,

Sample x Sample x Samp le x
Yo, Ko, No,
1 100, 0 8 56,7 16 32.9
2 98,0 10 49,0 18 29,8
4 86,3 12 41,9 19 28,5
6 71,6 14 37,0 20 -




_ Tahle 7,1k .
Yo
Sorption of 5-hydroxy-lmethylcoumarin /(solut ion in 10 %

methanol on IRA-LO0 in chloride form,

Sample x Sample x Sample x
o, o, Wo.
1 100, 0 8 72,8 16 40,9
2 @53 w 62,1 18 38.9
| 91,2 12 54,7 19! 38,0
6 82, % 1 47.8 20 -

Table 7,15

fyom
S orption of 6,7-dihydroxy-t-methylecoumaringsolution in

10 % methanol on IRA-LOO in chloride Iform,

Sample x Sainple x Sample x
No, No, o,
1 100, 0 8 78,2 16 b9, 6
2 100, 0 10 67.8 18 4, 2
2% 5
L 1565 12 60. 3 19 43.7
6 93.6 1k 5k, 0 20 -
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Table 7,16

from
Sorption of 7,8-dihydroxy-l-methylcoumarings olution

in 10 % methanol on IRA.L4OO in chloride form,

Sample No, X Sample No, X
1 | 100.0 12 90,1
2 100, 0 1 72,1
L 99. 5 16 50, 3
6 98.1 : 18 39.7
8 97,k 9 369
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for the desorption run in the effluent samples. Then 100 b/a

'is denoted by y and the plot of y against effluent sample
number provides the desorption curve. The plot 1 B in Fig.
741 is the desorption curve obtained in this way. Fig. 7.1
indicates that, on the hydroxy form of the resin used, the
break-through for the,sorption curve 1A is not sharp and the
elution (1B) is slow. ‘

"Run_two : Another resin column (capacity of t he resin in
the column = 81;4 meq.) was set up, a large excess of sodium
chloride solution was passed ,and then washed free of chloride
ions with distilled water. The resin was then in chlofide form
and the column data were : bed volume = 112 ml, bed length
= 47 em, vold volume = 30 ml. An aqueoﬁs solution of coumarin
t5.571 x10 M) was“passed downflow in the column at the
rate of 10 cc./min. and 36 samples ( each of 100 ml,) were
collected, The first sample ihcluded 30 ml. of water from
void-volume, The first and the even numbered samples were
estimated‘for cbuma:in. In figure 7.2, plot 2 A shows the
sorption curve, obtained by the precedure noted above. The
column was then drained, béckwashed with distilled water,

_ resin bed allowed to settle, and tﬁeﬁ distilled water passed

downflow at the rate of 10 ml./minJf 36 samples, each of

100 m1, were collected. The first and then even numbered

samples were estimated for coumarin and the desorption curve

28 in figure 7.2 was obtained by the procedure detailed abave.
‘ Comparison of figures 7.1 and 7.2 indicates that

the chloride form of resin used 1s more suitable for sorption-

desorption of coumarin from aqueous solution than the hydroxyl

-



form of the resin. from plot 2A (Fig.7.2), the amount of
coumarin sorbed per 100 meq. of resin is calculated to be
equal to 12.1k x 10-4 g. moles, B |

Rup three : After run two, the‘same resin colunn was
further washed with a 1arge excess of distilled water,
backwashed, and t he resin alloved to settle. 3.6 litaes
of aqueous coumarin solution { 5.30 x 10 M ) were passed
downfiowvatlthe rate éf 10 ml./min. The coiumn was then
drained, backwéshed wﬁth'methanol and resin bed allowed to
settle. Then methanol was passed 1 in the coTumnxdownflow a@
the rate of 5 ml /min. 10 samples ( each of 100 ml.) were
collected and estimagted for coumarin. The desorption curve
" obtained is given in figure 7.3. Comparision of figure 7.3
and curve 2B in figure 7.2 indicates that methanol is more
suitable for desorption of coumarin for the chloride form
’of the resin used than wager. |
Run four t+ After run three, the resin column was further
. washed with excess of methanol, backwashed with methanol and
resin bed allowed to settle: A solutidn of coumarin in
methanolt( 55,0 x 10 M ) was passed downflow in the column
at the rate of 5 ml./min, The samples ( 100 m1. each) were
collected and estimated for coumarin., The first sample
included 30 ml, of solvent from void-volume. The values of x-
for first three effluent samples were 75.5, 4.2 and 0.0. The
coumarin sorbed per 100 meq. of resin is calculated equal to
3.85 x 10- e moles. A comparison with sorption run in run
two 1ndicates that though the ratio of coumarin concentrations

in influent solution 1s 9.87, the ratio of amounts of coumarin
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sorbed per 100 meq. of}resip is only 0.317. This supports
that methanol is less su;tablg for sorption and more
suitable for deéorption of coumarin on the chloride fomm of
the resin. ‘ v

Run five : Another éolumn:of_fhe~resin ( capacity of
the resin in the column = 6.1 meq.) was set up and the resin
converted into chloride form. Excess of 10 % methanol ( by
volwe ) was then passed in the column. The column data were :
bed-volume = 7.3 ml. j bed-length = 15.2 ems. A solution of
coumarin in iO % methanol ( 5.59 % 10"}+ M ) was passed in the
column downflow at the rate of 10 ml./min. and samples
(100 m1, each ) were collected. Curve 5 in fignre 7 4 shows
the sorpti;n curve obtained by plotting x against sample number.
The column was then washed with excess of each of the
following: methgngl,/metﬁanolic hydrochlori¢ acld, distilled
water, aqueous sodium hydroxide, dilstilled water, aqueous
sodium chloride, distilled water and 10 # methanol. The column
was then backwashed with 10 % methanol and resin bed allowed
to settle. ‘

Run 6_to_17 : Runs were repeated, using the procedure
set for run five, with solutions (5.55 x 10 M ).in 10 %
methanol for-each of the following : 7,8-diMe0 (I),
6,7-41Me0 (I), 8-Me0 (I), 3-Me(I), 7-Me(I),8-0H(I),
6-0H-4¥e (1), 7-OH(T), 7-0H-4-Me(I), 5-OH-s-Me(),6,7-d1
OH-4-Me(I) and 7, 8-di 0H—44Me(1) The sorption curves (6 to 17)
are shown in figure 7.l. (I) denotes coumarin.

The family of 13 sorption curves (5 to 17 ) in

figure 7.4 indicates that coumarin and methoxy»,methyl-
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and hydroxycoumarins are sorbed on the chloride form of
strongly basic anion-exchange resin‘ﬁsed in 10 % methanol.
The sorption increases in the order : Coumarin< methoxy-
counarins < methylcoumarins < hydfoxycoumarins. For methoxy~-
coumarins, the sorption study indicates that sorption
increases in the order : dimethoxy < monomethoxy and
8-methoxy < 6-methoxy. On the other hand, the sorption for
hydroxycoumarins increases in the order : monohydroxy < |
dihydroxy and 6~hydroxyx< 8¥hydroxy < 7=-hydroxy < 5-hydroxy.
In chapter 6, it was observed that from the
ultraviolet absorption maxima, hydroxy aml methoxy
substitution, when the substitution was in 5,6,7, or 8

position in the benzene ring of coumarin, could not be

distinguished ; also, the same"was true for 5- and 8-hydroxy-

coumarins. Flgure 7.4 indicates that such cases could be

distinguished from thelr sorption curves.
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SEPARATION OF COUMARINS
In this chapter, the separation of mixtures of some
coumarins (1), at room temperature ( ~o 3006) is described.
Zxperimental :

Resin _and Chemicals ¢ The resin used was a strongly
basic anion exchanger, Amberlite IRA-400 ( Rohm and Hass )j
this and the chemlcals used were from the samﬁles used in
thé earlier work (1,2).

Procediure : A column of the resin Amberlite IRA-400
in the hydroxyl form was set up. The column data were :
moisture content of the aip-dry resin = 21.15 % § capacity
of the air-dry resin per gm = 2,035 meq. j capaclty of the
resin in the column = 20.37 meq. j bedvolume = 25.0 ml.
bedlength = 49,0 cms. The resin was comverted into the
chloride form by passing a large excess of sodium chloride
solution. The column was then washed free of chlorlde ions,
backwashed and allowed to settle under gravity. Then several
bedvolumes of 10 % methanol (100 ml. of methanol made to a
litre with distilled water) were passed to replace the water
in the column. Then the solvent level was brought to the resin
bed level and 50 ml. of the solution of coumarin in 10 %
methanol were péssed. The fiow rate used in all the runs was
5 ml./minute. When the solution level was again at resin bed
1eve1; 10 ml, of the proper eluenthere added and then the
column was connected to an overhead reservoir of.the eluent.
The efflueﬁt was collected in samples. The first sample,

numbered as v.vV., was equal to the void volume. After this

x



100 ml. samples were.collﬁpteg and numbered as 1,2,3 and so on.
The solute content in the‘efflﬁent was estimated by
ultraviolet absorption (3) using Beckman Model DU spectro-.
photometer and 10 mm. quartz cells. When the run was
discontinued, the eluent was further passed, (without
colleéting the samples) to remove all tlke sorbed solute. The
column was then washed free of the eluent with distilled
water, backwashed, allowed to settle under gravity and 10 %
methanol was passed to replace water in the column. The
column was then ready for the next run, and the run was
repeated for another compound.

In the separation studies, 50 ml. of the mixture in
10 % methanol were passed. When\the solution level Qas at
resin bedlevel, 10 ﬁl. of the first elument were added and
the column was connected to an overhead reservoir of the
first eluent. The eluent was passed to elute the first
component. Then the eluent was changed to the second eﬁ%nt
to elute the second component. In biee case of ternary mixtures,
the eluent was then changed to the third eluent to elute the
third component. Then the column was washed free of the‘eluent,
backwashed, allowed to settle and water replaced by passing
10 % methanol. Then:the procedure was repeated with‘the next

mixture.

Nomenclature :

the m.mols,of the solute in 50 ml. of solution in

w -—
10 % methanol, and initially sorbed on the.column.
P, =100 <(m.mols, of the solute in effluent sample of

100 m1.) / w
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Tabile 8,1 a

»

Column elution data of coumarins,

Compound = Commarin  3-Me( D) 3,4-dite(D  7-He(T)
102, v = 2.82 2,92 2,88 2.93
Eluent = a a a a
Sample No, Py = v = P, = Py=
Ve Ve - - - -
1 - - - -
> 20, 80 6.143 3.38 1. 60
3 28, 05 o, 4O 8,45 10, 10
L 21,45 16, 08 11,82 16.85
5 14,90 16, 08 12,16 15,10
6 6, 11 12,85 11, 50 13, 50
7 k.05 11, 26 , 10, 15 11,80
8 1,65 8,03 9. 50 9. 20
9 R. D, 6, 40 7. 60 8. 140
10 %, 82 6.75 6,75
11 3.05 5.92 5. 00
12 R. D, 5. 10 R, D,
13 L, Lo

i

Ul
&
B
nd




Tabkle 8,1 ®

i

Column elution data of coumarins,

89

Compound = 7-08(I) 7.0H(I) 7.0H(D) 7.0H(T)  7.0H(I)
102,y = 2,82 2,82 2,90 2.87 2,89
Eluent = a b Cq e Ca
Sample No, P = P, = P, = P, = P, =
. 2, 3. k, 5, 6.
Ve Vo - - - - - -
1 - - 2k, 27 . 58.32 ok, 13
2 - - 6, 13 . 3, 54 4, 02
3 - - L, 12 3.88 1,81
1 - - 2,34 2, 03 R, D:
5 - - 2,10 0,73
6 - - R, D, R. D,
7 - 0, 22
8 - 0.53
9 / - 1,15
10 - 1,97
11 - 3,00 .
12 - 3.90

G A At G W S A e ) W T ) o OV T p WP WAL el M GKD GET AR W1 WE NS B Wb W WSS WA WS R wgn S wed OB WEE TN W AKD T sl W A RS RS el T A W aem kW

( Continued on next page )



Table 8,1 b (Continued)

1, 2, 3. L 5 é.
13 - L, 50
1k - 5,20
15 - 5. 61
16 - 5 85
17 - 5.98
18 - 6, 10
19 - 5.80
20 - 5, 10
21 R, D, 5. 08
22 k.99
23 4,08
2k L, 60
25 L, 31
26 R, D,

30
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Table 8,1 ¢

Column elution data of coumarins

Compound =  6,7-diMe0- 7,8-diMe0(I) 8-0H(I) .8.0H(I)
hMe( D
102,y = 2,70 2,77 2.75 2,81
Eluent = a a b c
Sample No, Pw = ~ Pv = P, = Pw =
Ve Vo - - - -
1 - - - 70, 21
22 8. 57 3. 20 - 2k, 60
3 15, 60 . 11, 16 - 2,95
L 1Y, 00 16,90 1,03 19l
5 11,00 15.95 - 3. 07 R, D,
6 9. 35 12,70 5, 60
7 7.80 9.75 7.32
8 7. 00 7. 50 8.43
9 6. 25 6. 00 8,90
10 5, 45 &, 30 8. 80
11 %, 69 . 3.50 8,00
12 3.90 2, 50 7.23
13 3.12 2,25 6. 14
1y R. D, R, D, 5. 27
15 . 56
16 L, 03
17 ' 3. 00

18 - R, D,
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Table 8.1 4

Column elution data of coumarins,

Compound =  6,7-di0H.k-Me(-1) 6,78di0H..lk.Me(T) 7,8-d1i0H. 7,8.di0H-
. y LMa( D LoMe(D
0 .w = 2,87 2.90 2.85 2,85
Bluent = b e b c
Sample Wo, By = Rv = Rw = PM =
Ve Ve - - - -
1 - Wl 6L - 43,9k
2 - ‘ k2,78 - 49, 40
3 ' 9. 19 - 5. 36
4 - 3, 10 - 1. 3%
5 - 0,12 - R, D,
6 - R. D, -
7 - -
8 - -
9 - -
10 - -
11 - -
12 - -
13 - -
1L - -
15 - -
16 - 3
17 - -
18 - ' 21,
19 R, D,

o
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Table 8,2

[nens

Senaration of some mixtures of coumarins,

.

Mixture First - Bgeond Third First After After elution
Yo, componant componant componsnt  component elution of of second
) eluted ~ first . component,
with component , third component
second ) eluted with
componant
- eluted with
1, 2. ) 3. f.o m.o @- 7
1, Components = 7-Me(I) + 8.0H(D - a c -
2 .
10 ,w = 145 Lkl
2, Components = 7-Me(I) +  7,8-di0H-kMe(D) . as c -
2
10 .w = 148 Lh2
3. Components = 6,%-diMe0<0. 8-0H( T) - a e -
L-Me( D) )
2 o
10, w = Lh3 L4 ,

L O A 5D S AT GG ATY A W W SR AP TIR PR DA WU NUR K a KO A GO B N A B0 B GO e S s KN A6 SO LA LUR R S T R PP RO b el B0 A e PTR D ) S 4D RUR KT WA U0 WM SOB BEE BID O BAD FWR MR SR SR SOV KU Sal PR SN PR SN S Reh KEE SR SS S0 M WD AR SED SAF DI SRS RN AP RaY P06 WL AME BN WU AR U KN W 4 TR
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Table 8,2 (Continued)

n——— O o o o SAAAG

H- p. w- N~..
%, Components = 6,7-d1iMeld~ + 7,8.410H . -
L.Me( T) hMe( D)
N - ’ -
107, w = 1L,43 1,42
5 Components = 8.0H(I) + 7,8-di0H. . -
LMe( I)
10°, = 140 1, 42

i

6. Components 7-Me( D + 8-0H(D + 7,8-di0H.
YMe( D)

107, w = 0,872 0,838 1, 14

7. Components = 6,7mdile0. + 7-0H(I) 4 6,7-.di0H.
YoMe( ) Y Me( I)

10 ,w

it

0.872 0,845 1,13




ReDe = run discontinued.

a = 10 7 methanol (prepared by diluting 100 ml. of
meéhanol to one litre with distilled water).

b = N/lQ HC1 in 10 % methanol.

e = N/100 HC1l in methanol.

e, = metﬁanol.

e, = 1 N HCL in methanol.

Resgults and discugsgion @
Table 8.1 gives the column elution data for coumarin

and the substituted coumarins studied. From these data, it is
observed that the compounds studied may be broadly divided
into three groups ngroup A includes coumarin, 34Me(I),‘
7 Me(I), 3,h-diMe(I), 6,7 -diMe0-4-Me(I) and 7,8-diMe0(I);
group B 1nclud§g 7-0H(I) and 8—OH(I)‘and group ¢ includes
6,7 -410H-4-Me(I) and 7,8-al0H-U-Me(I). It s observed that
group A compouhds are eluted with 10 % methamol, group B
compounds are not eluted with 10 # methanol but are slowly
eluted with N/10 HC1 in 10 % methanol and also eluted with
N/100 HC1 in methanol and group C compounds are not eluted ’
with 10 Z methanol or with N/lO-HCl in 10 % methanol but are
eluted with N/100 HCL in methanol. Hence it should be possible
to separate the binary and ternary nmixtures containing not
more than one'compound from each groupe.

Table 8.2 gives the binary and ternary mixfures
which were st&died to illustrate the validity of this

procedure.
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