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Merocyaa.ines Derived from Substituted 4-Hydroxycoumarias. 
Part D. Determination of Relative Addity 

P. C. Ratb, B. K. Sabat&, and M. lt. Rout 

The relative a.cidity or dift"erent 4-hydroxycoumoriDII has boon determined by two met.hodll: (i) by 
extemion or tho appliCBtion of Fol"l!f.er'a rule to tho abllorption data of p-dialkylaminobenzylidOno duriva.tivllll 
of different 4-hydroxyooumariDll onrl their oza onalogueA, (ii) by the application of Brooker's deviation 
f~~oCtor. For evaluation by tho aecond method, tho a.baorption da.ta. of oxonola of diJferent 4-hydrozy. 
couma.riDII have been collected. 

In the present communication, 4·hydroxycoumo.rins derived from phenol, resorcinol, 
and o<- and ,9-no.phthols have been pTcpo.rcd and their relative acidity has been 
determined by a method involving the applica.tion of Forster's rule 1 and o.lso by appli
cation of Brooker's deviation fa.ctor11 

In the met.hod involving Forster's absorption rule, absorption data of p-dialkyl
aminobenzylidene derivatives and the corresponding azo. analogues of .:1-hydroxycoumarins 
have been considered. The dio.lkyla.minobenzylidene derivatives and their aza analogues 
have the general structllJ"e, shown below: 

~ .. C=O 

(AI <-> \ .. C=X- == -NMe. 

(a) 

e 
.··C-0 
iAH ffi -\ .. e-x-< =>-NMea 

(b) 
(I: X=CH and X=N) 

The nucleus A, which is the acidic one, has been varied and different acidic nuclei used 
are chroma.n-2,4-dione, 7-hydroxychromo.n-2,4-dione, 6,6-benzochroman-2,4-clione, and 7,8-
benzochroma.n-2.4-dione. These compounds were prepared by condensing the correspon· 
ding chroman-2,4-diones with dimethylaminobenzaldehyde (X=CH) and with p-nitroso
dimethylaniline (X=N). 

m e 
In these compounds, the most likely excited stTucture involve -X· and not -X-

and the replacement of X=CH by X-N results in a bathochromic shift. This was expec· 
ted on the basis of Forster's rule, which states that the absorption maximum will increase 
with the decreasing tendency of the characteristic charge being retained in the chromopho-

E!) 
ric chain. In the above case, the positive charge in ·N- will be retained rela.tively with 

m 
greater difficulty th.a.n the positive change in -CH-. Hence the aza analogues (X=N) 

I. z. BZeilrodlem., 1939, 46, 548. 
2. J. Amer. Cllem. Soc., 1951, 73, J55S2. 
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arc cxpectccl to abKorb at a. higher wave length than the corresponding did.lkyla.minostyryl 
dyes (X=CH). 

The signiftca.ncc of structure (h) will increase with increasing acidity, i.e. electron
attracting property of the nul'lcu11 A, so tlm.t a lo.rp;er hathuchromic shift wil] be observed 
in a compound derived from a more o.cidic nucleus. 

Nudccz~ A. 

I Chromo.n-2,4-dione 
2 7.Hyolrnxyl'hrnmo.n-~.4-di•onl' 

3 5,6-Jtl'nzol("hrumnn-2,4-•liun•· 
4 7 ,1'1-UPn:lluchrnmrm-2,4-diun•• 

•Virlr st rul'tUre (1). 

TABLE I 

.\hurptinn ro:,ximn. (m!J.). 
X = .Cll. X = N. 

aoa MH 
~~fl:i r.-1:1 
!j)fl ,j.J(I 

Iiiii ~,.Ill 

~ h i f t (m fL)-
EI[pOetod. Obi. 

Bathochromic 35 
38 
30 
30 

The <lata in th(" abo\"C' tahlt· Rhow I hnt the lmthuc~hromic Hhifts for the replacement 
of =CH- hy = N- fur the dialk~-lllminolM·nz~·licl<·n<! derivatives a.nd the corresponding 
a.za. o.nalogues of chromon-:2.4-clionr. 7-hydroxychronum-2,4-dione, 5,€-benzochroman-
2, 4-dionc, anrl 7, H· bf'nZO('hrnmll.n-~A-dion(' are :J!i. :ll-1, ao, ancl 30m!L respectively. 
Hence the relative acidity i~ in thl· follow in).!; urclcr : i),fi- an<l 7 ,8· benzochroman-2,4cdione 
> chromo.n-2,4 -dionc > 7 -hydroxychroman-2,4-dionc. 

The relative acidity of the corresponding chroman-2,4-diones has also been c-.a.luated 
with the help of''Deviation factor''. Brooker• has postula.ted that in a. seriesofmerocya· 
nines containing the same basic nucleus, the deviation will be highest for the least acidia 
nucleus and as the acidity is increased, the deviation is correspondingly decreased. Devia
tion is considered as the difference between the absorption maximum of the corresponding 
symmetrical cyanine and axonal. Deviation is calculo.ted as illustrated here by taking 
the case of the merocya.nines (IV) derived from 2-methylbenzothiazole and the acidio 
nucleus, 7-hydroxychroma.n-2,4-diane. The absorption maximum of the symmetrical 
trimethin cyanine derived from 2-methylbenzothiazole (II) is 565 miL and that of the 
monomethin oxonol derived from 4,7-dihydrnxycoumarin (Ill) is 450 m!J.. The dimethin 
merocyanine (IV}, composed of both the nuclei, however, absorbs at 4:90 ID!J.- Deviation is 
therefore 17.5 IDIL-

~ S'\A 
~=CH-CH=< II· I 
I I! I N/V 

Ho/V'((~o ~e 
(IV) 
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Table II showR t.ho.t the deviation of merocyo.nincR derived from 2-mcthylbenzothia.
zole and different 4-hydroxycnumarins dcrivccl from phenol, resorcinol, and o<- a.nd ,!!-naph
thols are 7 .5, 17 .5, 0.5, and :!.5 IDfL rc11pec.tivcly, indicating the following order of relative 
acidity; 5,6- and 7,8-benzochroman-2,4-diones > chroman-2,4-dione > 7-hydroxy
chromnn-2,4-dionc. 

Nurl"tiH n 
(-2,4-diollOR). 

Chromn.n-

'1- Hyd roxych roma.n-

5,6-Denzut'lu..,man-

'1,8-Benzochrom&ll· 

Ch.rnma.n-
7-Hv•lroxvchmm&n-
6,6-Bcnz.<~hToma.n-
7,8-llenzochroma.n 

Ch.roma.n-
7- Hyd roxychroma.n
fi,8-Benzoehwma.n-
7,8-BcoJUochroma.n-

TAni,B II 

Deviation of merocyanines. 

(-N.CH5 O:::::C B) 
A I I 
-C =(CH-Cll=)nC-C 

II 
0 

"· Ab~orption m & -.: i mo.. 
Symm. fiymm. !\{1! rucyu.ni.Qe . 

oxunol. cya.ninc. 

NudeUII A - Bonzothiazole. 

1 431lmtJ. 565 miL 4!)~mJA. 
2 ll20 660 68i 
3 622 760 670 

1 4r>4J 565 490 
2 li!ill 660 !iR4 
3 6150 760 680 

1 430 565 ~;) 

2 5-40 660 600 
3 6-&0 780 887 

1 MO 585 502 
2 539 660 800 
3 834 780 884 

Nucleus A= Ben:~;ox&zole. 

3 622 880 627 
3 6li0 880 62-& 
3 640 680 646 
3 634 680 845 

Nucleus A= Quino linc-2. 

2 1129 710 592 
2 lll\0 710 597 
2 !i40 710 802 
2 53!) '110 598 

Amu Deviation· 
(ca.Jc.). 

497.6 mtJ. 
694.5 

7.5 miL 
10.5 

691.0 21.0 

r.o7.5 17.5 
60:5.0 2ii.O 
7ro.o 23.0 

"-97 .5 2.5 
800.0 0.0 
700.0 13.0 

502.5 0.6 
599.5 -0.5 
89'1.0 13.0 

6!il.O 2-l.O 
885.0 41.0 
884l.O 1-l.O 
857.4 1:2.0 

819.5 27.5 
630.0 33.(1 
6::!5.0 23.0 
8::!-1.5 2R.5 

The same conclusions are also arrived at by considering the absorption of merodi
carbo (n=2) and merotricarbo (n=3) eyanincs de.rived from 2-mcthylbenzothiazole as 
t.he fixed basic nucleus and varying acidic nuclei like chroman-2,4-dione, 7-hydroxychro
man-2,4-dione, 5,6-benzo- and 7,8-bcnzo-chromo.n-2,4-diones. 

The absorption do.ta. of oxonols arc necessary for calculating the deviation. The 
mono-, tri-, and penta-methin oxonols were prepared by reaction with ethyl orthoforma.tc. 
,9-anilinoacrolein-anil hydrochloride, and ghttaconic aldehyde dianilide hydrochloride 
respectively. Their preparations are described in the Experimental. The experimental 
procedure for preparations of the Jnerocyaniues, deviations of which are considered, 
hu been described in Part 13 • 

3. This ioue, p. 797. 
2 
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J<~XPERDIENTAJ, 

Bi~r-[:l-(5,6-bP.nzochroman-2,4-dione)] metllin Oxonol.-5,6-Bcnzochroman-2,4-dione 
(0.48 g., 2.i11) ami tricthyl orthoformntc (O.l5g., JM) were boiled for 3 min. in acetic 
anhydride (5 ml) in prcrtence of triethylamine (t clrops). After removal of excess ofthe 
solvent, addition of ether sepa.ro.tl'd the desired product. Rolid, thus obtained, was washed 
with ethanol and finally rccryRtu.lli:-.ed from tho same solvent, m.p. 204° (decoinp.), 
yield 46%. (Fonncl: C, i:J.!Jii; H. :UO. ('27H 140 6 requires C, 74.64; H, 3.22%)-

Bis- [:J-(5,6-benzoch.roman -2,4--dione)] trimethin Ozonol.- 5,G-Bcnzochroman-,2,4-di
ono (OAR g., 2Jf) and fJ-nnilinoucrolein-a.nil hydrochlorjrle (0.26 g., ))If) were refluxed in 
acetic anhydride (5 ml) in pr(·~nco of triethyla.mino (4 drop:-.) for 6min. After removal of 
excess of snJvent., the dcl'lirt~d }lrotluct scpnro.tl.'tl on au\ditinn of ether. It was washed with 
"·atcr, foJJowcd by C't-hanol, nml finally l'rystalliHctl from ct.hanul; m.p. above 3CO~, yield 
51%- (Found: C, 7-l..H~; H, :J.~t4- (!29 H ,.-,06 require~:~ 0, i5.3i; II. 3.47%). 

TAHU: Ill 

A}(_~ a o,~A 

/1,Ji0=CH<---cH=CH>.-Ul.~ ~ 
II I A h I II 
v e v 

'-
Nu('leus A Nucleus A 

N11cloua A "· l\l.P. %Yield. Am ... Found. Reqd. 
(-.2,4-diones). 

C:hruman- 178"(d) 44 5:!9 Dl!£ c : OS.M% 70.00% 
H 3.12 3.33 

2 146" 68 622 c : 70.86 71.40 
H : 3.38 3.82 

5,~-Ben-z.ooh mm&n- 0 20-l"(d) 48 430 c : 73.96 7!.&1 
H : 3.10 3.!2 

1 >300'" 51 fi40 c : 7..i.88 75.31 
H 3.28 3.47 

2 > 300° 40 640 c 75.89 7U4 
H 3.32 3.69 

7,8-Benzochromao- >305° 54 li39 c 76.21 75.11 
H 3.31 3.4'1 

2 276"(d) 58 634 c 75.89 76.24: 
H 3.44 3.69 

7-lfydroxy"hromo.n. 0 98" 47 4.50 c 61.79 62.18 

H 2.66 2.73 
1 161" 52 650 c : 62.88 84.26 

H 2.7-' 3.05. 

~ 2JU" 58 6;)U c 64.69 86.81 

H 3.06 3.34 
N.B.--d denotes decomposition· 

JJis-[3-(5,6-ben.zochroman-2,4.-dione)] pe.ntametMn Oxonol.-5,6-Benzochroman-2,4-
dionc (0 .6 g.) a.nd glutaconic o.ldehyde dianilide hydrochloride (0.3 g.) were heated together 
with triethylamine (0.2ml) in acetic a.nhydrjde (8 ml) for 6 min. Excess of the solvent was 
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removed and etlulr was o.dded when the de11ired product separated. It was filtered, wAShed 
with water, followed by diluto ethanol, and finaJly crystallised from ethanol; m.p. above 
300°, yield 49%. (Found: C, 75.89; H, 3.32. C, 1H 180 6 requires C, 76.24; H, 3.60%). 

The analytical data of all the above compounds and their related derivath•es ar~ 
rt>cnrded in Table III. 

3-p- Dimetll.ylaminobenzylidene-7- kydrOXtJChroman-2,4 -di011e. - 4,7-Dihydroxycou
marin (0.1 B g .. 1 ..:lf) o.nd p•dimethylaminobenzaldchyde (0.15 g., IM) were heated in acetic 
anhydride (6 ml) for 10 min. in presence of sodium acetate (0.2 g.). Excess of the solvent 
was removed under reduced pressure and chilled when crystals o.ppeo.red. l'he solid, 
thus obtained, wo.s filtt•red, washed with water, and finally recrysto.Uised from ethanol; 
m.p. 198°, yield 70%- (~,ound: C, 69.50; H, 4.84. C.8H.60 4N requires C, 69.64; H, 
5.14%)-

Aza A:nalngue nf 3-p-Dimethylaminobenzylidene-7-kydro:rychroman-2,4-diO'II.e.--4,7-
Dihydroxycoumarin(O.l Sg., l.AI) and p-nitrosoc:limethylanilinc (0.15 g., 1M) were heated in 
al·l•tic anhydride (fi ml) on a. sand hath for ·:f.5 min. The solvent wo.s removed under 
reduC'cd pressure and the rosultiug gum was wo.Hhed several times with HCI (dil.). The 
cl)·c, thus obtained. was crystn.Hh~cd from ethanol; yield 68%, m.p. 92". (Found: C, 65.11; 
H, 4.95; N, t4.86. C.7H 160 4Nm requires C, 65.:J4; H, 4.82; N, 8.99%)-

Thc analytical data of o.ll the above compounds arc recorded in Tables IV and V. 

TABLE IV 

0 
H R 

A/'-.=CH-< -)-N( 
I ,, /_ =- R 
V'-/-o 

0 
~....I 

Nudcus A 

NncleW! A. Nature lf.P. %Yiel.l. ~--
Found. Reqd. 

t.f It. 

1\io 200° 60 500m!L c : 73.14% 73.52% 

H : 4.86 5.12 
ehroma.n-2,4-diono 

EL 168"(d) 54: 007 0 : 73.11 73.31i 

H: 5.58 5.90 
Gh.roman-2,4-dinno 

1\le 198" 70 505 c : 69.50 69.64 

H: 4.84 5.14 
7-HydrOltyehrnmo.n-2,4-dinno 

Et 246" 65 507 c : 70.89 71.14 

H : 4-.86 5.38 

235" 55 510 c : 77.48 77.80 
1\'lc 

H: 5.30 5.19 !i,G-Dcnznohromo.n-2,4-dinno 

.. 162° 45 iilO c : 78.88 79.09 
Et 

Ho 6.13 6.39 

199° 51 510 c : 77.5.2 77.80 
lle 

H: 4,89 5.19 7,8-Uenzochroman-2,4-dione 

167" 4D lilO c : 78.73 79.03 
F.t 

H: 8.16 6.39 
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TABLE V 

Xucleus A. )I.'P. %Yield. Amu· 

Chrfllnan-2,4-dionc 08"(d) GO 54,0 m 1L 

7-Hydrollychrumon-!!,4-(lione 

li,fi-Iknzochrumau-2,4-dionc ISR" 5A 540 

7,11-TienznchmmBn-2,4-diono 160" 53 540 

F!>Und. Reqd. 

c : 88.96% 89.29% 
H 4.81 4.74 
N 11.32 11.48 
c 65.11 8-i.:K 
H 4.96 4.!!2 
:r<c 8.88 8.99 
c 72.88 72.73 
H 5.24 6.21) 
N 7.89 8.08 
c 72.59 72.73 
H 4.92 6.20 
~ 7.89 B.l\8 
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