
D~~smdPigmrms3(1982) 317-324 

DISPERSE DYES DERIVED BY THE CONDENSATION OF 
H~M~PH-I-HALIMIDES _~ND ~-PY-RIDONES WITH 

NAPI-ITHOSTYRIL AND ISATIN 

N. R. AYYANCAR. R. J. L.~HOTI and S. R. Onv 

National Chemical Laboratory. Pune 411008, hdia 

(Received: 17 November, 1981) 

SUMMARY 

Naphthostyril(1) and isatin (2) were condensed with N-substituted homophthalimides 

(4) in rhe presence of phosphorus oxychloride to give violet to bluish violet disperse 

dyes (5) and (7’), which could be applied to polyesterjibre. Similarly viokt disperse 

dyes were obtained by the condensation ofN-substituted 2-pyridones with isatin in the 

presence of phosphorus oxychioride. The spectroscopic properties in relation to the 

structural features of the dyes are dkcussed. 

1. INTRODUCTION 

Several patents describe cationic and disperse dyes derived from 1,8-naphtho- 
lactam, better known as naphthostyril (1). * -’ It is generally converted into the 
8chloro derivative (3) by reacting with phosphorus oxychloride and then con- 
densing with primary arylamines, compounds containing a reactive methylene 
group or other similar suitable intermediates. Thus reddish yellow dyes are 
obtained by the condensation of (3) with 2-aminobenzothiazole or benzoxazole-2- 
acetamide.5*7 Its condensation with Gmethoxythioindoxyl results in a red dye8 
and with 2cyano4nitroaniline it yields a brilliant yellow dye.2 The condensation 
product of (1) with ethyl 5-pyrazolone-3carboxylate has been. reported in the 
Co/our Index as C.I. Disperse Red 196 (C.I.48310). It has good fastness properties. 
We have previously reported the synthesis of disperse dyes by the condensation of 
(1) with N-substituted 2-pyridone derivatives9 to give reddish violet dyeings on 
polyester fibre. The shades were comparable with the one produced by using a 1: 1 
mixture of Resolin Red Violet FBL and Resolin Violet RL (C-1. Disperse Violets 31 
and 28 respectively). 
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We now wish to report the synthesis of violet to bluish violet disperse dyes (5a-k) 

by the condensation of (1) with homophthalimide derivatives (4) in the presence of 
phosphorus oxychloride in refluxing benzene. Similar condensations of isatin (2) 
with homophthalimides (4c,e,f,i) and 2-pyridones (9a,b) yielded violet disperse dyes 
(7’c,e,f,i) and (lO’a,b). 

2. RESULTS AND DISCUSSION 

The use of N-substituted homophthalimides (4) as coupling components for the 
preparation of azo disperse dyes has been reported in the patent literature.‘“-‘4 All 
such azo disperse dyes have yellow to orange hues. It is interesting to note that the 
disperse dyes obtained by the condensation of the N-substituted homophthalimides 
(4) or 2-pyridones (9) with naphthostyril(1) or isatin (2) have violet to bluish violet 
shades. The sublimation fastness of the dyes on polyester is given in Table 1. It 
can be seen that the substituents on the nitrogen of the homophthalimide moiety 
greatly influence the sublimation fastness properties. In general, the dyes show poor 
lightfastness (1 to 2) on polyester fibre. 

The p.m.r. spectrum of (Sa) in CDCl, shows multiplets in the region b 6.8-S-2 
(IOH, aromatic protons, a quartet centred at 4-2 (2H, CH,CH,) and a triplet at 
l-33 (3H, CH,CII,). The DzO exchangeable hydroxyl proton appears as a broad 

TABLE I 
ELECTRONIC SPECTRA AN,, SUBLIMATION FASTNESS PROPERTIES ON 

POLYESTER OF (5&k). (7’C,e,f.i) AND (IO'a,b) 

DJe Electronic spectra Sublimation Hue on 
in DMF fasrness on polyester 

p0fJWer 
L.3, c 
(nm) 

5s 525 24600 
5b 530 21950 
SC 530 19540 
sd 530 13990 

z 530 525 23330 21990 
5fz 525 24030 
Sh 525 23360 
5i 525 I6240 
zi 530 525 234.40 19480 

7’c 535 5040 
7’e 530 5436 
‘7’i 535 7330 
?‘i 530 6307 
10’a 565 8615 

‘fO’b 565 8615 

& 

5 
2 

2-3 
3: 
2-3 

5 
4-5 2-3 

2-3 
34 
3-I. 
2-3 
2-3 
2-3 

Violet 
Violet 
Violet 
Violet 

Violet Violet 
Violet 
Violet 
Violet 
Violet Violet 

Violet 
Violet 
Violet 
Violet 

Bluish violet 
Bluish violet 
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singlet at 11-86 ppm. The p.m.r spectra of the dyes (S-k) in CDCl, follow a similar 
pattern to that of (5a) in the aromatic region. 

The mass spectra of the dyes (S-k). show strong molecular ions and their 
fragmentation patterns have similar characteristics. For example, in the mass 
spectrum of (Sb). the molecular ion at m/e 368 is quite prominent. Loss of methy; 
and successive losses of methylene moieties from the molecular ion are indicated 
at nrje 353. 339. 325 and 311. Total loss of NCH,CH,CH2CH, results in the 
fragment 296. The fragments at 269 and 241 are due to the successive losses of two 
c=o groups. 

The i.r. spectrum of (5a) in carbon tetrachloride shows a chelated hydroxyl group 
at 3255cm-‘: the carbonyl group appears at 1665 cm - ’ _ The hydroxyl absorption 
is not shifted at various dilutions and hence strong intramolecular hydrogen 
bonding is indicated_ The dye (5d) shows a CN group at 2250cm- I. The ix. spectra 
of other dyes (5b-k) had similar characteristics. 

The p.m.r. spectra of the dyes (7’c,e,f.i) in CDCl, were similar to those of (5-k) 
and account for the isatin moiety in place of the naphthostyrii unit. The p.m.r. 
spectrum of the condensation product (10’a) obtained from isatin and N-methyl-2- 
pyridone (9a) in arsenic trichloride showed a two-proton multiplet at 7.57-7.94. 
which can be assigned to the C, and C7 protons. Another two-proton multiplet at 
7.3-7-5 can be assigned to the C, and C, protons. The N-methyl and C-methyl 
groups are seen at 3-34 and 2-7 respectively. The hydroxyl proton, exchangeable in 
D,O. was observed at 10.58 (in DMSO). The i.r. spectrum of (7’f) shows chelated 
hydroxyl absorption as a broad peak at about 3350cm-‘. The absorptions at 1700 
and 1660 cm - ’ are due to isatin carbonyl and homophthalimide carbonyl groups. 
The dye ( 10’a) shows chelated hydroxyl at 3 125 and isatin and pyridone carbonyls 
at 1740 and 1650 cm - ’ respectively. In the mass spectrum both (7’~) and (1O’a) 
show the molecular ions as base peaks at m/e 352 and 293 respectively; their 
fragmentation patterns are as expected_ 

The absorption maxima and the intensity of absorption of all the dyes (5a-k), 
(7’c.e.f,i) and (1O’a.b) in their electronic spectra are given in Table 1. The dyes 
obtained by the condensation of naphthostyril with 2-pyridones generally showed 

j-,,, at 5 10 nm with E in the range of 7467 to S545 as reported by us earliersg The dyes 
obtained by the condensation of naphthostyril with homophthaiimides showed a 
distinct bathochromic effect with i.,,, ranging from 525 to 535 nm, and a more than 
two-fold increase in the intensity of absorption. The dyes (7’c,e,f,i), although 
showing i.,,,, in the range 530-535 nm, had a lower intensity of absorption_ The dyes 

(lO’a,b) showed a further bathochromic shift to 565 nm with E values of 8615. The 
alkyl or aryl substituents on nitrogen in the homophthalimides or 2-pyridones had 
very little effect on the absorption maxima. 

It can be seen that the dyes obtained by the condensation of naphthostyril(1) with 
homophthalimides (4) have two possible tautomeric forms (5) and (6). However, the 
spectral studies as discussed above favour (5). Similarly the dyes from isatin and 
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homophthalimides can be indicated as (7), (7’) and (8). The major contributions 
of (7’) are indicated on the basis of spectral data. The isatin and 2-pyridone 
condensation products can be represented by (IO’) as a preferred structure_ The 
alternative forms are (10) and (II). 

3. EXPERIMENTAL 

All melting points are uncorrected and are in “C. Visible spectra in DMF solutions 
were recorded on a UV-VIS 44069 spectrophotometer. Infrared spectra were 
recorded on a Perkin-Elmer 221 spectrophotometer (v,, in cm -I). The p.m.r. 
spectra were recorded on a Varian T-60 spectrophotometer and the chemical shifts 
are cited on a S (ppm) scale using TMS as internal reference_ The mass spectra were 
obtained on a CEC21-I IOB mass spectrometer at minimum source temperature. 

3.1 _ 8-[4’-(N-Eth~~l~~ornophrhalir7lido))-le~~e (Sa) 
Naphthostyril (O-01 mol; 1.93 g), N-ethyl homophthalimide (O-01 mol; l-89g) 

and phosphorus oxychloride (3 ml) were refluxed under stirring in benzene (25 ml) 
for 5 h. The benzene was then distilled off and the sticky product was poured 
on ice-water. The separated solid was filtered, collected and recrystallized from 
toluene to give (5a) as red needles (2.3 g; 68 “,/,). m-p. 190” (dec). Analysis: Found 
(y;): C, 77.2; H, 4-9; N, 7-8. Calculated for C,,H,,N20,: C, 77-6; H, 4-7: 
N, S-2. 

The synthesis of other dyes were carried out similarly by using the typical 
procedure described above. 

3.2. S-[-l’-(N-t~-Btitylhor7l0pht~~afi~~idoj~-Z-aza-acenaphthene (5b) 
Crystallized from toluene in brown platelets (2-57 g; 70 %), m-p. 140°. Analysis: 

Found (T/A): C, 78-5; H, 5-2; N, 7-4. Calculated for C,,H,,NzO,: C, 78-3; 
H, 5-4; N, 7-6. 

3.3. 8-[4’-(N-8-Chloroethylho,nophrhalimido)l-I-aza-acenaphtilene (5c) 
Crystallized from toluene in violet amorphous powder (2-7 g; 72 %), m.p. 187 o 

(dec). Analysis: Found (%): C, 70-18: H, 4-33; N, 7-98; Cl, 9-8. Calculated for 

C21HISC1NIOZ: C, 70.85; H, 4.4; N, 7.5; Cl, 9-5. 

3.4. 8-[4’-(N-~-Cyanoet~ylhomophthalimido)]-I-aza-acenaphthene (5d) 
Crystallized from toluene in violet powder (2.5 g; 68 %), m-p. 198 O. Analysis: 

Found (%): C, 75-3; H, 4-33; N, 10-87. Calculated for C,,H,,N,Oz: C, 75-6; 
H, 4.1; N, 11.5. 
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3.5. 8-[4’-(N-C_vclohe_Kyf/zomophrhalimido)]-I-a=a-acenaphthene (Se) 

Crystallized from toluene in violet plates with greenish lustre (2-6 g; 66%). 
m.p. 226”(dcc). Analysis: Found ( %): C. 79-22: H, S-86: N, 7-l. Calculated for 
C,,H,,N202: C, 79.20; H. 5.88: N. 6-73. 

3.6. 8-[4’-~-Phen.~.ll~on~opllrhalinrido)]-I-a;a-ace,~aphrhetle (50 
Crystallized from toluene in violet plates (2-7 g; 69 7,;). m-p. 245”. Analysis: 

Found (“/A): C, 80.5: H, 4-4: N, 7-35. Calculated for CZ6HlgN202: C, 80-4: 
H, 4-1 : N, 7-2. 

3.7. 8-[4’_iN-p-Tol~ll~or~rophrha/irnido)]-~-a~a-acer~aphrl~ene (Sg) 

Crystallized from toluene in violet amorphous powder (2.7 g; 68 %). m-p. 205 O. 
Analysis: Found (v<): C, 80.2: H. 4.6: N. 7-3. Calculated for C,,H,sN,O,: C, 79-7: 
H. 4-6: N. 7.2. 

3.S. S-[4’-(N-p-Anis~~Iho~~~opl~~lralirl~ido)]-I-a~a-acertaph~her~e (Sh) 
Crystahized from toiuene in violet plates (2.9 g: 70 5’,), m.p. 286 o (dec). Analysis: 

Found (7;): C, 77.9: H, 4-6; N. 7.0. Calculated for C,,H,,N?O,: C, 77.5: 
H. 4-3: N. 6-7. 

3.9. S-E4’-(N-3”-rt~erho_~y-4”-nlefj~_~[l~ot~~op~~~~~a~it~~ido)]- I-aza-acenaphlhene (5) 
Crystallized from toluene in violet needles with greenish lustre (2.8g; 65 %), 

m.p. 235”. Analysis: Found (7;): C, 77.3; H, 5-I ; N, 6-25. Calculated for 
C2,H,,N,0J: C. 77-S: H. 4.6: N, 6-5. 

3.10. S-[4’-(N-p-Chlorophenyfhonzophthalimido)]- I-aza-acerzaphrlzene (Sj) 
Crystallized from toluene in violet needles with greenish lustre (3.Og; 70%), 

m.p.267”. Analysis: Found (%): C, 73-S: H. 3-8: Cl. 8-6; N. 6-5. Calculated for 
C,,H,,CIN,OI: C, 73-4: H, 3.85; Cl. S-04; N. 6-2. 

3.11. 8-[J’-(N-p-Nifrophe~zyihonzophIthalinzido)]- I-aza-acenaphrhene (Sk) 
Obtained from toluene’as a brown amorphous powder (2-S g; 65 %), m-p. 290” 

(dec). Analysis: Found (%): C, 72-3: H, 3-8; N, 9-3. Calculated for C,,H,,N,O,: 
C. 72.07; H, 3-7: N. 9-2. 

3.12. 4’-(N-#I-Chloroethylhomopht/lalimido)-2-indoie indigo (7’~) 

Obtained from toluene as a violet amorphous powder (2-5 g; 70 %), m.p. 240” 
(dec). Analysis: Found (YJ: C, 64-4; H, 3-4; Cl, 9-5; N, 7-8. Calculated for 
C,9H,,ClN,0,: C, 64-8; H, 3-7; Cl, 10-O; N, 8-O. 
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3.13. 4’-(N-Cyclohexylhomophthalimido)-2-indole indigo (7’e) 
Obtained from toluene as a violet amorphous powder (2.45 g; 66 %); m-p. 249” 

(dec). Analysis: Found (%): C, 74-4; H, 5.0; N, 7-2. Calcuidtd for C,,H,,N,O,: 
C, 74.2; H, 5.4; ‘N, 7-5. 

3.14. I’-(N-Phenylhomophthalimido)-2-indole indigo (7’f) 
Obtained from toluene as a violet amorphous powder (2-S g; 67 %), m-p. 224”. 

Analysis: Found (%): C, 75-2; H, 3-9; N. 7.6. Calculated for CZ3HliN203: 
C, 75-4; H, 3-S; N, 7-68. 

3.15. 4’-(N-3”-Metho_~yi-4”-n~et~~~~~p~~eny[~~omop~~tha~in~ido)-2-indole indigo (75) 
Crystallized from toluene in violet needles (2-S g; 69 “/, m-p. 267 o (dec). Analysis: 

Found (%): C, 73-02; H, 4.8; N, 6.4. Calculated for C,,H18N104: C, 73-2; 
HI 4-4; N, 6-8. 

3.16. 2-Zndolo-[S’-(3’-c_vano-Z’,4’-dimethyC-6’-hydro_~ypyrid-~-o~e)]indigo (10’a) 
Isatin (l-47 g; O-01 mol), pyridone (9a) (1.64g; 0.01 mol) and phosphorus oxy- 

chloride (3 ml) were heated in chlorobenzene (50 ml) under stirring at 140 “C for 5 h. 
The chlorobenzene was distilled off and the residue was treated with ice water. The 
separated product was filtered and recrystallized from o-dichlorobenzene in violet 
needles (2.1 g; SO “/,$ m-p. 252”. Analysis: Found (“A: C, 61.02; H, 4-28; N, 15-5. 
Calculated for ClgH11N303: C, 61-57; H, 4-18; N, 15.97. 

3.17. 2-ZndoIo-[5’-(3’-cyano-Z’-o-tolyl-4’-methyI-6’-i~ydro~ypyrid-~-one)]indigo (1O’b) 
Prepared as in the case of section 3.16 and recrystallized from o-dichlorobenzene 

in violet needles (2-88 g; 70 %), m.p. 293”. Analysis: Found (?A): C, 71-I ; H, 4-2; 
N, 1 l-6. Calculated for CZ2H15N303: C, 71.55; H, 4.06; N, 1 I-39. 
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