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ABSTRACT

Condensation of 4,5-dinitrochrysazin (DNCZ)} and 4.8-diaminoanthrarufin
{DAAR) with arylamines in the presence of bovic acid and phenol gives
8-hydroxy-14,5-tris- and  14,5.8-tetrakis-(arylamino Janthraquinones,
respectively. The dyes absorb in the near infrared at about 750-770 nm
and colour polycarbonate (PC) film in green hues of very good light
Jfasmess. It is proposed that the initial enol-ketone and amino—imino
tautomerism of DAAR facilitates the 1,4.5,8-tetrakis-arylamination.

1 INTRODUCTION

The condensation of DNCZ with excess arylamines in the presence
of boric acid and zinc powder to give 1,4,5,8-tetrakisarylamino-anthra-
quinones, which absorb in the near infrared at about 750770 nm, has
been reported.! 1,4,5-Trisarylamino-anthraquinones also result from
condensation of 4,5-bisarylamino-chrysazin with excess arylamines in the
presence of boric acid and phenol.? Low yields and the use of a heavy
metal (zinc) are the main disadvantages of these processes. Derivatives
of DAAR are some of the most industrially useful anthraquinone dyes
for synthetic polymer fibres.> Monoalkylation of DAAR (by iodo- and
bromo-alkanes) gives a range of blue dyes having excellent dyeing
properties and acceptable fastness properties on polyester;* bis-alkylation
results in dyes of a greener hue, but with poorer colouration properties.’

Reaction of 1,5-dimethoxy-4,8-diaminoanthraquinone with excess methyl-
amine gives 1,4,5,8-tetrakis-methylamino-anthraquinone.® Little data
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have been published on the reaction of DNCZ with arylamines in the
presence of boric acid and phenol and on the reaction of DAAR with
arylamines. The synthesis of a series of 1,4,5-trisarylamino-8-hydroxy-
anthraquinones (I) from DNCZ and a series of 1,4,5,8-tetrakis-
arylamino-anthraquinones (II) from DAAR is reported here, and possible
mechanisms for the reaction of DAAR with excess arylamine are
discussed.
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2 EXPERIMENTAL
2.1 1,4,5-Trisarylamino-8-hydroxyanthraquinones (I)

DNCZ (1 g) and o-toluidine (25 ml) were refluxed for about S h (until a
blue spot was apparent on TLC); a mixture of phenol (15 g), boric acid
(2 g) and o-toluidine (8 ml) was added portion-wise and refluxing was
continued for 35 h. The liquor was cooled to room temperature, then
poured into methanol (50 ml) and left to stand overnight. The crystalline
material which separated was filtered and washed with 10% hydrochloric
acid and then with water until the washings were neutral and colourless.
Recrystallization from 2-methoxyethanol gave 0-45 g (28%) 1,4,5-tris-
(2'-methylanilino)-8-hydroxyanthraquinone (I.1), m.p. 285°C.

Dyes 1.2-1.6 were synthesized by a similar procedure, as detailed in
Table 1.

2.2 1,4,5,8-Tetrakis-arylaminoanthraquinones (II)

The above procedure (Section 2.1) was repeated, except that DNCZ was
replaced by DAAR (1 g). Relevant data on yield and m.p. are given in
Table 1.

2.3 General

All dyes were homogeneous on TLC (Merck, silica gel 5748) and were

analytically pure; molecular weights and the absence of any higher
molecular weight impurities were confirmed by mass spectrometry.
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TABLE 1
Synthesis and Characterisation Data of Dyes I and I
Dye R Amount of arylamines Reaction m.p. Weight (g)
time (h) (°C) (vield)

1.2 3-CH, 35 ml, m-toluidine 43 235-237 0-55 (34%)
L3 2-OCH, 30 ml, o-anisidine 21 250-252 0-47 (27%)
L4 3-OCH, 35 ml, m-anisidine 29 255-257 0-71 (40%)
LS 4-n-C,H, 25 ml, p-(n-butyl)aniline 40 230-232 0-70 (35%)
L6 4-n-CgH;; 25 ml, p-(n-octyl)aniline 42 360-362 0-75 (30%)
L7 4-CH, 3 g, p-toluidine and 45 239-241 0-48 (30%)

20 ml, nitrobenzene
L8 H 30 ml, aniline 15 224-226 0-69 (42%)
L9 4-OC,H; 30 ml, p-phenetidine 18 262-264 0-78 (41%)
1.1 4-CH, 3 g, p-toluidine and 4 2310-312 1-40 (60%)**

25 ml, nitrobenzene
.2 3-CH, 30 ml, m-toluidine 40 340-342 1-44 (62%)
1.3 2-CH, 30 ml, o-toluidine 42 325-327 1-51 (66%)
4 4-n-C,H, 25 ml, n-butylaniline 22 above 360 2-00 (68%)
IL5 4-OCH,; 2-22 g, p-anisidine and 48 above 360 1:56 (61%)

25 ml, nitrobenzene
.6 2-OCH, 30 ml, o-anisidine 40 350-352 1-40 (65%)**
L7 4-n-CiH,; 35 ml, p-n-octylaniline 41 above 360 2-28 (60%)*¢

* Purified by preparative TLC.

7 15% V.1, 25% 1.7 and 60% IL1.
5 15% V.2, 20% 1.3 and 65% IL6.
 18% V.3, 22% 1.6 and 60% IL7.

Characterisation data were obtained by mass spectrometry (Hitachi
M-52), IR (Hitachi 260-50) and 'HNMR (Varian VXR-300) (Table 2).
Electronic spectra were recorded on a Shimadzu UV 240 from dye
solutions in chloroform and polycarbonate (PC) film (Table 3).

Dyeings on polycarbonate film and evaluations of the light fastness
were carried out as for related dyes in a previous investigation' (Table 3).

3 RESULTS AND DISCUSSION
3.1 Syntheses

Condensation of DNCZ with excess arylamine in the presence of phenol
and boric acid, under stringent conditions gave only 1,4,5-trisarylamino-
8-hydroxy-anthraquinones (I), a result consistent with the mechanism
previously noted.! Replacement of the amino groups in DAAR has usu-
ally been carried out using iodo- and bromo-alkanes (i.e. mono- and bis-



Y. C. Chao

194

CHD "H6 ™) 0680

‘C(*HD) ‘HOE ‘W) $97-1 “(*HD “H9 ‘W) 179-1

‘“HO—IV “‘H9 ‘W) 19T
‘(by pue 1y ‘H91 ‘W) [80-L-906-L

“(HN “HI ‘9) 8¢5 11 ‘(HN ‘HI ‘) OvL 11 (0=D} 0951 “CHD) 0¥8C C'HO- W) pEL
“NLH ‘HI 9) 1£0-Z1 ‘(HO ‘HI ‘S) 6£v6-€1 ‘CHD) 0062 ‘0£67 ‘(HN—IV) 0ZHE (D) ££8 UHEY-u-g 91
(*HD ‘H6 ‘W) £v6-0
CHD “‘H9 ‘W) 79¢-1 “(CHD “H9 ‘W) ¢86-1
‘CHDO-IV ‘H9 ‘W) 7£9-T
{(by pue 1y ‘H9I ‘W) 096:9-LES L
‘(HN “HI ‘S) 2¥$ 11 “(HN ‘HI °S) 92411 (0=D) s.81 “CHD) 0582 (HO—. W) 059
‘(NH “HI ‘S) 91021 ‘(HO ‘HI ‘S) 6£6-€1 ‘"HD) 0062 ‘0567 “(HN-IV) 00vE (L) $99 SHY DU~ 9 |
(*HDO ‘H6 s) ¥£8-€
‘(by pure 1y ‘{91 ‘W) GYR-9-08E-L CHDOV) 05T1
‘(HN ‘HI ‘S) 1$t-11 ‘(HN ‘H1 'S) 0¥9-11 “IN—3BD) 0g€1 (O=D) 08ST ‘0651
“(MN ‘H1 ‘S) Z66:11 “(HO ‘HI ) 976-€1 “(HO ‘) 0087 ‘(HN-IV) 00b€ W) 288 *HOO€ 14|
(FHDO ‘H6 ©) 088°€
‘(by pue 1y ‘H9[ ‘W) £16-9-TtL (FHDO-1V) 0201 ‘05ZE “(N—IV) OvE1
‘(HN ‘HI ) Zep-11 “(HN ‘HI ‘S) 78811 “0=0D) 0951 ‘0651 ‘(HO ‘D 05LT (2.0 §-€62
‘(N ‘H1 ‘9) €811 “(HO ‘"1 %) 096-€1 “{*HD) 0067 (HN-1V) 0StE (W) L8S *HOOC £1
(HOIV “H6 ) §S£-T
“by pue 1y ‘H9I ‘W) $769-$66L (N—18D) 0751
‘(N “HI ‘s) €£6-11 “(HN ‘HI ‘S) ZIL-11 {0=D) 0SST ‘SLST “(HO ‘a) 0L
‘(HN “HI ‘s) 000-71 “(HO ‘HI ‘) 168-€1 “*HD) 0067 ‘(HN-1V) 0S£€ ‘0SPE (W) 658 fHO-¢ Tl
(HOIV “H6 S) £p€-T
‘(by pue 1y ‘M9 ‘W) p71-L-91EL (N-1BD) OpEl
CHN ‘HI °S) 19911 “(HN “HI ‘S) 029-11 (0=D) 0551 ‘081 ‘(HO ‘@) 00LT () $-697
‘(HN ‘HT ‘S) €£6-11 “(HO ‘HI ‘S) $€6-€1 (*HD) 0067 “(HN-1V) 0S¥ ) 6£S HOT Il
Goao wddg) JWN (4gY ' w2) HT (ayut) ssopy ¥ g

ere swdossoroadg
[ACELAAN



195

Reaction of 4,8-diaminoanthrarufin with arylamines

{ prana o |
(FHD “HZT ‘) $98-0
“EEHD) “HYT W) 968-0 ‘CCHD) ‘HyT ‘W) L6T1
THO ‘HE ‘W) 9ge-1 *(CHD "HE ‘W €£1T
(by pue Iy “H71 W) 0§1-L-022-L
(HN ‘Hp ‘5) 089-T1
CHDO HZ1 ‘8) T18-€
{by pue 1y ‘HOT ‘W) (19-9-095-L
(HN "HY ‘5) 08L-11
{*HDO "HZI %) 1¥8-€
by pue 3y "HOT ‘W) 176-9-00V-L
HN ‘HY ‘8) 05511
CHD ‘HZ1 ‘D #v6-0
‘CHO ‘HS ‘W) 921 “CHO ‘HE ‘w) L8¢ T
“CHD *HY ‘W) 686 1 ‘CHOIV *HE ‘W) 059-T
“by pue 3y ‘HOT ‘¥ $16-9-119-L
“(HN ‘Hy S 08F-11
(CHOIV *HT1 ) £65T
“by pue 1y ‘HOT ‘W) 001-L-00€L
‘(HN “Ht ‘8) 06L-T1
CHOIV “HZ1 ‘) L9E-T
by pue 3y “HOT W) 061-9-L1S L
{HN ‘H¥ ‘S) 6L 11
CHOY "HZT S 9567
‘(by pue 1y ‘HOT W) 691-L-0S¥-L
‘(HN “Hp ‘S) 08411
(HD “H6 ) 0LE-1 “CHDO ‘HY ‘D) 0s0-¥
by pue 1y ‘HT W) 059-9-6PE-L
CHN HI ‘S) 09911 “(HN “H1 *9) 89911
SHN HI 9 05611 (HO ‘H1 'S 076-€1
(by pue 1y ‘H6I ‘W) £55-9-86¢-L
‘(HN ‘HT ‘) 985 1T ‘(HN ‘HI ‘6) §TL-11
CHN “HT 6) 010-21 ‘(HO “H1 6) £26-€1
(CHDOIV “H6 5) 89€-7
by pue 3y *HOT ‘01 080-L-08S-L
“{HN *HI ‘9) 086-11 “HN ‘H1 ) 2,11
{HN ‘1 ‘9) 00-21 (HO ‘H1 '8} vE6-€1

{0=0) 5651 *CHD) 058
“CHDY 0062 ‘0v67 (HN-2V Q) 05£€

(FHOO-IV) 8001 ‘052t “(O=D) 0851
‘CHD) 0067 “(HN-IV ‘Q) 00EE

{*HDO-1V) 0£01 "0pZT “(N—3BD) 0621
0=0) 6651 “(HN-IV Q) 05t¢

{0=0) 7681 “(FHD) 0582
“*HD) 006Z 0567 “(HN-IV Q) 05¥€

(0=D) 0651
‘CHD) 0787 ‘0062 ‘(HN-IV ‘Q) 05€€

{0=D) 0881
FHD) 0067 (HN-IV “9) 00bE

(0=D) ¢651
‘CHD) 0062 “(HN-3V Q) 05£€

{FHDOO-V) 0901 “0ST1 “(N—8D) 8051
{0=0) $091 ‘("HO) 082
“CHD) O¥6Z “0L67 (HN-¥Y) 05Z¢ ‘01€€

(N-12D) 0081
(O=) 0851 ‘(HN-IV) 00vE

{N-18D) 026 Y
{O=D) $5S1 ‘SL61
(FHD) 0067 “(HN-*V) 0SE€ ‘0SPE

(W) 0201

(W) 269

) ¥
() 269

. 86¢
(W) 96L

(o W) p1€
() 879

) g
{.W) 829

() ¥1E
(W) 829

(W) 679
CH®ON-, W) 90%
(W) L6y

G ) $69¢
(W) 6£5

“HY Uy

HOOC

HOO¥

SHOUy

HOT

EHO-E

HO

HOOY

Hov

£

’

$H

¥u

1 L

n

(91

#1

81

£1



Y. C. Chao

196

“suoumbergive ‘by Hurwow oy edninw ‘o “a3rend *b “19ydim 4 Hefum s
'proIq ‘q OIBWONE AV ,

CHOO ‘HY %) §L8€
by pue 1y ‘HTT W) 086-9-0St-L

EHOO-IV) 0£01 ‘0521

(HN ‘HZ ) 00b 11 (HO ‘HZ %) 0£6-€C1 “CO=0) 08T “(*HD) 0067 “(HN-IV) 0£E€ (W) 28y HOOE KA
CHO *HY ) 0880 ‘CCHD) “HOT ‘W) ¥$T-1
‘CHD ‘Hy ‘W) 0191 '("HO3V ‘HY ‘W) $09-7
by pue 1y ‘HZI ‘W) $90-L~015-L (0=0) §661 “(FHD) 0582 (W) £T¢
(HIN “HZ ‘S) 82611 “(HO ‘HZ ‘5) 0¥6-€1 ‘CHD) 0162 ‘0562 “(HN-IV ‘Q) 05€€ G99 “HDup A
(FHDOO ‘HY “9)8L8-€
‘(by pur IV *HZT ‘W) £18°9-7EY-L CHOO-IV) 0101 ‘0521 CHOSHO~ W) ISy
(HN "HZ ) 21y 11 “(HO ‘HT 9 0s6-€1 (0= 0651 “(FHD) $067 “(MN-3V Q) 01¢€ LW sy HHOT TA
(FHDIV ‘HY 5) TLET
‘(by pue 1y *HCl ‘W) 001-L-0TF L (N-78D) S1ET1 (0O=D) 0951 “0861 W) stz
(HN ‘HZ ) 0911 “(HO ‘HZ ‘9) 058-€1 ‘CHD) $067 “(HN-IV) S0V G 05y HOY  TA
(by pue 1y ‘HYI ‘W) 549-9-05€-L CHDH0-IV) 0101 “05T1 “(N-TBD) §0£1
(HN ‘B! S} 28t 11 “(HN “HIT “8) 08911 0=0) 091 ‘(CHO) 0L3T
YHN “H1 ") 0511 "(*HN “HZ ) s00-T71 THO) 0967 (HN-IV) 05€€ (N8 THDOY TAI
{by pue 1y ‘He] W) £6L9-8LE L
“CHN "H1 *9) 0Z5-11 “(HN “H1 ) 05L-11 {(N-2eD) S0gY
‘(HN ‘HI *5) 016-11 “CHN ‘HZ ) $20-T1 “0=0) 5851 “(HN-IV) S0ve G 961 H TAl
CHD ‘H9 D sL£1 ‘“CHOO ‘HY ‘D) 020-v CHDO-IV) 0571 (N-IBD) 5051
(by pue 1y “HTT ‘W) 059-9-65¢-L (©=2) $091 ‘(CHD) 0982
‘(N ‘HT 9 $6-11 CHN ‘BY 9 01071 “CHD) 0567 "INV} 08£€ (Wses  HOHOY THI
(by pue 2y ‘Hpl ‘W) €58-9~89¢€-L (N-18D) S0€1
“(HN “HZ *5) 085-11 ‘CHN ‘HY *9) 0£0-21 H0=0) 081 “(HN-IV) 00vE (W) oty H 1m
G1oaD ‘wdd g) JWN 48y o) M (aywi) ssop ¥ g
we(l sdoosonpodg
Pro>—7 TIGVL



197

Reaction of 4,8-diaminoanthrarufin with arylamines
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alkylation reactions).* In this present investigation, a mixture of phenol
and boric acid was used as reaction medium, with a large excess of aryl-
amine and longer reaction time; replacement of both two amino groups
and two hydroxy groups in DAAR occurred. The purity of and yields
from this reaction were higher than with the reaction of DNCZ and
DCQZ with arylamines in the presence of zinc powder,! but for some
arylamines, e.g. p-toluidine, p-anisidine, p-n-octyl-aniline, aniline and p-
phenetidine, two by-products were also formed: viz. (a) 4-CH; (with
nitrobenzene): 15% V.1, 25% L7 and 60% IL1; (b) 4-CH; (without
nitrobenzene): 35% IIL3, 45% IL.1, 20% others; (c) 2-OCH;: 15% V.2,
20% 1.3 and 65% IL6; (d) 4-n-C;H,;: 18% V.3, 22% L6 and 60% IL7;
() H: 15% IIL1, 20% IV.1 and 65% IL8; (f) 4-OC,H;: 15% II.2,
25% 1IV.2 and 60% IL9; (g) 3-OCH;: 35% V.4, 30% 14, 35% other
components.

Kitao et al. have studied the reaction of S-amino-2,3-dicyano-1,4-
naphthoquinone with arylamines and pointed out that the initial quinone-
quinoneimine tautomerism facilitates the 8-arylamination.

AHN O NH, AHN O NH
DAAR ————p <+
ArNH, —>
H,N O NHAr H,N O NHAr
I
ArHN O NAr ArHN O NHAr
ArNH,
—_— <+
-NH, —>
HN O NHAr HN O NHAr
v
ArHN O NHAr
+—
—>
HN O NHAr
ArHN O NHAr ArHN O NHAr
ArNH,
-NH; —
AtN O NHAr ArHN O NHAr
1
Ar = phenyl!, IL.8

p = methoxyphenyl!, 11.9
Scheme 1
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Possible mechanisms for the reactions studied here are shown in
Schemes 1 and 2.

3.2 Electronic spectra

Electronic spectra data for dyes I-II are shown in Table 3. Comparing
the A, values and molar extinction coefficients of L7 and L2 with
L.1; IL1 and IL2 with IL3; and of ILS with IL.6, hypsochromic shifts
(49 nm) are apparent and also a hypochromic effect. This is because
the ‘bulky’ groups inhibit intramolecular hydrogen bonding between the
arylamino and carbonyl groups.’

3.3 Dyeing and fastness properties
All dyes I and II gave level colouration on PC film, with good fastness to

light. The molar extinction coefficients of dyes II were larger than those
of many anthraquinoid dyes, and the width of the near IR absorption

HO O NH HO O NAr
ANNH
DAAR —— —
. .NH:‘
HE,N O OH HN O OH
HO O NHAr HO O NHAr
ANH
- i T
'—’ _N}{3
HN O OH AN O OH
HO O NHAr
H,BO
<+ P 3
— > ArNH,
AHN O OH
v
HO O NHAr AtHN O NHAr
H,BO;
ArNH,
AHN O NHAr AHN O NHAr
1 o

Scheme 2
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band was very narrow (119-138 nm); dyes II thus meet possible require-
ments for use in optical data disks.
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