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Abstract. Both hydroxy groups of Eriochrome Red B are protected by acetylation and the sulfonic 
acid group is converted to the sulfonyl chloride with phosphorus pentachloride. Reaction with 
dibutylamine or N-butylbenzeneethanamine followed by the deprotection gives red azo dyes 7a or 
7b, readily soluble in chloroform and toluene. A similar procedure applied to Acid Alizarin Violet 
N gives only a multicomponent mixture. Friedel-Crafts reaction between dibutylsulfamoyl chloride 
and 2-nitrophenol gives N ,  N-dibutyl-4-hydroxy-3-nitrobenzenesulfonamide ( 1  1). Reduction of the 
nitro group gives amine 14 which is diazotized and coupled with 2-naphthol to give the required 
dye 13 giving deep-red solutions in methanol, chloroform and acetone. 

Introduction 

Sodium 3-hydroxy-4-(5-hydroxy-3-methyl-l-phenyl-1 H -  
pyrazol-4-ylazo)-l-naphthalenesulfonate 1 (Eriochrome 
Red B, Superchrome Red), sodium 4-hydroxy-342-hy- 
droxy-1-naphthy1azo)benzenesulfonate (2) (Acid Alizarin 
Violet N), and the well known sulfonamide 3 of 2 form 
very stable chelates 4 with chromium, cobalt and several 
other transition metal cations'. 
Due to its intense color, 1 has found applications in the 
analysis of several metals, e.g. ,  berylium2, cadmium3, 
copper ', gallium4, nickel', t i t a n i ~ m ~ ? ~ ,  vanadium7v8 and 
zinc9,'". Chromium co-complexes of Eriochrome Red B 
and a second ligand, usually another azo dye, are valuable 
in dyeing wool, polyamide fibers and leather''-m. Sulfon- 
amide 3 is also a frequently used dye of this type. Its 
chromium2'-" and cobalt "s2' complexes are used in 
dyeing leather, wool and synthetic polyamide fibers and 
have found recent application in the production of elec- 
trostatographic  toner^^^-^^. 
Most of the applications for metallized azos have involved 
aqueous-based systems. In fact very little work has been 
done on organic compatible derivatives. A survey of all 
the solvent dyes identified as either metal-azo or acid- 
basic dye complexes in the third edition, and subsequent 
supplements, of the Colour Index34 reveals that very few 
metal-azo dyes possess significant solubility in hydrocar- 
bon media. Of the 152 dyes identified as metal-azo dyes 
or acid-basic dye complexes only sixty-six had any solubil- 
ity data for hydrocarbon solvents (turpentine, white spirits 
and mineral oil); of there, sixty dyes are listed as insoluble 
to very slightly soluble, five are listed as slightly soluble to 
soluble and only one entry is listed as very soluble. 
Metal-azo dyes are also known to form insoluble lakes". 
The superior light, heat, and chemical stability of metal- 
azo dyes make them potentially attractive materials for 
many applications, particularly, as colorants in high tech- 
nology applications such as electrography, therrnal-dye- 
diffusion transfer, and other advanced imaging systems. 

However, many of these applications require significant 
changes in the physical properties ( i . e .  melting point, 
organic solubility, compatibility with polymers). The 
preparation of metal-azo dyes with greater organic com- 
patibility requires the preparation of more organic soluble 
azo ligands. 
The methodology for preparing of organic soluble dyes 
based on two common azo chromophores, Eriochrome 

SO; Na' a? 
Eriochmme R e d B  

1 

b 

Acid Alizarin Violet N 

2 

3 
4 



Reciicil r ies  Trui,uicr C'himiques rics Puys-Bu.!. I 1 2  / 10, Ocroher 1993 553 

CI 
I 

o=:s=o 

* -  
H+O, (cat.) ethyl awlate 

1 
ethyl aCatale rdlux 

5060°C 1 2 h  
l h  

I 

NPF! 

BuNHCH2CH2R3/ a R ' - k  F?-H 

a. R' -Ac, R2-H. P - E !  

b. R ' -R2-Ac ,  R3-E! 

C. R ' - R ~ - A ~ ,  R3-m 
Schcme 1. 

a R3=Et 

b. R3 = Ph 

Red and Acid Alizarin Violet, have been investigated. 
T h e  only conversion of Eriochrome Red B into a more 
soluble derivative that we have located is t o  the N,N-di- 
methylsulfonamide via the sulfonyl chloride". However, 
this sulfonamide has a relatively high melting point (232°C) 
and could be recrystallized only from methyl cellosolve. 
T h e  goal of the present work was the preparation of 
soluble derivatives of Eriochrome Red B and Acid Alizarin 
Violet N by transformation of their sulfonic acid functions 
into sulfonamido with the nitrogen atoms bearing large 
alkyl or arylalkyl substituents. 

Results and discussion 

Deriiiafii!es of Eriochrome Red B 

Following the literature method" for the synthesis of the 
N,N-dimethylsulfonamide from Eriochrome Red B, the 
naphthyl hydroxy group was acetylated using isopropyli- 
dene acetate and the sulfonic acid function was then 
transformed into the sulfonyl chloride by reaction with 
phosphorus pentachloride (Scheme 1 ). T h e  crude sulfonyl 
chloride 5a was purified by Soxhlet extraction with ethyl 
acetate and then reacted with dibutylamine t o  give the 
corresponding sulfonamide (6a) from which, after depro- 
tection, the desired sulfonamide 7a was obtained. Unfor- 
tunately, the overall yield from Eriochrome Red B was 
lower than 10% and the  material obtained was of low 
purity. 
T h e  whole multi-step process was therefore optimized by 
means of the  following modifications. In the first step, the  
mixture of Eriochrome Red B, ethyl acetate, isopropenyl 
acetate and sulfuric acid was heated at  60°C for 1; h 
(instead of stirring at  20°C). T h e  reaction with phosphorus 
pentachloride was then carried out  under conditions simi- 
lar to  those described in the literature3(' (reflux in ethyl 
acetate), but extraction with ethyl acetate in a Soxhlet 

extractor was now unnecessary as the product was pure 
enough t o  use in the next stage. T h e  NMR spectra of the 
product 5b showed both hydroxyl groups acetylated, 
whereas under the milder literature conditions3" only the 
naphthol group was acetylated (5a). 
When sulfonyl chloride 5b was added directly to  an excess 
of dibutylamine, the reaction was strongly exothermic and 
the heavy precipitate inhibited stirring and caused local 
overheating. After work-up with 20% HCI, only a low 
purity product 6 was obtained. However, added pyridine 
served both as a good solvent for the starting material and 
as  a base to  neutralize evolved hydrogen chloride. After 
the reaction was accomplished, the pyridine and excess 
dibutylamine were easily washed out with 20% HCI, giv- 
ing essentially pure 6b. T h e  final product 7a was obtained 
by refluxing in 20% HCI to  deprotect the hydroxy groups. 
T h e  overall yield was raised to  40% and purity of the 
crude 7a was greater than 95% (by NMR). 
T h e  N-butylbenzeneethanamine derivative 7b was ob- 
tained from sulfonyl chloride 5b in essentially the same 
manner as  7a but work-up was more difficult and gave a 
final product of lower purity. O n e  of the reasons was the 
difficulty of washing out the excess amine with hydrochlo- 
ric acid (a very sticky glassy material was obtained). An- 
other reason may be  the lower stability of the sulfonamide 
function with its nitrogen atom substituted by a phenethyl 
group due t o  possible cleavage of the phenethyl C-N 
bond with elimination of styrene". Both derivatives of 
Eriochrome Red B (7a and 7b) were found to  be  readily 
soluble in toluene, chloroform and acetone giving orange- 
red colors in diluted solutions. 
Because N-butylbenzeneethanamine (9) needed for the 
synthesis of 7b is not available commercially, it was pre- 
pared by the acylation of benzeneethanamine with bu- 
tanoyl chloride and reduction of the obtained amide 8 
with lithium aluminum hydride (Scheme 2)  in an overall 
yieid of 37%. In an alternative synthesis, platinum-cata- 
lyzed hydrogenation of an equimolar mixture o f  benze- 
neethanamine and butyraldehyde at  a pressure of 1300 psi 
gave 9 almost quantitatively. A similar reaction catalyzed 
by activated nickel was reported to  give 9 in 36% yield3x-3y. 

Deriuatiues of Acid Alizarin Violet N 

T h e  first attempt t o  synthesize N,N-dibutyl-4-hydroxy-3- 
(2-hydroxy- 1 -naphthylazo)benzenesulfonamide (131, fol- 
lowing a similar procedure to  that used for the synthesis 
of 6 (successive treatment of Acid Alizarin Violet N with 
isopropenyl acetate, phosphorus pentachloride, dibuty- 
lamine and final hydrolysis of the acetoxy groups with 
hydrochloric acid) gave only a n  insoluble black tar. Sev- 
eral other  attempts to  prepare the sulfonyl chloride 
derivative of Acid Alizarin Violet N using different reac- 
tion conditions (solvents, temperature, reaction time, sep- 
aration of the intermediate, SOCl, instead of PCI ) also 

the reaction mixtures led to  the conclusion that on  treat- 
ment with PCI, or SOCl, the  N=N bond is cleaved. 

failed. Investigation of the N M R  spectra ( ' H  and I3 C) of 

0 

Scheme 2. 
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Because of these difficulties we decided on total synthesis 
of 13. Azo sulfonamide 3 is produced by diazotization of 
3-amino-4-hydroxybenzenesulfonamide followed by cou- 
pling with 2-naphthol4". One of the methods for the 
preparation of 3-amino-4-hydroxybenzenesulfonamide 
(and its N-alkylated derivatives) is a multi-step process 
involving chlorosulfonation of 2-chloronitrobenzene, ami- 
dation of the obtained sulfonyl chloride with ammonia (or 
an amine), aromatic nucleophilic substitution of the chlo- 
rine atom with a hydroxy group and finally reduction of 
the nitro group4'. According to another method for com- 
pounds of this type, N,N-dimethyl-4-hydroxybenzenesul- 
fonamide was nitrated and the nitro group reduced 
(H ,/Pd) to give N,N-dimethyl-3-amino-4-hydroxyben- 
zene~u l fonamide~~ .  
Modification of the literature method for the synthesis of 
dialkylsulfamoyl allowed for the preparation 
of pure dibutylsulfamoyl chloride (10) in relatively good 
yield and with no need for distillation of the crude prod- 
uct. Several attempts to react 10 with phenol catalyzed by 
aluminum chloride gave only complex mixtures, but quite 
good results were obtained with the less reactive 2- 
nitrophenol (Scheme 3). The strongly predominant isomer 
(yield 59%) appeared to be that with the sulfonamido 
group para to the hydroxy group (11). Traces of isomer 12 
(less than 10%) were detected by NMR in the crude 
product. Because separation of 11 from its ortho isomer 
12 was difficult, the reaction mixture was used for the 
next step. 
Attempted catalytic reduction of 11 with formic acid over 
palladium45 gave 14 of low purity. Catalytic reduction of 
the mixture of nitrophenols over platinum on alumina 
proved to be a good method for the preparation of 
aminophenol 14. Due to the ortho orientation of the 
hydroxy and amino groups, 14 appeared to be very sensi- 
tive to oxygen, especially in the light, being oxidized to 
dark material. This made it necessary to perform all 
operations under nitrogen atmospheres and to minimize 
any exposure of 14 to the air. Attempted distillation of 14 
under a pressure of 0.05 mm Hg gave only polymeric 
material making its purification by column chromatogra- 
phy necessary. The first fraction from the column was 

N,N-dibutyl-3-amino-2-hydroxybenzenesulfonamide (15) 
obtained in 6% yield. The second fraction was pure 14 in 
86% yield. 
In the first approach to the coupling of diazotized 14 with 
2-naphtho1, 2-naphthol in ethanol was added to an acidic 
solution of the diazonium salt 17 to give a complex 
mixture from which dye 13 was isolated by column chro- 
matography in low yield. Progress in this step was achieved 
by diazotization of a mixture of amine 14 with 2-naphthol. 
Column chromatography of the crude product obtained 
from such a reaction gave dye 13 in 28% yield. The 
second fraction appeared to be 6-diazo-4-(dibutyl- 
sulfonamido)-2,4-cyclohexadien-l-one (18, or its 1,2,3- 
benzoxadiazole isomer4'). Treatment of 18 with 2-naph- 
tho1 under neutral conditions gave analytically pure 13. 
This proved that an acidic solution is not suitable for 
coupling diazotized amine 14 with 2-naphthol. Indeed, 
addition of a solution of diazonium salt 17 to a basic 
solution of 2-naphthol afforded dye 13 in high yield and 
high purity. Dye 13 was found to be soluble in methanol, 
chloroform and acetone giving intense deep red colors on 
dilution. 

Summary 

General methodology for the preparation of lower melt- 
ing derivatives of Eriochrome Red B and Acid Alizarin 
Violet N have been developed. The new derivatives are 
substantially more soluble in organic solvents than previ- 
ously prepared derivatives. 

Experimental 

Melting points were determined using a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. 'H-  and "C-NMR 
spectra were recorded on a Varian VXR-300 (300 MHz) spectrome- 
ter in CDCI, using tetramethylsilane as an internal standard. Chemi- 
cal shifts ( 8 )  are given in ppm. Elemental analyses were determined 
in the Department of Chemistry under the supervision of Dr. R.W. 
King. 
Dry ethyl acetate was objained by storage of the commercial solvent 
over molecular sieves 4 A for a period of at least 3 days. 
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3-Acetoxy-4- (.S-iicc~to~~-.'-3-,nethl.l- I-phenyl- I H -pyruzol-4-y'azo)-l 
ri~ipli thaki~rie~i~lfi~ny~ chloride (5b) 

A mixture of Eriochrome Red B (10.0 g, 22 mmol), ethyl acetate (100 
nil). isopropenyl acetate (10.0 ml, Y O  mmol) and concentrated H,SO, 
(1.2 mi) was stirred at 60°C for I f  h. A heavy precipitate formed 
making the stirring difficult. Then PCI, (10.00 g, 48 mmol) was 
added in a few portions. The mixture became hot and the evolution 
of HCI was observed as the precipitate dissolved. After the addition 
was complete, stirring under reflux was continued for 2 h. Again a 
heavy precipitate was formed and the stirring had to be very vigorous 
to avoid overheating and adheranee of the precipitate to the flask 
walls. After cooling, the obtained precipitate was filtered off, quickly 
washed with ice-cold ethyl acetate to reduce its exposure to the 
atmosphere and used in the next step without purification. 
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N. N- Dihi1tyl-.l-liydroxy-4-~.S-hydroxy-.l-rneth~l- 1 -phenyl- I H -pyrazol-4- 
y1rzo)- I -riciph~liulerrc~ailf~~r~u~iidi~ (7a) 

A mixture o f  crude 5 from the above reaction (to.al product), 
dibutylamine (2.34 g. 30 mmol) and pyridine (20 ml) was stirred at 
25°C for 15 min. 20% HCI (30 ml) was then added in portions to the 
reaction mixture. Slowly an oily fraction separated from the solution. 
The sticky oil obtained (product 6b) was separated from the reaction 
mixture by decantation of the aqueous fraction, the oil was triturated 
with water. again separated by decantation and after adclition of 20% 
HCl (60 mi), the mixture was stirred and refluxed for 1 h. The oil 
slowly became a crystalline material. After cooling to room tempera- 
ture, the crystals were filtered off, washed with water and dried in a 
vacuum oven. The crude 7a was dissolved in CHCI, (IX1 ml) and the 
solution washed with water ( 3 X  100 ml) and dried over MgSO,. 
Evaporation o f  the solvent gave 7a (4.71 g. 40%) of purity 95% (by 
NMR). A small sample of the product was recryst.illized from 
methanol /T€IF(l :  I )  to give red needles; m.p. 173-174T. ' H  NMR, 
i?:O.83. t. 6H. J 7.2 Hz; 1.21. sextet, 4H, J 7.3 Hz; 1.48. m. 4H; 2.32, 
s. 3H. Me; 3.28, t, 4H, J 7.5 Hz; 7.19, t, IH, J 7.4 Hz; 7.46, m, 3H; 
7.62. 1, 111; 7.94. m, 4H; 8.60, d, lH,  J 8.5 112; 10.3, s, 1H. OH. 
NMR (CDCI.,). 6 :  11.7; 13.6, 2C; 19.8. 2C; 30.2, 2C; 46.~S, 2C; 118.4, 
2C; 123.7; 123.2: 123.9; 124.5; 125.6; 125.7; 126.1; 127.9; 128.3; 128.8; 
129.0, 2C; 134.0; 137.5; 144.1; 146.4; 158.1. Anal. calcd. for 
CL,H,,N,O,S: C 62.78. H 6.21, N 13.07; found: C 63.0.3; €1 6.30; N 
13.15%. 

N- Butyl-N-phenelhyl-3-hydroxyl-4- (5-hydrox~.-3-methyI-I -phenyl- I H - 
pyruzol-4-ylazo)- I-riuphrhalenesiilfonurnide (7b) 

N-Butylbenzeneethanamine (10.8 g. 60 mmol) was added dropwise to 
a stirred solution o f  crude sulfonyl chloride 5b (obtained from 40 
mmol of Eriochrome Red B) in pyridine (20 ml). During the addi- 
tion, the temperature rnse to 100°C. After the addition was com- 
plete. the mixture was stirred for an additional 15 min and 20% HCI 
( I 0 0  ml) was added portionwise. Soon, an oi ly  layer formed on the 
flask bottom. The oil was separated by decantation, triturated with 
water and again separated. Finally IS% HCI (I00 ml) was added to 
the nil and the obtained mixture was stirred and refluxed for 1 h. 
After cooling tn room temperature, the glassy precipitate formed was 
separated by filtration. The solid was dissolved in CHCI, (100 ml) 
and the solution washed with water (2X 100 ml). The organic layer 
was separated. dried (MgSO,) and the solvent evapoiated under 
reduced pressure to give a glassy substance. The glass was triturated 
with hexane, the hexane was decanted off and the residue, dissolved 
in a small amount o f  CHCI,. was subjected to dry cclumn chro- 
matography (silica gel, CHCI,) to give 7b (9.10 g. 39%), purity 90% 
(by NMR). An analytical sample was obtained by careful column 
rechromatography (silica gel/toluene) and final recrystallization from 
toluene to give red needles; m.p. 192°C. ' H  NMR, 6: 0.82, t. 3H, J 
7.5 Hz; 1.26, m. 2H; 1.51, m, 2H; 2.38, s, 3H, Me; 2.80, I ,  2H, J 7.8 
Hz; 3.33, 1. 2H. J 7.5 Hz; 3.52, t, 2H, J 7.8 Hz; 7.07, d, 2II, J 7.8 Hz; 
7.20, m,  SH; 7.45. m. 3H; 7.65, m, IH; 7.93, m, 3H; 8.58, d, IH, J 8.5 
Hz; 10.2, s, I€{, OH. ',C NMR, 6: 11.7; 13.5; 19.7; 30.1. 35.1; 47.1; 
48.5; 118.5, 2C'; 120.9; f23.2, 123.8, 124.5, 125.6, 125.8, 126.0, 126.4, 
128.0, 128.3, 128.4, 2C; 128.5, 2C; 128.7, 128.9, 2C, 133.7, 137.4, 
138.1. 144.0, 146.4, 158.0. Anal. calcd. for C,2H,,NS0,S: C 65.85. H 
5.70, N 12.00; found C 66.12, H 5.61, N 12.04%. 

Method A. To a solution o f  butanoyl chloride (52 ml, 11.5 mol) in 
benzene (200 ml) was added dropwise a solution of benze- 
neethanamine (63.1 ml, 0.50 mol) in benzene (200 ml). The reaction 
was exothermic. After the addition was complete, the mixture was 

stirred at reflux for 1 h. The product was poured into ice-water. The 
organic layer was separated, washed with 10% Na,CO, followed by 
water, dried over MgSO, and the solvent evaporated to give amide 8. 
The amide was dissolved in T H F  (100 ml) and added dropwise to a 
suspension of LiAIH, (18.98 g, 0.5 moll in T H F  (200 mi) at a rate to 
maintain a gentle reflux and refluxing was continued for I h, after 
the addition was complete. The reaction mixture was poured onto ice 
(300 g), extracted with CHCI, (200 ml) and the CHCI, solution dried 
over Na,CO,. Evaporation of the solvent gave the crude product 
which was purified by fractional distillation to give pure N-butyl- 
benzeneethanamine 9 (32.5 g. 36.7%) as a fraction dislilling at 
73-74"C/0.5 mm Hg (Lit.'y b.p. 85"C/8 mm Hg). 

Method B. Butanal (17.7 ml, 200 mmol) was added portionwise t o  a 
solution of benzeneethanamine (24.5 ml, 200 mmol) in methanol (300 
ml) cooled to 0°C. The reaction mixture was placed in a n  autoclave, 1 
g of a platinum catalyst ( 1 %  Pt on AI,O,) added, the autoclave 
charged with H, to a pressure of 1300 psi and the reduction was 
allowed to proceed overnight at room temperature. The cat;ilyst was 
filtered off and the solvent evaporated under reduced pressure t o  
give 34.30 g (97%) of pure N-hutylbenzeneethanamine. 

Dihutylsulfarnoyl chloride (10) 

To a stirred solution of  SOCl, (60.6 ml, 2 mol) in CHCI , (1000 ml) in 
a round bottom flask equipped with a dropping funnel. a thermome- 
ter and a magnetic stirrer and immersed in an ice-water bath, was 
added dropwise a mixture o f  triethylamine (139.4 ml. I niol) and 
dibutylamine (168.5 ml, 1 mol) at a rate to keep the temperature 
within a range of 15-20°C. After the addition was complete, the 
reaction mixture was stirred without cooling for an additional 1 h 
and poured into iced water (2000 ml). The CHC17 phase was sepa- 
rated and washed with 10% HCI (1000 ml) followed by ice cold 
water. The solution was dried and the solvent evaporated t o  give 
pure 10 (147.7 g. 64.8%) as a colorless oil. ' H  NMR, 6: 0.96, 1, 6H. J 
7.3 Hz, Me; 1.39, sextet, 4H. J 7.5 Hz. CH,-Me; 1.68. quintet, 4H, J 
7.5 Hz, CHI;  3.30, t, 4H, J 7.5 Hz, CH,N. "C NMR. 6: 13.5, 2C, 
Me; 19.5, 2C, CH,; 29.4, 2C, C H 2 ;  50.8, 2C, CH,N. Anal. c.ilcd. for 
C,HI,CINO2S: C 42.19. H 7.97. N 6.15; found: C 42.38, H 7.88, N 
6.25%. 

Anhydrous AICI, (176.6 g, 1.32 mol) was added portionwise t o  a 
stirred mixture o f  10 (136.2 g, 600 mmol) and 2-nitrophenol (83.4 g, 
600 mmol) in nitrobenzene (125 ml). During the addition, the mix- 
ture was warmed on an oil bath and after the addition was complete, 
it was heated at 85-90°C for 4 h. Progress o f  the reaction was 
monitored by TLC. The crude oily product was poured into ice-water 
(1000 ml) and extracted with ether. The organic layer was separated, 
washed with water and dried over MgSO,. Evaporation of the ether 
under reduced pressure and distillation of  the nitrobenzene at 2 mm 
Hg afforded crude 11 as a yellow-green oil (129.6 g, 59%). ' H  NMR, 
15: 0.91, t, 611, J 7.6 Hz, Me; 1.30, sextet, 4H, J 7.2 Hz. CH,; 1.52, 
quintet, 4H, J 7.0 Hz C H 2 ;  3.14. 1, 4H. J 7.6 Hz, CH,; 7.3, d. IH, J 
9.0 Hz; 7.97, dd, IH, J 8.8 and 2.2 Hz; 8.57, d, l H ,  J 2.4 Hz; 10.8, s, 
IH, OH. I3C NMR, 8: 13.7, 2C. Me; 19.9. 2C, CHZMe.  30.7, 2C, 
CH,. 47.9, 2C, CH,N. 121.2, 124.8, 132.9, 2C, 135.2, 157.3. Exact 
mass calcd. for C, ,H22N20,S:  330.1250; found 330.1257. 

N,N-Dihutyl-3-arnino-4-hydro~su~~1nurnIde (14) 

To a solution of crude 11 (12.2 g, 37 mmol) in ethanol (200 inl) was 
added 2 g of a platinum catalyst (1% Pt on alumina). The reaction 
mixture was placed in a reactor which was charged with hydrogen at 
750 psi. The reduction was carried out at 25" over 20 h. After 
filtration and evaporation of the solvent, a high purity mixture of 14 
and 15 (11.30 g, 100%) was obtained. Column chromatography of the 
crude product (silica gel/CHCI,) afforded, as the first fraction, pure 
N, N-dibutyl-3-amino-2-hydroxybenzenesuIfonamide (15) (0.67 g, 6%). 
' H  NMR, 6: 0.90, t, 6H, J 7.3 Hz, Me; 1.30. sextet, 4H, J '7.6 Hz, 
CH,Me; 1.51, quintet, 4H, J 7.7 Hz, CH,;  3.14, I ,  4H, J '7.6 Hz. 
CH,N; 3.98, bs, 2H, NH,; 6.80, t, lH,  J 7.8 Hz; 6.83, d, IH,  J 7.7 
Hz; 6.90, d, IH, J 7.8 Hz; 9.10, s, IH, OH. I3C NMR, 6: 13.6, 2C. 
Me; 19.8, 2C, CH,,  30.5, 2C, CH,, 47.9, 2C, CH,N,  116.4, 118.7, 
120.2. 122.2, 136.8, 142.9. Exact mass calcd. for Cl ,H2,N20,S:  
300.1507; found: 300.1499. 
As the second fraction, 14 (9.72 g, 86%) was obtained. IH NMR, 6: 
0.87, 1, 6H, J 7.5 Hz, Me; 1.27, sextet, 4H, J 7.4 Hz, CHzMe;  1.47, 
quintet. 4H, J 8.1 Hz, CH,; 3.05, I, 4H, J 7.5 Hz, CH2-N; 5 35, bs, 
3H, NH, + O H ;  6.79, d, IH, J 8.3 Hz; 7.02, dd, lH,  J 8.3 Hz and 2.0 
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Hz; 7.10, d, IH, J 2.2 Hz. IfC NMR, 8 :  13.7, 2C, Me, 19.9, 2C, 
CH,Me. 30.8. 2C. CH,, 48.2, 2C, CH2N, 114.1, 114.7, 118.8, 130.3, 
135.3, 148.4. The product was characterized as its solid derivative 16 
obtained by heating 14 with 100% formic acid. Recrystallization of 
the crude product from ethanol gave pure formamide 16 as yellowish 
prisms, mp. 156°C. ' H  NMR: 6 0.89, t, 6H. J 7.3 Hz, Me; 1.29, 
sextet. 4H. J 7.3 Hz. CH2Me; 1.49, m, 4H. CH,; 3.09, t, 4H, J 7.5 
Hz. CH2-N; 6.90, d, IH, J 8.4 Hz, H-5; 7.38, d, d, IH, J 8.4 Hz and 

9.10. bs, IH, NH; 10.51, bs, IH. OH. I7C NMR: 6 13.7, 2C, 19.9, 2C, 
30.7. 2C. 48.0. 2C, 115.6, 119.9, 124.2. 126.1, 130.3, 150.3; 159.9, 
NCH=O. Anal. calcd. for C,,H,,N,SO,: C 54.86, H 7.36, N 8.53; 
found: C 54.78. H 7.41, N 8.36%. 

2.1 Hz. H-6; 8.41, d, IH, J 1.7 Hz, CH=O: 8.54, d, IH, J 2.1 Hz. H-2; 

Coupling of 14 with 2-naphrhol under acidic conditions 

Crude 14 (6.0 g. 20 mmol) and 2-naphthol (2.88 g. 20 mmol) were 
dissolved in ethanol (80 ml) and added dropwise to a stirred solution 
of NaNO, (1.54 g, 24 mmol) and concentrated HCI (60 ml) in ice and 
water (200 ml). After about 30 min. a heavy, oily fraction started to 
separate. After further 30 min, the water layer was decanted off and 
the oily residue was dissolved in CHCI, (200 ml) and washed twice 
with cold water. The CHCl, solution was dried (CaCI,) and the 
solvent was evaporated to give the crude dye (7.35 g) as a sticky dark 
brown-violet oil of 40% purity (by NMR). Column chromatography 
of the crude dye using silica gel (dry column) and ethyl-acetate/ 
toluene ( I  :4) as the eluent gave 13 (2.57 g, 28%) as the first fraction 
(orange-brown crystalline product); m.p. 162-163°C. IH NMR, 6: 
0.92, t ,  6H. J 7.3 Hz, Me; 1.34. sextet, 4H, J 7.6 Hz, CH2Me; 1.56, 
quintet. 4H. J 7.2 Hz. CH,; 3.17. t, 4H, J 7.6, CH2N; 7.17, d, 2H, J 
8.8 Hz; 7.48, 1, 1H. J 7.6 Hz: 7.65, t, IH, J 8.1 Hz; 7.72, dd, IH, J 8.6 
and 2.1 Hz; 7.79, d, IH, J 8.0 Hz; 7.88, d, IH, J 9.3 Hz; 8.17, m, 2H. 
I3C NMR. 6: 13.8, 2C. Me; 20.0, 2C, CH,Me, 30.8, 2C, CH,, 48.0, 

129.3, 129.7, 131.1, 132.2, 133.3. 137.6; 155.1; 158.0. Anal. calcd. for 
C24H2yN,04S: C 63.27, H 6.42, N 8.22; found: C 63.42, H 6.73, N 
8.07%. 
The second fraction (0.56 g. 9%) was identified as 18, yellow prisms; 
m.p. 67-68°C. ' H  NMR, 6: 0.91. 1, J 7.2 Hz, 6 H, Me: 1.29, sextet, J 
7.6 Hz. 4H. CH2-Me: 1.52, m. 4H, CH,; 3.13, t, J 7.6 Hz, 4H, 
CH2N; 6.72, d, J 9.8 Hz, IH; 7.50. dd, J 9.8 and 2.5 Hz, IH; 7.94, d, 
J 2.5 Hz. IH. I3C NMR, 6: 13.7, 2C, Me; 20.0, 2C, CH,, 30.8, 2C, 
CH,. 47.8. 2C, CH2N. 87.0, 125.7. 125.8, 128.0, 135.3, 176.6, C=O. 
Anal. calcd. for CI4H2,N3O3S: C 54.00, H 6.79, N 13.49; found: C 
53.6 H 6.81 N 13.34%. 

2C. CHZ-N. 119.1, 120.1, 120.8, 125.4. 127.7, 128.1. 128.5, 129.1, 

Coupling o f  14 with 2-naphthol under basic conditions 

To the cooled solution of 14 (3.30 g, 1 1  mmol) in 95% ethanol (10 
ml) stirred in an ice-salt bath, 37% HCI ( 3  ml, 30 mmol) was added 
in one portion. After the temperature had reached -5"C, ice (10 g) 
and a solution of NaNO, (0.83 g, 12 mmol) in water (2 ml) was 
added. The temperature raised to + S T ,  but because the reaction 
mixture was still cooled, soon fell again to -5°C. In the meantime, 
2-naphthol (1.59 g, I 1  mmol) was dissolved in a mixture of ethanol 
(10 ml) and 10% NaOH (9  ml, 20 mmol) and 20% solution of 
CH,COONa (11 ml) was added. To this solution, cooled until its 
temperature reached - IOT, the diazonium salt was added portion- 
wise with stirring. Formation of a strong violet color was observed. 
The reaction mixture was stirred at room temperature for I h and 
poured onto ice. The obtained precipitate was filtered off, washed 
with water and dried in a vacuum oven to give black crystalline 
product (4.90 g) which appeared to be the sodium salt of 13. To get 
back the neutral form, the crystals were dissolved in CHCI, and 
washed twice with 10% HCI followed by water. Drying over MgSO, 
and evaporation of the solvent gave analytically pure 13 (4.15 g, 
83%). 
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