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Nitrat ion of 1-methylnaphth[2, 3-d] imidazole-4,  9-dione affords about 30% of ~-ni t ro  i somers .  It is shown 
that it  is possible  to synthesize  var ious  dyes based on 1-methylnaphth[2 ,3-d] imidazole-4 ,  9-dione. The 
dyes obtained r e semble  the corresponding anthraquinones in the i r  color and spect ra l  proper t ies .  

Naphth[2, 3 -d] imidazole-4 ,9-d ione  (I)is a heterocycl ic  analog of anthraquinone,  and r e sembles  it closely in 
chemical  p roper t ies  [1, 2]. It was, therefore ,  of i n t e re s t  to obtain in te rmedia tes  and dyes derived from I and to 
compare them with the analogous anthraquinones.  In view of the poor solubil i ty of I, and of its der iva t ives  with 
hydrogen In the 1-posit ion,  we have examined the react iv i ty  of 1-methylnaphth[2, 3-d] imidazole-4,  9-dione (113. The 
n i t ra t ion  of II was examined f i r s t .  It has been genera l ly  considered that n i t ra t ion  of anthraquinone gives the e - n i t r o  
der ivat ive  only [3]. Nitrat ion of II, therefore ,  would be expected to give a mix ture  of the two e~(5 and 8) nitro 
der ivat ives .  

In fact,  this react ion afforded a mix ture  (lid f rom which there  were isolated by f ract ional  c rys ta l l iza t ion  t h r e e  
ni t ro der iva t ives ,  differ ing in mp ' s  and UV spectra ,  but having s i m i l a r  IR spec t ra  (Table 1). 

o cH~ 
)) t 

il 
[[ o 

Catalytic reduct ion of this mix ture  to the corresponding amines  (IV), followed by thin layer  chromatography on 
a lumina  (benzene-ethyl  acetate) gave four compounds. Three of these  were shown to be chromatographical ly  identical  
with the reduct ion products  of the individual ni t ro compounds. 

In o rder  to de te rmine  the posi t ions of the amino-groups ,  use was made of the abil i ty of e -aminoanthraquinones ,  
as dis t inct  f rom the f i - i somers ,  to form colored complexes with boroacet ic  e s t e r  [4]. Of the three  i somer ic  amines ,  
two (a and b) give colored complexes,  which is taken to indicate that the amino groups in these compounds are 
located in one of the e - (5  or  8) posi t ions.  The th i rd  i somer i c  amine  (c) fo rms  no such complex, indicating that the 
amino group occurs  in  the/3-(6 or  7) posit ion. The electronic  spec t ra  of alcoholic solutions of the e - i s o m e r s  
resemble  each other very  closely,  but differ substant ia l ly  f rom those of the f i - i somer  (Table 1). The fourth i somer ic  
amine (d), which was isolated in very  smal l  amounts by chromatography of the amine mixture,  had an electronic 
spec t rum s imi l a r  to that of the ~ - i somer ,  thus conf i rming the f i-posit ion of the amino group. 
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Table 1. Proper t i es  of the Isomer ic  Nitro Compounds 

Mp, ~C 

297 
1 9 1 ~ 9 2  

UV Spectra) in ethanol, 
kmax, nm 0g e) 

250(4.39), 332(3.42) 
250(4.58), 330(3.58) 
228(4,43),266(4,57), 
334(3.67) 

IR Spectra 

NO2, cm -1 

t670 I534 1342 
1671 I540 1348 

]1663 1532 1342 

N, % 

Molecular 
formula Cal- 

Found cu- 
lated 

16.11; 16,32 16,32 
:I~HTN304 16.21; 16.27 16.30 

16.22; 16.52 

Since the amine mix ture  could not be separated cleanly by column chromatography,  we resor ted  to 
de te rmina t ion  of the composit ion of the mix ture  f rom the e lect ronic  spectra ,  by a known method [5]. This  showed that 
the proport ion of c~- to f l - i somers  was about 2 : 1. It should be noted, however,  that it was neces sa ry  to make severa l  
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assumptions in carrying out the calculations, thus reducing the precision of the method and making it impossible to 
determine the content of the individual isomers. 

We have also es tabl ished that in the n i t ra t ion  of naphth[2, 3 -d] - imidazole-4 ,  9-dione some fi- (6) i somer  is also 
formed, in contradict ion of the findings of Wilbur  and Day [6], who f i r s t  investigated this react ion.  For  this purpose,  
naphth[2, 3-d] imidazole-4,  9-dione was ni t rated with n i t ra t ing  mixture ,  and the ni t ro compounds were methylated with 
dimethyl sulfate, and then reduced catalyt ical ly.  The monoamine mixture ,  to judge from its  e lectronic spect rum and 
chromatographic  behavior ,  r esembled  closely in composit ion that obtained by the n i t ra t ion  of II, The presence  of a 
methyl  group in the 1-posit ion,  therefore ,  is not the reason  for the formation of fl-nitro i somers .  Attention is drawn 
to the fact that one of the a - i s o m e r s  (a) is obtained in approximately twice the amount of the other. The free base  of 
II must ,  therefore ,  be involved in the react ion,  ra ther  than the salt ,  in which the heterocycl ic  r ing would have a much 
more  symmet r i ca l  s t ruc ture .  

In a s i m i l a r  way to the anthraquinone compounds [7], the mixture  of amines  was subjected success ively  to 
acylation, n i t ra t ion,  removal  of the acyl group, and catalytic reduct ion of the ni t ro group to give 5, 8 -d iamino-1-  
methylnaphth[2, 3-d] imidazole-4,  9-dione (VIII). 

CH 3 CH O CH~ CH NO O CH3 NO O NH O $ 

N W ~'N N N 

O CONH O CONH O ~FI20 NH 20 
1 l 

IV CO2H V CO2H Vl Vl! VIII 

The fi-amino i somers  are lost  f rom the amine mixture  dur ing  the acylation and ni t ra t ion  stages. 

We attempted to obtain VIII by a s imple r  method, namely  by reductive r e a r r a nge me n t  of III with sulfur  in oleum 
[8], but this led to the format ion of the amino-hydroxy der ivat ive IX: 

O CH3 OH O ~H3 
]] ~ I I N 

NO 2 O NH 20 
I l l  IX 

This was obtained as a mix ture  of two i somers ,  but owing to the low yield and the difficulty of purification,  it was not 
feasible  to use  this reac t ion  to obtain VIII. 

Compound VIII was very r emin i s cen t  of 1 ,4-diaminoanthraquinoue in its chemical  proper t ies .  Thus,  heating with 
s tannous chloride in IIC1, followed by oxidation of the leuco der ivat ive,  gave 5 ,8-d ihydroxy- l -methylnaphth-[2 ,3-d]  
imidazole-4 ,9-d ione  (X), which r e semb le s  quin izar in  in its color and proper t ies .  

SO 2 

N O a OH O t~ | I ~ / ! H  s / \  CH 

OH O N\/O 

X SO 2 XI 

In a s i m i l a r  way to 1, 4-diaminoanthraquinone,  VIII reac ts  with h igh-s t rength  oleum to give the cyclic sulf imide 
XI, the UV spec t rum of which is  s im i l a r  to that of the corresponding anthraquinone compound (see figure). On heating 
in sulfur ic  acid, XI is  hydrolyzed to VIII. 

Reaction of VIII with benzoyl chloride gives 5, 8-d ibenzamido- l -methylnaphth[2 ,  3-d]imidazole-4,  9-dione (XIi), 
which is a heteroanalog of the vat dye Indanthrene Red 5GK. As in the case of 1, 4-diaminoanthraquinone,  VIII readi ly  
exchanges the amino groups for p- to luidine  res idues  in the p resence  of stannous chloride. Fur ther  sulfonation gave 
the hetero analog of Anthraquinone Acid Green (XIV). 
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q I Ir 
PhCONH O NH O CH3--(X //x---b H O 

I 
Xll CsH,CH3-n Xll l  3Na XIV 

The p resence  of the imidazole r ing  in II makes it possible  to obtain cationic dyes derived f rom it. We have 
synthesized such a dye, with an amino group in the benzene r ing (XV]). 

o ?.3 o ~.3 
[[ 

NO2 ,~ I SO4 3- NH2 ~ I SO4CH3- 
XUV CH3 XVl CHa 

It appears  that XVI is ra ther  uns table  in alkal ine solution. Nevertheless ,  this does not prevent  its use for dyeing 
synthetic f ibers .  

~ 2  ! 
23CI 290 3~0 .4i0 4"70 530 Sg0 ~h, nm 

Absorption spect ra  in benzene solution: 1) XI; 
2) anthraquinone sulfimide.  

The heterocycl ic  analogs of the anthraquinone dyes have been compared with the la t ter  in respect  to dyeing 
conditions and color proper t ies .  The methods of dyeing and of de te rmin ing  the quality of the resu l t ing  shades were 
s tandard ones. The resu l t s  of dyeing acetate silk and caprone (a synthetic fiber) are  shown in Table 2. The table 
shows that dyes derived from II have high light stabili ty,  but, in compar ison  with the anthraquinone dyes, the stabil i ty 
to weather ing was insufficiently high, probably as a resu l t  of t heh ighwate r so lub i l i t y  of the hetero analogs. The 
colors were very  s im i l a r  to those of the anthraquinone analogs. 

On polyester  f iber,  dystuffs VIII, XVIII, and IV did not give ve ry  intense colors (Table 2). Nevertheless,  the 
dyes displayed high stabil i ty to subl imation.  This proper ty  is of rea l  in teres t ,  s ince the p resen t  range of dyes for 
polyester  f ibers  has only a few m e m b e r s  which meet  the r equ i remen t s  for s tabil i ty to sublimation.  The light s tabi l i ty  
is high (5-6 points). 

In addition to the d i spersed  dyes, other types were investigated.  The acid dye XIV was comparable  to 
Anthraquinone Acid Green (Table 3). The hetero analogs gave s t ronger  colors,  but after  chroming this difference 
almost  disappeared.  The s tabi l i ty  of the hetero analogs to light and var ious  other  t rea tments  was high, but unlike the 
anthraquinones,  they were only par t ia l ly  taken up from the dye bath. 

Table 3. Comparative Dyeing Results for XIV and Anthraquinone 

Acid Green 

Without  chroming With chroming 

Per- ' Soap, Per- 
Dyestuff  Soap, spira- Scour- Rub- ~ Scour- Rub- -~ 

40~ t ion ing bing ~.~ 40 ~ spira- t ion ing bing L~ 

4/3--3/4 4/2--3/4' 4 4/4/4 4/3/4 4/3/4 Anthraquinone Acid 5--4/4/[ 7 3--4 7 
Green 

Hetero analog of 4/4/4 4/3--2/4 4/4/3-- 3--4 6 4/4/5 4/3/4--5 4/3/4--5 3--4 5 
Anthraquinone Acid 2/4 
Green (XIV) 

The vat dyestuff XI was comparable  with Indanthrene Red 5GK. The shades obtained were deeper  than in the 
case of the anthraquinone,  but the substant ivi ty  was lower. It should be mentioned that the heteroanalog was reduced 
with hydrosulf i te ,  and oxidized by air ,  more  readi ly than Indanthrene Red 5GK, and the light s tabil i ty was greater .  
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The cationic dyestuff did not dye pure polyacryloni t r i le ,  apparent ly as a resul t  of its low basici ty.  However, modified 
ni t rone was dyed in good shades f rom an acid bath, the color  being stable on boil ing in sodium carbonate solution. 

Thus, the p roper t i es  of dyes based on 1-methylnaphth[2, 3-d] - imidazole-4 ,  9-dione resemble  those of the 
anthraquinones,  but the p resence  of the heterocycle  in many cases  influences the react iv i ty  of these compounds. 

EXPERIMENTAL 

Nitro- l -methylnaphth[2 ,  8-d] imidazole-4,  9-dione (IID. Twenty g rams  of ]I wereheated  with a mixture  of 100 ml  of 
conc H2SO 4 and 5 ml  of HNO 3 (d 1.51) for 3 hr on a boil ing water  bath. The cooled reac t ion  mix ture  was poured onto 
2 kg of ice,  and the precipi ta te  f i l tered off and washed with a 5% solution of sodium bicarbonate ,  then with water. Yield 
19 g (79%), mp 216-230~ of a ye]]od solid,  soluble in acetic acid and dioxan, spar ingly  soluble in alcohol, and insoluble 
in water  and benzene.  Found, ~l ~t43 (by the r e v e r s e  ebull ioscopic method); calculated,  IV[ 257. The i somers  were sep-  
arated by f rac t ional  c rys ta l l iza l  :oY~ f rom aqueous dioxan, the i r  proper t ies  being given in Table 1. 

Amino- l -methylnaphth[2 ,  3-d] imidazole-4 ,  9-dione (IV). 3.7 g of III was reduced with hydrogen in 50 ml  of 
ethanol over  1.5 g of Raney nickel at 40-50 ~ C. The carbonyl group was not reduced under  these conditions. After the 
theoret ica l  amount of hydrogen had been taken up, the react ion mixture  was poured into a solution of 2.5 g of sodium 
hydrosulfi te  and 3 g of sodium hydroxide in 250 ml of water ,  and f i l te red  quickly. Air  was bubbled through the f i l t ra te  
for 1 hr ,  and the precipi ta te  which separated was f i l te red  off and washed with water,  giving 3 g (92%) of IV as a red 
solid, mp 273 ~ C (decomp.,  f rom alcohol). It was readi ly  soluble in dimethylformade and s t rong acids, moderate ly  so 
in dioxan and alcohol, and sparingly soluble in water  and benzene.  Found, %: N 18.54. Calculated for C12HsN3Oz, % : 
N. 18.5. The i somer ic  ni t ro  compounds were reduced s imi la r ly ,  to the corresponding amines .  They were purified by 
chromatography on a lumina  in d imethyl formamide  followed by rec rys ta l l i za t ion  from alcohol. 

5, 8 -Diamino- l -methy lnaphth[2 ,  3-d] imidazole-4 ,  9-dione (VII). Thi r ty  g rams  of IV, obtained by catalytic 
reduction of the mixture  of ni t ro i somers  III in d imethylformamide,  was heated with 180 g of oxalic acid for 5 hr at 
135 ~ C. The hot mixture  was poured into 2 1 of hot water ,  the prec ip i ta te  f i l tered off, and the solid washed with water ,  
giving 36 g (91%) of product.  This  was dissolved in 150 ml  of conc H2SO4, and 5 ml of NNO 3 (d 1.51) added slowly at 0 ~ 
The react ion mix ture  was kept at 0 ~ C for a fur ther  5 hr ,  and overnight  in the r e f r ige ra to r .  The mixture  was then 
poured on to 1 kg of ice, the prec ip i ta te  f i l tered off, and the solid washed well with water .  The damp product was 
t r an s f e r r ed  to 1 l of 5% potass ium carbonate ,  and the solution heated for 3 hr  at 90 ~ C. The solid was f i l tered off and 
washed with water to give 19 g (60%) of dark  red solid, readi ly  soluble in d imethyl formamide and ethylene glycol, 
modera te ly  in ni t romethane,  and spar ingly  soluble in alcohol and water.  Mp 295 ~ C (decomp.,  from ni tromethane) .  
Chromatography on a lumina  in ethyl acetate gave two adjacent spots. Found, %: C 52.81; H 2.93; N 20.77. Calculated 
for:  Ct2HsN404, %: C 52.95; H 2.94; N 20.6%. 

5, 8 -Diamino- l -methy lnaphth[2 ,  3-d] imidazole-4 ,  9-dione (VIII). Ten grams of VII in 200 ml  of 
d imethyl formamide  was reduced with hydrogen over Raney nickel at 70 ~ C. The carbonyl  group was not reduced under  
these conditions.  When the reduct ion was complete, the mix ture  was f i l te red  hot f rom the nickel.  The f i l t ra te  was 
evaporated in vacuo to a volume of 50 ml,  and diluted with four t imes  its volume of water .  The precipi tate  which 
separated was f i l tered off, and the solid washed with water  and dried to give 8.65 g (96.5%) of deep violet  solid, mp 
280-290 ~ C (decomp.,  f rom ni t romethane) .  The compound was soluble in d imethylformamide,  ni t romethane,  and 
strong acids,  but only spar ingly  in water  and alcohol; and insoluble  in benzene.  Chromatography on a lumina  in ethyl 
ace ta t e -d ime thy l fo rmamide  (1 : 1) gave a single spot. Found, %: C 59.27; H 4.40; N 23.02. Calculated for C12H10N4Oz, 
%: C 59.5; H4.15;  N23.1.  

5 -Amino-8-hydroxy- l -methy lnaph th[2 ,  3-d] imidazole-4,  9-dione (IX). Five g rams  of III, 0.4 g of sulfur,  and 
1.25 g of boric  acid were  heated in 25 ml  of 30% oleum for  3 hr  at 50 ~ C. The mix ture  was then poured onto 300 g of 
ice, and the precipi ta te  was f i l te red  off and washed with water  to give 6 g of product. This was boiled in 1 ~ of water ,  
and the mixture  f i l tered hot. The precipi ta te  which separated on cooling was f i l te red  off and washed with water  to 
give 2.3 g of ma te r i a l  which was heated with 200 ml  of n i t romethane,  and the insoluble portion f i l tered off. The 
f i l t ra te  was t rea ted with a luminum hydroxide and evaporated to d ryness  to give 1.3 g (27.5%) of pale violet product, 
mp 211-214 ~ C. It was readi ly  soluble in ni t romethane,  modera te ly  soluble in alcohol, and spar ingly  soluble in 
benzene.  It dissolved in caustic alkali  to give a violet solution, and in conc H2SO 4 to give a yellow solution. F o u n d ,  %: 
N 17.39. Calculated for Ct2HgN303, %: N 17.3. 

5, 8-Dihydroxy- l -methylnaphth[2 ,  3-d] imidazole-4 ,  9-dione (X). Three  g rams  of VIII and 7 g of s tannous chloride 
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were heated for 2.5 hr  in 40 ml  of conc HC1. The m i x t u r e w a s  cooled, and the solid was f i l tered off and washed with 
5% HC1 followed by ice water .  The product  was boiled for 30 min  in 50 ml of 5% caustic soda, and the mixture  was 
f i l tered.  Compound X was precipi tated from the f i l t ra te  by addition of conc HC1, f i l tered off, and washed with a smal l  
amount of wa t e r  to give 2 g (66%) of yellow product,  mp 284-286 ~ C (decomp.). The compound was soluble in alcohol, 
toluene,  and acetic  acid, but spar ingly  soluble in  water .  Found, %: N 11.25%. Calculated for: ClzHsN204, %: N 11.5. 

5, 8-Di- (p- to lu id ino)- l -methylnaphth[2 ,  3-d] imidazole-4,  9-dione (XIID. A mix ture  of 5 g of VIII, 4 g of stannous 
chloride,  5 g of bor ic  acid, and 50 g of p- toluidine was heated for 3 hr  30 mi n  at 130 ~ C. The react ion mixture  was 
t r a n s f e r r e d  into 1 ~ of hot 5% HC1, and the mixture  was f i l te red  hot. The precipi ta te  was washed on the f i l te r  with 
warm water ,  giving 6 g (69%) of b lu i sh -g reen  product,  mp 251-252~ (deeomp., f r o m  aqueous DMF), insoluble  in 
water ,  and soluble in H~SO4 to give a violet  color.  Found, %: C 73.72; H 5.22; N 13.22. Calculated for  C2~H2~N40~, %: 
C 73.9; H 5.2; N 13.25. 

Hetero analog of Anthraquinone Acid Green (XIV). Two grams  of XII was heated for 3 hr  at 50 ~ C in 10 ml of 
10% oleum, and the mix ture  was kept for  one day at room tempera ture .  It was then poured on to 100 g of ice,  20 g of 
NaC1 added, and the prec ip i ta te  f i l te red  off and crys ta l l ized  f rom 100 ml  of a 20% solution of sodium chloride. There  
was obtained 1.6 g (53.5%) of product,  which on chromatography on a lumina gave a s ingle  spot. The compound was 
soluble in water ,  and spar ingly  soluble in alcohol. Found, %: S 10.4. Calculated for C2~Hz0N40~S2Na2, %: S 10.2. 

5, 8 -Dibenzamido- l -methylnaphth[2 ,  3-d] imidazole-4 ,  9-dione (XII). Two g rams  of VIII was dissolved in 30 ml of 
n i t robenzene,  2 ml  of pyr id ine  was added, and to the mixture  was added 2 ml of benzoyl chloride at 150 ~ C during 
20 min.  The mix ture  was kept at this  t empera tu re  for a fur ther  2 hr ,  cooled, and diluted with 200 ml  of benzene.  The 
prec ip i ta te  was f i l te red  off and washed with benzene to give 2 g (54%) of br ight  red product,  mp 307-309 ~ C (from 
dioxane). The compound was readi ly  soluble in alcohol and benzene.  Chromatography on a lumina in  ethyl acetate gave 
a s ingle  spot. Found, %: C 69.23; H 4.3; N 12.47%. Calculated for  C26HlsN404, %: C 69.4; H 4.0; N 12.44. 

1-Methylnaphth[2, 3-d] imidazole-4,  9-dione disulf imide (X1). One gram of VIII was added slowly at 20 o C to 10 
ml  of 65% oleum, and the mix ture  was kept for  1.5 hr at 55 ~ C. The react ion mixture  was then diluted to a volume of 
20 ml  with H2SO4 and poured on to 150 g of ice. The precipi ta te  was f i l tered off, washed thoroughly with water ,  and 
dried.  The solid was extracted with 500 ml  of boi l ing toluene,  and the toluene extract  evaporated to dryness ,  giving 
0.5 (33%) of br ight  orange product,  soluble in benzene and acetic acid, and insoluble in water.  The mp was indist inct .  
The compound XI dissolved in cold conc H2SO 4 to give a yellow color,  but on heating this  solution the sulfimide 
hydrolyzed to give the s ta r t ing  diamine (VIID. Found, %: N 15.27; S 17.25. Calculated for C12H6N406S2, %: N 15.28; 
S 17.15. 

N i t r o - l ,  3-dimethylnaphth[2,  3-d] imidazole-4 ,  9-dione methylsulfate  (XV). Four  g rams  of III was heated for 2 hr  
at 120 ~ C with 30 ml  of dimethyt sulfate,  and the mix ture  kept overnight.  The solid which separated was f i l tered off, 
and washed with alcohol and ether to give 3.45 g (58%) of yellow product,  readi ly  soluble in water  and acetic acid, and 
insoluble in alcohol and benzene.  Mp 278-279 ~ C (decomp., f rom water).  On heating XV with aqueous ammonia,  a 
violet  colorat ion was produced. Found, %: N 11.0. Calculated for C14HI~NaO 8, %: N 10.95. 

A m i n o - l ,  3-dimethylnaphth[2, 3-d] imidazole-4,  9-dione methylsulfate  (XVD. Two g r a ms  of XV was dissolved in 
30 mt of cone HC1, and 5 g of zinc dust  added slowly with cooling. The react ion mixture  was diluted with twice i ts  
volume of water ,  and the precipi ta te  f i l tered off and washed with water  giving 1.4 g (76%) of b r i c k - r e d  product,  mp 
309 ~ C (decomp. f rom water).  The compound was soluble in water ,  spar ingly soluble in dimethylformamide and acetic 
acid, and insoluble in alcohol and ether .  On heating with aqueous ammonia  or sodium carbonate,  the color of the 
solution changed, apparent ly  as a r e su l t  of the opening of the imidazole ring. Found, %: N 11.8; S 9.00. Calculated 

for CI4HIsN306S, %: N 11.9; S 9.06. 
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