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--The qwtrowqic properties of scvcral compouads relatu3 to 1,5diamino-4.8- 
naphthoquiaone aud I,~~&~m~ylamino~S,8-n~~~u~~e have been dctamincd. The possibility of 
producing isomers during the synthesis and the tautomcric equilibria in the compounds have been 
iavestigatcd. 

INTRODUCTION 

THE dye, napthaxarin 1, (Fig. l), was first isolated by hydrolysis of a highly colored 
violet substance which is the direct product of the reaction of 1,5-dinitronaphthalene 
with sulfuric acid in the presence of a reducing agent.* Later, the structure 2 (FIG. 1) 
was proposed by Neudeckerr for the violet intermediate. This violet intermediate is 
frequently referred to as the “naphthaxarin intermediate product”. A comprehensive. 
but noncritical review by Merian* last summarized the known chemistry of the amino- 
naphthoquinones. 

These materials (1 and 2) are of interest because they are stable derivatives of 1.5 
naphthoquinone, an unknown, presumably unstable compound and they have also 
served as starting materials for many dyes of commerce. 

The synthetic procedures for producing 1,5diamino-4,8naphthoquinones from 1 
and 2, usually involve reducing them to the leacc forms and treating the reduced 
material with an amine. The material is then reoxidixed without isolation, usually by 
atmospheric oxygen. 

In this paper, we report the isolation and characterization of three of the reduced 
materials. As a result of this work, the structures of several previously reported 
compounds are re-assigned. 

SYNTHESIS AND ASSIGNMENT OF STRUCTURE 

The Zeuco form 3 on reaction with 40’!< aqueous methylamine in the presence of 
sodium dithionate and sodium carbonate, in an inert atmosphere gave three air 
sensitive compounds: A, m.p. 200” dec, C,$lH,$J202; B, m-p. 172-3*, C#,,N,O,; 
and C, m.p. 163-4*, C,#I,,N,O,* 

Oxidation of A and B led to 1,5-b~~methylamino)4,8-naphthoquinone 7 while 
oxidation of C led to l&bis-(methylamino)5,8-naphthoquinone 8. The evidence that 
provides the basis for assigning structures 4, 5, and 6 to A, B, and C, respectively, 
(Fig. 1) follows. 

l The mass spectromebk molecular ions arc in agreemat with these assignmats. 
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Mass spectrometric analyses establish that A contains 4 hydrogens and B contains 
2 hydrogens more than the parent dye 7 to which they are converted by oxidation. The 
PMR spectrum of A indicates the presence of 2 H-bonded protons (b = 11.27 ppm). 

The 6 protons of the two Me groups at 287 ppm are split into a doublet, J = 5.2 Hx 
by the N-H, establishing the presence of the proton on nitrogen. The 8 additional 
hydrogens occur as complex methylene signals centred at 6 = 2.51 ppm. The for- 
mulation of A as 4, r&ced 1,5-bir-(methyhunino>4,8-naphthoquinone 7 is in agree- 
ment with the presented data 

In chloroform solution, the PMR spectrum of B shows two markedly different 
acidic proton signals, strongly H-bonded, one at S = 16-l ppm and the other at 9.02 
ppm. In the vinyl region, an AB quartet is observed at b = 690 and 7.13 ppm 
(J = 9.4 Hz). The high field region is, however, complex. A 3 proton singlet at 
8 = 3.33 ppm can readily be assigned to an unsplit N-Me but a complex grouping 
at 6 = 3 ppm cannot be unequivocally assigned. The employment of benzene as the 
solvent for B resolved the ambiguities. In the aromatic solvent the two N-Me groups 
are easily identiged. One is a singlet at b = 2.65 ppm and the other a doublet at 
6 = 2.41 ppm (.I = 5.3 Hz). With this information, the N-Me doublet can be located 
at 6 = 2.92 ppm (J = 5.3 Hz) in CDCl, solution. In both solvents, the N-Me doublet 
collapsed to a singlet upon shaking with D,O. 

Two structures can be advanced for this compound: 

sa sh 

There is no concrete evidence presently available by which one may be distinguished 
from the other. However, in 5a one ring is fully aromatic and would appear to be 
energetically more favorable than the cross conjugated system in Sb. This assignment 
is in agreement with the structure proposed earlier for leucc-naphth~rin.5 

As would be expected, the WV spectra of these compounds retlect the increase in 
conjugation as the compounds are oxidized, 4+5+7 (Fig. 2). The maximum for 4 
being at 368 rnb shifting to 519 mp in 5, and finally to 648 mp in the fully oxidized 7. 

Compound C, assigned structure 6 likewise presents certain ambiguities as the 
methylene groups overlap with the N-Me signals when examined in CDCl, solution. 
When benxene is used as the solvent, however, the spectrum is readily interpreted. The 
NH-Me coupling of 5.5 Hz is clearly observed at d = 2.94 ppm. When the chloro- 
form solution of 6 is shaken with a few drops of DIO, the amine hydrogens exchange 
and the N-Me doublet collapses to a single& The methylare groups contiguous to the 
oxygen are prefixred to the alternative 6h where the methylenes adjacent to the 
methylamino groups lead to a less stabilized aromatic system.* 
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The visible spectrum of 6 has maxima at 507 and 528 mu, upon oxidation to 8, the 
maxima shift markedly and increase in intensity (Fig- 3) due to the increase in 
conjugation of the system. The more symmetrical 1.4compounds appear to have 
longer wavelength UV maxima than the 1,5-series, but the extinction coefficients are 
appreciably smaller. 

0,. 
‘Xh-H, 

6b 

As stated previously, 7 is obtained on oxidation of 5. The PMR spectrum of 7 is 
weak in intensity due to the limited solubility of the compound, but the spectrum is 
unexceptional. The two N-Me groups are split by the NH into a doublet (J = 5.2 
Hz), and the vinyl hydrogens are seen as equivalent AB quartets (J = 10.0 Hz). In 8 
an NH-Me spin coupling of 5.5 Hz is observed, placing the proton on the nitrogen. 

The equilibrium thus is on the side of 8a and the compound is accordingly 1,4-b& 
(methylamino)-5,8-naphthoquinone and not the imine 8b. 

Two singlets at 6 = 6.88 ppm and 7.25 ppm (each 2 protons) are clearly assignable 
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to the two vinyl groups, the lirst quinoid and the other aromatic.6 PMR spectroswpy 
clearly distinguishes 7 and 8 via the vinyl hydrogens. 

Since the synthesis of 4-6 produced both the 1,5- and l&somers, we investigated 
further to determine the step at which the isomerization occurred. The starting mater- 
ials for t&se reduced aminonaphthoquinones are the “naphthazarin intermediate 
product” 2 and the “leuco compound*’ 3 derived from it. Since PMR spectroscopy is 

FIG. 3 IN spectra (ethanol solution) of: (A) 1,4_bi4(metbylamiS,~n~h~oquinone, 8. (B) D&Y~ 

a very sensitive probe, we checked the structural integrity of 2. The PMR spectrum, 
obtained in DMSOdI, exhibited an AB quartet with J = 9-4 Hz (Table 1) for the 
aromatic proton resonances. To assess the presence of isomeric starting materials, the 
PMR spectrum of the commercial grade,’ zinc .chloride salt of 2 was obtained, again 
using DMSOd, as solvent. An AB quartet was observed and if any l&isomer was 
present in the 1,5diamino-4,&naphthoquinone, the amount was probably less than 
5%. 

The “naphthazarin-intermediate product” 2 on reduction with stannous chloride in 
aqueous hydrochloric acid al&r& a crystalline, colorless dihydrochloride (leuco form) 
3, wbose W spectrum is in accord with that expected of a tetra-substituted naphtha- 
lene derivative (Table 2). Tbe material fortunately is soluble enough in DMSOd, that 
the PMR spectrum may be obtained. An AB quartet with J = 8.2 Hz is observed 
with a decrease in the spin coupling in 3 as compared to 2 Thus the isomerization 
process which produces both 1,4 and 1,5 materials from the lJ-diamine occurs 
during the reaction of the &uco compound with the amine. 

If methylamine is reacted with the &uco “naphthazarin intermediate product” 3 (as 
with the synthesis of 4-G) and is followed by oxidaition, there results a material m.p. 
about 200” giving two blue spots on a TLC plate. PMR analysis demonstrated 
unequivocally the presence of both the 1,4- and IJ-isomers (m.p. 235O and 210° 
respectively) with the 1,4 isomer predominating. Thii is in accord with our results on 
compounds 4-6 

In the patent of Klein,* it is reported that l&bis-(alkylamino)-5,8-naphthoquinones 
are derived from the reaction of two moles of alkylamine with leuco-naphthazarin, 
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(see Fig. 1). He reported a m.p. of 200° for his compou11<1, but below the 235O for the 
1,4- and 210° for the l&compounds. His reporkd m.p. is indentical to our m.p. for 
the mixture. Both synthetic procedures, therefore, give rise to a mixture of products. 

We found that the reaction of isopropyl amine with leuco-naphthazwin, followed by 
air oxidation, produced only one isolable compound, m.p. 17 l-2O. This is presumably 
the same compound reported by Klein (m.p. 172O). The compound must be assigned 
the structure, 9,1,5-bis-(isopropylamino)-4,g-naphthoquinone on the basis of both the 
PMR and UV spectral studies. 

. ..H. ,iPr . ..H. ,iPr 

@ p “@B;8 

iPr/N’H”’ iPr ,N.H . . . 

In CDC&, the PMR spectrum clearly showed the AB quartet (J = 99 Hz) typical 
of the 1,5-bis(alkylamino~,g-naphthoquinone system 2. Furthermore, the electronic 
spectra of 9 are similar to that of the 1,5-bis(methylamino) compound 7, and not to the 
1,4-bis(methylamino) compound 8. Upon bromination of9, the dibromide 10 results. 

EXPERIMENTAL 

fWspactrowentxkalollacaryModcl14spsctromba. ccllllofpatb1algtbS1mmto5cmmn 
uKd8sxppR@WThesolntcmpw8ll~2s*.Wtlfor compuun&4.Sxnd6aenmadcupiudcxcratcd 
solvents under oitrogcn atmosphere using 1 mm cells. 

7% rcQcNon ~l.S-daJ&qv-4,8-&m 
s 

dihydmchbrhk with m&yimdne. The double 
zincchlaidesrltoft&ynrphthwin’ pdU!Jt”(-SunpleyWUt.idUCdbythC 
prooedure of Ncu&cke.r.’ Tbe nduuion pmduct, 1,5dibydroxy-%~apbtMm~ d&w- 
ide,5.4~0.02mdes,mdsodiumdahion~,8gwacplladinrrtaslbomhprPgsd~N,40% 
MeNH,aq (40 ml) and 20% Na$O,4 (#, ml) were added. The sealed bomb was kept xt 1tW for 3 hr, 
then cooled and opeocd. The coa!nta were iiltend off rapidly and wasbai with wxtcr, 3-S g of dry crude 
product being oWnaL The solid wu 8oxhlu extractu% anployiug about 150 ml ofehyl ctbu, until the 
cxtrxct chxngcd fram a raldish color tu yellow. On cooling. 1.35 g ot a “nddishh” crystallii material 
was isolated from the ethyl ctha which on xnalyaia by TLC (E K dish with hexaae aa solvent, showed 
two epots. The -ydow” solid in the extraor weighed I.45 g. 
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dissolved in builii harzne, 8lmrai and concentrated. Platelets of 7 were obtained which wclc conta- 
minated with mercuric scetate. The compound was treated with biling water and filtered while hot. 
Crystalliition from EtOAc-benzene yielded 100 mg of 7, m.p. 210” (dec). 

Cornpo~rnd (8). An excess of mercuric acetate in IO0 ml AcOH was used to oxidize 450 mg of 6. The 
soln was heated on the steam cone until 6 was no longer present in soln (TLC analysis). The solvent was 
removed and the msidue dissolved in CHCI, fUtcrcd and added to the top of a Florisil column. Ethyl 
ctbcr was used to dute any non-polar impurities, and a mixture of 10% EtOAc-90% ahyl ether was usod 
to clute the blue 8. After removal of the solvents, the dye from the column was crystallixcd from EtOAc- 
ethyl ether. Crystallixation from benxcne gave an analytical sample, 85 mg.. m.p. 235-6O (needles with a 
reddiircilcx). 

TAIILE~. ANALYTICALDATA 

Compound Formula 
C 

Found 
H 

4 CtxHrsOsN2 6565 7.27 

5 CIZHIIOIN~ 66113 647 

6 C~IHIIOZN~ 6683 647 

7 CtxHtaOsNs 66.65 559 

8 CisH~sOsNx 6668 5.70 

9 CtsHxoO2Nz m56 740 

10 CrsH~sOrNzBr? 4469 445 

N 

12.71 
1284 
1284 
1296 
1280 
1029 

calculated 
C H N ion 

6543 7.3 12.72 228 
6620 6.0 12.71 218 
66.28 6.5 12.70 218 
66.72 5-S 1280 216 
66.65 5.59 1296 216 
70.56 7-38 10.37 272 
44.67 422 6.51 428 

’ Br Calc. 37.15, Found 37.18. 

Compound 9. Leucu-naphthaxmin, 08 g (2.7 mM) was added to a dcaeratcd mixture of 2 ml isopropyl- 
amine and 5 ml pyridine. The soln was heated under Nx for 2 hr. The solvents were removed with a 
stream of N, water added, and the solid 8ltcred and dried. The solki was dissolved in EtOH and one drop 
of 10% NaOH aq added. Air was bubbled through the soln which turned blue. The addiin of I :I EtOH- 
water caused precipitation of a solii whii was filtered off, washed with water and drii Crystallii 
from 95% EtOH yieldal I30 mg of blue plates (red r&x) m.p. l71-2O. The compound was recrysUlixcd 
from EtOH and dried uudcr high vacuum at 60° for analysis (fable 4). 

Compouud10.In5mlAcOH,0~50g(l~8mM)of9and0~l38(l-6mM)ofanhydNaOAcwae 
dissolved. The soln was heated to 60-70°, 2 ml (3-9 mM) Br, added, and then the soln was kept at -6S” 
for I hr. The ppt was filtered Born the cooled soln. wasbed well with water and dried, O-3 g resulted. The 
material was crystallixul from EtOH and then from benzene, yielding bluish-red ncedlm (m.p. > 330“). 
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