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bcruznold or qumord clcclronlc cxcliatlons nnd the cffcc~ of subsiwwon od ihc posItIon of these bands 

has been sysrcmatlcally studled. As a raulc, a number of cmplr& correlations have twen dewed that 

arc uccful In the <tructurc dctcrmlnatlon o f unknown plRmcntr 

COWLHKI \II j \clth ;1 \)\tcmatlc NMR.’ ESR.’ and maw yxwromctr~c’ invcqiga- 

twn of substituted naphthoqulnorw HC alw studwd the clcyrronlc spectra of this class 
of compounds. Very few such data have been recorded in the litecatuceJ. ’ and we 
needed electronic spectral data of these compounds to facilitate our structural 
elucidation of echinoderm pigments6*’ Even though electronic absorption spcctro- 
scopy has severe limitations as a structural tool, we were nevertheless able to derive 
a number of empirical correlations. As a result. the structures of some unknown 
pigments could be predicted from an examination of their electronic spectra and 
chromatographic behavior.’ We first studied the spectra of naphthoquinones; we 
then examined the spectra of juglom derivatives; we finally undertook a detailed 
examination of the spectra of naphthazarins. This report summarizes our findings. 

1,4_Naphrho@nones. The diagnostic features of the electronic spectrum of a 
I.4naphthoquinone which is unsuhsrirurtd in the benzenoid ring are (1) intense 
bcnzenoid and quinoid electron-transfer* (ET.) bands in the 240 290 rnp region 
(E 13,~25,ooO). (2) a benzenoid E.T. band at about 335 mp of medium intensity (c 
260&3200), (3) a quinoid E.T. band in the 330450 m)l region of low to medium 
intensity that is generally only observed for t3disubstituted compounds, and finally 
(4) a broad local excitation* (L.E.) band of low intensity (E < 100) in the 40&500 ml 
region attributable to the n -. n l transition of the quinone carbonyls. 

In the spectrum of l+naphthoquinone (1, Fig. I), the peaks at 245 (E 22,100) and 
251 rnp (E 23.450) are due to benrtnoid E.T. processes and shift only slightly with 
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FIG. I Electronic absorption spcctrd of l+naphthoqumonc. juglone. and mphthazarin m 
chloroform. 

substitution in the quinoid ring (Table 1). The quinoid E.T. transitions [shoulder at 
257 mu (E !3,:00)], on the other hand, are quite sensitive to substitution in the 
quinoid ring (Table 1). Note that the benzenoid bands of 2-hydroxy-1,4naphtho- 
quinone (3) appear at essentially the same positions as in 1 itself, but that the quinoid 
bands have shifted bathochromically to 277 (E 15,900) and 283 mu (E 15,960). 

The band at 335 mu (E 3040) in the spectrum of 1,4naphthoquinone (1) (Fig. 1) is 
assigned to a benzenoid E.T. transition and as expected its position appears to be 
relatively independent of substitution in the quinoid ring (Table 1). Although the 
quinone carbonyls insulate the aromatic portion from the quinoidal double bond 
and its substituents, the presence of the double bond does facilitate this excitation. 
The band position in 1 is bathochromically displaced by 40 m)l from the correspond- 
ing ET. transition for 2,3dihydro-1.4naphthoquinone (12) [295 mu (E 2100) in 
ethanol’]. 

The quinoid E.T. transition in the 33&UCl mu region is not usually discernible 
in thespectraof l.Qnaphthoquinoneandits2-substitutedderivatives[satforexample 



Elcctrooic spectra of subs~uta! oaphthoquiooncs as5 

the spectrum of 2-mtthoxy- 1 +naphthoquinone (4, Fig 2)] because of its low intensity 
and because it is masked by the larger benzenoid band at 335 mp. Tbe band cannot 
be seen in the spectrum of I&naphthoquinone (Fig 1). In the spectra of 2-hydroxy- 
(3, Table I) and 2-mcthoxy-l&naphthoquinone (4, Fig 2), however, an appreciable 
bathochromic shift of the quinoid E.T. band and enhancement of its intensity has 
been engendered by the electron-releasing substituent to produce an inflection at 
3gO mu. In all 2.3disubstituted derivatives bearing strong electrondonating groups, 
the bathochromic shift of the quinoid band is sufficient to separate it entirely from the 
benzenoid band. The spectrum of 2-hydroxy-3-methoxy-l A-naphthoquinone (8, 
Fig. 2). for example, displays the band at 418 mu (c 1320). This transition is not 
observed in the spectrum of 2-acetoxy-3-methyl-I.4naphthoquinone (6, Tabk 1). 

I,QNaphthoquinone exhibits a broad L.E. band at about 425 mu (E 32) in iso- 
octane; in chloroform this band appears as a shoulder on the much larger 335 mu 
band. This transition is attributed to the n + n* excitation of the quinone carbonyls. 

Juglones. The diagnostic features of the electronic spectrum ofa juglone (5-hydroxy- 
1.4naphthoquinone) are (1) intense benxcnoid and quinoid E.T. bands in the 24&320 
mu region (E 700&20,ooO), (2) a benztnoid E.T. band at about 425 mu (E 3OCG5000), 
and (3) a quinoid E.T. band in the 320X20 mu region (c ltXG2500). 

The benzenoid and quinoid E.T. bands of juglone (13) overlap and appear at 
essentially the same positions as in 1 (Fig. I). Surprisingly the substitution at C-5 
does not produce an appreciable shift of either transition. Substitution at C-6, 
however, does have an effect on the benzenoid E.T. band as shown in the spectrum 
of 6hydroxy-1.4~naphthoquinone (16. Table 2). where the benzenoid E.T. band 
has shifted bathochromrcally by about IO mu and the position of the qumoid E.T. band 
has remained essentially unaltered. The benzenoid E.T. bands of 13 and 16 are 
comparable with o-hydroxycarbonyl and p-hydroxycarbonyl chromophores, respec- 
tively.” Substitution on the quinoid ring with an electron-releasing substituent 
causes a pronounced shift of the quinoid E.T. band [see the spectra of 2-hydroxy- 
juglonc (17. Fig. 3) and 3-hydroxyjuglone (18. Fig. 4)] while the position of the benze- 
noid E.T. band remains essentially unchanged. As expected both benzenoid and 
qurnoid ET. bands shift bathochromrcally in the spectra of 3,7dimethoxyjuglonc 
(20, Fig. 5) and spinochrome B [2,3.7-trihydroxyjuglonc (21) Table 21. 

A benzenoid E.T. band of 13 appears in the visible region of the spectrum at 429 mu 
(E 3800); this is a bathochromic shift of almost 100 mu as compared with the 335 mu 
band of I (Fig. I). The band may involve excnatron of the non-bounding electrons 
of the hydroxyl group to the quinone carbonyl antibonding orbitals. Note that a 
hypsochromic shift occurs when the polarity of the solvent is increased (Table 2). The 
position of this band is not appreciably a&ted by further substitution on the 
benzcnoid ring at positions 6 and/or 7 or by substitution in the quinoid ring. Substitu- 
tion at the other peri position, however, exerts a dramatic effect. In the spectrum of 
naphthazarin [5,8dihydroxy-l+naphthoquinone (%I), Fig I] the benzenoid E.T. 
band is bathochromically displaced by about 100 mu compared with the correspond- 
ing band of juglone. 

The anionic form of the peri hydroxyl produces a large bathochromic shift of the 
visible peak (Fig. 5). A smaller red shift is observed when a quinoidal hydroxyl group 
is present in the molecule (Figs. 3 and 4). It is interesting to note the twinned appear- 
ance of the visible peak of 2-hydroxyjuglone (17) in strong base. 
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No 

A_ (c) of E T bands 
Cornmud _ _ __ __ ..__ __ ___ __._ _ 

BmXllOtd Qumod 
.-- .- _- -. -- 

1 245 (22.100). 251 (23.450) sb 257 (13.100) 

2 245 (18,230): 251 (19.910) 259(17.860)~268(16.430) 

3 244(15.580); 2~0(18.150) 277 (15.900). 283 (15.960) 

O.Ue 
4 242 (I 6.680); 248 (I 7.950) 274(16260); 280(16.Mo) 

252 (17.800) 341(3190) 

264.269 

BCtlEllOld Quinoid’ 
-. _- .- 

335 (3040) 

335 (2680) 

337 (3020) rh 380 (750)’ 

333 (29950) 

337 
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TAEt1.F 3- conrrnurd 

i, It) of E.T. bands 
NO. Compou& _ -. ._ .- - - -- --. -- - - 

&nZmOid Qutnoid Bcnrcnod Qurnotd@ 
~,. -_ .- .- -.. - - - -- -.. 

,h 281 (13.900); 286(15.100) 340 (29503 rh 380 (1270) 

273 f I 39X3); sh 283 (I 3.280) 337 (26201 41x (1320) 

338 (2990~ sh 388 (8601 

281, sh 287 337 sh 385 

H 

11 262 ( 17,6X)V sh 274(i7.ooO;sh 288(14,3x)) 335 (227% 439 (14701 

H 

l l-be spectra were dcrerminai in chloroform. 
’ This quinoid ET. band for Ibe monosubslitufcd IA-naphthoqutnona 0 generally of low intensity fi c io0) 

masked by the btnzenoid E.7, band ocar 335 mp 
’ The spectrum was detcraxincd immediately as an aoomalow fiction with chloroform OOFUN on standing. 
’ In mctbutol: sh 380 m(i (c 1000). 
’ Molar extinction c&f&Qta were not -nod. 
’ Even though oo distinct inflections ~UZ disarnibk on I& low wawkogtb side of this band. them u enough rbsorl 

at 245-255 ml, to indicate tbc prwwx of the more fa&iu 245 and 2%) w bands. 
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The benzenoid E.T. band of I at 335 mu is very sensitive to peri substitution. Even 
in 5-acetoxy-l A-naphthoquinone (15) this band IS bathochromically shtfted by 10 mu. 
Substitution at C-6 showsa less pronounced red shift, as in the spectrum of 6-hydroxy- 
1.4naphthoquinone (16) where the E.T. band is found at 388 mu. The visible E.T. 
absorptions of 21 (Table 2) and several other highly substituted juglones'. ” have 
twin peaks which are generally centered about 425 mu. 

The band at 337 mu (C 1270) in the spectrum of 13 (Fig. 1) is tentatively assigned 
to a quinoid E.T. transition. 
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FIG. 4 Electronw rbsorpt~on spectrum ol 3.hydroxyp~one. 

Nophthuzaritu. The diagnostic features of the electronic spectrum of a naph- 
thazarin (Fig. 1) are (I) a combined benzenoid and quinoid E.T. band in the 27&35O 
mu region (E 5OOC lO.OtXI), (2) a benzenoid E.T. absorption of multibanded structure 
centered near 500 mu (F, 6ClO&9ooo) and (3) a small quinoid E.T. band in the 33&5OCl 
mu region (E OO& 1700). 

The E.T. band in the 27&350 mu region apparently is a combination of benzenoid 
and quinoid p + n* excitations, which is not surprising when one considers the 
tautomeric nature of the oaphthazarin system. Unlike 1.4naphthoquinones and 
juglones which show two E.T. bands (one benzenoid and one quinoid) in this region, 
most naphthazarins exhibit only one E.T. band. The position of the E.T. band is 
important for elucidating the nature of g-substituents on the naphthazarin system. 
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1-1<, 5 Elcctromc absorption 5pcc1rum d 3.7dmcthoxy)uglone 

For example it can readily be seen from Table 3 and Fig. 6 that a 20 mu bathochromic 
shift of the E.T. band is associated with each f3-hydroxyl attached to the naphthazarin 
nucleus. Methoxy groups also shift the E.T. band dramatically to the red, although 
for adjacent mcthoxyls the effect is diminished due to less overlap of the porbital 
electrons of the sterically crowded methoxyl groups with the naphthazar in n-system. 
The p-orbital electrons ofan acetylated g-hydroxyl group are not available for transfer 
to the naphthazarin n-system. ’ * The net elfect on the position of the E.T. band is 
therefore comparable to that of an alkyl group. Comparc the spectra of 2-ethyl- 
naphthazann (25) and 2-acetoxynaphthazarin (41) (Table 3 and Fig. 7). As long as no 
alkoxyl or 0-acyl groups are present, the position of the E.T. band immediately 
reveals the number of B-hydroxyls attached to the naphthararin nucleus. 

The visible band is attributed to ET. p + rt* excitations of the non-bondmg clcc- 
trons of the peri hydroxyls. A blue shift is noted on increasing the polarity of the 
solvent and the visible band is, as a rule, shifted to shorter wavelengths by clectron- 
donating substituents and to higher wavelengths by electron-withdrawing groups 
(Table 3). A large bathochromic shift results from the anionic form of the peri 
hydroxyl (Fig. 8) and only small shifts are engendered from anionic &hydroxyls. 
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FIG. 6 
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f~lcctronic rbsorptlon spectra of naphthopurpunn and spinochrorne I-. (2.3.6.7. 

retrrhydroxynaphthazann) in methanol. 

Flu 7 

300 400 500 600 

WAVELENGTH, mp 

Elcctronr l bsorptkm rpcctr~ of 2-etbyh~aphthaza~ and 2-~a3oxynaphthuuin 
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FIG 8 Elcstromc absorption spctrum ol2.6dtmcthoxynaphthalarin 

The multibanded structure of the visible absorption is the most important criterion 
for ascertaining the relative positions of substituents on the naphthazarin system. 
Compare for example the spectra of the three isomeric dihydroxynaphthazarins 
(Fig. 9). 

The small band in the valley between the visible band and the intense E.T. band 
is assigned to a quinoid E.T. band. It can always be seen in the spectra of mono- 
substituted naphthazarins and/of naphthazarin itself (Table 3). An expected batho- 
chromic shift is observed when the group is electron-releasing The quinoid E.T. 
band of 6-acetylnaphthazarin (18) is essentially unshifted since the acetyl is located 
on a predominantly benznoid ring. ’ Further substitution with electron-releasing 
groups usually causes a large enough bathochromic shift of the quinoid E.T. band 
that it becomes obscured by the much larger visible band. 

EXPERIMENTAL” 

Prcparama cfocrroxynuphrhazmins. 

Ketax gas was pnssal through a soln of 20.25 mg naphrhapurpunn m IS ml benzene lor 5 ouo. The 

ructioo was monitored by TLC on deactivated SIIK~ gel. ” When the starting matenal had almost dls- 

appeared, the mixture was evaporated h oucw and tbc r&dual gummy solid was apphad to duck layer 

plats d dactintal s~hca gel An initial TLC purification In benzene followed by one in chloroform led 
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FK~. 9 Electrons absorptton spectra of 2.3-. 2.6. and 2.7dthydroxynaphthann 

to pure aoctoxynaphrhazann. The desired product was red and generally moved faster on TLC plates than 

the yellow periaoctylrtcd by-products The acctoxynaphthazarin was crystallized from tsooctane. The 

followtog dcrivattva wcm prcperad from the cormponding hydroxy compounds: 2-acetoxynaphthazann. 

m.p. 132-133”; 2.3.diaatoxynaphthazarin. m p. 158 I60 : 26diaatoxynaphthazann m.p 161 162’ ; 
27dtacctoxynaphthaznrm. m.p. I66 167”. 2-mcthoxy-3-aoetoxynaphthar~rm, m p not dctcrmrncd; 

2.mcthoxy~6~acztoxynaphthazann. m.p. l7R 179 , and 2.methoxy.7-acetoxynaphthazann. m.p not detcr- 

mmcd The NMR spectral data. cxccpr for 2-methoxy.3-acctoxynaphthazarm, have been reported 

elsewhere ’ 

Thr Chrrrrirr and Tocco rraction” o/ I.Sdtnitrrr2~rnuthox~~phthozarin 

To a well-sturcd mtxture of 5 g 1,5diaitro-2&dtmethoxynaphthalcnc m 100 g coot HISO,. 3.5 g 

powdered S in I20 8 fummg HISO, (30~33”:) was added dropwise at such a rate that the tanp WBS not 

allowed IO exceed 40”. ‘Ihe dark purpk soln. alter an additronal hour’s stirrmg. was poured onto I kg ICC 
and the mtxturc was filtered. 

A Iwbrron 9/ 2.641mrfhoxyn0phrhozxrtn. The above filtrate was botlcd for 30 mm and then extracted 

with knzmc. Tbc product was chromatographod on an 80 cm x 5 cm column of deactrvatcd sihca gel 

and the sozood band (orange) which was elutal wrth benzene yrcldcd ItJO mg ~6dtmcthoxynaphthezarm 

(V.J. dark red needles from acetone. m.p. 295 296’ Only ~raccs of other compounds were present 

B. Irololion o/ 3.7-d1nurhoxy~u&~. The above tiltrale was extracted scveraJ time, with ether and the 

product was chromatographcd on an Wcm x 5 cm column ofdcactrvatcd sihca gel. Scparatron wasacb~evcd 

with bctuz~~ and six bands wem elu~cd. Th-e first band Cycllow) after vacuum sublunation and aystalhza- 

Iron from chloroform-rsooctaoc yielded Xl mg 3,7dimethoxyJuglonc (1%;) as small orange nccdla m.p. 

248 250 wrth sub1 ‘& 
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