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Abstract  Ech-nodaims clabocate many closely reiated structunal prements (spimochiomes) based on a
naphthoquinone skeleton. As an aid to structural clucidation of these compounds the electronx spectra
of a large number of substituted naphthoquinones were cxamined The bands in the 240-600 my region
ol the electronic spectra of 1.4-naphthoquinone, juglone. and naphthazarn have been assiened to aither
benzenod or quinoid electronic excitations and the effect of substitution od the position of these bands
has been systematically studied. As a result, a number of empirical correlations have been derived that
are useful in the structure determination o f unknown pigments

CONCURRLNTUY with g systematic NMR.! ESR.2 and mass spectrometric? investiga-
tion of substituted naphthoquinones we also studied the electronic spectra of this class
of compounds. Very few such data have been recorded in the literature* * and we
needed electronic spectral data of these compounds to facilitate our structural
elucidation of echinoderm pigments.®:’ Even though electronic absorption spectro-
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 juglone derivatives; we finally undertook a detailed
examination of the spectra of naphthazarins. This report summarizes our findings.

1,4-Naphthoquinones. The diagnostic features of the electronic spectrum of a
1.4-naphthoquinone which is unsubstituted in the benzenoid ring are (1) intense
benzenoid and quinoid clectron-transfer® (E.T.) bands in the 240- 290 my region
(¢ 13,000-25,000), (2) a benzenoid E.T. band at about 335 mp of medium intensity (¢
2600-3200), (3) a quinoid E.T. band in the 330450 my region of low to medium
intensity that is generally only observed for 2,3-disubstituted compounds, and finally
(4) a broad local excitation® (L.E.) band of low intensity (¢ < 100) in the 400-500 mu
region attributable to the n — n* transition of the quinone carbonyls.

In the spectrum of 1,4-naphthoquinone (1, Fig. 1}, the peaks at 245 (¢ 22,100) and
251 mpu (¢ 23,450) are due to benzenoid E.T. processes and shift only slightly with

* This investigation was supported by PHS Research grant GM 10413 from the Instutute of General
Medical Sciences.
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§ NDEA Fellow, 1960-63; NIH Predoctoral Fellow, 1963-64.
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Fi1G. 1 Electronic absorption spectra of 1,4-naphthoquinone, juglone, and naphthazarin 1n
chloroform.

substitution in the quinoid ring (Table 1). The quinoid E.T. transitions [shoulder at
257 mp (¢ 12,:00)], on the other hand, are quite sensitive to substitution in the
quinoid ring (Table 1). Note that the benzenoid bands of 2-hydroxy-1,4-naphtho-
quinone (3) appear at essentially the same positions as in 1 itself, but that the quinoid
bands have shifted bathochromically to 277 (¢ 15,900) and 283 mpu (& 15,960).

The band at 335 mu (¢ 3040) in the spectrum of 1,4-naphthoquinone (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 my from the correspond-
ing E.T. transition for 2,3-dihydro-1.4-naphthoquinone (12) [295 mp (¢ 2100) in
ethanol®).

12

The quinoid E.T. transition in the 330-450 mp region is not usually discernible
in the spectra of 1,4-naphthoquinone and its 2-substituted derivatives [ see for example
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the spectrum of 2-methoxy-1,4-naphthoquinone (4, Fig. 2)] because of its low intensity
and because it is masked by the larger benzenoid band at 335 my. The band cannot
be seen in the spectrum of 1,4-naphthoquinone (Fig. 1). In the spectra of 2-hydroxy-
(3, Table 1) and 2-methoxy-1,4-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
380 my. In all 2,3-disubstituted derivatives bearing strong electron-donating 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-1.4-naphthoquinone (8,
Fig 2), for example, displays the band at 418 mpu (¢ 1320). This transition is not
observed in the spectrum of 2-acetoxy-3-methyl-1,4-naphthoquinone (6, Table 1).
1.4-Naphthoquinone exhibits a broad L.E. band at about 425 mp (¢ 32) in iso-
octane; in chloroform this band appears as a shoulder on the much larger 335 mp
band. This transition is attributed to the n — x* excitation of the quinone carbonyls.

Juglones. The diagnostic features of the electronic spectrum of a juglone (5-hydroxy-
1,4-naphthoquinone) are (1) intense benzenoid and quinoid E.T. bands in the 240-320
my region (¢ 7000-20,000), (2) a benzenoid E.T. band at about 425 mp (¢ 3000-5000),
and (3) a quinoid E.T. band in the 320-420 mpu region (¢ 1000-2500).

The benzenoid and quinoid E.T. bands of juglone (13) overlap and appear at
cssentially the same positions as in 1 (Fig. 1). Surprisingly the substitution at C-5
does not produce an appreciable shift of cither transition. Substitution at C-6,
however, does have an effect on the benzenoid E.T. band as shown in the spectrum
of 6-hydroxy-1.4-naphthoquinone (16, Table 2). where the benzenoid E.T. band
has shifted bathochromically by about 10 mp and the position of the quinoid 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-
juglone (17, Fig. 3) and 3-hydroxyjuglone (18, Fig. 4)] while the position of the benze-
noid ET. band remains cssentially unchanged. As expected both benzenoid and
quinoid E.T. bands shift bathochromically in the spectra of 3,7-dimethoxyjuglone
(20, Fig. 5) and spinochrome B [2,3,7-trihydroxyjuglone (21), Table 2].

A benzenoid E.T. band of 13 appears in the visible region of the spectrum at 429 mp
(¢ 3800); this is a bathochromic shift of aimost 100 my as compared with the 335 my
band of 1 (Fig. 1). The band may involve excitation 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 affected by further substitution on the
benzenoid ning 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 [$,8-dihydroxy-1,4-naphthoquinone (24), Fig. 1] the benzenoid E.T.
band is bathochromically displaced by about 100 my 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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TABLE 1. ELECTRONIC ABSORPTION SPECTRA® OF 2- AND 2.3-SUBSTITUTED 1.4-NAPHTHOQUINONES

Apes (£) Of ET bands

No. Compound _— — - — N — -
Benzenoid Quinoid Benzenoxd Quinoid*
. L4
|
1 O‘ 245 (22.100); 251 (23,450) sh 257 (13,100) 335 (3040)
|

‘

Et
245 (18,230); 251 (19,910) 259 (17,860). 268 (16,430) 335 (2680)

7\
c

OH
3 O‘ 244 (15.580); 250 (18,150) 277 (15,900). 283 (15.960) 337 (3020) sh 380 (750Y
|
O
Q)
|
OMe
4 O‘ 242 (16,680); 248 (17,950) 274 (16,260), 280 (16,300) 333 (2950)
|
O
0
|
OAc
s O‘ 252 (17,800) 252 (17,800) 341 (3190)
|
0
DAc
244, 250 264, 269 337

[
e
k<
o
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TABLE 3— continued

Awez (€} Of ET. bands
No. Compound — e i e e e - -— - —

Benzenoid Quinoud Benzenowd Qumoid®

7 ! 252 (21,700 sh 281 (13,900); 286 (15,100} 340 (2950) sh 380 (1270)

0
A OH
8 O‘ 253 (17,790) 273 (13,900); sh 283 (13,280) 337 (2620} 418 (1320}
" OMe
0

Et

' L 4
OH
16 “ sh 247, 252 281, sh 287 337 sh 385
7 Me
»

i
OMe
L] O‘ sh 245(20,700); 252(22,000} 280 (17,700}, sh 288 (15,800) 338 (2990} sh 388 (860}
1
O

262 (17,650 sh 274(17,000;sh 288(14,350)  335(2275) 439 (1470)

* The spectra were determined in chlorolorm.

* This quinoid E.T. band for the monosubstituted 1 4-naphthoquinones s generally of low intensity (¢ < 100)
masked by the benzenoid ET. band near 335 mu.

¢ The spectrum was determined immediately as an anomalous reaction  with chloroform occurs on standing.

* In methanol : sh 380 my (¢ 1000).

* Molar extinction coefficients were not determined.

! Even though no distinct inflections are discernible on the low wavelength side of this band. there 1s enough absory
at 245-255 mp 1o indicate the presence of the more familiar 245 and 250 mu bands.
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F1G. 2 Electronic absorption spectra of 2-methoxy-1,4-naphthoquinone and 2-hydroxy-3-
methoxy-1.4-naphthoquinone
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Fi1G. 3 Electronic absorption spectrum of 2-hydroxyjuglone.
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The benzenoid E.T. band of 1 at 335 my is very sensitive to peri substitution. Even
in S-acetoxy-1.4-naphthoquinone (15) this band 1s bathochromically shifted by 10 mp.
Substitution at C-6 shows a less pronounced red shift, as in the spectrum of 6-hydroxy-
1,4-naphthoquinone (16) where the E.T. band is found at 388 my. The visible E.T.
absorptions of 21 (Table 2) and several other highly substituted juglones™'' have
twin peaks which are generally centered about 425 mp.

The band at 337 mp (¢ 1270) in the spectrum of 13 (Fig. 1) is tentatively assigned
to a quinoid E.T. transition.
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F1G. 4 Electronx absorption spectrum of 3-hydroxyjuglone.

Naphthazarins. The diagnostic features of the electronic spectrum of a naph-
thazarin (Fig. 1) are (1) a combined benzenoid and quinoid E.T. band in the 270-350
my region (¢ S000- 10,000), (2) a benzenoid E.T. absorption of multibanded structure
centered near 500 mp (¢ 6000-9000) and (3) a small quinoid E.T. band in the 330-500
mpy region (e 000-1700).

The E.T. band in the 270-350 mp region apparently is a combination of benzenoid
and quinoid p — n® excitations, which is not surprising when one considers the
tautomeric nature of the naphthazarin system. Unlike 1,4-naphthoquinones 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 ET. band is
important for elucidating the nature of f-substituents on the naphthazarin system.



1. SINGH, R. T. OGATA, R. E. Moore, C. W. J. CHaNG and P. J. SCHEUER

(ozez) ovt (0887) pLE (00L°L1) 6T 0t6'L1) 65T HO’W

9l
(09¢1) ¥pg Ys (01v7) 88¢ (0066 1) ¥$T 07s'61) 197 “1DHD
Q VO
]
(0s8T) S (0s9'1D 6STUS  (0OI'STIOST OOL' LT CIDHD éO st
0
0 N0
]

0LZ1) vt us (0T€€) 96€ (06s°L1) 192 (065°Lt) L “IDHD GO ri
o

QO H
|
LI OFE Us  (05$E) LOP US (0£9€) ZT¥ (088T1) 86T (088'71)8¥7  HOPW éO
€1
©1Z1) L£e  (OP90) S1# Us “(00BE) 62F 0ze'v1) 167 ozE'v1) IsT “OHD

o

proutnd) proudzuag plouind) pioudzudg

- - - - - -4 o= - - - - - - - - - 08 panodwo) ON

spurq ‘] Jo (3) fw "™y

ONIYE QIONTZNIS
AHL NO (ELNLILSANS SANONINOOHLHAYN ' | (INY SINONO)! 40 YEL)IIIS NOILJNOSEY JINOWLOAY ‘7 WY ]



Electromc spectra of substituted naphthoquinones

(0£2T) 1LE us

(OvP1) 0Ly (0087) LBE

(081%) £2¢

(otty) 0t v

(089¢£) 9t v

oy oty

ivy) 61v

(0z61) 60%

(019t) 81 (099¢) Ot Y

(06LL) 0Z€

(07$'%1) 667

(08€°5 1) 00€

(026'01) 692 Us

(09L°T1) T8C

(000'¢1) €82

(008°11) 782

(009°Z1) 98¢

(0p6's1) 0LT

(0EZ'11) 99T

(006'01) 897

(0TL'T1) £9T

‘pu

(018L) 0T

v.v.c

(0866) OV

HOPW

HOW

DHD

‘IOHD

HOW

‘IOHD

HOWN

fLOHD




I. SinGgH, R. T. OGATA, R. E. MOoORE, C. W. J. CHANG and P. J. SCHEURR

‘uotisod st Suysem
Kew pueq 2qisia 12818] Y1 puB UOHISURIL Y1 JO YIYs NwWOoIyYdOyieq ® 1PUdus pjnoys Suns prouinb uo sUINIISQNS PIAIFSGO 10U pueqg

“pIUIULINIP 10N

uonisurll '3 prouazudq 1281r) 21 £q paxsew pue (suouinboyiydeu-p'| Y asedwod) Liisuan mo) jo K|qewnsaid st pueg

uawudisse JanwIUd

>

(9p6) $T¢
(P9L) ¢l

Jprouinb

(001°11) ¥
(08L'€1) $ST

0L 8¢p 01°'11) ¥$T
(otty) st (08L°¢1) $ST

061¢) st (086'01) 65T 4S  (029°91) 0ST '(0PS'91) p9T

ptouazuaq piouinb plouazuag

spueq ‘19 Jo (7) Aus ™y

Ponunuor—7 414V |

punodwo)) ‘ON



Electronic spectra of substituted naphthoquinones 6063

[

[ "
20
OCH,
oY
- —— IN METHANOL
- —— NN OO5N METHANOLIC
10 r_ KOH
" i
.
w -
i
5 7\
i /N
\
| \
\
\
| \
\
L A 1 . A\-( J

400 500 600 700
WAVELENGTH, mu

Fi6 S Electronic absorption spectrum of 3,7-dimethoxyjuglone

300

For example it can readily be seen from Table 3 and Fig. 6 that a 20 mp bathochromic
shift of the E.T. band is associated with each B-hydroxyl attached to the naphthazarin
nucleus. Methoxy groups also shift the E.T. band dramatically to the red, aithough
for adjacent methoxyls the effect is diminished due to less overlap of the p-orbital
electrons of the stenically crowded methoxyl groups with the naphthazar in n-system.
The p-orbital electrons of an acetylated B-hydroxyl group are not available for transfer
to the naphthazarin r-system.'? The net effect on the position of the E.T. band is
therefore comparable to that of an alkyl group. Compare the spectra of 2-ethyl-
naphthazann (25) and 2-acetoxynaphthazarin (41) (Table 3 and Fig. 7). As long as no
alkoxyl or O-acyl groups are present, the position of the ET. band immediately
reveals the number of B-hydroxyls attached to the naphthazarin nucleus.

The visible band is attributed to E.T. p — n® excitations of the non-bonding clec-
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 electron-
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 B-hydroxyls.
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Fi1G. 8 Electronic absorption spectrum of 2,6-dimethoxynaphthazann
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The muitibanded 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 ET. band
is assigned to a quinoid E.T. band. It can always be scen in the spectra of mono-
substituted naphthazarins and/of naphthazarin itself (Table 3). An expected batho-
chromic shift is observed when the group is clectron-releasing The quinoid E.T.
band of 6-acetylnaphthazarin (18) is essentially unshifted since the acetyl is located
on a predominantly benzenoid 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"
Preparation of acetoxynaphthazarins.

Ketence gas was passed through a soln of 20 -25 mg naphthapurpunn in 15 ml benzene for S min. The
reaction was monitored by TLC on deactivated silica gel.'* When the starting matenal had almost dis-
appeared, the mixture was evaporated in vacwo and tbe residual gummy solid was applied to thick layer
plates of deactivated silica gel An initial TLC purification in benzene followed by one in chloroform led
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to pure acetoxynaphthazarin. The desired product was red and generally moved faster on TLC plates than
the yellow periacetylated by-products. The acetoxynaphthazarin was crystallized from isooctane. The
following derivatives were prepared from the corresponding hydroxy compounds: 2-acetoxynaphthazarin,
m.p. 132-133°; 23.diacetoxynaphthazann, mp. 158 160" . 2.6-diacetoxynaphthazarin, m.p. 161 162°;
2.7-diacetoxynaphthazarin, m.p. 166 167°. 2-methoxy-3-acetoxynaphthazarin, m.p not determined;
2-methoxy-6-acetoxynaphthazann, m.p. 178 179, and 2-methoxy- 7-acetoxynaphthazann, m.p not deter-

mined The NMR spectral data, except for 2-methoxy-3-acetoxynaphthazarin, have been reported
clsewhere *

The Charrier and Tocco reaction'® of 1,5-dinitro-2,6-dimethoxynaphthazarin

To a well-stirred muxture of § g 1,5-dinitro-2,6-dimethoxynaphthalene in 100 g conc H,SO,. 35 g
powdered S in 120 g fuming H,SO, (30-33°,) was added dropwise at such a rate that the temp was not
allowed to exceed 40°. The dark purple soln, after an additional hour's stirring, was poured onto 1 kg ice
and the mixture was filtered.

A. Isolation of 2,6-dimethoxynaphthazarin. The above filtrate was boiled for 30 min and then extracted
with benzene. The product was chromatographed on an 80 cm x 5 cm column of deactivated silica gel
and the second band (orange) which was eluted with benzene yiclded 100 mg 2,6-dimethoxynaphthazarin
(2%,). dark red needles from acetone, m.p. 295 296°. Only traces of other compounds were present

B. Isolation of 3.7-dimethoxyjuglone. The above filtrate was extracted several times with ether and the
product was chromatographed onan 80cm x S cm column of deactivated silica gel. Separation was achieved
with benzene and six bands were eluted. The first band (yellow) after vacuum sublimation and crystathza-
tion from chloroform-i1sooctane yielded S0 mg 3,7-dimethoxyjuglone (1°;) as small orange needles, m.p.
248 250 with subl !¢
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