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Abstract- N-Aryl- and N, N’ -diarylindigos were prepared by refluxing
corresponding aryl iodides or bromide with indigo in 0-dichlorobenzene.
Variation of their UV/visible spectra with the ring-substitution was discussed

on the basis of the captodative and steric effects.

Organic pigments have recently been looked over again as new functional materials including optical
components." Among them, indigos including N, N'-dialkylindigos and N, N'-diacylindigos exhibit
characteristic behaviors in matrics* or under light irradiation.>* A large bathochromic shift of the longest-
wavelength absorption maximum, for instance, was observed in the UV/visible spectrum when NH
hydrogens in indigo were replaced by alkyl groups, which was first recognized to be the inductive effect of
the alkyl groups.’ After that, however, such a bathochromism was considered to be due less to the inductive
effect than to the steric interaction (Brunnings-Corvin effect)® with the carbonyl group, i.e. twisting of the
central C-C double bond.” Studies on the UV/visible spectral change of indigos are thereby now focused
on the existence and quantification of an inductive or mesomery effect (captodative effect)® as well as a
steric effect. Fitjer and coworkers’ examined an extent of the mesomery effect using various vinylogous N,
N'-dialkylindigos with stereochemically identical and planar structure. Unfortunately, however, a
configulation of vinylogous N, N’-dialkylindigos prepared varied with the alkyl substituents, i.e. the cig/
trans and nonplanar/planar structures, which makes it difficult to quantify the effects.

In addition, in our continuous work on the captodative (cd) effect,* '’ the electronic push and pull powers of
each cd substituent and the synergistic cd power have often been discussed to elucidate a cd stabilization
effect in reaction. Estimation of such an electronic power has been attempted theoretically and empirically
on the basis of the ESR spectral data,'' but it is rather impractical. Recently, we could prepare N-mono- and
N, N'-diarylindigos through one step reaction by improving the Ullmann-Goldberg reaction.”” N-Arylindigos
are of particular interest in connection with the bathochromic and cd substituent study of N- subsituted
indigos as well as a construction of new types of indigo m-system. In the present study, we deal with the
synthesis and light absorption of the arylindigos (1~5) in an approach to quantify the electronic and steric
effects.

Refluxing an iodobenzene with indigo in 0-dichlorobenzene containing Cu powder and K,CO; for 10 h

gave reddish purple needles in 91.7% yield, which was assigned to N, N’-diphenylindigo (2a) by the NMR
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and MS spectra. Products and their yield greatly depended on the reaction conditions, and the decrease in
molar ratio of iodobenzene/indigo or reaction time resulted relatively in the increase of the amounts of N-
phenylindigo (1a), and the decrease of N, N'-disubstituted analogue (2a). Reduction of the reaction time to
5 h, for instance, produced mainly N-monophenyl substituted indigo (1a) in 53.5% yield, accompanied by

Table 1. Preparation of N-aryl indigos (1) and (Z)a)

=b) b [ar>./l hgnde]‘:) Time (h) Yield (%) mp (Aé))
[indigo] 1 2 1 2
H | 1.1 4 26.1 0 265 -
H | 2.1 5 535 31.1 - 326%
H | 2.1 10 0 91.7 - -
OCHgs I 1.1 4 11.4 trace - -
OCH; | 1.1 10 345 13.0 2459 -
OCH; | 2.1 10 0 73.8 - 258"
F | 2.1 10 434 167 2649 2719
CN Br 2.1 10 14.2  trace - -
CN® Br 2.1 34 56.7 49 3189 3257

a) Refluxing with Cu powder and K,CO3 in o-dichlorobenzene
b) Rand Xin 1 and 2

¢) Molar ratio

d) Decopmosition point

e) Reaction without K,COg
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N, N’-disubstituted one (2a) in 31.1% yield. The reaction with various p-substituted iodobenzenes also
gave N-mono- and/or N, N’-di(p-substituted)phenylindigos as shown in Table 1. The reaction with 1-
naphthyliodide, however, afforded preferentially a mono-substituted indigo (3) and no di-substituted one
even in the presence of large amounts of naphthyliodide, i.e., naphthyliodide/indigo=4 molar ratio, and
longer reaction time, e.g., 15 h, probably because of the steric hindrances such as twisting of the central
C-C double bond and tortion of the naphthyl carbon-nitrogen bond."
It has been known that the electron-donating substituents including OCH; group limit the reaction in
conventional Ullmann-Goldberg reaction." Reaction with p-methoxyiodobenzene, however, can afford
the corresponding disubstituted indigo (2b) in good yield (Table 1). Moreover, bromobenzene bearing an
electron-withdrawing CN group is also usable for the reaction, and p-cyanophenylindigos (1d) and (2d)
were obtained from p-cyanobromobenzene in moderate yield (Table 1).
Another preparative method of N-arylindigos, i.e., the reaction through the intermediates of N, N-diphenyl-
glycine and indoxyl using diphenylamine as a starting material, was also carried out according to the
procedure usually been applied to indigo.” However, such a process takes several reaction steps, and the
yield in each step was very low and sometimes finally reached totally to nil. N, N-Diphenylglycine, for
instance, was obtained through the reaction of diphenylamine and ethyl chloroacetate subsequently
followed by hydrolysis only in ca.10% yield.
The reaction is also applicable to the synthesis of a naphthylindigo and the phenylindigos bearing a long
alkyl chain on the N-phenyl ring. N-Mono- and N, N’-di(p-hexanoxycarbonyl)phenylindigos, (4) and (5)
respectively, were prepared in moderate yield. An indigo skeleton has been known to become a mesogen
in thermotropic liquid crystals.'® Obtaining the phenylindigo bearing a long alkyl chain, therefore, may
enable an indigo to provide highly m-conjuated functional liquid crystals. Unfortunately, however,
p-hexanoxy- carbonylphenylindigos obtained in the present study would not show liquid crystal behavior
probably because of a shorter alkylchain.
Table 2 lists the absorption maxima (Amax) of the longest-wavelength absorption band of phenylindigos in
various solvents. A, of N-aryl and N, N’-diarylindigos is between N-methyl- (636.5 nm)’ or N, N'-
dimethyl (654.5 nm)’ indigos and parent indigo (604 nm)’ in chloroform. For 1a ~ 1d and 4, it is clear that
Amax shifts to a longer wavelength region with the p-substituents in the order, CN < COO(CH,);CH; <F <H



Table 2. Absorption maxima (A,,,,) Of the longest-wavelength absorption band
of indigos®

H b
Indigo™ 15 1b  1c  1d 3 4 2a 2b 2¢c 2d 5
Solvent (H) (OCH3) (F) (CN) (COCeH13) (H) (OCH3) (F)  (CN) (CO,CgH13)
CeHs 611.5 615.0 610.5 604.0 6105 6075 630.0 636.5 624.0 621.0 628.0

CHCI; | 617.0 624.0 616.5 609.0 617.0 615.0 637.0 644.0 631.0 627.5 634.5
C,HsOH| 611.5 615.5 608.0 604.0 611.0 608.5 633.0 641.0 630.5 623.5 632.5

a) Amax: M
b) Groups in the parentheses indicate a p-substituent on N-phenyl ring.

< OCH;, which is compatible with an electron-donating power of the substituents, e.g., 0.66, 0.45, 0.06,
0.00, and -0.27 of the Hammett o, substituent constants respectively.'” Such a bathochromic shift can be
recognized to originate almost from an enhanced resonance stabilization, i.e., the captodative effect, since
molar extinction coefficient (€) of 1la~1d and 4 varied little (e=15,300~16,900 in CHC]l;) and the difference
in steric hindrance between them is negligibly small, i.e., their p-substituents are far apart each other from
the central C-C double bond of the indigo skeleton. While, in cyanophenylindigos (1d) and (2d), A, is
longer in di-substituted 2d than mono-substituted 1d in spite of the decreasing captodative effect of 2d,
suggesting a bathochromic shift due to the steric hinderance. It is concluded thereby that the bathochromism
observed in the N-substituted indigos originates not only from the Brunnings-Corvin effect but also from
the captodative effect.

EXPERIMENTAL

M easur ements

Melting points were determined on a Japan Hightech THM 600 hot-stage apparatus with a cooling system.
'H-NMR spectra were measured in CDCI; at 23 °C on a JEOL JNM-EX400 (400 MHz) spectrometer using
tetramethylsilane as an internal standard. UV/visible spectra were recorded on a Shimazu UV-1600PC
using lcm light-path length qualtz cell. MS spectra were taken with Shimazu QP 1000 spectrometer.
Analytical TLC was performed on Merck silica gel RP-18F,s4s plates. Column chromatography was
carried out on Cica silica gel 60, 0.063~0.210 mm.

Materials

General procedurefor the synthesis of compounds (1) and (2)

1 and 2 were generally prepared by refluxing o-dichlorobenzene solution containing commercially
available indigo, iodobenzene, copper powder, and potassium carbonate in a round bottom flask equiped
with a condenser for given time. The reaction was traced by TLC analysis. After the reaction dilute HCIl
(1 N) was poured into the reaction mixture, following the filtration and washing with chloroform. Solvents

including o-dichlorobenzene and chloroform were removed from the residue under reduced pressure. Then,



the products were isolated by a column chromatography using chloroform for compounds a ~ ¢ and
chloroform/acetonitrile (20/1) for d as developing solvents.

N-Phenyl- and N, N’-diphenylindigos (1a) and (2a)

The mixture of indigo 1.05 g (4.0 mmol), iodobenzene 0.92 mL (8.4 mmol), copper powder 0.027 g (0.42
mmol), and potassium carbonate 1.17 g (8.4 mmol) was refluxed in 0-dichlorobenzene (20 mL) in a round
bottom flask equiped with a condenser for 5 h. Isolation by a column chromatography gave 0.722 g
(53.5%) of 1a and 0.515 g (31.1%) of 2a. Longer reaction time (10 h) afforded preferentially 2a in 91.7%
yield. Recrystallization from chloroform and dichloromethane gave deep blue needles (1a) and reddish
purple needles (2a); mp 265 and 326°C (decomp) respectively. 'H-NMR of 1a: § 6.88 (1H, t, J=7.6 Hz),
6.94 (1H, d, J=8.3 Hz), 6.99 (1H, d, J=8.1 Hz), 7.07ppm (1H, t, J=7.3 Hz), 7.36~7.54 (8H, m), 7.82 (1H, d,
J=7.6 Hz), 10.57 ppm (1H, s); MS (70 eV): m/z (%) 338 (M+, 100), 309 (30), 179 (14), 104 (11), 77 (24),
76 (22), 51 (16); Anal. Caled for C,H,N,O,: C, 78.09; H, 4.17; N, 8.28. Found: C, 78.17; H, 4.41; N, 8.22.
'H-NMR of 2a: § 6.59~7.87 (18H, m); MS (70 eV): m/z (%) 414 (M+, 100), 397 (33), 385 (51), 369 (11),
267 (42), 207 (15), 195 (15), 152 (10), 102 (10), 77 (47), 51 (22); Anal. Calcd for CxHsN,O,: C, 81.14; H,
4.38; N, 6.76. Found: C, 80.88; H, 4.62; N, 6.68.

N-naphthylindigo (3)

Preparation of 3 was similar to that of 1 and 2, in which 1-naphthyliodide was used instead of iodobenzene.
In the reaction in naphthyliodide/indigo=2.1 molar ratio for 13 h reaction, 3 was obtained in 60.0% yield.
Recrystallization from acetonitrile gave reddish purple plates; mp 258°C (decomp). 'H-NMR of 3: § 6.50
(1H, d, J=8.1 Hz), 6.79 (1H, t, 8H, J=7.3 Hz), 6.96 (1H, d, J=8.1 Hz), 7.06 (1H, t, J=7.3 Hz), 7.32~8.02
(11H, m), 10.69 ppm (1H, s); Anal. Calcd for C,;HsN,O,: C, 80.40; H, 4.15; N, 7.21. Found: C, 80.64; H,
4.40; N, 7.11.

N-p-Hexanoxycar bonylphenyl and N, N’ -di(p-hexanoxycar bonylphenyl)indigos (4) and (5)

p-Iodobenzoic acid hexyl ester was prepeared by refluxing p-iodobenzoic acid 2 g (8 mmol) and 1-hexanol
15 mL (24 mmol) in the presence of a few drops of H,SO, for 1 h in a three-necked round bottom flask
equiped with a Dean-Starks apparatus. Colourless oily ester was obtained in 70.3% yield after evaporating
excess 1-hexanol. 4 was obtained by the reaction with p-iodobenzoic acid hexyl ester in a similar manner
to that of 1 in 24.1% yield, accompanied by trace amount of 5, in which the molar ratio of the ester to indigo
was 1.5 and the reaction time was 13 h. After reaction, 4 was isolated as bluish purple needles by a column
chromatography using chloroform/dichloromethane (10/1) as developing solvents and following
recrystalization from acetonitrile; mp 178°C (decomp). In the conditions in 3.0 molar ratio of the ester to
indigo and the reaction time of 17 h, 5 was obtained selectively in 80.7% yield without a column
chromatography. Recrystallization from acetone gave reddish purple needles (5): mp 153~154°C. 'H-
NMR of 4: 5 0.92 (3H, t, J=7.0 Hz), 1.35~1.82 (8H, m), 4.34 (2H, t, J=6.6 Hz), 6.91 (1H, t, I=7.6 Hz), 7.01
(1H, d, J=8.1 Hz), 7.02 (1H, d, J=8.3 Hz), 7.11 (1H, t, I=7.3 Hz), 7.43 (2H, d, J=8.4 Hz),7.41~7.50 (3H,
m), 7.84 (1H, d, J=7.6 Hz), 8.19 (2H, d, J=8.4 Hz), 10.49 ppm (1H, m); Anal. Calcd for C,H,N,O,: C,
74.66; H, 5.62; N, 6.00.  Found: C, 74.40; H, 5.80; N, 5.86. 'H-NMR of 5: § 0.92 (6H, t, J=7.1 Hz),



1.34~1.80 (16H, m), 4.34 (4H, t, J=6.6 Hz), 7.04 (2H, t, J=7.5 Hz), 7.10 (2H, d, J=8.3 Hz), 7.42 (1H, dd,
J=17,5, 8.3 Hz), 7.59 (2H, d, J=7.5 Hz), 7.63 (4H, d, J=8.5 Hz), 8.23 ppm (4H, d, J=8.5 Hz); Anal. Calcd for
C,H,sN,O,: C, 75.20; H, 6.31; N, 4.18. Found: C, 75.00; H, 6.37; N, 4.05.
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