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Synthesis and Property Studies of Cyclotrisazobenzenes
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Azobenzenophanes are fascinating macrocycles, which are
of special interest due to their unique photochromic behavior.
Cyclotrisazobenzenes 2 (R = H, Br, tBu) were prepared to
probe how much strain the photoisomerization of the azoben-
zene motive can tolerate. The macrocycles were synthesized
in an overall yield of 10-20 % from ortho-phenylenediamine

(6). Solid-state structures of cyclotrisazobenzenes 2a and 2b
were obtained. Irradiation under various conditions did not
induce any isomerization.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Azo compounds are important and mainly used as dyes
and pigments. The interest in their (E) — (Z) photoisomer-
ization has been growing in recent years.'! Even though the
mechanism of their photochromism is still uncertain,” a
variety of examples can be found in the literature, where
the (E) — (Z) isomerization of azobenzenes is exploited to
induce a structural change in molecules by irradiation.r

A particularly interesting class of compounds are azo-
benzenophanes;*°! they are macrocycles containing the
azobenzene scaffold at least once (Figure 1, e.g. 1). (Z2)-
Azobenzenophanes like 1 show a longer lifetime compared
to their linear analogues due to their distorted geometry.l!
Even a thermally stable (Z) isomer has been reported re-
cently (1, n = 0). The cavity has the potential to act as a
host for cations,! similar to crown ethers!”! or calixarenes.!®!
Cyclotrisazobenzenes 2 are a special class of azobenzeno-
phanes, in which all azobenzene units are in conjugation.
Dreiding and co-workers first synthesized the parent cyclo-
trisazobenzene in an overall yield of 2.6% from N-(I-pyrid-
inio)-2-nitroanilide by pyrolysis as a key step.’] The precur-
sor for the final oxidative coupling was prepared in higher
yield by Skrabal et al.'% Nevertheless, the overall yield was
still low. The fully conjugated macrocycle 2 might also be
used as core structure for molecular grippers.l'!l Because of
these potential photochromic properties we became inter-
ested in this class of compounds, especially, if molecules
such as 2 still exhibit photochromism. A new efficient strat-
egy to access these molecules was developed, and different
derivatives were synthesized.

[a] University of Basel, Department of Chemistry,
St. Johanns-Ring 19, 4056 Basel, Switzerland
Fax: +41-61-267-0976
E-mail: hermann.wegner@unibas.ch
& Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/ejoc.200900861.

Eur. J. Org. Chem. 2009, 5647-5652

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 1. Azobenzenophane 1 and cyclotrisazobenzene 2a.

Results and Discussion

There are many different methods to prepare symmetri-
cal azobenzenes: Various oxidants have been reported to
transform anilines to the corresponding azobenzenes.!'”]
They can also be obtained by reduction of nitroarenes.!'?!
However, for the preparation of unsymmetrical azoben-
zenes and especially oligoazobenzenes, only a few pro-
cedures are known,!'¥ e.g. by a two-step process, involving
Pd and Cu catalysis, developed by Cho et al.l'*e) One of the
most versatile methods to generate unsymmetrical azoben-
zenes 1s the condensation of anilines with nitrosoarenes,
known as the Mills reaction.[!>]

Our synthesis of cyclotrisazobenzene commences with
the preparation of 2,2'-diaminoazobenzene (7) from ortho-
phenylenediamine (6) by treatment with activated MnO, in
DCM. However, the use of KO, as an oxidant significantly
increased the yield!'® (Scheme 1). According to the syn-
thetic plan, the next azo bond should be installed by using
the Mills reaction.l'! Interestingly, under the classical con-
ditions in acetic acid only starting material was reco-
vered.['> By screening different conditions it was discov-
ered that the reaction proceeded in diluted acetic acid upon
heating. First experiments were carried out in a 10:1 solvent
mixture of chloroform/acetic acid to yield 42% of bisazo
compound 9a.
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Scheme 1. Preparation of cyclotrisazobenzenes 2a—c. [a] The Mills reaction for the bromo derivative was carried out in chloroform.

The yield was further improved by switching to toluene
as a solvent. Under these conditions an isolated yield of
68% of the bisazo compound 9a was obtained. Polar sol-
vents like methanol and DMSO led to various side prod-
ucts. The subsequent basic hydrolysis of the acetyl-pro-
tected diamines 9 smoothly gave the desired free amines 3.
The key step of the synthesis was the oxidative azo coupling
with Pb(OAc),4, which was also used in Dreiding’s original
synthesis. However, under those conditions 2-aminoazoben-
zenes are usually converted to benzotriazoles.['”l Screening
of different conditions revealed that changing the solvent
to toluene did not improve the yield of the desired product
(Table 1). Conducting the reaction in acetic acid gave exclu-
sively bis(triazole) 4. From this result was concluded, that

Table 1. Optimization of the oxidative azo coupling of the diamine 3.

@N‘”fg @'ﬂ

conditions
—_—

the AcOH formed in the reaction is detrimental for the azo
bond formation. Therefore, different bases were tested to
capture the acid formed; NEt; gave the best result (Table 1,
Entry 5). Other oxidants such as PhI(OAc), did only result
in the formation of 4 (Table 1, Entry 7).

With this improved strategy, three derivatives were syn-
thesized in overall yields of 10-20% from ortho-phenylene-
diamine (6) (Scheme 1). The preparation of the 2-methoxy
derivative failed. The last step produced no macrocycliza-
tion product.

The different nitroso compounds 8b,c were prepared ac-
cording to Scheme 2. The new protocol developed by Priew-
isch and Riick-Braun (Oxone® in a biphasic system of
CH,Cl,/H,0) turned out to be the method of choice to in-

A\ N\
N -N N N N= N N=
N L L DI
oy w0 o™
3a 2a 4 5
Entry Oxidant/additive Solvent Ratio 2a/4/51]

1 Pb(OAc), CH,Cl, 1:2:0
2 Pb(OAc), toluene 1:4:0
3 Pb(OAc), AcOH 0:1:0
4 Pb(OAC),/K>COs CH,Cl, 1:2.5:0
5 Pb(OAc),/NEt; CH,Cl, 3.9:0:1
6 Pb(OAc),/DBU CH,Cl, 1:1.3:1.6
7 PhI(OAc),/NEt; CH,Cl, 0:1:0

[a] Determined by 'H NMR spectroscopy.
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troduce the nitroso functionality.['® The unsubstituted de-
rivative 8a was synthesized according to known literature
procedures.[!]

NHz 4 Ac,0, AcOH NHAc
2. HNOj3, Ac,0, AcOH NO
3. Hy, Pd/C

{Bu 4. Oxone®, CH,Cl,/H,0 tBu

11 58 % 8b

NH, 1. NBS, AcOH NHAC

NO25. Ac,0, AcOH NO

3. Hy, PdIC
4. Oxone®, CH,Cly/H,0 Br

12 37% 8c

Scheme 2. Synthesis of nitroso compounds 8b and 8c.

With the improved Mills reaction described above two of
the three azo bonds can also be generated in a single step.
This is due to the fact that ortho-phenylenediamine (6) is
inert to classical Mills reaction conditions: in concentrated
acetic acid no reaction was observed. As mentioned above,
when ortho-phenylenediamine (6) was treated with 1 equiv.
of nitrosobenzene 8a in toluene with only 4 equiv. of acetic
acid, just one coupling took place selectively. Enhancement
of the polarity by increasing the amount of acetic acid initi-
ated the second coupling to 10a in a one-pot procedure.
After deprotection and oxidative macrocyclization, cyclo-
trisazobenzene 2a was prepared in only three steps with a
total yield of 30%, starting from ortho-phenylenediamine
(6) (Scheme 3).

NHAC
NH, 8a (3 equiv.), ACOH (4 equiv.) C[N"
©/NH2 toluene, 60 °C, r.t.

3

then AcOH/toluene (3:1) M

NHAc
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92 %
NH,
[ j\ N @E AN
N D Pb(OAC)s, NEts N D
N:
NN CH,Cly, r.t., 30 min N
&R o
NH,
2a 3a

Scheme 3. Improved synthesis of cyclotrisazobenzene 2a.

Macrocycles 2a-¢ were subjected to UV irradiation to
mediate (E) — (Z) isomerization of their azo bonds. All
compounds show a similar absorption spectrum with one
peak at 293 nm (Figure 2). The band exhibits a blueshift
compared to the 7y — m;* transition, which normally oc-
curs around 314 nm for most (E)-azobenzenes.*”) First
isomerization experiments were carried out by irradiating
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at different wavelengths between 280 and 350 nm with a
spectrofluorimeter; but even after prolonged irradiation no
change of the absorption spectra was observed. Also, with
laser-flash photolysis, no photochromism was detected.
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Figure 2. Absorption spectrum
(3.2X 107 M in chloroform).

of cyclotrisazobenzene 2a

A possible explanation of the inertness to isomerization
could be the high distortion after the first (E£) — (Z) isom-
erization.

Crystals suitable for X-ray structure analysis of macro-
cycles 2a and 2b were obtained (Figure 3). The solid-state
structure of unsubstituted cyclotrisazobenzene has been
discussed by Dreiding and co-workers.”-?!] Slow solvent
evaporation from a TBME solution gave needle-shaped
crystals of zert-butylcyclotrisazobenzene 2b of which the so-
lid-state structure was solved.[??! Both structures, 2a and 2b,
can only be described properly by a unit of two molecules
in each case. The most eye-catching feature is that in the
unsubstituted derivative 2a, m-m-stacking interactions are
causing a face-to-face arrangement of the two molecules,
whereas these interactions in tert-butylcyclotris(azo-
benzene) 2b are not possible due to the bulkiness of the zert-
butyl group. In spite of this difference, there are obvious

Figure 3. Solid-state structures of 2a (top) and 2b (bottom). For 2b
all hydrogen atoms as well as the less populated fragment of the
disordered part of the structure have been omitted for clarity.
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similarities. Interestingly, in both crystal structures the two
molecules exhibit a different symmetry, as one of them
shows uniform N=N bond lengths between 1.24 A and
1.26 A. The bond and torsion angles between the N=N
bond and the phenyl group are unusually high in both cases
(up to 54°). The N=N bonds in the second ring are all
shorter (1.22-1.24 A). Due to the distorted geometry, the
three phenyl moieties do not lie in a plane but rather are
displaced, which is probably caused by repulsion of the elec-
tron lone pairs on the nitrogen atoms, which point towards
the cavity.

Conclusions

A convenient and simple three-step procedure starting
from nitrosoacetanilides for the synthesis of cyclotris(azo-
benzene)s has been developed, thus allowing large-scale
preparation. The introduction of a bromine atom should
also allow further functionalization or incorporation of the
macrocycle into larger structures by cross-coupling reac-
tions. Current efforts are focusing on the design of related
macrocyclic azobenzenes to tune photoisomerization be-
havior.

Experimental Section

4-tert-Butyl-2-nitrosoacetanilide (8b): A solution of 2-amino-4-zert-
butylacetanilide (3.00 g, 14.5 mmol, 1.00 equiv.) in CH,Cl, (65 mL)
was treated with Oxone® (13.4 g, 21.8 mmol, 1.50 equiv.), dissolved
in water (260 mL). The mixture was stirred for 30 min. The organic
layer was separated, and the aqueous layer was extracted with
CH,Cl, (100 mL). The organic phase was washed with 1 m aq. HCI,
satd. aq. NaHCO; and water (100 mL each). Drying with MgSO,
and removal of the solvent gave a black residue, which was purified
by flash column chromatography (silica gel; hexanes/EtOAc, 5:1).
A green oil was obtained, which crystallized while standing at room
temperature for several hours to yield green crystals (2.57 g, 81%);
m.p. 88-89 °C. IR: ¥ = 3238, 2955, 1664, 1591, 1475cm™'. 'H
NMR (400 MHz, CHCl,): § = 10.69 (s, 1 H, NH), 8.74 (d, 3Juy =
8.9 Hz, 1 H, 6-H), 7.78 (d, 3Juu = 8.9 Hz, 1 H, 5-H), 7.35 (br. s, 1
H, 3-H), 2.33 [s, 3 H, NHC(O)CHs], 1.33 [s, 9 H, C(CH;);] ppm.
13C NMR (101 MHz, CDCl;): ¢ = 169.9 [C(O)NHCHj5], 156.7,
146.2, 137.4, 133.9 (C-2), 121.3, 115.8, 34.8 [C(CH,);], 31.4
[C(CHj3)3], 25.5 [NHC(O)CH3] ppm. MS (EI, 70 eV): miz (%) =
220 (51) [M*], 163 (100). C;,H¢N,0, (220.27): caled. C 65.43, H
7.32, N 12.72; found C 65.55, H 7.18, N 12.68.

2-Acetamino-5-bromonitrosobenzene (8c): Iron powder (4.20 g,
75.2 mmol, 3.25 equiv.) was suspended in H>O (15 mL) and glacial
acetic acid (0.4 mL). The mixture was heated to 70 °C, and 2-acet-
amino-5-bromonitrobenzene (6.00 g, 23.3 mmol, 1.00 equiv.) was
added in small portions over 30 min. The temperature was raised
to 80 °C, and the mixture was stirred for an additional 10 min. It
was filtered through a Celite® pad, and the filter cake was washed
with boiling ethanol (250 mL). The ethanol was removed under
vacuum and water (200 mL) was added. The precipitate was col-
lected by filtration. The solid was treated with ethanol (50 mL) and
again filtered. Drying of the filtrate with MgSO,4 and removal of
the solvent yielded 2.77 g of a pale brown solid, which was sus-
pended in CH,Cl, (60 mL). Oxone® (11.1 g, 18.0 mL, 0.78 equiv.),
dissolved in water (300 mL), was added. The mixture was stirred
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for 2 h. The organic phase was separated, washed with 1 M HCI,
saturated aqueous NaHCO3;, and water (each 50 mL). After drying
with MgSO, and removal of the solvent, the crude product was
purified by flash column chromatography (silica gel; hexanes/
EtOAc, 3:1) to yield green crystals (2.50 g, 44%); m.p. 137-139 °C.
IR: ¥ = 3322, 1674, 1581, 1418 cm!. 'H NMR (400 MHz, CDCl5):
0 =10.66 (s, 1 H, NH), 8.83 (d, 3Juyu = 9.1 Hz, 1 H, 6-H), 7.79 (d,
3Juu = 9.1 Hz, 1 H, 5-H), 7.11 (s, 1 H, 3-H), 2.36 [s, 3 H, NHC(O)-
CH;] ppm. 3C NMR (101 MHz, CDCly): 6 = 169.6 [C(O)-
NHCH;], 155.2, 141.2, 137.2, 123.4, 116.9, 116.4; 25.8 [NHC(O)-
CH;] ppm. MS (EL, 70 eV): m/z (%) = 244 (41), 242 (42) [M*], 43
(100). CgH;BrN,O, (243.06): caled. C 39.53, H 2.90, N 11.53;
found C 39.53, H 2.78, N 11.48.

Amino-acetaminobisazobenzene 9a: A solution of 2,2’-diamino-
azobenzene (7) (1.20 g, 5.70 mmol, 1.00 equiv.) in toluene was de-
gassed with an argon stream for 15 min. Then, 2-nitrosoacetanilide
(8a) (0.93 g, 5.70 mmol, 1.00 equiv.) and acetic acid (2.60 mL) were
added. The mixture was stirred under argon at 60 °C. After 3 d,
the solvent was evaporated under reduced pressure, and the residue
was purified by flash column chromatography (silica gel; hexanes/
EtOAc, 2:1) to yield red crystals (1.38 g, 68%); m.p. 168-170 °C
(ref.l1% 164-165 °C). 'H NMR (400 MHz, CDCl5): 6 = 10.12 [s, 1
H, NHC(O)CHj3], 8.68 (d, 3Jyy = 7.8 Hz, 1 H), 7.88 (d, 3Jyy =
8.1 Hz, 1 H), 7.85 (d, 3Jyy = 8.1 Hz, 1 H), 7.81 (d, 3Jyy = 7.8 Hz,
1 H), 7.72 (d, 3Jyu = 7.8 Hz, 1 H), 7.62-7.44 (m, 3 H), 7.25-7.15
(m, 2 H), 6.84 (dd, 3Jyy = 8.2, *Jyn = 8.2 Hz, 1 H), 6.74 (d, *Jun
=8.2Hz, | H), 6.31 (br. s, 2 H, NH,), 2.00 [s, 3 H, NHC(O)CH;]
ppm.

Amino-acetamino-tert-butylbisazobenzene 9b: A solution of 2,2'-di-
aminoazobenzene (7) (1.00 g, 4.71 mmol, 1.00 equiv.) was dissolved
in toluene and degassed with an argon stream for 15 min. 4-tert-
Butyl-2-nitrosoacetanilide (8b) (1.14 g, 5.18 mmol, 1.10 equiv.) and
acetic acid (2.6 mL) was added. The mixture was stirred under ar-
gon at 60 °C. After 3 d, the solvent was evaporated under reduced
pressure, and the residue was purified by flash column chromatog-
raphy (silica gel; hexanes/EtOAc, 2:1) to yield red crystals (1.38 g,
71%); m.p. >270 °C. IR: v = 2918, 1757, 1373, 1203, 1009 cm™".
'H NMR (400 MHz, CHCls): 6 = 10.18 [s, 1 H, NHC(O)CHj],
8.59 (d, 3Jyu = 8.8 Hz, 1 H), 7.91 (s, 1 H), 7.88 (d, 3Juyu = 8.1 Hz,
1 H), 7.80 (d, 3Juy = 7.3 Hz, 1 H), 7.73 (d, 3Jun = 7.5 Hz, 1 H),
7.61-7.51 (m, 3 H), 7.22 (dd, 3Jyp = 8.4, 3Juy = 8.4 Hz, 1 H), 6.83
(dd, 3Juy = 8.0, 3Jyy = 8.0Hz, 1 H), 6.73 (d, 3Jyy = 8.3 Hz, 1
H), 6.24 (br. s, 2 H, NH,), 1.97 [s, 3 H, NHC(O)CH;], 1.37 [s, 9
H, C(CH3)3] ppm. 3C NMR (101 MHz, CDCls): 6 = 169.5 [C(O)-
NHCH;], 148.0, 148.0, 146.8, 142.5, 139.6, 138.1, 133.6, 133.2,
131.8, 131.1, 130.9, 130.6, 120.7, 119.7, 118.9, 117.8, 117.7, 117.6,
35.0 [C(CH3);], 31.7 [C(CH3)3], 25.5 [NHC(O)CH;] ppm. MS (EI,
70 eV): miz (%) = 414 (32) [M™], 267 (100). C54H,6NgO (414.50):
caled. C 69.54, H 6.32, N 20.28; found C 69.42, H 6.29, N 20.31.

Amino-acetamino-bromobisazobenzene 9c: To a solution of 2,2’-di-
aminoazobenzene (7) (1.00 g, 4.71 mmol, 1.00 equiv.) and 1-aceta-
mino-4-bromo-2-nitrosobenzene  (8)  (1.26 g,  5.18 mmol,
1.10 equiv.) in CHCl; (27 mL), acetic acid (2.7 mL) was added. The
mixture was stirred under reflux for 2 d. Then it was diluted with
CH,Cl, (150 mL), washed with water (2 X 200 mL), dried with
Na,SO,, and concentrated. Flash column chromatography of the
residue (silica gel; hexanes/EtOAc, 1:1) yielded the product
(810 mg, 39%); m.p. 221-224 °C. IR: ¥ = 3365, 1677, 1613, 1494,
758 cm!. '"H NMR (400 MHz, CDCls): 6 = 9.70 [s, 1 H, NHC(O)-
CHjy], 8.60 (d, 3Jyy = 9.0 Hz, 1 H), 7.95 (s, 1 H), 7.88 (d, 3Juy =
8.1 Hz, 1 H), 7.82 (d, 3Jyy = 8.1 Hz, 1 H), 7.72 (d, 3Jyu = 7.9 Hz,
1 H), 7.64-7.52 (m, 3 H), 7.23 (t, 3Jyy = 7.7 Hz, 1 H), 6.84 (t, *Jun
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= 7.6 Hz, 1 H), 6.76 (d, 3/ = 8.3 Hz, 1 H), 6.39 (br. s, 2 H, NH,),
2.01 [s, 3 H, NHC(O)CH;] ppm. '3C NMR (101 MHz, CDCLy): &
= 168.8, 147.6, 147.2, 142.0, 140.1, 137.7, 135.6, 135.4, 132.9, 132.2,
131.3, 130.1, 122.7, 122.0, 118.8, 117.3 (2 C), 117.3, 1164,
25.8 ppm. MS (EL 70 eV): m/z (%) = 438 (11), 436 (11) [M*], 106
(100). CH,7BrNgO (437.29): caled. C 54.93, H 3.92, N 19.22;
found C 54.95, H 3.91, N 19.20.

Diaminobisazobenzene 3a: A solution of 9a (790 mg, 2.20 mmol,
1.00 equiv.) in ethanol (80 mL) was treated with a solution of KOH
(7.10 g, 0.127 mol, 57.7 equiv.) in ethanol (46 mL) and water
(18 mL). The mixture was heated to 90 °C. After 1 h, the mixture
was poured onto of ice (300 g), extracted with CH,Cl, (3 X 50 mL),
dried with Na,SO, and concentrated to yield a red oil (660 mg),
which crystallized in the refridgerator overnight (95%); m.p. 94—
96 °C (ref.['% 96-97 °C). '"H NMR (400 MHz, CDCls): § = 7.89
(dd, 3Juy = 8.1, 4Jyy = 1.5Hz, 2 H), 7.81-7.75 (m, 2 H), 7.52—
7.46 (m, 2 H), 7.21 (ddd, 3Jyy = 8.4, 3Jyy = 7.1, “Juyu = 1.6 Hz,
2 H), 6.84 (ddd, 3Jyy = 8.2, 3Jyy = 7.1, *Jyn = 1.2 Hz, 2 H), 6.72
(dd, 3Jyy = 8.2, “Jyn = 1.1 Hz, 2 H), 6.27 (br. s, 4 H, NH,) ppm.

Diamino-zert-butylbisazobenzene 3b: To a solution of 9b (1.23 g,
2.97 mmol, 1.00 equiv.) in ethanol (75mL) was added KOH
(3.77 g, 67.2 mmol, 22.7 equiv.), dissolved in a mixture of ethanol
(50 mL) and water (20 mL). The reaction mixture was stirred at
100 °C for 2 h. The mixture was allowed to cool to room tempera-
ture and diluted with water. After extraction with CH,Cl,, washing
four times with water and drying with Na,SO,, the solvent was
removed under reduced pressure to yield a red solid (1.13 g, 100%);
m.p. 103-105 °C. IR: v = 3456, 2957, 1614, 1385, 1157, 1139 cm™ .
'H NMR (400 MHz, CDCl): 6 = 7.91 (d, *Jyn = 8.8 Hz, 1 H),
7.89 (d, 3Jygy = 8.1 Hz, 1 H), 7.80-7.76 (m, 2 H), 7.51-7.46 (m, 2
H), 7.29 (dd, 3Jyy = 8.6, *Jyy = 2.4 Hz, 1 H), 7.24-7.18 (m, 1 H),
6.86-6.81 (m, 1 H), 6.73 (d, 3Jyy = 8.5 Hz, 1 H), 6.71 (d, 3Juy =
8.6 Hz, 1 H), 5.95 (br. s, 4 H, NH,), 1.34 [s, 9 H, C(CH3)3] ppm.
I3C NMR (101 MHz, CDCls): § = 148.5, 148.2, 142.4, 140.6, 140.1,
138.2, 137.9, 132.7, 131.8, 130.8, 130.7, 130.6, 127.1, 124.7, 117.6,
117.5, 117.3, 117.1, 34.4 [C(CH3);], 31.8 [C(CH3);] ppm. MS (EI,
70 eV): mlz (%) = 372 (96) [M*], 162 (100). C5,H,4Ng (372.46):
caled. C 70.94, H 6.49, N 22.56; found C 70.85, H 6.55, N 22.70.

Diamino-bromobisazobenzene 3c: A solution of 9¢ (720 mg,
1.65 mmol, 1.00 equiv.) in ethanol (40 mL) was prepared and
treated with KOH (2.09 g, 37.2 mmol, 22.5 equiv.), dissolved in eth-
anol (7mL) and H,O (7 mL). The mixture was heated to 100 °C
for 1 h, and then poured onto of crushed ice (130 g). It was ex-
tracted with CH,Cl, (3 X 100 mL) and dried with Na,SO,. Evapo-
ration of the solvent yielded the product (620 mg, 95%); m.p. 118—
119 °C. IR: v = 3438, 1602, 1482, 1393, 1159, 811 cm'. '"H NMR
(400 MHz, CDCls): 6 = 7.98 (s, 1 H), 7.87 (d, *Juy = 8.1 Hz, 1 H),
7.82-7.73 (m, 2 H), 7.56-7.45 (m, 2 H), 7.28 (d, 3Jyu = 8.7 Hz, 1
H), 7.22 (t, 3Jyu = 7.7 Hz, 1 H), 6.84 (t, *Jun = 8.7 Hz, 1 H), 6.76
(d, 3Jugn = 7.2 Hz, 1 H), 6.65 (d, 3Jyy = 8.7 Hz, 1 H), 6.30 (s, 2
H, NH,), 6.08 (s, 2 H, NH,) ppm. 3*C NMR (101 MHz, CDCls):
0 = 148.2, 147.5, 142.2, 141.8, 138.4, 137.9, 134.7, 132.5, 131.1,
130.4, 130.3, 130.2, 118.6, 117.3, 117.2, 116.7, 116.4, 108.8 ppm.
MS (EI, 70 eV): m/z (%) = 396 (31), 394 (33) [M™*], 106 (100).
CgH5BrNg (395.26): caled. C 54.70, H 3.82, N 21.26; found C
54.58, H 3.80, N 21.05.

Cyclotrisazobenzene (2a): Triethylamine (1.32mL, 9.50 mmol,
10.0 equiv.) was added to a solution of 3a (0.30 g, 0.95 mmol,
1.00 equiv.) in CH,Cl, (100 mL). Pb(OAc)s (0.96 g, 2.20 mmol,
2.30 equiv.), dissolved in CH»Cl, (12 mL), was added dropwise. Af-
ter complete addition, the mixture was stirred for 40 min. The sol-
vent was removed under reduced pressure, and the residue was
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purified by flash column chromatography (neutral alox; hexanes/
EtOAc, 5:1) to yield golden brown crystals (151 mg, 51%); m.p.
180182 °C (ref.) 169-176 °C). '"H NMR (400 MHz, CDCl;): 6 =
7.72-7.66 (m, 6 H), 7.59-7.53 (m, 6 H) ppm.

3-tert-Butylcyclotrisazobenzene  (2b):  Triethylamine (0.75 mL,
5.37 mmol, 10.0 equiv.) was added to a solution of 3b (200 mg,
0.54 mmol, 1.00 equiv.) in CH,Cl, (65 mL). Pb(OAc), (541 mg,
1.22 mmol, 2.26 mmol), dissolved in of CH,Cl, (7 mL), was added
dropwise. After complete addition, the mixture was stirred for
30 min. The solvent was removed under reduced pressure, and the
residue was purified by flash column chromatography (neutral alox;
TBME/hexane, 1:7). A red-brown oil was obtained, which crys-
tallized after a few days to give brown crystals (97.0 mg, 49%); m.p.
128-132°C. IR: v = 2952, 1456, 1360, 825, 758 cm!. '"H NMR
(400 MHz, CDCly): ¢ = 7.73-7.52 (m, 11 H), 143 [s, 9 H,
C(CHj3)3] ppm. 3C NMR (101 MHz, CDCly): 6 = 154.4, 147.0,
146.9, 146.8, 146.7, 146.7, 144.4, 130.5, 130.4, 130.4, 130.4, 127.6,
122.8, 122.7, 122.0, 121.8, 121.8, 119.7, 37.6 [C(CHjy);], 31.7
[C(CH3)3] ppm. MS (EL, 70 eV): m/z (%) = 368 (12) [M*], 353
(100). CyH,oNg (368.43): caled. C 71.72, H 5.47, N 22.81; found
C 71.55, H 5.61, N 22.49.

3-Bromocyclotrisazobenzene  (2¢):  Triethylamine  (1.75 mL,
12.6 mmol, 10.0 equiv.) was added to a stirred solution of 3c
(500 mg, 1.26 mmol, 1.00 equiv.) in CH,Cl, (150 mL). Pb(OAc),
(1.27 g, 2.87 mmol, 2.28 equiv.), dissolved in CH,Cl, (10 mL), was
added dropwise. After stirring for 30 min, the solvent was removed
under reduced pressure. The residue was purified by flash column
chromatography (neutral alox; hexanes/EtOAc, 10:1) to yield the
product (208 mg, 42%); m.p. 140142 °C. IR: v = 3054, 1757, 1373,
1203, 1009, 690 cm™'. '"H NMR (400 MHz, CDCls): 6 = 7.79 (d,
“Jau = 2.0Hz, 1 H), 7.74-7.52 (m, 10 H) ppm. '*C NMR
(101 MHz, CDCly): 6 = 147.0, 146.74, 142.65, 146.2, 145.9, 145.6,
133.0, 130.7 (2 C), 130.4, 130.3, 124.5, 124.4, 124.0, 123.1, 123.0,
121.4 (2 C) ppm. MS (EI, 70 eV): m/z (%) = 392 (100), 390 (86)
[M™*]. CisH;BrNg (391.22): caled. C 55.26, H 2.83, N 21.48; found
C 55.34, H 2.87, N 21.25.

Supporting Information (see also the footnote on the first page of
this article): Full experimental data for 7, 8a, 13, 14, 15, 16, 17,
10a and 'H and '3C NMR spectra for 2b, 2¢, 3b, 3c, 8b, 8c, 9b, 9c,
10a.
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