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A Convenient Synthesis of Functionalized Dibenzotellurophenes
and Related Compounds via the Intramolecular Telluro Coupling
Reaction. The Positive Effect of Heavy Chalcogen Atoms on the
Molecular Hyperpolarizability of a Captodative Conjugation
System
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Nitro-containing dibenzotellurophenes and related compounds, which are otherwise laborious to
obtain, were prepared by the reaction of 2,2’-diiodobiphenyl derivatives with an in situ prepared
tellurium—copper slurry. Partial reduction of 3,7-dinitrodibenzotellurophene using hydrazine
hydrate/palladium on charcoal led to 3-amino-7-nitrodibenzotellurophene, which was found to exhibit
a relatively large third-order molecular hyperpolarizability y (1.4 x 1073! esu) in the measurement
of degenerated four-wave mixing (DFWM) as compared with 4-amino-4’-nitrobiphenyl and other
previously reported compounds, confirming the positive effect of tellurium atom on the nonlinear
optical property of a captodative conjugation system.

Introduction

During the past two decades, organic molecules with
nonlinear optical properties have received growing at-
tention because of their potential as materials for high
density and fast optical information processing. In
connection with our ongoing program, it became neces-
sary to examine the effect of heavy chalcogen atoms, such
as tellurium and selenium, on the hyperpolarizability of
a capto-dative conjugation system such as that of 4-amino-
4’-nitrobiphenyl (1). Model compounds chosen for this
purpose were 3-amino-7-nitrodibenzotellurophene (3a)
and 3-amino-7-nitrodibenzoselenophene (4a) (Chart 1).
A search of the literature revealed no descriptions of
these compounds or their immediate precursors. Thus,
a synthetic investigation of new methods for the con-
struction of this class of heteroaromatic compounds was
launched.

Results and Discussion

Synthesis of Functionalized Dibenzotellurophenes
and Related Compounds. At first sight, the easiest
route to compounds 3a and 4a appeared to involve the
direct nitration of dibenzotellurophene 8e! and diben-
zoselenophene 4e? to dinitro derivatives 8b and 4b,
followed by their partial reduction to the respective
nitroamines 3a and 4a. However, this approach proved
untenable since, as expected, the nitrating agents pref-
erentially attack the chalcogen atom rather than the
nuclear carbons. Furthermore, the preferred ring site
for electrophilic attack is a position para to the chalcogen
atom. Under forcing conditions, there resulted a complex
mixture of isomeric mono- and dinitro derivatives of the
corresponding nitratotelluro or -seleno compounds, often
accompanied by extensive decomposition products.

® Abstract published in Advance ACS Abstracts, July 15, 1995,
(1) Passerini, R.; Purrello, G. Ann. Chim. (Rome) 1958, 48, 738.
(2) Sawicki, E.; Ray, F. E. J. Am. Chem. Soc. 19562, 74, 4120.
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Chart 1
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An alternative route to compound 8a involved an
intramolecular telluro coupling reaction. A homogeneous
mixture of disodium telluride and copper(I) iodide in a
1:2 molar ratio in N-methyl-2-pyrrolidone (NMP) pro-
duces a black slurry, supposedly composed of elemental
tellurium, metallic copper, and possibly some tellurium—
copper compounds of indefinite nature.>* This slurry has
recently been shown to act as a mild telluration agent
for iodonitroarenes to afford bis(nitroaryl) tellurides in
acceptable yields.® When this type of telluro coupling
reaction was applied to 2,2'-diiodobiphenyl 2e, we ob-
tained the expected dibenzotellurophene 3e in a modest
yield. The generality of this synthetic approach has been
confirmed by the synthesis of compounds 3b-d from the
corresponding 2,2-diiodobiphenyl derivatives 2b-d (Table
1). The nitro group, which does not survive when
disodium telluride is employed as the tellurating agent,
remained intact.

(3) Copper telluride with a composition of CugTe* was prepared by
heating a stoichiometric mixture of elemental tellurium and copper
powder in an electric furnace at 900 °C under 10-7 mmHg for 24 h.
The structure of CusTe thus obtained was confirmed by powder X-ray
diffraction analysis. The compound in the form of glittering fine
powder, however, showed no ability for the telluration of activated
iodoarenes. After being heated with iodonitroarenes in NMP at 150
°C for 5 h, it was recovered entirely unchanged.

(4) For a survey of Te—Cu alloys, see: Gmelin Handbuch der
Anorganischen Chemie, 60, Kupfer Teil B; Verlag Chemie: GMBH,
Weinheim, 1958; p 619.

(5) Suzuki, H.; Nakamura, T. Chem. Ber. 1994, 127, 783.
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Synthesis of Functionalized Dibenzotellurophenes

Table 1. Synthesis of Dibenzotellurophene and
Derivatives

biphenyl 2 condns dibenzotellurophene 3¢
Rt R2Z R® T(C) timeh) yield (%)

b NO; H NO; 140-150 10 31-52

¢ NO; H H 180—-190 4.5 41

d H NO; H 140~150 4 40

e H H H 190—-200 5 42

¢ Yields refer to the isolated compounds and were not optimized.

Known methods for the construction of the dibenzo-
tellurophene framework involve the reaction of 2,2'-
dilithiobiphenyl with tellurium dichloride,® tellurium
tetrachloride,® tetramethoxytellurium,® or trimethyltel-
lurium iodide;” the high-temperature reaction of biphenyl
with tellurium tetrachloride,? the thermal cyclization of
2-biphenylyltellurium trichloride;? the flash thermolysis
of bis(2,2’-biphenylene)tellurium,® the acid-mediated cy-
clization of 2-biphenylyl trifluoromethyl telluride;!° and
the prolonged heating of elemental tellurium with 1,2-
diiodotetrafluorobenzene,!! 2,2’-diiodooctafluorobiphe-
nyl,’2 2,2’-biphenylenemercury,® dibenzothiophene S,S-
dioxide,!? or thianthrene S,S,S,S-tetraoxide! at 250—450
°C. However, none of these reported methodologies
appears to provide a convenient route to polyfunctional-
ized dibenzotellurophenes, such as compound 3a.

A similar reaction of the tellurium-copper slurry with
1,2-diiodo-4-nitrobenzene (§) resulted in the formation
of 2,7-dinitro-9,10-ditelluranthracene (8) in 12% isolated
yield, although no attempt was made to optimize the
yield (Scheme 1). The reported syntheses of 9,10-ditel-
luranthracenes involve a high-temperature reaction of
elemental tellurium with tetraphenyltin,¢ 1,2-phenyle-
nemercury,!® or 1,2-diiodotetraflucrobenzene!®'” and re-
action of disodium telluride with 1,2-dichlorobenzene.8

Other binary tellurium—transition metal systems such
as the Te—Fe, Te—Co, and Te—Ni slurries, prepared
similarly from the reaction between disodium telluride
and the respective metal salts, proved to be ineffective
for the telluration of iodoarenes.

A homogeneous reaction mixture of disodium selenide
and copper(I) iodide in a 1:2 molar ratio in NMP produced
a dark brown slurry. When this slurry was similarly
reacted with 2,2’-diiodo-4,4’-dinitrobiphenyl (2b), 3,7-
dinitrodibenzoselenophene (4b) was obtained in 33%
isolated yield, confirming the feasibility of this type of
seleno coupling for the construction of functionalized
dibenzoselenophenes. However, the dark brown slurry
was most likely composed of copper selenide, accompa-
nied by some elemental selenium and metallic copper.

(6) Hellwinkel, D.; Fahrbach, G. Liebigs Ann. Chem. 1968, 712, 1.

(7) Hellwinkel, D.; Fahrbach, G. Chem. Ber. 1988, 101, 574.

(8) Courtot, C.; Bastani, M. G. C. R. Ser. C 1936, 203, 197.

(9) McCullough, J. D. Inorg. Chem. 1975, 14, 2285.

(10) Umemoto, T.; Ishihara, S. J. Am. Chem. Soc. 1993, 115, 2156.

(11) Woodward, C. M.; Hughes, G.; Massey, A, G. J. Organomet.
Chem. 1976, 112, 9.

(12) Cohen, S. C.; Reddy, M. L. N.; Massey, A. G. J. Chem. Soc.,
Chem. Commun. 1967, 451; J. Organomet. Chem. 1968, 11, 563.

(13) Cullinane, N. M.; Rees, A. G.; Plummer, C. A. J. J. Chem. Soc.
1936, 151.

(14) Schmidt, M.; Schumann, H. Z. Naturforsch. 1964, B, 19, 74.

(15) Dereu, N. L. M Zingaro, R. A. J. Organomet. Chem. 1981 212,
14

(16) Rainville, D. P.; Zingaro, R. A.; Meyers, E. A. J. Fluorine Chem.
1980, 16, 245.

Qamn Humphries, R. E.; Al-Jabar, N. A. A.; Bowen, D.; Massey, A.
G.; Deacon, G, B. J. Organomet. Chem. 1987, 319, 59.

(18) Junk, T.; Irgolic, K. J. Organomet. Synth. 1988, 4, 582.
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Previous methods for the synthesis of the dibenzose-
lenophene skeleton include the cyclizations of 2-biphe-
nylylselenenyl halides!®2° and 2-biphenylyltrifluorome-
thyl selenide,'® the high-temperature cyclization of
2-biphenylyl phenyl selenide dichloride,?' the prolonged
heating of selenium powder with 2,2’-biphenylenemer-
cury?? or biphenylene?® at 275—330 °C, the cyclodehy-
dration of diphenyl selenoxide with sodium amide,?* the
sulfur dioxide extrusion from dibenzothiophene S,S-
dioxide with elemental selenium,? the removal of sele-
nium from 9,10-diselenanthracene with copper bronze,2¢
and a Bradsher-type reaction of 2-allylbenzo[b]sele-
nophene with ethyl dichloroethoxyacetate.?”

Dinitrodibenzotellurophene (3b) and -selenophene (4b)
were partially reduced with hydrazine monohydrate in
boiling ethanol—THF (2:1) in the presence of palladium
on charcoal to produce the required aminonitro com-
pounds 3a and 4a in satisfactory isolated yields.

Effect of Heavy Chalcogen Atoms on Molecular
Hyperpolarizability. We have examined the macro-
scopic (solid phase) and microscopic (solution) nonlinear
optical properties of compounds 3a and 4a, with a special
interest in the effect of the introduction of a heavy
chalcogen atom. First, the macroscopic second-order
nonlinear optical properties of compounds 1, 3a, and 4a

(19) Behaghel, O.; Hofmann, K. Chem. Ber. 1939, 72, 582.

(20) McCullough, J.; Campbell, T.; Gould, E. J. Am. Chem. Soc.
1950, 72, 5753.

(21) Greenberg, B.; Gould, E.; Burlant, W. J. Am. Chem. Soc. 19586,
78, 4028,

(22) Hellwmkel D.; Fahrbach, G. Liebigs Ann. Chem. 1968, 715,
68.

(23) Gaidis, J. J. Org. Chem. 1970, 35, 2811.

(24) Courtot, C.; Matadeni, A. C. R. 1934, 199, 531.

(25) Cullinane, N.; Rees, G.; Plummer, C. A. J. J. Chem. Soc. 1939,
151.

(26) Cagniant, P.; Bellinger, N.; Cagniant, D. C. R. Ser. C 1973, 277,
383

(27) Robinson, D. W.; Abdel-Halim, H.; Inoue, S.; Kimura, M.;
Cowan, D. O. J. ‘Chem. Phys 1989, 90, 3427.
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were qualitatively compared for the powdered samples
by measuring the second-harmonic generation (SHG)
intensity with a Nd-YAG laser at 532 nm. The SHG
intensity observed for 4-amino-4’-nitrobiphenyl (1) was
comparable with that of urea which was used as the
standard. The intensity of selenophene 4a was about
three times larger, but tellurophene 3a showed little SHG
activity (< 0.2 x intensity of urea). Similar observations
have recently been reported for 4-aminophenyl 4-nitro-
phenyl selenide and 4-aminophenyl 4-nitrophenyl tel-
luride.?” However, tellurophene 8a was found to generate
emission in the ultraviolet region, probably due to the
third-harmonic generation (THG).

We measured the third-order nonlinear optical sus-
ceptibility y® of compounds 1, 3a, and 4a in dilute NMP
solutions at 532 nm, using the degenerated four-wave
mixing (DFWM) method. The DFWM has been attract-
ing attention because of its potential use as a phase
conjugate mirror for all-optical signal processing and
optical computing.?? Many measurements of y'® have
already been made, and some organic materials are
known to show large y® values.?? However, there are
few systematic investigations of the effect of heavy hetero
atoms on the third-order molecular hyperpolarizability
,% which is defined by eq ¥® = f “Ny, where N is the
number density of molecules. The Lorentz local field
factor fis obtained from the equation = (n2 + 2)/3, where
n is the refractive index of NMP (1.47).

Compounds 3a and 4a showed relatively large third-
order nonlinear optical properties compared to 1 and
other previously reported compounds,?'-33 confirming the
positive effect of the heavy chalcogen atoms on the ¥
values (Table 2). Enhancement of the ¥ values by the
introduction of a heavy hetero atom such as tellurium
may be interpreted in terms of the softness of its
electronic orbitals as well as the increased planarity of
the biphenyl structure. However, biphenyl and fluorene
derivatives with captodative substituents in mutual
conjugation gave indistinguishable THG measurements.3

Experimental Section

General. All telluro and seleno coupling reactions were
carried out under an atmosphere of argon; otherwise, the yields
of dibenzotellurophenes and -selenophene considerably de-
creased.

Sodium hydride (NaH; 60% dispersion in mineral oil) was
washed with dry hexane prior to use. Tellurium (99.999%),
copper(l) iodide, 10% palladium on charcoal, and dimethyl
sulfoxide (DMSO) were used as commercially obtained.
N-Methyl-2-pyrrolidone (NMP) was distilled from calcium
chloride and stored over 4 A molecular sieves. Melting points
are uncorrected. ‘H NMR spectra were recorded in CDCl; and/

(28) Umegaki, S. In Nonlinear Optics and Organic Compounds;
Kagakusohsetsu, No. 15; The Chemical Society of Japan: Tokyo, 1992.

(29) Prasad, P. N.; Williams, D. J. Introduction to Nonlinear Optical
Effects in Molecules and Polymers; John Wiley & Sons, Inc.: New York,
1991.

(30) The effect of iodine substitution was briefly mentioned in ref
29 (p 227) as an unpublished result: Samoc, A.; Samoc, M.; Prasad,
P. N.; Willand, C. S,; Williams, D. J. However, a CAS on line search
failed to find this in a published form.

(31) Fukumi, T.; Sakaguchi, T.; Miya, M.; Nakagawa, H.; Yamada,
K.; Kawazura, H. Rev. Laser Eng. 1994, 22, 409.

(32) Sugino, T.; Kanbe, N.; Sonoda, N.; Sakaguchi, T.; Miya, M.
Presented at the 65th Annual Meeting of the Chemical Society of
Japan, Tokyo, 1993; Abstr. 4 C3 13.

(83) Ohta, K.; Sakaguchi, T.; Miya, M.; Kishimori, T.; Kamata, K;.
Fukumi, T. Presented at the 68th Annual Meeting of the Chemical
Society of Japan, Nagoya, 1994; Abstr. 3 G1 43.

(34) Cheng, L.-T.; Tam, W.; Marder, S. R.; Stiegman, A. E.; Rikken,
G.; Spangler, C. W. J. Phys. Chem. 1991, 95, 10643.
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Table 2. Third-Order Nonlinear Optical Properties of 3a

and Related Compounds
compound y/esu®
1 5.1x1032
3a 1.4x10% 56x10%0°
4a 1.0x 103!
S
= 33 ¢
s S 6.6x 10
=Y

1.5x 10344 g7x 1004

§
W,

52x10%3¢

¢ Measured in NMP at room temperature by DFWM with pico-
order second pulses. ® Measured in NMP at room temperature by
DFWM with nano-order second pulses. ¢ Taken from ref 31.
4 Taken from ref 32, ¢ Taken from ref 33.

Nitrobenzene

or DMSO-ds. IR spectra were measured as KBr pellets or
liquid films. Mass spectra (EI) were determined at 70 eV.
Second-harmonic generation (SHG) intensity was measured
for powdered samples by using a Spectron SL401 Nd-YAG
laser. A degenerated four-wave mixing (DFWM) study was
performed on dilute NMP solutions of the samples, employing
a frequency doubled Nd-YAG laser that can generate nano-
or pico-order second light pulses. As for the details of the
experimental setup used for optical measurements, see ref 31.
The x®smpie value was derived from the comparison with
the y¥css value of carbon disulfide, taken as the standard,
according to eq 1 and the reflectivity R of the phase
conjugate signal, defined by eq 2, was plotted against the
pump intensity I, where I and I, are pump intensities, while

x(S)sample = x(s)CSZ(nsample/ nCSZ)z(Rsample/ RCS2
(In TYTY%1 - T) (1)

RY? = 247y O L(I,1,)"*/Acn® 2)

12
)

L, 4, ¢, n, T, and ¥¥cgy are interaction length (1 mm thick
quartz cuvette), wavelength, velocity of light, refractive index,
transmissivity of a given sample at 532 nm, and third-order
nonlinear optical susceptibility of carbon disulfide (1.7 x 10-12
esu at average 7 ns pulse; 2.9 x 107!2 esu at average 30 ps
pulse),3 respectively.

Materials. 1,2-Diiodo-4-nitrobenzene § (mp 105~107 °C
(1it.%¢ mp 111-113 °C)) was obtained by the reaction of 2-iodo-
4-nitrobenzenediazonium salt with potassium iodide.?? 2,2'-
Diiodobiphenyl (2e) (mp 108—110 °C (1it.3® mp 109—110 °C))
was prepared by the decomposition of biphenyleneiodonium
iodide in hot DMSO.?8 2,2'-Diiodo-4,4’-dinitrobiphenyl (2b)

(35) Kasono, K.; Sakaguchi, T.; Wakabayashi, H.; Fukumi, T,;
Yamanaka, H.; Miya, M.; Tanaka, H. Mat. Res. Soc. Symp. Proc. 1993,
283, 903.

(36) Perry, P. J.; Turner, S. R. J. Org. Chem. 1991, 56, 6573.

(37) Igbal, K.; Wilson, R. C. J. Chem. Soc. C 1967, 1690.

(38) Sandin, R. B. J. Org. Chem. 1969, 34, 456.
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(mp 144—148 °C (1it.*® mp 146~148 °C)) was synthesized by
the diiodination of 4,4’-dinitrobiphenyl with iodyl sulfate.3®
2,2'-Diiodo-5,5'-dinitrobiphenyl (2d) (mp 248—250 °C (lit.** mp
236—238 °C); 'H NMR (DMSO-d¢/CDCl3) 6 8.30(d, 2 H, J =
8.9 Hz), 8.0—-8.1(d + dd, 4 H, J = 8.9, 2.4 Hz); MS m/z 496
(M* 23), 369 (100)) was prepared by the nitration of 2,2’
diiodobiphenyl (2e) with nitronium triflate.*® 4-Amino-4’-
nitrobiphenyl (1) (mp 200—202 °C (lit.#! mp 198 °C)) and
4-amino-4’-nitro-2,2’-diiodobiphenyl (2a) were prepared by
carefully reducing 4,4’-dinitrobiphenyl with hydrazine mono-
hydrate/palladium on charcoal and 2,2’-diiodo-4,4’-dinitrobi-
phenyl (2b) with sodium sulfurated borohydride,*? respectively.
4-Chloro-4’-nitro-2,2’-diiodobiphenyl (1¢) was prepared by the
reaction of the corresponding diazonium salt with copper(I)
chloride in sulfuric acid—acetic acid. The physical data of new
compounds 2a and 2c are shown below:

4-Amino-4’-nitro-2,2'-diiodobiphenyl (2a): yield 29%;
orange syrup; 'H NMR (CDCls) 6 8.73 (d, 1 H, J = 2.1 Hz),
8.21(dd,1H,J=2.1,84Hz),736(d,1H,J=284Hz), 725
(d,1H,J=22Hz),6.89(d,1H,J=8.2Hz),6.73(dd, 1 H,
J = 2.2, 8.2 Hz), 3.90 (s, br, 2 H); IR (neat) 1600, 1510, 1350
em™; MS m/z (rel intensity) 466 (M™, 60), 334 (18), 293 (20),
139 (100). Anal. Calcd for CmHsIzNzOzZ C, 3093, H, 1.73;
N, 6.01. Found: C, 31.23; H, 1.72; N, 6.00.

4-Chloro-4'-nitro-2,2’-diiodobiphenyl (2c): yield 62%;
colorless syrup; 'H NMR (CDCl;) 6 8.77 (d, 1 H, J = 2.2 Hz),
8.29(dd, 1 H, J = 2.2, 8.4 Hz), 7.96 (d, 1 H, J = 2.0 Hz), 7.47
(dd,1H,J =2.0,82Hz),737(d,1H,J=84Hz),7.11(4, 1
H, J = 8.2 Hz); IR (neat) 1520, 1350 ecm™!; MS m/z (rel
intensity, Cl1 = 35) 485 (M*, 27), 358 (100), 312 (39), 150 (95).
Anal. Caled for CoHgCII;NO,: C, 29.69; H, 1.25; N, 2.89.
Found: C, 29.69; H, 1.34; N, 2.81.

Preparations of Disodium Telluride and Disodium
Selenide. Disodium telluride was prepared as a deep purple
solution by heating tellurium powder and NaH in a molar ratio
of 1:2 in NMP at 100—110 °C under argon. Disodium selenide
was obtained as a deep blue solution by heating selenium
powder and NaH in a molar ratio of 1:2 in NMP at 90—100 °C
under argon.

Reaction of 2,2"-Diiodobiphenyls 2 with the Tellurium—
Copper Slurry. Typical Procedure. 2,2-Diiodo-4,4’-dini-
trobiphenyl (2b) (240 mg, 0.48 mmol) was added in one portion
to a black slurried mixture of amorphous tellurium (1.28 g,
10.0 mmol),*® the tellurium—copper reagent prepared in situ
from disodium telluride (350 mg, 2.0 mmol) and copper(I)
iodide (760 mg, 4.0 mmol), and NMP (6 mL). The resulting
mixture was gradually heated to 150 °C in 30 min and kept
at this temperature for several hours. The progress of the
reaction was monitored by TLC and 'H NMR. After cooling,
the mixture was diluted with ethyl acetate (10 mL) and THF
(20 mL), and the insoluble substance was filtered off. The
filtrate was diluted with water (40 mL), and the organic phase
was extracted with a 1:1 mixture of ethyl acetate and THF
(30 mL x 2). The combined extracts were dried with Na;SO,
and evaporated under reduced pressure until the total volume
was reduced to one fourth. Addition of hexane (60 mL) to the
concentrate separated tellurophene 3b as a reddish brown
crystalline solid or a tarry matter. In the latter case, the tarry
matter was placed on a short silica gel column and eluted using
ethyl acetate as the solvent. A solid residue on the column
top was taken up in DMSO and passed through a short silica
gel column. The eluent was diluted with water to produce a
solid precipitate, which was filtered off, washed, and dried.

(39) Beringer, F. M.; Kravetz, L.; Topliss, G. B. J. Org. Chem. 1965,
30, 1141.

(40) Dougherty, T. K,; Lau, K. S. Y.; Hedberg, F. L. J. Org. Chem.
1983, 48, 5273.

(41) Belcher, R.; Nutten, A. J.; Stephen, W. L. J. Chem. Soc. 1953,
1334.

(42) Lalancette, J. M.; Fréche, A.; Monteux, R. Can. J. Chem. 1968,
46, 2754.

(43) The yield of dibenzotellurophenes 3 could be increased ap-
preciably (7—15%) by carrying out the telluro coupling reaction in the
additional presence of amorphous tellurium, which was prepared by
diluting a wine red solution of tellurium in concentrated sulfuric acid
with ice—water, followed by filtration, washing, and thorough drying.
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The product was difficultly soluble in common organic solvents.
It was recrystallized from DMSO to provide 3,7-dinitrodiben-
zotellurophene (8b) as dark red crystals (31-52%): mp > 300
°C; 'H NMR (DMSO-d¢/CDCl3) 6 9.18 (d, 2 H, J = 2.0 Hz),
8.56 (d, 2 H, J = 8.6 Hz), 8.29 (dd, 2 H, J = 8.6, 2.0 Hz); IR
(KBr) 1510, 1330 cm~!; MS m/z (rel intensity, Te = 130) 372
(M*, 60), 326 (18), 280 (20), 150 (100). Anal. Caled for
C12HgN.O4Te: C, 38.98; H, 1.64; N, 7.58. Found: C, 38.84;
H, 1.77; N, 7.44.

3-Chloro-7-nitrodibenzotellurophene (3c): purified by
chromatography on silica gel; yield 41%; orange crystals, mp
280281 °C (ethyl acetate); 'H NMR (DMSO-d¢/CDCl3) 6 9.10
(d,1H,J=20Hz), 82-85(m,4H),7.50(d,1H,J =20
Hz); IR (KBr) 1510, 1340 cm™!; MS m/z (rel intensity, Te =
130, Cl = 35) 361 (M™*, 77), 315 (42), 150 (100). Anal. Caled
for CoHgCINOsTe: C, 40.12; H, 1.68; N, 3.90. Found: C,
40.82; H, 1.69; N, 3.91.

2,8-Dinitrodibenzotellurophene (3d): difficultly soluble
in common solvents; yield 40%; red solid, mp > 300 °C
(DMSO); *H NMR (DMSO-ds/CDCls) 6 9.18 (s, 2 H), 8.49 (d, 2
H,J =8.8 Hz), 8.13(d, 2 H, J = 8.8 Hz); IR (KBr) 1510, 1340
em~1; MS m/z (rel intensity, Te = 130) 372 (M*, 56), 242 (100),
150 (90). Anal. Calcd for CoHgN2O,Te: C, 38.98; H, 1.64; N,
7.58. Found: C, 38.73; H, 1.85; N, 7.31.

Dibenzotellurophene (3e): purified by chromatography
on silica gel; yield 42%; pale yellow crystals, mp 90—92 °C
(hexane—CHCl3; lit.? mp 94.5 °C).

3,7-Dinitrodibenzoselenophene (4b). 2,2’-Diiodo-4,4’-
dinitrobiphenyl (2b) (800 mg, 1.6 mmol) dissolved in NMP (3
mL) was added in one portion to a dark brown mixture of
selenium powder (400 mg, 5.1 mmol) and the selenium—copper
reagent prepared in situ from disodium selenide (540 mg, 4.3
mmol) and copper(I) iodide (1.66 g, 8.72 mmol), and NMP (8
mL). The resulting mixture was gradually heated to 160 °C
in 3 h and kept at this temperature for 2 h. The progress of
the reaction was monitored by TLC and 'H NMR. When the
starting material had disappeared, the mixture was diluted
with ethyl acetate (10 mL) and THF (20 mL), and the insoluble
substance was filtered off through a thin layer of Celite. The
filtrate was diluted with water (40 mL), and the organic phase
was extracted with a 1:1 mixture of ethyl acetate and THF
(30 mL x 2). The combined extracts were dried with NasSO,.
Addition of hexane (30 mL) to the dried solution precipitated
a black polymeric substance, which was removed by filtration.
The filtrate was evaporated under reduced pressure until the
volume was reduced to one third. The concentrate thus
obtained was diluted with hexane (80 mL) to give selenophene
4b as a reddish brown solid (170 mg; 33%): mp > 300 °C; 'H
NMR (DMSO-d¢/CDCl3) 6 9.19(d, 2 H, J = 2.1 Hz), 8.66 (d, 2
H,J=8.7Hz),8.36(dd, 2 H, J = 8.8, 2.1 Hz); IR (KBr) 1520,
1350 em™1; MS m/z (rel intensity, Se = 80) 322 (M*, 95), 276
(33), 230 (39), 150 (100). Anal. Calcd for C12HeN204Se: C,
44.88; H, 1.88; N, 8.72. Found: C, 44.76; H, 2.08; N, 8.71.

2,7-Dinitro-9,10-ditelluranthracene (6). A mixture of
1,2-diiodo-4-nitrobenzene (5) (640 mg, 1.7 mmol), amorphous
tellurium (1.28 g, 10.0 mmol),*® and the tellurium—copper
reagent prepared in situ from disodium telluride (610 mg, 3.5
mmol), copper(I) iodide (1.33 g, 7.0 mmol), and NMP (10 mL)
was heated at 100—110 °C for 3 h and then kept at 150—160
°C for 4 h. Ordinary workup of the reaction mixture followed
by chromatographic purification of the product on silica gel
gave compound 6 as a yellow solid (50 mg; 12%): mp > 300
°C (DMSO—ethyl acetate); 'H NMR (DMSO-d¢/CDCls) 6 8.73
(d,2H,J=2.4),826(d,2H,J=28.6),799(dd, 2 H, J = 8.6,
2.4); IR (KBr) 1500, 1350 cm™!; MS m/z (rel intensity, Te =
130) 502 (M*, 32), 372 (42), 326 (20), 150 (97), 75 (100). Anal.
Caled for C1oHeN204Tea: C, 28.98; H, 1.22; N, 5.63. Found:
C, 29.67; H, 1.42; N, 5.80.

3-Amino-7-nitrodibenzotellurophene (3a). To a sus-
pension of tellurophene 8b (220 mg, 0.59 mmol) and palladium
on charcoal (300 mg) in a mixture of ethanol (40 mL) and THF
(20 mL) was added hydrazine monohydrate (440 mg, 8.8
mmol), and the resulting mixture was heated at reflux for 3
h. The progress of the reaction was monitored by''H NMR
(DMSO-ds). After disappearance of the starting material, the
insoluble substance was filtered off and the filtrate was
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evaporated under reduced pressure to furnish compound 3a
as orange crystals (100 mg; 50%): mp 242—244 °C (hexane—
CHCly); tH NMR (DMSO-d¢/CDCl3) 6 8.66 (d, 1 H,J = 2.4 Hz),
8.25(dd,1H,J =9.0,2.4 Hz), 7.93 (d, 2 H, J = 9.0 Hz), 7.18
(d,1H,J=22Hz),6.83(dd, 1 H,J = 9.0, 2.2 Hz), 4.00 (s, br,
2 H); IR (KBr) 1580, 1500, 1320 cm™!; MS m/z (rel intensity,
Te = 130) 342 (M*, 100), 296 (31), 166 (40), 139 (78). Anal.
Caled for C12HgN2OoTe: C, 42.42; H, 2.37; N, 8.24. Found:
C, 42.03; H, 2.33; N, 8.08.
3-Amine-7-nitrodibenzoselenophene (4a). This com-
pound was similarly obtained by the reduction of compound
4b: yield 55%; reddish orange crystals, mp 252-255 °C
(hexane—CHCl3); tH NMR (DMSO-d¢/CDCl;) 6 8.68 (d,1 H, J
=2.1Hz),826(dd,1H,J=28.8,22Hz),7.97(d,1H,J=8.8
Hz),795(d,1H,J=8.5Hz),7.16(d, 1 H,J = 2.2 Hz), 6.85
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(dd, 1 H, J = 8.5, 2.2 Hz), 4.05 (s, br, 2 H); IR (KBr) 1600,
1510, 1310 cm™!; MS m/z (rel intensity, Se = 80) 292 (M*,
100), 246 (50), 219 (39), 171 (28), 139 (33). Anal. Calcd for
C12HsN20:Se: C, 49.50; H, 2.77; N, 9.62. Found: C, 49.46;
H, 2.78; N, 9.47.
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