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Reactions of Dry Arenediazonium o-Benzenedisulfonimides with
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The reaction between various arenediazonium o-benzenedi-
sulfonimides and triorganoindium compounds is described.
Depending on the reaction conditions, it is possible to obtain
biaryls (16 examples, average yield of 79 %) or diaryldi-
azenes (18 examples, average yvield of 81 %). o-Benzenedi-

sulfonimide can be recovered and reused to prepare ad-
ditional arenediazonium o-benzenedisulfonimides.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Following earlier research directed towards developing
the synthetic potential of the dry, stable, arenediazonium o-
benzenedisulfonimides 1 in Pd-catalyzed cross-coupling re-
actions,[!! in this paper, we have focused our attention on
the reaction of these salts with triorganoindium compounds
2 in order to obtain, depending on the reaction conditions,
biaryls 3 or diaryldiazenes 4. In the presence of Pd® as cata-
lyst, it was possible to achieve biaryls 3 and without cata-
lyst, diaryldiazenes 4 (Scheme 1).
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Scheme 1.

Biaryls are fundamental building blocks in organic syn-
thesis; the biaryl unit is, in fact, present in several com-
pounds of current interest, as in the case of natural prod-
ucts, polymers, advanced materials, liquid crystals, ligands
and molecules of medicinal interest. As a consequence, nu-
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merous articles have dealt with interesting results in the area
of aryl-aryl bond formation.™

The Pd-catalyzed cross-coupling reactions usually in-
volve the coupling of an arylmetal compound with an aryl
electrophile in the presence of a Pd® catalyst.’] The aryl
electrophile component is frequently limited to the use of
halides! or triflates,™ although in recent years, diazonium
salts were also used as electrophilic partners.’) Among all
the possible arylmetals used as nucleophilic partners, bo-
ronic acids or their derivatives® (Suzuki coupling) and or-
ganotin compounds!” (Stille coupling) found widespread
synthetic application.

In recent years, in order to find new organometallic com-
pounds useful in organic synthesis, indium organometallic
compounds have been introduced.!®! They have attracted
the attention of organic chemists for the ease with which
they are prepared,” their remarkable reactivity®! and low
toxicity.'%1 A wide variety of indium organometallics has
been recently used in fundamental reactions of organic syn-
thesis such as conjugate additions,['!] additions to a triple
bond,['”l nucleophilic allylic substitutions!!*] and cross-
coupling reactions. In particular, the Pd-catalyzed cross-
coupling reactions of indium organometallics with aryl ha-
lides,'*131 aryl or vinyl triflates,'! benzyl halides,!'*l acid
chlorides!' and allylic halides or acetates!'®! usually afford
cross-coupling products in high yields. Furthermore, recent
studies have described the use of indium organometallics in
multifold and sequential cross-coupling reactions;!'”! they
were also employed with good results in Pd-catalyzed car-
bonylative cross-coupling to obtain unsymmetrical
ketones.[*18]

It must be stressed that in the literature, to our knowl-
edge, no reactions of diazonium salts with indium organo-
metallics have been reported.

Currently, the main method of preparing indium organo-
metallics involves the reaction of indium(III) chloride with
the readily available lithioorganic compounds or Grignard
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reagents. In this way, it is possible to obtain a large variety
of indium organometallics.-14

Results and Discussion

To begin with, we reacted 4-methoxybenzenediazonium
o-benzenedisulfonimide (1d) with triphenylindium (2a) at
room temperature in THF, in the presence of a catalytic
amount (5%) of three different Pd catalysts and with vari-
ous molar ratios. The results are listed in Table 1. Optimal
reaction conditions (Entry 3) consisted of 1d/2a in a 3:1
molar ratio and the use of bis(triphenylphosphane)palladi-
um(Il) dichloride as the precatalyst. Under these condi-
tions, we recovered a good amount (86% yield) of 4-meth-
oxybiphenyl (3da).

Table 1. Trial reactions between 1d and 2a.

Entry Molar ratio  Reaction time Catalyst Yield [%o]/-b]
1d/2a [min] 3da 4da
1 1:1 30 Pd(PPh;),Cl, 40 14
2 2:1 15 Pd(PPh;),Cl, 68 14
3 3:1 5 Pd(PPh;),Cl, 86 5
4 3:1 5 Pd(OAc), - el
5 3:1 10 Pd(PPhj), 76 1

[a] Yields refer to the pure products isolated by column chromatog-
raphy. The eluent was petroleum ether/diethyl ether (9:1). [b] Com-
pound Sa (about 6% yield) was also recovered. [c] 4-Methoxyben-
zene, MS (EI): m/z = 108 [M]* was detected on MS analyses but
was not recovered owing to its volatility.

In light of this, it is obvious that 2a can transfer to the
salt 1d all three groups attached to indium, unlike other
organometallics usually employed in cross-coupling reac-
tions, which can transfer only one group. These results show
that indium organometallics 2 are powerful reagents in Pd-
catalyzed cross-coupling reactions with diazonium salts 1
as electrophilic partners.

Moreover, in almost all the trial reactions (Table 1, En-
tries 1-3, 5), we also observed (E)-1-(4-methoxyphenyl)-2-
phenyldiazene (4da), resulting from the electrophilic C-
coupling reaction of 1d with 2a.

On these grounds, numerous variously substituted arene-
diazonium o-benzenedisulfonimides 1 were reacted with dif-
ferent triorganoindium compounds 2. All the reactions
were carried out in THF in the presence of a catalytic
amount (5%) of bis(triphenylphosphane)palladium(II) di-
chloride at room temperature (Scheme 2). The results are
listed in Table 2. Biaryls 3 were obtained in high yields,
comparable to those reported in the literature for cross-
coupling reactions between arenediazonium tetrafluorobo-
rates and boronic acid®* >4l or arenediazonium o-benzene-
disulfonimides and aryltin derivatives.') The reaction is
chemoselective; no trace of possible terphenyl side-products
were detected in the reactions of diazonium salts bearing a
halogen atom, which could potentially react with a diazo-
nium group (Table 2, Entries 5, 6, 14, and 16). The reaction
is not affected by electronic effects; biaryls 3 were obtained
in high yields from the reactions of diazonium salts bearing
either electron-donating or electron-withdrawing groups.
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On the contrary, the reaction is influenced by steric effects.
In the presence of ortho-substituted arenediazonium o-
benzenedisulfonimides, we observed a decrease in the yields
(Table 2, Entries 2, 7, 11, and 12).
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h 3-NO,CcH, p 2,6-(Me),CgHs

Scheme 2.

The catalytic cycle of the reaction, similar to those pre-
viously reported in the literature,'2->%->¢71 js summarized
in Scheme 3 and can be described in four steps: 1) forma-
tion of Pd% 2) oxidative addition; 3) transmetallation and
4) reductive elimination. In order to simplify Scheme 3,
please note that we did not mark the ligands of bis(triphen-
ylphosphane)palladium(II) dichloride, and we illustrated
compound 2 transferring only one group to the diazonium
salt 1.

It must again be stressed that, in all the reactions listed
in Table 2, some amounts of diaryldiazenes 4 were always
recovered. On these grounds, we decided to react arenedi-
azonium o-benzenedisulfonimides 1 with triorganoindium
compounds 2 without catalysts in order to favour the elec-
trophilic C-coupling reaction and maximize the yields of
diaryldiazenes 4 (Scheme 2).

Also, we performed some preliminary experiments in or-
der to optimize the reaction. We reacted 1d with 2a in dif-
ferent molar ratios at room temperature in THF. The results
are reported in Table 3. Under the best conditions (Entry
5), the molar ratio between 1d and 2a was 1:2, in contrast to
the 3:1 ratio previously used in the Pd-catalyzed reactions.
4885
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Table 2. Biaryl compounds 3.

Entry Ar Ar’ Yield [Yo]-<l Biaryl compounds 3

3 4 MS (EI): m/z [M]* M.p.4 or b.p. (°C/Torr) Lit. m.p or b.p (°C/Torr)
1 3aa  4-MeCcH, C¢H, 94 el 168 47-48 4647201
2 3ba  2-MeOCH, C¢H, 74 3 184 31-32 29021]
3 3ca  3-MeOCH, C¢H, 80 3 184 82-83/0.5 14075021
4 3da  4-McOCH, C¢H, 86 5 184 88-89 g9L21]
5 3ea  4-BrC.H, C¢H, 86 3 232 91-92 901211
6 3fa 4-1C¢H, CeHs 85 3 280 110-111 112-1130b
7 3ga 2-NOLCoH, C¢H, 70 2 199 38-39 37021]
8 3ha  3-NO,C.H, C¢H, 85 1 199 59-60 59021]
9 3ia  4-NO,C.H, C¢H, 89 4 199 115-116 113021
10 3ia  4-MeCOOCGH, CoHs 94 tr 212 116-117 115-1161201
1 3ka  2,6-FoCoH, C¢H, 74 3 190 97-98 93221
12 3la 2,6-(NO,),CeHs  CoHs 21 10 244 190-191 1891911231
13 3ab  4-MeCcH, 4-McOCH, 79 el 198 109-110 110124
14 3mb 4-CIC¢H, 4-MeOC¢H, 84 tr.le] 268 110-111 110-1111231
15 3ib  4-NO,C.H, 4-MeOC(H, 88 wld 229 110-111 1091101261
16 3ec  4-BrC,H, 4CICH, 8 w266 157-158 157-158127)

[a] The reaction time was 5 min for all reactions. [b] Yields refer to the pure products, isolated by column chromatography. The eluent
was always petroleum ether/diethyl ether (9:1). [c] In Entries 1-12, compound Sa (about 6% yield) was also recovered. In Entries 1315,
a trace of compound 5b {MS (EI): m/z = 214 [M]*} was detected upon MS analyses. In Entry 16, a trace of compound 5¢ {MS (EI):
mlz = 222 [M]*} was detected upon MS analyses. [d] Crystallization solvent: MeOH. [e] tr. = trace. [f] 1,3-Dinitrobenzene {0.30 g, 12%,

MS(EI): m/z = 168 [M]*} was also recovered.

. u
stepl PdCl, + 2—> Ar—Pd—Ar —> pd’ + 5§

step2 Pd(0) + 1— Ar—Pd—Z + N,
7
step3 7 +2 —>  Ar—Pd—Ar + ArInZ
8
stepd 8 —= 3 + Pd’ 0,8
Z=N
0,8
Scheme 3.

Table 3. Trial reactions between 1d and 2a without catalyst.

Entry Molar ratio Reaction time Yield [%o](®-b]
1d/2a [min] 4da

1 3:1 60 16

2 2:1 60 42

3 1:1 45 53

4 1:1.5 30 66

5 1:2 10 93

[a] Yields refer to the pure products, isolated by column chromatog-
raphy. The eluent was petroleum ether/diethyl ether (9.5:0.5). [b]
Compound 5a (about 5% yield) was also recovered.

Having found the optimal reaction conditions, we tested
the reaction between various arenediazonium o-benzenedis-
ulfonimides 1 and triorganoindium compounds 2, ob-
taining diaryldiazenes 4 in good yields, as reported in
Table 4. Therefore, this reaction represents an efficient pro-
cedure for the preparation of variously functionalized diar-
yldiazenes 4, and the results obtained with triorganoindium
4886
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compounds 2 are comparable to those previously described
by our laboratory!’! in the electrophilic C-coupling reac-
tion of arenediazonium o-benzenedisulfonimides with Grig-
nard reagents.

Note that it was possible to recover o-benzenedisulfonim-
ide (6) in more than 80% yield from all the reactions de-
scribed heretofore. The product 6 probably derived from
hypothetical intermediates Ar’ InZ;_,, which are shown in
brackets in Scheme 2, but were never detected spectroscopi-
cally. o-Benzenedisulfonimide (6) could be recycled for the
preparation of other salts 1 (Scheme 2).

To understand the behaviour of arenediazonium o-
benzenedisulfonimides 1 in the reactions with triorganoind-
ium compounds 2, we used organometallic compounds
other than 2a including tributylphenyltin (9a), phenylbo-
ronic acid (9b), phenylmagnesium bromide (9¢) and phen-
yllithium (9d) and performed reactions with or without Pd®
catalyst (Scheme 4). The results are reported in Table 5.

The results can be explained by the different nucleophil-
icity of compounds 9. In fact, 9a and 9b are too weakly
nucleophilic to react with 1d in the absence of Pd® (Table 5,
Entries 1 and 3). The reaction with 1d occurred only in the
presence of the catalyst with the formation of the cross-
coupling product 3da (Table 5, Entries 2 and 4). The Grig-
nard reagent 9c¢ is a stronger nucleophile than 9a or 9b and
reacted with 1d to afford 4da by electrophilic C-coupling
(Table 5, Entry 7). This reaction is probably faster than the
oxidative addition (the second step in the catalytic cycle),
and the only product formed in the presence or absence of
Pd® was 4da (Table 5, Entry 8).

Because 2a is a stronger nucleophile than 9a or 9b but
weaker than 9¢, only a large excess of it afforded 4da
(Table 5, Entry 5). On the contrary, with a large excess of
1d and Pd° as the catalyst (Table 5, Entry 6), the main prod-
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Table 4. Diaryildiazenes 4.

Entry Ar Ar’ Solventla! Yield [Yo]®-d! MS (EI) Diaryldiazenes 4

for chromatography 4 mlz [M*] M.p.[o1 or Lit. m.p. or

b.p. (°C/Torr) b.p. (°C/Torr)

1 4aa  4-MeC¢H, CeHs PE/EE (9.9:0.1) 95 196 71-72 717201
2 4ba  2-MeOC4Hy CeHs PE/EE (9.5:0.5) 81 212 38-39 410281
3 4ca 3-MeOCgH, CeHs PE/EE (9.5:0.5) 90 212 31-32 31-32091
4 4da  4-MeOC4Hy CeHs PE/EE (9.5: 0.5) 90 212 53-54 53541191
5 4ea  4-BrCgqH, CeHs PE 90 260 88-89 88891191
6 4fa 4-IC¢H, CeHs PE 90 308 105-106 1052291
7 4ga  2-NO,CcH, CeHs PE/EE (9.5:0.5) 88 227 69-70 67681301
8 4ha  3-NO,CeH, CeHs PE/EE (9.5:0.5) 90 227 95-96 96131
9 4ia 4-NO,C¢Hy CeHs PE/EE (9.5:0.5) 90 227 132-133 133032
10 4ja 4-MeCOOC¢H,  CeH; PE/EE (9.1) 81 240 125-126 126-1271331
11 4ka  2,6-F,C¢H; CeHs PE 96 218 81-82 80820341
12 4la 2,6-(NO,),C¢H;  Cg¢Hs PE/EE (9.5:0.5) 66! 272 129-131 th]
13 4pa  2,6-(Me),CgH; CeHs PE/EE (9.9:0.1) 43 210 139/0.8 160/1013
14 4ed  4-BrCgH, 4-MeC¢H,; PE 84 274 151-152 1511520191
15 4nd  3-BrCgH, 4-MeC¢H, PE 76 274 120-121 120-121091
16 4ec 4-BrCe¢Hy 4-CIC¢Hy; PE 81 294 192-193 192-1930191
17 4mc  4-CIC¢Hy 4-CIC¢Hy  PE 80 250 188-189 1881891191
18 40e  4-CNC4H, 2-thienyl PE/EE (9.5:0.5) 47 213 182-183 h]

[a] PE = Petroleum ether; EE = Diethyl ether. [b] The reaction time was 10 min for all reactions. [c] Yields refer to pure products, isolated
by column chromatography. [d] In Entries 1-13, compound 5a (about 5% yield) was also recovered. In Entries 14 and 15, a trace of
compound 5d {MS (EI): m/z = 182 [M]"} was detected upon MS analyses. In Entries 16 and 17, a trace of compound 5¢ {MS (EI): m/z
= 222 [M]*} was detected upon MS analyses. In Entry 18, a trace of compound 5e {MS (EI): m/z = 166 [M]*} was detected upon MS
analyses. [e] Crystallization solvent: MeOH. [f] M.p. of compounds 4aa—4fa, 4ia, 4ja, and 4pa-4mc are identical to those reported in the
literature for diaryldiazenes in the E form. Therefore an E form is presumable also for all the other diaryldiazenes. [g] 2-Chloro-1,3-
dinitrobenzene {0.20 g, 20%, MS (EI): m/z = 202 [M]"} was also recovered. [h] Products 4la and 4oe are unknown in the literature.

1d + CgHsM ——= 3da or/and 4da Conclusions
2a,9a-d In conclusion, the importance and synthetic utility of the
2a: M = In(C¢Hs),, 9a: M = SnBu, reaction between arenediazonium o-benzenedisulfonimides
9b: M = B(OH),, 9¢: M = MgBr, 9d: M = Li 1 and indium organometallic compounds 2 can be schema-
tized in the following points: i) the use of diazonium salts
Scheme 4. as electrophiles instead of the corresponding aryl halides or

triflates. In fact, there are many advantages associated with
diazonium salts, particularly their greater reactivity, due to
Table 5. Reaction between 1d and various organometallics 2a, 9a-d.  the fact that the diazonium group is a better nucleofuge

Entry Organometallic 2a, 9a-d  Catalyst Yield [%]i than the halide or triflate. Moreover, the use of the arenedi-

3da 4da  azonium o-benzenedisulfonimides 1 has several advantages
1 C¢H,SnBu, (9a) B B b over the use of other diazonium salts, including high sta-
2 CeHsSnBuj; (92) Pd(OAc), 81 - bility, ease of preparation and the possibility of recovering
3 CgHsB(OH), (9b) - - -1 p-benzenedisulfonimide at the end of the reaction, Further-
‘5‘ %I%{S]i(%fl()zzaggb) Pd(OAc), 82 ;0 more, unlike other acids (e.g. tetrafluoroboric acid), o-
6 (CEHZ)::In (2a) Pd(PPh,),Cl, 86 5 benzenedisulfonimide is a non-rlsl'< acid that can l?e reused
7 CoHsMgBr (9¢) - - 30 to prepare other salts, with ecological and economic advan-
8 CsHsMgBr (9¢) Pd(PPh;),Cl, - 75 tages. ii) the use of triorganoindium compounds. These
9 CeHsLi (9d) - - -9 compounds are easy to prepare, extremely reactive and ex-
10 CeHsLi (9d) Pd(PPhs),Cl, - el

hibit little or no toxicity. Moreover, these compounds can
[a] Yields refer to the pure products, isolated by column chromatog-  transfer to the diazonium salt all three groups attached to

raphy. The eluent was petroleum ether/diethyl ether (9:1). [b] The  jpqiym  unlike other organometallics used in cross-coupling
unreacted salt 1d was recovered at the reaction end. [c] The pres- i

ence of 4-methoxybenzene {MS (EI): m/z = 108 [M]*} was detected reactions that can transfer only one group. iii) it is possible
upon MS analyses. to obtain two different products (biaryls 3 or diaryldiazenes

4) in high yields, depending on the reaction conditions.

uct was 3da. Under these conditions, the oxidative addition
prevailed over the electrophilic C-coupling reaction. Finally,
the very strong nucleophile 9d caused mainly the decompo-  General Remarks: Column chromatography and TLC were per-
sition of 1d (Table 5, Entries 9 and 10). formed on Merck silica gel 60 (70-230 mesh ASTM) and GF 254,

Experimental Section
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respectively. Petroleum ether refers to the fraction boiling in the
range 40-70 °C. '"H NMR spectra were recorded with a Bruker
Avance 200 spectrometer. Mass spectra were recorded with an HP
5989B mass-selective detector connected to an HP 5890 GC, with
a cross-linked methyl silicone capillary column. Room temperature
is 20-25°C. Chromatographic solvent, yields and physical and
spectroscopic data (MS) of the pure (GC, GC-MS, TLC and 'H
NMR) isolated biaryls 3 and diaryldiazenes 4 are reported in
Table 2 and Table 4. Structures and purities of all the products ob-
tained in this research were confirmed by comparison of their phys-
ical (m.p. or b.p.) and spectroscopic data with those reported in the
literature.

Indium(III) chloride, phenyllithium (1.9 M solution in butyl ether),
2-thienyllithium (1.0 M solution in THF), phenylmagnesium bro-
mide (1 M solution in THF), 4-methoxyphenylmagnesium bromide
(0.5 M solution in THF), 4-tolylmagnesium bromide (1.0 M solution
in THF), 4-chlorophenylmagnesium bromide (1.0 M solution in di-
ethyl ether), palladium(II) acetate, tetrakis(triphenylphosphane)-
palladium(0), bis(triphenylphosphane)palladium(II) dichloride and
all of the amines and solvents were purchased from Aldrich. Dowex
50X8 ion-exchange resin was purchased from Fluka.

Dry arenediazonium o-benzenedisulfonimides 1 were prepared as
described previously.'! The crude salts were virtually pure (by 'H
NMR spectroscopy) and were used in subsequent reactions with
indium organometallics 2 without further crystallization.

CAUTION! In our laboratory there was no case of sudden decom-
position during the preparation, purification and handling of salts
1. Nevertheless, it must be born in mind that all diazonium salts in
the dry state are potentially explosive. Therefore they must be care-
fully stored and handled.

Triorganoindium Compounds 2. General Procedure: As reported in
the literature, a solution of indium(III) chloride (1.11 g, 5 mmol)
in dry THF (20 mL) was cooled to 0 °C under N, flow.

A suitable Grignard reagent or aryllithium derivative (15 mmol)
was added dropwise over a period of 10 min. Stirring was continued
at 0 °C for 45 min until the formation of triarylindium derivatives
was complete. In this way, triphenylindium (2a), tris(4-meth-
oxyphenyl)indium (2b), tris(4-chlorophenyl)indium (2¢), tris(4-
methylphenyl)indium (2d) and tri(2-thienyl)indium (2e) were syn-
thesized and used directly, without isolation, in the subsequent step.

4-Methoxybiphenyl (3da). Typical Procedure: To a solution of tri-
phenylindium (2a, 5 mmol in THE, prepared as previously re-
ported), were added with vigorous stirring in one portion and at
room temperature, bis(triphenylphosphane)palladium(Il) dichlo-
ride (0.17 g, 0.25mmol) and 4-methoxybenzenediazonium o-
benzenedisulfonimide (1d, 15 mmol, 5.29 g). The salt dissolved at
once, and the resulting solution became deep orange. Stirring was
maintained for 5 min at room temperature. The completion of the
reaction was confirmed by the absence of azo coupling with 2-
naphthol. GC, GC-MS and TLC (petroleum ether/diethyl ether,
9:1) analyses of the reaction mixture showed 4-methoxybiphenyl
{3da, MS (EI): m/z = 184 [M]"} as the major product, besides
biphenyl {5a, MS (EI) m/z = 154 [M]*} and (E)-1-(4-meth-
oxyphenyl)-2-phenyldiazene {4da, MS (EI): m/z = 212 [M]*} as
minor products. The reaction mixture was poured into diethyl
ether/water (100 mL, 1:1). The aqueous layer was separated and
extracted with diethyl ether (2 50 mL). The combined organic ex-
tracts were washed with water (2 X 50 mL), dried with Na,SO, and
evaporated under reduced pressure. The crude residue was chro-
matographed on a short column, eluting with petroleum ether/di-
ethyl ether (9:1). The first-eluted product was biphenyl (5a, 0.05 g,
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6% yield). The second-eluted product was the pure (GC, GC-MS,
TLC and 'H NMR) title compound 3da (2.46 g, 89% vyield). The
third-eluted product was (E)-1-(4-methoxyphenyl)-2-phenyldiazene
(4da, 0.15 g, 5% yield).

The aqueous layer and aqueous washings were collected and evapo-
rated under reduced pressure. The black tarry residue was passed
through a column of Dowex 50X8 ion exchange resin (1.6 g/1 g of
product), eluting with water (about 50 mL). After removal of the
water under reduced pressure, virtually pure (‘H NMR) o-benzene-
disulfonimide (6) was recovered (2.60 g, 79% yield). M.p. 192—
194 °C (toluene) (lit."! m.p. 192194 °C). All the biaryls 3 reported
in Entries 1-16 of Table 2 were prepared according to the above
procedure.

(E)-1-(4-Methoxyphenyl)-2-phenyldiazene (4da). Typical Procedure:
According to the above procedure, to a solution of triphenylindium
(2a, 10 mmol in THF) at room temperature was added in one por-
tion, with vigorous stirring, 4-methoxybenzenediazonium o-
benzenedisulfonimide (1d, 5 mmol, 1.76 g). The salt dissolved at
once, and the resulting solution became very dark. Stirring was
maintained for 10 min at room temperature until a test of azo
coupling with 2-naphthol was negative. GC, GC-MS and TLC (pe-
troleum ether/diethyl ether, 9:1) analyses of the reaction mixture
showed (E)-1-(4-methoxyphenyl)-2-phenyldiazene {4da, MS (EI):
mlz = 212 [M]*} as the major product, besides biphenyl {5a, MS
(EI): m/z = 154 [M]*} as the minor product. The above workup
furnished a crude residue that was chromatographed on a short
column, eluting with petroleum ether/diethyl ether (9:1). The first-
eluted product was biphenyl (5a, 0.07 g, 5% yield). The second-
eluted product was the pure (GC, GC-MS, TLC and 'H NMR)
title compound (4da, 0.95 g, 90% yield). All the diaryldiazenes 4
reported in Entries 1-18 of Table 4 were prepared according to the
above procedure. The structure of products 4aa-4ka and 4pa—4mc
were confirmed by comparison of their physical (m.p. or b.p.) and
spectroscopic data (‘H NMR) with those reported in the literature.
Products 4la and 4oe were previously unknown.

Virtually pure ("H NMR) o-benzenedisulfonimide (6) was reco-
vered (0.83 g, 76% yield), according to the above procedure.

(E)-1-(2,6-Dinitrophenyl)-2-phenyldiazene (4la): '"H NMR (CDCl;,
200 MHz): 6 = 7.50-7.62 (m, 3 H), 7.65-7.70 (m, 1 H), 7.86-7.92
(m, 2 H) 8.12-8.17 (m, 2 H) ppm. 13C NMR (CDCls, 50 MHz): 6
= 124.0, 126.9, 129.7, 131.5, 132.4, 142.9, 143.8, 152.1 ppm.
CpHgN,4O4 (272.22): caled. C 52.95; H 2.96; N 20.58; found C
52.86; H 2.85; N 20.60.

(E)-4-(2-Thienyldiazenyl)benzonitrile (4oe): 'H NMR (CDCls,
200 MHz): o = 7.18-7.23 (m, 1 H), 7.52 (d, J = 5.31 Hz, 1 H), 7.77
(d, J = 6.19 Hz, 2 H) 7.88-7.94 (m, 3 H) ppm. '3C NMR (CDCl;,
50 MHz): 0 = 113.1, 116.2, 126.1, 126.3, 126.9, 127.5, 130.2, 132.9,
133.9 ppm. C;;H;N3S (213.26): calcd. C 61.95; H 3.31; N 19.70; S
15.03; found C 61.89; H 3.33; N 19.72; S 15.04.

Trial Reactions: (a) All the reactions reported in Table 1 (Entries
1-5) were carried out according to the general procedure described
above, reacting 4-methoxybenzenediazonium o-benzenedisulfonim-
ide (1d) with triphenylindium (2a, 5 mmol) at room temperature,
varying the catalyst and the 1d/2a molar ratios. The crude residues
were chromatographed on a short column, eluting with petroleum
ether/diethyl ether (9:1). Details are shown in Table 1. (b) All the
reactions reported in Table 3 (Entries 1-5) were carried out accord-
ing to the general procedure described above, reacting 4-methoxy-
benzenediazonium o-benzenedisulfonimide (1d) with triphenylin-
dium (2a, 5 mmol) at room temperature, varying the 1d/2a molar
ratios. The crude residues were chromatographed on a short col-
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umn, eluting with petroleum ether/diethyl ether (9:1). Details are
shown in Table 3.

Collateral Proofs: (a) To a solution of tributylphenyltin (9a,
5.5mmol, 2.02 g) or phenylboronic acid (9b, 5.5 mmol, 0.61 g) in
THF (20 mL) was added, under vigorous stirring in one portion
and at room temperature, 4-methoxybenzenediazonium o-benzene-
disulfonimide (1d, 5 mmol, 1.77 g). The obtained suspension was
stirred at room temperature for 24 h; a test of azo coupling with 2-
naphthol was positive. The suspension was heated at reflux for 8 h,
but a test of azo coupling was still positive. The unreacted 4-me-
thoxybenzenediazonium o-benzenedisulfonimide (1d) was reco-
vered by filtration through a Buchner funnel (Table 5, Entries 1
and 3). (b) 4-methoxybiphenyl (3da) was obtained, as reported in
the literaturel'® (Table 5, Entries 2 and 4). (¢) (E)-1-(4-meth-
oxyphenyl)-2-phenyldiazene (4da) was obtained, as reported in the
literaturel'®! (Table 5, Entry 7). (d) To phenylmagnesium bromide
(9c, 1w solution in THF, 5.5 mmol, 5.5mL) was added THF
(20 mL). Bis(triphenylphosphane)palladium(II) dichloride (0.17 g,
0.25 mmol) and 4-methoxybenzenediazonium o-benzenedisulfon-
imide (1d, 5 mmol, 1.77 g) were added at room temperature with
vigorous stirring in one portion. The salt dissolved at once, and the
resulting solution became very dark. Stirring was maintained for
50 min at room temperature until a test of azo coupling with 2-
naphtol was negative. GC, GC-MS and TLC (petroleum ether/di-
ethyl ether, 9:1) analyses of the reaction mixture showed (E)-1-(4-
methoxyphenyl)-2-phenyldiazene {4da, MS (EI): m/z = 212 [M]*}
as the major product, besides 4-methoxybenzene {MS (EI): m/z =
108 [M]*} as the minor product. The usual workup afforded pure
(E)-1-(4-methoxyphenyl)-2-phenyldiazene (4da, 0.80 g, 75% yield).
The same results were obtained with palladium(II) acetate as the
catalyst (Table 5, Entry 8). (e) To phenyllithium (9d, 1.9 M solution
in butyl ether, 5.5 mmol, 2.9 mL) was added THF (20 mL). Bis(tri-
phenylphosphane)palladium(II) dichloride (0.17 g, 0.25 mmol) and
4-methoxybenzenediazonium o-benzenedisulfonimide (1d, 5 mmol,
1.77 g) were added at 0 °C with vigorous stirring in one portion.
The salt dissolved at once, and the resulting solution became very
dark. Stirring was maintained for 5 min at room temperature until
a test of azo coupling with 2-naphtol was negative. GC, GC-MS
and TLC (petroleum ether/diethyl ether, 9:1) analyses of the reac-
tion mixture showed the presence of 4-methoxybenzene as the only
product. After the usual workup only tars were recovered. The
same results were obtained with palladium(II) acetate as the cata-
lyst (Table 5, Entry 9) and without catalyst (Table 5, Entry 10).
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