How to Cite: Kassanova, A.Zh., Yestayeva, M.T., & Turtubayeva, M.O. (2022) Arenediazonium sulfonates: synthesis, comparison
of structural and physicochemical properties. Bulletin of the University of Karaganda - Chemistry, 105(1), 25-38.
https://doi.org/10.31489/2022Ch1/25-38

Review

UDC 547.1-304.2 https://doi.org/10.31489/2022Ch1/25-38

A.Zh. Kassanova® 2", M.T. Yestayeva®, M.O. Turtubayeva® 3

Toraighyrov University, Pavlodar, Kazakhstan;
2National Research Tomsk Polytechnic University, Tomsk, Russia;
35.D. Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan
(*Corresponding author ’s e-mail: asiyakass@mail.ru)

Arenediazonium sulfonates: synthesis, comparison
of structural and physicochemical properties

Aromatic diazonium salts are important building blocks in organic synthesis. The present review isi¢oncerned
with such aromatic diazonium sulfonates as tosylates, dodecylbenzenesulfonates, triflates, camphersulforates;
silica sulfates. The first part of the review provides information on the synthesis and appli€ation ofithese dia-
zonium salts. It is shown that these diazonium compounds are easily synthesized by diazotization of anilines
with sodium nitrite or alkyl nitrites in the presence of corresponding sulfonic acidsiwith highdyields. These
diazonium salts have found wide application in the synthesis of aromatic azides, halides, triazenes, azo dyes,
stilbenes, biaryls, etc. The second part of the article presents information on the camparison of the results of
X-ray analysis, infrared spectroscopy and thermal analysis. The structure of diazonidm sulfonate salts corre-
sponds to the structure of classical diazonium salts (chlorides, sulfates, tetrafluorobarates). A significant dif-
ference between arenediazonium sulfonates and other diazoniumgsaltsgis their explosion safety and stability in
an individual form. Arenediazonium tosylates, triflates and camphatasulfonates are easily soluble both in wa-
ter and in polar organic solvents. Arenediazonium dodecylbenzenesulfenates are soluble in nonpolar organic
media. These features of sulfonate salts are paramount for distinguishing characteristics of the effect of the
acid anion on the stability, solubility and reactivity of diazonium salts:

Keywords: diazonium salts, diazotization, sulfonates, tosylate, triflate, camphorsulfonate, silica-sulfate, do-
decylbenzenesulfonate, X-Ray.
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List of abbreviations

KI: potassium iodide

NaNO;: sodium nitrite

DSC: differential scanning calorimetry
DTA: differential thermal analysis
TGA: thermal gravimetric analysis
ADT: arenediazonium tosylates
EtOH: ethanol

MeOH: methanol

ACcOH: acetic acid

DMSO: dimethyl sulfoxide

IR: infrared spectroscopy

NMR: nuclear magnetic resonance
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CCly: carbon tetrachloride

Et,O: diethyl ether

ArNz* Cl: arenediazonium chloride

ArNy* ‘BF.: arenediazonium tetrafluoroborate

ArNz* "OTf: arenediazonium trifluoromethanesulfonate (triflate)
ArNz*"OTs: arenediazonium p-toluenesulfonate (tosylate)
ArNz* p-C12H25C6HaSO5: arenediazonium dodecylbenzenesulfonate
ArN,"0S0O,Camph: arenediazonium camphorsulfonate

ArNz *OS03-SiO;: arenediazonium silicosulfate
ArN2"N(SO,).Ph: arenediazonium o-benzenedisulfonimides
MeCN: acetonitrile

THEF: tetrahydrofuran

CH,ClI;: dichloromethane

CHCl3: chloroform

H>O: water

HCO2H: formic acid

Review Plan

Inclusion and Exclusion Criteria: The present review is concerned with*such arematic diazonium sul-
fonates as tosylates, dodecylbenzenesulfonates, triflates, camphorsulfonatésy, silicosulfates, their synthesis
and comparison of their structural characteristics.

The review data are based on scientific publications from 1936%to 2024 Some old literature sources
(1936-1980) provide information about the first attempts to Synthesize diazonium sulfonate salts. A large-
scale study of diazonium sulfonate salts began with the work of,Barbero (1998) and continues now. We
searched and analyzed articles from Scopus, Web of Science, Reaxysy Sci-Finder. The keywords used for the
search were ‘arenediazonium salts’, ‘sulfonates’, ‘diazetization’, ‘sulfonic acid’, etc. The resultant data were
described in this article. No statistical methods were used:

Intreduction

Aromatic diazonium salts are of undoubtéd interest in modern organic synthesis. A huge number of re-
views, monographs and articles in highly rated‘journals have been published on the synthesis of arenediazo-
nium salts and the study of their chemieal properties. The salts discovered by Griss in 1858 [1] became a
huge impetus for the development of grganie synthesis: The production of azo dyes, medicines, the synthesis
of halogen and azide-derived benzenes, stilbenes, diaryls, the immobilization of biodegradable polymers,
nanoparticles, etc. Approximately every, 10-20 years, scientists discovered new transformations of diazoni-
um salts (Figure 1) [1]:
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Figure 1. Transformations of diazonium salts [1]

Despite the widespread application of diazonium salts in modern organic synthesis, significant prob-
lems of their usage on an industrial scale are instability, explosiveness, non-selectivity of transformations
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and poor solubility in water or organic solvents. Many diazonium salts are thermally unstable and sensitive
to friction and shock. Most diazonium salts are known for their violent decomposition hazard in the solid-
state. This group of chemicals causes many industrial and laboratory incidents. For solving this problem, sci-
entists are developing new types of arenediazonium salts that differ in structure only by the nature of the di-
azo-anion (residues of mineral or organic acids). In recent decades, obtaining and using aromatic diazonium
salts of the sulfonate type devoid of most of the disadvantages of classical diazonium salts has been actively
developing. This review aims to study synthesis methods of arenediazonium sulfonates and compare their
physicochemical properties.

1 Diazotization in the presence of sulfonic acids

The addition of aryl sulfonic acids has a significant effect on the stability of diazonium ions [2]. This in-
fluence has been described in many patents [3]. It has been shown that the addition of a- and B-
naphthalenesulfonic acids to a solution of bisdiazotized benzidine and p-nitrodiazobenzene leads to the for-
mation of precipitates, which can be filtered off and dried without any danger. These pradugts,easily dissolve
in water and enter reactions characteristic of diazonium ions after long-term storage.

In later works, one-stage diazotization-iodination reactions of a wide range of aromatic‘and heterocyclic
amines under the action of the system KI/NaNO;, p-toluenesulfonic acid in acetonitrileyf4], and aqueous
paste [5] were demonstrated. These methods provided high yields of the targetarylsiodides and were widely
used [6-9]. Before these works [5, 6], individual representatives of arenediazenium §uffonates were known,
namely arenediazonium naphthalenesulfonates [10], p-toluenesulfonateS™(tosylates) [11, 12], trifluoro-
methanesulfonates (triflates) [13—15]; arenediazonium methanesulfonates (aiesylates obtained in solution but
not isolated individually) [16] (Figure 2).
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naphtalenesulfonate p-toluenesulfonate trifluoromethanesulfonate methanesulfonate

Figure 2. Somg,examples of diazonium sulfonate salts

1.1 Synthesis of arenediazonium tosylates, triflates, mesylates and dodecylbenzenesulfonates

Historically, the first method fer preparing arenediazonium sulfonates was the decomposition reaction
of arendiazonium chlorides ip*theypresence of aromatic sulfonic acids [3]. In this case, it was necessary to
resort to rubbing unsafe dry arenediazonium chlorides. This method was used to obtain some benzenediazo-
nium salts of a-, B-naphthalenc‘and o-, f-anthraquinone sulfonic acids [17].

Later, this approach wassused to obtain some tosylates (Figure 3) [17] and 2-(trifluoromethoxy) bi-
phenyl-2'-diazonium triflatey(Figure 4) [18].

© 1o ® 0o
N=N" BEF, N=N OTs
N 1 eq NaOTs X
| o, — 2, 1 2o, FsCO
= MeCN, 2h = 1 eq NaOTf
-20)- CN, 2h
1ab (-20:25°C 24 MeCN,
° ﬁ:N% . (20025°C
3-NO, (a) =N BF,
4-NO, (b) 1c
Figure 3. Obtaining arenediazonium tosylates Figure 4. Obtaining arenediazonium triflate

Some arenediazonium tosylates and triflates were obtained by direct diazotization of anilines with alkyl
nitrites in the presence of p-toluenesulfonic acid [19-21] and trifluoromethanesulfonic acid [19] in a solution
of acetic acid or a mixture of tetrahydrofuran-acetic acid, respectively (Figure 5).
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Figure 5. Preparation of arenediazonium tosylate and triflate in the presence of alkyl nitrites

Arenediazonium mesylates were obtained in situ with the use of methanesulfonic acid [16] and used as
a solution in further transformations (Figure 6).

® ©
=N OMs R
NH2 4 eq BuONO N=N =" SR
R+ AN 1 eq MsOH R;— X 2 mol % Pd(OAc)g R/\/ \
=~ MeOH/DMF, 25 °C = —

Figure 6. Preparation and transformation of arenediazonium_mesylates in situ

Some examples of arenediazonium triflates were obtained by indirect‘methods [13, 14]. These methods
were based on N-substituted aniline azodesilylation under the action of NO"CF3;SOs and led to the formation
of benzenediazonium trifluoromethanesulfonate in 93 % yield [18] (Figure 7).

SiMes 1 oq NTOTF ® o
N - N=N OTf
R 25°C, N, 10-42h

3b 93%

R=H, Si(Me);
Figure 7. Azodesilylation of N-substituted aniline under the action of NO* CF3SOs

Para-substituted benzenediazonigm trifluoromethanesulfonates were synthesized by treating the corre-
sponding triazenes with 2 trifluoremethanesulfonic acid [14] (Figure 8).
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Figure 8;Syntheésis of benzenediazonium trifluoromethanesulfonates via the corresponding triazenes

It should begoted that none of these works [10-21] set the task of a detailed study of the structure and
physicochemical properties of arenediazonium sulfonates. This problem was partially solved in the study
conducted by Filimonov V.D. et al. [21]. They developed an efficient method for the preparation of arenedi-
azonium tosylates [21] using a new diazotizing agent with a polymer structure (Figure 9). Diazotization pro-
ceeded in acetic acid at room temperature; the formed diazonium salt was precipitated with diethyl ether.
Initially, cheap sodium nitrite was used as a diazotizing agent [22]; however, in this case, the target products
were contaminated with an admixture of the sodium salt of p-toluenesulfonic acid. The method provided the
synthesis of a wide range of arenediazonium tosylates, which made it possible to conduct a detailed study of
their physicochemical properties.
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Figure 9. Preparation of arenediazonium tosylates using a newydiazotizing agent with a polymer structure

It turned out that all synthesized arenediazonium tosylates, areyexplosion-proof and have storage stabil-
ity that is unique for diazonium salts (established using DSC/DTA/LTGA). In contrast to the known arenedia-
zonium chlorides, sulfates, and tetrafluoroborates, ADTyhave, good solubility both in water and in organic
solvents (EtOH, MeOH, AcOH, and DMSO). Futthermorepthestructure of all salts was investigated and re-
liably established by modern physicochemical metheds (XsRay, IR, NMR spectroscopy). Thus, new unique
representatives of the class of aromatic diazonium saltsi namely arenediazonium tosylates, were obtained.
These salts immediately found wide application,in organic synthesis: preparation of aromatic iodides [5, 22],
arenes containing radioisotope of fluorine {28}, aryltriethylsilanes [20], aromatic azides [24], in the synthesis
of heterocyclic systems [25], modification'ef nanosurfaces [26, 27], in the Heck reaction [28].

Later, this scientific groupysynthesized unique in their properties arenediazonium dodecylbenzene-
sulfonates [29]. The synthesis was, based“on the diazotization of anilines with tert-butyl nitrite and do-
decylbenzenesulfonic acid in gi€thyl ether at room temperature.

@ 0o
NH2 N:N OSOQC6H4C12H25
I NS tert-BUONO, HOSOzC6H4-C12H25 RI X
Ri- =~ R~
"  Et,0,25°C, 5-20 min N 42.90%
4a-j

R=H (a), 2-NO, (b), 3-NO, (c), 4-NO, (d), 4-OMe (&), 2-Br-4-NO, (f),
4-COOMe (g), 2-CI (h), 2-Me (i), 4-Br (j)

Figure 10. Preparation of arenediazonium dodecylbenzenesulfonates

IR and NMR spectroscopy proved the structures of the synthesized salts. All synthesized salts turned
out to be explosion-proof (DSC/DTA/TGA), stable during storage and having an “abnormally” high solubili-
ty for diazonium salts: Not only in water and polar organic solvents (EtOH, MeOH, AcOH, DMSO) but also
in low-polarity chloroform and CCl,. The latter circumstance provided a specific feature of the chemical be-
havior of these salts. Along with the reactions typical of aromatic diazonium salts (interaction with KI, com-
bination with 2-naphthol), a previously unknown reduction to chlorobenzenes in a CCl4 solution in the pres-
ence of a base was observed [30]. One-pot diazotization-dediazotization reaction was carried out in a CCly
solution under the action of sodium nitrite (Figure 11).
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Figure 11. Reduction of arenediazonium dodecylbenzenesulfonates to chlorobenzenes in a CCl4

The authors of the work [31] proposed a convenient method for the synthesis of a wide range of
arenediazonium triflates by diazotization of aromatic amines with butyl nitrite in the presence of trifluoro-
methanesulfonic acid in acetic acid (Figure 12). A detailed study of the physicochemical characteristics of
the obtained diazonium salts and their chemical transformations were carried out in the work.

®@ O
NH, N=N OTf
1.2 eq BUONO,
R ) 1.2eqTfOH R =
I I

~ AcOH, 10-15 °C = -

. 55-99%
5-30 min 3 bl

H (b), 4-Me (c), 4-OMe (d), 4-NO, (e), 3-NO, (f); 4:€@OH(g)
4 -n-Bu (h), 4-1 (i), 2,4,6-1 (j), 4-Ph (k), 4-NH, (1), 2-NO, ()

Figure 12. Synthesis of arenediazonium triflates

The authors have shown that arenediazonium triflatessare highly soluble both in water and in polar and
low-polar organic media, explosion-proof, and stable at Feomtemperature.

1.2 Synthesis of arenediazonium camphorsulfenates, silicasulfates, biodegradable cellulose-sulfonate,
o-benzenedisulfonimides

In work [32], it has recently been described the preparation of a wide range of arenediazonium cam-
phorsulfonates through diazotization of anilines.under the action of NaNO. in the presence of camphor sul-
fonic acid in AcOH solution at room temperature (Figure 13). It has been shown that arenediazonium cam-
phorsulfonates can be successfully, used for the preparation of aryl halides (chlorides, bromides, iodides),
while the authors propose a one-stage diazetization-halogenation method both in solution (acetic acid or ace-
tonitrile) and in the absence ofsa"selvenis

N
® S
NH, N=N Co
1.1 eq NaNO;,
7y 1.1eqCSA N A o
10 ~ RO
N AcOH, rt L~ 87.97%
5a-k

R= 4-NO, (a), 3-NO, (b), 2-NO, (c), 4-CN (d), 2-CN (e), 4-Br (f),
2-Br (@), 4-Cl (h), 4-I (i), 4-1 (j), 4-OMe (k)

Figure 13. Preparation of arenediazonium camphorsulfonates

A number of works were devoted to the preparation and usage of arenediazonium silicosulfates in or-
ganic synthesis [33-38]. According to [34], diazotization of anilines with sodium nitrite in the presence of
silica sulfonic acid at room temperature gave stable diazonium salts (Figure 14). These salts can be used to
obtain azo dyes [34] (a method corresponding to the principles of Green Chemistry), iodoarene [33], aro-
matic azides [35, 36], in the reactions of C-C-coupling of Suzuki-Miyuara [37], Matsuda-Heck [38].
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® O
NH, N=N OSO03-SiO,
2 eq NaNO,
RIC ) _S02SOH TN 90-98%
= grinding, rt =
6a-g

R=H (a), 2-NO, (b), 4-NO, (c), 4-SO3Na (d), 2-CI (e), 3-CI (), 2-Me (g)
Figure 14. Preparation of arenediazonium silicosulfates

Stable aromatic diazonium salts can be synthesized by using biodegradable sulfonated cellulose (Fig-
ure 15) [39]. Diazotization proceeds mildly for 5-10 minutes at room temperature, while sulfonated cellulose
can be recycled at the end of the synthesis and reused. The diazonium salts obtained easily gave the corre-
sponding iodides and azides with quantitative yields.

® )
NH, N=N O3SO-cellulose
2 eq NaNO;,
R A cellulose-SO3H R—:\ KI R >
PZ grinding, rt P —
5-10 min

Ta-m  54.97%
R=H (a), 2-1 (b), 2-COOH (c), 3-COOH (d), 4-COOH (e)§2,4<C! (f), 3,4-Cl (g)
4-Cl (h), 4-Br (i), 4-OMe (j), 4-Me (k), 4-NO, (1),,2-NO, (m)
Figure 15. Using biodegradable sulfonated.celltlese for diazotization

The preparation of dry arenediazonium o-benzenedisulfenimides was easily carried out by diazotization
of aromatic amines with i-pentyl nitrite in the presence ofie-benzenedisulfonimide in glacial acetic acid or in
formic acid at 0-5 °C [40] (Figure 16). Using acetig acid asa solvent allows obtaining quickly a product by
simple precipitation with diethyl ether. Formic acid asia,selvent dissolved the diazonium salt well. Therefore,
a large amount of diethyl ether was necessaryi for its isolation. In both solvents salts were obtained dry in
high purity and excellent yields.

O,

\ 0
n2seq @[ NH o o 32
NH3 S N=N N j@

02 \S
R_,ij 1.1 eq i-C5H4, ONO, N Xy O,
, I
Z AcOHorHCOOH, .~

0-5°C, 5 min 8a-t 85-98%

R=H (a), 2-Mey(b), 3-Me (c), 4-Me (d), 2-OMe (e), 3-OMe (f), 4-OMe (g), 2-Cl (h), 3-ClI (i), 4-ClI (j),
8:Br (k), 4-Br (I), 2-NO, (m), 3-NO, (n), 4-NO,, (0), 4-NMe, (p), 2,6-Me (q), 2-OMe-5-Cl (r), 2,6-Cl (s),
1-naphtyl (t)

Figure 16. Preparation of arenediazonium o-benzenedisulfonimides

1.3 Diazotization of aminopyridines in the presence of sulfonic acids

An attempt to use the method described above to obtain heteroaromatic diazonium salts, in particular,
from aminopyridines, was unsuccessful: diazotization proceeded slowly and the corresponding hydroxypyri-
dines were the only reaction products [41].

However, diazotization of aminopyridines under the action of sodium nitrite in the presence of
p-toluenesulfonic acid in an aqueous paste [41] radically changed the result of the reaction. Pyridyl tosylates
were isolated as the main products (Figure 17).
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Figure 17. Preparation of pyridyl tosylates by direct diazotization of aminopyridines

This was the first example of the preparation of pyridyl tosylates — important intermediates in organic
synthesis — by direct diazotization of aminopyridines.

Direct diazotization of aminopyridines in the presence of trifluoromethanesulfonic acid in a DMSO-
paste [42] or a mixture of solvents DMSO: hexane [43] (Figure 18) made it possible to @btathumore valuable
pyridyl triflates widely used in modern synthesis [44].

2.5 eq NaNO,
L 3\, —3ed TIOH L/\ ot
1-18 h
DMSO-paste or 30298%

hexane:DMSO
10a-m

R=H, 2-NH, (a), 3-NH, (b), 4-NH, (c), R=5-Cl, 2:NH, (d),'R=6-ME€, 2-NH, (e),
R=5-Br, 2-NH, (f), R=5-NO, 2-NH, (@), R=4-Me, 2-NHSh)\R= 2-Cl, 3-NH, (i)
R= 3,5-Br, 2-NH, (j), R= 5-1, 2-NH, (k), R=H, 2,6-NHi (1), R= 3,5-1, 2,6-NH, (m)

Figure 18. Preparation of pyridyl triflatesoy direct diazetization of aminopyridines

Recently, a method has been proposed for theysynthesis of pyridyl camphorasulfonates, which are of in-
terest as biologically active substances [45]. The synthesisiwas based on the diazotization of aminopyridines
in the presence of camphor sulfonic acid in ang@queous paste (Figure 19).

R 2 eq NaNO, oN //
E\/\ NH, —3 eg (+)CSA L/\ ) 3%4
N

aq. paste o
11a-g 40-70 %
R=H, 2{NH,(@),;3-NH, (b), 4-NH, (c¢), R=5-Cl, 2-NH, (d), R=6-Me, 2-NH, (e),
R=5-Br, 2:NH, (f), R=5-NO, 2-NH, (9)

Figure 19. Preparation of pyridyl camphorasulfonates

Thi§ difference between aminopyridines and anilines in the diazotization reaction is due to the fact that
the resulting pyridinediazonium sulfonates are thermodynamically unstable and short-lived, unlike arenedia-
zonium sulfonates. The pyridinediazonium cations decay with the loss of nitrogen and the formation of
pyridyl cations, which are highly reactive and easily interact with all nucleophiles in solution (Figure 20).
This fact has been confirmed both experimentally [41, 42] and by computational methods [46].

Br

|\
- —
?’ N" ot
Br S [NO*], TfOH Br\(j N, |Br S 10f
— | _ J® Nu Br
N "NH, N~ Nyt OTf N i B
—
N Nu

Figure 20. Plausible reaction pathways for the diazotization of 5-bromo-2-aminopyridine
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Thus, arenediazonium sulfonates are easily synthesized by diazotization with sodium nitrite or alkyl ni-
trites in the presence of corresponding sulfonic acids with high yields. These diazonium salts have found
wide application in the synthesis of aromatic azides, halides, triazenes, azo dyes, stilbenes, biaryls, etc.

2 Comparison of spectral and thermal characteristics of arenediazonium sulfonates

Comparison of the structure of aromatic diazonium salts is based on the valence oscillation of the N=N
bond in IR, the chemical shift of Ciso in NMR and the results of X-ray diffraction analysis. The chemical
shift of Cipso carbon for all diazonium salts is in close ranges and does not correlate with the type of anion. In
the IR spectrum, the valence oscillation of the diazonium group N=N is in the characteristic region of 2100—
2300 cmL,

In this review, the comparison of arenediazonium sulfonates is based on their solubility, the results of
X-ray and thermal analysis. Table 1 shows the key geometric parameters, the crystallographic data, and the
results of thermal analysis and information about solubility.

Table 1
The properties of some diazonium salts
No. Nan;z;fp?jncélazo D'ét_"’}{}ce Dllilt_amce CA rl]\?—llsl Decomposition energy, kJ/mol The'solubility Ref.
1 ArN*;Cl 1.385' | 1.097 180 No information. Explosive Soluble in water [2]
ArN*"BF, 1.415% | 1.083 | 179.5 —229.2 (at 146.5 °C) Slightly soluble in wa- | [47]
explosive ter and organic com-
pounds
ArN, *OTf 1.405° | 1.089 |178.99 From -136.1 t0%=840.4 Soluble in water, EtOH,| [31]
non-explesive MeOH, AcOH, DMSO,
MeCN, THF; during
heating in CHCl,,
CHC I3, CClq4
ArNz *OTs 1.371* | 1.104 | 177.7 Fram —60 to —885.2 soluble in H2O, EtOH, | [21]
non-explosive MeOH, AcOH, DMSO,
MeCN, acetone
ArNy* Crystals cannot be grown From -118 to —-410 Soluble in highand | [29]
p-C12H25CeH4SO3 for X-ray (oil) non-explosive medium polarity sol-
vents (water, DMSO,
alcohols, ketones, ace-
tic acid, chloroform)
and non-polar (hexane,
benzene, CCl,) solvents
ArN;*0SO,Camph | ( 1.425 1.09 177 | Stable and could be stored at | Soluble in proticas | [32]
room temperature under anhy- | well as aprotic solvents
drous conditions. No infor-
mation about results of ther-
mal analysis
AN, *QS0zSi07 | Crystals cannot be grown |Stability was proved indirectly| Insoluble in aqueous | [34]
for X-ray through the azo combination media
reaction after 6, 24, 48 and 72
hours. The diazotization and
diazo coupling method was
found to be safe and the grind-
ing of these aryldiazonium
salts was not found to be haz-
ardous.

ArN2;*"N(S0O,).Ph 1.3875 | 1.088 | 178.6 | Stored at 0 °C and at room Soluble in water, [40]
temperature for two months HCO2H, MeOH,
underwent no decomposition DMSO, MeCN

Notes:
Crystallographic info for Ph N*2"Cl. “Crystallographic info for p-1CsHsN2 *OTs.
2Crystallographic info for PhN*BF4. SCrystallographic info for p-BrCeHaN2 *OSO2Camph.
3Crystallographic info for p-ICeHsN2*OTf. SCrystallographic info for 2,6-CICsH3sN2 *'N(SO2)2Ph
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The X-ray data show that the bond lengths N=N are in the same range and differ not significantly. The
length of the C-N bond is of interest from the point of view of predicting reactivity, since that participates in
the process of de-diazotization. The length of this bond is higher in arenediazonium tetrafluoroborates, tri-
flates and camphorasulfonates, which indicates their greater reactivity in contrast to diazonium salts.

C-N-N bond angle in diazonium sulfonate salts differs from the bond angle in classical diazonium salts
by 1-3°, which may cause greater stability of these salts. At the C-N-N bond angle equal 180°, the salt forms
an easily destroyed layered crystal lattice. Changing the bond angle leads to better coordination with the ani-
on and the formation of more complex structure (Figure 21).

Figure 21. Crystalline networks of arenediazonium chloride (a) [48Jand\arenediazonium tosylate (b) [21]

The proof of stability for the diazonium salts was preséfving ‘chemical properties during the shelf life.
Stability of arenediazonium silica-sulfate was proved ihdiréctly threugh the azo combination reaction after 6,
24, 48, and 72 hours. Arenediazonium silica sulfates withyelectron-withdrawing groups on aromatic rings are
more stable than those with electron-donating greups because of the instability of the resulting aryl cation.
The diazotization and diazo coupling method was found tofbe safe and the grinding of these arenediazonium
salts was not hazardous. At the same time, the authors of works recommend storing the obtained salts at 0 °C.

The stability of diazonium salts usually is\compared by TGA-DSC methods. This method determines
the temperature and energy of decompositiong, According to the UNICEF international standard, the sub-
stance having decomposition energies of less than 800 kJ/mol is explosion-proof and can be transported.
Among the considered salts, analysisiwas garried out only for arenediazonium tosylates, triflates, and do-
decylbenzenesulfonates by TGA-DSE methods. All the studied salts are explosion-proof; the exception is m-
nitro derivatives.

In work [49], for thefirstftime, using isothermal flow calorimetry and DSC/TGA, authors determined
the thermal decomposition “€nergies of arenediazonium triflates, 4-nitrobenzene tosylate, and
4-nitrobenzentetraflugrobgrate:” The authors calculated the decomposition energies of salts accurately. 4-
Nitrobenzenediazoniumytriflate of all the studied diazonium salts has increased stability stored under normal
conditionsgThe experimental and theoretical results demonstrated that, compared to DSC/TGA, isothermal
flow cal@rimetryamore adequately reflected the energetics of the thermal decomposition of DSs and their
storage stability under normal conditions.

Arenediazenium sulfonates have high solubility in water and in organic solvents, which opens up more
areas for their usage in contrast to arenediazonium tetrafluoroborates and chlorides.

Conclusions

Arenediazonium sulfonates are easily synthesized by diazotization with sodium nitrite or alkyl nitrites
in the presence of corresponding sulfonic acids with high yields. These diazonium salts have found wide ap-
plication in the synthesis of aromatic azides, halides, triazenes, azo dyes, stilbenes, biaryls, etc. The structure
of diazonium sulfonate salts corresponds to the structure of classical diazonium salts (chlorides, sulfates, tet-
rafluoroborates). A significant difference between arenediazonium sulfonates and other diazonium salts is
their explosion safety and stability in an individual form. Arenediazonium tosylate, triflates, and campho-
rasulfonates are easily soluble both in water and in polar organic solvents. Arenediazonium dodecylbenzene-
sulfonates are dissolved in nonpolar organic media. These features of sulfonate salts are paramount for dis-
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tinguishing characteristics of the effect of the acid anion on the stability, solubility, and reactivity of diazoni-
um salts.
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A XK. Kacanosa, M.T. EcraeBa, M.O. Typry0aesa

ApeH1Ma30HHUIl CYJIb(OHATTAPBI: CHHTE3/1eY, KYPHIILIMIABIK
KIHE (PU3MKA-XUMHSIBIK KACHETECPid, CAIBbICTBIPY

Xomr micTi AUa30HUN Ty3/1apbl OPraHUKAIBIK CHHTE31EMAHBIBIBI KYPBLIBIC MaTepHaIIbl OOJIBI TaObIIabL. Op
TYpJi aHHOHAApBl Oap IMA30HUHA Ty3MapbIHBIH KeIl ‘MeJjurepi Oenrim. Maxamaza XoIIl MIiCTi IUa30HMIT
cysbOHATTApBl KapacThIPUIFAH: TO3WJIATTAp, JOACHHIOCH30ICyIb(oHaTTap, TpHIaTTap, KaMmdopacyib-
¢donarrap, cumkarcynbdarrap. MakananslH OipihLn OeiMilae OChl JHA30HHN TY3/1apbIH CHHTE3CY JKOHE
KOJIIaHy Typajibl akmapar Oepiiren. OnerrTe, IUa30HAl TY3AapblH aHWIMHICP.I HATPUH HUTPUTIMEH HeMece
QIKWJI HUTPUTIMEH THICTI CyJIb(OKBIIIKBUILAPABIH KaThICybIMEH IMa30TTay apKbUIbl OHAW CHHTE3[eyre
Gomansl. Byn nuasoHmit Ty3mapel Xoml WICTi asunaTep, TaJOreHAEp, TpUaseHIep, a30-OO0SFbBINITapHI,
cTunOeHIep, Ouapuaep *oHe T.0. CHHEC3NCPiHNIC KCHIHCH KOJIaHbUIAAbL. JKYMBICTBIH eKiHIII OeniMiHIe
PEHTIeHIIK Tanaay, WHQPAKbI3bUI GHEKTPOCKOINS JKOHE TEPMMSUIBIK Tajl[ay HOTHIKEIEPIiH CaJbICTHIPY
Typajibl aKmapaT Kenripintred. JH@30HUHIIH CyTb(GOHAT TY3JapBIHBIH KYPBUIBIMBI HETi3iHEH KJIACCHKAJBIK
JWa30HUH TyY3MapbIHBIH (XHOpuATep, cylibdarrap, Terpadropboparrap) KYpBUIBIMBIHA COWKEC Kelesi.
CynbdoHaTTapaplH apeHAXA3QHUATMEMCH Oacka [MA30HMH  TY3MAapbIHBIH  apachIHAAFbl  MaHBI3/IbI
AfbIPMAIIBUTBIK  OJIapIbIHMIKAPBIIBIC) KAYINCI3Airi MEH TYPaKTBUIBIFBI OOJBIN TaObUIagbl. ApeHINa30HUM
To3mWnaTTap, TpUudIaTIap >KSHEegKaMpopacyibpoHaTTap Cyaa JAa, HMOJSIPIbI OPraHUKAJbIK epiTKIimTepae e
OHail epumi. ApeHA#a30HNH NO/CIIMIOCH30ICYIbQOHATTAPSI JTUIODWIBI aHHOHFA OAMIAHBICTBI MOJISPIIBI
eMeC OpraHHUKaNbIK OpTaga epui. ApeHJUa3oHUl CyNb(OHAT TY3IapBIHBIH OYJl epeKIIeNiKTepi KBIIIKBUT
AQHHMOHBIHBIH INA30HVHMIPY31apbIHBIH TYPAaKTBUIBIFBIHA, EPITIMTITiHE JKOHE pPEaKTUBTLNITIHE ocep eTy
epeKIIeTIKTePITYCIly YIIIiH 6T€ MaHbI3IbI.

Kigiiigg. co30ep: n@aBoHUI Ty3[apbl, IHA30TTay, Cyib(oHarTap, To3mnarrap, Tpudiarrap, kamdopacyib-
(onaTrap, crimka-cyabdarrap, 1onenuiIoeH30CyIb(OHATTAp, PEHTIeH-KYPhUIBIMIBIK TNy,

A. K. KacanoBa, M.T. Ectaea, M.O. TyptyGaeBa

ApeHaua3oHuil CyJb(OHATHI: CHHTE3, CDABHEHHE CTPYKTYPHBIX
U (PM3UKO-XUMHYECKHX CBOMCTB

ApOMaTI/I‘IeCKI/Ie COJIM JUA30HUS ABJISIIOTCA BAXXHBIMHU CTpOI/ITeHbeIMH 6.]'[0KaMI/I B OpFaHI/l‘{eCKOM CHUHTCEC3€C.
M3BecTHO GOIBIIIOE KOMMYIECTBO COJICH JUA30HUS C PA3HBIMH aHHOHAMH-OCTaTKaMu. B maHHOM 0630pe pac-
CMOTPEHBI apOMAaTHYECKHE HA30HUHA CyIb(QOHATHL: TO3MIATHI, IOACHMIOECH30JICYIbGOHATHI, TPHQIATHI,
kamdopacynbhoHaTsl, cHiInKa-Cyibharel. B mepBoil yacTH cTaThH MPEACTABICHBI CBEICHHS [0 CHHTE3Y U
MPUMEHEHHIO JIAHHBIX COJel aua3onus. [Toka3aHo, 4To, Kak MPaBHUJIO, YKa3aHHbIE COJM AUA30HHUS JIETKO CHH-
Te3l/lpy}OTCﬂ llI/IaSOTI/IpOBaHHCM AHUJIMHOB HI/IT‘pI/ITOM Hanl/Iﬂ UJIn aJ'IKI/IJ'[HI/ITpI/lTaMI/l B HpI/ICyTCTBI/II/l COOTBET-
CTByK)LLlPIX Cy.]'lb(l)O](I/ICJ'IOT C BBICOKMMH BBIXOOaMHU. ﬂaHHbIe COJIM JUA30HHUA HAIIH L[Il/IpOKOC HpHMCHeHl/Ie B
CHUHTE3€ apOMAaTHYECKHUX a3HJI0B, TAJIOTCHUIOB, TPUA3E€HOB, a30KpacUTelNei, CTHILOSCHOB, OUAapUIOB U T.J.
AMUHONMPUANHBI THAa30TUPYIOTCS B MPUCYTCTBUH CYJIb(OKHUCIOT C 00pa30BaHUEM JIPYTHX BaXKHBIX IOJY-
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A.Zh. Kassanova, M.T. Yestayeva, M.O. Turtubayeva

MPOJYKTOB OPraHUYECKOTO CHHTE3a — MUPHAUHIICYIb(oHaTOB. Bo BTOpOil yacTu 0030pa mana nHdopma-
LM TI0 CPAaBHEHHUIO PE3YJIbTaTOB PEHTIEHOCTPYKTYPHOTO aHAIN3a, HHPPAKPACHOH CIEKTPOCKOIIMH M TePMH-
yeckoro aHaiau3a. CTpoeHue Cynb(OHATHBIX COJCH AMAa30HHUS B OCHOBHOM COOTBETCTBYET CTPOCHHIO KIIACCH-
YEeCKUX COJIed AMa3oHMs (XJIOopumsl, cyiabdatel, Terpadropoopatsr). CymiecTBEHHBIM OTIMYHEM apeHIna3o-
HUH Cynb()OHATOB OT JPYTHX COJIEH MHA30HUS SBISIOTCS HX B3PHIBOOE30NACHOCTH M CTAOMIBHOCTD B MHIM-
BHyaIEHOM BHZIE. ApeHINa30HUI TO3WIATHI, TPU(IATH H KaM(opacyab()OHATHI JErKO pacTBOPSIOTCS KaK B
BOJIE, TaK U B NMOJSIPHBIX OPTaHUYECKHUX PACTBOPHUTEIIX. APEHIMAa30HUH TONeHMIOeH30JICYIb(pOHATHI, Oa-
rozapst JIMIOGHUIPHOMY aHHMOHY, PacTBOPUMBI B HEHOJSIPHBIX OPTaHMYECKHX cpefax. OTH OCOOCHHOCTH
CyJIb()OHATHBIX COJICH OYEeHb BaXKHBI AU IIOHHMMAaHHs BIMSHUS aHHOHA KUCJIOTHI HA YCTOHYMBOCTB, PAaCTBO-
PHMOCTb ¥ PEaKIIMOHHYIO CIIOCOOHOCTh ANA30HUEBBIX COJICH.

Kniouesvie cnosa: conu nua3oHusi, JUa30TUPOBAHKE, CYJIb(OHATHI, TO3WIATHI, TpUdiaTsl, kamdopacyibho-
HaTBI, CHIIKA-CyIb(aThl, 10JeIIIOCH30IICYIL()OHATEI, PEHTTeHOCTPYKTYPHBII aHAIN3.
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