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Accepted The hydrolysis of a new type of diazonium salt infifieed on the surface of silica sulfuric
Available online acid was studied in this work. By using diazonigait nanocomposites, a number of ph

K ds derivativeswere synthesized in good yields. In contrast to ghevious works, the pres:
Phsseno:rlss' procedure was conveniently carried out under mild solvent-free conditions. The effect
Nanocomposit solvent and temperature were studied on the dedii@zon products. The notabéelvantages
Hydrolysis this methodology were operational simplicity, a&hility of reactants, short reaction time

Aryldiazonium silica sulfate easy work-up.
Solvent-free conditions

1. Introduction arenediazonium tetrafluoroborates are much usealigsecof their

. . . i . . stability and availability> Moreover, aryldiazonium salts with

In comparison with aryl halides and triflates, adiagonium — gigyifonimides? carboxylates’ tosylates® and tetrachloroaurate
salts (Aer X)_have a greater reactivity and wider availability 9 -5 nterions have been synthesized and reportedjotd
from inexpensive aromatic amines. Therefore, thesles have  giapjlity. Diazotization reactions of these anhydroaryl

been prepared and studied as useful intermedragassical and  giazonjum salts are carried out in an appropriagamic solvent,
modern organic synthesisMoreover, arenediazonium salts are 4pq it is necessary to add,@tinto the reaction mixture to
used for the modification of conducting surfacesmiaterials precipitate the corresponding diazonium salt. Aisomost of

science,which has led to a wide range of applications inyhese procedures, it is required to control thectiea at low

biochemical sensors, microelectronics and in themiedical temperatures. Recently, diazonium ions have beenobilized

H 2 . . . ’

industry” These salts have been prepared by a wide variety ¢f, ~ silica nanoparticles  (Figure f). Although these
methods. One of the oldest and commonly used methudves  \5ncomposites are suitable for deposition on alnmirface,
the diazotization of aromatic amines with sodiunriteitin a they are not useful for consequent organic synthémeause
highly acidic aqueous solutidnMoreover, diazonium salts can diazonium groups are directly linked to the surfaéghe SiQ.

be formed in organic solvents by the reaction bet@®matic  \joreover, the synthesis of these kinds of diazorsaits is time-
amines and an alkyl nitrite in the presence of@d.dt is notable consuming and expensive.

that the counterion (X determined by the choice of the acid, has

an important role for both stability and reactivif the °
diazonium salf. For example, aryldiazonium chlorides (AfSI o~ /©/
) are usually unstable above 0 °C and some of tlee N
explosive. Furthermore, because of this instabiltybsequent ©

reactions with diazonium salts must be carried auden the

same conditions that these salts are formed. Tnykliazonium  Figure 1. Silica nanoparticles functionalized wdibizonium
salts with higher stability and versatility that axe explosive are  groups.

desirable and necessary. Recent developments havensthat

the stability of the aryldiazonium cation can bedulated by Recently, we have reported a new method for the pagpa
changing its counterion. Among arenediazonium saltsgf anhydrous and stable aryldiazonium ions on tidase of

N;* BF,
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silica sulfuric acid (SSA), named aryldiazoniumcsilisulfates = 2. Results and discussion
(ArN,"OSO-SiO,). These aryldiazonium salts are easily
synthesized by using aromatic amines, sodium aititd silica
sulfuric acid as an inexpensive and safe solid gaheme 1!
It is notable that these reactions are carriediroat few minutes
under solvent-free conditions. Contrary to the riggb methods,
diazotization reactions of these salts are conduete room
temperature in one step and there is no need totamaithe
reactions at low temperatures.

As mentioned, modification of surfaces using diamonisalts
is an ongoing area of research in materials andanicg
chemistry”*® Therefore, the synthesis of aryldiazonium saltwit
good stability is necessary to follow this purpdsethis area of
research, aryldiazonium silica sulfates can beothiced as one
of the most important classes of the stable argtiaum salts
with the simplest synthesis procedure. In the pitesemk, we
study the reasons of the stability of aryldiazonisilita sulfates

on on ONa OAr by surface study of 4-nitrophenyl diazonium silealfate as a
0=5=0 0=$=0 0=F=0 o0=5=0 model (Scheme 3).
Q 0 Q o)
HO, t.. grindi HO. \ / -+ _
N0\ /Jo_ . rt.ginding HOS o) = _/Jo(_~ +
ArNH, + NaNG, + /SI\O,SI\O/SI\O, i 102omn SISk g SIS+ 2H0 _?Na _Cl)Nz NO,
Silica sulfuric acid Aryldiazonium silica sulfates O_I;O O—IS=O
0 o
o . L HO. O\ Jo.
Scheme 1. Immobilization of aryldiazonium ion onASS S Sin g S

. . _ %cheme 3. 4-nitrophenyl diazonium silica sulfate.
By using these new arenediazonium salts, a number o

compounds can be synthesized efficiently under nated
heterogeneous conditiohslt is noteworthy that some of these
syntheses are easily carried out under solventefoeditions and
the corresponding products are isolated by simpteaetion’*
Moreover, in some of these reactions, the used solpport can
be recycled after completion of the reaction. Thsigmificant
capabilities of aryldiazonium silica sulfates are dccordance
with the green chemistry principles, and make themrem
attractive than the other arenediazonium salts.

First, to demonstrate the formation of the arermmhaim ion
on the surface of silica sulfuric acid, The FT-Igestrum of 4-
nitrophenyl diazonium silica sulfate was studied aodnpared
with the spectrum of silica sulfuric acid (Figure Zwo spectra
show a broad stretching vibration of the hydroxygrs around
3400 cni. The other broad peaks that are almost common
between the two spectra refer to asymmetric and syriome
0=S=0 stretching from 1300-1000 ¢nthat overlap with the
asymmetric and symmetric stretching bands of Si-OSi
Moreover, the S-O stretching bands around 581 ane almost
in organic chemistry, and are found in natural patg, alike between the two spectralt is notable that the main peaks
polymers, materials, and biological and medicir@hpoundd?  that can support the formation of the 4-nitrophedigzonium
Functional phenols are commonly prepared by direcgroup on the surface of silica sulfuric acid amacly observed at
hydroxylation of aryl halides with strong basic hyxide salts, or 2292, 1545 and 1354 ¢m These stretching bands are
by metal-catalyzed hydroxylation of aryl halid@sThermal respectively attributed to #N*, and the asymmetric and
decomposition of aryldiazonium salts in a highljdazaqueous —symmetric vibrations of NO'**' It should be mentioned that the

Phenols and their derivatives are widely used asrirediates

solution or copper-catalyzed transformation of diggzonium
salts can be the other routes for the preparatibrph@nol

adsorbed water band overlapping with aromatic C=€tgting
band appears at 1635 ¢mAlso, a peak at 851 chis observed

derivatives”’ Recently, the synthesis of phenols has beenvhich is corresponding to the C-H bending vibrationthe para

followed by oxidative hydrolysis of aryl boronic dsi®
Although some of these methods have convenient gotstavith
good to high yields, the majority of these methads associated
with limitations such as: the use of strong basid atidic
reaction conditions, high reaction temperature,glaeaction
time, low yield of the product, using excess amafréxpensive
reagents, using toxic solvents and the use of etpercatalysts
and additives. Therefore, the introduction of arficieht,
convenient and cost-effective method for the sysithef phenols
under mild and neutral conditions is desirable.

substitution of aromatic rint.

To further study the formation of the diazoniumtsat the
surface of silica sulfuric acid, X-Ray Photoeleati®pectroscopy
(XPS) data of 4-nitrophenyl diazonium silica sulfateere
considered. As shown in Figure 3, the presence & 8nd O are
demonstrated by appearance of three peaks at ~1®3, and
~533 eV respectively. There are two main peaks which are
indicative of the formation of the 4-nitrophenyadonium ion on
SSA. The first peak that appears at ~285 eV is at&ibto the C

1s XP spectrurh,because of the presence of a phenyl group in

In continuation of our ongoing program to developthe structure of 4-nitrophenyl diazonium silica fatd. The

environmentally benign methods in organic synthdsésein we
report an efficient method for the synthesis ofraialerivatives
by using aryldiazonium silica sulfates under midterogeneous
and solvent-free conditions (Scheme 2).

-+ -+ -+
CI)Na ONLAr IoNa ?H
O=IFO O=IFO o=|§o o=|s=o
e} o) Q o)
HO__.o\.  _Jo._.~ 15-60min_ "N\ o\ = Jo_
/SI\ _Si___Si_ ,Sl\ + HO0————— Si___Si_ _Si_ __Si + ArOH
o” 0" O 60-110°C N N o o

Aryldiazonium silica sulfates

Scheme 2. Synthesis of phenols by using aryldiazorsilica
sulfates.

second XP spectrum assigned NN and NQ appears at ~406
eV as a small peak (N15Moreover, the presence of the Na 1s
XP spectrum at ~1073 eV indicates that the protor8S#A have
been exchanged with sodium cations of NaN{Dring the
diazotization process.

After the formation of the 4-nitrophenyl diazoniuadtson the
surface of silica sulfuric acid, the morphology tbfs salt was
studied and compared with SiCand SSA. It should be
mentioned that silica sulfuric acid is synthesizeg using
amorphous silica according to our previous wdfki& order to
study the surface of these materials, the XRD spextr&iO,,
SSA and 4-nitrophenyl diazonium silica sulfate wepenpared.
As shown in Figure 4, both silica and silica sulfuaid indicate
similar amorphous peaks centered @t=223° (Figure 4, (a, b)).
It means that by modification of the amorphous Sirface with
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Figure 2. (a) FT-IR spectra of SSA. (b) FT-IR speaf 4-nitrophenyl dizonium silica sulfate.
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Figure 3. XPS spectra of 4-nitrophenyl diazoniuleasisulfate.

SO;H, no change in its morphology is observed. Howeves, t
XRD pattern of 4-nitrophenyl diazonium silica sulfsteows the
crystalline phases specially a2 22°, 24°, 28°, 31°, 33°, 35°
and 48° (Figure 4, (c)). We think that by immolalibn of the
corresponding diazonium salt on SSA, the ionic $tmes and
crystalline phases on the surface increase.

To further investigate the morphology of the préseaterials,
the SEM images of amorphous $iGSSA and 4-nitrophenyl
diazonium silica sulfate were studied (Figure 5)e Tindings
demonstrate that no substantial difference was véddretween
the morphology of silica and silica sulfuric ackidure 5, (a, b)).
These results are in agreement with the XRD pattefrnibese
materials. It is notable that the SEM images ofitdephenyl
diazonium silica sulfate indicate the new phases tloé
corresponding diazonium ions which are irreguladynfed on
the surface of SSA (Figure 5, (c)). In the preseaoncedure the
diazotization process is carried out under sol¥eg-conditions,
therefore the particle size distribution of thesawnphases is
different (Figure 5, (d-f)).
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Figure 4. (a) XRD pattern of amorphous silica.XBD pattern of silica
sulfuric acid. (c) XRD pattern of 4-nitrophenyl danium silica sulfate.

To better illustrate the morphology of the presgiaizonium
salt, the TEM images of 4-nitrophenyl diazoniumicsilsulfate
were studied. As shown in Figure 6, 4-nitrophenyl olidzm
ions are agglomerated on the surface of silicausalfacid in
various nanometer sizes. It should be mentioned tha
increasing the nano phases of the diazonium saltS®A, the
active sites of the present nanocomposite increasleat the next
reactions can easily be carried out under solves-f
conditions!*

It is known that one of the most important restoie§ when
using diazonium salts is their instability at rodemperature.
However, by immobilization of these salts on the atefof silica
sulfuric acid, their stabilities increase so thamnge of these salts
can be kept at ambient conditions for days. Ingtesent work,
for the first time, we examined the stability of skesalts at
higher temperature by studying the thermal gravimemnalysis
(TGA) and differential scanning calorimetry (DSC) of 4
nitrophenyl diazonium silica sulfate nanocompoétigure 7, 8).
The TGA curve indicates that the decomposition of ghesent
nanocomposite with 30% of the total weight loss iseddn
several steps (Figure 7).
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Figure 5. (a) SEM image of amorphous Si®200 pm scale. (b) SEM image of SSA in 200 patesqc) SEM image of 4-nitrophenyl
diazonium silica sulfate in 200 pm scale. (d) SEMge of 4-nitrophenyl diazonium silica sulfate thjim scale. (e) SEM image of 4-
nitrophenyl diazonium silica sulfate in 10 pm scéleSEM image of 4-nitrophenyl diazonium silicalfate in 2 pm scale.
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temperature but also at higher temperature so fit&t
decomposition point is almost at 145 °C. Moreowsrknowing
the decomposition point of each aryl diazoniuntaisulfate, we
are able to adjust the best temperature for thgrpss of the
reaction without decomposition of the correspondiiegzonium
salt.

After studying the morphology of these types of didam
salts immobilized on the surface of silica sulfudcid, their
application for the synthesis of functional phenefss studied.
As cited in the literature, the usual method for ¢baversion of
an aryldiazonium salt to the corresponding phesothiermal
decomposition of the diazonium salt in a highlydéciaqueous
solution. ™ It should be mentioned that the use of high agidit
conditions is required to prevent the ionizationtloé resulting
phenol to phenoxide which couples easily with uneshct
diazonium ion to form the azo compound. Another sifetion
encountered during thermal decomposition of a diaguo ion is
the reaction of an aryl cation (formed by losing flom an
aryldiazonium ion) with the phenolic product to pucd an
arylphenol or a diaryl ethét* Moreover, to obtain a high yield of
phenol uncontaminated with azo compound, addition aof
solution of the diazonium salt to a boiling sulfugcid solution
with simultaneous removal of the phenol product lgas
distillation is usually required?®

Figure 6. (a) TEM images of 4-nitrophenyl diazonisifica sulfate in
200 nm scale. (b) TEM images of 4-nitrophenyl didgam silica sulfate
in 50 nm scale.

At first, the physically absorbed water is removeohfrthe In this work, these difficulties were reduced by thar
nanocomposite in the range of 37-108 °C. At higberperature decomposition of aryldiazonium silica sulfates undeutral and
(148-157 °C), decomposition of the diazonium s&es place by solvent-free conditions. First, the synthesis ofmpdl was studied
exhaust of N molecule from the surface of the nanocompositePY USing phenyldiazonium silica sulfate (PARSO;SIO,)
This step is in agreement with the DSC analysis Ipgamnce of under different conditions (Table 1). The completiof the
an exothermic peak at ~145 °C (Figure 8). By insireg the reactions was monitored by the 2-naphtholate tésefece of azo

temperature (231-276 °C), the support (SSA) is deused and coup!ing With_ 2-naphtholate). It sk:ould be mentiortedt the
converted to silica by exhaust of S$Bom the surface of silica eactions carried out at 25 and 35 °C were not cetapifter the
sulfuric acid™® The result completely coincides with the Dsc fime specified in Table 1. But, the correspondirections
measurement by emergence of an exothermic peak5g *c ~ carried out at 50 and 60 °C were complete after tifre

(Figure 8). Finally, the last peak appears in tege of 300-311 ndicated in Table 1. By comparison of the findingse best
°C (Figure 7). It may be due the decomposition of the phenyl result was obtained Wh(_an the reaction was carnedabeo_ C
group of 4-nitrophenyl diazonium silica sulfate. Asvhole, the under solvent-free conditions (Table 1, entry B)all reactions

present diazonium salt nanocomposite is stableoniytat room carried out in water, the phenol product was isolateen acidic
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Figure 8. DSC curve of 4-nitrophenyl diazoniumcsilsulfate.

work-up using EtOAc as the solvent. However, when thetica
was carried out under solvent-free conditions, tienpl product

Table 1. Optimization of the reaction conditions tiee
synthesis of phenol using phenyldiazonium silicéese®

was isolated by simple extraction with EtOAc. Due toghenol

solubility in water, the yield of the isolated pradby acidic
work-up is less than that by simple extraction.hib@d be cited
that no by-product was observed when the reactioncaased
out under solvent-free conditions at 60 ° C. Howevay,
increasing the temperature to 70 ° C, diphenylrethe a side
product, was obtained in 7% yield (based on GC-M8gré&fore,

the best reaction conditions for the hydrolysis of

Entry Solvent Temperature (° C) Time Yield @6)
1 H.O 25 6h trace
2 HO 35 3h 30
3 H,O 50 1h 68
HO 60 25 min 70
5 Solvent-free 60 15 min 81

phenyldiazonium silica sulfate were determined bwdtwting
the reaction under solvent-free conditions at €0 °

# Reaction conditions: phenyldiazonium silica s@fét mmol), solvent (5
mL).

® The yields refer to the isolated pure products.
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Table 2. Synthesis of phenol derivatives by usiytpéazonium silica sulfates under solvent-freeditions?

Entry Diazonium salt Product Temp. (°C)  Time (min)  Yield (%)
1 PhN"OSQ:-SIiO;, Phenol 60 15 81

2 4-MeGHJN,"0SQ:-SiO, 4-Methylphenol 60 25 83
3 2-MeGH4N,"0SG:-SiO; 2-Methylphenol 60 25 78
4 4-PhGHiN;"0SG-SIO, Biphenyl-4-ol 70 25 82
5 4-BrGH4N,"0SQ-SiO, 4-Bromophenol 80 30 74
6 3-CIGHsN,"0SG-Si0, 3-Chlorophenol 85 30 73
7 3-MeCOGH/N,"0SQ:-Si0, 3-Hydroxyacetophenone 80 30 80
8 4-MeCOGHN,"0OSG:-SiO, 4-Hydroxyacetophenone 80 30 75
9 2-PhCOGHN,"0SG-SiO, 2-Hydroxybenzophenone 80 30 %0
10 4-HOOCGHN,"0SG-SiO, 4-Hydroxybenzoicacid 80 30 71
11 3-NQCsHiN,"OSG-SIO, 3-Nitrophenol 110 60 67

2The yields refer to the isolated pure products thiwere identified by FT-IR antHNMR spectroscopy and GC-MS and compared with stahgamples.

PDetermined by GC-MS analysis.
¢ 9-Fluorenone was determined in 80% yield by GCanalysis.

After optimization of the reaction conditions, thengrality of
the present method was studied by the synthesisadbus
functionalized phenols. As shown in Table 2, a numbgr
aryldiazonium silica sulfates possessing electratdvawing or
electron-donating groups were easily converted irfh®
corresponding phenols in good yields and shorttigatime. All
reactions were carried out under thermal and soffrest
conditions. In comparison with the electron-donatjngups, the
electron-withdrawing groups on the aromatic rings tioése
diazonium salts decreased the reaction rate, mgathiat the
reaction should be carried out at higher tempeeatun contrast
to the traditional methods, in the present workpatiducts were
isolated from the surface of silica by simple esti@ without
using tedious work-up. Moreover, the primary solighgort was
recovered according to the previous wbfkContrary to the
traditional methods, the azo-coupled side-produgtse not
observed during the course of the reactions.
arenediazonium tetrafluoroborates (AIBIF,) and
arenediazonium chlorides (Agf\CI) are the most common
diazonium salts used for the thermal decomposiiothese salts
in solution, arylfluorides and arylchlorides, adesproducts, are
formed during the course of the reactiéhin the present work,
by immobilization of the arenediazonium salts oe #urface of
silica sulfuric acid, this limitation obviously deased. It should
be noted that, when 2-benzoylphenyl diazonium sic#ate
was hydrolyzed by the present procedure,

Althoug

2- e \ 7

extremely reactive intermediate. The homolytic sblsis of
arenediazonium salts takes place in solvents withtebe
nucleophilicity such as pyridine or HMPT The formation of an
aryl radical intermediate is characteristic of thahway. MeOH,
EtOH and DMSO are introduced as borderline solventshich
both mechanisms may be observed simultaneSti#lshould be
stated that electron-withdrawing substituents on dhematic

rings of arenediazonium ions make them more prooe t

homolytic dediazoniatioft:

oS
+ | N
SOH
N,* | \ / //
SOH G
@ /N: G// Heterolytic pathway
Y SOH
G T/ \
N=N—O0S
Ve
GR—
Homolytic pathwayj -N,
G/—

/ N

L

hydroxybenzophenone was obtained in 20% vyield and 9Scheme 4. Heterolytic and homolytic pathways fer th

fluorenone, as a side product, was formed in 80%l yiEable 2,
entry 9).

We changed the reaction conditions by using watethas
solvent under the same reaction time and temperatBy
employing these conditions,
formed in 4% yield and 9-fluorenone was obtaine®6fo yield
(based on GC-MS).

Mechanistic proposals relating to the decomposition
arenediazonium salts have been described in eatlidies.****
The results demonstrate that the solvolysis of ed@&zonium
ions occurs through two main mechanisms: heterolgtic
homolytic pathways (Scheme 43 The heterolytic solvolysis is
generally carried out in solvents (SOH) with low nupleiicity
such as water or trifluoroetharfdl. This dediazoniation is

specified by losing Nand formation of an aryl cation as an

solvolysis of arenediazonium ions.

In the present work the hydrolysis of these immabidi
arenediazonium ions was easily carried out underesbtiiree

2-hydroxybenzophenones waconditions, and the phenol derivatives were obtaiimedjood

yields. Products analysis (based on GC-MS analydi)not
identify the presence of products from the homolytathways
(e.g. ArH or biaryls) using the present procedureeré&fore, a
heterolytic mechanism seems most probable.

It is known that the thermal decomposition of thazdnium
salts derived from 2-aminobenzophenone in aqueoligicn
gives 9-fluorenone as the major product and
hydroxybenzophenone as the minor prodtidthe formation of
9-fluorenone and 2-hydroxybenzophenone occur ngadilder



acidic conditions by a heterolytic mechanism (Scaes)f By 3./Conclusions
following this mechanism, the ring closure react®earried out

by an intramolecular arylation, competing with water N Summary, we have developed a fast, efficient and
intermolecular nucleophilic attack. It is well knowhat the convenient method for the synthesis of phenolsdadgyields.

closure of a five-membered ring usually occurs muohre USINg the present method, a number of aryldiazongiica

readily than the other intermolecular competitigaations™ sulfate nanocomposites were hydrolyzed to the qooreding
phenol derivations under mild and solvent-free dons. The

notable advantages of this methodology were opeatio
simplicity, availability of reactants, short reaxtitime and easy

0] (o) 0]
work-up.
: Hen -
SOOTIe SeEion ¢ Py
N2* major product
HZO‘-H+ 4.1. General

o All reagents were purchased from Merck and Aldrich and

used without further purification. All yields refep tisolated
products after purification. Silica sulfuric acid svaynthesized
on according to the previous works with 4.4 mmol H+/gaty.18

The products were characterized by comparison o$ipalydata
. . with those of known compounds and by spectroscopie (T -
ﬁc(f;erlne_S. I?r(;)_pose_d hetertc_)lytlg m_ecZa;nlstf_or the IR, IHNMR and GC-MS). IR spectra were reordered on a
yarolysis ot diazonium cafion derived from JASCO FT-IR-680 PLUS spectrometer. IHNMR spectra were
aminobenzophenone recorded with a Bruker Avance 400 (400 MHz). The Itesof
GC-MS were obtained by using an Agilent 7890AGC 5975C
As discussed, by hydro|ysis of 2-benzoy|pheny| divizion inert XLEI/CIMSD instrument. The morphology and deiSize
silica sulfate, 9-fluorenone was formed in 80% vyieldd 2- ©Of the nanocomposite were measured by using trasgmis
hydroxybenzophenone was obtained in 20% yield &80nder ~ electron microscopy (TEM, Philips CM30) at 200 kvday a
solvent-free conditions. By using ,8 as the solvent, 9- scanning electron microscope (SEM, Philips XL30)refel at
fluorenone was obtained in 96% vyield and 2-an acceleration voltage of 20 kV. X-ray photoelettro
hydroxybenzophenone was formed in 4% yield at 80 W@ ~ spectroscopy (XPS) signals were acquired by usinge&TEC
think that by employing water as the solvent, thecemtration of 8025 system fitted with a microfocused and monoclatamAl
H* which is generated during the course of the readatiecreases Ko X-ray source (1486.6 eV). Phase structure analyse®
and subsequently the nucleophilicity of@Hincreases. Moreover, determined by X-ray diffractometer (XRD, Philips Xpeusing
the existence of a Carbony| group, as an e|ectrmmWing the Ni-filtered Cuku (7\.CUK(1:01542 nm, radiation at 40 kV and
group, in the structure of the corresponding diazorsalt makes 30 MA). The data were collected over tierange from 10° to
it prone to partially homolytic hydrolysis accordinto the 90° (time per step was 2.5 s and step size was 0.021°
Scheme 6. In this mechanism, a diazohydroxide rimteliate is ~ Thermogravimetric analyses were performed in a SETKRA
formed by addition of water to the correspondingzdidum  LABSYS instrument (SETARAM, Caluire, France) under argo
cation. Because of the instability of diazohydrexigtoup, it can atmosphere with 10°C/min heating rate.
undergo homolytic fragmentation to give the corcegpng aryl 4 2 Typical procedure for the preparation of phenyl diazonium
radical?™"* Then, the closure of the five-membered ring OCCUISj|ica sulfate
readily due to the proximity of the radical to tipetential
reaction site. Finally, 9-fluorenone is formed bgsihg a Aniline (1 mmol, 0.095 mL), silica sulfuric acid {& g) and
hydrogen radica® As a whole result, by employing water as the sodium nitrite (1.7 mmol, 0.12 g) were ground imartar witha
solvent, the hydrolysis reaction of 2-benzoylphedidzonium  pestle for a few minutes to obtain a homogeneousun@x Then,
silica sulfate is carried out, not only by a helgiioc mechanism  four drops of water were gradually added and the uréxtvas
but, also may be followed by a homolytic pathway. Mek that  ground for 10 min to give phenyl diazonium silicafate.
the simultaneous occurrence of heterolytic and Hgtico
mechanisms may be a logical reason for the incredse-
fluorenone yield in water.

minor product

4.3. Typical procedure for the synthesis of phenol by using
phenyl diazonium silica sulfate

Five drops of water were added to phenyl diazoniuinasi
sulfate (1 mmol) and the resulting mixture was simplended

? 0 0 and then placed into a covered petri dish. Thenp#iri dish was

ho placed in an oven at 60 °C for 15 minutes. Aftattthe reaction

O O — O O — _ O mixture was diluted with EtOAc (15 mL) and filtered aaft
N* N

h vigorous stirring. The residue was extracted with &Aa@2x 10
_N l mL) and the combined organic layer was dried ovdrydrous
o Na2S04. The solvent was evaporated under reducedupress

afford the crude product. Further purification wasfprmed by

. H . flash column chromatography and the pure phenol atséained
in 81% (0.076 g).

"
Scheme 6. Proposed homolytic mechanism for thedtom Acknowledgments
of 9-fluorenone by hydrolysis of diazonium caticeriged

from 2-aminobenzophenone.
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