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Abstract A multistep synthesis of novel pyrene-based thiazole moiety been has been realized follow-

ing some synthetic challenges and complications. The chemical structure of the synthesized compound

has been established on the basis of both spectroscopic and analytical tools. Its nucleophilic reactivity

with 4,6-dinitrobenzofuroxan (DNBF) has been successfully studied in solution. A kinetic study of the

covalent electrophile/nucleophile combination of dinitrobenzofuroxan (DNBF, electrophile) and 4-

(pyren-1-yl)thiazol-2-amine (nucleophile) resulting in the formation of the corresponding r-adduct
in solution is reported. The rate constant (k1) of the second-order relating to the CAC bond forming

step of this complexation process has been found to fit into the linear correlation log k= sN (N+ E),

thereby permitting the evaluation of the nucleophilicity parameter (N) of the 4-(pyren-1-yl)thiazol-2-

amine. 4-(Pyren-1-yl)thiazol-2-amine has been subsequently ranked according to its reactivity profile

on the general nucleophilicity scale developed recently by Mayr et al., leading to an interesting and

direct comparison over a large domain of p-, r-, and n-nucleophiles.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
rabia.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2019.12.016&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:saahmed@uqu.edu.sa
mailto:saleh_63@hotmail.com
https://doi.org/10.1016/j.arabjc.2019.12.016
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2019.12.016
http://creativecommons.org/licenses/by-nc-nd/4.0/


Nucleophilicity and solvent effects on the kinetics 3703
1. Introduction

The chemical design of new fluorescent materials with tunable
emissions is possible via the modification of chemical struc-

tures, thereby altering the transition-energy levels which may
be monitored and characterized by physicochemical techniques
(Wang et al., 2018; Liang et al., 2017; Lin et al., 2016; Wu

et al., 2008). However, producing emission materials exhibiting
desired properties to satisfy the requirements of high-
performing devices remains an elusive task. Additionally, gain-
ing an insight into the interdependence of the structure and

reactivity of these targets still an attractive area of research.
In the traditional organic synthesis methodologies, the dipolar
push-pull chromophoric materials are ideal in fabricating tun-

able emission materials which can display a broad emission
scope ranging from blue to red and to near-IR region (Merz
et al., 2017; Kurata et al., 2017; Keller et al., 2017; Wang

et al., 2015; Li et al., 2014).
Pyrene and its derivatives are well-known compounds

related to polynuclear aromatic hydrocarbons (PAHs) which

are characterized by the existence of four fused benzene rings
forming a planar system. Pyrenes can undergo stacking by
p–p interactions, with a tendency to form fluorescent excimers
with a high exporter mobility in solution as well as in the solid

state (Cabral et al., 2017; Wang et al., 2012a,b). Owing to these
unique properties, pyrene chromophore is frequently used in
sensors (Bobe et al., 2013) or fluorescent probes. Recently,

pyrene-based probes have attracted substantial research inter-
est (Bains et al., 2011) because of their exceptional spectro-
scopic properties and remarkably prolonged lifetimes of

emission band structure (Khalifa et al., 2014) with emission
exhibiting a reliable dependency on polarity of the solvent
(Filichev et al., 2008). Pyrene containing chips can be associ-

ated to lipids (Machata et al., 2014), protein or DNA or
RNA (Crawford et al., 2011) to construct probes designed
for specific applications in biological findings. Furthermore,
incorporating different substitutions on the pyrene moiety

has been found to drastically change both, chemical properties,
which provide a leverage to control the molecular construc-
tion, and subsequently the molecular packing. This is particu-

larly useful in the potential applications of pyrene-based
semiconductors (Wang et al., 2012a,b). Pyrene exhibits spec-
tral features of emission which is highly sensitive to the

micro-environment accessible in the standardized media
(Duarte and Müllen, 2011; Solvas et al., 2014). Our earlier
investigations established that pyrene-based compounds exhi-
bit a significant effect on the emission with considerable red-

shifts contingent upon the substitution position along the long
axis or K-regions (Guerrini et al., 2009). Therefore, pyrene
containing dipolar molecules are anticipated to exhibit desir-

able optical behaviors when functionalized along both long
axis and K-regions (Boujday et al., 2009).

Due to the attracting properties of the pyrene-containing

compounds outlined earlier, the molecular design and syn-
thetic pathways of substituted pyrenes have become an impor-
tant endeavor. As well, five membered heterocyclic systems-

based chromophores also exhibit the desirable photochemical
and electrochemical behaviors being targeted. Among the
five-membered ring heterocyclic structures, the thiazole moiety
is an important p-conjugated building block. Several commer-

cial fluorescent dyes and brighteners bearing the thiazole unit
have been produced worldwide (Pinto et al., 2001). Further,
the thiazole motif is a useful heterocycle component used in
drug design and research and has been incorporated in numer-

ous notable drugs such as bleomycin anti-cancer (Tsukada
et al., 2010; Cort et al., 2012). Furthermore, as an electron-
rich aromatic group, the thiazole function may find useful

application in photoelectric technique (Dessı̀ et al., 2013).
Compared to the preparation of other heterocyclic com-
pounds, the synthesis of thiazoles is relatively simple. Hantzsch

reaction of a-halocarbonyl compounds with thioureas pro-
vides an expedient method for the synthesis of thiazole deriva-
tives (Hantzsch and Weber, 1887).

In the past decades, nitrobenzofuroxans, a class of electron-

deficient heteroaromatics, have received a great deal of atten-
tion, as extremely strong neutral electrophiles that display high
susceptibility towards substitution or covalent nucleophilic

addition processes (Terrier, 1982, 1991; Buncel et al., 1984,
1987; Crampton et al., 1999, 2003; Boga and Forlani, 2001).
Contrary to nitro-arene compounds represented by 1,3,5-

trinitrobenzene (TNB), nitrobenzofuroxans are considered as
traditional reference electrophiles, these new heteroaromatic
compounds illustrated by 4,6-dinitrobenzofuroxan (DNBF)

have been labelled as super-electrophiles that are capable of
reacting readily with weak nucleophiles (Terrier et al., 1992,
1993a,b; Buncel et al., 1997; Crampton et al., 1999; Boga
et al., 2005). This behavior is due to the facile carbon–carbon

couplings of DNMF with p-excessive heterocycles (indoles,
pyrroles, etc.) or benzenoid aromatics (e.g. alkoxybenzenes,
polyhydroxybenzenes and anilines, etc.) affording r-adducts,
which exhibit high thermodynamic stability (Terrier et al.,
1993a,b, 1998; Moutiers et al., 2001; Goumont et al., 2003;
Asghar and Crampton, 2005).

In continuation of our earlier effort involving the prepara-
tion and photophysical properties of pyrene-based heterocy-
cles (Hussein et al., 2017, 2018; El Guesmi et al., 2019), this

work aims to shed more light on the synthesis of pyrene-
based thiazole moiety and its nucleophilic reactivity with
DNBF in solution. Moreover, the presented research describes
a successful ranking of the nucleophilicity of 4-(pyren-1-yl)

thiazol-2-amine within the N scale of Mayr. This finding will
assist in assessing coupling reactions which can be envisioned
for this type of aminothiazole derivatives.

2. Experimental

2.1. Materials and methods

All solvents used in this work were of analytical grade pur-

chased from Sigma-Aldrich and were used without any further
purification. Melting points were measured using Stuart melt-
ing point apparatus and are uncorrected. The IR spectra were

recorded on Shimadzu IR-3600 FT-IR spectrometer with KBr
as pallets. All 1H and 13C NMR spectra were acquired on a
Bruker Avance 500 instrument (at 500 and 125 MHz for 1H
and 13C, respectively) in deuterated chloroform solution

CDCl3, using residual fully deuterated solvent signals as inter-
nal standards. The electronic absorption spectra and kinetic
determinations were recorded with a conventional UV–Vis

spectrophotometer (Shimadzu model 1800 PC), whose
temperature of cell compartments were maintained around
20 ± 0.1 �C. All kinetic runs were performed no less than three
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times under conditions of pseudo-first-order with the 4,6-
dinitrobenzofuroxan (5) concentration of ~3 � 10�5 mol dm�3

and a concentration of 4-(pyren-1-yl)thiazol-2-amine (4) in the

range 3 � 10�4–1 � 10�3 mol dm�3. In all of the experiments
carried out, the rates data were found to be reproducible to 2–
3%. Fluorescence spectra were performed using Horiba Spec-

trofluorometer (model FluoroMax4).

2.2. General procedure

2.2.1. Synthesis of 1-(pyren-1-yl)ethenone (2) (Weng et al.,
2012)

In an ice-cold bath, a solution of pyrene (16.16 g, 80 mmol) in
100 mL CH2Cl2 was added dropwise over a period of 2 h to an
ice solution containing a mixture of AlCl3 (11.8 g, 88 mmol),
acetyl chloride (6.4 mL, 88 mmol) in CH2Cl2 (500 mL). The

mixture was stirred at 0 �C for 3 h then kept at room temper-
ature overnight. The mixture was poured slowly into deionized
water (1.0 L) containing conc. HCl (150 mL) and stirred for

2 h. The formed complex was decomposed, and clear yellow
solution was separated, the organic layer was collected, dried
over anhydrous magnesium sulphate (MgSO4), then filtered

off and concentrated under reduced pressure. The obtained
residue was purified using silica gel column chromatography
method with DCM as eluent to give the titled compound 2

(16.78 g, 86% yield).

Light-yellow crystals; mp 88–89 �C. IR (KBr): mmax = 3040
(CH arom.), 2890 (CH aliph.), 1666 (C‚O), 1622 (C‚N)
cm�1. 1H NMR (500 MHz, CDCl3): d 9.04 (1H, d,

J = 8.5 Hz, pyrenyl-H), 8.22–8.21 (1H, m, pyrene-H), 8.14–
8.12 (3H, m, pyrene-H), 8.02–7.96 (3H, m, pyrene H), 7.89–
7.88 (1H, m, pyrene-H), 2.86 (3H, s, CH3);

13C NMR

(125 MHz, CDCl3): d 202.05 (C‚O), 133.87 (C), 131.56 (C),
130.93 (C), 130.36 (C), 129.6 (CH), 129.50 (CH), 129.39
(CH), 127.12 (CH), 126.95 (CH), 126.27 (CH), 126.01 (CH),

124.94 (CH), 124.78 (C), 124.09 (C), 123.86 (CH), 30.43
(CH3) ppm.

2.2.2. Synthesis of 2-bromo-1-(pyren-1-yl)ethanone (3)

A slurry of cuprous bromide (17.22 g, 120 mmol) in 250 mL of
EtOAc was heated to reflux. A solution of 1-(pyren-1-yl)
ethenone 2 (14.64 g, 60 mmol) in 150 mL of chloroform was
added over 45 min. The resulting solution was heated at reflux

for 7 h and then filtered while still hot through a 1 in. thick pa-
d of Celite. The filter cake was washed several times with ethyl
acetate (EtOAc) and the combined filtrate was evaporated

under reduced pressure to provide 14.68 g (76% yield) of 3

which was kept in the dark and was used in the next step with-
out further purification.

Yellow needles, mp 128–130 �C. IR (KBr): mmax = 3038
(CH arom.), 2887 (CH aliph.), 1670 (C‚O), 1628 (C‚N)
cm�1. 1H NMR (500 MHz, CDCl3): d 9.19 (1H, d,

J = 9.0 Hz, pyrene-H), 8.54 (1H, d, J = 9.0 Hz, pyrene-H),
8.48–8.44 (3H, m, pyrene-H), 8.39–8.33 (2H, m, pyrene-H),
8.29–8.24 (2H, m, pyrene-H), 4.96 (2H, s, CH2);

13C NMR
(125 MHz, CDCl3): d 189.83 (C‚O), 129.86, 126.18, 125.83,

125.65, 125.57, 125.46, 123.52, 122.24, 122.05, 121.99, 121.86,
121.74, 120.24, 119.83, 119.24, 119.17, 29.55 (CH2) ppm. Anal.
Calcd. for C18H11BrO (323.18): C, 66.89; H, 3.43; Br, 24.72.

Found: C, 66.71; H, 3.40; Br, 24.50%.
2.2.3. Synthesis of 4-(pyren-1-yl)thiazol-2-amine (4)

In 500 mL round bottom flask fitted with reflux condenser, 2-

bromo-1-(pyren-1-yl)ethanone 3 (9.66 g, 30 mmol) in 200 mL
ethanol was refluxed until clear solution appear. To this hot
solution, thiourea (2.66 g, 35 mmol) dissolved in 50 mL etha-

nol was added dropwise over 20 min. The reaction was reflux
for 2 h then cooled to room temperature. The formed precip-
itate was washed with NaHCO3 solution until effervescence

subsided and the product was collected by filtration and dried
in vacuum oven for 48 h to get the target compound 4 in 91%
yield (8.19 g).

Yellow crystals; mp = 186–187 �C. IR (KBr): mmax = 3260,

3170 (NH2), 3040 (CH arom.), 2890 (CH aliph.), 1622 (C‚N)
cm�1; 1H NMR (500 MHz, DMSO d6): d 8.86 (1H, d,
J = 9.5.0 Hz, pyrene-H), 8.28–8.25 (4H, m, pyrene-H), 8.18–

8.16 (3H, m, pyrene-H), 8.07–8.04 (1H, m, pyrene-H), 7.28
(2H, s, NH2), 6.95 (1H, s, thiazole-H); 13C NMR (125 MHz,
CDCl3): d 168.71 (C‚N), 150.70 (C), 131.44 (C), 130.89 (C),

130.69 (C), 128.22 (C), 127.82 (CH), 127.80 (CH), 127.73
(CH), 126.77 (CH), 126.18 (CH), 125.69 (CH), 125.40 (C),
125.28 (C), 124.49 (C), 106.32 (CH-thiazole) ppm. Anal.

Calcd. for C19H12N2S (300.38): C, 75.97; H, 4.03; N, 9.33; S,
10.67. Found: C, 75.80; H, 3.88; N, 9.20; S, 10.51%.

3. Results and discussion

3.1. Synthesis of 4-(pyren-1-yl)thiazol-2-amine

The synthesis of the target 4-(pyren-1-yl)thiazol-2-amine (4)
was carried out in three steps as outlined in Scheme 1. A Frie-
del–Crafts acylation of pyrene (1) with acetyl chloride in the

presence of anhydrous aluminum chloride in dried dichloro-
methane at 0 �C for 3 h, followed by stirring at ambient tem-
perature overnight, afforded the corresponding 1-(pyren-1-yl)

ethenone (2). The pure product was obtained in 86% yield as
pale-yellow crystals after column chromatography on silica
gel using DCM as eluent. In the subsequent step, a convenient

and selective bromination of compound (2) was carried-out
using cuprous bromide as brominating agent in refluxing
CHCl3/CH3CO2C2H5 for 7 h to afford 2-bromo-1-(pyren-1-
yl)ethenone (3). The pure product was obtained in 76% yield

as yellow needles after filtration of the black residue and evap-
oration of the solvents under reduced pressure and was used in
the next step without further purification. Finally, the target

compound, 4-(pyren-1-yl)thiazol-2-amine (4) was obtained in
91% yield as yellow crystals by reacting compound 3 with
thiourea (1.1 eq.) in refluxing ethanol for 2 h. The pure product

4 was obtained as yellow crystals after crystallization from
ethanol. The synthesized compounds 2–4 were well character-
ized using both analytical and spectroscopic tools (see experi-

mental section and supporting information).

3.2. Kinetic studies

The kinetic study was performed under pseudo-first-order

experimental conditions in which the concentration of 4-
(pyren-1-yl)thiazol-2-amine (4) was used in excess over DNBF
5 substrate concentration. Experiments were performed by

directly mixing a solution of 3 � 10�5 mol dm�3 of DNBF
with a solution of thiazole with concentrations in the range



Scheme 1 Synthesis of 4-(pyren-1-yl)thiazol-2-amine (4): (a) CH3COCl, AlCl3, DCM, 0 �C/3 h then rt/overnight; (b) Cu2Br2, CHCl3/

CH3CO2C2H5/rt/reflux/7 h; (c) 1.1 eq. H2NCSNH2/EtOH, reflux/2 h.
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of 3.0 � 10�4–1.0 � 10�3 mol dm�3. The reaction rates as
described in scheme 2, were recorded in acetonitrile at 20 �C,
resulting the formation of the r-adducts by conservative spec-

trophotometry. The formation of r-adduct 7 characterized by
kmax = 482 nm was studied by mixing in acetonitrile a solu-
tions of 4-(pyren-1-yl)thiazol-2-amine (4) with DNBF (5) solu-

tion (Scheme 2), where neither the electrophilic (DNBF (5);
kmax = 418 nm), nor its nucleophilic partners have a notable
absorption. Fig. 1 shows the UV–Vis spectra for the progres-

sive formation of r-adduct (7). Figs. S1–S8 (c.f. supporting
information) show the oscilloscope traces presenting a process
by only one relaxation relating to the formation of anionic C-

adduct 7 at various concentrations of 4-(pyren-1-yl)thiazol-2-
amine (4). By choosing the excitation wavelength at kex = 344-
nm and acetonitrile as solvent, the characteristic data for the
fluorescence of 4-(pyren-1-yl)thiazol-2-amine is kem = 438 nm

(Fig. 2(a)) agrees with the known range for aminothiazoles
derivatives (kem = 430–480 nm) (Murai et al., 2019). Notably,
compared with literature data, a remarkable increase in fluo-

rescence intensity was observed with the incorporation of the
pyrene fragment (Fig. 2(a)).

In the case of 4,6-dinitrobenzofuroxan (DNBF), no fluores-

cent property was detected (Fig. 2(b)) probably due to the pres-
ence of two electron-withdrawing NO2 groups which
significantly decrease its fluorescent property. The reaction of
4-(pyren-1-yl)thiazol-2-amine with 4,6-

dinitrobenzofuroxane gave a stable Meisenheimer r-complex
which exhibited pronounced fluorescent properties with
kem = 568 nm (Fig. 2(b)). These fluorescence and paramagnetic

properties of 4-(pyren-1-yl)thiazol-2-amine may lead to applica-
tions as a molecular probe for biological processes.
The reaction of 4-(pyren-1-yl)thiazol-2-amine (4) with
DNBF (5) obeyed first-order kinetics. Thus, from the equation
ln(A1 � At) = �kobsd t + ln(A1 � Ao), pseudo-first order

rate constants (kobsd) have been determined, where Ao repre-
sents the initial absorbance while At represent the absorbance
at time t (s) and A1 stands for absorbance at infinite dilution.

The use of integration method by plotting ln(A1 - At) vs. time
allowed us to collect kinetic data relating to the coupling reac-
tion. Linear plots were obtained for DNBF (5) with constant

concentration and varying concentrations of 4-(pyren-1-yl)
thiazol-2-amine (4). These straight lines plots indicate that
the reaction is first order (Figs. S14–S21 (c.f. supporting infor-

mation)), which was defined through the first-order rate con-
stant integral equation. The pseudo-first order rate constants
kobsd values are summarized in Table 1.

On the basis of Scheme 2, the conventional expression cor-

responding to the observed rate constant for the formation of 7
can be expressed by assuming that low concentration of the
zwitterion ZH± as follows:

kobsd ¼ ko þ k1½aminothiazole� ð1Þ
Thus, excellent straight line with negligible ko (� 0) inter-

cepts in present system was obtained according the above
equation when plotting kobsd vs the aminothiazole 4 concentra-

tion (Nu). Furthermore, no detection of third-order term or
higher-order were observed, and therefore no difficulty was
found in the determination of pseudo-first order rate constants
kobsd or in the linear plot of Eq. (1). From the slope of the plot

kobsd vs. [2-aminothiazole (4)] (Fig. 3), the second-order rate
constants k1 was readily derived (k1 = 1.42 dm3 mol�1 s�1).
Therefore, this leads us to believe that the electrophilic attack



Scheme 2 The interaction of 4-(pyren-1-yl)thiazol-2-amine with DNBF.

Fig. 1 UV–vis absorption spectra and kinetic relaxation

processes of the formation of adduct 7 (kmax = 482 nm) from

the reaction of DNBF (kmax = 418 nm) with 4-(pyren-1-yl)thiazol-

2-amine 4 (c = 1 � 10�3 mol dm�3) (cycle time = 40 � 100 s) in

acetonitrile at T = 20 �C.
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at the reactive nucleophilic center according to this process is

largely rate-limiting, as depicted in Scheme 2 for 4-(pyren-1-
yl)thiazol-2-amine system. In other words, the proton removal
step from the zwitterion ZH± can be considered as rapid in

acetonitrile solution, allowing for the identification of the com-
posite rate constant k to the rate constant k1 for the carbon-
carbon coupling step (Taylor, 1990; Jackson and Lynch,

1987). The present situation is in good agreement with that
observed for the same type of reactions for the r-
complexation reactions of 4,6-dinitrobenzofuroxan with indole

nucleophiles (Lakhdar et al., 2006; Terrier et al., 2005) which is
predominant in a great number of heteroaromatic/aromatic
electrophilic substitution reactions in which the formation of

intermediates of Wheland-Meisenheimer type (here ZH
±) is

rate determining step, e.g., the azo couplings of pyrrole and
indole derivatives by p-nitrobenzenediazonium cations
(Taylor, 1990; Jackson and Lynch, 1987; Challis and Rzepa,

1975).

3.3. Determination of the estimated nucleophilicity parameters
N of 4-(pyren-1-yl)thiazol-2-amine

A quantitative assessment of the intrinsic nucleophilicity of 4-
(pyren-1-yl)thiazol-2-amine is feasible by referring to the gen-

eral electrophilicity/nucleophilicity approach developed by
Mayr and co-workers (Mayr et al., 2004, 2005, 1992; Phan
et al., 2006; Minegishi et al., 2004; Lucius et al., 2002;

Herrlich et al., 2001; Gotta and Mayr, 1998). By using a large



Table 1 Kinetic results for the reaction of 4-(pyren-1-yl)thiazol-2-amine (4) with DNBF (5) in acetonitrile at 20 �C.

[aminothiazole] � 104 (mol dm�3) 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

kobsd � 104 (s�1) 4.30 6.64 7.45 8.19 9.67 11.91 12.90 14.71

Fig. 3 Effect of the concentration of 4-(pyren-1-yl)thiazol-2-

amine (4) on kobsd of the formation of adduct 7 in acetonitrile at

T = 20 �C.

Fig. 2 Normalized emission spectra of 1.0 � 10�5 M solution of (a) 4-(pyren-1-yl)thiazol-2-amine; (b) DNBF and r-adduct, in

acetonitrile.
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series of diarylcarbenium ions as reference sets for electrophiles
and various p-excessive systems as nucleophiles, indeed, these
authors have demonstrated that it is possible to characterize
the reactivities of a wide variety of nucleophile–electrophile

combinations by a simple equation of only three parameters
as shown in Eq. (2). It is clear from this equation that the esti-
mated E parameter reflects the reactivity strength of the elec-

trophile, while N expresses the strength of the nucleophile
and s is a nucleophile-specific parameter which depicts the sen-
sitivity of the rate constant of coupling reaction upon variation

of the electrophile partner.

log k ¼ s Nþ Eð Þ ð2Þ
Based on Eq. (2), N and E scales, covering a reactivity
range of about 40 (�8.80 � N � 30.82) and 35 (�24.69 � E

� 8.02) orders of magnitude, respectively, have been con-
structed and thus used successfully to predict the feasibility
and rate of many electrophile-nucleophile interactions (Mayr

et al., 2002, 2001, 1998, 1994; Ofial et al., 2003; Lemek and
Mayr, 2003; Minegishi and Mayr, 2003; Bug and Mayr,
2003; Schindele et al., 2002; Würthwein et al., 2002). It is

important to note that among the large variety of nucleophiles
studied by Mayr, a number of selected enamines have been
classified on the N scale with the finding that the correspond-
ing nucleophile-specific s parameter does not vary much with

the change of enamine structure (0.79 < s < 1.03) (Kempf
et al., 2003). Accordingly, approximating the N values for 4-
(pyren-1-yl)thiazol-2-amine (4) is possible through Eq. (2) by

combination of the average value of s = 0.90 for the nucle-
ophile with the E value determined for the strong electrophile
DNBF (E = �5.22) (Terrier et al., 2005), in which the log k

values in Mayr’s equation (Eq. (2)) refers to our kinetic (k1-
DNBF) measurements in acetonitrile. The N parameter of our
nucleophile 4 (N = 5.39) is collected in Table 2 along with
the values of aminothiazole analogue, such as 2-

aminothiazole, 2-aminobenzothiazole, 2-amino-4-
methylthiazole and 2-amino-4,5-dimethylthiazole.

The quantitative ranking of the nucleophile 4-(pyren-1-yl)

thiazol-2-amine (4) on the nucleophilicity scale (Fig. 4) enabled
comparison of its reactivity as a nucleophile with that of
related amino-compounds previously classified by Mayr and

coworkers in the N scale. Thus, the experimental N value of
4 shows that the addition of one pyrene group on 2-
aminothiazole (N = 5.56) resulting in 4-(pyren-1-yl)thiazol-

2-amine (4) (N = 5.39). decreasing its nucleophilicity strength
by approx. 0.2 order of magnitude. On the other hand, the
experimental N values of 4-(pyren-1-yl)thiazol-2-amine (4)
(N = 5.39) and 2-amino-4-methylthiazole (N = 6.80) show

that the substitution of one methyl group by a pyrene group



Table 2 Ranking 2-aminothiazoles on the nucleophilicity scale.

R1 = H

R2 = H

R1 = H

R2 = CH3
R1 = CH3

R2 = CH3

N 5.56 6.80 5.39 6.42 4.17

Fig. 4 Ranking of 4-(pyren-1-yl)thiazol-2-amine on the Nucleophilicity scale (N), as developed by Mayr et al.
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to give 2 decrease its nucleophilicity strength by approx. 1.5
order of magnitude.

The nucleophilicity of 4 (N= 5.39) compares well with that

of the 4-methoxylindole (N = 5.41) and found to approach
that of N-methylpyrrole (N = 5.85) but show lower reactivity
than that of other primary amines such as 4-amino-3,5-
dibromo-pyridine, aniline and its derivatives or aliphatic ami-

nes such as butylamine and hydrazine, as shown in Fig. 4.
3.4. Solvent effect on the DNBF behavior on reaction

with 4-(pyren-1-yl)thiazol-2-amine

The broad-range reactivity of DNBF offers renders it suitable
to explore SEAr reaction in various organic solvents. The UV–
visible absorption spectra of 4,6-dinitrobenzofuroxan with 4-

(pyren-1-yl)thiazol-2-amine (Fig. 5a0–f0) were recorded using
polar protic solvents such as methanol, ethanol, propanol,
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butanol and polar aprotic solvent like dimethylformamide
(DMF) and tetrahydrofuran (THF), respectively. As shown
in Fig. 4a, the UV–visible absorption spectra at 460 nm reveal

that the formation of the adduct at this wavelength results
most likely from the attack of a molecule of methanol on the
parent DNBF substrate. The result obtained is in good agree-

ment with the literature (Terrier, 1982, 1991; Buncel et al.,
1984, 1987; Crampton et al., 1999, 2003; Boga and Forlani,
2001). Indeed, Terrier and co-workers have focused particu-

larly on the reactivity of 4,6-dinitrobenzofuroxan which exhi-
bit high electrophilicity in various organic processes,
Fig. 5 UV–Vis absorption spectra illustrating the behavior of 4,6-di

propanol; (d) butanol; (e) DMF; (f) THF, (2) in presence of 4-(pyren-1

(d0) butanol; (e0) DMF; (f0) THF, at T = 20 �C.
including also the addition to carbon with very weak nucle-
ophilic character, proceeding even under mild conditions pro-
viding quantitatively stable carbon bonded r-adducts (Terrier,
1982, 1991; Buncel et al., 1984, 1987; Crampton et al., 1999,
2003; Boga and Forlani, 2001). More importantly, 4,6-
dinitrobenzofuroxan (DNBF) undergoes facile addition of

one molecule of solvent (water or methanol) according to
Eq. (3), resulting in hydroxide or methoxide adducts with rate
coefficient determined as kH2

O=0.035 s�1 and kMeOH=0.030 s�1

(Crampton et al., 1999; 2003, Terrier et al., 1984; Strauss et al.,
1983; Buncel et al., 1987; Manderville and Buncel, 1993). On
nitrobenzofuroxan 5: (1) in solvent: (a) methanol; (b) ethanol; (c)

-yl)thiazol-2-amine (4) in (a0) methanol; (b0) ethanol; (c0) propanol;
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the other hand, (Fig. 5a0) corresponds to the band of absorp-
tion resulting from the addition of excess of 4-(pyren-1-yl)

thiazol-2-amine to DNBF in methanol. The same band of
absorption is observed in Fig. 5a at 460 nm corresponding to
the formation of methoxide adduct, this observation can be
interpreted according the fact that our super-electrophile

DNBF in solution is in presence of two species with nucle-
ophilic characters, the methanol (N = 7.54) and 4-(pyren-1-
yl)thiazol-2-amine (N = 5.39) in which the methanol is more

nucleophilic than 4-(pyren-1-yl)thiazol-2-amine by two loga-
rithmic unit (DN = 2). Fig. S10 in the supplementary informa-
tion section supports this interpretation since the change in

concentration of 4-(pyren-1-yl)thiazol-2-amine (4) has no
effect on the kinetics of the reaction. In view of the known
reactivity of 4,6-dinitrobenzofuroxan toward a number of
compounds having weak nucleophilic character, including
water and methanol, the ease of reaction of ethanol (Fig. 5b)

and propanol (Fig. 5c) with this compound is perhaps not
unexpected. Interestingly, despite the DNBF interaction with
the mentioned solvents, this reaction proceeds slower than that
with methanol, which leads us to conclude that these solvents

acts as nucleophiles, which are weaker than methanol but
stronger than 4-(pyren-1-yl)thiazol-2-amine (4). This is sup-
ported by Fig. 5b0 and Fig. 5c0 which reveal a UV–Visible spec-

trum illustrating the conversion of ethoxide adduct formed at
462 nm into r-adduct 7 formed at 482 nm, and the conversion
of propoxide adduct formed at 464 nm into r-adduct 7 formed

at 484 nm, respectively. It appears that two competitive pro-
cesses have been identified in this case with the initial addition
of solvent molecule to give ethoxide and propoxide adducts
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and a subsequent and slow conversion of these species into the
r-adduct 7.

Fig. 4d and f corresponding to butanol and THF, respec-

tively and show that these species have a unique role in solu-
tion as a solvent, so the addition of 4-(pyren-1-yl)thiazol-2-
amine (4) is followed only by the processes of formation of

r-adduct 7 at 483 nm and 479 nm, respectively, as showed
in Fig. 5d0 and f0. In the case of DMF, the behavior of DNBF
is different from the above, indeed, Fig. 5e shows formation of

an absorption band at 472 nm, illustrating the reaction of
DNBF with DMF, whereas Fig. 5e0 only shows the process
of formation of the r-adduct 7 without the DMF intervening
in reaction. This can be explained by the fact that 4-(pyren-1-

yl)thiazol-2-amine (4) has a stronger nucleophilic reactivity
than DMF which prevents it from participating in the reac-
tion. Clearly, the exceptional electrophilic reactivity of 4,6-

dinitrobenzofuroxan (DNBF) provides an entry to the super-
electrophilic dimension in r-complexation process, permitting
considerable extension to the utility of this reaction in

synthesis.

ð3Þ
4. Conclusion

The kinetic study of 4-(pyren-1-yl)thiazol-2-amine and dini-
trobenzofuroxan (DNBF) reveals that the nucleophilic reactiv-

ity of the 4-(pyren-1-yl)thiazol-2-amine (4) is found to undergo
perfectly the linear-free energy relationship developed by Mayr
et al. (Eq. (2)). With a N value in the order of 5.39, 4-(pyren-1-

yl)thiazol-2-amine is well located in the domain of the enami-
nes compounds studied recently by Mayr. Moreover, consis-
tent with the considerably great C-basicity, our

aminothiazole 4 displays N value in the range of 5.0–6.0, com-
parable to those of 4-methoxylindole (N = 5.41) and N-
methylpyrrole (N = 5.85). This finding is noteworthy since it
allows us to extend the applicability of Mayr’s equation to

r-complexation processes employing neutral electrophiles thus
broadening markedly the field of coupling reactions which can
be predicted with 4,6-dinitrobenzofuroxans.
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