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| NTRODUCTION

The aromatic substitution reactions

The Electrophilic and Nucleophilic aromatic suhgtdn reactionshave been extensively
studied over the yedts! and their mechanism is well known and widely répdrin the

literature.

|. ELECTROPHILIC AROMATIC SUBSTITUTION REACTION  (SgAR)

The first example of thegBr concerns the substitution of a hydrogen atonthenbenzene
ring with an atom or group (indicated as E in Schgm

Benzene is, in fact, the parent of the aromaticgmmimds; it has a very high thermodynamic
stability due to the delocalization of its pairsetéctrons 1t electrons) and a lower reactivity
compared with a system containing isolated doubrelb.

Considering the simplified mechanism of the elgaitibc aromatic substitution reaction
(SeAr), reported in Scheme 1, the first interactiows between the aromatic ring and the
electrophilic species affording a positively chatgentermediate, named Wheland

intermediate ¢—complex)?!

H E E
[ :] ky
.
ky

Wheland intermediate
W)

Scheme 1General simplified scheme for the electrophilioraatic substitution reaction.

The cationic intermediate (or Wheland) derives fribra attack of the electrophilic species
to one carbon atom of the aromatic ring with a geeof its hybridization from o sp, as
a consequence of the addition to the double bamditlze break of the aromatic conjugated

system; the resulting—complex, is an high energy intermedidt@igure 1).



Slow step

Phit + E

Q

PhE + 11"

Reaction coordinate

Figure 1. Energetic levels along the reaction coordinatdHterelectrophilic aromatic substitution reaction.

Finally, the substitution product is obtained bytpn loss in the rearomatization step,
conventionally considered as the fast and irrebbrsstep of this reaction while the rate-
determining step of the overall reaction is congddhe formation of the intermediate.
Based on the above reported, the isolation obttmmplex is not a very simple goal and it
is complicated by the short lifetime of this specand its low concentration during the
reaction”®

Actually the general Scheme of theA$ depicted in Scheme 1 showing only one
intermediate of this reaction, can be consideresinglified Scheme because a lot of
investigations carried out principally by J. K. Kihshowed the presence of four steps and
three intermediates in the electrophilic aromatibstitution reaction pathway, as reported

in Scheme #*

. H E E . E
4 slow fast X
-H

(m complex) (o complex) (m complex)

Wheland intermediate

(W)

Scheme 2The general mechanism of the aromatic substitugaction.

The reaction’s pathway reported in Scheme 2 shtwas & first step involves a donor-
acceptor DA) interaction, in which the electrophile get claesgher—electron cloud of the

aromatic system, to obtain a non-covalent complenally calledi—complex.
2



In a DA complex the electrophile is not localized on atipatar atom but is close to the
micloud of the aromatic ring. However some experiraestudies, involving electrophiles
such as Bror NO,’, showed their preferential localization near tspecific C-C bond
before to obtain the finat-complex™®

The interaction in thee-complex is weak in nature, and for this reasoratttevation energy
for its formation, is low; this implies that therfoation rate for thee-complex is weakly
influenced from the substituent groups on the atameng.

The identification of somatcomplexes has been possible because of their abectr
transition in the visible region of the electromatio spectra, giving the typical intense
color of these complexes; furthermore, under sompermental conditions, these
complexes have been crystallized and analyzed Raxdiffraction spectroscopy?®

The next step of the reaction allows the formataina new o bond between the two
substrates, giving the formation of a covalent clexpheo-complex.

The cyclohexadienic system as the evolution of theomplex is higher in energy with
respect to the starting aromatic compound; thisnméhat the reaction can go in both the
directions, depending from the activation energyunesd to return back to starting materials
(loss of the just entered electrophile) or to eedl substitution product (loss of proton);
usually, the proton elimination is favored.

Finally, in the third step, immediately after trearomatization process, the leaving group
forms again ar—complex with the aromatic ring before to be finatlyrned away; a

simplified energetic trend for the four steps af $pAr is reported in Figure 2.

transition state

|

/
o -complex

/

T =complex

m-complex

Reaction coordinate

Figure 2. Energetic profile for SAr.



The existence of the Wheland intermediate doesegdimate its direct correlation with the
transition state. Dewar was the first to deduct éxestence ofrf—complexes along the
reaction’s coordinate and hypothesized that thetimds rate could depend also from their
stability*?!
In accordance with Hammond’s postulate, assumiagdpecies with similar energies along
the reaction’s coordinate will also have similaogetry, it is clear that the transition state
higher in energy will be similar to the specieshnatcomparable energy.
Thus it is possible to have three different sitragi**!

1. Formation of thatcomplex: in this case the transition state highegnergy is

similar to the charge-transfer complex-¢omplex)* If the formation of the

m—complex is the rate-determining step there is otofsc effect.

2. Formation of the Wheland intermediate: the traositstate highest in energy is
before the Wheland formation. It has been dematstréghat some reactions
exhibit a linear relationship between the rate whbs$itution and the relative
stability of theo—complex; this observation indicates a correlatietneen the

transition state higher in energy and the Whelatelrmediate.

3. Proton elimination: the conventional assumption pages that the proton
departure occurs in a fast step, even if is alsssipte to observe that the
transition state higher in energy precedes theopralimination. A strong
isotopic effect (H/D) is characteristic of this céan as demonstrated by
changing the proton with deuterium; in this case rdmction’s rate changes. On
the assumption that the constant for the protaniedtion isky and the one for
deuterium ik, if their ratioku/ko is high (>2), an isotopic effect is pres&hin

this case the reaction can be affected by basityssd phenomena.

In conclusion, considering a&r, the evaluation of the slow step of the overaliction is

not really simple because a lot of factors carugrfice the reaction progress as the nature of
the electrophiles and of the other substrates latiea and also the effect of different
substituents on the aromatic ring that play a fumelaal role on the regioselectivity of the

reaction.



[I. NUCLEOPHILIC AROMATIC SUBSTITUTION REACTION (SyAR)

Benzene is an electron rich system and this isréason for its deactivation towards
nucleophilic substitution reactions; basically thishaviour depends from the electrostatic
repulsion between threcloud and the nucleophile.

However, the presence of some electron-withdravaabstituents on the aromatic ring,
reduces the electron density on it, allowing theraction with the nucleophile.

According to the simplified mechanism proposed mnett™ the nucleophilic aromatic
substitution reaction involves two steps: the addibf the nucleophile and the elimination

of the leaving group (Scheme 3).

L
X ky
| +  Nu + L
A
EWG K,y

Meisenheimer intermediate

Scheme 3General simplified mechanism for the nucleophaliomatic substitution reaction.

It is a bimolecular reaction in which the first gtes characterized by the formation of a
negatively charged intermediate usually called E®eimer complex oo—complex. In
this first step a new—bond between the nucleophile and the aromaticisifigrmed, then,

in the second step of the reaction the Meisenhetoerplex evolves to the substitution
product by departure of the leaving group and ga@amatization of the ring.

If the nucleophile is a neutral species as in theecof alcohols or amines, a zwitterionic
o—-complex, in which the positive charge is localized the heteroatom, can be obtained
(Figure 3).

Figure 3. Meisenheimer intermediates from neutral nucleleghi



Some studies on the nucleophilic aromatic subsiituteaction, show that, as in the case of
the SAr, the formation of the Meisenheimer complex i®qaded by a donor-acceptor
interactions with formation of -complex, that has been characterized in some E848s.

Examining the possible resonance structures ofahanion we can observe that the
negative charge is localized in tbetho and para positions, so the presence of electron-
withdrawing groups in these positions helps to daliae the negative charge, resulting in a

stabilization of thes—complex (Figure 4).

H Nu H Nu H Nu
Figure 4. Resonance structures on the Meisenheimer inteateed

In this kind of substitution reaction, the hydriden is a bad leaving group and the
substitution of a hydrogen atom is not a favouregt@ss; as a consequence in the literature
there are some examples of the detection of thesdiéeimer intermediates derived from
the attack of the nucleophile onto an electroplsipecies that does not possess good leaving

groups, working in different experimental condiséfy

M. SEAR/SWAR REACTIONS BETWEEN STRONGLY ACTIVATED NEUTRAL

CARBON ELECTROPHILES AND NUCLEOPHILES

The Electrophilic and Nucleophilic aromatic suhstdn reactions are usually discussed
separately because generally only one reagenbmadic and it is the one who undergoes
the substitution.

It should be noted that both reactions show a ammfehaviour: after the interaction
between the reagents, tlre-complex is obtained; this intermediate possess, biatih
reactions, a carbon atom of the aromatic ring wisliinges hybridization from S sp'.

The change of hybridization as a result of the tmldito a double bond and the breakofg
thetaromatic system, generates threcomplex that is a high-energy intermediate.

The next step provides the elimination of the Iegvigroup and the subsequent
rearomatization to obtain the final product. Intbotaises (SAr and SAr) many steps are
involved in the reaction, but only recently it Hasen possible to isolate-complexes also
in nucleophilic aromatic substitution reactionsi{&me 4)168!

6
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Scheme 4 Classic mechanism of nucleophilic aromatic stsbin reactions.

Using different nucleophile/electrophile combinaso and modulating the steric and
electronic properties of the substrates, it has hmessible in the research group where |
worked during my PhD, to isolate and characteriee a—complexes of the electrophilic
and nucleophilic aromatic substitution reactionsoveing that sometimes the difference
between the two typologies of reaction is simpfgranality.

During my PhD | worked in the Boga’s research groiupm many years the group was
involved in many studies concerning the nucleoph{syAr) and electrophilic (8Ar)
aromatic substitution reactions.

The main interest of the research group was focusedthe study of different
electrophile/nucleophile combinations, betweenrgghp activated species, with the purpose
to investigate on their reactivity, to detect nevermediates of the aromatic substitution
reaction and to obtain new higly conjugated stmesibearing contemporaneously electron
donor or acceptor moiety on the same unity.

It is known that the observation of the sigma imediates in the electrophile-nucleophile
combination involving aromatic substrates usuabiguires that at least one of the two
reagents is strongly activated; in fact, the presesf strong electron-donating groups on the
aromatic ring enhances the Wheland complex stgbilithile Meisenheimer complex
stability is improved by the presence of electrdtihdrawing groups.

In the past, the research group performed lot @trens involving neutral partners bearing
electron-donating and electron-withdrawing groupsit tallowed to the formation of
differento-complexes of the aromatic substitution reaction.

Among the different nucleophilic species studiedimy the last years, 1,3,5-tri¢(N-
dialkylamino)benzené&s! (Figure 5), were involved in a large number of

electrophile/nucleophile combinations.



NR,

RN’ i “NR

NR, = piperidinyl
NR; = morpholinyl
NR, = pyrrolidinyl

2

Figure 5. 1,3,5-tris\,N-dialkylamino)benzenes structure.

1,3,5-trisN,N-dialkylamino)benzenes are arylamines that pospessiliar structural and
electronic properties; they are highly symmetrisgstems, due to the distribution of the
three dialkylamino groups on the aromatic ring (ffeg5), able to stabilize the positive
charge of the intermediate generated after the electrophiliccittan them.

Thanks to their structure these compounds can edsatwith “weak” electrophilic species,
so they are considered strong nucleophiles. (‘supernucleophiles’°?® and also
potentially “bidentate” nucleophiles, because bm#hbon and nitrogen atoms can react with
electrophilic species; usually, these compounds ast “neutral aromatic carbon
supernucleophiles”.

In the past, triaminobenzene derivatives were usegbtain moderately stabtecationic
complexes (the Wheland intermediad®y and, in particular, tris{-pyrrolidinyl)benzene
affordeds-complexes not only in protonation reactiéii€® but also in alkylation reactions
with alkyl halide§°*"and in halogenation reactioli.

Moreover the research group obtained very intargstiformation on the separate steps of
the electrophilic aromatic substitution reacti%?hcoupling triaminobenzene derivatives and
different electrophilic specid&*?a very interesting result was obtained when periiagm
the reaction between strongly activated reagehésrdésearch group was able to detect and
characterize the first Wheland-Meisenheimer -ethefaromatic substitution reactiGh?!
This new kind of sigma intermediate reported inufey 6, is a zwitterionic species,
contemporaneously Wheland and Meisenheimer, améhst only hypothesized but never

observed until these studies.



EWG = electron withdrawing groups
EDN = electron donating groups

Figure 6. Example of a Wheland-Meisenheimer complex.

In particular, when the 1,3,5-trl8(N-dialkylamino)benzene derivativdsa-c were coupled
with 4,6-dinitrobenzofuroxanDNBF) or 4,6-dinitrotetrazolepyridineDNTP), as reported
in Scheme 5, the new Wheland-Meisenheimer compl@ds) were obtainef*%

la—c

NR; = piperidinyl (1a)
NR, = morpholinyl (1b)
NR; = pyrrolidinyl (1¢)

Scheme 5.Nucleophile/electrophile combination between reduaromatic species giving detectabhévi
intermediates.

DNBF andDNTP have an heteroaromatic it@lectron ring structuré®>® and thanks to
the presence of the nitro groups on their carbacydhg, they are considered as
superelectrophilic heteroaromatic compoutid®! able to stabilize the negative charge on
their ring in a Meisenheimer complex.

The obtained zwitterionicomplexes resulted moderately stable at low tenperand they
were characterized by NMR spectroscopy metfSis.

After these results, different studies were carrmat by the research group using
triaminobenzenes as supernucleophiles with difterelectrophilic specieé®?? and
depending from the electrophilic power of the ineml electrophile, new substitution

products or news—intermediates of the aromatic substitution reastimere obtained.



In the last years of my PhD, | also started to stigate on the reactivity of the 1,3-gN-
dialkylamino)benzene derivativds®*’ (Figure 7).

NR,
1
6 2
3

5
NR,

4

NR, = piperidinyl
NR, = morpholinyl
NR, = pyrrolidinyl

Figure 7. 1,3-bis\,N-dialkylamino)benzene structure.

Also these species might behave as ambident nddlespable to give products from
nitrogen or carbon attack, but very few studiestlair reactivity are reported in the
literature.

Potentially these nucleophiles possess two cartmnsathat can undergo attack, C-2 and C-
4; the position 2 should be the more activatedterpresence iartho position, of both the
electrondonor dialkylamino groups, but it is alsoidered position.

Furthermore, even if the amino-substituted aremessrong nucleophilic species, in the
literature there are no data about their nucleagtyilparameters.

So, the last year of my PhD course, | spent threeths in the Department of Chemistry,
Ludwig-Maximilians-University of Munich, in collalvation with Prof. Herbert Mayr’'s
group, with the aim to investigate on the nuclebpheactivities of di- and triaminobenzene
derivatives performing their combination with diéat reference electrophiles, selected
from the Mayr’s reactivity scaléd’3°38:39

During this period we started to develop a methogplto measure the rate constants of
these substitution reactions and calculate theeoptiilicity of di- and triaminobenzene
derivatives but work is still in progress on tlopit.

The next Chapters of this thesis will be a dissemnaabout the research activity that | have
carried out during my period as a PhD student.

In particular, during my PhD | was involved in tiseudy of the aromatic substitution
reaction between different electrophile/nucleophdembinations and | was able to
synthesize new products for applications in diffieréelds €.g medicine, biology and

materials), and to detect and characterize newnm@diates of these reactions (e.g. Wheland

10



(W), MeisenheimerNl), and even Wheland-Meisenheim&vNi)), mainly using NMR
spectroscopic techniques.

IV. MAYR’S ELECTROPHILICITY SCALE

To select the electrophilic species, usually wenréh the Mayr's Reactivity scales; for this
reason before to report my results | will briefitroduce how this scales were developed
and how is possible to use them to predict if actiea between an electrophile and a
nucleophile could take place.

Since 1956 there was an increasing interest in quantify nyuhdicity scales; first Swain-
Scott’” then Edward$"*? have proposed the first equations to derive valioesthe
nucleophilicity of some substances and in the 12663 Pearson and Ritchie enhanced this
subject”® Finally, in 1994, Prof. Herbert Mayr developed aelr free energy

relationship*6-383°

Ibased model for polar organic reactions, whichsusg 1 to predict
rates and selectivities for these reactions thumodestrating that one parameter for
electrophiles E) and two parameters for nucleophilesl @nd s) are sufficient to

guantitatively describe the rates of a large variételectrophile/nucleophile combinations:
log kopec =sn(E + N) equation 1

wheresy is a nucleophile-specific parametBrjs a nucleophile-specific parameter, dhis

an electrophile-specific parameter.

To obtain the final equation 1, a series of redgtiscales for electrophiles and nucleophiles
were constructed by Mayr and coworkBfs.

In particular, a set of 2fara- and metasubstituted benzhydrylium ions and structurally
related quinone methides as reference electrophilee selected, and the kinetics of their
reactions with a variety of carbon nucleophilesdifferent solvents, were studied by
spectrophotometric monitoring of the consumptiotthef electrophile§2-3°45:4¢]

From the combinations between strong electrophidh weak nucleophiles and weak
electrophiles with strong nucleophiles, they detiweseries of second-order rate constants
varying from 10 to 5x10 M s* at 20°C (Figure 8).

11



Figure 8. Carbon electrophiles and carbon nucleophiles teeithe construction of the reactivity scal&b.

In this way, 29 nucleophilicity scales were obtainene for each electrophiles and some of

Carbon Electrophiles (Basis Set)

them are depicted in Figure 9.

Carbon Nucleophiles (Basis Set)
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Figure 9. Second-order rate constants for electrophile-mytide combinations (20°C4"
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The reported correlation lines shown in Figure 9en@btained by a least-square analysis of
the rate constants for the reactions of the 2%eate electrophiles with selected carbon
nucleophiles; each electrophile is characterizediy parametde [whereE values forp-
MeOGCsH,).,CH"=0], while nucleophiles are characterized by twoapsetersN ands (s=1

for 2-methyl-1-pentene).

The previously introduced equation 1 defines nyatdeity N as the negative intercept of a
correlation line with the abscissa. So, thandE parameters above defined and employed
to order the nucleophiles and electrophiles replarid=igure 8, have been obtained from the
explained analysig®394!

The benzhydrylium ions and quinone methides, thharacterized byE, are finally
considered as reference electrophiles and are getplto characterize other types of
nucleophiles.

Therefore, plotting logk (20°C) versusE for the reaction of a nucleophile with different
electrophiles, theN values can be simply calculated and in the samg a0 theE
parameter of an electrophile respect to a referenmteophile can be determined using
equation 1.

TheE, N, ands parameters thus obtained can be used for preglicibes and selectivities of
polar organic reactions. In fact by ordering nupldtes with increasing reactivity
parameteN from left to the right and electrophiles with irasing values dE from top to
bottom, one arrive at Figure 10, where combinatiohslectrophiles and nucleophiles on
the diagonal are calculated to proceed with acatstant of 1 M s (log k=0, independent

of s\, equation 1§*”

-~——Electrophilicity Parameter E

w A a 5 0 15 W
Mucleophilicity Parameter N ——=

Figure 10. Semiquantitative prediction of reactions of elephiles with electrophile”

Moving from any point upwardsi.€., toward weaker electrophiles) or to the lafe.(

toward weaker nucleophiles), on the diagonal, ortere the blue sector whekg<10°® M™
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s, which are not synthetically useful. As a roughidgyu Prof. Mayr and coworkers,
suggested that the electrophile-nucleophile contimns can be expected to be observable
at room temperature, E+N>-5. On the other hand, moving from the diagonahtoright or
downwards, one enters the red sector, where diffusontrol will be reacheds(N+E)>9],
which results in a loss of selectivity, and undesiside reactions will again importance. As
a result, most synthetically used reactions aratégtin the green sector of Figure4d.

The benzhydrylium methodology has provided, during past three decades, the most
comprehensive nucleophilicity and electrophilickgales presently available, constantly
updated by the Prof. Mayr’s research group and faMlailable on the Mayr’'s database of
reactivity parameter$*®

14
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CHAPTER 1
Reactions between aryldiazonium salts and neutral

aromatic carbon nucleophiles

1.1 AzO COUPLING BETWEEN AMINOTHIAZOLE DERIVATIVES AND
ARENEDIAZONIUM SALTS .| NEW PRODUCTS AND UNEXPECTED LONG RANGE

SUBSTITUTENTS TRANSMISSION EFFECT.

1.1.1 Introduction

2-Aminothiazole is considered to be an interesiognpound due to its application in
different fields; It is present in a broad rangepbarmaceutical®! agrochemicald, and
materiald® Aromatic azo compounds are widely used as comniedyies and some
arylazo-2-aminothiazole derivatives are of interespecially as disperse dyes for dyeing
polyester fabric§’

So the synthesis of new 2-aminothiazole derivativesinteresting, and since 2-
aminothiazole derivatives possess three nucleapBites,i.e. the endo- and exocyclic
nitrogen atom and the Cb5-carbon atom, their reastizvith a number of different
electrophiles are of interest also in mechanigtidiss.

As reported in the Introduction of this thesisthe past, the first Wheland-Meisenheimer
(WM) complexes were obtained by the research groupbitong symtriaminobenzene
derivatives (strongly activated neutral carbon aaphiles) with different electrophiles,
including 4,6-dinitrobenzofuroxaNBF).>®!

Later, the reactivity of 2-aminothiazole derivasviewardsDNBF was investigated by the

research group (Schemel4).

0
o 0N N,
[ )—NHR 0 —
N N
R=H, alkyl NO:
2-aminothiazole DNBF

‘WM complex

Scheme 1WM complex from the reaction between 2-aminothiazolé its derivatives andNBF.
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This investigatiorpermitted to detectM complexes derived from the coupling between
the C-7 carbon atom of the electrophile and the &bon atom of the thiazole riffythe
very short life-time of these intermediates allovikd research group to investigate on the
2,4-diaminothiazole and its derivatives, more noglelic substrates with respect to 2-
aminothiazole and more able to stabilize the pasitharge in the thiazole ring as reported
in the literature for the reaction with the protdn.

It is known that 2,4-diaminothiazole is an electrah molecule able to complex
electrophilic species, such as bronfiflebut generally their derivatives possess further
properties complicated by the tautomerism of botima groups.

Clearly, 2,4-bis(dialkylamino)thiazole derivativedon’t have this complication, and their
strong carbon nucleophilicity was also discussed Gompper and coworkétd in a
previous work in which a zwitterionic complex betmeN,N,N',N'-tetramethyl-1,3-thiazole-
2,4-diamine and 1,3,5-trinitrobenzene was obtained.

Based on these considerations we decided to prepaneery poorly studied 2,4-
diaminothiazole derivative, the 2,4-dipyrrolidinytd,3-thiazole 1), with the idea that it
might be a promising candidate to behave as casbparnucleophile.

The reactivity of 2,4-dipyrrolidin-1-yl-1,3-thiazel(l) was studied combining it with the
superelectrophileBNBF and 4,6-dinitrotetrazolepyridin®NTP), and in both cases were
obtained ultrastabl&/M complexes (Scheme 2), whose structure was aldoroead by X-

ray diffraction analysi§-

NR, = N-pyrrolidinyl

Scheme 2 Reactions between the diaminothiazole derivatid DNBF or DNTP with formation of new
Wheland-Meisenheimer compleXéévil andWM2.

The obtained intermediate¥VM1 and WM2 in Scheme 2) were the first examples of
Wheland-Meisenheimer complexes so stable to pexrstiidy on their crystal structure.
Thus, one can affirm that the two pyrrolidininylogps in 2 and 4 position of the

aminothiazole derivative enhance the nucleophitio/gr at 5 position of the thiazole ring,
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making this compound a supernucleophile at therakaarbon atom, comparable to the

triaminobenzene derivatives.

1.1.2 Results and Discussion

- Reaction between 2,4-dipyrrolidinylthiazole andrazdiazonium salts’
Based on the above reported results, and owingirtimortance to synthesize new
aminothiazole derivatives for applications in diéfet fields, we turned our attention on the
2,4-dipyrrolidin-1-yl-1,3-thiazole reactivity towads another electrophilic species, the
arenediazonium ions.
The reactions between 2,4-dipyrrolidinylthiazdlg énd the arenediazonium s&lts-cwere
carried out in acetonitrile at room temperaturehvéttwo-fold excess df to neutralize the
tetrafluoroboric acid produced during the reactidoheme 3).
In the case of the reactionsbivith 2a and2b, after about 30 min, a solid precipitated from
the crude reaction mixture while TLC afid NMR analysis of the mother liquor showed
presence of the protonated form @f and of several unidentified compounds. The
precipitates were analyzed and their NMR and masstsal data agreed with those of
compounds3a and3b, recovered in 50% and 48% yield, respectively.

N2+BF4_ Y\©\
\ SW/ND N
O;N . CHTfy N\S\_SW/NO + HBF,
N

O
1 2a-c 3a-c

Y=NO, (a)
Y=Br (b)
Y =OCH; (¢)

Scheme 3Reactions between 2,4-dipyrrolidinylthiazole andrediazonium salts

When the reaction was carried out with the 4-megherzenediazonium tetrafluoroborate
salt 2¢) no precipitate was obtained and any attemptsdiatie3c from the reaction mixture
failed.

During this study we observed that th&NMR spectrum in CDGlof compounds3a and
3b showed separate signals for the four methyleneipgrdoound to each carbon atom
situated ina position to the pyrrolidinyl nitrogen atom; furtimeore, in the case of

compound3a, the'H-NMR spectrum in acetonitrile, showed well sepedasignals for each
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hydrogen atom bound to the carbon atoms jposition to the pyrrolidinyl moieties; an
analogous solvent effect was reported in a studgr@minonitriles**

These NMR data, indicate that in all cases, thehyhete protons imx position to the
nitrogen atom, are not equivalent, thus suggestihghdered rotation around the C2-N and
C4-N bonds.

This finding can be ascribed to a strong mesonedfect that induces a partial double bond
character for both C2-N and C4-N bonds through ugated system involving the lone
pair of the pyrrolidinyl nitrogen atom with theelectrons of the thiazole ring and the azo
substituent in position 5.

Given that 2,4-dipyrrolidinylthiazolel] has demonstrated to be able to stabilize a pesiti
charge in position 5 of the thiazole moiety in teats with DNBF, DNTP"? and the
proton[“] we tried to see if also in the present caseotioationic intermediate derived from
the addition of the diazonium ion 1omight be detected.

For this purpose the reactivity of 2,4-dipyrrolidithiazole (1) with arenediazonium salts
2a-c was also investigated performing their reactiomsatly in the NMR spectroscopy
tube, under different experimental conditions andemidence of a-cationic intermediate
(like A in Scheme 4), derived from the addition of thezdraum salts td, was obtained;
the only species in solution were the substituposducts3a-cand compoundH (Scheme

4); signals indicating the presence of some unknspaties were also detected.

h
N
H

S\—Sr?/NQ N © @ o
e

1 2a-¢ ]?I\/I BEy”

O

Y=NO, () A
Y=Br (b)

Y =0CH; (¢) /[S%NO
any
S0 L
O N BF, N\SCNW/ND
1H N
O

Scheme 4Products fronl and2a-cobserved carrying out the reaction in the NMR spscopy tube.

3a-c
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Probably, the high reactivity of compourid might be the cause of the formation of
numerous species; actually, the recovery of thecaropounds3a and3b in almost 50%
yield was possible owing to their poor solubility the reaction medium that caused their
precipitation and, likely, shifted the reaction @une towards their further formation.

These results allowed us to start a new investigativolving the arenediazonium salts as
the electrophiles and a new nucleophilic species, 2-pyrrolidinylthiazole 4), that we
presumed to be less reactive respect to the 2ytrdiglinylthiazole, due to the presence of

only one pyrrolidinyl group on the thiazolic ring.

- Reactions between 2-pyrrolidinylthiazole and aréaeohium salté”!
2-Pyrrolidinylthiazole 4), whose reactivity has been very poorly investigago faf*> was
synthesized by us under solvent-free conditiomr®@in temperature from 2-bromothiazole
and pyrrolidine.

The reactions betweehand2a-c (Scheme 5) were carried out in relative molarorafil at
room temperature, in acetonitrile and the substituproductsba-c were obtained in high
yields; these results were a confirmation thatlbleyields for the azo compoun@8sa,b are
due to the occurrence of concomitant reactions wltleae highly reactive 2,4-
dipyrrolidinylthiazole () was combined with arenediazonium sakisc

Y-
Ny'L-
8 O V4 N S O “HL
2 (\‘W/N . CH;CN L ND N (\‘W/N
N 7 7 r.t \&W/ N
4 Y 4H
2a-c Sa-c

Y=NO, Z=H, L'=BF; (a)
Y =Br, Z=H L =BF, (b)
Y=0OCH; Z=H L =BF; (¢)

Scheme 5Reactions between 2-pyrrolidinylthiazol® @nd arenediazonium safta-c

In the present case, from the reaction betweemmitieo-pyrrolidinylthiazole4 and the 4-
methoxy derivative2c, the corresponding substitution produst was obtained, opposite
respect to the reaction of the same compound Wweldi-pyrrolidinylthiazolel; in that case

no azo product was obtained.
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To extend this study, we decided to perform thectrea between4 and others
benzenediazonium salt&d-g), with different substituents ipara position, as reported in

Scheme 6.

o

2d-g 5d-g

z
s ) s )
5 (\‘»/N N CH;CN 5 N + (\‘b/
N 7 7 r.t. N _S N
4 Y

Y=CN, Z=H, L =0.0-CgH;(SO,),N" (d)
Y=CF; Z=H L =BF, (e)
Y=Cl, Z=H L =0,0-CgHyS0,),N" (f)
Y=H, Z=Cl L =BFy (2)

Scheme 6Reactions between 2-pyrrolidinylthiazo®) énd arenediazonium sald-g.

The reactions were carried out under the abovertegp@xperimental conditions, and the
azo compound$d-g were obtained. In many cases the reaction prodwet® easily
separated from the reaction mixtures in almost ome by simple filtration and théH
NMR analysis of the residues from mother liquorevefd the presence of the protonated
thiazole @H) and of further amount of the azo compoufdsy.

All the new synthesized compounsiz-gwere fully characterized and in the caseSaénd

5c, we were able to obtain single crystals suitabteX-Ray diffraction analysis; Figures 1

and 2 show a graphic representation of the crystaictures of compoun8a and 5c,

respectively.

Figure 1. Graphic representation of the crystalline struefrcompounda.
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Figure 2 Graphic representation of the crystalline struemircompoundc.

For both compoundSa and5c the X-Rays structure shows a trans geometry ardoed
N=N bond and the coplanarity of the two aromatngsi, the azo bond, and, for compound

5a, also the nitro group. Table 1 reports selectettidengths for compounsi.

Table 1. Selected bond lengths for compolal

Bond Length(A) Bond Lengt(A)

C1-N4 1.330 C3-N1 1.350
C1-N5 1.331 N1-N2 1.281
C2-N5 1.355 C4-N2 1.414
C2-C3 1.375 C10-N4  1.475

As it can be seen, all the reported C—N bond lemghhes are very close one together and in
particular theC1-N4 and the C3-Ndlistances (1.33 and 1.35 A, respectively) are short
than a standard C-N single bond distarecg.(C10-N4 = 1.475 A) thus indicating a marked
double bond character of the exocyclic C-N bond tlu the electron delocalization by
resonance over the all-conjugated moiety presetitarmolecule; analogous considerations

can be made for data of compouwwlreported in Table 2.

Table 2.Bond lengths for some C-N bond%d.

Bond Lenght (A) Bond Lenght (A)

C1-N1 1.333 C2-C3 1.366
C1-N2 1.322 C3-N3  1.362
C2-N2 1.355 C11-N1 1.462
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The reactions betweeh and?2a-c were also performed directly in the NMR spectr@sco
tube, in equimolar amount of reagents, in CPaid their progress was monitored over time
by NMR spectroscopy.

The'H-NMR spectrum of the reaction mixture, recordedewithe reagents conversion was
not complete, showed signals ascribed to the congpduthose of the substitution product
5 (in relative ratio dependent form the reaction dimaed only two signals (splitted into
doublets) for the 2-pyrrolidinylthiazole ring, balging to the H-4 and H-5 hydrogen atoms.
Since during the reaction, both presences of thheasted4 and of its saldH could be
expected, while in the spectrum were present ssgaatribed to only one species, our
suggestion was that a protonation phenomenon imgliaoth4 and 4H occurred. This
behaviour might be an indication that the protonaslocated onto a defined position but it
is involved in a sort of equilibrium betwedrand4H; a similar situation was observed, in
past studies between triaminobenzene derivativeshranprotor®*”

The observed behaviour in the interaction betwgand the proton is in agreement with the
nucleophilicity difference between the mono- anel dirpyrrolidinylthiazole; in fact, due to
the very strong nucleophilicity df andto the ability of the pyrrolidinyl group to stalzé

the positive charge in the ring, the proton is lzea at the C-5 while in compourtithe
proton in not located in a preferential position.

During the NMR characterization of compounis-c a peculiarity was observed in the
recorded’H-NMR spectra, in CDG| at room temperature: the signals belonging to the
methylene protons ia position to the nitrogen atom of the pyrrolidinegiappeared to be
broad, as close to a coalescence situation; thésasaribed to a constricted rotation of the
pyrrolidinyl ring in the molecule.

Moreover, by comparing the spectra, we noted thatsignals belonging to the methylene
protons in the spectra &, 5b and5c recorded at 27 °C, gradually broadened on going
from 5c¢to 5b to 5a (Figure 3).
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Figure 3.'™H NMR signals in CDGl at 25°C of methylene protons in position adjadenthe pyrrolidinyl

nitrogen of compoundsa-c (ordered from up to bottom).

Given that a similar signal broadening was not olesgin the spectrum of compouddnd
that, comparing compounds-c the only difference is thpara-substituent on the benzene
ring of the azo moiety, we hypothesized that aed#ht contribution of the mesomeric
electronic effects, due to thpara-substituent, might induce a different double bond
character of the exocyclic C2-N bond.

This effect might be more pronounced on going friess to more electron-withdrawing
substituents of the azo moiety; in other words,itivelvement of the mesomeric electronic
effect of the substituent on the benzene ring migthience the rotational freedom around
the C2-N bond.

To complete the NMR study, the reactions betw&and2d-g were also performed directly
in the NMR tube, working under the same experinmecaaditions used for the reactions
involving compound2a-c

It must be remarked that the above-hypothesizestefhight sound 'unexpected’ since the
distance from the site of the restricted rotatiod #he substituent on the benzene ring is
huge.

To support our hypothesis we decided to deriveathivation energy parametA6” of the
rotational process for all compoun@g-gin order to verify if these data might be related
the Hammett substituent parameters. For this petpase carried out dynamic-NMR
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simulations forba-g and these results were compared with the expetahdata obtained
from the variable temperature NMR experiments; F@gd shows, as an example, the
experimental and simulated spectra for compobadincluding the temperatures and the
rotational rate constantk)(extracted from the line-shape simulation.

Simulation \O\ Experimental
*

k(s s T(°C
(s . \K%O (§O)
950 ——/’/ﬁf\”w— ) S~ s
/TN RN
. \
B0 . h - . \& 30
/ N\ / 4 W\\\
/ \\ \
20 — = S/ N
// — \\ ,/\/\\
w0 ) N _/ . 25
, N\ ) /\d / .
N \_ /. ﬂ \ N
s ) N 4 N

T T T T T T T
3.9 3.8 3.7 3.6 3.5 3.4 ppm

AG#=14,2 + 0,2kcal/mol

Figure 4. Variable temperaturéH NMR spectra in CDGland dynamic-NMR simulations for methylene

signals ofa.

In Table 3 are collected th&G” values for compoundSa-g obtained from dynamiéH
NMR data using the Eyring equatiBfi*®for all compounds the experimental free energy
activation rotation was found to be invariant witte temperature, thus implying a very
small activation entropy, as usually happens irfaonmational processes.

The values reported in Table 3 show that accordumtp the 0 Hammett substituent
constants, theAG” values decrease on going from the more electrothdvéwing

substituents to the less one.
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Table 3. AG" Parameters for C—N rotation from dynarttitNMR data and substituent constarits

Compound  Substituent AG” (Kcal/mol*t o°

5a 4-NO, 14.2 0.81

5b 4-Br 13.5 0.22

5¢c 4-OCH; 12.9 -0.28

5d 4-CN 14.2 0.71

5e 4-CF; 13.7 0.58

5f 4-Cl 13.6 0.22

5¢ 3,5-dichloro  13.9 0.37 (x 2)

a. As the mean ofAG" calculated at each temperature. b. +0.2 kcal/molO. Exner, Correlation

Analysis of Chemical Data, Plenum Press, N.Y.,G1p62, 1988 d. g, value. eo,value.

The calculatedAG” values for compoundSa-g were plottedversusthe Hammetto

substituent constants, and reported in Figure 5.

14,4
14,2

14
13,8
13,6
13,4
13,2

13
12,8

AG*
(kcal/mol)

y=111x+ 13,25
R?=0,93

Figure 5. Plot of AG” values for compoundsa—gvs o substituent constants.

A good linear correlation was found plottin§G” versusthe Hammett substituent

constants (Figure 5), thus supporting the hyposhisit the rotation around the C—N bond
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between the thiazole C-2 carbon atom and the pgingl substituent can be subjected to a
‘remote’ influence of the substituent para-position to the azo-moiety by mesomeric
effect. It must be remarked that a significant etguc effect p > 1) refers to a transmission
of these effects through more than ten bonds, &edobtained results, appears quite
‘unusual’. Moreover, the correlation using values also resulted quite good (y = 0.91x +
13.2; R = 0.91): clearly, the very close correlations aied by usings or 6~ constants can
be considered an indication that the extra-conjagatontribution becomes negligible

likely due to the remote position of the substituen

1.1.3 Conclusions

The reaction between theN2pyrrolidinylthiazole, a very poorly studied compuly with
different arenediazonium salts, gave a series of aeo compounds, in good yields that
could be interesting and promising products forliappon in different fields.

An NMR spectroscopic study of these compounds,xC{g solution, revealed a peculiarity
for the methylenic protons in alpha position to tiggogen atom of the pyrrolidinyl ring: a
broadening of their signals was observed in diffeextent, depending on the substituent in
para-position of the benzene ring of the azo moietg tbserved behaviour indicate an
hindered rotation around the C2—N bond.

The energy activation parameters of this processe waalculated throughH-NMR
experiments carried out at different temperatures the results obtained showed a good
correlation with the Hammett substituent constahtese findings indicate an influence (by
mesomeric effect) of the ‘remote’ substituent oe totational freedom around the C-N

bond, due to its significant double bond character.

1.1.4 Experimental Section

The 'H and**C NMR spectra were recorded with a Mercury 400 Brava 600 (Varian,
Palo Alto USA) spectrometers operating at 400,@% BIHz (for'H NMR) and 100.56, or
150.80 MHz (for**C NMR), respectivelyJ values are given in Hz. Signal multiplicities
were established by DEPT experiments. Chemicatsshiére referenced to the solvgdt
=7.26 and 77.0 ppm for CD§}J (6=2.0 and 118.20 ppm for GDN), (6=4.3 and 57.3 ppm
for CDsNO,) for *H and**C NMR, respectively]. Chromatographic purificatioffsC) were
carried out on silica gel columns at medium pressur

The arenediazonium tetrafluoroborate s&@gésc and 2g are commercially available, 4-
cyanobenzenediazonium  bendipf,3,2]dithiazol-2-ide  1,1,3,3-tetraoxide(2d)?Y), 4-

(trifluoromethyl)benzenediazonium tetrafluoroborate  (2¢)%? and 4-
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(chloro)benzenediazonium bend}l,3,2]dithiazol-2-ide 1,1,3,3-tetraoxidd(2f), were
prepared as reported in ref. 21 and 22, and thmEcteal data agree with those in the
literature.

Synthesis of 2-pyrrolidinylthiazole (4):

Pyrrolidine (0.25 mL, 3.05 mmol) was added to 2rbothiazole (200 mg, 1.22 mmol), then
the mixture was magnetically stirred, at room terapee, without solvent; immediately
after the mixing of the reagents, the developmdrgas was observed (likely HBr). The
reaction was monitored by TLC, using a mixture thiykether/light petroleum in 8/2 ratio,
andby GC-MS. After 48 hours the 2-pyrrolidinylthiazalewas isolated by purification on
column chromatography on silica gel (FC) using lagrg the solvent in the same ratio as
used for the TLC analysis.

Compound was obtained in 80% vyield and it was stored atC18

2-pyrrolidinylthiazole (4): *H NMR: (CDCk, 400 MHz) 3 (ppm): 7.18 (dJ = 3.6 Hz, 1
H), 6.44 (d,J = 3.6 Hz, 1 H), 3.46 () = 6.7 Hz, 4 H), 2.03 () = 6.7 Hz, 4H)*C NMR:
(CDsCl, 100.56 MHz)3 (ppm): 168.4, 139.9, 105.6, 49.5, 25GC-MS (m/z): 154 [M',
77], 126 (100), 112 (43), 99 (86), 85 (23), 70 (BB (29).

General procedure for the synthesis of compounds 5g:

A solution of 4-nitrobenzendiazonium tetrafluorodser @a, 0.050 g, 0.21 mmol) in GEN
(2.5 mL) was added dropwise to a solutiodd,065 g, 0.42 mmol) in G&N (2.5 mL)
and the mixture was stirred at room temperaturallloases, except casethe formation of
a precipitate was observed after 30 min; the seéd collected by filtration over a Buchner
funnel, washed with cold acetonitrile and dried emdracuum. Further amount of
compoundsc, 5d, 5g was obtained after FC of the concentrated moifaot. The yields
reported forsa, 5b, and5f were obtained collecting the solid precipitateohirthe crude
reaction mixture; for caseSc, 5d, and 5g they are the sum of the yield of the solid
precipitated and of that obtained after FC of tbecentrated mother liquor. In case5s&
the conversion was 70% after 60 min and the yietrted was obtained by FC.
(E)-5-((4-Nitrophenyl)diazenyl)-2-(pyrrolidin-1-yl)th iazole (5a) bordeaux solid 0.057 g
90% yield. mp> 240 °C (decyd NMR (CDClk, 400 MHz, 25 °C)p (ppm): 8.28 (dJ = 9.0
Hz, 2 H), 8.16 (s, 1 H), 7.81 (d,= 9.0 Hz, 2 H), 4.00-3.20 (m, 4 H, NGK2.24-2.04 (m, 4
H, NCH,CH,); *C NMR: (100.56 MHz, CDG, 45 °C)3 (ppm): 170.0 (C), 156.8 (C),
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152.0 (CH), 147.0 (C), 145.8 (C), 124.7 (CH), 122GH), 49.5 (br., NCH), 25.5
(NCH,CH,). ESI MS (ES") m/z: 304 [M+H]", 326 [M+Na], 342 [M+K]".
5-((4-Bromophenyl)diazenyl)-2-(pyrrolidin-1-yl)thiazole (5b): orange solid 0.053 g 75%
yield. mp 213-215 °C(dec.fJH NMR (CDCk, 600 MHz, 25 °C)% (ppm): 8.03 (s, 1 H),
7.59 (d,J = 8.9 Hz, 2 H), 7.54 (d] = 8.9 Hz, 2 H), 3.87-3.32 (m, 4 H, N@H2.14-2.07
(m, 4 H, NCHCH,); **C NMR: (150.8 MHz, CDGJ, 25 °C)5 (ppm): 168.6 (C), 151.5 (C),
148.5 (C), 145.5 (C), 133.1 (CH), 123.5 (CH), 122®), 49.7 (br., NCH), 25.5
(NCH,CH,). ESI MS (ES") m/z: 337, 339 [M+H], 359, 361 [M+Na]. Anal. Calcd for
Ci13H13BrN4S: C, 46.30; H, 3.89; Br, 23.69; N, 16.61; S, %aund: C, 46.35; H, 3.90; N,
16.59.

(E)-5-((4-Methoxyphenyl)diazenyl)-2-(pyrrolidin-1-yl)thiazole (5c¢):orange solid 0.030 g
50% yield. mp >199 °C (dec)H NMR (CDClk, 400 MHz, 25 °C) (ppm): 7.94 (s, 1 H),
7.71 (d,J=8.9 Hz, 2 H), 6.94 (dl = 8.9 Hz, 2 H), 3.85 (s, 3 H, OGH 3.66-3.46 (m, 4 H,
NCH,), 2.13-2.04 (m, 4 H, NC}H,); *C NMR: (100 MHz, CDC}, 25 °C)3 (ppm):
167.8 (C), 160.5 (C), 146.9 (C), 146.1 (CH), 148, 123.6 (CH), 114.2 (CH), 55.5
(OCH), 49.5 (NCH), 25.5 (NCHCH,). ESI MS (ES’) m/z: 289 [M+H]", 311 [M+Na[,
327 [M+K]".

4-((2-(Pyrrolidin-1-yhthiazol-5-yl)diazenyl)benzontrile (5d): metallic bordeaux solid
0,043 g, 72% yield. mp>200 °C (decfi NMR (CDCl, 400 MHz, 25 °C) (ppm): 8.12
(s, 1 H), 7.77 (dJ = 9.2 Hz, 2 H), 7.69 (d] = 9.2 Hz, 2 H), 4.01-3.11 (m, 4 H, NQH
2.15-2.08 (m, 4 H, NC¥H,); **C NMR: (100.56 MHz, CDGJ, 25 °C)d (ppm): 169.6
(C), 155.2 (C), 151.3 (CH),145.5 (C), 133.0 (CHJ24 (CH), 119.0 (C), 111.1 (C), 49.8
(br., NCH), 25.5 (NCHCH,). ESI MS (ES") m/z: 284 [M+H]", 306 [M+Na], 322
[M+K]*. Anal. Calcd for GsH13NsS: C, 59.34; H, 4.62; N, 24.72; S, 11.31. FoundbT41;
H, 4.63; N, 24.67.

2-(Pyrrolidin-1-yl)-5-((4-(trifluoromethyl)phenyl)d iazenyl)thiazole (5e):red solid 0.028
g, 41% yield. mp>136 °C (dec’d NMR (CDCk, 400 MHz, 25 °CP (ppm): 8.11 (s, 1 H),
7.81 (d,J=8.3 Hz, 2 H), 7.68 (d] = 8.3 Hz, 2 H), 3.90-3.40 (m, 4 H, N@H2.20-2.08
(m, 4 H, NCHCH,); *C NMR: (100.56 MHz, CDGJ, 25 °C)3 (ppm): 168.8 (C), 154.5
(C), 148.7 (C), 145.1 (C), 130.2 (C,%c.+=33.3 Hz), 126.1 (CH, ¢,)c.r=3.96 Hz), 124.1
(C, q,Jc..=272 Hz), 122.1 (CH), 50.1 (br., GH 25.5 (CH). ESI MS (ES") m/z: 327
[M+H]*. Anal. Calcd for GH13FsN4S: C, 51.53; H, 4.02; N, 17.17; S, 9.82. Found: C,
51.65; H, 4.03; N, 17.13.
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5-((4-Chlorophenyl)diazenyl)-2-(pyrrolidin-1-yl)thi azole (5f): orange solid 0.049 g, 80%
yield. mp>198 (dec.)H NMR (CDCl;, 400 MHz, 25 °C) (ppm): 8.02 (s, 1 H), 7.65 (d,
= 8.8 Hz, 2 H), 7.38 (dJ = 8.8 Hz, 2 H), 3.72-3.40 (m, 4 H, N@H2.15-2.04 (m, 4 H,
NCH,CH,); **C NMR: (100.56 MHz, CDGJ, 25 °C)d (ppm): 168.6, 151.1, 148.5,145.5,
134.4, 129.1 (CH), 123.2 (CH), 49.6 (N@H25.5 NCHCH,). ESI MS (ES") m/z: 293,
295 [M+H]", 315, 317 [M+Nal]. Anal. Calcd for GsH15CIN,S: C, 53.33; H, 4.48; Cl, 12.11;
N, 19.14; S, 10.95. Found: C, 53.37; H, 4.47; N129
5-((3,5-Dichlorophenyl)diazenyl)-2-(pyrrolidin-1-yl)thiazole (5g): orange solid 0.046 g
67% yield. mp 141-143 °C (dec}H NMR (CDCk, 400 MHz, 25 °C® (ppm): 8.10 (s, 1
H), 7.62 (d,J=1.9 Hz, 2 H), 7.30 (t)= 1.9 Hz, 1 H), 3.93-3.40 (m, 4 H, N@}H2.26-2.08
(m, 4 H, NCHCH,); *C NMR: (100 MHz, CDC}, 25 °C)d (ppm): 169.3, 154.2, 150.6
(CH),145.1, 135.3, 127.9 (CH), 120.5 (CH), 49.8,(DMCH,), 25.5 (NCHCH,). ESI MS
(ES") m/zz 327, 329 [M+H], 349, 351 [M+Na], 365 [M+K]". Anal. Calcd for
Ci3H12CIbN4S: C, 47.72; H, 3.70; Cl, 21.67; N, 17.12; S, 9B6und: C, 47.81; H, 3.69; N,
17.09.
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1.2 REACTIONS BETWEEN ARENEDIAZONIUM SALTS AND ANISOLE
DERIVATIVES | REACTIVITY , REGIOSELECTIVITY AND FORMATION OF SOLID
STATE FLUORESCENT COMPOUNDS

1.2.1 Introduction

As reported in the previous chapter, in the pasgeresting mechanistic informations have
been obtained by using diazonium salt derivatives edectrophilic substrates and
tris(dialkylamino)benzenes as neutral carbon nystides!*®2°

After these results, the research group decidedotdinue the mechanistic study of the
reactions involving arenediazonium salts, changiregnucleophilic partner, and one of the
selected candidates was 1,3,5-trimethoxybenzengodtesymmetry and to the presence of
the methoxy substituent with electron-donor effsichilar, even if minor, to that of the
dialkylamino group irsymtriaminobenzenes.

The reaction between 1,3,5-trimethoxybenzeé)ea(id benzenediazonium sak{Scheme
7), carried out in acetonitrile at room temperatuyave the monosubstituted coupling
products in saline forn7 (tetrafluoroborate salts), that were isolated bsgcipitation from

the reaction mixture.

N, BFy
H;CO OCHj N* CH BF,
CH;CN
+ — > _O (O
r.t
OCH3; X z
Y

6 2a,b,g 7a,b,g

X=Z=H; Y=NO, (a)
X=Z=H;Y=Br (b)
X=Z=Cl, Y=H (g)

Scheme 7Reactions between 1,3,5-trimethoxybenzene and bedi@zonium salts.

Contrarily to what observed witBymtriaminobenzenes, no evidence of the Wheland
intermediate for these reactions was obtainedyliklele to the lower ability of the methoxy
group to stabilize the positive charge of théntermediate on the ring with respect to the
dialkylamino groups of the triaminobenzene derixegi

During that work, it was observed an interestingperty of compoundg, that resulted

fluorescents in solid state and lose this propeitgr neutralizatiorf.”
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It is really interesting to note that usually azabene derivatives are not fluorescent
compounds, but if thecis-trans photoisomerization is blocked their fluorescence is
higher!?® and this is the case of salts

This property makes the obtained salfy i(teresting for hypothetical future applications
and work is still in progress on this topic.

Moreover, respect to previous reactions involvingninobenzenes as nucleophiles, in this
case, when the reaction betwe@rand 2 was carried out in 1:2 relative molar ratio, no
evidence of the formation of the di-cationic speci@s obtained.

Recent studies of the research group regarding thaction between 1,3,5-
trihydroxybenzene anda-cin 2:1 molar ratio in favour of the electrophilgvg a mixture

of two different products. The first was the prodfrom the attack of one molecule of the
electrophile and the second was the product oldamen the attack of three molecules of
the electrophilé®!

The above-discussed results regard a relativelyplsiminvestigation, concerning
symmetrical systems and thus only a possible maweecaupling product. In the current
study | started an investigation about the redgtildetween the same benzenediazonium
salts and other neutral carbon nucleophiles wifferdint groups on the aromatic ring.

Herein | will report the obtained results from tmsestigation.

1.2.2 Results and Discussion

The nucleophilic specie®a-¢ bearing different groups on the aromatic ringeveoupled
with compoundfa-¢ in equimolar amount and in acetonitrile at ro@mperature (Scheme
8).

X N,* BF,

+ - —N
r.t =
H,CO OCH, H,;CO OCHj,
z Y Z
8a-c 2a-c
X =OH, Z=0CH; (8a) Y =NO, (2a)
X=O0H,Z=H (8b) Y=Br (2b)
X = OCHj, Z =NO, (8¢) Y=0CHj; (2¢)

Scheme 8Reactions between arenediazonium salts and sutbstiinisole derivatives.

The final azo coupling products were obtained gfianrification on silica gel column and

they were characterized by usual spectroscopicadsth
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For the sake of clarity | will discuss the combioatbetween each nucleophile with the

three electrophiles, separately, as follows.

- Reactions between 3,4,5-trimethoxyphedachnd 2a-c
The reactions between equimolar amoun8afind the electrophilic speci@a-c (Scheme

9), gave the azo-coupling produsand9b.

N,'BF,
CH3CN
H,CO OCH, OCH;
oct, OCH,
8a 2a-c 9a-c
Y=NO, (a)
Y=Br (b)
Y=0CH; (¢)

Scheme 9Reactions between 3,4,5-trimethoxyphesndl benzenediazonium salts.

Compound9a was obtained in 83% vyield after 90 minutes at rommperature and
compounddb in 41% vyield after 24 hours (without a total corsien of reagents); instead,
no substitution product was obtained from the ieadbetweerBa and2c, neither at room
temperature nor after heating under reflux for twears.

This trend can be explained analyzing the eleciliopieactivity of the diazonium salt24-

c) that increases with increasing the electron-wakdng power of the substituent para
position, and this is reflected in the differenttaobed yields under the above cited
experimental conditions.

The reaction betweeBa and2a was also repeated working in 2:1 molar ratio wofa of
the electrophile, and under these experimentalitond only compoun®a was obtained:
no evidence of the second electrophilic attackhennucleophile was observed, contrarily to
what was observed in the case of the reaction leet@eand 1,3,5-trihydroxybenzeffe!
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- Reactions between 3,5-dimethoxyphéiohnd2a-c
In the case of the reactions between 3,5-dimethoxypl 8b and benzenediazonium salts
2a-¢ two different attack positions are present onafmnatic ring, giving the possibility to

obtain two different compounds, as reported in SehéO.

N,"BF, OCH3 /©/
H,CO OCHj H;CO OCHj
2a-¢ 10a-c 11a-c
Y =NO, (a)
Y=Br (b)
Y=0CH; (c)

Scheme 10Reactions between 3,5-dimethoxyphesiodl benzenediazonium salts.

The reaction betweeBb and 4-nitrobenzenediazonium tetrafluorobor@i),(performed in
CHsCN at room temperature and with equimolar amounteafgents, immediately after
mixing, gave a precipitatéH-NMR analysis showed that the solid was a mixafrthe two
possible compounds, the symmetrl®4) and the unsymmetricl{d), with 10ain greater
amount with respect tbla

Also in the mother liquor both products were présbat here the unsymmetric compound
(119 was the predominant species. After work-up (seeemental), compoundBla and
11la were obtained in 42% and 36% vyield, respectivalyer purification on silica gel
column.

It is interesting to observe that the NMR spectaffcompoundlOashowed broad signals,
due to the presence of the methoxy substituentsrtimo position to the azo group that
hindered the free rotation around the C4-N singledb This hypothesis was confirmed by
the NMR spectrum recorded at higher temperature’@)0that showed a sharpness of the
signals.

The reaction was also repeated mixing reagentsthiiren the NMR spectroscopy tube, in
DMSO-d. Under these experimental conditions no precipitaas observed and it was
possible to study the reaction progress over thmeugh*H-NMR spectroscopy; it was also
possible to calculate the relative ratio of the fwvoducts and.Oaresulted to be the main
product (87/13 relative % molar ratio betwedlaand11a).

The reaction betweeBb and 4-bromobenzenediazonium tetrafluorobora2bg, (vas carried

out under the above reported experimental conditeomd gave again a precipitate. In this
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case after chromatographic separation, three diffecompounds were obtained; the
symmetric {0Ob) in larger amount with respect to the others.

The other products were analyzed by NMR spectros@opCDClL and they showed an
unsymmetric structure; one of these compounds Wwtsred in very low yield (only 3%).
Based on the obtainéti-NMR spectra, we ascribed structurkb to the main unsymmetric
compound, whereas it was not possible to obtaiailddt NMR information for the second
asymmetric compound because it was obtained inlegryield.

The reaction was also repeated mixing reagentstiren the NMR spectroscopy tube, in
DMSO-a;. Under these experimental conditions no precpitads observed and it was
possible to study the reaction progress over tinayaing the NMR spectrum, that showed
only signals ascribed to compouri@b and11bin a 70/30 relative % molar ratio.

The reaction betwee®b and 4-methoxybenzenediazonium tetrafluoroboraig), (was
carried out under the above reported experimergatitions and at room temperature it
resulted to be very slow; after 24 hours the cosieer was only 10%. Therefore, we
decided to heat under reflux and after 2 hoursctireversion (calculated throughl-NMR

in DMSO-g; of a little amount of the concentrated crude rieaatixture) was 56%.

The recorded spectrum evidenced signals ascribedsiagle reaction product showing a
unymmetric structure; compourid.cwas fully characterized after purification onaligel
column.

Also in this case, the reaction was repeated dyreoctthe NMR spectroscopy tube, in
DMSO-as. After 24 hours the spectrum showed signals asdrib both reagent8lf and
20) and to two different products in agreement witlucgturesl0c andll1cin a relative %
molar ratio of 72/28 and with a conversion of 10%.

We can observe that at room temperature in DM&@-anixture of two products was
obtained, instead heating the solution only compldLit was isolated; even if the reaction
solvent is different, probably this phenomenon dobk an indication of a positional
isomerization induced by the temperature increasle more specifically, it could be seen in
term of reversibility of the electrophilic attacks observed in past studies on the azo-
copulation reaction with triaminobenzene derivativas nucleophileé®?® further
investigation is needed to confirm this hypothesis.

Comparing the NMR data for the reactions betw8brand 2a-c in DMSO-d, at room
temperature, we can observe that the formatiomefproducts with a symmetric structure

(20) is favoured respect to the unsymmetric compoyhils
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This behaviour might be a consequence of the effieitte OH group, that produces a minor
inductive effect (-1) inpararespect to thertho position, and activates tlpara position by
mesomeric effect, in major extent than dntho position, as reported in the literatdi!

It is also relevant to consider that the hydroxgugr is more activating respect to the
methoxy group, in theggr.E%!

About the N=N bond geometry, all the synthesizeshpounds have been depicted with a
trans configuration of the N=N bond, on the basis of thell known stability of this
configuration for the azo compound¥.Unfortunately, all our attempts to obtain crystails
the obtained azo compounds suitable for X-Ray amalfigiled. Finally, no products were
obtained from the reactions betwemnand2a-¢ likely due to the lower nucleophilic ability
of 8c for the presence of the nitro group on the arconatp.

It is interesting to note that some of the synthegicompounds appeared as bright colored
solids and under UV lamp (365 nm) they showed tange solid state fluorescence.

In Figure 6 is reported a picture of the fluoreseeim the case of compouddc

Figure 6. Solid-state fluorescence of compoulttt under 365 nm UV lamp.

This finding it is really interesting compared witksults obtained from the reactions
between 1,3,5-trimethoxybenzene and diazonium sé&)s*”’ in which only the
monosubstitued coupling products in saline forntrgfkioroborate salt) showed the solid
state fluorescence and the related neutral comgodide’t show this property.

In this case, the reaction betwe@nand 2a-c showed solid state fluorescence for neutral
compounds (confirmed by absence of the Bignal in the”’F-NMR spectrum) and we can
explain this behaviour by making some observatmmghe structure of compourd.g in
this case, the hydroxyl group is adjacent to the group and there is the possibility that
some interaction, such as an intramolecular hydrdmend, might simulate the situation of
the salts7 (Figure 7).
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H;CO OCH, H,CO 0]
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7 11c
OCH,
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1/
N\
H
H,CO Y

Figure 7. Comparison between saltaind the neutral produtfic

The hydrogen bond interaction depicted in Figureoudld block the photoisomerization
process, giving only one of the two isomers, thusdpcing the solid-state fluorescence
phenomenon.

Moreover, the fluorescence resulted stronger incdme of compoundllc that possess a
paramethoxy group on the benzenediazonium moiety; bieisaviour could depend from
the mesomeric effect +M of this substituent, thaghthelp the nitrogen atom of the azo
group to give an hydrogen bond interaction. Ourdilypsis on the solid state fluorescence
of the neutral compounds need to be verified bthierrand more detailed studies and work
is still in progress on this topic.

1.2.3 Conclusions

The azo-coupling reaction between substituted &niderivatives and aryldiazonium salts,
bearing substituents with different electronic dedsin position 4 gave new interesting
products that were isolated and fully characteriZdukir spectroscopy properties will be
helpful in future mechanistic studies; moreovemsoof these compounds showed solid-
state fluorescence and for this reason they coaldnteresting for applications in many

areas of applied chemistry.

1.2.4 Experimental section

The'H and**C NMR spectra were recorded with a Varian Inova 800 a Varian Mercury
400 spectrometers operating at 300, or 400 MHz'floNMR) and 75.46, or 100.56 MHz
(for °C NMR), respectivelyJ values are given in hertz (Hz). Signal multiplieti were

established by DEPT experiments. Chemical shifteeweferenced to the solverd$7.26
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and 77.0 ppm for CD@), (6 =2.0 and 118.20 ppm for GON), ( =2.50 and 39.50 ppm for
DMSO-d) for *H and **C NMR, respectively]. ESI-MS spectra were recordeth a
WATERS 2Q 4000 instrument. Chromatographic purifarzs were carried out on silica gel
(0.037-0.063 mm, Merck) columns at medium pressting layer chromatography (TLC)
was performed on silica gel 60 F254 coated alumirioile (Fluka). Melting points were
measured on a Stuart SMP3 apparatus and are ucteakreSolvents and reagents were
commercial materials (Aldrich or Fluka) if not sjesd.

General procedure for the synthesis of the azo colipg products:

To a magnetically stirred solution of the nucledpi{D.2 mmol of the anisole substituted
derivative8a, or 8b, or 8¢) dissolved in CHCN (2 mL) was added an equimolar amount of
the electrophile (benzenediazonium <t or 2b, or 2¢), at room temperature; in the case
of the reactions with 4-methoxybenzenediazoniumatieoroborate Zc), they were carried
out under reflux at about 80°C.

The reactions were monitored by TLC, with differehtents (usually C4Cl,) and*H-NMR
analysis. In some reactions the formation of aiprede was observed, this solid was
collected by filtration and washed with cold €EN; then analyzed by NMR spectroscopy.
Finally, the products were purified by column chedography on silica gel (FC), using
dichloromethane as eluent and methanol as secaedtelwhen a mixture of products was
present. All the products were fully characteribgdusual spectroscopic methof&-NMR
spectroscopy was also used to confirm the neuwirai bf the obtained compounds.
Chemico-physical data for the synthesized compoanelseported as follows.
3,4,5-Trimethoxy-2-[(4-nitrophenyl)diazenyl]phenol (9a): red solid, 83% yield (52% by
precipitation from the reaction mixture, 31% aft&€ of the mother liquor), m.p. 208.9-
210.0 °C.*H NMR (DMSO-d;, 400 MHz, 25°C) (ppm): 8.36 (d,J = 9.00 Hz, 2H), 7.95
(d, J = 9.00 Hz, 2H), 6.25 (s, 1H), 4.00 (s, 3H), 3.81 3H), 3.75 (s, 3H)"C NMR
(DMSO-d;, 100.56 MHz, 25°Cp (ppm): 163.0, 162.7, 151.5, 150.5, 145.9, 136.3,,28
125.4,120.1, 97.3, 62.8, 61.1, 56%I MS (ES") m/z: 334 [M+H]", 356 [M+NaJ.
3,4,5-Trimethoxy-2-[(4-bromophenyl)diazenyl]phenol(9b): red solid, 41% vyield; m.p.
164.3-165.2 °C'*H NMR (DMSO-a;, 400 MHz, 25°C) (ppm): 7.79 (dJ = 9.02 Hz, 2H),
7.75 (d,J = 9.02 Hz, 2H), 6.39 (s, 1H), 3.99 (s, 1H), 3.893H), 3.73 (s, 3H):*C NMR
(DMSO-a;, 100.56 MHz, 25°CP) (ppm): 159.7, 154.0, 152.1, 148.5, 135.4, 132.6,2,26
123.0, 122.9, 96.1, 63.1, 61.0, 5661 MS (ES) m/z: 369 [M+H]", 391 [M+Na].
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3,5-Dimethoxy-4-[(4-nitrophenyl)diazenyl]phenol (1@): orange solid, 42% vyield, m.p. >
228 °C dec’H NMR (DMSO-d;, 300MHz, 25°C)5 (ppm): 8.29 (d,J = 9.17 Hz, 2H), 7.69
(d, J = 9.17 Hz, 2H), 5.76 (s, 1H), 3.85 (br.s, 6C NMR (DMSO-d;, 100.56 MHz,
25°C) 3 (ppm): 184.9, 158.9, 148.9, 142.8, 125.5, 125.2,0,1802.0, 56.4ESI MS (ES")
m/z: 302 [M-H]".

3,5-Dimethoxy-2-((4-nitrophenyl)diazenyl)phenol (14): red solid, 36% vyield, m.p. >
240 °C dec*H NMR (DMSO-ds, 300 MHz, 25°C) (ppm): 8.36 (d,J = 9.10 Hz, 2H), 7.90
(d, J = 9.10 Hz, 2H), 6.12 (d] = 2.30, 1H), 6.03 (dJ = 2.30, 1H), 3.91 (s, 3H), 3.87 (s,
3H). *C NMR (DMSO-d;, 100.56 MHz, 25°C} (ppm): 169.1, 165.8, 159.9, 151.5, 147.9,
126.2, 125.5, 120.1, 94.6, 93.2, 56.4, 568| MS (ES) m/z: 302 [M-H]"
4-[(4-Bromophenyl)diazenyl]-3,5-dimethoxyphenol (1B): orange-red solid, 45% vyield,
m.p. 177.4-178.9 °H NMR (DMSO-d;, 400 MHz, 25°C) (ppm): 7.65 (d,J = 8.97 Hz,
2H), 7.55 (dJ = 8.97 Hz, 3H), 6.02 (br. s, 2H), 3.80 (s, 6HL NMR (DMSO-d;, 100.56
MHz, 25°C) & (ppm): 161.1, 157.1, 132.0, 124.0, 121.3, 119587,993.9, 56.0ESI MS
(ES") m/z: 336 [M+H]", 359 [M+Na].
2-[(4-Bromophenyl)diazenyl]-3,5-dimethoxyphenol (1f): orange solid, 21% vyield, m.p.
193.2-194.1 °CH NMR (DMSO-d;, 400 MHz, 25°C)5 (ppm): 7.72 (br. s, 4H), 6.20 (d,
= 2.20 Hz, 1H), 6.10 (dl = 2.20 Hz, 1H), 3.91 (s, 3H), 3.85 (s, 3t}C NMR (DMSO-d,
100.56 MHz, 25°C» (ppm): 166.4, 160.0, 159.3, 148.1, 132.5, 12422.4, 122.3, 93.9,
91.9, 56.2, 56.CESI MS (ES’) m/z: 336 [M+H]", 359 [M+Na]
2-[(4-Bromophenyl)diazenyl]-3,5-dimethoxyphenol (12 orange solid, 3%yield.*H
NMR (CDCk, 300 MHz, 25°C) (ppm): 7.83 (d,] = 8.87 Hz, 2H), 7.59 (d] = 8.87 Hz,
2H), 6.16 (d,J = 2.12 Hz, 1H), 6.07 (dl = 2.12 Hz, 1H), 3.98 (s, 3H), 3.94 (s, 3H).
3,5-Dimethoxy-2-[(4-methoxyphenyl)diazenyl]phenol X1c): orange solid, 49% vyield,
m.p. 118.8-119.5 °CH NMR (DMSO-d;, 400MHz, 25°C)5 (ppm): 7.75(d,) = 8.98 Hz,
2H), 7.08 (d,J = 8.98 Hz, 2H), 6.20 (d} = 2.86 Hz, 1H), 6.09 (d] = 2.86 Hz, 1H), 3.89 (s,
3H), 3.839(s, 3H), 3.836(s,3H)’C NMR (DMSO-d;, 100.56 MHz, 25°C} (ppm): 164.7,
160.7, 159.6, 157.0, 143.7, 123.2, 122.8, 114.%,981.5, 56.1, 55.8, 555S| MS (ES)
m/z: 289 [M+H]", 311 [M+Na]
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1.3 REACTIONS BETWEEN ARYLDIAZONIUM SALTS AND 1,3DISUBSTITUTED

BENZENE DERIVATIVES

1.3.1 Introduction

In the frame of our interest about the reactivityacenediazonium salts, we decided to
extend our investigation to their reaction with uttistituted benzenes as nucleophilic
species.

In particular, the selected nucleophilic speciesew,3-bisl,N-dialkylamino)benzene
derivatives and 1,3-dimethoxybenzene. The diamiexvdtives are compounds®! very
poorly studied so far and their reactions with atkazonium salts were never reported in
the literature; instead, about the 1,3-dimethoxykees, some related azocompounds were
reported in the literature, but they were obtaimedery strong experimental conditions and
not by direct coupling>3®

Herein | report the obtained results from the reast between the above-introduced

disubstituted arenes with some aryldiazonium salts.

1.3.2 Results and Discussion

The reactions between the 1,3-disubstituted benzdegvatives 14a-d and the
aryldiazonium salt@a-c (Scheme 11) were carried out in equimolar amo@inéagents, in
acetonitrile, at room temperature and the subsiiiytroductsl5-26 were obtained in high
yield except for the case of the reaction betwk&shand?2c, thet did not occurred.

Y
N; BF,
AAN
N
+ —_—
X X X X

14a-d 2a-c 1526

Xm0
X = Nopyralidiny] El4c: DPYBH)) Y=Br (@b X = Nopiperiding] Y = OCH, (( 17;
X = methoxy (14d, DOMeBH) Y =OCH; (2¢) X = N-morpholinyl Y=NO, (18)
X = N-morpholinyl Y =Br (19)
X = N-morpholinyl Y =O0CH; (20)
X = N-pyrrolidinyl Y=NO, (21)
X = N-pyrrolidinyl Y =Br (22)
X = N-pyrrolidinyl Y =0OCH; (23)

X = methoxy Y=NO, (24)
X = methoxy Y =Br (25)
X = methoxy Y = OCHj; (26)

Scheme 11Reactions between the disubstituted ardrkesd and the aryldiazonium sal?a-c
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It is important to observe that opposite to thectieas involving triaminobenzene
derivatives, in which only one substitution prodaah be obtained due to their symmetry,
in the case of the 1,3-disubstituted arenes, cerisg the electronic effect of both
substituents on the aromatic ring, two differemdducts might be obtained; one with the
electrophile situated inrtho position to both the substituents (positiorA2in Scheme 12)
and the other with the electrophileartho with respect to one substituent ancpara with

respect to the other one (position 4 oB6n Scheme 12).

N E
X X N,"BF, % X X X
1 3 + CH;CN, r.t.
6 4 *
5 Y E
. g A B
X = N-piperidinyl Y =NO, Br, OCH;
X = N-morpholinyl
X = N-pyrrolidinyl E = 4-Y-C.H,N=N-
X = methoxy Cotls

Scheme 12Possible products from the reaction involving dizmbenzene derivatives.

In all the performed reactions, only the substitntproduct derived from the attack of the
electrophilic species in 4 position of the nucle@pivas obtained, as thform in Scheme
12. This behaviour depends from the lower sterrtance in position 4 with respect to
position 2, and it is also due to the lower induetffect (-1) of the substituents in position 4
with respect to position 2.

In Table 4 are reported the reaction times anabtained yields, after purification on silica

gel column, of the new synthesized compourid@sZ6.

Table 4. Reactions between compouridga-dand2a-c

Reaction Nucleophile Electrophile Reaction time Product Yield (%)?
(substituent)

1 14a (DPBH) 2a (NGy) 30 min 15 98%
2 14a (DPBH) 2b (Br) 30 min 16 97%
3 14a (DPBH) 2¢ (OCHy) 30 min 17 78%
4 14b (DMBH) 2a (NO,) 30 min 18 97%
5 14b (DMBH) 2b (Br) 30 min 19 96%
6 14b (DMBH) 2c (OCHy) 30 min 20 78%
7 14c (DPYBH) 2a (NO,) 15 min 21 95%
8 14c (DPYBH) 2b (Br) 15 min 22 7%
9 14c (DPYBH) 2c (OCHy) 15 min 23 73%
10 14d (DOMeBH) 2a (NO,) 24 h 24 7%
11 14d (DOMeBH) 2b (Br) 48 h 25 26%
12 14d (DOMeBH) 2c (OCHy) 72 h 26 0%

a. yields calculated after purification on silica golumn.
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Analyzing the data reported in Table 4, we can nies¢hat the reactions involving 1,3-
trimethoxybenzene 1d4d) as nucleophile and 4-nitrobenzenediazonium tewesborate
(2a) or 4-bromobenzenediazonium tetrafluoroborate) (heeded more time, compared to
the others, to give the final azo-coupling produtt/ 7% and 26% yields, respectively, due
to the low reagent conversion.

Instead, the reaction betwe&dd and the 4-methoxybenzenediazonium tetrafluoroborate
(20), didn’t show any conversion, neither after thdegs.

We can explain these results by considering thetrelehilic power of the involved
arenediazonium salts that decreases from the adénvative 2a) to the methoxy one2¢)

as predictable considering the substituent effadt the electrophilic values calculated for
compound®a, 2b and2c (E= -5.1, -6.6, e -8.4, respectively), by ProfesdoMayr>”

The reactions between the 1,3-diaminobenzene diegd 4a-g more nucleophilic species
with respect tol4d, quickly gave the new azo compountlS-23 with almost total
conversion; these products were isolated in highdyafter purification on silica gel column
and were fully characterized By NMR, *C NMR ed ESI-MS spectroscopy.

Also in this case the obtained results are expthic@nsidering the relative electrophilic
power of the salt&a-¢ in fact in the case of reactions 1-6, a decrggsirthe yields can be
observed on going from the more reactive electitefBa) to the less one2().

The 'H-NMR analysis of the crude reaction mixtures foe teaction 7-9 showed the total
conversion of the reagents in the azo coupling yctedin a shorter time with respect to the
other reactions, owing to the strong nucleophibevpr of the 1,3-di(pyrrolidinyl) derivative
(149 with respect td4aandl14b.

Until now the nucleophilic parameters at the carloonnitrogen atoms for the tri- and
diaminobenzene derivatives were not reported, &ed fuantification is a part of our
collaboration with Professor Herbert Mayr's groupjt we can explain the stronger
reactivity of the pyrrolidinyl derivative analyzindpe nucleophilic power of the nitrogen
atom for the substituents on the aromatic ring @hpoundl14a-¢ that are: piperidine,
morpholine and pyrrolidine; the nitrogen nucleojgity values, reported in the literature,
for the above secondary amines, in acetonitrileléareasing order, are: pyrrolidine 18.64,
piperidine 17.35, morpholine 15.6%!

In agreement with our results, the pyrrolidinehis stronger nucleophilic species among the
involved amines and probably this is an indireqtlaration for the shorter reaction time in

the case of reactions 7-9.
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It is interesting to note that the reactions haserbcarried out with equimolar amount of the
reagents and, in the case of diaminobenzene degsaand aryldiazonium salts, the final
products were obtained in high yields (from 739®988%6), thus indicating that the produced
tetrafluoroboric acid in the reaction mixture ddeseact with the nucleophilic reagents
producing a salt that might hinder the reactiort, bkely, the proton expelled during the
rearomatization process salifies a nitrogen atonm@®fazo coupling product rather than one
belonging to the nucleophilic reagents.

This hypothesis is also supported by tHeNMR spectra of the crude reaction mixture, that
show in all cases, broad signals low-field shifiedh respect to those of the purified
compounds, in agreement with a protonation phenomeanalogous to that observed in
past studies of the research group between tridoeimeene and benzofurazan
derivatives!’!

In this context, it has to be noted that therenarelata in the literature about the protonation
reaction of 1,3-diaminobenzene derivatives, instdaste are a lot of publications about the
reactions between triaminobenzene derivatives affier@ht organic and inorganic acids,
that report Wheland complexes and/or ammonium faitsationt'6-394°)

In particular, it has been reported that the pratom of 1,3,5-trid{-pyrrolidinyl)benzene,
occurs only on the carbon atom of the aromatic, yigng the Wheland complex; based on
these results, we decided to investigate on thectioka between the 1,3-
di(pyrrolidinyl)benzene and tetrafluoroboric acid.

As reported in Scheme 13, from the reaction betwk&mand tetrafluoroboric acid, in
principle, is possible to obtain two Wheland comple (W1 andW2) and one ammonium
salts (NH adduct).

Q

H BFJ

+ HBF, —»= C/

W1 (CH adduct) W2 (CH adduct) NH adduct

& Q

Schema 13Possible products from the protonation of 1,3i(@lidinyl)benzene.

The reaction reported in Scheme 13 was carriednuxing equimolar amount of both
reagents directly in the NMR spectroscopy tube&detonitrile, at room temperature and the

recorded'H-NMR spectrum together with the homonuclegOSY) and heteronucleag-(
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HSQC) correlation experiments, showed signals ireagent with the formation of two
species: the unsymmetric CH addust?) and the nitrogen adduct.

This experiment gave evidence of the regioseledtiumation of a Wheland intermediate in
the case of 1,3-diaminobenzene derivatives anithetdest of our knowledge, represents the
first instance of a Wheland complex involving diaolienzene derivatives; these findings
suggest further mechanistic investigation on thsa

Finally, based on the past results of the resegrobp, from the reactions betwesym
triaminobenzenes and arenediazonium salts at —36**@hat provided evidence of their
respective Wheland complexes, we decided to perfeome reactions between the
aryldiazonium salts and the diaminobenzene deviggtito verify if could be possible to
detect the Wheland intermediaW&w§) reported in Scheme 14.

Y
N,"BF,~ H
2 4 N. /©/
SN
+ R
R,N NR, RN NR, BE,
Y

W3

Schema 14Formation of theV3 intermediate from the reaction between 1,3-diafmémzene derivatives and

arenediazonium salts.

The reactions were carried out mixing equimolar wamo of different
electrophile/nucleophile combinations directly ihet NMR spectroscopy tube and in
different experimental conditions, both in acetolgtat -30°C and also in dichloromethane
at -85°C; in all cases only signals ascribed todhlestitution product in saline form was
obtained, as a confirmation, again, that the sthtn product is a stronger base respect to
the diaminobenzene derivative. The above discusselicates that the Wheland
intermediate from the azo coupling reaction, isblgtaenough to be detected and
characterized, only in presence of three strongfrele donating groups on the aromatic ring
of the nucleophilic species, as in the case ofminabenzene derivatives. Probably for the
diaminobenzene derivatives, the presence of ontydialkylamino groups on the aromatic
ring is not enough to stabilize the positive chavfjghe Wheland intermediate, making this

species unstable and difficult to be detected.
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1.3.3 Conclusions

The reactions between differemiara substituted benzenediazonium salts and 1,3-
diaminobenzene derivatives, performed under mildddemns, gave regioselectively new
substitution products, in high yields.

The azo coupling reaction with the 1,3-dimethoxytere needed more time and gave the
final products in lower yields, with respect to tleactions involving the diaminobenzene
derivatives.

The observed unreactivity at room temperature, th combination between the less
electrophilic diazonium sal2c and the dimethoxy derivativé4d, is an experimental
confirmation of the reported predictions in thedétture?”

The electrophile/nucleophile combinations perforntaectly in the NMR spectroscopy
tube with variable temperature experiments, undérdnt experimental conditions, did not
gave evidence for the cationic intermediate (Whd)aof the azocopulation reaction
involving diaminobenzene derivatives, likely beaatise intermediate is not enough stable
to be detected and immediately evolves towardsubstitution product in saline form.
Moreover, for the first time the protonation reaatialso for the diaminobenzene derivatives
was carried out; in particular the combination b& t1,3-di(pyrrolidinyl)benzene and
tetrafluoroboric acid gave evidence of a Whelandrinediate involving a diaminobenzene
derivative. These findings deserve a more detaredstigation that will be made in the

future.

1.3.4 Experimental section

The'H and**C NMR spectra were recorded with a Varian Inova, 30frian Mercury 400
and Varian Inova 600 (Varian, Palo Alto USA) speuieters operating at 400, or 600 MHz
(for *"H NMR) and 100.56, or 150.80 MHz (f&1C NMR), respectivelyJ values are given
in Hz. Signal multiplicities were established by PE experiments. Th€F NMR spectra
were recorded with a Varian Inova 300 and Variarrddey 400 operating respectively at
282.3 e 376.3 MHz in CDglChemical shifts were referenced to the sol\{ént7.26 and
77.0 ppm), forH and**C NMR, respectively, in CDG),

ESI-MS spectra were recorded with a WATERS 2Q 4BBrument. Chromatographic
purifications were carried out on silica gel (0.88063 mm, Merck) columns at medium
pressure. Thin layer chromatography (TLC) was peréal on silica gel 60 on PET foils
(Fluka Analytical). Melting points were measured anStuart SMP3 apparatus and are

uncorrected. Solvents and reagents were commar@srials (Aldrich or Fluka) if not
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specified. 1,3-bid{,N-dialkylamino)benzene derivatives4a-g were prepared from 1,3-
dichlorobenzene (Sigma-Aldrich) with a modificatiosf the reported literatuf&é=>"
methods.

General procedure for the synthesis of compounds &2

In a three-necked flask, under nitrogen flow, 085 of dichlorobenzene (7.45xE0mol)
with 5.9 mL (8x1¢* mol) of piperidine, were dissolved in 50 mL of gdhous THF. Then
30 mL of phenyllithium (5.7x16 mol) was added dropwise to the reaction mixturigerA
24 h, the reaction mixture was allowed to cooldom temperature and was quenched with
water. The aqueous phase was extracted three wmtlediethyl ether and the combined
organic phases were dried over magnesium sulfatettee solvent removed undesicua
The resulting crude products were purified by ailigel column. The 1,3-
di(piperidinyl)benzenel4a was obtained in 56% vyield and its spectroscopi@ dae in
agreement with those reported in literatdfe.

General procedure for the synthesis of compounds b&:

Both syntheses require the same procedure andthelifference is the starting amine, that
is morpholine (in case df4b) or pyrrolidine (in case df49.

In a pressure vessel, 1.37 mL (0.011 mol) of dicfadlenzene and 0.07 mol of the amino
derivative, were dissolved in 10 mL of toluene;eafaddition of 5.4 g of KGBuU, the
pressure vessel was sealed and heated at 160°€. Aftays, the reaction mixture was
allowed to cool to room temperature and was quehehth water. The aqueous phase was
extracted three times with dichloromethane andcbmbined organic phases were dried
over magnesium sulfate, and the solvent removedrwatuo. The resulting crude products
were purified by silica gel column. 1,3-di(morpmyl)benzene 14634 and 1,3-
di(pyrrolidinyl)benzenel4d®?, were obtained in 22% and 68% yields, respectjvahd
their spectroscopic data are in agreement withetihegorted in the literature.

Reactions between 14a-d and 2a-c. General Procedure

To a magnetically stirred solution of the nucled@hi0.1 mmol ofl4a-d) dissolved in
CH3CN (5 mL), was added at room temperature the elpbtie (0.1 mmol oRa-c).

The reactions were monitored by TLC, using différeluents and byH-NMR and *°F-
NMR analysis of the crude reaction mixtures.

The obtained products were purified by column cratmgraphy on silica gel (FC) and were
characterized by usual spectroscopic methods; dwermphysical data are reported as

follows.
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1,1'-(4-((4-Nitrophenyl)diazenyl)-1,3-phenylene)diperidine (15): violet solid, 98%
yield, m.p. 151.2 °C de¢H NMR (400 MHz, CDC}, 25°C)8 (ppm): 8.30 (d,J = 8.90 Hz,
2H), 7.90 (dJ = 8.81 Hz, 2H), 7.80 (d] = 9.36 Hz, 1H), 6.50 (d] = 9.02 Hz, 1H), 6.37 (s,
1H), 3.45-3.38 (m, 4H), 3.31 @,= 4.65 Hz, 4H), 1.83 (q] = 4.74 Hz, 4H), 1.74-1.63 (m,
8H, three overlapped signal$jC NMR (150.80 MHz, CDGJ, 25°C)$ (ppm): 157.3, 155.5
(two overlapped signals), 146.7, 136.6, 124.8,4,2218.8, 108.2, 102.4, 54.5, 48.7, 26.4,
25.5, 24.4, 24.FESI MS (ES’) m/z: 394 [M+H]", 416 [M+Na].
1,1'-(4-((4-bromophenyl)diazenyl)-1,3-phenylene)diperidine (16): orange/red solid,
97% vyield, m.p. 122.4-125.7 °H4 NMR (600 MHz, CDC}, 25°C)$ (ppm): 7.72 (dJ=
6.42 Hz, 3H, two overlapped signals), 7.58Jd,8.13 Hz, 2H), 6.52 (s, 1H), 6.43 (s, 1H),
3.35 (s, 4H), 3.24 (s, 4H), 1.81 (s, 4H), 1.73-11&7 4H), 1.67-1.59 (m, 4H).

3C NMR (150.80 MHz, CDGQ, 25°C)$§ (ppm): 154.8, 154.0, 152.3, 136.5, 132.1, 123.8,
122.8, 118.2, 108.5, 103.6 (CH), 54.6, 49.1, 2845, 24.3, 22.7ESI MS (ES") m/z: 427,
429 [M+H]", 449, 451 [M+Nal.
1,1'-(4-((4-methoxyphenyl)diazenyl)-1,3-phenylenejgiperidine (17): orange solid, 78%
yield. *H NMR (300 MHz, CDC}, 25°C)5 (ppm): 7.86 (dJ = 8.4 Hz, 2H), 7.68 (d) = 8.4
Hz, 1H), 6.98 (d,J = 8.8 Hz, 2H), 6.58-6.45 (m, 2H,two overlapped sighaB.87 (s, 3H),
3.30 (br. s, 4H), 3.21 (br. s, 4H), 1.88-1.77 (H),41.77-1.55 (m, 8H)*C NMR (150.80
MHz, CDCk, 25°C)s (ppm): 160.8, 154.3, 153.0, 147.8, 136.9, 12410.,8, 114.1, 108.7,
104.3, 55.5, 54.6, 49.4, 26.4, 25.6 (two overlapgigdals), 24.3ESI MS (ES") m/z: 379
[M+H] ™, 401 [M+NafJ.

4,4'-(4-((4-nitrophenyl)diazenyl)-1,3-phenylene)dimarpholine (18): dark violet solid,
97% yield, m.p. > 209.3 °C detd NMR (600 MHz, CDC}, 25°C)& (ppm): 8.33 (d,J) =
8.95 Hz, 2H), 7.89 (d) = 8.91 Hz, 2H), 7.84 (s, 1H), 6.57 (@,= 9.59 Hz, 1H), 6.39 (s,
1H), 3.96 (s, 4H), 3.87 (& = 5.05, 4H), 3.41-3.32 (m, 8H, two overlapped sdgna

13C NMR (150.80 MHz, CDQ, 25°C)$ (ppm): 156.8, 155.3, 153.8, 147.4, 137.4, 124.8,
122.6, 118.9, 108.3, 102.5, 67.1, 66.5, 53.4, 44%9.MS (ES) m/z: 398 [M+H]" , 420
[M+Na]".

4,4'-(4-((4-bromophenyl)diazenyl)-1,3phenylene)dinmpholine (19): orange/red solid,
96% yield, m.p. 142.4-147.5°GH NMR (600 MHz, CDC}, 25°C)$ (ppm): 7.76 (d,) =
9.07 Hz, 1H), 7.69 (d) = 8.92 Hz, 2H), 7.59 (d) = 8.49 Hz, 2H), 6.56 (d] = 8.82 Hz,
1H), 6.43 (s, 1H), 3.95 (s, 4H), 3.87 Jt= 5.05, 4H), 3.35-3.25 (m, 8H, two overlapped
signals)**C NMR (150.80 MHz, CDGJ, 25°C)5 (ppm): 154.4, 152.5, 151.9, 137.2, 132.3,
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123.8, 123.7, 118.5, 108.6, 103.2, 67.1, 66.6,,58749. ESI MS (ES’) m/z: 431, 433
[M+H]", 453, 455 [M+Nal].
4,4'-(4-((4-methoxyphenyl)diazenyl)-1,3-phenylene)shorpholine  (20): orange solid,
78% yield, m.p. 136.4-138.8 °¢Hd NMR (600 MHz, CDC}, 25°C)& (ppm): 7.82 (dJ) =
8.81 Hz, 2H), 7.71 (dJ = 8.89 Hz, 1H), 6.99 (dJ = 8.74 Hz, 2H), 6.57 (d) = 8.05 Hz,
1H), 6.47 (s,1H), 3.95 (1] = 4.44, 4H), 3.88-3.86 (m, 7H, two overlapped sighaB.30-
3.26 (m, 8H, two overlapped signal$fC NMR (150.80 MHz, CDG, 25°C) & (ppm):
161.1, 153.7, 151.6, 147.6, 137.7, 124.1, 118.4,2,11108.8, 103.6, 67.2, 66.7, 55.5, 53.4,
48.3.ESI MS (ES’) m/z: 383 [M+H]", 405 [M+Na].
1,1'-(4-((4-nitrophenyl)diazenyl)-1,3-phenylene)digrrolidine (21): green petroleum
solid, 95% yield, m.p. 197.7 °C déti NMR (600 MHz, CDC}, 25°C)5 (ppm): 8.24 (d,)

= 8.26 Hz, 2H), 7.99 (s, 1H), 7.69 (s, 2H), 6.141(4), 5.63 (s, 1H), 3.72 (s, 4H), 3.43 (s,
4H), 2.09-2.01 (m, 8H, two overlapped signatsf NMR (150.80 MHz, CDGJ, 25°C)$
(ppm): 158.4, 152.1, 150.5, 145.0, 134.5, 124.8,4,2119.0, 105.5, 94.5, 52.6, 47.8, 25.9,
25.4.ESI MS (ES") m/z: 366 [M+H]" , 388 [M+Nal.
1,1'-(4-((4-bromophenyl)diazenyl)-1,3-phenylene)diarolidine (22): orange/red solid,
77% yield, m.p. 189.4- 192.4 °éH NMR (600 MHz, CDC}, 25°C)s (ppm): 7.92 (s, 1H),
7.57 (d,J = 8.54 Hz, 2H), 7.52 (d) = 8.57 Hz, 2H), 6.10 (s, 1H), 5.7 (s, 1H), 3.694,
6.35 Hz, 4H), 3.39 (t)= 6.25 Hz, 4H), 2.04-1.98 (m, 8Hy'C NMR (150.80 MHz, CDG,
25°C) & (ppm): 153.0, 151.2, 149.5, 133.0, 131.8, 1232D.4, 118.5, 104.0, 95.1, 52.5,
47.7,25.9, 25.4SI MS (ES") m/z: 399, 401 [M+H], 421, 423 [M+Nal.
1,1'-(4-((4-methoxyphenyl)diazenyl)-1,3-phenylenejpyrrolidine (23): orange/red solid,
73% yield, m.p. 158.2-161.4 °¢H NMR (600 MHz, CDC}, 25°C)8 (ppm): 7.90 (s, 1H),
7.71 (d,J =8.72 Hz, 2H), 6.96 (d] = 9.08 Hz, 2H), 6.09 (s, 1H), 5.76 (s, 1H), 3.853(4),
3.69 (t,J = 6.59 Hz, 4H), 3.38 (1] = 6.43 Hz, 4H), 2.03-1.98 (m, 8H).

3C NMR (150.80 MHz, CDQ, 25°C)$ (ppm): 159.2, 150.6, 149.0, 148.3, 132.8, 123.0,
118.3, 114.0, 103.4, 95.5, 55.4, 52.4, 47.6, 25%}.ESI MS (ES") m/z: 351 [M+H]".
1-(2,4-dimethoxyphenyl)-2-(4-nitrophenyl)diazene (#): orange/red solid, 77% vyield,
m.p. 192.4 °Cdec.'H NMR (400 MHz, CRCN, 25°C)3 (ppm): 8.37 (d,J = 9.05 Hz, 2H),
7.94 (d,J = 9.14 Hz, 2H), 7.78 (d] = 9.18 Hz, 1H), 6.76 (d] = 2.35 Hz, 1H), 6.65 (dd];

= 9.09 Hz,J, = 2.53 Hz, 1H), 4.03 (s, 3H), 3.93 (s, 3#jC NMR (150.80 MHz, CDG,
25°C) & (ppm): 165.2, 159.9, 156.5, 147.9, 136.9, 12423.1, 118.3, 106.2, 98.9, 56.4,
55.7.ESI MS (ES") m/z: 288 [M+H]", 310 [M+Na[J.
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1-(4-bromophenyl)-2-(2,4-dimethoxyphenyl)diazene &: yellow solid, 26% vyield, m.p.
81.2-84.4 °CH NMR (400 MHz, CDC}, 25°C)é (ppm): 7.78 (d)J = 9.09 Hz, 1H), 7.75
(d,J =8.96 Hz, 2H) 7.60 (d) = 8.75 Hz, 2H), 6.59 (d) = 2.42 Hz, 1H), 6.55 (dd}; =
8.83 Hz,J, = 2.42 Hz, 1H), 4.02 (s, 3H), 3.89 (s, 3HJC NMR (150.80 MHz, CDG,
25°C) 6 (ppm): 164.1, 159.0, 151.9, 136.7, 132.2, 12422.1, 118.2, 105.8, 99.0, 56.4,
55.7.ESI MS (ES") m/z: 321 [M+H]", 323 [M+HT, 343 [M+Na], 345 [M+Na], 359
[M+K]*, 361 [M+K]".
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1.4NEw BENZIMIDAZOLE DERIVATIVES BY RING CLOSURE OF
AZOCOMPOUNDS DERIVED FROM 1,3,57RIS(DIALKYLAMINO )BENZENES

AND ARYLDIAZONIUM SALTS

1.4.1 Introduction

In the past, the coupling between arenediazoniumafieoroborate salt® and 1,3,5-
tris(dialkylamino)benzene®7 and28, allowed the research group to obtain and chataete
the first Wheland intermediates of the azo-couptieagtiof’™! (Scheme 15).

BF,~ N
N,* H N
R,N NR R,N NR
2 2 + fast 2 2
- BF,
NR, NR,
27,28 2a-¢ ‘W complexes
NR,= 1-piperidinyl (27)
NR,= 4-morpholinyl (28) intramolecular low
Y=NO, (2a) proton transfer || 5°©
Y=0CH; (2b)
Y= Br (2¢)
Y
i
NaOH.
aOH, N
N Et;N, N* H
N DABCO g\ NR,
R,N. NR, - +
BF,”
NR,
NR,
29,30
substitution products NRy= 1-piperidinyl (29)

NR,= 4-morpholinyl (30)

Scheme 15Reactions between 1,3,5-tfisN-dialkylamino)benzenes and arenediazonium salts.

The reactions were carried out directly in the N{bectroscopy tube, in GON solution
containing an equimolar amount of reagents andeatgpm consistent with the Wheland
intermediate was recorded. Thecomplexes resulted to be stable enough to be éetect
and characterized and they spontaneously producddgh yields, their salts20 and30),

as reported in Scheme 15.

Owing to the relative stability of the Wheland imediates, a kinetic study of the separate
reaction steps was carried outand gave evidendbeofeversibility of the azo-coupling

reaction’” also confirmed by experiments showing tht complexes can undergo the
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exchange of the electrophilic part, the less powestiectrophile being replaced by the more
powerful ond?*!

The obtained results showed that, opposite to émwentional mechanism of the aromatic
substitution reactions, the proton expulsion toaobtthe final product (rearomatization
process), is the rate-determining step of the i@a&nd that the two steps are reversible
processe&*?°

During that study, an interesting behaviour waseoled performing the reaction between
the 4-nitrobenzenediazonium sald and compoun@7 that gave the double attack product

31, reported in Figure 8.

NO,

NTH

RN +NR,
N )
N_ NR, 2BF4
Igh
O,N

31
Figure 8. Double attack product from the reaction betwe2h and the 4-nitrobenzenediazonium

tetrafluoroborat®a

The new di-cationic species was obtained only waerelectron-withdrawing group.€.
NO,), was present on the diazonium &it.

After this result, we decided to perform a moreadetl investigation on the reactions
between benzenediazonium salts bearing electramdeaiving groups in position 4, and
triaminobenzene derivatives. From this study nenzbmidazole derivatives containing the
N-piperidinyl or N-morpholinyl moiety as fused ring, were obtainddyvas an interesting
result because benzimidazoles are versatile congsounsed in agro-alimentary,
pharmaceutical, textile, and cosmetic industfie®! and their synthesis covers a lot of
literature report§:>—*"!

Different examples of synthesis of benzimidazotesifazo compounds have been reported
so far: Price reportéd a cyclization reaction of azo compounds, in thespnce of CoGl|

to obtain benzimidazole derivatives. A similar g@t, by using acids as catalyst, was
reported by Meth-Cohn and Suschit4y).

Herein | will discuss the observed ring-closurectiem to new benzimidazoles from the

azo-coupling of benzenediazonium salts syihtriaminobenzene derivatives.
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1.4.2. Results and Discussion

symtriaminobenzeneg7 or 28 (Scheme 16) and diazonium sals 2d and 2h, bearing
electron-withdrawing groups (namely 4-pN@-CN, and 4-C§; respectively) in 1:2 relative
molar ratio, quickly afford the di-cationic spec&ka-cand32a,d according to Scheme 16
(via @. These species usually precipitated from theti@aenixture and were isolated as
coral-red solids. Compound3la-c and 32a,d can be also obtained from the reaction
between the mono-addug®a-d or 30aand a further amount of aryldiazonium salt (Scheme
16, via b).

Y
X~ (or L") Y (orz)
Nt X~ (orL"7) X (orL7)
R,N NR, 2 . . - o
viaa via b Ny 2
1 + 2 NE |
N H R,HN. NR,
N Z RoN NRz
27,28 V4
2a,2d, 2h o AR
NR,= 1-piperidinyl (27) X +L70 Iﬁl 2
+

NR,= 4-morpholinyl (28) N\H/NR2 29ad, 30a 2a,2d,2h
Z=NO,, X =BF, (2a) ,
Z=CN, Li = C4Hy(SO, )2N: 2d) 3lace, 324, 324 NR, = 1-piperidinyl (29)
Z=CF;, L~ =CeHySO,,N" (2h) DR o0

Y=CN, L =CgHySO,,N" (29b)

NR, = I-piperidinyl (31
2 ~ I-piperidinyl (31) Y=CF;, L~ =CgHySO),N" (29¢)

Y = Z= NO,, X" =L~ =BF," (31a)

Y =0OCH;, X~ =BF,~ (29d)
Y = Z= CN, X =L =CgHySO,),N~ (31b) .
- B NR, = 4-morpholinyl (30)
Y = Z= CF;3 X =L =CgHy(SO,),N (Blc)
Y=NO, X =BF, (30a)
Y = OCHj, Z= NO,, X =L =BF,~ (31d) ’

Y = CN,Z= NO,, X =BF,, L™ =C4zH,SO0,),N~ (31e)
NR, =4-morpholinyl (32)

Y = Z= NO,, X =L =BF,~ (32a)
Y = OCHjz, Z= NO,, X =L =BF,” (32d)

Scheme 16.Formation of diprotonated species by reaction betw#iaminobenzeneg7 and 28 and

diazonium saltg.

Attempts to obtain the corresponding free baseshefdi-cationic species (with simple
workup or by solubilization in usual organic solt®n produced relevant amounts of the
substituted aniline85a-c and of compound83a-c and 34a (Scheme 17) which are new

benzimidazole derivatives.
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di-cationic species
Scheme 17Formation of new benzimidazole derivatives frontdiionic specie81 and32.

Compounds33a-cand34awere also isolated by percolation of compouBtla-cand32a

on silica gel column and their structure were aonéid by usual spectroscopic methods.
Obviously, to obtain the benzimidazol@3 and34, it is necessary the cleavage of the N=N
double bond of the di-cationic speci®&d @nd32) and the subsequent formation of a C=N
new double bond involving one of tleecarbon atoms of the cyclic amino substituents of
the starting di-cationic speci&s or 32

The observed cyclization to obtain benzimidazotesfazo-compounds, with an aromatic
ring bears a cyclic amine and an azo group in adjagosition, reminds a process in which
the “tert-amino effect” is operativé&*’->"!

Meth-Cohn and Suschizky coined the term in 18%® generalize cyclization reactions of
some tertiary anilines with double bondsmho-position.

The cyclization proceeds with formation of a newtbdo afford a five or six membered
fused-ring system and represents a convenient mhdtirothe synthesis of a number of
nitrogen-containing heterocycles otherwise diffictd obtain. The first instance of this
cyclization was reported in 1888 when 1,2-dimethylbenzimidazole was unexpectely
obtained by prolonged reflux ofaminodimethylaniline in acetic anhydride.

The formation of benzimidazole derivatives from apmpounds has been reported in a few
case¥®4"% starting fromN,N-dialkylamino ortho-substituted azobenzenes: also in these
cases théert-amino effect operates.

In this context, formation of benzimidazoles fromoderivatives31 and 32 represents a
further example of this cyclization, and a possit#action pathway involving or proton
transfers or internal (intramolecular) salificatiendepicted in Scheme 18; the cleavage of
the N=N double bond is enhanced by the presenbetbfammonium ions proximal to the

involved diazo group.
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z M=CH,,O z z

Scheme 18Proposed mechanism for the formation of benzinotes33 and34.

Meth-Cohn reported the mechanism of the cyclisatibN-(o-acylaminophenyl)pyrrolidine
by peroxy-acid catalysis, involving the formatiofi -oxide specie€® In our case, the
acid catalysis acts favouring the C-H bond cleawagerm the new C-N bond.

In the case of the mixed di-cationic spe@dasl, 31e and32d the behaviour of the reaction
is complicated by the presence, in the reactiorturgx of different compounds, as indicated
in Schemes 19 and 21.

@ % @ O
NQN N%N BE,” NH, N,*BF
2 + i +
T,‘I NZ E— O‘I N + T,\I N + +
H. _N + N:Q H. _N
N N NO
2

2BF,”

OCH,4
33a
35a 2¢

OCH; OCH;

31d 29d

Scheme 19 Evolution of compoundld, bearing two groups of different electronic apiliand products

observed in the reaction mixture.

Scheme 19 concerns the effect of two groups oéwdfft electronic ability on the starting
compound31d; a strong electron-withdrawing group (B@nd a strong electron-releasing
group (OCH); the reaction produ@3acontains the azo moiety bearing the nitro group.
The'H NMR spectrum of the crude reaction mixture showegsence o83ain yield not
exceeding 50% and the remaining percentage incltiteesmono-cationic speciez9d,

together withp-nitroaniline35a and also compourit.
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The reaction in Scheme 19 can be considered asdaedt evidence of the reversibility of
the azo-coupling reactifi®*% in the present case the obtained benzimidazadeshihe
electron-withdrawing group.

Scheme 20 shows a reasonable mechanistic pathwathdéoreaction in Scheme 19,

consistent with previously reported observati@ﬁ%?]

@@;j OQQ @
)

OCH; 31d OCH; 294 2a

| |
)

o0, -85

N
I

NGO N NO,

OCH;

35a 2¢
NO,

NO, 31a

Scheme 20Proposed pathway for the reaction shown in SchiESne

As a result of the reversibility of the azo-couglireaction, thg-nitrobenzendiazonium salt
2a is expelled from31d and then reacts with a second molecul&8td to replace itg-
methoxybenzenediazo moiety, thus produ@dongnd31a which is the precursor &3a

If two different electron-withdrawing groups aretivdound to the benzenediazonium salt
moiety, as in the case of compouBitg in the reaction mixture both imidazole derivasive
33a and 33b were present in 1:1 relative amount together Wit respective released

substituted aniline85aand35b, as reported in Scheme 21.
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Scheme 21Evolution of compoun®1e bearing two different electron-withdrawing groups

The previous discussion highlights the importantaroelectron-withdrawing group, both
in the leaving aniline and in the remaining diazmiety, to obtain benzimidazole
derivatives.

An electron-withdrawing group on the leaving arelifavours the N-N bond cleavage,
supporting the departure of the substituted aniline

In conclusion, this means that the presence ofeoctron-withdrawing groups on both azo

moieties Z andY in Scheme 18) it is crucial to obtain the ring di@sreaction.

1.4.3 Conclusions

The reactions between equimolar amount of trianenabne derivative27 or 28 and p-
substituted benzenediazonium salts, bearing substg with different electronic effects,
gave the salts of the diazo compound deriving ftbenattack of the neutral carbon atom of
the nucleophile to the electrophile.

If additional amount of the same (or a differen®nbenediazonium salt is added to the
former, a di-cationic species can be obtained @wdvered by filtration from the crude
reaction mixture; this behaviour was also obsemwhdn the reactions were carried out in a
2:1 relative molar ratio between the nucleophild #re electrophilic species.

When the di-cationic species bears electron-witharg groups on the diazonium moiety,
new benzimidazole derivatives can be isolated afterkup or percolation on silica gel
column.

The formation of the new benzimidazole derivatiitaés a confirmation of the reversibility
of the azo coupling reaction, owing to the abiliy the more reactive electrophilic
diazonium salt (bearing electron-withdrawing grosich as nitro group) to replace the less
powerful electrophilic diazonium salt, bearing @&en donor groupse(g. p-methoxy

group).
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Part of this chapter is reproduced with permissioom “The Journal of Organic
Chemistry”. Further data can be found in the pdgerDel Vecchio, C. Boga, L. Forlani, S.
Tozzi, G. Micheletti, S. Cina). Org. Chem.2015 80, 2216-2222".

1.4.4 Experimental section

The'H and**C NMR spectra were recorded with a Mercury 400 Brava 600 (Varian,
Palo Alto USA) spectrometers operating at 400,@% BIHz (for'H NMR) and 100.56, or
150.80 MHz (for *C NMR), respectively.J values are given in hertz (Hz). Signal
multiplicities were established by DEPT experimei@iemical shifts were referenced to
the solvent [§=7.26 and 77.0 ppm for CD§}] (0=2.0 and 118.20 ppm for GDN),
(5=4.3 and 57.3 ppm for GNO,) for *H and**C NMR, respectively]. Chromatographic
purifications were carried out on silica gel ormloum oxide (activated, basic, Brockmann
I, standard grade ca. 150 mesh) columns at medmesspre. MS spectra were recorded
with a MAT 95 XP instrument. 1,3,5-tris(dialkylano)benzene®7 and 28 were prepared
as described previously by the research gfotiphe arenediazonium tetrafluoroborate salts
2a and 2c were commercially available, 4-cyanobenzenediazuni
benzo[d][1,3,2]dithiazol-2-ide 1,1,3,3-tetraoxide 2d) and 4-
(trifluoromethyl)benzenediazonium benzo[d][1,3,#ékzol-2-ide 1,1,3,3-tetraoxide2lf)
were prepared as reported in ref.21. Compo@9ads29d, 30a 30d, 31a 31d, 32a and32d
were prepared as described previolfSi§"! and their spectral data agree with those

previously reported.

General procedure for the synthesis of compounds 28éhd 30:
1,3,5-Tris(dialkylamino)benzen&as dissolved in C4CN (2 mL) and cooled to -36C;
then the arenediazonium salt was added, in equinameount. Immediatelafter mixing,
the solution became yellow and was stirred for 20;nm this interval the color turned to
red. TLC analysis (eluent: light petroleum/diethyl ethg9:50) showedthe disappearance of
the starting 1,3,5-tris(dialkylamino)benzene. Aftemoval of the solvenin vacuq the
crude product was dissolved in & (2 mL) and adding EO precipitated compound@9
and30. The products were isolated as dark-red solid90% vyield and, excef29b and
29¢ crystallized from CHCI, and n-hexane. Chemico-physical data for compoufélg,

29d, 30aand30d agree with those previously report&d.
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1-(2-((4-cyanophenyl)diazenyl)-3,5-di(piperidin-1-{)phenyl)piperidin-1-iumbenzol[d]
[1,3,2]dithiazol-2-ide 1,1,3,3-tetraoxidg29b): red solid, 90% yield"H NMR (CDCls, 400
MHz, 25 °C)d (ppm): 1.40-2.00 (m, 18 H), 2.90-3.05 (m, 2 H),B3150 (m, 2 H), 3.61 (m,

4 H), 3.81 (m, 4 H), 5.72 (d, 1 BH,= 2 Hz), 6.18 (d, 1 H) = 2Hz), 7.34 (d, 2 H) = 8.8
Hz), 7.50-7.58 (m, 2 H), 7.60 (d, 2 Bi 8.4 Hz), 7.70-7.77 (m, 2 H), 11.94 (bs, 1 H).

3C NMR (CDCl;, 100.56 MHz, 25 °Cp (ppm): 23.4, 23.9, 24.1, 25.7, 26.2, 26.4, 50.3,
51.4,52.0, 91.2, 98.9, 106.3, 115.2, 119.0, 12128,7, 131.8, 133.8, 142.6, 145.6, 151.6,
159.3, 159.7.
1-(2-((4-trifluoromethylphenyl)diazenyl)-3,5-di(piperidin-1-yl)phenyl)piperidin-1-ium
benzo[d][1,3,2]dithiazol-2-ide 1,1,3,3-tetraoxidg290): dark-red solid, 45% yield, m.p.
167-168 °CH NMR (CDChk, 300 MHz, 25 °C)% (ppm): 1.50-2.00 (m, 18 H), 2.93-3.07
(m, 2 H), 3.36.3.46 (m, 2 H), 3.57-3-67 (m, 4 H){&3.89 (m, 4 H), 5.75 (d, 1 H,= 2.40
Hz), 6.23 (d, 1 HJ = 2.40 Hz), 7.34 (br.d, 2 H,= 8.48 Hz), 7.54 (dd] = 6.13 HzJ = 3.20
Hz, 2 H), 7.34 (br.d, 2 H] = 8.48 Hz), 7.76 (dd] = 6.13 Hz,J = 3.20 Hz, 2 H), 12.06 (s, 1
H). °C NMR (CDCk, 75.5 MHz, 25 °Cp (ppm): 23.4, 23.9, 24.1, 25.8, 26.2, 26.4, 50.2,
51.5,52.1,91.4,98.9, 114.8, 120.9, 127.6, 12140,8, 144.8, 151.7, 159.1, 159.8.

General procedure for the synthesis of compounds 3nd 32:

To a magnetically stirred solution (0.092 mmol imR) of 27 (or 28) in acetonitrile, cooled
at -30 °C, the arenediazonium sa(0.184 mmol) was added. Immediately after miximg, t
color of the mixture solution became yellow. Af@® min a coral-red solid precipitated.
After filtration compound31 (or 32, tile-red solid) was isolated as coral red sali@0-90%
yield. Compound$1 and 32 can be obtained also by addition of an equimolapwarh of
diazonium salt2 to a cooled (-30 °C) solution in acetonitrile ofngeound 29 or 30,
respectively. Compoun@1c did not precipitated and was not isolated but ris&ction
mixture obtained after addition of 2 equiv@dcto 1 equiv of27 was subjected to column
chromatography to give benzimidazole derivatid@c Chemico-physical data for
compound8laand32aagree with those previously reporté¥.
1,1'-{2,4-Bis[(4-cyanophenyl)diazenyl]-5-piperidini-yl-1,3-phenylene}dipiperidinium
di(benzo[d][1,3,2]dithiazol-2-ide 1,1,3,3-tetraoxid) (31h: 80% yield. '"H NMR
(CD3NO,, 600 MHz, -30 °C»H (ppm): 1.55-2.50(m, 18 H), 3.45-4.70 (m, 12 H), 6.45 (br s,
1 H), 7.55 (d, 4 H) = 8.1 Hz), 7.70-7.77 (m, 12 H), 10.31 (br s, 2 BE NMR (CDsNOy,
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100.56 MHz, -30 °C)Y (ppm): 18.4, 18.9, 20.92C), 22.4, 23.0, 45.6, 49.3, 54.9, 89.4,
103.4,111.9, 114.7, 116.6, 121.4, 124.1, 128.8,6,237.3, 140.4, 150.9, 157.5.
Preparation of Compounds 31¢d 31e and32d. To a solution of sal29b (or 29d, or 303)
(0.074 mmol in 2 mL of CECN), cooled at -30 °C, was added 0.0176 g (0.074Mhai 4-
nitrobenzenediazonium tetrafluobora®a), Immediately the solution became yellow. After
magnetic stirring for 20 min the color turned orangd. After removal of the solvent in
vacuo, the crude produ®le was characterized b{H and **C NMR and subjected to
column chromatography without further purificatio@ompounds31d and 32d were
dissolved in 2 mL of CkCl, and precipitated (80-90%) by adding@&tthen crystallized
from CH,Cl, andn-hexane. Chemico-physical data for compouBitid and32d agree with
those previously reportéf’

1,1 -{4-[(4-Cyanophenyl)diazenyl]-2-[(4-nitrophenyl)diazayl]-5-piperidin-1-yI-1,3-
phenyleng dipiperidinium tetrafluoroborate (benzo[d][1,3,2]dithiazol-2-ide 1,1,3,3-
tetraoxide) (316): orange solid, 60% yieldH NMR (CDsNO, 600 MHz, -28 °C)5 (ppm):
1.55-2.45 (m, 18 H), 3.00-4.70 (m, 12 H), 6.451(${), 7.53-7.64 (m, 4 H), 7.70-7.76 (m, 6
H), 8.23 (br.d, 2 HJ) = 7.9 Hz), 10.2 (bs, 1 H), 10.3 (bs, 1 H) ppft NMR (CDs;NO,, ref

at 62.95 ppm, 150 MHz, -28°@)(ppm): 24.3, 24.4, 26.4, 28.1, 28.6 (2C), 51.2, 56006,
93.5, 117.2, 117.5, 119.4, 120.1, 122.1, 126.8,612¥34.0, 135.2, 143.0, 145.6, 145.8,
147.5, 156.4, 163.1.

General procedure for the synthesis of compounds 8% and 34a:

Compound27 or 28 (0.092 mmol) was dissolved in acetonitrile (2 mLhe solution was
cooled at -30 °C then the arenediazonium 2#6.184 mmol) was added. Immediately the
solution became yellow and after magnetic stirfimg20 min the color turned orange-red.
After removal of the solvent, the crude residue wasted with water, extracted with
dichloromethane (3 x 1 mL) and subjected to chrograiphy on silica gel (diethyl
ether/light petroleum or ethyl acetate-hexane:.7t3)s possible to isolate compound3
and34 also by percolation @1 and32 on silica gel column. Compoun@8 and 34, dark-
purple in color, were unstable to the usual crligition techniques. Compoun@®$ are
also recovered and their spectral data agree wathet of authentic commercial samples.
9-((4-nitrophenyl)diazenyl)-6,8-di(piperidin-1-yl)-1,2,3,4-tetrahydrobenzo[4,5]imidazo
[1,2-a]pyridine (33a): 76% vyield.'H NMR (CDCk, 600 MHz, 25 °C) (ppm): 1.20-2.10
(m, 18 H), 3.00-3.20 (m, 6 H), 3.88-4.01 (m, 4 #H}2-4.52 (m, 2 H), 6.13 (s, 1 H), 7.73 (d,
2 H,J = 9.4 Hz), 8.28 (d, 2 H) = 9.4 Hz) ppm.*C NMR (CDCh, 75.5MHz, 25 °C)
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0 (ppm): 20.4, 23.8, 24.3, 24.7, 26.0 (2C), 26.14480.4, 54.1, 97.2, 121.1, 124.9, 127.2,
127.9, 136.9, 144.4, 145.2, 147.7, 148.0, 159.2.0@® (El, 70 eV):m/z (%): 487(0.2,
M™), 349 (100), 266 (52), 138 (26). HRMS (ESI-TOR)z [M+H]" Calcd for [M+H]
Co7H34N7O,, 488.2774; found, 488.2774.
4-((6,8-Di(piperidin-1-yl)-1,2,3,4-tetrahydrobenzoft,5]imidazo[1,2-a]pyridin-9-
yl)diazenyl)benzonitrile (33h): 79% yield."H NMR (CDCl, 600 MHz, -30 °C) (ppm):
1.50-2.40 (m, 18 H), 3.04-3.13 (m, 6 H), 3.80-3(80 4 H), 4.41-4.48 (m, 2 H), 6.16 (s, 1
H), 7.70 (d, 2 H,) = 8.44), 7.74 (d, 2 HJ = 8.44) ppmX>C NMR (CDCk, 150 MHz, -25
°C) & (ppm): 20.1, 22.8, 23.6, 24.1, 24.5, 25.8, 26.0348B0.3, 53.8, 97.8, 108.6, 119.9,
121.7, 126.5, 128.7, 133.1, 135.7, 142.0, 147.8,8,4.59.2 ppm. MS (El, 70 eV): m/z (%):
467 (3, M), 350 (100), 266 (37), 175 v(11), 118 (32). HRMSSI-TOF) m/z [M+H]*
Calcd for [M+H] CagH34N7, 468.28757; found, 468.2876.
6,8-Di(piperidin-1-yl)-9-((4-(trifluoromethyl)pheny l)diazenyl)-1,2,3,4-tetrahydrobenzo
[4,5]imidazo[1,2-a]pyridine (339: 38% yield. '"H NMR (CDCk, 400 MHz, 25 °C)
0 (ppm): 1.50-2.20 (m, 18 H), 3.03-3.23 (m, 6 H),8390 (m, 4 H), 4.40-4.52 (m, 2 H),
6.22 (s, 1 H), 7.68 (d, 2 H,= 8.30), 7.79 (d, 2 H] = 8.30) ppm**C NMR (CDCk, 100.56
MHz, 25 °C)d (ppm): 20.4, 23.8, 24.3, 24.7, 25.9, 26.1, 26.23480.5, 54.4, 98.2, 121.4,
124.4 (q,dcr = 127.0 Hz), 126.0 (glcr = 3.8 Hz), 126.9, 128.4 (dcr = 32.5 Hz), 129.5,
136.2, 143.1, 146.8, 148.2, 157.0 ppm. HRMS (ESFY@®/z [M+H]" Calcd for [M+H]
CagHz4F3Ng, 511.27971; found, 511.2797.
7,9-dimorpholino-6-((4-nitrophenyl)diazenyl)-3,4-dhydro-1H-benzo[4,5]imidazo[2,1-c]
[1,4]oxazine (34a):70% yield.'"H NMR (CDClk, 400 MHz, 25 °C) (ppm): 3.19-3.24 (m,
4 H), 3.88-4.01 (m, 12 H), 4.13 (,= 5.25 Hz, 2 H), 4.54 (] = 5.25 Hz, 2 H), 5.02 (s, 2
H), 6.17 (s, 1 H), 7.74 (d, 2 H,= 9.10), 8.33 (d, 2 HJ = 9.10) ppm*C NMR (CDCl,
100.56 MHz, 25 °CY» (ppm): 47.6, 49.2, 53.2, 64.5, 65.8, 66.8, 67.029121.5, 125.0,
127.3,129.4, 136.2, 143.1, 145.0, 144.0, 147.8,3Lppm. HRMS (ESI-TOFRN/z [M+H]"
Calcd for [M+H] Cy4H28N7Os, 494.21519; found, 494.2152.
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CHAPTER 2

SAr/S\Ar reactions between aromatic and

heteroaromatic neutral substrates

Benzofurazan and benzofuroxan derivatives are apoftant class of heterocyclic
compounds that possess interesting propertiesiffereht applications in many theoretical
and applied fields. In particular they exhibit aodd spectrum of biological activity
including antibacterial, antifungal, antileukemécaricide and othefs®!

Both heterocyclic derivatives found also applicatas dyes, fluorescent biosensors and in
the field of the high energy materidis.

So it should be really interesting the synthesis@i heterocycles containing this organic
scaffold.

In this Chapter | report results concerning thectieas betwee®NBF and 7-chloro-4,6-
dinitrobenzofuroxan with different nucleophilic spes. The aim of this study was to
synthesize new substitution products for differapplications and when possible to detect
new intermediates of the aromatic substitution tieac Moreover, in the last part of this
Chapter, also findings on the reactivity of sonmnisric chloronitrobenzofurazanes towards

1,3-bis(\,N-dialkylamino)benzene derivatives will be reported.

2.1 REACTIONS BETWEEN 4,6-DINITROBENZOFUROXAN DERIVATIVES AND
TRISUBSTITUTED ARENES

2.1.1 Introduction

In the Introduction of this thesis | introduced ljaitrobenzofuroxan@NBF), as a strong
electrophile or “superelectrophil€® in the past its combination with different
nucleophilic species, including triaminobenzenawdtives gave stable or relatively stable
o-complexes of the aromatic substitution reactidf.

7-Chloro-4,6-dinitrobenzofuroxan is also an intéres electrophilic species, and it is
known that it reacts with a variety of weak or vevgak nucleophiles as water, alcohols,
amined’** and even with the poorly nucleophilic 2,4,6-troéniline!*>® giving

interesting compounds for different applicationstHis study we decided to investigate the
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combinations between the above introduced benzoduroderivatives and different
trisubstituted benzene derivatives and the obtaiasdlts will be reported and discussed.

2.1.2 Results and Discussion

First, | have considered the reactions betweeminabenzene derivativesa-c and 7-

chloro-4,6-dinitrobenzofuroxar), reported in Schemel.

NR,

NR
RN NR, O,N /i\ RoN 2
/O _— N/O
+ \N OzN / N
O
~ /
N

NR, NO;
NO
la—c 2 ?
3a-c
NR, = piperidinyl  (1a) CI-DNEF NR, = piperidinyl (3a) 85%
NR, = morpholinyl (1b) NR, =morpholinyl (3b) 85%
NR, = pyrrolidinyl (1¢) NR, = pyrrolidinyl  (3c¢)

Scheme 1. Reactions between 1,3,5-triaminobenzene derivativeand  7-chloro-4,6-

dinitrobenzofuroxan

The reactions were carried out mixing equimolar am®f reagents, in chloroform, at room
temperature and in presence of a base to neutrddezdormation of hydrochloric acid
during the reaction progress. In particular, whes teactions were carried out in presence
of NaHCGQ;, the products8a and3b were isolated after purification on silica gelwaoin in
85% vyield. Instead, when basic .8 was added to the reaction mixture, the new
substitution product8a and 3b were obtained in lower yields respect to thoseaiokd
using sodium bicarbonate as the base.

In the case of the reaction betwelbmand?2, it was no possible to isolate the final product
3¢, due to the presence of numerous compounds inehetion mixture, probably as a
consequence of the very high reactivity of the @hdaimyl derivative. Compound8a and

3b were characterized by usual spectroscopic methods

In the past the coupling betweda-c and 4,6-dinitrobenzofuroxarDNBF) allowed the
research group to obtain the first Wheland-MeisenbBe complexes of both the
electrophilic and nucleophilic aromatic substitaticeactions”*”) that were detected and
characterized by NMR at low temperature.

Based on these results, the reaction betwldeand 2 was also performed directly in the
NMR spectroscopy tube, mixing equimolar amounteafgents at -75°C in GDl,, with the
aim to check whether it was possible to observe itliermediates of this aromatic

substitution reaction. Even if we were consciousat,thn the case of 7-chloro-4,6-
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dinitrobenzofuroxan the presence of the chlorirmmatas good leaving group, makes the
possibility to detect th&/M intermediate WM in Scheme 2) a very hard goal, our intent
was to try to obtain evidence, at least of the \&helintermediate (shown in Scheme 2)
thanks to the ability of the amino groups on thaetyoderiving from the nucleophile, to

stabilize the positive charge on this intermed{&eheme 2).

NR,
al i
RN NR2 ON =N ' RN NR
0 5 - 2 2
+ =\ H 0
O,N /N\
NR, NO, <P
N
la—c 2 L _J NO,
NR, = piperidinyl ~ (1a) CI-DNBF WM
NR, = morpholinyl (1b) Wheland

NR, = pyrrolidinyl (1c¢)
Scheme 2Possible intermediate§/M and Wheland) from the reactions betwéancand?2.

In spite of our expectation, we observed only tgeas of the salt of compourgb, which
spectral data were in agreement with the strudtesging the proton bound to the nitrogen
atom of the morpholinyl substituent situatedpera position respect to the attack position
of the electrophil€3bH in Figure 1).

para salt

+NHR, CI-

RyN C NR,

-0

ON /N\
0
~ 7/
N
NO,

3bH
NR, = morpholinyl

Figure 1. Salt derived from the N-protonation of composim

The formation of the salBbH was also obtained perfoming the reaction in eglamo
amount of reagents, without a base, at room terperausing greater amount of reagents
with respect to the reaction carried out in the NMiRe, in order to characterize the salt

also by"*C-NMR spectroscopy.
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To extend the study, we decided to carry out alse teactions between 1,3,5-
trimethoxybenzene4g) or 1,3,5-trihydroxybenzenetlf), and the electrophilic species CI-
DNBF (2) (Scheme 3) and 4,6-dinitrobenzofurox@p(Scheme 4).

The reactions with CI-DNBF2j were carried out mixing equimolar amount of redgein
acetonitrile at 25°C, and under these experimarttatlitions the new substitution products

5a,bwere obtained (Scheme 3) in good yields, afterfigation on silica gel column.

OR NO,

NO,

4a-b 2 Sa-b
R =CH; (4a) CI-DNBF R =CH; (5a) 70%
R=H (4b) R=H (5b) 54%

Scheme 3Reactions betweefa and4b and 7-chloro-4,6-dinitrobenzofuroxan.

Considering tha®WwM intermediates involving trinydroxy or trimethoxylEene have never
been reported, in contrast to what we obtained ftbm reaction betwee®NBF and
triaminobenzene derivatives, we decided to perftrenreactions betweefa,b andDNBF
(6) directly in the NMR spectroscopy tube, at low parature (-30°C in CECN), in order
to see whether new-intermediates were detectable. In both cases|estdbisenheimer
complexes ¥11 andM2 in Scheme 4), were detected and fully characterize'H-NMR,
3C-NMR, DEPT and)-HSQC experiments.

OR

RO OR ON i RO o8

\©/ \<;[ : . O,N ]\;
+ = N
~ 7/
OR NO, H N

NO,
4a—c 6 Meisenheimer
complex
R = CH; (42) DNBF R=CH; (M1)
R=H (4b) R=H (M2)

Scheme 4Meisenheimer complexes from the reactions betwiegmandDNBF.

No evidence of the Wheland-Meisenheimer complexas fthese reactions was obtained
under the above experimental conditions, and this lwe explained considering that both
nucleophilic species, the methoxytal and the hydroxy-4b) derivatives, are less able
(compared to the dialkylamino substituents) to it the positive charge on the

nucleophilic moiety, in a hypothetical Wheland-Maiseimer complex.
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On the other hand, the Meisenheimer intermedisittandM2 resulted stable thanks to the
ability of the DNBF moiety to stabilize the negative charge of thisdkof intermediate,
mainly because of the presence of the nitro grampiss ring, and owing the presence in the
C-7, of a bad leaving group as the hydride ion.

Furthermore, an interesting behaviour was obsefeed1; in fact, after three days in
CDsCN solution, its evolution in the substitution poati5a, derived from the departure of
the hydride ion fronM1, was observedThe 'H-NMR spectrum showed the disappearance
of the signals belonging tM1 and appearance of those ascribable to the suflsiitu
product5a. It should be noted that the formation MfL and M2 o-adducts, in DMSO
solution, was previously reported in the literaftifewith a partial characterization, and in
that case, the authors described formatiobain 50% yield after time (not defined) but
only when DMSO was the reaction solvent. In theentrcaseM1 andM2 adducts were
obtained in CRCN solution and the evolution ®fl1 into 5a was almost complete after
about three days, while no presencéain DMSO-d; solution was observed after about 12
days.

Moreover, during this investigation, a coalescepbenomenon was observed in thé
NMR spectra at low temperature of each anionicrinégliate, involving the hydrogen
atoms belonging to the nucleophilic moiety, whichpeared not equivalent at low
temperature and became equivalent increasing thpet@ture (in case &1, also methyl
groups were involved in the phenomenon).

This phenomenon was explained as a consequenceaniséricted rotation around the C-C
bond between the nucleophilic and the electrophilaety at low temperature, that is not
present at higher temperatures, when the molemssegss a free rotation around this bond;
the free activation energy for the rotation proogas calculated for compoumdl and the
value is 13.2 + 0.2 Kcal/mol (Figure 2).
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AG* 13.2 + 0.2 kcal mol™!
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Figure 2. Variable temperaturtH NMR spectra in CDGland dynamic-NMR simulations for proton signals
of M1.

Since many benzofuroxan derivatives are known 8s@ss biological activity as NO donor
(see next paragraph), compoubd was used to evaluate its eventual biological &ffec
preliminar studies showed that it is toxic towarbacteria of the genu¥ibrio in
concentrations up to 1xfOM and for Escherichia coliin concentrations up to 1xT™.
This compound generates superoxide and NO in halctedls and affects Quorum Sensing
System Type 1 (biofilm formation by microorganismagcluding pathogenic) at all

concentrations tested. Damage to DNA and proteassvot detected

2.1.3 Conclusions

New substitution products, potentially interestiog different applications, were obtained
in good yield from the reactions between differgrgubstituted arenes and 7-chloro-4,6-
dinitrobenzofuroxan.

When 4,6-dinitrobenzofuroxan was coupled with X{Bfaethoxy- or 1,3,5-trihydroxy-
benzene, directly in the NMR spectroscopy tubeblstdeisenheimer complexes were
formed but no evidence of the Wheland-Meisenheimtrmediates were obtained due to

the lower ability of both the involved nucleophile® stabilize a positive charge with
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respect to the triaminobenzene derivatives. A pachkehaviour was observed in the case of
M1 that spontaneously evolved in the substitutiordpob5a, by an unexpected expulsion
of a hydride ion.

Finally, a preliminar study on the biological adyvof the synthesized compounds was
carried out by russian coworkers, at the Reseamshtute of Biology, of the Russian
Academy of Science (in Rostov-on-Don).

2.1.4 Experimental section

The *H and**C NMR spectra were recorded with a Mercury 400 Brmva 600 (Varian,
Palo Alto USA) spectrometers operating at 400, @0 B1Hz (for*H NMR) and 100.56, or
150.80 MHz (for *C NMR), respectively.J values are given in hertz (Hz). Signal
multiplicities were established by DEPT experimei@iemical shifts were referenced to
the solvent [§=5.32 and 53.8 ppm for GDBl,), (6=1.96 and 118.2 ppm for GDN), and
(=7.26 and 77.0 ppm for CD@) for *H and**C NMR, respectively]. ESI-MS spectra were
recorded with a WATERS 2Q 4000 instrument. Chromyaphic purifications were carried
out on silica gel (0.037-0.063 mm, Merck) columrtsn@edium pressure. Thin layer
chromatography (TLC) was performed on silica geF@84 coated aluminum foils (Fluka).
Melting points were measured on a Stuart SMP3 appsrand are uncorrected. Solvents
were commercial materials (Aldrich or Fluka) if notspecified. 1,3,5-
tris(dialkylamino)benzeneda-c were prepared as described previously by the relsear
group'® and benzofuroxan derivativ@sand6, were synthesized and purified as described

in ref.14 and in ref.20, respectively.

General procedure for the synthesis of compounds 3a

To a magnetically stirred solution df-c (6x10° mol) dissolved in CDGI (10 mL), in
presence of 1.3 eq of sodium bicarbonatas added an equimolar amount of 7-chloro-4,6-
dinitrobenzofuroxan 3), at room temperature. TLC art#i-NMR analysis were used to
monitor the progress of the reaction.

The final products8a,b were purified by chromatographic column on silge (FC), using
different eluents. All the products were charaetli by usual spectroscopic methods and

their chemico-physical data are reported as follows
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4,6-dinitro-7-(2,4,6-tripiperidin-1-ylphenyl)-2,1,3-benzoxadiazole 1-oxide (3a):dark
green solid, 85% yield, m.p. > 18C dec.'H NMR (CDCk 400 MHz, 25°C) & (ppm):
8.88 (s,1H), 6.35(s, 2H), 3.32 (= 4.86 Hz, 4H), 2.74-2.52 (m, 8H), 1.78-1.60 (m,)4H
1.41-1.18 (m, 14 H)*C NMR (CDClk, 100.56 MHz, 25C) & (ppm): 155.58, 155.56, 145.1,
141.7, 134.2, 132.5, 128.6, 115.0, 107.9, 102.04,548.9, 26.5, 25.8, 24.4, 24RS| MS
(ES") m/z: 552 [M+H]', 574 [M+Na], 590 [M+K]".
4,6-dinitro-7-(2,4,6-trimorpholin-4-ylphenyl)-2,1,3-benzoxadiazole 1-oxide (3b):dark
green solid, 85% yield, m.p. > 18C€ dec.'H NMR (CDCk 400 MHz, 25°C): & (ppm):
8.88 (s,1H), 6.45 (s, 2H), 3.89 (= 4.6 Hz, 4H), 3.48-3.36 (M, 8H), 3.34 Jt= 4.9 Hz,
4H), 2.80-2.63(m, 8H)*C NMR (CDCk 100.56 MHz, 25°C) & (ppm): 154.4, 153.9,
144.5, 142.6, 134.0, 132.3, 127.8, 127.4, 114.3,2.®%7.0, 66.4, 53.0, 48.6SI MS (ES)
m/z: 558 [M+H]", 580 [M+Na], 596 [M+K]".

General procedure for the synthesis of the salt 3bH

To a magnetically stirred solution @b (7.7x10° mol) dissolved in CkCl, (6 mL), was
added an equimolar amount of 7-chloro-4,6-dinitrddzéuroxan 2), at room temperature.
Immediately after mixing, the color of the solutibecame dark green. After one night, a
green solid precipitated. After filtration, compauBbH was isolated as a dark green solid
and its chemico-physical data are reported asvislio
7-(2,6-dimorpholino-4-(morpholino-4-ium)phenyl)-4,6dinitrobenzo[c][1,2,5]oxadiazo
le1-oxide (3bH): green solid'H NMR (CDsCN, 400 MHz, 25°C) & (ppm): 8.85 (s,1H),
7.02 (s, 2H), 4.03 (t) = 4.8 Hz, 4H), 3.51 (t) = 4.8 Hz, 4H), 3.40-3.32 (m, 8H), 2.77-
2.66(m, 8H).2*C NMR (CDsCN 100.56 MHz, 25°C) & (ppm): 154.7, 146.1, 144.2, 136.0,
131.4,129.8, 129.2, 127.3, 115.3, 107.1, 67.8,63.4, 52.1.

Variable temperature experiment for the reaction béween 1b and CI-DNBF (2):

0.038 mmol of CI-DNBF %), was dissolved in CiTl, (1 mL) and introduced in a NMR
spectroscopy tube, that was inserted in the NMRbg@rdVhen the probe temperature
reached -75°C, an equimolar amount of 1,3,5-trirholipylbenzene Ib) was added to the
solution, that became dark green, and'tHeNMR spectrum of the resulting solution was
quickly recorded. The system was monitored afterioua times and at different
temperatures until 25°C was reached. The recorgedtrm showed the presence of the

para-salt of compoun@b, named3bH and the obtained chemico-physical data resulted in
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agreement with those obtained from the above regqgateparative procedure to synthesize
this salt.

General procedure for the synthesis of compounds 3a

To a magnetically stirred solution @& or 4b (2x10* mol) dissolved in CBCN (5 mL and
10 mL, respectively)was added an equimolar amount of 7-chloro-4,6taibenzofuroxan
(2), at room temperature. TLC with different elueated *H-NMR analysis were used to
monitor the reaction progress.

Compoundsa was purified by chromatographic column on silied @C), using as eluent
diethyl ether/light petroleum (7:3). In the case admpound5b, it was purified by
crystallization from diethyl ether and light pegam. All the products were characterized
by usual spectroscopic metho@fiemico-physical data are reported as follows.
4,6-dinitro-7-(2,4,6-trimethoxyphenyl)-2,1,3-benzoadiazole 1-oxide (5a):red solid,
70% yield.'"H-NMR (CDsCN, 300 MHz, 25C) & (ppm): 8.79 (s, 1H), 6.34 (s, 2H), 3.92 (s,
3H), 3.73 (s, 6H)}*C-NMR (CDiCN, 150.80 MHz, 25C): 166.1, 159.9, 146.0, 129.21,
129.0, 116.3, 97.9, 92.0, 65.08, 65.07, 56.8, IB.MS (ES') m/z: 415 [M+Na[".
2-(5,7-dinitro-3-oxido-2,1,3-benzoxadiazol-4-yl)berene-1,3,5-triol (5b):red solid, 54%
yield. *H-NMR (CDsCN, 300 MHz, 25°C) & (ppm): 8.77 (s, 1H), 6.01 (s, 1HJC-NMR
(CDsCN, 100.56 MHz, 25C): 162.7, 157.6, 146.0, 144.3, 135.8, 129.8, 12B16.4, 95.9,
95.7.ESI MS (ES") m/z: 373 [M+H]", 389 [M+Na]. ESI MS (ES) m/z: 349 [M-HJ.

Study of the formation of c—complexes M1 and M2 by'H-NMR spectroscopy: 4,6-
dinitrobenzofuroxan &) (4.4x10°> mol) was dissolved in C{EN and the solution was
cooled at -35°C. This solution was added to a smiutf compoundtain the case oM1 or
4b in the case oM2 (in 1.1 molar ratio), in CECN, directly prepared in the NMR
spectroscopy tube at -35°C. TH&-NMR spectra were recorded at 5-10°C intervatsmfr
35°C to room temperature. The systems were mouxuitargil no further change coul be
detected in the recorded spectra. Herein are mgp&MR data for both complexes.
5,7-dinitro-4-(2,4,6-trimethoxyphenyl)-4,5-dihydro-2,1,3-benzoxadiazol-5-ide  3-oxide
(M1): red solutiomH NMR (DMSO-d;, 400 MHz, 25°C) & (ppm): 8.59 (s, 1H), 6.16 (s,
2H), 5.78 (s, 1H), 3.72 (s, 6H), 3.68 (s, 3H)C NMR (DMSO-d;, 150.80 MHz, 25
°C) & (ppm): 160.3, 149.7, 130.9, 127.2, 114.1, 110.5,0092.8, 91.4, 56.1, 55.2, 28.7.
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5,7-dinitro-4-(2,4,6-trihnydroxyphenyl)-4,5-dihydro-2,1,3-benzoxadiazol-5-ide  3-oxide
(M2): red/orange solutignH NMR (DMSO-ds;, 400 MHz, 25°C) & (ppm): 8.57(s, 1H),

5.68(s, 1H), 5.65(s, 2HJH NMR (CDsCN, 400 MHz, -38C) & (ppm): 8.2(s, 1H), 6.9(br.s,
3H), 5.9(s, 1H), 5.78(s, 1H), 5.76(s, 1HYC-NMR (CDsCN, 100.56 MHz, -35°C)

o (ppm): 158.7, 157.7, 157.2, 147.4, 141.9, 126.8.71,2114.2, 113.5, 97.1, 94.5, 94.2,
29.3.
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2.2 NOVEL STRUCTURAL HYBRIDS FROM THE REACTION BETWEEN
BENZOFUROXAN AND BENZOTHIAZOLE DERIVATIVES AND EVAL UATION OF

THEIR BIOLOGICAL ACTIVITY

2.2.1 Introduction

In this paragraph | will discuss a study involvid@genzofuroxan derivatives as the
electrophilic species and benzothiazole derivatagshe nucleophilic species. From these
reactions new and interesting hybrid heterocyclesevobtained; some of these compounds
showed also biological activity.

As reported in the previous paragraph, the benagfm derivatives are an important class
of heterocyclic compounds with interesting promertin many teoretical and applied
fields™ in particular this organic scaffold is able to e nitric oxide (NO) molecules
under physiological conditiof?? and in medicinal and biological fields this is an
important property, because NO is considered tlaodically important form of the
endothelium-derived relaxing factor (EDRF), whicimdegenous formation plays an
essential role in many bioregulatory systems, sagtsmooth muscle relaxation, platelet
inhibition, neurotransmission and immune stimulatfd’ Due to the instability of aqueous
solutions of NO, the interest to find compoundd thi@e able to generate Ni@ situ (NO
donors or NO releasing agents) is increasing. Bemaxan derivatives display typical NO-
dependent activities both vitro andin vivo, and the possibility of modulating NO release
by changing the substituent on the ring makes tivemnsatile tools in designing NO
donor/drug hybrid&*!

So, the combination of a benzofuroxanyl moiety wisimother biologically active
substructure in a single molecule has recentlyivedeparticular attention.

Also the benzothiazole scaffold posses interespirgperties and it is mostly used in a
variety of pharmacologically active synthetic andatural compounds exhibiting
antimicrobial®>3” anticancef' =¥ antihelmintic®!! and anti-diabetf®” activity. They are
widely found in bioorganic and medicinal chemistrigh application in drug discovefsf!
Based on the above considerations it would be wrést to synthesize novel structural
hybrids containing both heterocyclic ring systetmsnzofuroxan, able to release NO, and
benzothiazole, a nucleus still receiving considerattention in the drug field due to the

biological effect§” related to its structure.
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2.2.2 Reaults and Discussion

In this study we used 2-thiobenzothiazol® @nd a series of 2-aminobenzothiazole
derivatives {2) and their behaviour toward 7-chloro-4,6-dinitrobefuroxan 2, CI-DNBF)

was investigated and it will be discuss separassdyfpllows.

Reactions between CI-DNBE)(and 2-mercaptobenzothiazold (
The reaction between CI-DNBF and 2-mercaptobenantie ) was carried out mixing
equimolar amounts & and7 in acetonitrile (Scheme 5), in presence of balsimma; this

reaction resulted complete after 2h at room temperaand the produ@ was isolated in

86% yield.
Q\S
)\

N S o

cl /AO
O,N
/N\ S /N\
/O + />7SH R /O
SN N ~\
NO, NO,
2 7 8

O,N

Scheme 5Reaction between 7-chloro-4,6-dinitrobenzofuroaad 2-mercaptobenzothiazole.

The observed high reactivity was expected on ttstshat the following factors: i) the well
known nucleophilic power of the sulphur nucleopsiilg) the low aromaticity of the neutral
heteroaromatic kfisystem 2); iii) the good leaving group ability of the chide ion.

Based on the obtained result, we decided to perftren reaction of7 with a less
electrophilic reagent, namely 4,6-dichloro-5-niteokofuroxan §). Recently, it has been
shown that reactions d with aliphatic and aromatic amines is going alomigh the
substitution of chlorine atom in the fourth pogiticof the carbocyclic ring of the
benzofuroxan derivativé®3® The optimal condition to increase the yield andepess of
the final product, was the use of DMSO as reactiolvent!’” The nitro-group and the
chlorine atom in the 6 position were inactive unaiey conditions.

In contrast to these findings, the reaction of thenzofuroxan derivatived with 2-
mercaptobenzothiazol@)(gave a totally unexpected result. When compo@naisd7 were

mixed in solvents such as chloroform, acetonitaled acetone, the reaction did not occur.
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Only the reaction in the more polar dimethyl suilflexat 80-90 °C leads to formation of a
mixture of two products (Scheme 6).

9 ;
cl S Cl f
N S N cl N
o / SH — o + 0
\N/ N = =~/ ~./
ON NTos N cl N
Cl S S SYS
o or O
10 11

Scheme 6 Reaction between 4,6-dichloro-5-nitrobenzofuroaad 2-mercaptobenzothiazole.

On the basis of spectroscopic analyses and, fopoand 11, X-ray diffraction analysis
(Figure 3), we have established the structure @féaction products. Compouhd derives
from a double nucleophilic attack with the displaest of the chlorine atom in the fourth
position of the carbocyclic ring and of the nitnogp in position 5 (this latter remembers
the displacement of a nitro group by mercaptide iordipolar aprotic solveritd).

The formation of compoundl is very unusual, in this case the replacementefrtitro
group by chlorine might be explained by a mechariiswolving radical specié¥! or by

reaction of compound0 and chloridé?*44!
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Figure 3. The ORTEP drawing of compound at 50% ellipsoid probability.
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- Reactions between CI-DNBF and 2-aminobenzothiadsieatives
Afterward, changing the electrophile/nucleophilentnations, we performed the reactions
between CI-DNBFZ) and the series of 2-aminobenzothiazdlea-f (Scheme 7).

1\/1 \ NO,
X
o~
R\i R\i
N
NO,
N 0
O,N /
>7NH > =N
/ ? =~ /O
N
02 NO, NO,
2 12a-f 13a-f 14a-d
‘R=H b: R = 6-OC,H; - -
2'R:6-CH~ dR-6C aR-H bR~ COGH, aR=H b: R = 6-OC,Hs
"R=4.0CH, £ R - 3:NO ¢ R=6-CH; d:R=6Cl ¢R=6-CH; d:R=6Cl
€ 2 eR:40CH f. R=35-NO, :

Scheme 7Reaction betweeh and aminobenzothiazole derivativEza-f.

From the reaction betweeh and 2-aminobenzothiazole derivativé8a-d, a mixture of
mono-adductd 3a-d and di-adductd4a-d were obtained, while using the derivativieze
and12f only the mono-adducts were recovered.
Our supposition is that for compou@@e the second attack doesn’t occur due to the steric
hindrance of the methoxy substituent in positioondthe aromatic ring; instead in the case
of the 5-nitro derivativel2f, the presence of the nitro group might deactivhee second
attack of the electrophile.
Regarding the structure of the mono-adduct, impartant to note that, due to the ambident
nitrogen reactivity of 2-aminobenzothiazoles anelirtipossibility of existence in different
forms, structuré\ (and its tautomeric form) art8l might be formed by reaction wit) with
the electrophile linked to the exo- or endo-cydlittogen atom of the aminobenzothiazole
derivative, respectively (Figure 4).

R =

\//g

A B

Figure 4. Possible structures for mono-addut3formed between compoungdsandl12.
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It has been reportéd that 2-aminothiazolel6a) and 4-methyl-2-aminothiazold%b) act

as bidentate nucleophiles toward 2,4-dinitroflu@emibene 16) in dimethyl sulfoxide
(Scheme 8). In particular, in the absence of steincdrance, the endo aza nitrogen of 2-
aminothiazole is the preferred reactive site inrtheleophilic aromatic substitution of 2,4-
dinitrofluorobenzenel, via a) while when the approach of the electrapfibm the aza
center is sterically hindered as in case of comgdiib, the reaction takes place first at the
amino nitrogen to givé8b (via b). Because the second and much faster ogaoticurs at
the imino nitrogen of the monosubstituted prodlica, the diadducii9ais obtained as the

major product.

A

ey @
RJ?\$ &

via b
19a,b

NO,
18a,b

Scheme 8Reported reaction between 2-aminothiazoles afdlidjtrofluorobenzené?

Recently, it has been also reported that 2-amirmtibrazole reacts with 2-((4-chloro-6-
methylpyrimidin-2-ylthio)methyl)benzothiazole atetlexocyclic amino grol@® while with
glycidyl phenyl ether the reaction proceeds at batb-and endocyclic nitrogen atoms,
giving a diadduct®

As a result of our investigations we have found tha interaction between benzofuroxan
and 2-aminobenzothiazole derivatiEsgave a mixture of mond13) and di-adductsld).
However, since all attempts to crystallize some oradducts failed, to gain further
indications about the structure of compoud8swe prepared the methyl derivative of the
mono-adduct derived from the reaction betw@eand 12b (Scheme 9) and NOESY-1D

experiments were carried out on it.
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Scheme 9Methylation of the monoaddut®2b and spectrum obtained from NOESY-1D experiment.

The obtained results agreed with struct2@ethus indicating that the benzofuroxan moiety
on compound43is bound to the exocyclic amino nitrogen atom.

Even if, on the basis of the above cited literafurdings, the formation of the di-addut4
was not completely unexpected, we decided to imyestst more in detail the reaction course.
The reactions betweeéhand12a—ewere carried out directly in the NMR spectroscoylye

in acetone-glat 25 °C and their progress was monitored over.timdable 1 are reported

the results obtained from this NMR study.

Table 1 Relative percentage of produtisS and14 dependent on the reaction time for the reactiowéen2

and12a-ein 1:2 and in 1:%molar ratio.

Reaction time— 4h 24 h 5 days 14 days 21 days

R | Product

H 13a 29 (50¥ 34 (86) 60 (100) 92 99
l4a 71 (50) 66 (14) 40 (0) 8 1

6-OC;Hs 13b 35 (71) 55 (97) 72 91 99
14b 65 (29) 45 (3) 28 9 1

6-CHs 13c 10°9(68) 43 (84) 73 (100) 88 100
l4c 90 (32) 57 (16) 27 (0) 12 -

6-Cl 13d 34 (35§ 19 (67) 62 (100) 99 f
14d 66 (65) 81 (33) 38 (0) 1 f

4-OCH,4 13e 100° 100 f f f
14e _ _ f f f

2 Calculated from théH NMR spectrum recorded in acetong-tin brackets® After this time the spectrum
showed a singlet probably belonging to a benzofamaxspecies, that disappeared with tifh€he spectrum
showed presence of ~6% 2f°In this case the spectrum showed presen@anid13ein 25/75 relative ratio.

" Not measured.
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Data of Table 1 for the reactions carried out usirig2 molar ratio betweeéhand12 show
that in the first reaction times (4 h) the diadducta-d are formed in greater amount with
respect to the respective monoaddu@a-d As time passes, a gradual shift of ttiza-
d/14a-drelative ratio towards the monoaddd®a-d was observed, until to reach complete
formation of this latter after about two weeks. S'hehavior suggests the occurrence, in the
first reaction time, of a behaviour similar to tleiteady observed and above cited for the
reaction between 2-aminothiazole and 2,4-dinit@iilbenzene. In present case, after
formation of the mono adduct, a second fast attd&might occur thus giving the diadduct
14. Then, the presence of further amount of 2-aminpbthiazole derivative in the reaction
mixture might induce formation of mono-adduct thgbuthe pathway proposed in Scheme
10. This hypothesis is supported by the fact twagn the reaction is carried out with a 4:1
relative molar ratio between the benzothiazolevégitie 12a-d and the benzofuroxa?) the
monoadductsl3a-d were present as major products since the firstticea days and the
relative 1314 ratio became almost quantitative in favor of tlestfafter a few days

(compare the relativé3/14 ratios with those in brackets in Table 1).

o—N
\ NO,
/N\
Q\)\ Q\)\ NO,
ST N
0 — ﬁl ﬁl
12a-d NO, NO,
13a-d 14a-d
N R
0-Na N0, Q s
/)\
/>~NH2 \ NZONH
NO, 2 O,N /
/N\
O
12a-d ~ /
O N
~ /
N
NO,
NO, 14a-d 13a-d

Scheme 10Proposed pathway to explain the observed times#gnce of the ratio between produt3a-d
andl4a-d

Moreover, the pathway proposed and depicted in 18eh20 was supported also by the
observation that acetong-csolution of the diadductl4dd, monitored by'H NMR
spectroscopy for a week, resulted unchanged (dsawelfter 40 days); after this timE2d
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was added to this solution, and the mono-add@ctwas present in 13% yield after one
weak and in about 33% vyield after about 40 days.

Taking into account the bioactivity of many benzoftan and benzothiazole derivatives,
we also decided to evaluate the biological effdcthe obtained compounds on natural
strain Vibrio genus and different bacterial lux-biosensors. bi@ogical studies were
carried out at the Research Institute of Biologlythe Russian Academy of Science (in
Rostov-on-Don) by our russian coworkers.

Among all the benzofuroxanes containing the 2-alemzothiazole fragment, only
compoundl3eshowed the average level of toxicity for a baetecell in concentrations up
to 10’M and only concerning/. aquamarinusVKPM B-11245. For other investigated
benzofuroxans, the noticeable bacteriotoxic effgatoncentration lower than #0 10* M

is revealed neither for wibrio, nor for a constitutive biosensor on the basis€Eofcoli
MG1655.

Introduction of mercaptobenzothiazole fragment eadt of the aminobenzothiazole
fragment leads to considerable strengthening dbbical activity.

As shown in Figure 5, the benzofuroxan derivai#ves highly toxic forV. aquamarinus
VKPM B-11245 in the concentration ranga10° M — 1x10° M.

For E. coli MG1655 (pXen7), the substance is toxic in the eatration of 1x18 M and
highly toxic in the concentration of 1xf0M and higher. Sensitivity of/. aquamarinus
VKPM B-11245 to the studied substance was higher thikeily to be connected with more
expressed sensitivity of this strain to toxic iefhces.

100  presggeeees 5
90

80 \
70 \
60 \

- \ P I I . D V. aquamarinus VKPM B -

2o , \ 7 ] 11245
0 \ E. coli MG1655 (Xen7)
20 \

10
10° 10% 105 10€¢ 107 10%® 10° 1010 101 1012 107 1014
Concentration, mol/L

Toxicity index

Figure 5. Toxicity index of compoun@ registered for natural and gene engineered strains
For researching possible mechanisms of the comp8uindluence on a bacterial cell, a
number of experiments were carried out with gea#ltiengineered luminescent biosensors
of E. coli MG1655 (pSoxS-lux)E. coli MG1655 (pKatG-lux),E. coli MG1655 (pRecA-
lux), E. coliMG1655 (pColD-lux)E. coli MG1655 (pGrpE-lux)E. coli MG1655 (plbpA-
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lux) andE. coli MG1655 (pVFR1-lux) that allowed to reveal certamfluence on bacterial
cell homeostasis.

From the obtained data we can affirm that during ithteraction of compoun@ with
bacterial cells there is no noticeable increaspenbxide compound level, damage of DNA
and proteins.

Whereas, a significant effect of superoxide-aniatical or NO level increase is registered
in a bacterial cell in concentration of 1X18I. and a weak effect in concentration of 110
M.

The most significant of the observed biologicakef§ of8 is expressed by 1st type Quorum
Sensing system activation.

The compounds influencing the formation of bactebefilms, deserve more carefull
research because for many pathogenic microorgangmabligatory stage of infectious

process development is biofilm formation.

2.2.3 Conclusions

The ability of benzofuroxan derivatives to releasgic oxide (NO) under physiological
conditions and the bioactivity of many benzothiazadérivatives have inspired this research
focused on the synthesis of novel structural hybhdaring these two heterocyclic moieties
and on the evaluation of their antibacterial atgiviThe new compounds have been
synthesized through electrophile/nucleophile comtsam of nitrobenzofuroxan derivatives
and 2-mercapto- or 2-aminobenzothiazole derivatiVee reaction between 4,6-dichloro-5-
nitrobenzofuroxan and 2-mercaptobenzothiazole gaxe products, one derived from a
double nucleophilic attack with the displacementoth, the chlorine atom and the nitro
group of the benzofuroxan reagent, and the secnadnoplying an unexpected replacement
of the nitro group by chlorine.

From the reaction between 7-chloro-4,6-dinitrobénmixan and different 2-
aminobenzothiazole derivatives two products havenbeésolated, one bearing the
benzofuroxan moiety linked to the exocyclic amintragen of the nucleophile, and the
second derived from the attack of two moleculeshef electrophile to both the nitrogen
atoms of the benzothiazole reagent. The reactioa manitored directly in the NMR
spectroscopy tube and this experiment revealedthleatelative ratio of the two products is
time-dependent thus suggesting the possibilityte the reaction depending on the product

of interest.
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The biological effect of the new hybrids on theunal strainVibrio genus and different
bacterial lux-biosensors was studied.

Compoundl3e displayed bacteriotoxic properties towakdbrio in the concentration up to
10" M; whereas, compoun@ displayed not only the bacteriotoxic effect butaiso
activated the 1st type Quorum Sensing system afédygt

Part of this paragraph is reproduced with permms$&iom “European Journal of Medicinal
Chemistry”. Further experimental data, included rabterization data of the related
products here described, can be found in the p&peChugunova, C. Boga, I. Sazykin, S.
Cino, G. Micheletti, A. Mazzanti, M. Sazykina, AuBlov, L. Khmelevtsova, NKostina,
Eur. J. Med. Chen2015 93, 349-359".

2.2.4 Experimental section

The *H- and**C-NMR spectra were recorded with a Mercury 400 krava 600 (Varian,
Palo Alto USA) spectrometers operating at 400,@% BIHz (for 'H-NMR) and 100.56, or
150.80 MHz (for*C-NMR), respectively. Signal multiplicities weretaislished by DEPT
experiments. Chemical shifts were measured (ppm) with reference to the solvent
(3= 1.96 ppm and 118.20 ppm for GDN; & = 2.05 ppm and 29.84 ppm for (§BCO; 3=
7.26 ppm and 77.00 ppm for CQClor *H- and**C-NMR, respectively)J values are given

in Hz. Electron spray ionization mass spectra (Sl were recorded with a WATERS 2Q
4000 instrument. Elementary analyses were perfororeé Carlo Erba Model EA-1108
elemental analyser. Chromatographic purificatide@S)(were carried out on glass columns
packed with silica gel (Merck grade 9385, 230—-408smparticle size, 60 A pore size) at
medium pressure. Thin layer chromatography (TLC3 warformed on silica gel 60 F254
coated aluminum foils (Fluka). Aluminum oxide useds activated, basic, Brockmann I,
standard grade ca. 150 meshes. Melting points messured on a Bichi 535 apparatus and
are uncorrected; compounil8 and14 are red-brown solids that decompose in the melting
tube above about 200 °C. 2-Mercaptobenzothiazojeaid 2-aminobenzothiazold2a-f
were purchased from Sigma Aldrich (Milan, Italy)er&ofuroxan® and9 were prepared
using the methods reported in the literafl{té” Genetically engineered biosensor strains of
E. coli MG1655 (pXen7)E. coli MG1655 (pSoxS-lux)E. coli MG1655 (pKatG-lux)E.

coli MG1655 (pRecA-lux)E. coliMG1655 (pColD-luy, E. coliMG1655 (pGrpE-lux)E.

coli MG1655 (plbpA-lux),E. coli MG1655 (pVFR1-lux) have been kindly furnished by
Manukhov 1.V., Federal State Unitary Enterprise 88t8Genetika". All chemical

preparations for biological assays were of anayurity: zinc sulfate (Aquatest, Russia),
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Dioxydin (Sigma-Aldrich), paraquat (Sigma-Aldrictjydrogen peroxide (Ferrain, Russia),
MNNG (N-methylN'-nitro-N-nitrosoguanidine, Sigma-Aldrich), ethanol (NeoS®asr Inc.),
3-oxohexanoyl-homoserine lactone (Sigma-Aldrichpl@&jical essays were carried out as
described in tha above cited paper.

Copies of'H- and*C-NMR spectra for compoundd 10, 11, 13a-e 14a-d and20 and
other tabulated data are reported in Supportingrinétion of the above cited paper from

which this study was extract&d!

General procedure for the synthesis of compounds 8:

To a magnetically stirred solution ofcMoro-4,6-dinitrobenzofuroxa2 (0.020 g, 0.077
mmol) dissolved in CHGI(10 mL) was added an equimolar amount of 1,3-biazole-2-
thiol 7 (0.013 g, 0.077 mmol) and 0.08 g of basic aluminixide, at room temperature.
Immediately after mixing the solution turned froralg yellow to red. The solution was
stirred for 1 h and the progress of the reactiorns waonitored by TLC (eluent:
dichloromethane) andH-NMR analysis. After filtration and removal of theolvent in
vacuum, produc8 was washed with a little amount of,8tthenn-hexane was added and
compound precipitated as dark red solid. The purificatignA€ (eluent: dichloromethane)
gaves8 in lower yield probably because of its partial a@®eposition on silica gel.
7-(1,3-benzothiazol-2-ylthio)-4,6-dinitro-2,1,3-benoxadiazole 1-oxide (8): dark red
solid, 86% yield'H NMR (600 MHz, CDC}, 25 °C)d (ppm): 7.41-7.47 (m, 2H), 7.69-7.71
(m, 1H), 7.86-7.89 (m, 1H), 8.98 (m, 1HYC NMR (150.80 MHz, (CDG, 25 °C)
(ppm): 115.8, 121.6, 122.7, 126.3, 126.7, 127.@.8,3135.6, 136.1, 144.2, 145.6, 152.1,
158.9. Anal. calcd for GHsNsOsS,: C 39.90, H 1.29, N 17.90; found: C 40.00, H 1RO,
17.94.ESI MS (ES") m/z: 414 [M+Na] .

Reaction between 4,6-dichloro-5-nitrobenzofuroxan9) and 1,3-benzothiazole-2-thiol
(7):

To a solution of 4,6-dichloro-5-nitrobenzofurox@n(0.125 g, 0.0005 mol) in 5 mL of
DMSO at room temperature was added a solution meBaptobenzothiazol&,(0.166 g,
0.001 mol) in 5 mL. The reaction mixture was heaef0-90 °C for 5-6 h (the reaction was
monitored by TLC). After verification of the comfilen of the reaction by TLC, distilled
water was added to the crude reaction mixture ayellaw solid precipitated. It was filtered

off, washed with water and dried under vacuum (Gv@6 Hg) at 40 °C until to constant
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weight. The mixture of product and11 was separated by column chromatography, using
ethyl acetate as eluent. The same results werenelltaising an equimolar ratio of the
reagents. All the products were fully characteribgdisual spectroscopic methods.
Chemico-physical data are reported as follows.
4,5-bis(benzo[d]thiazol-2-ylthio)-6-chlorobenzolc]L,2,5]oxadiazole 1-oxide (10)ellow
oil, 45% vyield.*H NMR (400 MHz, CDC}, 25 °C),8 (ppm): 7.32-7.37 (m, 2H), 7.41-7.45
(m, 2H), 7.64 (s, 1H), 7.74-7.78 (m, 2H), 7.84-7@6, 2H); °C NMR (100.56 MHz,
CDCl;, 25 °C),6 (ppm): 113.7, 114.2, 116.7, 121.1, 121.2, 1222.9, 125.2, 125.6,
125.8, 126.5, 132.7, 133.0, 135.8, 136.5, 138.3,8,5152.9, 153.0, 160.ESI MS (ES)
m/z: 523,525 [M+Nal.

4-(benzo[d]thiazol-2-ylthio)-5,6-dichlorobenzo[c][12,5]oxadiazole 1-oxide (11)Yellow
solid, 52% yield; m.p. 199-201 °C (GEl./n-hexane)’H NMR (400 MHz, CDC}, 25 °C),

8 (ppm): 7.38 (tJ = 7.78 Hz, 1H), 7.46 (t) = 7.78 Hz, 1H), 7.65 (s, 1H), 7.57 (dth=
8.06 Hz, 1H), 7.88 (br.d) = 8.01 Hz, 1H);**C NMR (100.56 MHz, CDG, 25 °C),$
(ppm): 113.2, 116.2, 118.3, 121.3, 123.2, 125.%.(0,2126.8, 136.6, 149.2, 152.8, 153.9,
157.4. Anal. calcd for GHsCIoN3O,S,: C 42.17, H 1.36, N 11.35; found: C 42.19, H 1.36,
N 11.34.ESI MS (ES’) m/z: 392, 394 [M+Na]. Crystal data fol.1 are deposited in CCDC
1028845.

General procedure for the synthesis of compounds & and 14a-d

To a solution of 4,6-dinitro-7-chlorobenzofuroxan(0.025 g, 0.0001 mol) in 5 mL of
acetonitrile or chloroform at room temperature waslded a solution of 2-
aminobenzothiazold?2 (0.0002 mol) in 5 mL of acetonitrile or chlorofornihe reaction
mixture was stirred for 2-24 h; the reaction praduand their relative yields depend from
the reaction time, with the increase of time amaoafntmono-substituted product increase
(see Table 1). The reaction was carried out aldb ail:4 molar amount ¢&£12, and the
results obtained are reported in Table 1. After aesh of the solvent under reduced
pressure, the products were separated by colunomettography, using ethyl acetate as
eluent.

7-(benzol[d]thiazol-2-ylamino)-4,6-dinitrobenzo[c][12,5]oxadiazole 1-oxide (13a):'H
NMR (400 MHz, CQCN, 25 °C),5 (ppm): 7.23 (td,) = 8.41 Hz,J = 1.2 Hz, 1H), 7.36 (td,
J=8.41Hz,J=1.2 Hz, 1H), 7.60 (dd]=8.2 Hz,J=0.6 Hz, 1H), 7.81 (ddJ=8.0 Hz,J =
0.78 Hz, 1H), 8.89 (s, 1H)*C NMR (100.56 MHz, DMSO-¢ 25 °C),5 (ppm): 112.0,
115.8, 120.6, 121.5, 123.1, 125.7, 125.8, 133.4,0,3134.1, 142.0, 147.5, 150.8. Anal.
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calcd for G3HgNeOsS: C 41.72, H 1.62, N 22.45; found: C 41.89, H 1822.52 ESI MS
(ES") m/z: 373 [M-HT.
7-((6-ethoxybenzo[d]thiazol-2-yl)amino)-4,6-dinitrdoenzo[c][1,2,5]oxadiazole1-oxide
(13b): *H NMR (400 MHz, acetonegd 25 °C),5 (ppm): 1.38 (t,) = 6.95 Hz, 3H), 4.09 (q,
J=6.95 Hz, 2H), 6.92 (dd, = 8.8 Hz,J = 2.4 Hz, 1H), 7.36 (d] = 2.4 Hz, 1H), 7.46 (dJ
= 8.8 Hz, 1H), 8.92 (s, 1H)"*C NMR (100.56 MHz, acetonesd25 °C),5 (ppm): 15.2,
64.6, 106.1, 112.8, 114.6, 115.5, 122.2, 134.8,513642.7, 146.6, 148.8, 156.5, 169.3.
Anal. calcd for GsHi1oNgO7S: C 43.07, H 2.41, N 20.09; found: C 43.24, H 2M220.07.
ESI MS (ES") m/z: 417 [M-HT.
7-((6-methylbenzo[d]thiazol-2-yl)amino)-4,6-dinitrdoenzo|c][1,2,5]oxadiazole  1-oxide
(13c): 'H NMR (400 MHz, acetoneg 25 °C),5 (ppm): 2.39 (s, 3H, C¥), 7.13 (dd,J =
8.35,J = 1.97 Hz, 1H), 7.45 (dJ = 8.35 Hz, 1H), 7.60-7.57 (m, 1H), 8.93 (s, 1FC
NMR (100.56 MHz, acetonesd25 °C),s (ppm): 21.4, 112.8, 121.4, 121.6, 121.8, 127.4,
127.6, 133.5, 134.8, 135.5, 142.9, 148.7, 150.8.61.7Anal. calcd for GHgNgOsS: C
43.30, H 2.08, N 21.64; found: C 43.50, H 2.09,N6R.ESI MS (ES) m/z: 387 [M-HJ".
7-((6-chlorobenzo[d]thiazol-2-yl)amino)-4,6-dinitrdoenzo[c][1,2,5]oxadiazole  1-oxide
(13d): 'H NMR (400 MHz, acetoneg 25 °C),5 (ppm): 7.30 (dd,) = 8.68 Hz,J = 1.74
Hz, 1H), 7.52 (ddJ = 8.68 Hz,J = 1.74 Hz, 1H), 7.83-7.88 (d,= 1.74 Hz, 1H), 8.93 (s,
1H); °C NMR (100.56 MHz, (CB),CO, 25 °C) (ppm): 112.8, 116.8, 121.5, 122.7, 126.6,
126.8, 128.3, 134.9, 137.2, 143.2, 148.6, 151.2,3l'Anal. calcd for GsHsCINgOsS: C
38.20, H 1.23, N 20.56; found: C 38.21, H 1.23,0\53.ESI MS (ES) m/z: 407, 409 [M-
H]™
7-((4-methoxybenzo[d]thiazol-2-yl)Jamino)-4,6-dinitobenzo[c][1,2,5]oxadiazolel-oxide
(13e):'H NMR (400 MHz, acetonegd25 °C),5 (ppm): 3.92 (s, 3H), 6.90 (d,= 8.20 Hz,
1H), 7.15 (t,J = 8.20 Hz, 1H), 7.38 (d] =8.20 Hz, 1H), 8.93 (s, 1H}*C NMR (100.56
MHz, acetone-¢g 25 °C),5 (ppm): 56.6, 108.7, 112.8, 114.5, 117.1, 124.8%.42135.1,
136.2, 142.0, 143.4, 148.7, 152.7, 170.7. Anakcdc&br G4HgNsO;S: C 41.59, H 1.99, N
20.79; found: C 41.73, H 2.01, N 20.BSI| MS (ES) m/z: 403 [M-H]".
4,6-dinitro-7-((5-nitrobenzo[d]thiazol-2-yl)amino)benzolc][1,2,5]oxadiazole 1-oxide
(13f): 'H NMR (400 MHz, acetoneg 25 °C),5 (ppm): 7.41 (dd) = 8.75,J = 2.33 Hz,
1H), 7.81 (d,J = 2.33 Hz, 1H), 7.85 (dJ = 8.75 Hz, 1H), 8.95 (s, 1H, H-7J°C NMR
(100.56 MHz, acetonesd25 °C),6 (ppm): 111.2, 112.7, 116.3, 117.0, 124.6, 127289,
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135.6, 141.8, 146.2, 149.0, 153.4. Anal. calcdGoiHsN;OgS: C 37.24, H 1.20, N 23.38;
found: C 37.27, H 1.21, N 23.36SI MS (ES) m/z: 418 [M-H]".
7-((3-(4,6-dinitro-1-oxidobenzo|c][1,2,5]oxadiazoF-yl)benzo[d]thiazol-2(3H)-ylidene)
amino)-4,6-dinitrobenzo[c][1,2,5]oxadiazole 1-oxidg14a): Brown oil. *H NMR (400
MHz, CDCk, 25 °C),8 (ppm): 6.85-6.87 (m, 1H), 7.43-7.46 (m, 2H), 7686 (m, 1H),
9.06 (s, 1H), 9.13 (s, 1H}?C NMR (100.56 MHz, CRCN, 25 °C)3 (ppm): 113.0, 113.1,
115.0, 123.3, 124.5, 125.2, 126.7, 128.7, 129.0,23131.2, 132.2, 137.3, 139.0, 141.1,
144.6, 146.1, 146.7, 162.1. Anal. calcd faezN100,.S: C 38.14, H 1.01, N 23.41; found:
C 38.12, H 1.00, N 23.3&SI MS (ES") m/z: 599 [M+H]", 621 [M+Na.
7-((3-(4,6-dinitro-1-oxidobenzo|c][1,2,5]oxadiazoF-yl)-6-ethoxybenzo[d]thiazol-2(3H)-
ylidene)amino)-4,6-dinitrobenzo|c][1,2,5]oxadiazole 1-oxide (14b): *H NMR: (400
MHz, acetone-g 25 °C),s (ppm): 1.38 (tJ = 6.77 Hz, 3H), 4.12 (4} = 6.77 Hz, 2H), 7.04
(dd,J = 8.8 Hz,J = 1.8 Hz, 1H), 7.46 (d)=8.8 Hz, 1H), 7.53 (d) = 1.8 Hz, 1H), 9.00 (s,
1H), 9.25 (s, 1H)*C NMR (100.56 MHz, acetonesd25 °C),s (ppm): 15.0, 65.1, 109.5,
114.3, 115.1, 116.7, 125.0, 125.5, 128.9, 129.0,(13131.2, 131.4, 132.0, 139.1, 141.6,
144.9, 146.3, 146.9, 158.3, 162.7. Anal. calcddgH;0N10013S: C 39.26, H 1.57, N 21.80;
found: C 39.41, H 1.58, N 21.7ESI MS (ES’) m/z: 665 [M+Na]".
7-((3-(4,6-dinitro-1-oxidobenzo|c][1,2,5]oxadiazoF-yl)-6-methylbenzo[d]thiazol-2(3H)
-ylidene)amino)-4,6-dinitrobenzo[c][1,2,5]oxadiaz@ 1-oxide (14c)*H NMR (400 MHz,
acetone-gl 25 °C),5 (ppm): 2.43 (s, 3H), 7.26-7.33 (m, 2H, H-4), 77724 (m, 1H), 9.02
(s, 1H), 9.25 (s, 1H)**C NMR (100.56 MHz, acetonesd25 °C),5 (ppm): 21.1, 113.1,
115.0, 123.7, 124.5, 125.5, 128.9, 129.9, 130.3,3,3132.2, 135.5, 137.1, 139.1, 141.5,
144.9, 146.3, 146.9, 162.7, 164.5. Anal. calcdGaisN100:,S: C 39.22, H 1.32, N 22.87;
found: C 39.20, H 1.34, N 22.8ESI MS (ES") m/z: 613 [M+H]", 635 [M+Na], 651
[M+K] ™.
7-(6-chloro-2-((4,6-dinitro-1-oxidobenzo|c][1,2,5]gadiazol-7-yl)imino)benzo[d]triaz
olo-3(2H)-yl)-4,6-dinitrobenzo[c][1,2,5]oxadiazolel-oxide (14d):'H NMR (400 MHz,
acetone-gl 25 °C),d (ppm): 7.42 (d,J=8.8 Hz, 1H),7.52 (dd) = 8.8 Hz,J = 1.7 Hz, 1H),
8.03 (d, 1HJ = 1.7 Hz), 9.02 (s, 1H), 9.25 (s, 1HJC NMR (100.56 MHz, acetonesd25
°C)d (ppm): 113.1, 114.6, 115.1, 124.4, 125.0, 12528.9, 129.2, 130.8, 131.1, 131.5,
132.6, 136.6, 139.3, 141.0, 145.1, 146.3, 146.8,Ql6Anal. calcd for GHsCIN;0O1,S: C
36.06, H 0.80, N 22.13; found: C 36.20, H 0.80, N0®.ESI MS (ES’) m/z: 655,657
[M+Na]".
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General procedure for the synthesis of compound 20.

To a solution (15 mg, 0.036 mmol) of the mono-addierived from the reaction betwen
and 12b, dissolved in 3 mL of anhydrous THF, 1%Q (2,4 mmol) of methyl iodide was
added. The reaction mixture was heated under raflumtrogen atmosphere for 24 hours. The
solvent was removed and flash chromatography acasgel (eluent: ethyl acetate) of the
residue gave compourad.
7-((6-ethoxy-3-methylbenzo[d]thiazol-2(3H)-ylidenegmino)-4,6-dinitrobenzolc][1,2,5]
oxadiazole 1-oxide (20)dark violet solid, 64% vyield, m.p.: 187.5-188.7.°6 NMR (600
MHz, acetone-gl 25 °C):6 (ppm): 1.39 (t,J = 6.8 Hz, 3H), 3.92 (s, 3H), 4.13 (@~ 6.8 Hz,
2H), 7.21 (ddJ = 8.9 Hz,J = 2.5 Hz, 1H), 7.47 (d) = 2.5 Hz, 1H), 7.67 (d) = 8.9 Hz, 1H),
9.06 (s, 1H);**C NMR (150.80 MHz, acetonesd25 °C),d (ppm): 14.9, 33.0, 65.0, 108.6,
113.3, 115.0, 117.0, 125.5, 125.7, 128.3, 133.(3.913144.5, 147.6, 158.0, 166.3. NMR
experiment carried out by irradiating methyl sigabwed NOE effect with the H-4 proton of
the benzothiazole moiety, indicating that compo@fddears the benzofuroxan moiety bound
to the 2-aminobenzothiazole exocyclic nitrogen a{eae Scheme 9).
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2.3 REACTIONS OF CHLORO -NITRO-BENZOFURAZAN - AND BENZOFUROXAN -

DERIVATIVES WITH 1,3-BIS(N,N-DIALKYLAMINO )BENZENE DERIVATIVES

2.3.1 Introduction

In this paragraph the results obtained from thecti@as between benzofurazan or
benzofuroxan derivatives and diaminobenzenes akeoplulic species will be presented
and discussed. These nucleophilic species havevesgmoorly studied®*%so our interest
was devoted to the investigation of their reagtiwiith different benzofurazan derivatives
and with 7-chloro-4,6-dinitrobenzofuroxan. Moreqvigrhas to be considered that all the
synthesized substitution products, from the reastiwith both electrophilic species, are
new conjugated systems with an electron rich anelaotron poor moiety on the same
molecule and this peculiarity makes these produgt®d candidates for different
applications €.g.solar celld® optoelectronic devicés” and chromogenic materi&fd).

As reported in Chapter 1 of this thesis, in whible teactions between 1,3-disubstituted
arenes and benzenediazonium salts are reportexdjnathis case, two different products
could be obtained; one with the electrophileomho position to both the amino groups
(position 2,A in Scheme 11) and the other with the electropimlertho respect to one

substituent and ipararespect to the other one (position 4 oB6n Scheme 11).

NR, NR,
(& <
+ B —> +
NR, NR, NR,
E
A B

Scheme 11Possible products from the reaction involving diembenzene derivatives

2.3.2 Results and Discussion

The reactions between diaminobenzene derivat®isd and benzofurazan derivatives
22a-cgave the substitution produ@8-32 in different yields as reported in Scheme 12; all
the reactions were carried out in equimolar amaifnteagents, in acetonitrile, at room

temperature.
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Cl X
RzN NRZ /\/ /N\ /\/ /N\
+ [ /O [\ —~ /O
NN AN
O,N

O,N
21a-d 22a-¢ 23-32
N Npiendinl (21, DI 5.1, 7:N0, 220) 4-DPB,7-NO,  (23) (27%)
2~ N-morpholinyl (21b. ) 4.Cl 5-NO, (22b) 4-DMB,7-NO,  (24) (0%)

NR, = N-pyrrolidinyl (21¢, DPyBH)

- - 5 0,
NR, = N.N-dimethyl ~ (21d, DNMe,BH) 4-NO,,5-C1(22¢) 4-DPyB, 7-NO,  (25) (40%)

4-DNMe,B, 7-NO, (26) (54%)
4-DPB, 5-NO, (27) (23%)
4-DNMe,B, 5-NO, (28) (53%)
4-NO,, 5-DPB (29) (tr.)
4-NO, 5-DMB (30) (0%)?
4-NO,, 5-DPyB  (31) (27%)
4-NO,, 5-DNMe,B  (32) (18%)°

Scheme 12Coupling reactions between the nucleophléa-dand the electrophilez2a-c
aThe reaction was also carried out at 80°C but mversion was obtained.in presence of basic alumina the
yield was 60%.

In all the performed reactions, except in the aalseompound21b, only the substitution
product derived from the attack of the electroghsipecies in position 4 of the nucleophile,
was obtained as tt&form in Scheme 11.

In the case of 1,3-dimorpholinylbenzerillf) no product was obtained, neither in the
reported experimental conditions nor under refluingresence of a base (basic alumina or
triethylamine).

As introduced in Chapter 1, given that the nucléapty values of 21a-d are not yet
known, the nitrogen nucleophilicity values, repdri@ the literature, for the secondary
amines, in acetonitrile, might be useful to drawmeoconsiderations. The values in
decreasing order, are: pyrrolidine  188¥imethylamine  17.96piperidine
17.35"*morpholine 15.65*

These data showed that the morpholine is the lomereophilic species among the
involved amines and probably this is reflected e @bsence of reaction between the
dimorpholinyl derivative21b and the benzofurazan derivatiZ#a-c

The reactions between diaminobenzene derivative$a-d and 7-chloro-4,6-

dinitrobenzofuroxan2) gave the substitution produ@8a-das reported in Scheme 13.
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— /O
NO, N
NO,
21a-d 2
33a-d
NR, = N-piperidinyl ~ (21a) CI-DNBF

NR, = N-piperidinyl ~ (33a)
NR, = N-morpholinyl (33b)
NR, = N-pyrrolidinyl  (33¢)
NR, = N,N-methyl (33d)

NR, = N-morpholinyl (21b)
NR, = N-pyrrolidinyl (21¢)
NR, = N,N-methyl (21d)

Scheme 13Reactions between 7-chloro-4,6-dinitrobenzofurof@rand 1,3-diaminobenzene derivatizisa-
d.

In this case, thanks to the stronger electropbpitizrer of 7-chloro-4,6-dinitrobenzofuroxan
(2), due to the presence of a further nitro grouphancarbocyclic ring, also the substitution
product33Db, derived from the reaction with the morpholinytigative 21b, was obtained.
Having in hands the substitution products and theéctral data, with the aim to investigate
on the reactivity of the considered nucleophiled electrophiles, we decided to perform the
reactions betweeRla-d and the electrophilic speci@s 22aand22¢ directly in the NMR
spectroscopy tube and to monitor the reaction onécdyH-NMR spectroscopy. The
reactions were carried out by mixing equimolar amaf reagents and the obtained results

are collected in Table 2.

Table 2.Electrophile/nucleophile combinations monitoring #-NMR spectroscogy

Time
10
Reac. Electrophile Nucleophile Solv. Conv.%b . 2h | 24h| 48h | 72h
Product ’ min
Ci
1 N CDClg - 4 | 21| 26| 26
_ 0 DPBH
N 23
2 NO, (21a) | cp.en o | 12| 48| 50| 5%
(22a)
Cl
3 N, CDClg 4 21| 40| 40| n.ct
. 0O DNMes,BH
" 21d 20
4 NOz (1) | cpen 25 | 65| 73| 76| n.gl
(22a)
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CI
/N\
P DPyBH
5 N CDsCN 25 42 | 53| 53| 56| n.c|
NO; (210
(22a)
NO,
cl _N DPBH
6 _ 0 CDsCN 29 15 | 40| 55| n.c.y 60
N (21a)
(22¢)
NO,
Cl _N DNMe,BH
7 \:o CDsCN 32 16 | 40| 55| -n.c] 55
N (21d)
(22c)
NO,
Cl _N DPyBH
8 0 CDsCN 31 35 | 55| 63| 70| n.c
=N (210
(22c)
cl -
O,N N? DPBH
9 <" | (21a) |CDiCN 33a 73 | 100 /- | 1 | 1
NO,
(2)
cl o
O;N _N?
~_ o | DMBH
10 N CDsCN 33b 25 | 87| 95| 100 -/
NO, (21b)
(2)
cl o
O;N _N?
~ 0 | DNMe,BH
11 N CDsCN 33d 7 12 | 87| 100 /
NO, (21d)
(2)
cl o
O;N _N?
_ o | DPyBH
12 N CDsCN 33c 100 | / / / /
NO, (219
(2)

2 Reactions carried out in equimolar amount of re&gy& Relative % conversion, calculated with respect to
the signals ascribed to the unreacted electroghiléhe '"H-NMR spectrum.® 24 h after having added
triethylamine the conversion reached 55%24 h after having added triethylamine the coneersieached

100%.°In the™H-NMR spectrum are present also others unidentfim@ducts.
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The data in Table 2 show that in the case of comg@2a with the nucleophilelaand
21d, the reaction was performed in two different sotge(reactions 1-4) to investigate the
effect of the solvent on the reagents conversidre flesults showed an increasing of the
conversion, when the reactions were performed igGN\Dwith respect to CDG] based on
these results, the subsequent reactions were d@auian deuterated acetonitrile.

It is interesting to note that, as obtained in tese of the reactions between 1,3-
diaminobenzene derivatives and aryldiazonium salten if the reactions were carried out
with equimolar amount of reagents, the final pradugere obtained in yields above 50%
(except for reactions 1 and 3 carried out in cHtara), thus indicating that the produced
hydrochloric acid in the reaction mixture doesrgact with the nucleophilic reagents,
hindering the reaction progress, but that, likethe proton expelled during the
rearomatization process salifies a nitrogen atorthefcoupling product, as observed in a
previous study involving triaminobenzene and beamxfan derivativeSs® In the case of
the reaction betwee®2a and21a since after 72 hours the conversion didn’t inseeg 5
equivalents of triethylamine was added to the reacimixture to enhance the reaction
progress; after 24 hours 55% (in CRQIr 100% (in CRCN) yields, were obtained.
Comparing the data obtained from the reactions éet@2a and2 with 21a (reactions 2
and 9) an@1c (reactions 5 and 12) in acetonitrile, a drastarease of the conversion was
observed on going from the nitrobenzofurazan relagethe dinitrobenzofuroxan one, as
expected for the presence of another nitro groughenaromatic ring that enhances the
electrophilicity of the reaction center; moreowehen the reaction was carried out between
2 and 1,3-di(morpholinyl)benzene (case 10), oppodite the case involving the
nitrobenzofuraza2a the substitution product was obtained quanti¢dyiv

In the case of the reactions involving the 4-chlémitrobenzofurazar?@a) (reactions 2, 4,
5) it can be observed that in the first reactioneti the conversion decreases varying the
nucleophile in the order: DPYBH>DNMBH>DPBH. Analogous considerations can be
made for the reactions betwe2fc with 21a 21c and21d (reactions 6-8). In the cases of
reactions betweek and2la-d a reactivity order DPYBH>DPBH>DMBH can be obsetve
Unexpectedly, the reaction with DNMg&H (reaction 11) gave low conversion that reached
100% after 48 h. This finding might be explainedténms of steric hindrance in case of
approaching of the reagents, due to the presenteealimethylamino substituents and of

the nitro group irortho to the reactive center of the electrophile.
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The mechanism of the above considered reactiongebet benzofurazan derivatives and
1,3-diaminobenzene derivatives, involves the foromabf different c—intermediates, as

reported in Scheme 14 for the reaction betwZ#aand a generic 1,3-diaminobenzene.

+ -CI-
/ WM \

Scheme 14. Possible intermediates in theg/SyAr reactions  between benzofurazan and 1,3-

diaminobenzene derivatives.

First, aWM complex is formed, but, due to the presence ofctilerine as good leaving
group, it is an elusive species, as well as Rheintermediate. On the contrary, the
observation of &V-like intermediate cannot be completely ruled dufpresent cases NMR
investigations at low temperature did no eviderfcagma intermediates.

Recently, a Wheland intermediate | in Scheme 14 has been isolated and characterized
from the reaction betweet®aand 1,3,5-trid{-pyrrolidinyl)benzené®

As in the study reported in Chapter 1, with thenadkazonium salts, again the
diaminobenzene derivatives resulted not able entogabilize the positive charge of the

o—cationic intermediate, with respect to the trianbi@ozene derivatives.

2.3.3 Conclusions

In this study the electrophile/nucleophile comhioat between 1,3-diaminobenzene
derivatives and benzofuroxan and benzofurazan aleras, gave selectively only the
substitution product inortho position (the less hindered position) to one o tiwvo

substituents on the aromatic ring of the nucleaphil
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The obtained data gave new informations about tih@enphilicity power of the poorly
studied diaminobenzene derivatives.

All the synthesized substitution products are newjugated systems with an electron rich
and an electron poor moiety on the same moleculdtdas peculiarity makes these products
good candidates for different applications; finalye benzofuroxan derivatives are known
to be interesting compound in pharmaceutical foale to their ability as NO donor, so the
biological activity of the new synthesized benzofan derivatives might be studied in the

future for further applications.

2.3.4 Experimental section

The 'H and**C NMR spectra were recorded with a Mercury 400 Brmva 600 (Varian,
Palo Alto USA) spectrometers operating at 400,00 ®1Hz (for'H NMR) and 100.56, or
150.80 MHz (for *C NMR), respectively.J values are given in hertz (Hz). Signal
multiplicities were established by DEPT experimei@iemical shifts were referenced to
the solvent$=7.26 and 77.0 ppm for CD§}J (5=2.0 and 0.3 ppm for C{&N), for*H and
3C NMR, respectively]. ESI-MS spectra were recordeith a WATERS 2Q 4000
instrument. Chromatographic purifications were iearout on silica gel (0.037-0.063 mm,
Merck) columns at medium pressure. Thin layer clatmgraphy (TLC) was performed on
silica gel 60 F254 coated aluminum foils (Fluka)ltvhg points were measured on a Stuart
SMP3 apparatus and are uncorrected. Solvents agknts were commercial materials
(Aldrich or Fluka) if not specified. 1,3-bid(N-dialkylamino)benzene derivative&la-d
were prepared from 1,3-dichlorobenzen (Sigma-Algrigith a modification of the reported
literaturd®”*® methods.

General procedure for the synthesis of compounds ad:

The procedure to synthesize the nucleophilic sptia and21d, is the same, except for
the starting amine that is piperidine (in cas@d) or dimethylamine (in case @fiLd).

In a three-necked flask, under nitrogen flow, On85 of dichlorobenzene (7.45xE0mol)
with 5.9 mL (8x10° mol) of the amine (piperidine or dimethylaminekre dissolved in 50
mL of anhydrous THF. Then 30 mL of phenyllithium7%10% mol) was added dropwise to
the reaction mixture. After 24 h, the reaction met was allowed to cool to room
temperature and was quenched with water. The aguebase was extracted three times

with diethyl ether and the combined organic phase® dried over magnesium sulfate, and
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the solvent removed under vacuo. The resultingeciuodducts were purified by silica gel
column.

General procedure for the synthesis of compounds Blc:

Also in this case both syntheses require the saimeegure and the only difference is the
starting amine, that is morpholine (in casdl) or pyrrolidine (in case d1¢).

In a autoclave, 1.37 mL (0.011 mol) of dichlorobemz and 0.07 mol ot the amine, were
dissolved in 10 mL of toluene; after addition od §. of KOi-Bu, the vessel was sealed and
heated at 160°C. After 4 days, the reaction mixime allowed to cool to room temperature
and was quenched with water. The agqueous phase extaacted three times with
dichloromethane and the combined organic phases erezd over magnesium sulfate, and
the solvent removed under vacuo. The resultingecquducts were purified by silica gel

column.

Reactions between 21a-d with 22a-c and 2. Generaioeedure:

To a magnetically stirred solution of the nucled@hi0.1 mmol of22a-d) dissolved in
CHsCN (5mL) was added the electrophi2&-cor 2, 0.1 or 0.2 mmol, respectively), at
room temperature. TLC was used to monitor the r@astprogress, with different eluents
and'H-NMR analysis. Finally, the products were purifieg column chromatography on
silica gel (FC), using different eluents.

Some products, in particular the substitution potsifrom the pyrrolidinyl derivatives,
were obtained in low yields, for their partial degmosition on the chromatographic column.
All the products were characterized by usual spsctipic methods and their chemico-
physical data are reported as follows.
4-(2,4-di(piperidin-1-yl)phenyl)-7-nitrobenzo[c][1,2,5]oxadiazole (23): 27% vyield,

m.p. > 200°C dec.*H NMR (CDCls, 600 MHz, 25°C) (ppm): 8,52 (d,) = 8,1Hz, 1 H);
8,26 (br.s, 1 H); 7.66 (d,= 8.1 Hz, 1 H); 6.64 (br.s, 2 H); 3.35 (br.s, 4 B)35 (br.s, 4

H); 1.85-1.60 (m, 6 H); 1.46 (br.s, 6 HJC NMR (CDCls;, 100.56 MHz, 25°CJ (ppm):
154.5, 154.0, 150.1, 143.5, 139.5, 133.7, 131.58,8,2116.8, 109.0, 105.8, 53.4, 49.1,
25.9, 25.5, 23.%ESI MS (ES") m/z: 408 [M+H]", 430 [M+NaJ, 446 [M+K]".
4-(2,4-di(pyrrolidin-1-yl)phenyl)-7-nitrobenzo[c][1,2,5]oxadiazole (25):40% vyield,
m.p. > 280°C dec.'H NMR (CDCls;, 600 MHz, 25°C)5 (ppm): 8.49 (dJ = 8.2 Hz, 1

H); 7.72 (d,J=8.9 Hz, 1 H); 7.25 (d] = 8.3 Hz, 1 H); 6.27 (dd}; = 9.0 Hz,J, = 2.2 Hz,

1 H), 6.10 (s, 1 H), 3.41 (8,= 6.7 Hz, 4 H), 3,06 (t] = 6.7 Hz, 4 H), 2.10-2.03 (m, 4 H),
1.89-1.81 (m, 4 H)**C NMR (CDCls, 100.56 MHz, 25°C} (ppm): 150.4, 150.1, 149.9,
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143.6, 140.5, 134.7, 132.0, 130.9, 124.1, 111.3,71(®7.3, 52.2, 48.0, 25.7, 25ESI
MS (ES") m/z: 380 [M+H]", 402 [M+NaJ, 418 [M+K]".

N*,N* N3 N3-tetramethyl-4-(7-nitrobenzo[c][1,2,5]oxadiazol-4-})benzene-1,3diamine
(26): 54% yield, m.p. > 286C dec.'H NMR (CDCl;, 300 MHz, 25°C)3 (ppm): 8.51
(d,J =8.0 Hz, 1 H), 8.01 (d] = 7.6 Hz, 1 H), 7.73 (d] = 8.6 Hz, 1 H), 6.49 (d] = 8.6
Hz, 1 H), 6.43 (s, 1 H), 3.09 (s, 6 H), 2.68 (sH) *C NMR (CDCl;, 100.56 MHz,
25°C): & (ppm): 153.6, 152.2, 150.1, 143.7, 139.6, 134.4,5,3931.8, 125.2, 114.9,
106.6, 102.6, 43.9, 40.ESI MS (ES") m/z: 328 [M+H]", 350 [M+Na], 366 [M+K]".
4-(3,5-di(piperidin-1-yl)phenyl)-5-nitrobenzo[c][1,2,5]oxadiazole (27):23% vyield,'H
NMR (CDCls, 400 MHz, 25°C)3 (ppm):7.91 (d,J = 9.5 Hz, 1 H), 7.82 (d] = 9.5 Hz, 1
H), 7.42 (d,J = 8.4 Hz, 1 H), 6.85-6.54 (m, 2 H), 3.31 (br.sH% 2.70-2.53 (m, 4 H),
1.90-1.59 (m, 8 H), 1.35 (m, 4HJ*C NMR (CDCl;, 100.56 MHz, 25°C)d (ppm):
153.9, 150.7, 149.2, 146.3, 131.7, 128.0, 126.4,511109.7, 107.4, 53.6, 49.4, 25.8,
25.5, 24.8ESI MS (ES') m/z: 408 [M+H]", 430 [M+Na], 466 [M+K]".

N*,N*, N3 N3-tetramethyl-4-(5-nitrobenzo[c][1,2,5]oxadiazol-4-})benzene-1,3diamine
(28): 53% vyield, m.p. > 158C dec.'H NMR (CDCls;, 300 MHz, 25°C)d (ppm): 7.81
(d,J=9.4Hz, 1 H), 7.77 (dl = 9.4 Hz, 1 H), 7.46 (d] = 9.0 Hz, 1 H), 6.52 (d] = 9.0
Hz, 1 H), 6.41 (br.s, 1 H), 3.06 (s, 6 H), 2.45%b6 H)."*C NMR (CDCl;, 100.56 MHz,
25°C): & (ppm): 153.4, 152.5, 150.6, 149.2, 145.9, 132.1, 128.5,42113.9, 112.3,
106.5, 103.1, 42.0, 40.BSI MS (ES") m/z: 328 [M+H]’, 350 [M+Na], 366 [M+K]".
5-(2,4-di(piperidin-1-yl)phenyl)-4-nitrobenzo|c][1,2,5]oxadiazole (29)m.p. > 120°C
dec.’H NMR (CDCls, 600 MHz, 25°C)3 (ppm):7.96 (d,J = 9.0 Hz, 1 H), 7.67 (d] =
9.0, 1 H), 7.10 (br.s, 1 H), 6.63 (br.s, 2 H), 3(BAs, 4 H), 2.84 (br.s, 4 H), 1.73 (br.s., 4
H), 1.64 (br.s, 4 H), 1.43 (br.s, 4 H{C-NMR (CDCls, 100.56 MHz, 25°C)d (ppm):
154.2, 153.5, 149.0, 144.2, 140.9, 137.2, 130.8,512121.3, 118.7, 110.0, 106.1, 53.5,
49.3, 29.7, 25.9 (two signals overlapped), 2&£3! MS (ES") m/z: 408 [M+H]", 430
[M+Na]®, 446 [M+K]".
5-(2,4-di(pyrrolidin-1-yl)phenyl)-4-nitrobenzo[c][1,2,5]oxadiazole (30):27 % yield,
m.p. > 115°C dec.'H NMR (CDCls, 400 MHz, 25°C)3 (ppm): 7.89 (d,J = 9.4 Hz, 1
H), 7.62 (d,J =9.4 Hz, 1 H), 7.05 (d] = 8.6 Hz, 1 H), 6.34-6.25 (m; 2 H, two signals
overlapped), 3.42 (1] = 6.5 Hz, 4 H), 3.16 (s; 2 H), 3.04 (s, 2 H), 2(08 = 6.48 Hz, 4
H), 1.83 (t,J = 6.33 Hz, 4 H)*C NMR (CDCls;, 100.56 MHz, 25°C)3 (ppm): 149.4,
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148.9, 144.3, 142,2; 136.5, 132.1, 118.9, 105.8,8®61.7, 50.0, 25.6, 25.2. (selected
data).ESI MS (ES’) m/z: 380 [M+H]", 402 [M+Na].

N* N* N3 N3-tetramethyl-4-(4-nitrobenzo[c][1,2,5]oxadiazol-5-})benzene-1,3-diamine
(31): 18 % vyield, m.p. > 136C dec.'H NMR (CDCls, 600 MHz, 25°C)3 (ppm):7.94 (d,J

= 9.4 Hz, 1 H), 7.64 (d) = 9.4 Hz, 1 H), 7.11 (d) = 8.6 Hz, 1 H), 6.50 (br.s, 2H, two
signals overlapped), 3.07 (s, 6 H), 2.65 (s, 6 0. NMR (CDCls;, 100.56 MHz, 25°C):
o (ppm):152.9, 152.1, 149.0, 148.9, 144.3, 140.8, 136.2,8,331.4, 127.5, 119.1, 107.7,
103.5, 43.3, 41.ESI MS (ES") m/z: 328 [M+H]", 350 [M+Nal].
4-(2,4-di(pyrrolidin-1-yl)phenyl)-5-nitrobenzo[c][1,2,5]oxadiazole (33a): 16% yield,
m.p. > 280°C dec.'H-NMR (CDCls;, 400 MHz, 25°C)3 (ppm):8.80 (s, 1 H), 7.66 (d] =
9.7 Hz, 2 H, two signals overlapped), 6.66 (br.$])13.43-3.30 (m, 4 H), 2.91-2.75 (m, 4
H), 1.77 (br.s, 2 H), 1.69 (s, 2 H), 1.49 (br.s{i}% ESI MS (ES) m/z: 469 [M+H]", 491
[M+Na]®, 507 [M+K]" .

4-(2,4-dimorpholinophenyl)-5,7-dinitrobenzo[c][1,25]oxadiazole 1-oxide (33b)80%
yield, m.p. > 280°C dec.'H NMR (CDCls;, 300 MHz, 25°C):3 (ppm): 8.77 (s, 1 H),
7.00 (d,J = 9.0 Hz, 1 H), 6.67 (ddl; = 8.5 Hz,J, = 1.8 Hz, 1 H), 6.62 (d] = 1.85 Hz, 1

H), 3.87 (t,J = 4.6 Hz, 4 H), 3.50-3.39 (m, 4 H), 3.35Jt 4.6 Hz, 4 H), 2.97-2.78 (m,

4 H).®C NMR (CDCls, 100.56 MHz, 25°C)5 (ppm): 154.3, 153.9, 144.3, 142.1, 134.1,
133.9, 131.1, 127.7, 113.7, 111.8, 110.3, 105.9),636.3, 52.8, 47.&S| MS (ES))
m/z: 473 [M+H]", 495 [M+Na], 511 [M+K]" .
7-(2,4-di(pyrrolidin-1-yl)phenyl)-4,6-dinitrobenzolc][1,2,5]oxadiazole 1-oxide (33c):
'H-NMR (CDCls, 400 MHz, 25°C)3 (ppm): 8.85 (s, 1 H), 7.01 (d,= 8.7 Hz, 1 H),
6.75 (d,J = 8.7 Hz, 1 H), 6.72 (br.s, 1 H), 3.68-3.59 (nH) 4.48-3.41 (m, 4 H), 2.17-
2.05 (m, 8 H).

4-(2,4-bis(dimethylamino)phenyl)-5,7-dinitrobenzo[{{1,2,5]oxadiazole 1-oxide(33d):

45 % yield and 60% in presence of basie@| m.p. > 280°C dec'H-NMR (CDCl,

300 MHz, 25°C)3 (ppm):8.88 (s, 1 H), 7.66 (dl = 8.9 Hz 1 H), 6.56 (dd, = 8.8 Hz,J,

= 2.1 Hz, 1 H), 6.35 (s, 1 H), 3.14 (s, 6 H), 2(546 H).*C-NMR (CDCl;, 100.56
MHz, 25°C): & (ppm): 154.1, 151.8, 143.2, 142.3, 134.2, 133.5, 131.8.212111.3,
107.2, 102.4, 43.2, 40.2.
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CHAPTER 3
New electron-withdrawing/donor architectures from
nitrothiophenes and

1,3,5-tris(dialkylamino)benzene derivatives

3.1INTRODUCTION

Thiophene is an interesting compound from bothistitt and biological points of vieW.
Thanks to its interesting biological activity, suat nematocidal, insecticidal, antibacterial,
antifungal, antiviral and antioxidant activiy, it is also incorporated in several
pharmacologically active compounds.

Thiophene-based compounds have also found widesprese in drug desig,
biodiagnostics? electronic and optoelectronic  deviBks and conductive and
electroluminescent polymefs. Also several reviews of various aspects of thioghen
coordination and reactivity in transition metal quexes have been reportéd.

Based on the above reported, thiophene derivativeslearly interesting heterocycles and
in order to obtain new compounds for applicatiomsdifferent fields and to extend our
research to new nucleophile/electrophile combimatiave decided to investigate on their
reactivity towards 1,3,5-trib(,N-dialkylamino)benzenes.

As reported in the previous Chapters the reactimta/een different heterocycles bearing
electron-withdrawing groups (mainly nitro groupsidanucleophiles at neutral carbon atom
such assymtriaminobenzene derivatives, gave relatively gabinionic complexes of the
aromatic substitution reactions.

Also in nitrothiophene series, several example®whation ofrt neutral (with naphthalene)
and s-anionic complexes (with anionic nucleophiles) weeported®® theset and o
complexes were characterized by different speabfmisdechniques.

In this Chapter | will discuss results obtainedfpening SYAr/SgAr reactions between
thiophene derivatives activated by nitro groupsl @imminobenzene derivatives.

In particular we decided to use two nitrothiophederivatives, the 2-bromo-3,4,5-
trinitrothiophene 1) and 2,3,4-trinitrothiopheng), reported in Figure 1.
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O,N NO, O,N NO,

BrmNO Z_ﬁ\NOz

S 2 S

Figure 1. Nitrothiophene derivatives involved in this study

It has been report€d that 2-bromo-3,4,5-trinitrothiopheng) (reacts with aromatic amines
giving, depending on the experimental conditiorithee displacement of the nitro group in
position 4 or of both nitro group, and the bromiatom. Also thiophenols replace
simultaneously these groups whereas benzenesudo displaces the bromine and the
nitro group in position 5. Up to now, only a fewpeas have appeared so far on the
reactivity of 181%222l\while no reactions of trinitrothiophen@) (have been reported in the
literature except about the formation ofrecomplex with naphthaler&’ and also its
chemical properties have been very scafcElyinvestigated.

The aim of this study was to investigate on thesjility to detect reaction intermediates
also in the combination betweéror 2 and triaminobenzene derivatives. Obviously, when a
powerful leaving group (X= Br) is present on thegene ring, the isolation of@complex

is a very hard goab-Anionic complexes formation, in such kind of subts is ‘only’ an
hypothesis, but when X= H, it is expected to iswlabderately stable-complexes, because
of the low ability of the hydride to act as a leaygroup.

Moreover, in planning the present study, we consui¢hat the hypothetical new coupling
products from these reactions, might be new aretesting thiophene derivatives, bearing
simultaneously an electron-rich and an electronrmooiety, making them good candidates
for application such as solar energy conversionaptdelectronic devices?

3.2RESULTS AND DISCUSSION
- Reactions between 2-bromo-3,4,5-trinitrothiophene nd a  tris(N,N-
dialkylamino)benzene derivatives
The reactions between  2-bromo-3,4,5-trinitrothiophe (1) and  tris\,N-
dialkylamino)benzene derivativ8s and3b afforded the product derived from the expected

substitution reaction at the carbon bearing theniome atom (Scheme 1).
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G
O,N NO, J~NO»
T8, §oe — ,
B 87 NO, ¢ S
G
1 3a—d 4a-d

G = N-piperidinyl (a)
G = N-morpholinyl (b)
G = N-pyrrolidinyl (c)
G = methoxy ()

Scheme 1Reactions between 2-bromo-3,4,5-trinitrothioph@)end nucleophile3a-d.

When the reactions were carried out in acetonitfisactants in equimolar ratio), and
without a base4a and4b have been obtained in 61 and 55% yield, respdygtive these
conditions, the formed hydrobromic acid can readhv@ giving the relevant salt: the
finding that compoundgda and 4b have been obtained in yield higher than 50% can be
considered an indication of partial salificationtbé final product. When the reactions of
Scheme 1 were carried out in equimolar ratio ogesds and in the presence of basic
alumina to avoid the formation of salts between HiBd the starting nucleophiles (or
reaction products)4a and 4b were obtained in 82% and 65% yield, respectivéty.
contrast, the reaction betwegrand3c afforded a complex reaction mixture. To extend thi
behaviour to other nucleophilic benzenes, we cadroet also the reaction between 1,3,5-
trimethoxybenzene3() and 1: the reaction appeared slower that those \8i#hc and
compounddd was obtained in 47% vyield.

It is known that the reactions a@fwith anionic or neutral nucleophiles yielded bbtiomo
and nitro substitutiod®'°*? In the present case, also carrying out the reastidgth two or
more equivalents of tris(amino)benzene only thedpcb 4 of bromo substitution was
isolated: the replacement of bromine atom is suttedymain process even if in the reaction
mixtures there are, in some cases, low amount aftis materials and traces of

unidentified compounds.

- Reactions between 2,3,4-trinitrothiophene and NijBl-dialkylamino)benzene
derivatives
Starting from the consideration that the departfréd” from a o-complex is a difficult

process and usually it can only return-back totisgmaterials, as depicted in Scheme 2,
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we planned to investigate more in detail on thectreidy of 2,3,4-trinitrothiophene 2),
towards triaminobenzen8s--c

OzN NOZ OZN N02
ky P
/ \ +Nu _— X -
S NO, k. +Nnd S NO,

X=Br(1), HQ)
Scheme 2Reaction pathways for the trinitrothiophene dernxest/nucleophile interactions.

The reactions were carried out directly in the NMpectroscopy tube, in GDI,, with
variable temperature experiments (from —70°C to°€25The recordedH NMR spectra of
the reaction mixtures obtained by mixing at -70e@tiimolar amounts df and3a (or 3¢)
showed that this reaction is complicated by thesgmee of several products.

Among themWMa andWMc complexes (Scheme 3) were identified owing thesqmee,

in the'H NMR spectrum, of four signals with the same in&ign value in a region typical
of diagnostic signals aVM complexed™

NR,
RN
slow / \ NR,
NR H S NO,
ON NO, ? Path. A 5a-c
H S NO,
RoN NR, Path. B
2 3a-c
fast
NR, = N-piperidinyl (a) —_—

NR, = N-morpholinyl (b)
NR, = N-pyrrolidinyl (¢)

Scheme 3Formation of productSa-candWMa-c.

In particular, immediately after the mixing @fand 3a, four broad singlets at 5.48, 5.36,
4.98, and 4.95 ppm appeared as reported in Figure 2
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~5 SRRRS TRARASSSnpF "o ewedo

Figure 2.'H NMR spectrum, in CBCl,, at -70 °C of the reaction mixture frofrand3a,with expanded view

of diagnostic signals belonging ¥éMa (solvent peak at 5.3 ppm).

Direct proton to carbon correlation, obtained-@0 °C showed that the two signalsdat
4.95 and 4.98 ppm are connected directly to cadioms resonating &t = 55.3 and 39.3
ppm, respectively, a clear evidence for thétsgbridization of these carbon atoms. The two
hydrogen atoms which resonatedt 5.48 and 5.36 ppm are connected to two carbon
atoms atd = 91.8 and 87.4 ppm: chemical shift values typfcalthe sp-hybridized CH
carbon atoms of 1,3,5-triaminobenzene derivafi?és! The two distinct hydrogen (and
carbon) signals are due to the presence of an asymenearbon center on the thiophene
moiety and a “C-2 center” (3garbon) of the triaminobenzene moiety that makestio
carbon atoms (and the hydrogen atoms bound to th&®,and H-10 in Scheme 3)
diastereotopic and thus anisochronous signalstimthe'H and™*C NMR spectra appear.
The reaction betweeh and3c also evidenced the presence of the zwitteriorterimediate
(WMc) in the NMR spectrum at70 °C, whose structure was ascertained by botltctdire
proton to carbongtHSQC sequence) and proton to protgrCOSY sequence) correlation
experiments. When the temperature was slowly ise@asignals related t&/Ma and
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WMc gradually broadened until to disappear at abo(t %3 (successive lowering of the
temperature did not give return-back to WW&1 signals).

From these experiments we were also able to isalateidentify compoundSa and 5c,
among other compounds formed during the mixinghefreagents at —70 °C, whose signals
remained almost unchanged until +25 °C.

No evidence o WMb was obtained from the reaction carried out in,C at —70 °C
between2 and 3b; only peaks of starting reagents and trace$koivere present in the
spectrum until about 0 °C whereas at 25 °C thetspmcbecame more complex and signals
of 5b gradually increased as those of the starting redagdisappeared. Compoungia-c
arise from a de-nitro-substitution reaction in piosi 3 of the thiophene ring and they have
been obtained in yield lower than 50%.

After each experiment we noted the presence okeitate in the NMR tube. This solid
was separated and fid NMR signals matched with those of minor signddserved in the
spectra of the reaction mixture recorded at dififetemperatures; likely, due to its scarce
solubility in CD,Cl,, this compound seemed to be a minor constituerthén reaction
mixture.

This solid resulted to be compoun@s-c as reported in Scheme 4. Structéevas
confirmed by NMR spectral data and also by isota@md characterization of its neutral

constituent¥ and8 (Scheme 4).

NR, .
0 O,N oK
2
NR, R,N N N U\
0 ~
~ O NO,
RN N NO R S
"H / \ KOH/MeOH Tae 2 8-salt
NR, O,N S _— .
6a-c filtration
NR, = piperidinyl (a) l l
NR, = morpholinyl (b)
NR, = pyrrolidinyl (c) Ta-¢ 8-salt

Scheme 4lsolation of compoundsa-cand8.
NMR data of the free basas. 1-nitroso-1,3,54(,N-dialkylamino)benzene derivativeds-
c, obtained by treatment @a-c with methanolic solution of KOH, agree with liteuee
datal’® whereas 2,4-dinitrothiophen-3-08)( obtained by treatment d-salt with HCI
solution, has never been reported so far. Moreawer,mixing of equimolar amounts of
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compound7b and 8 produced'H NMR signals of the triaminobenzene moiety matghin
with those of6b.

Based on the previous data of the research Hrbugbout the interaction between
triaminobenzenes and proton, there are four massipiities @-D in Figure 3) about the

proton position on the cationic part of the séHsc

NR, NR; NR, + NR,
i V4 { 7
RN+ X RN O R,N N R,N N
.
R, R, R, RoN—1p)
A

B C D

Figure 3. Possible structures for the cationic part of s@dts

In structureA the proton is on a nitrogen atom of the piperidneiety, instead is a
Wheland complex which may be in equilibrium wit*®

Structure C presents the protonated nitroso group, similady what indicated by
Effenbergef®in a paper in which compounés—c were prepared frofBa—c and NOa.

The 'H NMR spectra recorded for the salia-c, showed two signals related to protons
bound to the aromatic ring, indicati’gandC as the unprobable structures, owing to the
symmetry of the two protons of the aromatic ringolr opinion, structure depicted @an
Figure 3, in which the proton bound to the nitroggéom is involved in a hydrogen bond
between the piperidinyl nitrogen and the oxygenmataf the nitroso group, is the more

probable structure.

Proposed reaction pathway for the formation of coomuls6a-c
It is interesting to observe that compouldsc have been obtained as the major products;
the pathway depicted in Scheme 5 might tentatieaiglain the unexpected formation of

saltsba-c
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2HNO, === H,NO,"+NO,
H,NO," === NO'+H,0
NO, +H,0 === HNO,+ OH"

HNO, =—> NO'+O0H"

RN RN

SgAr
NR; + NO* —— NR, + H'

RN RN NO
3a-c Ta-c

O,N NO, SuAr O,N OH

F ovor—= [\ N
NO, s” NOy

7a-c + 8 —> 6a-c

Scheme 5Proposed reaction pathway to explain the formatiocompound$a-c.

Nitrous acid, derived from the reaction betwezmnd 3 to give 5, can decompose, in
absence of water (reactions were carried out illoiomethane or in acetonitrile) into
nitrosonium and hydroxide ions through the selftgnation process depicted in Scheme 5
(up). The two ions thus formed can attack triamerdene and trinitrobenzene byA% and
SVAr, respectively.

The reaction produces, besidéand8, a further amount of nitrous acid that, in turanc
decompose promoting the formation of a further amhoof 7 and 8, as occur in an
autocatalytic cycle.

Compound¥ and8 can form the salt§, as confirmed by addingato a CRRCN solution of

8. The occurrence of these reactions might be ttssiple reason of both, the low yields

found for compounda—c and the high yields of the recovered s@sc.

3.3CoNcLUsIoNs!?

In conclusion, in the present study the first exm®f reactions between trinitrothiophene
derivatives and sym-triaminobenzene derivativese $tructure of the coupling product
obtained using 2-bromo-3,4,5-trinitrothiopherig, (revealed that only the de-bromination
substitution reaction occurs; under our experimewtnditions, no evidence of de-

nitrosubstitution reactions was obtained.
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A very peculiar reactivity was observed from thaateons between 2,3,4-trinitrothiophene
(2) and triaminobenzene®a—c, that gave the first detection of zwitteriorsecomplexes
(WM) in thiophene series; these intermediates weramdd by the attack, in a fast step, on
the unsubstituted carbon atom (C-5) of the thiophramy. This attack competes with that on
the carbon bearing the nitro group in position 3ted thiophene ring that produces new
compounds bearing the triaminobenzene moiety att@e3nitro group departure eliminates
the possibility to return back to starting matesialhile the only possibility fo'WM is the
return to starting reagents.

These reactions are also complicated by other psesg one of them is the formation of a
salt that, after neutralization, provided 1-nitrgsd,6-triaminobenzene derivatives and the
hitherto unknown 2,4-dinitrothiophen-3-ol. Moreoypresent findings can be considered a
new method to synthesize 1-nitroso-2,4,6-triamimale@es and, even more interestingly,
the C-C couplings herein reported gives access to netlyhipnjugated structures, bearing
both electron-poor and electron-rich moieties, pl¥ interesting substrates for different

applications.

3.4EXPERIMENTAL SECTION
The'H and™C NMR spectra were recorded on a Mercury 400 anddr600 (Varian, Palo
Alto USA) spectrometers operating at 400, or 600 2Vfor '"H NMR) and 100.56, or
150.80 MHz (for'3C NMR), respectively. Chemical shifts were meastred (ppm) with
reference to the solvent [foH and'*C NMR, respectivelyd = 5.30 ppm and 54.2 ppm for
CD.Clp; 6=7.26 ppm and 77.0 ppm for CDECd = 2.50 ppm and 39.50 ppm for (GRSO;
0=3.31ppm and 49.2 ppm for GOD; 6 =1.96 ppm and 118.1 ppm for GON. J values
are given in Hz. Signal multiplicities were estabkd by DEPT experiments. The variable—
temperature NMR spectra and 2D low-temperaturetspdg-COSY andg-HSQC) were
recorded on a Mercury 400 spectrometer. ESI-MStepewere recorded with a WATERS
2Q 4000 instrument. Chromatographic purificatioreyevcarried out on columns of silica
gel (0.037-0.063 mm) or aluminium oxide, activatealsic, Brockmann I, standard grade ca.
150 mesh at medium pressure. 1,3,5-Trimethoxybenfz) is commercially available,
1,3,5-tris{\,N-dialkylamino)benzene8a—c were prepared as described previoliSlyas
well as bromotrinitrothiophenel) and trinitrothiophene2}.”? Given that NMR spectra of
1 and2 have been never reported so far, we report thdowbgt is noteworthy that’c
NMR spectra show some signals as triplet, likelg thucarbon-nitrogen coupling}’

113



2-bromo-3,4,5-trinitrothiophene (1): *C NMR (150.80 MHz, CDGJ, 25 °C),3 (ppm):
140.1 (br.s., C), 136.8 (br.s., C), 136.2){ty = 15.0 Hz, C).

2,3,4-trinitrothiophene (2): *H NMR (600 MHz, CDC}, 25 °C),5 (ppm): 8.57:°C NMR
(150.80 MHz, CD(, 25 °C),d (ppm): 142.3 (tJc.n = 13.2 Hz, C), 137.8 (br.s., C), 135.8
(t, Je.n = 14.8 Hz, C), 129.9 (CH).

Preparation of compounds 4a—d. General procedure2-Bromo-3,4,5-trinitrothiophene
(1) (0.030 g, 0.1 mmol) was added to an equimolar wamoof 1,3,5-
tris(dialkylamino)benzene3g, 3b, 3¢, or 3d) dissolved in CHCN (5 mL). Immediately
after mixing, the colour of the reaction mixturerted to red or blue. The progress of the
reaction, magnetically stirred, was monitored byCTand*H NMR analysis. The product
was purified by flash chromatography on silica @etroleum light/E{O 8:2 v/v for4a, n-
hexane/ethyl acetate 4:6 ). The reactions were carried out also in the presef basic
alumina; that was filtered off after disappearaotstarting material on TLC; products were
then quickly purified as above described. The welgported below are referred to the first
procedure with equimola amount of reagents.
1,1',1"-[2-(3,4,5-trinitro-2-thienyl)benzene-1,3,5triyl]tripiperidine  (4a): blu-violet
solid, 33 mg, 61% vyield, m.p.: > 300 °C (de¢it NMR (600 MHz, CDC}, 25 °C),$
(ppm): 6.36 (s, 2 H), 3.32 (8, = 4.78 Hz, 4 H), 2.80-2.66 (m, 8 H), 1.74-1.62 @nH),
1.62-1.53 (m, 8 H), 1.53-1.43 (m, 4 HJC NMR (150.80 MHz, CDG, 25 °C),5 (ppm):
154.9 (C), 154.8 (C), 144.6 (C), 137.0 (C), 136X, (134.4 (C), 107.6 (C), 102.0 (CH),
54.0 (NCH), 48.6 (NCH), 25.7(NCHCH,), 25.6 (NCHCH,), 24.2 (NCHCH,CH,), 24.1
(NCH,CH,CH,). ESI MS (ES') m/z: 545 [M+H]", 567 [M+Na], 583 [M+K]". Anal. Calcd
for CysH3oNgO6S: C, 55.13; H, 5.92; N, 15.43. Found: C, 55.21514; N, 15.45.

4,4' 4"-[2-(3,4,5-trinitro-2-thienyl)benzene-1,3,5triyl]trimorpholine (4b): purple solid,
30.3 mg, 55% yield, m.p.: 200 °C (de¢h. NMR (600 MHz, CDC}, 25 °C),s (ppm): 6.43
(s, 2 H), 3.87 () = 4.9 Hz, 4 H), 3.70 (t) = 4.9 Hz, 8 H), 3.31 (t) = 4.9 Hz, 4 H), 2.85-
2.79 (m, 8 H)*C NMR (150.80 MHz, CDGJ, 25 °C),5 (ppm): 154.9 (C), 153.5 (C), 143.1
(C), 137.0 (C), 136.6 (C), 134.8 (C), 108.7 (C)2H40(CH), 66.51 (OCh), 66.45 (OCH),
52.6 (NCH), 47.5 (NCH). ESI MS (ES") m/z: 573 [M+NaJ, 589 [M+K]". Anal. Calcd for
CaoH26NsOoS: C, 48.00; H, 4.76; N, 15.27. Found: C, 48.124H3; N, 15.30.
2,3,4-trinitro-5-(2,4,6-trimethoxyphenyl)thiophene@d): orange solid, 18.1 mg, 47%
yield. 'H NMR (600 MHz, CRRCN, 25 °C),5 (ppm): 6.35 (s, 2 H, aromatics), 3.92 (s, 3H,
OCH;), 3.84 (s, 6 H, OCE. *H NMR (600 MHz, CDC}, 25 °C),8 (ppm): 6.18 (s, 2 H,
aromatics), 3.89 (s, 3H, OGH 3.81 (s, 6 H, OCH. *C NMR (150.80 MHz, CDGJ, 25
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°C,), d (ppm, selected): 165.0 (C), 158.8 (C), 152.1 (GY.3 (C), 140.5 (C), 97.7 (C), 91.0
(CH), 55.9 (OCH), 55.7 (OCH). ESI MS (ES’) m/z: 386 [M+H]’, 408 [M+NaJ, 428
[M+K]*. Anal. Calcd for @H1iN3OgS: C, 40.52; H, 2.88; N, 10.91. Found: C, 40.41; H,
2.89; N, 10.88.

Preparation of compounds 5a—c and 6a-c.

Compoundsa-c and6a—c were first isolated by chromatography on silich ggumn of
the final reaction mixture betwe@&wand3 (or 4, 5) derived from experiments carried out in
the NMR spectroscopy tube. CompourGisc were isolated by filtration from the above
reaction mixture. Compounds—c were also obtained carrying out the reaction larger
scale: to a magnetically stirred solution of 1,8i5(dialkylamino)benzene (0.15 mmol) in
CH.Cl, or CH,CN (5 mL), an equimolar amount of 2,3,4-trinitratphene 2) was added.
Immediately after mixing, the reaction mixture b@eadark red or violet. The solution was
stirred for 1 hour (usin@ or 5) and 12 hours (fod) and the progress of the reaction was
monitored by TLC andH NMR analysis. During the reaction time a solidsviarmed and
then separated from the reaction mixture by filrat Compound$a-c (very dark solids)
were purified by flash chromatography on silica (guent: dichloromethane/n-hexane, in
different ratio depending on the polarity of thdfetients products) of the concentrated
mother liquor. The solid precipitated were comp@®Bal-c in some cases precipitation was
favored by addition of diethyl ether to the reactimixture. Crude compounda-c were
subjected to treatment for obtaining neutral congots (see below).
1,1',1"-[2-(2,4-dinitro-3-thienyl)benzene-1,3,5-tiyl]tripiperidine (5a): dark blue solid,
18.7 mg, 25% vield*H NMR (400 MHz, CDC}, 25 °C),5 (ppm): 8.22 (s, 1 H, CH thioph),
6.41 (s, 2 H, CH arom.), 3.24 @,= 5.7 Hz, 4 H, NCH), 2.76-2.56 (m, 8 H, NCH),
1.78-1.66 (m, 4 H, NCHCH,), 1.66-1.57 (m, 2 H, NChCH,), 1.42-1.29 (m, 12 H,
NCH,CH; and NCHCH,CH,). *C NMR (100.56 MHz, CDQ, 25 °C),s (ppm): 154.2 (C),
154.0 (C), 146.6 (C), 145.6 (C), 133.5 (C), 127CH], 111.7 (C), 103.0 (CH), 53.6
(NCH;), 495 (NCH), 26.4 (2 sign. overlapped, NGEH;), 25.9 (CH), 24.3
(NCH,CH,CH,). ESI MS (ES") m/z: 500 [M+H]", 522 [M+Na], 538 [M+K]". Anal. Calcd
for CasH3aNs04S: C, 60.10; H, 6.66; N, 14.02. Found: C, 60.196t8; N, 14.05. 'X-ray
diffraction analysis of a single crystal 6& showed that the triaminobenzene moiety is
bound at the C-3 of the thiophene ring but, unfoately, due to the symmetry of the cell,
the resolution of the structure was not satisfactor the requirements for the deposit in
CCDC.
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4,4' 4"-[2-(2,4-dinitro-3-thienyl)benzene-1,3,5-tiyl[trimorpholine  (5b): dark purple
solid, 21.2 mg, 28% yieldH NMR (400 MHz, CDC}, 25 °C),5 (ppm): 8.27 (s, 1 H, CH
thioph), 6.46 (s, 2 H, arom), 3.88 {t= 4.9 Hz, 4 H, OCh), 3.53-3.47 (m, 8 H, OCH),
3.27 (t,J = 4.9 Hz, 4 H, NCH), 2.72-2.65 (m, 8 H, NCH). **C NMR (150.80 MHz,
CDCls, 25 °C),8 (ppm): 153.5 (C), 152.6 (C), 146.5 (C), 146.1 (32.1 (C), 127.5 (CH),
113.0 (C), 103.1 (CH), 67.0 (OGH 66.7 (OCH), 52.4 (NCH), 48.4 (NCH). ESI MS
(ES") m/z: 506 [M+H]", 528 [M+Na]. Anal. Calcd for G;H,/N50;S: C, 52.27; H, 5.38; N,
13.85. Found: C, 52.33; H, 5.39; N, 13.81.
1,1',1"-[2-(2,4-dinitro-3-thienyl)benzene-1,3,5-tiyl]tripyrrolidine  (5c¢):  dark brown
solid, 30.2 mg, 44% yieldH NMR (600 MHz, CDC}, 25 °C),5 (ppm): 8.10 (s, 1 H, CH
thioph), 5.94 (s, 2 H, arom), 3.34 {t= 6.6 Hz, 4 H, NCh), 2.83-2.78 (m, 4 H, NCH),
2.78-2.72 (m, 4 H, NCh), 2.0+1.97 (m, 4 H, NCHCH,), 1.771.65 (m, 8 H, NCHCH),);
'H NMR (400 MHz, CDCl,, =70 °C)d (ppm): 8.13 (s, 1 H), 5.76 (s, 2 H), 3.25 (bi.&
6.11 Hz, 4 H), 2.732.55 (m, 8 H), 1.90 (br. = 6.11 Hz, 4 H), 1.71.53 (m, 8 H);

H NMR (400 MHz, CRCN, 25 °C),5 (ppm): 8.35 (s, 1 H), 5.96 (s, 2 H), 3.33t 6.7
Hz, 4 H), 2.822.75 (m, 4 H), 2.75-2.67 (m, 4 H), 24500 (m, 4 H), 1.751.63 (m, 8 H).
13C NMR (150.80 MHz, CBCly, 25 °C)3d (ppm): 151.6 (C), 150.5 (C), 148.2 (C), 145.9
(C), 136.8 (C), 128.0 (CH), 104.1 (C), 95.6 (CHR.5 (NCH), 48.3 (NCH), 26.3
(NCH,CH,), 25.7 (NCHCH,). ESI MS (ES) m/z: 458 [M+H]", 480 [M+Na], 496
[M+K]*. Anal. Calcd for GH2;Ns04S: C, 57.75; H, 5.95; N, 15.31. Found: C, 57.72; H,
5.96; N, 15.28.
1-(2-nitroso-3,5-dipiperidin-1-ylphenyl)piperidin-1-ium2,4-dinitrothiophen-3-olate

(6a): dark red solid, 49.1 mg, 60% yieftH NMR (400 MHz, CDC}, 25 °C)3 (ppm): 8.31
(s, 1 H, thiop), 5.36 (d] = 1.9 Hz, 1 H, arom), 5.24 (d,= 1.9 Hz, 1 H, arom), 3.63.56
(m, 4 H, NCH), 3.53-3.47 (m, 4 H, NCH), 3.373.19 (m, 4 H, NCh), 1.88-1.56 (m, 18
H, NCH,CH, and NCHCH,CH,). *C-NMR (100.56 MHz, CDG, 25 °C)3 (ppm): 162.0
(C), 160.8 (C), 157.2 (C), 151.0 (C), 141.0 (C)0B4(C), 134.6 (CH), 124.5 (C), 87.4
(CH), 86.5 (CH), 51.2 (NCh, 50.8 (NCH), 49.5 (NCH), 26.18 (NCHCH,), 25.8
(NCH,CH,), 25.5 (NCHCH,), 24.1 (NCHCH,CH,), 24.0 (NCHCH,CH,), 23.8
(NCH,CH,CH,). ESI MS (ES") m/z: 357 [M]"; ESI MS (ES) m/z: 189 [M-H]".
4-(3,5-dimorpholin-4-yl-2-nitrosophenyl)morpholin-4-ium  2,4-dinitrothiophen-3-olate
(6b): dark red solid, 53.8 mg, 65% vyieftH NMR (400 MHz, DMSO-d, 25 °C)3 (ppm):
8.71 (s, 1 H, thioph), 5.77 (br.s., 1 H, arom),65(br.s., 1 H, arom), 3.83.67 (m, 4 H,
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OCH,), 3.74-3.64 (m, 12 H, OChiand NCH), 3.62-3.49 (m, 4 H, NCH), 3.44-3.30 (m, 4
H, OCHy). ®C-NMR (100.56 MHz, DMSO-gl, 25 °C)d (ppm): 161.6 (C), 160.7 (C),
156.4 (C), 150.8 (C), 141.9 (C), 140.8 (C), 13THJ, 121.1 (C), 89.0 (CH), 87.4 (CH),
66.0 (OCH), 65.8 (OCH), 49.6 (NCH), 48.2 (NCH). ESI MS (ES’) m/z: 363 [M]"; ESI
MS (ES) m/z: 189 [M-H]".

1-(2-nitroso-3,5-di(pyrrolidin-1-yl)phenyl)pyrrolid in-1-ium 2,4-dinitrothiophen-3-olate
(6¢): dark red solid, 31.0 mg, 41% yieltH NMR (400 MHz, CRCN, 25 °C)5 (ppm):
8.39 (s, 1 H, thioph), 5.00 (d,= 2.3 Hz, 1 H, arom), 4.89 (d,= 2.3 Hz, 1 H, arom),
3.83-3.20 (m, 12 H, NCh), 2.16-1.95 (m, 12 H, NChCH.). *C NMR (100.56 MHz,
CDiCN , 25 °C)3 (ppm): 163.7 (C), 162.8 (C), 159.2 (C), 154.3 (T31.6 (C), 149.8 (C),
144.9 (C), 136.2 (CH), 87.2 (CH), 85.9 (CH), 5IN&H;), 50.2 (NCH), 50.1 (NCH), 25.8
(NCH,CH,), 25.4 (NCHCH,), 25.3 (NCHCH,). ESI MS (ES") m/z: 315 [M[*; ESI MS
(ES) m/z: 189 [M-H] .

Isolation of compounds 7ac and 8. General procedure

A 3.9x10%M methanolic/KOH solution was added to an equimataount (0.05 mmol) of
the salt6 dissolved in methanol. After about 30 min a relidsprecipitated; this solid was
collected by filtration and dried. NMR analysis icated presence of a single product. The
solid was treated with an equimolar amount of A(M.%queous hydrochloric acid. After
dilution with water and extraction with ethyl adetathe organic layer was dried over
anhydrous magnesium sulfate, filtered and conceutrachemico-physical data of the
residue agreed with structuB The mother liquor remained after treatment6ofvith
KOH/CH3;OH was concentrated and the NMR of the residue revealed the presence of a
main product that was isolated by chromatography leasic alumina (eluent:
dichloromethane/methanol, 9.5/0.5) and was idetifis the neutral compouiid Mixing
equimolar amount ofb and8 in CD;CN gave signals ofa. Moreover, the treatment of
compound7a (or 7b) with one equivalent of picric acid producdd NMR signals of the
triaminobenzene moiety similar to thosesaf(or 6b).

Chemico-physical data of compouritis-c were according to those reported in literattire.
Since in the literature NMR data féa—c are partial, below we reports NMR and mass data
for them, together with data for compousid
1,1',1"-(2-nitrosobenzene-1,3,5-triyl)tripiperidine (7a)*®?” red solid, 12.5 mg, 70%
yield. '"H NMR (400 MHz, CDC}4, 25 °C)3 (ppm): 5.50 (s, 2 H, arom), 348.42 (m, 4 H,

NCH,), 3.36-3.24 (m, 8 H, NCH), 1.84-1.61 (m, 18 H, NCKCH, and NCHCH,CH,). *C
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NMR (100.56 MHz, CDG, 25 °C)3 (ppm): 158.0 (C), 147.7 (C), 103.0 (C), 88.6 (CH),
52.5 (NCH), 48.5 (NCH), 25.8 (NCHCH,), 25.6 (NCHCH,), 24.5 (NCHCH,CH,), 24.4
(NCH,CH,CHy,). ESI MS (ES") m/z: 357 [M+H]", 379 [M+NaJ.

4,4' 4"-(2-nitrosobenzene-1,3,5-triyl)trimorpholine (7b)#%2% green solid, 17.5 mg, 97%
yield. '"H NMR (400 MHz, CDC}, 25 °C)3 (ppm): 5.60 (s, 2 H, arom), 3.94 Jt= 4.4 Hz,
8 H, OCH), 3.82 (t,J = 4.4 Hz, 4 H, OCh), 3.43 (t,J = 4.4 Hz, 4 H, NCh), 3.25 (t,J =
4.4 Hz, 8 H, NCH). **C NMR (100.56 MHz, CDGJ, 25 °C) (ppm), selected: 157.5 (C),
149.0 (C), 89.5 (CH), 66.7 (OGH 66.4 (OCH), 52.1 (NCH), 47.0 (NCH). ESI MS
(ES") m/z: 363 [M+H]", 385 [M+NaJ, 401 [M+K]".
1,1',1"-(2-nitrosobenzene-1,3,5-triyl)tripyrrolidi ne (7c)*®?% dark red solid,15.2 mg,
97% yield.'H NMR (400 MHz, CDC}, 25 °C)3 (ppm): 5.02 (dJ = 2.1 Hz, 1 H, arom),
4.80 (d,J = 2.3 Hz, 1 H, arom), 3.73.61 (m, 4 H, NCh), 3.44 (tJ = 6.6 Hz, 4 H, NCH),
3.39-3.20 (m, 4 H, NCh), 2.03-1.88 (m, 12 H, NChCH,); *C NMR (100.56 MHz,
CDCls, 25 °C)d (ppm, selected): 156.1 (C), 155.8 (C), 145.0 @0 (CH), 83.6 (CH),
51.7 (br.s., NCh), 51.02 (br.s., NCh), 48.3 (NCH), 25.8 (NCHCH,), 25.6 (NCHCH,),
25.4 (NCHCHy,). ESI MS (ES") m/z: 315 [M+H]", 337 [M+Na[.

2,4-Dinitrothiophene-3-ol (8): mustard-color solid, 6.7 mg, 70% vyield, m.p.: > 12D
(dec.).'H NMR (400 MHz, CROD, 25 °C)d (ppm): 8.77 (s, 1 H)**C NMR (100.56
MHz, CD;0D, 25 °C)d (ppm): 151.4, 138.1, 133.8, 130E5! MS (ES) m/z: 189 [M-H].

Formation and detection of Wheland-Meisenheimer irtrmediates WMa and WMc.

A solution of 1,3,5-triaminobenzene derivativga(or 3c, 0.04 mmol) was dissolved in
CD.Cl; (1 mL) and introduced in a NMR spectroscopy tuteg tvas inserted in the NMR
probe. When the probe temperature reach&@°C, an equimolar amount of 2,3,4-
trinitrothiophene (9.5 mg, 0.04 mmol) was addeth® solution, that became blue-colored,
and the'H NMR spectrum of the resulting solution was qujckécorded. The system was
monitored after various times and at different terapures until 25 °C. Immediately after
the mixing, the spectrum at —70 °C showed the ajppea of new signals, some of them
ascribed to compound WM, also with the aid of g-@C&hd g-HSQC experiments. On
raising the temperature, signals belonging to Wildgally broadened then disappeared at
about-35 °C forWMa and-30 °C forWMc; a return-back from previous temperature did
not produced re-appearance of signals of WM. lie cdiseaction of with 3a, the'H NMR
spectrum recorded a0 °C immediately after the mixing of the reageatts70 °C showed

presence of compourigh in a relative molar ratio 57/43 withMa.
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In case of reaction & with 3¢, theH NMR spectrum recorded a70 °C immediately after
the mixing of the reagents showed presence of atlggrals, some of them ascribed to
compoundsc and6c¢. These latter fall in the same regionvdMc but were distinguishable
because the signals WMc broadened and disappeared on raising the tempenatiile
those of6c increased on raising the temperature probe andinewh stable.
3,4,5-Trinitro-2-(2,4,6-tri(piperidin-1-yl)cyclohexa-2,4-dien-1-ylium-1-yl)-2,3-dihydro
thiophen-3-ide (WMa): *H NMR (400 MHz, CDCl,, =70 °C)d (ppm): 5.48 (br.s, 1 H),
5.36 (br.s, 1 H), 4.98 (br.s, 1 H), 4.95 (br.s, 1 #05-3.51 (m, 4 H), 3.53.23 (m, 8 H),
1.85-0.9 (m, 18 H, overl. with those 88). g-HSQC (CD,Cl,, —70 °C):*H-'3C correlations
(solvent signal set at 54.47 ppm): 5.48-91.8, B38&}, 4.95-55.3, 4.98-39.3.
3,4,5-trinitro-2-(2,4,6-tri(pyrrolidin-1-yl)cyclohe xa-2,4-dien-1-ylium-1-yl)-2,3-dihydro
thiophen-3-ide (WMc): *H NMR (400 MHz, CDCl,,~70 °C)d (ppm): 5.03 (d,) = 2.36,
1H), 4.87 (br.s, 1H), 4.78 (br.s, 1H), 4.73 (bd#{), 3.82-3.40 and 2.261.50 (signals
overl. with those of other compoundg}:COSY (CD.Cl,, =70 °C): *H-'H correlation:
5.03-4.73;g-HSQC (CD,Cl,, =70 °C):*H-3C correlations: 5.03-54.9, 4.87-89.4, 4.78-85.8,
4.73-44.6.
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CHAPTER 4
Triaminobenzene derivativesversus benzhydrylium ions:
further evidence of the reversibility of theo intermediates

formation step in SAr/SyAr reactions

4 .1INTRODUCTION
As reported in Chapter 1, in the past the couptiatyveen triaminobenzene derivatives and
charged electrophilic species such as arenediazosalts, allowed to detect the related

o—cationic intermediat®/ as reported in Schemé™y.

Y

BF, N
Ny H N
RN NR, RyN NR,
+ fast
’ BF4~
NR, Y NR,

la-c diazonium salts W complexes

NR,= N-piperidinyl (1a)

NR,= N-morpholinyl (1b) intramolecular slow
NR,= N-pyrrolidinyl (1c¢) proton transfer
Y
i
’/N SN
N N N 1‘{
base R,N NR,
R,N NR, - +
BF,”
NR,
NR,
P s

Scheme 1Reactions between 1,3,5-tris(dialkylamino)benzemebsarenediazonium salts.

This latter slowly evolved to the sa$)(and the Wheland intermediate stability permited
separately study the two steps of thig\Sreaction and to gain evidence of the revergipili

of the whole reactioH!
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In the frame of our investigation on the di- andrtrinobenzene derivatives as nucleophilic
species, we decided to perform the reactions betvieem and others charged carbon
electrophiles. The selected electrophilic specieseva series of benzhydrylium ions, whose
electrophilicity parameters (according to Mayr'satophilicity scale}? are known.

During my research period at the Ludwig-Maximiliddsiversity of Munich, | did start a
kinetic study on the di- and triaminobenzene dérres, with the aim to develop a
methodology to measure the rate constants for tiestisution reactions involving
aminobenzene derivatives and finally calculate ribeleophilicity parameters of both di-
and triaminobenzene derivatives. Preliminary rasulbave been obtained for
diaminobenzene derivatives but work is still in gness on this topic; so, the partial
obtained data will not be reported on this chapter.

Herein | will report the results obtained in Bolagtihrough NMR experiments and, for the
sake of clarity, | will discuss separately the stgdinvolving diaminobenzene and

triaminobenzene derivatives.

4.2 RESULTS AND DISCUSSION

- Reactions between 1,3,5-tris(N,N-dialkylaminojesre derivatives and benzhydrylium
ions.

As it can be seen in Figure 1, the electrophilizv@ocalculated by Mayr and coworkérd

of the selected benzhydrylium ions, grows from bwtom to the top; somfa is the
stronger andima is the lower electrophilic species, among thoseseh.

+
F3C/\I|\I }IIACFS
Me

Me
mfa, 2a

E -5.53 +
= 0

L_o

mor, 2b

joge

dma, 2¢

-7.02

Me,N

Figure 1. Selected benzhydrylium ions from the Mayr’s eleptiilicity scale/?®!
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1,3,5-tris(N,N-dialkylamino)benzene derivativeka-c were coupled with benzhydrylium
tetrafluoroboratea-cas shown in Scheme 2.

BF,
NR, +
RI\N N/Rl
RoN NR, \ \
R, R,
la-c 2a-¢ Ry Waa-ce R

NR, = N-piperidinyl  (1a) R;= CH,CF3; Ry= CH; (2a)  NR, = N-piperidinyl; R,= CH,CF;; R,= CH; (Waa)

NR; = N-morpholinyl - (1b) Ry.Ry= -CH,CH,OCH,CHy- (2b)  NR, = N-piperidinyl; -CH,CH,OCH,CH,- (Wab)

NR, = N-pyrrolidinyl - (1¢) R;=R,=CH, (2¢)  NR, = N-piperidinyl; R,= R,=CH, (Wac)
NR, = N-morpholinyl; Ry= CH,CF;; R,= CH; (Wba)
NR, = N-morpholinyl; R |,R,= -CH,CH,OCH,CH,- (Wbb)
NR, = N-morpholinyl; R;= R,= CHjy (Whbe)
NR, = N-pyrrolidinyl; R;= CH,CF3; R,= CHj; (Wea)
NR, = N-pyrrolidinyl; R;,R,= -CH,CH,0CH,CH,- (Wcb)
NR; = N-pyrrolidinyl; R;=R,= CHj (Wce)

Scheme 2.Formation ofWaa-cc from the reactions betweela-c and 2a-c in the NMR tube, at variable

temperatures.

The first studies were carried out at room tempeeatnd we observed that coupling the
more nucleophilic speciedd,9 with the stronger and medium electrophilic sped¢éa or

2b, respectively), théH-NMR spectrum showed a set of signals ascribableomplexes
Waa, Wab, Wca and Wcb (Scheme 2). The Wheland intermediate formation was
hypothesized for the absence in theNMR spectra, of the signals of both reagents and
owing the presence of two doublets, in the rangé ®@#.6 ppm, typical region of $proton

of the Wheland intermediate, integrating each foe @roton; one of these doublets was
ascribed to H-1 o¥V (Scheme 2) and the other doublet belongs to theytie proton of the
benzhydrylium moiety and it results shifted updieéspect to its signal as free electrophile,
due to the presence of the positive charge iniraasintermediate.

The presence of the Wheland intermediates werdrowed by**C-NMR, DEPT,g-HSQC
andg-COSY experiments that showed the direct conneafaiie proton H-1 to a carbon
resonating in typical region for the hybridized® smarbon atoms (40-60 ppm), and its
coupling with the benzylic proton indicated as Hii Scheme 2.

In Figure 2 is reported, as an example, tHNMR spectrum recorded at room temperature

for the reaction ofa with 2a.
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Figure 2.*H-NMR spectrum, in CECN, at 25 °C of the reaction mixture frda and2a, with expanded view
of diagnostic signals belonging Ydaa.

In Table 1 and Table 2 th#-NMR and **C-NMR data, respectively, for selected and
diagnostic signals divaa, Wab, Wca andWcb, are reported.

Table 1. 'H-NMR selected data faVaa, Wab, Wca andWcb, in CD,CN at 25°C (assignement by
aid ofg-COSY experiment).

Wheland intermediate OH-1 oH-3,5 oH-1’ oH-3",4’
Waa 452 (d,J=45Hz, 1H)| 5.34(s,2H) 4.19 (@4.5Hz, 1H)| 7.24 (dJ=8.7 Hz, 4H)
6.76 (d,J=8.7 Hz, 4H)
Wab 453 (d,J=3.9 Hz, 1H)| 5.33 (s, 2H 4.21 (@3.9 Hz, 1H) | 7.25 (dJ=8.9 Hz, 4H)
6.84 (d,J=8.9 Hz, 4H)
Wca 412 (d,J=5.5Hz, 1H)| 4.68(s,2H) 4.34 (@5.5Hz, 1H)| 7.32 (d}=8.8 Hz, 4H)
6.74 (d,J=8.8 Hz, 4H)
Wcb 412 (d,J=5.3 Hz, 1H)| 4.67 (s, 2H), 4.35 (@5.3 Hz, 1H),| 7.34 (d}=8.3 Hz, 4H)
6.82 (d,J=8.3 Hz, 4H)
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Table 2. ®*C-NMR selected data faaa, Wab, Wca andWcb, in CD;CN at 25°C (assignement by
aid of g-COSY andy-HSQC experiments).

Wheland intermediate | 8C-1 | 8C-3,5 | 8C-1’ oC-3, 4
Waa 61.5 90.6 46.5 113, 131.4
Wab 61.5 90.6 46.4| 115.6, 1313
Wca 515 88.5 58.7| 112.6,131)3
Wcb 51.3 88.5 58.8| 115.3,131)3

When the reactions were carried out at room tenwera both in acetonitrile or
dichloromethane, between the less nucleophilicispdb (morpholinyl derivative) an@a

or 2b (the stronger and the medium electrophilic specespectively), the recorded spectra
showed a lot of broad signals and, apparently, \ideace of the typical doublets of the
Wheland intermediates was obtained (Figure 3).eatstcombininglb and 2c (the less

electrophilic specieg)o reaction was observed.

Whba

LN S IR B S S S B B B B B B B B B N S S B B B B S H H T T T T T
8 i 6 5 4 3 2 : ppm

Figure 3.*H NMR spectrum, in CBCl,, at 25 °C of the reaction mixture frohb and2a in which the typical
H-1 and H-1 signals of th&Vba are not visible.

These findings reminded us a behaviour previouslgeoved in the reactions between
triaminobenzene derivativesla-c and 4,6-dinitrobenzofuroxan DNBF) or 4,6-
dinitrotetrazolepyridine INTP). In those experiments, we detected and charaetethe
first Wheland-Meisenheimer specié¥l1 andWwM2) as showed in Schemd®3!
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la—c

NR, = N-piperidinyl  (1a)
NR; = N-morpholinyl (1b)
NR, = N-pyrrolidinyl (1¢)
WM2 WM1

Scheme 3.Nucleophile/electrophile combination between reluiromatic species giving moderately stable

W-M intermediates.

Intermediate&VM1 andWM2 showed sharp and well separatetdand**C-NMR signals,
corresponding to the three hydrogen atoms belonginige triaminobenzene moiety, at low
temperature, whereas raising the temperature tapels became broad. A further
lowering of the temperature gave again sharp ssgofabothWM intermediates.

In all cases the coalescence of the involved signals observed and the thermodynamic
activation parameters of the process were derived.

The dynamic NMR data suggested the existence, atlmveoalescence temperature, of
WM1 andWM2 in three homomeric structures as depicted in Sehén(for the case of
WM1), with bonds C7/C10, C7/C12 and C7/C14 rapidlyhexging®

H
DNBF RN 10 NR,
RN 10 NR,
@ _— DNBF-
H'12
H 12X 141 141

NR,
NR,

N/

H
10

RoN NR,
DNBF-
NOy 0
N H w12 14°H
£ 5 NR
DNBF= O _ 2

NO,
7 H

Oz

NR, = N-piperidyl, N-morpholinyl, N-pyrrolidinyl

Scheme 4 Proposed interconversion pathway for the observ@eersible and temperature-dependent

transformation ofVNM1 structures.
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In conclusion, the reported exchange process egbuit a reversible and temperature-
dependent transformation WM1 structures.

Later, further confirmation of the reversibility tiie exchange process from the reaction
between triaminobenzene derivatidescandDNTP (see Scheme 3) was obtained through
exchange of the electrophilic moiety by additiorDNBF to WM2 and also by addition of
lato theWM2 derived fromDNTP and1b, that produced exchange of the nucleophilic
part!”

Based on the above results, the reactions betwranitobenzene derivativdd and 2a,b
were carried out directly in the NMR spectroscayilyet, in equimolar amount of reagents, in
CD.Cl; at -80°C or in CECN at -35°C. At these temperatures, the typicalagforWba
(Figure 4) andVbb were observed.

.

//\N O N\__/)

O,

\J H. H
Fz(,/\II ‘ ‘ II/\(F

H Whba s
T T T T T T I e e e e e T B e
9 8 7 6 5 4 3 2 1 ppm

Figure 4.*H NMR spectrum, in CECl,, at -80 °C of the reaction mixture frahb and2a, with typical signals
of Wha.

Finally, we also combined the less electrophilieses2c (dma), with 1a and 1c, the
stronger and the medium nucleophilic species, ats@dy, at room temperature and also in
these two cases, tH&l-NMR spectra showed broad signals, while perfogmine same
reactions at low temperature typical signals \ac and Wcc, appeared in théH-NMR

spectra.
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In the whole, all the combinations gave the foroabf the Wheland intermediatégaa-cc
(Scheme 2), except for the case of the combinda@weenlb and2c, in which no reaction
was observed; it is interesting to note that is dase the reaction was carried out between
the less electrophilic species (Figure 1) and #es Inucleophilic species (inferred by
considering the nitrogen nucleophilicity values tioe secondary amines morpholine respect
to piperidine and pyrrolidine, reported by Prof.rbkrt Mayr and coworkers in Ref 8).
Finally, in all these experiments the observed dynaprocesses resulted reversible:
warming the solution from -35°C or -85°C (in gIN or CDCl,, respectively) to room
temperature and cooling agathi-NMR spectra identical to the starting one, weseained.

In Table 3 and Table 4 are reported fieNMR and *C-NMR data, respectively, for
selected and diagnostic signals \Wba, Wbb, Wac and Wcc, in acetonitrile, at low
temperature (-35°C).

The full spectroscopic characterization for all ti#ained Wheland intermediates, in both

solvents, are reported in the Experimental seafdhis chapter.

Table 3. '"H-NMR data for selected signals fdtba, Whb, Wac, Wcc, in CD,CN at low temperature.

Wheland intermediate oH-1 oH-3,5 OH-1’ oH-3',4’
Whba 4.48-4.4C° 5.31 (s, 2H)| 4.18 (dI=5.2 Hz, 1H)| 7.23 (d}=8.1 Hz, 4H)
6.75 (d,J=8.1 Hz, 4H)
Whb 4.46 (d,J=5.8 Hz, 1H)| 5.32 (s, 2H) 4.22 (@5.8 Hz, 1H)| 7.29 (d}=8.9 Hz, 4H)
6.89 (d,J=8.9 Hz, 4H)
Wac 4.48 (d,J=5.4 Hz, 1H)| 5.30 (s, 2H) 4.17 (@5.4 Hz, 1H)| 7.17 (dj=8.5 Hz, 4H)
6.62 (d,J=8.5 Hz, 4H)
Wee 4.07 (d,J=5.4 Hz, 1H)| 4.62 (s, 2H) 4.30 (@5.4 Hz, 1H)| 7.26 (d}=8.7 Hz, 4H)
6.61d,J=8.7 Hz, 4H)

& (m, 1H) two signals overlapped: signal ascribedHit overlapped to the GFCF; signal of the unreacted

electrophile?a.

Table 4. **C-NMR for selected signals falba, Wbb, Wac, Wcc, in CD,CN at low temperature.

Wheland intermediate | 8C-1 | 8C-3,5 | 8C-1’ 8C-3', 4
Whba 60.4 90.2 45.6| 112.0,130/8
Wbb 60.4 90.3 45.3| 115.2,131)0
Wac 60.4 89.5 455| 112.5,130/6
Wcc 51.3 87.9 58.1| 112.0,130/8

The behaviour of the newV complexes involving benzhydrylium ions at differen
temperature is similar to that previously found YdM1 andWM2. This prompted uso
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derive the coalescence temperature and the rdlaesodynamic activation parameters for
the new stable intermediates. Work is in progresthe part of the study.

It is interested to note that, various attempt®htain the substitution products from the
reactions betweerla-c and 2a-c were performed, working with an excess of the
nucleophile or in the presence of different bafeBU, triethylamine, pyrrolidine, basic
Al;O3), but in all cases the Wheland intermediates tedustable and no substitution
products were obtained.

The behaviour of the new intermediates suggestsetharsibility of their formation.

In the past the research group collected importdatmations about the mechanism of the
SeAr and the reversibility of the formation of the Aland complex, during a study
involving triaminobenzene derivativdsi-c and different aryldiazonium saff$In that case
the reversibility of the electrophilic aromatic stitution reaction was confirmed
performing an exchange reaction in which the reptant of the nucleophilic moiety on the
Wheland complex, was observed (Scheme 5).

A similar behaviour was also observed in the cdskeoreactions between triaminobenzene
derivatives {a-c)andDNTP, that gaveNM2 in Scheme 3; in that case was performed the
exchange of both the electrophilic (WiINBF) and nucleophilicXb was exchanged with
1a) partners® This prompted us to try to exchange the electramedanoiety of some

intermediates.
OCH; OCH;
0 i )
N N I\{/N N
H N CD;CN H
RN NR, 4 —_— RoN NR, +
T=-30°C o

O BF,~ C/\I NQ \‘/ BE;~ (\N N /\

NR, NR, 0\) bo

w2

w1 1c
NR,= 4-morpholinyl NR,= pirrolidinyl

1b

Scheme 5Exchange of the nucleophilic partner in the reactietween triaminobenzene derivatives and 4-
methoxybenzenediazonium tetrafluoroborate.
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In particular, two exchange reactions were perfaknmbe first betweeiWba andl1c, and

the second betweeftac andlc.

The triaminobenzene moiety exchange was carriedfoutboth combinations, directly in
the NMR spectroscopy tube, in @CN at -20°C.

After the formation of the Wheland intermediaW®ba or Wac, respectively, an equimolar
amount of the pyrrolidinyl derivativiéc, was added to the reaction mixture (Scheme 6, for

the case ofvac).

CH3

la

Scheme 6Nucleophile exchange in the reaction betwgamvith 2c.

The*H-NMR spectrum, recorded after the addition of strenger nucleophile, showed the
disappearance of signals relatedMac (or Wba), and the concomitant appearance of those
related to Wheland comple¥cc (or Wca), together with those the less nucleophilic
speciesla (or 1b), as reported in Scheme 6. So the more powerftienphilic reagentc,
replaced the less one, resulting again as an osideedence of the reversibility of the

Wheland formation.

-Reactions between 1,3-bis(N,N-dialkylamino)benaeaebenzhydrylium ions
The reactions between the diaminobenzene deriwatBzec and bis(4-(methyl(2,2,2-
trifluoroethyl)amino)phenyl)methylium tetrafluorolade @a) were performed, in

dichloromethane, at room temperature and undeogetr atmosphere, with a two fold
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excess of the nucleophile to neutralize the tetoafiboric acid produced. In all cases
products4a-c were obtained in high yiels, after purificatiom silica gel (Scheme 7).

NR,

o O
O O CHZC]Z
/\ /\ q T= 25 cC N2 O O

3a-c ) 2a

4a-c
NR, = N-piperidinyl  (3a) NR, = N-piperidinyl  (4a)
NR, = N-morpholinyl (3b) NR, = N-morpholinyl (4b)
NR, = N-pyrrolidinyl (3¢) NR, = N-pyrrolidinyl ~ (4c)

Scheme 7 Reactions between diaminobenzene derivatBees and the benzhydrylium io8 to obtain the

substitution productda-c

In all cases, as in the case of the reactions leetwdtaminobenzene derivatives and
benzofuroxan derivatives (see Chapter 3), the fimatiucts derived from the attack of the
electrophilic species in 4 position of the nucledglgiving the unsymmetric producisi-g
fully characterized by usual spectroscopyc methods.

With the purpose to investigate on the possibitily detecto—intermediates from the
reactions betweerBa-c and 2a, we performed the reactions directly in the NMR
spectroscopy tube, combining the reagents in edamamount, at different temperatures
(from -80°C to 25°C), in CECls.

In all cases the formation of the Wheland interraesiWWa-c was observed (Scheme 8) at

low temperature, where them resulted stable.

BF,~
NR, +
= N + e
FsC N N CF
: o n b ]lq/\c%
3 3

3a-c 2a CH; Wa-c CHs
NR, = N—piperidiqyl (3a) NR, = N-piperidinyl (Wa)
NR, = N-morphlollmyl (3b) NR, = N-morpholinyl (Wb)
NR, = N-pyrrolidinyl (3c) NR, = N-pyrrolidinyl (We)

Scheme 8Formation ofWa-c from the reactions betwe&a-cand2ain the NMR tube, at low temperature.
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The Wa-c formation was deduced owing to the presence, émHthNMR spectra, of two
new signals in the range of 4.3-4.5 ppm, a tripled a doublet, integrating each for one
proton (Figure 5A); the triplet in particular wascabed to H-1. This attribution was
confirmed by"*C-NMR, DEPT andy-HSQC experiments, at low temperature, that showed
that the triplet is directly connected to C-1, mesting in the typical region for the
hybridized sp carbon atoms (40-55 ppm).

I
4
T oY B =

Figure 5. Comparison of théH-NMR spectra in the 4-6 ppm region, betwé&&a (A) and its substitution
productda (B).

The presence of the doublet in the same regios,aitother confirmation for thé/a-c
formation, in fact, this signal belongs to the bgigzproton of the benzhydrylium moiety,
and it results shifted up field respect to its aign the substitution produda-c(the singlet

at about 6 ppm, visible in Figure 5B in the casedaf, this behaviour depends on the
presence of the positive charge in the sigma irgdrate respect to the substitution product.
Increasing the temperature, signals ascribed toWwheland intermediates became broad
until they disappeared at room temperature; conbeamgously the formation of the
substitution productgda-c was observed and thebecame the only species in solution at
room temperature, in the caseacdndb.

It is interesting to note that in the case Wb, the morpholinyl derivative, the sigma
intermediate was present in very low concentratidso at low temperature and the
substitution producib was already present in the solution immediatelgrahe mixing of

the reagents at -80°C. Instead, in the cas&@fthe pyrrolidinyl derivative, typical signals
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of this sigma complex were present also at roonpegature, together with signals ascribed
to the substitution produdt.

Therefore, this can be considered an indicatiort ¥Wa is probably the more stable
intermediate with respect to the otheMa(b), thanks to the stronger ability of the
pyrrolidinyl groups respect to the piperidinyl (ea and morpholinyl (casb) to stabilize
the positive charge of the sigma intermediate om ring. These results are again in
agreement with the reported nitrogen nucleophylidiar the secondary amines, morpholine,

piperidine and pyrrolidin&’

4.3CONCLUSIONS

The reported study concerns the investigation om teactivity of triaminobenzene
derivativesand diaminobenzene derivatives with a set of clthrggrbon electrophiles,
selected from the Mayr’'s electrophilicity scale aaltbwed to evidence and characterize
new o-intermediates of the aromatic substitution reactihen the nucleophilic species
were both di- and triaminobenzene derivatives, @ndynthesize new products when the
nucleophilic species were diaminobenzene derivative

In the case of triaminobenzene derivatitasc their reactions with the electrophilic species
2a-¢ gave only the Wheland intermediatééa-Wcc whose stability depends on the
electrophile/nucleophile combinations and on thaeeixnental conditions.

In particular, stable Wheland complexes, at roompierature, where observed only when
the stronger electrophiles were coupled with thengfer nucleophiles.

When one of the two reagents possess the lowetragdbdic or nucleophilic power, a
peculiar behaviour was observed: typical signals Wheland intermediates with
triaminobenzene derivatives were present in thetaga only at low temperature and their
gradually broadening was observed increasing tmepéeature; as a result, at room
temperature the Wheland intermediate appears mi¢rmvin the'H-NMR spectrum.

At last, once again, the reversibility of the Wimelacomplex formation was observed and
confirmed by exchange reactions of the nucleophpléctner in the reactions between
triaminobenzene derivativds,b and2a,c

With respect to the reactions between diaminobenzéderivatives 3a-c and the

benzhydrylium ior2a, both substitution products and Wheland interntedisavere obtained.
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In particular, performing the reactions betw@&anac and2a, the unsymmetric productsa-c
were synthesized; instead, coupliBag-c with 2a, at low temperature, directly in the NMR
spectroscopy tube, using a variable temperaturergrpnt, the Wheland complexéga-c
were obtainedWa-c resulted stable only at low temperature and thiginals disappeared
increasing the temperature while other signalsilzsdrto the substitution produdia-c
appeared until became the only species in theiosantixture at room temperature. The
presence of only two amino substituents on the wmiamderivatives respect to
triaminobenzene derivatives makes these nucleaphbpiecies less able to stabilize the
positive charge of the Wheland intermediates froenreactions with benzhydrylium ions.
The obtained results, in the case of both di- aimininobenzene derivatives, showed that
the Wheland intermediate stability and its evolutim the final substitution product,
depends from the ability of the amino-substituenttbe aromatic ring of the di- and

triaminobenzene derivatives, to stabilize thimtermediate.

4. 4EXPERIMENTAL SECTION

The'H- and**C-NMR spectra were recorded on a Mercury 400 andar600 (Varian, Palo
Alto USA) spectrometers operating at 400, or 600 2Mfor *H-NMR) and 100.56, or
150.80 MHz (for'*C-NMR), respectively. Chemical shifts were meastired (ppm) with
reference to the solvent (fiH- and**C-NMR, respectivelyd= 5.32 ppm and 53.8 ppm for
CD.Cly; =196 ppm and 118.20 ppm for GDN). J values are given in Hz. Signal
multiplicities were established by DEPT experimeri&e variable—temperature NMR
spectra and 2D low-temperature spectgaCQOSY andg-HSQC) were recorded on a
Mercury 400 or Inova 600 spectrometers. ESI-MS tspagere recorded with a WATERS
2Q 4000 instrument. Chromatographic purificatiorerevcarried out on columns of silica
gel (0.037-0.063 mm) or aluminium oxide, activateasic, Brockmann |, standard grade ca.
150 mesh at medium pressure. Solvents and reagergscommercial materials (Aldrich or
Fluka) if not specified. 1,3,5- trid(N-dialkylamino)benzene derivativeta-c were
synthesized as described previously by the resegrclup in Ref 6. 1,3-biB[N-
dialkylamino)benzene derivative3a-c were prepared from 1,3-dichlorobenzen (Sigma-
Aldrich) with a modification of the reported litetme’®*) methods, as reported in the
previous Chapters. Benzhydrylium ioBa-c were synthesized from the Professor Mayr’s

research group in Munich.
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Typical procedure for the detection of theo—complexes Waa, Wab, Wca and WcbThe
reactions between the triaminobenzene derivatidgsc (0.02 mmol) with the
benzhydrylium ion2a,b (0.02 mmol), were carried out directly in the NMRBectroscopy
tube, in CRCN (1 mL) and at room temperature.

In these cases the triaminobenzene derivative waeighted directly into the tube and
dissolved in the minimum amount of solvent. Themhis solution, an equimolar amount of
the benzhydrylium derivative, dissolved in the muom amount of solvent, was added and
the solution was analyzed by NMR spectroscopy.

Immediately after mixing reagents, the Wheland dempormation was confirmed by the
appearance of its typical signals in fiveNMR spectrum and by the aid 5C-NMR, and

in some cases also gfCOSY andg-HSQC experiments. Chemico physical data for the
detected Wheland complexes are reported as follows.
1-(4-(bis(4-(methyl(2,2,2-trifluoroethyl)amino)pheryl)methyl)-3,5-di(piperidin-1-yl)
cyclohexa-2,5-dien-1-ylidene)piperidin-1-ium tetralioroborate (Waa): *H NMR (400
MHz, CDsCN, 25 °C)d (ppm): 7.24 (dJ= 8.7 Hz, 4H), 6.76 (d] = 8.7 Hz, 4H), 5.34 (s,
2H), 4.52 (d,J = 4.5 Hz, 1H), 4.19 (d] = 4.5 Hz, 1H), 4.00 (q] = 9.4 Hz, 4H), 3.60-3.40
(m, 4H), 3.25 (tJ = 5.4 Hz, 8H), 3.02 (s, 6H), 1.73-1.62 (m, 4H),2t655 (m, 6H), 1.55-
1.45 (m, 8H)*C NMR (100.56 MHz, CBCN, 25 °C)d (ppm): 164.9, 163.4, 148.7, 131.4,
125.7, 113.0, 90.6, 61.5, 53.9 ({&,.r = 31.9 Hz), 50.2, 49.9, 46.5, 39.6, 27.1, 27.0326.
24.7.*H NMR (400 MHz, CDCl,, -85 °C)3 (ppm): 7.08 (d,) = 8.6 Hz, 4H), 6.62 (d] =
8.6 Hz, 4H), 5.18 (s, 2H), 4.40 (@= 3.5 Hz, 1H), 4.19 (d] = 3.5 Hz, 1H), 3.85 (] = 8.2
Hz, 4H), 3.70 (d,) = 11.5, 2H), 3.23 (br.s, 4H), 3.12 (br.s, 4H), 33080 (m, 2H), 2.94 (s,
6H), 1.68-1.37 (m, 18HE = 7696 M'cm™* (Ama=412.5 nm) in CHCN at 20°C.
1-(4-(bis(4-morpholinophenyl)methyl)-3,5-di(piperidn-1-yl)cyclohexa-2,5-dien-1-
ylidene)piperidin-1-ium tetrafluoroborate (Wab): *H NMR (400 MHz, CRCN, 25 °C)d
(ppm): 7.25 (dJ = 8.9 Hz, 4H), 6.84 (d] = 8.9 Hz, 4H), 5.33 (s, 2H), 4.53 (@= 3.9 Hz,
1H), 4.21 (dJ = 3.9 Hz, 1H), 3.80 (t) = 4.2, 8H), 3.70 (t) = 3.7, 8H), 3.48 (tJ = 5.6,
4H), 3.26 {, J = 4.6, 8H), 1.76-1.42 (m, 18H)C NMR (100.56 MHz, CRCN, 25 °C)d
(ppm): 164.8,163.3, 151.5, 131.3, 130.3, 115.65,9%9%.3, 61.5, 50.2, 49.8, 48.6, 46.4, 27.1,
26.3, 24.7, 24.6.
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1-(4-(bis(4-(methyl(2,2,2-trifluoroethyl)amino)pheryl)methyl)-3,5-di(pyrrolidin-1-yl)
cyclohexa-2,5-dien-1-ylidene)pyrrolidin-1-ium tetrdluoroborate (Wca): *H NMR (400
MHz, CDsCN, 25 °C)d (ppm): 7.32 (d,J = 8.8 Hz, 4H), 6.74 (dJ = 8.8 Hz, 4H), 4.68 (s,
2H), 4.34 (dJ = 5.5 Hz, 1H), 4.12 (d) = 5.5 Hz, 1H), 4.01 (q) = 9.6 Hz, 4H), 3.57-3.44
(m, 2H), 3.44-3.35 (m, 2H), 3.25-3.11 (m, 6H), 3(828H, two signals overlapped), 1.93-
1.67 (m, 12H).**C NMR (100.56 MHz, CRCN, 25 °C)d (ppm): 161.4, 161.3, 148.7,
131.3, 129.0, 126.5 (dcF = 283.1 Hz),, 112.6, 88.5, 58.7, 53.7 Jg+ = 31.9 Hz),, 51.5,
49.5, 49.5, 39.6, 26.0, 254= 16108 M'cm* (Ama=421.5 nm) in CHCN at 20°C.
1-(4-(bis(4-morpholinophenyl)methyl)-3,5-di(pyrrolidin-1-yl)cyclohexa-2,5-dien-1-
ylidene)pyrrolidin-1-ium tetrafluoroborate (Wcb): *"H NMR (600 MHz, CRCN, 25
°C) 3 (ppm): 7.34 (d)J) = 8.3 Hz, 4H), 6.82 (d] = 8.3 Hz, 4H), 4.67 (s, 2H), 4.35 @@= 5.3
Hz, 1H), 4.12 (d]) = 5.3 Hz, 1H), 3.78 (t) = 4.8, 8H), 3.56-3.30 (m, 8H), 3.22-3.13 (m,
4H), 3.09 (t,J=4.8, 8H), 2.01 (br.s, 4H), 1.95-1.68 (m, 8HjC NMR (150.80 MHz,
CDsCN, 25 °C)d (ppm):161.5, 161.2, 151.8, 131.3, 130.6, 115.35,867.3, 58.8, 51.3,
49.8, 49.7, 49.6, 25.6, 25.5.

Typical procedure for the detection of thec—complexes Wba, Wbb, Wac and Wcc, at
low temperature:

A solution of 1,3,5-triaminobenzene derivatil@-c (0.02 mmol), was dissolved in 1 mL of
CD,Cl; or in CDB;CN, and introduced in the NMR spectroscopy tubé wes inserted in the
NMR probe. When the probe temperature reacH®@fC for the reactions carried out in
CD.Cl,, or -30°C if acetonitrile was used as solvent, equimolar amount of the
benzhydrylium ions2a-c (0.02 mmol) was added to the solution, that became
orange/yellow, and th&H-NMR spectrum of the resulting solution was qujckécorded.
The system was monitored over time and at diffet@miperatures until 25 °C.

Immediately after mixing reagents at low tempemattine Wheland complex formation was
confirmed by the appearance of its typical sigfialthe 'H-NMR spectrum and by the aid
of *C-NMR, and in some cases alsogg€OSY andg-HSQC experiments. On raising the
temperature, signals belonging to the Wheland cerpjradually broadened until
disappeared at room temperature. A further loweahthe temperature gave again sharp
signal of W complexes. Chemico physical data for the detectéal¥id complexes, are

reported as follows, in both the reaction solvé@is,Cl, and CRCN).
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4-(4-(bis(4-(methyl(2,2,2-trifluoroethyl)amino)pheryl)methyl)-3,5-dimorpholinocyclo
hexa-2,5-dien-1-ylidene)morpholin-4-ium tetrafluordorate (Wba): 'H NMR (600
MHz, CD,Cl,, -85 °C)3 (ppm): 7.13 (d,) = 8.3 Hz, 4H), 6.64 (d] = 8.3 Hz, 4H), 5.24 (s,
2H), 4.46 (dJ = 3.3 Hz, 1H), 4.05 (d] = 3.3 Hz, 1H), 3.98-3.51 (m, 16H), 3.44-3.05 8m,
12H), 2.95 (s, 6H)"*C NMR (150.80 MHz, CBCl,, -85 °C)3 (ppm): 164.8, 161.1, 146.7,
129.7, 125.2, 125.1 (dc.r = 283.5 Hz), 111.0, 89.0, 66.0, 65.6, 64.8, 6086 %q,Jc-F =
33.8 Hz),,48.1, 47.1, 46.7, 44.8, 39.8.

'H NMR (600 MHz, CRCN, -35 °C)3 (ppm): Signals tentatively assigned due to the
presence in the reaction mixture of the unreacteadm23 (d,J = 8.1 Hz, 4H), 6.75 (d] =
8.1 Hz, 4H), 5.31 (s, 2H), 4.48-4.40 (m, 1H, twgrsils overlapped), 4.18 (d,= 5.2 Hz,
1H), 4.12-3.96 (m, 4H), 3.76-3.67 (m, 4H), ), 3&58 (m, 4H), ), 3.56-3.39 (m, 8H), ),
3.34-3.13 (m, 4H), 3.01 (s, 6HC NMR (150.80 MHz, CRCN, -35 °C)3 (ppm): 165.1,
163.0, 147.8, 130.8, 127.2, 126.5J¢gr = 285.0 Hz),, 112.0, 90.2, 66.6, 65.8, 60.4, 58,7 (
Je-r=32.3 Hz),, 48.1, 45.6, 40.9, 39.0.
4-(4-(bis(4-morpholinophenyl)methyl)-3,5-dimorpholnocyclohexa-2,5-dien-1-ylid
ene)morpholin-4-ium tetrafluoroborate (Wbb): *H NMR (600 MHz, CRCN, -35 °C)3
(ppm): 7.29 (d,J = 8.9 Hz, 4H), 6.89 (d] = 8.9 Hz, 4H), 5.32 (s, 2H), 4.46 (@= 5.8 Hz,
1H), 4.22 (dJ = 5.8 Hz, 1H), 3.78 (t) = 4.5, 8H), 3.86-3.62 (m, 8H), 3.60-3.37 (m, 8H),
3.34-3.16 (m, 8H), 3.15-3.06 (m, 8HYC NMR (150.80 MHz, CRCN, -35 °C)3 (ppm):
164.9, 162.7, 150.3, 131.0, 130.0, 115.2, 90.3%,d®.4, 65.8, 60.4, 49.3, 48.1, 48.0, 45.3.
1-(4-(bis(4-(dimethylamino)phenyl)methyl)-3,5-di(pperidin-1-yl)cyclohexa-2,5-dien-1-
ylidene)piperidin-1-ium tetrafluoroborate (Wac): *H NMR: (600 MHz, CDCl,, -85
°C) & (ppm): 7.06 (d,) = 8.8 Hz, 4H), 6.53 (d] = 8.8 Hz, 4H), 5.18 (s, 2H), 4.38 (@= 4.0
Hz, 1H), 4.17 (dJ = 4.0 Hz, 1H), 3.32-3.00 (m, 12H), 2.84 (s, 12HY4t1.40 (m, 18H).
%C NMR (150.80 MHz, CBCly, -80 °C)d (ppm): 161.2, 159.8, 148.3, 129.4, 123.5, 110.6,
88.3, 58.9, 48.6, 47.9, 44.7, 39.8, 25.8, 25.55,233.4."H NMR (600 MHz, CIXCN, -30
°C) & (ppm): 7.17 (dJ = 8.5 Hz, 4H), 6.62 (d] = 8.5 Hz, 4H), 5.30 (s, 2H), 4.48 (@= 5.4
Hz, 1H), 4.17 (d) = 5.4 Hz, 1H), 3.45 (t) = 4.9 Hz, 4H), 3.27-3.12 (m, 8H), 2.87 (s, 12H),
1.76-1.42 (m, 18H):*C NMR (150.80 MHz, CRCN, -35 °C)3 (ppm): signals tentatively
assigned: 162.1, 158.5, 149.8, 130.6, 126.3, 1825, 60.4, 52.10, 49.2, 47.9, 45.5, 40.2,
26.7, 26.6, 25.1, 24.4, 24.3, 24.32, 24.26.
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1-(4-(bis(4-(dimethylamino)phenyl)methyl)-3,5-di(pyrolidin-1-yl)cyclohexa-2,5-dien-
1-ylidene)pyrrolidin-1-ium tetrafluoroborate (Wcc): *H NMR (600 MHz, CQCl,, -20
°C) 3 (ppm): 7.18 (d,) = 8.8 Hz, 4H), 6.56 (d] = 8.8 Hz, 4H), 4.58 (s, 2H), 4.15 @@= 5.3
Hz, 1H), 4.02 (d,J = 5.3 Hz, 1H), 3.50 (1) = 6.7 Hz, 2H), 3.45 (t) = 6.7 Hz, 2H), 3.42-
3.34 (m, 2H), 3.30 () = 6.7 Hz, 2H), 3.20-3.07 (m, 4H), 2.88 (s, 12HP421.7 (m, 12H).
13C NMR (150.80 MHz, CI3Cl,, -20 °C)3 (ppm): 160.4, 160.1, 149.8, 130.1, 125.8, 111.4,
87.1, 59.3, 51.3, 49.0, 48.9, 48.6, 48.3, 43.34,45.6, 25.4, 25.0, 24.7, 2418:NMR
(600 MHz, CCN, -12 °C)d (ppm): 7.26 (dJ) = 8.7 Hz, 4H), 6.61 (d] = 8.7 Hz, 4H), 4.62
(s, 2H), 4.30 (dJ) = 5.4 Hz, 1H), 4.07 (d) = 5.4 Hz, 1H), 4.01 (q) = 9.6 Hz, 4H), 3.52-
3.45 (m, 4H), 3.39-3.33 (m, 2H), 3.20-3.10 (m, &ko signals overlapped), 1.95-1.68 (m,
8H), 1.79-1.69 (m, 4H) **C-NMR (150.80 MHz, CRCN, -12 °C) (ppm): 161.0, 157.0,
150.4, 130.8, 127.2, 112.0, 87.9, 58.1, 51.3,4942016, 49.08, 49.01, 48.86, 48.30, 40.3,
25.8, 25.6, 25.2, 25.1, 24.9, 24.8.

General procedure for the exchange of the nucleopidé moiety: A solution of 1,3,5-
triaminobenzene derivativia or 1b (2.0x10° mol), was dissolved in 0.7 mL of GON,
and introduced in the NMR spectroscopy tube that inaerted in the NMR probe. When
the probe temperature reached -20°C, an equimoiauat of the benzhydrylium ior&c or

2a, respectively, (0.02 mmol) was added to the sotytihat became orange/yellow, and the
'H-NMR spectrum of the resultingVac or Wba was recorded. Then to the obtained
solution, an equivalent amount of the nucleoplapecieslic was added. Immediately after
mixing, the spectrum showed disappearance of sigaatribed to the piperidinyl or
morpholinyl moiety ofWac andWba respectively, with concomitant appearance of dggna
belonging to the Wheland complexes with the pydialyl derivativelc (Wcc andWca)
together with typical signals for the free nucledgshlb or 1a.

General procedure for the synthesis of 4a-bTo the benzhydrylium ioRa, dissolved in
CH.Cl; (4 mL), under nitrogen atmosphere and at room &atpre, was added a two-fold
excess of the nucleophilic speciga or 3b. Immediately after mixing, the color of the
reaction mixture turned to bordeausa) or violet @b). The progress of the reactions,
magnetically stirred, was monitored by TLC drNMR analysis. The final products were
purified by flash chromatography on silica gel (dozomethane/n-hexane 9:1 fdia,
Et,O/n-hexane 9.5:0.5 faib).

General procedure for the synthesis of 4cTo the benzhydrylium ioa 2x10° mol),
dissolved in CHCI, (4 mL), under nitrogen flow and at room temperatwas added an
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equimolar amount of nucleophilic speci8s in the presence of 2 eq of basic,®@d.
Immediately after mixing, the color of the reactimixture turned rom strong violet to pale
red. The progress of the reaction, magneticallyestj was monitored by TLC ar#-NMR
analysis and at the end of the reaction th€®Aivas filtered off and the solvent evaporated
under vacuum. Finally, an equimolar amount of aB0#M methanolic/KOH solution was
added to the residue, affording the substitutiadpct4c.

Compounds4a-c were fully characterized by usual spectroscopidhous; chemico-
physical data are reported as follows.
4,4'-((2,4-di(piperidin-1-yl)phenyl)methylene)bis(Nmethyl-N-(2,2,2-trifluoro
ethyl)aniline) (4a): yellow liquid, 77% vyield.'H NMR (400 MHz, CDCl,, 25 °C)d
(ppm): 6.98 (dJ = 9.0 Hz, 4H), 6.86 (d]) = 8.6 Hz, 1H), 6.76 (d) = 9.0 Hz, 4H), 6.74
(d, J = 2.7 Hz, 1H), 6.61 (dd} = 8.4,J, = 2.7, 1H), 5.91 (s, 1H), 3.96 (4,= 9.3 Hz,
4H), 3.10 (tJ = 5.5 Hz, 4H), 3.00 (s, 6H), 2.69 &= 4.5 Hz, 4H), 1.70-1.48 (m, 12H).
13C NMR (100.56 MHz, CRCN, 25 °C)3 (ppm): 154.2, 152.3, 147.6, 136.1, 132.2,
131.6, 130.5, 127.2 (dcr= 283.5 Hz), 113.3, 112.6, 110.2, 55.0, 54.3)% = 32.6
Hz), 51.3, 48.0, 39.6, 27.5, 26.6, 25.01, 24.98.s6gnale in pilESI MS (ES") m/z:
633 [M+H]", 655 [M+Na], 671 [M+K]".
4,4'-((2,4-dimorpholinophenyl)methylene)bis(N-methitN-(2,2,2-trifluoroethyl)

aniline) (4b): pale pink liquid, 85% yield"H NMR (400 MHz, CDCl,, 25 °C)3 (ppm):
6.98 (d,J = 8.7 Hz, 4H), 6.89 (dJ = 6.9 Hz, 1H), 6.77 (d) = 8.7 Hz, 5H, two signals
overlapped), 6.65 (dd; = 8.7,J,= 2.6, 1H), 5.95 (s, 1H), 3.99 (4= 9.7 Hz, 4H), 3.77

(t, J=4.7 Hz, 4H), 3.69 (tJ = 4.7 Hz, 4H), 3.10 (1) = 4.8 Hz, 4H), 3.00 (s, 6H), 2.69 (t,
J = 4.8 Hz, 4H).X*C NMR (100.56 MHz, CRCN, 25 °C)3 (ppm): 152.7, 151.6, 147.7,
135.8, 133.1, 131.8, 130.5, 129.9 {Jg.r= 282.3 Hz), 113.3, 112.2, 109.7, 67.9, 67.4,
54.5 (q,Jdc.F = 29.4 Hz), 53.9, 50.0, 48.3, 395SI MS (ES") m/z: 637 [M+H]", 659
[M+Na]".
4,4'-((2,4-di(pyrrolidin-1-yl)phenyl)methylene)bis(N-methyl-N-(2,2,2trifluoroethyl)
aniline) (4c): yellow, 62% yield*H NMR (400 MHz, CRCN, 25 °C)d (ppm): 6.95 (dJ) =
8.6 Hz, 4H), 6.78 (dJ = 9.0 Hz, 1H), 6.75 (dJ = 8.6 Hz, 4H), 6.33 (dJ = 2.4 Hz, 1H),
6.20 (dd,J; = 8.5,J,= 2.5, 1H), 5.77 (s, 1H), 3.97 (4= 9.5 Hz, 4H), 3.23 (tJ = 6.9 Hz,
4H), 3.00 (s, 6H), 2.94 (8,= 5.9 Hz, 4H), 2.00-1.94 (m, 4H), 1.86-1.80 (m, 45¢C NMR

(100.56 MHz, CBCN, 25 °C)& (ppm): 150.7, 148.2, 147.6, 136.7, 132.5, 13038).4,
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128.5, 126.5, 125.7, 113.2, 107.0, 103.2, 54.2){g,= 31.8 Hz), 53.4, 48.7, 48.3, 39.5,
25.9, 25.1ESI MS (ES") m/z: 605 [M+H]", 627 [M+Na], 643 [M+K]".

Formation and detection of Wheland intermediates Wet.

A solution of 1,3-diaminobenzene derivatiBasc (0.02 mmol), was dissolved in GO, (1
mL) and introduced in a NMR spectroscopy tube e inserted in the NMR probe. When
the probe temperature reache8D°C, an equimolar amount of the benzhydrylium &an
(0.02 mmol) was added to the solution, that becamamge/yellow, and théH NMR
spectrum of the resulting solution was quickly releal. The system was monitored after
various times and at different temperatures urii°@. Immediately after the mixing, the
spectrum at —80 °C showed the appearance of sigsatthed to the substitution products
4a-¢ and signals ascribed té/a-c, assigned with the aid af-COSY andg-HSQC
experiments. On raising the temperature, signdisnigang to Wa-b gradually broadened
and then disappeared at ab@0tC for Wa and-10 °C for Wb, and the only signals at
room temperature, were those ascribed to the sutbsti productsta-b. In case of reaction
of 3c with 2a, signals ascribed to th&'c were distinguishable and remain stable at room
temperature, togheter with the major proddrt
1-(4-(bis(4-(methyl(2,2,2-trifluoroethyl)amino)pheryl)methyl)-3-(piperidin-1-yl)cyclo
hexa-2,5-dien-1-ylidene)piperidin-1-ium tetrafluordoorate (Wa): *H NMR (600 MHz,
CD.Cly, -70 °C)d (ppm): 7.12 (dJ = 8.2 Hz, 2H), 6.96-6.90 (m, 1H), 6.78 s 8.2 Hz,
2H), 6.71 (d,J = 8.2 Hz, 2H), 6.59-6.54 (m, 3H, two signals oveped), 5.37 (br.s, 1H),
4.51-4.47 (m, 1H), 4.21 (br.s, 1H), 3.94-3.86 (H),23.86-3.76 (m, 2H), 3.72 (d=12.5
Hz, 2H), 3.67-3.59 (m, 2H), 3.22-3.06 (m, 4H), 2@9 3H), 2.92 (s, 3H), 1.76-1.56 (m,
12H).*C NMR (150.80 MHz, CCl,, -70 °C)3 (ppm): 167.3, 157.4, 147.1, 146.6, 143.1,
130.4, 128.2, 127.7, 126.1, 125.3 Jg¢ = 286.0 Hz),, 119.2, 111.4, 110.5, 89.3, 54.8, 53.4
(@, Jc-e = 32.4 Hz), 52.7 (0Jcr = 32.4 Hz), 50.1, 49.9, 49.5, 48.2, 41.9, 39.08386.9,
26.8, 25.8, 25.2, 23.6 (two signals overlapped).
4-(4-(bis(4-(methyl(2,2,2-trifluoroethyl)amino)pheryl)methyl)-3-morpholinocyclohexa-
2,5-dien-1-ylidene)morpholin-4-ium tetrafluoroborate (Wb): *H NMR (600 MHz,
CD.Cl,, -50 °C)d (ppm): 7.05 (d,J = 8.1 Hz, 2H), 6.98-6.90 (m, 3H, two signals
overlapped), 6.69 (d] = 9.1 Hz, 2H), 6.68-6.61 (m, 3H, two signals oveplad), 5.59 (s,
1H), 4.48 (t,J = 6.5 Hz, 1H), 4.03 (dJ = 6.5 Hz, 1H), 3.98-3.76 (m, 4H), 3.76-3.67 (m,
4H), 3.68-3.60 (m, 2H), 3.60-3.51 (m, 2H), 3.5123(#, 4H), 3.17-3.09 (s, 4H), 3.02-2.97
(m, 6H).3C NMR (150.80 MHz, CBCl,, -70 °C)d (ppm): 169.4, 158.3, 147.1, 145.5,
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129.6, 128.8, 126.8, 124.4, 117.8, 111.4, 111.08,4] 104.0, 89.3, 66.0, 56.7, 52.3, 48.3,
47.9,47.7, 46.5, 42.6, 38.9.
1-(4-(bis(4-(methyl(2,2,2-trifluoroethyl)amino)pheryl)methyl)-3-(pyrrolidin-1-yl)cyclo
hexa-2,5-dien-1-ylidene)pyrrolidin-1-ium (Wc): *H NMR (600 MHz, CDCly, -70 °C)3
(ppm): 7.06 (dJ=6.9 Hz, 2H), 6.98 (d] = 8.0 Hz, 2H), 6.76-6.72 (m, 1H), 6.70 @k 7.7
Hz, 2H), 6.64 (dJ = 7.7 Hz, 2H), 6.37 (dJ = 10.8 Hz, 1H), 6.59-4.91(s, 1H), 4.23 It
5.7 Hz, 1H), 3.89 (t) = 8.7 Hz, 5H), 3.63 (br.s, 1H), 3.51-3.43 (m, 2Bi}2-3.34 (m, 2H),
3.33-3.24 (m, 2H), 2.99 (s, 3H), 2.96 (s, 3H), 2(bBs, 1H), 2.07-1.85 (m, 5H), 1.75-1.62
(m, 2H), 1.52 (br.s, 1H)*C NMR (150.80 MHz, CBCl,, -70 °C)d (ppm): 167.1, 155.0,
146.9, 146.7, 1434.2, 129.3, 128.7, 127.8, 12286,3b (qJc.r= 283.1 Hz), 125.25 (dcr
=284.4 Hz), 119.5, 111.1, 111.04, 88.5, 57.6, 580 Jc.r= 31.0 Hz), 52.42 (glc.r= 32.4
Hz), 49.6, 49.34, 49.30, 49.28, 45.9, 38.98, 38477, 24.6, 24.2, 23.8.
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