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GENERAL INTRODUCTION

Among the different fields of organic chemistry,telf®cyclic Chemistry is one
of the most developed both in terms of methods amalications. Indeed, many
textbooks are now nicely giving a detailed overladkhe various general methods
available for the building up of heterocycles, &ameir further functionalizations. Yet,
if the preparation of the heterocycles is followingll established strategies, the
preparation of their precursors can be somehottla liit tedious. This aspect is one
of the major topics described in this manuscriptieled, we have been investigating
short, efficient, in other words user friendly apgches to precursors of small
heterocycles, especially pyrazoles and isoxazadss,well as their downstream
transformations. Such precursors are cyclic 2-Amakie3-enaminonitriles of

general formula.

RN
Nu ;
R z .)
,~cN ©
Nu
A

Figure GI.1. General structure of cyclic 2-Azahetaryl-3-enamiioles
investigated in this PhD work.

Cyclic 2-Azahetaryl-3-enaminonitriles have been veoto exhibit different
configuration around the double bond depending loir tsubstitution. We have
thoroughly investigated their behavior in orderassess the potential relationship
between their configuration and their reactivities.

These compounds proved not only useful for azglethsses, but we found that
they could undergo a further clean functionalizatiat the not highly reactive

position 3 of the pyrrolidine ring under very sgeccircumstances.



Finally, we also explored the potential coordinatiproperties of these

derivatives toward boron and metals. This allowsdaucharacterize a wide range of

new derivatives and investigate their photophygicaperties.

Z = C(CHa), N

Figure GI.2. Fate of cyclic 2-Azahetaryl-3-enaminonitriles witlhis manuscript.

Thus, this manuscript describes all the experimeatsed out in these different
directions.
In a first chapter there is a general survey of the literature relate2-(1-R-
pyrrolidine-2-ylidene)acetonitriles and their berfmeed analogues. Details are
provided on the various synthetic approaches tseth@mpounds. Their various

reactivities depending on their cyclic or acycliature and substitutions are then



covered with a range of nucleophiles and with dinyédrmamide acetals. A final
part of this chapter describes the complexatiobasbn and metals by 2-(pyrrolidin-
2-ylidene)acetonitrile and the applications of tlemplexes isolated are
characterized.

A second chapterdescribes in details the synthesis and charaatenzof all
the 2-azahetaryl-2-(1-R-pyrrolidin-2-ylidene)acetole and 2-azahetaryl-2-(3-
oxoindolin-2-ylidene)acetonitrile obtained in theucse of our studies. Thorough
investigation of the configuration by different &ecal methods, such as X-Ray
diffraction, NMR including variable temperature exppnents as well as computation
Is then described.

Within the third chapter we describe the reactivity of 2-azahetaryl-2-(1-R-
pyrrolidin-2-ylidene)acetonitrile as 1,3-dielectholes toward binucleophilic
compounds, and the synthesis of differently sulistit pyrazoles and isoxazoles. The
downstream transformations on pyrazoles are thdigudescribed and showed
excellent region- and chemoselectivities.

Alternate paths observed upon modification of tleéatyl substituent are also
reported highlighting the control of the reactiqadgh in spite of the different reactive
sites.

After developing the electrophilic nature of 2-agtnyl-2-(1-R-pyrrolidin-2-
ylidene)acetonitrile, we demonstratechapter 4 that these adducts can also behave
as nucleophile in the presence of electrophiled siscdimethylformamide acetals. A
detailed investigation of the reaction outcomevalid us to propose a mechanistic
rational for the very specific reactivity. Furthieansformation of the “formylated”
adducts are then reported. This chapter is condlume the description of the
photophysical properties of a pyrrolopyridinimindtained from these previous
transformations, and more precisely its abilityreéact with traces amounts of water
in dry organic solvents providing a simple fluordne way to assess solvent
dryness.

Finally the fifth chapter is devoted to the formation of (i) boron-difluceid

complexes of 2-azahetaryl-2H1pyrrolidin-2-ylidene)acetonitrile and the
8



photophysical properties of a range of isolateduaty] (ii) d-metal (Cu, Zn, Co, Ni)
complexes, their isolation and full characterizates well as their implementation in
devices to study their potent applications in soklls and for detection of the Zn an
Cu in biological fluids.

After a general conclusion, the last part of thisnoscript provides the

experimental details of all the products synthebiaed the experiments carried out.
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CHAPTER 1. SYNTHESIS, REACTIONS AND APPLICATION OF 2 -(1-R-
PYRROLIDIN-2-YLIDENE)ACETONITRILES AND THEIR BENZO
ANALOGUES (literature review)

This chapter is devoted to a comprehensive degamiptf the access to 2-(1-R-
pyrrolidin-2-ylidene)acetonitriles (section 1.1)datheir benzo analogues (section
1.2) as well as their transformations upon treatmeth 1,2-binucleophiles (section
1.3) andN,N-dimethylformamide dialkyl acetals (section 1.4he§e transformations
provide a fast access to range of heterocyclicfaldsf due to the rich synthetic
potential of starting materiad featuring two electrophilic sites (the nitrile ban
atom andsp-hybridized C-2 carbon atom of the pyrrolidine mgjeand two
nucleophilic sites (N-1 nitrogen atom in the cas&ko= H and the pyrrolidine C-3

atom) as illustrated iRigure 1.1

Synthesis of A
Section 1.1; 1.2
Section 1.4 E __ Section 1.3
2 Rg D et NH, ,  NH
RN-. / WithE y o' with Nu He R
T IE NG LT R e o)
@ 0 R?
CN ¢ ~CN
Nu E RS R%
A
Complexation R’NH
Section 1.5
with BF5 /\with 3d-metals
R2 Y'Y
R2 \ 7/
N "N X °N
¥ R3™NF
4
cn R CN

Figure I.1. Graphical representation of the literature review.

Moreover, when 2-(1-R-pyrrolidin-2-ylidene)acetoids feature extra electron
donating atom (X = O, N) they are used for compiexa(section 1.5). Upon
complexation with boron difluoride the bright flescence arises allowing consider

the BR-comlexes as BODIPY-dyes analogues (subsectiod)l 6Goordination with

12



3d-metals is discussed in subsection 1.5.2. Theplxes structure exploration along
with their catalytic properties in enantioselectaed polymerization reactions are

presented.

1.1. Synthesis of 2-R2-(1-R-pyrrolidin-2-ylidene)acetonitriles

R{__CN One of the most general methods for the preparati@ompounds

| N-R with general formuld.1is the condensation of 5-methoxy-3,4-dihydro-

2H-pyrrole 1.2a or 5-(methylthio)-3,4-dihydrof2-pyrrole 1.2b with

1.1 compounds bearing the activated methylene gr&epdme 1)I"* The
reaction tol.3 proceeds smoothly from room temperature (rt) fluxethe selection
of reaction conditions depends on the electronegatf the substituents connected
to the methylene moiety. No additional basic catslyare required for these

reactions.

Me,SO,4 or BF; OMes

g /
S\\PAr E}O Rl R2
E%o 1) 8,08 N RI_R?
" — R Rs 1.2a , |
H (LR) 2) Me,S0,_ HN
¢ 1.3

= 4-OMeCgHy4

_020,
12b 61-92%

1.2a: R' = CN, COMe, CO,Me, CO,Et; RZ = CN, COMe, CO,Et, CONH,, CONHPh, CONHCH,Ph,
CONHNHCOMe, R3PhCO; R®=CI, H
1.2b: R'= CN; R? = CN, CO,Et

Scheme 1.1Synthesis of 2-'RR-pyrrolidin-2-ylidenesl.3

The starting material, namely methoxybutyrolacthi®a was obtained by the
reaction of pyrrolide-2-one with dimethyl sulfatd€,SQ,, DMS) or via utilization
of triethyloxonium tetrafluoroborate (Meerwein'dtsa® Smethylthiobutyrolactam
was prepared in two steps, starting with the reaatif pyrrolide-2-one and 2,4-bis(4-
methoxyphenyl)-1,3,2,4-dithiadiphosphetane-2,4{tide (Lawesson's reagent, LR)
followed by methylation with DMS.

The structurally related pyrazolong.4 was synthesizedvia heating in
dimethylformamide (DMF) as illustrated 8cheme 1.2

13



/e NHAC N—NH

NC o HoN 0

| DMF A
HN HN

1.3a 1.4

Scheme 1.ZThe cyclization o1.3a into the corresponding pyrazoloided

The reaction of O-methoxybutyrolactam1.2a with N-unsubstituted 2-
cyanoacetohydrazides upon heating in DMF led tacthveesponding pyrazolonés
(DMF, reflux); alternatively, amidrazonds5 were formed under milder conditions
(DMF, 40 °C.). The conversion from the open-chamf 1.5 to the cyclic onel.4
occursvia the amidine-enamine rearrangement through theitiam stateA (Scheme
1.3.8

CN
)

0
0
ne. I NH, ﬁ) H N-NH
N N /
/ H e NH HN H,N o)
EN>70 DMF, 40°C | OVE. & | Shen |
12 ’ HN : H HN
2a

1.5 A 14
Scheme 1.3The reaction o©-methoxybutyrolactame.2awith N-unsubstituted 2-
cyanoacetohydrazides

According to the scope of literature methods, aliew S-enaminonitrilesl.6
bearing a heterocyclic substituent are known. Thegre prepared by the
condensation reaction of lactim etHeRa or thioesterl.2b and hetaryl acetonitriles
(Scheme 1)£*°

/ Het CN
|\/>7x + Het\/CN —_— |
N 7

HN
12 1.6
=N, X S
w O 01, A0, T+
NS
~ ~ N
\® NS N
98% 57% 73% 56%
n=1,2 X=0 X=S
X=0 EtsN, toluene, 10-15 h, toluene, 3 h,
DMF, reflux reflux reflux

Scheme 1.4Synthesis of enaminonitrildst bearing heterocyclic substituents.
14



SMe is better nucleofuge, th@Me; the condensation reaction of thioester proceeds
without addition of basic agents.
2-(3,4-Dihydro-H-pyrrol-5-yl)-2-(pyrrolidin-2-ylidene)acetenonitel 1.7
featuring a stereogenic centre in the position $hefpyrrolidine core was obtained
by condensation of substitut€dethoxybutyrolactamd.2c and enaminonitrilel.6
under strongly acidic conditiongge. by using TFA (trifluoroacetic acid)Scheme

1.5). *"**This approach was used for the synthesis of sennsbl.7.

SR A L S—
J\/I\% © RN 1,2-DCE, A
H 16

1.2c

R

R = CH,Br, CO,Me; R'= CO,Me R 1.7
Scheme 1.5Synthesis of chiral 5-(cyano(5-pyrrolidin-2-ylidgmesthyl)-3,4-dihydro-
2H-pyrrolesl.7.

2-(1-Alkylpyrrolidin-2-ylidene)acetonitriles werdsa synthesized by alkylation
of their unsubstituted analogues with alkyl halidesveral examples of alkylation of
B p-pyrrolidienamalononitrile  were illustratéd;® in particular, with 1.3b
bromoacetic acid ester, methyl phenacyl bromide dmaoroacetanilidd.8 (Scheme
1.6).

NC.__CN o NC._ CN NC
| KoCO;3 | EtONa
Hal
HN - Ay NN R
acetone /Y
0]

1.9, 59-92% 1.10
Hal = Br, CI; R = OAlk, Ph, PhMe, NHCzH,R"; R" = H, Me, CI

1.3b 1.8

Scheme 1.6Synthesis of 2-(1-alkylpyrrolidin-2-ylidene)acatales and their
further modifications into the potentially biologity active compounds.
The purpose of these transformations was obtaifusgd systems: pyrrolizings10
(Thorpe-Ziegler condensation) and pyrrolopyrimididell, that exhibit a range of
biological activities, in particular, antitumor, tamflammatory, antiviral. In some

experiments, compourid9 served as an intermediate and used without isolatiut

1 Semicorrins - nitrogen-containing ligands for eti@selective catalysis (details on their usingiarsection 1.5.2).
15



immediately transformed to the corresponding pynmoés 1.10 Biological in vitro
andin vivo studies were also provided.

Alkylation proceeds smoothly, when the pyrrolid;®&H proton is only loosely
bound.If a hydrogen bond accepta.g.a carbonyl group, is located close to the NH
moiety, then the proton become less acidic and adepation becomes harder

preventing subsequent alkylatidBcheme 1.7, routd.1®

Ph Ph 1) Ot
CN
1 - -
H- alcohol, A
N NC/\N NC)
1.12 route 1 113 route 2 1.14a

Scheme 1.7Approaches to the synthesis of 2-(1-alkylpyrroh#i
ylidene)acetonitriles.

An alternative approach to the synthesis of 2-Kidpyrolidine-2-
ylidene)acetonitriles is the condensation of 1-gigrolidin-2-one dialkyl acetal
1.14awith a malonate equivalens¢heme 1.7, routg.2

1-Methylpyrrolidin-2-one diethyl acetall.14b is in equilibrium with the
corresponding ambident catidn15, formed by dissociation of one ethoxy from
1.14b(Scheme 1)8"

(P \OEt o (T — (N
~—OEt <—— n >—OFEt +EtOH

\ \' OEt \

1.14b 1.15 1.16

Scheme 1.8Diethyl acetal exists as an equilibrium mixturdaloee forms.

At the same time, 2-ethoxyenamibd 6 exists in equilibrium with the ambident
cation 1.15 This occurs due to the existence of a completgitige charge in
compoundl.15 which increases the proton mobility in the thpabition. Acetals are
more reactive electrophiles th&@ralkoxybutyrolactaml.2a thus they react even
with nitromethane and with other acidic CH upon dail conditions. The
disadvantage of acetals is their instability andrddation with time to the starting

pyrrolidin-2-one; such process accelerates upotirgea

16



Another method for the preparation of 2-(1-alkyhoydin-2-
ylidene)acetonitriled.17is the condensation reaction of 1-methylpyrrok@tthione
and the corresponding substituted acetonitrildénpresence of AGO,.*® The silver
salt has two significant features: first of alligtthiophilic; secondly, it acts as a base

allowing the reaction to proceed under mild cand# such as at r6Ccheme 1)9

1
@—SAQ R'__CN
E/\:S Ag>CO; NAgt 2N |
R'CH,CN = N
0. _OAg 1.17, < 90%

b

L (0] _
R' = CN, CO,Me, CO,t-Bu, CgH5CO, NO,, CgH5SO,, 2-pyridyl

Scheme 1.9Synthesis of bifunctionalized enamidek7at room temperature with
addition of AgCOQ:..

The reaction occurs with nucleophiles bearing tVeateon withdrawing groups,
and at least one of them should be nitrile moi#ityvas observed that no reaction
occurs if the nitrile group was replaced with etagetoacetate or dimethyl malonate,
which have similar electron withdrawing propertié$so, the reaction does not take
place with H-pyrrolidin-2-thione; this statement confirms thaspivity of neutral
silver complexes in this transformation. Solvemith coordination ability were used
in above-mentioned transformations, acetonitrile, tetrahydrofuran.

Substituted a-alkylidene 1.19 can be obtained by a [3+2] cycloaddition
reaction between activated alkenes aNdsilylmethyl)-substituted ketend,S
dithioacetals1.18 which serve as synthetic equivalents of alkylidezamethine
ylides Gcheme 1.)0° The reaction takes place by 1,3-elimination of
(methylthio)trimethylsilane with subsequent formoatiof a dipoleA, which reacts
stereo- and regiospecifically with activated alketeforma-alkylidene pyrrolidines
1.19 The reaction requires 72 h at rt. The startidgsdithioacetals are not
commercially available and must be synthesized istéps starting with ketene
dithioacetalsl.20and ((trimethylsilyl)methyl)amine$.21
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- o
S/ \N/ H
N H
L S Y
S ©) X\%\Y y&A
R. . H/.
1) MeOH, 4 N8Il CsF, CHCN R' o H ‘é
120 = I\ > —_— N
. 2) RHal, s 1,3-elimination \ t ’L@ R
* | K,COs, | 72 h, rt X __C* R
H,N" gi”  acetone, it 1.18 L R A 1.19, 36-70%

|
1.21

R = Me, Et, CH,Ph; R' = CN, CO,Me;

X =Y = CO,Me (E), CO,Me (Z); X =H, Y = CO,Me
Scheme 1.10Synthesis at-alkylidene-substituted 2] cycloadductd.19

Moreover, analogues of pyrrolidinacetonitrileg.g. (1-arylpyrrolidin-2-
ylidene)acetated.23 were synthesized by alkylation df-arylthiolactam witha-
haloacetates, followed by Sulfur atom eliminationd asubsequent C-C bond
formation Scheme 1.)Z° In the first step of the reaction, salt®2 were formed.
Due to the conjugation of nitrogen lone pair withaomatic ring and decreasing of
the nucleophilicity of the sulfur moiety, the rdact takes place over several hours
(max. 189 h for R = gH,OMe), from rt to 50 °C, in the absence of a solVaeiat).
The produced salts.22 without isolation were subjected to the next stéelds of
the target product$.23were low (5-65%) due to the formation of by-produsuch

as the starting 1-arylacetate and 3-alkylthiolacta?d

]
P,S E\F Br-_ COzR PPhs, base —
0] 295 S . ®/)—S
N N N 5—COR ’ N COR'
R R RBr 42 1.23, 5-65%
26-84%
l CO,R!
R = CgH5NO,, CgHn(OMe)m: n = 2-5, m = 1-3; N s\_ ENQS
R" = Me, Et N CO,R; L
R 1.24, 3-31%

Scheme 1.110ne-pot synthesis of (1-arylpyrrolidin-2-ylidenegtatesl.23 by
alkylation of thiolactams followed by Sulfur dispéement.
For the first time, the method for the C—C bond starction via Sulfur
displacement was studied by Knott in his work datid to sulfur-containing
chromophored™® In attempts to carry out the dihydrobrominatioraatéon of

(phenacylthio)benzothiazolium bromide25 using triethylamine, the corresponding
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unsaturated ketoné&.27 was formed instead of the expected sulfild@6 The
reaction passes through the episulfide intermediatellowed by sulfur extrusion

(Scheme 1.)2

Ph
s, /~Xo
o —H— @)—S O
N
s /X \ 126
I o
N o) 0o
— o — -
N N
\ A \ 127

Scheme 1.12The first application of the C—C bond forming reaw via the Sulfur
displacement (1955}.

The authors of the above-described method for tlgathsesis of (1-
arylpyrrolidin-2-ylidene)acetate$.23 also have reported a more efficient method
providing higher yields (41-80%); it consists i tbondensation of 6-chlorohexanoic
acid ethyl ester with aniline at 6& in the presence of catalytic amounts of iodine, a
drying agent (Nz50,) and a base (NHPQ,) used to trap hydrogen chlorideégheme

1.13.%°
mcozEt RNH,, I, cat ﬁ/\COZEt D:,CozEt
Cl ° Na,SO,, Na,HPO, | | NHR N
R
R = CgHs5NO,, CgH,(OMe),,; n =2-5, m = 0-3; 1.23 41-80%

Scheme 1.13Synthesis of (1-arylpyrrolidin-2-ylidene)acetafie®3by condensation
of 6-chlorohexanoic acid ester with aniline.

This method was unfruitful only witip-nitrophenyl substituents (0% yield).
However, due to the known literature procedureadeasation of nitroanilines with
ethyl acetate in the presence of iodine does nairdia the desired directicfi. The
disadvantage of the method is the formation of lcywnylogues of urethanes, as
well as condensation products of the parent estach significantly complicates the

purification of the final product of the reaction.
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1.2. Synthesis of 2-R2-(indolin/3-oxoindolin-2-ylidene)acetonitriles
Rl__CN Synthesis of 2-R(indolin/3-oxoindolin-2-

ylidene)acetonitriles with general formulla28 is not a

--0
"N ’ common problem and there are exiguous ways to sblve
Application of the alkylation method for cyclic ame by
1.28a,b utilizng DMS or Meerwein's salt followed by
;I.ii8een;indolin-2- condensation with acidic CH (the approach usedtHer

1.28b—3- oxoindolin -  synthesis of pyrrolidin-2-ylidenacetonitrilé.3) in this
2- ylidene case is not fruitful. Thus, isatins are mainly dgd at
the nitrogen atom; when the indolin-2-oh29is alkylated with Meerwein's salt, an
equilibrium mixture of 2-alkoxy-#-indole 1.30aand 2-alkoxy-8i-indole 1.30bwas
obtained, which is passive in reactions with mdshe C-nucleophile$’

In the resulting tautomeric system, the equilibriusn shifted to a more
thermodynamically stable isomet.30b with 10t electronic aromatic system,
comparing to the non-conjugated lactam e$t80a(Scheme 1.4 According to'H
NMR data, the ratio of tautomets30a1.30bin the equilibrium system was 1:10.
In addition, it was observed that the 2-alkoxy-idole 1.30b is unstable due to

subsequent oxidation to the correspoding indirulsider air’®

NC._CN
BF 4 OEt, \ NC._CN |
O— )—OEt —— = OEt > HN
N N N neat,
H 1 H 100-110 °C
1.29 1.30a ratio: 1:10 1.30b
- 53% - 1.31, 77%

Scheme 1.14Synthesis of 2-(indolin-2-ylidene)malononitdle1 by alkylation of
indolin-2-onel.29
For the formation of systems with general formbula8avia condensation with
acidic CH, it is necessary that the equilibriumsisfted towards the lactam ether
1.30a For this purpose, the methylene moiety of thdeaphile must be sufficiently
activated to promote the shift of equilibrium amdnsequently, the reactiéhThe
target product.31can only be prepared using malononitrile, whiclthylene group
is located between two strong acceptars, nitrile groups $cheme 1.14 The
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reaction did not occur without the isolation of ided product while involving to the
reaction other acidic CH.g.nitromethane, ethylcyanoacetate, ethylnitroacétate.

Bearing in mind the complexity of this synthetiaite, its use in the synthesis of
2-functionalized indoles is limited to one publicat®® In section 1.4, the reactions of
enaminonitrilel.31with C-electrophiles will be reviewed.

Another approach to the synthesis of compounds gaheral formulal.28a
was published by German scientisBclfeme 1.15, route),3’ and subsequently
improved by Swiss oneS¢heme 1.15, routd:2 those strategies were related to the
reduction of f-diketonesl.33

(@)
R\)J\R1 , NaH
1.35
NO, route 1 NO, R 1 R R
Cl R N\
__| MeO,C.__COMe |, K{( Hz PIC ©E> — —
0 b o O N R N R
MgOMe o} o}
1.32 1.36 1.33, 43'80%, route 1 1.34a 1.34b
route 2 75-80%, route 2

22-50%, route 1

R = CO,Et, CO,Me, COMe, CN, H:
2 2vie e 80%, route 2

R' = OEt, OMe, Me
Scheme 1.155ynthesis of 2-R-(indolin-2-ylidene)ketones /redt&4 by the
reduction ofp-diketone derivative$.33
Compounds 1.33 were synthesized by the condensation of 2-(2-
nitrophenyl)acetyl chloridel.32 with methylene active compounds35 (Scheme
1.15, route 1" or with methoxy-magnesium derivative of dimethylomate1.36°
An efficient one-pot method for the synthesis ofiylindole derivativesl.37
was developed by th8. Blechertgroup® The starting compounds were aldehyde,
phenylhydroxylamine and cyanoallen. The reactiorermediatesN-phenylnitrons
were converted to 2-vinylindole derivatives by measf tandem reactions: 1,3-
dipolar cycloaddition, Cope rearrangement, retrahdel addition, and indolization
(Scheme 1.06 The reaction proceeds at 20-60 °C in ethanolcofding to the
structure simplicity of the starting materials, wsll as the number of steps, the

reaction yield can be seen as satisfactory (36-77%)
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_ x =
o
- = ® ©) > o
NHOH H,C=C=CH N/O 1,3-dipolar NZ
\x I cycloaddition
A hetero-Cope
rearrangement
O o)
H X indolization NH, ret r, (OI(/I\I4[ lﬁ/;ae/ H
1.37 o
Nia W, O
5 5 H % : %
R=® ;E\g;@;g::@ki%K:@/i N—/_: ;
N)\ S NS g 0 ©
| o) j/
o %
X= CN CN CN CN COMe CN CN CN CN CN
77% 50% 70% 65% 65% 39% 41% 52% 57% 55%

R= CO,Me ; % ™"\, CHs
X = CN CN CN
39% 44% 36%

Scheme 1.16Synthesis of 2-vinylindolds37 by the tandem reactions.

This method was applied for the synthesis of 2{umtiples with various
substituents,.e. heterocyclic and aromatic, as well as aliphati@nThe only
limitation in scope for this procedure is the aahility of nitronesA; some of them
are formed very slowly and are unstable. Howe\Ves, method does not require the
stage of nitrons isolation and purification; they ammediately involved into the
next step with cyanoallenes, which made this agpreaccessful.

The resulting 2-vinylindolesl.37 proved to be a powerful source for the
construction of linear carbazole cores, which dre key intermediates in the
synthesis of some indole alkaloids (ellypticinejvatine)®*® The cycloaddition
reaction (Diels-Alder) with electron deficient afles in dichloromethane takes place
at rt in the presence of TFA and ends with the &irom of tetrahydrocarbazols38
The reaction proceeds with high stereo- and refgoseity and results in the
formation of endo-adducts. Tetrahydrocarbazbl38 can be further oxidized to
carbazole1.39 using 2,3-dichloro-5,6-dicyano-1,4-benzoquinoneD(®) (Scheme
1.17).
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1 R? 1 R2
R2 R \-R3 R
_ —R
R R DDQ R O R

N/ \ > / \CN )

H CN CHZCIZ, TFA, rt ” dioxane, A H CN

R3=H
1.37 1.38, 57-90% 1.39

R" = H, Me; R? = COMe, CHO, CN; R® = H, Et, 2-indolyl

Scheme 1.17Synthesis of tetrahydrocarbazdl88with 2-vinylindolesl.37 by the

Diels-Alder reaction. Oxidation of saturated compdsl.38into the corresponding
carbazoledl.39

As it was mentioned above, isatins are mainly alted at the nitrogen atom;
thus, no examples of the application of their Zalkderivatives in the construction
of 2-C—C bond are reported to date.

In general, the C-2 position of isatin is passiveeactions with nucleophiles
(without addition of catalysts for this process descussed below) in contrast to C-3,
which could be functionalized by widely reportedigas methods.

The only purposeful approach to the synthesis.28b of 2-R-(3-oxoindolin-2-
ylidene)acetonitrile with general formula28h in particular, 2-(6-R3-oxoindolin-
2-ylidene)-2-arylacetonitrilel.42 is the condensation of l-acetylindoxy40 and
aldehydes followed by a substitution reaction o thnyl hydrogen atom with a
cyano group.$cheme 1.383

The reaction occurring in the first step of the thgsis is accompanied by
hydrolysis of the amide bond (NAc) and the formatiof the non-substituted
indogenidel1.41 In order to avoid hydrolysisBuzas et af®* have developed the
method for carrying the reaction in the presenca l&fss strong basee. piperidine,
upon boiling in an inert solvent (benzene/toluene)

In the reaction with potassium cyanid®&(1)-substituted analogues of
indogenidel.41were found to be better substrates; thus, the flrnation was carried
out by the introduction of an alkyl group in therdhstep of the synthesis, after the
incorporation of nitrile moiety.

Cyanoindogenenet.42 and 1.43 were modified in order to obtain new potent
antituberculous drugs — analogues of pyridazoindtles known that hydrazine

derivatives exhibit activity against different st of bacteria, in particular
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M. tuberculosis H37Rwand M. Fortuitum and also inhibit monoamine oxidase, an
enzyme involved in the pathogen metabolism. Tricyplridazoindolesl.44 were
prepared by the reaction with hydrazine hydratejrtprimary amino group were
modified by diazotisation-hydrolysis reactions t@rrh pyridazinone 1.45
formylation, which gave pyridazoamidé.46 and subsequent acylation led to

diacylaminopyridazind .47

A H
: OH  arcon, f A ACN _ Ars. CN
R | | NaOQi-Pr ]
N\ HCI or NaOH KCN RHal
- HN O —_— HN O a » R\N O
N EtOH/H,0, DMSO,
Ac 3h, A 20-30 °C,
1.40 3-5 days
R R’ R
1.41, 68-95% 1.42, 75-85% |1-43
N2H4*H20
AcOH, A
R = Me, Et, Bn, n-Pr, (CH,),NMe, N=N

R'=H, Br, Me R! NH,
Ar = Ph, 4-FCgHy, 4-MeCgHg, 4-i-PrCgH,, 4-OMeCgHs, \_/
4-NM62C6H4, 2-FC6H4, 2-C|CGH4, 3-BrC6H4, N Ar

\

R
1.44, 60-90%
N

E
E'NH2)NaNOZ, E'NHz) Ac,0, E'NH2> Ac,0,
E-o *H’ E=NHcoH” HCOOH  E=n(come),” A°ONa
1.45, 80-87% 1.46, 50%, Ar = Ph 1.47, Ar = Ph
Scheme 1.18Synthesis of 2/R3-oxoindolin-2-ylidene)acetonitrile and their
modification in order to obtain potential anti-tutoelosis drugs.

N J

Analogues of 2-R(3-oxoindolin-2-ylidene)acetonitriles, which ni&i group
was substituted by another electron-withdrawingugrd.48 were obtained by the
sequence illustrated iBcheme 1.18synthesis of compountl4l); they were acting
as a dienophile in the synthesis of model core#ridtotelia alkaloids $cheme
1.19).34
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. 0 4 R! _R3
A N=, - [ N ®
> | 2 \x N
X~ "N  CO;R R CO,R?
R
1.48 1.49, 18-95%

X =H, N; Y =H, CO,Et; R=H, Me; R' =H, OMe; R? = Me, Et; R® =H, Me

Scheme 1.19Synthesis of model cores of Aristotelia alkaloids.

An interesting alternative approach to the synthesi 2-R-(3-oxoindolin-2-

ylidene)acetatoacetatels51 was recently published and consists in simultaseou
construction of the C-C and C=0 bonds using crosgpiing reaction between the
indole 1.50 and S-ketoesters with oxygen as a mild oxidaStlieme 1.20°>® The
reaction is tolerant to a wide range of substits@unnected to the indole core and

takes place both with the electron-withdrawing dhd electron-donating groups.

Also, the reaction is not sensitive to air humidity
Co(OAc),, Mn(OAc),, NHPI (N-Hydroxyphthalimide)

10% DMSO-DMF, PivOH, 75 °C, 24 h,1 atm O,

45-69%

route1

TEMPO, CuSO,5H,0

toluene, 80°C, 20 h

50-85%

route 1

R = H, 4(5)-CO,Et, 5-Hal, 5(7)-Me, 5-OMe;

R' = 3(4)-MeCgH,, 3(4)-CICgH,; 4-BrCgH,,
4-FCgH,4, 3-OMeCgH,4, 4-CNCgH,, 2-naphtyl, Ph;
R? = OMe, OEt, Oi-Pr, Me

route 2

route2

R =H, 4(5)-CO,Et, 5(6)-Hal, 5(7)-Me, 5(7)-OMe, 5(6/7)-
OBn, 4(5/6)-CO,Me, 7-ClI;

R' = 3(4)-MeCgH,, 3(4)-CICgH,; 4-BrCgH,, 4-FCgH,, 3-
OMeCgHy, 4-CNCgH,4, 2-naphtyl, Ph;

R2 = OMe, OEt, Oi-Pr, Me

Scheme 1.200xidative cross-coupling of indolés50with S-ketoesters.
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The oxidative cross-coupling takes place regiosekeavith good yields of the
product only withp-ketoesters, since the activity of the catalyst thdormedin situ
[(1,3-diketonato)Co(ll)] strongly depends on the electronic effefct 8-diketones®

The possible reaction mechanism involves the faonadf the f-ketoesterA
radical, which adds to the 2-position of the indtdeform a stabilized radicds,
which, in turn, reacts with the air oxygen and sumto the corresponding peroxide
C. The latter is converted to the intermedi&tge which transforms into the final
compound during oxidative dehydrogenatio&1.

Another example of the cross-coupling reaction tfee synthesis of 2-R3-
oxoindolin-2-ylidene)acetoacetates51 is the reaction between isatth52 and
alkanoated.53(Scheme 1.9%’

0 0
1
7 P PdOAc, AgOAc & _ )R
o L =0+ oak A -, |
=N DMF, 120 °C, N, AN OAlk
R N R N
o} o)
1.52 1.53 l T 1.51, 50-84%
0O
=
- | 4 PdOAc
RN N
H OAIk
A Ag\ R1
OAlk 2 HOAc
@)
0] 0]
=z =z R?
L 2 I /
R N / R’ R/ N
g ACOPd” “CoAlK AcO/Pd\O/ Oé\lk

R = H, 4(5)-Cl, 4(5)-Br, 4,5,6-OMe, 5-OMe, 5-nC;Hs; R'= 4-BrCqHy, 4-PhCgHy, 4-OMeCgH., 2-MeCgHy, 3,5-
(CF3),CgH3, 4-PhCgHy, 4-F,5-CI-CBHs, (1)2-naphtyl, Ph, Alk;

Scheme 1.21The coupling reaction of isatin and alkynoatesiclvhs accompanied
by the migration of oxygen atom.
The proposed catalytic cycle starts with the paditaoh of the C-2 carbonyl group of
Isatin 1.52to form intermediaté\, followed by the syn-addition to the alkyn, which
ends with the formation of the vinyl-palladium cdewB, subsequently rearranged
to C. The catalytic cycle is completed by the releakéhe intermediatdd, which

oxocyclobutane undergo acid catalysed rearrangetoehtl The presence of an
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unsubstitutedN(1)-isatin is compulsory to start the catalytic leycnamely the
formation of the intermediat@&. No reaction is observed witR-alkyl substituted
isatins.

The reaction of isatin with nucleophiles can alscuw by activating the C-2
position by introducing a halogen atom. For thstfirme such approach was used in
the Bayer'sworks devoted to the synthesis of indigo in 18839 years® He made
the statement that the reaction of isatin with phosus pentachloride upon boiling
in benzene led to 2-chlord<Bindole-3-onel.54 (Figure 1.13, which was isolated
and characterized (by methods available at tha¢:tielemental analysis, melting
point with a decomposition at 180 °C). This compbus unstable under air and
hydrolyzes to the starting isatin. In 1996, thectferoisatin approach" was used in
37 articles and 4 patents published by 26 sciengfioups. In 1996Sir John
Cornforth published an article in which he provided evidenbat upon the synthesis
conditions proposed by Bayer, no 2-chloroisatin Yoamed, as it was thougt to be
for more than a century, but its dimer, namely 2-@chloro-2,3-dihydro-3-
oxoindol-1-yl)3H-indole-3-onel.55 (Figure 1.1 B.* The structure of the compound

was confirmed by X-ray diffraction analysis.

0 0 0
cl —
Cl = ) Cl ©
1.54
N’ N’
1.55a 1.55b
Figure 1.1.a). 2-Chloro-3- Figure 1.1. b)2-(2,2-Dichloro-2,3-dihydro-3-
indole-3-on — phantom. oxoindol-1-yl)3H-indole-3-one - a confirmed
structure.

Using his own assumptionSjr John Cornforthexplained the strange features
observed in the reactions of "2-chloroisatin" witlucleophiles, such as the
competitive condensation at the C-3 position, wiscless active than C-2, according

to the proposed structute54 Prior to this, the results of these reactionsewsainly
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explained by the instability of 2-chloroisatin aiteldegradation to the starting isatin,
which is an active component of the reactidn.

On the example of the reaction with aromatic amsir&r John Cornforth
explained why the structure of the formed producéy depend on the amount of the
starting amine.

Imidochloridel.55 predominantly exists in the non-dissociated fdr&ba The
transition to form1.55b may be caused by a polar solvent. Apparently, Tk
position of isatin is more active in the forbnb5a (Figure 1.11; thus it undergoes
nucleophilic attack by amino grouh56 (Scheme 1.22 Two equivalents of water
released during condensation induce the dissoniadfothe C-Cl bondl.57 and
subsequent attack by the second amine moleculeeaC{2 position ofl..58 In the
case of stoichiometric quantities of reagents,aly product of the reaction was 3-
(arylimino)indolin-2-onel.59 the water produced during the condensation agtatk

the C-2 position of imidoylchloridé.57.

0 @j/g< @ NHAr
AN<"“NH ArNH,

AN
N
1 eq. ArNH, / excess / NAr HZO ; ;NAI‘ — 8
< T»

H,0

1.59 1.55a 1.56 1.57
Scheme 1.22Reaction ofl..55aimidocloride with aromatic amines.

This activation approach for the C-2 position @ftiis was used to synthesize 2-
R'-(3-oxoindolin-2-ylidene)acetatoacetate$1 (Scheme 1.23°*n the first step,
isatin reactes with phosphorus pentachloride. Trenéd imidochloridel.55& is
filtered under nitrogen and dissolved in a moreapdolvent — dioxane. To the
solution is added malonate salt and after a btigfirgy at room temperature, C-2-
functionalized isating.51were obtained in 30-50% vyield .

2 authors have not described the structure of tlegritediate product and depict it in the form ofdmyjl chloride1.54
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Ar

—0
ArNHNHyHCI = | —
—_— s =

R1=0Et R\/\ N (o]
H Eto
O 0O O 1.59a Etl, NaH
1 TN
/I o 1) PCls, benzene, A /l _ )R] E NH NEt
AN 2 o o R4 N OEt — 1.60
H
e (0]
Eto%w 1.51, ~30-50% R
152 Na - ’ - ° NH2NH2H20 / | —
— = =
dioxane, A A N 0 ArCH,CI
2 3
R H EtO E-OH\ NaH
1.59b E-OCH,Ar
R =H, 5-C¢gH14, 5-F, 4-CI; in the case of: 1.61

R' = OEt, Ph, 4-FCgH,, 4-BrCgH,, 4-1C5H,, 4-OMeCgH,, 4-OMeCgH,; R'= OEt1.51—R"=OH 1.59b
Ar = 4-HalCgH,, 3-HalCgH,, 4-OMeCgH,, 4-NH,CgH,4, 4-NO,CgH,

Scheme 1.23Functionalization of the C-2 position of isatina the formation of
imidochloridel.55a
During the course of the condensation of the lattenpounds with hydrazines,
pyridazino[4,3bJindole estersl1.59 were prepared; they have shown activity as
benzodiazepine receptor ligands. A series of wbgk#alian scientists is devoted to
synthesis and structural modifications of compourdds9 (alkylation with the
formation ofN-Alk 1.60andO-Alk 1.61derivatives, etc.) to pursue studies related to

the structure of benzodiazepine receptors anditgffirfi ligands?®*?

1.3. Reactions ofi-enaminonitriles with 1,2-binucleophiles for the spthesis of
pyrazoles (isoxazoles)

Pyrazole is a common moiety found in many mediciaatl agrochemical
products (derivatives of 1-arylpyrazole are inlokst of cyclooxygenase-2 and
protein kinase, antifungal drugs, 1,5-diarylpyr@solinhibitors of HIV-1 reverse
transcriptase, etc’y*> Pyrazole derivatives are also used in food andrpet
chemistry (catalysts of polymerization reactioffsConsidering the wide array of
applications for pyrazoles usage, the interesthairtsynthesis does not fade over
time. Several works of interest have recently beablished on combinatorial
synthesis of pyrazolé§, as well as cross-coupling reactions for the post-

functionalization of pyrazolés and modified syntheses of 4-trifluoromethyl

29



substituted pyrazolé§. Chemistry of pyrazole¥, their catalytic properties, and
therapeutic use have been extensively reviewed.

There are several approaches to access the pyrazglelhe most common is
condensation between 1,3-dielectrophilic synthartsleydrazines. In this section, we
focus on the synthesis of pyrazoles with the paditcon of cyclic or acyclic
enaminonitrile having two electrophilic centrese ttarbon atom of the nitrile group
and thegs-atom of the acrylonitrile fragment; therefore,sae&ompounds may act as a
1,3-dielectrophilic agentgure 1.2.
5t 5%

9
6+

]
O
Figure 1.2 Electrophilic sites of cyclic and acyclicenamirales.

A search in the SciFinder database revealed al®fufpublications devoted to
the reactions ofcyclic f-enaminonitrile with 1,2-binucleophiles. Focusing the
nearest analogues of the systems, to which our satkvoted, namely om-hetaryl-
S-enaminonitrile, the range was managed to narrowndm about 20 publications,
which will be discussed in subsection 1.3.1. The 0§ cyclic p-enaminonitrile
derivatives in the synthesis of azoles, which @ldiscussed in subsection 1.3.2, has
been studied scarcely and described in only 6 gatohns, whereas cycli¢c-hetaryl-
S-enaminonitrile has been used only once.

1.3.1. Reactions of acyclig-hetaryl{#-enaminonitrile with 1,2-binucleophiles

6+

9
~N r\ Het\ {

o5+ XH > _ X
N

Figure 1.3. A schematic representation of the synthesis of
4-hetaryl-5-aminopyrazoles from acyciliehetaryls-enaminonitriles.

Het

A series of works devoted to the synthesis of &yeh-aminopyrazoles from
acyclica-hetarylg-enaminonitriles has been report&igure 1.3.°%>’
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Synthesis started with the functionalization of theethylene group of
hetarylacetonitrilel.62 The necessary precursor®. a-hetarylf-enaminonitriles,
can be synthesized in three ways: 1) the reactioth wimethylformamide
dimethylacetal (DMF DMA) leading at 2-hetaryl-34futhylamino)acrylonitrilel .63
(Scheme 1.24, routg;12) the reaction with carbon disulfide followeg alkylation
and the substitution of one methylthiol group byl@amine Scheme 1.24, routg;r
3) reaction with isothiocyanate followed by alkydex (Scheme 1.24, routg 8r the
preparation of 2-hetaryl-3-(methylthio)-3-(phenyian) acrylonitrile 1.65 The
subsequent cyclization with hydrazines (hydroxylaai results in 4-hetaryl-5-

amino-pyrazoles (isoxazole$)66

1) PhNCS, base, DMF

2) alkylation
J route3
Het_ Het CN 1)CS,, base
ArNHo | 2 alkylation DMFDMA
~ - Het. CN —————— Het—; /
S” 'S
| ? route2 | | route 2 1.62 xylene
Ar 1.64 route 1 \
1.65 1.63
l NH,XH
R’ Me,NH
MeSH NH,XH Het { NH,XH
- | /N -

HNT X
wo eI @ -
Alkylation: Mel, DMS

X=NR, O; R=H, Alk, Ar

R = H, SMe, NHAr />— I I [/>— ’>* ‘\/I[’*
00

R2=H, Me

Scheme 1.24Strategies for the preparation of 4- hetaryl -5-an@nolesl.66.

The obtained azoles have functional groups, thatbeaconverted into various
heterocyclic frames by reactions with the apprdpri@agents; thereby, this method
opens a range of new ways for creating potentiailbjogically active compounds.
Thus, in the above-mentioned works were describ&astormations involving the
aromatic exo-amino group and the pyrazole nitrogdre authors state that in the

first step aromatic amino group was involved ine treaction, and secondly, the
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cyclization occurs at the pyrazole nitrogen atonorditransformations are presented
on Scheme 1.26.

NHAr
NHAr
Het j\/< Het
, NHAr ¥
)J\/lL Het NC._CN | N

\ _— » N
NaOAC, EIOH,  © | ' NaOAc,EtOH, N \%\NHz
1 0 2 EO
COR 0-5°C @CI H1.70 0-5°C CN 171
R' = OAlk, Me
1.72 NaNO,,
HCl
NHA
NHAr H NHAr Het ' Het NHAr
Het et N e
3 s P T
ane N N HOAG, A HoN HOAG, A N~ N
)\/\ \ / 1.66 \ CN )\\%\NHZ
5 R
1 Z CN CN
R' = OAIk R'=Me R 1.67
1.69b 1.69a NG, CN
NHAr ~
Het EtOH, Pip,
PhCOH B A
EtOH, Pip, A~ N
B
1.68

Ph

Scheme 1.26Modifications of pyrazole$.66

5-NH,-Group of pyrazold..66adds to the activated double bond by the Michael
reaction to form the pyrazolo[1&pyrimidine 1.67. Alternatively, the latter can be
obtained in two steps through the preparation dfifSbase1.68 followed by its
reaction with malononitrile. Pyrazolo[1d&pyrimidines 1.69a,bcan be prepared by
reaction of pyrazoled.66 with p-diketones ors-ketoesters. When using the latter
compound, the nucleophilic attack of the amino graecurs on the ester carbon
atom. Diazonium chloridd..70 formed by the reaction of the diazonation of the
amino group, reacts with methylene active compouad$orm the pyrazolo[5,1-
c][1,2,4]triazines 1,71, 1.72 In this case, the diazo group such as electrephil
meanwhiles-diketone or-ketosester acts as the nucleophile.

In 2009 report has appeared opening a way to théhesis of combinatorial
libraries of 5-(H-4-pyrazolyl)-[1,2,4]oxidiazole Scheme 1.97° The authors of the
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article synthesized more than 1000 compounds utiieg parallel liquid phase

synthesis.
O O

1) Scheme 1.24 R2 MOA'k N~
Ar—</ /O
N

N-o 1 R

- 4 3
N-© CN route 1-3 Ar_<N/ R R _ {
0T Do v AcOH A L

propan-2-ol N HN
1.62a NeoNp, N ~ =0
R'= SMe 1.66a, 71-98% R? ha
N-
(@)
Ar%/N /JTZ\]HN% 1.75, 68-90%
1
N NHAr
HN" N CI/\[(
o]
by-product K,CO3, DMF, A
1.66a'
N~ o) N~
Ar— /O R M Ar— /O R’
N { R?” ~cCl N N
| N dioxane, A lN’N
HNT N HN \\(o
] RZ&O 1
NHAr NHAr
1.73, 45-84% 1.74, 55-89%

R'= SMe, NHR?, NR?R3
Scheme 1.27Parallel liquid-phase synthesis of combinatoriararies of 5-(1H-4-
pyrazolyl)-[1,2,4]oxidiazoles.

Using route 2 $cheme 1.24 precursors of pyrazoles 3-(methylthio)-3-
(arylamino)-2-(thiazol-2-yl)acrylonitrile 1.65 were obtained in a reaction of
oxadiazolylacetonitrilel.62 with CS, followed by methylation and substitution of
one methylthiol group by the amino moiety. Usings tapproach, it is possible to
synthesize pyrazoles with a large variety of 3*RfRsubstituents in the core and to
avoid the use of toxic isothiocyanate. The authwote, that using the excess of
hydrazine hydrate in the cyclization reaction letmishe formation of a by-product
1.66a’ (in the case of R= SMe) which cannot be obtained by the reaction of
pyrazolel.66awith hydrazine. Consequently, a side reaction cxatrthe stage of
addition of two molecules of hydrazine to acyclis(methylthio)vinyl)hetaryll.64

preceding the cyclization step.

% The decryption of the substituent& R, Ar'is not given, since the article is devoted to comtwrial synthesis with
large number of variants. For more informationagkerefer to the articfé
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The first step of the combinatorial synthesis wasg@oselective alkylation by
the pyrazole N-1 position with 2-chloroacetamidegjich terminates with the
formation of acetamides.73 The next acylation takes place on the aromatimam
group and leads to the formation of monoacyl déreal.74 in the case of using
acyl chlorides. If anhydrides were used, no dowddglation is occuring. Reaction
with acetoacetates is carried out under standandittons via boiling in acetic acid
media, which led to the pyrazolo[1efpyrimidinesl1.75

a-Hetarylf-enaminonitriles have also heoe precursors in the synthesis of
new oxazolidinone compounds that are candidatestiertreatment of diseases
caused by resistant gram-positive bacteria, such nasthicillin-resistant
Staphylococcus aureus, penicillin-resistant Pnewtmes  (Streptococcus
pneumonia) and vancomycin-resistant Enterococacsafes>®>°

Among the synthesized compounds, the highest fctivas shown by§)-N -
((3-(3-fluoro-4-(4-(pyridin-2-yl)-H-pyrazol-1-yl)phenyl)-2-oxo-oxazolidine-5-yl)
methyl)acetamidd..76® for this compound, an industrial 7-stage synthetathod
was developed, providing a 27.6% total yield; irs thequence, the key intermediate

was 3-(dimethylamino)-2-(pyridin-2-yl)acrylonitrile 63 (Scheme 1.28

_ F 0
| | DwmFDMA |N/ NH,NH;'H20 1N = S Q\
N LN HNW/

N ACOH, EtOH
CN ~

| o}
1.62b 1.63a 1.66b 1.76

Scheme 1.283-(Dimethylamino)-2-(pyridin-2-yl)acrylonitrilé.63athe key
intermediate in an industrial method for a synteesfian antibioticl.76
Thus, acyclic 2-hetaryl-3-enaminonitrile were staytcompounds to prepare 4-
hetaryl-5-aminopyrazoles. Well-studied cyclizatioims/olving the exo-amino group
and the pyrazole nitrogen atom, were used to olitencompounds with potential

biological activity.
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1.3.2. Reactions of cyclig-enaminonitrile with 1,2-binucleophiles
If an acyclic enaminonitrile is used, then methgltlor dimethylamine acts as
the leaving group in the course of the synthesigyadizoles; alternatively, in the case
of cyclic analogues, the nucleofugedsaminoalkyl Figure 1.4.
-

- 5" x\ . \x
‘r\ ,XH N/
N /\

Figure 1.4.Schematic representation of the synthesis @oféBninoalkyl-5-

aminopyrazoles from cyclgenaminonitriles.

The first article, which describes the reactionscytlic f-enaminonitrile with
nucleophiles, was published by. Patzelet al. in 199F° According to the authors,
the cyclics-enaminonitriles are more stable than their acyahalogues. Thus their
reaction with hydrazine hydrate does not occur upeating in alcohol, DMF, acetic
acid. In all cases, the starting 2-(1-R-pyrroli@iylidene)malononitrile was isolated.
Only refluxing in a 10-12-fold excess hydrazine tatd provided 5-amino-3-(3-(R-
aminopropyl)-H-pyrazole-4-carbonitrild..78 (Scheme 1.291t is also stated on that
the reaction cannot be carried out either withlamgtazines or with derivatives of
1.77, in which one of the cyano groups is substitutedhe ester moiety. It was also
shown that 2-(dihydrofuran-2(B-ylidene)malononitriles undergo the same
recyclization in milder conditions.

The reaction mechanism involves the nucleophiliackt of nitrogen atom of the
enamine C-2 atom of pyrroliding in the first step, followed by an intramolecular
attack of the second nucleophilic atom, namely @arbf the nitrile group with
subsequent formation of spiro-intramedit&de The pyrrolidine ring-opening step
causes the aromatisation of the pyrazole core lamdormation of thes-aminoalkyl
chain. This reaction mechanism was named ANSARCdifAwh of Nucleophile —

Spiro Annulation — Ring opening$¢heme 1.99"°
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NC
h /—\ NHNHz HpO (10-12 equiv) VO \g[
(&f -R neat N
- H

1.77 1.78, 55-95%

R=H,Me;n=1-3,9

| o
& W5,

NC—(HN-YH - | no—( NH
. __NH
i A . B

Scheme 1.29The first synthesis of pyrazoles from cyghenaminonitrile. The
mechanism of reaction (ANSARO).

To facilitate the ring opening of cycliG-enaminonitrile reactions under the
action of binucleophile. Shvydenko et aproposed the introduction of electron-
withdrawing group to pyrrolidine nitrogen atom, whiwas envisaged to increase the
electrophilicity of the neighbour carbon at8frindeed, theN-benzoyl derivative of
pyrrolidine 1.79 was obtained by the reaction of 2-(pyrrolidin-2-
ylidene)malononitrilel. 77 with benzoyl chloride; this compound was involvadhe
reaction with arylhydrazines in boiling pyridine di@ which gave thew-

benzoylaminoalkyl pyrazoles in satisfactory yield80(Scheme 1.30

NC CN NC CN
| PhCOCI . RNHNH2
NH pyridine, /§ pyrldme A
0°C-A

1.77 1.79 61% 1.80, 58-67%
R = Ph, 4-FCgH,, 4-MeCgH,

Scheme 1.30Activation off-enaminonitrilel.77by introducing an electron-
withdrawing substituent into the N-1 position.
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An interesting method for obtaining pyrazoles franmixture of cyclic and
acyclic p-enaminonitrile was presented in the work by thens authors, which
consists in amm situ activation of the C-2 positiof!.

The reaction of thioimidatd.2b with benzofithiazol-2-ylacetonitrile in the
presence of 2 equiv of acetic anhydride led tortieture of products, which are
directly ending in the subsequent reaction withraythe Gcheme 1.31 The first
nucleophile attack occurs at the vinyl carbon atord is accompanied either by the
substitution of the methylthio group (in the casel @19 or by the pyrrolidine ring
opening (in the case af.81b to form a common intermediate with the same
structure 1.82 When the latter was boiling in ethanol in the sgrece of
triethylamine, N-(3-(5-amino-4-(benzalthiazol-2-yl)-1-phenyl-H-pyrazol-3-
yl)propylacetamide was obtainéB3

Het_ _CN
, 2equvAc0  Het. CN © o
Het_ CN + D, H
~ 775 benzene, A I/\/ *
) N
N MeS e AN
o)

1.2b

1.81a, 71% 1.81b, 21%

PhNHNH,
toluene, A

0
S
Het:@[N/}% Y
Het_ _CN
- I/\/H
EtOH, A PhHNHN Nm/

0

Ph
1.83, 46% two steps 1.82

Scheme 1.31Formation of pyrazole rind.83from a mixture of cyclic and acyclie
enaminonitrilesl.81
For the preparation of pyrazoles with the brancteaiminoalkyl chain, which
are potent glutamate receptor antagonibtgure 1.9 D. Young et af* also used
recyclization method for the cyclig-enaminonitrile bearing stereogenic centres in

the 3' and 5th position of the pyrrolidine rin§¢heme 1.32
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N | °N

HzNYEé HO,C S
CO,H

AMPA 2

Ibotenic acid

Figure 1.5.a) Biologically active
substances of glutamate receptors.

COzt-BU

H,N~ N 1.84

R=R'=H, Me
Figure 1.5. b)Potential glutamate
receptor antagonists.

1
R'H 1) MeOSO,CF, T en NH,
bzo Et,0, -78 °C b:< RNHNH, ~ NC CO,t-Bu
= Hi, _—
H N ©CN A )
N 2)NC.__CN EtO,C H N
N 2

EtO,C 1.85 1.86 HAN- T 184
R=R'=H, 50%:;

R =R' = Me, 62%;
R =H, R' = Me, 28%:
R=Me, R'=H, 87%

Scheme 1.32Synthesis of pyrazoles with branche@minoalkyl chairl.84

In the case of 3-substituted pyrrolidines, an epimation occurred during the
reaction with hydrazine, thus, compouh84was obtained as a mixture of epimers.

Compared to the mechanism shown Scheme 1.29another sequence of
nucleophile attacks is observed f&enaminones with general formula37 which
are analogues gf-enaminonitriles. First, the reaction of a 1,2-meoghile with a
carbonyl carbon atom takes place with the formatiban intermediat@, followed
by the Michael addition of a second nucleophileratScheme 1.33* *Tyclic g-

enaminones have been repeatedly used in the smife8-(@-aminoalkyl/phenyl

alkyl)azoles’™ ®¢7
RW
1
E\ ~ NHpXH K VR R </F
R [\\ IN( X
3 K S
AN XH B

1.87
Scheme 1.33The mechanism of the reactiornpeénaminoned.87with 1,2-
binucleophiles.

Thus, 5-acetyl-3,4-dihydropyridinel.88 reacts with variously substituted

heterocyclic witthe formation of 4»-
38
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aminoalkylpyrazoles 1.90 (Scheme 1.34° Cyclization occurs under harsh
conditions,i.e. in ethylene glycol at 140 °C. By performing thacton in ethanol at
78 °C, it is possible to isolate an intermediatelragonel.89 According to the
authors, the reaction occurred regioselectively tiu N-ethoxycarbonyl protection
of the amino group of the substrdt&88 Successful removal of the protective group
and the formation of pyrazolds91 occurred at the last step of the reaction with 92-

97% yield upon heating in concentrated hydrochlaaid.

EtOH, 78°C « 7 140°C, (CH,0H), NH "N A N

N N2 )

: R

CO,Et 1.88 COLEt 1.89 BtO,C R
1.90, 72-90% 1.91, 92-97%

R = Ph, 2-FCgHy, 3(4)-CICgH,, 2-benzimidazole, Me, i-Bu, (CH,)OH, CH,Py

Scheme 1.34The regioselective transformationfenaminone4.88into 4-w-
aminoalkyl pyrazole$.90
The benzo analogues of l-aryl-2-(1,3,3-trimethgalm-2-ylidene)ethanones
1.92 are converted to the corresponding dihydroisox@az@3via the reaction with
hydroxylamine. Further treatment with concentratadirochloric acid, gives the
products of the ring openirig94with 75-90% yield cheme 1.35"

R
R 7
N R Py, EtOH, A N o-N rt NH
\ g \ \

1.92 1.93 1.94, 75-90%
R = Ph, 4-FCgH,, 4-OMeCgH,
Scheme 1.355ynthesis of aminophenylalkyl isoxazdlexl

Consequently, the reactions of cyclic 3-enamindegrwith 1,2-binucleophiles
lead to the formation ab-aminoalkylpyrazoles. In the absence of C-2 adtwaithe
reaction takes place under harsh conditions (aessxof 1,2-binucleophile, at high
temperatures). Reactions of cyclic 2-hetaryl-3-enanitriles are presented in only
one publication, where they were subjected to #aetions with 1,2-binucleophiles

in the presence of their acyclic analogues imthdure.
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1.4. Reactions of 2-(1-R-pyrrolidin/indolin-2-ylidene)acetonitriles with C-

electrophiles in the synthesis of fused heterocyclsystems

E@ The C-3 position of the pyrrolidine ring exhibit
. R electron-deficient character as a result of theejpitr
S _
o ! N R2 effect of the 2-acrylonitrile fragment and can teac
R with electrophiles via base catalysed procesd.-R-(

1.1- pyrrolidin-2-ylidene |,qqjin-2-ylidene)acetonitriled.28a are more active
1.28a- indolin-2-ylidene
compared to 2-(1-R-pyrrolidin-2-ylidene)acetonés|

1.1 In addition to the two electron withdrawing greumn the side chain of
compoundsl.283a they also contain a benzene ring, which additipmaakes the C-
3 position more acidit®

The reactions of 2-(1-R-pyrrolidin/indolin-2-ylidejacetonitriles X.1, 1.289
with dimethylformamide dialkylacetal and orthoestbave been studied. They result
in the formation of pyrrolidines containing maskadehyde group in the%3osition
of the cycle or in the side chain. Such systemsewleund to be precursors of
pyrrolo[3,2c]pyridines 1.97, 1.10Q which are modified analogues of purine bases
and pyrrolo-pyrimidine bases that are involvechia hucleic acid metabolisfh.

2-(Pyrrolidin-2-ylidene)malononitrile 1.95 reacts with dimethylformamide
diethylacetal (DMF DEA) to form 2-(3 -((dimethylan@)methylene)pyrrolidin-2-
ylidene)malononitrile 1.96 which upon aminolysis in the autoclave formes
pyrrolo[3,2c]pyridines 1.97 in 34% total yield $cheme 1.36° During the process,

the dimethylamino group is eliminated.

MesN
OE 2
Et _N
CN P / NH,
E>:< H” “NMe, PN NHyMeoH N\ 7
_— —_—
N  CN DMF A A N CN
1.95 1.96, 73% 1.97, 47%

Scheme 1.36Synthesis of pyrrolo[3,2-c]pyridinegls97via the formation of a
derivative with the masked aldehyde grdu@t

40



In the case of enaminoamidds98 the reaction with DMF DEA or with
tetramethylurea diethylacetal is taking place atamide group of the side chain to
form diene diamine$.99(Scheme 1.37 %% 772

MezN
1
)R
N 1
route 1 =0 R NH
— L — N / o)
\ —_— —_—
|\/>_<CONH2 J<6Et R= Me, Bn R 1.99 A N CN
N oy RL_NMe, | R 1.100
h A NMez
1.98 route 2 CN 1-99 1.100
—’R_R1_H — R=R'=H, 100%;  R=R'=H, 55%;
R = Me, Bn; R' = H, NMe, o N\\ 0 R=Bn,R'=H, 100%; R=Bn, R'=H, 83%;
=N R=Bn, R'=NMe,, R=Bn, R'=NMe,, 64%

1.101,74%  85%
Scheme 1.37Reaction routes of enaminoamiti®8and C-electrophiles depending
on the substituents at the pyrrolidine nitrogen.

The subsequent heating contributes to the intracutde condensation between
the amidine carbon atom with the partial positiiarge increased by the conjugation
with the adjacent acetyl group, and activated nietiey moiety of pyrrolidines. As a
result of the reaction, derivatives of pyrrolo[&]pyridine-6-one 1.100 were
obtained $cheme 1.37, route).lln the case of unsubstituted pyrrolidiné98
(R = H), the reaction with acetal proceeds in &d&nt manner. Thus, the closure of
the pyrimidine cycle happened in the first stephiexating with DMF DEA followed
by the nucleophilic attack of the pyrrolidine NHogp at the amide carbon atom; the
second equivalent of DMF DEA reacts with the ,Gjfioup at position & In this
case, the only reaction product was 5-((dimethyaijnimethylene)-3-ox0-3,5,6,7-
tetrahydropyrolo [1,2] pyrimidine-4-carbonitrile 1.101 obtained in 74% yield
(Scheme 1.37, routg.2

Interestingly, in an attempt to synthesize pyrr8J2ic] pyridine-6-onel.100by
an alternative route starting with ethyl 2-cyan{pgrrolidin-2-ylidene)acetat#.102
the only product obtained was 1-ethylpyrrolidihd03 (Scheme 1.38 Neither the
temperature rise nor the increase of DMF DEA cotraéion result in the formation

of condensation product at the third position cé thyrrolidine ring. Attempts to
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introduce the acetyl protection at NH group (bycteen with acetic anhydride, acetyl
chloride, methylisocyanate) resulted only in theldadon of starting enaminonitrile
1.102

et
O_<002Et H™ "NMe, CO,Et
N CN N ©oN
H Et
1.102 1.103, 81%
MesN %

) NH

COEt — o o / O
N CN N CN
H H 1.100

Scheme 1.38The reaction of 2-cyano-2-(pyrrolidin-2-ylidenegdatel.102with

DMF DEA

The reaction of DMF DEA witli.104 occurs similarly to the reaction depicted
in Scheme 1.36Gamely through condensation by C-3 position afgidine to form
diene diaminel.105 which was transformed by the condensation reacdimo 5-
benzyl-6-ox0-2,3,5,6-tetrahydrd4ipyrrolo[3,2<]pyridine-7-carbonitrile after
prolonged heatindl.100(Scheme 1.39°

OEéEt MezN

CONHBnN
D=< Mez ~ CONHBn
” CN xylene A DMF A
1.104
1 105, 59% 1 100, 85%

Scheme 1.39Carbamidel.104in the reaction with DMF DEA.

Pyrrolo[3,2¢]pyridin-6-ones1.100react with phosphorus oxychloride in order
to prepare 2-chloropyridine4.10§ which subsequently react wit®- and N-
nucleophiles: ™ Nitrile group of 1-benzyl-6 methoxy-2,3-dihydré4dpyrrolo[3,2-
c]pyridine-7-carbonitrilel.107 was hydrolized only by prolonged boiling (119itn)
a 7% NaOH solution to the correspoding amide davied.108in 22% yield. The

N-debenzylation reaction and decyanation were @hoig by boiling in concentrated
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hydrobromic acid to form 6-bromopyrolo[3¢pyridine 1.110 and pyrrolo[3,2-
C]pyrid-6-onel.111(Scheme 1.40

conc HBr A CN

1111 76% B“ 1.100 N 1106 9%
RONa NR(R, |A conc HBr A
DMF, A
Bn 1.107 Bn 1.109 1110 33%
0,
R = Me, 52% ”°8 2% R1=R2=H,62%

R= CHchCHz, 93% 7% NaOH, A R1 R2 — Me 100%

R'=H, R = (CH,),0H, 78%
R1 Me, R2 (CH2)206H3OM92 28%

Scheme 1.40Modifications of pyrrolo[3,2-c]pyridine-6-ong.10Q

Reactions of benzo analogues of pyrrolidine actites with C-nucleophiles
are described only for 2-(indolin-2-ylidene)malornole 1.31 in the Granik et al
publication?® By the reaction of the latter compound with the PRIEA, the crude
product1.112was obtained in 90% vyield; but the amount of ieaaproduct after
thorough purification is dramatically decrease346&6 yield.

EtO route 1 MeN

/ DMF DEA y/
or toluene, rt N CN
H CN route 2 H CN H
1.113 CH(OEt); 1.31 1.112, 34%

route 1, 26%
route 2, 87%

Scheme 1.41Reactions 2-(indolin-2-ylidene)malononitrile31 with C-
nucleophiles.

Due to the low yield of the target product an Al€talysis was usétl notably, the
reaction took place in a different way. In partaulthe formation of 3-
ethoxymethylend..113(26% vyield) instead of 3-dimethylaminomethyleh&12was
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observed. The same producii13was obtained by condensation reactloBl with
triethylorthoformiate (87% yieldfscheme 1.41.

It is assumed that in this case, AJChtalyses the cleavage of the dimethylamino
group from DMF DEA, in contrast to the previouslgsdribed catalytic sequence
(Scheme 1.42°

reported route

OE
bet AICl5
H” >NMe,

> EO76 NMe, + | EtO°AICK ]

——> E{07°0Ft *+| MeN'AICI ]@
proposed route ® 2 3

Scheme 1.4Z2The mechanism of Al{Xiatalysis.

According to the known literature proceduf&sthoxymethylene derivatives are
more active in the reactions with nucleophiles, nth@&namines. Thus,
ethoxymethylene nitrilel.113 reacts with primary and secondary amines in mild
conditions with good vyields (62-79%) providing cooopds 1.114 while
dimethylmethylene derivatives are reacting onlyhwitrivary amines (52%). Upon
heating in acetic acid, cyclization d4f112 led to 4-cyano-2,3-dihydropyrido[4,3-
blindole-3-onel.115

EtO R{RN Me,N
/ / /
CN 1R2 CN CN
_ CN NHR'R . _ NHy(CHy)oNEt, _
rt
CN N CN N CN
H, 413 H H1112
1.114, 52-79%
NH3/MeOH rt HOAc A
1) DMF DEA
@QNW 2) NHy/MeOH, A _
H2N
1.116, 97% 1117, 73% 1.115, 61%

R' + R2 = 4-morpholinyl, NMe-piperazinyl, N(H)CH,CH,NEt,

Scheme 1.43Modifications of 2-(3-ethoxymethyleriel13/ 2-(3 -
((dimethylamino)methylene)indolin-2-ylidene)maloitde 1.112
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The reaction 0f1.113 with the alcoholic ammonia solution gave 3-amino-4
cyanopyrido[4,3]indole 1.116 which primary amino group is located in the
position to the nitrile group in the pyridine rintfis makes possible to carry out
cyclization reactions, that provides tetracycliades1.117(Scheme 1.43

To conclude, the reactions with C-electrophilesesalplace 1) at the third
position of the pyrrolidine ring, followed by cyzétion on the nitrile or carbonyl
moiety, or 2) at the amide side chain group, fo#dvby the cyclization at C-3 or 1-
NH position of pyrrolidine. The resulting pyrolopgines and pyrolopyrimidines can
be subjected to various modifications of their fumtal groups allowing various

decorations to pursue SAR studies.

1.5. Complexes based on 2-(pyrrolidin-2-ylidene)atmnitrile and their benzo
analogues

2-(Pyrolidine-2-ylidene)acetonitriles can act addnitate ligand due to the close
spatial arrangement of two donor nitrogen atomsneoted by a bridge of three
carbon atoms. Such a feature is used to createrigiflified complexes that are
similar to BODIPY dyes, as well as metal complel@msthe asymmetric catalysis

and copolymerization reactions.

1.5.1. Synthesis and application of Bifigidified complexes
Among heterocycles capable of forming boron-comgin

complexes, the dominant position is taken by dipethene

derivatives. By the reaction with boron trifluorideiethyl
Figure 1.5. etherate, the latter compounds form boron-dipirbveets —
BODIPY core BODIPY (Figure 1.5. This structural framework is based on the
class of dyes, discovered by Treibs and Kreuz&oss!’

The interest of the unique properties of BODIPYglyhigh quantum yields,
stability in physiological conditions, narrow abgton and emission bandEigure
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1.6) has grown over time; thus, up to 2018, 4995 lagibave already been publist

on BODIPY.

450 500

550 600

Wavelength, nm

Figure 1.6 Classic spectrum of BODIPY ¢
(Aabs = 503 nm{em = 509 nmg = 80000,® =

90%)

The class of BODIPY dyes is used for biomolecuédselling and for studyin

their distribution in cells/tissuein vitro and ex vivo Such studies have hi

accuracy, since the fluorescence spectroscopy méths a high sensitivity (*°-10

12M) and high spatial resolution um). On the other hand, the use of fluoresce

methods foiin vivo studies is limited to the depth of penetrationledf emitted ligh

(£ 1 cm). The resulting signal is blurred due tophetial scattering and absorpt of

light by body fluids, water and tissu’® There are two ways to resolve the probl

1) the synthesis of dyes, which emit the light withhe optical window in th

(]
q i
.‘.‘q’. l;_-
& PEl: Positron (& DPI: Decay =
Emitting Isotope Produced Isotope

-

511 KeV G- 511 KeV
photon photon

Ring of y-photons
detectors

Figure 1.7. Schematic representation
the mechanism of positron emiss
tomography

4according to the Web of Science portal
5 http://www.lumiprobe.com

infrared spectral region (65 900
nm), or 2) use a method, r
fluorescence based, that inves
the emission of photons of grea
energy, which, accordingl
increases the depth of lig
penetration.

A such method is th

positron emission tomograpl
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(PET) based on the radioactive decay of a postritting nucleus{C, **F etc.).
The positrons formed during decay annihilate whth ¢lectron of surrounding tissues
and form two photons with 511keV energies direaéadn angle of 180° to each
other. High-energy particles are detected by a 8tahnerkigure 1.7). The method
is characterized by unlimited depth of penetratioigh sensitivity (13" ~10"M),
but lower resolution — 1-2 mm, compared with fllemence spectroscopy ofuin.

The combination of PET and fluorescence spectrosecopthods offset the
shortcomings of each other and is a basis for th&tion of a bimodal probe.

The presence in the structure of BODIPY Bffoup, which could be a site for
introducing an isotope label 2], makes dyes attractive bimodal probe precursors.

The idea of preparation of the bimodal probe basedBODIPY was first
presented in 2011 b@abbai et al’® The authors proposed an introduction GF]
into the compound..118by exchanging the OH group connected to the batom
with drained by azeotropic distillation tetrabutylimonium fluoride ({F]-TBAF) in
the presence of a strong Lewis acid, namely trigisillyl trifluoromethanesulfonate
(TMSOTY) (for binding water residues) in acetomgrat 60 °C. The reaction was
completed within 5 minutes with 61% yield 6iH]-BODIPY 1.119(Scheme 1.44

a0 =, e
1.118 1.119, 61%
i ['8F]-TBAF, TMSOTf, CH5;CN, 60 °C, 5 min
Scheme 1.44Radiofluorination of Figure 1.8.FEx vivo mouse organ
BODIPY dye. visualization by fluorescence
spectroscopy (left) and microPET
(right). Injection of dyd..128— 4 h —

photo.

The authors used the synthesized radioactiveldyE9to investigate it€x vivo
binding using fluorescence spectroscopy and PEhaast consequently, they have

obtained satisfactory results on the stability artéctivity of binding, as well as a
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high correlation between the results of fluoreseesgectroscopy and PET analysis
(Figure 1.8.

Subsequently, novel methods have been developethwvallow the direct
exchange of°F-'°F in BODIPY dyes in the presence of Lewis aétfé Methods,
which allow avoiding azeotropic drying of fluoriden, are developing to date. For
example, cartridges containing boranes with catistiucture — fluoride-ion adherent
molecules?

At present, about 30 articfelsave been published in which BODIPY-dyes are
used as bimodal probes.

Despite the intense fluorescence of BODIPY-dyethésolution, which allows
them to be used for biological objects labellifggyt almost do not fluoresce in solid
state, which prevents their use in the field ofamig electronics and photonics,
including liquid crystal displays, OLEDs, solar leators. Weak fluorescence is
caused by self-absorption, which is the result lofiogt complete overlapping of
absorption and fluorescence spectra of the dye&éStshift is on average 5-30 nf).
Small Stokes shifts can also be a problem for treect interpretation of the signals
obtained by labelling of biological object® vivo studies shows that light scattering
may also occur with tissues in addition to the-abdorption; the reason is in a small
difference in absorption and radiation maxima, trlthg light can be perceived as
emitted one. In order to overcome this disadvarstaigeould be desirable to access
Stokes shift over 80 nfi.

There are two ways to increase the Stokes shiBADIPY dye binding with a
molecule capable of emitting light. In this cas€@BPY serves as the antenna that
receives the signal, then excited and transmitbedsignal to another fluorophore
(through space or by bonds), whose wavelength oftesanlight is much different
from that absorbed one. Such systems are usuéityeet, but they have a complex
structure that requires multistage synthesis. ZjiBetrization of the bidentant ligand

in the boron complex in order to increase the micsion between the electronic

6 according to the Web of Science portal
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structure of the main and excited states. This aggtr is simpler in terms of
synthesi$?

There is a large number of publications devotedthe development of
desimetrized dyes based on boroaza cy&Bl{B).2* However, there are only several
studies concerning the molecules containing a tirac fragment of 2-

functionalized-2-(pyrrolidin-2-ylidene)acetonitrleBODIPY analogueRigure 1.9.

o CN
®/
L "
N \
F'B~N
F R‘l
R?2 b)

Figure 1.9.Structural core of BODIPY (on the left) and its
analogue - 2-functionalized-2-(pyrrolidin-2-
ylidene)acetonitrile (right).

Desimetrized analogues of BODIPY dyes were studiathely B complexes
with benzog,dindole with N-heteroarenes, which are interconnected by = N-— or
=C(CN)- bridgesl.12Q 1.121(Figure 1.10.%° In this case, there was a large Stokes
shift: about 2000 cthfor 1.129and about 3000 cirfor 1.121, which is much larger
than the Stokes shift in BODIPY dyes within 40000Q cn.

The authors note that absorption and

N
() el |
Q// O Q\/B/N emission maxima of compounds bearing the
=27 ) i ()
E

1121 electron-withdrawing nitrile groupl.120 is
1.120 . shifted by about 40-70 nm (for absorption) and

Figure 1.10. BF, fixed compounds 10 nm (for emission) into the infrared region
of benzo[c,d]indole of N-

comparing to compounds. 121 Based on the
heteroarenes.

data obtained in electrochemical studies, the
authors explain this shift by reducing the energg getween HOMO-LUMQA..120
by about 0.2eV comparing 10121
One-pot synthesis of dyed.120 and 1.121 have been developed by
condensation of commercially available berzdndoles1.131andN-heteroarenes
1.123in the presence of Lewis acid (TiCbr POCY, followed by the base and boron
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trifluoride etherate treatment in the second sBp47% yield) Scheme 1.45This
approach opens the route to the rapid creationlibfary of such dyes.

1) TiCl, or POCl;

o
NH @ 2) BFFELO, Et;N,  (Het
i : + N~ ~XH, toluene

1122 1123 X = C(CN) 1.120; N 1.121
26-47%
- L KI >
NT
R=H. Cl. Me = H, t-Bu

Scheme 1.45Synthesis of BODIPY-dyes analogtes?0and1.121

The introduction of the electron-donating substitum the 6 position of the
pyridine ring of dyedl.121increased.ax Of absorbtion for 30-40 nm and emission
for ~10 nm.

XRD analysis of crystals showed that the moleculage a dense packing
caused by intermolecular hydrogen bonds H---F amd &ggregates with head-to-
tail placementKigure 1.11.

Apart from the fluorescence in the solution, themptexes also exhibit
fluorescence in solid statéigure 1.13, unlike the classic BODIPY. Moreover, in all
cases there is a bathochromic shift in the emissp@ctrum ~ 40-70 nm.

E=E ..I - - L"\‘

®”
e y—{x ,.w.:

:..-,;;_ i .4, .—. T

Figure 1.11.a) X-ray structural analysis b) Aggregated.120with head-to-tail
of 1.120. packing
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Synthesized complexes exhibit hig

1.121(X = N, Het:
pyridine )
1.120(x =CCN,
Het: pyridine)

photostability and also show a bathochromic smft |
nonpolar solvents. Both characteristics promoter the
use for biovisualization. Visualization of fat diefs
was reported by using tHel21complex (X = N, Het: ::r:%lcj)rliedls.tlazt.el.:morescence
4-methylthiazole). This dye easily passes into the

middle of the droplet due to the neutrality of tbere and shows a bright green
fluorescence.

Also, the fragment of pyrrolidin-2-ylidene acetoilt became a component of
BODIPY-like dyes developed by a group®érman scientist¥.®® Synthesized dyes
emit light (690-805 nm) within the optical window, the near infrared (NIR) region
of the spectrum. As it was noted above, substathagdave such characteristics can
be used for biovizualization, since biological flsiand tissues of the body do not
absorb light in this region, which increases thptk®f light penetration. It should be
noted, that the Stokes shift for these dyes is Isméthin 250-500 crit). 278 The
authors attempted to increase the Stokes shiftynyhssizing of the asymmetric
dyes®® but they failed to achieve a sufficient deviatfoom C2 symmetry and Stokes
shift remained within 739-786 ¢

Synthesis of symmetric Bfpyrrolopyrrolocyanines (BFPPC)1.126 has been
achieved by the condensation of 3,6-bis(4-octyldveypyl)-2,5-dinydropyrolo[3,4
c]pyrrole-1,4-dionel.124 with hetaryl acetonitriles with excess PQ@I toluene at
boiling point. The next reaction of PPIC125with boron trifluoride etherate led to
complexesl.126(Scheme 1.46, routg.ln the synthesis of asymmetric pyrrolidines,
monosubstitution was achieved by evaporation oetteeess POGIn the first step of
the processScheme 1.46, route.ZlThe resulting salt.127 reacted with 1 equiv of
hetaryl acetonitrile and forms the mono-substitygeatiuct1.128 The reaction with
the second equivalent of hetarylacetonitrile resuliin the asymmetric PPL129
Complex formation with BEEt,O gave the asymmetric complexed26in 60-86%

yield. The authors note that mono-substituted APX28 can also form complexes
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with BF,; in this case Stokes shift reaches to 1320 ¢om 1.128¢ 1130 cnit for

1.128d the maximum emission was about 670 nm.

route 1. symmetrical pyrrolopyrrole cyanines

Ar 0
N E 2@0\] POCl;
N~ toluene, A
(0] Ar
1.124
1.126a route 1: 6-86%
1.126b route2: 60-86%
Ar = 4-OC8H17C6H4
BF3*+Et,O
POCI . ; ;
A 3 | route 2: asymmetrical pyrrolopyrrole cyanines CH.Cl,, A
Het?
Ar OPOCH, G@\/ CNDVCN ,
© o W POCI
N | NHO — s
= THF, A toluene, A
o] Ar
1.127 1.128 1.129

Oy ST O L

9

*@a \3@3 TR e,

1.134, 1.135a A = B= Het = a-I; 1.137, 1.138, 1.135b A = Het' = ¢, h; B = Het?= 3, ¢, g-j, I-m

Scheme 1.465Synthesis of symmetricl26aand asymmetrit.126bBF,-PCC.

In order to show the possibility of using the sw#ized complexes for
biovizualization, HelLa cells were incubated withg/peptide in which the terminal
amino acid was covalently bound to BFCC1.130(A = Het = h, B = Het = m).

Cell nuclei are pre-painted with Hoechst 33342 rihsgent dye. A merged image of

HelLa cells in which the blue fluorescence marks rihelei stained with Hoechst

33342, while the red fluorescence indicates thetipasof the Arg9 peptide is shown
in Figure 1.13 The image shows that the aggregates,-#&ig-PCC 1.130 do not
penetrate into the core, but remain outside of it.
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1) TFA, A
2) BF3*Et,0, CH,Cly, A
3) BBrs, CH,Cly, rt

To conclude, it should be noted that the structir@ayment of pyrrolide-2-
ylidene acetonitriles are included to the BODIPYeslyanalogues and exhibit larger
Stokes shifts comparing to the classical dyes byanwe of the ligand
desymmetrization. Other representatives emit tijiat in the near-infrared region of
the spectrum, which allows them to be used forikaimlization {n vitro studies have
been demonstrated). None of the articles discubggsossibility of radiofluorination
of complexes with the indicated ligands for usemaskers in PET, despite the fact
that this opens the way for unimpeded visualizatiorvivo. Such literature data

determine the relevance of research in this doacti

1.5.2. Synthesis and application of metal complexes

Many steps have already been done to create esalatnbve catalysts; the
necessity of developing new asymmetric catalysisaseasing with the enlargement
in the number of new pharmaceutical, agro-pharntazds, flavor and odor

regulators, that are effective only in an enantiocadly pure form.

CN Typically, asymmetric catalysts are
""" ‘\1 \HN molecules consisting of metal and chiral
1 ligand.
R 47 Ri 9

: o o One class of ligands for asymmetric
Corrin - a macrocycle Semicorrin - Semicorrin -

thatis partofthe = the name of the class of  catalysis, well-studied in the 80s-90s is
structure of cobalamin ligands, which was

(vitamin B) proposed by American semicorrins (Figure 1.14. This name of
scientist Stevens in the 70s
Figure 1.14 compounds was proposed by Stevens in
the 70s. The name is associated with the coeng ("core" - "base") - a natural
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macrocycle that is part of the cobalamin (vitami3) BThe systematic name of the
ligand: 5-(cyano(5-pyrrolidin-2-ylidene)methyl)-3gdhydro-2H-pyrrole

One of the advantages of semicorrins is their ngghthesis and modification
of substituents at stereogenic centres. Enanticami@ri pure ligands can be
synthesized on multigram scale starting with conoma#ly available L- or D-
pyroglutaminic acidl.131with 30-40% total yieldgcheme 1.47*

CN
+ -
o a) MeOH, H OEt NC._ COyt-Bu P COLLBL
Cf b) Et;OBF, j - 2
—NH (90%) ] N (80%) s
> (Y N (] .
HO,C  1.131 MeO,C  \ 1.2¢ MeO,C 1.132

L-pyroglutaminic acid (60-70%) JTF A rt

CN
N TFA, 65 °C CN
\ N/\ N 1,2-DCE _
MeO,C H o o,Me = \—NH
b (65-75%) MeO,C 16
Semicorrin

( Total: 30-40%)
Scheme. 1.47Semicorrins synthesis.

The synthesis includes the following steps: therdgtation of L-pyroglutamic
acid 1.131, which is catalyzed by an ion-exchange resinpfedd by alkylation with
a Meerwein salt; condensation hcwith tert-butyl 2-cyanoacetate, which gave the
enaminel.132 hydrolysis oftert-butyl ester and subsequent decarboxylation were
applied for the preparation of cyanogenamingas a mixture o¥Z/E-isomers. The
last step was the hardest to implement, in pagrcuhethods that worked on similar
systems previously did not lead to the target pcadiihus, an attempt to connect two
monocyclic bilding blockd.2cand1.6 by carboximidate-enamine condensation was
unsuccessful. In neutral or weakly basic conditi@emdensation did not occur at all.
Strong basic conditions could not be applied duaéopotential racemization of the
product. Semicorrirl.7 can by synthesized only in the presence of TFA (8o
yield. Catalysis by other acids (AcOH, TsOH, ;H,0) gave a less satisfactory

results.

54



Semicorrins ester groups can be easily modifiedrdryous methodsScheme

1.49.

D
NaBH RCI
f A N o D —~ . D R = (t-Bu)Me,Si,
CN THF/H,0, A CH,OH base, A CH,OR (t-Bu)Ph,Si, PhsC
; N 1.133 1.134
“—N. N
MeO,C H CO,Me

MeMgBr _ D

Et,O CMe,OH
1.135

Scheme 1.48Structural modifications of semicorrins.

The reaction with an excess of Grighard's reagee gdiols 1.135 The
reduction with sodium borohydride resulted in theornfation of
bis(hydroxymethyl)semicorrin.133 Hydroxy groups can be modified with silyl or
triphenylmethyl group4.134

29CN30

39CN 40
14 R= CMEQCH

Figure 1.15.Crystal structure, numbering and stereoscopic \oéthe semicorrin
complex with Cu(l1)**

Semicorrins form stable complexes with a numbemeftal ions: Co(ll), Rh(l),
Ni(ll), Pd(ll), or Cu(ll). Structures of some comepkes were studied by X-ray
diffraction analysis Kigure 1.15. It was observed that, depending on the metal ion
the structure of the ligand and the reaction caomht mono- or bis(semicorrins) can
be prepared.

In metal complexes with semicorrins as ligands, tsubstituents at the
stereogenic centres of pyrrolidine are close tocthe@dination centre. They surround

the atom of metal from two opposite sides, whicbusth noticeably induce a control
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of the stereochemistry of the reaction occurringha coordination sphere of the

complex Figure 1.1§.

Figure 1.16.Spatial view of the complex: 3D structure (leftflaorthogonal
projection (right)™*
Semicorrin  complexes generateth situ or
synthesized in advance with Cu(ll)136aand Co (II)
1.136b (Figure 1.1j were used as catalysts for

enantioselective cyclopropanation of olefins byzdia

Figure 1.17.Semicorrin compound%D and for reduction o#,f-unsaturated esters

complex with Cu{) as well as amidesStheme 1.49 and 168 °%°
(1.136z) and G (1))
(1.1368H.
R1\/ + N,CHCOOR?2 1mo|%1.136a= H
C,H,Cly, rt R’ “COOR?2

60-70%

R' = Ph, CH,=CH,, n-pentyl; R? = Et, t-Bu, L-menthyl, D-menthy|

Scheme 1.49Asymmetric synthesis of cyclopropanes.
The best enantiomeric excess (95-97%) was achigvede case of R= Ph or
CH,=CH,; R? = D-menthyl; R =CMe,OH (Scheme 1.49

Reduction reactions with the Co(ll) complex136a were carried out in

quantitative 90-99% vyield with enantiomeric excéss to 99.9%, in the case' R
Ph(CH,),, RF=CONHMe) Gcheme 1.48 The solvent plays the key role in the
reaction. In particular, changing the reaction raefliom DMF/ethanol to the
diglyme/ethanol solution dramatically increased thaction rate. According to the
authors, such effect is associated with betterbdidh of sodium borohydride in
diglyme*
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NaBH,4 (100 mol%
RI7N R? R?

EtOH/diglyme, rt
CoCl,/1.136b (1:1.2)

R' = Ph(CH,),, \Kv“% , (CH3),CH, Ph; R? = CO,Et, CONHR?
Scheme 1.50Reduction of,f-unsaturated esters and amides.

Notably, isolated double bond are inert in thesenddmns, a high
chemoselectivity is achieved only with electroghilC=C bonds conjugated with
electron-withdrawing groups.

0O 7R 0 Ni(ll) complexes with  pyrrolidin-2-ylidene

E s acetonitriles have been used as polymerizationysasa
R O R
" to access polyketonesigure 1.1§, polymers with a

Figure 1.18. The
general structure of
polyketones. In 1996, polyketones were first synthesized on an

unique combination of physico-chemical properiie.

industrial scale and named as «Carildh»The production was relied on the
methodology involving palladium complex with a bndent ligand (PsP(CH,);PPh)
as a catalyst, which produces polyketone under aaidlitions (90 °C, 45 bar) in 106
grams yield of polymer per gram of cataly/st®

The impetus for the study of complexes based onl)N&s cheaper Pd(ll)
analogue in the copolymerization of olefins andboar monoxide (CO), was
reducing the cost of the process, since catalyats rot be regenerated in the
production process.

The starting E/2)-(pyrrolidin-2-ylidene)acetonitrile 1.6a was synthesized
according toScheme 1.4&nd subsequently used for the synthesis of sermcor
Upon treatment with a weak base and acylating aggeitydride or acyl chloride),
the product of acylation gi-enamine carbon atoin137was obtained. In the case of
soft acylating agents featuring bulky substitueti® product ofN-acylation was
isolated1.138(Scheme 1.5F°
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, NC
Et;N, [NiBr(o-tolyl)(PPhs)]

for R = Me, Ph, CF3,

CN
D:; . @7 ROEN 1.137 CsF7, C7F45 OMe
or

+
CN
68 R)J\OJ\R L~ O
R)&\ N

1.138

by-product in case:
R = p-CgH4NO,, p-CgH,OMe, Naph, Mes, c-CgH44

Scheme 1.51Synthesis of CO and olefins copolymerization catally.139

Ni(ll) containing complexesl.139 with N,O-chelating ligandsl.137 were
obtained; these compounds were investigated isdpelymerization of ethylene and
CO™ The highest efficiency was demonstrated by congsex1.139 with
polyfluoroalkyl substituents (R =4€;, C/F5) — 11 kg of polykethone per gram of
nickel were prepared. The solvent in the polymeiora reaction can be
dichloromethane, THF, toluene or supercritical oarb dioxide (CQ)
(environmentally friendly solvent). These compleges the most effective of known
nickel-containing catalysts. The reaction of copmtyization in their presence takes

place under mild conditions: 60 °C, 40 bar, whiatplasizes their promising utility

From this literature review covering synthesigysequent transformation using
various electrophilic and nucleophilic agents, ctampgormation and the practical
application of cycligs-enaminonitrile, it is easy to find out the directs that need to
be deeper investigated. Thus, there is only fewrmétion about the reactions of
cyclic p-enaminonitriles with 1,2-binucleophiles, althougfrey can serve as a
convenient access to polyfunctional pyrazoles, Wwiasiee widely used for therapeutic
applications and for catalysis.

In general, syntheses and further transformatiofscyxlic a-hetaryls-
enaminonitriles are scarcely studied to date. Hamewt is known that the

heterocyclic fragment influence on the synthetithpnd its presence might provide
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novel methods for the construction of heterocyclienpounds. Moreover, a wide
diversity of the heterocyclic substituents of staytenaminonitrile allows different
biological activities of the products.

Another application of componds featuring 2-het@y@naminonitrile moiety is
the synthesis of BFcomplexes for biovisualization purposes. Pyrrokgi
ylideneacetonitrile-containing structures are dbsd in only a few articles and are
characterized by the simplicity of their synthegsactically better Stokes shifts,
compared to the classical BODIPY dyes, as wellhag fight emission in the near
infrared spectral region. Additionally, it has beshown that the nitrile group
contributes to the bathochromic shift of the ab8ormpand emission maxima.

Finally, metal complexes based on cygienaminonitrile are used as catalysts
in the copolymerization of olefins and CO for thegaration of new materials, in
particular, polyketones with unique combination afaracteristics. Pyrolidine-2-
ylideneacetonitrile with stereogenic centres exhigh regio- and stereoselectivity
in the cyclopropanation reaction as well as inalene reduction.

Therefore, the chemistry of cyclic 2-hetaryl-3-emamnitrile is scarcely studied

but is thought to be a promising topic for futuevelopments.
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CHAPTER 2. 2-AZAHETARYL-2-(1-R -PYRROLIDIN/3-OXOINDOLIN-2-
YLIDENE)ACETONITRILES: SYNTHESIS AND STRUCTURE
EXPLORATION

Given the promising use of derivatives of , CN
pyrrolidinylidene acetonitriles in the synthesisfrfictionalized R-n {' 0
azaheterocycles, our primary task was to syntheussr

analogues with azaheterocyclic substituents irptition 2 of N
the enaminonitrile fragmenEigure 2.J). Figure 2.1.Target
molecule.

2.1. 2-Azahetaryl-2-(pyrrolidin-2-ylidene)acetonitiles
2.1.1. Synthesis

For the first time, the synthesis of 2-(pyrrolidirylidene)acetonitriles bearing
heterocyclic substituents was described in 200he method consisted in the
condensation of hetarylacetonitriie2 (CH-acid) withO-methylbutyrolactan®.3 in
the presence of g in boiling toluene. This method has been desdribe quinolin-
2-yl 2.1aand pyridin-2-yl2.1i as heterocyclic substituents.

The adjustment of the synthetic scheme allowedousxpand the number of
heterocyclic substituent in 2-(pyrrolidin-2-ylideaeetonitriles and obtain 8 new
compound.1b-hj depicted on th&cheme 2.1, route 1

We have also developed a new method for the syistbé€naminonitrile.1
by using a three-component condensation of hetaidaitrile 2.2, phosphorus
oxychloride, and pyrrolidin-2-on2.4. In contrast to the previously described method
(Scheme 2.1, route lWhich requiresthe initial preparation of 5-methoxy-3,4-
dihydro-H-pyrroles 2.3 the proposed method is streamlined enablingsitu
generation of 5-chloro-3,4-dihydrd42pyrrolinium cation2.5 and preparation of the
desired 2-hetaryl-2-(pyrrolidin-2-ylidene)acetoibgr2.1 within 1 h Scheme 2.1.
route 2. Our method allowed us to obtain both the previoushown €)-2-
(pyrrolidin-2-ylidene)-2-(quinolin-2-yl)acetonitgl2.1a® and ¢)-2-(1,3-benzothiazol-

2-yl)-2-(pyrrolidin-2-ylidene)acetonitrile2.1b™ as well as good yields of new
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compounds such a)(2-(1,3-benzoxazol- 2-yl)-2-(pyrrolidin-2-ylideragetonitrile
2.1c, (2)-2-(4-methylthiazol-2-yl)-2-(pyrrolidin-2-ylidenagetonitrile2.1d

The vyields of known enaminonitriles are comparable higher to those
described in the literatur@:1a — 58% route 1, 67% route 2 and 73% accordingeo th
literature;2.1j — 70% route 1, 57% according to the literatur2;1b — 85% route 1,
86% route 2 and 56% according to the literatfire.

route 1 route 2
—— Het _CN ——
/
Q*O 2.2a-j
N © )—Cl | _POCl, E\Fo
2.3 ”
Et3N, toluene/dioxane, 24
A, 1.5-15h Het. CN 2.5
| dioxane, A, 1 h
—— HN 7 -
21a+

~

Het = C(j\ @[ )% @:Z)—% )IS/>—§' }route2

2.1a (route 1,58%  2.b (route 1,85% 2.1¢ (route 1, 74% 2.1d (route 1, 67%

route 2, 67%) route 2, 86%) route 2, 50%) route 2, 77%) > route 1
H
Y+ OO Lo+ (2, d
T Qi+ Qo+ S
N N /
2.1e (56%) 2.1 (89%) 2.1g (87%) 2.1h (66%) 2.1i(70%) 2.1j (88%)

Scheme 2.1The routes to the synthesis of 2-azahetaryl-2rgpglin-2-
ylidene)acetonitrile@.1

2.1.2. Structure exploration: XRD'H NMR, DFT-calculations

CN CN CN Theoretically, enaminonitriles
@_SD @:% QQN/_\Sj 2.1 can exist in three tautomeric
A N HBN CHN forms A-C (Figure 2.1. It was

previously mentioned that the only
Figure 2.2. Tautomeric forms of

enaminonitrile<2.1. form for compound®?.1laand2.1iis

the enamine.’ This conclusion was
made on the basis of IR spectra analysis, in witele is a stretching vibration in the

region ~ 3100-3400 cimcorresponding to a NH bond and a broad sign&HifNMR
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spectra in the 10-12 ppm range assigned to thatdueproton. There are also no
multiplets that would appear for the spin-spin doypof 1-H and 6-H protons for
2.1iin tautomeric fornB.

Our results are in

S CN LR R :
@ > Linbb L agreement with these

HN statements. Thus we

7.28 CDCI:

7.30
7.29
7.28
7.28
7.27
7.26
7.26

observe the same

stretching vibrations in

mmmmmmmmmm
WW®OWBONNRNNN DQADdd QA

MONANEERES RRRRRRA IR and broad signal of

‘ chelated proton in the
) 'H NMR spectra for

enaminonitriles 2.1

Figure 2.3.A fragment of théH NMR spectrum of (Figure 2.3.
compound.1bwith the highlighted shift of NH proton Beside three
(CDCls, 400 MHz).

10.5 104 10.3 10.2 10.1 10.0 80 79 78 77 76 75 74 73 72 7.1 7C
f1 (mp)

tautomeric forms
(Figure 2.9 compounds 2.1 can also exist as 2 diastereoeasdZ). (Figure 2.9.
The explorations carried out indicate the

existence of compound®.l as Z isomer both in

c
CN CN
solid state and in solution with the heterocyclic._y” \ N DenNH

substituent and the NH group of pyrrolidine in the "N

. . Z isomer E isomer
CIS pOSItIOﬂ.

The XRD study of the compoundslb and Figure 2.4. Diastereomers of

tautomerC.
2.1d has shown that molecules exist exclusively as

Z-isomers in a crystalline statEigure 2.5. XRD seems to indicate thH{L atom has
a covalent bond with N1 atom of pyrrolidindi—N1 0.86 A) and form the hydrogen
bond with N2 (H1'N2 2.13 A, N1-H1'N2 127.6°). The enaminonitril@.1b
framework is almost planar, (deviation of the plidine ring from the plane below
0.096 A, the angle between the planes of pyrradidamd benzothiazole is 4.91°,
which is indicative of the delocalization of theaemne moiety electron density both

toward the nitrile and benzothiazole. The shiftrpodes N1-C10 bond shortening
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(1.32 A) and C10-C8 bond elongation 1.39 A (as caneh to standard bond length
values®) and also the deviation of th€8-C9-N3 angle (177.8°) fromsp
hybridization.

Figure 2.5. a) Molecular structure o

f .
2.1baccording to X-ray diffraction. b) Orthogonal projectior2.1h

The low field shift of proton of NH group is obser/in the'H NMR spectra
(table 2.3 due to its intramolecular hydrogen bond with the#ogen atom of the
heterocycle. This bond stabilizes thesomer in the solution.

Table 2.1.The shift of NH proton in théd NMR spectra of enaminonitril@s1
Entry 1 2 3 4 5 6 7 8 9 10
Compound| 2.1a| 2.1b| 21c| 2.1d 21le| 21f| 21g| 2.1h| 21i| 2.1

Shift NH, 11.35 10.27, 9.65, 9.83| 9.60 10.10 10.64 8.70, 10.46| 10.69
ppm

Solvent CDCl; | CDCL | CDCkL | CDClL | CDClkL | dmso-| CDCl; | dmso-| CDCl dmso-
de de de
EHF& According to the literature data the shift of NH
N R proton in 2-(pyrrolidin-2-ylidene)malononitrilg.6a
2.6 : :
aR=R'=CN b:R=R'=COMe: | S 7.52 ppm (solver®DCly). In the latter one there is
¢: R = COoEt, R'=CN; not possible to form the intramolecular hydrogen
d: R = CONH,, R'=CN;
e: R = COMe, R' = CO,Et; bond. By contrast the NH proton shift in 3-

f: R= CO,Me, R'=CN;

g: R = COPh, R'= CN (pyrrolidin-2-ylidene)pentan-2,4-dion@.6b, where

the intramolecular hydrogen bond exist&=Q H),
is 11.45 ppm (solver@DCl,).?
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The theoretical analysis of the ratio between iBtimers in the solution was
carried out by quantum-chemical calculations ugimg density functional theory
(DFT).

The Gibbs free energy\G) was calculated for 2 diastereomre@2.1b in the
solvents of different polarity and donor-acceptoopgerties. CHGl (Polarity index
(PI) = 4.1); CH3),CO (Pl = 5.1); CHOH (PI = 5.1); CH3),SO (PI = 7.2).AG of Z
isomer was found to be lower in all solvents th&s of E stating higher stability of
form. Based on values found the ratio between issmes calculated applying

Maxwell-Boltzmann distributiontéble 2.3.

Table 2.2.The ratio between Z/E isomers of 2-benzo[d]thigzgl-2-(pyrrolidin-2-
ylidene)acetonitrile2.1h

Maxwell-Boltzmann distributionNi/N = expt- AGi/KT)/Yjexp(- AG;/KT)*

Compound 2.1b
Ratio Z/E 1903 1667 1642 1630
Solvent CHC|3 (CH3)2CO CH3OH (CHg)zSO

* AG — Gibbs free energy, J; k — Boltzmann's constHit,T — temperaturek;
N — the total number of particles in the system:-khe number of particles with the enery$;

Quantum-chemical calculations show that the amoanintE isomer in a
diastereomeric mixture does not exceed 0.1%, wiscln agreement with the
experimental data we have obtained: the sensitofitthe NMR spectrometer does
not allow to register the signals & isomer, therefore, only one set of signals
corresponding to the energetically favorablisomer is obserbed.

The theoretical data obtained by us are in agreemdh the experimental
observations presented in the workQdlovea et &.for analogues with compact
acceptor group&.6c-f and reinforce the conclusions made by th8wloveva et al.
point out that nor prolonged heating of soluti@&c-fat 70 ° C neither change of
solvent provoke the rise of signals of tBasomer. Also, in théH NMR spectra,

recorded in the temperature range from -60 ° Ca@ *C, the chemical shift of NH

7 only isomers with S in cis position to CN group were taken into account regarding the bigger size of sulfur as
compared to nitrogen
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proton remains almost unchanged, indicating theguree of a strong intramolecular
hydrogen bond. The authors conclude that the pceseh hydrogen bonding in
secondary amineg.6¢f accounts for the lower energy of the isomer and
consequently the absencetform. Indeed, the calculations we made for the rhode
enaminonitrile2.1b show that the Gibbs free energy is lower for thefigurationZ:

AG Z isomer = -4.64001280"° J,AG E isomer= -4.639979410™ J.°

2.2. 2-Azahetaryl-2-(1-R-pyrrolidin-2-ylidene)acetaitriles
2.2.1. Synthesis

Theoretically, 2-azahetaryl-2-(1-R-pyrrolidin-2-géine)acetonitriles can be
obtained by alkylation of theilN-unsubstituted analogues. Using the standard
alkylation conditions (Mel/DMS, KCO;, DMF) for model compoun@.1b, it was
possible to obtain only a 35% vyield of prod@ctaafter 36 hours of heating¢heme

2.2).
S CN S CN
©iN/ N Mel or DMS N @r\%—\b/

HN K,COs, DMF, T = 80 °C
2.1b 2.7a, ~ 35%

Scheme 2.2Methylation reaction of enaminonitrilz.1h

The present approach is not suitable for the retpoive functionalization of
NH group of pyrrolidine, in the presence of seveeaictive NH groups in the starting
material.

Thus in the case of benzimidazol-2-yl-2H(pyrrolidin-2-ylidene)acetonitrile
2.1f, the only reaction product is the 1,3-dimethylbendazole salt2.8 (Scheme
2.3). No intermediate alkylation products could bdased.

H /
gn ¢ - g g
/ > OV/ J
NN K,COs, DMF, T = 80 °C N>_\§”N
o\
HN | B

2.1f 2.8

Scheme 2.3Methylation reaction of enaminonitri.1f.

8 The values are given for the gas phase
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In the case of the quinozalinone derivati€d|, methylation takes place at
oxygen and nitrogen atoms leading to -ORI8 and -NMe2.10isomers, which were
separated by column chromatograp8gl{eme 2)4 The yield of -OMe produ@.9is
higher that is probably related to aromatizatiosoasmted with pyrimidine cycle

formation.
o) ol 0
AN e
NH Vel | N N
L _cN - NN Ot NP CN
N" K,COs3, DMF, | |
HN 1 h, 80 °C HN HN
2.4 2.9, 53% 2.10, 16%

Scheme 2.4Methylation reaction of enaminonitri21j.

O. Khilya et al.pointed out that in the case of 2-azaheteryl-thy@rofuran-2-
ylidene)acetonitriles ~ under  similar
conditions, the reaction proceeds
exclusively on a more rigid nucleophilic
centre to give the -OMe derivativ®.

Structural analysis  of the
compounds was carried out using IR ant ¢t

NMR analysis including two-

dimensional (2D) NMR techniques
(COSY, HMQC, HMBC) and X-Ray  Figure 2.6. Molecular structure o2.10
analysis for2.10. In the IR spectrum of according to X-ray diffraction.
NMe-quinozalinon&€.10there is a characteristic stretching vibratiolCef) group at
1664 cnt, a vibration is absent in isom2r9. Bands of the nitrile group are present
in both isomers in the region of 2180-2190 trithe carbonyl group carbon has a
chemical shift of 162.8 ppm. Noticeably, protonyédalifferent chemical shifts for
the OMe and NMe groups in thiel NMR spectrum. ThuS)ome = 4.23 ppMPBnme =
3.86 ppm. According to X-Ray analysis, enaminolei2.10is in isomeric form Z in

a crystalline state, stabilized by a hydrogen bidhgH1- - - N3 (estimated bond length
H1---N32.12 A, N1-H1---N3 122.6 °) (Figure 2.6).
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The difficulties of alkylating such secondary enaes are consistent with those
described byMezentseva et &f. for a simpler analogu@€.6g Thus this authors
mentioned that any attempts to alkylate of (Z)-8&&xphenyl-2-(pyrrolidin-2-
ylidene) propanonitril€.6gin the presence of O;, NaOEt, Na, and other bases
did not lead to the desired products. This mightatiebuted to the presence of a
strong intramolecular bond between the NH group #wedoxygen of the carbonyl
group stabilizes the starting material to suchdere that the deprotonation af6g
Is substantially hindered.

To overcome the limits of the alkylation methodpgfrolidine presented above
we have developed an alternative approach to ththesgis of 2-azhetaryl-2-(1-R-
pyrrolidin-2-ylidene)acetonitrilesScheme 2.5, route).1*"° Such derivatives can be
accessed through the condensation of the anion-afaBetarylacetonitrile?.2
(obtained via deprotonation by NaH) and 5-methoxy-3,4-dihydro-#-pyrrol-1-
ium salt2.11in DMF. The starting 1-R-pyrrolidin-2-on@s12 have been synthesized
in two steps by reaction between chloroanhydride cbforobutiric acid and
corresponding amines, and further cyclization i®nprted in the presence of
potassium tert-butoxide!®® This approach allows us to obtain a large set of
substituents on the nitrogen atom. We have mantgeltain derivatives featuring a
benzyl2.12hh cyclopropyl2.12¢ 1-phenylethyl2.12d furan-2-ylmethyl2.12¢ tert-
butyl 2.12f phenyl2.12gsubstituent?

9 The acetal method used to synthesize simpler analogues?’, in this case, was inefficient.
10 1-methylpyrrolidin-2-one is cheap and commerecially available substance.
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route 2

Het CN
;_; POCI,
R = Me dioxane A, 1 h route 1 !
o 1) R-NH, Het__CN
2) KOt-Bu DMS / Het._ _CN
CI\/\)J\CI —_ o _——° o @O 2.2 _ |
N ° N ©  NaH,DMFrt, 1h e,
L 80 °C, 2h L so,me aH, , R
2.12 2.11a-c

2.7,2.13-2.18, 57-91%

/
/—\ @70
211a 032MKPFg =N o o , Het<_CN
30 min, rt \ PFg /
NaOMe o 2.2
2.19a
N
R

R = a: Me, b: Bn; c: cyclopropyl

2.12: R = Me, Bn, cyclopropyl, CH(Me)Ph, CH,Fur, t-Bu, Ph Acetal method

2.7: benzothiazol-2-yl Route 1:
2.13: benzimidazol-2-yI 2.7a: 91%; 2.7b: 80%; 2.7¢c: 74%
2.14: quinolin-2-yl 2.13a: 80%; 2.13b: 77%; 2.13c: 60%
2.15: 3,4-dihydro-4-oxoquinazolin-2-yl 2.14b: 67%; 2.15a: 75%; 2.16b: 72%;
2.16: 4-methylthiazol-2-yl 2.17a: 57%; 2.18a: 88%; 2.18b: 79%
2.17: 1-methyl-1H-benzimidazol-2-yI Route 2:
2.18: benzoxazol-2-yl 2.7a: 88%

Scheme 2.5Synthesis of 2-azahetaryl-2-(1-R-pyrrolidin-2-yhégacetonitrile.7,

2.13-2.18

1-R-pyrrolidin-2-one2.12 were reacted with DMS. Reaction was followed up
by '"H NMR spectroscopy through the disappearance ofpiapolidin-2-one2.12
signals in the crude reaction mixture. Pyrroliunitssa.11 were directly subjected
into reaction with the model compound: benzothigzglacetonitrile2.2 Reactions
with  1-methyl/benzyl/cyclopropylpyrrolidine-2-onesproceed with the best
conversion and yield. 5-Methoxy-1-phenyletksit-butyl-3,4-dihydro-2-pyrrol-1-
ium salts 2.11 react with benzothiazol-2-ylacetonitril@.2 only with partial
conversion to the desired product most probabls asonsequence of steric bulk at
nitrogen. 1-Phenylpyrrolidin-2-one does not readthwDMS even at elevated
temperature and excess of the reagent. The reasiuoh lse a decrease of the oxygen
nucleophilicity resulting from the delocalizatiorf the nitrogen lone pair on the
benzene ring. 1-Furan-2-ylmethylpyrrolidine-2-onalyo yielded a mixture of
inseparable products.

The alternative method for the synthesis illustfabe Scheme 2.5, route 2
analogous to the method that was developed forsgmghesis of unsubstituted

enaminonitrile.1 (Scheme 2.1, route.2
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With these results in hands further 2-azahetard-R-pyrrolidin-2-
ylidene)acetonitriles were obtained from methyl@gn cyclopropyl)-substituted
pyrrolidin-2-ones. The reaction proceeded immedtiate room temperature (rt)
leading to the desired compoun@s7, 2.13-2.18 in good to excellent yields
(67-91%).

Pyrrolium salts2.11a-c¢ are viscous oils, which were used directly in text
step without further purification. They could beta@ibed as solids upon treatment
with KPF; in water. The model compouradlla forms after the anion metathesis as

a white precipitate that can be isolated by filmat(Scheme 2)5

2.2.2. Structure exploration: XRD'H NMR, DFT-calculations, VTP-experiment

As compared to the unsubstituted enaminonitid€s which theoretically can
exist in the form of three tautomers and two digsimers Figure 2.]), N-substituted
analogues can only be in the form of Z/E isomers.

Analogously to unsubstituted enaminonitrileg.1, configuration and
conformation of the molecules were examined usiRPXNMR and dynamic NMR,
and also confirmed by the DFT.

Single crystals suitable for XRD study were obtdify solvent diffusion. The
structures in the solid state of enamininitriies, 2.13-2.16 2.18 revealed, as
illustrated inFigure 2.7for 2.13h that the diastereomer featuring lower stericirstra
(N-alkyl and CN in thesis position) is preferentially formed, as expected.

In all compounds the crystalline state revealedlarost planar conformation of
the pyrrolidine ring (deviation from the plane witt0.16 A), which is coplanar with
the heterocyclic substituent (dihedral angle bedGyv
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Figure 2.7.a) Molecular structure b) z-Diastereomerism d2.13h

of 2.13b according
diffraction (E isomer).

to X-ray

The delocalization of the electron density of thraine moiety toward the

nitrile and heterocycle promotes a general treméhtd N4—-C10 bond shortening and

C10-C8 bond elongation, in a similar fashion a2far

Table 2.3.The bond lengthand C8-C9—-N3 angles of selected compounds

Entry | Comp

ound
1 2.7b 1.334
2 2.7c 1.353
3 2.13a | 1.328
4 2.13b | 1.337
5 2.14b | 1.348
6 2.15a | 1.339
7 2.16b | 1.342
8 2.18b | 1.336

Length of
pyrrolidine
C-N
bond (A)

Length of
enamine
Cc=C
bond (A)

1.403
1.373
1.382
1.389
1.395
1.401
1.389
1.389

176.1
174.6
173.7
173.4
175.5
177.5
175.5
177.1

C8-C9-N3 Dihedral angle Deviation of
angle (deg)

between pyrrolidine
heterocycle ring from

and plane (A)

pyrrolidine

ring planes

(deg)

5.3 0.027
4.3 0.051
8.8 0.161
2.4 0.068
5.9 0.026
1.9 0.019
4.9 0.024
2.6 0.130

A clear correlation between the C8-C9-N3 angle emland the electron-

withdrawing abilities of the heterocyclic substities observed, which implies that
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both the nitrile and the heterocycle are involvedelectron delocalization. For
example, in the row benzoxazdel8b— benzothiazol@.7b — benzimidazol2.13h
the angle C8-C9-N3 changes 177.1° —-176.1° —178:24pectively, which reflects
the decrease of the electron withdrawing abilibéshe heterocyclic substituent and
the displacement of the electron density towarcdhitrde group Table 2.3.

In previous publicatiort$*% the rotation around C=C bond of such conjugated
enamines was identified as a “low energy” proceifis thie free energy for activation
(AG*) 9-20 kcal/mol. It was also argued that energyrier decreases as the ability of
the substituents to delocalize the charge in desttion state increases.

Since azahetarylacetonitrile is a strong electrathdrawing fragment it was
assumed that interchange between E/Z isomers ogizulgeteropolar transition state

A with efficient negative charge delocalizatidhgure 2.8)

_N N
Het 2N Het ©.c* Het.#
P — —— |
\C/QR E\ﬁ.R R~
A
E isomer Z isomer

R = Me (a), Bn (b), cyclopropyl (c)

Figure 2.8. Interchange between E and Z
diastereomer®.7, 2.13-2.18via transition stateA.

Bond length obtained by XRD analysis provides ihsigito the ability of
rotation around the enamine double bond in2f7e2.13-2.18 and the literature data
stated low activation energy barrier for the ramatiaround C=C bond in similar
conjugated enamines. Taking into account the aboeationed data the presence of
signals from both diastereomésandZ was expected in th#l NMR spectra.

The'H NMR spectrum for the model compouBdarecorded in CDG| where
the latter was completely soluble, showed only seieof signals. Nevertheless, the
signals of N-CH at 3.46 ppm and 3-GHat 3.54 ppm adjacent to enamine double
bond were broadened, that could be due to theefattange between isomers in the

solution Figure 2.9.
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NRGHE 85738 In most of the

mmmmmmmmmmmmm

LRSI LS 'H NMR spectra oR.13-
S, CN 2.18 recorded in CDGI

©:N/ Ny’ only one set of peaks is

N observed with broadened

signals  of  protons
adjacent taC=C bond; in

1 3-CH, ‘
'ﬂi

J“ﬂ JIU'J i "““'uj‘\m”s I

L WAL ) A\ L |

P e & rare cases the peaks of
81 79 77 75 7: 71 69 40 38 3‘.{(3‘.4)‘ 32 30 28 26 24 22N 20 18 16 14 minor isomer appeared.
Figure 2.9. A fragment of th&H NMR spectrum of Minimized  steric

compound.7awith the highlighted shift of broadened | interaction inE, with N-
signals of the protons of MH; and 3CH, moieties _ _ o
(CDCls, 300 MHz). Alk cis to linear nitrile

group, as compared ©
with cis orientation ofN-Alk and heterocycle substituent leads to congpaewalence
of E isomer oveZ. This conclusion is also substantiated by multipfsition inH
NMR spectra. Protons oN-Alk substituent inE isomer are deshieldedy a
neighbour-anisotropy effect afs nitrile group and shifted to low field as compared
to N-Alk protons ofZ isomer that are located in the shielding areaatérocyclyc
moiety (Ad within 1 ppm).

Finally, assignment of the peaks eithel®@r Z form was made using the 2D
NOESY techniqueHigure 2.10.

The model compouné.13awas taken in DMSQls at 298 K. -CH (6 = 2.78,
3.37 ppm) and -NH-& = 11.75, 12.24 ppm) protons resonanceHEaronfiguration
gave a distinguishing positive cross peaks coirmglathem to the corresponding
resonance oZ configuration. There was also a positive crosk mearelating the -
NH-protons of benzimidazole to the residual watethe DMSOe€; solvent § = 3.33,
11.75, 12.24 ppm). Finally, the negative cross-padiserved in the spectrum due to
NOE between 4-CH and 3-GHroups § = 7.40 and 3.34 ppm) belonging to isomer

with higher integration value has confirmed preduanice ot isomer Figure 2.1).
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Figure 2.10.NOESY spectrum @f13. Exchange processes marked with
blue and NOE with red (DMSQ;&b00 MHz; 298 K).
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N DN |
4-H \V/
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: \/3' 34 13.45
‘ 7.‘53‘ 7.‘51‘ 7.‘49‘ 7.‘47‘ 7.‘45‘ 7.‘43‘ 7.‘41‘ 7.‘39‘ 7.‘37‘ 7.‘35‘ 7.‘33‘ 7.‘31‘ 7:29
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Figure 2.11. Cross peakin NOESY spectrumvhich reflects the correlation
between the 4-H and 3-Glgrotons of the predominant isomerdri3a

73



Consequently, the absence of steric hindrance @& Bhisomer makes it
predominant in the diastereomeric mixture, regaief the type of solvent and the
substitution at 2-(pyrrolidin-2-ylidene)acetonirifragment. This experimental result
Is consistent with the data of the quantum-chemaatulations performed for
compounds2.7a and 2.133 whereby the Gibbs free energy of tBeisomer was
smaller than th\G Z isomer in all the cases, indicating a greataikty of the E
form. The relation between isomers is calculatedoating to the Maxwell-
Boltzmann distribution and is given irable 2.4

Table 2.4 Ratio between E/Z isomers of 2-benzo[d]thiazol-2-{1-
methylpyrrolidin-2-ylidene)acetonitril2.7a and 2-benzo[d]imidazol-2-yl-2-(1-
methylpurrolidin-2-ylidene)acetonitril2.1 3.

Compound 2.7a

E/Z ratio 46 30 29 28
Solvent CiCl3 (CH3).CO CHsOH (CH3),SO
Compound 2.1% |
E/Z ratio 64 22 20 19
Solvent CiCl3 (CH3)CO CHsOH (CH3),SO

To study the dynamic behavior of those compoundghm solution VTP
experiment has been conducted for compo2rida Upon cooling the solution of
2.1% in CDCkdown to 213 K the peaks of Z isomer arisable 2.5.

Two broad singlets of 3-CH3.57 ppm) andN-CH3(3.46 ppm) signals splitted
into four independent peaks upon cooling: tripB48 ppm,J = 7.7 Hz, 3€H,) and
singlet (3.45 ppmN-CHs) corresponded t& isomer and triplet (3.08 ppnd,= 7.5
Hz, 3-CH,) and singlet (2.97 ppn-CHs) corresponded t@ isomer Eigure 2.12.

Base on the spectral data the free activation gri&@") for exchange between
diastereomeric speciesl3aE and2.13aZ was calculated. The kinetic parameters
for unequal populated isomers were identified fropdified Bloch equation (1-3§°

[(3%%-2)/3F = (APY 8%(1), v =t + 7,7 (2), pee'=par” (3),
whered — maximum chemical shift separation in radiaki3,= p-p,, when pand p
are the molar fractions of the two exchanging éiesimerste andr, are the life time

of E andZ. Rate constants ar@ kK 1k, k, = 1k,. Inserting the resulting rate constant
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into Eyring activation function, taking transmigssiooefficient (t) as unity, provides
the AG” values:AG” E—Z = 14.4 kcal/molAG" Z—E = 13.3 kcal/mol.

_ thpT =

e Kle (4),

where k — rate constant, t — transmission coefficig; — Boltzmann constant, h
— Planck constant;. — coalescence temperature.

Coalescence temperature)(Was found as the average value of two consecutive
temperatures surrounding the splitting of the digiia= 285 K). FoundAG" values
are in agreement with previous ones stated for sodfjugated enamin®3'% and
characterize the isomerization process as low-grang.

Table 2.5.Selected chemical shifts data and ratio of isoraédifferent temperature
observed fo.13ain 'H NMR spectra (Solvent: CD4JI
Entry Solvent Temp. E/Zratio Chemical shift (ppm) ‘
(K)
N-CH; | 3-CH,  NH | N-CHy | 3-CH, NH |

1 CDCl | 298 | mixture | 346 | 357 | - - - -
2 2.13aE 2.13aZ |
CDCk | 213 | 7:1 345 | 348 | 9580 308 297 108§

VTP 1H NMR 500 MHz 213 K Me (2)
LY
VTP 1H NMR 500 MHz 233 K Me (2)
CCI
VTP 1H NMR 500 MHz 253 K
Me (2)
LCHz @)

Me

VTP 1H NMR 500 MHz 273 K (E)
Ci () Me (2)
CH, @)
VTP 1H NMR 500 MHz 298 K Me
JL 3-CH,

8.8 86 84 8.2 80 7.8 7.6 74 7.2 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6
f1 (ma)

:

~

ﬁ

%

i
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H H
N CN N CN
@EN/ Ny @N/ A
_N

2.13a E isomer 2.13a Z isomer

Figure 2.12.Exploration of dynamic effects in enaminonit2ld 3z under cooling
its solution in CDQ. Temperature imnterval 298+213 K.

In summary  2-azahetaryl-2-(1-R-pyrrolidin-2-ylidene)acetonés were
synthesized by one known method and new ones, vdaiohoe used for preparative
purposes. Their structure analysis was carriecusimg XRD, NMR, dynamic NMR
and quantum-chemical calculations using DFT. Appythese techniques allowed us
to show that 2-azahetaryl-2#1pyrrolidin-2-ylidene)acetonitriles exist both ihet
solution and the solid state & isomers. This contrasts with 2-azahetaryl-2-(1-
alkylpyrrolidin-2-ylidene)acetonitriles that exisasZ isomers in the solid state and as
a mixture ofZ/E diastereomers in the solution. The structurg isomers is stabilized
by the intramolecular hydrogen bond. According téTEcalculations the amount of
E form in these cases is below 0.1%.

Due to the absence of steric hindrance Ehésomer is predominant iMN-
substituted enaminonitriles, but there are alsostgrals ofZ isomer in the spectra.
The free activation energy of rotation at C=C deudnd was calculatedG" E—Z
= 14.4 kcal/mol,AG" Z—E = 13.3 kcal/mol. The values found characterizs th

process as a low-energy one.

2.3. Synthesis of 2-(pyrrolidin-2-ylidene)acetoniites substituted with
quaternized benzazoles

It is knowrf® that the introduction of an electron-withdrawingogp at the
nitrogen atom in the heterocycle increases thdreldailicity of the adjacent carbon
atom, and resulting substrates have increased ividacin the reactions with

nucleophiles.
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CN We have also attempted to use the above mentioned

[ \2 g method to increase the electrophilicity of C-2 fiosi of
H-N . .
O;f pyrrolidines, but the substrat@sl proved unreactive in
AR acylation reactionsHigure 2.13)
R = CI, OAc

Therefore we have chosen a different approach to
Figure 2.13. Inactvity

of compound®.1in
acylation reactions charges separation in the molecule by quaternizaifo

activate the C-2 position, which consist in increggshe

the nitrogen of azaheterocycle substituent.

Direct methylation of substrat@sl2(Scheme 2.6, routg With methyliodide or
DMS worked only in the case of benzimadazblE3aleading to desired 2-(cyano(1-
methylpyrrolidin-2-ylidene)methyl)-1,3-dimethyHtbenzofllimidazol-3-ium iodide
2.8 (Scheme 2)6 The structure of the product was identical te &me obtained by
the reaction of2.1f with methyliodide (section 2.2). In the case ofammes
substituted with benzoxazol2l18& and benzothiazoly2.7a the starting material was

guantitatively recovered under the same conditions.

route A route B

®,—Cl
N
\ 2.5a

@ix/ CN /_i» @ie;( CN ) iii @ixﬁCN L ©[X/>—/CN
N Ny N A\WY d N
\) Z \)

2.8, 79%;
2.21, 30%; 2.22, 64% (2 steps yield)

NS

—

219, 2.20 2.2a,b

iz 5 eq Mel, K,CO5, DMF, A, 2 h iiza) DMS, 70 °C, 1 h; b) NaOH
X =NH (2.13a); X =NMe, Z = | (2.8) iii: a) 1-methylpyrrolidin-2-one, POCl3, dioxane, A, 15 min; b) KPFg
X =0, Z=PFg(2.2b, 2.19, 2.21); X= S, Z = PFg (2.2c, 2.20, 2.22)

Scheme 2.6Synthesis of 2-(pyrrolidin-2-ylidene)acetonitrigstituted with
guaternized benzazol@s8, 2.21, 2.22
Access to such charged hetarylenamines was achiased the method
described byA. Dobrydnev et af% which consist in methylation of initial
azahetarylacetonitriles. Using this method we vedle to synthesize the previously
described 2-(3-methylbenaifhiazol-2(3H)-ylidene)acetonitrile2.20 %, as well as
2-(3-methylbenzaf]oxazol-2(3H)-ylidene)acetonitril2.19(Scheme 2.6, routd.2
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Intermediate 5-chloro-1-methyl-3,4-dihydro+2-pyrrol-1-ium 2.5a formed in
situ upon reaction between PQGIndN-methylpyrrolidin-2-one undergoes addition
to enamine double bond dbFmethylhetarylacetonitrile®.19and2.20 (Scheme 2)6
This method corresponds to the one we appliedn@rfarmation of enaminonitriles
2.1and2.7.

Practically, the reaction proceeds through then&dion of emulsion of salts
that separates into two layers after the stirrisgceased. The bottom layer —
compound®.19and2.20were separated and solidified by anion metathesm CI
to Pk .

S oN The 'H NMR spectra 0f2.21 and 2.22 are
O @2/171'9\ Y indicative of a single diastereomer. Considering th
1420 N N . . :
K > 5 structure analysis results obtained fNFsubstituted
H
gog H-~ 322 enaminonitriles 2.7, 2.13-2.18 (section 2.2) these

signals are thought to correspond to the lesscsteri
Figure 2.14.The most
indicative correlations
found in NOESY and Comprehensive assignment of signal? @1 was made

HMBC spectra ob.21 by homonuclear (COSY) and hetereronuclear (HMQC,
HMBC) and NOESY 2D NMR techniques. The negativessfpeaks observed in the
spectrum due to NOE between £&hd 3-CH groups § = 3.22, 4.05 ppm) again

hinderedE isomer (all the multiplets are well resolved).

confirmed theE configuration Figure 2.14.

The similarity of the chemical shifts of the copeading protons in théH
NMR spectrum of benzoxazole derivat&2 also indicate& configuration.

For such cationic structures the < ©ON X CN
existence of two resonance forms witt@E@N»_\%)N/ - @N#%/
localization of a positive charge on the \A \ B
nitrogen of azaheterocycke or on the Figure 2.15.Resonance forms of
nitrogen atom of pyrrolidind can be enaminonitrilex2.8, 2.21, 2.22
envisagedKigure 2.15) The signal of one of -CHyroups is shifted to low fieldb(=
4.02 ppm vs 3.50 ppm f&.21, 0 = 4.05 ppm vs 3.27 ppm f@&.22 as a potential

consequence of its positioning at the nitrogenihganore positive charge. From the
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other hand there is only minor changes in the lonaif -CH; group of pyrrolidine in
cationic structure as compare to neutral ane 8.38 ppm for2.7avs 3.27 ppm for
2.22 6 = 3.52 ppm for2.18avs 3.50 ppm fol.21). Moreover, HMBC correlations
with C-2 and the node carbon of benzothiazole wthaext to the nitrogerFigure
2.14) are providing further evidence that this {dfoup is placed at nitrogen of
benzothiazole and the predominant resonance steuistdt (Figure 2.15.

In the case oR.8, with 1,3-dimethyl-H-benzofllimidazol-3-ium X = NMe)
substituent, heterocycle is symmetric about C-2 ad the signals of both GH
groups arise as one singlet (6H)'ih NMR spectrum. It has a low field shift versus
N-CHz group of pyrrolidine § = 4.20 ppm vs 3.60 ppm), but there is also a Soaamt
low field shift of -CH; group of pyrrolidine as compared to the neutralegue § =
2.42 ppm for2.17avs 3.60 ppm fo.8). These evidences cannot be indicative for
predominance of one resonance form over the other.

PR is evidenced bw septet in thé'P NMR spectra and doublet fiF NMR
spectra of compounds2land2.22.

As illustrated in table 2.6 thEC NMR spectrum of compoun.8, 2.21 and
2.22 exhibit a low field shift ofC-2 atom of enaminonitrile fragment in comparison
with neutral analogues. This indicates the extrahadding related to the

displacement of the electron density to the electieficient nitrogen.

Table 2.6.Comparison of the chemical shift 62 atom of enaminonitrile fragment
in N-substituted uncharged enaminonitril2sl3z, 2.7a,2.18& and their analogues
with quaternized azaheterocyces, 2.21,2.22

Entry Compound Chemical shift ofC-2 atom of Solvent
enaminonitrile fragment, (ppm)

1 2.1% 167.0 (CR).SO
2 2.8 170.7 CDC}

3 2.7a 167.6 (CRQ).SO
4 2.21 170.7 (CR).SO
5 2.1& 168.0 CDC4

6 2.22 173.9 CIRCN
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The '"H NMR spectra of compound®.8 (in which the azaheterocyclic
substituent is 1,3-dimethylHtbenzoflimidazole-3-ium) is indicative of the
presence of the 2 diastereomers, 2 sets of sigealg observed . An analysis of their
chemical shifts leads to conclusion that the compgoexists as a mixture & andZ
isomers'! Interestingly the diastereomeric ratio varies witte solvent indicating

equilibrium (Table 2.5

Table 2.7.Chemical shifts of N-C¥and 3-CH, groups of compoun.8, that
indicate the belonging of the set of signals ta Z asomer.

Entry | Solvent E/Z ratio Chemical shift (ppm)
2.8E 2.87
N-CHj 3-Ch N-CHs 3-CH |
1 CDCk 1.4:1 3.60 2.94 2.76 336 |
2 CDsCN 1:1.2 3.51 2.51 2.46 3.25 |
/ ©
N //N |
@EN%/
\
[
1 o

€7 N3.

0011

I
APcie b)
N e
« & C15
=8 C14 %

« a)

Figure 2.16.a) Molecular structure of b) Orthogonal projection.
2.8according to X-ray diffraction .

In the crystalline structure of 2-(cyano(l-methyhoyidin-2-ylidene)methyl)-
1,3-dimethyl-H-benzofllimidazol-3-ium iodide2.8 the dihedral angle betwedd, N-
dimethylbenzimidazole and pyrrolidine planes i083Nitrile group and pyrrolidine
are almost coplanar (the deviation from the planarider 0.20 A). There is also a
shortening of N4-C12 (1.33 A) and an elongatiorC&2—C10 (1.39 A) bonds that

11 Signals that are in the shielding area of heterocycle (N-CH3 Z isomer and 3-CH; E isomer) shifted to high field,
and those which are deshielded by nitrile group (N-CHs E isomer and 3-CH; Z isomer) to low field. More detailed
explanation was described in section 2.2.
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are indicative of the electron density distributidiaking into consideration the value
of dihedral angle it can be assumed that delodalizan azaheterocycle is limited by
the lack of planarity with the enamine moiety. Thigdocalization toward the nitrile
group is mainly occurringHigure 2.1§.

DFT calculation of partial charges in moleclé8 which has a quaternized
heterocyclic substituent and its neutral an&@dfaindicate a partial positive charge
on C-2 atom of pyrrolidine ir2.8 is equal to +0.435 whereas 2013 in the same
position, the charge is + 0.372. This result iagmeement with the conclusion on the
increased electron deficiency of the C-2 atom, miade experimental data (low
field shift of the signal of C-2 atoms in tf€ NMR spectrum).

To conclude, enaminonitrile with quaternized azatatyclic substituents can be
obtained in two ways, one of which involves theoduction of the alkyl group to the
hetarylacetonitrile at the first stage of synthemml appears more versatile. The
positive charge of the organic part of the moleca@ntributes to the charge
separation and, as a result, increases the eledéficiency of the C-2 atom of the

enaminonitrile fragment.

2.4. Synthesis of 2-azahetaryl-2-(5-R-3-oxoindoliB-ylidene)acetonitriles

There is only one publication where the functiaretion of the position 2 of
oxindole occurs through alkylation and further cemshation with CH acidic group.
(Scheme 2)7

Literature data This work
CN CN
NC \ Het
1) BF4OEt; 1) BF4OEt; \
HN - © HN
2) NC._CN N 2) Het.__CN

Scheme 2.7Functionalization of”-2 position of oxindole.

The applicability of this method is hampered by #wilibrium shift in the
intermediate product of synthesis from 2-methoki#3dole to 2-methoxy-Hi-
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indole?* which reduces the electrophilicity of C-2 atomtéiled description in the
section 1.2).

The attempt made in this work to create k& bond betweet-2 position of
oxoindole and hetarylacetonitrile was unsuccedhgme 2)7

To overcome the equilibrium issue we have to prewba formation of 2-
methoxy-H-indole. One way to proceed is to substitute oxi@@d C-3 position.

The indolin-2,3-dione.23is a suitable candidate as it has a carbonyl gnoup
the position 3 of the cycle. It is knowfi?° that its functionalization by nucleophiles
possible at the position 2 via formation of intediae imidochloride. Usually, the
later one is isolated and dissolved in a more plgrerform condensation reaction.
Due to the low stability of imidochloride the yietd the reaction is always low. We
have thus developed a newne potapproach that includes the formation of
imidochloridein situ (~1 h, boiling in benzene) and its further condensatvith

hetarylacetonitrile$cheme 2)3

CN
Het

0
R 1) PCls benzene, A, 1 h N AP
o) g HN
N 2) CN
2.23a-c N R

R=a: H, b: Me, c: OMe 2.24a-c, 2.25a, 2.26a, 70-87%
S CN S CN S CN (0] CN
©[N/\ OQN’\OQN’\ 0©[N’\0
HN HN HN HN
?
2.24a, 78% 2.24b, 70% 2.24c, 87% 2.25a, 77%

2.26a, 84%
Scheme 2.8Synthesis of 2-azahetaryl-2-(5-R-3-oxoindolini8gme)acetonitriles
2.24-2.26
The total reaction time is around 1 h, the limitisitgp being the formation of
imidochloride. The products are formed with higlelgds and purified by filtration
through a plug of silica gel (eluent dichlorometbéan
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2-Azahetaryl-2-(5-R-3-oxoindoline-2-ylidene)acetoies are brightly colored
compounds varying from red to violet. They exhilmtv solubility in common
organic solvents and water, as usually observethiisatin’s derivative®’'®The
compounds2.24a-G 2.25a give a long wave-length absorption band in the 515-
550 nm rangeKigure 2.17, table 28

0,164 —2.24b
2.25a ——2 242
—2.25a
0.124 —_—224c
<0,08-
2.24c
_ 0,04+
a) b)
. 0,00 Y v
Figure 2.17 Photo of 500 600 700 800
2.24b(a) and2.24c (b) A, HM
in the solution c) Absorption spectra &.24a-¢ 2.2% in DMSO.C = 10
(DMSO) and a solid  pumol/l.
State.

Table 2.8.Spectrophotometric characteristics of compou2@gu-c, 2.25solutions.

Entry | Compound | Amax NM ™ |.mol* cmi®,
10*

1 2.2%4 520 1,48%0,05

2 2.24b 530 1,38%0,05

3 2.24c 550 1,03+0,05

4 2.20a 515 1,66+0,10

There is a predictable dependence between theaswuleelectron donating
abilities of the substituent at the position 5 edbX3ndole H—Me—OMe) and the
bathochromic shift ofi,. In the absorption spectra. This occurs becausa of
decreased HOMO-LUMO gap.
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Figure 2.18 a) Molecular structure of b) Orthogonal projection.
2.24baccording to X-ray diffraction.

There is the broadened signal of NH group protoa (1.4—-12.0 ppm) itH NMR
spectra of2.24-2.26 as it was observed for 2-(pyrrolidin-2-ylidene)acetrile
derivatives2.1 Such low field shift caused by intramolecular togen bond between
nitrogen of azaheterocycle and hydrogen of pyrimodd(NH). According to XRD
estimated length of H8'N1 hydrogen bond is 2.15 A, the angle N3A+3N1
123.3° Figure 2.18. The low field shift is
additionally enhanced due to the
deshielding effect of conjugated carbor|yl17.2469_6
group. The dihedral angle between the 3 ,,
oxindole and benzothiazole planes inm0
2.24b is equal to 8.8°Kigure 2.18, b),

which indicates an effective delocalization

of charge in the molecule.

The 2D NMR techniques (COSY, _ _
Figure 2.19. The chemical shifts of

HMQC, HMBC) were used to provide aprotons and carbons i8.252 found by
comprehensive attribution of thél and | 2P NMR spectroscopy.

3C NMR signals Figure 2.19.
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In the case of 2-(&ethylbenz[d]thiazolyl-2(3H)-yliden€)acetonitrile2.19 the
reaction product is the ba2.27a, but not the saltA, which is analogue to the o
obtained in the reaction witN-methylpyrrolidin-2enes (section 2.. The imine-
enamine equilibriunmshift is promoted by the positiveharge on the nitrogen of

azaheterocycleScheme 2) .

O

1) PCl5, benzene, A, 1 h
o -
N S CN
H 2) @: V=5

2.23a N 219

- 2.27a
Scheme 2.9The reaction of isat 2.23awith N-methylbenzothiazolylacetonitri
2.19
Conclusions regarding the structure of the syn#ieelsimolecule were made
the basis of IR speatm, in which there is no characterisivibration of the NH
group, as well atH NMR specta, in which the signal dfiH groupproton is absent.
The particularityof 2-functionalized-3-oxindole®.242.2€ is their behavior
when changing the acidity of the medium. Absorptmn2.24b and 2.2%a as a
function of pH (from 3.80 11.2) were studied in DMS8;0 5:1 for 2.24b (Figure
2.20 and DMSOH,0 3:2for 2.2% (Figure 2.2).

_— 0,6-
0.4-
0,4-
0.3-
o <
0.2- -
0.144
0.0 T T T - 0’0 : I
500 600 700 800 500 600 700 800

nm
A, nm Ao

Figure 2.20.Theabsorptior spectra of | Figure 2.21.Theabsorptior spectra of
2.24bin DMSOH,0 (5:1) at different 2.25ain DMSOH,0 (3:2) at different
acidity of the mediund o4 = 40 pmol/l | acidity of themediun. C; 2, = 40 pmol/l
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While increasing the basicity of the medium theobhtomic shift of absorption
Amax iS 0ccurring, 150 nm fa2.24b (Aaps = 680 nm)and 130 nm foR.25 (Agpe ™ =
665 nm). Visually it is the change from purple toebcolor.

The conditional dissociation constants (pKa) weatcuated for2.24b and
2.25ao0n the basis of the obtained data: pig=10.092+0.05; pKgays,=10.96+0.25.

Considering the ease of 2-azahetaryl-2-(5-R-3-akalin-2-
ylidene)acetonitriles deprotonation we have tried alkylate them. As it was
mentioned earlier in the text (section 2.1) 2-aralye2-(pyrrolidin-2-
ylidene)acetonitrile®.1 require harsh reaction conditions and even in ¢aise the
alkylation proceed only partly. In contrast metligia of 2.24b proceed already at
room temperature with stochiometric amount g€R; (Scheme 2.10

S CN S CN
N/ N Mel, K,CO3 ©[N/
HN

DMF, rt, 1 h

2.24b 2.28b, 85%
Scheme 2.10Alkylation of 2-benzo[d]thiazol-2-yl-2-(5-R-3-oxaiolin-2-
ylidene)acetonitrile2.24b

To conclude, the preparative methods of 2-azahe2afgyrrolidin-2-
ylidene)acetonitriles and 2-azahetaryl-2-(5-R-34080lin-2-ylidene)acetonitriles
synthesis we have developed allowed to study thetifonalization of their reactive
centres. A thorough structure investigation givies access to prediction of their
behaviour in the reactions with nucleophiles ardtedphiles.

The closely spaced location of the donor nitrogésma in N-unsubstituted
pyrrolidines and 3-oxoindolines enables them tordioate atoms with vacant

orbitals. The results of the corresponding studrespresented in chapter 5.
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CHAPTER 3. 2-AZAHETARYL-2-(1 -R-PYRROLIDIN-2-
YLIDENE)ACETONITRILES AS 1,3-DIELECTROPHILES. SYNTH ESIS OF
PYRAZOLES/ISOXAZOLES AND THEIR CHEMICAL MODIFICATIO N

The delocalization of electron density of enamineiaty in 2-azahetaryl-2-
(pyrrolidin-2-ylidene)acetonitriles is driving thereactivities toward nucleophiles.
We have seen in chapter 2 that both nitrile anderbeycle act as electron
withdrawing groups. Such delocalization promotes shift in the
enamine-imminium equilibrium, enhancing the elgalvibicity
of the C-2 atom of enaminonitrile fragment and dtameously lowering that of the
nitrile group. These observations suggest thadig®ctrophiles can be expected to
react with binucleophiles in a very regioselectiashion. This could therefore allow
an overall atom- and step-economical generatio-@b-aminoalkyl)-4-hetaryl-5-
aminoazole8.1-3.7 that have only scarcely describ@rigure 3.3.

O8 e
' 18QXH - JN\:\?:X

H,N
3.1-3.7
Figure 3.1 2-Azahetaryl-2-(pyrrolidin-2-ylidene)acetonitrdes 1,3-dielectrophiles.

In this chapter we report the reactions of varieaaminonitriles, which exhibit
different electron density distributions and thatsg structures (chapter 2) with 1,2-
binucleophiles, such as hydrazines and hydroxylam@®ur aim was to explore: 1)
the influence of alkyl substituent at the nitroggnpyrrolidine (section 3.1), and 2)
the influence of the nature and the substitutioiemxof benzazoles (section 3.2) on
the reaction’s path with 1,2-binucleophiles.

Synthesized polyaminoazoles were subjected intotioges of regioselective
derivatization, transformation into tetracyclic heterocycles, Suzuki-Miyaura cross-

coupling and reductive deamination with further Gédivation (subsection 3.1.1).
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3.1. Reactions of 2-azahetaryl-2-(1-R-pyrrolidin-2¢didene)acetonitriles with 1,2-
binucleophiles involvingC-2 atom of pyrrolidine and carbon of nitrile group

There are very few references dealing with the tretag of 2-(pyrrolidin-2-
ylidene)acetonitriles with 1,2-binucleophiles. Theason for this is the lack of
reactivity of the latter (subsection 1.3.2). Withoactivation of C-2 centre of
pyrrolidine the transformation requires harsh cotods (the excess of 1,2-
binucleophile, elevated temperature).

We have attempted to conduct the reactioN-afnsubstituted pyrrolidine2.1
with 1,2-binucleophiles. Neither the excess of blaaphile nor the high temperature
lead to the expected product. The starting materatained unchanged or the
product of degradation was observed (hetarylacetienivas isolated).

In contrast, N-alkylpyrrolidines 2.7, 2.13-2.15 that has no intramolecular
hydrogen bond react with 1,2-binucleophiles sudadgs The reaction proceeded
smoothly in refluxing dioxane with 10-20 equiv egsef the binucleophile reagent
and provided the pyrazoles and isoxazoles in méelévegood yieldsscheme3 '
109

The nature of the alkyl substituent on the pyriakdnitrogen was shown to
only moderately affect the efficiency of the reanti 3.1a-¢c). Moving from
methylhydrazine to hydrazine hydrate was found ante a decrease in reaction
yields @.1cvs. 3.29, whereas no discernable effect was observed spoithing
from methylhydrazine to hydroxylamin&.4b vs. 3.5b). Finally, variations in the
nature of the heterocyclic moiety did not signifitg affect the overall efficiency,
although benzothiazole substitution systematicpligvided better efficiencies, all
things being otherwise equivalent.

3-(o-Aminoalkyl)-4-hetaryl-5-aminopyrazole3.1-3.4, 3.6 and isoxazoles.5,
3.7 were isolated with good analytical quality aftesiample solvent evaporation and

trituration in acetone or acetonitrile, or coluntimamatography.
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Scheme 3.1Reactions of 2-azahetaryl-2-(1-R-pyrrolidin-2-@ite)acetonitrile2.7,
2.13-2.15with 1,2-binucleophiles.

The involvement

2.28

of the nitrile group,

3.58

initially present in2.7,
2.13-2.15 in the
~ reaction is highlighted

by the disappearance

NH2
2 RRRERR of its characteristic
58888 3333 | T sagee ) ) )
”QE; mrzs | | i || "fnns | stretching  vibration
Ll L N Il I : :
I }L J \_./ (WY | “"
é::é %Ug = < ¥_4§ N . absorptions in the
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Figure 3.2.'H NMR spectrum of pyrazo®1a (400 MHz, of the IR spectra.
DMSO-@). Thorough
structural analysis of the compounds was carrigdusing™H NMR, *C MNR, 2D
NMR techniques and IR. Particularly, in DM3fg-a characteristic singlet of Nkh
the '"H NMR spectrum is observed at 6.25-6.94 ppm. Istergly, this signal is

shifted up-field for isoxazoles, probably as a @musence of oxygen electronegativity
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(3.6 8.04 ppm 3.5b, 8.20 ppm). In both cases, addition ofCDpromotes the
disappearance of these singlets, evidencing théhaegeable nature of the
corresponding protons.

The*C NMR spectra 08.1-3.7show three signals corresponding to the carbons
of the pyrazoles (isoxazoles). The first one, foumtda chemical shift in the
147.1-149.0 ppm range, was assigned to the C5 atdine pyrazole ring, and again,
this signal was shifted up-field for isoxazoles émbund 169.2-170.5 ppm). The
signals within the range 90.3-100.8 and 148.6-16dp& correspond to C4
connected with a heterocyclic substituent and tob@8ded with thev-aminoalkyl
chain, respectively.

Pleasingly, 4-hetarylaminopyrazol@da 3.1c and3.2a formed crystals suitable
for XRD study, allowing careful analysis of theitrigture. The benzothiazolyl
substituent is almost coplanar with the pyrazahg,riwith a dihedral angle of 6.48°
and 1.16° for3.1a and 3.1c, respectively, indicating a significant overlap tbé «
systems. The flattened orientation of the planagrrents is further stabilized by an
intramolecular hydrogen bond between one of théopsoof the amino group and the
nitrogen of the benzothiazole. In the crystal ¢atimolecules o0f3.2a aligned
antiparallel to each other and are complementainggaSuch packing stabilized by
intermolecular hydrogen bonds (estimated bond lenggA "N52.00 A, N4-
H4A N5 164.8°) Figure 3.3.

K e

200A 1648~ 4
N5
o

(&

Figure 3.3.Molecular structure of compouri2a according to X-Ray diffraction.
Hydrogen bonds formation in the complementary pair.
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For 3.Ga (Figure 3.9 featuring a quinazolinonyl substituent, disticbanges in
conformation were observed. XRD data seem to inelitaat3.6aexists as a zwitter-
ion in the solid state. Indeed, the hydrogen latatdtially, at N2 in2.15% seems to
be covalently bound with the secondary amino groufhe aliphatic chain 08.6a
(N6-H6B 0.93 A). The lone pair on N2 exhibits sgen conjugation with its
adjacent carbonyl group, as shown by the short&i#eC7 (1.340 A) and elongated
C7-01 (1.273 A) bond lengths, when compared to ®fi@t15 (N2—C7, 1.378 A;
C7-01, 1.230 A). N2 forms an
intramolecular hydrogen bond with
H6B (estimated bond length N2---H6B,
1.89 A; NG6-H6B---N2, 175.49°),

whereas O1 forms an intermolecular

«_cie *

hydrogen bond with H6A (estimatedH@\N,H\
bond length O1.--H6A, 1.78 A; ~
N6—H6A,---O1 170.96°) of an adjacent

molecule. The positioning of the
pyrazole and quinazolone planes
(dihedral angle of 19.65°) in3.6a | Figure 3.4. Molecular structure of

allows the molecule to adopt ancompound 3.6e according to X-Ray

diffraction.

energetically favored conformation,

placing both N2-H6B and N1-H3A in close proximitgs{imated bond length
H3A---N1, 2.24 A; N3H3A:--N1, 127.29°).

Considering the analytical and structural data iobth for the pyrrolidine
precursors, as well as precedents from the litesdtu® a ring conversion from
pyrrolidine to pyrazole (or isoxazole) is expectedoroceed via nucleophilic attack
of the unsaturated carbon of the pyrrolidine yiedd8; spiro intermediate€ would
then form upon attack of the second atom of theddeophile on the nitrile group in
a favored 5-exo-dig fashion. Finally, ring openioigthe pyrrolidine ring promotes

the aromatization of the azole ring and provides titrogen-substituted aliphatic
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chain. Such an addition of nucleophile-spiro antmtaring opening (ANSARO)
mechanism is thought to be operative in this tr@mstion Gcheme 3)2

R
) ) ) _ NH
Het_ _CN N NR
/—\ NH,XH £ NH Het
—  » | Het HN-XH — » | Het | —_— \
R \
N~ NR X | ,N
X
HoN H,N
_ A i B

Scheme 3.2Proposed mechanism for the ring conversion.

3.1.1. Regioselective functionalization of @&{aminopropyl)-4-azahetaryl-5-
aminopyrazoles

Having this straightforward access to densely fonetized pyrazoles in hand,
we further explored their synthetic potential byessing the ability to selectively
introduce structural variations on their reactieatces, namely, the amino groups.

The first approach was to illustrate the possipilif selectively functionalizing
the amino groups substituting the pyrazole core.tkat purpose, we confirmed that
the secondary alkylamine is significantly more eoghilic than the primary
aromatic one. Indeed, alkylation of the secondamyna group could be achieved
simply by stirring3.1awith 1 equiv of the base and 2.2 equiv of alkylgtreagent at
room temperature, leaving the primary amino groopffected $cheme 3)3 The
reaction produced a white precipitate, which strreetwas confirmed to b2.8 by
analysis of the filtrated solid BYd, **C, and 2D NMR as well as high resolution mass
spectrometry (HRMS). Expectedly, the symmetry astdethrough formation of the
ammonium salt significantly lowers the quadrupataupling constant of nitrogen,
allowing observation in thé’C NMR spectrum of théN-"*C coupling for the
methyl Jcn= 4 Hz) and the methylendc{,= 3 Hz) carbons of the ammonium.

Extensive attempts to perform Hofmann eliminatioont 3.8 failed to provide
the corresponding alkeri29, leading to ammonium recovery or degradation when

reaction conditions were forced.
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Scheme 3.3Regioselective alkylation of amino groups fr@mn.

Consequently, the substitution of the primary artienamino group was found
to require the protection of the secondary am8ehéme 3)3 This could be achieved
in 93% vyield by simple treatment &.1a with a slight excess of dert-butyl
dicarbonate (Bo®©) in trifluoroethandf'® for 10 min at room temperature followed
by column chromatography.

With this protection in place, we could performeuctive amination of the
primary amino group. It is known that for 5-aminoggoles such transformation does
not require any acidic catalysis and proceed &(66*

In contrast to the reference data, the primary angroup of3.1a reacts with
aldehyde only at elevated temperature, in the poesef an acidThe produced Shiff
bases are unstable and easily degrade to thengtantaiterial After intensive efforts
we have found the appropriate reaction conditionslving the use of sealed vessel
and inert atmosphere to access the Shiff base. fiiewing reduction with sodium
borohydride proceeded quickly in a protic solvent.

Compound3.10was isolated after column chromatography in 47&bdy(44%
over three steps fro®.18). Unreacted starting material was fully recovef@dheme
3.3.

The pendant amino group on the pyrazole and prdaeimdH of the
benzimidazole allows condensation &iBa with electrophiles such as orthoesters.
This approach could deliver pyrazolopyrimidine $olals of interest for medicinal

chemistry purposes, as has been exemplified indtheslopment of inhibitors of
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glycogen synthase kinase 3, an enzyme involvedimenous diseases such as type |l
diabetes, Alzheimer’s disease, cancer, bipolardesp and inflammatiof?

Upon boiling a mixture of3.3a and 1,1,1-triethoxyethane in the presence of
acetic anhydride, we could achieve the synthesis3tk{benzo[4,5]imidazo[1,2-
c]pyrazolo[4,3€]pyrimidine 3.11 (Scheme 3.4, route);lit is important to note that a
dehydrating agent is required to bring the reactmrcompletion. This illustrates
weak stability of the formed pyrimidine ring thatlp tends to hydrolyze back to the

acylated starting material both under strongly iacihd basic conditions.
\

\
route 2 HN route 1
H N
©: _-BUONO ©:N SN _CHyC(OEt); Ac0 @[ \ { SN
/
N NG 25 min, A N — N
HoN )=

3.3a 3.11,85%

3.12,87% N
ON
©[N X
/ N\ r
N\' N\
A N2®

Scheme 3.4Straightforward access to fused tetracyclic stnoes3.11, 3.12

Yet, under neutral conditions3.11 could be isolated and thoroughly
characterized. ThéH NMR spectrum 0f3.11 in CDCk shows two sets of peaks
corresponding to two unequally populated rotamilsreover, the symmetry of the
benzimidazole moiety initially found i8.3ais disrupted through this transformation,
promoting the split of the two aromatic signals3o8a into four signals for3.11,
namely, two doublets at 7.94 and 8.04 ppm and twbidts of doublets at 7.41 and
7.53 ppm.

A somehow similar tetracyclic aromatic compound aB® accessed by simple
treatment of3.3awith an excess akrt-butyl nitrite in DMF Scheme 3.4, route).2
Under these conditions, the diazonium intermedtat@d indeed be trapped by the
imidazole nitrogen to generate the correspondirageéne3.12 with concomitant
protection of the secondary amine as a nitrosoar8ii€ was isolated in 85% yield

after column chromatography and fully characterizedxhibits a unique tetracyclic
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structure that has never been previously descrdoal as such, expands the chemical

space of heterocyclic chemistry.
\

HN
1) p-TsOH,
2) Kl, 2% Cul,
t-BUONO @:S <N I, t-BUONO
/ ' >
N MeCN, 0-25°C,2h NN N MeCN, 65 °C, 20 min
[
34a N 3.13, 38%

314a R= H R'=1, 30%; 3.14b, R=R'=H, 23%
315 R=Boc, R'=1,70%
Scheme 3.5Sandmeyer iodination of the aminopyrazole core.

Finally, following this diazotization strategy, imvestigated the lability of the
5-amino group. At first, we explored the ability tifese heterocyclic-substituted
aminopyrazoles to undergo Sandmeyer-type reactits: extensive investigation,
we found that to avoid the formation of numerouprbgucts, the reaction had to be
carried out at 65 °C with excessrt-butyl nitrite (5 equiv) and,l (4.3 equiv) in
acetonitrile2 furnishing iodopyrazole8.13 in 38% vyield S&cheme 3)5 As stated
above for the formation 0f3.12 the secondary amine was converted to its
nitrosamine derivative. We found that this couldaveided by first adding TsOH to
the reaction mixture; under these acidic conditidhe secondary amine is protected
as a weakly acidic ammonium salt avoiding nitrasatiThus, only the primary
aromatic ammonium formed under these conditiongaygpacidic enough to undergo
nitrosation and water elimination to form the tians diazonium salt, which finally
generates the iodopyrazd@el4ain 30% yield.

Interestingly, under these acidic conditions, tleaction proceeds with the
formation of the reductive deamination byprod8idt4b(~1:1).

The introduction of iodine is easily monitored thet*C NMR spectrum of
3.14acharacterized by considerable shielding of C5 H®y adjacent | aton3(1a
147.1 ppm3.143 86.5 ppm).

Further, Boc protection of the secondary amine aobk achieved in
trifluoroethanol yielding3.15 in 70% vyield. This two step iodination—protection

proved only moderately efficient (21%) that is abhowo times less thaane pot
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reaction of iodination-nitrosation — 38%. The afmcy of the latter approach
highlighting the nitrosamine as a potentially useéliernate protecting group,
although cancerogenic properties might be found.

With these iodinated pyrazoles in hand, we explopaetdential C-C bond
formation by way of Suzuki—Miyaura cross-couplingthwa range of boronic acids
(Scheme 3)6 A first attempt using3.14a and 4-methoxyboronic acid under
conventional conditions (5% Pd(P#h dioxane-HO, CsCQOs) provided the desired
cross-coupling compound.16a in 71% vyield. Yet the presence of the secondary

amine made chromatographic analysis and purifinagdious.
\
N N
ArB(OR), or ArBF;K

R R
Pd(PPh3),, CSQCO3 S

< STt

/ i -
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3.13-3.15 3.16-3.20
R =a: H; b: Boc; ¢: NO

N \

HN \ N
Boc’ Boc Boc’N
S S < S
=N N =N S S
-cr < I o
N N N S N ~ N N
C
. O
3.17, 97%
\
, N

0 CF3

3.16a, 71% 3.16b, 98% 3.18, 90%

ON ON
L O g
N_ N NG N NG
HN™N\
-0
3.19, 72% 3.16¢, 98% 3.20, 24%

Scheme 3.6SuzukiMiyaura cross coupling of iodinated pyrazo®433.15

We therefore turned t8.15as the starting pyrazole and were pleased to\aehie
the cross-coupling t8.16bisolated in quantitative yield. We could furtheeeplify
this reactivity by isolating.17 and3.18 quantitatively, and8.19in 72% yield. Yet,
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moving to ortho-substituted 2-nitrophenylboronic acid and  2,6-bis-
(trifluoromethyl)phenylboronic acid fully inhibitethe coupling reactivity due to the
steric bulk around the reactive site of the iodaggte derivative.

Considering the more efficient access3d3 (38% vs 21% for3.149, we
envisaged the unprecedented use of nitrosamine @stacting group during the
Suzuki—Miyaura cross-coupling. This was found tcabsuccessful approach because
the cross-coupling leading 816c occurred in quantitative fashioB¢gheme 3)oWe
could also access the heterocyclic compouB@0 using N-Boc-indole 2-
trifluoroborate, albeit with a moderate yield amidar harsher conditions (140 °C)
that promoted the thermolysis of the Boc group.

According to XRD study
in  5-indol-2-ylpyrazole 3.20
the indole and pyrazole planes
are orthogonal to each other
(89.7°); benzothiazole and
pyrazole are almost coplanar,
the dihedral angle is equal to
3.9° (igure 3.5. Such a

relative position of fragments

Figure 3.5. Molecular structure of compour®d20 | stabilize by intermolecular
according to X-Ray diffraction. hydrogen bonds in
complementary pair, that consist of molecules ahdele-2-ylpyrazole aligned
antiparallel to each other (H2/1 2.02 A, N2-H2A' 01 171.3°).

Finally, considering the observation of reduceddpiat 3.14b (~1:1 relative to
iodinated product3.14g9 during the Sandmeyer reactiorbcheme 3}4 we
investigated the possibility of performing sucheduction more efficiently.

On the basis of former report$, we could achieve radical deamination of
benzothiazole substituted pyrazold.la to 3.21 with tert-butyl nitrite in
dimethylformamide $cheme 3)7 Indeed, opposite to the reaction with

benzimidazole3.3a (Scheme 3} no intramolecular trapping to the triazene can b
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achieved from 3.1a Therefore, it is thought that the classical haoyiol
decomposition during diazotization allowed hydrogéstraction from the solvent by
the pyrazolyl radical to afford the desired reducednpound3.21 The latter was
isolated and fully characterized. Similarly to trensformations described above, the

reaction proceeds with concomitant nitrosatiorhef$econdary amine.

H,N )K H

H
3.1a, 3 21, 92% 3.22, 97%

S hugy BUONO {A]‘N\% A HCl éjas s St
| DMF MeOH \
( IN/ NN 0 ) (I < 3h AN

N

Y “
ArNH, x\'_*,'
hydrogen radical donor

Scheme 3.7Reductive deamination of 4-benzothiazol-2-ylpyia3da.

From the mechanistic point of view, the nature loé thydrogen source is
expected to be the methyl group of DMF. IndeeHai been statéd that acetonitrile
could also act as donor of hydrogen yet better emons are achieved with DMF.
And as tetramethylurea appears almost as efficiesnDMF it is thought that
reduction occurs primarily by hydrogen transfenirtheN-methyl group.

The 'H NMR spectrum 08.21 shows two sets of peaks corresponding to two
unequally populated rotamers, and the charactessiglet of the newly introduced
proton arises at 7.88 ppm (in CRLI

Deprotection of the nitrosamine to the correspogdimmonium salt could be
easily achieved by bubbling HCI gas in a methaoditeon of 3.21 This two-step
procedure gave 3-(4-(bendithiazol-2-yl)-1-methyl-H-pyrazol-3-yl)-N-
methylpropan-1-aminium chlorid22in 89% overall yield. ThéH NMR spectrum
of 3.22 recorded in DMSQ¥ features a broad singlet for the two protons @f th
ammonium at 8.94 ppm that disappeared upgd &idition.

Although nitrosamines are considered as havingtdienivalue as protective
groups (mainly as they are considered carcinogéhicjve believe, through all our
observations, that in this specific case, theiléageneration and deprotection make

them an attractive option, provided cautious expental procedures are followed.
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Moreover, nitrosamines are also known to promote timpolung reaction of
secondary amines through deprotonation, and as fuepy represent an interesting
functionalization of aminoalkyl chait®

Having this reduced adduct in hand, we explored ghssibility of further
functionalization through the C-H activation reanti as previously reported on
pyrazoles**®We found that heating.13at 70 °C in the presence of Pd(OA®)-
bromoanisole, and tetrabutylammonium acetate inethgtacetamide (DMACc) for

24 h provided straightforward accessS3th6cin quantitative yield$cheme 3.8).
\

\
N N
ON Pd(OAc), 5% ON
S BU4NOAC S
=N 4-BrCgH,OMe =N
N NN - 7 NN
| N DMAc, 70 °C N N
3.13

—O  3.16¢, 100%

Scheme 3.8Functionalization of pyrazole through C—H Activai,

Once again, this illustrates the excellent comdyilof nitrosamine protection
with palladium-catalyzed cross-coupling reactiodMoreover, this reaction path
provides a highly efficient approach to denselyssited pyrazoles featuring both
aryl and hetaryl substituents at the 4 and 5 mosti as3.16cis isolated in 71%
overall yield from benzothiazolylacetonitrizlb and avoids ineffective stage of 5-
iodopyrazole formation (21-38%).

In summary, we have developed a two-step procedurthe synthesis of fully
substituted 4-hetaryl-5-aminoazoles from readilyaikble starting materials in a
modified Knorr-type reaction. The reaction was foua be fully selective thanks to
an evidenced marked difference between the tworeemf the 1,3-dielectrophile.
These highly functionalized azoles have been shimwepresent entries to various
polyheterocyclic compounds, providing a straightfard route to a wide chemical
space. Indeed, further reactivity of the 4-het&@minopyrazoles obtained was

investigated, providing highly regioselective trfamsations and giving access to
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unknown derivatives with high nitrogen contents.rtaver, transformation of the 5-
amino substituent allowed the straightforward idtrction of aryl and hetaryl

moieties at this position providing a four-step teouo densely functionalized
pyrazoles. This also illustrates the efficient ogen protection as a nitrosamine
during the Pd-catalyzed cross-coupling reaction. &@asider that this approach
opens new routes to enlarge the chemical space ywazge-containing

pharmacophores as it introduces chemical compldrityan unprecedented swift

fashion from simple starting materials.

3.2. Reactions of 2-azahetaryl-2-(1-R-pyrrolidin-2didene)acetonitriles with 1,2-
binucleophiles involvingC-2 atom of pyrrolidine and C-2 atom of azaheterocycle

To widen the scope of this kind of transformatiariscyclic 2-azahetaryl-3-
enaminonitriles, we turned our attention to benzokd substituted derivatives and
to quaternized benzazoles substituted ones.

The similarity of the selected objects is that @2 atom of azaheterocycle is
located between two electron-acceptor groups: #ygen and the nitrogen in the
case of benzoxazole and the corresponding heteno@pN, O) and the quaternized
nitrogen atom in another, which, accordingly, irases electron deficiency of above
mentioned C-2 atom. Consequently, it could be ptedithat the presence of one

more electron deficient centre has its impact oa tkaction path with 1,2-

binucleophilesKigure 3.9.

N5+ ,/‘\XH
Loge H,N

Figure 3.6.Influence of increased electron deficiency of & of azaheterocycle
on regioselectivity of reactions with 1,2-binuclaodes.

3.2.1. 2-Benzo[d]oxazol-2-yl-2-(1-R-pyrrolidin-2igtene)acetonitriles in reactions

with 1,2-binucleophiles
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Regioselectivity in reactions of benzoxazol-2-ylbstituted pyrrolidin-2-
ylidenes2.18with 1,2-binucleophiles was primarily explored.

After proceeding the reaction with methyl hydrazfrieio sets of peaks with the
same integral intensity were observedHnNMR of crude reaction mixture arising as
one spot on TLC. After the appropriate elution sgstwas found (CHGFCH;OH-
Et;N, 20:2:1) we have separated the products andulbig analyze them biH, °C
and 2D NMR techniques as well as HRMS. The chariagtiterange for benzazoles
aromatic protons is 7.1-7.7 ppm. Arising of aromatrotons in the 6.6-7.0 ppm
range of one of the products might be influencedbleyzoxazole ring opening
(Figure 3.9. M + H" equal to 286.17 obtained by mass analysis is atigie for the
presence of two isomers. Moreover, the stretchibgations at 2218 cihfound by
IR analysis unambiguously indicated that one ofisoeners has still a nitrile group,
thus no nucleophile attack was occurring on thigree Considering these evidences

we have suggested the structure of two isorBé#8aand3.24aand the mechanism
of their formation $cheme 3)9

T T T T T
8.1 8.0 7.9 7.8 7.7

NH
2

? |

\ g %

@
10y ©
O

82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64
f1 (ma)

Figure 3.7. A fragment of théH NMR spectrum 08.23: and 3.24 (Solvent:
DMSO-@).

12 Reaction was performed under the same conditions applied earlier toward the synthesis of 3-(w-aminoalkyl)-
4-hetaryl-5-amino-pyrazole (or isoxazole) 3.1-3.7: refluxing in dioxane, 10-20 equiv of methylhydrazine
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3.24a Y = NMe, 35%; 3.24b Y = NMe, 32% 3.24a,b
Scheme 3.9The reaction of benzoxazol-2-yl-2-(1-R-pyrrolid&n-
ylidene)acetonitrile2.18 with methylhydrazine.

Mechanism includes the NH attack at C2 atom of gigline ring leading to
intermediateA in which YH is situated in the same proximity tott nitrile group
and C2 atom of benzoxazole and attacks one or tther avith a probability that
depends directly on their electrophilicity. As sthtabove, the structural isomers
3.2% and3.24a form with the ratio 1:1 thaindicates a similar electrophilicity of C-2
atom of azaheterocycle and carbon of nitrile groughe intermediaté.

A similar observation was made for the reactiorolmwng 2.18b that afforded
two structural isomer3.23band3.24bwith 1 to 1 ratio.

This 1 to 1 ratio can be explained as follow: thaction of 2-benzoxazol-2-yl-
N-R-pyrrolidinacetonitrile requires a 101 °C tempera to proceed (boiling point of
dioxane) making this step the rate limiting oneclization then proceed with no
selectivity at such temperature thus promoting fhis ratio. Careful follow up by
TLC indicated that both products form simultanegusd soon as starting material is
consumed. Moreover the relative amount of eachymioemaining unchanged until
complete conversion of reactants.

In the'H NMR spectrum the protons of amine group of pylee8.23,b arise
at 6.55 and 6.51 ppm correspondingly; the NH pradbnaminophenol is more
deshielded due to the nitrogen lone pair conjogatiith benzene and pyrazole rings
and as well due to formation of the hydrogen baitd Oxygen of adjacent OH; its

arises at 8.09 ppm fo8.24a and 7.89 ppm fo8.24b (Figure 3.7). The proton of OH
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group exchanged with deuterium and is too shrirtkedbserve clearly inH NMR
spectrum.

Moreover, the structure of 3-(3-(benzylamino)proBA((2-
hydroxyphenyl)amino)-1-methylH-pyrazole-4-carbonitril.24bwas confirmed by
XRD analysis Figure 3.9. A dihedral angle between pyrazole and benzergs 1in
3.24bof 75.5° is observed. The angle C16-N5-C13 isdative of the conjugation of
N5 lone pair with a nitrile group and benzene (63 6-N5-C13 120.9°). In the solid
state molecules are aligned antiparallel to eabbradnd are complementary paired.

Such packing is stabilized by intermolecular hy@mgondsKigure 3.9.

Figure 3.8. Molecular structure of compourgi24baccording to X-Ray
diffraction. Hydrogen bonds formation in the conmpéntary pair.
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Scheme 3.10Reaction of benzoxazol-2-y|-2-(1-benzy|pyrroliﬁ'm-
ylidene)acetonitrile2.18bwith hydroxylamine.
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Under refluxing ofN-benzylpyrrolidin-2-yledeneacetonitril2.18b in dioxane
with 20 equiv excess of 50% solution of MBH in water, we also obtained two
products $cheme 3.0

These products were separated by column chromgtogiend analyzed by,
3C and 2D NMR, IR and HRMS techniques. It was eihbl that one of the
reaction products as it was expected based on quewviesults obtained for the
reaction of 2.18b with methylhydrazine is 4-(benafjpxazol-2-yl)-3-(3-
(benzylamino)propyl)izoxazol-5-amin8.25h Unexpectedly, IR analysis of the
second product did not indicate any absorption tzr180-2230 crhcorresponding
to nitrile starching vibrations. Moreover, moleaguian peak was equal 882.17 u
and differed from mass of expected product on 3Revertheless, up-field shift of
aromatic protons ifH NMR spectra clearly indicated the opening of tmwazolyl
cycle. Relying on the mechanism of reaction progdee the formation of isomers
(Scheme 2)3 we assumed the the second atom of nucleophéekstthe C-2 centre
of benzoxazole; the following attack of the secammecule of hydroxylamine (Mr of
NH,OH is 33 u) is directed at nitrile group leading3®6b (Scheme 3.10 The
proposed structure was confirmed by 2D NMIR(re 3.9 and XRD Figure 3.10.

& H2A

‘0'23‘3 | ® 02

L H1A

Figure 3.9. The most indicative Figure 3.10.Molecular structure of compound
correlations found in HMBC 3.26baccording to X-Ray diffraction.
spectrum 08.26h

In *H NMR spectrum the signal -6 aromatic proton is shifted to low field (
= 7.57 ppm). Such a shift occurred as a consequaEmeshielding effect of neighbor
oxygen. Indeed, according to XRD study &P6b the H16 and O1 are spatially
approximated (dihedral angle between benzene amdasle planes is 4.81°). The 4-
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carboximidamide fragment is planar within 0.016 ddaurned on 17.98° toward
iIsoxazole ring. Such orientation might allow forroat of another hydrogen bond
between H5A'N4 atoms.

3.2.2. Cyclic enaminonitriles substituted with qeahized benzazoles in reactions
with 1,2-binucleophiles

When benzoxazole derivatives reacted with 1,2-beuaphiles three active
centres were involved in reaction and the mixturetauctural isomers were formed.
The presence of quaternized nitrogen increase®ldwatrophilicity of C-2 atom of
heterocycle substituent (details are describe@datian 2.3) and thus the equilibrium
of reaction should be shifted toward formation okaegioisomer — the product of
the opening of azole cycle.

The stated assumption was checked by introduciagcyielic enaminonitriles
substituted with quaternized azoles8 2.21, 2.22 in the reaction with 1,2-
binucleophiles $cheme 3.11

H,
Y-N
NH YH 29 route ” N\
5 YH 1%t route 9 route
§ xS | 2rove
@ EtOH A2h oN

/ _
Ze TN A 3.27, 85%
2.8,2.21,2.22 3.28, 88%

1t route

= - S NH - pp,
@/
NH

3.30, 789
HN 329 | 8%

2.8, 3.27 X=NMe, Y=N, Z=I; 2.21, 3.28 X=0, Y=NMe, Z=PFg; 2.22 X=S, Y=NMe, Z=PFg4
Scheme 3.11Reaction of cyclic enaminonitriles substitutedwgjtiaternized azoles
2.8, 2.21, 2.22with hydrazines.
The reaction proceeds smoothly under milder caomusti(refluxing ethanol, and
has been finished within 2h (TLC control), mosthmbly as a consequence of the

increased reactivity associated with introducinghef positive charge.
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In the case of benzimidazoke8 and benzoxazol2.21 derivatives there is only
one set of signals ifH NMR spectrum indicating a full regioselectivitf the
reaction. After purification (recrystallization f8r27 and column chromatography for
3.28 the compounds were analyzed by NMR and IR spsobmy techniques.
Indicative vibration band of nitrile group absogstiwas found at 2214 c¢hfor 3.27
and at 2220 citfor 3.28in IR spectrain '"H NMR spectrum signals of aromatic part
were shifted down field and were split into 4 signan the case oB.27 as a
consequence of the benzimidazole moiety symmessupgiion. The combination of

these facts suggests the opening of the imidarale=aazole cycles.

2.81 ¢

'//;3 Ccosy

1465 _N
"H4.77
3.22
o)
N

130.8

Figure 3.11 The most Figure 3.12 Molecular
indicative correlations found in structure of compoung.27
HMBC, COSY spectra 8f27. | according to X-Ray diffraction.

The generated molecules exist in the form of amomnisalts with the
localization of the proton on the nitrogen atomtlod w-aminoalkyl chain.Such a
conclusion is made on the basis'Bf NMR spectra, in which the singlet of NH
protons is observed at 8.39 ppm in the case&2fand 8.31 ppm in the case&R8
An additional study was carried out using the 2D Rikhethod (the most indicative
correlations are shown Figure 3.11)and XRD Figure 3.13.

107



An unexpected result was obtained in reaction eflibnzothiazole derivative
2.22 with methylhydrazine. Instead of the expected {det product of the thiazole
ring opening (as observed with benzimidazd&@yB and benzoxazoly?.21) in this
case the azepin@30was formed $cheme 3.)0 The product was obtained in 78%
yield after column chromatography.

The structure of the compound was established bgn&® NMR spectroscopy.
Thus there is no characteristic signal of nitriteugp vibration band in IR spectrum
indicating its transformation during the reaction.

In the '"H NMR spectra 0f3.30 (Figure 3.13 there is down field shift of
aromatic protonsd = 7.1-7.3 ppm) indicating the opening of the thlazring.
Doublet at 2.74 ppmJ(= 5.0 Hz) and quadruplet at 5.31 ppi=(5.1 Hz) matching
to CH3NH protons of substituent at benzene ring. Two feM singlets at 8.97 and
8.80 ppm belong to the protons of NH groups. Thensity of these signals
diminishes upon addition of . *P and F NMR spectra are indicative for the
presence of Rfcounterion.The molecular iorof PRy group was alsdound by
HRMS (calculated 144.9642, found 144.9649).

| PFg
mmmma = = a0
e I A A R
O O YV YW WYWYWOUO
MORAgaLnteRRTees
NNNNNNNRKN
—e ArNH
| gygg oM
NH NH @ 3w ‘
N =) ‘ —
(o)} @ i
o] @
L Ji
T Y - o
o (o)} o o (o)} o (o)}
- =] - - - — <+

9.29.19089888786 7473727.17.06.96.86.76.6656.4555453525150 282726
f1 (Mp)

Figure 3.13.A fragment of NMR spectra 08.30(Solvent: DMSO-.
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The formation of the azepine cycle is confirmed
by correlations in the HMBC spectrum between the
CHs; and CH protons of the aminoalkyl chain with the
guaternary carbon of the C-S bond. The absendw®eof t
cross peak in HMBC spectrum for correlation between
protons of CHNH group (substituent at benzene ring)

and C-4 atom of azepine seems to be indicative for

H cosy

connection between thioaminophenol and azepine
274 (d, J=5.0Hz)

Figure 3.14 The most

indicative correlations correlation is seen i8.27 where the connection

found in HMBC, COSY

spectra 013.30.

fragments via sulfur atom. For example, such

between fragments occurred via NCHgroup
(correlation between protons @fH; group andC-1
atom of benzene ringsigure 3.1). The most indicative correlations found in 2D
NMR spectra 0B.30depicted orFigure 3.14

The formation of the azepir®30 probably occurs via intermediade?29 which
is formed by the second nitrogen atom attack atcireon of nitrile group (the®1
route product) with the following attack of nitrag®f w-aminoalkyl chain at C-2
position of benzothiazolé&scheme 3.1

An attempt to conduct a similar reaction with bemdazole 2.8 and
hydroxylamine (50% solution NJ®H in H,O) only resulted in one product which
was identified as the amid&31 (Scheme 3.12, route).1The same product was
obtained by hydrolysis of nitrile group under thasioc conditions NaOH, EtOH-8,
reflux (Scheme 3.12, routg.2

/ NH,OH, 50% y H,O ;0
@EN CN EtOH, A, 2h X =1 @:N NH;
/ route 1 Z
@N@ \ N/ — — @N@ \ N/
2 NaOH <
2.8 EtOH, A, 3 h X=Cl 3.31a route 1’ 79%
route 2 3.31b route 2, 72%

Scheme 3.12The reaction of benzimidazole derivat&8 with hydroxylamine. The
counter synthesis of ami@31

109



In summary, the reactions of cyclic 2-azaheterglhaminonitriles with 1,2-
binucleophiles allows the efficient formation ofriaus pyrazoles (isoxazoles) when
the nitrogen of pyrrolidine ring is substituted.eTtirst atom attack is directed at C-2
centre of pyrrolidine, the direction of the nextagak depends on the structure of
azaheterocyclic substituent. Thus, in the casH-afkyl substituted pyrrolidines the
attack is regioselective and directed at carbomitile group. In the case of
benzoxazole derivatives the attack occurs bothitatengroup and with the same
probability at the C-2 atom of azaheterocycle (gtrral isomers are formed in the
ratio 1: 1). In the case of enaminonitriles substd with quaternized benzazoles the
disclosure of the azole cycle is occurring. The Ima@ism of transformation varies
depending on the nature of azaheterocyclic sulesiitu

The synthetic methods developed for the syntheki8-@-aminopropyl)-4-
azahetaryl-5-aminopyrazoles open new routes torgmlaghe chemical space of
pyrazole-containing pharmacophores as it introdud@smical complexity in an
unprecedented swift fashion from simple startingemals. Tetracyclic compounds
are obtained in 3 steps with the overall yield op46%, 5-aryl(styryl, indol-2-
yl)pyrazoles in 4 steps with the overall yield op/tL%.
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CHAPTER 4. REACTIONS OF 2-AZAHETARYL-2-(1-R-PYRROLI DIN-2-
YLIDENE)ACETONITRILES WITH DMF DMA. PYRROLOI3,2- ¢]PYRIDIN-
6-IMINE: SYNTHESIS AND PROSPECTS FOR USE

Cyclic enaminoamides derivatives are the key comgsun the synthesis of
condensed pyridine systents-H activation atC-3 centre of pyrrolidiné;,®7% 72 747>
indoline® 1120 1 2 3 A-tetrahydroquinoline  and  2,3,4,5-tetrahybib
benzoplazepine'®* featuring electron withdrawing groups (cyanoacédam
malononitrile, ethylcyanoacetate) at the C-2 positvas allowed for the synthesis of
5-azaindolines, condensed pyrimidinecarbolines idpymndoles), pyrido[4,3-
b]benzoflazepines Figure 4.). These scaffolds are found to be useful for the
treatment of cancer, neurodegenerative diseasashi@gors of serotonin receptors,

antihistaminicg® 122123

R CN

reactive DMF DMA
. —_—
)am
n

R= CONHQ, CN, COzEt
n=0-2

Figure 4.1.Straightforward access to condensed pyridine gyste

The common intermediates on the route to condepgedine systems are the

derivatives of 3-dimethylaminomethylidenAs obtaining by formylation reaction of

C-3 centre of pyrrolidine ring by acetaRigure 4.7.* ">

@\ / OCH,
\j\ k ®_

21,2.7,2.13-2.18 |

Figure 4.2.The reactive centre¥3) of 2-azahetaryl-2-(pyrrolidin-2-
ylidene)acetonitriles under reactions with DMF DMA
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The acidity of protons at position 3 of pyrrolidine 2-azahetaryl-3-
enaminonitriles 2.1, 2.7, 2.13-2.18 is enhanced by conjugation with
hetarylacetonitrile fragment. Thus these compouwuldd also react with acetals as

C-nucleophiles and provide access to functionalezheterocycles-{gure 4.2.

4.1. 2-Azahetaryl-2-(1-R-pyrrolidin-2-yliden)acetontriles under reactions with
DMF DMA

Alkylation and formylation® are the main types of reactions of DMF DMAL.
They mainly proceed via formation of aza-oxo-siabd Vilsmeier-Haack salt
analoguet.1A (Figure 4.3."*

R..R R

2 "
_— @
4.1 4an ' OR

Figure 4.3. Aza-oxo-stabilized methylene iminium ¢alt4 — the reactive form of
acetal.

As alkylating agents, they have been used in théhsgis of esters from acids,
ethers and thioethers from phenols and aromatic hetdrocyclic thiols, and the
alkylation of active methines. As formylating agerformamide acetals are useful in
the synthesis of enamines from active methylenes aanidines from amines and
amides-*

Taking into account the reactivity of DMF DMA
two alternative routes can be envisaged for the
reaction ofN-unsubstituted pyrrolidines (the nature of
the substituent is omitted) with DMF DMA, namely,

alkylation at nitrogen of pyrroliding={gure 4.4, route

Figure 4.4.Alternative 1) and/or incorporation of dimethylaminomethylidene
routes to reactions &.1 | gjety atC-3 position of the ringRigure 4.4, route
with DMF DMA.

2).

13 Hereafter formylation by DMF DMA stands for incorporation of dimethylaminomethylidene moiety, formyl
equivalent.
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In the reaction of 2-benzdjthiazol-2-yl-2-(pyrrolidin-2-ylidene)acetonitrile
2.1b with DMF DMA the only product observed is 3-dimggiminomethylidene
4.2a corresponding to a formylation product @sition 3 of pyrrolidine $cheme
4.7).

HN
21b 4.2a, 71

@:S N DMF DMA @ES CN ,
/ \ > V \ N
N toluene, A N>—§j/\ \
HN
%
Scheme 4.1Formylation reaction of enaminonitriz 1bwith DMF DMA.

The reaction proceeds by refluxing the reactant®lumene. The TLC reaction
control and the'H NMR analysis did not reveal arly-alkylation product in the
reaction mixtureKigure 4.4, route 1L

In theH NMR spectra of4.2athere are signals of dimethylaminomethylidene
moiety at 3.06 ppm (s,H6 2CH3z) and 7.76 ppm (tJ = 1.5 Hz, H, CH). The
broadened singlet of NH proton of pyrrolidine issebved at 10.24 ppm (Solvent:
DMSO-d).

According to XRD
analysis the benzothiazole
substituent IS almost
coplanar with pyrrolidine
ring with the dihedral angle
of 3.85°. The flattened
orientation of the planar

fragments is stabilized by an

intramolecular hydrogen

bond (the estimated bond

Figure 4.5 a) Molecular structure of.2a
length H3AN1 2.00 A, according to X-ray diffraction; b) Orthogonal
N3-H3A--*N1 135.3°). The projection .

115



charge delocalization occur toward the hetarylageite fragment that is
accompanied by N4—-C14 (1.34 A) and N3-C10 (1.34d%)ds shortening and14—
C11 (1.37 A) andC10-C8 (1.42 A) bonds elongatiofFigure 4.5.

The reaction path appeared to be highly dependenthe nature of the
heterocycle of the 2-azahetaryl-2-(pyrrolidin-2eg@ne)acetonitrile?.1 (Scheme 4)2

GE%% CE%% CQSN a;\
@% G% @%

+

2.18a

Reaction conditions: DMF DMA, toluene, A
Scheme 4.2The dependence of reaction route on the natueszalieterocyclic
substituent ir2.1

In the case of 2-benzoxazol-2-yl-2-(pyrrolidin-2ejgne)acetonitrile2.1c the
reaction proceeds with the formation fairmylated product4.3, and methylated
product2.183 that was identified by analyzing the characterishemical shifts in
'H NMR spectrum (Solvent: CDglmixture, ratio2.1&:4.3 = 3:2;2.1&: o, ppm,
2.03-2.15 (m, H, 4-CH,), 3.53 (s, B, CHy); 4.3 3.12 (s, 61, 2CHj3), 7.96 (s, 1H,
CH)). The reaction with benzimidazo®.1f and quinazolinone.1lj derivatives
occurred withformation ofN- 2.1g andO-alkylated2.9 products. The reaction does
not occur in the case df-methylbenzimidazol€.1g pyridine 2.1i and quinoline
2.1a derivatives.

N-methyl-substituted pyrrolidines, namely 2-benzatloi-2-yl-2-(1-
methylpyrrolidin-2-ylidene)acetonitrile 2.7a and 2-benzoxazol-2-yl-2-(1-
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methylpyrrolidin-2-ylidene)acetonitril2.1& neither react with DMF DMA that is in
agreement with the results reported for ethyl 2roy2-(1-ethyl(phenyl)pyrrolidin-2-
ylidene)acetates.”

The experimental data as well as precedents frentitératuré > prompted us
to assume that the presence of easily accessiblgrbilip is essential in formylation
of the C-3 centre of pyrrolidine allowing to propos mechanism for this uncommon
reaction Scheme 44

CN
V 2
= H o }
o ® o~ OCHs  2CH;OH
CH50 ol )
B NP . c

| CH50

Scheme 4.4Proposed mechanism for reaction of 2-azahetarfy2rolidin-2-
ylidene)acetonitrile2.1 with DMF DMA.

The incorporation of dimethylmethylidene moiety @geds in a reversible
fashion via nucleophilic attack of aza-oxo-staletizion 4.1A by nitrogen of
pyrrolidine yielding the key intermediat®; the C-3 position of pyrrolidine i3
activated by inductive effect (-1) of amidine groapd enhanced mesomeric stability
of the anion by the acrylonitrile moiety. Consedlyemeprotonation by methoxy
anion and reaction with another molecule of DMF DM#&n occur yieldingC; the
latter transformed into 2-azahetaryl-2-(3-(dimethylamine)hylene)pyrrolidin-2-
ylidene)acetonitrilet.3 by reversion of the first step.

The proposed mechanism not only explain failedngite to formylate the
derivatives ofN-substituted pyrrolidine2.7a, 2.18& and1.103 but also inactivity of
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NMe-benzimizazole2.1g pyridine 2.1i and quinoline2.1a derivatives for which
pyrrolidine NH is less accessible, and differensufes for the reaction with
benzothiazol2.1band benzoxazol2.1c derivatives .

Deprotonation of the NH might indeed take place nvitke proton is not
involved in strong H bonding. Such binding is dihgcrelated to the pKa of
azaheterocycles F{gure 4.9. In the benzazoles’ row the smallest apKias
benzoxazole — 0.5, the biggest — benzimidazole Bekzothiazole pKa 1.8.
Consequently, the deprotonation by a methoxy-ais@ignificantly restricted in the
case of NMe-benzimizazol2.1g derivative and the key intermediaBecannot be
accessed. For benzoxazole derivatéc deprotonation proceeds easily. Yet the
hard nucleophile Nattacks both the hard centre — methyl of methoxugrand the
soft — carbenium cation of DMF DMA. For benzothiazderivative 2.1b
deprotonation is less favored but still achievalbtethis case, a deprotonation —
nucleophilic attack promotes a reaction only atdbf centrepKa values of pyridine
and quinoline are 5.2 and 4.9, respectively, H bana 2.13i is stable and prevents

the deprotonation.

H

N S 0} X X
Cry O O QO

N N N N N
pKa=5.5 pKa=1.8 pKa=0.5 pKa=5.2 pKa=4.9

Figure 4.6.pKa of conjugate acids of relevant azaheterocycles.

One more evidence for amidinium ion formation ie tourse of reaction is the
successful interaction between 2H{benzofljimidazol-2-yl)-2-(1-methylpyrrolidin-
2-ylidene)acetonitrile2.13 with DMF DMA in contrast to failed attempts with
benzothiazol®.7a and benzoxazol2.1& derivatives. The presence of a nucleophilic
nitrogen atom in the benzimidazdel3 promotes reaction with the carbenium ion
yielding intermediateD. Like in the previous casgscheme 4} C-3 position is
deprotonated upon interaction with ~metoxy-anion ar@yclization into
benzo[4,5]imidazo[1,&]pyrrolo[2,3-d]pyridine 4.4 occurs followed by elimination

of dimethylamine.
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/ ( OCHj - .

N CN
(I R
% O C&
CH3OH H3 MezNH

2.13a \ o CH3OH 4.4, 90%
OCH3

Scheme 4.4Proposed mechanism for reaction of 2-(1H-benzojdlazol-2-
yl)-2-(1-methylpyrrolidin-2-ylidene)acetonitriz. 13z with DMF DMA.
Similar tetracyclic compound4.4 in the mixture with the methylation product
2.1g forms in the reaction of 2-(:benzofllimidazol-2-yl)-2-(pyrrolidin-2-
ylidene)acetonitrile2.1f with DMF DMA in the presence of catalytic amourft o

# use this method for formylation of 3,4-

piperidine Gcheme 4)6 Golovko et a
dihydroquinolin-2(H)-one that is inert under usual reaction conditiiokiene,A).
Authors notice thailN,O-acetal4.5, which is formed by interaction of DMA DMF
with piperidine is much more reactive than the esponding amide acetéll, due to

better stabilization of amidiniufd as compared to iminium-eth&r (Scheme 4)5

. \900 )

(@]
®_ H cat. ®!
\N)\O/ _ \N © Hs — \N/J o
| | OCHs * | OCH,
4.1 A CH3OH 4.5 E

Scheme 4.5Catalytic role of piperidiné®
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Scheme 4.6Proposed mechanism for reaction of benzimidazdléderivative
with DMF DMA in the presence of catalytic amounpipferidine @.1g4.4ratio =
4:6)

The reaction proceeds by a competitive attack efritrogen of benzimidazole
at methyl grouprpute 1, Scheme 4.and at the carbenium ioro(ite 2, Scheme 4.6
As a result, compound.1gis formed, which does not react with DMF DMA due t
the significant stability of the chelate, as notadove, and the intermediate
amidinium ionF. In route 2, the nitrogen lone pair participateshe positive charge
distribution of amidine moiety, thus indirectly lméncing on the intramolecular
hydrogen bond between NH and nitrogen of benzinuazveakening. As a
consequence the deprotonation of pyrrolidine camuiocl'he weakening of hydrogen
bond allows the isomerization gfdiastereome6 into E-diastereomeb to proceed.
Following steps are the similar to those presentedScheme 4.4to vyield
imidazopyridine4.4.

The symmetry of the benzimidazole moiety initialbund in2.1f is disrupted
through this transformation, promoting the splitlué two aromatic signals @t1f in
'H NMR spectrum into four signals fer.4, namely, two doublets at 7.58 and 7.89
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ppm and two doublets of doublet3; & J,) at 7.18 and 7.30 ppm. The signal of
methylidene proton is shifted to low field and aessat 8.51 ppm. The formation of
the pyridine ring is also confirmed by NOE whichcocs between methylidene and
4-H protons: when selective irradiation of the molecall the absorption frequency of
the first, the signal of the latter increases temsity by 7%. The IR spectrum shows
there is the characteristic vibration of CN groti@ 598 cnf.

In summary, individual formylation products: thedBrethylaminomethylidene
derivative4.2aand benzo[4,5]imidazo[1,d8pyrrolo[2,3-d]pyridine 4.4, formed only
upon treatment with DMF DMA of 2-(benaifhiazol-2-yl)-2-(pyrrolidin-2-
ylidene)acetonitrile2.1b and (H-benzofllimidazol-2-yl)-2-(1-methylpyrrolidin-2-
ylidene)acetonitrile2.13a Considering the result, compouAd®a became a model

for further investigations of their reactivity.

4.2. Reactions of 2-(benzd]thiazol-2-yl)-2-((E)-3-
((dimethylamino)methylene)pyrrolidine-2-ylidene)acéonitrile with amines

The benzothiazolyl 3-dimethylaminomethylidene dative 4.2a reacts with
amines releasing dimethylamine. Successful tranmsa#tion is occured with 2- (3,4-
dimethoxyphenyl)ethanamine, benzylamine and pynmodi to form secondary.6,
4.7 and tertiary amine4.8 (Scheme 4)7 In the'H NMR spectra o#.6 and4.7 AX
spin system of protons dfHNH fragment with trans constant df= 12-13 Hz,
doublet of CH, group (0 = 5.6 Hz) and the singlet of NH proton of pyrrahie are
observed Eigure 4.7. Upon addition of BO to the solution ofl.6 in DMSO-d; the
intensity The NH signals decreases, the doubletmeathylidene CH) and benzyl

protons arise as singlets.

S CN
Iy A D @ e (T
N 7 dloxane A dloxane A \ 4
m@ gy
_0O

Scheme 4.7Transamination reactions df2a.
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Figure 4.7.A fragment ofH NMR spectrum of.6 (400 MHz, DMSO-¢CCl,).

According to XRD the

® 13 dihedral angle between

. Cg . &'e c15 benzothiazole and pyrrolidine
&’ = L - \.P“"m 4:{4 planes is 14.5°. The estimated
‘H, ; szCH\Q; length of hydrogen bond is

¢ H2 N1-H2 2.13A, angle N2-

Figure 4.8. Molecular structure of4.6 H2°N1129.7°. Hl4 and H4
according to X-ray diffraction. atoms are located in a trans

P

conformation with the torsion angle of 169.&igure 4.9.
Compound4.2a was also reacted with propylamine, 4-metoxyanilarel -
aminoethylpropanoate but the formed amines werestattle in solution preventing

their characterization.

4.3. Synthesis of pyrrolo[3,2]pyridin-6-imine, physicochemical study and
prospects for use

Intramolecular rection between the nitrile and amgmnoups provides access to a
wide range of nitrogen-containing heterocycles, elgmazines, azoles, quinolines,
pyridines, pyrimidines, azepin&S. Such rection is carried out by treatment with

acids, bases or thermally and usually proceedsearsely.
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Numerous reports frorGranik V.G.are devoted to the synthesis of pyrimidines
and pyridines from derivatives of pyrrolidinylidenereating C—N bond formation
with such method$ %73 7> 119121

Following on these reports we were able to conticmolecular condensation
of the derivative of 3-((benzylamino)methylene) najidine-2-ylidene)acetonitrile
4.6 by action of sodium ethylate to access pyrrolo@@/rimidine (Scheme 4)38
The overall yield of three-steps synthesis4d starting from2.1b is 59% (51%,

starting from 2-(benzd]thiazol-2-yl)acetonitrile).

")
S CN S N
RSP gy Sy
N SN EtOH-dioxane N
HN HN
4.6, 92% 4.9, 90%
Overal yield 3 steps: 59%

s CN @ES CN
/ <
©[N/ N_/ N\ NN
HN HN
2.1b

4.2 71%
Scheme 4.8Synthesis of pyrrolo[3,2-c]pyrimiding9.

HN  Bn It is known;?® ***'*"that for the structures
Het—( Ij of 4.9 type the imine-enamine tautomerism is
HN characteristiqFigure 4.9. Thus, in thé¢H NMR

4.9A spectrum of4.9 recorded in CDGI there is
Figure 4.9.Imine-enamine broadened NH protons signals in the region 5.69-
tautomerism 04.9. 10.34 ppm, which may indicate a fast proton

transfer on the NMR time scale. When changing tblest to DMSO€d,, the
transition between the tautomers is slowing dowd signals are observed in the
spectrum both for the iminé.9A and the enamind.9B tautomeric formsHKigure
4.10.
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Figure 4.10 'H NMR spectrum of.9in DMSO-g.

Thorough structural analysis of
4.9 was carried out using 2D NMR,
namely, COSY, HMQC, HMBC
(Figure 411). The pyridine ring
closure was confirmed by correlation

in HMBC Dbetween protons of

methylene group of benzyl substituent

Figure 4.11.The compoundt.9structure | @nd  quaternary carbon C-6  of
according to 2D NMR (400 MHz, CDZl | pyrrolopyridine fragment (cross peak

(the arbitrary tautomer is depicted). _ _

0 =4.93, 1545 ppm). Coupling is
observed between vinglH proton and 32H, protons of pyrrolidine ringJ = 1.6
Hz) in '"H NMR spectrum and is confirmed by cross peaks irS€qFigure 4.1).
Cross peaks are also seen between NH—280H NCH-2,6-Hy,

The structure o#t.9 was also confirmed by XRD analysisiqure 4.12,a). In
contrast to the solution in the solid state therenly the imine form of the molecule
4.9A. This form is stabilized by the intramolecular hygen bond between nitrogen
of benzothiazole and hydrogen of pyrrolidine (estigd bond length NtH2 2.14 A,
angle N2-H2-N1 125.1°, dihedral angle between the benzothiazaled
pyrrolopyridine planes is 6.3°). The bond lengthiha vinamidine systems df9 are

indicative of an open-chain push-pull conjugateeéystem rather than oft-
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delocalization Figure 4.12, B.'?®*?° The electron density from donor to acceptors
imino group and benzothiazole seems arising tceatgr extent from the nitrogen of
pyrrolidine rather than the nitrogen of pyridinehi§ evidenced by smaller bond
length of N2—C19 1.32 A in contrast to the bonds-GiB4 1.41 A and N3-C13
1.38 A.

Figure 4.12.a) Molecular structure of | b) The bonds length in ¢) The bonds

4.9 according to X-ray diffraction. pyrrolopyrimidine length in
fragment according to, diazepine
XRD. according to
XRD.?®

These data correlate with ones given for diazepiRegire 4.12,c). The small
difference in the bond length of N2—C9 and C9-@nfthe corresponding bonds in
diazepine N1-C2 and C2-C3 might it be due to tleetedn delocalization i4.9
toward benzothiazole substituent.

When attempting to convert pyrrolopyridin-6-iminga pyrolopyrid-6-one by
acid hydrolysis with a 30% solution of,&0, in a water-dioxane mixture, the only
reaction product was the saltlOa (Scheme 4)9 The protonation promotes the
aromatization to the pyridinium thus preventing tojgsis.

Compound4.10b, which only differs by the nature of the contecamiwas
accessed by HCI bubbling in the solutionddd in dioxane. ThéH NMR spectra for

both compounds were almost identical (supplemernitéoymation).
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HN
4.10a,b
a: X = HSO,, b: X = CI

HN HCl gas

4.9 dioxane

Scheme 4.9The interaction of pyrrolo[3,2}pyridine derivative4.9with acids.

In the '"H NMR spectrum of compound.1Q the singlets of amino groups

protons are clearly distinguished. The 619

NH proton of pyrrolidine comes out at 22— .
7.60 133.4 8.76
8.57 ppm for4.10aand at 8.61 ppm '*"? Q\S HN 545 733
161.4
for 4.10b (s, H) and signal of Npl | 126 1518F
protons at 8.68 and 8.76 ppm (s, 2H), Y 7.36

z
$ =z
3
8
R o _
R N
® © R
()] w

. . . . H\N 120.8
respectively. The significant low field 8.61 o
shift of CH, protons of  benzyl 38 243 cl
substituent 40 ~ 0.4 ppm) and almost Figure 4.13. The compound.10b
" - structure according to 2D NMR (400 MHz,
constant position of ZH,signal Ad DMSO-q).

= 0.02 ppm), as compare to initiai

pyrrolopyridine4.9, are indicative of localization of a positive cgaron the nitrogen
of pyridine ring rather than on the nitrogen of nojidine. These confirm the
structure proposed far.10bas do further 2D-NMR: COSY, HMQC, HMB&igure
4.13.

Pyrrolo[3,2¢]pyridine-6-imine4.9 alkylation with the excess oMel and in the
presence of KCO; leads tothe permethylated produet.1ll (Scheme 4.90 It is
known?’, that the formation of permethylated derivativesdimilar compounds — 2-
imino-p-carbolines occurs via formation of a dimethyla@@duct at endo- and
exocyclic nitrogen atoms. Taking into account poEmts from the literature we
propose the mechanism for the formation4oil The mechanism involves the
deprotonation 0f4.9 leading to intermediat&A B, followed by its methylation

leading toC. Finally the methylation at methylamino group ascyielding4.11
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Scheme 4.10Permethylation of pyrrolo[3,2}pyridin-6-imine4.9.

The structure of trimethyl-derivativk11was confirmed byH NMR, **C NMR
and HRMS. In théH NMR spectrum the singlet of NMearises at 2.34 ppm KB,
the signals of anoth&rH; group has the same shift as the residual peakvt8®-d,
in '"H NMR spectrum but if’C NMR spectrum arises separately at 35.4 ppm; peaks
of NMe, carbons located at 42.4 ppm (Solvent: DM&P-The values found for the
molecular mass correspond to the calculated vdhrethe cation of compound.11
— calculated 401.1800, found 401.1800 and iodidealeulated 126.9045, found
126.9047.

It was noted that in the presence of acid pyrroiBfBoyridin-6-imine 4.9 is
protonated at the imino group yielding the <altO The protonation process can be
monitored by spectrophotometric titration of -1&°M solution of4.9in acetonitrile
by HCI solution. Under increase of acid concentratiaréhs the hypochromic effect
within the range of 370-440 nm, however, hyperchcowithin the range of 310-
370 nm Figure 4.14. After adding the equimolar amount (curves 10;Xdjther
acid additives do not cause significant changethénspectra (curves 12-13). From
Figure 4.16it is seen that the shape of absorption bartifbin acetonitrile (curve
7) is similar to those obtained by titration4® by HCI at stoichiometric point (curve
6).
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Similar trends are observed upon addition of whiten 0.5 to 11.8% to the

solution of4.9in acetonitrile Figure 4.15.

0,44 0.4 -

0,34

0.3 1

0.1+ 0.1

0,0 0.0

! T T 1
300 450 300 350 X 400 450

Figure 4.14.Evolution of the absorption Figure 4.15.Evolution of the absorption

spectra o#4.9 upon titration withHCl spectra o#.9 upon titration with#,0
solution (starting solution of 4.9 (0) with (starting solution of 4.9 (0) with,O
HCI additives (1-13)). go= 1.5-10° additives (1-19)). o= 1.510° - 1.3
mol/l. Gic;= 1.410° —2.410° mol/l. «10° mol/l.
OH0= 2.5% (in total). OH.0= 11.8% (in total).

———CH3CN (1)

= DMSO (2)

1 — Toluene (3)
1,0 1 2 2 =——MeOH (4)

—— CH,CN:H,0 9:1 (5)
CH,CN:HCI (6)
salt 4.10b in CH3CN (7)

0,8 -

0,6

0.4

Normalized intensity

0,2 1

0,0

e | T T T
300 320 340 360 380 400 420 440

A, nm
Figure 4.16.Normalized absorption spectra of pyrrolo[3,2-c]min-6-imine4.9in

the solvents of different polarity and proton dangtabilities. The absorption
spectrum o#t.10bin CH,CN (7).
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From Figure 4.16it can be seen that the absorption spectrum.®in protic
solvent — freshly distilled methanol (curve 4)similar to the spectra in acetonitrile
with acid and water additives (curves 5,6) andénasaxima around 340 nm while in
the aprotic solvents of different polarity, nameliti:CN, DMSO, toluene (curves 1
— 3 respectively) there are maxima in the rang81d — 440 nm*

Spectrophotometric characteristicsAd® is presented in thEable 4.1

Table 4.1.Spectrophotometric characteristics4®.

Solvent! AmaxOf | emax 10° | Solvent  AmaxOf | emax 108 | Solvent | AmaxOf | &max 10°

al_)sorp l/mol ecm al_)sorp l/mol ecm absorp l/mol ecm
tion, tion, tion,
nm nm nm
324 0.46+0,02 323 1.05+0,01 320 0.42+0,02
339 0.54+0,02 335 1.31+0,02 335 0.56+0,02
DMSO 366 0.59+0,02 CH;CN 360 1.25+0,04 Toluene| 372 0.71+0,05
390 0.72+0,09 384 1.46+0,19 391 1.15+0,07
409 | 0.69+0,09 404 1.33+0,18 414 0.99+0,07
CH3;CN 325 2.15+0,07 326 0.92+0,07 328 1.35
C:Ill_lgc(:JlN 340 2.47+0,06 CH,OH 341 1.11+0,08 Etnanol 342 1.69
‘H,0 357 1.95+0,02 358 0.90%0,06 * 359 1.41
332 0.79 319 0.55 397 0.14
342 0.79 tert- 332 0.70 The molar absorption
PrOPi\n 361 1.00 Buthano 363 0.87 coef_ficien_t is calculated5 for the
-2-ol 2379 100 I+ 282 108 solution with G ¢=1.5¢10° mol/l
397 0.91 400 0.97 ‘

With a decrease gfKa of the solventS' and their ability to act as donors of
hydrogen bond, characterized by alpha coeffici&ntnoving from methanol to
ethanol, propan-2-ol anent-buthanol induced a significant decrease of theodon
solvent effect and the spectratart-butanol and propan-2-ol being close to the ones

in aprotic solventsKigure 4.17.
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—— Ethanol (2

o hpmal@  0.990 — methanol
tButanol (4)  0.850 — ethanol
0.687 — propan-2-ol

0.436 —tert-butanol
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<C
pKa
0 15.2 — methanol
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16.5 — propan-2-ol
17.0 —tert-butanol
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Figure 4.17.The absorbtion spectra of
pyrrolo[3,2-c]pyridin-6-imine4.9in alcohols:
methanol-ethanol-propan-2-ol-tert-buthanol;

C4e =15 pmol/l.

Taking into account the experimental data and theutated pKagvalue of
10.9 leads to the conclusion that at concentratemjuired for spectrophotometric
measurements, in solvents such as water, methadataanol most of the molecules
are in protonated state (estimated value 99% iematd methanol and about 95% in
ethanol). Thus, the UV-spectra of pyrrolopyridinmethe mentioned solvents and the
spectrum on the sadt10are similar.

According to 'H NMR spectra 0f4.9 recorded in DMSQk and CDClj
compound4.9 exist as a mixture of iminé.9A and enamind.9B forms in solution.
Thus the spectra in aprotic solvents show a brbadration band within the range of
310-440 nm reflecting the absorption of a mixtureaatomers.

Pyrrolo[3,2¢]pyridine 4.9 has an intense (quantum vyield of 61%dH;CN;
standard — quinine sulfate) with,.x of emission 460 nm. The emission intensity
increases with the increase of concentration up fionol/l, the effect of the internal

filter in the spectra does not appefaigire 4.18.
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Figure 4.18 a) The spectra of excitation and emissioi4.€in DMSO.Cy g =
9.310%-5.610" mol/l (lex= 380 nm Ay = 460 nm).b) Picture of fluorescence «
compoundt.9solutions of different concentrations in DMSO unidexdiation with
a UV lamp fe, = 365 nm).

Such sensitivity of pyrrolo[3-c]pyridin-6-imine 4.9 to protonation along wit
high fluorescence quantum yield could be usefuddwelop an unprecedented we
detection test for aprotic solven

We have demonstrated, that upon water adding tedhgion of4.9in DMSO
the fluorescence quenching is occurriFigure 4.19. The calibration graph equati
iS Almax = (-222) + (96.0+0.9)p(H,0), %, R = 0.999, rr 13. Limit of water
detection by 3S+a@terion is 0.068 ¥

The pyrrolo[3,2€]pyridine-6-imine based procedure therefore represen
convenient alternative to Karl Fischer titration ingloes not require any speci
equipment and can be used wherever fluorometeragahle. The limit of dtection
of 0.068 % is sufficient to determine the waterteahin DMSO. Standard of DMS
anhydrous is DMSO with less than 0.1 9,0 Moreover, the fast measurem
prevents an increase of the water content in thgkaassociated with a contact w

wet air.
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Figure 4.19.The spectra of excitation and emissiod &in DMSO with and
without water additivesy).

In summary, 2-azahetaryl-2-(pyrrolidin-2-ylidenegtanitriles react with DMF
DMA vyielding both the methylated produc®si&, 2.1g 2.9 and formylated ones
4.23 4.3, 4.4 Pyrrolidinacetonitriles, that does not featurlt group with a labile
proton do not react with DMF DMA&.1a,i 2.7a 2.18a. These observations prompted
us to assume that the presence of easily accesNiHlegroup is essential in
formylation of the C-3 centre of pyrrolidine allavg to propose a mechanism for this
uncommon reaction.

Formylation reaction of 2-(benzdfhiazol-2-yl)-2-(pyrrolidin-2-
ylidene)acetonitrile with  DMF DMA, followed by fumer transamination and
cyclization under basic conditions gave rise tor@w{3,2-C]pyridine-6-imine4.9, a
compound that exhibits a high fluorescent quantietdy® = 61%) and proved to be
very sensitive to protonation. Both characteristaoe expected to be useful to
develop an unprecedented water detection test footia solvents. We have
demonstrated that such a fluorometric method faerdening water content in
DMSO presents a limit of detection of 0.068%.
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CHAPTER 5. COMPLEXES ON THE BASE OF 2-AZHETARYL-2-
PYRROLIDIN/5-R-3-OXOINDOLIN-2-YLIDENE)ACETONITRILES

We have so far demonstrated numerous synthetisfaiamations of cyclic 2-
azahetaryl-3-enaminonitriles. They also may be idened as bidentate ligands due
to the presence of two proximate electron donatitrggen atom allowed to consider
their photophysical properties upon binding to lmoand their coordination chemistry

toward 3d-metals.

5.1. BR-rigidified complexes on the base of 2-azahetaryl-gyrrolidin-2-
ylidene)acetonitriles

The BFE complexes of 2-
azahetaryl-2-(pyrrolidin-2-

ylidene)acetonitriles 5.1 feature

structural analogues with BODIPY-

dyes, namely, the boroazacyclerigyre 5.1.a) Central core of BODIPY-dyes
This similarity allows us to P)Desimetrized analogues of BODIPY-dyes.

consider newly synthesized compleXe4 as desimetrized analogues of BODIPY-
dyes Figure 5.).

BF, complexes 5.1 were obtained from 2-azahetaryl-2-(pyrrolidin-2-
ylidene)acetonitrile2.1 (Scheme 5)1 As these compounds are easily accessible
starting material (section 2.1) it can be expec¢hed a large structural versatility of
dyes might be accessed from these precursors. dna@eeplexes are obtained in
excellent yields 73-93% by treatment of the mixtofe&naminonitrile2.1, 2.9, 2.10
and N,N-diisopropylethylamine  (DIPEA) with BFOEtL in  refluxing
dichloromethaneComplexes5.1 are stable to hydrolysis in slightly acidic or icas
media and could be purified by aqueous work up otedd by column

chromatography on silica gel.
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N7 | CN  BF;OEt, DIPEA ‘& | CN
- |
F=-B®
HN CH,Cly, A -85

2.1a-d,g,i; 2.9, 2.10 5.1a-h
e~ g
Ng | N | \ \
FrB-N FrB-N B\N B\N
F F
5.1a (Bt), 92% 5.1b (Bzo), 89% 51c (Tz), 93% 5.1d ( B|m) 73%
~ O
o
N/
tﬁ/ | CN
| F-B2
>B@ F‘ \N

5.1e (Q), 89% 5.1f (Py), 90% 5.1g (QzOMe), 81% 5.1h (QzNMe), 75%

Scheme 5.1Synthesis of BFrigidified complexe$.1

Benzimidazole2.1f and 4-oxo-3,4-dihydroquinazolirz1j derivatives did not
provide the desired complex&sl. The presence of several acidic NH protons in
these molecules most probably hamper a regiosalgctdf complexation. An
attempt to isolate individual products from theatean mixture, according to TLC
control, failed. Changing NH to N-Gldroup allowed the isolation of the complexes
5.1dg-h.

The 'H NMR spectra of complexées.1 exhibit the disappearance of the NH
signal that was observed in starting matewat 8.5—11.5 ppm); the significant low
field shift of aromatic 46 = 0.2-0.8 ppm) and 6H, (Ad = 0.2-0.25 ppm) protons,
arising from the close proximity to fluorine andduted by magnetic anisotropy
effect of B—F bond and electronegativity of Hgure 5.2, Table 5)J1 For quinoline
5.1e and quinazoline5.1g,h derivatives the low field shift is larger than for
benzazoles; for pyriding.1f derivative the & proton is shielded and shifted up field
by 0.05 ppmTable 5.).
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Figure 5.2.'"H NMR spectra of ligané.1b(bottom) and compleX&1a (top).

Table 5.1."H NMR chemical shifts of protons modified by compgtemation and
corresponding protons in initial hetarylenaminongs 2.1(Solvent:CDCl5).

Com 0 of aromatic 0 of 5-CH,- Com 0 of 0 corresponding
poun proton, ppm protons, ppm | poun corresponding CHa-protons
aromatic proton,
ppm

5.1]a | 8.05 4.07 2.1b | 7.81 3.85

51b | 7.71 4.06 2.1c | 7.52 3.85

5.1c | 2.51 (CH) 3.98 2.1d | 2.37 (CH) 3.76

5.1d @ 7.82 4.03 2.1g | 7.57 3.82

5.1le | 8.61 4.10 2.1la  7.84 3.85

5.1f | 8.31 3.98 2.1i 8.36 3.75

5.1g @ 8.38 4.05 2.9 7.67 3.85

5.1h | 8.28 4.10 2.10 | 7.47 3.86

The complexes formation could be also confirmedByNMR and*F NMR
spectra where the triplet and quartet arise res@dgtdue to spin-spin interaction
between'B (the spin is/,) and™*F (the spin is/,)nuclei Jgr = 29-33 Hz).

The stability of the complexes was checked'y*'B and*°F NMR in CDC},
CDsCN and for5.1aand5.1cin CD;OD. The NMR spectra were recorded: directly

after preparation the solutions, in 3h, in 1 dag em1 week. None of the compounds
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degraded under these conditions. Addition of a dsbpvater to the solutions in
CDsCN and CROD and another set of NMR spectra was recorded ahatedy and
after 1 day. No degradation of complexes occuriée stability of complexes was
also checked in electron donating solvents: detgerpyridine and tetrahydrofuran
for compounds.laand5.1c The graduate formation of another set of sigmals
observed only in aliphatic region in pyridine s@uatfor compounds.1a The *'B
and*F NMR spectra showed no variation with time. Subange could be due to
competitive coordination of pyridine to boron atoithe compounds.lc stayed
unaffected in pyridine solution. Tetrahydrofuranedaot influence anyhow on the
structure of complexes.

Crystals suitable for X-ray analysis were obtaibgdslow diffusion of hexane
into their dichloromethane solutions at room terapge. XRD shows a dihedral
angle between azaheterocycle and pyrrolidine ikiwithe range of 2.5-13.9°. The
boron atom has distorted tetrahedral geometnFJN(angles around B vary from
105.8° to 112.0°). The dyes are well ordered arukgh densely due t0—H---F and
n-n interactions. The same packing is observed foeroBf-carrying compounds
[N,F,]% and [NOF,]** reported in the literature. The structure of coempb Eigure
5.24), orthogonal projection Hgure 5.2 and packing Kigure 5.2c,d for the

representative compléx1dare shown afigure 5.2
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Figure 5.2.a) Molecular structure of
compound5.1d according to X-Ray

diffraction.

b) Orthogonal projection.

Absorption spectra are representeétigtire 5.

In the near UV and visible
range there are bands resulting
from transitions within aromatic
fragments that are conjugated
with heteroatoms lone pairs
(n—n*, n—n* transitions).
Most absorption maxima are
located within the range of 320
— 400 nm Table 5.2, except for
guinoline derivativeb.le, which
exhibits a Anax = 420 nm,

(Solvent: CHCN); this is in

c) Dimerization of the layers (H14F2 2.42
A, Cl4-H14--F2 128.2°, H5--F1 2.52 A,
C5-H5--F1 143.4°).

A \_.4: i‘ \_Vl wy‘_* A‘;l T
3.66 A ¢~% \ \‘%«:?“&w 4‘?&\*&‘%
3.42 A :i“\?‘%?( | “\?@\?’\ i“‘?&;’;{i

d) Layered crystalline structure (the average
distance between layers is 3.54 A).
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Figure 5.3. Absorption spectra of complexes
5.1a-hin CH3;CN with concentration of 1.6
pmol/l.

agreement with the data reported in the literatareBF,-rigidified pyrrolopyrrole

cyanines for which A,. increase in order benzoxazol-2-ybyridin-2-

yl—benzothiazol-2-ybquinolin-2-yl (754 nmy’, and for Bk-benzof,dindole N-
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heteroarenes in order pyridin-2-ythiazol-2-yl-benzothiazol-2-y»quinolin-2-yl
(455 nm§°.

The decrease of energy gap between HOMO-LUMO ideatefd in
bathochromic shift of the absorption maximum of pteres5.1 (9-50 nm) as
compared t@.1 (Table 5.2.

4-Metoxyquinazoline derivativ®.1ghas a batochromic shift of long wavelength
maximum Raps ) relative to its structural isomer, namely, theriive of 3-
methyl-4-oxo-3,4-dihydroquinazoling 1h (CHsCN). This arise from the elongation
of p,t-conjugation chainKigure 5.3, Table 52

The absence of isosbestic points in the normakdebrption spectra (A/Amax)
of the same complex at different concentrationscates that there is no self-
association in the solution.

When increasing the N

5.1a

&
o ©

structure’s rigidity the amount 0 51e

o 3
o
P |

o . 7
of radiationless transition

(=2}
o
1

decreases. Consequently, all .

[91]
o
1

BF,-rigidified complexes5.1

Quantum yield, %
w B

o

1

[=]
|

have brighter fluorescence as e
204 Tz 5.1d

compared to initial ) she ! |aznme
10_“|_I 5.1h
hetarylenaminonitriles 2.1, 0 : —t—t . %,

T T
380 400 420 440 460

2.9 2.1Q which florescence 2™, nm

intensity in the same  Figure5.4. Diagram of distribution of complexes
conditions of spectra 5.1depending on quantum yield ahd™:
recording is within the range of 20 — 40 relativaitst The fluorescence quantum
yields @) of 5.1 are varied from 6%5(1h) to 90% 6.1a) in DMSO (Figure 5.9.
Desimetrization of the ligand around boroazacycleraases the distinction
between the electron distribution in the ground excited states, thus increasing the
Stokes shift 05.1 (= 2000-9000 cff) as compared to classical BODIPY dyes (the

average value of the Stokes shift is in the rarfgi96—1000 cri}®®)
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Table 5.2.Photophysical characteristics of compleXe$z-h and the ligand.1a-
d,g,i; 2.9 2.10in various solvents.

Compound Solvent Aabs | Eabe M (nm) | Av, @, ex @
(hm) | (M™*cm™) (cm™) DMSO, | (M
% Lem™
2.1b CHCl; 336 | 20000
DMSO 360 | 96 000 398 2652 90 86 400
CH3:CN 358 | 52700 398 2807
5.1a CHCl; 361 | 43300 393 2256
Tonyen 364 | 42100 392 1361
Solid state 406, 423
2.1c DMSO 323 | 43000
DMSO 322 | 84800 450 8 834 83 70 400
CH3;CN 320 | 40600 447 8 879
5.1b CHCl; 323 | 31900 406 6 329
Toluene 325| 31300 382 4 591
2.1d DMSO 327 | 33900
DMSO 349 | 28000 400 3653 10 2 800
CH3:CN 349 | 30900 430 5397
5.1c CHCl; 349 | 13900 395 3337
Toluene 355| 34100 386 2262
Solid state 434
2.1g DMSO 325, 26900
338
DMSO 339 | 46 000 370,382 3321 17 7800
CH3:CN 337 | 63800 431 6472
5.1d CHCl; 339 | 14900 453 7423
Toluene 342 | 36700 366 1917
Solid state 376, 396
2.1a DMSO 380 | 24100
DMSO 398, | 38100 462 3481 87 33100
417 | 35900
CH3CN 396, 35000 459 3 466
416 | 33700
5.1e CHCl; 397, | 22400
420 | 22 200
Toluene 400, 19 200 441 9092
424 | 19 600
Solid state 496
. DMSO 295, 18 600
2.1 334
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DMSO 369 | 34700 450 4 878 67 10 200

CH3CN 367 15 300 447 4 877
5.1f CHCl; 369 10 600 434 4 059
Toluene 375 | 7000 437 3783
Solid state Fluorescence is in the
range of 20 units
2.9 DMSO 320 28 000
DMSO 370 62 200 458 5193 20 12 400
CH3CN 367 12 500 455 5270
5.1g CHCl; 368 21 000 437 4291
Toluene 374 26 100 440 4011
Solid state
2.10 DMSO 337 15100
DMSO 346 78 800 465 7 396 6 4 700
CHsCN 345 23 000 431 5784
5.1h CHCl; 347 28 500 457 6 937
Toluene 350 10400 437 5 688
Solid state

Polar solvents exhibit a better solvation of theitex] state compared to the
ground state. This is reflected in the bathochrashiét of the maximum of excitation
when switching from toluene to DMSQ\X up to 68 nm). Solvatochromism in
absorption spectra is negligible, shift of absamptimaxima upon changing the

solvent polarity being within 7 nm.

——>5.1a Bt 1 51eQ
1.0 ——5.1b Bzo 1,0 \ —5.1fPy
5.1c Tz —5.1g QzOMe

—5.1d Bim ——5.1h QzNMe

0,8 4 0.8+

0,6 0,6

0,44 0,4

Normalized fluorescense
Normalized fluorescence

0,2+ 0,2 4

0,0 0,0

T T T T T 1 T b T Y T T " L5 ¥y 1
350 400 450 500 550 600 350 400 450 500 550 600

Ag, NM Ag, NM

Figure 5.5.Normalized spectra of fluorescence of complexbstguted with azole
5.1c and benzazol€s.1a,b,d (left) and quinoline.le, pyridine5.1a and azines
5.1gh (right) (Solvent: CHCN).
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The optical properties of the compounds in solutemain constant for at least
a month upon storage in unprotected from air anditity conditions.

In contrast to BODIPY dyes which are not usuallyoflescent in the solid state
due to small Stoke¥; * complexess.1 have a bright fluorescence in the solid state
that could be even detected with a naked Eigufe 5.9.

Solid-state luminescence usually arises from l@soent dyes carrying
peripheral bulky groups that prevent close packamgl subsequent aggregation-
induced fluorescence annihilation. On the other dhamaggregation-induced
fluorescence is sometimes observed for dyes ddleetoestriction of intramolecular
rotation in the solid state compared to solufi8n*****' This phemomenon called
“aggregation-induced emission” is probably the cimsecomplexesb.l, which are
characterized by numerous intermolecua+H-F hydrogen bonds and strong

packing, governed by-r interactions with interlayer distances of 3.36-93%0

Figure 5.6. Photographs of borate complexes as amorphous p®&dtac,e;
powders and solutions under bench UV lamp (irradiate,=365 nm).

In summary, BErigidified complexes that are easily accessibletwyg-steps
approach from azahetarylacetonitriles have advaotzg) over BODIPY dyes: 1)
Stokes shift up to 9000 ¢imdue to the desimetrization of the ligand around
boroazacycle; 2) emission at violet-blue range thaot covered by BODIPY-dyes;

3) fluorescence both in solutio® Up to 90%) and crystalline state.
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The brightness of these molecules, especially hbimle (86400M ™ cm™)
and benzoxazole (7040d*cm™) derivatives, matches the brightness of BODIPY
dyes (for example, BODIPY-Ef 86 000M '-cm™) and is one of the largest at violet-
blue range among the dyes that are used for bialiation (quinine — 3000 .cm
! Hoechst 33342 (the dye of dibenzimidazole greufy000M “-cm™, 7-hydroxy-4-
methylcumarin — 11008 %.cm™).**® The brightness of these dyes is sufficientifor
vitro studies but their emission (400 — 460 nm) is out of theagbtwindow (650 —
900 nm) required foin vivo studies. Nevertheless, the presence ofdséup could
be used for incorporation of radioactive lab&F] and would provide these probes a
bimodal character.

An important characteristic for biovizualization ieutrality of such probes

allowing crossing through the cell membrane.

5.2. Complexes of 2-azahetaryl-2-(pyrrolidin/5-R-3xoindolin-2-
ylidene)acetonitriles with 3d-metals: synthesis, aicture and prospects for use

One of the tasks of modern coordination chemisithe search for new ligands
that can form thermodynamically and kineticallyod¢gametal complexes. Bidentate-
chelating ligands are one of the most studied tyhesto their ability to coordinate
both d- and f-metal$?

The use of complexes of chirAlenaminonitriles with Co(ll), Cu(ll), Zn(ll),
Ni(ll) as catalysts for asymmetric synthesis andpatpmerization is reported
(subsection 1.5.2). We have investigated the pridpe use of metal complexes on
the base of-enaminonitriles in the synthesisfidms of polymeric composites (FPC)
that exhibit photovoltaic effect (subsection 5.2ahd optical probes for Zn(ll) and
Cu(ll) determination (subsection 5.2.2).
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5.2.1. Complexes on the base of 2-azahetaryl-(2gdydin-2-ylidene)acetonitriles
On the base of new ligands of enaminonitrile tygke)(2.1 the method to access
complexes MLwas establisheglelding 5.2 with 60—65%"*°

N~ | Me(OAc), nH,O R
HN MeOH, 30 °C
21
M: Zn(1), Cu(ll), Ni(l), Co(ll)
0
S S § N
- L O Qi+ A
I+ Lo s o L
b d f g J

Scheme 5.2Synthesis of transition metals coordination conmatsuwith heterocyclic
enaminonitriles.2
The IR spectra 0b6.2 show no absorption band for NH group assessing the
coordination of ligands. The absence of significaiminges in the vibrations of CN
and C=0 (in the case &f.2)) indicates that these groups do not participatéhén

coordination of metal ions.

Figure 5.7.Molecular structure of compourd2bwith Co(7) (left) and5.2gwith
Ni(Il) (right) according to X-Ray diffraction.

Coordination of ligands in deprotonated form isoatenfirmed by the absence
of signals of NH group proton ifH NMR spectra of complexes with Zn(ll). For the
remaining protons, there is a general tendencyafoup field shift, which can be

explained by the increase of the electron density tbe ligand due to its
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deprotonation. XRD shows that the central 3d-met&l2 takes tetrahedral geometry
with four coordinating nitrogen atomBigure 5.7).

The photovoltaic and photoconductive propertiesfibth composites of a
copolymer of styrene with octyl methacrylate (CO&d additions of the complexes
of 5.2d with Co(ll), Cu(ll), Ni(ll) were investigatedRigure 5.9.*° In the samples
with a free surface the photovoltaic effect wasnfbuThe value of electric potential
of the surface (My™) increases in a row Cul(80 mV), NilL, (120 mV), Col,
(180 mV),(concentrations of these additives in the SOM sndhan 50 wt.%). It
was established that these composites have hategiptoconductivity and upon
increase of the magnetic moment of the metal i@hgl() 1.8, Ni(ll) 3.3, Co(I1)5.4)
the efficiency of photogeneration of free chargerriees increases, which

consequently causes the increase of the photoveitisct.

N
glass [ \\\
\ h—
s SN-Meun

: In,0;:Sn0,

2 _ \N ?_-S
p SOMML, ,\ QJ:CN

M: Cu(ll), Ni(ll), Co(ll)

\

Figure 5.8 Films composites of a
copolymer of styrene with octyl
methacrylate and additions of tfe2d
with Co(ll), Cu(ll), Ni(ll).
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5.2.2. Complexes on the base of 2-azahetaryl-2-{8-8&oindolin-2-
ylidene)acetonitriles

As indicated in Section 2.4, 2-azahetharyl-2-(5-Bx8indolin-2-ylidene)
acetonitriles2.24ac, 2.25a are compounds having a bright purple color. Their
absorption spectra in DMSO are characterized byl®amth Ao« In the range of
515 — 550 nm.

Taking into account thé.,., position in the visible range of the spectrum, as
well as the tendency of compounds to form chelatepiexes, we have studied their
photophysmal properties in the presence of 3d-himta

model compounds  that
characterized by the highest extmctmr@i @:
coefficient andi,ox Of absorption (section
2.4) were selected, namely benzothiazol 2.24b 2.25a
derivative2.24band benzoxazole derivative
2.25a A spectrophotometric study showed that with adgeh addition to the
solutions of compound.24band2.25ain DMSO:HO Cu(ll) and Zn(ll) acetates in
a buffer solution (Tris, pH = 7.2), a significardatbochromic shift of the absorption
maxima occursKigure 5.8 , Table 5)3 which indicates the high visibility of these
compounds as chromophore reagenisX 70 nm).

Table 5.3.The influence of Zn(ll) and Cu(ll) on spectrophogdric characteristics
of 2.24b(DMSO 83%) an@.25a(DMSO 70%) in solution DMSO-B.

_ The influence of metal ion
Amax Of absorption

Entry Compound of reagent, 2l il
nm Amav AL, NM Ama AL, NM
nm nm
1 2.24b 530 600 70 605 75
2 2.25a 515 590 75 590 75
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A, NM A, Nnm
Figure 5.8.a4) The absorption spectra | b) The absorption spectra 2.25awith
2.24bwith and without Zn(lI) and without Zn(ll).
¢(DMSO) = 83 %, ¢(DMSO) =70 %,
Cs4 =38 l.lmOVl Cs5.= 10 l.lmOVl

Applying the limitedlogarithmic method for the investigation of compae*?

we have established that the complexes of the sshglomposition 1:1 exist in tl
solution. The stability constant of IgK2.24kZn(ll) =7.88+0.02, IgK

2.24Cu(ll) =7.51+0.05, _ :
u(ih Table 5.4 Limit of detection oZn(ll) and

2.25%Zn(ll) = 8.66+0.05, indicate Cu(ll) by2.24band 2.25a
the formation of complex of avera | gnyy | compound  1on | AA, LD (39),
. N e (umol/l)
stabiity. The reagents are sensit 1 ot Zn(1) | Adeoc 0.54
showing limit of ions detection (LC 2 ' Cu(ll) | AAsoe 0.97
- 3 Zn(ll) | AAsgc 0.94
calculated b 3-criterion
y 4 2:258 o0 | Msec | 0.40

below 1 pmol/l Table 5..).

Complex formation occurs slowly with other 3d metainder conditions
interaction with Zn(ll) and Cu(ll), as in the caseCo(ll) or does not occur in tr
case of Ni(ll). For the selective determination &i(ll), the Cu(ll) ions can b
masked by thiosulphate ior

Thus at the pH of biological fluids, the spectrojgmoetric determination of tr
microquantities of Zn(ll) and Cu) can be carried out usin¢-azahetaryl-2-(5-R-3-
oxoindoline-2ylidene)acetonitriles as chromophore reagentsheg hhas a low limi
of detection of metal ions (-1 pmol/l) with largé\ax shift (AL > 70nm).
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Compared with the method of determining Zn(ll) ad(ll) with the use of
porphyrin derivative’$® (prototype), while maintaining the sensitivity omethod is
less laborious and energy saving (no need to heab 00 ° C). Moreover, the
optimal pH corresponds to the acidity of biologidalids as opposed to the
prototype, where the determination is carried outan acid or alkaline medium.
These facts indicate the promising use of the ageel chromophore reagents for the

analysis of biological fluids.
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List of samples

2.1a A 5.1a 2.24b S CN
N/ | CN N/ \ (0]
HN HN
2.1b @:S CN 5.1b 2.25a 0 CN
N/ \ N\ 0o
HN HN
2.1c ©:O CN 5.1c
NN
HN
2.1d | S CN 5.1d
):N/ \
HN
2.1g / 5.1e
"
N\
HN
)*N \
HN
21 [ 5.1g
N | CN
HN
2.9 ~o 5.1h
o
N7 | CN
HN
2.10 0]
90
N | CN
HN
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GENERAL CONCLUSIONS

The work carried out within this PhD project hasowked the development of

preparative methods of 2-azahetaryl-2-(1-R-pyringe2-ylidene)acetonitriles
featuring azaheterocyclic substituents of neutnadl &ationic nature and 2-
azahetaryl-2-(5-R-3-oxoindolin-2-ylidene)acetomasi The method to access 2-
azahetaryl-2-(H-pyrrolidine-2-ylidene)acetonitriles  has been  omtied,

allowing a significant broadening of the scope bé treaction to numerous

azaheterocyclic substituents (up to 12, startiognf®).

We have established that 2-azahetarylH2-fiyrrolidine-2-ylidene)acetonitriles exist

both in the solution and the solid stateZasomers in contrast to 2-azahetaryl-2-
(1-alkylpyrrolidin-2-ylidene)acetonitriles that sxs asZ isomers in the solid state
and as a mixture df/E diastereomers in the solution. The free activaéinargy
of rotation at C=C double bond has been calculat&@:E—Z = 14.4 kcal/mol,
AG” Z—E = 13.3 kcal/mol, a value that is characteristiba-energy processes.
our investigation on the reaction of 2-azahdtdryl-R-pyrrolidine-2-
ylidene)acetonitriles with binucleophilic moietiesuch as hydrazines and
hydroxylamine we obseved a complete regioseleytilrtdeed it was established
that the first nucleophilic attack is directed a2Gitom of pyrrolidine. The
orientation of the following attack is determineg the nature of azaheterocylic
substituent:

- in the case of neutral azaheterocyclic substiti€ébeside benzoxazole) the
attack is directed at the carbon of nitrile groepding to 3-@-aminopropyl)-4-
azahetaryl-5-aminopyrazoles;

- in the case of benzoxazole derivatives the attackirs both at nitrile group and
with the same probability at the C-2 atom of azaeloalycle leading to the
structural isomers: 4-benz}pxazol-2-yl-3--aminopropyl)-H-azol-5-amines
and 5-((2-hydroxyphenyl)amino)-3-(3-(R-amino)propyH-pyrazol-4-

carbonitriles (4-carboxydiimide in the case of lppdidamine);
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- in the case of quaternized benzoxazole and besanole the attack is directed
at C-2 atom of azaheterocycle leading to protonate@-8yano-5-((2-R-
phenyl)methyamino)-1-R1H-pyrazol-3-yl)N-methylpropan-1-amines. With
quaternized benzothiazole the first attack is de@cat carbon of nitrile group
followed by next nitrogen otv-aminopropyl chain attack at C-2 atom MN#f
methylbenzothiazole leading to an original azepiervative.

Starting from 3-p-aminopropyl)-4-azahetaryl-5-aminopyrazoles, we estigated
methods for regioselective functionalization ofith@mino groups, condensation
in tetracyclic compounds, namely, benzo[4,5]imidazZdc]pyrazolo[4,3-
e]pyrimidine and [1,2,3]triazine derivatives with up to 87% overall yield; and
deamination via diazotization step followed by Suadiyaura arylation and C—
H activation leading to 5-aryl(styryl, indol-2-y$bstituted pyrazoles with up to
92% overall yield were developed.

We also explored the properties of 2-azahetaryl-B{pyrrolidine-2-
ylidene)acetonitriles in reaction with DMF DMA. Was established that the
presence of easily accessible NH group is essantidbrmylation” of the C-3
centre of pyrrolidine. The method of the synthedipyrrolo[3,2<]pyridine-6-
imine (PP) with 59% over 3 steps was developed. difospect use of PP for
water content determination in aprotic organic eotg by fluorometric assay was
developed for DMSO presenting a limit of detectdrd.068%.

Finally, we studied the structure and photophysmalperties of complexes of 2-
azahetaryl-2-(pyrrolidin/3-oxoindolin-2-ylidene)aonitriles with 3d-metals and
boron.

This allowed us to establish their potent usefidrepsce:

- The key characteristics of BEomplexes based on 2-azahetaryl-2-(pyrrolidin-2-
ylidene)acetonitriles are the big Stokes shifts @000 crit), high brightness
(up to 86400-mol*-cm™), positive solvatofluorochromy, fluorescence ie #olid
state and water stability.

- Films of polymeric composites with additions ofetal complexesof 2-

azahetaryl-2-(pyrrolidin-2-ylidene)acetonitrilestviCo(ll), Cu(ll), Ni(ll) (ML)
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exhibite photovoltaic effect. Electric potential thfe surface attain the biggest
value of 180 mV in the case 6bL..

- 2-Azahetaryl-2-(5-R-3-oxoindolin-2-ylidene)acetiviles have demonstrated
the high visibility when chelating Zn(ll) and CugllAL > 70 nm,Aligand™ =
515-530 nm (red-purplejcomplex™ = 590-605 nm (blue), at thpH of

biological fluids. Limit of ions detection is 0.4aLpmol/l.

Therefore this work illustrates the wide potendalvelopments that can be achieved
based on an efficienty synthetic approach of polgfionnal heterocycles. We
have shown that synthetic efforts are not onlyvalhg new accesses to densely
functionnalized compounds, but also providing gtiforward molecular tools
for photophysical studies that allow new developimam wide array of fields.
As such this work contributes to the establishrti@ecule as the centre of any

scientific development in chemical sciences.
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EXPERIMENTAL PART

Instrumentation. For monitoring reaction progress, analytical tHaeyer
chromatography (TLC) was performed using precodtkick glass or alumina
backed silica gel plates (Silica gel 60 F254).

Preparative chromatography was performed eitheualnwith silica gel (63

200 um) or with an automated flash chromatography ImtiencPuriflash medium-
pressure liquid chromatography system using Interdiigh-purity grade silica gel
(30 or 50um) prepacked columns.

'H NMR and"*C NMR spectravere recorded on a Varian Mercury 400 (400 and
101 MHz respectively) in DMS@s—CCl,, internal standard TMS; a Bruker Avance
300 (300 and 75 MHz respectively) or a Bruker Awvarit 400 (400 and 101 MHz
respectively) spectrometer, the internal standartheé residual peaks of deuterated
solvents CDG} 7.28 for'H and 77.0 ppm for°C; DMSO4ds 2.50 for'H and
40.0 ppm forC; CD,OD: 3.31 for'H and 47.6 ppm fot°C, (CDy),CO: 2.06 ppm
for 'H; CDsCN: 1.97 ppm forH and 117.3 ppm fol°’C. The degree of carbon atom
substitution was determined by NMR spectra acquaembrding to the DEPT-135 or
JMOD methods. Two-dimensional (2D) (COSY, HMQC, HEIBspectra were
recorded on a Bruker Avance Ill 400 (400 MHz) spmoeter and Bruker Avance
500 (500 MHz). VTP experiment was run on Bruker Ac@&a 500 (500 MHz). All
spectra were recorded at ambient temperature (2P&ifkess otherwise stated.
Coupling constantsl), are reported in Hz, chemical shi®) {n ppm. The multiplicity
of signals is indicated using the following abbegdns: s = singlet, bs = broad
singlet, d = doublet, t = triplet, q = quartet, mju+ quintet, dd = doublet of doublets,
ddd = doublet of doublets of doublets, dt = doubfdtiplets, and m = multiplet.

IR spectrarecorded on FT-IR spectrometries Perkin Elmer inr kates and
neat films.

High resolution mass spectrdHRMS) were recorded on GCT Premier

spectrometer upon electron spray ionization (E&ghemical ionization (DCI, CH.
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Elemental analysis was performed on “CHNOS elenmentaio MICRO Cube”
analizator.

The melting points Melting points were determined on a Boetius mibod
stage apparatus with VEB Analytik 1399RNMK 05 obsdéion lens or on Stuart
melting point apparatus SMP10.

X-Ray diffractionwas performed on on single crystal diffractometéygilent
Gemini, Bruker Nonius, Bruker Kappa Apex I, andakbur 3. All crystals were
grown by the gas diffusion method or slow cryszallion from solution.

The absorption spectrarecorded on UV-Vis spectrometer UV-2401PC
(Shimadzu). The excitation and emission spectraorded on fluorescent
spectrometer Perkin Elmer Is55. Weighing of samplas carried out on analytical
scales VPK, VLR-200.

Fluorescence quantum yield{) for BF,-rigidified complexesvas measured in
diluted solution in DMSO with absorption maximaf= 0.05 and calculated using

the equation 1.

Fe _ 1-104r(ex) pn2

D, = D, x Zx DT (g

Fr ~ 1-104x(lex) * " n2

F — the integral of the emission spectrum; A — ghtsan at maximum of excitation
wavelenghth; n — refractive index. “r’standard, “x” — test sample. The standard for
complexes is the solution of 7-(diethylamino)-&thyl-2H-chromen-2-ong (Aape
= 330 nm,®, = 0.73) in ethand!? Measurements were made on the UV-3100
spectrophotometer and the SM-3500 spectrofluoramete

Quantum-chemical calculationsere performed using DFT at B3LYP/6-31G*
level of theory. Conformations & andE isomers in stationary points corresponded
to the minima on the potential energy surfaces ¢ confirmed by vibrational
analyses performed at the same level of theorynagative vibration frequency was
found.

General Consideration. Reactions were performed in oven-dried, round-
bottom flasks equipped with a reflux condenser pratected from humidity by a

CaCl tube unless otherwise noted.
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The ratio between compounds in a reaction mixtacethe ratio betwees and
E stereoisomers were found by comparing the integratum under the peaks in the
'H NMR spectrum of the reaction mixture.

The distance between layers in the crystal latbéeBF,-complexes was
calculated as the distance between the molecuie fiptan the layen and centroid of

the molecule from the layert1.

General procedure for 2-azahetaryl-2-(pyrrolidin-2ylidene)acetonitriles 2.1a-f
synthesis.

Route 1 (for2.1la-f). 5-Methoxy-3,4-dihydro-R-pyrrole (0.15r, 1.5 mmol) was
added to a hot stirred solution of hetarylacetdai2.2 (1 mmol) and triethylamine
(0.21 ml,d = 0.726 g/mI1.5 mmol) in toluene. The reaction mixture waswesd for
3-20 h (TLC control, elution system: GEl,-CH;OH 95:5) and after the reaction
ceased was cooled down to room temperature andectated under reduced
pressure.Compounds were purified by column chrograghy (for enaminionitriles
2.1a,i), or recrystallization from ethanol (for enamintites 2.1b,d,e,h) or mixturei-
PrOH—dioxane (for enaminonitriled.1c,f,j), or CHCl; (2.1g in the presence of
activated charcoal.

Route 2 (forz.1a-d. A vigorously stirred solution of hetarylacetorgr2 (2 mmol)
and pyrrolidinonet (3 mmol) in dioxane (8 ml) was treated by dropwasiglition of
POCE (0.28 ml,d=1.64 g/mh, 3 mmol) and then refluxed for 1 h. The mixtureswa
then cooled, treated with ,8, and stirred for 30 min at 10° C. The obtained
precipitate was filtered off and recrystallizedrfrd&etOH (in the case of pyrrolidines
2.1a,b,d) or fromi-PrOH-dioxane mixture (for pyrrolidin.1q in the presence of

activated charcoal.
Synthesis of 2-(cyano(1-methylpyrrolidin-2-ylidenemethyl)-1,3-dimethyl-1H-
benzo[]imidazol-3-ium iodide (2.8).
A suspension of 2-(benzoimidazol-2-yl)-2-(pyrrofieR-ylidene)acetonitrile 2.1f
449 mg, 2 mmol) or abo 2-benzoimidazolyl-2-(1-methylpyrrolidin-2-

ylidene)acetonitrile2.13 (450 mg, 2 mmol), iodomethane (0.3 ml, d = 2.2819/5
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mmol) and potassium carbonate (690 mg, 5mmol) imydrous DMF (5 ml) was
heated to 80 °C over a 1 h period (TLC elution eaystCHC}—CH;OH, 95:5) The

reaction mixture was then concentrated under retlgpcessure ant triturated with
CH,CI,. The solid was filtered off and the filtrate wamcentrated. Purification was
made by triturating of solid residual with a miningauantity of CHCN and further

filtration. Yield 630 mg (1.6 mmol, 79 %) in thesmof2.1f, Yield 654 mg (1.66

mmol, 83 %) in the case @f13&. Light brown powder (mp 197 °C).

Synthesis of Z)-2-(4-methoxyquinazolin-2-yl)- 2-(pyrrolidin-2-

ylidene)acetonitrile (2.9) and £)-2-(3-methyl-4-oxo0-3,4-dihydroquinazolin-2-yl)-
2-(pyrrolidin-2-ylidene)acetonitrile (2.10).

A  suspension of Z4)-2-(4-oxo0-3,4-dihydroquinazolin-2-yl)-2-(pyrroliai2-
ylidene)acetonitrilelg (505 mg, 2 mmol), iodomethane (0.3 ml= 2.28 g/cm5
mmol) and potassium carbonate (690 mg, 5mmol) imydrous DMF (5 ml) was
heated to 80 °C over a 1 h period (TLC elution eaystEtOAc—CHCI,, 1:10. The
reaction mixture was then concentrated under retlgcessure ant triturated with
CH.Cl,. The solid was filtered off and the filtrate wasncentrated. Products were
separated by manual column chromatography (elymtem: EtOAc-Ch{Cl,,1:10,
Rf2.9=0.58, R2.10=0.18).

General procedure for 1-R-pyrrolidin-2-ones 2.12 sythesis.
New 1-R-pyrrolidin-2-ones2.12hc,d,e,g were obtained according to a reported
procedure® Their characteristics are listed below.
1-benzylpyrrolidin-2-one2(12b. Yield 89%, colorless viscous liquitH NMR (300

MHz, CDCk), 8, ppm {, Hz): 1.93-2.10 (m, 2H, 4€H,), 2.44 (t,J = 8.1, 2H, 3-
CH,), 3.26 (tJ = 7.1, 2H, 5€H,), 4.45 (s, 2H, BnEH,), 7.217.38 (m, 5H, Ar-H).
1-cyclopropylpyrrolidin-2-one 2.12). Yield 53%, colorless viscous liquid.'H
NMR (300 MHz, CDC}), 8, ppm 0, Hz): 0.610.69 (m, 2H, NCHCH), 0.69-0.78
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(m, 2H, NCHCH), 1.88-2.00 (m, 2H, 4-Ch), 2.35 (tJ = 8.1, 2H, 3-CH)), 2.56-2.70
(m, 1H, CH), 3.28 (tJ = 7.0, 2H, 5-CH).

(R)-1-phenylethylpyrrolidin-2-one 2(129. Yield 81%, colorless viscous liquid.
'H NMR (400 MHz, CDC}), 8, ppm {, Hz): 1.54 (d, J = 7.1, 3H(H5), 1.89-2.04
(m, 2H, 4CH,), 2.35-2.51 (m, 2H), 3.00 (ddd,= 9.6, 8.4, 5.3, 1H, 8H,), 3.34
(ddd,J=9.6, 8.2, 6.2, 1H, 8H,), 5.52 (qJ = 7.2, 1HCH), 7.25 - 7.39 (m, 5H, Ar—
H).

1-(furan-2-ylmethyl)pyrrolidin-2-one2(12¢. Yield 83%, colorless viscous liquid.
'H NMR (300 MHz, CDC}),5, ppm @, Hz): 1.95-2.08 (m, 2H, €H,), 2.43 (t,J =
8.1, 2H, 5€H,), 3.34-3.41 (t) = 7.1, 2H, 3€H,), 4.47 (s, 2HCH,), 6.25-6.27 (m,
1H, 3H), 6.32—6.36 (m, 1H, &), 7.36—-7.40 (m, 1H, B¥).
1-phenylpyrrolidin-2-ylidene2(129. Yield 70%, yellowish powderH NMR (300
MHz, CDCAk), 5, ppm (J, Hz): 2.10-2.26 (m, 2H, €H,), 2.55-2.70 (m, 2H, 8H,),
3.81-3.95 (m, 2H, &H,), 7.12-7.21 (m, 1H, &), 7.34-7.43 (m, 2H, 3,8, 7.59-
7.66 (m, 2H, 2,64).

General procedure for 5-methoxy-1-R-3,4-dihydro-2Hpyrrol-1-ium
methylsulfate salt synthesis (2.11).

1-Alkyl-pyrrolidin-2-one (50 mmol) and dimethyl date (4.74 ml, 55 mmol) were
stirred for 2 h at 80 °C to give the desired pywol salt as a viscous oil, which was
used directly in the next step without further paation. Reaction progress was
controlled by'"H NMR spectroscopy through the disappearance ofpiaRolidin-2-
one in the crude reaction mixture.
Alternatively, such pyrrolium salts could be obtnas solids upon treatment with

KPFs in water.

5-Methoxy-1-methyl-3,4-dihydro-2H-pyrrol-1-ium hexafluorophospate salt
2.17a.
5-Methoxy-1-R-3,4-dihydro-2H-pyrrol-1-ium methyl$éale salt 2.11a (1g, 4.4

mmol) was added dropwise to a strongly stirredtsmtuof KPR (1.47 g, 8 mmol) in
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water (25 ml) at rt. The suspension was allowedstio for 30 min. The white
precipitate was filtrated off to yield 0.65 g okthtle compound (2.5 mmol, 56%) as
a white solid.

'H NMR (300 MHz, acetoneg)l 8, ppm @, Hz): 2.33-2.55 (m, 2H, 4cH,), 3.24 (s,

3H, NCH,), 3.35-3.44 (m, 2H, 3-Ch), 4.02-4.10 (m, 2H, 5-Ck), 4.43 (s, 3H,
OCHg). *'P NMR (121 MHz, acetonegds, ppm (, Hz): —144.37 (sept) = 707.5).

General procedure for 2-hetaryl-N-R-pyrrolidin-2-ylideneacetonitrile synthesis
2.7,2.13-2.18.
Route 1 A solution of hetarylacetonitrile (4 mmol) in DMEAO ml) was added
dropwise to a strongly stirred suspension of Nab¥(ing, 4 mmol) in DMF (5 mL),
and the reaction mixture was stirred for 10 minilwamplete evolution of gas had
occurred. A solution of 5-methoxy-1-R-3,4-dihydrB-pyrrol-1-ium salt (6 mmol)
in DMF (3 mL) was subsequently added to the reactioxture, and stirring was
pursued until complete conversion of the startingtanal had occurred (TLC
control). Water was then added to the mixture, mtomy precipitation. The
suspension was additionally stirred for 30 min, #mel precipitate was then filtered
and washed with cyclohexane. Further precipitatias achieved by concentration of
the initial mother liquid (water, DMF) and tritura of the residues at O °C with
water, filtration, and subsequent washing with cljelxane. Substances do not
require additional purification2(7c, 2.18) or purified by column chromatography
(2.7b, 2.14h 2.16b, 2.14) or by recrystallization from EtOH2(73 2.1%), i-PrOH
(2.133b), EtOH-dioxane Z.18b). The products are obtained as a mixtur& ahdE
stereoisomers.
Note: 1) the aliquot for TLC was taken from thedzueaction mixture followed by
addition of water and extraction with EtOAc. 2) fhd-¢, 2.15 NaH (2.1 equiv,
0.336 g, 8.4 mmol) were used to deprotonate théylete group in the presence of

the benzimidazole or 4-oxodihydroquinazolone stipesti.
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Route 2.General procedure for 2-azahetaryl-2-(pyrrolidigh2lene)acetonitriles
2.1a-f synthesis, route 2 was used to access 2-benzolHaz1-methyl-2-
pyrrolidin-2-ylidene)acetonitrile2.7a. Yield 900 mg (88%), white powder, mp
186 .

General procedure for the synthesis of 2-(cyano(1-athylpyrrolidin-2-
ylidene)methyl)-3-methylbenzo[d]oxazol/thiazol-3-imn hexafluorophosphate
(2.21, 2.22).
A mixture of appropriate hetarylacetonitrile (1.5mwl) and dimethyl sulfate
(1.71 ml, d = 1.33g/cf 18 mmol) was stirred for 40 min at 70°C. Then fisaction
mixture was poured into water (10 ml) and a sohlutad NaOH (5% solution in
water) was added with stirring. a) The solution waatralized with 2M HCI to pH =
7 and extracted with EtOAc (3 times). The combiegttacts were evaporated under
reduced pressure and the solid residual was pairifiie column chromatography
(elution system: CHA-EtOAc, 3:1) to giv21as a yellow solid (MS (ESI) m/z: [M
+ HJ]" Found for GoH¢N,O 173.11); b) The precipitate formed was filtereff} o
washed with cold water and recrystallized from etha&o give2.22as a yellow solid.
(*H NMR (400 MHz, CDC)), 5, ppm @, Hz): 3.36 (br.s, 3HCHs), 6.95 (d,J = 8.1,
1H, H-4), 7.07-7.13 (m, 1H-6), 7.28-7.33 (m, 1H]I-5), 7.42 (dJ = 7.8, 1H,H-
7).
The obtained compounds were used in the next stéphowr any further
characterization. A  solution of 2-(3-methylbenzofxBzol/thiazol-2(3H)-
ylidene)acetonitrile2.21 or 2.22 and N-methylpyrrolidin-2-one2.12 (1.2 equiv)in
dioxane (5 ml) was heated up to reflux and PQOI2 equiv) was added to the
reaction mixture dropwise. In 5 min the stirring sveeased and emulsion of the
formed salts in dioxane separated into 2 layerg vikcous oil of the bottom layer
was gathered with Pasteur pipette and droppedsaliastion of KPEk (2 equiv) in
water (5 ml) with stirring. The formed precipitateas filtrated off, dried and

characterized.
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Table 6.1. Physico-chemical characteristics of 2-azahetaifd-R-pyrrolidin-2-ylidene)acetonitrile®.1a-f, 2.7-2.10, 2.1-2.18,

2.21,2.22

Com | IUPAC name IR, v, cm 'H NMR *C NMR HRMS/MS,

poun elemental

d analysis

2.1a | (E)-2-(pyrrolidin-2- | KBr (400 MHz, DMSOéds—CCly), 8, ppm | (101 MHz, DMSO€ds—CCl,), 6, ppm: | Found, %: C
ylidene)-2-(quinolin-| 3468 (NH), 2182| (J, Hz): 2.08— 2.22\, 2H, 4CH)); 21.2 (CH); 33.9 (CH); 49.4 (CH); 76.59;H 5.68; N
2-yl)acetonitrile (C=N), 1588 3.03 (t,J= 7.8, 2H, 3€Hy); 3.84 (tJ | 72.5 (); 118.0 (CH); 121.4 (CN); 17.88. GsHi3Ns.

X (C=N, C=C). =7.1, 2H, 5€Hy); 7.34-7.40%, 1H, | 124.4 (CH); 124.7Q); 127.4 (CH); | Calculated, %:
N -CN H-6); 7.42 (dJ = 8.8, 1HH-3); 7.57—| 127.6 (CH); 129.4 (CH); 136.3 (CH); C 76.57;H 5.57,
| 7.63 ¢4, 1H,H-7); 7.75 (dJ = 8.0, 146.8 C); 156.3 (); 168.1 (). N 17.86.
HN 1H, H-8); 7.97 (dJ = 8.4, 1H H-5);
8.12 (d,J = 8.8, 1H,H-4); 11.14 (c,
1H, NH).

Route 1yield 136 mg (0.58 mmol, 58%), yellow powder (@n system for column chromatography: gradient GH©®0% to CHG~CH;OH, 49:1).

Route 2yield 315 mg (1.34 mmol, 67%), yellow powder (2{7—208 €, 207 T?).

2.1b | (2)-2- KBr (400 MHz, CDCY}), 6, ppm @, Hz): (101 MHz, CDC)), 6, ppm: 21.7 Found, %: C
(benzo[d]thiazol-2- | 3450 (NH), 2189| 2.18- 2.30y, 2H, 4CH>); 3.08 (t,J= | (CHy); 33.0 (CH); 49.1 (CH); 70.6 | 64.98;H 4.87; N
yD)-2-(pyrrolidin-2- | (C=N), 1595 7.9, 2H, 3€H,); 3.85 (t,J=7.1, 2H, | (C); 120.3 (CN); 120.4 (CH); 121.4 | 17.23; S 13.73.
ylidene)acetonitrile | (C=N, C=C). 5-CHyp); 7.28 (dddJ=7.9, 7.3, 1.3, | (CH); 123.6 (CH); 125.9 (CH); 132.7 Ci3H11N3S.

S. CN 1H, H-6); 7.41 (dddJ) = 8.0, 7.3, 1.2, | (C); 153.4 (); 166.4 (); 167.9 C). | Calculated, %:
C[N%% 1H, H-5); 7.78 (ddd]) = 8.0, 1.3, 0.5, C 64.71:H 4.59;
HN 1H,H-7); 7.81 (dddJ= 7.9, 1.2, 0.5, N 17.41;S
1H, H-4); 10.27 (s, 1H, NH). 13.29.

Route 1yield 205 mg (0.85 mmol, 85 %), white powdBnute 2 yield 415 mg (1.72 mmol, 86%), white powder (n862C, 223-224 €9,

2.1 | (2)-2- KBr (400 MHz, DMSOds—CCly), 8, ppm | (101 MHz, DMSOds—CCly), 5, ppm: | Found, %: C
(benzo[d]oxazol-2- | 3437 (NH), 2203| (J, Hz): 2.19 (quint) = 7.3, 2H, 4- 21.4 (CH); 33.5 (CH); 49.8 (Chy); 69.33;H 4.25; N
yD)-2-(pyrrolidin-2- | (C=N), 1602, CHy); 3.06 (t,J=7.5, 2H, 3-CH); 61.9 (C); 110.0CH); 117.5 (CH); 18.53.
ylidene)acetonitrile | 1547 C=N, 3.83 (t,J=7.1, 2H, 5-CH); 7.16-7.30| 118.0 (CN); 123.3((H); 124.2 CH); | Ci3H11N30.

C=C). (M, 2H,H-5,6); 7.50 (dJ=7.6, 1H, | 141.8 (); 148.7 (); 162.6 (); 169.7 | Calculated, %:
H-7); 7.54 (dJ = 7.5, 1H, H-4); 9.60 | (C). C 69.32;H 4.92;

0
NN
HN

(s,1H, NH).

N 18.66.
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Route 1yield 167 mg (0.74 mmol, 74 %), white powdenute 2 yield 225 mg (1 mmol, 50%), white powder (mp 280).

2.1d | (2)-2-(4- KBr (400 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm: 17.2 Found, %: C
methylthiazol-2-yl)- | 3475 (NH), 2179| 2.08-2.25¥, 2H, 4CHy); 2.37 (dJ = | (CH3); 21.9 (CH); 32.6 (CH); 48.7 | 58.33;H 5.33; N
2-(pyrrolidin-2- (C=N), 1603 1.0, 3H,CHj3); 2.99 (t,J=7.8, 2H, 3- | (CHp); 70.3 (C); 108.4 (CH); 120.7 | 20.12; S 15.15.
ylidene)acetonitrile | (C=N, C=C). CH,); 3.70-3.814, 2H, 5CH,); 6.56 | (CN); 151.4 C); 165.8 (Z). C10H11NsS.

S CN (9,J=1.0, 1H,H-5); 9.83 (s, 1H, Calculated, %:
/[N/ \ NH). C 58.51;H 5.40;
HN N 20.47; S
15.62.

Route 1yield 138 mg (0.67 mmol, 67 %), white powdRnute 2 yield 316 mg (1.54 mmol, 77%), white powder (frffD—151 C).

2.1e | (2)-2-(6- Neat film (400 MHz, CDC}), 8, ppm @, Hz): & | (101 MHz, CDC}), 9, ppm: 21.7 HRMS (ESI)
methylbenzo[d]oxaz| 3224 (NH), 2210 2.25 (quintJd = 7.6, 2H, 4-CH), 2.48 | (CH3), 21.8 CH>), 32.9 CH), 49.1 | Calculated for
ol-2-yl)-2- (C=N), 1613, (s, 3H, CH) 3.10 (t,J= 7.9, 2H, 3- (CHp), 63.3 (C), 110.6 (CH), 116.8 | C14H14aN3O (M +
(pyrrolidin-2- 1559 (C=N, CHyp), 3.84 (t,J=7.1, 2H, 5-CH), (CH), 118.4 (C), 125.2 (CH), 133.8 | H") 240.1137,
ylidene)acetonitrile | C=C,), 1255 (C—| 7.07 — 7.11y, 2H, 4-H), 7.31 (d d] | (C), 139.4 (C), 149.3 (C), 162.2 (C),| Found 240.1143|

0). =1.5,0.7, 1H, 7-H), 7.39 (d,= 8.0, | 169.5 (C).

T’
NN
HN

1H, 5-H), 9.60 (s, 1H, NH).

Yield 134 mg (0.56 mmol, 56 %), white powde

=

2.1f | (2)-2- K Br (400 MHz, DMSO€g), 3, ppm @, Hz): | (101 MHz, DMSO#g), 3, ppm:d 21.7 | Found, %: C,
(benzo[d]imidazol-2{ 3226 (NH), 2197| 2.08 (p,J = 7.6, 2H, 4-CH), 2.96 (t,J | (CH), 33.2 (CH), 49.4 (CH), 62.6 | 69.85; H, 6.08;
yD)-2-(pyrrolidin-2- | (C=N), 1608 =7.8, 1H, 3-CH), 3.73 (tJ=7.1, 1H,| (C), 111.1 (CH), 117.0 (CH), 120.6 | N, 25.08.
ylidene)acetonitrile | (C=N, C=C). 5-CHp), 7.05-7.12y, 2H, 5,6-H), (C), 121.5 (2CH), 134.1 (C), 143.6 | Cy3H1oNa.

H N 7.33-7.394, 1H, Ar H), 7.43-7.49 | (C), 151.7 (C), 168.5 (C). Calculated, %:
@: ) (v, 1H, Ar H), 10.10 (s, 1H, NH), C, 69.62; H,
N>\\§j 12.00 (s, 1H, NiHey). 5.39; N, 24.98.
HN

Yield 200 mg (0.89 mmol, 89 %), white powder (m@22293 °C).

2.1g | (2)-2-(1-methyl-1H- | KBr (300 MHz, CDC}), 6, ppm (, Hz): (75 MHz, CDC4), 6, ppm:CHy: 21.9 | MS (ESI) m/z:
benzo[d]imidazol-2- | 3448 (NH), 2187| 2.13-2.304;, 2H, 4-CH), 3.10 (tJ= | (CHy), 31.1 (CH), 33.3 (CH), 49.0 | [M + H]+ Found
yh)-2-(pyrrolidin-2- | (C=N), 1609 7.9, 2H, 3-CH), 3.76 — 3.88 (t) = (CHy), 62.4 (C), 108.7 (CH), 117.2 | for C14H15N4:
ylidene) (C=N, C=C). 7.9, 2H, 5-CH), 4.02 (s, 3H, CBh), (CH), 121.4 (C), 121.6 (CH), 121.8 | 239.1.

7.34—7.154, 3H, Ar H), 7.64-7.51

(CH), 135.3 (C), 141.8 (C), 150.8 (C

Calculated, %:
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/
NN
HN

(m, 1H, Ar H), 10.64 (s, 1H, NH).

170.3 (C).

C,50.H,
5.92: N, 23.51.
C14H14N4.
Found, %: C,
70.76; H, 6.14;
N, 24.06.

Yield 207 mg (0.87 mmol, 87 %), white powde

r (mp2885 °C).

2.1h

(E)-2-(2-
methylthiazol-4-yl)-
2-(pyrrolidin-2-
ylidene)acetonitrile

SN CN

)QN \

HN

KBr
3449 (NH), 2180
(C=N), 1602,
1511 (C=C,
C=N).

(400 MHz, DMSOé€s—CCly), 8, ppm
(J, Hz): 2.10 (quint) = 7.2, 2H, 4-
CHyp), 2.72 (s, 3H, Ch), 2.89 (tJ =
7.7, 2H, 3-CH), 3.66 (t,J = 6.8, 2H,
5-CH,), 6.71 (s, 1H, 5-H), 8.70 (s, 1H
NH).

(101 MHz, DMSOé€s—CCL), 6, ppm:
19.3 (CH), 22.1 (CH), 32.7 (CH),
48.4 (CH), 68.3 (C), 105.8 (CH),
121.2 (C), 151.8 (C), 162.7 (C), 165
1,(C).

Calculated, %:
C, 58.51; H,
5.40; N, 20.47.
CC]_oHllNgS.
Found, %: C,
58.33; H, 5.33;
N, 20.12.

Yield 135 mg (0.66 mmol, 66 %), white powde

r (mpl ).

2.1 (E)-2-(pyridin-2-yl)- | KBr (400 MHz,CDCly), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm: 21.5 Calculated, %:
2-(pyrrolidin-2- 3439 (NH), 2189 2.13 (quintJ = 7.5, 2H, 4€H,), 3.05 | (CH,), 33.5 (CH), 48.7 (CH), 72.5 | C 71.33,H 5.99,
ylidene)acetonitrile | (C=N), 1578 (t,J=7.9, 2H, 3€Hy), 3.75 (tJ=7.0,| (C), 117.7 (CH), 118.7 (CH), 122.0 | N 22.69.
| X (C=N, C=C). 2H, 5-CHy), 6.92 (dddJ= 7.5, 7.3, (C), 136.4 (CH), 147.0 (CH), 156.6 | C11H11Ns.

NP CN 1.1, 1H, 5H), 7.41 (dJ = 8.2, 1H, 3- | (C), 167.1 (C). Found, %: C
! H), 7.61 (dddJ) = 8.2, 7.3, 1.8, 1H, 4 71.65H 6.34, N
HN H), 8.32-8.40x, 1H, 6-H), 10.46 (s, 23.13.
1H, NH).

Eluent for automatic column chromatography: CH-CHA, 7:3. Yield 130 mg (0.7 mmol, 70%), white powdemp(97 °C, 97 °€).

2.1j (2)-2-(4-ox0-3,4- KBr (400 MHz, DMSO#), 6, ppm (, Hz): | (101 MHz, DMSO€), 3, ppm: 20.9 | MS (ESI) m/z:
dihydroquinazolin-2{ 3462, 3339 1.98 — 2.13x, 2H, 4-CH), 2.97 (tJ | (CHy), 34.8 (CH), 50.5 (CH), 66.1 | [M + H]" Found
yl)-2-(pyrrolidin-2- | (NH), 2192 =7.7, 2H, 3-CH), 3.77 (tJ = 7.1, 2H,| (C), 119.5 (C), 119.6 (C), 125.0 (CH)for C14H13N,O:
ylidene)acetonitrile | (C=N), 1669 5-CH,), 7.33 (tJ=7.1, 1H, 6-H), 7. | 126.1 (CH), 126.4 (CH), 134.8 (CH), 253.1.

O (C=0), 1617, 60-7.86 ¢, 2H, 7, 8-H), 7.99 (d) = | 149.1 (C), 152.4 (C), 161.7 (C), 171{ZXalculated, %:
NH 1561, 1546 8.0, 1H, 5-H), 10.69 (s, 1H, NH), (©). C, 66.66; H,
J__cN (C=N, C=C). 10.74 (s, 1H, NH). 4.79; N, 22.21.
N" CraH12N,O.
HN Found, %: C,
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66.95; H, 5.14;
N, 22.72.

Yield 222 mg (0.88 mmol, 88%), white powde

r (mp 2887 °C).

2.8

2-(cyano(1-
methylpyrrolidin-2-
ylidene)methyl)-1,3-
dimethyl-1H-
benzo[d]imidazol-3-
ium iodide

/
CN

e

@/

ON\%/
|

Neat film 2188
(C=N), 1598,
1531 C=N,
C=0C).

CDCls: ratioE:Z = 1:0.75

(300 MHz, CDC}), 6, ppm (, Hz):

E isomer2.23-2.14 4, 2H, 4-CH),
2.95 (t,J=7.8, 1H, 3-CH), 3.60 (s,
3H, NCH), 3.94 (tJ= 7.3, 2H, 5-
CHy), 4.20 (s, 6H, 2NC¥j, 7.64-7.72
(M, 2H, 5,6-H), 7.72—-7.79( 2H, 4,7-
H);

Zisomer: 2.23-2.344, 2H, 4-CH),
2.76 (s, 3H, NCh), 3.36 (tJ = 7.9,
2H, 3-CH), 4.07 (tJ=7.3, 2H, 5-
CHy), 4.15 (s, 6H, 2NC§j, 7.72-7.64
(M, 2H, 5,6-H), 7.86—7.79( 2H, 4,7-
H).

(75 MHz, CDC4), 6, ppm:

E isomer20.0 (CH), 34.6 (2G13),
36.3 CH3), 36.5 (CH), 49.1 (C), 59.7
(CHy), 113.0 (2@1), 116.8 (C), 127.5
(2CH), 131.7 (2C), 148.3 (C), 168.5
(©).

Z isomer: 20.2 (Ch), 34.6 (2CH),
37.2 (CH), 37.4 (CH), 50.5 (C), 60.8
(CHyp), 113.1 CH), 117.6 (C), 127.6
(CH), 131.5 (2C), 146.7 (C), 170.7

©).

HRMS (ESI)
Calculated for
CieH1oNs (M +
H"): 267.1610,
Found:
267.1613.

Yield 630 mg (1.6 mmol, 79

%) f&.1f; Yield 654 mg (1.66 mmol, 83 %) f@:.13, light brown powder (mp 197 °C).

2.9 (2)-2-(4- KBr (400 MHz, CDC}), 3, ppm @, Hz): (101 MHz, CDCY}), 6, ppm: 21.6 HRMS (ESI)
methoxyquinazolin- | 3436 (NH), 2196 2.20 (quintJ = 7.3, 2H, 4-CH), 3.13 | (CH,), 33.7 (CH), 49.1 (CH), 54.3 | Calculated for
2-yl)-2-(pyrrolidin- | (C=N), 1628, (t, J=8.0, 2H, 3-CH), 3.85 (t,J=7.0,| (CHs), 75.1 (C), 113.6 (C), 121.3 (C), C15H15N,O (M +
2- 1573 (C=N, 2H, 5-CHp), 4.23 (s, 3H, OCH), 7.38 | 123.7 (CH), 124.7 (CH), 125.5 (CH)| H"): 267.1246,
ylidene)acetonitrile | C=C). (ddd,J=8.1, 6.7, 1.4, 1H, 6-H), 7.67| 133.4 (CH), 150.8 (C), 161.5 (C), | Found:

o (d,J=7.9, 1H, 8-H), 7.72 (ddd,= 166.2 (C), 169.8 (C). 267.1249.
@N 8.2,6.7. 1.5, 1H, 7-H), 8.06 (d di=
I P | N 8.0, 1.4, 1H, 5-H), 10.77 (s, 1H, NH)
HN

Yield 282 mg (1.06 mmol, 53%), white powder (mp 4886 °C).

2.10 | (2)-2-(3-methyl-4- | KBr (400 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm:21.2 HRMS (ESI)
ox0-3,4- 3432 (NH), 2184 2.23 (quintJ = 7.5, 2H, 4-CH), 3.13 | (CH,), 33.9 (CH), 34.5 (CH), 49.4 | Calculated for
dihydroquinazolin-2- (C=N), 1664 (t,J=7.9, 2H, 3-CH), 3.86 (t,J =7.2,| (CHy), 67.8 (C), 119.1 (C), 120.7 (C), C15H15N4O (M +
yD)-2-(pyrrolidin-2- | (C=0), 1612, 2H, 5-CHp), 3.86 (s, 3H, NCk), 7.36 | 125.1 (CH), 125.4 (CH), 127.1 (CH)| H"): 267.1246,
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ylidene)acetonitrile | 1523 (C=N, (ddd,J=8.3, 7.5, 1.0, 1H, 6-H), 7.47| 134.1 (CH), 146.6 (C), 153.6 (C), Found:
O C=C). (d,J=7.5, 1H, 8-H), 7.68 (ddd,= 162.8 (C), 172.6 (C). 267.1249.
N~ 8.4,7.6.1.7, 1H, 7-H), 8.25 (d dIF
7 | CN 7.9, 1.3, 1H, 5-H), 10.49 (s, 1H, NH)
HN
Yield 85 mg (0.32 mmol, 16%), white powder (mp 2245 °C).
2.7a | 2-(Benzol[d]thiazol- | KBr (300 MHz, DMSO€d), 8, ppm @, Hz): | (75 MHz, DMSO#), 6, ppm: 20.0 HRMS (ESI)
2-y)-2-(1- 2178 (G=N), 1.99 (quintJ = 7.5, 2H, 4-CH), 3.38 | (CH,), 36.2 (CH), 37.2 (CH), Calculated for
methylpyrrolidin-2- | 1573 (C=N, (s, 3H,CHgy), 3.43 (tJ =7.5, 2H, 3- 58.1(CH), 68.4 (C), 120.9 (CH), C14H13N3S (M +
ylidene)acetonitrile | C=C). CHy), 3.68 (t,J = 7.3, 2H, 5-CH)), 121.4 (C), 121.7 (CH), 123.6 (CH), | H"): 256.0908,

o
N%/

7.25 (t,J=7.7, 1HH-6), 7.39 (t, J =
7.7, 1HH-5), 7.72 (dJ = 7.7, 1HH-
7), 7.93 (dJ = 7.7, 1H,H-4).

126.4 (CH) 133.1 (C), 154.6 (C),
167.3 (C), 167.6 (C)

Found: 256.090¢

)

Route 1yield 900 mg (3.52 mmol, 88%), white powddihe reaction was directly scaled up to 10.45 gartieg material affording 13.94 g (91%

yield) of the desired produdRoute 2yield 450 mg (1.76 mmol, 88%), white powder (MPIE).

2.7b

2-(Benzold]thiazol-
2-yl)-2-(1-

benzylpyrrolidin-2-
ylidene)acetonitrile

gre
/
\ Bn

Neat film
2183 (&N),
1588, 1559
(C=N, C=C).

DMSO-ds: E isomer,Z isomer traces

(400 MHz, DMSO#), 8, ppm (, Hz):
2.02 (quintJ = 7.4, 2H, 4-CH), 3.56
(t,J=7.6, 2H, 3-CH), 3.63 (tJ= 7.2,
2H, 5-CHp), 5.13 (s, 2HCHS), 7.26 (t,
J=7.6, 1H, H-6), 7.36—7.4%( 6H,
H-5,Ar), 7.74 (dJ = 8.1, 1H, H-7),

7.93 (d, J = 7.8, 1H, H-4).

(101 MHz, DMSO#), 5, ppm: 20.1
(CH,), 37.6 (CH), 51.0 (CH), 56.2
(CHy), 68.6 (C), 120.9 (C), 121.2
(CH), 121.8 (CH), 123.9 (CH), 126.5
(CH), 127.5 (2CH), 128.0 (CH), 129
(2CH), 133.2 (C), 136.2 (C), 154.5
(C), 167.2 (C), 167.4 (C).

HRMS (ESI)
Calculated for
CooH18N3S (M +
H"): 332.1221,
Found:
3B32.1212.

Yield 1.06 g (3.6 mmol, 80%), white powder (mp 1335 °C), elution system for automatic column chrtogeaphy:CHA—EtOAc, 7:3.

2.7c

2-(Benzol[d]thiazol-
2-yl)-2-(1-
cyclopropylpyrrolidi
n-2-
ylidene)acetonitrile

Neat film 2182
(C=N), 1548
(C=N, C=C).

CDCls: rati

oE:Z=9:1

(300 MHz, CDC}), 5, ppm (, Hz):
0.95-1.03 1, NCHCH,), 1.08-1.18
(M, 2H, NCHCH), 2.04 (quintJ =
7.6, 2H, 4-CH), 3.08-3.21y, 1H,
NCH), 3.51 (tJ = 7.8, 2H, 3-CHJ),

(75 MHz, CDC4), 5, ppm: 10.6
(CHy), 20.6 (CH), 30.1 (CH), 36.4
(CHy), 54.3 (CH), 71.8 (C), 120.9
(C), 121.0 (CH), 121.2 (CH), 123.4
(CH), 125.7 (CH), 134.0 (C), 154.4

3.60 (t,J = 7.3, 2H, 5-Chj), 7.26 (ddd,

(C), 167.1 (C), 167.5 (C).

HRMS (ESI)
Calculated for
Ci6H16N3S (M +
H"): 282.1065,
Found:
282.1071.
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@ifgﬁ

J=8.3, 7.4, 1.3, 1H, H-6), 7.39 (ddd
J=8.5,7.7, 1.3, 1H, H-5), 7.79 (d &,
=5.6,0.8, 1H, H-7), 7.82 (d d= 5.6,
0.9, 1H, H-4).

Yield 832 mg (2.96 mmol, 74%), white powder (mpX®j).

2.1%

2-(1H-
Benzo[d]imidazol-2-
yb)-2-(1-
methylpyrrolidin-

2-

KBr

3297 (NH), 2184
(C=N), 1575,
1528 (C=N,
C=0C).

DMSO-dg: ratio E:Z=5:1

(400 MHz, DMSO#), 8, ppm (, Hz):
E isomer: 1.93 (quint, 7.6, 2H, 4-GH
3.33 (t,J=7.6, 2H, 3-CH), 3.37 (s,

3H, CHgy), 3.62 (tJ = 7.2, 2H, 5-CH),

(101 MHz, DMSO#), 6, ppm:

E isomer: 20.3 (Ch), 36.0 (CH),
36.3 (Ch), 57.8 (CH), 62.3 (C),
111.0 (CH), 117.5 (CH), 121.1 (CH)

HRMS (ESI)
Calculated for
CiaH1sNs (M +
H"): 239.1297,
Found:

ylidene)acetonitrile 7.32-7.46 41, 2H,H Ar), 7.00-7.08 | 121.2 (CH), 122.7 (C), 134.7 (C), 239.1299.
o on (M, 2H, H Ar), 11.75 (s, 1H, NH); 144.5 (C), 151.6 (C), 167.0 (C);
@: ) Z isomer: 2.01 (quint, 7.6, 2H, 4-GKl | Z isomer:20.5 (Ch), 36.3 (CH), 37.3
N%/ 2.78 (s, 3H, Ch), 3.00 (t,J = 7.8, 2H, | (CH,), 59.0 (CH), 62.3 (C), 111.2
3-CH), 3.65 (t,J = 7.2, 2H, 5-CH), (CH), 118.3 (CH), 121.2 (C), 121.5
7.08-7.16 41, 2H, H Ar), 7.32-7.46 | (CH), 122.0 (CH), 134.6 (C), 144.0
(M, 1H, H Ar), 7.51 (d,) = 8.4, 1H, H-| (C), 147.8 (C), 164.9 (C).
4),12.25 (s, 1H, NH).
Yield 760 mg (3.2 mmol, 80%), white powder (mp 2.
2.13b | 2-(1H- KBr DMSO-d: ratio E:Z=5:1 HRMS (ESI)
Benzo[d]imidazol-2-| 3289 (NH), 2188| (400 MHz, DMSOsds), 6, ppm (, Hz): | (101 MHz, DMSOs), 6, ppm: pospaxosano for
y)-2-(1- (C=N), 1588, E isomer: 1.97 (quint) = 7.4, 2H, 4- | Eisomer: 20.4 (Ch), 36.6 (CH), CooH19N4 (M +
benzylpyrrolidin- 1576, 1524 CHyp), 3.43 (tJ=7.7, 2H, 3-CH), 50.7 (Ch), 55.8 (CH), 62.8 (C), H"): 315.1610,
2- (C=N, C=C) 3.58 (t,J=7.2, 2H, 5-CH), 5.11 (s, | 111.1 (CH), 117.6 (CH), 120.5 (C), | Found:

ylidene)acetonitrile

H
L

/

N \ .Bn

%

2H,

NgnCHy), 7.00-7.55%, 9H, H Ar),
11.83 (s, 1H, NH).

Z isomer: 2.03 (quint) = 7.4, 2H, 4-
CHyp), 3.09 (tJ=7.7, 2H, 3-CH),
3.65 (t,J=7.1, 2H, 5-CH), 4.92 (s,
2H, NCH,), 6.87-6.93 %, 2H, H Ar),
7.02-7.52 4, 7H, H Ar), 12.14 (s, 1H
NH).

121.3 (CH), 121.4 (CH), 127.5 (CH)

127.9 (CH), 129.2 (CH), 134.7 (C),

136.7 (C), 144.4 (C), 151.2 (C), 166

©);

Zisomer: 20.7 (Ch), 37.4 (CH),

51.8 (CH), 57.6 (CH), 63.8 (C),

111.3 (CH), 118.2 (CH), 121.5 (CH)
, 122.2 (CH), 122.6 (C), 127.55 (2CH

127.63 (CH), 128.8 (2CH), 134.6 (C

136.6 (C), 143.8 (C), 147.5 (C), 163

315.1608.

5

6
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| (©). |

Yield 970 mg (3.08 mmol, 77%), white powder (mp 2885 °C).

2.13c | 2-(1H- Neat film 3296 CDCls: E isomer 100% HRMS (ESI)
Benzo[d]imidazol-2-| (NH), 2184 (300 MHz, CDC}), 8, ppm @, Hz): (101MHz, DMSO¢), 8, ppm: 10.7 | Calculated for
yh)-2-(1- (C=N), 1559, 0.96-1.04 ¥, 2H, NCHCH), 1.05— | (CHy), 20.7 (CH), 29.8 (CH), 36.0 | CigH17/N4a(M +
cyclopropylpyrrolidi | 1515 (C=N, 1.15 1, 2H, NCHChH), 2.02 (quintJ | (CHp), 54.2 (CH), 65.4 (C), 121.1 H"): 265.1453,
n- C=0C). = 7.6, 2H, 4-CH), 3.05-3.16¥, 1H, | (2CH), 121.7 (2CH), 122.2 (C), 150.7Found:
2- CH), 3.55 (tJ = 7.6, 2H, 3-CH), 3.57 | (C), 167.5 (C). 265.1459.
ylidene)acetonitrile (t,J=7.1, 2H, 5-CH) 7.12-7.26 ¥,
T 2H,H Ar), 7.35-7.68 (s, 2H, H Ar),
@[ ) 9.22 (s, 1H, NH)
%& A
N
Yield 634 mg (2.4 mmol, 60 %), white powder (mp 289.
2.14b | 2-(1- Neat film2179 DMSO-ds: ratioE:Z = 1:3.3.Z isomer HRMS (ESI)

Benzylpyrrolidin-2-
ylidene)-2-(quinolin-
2-yl)-
acetonitrile

X

—

N CN

N-Bn

(C=N), 1561,
1533, 1498
(C=N, C=C).

(300 MHz, DMSO#), 0, ppm (, Hz):
Z isomer: 1.96 (quint) = 7.5, 2H, 4-
CHp), 3.47 (t,J=17.7, 2H, 3-CGH
3.56 (t,J=7.1, 2H, 5-CH), 5.15 (s,
2H, NgnCHy), 7.29-7.47 %, 5H, H
Ph), 7.46 (ddd) = 8.5, 7.0, 1.4, 1H,
H-6), 7.55 (dJ = 8.8, 1H, H-3), 7.68
(ddd,J=8.5, 7.0, 1.4, 1H, H-7), 7.83
(d,J=6.7, 1H, H-8), 7.86 (d1 = 6.8,
1H, H-5), 8.21 (dJ = 8.7, 1H, H-4).
E isomer: 2.08 (quint) = 7.5, 2H, 4-
CHy), 3.15 (t,J = 7.8, 2H, 3-CH),
3.70 (t,J=7.1, 2H, 5-CH), 4.78 (s,
2H, NCH), 6.79-6.93 %1, 2H, Hoir
2,6), 7.11-7.24M, 3H, H-3,4,5),
7.29 (d,J = 8.6, 1H, H-3), 7.29-7.47
(M, 1H, H-6), 7.60-7.64M, 2H, H-7),
7.80-7.88 4, 1H, H-8), 8.10 (dJ =

8.6, 1H, H-4).

(101 MHz, DMSO#), 8, ppm:

Z isomer: 20.85 (C}J, 36.5 (CH),
51.2 (CH), 55.2 (CH), 72.5 (C),
120.0 (CH), 122.1 (C), 125.3 (C),
125.4 (CH), 127.6 (2CH), 127.9 (CH
128.0 (CH), 128.3 (CH), 129.2 (2CH
130.0 (CH), 136.5 (CH), 136.9 (C),
147.5 (C), 156.7 (C), 167.4 (C).

E isomer: 20.81 (Chj, 37.9 (CH),
53.2 (Ch), 57.9 (CH), 74.6 (C),

121.4 (CH), 122.1(C), 124.2(C), 125

(CH), 127.2 (2CH), 127.5 (CH), 128
(CH), 128.1 (CH), 128.7 (2CH), 130
(CH), 136.4 (CH), 136.6 (C), 147.1
(C), 154.5 (C), 163.9 (C).

Calculated for
CooHooNs (M +
H"): 326.1657,
Found:
)326.1663.

),
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Yield 872 mg (2.68 mmol, 67%), white powder (mp 2&), elution system for column chromatographystfecolumn: CHCI, (100%), secondCHA—

EtOAc 5:1.

2.15a | 2-(1- Neat film 3200, | £ isomer 100%Z isomer traces HRMS (ESI)
Methylpyrrolidin-2- | 3143 (NH), 2187 | (400 MHz, CDC}), 6, ppm (, Hz): (101MHz, CDC}), 6, ppm: 20.3 Calculated for
ylidene)-2-(4-oxo- | (C=N), 1661 2.10 (quintJ = 7.4, 2H, 4-CH), 3.48 | (CH,), 36.7 (CH), 36.9 (CH), 57.9 | C1sH1sN4 O (M +
3,4- (C=0), 1561 (s, 3H,CH3), 3.58 (tJ= 7.9, 2H, 3- | (CH,), 66.6 (C), 119.4 (C), 119.8 (C),H"): 267.1246,
dihydroquinazolin- | (C=N, C=C). CHy), 3.69 (t,J = 7.3 Hz, 2H, 5-Ch), | 125.0 (CH), 126.4 (CH), 126.5 (CH), Found:
2-yl)acetonitrile 7.34 (tJ=7.5, 1H, H-6), 7.51 (dl = | 134.5 (CH), 149.4 (C), 150.4 (C), |267.1252.

o 8.1, 1H, H-8), 7.67 () = 7.3, 1H, H- | 161.9 (C), 170.2 (C).
NH 7), 8.22 (dJ = 7.8, 1H, H-5), 9.10 (s,
@ﬁ:/ | CN 1H, NH).
N—

Yield 800 mg (3.2 mmol, 75%), light brown powdery1203-204 °C).

2.16b | 2-(1- Neat film CDCls: ratioE:Z = 3:1 HRMS (ESI)
Benzylpyrrolidin-2- | 2185 (GN), (300 MHz,CDCls), 8, ppm 0, Hz): (75 MHz, CDC}), §, ppm: Calculated for
ylidene)-2-(4- 1560, 1525 E isomer: 1.99 (quintJ = 7.5, 2H, 4- | Eisomer: 17.4 (Ch), 20.5 (CH), Cy7H1eNsS (M +
methylthiazol-2- (C=N, C=C). CH;), 2.40 (dJ = 1.0, 3HCHs), 3.42 | 36.3 (CH), 51.5 (CH), 54.8 (CH), | H"): 296.1221,

yl)acetonitrile

e
/)
\ Bn

(t,J=7.8, 2H, 3-CH)), 3.49 (tJ=7.2,
2H, 5-CH), 6.66 (gqJ = 1.0, 1HH-5),
5.09 (s, 2H, NCHPh), 7.23-7.43\,
5H, Ar H);

Zisomer: 2.09 (quintJ=7.4, 2H, 4-
CH,), 2.36 (dJ= 1.0, 3H, CH), 3.17
(t,J=7.8, 2H, 3-CH), 3.65 (tJ= 7.1,
2H, 5-CH), 4.74 (s, 2H, NCkPh),
6.69 (q,J =1, 1H, H-5), 7.00-6.94(
1H, H-4), 7.43-7.23M, 4H, Ar H).

69.4 (), 110.2 (CH), 120.8(), 127.8
(CH), 127.9 (CH), 128.9 (CH), 135.6
(C), 152.2 ), 164.3 ();
Zisomer:17.2 (CH), 20.6 (CH),
37.2 (CH), 57.3 (CH), 52.9 (CH),
69.5 (), 112.9 (CH), 122.9Q), 127.2
(CH), 127.5 (CH), 128.6 (CH), 135.7
(C), 151.8 (), 166.0 ().

Found:
296.1223.

Elution system for column chromatography: hexan®Agt, 5:1. The second purification: recrystallizatipom ethanol in the presence of activated

charcoal. Yield 850 mg (2.88 mmol, 72 %), white pew(mp 120-121 °C).

2.17a | 2-(1-Methyl-1H-

| Neat film

DMSO-dg ratioE:Z=1.5:1.

| HRMS (ESI)
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benzo[d]imidazol-2-

yh)-2-(1-
methylpyrrolidin-2-
ylidene)acetonitrile

/
i
N%/

2179 (GN),
1591 C=N,
C=C).

(400 MHz, DMSO#), 6, ppm ¢,
Hz):

E isomer:2.01 (quintJd = 7.4, 2H, 4-
CHy), 2.42 (s, 3H, NCh), 3.03 (tJ =
7.8, 2H, 3-CH), 3.60 (t,J=6.8, 2H,
5-CH,), 3.73 (S, 3H, NelCHs), 7.14—
7.28 ¢, 2H, H-5,6), 7.45—7.63M,
2H, H-4,7-H).

Zisomer:1.84 (quintJ = 7.5, 2H, 4-
CHy), 2.80 (t,J = 7.8, 2H, 3-Ch),
3.39 (s, 3H, NCHh), 3.62 (t,J = 6.7,
2H, 5-CH), 3.76 (s, 3H, NeCHy),
7.14-7.28%, 2H,H-5,6), 7.45-7.63

(M, 2H, H-4,7).

(101 MHz, DMSO#), 6, ppm:

E isomer:20.5 (CH), 30.9 (CH),
35.7 (CH),35.8 (CH), 58.6 (CH),
59.3 (C), 110.7 (CH), 119.1 (CH),
122.0 (C), 122.1 (CH), 122.5 (CH),
135.7 (C), 142.7 (C), 148.1 (C), 165
(©).

Zisomer: 20.1 (CH), 31.2 (CH),

35.1 (ChH), 35.5 (CH), 58.0 (CH),
58.1 (C), 110.4 (CH), 118.7 (CH),
120.8 (C), 121.9 (CH), 122.1 (CH),
135.9 (C), 142.9 (C), 150.8 (C), 167
(©).

Calculated for
CisHi7Na(M +
H"): 253.1453,
Found:
253.1458.

9

1

Elution system for column chromatography: gradeHA—EtOAc, 3:7 totCHA-EtOAc—CHCI,, 3:14:3. The 2-(1-methylH-benzofl]imidazol-2-
yl)acetonitrile was partly isolated from the columdAMetoxy-1-methyl-3,4-dihydro+2-pyrrolinium hexafluorophosphate was used for #ection

2.1%. Yield 575 mg (2.28 mmol, 57 %), yellow viscous ligu

2.18a | 2-(Benzo[d]oxazol- | Neat film CDCls: Eisomer 100% HRMS (ESI)
2-yl)-2-(1- 2193 (&N), (400 MHz, CDC}), 8, ppm (, Hz): (101 MHz, CDC}), 3, ppm: 20.0 Calculated for
methylpyrrolidin-2- | 1580, 1547 2.11 (quintJ = 7.6, 2H, 4-CH)), 3.50 | (CH,), 36.2 (CH), 36.5 (CH), 58.4 | C1aH14N3O (M +
ylidene)acetonitrile | (C=N, C=C), (t, J=8.3, 2H, 3-CH), 3.52 (s, 3H, (CH,), 63.1 (C), 109.9 (CH), 118.1 | H"): 240.1137,

O CN 1042 (C-0). CHs), 3.69 (t,J = 7.2, 2H, 5-CH), (CH), 119.0 (C), 123.11 (CH), 123.9| Found:
@:N% P 7.20 (tJ=7.4, 1HH-6), 7.26 (tJ= | (CH), 142.6 (C), 149.7 (C), 163.0 (C),240.1140.
N 7.0, 1H,H-5), 7.47 (dJ = 7.8, IHH- | 167.9 (C).
7), 7.57 (dJ = 7.6, 1HH-4).

Yield 760 mg (3.16 mmol, 79 %), white powder (mB2L).

2.18b | 2-(Benzo[d]oxazol- | Neat film CDClz: Eisomer 100% HRMS (ESI)
2-yl)-2-(1- 2198 (GN), (400 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm: 20.0 Calculated for
benzylpyrrolidin-2- | 1564, 1537 2.06 (quintJ = 7.6, 2H, 4-CH), 3.59 | (CHy), 37.0 (CH), 51.7 (CH), 55.6 | CyH1sN3O (M +
ylidene)acetonitrile | (C=N, C=C), (t, J=7.0, 4H, 3,5-Ch), 5.18 (s, 3H, | (CH,), 63.6 (C), 110.0 (CH), 118.2 | H"): 316.1450,

1060 C-O). NgnCHy), 7.15-7.27%, 2H, H-5,6), (CH), 118.5 (C), 123.3 (CH), 124.0 | Found: 316.1451

o~
/
\ Bn

7.42-7.28 4, 5H, Hor), 7.46 (d,J =
7.7, 1H, H-7), 7.56 (d] = 7.6, 1H, H-

4).

(CH), 127.8 (CH), 128.1 (CH), 129.0
(CH), 135.1 (C), 142. 5 (C), 149.7

(C), 163.1 (C), 167.3 (C).
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Yield 1.11r (3.52 mmol, 88 %), white powder (mp 189-190 °C).

2.21

2-(Cyano(1-
methylpyrrolidin-2-
ylidene)methyl)-3-
methylbenzo[d]oxaz
ol-3-ium
hexafluorophosphatg
CN

©:O
@/
N \ v
o\ N
PFq

U

Neat film 2206
(C=N), 1551,
1413 (C=C,
C=N), 833 (P-F)

(400 MHz,CD3CN), 8, ppm (J, Hz):
2.15-2.25, 2H, 4-CH), 3.30-3.43
(M, 2H, 3-CH), 3.50 (s, 3H, NCH),
3.98 (t,J = 7.4, 2H, 5-CH), 4.02 (s,
3H, NuelCH3), 7.57 (t. dJ = 7.8, 1.6,
1H, Ar H), 7.62 (td) = 7.7, 1.3, 1H,
Ar H), 7.65-7.68x, 1H, Ar H), 7.73
(dd,J=7.6, 1.0, 1H, Ar H).

®F NMR (376 MHz,CDsCN), 8, ppm
(J, Hz): -72.97 (dXJe.p = 706.5).

*IP NMR (162 MHz,CDsCN), ,
ppm (, Hz): -144.64 (septJp.r=
7086.5).

(101 MHz, CXCN), 6, ppm @, Hz):
19.1 (CH), 33.5 (CH), 37.6 (CH),
37.7 (Ch), 58.0 (C), 60.8 (C}j,
111.5 (CH), 112.3 (CH), 115.2 (CN)
126.8 (CH), 127.0 (CH), 131.7 (C),
146.5 (C), 163.4 (C), 173.9 (C).

HRMS (ESI)
Calculated for:

CisH16Nz0"
254.1293,
Found:
254.1296;

Calculated for
PR : 144.9642,
Found 144.9645|

Yield (over two steps) 0.18 g (0.45 mmol, 30 %)jte/tpowder (mp 169-170 °C).

2.22

2-(Cyano(1-
methylpyrrolidin-2-
ylidene)methyl)-3-
methylbenzo[d]thiaz
ol-3-ium
hexafluorophosphats

@/
N \ v
o\ N
PFq

A1%

Neat film
2193 (G=N),

(300 MHz, DMSO#), 6, ppm (, Hz):
2.07 (quintJ= 7.7, 2H, 4-CH), 3.21

1503, 1495, 1456 (t, J= 7.7, 2H, 3-CH)), 3.27 (s, 3H,

(C=C, C=N), 839
(P—F).

NCHs), 3.91 (tJ = 7.3, 2H, 5-CHj),
4.03 (c, 3H, MeCHs), 7.69 (t,J = 7.5,
1H, H-6), 7.80 (dddJ = 8.3, 7.7, 1.2,
1H, H-5), 8.06 (d,J = 8.4, 1HH-4),
8.26 (dJ = 8.0, 1HH-7).*'P NMR
(162 MHz, Acetoneds), 6, ppm (,
Hz): -144.28 (sept] = 707.6).

(75 MHz, DMSO#), 6, ppm @, Hz):
20.1 CHy), 37.3 CHy), 38.2 CHay),
38.7 CHs), 60.4 CHy), 61.8 (),
116.8 CH), 117.8 (), 124.0 CH),
127.8 CH), 128.2 ), 129.4 CH),
142.0 C), 170.7 C), 171.9 ©).

HRMS (ESI)
Calculated for

C15H16N3S+Z
270.1065,
Found:
270.1070;

Calculated for
PR 144.9642,

Found:
144.9645.

Yield (over two steps) 0.4 g (0.96 mmol, 64 %), telpowder (mp 188-189 °C).
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General method of 2-hetaryl-2-(5-R-3-oxoindolin-2-dene)acetonitriles
synthesis (2.23-¢, 2.25, 2.26).

Phosphorus pentachloride (1.3 mmol) was added te #trongly stirred
suspension/solution of 5-R-isatine (1 mmol) in hehzene (10 ml — 15ml) and the
resulting mixture was refluxed over 1 hour. At thigoint, solution of
hetarylacetonitrile in benzene was added portioaytise characteristic changing of
color observed in each case) and the mixture wésvedl to cool to room
temperature upon stirring. The precipitate was filtated and washed with ethanol,
water and again with ethanol. Dry precipitate wasfigd by filtration through the
plug of silica gel (eluent: C}l,)

2-(3-methylbenzo[d]thiazol-2(3-ylidene)-2-(3-oxo-B-indol-2-yl)acetonitrile
(2.2739 have been synthesiszed according to the procedsaibed for the synthesis
of 2-hetaryl-2-(5-R-3-oxoindolin-2-ylidene)acetarids (2.2%-c, 2.25 2.26).

2-(Benzof]thiazol-2-yl)-2-(1,5-dimethyl-3-oxoindolin-2-ylidene)acetonitrile
(2.28b).
The mixture of 2-benzd]thiazol-2-yl-2-(5-R-3-oxoindolin-2-ylidene)acetanie
2.23b (159 mg, 0.5 mmol) anK,CO3; (83 mg, 0.75 mmol) in a minimal quantity of
dry DMF was strirred at room temperature over 10.rim the presence &,COsthe
color of solution changes from initial purple torkidlue. CHsl (47 ul, d = 2.28
g/cnt, 0.75 mmol) was added to reaction mixture andisgjrwas continued over 1h.
The precipitate was filtrated off and purified byt@matic column chromatography
(elution system: CHA-C}CI,, 1:1). Yield 141 mg (0.43 mmol, 85%), dark violet

powder.
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Table 6.2. Physico-chemical characteristics of 2-azaheta+{B-R-3-oxoindolin-2-ylidene)acetonitril&s23, 2.25, 2.2-2.2¢

Com | IUPAC name IR, v, cm* 'H NMR 3C NMR HRMS/MS,
poun elemental

d analysis
2.2%4 | (2)-2- KBr (400 MHz, DMSO€k), 8, ppm (@, Hz): | (101 MHz, DMSO€), 8, ppm: 80.2 | HRMS (ESI)

(Benzol[d]thiazol-2-
yl)-2-(3-oxoindolin-
2-

ylidene)acetonitrile

S CN
@EN/ N
HN

3408 (NH), 2205
(C=N),

1712(C=0), 158¢
(C=C, C=N).

7.16 (td,J = 7.5, 0.8, 1H, 1§-5), 7.50—
7.56 (M, 2H, W5, Hs-7), 7.66 (ddd,

) J=8.2,7.8, 1.1, 1H, #6), 7.66—7.71
(m, 1H, Hs-6), 7.73 (dJ = 7.6, 1H, 4-
His), 8.20 (dJ = 8.1, 1.0, 0.6, 1H, H-
7),8.21 (dJ = 8.0, 1.3, 0.6, 1H, H-4)
11.55 (s, 1H, NH).

(C), 114.5 (CH), 116.9 (C), 119.9 (C
123.0 (CH), 123.2 (CH), 123.6 (CH)
125.7 (CH), 126.4 (CH), 127.6 (CH)
134.3 (C), 138.2 (CH), 143.7 (C),

151.9 (C), 154.0 (C), 163.4 (C), 185

©).

Calculated for
C17H10N30S (M
+ H"): 304.0545,
Found:
1304.0545.

Yield 236 mg (0.78 mmol, 78%), dark red powder @nB0O0 T).

2.24b

(2)-2-
(Benzo[d]thiazol-2-
yl)-2-(5-methyl-3-
oxoindolin-2-
ylidene)acetonitrile

S CN
@EN/ P
HN

KBr

3433 (NH), 2204
(C=N), 1718
(C=0). 1596
(C=C, C=N).

(400 MHz, DMSOek), 6, ppm @, Hz):
2.33 (s, 3H, ChH), 7.40 (dJ=8.2, 1H,
His-7), 7.47-7.53 (m, 2H, K6, Hg:-
5), 7.54 (s, 1H, B@4), 7.65 (ddd) =
8.2,7.6,1.1, 1H, K-6), 8.18 (dJ =
7.8, 1H, H-4), 8.20 (dJ = 7.7, 1H,
Hg-7), 11.48 (s, 1H, NH).

(101 MHz, DMSO¢), 6, ppm @,
Hz): 20.6 CHs), 79.7 (C), 114.3
(CH), 116.9 (C), 120.0 (C), 122.9
(CH), 123.1 (CH), 125.6 (CH), 126.3
(CH), 127.6 (CH), 133.1 (C),
134.3(C), 138.8 (CH), 143.9 (C),
150.0 (C), 154.0 (C), 163.5 (C), 185

(©).

HRMS (ESI)
Calculated for
C1gH12N30S (M
+ H"): 318.0701,
Found:
318.0704.

1

Yield 222 mg (0.7 mmol, 70%), dark red powder (mp 300-801

2.24

(2)-2-
(Benzol[d]thiazol-2-
yl)-2-(5-methoxy-3-
oxoindolin-2-
ylidene)acetonitrile

KBr

3428 (NH), 2201
(C=N), 1702
(C=0), 1591
(C=C, C=N),
1213 (C-0).

(400 MHz, DMSO#), 6, ppm (, Hz):
3.81 (s, 1H, OCHB), 7.25 (d,= 2.2,
1H, Hs-4), 7.28 (d dJ = 8.6, 2.5, 1H,
Hi-6), 7.44 (dJ = 8.6, 1H, Hi-7),
7.52 (tJ=7.5, 1H, H-6), 7.65 (tJ =
7.7, 1H, H-5), 8.20 (dJ = 8.0, 1H,

Her4), 8.18 (dJ = 8.2, 1H, H+-7),

(101 MHz, DMSO¢l), 6, ppm @,
Hz): 56.3 (CH), 79.6 (C), 108.9
(CH), 115.5 (C), 117.0 (C), 120.4 (C
122.9 (CH), 123.1 (CH), 125.2 (CH)
126.2 (CH), 127.6 (CH), 134.2 (CH)
144.1 (C), 146.2 (C), 154.1 (C), 156

(C), 163.5 (C), 185.1 (C).

HRMS (ESI)
Calculated for
C18H12N30,S (M
+ H"): 334.0650,
Found:
234.0647.
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S CN
@N/ N
HN
(6]
|

11.42 (s, 1H, NH).

Yield 290 mg (0.87 mmol, 87%), dark violet powdem(297—-298C).

2.2,

(2)-2-
(Benzo[d]oxazol-2-
yl)-2-(3-oxoindolin-
2-
ylidene)acetonitrile

KBr

3435 (NH), 2214
(C=N), 1719
(C=0). 1596
(C=C, C=N).

(400 MHz, DMSO#), 8, ppm (, Hz):
7.16 (tdJ=7.4,0.8, 1H, &-5), 7.47—
7.51 (m, 2H, H,+-5,6), 7.52—7.55 (m,
1H), 7.67 (tdJ = 7.8, 1.3, 1H, i¥-6),

7.72 (dJ=7.5, 1H, H-4), 7.83-7.90

(101 MHz, DMSO#), 8, ppm: 74.0
(C), 111.6 (CH), 114.5 (C), 114.6
(CH), 119.97 (C), 120.01 (CH), 123.
(CH), 125.7 (CH), 126.0 (CH), 126.6
(CH), 138.3 (CH), 141.7 (C), 145.9

HRMS (ESI)

Calculated for
B8C17H10N30, (M

+ H"): 288.0773,

Found:

o CN (m, 2H, Hs;-4,7), 11.37 (s, 1H, NH).| (C), 149.9 (C), 151.7 (C), 159.5 (C),| 288.0773.
©[N/ N 184.6 (C).
HN
Yield 221 mg (0.77 mmol, 77%), dark red powder (mp > 300
2.26 | (E)-2-(3-Oxoindolin-| KBr (400 MHz, DMSO€g), 3, ppm @, Hz): | (101 MHz, DMSO€), 6, ppm: 85.2 | HRMS (ESI)
2-ylidene)-2- 3423 (NH), 2203| 7.14 (td,J = 7.4, 0.7, 1H, i5), 7.57 | (C), 114.3 (CH), 117.3 (C), 119.7 (C) Calculated for
(quinolin-2- (C=N), 1712 (d,J=8.0Hz, 1H, K-8), 7.66 — 7.72 | 120.3 (CH), 123.1 (CH), 125.5 (CH)| CigH12N3O (M +
yhacetonitrile (C=0), 1586 (m, 2H, Hs-6- Ho-7), 7.73 (dJ=7.5, | 126.6 (C), 127.9 (CH), 128.3 (CH), | H"): 298.0980,
(C=C, C=N). 1H, 4-Hs), 7.90 (dddJ = 8.3, 6.9, 1.4, 129.5 (CH), 130.9 (CH), 138.0 (CH), Found:
1H, Ho-6), 7.96 (dJ = 8.7, 1H, K-3), | 138.4 (CH), 144.5 (C), 147.4 (C), | 298.0984.
8.04 (d,J =8.3, 1H, h-7), 8.56 (dJ | 152.0 (C), 153.2 (C), 185.6 (C).
= 8.8, 1H, H-3), 8.59 (dJ = 8.5, 1H,
Ho-5), 11.98 (s, 1H, NH).
Yield 250 mg (0.84 mmol, 84%), bright red powder (mp 8 30).
2.27a | 2-(3- Neat film (400 MHz, DMSO#), 6, ppm (, Hz): HRMS (ESI)
methylbenzo[d]thiaz| 2197 (&GN), 4.26 (s, 3HCH3), 7.07-7.14 (m, 1H, Calculated for
ol-2(3H)-ylidene)-2- | 1725 (C=0), His-5), 7.23 (dJ = 7.7 Hz, 1H, K-7), Ci1gH1:Nz0S(M
(3-ox0-FH-indol-2- | 1511, 1478 7.44-7.49 (m, 1H, E6), 7.49— 7.52 + H"): 318.0701,
yl)acetonitrile (C=C, C=N). (m, 1H, Hs-4), 7.55 (tdJ=7.5, 1.2, Found:
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1H, Hg-5), 7.64 (dddJ = 8.5, 7.5, 1.2 318.0699.
1H, Hg-6), 7.83 (dJ = 8.4, 1H, H:-
7),8.14 (d d, J = 8.0, 0.6, 1HgHH).
Yield 225 mg (0.84 mmol, 71%), dark violet powdem(270-271C).
2.28b | 2-(Benzo[d]thiazol- | Neat film (400 MHz, CDBCly), 8, ppm @, Hz): (101 MHz, CDCly), 8, ppm: 20.3 HRMS (ESI)
2-yl)-2-(1,5- 2204 (GN), 2.42 (s, 3H, Ch), 3.34 (s, 3H, Ch), | (CH3), 35.3 CH3), 82.0 (), 110.4 Calculated for
dimethyl-3- 1713 (C=0), 7.01 (dJ=8.2, 1H, H-7), 7.47-7.53 | (CH), 117.6 ), 119.9 (), 121.7 C19H14N30S(M
oxoindolin-2- 1574 (C=C, (m, 1H, Hs-6, Hg-6), 7.56—7.62 (m, | (CH), 123.4 CH), 125.5 CH), 126.0 | + H"): 332.0858,
ylidene)acetonitrile | C=N). 1H, Hs7,), 8.01 (dddJ = 8.0, 1.2, (CH), 126.7 CH), 133.5 (), 136.0 Found:

S CN
W
N

0.6, 1H, H-7), 8.11 (ddd) = 8.2, 1.2,
0.6, 1H,Hgr-4).

(C), 138.2 CH), 146.1 (), 151.9 (),
153.4 (), 160.8 (), 184.4 ().

332.0858.

Elution system for column chromatography: CHA=CH 1:1. Yield 141 mg (0.43 mmol, 85%), dark violetyater.
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General procedure for the synthesis of 3ef-aminopropyl)-4-hetaryl-5-
aminopyrazole (or isoxazole) 3.1-3.7.

10-20 equiv of binucleophile (NiNIH-H,O or NH,OH (50% water solution) or
NH,NHMe) were added to a strongly stirred solutiordfetaryl-(N-R-pyrrolidin-2-
ylidene)acetonitrile (1 mmol) in dioxane (10 mihdreaction mixture was then
heated to reflux for-3 h (TLC control, elution system: CHECH;OH, 20:1 unless
otherwise noted), cooled down, and concentrateemurmsdiuced pressure. Purification
by column chromatography (f@&.4b, 3.5h or by trituration with a minimal quantity
of acetone (foB.1a, 3.1b, 3.2, 3.7a) or acetonitrile (foB.1¢c, 3.2Z) or water—acetone
(for 3.6a) yielded the desired product.
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Table 6.3. Physico-chemical characteristics ofec3-dminopropyl)-4-hetaryl-5-aminopyrazole (or isoxi@@.1-3.7.

Com | IUPAC name IR, v, cm ! H NMR *C NMR HRMS/MS,
poun elemental
d analysis
3.1a | 4-(Benzo[d]thiazol- | Neat film (400 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm: 26.2 HRMS (ESI)
2-yl ) - 1-methyl -3- | 3376, 3292 (NH, | 1.98 (quintJ = 7.4 Hz, 2H, 2°H,), | (CH,), 28.8 (CH), 33.8 (CH), 36.5 | Calculated for
(3- NH.v), 1623 2.48 (s, 3H, NHCH), 2.76 (tJ=7.1 | (CHs), 51.9 (CH), 97.9 (C), 121.08 | C15H20NsS (M +
(methylamino)propy| (NH»3), 1564, | Hz, 2H, 1€CH,), 2.85-2.97 (m, 2H, 3- (CH), 121.09 (CH), 123.5 (CH), 125/H"): 302.1451,
)-1H-pyrazol-5- 1536 (C=C, CH,), 3.66 (s, 3H, NCH), 5.77 (s, 2H,| (CH), 132.4 (C), 147.1 (C), 149.5 (C) Found:
amine C=N). NH,), 7.28 (ddJ = 7.1, 1.3, 1HH-6), | 152.7 (C), 162.2 (C). 302.1446.
\ 7.43 (ddJ=7.2, 1.3, H-5), 7.84 (d,
HN = 7.7, 1HH-7), 7.88 (d,J = 8.0, 1H,
H-4).
5. /=N
L~

HoN

Yield 187 mg (0.62 mmol, 62%), white powder (mp 589 °C).The reaction was directly scaled up to 12.61 garting materia

(85% yield) of the desired product.

| affording 10.3 g

3.1b

4-(Benzo[d]thiazol-
2-yl)-3-(3-
(benzylamino)propyl
)-
1-methyl-1H-
pyrazol-5-amine
Bn
HN
S =N
\
L
H,N

Neat film

3391, 3298 (NH,
NH,v), 1622
(NH25), 1539
(C=C, C=N).

(300 MHz, DMSO#), 8, ppm (, Hz):
2.05 (quint, 7.4, 2H, ZzH,), 2.82 (t,J
=7.4,2H, 1€Hy), 2.95 (t, 7.8, 2H, 3-
CH,), 3.58 (s, 3HCH3), 4.04 (s, 2H,
NCH,), 6.86 (s, 2H, NK), 7.31 (ddd,]
=8.4,75,0.9, 1H, Ar H), 7.52-7.35
(m, 6H, ArH), 7.89 (dJ=7.9, 1H,
H-7),8.00 (dJ=7.5, 1HH-4).

(75 MHz, CyOD), 6, ppm: 25.4
(CHy), 26.1 (CH), 33.9 (CH), 47.9
(CHyp), 52.1 (CH), 97.8 (C), 121.9
(2CH), 124.6 (CH), 127.0 (CH), 130
(2CH), 130.3 (CH), 130.6 (2CH),
132.7 (C), 133.2 (C), 148.7 (C), 149
(C), 153.8 (C), 162.6 (C).

HRMS (ESI)
Calculated for
Cy1H24N5S (M +
H"): 378.1752,
Found:
&378.1747.

Yield 264 mg (0.70 mmol, 70%), white powder (mp 12923 °C).

3.1c | 4-(Benzo[d]thiazol- | Neat film

| (300 MHz, CD@), 8, ppm 0, Hz):

| (101 MHz, CDGJ), §, ppm: 6.3

| HRMS (ESl) 75




2-y1)-3-(3-

3396, 3376, 3292 0.33-0.41 (m, 2H, NCHC}),

(2CH,), 26.2 (CH), 28.9 (CH), 30.2

Calculated for

(cyclopropylamino)- | (NH, NH.v), 0.41-0.48 (m, 2H, NCHC}), 1.99 (CHs), 33.8 (CH), 49.3 (CH), 97.9 Ci7H22NsS (M +
propyl)-1-methyl- 1623 (NH9), (quint,J=7.6, 2H, 2cH,), 2.13-2.23| (C), 121.07 (CH), 121.10 (CH), 123.5H"): 328.1596,
1H-pyrazol-5-amine| 1563, 1540 (m, 1H, NCHCH,), 2.87 (t,J = 7.2, (CH), 125.9 (CH), 132.4 (C), 147.1 | Found:
q (C=C, C=N). 2H, 1CHp), 2.91 (tJ=7.7, 2H, 3- (C), 149.5 (C), 152.7 (C), 162.2 (C).| 328.1592.
CHy), 3.68 (s, 3HCH3), 5.76 (s, 2H,
HN NH,), 7.29 (ddd,) = 8.2, 7.6, 1.2, 1H,
H-6), 7.44 (ddd) = 8.2, 7.3, 1.3, 1H,
S =N H-5), 7.85 (dd, J = 8.0, 1.3, 1H;7),
@[N/ NN 7.89 (ddJ=8.2, 1.2, 1HH-4)
H,N
Yield 203 mg (0.62 mmol, 62%), white powder (mp 2T).
3.2a | 4-(Benzol[d]thiazol- | Neat film (300 MHz, DMSO-@), 3, ppm @, Hz): | (75 MHz, DMSO-d) 6 25.2 (CH), HRMS (ESI)
2-yl)-3-(3- 3311 (NH, 1.74-1.91 (m, 2H, Z2H,), 2.29 (s, 28.5 (CH), 36.6 (CH), 51.7 (CH), Calculated for
(methylamino)propyl NHv), 1624 3H, NCH), 2.57 (tJ=6.9, 2H, 1- 97.4 (C), 121.3 (CH), 122.0 (CH), | Ci4H1gNsS (M +
)- (NH3), 1580, CHy), 2.76-2.91 (m, 2H, &H,), 6.23 | 124.0 (CH), 126.6 (CH), 132.4 (C), | H"): 288.1283,
1H-pyrazol-5-amine| 1543 (C=C, (s, 2H, NH), 7.30 (dddJ =7.6, 7.3, | 146.4 (C), 153.0 (2C), 162.6 (C). Found:
H\N C=N). 1.1, 1H,H-6), 7.44 (dddJ = 8.0, 7.7, 288.1281.
1.3, 1H,H-5), 7.87 (dJ = 8.0, 1H H-
7),8.01 (dJ=7.8, 1HH-4).
qus
N/ N\_NH
H,N
Yield 161 mg (0.56 mmol, 56% ), light orange pow(tap 205 °C).
3.2c | 4-(Benzol[d]thiazol- | Neat film (400 MHz, DMSO€), 8, ppm @, Hz): | (101 MHz, DMSO#€), 8, ppm: 6.1 | HRMS (ESI)
2-yl)-3-(3- 3411, 3291, 31970.20-0.32 (m, 2H, NCHC}), | (2CH,), 25.2 (CH), 28.2 (CH), 30.5 | Calculated for
(cyclopropylamino)- | (NH, NHv), 0.34-0.47 (m, 2H, NCHC}, 1.85| (CH,), 49.0 (CH), 97.8 (C), 121.2 Ci6H20N5S (M +
propyl)-1H-pyrazol- | 1602 (NH»), (quint,J = 7.3, 2H, 2cH,), 2.08-2.18 (CH), 122.0 (CH), 124.0 (CH), 126.6 H"): 314.1439,
5-amine 1539, 1540, 1496 (m, 1H, NCHCH,), 2.72 (t,J = 7.0,| (CH), 132.3 (C), 146.9 (C), 152.9 Found:
(C=C, C=N). 2H, 1CHy), 2.83 (t,J = 7.4, 2H, 3- (2C), 162.3 (C). 314.1438.

CH,), 6.25 (s, 2H, Nb), 7.31 (t,J =
7.5, 1H,H-6), 7.45 (t,J = 7.6, 1H,H-

5), 7.87 (d,J = 8.0, 1H,H-7), 8.02 (d,
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LN
\
77N\
N NH

HoN

J=17.8, 1HH-4).

Yield 134 mg (0.43 mmol, 43%), whitish powder (nff11123 °C).

3.3a

4-(1H-
Benzo[d]imidazol-2-
yl)-1-methyl-3-(3-
(methylamino)propy
)-1H-pyrazol-5-
amine

\
HN

H
N =N

\
LA

HoN

Neat film

3306, 3206 (NH,
NH,v), 1622
(NH5), 1580
(C=C, C=N).

(300 MHz, DMSO#), 8, ppm (, Hz):
1.95 (quintJ = 6.9, 1H, 2cH,), 2.45
(s, 3H, NHCH3), 2.79 (tJ= 6.7, 2H,
1-CHy), 2.92 (tJ=7.2, 2H, 3€H)),
3.58 (s, 3H, H3), 6.54 (s, 2H, Nk,
7.04-7.16 (m, 2H, Ar H), 7.46-7.57
(m, 2H, Ar H).

(75 MHz, DMSO#), 6, ppm @, Hz):

25.0 (CH), 26.2 (CH), 33.8 (CH),
34.5 (CH), 48.7 (CH), 92.4 (C),
114.5 (2CH), 121.3 (2CH), 146.5
(2C), 148.6 (2C), 149.3 (C).

HRMS (ESI)
Calculated for
CisH21Ns (M +
H"): 285.1828,
Found:
285.1825.

Elution system for column chromatography (and TLORClL—-CH3;OH, 10:3. Further trituration of the obtained ywlish oil with acetone induces it
consolidation. Yield 186 mg (0.65 mmol, 65%), wéiitipowder (mp 181-183 °C).

3.3b

4-(1H-
Benzo[d]imidazol-2-
yl)-3-(3-
(benzylamino)-
propyl)-1-methyl-
1H-pyrazol-5-amine

Neat film
3301 (NH,
NH,v), 1623
(NH5), 1579
(C=C, C=N).

(400 MHz, DMSO#), 8, ppm (, Hz):
1.84 (quintJ = 6.7, 2H, 2€H,), 2.55
(t,J=6.4, 2H, 1€H,), 2.84 (tJ= 7.0,
2H, 3-CHy), 3.56 (s, 3H(CH3), 3.74 (s,
2H, NCH,), 6.49 (s, 2H, Nk,
7.01-7.08 (m, 2H, Ar H), 7.22-7.29
(m, 1H, Ar H), 7.29-7.40 (m, 6H, Ar
H).

(101 MHz, DMSO#k), 5, ppm: 24.8
(CH,), 28.8 (CH), 34.4 (CH), 46.8
(CHp), 52.7 (CH), 92.6 (C), 121.2
(2CH), 127.2 (CH), 128.7 (6CH),
140.3 (3C), 147.2 (C), 148.6 (C),
149.7 (C).

HRMS (ESI)
Calculated for
Ca1H2sNg (M +
H*): 361.2141,
Found:
361.2140.
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=N
NN
H,N

Elution system for column chromatography (and TLORClL-CH3;OH, 10:3. Further trituration of the obtainedwith acetone induces its

consol

idation. Yield 234 mg

(0.65 mmol, 65%)

, Wtitipowder (mp 135 °C).

Id

3.4b | 3-(3- Neat film (300 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm: 27.5 HRMS (ESI)
(Benzylamino)propy| 3261 (NHy, 2.01 (quintJ=7.0, 2H, 2€H,), 2.82 | (CH,), 28.1 (CH), 33.6 (CH), 48.8 | Calculated for
)-1-methyl-4- NH,v), 1619 (t, J=6.8, 2H, 1€H,), 2.98 (t,J = 7.5,| (CHy), 53.4 (CH), 100.8 (C), 118.9 | Cy3HzeNs5 (M +
(quinolin-2- (NH25), 1599, 2H, 3-CH,), 3.57 (s, 3HCHs), 3.84 (s, (CH), 124.8 (CH), 125.3 (C), 127.2 | H"): 372.2188,
yl)-1H-pyrazol-5- 1547, 1518 2H, NCHPh), 6.04 (s, 2H, Nb), (CH), 127.4 (CH), 127.8 (CH), 128.3 Found:
amine (C=C, C=N). 7.23-7.38 (m, 5H, H Ph), 7.41 (ddd,| (2CH), 128.4 (2CH), 129.5 (CH), 372.2181.
=8.1,7.0,1.2, 1H, H-6), 7.56 (@= | 136.1 (CH), 139.2 (C), 147.4 (C),
8.8, 1H, H-3), 7.64 (dddl= 8.4, 6.9, | 147.8 (C), 148.9 (C), 154.8 (C).
1.5, 1H, H-7), 7.71 (dd] = 8.1, 1.2,
1H, H-8), 7.91 (dJ = 8.4, 1HH-5),
8.01 (d,J = 8.8, 1HH-4).
Elution system for column chromatography: CEKGH;OH, 20:1. Further trituration of the obtainedwith acetone induces its consolidation. Yie
204 mg (0.55 mmol, 55%), yellow powder (mp 170-17)1°
3.5b | 3-(3- Neat film (400 MHz, CDC}), 6, ppm (, Hz): (75 MHz, CDC}), 3, ppm: 25.4 HRMS (ESI)
(Benzylamino)propy| 3327 (NH, 2.06 (quintJ=7.0, 2H, 2€H,), 2.85 | (CH,), 27.0 (CH), 48.4 (CH), 53.6 | Calculated for
)-4-(quinolin-2- NH2v), 1631 (t, J=6.9 Hz, 2H, 1€H,), 3.06 (t,J = | (CHy), 91.7 (C), 117.9 (CH), 125.2 | CpH23N4O (M +
ylisoxazol- (NH23), 1598, 7.5, 2H, 3€Hy), 3.86 (s, 2H, , (CH), 125.5 (C), 127.2 (CH), 127.5 | H"): 359.1872,
5-amine 1541 (C=C, NCH,Ph), 7.03 (s, 2H, Nb), (CH), 127.8 (CH), 128.3 (2CH), 128|5~ound:
C=N), 1294 7.24-7.31 (m, 1H, Hr4), 7.32-7.42 | (2CH), 129.8 (CH), 136.5 (CH), 139/4359.1862.
(C-0). (m, 4H, H Ph), 7.46 (ddd,= 8.1, 7.0, | (C), 147.3 (C), 152.5 (C), 161.3 (C),

1.1, 1H,H-6), 7.55 (d,J = 8.8, 1HH-
3), 7.68 (ddd,) = 8.4, 6.9, 1.5, 1Hi-

7), 7.75 (ddJ = 8.2, 1.0, 1HH-8),

169.2 (C).
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7.93 (d,J=8.4, 1H,H-5), 8.08 (dJ =
8.7, 1H,H-4).

H,N

Elution system for column chromatography: CgHGH;OH, 20:1. Yield 204 mg (0.5 mmol, 50%), light orangowder (mp 125-126°C).

3.6a | 2-(5-Amino-1- Neat film (400 MHz, DMSO€g), 3, ppm @, H2): | (101 MHz, DMSO€), 6, ppm: 23.4 | HRMS (ESI)
methyl-3-(3- 3358, 3284 1.93 (quintJ = 6.8, 2H, 2€H,), 2.38 | (CH,), 27.6 (CH), 33.4 (CH), 34.4 | Calculated for
(methylamino)propyl (NHv, NH,v), (s, 3H, NHCH3), 2.55 (t,J =5.7, 2H, | (CHzg), 46.9 (CH), 98.5 (C), 120.5 CisH21Ne (M +
)- 1668 (C=0), 1-CHy), 2.83 (t,J = 6.3, 2H, 3€H),), (C), 123.5 (CH), 125.8 (CH), 126.0 | H"): 313.1777,
1H-pyrazol-4- 1575, 1557, 3.55 (s, 3H, K'H3), 6.65 (s, 2H, NB), | (CH), 133.1 (CH), 146.9 (C), 149.0 | Found:
yhquinazolin-4(3H)- | (NH»6, C=C, 7.22 (ddJ=8.3, 7.4, 1H, H-6), 7.48 | (C), 150.7 (C), 156.2 (C), 167.2 (C).| 313.1772.
one C=N). (d,J=8.0, 1H, H-8),7.59 (ddd,=

8.4,7.6, 1.4, 1H, 7-H), 7.99 (dd, 1.2,
1H, 5-H), 9.53 (br. s, 1H, NH).
X,
H2N N\

Yield 194 mg (0.62 mmol, 62%), white powder (mp 2T3.

3.7a | 2-(5-Amino-3-(3- Neat film 3347, | (400 MHz, DMSO€), 8, ppm (, H2): | (101 MHz, DMSO€dg), 8, ppm: 21.7 | HRMS (ESI)
(methylamino)propyl 3284 (NH, 1.92-2.07 (m, 2H, ZHy), 2.51 (s, (CHy), 26.6 (CH), 33.0 (CH), 47.0 | Calculated for
)isoxazol-4- NH,v), 1633 3H, CH), 2.75-2.83 (m, 2H, THy), | (CHy), 90.3 (C), 120.8 (C), 123.2 Ci15H18Ns0, (M
yl)quinazolin-4(3H)- | (C=0), 1607, 2.92-3.03 (m, 2H, &H,), 7.18 (t,J= | (CH), 125.7 (CH), 126.0 (CH), 132.4 + H"): 300.1460,
one 1571 (NH9, 7.2, 1HH-6), 7.51 (dJ=7.6, IHH- | (CH), 151.1 (C), 157.0 (C), 160.8 (C),Found:

C=C, C=N), 8), 7.54 (tJ=7.2, 1HH-7), 7.96 (dJ | 169.5 (C), 170.5 (C). 300.1462.
1243 (C-0). =7.0, 1HH-5), 8.04 (s, 2H, NH).
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HyN

Yield 224 mg (0.75 mmol, 75%), light orange pow(ap 171-172 °C).
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3-(5-Amino-4-(benzo[d]thiazol-2-yl)-1-methyl-H-pyrazol-3-yl)-N,N,N-
trimethylpropan-1-aminium iodide (3.8).
Mel (0.137 ml,d = 2.28 g/ml, 2.2 mmol) was added dropwise to mestisolution of
4-(benzofl]thiazol-2-yl)-1-methyl-3-(3-(methylamino)propyl)Htpyrazol-5-amine
3.1a(301 mg, 1 mmol) and MeONa (54 mg, 1 mmol) in Me@®Hml). Stirring was
pursued for 3 h. The resulting white precipitatg @49-250 °C) was filtered off and
analyzed without additional purification steps. \Aleserved complete conversion of

the starting material to the desired product bususpected the presence of Nal.

tert-Butyl (3-(4-(benzo[d]thiazol-2-yl)-5-(benzylamino)1-methyl-1H-pyrazol-3-
yl)propyl)(methyl)carbamate (3.10).
Di-tert-butyl dicarbonate (120 mg, 0.55 mmol) was added stirred solution of 4-
(benzofl]thiazol-2-yl)-1-methyl-3-(3-(methylamino)propyl)Htpyrazol-5-amine
3.1a (151 mg, 0.5 mmol) in trifluoroethanol (TFE) (3)ndt rt. The reaction was
completed in 10 min. After evaporation of volatilesder reduced pressure, the crude
product was purified by automated flash chromafolgygelution system: gradient of
CH,Cl,—acetone, 9:1 to Ci€l,—acetone, 2:3) to yield 187 mg (0.47 mmol, 93%) of
white solid (mp 129130 °C).
A suspension of tert-butyl (3-(5-amino-4-(berdjtjiazol-2-yl)-1-methyl-1H-
pyrazol-3-yl)propyl)(methyl)carbamate (187 mg, Omhol), AcOH (0.05 ml, 0.94
mmol), benzaldehyde (0.06 ml, 0.56 mmol), and attist molecular sieves in
toluene (5 ml) was stirred in a sealed vessel ogbtrat 120 °C. At this point, two
spots were detected by TLC (gF,—acetone, 9:1) corresponding to the reactapt (R
= 0.27) and the desired imine¢(R 0.67 (bright yellow spot)). The reaction was
broken off at that point, filtrated through a plag celite, and the liquid was
concentrated under reduced pressure. The obtaioledl was redissolved in dry
ethanol (5 ml) and 3 equiv of NaBH53 mg, 1.4 mmol) was subsequently added.
The reaction was stirred for 30 min at rt (durihgsttime, the color of the reaction

mixture changed from yellow to white due to redowctof the imine to amine) under
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Ar. Dilution of the reaction mixture with ethandiltration through a plug of Celite,
and concentration under reduced pressure gave tarmiaf3.1aand3.10in 100%
yield. After compound separation by automated flatitomatography (elution
system:gradient of Cj€l,—acetone, 19:1 to Cil,—acetone, 9:1), secondary amine

3.10was obtained as a colorless oil (108 mg, 0.22 ma¥sho).

N-(3-(3,5-Dimethyl-3H-benzo[4,5]imidazo[1,2€]-pyrazolo[4,3-€]pyrimidin-1-
yl)propyl)- N-methylacetamide(3.11).

A solution of 4-(H-benzofllimidazol-2-yl)-1-methyl-3-(3-(methylamino)propyl)-
1H-pyrazol-5-amine3.3a (142 mg, 0.5 mmol) in 1,1,1-triethoxyethane (10 méas
refluxed for 20 min, and A© (0.47 ml, d= 1.087 g/ml, 5 mmol) was added to the
reaction mixture at this point. After another 5 nahstirring, the reaction ceased
(TLC elution system: CHGlacetone, 2:1) and the mixture was concentratedrunde
reduced pressure. The crude product was purified dyomated flash

chromatography (elution system: gradient of CH@&tetone, 2:1) to yield 152 mg
(0.43 mmol, 87%) of white solid (mp 998 °C).

N-Methyl- N-(3-(3-methyl-3H-benzo[4,5]imidazo-
[1,2c]pyrazolo[4,3-€][1,2,3]triazin-1-yl)propyl)nitrous amide (3.12)

t-BUONO (0.12 mld = 0.867 g/ml, 1 mmol) was added dropwise to angfiso
stirred solution of 4-(H-benzofl]-imidazol-2-yl)-1-methyl-3-(3-
(methylamino)propyl)-1H-pyrazol-5-amir@3a (142 mg, 0.5 mmol) in DMF (5 ml,
65 °C), and the gas evolution was observed by lubblnter. After 10 min of
stirring, TLC control (CHCl,—acetone, 9:1) indicated the presence of two spots
corresponding to the starting material and new weodThe pH of the reaction
mixture was slightly basic. Another portion 6BuONO (0.24 ml, 2 mmol) was
added dropwise, and the pH of the reaction mixtureed to acidic (pH- 3). After
10 min of stirring, another TLC control was madeetsure the conversion of starting

material and formation of one main product. Thectiea mixture was allowed to
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cool to rt, and pH was brought to neutsdightly basic by addition of saturated aq.
NaHCQ,. This aqueous phase was extracted with EtOAcdttinees), and collected
organic extracts were washed with brine and driegr dgSQ. The solution was
concentrated under reduced pressure and the resaiipurified by automated flash
chromatography (elution system: gB,—acetone, 19:1) to yield 137 mg (0.42 mmol,
85%) of3.12as a bright yellow solid (mp 16364 °C).

Note: 1) the aliquot for TLC was taken from the atean mixture followed by
addition of saturated aq. NaHG®@ make pH neutraslightly basic and extraction
with EtOAc. 2) The solution aFBuONO is acidic when purchased from commercial
sources. Its acidity is enough to generate thesotnium ion and bring the reaction to

completion.

N-(3-(4-(Benzoflthiazol-2-yl)-5-iodo-1-methyl-1H-pyrazol-3-yl)propyl)- N-
methylnitrous amide (3.13).

t-BUONO (0.6 ml, d = 0.876 g/ml, 5 mmol) was addeadpavise to a stirring
suspension 08.1a(301 mg, 1 mmol) and 1.1 g, 4.3 mmol) in acetonitrile (10 ml)
at 65 °C. After stirring for 20 min, the mixture svaooled to room temperature, and
saturated ag. N§0O; was added. The mixture was extracted three timts athyl
acetate, and the combined organic extracts werbedasith saturated aq. NaCl and
dried over MgSQ Evaporation of volatiles under reduced pressuré further

purification by automated flash chromatography t{etu system: CHCl,—acetone,
19:1) yielded 168 mg d.13(0.38 mmol, 38%) as a light orange solid (mp-1@5

°C). The reaction was directly scaled up to 1.86gm(mol) of starting material,
affording 0.83 g (32% vyield) of the desired product

3-(4-(Benzofl]thiazol-2-yl)-5-iodo-1-methyl-1H-pyrazol-3-yl)-N-methylpropan-
1-amine (3.14a).

p-TsOH monohydrate (1.52 g, 8 mmol) was added pontise to a strongly stirred

solution of  4-(benzdthiazol-2-yl)-1-methyl-3-(3-(methylamino)propyl)Ht
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pyrazol-5-amine3.1a (0.602 g, 2 mmol) in MeCN 10 (ml), and the reattmixture
was stirred over a 5 min period. The flask was tbeoled to O °C in an ice-water
bath and Kl (0.83 g, 5 mmol), Cul (1 mg, 0.005 mahdt-BuONO (0.302 ml, d =
1.368 g/ml, 4 mmol) were added subsequently taghetion mixture. The solution
was stirred at 0 °C for 20 min then allowed to waomt, and stirring was continued
for a further 2 h. Then, the reaction mixture wasrghed with water (30 ml), 5% aq.
Na,S,0; solution (30 ml), and saturated aq. NaHGGIution to reach pH 8-9. This
mixture was transferred to a separatory funnel, tardaqueous phase was extracted
with EtOAc (3 x 50 ml). The combined organic extsawere dried over anhydrous
MgSQ,, filtered, and then concentrated under reducedspre. The crude mixture
was purified by automated flash chromatography ti@iu system: gradient of
CHCLL-Et;N,10:1 to CHC-EN-CHsOH, 10:1:0.2) to give 0.247 g (0.6 mmol,
30%) of 3.14aas a white solid (mp 189 °C) after trituration tbé residues with
MeCN. The reaction was directly scaled up to 1.& gnmol) of starting material,
affording 0.74 g (30% vyield) of the desired product

tert-Butyl (3-(4-(Benzof]thiazol-2-yl)-5-iodo-1-methyl-1H-pyrazol-3-

yl)propyl)(methyl)carbamate (3.15).
Ditert-butyl dicarbonate (120 mg, 0.55 mmol) wasled to a stirred solution of 22
(206 mg, 0.5 mmol) in TFE (3 ml) at rt followed bye addition of NaOMe (30 mg,
0.55 mmol). The reaction was completed in 30 miftelAevaporation of volatiles
under reduced pressure, the crude product wasigquuriby automated flash
chromatography (elution system: gradient of ,ChH-acetone, 19:1 to
CH,Cl,—acetone, 9:1) to yield 179 mg (0.35 mmol, 70%3.d5as a white solid (mp
122 °C).

General Procedure for the Synthesis of R-(3-(4-(Bewn[d]thiazol-2-yl)-5-
aryl/hetaryl/styryl-1-methyl-1Hpyrazol-3-yl))propyl -1-amine (3.163.20).
N-(3-(4-(Benzofl]-thiazol-2-yl)-5-iodo-1-methyl-1H-pyrazol-3-yl)ppyl)-N-

methylpropan-1-amine 3.14d N-methylnitrous amide 3.13 tert-butyl-
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(methyl)carbamat8.15(0.15 mmol), boronic acidB(16a-¢ 3.17)/ its diethanolamine
ester 8.18 3.19/ trifluoroborate salt 3.20 (0.17 mmol), CgL0O; (64 mg, 0.18
mmol), and Pd(PR}y (9 mg, 0.0075 mmol) were placed in a two-neckadKilfitted
with a water condenser and rubber septum. Theraystes evacuated and back-filled

with argon. This sequence was repeated three tiDexane-H,O, 5:1 mixture
(8 ml) was degassed beforehand by the Frdammp-Thaw method and transferred

to the reaction vessel under a positive pressuiagiin. The resulting mixture was
stirred under argon at 110 °C overnight. After aoplto room temperature, the
reaction mixture was diluted with H20, transferedthe separatory funnel, and
extracted three times with EtOAc. The filtrate wesncentrated under reduced
pressure, and the residue was purified by autonf&skd chromatography. Reaction
conditions for3.2Q teflon reactor, 140 °C, 24 h. Note: indole waglemented into
the reaction in the form of trifluoroboronate saith nitrogen protected withert-

butyloxycarbonyl.

N-(3-(4-(Benzof]thiazol-2-yl)-1-methyl-1H-pyrazol-3-yl)propyl)- N-
methylnitrous Amide (3.21).
t-BUONO (0.24 mid = 0.867 g/ml, 2 mmol) was added dropwise to angfisostirred
solution of  4-(benzdthiazol-2-yl)-1-methyl-3-(3-(methylamino)propy!)Ht
pyrazol-5-amine3.1a(0.301 g, 1 mmol) in DMF (5 ml, 65 °C), and thesgeavolution
was observed by bubble counter. After 10 min afiaty, the TLC control (ChCl,—
acetone, 9:1) indicated the presence of two spotsegponding to the starting
material and new product. The pH of the reactioxtune was slightly basic. Another
portion of t-BUONO (0.48 ml, 4 mmol) was added dropwise, anal pil of the
reaction mixture turned to acidic (pH 3). After 10 min of stirring, another TLC
control was made to ensure the conversion of startiaterial and formation of one
main product. The reaction mixture was alloweddol o rt, and pH was brought to

neutratslightly basic by addition of saturated aq. NaHCThis aqueous phase was

extracted with EtOAc (three times), and collectegiaoic extracts were washed with
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brine and dried over MgSOThe solution was concentrated under reduced ymess
and the residue was purified by automated flasbroatography (system: gradient
of EtOAc-CHA, 7:3 to EtOAc, 100%) to yield 290 mg (0.92 mm®2%) of white

solid (mp 7273 °C).

3-(4-(Benzof]thiazol-2-yl)-1-methyl-1H-pyrazol-3-yl)-N-methylpropan-1-
aminium chloride (3.22).
HCl gas (generated by dropwise addition ofSB, on solid NaCl) was bubbled
vigorously through an ice-cold solution Nf(3-(4-(benzofljthiazol-2-yl)-1-methyl-
1H-pyrazol-3-yl)propyl)N-methylnitrous amide3.21 (158 mg, 0.5 mmol) in dry
methanol (8 ml) for 20 min. The resultant precif@tavas filtered off and washed

with ether to yield 157 mg (0.485 mmol, 97%) of tehsolid (mp 152153 °C).

N-(3-(4-(Benzofl]thiazol-2-yl)-5-(4-methoxyphenyl)-1-methyl-H-pyrazol-3-
yl)propyl)- N-methylinitrous Amide (3.16c).

N-(3-(4-(Benzofi]thiazol-2-yl)-1-methyl-H-pyrazol-3-yl)propyl)N-methylnitrous
amide 3.21 (95 mg, 0.3 mmol), Pd(OA£)(3.4 mg, 0.015 mmol), and BWOAC
(181 mg, 0.6 mmol) were placed in a flame-dried-tvecked flask fitted with a water
condenser and rubber septum. The system was eedcaradl back-filled with argon.
This sequence was repeated three times. DMA (&and)4-bromoanisole (0.06 ml, d
= 1.494 g/ml, 0.45 mmol) were sequentially addedewra stream of argon at room
temperature. The resulting mixture was stirred @t’@ for 24 h. After cooling to
room temperature, the reaction mixture was diluéth EtOAc, filtered through a
plug of Celite, and eluted with additional EtOAté€Tfiltrate was concentrated under
reduced pressure, and the residue was purified @sitomated flash chromatography

(system: gradient of Cj€l,—acetone, 19:1 to Ci&l,—acetone, 9:1) to yield 126 mg
(0.3 mmol, 100%) o08.16cas a light orange solid (mp 140 °C).
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Pyrazoles3.23-3.28, 3.3(&nd amide3.31awere obtained according to the general
procedure described for a<aminopropyl)-4-hetaryl-5-aminopyrazoles (isoxazple
3.1-3.7. Note: for pyrazoles 3.27, 3.28 3.30 that were synthesized from
pyrrolidinacetonitriles substituted with quatermzazaheterocycles the solvent for

reaction is EtOH. The reaction continues duringt2-3

General procedure for the synthesis of 5-(2-amino-(1,3-dimethyl-1H-

benzo[d]imidazol-2(3H)-ylidene)-2-oxoethyl)-1-methyl-3,4-dihydro-M-pyrrol-1-
ium iodide chloride (3.31b).

The strongly stirred mixture of 2-(cyano(1l-methyljidin-2-ylidene)methyl)-1,3-
dimethyl-1H-benzoflJimidazol-3-ium iodide2.8 (0.3 mmol, 118 mg) and 20 equiv of
2.5 M NaOH in ethanol (3 ml) was refluxed over Bdriod. At this point the reaction
was cooled down and treated with 1M HCI to sliglgtidic pH (pH around 6). The
reaction mixture was concentrated under reducesspre and the solid precipitate
was triturated with dry ethanol. The precipitatesviiiered off and the mother liquid
was collected, concentrated under reduced presnde t@turated with minimal
guantity of ethanol. After another filtration—methliquid collection—concentration
3.31bwas obtained as a beige sdqlfd mg, 0.22 mmol,73%).
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Table 6.4. Physico-chemical characteristics ofa3-dminopropyl)-4-hetaryl-5-aminopyrazole derivatia2&3.3C and amide

3.31

Com | IUPAC name IR, v, cm 'H NMR *C NMR HRMS/MS,

poun elemental

d analysis

3.8 3-(5-Amino-4- Neat film (400 MHz, methanotl), 6, ppm (, (101 MHz, methahotk), 5, ppm ¢, HRM S (ESI)
(benzold]thiazol-2- | 3393 (NHv), Hz): 2.21-2.36 (m, 2H, 2H,), 2.96 | Hz): 21.3 (CH), 24.3 (CH), 32.8 Calculated for
yD)-1-methyl- 1614 (NH9), (t, J=7.3, 2H, 3€H)), 3.17 (s, 9H, 3-| (CHs), 52.2 (t,"Jon= 4.0, 3CH), 65.9 | C17H24NsS (M +
1Hpyrazol- 1563, 1535 CHs), 3.48-3.59 (m, 2H, TH,), 3.65 | (t, {Jc.n = 3.0, 2-CH), 96.7 (C), H"): 330.1752,
3-yl)-N,N,N- (C=C, C=N). (s, 3H, NCH), 7.30 (dddJ = 8.2, 7.6, | 120.79 (CH), 120.84 (CH), 123.5 Found:
trimethylpropan-1- 1.2, 1H, H-6), 7.45 (ddd = 8.2, 7.3, | (CH), 125.9 (CH), 132.0 (C), 147.0 | 330.1758.
aminium iodide 1.3, 1H, H-5), 7.86-7.93 (m, 2H, H- | (C), 148.5 (C), 152.8 (C), 161.4 (C).

\/ © 4,7).
N I
/®
QL3
|
N/ |\ N\
H,N

Yield 100%, white powder (mp 249-250 °C).

3.10 | tert-Butyl (3-(4- Neat film (400 MHz, CDC}), 8, ppm @, Hz): (101 MHz, CDC}), 6, ppm: 25.8 HRMS (ESI)
(benzo[d]thiazol-2- | 3271 (NH), 1690| 1.47 (s, 9H, 8Hj3), 1.95-2.07 (m, 2H, (CHy), 27.1 (CH), 28.5 (3CH), 34.3 | Calculated for
yl)-5-(benzylamino)-| (C=0), 1560 2-CHp), 2.82-2.94 (m, 5H, &H,, (CHs), 36.8 (CH), 48.9 (CH), 50.3 | C7H34Ns0,S (M
1-methyl-1H- (C=C, C=N), NBocCH;), 3.28-3.50 (m, 2H, 1- (CHy), 79.2 (C), 100.6 (C), 121.0 + H"): 492.2433,
pyrazol-3- 1249 (C-0), CHy), 3.81 (s, 3H, N,CHzs), 4.55 (s, | (CH), 121.2 (CH), 123.7 (CH), 126.0 Found:
yl)propyl)(methyl)ca| 1164 (C-N). 2H, NCHPh), 7.28-7.38 (m, 4H, & | (CH), 127.1 (2CH), 127.5 (CH), 128,7492.2433.
rbamate 2,4,6, B-6), 7.39-7.47 (m, 3H, & | (2CH), 132.5 (C), 138.9 (C), 149.3

\ 5), 7.80-7.88 (m, 2H, §+4,7), 7.79 | (C), 149.5 (C), 152.5 (C), 155.8 (C),
B’ (br. s, NH). 162.0 (C).
Qs
N N N\
HN

188




Yield 108 mg (0.22 mmol, 47%). Colorless oil.

3.11

N-(3-(3,5-Dimethyl-
3H-
benzo[4,5]imidazo[1
,2-c]-

pyrazolo[4,3-
e]pyrimidin-1-
yl)propyl)-N-
methylacetamide

Neat film
1656 (C=0),
1623, 1601,
1544, 1525
(C=C, C=N).

(300 MHz, CDC}), 6, ppm (, Hz):
(mixture of rotamers) 2.09 (s, 1.2H,
CO(CHa)), 2.14 (s, 1.8HCO(CHs)),
2.22-2.39 (m, 2H, ZH,), 2.98 (s,
1.8H, NACCH), 3.07 (s, 1.2H,
NAcCH;), 3.18-3.29 (m, 5H, 3-CH
C(CHa)), 3.45-3.53 (m, 1.2H, TH,),
3.55-3.63 (m, 0.8H, TH,), 4.10 (s,
1.2H, NoyCHs), 4.11 (s, 1.8H,
NpyCHs), 7.37-7.47 (m, 1H, H-6),
7.51-7.60 (m, 1HH-5), 7.92-8.00
(m, 1H,H-4), 8.00-8.08 (M, 1H-7).

(101 MHz, CDC}), 6, ppm: (mixture
of rotamers) 21.2 (C§), 22.0 (CH),
24.4 (CH), 24.5 (CH), 25.7 (CH),
25.9 (ChH), 26.0 (CH), 26.9 (CH),
33.3 (CH), 34.1 (CH), 34.2 (CH),
36.2 (ChH), 47.1 (CH), 50.5 (CH),
99.3 (C), 113.9 (CH), 114.0 (CH),
119.8 (CH), 122.1 (CH), 122.2 (CH)
125.5 (CH), 125.7 (CH), 128.8 (C),
145.2 (C), 145.2 (C), 145.7 (C), 145
(C), 146.5 (C), 146.9 (C), 147.0 (C),
149.8 (C), 150.0 (C), 170.%}, 170.6
(©).

HRMS (ESI)
Calculated for
C19H20NeO (M +
H"): 351.1929,
Found:
351.1928.

8

Yield 87% (152 mg, 0.43 mmol), white powder (mp 98-<°C).

3.12

N-Methyl-N-(3-(3-
methyl-3H-
benzo[4,5]imidazo-
[1,2-c]pyrazolo[4,3-
e][1,2,3]triazin-1-
yl)propyl)nitrous
amide

\
_N
ON
g8
\ \N
N BN

AN

Neat film
1652, 1527, 1447
(C=N, C=C,
N=0), 1280
(N=0), 1333 (N-
=0), 1038
(N-N), 1129
(C-N).

(300 MHz, CDC}), 6, ppm (, Hz):

" (mixture of rotamers) 2.22-2.35 (m,
0.4H, 2€CHy), 2.45-2.63 (m, 1.6H, 2-
CHy), 3.14 (s, 2.4H, NNO(C¥)),
3.20-3.26 (m, 0.4H, 8H>),
3.28-3.38 (m, 1.6H, &H>),
3.75-3.83 (m, 0.4H, TH,), 3.85 (s,
0.6H, NNO(CH)), 4.32-4.41 (m,
1.6H, 1CHy), 4.38 (s, 3H, N,CHs),
7.52-7.60 (m, 1HH-6), 7.60-7.69
(m, 1H,H-5), 7.94-8.00 (m, 1H-4),
8.33-8.40 (m, 1HH-7).

(75 MHz, CDC4), 8, ppm: (mixture of
rotamers) 24.2 (C}), 25.3 (CH),

25.8 (CH), 26.5 (CH), 31.4 (CH),
35.5 (CH), 38.9 (CH), 44.0 (CH),
53.1 (CH), 101.2 (C), 111.9 (CH),
120.0 (CH), 123.7 (CH), 127.2 (CH)
128.8 (C), 136.7 (C), 142.6 (C), 144
(C), 145.1 (C),145.3 (C).

HRMS (ESI)
Calculated for
CisH17NgO (M +
H"): 325.1525,
Found: 325.1524

2

N=N
Yield 137 mg (0.42 mmol, 85%), bright yellow powderp 163-164 °C).
3.13 | N-(3-(4- Neat film (400 MHz, CDC), 6, ppm (, Hz):| (101 MHz, CDC}), 8, ppm: (mixturel MS (ESI) m/z:
(Benzold]thiazol-2- | 1538 (C=N, (mixture of rotamers) 1.93-2.04 (mof rotamers) 24.8 (CH, 25.3 (CH), | [M+ H]" Found
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yl)-5-iodo-1-methyl- | C=C), 1450, 0.4H, 2CHy), 2.15-2.28 (m, 1.6H, 2-25.7 (CH), 27.2 (CH), 31.4 (CH), | for
1Hpyrazol- 1435 CH,), 3.01-3.06 (m, OH, 3-CHy), | 39.1 (CH), 40.51 (CH), 40.53 (CH), | C15H17INsOS:
3-yl)propyl)-N- (N=0),1332 3.08 (s, 2.4H, NNO(C})), 3.11-3.17, 445 (CH), 53.5 (CH), 86.7 (C),| 442.55.Found,
methylnitrous amide| (N=0), 1040 (m, 1.6H, 3€H,), 3.70-3.76 (m|120.2 (C), 121.3 (CH), 122.8 (CH)%: C 40.95;H
\ (N-N), 1144 0.4H, 1CH,;), 3.78 (s, 0.6H]125.0 (CH), 126.2 (CH), 134.3 (G)3.29; N 15.87.
ON'N (C-N). NNO(CHg)), 4.00 (s, 0.6H, M,CHj3), | 152.3 (C), 153.0 (C), 159.0 (C). C15H16INsOS.
4.01 (s, 2.4H, N,CHs), 4.25-4.31 (m Calculated, %:
S <N 1.6H, 1CH,), 7.41 (ddd, J = 8.3, 7.3, C 40.83;H 3.65;
@[ 77NN 1.2, 1H, H-6), 7.51 (ddd] = 8.3, 7.2, N 15.87.
N N 1.3, 1H,H-5), 7.93 (dddJ = 7.9, 1.1,
' 0.6, 1H,H-7), 8.04 (ddd,J = 8.2, 1.1,
0.6 Hz, 0.8HH-4), 8.08 (ddd, J = 8.2,
1.1, 0.6, 0.2H]-4).

Yield 168 mg (0.38 mmol, 38%), light orange pow(tap 104-105 °C).

3.14a | 3-(4- Neat film (400 MHz, CDC}), 8, ppm @, Hz): (101 MHz, CDC}), 6, ppm: 25.4 HRMS (ESI)
(Benzo[d]thiazol-2- | 3394 (NH)), 1.95 (quintd = 7.3, 2H, 2-CH), 2.44 | (CH,), 28.8 (CH), 36.1 (CH), 40.5 | Calculated for
yl)-5-iodo-1-methyl- | 1537 (C=C, (s, 3H, NHCH), 2.69 (t,J =6.9, 2H, | (CHzg), 51.2 (CH), 86.5 (C, C-I), CisH18N4SI (M
1H-pyrazol- C=N). 1-CHp), 3.11 (tJ= 7.5, 2H, 3-CH), 120.1 (C), 121.3 (CH), 122.8 (CH), | + H"): 413.0297,
3-yl)-N- 4.01 (s, 3H, My CHs), 7.35-7.46 (m, | 124.9 (CH), 126.1 (CH), 134.5 (C), | Found:
methylpropan-1- 1H, H-6), 7.48-7.55 (m, 1H, H-5), | 153.0 (C), 153.3 (C), 159.5 (C). 413.0297.
amine 793 (dJ=7.9,1HH-7), 8.07 (dJ =

\ 8.0, 1H,H-4)
HN
gy
N \ N\
|

Yield 247 mg (0.6 mmol, 30%), white powder (mp 1085 °C).

3.15 | tert-Butyl (3-(4- Neat film 1H NMR (400 MHz, CDGJ), 9, ppm | (101 MHz, CDC}), 6, ppm: 25.5 HRMS (ESI)
(Benzo[d]thiazol-2- | 1690 (C=0), (J, Hz): 1.42 (s, 9H,BH3), 1.86-2.04| (CH,), 27.2 (CH), 28.4 (3CH), 34.1 | Calculated for
yl)-5-iodo-1- 1519 (C=C, (m, 2H, 2CH,), 2.86 (s, 3H, NCH3), | (CHg), 40.4 (CH), 48.7 (CH), 79.1 | CyoH26IN40.S
methyl-1H-pyrazol- | C=N), 1030, 2.98-3.11 (m, 2H, &H,), 3.23-3.41 | (C), 86.6 (C), 120.0 (C), 121.2 (CH), (M + H™:

3- 1250 (C-0). (m, 2H, 1CH,), 4.01 (s, 3H, 122.9 (CH), 124.9 (CH), 126.1 (CH), 513.0821,

yl)propyl)(methyl)ca

NpyCHa), 7.40 (t.J = 7.5, 1HH-6),

134.5 (C), 153.0 (C), 153.4 (C), 155

Found:
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rbamate 7.51(t,J=7.6, 1HH-5), 7.93 (dJ= | (C), 159.3 (C). 513.0817.
\N 7.9, 1H,H-7), 8.08 (dJ =8.1, 1HH-
Boc” 4).
L
/ |
N \ N\
|
Yield 179 mg (0.35 mmol, 70%), white powder (mp P£3.
3.16a | 3-(4- Neat film (400 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm: 25.5 HRMS (ESI)
(Benzo[d]thiazol-2- | 3303 (NH), 1.81 (s, 1H, NH), 2.01 (quind,= 7.0, | (CHy), 29.1 (CH), 36.3 (CH), 36.8 | Calculated for
yl)-5-(4- 1519 (C=C, 2H, 2-CHy), 2.44 (s, 3H, NCH,), (CHg), 51.6 (CH), 55.4 (CH), 113.7 | CxH2sN4,0OS (M
methoxyphenyl)-1- | C=N), 1249 2.73 (t,J=6.9, 2H, 1€H,), 3.11-3.26| (C), 114.6 (CH), 121.0 (CH), 121.1 | + H"): 393.1749,
methyl-1H-pyrazol- | (C-0) (m, 2H, 3CH,), 3.69 (s, 3H, (C), 122.3 (CH), 124.2 (CH), 125.7 | Found:

3-yl)-N-
methylpropan-1-
amine

HN

—0

NpyCHg), 3.90 (s, 3H, OCH),
7.01-7.08 (m, 2HHA-3,5), 7.24 (ddd
J=8.3,7.3, 1.1, 1HI-6), 7.29-7.35
(m, 2H,Har-2,6), 7.39 (dddJ = 8.3,
7.2, 1.2, 1HH-5), 7.66 (dddy = 7.9,
1.1, 0.6, 1HH-7), 7.92-7.98 (m, 1H,
ddd,J = 8.0, 1.1, 0.6, 1HJ-4).

(CH), 131.9 (2CH), 134.4 (C), 143.8
(C), 151.4 (C), 153.2 (C), 160.9 (C),
161.1 (C).

393.1743.

Elution system for column chromatography: H—-CH;OH—-EgN, 8:1:1.Yield 41 mg (O

.11 mmol, 70%), yellowish powder (8§-97 °C).

3.16b

tert-Butyl (3-(4-
(Benzol[d]thiazol-2-
yl)-5-(4-
methoxyphenyl)-
1-methyl-1H-
pyrazol-3-
yhpropyl)(methyl)-

Neat film

1691 (C=0),

1519 (C=C,
C=N), 1251
(C-0).

(400 MHz, CDC}), 6, ppm (, Hz):
1.45 (s, 9H, 3CH), 1.95-2.13 (m, 2H,
2-CHp), 2.92 (s, 3H, NCHj),
3.09-3.21 (m, 2H, &Hy,), 3.34-3.47
(m, 2H, 1€CHy), 3.70 (s, 3H,
NpyCHs), 3.93 (s, 3H, OCH),
7.04-7.10 (m, 2HHA-3,5), 7.27 (ddd

(101 MHz, CDC}), 6, ppm: 25.5
(CHy), 27.4 (CH), 28.5 (3CH), 34.0
(CHs), 36.8 (CH), 48.9 (CH), 55.4
(CHg), 79.0 (C), 113.5(C), 114.6
(2CH), 120.96 (CH), 121.04 (C),
122.5 (CH), 124.3 (CH), 125.7 (CH)

131.9 (2CH), 134.4 (C), 143.9 (C),

HRMS (ESI)
Calculated for
Co7H33N403S (M
+ H"): 493.2273,
Found:
493.2273.
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carbamate J=8.3,7.2,1.2, 1H, H-6), 7.31-7.36 151.3 (C), 153.2 (C), 155.9 (C), 160}9
\ (m, 2H,Ha-2,6), 7.41 (dddJ = 8.3, (C), 161.0 (C).
BOC/N 7.2,1.2, 1HH-5), 7.69 (ddd, = 8.0,
1.2, 0.6, 1HH-7), 7.97 (dJ = 8.0,
@[S <N 1H, H-4).
|
N/ |\ N\
—0
Elution system for column chromatography: CHA-EtQA®!. Yield 72 mg (0.15 mmol, 98%), yellowish pavdmp 116 °C).
3.16¢ | N-(3-(4- Neat film (400 MHz, CDC}), 8, ppm @, Hz): (101 MHz, CDC}), 6, ppm: (the HRMS (ESI)
(Benzo[d]thiazol-2- | 1519 (C=N, (mixture of rotamers) 2.03-2.13 (m, | signals of dominating rotamer are | Calculated for
yl)-5-(4- C=C), 1451 0.4H, 2CHy), 2.24-2.35 (m,1.6H, 2- | only mentioned) 25.3 (Chi, 27.4 C22H24N50,S (M
methoxyphenyl)- (N=0), CH,), 3.09-3.17 (m, 0.4H, 8H),), (CH,), 31.4 (CH), 36.8 (CH), 53.8 | + H): 422.1651,
1-methyl-1H- 1333(N=0), 3.13 (s, 2.4H, NCHa), 3.19-3.30 (CHg), 55.4 (CH), 113.7 (C), 114.7 | Found:
pyrazol-3-yl)propyl)-| 1029, 1249 (m,1.6H, 3€H,), 3.69 (s, 0.6H, (2CH), 120.8 (C), 121.0 (CH), 122.4| 422.1652.
N-methylnitrous (C-0), 1175 NpyCHg), 3.70 (s, 2.4H, N,CHjy), (CH), 124.4 (CH), 125.8 (CH), 131.9
amide (C-N). 3.78-3.86 (m, 0.4H, TH,), 3.83 (s, | (2CH), 134.3 (C), 144.1 (C), 150.2

ON’

—0

0.6H, NoCHs), 3.93 (s, 0.6H, OCH),
3.94 (s, 2.4H, OCH), 4.36 (tJ = 7.2,
1.6H, 1CH,), 7.06-7.11 (M, 2H A
3,5), 7.27 (dddJ = 8.0, 7.6, 1.1, 1H,
H-6), 7.31-7.37 (M, 2Ha-2,6),
7.42 (ddd,) = 8.3, 7.3, 1.2, 1HJ-5),
7.68 (dddJ = 8.0, 1.4, 0.6, 1HI-7),
7.95 (ddd,) = 8.2, 1.3, 0.6, 0.8Hi-
4), 7.98 (ddd,) = 8.2, 1.3, 0.6, 0.2H,

H-4).

(C), 153.1 (C), 160.9 (C), 161.0 (C).

Elution system for column chromatography: gradi€nt,Cl,—acetone, 19:1 to Gigl,—acetone, 9:1. Yield 62 mg (0.15 mmol, 98%), lighange
powder (mp 140 °C).

3.17 | tert-Butyl (3-(5- Neat film (400 MHz, CDC}), 8, ppm @, Hz): (101 MHz, CDC}), 6, ppm: 25.4 HRMS (ESI)
([1,1-Biphenyl]-4- | 1688 (C=0), 1.46 (s, 9H, 3CH), 2.00-2.12 (m, 2H, (CH,), 27.4 (CH), 28.5 (3CH), 34.0 | Calculated for
yl)-4-(benzo[d]- 1522 (C=C, 2-CHj), 2.93 (s, 3H, NCHj), (CHs), 37.0 (CH), 48.9 (CH), 79.0 | C3H3:sN,O,S (M
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thiazol-2-yl)-1-
methyl-1H-pyrazol-

3-yl)propyl)(methyl)-
carbamate

\
N
Boc”
L~
N/ \ N\

C=N), 1245
(C-0).

3.07-3.23 (m, 2H, &H,), 3.34-3.50
(m, 2H, 2CH>), 3.77 (s, 3H,
NpyCHg), 7.27 (dddJ = 8.0, 7.6, 1.1,
1H, Hyer6), 7.39 — 7.47 (m, 1H, &
47),7.42 (ddd)=8.3,7.2, 1.2, 1H,
Huer5), 7.47-7.55 (m, 4H, &
2°,3,5°,67), 7.69 (ddd] = 8.0, 1.3,
0.6, 1H, Hyer7), 7.68—7.76 (M, 2H,
Har-3,5), 7.75-7.82 (m, 2H, A#2,6),
8.00 (d,J=8.1, 1H, Hierd).

(C), 113.6 (C), 121.0 (CH), 122.6
(CH), 124.4 (CH), 125.8 (CH), 127.1
(2CH), 127.7 (2CH), 127.9 (C), 128.
(CH), 129.0 (2CH), 130.9 (2CH),
134.5 (C), 140.0 (C), 142.7 (C), 143
(C), 151.4 (C), 153.2 (C), 155.9 (C),
160.7 (C).

+ H"): 539.2481,
Found:

0539.2485.

7

Elution system for column ch
powder (mp 124-125 °C).

romatography: gr

adientCl,—acetone, 19:1 to Gi@l,—acetone, 23:2Yield 78 mg (0.15 mmol, 97%), yellowish

3.18

tert-Butyl (3-(4-
(Benzo[d]thiazol-2-
yI)-5-(3,5-bis-
(trifluoromethyl)phe
nyl)-1-methyl-1H-
pyrazol-3-yl)propyl)-
(methyl)carbamate

\

/N
Boc
L
/ |
N \ N\
FsC
CF3

Neat film
1689 (C=0),
1522 (C=C,
C=N), 1248
(C-0).

(400 MHz, CDC}), 6, ppm (, Hz):
1.46 (s, 9H, 8Hs), 1.97-2.12 (m, 2H,
2-CHy), 2.91 (s, 3H, NCHs),
3.01-3.16 (m, 2H, &H,), 3.34-3.49
(m, 2H, 3CH,), 3.78 (s, 3H,
NpyCHs), 7.33 (ddd)) = 8.3, 7.3, 1.2,
1H, Hyer6), 7.45 (ddd) = 8.3, 7.3,
1.2, 1H, Her5), 7.77 (ddd) = 8.1,
1.2, 0.6, 1H, Her7), 7.93 (ddd)) =
8.2, 1.3, 0.5, 1H, kkr4), 8.01 (s, 2H,
Har-2,6), 8.06 (s, 1H, K-4). *°F
NMR (376 MHz, CDCY) ), 6, ppm:
-62.88.

(101 MHz, CDC}), 6, ppm (, Hz):
25.3 (CH), 27.3 (CH), 28.5 (3CH),
34.1 (CH), 37.3 (CH), 48.8 (CH),
79.1(C), 114.3 (C), 1229 (4~
272.8, 2Ck), 121.1 (CH), 122.8 (CH
123.5 (CH), 124.9 (CH), 126.2 (CH)
127.0 (C), 131.1 (2CH), 131.5 (C),
132.2 (gqJ = 33.7, 2CF3), 134.3 (C),
140.3 (C), 151.5 (C), 153.0 (C), 155
(C), 159.0 (C).

MS (ESI) m/z:
[M + H'] Found
for

C23H 29F6N4OZS .
,599.13.

Found, %: C
56.12;H 4.35; N
9.19.

8:28H 28F6N4028 .
Calculated, %:
C56.18;H 4.71;
N 9.36.

Elution system for column chromatography: gradiérCl,—acetone, 19:1 to Gi€l,—acetone, 23:2.Yield 81 mg (0.14 mmol, 90%), whibevder
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(mp 126 °C).

3.19

(E)-tert-Butyl (3-(4-
(Benzol[d]thiazol-2-
yl)-1-methyl-
5-styryl-1H-pyrazol-
3-
yhpropyl)(methyl)ca
rbamate

Boc

Neat film
1684 (C=0),
1542 (C=C,
C=N), 1244
(C-0).

(400 MHz, CDC}), 6, ppm (, Hz):
1.44 (s, 9H, 3=H3), 1.88-2.07 (m,
2H, 2-CHy), 2.88 (s, 3H, NCH,),
2.97-3.13 (m, 2H, &H), 3.30-3.44
(m, 2H, 1CH,), 4.01 (s, 3H,
NpyCHs), 7.04 (dJ = 16.7, 1H, CH-
1), 7.34 (dJ=16.6, 1H, CH-2),
7.33-7.40 (m, 2H, HLr6, Har-4),
7.40-7.46 (m, 2H, K-3,5), 7.49 (ddd
J=8.3,7.2,1.2, 1H, d5),
7.53-7.57 (m, 2H, K-2,6), 7.87 (ddd
J=17.9,1.3,0.7, 1H, K7),
7.98-8.11 (m, 1H, Htr4).

3C (101 MHz, CDQ)), 8, ppm: 25.1
(CHy), 27.0 (CH), 28.5 (3CH), 34.1
(CHs), 37.9 (CH), 48.8 (CH), 79.1
(C), 113.2 (C), 115.2 (CH), 121.2
(CH), 122.8 (CH), 124.6 (CH), 126.0
(CH), 126.9 (2CH), 128.9 (2CH),
134.7 (C), 136.2 (C), 137.0 (CH),
140.5 (C), 150.9 (C), 153.4 (C), 155
(C), 160.5 (C).

HRMS (ESI)
Calculated for
CagH33N402S (M
+ H"): 489.2324,
Found:
489.2322.

8

Elution system for column chromatography: gradieHtCl,—acetone, 19:1 to CGi€l,—acetone, 23:2. Yield 53 mg (0.11 mmol, 72%), oeapgwder

(mp 105-106 °C).

3.20

N-(3-(4-
(Benzol[d]thiazol-2-
yl)-5-(1H-indol-2-
yh)-1-
methyl-1H-pyrazol-
3-yl)propyl)-N-
methylnitrous amide

Neat film
3185 (NH)),
1532 (C=N,
C=C), 1454,
1427 (N=0,
C-H), 1333
(N=0).

(400 MHz, CDC}), 6, ppm (, Hz):
(mixture of rotamers) 2.05 (quint,=
7.6, 0.4H, 2€H,), 2.28 (quintJ = 7.3,
1.6H, 2€CH,), 2.99-3.05 (m, 0.4H, 3-
CH>), 3.09 (s, 2.4H, NCHj),
3.10-3.15 (m, 1.6H, &Hy,),
3.74-3.79 (m, 0.4H, TH,), 3.80 (s,
0.6H, No,CHs), 4.10 (s, 2.4H,
Npy:CHs), 4.11 (s, 0.6H, N,CH),
4.32 (t,J=17.1, 1.6H, 1€H,), 6.81 —
6.86 (m, 1H, hhg-3), 7.19 (ddd) =
7.8,7.5,0.9, 1H, H-7), 7.30 (ddd)
=8.1,7.6, 1.0, 1H, K-5), 7.40 (ddd,
J=8.2,7.6,1.0, 1H, H6), 7.53
(ddd,J =8.2, 7.6, 1.1, 1H, ki+-5),

(101 MHz, CDC}), 6, ppm: (the
signals ofdominating rotamer are
only mentioned) 25.0 (Chl, 27.2
(CHy), 31.5 (CH), 39.0 (CH), 53.5
(CHy), 104.9 (CH),

111.7 (CH), 113.0 (C), 120.4 (CH),
120.9 (CH), 121.4 (CH), 122.2 (CH)
123.3 (CH), 125.2 (CH), 125.6 (C),
126.5 (CH), 128.0 (C), 134.6 (C),
136.2 (C), 136.3 (C), 149.6 (C), 152
(C), 161.0 (C).

HRMS (ESI)
Calculated for
Ca3H23N6OS (M
+ H"): 431.1648,
Found:
431.1650.

2
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7.55(d, 8.3, 1H, [He-4), 7.72 (dJ =
7.8, 1H, Hhe7), 7.85 (dJ = 7.8, 1H,
Huer7), 8.10 (dJ = 8.0, 1H, Hierd),
11.67 (s, 0.8H, NH), 11.84 (s, 0.2H,
NH).

Yield 15 mg (0.4 mmol, 24%), light yellow powdergri78 °C). Elution system for column chromatogsamhradient CHCI,, 100
CH,Cl,—acetone, 93:7.

% to

3.21 | N-(3-(4- Neat film (400 MHz, CDC}), 8, ppm @, Hz): (101 MHz, CDC}), 6, ppm: (mixture | HRMS (ESI)
(Benzo[d]thiazol-2- | 1566, 1556 (mixture of rotamers) 2.03 (quint,= | of rotamers) 24.88 (CHjl 24.92 Calculated for
yl)-1-methyl-1H- (O=N, C=C, 7.6, 0.4H, 2€Hy), 2.25 (quintJ = 7.5, | (CHy), 25.4 (CH), 27.3 (CH), 30.3 | C15H1gNs0S (M
pyrazol- C=N), 1425 1.6 H, 2CH,), 3.03 (t,J=7.5,0.4 H, | (CHg), 31.5 (CH), 39.1 (CH), 44.5 |+ H"): 316.1232,
3-yl)propyl)-N- (N=0), 1331 3-CHy), 3.11 (s, 2.4 H, NCHg), 3.13 | (CHy), 53.6 (CH), 115.1 (C), 121.3 | Found:
methylnitrous amide| (N=0), 1038 (t,J=7.5,1.6 H, 3zHy), 3.76 (tJ= | (CH), 121.48 (CH), 121.5 (CH), 316.1231.

\ (N-N), 1140 7.4,0.4 H, 1€H,), 3.79 (s, 0.6 H, 124.64 (CH), 124.67 (CH), 126.2
ON’N (C-N). NpCHs), 3.90 (s, 0.6 H, N,CHs), (CH), 131.64 (CH), 131.71 (CH),
3.91 (s, 2.4 H, N,CHs), 4.31 (tJ= 134.01 (C), 134.06 (C), 150.25 (C),
S =N 7.2,1.6 H, 1€H,), 7.31-7.37 (m, 1H,| 150.32 (C), 153.79 (C), 153.82 (C),
©E 7NN H-6), 7.43-7.50 (m, 1H-5), 7.84 (d,| 160.04 (C), 160.08 (C).
N N J=8.0, 1HH-7), 7.88 (s, 1HHp,5),
7.93-8.00 (m, 1HH-4).

Yield 290 mg (0.92 mmol, 92%), white powder (mp 73-°C).

3.22 | 3-(4- Neat film (400 MHz, CROD), 3, ppm (, Hz): (101 MHz, CXOD), 3, ppm: 24.0 HRMS (ESI)
(Benzo[d]thiazol-2- | 3431 (NHv), 2.23 (quintJ =7.3, 2H, 2€H,), 2.73 | (CHp), 24.4 (CH), 32.2 (CH), 38.1 | Calculated for
yh)-1-methyl-1H- 1603, 1559, 1529 (s, 3H, NCHg), 3.10-3.21 (m, 4H, | (CHs), 48.4 (CH), 112.3 (C), 119.8 | Ci5H1N4S (M +
pyrazol-3- (C=C, C=N, 1,3<CHyp), 3.98 (s, 3H, N,CHjz), 7.52 | (CH), 122.1 (CH), 125.8 (CH), 127.4 H"): 287.1330,
yl)-N-methylpropan-| NH20). (t,J=7.7,1H, Het H), 7.62 (t, J = 7.7(CH), 132.0 (C), 133.5 (CH), 148.5 | Found:

1-aminium chloride

1H, Het H), 8.00 (d = 8.2, 1H, Het
H), 8.07 (d,J = 8.1, 1H, Het H), 8.44

(S, lH ,HPy['S) .

(C), 150.1 (C), 162.8 (C).

287.1337.
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Yield 157 mg (0.485 mmol, 97%), white powder (m21%553 °C).

3.23a

4-(Benzo[d]oxazol-
2-yl)-1-methyl-3-(3-
(methylamino)propy
)-1H-pyrazol-5-
amine

\
HN

L=

/ |

N N N\
H,N

Neat film

3310 (NH,
NHv), 1625
(NH205), 1580
(NHs, C=C,
C=N), 1065 (C-
0).

(400 MHz, DMSO#), 6, ppm (, Hz):
1.90 (quintd = 7.2, 2H, 2€H,), 2.40
(s, 3H, NCH3), 2.74 (tJ=7.4, 1-
CHy), 2.86 (t,J = 7.5, 2H, 3€H)),
3.59 (s, 3H, N,CHj3), 6.55 (s, 2H,
NH,), 7.26 (ddJ=7.7, 1.4, 1H, Het
H), 7.30 (ddJ = 7.6, 1.4, 1H, Het H),
7.61 (ddJ=7.6, 1.4, 1H, Het H), 7.6
(dd,J = 7.6, 1.4, 1H, Het H).

=

(101 MHz, DMSO¢), 6, ppm: 22.2
(CHy), 25.9 (CH), 26.6 (CH), 34.6
(CHg), 50.1 (CH), 88.9 (C), 110.5

(CH), 118.2 (CH), 123.5 (CH), 124.7
(CH), 141.8 (C), 148.9 (C), 149.0 (C
149.7 (C), 160.9 (C).

HRMS (ESI)
Calculated for
C1sH20Ns0 (M
+ H") 286.1668,
JFound
286.1661.

Isomers3.23 and3.24a were

separated by colu

0.29). Yield 80 mg (0.28 mmol, 28%), white powdep(143—-144 °C).

mn chromatograghytion system: CHGFCH;OH-EgN (20:2:1), R 2.23a = 0.43, R 2.2 =

3.24a

5-((2-

Hydroxyphenyl)amin

0)-1-methyl-3-(3-

(methylamino)propy

)-1H-pyrazole-4-

carbonitrile
OH

H
N

\

NC

/
N\
N

HN

Neat film

3352 (NH,
OHv), 2218
(C=N), 1564
(NHs, C=C,
C=N), 1280 (C-
0).

(300 MHz, DMSO#), 6, ppm (, Hz):
1.90 (quintJ = 7.5, 2H, 2€H,), 2.44
(s, 3H, NxCHs), 2.57 (t,J = 7.6, 2H,
1-CHy), 2.79 (tJ = 7.6, 2H, 3€H),),
3.62 (s, 3H, N,CHj3), 6.70 (ddd,) =
7.0,7.3,2.0,1H, H-5), 6.79 (d~=
7.9, 1H, H-6), 6.84 (ddd} = 6.8, 6.8,
1.4, 1H, H-4), 6.89 (dd1 = 7.8, 1.7,
1H, H-3), 8.09 (s, 1H, NH).

(101 MHz, DMSO¢), 6, ppm: 24.8
(CHy), 25.5 (CH), 33.7 (CH), 35.8
(CHs), 49.0 (CH), 79.2 (C), 114.4
(C), 116.1 (CH), 119.6 (CH), 120.4
(CH), 123.8 (CH), 129.3 (C), 148.2
(C), 149.1 (C), 152.6 (C).

HRMS (ESI)
Calculated for
C15H20Ns0 (M +
H") 286.1668,
Found 286.1667|
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Yield 57 mg (0.20 mmol, 20 %), white powder (mp 44 °C).

3.23b

4-(benzo[d]oxazol-2
yh)-3-(3-
(benzylamino)propyl
)-1-methyl-1H-
pyrazol-5-amine

Bn

HN

Lo~
/ |
N N N\

H,N

Neat film
3300 (NHy,
NHv), 1623
(NH20), 1578
(C=C, C=N),
1064 (C-0).

(300 MHz,CDCY4), 9, ppm (J, Hz):
2.03 (quintJ= 7.2, 2H, 2-CH), 2.83
(t,J=7.0, 2H, 1-CH), 3.03 (t,J = 7.5,
2H, 3-CH,), 3.64 (s, 3H, NCHh), 3.85
(s, 2H, Ns'CHy), 5.42 (s, 2H, NH),
7.19-7.25 (m, 1H, H-6), 7.25-7.36 (I
6H, Ph H, H-5), 7.43 (d] = 7.5, 1H,
H-7), 7.60 (dJ= 7.9, 1HH-4).

3C (75 MHz, CDC}), 5, ppm: 26.0
(CH,), 28.8 (CH), 33.9 (CH), 48.9
(CHy), 53.6 (CH), 91.0 (C), 109.9
(CH), 118.1 (CH), 123.1 (CH), 124.1
(CH), 126.9 (CH), 128.2 (2CH), 128
M(2CH), 140.1 (C), 141.6 (C), 148.2
(C), 149.2 (C), 150.2 (C), 160.6 (C).

HRMS (ESI)
Calculated for
C21H24aNs0 (M
+ H") 362.1981,
4Found:
362.1974.

Isomers3.2:b and3.24b were separated by column chromatography (elutystem: gradient acetone—CH(3:1) to acetone 100%;R3.2:b = 0.3,
Rr 3.24b= 0.2. Further trituration of the obtained oil vininimal quantity of acetone induces its consaiaia Yield 127 mg (0.35 mmol, 35 %),
white powder (mp 129-131 °C).

3.24b

3-(3-
(Benzylamino)propy
)-5-((2-
hydroxyphenyl)amin
0)-1-methyl-1H-
pyrazole-4-
carbonitrile

OH H |
NN

/

| N

NC

HN

\

Bn

Neat film 3286
(NHv, OHv),
2216 (GN),
1559 (NHb,
C=C, C=N),
1255, 1279 (C-
0).

(400 MHz, DMSO#), 8, ppm (, Hz):
1.76 (quintJ = 7.1, 2H, 2cH,), 2.53
(t,J=7.1, 2H,1€H,), 2.55 (tJ= 7.5,
2H, 3-CHy), 3.59 (s, 3H, N,CHj),
3.68 (s, 2H, N,.CH,), 6.67—6.76 (m,
2H, H-3,4), 6.81-6.88 (m, 2H]-5,6),
7.18-7.24 (m, 1HHg,-4), 7.26-7.36
(m, 4H,Hpn-2,3,5,6), 7.89 (s, 1H,
NH), 9.66 (s, 1H, OH). Signals éf
7.89 and 9.66 ppm disappear upon
D,0O addition.

(101 MHz, DMSO#), 8, ppm: 25.5
(CHy), 28.6 (CH), 35.7 (CH), 48.5
(CH), 53.3 (CH), 79.7 (C), 114.6
(C), 115.9 (CH), 119.7(H), 119.8
(CH), 123.5 (CH), 126.9 (CH), 128.3
(2CH), 128.5 (2CH), 129.5 (C), 141.
(C), 147.9 (C), 148.7 (C), 153.6 (C).

HRMS (ESI)
Calculated for
Cy1H24Ns50 (M +
H") 362.1981,
Found:
4362.1973.

Yield 116 mg (0.32 mmol, 32 %), white powde

r (md4332 °C).

3.25b

4-(benzo[d]oxazol-2
yl)-3-(3-

Neat film
3388, 3289

1H NMR (400 MHz,CDGJ), 5, ppm

(J, Hz): 2.07 (quint,) =7.2, 2H, 2-

101 MHz, CDC}), o, ppm: 24.1

HRMS (ESI)
Calculated for

(CHyp), 27.4 (CH), 48.5 (CH), 53.7
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(benzylamino)propyl
)isoxazol-5-amine
Bn\
HN
L8
/ |
N )0
HoN

(NHv, NHyv),
1623 (NH0)
1582 (NHb,
C=C, C=N),
1063, 1041 (C-
0).

CHy), 2.84 (t,J = 7.1, 2H, 2€H,),
3.06 (t,J = 7.5, 2H, 2€H,), 3.86 (s,
2H, NenCHy), 6.48 (s, 2H, N, 7.23—
7.38 (M, 7H, Ar H), 7.45 (d = 7.8,
1H, H-7), 7.61 (dJ = 7.9, 1H, H-4).

(CHy), 83.3 (C), 110.1 (CH), 118.5
(CH), 123.7 (CH), 124.5 (CH), 127.0
(CH), 128.2 (2CH), 128.4 (2CH),
139.8 (C), 141.2 (C), 149.3 (C), 158
(C), 161.8 (C), 169.6 (C).

Co0H21N4O, (M
+ HY) 349.1665,
Found:
4349.1655.

The mixture of product8.2tb and3.2€b were separated by column chromatography (elutystem: gradient acetone—CHCb:2 to acetone 100%).
After complete coming out &&.25bfrom the column the polarity of elution system waseased (elution system: acetongNeMeOH 20:1:0.2).
Yield 94 mg (0.27 mmol, 27 %), white powder (mp 99-=C).

3.26b | (2)-3-(3- Neat film (400 MHz, DMSO€g), 3, ppm @, Hz): | (101 MHz, DMSO€), 6, ppm: 23.5 | HRMS (ESI)
(benzylamino)propyl 3282 (OH, NH, | 1.80 (quintJd = 7.4, 2H, 2€H,), 2.55 | (CHy), 27.2 CH>), 47.9 CH,), 52.9 Calculated for
)-N'-hydroxy-5-((2- | NHzv), 1638 (m, 2.40-2.60, 2H, TH,), 2.83 (t,J = | (CHy), 88.1 (C), 115.2 (CH), 116.8 | CzH24N503 (M
hydroxyphenyl)amin| (NH23), 1536 7.5, 2H, 3€H,), 3.69 (s, 2H, N,CH,), | (CH), 120.0 (CH), 123.1 (CH), 127.2 + H") 382.1879,
o)isoxazole-4- (NHo, C=C, 5.75 (s, 2H, NH), 6.82 (tdJ = 7.4, (CH), 127.3 (C), 128.6 (2CH), 128.6| Found:
carboximidamide C=N), 1250 (C- | 1.4, 1H,H-5), 6.86 (tdJ = 7.4, 1.4, (2CH), 140.1 (C), 145.9 (C), 147.7 | 382.1873.

OH 0). 1H,H-4), 7.56 (ddJ=7.9, 1.7, 1H, | (C), 161.4 (C), 163.6 (C).
H-6), 6.91 (ddJ = 7.8, 1.5, 1HH-3),
N-OH 7.21 (t,J=6.7, 1H, HBx-4), 7.26-7.37
H (m, 4H, Hn-2,3,5,6), 9.34 (s, 1H),
NH 9.52 (s, 1H), 10.10 (br.s, 1H). Note:
the integral intensity of signals &
Na 5.75, 9.34, 9.52 and 10.10 ppm
diminish upon addition of ED.

Yield 88 mg (0.23 mmol, 23 %), white powder (mp 90 °C).

3.27 | 4-cyano-N-methyl-Ni Neat film (400 MHz, CXCN), 6, ppm @, Hz): (101 MHz, CIQCN), 8, ppm: 24.6 HRMS (ESI)
(2- 3362, 3166 2.07 (quintJ=7.2, 2H, 2-CH), 2.62 | (CH,), 24.5 (CH), 30.2 (CH), 33.7 | Calculated for
(methylamino)phenyll (NHv, NH.v), (s, 3H, NH'CHy), 2.74 (tJ = 7.2, 2H,| (CHs), 39.7 (CH), 49.5 (CH), 76.2 | C1gH2aINg"
)-3-(3- 2214 (CN), 3-CH,), 2.81 (s, 3H, NHCH), 3.03 (t, | (C), 111.6 (CH), 115.1(), 117.2 299.1984,
(methylamino)propyl 1591(NH3), J=17.1, 2H, 1-CH), 3.22 (s, 3H, (CH), 128.2 (CH), 130.0 (CH), 131.7 Found:
)-1H-pyrazol-5- 1513 (NHb, NprCHs), 4.74 (s, 1H, NH), 6.66 (ddd, (C), 147.5 C), 153.1 ), 156.6 (). 299.1987.
aminium iodide C=C, C=N). J=7.5,1.3, 1H, H-5), 6.72 (dd=
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N= C)
® PF6

NH

\2

8.1, 1.3, 1H, H-3), 7.08 (dd,= 7.5,
1.5, 1H, H-6), 7.23 (ddd = 8.1, 7.5,
1.5, 1H, H-4).

Product was purified by recr

ystallization from aetrile. Yield 362 mg (0.85 mmol, 85%), light brovpowder (mp 187-188 °C).

3.28

3-(4-cyano-5-((2-
hydroxyphenyl)(mett
yl)amino)-1-methyl-
1H-pyrazol-3-yl)-N-
methylpropan-1-
amonium
hexafluorophosphatg

OH
[IN/

N= S
® PF6
NH,

\

Neat film

13632, 3259 (OH,
NH,), 2220
(CN),
1596(NH'$),
1553, 1511

2 (NH3, C=C,
C=N), 1281 (C-
0), 839 (P-F).

(400 MHz, DMSO#), 8, ppm (, Hz):
1.88-1.97 (m, 2H, 2-C})l, 2.58 (s,
3H, NH,"CHs), 2.60-2.65 (m, 2H, 3-
CH,), 2.92 — 3.01 (m, 2H, 1-GH
3.24 (s, 3H, N,CHs), 3.31 (s, 3H,
NprCHs), 6.82 (ddd,) = 8.2, 7.6, 1.4,
1H, H-5), 6.88 (ddJ = 8.1, 1.4, 1H,
H-3), 6.97 (ddJ = 7.9, 1.6, 1H, H-6),
7.03 (dddJ = 8.0, 7.3, 1.6, 1H, H-4),
8.31 (s, 2H, NH"), 9.71 (s, 1H, OH).
%P NMR (162 MHz, DMSO#d), 8,
ppm @, Hz): 6 -144.20 (sept) =
711.2)."*F NMR (376 MHz, DMSO-
ds), 6, ppm @, Hz): -70.15 (dJ =
711.2).

(101 MHz, DMSO#k), 5, ppm: 24.4
(CH,), 24.5 (CH), 33.0 (CH), 36.4
(CHy), 41.2 (CH), 48.3 (CH), 80.7
(C), 115.1 C), 117.0 (CH), 120.2

(CH), 124.4 (CH), 126.7 (CH), 133.6
(C), 151.6 (), 152.1 (), 152.9 C).

HRMS (ESI)
Calculated for
Ci16H22NsO"
300.1824,
Found:
300.1826;
Calculated for
PFR144.9642,
Found:
144.9646.

Products were purified by automatic column chromegphy (elution system: gradient gBH—-CH,Cl,, 1:19 to CHOH-CHClI,, 1:9). Yield 392 mg
(0.88 mmol, 88%), white powder (mp 165—-166 °C).
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3.30

3-imino-2,5-
dimethyl-4-((2-
(methylamino)pheny,
)thio)-2,3,5,6,7,8-
hexahydropyrazolo[
4,3-clazepin-5-ium
hexafluorophosphat
@ ’N\
S
ONH A N~

PFe
CL,
NH

NH

Neat film
3424, 3374, 3154
| (NHv), 1654,
1610, 1592
(C=N, C=C,
NH9), 832 (P-F).

(400 MHz, DMSO#), 8, ppm (, Hz):
1 2.09-2.19 (m, 2H, 7-Chl, 2.74 (dJ =
5.0, 3H, NCHg), 2.75-2.80 (m, 2H,
8'CH2), 3.26 (S, 3H1 INzepineCH3),
3.31-3.38 (m, 2H, 6-CH), 3.76 (s,
3H, NeyCH3), 5.31 (9.J = 5.1, 1H,
NprH), 6.60 (ddd,J=8.1, 7.5, 1.2, 1H
H-4), 6.65 (ddJ) = 8.2, 1.1, 1H, H-6),
7.15(ddJ=7.7,1.5, 1H, H-3), 7.24
(ddd, 1H,J = 8.5, 7.8, 1.5, 1H, H-5),
8.80 (s, 1H, NH), 9.00 (s, 1H, NH).
3p NMR (162 MHz, DMSO¢), 5,
ppm {, Hz): -144.20 (septl = 711.2).
°F NMR (376 MHz, DMSO#), 5,
ppm {, Hz): -70.16 (d,J = 711.4).

(101 MHz, DMSO#), 8, ppm: 22.2
(CH,), 27.6 (CH), 30.6 (CH), 37.5
(CHg), 38.2 (CH), 52.6 (CH), 111.2
(CH), 113.3 (C), 114.2 (C), 117.4
(CH), 131.2 (CH), 134.2 (CH), 135.5
(C), 149.5 (C), 151.5 (C), 159.1 (C).

HRMS (ESI)
Calculated for
CieH2oNsS'
316.1596,
Found:
316.1591;
Calculated for
PFRs144.9642,
Found:
144.9649.

Products were purified by automatic column chromegphy (elution system: gradient gEN-CH,Cl,, 19:1 to CHCN-CH,Cl,, 22

(0.78 mmol, 78%), white powder (mp 177-178 °C).

:3). Yield 360 mg

3.31a

5-(2-amino-1-(1,3-
dimethyl-1H-
benzo[d]imidazol-
2(3H)-ylidene)-2-
oxoethyl)-1-methyl-
3,4-dihydro-2H-
pyrrol-1-ium iodide

/ (0]
@N NH,
@7\ s
N
v ()

Neat film
3432 (NHv),
1639 (C=0)
1599, 1560
(NH.8, C=C)

(400 MHz, DMSO#), 8, ppm (, Hz):
(mixture of rotamers, the signals of
dominating rotamer are only
mentioned) 1.90-2.08 (m, 2H, 4-
CHy), 2.20 (s, 3H, NCHh), 3.28 (tJ =
7.3, 2H, 3-CH), 3.59 (t,J= 7.0, 2H,
5-CH,), 3.77 (s, 6H, 2NC}j, 6.67 (s,
2H, NH,), 7.60-7.71 (m, 2H, H-5,6),
7.91-8.02 (m, 2H, H-4,7).

(75 MHz, DMSO#k), 6, ppm: 20.6
(CHy), 32.0 (2CH), 35.0 (CH), 35.3
(CHs), 56.4 (CH), 76.4 (C), 112.9
(2CH), 125.7 (2CH), 131.7 (2C),
151.0 (C), 167.0 (C), 169.0 (CQ.

HRMS (ESI)
Calculated for
Ci6H21N4O (M +
H*) 285.1715,
Found:
285.1718.

Product was purified by recrystalliaztion from paog2-ol. Yield 312 mg (0.8 mmol, 79%), light browawder.
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General procedure for the synthesis of4)-2-(benzof]thiazol-2-yl)-2-((E)-3-
((dimethylamino)methylen)pyrrolidin-2-yledene)acetaitrile (4.2a).

DMF DMA (1.07 ml,d = 0.897 g/cy 8 mmol)was added to a solution of 2-
benzof]thiazol-2-yl-2-(pyrrolidin-2-ylidene)acetonitril@.1b (0.965 g, 4 mmol) in
anhydrouys toluene (15 ml) and the resultant mextwas left to reflux over 3 h
(TLC control, CHC}-CHs0OH, 95:5). At this point another portion of DMF DMA
(2.07 ml, 8 mmol) was added to the reaction mixtReaction was left to reflux until
complete convertion of starting material. If nee@gsanother portion of DMF DMA
should be added. After the reaction was compldtegtecipitate was filtered off and
purified by recrystallization from ethanol-dioxamexture. Yield 0.84 g (2.84 mmol,
71%), yllow-green powder (mp 194-195)°

1-Methyl-2,3-dihydro-1H-benzo[4,5]imidazo[1,2a]pyrrolo
[2,3-d]pyridine-11-carbonitrile (4.4)

DMF DMA (0.16 ml, 0.6 mmol) was added to a solution of 2-
benzofllimidazol-2-yl-2-(1-methylpyrrolidin-2-ylidene)aamtitrile 2.13 (119 mg,
0.5 mmol) in anhydrouys toluene (8 ml) and thailtast mixture was left to reflux
until complete convertion of starting material, epmately 30 min (TLC control,
CHCI;-CH30H, 9:1). Product was purified by tritutation wilot propan-2-ol. Yield
111 mg (0.45 mmol, 90%), white powder (mp > 3Q0.°

General procedure for the synthesis of 2-(benzd}thiazol-2-yl)-2-((E)-3-((R-
amino)methylene)purrolidin-2-ylidene)acetonitrile 46-4.8

1-R-amine (1.5 mmol) was added to a solution2)$2-(benzofllthiazol-2-yl)-
2-((E)-3-((dimethylamino)methylene)pyrrolidin-2-ylideragetonitrile4.2a (592 mg,
2 mmol) in dioxane-ethanol mixture (16 ml, 1:1) dhd resultant mixture was left to
reflux over 3 h. At this point another portion eRtamine (1.5 mmol) was added and
the refluxing was continued until complete conwertiof starting material (TLC
control, CHC}-CHsOH, 19:1). The raction mixture was cooled down; phecipitate
was filtered off and recrystallized from ethanol.
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7-(Benzof]thiazol-2-yl)-5-benzyl-2,3-dihydro-1H-pyrrolo[3,2-c]pyridin-6(5 H)-
imine (4.9).

NaOEt (75 mg, 1.1 mmol) was added to a solutio(Zpf2-(benzo[d]thiazol-2-
y)-2-((E)-3-((benzylamino)methylene)pyrrolidin-2-ylidenegdanitrile 4.6 (358 mg,
1 mmol) in dioxane-ethanol mixture (10 ml, 4:1) dhd resultant mixture was left to
reflux over 15 min. The blue fluorescence appearsthe bright yellow precipitate
forms. The reaction mixture was cooled down; thecimitate was filtered off and
recrystallized from ethanol. Yield 323 mg (0.9 mpt)%), yellow powder, (mp 225
°C).

6-Amino-7-(benzof]thiazol-2-yl)-5-benzyl-2,3-dihydro-1H-pyrrolo[3,2-
C]pyridin-5-ium hydrogensulafate (4.10a).
Pyrrolo[3,2¢]pyridin-6-imine 4.9 (179 mg, 0.5 mmol) was stirred upon reflux in
30% H,SO, water-dioxane mixture over 36 h. During this titiee hydrolysis of
imino group did not occur (TLC control). When théxtare was cooling down the
precipitate of the saft.10awas formed. Yield is 228 mg (0.49 mmol, 98%).

6-Amino-7-(benzof]thiazol-2-yl)-5-benzyl-2,3-dihydro-1H-pyrrolo[3,2-
c]pyridin-5-ium chloride (4.10b).
HCl gas was bubbled vigorously through an ice-cetdution of pyrrolo[3,2-
c]pyridin-6-imine 4.9 (179 mg, 0.5 mmol) in anhydrous dioxane for 30 .nfihe
resultant precipitate was filtered off and washath wether to yield 198 mg (0.49

mmol, 98%), white powder.

7-(Benzof]thiazol-2-yl)-5-benzyl-6-(dimethylamino)-1-methyl2,3-dihydro-1H-
pyrrolo[3,2-c]pyridin-5-ium iodide (4.11).
The mixture of pyrrolo[3,2qpyridin-6-imine 4.9 (107mg, 0.3 mmol) in
CH3CN-DMF (10 ml, 5:1) and KCO; (207 mg, 1.5 mmol) was stirred at 80 6ver
5 min. At this pointMel (0.1 ml,d = 2.279 g/cry 1.5 mmol) was added to reaction

mixture and the stirring was pursued for anotherndf. After the reaction was
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ceased (TLC control, G€l-CHOH-EgN, 9:1:0.1) the realultant precipitate was
filtrated off; filtrate was condensed under redugwdssure and the residue was
triturated with CHCI,. Yield 80%, (118 mg, 0.22 mmol), yellowish powder.
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Table 6.5. Physico-chemical characteristics of 2-azahetzffpgyrrolidin-2-ylidene)acetonitrile derivativesrictionalized aC-3

centre of pyrrolidine frag

medt2a 4.4, 4.6-4.11

Com | IUPAC name IR, v, cm 'H NMR *C NMR HRMS/MS,

poun elemental

d analysis

4.2a | (2)-2- Neat film (400 MHz, DMSO#), 6, ppm (, Hz): | (101 MHz, DMSO#), 3, ppm: 26.8 | HRMS (ESI)
(benzold]thiazol-2- | 3201 (NH),2172 | 3.02-3.11 (m, 2H,@H3, 4-CHy), 3.67 | (CHy), 42.6 (H3s), 46.3 CHy), 61.8 | Calculated for
yh-2-((E)-3- (C=N), 1636, (t,J=7.9, 2H, 5¢Hy), 7.16-7.22 (m, | (C), 99.0 (), 119.8 CH), 121.7 CieH17N4S (M +
((dimethylamino)met 1553 (C=C, 1H, H-6), 7.33-7.39 (m, 1H]-5), (CH), 123.1 CH), 123.7 (), 126.4 H"): 297.1174,
hylen)pyrrolidin-2- | C=N). 7.68 (dJ=7.8, 1H, ArH), 7.76 (s, | (CH), 131.7 ), 144.5 CH), 154.0 Found:

yledene)acetonitrile

s. CoN
@EN/ /N
HN

1H, CHN(CH),), 7.85-7.90 (m, 1H,
Ar H), 10.24 (s, 1H, NH).

(C), 164.7 (), 168.8 ().

297.1173.

Yield 840 mg (2.84 mmol, 71%), yellow-green

pow(ap 194-195C).

4.4

1-Methyl-2,3-
dihydro-1H-
benzo[4,5]imidazo[1
,2-a]pyrrolo
[2,3-d]pyridine-11-
carbonitrile

S5l
A\
N%/

KBr

2198 (G&N),
1674, 1590, 1514
(C=C, C=N).

(400 MHz, DMSO#), 8, ppm (, Hz):
3.03 (t,J=7.9, 2H, 3€H),), 3.32 (s,

1 3H, CH3), 3.80 (t,J = 7.8, 2H, 2€Hy,),
7.18 (t,J=7.3, 1H, Ar H), 7.30 (1) =
7.7, 1H, Ar H), 7.58 (d) = 7.9, 1H,
H-7), 7.89 (dJ = 7.6, 1H H-4).

(101 MHz, DMSO#), 8, ppm:23.2
(CH,), 34.2 (CH), 56.4 (CH), 67.1
(C), 110.8 (CH), 116.8 (C), 117.6
(CH), 120.9 (CH), 121.5 (C), 123.1
(CH), 124.8 (CH), 130.1 (C), 143.5
(C), 149.3 (C), 156.1 (C).

Calculated, %:
C, 72.56; H,
4.87; N, 22.57.
CisH12N4.
Found, %: C,
72.58; H, 4.43;
N, 21.60.

Yield 111 mg (0.45 mmol, 90%), white powder (mpGO3C).

4.6

(2)-2-
(benzold]thiazol-2-
yh)-2-((E)-3-
((benzylamino)methy
lene)pyrrolidin-2-
ylidene)acetonitrile

KBr

3289, 3258
(NH), 2186

y (C=N), 1645,
1557 (C=C,

C=N).

(400 MHz, DMSO¢ég-CCly), 8, ppm
(J, Hz): 2.75 (tJ= 7.4, 2H, 4€H,),
3.78 (t,J= 7.7, 2H, 5¢H,), 4.38 (d,J
=5.5, 2H, CHNHCH), 7.04 (d.tJ =
12.3, 5.6, 2H, CHNEH,), 7.14 (tJ =
7.1, 1H, H-6), 7.24-7.40 (m, 6H, Ph
H, H-5), 7.61 (dJ = 8.0, 1H, Ar H),

7.76 (d,J=7.8, 1H, Ar H), 7.95 (d]

(101 MHz, DMSO¢), 6, ppm: 26.0
(CHyp), 45.8 CHy), 51.8 CHy), 61.9
(C), 101.2 ), 120.0 CH), 121.8
(CH), 123.2 CH), 123.4 ), 126.5
(CH), 127.7 (ZH), 127.8 (CH), 129.1
(2CH), 131.8 (), 140.3 (), 142.4
(CH), 154.1 (), 162.5 (), 168.6 ().

Calculated, %:
C, 70.36; H,
5.06; N, 15.63.
C21H13N4S.
Found, %: C,
70.40; H, 5.26;
N, 15.87.
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S. CN  Bn
C[NWNH

HN

=12.9, 1H, CHHCH;), 10.22 (s, 1H,
NH).

Yield 660 mg (1.84 mmol, 92%), yellow powder (m@IT).

4.7 (2)-2- KBr (400 MHz, DMSO€dg), 3, ppm @, Hz): | (101 MHz, DMSO€), 6, ppm: 26.0 | Calculated, %:
(benzo[d]thiazol-2- | 3319 (NH), 2176| 2.58-2.67 (m, 2H, C}), 2.76 (t,J = (CHy), 37.0 CHy), 45.6 CH), 50.1 | C, 66.64; H,
yh)-2-((E)-3-(((3,4- | (C=N), 1654, 7.1, 2H, CH), 3.27-3.43 (m, 2H, (CHyp), 55.8 CHj), 56.0 CH3), 61.7, |5.29; N, 12.95.
dimethoxyphenethyl 1648, 1561 CHz), 3.65-3.80 (m, 8H,(2H31CH2), 100.1 C), 112.5 CH), 1131 CH), C24H24N4028.
amino)methylene)pyr(C=C, C=N). 6.69-6.80 (M, 1H, H-H1ome)2as 119.8 CH), 121.1 CH), 121.7 CH), | Found, %: C,
rolidin-2- CHNHCH,), 6.84 (dJ=1.9, 1HH- | 123.1 CH), 123.3 (), 126.3 CH), 64.76; H, 5.20;
ylidene)acetonitrile 23 4-(0Me)2A), 6.87 (dJ = 8.2, 1H H- 131.6 C), 131.7 ), 142.3 (), 147.8 | N, 12.61.

s ON HAf 5s.40Me)2a), 7-15-7.22 (m, 1H-6), | (C), 149.1 (), 154.0 (), 162.4 (),
@[ (N 7.32-7.40 (m, 1HH-5), 7.64-7.69 (m| 168.6 ().
N>_H§{ 1H, Ar H), 7.80 (dtJ=13.2, 1.6, 1H,
CHNHCH,), 7.84-7.89 (m, 1H, Ar H)
10.08 (s, 1H, NH).

Yield 744 mg (1.72 mmol, 86%), yellow powder (mf01C).

4.8 (2)-2- Neat film 3206 | (400 MHz, DMSO€dg), 8, ppm (, Hz): | (101 MHz, DMSO€dg), 8, ppm: 25.4 | HRMS (ESI)
(benzold]thiazol-2- | (NH), 2171 1.83-1.89 (m, 4H, (2CH,), 26.6 (CH), 46.1 (CH), 51.1 | Calculated for
yh)-2-((E)-3- (C=N), 1629, CHN(CH,)2(CHy)2), 3.10 (tJ=7.7, | (2CH), 61.7 (C), 99.8 (C), 119.8 CigH19NsS (M +
(pyrrolidin-1- 1555 (C=N, 2H, 4-CH), 3.49-3.60 (m, 4H, (CH), 121.7 (CH), 123.1 (CH), 123.7 H") 323.1330,
ylmethylene)pyrrolid| C=C). CHN(CHy)2(CHy)2), 3.66 (tJ= 7.9, (C), 126.4 (CH), 131.7 (C), 140.9 Found 323.1331]|

in-2-
ylidene)acetonitrile

S CN
@EN/ (g
HN

2H, 5-ChHp), 7.19 (tJ = 7.6, 1HH-6),
7.36 (t,J = 7.8, 1H, H-5), 7.68 (dl =
7.9, 1H, H-7), 7.87 (d] = 7.8, 1H, H-
4), 8.01 (S, 1H, QN(CHz)z(CHz)z),
10.25 (s, 1H, NH).

(CH), 154.0 (C), 164.0 (C), 168.8 (C).

Yield 548 mg (1.7 mmol, 85%), yellow powder

(mp 2222°C).

4.9

7-(Benzol[d]thiazol-
2-yl)-5-benzyl-2,3-
dihydro-1H-
pyrrolo[3,2-
c]pyridin-6(5H)-
imine

KBr

3315 (NH), 1678
1579, 1563
(C=C, C=N)

(400 MHz,CDCl3), 9, ppm (, Hz):
2.98 (td,J=7.8, 1.6, 2H, FH,), 3.96
(t, J=7.9, 2H, 2€H,), 4.93 (s, 2H,
CHNCH,), 6.83 (tJ=1.6, H,
CHNCH,), 7.24-7.34 (m, 6HH-6,
Hp-2,4,6), 7.35 — 7.39 (m, 2H,H

(101 MHz, CDC}), 6, ppm (, Hz):
24.7 (ChH), 47.5 (CH), 54.3 (CH),
94.4 (C), 112.6 (C), 120.3 (CH), 121
(CH), 122.8 (CH), 125.2 (CH), 126.6
(2CH), 127.9 (CH), 129.1 (2CH),

130.9 (CH), 134.2 (C), 135.7 (C),

Calculated, %:
C, 70.36; H,
.5.06; N, 15.63.
C24H 24N 4028 .
Found, %: C,
70.56; H, 5.11;
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HN Bn

S N
=

HN

3,5), 7.42 (ddd) = 8.4, 7.3, 1.2, 1H,
H-5), 7.87-7.89 (m, 1H{]-4), 7.89—
7.91 (m, 1HH-7).

DMSO-ds: ratio imine:enamine 1.6:1
(400 MHz,DMSO-dg), 8, ppm ¢,

Hz): Imine: 2.95 (t) = 7.2, 2H, 3-
CHy), 3.87 (t,J = 7.2, 2H, 2€H>),
5.03 (s, 2HCHNCH,), 6.32 (s, 1H,
NHCNBn), 7.12—7.54 (m, 8H), 7.86
(d,J=8.3, 1H, ArH), 7.90 (d] = 7.7,
1H, Ar H), 9.28 (s, H, NH).
Enamine: 2.74 (tJ = 7.1, 2H, 3€H)),
3.99 (t, 6.9, 2H, Z=Hy), 5.07 (s, 2H,
CHNCHy), 6.83 (s, IHCHNCH,),
7.12—-7.54 (m, 7H), 7.75 (d,= 7.8,
1H, Ar H), 7.94 (dJ = 8.0, 1H, Ar H),
9.13 (br.s, #, NHy). The signals of
NH proton disappear upon,O
addition; the signal of CH proton
broadening.

151.6 (C), 154.5 (C), 157.1 (C), 165
(©).

N, 15.46.

Yield 323 mg (0.9 mmol, 90%), yellow powder

(mp 223.

4.10a | 6-Amino-7-
(benzold]thiazol-2-
yl)-5-benzyl-2,3-
dihydro-1H-
pyrrolo[3,2-
c]pyridin-5-ium
hydrogensulafate
H:N @ Bn

S =N o
@[ 7\ HSO,
N
H

N

(400 MHz, DMSOek), 6, ppm @, Hz):
3.13 (t,J=17.9, 2H, 3€H,), 3.89 (t,J
=8.2, 2H, 2€H,), 5.42 (s, 2H,
CHNCHy), 7.32—-7.37 (m, 2H]pn-
2,6), 7.38-7.41 (m, 1H]pp-4), 7.43—
7.48 (m, 2HHpn-3,5), 7.55 (tJ = 7.6,
1H, H-6), 7.63 (tJ = 7.6, 1H H-5),
7.82 (s, 1IHCHNCHy), 8.13 (dJ =
8.0, 1H,H-4), 8.21 (dJ=7.7, 1HH-
7), 8.57 (s, 1H, NH), 8.68 (s, 2H,
NHy). The signals of NH proton
disappear upon I addition.

(101 MHz, DMSO¢), 6, ppm: 24.3
(CHy), 48.3 (CH), 54.8 (CH), 91.7
(©), 120.8 (C), 122.4 (CH), 122.9
(CH), 126.2 (CH), 127.2 (CH), 127.4
(2CH), 128.5 (CH), 129.3 (2CH),

133.3 (C), 134.1 (CH), 135.0 (C),

151.6 (C), 152.2 (C), 158.7 (C), 161

©).

4

Yield 228 mg (0.49 mmol, 98%), white powder.
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)

4.10b | 6-Amino-7- KBr (400 MHz, DMSO€g), 3, ppm @, Hz): | (101 MHz, DMSO€g), 6, ppm: 24.3 | HRMS (ESI)
(benzo[d]thiazol-2- | 3400, 3283 (NH){ 3.07-3.13 (m, 2H, &H>), 3.85 (t,J = | (CH,), 48.3 (CH), 54.8 (CH), 91.6 | Calculated for
yl)-5-benzyl-2,3- 1677, 1655, 8.3, 2H, 2€Hy), 5.45 (s, 2H, (C), 120.8 (C), 122.4 (CH), 122.9 | CxH1oN,S'
dihydro-1H- 1617, 1596, 1578 CHNCHy,), 7.30—7.34 (m, 2Hpn- (CH), 126.2 (CH), 127.2 (CH), 127.5 359.1329, Foung
pyrrolo[3,2- (C=C, C=N). 2,6), 7.34-7.38 (m, 1H]pp-4), 7.39- | (2CH), 128.5 (CH), 129.3 (2CH), 359.1328.
c]pyridin-5-ium 7.45 (m, 2HHpK-3,5), 7.52 (ddd) = | 133.4 (C), 134.1 (CH), 135.2 (C),
chloride 8.2,7.6, 1.2, 1HH-6), 7.60 (dddJ = | 151.6 (C), 152.2 (C), 158.8 (C), 161}4

HN @ Bn 8.3, 7.8, 1.3, 1HH-5), 7.83 (br.s, 1H, | (C).
@[S =N o CHNCHy), 8.08 — 8.13 (m, 1H]-4),
N\t © 8.18-8.21 (m, 1HH-7), 8.61 (s, 1H,
HN NH), 8.76 (c, 2H, NH). The integral
intensity of the signals corresponds to
NH protons dimish upon @
addition.

Yield 198 mg (0.49 mmol, 98%), white powder.

4.11 | 7-(Benzo[d]thiazol- | Neat film1660, | (400 MHz, DMSOe), 6, ppm @, Hz): | (101 MHz, DMSO#k), 6, ppm: 23.5 | HRMS (ESI)
2-yl)-5-benzyl-6- 1576, 1527 2.34 (c, 6H, NCH), 3.01-3.10 (m, 2H,(CH,), 35.4 (CH), 42.4 (CH), 57.4 | Calculated for
(dimethylamino)-1- | (C=C, C=N). 3-CHy), 3.91 (t,J = 8.8, 2H, 2€H),), (CH,), 57.6 (CH), 104.8 (C), 123.2 | CosH25N4S’
methyl-2,3-dihydro- 5.27 (s, 2HCHNCHy), 7.22-7.26 (m,| (CH), 123.9 (CH), 126.9 (CH), 127.1 401.1800, Founc
1H-pyrrolo[3,2- 2H, Hpp-2,6), 7.32-7.37 (m, 1Hpn- | (C), 127.2 (2CH), 127.4 (CH), 128.6| 401.1800.

c]pyridin-5-ium
iodide

4), 7.39-7.44 (m, 2Hipn-3,5), 7.57
(td,J = 7.6, 1.4, 1HH-6), 7.62 (tdJ =
7.7, 1.5, 1HH-5), 8.00-8.07 (m, 1H,
CHNCH,), 8.1 -8.15 (m, 1H-4),
8.22-8.26 (m, 1HH-7).

(CH), 129.4 (2CH), 135.9 (CH), 136
(C), 136.6 (C), 152.5 (C), 158.1 (C),
159.1 (C), 159.6 (C).

4Calculated fol
126.9045, Foung
126.9047.

Yield 118 mg (0.22 mmol, 80%), yellowish powder.

)
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General procedure for the synthesis of Bfrigidified complexes 5.4h-h.
(2)-2-hetaryl-2-(pyrrolidin-2-ylidene)acetonitrilés 1a-d, g, i, 2.9, 2.1000.5 mmol)
and N,N-diisopropylethylamine (0.25 mi = 0.782 g/ml, 1.5 mmol) were heated to
reflux in dichloromethane (8 ml) for 15 min. BBEL (0.5 ml,d = 1.130 g/ml, 4
mmol) was added and the mixture was refluxed amd@Bemin. After the reaction
was cooled down, it was diluted with additional amib of dichloromethane and
washed with water 3 times and brine 1 time. Theawig fraction was dried over
Na,SQ,, filtrated off and evaporated under reduced pmessilihe crude products

were purified by automated flash chromatography.

Preparation of the samples of Films of polymeric amposites (FPC).

The samples for the investigation were preparedh &itfree FPC surface, (glass
substrate)/ITO/FPC, where ITO is an electrocondgctayer of Sn@ In,Os. To
prepare the samples filtered solutions of gulliL,, Col, complexes, and SOM in
methylene chloride were deposited on a glass stbstith a layer of ITO and dried
at room temperature for 24 h and then in a dryiagireet at 80 °C for 48 h. The
content of HL and metal complexes in the SOM amedind between 1 and 50 wt.%.
Increase of the concentration of the additivehiém$OM to more than 50 wt.% leads
to nonuniformity in the morphology of the films, wh cannot be permitted for use

in photoelectric converters. The thickness of thé?CF was ~1.5pum
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Table 6.6. Physico-chemical characteristics of Bfomplexe$.1a-h

)

Com | IUPAC name IR, v, cmi "H NMR *C NMR HRMS/MS,
poun elemental
d analysis
5.1a | BF,-rigidified (Z)-2- | Neat film (300 MHz, CDC}), 8, ppm @, Hz): (75 MHz, CDC4), 6, ppm @, Hz): HRMS (DCI-
(benzo[d]thiazol-2- | 2204 (G=N), 2.24-2.36 (m, 2H, €H,), 3.19 (tJ = | 21.3 (CH), 34.3 (CH), 51.6 (CH), CH,) Calculated
y)-2-(pyrrolidin-2- | 1598, 1584 8.0, 2H, 3-CH)), 4.04-4.10 (m, 2H, 54 70.3 (), 116.6 (C), 118.1 (EJcn= for
ylidene)acetonitrile | (C=N, C=C). CH,), 7.41 (ddd,) = 8.4, 7.4, 1.1, 1H,| 3.2, 4-CH), 121.9 (CH), 125.4 (CH),| C13H1:BF,N3S
S, CN H-6), 7.54 (dddJ = 8.4, 7.4, 1.3, 1H, | 127.4 (C), 127.8 (CH), 142.9 (C), (M +H
@E?{ \ H-5), 7.75 (dddJ = 8.0, 1.2, 0.5, 1H, | 166.9 (C), 170.1 (C). 290.0735, Foung
F,pGiN H-7), 8.02 — 8.07 (m, 1H, H-43°F 290.0741.
F NMR (282 MHz, CDC}), 3, ppm (,
Hz): -139.07 (g, = 29.0).'B NMR
(96 MHz, CDC4%), 6, ppm @, Hz):
1.48 (t,J = 29.3).
Elution system for column chromatography: LH—CHA, 7:3. Yield133 mg (0.46 mmol, 92%), white powder (mp 233 °C)
5.1b | BF,-rigidified (Z)-2- | Neat film (300 MHz, CDC}), 6, ppm (, Hz): (75 MHz, CDC4), 6, ppm @, Hz): HRMS (DCI-
(benzo[d]oxazol-2- | 2214 (G=N), 2.24-2.39 (m, 2H, 4-CH), 3.22 (tJ= | 21.4 (CH), 34.8 (CH), 51.7 (CH), CH,) Calculated
yD-2-(pyrrolidin-2- | 1636, 1616, 1532 8.0, 2H, 3-CH), 4.03-4.10 (m, 2H, 5-61.2 (C), 111.2 (CH), 114.2 (C), 114.%or
ylidene)acetonitrile | (C=N, C=C). CHy), 7.40 (ddd,J=7.9, 7.6, 1.6, 1H,| (CH), 125.6 (CH), 126.4 (CH), 130.9 C;3H;,BF2N30

O N Het H), 7.46 (ddd)=7.9, 7.7, 1.5, | (C), 148.1 (C), 162.7 (C), 173.1 (C).| (M + H")
@E%/@ N 1H, Het H), 7.53-7.61 (m, 1H, 7-H, 274.0963,
FrB-N Het H), 7.67—7.75 (m, 1H, 5-H)%F Found:
F NMR (282 MHz, CDC}), 5, ppm {, 274.0969.
Hz): -140.41 (g, = 26.0).'B NMR
(96 MHz, CDC4), 6, ppm @, Hz):
1.17 (t,J = 26.2).
Elution system for column chromatography: fH—CHA, 7:3. Yield 123 mg (0.45 mmol, 89%), white ptev (mp 226—227 °C).
5.1¢ | BF.-rigidified (Z)-2- | Neat film (400 MHz, CDC}), 6, ppm (, Hz): (101 MHz, CDC}), 6, ppm (, Hz): HRMS (DCI-
(4-methylthiazol-2- | 2202 (GN), 2.20-2.29 (m, 2H, 4-C§), 2.51 (td, | 14.63 (t,2Jcn= 4.0, CH), 21.7 (CH), | CH,) Calculated
y)-2-(pyrrolidin-2- | 1592, 1567 33un=1.63pn = 1.2, 3H, CH), 3.12 | 34.0 (CH), 51.2 (CH), 69.2 (C), for:
ylidene)acetonitrile | (C=N, C=C). (t,J=8.0, 2H, 3-CH)), 3.95-4.01 (m, | 107.9 (CH), 117.2 (C), 145.1 (C), | C10H11BF2N3S
2H, 5-CH), 6.60 (dJ = 1.2, 1H, H-5).| 167.1 (C), 168.5 (C). (M + H"
F NMR (282 MHz, CDC}), 8, ppm 254.0735,

la¥aYa)
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S. CN (J, Hz): -133.57 (g = 29.5)."'B Found:
ﬁ?{ |\ NMR (96 MHz, CDC}), 5, ppm (, 290.0732.
crBoN Hz): 1.15 (t,J = 29.8).
F
Elution system for column chromatography: H—CHA, 3:2. Yield 118 mg (0.47 mmol, 93%), white pev (mp 156—-157 °C).
5.1d | BF,-rigidified (Z)-2- | Neat film 2206 | (300 MHz, CDC}), 8, ppm {, Hz): (101 MHz, CDC}), 6, ppm (, Hz): HRMS (DCI-
(1-methyl-1H- (C=N), 1584, 2.20-2.31 (m, 2H, 4-CH, 3.18 (t,J= | 21.5 (CH), 30.8 (CH), 34.9 (CH), CH,) Calculated
benzo[d]imidazol-2- | 1542 (C=N, 8.0, 2H, 3-CH), 3.99-4.06 (m, 2H, 54 51.2 (CH), 59.3 (C), 109.2 (CH), for C14H14BF2N4
yh)-2-(pyrrolidin-2- | C=C). CH,), 4.07 (s, 3H, NCk), 7.30-7.43 | 114.9 (CH), 118.2 (C), 124.1 (CH), | (M + H")
ylidene)acetonitrile (m, 3H, Het H), 7.77-7.86 (m, 1H, Hf 124.4 (CH), 131.9 (C), 133.5 (C), | 287.1280,
N on 4).F NMR (282 MHz, CDC}), 3, 147.8 (C), 172.1 (C). Found:
@[@, ppm (, Hz): -143.18 (qJ = 27.7).1'B 287.1278.
Ni@j\?j NMR (96 MHz, CDC}), §, ppm (,
FrooN Hz): 1.15 (tJ = 28.0).
Elution system for column chromatography: LH—CHA, 7:3. Yield 106 mg (0.37 mmol, 73%), white ptev (mp 280 °C).
5.1e | BF,-rigidified (E)-2- | Neat film (400 MHz, CDC}), 8, ppm @, Hz): (101 MHz, CDC}), 6, ppm (, Hz): HRMS (DCI-
(pyrrolidin-2- 2201 (G=N), 2.22-2.33 (m, 2H, 4-Ch), 3.22 (tJ= | 21.1 (CH), 34.9 (CH), 52.0 (CH), CH,) Calculated
ylidene)-2-(quinolin-| 1632, 1596, 1553 8.0, 2H, 3-CH), 4.06—4.13 (m, 2H, 5{ 72.75 (t,Jcn= 2.5, Het@N), 118.5 | for CisH13BF2N3
2-yl)acetonitrile (C=N, C=C). CH,), 7.50 (t,J = 7.4, 1H, H-6), 7.58 | (C), 118.6 (CH), 122.45 (f)cn=8.6, | (M + H")
(d,J=9.1, 1H, H-3), 7.72 (1} = 8.2, | 8-CH), 125.3 (C), 125.9 (CH), 128.6| 284.1171,
1H, H-5) 7.74 (dddJ = 8.5, 8.1, 1.5, | (CH), 131.9 (CH), 139.58 (tJcn = Found:
1H, H-7), 8.07 (dJ = 9.1, 1H, H-4), | 2.8 Hz, (CH)CN), 140.4 (CH), 152.7| 284.1165.

8.61 (d.t’Jun = 8.4 Hz2Jun= 2.5,
1H, H-8).)F NMR (376 MHz,
CDCl), 8, ppm @, Hz): -131.79 (gJ
=32.9)."B NMR (128 MHz, CDC}),
3, ppm (, Hz): 2.33 (tJ = 33.0).

(C), 169.7 (C).

Elution system for column chromatography: —CHA, 3:2. Yield 118 mg (0.45 mmol, 89%), brightlges powder (mp 224 °C).

5.1f

BF,-rigidified (E)-2-
(pyridin-2-yl)-2-
(pyrrolidin-2-
ylidene)acetonitrile

Neat film 2202
(C=N), 1631,
1596 (C=N,
C=0C).

(400 MHz, CDC}), 6, ppm (, Hz):
2.17-2.27 (m, 2H, €H,), 3.17 (tJ =
8.0 Hz, 2H, 3-CHj)), 3.95-4.00 (m, 2H
5-CHy), 7.13 (ddd,J= 7.6, 6.1, 1.3,
1H, H-5), 7.55 (dJ = 8.6, 1H, H-3),

(101 MHz, CDC}), 6, ppm: 21.4
(CHy), 34.6 (CH), 51.4 (CH), 70.4
,(C), 117.5 (CH), 118.2 (C), 119.8
(CH), 139.5 (CH), 140.2 (CH), 150.9
(C), 169.4 (C).

7.85(dddJ=8.7,7.1, 1.6, 1H, H-4),

HRMS (DCI-
CH,) Calculated
for Ci11H11BF:N3
M+ H")
234.1014,
Found:
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8.31 (dJ=6.2, 1H, H-6)"°F NMR
(376 MHz, CDC}), o, ppm (J, Hz): -
137.84 (gJ = 29.3)."'B NMR (128
MHz, CDCk), o, ppm (, Hz): 1.24 (t,
J=29.7).

234.1012.

Elution system for column chromatography: LH—CHA, 3:2. Yield 105 mg (0.45 mmol, 90%), yellowigbwder (mp 158-159

°C).

5.1¢g

BF.,-rigidified (Z)-2-

(4-

methoxyquinazolin-

2-yl)-2-(pyrrolidin-

2-

ylidene)acetonitrile
o

SN
lo_
N

o |
F=B®
£ N

CN

Neat film 2209
(C=N), 1626,
1594 (C=N,
C=0), 1212 (C-
0).

(400 MHz, CDC}), 6, ppm (, Hz):
2.18-2.33 (m, 2H, €H,), 3.21 (tJ =
8.0, 2H, 3€H,), 4.02—4.07 (m, 2H, 5
CH,), 4.31 (s, 3H, Ck OCHs) 7.49
(ddd,J=8.3, 7.1, 0.8, 1H, H-6), 7.83
(ddd,J = 8.8, 7.1, 1.6, 1H, H-7), 8.10
(dd,J=8.1, 1.4, 1H, H-5), 8.38 (d.t,
2Jun = 8.9,%Jun= 2.6, 1H, H-8)X°F
NMR (376 MHz, CDC¥), 8, ppm {,
Hz): -134.37 (g = 32.1).'B NMR
(128 MHz, CDC}), 6, ppm (, Hz):
2.21 (t,J = 32.6).

(101 MHz, CDC}), 6, ppm (, Hz):
21.0 (CH), 34.8 (CH), 51.8 (CH),
55.7 (CH), 73.7 (C), 113.4 (C), 117.
(C), 121.5 (t2Jcn = 7.6, 8-CGH), 124.4
(CH), 126.0 (CH), 135.4 (CH), 143.0
(t, YJen = 2.7, (CH)CN), 158.4 (C),
166.7 (C), 171.4 (C).

HRMS (DCI-
CH,) Calculated
D for
C15H14BF2N4O
M+ H")
315.1229,
Found:
315.1236.

Elution system for column chromatography: £—CHA, 7:3. Yield 127 mg (0.41 mmol, 81%), greenpslwder (mp 232—-233 °C).

5.1h

BF,-rigidified (2)-2-
(3-methyl-4-ox0-3,4
dihydroquinazolin-2-
yI)-2-(pyrrolidin-2-

ylidene)acetonitrile .

N~
lo_
N

o |
F~BO
£ N

CN

Neat film
2204 (G=N),
1685 (C=0),
1623 (C=N,
C=0C).

(400 MHz, CDC}), 6, ppm (, Hz):
2.22-2.34 (m, 2H, 4-C§), 3.26 (t,J =
8.0, 1H, 3-CH), 3.98 (s, 3H, NCH),
4.07-4.13 (m, 2H, 5-CH, 7.42-7.48
(m, 1H, H-6), 7.76 (ddd] = 8.9, 7.2,
1.8, 1H, H-7), 8.27 (dd1 = 7.9, 1.7,
1H, H-5), 8.28 (dt,ZJHH = 8.9,ZJHN:
3.0, 1H, 8-H)*F NMR (376 MHz,
CDCl), 8, ppm @, Hz): -134.82 (qJ
=30.8)."'B NMR (128 MHz, CDC}),

3, ppm (, Hz): 1.60 (tJ = 31.4).

(101 MHz, CDC}), 6, ppm (, Hz):
20.4 (CH), 36.38 (CH), 36.44 (CH),
52.7 (CH), 66.3 (C), 117.7 (C), 118.
(C), 121.8 (t2Jen = 9.3, 8-C), 126.4
(CH), 127.7 (CH), 135.4 (CH), 139.8
(t, YJen = 2.4, (CH)CN), 154.7 (C),
160.1 (C), 173.5 (C).

HRMS (DCI-
CH,) Calculated
Dfor
C15H14BF2N4O
(M +H")
315.1229,
Found:
315.1224.

Elution system for column chromatography: —CHA, 7:3. Yield 118 mg (0.38 mmol, 75%), white ptev (mp degradate when heating).
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SUPPLEMENTARY INFORMATION

(2)-2-(Benzo[d]thiazol-2-yl)-2-(pyrrolidin-2-ylidex)acetonitrile(2.1h).
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4-(Benzold]thiazol-2-yl)-1-methyl-3-(3-(methylamjpoopyl)-1H-pyrazol-5-amine
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4-(1H-Benzo[d]imidazol-2-yl)-1-methyl-3-(3-(methylano)propyl)-1H-pyrazol-5-
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3-(3-(Benzylamino)propyl)-4-(quinolin-2-yl)isoxaZslamine 8.50).

0okuG0273.1.fid
912 fra48-77
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f1343)
3-(5-Amino-4-(benzo[d]thiazol-2-yl)-1-methyl-1H-pyol-3-yl)-N,N,N-
trimethylpropan-1-aminium iodide3(8).
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Tert-butyl (3-(4-(benzo[d]thiazol-2-yl)-5-(benzylam)-1-methyl-1H-pyrazol-3-
ylpropyl)(methyl)carbamate3(10.
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N-(3-(3,5-dimethyl-3H-benzo[4,5]imidazo[1,2-c]pymda[4,3-e]pyrimidin-1-
yl)propyl)-N-methylacetamid@.11). Cymiw pomamepis.
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N-methyl-N-(3-(3-methyl-3H-benzo[4,5]imidazo[1,2¥¢tazolo[4,3-e][1,2,3]triazin-

1-yl)propyl)nitrous amide3.12).
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N-(3-(4-(benzo[d]thiazol-2-yl)-5-(1H-indol-2-yl)-rethyl-1H-pyrazol-3-yl)propyl)-

N-methylnitrous amide3(20).
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3-(4-(benzo[d]thiazol-2-yl)-1-methyl-1H-pyrazol-8--methylpropan-1-aminium

chloride 3.22.
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3-(4-cyano-5-((2-hydroxyphenyl)(methyl)amino)-1mgetl H-pyrazol-3-yl)-N-
methylpropan-1-aminium hexafluorophosph&£9).
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(2)-2-(benzo[d]thiazol-2-yl)-2-3-((dimethylamino)thglene)pyrrolidin-2-
ylidene)acetonitrile4.2).
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1-methyl-2,3-dihydro-1H-benzo[4,5]imidazo[1,2-a]pyio[2,3-d]pyridine-11-
carbonitrile 4.4).
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7-(benzo[d]thiazol-2-yl)-5-benzyl-2,3-dihydro-1Hrpylo[3,2-c]pyridin-6(5H)-imine
(4.9).
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7-(Benzold]thiazol-2-yl)-5-benzyl-6-(dimethylamiribmethyl-2,3-dihydro-1H-

pyrrolo[3,2-c]pyridin-5-ium iodide 4.11).
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12-Cyano-5,5-difluoro-1,2,3,5-tetrahydrobenzo[4 ¥daolo[3,2-c]pyrrolo[2,1-

f][1,3,2]diazaborinin-6-ium-5-uideX.1h).
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Thesis summary

The research carried out in the course of this Rk is centered on cyclic 2-
azahetaryl-3-enaminonitrile derivatives which reygrg an attractive scaffold due to
its high number of potential reactive sites. Regjestive functionalization of each
site may give access to various structurally d#iferNitrogen-containing moieties
featuring an azaheterocycle substituent.

One first application in heterocyclic synthesiedzahetaryl-2-(1-R-pyrrolidin-
2-ylidene)acetonitriles, readily accessed from labde and cheap starting materials,
is their involvement in Knorr-type synthesis of ggoles (isoxazoles) where they
play the role of the 1,3-dielectrophiles. Thus étetaryl-3-o-aminopropyl)-H-
pyrazole(isoxazole)-5-amines are formed with comepleegioselectivity in good
yields 50-85%. This establishes an efficient andgilgareproducible two-step
approach to heterocycle-substituted amino-pyraZobes heterocyclic acetonitriles.

Unprecedented subsequent transformations weredayut providing an access
to regioselectively derivatized polyamino azolesracyclic compounds in up to 45%
overall yield and arylated pyrazoles in up to 71%lds/ through diazotization,
followed by arylation through Suzuki—-Miyaura crassdpling or C—H activation.
We illustrated the unprecedented but efficientogén protection as a nitrosamine
during the Pd-catalyzed cross-coupling. Also thesspmlity of pyrazoles C-H
activation in order to get densely substituted pgias was shown for the first time.

We also performed the quaternarization of the gdaroof the heterocycle to
investigate the effect of a cationic moiety on thgioselectivity of the reaction of
such azahetaryl-3-enaminonitrile derivatives witB-inucleophiles. The increased
electron demand on the heterocycle induced a oeagiath shift that produced the
azole ring-opened product. Derivatives of benzokaznd benzimidazole form
second way products straight away, while the onéesfzothiazole undergoes the
“classical” transformation pathway and subsequerdaophilic substitution at C-2

center of benzothiazole leading to azepine cyclem@bion. In the case of
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benzoxazolyl substituted enaminonitriles under tkame conditions both
regioisomers are formed.

Formylation reaction of 2-(benadfhiazol-2-yl)-2-(pyrrolidin-2-ylidene)
acetonitrile withN,N-dimethylformamide dimethyl acetal (DMF DMA), folieed by
further reamination and cyclization under basicdibons gave rise to pyrrolo[3,2-
c]pyridine-6-imine, a compound that exhibits a hifforescent quantum yieldX( =
61%) and proved to be very sensitive to protonatiBoth characteristics are
expected to be useful to develop an unprecedengdrwiletection test for aprotic
solvents. We have demonstrated that such a fludrammethod for determining
water content in DMSO presents a limit of detectioh 0.068%. From other
enaminonitriles reactions with DMF DMA provided bt a mixture of methylated
and formylated products, or only methylated progyéw adducts also shown non
reactivity). These observations prompted us to rassthat the presence of easily
accessible NH group is essential in formylationtled C-3 center of pyrrolidine
allowing to propose a mechanism for this uncomneaction.

2-Azahetaryl-2-(pyrrolidin-2-ylidene)acetonitrilesand  their 3-oxo-benzo-
analogues were also used to create: a) visiblargpdotometric probes for Zn(ll) b)
water stable Bfrigidified complexes that overcome the limitatiafs8BODIPY-dyes
and have Stokes shifts up to 9000 cramission at violet-blue range, fluorescence
both in solution ¢ up to 90%) and crystalline state; c) films of pobric composites

exhibiting photovoltaic effect.

245



Résumé de thése

Les recherches effectuées au cours de ce travdiiéde sont centrées sur les
dérivés cycliques de type 2-azahetaryl-3-énamintmgui représentent une structure
d’intérét du fait de son nombre élevé de sitestiféguotentiels. La fonctionnalisation
régiosélective de chaque site donne en effet aacé&®s une grande diversité
structurelle de composés azoté et substitué paraimétérocycle.

Un atout majeur des 2-azahetaryl-2-(1-R-pyrroligiglidene)acétonitriles est
leur grande accessibilité a partir de matieres s simples et bon marché. Nous
avons pu étudier leur emploi dans la synthése deples (isoxazoles). lls jouent
alors le role de diélectrophiles 1,3. L'action ddngzine (hydroxylamine) conduit a
des 5-amino-4-azahetaryl-@-aminopropyl)-H-pyrazole (isoxazole) formés avec
une régiosélectivité compléete et de bons rendembB@t85%. Ceci établit une
approche en deux étapes efficace et facilemenbdeptible & des amino-pyrazoles
substitués par des hétérocycles a partir d'acétesihétérocycliques.

Des transformations subséquentes ont été réalidéagant acces a des
polyamino-azoles dérivatisés régiosélectivementded composés tétracycliques
jusqu'a un rendement global de 45% et a des pwazatylés jusqu'a 71% de
rendement par diazotation suivie d'une arylationgoaiplage croisé Suzuki-Miyaura
ou C—H activation. Nous avons illustré une protettile |'azote efficace sous forme
de nitrosamine pendant le couplage croisé catalgs®d.

Nous avons également effectué la quaternarisat@oiiadote de I'hétérocycle
pour étudier I'effet d'une moitié cationique surdgiosélectivité de la réaction de tels
dérivés 2-azahetaryl-3-énaminonitrile avec desbinReléophiles. L'augmentation de
la demande en électrons sur I'hétérocycle a indoitchangement de chemin
réactionnel qui a conduit a un produit issu de Jenure du cycle azole. Une
différence de réactivité entre les dérivés du beazole et du benzimidazole d’'une
part et du benzothiazole d’autre part a été obsedrs que les premiers suivent la
voie d’ouverture de cycle, le second suit une fansation «classique» puis une

substitution nucléophile au centre C-2 du benzathéconduisant a la formation du
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cycle de l'azépine. Dans le cas des énaminonisikstitués par un benzoxazolyle
dans les mémes conditions, les deux régioisomerg§@mes.

La réaction de formylation du 2-(bendtihiazol-2-yl)-2-(pyrrolidin-2-ylidene)
acétonitrile avec leN,N-diméthylformamide diméthylacétal (DMF DMA), suivie
d'une amination et d'une cyclisation dans des tiongdi basiques a engendré a la
pyrrolo[3,2c]pyridine-6-imine, un composé qui présente un remel®@ quantique
fluorescent éleved = 61%) et s'est révelé trés sensible a la pratmmakes deux
caractéristiques devraient étre utiles pour déysopun test de détection d'eau
originaux pour les solvants aprotiqgues. Nous awt#sontré qu'une telle méthode
fluorométrique pour déterminer la teneur en ealsdarDMSO présente une limite
de détection de 0,068%. A partir d'autres réactai@raminonitriles avec du DMF
DMA un mélange de produits méthylés et formylésasgenu, soit seulement des
produits méthylés (peu d'adduits ont également rédonhe non-réactivité). Ces
observations nous ont amenés a supposer que kenpecde groupe NH facilement
accessible est essentielle dans la formylation entre C-3 de la pyrrolidine
permettant de proposer un mécanisme pour cettéa@gpeu commune.

Les 2-azahetaryl-2-(pyrrolidin-2-ylidene)acétomési et leurs 3-oxo-benzo-
analogues ont également été utilisés pour créafeaysondes spectrophotométriques
pour Zn(ll); b) des complexes BFgidifies stables a I'eau qui dépassent les
limitations des BODIPY et ont des décalages de &3tglsqu'a 9000 ch émission
en bleu violet, fluorescence a la fois en soluti@nusqu'a 90%) et a I'état cristallin;

c) des films de composites polymériques préseniaffet photovoltaique.
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CONTENU PRINCIPAL (en francais)

Dans lintroduction le cadre général et les objectifs de I'étude de 2-

azahetaryl-3-énaminonitriles (Figure 1) sont présentés.

Figure 1. Structure générale des 2-azahéaryl-3-énaminoagrdycliques
étudiés dans cette these.

Dans unpremier chapitre, une étude générale de la littérature concereant |
2-(1-R-pyrrolidin-2-ylidéne)aceétonitriles et leumsalogues benzo-fusionndsest
presenté. Des détails sont fournis sur les diftéeapproches de synthese de ces

composeés. Leurs différentes réactivités en fonctienleur nature cyclique ou

Synthése de A
C E ...
Lo E RN, 7
RN \ P avec Nu /R1\ -~
R1 / / W
Nu E
A

La complexation

avec BF, /\avec des metaux

Y

CN

Figure 2. Représentation graphique de la revue de littérature

acycliqgue et de leurs substitutions sont alors ueedes d'une gamme de

nucléophiles et d'acétals de diméthylformamide. exmiere partie de ce chapitre
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décrit la complexation du bore et des métaux par 2lépyrrolidin-2-

ylidéne)acétonitrile et les applications des comgdeisolés sont caractérisees
(Figure 2.

Un deuxieme chapitredécrit en détail la synthése et la caractérisates 2-
azahétaryl-2-(1-R-pyrrolidin-2-ylidene)acétonitrileet du  2-azahétaryl-2-(3-
oxoindolin-2-ylidéne)acétonitril& (R' = Het) obtenu au cours de nos études. Une
étude approfondie de la configuration par difféesninéthodes analytiques, telles
gue la diffraction des rayons X, la RMN incluantsdexpériences a température
variable ainsi que le calcul, est ensuite décrite.

2-Azahétaryl-2-(pyrrolidin-2-ylidéne)acétonitriles

On peut accéder au 2-azahétaryl-2-(1-R-pyrrolidyli@ene)acétonitriles par

deux voies représentées suthéma 1

voie 1 voie 2
— Het._CN —
/
E}o 2a
N o )—Cl | POCI; E\Fo
3 N N
] H H 4
Et3N, toluene/dioxane,
A, 1.5-15 h Het\ CN 5
| dioxane, A, 1 h
> HN
1a+
o) S h
Het = ©\/j\ ©: )+ % )I >4 | voie2
N N
1a (voie 1, 58% 1b (voie 1, 85% 1c (voie 1, 74% 1d (voie 1, 67%
voie 2, 67%) voie 2, 86%) voie 2, 50%) voie 2, 77%) > voie 1
H
° N e Q d
% Qg Qe &
N N /
1e (56%) 1f (89%) 19 (87%) h (66%) i (70%) j (88%)

Schéma 1Voies d'acces a la synthése des 2-azahétaryl-2¢(jin-2-ylidene)
acétonitrilesl.

La premiere voie comprend la synthese d'éthemtéqtie 3 qui se condense

apres avec I'hétarylacétonitriie L'ajustement de ce schéma de synthése nous a
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permis d'augmenter le nombre de substituants Bidigues dans les 2-
(pyrrolidin-2-ylidene)acétonitriles et d'obteninBuveaux composéb-h, j.

Nous avons également mis au point une nouvelle adétipour la synthese
des énaminonitrile en utilisant une condensation a trois composamdiquant
I'hétarylacétonitrile 2, I'oxychlorure de phosphore et la pyrrolidin-2-ode
Contrairement a la méthode décrite précédemn@aitdma 1, voie) jui nécessite
la préparation initiale de 5-méthoxy-3,4-dihydid-Byrroles 3 la méthode
proposée est simplifiée permettant la généraimositu de cation 5-chloro-3,4-
dihydro-2H-pyrrolinium 5 et préparation du 2-hétaryl-2-(pyrrolidin-2-
ylidéne)acétonitrile souhaité en 1 heugel{éma 1, voie)2

Etant donné la structure de on peut supposer qu'il peut exister sous forme
de mélange d'isomereset E (isomérisation autour de la liaison énamine C=C).
Cependant, un seul jeu de signaux dans les sp&iids dans lesquels le proton
NH déplacé vers le champ faible (8,7-11,3 ppm)siagque des données XRD,
indiquent que seule la fornzeest observée. Selon les calculs de chimie quantiqu

la quantité théorique d'isomeEene dépasse pas 0,1%.

2-Azahétaryl-2-(1-alkylpyrrolidin-2-ylidene)acétonitriles

Nous avons montré que le schéma de synthése penmndtaccéder aux 2-
azahetaryl-2-(1-alkylpyrrolidin-2-ylidene)acétoilégs par alkylation de leurs
analogues non substitués en N ne fonctionne pasotement. Ainsi, hous avons
développé une stratégie alternative pour leur ®g#threprésentée surdehéma 2
voie 1.La condensation entre les 2-azahetarylacétomitaleion2 (obtenu par
déprotonation par NaH) et 5-méthoxy-1-R-3,4-dihy8kbpyrrol-1-ium 14 ou 15
se déroule a température ambiante en donnant 57d@l8aamine dési@12. Le
procédé alternatif pour la synthése est illustrasdie Schéma 2, la voie Bst
analogue a la méthode qui a été développée paynkhese d'énaminonitrilels
non substituésSchéma 1, voie)2

Compte tenu de la structure des énaminonitrilesbétituéss-12, on pourrait

également supposer qu'ils existent sous la forone miélange d'isomereset E.
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Cependant, les données d'analyse DRX ont révélé lgiat solide le
diastéréoisomere présentant un encombrement sténégrieure (N-alkyle et CN

en position cis) est isolé préférentiellement.

voie 2
Het CN
| POoCh |
R=Me | dioxane A, 1h voie 1
1) R-NH, Het CN
O ~
2) KOt-Bu DMS / ai Het._ CN
o~ - [ =0 (e)—o 29j "y
N 80 °C, 2h N ©  NaH,DMFrt, 1h o,
\R R SO4Me N R
13 -
14a-c 6-12, 57-91%
/\ /
®,)—0
132 0-32MKPFq EN>— © Ny , Het<_CN
30 min, rt \ PFs NaOMe / )
15a Eyo
N
R =a: Me, b: Bn; ¢: cyclopropyl R
13: R = Me, Bn, cyclopropyl, CH(Me)Ph, CH,Fur, t-Bu, Ph Acetal method

6: benzothiazol-2-yl 10: 4-methylthiazol-2-yl 6a: 912/0; 6b: SOZA); 6c: 74ZA)
7: benzimidazol-2-yl 11: 1-methyl-1H-benzimidazol-2-yl 7a: 80%; 7b: 77%; 7¢. 60%
8: quinolin-2-yl 12: benzoxazol-2-yl 8b: 67 /:)); 9a: 75 A);010b1 72 A);o
9: 3,4-dihydro-4-oxoquinazolin-2-yl 11a: 57%; 12a: 88%; 12b: 79%

Schéma 2Synthese de 2-azahétaryl-2-(1-alkylpyrrolidin-Zghe)acetonitrile -
12.

L'état cristallin a révélé une conformation presqiane du cycle pyrrolidine
(déviation du plan a 0,16 A), qui est quasi-coplanavec le substituant
hétéerocyclique (angle diedre inférieur a 9 °).

Néanmoins I'étude RMN démontre que la solution iemitun mélange de
diastéréoisomeres. Deux singulets larges de 3e€TiI-CH; adjacents a la liaison
C=C sont divisés en gquatre pics indépendants lorsefioidissement. Sur la base
des données spectrales, I'énergie d'activatior &) pour I'échange entre les
espéces diastéréoisomeéresE et7aZ a été calculée. Les valeursAl®™ trouvées
AG” E — Z = 14,4 kcal/molAG* Z — E = 13,3 kcal/mol sont en accord avec les
précédentes indiguées pour ces énamines conjuglémmactérisent le procédé

d'isomérisation comme étant a basse énergie.
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2-(Pyrrolidin-2-ylidéne)acétonitriles substitués pa des benzazoles quaternisés
La position C-2 du fragment énaminonitrile a étiévée par quaternisation de
I'azote du benzazole, ce qui a favorisé la séparaies charges dans la molécule.
La quaternisation a été réalisée par alkylatioaae du pyrrolidinacétonitrile
7a, substitué par un benzimidazolyle, ou de I'hé&a&tonitrile dans le cas des
dérivés benzoxazoly2b et benzothiazolyRc; les précurseurs accéd&g et 18

réagissent encore avec le chlorure d'imid@tjénérén situ (Schéma B

X CN . X  CN X CN .. X  CN
- G o OO (I
N Ny N N N N
z ' \
7a

®)—ClI
N

\ ba
16, 79%; 17,18 2b,c
19, 30%; 20, 64% (deux etapes)

iz 5 equiv. Mel, K,CO3, DMF, A, 2 h; ii: a) DMS, 70 °C, 1 h; b) NaOH; iii: a) 1-methylpyrrolidin-2-one, POCls,
diovane, A, 15 min; b) KPFg. 7a: X=NH; 16: X =NMe, Z=1; 2¢,17,19: X=0, Z=PFg; 2b, 18, 20: X=S, Z = PFg4

Schéma 32-(Pyrrolidin-2-ylidene)acétonitrilesubstitués par des benzazoles
quaterniséd 6, 19, 20.

Le composél6 existe sous forme de mélange de diastéréoisomdee$ois
en solution (selon les données RMN dans GPICl a 58% d'isomere) et a I'état
solide (liaison C=C torsadée selon DRX, angle diguyal a 53°).

Dans les spectres RMRC de 16, 19 et 20, le pic de l'atom€-2 du fragment
d'énaminonitrile déplacé vers le champ faildle=(170,7-173,9 ppm) par rapport
aux analogues neutre® = 167,0-168,1 ppm). Ceci indique le déblindage

supplémentaire lié au déplacement de la densitéréheque vers l'azote déficient

en electrons.

2-Azahétaryl-2-(5-R-3-oxoindolin-2-ylidene)acétoniiles
L'indolin-2,3-dione21 a été choisie comme matiere de départ appropoée p
la synthese de 2-azahétaryl-2-(5-R-3-oxoindolini@ene)acétonitrile2-24. On
sait que sa fonctionnalisation par nucléophilespesisible en position 2 via la
formation d'imidochlorure intermédiaire. Habituetient, ce dernier est isolé et

dissous dans un solvant plus polaire pour effeatner réaction de condensation.
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En raison de la faible stabilité de I'imidochlorute rendement de la réaction est
toujours faible. Nous avons ainsi développé uneveliel approche en upot qui
comprend la formation in situ d’imidochlorure (-h1ébullition dans le benzene)
et sa condensation ultérieure avec I'hététylacin(Schéma ¥ La durée totale
de réaction est d'environ 1 heure, l'étape limitardtant la formation
d'imidochlorure. Les produits sont formés avecréeslements élevés; il existe des
composeés de couleurs vives variant du rouge aetvalexibit une longue bande
d'absorption de longueur d'onde dans la gamme 5053. Selon la RMN et la
DRX, les composés de donn&s24 existent sous forme d&a la fois en solution
et a I'état solide. Cette configuration est probadant stabilisée par une liaison

hydrogene intramoléculaire (N- - - H-N).

CN
O Het
R 1) PCls, benzene, A, 1 h Q NP
0 g HN
N 2) N
21 N R
R =a: H, b: Me, ¢c: OMe 22a-c, 23a, 24a, 70-87%

22: benzothiazol-2-yl; 23: benzoxazol-2-yl; 24: quinol-2-yl 22a: 78%; 22b: 70%; 22c¢: 87%; 23a: 77%; 24a: 84%
Schéma 4Synthesis of 2-azahétaryl-2-(5-R-3-oxoindolinidéie)acétonitriles

22-24

La particularité des 3-oxindoles functionali28-24 est leur comportement
lors du changement de l'acidité du milieu. Toutammentant la basicité du
milieu, le déplacement batochrome d'absorpiign se produit, 150 nm po@2b
(Mabs = 680 nm) et 130 nm po@3a (Aape = 665 nm). Visuellement, c'est le
passage du violet au bleu. Les constantes de dsisocconditionnelles (pKa) ont
été calculées po2b et 23a sur la base des données obtenues;fkal0,09 +
0,05; pKasz, = 10,96 = 0,25.

Dans letroisieme chapitre, nous décrivons la réactivité du 2-azahétaryl-2-(1
R-pyrrolidin-2-ylidene)acétonitrile en tant que -Hi@lectrophiles envers les
composeés binucléophiles et la synthése de pyraailadisoxazoles substitués
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différemment. Les transformations en aval sur kgagnles sont décrites en détail

et ont montré une excellente région et chimiosifiéét

Réactions de 2-azahétaryl-2-(1-R-pyrrolidin-2-ylid@ée)acétonitriles avec
des 1,2-binucléophiles faisant intervenir I'atomeC-2 de pyrrolidine et le
carbone du groupe nitrile

La délocalisation de la densité d'électrons d'agrfrent d'énamine dans le 2-
azahéaryl-2-(pyrrolidin-2-ylidéne)acétonitriles@t12 (selon les données RMN et
DRX) favorise un déplacement de I'équilibre énammmmninium, augmentant le
caractére électrophile de l'atome C-2 du fragmégriasinonitrile et diminuant
simultanément celui du groupe nitrile. Ces obsémat suggérent que les 1,3-
diélectrophiles peuvent réagir avec les binucldephde maniere régiosélective.

La réaction se déroule en douceur avec des pyimatidtonitriles a
substitution N-alkyle dans le dioxane au refluxaua exces de 10-20 équivalents
du réactif binucléophile et fournit les pyrazoles les isoxazoles avec des
rendements modérés a bons (50-85%9h€ma b Une conversion de cycle de
pyrrolidine en pyrazole (ou isoxazole) devrait sedpire par attaque nucléophile
sur le carbone insaturé de la pyrrolidine, donmgnlies intermédiaires spirB se
formeraient alors par attaque du deuxieme atombimluciéophile sur le groupe
nitrile en une forme favorisée de 5 exo-dig. Enffimverture du cycle pyrrolidine
est favorisé par l'aromatisation du cycle azoldoeirnit la chaine aliphatique
substituée par l'azotd5-31. Cette ouverture du cycle conclut le mécanisme
d’addition nucléophile- annulation spirannique averture de cycle (ANSARO)

qui expligue le déroulement de cette transformafBohéma b
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Het_ _CN NR
i /_\ NH,XH £~ NH Het
R ——— Het HN-XH — » | Het \ I - = \N
N~ dioxane, A NR X | )
HN™ X
HoN 2
69 A B 25-31, 50-85%

R = a: Me, b: Bn, ¢: cyclopropyl

25: benzothiazol-2-yl, X = NMe; 26: benzothizol-2-yl X = NH; 27: benzimidazol-2-yl, X = NMe;

28: quinolin-2-yl, X = NMe; 29: quinolin-2-yl, X = O; 30: 3,4-dihydro-4-oxoquinazolin-2-yl, X = NMe;
31: 3,4-dihydro-4-oxoquinazolin-2-yl, X = O. 25a, 85%; 25b, 70%; 25¢, 62%; 26a, 56%; 26¢c, 43%;
27a, 65%; 27b, 65%; 28b, 50%; 29b, 55%; 30a, 62%; 31a, 75%

Schéma 5Réactions de 2-azahétaryl-2-(1-R-pyrrolidin-2-yheégaceétonitriles
avec des 1,2-binucléophiles.

La nature des substituants alkyl et hétaryl s'estrée n'affecter que
modérément l'efficacité de la réaction, bien quesldstitution benzothiazole
fournisse systématigquement de meilleurs rendemeritmplication du groupe
nitrile est mise en évidence par la disparitionsds signaux caractéristiques de
I'étirement des vibrations dans l'intervalle 219B7@ cni* des spectres IR. Les
spectres de RMRH révélent la présence du groupe NH6,25-6,94 ppm pour les
pyrazoles et de 8,04 a 8,20 ppm pour les isoxazblestructure des composés a

également été confirmée par DRX.

Fonctionnalisation régiosélective de 3af-aminopropyl)-4-azahetaryl-5-
aminopyrazoles
L'alkylamine secondaire est significativement plusicléophile que
I'aromatique primaire et la réaction d'alkylatiom cendement e25a est le sel
d'ammoniunB2. Lors de la protection d'une amine secondaire anegroupdert-
butyloxycarbonyle, I'alkylation réductive régiosglee du groupe amino primaire

est soumise a un compd3g(Schémap
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\ H\N % '@
N 1) Boc,O, TFE, rt /r;)

Boc
2) PhCOH, AcOH,

@[S =N toluene, 140 °C ©[S SN Mel, NaOEt @ES <N

/ ! - / ! /) |

N NN 3)NaBH,, EtOH, N )N MeOH.rt 3h N NG
N
2

HN H,N

25a 32, 100%
Ph
33, 44% (trois etapes)

Schéma 6Alkylation régiosélective des groupes amin@8e

Le groupe aminé pendant du pyrazole et a proxidetélH du benzimidazole
permet la condensation d&a avec des électrophiles tels que des orthoesters
(Schéma 7, voie)l Cette approche pourrait délivrer des échafawslage
pyrazolopyrimidine intéressants a des fins de ahimédicinale, comme cela a été
illustré dans le développement d'inhibiteurs dglyaogene synthase kinase 3, une
enzyme impliquée dans de nombreuses maladies tgliete diabéte de type I, la
maladie d'Alzheimer, le cancer, le trouble bipaaet l'inflammation. On a
également eu accés a un composé aromatique tdinaeyen quelque sorte
similaire par un simple traitement @&a avec un exces de nitrite dert-butyle

dans le DMF $chéma 7, voie)2
\

\ o N
voie 2 HN voie 1
©E t BuONO @: = N CH;C(OEt);5, Ac20 ©E
25 min, A
35, 87% N 27a 34, 85%
ON
H
@ENW =N
/ \ |
N ~
A - N,

Schéma 7Acceés direct aux structures tétracycliques fusiesd, 35.

Dans ces conditions, l'intermédiaire diazoniumrpmtien effet étre piégé

par l'azote de l'imidazole pour générer le triaz8Becorrespondant, avec une
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protection concomitante de I'amine secondaire Bngae nitrosamine. Il présente
une structure tétracyclique unique qui n'a jam#asdécrite auparavant et, en tant
que telle, élargit I'espace chimique de la chindigrocyclique.

Le groupe amino a également été utilisé pour intredles substituants
aromatiques, stéryliques ou hétéroaromatiques aetae position du pyrazole
(Schéma B La premiere étape d'halogénation est soumiagoabcédure classique
de Sandmeyer ou a une méethode modifiee impliguaiiisation de nitrite deert-
butyl et d'iode cristallin. Le 5-iodopyrazol86 est le produit de réaction
majoritaire. Dans le second cas, nous introduisonsalogéne et une protection
sur le groupe amino secondaire par un procédé eonanpot La réaction de
couplage croisé de Suzuki-Miyaura subit un rendensprantitatif pour les

substitutions aromatiques et stéryliques et un esmht modéré de 24% pour

I'indolyl.
voie 1
1) p-TsOH, KI, 2% Cul,
\ t-BUONO, MeCN, 0-25°C, 2 h \ \
HN 2) Boc,0, NaOEt, TFE N N

ArB(OR), ou ArBF;K

R R
S )<
@[ e . @ES, (SN PaPPhos, Cs005 @[S, «*
N ~ N N dioxane-H,0 N AN
259 N I R

voie 2
l,, -BuONO, MeCN, 36, voie 1 R = Boc, 21%; 37a-f, 71-98%
65 °C, 20 min voie 2R =NO, 38%
FsC
§ % “ N % Nt
R1 -
- ® ;
/a, R =H, 71%; b, 97% FC © 90% d 72% ¢ 2

R = Boc, 98%; R = NO, 98%

Schéma 8La réaction de l'iodation du 5-aminopyraz@gapar Zandmeier.
Couplage croisé de Suzuki-Miyaura pour 5-iodopyl@a36.

Une approche différente pour introduire le subatituaryle a la 5éme
position du pyrazole est la désamination réducperela formation de pyrazo&8
suivie d'une étape d'activation C—H. Les conditiopgratoires de la premiére

étape sont similaires a celles appliqguées pourdtiction de I'halogéne mais le
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donneur de radicaux hydrogene est le DMF. La réactie couplage suivante
conduit a37aavec un rendement quantitatfighéma p

\ \ \
HN N N
ON Pd(OAc), 5% ON
S BuONO - s BusNOAc s
@[ ) \\N t-Bu {\I'.\? — = Ar »\,N} ©[ ) \\l}j 4-BrCgH,OMe @E ) \\N
N N_ DMF 5 N N_ DMA, 70°C, 24 h N N_
H,N H
%ﬂ, H)LI\E: ) 38, 92%
ArNH, a0
H. o)
hydrogen radical donor 37a, 100%

Schéma 9Reductive deamination and futher C—H functionaiorabf pyrazole
25a

Ainsi, en optimisant la technique, nous avons pgnanter le rendement en

5-arylpyrazoles de 21% a 92%.

Réactions de 2-azahétaryl-2-(1-R-pyrrolidin-2-ylid@ée)acétonitriles avec
des 1,2-binucléophiles impliquant I'atomeC-2 de pyrrolidine et I'atome C-2
d'azahétérocycle

En procédant a la réaction de 2-benzoxazol-2-y-B{pyrrolidin-2-
ylidéne)acétonitriles avec de la méthylhydrazimeagu récupérer deux composés
38 et39 aprés la séparation du mélange réactionnel. Uraetgaistique du produit
cyclique d'isoxazole ouveB9 est le déplacement des protons aromatiques vers le
champ fort dans le spectre RMN et la présence d'une vibration caractéristique
du groupe nitrile dans les spectres IR (2216-2248) ¢

Le mécanisme comprend l'attaque NH a I'atome C-2ndyau pyrrolidine
menant a l'intermédiaire A dans lequel YH se sitlentiguement a proximité du
groupe nitrile et de 'atome C-2 du benzoxazolatéique I'une ou l'autre avec

une probabilité qui dépend directement de leurtedphilie (Schéma 10
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/N voie 2 voie 1 @[
o /7 ~NHH Q\ YH vole 1

Q 3N

N N '/ —_— N%ﬁ HN 38a,b

|

NR
dioxane, A NR OH

12ab A ] o2 Q/NH CN y
):S\/\/N\R

R =a: Me; b: Bn, Y .
38aY = NMe, 28%:; 38b Y = NMe, 20% N
39aY = NMe, 35%; 39b Y = NMe, 32% 39a,b

Schéma 10La réaction des 2-benzoxazol-2-yl-2-(1-R-pyrrolid+
ylidéne)acétonitriled 2 avec de la méthylhydrazine.

En introduisant les énaminonitriles cycliques siiiés par des azoles
quaternisésl6, 19 dans la réaction avec les 1,2-binucléophiles, bsenve la
formation de produits a cycle ouvet9, 41 (Schéma 1)1 Lorsque le dérivé de
benzothiazole20 réagit avec la méthylhydrazine, la transformataoibit selon la
lére voie; I'ouverture du cycle thiazole procedk deuxieme étape avec formation
simultanée d'azéping2 (Schéma 11 Les structures des produits ont été
confirmées par RMN 2D et DRX.

X CN 2" insx . N \
NH,YH X '/‘/YH1" wesx | 2% ppax HX ONTON S
Y, / _— HN } —_— 7

@N\@ N EtOH, A, 2 roa @ N> @ CN
/ —
z 2 W . 40, 85%

16,19, 20 41, 88%
Awit Lunﬂx

HOBUI ?NH/ N—
_lmax
‘ SO
NH
f“ \ HoN | 42,78%

16,40: X =NMe, Y=N,Z=1:19,41: X = O, Y = NMe, Z = PF; 20: X = S, Y = NMe, Z = PFg

Schéma 11Réaction des énaminonitriles cycliques substipagsies azoles
guaternisés avec des hydrazines.
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Aprés avoir développé le caractere électrophile 2dazahétaryl-2-(1-R-
pyrrolidin-2-ylidene)acétonitriles, nous démontrawschapitre 4 que ces adduits
peuvent également se comporter comme nucléophilggésence d'électrophiles
tels que les acétals de diméthylformamide.

Les données expérimentales ainsi que les précédenis littérature nous
ont amenés a supposer que la présence du groupadilément accessible est
essentielle a la formylation du centre C-3 de larglgline, ce qui permet de

proposer un mécanisme pour cette réaction peu coe@aechéma 12

s 9L

)
- | CH50 -

Schéma 12Mécanisme proposé pour la réaction de 2-azahét2ufd-R-

pyrrolidin-2-ylidene)acétonitriled avec DMF DMA.

L'incorporation de la fraction diméthylméthyliderse fait de maniére
réversible par attaque nucléophile de l'ion azasiabilise A par l'azote de la
pyrrolidine, ce qui donne l'intermédiaire intermack B; la position C-3 de la
pyrrolidine dandB activée par effet inductif (-I) du groupe amideteamélioration
de la stabilité mésomérique de I'anion par la imacacrylonitrile. En conséquence,
une déprotonation par un anion méthoxy et une icdaeivec une autre molécule
de DMF DMA peuvent se produire, produisd®it celle-ci se transforme en 2-
azahéaryl-2-(3- (diméthylamino)méthylene)pyrroli@iylidéne)acétonitrilél3 par

inversion de la premiére étaggchéma 12)
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Syntheése de pyrrolo [3,2]pyridin-6-imine, étude physico-chimique et
perspectives d'utilisation
Un modéle de produit de formylatiagtBa été incorporé a une réaction de
transamination avec de la benzylamine, suivie doyadisation en pyrrolo[3,2-

c]pyridine-6-imined5 en présence d'une baseliéma 13)

w O
S CN S N
@[ ) _BONH, @[ /\© NaOEt ©[ )
N \ 2 AIOKCaH, A \ 7 EtOH-piokcaH, A N
HN HN
43a

44 92% 45,90%
3aranbHuii Buxig 3 kpoku: 59%

Schéma 13Synthése de pyrrolo[3,2-c]pyridine-6-imiAb.

Le pyrrolo[3,2¢€]pyridin-6-imine 45 existe sous la forme d'un mélange
d'équilibre d'énamine et d'imine en solution ehafgine a I'état solide. En raison
du fragment de vinamidine, le composeé est tresilders la présence de donneurs
de protons. Il y a une large bande dans les spgedisorption en solvant
aprotique (toluene, dioxane, acétonitrile, DMSOhgl#éa région de 320-340 nm,
qui devient étroite entre 320-370 nm en présencgodeeurs de protons, a savoir
HCI, H,O, MeOH, EtOH.

Une telle sensibilité de la pyrrolo[3,2-c]pyridini@ine 45 a la protonation
avec un rendement quantique de fluorescence élevegl %, standard — sulfate
de quinine) a été utilisée pour développer un flestrométrique de I'eau sans
précédent pour les solvants aprotiques. Nous armndré qu'une telle méthode
fluorimétrique pour déterminer la teneur en ealMSO présentait une limite de
détection de 0,068%.

Le cinquieme chapitreest consacré a la formation de (i) complexes de bo
et de difluorure de 2-azahétaryl-Z--pyrrolidin-2-ylidene)acétonitrile et
propriétés photophysiques d'une gamme d'adduitsis@) les complexes d-métal
(Cu, Zn, Co, Ni), leur isolement et leur caractiien compléte ainsi que leur mise
en ceuvre dans des dispositifs permettant d'étleligs puissantes applications

dans les cellules solaires et de détecter le Zueatans les fluides biologiques.
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Complexes rigidifiés par le BE; sur la base du 2-azahétaryl-2-(pyrrolidin-
2-ylidene)acétonitriles

Les complexes BFdu 2-azéhetaryl-2-(pyrrolidin-2-ylidene)acétonéri46
ont des analogues structuraux avec les colorantDIB® a savoir le
boroazacycle. Les colorants BODIPY présentent deprigtés uniques, a savoir
les rendements quantiques élevés, une bonne waliiins les conditions
physiologiques, les bandes d'absorption et démissetroites. Malgre la
fluorescence intense des colorants BODIPY en swlutls ont un faible décalage
de Stokes qui interrompt I'analyse du signal degtshbiologiques et ils ne sont
presque pas fluorescents a I'état solide. La dégigagon du ligand bidente dans
le complexe de bore est I'une des solutions pounrcva les colorants BODIPY.
Nous avons procédé a la désymétrisation en intsadtides hétérocyles ayant des
propriétés fondamentalement différentes. Les huwitnglexes 46a-h ont été

obtenus par la procédure illustrée danscleéma 14

® o L QL L3t T

CN .
| BF;'OEt,, DIPEAV 46a 46b 46¢ 46d
CH,Cl,, A ! 0 i
HN F N B X SN N~
1a'd,gs|,k,| 4Ga'h, 73'93% @ N N/Jg N/)ﬁ
46e 46f 469 46h

Schéma 14Synthese de BEomplexegl6.

Tous les complexes sont stables a I'eau, ont desadfes de Stokes allant
jusqu'a 9000 cihy une émission dans la gamme bleu-violet, une ésmence a la
fois en solution® jusqu'a 90%) et a I'état cristallin. Une carasté&ue importante
de la biovizualisation est la neutralité de tebemdes permettant de traverser la
membrane cellulaire. La brillance de ces colorastssuffisante pour les études
vitro, mais leur émission (400 - 460 nm) est hors denétre optique (650 - 900
nm) nécessaire aux étudasvivo. Néanmoins, la présence du groupe pBéurrait
étre utilisée pour incorporer le marqueur radid4¢iF] et donnerait & ces sondes

le caractere bimodal.
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Complexes de 2-azahetaryl-2-(pyrrolidin/5-R-3-oxoidolin-2-ylidene)
acétonitriles avec des metaux 3d: synthése, structuet perspectives
d'utilisation
Le metal 3d central dans le compleA&
comportant les ligands enaminonitrilegprend une
géométrie tétraédrigue avec une coordination par
guatre atomes d'azot&igure 3. Les propriétés

photovoltaigues et  photoconductrices  des

composites de film d'un copolymere de styrene
Figure 3. Structure
moléculaire du composErb
avec Co [)). additions des complexes d& avec Co (ll), Cu

avec le meéthacrylate d'octyle (COM) et les

(1), Ni (1) ont été étudiées. Le plus grand eff¢totovoltaiqgue comporte des films
contenant du Col La valeur du potentiel électrique de la surfade{®)
augmente dans une rangée de &80 mV), NiL, (120 mV), Col, (180mV).

Compte tenu de la position.., dans le domaine visible du spectre, ainsi que
de la tendance des composés a former des complkgkdés, nous avons étudié
les propriétés  photophysiques du  2-azahetarylR-@oxoindolin-2-
ylidéne)acétonitrile2-24 en présence d’'ions métalliques (3d). La formatien
complexe a partir du composé modgla4b avec Cu(ll) et Zn(ll) est caractérisée
par un décalage bathochrome significatif des maxdrabsorption AL > 70 nm);
changement de la couleur du violgt4 = 530 nm) au bleuif,x = 600 nm). En
appliquant la méthode logarithmique limitée a lahe¥che de complexes, nous
avons trouvé que des complexes de stabilité moysarsont formés. Les reactifs
sont sensibles et indiquent la détection de ladirdes ions (LD) calculée selon le
critere 3S en dessous de 1 umol/l. La formationpiere se produit lentement
avec d'autres métaux 3d dans des conditions diaciten avec Zn(ll) et Cu(ll),
comme dans le cas de Co(ll) ou ne se produit pas acas de Ni(ll). Pour la
détermination sélective de Zn(ll), les ions Cufiéuvent étre masqués par les ions

thiosulfate.
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La sixieme chapitrede la these est une partie expérimentale, quitdésri
méthodes de synthese des composés décrits daawadd, tet une description de

leurs caractéristiques spectrales et physiques.

Conclusions général

Les travaux menés dans le cadre de cette theggeanis de mettre au point des
méthodes de préparation des 2-azahétaryl-2-(1-Rimine-2-
ylidéne)acétonitriles comportant des substituaathétéro-cycliques de nature
neutre et cationiqgue et du 2-azahétaryl-2-(5-R-Giwdolin-2-
ylidene)acétonitriles. La méthode pour accéder diazahétaryl-2-H-
pyrrolidine-2-ylidene)acétonitriles a été optimispermettant un élargissement
significatif de la portte de la réaction a de namblr substituants
azahétérocycliques (jusqu'a 12, a partir de 2).

Nous avons établi que les 2-azahétqryl-B-@yrrolidine-2-ylidéne)acétonitriles
existent a la fois dans la solution et a I'étatidsolen tant qu'isomeres,
contrairement au 2-azahétaryl-2-(1-alkylpyrrolidide/lidene) les acétonitriles
qui existent sous forme d'isomeiZs I'état solide et sous forme d'un mélange
de diastéréoisomer@$E dans la solution. L'énergie d'activation librerd&tion
a la double liaison C=C a été calculd&” E—Z = 14,4 kcal/molAG” Z—E =
13,3 kcal/mol, valeur caractéristique des proceasmsse €nergie.

Dans notre étude sur la réaction des 2-azahétgiddR:pyrrolidine-2-ylidene)
acétonitriles avec des fragments binucléophilels tpie les hydrazines et
I'hnydroxylamine, nous avons observe une régioselectomplete. En effet, il a
été établi que la premiere attaque nucléophileiegiée contre un atome de C-2
de pyrrolidine. L'orientation de l'attaque suivaest déterminée par la nature du
substituant azahétérocylique:

- dans le cas de substituants azahétérocycliqueresdga coté du benzoxazole),
I'attaque est dirigée contre le carbone du groupgenconduisant aux 3ef-

aminopropyl)-4-azahétaryl-5-aminopyrazoles;
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- dans le cas des dérivés du benzoxazole, l'attaguyaoduit a la fois sur le
groupe nitrile et avec la méme probabilité suofta C-2 de I'azahétérocycle
conduisant aux isomeres structuraux: le 4-beafjagfizol-2-yl-3-aminopropyl)-
1H-azol-5-amines et 5-((2-hydroxyphényl)amino)-3-EBdgmino)propyl)-H-
pyrazol-4-carbonitriles (4-carboxydiimide dans &s cle hydroxylamine);

- dans le cas du benzoxazole et du benzimidazoddemisés, I'attaque est
dirigée contre I'atome C 2 de l'azahétérocycle cosaht au 3-(4-cyano-5-((2-
R-phényl)méthylamino)-1-R1H-pyrazol-3-yl)-N-méthylpropan-1-amines.
Avec le benzothiazole quaternisé, la premiére a#agst dirigée contre le
carbone du groupe nitrile suivi de lattaque suiwamle la chainew-
aminopropyle par I'atome C-2 dN+méthylbenzothiazole conduisant a un dérivé
azépine original.

En partant de 3e-aminopropyl)-4-azahetaryl-5-aminopyrazoles, nousna
étudié des méthodes de fonctionnalisation régiosetede leurs groupes amino,
la condensation dans des composés tétracycliques, sasoir le
benzo[4,5]imidazo[1,2-c]pyrazolo[4 &pyrimidine et [1,2,3]triazine avec un
rendement global allant jusqu'a 87%; et la désaimmavia une étape de
diazotation suivie par une arylation de Suzuki-Migaet une activation de C—H
conduisant a des pyrazoles substitués par 5-amylstindol-2-yl) avec un
rendement global allant jusqu'a 92%.

Nous avons également exploré les propriétés dwaBRéaaryl-2-(1-R-pyrrolidine-2-
ylidéne) acétonitriles en réaction avec le DMF DMAa été établi que la
présence de groupes NH facilement accessibles sstntelle dans la
«formylation» du centre C-3 de la pyrrolidine. Laéthhode de synthése de
pyrrolo[3,2c]pyridine-6-imine (PP) avec 59% en 3 étapes a éeldppée.
L'utilisation envisagée de PP pour la déterminatiela teneur en eau dans des
solvants organiques aprotiques par dosage fluoraquéta été développée pour

le DMSO présentant une limite de détection de (/268
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Enfin, nous avons étudié la structure et les pébgsi photophysiques de
complexes de 2-azahétaryl-2-(pyrrolidine/3-oxoimi@-ylidene) acétonitriles
avec des métaux 3d et du bore.

Cela nous a permis d’établir leur utilité puisque:

- Les principales caractéristiques des complexes@BbBase de 2-azahétaryl-2
(pyrrolidin-2-ylidéne)acétonitriles sont les grandeplacements de Stokes
(usqu'a 9000 ci), haute Iluminosité (jusqu'a 86400 lemaim®),
solvatofluorochromie positive, fluorescence a t'@alide et stabilité de I'eau.
- Les films de composites polymériques avec ajdetcomplexes métalliques
de 2-azahétaryl-2-(pyrrolidin-2-ylidene)acétondsilavec du Co(ll), du Cu(ll),
du Ni(ll) (ML,) ont un effet photovoltaique. Le potentiel élepig de la surface
atteint la plus grande valeur de 180 mV dans le s Col,.

- Le 2-azahétaryl-2-(5-R-3-oxoindolin-2-ylidene)tmétriles a démontré une
grande visibilité lors de la chélation du Zn(Il)det Cu(ll): A > 70 nM,Nigand

= 515-530 nm (rouge-violethcompenax = 590-605 nm (bleu), apH des

fluides biologiques. La limite de détection dessiagst de 0,4 a 1,0 pumol/l.

Ce travail illustre donc les grands développemenitentiels pouvant étre
réalisés sur la base d'une approche synthétiquieae§f des hétérocycles
polyfonctionnels. Nous avons montré que les effdesynthese permettent non
seulement de nouveaux acceés a des composés dehsénmionnalisés, mais
fournissent également des outils moléculaires @mppour les études
photophysiques permettant de nouveaux développsndans un large éventail
de domaines. A ce titre, ces travaux contribuefair@ de la molécule le centre

de tout développement scientifique en sciencesighis.
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