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Abstract—Condensation of 5-amino-3-(2-pyrrolyl)pyrazoles with 1-vinyl(ethyl)-2-formylimidazoles afforded
complex heterocyclic ensembles: Schiff bases contairpggole, pyrazole, andmidazole rings. The
cis,transorientation ofCH=N and CH=CH groups and E-isomeric structure of t8ehiff basesinderstudy
with respect to the iminéragment, andalso the presence of intra- and intermolecular hydrogemdswere
established.

The analysis of publications shows that althoughcompounds (molecular switches), and also initial
investigations on synthesis and chemistry of Schiffmaterial for the synthesis of promising pharma-
bases are widely developed -f], azomethines ceuticals. Aiming at elucidation of the role of the
containing ensembles of heterocycles remain poorlyeteroring nature and its substituents in the amine
understood. In continuation of our studies on thecomponent on the condensation with imidazolecarb-
synthesis of polyfunctional heterocyclic structuresoxaldehydes in comparison with the previously
[5-9] we report here on newzomethines containing published data [5, 6] we studied for tH&st time
in the structure functionalizedoyrrole, pyrazole, the reaction between 5-amino-4-R-3-[2-(4,5,6, 7-tetra-
imidazole rings. The compounds obtained are hydroindolyl)]pyrazoles I( II) and 1-vinyl- and
polydental ligands for designing metal complexl-ethylimidazole(benzimidazole)carboxaldehydes
catalysts, models for investigation of conforma-(lll -VI). It was established that the corresponding
tional isomerism and of new types of intramolecularazomethinesVIl -XIV cleanly form in a reaction
and intermolecular effects, potential photochromewithout catalyst.

XI-XIV
RP= R*= H: R'= CH=CH, (Ill, VI, XI ), Et @V, VIII, XIl ); R, R®= benzo: R= CH=CH, (V, IX, Xl ),
Et (VI, X, XIV).
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Condensation conditions and the nature of initialand CONH substituents in thed-position of the
reagents significantly affect the vyield of reaction pyrazole moiety in base¥Il -XlIl the signal of the
products. The reactiobetween 1-vinyl- and 1-ethyl- azomethine proton =CH is shifted downfield as
2-formylimidazoles I, IV ) with 5-amino-3-[2- compared to the similar signal in the spectra of vinyl-
(4,5,6,7-tetrahydroindolyl)]-4-cyanopyrazolel) ( in  oxyphenyloxyazomethine$ 8.4 ppm)[10]. Notethat
ethanol at 76C proceeded for 5 h affording bases in the 'H NMR spectra of azomethine$l -XlIIl (see
VII, VIII in 53 and 65% vyield respectively. Under table) appear two signafsom NH of theamide group
similar conditions the yields of azomethindsom  unlike the singlet in the spectrum of azdle (5¢qp
benzimidazolecarboxaldehydas VI and the same 5.08 ppm) [7]; apparently the rotation of the sub-
aminopyrazolel did not exceed25%. In thelatter stituent NHCO in azomethines isindered.
case the synthesis of Schiff basepéerformed under
more rigid conditions: fusion of the initial reagents
at 90-95°C for 4 h, and then the yield of reaction
products IX, X amounts to 8995%. In reaction
carried out in this fashion with imidazolecarbox-
aldehydedll, IV the yield of compound¥Il, VIii
increases insignificantly (by -5%). 2-Aminobenz-
imidazoles in reactions with aldehyddd -VI are
more reactive than 5-aminopyrazolés Il under
study: the yields of the correspondirazomethines
[5, 6] are on the average by 420% higher.

Same as with thecorresponding azomethines
originating from 2-aminobenzimidazoles [5, 6], in
the spectra of 1-vinyl derivative¥ll, IX, XI, Xl
the proton H of substituent CH=CHy suffers a
considerable downfield shifts(7.65-8.17 ppm, see
table) as compared to the corresponding signal in
2-substituted 1-vinylimidazoles 6 ( 6.6-7.0 ppm)
[11-13]. This fact indicates that th@roton H, takes
part in the intramoleculaspecific interaction with the
nitrogen from the azomethine group suggesting
prevailing cis,transorientation of CH=N and

The condensation of azok with imidazolecarb- CH,=CH groups in the bases under study and their
oxaldehydedll -VI is to a large degree reversible if occurrence in thee-form with respect to the imine
the reaction is carried out in ethanol benzene (an bond.
intractable mixture arises containing azomethines and
the initial reagents).Such reversible reaction we
previously observed [6] only with 2-aminobenzimid-
azole and 1-vinylimidazolecarboxaldehyd€)( The
equilibrium shifts considerably to the right at fusion
(90-95°C) of equimolar amounts of aminopyrazdle
and aldehydéll -VI with simultaneous removal from
the reaction mixture of the formed water; in tluase
the yield of Schiff baseXI andXIIl originating from
imidazolecarboxaldehyddH, V reaches 65 and 47% In the IR spectra of basegll -X prepared from
respectively. With 1-ethyl-2-formylimidazold¥, VI azole | the stretching vibrations of the azomethine
amine Il affords azomethineXIl and XIV in high bond ¢N=CH) appear as a strong absorption band
yield (79-90%). in 1602-1598 cm- region,same as in the spectra of

- : : the azomethines originatinffom 2-aminobenzimid-
AzomethinesVIl -XIV synthesized are high-melt- azoles [5, 6]. In the spectra of azomethindé and

ing crystalline compounds of yellowolor, sparingly : : . i
soluble in the most organic solvents. The structurevlléleh %%:'ITE?V V\?r:hthge;e ui?)?\ igfol;rgé?\?églzczirr?ol)é
of the products was established with the use o y L 9 ; g
1 . and of theCH=N group. A doublet band with the
H NMR and IR spectroscopy. Therewith the data axima at 1600 and 1598 chin the spectra of
obtained were compared with the parameters of th enzimidazole derivativesX, X corresponds to

original compounds and of the azomethines obtained., . o :
earlier from aminobenzimidazoles and aminophenol ibrations of_the aromatic ring and thazomethine
roup. Thevinyl substituent in the spectra of azo-

[5. 6, 10]. methines VII, IX appears as a band at 1640

In the IH NMR spectra of base¥Il -XIll are 1635 cm’ (vVCH=CH,). In all azomethine spectra is
lacking the proton signals from Njgroup observed lacking the absorption band at 1624 €nthat in the
in the spectra of original pyrazolds(6.09 ppm) and initial 5-aminopyrazolel( corresponds to the bending
Il (6.96 ppm) [7], and appears a proton signal from vibrations of NH, group; theposition of the absorp-
the azomethine group i8.81-9.20 ppmregion (see tion band from N=C substituent 2220 cm?) is
table). Due to the electron-withdrawireffect of CN  conserved in the spectra of azomethines.

The assignment of the characteristic absorption
bands in the IR spectra of azomethines synthesized
VII -XIII with accounting for the presumable for
these molecules inter- and intramolecular interactions
was performed by comparative analysis of the spectra
recorded from KBr pellets, mulls in minerabil,

and solutions INCHCI; of the initial pyrazoled, Il

and unsubstituted tetrahydroindole and pyrazole.
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'"H NMR spectra of azomethinadl -XIvV (DMSO-d,), 8, ppm

< |Hx |Ha |Hg |CH,,|CH;, H4,a H5,a H6, H7, = CHJ|/NH", [NH', H3”, H4”, H5”, HGH, H7”, CONH,,

g*d.d ddfdd| g | t |[m|m|m|m s s s m m m | m|m s

S8

VIl 8.17/5.92|5.63 7.97[7.30 8.87 110.80(13.35|6.45 |2.57 (1.72 |(1.72|2.57

VI 4.49|1.37(7.58|7.27 8.81 |10.81(12.41|16.43 |2.56 (1.72 (1.72|2.56

IX 18.00[{5.45|5.76 7.89(7.47|7.47)7.89/9.13 |110.87/13.00(6.48 |[2.59 |1.71 |1.71|2.59

X 4.79|1.39(7.75|7.42|7.31|7.75/9.06 [10.82|13.10/6.45 [2.56 [1.69 |1.69(2.56

Xl 7.80[5.18|5.63 7.91(7.33 8.96 [12.50(13.26|6.57 |2.58 [1.70 [(1.70|2.58(8.02,
7.68

Xl 4.45|1.37(7.59|7.25 8.97 |12.53(13.24|6.57 |2.41 |1.68 [(1.68|2.41(8.16,
7.71

XIIl 17.65(5.32|5.76 7.80(7.41|7.41|7.80{9.20 |12.59/13.41(6.61 |[2.61 |1.70 |1.70(2.61]|8.25,
7.75

XV 4.78(1.43|7.82|7.39|7.39|7.82|9.20 |12.54/13.39(6.61 (2.42 |1.70 |1.70|2.42|8.10,
7.90

% In the spectra of imidazole derivativegll, VIII, XI, Xll  the signal appears as a doublet.

The bands of stretching vibrations of the NH groupN-H---N with participation of the*pyridine” nitrogen
in the IR spectrum of solid azole(in mineraloil), v,  of the imidazole fragment; to this bond in the IR
cml: 3390 w, 3340 s, 3290 s, 3240 w, 3190 m havespectrum corresponds a broad absorption band in the
virtually the same values as in the spectrum of com3000-2500 cm® range that is characteristic of the
poundl takenfrom pellets with KBr[7]. These low previously studied azomethines [5, 6]. On the other
frequency values are due to hydrogen bonds formahand, the narrow strongand at 33263290 cm? is
tion between variousparts of moleculel [for apparently due to internal hydrogen bonds in the
comparison: self-association of tetrahydroindoleindolo-pyrazole fragment of moleculégll -X. The
molecule (KBr) is characterized by aabsorption invariable vibration frequency of the azomethine
band at 3370 cit, that of pyrazole by strong absorp- group ¢CH=N ~1600 cm?) in the spectra of com-
tion in the range 330@500 cm?, and the cor- pounds VIl -X in contrast to the spectra of azo-
responding bands in the spectra of these compoundsethines lacking the NH group [5, 6] evidences its
recorded from solutions i@HCI; (c ~0.1 mol [Y) are  inertness with respect to hydrogen borfdsmation.
located respectively at 3480 and 3474°¢nin the
spectrum of a solution of 5-aminopyrazolé) (in
CHCl; (c < 102 mol I'Y) the two observed high-

The analysis of IR spectra of 5-aminopyrazdle
and its condensation producx$-XIV is complicated
- by overlapping of absorption bands from vibrations
frequency bands at 3450 and 3374 ?:rtnelong to of functional groups and heterorings in the regions

vibrations v, and v, of the free NH group, and the 1650-1500 3500-3000 cnit -
- , cm™ and by low solubility
bands at 3334 and 3286 chcorrespond to strong of these compounds. For instance, the doublet band

gzgror?yergzlz)?gdf?;gbmlé)#tsslyov]yltrrrl]Oplzr(;thclgoatlon of InOIOlein the spectrum of azoldl at 1656-1600 cm® we

assigned to the bending vibrations of amine substitu-
In azomethinesVIl -X exist two main types of ent GNH, 1625 cm?) and stretchin% vibrations of
H-bonds. One ofthem is intermolecular bond amide substituentv{,,,CO 1640 cm) for in the

XTI-X1V
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condensation products is retained a single band ather.Yield 0.35 g (65%), mp 25@53°C. Found,
1640 cm' and appear absorption bands in the regiort6: C 64.61; H 6.01; N 29.01. gH;N-. Calculated,
1602-1598 cm’® belonging to vibrations of the %: C 64.86; H 5.71; N 29.43.
azomethinegroup, similar to the spectra of bases
VIl -X. The absorption band of CHCH group in
compounds X!, XlIll is observed at 1655 cth

A broad muItiPIet absorption band in the region

3200-3100 cm™ in the spectrum of pyyazol@l 'S and 3 ml of ethanol. The reaction mixture whaesated
apparently a comblnatl_on of stretching V|brat|(_)nf0r 6 h to 90-95°C. The formed yellow precipitate
ba”d$ of NH groups in heterocxcle_s an_d .am'dewas ground with 5 ml of ethanol, filtereaff, washed
substituent, and the band at 3370 ¢nis a similar with benzene ancether. Yield 0.48 g (95%), m
combination ofvNH, bands from amino and amido -1 »2ec" Found. % C 69 33 H 216' N 25 éo7
groups. All the spectra of cpndensat?on productsC H. N balculatéd % @9'291 H4§9',N o5 7'2 '
XI-XIV possess in this region relatively narrow 22 1977 no e U e
strong absorption bands at 323180 and 3400 5-[2-(1-Ethylbenzimidazolyl)methylenamino]-3-
3370 cm! that may be prevailingly assigned to the [2-(4,5,6,7-tetrahydroindolyl)]-4-cyanopyrazole (X)
stretching vibrations of NKin the amide moiety of was prepared in a similar way.ield 0.35 g (89%),
the molecules. Obviously in azomethined -XIV mp 267+269C. Found, %: C 68.77; H 5.46; N 25.35.
does not occur intermolecular association with the N C,,H,,N-. Calculated, %: (58.93; H 5.48; N 25.59.
220 121 Y7
atom, and in theiispectra the corresponding absorp-

5-[2-(1-Vinylbenzimidazolyl)methylenamino]-3-
[2-(4,5,6,7-tetrahydroindolyl)]-4-cyanopyrazole.To
a melt of 0.23 g (1.32mmol) of aldehydeV was
added by portions 0.3 ¢1.32 mmol) of pyrazolel

tion in the range 3002500 cm? is lacking.
EXPERIMENTAL

IR spectra of compounds obtained were recorde
on spectrometer Bruker IFS 25 from pellets with
KBr, mulls in mineral oil, or solutions in CHCl,.

H NMR spectra were registered from solutions in
DMSO-dg on spectrometer Bruker DPX-400 at-20
25°C, internal referenceHMDS.

Initial compoundsl-VI were prepared by known
procedures [57, 14].

5-[2-(1-Vinylimidazolyl)methylenamino]-3-[2-
(4,5,6,7-tetrahydroindolyl)]-4-cyanopyrazole (VII).
To a solution 0f0.14 g (1.15mmol) of aldehyddll
in 10 ml of ethanol was added by portions whdgr-
ring 0.3 g (1.32mmol) of 5-amino-[2-(4,5,6,7-tetra-
hydroindolyl)]-4-cyanopyrazole ). The reaction
mixture was boiled for 6 h, then the solvent was

5-[2-(1-Vinylimidazolyl)methylenamino]-3-[2-
(4,5,6,7-tetrahydroindolyl)]pyrazole-4-carbox-
amide (XI). To a melt of 0.07 g (0.61mmol) of
aldehyde Il was added by portions0.15 g
0.61 mmol) of azolell and 3 ml of ethanol. The
eaction mixture was heated for 9 h to-83°C with
simultaneous removing of ethanol and the forming
water at 1615 mm Hg into a cooledirap. The
obtained yellow solid was ground with 5 ml of
ethanol, filteredoff, washed with benzene ardher.
Yield 0.13 g (65%), mp>350°C. Found, %: C
61.91; H 5.10; N 27.85. gH,gN-O. Calculated, %:
C 61.89; H 5.44; N 28.08.

5-[2-(1-Ethylimidazolyl)methylenamino]-3-[2-
(4,5,6,7-tetrahydroindolyl)]pyrazole-4-carboxamide
(XI). To a melt 0f0.08 g (0.61mmol) of aldehyde
IV was added by portion§.15 g (0.61mmol) of
azolell and 3 ml of ethanol. The reaction mixture
was heated for 7 h to 995°C with simultaneous
removing of ethanol and the forming water at-10

removed till the volume was 5 ml. The separatedl5 mm Hg into a cooledrap. Theobtained yellow

yellow precipitate was filteredff, washed with benz-
ene and etherYield 0.2 g (53%), mp 249252°C.
Found, %: C 64.17; H 5.70; N 31.15.,£1,,N-.
Calculated, %: C63.95; H 5.33; N 30.72.

5-[2-(1-Ethylimidazolyl)methylenamino]-3-[2-
(4,5,6,7-tetrahydroindolyl)]-4-cyanopyrazole (VIII).
To a solution of 0.2 1.6 mmol) of aldehyddV in
10 ml of ethanol was added by portions whsigrring
0.36 g (1.6mmol) of pyrazolel. The reaction mix-

solid was ground with 5 ml of ethanol, filtereaff,
washed with benzene arether.Yield 0.18 g (79%),
mp >350CC. Found, %: C 61.98; H 5.68; N 27.53.
C,gH,;N;O. Calculated, %: &G1.54; H 5.98; N 27.92.

5-[2-(1-Vinylbenzimidazolyl)methylenamino]-3-
[2-(4,5,6,7-tetrahydroindolyl)]pyrazole-4-carbox-
amide (XIIl). To a melt of0.11 g (0.61mmol) of
aldehyde V was added by portions0.15 g
(0.61 mmol) of azolell and 3 ml of ethanol. The

ture was boiled for 5 h, then the solvent was removedeaction mixture was heated for 6 h to-83°C with
till the volume was 5 ml. The separated yellow pre-simultaneous removing of ethanol and the forming
cipitate was filteredoff, washed with benzene and water at 1815 mm Hg into a cooledirap. The
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obtained yellow solid was ground with 5 ml of
ethanol, filteredoff, washed with benzene arather.
Yield 0.11 g (47%), mp 2775°C. Found, %: C
66.55; H 5.57; N 24.48. GH,;N-O. Calculated, %:
C 66.17; H 5.26; N 24.56.

5-[2-(1-Ethylbenzimidazolyl)methylenamino]-3-
[2-(4,5,6,7-tetrahydroindolyl)]pyrazole-4-carbox-
amide (XIV) was synthesized in a similar way from
aldehydeVI and azolell. Yield 0.2 g (90%), mp
267-270°C. Found, %: C 65.51; H 5.91; N 24.27.
C,,H,3N,0. Calculated, %: 65.84; H5.74; N24.44.
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