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Graphical abstract

Abstract

A series of novel chiral 1,2-diaminocyclohexaneid®ives bearing heterocyclic units were
synthesized via improved methods under ultrasanadiation. The photophysical properties
of compounds were studied in ethanol, methanol @rdroform. The sensitivity of these
amines toward Ci, Cd* and Nf* was studied by the UV-Vis and fluorescent methddee
n-electron structure of thiophene and bithiophengaiaing sensors is the most active toward
all above mentioned metal ions and is highly saledor Ni** and Cd".
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1. Introduction

Fluorescent compounds represent an importantdy@eganic compounds due to their
properties and variety of applications with stropgtential as photochromic azo dyes,
chromophores andn vitro fluorescent imaging probes for biodiagndsis.Push-pull
substituted heterocyclic compounds are of greatr@st due to their non-linear optical
properties which are useful for opto-electronicides®’ Fluorophores based on a bithiophene
structure are used in excitation chirality methoddetermining the absolute configurations of
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chiral molecules on a microscale level and the geiton of chiral molecule®? In recent
years, the research work of chemical sensors ftg egan to develop rapidly and to replace
traditional analytical methods due to their advgatasuch as high sensitivity, selectivity and
detection simplicity® The chiral recognition method involves the applaa of chiral
structures with optical properties. The structur@an-racemidrans-1,2-diaminocyclohexane
satisfies requirements mentioned above. Thus nemlcdensors for ions and biomolecules
based on the 1,2-diaminocyclohexane moiety haverbea fast-growing research fiétd:**
Fluorescent receptors based on 1,2-diaminocyloteexeith thiophene units indicate good
results for recognition of fluoride iori3.Three decades ago, asymmetric reactions began to
play an important role in modern organic synth&t§ The synthesis of new chiral ligands in
asymmetric reactions is the subject of ongoingrsifie researcH®*® Complexes based on
chiral 1,2-diaminocyclohexane with aromatic fragmtseare widely used in some asymmetric
reactions: epoxidation of alken¥sasymmetric allylic alkylatioR® Henry reaction and
Michael addition:’*®#' It has been shown that the properties of metalptexes depend on
the structure and metal-specific binding site oé thgand? The chiral unit of 1,2-
diaminocyclohexane has the most suitable geometrgnpeters and commercial availability
therefore it is the one of the important parts loé figand structur&?* It is found that
thiophene containing ligandh (have very good coordinating ability therefore vadsansition
metal orbitals andt-rich heteroatoms of the thiophene fragment arelued in complex
formation!® Suitable catalysts, such as complexed @u(ll), have been found to greatly
increase enantioselectivity in the Henry reactfon.

N N—
R H H R
R = -Ar, -Het

High enantioselectivity and good yields made thesearch field ripe for further
exploration, and a series of thiophene containigands was synthesizé4 The best results
in allylic alkylation were obtained by using palilach complexes with two or three thiophene
units in the coordination sphere of the ligand attree *?° Synthesis, catalytic activity and
spectroscopic properties of thiophene, furan ligaawad their derivatives, especially the nickel
complexes, have been insufficiently studi&d’ In addition, the development of chiral ligands
allows them to be used as highly sensitive, selec@nd effective metal ion sensors and opens
a wide spectrum for their applicatidh™®

To research optical properties and the potentigbliegtions, a series of new
heterocyclic chiral structures based on 1,2-diagyomhexane were synthesized in this work.
The aim of this work was the synthesis of a seae$eterocyclic ligands based on 1,2-
diaminocyclohexane as a chiral unit, and to stusly e@ompare optical properties of ligands
and their metal complexes.



2. Results and discussion
2.1. Chemistry

In recent years several methods for the synthekishwmal ligands based on 1,2-
diaminocyclohexane have been reported. One of thinods for azomethine synthesis from
the free R,R}1,2-diaminocyclohexane and aromatic aldehydes wasried out in
dichloromethane or ethanol as solvent at presehaaltyydrous magnesium sulfate for 32 h at
ambient temperature:*#?*3-3gjgnificant improvement in some experiments wasieed
using of R,R-1,2-diammoniumcyclohexane mono-(+)-tartrate ACHT) to avoid the use
of water-soluble air-sensitive free diamine in tleaction and the use of water-removing
reagents (MgS§® NaSO, molecular sieves)'?*#2%%Thereby the reaction time was
decreased and the requirement to change reactinditioms depending on the aldehyde
structure was excluded?>?%2*3However, for isolation of free diamine from DACHBase is
required®® Condensation of aromatic aldehydes with DACHT eflux in water-ethanol
mixture in presence of potassium carbonate prodagedhethines with good yield$* New
methods for reaction stimulation such as microwand ultrasonic irradiation may facilitate
some reaction&' The most studied heterocyclic diimines and theimplexes are based on
thiophene-2-carbaldehyde, however, there is no datat thiophene-3-carbaldehyde and a
lack information about furan ligands, their com@sy»xand spectroscopic properties.

It should be mentioned that carrying out the experit under the described conditiths
with increase of the reaction temperature but withdtrasonic irradiation gives low yields
and side products. Ultrasonic irradiation of reattmedia is a useful method for preparation a
series of azomethines34-3f) from corresponding aldehydes?af2f) and R,R-1,2-
diammoniumcyclohexane mono-(+)-tartrate s&ttiieme L

Ultrasonic
:< irradiation (80-90%)
+ 2K,CO, + O 2 -90%
2 40-45 °C,1h :

. a_f) EOHH,0 |/ \
(R,R)-(2a-f)

Het
(R,R)-DACHT
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(1a) (1b) (1c) (1d) (1e) (1)
Scheme 1Synthesis of diimine2é-2f)

The use of ultrasonic irradiation for reactioniation allowed the reaction time to be
reduced to 1 h and the diimines to be isolatedomdgyields. However, the reaction time and
yield are seen to be greatly affected by the alesehaltrasonic irradiation. The most suitable
molar ratio of R,R-1,2-diammoniumcyclohexane mono-(+)-tartrate saltomatic aldehyde /
potassium carbonate is 1:2:2 respectively.



Our interest is focused on the further reductiothefazomethine2&-21) to obtain new
heterocyclic ligands for complex formation with eotial uses in asymmetric catalysis.
Reduction of the C=N bond in azomethines use NaRethanol or NaBHTHF with 10-fold
excess of NaBlHand the reaction time varies up to 16 h at roomperature with good
yieldst#22329343% bt described reaction conditions lead to lowldgeof amines with
heterocyclic fragments. We found the reaction carcdrried out in ethanol with NaBHRvith
reflux for 1 hour of the reaction mixture. The @sponding chiral amines84 — 3) were
obtained with high yields (>90%).

NaBH4, 1h (90_950/0)

>
EtOH

~—NH HN—
Het Het

(R,R)-(3a-f)
Scheme 2Synthesis of amine8& 3f)

Het

The most suitable molar ratio of azomethine / NaB$11:2:2 respectively, and the
minimum volume of ethanol was used in the reaction.

2.2. Spectroscopic properties

The electronic spectra of compoun8s-3f) were recorded in chloroform (M) and
showed an intense lowest energy charge-transfergtien band in the UV-regiorTéble 1).
All compounds(3a-3f) exhibit an intense absorption in the UV-region #mel position of this
band depends on the electronic nature of the hatelio ring and ring substituent.

Table 1 Yields, UV-Vis and fluorescent data of diamines (3&f) in chloroform (10
mole/l) and diamines 3a, 3c and 3e in ethanol (2*fanole/l)

Aem NM (intensity,

Compound Solvent Aabs NM au) log € vss(NM)
3a CHCl; 253, 308 416 (135) 4.19, 3.54 108
EtOH 235 347 (142) 4.95 112
3b CHCl; 252, 300 jﬁg ((1122)) 4.16, 3.36 143
3c CHCl; 247, 309 443 (120) 4.03, 3.55 134
EtOH 284 413 (72) 4.86 129
3d CHCl; 248, 317 423 (141) 4.20, 3.54 106
36 CHCl; 250, 355 425 (131) 4.15, 3.74 70
EtOH 307 375 (240) 4.91 68
3f CHCl, 249, 310 423 (139) 4.09, 3.83 113




A slight bathochromic shift (8 nm) in the absorptigpectrum in chloroform was
observed for structur8a in comparison with3b that proves greater interaction of the
substituent with thiophene-system in3a (Table 1) There is no significant effect on the
absorption maxima of the compouBd with a furan moiety in comparison witda. At the
same time, there is a slight bathochromic shifif® for the methylfuran structur@d). The
most considerable red-shift was observed for tRelithiophene structure3¢) and, as with
compound3f, it may suggest an interaction of the tweelectronic systems: thiophene and
olefin moieties. The absorption spectrum of’-bjthiophene-containing structur8¢g) shows
two main absorption bands in chloroforfaple 1). A broad band at ca. 355 nm may be
ascribed to an electron transfer transition andradlof moderate intensity at ca. 250 nm may
represent the-n* local excitation transition of the heteroaromatiag.

We measured the emission characteristics of congso8&3f in chloroform. All the
emission spectra have a wide contour. In spitdi@fsimilar absorption maxima f8a and3b,
two fluorescence maxima were observed for 3-thiesupstituted 1,2-diaminocyclohexane
(3b). It is unexpected that the most significant battromic shift was noticed for the bis(2-
furfuryl)diaminocyclohexane3g) but not for compound3€). The furan ring in comparison
with thiophene has greaterrich system that produces the red-shift3ef (Table 1) At the
same time, the furan ring is less photostable ti@nthiophene unit and the fluorescence
intensity decreases over time far. The nature of structur@€ had an apparent influence on
the absorption and emission band of compowda&l (The wavelength maxima for absorption
and emission were shifted to longer wavelengthshm structure3e due to the effective
interaction of the two thiophene unitEig. 1, Table 1). The presence in structuf an
additional chromophore group (C=C) in the cycliefol moiety has a slight effect on the
absorption and emission maxima. The absorptioneamnidsion spectra @f are similar to the
corresponding spectra 8a and3b in chloroform {Table 1).

Fluorescence intensity, a.u.
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Fig. 1. Fluorescence emission spectra of compowals- 3fin chloroform @a Aem =
416 nm;3b Aem = 416, 447 NM3C Aey = 443 NM;3d Aey= 423 NM;3€ Aen= 430 NM;3f A=
417 nm)



A comparison of UV-Vis and emission spectra3afand 3e in ethanolsuggests that
presence of two thiophene units 3e facilitates bathochromic shift of the maxima ireth
absorbance and fluorescence spectra (~70(Rig) 2, Table 1) The use of polar solvent leads
to increased red-shift &ein ethanol in contrast with chloroform that is quately consistent
with ©* values by Kamlet et &f for solvents Table 1).

The recognition properties of the compoun8sg, 3c, 3e) toward different metal ions:
Ni?*, cd* and CG" were studied by UV-Visible and fluorescence methdthe UV-spectra
and fluorescence spectra of initial ligan8a,(3b, 3¢ were recorded in ethandlgble 1). The
UV-Vis spectrum of3c measured in ethanol is similar to the spectrumsonea in chloroform
and has a broad contour without intense maximumpeoed to the structur&a and3e with a
stable thiophene rind={g. 2). The UV-Vis spectra of complexes compoun8ia, (3c, 3¢ with
cations have no change in either the wavelengtiegahor in the shapes of absorption spectra.
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Fig. 2 UV-Vis spectra of compoundsa, 3c, 3an ethanol

The interactiorBa and3ewith Ni**was carried out at different molar ratio of ligaamtl
metal in ethanol-water and the intensity of flucersce signal was measured over time. After
addition of Nf* to compound3a at 2:1 molar ratio we observed the appearance méva
fluorescence maxima at 408 nm within 30 s thatlmamttributed to complex formation and a
slight simultaneous increase in fluoresence intgnsi contrast with the initial emission
spectrum 8a). Unexpected results were obtained at a 1:1 malaw of the compoun@a and
ion Ni** (Table 3. The appearance of a new intense fluorescent main the longer
wavelength region (408 nm) was observed and asdhge time quenching of initial emission
maximum @a) (347 nm) during 5 minFig. 3) was observed. However the emission maxima
at 347 nm of compoun8a and new fluorescence signal 8-Ni** complex at 408 nm still
remain [Table 1, 9. It was possible to observe weak interactions/ben3c and Nf* through
slight quenching of fluorescence maximum intenaig small bathocromic shift of emission
maximum (8 nm) Table 2).



Table 2 Fluorescence data of complexes with diamines (3a,3e}

7\,em, 7\rem, Kem,

Compound / nm Compound / nm Compound / nm
lon (Intensity, lon (Intensity, lon (Intensity,

a.u.) a.u.) a.u.)
3a/ Ni# 408 (29) 3a/ Cd” 349 (165) 3a/ Cu” 355 (190)
3c/ Ni** 421 (57) 3c/Cd* 421 (54) 3c/ CU* 421 (57)
3e/ Ni** 376 (109) 3e/Cd* 375 (75) 3e/ CU* 377 (166)

*The measurement was
compound and metal ions (34)).
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Fig. 4. Emission spectra of compl&eand Nf* (at 1:2 molar ratio in ethanol-water within 5
min).

The preparation of the nickel complex for enanieste/e synthesis of-aminobutyric
acid derivatives from diethylmalonate and nitroakke was carried out in methanol as a
solvent?” The interest for us is to study the spectroscppi@meters of compoun@s and3e
and their ability to form Ni(ll) complexes with pmitial use as chemical sensors and catalysts
in asymmetric reactions. A series of experiments wompound8a and3ewas carried out in
methanol Table 3). An aqueous solution of nickel (I1) chloride wadded to the methanol
solutions of3a and3e and emission spectra were recorded.

Table 3. Fluorescence data of (3a, 3e) in methandlo? mole/l)

Aabs NM Aexs NM Aem NM &, Vss NM
Compound (intensity,a.u) (intensity,a.u)  (intensity,a.u) I/molescm
307 (3.56), ~
3a 241 (3.82) 342 (128) 423 (132) 141,152 106, 172
350 (3.99), ‘
3e 241 (3.51) 384 (247) 440 (260) 607,533 89,198

Along with an increase* values by Kamlet et &f for solvent polarity, a bathochromic
shift is observed irf3a) and(3e). Interaction of3a with Ni** lead to the hypochromic effect
and hypsochromic shift of fluorescence maximum @me hour Fig. 5), however the
appearance of a second maximum in contrast wi#hrdntion of3a with Ni** in the ethanol-
water mixture was not observdeidg. 3).
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Fig. 5. The hypochromic effect in emission spectr8afvith Ni**in methanol (at molar ratio
ligand / ion 2:1 within 1 h)

After the addition of Ni" to the methanol solution o8e a 9-fold increase in
fluorecsence intensity was observeéty( 6) and accompanied by a small bathochromic shift (5
nm).

600

443.93, 560.193

500

4004

3004
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421.84,112.486 /
T T T - T 1
400 450 500 550 600
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Fig. 6. The increase of fluorescence intensity in emissjmectra oBewith Ni**in methanol
(at molar ratio ligand / ion 2:1 within 10 min)

We can assume the formation of the complexwith Ni** possibly facilitates the
formation of a more rigid, planar configuration bfand 3e leading to the increase in
fluorescence intensity. On the other hand, metharay possibly form an exiplex through the
compound’s outer coordination sphéfe.

The decrease in fluorescence maxima and slightobhtomic shift (10 nm) were
observed for interaction &c with Cdf* at 1:1 molar ratio in ethanol-water solutidrable 2).
Slight increase of the fluorescence intensity (6rpé&r cent) was observed in the interaction of
ligand 3a with Cd®* at 1:1 molar ratio in ethanol-water in compariseith initial emission
spectrum3a (Table 1, 9. Unexpected results were obtained in the reaabiobithiophene
compound3ewith Cf* (1:1 molar ratio in ethanol-water). The significalecrease (3.2 times)
of new fluorescense maximum was observed withim@® from the starting emission value
(375 nm, 134 a.u.) and to the final maximum (375 & a.u.) Fig. 7). The sensoBe is
fluorescent in the absence of {Gdhowever, after bindin@e with Cof* an electron transfer
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from the fluorophore to the cation occurs. The rami$m of interactiorBe with Cdf* is
photoinduced electron transfer (PET) and occursgoonplexation with a metal iofi.

375.53 (134.289)

1404

-y

nN

o
1

(an)

+ 1004

80+

60+

40

Fluorescence intensity

204

350 400 450 500
Wavelength (nm)

Fig. 7. The emission spectra of compewith Cd™* (at molar ratio ligand / ion 1:1, water-
ethanol within 30 min)

Slight changes in the fluorescence intensity webbseoved for compoun@c with
copper ions in ethanol-water solutiofaple 1, 9. The interactiorBa with C/** in ethanol-
water had practically no effect on the wavelengtixima of absorption and emission spectra.
The significant decrease in intensity (in 1.5 tilnesfluorescene maximum was observed in
emission spectrum of compourg® with Cuf*. Perhaps, the fluorescence signal3ef is
quenched by the Glion due to the formation of a stable compl& strong decrease of the
fluorescence intensity is suggested to a chelaitranced quenching (CHEQ effétturing
complex formation3e with Cu#*. Therefore the chelated amine electron lone pa#ome
involved in bonding with the metal ion and they amable to donate an electron to the excited
molecule. In addition we may suggest that a shgater such as methylene group between the
bithiophene and diaminocyclohexane may be suit@oleffective energy transfer.

3. Conclusions

A series of novel chiral compound8at3f) was synthesized in modified conditions under
ultrasonic irradiation, and these new ligands havgreat potential as chemosensors and
catalysts for asymmetric reactions in the nearr&utThe results showed the equal sensory
ability of compound3c for Ni**, Cdf* and Cd* in ethanol-water solution. The ligar has
medium sensory ability toward €uand slight change in interaction with Tibn in ethanol-
water. It was found that the interaction of compb@a with Ni** in ethanol-water solution
leads to the formation of two maxima in its emissigpectrum that may be referred to
equilibrium of ligand and complex. The bithiophemat 3e leads to stronger sensitivity that
demonstrates as for €uand so for Ctf where we observed the quenching of fluorescent
signal, especially for Gd. Moreover, unexpected results had been founddomiex3e with

Ni** ion in methanol, so there instead of fluorescemwenching we observed a significant
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increase In the emission intensity of fluorescespectrum. The possible explanation of
different sensitivity of metal ions toward liga3@ may be referred to the ion size or to the
greater fluorescence quenching effect due tadtbebitals of Cd* and Ca*.***? Besides that
the concentration of compounds are in thé £0L0° mol/l range that allowed to carry out the
analysis at very low ligand concentration in theéesalcohol solutions.

Thereby we can assume that the series of syntliesi@mpounds holds promise as
useful chemosensors for a variety of ions in thar meture, and furthermore these compounds
may be used as ligands in complexes for the casabfsasymmetric reactions, for example,
Henry reaction and Michael addition.

4. Experimental
4.1 General information and materials

Experiments with air and moisture sensitive materiwere carried out under argon
atmosphere. Glassware was oven dried for sevetakh8ilica gel 60, Merck 230-400 mesh,
was used for preparative column chromatographyg&#a were commercially available from
Sigma Aldrich, Merck and were used without furtperification. FTIR spectra were taken on
a Shimadzu IRAffinity-1 spectrophotometer in KBrlpts or thin-layer (KBr prisms). NMR
spectra were recorded on a JEOL JNM ECX 400MHz tspeeter in DMSO-gland CDC}
using tetramethylsilane (TMS) as an internal rafeee Chemical shifts and coupling constants
were recorded in units of ppm and Hz, respectivblglting points were determined on an
electrothermal melting point apparatus and are wacted. Elemental analysis was performed
on a EuroVector EA-3000 instrument. Electron impatss spectrometry (EI-MS) spectra
were obtained on a Finnigan Trace DSQ spectromgtér eV). Analytical thin-layer
chromatography (TLC) was performed on aluminum-kedc&ilica-gel plates (Merck 60 F254
and Marchery Nagel). Visualization of componentssvaacomplished with ultraviolet light
(365 nm) or exposure tg@.lOptical rotations were measured on Rudolph Rekeanalytical
(Autopol V Plus Automatic Polarimeter) with a sodidamp at different wavelengths (436,
589, 633 nm) at 1 cm cell and are reported asvislida]p?° (c = g/100 ml, solvent).

Chloroform, ethanol and methanol were employed @sests for absorption and
fluorescence measurements prepared according il method$® UV/Vis absorption
spectra were recorded on a Shimadzu UV mini-124@tspphotometer in a 1 cm quartz cell,
in comparison to solvent blank, at the wavelengtige 200-550 nm. Emission spectra were
obtained on a Cary Eclipse Varian Fluorescencet8g#wtometer in a 1 cm quartz cell at the
wavelength range 200 — 650 nm, excitation and eamsslits are 5 nm. The excitation
wavelength was at the maxima of excitation speditee emission spectra were recorded at
right angle relative to the cell. Solutions of twmines 8a-3f) (ca. 10° - 10° M) and of the
cations under study (ca. 10 10° M) were prepared in ethanol or in mixtures of aetilavater
equal to the molar ratios in the form of N&H,O, Cd(CHCOO)*6H,0,
Cu(CH,COO)*H,0. Titration of the compounds with the cations wssformed by the
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sequential addition of the equivalents of catiorthe solution to the amine solution, in a 10
mm path length quartz cuvette and emission spagg@® measured by excitation at the
wavelength of maximum absorption for each compoowet time (varies from 5 to 60 min).
The addition of metal ion solution in water to figand ethanol solution were made in the 3
different ratios: 1 molar equivalent of metal ioaludion / 2 molar equivalents of ligand
solution, 1 molar equivalent of metal ion solutibh molar equivalent of ligand solution, 2
molar equivalents of metal ion solution / 1 molaguealent of ligand solution. The
concentration of the samples in methanol and cfdom was in a range 2xT0- 25x10°
mol/l, measurements were carried out at’5over time (varies from 1 to 60 min). The
aqueous solution of NigbH,O was added to the ligand in methanol at the ratimolar
equivalent of metal ion / 2 molar equivalents gahd solution.

4.2. Synthesis of the compounds

4.2.1 Synthesis of initial compounds

2,2-Bithiophene was prepared by improved Ulmann meffigield 70%, bp 102-108
°C/4 Torr** Synthesis of 2-(4methylcyclohex-ten-1-yl)thiophene was carried out by the
Grignard reaction, yield 77%. 2;Bithiophene-5-carbaldehydeld) was prepared by the
described proceduf8,yield 75%. Synthesis of 5-(nethylcyclohex-ten-1-yl)thiophene-2-
carbaldehydelf) was carried out by the Vilsmeier-Haack method|d/i79%. Diastereomeric
pure (LR,2R-(-)-1,2-diaminocyclohexane mono-(+)-tartra8 Wwas obtained from the mixture
of trans-1,2-diaminocyclohexanes by the described metfioap 274-276¢2%,

4.2.2 General procedure for azomethine synth@si<()

Saturated KCO; solution (0.02 mol) and1Rk,2R-(-)-1,2-diaminocyclohexane mono-
(+)-tartrate (0.01 mole) were dispersed under stingc irradiation for 5 min. The
corresponding aldehydeld-f) (0.02 mol) was dissolved in 20 ml of ethanol aamitded
dropwise to the reaction mixture. The reaction w@sied out under ultrasonic irradiation for
1 h at 40-45C. The resulting precipitate was filtered off, wadleice with distilled water and
ethanol. If necessary, the azomethida-2f) was crystallized from ethanol.

4.2.2.1 (1R,2R)-N,N'-bis[(E/Z)-thiophen-2-yImettghe]cyclohexane-1,2-diamingaj. Yield

90%; mp 128-133°. IR (KBr), cm : 2926, 2843, 1635, 1431, 1219, 1083, 935, 854, 7@3.

1H NMR (CDCL); 6 ppm: 8.25 (s, H, N=CH), 7.27 (dd, #, ] 5.0 Hz,%J 1.1 Hz, 5H), 7.12
(dd, 2H, %3 3.7 Hz,J 1.1 Hz, 3H), 6.94 (dd, 2H3J 3.7 Hz,3J 5.0 Hz, 4H), 3.27-3.35 (m, 2H,
tert-CH), 1.72-1.84 (m, 6HCH), 1.40-1.46 (m, 2HCH). **C NMR (CDC}); 6 ppm: 154.4,
142.6, 130.3, 128.3, 127.3, 73.5, 32.9, 31.0, 24tfl. Calcd. for GsHigN,S,: C, 63.54; H,
6.00; N, 9.26; S, 21.20. Found: C, 63.50; H, 6N079.21; S, 21.26.
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4222, (1R,2R)-N,N'-bis[(E/Z)-thiophen-3-yImeitighe]cyclohexane-1,2-diamine  2h).
Yield 94%, mp 128-13Z°. IR (KBr), cm_l: 2927, 2854, 1639, 1240, 1078, 937, 866, 800, 783.

"H NMR (CDCh); 6 ppm: 8.18 (s, H, N=CH), 7.42 (dd, 2HJ 1.2 Hz,%J 2.9 Hz, 2H), 7.39
(dd, 2H, %) 5.1 Hz,3 1.2 Hz, 5H), 7.21 (dd, ™, 3] 5.1 Hz,"J 1.2 Hz, 4H), 3.26-3.33 (m, 2H,
tert-CH), 1.70-1.84 (m, 6HCH), 1.44-1.51 (m, 2HCH). **C NMR (CDC}); 6 ppm: 155.5,
140.7, 130.0, 126.1, 125.9, 73.9, 33.1, 24.6. ABalcd. for GgH1gN,S,: C, 63.54; H, 6.00; N,
9.26; S, 21.20. Found: C, 63.58; H, 6.06; N, 927221.12

4.2.2.3. (1R,2R)-N,N'-bis[(E/Z)-furan-2-ylmethyi@gcyclohexane-1,2-diaming¢2c). Yield
85%. IR (KBr), crﬁl: 2931, 2858, 1647, 1485, 1068, 1014, 933, 767, 1Hl®JMR (CDCk); o
ppm: 7.99 (s, #, N=CH), 7.41 (#, d,>J 1.8 Hz, 5H), 6.55 (d, 2H3J 3.4 Hz, 3H), 6.36 (dd,
2H, %3 3.4 Hz,%) 1.8 Hz, 4H), 3.31-3.35 (m, 2Htert-CH), 1.75-1.83 (m, 6HCH), 1.40-1.43
(m, 2H, CH). **C NMR (CDCE); 6§ ppm: 151.4, 149.6, 144.5, 114.4, 111.5, 74.1,,33415.
Anal. Calcd. for GgH1gN,O,: C, 71.09; H, 6.71; N, 10.36. Found: C, 71.156H8; N, 10.40

4.2.2.4. (1R,2R)-N,N'-bis[(E/Z)-(5-methylfuran-2ryethylidene]cyclohexane-1,2-diamine

(2d). Yield 97%. IR (KBr), cm : 2927, 2858, 1643, 1535, 1022, 929, 786NMR (CDCk):
d ppm: 7.84 (s, B, N=CH), 6.37 (d, B, 3J 3.2 Hz, 3H), 5.90 (d, 2H3J 3.2 Hz, 4H), 3.23-
3.30 (M, 2H tert-CH), 2.23 (s, 6H, 2€Hz), 1.68-1.74 (m, 6HCH), 1.30-1.39 (m, 2HCH).
13C NMR (CDCb); § ppm: 155.3, 150.1, 149.5, 116.3, 107.9, 74.1,,43%2, 24.5, 14.0.
Anal. Calcd. for GaHN,0,: C, 72.46; H, 7.43; N 9.39. Found: C, 72.45; H17N, 9.41.

4.2.2.5. (1R,2R)-N,N'-bis[(E/Z)-(Z;Bithiophene-5-yl)methylidene]cyclohexane-1,2-draeni
(2€). Yield 91%, mp 110-112°. IR (KBr), cm_l: 2935, 2843, 1624, 1462, 1226, 1087, 835,

790, 696, 686%H NMR (CDCk); 6 ppm: 8.20 (s, H, N=CH), 7.20 (dd, H, 352 Hz,%31.2
Hz, 5H), 7.18 (dd, H, 3J3.7Hz,*311.2 Hz, 4H), 7.00-7.04 (m, 4H, 31, 3-H), 6.99 (dd, 2H,
31 3.7 Hz,°J 5.2 Hz, 4-H), 3.25-3.32 (m, H, tert-CH), 1.72-1.87 (m, 6HCH), 1.40-1.46 (m,
2H, CH). 3%C NMR (CDCh); 0 ppm: 154.3, 141.0, 140.0, 137.3, 131.1, 128.0,2,2824.5,
123.6, 73.5, 32.9, 24.5. Anal. Calcd. fosdN,Ss: C, 61.76; H, 4.76; N, 6.00; S, 27.48.
Found: C, 61.78; H, 4.74; N, 6.02; S, 27.46

4.2.2.6. (1R,2R)-N,N'-bis[(E/Z)-(5-(4-methylcyclrtieene-1-yl)thiophene-2-
yl)methylidene]cyclohexane-1,2-diamingf)( Yield 60%, mp 147-14%°. IR (KBr), cm_lz
2924, 2858, 1627, 1460, 1226, 75H. NMR (CDCk); 0 ppm: 8.15 (s, H, N=CH), 6.98 (d,
2H, 33 3.7 Hz, 4H), 6.79 (d, #1, 3J 3.7 Hz, 3H), 6.19 (br, 2HC=CH), 3.24-3.28 (m, 2Htert-
CH), 2.20-2.46 (m, 6HCH), 1.55-1.81 (m, 10HCH), 1.21-1.40 (m, 4H, CH), 0.97 (d, 6EJ,
6.4 Hz, 2xCH3). **C NMR (CDCE); § ppm: 154.6, 149.4, 139.4, 130.9, 130.8, 125.4,4,21
73.5, 34.4, 33.0, 30.9, 28.1, 27.3, 24.5, 21.7.1ABalcd. for GoH3gN,S,: C, 73.42; H, 7.85;
N, 5.71; S, 13.07. Found: C, 73.40; H, 7.81; N255, 13.07
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4.2.3 General procedure of amines syntheZas3f)

The corresponding azomethine (0.01 mol) is disblin the minimal volume of
ethanol. NaBH (0.1 mol) was added with intensive stirring atmotemperature and then the
mixture refluxed for 1 h. The reaction mixture soted to r.t. and half of the ethanol was
evaporated, the residue is poured into cold watbe amine is extracted with methylene
chloride (3x50 ml), dried over anhydrous MgSCsolvent was removed with a rotary
evaporator and the amines were obtained with gasldsy

4.2.3.1. (1R,2R)-N,N'-bis(thiophen-2-ylmethyl)ciielcane-1,2-diamine3é). Yield 98%, mp
70-72C. [a]p® -76.8 € 0.05, CHCY). IR (KBr), cm : 3298, 2924, 2850, 1450, 1111, 694.
NMR (CDChL); 6 ppm: 7.18 (dd, 2HJ 5.0 Hz,*J 1.4 Hz, 5-H), 6.90-6.94 (m, 4H, 3-H, 4-H),
4.1 (d, 2H,J 14.2 Hz, CH-NH), 3.88 (d, 2H), 14.2 Hz, CH-NH), 2.26-2.30 (m, 2H), 2.05-2.15
(m, 2H), 1.70-1.74 (m, 2H), 1.20-1.25 (m, 2H), £D05 (m, 2H)**C NMR (CDCE); § ppm:
145.2, 126.6, 124.5, 124.3, 60.5, 45.6, 31.6, 2Arhl. Calcd. for GeH,N,S,: C, 62.70, H,
7.24,N, 9.14, S, 20.92. Four@; 62.73; H, 7.22; N, 9.15; S, 20.90.

4.2.3.2. (1R,2R)-N,N'-bis(thiophen-3-ylmethyl)chielane-1,2-diamine3). Yield 86%, mp
70-72T. [a]p?® -76.3 ¢ 0.05, CHCJ). IR (KBr), cm_l: 3294, 2924, 2850, 1450, 1111, 856,

833, 770.1H NMR (CDC); 6 ppm: 7.25 (d, 2H3J 5.0 Hz, 5-H), 7.08-7.11 (m, 2H, 2-H), 7.04
(d, 2H, 4-H), 3.91 (d, 2H] 13.9 Hz, CH-NH), 3.68 (d, 2H), 13.9 Hz, CH-NH), 2.22-2.27 (m,
2H), 2.04-2.15 (m, 2H), 1.65-1.74 (m, 2H), 1.1951(&n, 2H), 1.00-1.10 (m, ZH}.SC NMR
(CDCL); 6 ppm: 142.1, 127.7, 125.8, 121.2, 60.9, 46.0, 32%.1. Anal. Calcd. for
CieH2oNLS,: C, 62.70; H, 7.24; N, 9.14; S, 20.92. Fou@d62.68; H, 7.17; N, 9.10; S, 20.85.

4.2.3.3. (1R,2R)-N,N"-bis(furan-2-ylmethyl)cyclomea-1,2-diamine3c). Yield 83%, p]p* -

42,5 ¢ 0.05, CHCY). IR (KBr), cm : 3302, 2924, 2854, 1450, 1149, 1010, 732.NMR
(CDCL); 6 ppm: 7.20-7.22 (dd, 2H) 3.4 Hz,%J 1.8 Hz, 5-H), 6.16-6.17 (d, 2HJ 3.4 Hz, 3-
H), 6.07-6.08 (dd, 2HJ 1.8 Hz,3) 3.4 Hz, 4-H), 3.75 (d, 2H, CH-NH), 3.61 (d, 2H, GHH),
2.10-2.18 (m, 2H), 1.90-1.94 (m, 2H), 1.56-1.64 @hi), 1.05-1.11 (m, 2H), 0.90-1.00 (m,
2H). **C NMR (CDC}); 6 ppm: 154.0, 141.6, 110.2, 106.8, 60.4, 43.3, 31419. Anal. Calcd.
for Ci6H2oN,0O,: C, 70.04; H, 8.08; N, 10.21. Found; 70.08; H, 8.11; N, 10.15.

4.2.3.4. (1R,2R)-N,N'-bis[(5-methylfuran-2-yl)mdjityclohexane-1,2-diamine(3d). Yield
94%, [a]p?° -52.0 ¢ 0.05, CHC)). IR (KBI), cm - 3302, 2924, 2855, 1566, 1450, 1219, 1114,
1018, 783.1H NMR (CDCEL); 6 ppm: 5.95 (d, 2HJ 3.2 Hz, 3H), 5.77 (d, 2, 3] 3.2 Hz, 4H),
3.70 (d, M, J 14.2 Hz, CH-NH), 3.54 (d,I2, J 14.2 Hz, CH-NH), 2.14 (s, 6H, 2¥,), 1.93-
2.00 (m, 2H), 1.60-1.65 (m, 4H), 1.10-1.20 (m, 26{R0-0.98 (m, 2H)**C NMR (CDC}); ¢
ppm: 152.8, 151.0, 107.1, 106.0, 60.6, 43.7, 3551, 13.6. Anal. Calcd. forgH,¢N,O,: C,
71.49; H, 8.67; N, 9.26. Foun@; 71.55; H, 8.71; N, 9.25.

14



4.2.3.5. (1R,2R)-N,N"-bis[(2Dithiophene-5-yl)methyl]cyclohexane-1,2-diamirie) ( Yield
88%, []o® -9.2 € 0.01, CHCY). IR (KBr), cm : 3290, 2920, 2850, 1458, 1099, 833, 798,
698. H NMR (CDCL); 6 ppm: 7.15 (dd, &, 3J 5.0 Hz,*J 1.4 Hz, 5-H), 7.08 (dd, H, °J 3.7
Hz, *J 1.4 Hz, 3H), 6.98 (d, 2H2J 3.6 Hz, 4H), 6.94 (dd, 21, ] 5.0 Hz,3) 3.7 Hz, 3H),
6.81 (d, 2H,J 3.6 Hz, 3H), 4.07 (d, 2, 3J 14.1 Hz, CH-NH), 3.86 (d,1, 3J 14.1 Hz, CH-
NH), 2.34-2.38 (m, 2H), 2.10-2.16 (m, 2H), 1.718L(f, 2H), 1.20-1.26 (m, 2H), 1.02-1.08
(m, 2H). °*C NMR (CDCE); § ppm: 144.4, 137.9, 136.3, 127.8, 125.2, 124.0,4,2R23.3,
60.5, 45.7, 31.5, 29.8, 25.0. Anal. Calcd. fosHZeN,S,: C, 61.22; H, 5.57; N, 5.95; S, 27.25.
Found:C, 61.16; H, 5.50; N, 5.97; S, 27.29.

4.2.3.6. (1R,2R)-N,N'-bis[(5-(4-methylcyclohex-E-dnyl)thiophene-2-
yl)methyl]cyclohexane-1,2-diamin&f). Yield 91%, p]p?° -5.0 ¢ 0.01, CHCJ). IR (KBr),

cm_l: 3290, 2924, 2862, 1624, 1454, 1357, 1111, 1032, 1H NMR (CDC); ¢ ppm: 6.69-
6.76 (m, 4, 3-H, 4-H), 6.06 (br s, B), 4.02 (d, 2, 3 14.2 Hz, CH-NH), 3.80 (d,12, °J 14.2

Hz, CH-NH), 2.05-2.50 (m, 12H), 1.62-1.85 (m, 8H)15-1.33 (m, 6H), 0.97 (d, 6H) 4.3

Hz, 2xCH3). *C NMR (CDCE); 6 ppm: 145.7, 142.0, 131.0, 124.8, 123.1, 120.72,645.7,
34.3, 31.4, 31.0, 28.3, 27.3, 25.0, 21.8. Anal.c@afor GoH4.N,S,: C, 72.82; H, 8.56; N,
5.66; S, 12.96. Found:, 72.75; H, 8.64; N, 5.70; S, 12.97.
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Supplementary data
Cu,5h

[ W—goof/\/\M/\/\
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ethane le
Etk
O\ :<:>— DMF, POCI,
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1,2-dichloro- o~ oo
1f

2) NH,CI (aq) ethane

2,2-Bithiophene 4) was prepared by improved Ulmann methadmixture of 2-
iodothiophene (82 g, 0.39 mole) and copper (5Q%¢8 tole) was refluxed (180 - 190°
with stirring for 3 hours. The reaction mixture weastracted with 1,2-dichloroethane
(3x200 ml) and copper iodide was removed by filrat The solvent was removed with a
rotary evaporator, the fractional distillation betresidue gave thele compound 4 (22.7
g, 70%); bp 102-108CY4 Torr)-.

Synthesis of 2-(4'-methylcyclohex-1"-en-1"-yl)thiophene (5)

A solution of 2-iodothiophene (35.7 g, 0.17 matedry EtO (85 ml) was added
dropwise from a dropping funnel to a magnesiumings (4.34 g, 0.18 mole) in dry
Et,O (10 ml). The reaction mixture was heated on treew bath for 2.5 h (until
magnesium turnings disappeared). The Grignard reagas cooled to 0-5C° and 4-
methylcyclohexanone (14.1 g, 0.125 mole) in dryCE{30 ml) was added dropwise
from a dropping funnel. After ketone addition, teaction mixture was heated for 1 h on
the water bath. The solution was cooled to 0 °C #dmedmixture was quenched with
dilute NH,ClI solution. The ether phase was separated, wasiledvater and dried over
anhydrous MgS@ After filtration, solvent was removed with a mytaevaporator. The
crude product mixture was fractionally distilleddbtain desiredompound 5 (17.13 g,

77%) as slight yellow liquid; bp 107-112/5-7 Torr. IR (KBr), crﬁl: 2947, 2920, 2870,

1454, 1434, 1234, 844, 802, 698 NMR (DMSO-d); § ppm: 7.23 (dd, 1HJ 4.1 Hz,
3 2.0 Hz, 5H), 6.92 (dd, H, °J 4.1 Hz,*J 2.0 Hz, 3H, 4H), 6.05 (br, 1HCH), 2.38-
2.43 (m, 1H,CH), 2.25-2.34 (m, 1HCH,), 2.13-2.21 (m, 1HCH,), 1.56-1.75 (m, 3H,
CH,), 1.19-1.29 (m, 1Htert-CH), 0.91 (d, 3H3J 6.4 Hz,CH,). *C NMR (DMSO-@); 6

ppm: 146.3, 131.0, 127.8, 123.7, 123.3, 122.0. AGalcd. for GH..S: C, 74.10; H,
7.91; S, 17.98. Found C, 74.23; H, 8.01; S, 18.06.

Synthesis of 2,2"-bithiophene-5-car baldehyde (1€)

2,2-Bithiophene-5-carbaldehyddd) was prepared by the improved procedure.
To the mixture of 2,2bithiophene 4) (44 g, 0.027 mol) and,N-dimethylformamide
(3.9 g, 0.053 mol) in 1,2-dichloroethane (44 ml)swaalded dropwise from a dropping
funnel POC{ (6.3 g, 0.042 mol) at 0-5C2 Reaction mixture was stirred for 5 h at room
temperature. The mixture was quenched with sawirbi@HCQ solution (pH = 7-8).
Organic phase was separated, washed several tintes water, and dried over



anhydrous MgS® Solvent was removed with a rotary evaporator #mel residue
crystallized fromrm-hexane. Yield 3.9 g (75%); mp 52-56.2

Synthesis of 5-(4'-methylcyclohex-1"-en-1"-yl)thiophene-2-carbal dehyde (1f)

The Vilsmeier-Haack reagent was prepared to asidiel reactions and to increase
yield of compound&). POCE (7 ml, 0.075 mol) was added dropwise from a drogpi
funnel at 5-10 € to the stirringN,N-dimethylformamide (9.67 g, 0.125 mol). To the
mixture of compounds) (8.9 g, 0.05 mol) in of 1,2-dichloroethane (30 Milsmeier-
Haack reagent was added dropwise at 10€L5The reaction mixture was allowed to
warm up and kept for 10 h at room temperature. mhd@ure was poured into crushed
ice and then neutralized with NaHgOThe aqueous layer was extracted with 1,2-
dichloroethane and dried over anhydrous MgSMe solvent was removed with a rotary
evaporator, the resulting precipitate filtered afid washed witm-hexane to afford the
pure compound (7.8 g, 79%) as pale yellow needles; mp 76-Z8IR (KBr), cm_l:
2924, 2854, 1651, 1454, 1226, 1033, 794, éHlNMR (DMSO-d); 0 ppm: 9.80 (s,
1H, CHO), 7.61 (d, H, %3 3.9 Hz, 4H), 7.03 (d, H, J 3.9 Hz, 3H), 6.40 (br, 1HCH),
2.40-2.50 (m, 2HCH), 2.25-2.34 (m, 1HCH), 1.79-1.88 (m, 2HCH), 1.68-1.77 (m,
1H, CH), 1.31-1.41 (m, 1Htert-CH), 0.99 (d, 3H3J 6.4 Hz,CH3). *C NMR (DMSO-
dg); 0 ppm: 182.9, 157.0, 140.5, 137.3, 130.7, 128.6,3.24.4, 30.7, 28.0, 27.4, 21.6.
MS (El) 'z (%): M* 206 (100), [M -CHs] 191 (30), [M -CHO] 177 (50). Anal. Calcd.
for CoH140S: C, 69.86; H, 6.84; S, 15.54. Found: C, 69.9/6.80; S, 15.61.
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