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B oannoit pabome enepevie peaxyueil a-0pOMKOPUUHO20 A1b0E2UOA C A3UOOM HAMPUSL 8blOe-
nen u onucan 4-penun-1H-1,2,3-mpuazon-S-kapoanvoezuo c 6vixooom 87%. bpomuposanuem 3-ghenun-
2-nponeHanst MOJACKYIAAPHLIM OPOMOM C ROCTICOyIOMUM Oecudpodpomuposanuem 2,3-0uopom-3-genu-
2-nponenans nojayuen 2-opom-3-gpenun-2-nponenanv. Cmpoenue 2-opom-3-enun-2-nponenans 0oxka-
3ano memooamu UK u IMP cnexmpockonuu na aopax “H u “C. Peaxyueii 2-6pom-3-penun-2-npone-
HanA ¢ a3u0omM Hampus npu KOMHAMHOU memnepamype noayieH moavko 4-gpenun-1H-1,2 3-mpuazon-
5-xapbanvoezuo c evixooom 87%. Cmpoenue 4-penun-1H-1,2,3-mpuazon-5-kapbansoezuda 0oxkazano
memooamu UK u AMP cnekmpockonuu. B UK cnexmpe npucymcmeyiom nonaocel no2ioujeHus npu
1694 cm™ u 1562 cm™, xapaxmepnvie ona céazu >C=0, >C=C< coomeemcmeenno, a nonocwi noznouje-
HUs henunvrozo Konvuya pezucmpupyiomes ¢ oonacmu 1584 u 1109 cm™. B cnexmpe *H AMP (DMSOys)
XapakmepucmuuHoIM A61AAemcsa CUZHAN anboecuonoi zpynnot npu 10,17 m.o., ghenunvnomy 3amecmu-
menio coomeemcmeyiom 0ge 2pynnovt myasmuniemog 7,52 u 7,95 m.0. B cnexmpe **C AMP (DMSOys)
RPUCYMCMEYION CUZHATBL Y2l1epo0a mMPUa3oibHo20 Koavua u anv0e2udnoi zpynnot npu 144,04 m.0. u
187,79 m.0. coomeemcmeenno. Cuznanvt 6 oonacmu 128,91-134,20 m.0. coomeemcmeyom amomam yz-
nepooa gpenunvrozo paouxkana. Ouesuono, Umo peaKkyuoHHOCROCOOHAA anboecuOnan cpynna é 4-genun-
1H-1,2,3-mpuazon-5-kapoansvoezude moxcem 1ezKo OKUCAAMbCA, A MAKHCEe 6CIYNAMb 8 PeaKuyuu HyK-
1e0PUIbHO20 NPUCOEOUHEHUA U NPUCOECOUHEHUA-OMULENICHUA, U, INEM CAMbIM, NPUEOOUMb K NPOU3-
eéoonvim 1,2,3-mpuazona paznuunou cmpyxmypet. Ilonyuenue 4-penun-1H-1,2,3-mpuazon-5-xapoaso-
0e2uoa ocyuiecmeiaencsa 6 MAZKUX YCA06uax u 6e3 ucnoib306aHUA MOKCUYHBIX PACMEopUmenell u Ka-
manuzamopos. Imo o3nauaem, umo npeonazaemuviit memoo cunmesa 4-gpenun-1H-1,2 3-mpuazon-5-
Kapoanvoecuda coomeemcmeyen NPUHUUNAM «3€1EHOI XUMUUY U MOCEm UCNOIb308AMbCA 6 Kaue-
cmee cmpoumenvHulx 010K06 npu cO30aHUU OUOI02UYECKU AKMUGHBIX COEOUHEHUTL U J1eKAPCMEEHHbIX
npenapamoe.
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4-Phenyl-1H-1,2,3-triazole-5-carbaldehyde has been synthesized for the first time in 87%
isolated yield by the reaction of a-bromocinnamaldehyde with sodium azide. Bromination of 3-phe-
nyl-2-propenal with molecular bromine followed by dehydrobromination of 2,3-dibromo-3-phenyl-
2-propenal affords 2-bromo-3-phenyl-2-propenal. The structure of the latter is proved by IR and ‘H
and *C NMR techniques. The reaction of 2-bromo-3-phenyl-2-propenal with sodium azide proceeds
at room temperature to deliver 4-phenyl-1H-1,2,3-triazole-5-carbaldehyde exclusively in 87% vyield.
The structure of 4-phenyl-1H-1,2,3-triazole-5-carbaldehyde is established by IR and NMR spectros-
copies. The IR spectrum contains absorption bands at 1694 cm™ and 1562 cm™, characteristic of the
>C=0, >C=C< bonds, respectively, and the absorption bands of the phenyl ring are recorded in the
range of 1584 and 1109 cm™. In the *H NMR spectrum (DMSOg), the characteristic signal of the
aldehyde group is detected at 10.17 ppm, while two multiplets at 7.52 and 7.95 ppm are attributable
to the phenyl substituent. The *C NMR spectrum (DMSOd6) shows the triazole ring signals and the
aldehyde group of carbons at 144.04 ppm and 187.79 ppm, respectively. Signals in the range of
128.91-134.20 ppm correspond to the phenyl radical of carbons. The synthesis of 4-phenyl-1H-1,2,3-
triazole-5-carbaldehyde is carried out under mild conditions and without toxic solvents and catalysts.
It can be concluded that the developed method for the synthesis of 4-phenyl-1H-1,2,3-triazole-5-
carbaldehyde meets the requirements of “green chemistry” and the target compounds can be em-
ployed as building blocks for the design of biologically active compounds and drugs.

Key words: 3-phenyl-2-propenal, sodium azide, substitution, 2-azido-3-phenyl-2-propenal, 4-phenyl-1H-
1,2,3-triazole-5-carbaldehyde, spectroscopy

INTRODUCTION

The reaction of azide-alkyne cycloaddition
(AAC) was pioneered by R. Huisgen, gave an impetus
to the development of a wide variety of methods and
approaches in organic synthesis. This transformation is
a striking example of atom-economic reactions, which
are accompanied by the formation of stable heterocy-
clic systems [1-5]. At the same time, the reaction has
one significant drawback associated with low regiose-
lectivity under the conditions of a thermally induced
process.

K.B. Sharpless [6] and M. Meldal [7] proposed
independently an alternative method for the AAS reac-
tion implementation with copper salts. The proposed
system distinctive feature is the high regioselectivity of
the formation of substituted 1,2,3-triazoles. Later, it
was revealed that the salts of other metals can also be
used as catalysts [8-11]. Low cost and availability of

ChemChemTech. 2021. V. 64.N 11

the catalysts, the ease of the target product isolation
made this transformation a bright illustration of the
“click-chemistry” that found intensive application in
organic synthesis, biochemistry, and polymer chemis-
try as well. However, toxicity the metal salts limits
their use in drug design. Therefore, the search for regi-
oselective metal catalyst-free methods for the 1,2,3-tri-
azole preparation and its derivatives are carried out
[12, 13].

1,2,3-Triazoles are being used extensively in
the drugs production [14-19], new materials [20-22],
the components of explosive mixtures [23], plant pro-
tection agents and plant growth regulators [24]. The
catalytic 1,3-dipolar azides cycloaddition to alkynes is
one of the main approaches to the 1,2,3-triazoles syn-
thesis. However, direct preparation of some substituted
1,2,3-triazoles via this reaction is still problematic
[25]. Consequently, the elaboration of novel “green”
strategies for the synthesis of functional substituted
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1,2,3-triazoles is under way [13, 26-30]. In the present
work, we have implemented the regioselective synthe-
sis of 4-phenyl-1H-1,2,3-triazole-5-carbaldehyde by
the reaction of 2-bromo-3-phenyl-2-propenal with so-
dium azide at room temperature for the first time.

EXPERIMENTAL PART

'H and **C NMR spectra were recorded on a
Bruker DPX-400 spectrometer in chloroform (CDCls)
and dimethyl sulfoxide (DMCOds) solutions. Hexame-
thyldisiloxane (HMDS) was used as an external standard.

The IR spectrumwas run on a Bruker Vertex70
spectrometer in KBr pellets and in vaseline oil.

2-Bromo-3-phenyl-2-propenal (3)

In a three-necked flask equipped with a ther-
mometer, a reflux condenser and a dropping funnel
was placed acetic acid (260 ml), cinnamaldehyde
(116.15 g, 0.88 mol). Then Br, (140.62 g, 0.88 mol)
was added dropwise upon stirring at 7-8 °C. After ad-
dition of the total amount of molecular bromine (Br»),
the mixture was stirred with a magnetic stirrer for 3 h
at a room temperature. Afterwards K>COs (60.65 g,
0.44 mol) was added in small portions and the reaction
mixture was being heated up to 80-90 °C for 2 h, then
cooled to a room temperature and poured into cold wa-
ter (700 ml). The formed precipitate was filtered off
and recrystallized from aqueous ethanol (2 ml of 96%
EtOH x 1 ml of H,O) and dried to give 162.04 g (90%)
of needle-like, yellowish-white crystals, rapidly yel-
lowing in the air.

IR: 1685, 1600, 1580, 1116, 1082;

'H (CDCls) : 7.50-7.52(m, 3H, n-Ph and o-Ph),
7.91(s, 1H, Ph-CH), 8.01-8.03(m, 2H, m-Ph), 9.36(s,
1H, CH=0);

'H (DMSOgg) 6: 7.55-7.58(m, 3H, n-Ph and
0-Ph), 8.02-8.05(m, 2H, m-Ph), 8.43(s, 1H, Ph-CH),
9.41(s, 1H, CH=0);

13C(CDCls) 6: 124.38, 128.89, 137.07, 131.71,
133.04, 149.27, 187.17.

4-Phenyl-1H-1,2,3-triazole-5-carbaldehyde (4)

2-Bromo-3-phenyl-2-propenal (3) (0.21 g,
0.001 mol) and sodium azide (0.13 g, 0.002 mol, 2 equiv.)
a three-necked flask equipped with a thermometer, a
reflux condenser and a dropping funnel was placed.
Then the solution of Na,COs (0.21 g, 0.002 mol) in
DMSO (1 ml) was added. The reaction mixture was
being stirred in a magnetic stirrer at a room tempera-
ture for 20 h. Water (10 ml) was added. The mixture
was extracted with ethyl acetate (5x10 ml) and the
combined organic phase was washed with a saturated
aqueous solution of NaCl (5x5 ml) and dried over cal-
cined MgSOQ., the salt was filtered off, the solvent was

32

distilled off in the vacuum of a water-jet pump at a tem-
perature not higher than 35 °C. As result, 0.165 ¢
(87%) of a brown-orange product was obtained.

IR: 1677, 1565, 2135, 2094;

'H (CDCls) o: 6.43(s, 1H, Ph-CH), 7.36-
7.43(m, 3H, n-Ph and o-Ph), 7.84-7.86(d, 2H, m-Ph),
9.46(s, 1H, CH=0);

'H (DMSOg) o: 6.96(s, 1H, Ph-CH), 7.46-
7.48(m, 2H, n-Ph and o-Ph), 7.89-7.91(d, 2H, m-Ph),
9.52(s, 1H, CH=0);

B3C (CDCls) o: 128.91, 130.57, 131.06, 133.19,
134.20, 135.13, 144.04, 187.79.

RESULTS AND DISCUSSION

2-Bromo-3-phenyl-2-propenal (3), used as the
initial substrate in the reaction with sodium azide, was
obtained by bromination of 3-phenyl-2-propenal (1)
with molecular bromine in the presence of acetic acid,
followed by dehydrobromination of the intermediate
dibromo derivative 2 (Scheme 1). It was found that 2,3-
dibromo-3-phenyl-2-propenal (2) was quantitatively
converted to 2-bromo-3-phenyl-2-propenal (3) under
the influence of K,CO3 at 80-90 °C for and the whole
process is finished in 2 h.

Q Bry q_<8r K2CO3 Q<Br
— —_— —_— =
CHO 20-80°C

cHo 8°C B 3 CHO

Scheme 1
Cxema 1

The structure of 2-bromo-3-phenyl-2-propenal
(3) has been established by IR, *H and *C NMR tech-
nigues. The IR spectrum contains an absorption band
at 1685 cm, which is attributable to the stretching vi-
brations of the C=0 bond, and the characteristic ab-
sorption of the C=C bond at 1560-1585 cm, hidden
under the absorption bands of the phenyl ring at 1600,
1580, 1116, 1082 cm™. In the *H NMR spectrum
(DMSOdg), characteristic resonance signals are ob-
served at 9.41 (CHO) and 8.43 (CH=C(Br) ppm. Two
groups of multiplets (5H) at 7.55 and 8.05 ppm are as-
signed to the aromatic ring. The **C NMR (DMSOds)
spectrum also confirms the compound structure (3).
The IR-spectrum and NMR-spectroscopy obtained
while researching the structure 2-bromo-3-phenyl-2-
propenal (Scheme 1) are satisfactorily coordinated
with the results of work [31], where on the basis of IR
and NMR as well as Mass-spectroscopy the component
structure has been proved (3).

2-Bromo-3-phenyl-2-propenal (3) is a light
yellowish needle-like crystal that is unstable to light
and requires storage at a low temperature.
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The reaction of 2-bromo-3-phenyl-2-propenal
(3) with sodium azide at a room temperature which 20 h
took in DMSO in the presence of Na,COs afforded only
4-phenyl-1H-1,2,3-triazole-5-carbaldehyde (4) in 87%
yield, no other reaction products were being detected
(Scheme 2).

gr NaN3 Na,COs o
o RT = NH
CHO N§N/
3 4
Scheme 2
Cxema 2

In our opinion, the alkyne (3-phenylpropanal)
obtained according to scheme 2 immediately, as usual,
enters into condensation with the azide.

CONCLUSION

In conclusion, an efficient regioselective
method for the synthesis of 4-phenyl-1H-1,2,3-tria-
zole-5-carbaldehyde in 87% yield with the help of the
reaction of a-bromocinnamaldehyde with sodium az-
ide has been developed. The target product structure is
established by IR and NMR spectroscopy. Further
chemical modification of the aldehyde group will allow
synthesizing a wide range of 1,2,3-triazole derivatives.
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