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Abstract: We have previously published new biheterocyclic phospohonic a-amino esters of the
1,2,3-triazole-benzimidazole and 1,2,3-triazole-carbazole type. The aim of the present paper was to
describe a new phosponic aminoester bearing a triazole ring substituted in position 5 by an ester
group. Thus, according to the same catalytic process used previously, the compound naphthalen-2-
yl 1-(benzamido(diethoxyphosphoryl)methyl)-1H-1,2,3-triazole-4-carboxylate was synthesized
with an excellent yield and high regioselectivity via the copper (I)-catalyzed alkyne-azide cycload-
dition reaction (CuAAC), using diethyl (a-azido(benzamido)methyl)phosphonate (1) as a dipole
and 2- naphthyl propiolate as a dipolarophile (2). The structure of the new compound was fully
characterized by 1D (*'P, 'H, 13C) and 2D ('H-'H and 'H-*C) NMR spectroscopy, IR, and HRMS.

Keywords: triazole; a-amino phosphonic ester; 1,3-dipolar cycloaddition; click chemistry; 1D and
2D NMR; HRMS

1. Introduction

Since they were first described in the literature in 1943 by the synthesis of amino-
methane phosphonic acid, the study and synthesis of aminophosphonates and their de-
rivatives have continued to proliferate [1]. With these physicochemical properties related
to their carboxylic analogs [2], they are known as peptide enzyme inhibitors due to their
ability to mimic the transition states of amines and esters in biological processes [3]. The
hydrogen acceptor and donor function also make them hold chelating attributes with
pharmacological targets [4]. Thus, interesting applications of aminophosphonates have
been discovered in several areas of life, ranging from medicine to agrochemistry [5-7].
Their coupling with heterocyclic rings has opened up very interesting avenues in the
search for new drugs against cancers [8]. As it happens, phosphonic thieno [2,3-d]pyrim-
idine derivatives have been recently synthesized and evaluated on human hepatocarci-
noma, human gastric carcinoma, and breast cancer cells [9]. It is no longer necessary to
discuss their antimicrobial [10], antioxidant [11,12], and antiviral [13] characteristics.

Although they abound in attractive pharmacological properties, methods for their
synthesis have not been widely described in scientific journals. According to our research,
a few have experimented —the main one being the multicomponent Kabachnik-Fields re-
action [14,15] between amines and heterocyclic oxo (aldehyde or ketone) compounds
[16] —with trialkyl or dialkyl phosphites. It has been the subject of several publications in
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order to improve regioselectivity, reduce reaction times, and use much greener catalysts,
which often contain metals [17,18]. Thus remarkable work has been done by previous re-
searchers in our laboratory for the synthesis of triazolic a-amino acid derivatives, using
Huisgen’s 1,3-dipolar cycloaddition method between an azide and substituted alkyne,
giving rise to two regioisomers 1,4 and 1,5 under tedious heating conditions, with rather
long reaction times [19-21]. The development of click chemistry, which allows 1,2,3-tria-
zoles to be obtained in a simple and efficient way, has flooded the literature in recent years
with their ability to affect the reactivity of biological targets and to influence metabolism
and pharmacokinetics [22]. Thus, their hybridization with other pharmacophores such as
indole, quinoline, flavone, and other aminoesters have made it possible to evaluate anti-
cancer activity [22,23]. For example, Nazariy et al. synthesized a series of triazole mole-
cules, derived from heterocyclic aminoesters [24], showing acceptable efficacy against
cancer cells (lung, breast, and prostate cancer). The antiviral activity against the replica-
tion of the cantagalo virus was tested on N-aminoesters 1,2,3 triazole by Jordao et al. [25].
Recently, the work of Ming-Jie Chu [26] showed an increased efficacy of 1,2,3 triazole de-
rivatives containing the pyrazole ester as inhibitors of topoisomerase II. In addition, some
aminophosphonates containing the triazole ring were synthesized [27-29]. They have
been the subject of the study of their pharmacological activities such as in the work of
Ouahrouch et al. [30] and Makaro et al. [31] on the cytotoxicity of cancer cells.

In the perspective of improving our research work by finding new active formulas,
we present in this paper the synthesis of a new triazolic a-aminophosphonate derivative,
using the 1,3-dipolar cycloaddition by the “click chemistry” route. In direct connection
with the principles of green chemistry and drawing on the reactions found in nature,
Sharpless introduced in 2001 the concept of a “chemistry click” [32], which proposes the
development and promotion of the use of the most effective and selective reactions possi-
ble, in particular those that do not generate by-products. The latter, initiated by Sharpless
[33] and his collaborators, has given rise to various applications in the fields of organic
synthesis [34-36], functionalization [37] of biomaterials in cell biology [38,39], and the syn-
thesis of biopolymers involved in encapsulation processes [40]. In terms of our study, we
prepared diethyl (a-azido(benzamido)methyl)phosphonate (1), which is obtained under
dehydrating operating conditions of neutral pH, with an overall yield of 85%, by adopting
the strategy of Elachqar et al. [19]. This is composed of six steps, the most strategic of
which is the nucleophilic substitution reaction by sodium azide on N-benzoylated diethyl
a-bromo-a-aminomethylphosphonate. In order to form the triazolic cycle, which is in
high demand in pharmacology [41], we adopted the catalytic 1,3 dipolar cycloaddition
synthesis method between the commercial product, 2-naphthyl propiolate (CAS-91805-
17-3), and the phosphonic azide derivative. In very clean and efficient conditions—hence
its name of click chemistry [42] —this reaction allowed us to use a less toxic co-solvent,
ethanol/water, in equal proportions at room temperature for 12h. We then preferentially
used copper(Il) sulfate pentahydrate, which is reduced to copper(I) salt by sodium ascor-
bate, in order to very selectively guide the reaction to the 1,4 regioisomer, namely naph-
thalene 1-(benzamido(diethoxyphosphoryl)methyl)-1H-1,2,3-triazole-4-carboxylate (3)
with a 90% yield. In the absence of separation, we were able to purify the cycloadduct by
simple recrystallization in anhydrous ethanol. Its molecular structure is confirmed by 1D
(P, 'H, BC) and 2D ('"H-'H and 'H-,C) NMR, infrared, and high-resolution mass spec-
trometry.

2. Results and Discussion

The key step in our strategy for the synthesis of naphthalene-2-yl 1-(benzamido(di-
ethoxyphosphoryl)methyl)-1H-1,2,3-triazole-4-carboxylate (3) was based on the for-
mation of an extremely stable triazole bond between two molecules via a dipolar cycload-
dition -1,3 between an azide, diethyl(a-azido(benzamido)methyl)phosphonate (1), and
the terminal alkyne, 2-naphthyl propiolate (2) (Schemel). Thus, we opted for the Huisgen
1,3-dipolar cycloaddition reaction, catalyzed by copper (I) formed in situ by reduction of
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the Cu(Il) salts (CuSOs, 5H:20) by sodium ascorbate. Cu(l) catalysis allowed us to carry
out the cycloaddition in a mixture (ethanol/water (1/1)) at room temperature for a reaction
time of only 12 h and to selectively obtain 1,4-disubstituted 1,2,3-triazole derivative (3),
one of the two possible isomers, with an excellent yield of 90% after recrystallization in

ethanol.
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Scheme 1. Synthetic route for compound (3).

It is important to note that, since its discovery independently by the Sharpless [33]
and Meldal [43] research teams in 2002, the CuAAC-1,3-dipolar cycloaddition between an
alkyne and a copper(I)-catalyzed azide has become one of the major reactions in the chem-
ist’s arsenal. The main advantages of this cycloaddition have become clear. This reaction
makes it possible to improve the conversion, reduce the reaction time, and carry out the
reaction at room temperature. It also tolerates a wide variety of functional groups, is very
selective, allows the formation of a rigid and very stable bond between two molecules,
and requires little purification because it does not generate any by-products. All these
advantages make this reaction very practical to use in all fields of chemical and biological
sciences, with many catalytic systems developed and studied.

The structure of the title compound was established on the basis of 3P NMR (Figure
1), 'H and C NMR (Figures 2 and 3), homonuclear (*H-'H) (Figures 4 and 5) and hetero-
nuclear (*H-3C) 2D NMR (Figures 6 and 7), infrared spectroscopy (Figure 8), and mass
spectrometry (Figure 9). Thus, cycloadduct (3) shows in decoupled 3P NMR a single sig-
nal at 12.14 ppm (Figure 1A). Meanwhile, in the coupled 3P NMR spectrum (Figure 1B),
there is also a single signal centered at 12.15 ppm, but the spread of this signal shows that
it is a multiplet due to the coupling of phosphorus with neighboring carbons and hydro-
gens.

T T T T T
80 60 40 20 o 20 40 60 80 -100 -120 -140 -160 ppm

T T T T T T T T T T T T T T
80 60 40 20 0 -20 -40 -60 -80 <100 -120 140  -160 ppm

(A) (B)

Figure 1. (A). Decoupled 3'P NMR spectrum of cycloadduct (3). (B) Coupled 3P NMR spectrum of cycloadduct (3).
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Based on our previous work [34,44], the appearance of a singlet attributable to the
triazole proton in position 5, which resonates around 9.04 ppm on the 'H NMR spectrum
(Figure 2) of the cycloadduct (3) compared to that of the azide (1), confirms that the 1,3-
dipolar cycloaddition reaction has taken place. Meanwhile, in the *C J-mod NMR spec-
trum (Figure 3), a new signal is detected around 158.9 ppm which attests to the presence

of the carbonyl carried by the naphthyl.
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Figure 3. 3C J]-mod NMR spectrum of cycloadduct (3).
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The analysis of the homonuclear 'H-'H 2D spectrum of compound (3) shows a perfect
correlation between neighboring protons (Figures 4 and 5 and Table 1). The two hydrogen
atoms of methylene -CHo- of the ethoxy group resonate as two split quintuplets because
of their different environments [34,35]. This observation was confirmed in both homonu-
clear and heteronuclear 2D NMR. The definite assignment of the chemical shifts of pro-
tons and carbons is shown in Table 1.

Table 1. 'H (300.13 MHz), 3C (75.47 MHz), and 3P (121.49 MHz) NMR spectral data for the title compound in CDCls,
including results obtained by homonuclear 2D shift-correlated COSY and heteronuclear 2D shift-correlated HSQC. Chem-
ical shifts (0, ppm) and coupling constants (J, Hz, in parenthesis) *.

Position Om) d© om H-H®*® P-H®**® C-P** C-H*®
- 139.6 - - - -
5 9.04 (1H, s) 129.2 - H>-H5 - - C5-H5
6 - 158.9 - - - - -
7 - 147.8 - - - - -
8 7.29-7.32 (1H, m) 120.9 - Hs-H8 - - C8-H?
9 7.77-7.79 (1H, m) 129.6 - H°-H? - - C-H°
10 - 131.6 - - - - -
11 7.80-7.86 (1H, m) 127.8 - H®-H" - - Cu.Hu
12 7.47-7.51 (1H, m) 126.7 - H2-H!2 - - Cl2-H2
HB-H13 CB_HB
13-14 7.47-7.51 (2H, m) 127.8 - H-Ep4 - - Cli_pq
15 - 132.2 - - - - -
16 7.48 (1H, s) 118.7 - Hte-Hle - - Cle-H1e
59.6-65.0 HY-HY
17 7.47-7.51 (1H - PIs_H17 17_P18 17_H17
51 (1H, m) (d, Jor = 182.6) HY-H2 c c
P18-C17
P18-C19
P-H7 PB-C1Y
18 - - 12.14 - P82 P18-C20 -
P.C20
Pis-C22
4.9-65. 2HY-2HY
19 3.92-4.15 (2H, m) (d6] ? 6522 5 - DHI19-3120 - Cw-ps C1-2H?
, Jer =28. -
.0-65.4 2HY-2HY
19’ 4.29-434 (2H,q,]=7.2) (d6]5CO 65;7 9) - 19312 - Cl-p1s Cw-2HY
, Jer=27. _
16.2-16. H20-3H20
20 121 (3H, t,J=7.2) d 6]c 6630) - ;Hzo ;ng - C2-p18 C20-3H2
, Jer = 6. _
_ 20_3 20
20’ 1.29(BH, t, J=7.2) ( dl6]'3 16'543) - igzo, ;gw' - C-p18 C-3H2
, Jep=5. -
9.3-9.5 (1H, dd, H2-H2
21 - - PI8.2! _ -
J1=4.2;]2=9.9) H2-HY
2 i (267].6—16;.3) i ) ) Copis )
, Jer=9.
23 - 133.7 - - - - -
H24-H2¢ C24-H24
24; 28 7.98-8.01 (2H, m) 128.5 - g - - C2ps
26 7.51-7.56 (1H, m) 132.7 - H2-H2 - - (C26-H?26
H25-H25 C25-H25
25; 27 7.47-7.51 (2H, m) 128.1 - o - - v

®* Chemical shifts and coupling constants (J) obtained of 1D 'H and *C NMR spectra, **» Homonuclear and heteronuclear
correlation.
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Figure 5. Two-dimensional COSY spectrum of the cycloadduct (3) (Aromatic part).
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The interpretation of the heteronuclear 2D-NMR spectrum of the cycloadduct shows
a perfect correlation between protons and adjacent carbons, on the one hand, and between
protons and neighboring carbons and between phosphorus and neighboring carbons and
hydrogens, on the other hand (Figures 6 and 7 and Table 1).
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Figure 6. Two-dimensional HSQC spectrum of the cycloadduct (3) (Aliphatic part).
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According to the 2D COSY spectrum (Figure 4), the amidic proton shows a good
homonuclear correlation with the -CH-P proton. Meanwhile, the 2D HSQC spectrum (Fig-
ure 6) shows that this last carbon is in the form of a doublet with Jcr=182.6 Hz thanks to
its coupling with the phosphorus atom.

The 2D HSQC spectrum (Figure 7) exhibits that each carbon is correlated with its
neighboring hydrogen atom and that the amidic proton is uncorrelated. The same spec-
trum also shows that the quaternary carbons, namely C4, C7, C10, and C15, in addition to
C23, do not show any correlation.
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Figure 8. IR spectrum of the cycloadduct (3).

In the IR spectrum (Figure 8), the absorption bands between 1650 and 1750 cm™! were
assigned to two C=0O stretching vibrations. This spectrum also exhibits a strong band at
1250 cm™, corresponding to the valence vibrations of the v(P=0O) function, and a medium
band at 1050 cm™, associated with the valence vibrations of the v(P—O-C) link. In addition,
the C-N stretching vibrations were observed at 1245 and 1290 cm™.

The exact mass of [M + Na]J*ion, determined by ESI-HRMS (Figure 9), was found to
be 531,14039 (531,14039 as calcd. for C2sH2sN+OsPNa).
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Figure 9. HRMS spectrum of the cycloadduct (3).
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All these interpretations allowed us to propose for the cycloadduct (3) the nomencla-
ture of the 1,4-regioisomer, which is naphthalen-2-yl 1-(benzamido(diethoxyphos-
phoryl)methyl)-1H-1,2,3-triazole-4-carboxylate.

3. Materials and Methods

All the reagents and solvents were commercial products, originating from Sigma-
Aldrich. They were used without any prior purification. The melting point was measured
using an electrothermal melting point instrument without correction. NMR analyses were
performed on a Bruker AM 300 spectrometer (*H operating at 300.13 MHz, 13C operating
at 75.47 MHz). The solvent used is specified for each compound, and the chemical shifts
(8) are expressed relative to the tetramethylsilane (TMS), using as internal reference the
residual signals of the deuterated solvents. The coupling constants (J) are expressed in
hertz (Hz), and the abbreviations used to define the different types of resonances are: s =
singlet, d = doublet, t = triplet, q = quadruplet, m = multiplet, and dd = split doublet. Thin-
layer chromatography was carried out on a Merck 60Fzs: silica plate. The spots were re-
vealed in UV at 254 nm and 365 nm, or with a p-anisaldehyde or iodine solution. Column
chromatography was carried out on silica gel (silica Fluka gel, particle size of 40 to 63 pm,
230-400 mesh). Product to be purified was adsorbed on silica (solid deposit) or dissolved
in the eluent (liquid deposit) and then deposited on silica. The IR spectrum was produced
in a KBr pellet, at room temperature, using an FTIR Bruker Vertex 70 spectrometer (Cité
de I'Innovation, USMBA, Fez, Morocco). High-resolution mass spectrum was recorded
with Vion IMS QTof Ion Mobility Quadrupole Time-of-flight Mass Spectrometry (Waters)
with electrospray ionization ESI eighter in positive mode. The compound was initially
dissolved in CDCls and further diluted 1:100 with acetonitrile. MS spectra processing and
isotope model simulations were performed with the UNIFI workstation.

In total, 2.2 mmol of diethyl (a-azido(benzamido)methyl)phosphonate (1) and 2.2
mmol of 2-naphthyl propiolate (2) were stirred in 10 mL of an ethanol-water mixture (1:1),
and 0.05 equivalents of copper sulfate pentahydrate (CuSO4,5H20) and 0.1 equivalent of
sodium ascorbate (Na-Asc) were added. TLC analysis indicated complete consumption of
the reagents after 12 h of stirring at room temperature. After filtration of the formed pre-
cipitate, the solvent was evaporated under reduced pressure and the reaction crude was
washed with water and extracted with methylene chloride. The organic phase was then
dried with sodium sulfate, and the solvent was removed under reduced pressure. The
resulting yellowish-white powder was recrystallized in anhydrous ethanol to obtain a
pure white powder product.

Naphthalen-2-yl 1-(benzamido(diethoxyphosphoryl)methyl)-1H-1,2,3-triazole-4-carboxylate
(3). Yield = 92% (white solid); Rf = 0.41 (ethyl acetate/hexane 3/2); m.p. = 169-170 °C; 'H-
NMR (300.13 MHz, CDCls) dn, ppm: 1.21 (t, 3H, -CH2>-CHs, 3] = 7.2 Hz), 1.29 (t, 3H, -CHo>-
CH;s, 3] = 7.2 Hz), 3.92-4.15 (m, 2H, -O-CH:-CHs), 4.29-4.34 (q, 2H, -O-CH2-CHs, 3] = 7.2
Hz), 7.29-7.32 (m, 1H, 1Hraphys)), 7.47-7.51 (m, 5Harom (3Hnapht2-14) + 2Hbenz(25+27)) + 1H, -CH-
P), 7.48 (s, 1H, 1Hnaphte)), 7.51-7.56 (m, 1H, 1Hbenz26)), 7.77-7.86 (m, 2H, 2Hnapht9+11)), 7.98—
8.01 (m, 2H, 2Hbenz(24+29)), 9.04 (s, 1H, -CHuriaz5)), 9.3-9.5 (dd, 1H, -NH-, 1 =4.2 Hz, ]2=9.9
Hz). 3C-NMR (75.47 MHz, CDCls) dc, ppm: 16.2-16.3 (d, 1C, -CHs, Jer = 6.0 Hz), 16.3-16.4
(d, 1C, -CHs, Jer = 6.0 Hz), 59.6-65.0 (d, 1C, -CH-P, Jcr = 182.6 Hz), 64.9-65.3 (d, 1C, -CH>-
, Jer =285 Hz), 65.0-65.4 (d, 1C, -CHz-, Jer = 27.9 Hz), 118.7 (1C, 1Cnaphtie), 120.9 (1C,
1Craphts)), 126.7 (1C, 1Cnaphtaz)), 127.8 (3C, 3Cnapht(11+12+14)), 128.5 (2C, 2Chenz4+29)), 129.2 (1C,
1Cltiaz(5)), 129.6 (1C, 1Cnapht(9)), 131.6 (1C, 1Cnapht10)), 132.2 (1C, 1Chnapht(is)), 132.7 (1C, 1Chenz26)),
133.7 (1C, 1Crenz(23), 139.6 (1C, 1Ctriazw)), 147.8 (1C, 1Cnapht(n), 158.9 (1C, 1COs)), 167.6-167.8
(d, 1C, 1COe2), Jer=9.0 Hz). IR (v(cm)): 3050 (N-H), 1750 (C=0), 1650 (C=0), 1250 (P=0),
1245-1290 (C-N), 1050 (P-O). HRMS (ESI) m/z [M+Na]* calcd. for CasHasN«OsPNa*
531,14039, found 531,14039.
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4. Conclusions

In summary, the 1,3-dipolar cycloaddition reaction between the azide (1) and the ter-
minal heterocyclic alkyne (2) provides regioselective access to the 1,4-isomer with an ex-
cellent yield. The identification and structure determination of the obtained product was
carried out by different spectroscopic methods also based on literature data. The evalua-
tion of the anticorrosion and biological activities of the synthesized product is the subject
of ongoing work.

Supplementary Materials: The following materials are available online, Figure S1: Decoupled 3P
NMR spectrum of cycloadduct (3). Figure S2: Coupled 3'P NMR spectrum of cycloadduct (3). Figure
S3: tH-NMR spectrum of cycloadduct (3). Figure S4: 3C J-mod NMR spectrum of cycloadduct (3).
Figure S5: 'H-'H COSY NMR spectrum of compound (3). Figure S6: Expanded region of 'H-'H
COSY NMR spectrum (0.5-5.0 ppm and 0.5-5.0 ppm) of cycloadduct (3). Figure S7: Expanded region
of 'TH-'H COSY NMR spectrum (7.2-9.5 ppm and 7.2-9.5 ppm) of cycloadduct (3). Figure S8: Ex-
panded region of 'H-'H COSY NMR spectrum (7.25-8.1 ppm and 7.25-8.1 ppm) of cycloadduct (3).
Figure S9: "H-13C HSQC NMR spectrum of cycloadduct (3). Figure S10: Expanded region of "H-3C
HSQC NMR spectrum (1.0-8.0 ppm and 15-75 ppm) of cycloadduct (3). Figure S11: Expanded re-
gion of "H-*C HSQC NMR spectrum (7.1-9.5 ppm and 113-150 ppm) of cycloadduct (3). Figure S12:
IR spectrum of cycloadduct (3). Figure S13: LC-HRMS Chromatogram of cycloadduct (3). Figure
S14: HRMS spectrum of cycloadduct (3) showing a [M + H]" ion at m/z 508,15953. Figure S15: HRMS
spectrum of cycloadduct (3) showing a [M + Na]* ion at m/z 531,14039.
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