Iranian Journal of Catalysis Spotlight 8(1), 2018, 69-72

IRANIAN JOURNAL OF CATALYSIS I

Iranian Journal of Catalysis

2-Aminoethyl dihydrogen phosphate: As a multi-purpose \

spacer

Compiled by Meysam Yarie

Meysam Yarie was born in 1987 in Malayer/ Hamedan, Iran. He received
his B.Sc. in Applied Chemistry (2010) from Malek-Ashtar University of
Technology and M.Sc. in Organic Chemistry (2012) from Kurdistan
University under the supervision of Dr. Kamal Amani. He received his
Ph.D. from Bu-Ali Sina University under the supervision of Professor
Mohammad Ali Zolfigol. He is currently working towards his Post-
Doctoral under the supervision of Professor Mohammad Ali Zolfigol at
Bu-Ali Sina University. His research interest is the design, synthesis and
characterization of task-specific catalysts and their applications in organic

synthesis.

. Faculty of Chemistry, Bu-Ali Sina University, Hamedan 6517838683, Iran.

E-mail: myari.5266@gmail.com

Introduction

2-Aminoethyl dihydrogen phosphate,
phosphorylethanolamine or phosphoethanolamine is
known as a polyprotic acid which has two pK,
values of 5.61 and 10.39 (Scheme 1) [1]. This
versatile molecule has a striking role for the
construction of phospholipids including
glycerophospholipids and sphingolipids.
Glycerophospholipids and sphingolipids are the
main component of cell membranes. Scheme 2
represented the structure of two phospholipids
bearing 2-aminoethyl dihydrogen phosphate moiety.

Also, it is demonstrated that the synthetic
phosphoethanolamine can acts as anti-leukemia
agents. Furthermore, this drug candidate structure is
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Scheme 1. Structures of 2-aminoethyl dihydrogen

phosphate and calcium 2-aminoethylphosphate phosphate
moiety.

This feature focuses on a reagent
chosen by a postgraduate, highlighting
the uses and preparation of the reagent
in current research.

in undergoing human clinical trials [2,3]. The main
synthetic form of 2-aminoethyl dihydrogen
phosphate is calcium 2-aminoethylphosphate
(Ca-AEP or Ca-2AEP) (Scheme 1).

Ca-AEP plays an important role in the structure of
cell membrane of human body through improvement
of cellular functions. In this spotlight, due to
interesting structural features of 2-aminoethyl
dihydrogen phosphate, its versatility towards the
synthesis of heterogencous-based catalysts for
promoting organic transformations is highlighted.
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Scheme 2. Structures of two phospholipids bearing
2-aminoethyl dihydrogen phosphate moiety.
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Abstracts

(A) In 2015, Akhlaghinia and co-workers, using
2-aminoethyl dihydrogen phosphate, reported the Cu"
immobilization on aminated ferrite nanoparticles. The
resulting catalyst was fully characterized by required
methods. Experimental investigation demonstrated that
the prepared heterogeneous catalyst shows excellent
performance for the transformation of aldoximes to
nitriles. A wide range of aldoximes including aromatic,
aliphatic and heterocyclic aldoximes converted to
desired nitriles with good to excellent yields [4].

(0]
o1 N
Py ~—™N OAc
¥ o 0. /CU‘QA
Np-
P Oy c

Hy
0~ "0

o) Ha

@A\N _OH

R=

4-Br,

P o
Fe;04@AEPH,-CU" - MG)KNHZ
MeCN, Reflux "

1-4 h, 50-98%

H, 4OH, 2-OH,  4-OMe,  3-OMe,
4-Me, 2-Me, 4-Pr, 4-N(Me),, 2-Cl, 3-Cly, 4-Cl, 2,6-Cl,

2-NO,,

3-NO; 4-NO, 4-CN, 2-pyridyl,

3-pyridyl, 1-naphtyl, CH(CH,),CH, PhCH=CH

(B) 4,4'-(aryl methylene)bis(1H-pyrazol-5-ol)
derivatives as biological active structural motifs,
prepared in the present of HAP@AEPH,-SO3H through
the reaction of phenylhydrazine/or hydrazine hydrate,
ethylacetoacetate and aldehydes under mild and solvent
free conditions [5].
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(C) Sulfonated nanohydroxyapatite functionalized by
2-aminoethyl dihydrogen phosphate (HAP@AEPH:-
SO;H) represent powerful catalytic activity towards the
direct synthesis of nitriles from aldehydes and
hydroxylamine hydrochloride. The reported protocol
represents a green, useful, and rapid route for the
preparation of desired structures with excellent yields

[6].
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(D) Zolfigol et al. in 2016, reported 2-aminoethyl
dihydrogen phosphate for synthesis of a novel task-
specific nanomagnetic with phosphate spacer as a
coating agent for the surface of FesOs nanoparticles.
The described magnetic nano particles applied for
supporting Pd tags. The resulting catalyst represents
elegant performance in Sonogashira and Mizoroki-
Heck coupling reactions [7].
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(E) In another investigation, 2-aminoethyl dihydrogen
phosphate has been applied for the construction of a
reusable nanomagnetic heterogeneous core-shell catalyst
namely Fe304@Ti02@OzPOz(CHz)zNHSO3H. The
achieved recoverable acidic catalyst has been also used
as promoter for the synthesis of 2-amino-4,6-
diphenylnicotinonitriles via anomeric based oxidation
(ABO) mechanism [8]. 2-Amino-4,6-
diphenylnicotinonitrile derivatives have been obtained
with good to high yields in short reaction times upon the
reaction of aromatic aldehydes, acetophenone
derivatives, malononitrile and ammonium acetate [9].

Cat. 7 mg, Solvent free, 90 °C
82-92 %, 14-30 min.
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(F) Akhlaghinia et al. reported a powerful mesoporous
heterogeneous catalyst, heteropolyacid anchored on
SBA-15 functionalized with 2-aminoethyl dihydrogen
phosphate (SBA-15@AEPH,-HPA). The synthesized
catalyst was successfully applied upon the reaction of
arylglyoxals, cyclic 1,3-dicarbonyls and thioamides for
the  three-components  preparation of  varied
trisubstituted 1,3-thiazoles under benign reaction
conditions. The applied mesoporous catalyst exhibits
superior potential of recyclability over the studied
reaction [10].
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(G) In a separate study,
F6304@Ti02@OzPOz(CHz)zNHSO3H has been
successfully applied as a robust catalyst for the
synthesis of other type of nitrogen-containing
heterocyclic molecules such as 2.4,6-triarylpyridines
and 1,8-dioxodecahydroacridine derivatives. It is
worthy to mention that in this exploration it is
demonstrated that the final step of the mechanistic
process to 2,4,6-triarylpyridine derivatives proceeds via
an anomeric based oxidation mechanism [11].
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(H) Akhlaghinia and co-workers reported the synthesis
and characterization of a novel aminophosphine
palladium(0) complex supported on ZrO, nanoparticles
(ZrO,@AEPH,-PPh,-Pd(0)). Further investigations
have been revealed that the synthesized catalyst
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catalytic performance in direct esterification of
carboxylic acids and alcohols with high selectivity
toward the formation of esters [13].
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(J) Zolfigol and co-workers reported the design,
synthesis and characterization of a novel inorganic-

organic Takemoto-like hybrid nanomagnetic catalyst
using 2-aminoethyl dihydrogen phosphate as an _
. . . . N
excellent linker. After structural verification of desired s -
nanomagnetic catalyst, its catalytic performance = T e K
X . R'= Ph, COOEt,Penthyl 0.5-1.5h, 85-92% NH, HNX NFfN
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(L) In another exploration, thiophene methanimine-
palladium Schiff base complex anchored on decorated
v-Fe;O; with 2-aminoethyl dihydrogen phosphate
(y-Fe2Os/  AEPH,-TC-Pd) was synthesized. The
constructed magnetically separable nanocatalyst was
applied as superb promoter for Suzuki-Miyaura and
Heck-Mizoroki cross-coupling reactions [15].

R' R? R

0o f IO
O=p_ N S
O/PO/\/

-Fe,03@AEPH,-TC-Pd
X

K,CO3, H,0, TBAB, 65 °C
2 2 3, M2, i S O.
NP ‘ X /Y w2
\ Lo I

4 R
R X=F, Cl, Br, |
R'= H, 4-OMe, 4-Me, 2-Me-4-NO,, 3-CHO,
4-CHO, 4-NH,, 4-NO,, 4-CN, 4-Cl, 2-thiophene,
R?= H, 3-NO,, Me, "Bu

References

[1] A.T. Myller, J.J. Karhe, T.T. Pakkanen, Appl. Surf.
Sci. 257 (2010) 1616-1622.

[2] A.K. Ferreira, R. Meneguel, A. Pereira, O.M.R. Filho,
G.O. Chierice, D.A. Maria, Anticancer Res. 32 (2012)
95-104.

[3] AK. Ferreira, B.A.A. Santana-Lemos, E.M. Rego,
O.M.R. Filho, G.O. Chierice, D.A. Maria, Br. J.
Cancer. 109 (2013) 2819-2828.

[4] M. Zarghani, B. Akhlaghinia, Appl. Organometal.
Chem. 29 (2015) 683-689.

[5] M. Zarghani, B. Akhlaghinia, RSC Adv. 5 (2015)
87769-87780.

[6] S. Memar Masjed, B. Akhlaghinia, M. Zarghani, N.
Razavi, Aust. J. Chem. 70 (2016) 33-43.

[71 M. Aghayee, M.A. Zolfigol, H. Keypoura, M. Yarie, L.
Mohammadi, Appl. Organometal. Chem. 30 (2016)
612-618.

72

[8] M. Yarie, Iran. J. Catal. 7 (2017) 85-88. See references
cited therein.

[9] M.A. Zolfigol, M. Yarie, Appl. Organometal. Chem.
31 (2017) €3598. doi: 10.1002/a0c.3598.

[10] R. Jahanshahi, B. Akhlaghinia Res. Chem. Intermed.
44 (2018) 2451-2474.

[11] M.A. Zolfigol, F. Karimi, M. Yarie, M. Torabi,
Appl. Organometal. Chem. 32 (2018) e4063. doi:
10.1002/a0c.4063.

[12] N. Razavi, B. Akhlaghinia, R. Jahanshahi, Catal. Lett.
147 (2017) 360-373.

[13] N. Yousefi Siavashi, B. Akhlaghinia, M. Zarghani, 42
(2016) 5789-5806.

[14] L. Mohammadi, M. A. Zolfigol, A. Khazaei,
M. Yarie, S. Ansari, S. Azizian, M. Khosravi,
Appl. Organometal. Chem. 32 (2018) e3933. doi:
10.1002/a0c.3933.

[15] R. Jahanshahi, B. Akhlaghinia, Catal. Lett. 147 (2017)
2640-2655.





