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Abstract

Anew N, N'-imidazolium salt 1-(2,6-diisopropylphenyl)-3- (4,6-dimorpholino -1,3,5-traizine-2-
yl)-1H-imidazol-3-ium chloride) as a precursor of N - heterocyclic carbene ligand was prepared
viathe reaction of 1 - (2, 6 - diisopropyl phenyl - 1H - imidazole) with 1, 3, 5 - triazine derivative
bearing morpholine substituent (2, 6 -dimorpholine - 6- chloro-1, 3, 5-triaziazine). Linear coordi-
nated Ag (I) NHC complex was synthesised via deprotonation of the imidazolium salt and reac-
tion with Ag,0 in darkness at room temperature by in situ method. The complex was synthesised
for using as transfer agent to prepare another transition metals complexes by transmetallation
method in the future. The imidazolium salt and their silver complex have been characterized by *
H and *C NMR spectroscopy as well as mass spectrometry.

Keywords: Heterocyclic carbene, Silver complexes.
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reaction and their ring stability (82.5 K cal/mole)

N - Heterocyclic carbene (NHC) compounds
have got much attention especially when Ardu-
engo synthesized the first free carbene in 1991
[1]. NHC ligands derived from imidazolium salts
have received a lot of attention due to the ease of
their synthesis. Through modification of the sub-
stituents on the nitrogen atoms many imidazoli-
um salts were achieved with a variety of steric
properties and asymmetric environment [2], [3],
[4], [51, [6], [71. [8], [].

1, 3, 5 - triazine compound was widely used as a
core in synthesis of many compounds due to
their reactivity toward nucleophilic substitution

55

[10] as well as their application in different fields
like herbicide production, [11] polymers photo-
stabilizers, [12] and biological properties for ex-
ample morpholine — s - triazine is used to treat
lung and ovarian cancer [13].

Silver N- heterocyclic carbene complexes were
synthesized first time in 1993 by Arduengo and
his workers. [14]. Due to sensitivity of free car-
bene toward moisture air and heat. A few number
of silver heterocyclic carbene have been prepared
by this method as a result of decompose of free
carbene ligands [15] [16]. To overcome this ob-
struction, in situe method was used in synthesis
these complexes by using basic silver sources

NonCommercial 4.0 International Licenses.

58]

Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-



Synthesis and Characterization of New Silver (1) N-Heterocyclic Carbene Complex Derived from Imidazol-2-

2017
ylidene salt 0

Mohammed H.

like Ag.0 in the deprotonation of imidazolium Eclipse 300 spectrometer, mass spectra were ob-
salts. A lot of silver heterocyclic carbene com- tained in electrospray (ES) mode. The analysis is
plexes were synthesized by this method due to performed in the laboratories of School of Chem-
their easiness of preparation, ambient conditions, istry of Cardiff University United Kingdom.
and high yield [17] [18]

Silver N-heterocyclic carbene complexes were 1. Synthesis of 2, 4-di morpholine-6-chloro-1,

used as transfer agent for synthesis other transi- 3, 5-triazin. [21]

tion metals carbene complexes in addition their ~ In a round bottom flask cyanuric chloride (9.22

applications in different fields. [19] [20] g, 50 mmol) was dissolved in acetone (200 mL)
and ice water (200 mL). Morpholine (8.7 g, 100

Materials and Methods mmol) was added to the reaction gradually with

Chemical reagents (morpholine C4HyNO, cy-  Na,COs (10.69 g, 100 mmol). The mixture was
anuric chloride C3N3Cl;, Ammonium chloride stirred ice bath for 2 hours at 0-5 °C, followed by
NH4CI, 2, 6-diisopropyl aniline stirring at room temperature for 24 hours. The
(CH3),CH],CsH3sNH,, glyoxal C,H,0,, formal- white precipitate formed was isolated by filtra-
dehyde CH,0O, and silver oxide Ag,O were used tion and recrystallized from hot ethanol. Yield:
as received. NMR spectra were obtained using 8.8 9 (72 %).

Bruker Avance AMX 250, 400 and JEOL

0
¢ [0] Na2C03 [Nj
Q Y 1)0-5C 2h N*\N
- our
cr " 2)RT C24hour NN
o/
1

Scheme 1 synthesis of 2,4-dimorpholine-6-chloro-1,3,5-triazine

2. Synthesis of 1-(2,6-diisopropylphenyl)-1H- mixture was then stirred overnight. After remov-
Imidazole. [22] [23] al of solvent, the dark residue was poured onto
2, 6-diisopropylaniline (8.8g, 0.05 mol) in ice (200 g) and treated with aqueous 40% KOH
MeOH (25 mL) was stirred with 30% aqueous solution until pH = 9. The resulting mixture was
glyoxal (8.1mL, 0.05mol) for 16 h at room tem- extracted with EtOAc (2 x 200mL) and the or-
perature. A bright yellow mixture was formed. ganic phases were combined and washed sequen-
NH4CI (5.4 g, 0.1 mol) was added followed by tially with H,O and brine solution before drying
37% aqueous formaldehyde (8 mL ,0.1 mol). The with anhydrous MgSO,. After filtration, the sol-
mixture was diluted with MeOH (200 mL) and vent was removed and residue was purified by
refluxed for 1 h. H3PO, (7 mL, 85% soln) was distillation on a Kugelrohr under vacuum at 240
added over a period of 10 min. The resulting °C.

O MeOH
NH; + o NH,CI, formaldehyde N\:\§
H3PO, “N

KOH

2

Scheme 2 synthesis of 1-(2,6-diisopropylphenyl) - 1H Imidazole
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3. Synthesis of 1-(2,6-diisopropylphenyl)-3-(2,
4 - dimorpholine- 1, 3, 5 triaz — 6 - yl) imid-
azolium chloride.

In a tub pressure a mixture of the 1-(2,6-
diisopropylphenyl)-1H-Imidazole (0.5 g, 2.1
mmol) (2) and 2,6-dimorpholine-chloro- 1,3,5-

triazine (1) (0.62 g, 2.1 mmol) was stirred at 140
°C overnight. Crud product was dissolved in
CH,CI; (20 mL) and diethyl ether (100 mL) to
obtain a white precipitate, yield= 0.89 g (80%).

o S
o C ) @
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(\)\l/ﬂ\ //KC| \;I} overnight o_ =
o
2 3

Scheme 3 synthesis of 1- (2,6-diisopropyl) -3-(2,4-dimorpholine-1,3,5 triaz-6-yl) imidazolium chloride

4. Synthesis of [Ag(NHC)CI]

Imidazolium salt (3) (0.41 g, 0.8 mmol) was dis-
solved in 20mL of CH,Cl, and Ag,0 (0.09 g, 0.4
mmol) was added to the solution, the reaction
was stirred under nitrogen for overnight at room

temperature before filtration through celite. The
reaction was protected from light by an alumi-
num foil. The solvent was removed in vacuo and
the resulting solid recrystallised (CH,Cl,/Et,0)
to produce a whit precipitate

[oj = o cl
)N\ [Nj Ag
)NI\ \)N\® CHzclz N)§ J\
N" NN Ag-O |
O(\\) N + 92 stir, R.t overnight (\N)\N/I\N\z/N
3 O\)
4

Scheme 4 synthesis of Ag (1) NHC complex

Results and Discussion

Triazine derivative (1) (Scheme 1) was prepared
according to Dudley method [21] by reaction of
2 equivalent of morpholine with 1 equivalent cy-
anuric chloride in basic condition to neutralize
the hydrogen chloride formed as a side product
during the reaction. The recrystallization of crude

a white product with 72% yield.1H NMR spec-
trum confirmed the conversion of cyanuric chlo-
ride to secondary amin triazine (2, 4- dimorpho-
line -6-chloro 1, 3, 5-triazine) by appearance a
multiplet at 3.74-3.5 ppm with integration of
16H corresponding to the methylene groups of
the morpholine moieties consistent with previous

product was conducted by hot ethanol to produce literatures Figure 1 [24].
o e b
- Gmerenete= 0 L
)
»NLN& ; E e
N e
6 | | *

Figure 1: 'HNMR spectrum of 2,4-dimorpholine -6-chloro- 1,3,5-triazine, 1.
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3C NMR spectra showed two peaks for morpho-
line in 66.6 and 43.8 ppm in addition two signals
in range in 169.7and 164.4 ppm consistent with
carbon atoms of triazine Figure 2. Low resolu-
tion mass spectrometry (ES+) was confirmed the
formation of compound by appearance of peak at
286 (100%) which can be attributed to the mo-
lecular weight of compound [C11H1502NsCI]*
[M+H]". [M+H]".

1-(2,6-diisopropylphenyl)-1H-Imidazole (2) was
synthesis by reaction of glyoxal, ammonium

mh79

mh79

chloride, 1 eq of 2, 6-diisopropylaniline and
phosphoric acid in methanol according to previ-
ous method (Schemel) [9,21].1H NMR shows
duplet peaks at 1.17 ppm with integration of t 12
H, triplet peak at 2.42 ppm with integration 2H
and three singlet peaks at 6.99, 7.31 and 7.52
ppm for imidazole protons as well as doublet
peak at 7.29 ppm for meta- 2H and multiplet
peak at 7.48 ppm for para- 1H proton Figure 3.
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Figure 2: * C NMR specrtum of 2,4-dimorpholine-6- chloro- 1,3,5-triazine, 1
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Figure 3: 'H NMR of 1-(2,6-diisopropylphenyl)- 1H- imidazole, 2

In order to synthesis the imidazolium salt (3), the
corresponding of N-Heterocyclic carbene ligand
was synthesised by mixing of 1-(2,6-
diisopropylphenyl)  imidazole and 2,4-
dimorpholine-6-chlorol,3,5-triazinine in pressure

58

tube in absence of solvent at 140 °C for over-
night, the product was dissolved in dichloro-
methane and diethyl ether to produce clean pow-
der inyield 70%.1H NMR observed two doublet
peaks at 1.19 and 1.15 ppm for four methyl
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group, multiplet peak at 2.34 ppm with integra-
tion 2H for (CH),, multiplet peaks in ranges 3.6-
3.9 ppm with integration of 16H corresponding
to the methylene groups of the morpholine sub-
stituents, singlet peaks at 7.78, 8.82 and 10.53

400_mho0347

ppm integration to 1H for each peak for imidaz-
ole protons, doublet peak and multiplet peak at
7.6 and 7.5 corresponding to 2H in position meta
and 1H in Para respectively Figure 4.
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Figure 4: * H NMR spectrum of imidazolium salt, 3

3 C NMR also confirmed the formation of imid-
azolium salt. peaks were emerged in ranges 120-
145 ppm consistent with imidazole ring and aryl
carbon atoms, two doublet peaks were emerged
at44.2,44.6, 66.0, 66.6 ppm corresponding with
morpholine carbon atoms, in addition two peaks

at 24.4, 24.6 and 28.7 for methyl groups as well
as two peaks in 158.9 and 164.6 observed can be
attributed to triazine carbon atoms Figure 5 Mass
ES spectrometry gave peak at 478.32 corre-
sponding to [M-CI]+, Figure 6.
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Figure 5: ** C NMR spectrum of imidazolium salt, 3
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Figure 6: mass spectrum of imidazolium salt, 3

Silver  N-heterocyclic carbene  complex
[Ag(NHC)Br] was synthesised via in situ method
[17] [25]by reaction of the imidazolium salt with
of Ag,O under ration 2:1% in dry dichloro-
methane under nitrogen at room temperature
overnight, the reaction was protected from light
by aluminum foil to avoid the photodecomposi-
tion of silver complex.

The reaction was set up by filtration through a
pad of celite. The product of crud has been re-

400_mho0278

2H-Ar

1H-Imidazole
1H-Imidazole

crystallized by diffusion of diethyl ether in con-
centrated dichloromethane solution of the crude
product. The imidazolium salt Deprotonation
was confirmed by peak disappearance at 10.53
ppm which attributed to (NCHN) in addition
peaks attributed to imidazole ring in position
C4and C5 were moved up field at 6.95 and 8.15
ppm Comparison with the ligand precursors in
the ranges 7.8, 8.8 ppm as coordination result
with Ag and formation of complex ,Figure 7.
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Figure 7: 1H NMR of [Ag (NHC) Cl], 4

The formation of the silver complex was
confirmed by the * C NMR spectrum by
disappearance of NHCN peak and the emergence
of a weak peak at 187 ppm for Ag-C carbene
which consistent with previous literatures .1° C
NMR spectrum was observed singl peak for Ag-

60

C instead of two due to fluxional changes
between the ionic and neutral complex; for
example Internal change between the mono- and
bis-carbene species.
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Figure 8: * C NMR of [Ag(NHC) CI] complex, 4

Mass spectrum of the silver complex has been
found that the complex formed biscarbene struc-

tures in gas state with the formula, [Ag

(NHC)]+, which is combatable with previous
reports in the literature ,Figure 9 [26].
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Figure 9: mass spectrum of [Ag (NHC) CI] complex, 4

References

[1]

[2]

3]

Rowan, M. P. ; Cancio, L. C. ; Elster, E. A.
: Burmeister, D. M. ; Rose, L. F. ; Natesan,
S. and Chung, K. K. Burn wound healing
and treatment: review and advancements.
Critical care, 2015.19, 243.

Barret, J. P. ; Herndon, D. N. Effects of
burn wound excision on bacterial coloniza-
tion and invasion. Plast Reconstr Surg
2003; 111 (2): 744-50; discussion 751-752.
McCulloh, R. J. Biomarkers in Sepsis and
Severe Infection: Where Immunology

61

[4]

[5]

Meets Diagnostics.2012. J Immunodefic
Disor 2012, 1: 1.

Castelli, G. P. ; Pognani, C. ; Meisner, M. ;
Stuani, A., Bellomi, D. and Sgarbi, L. Pro-
calcitonin and C-reactive protein during
systemic inflammatory response syndrome,
sepsis and organ dysfunction. Crit
Care.2004 Aug; 8 (4): R234-42.

Aabenhus, R.1; Jensen, J. U. Procalciton-
inguided antibiotic treatment of respiratory
tract infections in a primary care setting:
are we there yet? Prim Care Respir J.2011
Dec, 20 (4): 360-7.

00

NonCommercial 4.0 International Licenses.

Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-



Mohammed H.

Synthesis and Characterization of New Silver (1) N-Heterocyclic Carbene Complex Derived from Imidazol-2-

ylidene salt

2017

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Caliendo, A. M.1; Gilbert, D. N. ; Ginoc-
chio, C. C. ; Hanson, K. E. ; May, L. ;
Quinn, T. C. ; Tenover, F. C. ; Alland, D. ;
Blaschke, A. J. ; Bonomo R. A., Carroll,
K. C.; Ferraro, M. J. ; Hirschhorn, L. R. ;
Joseph, W. P. ; Karchmer T. ; Maclntyre,
A.T.; Reller, L. B. and Jackson, A. F. In-
fectious Diseases Society of America (ID-
SA). Better tests, better care: improved di-
agnostics for infectious diseases. Clin In-
fect Dis.2013 Dec;57 Suppl 3: S139-70.

Mohan, A. and Harikrishna, J. Biomarkers
for the diagnosis of bacterial infections: in
pursuit of the ‘Holy Grail’Indian J Med
Res.2015 Mar; 141 (3): 271-273.

Mokline, A. ; Garsallah, L. ;Rahmani, 1. ;
Jerbi, K. ; Queslati, H. ; Tlaili, S. ; Ham-
mouda, R. ; Gasri, B. and Messadi, A. A.
Procalcitonin: a diagnostic and prognostic
biomarker of sepsis in burned patients.
Ann Burns Fire Disasters.2015 Jun 30;28
(2): 116-20.

Rosanova, M. T. ; Tramonti, N. ; Taicz, M.
; Martiren, S. ; Basilico, H. ; Signorelli, C.
and Lede, R. Assessment of C-reactive
protein and procalcitonin levels to predict
infection and mortality in burn children.
Arch Argent Pediatr, 2015.113 (1), 36-41.
Kim, H. S. ; Yang, H. T.; Hur, J. ; Chun,
W.;Ju, Y. S.; Shin, S. H. and Lee, K. M.
Procalcitonin levels within 48 hours after
burn injury as a prognostic factor. Ann
Clin Lab Sci, 2012.42 (1), 57-64.

Nakae, H. ; Inaba, H. and Endo, S. Useful-
ness of procalcitonin in Pseudomonas burn
wound sepsis model. Tohoku J Exp
Med.1999 Jul;188 (3): 271-3.

Tahir, S*. ; Memon, A. R. ; Kumar, M. and
Ali, S. A. Prediction of mortality after ma-
jor burn: physiological versus biochemical
measures. Wounds.2009 Jul; 21 (7): 177-
82.

Zarei, M. R.1; Dianat, S. ; Eslami, V. ;
Harirchi, I. ; Boddouhi, N. ; Zandieh A.
and Rasouli, M. R. Factors associated with
mortality in adult hospitalized burn pa-
tients in Tehran. Ulus Travma Acil Cerrahi
Derg, 2011. Jan;17 (1): 61-5.

Moore, E. C. ; Pilcher, D. V. ; Bailey, M.
J. ; Stephens, H. and Cleland, H. The

62

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Burns Evaluation and Mortality Study
(BEAMS): predicting deaths in Australian
and New Zealand burn patients admitted to
intensive care with burns. Journal Trauma
Acute Care Surg, 2013. Aug;75 (2): 298-
303.

Zhao, D. ; Zhou, J. ; Haraguchi, G. ; Arai,
H. and Mitaka, C. Procalcitonin for the dif-
ferential diagnosis of infectious and non-
infectious systemic inflammatory response
syndrome after cardiac surgery. J Intensive
Care, 2014. Jun 3;2: 35.

Klingele, M. ; Bomberg, H. ; Poppleton, A.
; Minko, P. ; Speer, T. ; Schéfers, H. J. and
Groesdonk, H. V. Elevated procalcitoninin
patients after cardiac surgery: a hint to
nonocclusive mesenteric ischemia. Ann
Thorac Surg, 2015. Apr;99 (4): 1306-12.
Barati, M. ; Alinejad, F. ; Bahar, M. A. ;
Tabrisi, M. S. ; Shamshiri, A. R. ;Bodoubhi,
N. O. ; and Karimi, H.comparison of
WBC, ESR, CRP and PCT serum levels in
septic and non-septic burn cases. Burns,
2008.34 (6), 770-774.

Seoane, L. ; Pertega, S. ; Galeiras, R. ; As-
tola, I. ; and Bouza, T. Procalcitonin in the
burn unit and the diagnosis of infection.
Burns, 2014.40 (2), 223-229.

Mann, E. A. ; Wood, G. L. ; and Wade, C.
E. Use of procalcitonin for the detection of
sepsis in the critically ill burn patient: a
systematic review of the literature. Burns,
2011.37 (4), 549-558.

Von Heimburg, D., Stieghorst, W.,
Khorram-Sefat, R. and Pallua, N. Procalci-
tonin—a sepsis parameter in severe burn
injuries. Burns, 1998.24 (8), 745-750

Neely, A. N.; Smith, W. L. ; and Warden,
G. D. Efficacy of a rise in C-reactive pro-
tein serum levels as an early indicator of
sepsis in burned children. J Burn Care Re-
habil, 1998.19 (2), 102-105.

Alkazaz F. F. ; Abdulsattar S. A. ; Farred
F. A. and Mahmood S. J. Risk factor of
metabolism alteration in burn patients.
SENRA Academic Publishers, British Co-
lumbia, 2014. Vol.8, No.3, pp.3057-3060,
Jeschke, M. G. ; Finnerty, C. C. ; Kulp, G.
A.; Kraft, R. ; and Herndon, D. N. Can we
use C-reactive protein levels to predict se-



Al-Mustansiriyah Journal of Science < httn-ld i ; ;
ISSN: 1814 635X (print), ISSN: 2521.3520 (online) Volume 28, Issue 2, 2017 DOI: http://doi.org/10.23851/mijs.v28i2.500

vere infection or sepsis in severely burned
patients? International Journal of Burns
and Trauma, 2013.3 (3), 137-143.

[24] Lavrentieva, A. ; Kontakiotis, T. ; Laz-
aridis, L. ; Tsotsolis, N. ; Koumis, J. ; Kyr-
iazis, G. ; and Bitzani, M. Inflammatory
markers in patients with severe burn inju-
ry. What is the best indicator of sepsis?
Burns, 2007.33 (2), 189-194.

[25] Neely, A. N.; Fowler, L. A.; Kagan, R. J.
; and Warden, G. D. Procalcitonin in pedi-
atric burn patients: an early indicator of
sepsis? Journal Burn Care Rehabil,
2004.25 (1), 76-80.

[26] Sachse, C.; Machens, H. G. ; Felmerer, G.
; Berger, A. ; and Henkel, E. Procalcitonin
as a marker for the early diagnosis of se-
vere infection after thermal injury. J Burn
Care Rehabil, 1999.20 (5), 354-360.

63

@ @ Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International Licenses.



