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ABSTRACT

Incorporation of zirconocene into N-phthaloyl amino acids and ketooximes was accomplished by the
reaction of zirconocene dichloride with these two ligands in the presence of triethylamine in 1:1:1:2 molar
ratios in refluxing dry THF. This interaction afforded solid products of the type Cp2ZrLA. A
pentacoordinated geometry may be assigned to these complexes with the assistance of mass and
spectroscopic studies. In these complexes, the coordination behavior of N-phthaloyl amino acids and
ketoximes is bidentate and monodentate, respectively. The optimized structure, energy, geometry, energy
gap and stability of one representative zirconocene complex were studied by using DFT(B3LYP) to
corroborate the structures of these products.
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INTRODUCTION
Oximes constitute an important class of versatile ligands which are used for protection and structural
elucidation of huge carbonyl compounds. A large number of oxime derivatives have been synthesized[1]
and studied for their pharmacological importance. Oximes have been reported to demonstrate anticancer,
anti-inflammatory[2] and antioxidant[3] activities. The reaction of carbonyl compound with hydroxylamine
or a hydroxyl ammonium salt results in the incorporation of oxime group into organic molecules. The
conversion of carbonyl functionality into oxime group is a convenient approach for the synthesis of these
biological agents which are important in medicinal research[4]-[6]. The high polarity of oxime groups may
result into different ways of interaction with receptor binding sites[2]. Amino acids and their derivatives
play a significant role in biology, pharmacy and industry[7]-[9]. The importance of amino acids in
biological system may be correlated with their solubility properties and peculiar mechanism of transport.
Amino acids are precursors for generating a large number of structural derivatives having different
functionalities[10], [11] as well as their metal complexes.
In recent years, metal complexes of amino acid derivatives[8], [10]-[13] and ketoxime[13] / oxime
derivatives[14], [15] have attracted the attention of researchers because the biological activity of these
complexes was enhanced as compared to the parent ligands. A plenteous interest has been developed in the
chemistry of zirconocene complexes containing different ligands as these complexes have a vast range of
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applications in catalysis[16]-[18]. Zirconocene complexes also demonstrated potential anticancer[19] and
antimicrobial activity[20], [21].

In the present communication, we report the incorporation of zirconocene into N-phthaloyl amino acids and
ketoximes which afforded pentacoordinated zirconocene complexes. DFT(B3LYP) was employed to
investigate the optimized structure, energy, geometry, energy gap and stability of one representative
zirconocene complex (CsHs)2ZrAyLy (complex 1).

Il. EXPERIMENTAL

Zirconocene dichloride and ketoxime(L@H and L)H) are commercially available. N-protection of amino
acids was carried out by reported method of ‘Sheehan’[22] for synthesizing N-phthaloyl amino acid(AH
and A)H ). Standard methods were used for drying of solvents. The experimental work was carried out
under strictly anhydrous conditions. The preparation of (CsHs)2ZrAp)L2) (Complex 3) is described in detail
and analytical data of other analogous complexes are summarized in Table 1.

2.1 Preparation of (CsHs)2ZrA@)L ) (Complex 3)

N-phthaloyl-B-alanine (A@)H=1,3-dihydro-1,3-dioxo-2H-isoindole-2-propanoic acid) (0..45 gm, 2.07 mmol)
and acetophenoneoxime LH=N-(1-phenylethylidene) hydroxylamine) (0.28 gm, 2.07 mmol) were
dissolved in dry THF and then, this solution of the two organic ligands was added to a dry THF solution of
zirconocene dichloride, Cp2ZrCl, (0.60 gm, 2.07 mmol). After this, triethylamine (0.42 gm, 4.15 mmol) was
added to this mixture immediately. Continuous refluxing with stirring of the above mentioned reaction
mixture was done for approximately 8 hours. After completion of the reaction, filtration of solid
triethylamine hydrochloride, was carried out. The excess solvent was removed in vacuo. A coloured solid
product was isolated which was recrystallized from benzene pet-ether mixture.

TABLE 1. Analytical data of Zirconocene complexes

Complex formula (Empirical formula) Reagents in g (mmol) EtsN.HCI % % Zr

EtsN AH LH Cp2ZrCl, Found (Calc.) Yield Found

(Calc.)

Cp2ZrAgL 035 042 012 0.50 0.46 58 16.87

(C26H28N20s2r) (3.45) (1.72) (1.72) (1.72) (0.47) (16.89)
Complex 1

Cp2ZrAgL ) 0.46 056 0.30(2.27) 0.66 0.60 65 15.14

(Cs1H30N20s2r) (4.54) (2.27) (2.27) (0.62) (15.15)
Complex 2

Cp2ZrApL 042 045 0.28 0.60 0.55 60 15.88

(C29H26N2052r) (4.15) (2.07) (2.07) (2.07) (0.56) (15.89)
Complex3

I1l. RESULTS & DISCUSSION
Incorporation of zirconocene into N-phthaloyl amino acids and ketoximes was carried out by the reaction of
zirconocene dichloride with these two different ligands in the presence of triethylamine in 1:1:1:2 molar

ratio in boiling dry THF as depicted in scheme 1.
Zirconocene complexes having the general formula Cp2ZrAL [where AH = (E(O)CGH“C(O)NCH(R)COOH)

and LH= R’R”CNOH where R=-CH(CHz3). (AyH), CHR=
-CH.CH2- (A@H), R’=R”= -CH3 (LgyH), R’=CHs, R”=CeHs (LH)] were obtained. The byproduct,
(C2Hs)sNL.HCI formed in these reactions, was filtered out. Tentative structures of these products were
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characterized by mass, spectral and DFT studies. These zirconocene complexes were characterized with the
help of mass and spectroscopic (IR and *H NMR) studies.

3.1 FT-IR spectra

The FT-IR spectra of these zirconocene complexes of N-phthaloyl amino acids and ketoximes were recorded
as KBr pellets in the region 4000-400 cm™. In the IR spectra of zirconocene complexes, two medium
intensity bands were appeared in the regions 559.07-542.65cm™ and 651.03 - 632.76 cm™ which may be
attributed to Zr-O bonds . The v(COO)sym and the imido v(CO)asym Vibrations of N-phthaloyl amino acids
(AmH and A)H ) appeared in the regions 1390-1380 cm™ and 1770-1760 cmt, respectively[23]. In the IR
spectra of zirconocene complexes, v(COO)sym Was observed in the region 1397.72-1362.20 cm™ and
0(CO)asym appeared in the region 1783.78 -1780.27 cm™. The v(CO)sym and v(COO)asym bands of the ligands
(A@H and AH) have merged together and were observed as a broad band at 1740-1690 cm™[23]. This
band splits into two bands in zirconocene complexes. The v(COO)asym Vvibration appeared in the region
1630.85-1614.63 cm™ whereas v(CO)sym Vvibration was observed in the region 1733.95-1704.67 cm™. The
calculated values of Av [v(COQO)asym- V(COO)sym] for these zirconocene complexes are in the range 252.43-
233.13 cm™. These values suggest the chelating bidentate nature of N-phthaloyl amino acids in
zirconocene complexes. The IR spectra of the free ketoximes, exhibit weak intensity band at 1570 cm?
which may be due to >C=N- stretching. This band shifts towards lower wave number in zirconocene
complexes and appeared in the region 1541.29 -1533.04 cm™. In the IR spectra of free ketoximes, a band for
N-O absorption appeared in the region 930-920 cm™. This band shifts to lower wave numbers in the IR
spectra of the corresponding complexes and was observed in the region 896.52 -892.80 cm™.

0

N/OH

H
(CsHg)ZrCly + N—T_COOH + )|\ + 2(CoHs)N

R R' R
(AH) ©

Reflux
Dry THF

(LH)

0 CsHs

R R'
o
Nt >Zr—O—N=<
N \ R+ 2(C2H5)3N.HCI¢
CsHs

o]

Where
R=-CH(CHas)2; R’=-CHzs; R”=-CHs (CsHs)2ZrAgL
complex 1
R=-CH(CHa)2; R’=-CHz3; R”=-C¢Hs (CsHs)2ZrAwlL (2
complex 2
CHR=-CH2CH>-; R'=-CH3; R" = -C¢Hs (CsHs)2ZrAp)L 2)
complex 3

Scheme 1 Synthesis of zirconocene complexes
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3.2H NMR spectra
The *H NMR spectra of zirconocene complexes were recorded in CDCls and TMS was used as an internal
standard. The data of *H NMR spectra are depicted in table 2.

TABLE 2 'H-NMR data of zirconocene complexes of N-phthaloyl amino acids and ketoximes in (8)ppm

Ligand/Complex (&(0)CeH,C(O)NCH(R)COOH) A R’R”CNOH(LH)
COOH CsH4 CH2 CH CHs NOH CsHs CHs CsHs
AgH? 8.90 (bs) 7.28-7.89 4.63(d) , @ 1.17(d), 0.90
(m) 276 (m)  (d)
ApH 7.99 (s) 7.77-7.84 | 3.90,3.88,
(m) 3.86(t),
2.65,2.63, 2.61
(t)
9.87 1.90(s)
LayHP (bs) 1.91(s)
9.53 7.37- 2.31(s)
LoH® (bs) 7.64
(m)
Cp2ZrAgL) -
Complex 1 7.17-7.90 4.76(d), 1.04(d), - 1.88(s) 6.43
(m) 2.25- 0.92(d) 2.04(s) ]
2.71(m)
(ur)
Cp2ZrAgL - 7.15-7.85 4.33(d), 1.24(d), - * wx
Complex 2 (m) 2.41- 1.01(d) 6.46
2.50(m) ]
(ur)
Cp2ZrAp)L) - 7.14-785 | 3.83 * 2.43(s) 6.50
Complex 3 (m) ® - (s)
2.72

®

*overlapping with amino acid phenyl region;**overlapping with amino acid aliphatic protons; ur=
unresolved; s = singlet; a=ref [24]; b=ref [23]

Table 3 Selected structural parameters (bond lengths and bond angles) of (CsHs)2 ZrAL (1) (complex 1)

Atom label = Bond Atom Bond Atom label Bond Atom label Bond angel(°)

length(A) label length(A angle

) ©)

Zrl-Cpl 2.286 C1-04 1.264 Cpl-Zr-Cp2 129.12 Zr1-04-C1 90.84
Zr1-Cp2 2.280 C1=01 1.272 Cpl-Zr-05 97.90 Zr1-01=C1 94.68
Zr1-05 2.055 N2-05 1.390 Cpl-Zr-04 97.03 04-C1=01 119.06
Zr1-01 2.305 Cpl-Zr-01 115.79 Zr1-05-N2 127.34
Zr1-04 2.392 04-Zr1-01 55.43

In the *H NMR spectra of N-phthaloyl amino acids and ketoximes, the singlet/broad singlet of the
carboxylic and >C=N-OH groups were observed in the regions & 7.99— 8.90 and & 9.53-9.87, respectively.
These singlet/broad singlets were not present in the *H NMR spectra of zirconocene complexes. The
disappearance of these signal/broad signals indicates deprotonation of these two ligands and the formation
of Zr-O bond in zirconocene complexes. Aromatic protons of N-phthaloyl amino acids and acetophenone
oxime(LoH) were observed as a complex pattern in the region & 7.14 - 7.90. The signal for

19|Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY
[IJIERT] ISSN: 2394-3696 Website: ijiert.org

VOLUME 9, ISSUE 7, July -2022

cyclopentadienyl ring protons in zirconocene complexes 1,2 and 3 appeared as singlets at 6 6.43, 6 6.46 and
0 6.50, respectively.

p CsHs
R 0
N_C|H_C4’_\Zr—O—N :
N\-
7] <R.
0 CsHs

Where

R=-CH(CHz)2; R’=-CH3; R”=-CHs  (CsHs)2ZrApL )  complex 1
R=-CH(CHz)2; R’=-CHj3; R”=-CeHs (CsHs)2ZrApL ;)  complex 2
CHR= -CH2CH>-; R'=-CHj3; R" = -C¢Hs (CsHs)2ZrAp)L ;) complex 3

Figure 1 Structure of zirconocene complexes

3.3 Mass spectrum

Mass spectrum of (CsHs)2ZrAwL ) (complex 2) was recorded. This spectrum demonstrated a number of
peaks associated with various fragments which were formed due to loss of the ligands and side chain.

On the basis of mass and spectroscopic (IR and *H NMR) studies, a pentacoordinated geometry (figure 1) may
be suggested for these zirconocene complexes.

3.4 Computational study

Where Ligl=Cp1; Lig2=Cp2
Figure 2 Optimized molecular structure of complex 1 (hydrogens are omitted)
DFT(B3LYP) was used to calculate optimized structure, optimized structural parameters (bond lengths and
bond angles) of the complex (CsHs)2ZrA@L 1) (complex 1).The geometry of zirconocene complex has been
optimized and important structural parameters (selected bond lengths and bond angles) are listed in table 3.
The energy and dipole moment of the studied complex are -1540.00067 au and 3.37 debye, respectively. The
frontier molecular orbital analysis has been done to understand the reactivity of the complex1 [25], [26]. In
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this complex, Exomo and ELumo are -5.8 eV and -2.3 eV, respectively. The AEgap is equal to 3.5 eV which
in turn demonstrates high chemical reactivity and less stability of this complex.

IV. CONCLUSION

Incorporation of zirconocene into N-phthaloyl amino acids and ketoximes was carried out by the reaction of
Cp2ZrCl, with these two ligands in the presence of EtsN in 1:1:1:2 molar ratio in boiling tetrahydrofuran.
These monomeric coloured products were recrystallized from benzene-pet.ether mixture. These newly
generated zirconocene complexes were characterized with the help of mass and spectroscopic (IR and 'H
NMR) evidences. Density Functional Theory(B3LYP) was employed to investigate the optimized structure,
energy, geometry and stability of one representative zirconocene complex to support the structures of these
complexes. A penta coordinated topology may be suggested for these zirconocene complexes on the basis of
mass, spectroscopic and DFT studies.
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