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Synthesis and Structural Characterization of Iron (III) Complexes with a
New Functionalized Polypyridyl Ligand

Sheida Ahmadi

Department of Chemistry, Payam Noor University, P.O. Box 19395-1697 Tehran,Iran

Abstract

In this study, the synthesis of a new polypyridyl ligand featuring bis(pyridylmethyl)amine functionalized with a
)L(long alkyl chain, along with the preparation of its corresponding iron(IIl) complexes, is reported. The ligand
was synthesized via nucleophilic substitution reaction and subsequently used to prepare two iron(Ill) complexes,
[Fe(L)Cl:] and [Fe(L):]-5H20, employing various iron(III) salts. The resulting compounds were comprehensively
characterized using elemental analysis, FT-IR spectroscopy, 'H NMR and *C NMR spectroscopy, ESI-MS mass
spectrometry, molar conductivity measurements, UV-Vis spectroscopy, EPR, magnetic properties, and single-
crystal X-ray diffraction for one of the complexes. The obtained structural and electronic results were supported

by DFT and TD-DFT calculations, confirming the high-spin nature of the iron(III) ion in both complexes.

Keywords: Iron complex, crystal, functionalized polypyridyl.
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Yield: 87% (1.556 g, 4.37 mmol; 355.52 g mol 1). IR spectrum (ATR, cm1): 3338(br); 3062(w); 3006(w);
2926(s); 2851(s); 1662(w);1592(s); 1472(m); 1431(s); 1356(m); 1130(w); 1050(s); 989(m);759(s); 619(s).
IH NMR (400 MHz, CDCI3, d, ppm, TMS): 8.51(d, J 5.00 Hz, 2H); 7.65 (t, J 8.0 Hz, 2H); 7.54 (d, J 8.0 Hz,
2H);7.13 (t,J 5.0 Hz, 2H); 3.80 (s, 4H); 3.62 (t, J 6.4 Hz, 2H);2.55 (t, J 6.9 Hz, 2H); 2.26 (s, 1H); 1.60—1.48
(m, 4H); 1.38-1.14(m, 12H). 13C NMR (100.5 MHz, CDCI3, d, ppm, TMS):160.2; 148.9; 136.4; 122.8;

121.8; 62.8; 60.5; 54.5; 32.8; 29.5; 29.4;29.4; 29.4; 27.3; 27.0; 25.7. ESI(+)-MS (CH3CN; m/z,Da):
355.95[L+H+] (100%); 377.89 Da [L+Na+] (15.20%) and 393.98 Da[L +K+](6.33%).

(V) [Fe(L)Cls]  wsdpoS 3w
sbeo 00 OOR 9 FeCls-6H20 (_SJyL.A ng::.a LY JyL..a BN LA.;LiJ le:m Lglo}.]aé Qos}él d")j" )“ \ JSLJ

Yield: 92% (0.238 g,0.460 mmol) based on ligand. Anal. caled for C2H33Cl13N3OFe, FW=517.72gmol
1:C,51.04; H,6.42; N,8.12. Found: C, 50.40; H, 6.30; N, 8.14%.

IR spectrum (ATR, cml): 3524(w); 3364(br); 3078(w); 2927(s); 2852(m); 1598(s); 1568(w); 1487—
1427(m); 1377(m); 1287(m); 1162(m); 1056(s); 1016(s), 770(s) and 644(s). Molar conductivity (CH3CN,

1.0 103 mol L 1). AM =6.78 uS cm™! (neutral compound). Effective magneticmoment (dmso-d6) meff =
6.2 uB.

(Y) [Fe(L)s](ClO4)3 .5H,0 wSdyoS joms

Jj.sl.ue ) FC(C104)3'6H20 J9l>u 4 (1) u.:oT 0% 4 Cawd Vi) ‘_Jyo S b Lul&y oy u,.SL.oS s LS‘):‘
ceslie Hob 550 Gl WL o8 ) le 0)T laz jeSiny slogd (5, Lygoar Jgaze (058 5l Ly D 0393
oobeie ;o b g 009 (5ol 052l (638 IS slacSies : casl ST L aid Jol> uSheS ol 51 X 5 }leﬂ <!y

g IS JelS blesl b oS

Yield: 95% (0.548 g, 0.475 mmol) based onligand. Anal. caled for C44H76Cl3N6O19Fe, FW = 1153.31 g mol
1:C, 45.74; H, 6.63; N, 7.27. Found: C, 45.56; H, 6.47; N, 7.07%.

IR spectrum (ATR, cml): 3493(br); 3112(w); 2981(m); 2926(m);2850(m); 1607(m); 1526(w); 469(m);

1445(m); 1384(w); 1295(w); 1246(w); 1070(br), 764(s); 618(s). Molar conductivity (CH3CN, 1.0 10 3 mol
L 1) AM =422 puS Cm' (3:1 electrolyte type).
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Complex  m/z (Da)  Formula Species
1 356.29 C,oH4, N0 {[L + BT
446.16 C,,H;3;CIFeN;0 {[Fe"(LE*CI]*}
481.12 Cy,H33CLFeN;O  {[Fe™(LC9Cl,]'}
2 356.29 C,,H;,N;0 {L® + HTY}
42819 CyoH3,FeN;0, {[Fe" (L) (OH)]'}
445.15 C,,H;35FeN;0; {[Fe™ (L") (0H),]}
464.18 CyaHayFeN;0, {[Fe"™(L')(OH)(OH,).]"}

Ly zsoetoacs bazmo po (D) ool (g ols (Lad 5 0 Geed eSS X g (3 L) (eSS g0k 5L
9 Fe-N (_g..b}.u J..o‘sﬁ (Y‘ Jiw)w‘ 0l @0)9.355 ..\J).LT ..\.sli...! dw g J.llia.! u)ﬁ)""" P"‘ dw h.u}.\ 9 w‘)]
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Elementalformula C22H33CI3FeN3O
Formulaweight(gmol 1) 517.71
Temperature(K) 300(2)
Wavelength(A) 0.71073
Crystalsystem Orthorhombic
Spacegrogp Cmc2,
SE A% 11.0933(5)
o(A) 18.9340(9)
a=b=¥(°) 12.1 126(5)
V( AS) 90
7 2544.1(2)
r(gem?) 4
F(000) 1.352
w(mm™) 1084
O rangefordatacollection (%) 0.926
Completenesstoy © =25.21 3.8t027.9
Absorptioncorrection 99.5%
. Tmax/Tmin Semi-empirical from equivalents
Reflectionscollected/unique 0.7456 and 0.6862
No.of ‘‘observed’’reflections ) A
[1>20(1)] 56414/3189[Rint=0.041]
GOF on F? 1.034
RiandwRo[I>20(1)] * Ri=0.032 ,wR>=0.081
RiandwR>(all data)? R1=0.038, wR2=0.08
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