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ABSTRACT. Reaction of the Fe(II) complex of a fully saturated tetradentate macrocyclic
ligand (Fe((14)aneNy) (CH;CN),] 2", where (14)aneN, represents 1, 4, 8, 11-tetraazacyclotetradecane,
with O, has been investigated in acetonitrile solutions. [Fe([14)aneN,) (CH,CN),)2* reacts with
oxygen to yield low spin Fe(III) species, (Fe((14)aneN,) (CH;CN),)3*, which undergoes metal
ion assisted oxidative dehydrogenation of the macrocyclic ligand to produce low spin Fe(II) complex,
(Fe([14) tetraeneNy) (CH,CN))?**. The macrocyclic ligand in (Fe([14) tetraeneN,) (CH;CN) ;)2 is
highly unsaturated and its double bonds are conjugated. (Fe((14)dieneNy} (CH;CN),J 2t and [Fe-
((14)dieneN,) (CH3CN},) %+ are isolated as the intermediates of the reaction. The Fe(II) complexes
involved in this oxidative dehydrogenation reaction react with carbon monoxide to give respective
carbon monoxide derivatives, (FeL (CH;CN)(CO)}2* (where L=macrocyclic ligand). The values
of veo of [FeL(CHSCN) (CO))?*, and the electrochemical oxidation potentials of Fe(II) —Fe(III)
and the qualitative stability toward air-oxidation for (FeL(CH3;CN),)2* increase as the degree of
unsaturation of the macrocyclic ligands increases.
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Fig. 1. {Fe{14)aneN;) (CH:CN)2) (ClOg)s (Nujol
mull).
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Toble 1. ARFEES) g2 £4 dolg

o . o & A & A A
. ' = c H N C H N
[Fe((14) aneNy) (CH;CN)2) (Cl0y)5* 31.30 563 1565 31.69 59 1522
(Fe((14) aneNy) (CH,CN)2) (CiOy)4 26.41 4.75 13,20 2645 4.70 13.19
(Fe ((14] tetraeneN;) (CHiCN) ) (C10¢) 2 3L.78 419 158 3199 4.31 1578
(Fe((14) tetraeneNy) (CHiCN),) (PFs)2 27.11 358 1355 2595 3.49 1314
Table 2. AN ~MEZ vo]et
2 3 5 VN-H Ye.n O vc.o vean(em™L)
{Fe([(14}aneNg) (CHLCN)2) (CIO4), 3260 2284
(Fe((14)aneNy) (CHsCN)2) (CIO) 4 3190 2280, 2300
(Fe((14}dieneNy) (CH,CN)2) (PFq)2 3250 1665 2260
(Fe([{14}dieneNy) (CHiCN) ) (ClOy)4 3210 1660 2280, 2300
(Fe((14)tetraeneNy) (CHCN)2) (PFs)2 3230 1670, 1620, 1560 2280, 2320
Table 3. AAEF 2 ER dlo)g}
#} & ¥ 4+ Ymaxs hR(E)
(Fe{(14}aneNy) (CH3CN) ) (ClOg) V7 CH:LN 368(140), 540(65)
(Fe((14) aneNg) (CHiCN) ) (CIO0) s CH:CN 372(340), 417sh. (204)
(Fe((14)dieneNy) (CH3CN) ) (C1Oy)2 CHCN 336(1220), 360sh. (500), 540(121)
(Fe((14)dieneNg) (CH{CN)5) (ClO) 3 CH,CN 235(5800), 367(391), 415sh. (215)
(Fe([14) tetraeneN,) (CHaCN),) (PFg) CH«CN 233(11800), 345(7500), 875(8810)

Table 4. Fe(ID A3 4E Q4A3tda frmHe) CO 4
58T

3t ¥ = veo (em™)
(Fe((14)aneNy) (CH3CN) (CO)) (CIO) 1965
(Fe((14)dieneN,) (CH,CN} (CO}} (ClOyg) 2 1970
{(Fe((14) tetraeneNg) (CHLCN) (CO)) (PFs) . 2010
(Fe(L3) (CHsCN) (CO)) (CiOs)2 1974

(Tablet B 5) 3459 2% 94 AFZE
A8 cr ALY 45 &4 £AAF voo
7ol Adza]gztze] T2 A AA 7}
A& ole] FHAA e Ao GO,
{Fe((14] dieneN,) (CH,CN).) (C10,)5. ol 3t
#F29 AN A¥EHE 3210cm~l| A N-H
AZNEL, 22 3 1660 cm o4 C=N A %3
g vebich M9 ol EviES C=N A

22 5-& 22805 2300 cm™le) A REA] ViERd
o, AAFT = EY (Table 3)& (Fe((14}-
aneNy) (CH:CN) 2} (Cl0p) 9] Z 3t FAHeks ot
2k o) 9} vt 2 B 29 I AATFR
F &g ¢ A Adzg #g=d AF
Aletdol s A F& ojFAEY EAHFT -
E fied Aol & 9% 77 ot Hx
T AANA FFedst vebdel F Table3 of
A 2E vps} 7ol (Fe((14)aneNy) (CH3CN)o)**
8} (Fe([14)dieneN,) (CH:CN)2)2t2] ~3 E 9]
frAsk 2 (Fe(((14)aneN,) (CH;CN) )%+ 9t (Fe-
((14) dieneN,) (CH;CN)2)3%9] AF ERlo] HA
Blel, o] 35S ot EYER ol L7k
& Artsln 7S AolFH 2FA 9
(Fe((14) tetraeneN,) (CH;CN) )27} 4 4 =l o},
(Fe({14) tetraeneN,) (CH,CN),) X. (X=
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Table 5. Cyclicvoltammetry data®

3} g = Fel2t—FeL3+ Fel2*—FelL* FeL*—FeL®
(Fe((14)aneNy) (CHsCN)2) (CIO;) 2 +0. 54 <—0.2
{Fe({14)dieneNy) (CHLCN)2) (ClOg) 2 +0.78 <-1.8
[Fe( (14) tetraeneNy) (CHiCN) 2} (ClOg) . +0.83 —0.43 —~0.72
[Fe(Ly) (CH;CN)2) (ClOg) 216 +0.68
(Fe(Ls) (CHCN)7) (ClOg) 216 +0.74

471 %A T : Ag/AgCl A3, £ : 0. 1N (n-Bu)sNCIO©PH BV E 2 &),

Tl
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Fig. 2. (Fe{(14)tetraeneNy) (CH:CN)2) (PFs)2 9 A
A ~d " (Nujo! mull).
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013 £ Fe(ll) 352 A3 s &3t
(Fe((14) tetraeneN,) (CH,CN)2) (PFe) 22| oA
EUEed $499 AMAEEE 238027 'em M
(Fe(I) =7.05x107*M, 20°C)24 1:2 AA
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Atk o1 E AFl sl o] AFES FedD
9 BT ER FBEe 4719 FEAHE £
Wtz Ak A4 2 e 3230cm™d
A N-He 4%2%0] 4343 vy C=C
9 C=Nd #@es 1F2%e] AFAF
1670, 1620, 1560 cm™'o] 1iehde} (Fig. 2), o
s opEVEAY C=N A&Z%2 2280%
2320 cm~lel A ofaiAl viehdel AAFT 2
EY (Table3)2 875nm e A Fe(IDs} #7=
Aolol] Fgt Aol E AHEHE el ©
#g Fe(ID) o} Avkzs) 27k=7te] Adelsd
A AFANA) F&¢ dndt =%
Fe(ID) —a-diimine ¢] A3to] Fu] ¢l 540nm T3
AAe FFrch o 3 diAdAy Qe
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Fig.3. (Fe((14)tetraeneNy) (CHCN)) (PFe),9l H
nmr spectrum (270 MHz)., &of: CDCN.
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Cyclicvoltammetry o] 9]@ (Fe([(14)aneNy)-
(CH:CN)2)2*, (Fe((14)dieneN,) (CH,CN),)*+ 2
(Fe([14) tetraeneN,) (CH;CN},) 2¥8} 0. 1N {(n-Bu),
NCIO, o} B EF §-4 Fo| A 9 A7) 313 6| o]
B Fig. 40 29 .0 Table 5.0 2 A5}
E 893}, o] dolgd 23w Fe(ID)—Fe
) 29 A3l 2 =7 (14)aneNgoll A (14)-
dieneN;, (14)tetraeneN,2 B2 X 8x7} ZF7%
T&AHYAY, F ExIEt 58 (Fe((14)-
tetraeneN,) (CH,CN)2)*8] 7 ¢ A8k 747 of
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-
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POTENTIAL, VOLTS vs Ag/AgCl
Fig. 4. Fe(ll) A3¢29¢] cyclic voltammogram (20
mV/sec), £oll : 0, 1M (n-Bu) NCIO; acetonitrile. (A)
(Fe{(14)aneNy) (CH:CN)2) (C1O0), (B) (Fe((14)diene
Na) (CHiCN) ) (CI00), (2.63%1073M). (C) (Fe((14)
tetraeneN¢) (CH:CN)2) (CIQg) 2 (1. 39X 10-3M).
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