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Dendritic Models of Redox Proteins: X-Ray Photoelectron Spectroscopy and 
Cyclic Voltammetry Studies of Dendritic Bis( terpyridine) Iron@) Complexes 
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Abstract: A series of iron-containing 
metallodendrimers from the zeroth to the 
third generation was synthesized and 
characterized. The iron@) ion of these 
metal complexes is encapsulated within a 
hydrophobic polyether dendritic envel- 
ope. X-ray photoelectron spectroscopy 
analysis revealed that the bonding envi- 
ronment of the iron atom was essentially 
the same in dendrimers of different gener- 

ations. However, cyclic voltammetry higher-generation dendrimers. These ob- 
studies indicated that the reversibility of servations were similar to those of a relat- 
the metal redox process decreased in the ed electrochemical study conducted on 

the redox protein cytochrome C, in which 
the decrease in electron transfer reversibil- 
i ty  was explained as a result of the increas- 
ing remoteness of the metal ion of the 
higher-generation dendrimers from the 
electrode surface. 

Research in dendrimer chemistry has moved on from the initial 
efforts devoted to dendrimer synthesis and investigations of 
structural properties.[’] Emphasis in this area has recently been 
switched to the exploration of the practical use of functionalized 
dendritic molecules,’21 and the potential of these hyperbranched 
molecules in molecular recognition, biological modeling, and 
catalyst applications has begun to emerge. Instead of looking at 
the global properties of dendritic molecules, studies are now 
focused on the change of photophysicaI/photochemi~al,~~’ elec- 
trochemi~al,’~~ optical,’51 host-guest encapsulation,[6] and cata- 
lytic properties[’] when simple functional units (e.g., photoac- 
tive, redox-active, or catalytic) are attached to a dendritic 
matrix. 

Hyperbranched dendrimers, in contrast to simple polydis- 
perse long-chain polymers, are unique macromolecular models 
for the study of a wide range of biological processes. Because 
they are monodisperse and have a highly ordered architecture, 
the properties of functional dendrimers can be easily correlated 
to their molecular dimension and topology. They are ideal arti- 
ficial models of biomolecules such as proteins and enzymes and 
can be used to mimic biological processes that are inaccessible 
with lower molecular weight models. By attaching simple func- 
tional groups to different positions of a dendritic matrix, one 
can set up different types of biological models and study the 
various kinds of macromolecular interactions. For example, the 
functional group may be encapsulated inside a dendritic envel- 
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ope, thus providing a good opportunity to investigate the inter- 
nal properties of the dendrimer by observing the property 
change of the functional group of interest. The dendritic zinc 
porphyrin system recently disclosed by Diederi~h[~’*‘~ repre- 
sented one of the pioneering works looking at the change of 
redox behaviour of the zinc ion upon dendrimerization. Alter- 
natively, a dendritic model with the functional group located on 
the exterior surface permits an evaluation of the influence of the 
dendritic surface on the properties of the functional moiety. For 
instance, Br~nner[’~I reported the modulation of catalytic reac- 
tivity of a novel series of catalytic dendrimers (dendrizymes) by 
attaching chiral groups on a bisphosphine ligand. More interest- 
ingly, if more than one functional group is attached to a dendrit- 
ic matrix, the resulting entity is an ideal model for studying 
cooperation or allosteric interactions between these functional 
units. For example, negative catalytic cooperation of a den- 
drizyme with multiple arylnickel(n) catalytic centers has been 
observed by van K~ten.[’~l 

Amongst these modeling processes, the modulation of physic- 
ochemical properties of the interior functional core by the den- 
dritic envelope is of particular interest. This effect is similar to 
that of the polypeptide scaffolding of an enzyme molecule that 
provides the chiral and substrate-specific environment for the 
reactive functional groups inside the active site. With regard to 
redox-active proteins, the polypeptide surfaces function as im- 
portant determinants for the specificity of electron transfer by 
defining the positions of the redox centers and the electron- 
transfer pathways.[*] In contrast to enzyme or protein mole- 
cules, in which the three-dimensional environment of the cata- 
lytic pocket is engineered by the amino acid sequence, the 
synthesis of functional dendrimers with a predefined three-di- 
mensional structure has been a challenge. Fortunately, recent 
advances in dendrimer synthesis facilitate the incorporation of 
specific functional groups at predefined positions within a den- 
dritic matri~.~’] As a result, a number of novel metalloden- 
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drimers with the metal ion situated in the interior of the dendrit- 
ic structure have recently appeared. These dendritic systems 
were designed to model the electron-transfer process of redox 
proteins. For example, it was discovered that electron-rich den- 
dritic fragments attached to zinc porphyrin facilitated oxidation 
but disfavored reduction of the zinc Most intriguingly, 
the redox potential of zinc porphyrin could also be modulated 
by the environmental p~larity.'~'' On the other hand, a hydro- 
carbon dendritic envelope was reported to decrease the re- 
versibility of the redox process of bis(terpyridine) ruthenium(n) 
complexes.14b1 These examples show that metallodendrimers are 
interesting mimics for metalloproteins and the dendritic envel- 
ope does affect the redox properties of the metal ion of interest. 
In this paper we disclose our own studies on the changes in 
solubility and redox properties of a series of hexacoordinated 
iron@) complexes in which the metal ion is encapsulated be- 
tween two compact polyether-based dendritic terpyridine (ter- 
py) ligands of the types 1-4 (Fig. 1). We also report here the use 
of X-ray photoelectron spectroscopy to study the structure and 
electron-transfer processes of these macromolecular complexes 
in the solid state. 

Results and Discussion 

Several terpyridine-based metallodendrimers have been report- 
ed in the past, notably those of Newkome and Con~table,"~. lo] 

but the study of their electrochemical properties has been limit- 
ed to those of the ruthenium(l1) complexes. The study by 
N e ~ k o m e [ ~ ~ l  showed that the decrease in reversibility of the 
metal redox process towards higher-generation dendrimers 
could be attributed to the increasing steric destabilization of the 
oxidation and reduction states of the higher-generation metallo- 
dendrimers. In Newkome's example, the ruthenium(i1) ion was 
encapsulated between two dendritic terpy ligands, one of which 
contained a flexible long-chain hydrocarbon spacer between the 
terpy and the dendritic moieties. As a result, the metalloden- 
drimer had a relatively flexible and open structure. Hence it is 
difficult to address the steric environment around the ruthenium 
center, especially its distance from the two polyamide dendritic 
envelopes. Our aim is to sandwich a metal ion in a structurally 
rigid and sterically compact dendritic matrix. The absence of a 
flexible hydrocarbon link in our models could reduce the con- 
formational flexibility of the dendritic moieties with respect to 
their positions around the iron center and allows us to attribute 
the redox property change to the molecular dimension of the 
dendritic fragment more precisely. 

Synthesis: The dendritic terpy ligands 1-4 consist of two com- 
ponents: the terpy moiety for metal complexation and a 
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Fig. 1 .  The dendritic terpyridine ligands 1-4 and the dendritic sectors 5-8. 

polyether-based dendritic component.[' ' I  The dendritic sectors 
5-8 have the advantage of being stable in both acidic and basic 
media. Moreover, they do  not show any redox process 
from - 2.0 to 1.9 V in cyclic voltammetry studies" '1  and there- 
fore enable us to study the electrochemical properties of the 
resulting metallodendrimers without interference from the den- 
dritic matrix. 

The starting point for the synthesis of the terpy core was the 
4-substituted benzaldehyde 9 (Scheme I),  which could be pre- 
pared from commercially available 4hydroxybenzaldehyde by 
coupling to 3-bromopropanol in the presence of potassium car- 
bonate in acetone. The benzaldehyde derivative 9 was then con- 
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Scheme 1. Synthesis ofdendritic terpyridine ligands. i) 3-bromopropanol, K,CO,; 
ii) 2-acetylpyridine, MeCONH,, NH,OAc; iii) TsCI, pyridine; iv) 11, KzCO,, 
acetonelDMF. 
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verted to the 2,2':6',2"-terpy derivative 10 in one pot as de- 
scribed in the literature.[' 21 As expected, a 4: 1 mixture of the 
desired terpy 10 and its 2,2:4',2"-isomer was formed, which 
were readily purified by a metal complexation - decomplexation 
procedure.[' 31 Subsequent conversion of the primary hydroxy 
group to the corresponding ptoluenesulfonate 11 was effected 
by treatment of 10 with toluene sulfonyl chloride in the presence 
of pyridine. This sulfonate 11 could then be used to connect to 
the polyether dendritic sectors 5-8 of different generations. 

The synthesis of the polyether-based dendritic phenols of dif- 
ferent generations 5-8 has been described elsewhere." ' I  Cou- 
pling of zeroth-generation dendritic fragment 5 to the core 11 in 
the presence of K,CO, in acetone proceeded smoothly to give 
the zeroth-generation terpy ligand 1 (GO) in 80% yield. The 
assembly of the higher-generation dendritic sectors 6-8 onto 
the terpy moiety 11 required the presence of DMF as a cosolvent 
to accelerate the reaction. Thus the ligands 2-4 (C 1 -G3), from 
the first to the third generations, could be obtained in 96,90, and 
89 YO yields, respectively, from 6-8. For comparison purposes, 
a nondendritic terpy ligand 12 was also synthesized in 76% yield 
by coupling 11 to ferr-butyl phenol (Scheme 2). 

ArOH 
ii, iii - I 
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Ar = 4-(tert-butyl)phenyl 
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Q 
O( CH&OAr 

2PF; 
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2 ii. iii ~ 15 

Scheme2. Synthesis of metal complex 13. i f  11 ,  K,CO,; ii) FeC12.4H20; 
iii) NH,PF,. 

The final step of our synthetic sequence involved complexa- 
tion of the dendritic ligands with the iron(n) ion. Treatment of 
the nondendritic terpy ligand 12 with FeC1,.4H,O in methanol 
afforded a deep purple complex [Fe(l2),I2'. Precipitation of 
this complex with NH,PF6 afforded the hexafluorophosphate 
salt [Fe(12)JPF6], (13) in 67% yield as a purple crystalline 
solid. By the same procedure, [Fe(l),][PF,], (14) could be ob- 
tained in 65 % yield as a purple crystalline solid. The dendritic 
ligands of higher generations proved to be insoluble in boiling 
methanol and therefore a mixture of chloroform and ethanol 
was used as the reaction solvent. In this manner, [Fe(2),][PF6], 
(15), [F~(~)ZI [PF~IZ  (161, and [F~(~)ZI [PF~I ,  (17) were synthe- 
sized as purple amorphous solids from 2,3, and 4 in 82,79, and 
80% yields, respectively. 

Structural characterization: The structural identities of these 
metallodendrimers were confirmed by 'H, I3C NMR, mass 
spectrometry and elemental analysis. The presence of the doubly 
charged molecular ion Fe(terpy): + in the mass spectra provided 

strong evidence that these metallodendrimers formed were the 
bis(terpy) iron(i1) complexes instead of the rarely isolated red- 
dish-purple mono(terpy) iron([]) As expected, on 
going from the lower to the higher generations, the 'H and 13C 
NMR spectra showed a gradual decrease of signal intensities 
arising from the terpyridine core relative to the dendritic aro- 
matic and aliphatic envelope signals (Figs. 2 and 3). We know 
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Fig. 2. 'HNMR spectra showing the aromatic region (6 =10.0-6.5) of iron(n) 
terpyridine complexes 14- 17 (A denotes signals arising from the polyether dendritic 
sectors). 

these metallodendrimers also exist as the bis(terpy) complexes in 
the solution state because their 'HNMR spectra consist of 
sharp signals. The high spin mono(terpy) complexes are para- 
magnetic['41 and much signal broadening in their 'HNMR 
spectra would have appeared. 

Solubility properties: In contrast to lower molecular weight bis- 
(terpy) iron(r1) complexes, which are readily soluble in polar 
solvents but only slightly in chlorinated solvents, the metallo- 
dendrimers 14-17 are readily soluble in chloroform, acetone, 
and THF, but not in polar solvents such as acetonitrile or alco- 
hols despite their ionic character. The hydrophobic environ- 
ment associated with these metallodendrimers 14- 17 probably 
forces the counteranion PF, to form a tight ion pair with the 
iron(rr) ion within the hydrocarbon dendritic envelope. The 
ionic nature of these macromolecular complexes in solution is 
thus masked and leads to a change in their solubility properties. 

X-ray photoelectron spectroscopic studies: The metalloden- 
drimers were examined by X-ray photoelectron spectroscopy 
(XPS) to provide information regarding the electron structure 
and chemical environment of the core electrons in the solid 
state. Samples were prepared as a thin-layer disc placed on alu- 
minum foil and subjected to X-ray photoelectron analysis. All 
the basic atomic constituents of the metallodendrimers could be 
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Fig. 3. ”C NMR spectra of iron(i1) terpyridine complexes 14- I7 (A denotes signals 
arising from the polyether dendritic sectors). 

identified in the region scans except for the third-generation 
complex [Fe(4),][PF6], (17), in which the peak for the iron 2p  
photoelectron could not be detected (Table I and Fig. 4). This 
could be a result of the extremely low percentage of iron content 

Table 1 .  XPS results (eV) for iron(n) complexes 13-17 [a]. 

Metallodendrimers Binding energies Difference 
C l s  N l s  0 1 s  F e 2 p  P 2 p  F l s  ( F e 2 p - N l s )  

[Fe(12),][PF6], (13) 287.0 401.7 534.7 710.4 138.2 688.0 308.7 
[Fe(l),][PF,], (14) 287.5 401.7 535.0 710.6 138.1 688.3 308.9 
[Fe(2),][PF6], (15) 287.0 401.7 534.7 710.5 139.8 688.1 308.8 
[Fe(3),][PF6], (16) 287.0 401.7 534.5 710.5 139.5 688.0 308.8 
[Fe(4),][PF6], (17)’ 287.2 401.7 534.7 - 139.4 688.1 - 

[a] Only the relative peak positions are meaningful because of surface charging. All 
values are reported relative to the binding energy of the N 1 s orbital. which is set 
at 401.7 eV. 

in this molecule, leading to an insignificant signal. Another pos- 
sible factor is that the iron atom is buried deep inside the macro- 
molecule, resulting in a higher probability that the escaped elec- 
tron is scattered by the surrounding matter and thus diminishing 
the iron 2p  photoelectron signal intensity. Owing to the increas- 
ing oxygen content, the oxygen 1 s signal became more promi- 
nent than the carbon 1 s signal in the XPS spectra of the higher- 
generation dendrimers. The decreasing relative fluorine, iron, 
nitrogen, and phosphorus contents in the higher generations 
were also reflected by their diminishing signals in the corre- 
sponding spectra. It was also found that the difference in bind- 
ing energies between the nitrogen 1 s and iron 2p  electrons re- 
mained essentially the same (309 eV) in metallodendrimers of 
different generations. Since the binding energy of a particular 
atom is sensitive to its oxidation state, and in particular to its net 
charge, this result suggests that the coordinating environments 
of the metal ion in different generations are very similar irre- 
spective of the increasing size and molecular weight of the lig- 
ands. 

Cyclic voltammetry studies: The results of cyclic voltammetry 
studies of these metallodendrimers provided useful informa- 
tion regarding the redox properties of the molecules in the 
solution state (Table 2). The nondendritic and lower-generation 
metallodendrimers 13- 15 (Fig. 5 )  exhibited one oxidation 
[Fe(ir) -+ Fe(nr)] (E ca. l .0V)  and two reduction [Fe(n) -+ 
Fe(i) and Fe(i) + Fe(O)] (E ca. - 1.3 and -1.5 V) processes. 

CI O J  . , 
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Fig. 4. X-ray photospectroscopic spec- 
tra (survey scan) of iron@) terpyridine 
complexes 14-17. 

I 
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Table 2. Cyclic voltammetry data (calibrated against ferrocene as internal stan- 
dard): €"'[approximated by@, +E,)/21 in V;  A€(E,-  €,)in mV. Experimen- 
tal conditions: sweep rate 100 mVsC', supporting electrolyte Bu,N+BF;, Ag refer- 
ence electrode, platinum working and counter electrodes, 23 "C. 

~ 

Metallodendrimers EeX1/' (AE) €,.d1'2 (I) ( A E )  €,4''2 (11) ( A E )  

l F e ( t e r ~ ~ ) ~ l I C ~ O , l ~  la1 1.09 -1.26 -1.41 
13 Ibl 1.03 (80) ~ 1.27 (80) -1.38(70) 
14 Icl 1.02 (130) ~ 1.29 (110) -1.48 (120) 
15 Icl 1.02 (200) -1.29 (140) - 1.47 (1 30) 
16 1.12 [d,e] - 1.36 [c.e] 
17 - Id.fl ~ 1.37 [c.e] 

[a] Solvent: MeCN; supportingelectrolyte: Et,N*PF; ; see ref 1151. [b] In MeCN. 
[c] In CH,C12. [d] In THE [el Poorly resolved signal. [q No signal observed. 

The average peak potentials 
[(Epc + Ep,)/2] of these three 
processes were essentially the 
same across the zeroth and 
first generations and were 
comparable to those of non- 
dendritic complex 13 and 
[Fe(terpy),][C104],[151 indi- 
cating that there is little 
change of the metal redox 
properties of these species 
upon dendrimerization to 
lower-generation sectors. This 
finding was similar to the 
cyclic voltammetry results of 
the ruthenium(i1) metalloden- 
drimers reported by 

1.2 O ~ O  -1.2 . -2.4 (m) N e ~ k o m e , ' ~ ~ ]  but was differ- 

I !id 13 ,i 
ent from that of the zinc(n) 

13- 15. dendritic porphyrin disclosed 
by Diederi~h,[~"] in which a 

Fig. 5. Cyclic voltammograms of 

shift of the oxidation and re- 
duction potentials of the zinc metal was observed when the 
central metalloporphyrin was enclosed within an electron-rich 
dendritic coating. The peak separation (AE) of the oxidation 
process increased by 50 and 120 mV on moving from the non- 
dendritic iron(n) complex 13 to the zeroth and first-generation 
metallodendrimers 14 and 15, respectively. Thus, the reversibil- 
ity of the redox reaction decreased with increasing generation 
number; this observation was in line with Newkome's results. A 
similar trend was also observed for the two reductive processes, 
although the decrease in reversibility occurred to a lesser extent, 
as indicated by a smaller peak separation (AE) value. 

Irreversibility of the 
electron-transfer process 
was first noticed in our 
second-generation ho- 
moleptic metalloden- 
drimer 16, with one irre- 
versible oxidation poten- 
tial at 1.12 V and one ir- 
reversible reduction at 
-1.36V (Fig. 6). The 
third-generation com- 
plex 17 exhibited no de- 
fined oxidative wave but 

1 w 

one irreversible reduc- 
1.8 0.6 -0.6 -0.6 -1.8 (EN) tion process at approxi- 
Fig. 6. Cyclic voltammograms of 16and 17 mately - .37 v. Because 
(left: oxidation; right: reduction). of their irreversible na- 

ture, these signals were poorly resolved and the errors asso- 
ciated with the reported redox potentials were high. It was 
noteworthy that irreversibility was first observed in our 
second-generation dendrimer, whereas Newkome's group 
first noticed irreversibility in their 1 :Ctiered heteroleptic ruthe- 
nium(a) complex. In contrast, the reaction of their 2: 3-tiered 
ruthenium complex was electrochemically and chemically 
reversible. 

The bonding and electronic nature of the iron(l1) center were 
essentially the same across the different generations, as indicat- 
ed by XPS studies, where the peak separation between the nitro- 
gen 1 s and iron 2 p  signals remained nearly constant. This was 
also supported by CV results obtained from the lower-genera- 
tion metallodendrimers. The decrease in reversibility of the re- 
dox transfer for the higher-generation dendrimers as compared 
with the lower ones in CV studies is of particular interest. It was 
previously suggested that the decrease in reversibility in the 
redox process was due to the increased steric hindrance of the 
higher-generation metallodendrimers, leading to the facile de- 
composition of the metal complex upon oxidation or reduc- 
ti0n.1~~1 Direct electrochemical studies of redox 
such as cytochrome C pointed out that protein molecules must 
bind reversibly to the electrode surface in order to achieve efi- 
ciently fast electron transfer. Moreover, even if the protein is 
adsorbed on the electrode, if the distance between its redox 
center and the surface of the electrode exceeds the distance 
across which electrons can be transferred at measurable rate, the 
rate of electron transfer is still minimal.['71 We believe that the 
polyether dendritic sector serves as an insulating coating for the 
iron(n) redox center, which was located deep inside the macro- 
molecular complexes. For the higher-generation metalloden- 
drimers, the increasing remoteness of the iron(n) ion from the 
electrode surface hinders the electron-transfer process and leads 
to the broadening of the CV waves and the decrease in re- 
versibility. Furthermore, the different degree of compactness of 
the dendritic coating around the metal center could also 
affect the reversibility of the redox reaction. Owing to the 
absence of the long C,, hydrocarbon spacer between our den- 
dritic sectors and the terpyridine core, our metal ion is probably 
more tightly sealed in than those of Newkome. Hence, irre- 
versibility of the redox behaviour appeared earlier in our den- 
dritic series. 

Conclusions 

We have reported here the details of the preparation and cha- 
racterization of a series of iron(@-containing metalloden- 
drimers with increasing molecular dimensions. The metal 
ion is located in the interior of a polyether dendritic matrix. 
The redox properties of these metallodendrimers in the 
solid and solution states were examined by XPS and CV tech- 
niques, with the aim of modeling the electron-transfer process 
of redox-active metalloproteins in nature. It was shown that 
the dendritic organic coating could alter the solubility and redox 
properties of the metal complexes. The size (dendrimer genera- 
tion) and shape (degree of compactness) of the dendritic 
sectors were discovered to be important determinants for the 
specificity of the electron-transfer process. The redox reac- 
tion of the metal ion became increasingly irreversible as the 
thickness of the dendritic coating increased. This decrease in 
reversibility of the electron transfer at the metal center for 
higher-generation metallodendrimers can be rationalized by the 
increasing remoteness of the redox center from the electrode 
surface. 
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Experimental Section 
Melting points were measured on a Reichen Microsope apparatus and are uacor- 
rected. 'H (250 MHz) and "CC(62.9 MHz) NMR spectra were acquired on a Bmker 
WM250 spectrometer. IR spectra were recorded on a Nicolet 205 IT-IR spectrom- 
eter as film on KBr discs. Mass spectra were obtained on a Bruker APEX 47e FTMS 
with liquid secondary-ion mass spectrometry (L-SIMS) or electrospray ionization 
(ESI) techniques. The reported molecular mass (mi;) values, unless otherwise speci- 
tied. were monoisotopic mass. Elemental analyses were carried out at MEDAC 
(UK). UV/visible spectra were recorded on a Hitachi U-2OOO spectrometer. Electro- 
chemical studies were carried out with a EG&G PAR Model 173 Potentiostat. 
Model 175 Universal Programmer. and Model RE0089 X-Y Recorder. The work- 
ing, counter, and reference electrodes were made of a platinum disc, platinum, and 
silver. respectively, and were polished with alumina immediately before use. Dry 
nitrogen was bubbled through samples for 3 min before CV experiments. Tetra- 
butylammonium tetrafluoroborate was used as supporriog electrolyte. Cyclic 
voltammograms were obtained at r a n  rate of 100 mi's-'. X-ray photoelectron 
spectroscopy (XPS) studies were performed on a Kratos AXIS-HS X-ray photoelec. 
Iron spectrometer (Mg,,. 1253.6 eV). Unless otherwise stated, all chemicals were 
purchased from commercial suppliers and used without further purification. Tosyl 
chloride was recrystallized from toluene before use. Dichloromcthane. N.N- 
dimethylforamide, and acetonitrile were distilled from P,O, and stored over 4 A 
mokcular sieves. Tetrahydrofuran (THF) was freshly distilled over sodiumjben- 
zophenone. Tetrabutylammonium tetrafluoroborate (TBAF ] was dried under vacu- 
um for 1 day prior to use. Neutral alumina (activity 1 1 )  was used for chromato- 
graphic separation of rerpyridine ligands and their corresponding iron@) 
complexes. 

4+5Hydroxypropoxy)beDzsldebyde (9): A mixture of 3-bromopropanol (11.4 g, 
82.0 mmol), 4-hydroxybenzaldehyde (10.0 g. 82.0 mmol) and potassium carbonate 
(22.6 g, 164 mmol) was refluxed in acetone (100 mLf for 30 h. The mixture was 
filtered and the filtrate concentrated in vacuo to give the crude product. Flash 
chromatography on silica gel (henaneiEtOAc = 211 gradient to S p )  afforded 9 (181 
(10.2g,69%)asacolorlessoil; R, = 0.18(hexane/EtZO =l/l) ;  'HNMR(CDC1,): 
6 = 9.75 (5, 1 H; CHO). 7.72 (d, '4H.H) = 8.8 Hz. 2H; Ar- H). 6.91 (d, 
31(H,H)=8.8Hz.2H;Ar-H).4.11(t.'J(H,H)=6.1 Hz.2H;CHZOAr).3.7S(t. 
'J(H.H) =6.1 Hz. 2H: CH,DH). 3.10-2.90 fbrs, 1H;  OH). 2.00 (quin, 
'J(H,H) = 6.1 Hz. 2H; CCH,C). 

4'-~4-(~Hydroxypropoxy)phe~1yI~-2,2':6'3"-terpyridiae (10): A mixture of 2-acetyl- 
pyridine (6.9 g. 57 mmol). acetamide (41 g, 390 mmol). ammonium acetate (30 g. 
690 mmol), and the aldehyde 9(5.2 g, 29 mmol) was refluxed at 180°C for 3 h. After 
addition of sodium hydroxide solution (24 g NaOH in 48 mL water), the mixture 
was heated at 120 "C for 2 h without stirring. The mixture was poured into water 
and extracted with dichlorornethane (3 x 80 mL). The organic layer was dried (Mg- 
SO,). filtered, and concentrated to give the crude product. Flash chromatography 
on alumina (hexaneICHC1, = 3/2 gradient to 3/4) gave a mixture of 10 and the 
2,2':4,2'-regioisomer as a yellow solid. This solid was redissolved in methanol 
(30mL)and FeCI,-4H20(1.81 g.9.10mmol)wasadded.Themixturewasrefluxed 
for a further 3 h, and a solution of NH,PF, (3.0 g, 18.2 mmol) in methanol ( 5  mL) 
was added to give a dccp purple precipitate. This precipitutc was collected and 
washed with dichloromethane (100 mL). The desired lerpy ligand 10 (2.8 g. 25%) 
was then regenerated as a light yellow solid by treating the purplecomplex with 30% 
HzO, ( 5  mL) in a mixture of acetonitrile (10mL) and aqueous NaOH solution 
(4 mL) following a literature procedure (131; m.p. 91-93°C; R, = 0.51 (hexanel 
EiOAc =l / l ) ;  'H NMR (CDCI,): 6 = 8.74-8.65 (m. 4H). 8.69 (s. 2H). 7.87 (d. 
'J(H.H) = 8.8 Hz, 2H). 7.87 (dt. 4J(H.H) =1.9 Hz and '4H.H) =7.6 Hz. 2H). 
7.35 (ddd, )J(H.H) =7.6 Hz. 'J(H,H) = 4.8 Hz and 'J(H,H) = 1.2 HI 2H), 7.02 
(d, )J(H.H)=8.9Hz, 2H). 4.17 (1. 'J(H,H)=6.0Hz. 2H; CHIOAr). 3.89 (1. 
'J(H,H) = 6.0 Hz, 2H; CH,OH). 2.08 (quin. '4H.H) = 6.0 Hz. 2H; CCH,C). 

136.8, 131.0, 128.5. 123.7, 121.4, 118.3, 115.0, 65.7 (CH,O). 60.2 (CH,O). 32.2 
(CCH,C); IR (film): G = 3367 (OH), 1608, 1585. 1568. 1515 Em-'; MS (EI): mlz 
(Oh) = 383 (77) [M '1 and 325 (100) 1.44' - C,H,O]: C,,H,,N,O, (383.5) calcd C 
75.18, H 5.52, N 10.96; found C 74.70, H 5.46. N 10.60. 

4'-[9(~T~yloxypropoxy)~~ylf-2,2':y5"-terpyddioe (1 1): A mixture of the alco- 
hol 10 (0.83 g, 2.2 mmol), tosyl chloride (2.0 g, 10 mmol), and pyndine (3.3 mL, 
48 mmol) was stirred at room temperature in dried dichloromethane (25 mL) for 
3d. Excess pyridine was evaporated in vacuo and the residue redissolved in 
dichloromethane (50 mL). The solution was washed with Na,CO, (20 mL) and 
NaCI solution (20 mL). The organic layer was dried (MgSO,). filtered, and evapo- 
rated in vacuo to give a solid which was recrystallized from CHC1,ihexane (2/5) to 
give tosylate 11 (0.83 g, 71 %) as a white crystalline solid; m.p. 144-145°C; 
R, = 0.22 (hexane/CHCI, = lop);  'H NMR (CDCI,): 6 = 8.73-8.65 (m, 4 H), 8.69 
(s, 2H). 7.90-7.81 (m. 4H), 7.75 (d, )J(H,H) = 8.3 Hz, 2H). 7.35 (dd. 
'J(H.H) =7.2 Hz and 'J(H.H) = 4.9 Hz, 2H), 7.23 (d. 'J(H,H) =7.9 Hz, 2H). 
6.86 (d, 'J(H,H) = 8.7 Hz, 2H). 4.26 (1. 'J(H.H) = 6.0 Hz. 2H). 3.99 (I, 
'J(H.H) = 5.8Hz. 2H). 2.34 (s, 3H; CH,), 2.14 (quin, "(H.H)= 5.9Hz; 
CCH,C); I3C NMR (CDCI,): 6 =159.4, 156.3. 155.9. 149.6, 149.0, 144.7, 136.8, 
133.0.131.0, 129.8, 128.4.127.8.123.7.121.3, 118.2.114.8.66.9.63.3. 28.9.21.5; IR 

1.85 (brs. IH ;  OH); "C NMR (CDCI,): 6 ~ 1 5 9 . 9 ,  156.5. 155.9, 149.7. 149.1. 

(film): i=1608, 1584, 1568, 1515, 1363, 1188 (O=S=O)cm-'; MS (El) :  m/r 

C,,H,,N,O,S (537.6)eal~d C 69.26. H 5.06, N 7.82; found C 69.02, H 4.96. N 7.72. 

4'-~(3-(pre~--Butylpheayl)propoxylpbenyl)-2,2':6',2"-t.-terpyridiw (12): A mixture of 
the tosylate I I  (200 mg. 0.40 mmol), 4-rerr-butylphenol (60 mg. 0.40 mmol), and 
potassium carbonate (100 mg, 1.0 mmol) was refluxed in acetone (30 mL) for 3 d. 
The mixture was cooled and filtered. Concentration of the filtrate followed by flash 
chromatography on alumina (hexane/EtOAc = 2/300 gradient to 2/100) afforded 
12 (0.14g. 76%) as a white crystalline solid; m.p. 123- 125°C: R, = 0.29 (hexanei 
CHCI, =100/1.5); 'HNMR(CDC1,): 6 = 8.72-8.63(m.4H). 8.70(sq2H).7.87- 
7.82 (m. 4H). 7.33-7.26 (m. 2H). 7.29 (d, 'J(H,H) = 8.8 Hz. 2H), 7.01 (d. 
'4H.H) =8.8 Hz. 2H). 6.87 (d. 'J(H,H) = 8.8H2, 2H). 4.19 (I, 3J(H,H) = 
6.1 Hz. 2H; CH,O). 4.15 (t, 'J(H,H) = 6.0 Hz. 2H; CH,Of. 2.26 (quin, 
'J(H.H) ~ 6 . 1  Hz,2H;CCH,C),1.29(s,9H.tBu);''CNMR(CDC11):6 =159.9, 
156.6, 156.4. 155.8, 149.7, 149.0. 143.5, 136.7. 130.8, 128.4. 126.2, 123.6, 121.3, 
118.2. 115.0. 114.1. 64.7 (OCH,), 64.4 (OCH,). 34.0 (Me , ) ,  31.5 (CH,), 29.4 
(CCH2C); IR (film): C=1608, 1584. 1567. 1514cm-': MS (L-SIMS): m/z 
(%) = 516.3 (100) [M +H+J .  

(%)=537 (10) [M']. 365 (53) [MI - H ~ s ] ,  324 (100) [M' -C,H,OTS]; 

CO(1): A mixture ofthe tosylate 11 (0.50g. 1.0mmol). 5 [11] (0.6og. l.Ommol), 
and potassium carbonate (0.30 g, 2.2 mmol) was refluxed in acetone (SO mL) for4 d. 
The mixture was cooled and filtered. The filtrate was evaporated in vacuo to give 
the crude compound. Flash chromatography on alumina (hexane/CHCI, = l0/3) 
afforded the terpyridine 1 (0.70 g, 80%) as a glassy white substance; R, = 0.24 
(hexane/CHCI, = 10/3); 'H NMR (CDCI,): 6 = 8.74-8.64 (m, 4H), 8.71 (s. 2H). 
7.90-7.82(m.4H). 7.34(ddd. '4H.H) =7.4 Hz, ,J(H,H) = 4.8 Hzand4J(H.H) = 

(d,3J(H.H)=8.8Hz.4H),6.11(brs,3H).4.20(t,3~(H.H)=6.2Hz,2H;CH,O). 
4.16-4.07 (m, 10H; SCH,O), 2.30-2.15 (m. 6H; 3CCH,C). 1.28(s, 18H; 2fBu): 
"CNMR(CDCI,):6 =160.7. 159.8. 156.5. 156.3, 155.8. 149.6, 149.0.143.3, 136.6. 
130.7, 128.4. 126.1. 123.6. 121.2. 118.1, 114.9. 114.0. 94.2, 64.5 (OCH,). 64.4 
(OCH,). 64.3 (OCH,), 33.9 (CMe,). 31.4 (CH,), 29.3 (CCH,C); IR (film): 
i. = 2962. 1605, 1584, 1568. 1514 cm-'; MS (L-SIMS): mi; (%I = 872.5 (100) 
[M +H+l;  C,,H,,N,O, (872.1) calcd C 77.12, H 7.05. N 4.82; found C 76.64. H 
7.03. N 4.76. 

C1 (2): A mixture of the tosylate 11 (0.16g, 0.30mmol). 6 [ l l ]  (0.38 mg. 
0.30 mmol), and potassium carbonate (0.10 g. 0.70 mmol) was refluxed in acetone/ 
DMF (30 mL. 9/1) for 3 d. The mixture was cooled. filtered. and concentrated in 
vacuo to give the crude product. Flash Chromatography on alumina (hexanel 
CHCI, = 20/7) aKorded the terpyridine 2 (0.46 g, 96%) as a glassy white substance; 
R, = 0.19(hexane/CHCI, =10/3); 'HNMR(CDCI,):6 = 8.75-8.65(m,4H).8.73 
(s. 2H). 7.93-7.84 (m. 4H). 7.35 (ddd, 'J(H,H) =7.4Hz. 3J(H,H) = 4.7 Hz and 
'J(H.H) =1.1 Hz. 2H). 7.28 (d. 'J(H.H) = 8.9Hz. 8H) ,  7.03 (d, 'J(H,H) = 
8.8 Hz. 2H), 6.83 (d, 'J(H,H) = 8.9 Hz. 8H). 6.14-6.10(m, 3H). 6.08 (s, 6H). 4.20 
(1. )J(H,H) = 5.9 Hz, 2H; CH,O), 4.13-4.05 (m, 26H; 13CH,O). 2.27-2.17 (m, 
14H; 7CCHJ). 1.28 (s, 36H; 4tBu); 13C NMR (CDCI,): 6 =160.8. 159.9. 156.7. 
156.5, 155.9. 149.8. 149.1. 143.5, 136.8, 130.8, 128.5, 126.2. 123.7, 121.4, 118.4, 
115.0, 114.1.94.4.64.7 (OCH,), 64.5 (OCH,), 34.0 ( m e , ) .  31.5 (CH,). 29.7.29.4; 
IR (film): i=1601, 1569. 1515cm-I; MS (L-SIMS): m/r (%)=1585.0 (47) 
[M +H'J; CIODH,17N30,. (1585.l)calcd C 75.78. H 7.44, N 2.65: found C 75.51, 
H 7.51, N 2.70. 

C2 (3): A mixture of the tosylate 11 (0.1 1 g. 0.20 mmol). 7 [ l l ]  (0.51 g. 0.20 mmol). 
and potassium carbonate (0.10 g, 0.70 mmol) was refluxed in acetone/DMF 
(35 mL. 6/1) for 2 d. The mixture was cooled, filtered. and concentrated in vacuo to 
give the crude product. Flash chromatography on aiumina (hexane/CHCI, = 72)  
afforded3(0.52 g,90%)asaglassy whitesubstance; R, = 0.19(hexane/CHC13 = S/ 
2); 'HNMR (CDCI,): 6 = 8.80-8.68 (m. 4H). 8.77 (s, ZH). 7.96-7.87 (m, 4H). 
7.42-7.35 (m, 2H). 7.27 (d. 'J(H,H) = 8.8 Hz. 16H). 7.03 (d, 'J(H,H) = 8.8 Hz, 
2H). 6.83 (d. 'J(H,H) = 8.8 Hz, 16H), 6.12-6.07 (m, 21 H), 4.24-4.03 (m, 60H; 
30CH,O), 2.25-2.15 (m. 30H; lSCCH,C), 1.28 (s, 72H; 8rBu); "C NMR (CD- 
CIJ: d=l60.8. 159.9, 156.6, 156.4, 155.8, 149.7, 149.0, 143.4, 136.7, 130.8, 128.5, 
126.1,123.6.121.3.118.3,115.0, 114.0,94.3.64.6(OCH,).34.0(CMe,),31.S(CH,), 
29.6,29.3; 1R (film): i~ = 2961. 2877. 1600, 1550. 1514cm-I; MS (L-SIMS): m/r 
(%) = 3009.8 (7)[M +H'I; C,,,H,,,N,O,, (3010.9) calcdC 75.00, H 7.67, N 1.40; 
found C 74.80. H 1.14, N 1.39. 

C 3  (4): A mixture of the tosylate 11 (15mg. 0.027mmol). 8 [ll] (0.15g. 
0.027 mmol), and potassium carbonate (0.10 g, 0.70 mmol) was refluxed in acetonel 
DMF (30 mL. 5/1) for 32 h. The mixture was cooled and filtered. After concentra- 
tion of the filtrate, the residue was redissolved in dichloromethane (30 mL) and 
washed with water (2 x 10 mL). The organic portion was dried, filtered, and evapo- 
rated in vacua to give the crude compound. Flash chromatography on alumina 
(hexane/CHCI, = 512) afTorded 4 (0.14g. 89%) as a glassy white substance; 
R, = 0.26 (hexane/CHCI, = l/l); 'H NMR (CDCI,): 6 = 8.74-8.64 (m. 4H). 8.72 
(s. 2H). 7.89-7.83 (m. 4H), 7.38-7.30(m, 2H). 7.26(d, 'J(H,H) = 8.8 Hz, 32H). 
7.01 (d, 'J(H,H) = 8.7 Hz, 2H), 6.82(d. 'J(H,H) = 8.8 Hz, 32H),6.07(brs,45H), 
4.11-4.04(m. 124H: 62CH20). 2.21-2.14 (m. 62H; 31CCH,C), 1.27 (s. 144H; 
161Bu); "C NMR (CDCI,): 6 =160.9, 159.9, 156.7, 156.5, 156.0. 149.7, 149.1, 
143.5, 136.7, 131.0, 128.5, 126.2, 123.6, 121.3. 118.3. 115.1, 114.2, 94.5, 64.7 

1.1 Hz. 2H), 7.28(d. 'J(H,H) = 8.8 Hz. 4H). 7.03 (d. 'J(W.H) = 8.8 Hz. 2H). 6.84 
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(OCH,). 64.6 (OCH,). 34.0 (CMe,), 31.5 (CH,), 29.5, 29.4; IR (film): i = 2961. 
2877. 1601. 1514cm~ ' ;  MS (ESI): m/z (%)= 5859.2 (20) [ M + H t ] ;  
C3,,H,,,N,O6, (5862.7) calcd C 74.57, H 7.79. N 0.72; found C 74.36. H 7.83. N 
0.83. 

IFe(l2),11PF,I, (13): FeCI,.4H,O (11.5 mg. 0.06 mmol) was added to a boiling 
methanolic solution (10.0 mL) of the terpyridine 12 (60.0 mg, 0.12 mmol). and a 
deep purple solution formed immediately. After the mixture had been refluxed for 
a further 30 min. a methanolic solution of NH,PF, (20.0 mg. 0.12 mmol) was 
added. The precipitate was filtered and washed with methanol (30 mL) to give the 
iron complex 13 (42.0 mg, 67%) as a deep purple crystalline solid. m.p. > 278 "C; 
'H NMR ([D,]acetone): 6 = 9.57 (s, 4H), 9.00 (d, ,J(H.H) =7.9 Hz, 4H). 8.43 (d. 
'J(H.H) = 8.8 Hz. 4H). 8.03 (dt. 'J(H,H) =1.3 Hz and '4H.H) =7.8 Hz. 4H). 
7.55 (d. '4H.H) = 5.2 Hz. 4H). 7.37 (d, '4H.H) = 8.6Hz. 4H). 7.34 (d, 
'J(H,H) = 8.9 Hz. 4H), 7.23 (ddd. 'J(H,H) =7.2 Hz, 'J(H.H) = 5.7 Hz and 

4H; 2CH20),  4.24 (1. 'J(H,H) = 6.1 Hz. 4H;  2CH,O), 2.34 (quin. 'J(H,H) = 

6.1 Hz, 4H; 2CCH,C) and 1.28 (s. 18H; 2rBu); "C NMR (CD,CN): 6 =162.1. 
160.9. 158.8. 157.4. 153.7. 150.8, 144.2. 139.3, 130.0, 129.4, 127.8. 126.9, 124.3, 
121.5, 116.4, 114.8, 65.9 (OCH,), 65.2 (OCH,). 34.3 (CMe,). 31.4 (CH,), 29.7 
(CCH,C); IR (film): i =I605 and ISIScm-';  MS (L-SIMS): m/.- (%) =1086.5 
(15) [ (M  - 2 PF,)'] and 543.3 (67) [(M - ZPF,)"). 

IFe(l),llPF,J, (14): FeC1,.4H,O (7.9 mg. 0.04 mmol) was added to a boiling 
methanolic solution (10 mL) of the terpyridine 1 (70 mg, 0.08 mmol) and a deep 
purple solution formed immediately. After the mixture had been refluxed for a 
further 2 h. a methanolic solution of NH,PF6 (13 mg. 0.080 mmol) was added. The 
mixture was allowed to cool to room temperature. The precipitate was filtered and 
washed with methanol (20 mL) to give the iron complex I4 (52 mg, 65 %) as a deep 
purple crystalline solid, m.p.>280"C; 'H NMR ([D,]acetone): d = 9.56 (s. 4H), 
8.98 (d. '4H.H) = 8.0H2, 4H). 8.43 (d, 'J(H,H) = 8.8 Hz. 4H). 8.02 (t. 
'J(H,H) =7.8 Hz. 4H), 7.54 (d, 'J(H.H) = 5.3 Hz. 4H). 7.36 (d. '4H.H) = 
8.8 Hz. 4H). 7.29 (d. '4H.H) = 8.8 Hz, 8H). 7.27-7.19 (m. 4H). 6.86 (d. 
'J(H.H) = 8.8 Hz.8H),6.19(~.6H),4.39(1,~J(H.H)= 6.2 Hz,4H;2CH2O),4.22 
(t. 'J(H.H) = 6.1 Hz, 4H; 2CH,O). 4.19-4.10 (m, 16H). 2.32 (quin, 'J(H,H) = 
6.3 Hz. 4H;  ZCCH,C), 2.20 (quin. '4H.H) = 6.2 Hz. 8H;  4CCH,C). 1.24 (s, 
36H;4fBu);"CNMR(CDC13):6 =161.2,160.9.160.8. 159.9, 157.8.156.6. 152.6, 
151.0. 143.5. 138.6. 129.6. 128.6. 127.6, 126.2, 123.8, 120.8, 115.8. 114.1.94.5, 64.8 

'4H.H) =1.2H~,4H),6.92(d.'J(H.H) = 8.9Hz,4H),4.41 (t.'J(H.H) =6.2Hz. 

(OCH,). 64.6(OCHz), 34.0(CMe3), 31.5 (CH,), 29.7 (CCH,C), 29.4(CCH2C); IR 
(film): ;=I602 and 1514cm-'; MS (L-SIMS): m / z  (%) =1798.9 (55)  
[(M - HPF, - PF,)+] and 899.4 (82) [(M - 2PF6)"]: C,,,H,,,N,O,,FeP,F,, 
(2090.0) calcd C 64.37. H 5.88, N 4.02; found C 63.88, H 5.85. N 3.93. 

lFe(2),IlPF61, (15): A methanolic solution of FeCI,.4H,O (2.8 mg. 0.014 mmol) 
was added to a boiling solution of G 1 2 (45 mg. 0.028 mmol) in ethanol/CHCI, 
(9 mL, 2/11 mixture. After the mixture had been refluxed for a further 2 h, a 
methanolic solution of NH,PF6 (4.5 mg. 0.028 mmol) was added and the mixture 
was cooled to room temperature. The precipitate was filtered and purified by flash 
chromatography on alumina (hexane/CHCI, = 1/1 followed by CHCIJ 
ethanol = 4/1) to give the iron complex 15 (37 mg. 82%) as a deep purple amor- 
phous solid; m.p.>28O0C; 'HNMR ([D,]acetone): 6 = 9.55 (s, 4H). 8.96 (d. 
'4H.H) = 8.0 Hz, 4H). 8.42 (d. 'J(H,H) = 8.7 Hz. 4H). 8.00 (t. '4H.H) = 
6.6 Hz, 4H). 7.52 (d. 'J(H,H) = 5.2 Hz. 4H). 7.35 (d. '4H.H) = 8.7 Hz. 4H). 7.26 
(d.'J(H.H)=8.9Hz.16H).7.23-7.18(m.4H),6.83(d,'J(H,H)=8.8Hz,16H). 
6.18 (S. 6H). 6.14 (s, 12H). 4.38 (I, '4H.H) = 6.1 Hz. 4H; 2CH,O), 4.21 (I. 
'J(H.H) = 5.7 Hz, 4H;  2CH,O). 4.15-4.05 (m. 48H). 2.31 (quin. 'J(H.H) = 
5.4Hz.4H;2CCH,C).2.22-2.11 (m.24H; 12CCH,C). 1.23(s. 72H;8rBu); "C 
NMR (CDCI,): 6 =161.3. 160.8. 159.8. 157.7. 156.6. 152.6, 151.0. 143.5. 138.6. 
129.5. 128.6, 127.6, 126.2, 123.7. 120.7, 115.8, 114.1, 94.4. 64.7 (OCH,), 64.5 
(OCH,). 34.0(CMe3), 31.5 (CH,), 29.4 (CCH,C); IR (film): C = 2960,2853. 1602, 
1515cm~1;MS(L-SIMS):m/r(%)= 3224.1 (12)[(M-2PF6)+land 1611.9(27) 
[(M - 2PF6)' 'I; C,,,H,,,N,O,,FeP,F,, (3515.9) calcd C 68.32. H 6.71. N 2.39; 
found C 68.41, H 6.75. N 2.38. 

IFe(J),IlPF,I, (16): A methanolic solution of FeCI,.4H,O (2.6 mg. 0.014 mmol) 
was added to a boiling solution of G 2  3 (82 mg, 0.027 mmol) in ethanol/CHCI, 
(9 mL, 2/1) mixture and a deep purple solution formed immediately. After the 
mixture had been refluxed for a further 1 h. a methanolic solution of NH,PF6 
(4.4 mg, 0.027 mmol) was added. The mixture was cooled to room temperature. The 
solution was decanted and the purple residue rinsed with methanol (3 x 5 mL). The 
crude product was purified by flash chromatography on alumina (hexanel 
EtOAc = 2/1 followed by CHClJethanol = 4/1) to give the complex 16 (69 mg, 
79%) as deep purple amorphous solid; m.p.>80"C: 'HNMR ([D6]acetone): 
6 = 9.53 (s, 4H), 8.93 (d. '4H.H) = 8.1 Hz, 4H). 8.41 (d, '4H.H) = 8.9 Hz, 4H).  
7.97 (1, '4H.H) = 5.6H2, 4H). 7.50 (d, 'J(H.H) = 5.3 Hz, 4H),  7.34 (d, 
'J(H,H)=8.8Hz,4H).7.25(d,'J(H,H)=8.9Hz.32H).7.21-7.14(m.4H),6.81 
(d. '4H.H) = 8.9Hz. 32H). 6.17 (s. 6H),  6.11 (brs, 36H). 4.36-4.33 (m. 4H;  
2CH,O). 4.18-4.04 (m, 116H; S8CH20), 2.32-2.27 (m, 4H; 2CCH,C), 2.19- 
2.07 (m. 56H; 28CCH,C). 1.22 (s. 144H; 16rBu); "C NMR (CDCI,): 6 =161.5. 
160.9. 159.9. 157.8, 156.7, 152.8. 151.3, 143.5, 138.6, 129.5, 128.6. 127.7. 126.2, 
123.7, 120.9, 116.0. 114.2. 94.5. 64.8 (OCH,). 64.6 (OCH,). 34.0 (CMe,), 31.5 
(CH,), 29.5(CCH2C); lR(film): I = 2961,2877. 1601, 1 5 1 4 c m ~ ' ;  MS(ESI):m/r 

( O h )  = 3038.6[191(100)[(M - 2PF6)"]; C,,,H,,.N,O,,FeP,F,, (6367.6)calcd C 
70.92. H 7.25, N 1.32; found C 70.51, H 7.30, N 1.30. 

IFe(4),1IPF6I, (17): A methanolic solution of FeC1,.4H,O (1.7 mg, 0.0085 mmol) 
was added to a boiling solution of G 3  4 (100 mg, 0.017 mmol) in ethanol/CHCI, 
(8 mL. I/]) mixture and a deep purple solution formed immediately. After the 
mixture had refluxed for 2 h. a methanolic solution of NH,PF, (3.0mg, 
0.01 8 mmol) was added. The mixture was cooled to room temperature. The solution 
was decanted and the purple gel-like residue washed with methanol (3 x 5 mL). The 
crude product was purified by flash chromatography on alumina (hexane/ 
EtOAc = 2/1 followed by CHClJethanol 4/1) to give the iron complex 17 (83 mg. 
80%) as a purple amorphous solid; m.p.>28O0C; 'HNMR ([D,lacetone): 
6 = 9.49 (s, 4H). 8.87 (d, 'J(H.H) =7.9 Hz. 4H). 8.40 (d. '4H.H) =7.3 Hz. 4H). 
7.92 (t. '4H.H) =7.4 Hz, 4H), 7.46 (d. ,J(H,H) = 6.2 Hz, 4H),  7.33-7.30 (m, 
4H). 7.22 (d. 'J(H,H) = 8.8 Hz, 64H). 7.19-7.12 (m. 4H),  6.79 (d. 
3J(H.H)=8.8Hz.64H),6.15(s,6H),6.10(brs,84H),4.35-4.27(m.4H),4.15- 
3.95 (m.244H; 122CH,O),2.30-2.22(m,4H),2.18-2.05(m, 120H; 60CCH,C), 
1.20 (s, 288H; 32fBu); ''C NMR (CDCI,): 6 =161.5, 160.8, 159.8, 157.7, 156.6. 
152.8.151.3. 143.4,138.6,129.5,128.5,127.7,126.1.123.6,120.9,116.0, 114.1.94.4. 
64.7 (OCH,), 64.5 (OCH,), 34.0 (CMe,). 31.5 (CH,), 29.4 (CCH,C); IR (film): 
'v = 2963.1601.1514cm~';MS(ESI):m/z(%)= 5891.2[201(61)[(M- ZPF,)"]; 
C,,,H,,6N,0,,,FeP,F,z (12071.1) calcd C 72.44. H 7.57. N 0.70; found C 72.12. H 
7.60. N 0.87. 
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