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Abstract Aromatic nucleophilic substitution reactions (S~Ar) of chloroarene cyclo- 
pentadienyliron complex cations with potassium salts of dihydroxyalkanes in a T H F / D M  F 
mixture were found to give bis(cyclopentadienyliron) arene dications with aliphatic ether 
linkages. A series of diols were used to produce the diiron complexes (3a-m). Increasing 
the length of the aliphatic chain resulted in more soluble dicationic complexes. Photolytic 
demetallation of these diiron complexes provided an alternative route to the synthesis of 
terminal diphenoxyalkanes (4a-m). 

Interest in the field of bimetallic complexes largely 
stems from their important catalytic and elec- 
trochemical properties. ~ ~ One of the most common 
routes to the synthesis of bis(cyclopentadienyliron) 
arene complexes is the ligand exchange reaction, 
where an excess of ferrocene reacts with the poly- 
aromatic compound. 9 L3 This method suffers from 
low yields and the lack of being able to introduce 
arenes with some functional groups. Over the past 
few years we have developed a unique route to the 
synthesis of di- and polyiron arene complexes with 
various heteroatom linkages. ~4 ~ The synthesis of 
these types of diiron complexes involves the reac- 
tion of a chloroarene cyclopentadienyliron complex 
with the appropriate dinucleophile in the presence 
of a weak base such as potassium carbonate, in 
either pure DMF  or a D M F / T H F  solvent mixture. 
The use of dihydroxyaromatic nucleophiles have 
proven to be successful, leading to the formation of 
the di- or polyiron arene complexes in very high 
yields. ~4,~7 Other metal-containing moieties, such as 
chromium tricarbonyl, manganese tricarbonyl and 
cyclopentadienyl ruthenium, have also been used in 
the activation of the arene ring towards nucleophilic 
substitution reactions, leading to the formation of 
di- or polymetallic complexes with aromatic ether 
linkages.~9 23 Baldoli and co-workers have also 
reported the synthesis of dichromium arene corn- 
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plexes which possess aliphatic ether bridges. 24 They 
first reacted the aliphatic diols with sodium hydride 
to generate the sodium salt, and subsequently added 
the chloroarene chromium tricarbonyl complex 
which led to the formation of the bimetallic 
complex. 

In this article, we report further investigation 
of the nucleophilic aromatic substitution reactions 
(SNAr) of a variety of cyclopentadienyliron arene 
complexes with a homologous series of aliphatic 
diols. 

RESULTS AND DISCUSSION 

Our initial studies in the synthesis of bimetallic 
complexes containing aliphatic ether bridges were 
carried out following the same synthetic strategy 
that we developed for the synthesis of bis(cy- 
clopentadienyliron) arene complexes with aromatic 
ether linkages. We carried out the reaction of the 
chlorobenzene complex with ethylene glycol in the 
presence of potassium carbonate as a base in DM F. 
However, this reaction failed to give either the 
desired diiron or monoiron complex. This was 
accounted for by the difference in the pK~, values 
of aromatic phenols compared to aliphatic diols. 2~ 
Owing to the lower reactivity of the aliphatic diols, 
a much stronger base was required in the generation 
of the dinucleophiles. It was found that reaction 
of 2.0 mmol of the diol (2a-f) with 2.4 mmol of 
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potassium tert-butoxide in T H F  for 45 min, led to 
the generation of the potassium salt. Two mmol of 
the chloroarene complex ( la-e)  was then added and 
the reaction mixture stirred under nitrogen for a 
period of 16 h (Scheme 1). Following the workup 
procedure (see Experimental) the bis(cyclo- 
pentadienyliron) arene complexes 3a-m were 
isolated in 45-86% yield. It is very important to 
note that the logical use of  a 2 : 1 : 2  molar ratio 
of the base : diol:complex resulted in a mixture of 
products which consisted of the desired diiron com- 
plex as well as unreacted starting materials. In this 
investigation, we have noticed that the use of a 
slight excess of  the base to the diol, along with an 
equimolar ratio of the diol to the starting complex, 
produced the dicationic complexes in a consistent 
manner. 1H and 13C NMR spectroscopy and 
elemental analysis were used to characterize the 
prepared diiron complexes 3a-m. It was also noted 
for complexes 3k-m that there was an increase in 
the product yield as the chain length of  the diols 
increased. The elemental analyses of  these com- 
plexes were also found to be satisfactory. The N M R  
data and yields of these complexes are summarized 
in Tables 1 and 2. The above described meth- 
odology further demonstrates the flexibility and 
efficiency of  the nucleophilic substitution reaction 
as a route to the synthesis of diiron arene 
complexes. These materials could be used as build- 
ing blocks in the synthesis of polymeric materials 
with pendent cyclopentadienyliron moieties. ~+ 

Since our research has been directed to the syn- 
thesis, functionalization and applications of cyclo- 
pentadienyliron arene complexes, ~4 18,26 28 we have 
investigated the possibility of demetallation as a 

means to provide the free arenes. Photolytic deme- 
tallation has provided a unique route to the syn- 
thesis of terminal diaryloxyalkanes 29 (Scheme 2). 
The usual route to the synthesis of these compounds 
is via the Williamson's reaction, 3~ 33 the cleavage of 
tetrahydrofuran by benzyne, 34 or the coupling of 
cyclohexanone cyclic ketals. 3+ The identities of all 
free arenes prepared in this study were confirmed 
by ~H and ~-~C N M R  spectroscopy, MS and m.ps. 
The major difference in the N MR spectra of these 
compounds was the absence of the cyclopentadienyl 
peaks and the downfield shift of the arene peaks. 
While the characterization of some of the free 
arenes has been reported3~ 41 complete spec- 
troscopic data of  all compounds are listed in Tables 
3 and 4. 

In conclusion, this work further demonstrates 
our ability to prepare bis(cyclopentadienyliron) 
arene complexes with aliphatic ether bridges. As 
well, photolytic demetallation provides a simple 
and efficient route to the synthesis of the diphenoxy- 
alkanes. Both types of these materials could be used 
as building blocks in polyether synthesis. 

EXPERIMENTAL 

M e a s u r e m e n  ts 

~H and 13C NMR spectra were recorded at 200 and 
50 MHz, respectively, on a Varian Gemini 200 NMR 
spectrometer, with chemical shifts (ppm) being cal- 
culated from the solvent signals. Deuteroacetone or 
deuterodimethyl sulphoxide, and deuterochloroform 
were used as solvents for the complexed and free 
arenes, respectively. Coupling constants were cal- 

+ HO(CH2)xOH 

"O++xo©" 

l a  R = H 2 a - f  
l b  R = 4-C1 x = 2-12 
lC R = 4 -CH 3 
l d  R = 3 - C H  3 
l e  R = 2,6 . (CHa) 2 

Scheme 1. 

3 a  R = H  x = 2  
3 b  R = H  x = 4  
3 c  R = H  x = 6  
3 d  R = H  x = 8  
3 e  R = H  x = 1 0  
3 f  R = H  x = 1 2  
3 g  R = 4-C! x -- 2 
3 h  R = 4 -CH 3 x = 8 
3 i  R = 4 - C H  3 x = 2 
3j  R = 3 - C H  3 x = 2 
3 k  R = 2,6-(CH3) 2 x = 2 
31 R = 2,6-(CH3) 2 x = 4 
3 m  R = 2,6-(CH3) 2 x = 12 
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3a-m 4a-m 
Scheme 2. 

Complex no. 

3a" 

Table 1. Yield and ~H NMR data for complexes 3a-m 
~ (DMSO-d~,, ppm) 

Yield (%) Cp Complexed Ar Others 

56 5.23 6.28 (m, 2H) 4.81 (s, 4H, CH_,) 
6.49 (in, 8I-t) 

3b 62 5.11 6.15 (m, 21-t) 1.97 (br.s, 4H, CH:) 
6.32 (m, 81-t) 4.28 (br.s, 4H, CH:) 

3e 81 5.07 6.02 (In, 21-t) 1.52 {br.s, 4H, CH:) 
6.27 (m, 8H) 1.81 (br.s, 4H, CH:) 

4.19 (t, 4H, J = 6.0 Hz, CH:) 
3d 71 5.06 6.02 (m, 2H) 1.41 (m, 8H, CH2) 

6.27 Ira, 8It) 1.76 (br.s, 4H, CH:) 
4.16 (L 4H, .1 = 6.2 Hz, CH:) 

3e 75 5.06 6.06 (m, 2H) 1.30 (m, 12H, CH:) 
6.27 (m, 8tt) 1.72 (br.s, 4H, CH,) 

4.16 (t, 4H, .1 = 6.2 IlL CH:) 
3f 86 5.06 6.07 (m, 2H) 1.27 (in, 16H, CH:) 

6.27 (m, 8H) 1.73 (br.s, 4H, CHd 
4.15 (t, 4H, J = 6.0 Hz, CH,) 

3g" 51 5.33 6.56 (d, J = 7.0 HL 4H) 4.76 Is, 4H, CH,) 
6.77 (d, J = 7.0 Hz, 4H) 

3h" 62 5.13 6.32 (s, 8H) 1.49 (br.s, 8H, CH2) 
1.84 (m, 4H, CH9 
2.47 (s, 6H, CH3 
4.28 (t, 4H, J = 6.6 Hz, CH2) 

3i" 45 5.17 6.31 (d, J = 6.8 Hz, 4H) 2.49 (s, 6H, CH3 
6.40 (d, J = 7.0 Hz, 4H) 4.74 (s, 4H, CH2) 

3j" 49 5.15 6.19 im, 2H) 2.56 (s, 6H, CH0 
6.37 (br.s, 6H) 4.76 (s, 4H, CH:) 

3k" 61 5.11 6.18 tt, J = 6.0 Hz, 2H) 2.74 (s, 12H, CH3 
6.40 {d, J = 6.2 Hz, 4H) 4.74 (s, 4H, CH:) 

31" 68 5.07 6.14 (t, J = 6.2 Hz, 2H) 2.18 (br.s, 4H, CH:) 
6.35 Id, J = 6.2 Hz, 4H) 2.64 (s, 12H, CH0 

4.13 (t, 4H, J = 6.0 Hz, CH:) 
3m" 82 5.05 6.11 tt, J = 6.0 Hz, 2H) 1.31 (br.s, 16H, CH,) 

6.32 td, J = 6.2 Hz, 4H) 1.87 (quintet, 4H, J = 7.2 Hz, CH:) 
2.59 (s, 12H, CH~) 
3.99 (t, 4H, J = 6.4 HZ, CH2) 

"The solvent for the NMR study was (CD02CO instead of DMSO-d~,. 

culated in Hz. MS were obtained on a Hewlett--Pack- 
ard 5970 Series Mass Selective Detector, by electron 
impact (70 V). Signal positions are given in m/z  units. 

M.ps were measured in a capillary using a Mel-Temp 
II and were uncorrected. All new compounds  gave 
satisfactory elemental analyses. 
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Table 2. ~3C NMR data for complexes 3a-m 

6 (DMSO-d~, ppm) 
Complex no. Cp Complexed Ar Others 

3a" 77.56 75.99 (4C), 85.26 (2C), 87.65 (4C), 68.76 (2C, CH2) 
134.46 (2C, ipso) 

3b 76.10 74.33 (4C), 83.82 (2C), 86.38 (4C), 24.98 (2C, CH2), 
133.40 (2C, ipso) 

3c 76.07 74.31 (4C), 83.75 (2C), 86.38 (4C), 24.95 (2C, CH2), 
133.52 (2C, ipso) 69.30 (2C, CH2) 

3d 76.06 74.30 (4C), 83.73 (2C), 86.37 (4C), 25.24 (2C, CH2), 
133.54 (2C, ipso) 28.65 (2C, CH2), 

3e 76.01 74.24 (4C), 83.65 (2C), 86.30 (4C), 25.17 (2C, CH2), 
133.52 (2C, ipso) 28.62 (2C, CH2), 

69.32 (2C, CH2) 
25.24 (2C, CH2), 
28.71 (2C, CH2), 
29.00 (2C, CH2), 
68.94 (2C, CH2) 

3f 76.08 74.32 (4C), 83.72 (2C), 86.38 (4C), 
133.60 (2C, ipso) 

3g" 79.74 75.16 (4C), 87.45 (4C), 104.20 (2C, ipso), 
133.53 (2C, ipso) 

3h 76.51 73.48 (4C), 86.42 (4C), 98.95 (2C, ipso), 
132.49 (2C, ipso) 

3i" 77.91 75.09 (4C), 87.65 (4C), 100.70 (2C, ipso), 
133.27 (2C, ipso) 

3j" 77.65 73.90 (2C), 76.89 (2C), 85.39 (2C), 
86.50 (2C), 103.40 (2C, ipso), 133.97 (2C, ipso) 

3k 77.50 84.56 (2C), 87.24 (4C), 97.31 (4C, ipso), 
129.04 (2C, ipso) 

31 77.30 84.23 (2C), 87.09 (2C), 96.96 (4C, ipso), 
129.34 (2C, ipso) 

3m 77.27 84.15 (2C), 87.07 (4C), 96.90 (4C, ipso), 
129.50 (2C, ipso) 

19.14 (2C, CH3), 
28.26 (2C, CH2), 
69.41 (2C, CH2) 
19.76 (2C, CH3) , 

19.76 (2C, CH3), 

16.06 (4C, CH~), 

15.86 (4C, CH3), 
73.71 (2C, CH2) 
15.87 (4C, CH3), 
28.67 (2C, CH2), 
29.53 (2C, CH2), 

68.76 (2C, CH2) 

28.20 (2C, CH2), 

28.27 (2C, CH2), 
69.36 (2C, CH2) 
28.22 (2C, CH2), 
28.86 (2C, CH2), 

28.29 (2C, CH2). 
28.98 (2C, CH2) , 
69.32 (2C, CH2) 

25.18 (2C, CH2), 
28.69 (2C, CH2), 

68.76 (2C, CH2) 

68.55 (2C, CH2) 

72.94 (2C, CH2) 

26.08 (2C, CH2), 

25.22 (2C0 CH2), 
28.89 (4C, CH2), 
74.13 (2C, CH2) 

"The solvent for the NMR study was (CD3)2CO instead of DMSO-d6. 

Reagents 

Starting complexes la--e were prepared by ligand 
exchange reactions. 42'43 Anhydrous aluminium 
chloride, aluminium powder, ferrocene, chlo- 
roarenes, aliphatic diols, potassium tert-butoxide 
and ammonium hexafluorophosphate were com- 
mercially available and were used without further 
purification. All solvents (reagent grade) were used 
without further purification, with the exception of  
freshly distilled THF.  Silica gel, 60-100 mesh was 
used in the column chromatographic  purification 
of the liberated arenes. 

Synthesis o f  b&(cyclopentadienyliron) arene com- 
plexes 

In a 50 cm 3 round-bot tom flask equipped with a 
stirbar was placed 0.2693 g (2.4 mmol)  of  potassium 
tert-butoxide, 2.0 mmol  of  the appropriate  aliphatic 

diol and 3.0 cm 3 of  tetrahydrofuran (THF).  This 
white cloudy reaction mixture was then stirred 
under nitrogen for 45 min, after which another 3.0 
cm 3 of  T H F  and 1.0 cm 3 of D M F  was added and 
the reaction mixture stirred for 5 min. To this 
mixture, 2.0 mmol  of  the desired chloroarene iron- 
cyclopentadienyl complex was then added, and the 
reaction mixture stirred further at room tempera- 
ture, under nitrogen for 17 h. The red reaction 
mixture was then filtered into 20 cm 3 of 10% HC1. 
The reaction flask was washed with acetone and the 
latter added to the filtrate. The acetone 
was removed under reduced pressure at 25"C 
using a rotary evaporator  (Buchi RE-111), and 
concentrated aqueous ammonium hexa- 
fluorophosphate was added to the reaction mixture. 
The product  was then extracted with CH2C12 (2 x 30 
cm3), and washed with distilled water (2 x 50 cm3). 
After drying over MgSO4, the solution was 
concentrated by rotary evaporation of the 
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Table 3. Yield, m.p. and ~H NMR data for compounds 4 a - m  
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Compound no. Yield (%) M.p, ( C )  Ar 
d (CDCE, ppm) 

Others 

4a 85 

4b 78 

4c 77 

4d 92 

4e 82 

93 9433.34 6.96 (m, 6H) 
7.29 (t, J = 7.3 Hz, 4H) 

77-78 6.92 (m, 6H) 
7.29 (t, J = 7.3 Hz, 4H) 

78-79.5 6.92 (m, 6H) 
7.28 (t, J = 7.4 Hz, 4H) 

76-77.5 6.93 (m, 6H) 
7.29 (t, J = 7.3 Hz, 4H) 

76.5-78 6.91 (m, 6H) 
7.27 (t, J = 7.1 Hz, 4H) 

4f 91 85-86 
34 

4g 82 127-1283s 

4h 85 oil 

6.91 (m, 6H) 
7.26 (t, J = 7.1 Hz, 4H) 

6.87 (d, J = 7.7 Hz, 4H) 
7.25 (d, J = 7.8 Hz, 4H) 
6.77 (d, J = 8.3 Hz, 4H) 
7.t)5 (d, J = 7.7 Hz, 4H) 

4i 84 127-128.5 6.82 (d, J = 8.0 Hz, 4H) 
7.07 (d, J = 8.0 Hz, 4H) 

4j 87 oil 6.87 (m, 6H) 
7.15 ( t , J =  7.3 Hz, 2H) 

4k 95 oil 6.97 (m, 2H) 
7.03 (m, 4H) 

41 90 oil 7.25 (m, 6H) 

4m 92 oil 6.97 (m, 6H) 

4.32 (s, 4H, CH2) 

1.99 (br.s, 4H, CH:) 
4.04 (br.s, 4H, CH:) 
1.56 (m, 4H, CH;) 
1.83 (t, 4H, J = 6.6 Hz, CH:) 
3.98 (t, 4H, J = 6.1 Hz, CH:) 
1.44 (m, 8H. CH:) 
1.80 (t, 4H, J = 6.6 Hz~ CH2) 
4.98 (t, 4H, J - 6.3 Hz, CH:) 
1.32 (m, 12H, CH~) 
1.77 (m, 4H, CH2) 
3.94 (t, 4H, J - 6.5 Hz, CHD 
1.29 (m. 16H, CH~) 
1.77 (m, 4H, CH2) 
3.94 (t, 4H, J = 6.4 Hz, CH,) 
4.29 (s, 4H, CH~t 

1.34 (br.s, 8H, CH:) 
1.73 (m, 4H, CH,) 
2.26 (s, 6H, CH~) 
3.90 (t, J = 6.6 Hz, 4H, CH:) 
2.27 (s, 6H, CH0 
4.26 (s, 4H, CH2) 
2.31 (s, 6H, CH0 
4.29 (s, 4H, CH:) 
2.36 (s, 12H. CH0 
4.14 (s, 4H, CH~} 
2.05 (m, 4H, CHO 
2.28 (s, 12H, CH~) 
3.84 (m, 4H, CH~) 
1.29 (br.s, 16H, CH2) 
1.79 (quintet, 4H, J = 7.1) Hz, CHz) 
2.27 (s, 12H, CH0 
3.75 (t, 4H, J - 6.4, CH:) 

solvent.  A d d i t i o n  o f  die thyl  e ther  resul ted in a 
yellow prec ip i ta te  which was fil tered and  dr ied  in 
cacuo belbre  analysis .  

Photolyt ic demetallation 

Each o f  the complexes  3 a - m  was separa te ly  dis- 
solved in a mixture  o f  CHzC12-CH3CN (30 cm~/10 
cm 3) in a Pyrex tube.  The  so lu t ion  was then 
deoxgena ted  by bubb l ing  n i t rogen  th rough  it af ter  
which the reac t ion  tube was fi t ted in to  a pho-  
tochemical  a p p a r a t u s  equ ipped  with a xenon  lamp,  
and  i r rad ia ted  at  r oom t empera tu r e  for  4 h. The  
solvent  was concen t ra t ed  to a vo lume o f  1-2 cm 3 

using ro t a ry  evapora t ion .  The  residue was appl ied  
to a silica gel co lumn which was then washed with 
hexane and e luted with ch lo ro fo rm.  Re mova l  o f  the 
solvent  f rom the eluate  gave the expected l iberated 
arenes.  
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Table 4. Mass spectral and t3C NMR data for complexes 4a-m 

m/z 6 (CDC13, ppm) 
Compound no. (M +) Ar Others 

4a 214 (57%) 114.68 (4C), 121.08 (2C), 129.49 (4C), 66.42 (2C, CH2) 
158.61 (2C, ipso) 

4b 242 (11%) 114.49 (4C), 120.61 (2C), 129.44 (4C), 26.06 (2C, CH2), 
158.98 (2C, ipso) 

4c 270 (62%) 114.47 (4C), 120.47 (2C), 129.39 (4C), 25.89 (2C, CH2), 
159.04 (2C, ipso) 67.67 (2C, CH2) 

4d 298 (52%) 114.42 (4C), 120.39 (2C), 129.33 (4C), 25.95 (2C, CH2), 
159.04 (2C, ipso) 29.24 (2C, CU2), 

4e 326 (35%) 114.47 (4C), 120.42 (2C), 129.36 (4C), 26.03 (2C, CH2), 
159.10 (2C, ipso) 29.36 (2C, CH2), 

67.83 (2C, CH2) 
26.03 (2C, CH2), 
29.37 (2C, CH2), 
67.83 (2C, CH2) 

4g 282 (87%) 115.97 (4C), 129.39 (4C), 126.10 (2C, ipso), 66.78 (2C, CH2) 
284 (58%) 157.17 (2C, ipso) 

4h 326 (84%) 114.33 (4C), 129.80 (4C), 136.18 (2C, ipso), 20.42 (2C, CH3), 
157.48 (2C, ipso) 29.28 (4C, CH2), 

4i 242 (100%) 114.57 (4C), 129.90 (4C), 130.29 (2C, ipso), 20.47 (2C, CH3), 
156.54 (2C, ipso) 

4j 242 (71%) 111.50 (2C), 115.54 (2C), 121.85 (2C), 21.50 (2C, CH3), 

4t" 354 (33%) 114.46 (4C), 120.40 (2C), 129.34 (4C), 
158.08 (2C, ipso) 

4k 270 (2%) 

41 298 (1%) 

4m 410 (1%) 

129.19 (2C), 139.51 (2C, ipso), 158.62 
(2C, ipso) 
123.88 (2C), 128.83 (4C), 131.01 (4C, ipso), 
155.87 (2C, ipso) 
123.70 (2C), 128.79 (4C), 131.01 (4C, ipso), 
155.87 (2C, ipso) 
123.48 (2C), 128.65 (4C), 130.82 (4C, ipso), 
155.98 (2C, ipso) 

67.34 (2C, CH2) 

29.24 (2C, CH2), 

29.22 (2C0 CH2), 
67.74 (2C, CH2) 
29.27 (2C, CH2), 
29.47 (2C, CH2), 

29.27 (2C, CH2), 
29.53 (4C, CH2), 

25.97 (2C, CHz), 
67.97 (2C, CH2) 
66.67 (2C, CH2) 

66.35 (2C, CH2) 

16.36 (4C, CH3), 71.35 (2C, CH2) 

16.26 (4C, CH3), 27.25 (2C, CH2), 
71.83 (2C, CH2) 
16.18 (4C, CH3), 26.09 (2C, CH2), 
29.38 (2C, CH2), 29.53 (4C, CH2), 
30.37 (2C, CH2), 72.20 (2C, CH2) 
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