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Synthetic Approaches to an Isostructural Series of Redox-Active,
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Several types of six-armed, metal tris(bipyridine) core dendrimers were synthesized. Bis-4,4'-alkoxy
bipyridine dendrons were prepared and employed to make tris(bipyridine) dendrimers. Although
the ruthenium-centered and iron-centered dendrimers displayed quasi-reversible cyclic voltammetry,
the analogous cobalt-centered complex did not. The synthesis of 4,4'-disubstituted bipyridines
containing —CH,OR groups proceeded in low yield. The reactions of the dicarbanion of 4,4’-dimethyl
bipyridine prepared with LDA and mesylate, triflate, and bromide groups were found to result in
no or poor yields of carbon—carbon bond formation. Use of KDA in place of LDA resulted in much

higher yields of dendritic bipyridines.

Introduction

Redox active core dendrimers are useful in several
structural and behavioral studies of this class of mol-
ecules. By probing the rate and driving force for electron
transfer to/from these molecules, one can learn about how
the dendritic arms encapsulate the core. This information
can facilitate conclusions about how the primary struc-
ture of the dendrimer leads to its conformations. Encap-
sulation of a core by a dendrimer also has potential
utility, including mimicking metalloprotein behaviors,
attenuating molecular exciton quenching in luminescent
thin films, and understanding charge-trapping behaviors
in molecular electronics.t™*

We and others have sought to prepare several types of
redox-active core dendrimers to study these various
phenomena. These include illustrating the effect of
dendrimer architecture on rate and driving force for
electron transfer,2356 comparison of structural features
in dendrimer isomers,” and illustration of the behaviors
of several types of redox active cores in dendrimers
including Fe;S4, MogClg,® RegSes,® ! ferrocene,?~17 and
porphyrins.8-37

It is of interest to systematically vary the redox
potential in an isostructural series of dendrimers. This
set of molecules would permit various studies such as
measurement of homogeneous electron-transfer rates
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between two different core moieties. The idea of an
isostructural series allows for the comparison of den-
drimers with a similar conformational manifold; thus, the

(8) Gorman, C. B.; Su, W. Y.; Jiang, H.; Watson, C. M.; Boyle, P.
Chem. Commun. 1999, 877—878.

(9) Roland, B. K.; Carter, C.; Zheng, Z. P. J. Am. Chem. Soc. 2002,
124, 6234—6235.

(10) Roland, B. K.; Selby, H. D.; Carducci, M. D.; Zheng, Z. P. J.
Am. Chem. Soc. 2002, 124, 3222—3223.

(11) Wang, R.; Zheng, Z. 3. Am. Chem. Soc. 1999, 121, 3549—3550.

(12) Daniel, M. C.; Ruiz, J.; Astruc, D. J. Am. Chem. Soc. 2003, 125,
1150—-1151.

(13) Daniel, M. C.; Ruiz, J.; Nlate, S.; Blais, J. C.; Astruc, D. J. Am.
Chem. Soc. 2003, 125, 2617—2628.

(14) Valério, C.; Fillaut, J.-L.; Ruiz, J.; Guittard, J.; Blais, J.-C.;
Astruc, D. J. Am. Chem. Soc. 1997, 119, 2588—2589.

(15) Takada, K.; Diaz, D. J.; Abrufia, H. D.; Cuadrado, I.; Casado,
C.; Alonso, B.; Moran, M.; Losada, J. 3. Am. Chem. Soc. 1997, 119,
10763—10773.

(16) Cardona, C. M.; Kaifer, A. E. 3. Am. Chem. Soc. 1998, 120,
4023—-4024.

(17) Castro, R.; Cuadrado, I.; Alonso, B.; Casado, C. M.; Moran, M;
Kaifer, A. E. J. Am. Chem. Soc. 1997, 119, 5760—5761.

(18) Finikova, O.; Galkin, A.; Rozhkov, V.; Cordero, M.; Hagerhall,
C.; Vinogradov, S. J. Am. Chem. Soc. 2003, 125, 4882—4893.

(19) Zhang, G. D.; Nishiyama, N.; Harada, A.; Jiang, D. L.; Aida,
T.; Kataoka, K. Macromolecules 2003, 36, 1304—1309.

(20) Frampton, M. J.; Magennis, S. W.; Pillow, J. N. G.; Burn, P.
L.; Samuel, I. D. W. J. Mater. Chem. 2003, 13, 235—242.

(21) Ballardini, R.; Colonna, B.; Gandolfi, M. T.; Kalovidouris, S.
A.; Orzel, L.; Raymo, F. M.; Stoddart, J. F. Eur. J. Org. Chem. 2003,
288—294.

(22) Van Doorslaer, S.; Zingg, A.; Schweiger, A.; Diederich, F.
ChemPhysChem 2002, 3, 659—667.

(23) Uyemura, M.; Aida, T. 3. Am. Chem. Soc. 2002, 124, 11392—
11403.

(24) Rozhkov, V.; Wilson, D.; Vinogradov, S. Macromolecules 2002,
35, 1991—-1993.

(25) Kimura, M.; Shiba, T.; Yamazaki, M.; Hanabusa, K.; Shirai,
H.; Kobayashi, N. J. Am. Chem. Soc. 2001, 123, 5636—5642.

(26) Vinogradov, S. A.; Wilson, D. F. Chem.—Eur. J. 2000, 6, 2456—
2461.

(27) Li, X. Y.; He, X,; Ng, A. C. H; Wu, C.;; Ng, D. K. P.
Macromolecules 2000, 33, 2119—2123.

(28) Weyermann, P.; Gisselbrecht, J. P.; Boudon, C.; Diederich, F.;
Gross, M. Angew. Chem., Int. Ed. 1999, 38, 3215—3219.

(29) Vinogradov, S. A.; Lo, L. W.; Wilson, D. F. Chem.—Eur. J. 1999,
5, 1338—1347.

J. Org. Chem. 2003, 68, 9019—9025 9019



JOC Article

SCHEME 1

OCH; OCH; OH OH
HBr, AcOH
Xy “ =
| IS | 67% | IS |
N N N N
1 2

QL

K,COg3, 18-Crown-6

Acetone, 93%
ar

effects of differences in redox potential can be separated
from those due to conformational differences between
molecules.

To this end, we sought to prepare a series of metal tris-
(bipyridine) core dendrimers that contain different cen-
tral metal atoms. Bipyridine-based metal complexes as
well as the related terpyridine- and phenanthroline-based
complexes have been used in the core, branches, and
periphery of dendrimers.®®-5 However, as will be il-
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lustrated in this paper, no synthetic methodology could
be adopted from this work that was amenable to the
synthesis of an isostructural series of bipyridine-based,
redox active molecules. Synthetic and electrochemical
investigations are presented here that illustrate an
efficient route to an isostructural series of redox-active
metal tris(bipyridine) core dendrimers.

Results and Discussion

A. Dendrimers Containing a Bipyridine—OR Link-
age. Bis(phenoxy)isovalerate-based dendrons can be eas-
ily converted to molecules with an electrophilic mesylate
focal group (e.g., molecule 3). Thus, a bipyridine deriva-
tive presenting a nucleophilic group seemed a good way
to synthesize tris(bipyridine) core dendrimers. The route
employed to do so is shown in Scheme 1. We determined
that treatment with HBr/acetic acid at reflux converted
4,4'-dimethoxy bipyridine to 4,4'-dihydroxy bipyridine in
acceptable yield. This molecule reacted with the focally
substituted mesylate 3 in excellent yield to give 4. Thus,
from a synthetic standpoint, this route was extremely
attractive for the synthesis of the dendritic bipyridine.
Further, both 4,4'-dimethoxy bipyridine (generation zero
or G0) and 4 (generation 1 or G1) could be converted to
the ruthenium, iron, and cobalt tris(bipyridine) complexes
(Scheme 2).

The goal in preparing and studying these molecules
was to access at least three metal tris(bipyridine) com-
plexes with different redox potentials and quasi-revers-
ible electron-transfer kinetics. These molecules were thus
examined by cyclic voltammetry (Figure 1). The ruthe-
nium and iron complexes (5 and 6) showed the type of
electrochemistry desired. Although the cobalt complex (7)
showed the expected, ligand-centered reduction below
—1500 mV, the metal-centered reduction was irreversible.
Thus, although synthetically attractive, this complex did
not display the desired electrochemical behavior.

B. Dendrons Containing a Bipyridine—CH,OR
Linkage. It was hypothesized that the alkoxy—bipyri-
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SCHEME 2
QCHs  OCHs 4 RyCly xH,0
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N N + Co(NO3),-6H,0
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0G; 0G,
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FIGURE 1. Cyclic voltammograms of compounds 5, 6, and 7
(scan rate 200 mV/s, argon-purged acetonitrile solution, 100
mM tetrabutylammonium tetrafluoroborate supporting elec-
trolyte, platinum as working electrode).

dine linkage gave rise to the poor electrochemical behav-
ior for the cobalt complex, 7 (vide infra). To remedy this,
a route to an alkyl-substituted bipyridine derivative was
sought. Fraser et al. reported the conversion of 4,4'-
dimethyl 2,2'-bipyridine (10) to the electrophilic bisbro-
momethyl derivative (12) via the bistrimethylsilylmethyl
bipyridine (11).5* Molecule 12 could then be reacted with
nucleophiles to form bipyridine derivatives. When this
molecule was reacted with the focally substituted den-
dritic alkoxide (Scheme 3), the yield was unacceptably
low (32%). Yields were not improved by varying the
hydride used (NaH versus KH), addition of 18-crown-6,
or variation of the solvent (dimethyl formamide versus
tetrahydrofuran). Because of these observations, this
approach was not pursued further.

C. Dendrimers Containing a Bipyridine—CH;R
Linkage. Another method for the synthesis of substi-
tuted bipyridines is the direct deprotonation of 10 fol-
lowed by reaction with electrophiles.>*5 We discovered
that, although this reaction is acceptable for the synthesis
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of dialkyl bipyridines (Scheme 4) from the alkyl bromide,
reaction of the analogous mesylate or triflate was unsuc-
cessful at producing the desired product. The G1 den-
dritic mesylate could, however, be converted into the
bromide (18) very efficiently using Finkelstein chemistry
(Scheme 5). However, the use of lithium diisopropyl
amide as base to deprotonate 4,4'-dimethyl bipyridine
followed by reaction with 18 led to a disappointingly low
yield of the desired product 19. From the model studies
above, we reckoned that the structure and reactivity of
the biscarbanion rather than the leaving group was to
blame for the poor yield. Indeed, when potassium diiso-
propyl amide was substituted, an excellent yield of 19
was obtained. This reaction was run and quenched at
—78 °C given the known temperature sensitivity of the
KDA?%® and likely that of the resulting potassium dicar-
banion. The disubstituted, G1 bipyridine (19) could be
converted into metal, tris(bipyridine) complexes of ru-
thenium, iron, and cobalt (Scheme 6).

Cyclic voltammetry was performed on both the GO and
G1 ruthenium, iron, and cobalt tris(bipyridine) complexes
(Figure 2 and Table 1). All displayed quasi-reversible
electrochemical behavior. Thus, the alkyl linkage to the
bipyridine avoids the slow electrochemical kinetics found
in the alkoxy-substituted trisbipyridine cobalt complex.
We hypothesize that, in going from alkyl to alkoxy groups
on the bipyridines, the ligand field weakens as has been
observed for alkoxy terpyridine cobalt complexes.>” This
effect causes the alkoxy cobalt complex to undergo a spin
crossover upon oxidation, which is rate limiting. Such
slowing of electrochemical kinetics has been observed in
cobalt bis[poly(pyrazolyl)borate] complexes.>® Further-
more, the G1 dendrimers displayed the expected lower
current than did their GO analogues. This result is
consistent with a slowing of electron-transfer Kinetics due
to dendritic encapsulation.’™ A more complete set of
electrochemical results that compares rate attenuation
in these molecules as a function of generation will be
reported in due course.

Experimental Section

2,2'-Bipyridinyl-4,4'-diol (2). To a solution of 4,4'-dimeth-
oxy-2,2'-bipyridine (1) (2.95 g, 14 mmol) in 170 mL of glacial
acetic acid was added 48 wt % HBr solution in water (24 mL,

(56) Raucher, S.; Koolpe, G. A. J. Org. Chem. 1978, 43, 3794—3796.
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42, 3616—3622.
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SCHEME 4 [Ru(1)s](PFe)2 (5). To a solution of 4,4'-dimethoxy-2,2'-
CH CH bipyridine (1) (0.50 g, 2.3 mmol) in 30 mL of pure ethanol was
3 3 LDA added ruthenium-trichloride hydrate (40—43% Ru) (0.15 g,
XN # + G1-OMs X 0.72 mmol) in 5 mL of pure ethanol. The reaction mixture was
| PEEN THF refluxed for 5 days. The solvent was removed in vacuo. The
3 residue was dissolved in CH,Cl,, and a solution of NH4PF¢
10 R R (1.18 g, 7.23 mmol) in a small amount of methanol was added
CHs  CHs (|:H2 éH2 dropwise with stirring. The mixture was stirred for 2 h and
LDA extracted with water two times. The combined organic layers
| N | + R-Br ‘ N 7 ‘ were evaporated to dryness under reduced pressure. The
A THF NG residue was dissolved in a small amount of CHCl, and added
N N dropwise with stirring to 150 mL of petroleum ether. The
10 R = CH3(CHy)1o- 15 (92%) orange precipitate was filtered, washed with ethanol, and
dried: yield 40% (0.30 g); *H NMR (CD3CN) 6 (ppm) 3.99
CHs  CHs (s, 6H), 6.94 (d, 2H), 7.52 (d, 2H), 7.98 (s, 2H); *C NMR
N PPN LDA (CDsCN) 6 (ppm) 57.7, 111.9, 114.6, 153.3, 159.5, 167.9.
Ll * OR HE X MALDI-TOF MS (matrix, DHB); m/z calcd, 895.14 (M — PFg);
N N 16, R = 0SO,CH; found, 892.68. FAB-MS (matrix, NBA); m/z calcd, 895.14 (M
10 17’ R = OSOZCF3 - PFG), fOUnd, 895.10. Anal. Calcd for C36H36F12N605P2RU: C,

140 mmol). The mixture was refluxed overnight. After the
mixture had cooled to room temperature, the solvent was
removed in vacuo. The residue was dissolved in water and
neutralized by adding aqueous ammonium hydroxide. This
produced a white solid that was filtered and dried. This was
used for the next step without further purification. Yield: 67%
(1.76 g).

G1-OBpy (4). To a suspension of 2 (0.50 g, 2.66 mmol) in
60 mL of dry acetone were added G1-OMs (3)(3.13 g, 5.9
mmol), anhydrous potassium carbonate (1.1 g, 7.98 mmol), and
a catalytic amount of 18-crown-6. The mixture refluxed and
stirred vigorously for 36 h. After the mixture had cooled to
room temperature, the solid residue was filtered and the
filtrate was evaporated to dryness under reduced pressure. The
crude product was purified by column chromatography with
CH,ClI; followed by 2:1 ethyl acetate—hexane eluent: yield 93%
(2.62 g); *H NMR (CDCl3) 6 (ppm) 1.50—1.80 (m, 10H), 2.22
(m, 4H), 4.06 (t, 4H), 5.03 (s, 8H), 6.80 (br, 2H), 6.89 (d, 8H, J
= 6.9 Hz), 7.20 (d, 8H, J = 6.9 Hz), 7.30—7.50 (m, 20H), 7.94
(s, 2H), 8.47 (br, 2H, J = 4.7 Hz); 3C NMR (CDCls) 6 (ppm)
25.0, 28.3, 38.6, 45.1, 68.8, 70.3, 107.2, 111.5, 114.4, 127.7,
128.1, 128.5, 128.8, 137.3, 142.0, 150.2, 156.9, 157.7, 166.3.

9022 J. Org. Chem., Vol. 68, No. 23, 2003

41.59; H, 3.49; N, 8.08. Found: C, 41.48; H, 3.34; N, 8.11.

[Fe(1)s](PFs)2 (6). To a solution of 4,4'-dimethoxy-2,2'-
bipyridine (1) (0.50 g, 2.3 mmol) in 30 mL of pure ethanol was
added (NH,);FeS04S0,4-6H,0 (0.28 g, 0.72 mmol) in 5 mL of
water. The reaction mixture was refluxed for 24 h. The solvent
was removed in vacuo. The residue was dissolved in CHCly,
and a solution of NH4PFs (1.18 g, 7.23 mmol) in @ minimum
amount of methanol was added dropwise while stirring. The
mixture was stirred for 2 h and extracted with water two
times. The combined organic layers were evaporated to dryness
under reduced pressure. The residue was dissolved in a
minimum amount of CH,Cl, and added dropwise while stirring
to 150 mL of petroleum ether. The purple precipitate was
filtered, washed with ethanol, and dried: yield 82% (0.59 g);
IH NMR (CD3CN) 6 (ppm) 4.01 (s, 6H), 6.98 (d, 2H), 7.23 (d,
2H), 8.06 (s, 2H); *3C NMR (CDsCN) 6 (ppm) 57.7, 111.9, 115.0,
155.6, 161.4, 169.1. MALDI-TOF MS (matrix, DHB); m/z calcd,
849.17 (M — PFe); found, 847.20. FAB-MS (matrix, NBA); m/z
calcd, 849.17 (M — PFg); found, 849.20. Anal. Calcd for
C36H36F12F9N606P2: C, 4348, H, 365, N, 8.45. Found: C,
43.40; H, 3.62; N, 8.42.

[Co(1)3](PFe)2 (7). To a solution of 4,4'-dimethoxy-2,2'-
bipyridine (1) (0.50 g, 2.3 mmol) in 30 mL of pure ethanol was



Synthetic Approaches to Dendrimers

NaBr, nBugNBr 0

Acetone, Reflux

3 93%
a

SCHEME 5

G1-OMs

(i) LDA/THF, -78° -> rt

! Izoo pAfem?®

1500 1000 500 0 -500 -1000
V(mVvs Ag!AgNOS)

FIGURE 2. Cyclic voltammograms of compounds 20, 21, and
22 (bottom) and 23, 24, and 25 (top) and CV of the three GO
complexes and the three G1 complexes (identical conditions
to those reported in Figure 1).

SCHEME 6
+ RuCly xH,0 NP [Ru(10)3](PFg),, 20, 76%
10 (G0) + (NH),Fe(SOy),6H,0 —— [Fe(10)3](PFe),, 21, 84%
EtOH
+ Co(NO3),6H,0 [Co(10)3)(PFg),, 22, 75%
+ RuCly- xH,0 ., [Ru(19):1(PFe),, 23, 34%
19 (G1) + (NHy);Fe(S04),6H,0 —° ~ [Fe(19);)(PFe)y, 24, 77%
various
+ Co(NO3)-6H,0 solvents  [Co(19)s](PFe),. 25, 97%

added Co(NO3),-6H,0 (0.21 g, 0.72 mmol) in 5 mL of ethanol.
The reaction mixture was heated to reflux under Ar for 24 h.
The solvent was removed in vacuo. The residue was dissolved
in CH,Cl,, and a solution of NH4PF¢ (1.18 g, 7.23 mmol) in a
minimum amount of methanol was added dropwise while
stirring. The mixture was stirred for 2 h and extracted with
water two times. The combined organic layers were evaporated

JOC Article
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TABLE 1. Electrochemical Data

compound Epa (MV)  Epc (MV)  E12(MmV) AE (mV)
[Ru(1)s](PFe)2, 5 +680 +579 +630 101
[Fe(1)s](PFe)2, 6 +500 +394 +447 106
[Co(1)s](PFe)2, 7 irrev.2 -211 NAP NAP
[Ru(4)3](PFe)2, 8 +680 +577 +629 103
[Fe(4)s](PFe)2, 9 +491 +400 +446 91
[Ru(10):](PFe)2, 20  +860 +754 +807 106
[Fe(10)s](PFe)2, 21 +649 +547 +598 102
[Co(10)3](PFe)2, 22 —60 —-181 —-121 121
[Ru(19):](PFe¢)2, 23 +895 +805 +850 90
[Fe(19)s](PFe)2, 24  +686 +590 +638 96
[Co(19)3](PFe)2, 25 —20 —143 —82 123

a Not determined in a fit of the irreversible wave. ® Not ap-
plicable.

to dryness under reduced pressure. The residue was dissolved
in a minimum amount of CH,CI, and added dropwise while
stirring to 150 mL of petroleum ether. The yellow precipitate
was filtered, washed with ethanol, and dried: yield 81% (0.58
g); *H NMR (CDsCN) 6 (ppm) 6.66 (s, 6H), 40.79 (s 2H), 77.08
(s, 2H), 91.96 (br, 2H). MALDI-TOF MS (matrix, DHB); m/z
calcd, 852.17 (M — PFg); found, 852.21. FAB-MS (matrix,
NBA); m/z calcd, 852.17 (M — PFg); found, 852.21. Anal. Calcd
for C36H3sCoF12N6OsP2: C, 43.34; H, 3.64; N, 8.42. Found: C,
43.47; H, 3.64; N, 8.48.

[Ru(4)3](PFs)2 (8). This complex was prepared analogous
to 5, alternatively using chloroform/ethanol solvent mixture
(2:1 viv), and was purified by neutral alumina column chro-
matography with 10:1 CH,Cl,—methanol eluent: yield 24%
(0.11 g); *H NMR (acetone-ds) 6 (ppm) 1.50—1.80 (m, 10H),
2.24 (m, 4H), 4.16 (t, 4H), 5.03 (s, 8H), 6.90 (d, 8H), 7.02 (d,
2H), 7.13 (d, 8H), 7.10—7.43 (m, 20H), 7.74 (d, 2H), 8.24 (br,
2H); 13C NMR (acetone-ds) 0 (ppm) 24.7, 27.5, 37.9, 44.7, 69.7,
70.0, 111.5, 114.4, 127.7, 127.7, 128.0, 128.4, 128.6, 137.8,
142.0, 152.4, 157.1, 158.7, 166.4. MALDI-TOF MS (matrix,
DHB); m/z calcd, 3416.39 (M — PFg); found, 3413.55. FAB-MS
(matrix, NBA); m/z calcd, 3416.39 (M — PFg); found, 3418.4.
Anal. Calcd for C215H204F12N5013P2RU: C, 7281, H, 577, N,
2.36. Found: C, 72.60; H, 5.93; N, 2.34.

[Fe(4)3](PFs)2 (9). This complex was prepared analogous
to 6, alternatively using chloroform/ethanol solvent mixture
(2:1 vIv). The purple solid was dissolved in a minimum amount
of CH,Cl, and added dropwise while stirring to 150 mL of
toluene. The purple precipitate was filtered, washed with
ethanol, and dried: yield 39% (0.22 g); *H NMR (acetone-dg)
o (ppm) 1.59—-1.70 (br, 10H), 2.20—2.30 (m, 4H), 4.15—-4.20
(br, 4H), 5.03 (s, 8H), 6.90 (d, 8H, J = 7.2 Hz), 7.05—-7.14 (m,
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10H), 7.25—7.45 (m, 22H), 8.30 (s, 2H); **C NMR (acetone-dg)
0 (ppm) 24.6, 27.5, 37.9, 44.7, 69.7, 70.0, 111.4, 114.4, 127.7,
127.8, 128.0, 128.4, 128.6, 137.8, 142.0, 154.8, 157.1, 160.6,
167.5. FAB-MS (matrix, NBA); m/z calcd, 3370.42 (M — PFg);
found, 3372.20.

G1-O—CH.Bpy (14). To a suspension of KH (0.14 g, 3.5
mmol) and a catalytic amount of 18-crown-6 in 20 mL of dry
THF at 0 °C was added G1-OH (13 ) (0.8 g, 1.77 mmol) in 10
mL of dry THF. After 1 h, 4,4'-bis-bromomethyl-2,2'-bipyridine
(12) (0.2 g, 0.58 mmol) in 5 mL of dry THF was added and
allowed to warm to room temperature. After 12 h, ethanol was
added slowly to quench the reaction followed by water. The
solution was extracted with ethyl acetate three times, and the
combined organic layers were evaporated to dryness under
reduced pressure. The crude product was purified by column
chromatography with CH,CI, followed by ethyl acetate elu-
ents: yield 32% (0.2 g); *H NMR (CDClIz) 6 (ppm) 1.40—1.50
(m, 4H), 1.50—1.70 (m, 6H), 2.10—2.20 (m, 4H), 3.50 (t, 4H),
4.53 (s, 4H), 5.01(s, 8H), 6.87 (d, 8H), 7.13 (d, 8H), 7.28—7.46
(m, 22H), 8.30 (s, 2H), 8.65 (d, 2H).

n-Octyl Mesylate (16). To a solution of n-octyl alcohol (3.0
g, 23 mmol), triethylamine (9.7 mL, 69 mmol), and a catalytic
amount of 4-(dimethylamino)pyridine in CH.CI, at 0 °C was
added methanesulfonyl chloride (5.3 g, 46 mmol). The mixture
was stirred for 1 h and then allowed to warm to room
temperature. After an additional 2 h, water was added to
guench the reaction. The solution was extracted with CH.Cl,
two times, and the combined organic layers were evaporated
to dryness under reduced pressure. The crude product was
purified by plug column chromatography with CH,CI; eluent:
yield 83% (4.25 g); *H NMR (CDCls) 6 (ppm) 0.90 (t, 3H), 1.20—
1.85 (m, 12H), 3.00 (s, 3H), 4.20 (t, 2H). This spectrum matched
that published previously.>®

n-Octyl Triflate (17).5°6! To a solution of n-octyl alcohol
(3.0 g, 23 mmol), triethylamine (9.7 mL, 69 mmol), and a
catalytic amount of 4-(dimethylamino)pyridine in CH.ClI, at
0 °C was added trifluoromethanesulfonic anhydride (13 g, 46
mmol). After 2 h, water was added to quench the reaction. The
solution was extracted with CH,Cl, two times, and the
combined organic layers were evaporated to dryness under
reduced pressure. The crude product was purified by plug
column chromatography with pentane eluent: yield 63% (4
g); *H NMR (CDCls) 6 (ppm) 0.90 (t, 3H), 1.30—1.88 (m, 12H),
4.54 (t, 2H, J = 6.6 Hz). This spectrum matched that published
previously.®t

G1-Br (18). To a solution of G1-OMs (3) (1.0 g, 1.88 mmol)
in 50 mL of dry acetone were added NaBr (0.58 g, 5.64 mmol)
and a catalytic amount of tetrabutylammonium bromide. The
mixture was refluxed for 36 h. After the mixture cooled to room
temperature, the solid residue was filtered and the filtrate was
evaporated to dryness under reduced pressure. The residue
was dissolved in CH,CI, and extracted with water two times.
The combined organic layers were dried with Na,SO, and
evaporated to dryness under reduced pressure: yield 93% (0.90
g); *H NMR (CDCls) 6 (ppm) 1.60—1.80 (m, 5H), 2.10 (br, 2H),
3.36 (t, 2H), 5.04 (s, 4H), 6.89 (d, 4H, J = 8.7 Hz), 7.11 (d, 4H,
J =8.7 Hz), 7.30—7.50 (m, 10H). This spectrum matched that
published previously.®?

G1-Bpy (19). To a solution of potassium tert-butoxide (1 M
in THF, 6.24 mL, 6.24 mmol) and diisopropylamine (0.93 mL,
6.65 mmol) in 20 mL of THF cooled to —78 °C under Ar was
added n-butyllithium (1.6 M in hexane, 3.64 mL, 5.82 mmol).
The mixture was stirred for 1 h at —78 °C, and then, a solution
of 4,4'-dimethyl-2,2'-bipyridine (10) (0.38 g, 2.08 mmol) in 10
mL of THF was added over 1 min. The mixture was stirred at

(59) Chatti, S.; Bortolussi, M.; Loupy, A. Tetrahedron 2001, 57,
4365—4370.

(60) Aubert, C.; Begue, J. P. Synthesis 1985, 759—760.

(61) Beard, C. D.; Baum, K.; Grakausk, V. J. Org. Chem. 1973, 38,
3673—-3677.

(62) Wooley, K. L.; Hawker, C. J.; Fréchet, J. M. J. 3. Am. Chem.
Soc. 1991, 113, 4252—-4261.
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—78 °C for 1 h, and a solution of G1-Br (18) (3.0 g, 5.82 mmol)
in 10 mL of THF was added while stirring at —78 °C was
continued for additional 2 h. The reaction was quenched with
methanol (2 mL) and added to 20 mL of saturated aqueous
NH4CI. The THF was removed in vacuo, and the residue was
extracted with CH,Cl,. The combined organic layers were
evaporated under reduced pressure, and the crude product was
purified by column chromatography with CH,CI, followed by
10:0.2 CH,Cl,—ethyl acetate eluents: yield 96% (2.10 g); *H
NMR (CDCls) 6 (ppm) 1.20—1.31 (m, 4H), 1.59 (s, 6H), 1.64—
1.71 (m, 4H), 2.08 (m, 4H), 2.63 (t, 4H J = 6 Hz), 5.03 (s, 8H),
6.89 (d, 8H, J = 6.6 Hz), 7.07—7.12 (m, 10H), 7.31—7.46 (m,
20H), 8.24 (s, 2H), 8.53 (d, 2H, J = 3.9 Hz); 13C NMR (CDCls)
o (ppm) 24.8, 28.1, 31.3, 35.6, 42.0, 45.2, 70.2, 114.3, 121.5,
124.1, 127.8, 128.1, 128.4, 128.8, 137.4, 142.5, 149.1, 153.1,
156.1, 156.8. Anal. Calcd for C;4H72N>O4: C, 84.38; H, 6.89;
N, 2.66. Found: C, 84.49; H, 6.92; N, 2.76.

[Ru(10)3](PFs)2 (20). This complex was prepared analogous
to 5: yield 76% (0.63 g); *H NMR (acetone-ds) 6 (ppm) 2.56 (s,
6H), 7.38 (d, 2H, J = 4.2 Hz), 7.83 (d, 2H, J = 4.2 Hz), 8.67 (s,
2H); 3C NMR (acetone-ds) & (ppm) 20.5, 125.2, 128.7, 150.2,
151.0, 157.1. MALDI-TOF MS (matrix, DHB) m/z calcd, 799.17
(M — PFeg); found, 799.58. FAB-MS (matrix, NBA); m/z calcd,
799.17 (M — PFg); found, 799.10.

[Fe(10)3](PFs)2 (21). This complex was prepared analogous
to 6: yield 84% (0.66 g); *H NMR (acetone-ds) 0 (ppm) 2.58 (s,
6H), 7.39 (d, 2H, J = 3.9 Hz), 7.51 (d, 2H, J = 4.2 Hz), 8.69 (s,
2H); 2*C NMR (CD,Cl) 6 (ppm) 21.3, 124.7, 128.8, 151.5, 152.9,
158.7. FAB-MS (matrix, NBA) m/z calcd, 753.20 (M — PFg);
found, 753.30.

[Co(10)3](PFs)2 (22). To a solution of Co(NO3),-6H,0 (0.24
g, 0.81 mmol) in 30 mL of ethanol was added 4,4'-dimethyl-
2,2'-bipyridine (10) (0.50 g, 2.3 mmol). The reaction mixture
was refluxed under Ar for 24 h. The solution was then allowed
to cool to room temperature and filtered to remove any insol-
uble impurities. The solvent was removed in vacuo. The resi-
due was dissolved in CH;Cl, and added dropwise with stirring
to 150 mL of petroleum ether. The yellow precipitate was
filtered and washed with ether and petroleum ether several
times. The yellow precipitate was dissolved in water and ex-
tracted with diethyl ether several times. To the combined aque-
ous layers was added a solution of KPFg (1.49 g, 8.14 mmol)
in a small amount of water. The produced yellow precipitate
was filtered, dissolved in CH,Cl,, and extracted with water
two times. The combined organic layers were evaporated to
dryness under reduced pressure: yield 75% (0.55 g); *H NMR
(acetone-ds) 0 (ppm) 0.36 (s, 6H), 44.77 (s, 2H), 81.55 (s, 2H),
91.48 (br, 2H); 3C NMR failed to show all of the expected
signals, presumably due to fast nuclear relaxation by the
paramagnetic cobalt. FAB-MS (matrix, NBA) m/z calcd, 756.20
(M — PFg); found, 756.20. Anal. Calcd for CzsH3zsCoF12NeP2:
C, 47.96; H, 4.02; N, 9.32. Found: C, 47.94; H, 4.09; N, 9.30.

[Ru(19)3](PFs)2 (23). To a solution of 19 (0.54 g, 0.51 mmol)
in 40 mL of ethylene glycol/DMF (1/2 v/v) was added ruthenium-
trichloride hydrate (40—43% Ru) (0.15 g, 0.72 mmol) in 5 mL
of DMF. The reaction mixture was refluxed for 24 h. The
solution was allowed to cool to room temperature and filtered
to remove any insoluble impurities. The solvent was removed
in vacuo. The residue was dissolved in CH,CIl, and added
dropwise with stirring to 150 mL of petroleum ether. The
orange precipitate was filtered and washed with ether and
petroleum ether several times. The orange precipitate was
dissolved in a minimum amount of acetone and added while
stirring to 200 mL of water. A solution of KPFs (0.3 g, 1.65
mmol) in a minimum amount of water was then added to
the resulting orange red solution. This produced an orange
precipitate, which was subsequently filtered, dissolved in
CH,Cl,, and extracted with water two times. The combined
organic layers were evaporated under reduced pressure, and
the crude product was purified by column chromatography
with CH,Cl,—ethyl acetate 10:0.2 eluent: yield 34% (0.20 g);
1H NMR (CD:Cl,) 6 (ppm) 1.22—1.27(br, 4H), 1.54—1.65 (br,
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10H), 2.08—2.12 (br, 4H), 2.72 (t, 4H, J = 8.4 Hz), 4.99 (s, 8H),
6.85 (d, 8H, J = 9 Hz), 7.08—7.15 (m, 10H), 7.31-7.46 (m,
20H), 8.08 (s, 2H); **C NMR (CD-Cl,) 6 (ppm) 25.0, 27.7, 31.0,
35.5,41.8,70.1, 114.2,123.9, 127.8, 128.0, 128.1, 128.4, 128.7,
137.5, 1425, 150.7, 154.7, 156.6, 156.9. MALDI-TOF MS
(matrix, DHB) m/z calcd, 3404.52 (M — PFg); found, 3410.46.
FAB-MS (matrix, NBA) m/z calcd, 3404.52 (M — PF); found,
3405.70. Anal. Calcd for C222H216F12N5012P2RU: C, 7509, H,
6.13; N, 2.37. Found: C, 74.87; H, 6.23; N, 2.34.
[Fe(19)3](PFs)2 (24). This complex was prepared analogous
to 6, alternatively using chloroform/ethanol solvent mixture
(2:1 viv): yield 77% (0.40 g); *H NMR (CD,Cl,) 6 (ppm) 1.22
(br, 4H), 1.54—1.65 (m, 10H), 2.10 (m, 4H), 2.73 (t, 4H, J =
6.6 Hz), 4.99 (s, 8H), 6.86 (d, 8H, J = 6.6 Hz), 7.09—7.13 (m,
10H), 7.31—7.41 (m, 22H), 8.11 (s, 2H); 3C NMR (CD,Cl,) 6
(ppm) 25.1, 27.8, 31.0, 35.5, 41.9, 45.1, 70.2, 114.2, 127.7, 127.9,
128.1, 128.3, 128.6, 137.4, 142.4, 153.2, 155.6, 156.8, 158.7.
FAB-MS (matrix, NBA) m/z calcd, 3358.55 (M — PFs); found,
3360.30. Anal. Calcd for CyxH»16F12FENgO1-P,: C, 76.05; H,
6.21; N, 2.40. Found: C, 75.50; H, 6.17; N, 2.34.
[Co(19)s](PFe)2 (25). This complex was prepared analogous
to 22 alternatively using chloroform/ethanol solvent mixture
(2:1 viv): yield 97% (0.77 g); *H NMR (CD.Cly) 6 (ppm) is
shown in the Supporting Information. Additional peaks were
always observed in these spectra despite repeated attempts
to purify this compound by silica gel and alumina chromatog-
raphy, reverse phase chromatography, selective precipitation,
and gel permeation chromatography. It is suspected that these
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may be perhaps due to paramagnetic shifting of certain nuclei
due to the presence of the cobalt as acceptable elemental and
mass spectral analyses were obtained. 3C NMR failed to show
all of the expected signals, presumably due to fast nuclear
relaxation by the paramagnetic cobalt. FAB-MS (matrix, NBA)
m/z calcd, 3361.55 (M — PFg); found, 3362.60. Anal. Calcd for
0222H215F12C0N6012P2: C, 7599, H, 620, N, 2.40. Found: C,
75.86; H, 6.31; N, 2.35.
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