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ABSTRACT

Recent work has uncovered a synthetic route to a new series of
meridionally-coordinated tridentate terpyridine rhenium dicarbonyl complexes.
The complex mer,cis-Re(tpy-1*N)(CO)2Cl (1) undergoes facile chloride
substitution to produce a variety of complexes of the type mer,cis-[Re(tpy-
K3N)(CO)2(L)]?, where L = CFsSO:s (2), CHsCN (3), CN (4), NCsHs (5), PMes (6),
PEts (7), PPhs (8), P(OMe)s (9), P(OEt)s (10), P(OPh)s (11) ), P(O'Pr)s (12),
P(OMe)(Ph)2 (13). Complexes 1-13 absorb light throughout a significant portion
of the visible spectrum. The electrochemistry of these compounds is discussed in
relation to their observed m-acidity and their ability to significantly stabilize the
lower oxidation state of rhenium relative to the tricarbonyl bipyridine systems.
The complex mer,cis-Re(tpy-k3N)(CO)2Cl (1) produces a first oxidation potential
(reversible) that is 0.85 V (vs. SCE) less oxidizing relative to fac-Re(bpy)(CO)sCl’s

tirst oxidation potential (irreversible).

xi



I. BACKGROUND

1.1 Terpyridine Metal Complexes

Some of the most interesting transition metal complexes in inorganic
chemistry show stability as well as desirable photophysics and redox properties.
Many of these complexes studied contain polypyridine ligands. For example,
[Ru(bpy)s]* (where bpy is 2,2" bipyridine) exhibits a combination of chemical
stability and desirable photophysical and redox properties.! Recently, terpyridine
(tpy) metal complexes have received significant interest in coordination
chemistry, material science, biochemistry and supramolecular chemistry. 2-*
Terpyridine and its derivatives have been coordinated to various transitions
metals with potential applications in solar energy conversion,’!* photocatalytic
water splitting,'4®> DNA assembly, !¢ carbon-carbon single bond formation,'” and
oxidation of alcohols and ethers.’® As shown in Figure 1, terpyridine has a two-
fold axis through the 4’ position. Assuming terpyridine is fully coordinated to a
metal, the number of possible isomers when attached to a surface, such as
titanium dioxide, will be much fewer when compared to bipyridine metal

complexes.?’ Terpyridine also has the ability to chelate in a tridentate fashion to



metal centers whereas bipyridine is limited to bidentate chelation. The
additional chelation site contributes to metal terpyridine complexes overall

stability.

Figure 1. Structures of 2,2’ bipyridine (left) and 2,2'-6",2" terpyridine (right) with two-fold
axis included.
1.2 Rhenium(I) carbonyl complexes

Polypyridine complexes containing transition metals such as Ru(II), Os(II),
and Re(I) continue to attract considerable attention due to their rich
photochemistry and photophysics,?2? their potential applications in the fields for
both photocatalysis and electrocatalysis,?* artificial photosynthetic materials,>%
supramolecular systems,” photodevices,”-*! and even cell imaging.**3 Much of
this work has been driven by bidentate polypyridine chelates, such as bipyridine
or phenanthroline.?! Additionally, preparation of rhenium(I) diamine tricarbonyl
complexes and subsequent tuning of the electronic properties by modification of
different ligands is well known. 3#% Even though these complexes have been
extensively studied these types of complexes only absorb a small portion of the
visible spectrum and have high oxidation potentials. As potential alternative to

bipyridine, terpyridine has been studied with rhenium(I) carbonyl systems.
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1.3 Problems Related to Bis-Chelating Rhenium(I) Terpryidine Complexes
Complexes of the type fac-[Re(tpy-k2N)(CO)s(L)]* have been prepared
(including many terpyridine derivatives) using similar methods to fac-[Re
(bpy)(CO)s(L)]".%-#¢ Terpyridine chelates in a bidentate configuration when
forming fac-[Re(tpy-x*N)(CO)s(L)]" (where L is a negative or neutral donor ligand
such CI- or PPhs and n is 0 or +1). The fac-[Re(tpy-12N)(CO)s(L)]" suffers from
lack of symmetry similar to fac-[Re(bpy)(CO)s(L)]» complexes (see Figure 2). This

asymmetry causes isomers when added to a surface such as titanium dioxide.

Figure 2. Top view of fac-[Re(bpy)(CO)s(L)]" (left) fac-[Re(tpy-k2N)(CO)s(L)]" (right) where L is a
negative or neutral donor ligand such a ClI- or PPhs and nis 0 or +1.

Recent research has focused the uncoordinated pyridine ring, fac-[Re(tpy-
K2N)(CO)s(L)]» and the mechanism for the Re-N linkage fluxion.*>* Using low
temperature NMR, these studies indicate the Re-N linkage movement occurs as
a rotation of the ligand using the middle nitrogen coordination as a pivot point.

Similar studies have confirmed similar result with terpyridine derivative.*

3



In conjunction with the Re-N linkage fluxion, the uncoordinated nitrogen
site of the pyridine from the terpyridine also leads to issues related to reactivity.
Amoroso and co-workers demonstrated that the nitrogen on the uncoordinated
pyridine ring can be methylated. This methylated nitrogen in turn causes bulkier
ligands such pyridine to be unable to chelate to the rhenium(I) metal center.*’ To
restrict undesirable reactions and improve the complex’s symmetry tridentate
coordinated terpyridine scheme is highly desirable.

1.4. Tris-Chelating Rhenium Terpyridine Complexes

Few rhenium terpyridine complexes tridentate configurations have been
reported. Examples of some of these complexes are
[ReVO(tpy-1°N)(SCsHsCHzs)2]*,° [Rel(tpy-kx3N)(PPhs):Cl]*,5! Re(tpy-1x3N)Cls,*
mer,cis-Re!(tpy-1x3N)(CO)2Br,* ReBr(tpy-k?N)(PPhs)2>>and the seven coordinate
complex, [Re"(tpy-x3N)X]* (where X= Cl, OH, NCS).53 Of the meridionally tris-
chelated terpyridine complexes listed only one rhenium(I) complex has been
reported.

Abel and co-workers prepared mer,cis-Re(tpy-1x3N)(CO)2Br complex under
harsh conditions using a Carius tube heated to 285 °C.# To date, no studies
pertaining to reactivity have been reported for mer,cis-Re!(tpy-x3N)(CO):Br. The
mer,cis-Re(tpy-x3N)(CO)Br was described as a dark brown/black solid which

proved to be difficult to dissolve in organic solvents was characterized by



infrared spectroscopy, proton NMR spectroscopy and elemental analysis . The
intense heat and pressure used to prepare the mer,cis-Re(tpy-*N)(CO):Br
denotes excellent thermal stability and the dark brown/black color implies
significant absorption in the visible region. Both characteristics are desirable in
photocatalysts.

In this study, mer,cis-[Re(tpy-1®N)(CO):L]" (L = CFsSOs (2), CH3CN (3), CN
(4), NGsHs (5), PMes (6), PEts (7), PPhs (8), P(OMe)s (9), P(OEt)s (10), P(OPh)s (11),
P(O'Pr)s (12), P(OMe)(Ph): (13) were prepared. Characterization of these
complexes using IR spectroscopy, absorption spectroscopy, proton NMR

spectroscopy, mass spectrometry and cyclic voltammetry was also performed.



II. PREPARATION AND CHARACTERIZATION OF
RE(TPY-K3N)(CO).L COMPLEXES

2.1 Materials

Re(CO)sCl was purchased from Strem Chemical, Inc. and was used
without further purification. The ligands 2,2":6',2"-terpyridine,
triphenylphosphine, pyridine, silver trifluoromethanesulfonate, triethyl
phosphite, trimethyl phosphite, potassium cyanide, triphenyl phosphite, and
triisopropyl phosphite were purchased commercially and used without further
purification. The triethylphosphine and trimethylphosphine were purchased
from Sigma-Aldrich as 0.1 M solutions in tetrahydrofuran and used without
further purification. Re(tpy-«k2N)(CO)sCl was prepared from literature.*

All solvents for synthesis were of reagent grade and used as received
unless otherwise specified. Dry tetrahydrofuran (THF) was distilled from Na-
K/benzophenone. For UV-Vis spectroscopy and electrochemical chemical studies
HPLC grade or reagent grade was used. The reagent grade acetonitrile was first
dried over silica gel (dried for a minimum of 24 hours at 120°C), then filtered
removing silica gel and the acetonitrile was distilled over anhydrous calcium

hydride.



2.2 Measurements

UV/vis spectra were recorded using a Cary 50 UV-Visible
spectrophotometer with a xenon flash lamp. Room temperature emission spectra
were measured on a Cary Eclipse fluorescence spectrophotometer. IR spectra
were recorded using a thin film technique with a Perkin-Elmer Spectrum 400
FT-IR/FT-FIR spectrophotometer using 1 cm™ resolution. The redox potentials of
the complexes were measured in an acetonitrile solution containing tetra-n-
butylammonium hexafluorophosphate (0.1 M) as the supporting electrolyte by
cyclic voltammetric techniques using a PINE WaveNow potentiostat analyzer,
with a glassy-carbon disk working electrode, a Ag/AgCl, KCI (sat’d) reference
electrode, and a Pt counter electrode. The supporting electrolyte was
recrystallized in absolute ethanol and dried under vacuum in a dessicator for a
minimum of 24 hours prior to use. For the cyclic voltammograms, the potentials
were acquired with a Ag*/AgCl wire quasi-reference electrode. The
voltammograms were corrected using decamethylferrocene (-0.106 V vs. SCE).
Decamethylferrocene was chosen as the reference standard because the
ferrocene/ferrocenium couple and the first oxidation peak for several of the
complexes overlapped. All potentials reported in this paper are versus SCE."H
NMR and 3P NMR spectra were measured with using a Bruker Avance 500 high-

field superconducting NMR spectrometer. Electrospray ionization (ESI) Time of



flight (TOF) mass spectra were obtained with an Agilent Time-of-Flight MS
G1969A Series 6200 in positive ionization mode using 1ppm of the complexes in
50% acetonitrile/water (LC/MS) with 10 uM of acetic acid (ionization agent).

Elemental analyses were performed by Atlantic Microlab, Inc., Norcross, GA.

2.3 Synthesis

mer,cis-Re(tpy-xN)(CO):Cl (1). A 35mL heavy-wall, low-expansion
borosilicate pressure tube was loaded with fac-Re(tpy-x2N)(CO)CI*! (71 mg, 0.139
mmol). The tube was then evacuated and purged with an inert gas (such as
nitrogen or argon) thrice before being heated to 275 °C for 4-6 hours. A black
solid remained. A column of alumina (60 mm length, 30 mm width) was used to
purify 1 using dichloromethane, removing any unreacted fac-Re(tpy-
Kk2N)(CO):(], followed by acetonitrile removing a yellow-green product
(unidentified). Lastly, ethanol was used to isolate 1. The resulting solution was
removed under reduced pressure leaving 1 as a black solid. Yield: 63 mg, 89%.

Data for 1. 'H NMR (DMSO-de): 8 8.87 (d, ] = 5.6 Hz, 2H), 8.57 (d, ] = 8.3 Hz,
2H), 8.53 (d, ] =8.3 Hz, 2H), 8.21 (t, J=7.9 Hz, 1H), 8.03 (t, ] =7.8, 2H), 7.48 (t, | =
6.4, 2H). IR (CHsCN): v(CO) = 1891, 1798 cm'. Anal. Calc. for Ci7H11CIN3O:zRe: C,
39.96; H, 2.17; N, 8.22 %. Found: C, 38.18; H, 2.08; N, 7.87 %. Electronic
absorption (CH3CN): Amax, nm (&, M'cm) 239 (29790), 271 (51217), 280 (47492),

317 (25838), 320 (26560), 397 (4042), 460 (3849), 671 (1453). ESI MS: ™/, 512 (parent
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peak, [M+H]*, where M is mer,cis-Re(tpy-1°N)(CO)Cl), 511 [M], 476 [M-Cl], 397
[M-Cl-pyridine].

mer,cis-Re(tpy-1*N)(CO)2(CFsS0s) (2). A dichloromethane solution (100 mL)
containing complex 1 (54 mg, 1.1x10?mmol) and silver
trifluoromethanesulfonate (34 mg, 1.3x102 mmol) was refluxed under a nitrogen
atmosphere for 8 h. After removal of the AgCl precipitate by filtration, the
resulting solution was concentrated to a minimum volume under a reduced
pressure. Diethyl ether was added drop wise to give a green precipitate. The
precipitate was collected by filtration, washed with two 20 mL portions of cold
diethyl ether, and dried in vacuo. Yield: 58 mg, 88%.

Data for 2.'H NMR (C DMSO-ds): 6 8.96 (d, ] =5.3 Hz, 2H), 8.62 (dd, ] =15.3,
8.1 Hz, 4H), 8.35 (t, ] = 8.1 Hz, 1H), 8.16 (t, ] =7.9 Hz, 2H), 7.60 (t, | = 6.7 Hz, 2H).
IR: (CH2Cl2): v(CO) = 1900, 1825 cm™’. Amax, nm (g, Mlcm™?) 273 (1969), 280 (2267),
318 (3679), 376 (412), 423 (478) 612 (153).

mer,cis-[Re(tpy-k*N)(CO)2(CHsCN)I(CFsS0s) (3). An acetonitrile solution (15
mL) containing complex 2 (49 mg, 7.8x102 mmol) was refluxed for 5 h under a
nitrogen atmosphere. Alternatively, 3 was prepared in a one-pot synthesis by
refluxing complex 1 (54 mg, 1.1x102mmol) and silver trifluoromethanesulfonate
(34 mg, 1.3x102 mmol) in 20 mL of acetonitrile for 8 hours in the dark under

nitrogen atmosphere. In either case, the resulting solution was concentrated to ~5



mL under a reduced pressure and diethyl ether was added drop wise to the
filtrate to give a green precipitate. The precipitate was collected by filtration,
washed with two 20 mL portions of cold diethyl ether, and dried in vacuo. Yield:
47 mg, 90%.

Data for 3. 'H NMR (CDsCN): 5 8.91 (d, ] =5.1 Hz, 2H), 8.34 (d, ] =8.5 Hz,
2H), 8.30 (d, ] =8.5 Hz, 2H), 8.20 (t, ] = 8.3 Hz, 1H), 8.02 (t, ] =5.2 Hz, 2H), 7.45 (td,
J=5.0 Hz, 2H), 1.97 (d, ] = 3.0 Hz, 3H). IR (CHsCN): v(CO) = 1921, 1848 cm'. Anal.
Calc. for C20H14F3N4OsSRe: C, 36.09; H, 2.12; N, 8.42 %. Found: C, 35.61; H, 2.14;
N, 8.26 %. Electronic absorption (CH3CN): Amax, nm (¢, M'cm™) 193 (3831), 272
(880), 280 (846), 319 (1285), 425 (209.1) ESI MS: ™/, 517 (parent peak, [M]*, where
M is mer,cis-[Re(tpy-x3N)(CO)(NCCHs)]").

mer,cis-Re(tpy-1*N)(CO)2CN (4). A dry THF solution (50 mL) containing
complex 3 (58 mg, 8.7x102 mmol) and potassium cyanide (280 mg, 4.3 mmol) was
refluxed for 3 h under a nitrogen atmosphere. The solvent was removed to
dryness under a reduced pressure leaving a dark green solid. A column of
alumina (60 mm length, 30 mm width) was used to purify 4 using 1:1
dichloromethane/acetonitrile. The resulting solution was concentrated to a
minimum volume under reduced pressure producing complex 4 as a dark green
solid. The solid was collected by filtration, washed with 20 mL portions of cold

diethyl ether, and dried in vacuo. Yield: 29 mg, 66%.
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Data for 4. 'H NMR (CDsCN): 8 8.60 (m, 2H), 8.02 (m, 3H), 7.90 (m, 4H), 7.21
(m, 2H). IR (CHsCN): v(CO) = 1902, 1835 cm. Anal. Calc. for CisHulN4Oz2Re: C,
43.11; H, 2.21; N, 11.17 %. Found: C, 43.09; H, 2.14; N, 11.17 %. Electronic
absorption (CHsCN): Amax, nm (g, Mlem): 222 (31176), 273 (18001), 280 (17325),
317 (29030), 385 (4323), 445 (3576), 661 (1421). ESI MS: ™/, 978 (parent peak, see
Figure 4 for proposed structure during ESI MS.)

met,cis-[Re(tpy-k3N)(CO)2(NCsHs)[(CFsSOs) (5). A THF solution (50 mL)
containing complex 3 (58 mg, 8.7x102 mmol) and pyridine (0.25 mL, 3.1 mmol)
was refluxed for 2 h under a nitrogen atmosphere. The resulting dark green
solution was concentrated to a minimum volume under a reduced pressure and
diethyl ether was added dropwise to the filtrate to give a green precipitate. The
precipitate was collected by filtration, washed with two 20 mL portions of cold
diethyl ether, and dried in vacuo. Yield: 53 mg, 87%.

Data for 5. 'H NMR (CDsCN): 6 8.99 (d, ] = 5.6, 2H), 8.32 (d, ] = 8.3, 2H), 8.28
(d, ]=8.3,2H), 8.17 (t, ] = 8.6, 1H), 8.01 (m, 4H), 7.77 (m, 1H), 7.48 (m, 2H), 7.21
(m, 2H). IR (CHsCN): v(CO) =1912, 1841 cm. Anal. Calc. for C2sHi6FsN4OsSRe: C,
39.26; H, 2.29; N, 7.96 %. Found: C, 38.92; H, 2.29; N, 7.45 %. Electronic
absorption (CHsCN): Amax, nm (¢, Mlem™): 198 (22216), 249 (6745), 270 (3824), 281
(4129), 322 (6067), 383 (861), 444 (694). ESI MS: ™/, 555 (parent peak, [M]*, where

[M]*is mer,cis-Re!(tpy-k3N)(CO)2(NCsHs)]*).
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mer,cis-[Re(tpy-x3N)(CO)2(PMes)](CFsSOs) (6). Complex 3 (50 mg, 7.5x102
mmol) was added to dry THF (50 mL) and purged for 10 min. A 0.1 M solution
of trimethylphosphine in THF (ca. 2.5 mL, 24.0 mmol) was then added to solution
and refluxed for 5 hr under a nitrogen atmosphere. The resulting dark green
solution was concentrated to a minimum volume under a reduced pressure.
Diethyl ether was added drop wise to the filtrate to give a green precipitate. The
precipitate was collected by filtration, washed with two 20 mL portions of cold
diethyl ether, and dried in vacuo. Yield: 48 mg, 86%.

Data for 6. 'H NMR (CDsCN): 0 8.94 (d, ] = 6.61 Hz, 2H), 8.34 (m, 4H), 8.17
(ddt, ] =9.7 Hz, 2H), 7.98 (m, 1H), 7.42 (m, 2H), 1.4 (m, 2H), 0.78 (m, 6H).*'P
NMR (CDCls): 6 -31.27 (s, 1P). IR (CH3CN): v(CO) = 1918, 1848 cm™’. Anal. Calc.
for C1H20FsN30sPReS: C, 36.00; H, 2.88; N, 6.00 %. Found: C, 35.86; H, 2.79; N,
6.01 %. Electronic absorption (CHsCN): Amax, nm (g, Mlcm) 229 (3936), 272
(2198), 281 (2271), 318 (4406), 375 (590), 433 (645), 510 (247), 618 (204). ESI MS: ™/,
552 (parent peak, [M]*, where M is mer,cis-Re(tpy-x>N)(CO)(P(CHs)s3)]").

mer,cis-[Re(tpy-x3N)(CO)2(PEt;)|(CFsSOs) (7). Complex 3 (54 mg, 8.1x10
mmol) was added to dry THF (50 mL) and purged for 10 min. A 0.1 M solution
of triethylphosphine in THF (ca. 2.5 mL, 26.4 mmol) was then added to solution
and refluxed for 5 hr under a nitrogen atmosphere. The resulting dark green

solution was concentrated to a minimum volume under a reduced pressure.
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Diethyl ether was added drop wise to the filtrate to give a green precipitate. The
precipitate was collected by filtration, washed with two 20 mL portions of cold
diethyl ether, and dried in vacuo. Yield: 56 mg, 93%.

Data for 7. 'H NMR (CDsCN): 6 8.99 (d, ] =5.9 Hz, 2H), 8.36 (d, ] = 9.9 Hz, 2H),
8.31(d, J=8.9 Hz, 2H), 8.16 (t, ] =8.4 Hz, 1H), 7.98 (t, ]=7.4 Hz, 2H), 7.41 (t, ] = 6.4
Hz, 2H), 1.22 (m, 6H ) 0.63 (m, 9H ). 3'P NMR (CDCls): d -12.25 (s, 1P). IR
(CHsCN): v(CO) =1927, 1855 cm™. Anal. Calc. for C24H26FsNsOsPReS: C, 38.81; H,
3.53; N, 5.66 %. Found: C, 39.01; H, 3.41; N, 5.57 %. Electronic absorption
(CH3CN): A max, nm (¢, Mlem™): 271 (1579), 273 (1583), 322 (1732), 435 (308), 681
(101). ESI MS: /. 594 (parent peak, [M]*, where [M]*is mer,cis-[Re(tpy-
K3N)(CO)2(P(Ets))]*), 566 [M - CO], 504 [M —C2H100z], 475 [M — P(Ets)].

mer,cis-[Re(tpy-13N)(CO)2(PPhs)](CFsSOs) (8). A THF solution (50 mL)
containing complex 3 (55 mg, 8.3x10-2 mmol) with triphenylphosphine (1.389 g,
5.3 mmol) was refluxed for 4 h under a nitrogen atmosphere. The resulting dark
green solution was concentrated to ~5 mL under a reduced pressure and diethyl
ether was added drop wise to the filtrate to give a green precipitate. A column of
alumina (25 mm length, 30 mm diameter) was used to isolate the product. 100%
diethyl ether was used to remove the excess triphenylphosphine followed by
acetonitrile (producing a dark green band). The excess eluent was concentrated

under a reduced pressure. Cold hexane was added to produce a green
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precipitate. The precipitate was collected by filtration, washed with two 20 mL
portions of cold diethyl ether, and dried in vacuo. Yield: 69 mg, 94%.

Data for 8. 'H NMR (CDsCN): ©9.04 (d, ] =5.5 Hz, 2H), 7.94 (d, ] = 6.5 Hz,
4H), 7.77 (t, ] =7.8 Hz, 2H), 7.35 (t, ] = 6.6 Hz, 3H), 7.27 (t, ] = 6.5 Hz, 3H), 7.22 (m,
6H), 7.03 (m, 6H). 3P NMR (CDCls): 0 27.32 (s, 1P). IR (CHsCN): v(CO) = 1911,
1838 cmt. Anal. Calc. for CssH26FsN3OsPReS: C, 48.76; H, 2.96; N, 4.74 %. Found: C,
48.95; H, 2.95; N, 4.45 %. Electronic absorption (CH3sCN): Amax, nm (¢, Mcm™):
255 (7443), 322 (31134), 377 (942), 435 (863), 610 (290). ESI MS: ™/, 738 (parent
peak, [M]*, where M is mer,cis-Re!(tpy-1x3N)(CO)2(PPhs)]*).

mer,cis-[Re(tpy-x*N)(CO)2(P(OMe)s](CFsSOs) (9). Complex 9 was prepared
by refluxing complex 3 (49 mg, 7.4 x 102 mmol) and trimethyl phosphite (2.5 mL,
21.2 mmol) in dry THF (50 mL) under nitrogen atmosphere for 2 hours. The dark
green solution was concentrated to a minimum volume under a reduced
pressure. Pentane was added dropwise to the concentrate giving a green solid.
The green precipitate was filtered and washed with five 10 mL portions of cold
diethyl ether. The solid was dried in vacuo. Yield: 51 mg, 88%.

Data for 9. 'H NMR (CDsCN): 0 8.97 (d, ] = 8.9 Hz, 2H), 8.33 (m, 4H), 8.19
(ddd, ] =8.4 Hz, 2H), 8.00 (m, 1H), 7.41 (m, 2H), 3.26 (d, ] = 10.68 Hz, 9H).-31P
NMR (CDCls): 6 109.03 (s, 1P). IR (CH3sCN): v(CO) = 1940, 1863 cm. Anal. Calc.

for Ca1H20FsNsOsPReS: C, 33.69; H, 2.69; N, 5.61 %. Found: C, 33.46; H, 2.73; N,
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5.62 %. Electronic absorption (CHsCN): Amax, nm (¢, Mlem™) 228 (32564), 272
(19335), 279 (19855), 314 (34778), 367 (3736), 408 (4411), 600 (1022). ESI MS: ™/, 600
(parent peak, [M]*, where M is mer,cis-Re(tpy-1°N)(CO)(P(OCHz)3)]*).

mer,cis-[Re(tpy-1®N)(CO)2(P(OEt)3)|(CFsS0s) (10). Complex 10 was prepared
by refluxing complex 3 (45 mg, 6.8 x 102 mmol) and triethyl phosphite (ca. 0.35
mL, 2.0 mmol) in THF (50 mL) under a nitrogen atmosphere for 2 hours. The
dark green solution was concentrated to a minimum volume under a reduced
pressure. Diethyl ether was added dropwise to the concentrate giving a green
solid. The green precipitate was filtered and washed with five 10 mL portions of
cold diethyl ether. The solid was dried in vacuo. Yield: 51 mg, 88%.

Data for 10. 'H NMR (CDsCN): 8 8.96 (d, ] =9.0 Hz, 2H), 8.35 (d, ] = 8.1 Hz,
2H), 8.30 (dt, ] =10.2 Hz, 2H), 8.17. (m, 1H), 7.98 (m, 2H), 7.40 (m, 2H), 3.63 (p, | =
27.5 Hz, 6H), 0.84 (t, ] = 14.0 Hz, 9H). 3'P NMR (CDsCN): d 105.27 (s, 1P). IR
(CHsCN): v(CO) =1938, 1863 cm™'. Anal. Calc. for CasH2FsN3OsPReS: C, 36.46; H,
3.31; N, 5.31 %. Found: C, 36.37; H, 3.33; N, 5.32 %. Electronic absorption
(CH5CN), Amax, nm (g, M-'cm™): 229 (33186), 272 (18922), 280 (20013), 314 (38358),
367 (3876), 411 (4781), 481 (1679), 530 (1546), 576 (1362). ESI MS: /. 642 (parent
peak, [M]*, where M is mer,cis-Re(tpy-1x3N)(CO)2(P(OEt)s)]*).

mer,cis-[Re(tpy-x3N)(CO)2(P(OPh)3)1(CFsSOs) (11). Complex 11 was prepared

by refluxing complex 3 (39 mg, 5.9 x102mmol) and triphenyl phosphite (ca. 0.46
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mL, 1.8 mmol) in dry THF (50 mL) under nitrogen atmosphere for 2 hours. The
dark green solution was concentrated to a minimum volume under a reduced
pressure. Diethyl ether was added dropwise to the concentrate giving a green
solid. The green precipitate was filtered and washed with five 10 mL portion of
cold diethyl ether. The solid was dry under vacuo. Yield: 53 mg, 96%.

Data for 11. 'H NMR (CDsCN): 0 8.47 (m, 2H), 8.20 (m, 3H), 8.09 (ddd, J=8.7,
7.6,1.2Hz, 1H), 792 (td, J=7.8, 1.6 Hz, 2H), 7.38 (tt, ] = 7.6, 2.3 Hz, 2H), 7.17 (m,
12H), 6.76 (m, ] = 27.5 Hz, 5H). 3P NMR (CDCls): 6 92.87 (s, 1P). IR (CHsCN): v
(CO) =1952, 1874 cm'. Anal. Calc. for CssHz6FsNsOsPReS: C, 46.25; H, 2.80; N, 4.49
%. Found: C, 46.32; H, 2.83; N, 4.42 %. Electronic absorption (CH3CN): Amax, nm
(e, M-1cm-1): 243 (35770), 274 (22843), 282 (22220), 313 (36302), 403 (5018), 465
(1585), 504 (1460). ESI MS: m/. 786 (parent peak, [M]*, where M is mer,cis-Re(tpy-
1ICN)(CO)(P(OPh)s)]).

mer,cis-[Re(tpy-k3N)(CO)2(P(OPr)s)|(CF:S0s) (12). Complex 12 was prepared
by refluxing complex 3 (32 mg, 4.8 x102mmol) and triethyl phosphite (ca. 0.36
mL, 2.0 mmol) in dry THF (50 mL) under nitrogen atmosphere for 2 hours. The
dark green solution was concentrated to a minimum volume under a reduced
pressure. Diethyl ether was added dropwise to the concentrate giving a green
solid. The green precipitate was filtered and washed with five 10 mL portions of

cold diethyl ether. The solid was dried in vacuo. Yield: 36 mg, 90%.
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Data for 12. 'H NMR (CDsCN): 5 8.97 (ddt, ] =5.6, 1.6, 0.8 Hz, 2H), 8.32 (m,
4H), 8.17 (m, 1H), 7.97 (tdd, ] =8.3, 1.5, 0.7 Hz, 2H), 7.41 (ddd, ] =7.6, 5.6, 1.4 Hz,
2H), 4.36 (dp, ] =8.4, 6.1 Hz, 3H), 0.85 (d, ] = 6.1 Hz, 27H). 3'P NMR (CDCls): d
103.64 (s, 1P). IR (CH3CN): v(CO) = 1935, 1861 cm™. Anal. Calc. for
Co7Ha2FsNsOsReS: C, 38.94; H, 3.87; N, 5.05 %. Found: C, 38.97; H, 3.81; N, 5.09 %.
Electronic absorption (CH3CN): Amax, nm (¢, M1cm™):-229 (33818), 272 (18935),
280 (20007), 315 (39587), 368 (4177), 388 (3923), 413 (4803), 584 (4803). ESI MS: ™/,
684 (parent peak, [M]*, where M is mer,cis-Re(tpy-k3N)(CO)2(P(OC2Hs)s)]*).

mer,cis-[Re(tpy-k3N)(CO)2(P(OMe)(Ph)2)](CFsSOs) (13). Complex 13 was
prepared by refluxing complex 3 (33 mg, 5.0 x 102mmol) and triethyl phosphite
(ca. 0.30 mL, 1.5 mmol) in dry THF (50 mL) under a nitrogen atmosphere for 2
hours. The dark green solution was concentrated to a minimum volume under a
reduced pressure. Diethyl ether was added dropwise to the concentrate giving a
green solid. The green precipitate was filtered and washed with five 10 mL
portions of cold diethyl ether. The solid was dried in vacuo. Yield: 39 mg, 93%.

Data for 13. 'H NMR (CDsCN): 5 8.98 (dt, ] = 6.1, 1.5 Hz, 2H), 8.04 (m, 5H),
7.89 (td, ] =7.9, 1.6 Hz, 2H), 7.44 (m, 2H), 7.36 (ddd, ] =7.3, 5.6, 1.5 Hz, 2H), 7.28
(tt, ] =6.3,2.1 Hz, 4H), 6.98 (ddt, ] =9.7, 6.7, 1.4 Hz, 4H), 3.04 (d, ] = 11.5 Hz, 3H).
SIP NMR (CDCls): 0 110.58 (s, 1P). IR (CHsCN): v(CO) =1931, 1858 cm. Anal.

Calc. for CsiH24FsNsOsPReS: C, 44.28; H, 2.88; N, 5.00 %. Found: C, 44.32; H, 2.85;
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N, 4.96 %. Electronic absorption (CHsCN): Amax, nm (g, M-lcm™?): 273 (22237), 317
(34238), 364 (4057), 419 (4356), 486 (1535.3), 612 (1088). ESI MS: ™/ 692 (parent

peak, [M]*, where M is mer,cis-[Re(tpy-x>N)(CO)2(P(OC2Hs)s)]*).
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III. RESULTS AND DISCUSSION OF RE(TPY-K3*N)(CO).L COMPLEXES

3.1 Synthetic Preparation

An outline of the synthesis of the meridionally-coordinated terpyridine
rhenium dicarbonyl complexes is given in Figure 3. The preparation of these
rhenium dicarbonyl complexes begins with the fac-Re(tpy-«x2N)(CO)sCl (1)
complex.®* Methods to prepare this complex, as well as other similar bidentate
fac-Re(a,&-diimine)(CO)sCl complexes, are well-established. Preparation of the
meridionally-coordinated tridentate mer,cis-Re(tpy-k3N)(CO)2Cl (1) complex was
performed by the thermal elimination of CO via modification to a previous
literature report.* Indeed, the initial report detailed the preparation for the
similar mer,cis-Re(tpy-1®>N)(CO):Br from the fac-Re(tpy-«2N)(CO)sBr complex
using a Carius tube. We found this method to be problematic and inconvenient
for preparative studies given the difficulties associated with flame sealing the
tube under high vacuum. In addition, the possibility of explosion due to over-
pressure and product recovery further complicated the process. We found that
the use of a heavy-wall, low-expansion borosilicate pressure tube in conjunction
with an automatic pressure release and reseal mechanism® greatly simplifies the

procedure. Product recovery is vastly simplified, the reaction vessel is reusable,
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and the hazards associated with possible explosion due to over-pressure are
greatly reduced.

The mer,cis-Re(tpy-1*N)(CO):Cl (1) was stable and was used in subsequent
reactions for preparing the dicarbonyl complexes. The removal of chloride from
the mer, cis-Re(tpy-k®N)(CO):Cl (1) was effected by use of silver triflate,
Ag(CFsS0Os), in methylene chloride, yielding mer, cis-Re(tpy-k3N)(CO)2(CFs50s)
(2). Refluxing this complex in acetonitrile produced mer,cis-[Re(tpy-
K3N)(CO)2(NCCHs)]* (3). Subsequently, the mer,cis-[Re(tpy-k3N)(CO)(NCCHs)]*
(3) was prepared directly from mer,cis-Re(tpy-1®N)(CO)2Cl (1) using Ag(CFsSOs)
in refluxing acetonitrile. Refluxing mer,cis-[Re(tpy-1c*N)(CO)2(NCCHs)]* (3) in
tetrahydrofuran (THF) with a large excess of the ligand L (L = CN-(4), NCsHs (5),
PMes (6), PEts (7), PPhs (8), P(OMe)s (9), P(OEt)s (10), P(OPh)s (11), P(O'Pr)s (12),
P(OMe)(Ph)2(13)) resulted in the displacement of acetonitrile and the subsequent

coordination of L.
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Figure 3. Synthesis of meridionally-coordinated tridentate terpyridine rhenium dicarbonyl
complexes, mer,cis-Re[(tpy-k3N)(CO)z(L)]". (Reagents and Conditions: (i) 1.1 eq. terpyridine,
toluene, reflux 4-8 hrs., (ii) 275°C, 4-6 hrs., (iii) 1.1 eq. Ag(CFsSOs), CHsCN, reflux 5 hrs., (iv)
excess of L, THF, reflux 2-6 hrs., (v) 1.1 eq. Ag(CF3SOs), CH2Clz, reflux 8 hrs., (vi) CHsCN, reflux 5
hrs. nis 1* or 0 depending on ligand. L is complex 2-13

3.2 Infrared Spectroscopy
The spectrum of the complexes 1, 7, and 10 are shown in Figure 4
representative examples showing two vibrational bands were found for all
complexes in the region of ca. 1795-1865 and 1890-1940 cm™! (Appendix A shows

the IR spectra in the carbonyl region for complexes 1-13). The two CO vibrations

were expected on the basis of those found for other reported rhenium(I) dicarbonyl

56,57

complexes; this is consistent with a mutual cis-CO geometry for all of the

compounds.
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Figure 4. Infrared spectra for selected complexes. mer,cis-Re(tpy-k3N)(CO)2Cl (1; black, solid
line); mer,cis-[Re(tpy-k3N)(CO)2(PEt3)]* (7; blue, dashdot), and mer,cis-[Re(tpy-
k3N)(CO)2(P(OEt)3)]* (10; red, short dash).

Table 1. v(CO) Frequencies for mer,cis-[Re(tpy-k3N)(CO):L] (CFsSOs) and
Electronic Parameters of L

No. L 1(CO) (cm™) X°
6 PMes 1919, 1848 8.55
7 PEts 1927, 1853 6.30
8 PPhs 1928, 1855 13.25
9 P(OMe)s 1942,1863 24.10
10 P(OEt)s 1938,1863 21.60
11 P(OPh)s 1952, 1874 30.20
12 P(OPr)s 1935, 1861 19.05
13 P(OMe)(Ph). 1931, 1858 16.30

= Taken from ref 58 and ¥ is the Tolman’s Electronic Parameter.

It is well documented that metal carbonyl stretching frequencies are
influenced by other coordinated ligands” ability to accept and donate electronic
density to and from the metal center.® Tolman’s electronic parameter y measures
the electron withdrawing ability of a ligand based on carbonyl stretching

frequency of Ni(CO)sL (where L is a phosphine).®’ Table 1 lists the Tolman
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electronic parameters of the phosphite and phosphine ligands coordinated to the
mer,cis-[Re(tpy-x>N)(CO)2moiety with the corresponding carbonyl stretching
frequency. Figure 5 show a direct correlation between Tolman electronic values
and the carbonyl stretching frequency for complexes 5 - 13. As ligand L in the
mer,cis-[Re(tpy-k®N)(CO).L]* withdraws electron density from the Re! metal
center, the electron density between the Re! metal center and the carbonyl
ligands decreases. The simple explanation is the higher the carbonyl stretching
frequency the greater electron withdrawing ability of ligand L for mer,cis-
[Re(tpy-k3N)(CO):L]* . Extrapolating this relationship to include the non-
phoshorus ligands the follow trend can be developed from the greatest electron-
acceptor to the lowest electron-acceptor ligand: P(OPh)s, P(OMe)s, P(OEt)s,

P(OPr)s, P(OMe)Phz, PPhs, PEts, PMes, NCCHs, NCsHs, CN-, OSO:CFs-, CI-.
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Figure 5. Carbonyl stretching frequencies against Tolman electronic parameter, X, for the

phosphine and phosphite complexes.

3.3 Absorption Spectroscopy

The UV-vis spectra for these complexes were acquired in acetonitrile.
Figure 6 shows the UV-vis spectra for selected complexes plotted as a function of
molar extinction coefficients versus wavelength. This allows a direct comparison
of transition energies, as well as a measure of the oscillator strengths. All
complexes absorb light throughout a significant portion of the visible spectrum.
Several of these complexes, the mer,cis-Re(tpy-1*N)(CO)2Cl (1) and mer, cis-
Re(tpy-x3N)(CO)2CN (4), absorb light throughout the entire visible spectrum. In
the region between 350 and 800 nm, all compounds show at least three broad

bands (see inset on Figure 6). The two bands at higher energies are better
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resolved with more defined structure relative to the lower energy band. Within
this region, the molar extinction coefficients for the chloro, cyano and
trialkylphosphite complexes exhibit markedly larger values indicative of
increased oscillator strengths. All compounds listed exhibit absorptions between
200 and 325 nm that are assigned to —rt* ligand centered transitions, based on
previous work for rhenium-terpyridine complexes.®! Absorptions in the visible

region are assigned to metal-to-ligand transitions (MLCT).
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Figure 6. UV-visible spectra for selected mer,cis-Re[(tpy-x3N)(CO)2(L)]» complexes in acetonitrile
at a room temperature. mer,cis-Re(tpy-k3N)(CO)2Cl (1; black, solid line); mer,cis-Re(tpy-
K3N)(CO)2CN (4, green, long dash); mer,cis-[Re(tpy-k3N)(CO)2(PEts)]* (7; blue, dash dot), and
mer,cis-[Re(tpy-k*N)(CO)2(P(OEt)s)]* (10; red, short dash).

In addition to the use of acetonitrile, the UV-vis spectrum for Re(tpy-
k3N)(CO)2Cl was acquired in methylene chloride and water to illustrate the
solvent sensitivity of the absorption bands in the region from 350 — 800 nm. For

example, Figure 7 shows in methylene chloride, a less polar solvent compared to
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acetonitrile, leads to a bathochromic shift but with the water a hypsochromic
shift is observed, as expected of the MLCT band. In addition, the molar
extinction coefficients and the broad peak-widths are consistent with this

assignment.
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Figure 7. Complex 1 absorption spectra in water, acetonitrile, and dichloromethane.

3.4 Nuclear Magnetic Resonance Spectroscopy
The 'H NMR spectra were obtained in CDsCN excluding complex 1 which
was obtained in DMSO-ds (Appendix A contains 'H spectra for all complexes).
Complex 1 lacked sufficient signal for a quantitative 'H spectrum using CDsCN
and CD:CL. It should also be note that '3C spectra were not obtained. The NMR

spectra of complex 1 showed eleven protons in the aromatic region which is
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consistent with the eleven protons on terpyridine. When the 2,2":6',2"-terpyridine
was initially coordinated to rhenium, as fac-Re(tpy-1x2N)(CO)sCl, eleven protons
were found to be independent of one another, which implies asymmetry in the
complex (see top spectrum in Figure 8). The coordination of the free pyridine
ring on the 2,2":6',2"-terpyridine formed the mer,cis-Re(tpy-1*N)(CO)(], giving a
far more symmetrical complex than fac-Re(tpy-k2N)(CO)sCl. Also a downfield
shift was observed for the mer,cis-Re(tpy-«x>N)(CO)2Cl when compared to fac-
Re(tpy-k2N)(CO)sCl. The replacement of Cl- with the various ligands listed here
showed no significant shift and a no definite trend could be established (See

Appendix B).
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Figure 8. NMR spectra of fac-Re(tpy-«2N)(CO)sCl (top) and mer, cis-Re(tpy-12N)(CO)2Ll
(bottom) in DMSO-ds.

3.5 Mass Spectrometry
All parent peaks for positively charged complexes were found to be
consistent with the calculated values of formulated masses, minus the triflate
counter ion. The parent peak of complex 1 was protonated. Interestingly the
parent peak of complex 4 was found to have a value of 978.084, which

corresponds to a bridged complex depicted in Figure 9.
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Figure 9. Rhenium dimer corresponding to the monoisotopic mass found for complex 4.

The complex in Figure 9 with a monoisotopic mass of 978.083 corresponds well
with the experimental value found for complex 4. The bridging of complex 4 is
likely caused by the ambidentate nature of the cyanide ligand and is induced by
the ionization of mass spectrometric processes. Either the cyano or one of the
carbonyl ligands could be the bridging ligand but the cyano ligand is likely to be
the bridging ligand; this bridging was not observed in any of the other
complexes’ mass spectrometric data. Dimer formation in fac-Re(bpy-12N)(CO)s
moieties when using cyanide has been seen in literature.5¢
3.6 Electrochemistry

The electrochemistry of these compounds has been investigated in

acetonitrile and the corresponding electrochemical potentials are reported in

Table 2.
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Table 2. Summary of Electrochemical Potentials for Complexes 1-13.

Ei2 (V vs. SCE) =t

No. L Oxidation Reduction
1 Cl- 0.48,0.99¢ -1.27,-1.73 ¢
3 NCCHs 0.80, 1.59 -1.21¢
4 CN- 0.67 ¢, 0.85¢ -0.90, -2.12¢
5 NCsHs 0.86 ¢, 1.35 -1.21¢
6 PMes 0.84,1.21¢ -1.21 (65), -1.64 <
7 PEts 0.84,1.22¢ -1.21 (65), -1.64 <
8 PPhs 0.94,1.31¢ -1.19
9 P(OMe)s 0.92 -1.24,-1.50¢
10 P(OEt)s 0.93 -1.23,-1.51¢
11 P(OPh)s 1.07 -1.21¢,-1.41¢
12 P(OPr)s 0.92 -1.24,1.58¢
13 P(OMe)(Ph)  0.92 -1.23,1.53¢

« Glassy-carbon disk working (3 mm i.d.) and Pt-wire counter electrodes were used.

bScan rate 0.1 V s, < Irreversible peak.
It is useful to draw comparisons from facial tricarbonyl bipyridine rhenium-
types of complexes in interpreting the redox properties for the cis-dicarbonyl
meridionally-coordinated terpyridine rhenium systems. For example, the
electrochemical behavior for fac-Re(a,&-diimine)(CO)sCl complexes has been
well-established and was beautifully summarized by Fujita and Brunschwig.®
The negative potential region often shows several reduction waves. The first
reduction is reversible and is assigned to a ligand-based reduction. The second
reduction is usually irreversible and is assigned to a metal-based reduction. The
tirst oxidation is generally observed to be irreversible® and assigned to a metal-

based process. This oxidation is followed by the rapid loss of carbon monoxide
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due to the weakening of the Re mt-backbonding to CO. For the fac-
Re(bpy)(CO)sClcomplex under similar experimental conditions employed for
this work, the oxidation and reduction potentials are +1.32 V and -1.35 V,
respectively. For the mer,cis-Re(tpy-x3N)(CO)2Cl (1) a one-electron, reversible
oxidation is observed at +0.48 V (see Appendix C) which is assigned as metal-
based oxidation (i.e., Re' / Re"' oxidation). This is followed by an irreversible
oxidation at +1.26 V. Based on the relative invariance of this potential compared
to the fac-Re(bipyridine)(CO)sCl complex, this second oxidation is assigned as the
loss of carbon monoxide via a second metal-based oxidation (i.e., Re" / Re™
oxidation). A single, quasi-reversible multi-electron reduction wave in the
cathodic direction is observed at —1.27 V with the return anodic sweep resulting
in two peaks at -1.31 V and —1.16 V. As can be seen from Table 2, this reduction
potential is relatively invariant over the series of complexes. Thus, we attribute
this potential to ligand-centered (terpyridine) reduction. A second irreversible
wave at —1.73 V (not shown in Figure 8) is observed which gives rise to a new set
of redox waves. Presumably, this is a metal-based reduction, followed by the
rapid loss of CI-. The first oxidation peak, in most cases, is chemically irreversible
at scan rates of 0.1-0.2 V-s'}; however, at much faster sweep rates a reversible

wave is observed.
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Figure 10. Cyclic Voltammograms for mer,cis-Re(tpy-1<3N)(CO)2Cl (1; bottom) and mer, cis-[Re(tpy-
K3N)(CO)2(PEts)]* (7; top).

Intuitively, one might expect that the extended mt-network of the
terpyridine would result in lower reduction potentials relative to the bipyridine
as a result of greater m-acidity. This is indeed observed. However, the data
clearly indicate the profound influence the dicarbonyl terpyridine system has
relative to the tricarbonyl bipyridine system in stabilizing the lower oxidation

state of rhenium. The Re! /Re! oxidation for the mer,cis-Re(tpy-1*N)(CO)Cl (1)
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occurs 0.85 V less oxidizing than the fac-Re(bipyridine)(CO)sCl complex and is
reversible. The mer,cis-Re(tpy-1®*N)(CO)2Cl1 (1) first oxidation peak is also
considered to be a one electron process (see Appendix C). Although the ligand
set is quite extensive for the study at hand, similar observations are reached in
analyzing these complexes in the manner described above. For example, the
cyclic voltammogram for mer,cis-[Re(tpy-k>N)(CO)2(PEts)]+ (7) is shown in the
top portion of Figure 10. Hori and co-workers® reported the electrochemical
potentials for the fac-Re(bpy)(CO)s(PEts)]* as -1.39 V, -1.94 V, and 1.6 V. The first
reduction is bipyridine-based and reversible, followed an irreversible reduction
(presumably, metal-based).” The oxidation is irreversible and is attributed to the
one-electron oxidation of Re! to Re"" which is followed by the rapid loss of CO.
For the mer,cis-[Re(tpy-k3N)(CO)2(PEts)]* (7) a one-electron, reversible oxidation
wave is observed at +0.84 V and is assigned as a metal-based oxidation.
Similarly, two reduction potentials are observed at —-1.21 V and -1.64 V. The first
reduction potential appears to be a reversible, one-electron reduction based on
the reversible, one-electron oxidation at +0.84 V. The second reduction peak is
irreversible. As mentioned previously, the first reduction potential is relatively
invariant over the series of complexes. Thus, we attribute this potential to ligand-
centered (terpyridine) reduction. The second irreversible wave at -1.64 V is a

metal-based reduction.
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Again, the data clearly indicate the profound influence the dicarbonyl
terpyridine system has relative to the tricarbonyl bipyridine system in stabilizing
the lower oxidation state of rhenium. The Re!/Re! oxidation for the mer,cis-
[Re(tpy-13N)(CO)2(PEts)]* (7) occurs reversibly at a potential 0.84 V less oxidizing
than the fac-[Re(bpy)(CO)s(PEts)]* complex.

3.7 Summary

A series of meridionally-coordinated tridentate terpyridine rhenium(I)
dicarbonyl complexes has been prepared and characterized. For the series of
complexes the extended m-network of the terpyridine is observed to stabilize the
lower oxidation state of rhenium. Many of the complexes absorb light
throughout a significant portion of the visible spectrum. No room temperature
luminescence is observed for any of the complexes presumably because the
terpyridine bite angles are less than 90° resulting in a distorted octahedral
geometry about the rhenium metal. These properties make the meridionally-
coordinated tridentate terpyridine rhenium(I) dicarbonyl complexes interesting

candidates for further studies.
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APPENDIX A: INFARED SPECTRA
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mer,cis-[Re(tpy-k>N)(CO)(NC5Hz)(CF3503) (5)
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mer,cis-[Re(tpy-k>N)(CO)»(P(OPh)3)|(CF3803) (11)
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Figure 11. Infared Spectra of Complexes 1-13 in the carbonyl region between 2200-1700 cm-.
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APPENDIX B: NMR SPECTRA
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Figure 12. TH NMR of mer,cis-Re(tpy-1®N)(CO):Cl (1) in DMSO-ds.
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Figure 13.'H NMR of mer,cis-Re(tpy-«x3N)(CO)2(OSO:2CFs) (2) in DMSO-ds.
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Figure 14.'H NMR of mer,cis-[Re(tpy-1®N)(CO)2(CHsCN)]*CF350s (3) in acetonitrile-ds.
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Figure 15.'H NMR of mer,cis-Re(tpy-x3N)(CO)2(CN )(4) in acetonitrile-ds.
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Figure 16. '"H NMR of mer,cis-[Re(tpy-13N)(CO)2(NCsHs ) ]*CFsSOs (5) in acetonitrile-ds.
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Figure 17."H NMR of mer,cis-[Re(tpy-1®N)(CO)2(PMes) |*CFsSOs (6) in acetonitrile-ds.
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Figure 18. '"H NMR of mer,cis-[Re(tpy-1®N)(CO)2(PEts)]*CFsSOs (7) in acetonitrile-ds.
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Figure 19. 'TH NMR of mer,cis-[Re(tpy-1c3N)(CO)2(PPhs)]*CFsSOs- (8) in acetonitrile-ds
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Figure 20. '"H NMR of mer,cis-[Re(tpy-13N)(CO)2(P(OMe)s)|*CFsSOs (9) in a cetonitrile-ds.
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Figure 21."H NMR of mer,cis-[Re(tpy-13N)(CO)2(P(OEt)3)[*CFsSOs (10) in acetonitrile-ds.
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Figure 22.'H NMR of mer,cis-[Re(tpy-13N)(CO)2(P(OPh)3)][*CFsSOs (11) in acetonitrile-ds.
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Figure 23."H NMR of mer,cis-[Re(tpy-13N)(CO)2(P(OPr)3)|*CFsSOs (12) in acetonitrile-ds.
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Figure 24.'"H NMR of mer,cis-[Re(tpy-13N)(CO)2(P(OMe)(Ph)2]*CFsSOs (13) in acetonitrile-ds.
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APPENDIX C: DETERMINING ELECTROCHEMICAL REVERIBLITY

The number of electrons involved in the first oxidation for mer,cis-Re(tpy-
K3N)(CO):Ll was calculated by plotting the peak current (ip) versus the square
root of scan rate, providing a linear regression line which confirms i is
independent of scan rate. The equation provides by the linear regression line can
then be directly related to the Randles-Sevcik equation,

ip = (2.69 x 10°)n®24 D V/2C, v'/? 1.1
where ipis the peak current measured from the baseline, # is the number of
electrons involved in the redox peak, A is the area of the working electrode, D is
the diffusion coefficient, C, is the concentration of analyte, and v is scan rate.
Table 3 provides the data used for the plot and Figure 25 shows the linear
regression line (y = 78118x-0.0856).

Using decamethylferrocene as a standard, which is a one electron redox
couple (Fe*/Fe*)!, for the estimation of the number of electrons in the first
oxidation peak of mer,cis-Re(tpy-k3N)(CO):Cl. The same plot (ip vs. v'/2) for
decamethylferrocene was created (Table 2 Figure 2) producing a linear regression

line (y=170803x-0.0841). In order to find the number of electrons in the first

! Connelly, N. G.; Geiger, W.E. Chem Rev. 1996, 96, 877-910
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oxidation peak of mer,cis-Re(tpy-k*N)(CO)Cl using the Randles-Sevcik equation
we assumed the diffusion coefficient of mer,cis-Re(tpy-«x3N)(CO)Cl and
decamethylferrocene are the same, and because the same working electrode was
used to perform these measurements A can be set to equal 1. With these
assumptions the Randles-Sevcik equation is reduced to the Equation 1.2.

ip = (2.69 x 10°)n%2C, v'/2 1.2
Using the coefficient of x from the linear regression equation of both complexes
we then divided by the concentration of each complex and 2.69 x 10° giving the
following values for both complexes setting the value equal to n (negating the
3/2): mer,cis-Re(tpy-x3N)(CO)Cl (1.174 x 10 M)

78118 ~
(2.69x 105)(1.174x 10-%)

2473.6 =n

decamethylferrocene (2.819 x 10+)

170803 B
(2.69x 105)(2.819 x 10~4)

n

2197.0 =n

for decamethylferrocene n equals 1. Using the values from equation 1.2 for both
complexes the following equation will give the number of electrons involved in

tirst oxidation of mer,cis-Re(tpy-1*N)(CO)Ll,

2473.6n = 2197.0
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2473.6
21970 "

n =112

which is slightly greater than one electron but the first oxidation of mer,cis-

Re(tpy-1®N)(CO)2Cl can still be considered a one electron redox couple.

Table 3. Peak current, scan rates and square root of scan rates of mer,cis-Re(tpy-
K3N)(CO)CL

ip (A) Scan rate (V/s) v2

2.96 x10 5 2.24
2.76 x10° 4.5 212
2.64 x105 4 2.00
2.48 x10° 3.5 1.87
2.38 x10% 3 1.73
2.20 x10% 25 1.58
1.91 x10°5 2 1.41
1.71 x10-5 1.5 1.22
1.41 x105 1 1.00
1.25 x10°5 0.75 0.87
1.00 x105 0.5 0.71
6.90 x10° 0.25 0.50

25 4

1.5 A

0.5 A

0 T T T T T T 1
0.00E+00  5.00E-06 1.00E-05 1.50E-05 2.00E-05 2.50E-05 3.00E-05 3.50E-05

Square Root of Scan Rate (V-s?)
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Figure 25. Randles-Sevcik plot of mer,cis-Re(tpy-«k3N)(CO):2Cl with a coefficient of determination
value of 0.9969.

Table 4. Peak current, scan rates and square root of scan rates of

decamethylferrocene.
Scan rate

ip (A) (V/s) v1/2
1.35 x10-5 5 224
1.29 x105 4.5 2.12
1.20 x105 4 2.00
1.16 x10-5 3.5 1.87
1.06 x10-5 3 1.73
9.84 x10° 2.5 1.58
8.98 x10- 2 1.41
7.80 x10° 1.5 1.22
6.39 x10% 1 1.00
5.56 x10° 0.75 0.87
4.53 x10- 0.5 0.71
3.31 x10° 0.25 0.50

25 4

15 4

0.5 A

0 T T T T T T T ]
0.00E+00 2.00E-06 4.00E-06 6.00E-06 8.00E-06 1.00E-05 1.20E-05 1.40E-05 1.60E-05

Square Root of Scan Rate (V-s)

Figure 26. Randles-Sevcik plot of decamethylferrocene with a coefficient of determination value
of 0.9986.
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