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The pH-dependent water-exchange rates of [(CO),(NO)Re(H,O¢is)2(H20ans)]** (1) in aqueous media were investigated
by means of 70O NMR spectroscopy at 298 K. Because of the low pKj, value found for 1 (pKy = 1.4 + 0.3), the
water-exchange rate constant kops™Cranscs was analyzed with a two-pathway model in which kgeM:Ouanses and
kreon2Cransis denote the water-exchange rate constants in trans or cis position to the nitrosyl ligand on 1 and on
the monohydroxo species [(CO)2(NO)Re(H,0)2(OH)]* (2), respectively. Whereas the rate constants kreon!'2rars and
Kreon20s were determined as (4.2 £ 2) x 1073 s> and (5.8 = 2) x 107* s7%, respectively, KreM2Crans and Kre2Ccs
were too small to be determined in the presence of the much more reactive species 2. Apart from the water
exchange, an unexpectedly fast C=¥0 — C=*0 exchange was also observed via NMR and IR spectroscopy. It
was found to proceed through 1 and 2, with rate constants kre“° and kreon®© of (19 + 4) x 1073 s™* and (4 + 3)
x 1073 s71, respectively. On the other hand, N=%0 — N="0 exchange was not observed.

Introduction features of the organometallic tricarbonyl cores of Tc(l)/Re(l)

Over the past decade, low-oxidation-state complexes of (e.-g.-, small s_ize, hig.h kiqetic inertness, in vivo stability,
technetium and rhenium have attracted a growing interestefficient labeling of bioactive molecules) prompted us and
because of their potential use in diagnostic and therapeuticOthers to set out to develop other water-soluble and water-
nuclear mediciné. Particularly, the tricarbonyl precur- Stable organometallic precursors for potential radiopharma-
sors [(COIM(Hz0)]* (M = Tc, Re) have significantly ceutical use. In this rt-;-gard, the substitution of one of the
impacted the development of new organometallic radio- three carbonyl ligands in tH¢CO)M} ™ core by the isolable
pharmaceuticals. Many efforts are currently being devoted Nitrosyl ligand, forming a{(COX(NO)M}?** core, was
to the design and preparation of chelating ligand systemsconsidered® > The resulting mixed dicarbonyhitrosyl
for the { (COxM} ' fragment (M= Tc, Re)?° The unique
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complexes could lead to compounds with different and/or
improved chemical and biological properties compared to
those radiolabeled with the tricarbonyl fragment. The ad-

ditional positive charge renders the metal center harder, and
thus, a preference for different chelating ligand systems may

result. Furthermore, the linearly coordinated Ni@and is
considered to have a lowerdonor and higherr-acceptor
strength than the CO ligand, resulting in a higher electron-
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acceptor strength as an overall effect. Finally, the PresenCerig re 1. 170 NMR spectrum (54 MHz) of a solution of [(CEINO)-

of the nitrosyl ligand can considerably affect transition-metal

Re(H0)3]2" (1) in CRSOsH 1 M recorded at 298 K, 23 h after the addition

centers and their coordination sphere, particularly the of *’O-enriched water (3% enrichment) in the presence of Mn

substitution lability of ligands in trans positidf.

[(CO)(NO)ReXs]~ complexes (X= Cl, Br, I) are conve-
nient starting materials for the precursor [(GD)O)Re-
(H20)3)?" (1).1°13They are generally synthesized in organic
solvents via nitrosylation of [(CQReX], or [(CO)-
ReX],.141720 To develop novel radiopharmaceuticals, how-
ever, it is of crucial importance to achieve the synthesis of
the precursors and understand their reactivity and propertie
in aqueous media. We elaborated new synthetic routes fo
producing [(CO)NO)MX3]~ (M = Tc, Re; X= CI, Br)
starting from [(COJM(H20)3]" (M = Tc, Re) in wate#?

Results and Discussion

Preparation and Structural Characterization of [(CO) ,-
(NO)Re(H20)3)2" (1). The complex [(COYNO)ReBg]-
(NEt,) is a useful starting material for the preparation of aqua
complex1. Dehalogenation of [[CQINO)ReBEg](NEt,) in
aqueous media using AgeFO; and subsequent separation
of AgBr gives solutions of. suitable for kinetic experiments.

o prevent the formation of oligomers by hydroly&id3we

performed the synthesis in an acidic aqueous medium using
triflic acid ([H*] ranging from 3.0 to 0.01 M), because of
the weakly coordinating properties and redox stability of the

Berke and Alberto recently reported some aspects of theCFgSO{ anion.

aqueous behavior df.1%13With the aim of better compre-

Solutions ofl were analyzed by means of HATRR at

hending the reactivity and properties of the latter in aqueous yittarent pH values (see the Supporting Information, Figure

media, and particularly assessing the intrinsic lability of the

S3). At pH < 0, the spectra revealed absorption bands at

coordinated water molecules, we studied the water exchangez122 2054 ¥c), and 1824 cm'* (vno), which could be

by means of’O NMR spectroscopy.

unambiguously attributed to aqua i@nThe spectrum of a

We present, herein, the first study of the water exchange solution of1 at pH 1, on the other hand, displayed additional

on1 by O NMR spectroscopy as a function of the acidity,

as well as the oxygen exchange of the two carbonyl ligands.

The effect of the nitrosyl ligand on the lability of the

absorption bands at 2106 and 2036 érfvco) and a very
broad absorption band foro at 1820 cm?, which most
likely correspond to the monohydroxo species [(&8D)-

coordinated water molecules in trans and cis positions is Re(HO)(OH)]" (2).1° At pH 2, the IR spectrum showed

discussed, and a comparison of the reactivityt @fith that
of the previously reported congener complexes [($M0)
(H20)3]"™" (M= Re(1)2* Te(1),22 Mn(1),2 and Ru(l1}*%9 is
presented.
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that 2 prevails with absorption bands at 2106, 2036},
and 1783 cm! (vno).

An YO NMR spectrum of an isotopically equilibrated
aqueous, acidic solution df (3% enrichment), recorded at
298 K, is shown in Figure 1. Signals at 4 an®4 ppm
(1:2) are in accordance with the usual chemical shifts of
water molecules coordinated to transition-metal i#ns®
They were assigned to the coordinated water molecules in
trans and cis, respectively, to the nitrosyl ligand. Tf@
signal at 396 ppm could be attributed unambiguously to the
two equivalent carbonyl oxygens. The signal of the bulk
water was suppressed by the addition of'MBee Experi-
mental Section). No nitrosyl oxygen signal could be detected
in the 7O NMR spectra, even after several days.

To observe a possible nitrosyl oxygen exchange, we added
H,®0 to a solution ofL. in 1.0 M CRSO;H (48% enrichment)
and analyzed it by means of HATRR as a function of
time (Figure 2)® Although additional absorption bands for
vco could be observed within 10 min, confirming the oxygen
exchange of the carbonyl ligand, no change in the NO region
could be noticed, even after 3 days. This indicates an

(26) H'%0 was used instead of HO because of its higher enrichment
(98% instead of 10%).
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Figure 2. IR spectra of solutions of [([CQINO)Re(HO0)3]%" (1) in CFs-
SOsH 1.0 M: (a) reference solution, diluted twice with normal water; (b)
10 min after the addition of H%0 (48% enrichment); (c) same solution as
that in (b), but 3 days after the addition of%0.
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Scheme 1. Water-Exchange Reactions in trans and cis Positions to

the Nitrosyl Ligand in [(CO}NO)Re(HOcis)2(H20kang]?* (1)2
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a Kopd2Omans and kopd2Ces represent the observed rate constants of the
coordinated water molecules in trans and cis positions, respectively, to the
nitrosyl ligand.

extremely slow or nonexisting oxygen exchange of the
nitrosyl ligand and corroborates th® NMR observations.
Similar findings were reported by Emel’yanov et al., who
investigated solutions of ruthenium nitrosyl complexes in
H,'0 by 70O NMR. After 35 days, the spectra revealed only
very small signals in the 382324 ppm range, resulting from
an oxygen exchange of the nitrosyl ligand. It was found that
after one year, equilibrium was still not reachéd.

In addition, the enriched complex [(C@PNO)Re-
(H20)3]?* was prepared and analyzed BN NMR spec-
troscopy n 1 M CRSO;H. A single resonance at33.9 ppm
was observed (CFNO, 0.0 ppm, internal reference) and
was assigned to the nitrosyN. The3C NMR spectrum of
an aqueous solution dfexhibits a single signal at 188 ppm,
confirming the equivalence of the two carbonyl oxygens.

No decomposition of solutions of in CFRSO;H was

g
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Figure 3. Increase in the experimentdlD NMR signal integrals 1) of
the coordinated water in cis position to N@n [(CO)(NO)Re(H:Ocis)2-
(H20uand]?" (1) as a function of time (1 M CJSOsH; | = 1 M), at 298 K.
The best fit according to eq 1 is shown as a solid lirg. (

M, 7O 3%) at 298 K using a fast-injection deviteThe
increase in the intensity of th€O NMR signals of the
coordinated water molecules, resulting from f@-enriching
exchange process, was monitored as a function of time, and
the experimental signal integrals of the coordinated water
in trans and cis positions to NOwere least-squares-fitted
according to eq 1 (Figure 3).

| = |w[1 - exp{lii';b)s(wt)

| andl., denote the integrals of the coordinategt®® peak
at timet andt., respectively, an., is the mole fraction of
coordinated KO at to.

Unfortunately,kopdCrans could not be determined at pH
> 1 because of substantial broadening of the corresponding
signal. The observed rate constakig!'zCwans and Kopd2Ocs,
however, were found to increase with decreasing acidity
(Figure 4a). This points out that the triaqug &s well as
the monohydroxo specie®)( contribute to the exchange
process, in a ratio determined by the acid dissociation
constantk, (Scheme 2). In contrast to [(CéRe(HO)s]*,*
the dependence dbpd*Crans and kopd'2Ces as a function of
1/[H*] was found to be nonlinear. A similar behavior was
also reported for [[CQRu(HO)z]?>" and was ascribed to a
proton dissociation taking place in the fHrange covered
by the study?®

As illustrated in Figure 4b, the observétD transverse
relaxation rates Th gpd'2Crans and 1M, opd'Ccs as a function
of the acidity show the same curvature as the observed rate
constants (Figure 4a). This confirms the existence of a very
fast acid-base equilibrium (Scheme 2) and implies that the
observed’O NMR signals are weighted average signals of
1 and?2. It is important to note that the observed curves in

@)

observed over a period of several weeks, as monitored viaFigure 4b cannot be due to changes in viscosity, because

NMR and IR spectroscopy.
2. Water-Exchange Rates of [(COXNO)Re(H,0)3]?"

the O NMR line width of the CO ligand remains invariant
with respect to proton concentration. The fact that the signal

(1). The pH dependence of the water-exchange rates in transof the coordinated water molecule trans to the nitrosyl ligand

and cis positions to the nitrosyl ligand on [(GOYO)Re-
(H20is)2(H20rang]?™ (1) was investigated (Scheme 1).
To follow the water-exchange reactions bnwe added
H,1’0 (10% enrichment) to acidic solutions df (final
concentrations: 1] = 0.05 M; [H*] ranging from 3 to 0.001

is more affected by the line broadening suggests that the

proton dissociation process occurs oOghns (Scheme 2).
The observed rate constaktgd'Crans andkopd 20 and the

170 transverse relaxation ratesTdpd*2Crans and 1M gpd?cis

can therefore be related to egs 2 and 3, respectively, with

(27) Emel'yanov, V. A.; Fedotov, M. A.; Belyaev, A. \Russ. J. Inorg.
Chem.1993 38, 1723.

(28) Bernhard, P.; Helm, L.; Ludi, A.; Merbach, A. E. Am. Chem. Soc.
1985 107, 312.
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Figure 4. (a) Observed rate constarigd'Crans (0) andkopd-Ces (O) and

(b) observed’O transverse relaxation rated4 4pd!zCvars (00) and 17, H2Ccs

(O) for the water-exchange reactions in trans and cis positions to the nitrosyl
ligand in [(COX(NO)Re(H:Ocis)2(H20rand]%" (1) as a function of the acidity

at 298 K. The solid lines-{) correspond to the best fits according to eqs
2-529

Scheme 2
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the populations ol (pre) and2 (preon) given by eqs 4 and

Kobs = Prere T PreorKreon (2

1 1 1
= Prd =] + Preo| =—— 3
T2.0bs pRE(Tz,R) pReOF(Tz,Reor) 3

[H']

- 4
pRe [H+] + Ka ( )
PreoH = H]+K, (5)

Simultaneously fitting the nine adjustable parameters of eq
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Table 1. Rate COﬂStantg(&eHZOﬁrans/c\s and kReomZOﬁrans/c\S) and’0
Transverse Relaxation Rates {dAd *2Cranses and 1M reo'2Cuansiid) for
Water Exchange in trans and cis Positions to the Nitrosyl Ligand on
[(CO):(NO)Re(HO)3*" (1) and [(CO}NO)Re(HO)X(OH)I* (2),
Respectively, and the Acid Dissociation Constant Resulting from Fit of
eq 2to eq 5 at 298 K

H2Otrans H20cis
Kre (571) 02 02
kreoH (S72) (4.242) x 1073 (5.8+2) x 104
1T re(s™Y) 1282+ 414 1345+ 364
T2 reon(S™Y) 6610+ 1605 2162k 574
Ka (M) (6.5+3) x 102
8 kre < Kreot

2 to eq 5 and to the experimental data gikgg'"Crns and
kre™%as values equal to zero within experimental efbFhis
indicates that these rates are too low to be determined
experimentally in the presence of the much more reactive
monohydroxo specied. For [(COxRu(H0)s]%", a similar
situation was found; however, the rate constant for the water
exchange could be estimated (#0102 s 1) from a com-
parison oft"O NMR chemical shifts and RtO bond lengths
with other carbonyl aqua complex®&dn the case of, such
estimation appears more difficult because of the lack of
structural data. The rate constakig'-Crans andkrdCes were
therefore neglected, and the fitting procedure was repeated
with only seven adjustable parameters. Results are sum-
marized in Table 1.

Itis interesting to analyze the influence the nitrosyl ligand
exerts on the water-exchange rates. The substitution of a CO
ligand in the monohydroxo complex [(CéRe(HO).(OH)]
by a NO' ligand indeed has a dramatic impact: the water-
exchange rates in the trans and cis positions were decreased
by 4 and 5 orders of magnitude, respectiv@lifhe water-
exchange rates of [[CNO)Re(HO)(OH)]" (2) are even
smaller than that of [(CQRu(H,O),(OH)]*, for which a
kruoH'© of 5.3 x 1072 s at 262 K was reporteth:32 The
effect of the nitrosyl ligand on the water-exchange rate in
cis is slightly stronger than that in trans. The different trans
and cis effects of the CO ligand on the water-exchange rates
were also investigated for complexes of'R&3In [(CO)-
Ru(H:0eq)4(H2044]%*, it was found that the CO ligand
predominantly exerts a cis effect. Indeed, the lability of the
H,O bound in cis positions (equatorial) is significantly
reduced compared to that of [Ruf®l)s]?", whereas that of
the trans HO (axial) is only slightly increase®. When a
second or third KD is substituted by a CO ligand, the®l
reactivity seems to be less predictable. For example, the
water-exchange rate constant of the axigDHn [(CO)Ru-

(29) All four curves in panels a and b of Figure 4 were obtained from a
simultaneous fit of eq 2 to eq 5 with seven adjustable parameters.
More data points at lower [H could not be obtained because of the
significant broadening of thEO signal of HOyans A table with values
Of Kopd20uans, Kopd?2Cess, 1/T5, opd'Crans, and 1M, opd™Ces as a function of
the acidity can be found in the Supporting Information.

(30) Values of (0.06t 57) x 10°¢ s and (0.0003t 9000) x 10 9st
were, indeed, found fokge2Crans and kreH2Ccs, respectively.

(31) A water-exchange rate constdntonof 27 &+ 1 st was reported for
[(CO)Re(HO)(OH)] at 298 K. See ref 21.

(32) One can estimate that rate constants increase by of a factor 2 when
the temperature increases by 0.

(33) Aebischer, N.; Sidorenkova, E.; Ravera, M.; Laurenczy, G.; Osella,
D.; Weber, J.; Merbach, A. Hnorg. Chem.1997, 36, 6009.
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(H20eq)2(H20442]%*, which has one CO ligand in cis position 25
and one CO ligand in trans position, corresponds to the _
estimated rate constant for the® substitution on [(CQ} ;&
Ru(H0)3]%", which has two CO ligands in cis position and e 15
one in trans positio? In the case of [[CQ{NO)Re(H0),- "
(OH)]* (2), the NO' ligand seems to overrule the two CO =

ligands. Indeed, the water-exchange rate gdd is nearly 51 = p
10 times smaller than that forJya.s The former has one 0 200 400 600 800 1000
CO ligand in trans position and one NQigand and one HT M)

CO ligand in cis position, whereas the latter has one"NO Figure 5. Observed rate constaks,<© for the exchange betwegfiO-
ligand in trans position and two CO ligands in cis position. enriched water and the carbonyl oxygens on [(@RP)Re(HO)]*" (1)

. as a function of the acidity at 298 K. The solid line corresponds to the best
The higher rate constant for the exchange ofOfns fit obtained using eqs 2, 4, and 5.
compared to that for kD is surprising. One might have

expected that the OHligand is exchanging slower because Scheme 3

it is more tightly bound. However, this is only true if the o '"OH )
. . L) . ) Re—C=0 +H,'’O0 == Re=C == Re-C='"0+H,0
exchange proceeds via a dissociatively activated mechanism. OH

In the case of an associatively activated mechanism, a proton I
exchange in the transition state may help to labilize the OH 176

and exchange it by a water molecule. Because a mechanism Re-C  +H*
could not be assigned at this point in the investigations, those OH
considerations remain hypothetical.

The [Ka value derived from our NMR experiments was "€ water-exchange behavioke,s™ decreases with de-

determined to be (1.2 0.2). This clearly shows thaty is creasing proton concentration, as illustrated in Figure 5.
much more acidic than the related [(GR#(HO)s]", for To analyze the acid dependence, we considered exchanges
which a [K, value of 7.5+ 0.2 was reported In this respect, ~ N both1 and the monohydroxo speci@s(eq 2). Fitting

1 more likely resembles [(CQ?U(HzO)g]H (PKa = egs 2,4,and 5 tRopCC With kreC© andKkgreorC as adjustable

— 0.14)? The strong acidity ofl is due to ther-acceptor parameters anld, determined from the water-exchange rate

properties of the CO and NQligands, which decrease the (59‘39 a_blove) asa iiged parameter gik@sgci? (19+4) x
electron density at the metal center. The electron density at10 ° S @ndkreor™ = (4 & 3) x 107 57" at 298 K. A
the Reé metal center inl is reduced compared to that in faster exchange of than on2 is not surprising, because
[(CO)Re(HO)s]* because NO has a higherr-acceptor  the electrophilic character of the carbon ator2is reduced
strength than CO. As a consequence, theHobonds, and compared to that id. Contrary tol, in the case of [[CQRu-
particularly that in trans to the NOligand, are more  (H20)*", the carbonyl oxygen exchange was found to
polarized than in the case of [(CSRe(HO)s]*. Therefore, ~ Proceed mainly through the hydrolyzed species [(45D}
the acidity of the coordinated water is increased. Spectro- (H20)(OH)I", W'tgkﬁulcoz B+ 222 x 107° 57 andkuor™°
photometric titrations, performed in parallel to the NMR = (24 & 3) x 107 5™ at 262 K-> However, in this case,
studies, revealed akp value of (1.6 0.1), which cor-  the water exchange on [(C&Bu(H,0)(OH)]" is approxi-
roborates that obtained by th& NMR experiments (See ~ Mately C}WO times fastersth_aln the CO oxygen exchange
Experimental Section and the Supporting Informatin).  (Kruod™° = (53 £ 6) x 107°s* at 262 K). This unexpected

3. Fast Oxygen Enrichment of the Carbonyl Ligands behavior was attributed to a probable intramolecular nucleo-
To our surprise, we observed, in the case of [(Z9D)- philic attack.at the CO carbon fatqms by a coordinate@,H
Re(H0)3J?* (1), an oxygen exchange between enriche®H the latter being much m20r4eolablle in [(CERU(H0)(OH)]*

1 - +

and the carbonyl oxygens, as evidenced by the presence of'@n in [(CO}RU(H0)]*"* In the case of the slowefO
the signal at 396 ppm in th#O NMR spectra and the ~carbonyl exchange on [(CERu(HO):]*", the latter should
absorption bands farzio in the IR spectra (See above). This  °¢CUT by & nucleophilic attack by the bulk water.
type of exchange was not found for [(CBe(HO)3]" in

- : Conclusion
acidic solution&' but was reported for [(CQMNn(H,0)s] 23
and [(CO)Ru(H.0)s_n]2" (n = 1—3)25 This exchange was The present investigation demonstrated the dramatic effect
proposed to occur by a nucleophilic attack byCHforming ~ of the replacement of one of the three carbonyl ligands by
a metallacarboxylic acid intermediate (Schem@33y.36-39 the isolable nitrosyl ligand in the precursor [(GR§(HO)s]

As already observed for the water exchange, the rate©n the reactivity of [[COXNO)Re(HO)s]*" (1) in aqueous
constantkec®®s for the CO oxygen exchange ch also media. This was clearly demonstrated by the following
depends on the proton concentration. However, opposite to

(36) Kump, R. L.; Todd, L. JInorg. Chem.1981 20, 3715.
(37) Darensbourg, D. J.; Froelich, J. A.Am. Chem. S0d977, 99, 4726.
(34) Edgli, A.; Hegetschweiler, K.; Alberto, R.; Abram, U.; Schibli, R.;  (38) Darensbourg, D. J.; Darensbourg, M.Iorg. Chem197Q 9, 1691.

Hedinger, R.; Gramlich, V.; Kissner, R.; Schubiger, P.@xgano- (39) Muetterties, E. LInorg. Chem.1965 4, 1841.

metallics1997, 16, 1833. (40) For [(CO}RuU(H0)3)2", the water-exchange rake,™° was estimated
(35) Potentiometric titrations seem, indeed, inadequate with respect to the to be between Xk 10#and 1x 10 3s1at 298 K and between &

low pKj, value. 10 %and 1x 10°s!at 262 K. See ref 25.
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aspects: (i) The 4 and 5 orders of magnitude decreases in NMR Measurements.NMR spectra were measured on Bruker
the water-exchange rate constants on the monohydroxoARX-400 and DPX-400 spectrometers with resonance frequencies

species [(CQINO)Re(HO)(OH)]* (2) in trans and cis
positions, respectively. (ii) The much-lowpK, value. (iii)
The high reactivity of the carbonyl oxygen atoms. We are,
currently, investigating the substitution of the water mole-
cules in1 by mono- and polydendate ligands with different

functional groups in order to assess the potential of this new

{(COXR(NO)M}2" metal fragment for biological applicatidh.

Experimental Section

General. 1’0—H,0 (10.5%!70, 49.3%"80) was obtained from
the National High Technology Center of Georgial™D, (=98%)
was purchased from Cambridge Isotope Laboratories, Inc;; CF
SO;H (=99%) and AgCESG; (=98%) from Fluka, and NaGF
S0O; (98%) from Aldrich. Solutions of commercial NagFO; were
found to be basic, probably because of alkaline traces. Therefore
NaCRSO; was neutralized by the addition of €FO;H. After
evaporation of the neutralized solution, NaSB; was stored in a
desiccator over #@s. Mn(CFS0s), was prepared by dissolving Mn
(metallic) in aqueous 0.5 M GBG;H. Once evolution of K had
stopped, unreacted Mn was removed by filtration. The filtrate was
then concentrated until crystallization. Crystals were recovered by
filtration and dried under vacuum to yield a white powder. The
precursors [(CQINO)ReBg](NEt)*1720 and [(CO}ReBr]-
(NEt,),** were prepared according to previously published proce-

at 400.13 MHz for'H, 100.63 MHz for3C, 54.25 MHz for!’O,
and 40.54 MHz fof®N. 'H and*3C chemical shifts are referenced
to TMS (water soluble)!>N chemical shifts to CE*NO,, and’O
chemical shifts to KD.

Kinetic Data Treatment. Kinetic experiments were conducted
by following the evolution of NMR signals with time. The NMR
integrals were obtained by fitting the signals to a Lorentzian function
with the program NMRICMA 3.1 for MATLAB*? The time-
dependent concentrations were extracted from the integrals, and
the experimental data were fitted using the programs VISUALI-
SEUR 2.3.5 and OPTIMISEUR 2.3.5 for MATLAR.

IR Measurements. Infrared spectra of aqueous solutionslof
in CRSO;H were recorded on a Perkin-Elmer FT-IR 16PC
spectrometer using an HATR device or on a Perkin-Elmer FT-IR
Spectrum One spectrometer equipped with a Diamond ATR Golden

,Gate device.

Spectrophotometric Titrations. The first (K, of aqua ionl was
determined by continuous titrations. Solutions (10 mL) containing
2 x 10%M 1 and 0.1 M CESO;H were prepared as described
above and placed in a water-jacketed beaker at 298 K. A total of
19 aliquots (45uL each) of 1.0 M KOH (Merck Titrisol) were
then subsequently added under continuous stirring. Before the first
aliquot and after each aliquot, UWis spectra (200< 4 < 1000
nm) were recorded with an immersion probe (HELLMA) connected
to a diode array spectrophotometer (J&M, TIDABV/NIR/100-

dures. For the NMR and spectrophotometric data treatment, thel). The program SPECFIT/32was used to evaluate the spectro-

pH was defined as-log [H"].

[(CO),(*>NO)ReBr3](NEty). To a solution of [(COJReBr]-
(NEty)2 (500 mg, 0.65 mmol) in a mixture of #:1 M HBr:
concentrated k80O, (2:1:0.1 v/v; 5 mL) was added a solution of
Nal>NO, (90 mg, 1.30 mmol) in the same mixture (2.8 mL). After
being stirred at 70°C for 50 min, the resulting solution was
evaporated to dryness to give a yellow powder, which was then
extracted with HO. The insoluble yellow powder was then filtered,
washed twice with water, and dissolved in EtOH. The procedure
was repeated with the filtrate as long as more product could be
collected. After evaporation of the EtOH phase, the product was
recrystallized from EtOH/hexane to give a yellow powder. Yield:
192 mg (46%).

Solutions of [(COX(NO)Re(H,0)3]?" (1) Suitable for NMR
Measurements. Acidic aqueous solutions of complekx were
prepared under nitrogen using [(GINO)ReBEg](NEt,) as precur-
sor. To [(CO}NO)ReBE](NEts) (80 mg, 0.12 mmol) in C§SO;H
(0.001-1.0 M, 2 mL) were added 3 equiv of AgGFQs. After the
solution was stirred overnight at room temperature, AgBr was
removed by filtration to yield yellow solutions df ([1] = 0.06
M). For the preparation of the solution @fin 3.0 M CRSGO;H,
we first prepared a solution dfin 1.0 M CRSO;H as described
above. CESO,—0O—SO,CF; was then added to reach the desired
[H*] concentration. To all solutions dfin CRSO;H (0.001-3.0
M) was added Mn(C§5G;), ([Mn(CF3SGs),] = 0.1 M) to suppress
the signal of the bulk water. The ionic strength was then adjusted
to 1.0 M with NaCRSG;.
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photometric data. Only absorption data with 3801 < 500 nm
were used for the determination of the fird€4of 1, and an auto-
zero correction of the baseline at 500 nm was performed. The
experimental spectrophotometric data were least-squares fitted for
the reaction L+ H* — HL (L = [(CO),(NO)Re(HO),(OH)]"),

and an average value of 1460.1 was found for the firstlg, (See

the Supporting Information).
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