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Abstract: The novel trinydro(mercaptoazolyl)borates Na[H3B(timMe)] (L) (timMe = 2-mercapto-1-methylimi-
dazolyl), Na[HzB(timBuriP)] (L?) (timBurP = 1-[4-((2-methoxyphenyl)-1-piperazinyl)butyl]-2-mercaptoimidazolyl),
and Na[H3B(bzt)] (L3) (bzt = 2-mercaptobenzothiazolyl) were synthesized by reaction of NaBH, with the
corresponding azole. Ligands L'—L2 represent a new class of light and soft scorpionates that stabilizes
the [M(CO)3]" core (M = *°Tc, Re) by formation of the complexes fac-[M{«3-H(u-H).B(tim“€)} (CO)s] (M =
®Tc (1), Re (2)), fac-[Re{x3-H(u-H):B(timBuPrPr)}(CO)s] (3), and fac-[Re{«3-H(u-H).B(bzt)} (CO)s] (4),
respectively. The soft scorpionates are coordinated to the metal in unique («3-H, H', S) fashion, as confirmed
by X-ray crystallography of 1, 2, and 4. These complexes with bis-agostic hydride coordination are formed
in aqueous solution with the two hydrides replacing two coordinating aquo ligands. The agostic hydrogen
atoms were located directly, confirming an unprecedented donor atom set combining one sulfur and two
hydrogen atoms. Preliminary studies have shown the possibility of preparing some of these complexes at
the no carrier added level (°**™Tc), under conditions as required in radiopharmaceutical preparation. Due to
their lipophilicity, small-size, and easy functionalization with adequate biomolecules, the trihydro-
(mercaptoazolyl)borate technetium tricarbonyl complexes are suitable for the design of CNS receptor ligand
radiopharmaceuticals as exemplified with 3, comprising a pendant serotonergic 5-HT1a ligand. The integrated
design of radiopharmaceuticals involving a bis-agostic scorpionate ligand is demonstrated by the synthesis
of 4, with an integrated benzothiazolyl fragment for the recognition of s-amyloid plaques.

Introduction biomedical applications probably due to their relatively large

Poly(azolyl)borates are a class of tripodal ligands, combining Size and reduced stability under biological conditi®ASFor
a central and tetrahedral boron atom with a variable number radiopharmaceuticals in particular, in whiiTc is complexed
(n = 2—4) of azolyl rings. They play an important role in co- With a receptor-targeting molecule, topology, size, and molecular
ordination and organometallic chemistry for various purpéses. ~ weight of the ligands are of utmost importance. Coordinating
Among this class of ligands, poly(mercaptoimidazolyl)borates agostic hydrides are very attractive because they represent a
and their complexes have received considerable attention inligand with the smallest possible molecular weight (M¥\1).
recent years, namely as biomimetics of metalloenzyhies. However, this sort of coordination is found more commonly in
Despite the impressive chemistry based on poly(azolyl)- organometallic chemistry than in aqueous biological chemistry.
borates, their complexes have not assumed great relevance ifRecently, we have shown that poly(mercaptoimidazolyl)borates
TITN. have potential as bifunctional chelators in the design of target-

* University of Zurich. specific drugs containin™Tc, the radionuclide of choice in
(1) Trofimenko, S.Scorpionates: The Coordination Chemistry of Polypyra-

zolylborate Ligandsimperial College Press: London, 1999. diagnostic nuclear medicine. On the basis of studies with
(2) Margues, N.; Sella, A.; Takatd, Chem. Re: 2002 102, 2137-2160. dihydrobis(mercaptoimidazolyl)borates, we were able to dem-
(3) Paulo, A.; Correia, J. D. G.; Campello, M. P. C.; Santo$2dlyhedron . ! .

2004 23, 331—360. onstrate that one agostic hydride, the smallest possible donor
(4) Janiak, C.; Scharmann, T. G.. Brager, T, HolubovaJ.; Nalvornik, M. atom in coordination and organometallic chemistry, binds very

Z. Anorg. Allg. Chem1998 624, 769-774. o .

(5) Craven, E.; Mutlu, E.; Lundberg, D.; Temizdemir, S.; Dechert, S.; efficiently to thefac-[M(CO)3]" (M = Re,%Tc, 99"Tc) moiety
Brombacher, H.; Janiak, ®@olyhedron2002 21, 553-562. . . .

(6) Hamilton, B. H.; Cardon, T. B.. Lorigan, G. A.. Ziegler, CLialton Trans. in aqueous media along with the two sulfur donors from the
2005 2941-2944.

(7) Morlok, M. M.; Janak, G. Z.; Quarless, D. A.; Parkin, &.Am. Chem.

Soc.2005 127 14039—14050 and references therem (9) Santos, I.; Paulo, A.; Correia, J. D. Gop. Curr. Chem2005 252 45—
(8) Hill, A. F.; Smith, M. K. Chem. Commur2005 1920-1922 and references 84.
therein. (20) Alberto R.Top. Curr. Chem2005 252 1—-44.
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mercaptoimidazolyl group¥:14 Coupling of bioactive frag-
ments to these ligands led ikiocomplexegxhibiting excellent
affinity and selectivity for central nervous system (CNS)
receptors of the 5-Hily serotonergic typé?

There is some impetus to replace one or even two mercap-
toimidazolyl groups by further agostic hydrides in order to
reduce size and to ascertain retention of biospecificity upon
introduction of the metal complex (Scheme 1). The favorable
features of the complexdac-[M{ «3-R(u-H)B(timMe),} (CO)]

(M = Re,*Tc, 99"T¢; R=H, Me, Ph) prompted us to study the
introduction of two agostic hydrides while retaining the option
of further functionalization with targeting biomolecules (BM).
We evaluated the possibility of preparing trihydro(mercaptoa-
zolyl)borates with 2-mercapto-1-methylimidazole (fi#hl) and
2-mercaptobenzothiazole (bztH). This novel class of soft scor-
pionates, if acting ascf-H, H', S) chelators, will allow for the
synthesis of complexes with tHac{M(CO)s]™ metal center,

an interesting synthon for the development of target-specific
drugs. To our knowledge, only a limited number of complexes
exhibiting the general«f-H, H', E) coordinating feature are
known (exclusively with E= P), but all of them are based on
borane ligands, not on borohydride derivatives. Moreover, most
of these complexes stem from classical organometallic chemistry
but not from aqueous chemistty.18

In this paper, we report the first examples of trihydro-
(mercaptoazolyl)borates coordinating through two hydrides an
one sulfur in scorpionate fashiom®H, H', S) to thefac
[M(CO)3]* moiety (M= Re,%Tc, %"T¢) in and from aqueous

d

media. We emphasize that the replacement of two water ligands

by two agostic hydrides in aqueous solution is very uncommon.
The versatility of these chelators are further explored by the
preparation of target-specific radiopharmaceuticals, using pen-
dant and integrated approaches.

Experimental Section

General Methods and Materials.All chemicals and solvents were
of reagent grade and were used without purification unless stated
otherwise. The synthesis and purification of the (mercaptoazolyl)-

(11) Garcia, R.; Paulo, A.; Domingos, A.; Santos, |.; Ortner, K.; Alberta].R.
Am. Chem. So00Q 122 11240-11241.

(12) Garcia, R., Paulo, A.; Domingos, A.; Santos].IOrganomet. Chen2001,
632 41—-48.

(13) Garcia, R.; Xing, Y. H.; Paulo, A.; Domingos, A.; Santosl.IChem. Soc.,
Dalton Trans.2002 4236-4241.

(14) Garcia, R.; Gano L.; Maria, L.; Paulo, A.; Santos, |.; SpiesJHBiol.
Inorg. Chem 2006 11, 769-782.

(15) Baker, R. T.; Calabrese, J. C.; Westcott, S. A.; Marder, T.Bm. Chem.
So0c.1995 117, 8777-8784.

(16) Macias, R.; Rath, N. P.; Barton, Angew. Chem., Int. EA.999 38, 162~
164

(17) Volkov, O.; Macia, R.; Rath, N. P.; Barton, lnorg. Chem.2002 41,
5837-5843.

(18) Merle, N.; Koicok-Kidnn, G.; Mahon, M. F.; Frost, C. G.; Ruggerio, G.
D.; Weller, A. S.; Willis, M. C.Dalton Trans.2004 3883-3892.

trihydroborate ligands were carried out under aatnosphere, using
solvents that had been dried and distilled prior to use according to
described procedures, whereas the synthesis and manipulation of the
Tc and Re complexes were performed in air. The starting materials
(NEty)2[TcCl3(CO)]*® and (NEL)[ReBr(CO)%]?° were prepared as
described elsewhere. The compound 1-[4-((2-methoxyphenyl)-1-pip-
erazinyl)butyl]-2-mercaptoimidazole (tfPPH) was synthesized by
described methodd.H, 11C, 1B, and®*Tc NMR spectra were recorded
on a Varian Unity 300 MHz spectrometéH and*!C chemical shifts
(ppm) were referenced with the residual solvent resonances relative to
tetramethylsilane. ThEB and®Tc NMR spectra were recorded in ppm
relative to BREtLO and NH*TcO;, as external references, respectively.
IR spectra were recorded on a Perkin-Elmer 577 spectrometer in Nujol
or as KBr pellets. The Raman spectra were obtained using samples in
the form of microcrystalline powders, contained in glass capillaries.
C, H, and N analyses were performed on an EA 110 CE Instruments
automatic analyzer. Electrospray mass spectrometry measurements (ESI-
MS) were performed at the ITQB (Oeiras, Portugal) on a ThermoFinni-
an LCQ mass spectrometer in negative ion mode?NB&fO,] was
eluted from a Mallinckrodt Med. Inc. generator, using 0.9% saline.
HPLC analysis was performed on a Merck Hitachi LaChrom D-7000
instrument coupled to a EG&G Berthold LB 508 radioflow detector.
Separations were achieved on a Nucleosil columprt 250 mmx
4 mm), using a flow rate of 0.5 mL/min; UV detection, 254 nm; eluents,
A — aqueous 0.1% GEOOH solution, B- methanol: 6-3 min, 100%
A; 3—9 min 75% A; 9-9.1 min, 75%-66% A, 9.1-20 min 66%-
0% A; 20-25 min, 0% A; 25.6-25.1, 0%-100% A; 25.£30 min,
100% A.

Caution! *°Tc is a weak3 ™~ emitter (i, = 2.13x 1P yrs, - =294
keV). Therefore, all manipulations were carried out in specially
equipped (C-type) laboratories tavaid contamination or ingestion.

Synthesis of Na[HB(tim™€)] (L 1). To a stirred suspension of NaBH
(1.990 g, 52.6 mmol) in THF (100 mL), at B3C, was added dropwise
a solution of 2-mercapto-1-methyl imidazole (3 g, 26.3 mmol) in the
same solvent (50 mL). After complete addition, the mixture was stirred
at 50°C for 3 h.L; was purified by successive recrystallizations from
THF/n-hexane to remove unreacted NapBihd some Na[kB(timMe),]
formed.L? precipitates as a microcrystalline white solid, upon addition
of increasing amounts of-hexane. Yield: 34% (1.330 g, 8.9 mmol).
Analysis calculated for §HgN.SBNa: C, 32.03%; H, 5.38%; N,
18.68%. Found: C, 32.03%; H, 4.74%; N, 18.23%. IR (Nujdtm™1):

2395, 2359 and 2279(B—H). 'H NMR (CDsCN): ¢ 3.43 (3H, s,
CH;—N), 6.61 (1H, d,J4-n = 2.1 Hz, CH), 6.64 (1H, dJs-n= 2.1
Hz, CH).13C NMR (CD;CN): ¢ 34.9, 117.1, 124.0, 162.4B NMR
(CDsCN): 6 —19.0 (g,Je—n = 91 Hz). ESI-MS (CHCN) m/z. calcd
for [C4HsN,SB]~ (found), 127.0 (127.1).

Synthesis of Na[HB(tim8uiP)] (L?). To a mixture of NaBH (109
mg, 2.89 mmol) and 1-[4-((2-methoxyphenyl)-1-piperazinyl)butyl]-2-

(19) Alberto, R.; Schibli, R.; Egli, A.; Schubiger, A. P.; Hermann, W. A; Artus,
G.; Abram, U.; Kaden, T. AJ. Organomet. Chenl995 493 119-127.

(20) Alberto, R.; Egli, A., Abram, U.; Hegetschweiler, K.; Gramlich, V.;
Schubiger, A. PJ. Chem. Soc., Dalton Tran&994 2815-2820.

(21) Garcia, R.; Xavier, C.; Paulo, A.; Santos, |.; Kniess, T.; Bergmann, R.;
Wiist, F.J. Labelled Compd. Radiophar2005 48, 301-315.

J. AM. CHEM. SOC. = VOL. 128, NO. 45, 2006 14591



ARTICLES

Maria et al.

mercaptoimidazole (500 mg, 1.44 mmol) was added 20 mL of THF,
and the resulting suspension was stirred atGOAfter several hours,
1B and'H NMR analysis of the mixture showed that an intermediate
borane adduct,;, was formed. This intermediate is slowly converted
to the trihydroboraté 2, this conversion being almost complete after 5
days of heating at 50C. Compound.? was purified by successive
recrystallizations from THhexane, as previously described fof.
Yield: 60% (330 mg, 0.86 mmol).

I — H NMR (CDsCN): 1.45 (2H, g, CH), 1.69 (2H, q, CH),
2.36 (2H, t, CH), 2.85-3.28 (8H, m, CH—N, pip), 3.80 (3H, s, Cht-

0), 3.95 (3H, tr,Jy-n = 6.8 Hz, CH—N), 6.62 (1H, br, CH), 6.78
(1H, br, CH), 6.877.01 (4H, m, Ph)11B NMR (CDsCN): 6 —11.6
ppm (br).

L2 — Analysis calculated for H2gNsOBSNa: C, 56.65%; H,

7.38%; N, 14.65%. Found: C, 55.84%; H, 7.05%; N, 14.35%. IR
(Nujol, vicm1): 2288, 2250/(B—H). 'H NMR (CDsCN): 6 1.45 (2H,
tr, Ju—n = 7.5 Hz, CH), 1.67 (2H, trJu_n = 7.5 Hz, CH), 2.35 (2H,
tr, Ju—n = 7.5 Hz, CH—N), 2.49 (4H, br, CH—N, pip), 2.97 (4H, br,
CH,—N, pip), 3.78 (3H, s, Ckt+0), 3.92 (2H, trJy—n = 7.5 Hz, CH—
N), 6.61 (1H, d,Jy— = 2.1 Hz, CH), 6.65 (1H, br, CH), 6.865.97
(4H, m, Ph).33C NMR (CDsCN): ¢ 24.5, 28.0, 47.5, 51.4, 54.2, 55.8,
112.6,116.1,119.0, 121.8, 123.4, 124.2, 142.7, 153.3, 16B.6IMR
(CDsCN): 6 —19.3 ppm (br). ESI-MS (CECN) m/z. calcd for
[C13H23N4OSB]_ (found), 359.2 (3593)

Synthesis of Na[HB(bzt)] (L %). To a mixture of sodium borohydride

Table 1. Crystallographic Data for Complexes 1, 2, and 4

1

2

4

lattice monoclinic monoclinic triclinic
formula GHgBN2O3STc GHgBN-,OsSRe GoH7BNOsS;Re
Fuw 309.02 397.22 450.30
space group P21h P21/ P1

alA 13.3060(10) 13.1996(9) 7.306(1)
b/A 7.0523(3) 7.1101(3) 11.841(1)
c/A 13.6754(11) 13.5641(8) 16.476(3)
o/deg 90 90 71.669(10)
Bldeg 118.449(8) 118.135(7) 77.421(13)
yldeg 90 90 87.599(11)
Zz 4 4 2

TIK 183(2) 183(2) 293(2)
o(calcd)/ 1.819 2.350 2.266
gcn3

u(MoKo)  1.447 10.996 9.517
mm—1

Omax/deg 30.5 30.5 27.0

n° of data 3406 3306 5718

n° of params 146 146 349

R1 0.0431 0.0663 0.0746
WR, 0.0679 0.1324 0.1101
GOF 0.855 0.996 0.994

2495y(B—H); 2034, 1926 and 1914(CO). 'H NMR (CDCL): 6 —
5.48 (2H, br,Js_n = 80 Hz, B-H---Re), 3.73 (3H, s, CE-N), 6.20

(250 mg, 6.6 mmol) and 2-mercaptobenzothiazole (1.12 g, 6.7 mmol) (1H, br, B—H), 7.08 (1H, d J4—n = 2.1 Hz, CH), 7.17 (1H, dJy—n =
was added 20 mL of THF, and the resulting suspension was stirred at1.8 Hz, CH).13C NMR (CDCk): ¢ 34.8, 122.2, 123.2, 164.1, 190.3,

room temperature. Release of, Mias observed immediately after
addition of the solvent. Afte4 h of stirring at room temperaturét
and*B NMR analysis of one aliquot of the reaction mixture showed

193.5.B NMR (CDClg): 6 11.9 ppm (m).
Synthesis offac-[Re{ «3-H(u-H),B(tim BuPP)} (CO);] (3). Compound
3 was prepared as described aboveZpstarting from 100 mg (0.13

the complete consumption of the benzothiazole and the nearly quantita-mmol) of (NEt)[Re(CO}Brs] and 75 mg (0.20 mmol) of Na[sB-

tive formation of L3, CompoundL® was purified and recovered as
described fot2. Yield: 83% (1.123 g, 5.5 mmol). Analysis calculated
for C;H/NS;BNa: C, 41.37%; H, 3.47%; N, 6.89%. Found: C, 42.44%;
H, 4.40%; N, 6.40%. IR (Nujoly/cm™1): 2361, 2308, 2259(B—H).

IH NMR (DMSO-dg): 6 7.09 (1H, d,J4-4 = 8.1, 1.5 Hz, CH), 7.24
(1H, d, Ju-n = 8.1, 1.5 Hz, CH), 7.44 (1H, d}4-n = 8.4, 1.2 Hz,
CH), 7.57 (1H, dJy—1 = 8.4 Hz, CH) 13C NMR (DMSO<): 6 117.5,
119.3,122.4,125.2, 130.2, 148.8, 188B.NMR (CDsCN): 6 —20.3

(0, Js-n = 100 Hz). ESI-MS (CHCN) mvz calcd for [GHNS;B]~
(found), 180.0 (180.0).

Synthesis of fac-[*°Tc{x3-H(u-H)B(tim“€)} (CO)3] (1). (NEL).
[Tc(COXCl3] (42 mg, 0.078 mmol) was dissolved in 4 mL of distilled
water, and Na[BB(timM¢)] (L?) (20 mg, 0.134 mmol) was added to
the resulting solution. Immediately after addition of the ligand, complex
1 precipitates in the form of a microcrystalline yellow solid. After
stirring at room temperature for 1 h, compléxwas collected by
filtration, purified by washing with small portions of distilled water,
and dried under vacuum. Yield: 79% (19 mg, 0.061 mmol). Raman
(vicm™): 2483 v(B—H); 2042, 1946 and 192%(CO). 'H NMR
(CDCl): 6 — 6.04 (2H, br, B-H---Tc), 3.71 (3H, s, Ch-N), 4.63
(1H, br, B=H), 6.97 (1H, dJ4-n = 2.1 Hz, CH), 7.04 (1H, d)y-n =
2.1 Hz, CH).1B NMR (CDCl): 6 8.2 ppm (m).*Tc NMR (CDCk):

0 —1312 (br,wy, = 1175 Hz).

Synthesis offac-[Re{x3-H(u-H).B(timMe)}(CO)3] (2). Solid Na-
[HsB(timMe)5] (30 mg, 0.20 mmol) was added to a solution of
(NEL),[Re(CO}Brs] (100 mg, 0.13 mmol) in distilled water and the
mixture was stirred fo2 h atroom temperature. The mixture was then

(timBuriP)] (L2). Compound3 was purified by silica gel flash chroma-
tography using a CkCl,/CHsCN gradient, from 0 to 80% of C¥CN.
Yield: 27% (22 mg, 0.035 mmol). IR (KBm;/cm™1): 2512 (w)v(B—
H); 2038 (s) and 1937 (vg)(CO).H NMR (CDCl): 6 —5.49 (2H,
br, B—H---Re), 1.56 (2H, m, Ch), 1.88 (2H, m, CH), 2.47 (2H, tr,
CHy), 2,65 (4H, br, N-CH,), 3.09 (2H, br, N-CH,), 3.84 (3H, s, Ch—
0), 4.10 (2H, tr, CH), 6.83-6.89 (4H, br, Ph), 7.09 (1H, dy-n =
2.1 Hz, CH), 7.20H, d, Ju—1 = 2.1 Hz, CH).**C NMR (CDCk): ¢
23.6,26.9,48.1,50.5, 53.4,55.3,57.7, 111.0, 118.1, 121.0, 122.1, 122 .4,
123.0, 141.0, 152.2, 163.8, 19318 NMR (CDCL): ¢ 11.1 ppm (br).
FT/ICR-MS () (m/2): 630 [M]*.

Synthesis offac-[Re{x3-H(u-H).B(bzt)} (CO)3] (4). Compound4
was synthesized and purified as describedfatarting from 108 mg
(0.14 mmol) of (NEf)z[Re (CO}Brs] and 45 mg (0.22 mmol) of Na-
[H3B(bzt)] (L3). Yield: 55% (35 mg, 0.078 mmol). Analysis calculated
for CigH/NS,0O3BRe: C, 26.67%; H, 1.57%; N, 3.11%. Found: C,
26.41%; H, 1.43%; N, 3.04%. IR (KBm/cm1): 2514 (w) (B-H);
2040 (s) and 1930 (vs)H NMR (CDCl;) 6 —5.67 (2H, brJs— = 88
Hz, B—H---Re), 6.60 (1H, br, B-H), 7.45 (1H, m, CH), 7.55 (1H, m,
CH), 7.64 (1H, dJy—n = 7.8 Hz, CH), 7.95 (1H, dJs-n = 8.1 Hz,
CH). 13C NMR (CDCk): ¢ 116.8, 122.9, 125.9, 127.7, 134.3, 144.0,
190.2, 192.3, 193.21B NMR (CDCl): ¢ 12.1 ppm (m).

Synthesis of fac-[*"Tc{x3-H(u-H)B(tim™€)}(CO)] (1a). In a
nitrogen-purged glass vial, 10Q of a 2.5x 10°2 M aqueous solution
of ligand L! was added to 40@L (7.5 mCi) of the organometallic
precursoifac-[*"Tc(OH,)3(CO)] ™, and the mixture was incubated at
room temperature for 30 min. After this time, complgéa has been

centrifuged to recover a pale-yellow precipitate that was washed twice obtained in 90% vyield, as checked by gradient HPLC analysis. The

with 5 mL of distilled water. The solid was purified by silica gel flash
chromatography using GBl./n-hexane (50/50) as eluent. After removal
of the solvent from the collected fractions, comp&was obtained as
a microcrystalline yellow solid. Yield: 62% (32 mg, 0.08 mmol).
Analysis calculated for @gN.SO;BRe: C, 21.11%; H, 2.03%; N,
7.04%. Found: C, 21.69%; H, 1.82%; N, 6.87%. IR (KBfgm™1):
2506 (w)v(B—H); 2043 (s) and 1931 (vs)(CO). Raman /cm1):

14592 J. AM. CHEM. SOC. = VOL. 128, NO. 45, 2006

chemical identity ofla was confirmed by comparing its HPLC
chromatogram with the HPLC profile of the analogd®sc complex
1 (retention time: 1, 25.4 min;1a, 25.9 min).

X-ray Crystallography. Crystal data and experimental details are
listed in Table 1. Suitable crystals of complexXeand2 were covered
with Paratone N oil, mounted on top of a glass fiber, and measured in
a Stoe IPDS diffractometer. Crystal data for a yellow crystalpf
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Scheme 2 downfield shifted from thé"'B frequency of Na[HB(timMe)]
. - Na* (LY (0 (1B) = —19.0 ppm). Keeping the reaction mixture at
(\N/ R Q\ 50°C for an extended period of time promoted a slow decrease
N/g /L of the 11B resonance at-11.6 ppm and, concomitantly, the
/ s /" s increase of a new!B signal at —19.3 ppm. This signal
H-B'\““H H_B«\n"H corresponds td_2 as was confirmed byH, 13C, NMR, IR,
H H elemental analysis and mass spectrometry. Thus, the synthesis
® w) of L2 takes place through an intermediatewhich is almost

guantitatively converted th 2 after 5 days at 50C. L2 was
purified by successive recrystallizations from THexane,
timeH (1:2) |y goH batH(1:2) and finally obtained in 60% yield.
THF, 50 °C, 3h M THF, tt, 4h The synthesis of 2 was straightforward. For example, the
reaction of NaBH with a slight excess of bztH in THF, at room
temperature, yieldetl® in high yield. The authenticity of 3
A was confirmed by!H and 1B NMR analysis 3, 6(*1B) =
imswott (112 M0 N\/;NV\/\ )&_Na, —20.3 ppm) and by ESI-MS.
THF, 50 °C H gl N N The novel ligandd.*-L 2 are white, hygroscopic, microcrys-
Y, \—/ talline solids, soluble in common organic solvents and in water.
) Importantly, all of them can be kept in agueous solution without
@"/L significant hydrolysis to boronic acids. Hydrolytic stability is
LN‘L\ essential for the use of these scorpionate ligands in the
N
Pa

s TN e development of radiopharmaceuticals.
N

5 days Synthesis of the®*Tc and Re Complexes The reaction of

.\ \ an aqueous solution of (NF[*°TcCly(CO)] or (NEts),[ReBr-

"B—H (CO)] with stoichiometric amounts df?* affords the complexes

HZ fac-[M{«3-H(u-H),B(timV€)} (CO)] (M = °°Tc (1), Re @)).

© They precipitate from the reaction mixtures as pale-yellow
mounted in a thin-wall capillary, were collected on an Enraf Nonius mlcrocrySt.a"me. solids. Similarly, the complexésoRe{ic*-
CAD4 diffractometer. Data?wer)(/a collected at 183(2) Kahd?2) or at H(u-H);B(tim=Pr)} (C_O)S] (3) andfac[Re{k*-H(u-H)-B(bzt)} -
293(2) K @) using graphite-monochromated Maokradiation. Data (CO) (4) were obtained from water (Scheme 3).
were corrected for Lorentz and polarization effects as well as for ~ The reactions in Scheme 3 occur very quickly, with com-
absorption (numerical). Structures were solved with direct methods pounds 1—4 beginning to form almost immediately after
using SIR97? and were refined by full-matrix least-squares methods addition of the corresponding ligands. The purification of the
on P with SHELXL-972 All non-hydrogen atoms were refined  99T¢ complex1 involved successive washings with distilled
anisotropically. The hydrogen atoms linked to the boron atoms were water, whereas for the Re complex@s-4), silica gel column

located in difference Fourier map and refined isotropically. The chromatography was needed to obtain analytically pure com-
remaining hydrogen atoms were placed in calculated positions.

pounds.
Results Spectroscopic Characterization of the?*Tc and Re Com-
) ) . plexes The most interesting feature of thld NMR spectra of
Synthesis of trihydro(mercaptoazolyl)borates Slow addi- 1—4 are high-field shifted resonances betweeh04 and-5.48

tion of timMeH to a suspension of NaBHn THF at 50°C, in
a 1:2 molar ratio, followed by heating at 3C for 3 h led to
the trihydro(mercaptoimidazolyl)borate NafB{timMe)] (L1)
(Scheme 2)L1 was purified by recrystallization from THR/

ppm, integrating for two protons each. Due to their chemical
shifts, these signals were assigned to the two bridging hydrides
involved in the three center-two electrons (3c-2e)HB--M (M

; ; : c = Re, Tc) bonds. These resonances appear in a quite narrow
hexane and obtained in 34% isolated yield. The successfulrange for the Re complexeg<4: —5.48 to—5.67 ppm) but

synthesis oL ! prompted us to further explore the preparation 4e more high field shifted for the Tc compléx—6.04 ppm).
of a related ligand with 2-mercaptoimidazole, functionalized Tne chemical shifts of the BH+-*M resonances ol—4 are
with a small biomolecule. 1-[4-((2-methoxyphenyl)-1-piperazi- e |atively close to the values previously found for related Re(l)
nyl)butyl]-2-mercaptoimidazole (tifPPH) was selected because tricarbonyl complexes anchored by3H,S,3) dihydrobis-
of its high affinity and selectivity for serotonin 5-HAreceptors, (mercaptoimidazolyl)borate ligands §.20 to—6.71 ppm)ii-14
as previously reported _b_y our gro&bsy reacting tin®uPiPH The B—H---Tc resonance in complex (wy, = 600 Hz) is
with NaBH, under conditions as described fot (Scheme 2), considerably broader than the-Bi--Re resonances ia—4

we found that_after several hour_s, at BD an intermediate (W = 150-200 Hz), reflecting the effect of the quadrupolar
compound, which was not the desired trihydro(mercaptoazolyl)- ss1¢ nucleus (Figure 1). The scalar couplifig.y between the

boratel 2, was formed. Thé!B NMR spectrum of the reaction boron and the bridging hydrides Band4 are 80 and 88 Hz
mixture displayed a broad resonance-atl.6 ppm, considerably  regpectively. A smaller scalar coupling constant would be

expected for complexes containingboryl and hydride ligand&!

(22) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G. L.; Giacovazzo,

C.; Guagliardi, A.; Moliterni, A. G. G.; Polidori, G.; Spagna, R.Appl. The terminal B-H protons for2 and4 are broad quartets at
Crystallogr. 1999 32, 115-119. ; ; B

(23) Shelddrick, G. M. SHELXL-97; University of Gtingen: Gatingen, 6.20 and 6.60 ppm, respectively. Fiithis resonance is at 4.63
Germany, 1997. ppm and is much broader. The presence of distinct resonances
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Figure 1. 'H NMR spectra of complexes and2 in the hydride region.

Scheme 3

N s N s
H—BHe,, | ..... \CO H—B\‘“H""'.._L ..... “CO
H/I ~~co H/|e\co
co co
M = %Tc (1), Re (2) (3)
L', H,O L2, H,0
1, 1-2h rt, 3h

M =9Tc, X = Cl
Re, X =Br

L3, H,0
i, 2h

for the terminal B-H and bridging B-H---M hydrides clearly hydrides (Figure 2). Thé'B resonances fot—4 are strongly
implies no fluxional process in solution, as often observed for downfield shifted as compared to the free ligands. The shifts
complexes bound to borohydridé&s. span betweer\d = 27.2 ppm andAo = 32.4 ppm. This
The 1B NMR resonances appear as broad multipléts2( behavior markedly contrasts with the one for complefees
and 4) or broad singlets 3), in the range 8.212.1 ppm,  [Re{«3-R(u-H)B(timMe),} (CO)] in which 1B chemical shifts
consistent with the presence of-Bi--*M bonds (M= Re, %- are almost identical to the respective free ligaHd$* These
Tc). Due to broadness, the multiplicity could not be ascertained differences reflect the formation of two-B4:+M bonds in1—4
accurately, but the profile of some of the signals showed that and the consequent increasing of electronic deficiency at boron.
the 1B nuclei are coupled to magnetically differéit nuclei, The IR spectra 02—4 shown(B—H) stretching bands in the
i.e., to the terminal and bridging hydrides (Figure 2). Due to range 2506-2514 cnL. The(B—H-+-Re) bands could not be

= 9
the quadrupolar moment of tﬁ%rC.HUCIeUS (= 9/2), the*®*Tc identified in the spectra due to overlap with the two strong CO
signal of 1 appears as a broad singlet-a1312 ppm i, = bands between 1930 and 2040dm

1175 Hz) without any resolved coupling to the coordinated .
Complexesfac-[M{x3-H(u-H),B(timMe)} (CO)] (M = *°Tc
(24) Marks, T. J.; Kolb, J. RChem. Re. 1977, 77, 263-293. (1), Re @) were also studied by Raman spectroscopy, and the
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Figure 2. 99Tc{'H} andB{!H} NMR spectra of compleA.

Figure 3. ORTEP view offac-[2°Tc{ «3-H(u-H)-B(timMe)} (CO)] (1) with
ellipsoids drawn at the 40% probability level. Selected bond distances (A)
and angles (deg): FeC(1) 1.940(3), Te-C(2) 1.905(3), Te-C(3) 1.938-

(2), Tc—H(1) 1.89(3), Te-H(2) 1.94(3), Te-S(1) 2.4739(6), TeB 2.329-

(3), H(2-Tc—H(1) 61.5(12), H(2)}Tc—S(1) 84.5(8), H(1)Tc—S(1)
86.7(8), C(2)-Tc-B 132.51(11), C(3)Tc—B 138.53(11).

vibrational spectra obtained had well-defined and sharp peaks.

The bridgingv(B—H---M) bands could not be assigned and the
terminalv(B—H) vibration peaks appear at 2483 and 2495 &€m
for 1 and2, respectively. As expected for complexes witEa

Figure 4. ORTEP view of molecule 1 ofac-[Re{«3-H(u-H).B(bzt)}-
(CO)] (4) with ellipsoids drawn at the 40% probability level. Selected bond
distances (A) and angles (deg): Reff)(1) 1.921(9), Re(BHC(2) 1.927-
(10), Re(1)-C(3) 1.928(10), Re(F)H(1) 1.93(7), Re(1yH(2) 1.63(16),
Re(1)}-S(1) 2.447(2), Re(H)B(1) 2.282(10), H(2)yRe(1)y-H(1) 55(6),
H(2)—Re(1)-S(1) 73(5), H(1)-Re(1}-S(1) 80(2), C(2)-Re(1)-B(1) 133.7
(4), C(3y-Re(1)-B(1) 135.2(4).

The coordination geometries around the central atonfs in
2, and4 are distorted octahedral. One face of the coordination
polyhedron is defined by the carbonyl ligands, whereas the three
remaining positions are occupied by two hydrides and the sulfur
atoms fromL! and L3, respectively. For all of the structures,
the boron-linked hydrogens have been located in the difference
Fourier map and refined isotropically.

Coordination of the BRmotif in 1, 2, and4 to the metal is
relatively symmetrical, as shown by the similar C{2j—B
and C(3>M—B bond angles. Foll and 2, respectively, the
two Tc—H (1.89(3) and 1.94(3) A) and ReH (1.93(10) and
1.98(10) A) bond distances vary in a relatively narrow range,
whereas larger differences were found for the twe-Rebond
distances in comple# (molecule 1: 1.62(16) and 1.93(7) A;
molecule 2: 1.77(7) and 1.87(10) A). These results may be due
to the different temperature used in the measurement of the
crystals {, 2, 183(2) K);4 (293(2) K).

The Tc—H bond distances id are significantly larger than
the corresponding bond distancefae-[Tc{ «3-H(u-H)B(timMe),} -
(COY] (1.65 (6) A)1l Unfavorable repulsive interactions
between the metal and the central boron atom by the shortening
of both Tc-H bonds in1 is likely to account for this
observation. The ReH distances ir2 are comparable to the
values reported by Berke et al. for the bridging hydrides in [Re-
(COXR(PMes)(k?>-BH.,)] (1.80(6) and 1.93(6) A3S a relatively
rare example of an organometallic Re(l) complex containing a
bidentate borohydride ligand.

In complexedl, 2, and4, the chelation of the two bridging
hydrogen atoms causes smah-M—H bite angles (55(6}63-

(4) A) and relatively short M-B distances (2.282(16%2.329

symmetry and a facial arrangement of the three carbonyl ligands,A)- Nevertheless, the MB (M = Tc, Re) distances are larger

1 and?2 present three peaks in th€CO) stretching regionl(
2042, 1946, 1925 cmi; 2: 2034, 1926, 1914 cm), corre-
sponding to the Aand to the resolveé vibration modeg?

Structural Characterization of Complexes 1, 2, and 4.
Single crystals ofl, 2, and4 were grown by cooling saturated
hexane solutions. Complexdsand 2 are isomorphous and
isostructural. An ORTEP presentation of compleis given in
Figure 3. For4, two crystallographically independent but
chemically equivalent molecules per asymmetric unit are
present. One of the two independent moleculeisfdepicted
in Figure 4.

than the sum (2.10 A) of the covalent radii of Tc or Re and
boron, being comparable to the RB distance (2.329(9) A)
found in the aforementioned Re(l) complex withBH4.26 As
expected, the ReB distances in all, 2, and4 are considerably
shorter than the values (2.79¢2.92 A) previously described
for bis(mercaptoimidazolyl)borate chelators coordinateddn (
S, 8, H) fashion-13

In 1, 2, and4, the intraligand bond distances and angles are
normal and the M-S (M = Tc, Re) bond distanceg§,(2.4739-
(6); 2, 2.470(2) A;4, 2.447 (2) A) are comparablé and?2) or
slightly shorter 4) than the Te-S or Re-S distances (2.462-

(25) Itokazu, M. K.; Polo, A. S.; Faria, D. L. A.; Bignozzi, C. A.; Iha, N. Y. M.
Inorg. Chim. Acta2001, 313 149-155.

(26) Liu, X.-Y, Bouherour, S.; Jacobsen, H.; Schmalle, H. W.; Berkdnbtg.
Chim. Acta2002 330, 250-267.
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1a: 25.9 min d- and f-transition metals has been repoftetSurprisingly,
\ chemistry with these tripods has been based exclusively on bis-,
\ tris-, or tetrakis(azolyl)borates and the chemistry of trihydro-

(azolyl)borates is essentially unexplored. Until recently, none
of these ligands has been considered for medicinal or biological
purposes. Following our work on bifunctional poly(mercap-
toimidazolyl)borates for the development of target-specific
radiopharmaceuticals, we extended the investigations to trihydro-
(mercaptoazolyl)borates, the smallest member of this family of
soft scorpionates. As outlined in the Introduction, bifunctional,
low molecular weight, and small-sized chelators are crucial for
retaining receptor affinity and specificity cP™Tc labeled
targeting vectors. Complexes with the lowest molecular weight
investigated for medicinal applications are, so far, piano stool-
like [CpTc(CO)] compounds’ Cyclopentadienyl is an attrac-
tive but difficult ligand in water due to its high basicity and
instability. Other tripods, such as histidine, are more bdkky.
Reducing molecular weight of donors is limited in classical
coordination chemistry but is feasible in organometallic chem-

1:25.4 min

I I T
5 10 15

time (min) istry where agostic hydride binding (a donor of M#/1!) is
Figure 5. HPLC chromatograms for complexésc-[M(k3 — L)(CO)]* not uncommon. The ligands presented herein act in the same
(M = %Tc (1), %¥"Tc (1a)) way, two classical Werner type donors are replaced by two
agostic hydrides resulting in small complexes of low molecular
(6)—2.5190(11) A) previously reported féac-[M{«x*R(u-H)B- weight. These novel ligands were explored as model chelators
(timMe),} (CO)] (M=Tc, Re)H13 only, as well as in the so-called pendant and integrated approach

Labeling Studies The results on the macroscopic level for designing bio specific organometallic complexes of Re and
demonstrated the feasibility of preparing trihydro(azolyl)borate T¢.
fac-[M(CO)s]™ complexes with43-H, H', S) coordination mode As a model, we synthesized NafB(tim“)] (L1). During
in water and motivated further studies at the no carrier added he synthesis of.1, the previously described compound Na-
level with ®*"Tc. Macroscopically, one might argue that these [H2B(timMe),] (6 (11B) = —2.8 ppm) also formed. Experimental
bis-agostic complexes can only be isolated due to their parameters such as molar ratio of reagents, temperature, and
insolubility in water. This does not necessarily hold true for esction time have been varied to optimize the yield_bfto
highly diluted (:-100 nM) solutions of*®™Tc, in which the approximately 75%.
complexes are completely dissolved in aqueous solutions. Insight - £qr 4 pendant approach, we prepared a trihydro(mercaptoa-
into the preparation for compounds of this type witfTc waS  zolylborate conjugated to an arylpiperazine pharmacophore
received from Te reactllon of the aqua-ion precufaci{ between one of the nitrogen atoms of the azole ring and the
Te(H0)5(CO)]™ with L " In aqueous solution and at room  secondary N of the piperazine ring by using @#¥PH).2 For
temperaturel ! coordinates readily at mM concentrations and the integrated approach in which part of the biomolecule
affords the complefac[*"Tc{i*-H(u-H):B(tim")} (COX] (18)  packhone is replaced by a metal chefitaye focused on
in 90% radiochemical yield (Figure 5). The chemical identity _mnercaptobenzothiazole. The benzothiazole fragment is present
of a(retention time= 25.4 min) was confirmed by comparing iy 4 series of amyloid-binding organic molecules, namely in
its HPLC profile with the one of the fully characteriz&¥rc the compoundN-methyl-[1C]-2-(4-methyl aminophenyl)-6-
complex (, retention time= 25.9 min). The long retention times -y groxybhenzothiazole, commonly designated as the Pittsburgh
of complexes+1/1aare among the highest values ever observed compound-B (PIB). PIB has recently been approved for clinical
for [Tc(CO)|*-based complexes and indicate highly lipophilic ;se a5 a positron emission tomography (PET) tracer for imaging
properties, which is in agreement with the solubility bin g amyioid deposition in the brain of Alzheimer's patiefts!
apolar organic solvents and evenriexane. Stability studies  pence, we expect that (benzothiazolylytrihydroborate ¢ould

with 1ain phosphate buffer at 37C, as checked by HPLC at |54 to small and lipophilic organometalfé™Tc complexes,
different intervals of time, did not show any cleavage of the potentially useful for targeting-amyloid plaques.

ligand or oxidation to °"TcO4]~ over at least 6 h. Despite
having an uncommon set of donors, rate of formation and
stabilities imply that trihydro(2-mercaptoimidazolyl)borates are

good ligands, even at the no-carrier added le%&IT(c), and (27) Bernard, J.; Ortner, K.; Spingler, B.; Pietzsch, H.-J.; AlbertoJrRrg.
i i i mi Chem.2003 42, 1014-1022.
compare well with d|hydrobls(mercapt0|mldazolyl)bora’téé‘! (28) Schibli, R.; La Bella, R.; Alberto, R.; Garcia-Garayoa, E.; Ortner, K;
. . Abram, U.; Schubiger, P. ABioconjugate Chen200Q 11, 345-351.
Discussion (29) Chi, D. Y., Neil, J. P., Anderson, C. J., Welch, M. J.; Katzenellenbogen,
. . J. A.J. Med. Chem1994 37, 928-937.
The pyrazolyl derivatives of poly(azolyl)borates are the most (30) Mathis, C. A.; Wang, Y.; Holt, D. P.; Huang, G. F.; Debnath, M. L.; Klunk,
i i i iri i W. E. J. Med. Chem2003 46, 2740-2754.
thorpughly §tud|ed scor3p|onates since thglr introduction by (31) Klunk W E.- Engler. H.: Nordberg, A.. Wang, Y.: Blomavist, G.: Holt,
Trofimenko in the 1960%:2 More recently, their soft congeners, D. P.; Bergstrom, M.; Savitcheva, I.; Huang, G. F.; Estrada, S.; Ausen, B.;
i f ; Debnath, M. L.; Barletta, J.; Price, J. C.; Sandell, J.; Lopresti, B. J.; Wall,
the po_Iy(mercapt0|mldaz_o_lyl)bora_ltes, ha_ve received con5|de_rable A.; Koivisto, P.; Antoni, G.; Mathis, C. A.; Langstrom, B\nn. Neurol.
attention’-8 For both families a wide variety of complexes with 2004 55, 306-319.

The preparation ofL'-L3 is very different in terms of
reactivity and pathway. Whereas the reaction ofY§kh with
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NaBH, is fast, the functionalized 2-mercaptoimidazole precursors [M(OR)3(CO)]™", affording fac-[M{x3-H(u-H),B-
(timBurirH) reacted much slower and through an intermediate (timMe)}(CO)] (M = °Tc (1), Re @)), fac-[Re{ k3-H(u-H)2B-

I;. After several hours at 5TC an intermediate compound could  (timBuPiP)} (CO)] (3), andfac-[Re{ x3-H(u-H)2B(bzt)} (CO)] (4),

be identified. The''B NMR spectrum of the reaction mixture  respectively, in which the two hydrides replaced one water
displayed a broad boron resonance-atl.6 ppm, considerably  ligand each. The structural analysis hf2, and4 confirmed
downfield shifted from thé'B frequency olL? (6 (*B) = —19.0 the presence of two bridging-BH---M hydrides, which are
ppm). Keeping the reaction mixture at 5€C promoted a maintained in solution, as shown Bii, 13C, and1B NMR
decrease of th&B resonance at11.6 ppm and a concomitant  data.

appearance of a neiiB signal at—19.3 ppm, due to the desired We want to emphasize at this point that the ability éf-L3
product (9. The authenticity of the intermediate (Scheme to coordinate with two of its hydrides to a metal center paves
2), a kinetic product, was based on thd and 1B NMR the avenue for a completely new set of ligands in inorganic
spectroscopy of the reaction mixture. TH& NMR spectra of medicinal chemistry in general, and for radiopharmacy in
I1 in CD3CN displayed a complex set of multiplets, between particular. It might be anticipated that the agostic ligands are
2.8 and 3.3 ppm, due to the methylenic protons of the readily replaced by coordinating solvents and that complexes
piperazinyl ring. The pattern obtained for these protons contrasts1—4 are stable in noncoordinating solvents only. To prove the
with the one displayed by the same protons in compounds concept for the versatility of these ligands, we switched to
timBuriPH andL 2, which originate two well-defined resonances labeling experiments witf®Tc, the metastable radionuclide
of equal intensity at 2.49 and 2.97 ppm. The splitting and the used in nuclear medicine. Because concentrations are very low,
low field shift of the piperazinyl N-CH, protons ofl; suggest solubility is not an issue and even very lipophilic complexes
an interaction between the piperazinyl nitrogen and the electronremain in solution, thus maintaining a homogeneous solution.
deficient boron atom (Scheme ¥ Most probably, a borane  Labeling occurred at low ligand concentration and at ambient
adduct of the type “BB.timBuPP” is formed rationalizing the ~ conditions. The yield of thé€®Tc complexes was close to
1B NMR chemical shift of ; (—11.6 ppm), a range where BH guantitative as verified with HPLC analysis of the reaction
amine adducts typically appe&Finally, the chemical shift of  solutions. Trihydro(mercaptoazolyl)borates are, thus, able to
the methine protons from the mercaptoimidazolyl moiety of compete with water or chloride ligands and replace them
timBuPiPH (6.83 and 6.70 ppm) anid (6.78 and 6.62 ppm) are irreversibly. Once formed, the complexes are also stable for
relatively close, showing that the azole ring is not directly hours in PBS (phosphate buffer 0.9% NaCl) without reoxidation

involved in the interaction with boron. or hydrolysis of the ligand taking place. The complexes are
The formation ofl; indicates that sodium borohydride is especially suited for the labeling of small biomolecules, namely
acting as a source of BHn the presence of tif¥PPH. In this CNS receptor ligands for which small sized metal fragments

process, the mercaptoimidazole group must behave as a hydridére of utmost importance. Currently, we are investigating the
acceptor, whereas the piperazinyl fragment traps the releasedn Vivo behavior of these complexes as well as the replacement
borane. The addutt seems to be a kinetically favored species, Of the mercaptoimidazolyl group by other, even smaller

being converted to Naf#B(timBuP)] (L?), upon prolonged  coordinating functionalities.

heating at 50°C. The synthesis of amine-boranes by reaction

of borohydrides with hydride acceptors is a well-known Conclusions

process?

. o ) ) Despite strong competition from other imaging techniques
Due to the high acidity of benzothiazole, NaBté¢acts with

- . such as PET, the importance ¥fTc in nuclear medicine is
bztH (Ka = 4.2) considerably faster tha?f\s\éwth tHFH (PKa = well recognized. One great challenge is to find specific
4.7) or timPPPH, leading exclusively td.. radiopharmaceuticals, for diagnostic and/or therapy of cancer,
The novel ligandsL'—L3 have different possibilities for  central nervous system (CNS) diseases, or metabolic disorders.
coordination to a metal center. Monodentate sulfur coordination The incorporation of al-transition metal into a biomolecule
only would not be versatile for biomedical application because tor molecular imaging is a challenge, because the metabolic
two coordinating sites remain occupied with water and are fate and biophysical properties must not be affected. For CNS
available for binding to competing sites in serum such as sulfur receptor ligands, low molecular weight and lipophilicity of the
or nitrogen from serum proteir¥8.Coordination of one sulfur  radiopharmaceuticals is crucial for crossing the blood brain
and one hydride entails the same problem. Occupation of all parrier (BBB). Many traditional chelators have been investigated
three sites by one sulfur and two hydrides results in a complex for that purpose, with little success so far. Soft scorpionates
with the three coordinating sites occupied by one single ligand. have rarely been considered as bifunctional chelators, and we
This type of coordination has not been observed to date Sinceha\/e been exp|oring this fam”y of Compounds for medical
agostic interactions are usually weak and easily replaced by gpplications’ In this work, we described a general approach
other two electron donors such as water. Still, the three ligands for the synthesis and characterization of a novel class of ligands,
(L'=L?) reacted promptly in water with the aquo-carbonyl tihydro(azolyl)borates (azolyl mercaptoazolyl and benzothia-
zolyl), which are the smallest soft scorpionates described so
(32) 581%5#232}]2&5%@0%‘-ggaggggféﬁéécaﬁi"oy D.; Sosa-Torres, M. E.;  far, By this strategy, it is possible to introduce the “Blrhoiety
(33) Air?cc’)ugh, E. W.; Brodie, A. M.; Lowe, A. D.; Waters, J. Morg. Chim. into biomolecules for later labeling with th&[Tc(CO)]* core.
Acta200Q 303 128-131. We have shown, for the first time, that is possible to stabilize

(34) McNulty, J.; Zhou, Y Tetrahedron Lett2004 45, 407—409. i . I
(35) Ojo, J. F.; Slavin, P. A.; Reglinski, J.; Garner, M.; Spicer, M. D.; Kennedy, Re and Tc tricarbonyl complexes with trihydro(azolyl)borates

A. R.; Teat, S. Jlnorg. Chim. Acta2001, 313 15-20. H H in i i
(36) Garcia, R.; Domingos, A.; Paulo, A.; Santos, |.; AlbertoJridrg. Chem. which coordinate through two -BH . M agostic |nt_eract|c_>n§
2002 41, 2422-2428. and one sulfur atom of the azolyl ring. The resulting building
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blocks can be used to incorporate small biomolecules, using Tecnologia for a postdoctoral research grant. Dr. Ana Coelho,
the so-called pendant or integrated approaches. We have alsdrom the Laboratdo de Espectrometria de Massa, ITQB,
shown that these complexes can be prepared at the no carrietniversidade Nova de Lisboa, Portugal, is also acknowledged
added levelP"Tc). The final complexes are stable in aqueous for the ES-MS analysis.

solution, even in the presence of high NaCl concentrations. Thus,

the unprecedentefc-[Tc{ x3-H(u-H).B(azolyl)} (CO)] main- Supporting Information Available: 'Crystallograp.hic data.for
tains its (3-H, H', S) coordination motif even in water. complexedl, 2, and4 and ORTEP diagram fd. This material

is available free of charge via the Internet at http://pubs.acs.org.
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