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Synthesis and Characterization of Rhenium Thiolate Complexes. Crystal and Molecular
Structures of [NBus][ReO(H20)Br 4)]:2H20, [BusN][ReOBr4(OPPhg)], [ReO(SGH4N)3],
[ReO(SCuH3N2)s][ReO(OH)(SCsH4N-3,6-(SiMeBU)2)2], [Re(N2COCeHs)(SCsH4N)CI(PPhg)z],
and [Re(PPh)(SCsH3N2)3]
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The syntheses and characterizations of six monomeric rhenium thiolate complexes and the structural characterization
of two useful rhenium starting materials are presented. Pyridine-2-th)ialnd its derivatives 3-(trimethylsilyl)-
pyridine-2-thiol ), 3,6-bis(dimethyiert-butylsilyl)pyridine-2-thiol @), and pyrimidine-2-thiol 4) were reacted
with [BusN][ReOBIy(H,0)]-2H,0 (5), [BusN][ReOBry(OPPR)] (6), [ReOy(CsHsN)4), and [R€N,CO-
(CeHs)} Clo(PPh);] to give [ReO(GHANS)] (7), [ReO(GH1NSiSY] (8), [ReO(OH)(G1H20NSiS)] (9), [Re{N2-
CO(GeHs)} CI(PPR)2(CsHaNS)] (10), [ReO(GHsN2S)] (11), and [ReP(CeHs)s} (CsHsN2S)] (12). Crystal
data: 5, C1gH42NO4Br4Re, tetragonall4, a = 8.779(2) A,b = 11.614(2) A,c = 9.397(2) A5 = 114.67(3), V
= 870.7(4) B, Z = 2, 422 reflectionsR = 0.0457;6, CaHs:NO,PBiRe, triclinic, P1, a = 14.437(3) Ab =
16.589(3) A,c = 16.783(3) A,o. = 94.87(3}, B = 97.62(3}, y = 93.80(3}, V = 3957(2) R, Z = 4, 6141
reflections,R = 0.0758;7, CisH12N30S:Re, monoclinicP2y/c, a = 11.533(2) Ab = 11.385(2) A,c = 14.039-
(3) A, B =107.97(3), V= 1749.8(9) B, Z = 4, 1869 reflectionsR = 0.0322;9, CasHesN20,S,SisRe, triclinic,
P1, a = 8.072(2) A,b = 11.409(2) A,c = 12.402(3) A,a. = 79.67(3}, B = 74.05(3), y = 86.18(3), V =
1080.2(5) B, Z = 1, 4630 reflectionsk = 0.0525;10, C4gH39N3OSRCIRe, triclinic, P1, a = 10.842(2) Ab =
13.660 (3) A,c = 17.665(4) A,a = 86.37(3}, B = 89.93(3}, ¥ = 77.22(3}, V = 2080.2(10) & Z = 2, 4329
reflections,R = 0.0437;11, C1oHyNsOS;Re, orthorhombicPbca a = 8.240(2) Ab = 13.373(3) Ac = 29.388-
(6) A, v =3238.4(16) R, Z = 8, 1400 reflectionsR = 0.0512;12, C3;H26NeSsPChRe, triclinic, P1, a = 9.224-
(2) A, b=12.050(2) A,c = 17.665(4) A,a. = 89.25(3}, B = 85.70(3}, y = 67.94(3}, V = 1604.0(8) B, Z
= 2, 3592 reflectionsR = 0.0697.

Introduction radiation-absorbed dose. These advantages are in part mani-
fested by the nuclear properties ¥fTc (ty, = 6.02 h;y =

140.6 keV) which also enable imaging results to be applied to
clinical evaluation quite rapidly. Consequentl§"Tc imaging

Over the past 1520 years, the chemistry of technetium and
rhenium has expanded dramatically due to the utilization of their

radi%r_luc(ljildz_s either_a/shdiagnost_igsir?fqging a%g Eghl(c) oras  agents have been developed that are highly successful in imaging
com u_we lagnostic/t _erape_ut| < e) radiopharmaceu- various anatomical features such as the brain, heart, lung, bone,
ticals! =1 The%"Tc radionuclide has several advantages over & t.act and kidneys:S

other radionuclides which include cost, availability, and low- More recently, radiopharmaceuticals utilizing thenium, the

T Syracuse University group VIIB congener of technetium, in the form of the

# Johnson-Matthey. rad|0|sotope5185Re and!®Re have been develop_édl.0 The
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Therefore, it is anticipated th&8™Tc diagnostic agents which its functionalization with bulky triorganosilyl groups at either
accumulate in abnormal tissue may be used to model thethe 3- or the 6-position of the pyridine ring to form sterically
development of86.18Re analogues with similar biodistribution  hindered pyridinethiols and the subsequent reactivity studies of
properties these ligands with a variety of transition metals have only been

One approach in targeting radiopharmaceutical delivery reported recentl§>4° Previously reported reactivity studies
systems exploits what is termed the “metal-tagged” appreééth.  with sterically hindered pyridinethiols have been performed
Specifically, the covalent attachment of a radionuclide to an primarily with late transition metals and molybdenum. Also,
antibody by a bifunctional chelate has been utilized for the reactivity ofl toward rhenium has been limited in scope to
diagnostic oncological applications and also for imaging focal only low-valent rhenium carbonyl complexes and clusféré?
sites of infection®> Recently, we explored the coordination Herein, we report reactivity studies forand for the sterically
chemistry of technetium organohydrazine complexes to model hindered pyridinethiol ligands 3-(trimethylsilyl)pyridine-2-thiol
the uptake of*"Tc by a bifunctional hydrazine reagélit.18 (2), 3,6-bisfert-butyldimethylsilyl)pyridine-2-thiol 8), and py-
Technetium(V) oxo precursors were found to add readily under rimidine-2-thiol @) with the high-valent rhenium precursors
mild conditions to hydrazinopyridine-modified proteins to yield [BusN][ReOBry(H-0)]-2H,0 (5), [BusN][ReOBry(OPPH)] (6),
stable " Tc-labeled proteins in~90% radiometric yield? [ReOx(py)d], and [R€ N2CO(GsHs)} Clo(PPh);]. The resulting
Technetium-99m hydrazinopyridirgolyclonal IgG conjugates  pyridine thiolate derivatives, [Re@4-2-SGH4N)(1-2-SGH4N)]
have been demonstrated to be useful agents for the imaging of(7), [ReO2-2-SGH3N-3-SiMes)2(171-2-SGH4N-3-SiMes)] (8),
focal sites of infectior?? [ReO(OH)%-2-SGH2N-3,6-(SiMeBUY),)] (9), [Re(; -N.CO-

Concurrent with the development of new bifunctional chelates (CsHs))(7%-2-SGH4N)CI(PPh)2] (10), [ReOg?-2-SCH3Ny),-
is the development of new coligands that will aid in the (5*-2-SCH3N2)] (11), and [Re(PPH(17%-2-SCGH3N2)3] (12),
stabilization of such bifunctional chelates. As we have observed were characterized by analytical and spectroscopic methods and,
earlier, the identity of coligands may profoundly influence the in the cases ob—7 and 9—12, by X-ray crystallography.
structures adopted by complexes possessing [MNNR] or [MN- Furthermore, convenient preparation$@nd6, two potentially
NR;] corest*28 Coligands containing sulfur donor atoms have useful rhenium(V) starting materials, are presented.
been particularly effective in the isolation and characterization ) )
of these complexes as a consequence of the high affinity of EXperimental Section
technetium and rhenium for sulfur ligands. To this end, we  General Considerations. NMR spectra were recorded on a General
have decided to investigate the reactivity of pyridine-2-thid| ( Electric QE 300 {H 300.10 MHz) spectrometer in CDL(0 7.24),
sterically hindered pyridine-thiol2(3), and pyrimidine-2-thiol CD.Cl; (6 5.32), or CRCN (0 1.93). Variable-temperatuféi NMR
(4) as coligands for the study of antibody-labeling of radionu- spectra utilized a Doric Trendicator 410A temperature controller. IR
clides. While pyridine-2-thiol is a ubiquitous ligand that has spectra were recorded as KBr pellets with a Perkin-Elmer Series 1600

been coordinated to almost all metals in the periodic t&bi¥, FTIR, and U\+visible spectra were recorded as solutions in quartz
cuvettes on a Cary 1E spectrophotometer. Electrochemical experiments
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: Cl, which was 0.1 M in supporting electrolyte (tetrabutylammonium
references therein. . !
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were distilled from their appropriate drying agefftsTriethylamine
(Aldrich) was distilled from Cakland stored under an inert atmosphere.
Pyridine-2-thiol (Aldrich), pyrimidine-2-thiol (Aldrich), chlorotrimeth-
ylsilane (Petrarch)tert-butyldimethylchlorosilane (Petrarch);butyl-
lithium (2.5 M solution in hexanes; Aldrich), benzoylhydrazine
(Aldrich), triphenylphosphine (Aldrich), bromine (Aldrich), cyclohexene

Rose et al.

into a solution of GgHesNO.PReBg in CH,Cl,. During the crystal-
lization, one tributylphosphine was lost and replaced with two water
molecules.

Preparation of [BusN]J[ReOBr4(OPPh)] (6). All steps were
performed open to the atmosphere. To a solution of;RBI06 g,
4.05 mmol) in 10 mL of CHCI, was added a solution of B(0.205

(Fisher), toluene (Sure-Seal; Aldrich), and other reagents were used asnL, 4.05 mmol) in 10 mL of CHCl, dropwise via pipet. A water

received without further purification. Tetrabutylammonium perrhenate

bath was used to cool the solution during addition. The generated

was prepared by mixing aqueous solutions of tetrabutylammonium purple phosphorane solution (PBr,) was then stirred 102 h before
bromide and ammonium perrhenate, collecting the precipitated colorlessbeing added to a colorless solution of [B[ReO,] (0.500 g, 4.05

solid via vacuum filtration on a frit, and recrystallization of the product
from THF/H,O. The reagent,3 3,%° [ReOCk(PPh);],*> [Re(N,CO-
(CsHs)Cl(PPh),],%6 and tetrabutylammonium hexafluorophosphate
were synthesized by published procedures.

Syntheses. Preparation of Pyridine-2-thiol (1). The yellow
crystalline solid was prepared by the method of KatritékyThe crude

mmol) in 10 mL of CHCI; in the presence of £open air). To the
red-violet reaction mixture was added 100 mL of ether, 100 mL of
pentane, and 0.75 mL of cyclohexene, and a violet solid precipitated
from the reaction mixture. The product was collected via filtration
and air-dried (2.12 g, 2.03 mmol, 51%). Anal. Calcd festzsNO,P,-
ReBr (mol wt 1303.74): C, 47.86; H, 5.06; N, 1.07. Found: C, 47.61,;

product was rotovapped to dryness and Soxhlet-extracted with benzeneH, 5.56; N, 1.37. IR (KBr, cmt): 2961 (m), 2872 (m), 1458 (s), 1438

until no color was evident in the extract. The extract was rotovapped

(s), 1146 (s), 1120 (s), 1090 (m), 994 (vs), 932 (m), 878 (m), 724 (m),

to dryness, the solid dissolved in acetone, and the mixture filtered. The 693 (m), 537 (s). X-ray quality crystals 6fwere prepared by diffusion
acetone was removed by rotary evaporation, and the resulting solid of EO into a solution of GHgeNOP,ReBu in CH,Cl. During the

was stirred with 125 mL of pentane overnight. The mixture was
filtered, and the solid was dried under vacuum to give pyridine-2-thiol
in 31% yield. IR (KBr pellet, cm?): 2958 (m), 2876 (M), 1734(w),
1654(w), 1571 (vs), 1491 (m), 1438 (m), 1366 (s), 1257 (m), 1180
(m), 1137 (vs), 982 (m), 742 (s), 486 (s).

Preparation of 3-(Trimethylsilyl)pyridine-2-thiol (2). The yellow
crystalline solid was prepared by the method of BlétkAfter

crystallization one triphenylphosphine was lost.

Preparation of [ReO,(CsHsN),]Cl+-2H,0.5 All steps were per-
formed open to the atmosphere. To a solutiérb@ (19 mmol) of
PPh in 30 mL of EtOH was added a solution of 3.5 mL (30 mmol) of
37% HCI containig 1 g (3.73 mmol) of NBReQ.. The solution was
refluxed in a 50 mL Schlenk flask for 10 min. The color of the solution
changed from milky white to olive. The reaction mixture was cooled

sublimation, the crude product (102.4% yield) was washed with acetone to room temperature and filtered. The precipitate was washed with
and pentane, and crystals were grown by diffusion of pentane into a two 10 mL portions of EtOH and two 10 mL portions of,Btto yield

CH,ClI, solution of the ligand. Recrystallized yield: 40%. IR (KBr
pellet, cnT?): 2940 (s), 2854 (s), 1604 (s), 1572 (s), 1309 (vs), 1236
(s), 1203 (m), 1150 (vs), 1122 (s), 1064 (m), 1041 (s), 851 (vs), 749
(vs), 622 (m), 512 (w), 475 (m).

Preparation of 3,6-Bistert-butyldimethylsilyl)pyridine-2-thiol (3).
The yellow crystalline solid was prepared by the method of BRSck.
The crude product was quenched withHand neutralized with HCI.
The mixture was rotary-evaporated to dryness, dissolved igOGH

[ReOCL(OEL)(PPh),] in quantitative yield (3 g).

To a gray-green solution of [ReOQDEL)(PPh)] (1 g, 1.19 mmol)
in 25 mL of EtOH was added dropwise 5 mL (62 mmol) of pyridine.
The solution was refluxed for 2 h, whereupon the volume was reduced
under vacuum to 10 mL. The product was recrystallized from EtOH/
Et,0, collected by filtration, and dried in the air to give [R€CHsN).]-
Cl- 2H,0 (0.7 g, 95% yield). IR (KBr, cmb): 3382 (s), 3063 (m),
1604 (m), 1477 (m), 1447 (s), 1345 (m), 1209 (m), 1150 (w), 1068

and then extracted with water. The aqueous layers were extracted with(M), 820 (s), 778 (s), 704 (s), 468 (w).

CH_Cl,, and the CHCI, extracts were combined and dried over MgSO
The solution was filtered, and the filtrate was rotary-evaporated to

Preparation of [ReO#?-2-SGH4N)x(n*-2-SGH4N)] (7). To a
solution of 5 (0.250 g, 0.25 mmol) in 15 mL of THF at 6C was

dryness. The desired product was then sublimed from the crude reaction@dded a solution ot (0.107 g, 0.96 mmol) and B (0.097 g, 0.96

mixture. The sublimed product was further purified by washing with
hexanes, to give 6.4 g of pure product (63% vyield). IR (KBr pellet,
cm1): 2940 (w), 2849 (w), 1565 (m), 1468 (m), 1289 (s), 1259 (s),
1160 (m), 1141 (s), 1098 (s), 1033 (m), 804 (s), 677 (m), 581 (w), 500
().

Preparation of [BusN][ReOBr4(H20)]-2H,0 (5). All steps were
performed open to the atmosphere. To a solution of"PBL842 g,
14.05 mmol) in 20 mL of CKCl, was added a solution of B(2.269
g, 14.20 mmol) in 20 mL of CkCl, dropwise via pipet. The generated
purple phosphorane solution (BEBr) was then added to a colorless
solution of [BuN][ReO4] (2.000 g, 4.06 mmol) in 20 mL of C¥Cl,
in the presence of (open air). The red-violet reaction mixture was
stirred 45 min after complete addition of the phosphorane. After 45
min, 100 mL of ether, 3 mL of cyclohexene, and 100 mL of pentane
were added to the reaction mixture and a violet solid precipitated from
the reaction mixture. The product was collected via vacuum filtration
on a frit, washed with ether, and air-dried (3.0 g, 3.1 mmol, 75%).
Anal. Calcd for GgHgsNO,PReBy, (mol wt 983.77): C, 34.15; H, 6.60;

N, 1.42. Found: C, 34.53; H, 6.46; N, 1.51. IR (KBr, c 2961
(s), 2872 (m), 1466 (s), 1381 (w), 1226 (w), 993 (vs), 808 (w), 738
(w). X-ray quality crystals ob were prepared by diffusion of &

(44) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
Laboratory ChemicatsPergamon Press: London, 1980.

(45) Parshall, G. WInorg. Synth.1977 17, 100.

(46) Chatt, J.; Dilworth, J. R.; Leigh, G. J.; Gupta, V.D.Chem. Soc. A
1971 2631.

(47) Ferguson, J. Ainterface197Q 6 (2), 1.

(48) Jones, R. A.; Katritzky, A. RJ. Chem. Soc1958 3610.

(49) Block, E.; Gernon, M.; Kang, H.; Zubieta,Angew. Chem., Int. Ed.
Engl. 1988 27, 1342-1344.

(50) Block, E.; Gernon, M.; Kang, H.; Ofari-Okai, G.; Zubieta,ldorg.
Chem.1991, 30, 1736.

mmol) in 5 mL of THF dropwise via syringe. Upon addition, the
reaction mixture changed in color from violet to dark green, with a
colorless solid (ENHBr) precipitating from the reaction mixture. After
being stirred for 2 h, the reaction mixture was filtered to remove the
precipitated triethylamine hydrobromide and the filtrate evaporated to
dryness. Recrystallization of the crude product from,Chlether
afforded dark green blocks af (0.070 g, 0.13 mmol, 55%). Anal.
Calcd for GsH12NsOReS (mol wt 532.70): C, 33.82; H, 2.27; N, 7.89.
Found: C, 34.40; H, 2.44; N, 8.94. IR (KBr, c): 3044 (w), 1584
(vs), 1568 (sh), 1554 (m), 1439 (s), 1414 (s), 1264 (s), 1142 (w), 1120
(w) 1039 (w), 962 (m), 954 (sh), 803 (w), 761 (vs), 736 (w), 647 (w),
484 (w). 'H NMR (CDCl;, 293 K): all resonances are coalesced into
the baseline. UWVis (Amax NM (€, M~1 cm™) in CH,Cly): 242 (1.06

x 10%, 285 (1.04x 10%, 365 (6.3x 10°), 650 (90).

Preparation of [ReO(2-2-SGH3N-3-SiMes),(51-2-SGH3N-3-
SiMe3)] (8). Compound5 (0.250 g, 0.25 mmol)2 (0.176 g, 0.96
mmol), and EN (0.096 g, 0.96 mmol) were mixed in 20 mL of THF
as described fo7. Recrystallization of the crude product from a
concentrated solution of hexanes-a0 °C afforded8 as a green
microcrystalline solid (0.059 g, 0.079 mmol, 33%). Anal. Calcd for
C,4HzeN3OReSSi; (mol. wt. 749.24): C, 38.47; H, 4.84; N, 5.61.
Found: C, 38.38; H, 4.10; N, 5.74. IR (KBr, c#): 2959 (m), 1560
(m), 1539 (w), 1368 (vs), 1249 (m), 1080 (w), 1022 (w), 966 (m), 841
(vs), 801 (w), 760 (w).*H NMR (CD.Cl,, 243 K): ¢ 8.68 (bd, 1H),
8.56 (bd, 1H), 7.80 (m, 2H), 7.65 (d, 1H), 7.26 (dt= 6.8 Hz, 1.3
Hz, 1H), 7.07 (m, 2H), 6.37 (§ = 6.3 Hz, 1H), 0.44 (s, 9H), 0.33 (s,
9H), 0.20 (s, 9H).

Preparation of [ReO(OH)(p?*SGH2N-3,6-(SiMeBUY),);] (9). Com-
pound5 (0.250 g, 0.25 mmol)3 (0.326 g, 0.96 mmol), and &4 (0.097

(51) Chang, L.; Rall, J.; Tisato, F.; Deutsch, E.; Heeg, Mndrg. Chim.
Acta 1993 205, 35-41.
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Table 1. Crystallographic Data for the Structural Studies of [RedBO)]-2H,0O (5), [ReOBr(OPPHh)] (6), [ReO(SGH4N)3] (7),
[ReO(OH)(SGH2N-3,6-(SiMeBUY),)2] (9), [Re(NuCO(GsHs))(SGH4N)CI(PPh),] (10), [ReO(SGH2N2)s] (11), and [Re(PPH(SCiH2N2)3] (12)

5 6 7 9 10 11 12

empirical C16H42NOs- Cz4H5102- CisH1oNs- Ca4HesN20;- CagHaoNs- C12HoNe- Cs1H26N6Se-

formula BrsRe PBrRe OSRe S;SisRe OSRCIRe OSRe PCIRe
a A 12.228(2) 14.437(2) 11.533(2) 8.072(2) 10.842(2) 8.240(2) 9.224(2)
b, A 12.290(2) 16.589(3) 11.385(2) 11.409(2) 13.660(3) 13.373(3) 12.050(2)
c A 20.014(2) 16.783(3) 14.039(3) 12.402(2) 17.665(4) 29.388(6) 17.665(4)
a, deg 94.87(2) 79.67(3) 86.37(3) 89.25(3)
5. deg 97.62(2) 107.97(3) 74.05(3) 89.93(3) 85.70(3)
v, deg 93.80(2) 86.18(3) 77.22(3) 67.94(3)
V, A3 3022.61(4) 3957(1) 1749.8(9) 1080.2(5) 2080.2(10) 3238.4(2) 1604.0(8)
Z 4 4 4 1 2
fw 818.3 661.8 760.4 896.6 670.2 2254.2 ~ 866.9
space group 14 P1 P2,/c P1 P1 Pbca P1
T,°C —60 —60 —60 —60 —60 —60 —40
A, A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
Deaie, g CNT3 1.798 1.749 1.218 1.378 1.579 2.197 1.795
u, cmt 96.17 71.78 73.10 30.05 63.98 79.03 42.33
R2 0.0457 0.0758 0.0322 0.0525 0.0437 0.0512 0.0697
R.P 0.0606 0.0902 0.0434 0.0776 0.0591 0.0562 0.0848

23 IFol = IFell/Z|Fol. ® [ZW(IFol — [Fel)? X WIFo[7"2

g, 0.96 mmol) were reacted as described forUpon dissolution of
the light green crude product for purification in @El,, the solution
turned orange-brown. Recrystallization of the crude product from CH
Cl,/CH3;OH afforded9 as tan-brown needles (0.056 g, 0.062 mmol,
26%). The formulation of this complex was confirmed by X-ray
crystallography. IR (KBr, cmt): 3439 (m), 2942 (m), 2854 (w), 1466
(w), 1388 (m), 1289(w), 1256 (m), 1095 (s), 1025 (m), 952 (m), 806
(vs). IH NMR (CDCls, 293K): ¢ 7.73 (d,J = 7.8 Hz, 2H), 7.4 (b,
2H) 1.00 (s, 18H), 0.97 (s, 18H), 0.49 (s, 9H), 0.43 (s, 9H). -LNE
(Amax NM €, M~ cm™) in CH,Clp): 245 (9.3 x 10°), 306 (9.8 x
10°), 370 (9.6x 10%), 400 (8.1x 1(°), 680 (2.2x 10?).

Preparation of [Re{n-NCO(CeHs)} (57%-2-SGH4N)CI(PPhg),]
(10). To a solution of [R€N.CO(GsHs)} Clo(PPh),] (0.250 g, 0.27
mmol) in 40 mL of toluene was added a solution100.091 g, 0.82
mmol) and E4N (0.083 g, 0.82 mmol) in 10 mL of toluene dropwise
via syringe. The dark green reaction mixture was heated tC58nd
stirred for 12 h. After this time, the reaction mixture was cooled to
—20 °C and filtered to remove the insoluble precipitates{CI).
Upon reduction of the filtrate to 5 mL and layering of hexanes onto
the concentrated solution, an emerald green microcrystalline solid
crystallized from solution (0.135 g, 50% yield). X-ray quality crystals
were grown by diffusing hexanes into a toluene solutiori@ffor a
second time. Anal. Calcd forg,dH30 £Cl1 sN3OP,ReS (0-0.25CH-
Cly): C,57.30; H, 3.93; N, 4.15. Found: C, 57.68; H, 3.96; N, 4.33.
IR (KBr, cm™): 3056 (w), 2456 (w), 1653 (m), 1557 (m), 1498 (m),
1471 (m), 1437 (m), 1260 (m), 1227 (vs), 1166 (w), 1089 (m), 1033
(w), 1011 (w), 801 (m), 745 (m), 696 (m), 635 (W), 513 (nH NMR
(CDsCN, 293 K): 0 8.79 (s, 1H), 8.04 (d, 2H), 7.71 (b, 12H), 7.46 (t,
J=7.1Hz, 1H), 7.32 (t) = 7.7 Hz, 2H), 7.23 (m, 18H), 6.60 (@,=
6.6 Hz, 1H), 6.00 (dJ = 8.1 Hz, 1H), 5.59 (tJ = 6.4 Hz, 1H). Ey»
(cyclic voltammetry, CHCl,): +0.27 V (AE, = 60 mV). UV—vis
(Amax NM €, M~ cm™Y) in CH,Cl,): 233 (6.86x 1(F), 277 (6.65x
10°), 367 (3.91x 10°).

Preparation of [ReO(CsH3N,S)] (11). All steps were performed
open to the atmosphere. [RgOsHsN)4]Cl-2H,O (0.2 g, 0.33 mmol),
pyrimidine-2-thiol (0.11 g, 0.99 mmol), and 10 mL of EtOH were placed
in a 50 mL Schlenk flask. After addition of N&Ei0.13 mL, 0.99 mmol),
the mixture was refluxed for 3 h. The reaction mixture was filtered to
produce a green precipitate of [ReQHEN.S)] in 61% yield. Anal.
Calcd for GoH9NgOReS: C, 26.90; H, 1.68; N, 15.69. Found: C,
27.92; H, 1.77; N, 15.39. IR (KBr, c): 3448 (w), 3060 (w), 2943
(w), 2674 (w), 2496 (w), 2377 (w), 1561 (s), 1544 (s), 1429 (m), 1372
(vs), 1261 (w), 1193 (m), 1169 (m), 967 (s), 805 (m), 762 (i
NMR: 7.18-7.34 ppm. X-ray quality crystals were grown by diffusion
of pentane into a C¥Cl, solution of11, [ReO(GH3N2S)]. The filtrate
was vacuumed down to yield a brown residuel@f [Re{ P(CsHs)s} -
(C4H3N2S)], as a minor product of the reaction.

Preparation of [Re(PPhs)(C4H3N2S)] (12). All steps were per-
formed open to the atmosphere. To a solution of £BL00 g, 19
mmol) in 30 mL of EtOH was added a solution of 37% HCI (3.5 mL,

30 mmol) containing NEReQ; (1.00 g, 3.73 mmol). The solution was
refluxed in a 50 mL Schlenk flask for 10 min, whereupon its color
changed from milky white to olive. The reaction mixture was cooled
to room temperature and filtered. The precipitate was washed with
two 10 mL portions of EtOH and two 10 mL portions of,Etto yield
[ReOCL(OEL)(PPh),] in a quantitative yield (3 g).

To gray-green [ReO@IOEt)(PPh);] (0.100 g, 0.119 mmol) were
added pyrimidine-2-thiol (0.039 g, 0.356 mmol) and 10 mL of EtOH,
followed by NE§ (0.049 mL, 0.356 mmol). The solution was refluxed
for 12 h. The product was recrystallized from EtOH&to give12
in quantitative yield. IR (KBr, cm?): 3433 (m), 2964 (m), 2676 (m),
2366 (m), 1607 (m), 1377 (m), 1331 (m), 1187 (m), 1036 (w), 911 (s),
796 (m). *H NMR: 7.1-7.9, 8.5-8.6 ppm. X-ray quality crystals
were grown by diffusion of pentane into a @, solution of12.

X-ray Crystallography. Compound$—7 and9—12 were studied
using a Rigaku AFC5S diffractometer, equipped with a low-temperature
device. Since the crystals @f and 9—12 degraded slowly at room
temperature, data collections were carried out at low temperature.
Crystal stability was monitored using five medium-intensity reflections
in each case, and no significant changes in the intensities of the
standards were observed over the course of the data collections. The
crystal parameters and other experimental details of the data collections
are summarized in Table 1. A complete description of the details of
the crystallographic methods is given in the Supporting Information.

The structures were solved by the Patterson method and refined by
full-matrix least squares. The details of the structure solutions and
refinements are presented in the Supporting Information. No anomalies
were encountered in the refinements of the structurés-Gfand10—

12. Inthe case 09, the{Re=0O} unit was disordered along tH&eO-

(OH)} vector. The disorder was modeled by assigning populations of
0.70 and 0.30 for the two sites, respectively. Although the excursions
of electron density ota. 1 e/A% were found along this axis on the
final difference map, the model was deemed adequate in other respects.

Attempts to refine the structure &fin the centric space groupl
resulted in unreasonable temperature factors and unacceptable geometry
for the carbon framework of the ligand.

Atomic positional parameters and isotropic temperature factors for
the structures are presented in Table82and selected bond lengths
and angles are given in Tables 95.

Results and Discussion

Preparation of [BusN][ReOBr 4(H>0)]-2H,0 and [Bu4N]-
[ReOBr4(OPPhg)]. In many diagnostic radiopharmaceutical
preparations employiny™Tc, the complex TcOGt, prepared
directly from the®TcO,~ solution eluted from the generator
column, is utilized as a precursor in clinical applications. In
developing an analogous system wif$18Re, it was found
that the ReOGI anion is too moisture sensitive for this
application. Therefore, it was necessary to adopt as a convenient
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Table 2. Atomic Positional Parameters (0% and Isotropic
Temperature Factors &< 10%) for the Anion
[ReOBr(H,0)]+2H,0 in 5

Rose et al.

Table 3. Atomic Positional Parameters (0*) and Isotropic
Temperature Factors &< 10%) for the Anion [ReOB§{(OPPR)]~
in 6

X y z Ueqy X y z Ueqy
Re(1) 5000 0 430(1) 38(2) Re(1) 3384(1) 2137(1) 4825(1) 38(1)
Br(2) 3552(8) 1403(8) 594(6) 68(4) Re(2) 3595(1) 6986(1) —234(1) 36(1)
Br(2) 6455(7) 1415(8) 598(5) 52(4) Br(1) 3944(2) 2745(2) 6247(2) 61(1)
0(1) 5000 0 —365(15) 68(9) Br(2) 3282(2) 750(2) 5333(2) 57(1)
0(2) 5000 0 1568(12) 46(7) Br(3) 2532(2) 1449(2) 3476(2) 70(1)
N(1) 5000 5000 0 19(25) Br(4) 3123(2) 3532(2) 4388(2) 68(1)
c(1) 4127(36) 4588(35) 451(18) 58(12) Br(5) 2969(2) 6644(2)  —1723(2) 52(1)
c(2) 3697(41) 4740(45) 935(21) 69(14) Br(6) 3896(2) 7425(2) 1259(2) 52(1)
c@3) 2345(42) 4495(45) 1363(21) 59(33) Br(7) 2788(2) 5687(2) 97(2) 50(1)
C(4) 1670(43) 5477(46) 1655(22) 71(37) Br(8) 4116(2) 8414(2) —500(2) 59(1)
N(2) 10000 0 0 82(51) 0o(1) 2034(10) 2221(9) 5145(9) 38(6)
c(5) 442(36) 1026(34) 464(17) 72(15) 0(2) 4355(12) 2084(10) 4607(11) 68(8)
c(6) 432(37) 1601(36) 924(20) 112(23) 0(3) 2292(11) 7442(9) —162(9) 44(6)
c(@) 10106(45) 2299(41) 1290(24) 71(14) 0o(4) 4552(11) 6638(10)  —328(9) 50(7)
c(8) 43(46) 3103(42) 1670(24) 32(30) P(1) 1137(4) 2510(4) 5410(4) 32(2)
0(3) 2449(35) 486(42) 2500(24) 89(16) P(2) 1241(4) 7539(4) —244(3) 34(2)
0o(4) 7101(34) 1324(69) 2491(25) 125(29) N(1) 4255(14) 4710(11) 2400(10) 40(7)
a Equivalent isotropicU defined as one-third of the trace of the (Nzgg igég((ﬁ)) 22%((:%)) %g%(éé)) g((g))
orthogonalizedJ; tensor. c@2) 1920(16)  3893(15) 6327(15)  45(7)
c@d) 2044(17) 4464(16) 7069(16) 50(7)
starting material the ReOBT anion2 which also serves as an C(4) 1663(18) 4296(17) 7700(17) 58(8)
ideal precursor in this study of rhenium model complexes for  C(5) 1120(18) 3571(17) 7697(17) 57(8)
the bifunctional chelate technology described in the Introduction.  €(6) 931(17)  3035(16) 6985(15)  51(7)
However, under our conditions, the literature method for the (1) 380(15) 1656(13) 5583(13) 30(5)
N X ' E X ] C(8) —537(19) 1636(18) 5476(17) 63(8)
preparation of ReOBr with a variety of large cations (i.e. c(9) ~1119(19) 952(17) 5595(16) 59(8)
BusN*, Phy*) could not be reproduced. Instead, the reaction C(10) —707(20) 327(19) 5851(17) 66(9)
in open air of [BUN][ReOy] with excess BlsPBr, (prepared C(11) 287(18) 306(18) 6015(17) 64(8)
in situ from PBU's and Bp) yields the [ReOBy(H,0)]~ anion g&% 2(1)888 Sggg((ﬁ)) 2222((5)) ‘:';’2(((75))
as shown in eq 1. The use of BRh place of PBy results in C(14) ~13(18) 3686(17) 4869(17) 60(8)
cha C(15) —547(17) 4030(16) 4300(16) 53(7)
2Ll C(16) —604(21) 3805(19) 3490(19) 74(9)
3Br, + 3PBU, 3BU'PBr, c(17) —30(24)  3158(23) 3206(24)  90(12)
C(18) 533(19) 2796(18) 3846(18) 65(8)
CH,Cl, C(19) 473(15) 6608(14)  —442(14) 38(6)
3BU,PBr, + [Bu,N]'[ReQ,] : C(20) -217(16) 6441(16) 19(16) 51(7)
cyclohexene C(21) —-879(17)  5782(16)  —175(16)  53(7)
[Bu4N]*[ReOB|r4(H20)]’-PBLP3 (1) C(22) —792(18) 5304(16) —885(16) 54(7)
5 C(23) —127(18) 5437(17) —1340(17) 56(7)
C(24) 536(17) 6100(15) —1119(15) 46(7)
the isolation of the triphenylphosphine oxide adduct of the ggg; gg?g‘l‘g 222283 g%gg; ;ggg;
ReOBy~ anion. Furthermore, it is necessary to perform the c(27) 24(23) 8877(22) 1412(21) 90(11)
reaction in the open air since, under inert conditions, an orange C(28) 445(21) 8672(19) 2077(20) 74(9)
crystalline solid, presumably [BN]2[ReBrg], is formed rather C(29) 1144(21) 8185(19) 2132(19) 73(9)
than [ReOBi(H,0)]- (5) C(30) 1372(19)  7809(18) 1398(17)  66(8)
The IR . foi displ C—H) for the IBuNI* C(31) 842(16) 8135(14) —1089(14) 37(6)
he IR spectrum fois displaysv(C—H) for the [BuN] C(32) —84(18)  8120(16) —1359(16)  54(7)
cation at 2961 and 2872(C—C) at 1466 cm?, and a feature C(33) —397(20) 8601(17) —1968(17) 62(8)
assigned to(Re=0) at 993 cml. This violet complexp, is C(34) 293(19) 9041(17) —2238(17) 61(8)
indefinitely air and moisture stable and was used to probe the C(35) 1168(21) 9068(18)  —2018(18) 68(9)
C(36) 1492(18) 8601(15) —1375(15) 48(7)

reactivity of 1—3 with high-valent rhenium.

Synthesis and Spectroscopic Characterization of High-
Valent Rhenium Pyridinethiolate Complexes. The synthesis
of [ReO(?-2-SGH4N)2(11-2-SGH4N)] (7) and [ReOf?-2-
SGH3N-3-SiMes),(171-2-SGH3N-3-SiMes)] (8) proceeds by the
reaction of eithel5 or [ReOCk(PPh),] with excess pyridine-
2-thiol (1) or 3-(trimethylsilyl)pyridine-2-thiol(2) in the pres-
ence of E4N in THF at 0°C, as shown in eq 2. A solution of
the pyridine-2-thiol ligand and triethylamine in THF was
transferred via syringe to a violet solution of 3,6-bis(dimethyl-
tert-butylsilyl)pyridine-2-thiol (3) in THF at 0 °C. Upon
addition of the pyridine-2-thiolate solution, the reaction mixture
turned from violet to dark green, with a colorless solids{Et
NHBr) precipitating out of solution. The crude product was
recrystallized from CECly/ether, giving a dark green crystalline
solid in moderate yield. Elemental analysis foindicates that

(52) Cotton, F. A,; Lippard, S. Jnorg. Chem.1966 5, 9.

a Equivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

THF

—_—
0°C
—4Et;NHBr

[BusNJ*[ReOBrs(H,0)]*PBus" + N ()
HS

ReO(nN2-SCsHsN-3-R)p(N1-2-SCsH3N-3-R)  (2)

R=H(7)
R = SiMes (8)

the ligand to rhenium ratio is 3:1. The infrared spectrun of
reveals av(ReO) at 962 cm! and features in the fingerprint
region that are indicative of a coordinated pyridine-2-thiolate
ligand. The room-temperatutel NMR spectrum for7 exhibits

all resonances associated with the 2584 ligand coalesced
into the baseline, indicating that a fluxional process involving
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Table 4. Atomic Positional Parameters (0% and Isotropic
Temperature Factors @A 10%) for [ReO(SGH4N3)3] (7)

X y z Ueqy
Re(1) 6443(1) 1054(1) 2742(1) 33(1)
S(1) 2589(1) 7564(2) 6096(2) 43(1)
S(2) 3750(2) 10178(2) 5856(2) 50(1)
S(3) 2660(2) 8457(2) 8498(2) 50(1)
o(1) 5027(5) 8551(5) 7624(4) 45(2)
N(1) 1157(7) 5782(7) 6100(6) 47(3)
N(2) 1968(6) 10121(6) 6530(5) 39(3)
N(3) 3771(6) 10323(6) 8335(5) 35(2)
c() 2159(8) 6288(7) 6645(7) 37(2)
c(2) 2887(9) 5808(8) 7569(7) 47(2)
c@d) 2542(9) 4771(9) 7865(8) 59(3)
C(4) 1495(10) 4237(10) 7306(9) 66(3)
c(5) 835(10) 4764(10) 6419(8) 62(3)
C(6) 2332(8) 10655(8) 5828(7) 43(2)
c(7) 1580(9) 11494(9) 5180(8) 54(2)
c(8) 507(10) 11755(10) 5312(9) 67(3)
c(9) 137(11) 11217(9) 6058(9) 65(3)
C(10) 898(9) 10379(9) 6660(7) 53(2)
c(11) 3222(8) 9848(8) 8981(7) 39(2)
c(12) 3209(9) 10428(9) 9825(7) 53(2)
Cc(13) 3789(9) 11534(9) 10014(8) 53(2)
c(14) 4347(8) 11975(9) 9375(7) 54(3)
C(15) 4339(8) 11384(8) 8524(7) 44(2)

a Equivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

all three pyridine-2-thiolate ligands is occurring. The YV
visible spectrum of consists of typicalt — s* transitions in

the UV region, a ligand-to-metal charge transfer band at 365

nm (€ 6.3 x 10%), and a d-d transition at 650 nme(90).

In the case of [ReGf-2-SGH3N-3-SiMes)(171-2-SGH3N-
3-SiMe3)] (8), the yield of crystalline material was quite low
(33%) due to the high solubility of this complex in typical
organic solvents. The IR spectrum f8rdisplays a strong
v(ReO) band at 966 cm and a strong band at 841 cin
assigned to(Si—C). ThelH NMR spectrum at room temper-
ature exhibits broadened resonances both fortBide; protons
(0.44, 0.33, and 0.20 ppm) and for the aromatic pyridyl protons
(8.68, 8.56, and 7.80 ppm). At 243 K, the three 2-s54\-
3-SiMe; ligands are inequivalent, as indicated by three unique
resonances for the SiMe; protons at 0.20, 0.33, and 0.44 ppm.

These data are consistent with the six-coordinate formulations

shown in Chart 1. Due to electronic considerations, the pyridyl
N-donor atoms generally occupy positiansnsto the strongly
sw-bonding oxo ligands, thus minimizing competition between
the oxo groups and the weakhrdonating thiolate S-donors
for the rhenium4, orbitals®® Therefore, structure8C and8D,

are unlikely. OfBA and 8B, structure8A is most likely, by
analogy to the solid-state structure ©fvide infra).

In order to evaluate the consequences of steric constraints

on the structural chemistry of Re(V) thiolat&swas reacted
with 5 under the same conditions used to preparand 8.
Similar workup conditions afforded light green materials which,
upon dissolution in ChLCl, turned autumn-brown. Initially, it
was thought that the Ci€l, solvent had not been dried
thoroughly, but this color change occurred even with rigorously
dried CHCI, in a Nx-filled glovebox Po, < 1 ppm). Therefore,
two crystallization experiments were performed in which a
portion of the crude product was recrystallized from hexanes
to yield a green producBa, and another portion of the crude
product was recrystallized from GBI,/CH;OH to give the
brown materiaB. The IR spectrum o®a displays no features

in the 906-1000 cnT1? region, attributable te(ReO) but does
exhibit a »(SiC) band at 808 cmt. Further attempts to
characterize9a by analytical, spectroscopic, and structural
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Chart 1
’(@\swm3 SiMe,
o SiMe, o
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a 7N
S SIM03 S
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c D

exhibits a strong band at 3439 chassigned ta/(O—H), a
band at 952 cmt attributed tov(Re=0), and they(Si—C) band
at 806 cnt!. ThelH NMR spectrum displays two resonances
each for the methyl (0.49 and 0.43 ppm) aed-butyl groups
(1.00 and 0.97 ppm) of the inequivalenSiMeBUt groups of
the 2-SGH2N-3,6-(SiMeBUW); ligands, indicating that the two
2-SGH3N-3,6-(SiMeBUW); ligands are equivalent. The UV
visible spectrum 09 exhibits intense ligand — z* and ligand-
to-metal charge transfer bands between 245 and 400 @1 (
x 103—9.8 x 1% and a d-d transition at 680 nme(2.2 x
10%). The identity of9 as [ReO(OH)?-2-SGH:N-3,6-(SiMe-
BuY),),] was confirmed by the X-ray crystal structureide
infra).

The reactions ofl with the rhenium(V) precursor [R&.-
CO(GsHs)} Clo(PPR)2] (“green chelate”) were also investi-
gated?® In a typical reaction, as illustrated by eq 3, addition

Tph3

CI I .N tol

P w0 e -

Cl | O N SH 12h
PPh3

Re(nL-N,CO(CgHs)(N2-2-SCsH4N)CI(PPhs),
10

@

of EtsN to [Re No2CO(GsHs)} Clo(PPhy);] and 1 in toluene at
50°C led to the formation of a dark green solution from which
the product [REy1-N,CO(CGsHs)} (172-2-SGH4N)CI(PPh),] (10)
crystallized in approximately 50% vyield upon addition of
toluene/hexanes. Compoud@ exhibits an IR spectrum with
bands in the fingerprint region for the coordinated pyridine-2-
thiolate ligand and a strong band at 1653 énassigned to
v(C=0), indicating that the chelating benzoyldiazenido ligand
is monodentate through the-nitrogen?! Elemental analysis
and the'H NMR spectrum forl0 confirm that one 2-SgH4N
ligand is coordinated to rhenium. THel NMR spectrum of
10 displays resonances in the aromatic region with integration
consistent with a ratio of 2:1:1 for PRRhC(O)N:SGH4N.

methods suggested reduction of the Re(V) by the thiolate to The UV—visible spectrum consists of three intense bands at

give [R€ SGH2N-3,6-(SiMeBu).}3]. The IR spectrum o®

233, 267, and 367 nm attributed 40— s* transitions for the
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Table 5. Atomic Positional Parameters (0% and Isotropic
Temperature Factors gA< 10%) for

[ReO(OH){?-SGH2N-3,6-(SiMeBUY)2)2] (9)

Rose et al.

Table 6. Atomic Positional Parameters (0% and Isotropic
Temperature Factors &< 10°) for
[Re(7"-N2CO(GsHs)) (17*-2-SGH4N)CI(PPh),] (10)

X y z Ueqy X y z Ueqy
Re(1) -31 9960 -23 28(1) Re(1) 2260(1) 3007(1) 2027(1) 22(1)
Re(1A) 664(1) 9465(1) 381(1) 17(1) cl() 2373(2) 3928(2) 568(2) 30(1)
o(1) —-1288(12)  10838(11) —300(10)  40(1) P(1) 1652(3) 1721(2) 1128(2) 27(1)
O(1A) 2111(10) 8358(8) 943(7) 33(1) P(2) 2866(2) 4320(2) 2891(2) 25(1)
0(2) 1654(9) 8900(8) 439(7) 25(1) S(1) 1025(3) 2533(2) 3359(2) 35(1)
0(2A) —2440(13) 10553(12) —524(11)  53(1) o(1) 4158(7) 1103(6) 3835(6) 149(4)
S(1) 247(4) 8857(3) —1569(3) 41(1) N(1) 3775(8) 2282(6) 2297(5) 28(3)
S(2) —199(4) 10946(3) 1617(3) 45(1) N(2) 4900(8) 1829(6) 2517(5) 30(3)
Si(1) —1763(4) 6452(3)  —2073(3) 32(1) N(3) 304(7) 3827(6) 2059(5) 27(3)
Si(2) —3398(4) 8393(3) 2877(3) 39(1) c() —137(9) 3469(7) 2842 (7) 31(2)
Si(3) 2382(4) 12935(3) 2415(3) 30(1) c(2) —1365(11) 3862(9) 3141(8) 46(3)
Si(4) 3948(4) 11027(3)  —2532(3) 39(1) c(@3) —2099(13) 4659(10) 2618(9) 57(3)
N(1) -1612(11) 8357(9) 406(9) 69(1) c(4) —1644(11) 5019(9) 1803(8) 46(3)
N(2) 2102(10)  11169(8)  —316(7) 57(1) c(5) —449(10) 4598(8) 1529(7) 35(3)
c(1) —1121(9) 7903(8) —454(8) 47(1) c(6) 5066(10) 1241(8) 3348(7) 31(2)
c@) —2099(9) 7093(7)  —697(7) 28(1) c(7) 6376(9) 762(8) 3622(7) 33(2)
c(3) —3523(11) 6580(10) 260(9) 67(1) c(8) 7376(10) 1152(8) 3289(7) 39(3)
c(4) —3699(11) 6899(10) 1304(8) 55(1) c(9) 8619(12) 679(10) 3556(9) 58(3)
c(5) —2765(10) 7811(9) 1461(10)  63(1) C(10) 8815(12)  —165(9) 4162(8) 52(3)
c(6) —3979(11) 5894(10) —2160(9) 60(1) c(11) 7849(11)  —547(9) 4487(8) 48(3)
c(7) —986(10) 7633(9)  —3329(8) 45(1) c(12) 6606(10) —98(8) 4230(7) 40(3)
c(8) —262(11) 5146(8)  —2088(10)  64(1) c(13 —18(9) 2048(7) 766(7) 29(2)
c(9) —1146(12) 4060(9)  —1124(10)  74(1) C(14) —906(10) 1548(8) 1154(8) 43(3)
C(10) 1509(10) 5557(10) —2016(9) 51(1) Cc(15)  —2176(11) 1880(9) 931(8) 49(3)
c(11) —44(11) 4784(9)  —3302(9) 53(1) Cc(16)  —2568(11) 2696(9) 334(8) 47(3)
c(12) —4178(10) 9980(8) 2598(7) 40(1) Cc(17)  —1713(10) 3207(8) —63(8) 41(3)
c(13) —1505(10) 8208(9) 3489(9) 52(1) c(18) —436(10) 2867(8) 147(7) 39(3)
c(14) —5219(10) 7492(8) 3956(8) 42(1) C(19) 1850(9) 452(7) 1707(7) 30(2)
C(15) —6873(10) 7557(10) 3645(9) 53(1) C(20) 2274(10) 280(8) 2627(7) 35(2)
C(16) —4808(12) 6190(9) 4365(9) 59(1) c(21) 2326(11)  —651(9) 3097(8) 45(3)
c(17) —5461(10) 8141(8) 5085(7) 40(1) C(22) 1919(11)  —1400(9) 2646(8) 48(3)
c(18) 1960(11)  11515(9) 812(8) 54(1) C(23) 1552(11)  —1234(9) 1744(8) 46(3)
C(19) 2780(10)  12477(7) 999(8) 44(1) C(24) 1520(10)  —320(8) 1249(8) 45(3)
C(20) 3970(10)  12908(8) 102(8) 37(1) C(25) 2543(10) 1451(8) 57(7) 35(2)
c(21) 4368(10)  12500(8)  —970(10)  62(1) C(26) 3810(10) 1412(8) 67(7) 38(3)
C(22) 3462(10)  11638(8) —1151(7) 43(1) c(27) 4536(12) 1126(9)  —718(8) 51(3)
C(23) 1597(11)  11782(9) 3690(10)  68(1) C(28) 3956(12) 908(10) —1490(9) 58(3)
C(24) 4471(10)  13311(8) 2424(8) 39(1) C(29) 2709(12) 953(9)  —1528(9) 56(3)
C(25) 778(9) 14222(8) 2453(6) 29(1) C(30) 1978(12) 1218(9)  —745(8) 48(3)
C(26) 355(12)  14696(11) 3609(10)  82(1) C(31) 3809(9) 3803(7) 3935(7) 27(2)
c(27) 1445(10)  15220(8) 1448(9) 44(1) C(32) 5048(14) 3864(11) 4026(10) 68(4)
C(28) —-985(12)  13903(9) 2370(10)  68(1) C(33) 5777(17) 3392(12) 4803(12) 87(5)
C(29) 1944(10)  11221(10) —3028(10)  65(1) C(34) 5267(13) 2896(10) 5478(10) 62(4)
C(30) 4695(11) 9465(9)  —2174(9) 58(1) C(35) 4034(13) 2855(11) 5417(10) 67(4)
C(31) 5786(10)  11843(8) —3735(8) 39(1) C(36) 3318(12) 3305(9) 4640(9) 55(3)
C(32) 7552(10)  11738(10) —3444(8) 68(1) C(37) 3853(9) 5052(7) 2264(6) 24(2)
C(33) 5044(11)  11327(10) —4725(9) 54(1) C(38) 3790(10) 6047(8) 2451(7) 37(3)
C(34) 5245(11)  13236(8) —3941(10)  65(1) C(39) 4532(10) 6602(9) 1942(8) 42(3)
aEquivalent isotropicU defined as one-third of the trace of the ggi% gzgéggg giggg% %g%g; g;%
orthogonalizedJ; tensor. C(42) 4670(9) 4623(8) 1589(7) 31(2)
C(43) 1574(9) 5314(7) 3282(6) 27(2)
aromatic groups of the ligands and to ligand-to-metal charge C(44) 1269(11) 5464(8) 4196(8) 44(3)
transfer processes. The cyclic voltammetry displays a reversible ggigg 31265((1123)) gggg((llg)) ;;3311((91)0) 56&(34))
one-electron oxidation at0.27 V: [Rg N,CO(GHs)} (SGHa- -
N)CI(PPR)] = [Re{N.CO(GHs)} (SGHN)CIPPREI* +e~. Bl ~220d 2080 2080 500

The reaction of [Re@CsHsN)4]Cl with pyrimidine-2-thiol

a Equivalent isotropicU defined as one-third of the trace of the

(4) in refluxing EtOH with EtN gave the lime green [Re@?- !
orthogonalizedJ; tensor.

2-SCH3Np)2(1-2-SCH3N2)] (11), in moderate yield. The
compound is structurally analogous to compoifrdespite the oxo abstraction from the starting material, [Reg{OEt)-
different starting materials and method of preparation. Both (PPh),], does occur in this instance, providing the unusual
contain thiolate coordinated in thg mode, which is not an  seven-coordinate Re(lll) specié.
uncommon coordination mode for this ligand, as well as inthe  Description of the Structures. The structures of the
7%-(N,S) mode. We were unsucessful in substituting #e molecular anions of [BiN][ReO(H;0)Br4-2H,O (5) and
thiolate either with benzoylhydrazine or with thiold2e The [BusN][ReO(OPPHR)Br4] (6) are illustrated in Figure 1. The
IR spectrum oflL1 exhibits a strong band at 967 cfattributed structure of the anion ob consists of discrete mononuclear
to v(Re=0). [ReO(H0)Br4]~ units with distorted octahedral geometry about
The filtrate from the synthesis dfl also yielded [Re(P R+ the rhenium(V) site defined by the terminal oxo ligand, the aquo
(CsH3N2S)] (12) as a minor product of the reaction, which ligand, and four bromine atoms. The Re atom is located on a
results from the presence of small amounts of [ReQIHt)- crystallographic 2-fold axis, as are the oxo and aquo ligands,
(PPh)2] in preparations of [Re@CsHsN)4]Cl. Unlike for 11, necessitating a rigorously linear Oflre—0O(2) angle. The
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Table 7. Atomic Positional Parameters (0% and Isotropic
Temperature Factors gA< 10%) for
[ReO(?-2-SCGH3N2)x(171-2-SGHaN)] (11)

X y z Ueqy
Re() 1347(1) 3257(1) 3626(1) 39(1)
s(1) 1882(7) 3135(4) 2798(2) 53(2)
s(2) 1073(8) 4238(4) 4204(2)  46(2)
s(3) —1336(8) 2828(4) 3501(2)  47(2)
o(1) 2168(19)  2147(11)  3744(4) 59(6)
N(1) 802(19)  4655(11)  3219(5) 38(6)
N(2) 1190(26)  4949(11)  2432(5) 51(6)
N(3) 3434(19)  4169(12)  3744(5) 38(5)
N(4) 3027(25)  5269(14)  4354(5) 58(7)
N(5) —2013(21)  3378(16)  4359(5) 60(7)
N(6) —3679(27)  2162(13)  4016(6) 69(7)
c(1) 1263(29)  4374(14)  2796(7) 45(5)
c@) 244(25)  5558(15)  3288(7)  40(5)
c@3) 142(26)  6195(17)  2929(7) 51(6)
c(4) 700(29)  5879(18)  2502(8) 64(7)
ci) 3024(25)  4627(15)  4138(7)  41(5)
c(6) 4844(27)  4374(15)  3549(7)  47(6)
c(?) 5868(28)  5045(16)  3745(7) 56(6)
c(8) 5336(31)  5469(17)  4148(8) 62(7)
c(9) —2453(26)  2772(14)  4020(6) 34(4)
C(10)  —2934(28)  3349(18)  4727(8) 66(7)
C(11)  —4287(28)  2704(16)  4747(8) 58(6)
C(12)  -4609(33)  2134(17)  4382(8) 68(8)

aEquivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

Figure 1. (a) View of the structure of the molecular anion 5f
[ReOBi(H20)]~. (b) View of the structure of the molecular anion of
6, [ReOBu(OPPhR)] .

metrical parameters are unexceptional. The-Ré1) distance
of 1.58(3) A may be compared to distances of :-87%66 A in
other examples of octahedral Re@xo specie§3>* The Re-
0O(2) distance of 2.28(3) A reflects a strotrgnsinfluence of
the oxo ligands and the identity of O(2) as an aquo group.

The structure 06 reveals the presence of two uniqueiR"
cations and two crystallographically distinct [ReO(OB)BIn] ~
anions. The structure of the anion 6fis again distorted
octahedral, with the oxo ligand, the four bromide donors, and
the oxygen donor of the phosphine oxide defining the coordina-
tion sites. The ReO (phosphine oxide) bond distance of 2.10-
(2) A reflects thetransinfluence of the oxo ligand and may be
compared to a value of 2.02 A for ROPPh in [ReO-
(OPPh)(0(2)CsClg)z]~.5* Not unexpectedly, the ReBr dis-
tances irb and6 are essentially identical, and all other metrical
parameters are similar.

In Re—thiolate specieg and9—12 exhibit a diverse structural
chemistry. The structure of [ReO(2-§@N)3] (7), shown in
Figure 2, consists of neutral mononuclear units of distorted
octahedral geometry. The rhenium center disp{aysOSN}

(53) Kettler, P. B.; Chang, Y.-D.; Zubieta, J.; Abrams, Minbrg. Chim.
Acta1994 218 157.

(54) Edwards, C. F.; Griffith, W. P.; White, A. J. P.; Williams, D.Jl.
Chem. Soc., Dalton Trang§992 957.
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Table 8. Atomic Positional Parameters (0% and Isotropic
Temperature Factors &< 10%) for [Re(PPR)(72-2-SCGH3Ny)3] (12)

X y z Ueqy

Re(1) 10869(1) 1965(1) 1760(1) 23(1)
Cl(1) 10144(10) 2275(6)  —3266(5) 97(3)

Cl(2) 9891(12) 3161(9)  —1555(5) 135(5)

S(1) 11815(5) 3454(4) 1203(3) 31(2)
S(2) 12063(5) —183(4) 2183(3) 33(2)

S(3) 9060(5) 925(4) 1484(3) 40(2)
P(1) 9384(5) 2944(4) 3009(3) 27(2)
N(1) 12253(14) 1431(11) 553(8) 23(5)
N(2) 13434(17) 2530(13)  —334(9) 39(6)

N(3) 12972(16) 1491(11) 2411(9) 32(5)
N(4) 14680(16)  —382(13) 3002(9) 37(6)

N(5) 8996(16) 2911(11) 969(8) 32(5)
N(6) 7080(19) 2314(13) 361(10) 45(6)
c() 7609(19) 4270(15) 2811(10) 31(4)
c(2) 7368(21) 5447(16) 3013(11) 40(4)
C(3) 5975(23) 6380(19) 2838(13) 52(5)
C(4) 4849(24) 6140(19) 2460(13) 53(5)
c(5) 5045(23) 4932(18) 2251(12) 48(5)
C(6) 6422(19) 4055(16) 2426(11) 36(4)
c(7) 5442(18) 2256(14) 3850(10) 29(4)
C(8) 7531(21) 2981(17) 4488(11) 42(5)
C(9) 6863(24) 2480(19) 5149(13) 54(5)
C(10) 7280(22) 1261(18) 5173(13) 49(5)
c(11) 8290(21) 519(18) 4547(12) 44(5)
c(12) 8923(19) 1022(15) 3878(11) 33(4)
C(13) 10565(18) 3498(14) 3672(10) 28(4)
C(14) 11071(22) 4410(18) 3396(13) 49(5)
C(15) 12071(22) 4699(18) 3859(12) 47(5)
C(16) 12773(25) 4046(19) 4556(13) 59(6)
c(17) 12223(25) 3119(20) 4869(14) 61(6)
c(18) 11240(21) 2862(17) 4399(12) 43(5)
C(19) 12737(17) 521(14) —11(10) 26(4)

C(20) 13614(21) 601(17)  —769(12) 42(4)

c(21) 13929(22) 1578(17)  —874(12) 43(5)

C(22) 12641(18) 2395(14) 354(10) 26(4)
C(23) 13936(19) 2008(16) 2689(10) 34(4)
C(24) 15219(21) 1389(17) 3124(12) 41(4)
C(25) 15538(21) 221(17) 3247(12) 42(4)
C(26) 13410(18) 274(14) 2603(10) 28(4)
c(27) 8407(19) 3959(15) 583(10) 35(4)
C(28) 7182(21) 4199(18) 59(12) 44(5)
C(29) 6553(22) 3353(17) —15(12) 47(5)

C(30) 8261(15) 2132(14) 867(10) 25(4)
C(31) 10833(33) 2042(26) —2279(17) 90(8)

a Equivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

Figure 2. ORTEP representation of the structure of [Re§H{sNS)]
(.

coordination through bonding to a terminal oxo ligand, two
bidentate pyridinethiolatéS ligands, and a monodentate
pyridinethiolateS ligand. The thiolate donors assunws
orientations with respect to the terminal oxo ligand, a preferred
geometry in oxorheniumthiolate complexes which avoids
competition ofz-interacting oxo and thiolate ligands for the
same metabf-type orbitals. This arrangement of sulfur donors
necessitates that one bidentate pyridinethiolate occupy the
equatoral N plane and that the second span the equatorial and
axial positions. The N(2) donor is thir@nsto the oxo ligand
and exhibits a ReN(2) distance of 2.242(6) A, a significant
elongation from that of 2.136(7) A observed for-R¥(3). The



3556 Inorganic Chemistry, Vol. 35, No. 12, 1996

Table 9. Selected Bond Lengths (A) and Angles (deg) for
[BusN][ReOBr(H20)]-2H,0 (5)

Re(1)-Br(1) 2.499(10)  Re(BBr(2) 2.516(9)
Re(1)-0(1) 1.591(30)  Re(HO(2) 2.277(24)
Re(1:-Br(1A)  2.499(10)  Re(1}Br(2A)  2.516(9)
Br(1)—Re(1)-Br(2) 90.7(3) Br(1}Re(1-O(1)  97.5(3)
Br(2)—Re(1)-0(1) 97.7(2) Br(1}Re(1)-0(2)  82.5(3)
Br(2)—Re(1)-0(2) 82.3(2) O(1yRe(1)}-O(1)  180.0(1)
Br(1)-Re(1)-Br(1A)  164.9(5) Br(2)-Re(1)-Br(1A) 87.3
O(1)-Re(1)-Br(1A)  97.5(3) O(2y-Re(1)-Br(1A)  82.5(3)
Br(1)-Re(1)-Br(2A)  87.3(3) Br(2)-Re(1)-Br(2A) 164.7(4)
O(1)-Re(1)-Br(2A)  97.7(2) O(2-Re(1)-Br(2A)  82.3(2)
Br(1A)—Re(1)-Br(2A)  90.7(3)

Table 10. Selected Bond Lengths (A) and Angles (deg) for
[BusN][ReOBr(OPPh)] (6)

Re(1)-Br(1) 2.518(3) Re(1)yBr(2) 2.523(3)
Re(1)-Br(3) 2.538(3) Re(1)}Br(4) 2.523(3)
Re(1)-0(1) 2.100(15) Re(H0(2) 1.501(19)
Re(2)-Br(5) 2.545(3) Re(2}Br(6) 2.521(3)
Re(2)-Br(7) 2.520(3) Re(2)Br(8) 2.532(3)
Re(2)-0(3) 2.088(16) Re(2}O(4) 1.554(17)
O(1)-P(1) 1.517(17) 0(3YP(2) 1.526(17)
P(1)-C(1) 1.793(21) P(BC(7) 1.800(23)
P(1)-C(13) 1.811(24) P(2)C(19) 1.821(23)
P(2)-C(25) 1.833(23) P(2)C(31) 1.848(25)
Br(1)-Re(1)-Br(2)  89.3(1) Br(1}-Re(1)-Br(3) 169.7(1)
Br(2)-Re(1)-Br(3)  88.1(1) Br(1}Re(1>-Br(4)  90.3(1)
Br(2)-Re(1)-Br(4) 167.4(1) Br(3yRe(1}-Br(4) 90.2(1)
Br(1)-Re(1}-O(1)  85.1(4) Br(2yRe(1-0O(1)  85.1(4)
Br(3)-Re(1)-O(1)  84.8(4) Br(4yRe(1-0O(1)  82.3(4)
Br(1)-Re(1-0(2)  94.2(7) Br(2yRe(1-0(2)  95.0(7)
Br(3)-Re(1)-0(2)  96.0(7) Br(4yRe(1-0(2)  97.5(7)
O(1)-Re(1)-O(2)  179.3(3) Br(5yRe(2)-Br(6) 168.5(1)
Br(5)-Re(2)-Br(7)  90.3(1) Br(6}-Re(2-Br(7)  88.1(1)
Br(5)-Re(2)-Br(8)  90.5(1) Br(6}-Re(2-Br(8) 88.8(1)
Br(7)-Re(2)-Br(8) 168.7(1) Br(5y-Re(2-0(3)  84.6(4)
Br(6)-Re(2-0O(3)  84.0(4) Br(7yRe(2-0(3)  83.9(4)
Br(8)-Re(2)-O(3)  85.0(4) Br(5y-Re(2-0(4)  92.9(5)
Br(6)—Re(2-0O(4)  98.6(3) Br(7>Re(2-0(4)  96.3(6)
Br(8)-Re(2)-O(4)  94.9(6) O(3yRe(2)-0(4)  177.5(7)
Re(1)-O(1)-P(1)  165.4(9) Re(®OB)-P(2)  163.4(9)
O(1)-P(1)-C(1) 113.4(9) O(LyP(1)-C(7) 110.0(10)
O(1)-P(1)-C(13)  111.9

third pyridine-2-thiol ligand adopts a monodentate coordination

mode, presumably as a consequence of steric congestion aboufP()-Re(1)-N(1)

the{Re(G 3" core of the complex. The ability of pyridinethiol
ligands and derivatives to adopt a variety of coordination modes,
within a single complex, is well-document&d#355 |t is
noteworthy that there are three distinct-R& bond distances,

reflecting both monodentate versus bidentate coordination modes Re(1)-N(1)—C(1)

and the geometries of the bidentate units. The-B@) bond
distance of 2.290(2) A is significantly shorter than those
observed for the ReS bonds of the bidentate ligands, Re
S(2) and Re-S(3) of 2.481(3) A and 2.350(3) A, respectively.
The shortening of this bond infrom the average ReS bond
distance of 2.341(3) A in [ReO(SR}) 556reflects the location

of S(1)transto the pyridine nitrogen donor N(3) inin contrast

to the situation in [ReO(SPk) where the thiolate sulfur atoms
occupy positiondrans to others-interacting thiolate groups.
The Re-S(3) distance of 2.350(3) A is essentially identical to
that observed for [ReO(SP#), while the significantly elon-
gated Re-S(2) distance appears to reflect the requirements of
the ligand to span equatoriaéxial positions of the metal
coordination sphere. Similar bond length trends are observed

(55) Block, E.; Obori-Okai, G.; Kang, H.; Zubieta, lhorg. Chim. Acta
1991 187, 59 and references therein.

(56) McDonell, A. C.; Hambley, T. W.; Snow, M. R.; Wedd, A. Gust.
J. Chem.1983 36, 253.

(57) Blower, P. J.; Dilworth, J. R.; Hutchinson, J. P.; Nicholson, T.; Zubieta,
J.J. Chem. Soc., Dalton Tran$986 1339.
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Figure 3. View of the structure of [ReO((E13N2S)] (11).

Table 11. Selected Bond lengths (A) and Angles (deg) for
[ReO(SGH4N3)3] (7)

Re(1)-S(1A) 2.290(2) Re(BHS(2A) 2.481(3)

Re(1)-S(3A) 2.350(3) Re(HO(1A)  1.675(6)

Re(1-N(2A)  2.242(6) Re(1}N(3A)  2.136(7)

S(1)-C(1) 1.782(9) S(1yRe(1A) 2.290(2)

S(2)-C(6) 1.712(10)  S(2}Re(1A) 2.481(3)

S(3)-C(11) 1.762(9) S(3YRe(1A) 2.350(3)

O(1)-Re(1A)  1.675(6) N(1)}C(1) 1.306(10)
N(1)—C(5) 1.333(14)  N(2}C(6) 1.330(13)
N(2)—C(10) 1.335(14)  N(3YC(11) 1.366(13)
S(1A)-Re(1)-S(2A)  88.0(1) S(1A)yRe(1)-S(3A)  97.8(1)
S(2A)-Re(1)-S(3A) 152.8(1) S(1AYRe(1)-O(1A) 105.0(2)
S(2A)-Re(1)-O(1A)  93.7(2) S(3AYRe(1)-O(1A) 110.2(2)
S(1A-Re(1)-N(2A)  86.2(2) S(2AFRe(1)-N(2A) 64.1(2)
S(3A)-Re(1)-N(2A)  89.7(2) O(1A)}-Re(1)-N(2A) 155.1(3)
S(1AY-Re(1)-N(3A) 158.5(2) S(2AYRe(1)-N(3A)  97.4(2)
S(3A)-Re(1)-N(3A)  68.3(2) O(1A)-Re(1)-N(3A) 95.4(3)
N(2A)—Re(1)-N(3A) 77.7(2) C(1}S(1)-Re(1A)  112.9(3)
C(6)-S(2-Re(1A)  82.9(3) C(11S(3)-Re(1A)  83.0(3)
C(1)-N(1)-C(5) 118.2(8) C(6}YN(2)-C(10)  121.1(7)
C(6)-N(2)~Re(1A)  102.1(6) C(10YN(2)-Re(1A) 136.7(7)
C(11)-N(3)-Re(1A) 101.8(5)

Table 12. Selected Bond Lengths (A) and Angles (deg) for
[ReO(OH)(%-SC:H:N-3,6- (SiMeBu),),] (9)

Re(1)-0(1) 1.443 (11) Re(BO(2) 1.898 (8)
Re(1)-S(1) 2.429 (3) Re(HS(2) 2.464 (4)
Re(1)-N(1) 2.201 (10) Re(HN(2) 2.189 (9)
S(1)-C(1) 1.760 (8) S(2yC(18) 1.849 (9)
O(1)-Re(1)-O(2)  174.5(6) O(1yRe(1)-S(1)  97.9(5)
O(2)-Re(1)-S(1) 87.5(3) O(1}Re(1-S(2)  86.5(5)
0(2)-Re(1)-S(2) 88.2(3) S(IYRe(1)-S(2)  175.5(1)
99.0(3) O(2rRe(1)-N(1)  84.3(4)
O(2A)-Re(1-N(1)  74.7(4) S(1}Re(1)-N(1)  64.7(3)
S(2-Re(1)-N(1)  113.6(3) O(1}Re(1)-N(2)  97.9(5)
0(2)-Re(1)-N(2) 78.8(3) S(I¥Re(1)-N(2)  113.2(2)
S(2)-Re(1)-N(2) 67.1(2) N(1}Re(1-N(2) 163.1(3)
Re(1)-S(1)-C(1) 80.3(4) Re(1}S(2)-C(18)  85.4(4)
102.9(6) Re()N(1)-C(5)  131.6(9)
C(1)-N(1)-C(5) 124.9(10) Re(BN(2)-C(18) 105.4(5)
Re(1-N(2)-C(22) 140.4(8) C(18}N(2)-C(22) 114.1(8)
S(1)-C(1)-N(1) 111.3(7)

in the structure of [MoO(2-S§EsN-3-SiMes)»,(NNRy)],58 where

the Mo—S distances to the ligands confined to the equatoral
plane and to that spanning the equatorial/axial positions are
2.432(1) and 2.514(1) A, respectively. The consequences of
spanning equatorial/equatorial or equatoral/axial sites are also
manifest in the chelate angles S{le—N(3) and S(2)-Re—

N(2) of 64.1(2) and 68.3(2) respectively.

The structural framework of the pyrimidine-2-thiol derivative
[ReO(2-SGH3Ny)3] (11) is essentially identical to that & as
shown in Figure 3. Theransinfluence of the oxo ligand is
again apparent in the lengthening of the-Rg1) bond to 2.27-

(2) A, as compared to a value of 2.14(2) A for-R€(3). Once
again, there are three distinct R8 distances, reflecting the
three different coordination modes adopted by the ligands.

(58) Block, E.; Kang, H.; Zubieta, Jnorg. Chim. Actal991,181, 227.
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Figure 5. View of the structure of [Re(-NCO(GHs))(17>-2-SGH4N)-
CI(PPh),] (10).

Table 14. Selected Bond Lengths (A) and Angles (deg) for
[ReO(772-2-SQH3N2)2(771-2-SQH3N2)] (ll)

Re(1)-S(1) 2.478(5) Re(BS(2) 2.371(5)
Re(1)-S(3) 2.313(7) Re(BHO(1) 1.667(14)
Re(1)-N(1) 2.265(13) Re(1YN(3) 2.136(16)
S(1)-C(1) 1.734(20) S(&C(5) 1.751(21)
S(3)-C(9) 1.783(19) N(1)}C(1) 1.353(25)
Figure 4. (a) Idealized structure of [Re_O(OI-ry)?eSCstN-S,&_(SiMQ- mg;:ggg iggzgg; “Egg% 1%282;
BuY)2)2] (9), showing the atom-labeling scheme. (b) View of the N(3) —C(6) 1.324(27) N(4)-C(5) 1.302(27)
coordination sphere 09, illustrating the disorder of thg¢ Re=O} N(4)—C(8) 1.337(32) N(5)-C(9) 1.335(26)
grouping along thg ReO(OH} vector. N(5)—C(10) 1.322(28) N(6)C(9) 1.299(29)
—C(12 .322(32 c(»c@ .358(29
Table1 13. Selected Bzond Lengths (A) and Angles (deg) for (N:Egg_g((i) ) i'401((31)) C((gc;% 1.3225303
[Re(7'-N2CO(CsHs)) (7°-2- SGHaN)CI(PPh),] (10) C(7y-C(8) 1.384(30) C(16)C(11) 1.411(33)
Re()P(Z)  2452()  RemS()  2476(3) e ey
e . e .
WMD) 1l RONG ol GOEER 100n samreg e
P)-C(13) 1.835(10)  P(HC(19)  1.844(10) S(2-Re(1-0(1) 1111(5 S(3yRe(1-O(1) 101.6(6)
P(1)-C(25) 1.835(11)  P@AC(1)  1.834(9) S(1-Re(1-N(1)  64.6(4) S(2yRe(1-N(1)  87.8(4)
P)-C(37) 1.823(10)  P(2)C(43)  1.838(9) S(3-Re(1)-N(1)  86.0(4) O(1}Re(1)-N(1) 157.7(6)
S(1)—C(1) 1.717(9) O(1yC(6) 1.251 (14) S(1-Re(1-N(3)  93.0(4) S(2yRe(1)-N(3)  68.1(4)
O(L)=C(7) 237002 NN AT S(3)-Re(1}N(3) 159.5(4) O(LyRe(1-N(3) 98.5(7)
Hgg:gg 138y Egg N(3yC(1) 334 (13) N()-Re(1-N(@3) 76.9(6) Re(lyS(L-C(1)  83.6(7)
' Re(1)-S(2)-C(5) 82.0(7)  Re(LyS(3)-C(9) 111.6(7)
CI(1)—Re(1)-P(1) 86.6(1) Cl(1yRe(1)}-P(1) 91.9(1) Re(1-N(1)-C(1) 101.5(11) Re(HN(1)-C(2) 138.7(13)
P(1-Re(1)}-P(2) 178.6(1) CI(1}Re(1)-S(1)  150.5(1) C(1L)-N(1)-C(2)  119.8(16) C(LyN(2)—C(4)  115.8(17)
P(1)-Re(1)-S(1) 90.2(1) P(2Re(1)}S(1) 90.9(1) Re(1-N(3)-C(5) 101.3(12) Re(H)N(3)-C(6) 139.0(13)
Cl(1)-Re(1-N(1) 107.7(3) P(1}Re(1)}-N(1) 94.1(3) C(5)-N(3)-C(6)  119.7(17) C(5rN(4)—C(8)  114.0(18)
P(2)-Re(1)}-N(1) 86.4(3) S(1yRe(1>N(1)  101.8(3) C(9-N(5)—C(I0) 116.0(19) C(9N(6)-C(12) 117.5(19)
gé(zl))__RR%%Z—NN(S) ggigg ggi))—_%e((ll))—_'\[l\j(é)) 22;22 S(1)>-C(1)—N(1) 110.2(14) S(LyC(1)—N(2) 124.9(15)
e . e . . . . .. . .
N(1)-Re(1N(3) 165.6(3) Re(BP(1)-C(13) 112.9(3) |s_0Iat|0n_ of9 under cond_mons_ similar to those yieldiffgor 11 _
Re(1)-P(1)-C(19) 116.8(3) C(13)P(1)-C(19) 103.7(5) ywth sterically unc_onstra!ned Ilge}nd types suggests th_at the steric
Re(1}-P(1)-C(25) 115.0(4) C(13)P(1)-C(25) 105.3(5) influence of the ligand is a major structural determinant. On

C(19-P(1)-C(25) 101.6(4) Re(HyP(2)-C(31) 112.3(3) the other hand, electronic influences such agtisdicon effect
GRSy iy Chuearcln 9% ot bo oy nisd o

e . . . .
C(37)-P()-C(43) 101.7(8) Re(1)S(1)-C(1) 82.0(4) The structural chemistry of the class of Réiolate com-

C(6)-0(1)-C(7) 32.1(5) Re(JN(L)-N(2)  174.8(8) plexes may be further expanded by the introduction of triorga-
N(1)—N(2)—C(6) 116.8(8) Re(H)N(3)-C(1)  104.1(5) nophosphine coligands, as demonstrated by the complexes
Re(1-N(3)-C(5)  135.7(7) [Re(N.COGCsHs)(SGH4N)CI(PPHR)2] (10) and [Re(PPYH(SC-

H3N2)3] (12). As shown in Figure 5, the structure 10 consists

The consequences of introducing sterically constraining of discrete mononuclear units with the rhenium site in a distorted
substitutents on the ligands are revealed in the structure of [ReO-octahedral coordination geometry, [ReS@BIE. The coordina-
(OH)(SGH:2N-3,6-SiMeBUY),] (9), shown in Figure 4a. The  tion geometry about the rhenium center exhibits mutuaiips
Re(V) center exhibits distorted octahedral geoméReO(2)- phosphine ligands to minimize steric congestion. The equatorial
S:Nj} through coordination to an oxo ligand, to a hydroxo plane is defined by thec-nitrogen donor of a monodentate
ligand, and to S,N-bidentate pyridinethiolate ligands. As benzoylhydrazido(3) ligand, a chlorine atom, and the nitrogen
illustrated in Figure 4b, the Re and oxygen sites are disorderedand sulfur donors of a bidentate pyridine-2-thiolate ligand. The
about the normal to the,N; plane; consequently, the R© structure is related to that of the parent [RgQUDCsHs)Clo-

distances are somewhat unreliable. However, the ®R) (PPh),]2% by substitution of the N and S donors of the pyridine-
distance of 1.89(1) A is significantly longer than Ref\xo 2-thiolate ligand for a chlorine atom and the carbonyl oxygen
distances, which are generally observed in the 4586 A of the benzoylhydrazido group of the parent compound. The

range, and considerably shorter than the Re@fuo distances ~ Re—N(1) and N(1}-N(2) distances of 1.760(7) and 1.26(1) A,
of 2.00-2.20 A. Likewise, this distance is consistent with the respectively, are consistent with significant multiple-bond
expected value for a Re&OH group of 1.852.00 A. The delocalization throughout thgRe—N—N} unit, as is the Re
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Figure 6. View of the structure of the seven-coordinate [Re(®Ph
(CaHaN2S)] (12).

Table 15. Selected Bond Lengths (A) and Angles (deg) for
[Re(PPR)(7%-2-SCGH3N2)3] (12)

Re(1)-S(1) 2.401(3) Re(BS(2) 2.504(4)
Re(1)-S(3) 2.497(6) Re(HP(1) 2.349(4)
Re(1)-N(1) 2.157(11) Re(HN(3) 2.138(15)
Re(1)-N(5) 2.148(13) Cl(1y-C(31) 1.692(28)
Cl(2)-C(31) 1.692(27) S(BC(22) 1.769(15)
S(2)-C(26) 1.709(20) S(3)C(30) 1.688(15)
P(1)-C(1) 1.851(15) P(BC(7) 1.873(18)
P(1)-C(13) 1.854(19) N(1)C(19) 1.333(20)
N(1)-C(22) 1.365(24) N(2}C(21) 1.345(24)
N(2)—C(22) 1.297(21) N(3)C(23) 1.360(27)
N(3)—C(26) 1.401(21) N(4)C(25) 1.336(29)
N(4)—C(26) 1.337(20) N(5YC(27) 1.329(21)
N(5)—C(30) 1.365(26) N(6)C(29) 1.309(24)
N(6)—C(30) 1.343(24)
S(1-Re(1-S(2)  136.3(1) S(BRe(1)-S@B)  143.0(2)
S(2)-Re(1)-S(3) 70.3(2) S(HRe(1)-P(1)  100.9(2)
S(2-Re(1-P(1)  103.9(1) S(3YRe(1)-P(1) 93.6(2)
S(1)-Re(1)-N(1) 67.2(4)  S(2rRe(1)-N(1) 87.0(3)
S(3)-Re(1)-N(1) 95.1(4) P(1}Re(1}-N(1)  167.9(4)
S(1)-Re(1)-N(3) 80.2(4)  S(2rRe(1)-N(3) 64.5(4)
S(3-Re(1-N(3)  134.1(4) P(1}Re(1}-N(3) 90.2(3)
N(1)-Re(1-N(3)  89.9(5) S(1}Re(1)-N(5) 81.0(4)
S(2)-Re(1-N(5)  132.8(4) S(3}Re(1}-N(5) 64.5(4)
P(1)-Re(1)-N(5) 91.9(3) N(1}Re(1)-N(5)  84.3(5)
N(3)-Re(1-N(G) 161.2(S) Re(BS(1)-C(22)  82.8(6)
Re(1-S(2-C(26)  83.2(5) Re(1S(3)-C(30)  81.9(7)
Re(1-P(1-C(1)  1145(55) Re(HP(1-C(13) 110.7(5)
Re(1-P(1)-C(7)  125.5(5)

N—N bond angle of 174.5(8) The metrical parameters
associated witl0 are, in general, unexceptional, when com-
pared to other examples of the [Re(BR{N2R)LL'L"] class

of complexe€! The Re-S distance falls on the long end of
the range of distances 2.28.50 A observed for other examples
of Re(V)—S(thiolate) complexes, suggesting that steric conges-
tion may be responsible for some lengthening of the- B&ond
distance. The ReN(3) distance of 2.171(7) A does not appear
to exhibit significant lenghtening as a consequence ofrtmes
location relative to the strongly-interacting benzoylhydrazido
group. This observation is consistent with the negligtbdas
influence associated with hydrazido ligand type.

As shown in Figure 6, the structure df2 represents a
relatively rare example of a seven-coordinate rhenium complex
of approximately pentagonal bipyramidal geometry. The axial
positions of the coordination polyhedron are defined by the

phosphorus donor of the triorganophosphine and the nitrogen

of the bidentate pyrimidine-2-thiolate ligand which span the

Rose et al.

by the sulfur and nitrogen donors of the remaining two
pyrimidine-2-thiolate groups and the sulfur of the ligand
spanning the equatorial/axial positions. In contrast to the
observation irv and11that the Re-S distances associated with
the ligand spanning the equatorial/axial positions are longer than
those to the ligands involved in equatorial/equatorial interactions,
the Re-S(1) distance of 2.401(5) A is significantly shorter than
the average of the Re5(2) and Re-S(3) distances of 2.501(4)

A. The observation reflects important differences in the
chemical types represented by comple® and the Re(V)
species/, 9, and11l. The coordination polyhedra are distinct,
and the oxidation states of the Re centers are different, as are
the identities of the coligands. Whilg 9 and 11 possess a
Re(V)-oxo core,12 is an example of a Re(lll) species. The
transinfluence of the oxo ligands idand11 serves to lenghten
the Re-N bonds of the equatorial/axial ligand groups, a
consequence of which may be a concomitant lengthening of
the Re-S bond to the sulfur of the same ligand. The phosphine
ligand of 12 clearly exerts ndransinfluence on the ReN(1)
bond, and the dominant influence in the lengthening of the Re
S(2) and the Re S(3) distances appears to be steric congestion
in the pentagonal plane.

Conclusions

Rhenium-thiolate chemistry is characterized by a diversity
of structural types, which reflect the oxidation state of the
rhenium, the nature of the coligands, and the introduction of
steric constraints. Potentially chelating thiolate ligands of the
pyridine-2-thiol and pyrimidine-2-thiol types appear to be
particularly effective in the expansion of metahiolate chem-
istry in general as a consequence of robust coordination to metal
centers and in view of the ability of the ligand classes to adopt
a variety of coordination modes. This latter feature is manifest
in the structures of [ReO(SH4N)3] (7) and [ReO(SGH3N,)3]

(12), which exhibit both S,N-bidentate and S-monodentate
binding modes of the ligands.

The consequences of introducing steric constriants are evident
in the structure of [ReO(OH)(2-SH:N-3,6-(SiMeBW),)] (9),
which accommodates two pyridinethiolate ligands rather than
three as in the cases @fand11. The charge requirements of
the Re(V) species are satisfied by coordination of a hydroxyl
group.

The influence of coligands is exemplified in the structures
of the [Re(NCOGsHs)(PPh),LL'L"] class of complexes and
the variability of ligand type which may be introduced.
Thiolates are effective as reducing reagents, a feature of the
chemistry elaborated in the isolation of the Re(lll) species [Re-
(SGH3N2)3(PPH)] (12) from a Re(V) precursor. The pentago-
nal bipyramidal geometry df2 is relatively unusual for rhenium
and demonstrates the structural versatility of the system.
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