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The reaction of the water-soluble monophosphine tris(hydroxymethyl)phosphine @k#th [ReO,(py)4]Cl
produced eithetrans,trans,trandReO,(THP)(py)2]Cl (3, referred to asrans[ReOx(THP)(py),]CI throughout
the text) ortrans,cis,cifReO(THP)(py)2]Cl (4, referred to asis[ReOx(THP)(py)2]Cl throughout the text)
depending on the reaction conditions. In contrast, the reaction of THP withl @), in biphasic media
produced the novel, neutral, cyclic tetranuclear, rhenium(V) alkoside low yields. A similar reaction of
bis(hydroxymethyl)phenylphosphing) (vith [ReOx(py)4]Cl produced therans,trans,trangReO,{ PPh(CHOH),} »-
(py)2]Cl complex 6, referred to asrans[ReO{ PPh(CHOH),} 2(py)2]Cl throughout the text) in high yields. All
compounds were characterized8f, H, and3C NMR spectroscopy and mass spectroscopy. X-ray data for
monoclinic,C2/c, a = 17.7964(11) Ap = 8.8972(6) A,c = 15.3247(9) A = 97.683(1y, Z= 4,R=0.0179
(Ry = 0.0426). X-ray data fod: monoclinic,P2y/n, a = 12.1025(7) Ab = 12.2670(7) Ac = 15.5230(9) A,
B = 97.683(1), Z =4, R=0.0191 R, = 0.0483). X-ray data fob: monoclinic,P2/c, a = 12.3759(7) Ab
= 9.8274(5) A,c = 22.4272(12) Ap = 96.807(1}, Z = 2, R = 0.0437 R, = 0.0887). X-ray data fos:
monoclinic, P2y/n, a = 9.3654(5) A,b = 13.2578(7) A,c = 12.0257(7) A,b = 107.0480(10), Z =2, R =
0.0218 Ry = 0.0578).

Introduction (s) are relatively rare. An understanding of factors (kinetic
Numerous investigations have revolved around the use of VErsus thermodynamic) that would influence the formation of
transtetrakis(pyridine)dioxorhenium(V) chioride due to its ¢S and trani substitution ErOd“CtS such as [B_‘{ﬁy)ﬂ '
photophysical activity; 6 redox catalytic activity;® multielec- [ReO:La(py)]™, [ReCLs(py)]™, and [ReQL4™ (L = mono-
tron electrochemical behavidf,and use as a precursor in the dentate ligand) is important in gaining insight into the overall
development of rhenium(V) complexes bounded to a diverse €910 and stereoselectivity involved in the nucleophilic substitu-
range of ligand framework€-12 However, it is surprising to tion reactions at the rhenium(V) center. Pyridines are easily
note that studies relating to the systematic and StepWL,Q’ereplaceable ligands with other stronger electron donors on

replacement of pyridines from [Re(y)C! by specific ligand- rhenium(V). _Ther_efore, the development of systematic strate-
gies to obtain bis-substituted rhenium(V) complexes (e.g.,

*To whom correspondence should be addressed. [ReQ.L2(py)2] ") with ligands disposed in trans positions
lgepar:men: 0; Eﬁle!O?y an, Cen_tter f?;\/l Radiology Research. becomes particularly important in the context of producing
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"'H. S. Truman Memorial VA Hospital. trans pyridines with bifunctional electron donors.
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oc. . — tri ;
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Table 1. Crystal Data and Details of Data Collection for Complege$

Inorganic Chemistry, Vol. 37, No. 2, 199835

compd 3 4 5 6

formula QGHzgclNzogsze QGHzgclNzogsze CQ4H63032P8R94 C26H32C|N206P2Re
space group C2/c P2i/n P2/c P2:/n

cryst system monoclinic monoclinic monoclinic monoclinic
fw 659.99 659.99 1861.98 716.10

a A 17.7964(11) 12.1025(7) 12.3759(7) 9.3654(5)
b, A 8.8972(6) 12.2670(7) 9.8274(5) 13.2578(7)
c A 15.3247(9) 15.5230(9) 22.4272(12) 12.0257(7)
w, deg 109.433(1) 97.683(1) 96.807(1) 107.048(1)
T,°C 25(2) 25(2) 25(2) —100(2)

A 0.71070 0.710 70 0.71070 0.71070

4 4 4 2 2

F(000) 1296 1296 1452 708

v, A3 2288.3(2) 2283.9(2) 2708.4 1427.56
Peale 9lCT? 1.916 1.919 1.878 1.666

Pobs glcT® not measd not measd not measd not measd
u, et 56.11 56.22 91.83 45.00

Ri 0.0179 0.0191 0.0437 0.0218

Ry? 0.0426 0.0483 0.0887 0.0578

gof 1.023 1.029 1.061 1.131

2R = 3 (IIFol = IFell)/Z(IFol); Ru = [[XW(IFol — [Fel)? 3 w(|Fol)2T] 2

THP under biphasic conditions is also described. Furthermore,for 3 h. The solvent was concentrated to approximately 5 mL and
the synthesis and X-ray structural analysigrahs[ReQ{ Ph- st_ored at 5°C. _The cryst_als were filtered off and dried in vacuo to
P(CHOH).} 2(py)2]Cl is reported. give complex4 in 90% yield. HRFAB: Calc for GH2sN2OsP2Re,
625.0879; found ([M}), m/z= 625.0891. Mp= 135-140°C (dec).

H NMR (D:0): & 4.02 (s, 12 H, P(8,0H)3), 7.39 (m, 4 H, 3,5-

) . " . CsHs), 7.81 (m, 2 H, 4-GHs), 8.68 (m, 4 H, 2,6-6Hs). °C NMR

All reactions were carried out under purified nitrogen by standard (D20): 6 56.8 (d, PCH;0H)s, Wpc = 38.2 Hz), 126.8 (s, 3,8sHs),
Schlenk techniques. Solvents were purified and dried by standard 145 g (s, 4€5Hs), 148.8 (s, 2,825Hs). 3P NMR (D:0): 6 —2.7 (S).
methods and distilled under nitrogen prior to use. Tetrakis(hydroxy- Synthesis of [Re(O)-O)(P{ CH,0H} 5) (-5%-P{ CH,OH} ,CH,0)]4
methyl)phosphonium chloride was obtaingd from Fluka _Chemical_ Co. (5). Tris(hydroxymethyl)phosphinel( 4.6 mmol) in water (10 mL)
Phenylphosphine and Re(PPh), were obtained from Aldrich Chemi- 54 aqded dropwise to a dichloromethane (10 mL) solution of:-ReO
cal Co. and used without further purlflcatlon. Waters S_ep-_l?ak Vac (PPh); (1.1 mmol) and stirred at room temperature under dry nitrogen
C18 columns (35 cf 10 g) were obtained from Fisher Scientific Co.  for 31 " The reaction mixture was filtered, and the aqueous layer was
Tris(hydroxymethyl)phosphinel] was prepared by previously reported  gonarated and concentrated in vacuo before loading onto a Waters Sep-
literature method&> " PhP(CHOH), (2) was prepared by a modified  pay vac c18 column. The column was eluted with water followed by

literature proceduré: [ReO,(py)Cl was prepared as described inthe  athanol. Removal of the solvent gave the analytically pure compound

literature’® Nuclear magnetic resonance spectra were recorded on in low yields (5-10%). HRFAB: Calc for GHeiOzPsRe,, 1861.9804:
Bruker ARX-300 spectrometer. THel and °C chemical shifts are found ([M]*), m/z= 1861.9800.H NMR (D,0): o 4.36_4.57 (m).‘

reported relative to an external standard of TMS, while NMR 13C NMR (D;0): d 57.0 (dXJpc = 25.3 Hz), 57.8 (diJpc = 32.6 Hz)
chemical shifts are reported to an external standard of 85%OH and 58.4 (dLpc = 34.0 Hz), 58.7 {Jrc = 45.3 Hz). 3P NMR (D,0):
Mass spectral analyses were performed by the Washington University 5 _ g 7 (s),—4.0 ().

Resource for Biomedical and Bio-organic Mass Spectrometry, St. Louis, Synthesis oftrans-[ReOA PhP(CH,OH)5} o(py)sIC! (6). Bis(hy-

MO. Melting points were determined on a Mel-Temp Il apparatus and droxymethyl)phenylphosphin@,(5.878 mmol) in ethanol (10 mL) was

are uncorrected. : ;
- . added dropwise to [Refpy)4Cl (1.176 mmol) also in ethanol (10
Synthesis oftrans-[ReO(THP)2(py)e|Cl (3). Tris(hydroxymethyl)- mL) and refluxed for 30 min4. The product was filtered off and dried

phosphine 1, 0.8771 mmol) in ethanol (5 mL) was added dropwise to in vacuo to gi - 0f s .
. . give complex6 in 85% yield. HRFAB: Calc for
[ReOx(py)4]Cl (0.4385 mmol) also in ethanol (5 mL) and stirred at 25 CosHaoN,0sP,Re, 717.1294; found ([M), m/z= 717.1290. Mp=

°C for 12 h. The product was filtered off and dried in vacuo to give 160-165 °C (dec). *H NMR (D-O): 6 4.30—-4.60 (m. 8H. P(El--
complex 3 in 80% yield. HRFAB: Calc for GHzsN.OsP:Re, OH)). 7_05_;40)6“’ 14H, aﬁorf,]a)tics), 7 65.75 (r(n’ ’ZH”4_(§HS§’
625.0879; found ([M1), m/z= 625.0879. Mp=123-125°C (dec). g4 (q, 4H, 2,6-@Hs). “C NMR (D,0): 0 54.3 (virtual triplet, P(Ch+

*H NMR (D;0): ¢ 4.02 (s, 12 H, P(B,0H);), 7.53 (m, 4 H, 3.5 ) 13 = 35 6 Hz), 126.1, 129.0, 130.4, 130.8, 140.8, 148.0, 150.6
CsHs), 7.89 (M, 2 H, 4-GHs), 8.84 (m, 4 H, 2,6-6Hs). *C NMR 31P)§MI;C(DZO)-: 5 —)é.s o T e

i . . 1
(3D52%).H6 ‘35 éV|rtu‘;a£I:t|[:pletl,5F;C(l)—|20|—2|)36,: ‘]|_P|° 3;1”\';:;) 128 7 (gs’ X-ray Data Collection and Processing. The crystal data and details
5CeHs) 142.0 (s, 4€5Hs), 0 (s, 2,825Hs). (B:0): of data collection for complexe®—6 are given in Table 1. Clear, red

—17.1 (s). . . : :
. . crystals of3 and4 suitable for X-ray diffraction were obtained from
Thle _sametﬁomﬁlefocanl_ be _;sﬁ/ntF?esmed CE)Iy geéluxmg ITE:IPZ?E% methanol solutions at 8C. Dark, red crystals db suitable for X-ray
m_mc;)”m mde bano (f tm ) wi \EV etg()py)ét] I(D .k \Tmoc)lsor | diffraction were obtained from a methanol solution-&@0°C. Yellow-
min foflowed Dy purification on a Vvalers Sep-rak vac column. orange crystals 06 were obtained from water at®. Intensity data

Extended refluxing leads to the cis isomer. were collected on a Siemens SMART CDD system usingutezan

Synthesis ofcis-[ReOz(THP)2(py)2]Cl (4). Tris(hydroxymethyl)- mode. Data were corrected for absorpti .
: . . . ption using the program SADABS,
phosphine 1, 1.798 mmol) in methanol (5 mL) was added dropwise which is based on the method of Blessig.Crystal decay was

to [ReQy(py)|Cl (0.4385 mmol) also in methanol (5 mL) and refluxed negligible, and a correction was deemed unnecessary. The structures

were solved by the Patterson method using SHELX3-86d refined
by the full-matrix least-squares method BAusing SHELXL-93%?

Experimental Section

(16) Ellis, J. W.; Harrison, K. N.; Hoye, P. A. T.; Orpen, A. G.; Pringle,
P. G.; Smith, M. B.Inorg. Chem 1992 31, 3026.

(17) Hoye, P. A. T.; Pringle, P. G.; Smith, M. B.; Worboys, K.Chem.
Soc., Dalton Trans1993 269.

(20) Blessing, R. HActa Crystallogr 1995 A51, 33.
(18) Petrov, K. A.; Parshina, V. A.; Gaidamak, V. Zh. Obshch. Khim (21) Sheldrick, G. MActa Crystallogr., Sect. A99Q 46, 467.

1961 31, 3411. (22) Sheldrick, G. M.SHELXL-93 University of Gdtingen: Germany,
(19) Ram, M. S.; Hupp, J. Tinorg. Chem 1991, 30, 130. 1993.
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For complexes3, 4, and 6 all non-hydrogen atoms were refined
anisotropically. Ethylenic hydrogen atoms were placed in calculated
positions with their thermal parameters fixed at values of 1.2 those of
their parent atoms. Hydroxyl hydrogen atoms were located in difference
Fourier maps and refined isotropically with no restraints.

For complex5, all non-hydrogen atoms, with the exception of the
lattice water oxygen atoms, were refined anisotropically. Ethylenic
and hydroxyl hydrogen atoms were placed in calculated positions with
their thermal parameters fixed at values of 1.2 those of their parent
atoms. Two of the hydroxyl oxygen atoms were each disordered over
two positions. In each case, the site occupancy factors of the disordered
atoms were refined, the total value for each set being constrained to
unity. Hydrogen atom positions were not generated for the disordered
oxygen atoms, and the water hydrogen atoms were not located. The
complex is situated about a 2-fold rotation axis as is one of the lattice
water molecules.

cl
Results and Discussion Figure 1. ORTEP diagram 08, showing 50% probability ellipsoids.

Synthesis and Characterization oftrans- and cis-[ReO,-
(THP)2(py)2](Cl). Refluxing a methanolic solution of tris-
(hydroxymethyl)phosphinelf with [ReOx(py)4](Cl) produces
the complexetrans[ReOy(THP),(py)2](Cl) (3) andcis-[ReOx-
(THPX(py)2](Cl) (4) (Scheme 1). Short refluxing times: Q.5
h) yield the trans isomei3j while longer refluxing timesx1
h) yield the cis isomer4) in near-quantitative yields. The
isomers can be separated on a Waters Sep-Pak Vac C18 column;
however we found that the most productive method of synthe-
sizing the trans isomeB) was to perform the reaction in ethanol
at room temperature overnight. Filtration of the precipitate
produces comple8 in nearly quantitative yields. In contrast,
the most productive method of synthesizing the cis isomker (
is to reflux excess THP1] in methanol with [Re@py)4](Cl)
for 2—3 h. Monitoring the reaction b§P NMR spectroscopy
illustrates the disappearance of the trans isorBgraqd the Figure 2. ORTEP diagram o#, showing 50% probability ellipsoids.
emergence of the cis isomef)(as a function of time.

The molecular constitutions &and4 have been confirmed The molecular structures a8 and 4 have been further
by fast atom bombardment mass spectra {[Mj/z= 625.0879 confirmed by X-ray crystallography. The crystal data and details
for 3; [M]*, m/z= 625.0891 for4). The3P NMR spectra of of data collection are listed in Table 1. The ORTEP diagrams
3 and4 consist of singlets at17.1 and—2.7 ppm, respectively,  of the cationic molecule8 and4 are shown in Figures 1 and
indicating downfield shifts compared to THR)((Ad = 6.3 2, respectively. The selected bond distances and bond angles
for 3 and 20.7 ford). Furthermore, both théH and*3C NMR of complexes3 and4 are listed in Tables 2 and 3, respectively.
spectra are consistent with the proposed structures for complexeg\tomic coordinates and their equivalent isotropic displacement
3 and 4. It is interesting to note tha&Jpy coupling in both coefficients for complexe3 and4 are included in the Supporting
complexes3 and4 is not observable. Information. The asymmetric units of both complexes consist
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Table 2. Selected Bond Distances (A) and Angles (deg)3or

Re(1)-0(1a) 1.768(2) Re(HO(1) 1.768(2)
Re(1)-N(1a) 2.161(2) Re(HN(L) 2.161(2)
Re(1)-P(1a) 2.491(1) Re(HP(1) 2.491(1)

O(1)-Re(1-N(1)g  89.7(1) O(layRe(1)-N(1)  90.3(1)
O(1)-Re(1)-P(1) 88.8(1) O(layRe(1)-P(1)  90.2(1)
N(1)—Re(1)-P(1) 88.7(1) N(layRe(1)-P(1)  91.3(1)
O(1a)-Re(1)-O(1)  180.0 N(1}-Re(1)-N(la) 180.0
P(1)-Re(1)-P(la)  180.0

aThe “a” atom is at equivalent positionx + /,, -y + 1, —z

Table 3. Selected Bond Distances (&) and Angles (deg)4or

Re(1)-0(1) 1.762(2) Re(H0(2) 1.774(2)
Re(1)-N(1) 2.252(2) Re(1N(2) 2.225(2)
Re(1)-P(1) 2.418(1) Re(HP(2) 2.429(1)

O(1)-Re(1)-N(2)  90.3(1) O(1}Re(1)-N(1)  87.3(1)
O(2-Re(1}-N(2)  87.6(1) O(2FRe(1-N(1)  88.7(1)
O(1)-Re(1)-P(1)  91.1(1) O(1}Re(1)-P(2)  92.0(1)

O()-Re(1y-P(1)  926(1) O Re(1}-P2)  89.7(1) » PIDA
N(1)-Re(1)>P(2) 91.4(1) N(2} Re(1)-P(1) 89.8(1) Figure 3. ORTEP diagram 05, showing 30% probability ellipsoids.
N(2)—Re(1)N(1) 83.1(1) P(1¥Re(1)-P(2) 95.8(1) Free—CH,OH groups have been removed for clarity.
O(1)-Re(1}-0(2) 175.7(1) N(LyRe(1)-P(1)  172.8(1)
N(2)-Re(1)-P(2)  173.9(1) Scheme 2
OH
of the comple_x cation _[Reg(P(CI—}Z(_)H)g)z(CsHsN)ZF and one A~ H,0/CH,Cl
noncoordinating chloride counterion, respectively. 4 P OH  +ReO,I(PPhy), T
In complex3, the geometry around the rhenium(V) center is }
octahedral with two oxygens in the axial positions and two tris- HO
(hydroxymethyl)phosphines, and two pyridines in the equatorial 1]}2
positions. As revealed by the structure (Figure 1), the two R3P\RIZ\
phosphine units are coordinated to the metal center in a trans 0\\? o |°\o\(|) PR,
fashion to each other. The R® and Re-N bond lengths are R.P™ |°\.<%R2 /Re/\
2.491(1) and 2.161(2) A, respectively. The -R@ bond A AN , }L\o
distances are 1.768(2) A. R O//Pf\ﬂ/ R
In complex4, the geometry around the rhenium(V) center is 0 TRy
octahedral with two oxygens in the axial positions and two tris- R = -CH,OH

(hydroxymethyl)phosphines and two pyridines in the equatorial
positions. As revealed by the structure (Figure 2), the two ®
phosphine units are coordinated to the metal center in a cis )
fashion to each other. The R® bond distances are 2.418(1) fast atom bombardment mass spectroscopy. The frac'_uons that
and 2.429(1) A yielding an average bond distance of 2.424 A. were eluted in methanol show a single spot by thin-layer
The Re-N bond lengths are 2.252(2) and 2.225(2) A with an c_hromatograph)_/ _aIthough_ﬁéP NMR spectrum consists of two
average length of 2.238 A. The R® bond distances are singlets. In addition, the h|gh-resolu_t|on fast atom bombardment
1.762(2) and 1.774(2) A corresponding to an average length of Mass spectrum shows a molecular ion peak/at= 1861.9800.
1.768 A. These observations indicate the presence of a single chemical
A comparison of the cis and trans isomers reveals that the _species with_ multirh_enium centers coordinated to phosphines
trans influence of the phosphine ligands is evident. In the trans N two chemical environments.
isomer, the Re P bonds are on the average 0.067 A longer as  The two different types of (hydroxymethyl)phosphines (pro-

compared to the cis isomer. In contrast, the-Rebonds in tonated and deprotonated) Snaccount for the two singlets at

the cis isomer are on the average 0.077 A longer as compared—19.7 and—4.0 ppm in thé’’® NMR spectrum. ThéH NMR

to the trans isomer. spectrum of5 consists of multiplets from 4.30 to 4.75 ppm.
Synthesis and Characterization of [Re(O)-O)(P{CH 2 The3C NMR spectrum ob consists of four doublets centered

OH} 3)(u-y*-P{ CH;0H},CH;0)]s. The interaction of an aque-  at 57.0 {Jpc = 25.3 Hz), 57.8 YIpc = 32.6 Hz), 58.4 {pc =

ous solution of tris(hydroxymethyl)phosphin®) (vith ReGyl- 34.0 Hz), and 58.7%pc = 45.3 Hz), which is consistent with

(PPh),, in dichloromethane, produces a dark red reaction the proposed structure. The best yieldsspfo far, are only
mixture (Scheme 2). Examination of the organic and aqueous 10% as may be anticipated because of the complex cyclizations
layers separately usingP? NMR spectroscopy indicates the and water-mediated acithase reactions resulting in consider-
presence of triphenylphosphine in the dichloromethane layer able amounts of uncharacterized side products.

and a mixture of products in the agueous phase. Separation of The molecular constitution of this compound has come from
the aqueous layer and elution through a Sep-Pak Vac Cl18an X-ray crystallographic analysis of a single crystal obtained
column using water followed by methanol as eluants gives, from methanol at-20 °C. The crystal data and the details of
essentially, two major chemical species. PH&NMR spectrum data collection fob are listed in Table 1. The ORTEP diagram,

of the fractions eluted in water consists of a singlet at 27 ppm, as shown in Figure 3, depicts the molecular structure of a novel,
in addition to other minor products. The singlet at 27 ppm has neutral, cyclic, tetranuclear, rhenium(V) alkoxidb).( The
been identified to be tetrakis(hydroxymethyl)phosphonium selected bond distances and bond angles are shown in Table 4.
iodide by'H and3C NMR spectroscopy and high-resolution Atomic coordinates and their equivalent isotropic displacement
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Table 4. Selected Bond Lengths (A) and Angles (deg) for
Complex5 @ a
Re(1>-0(11) 1.746(6) Re(2)0(21) 1.751(6)
Re(1)-0(1) 1.818(5) Re(2y0(1) 2.080(5) cn
Re(1)-0(12) 2.085(6) Re(2)0(3B) 2.100(6)
Re(1)-0(22A) 2.090(5) Re(2y0(22) 1.813(5)
Re(1)>-P(1B) 2.427(2) Re(2}P(1C) 2.410(2)
Re(1>-P(1A) 2.427(2) Re(2)P(1D) 2.431(3)

O(11)-Re(1)-O(1)  171.8(3) O(QLyRe(2)-0(22) 173.5(3)
O(11)-Re(1)-0(12)  93.4(3) O(21)yRe(2)-O(3B)  93.6(3)
O(1)~Re(1)-0(12) 94.6(3) O(22YRe(2)-O(3B)  92.8(3)
O(11)-Re(1)-O(22A)  91.3(3) O(21}Re(2)-O(1)  91.5(3)
O(1)-Re(1)-O(22A)  90.5(2) O(22}Re(2)-O(1)  90.0(2)
O(12)-Re(1)-O(22A)  86.2(2) O(1}Re(2-O(3B)  86.1(2)
O(11)-Re(1)-P(1B)  87.7(2) OB Re(2}-P(1C)  89.0(2)
O(1)-Re(1)-P(1B) 84.3(2) O(22YRe(2)-P(1C)  84.7(2)
O(12-Re(1)-P(1B) 176.3(2) O(3BYRe(2-P(1C) 175.3(2)
O(22A)-Re(1)-P(1B) 90.2(2) O(1}Re(2)-P(1C)  89.8(2)
O(11)-Re(1)-P(1A)  86.9(2) O(21}Re(2)-P(1D)  88.0(2)
O(1)—Re(1)-P(1A) 92.3(2) O(22YRe(2-P(1D)  91.1(2)
O(12-Re(1)-P(1A)  87.1(2) O(3BYRe(2-P(1D)  88.2(2)
(022A)-Re(1)-P(1A) 173.0(2) O(1yRe(2)-P(1D)  174.2(2)
P(1B)-Re(1-P(1A)  96.5(1) P(1C}Re(2-P(1D)  95.9(1)
Re(1;-O(1)-Re(2)  160.0(3) Re(2)O(22)-Re(1A) 158.5(3)

coefficients for complexs are included in the Supporting
Information. The tetrameric structurg contains an eight-
membered ring composed of four rhenium(V) centers connectedScheme 3
by four bridging oxygens. The octahedral geometry of the

OH
rhenium(V) centers is completed with an oxo group, two g @—r/— + [ReOy(py)al(Cl) E{OH
HO>

Figure 4. ORTEP diagram 06, showing 50% probability ellipsoids.

coordinated phosphines, and an alkoxide oxygen from a reflux 30 min.
deprotonated hydroxymethylphosphine moiety of an adjacent
rhenium(V) center. The entire unit is, therefore, composed of

four six-membered rings that are each fused to the eight- - ) +Cl‘
membered ring through the four R®—R€ bridges. The six- N N\ﬂ/pph(cHon)z
membered rings are completed with an alkoxide unit{Re- /Iﬁe\
CH,—P(CHOH),—R€). A crystallographic 2-fold axis, (HOH,C);PhP” 5 N” ™
perpendicular to the eight-membered ring, passes through the @

centroid of the four rhenium atoms. The deprotonated hy-

droxymethylphosphines are trans to alkoxide oxygens (generated
from the deprotonation of a hydroxymethylphosphine from an . .
adjacent rhenium center) of the rhenium octahedra. This early transition metal precursors may provide new avenues for

establishes a unique tetranuclear rhenium(V) connectivity within the qlgvelopment of .phosphlne-functlonahzed water-soluble
5 transition metal alkoxides.
The six-membered rings are unique because this repeating Synthesis and Characterization of trans-[ReO{ PhP-

unit possessing double (R®), single (Re-0O), and bridgin (CHz0H)2}2(py)2l(Cl). - Refluxing a ethanolic solution of
(Re—pO—Re) rr?eniumrox(ygezl bor?ds (allow)s for the ?}Iirgct PhP(CHOH), (2) with [ReOpy)s|CI produces thetrans

comparison of distinctly different transition metal oxygen bonds [ReQ,{ PhP(CHOH),}2(py)eCl (6) (Scheme 3). The molecular
within the same molecule. The average bond lengths for the constitution of6 has been confirmed by fast atom bombardment

rhenium-oxygen bonds in the oxo group and the alkoxides are mass spectroscopy .([M] mz = 717.1290). Thélp. NMR
1.748 and 2.092 A, respectively. The bridging oxygens trans spectr_a ShOV_VS a_singlet 3*9-3 ppm corresponc_ilng o a
to the oxo group have ReD bond distances of 1.818(5) and downﬂelci shift 96 = 9.8) relative to the parent ligana@)(
1.813(5) A, while those trans to the tris(hydroxymethyl)- Both the!H and13C spectra are consistent with the proposed
phosphine are 2.090(5) and 2.080(5) A. Presumably, theseStructure. .
longeru-O bond lengths are due to the repulsion of the filled The molec_ular structure @ has been further conﬂrmed by
dz—pr orbitals. A similar observation has been made by Shih X-ray @ffracuon analy5|s. The crystal data and QEta"S of data
et al., where Re-O),(0),Cla(-dppm) shows thetrans -oxo coII_ect_lon are I|ste(_j in Table_l. _The ORTEP diagram of the
bond lengths are much shorter as compared toctsi@-oxo cationic molecule is shown in Figure 4. The selected bond

bond lengthg® The Re-P bonds range from 2.410(2) to 2.431- distan_ces and bonq anglgs are_listed .in Table S. Atomic
(3) A with an average of 2.424 A. coordinates and their equivalent isotropic displacement coef-

2ficients for the complex are included in the Supporting Informa-
tion. The asymmetric unit consist of the complex cation
2} 2(pY)2]Cl and one noncoordinating chlo-

©)

The remarkable feature of the reaction depicted in Scheme
is that the alkoxide is water soluble and kinetically inert (in
aqueous media) due, in large measure, to the network of ZO[EEOZ{PhP(.CﬂOH)
hydroxymethyl functionalities spanning structdée The sim- ide counterion.

plicity of ligand 1 coupled with its potential reactions with other In complex_6, the geometry_around t_he rhe.n.ium(V) center _is
octahedral with two oxygens in the axial positions and two bis-

(23) Shih, K.-Y., Fanwick, P. E.; Walton, R. Anorg. Chim. Actal993 (hydroxymethy)phenylphosphines and two pyridines in the
213 247. equatorial positions. As revealed by the structure (Figure 4),




Reactions of P(CKOH); with Re(V) Precursors Inorganic Chemistry, Vol. 37, No. 2, 199839

Table 5. Selected Bond Distances (A) and Angles (deg)@dr reported to our knowledge. To that end, the cis and trans
Re(1-0(1) 1.777(2) Re(BP(1) 2.474(1) disubstituted THP products have been isolated. Yet, the
Re(1)-N(1) 2.166(2) emergence of mono-, tri-, or tetrasubstituted products has not
O(1)-Re(1)-N(1) 90.4(1) O(layRe(1}-N(1)  89.6(1) beer_1 i_solated or even detected (B NMR spect_rospopy).
O(1)-Re(1)-P(1) 89.6(1) O(layRe(1)-P(1) 90.4(1) Preliminary results indicate that the trans isomer is kinetically
N(1)—-Re(1)-P(1) 87.3(1) N(layRe(1)-P(1) 92.7(1) favored and the cis isomer is thermodynamically favored as
O(1)-Re(1)-O(1a) 180.0 P(¥yRe(1)-P(1a)  180.0 shown by monitoring the reaction witAP NMR spectroscopy
N(1)-Re(1)}-N(la)  180.0 which is in agreement with the trans effect.

2The “a” atom is at equivalent positionx, —y + 1, —z Most of the reactions of THP, to date, have been limited to

its use as a phosphine donor to transition méeal$2527

the two phosphine units are coordinated to the metal center ingovﬁ)\/er’ tr;eppresencte ?rf three hy(itro;(ymetht);]llg:pupsdon the
a trans fashion to each other. The-R® and Re-N bond ackbone of I* presents the prospect of using this figand as an

lengths are 2.474(1) and 2.166(2) A, respectively. The®e oﬁ(ygx?g donlgr fm ¢ th: syntrrlgss _3\]; rrll(O\;el htr3n5|t|ron meéal
bond lengths are 1.777(2) A. alkoxides. act, Hoye and co-workers have proposed a

. . . dinuclear, platinum alkoxide intermediate derived from the
__Refluxing a solution of PhP(C}DH), with [ReOxpy)d](Cl) deprotonation of tris(hydroxymethyl)phosphitfeThe synthesis
in methanol for extendgd periods of time§ h) produced a and structural characterization of the new rhenium(V) compound
dark red solution containintgans [ReQ,{ PhP(CHOH),} o(py)o]- 5 represents a new dimension in the dual utility of P4OH)

g - p 3

(Cl)and ano_ther product with®> NMR chem|ca_l shift of-3.5 as both a P donor and an oxygen donor to produce compounds
ppm. The yields of the new product (as determinedByNMR with 4-O o bonds via the deprotonation of theCH,OH groups
spectroscopy) were relatively low (2@5%). Furthermore, the present in THP.
complete disappearance of ttrans[ReO,{ PhP(CHOH),} »-
(py)21(Cl) product was never observed. Although this other ~ Acknowledgment. This work was supported by funds
product could not be isolated, we propose the structural identity provided by the Department of Energy (Grant No. DEF-
of this compound to beis[ReO{ PhP(CHOH)2} 2(py)2](Cl) GO289ER60875), DuPont-Merck Pharmaceuticals, and the
on the basis of*'lP NMR spectroscopy and the reaction Departments of Chemistry, Radiology, and Research Reactor
conditions for the formation otis- and trans[ReQy(THP),- at the University of Missouri. Partial funding of the X-ray
(py)21(Cl). Presumably inability to form the cis isomer in high  diffractometer by the National Science Foundation, Grant No.
yields is due to steric hindrance caused by the increased coneCHE[90-11804], is gratefully acknowledged.

angle. Supporting Information Available: Tables giving complete

. crystallographic experimental details, bond distances and angles,
Conclusions positional parameters for all atoms, anisotropic thermal parameters, and
hydrogen atom coordinates for all four complexes and figures showing
their thermal ellipsoid plots (27 pages). Ordering information is given
on any current masthead page.

The use of [Re@(py)s(Cl) as a starting precursor for
rhenium(V) complexes has been establiseé? The primary
reason for the interest in this starting material is the lability of
the pyridyl moieties in regard to substitution by other hetero- C970828V
atoms. To date, the addition of other ligands to [R@®)4l- :

(Cl) normally has resulted in the complete substitution of the ggg grhea"é’frjf'l_%éﬁrg' \']" gg%g' g.hﬁ;f“éaiﬁf%scs?’%anon Trans
pyridyl moieties!®-12 Although various groups have been able 1973 2021.
to systematically vary the pyridyl ligand substitutents on the (26) DuBois, D. L.; Miedaner, AJ. Am. ChemSoc 1987, 109, 113.

rhenium(V) complexes by starting with the labile five-coordinate (27) fgoséaéfé? ZMSU”ay' M.; Pringle, P. G.; Smith, M. lBorg. Chim. Acta
rhenium(V) species Re(O)(OEt)(pi).,*92* the stepwise ad- (28) Harrison, K. N.; Hoye, P. A. T; Orpen, A. G.; Pringle, P. G.; Smith,

dition of phosphine ligands to [Re(®y)4(Cl) has not been M. B. J. Chem. Soc., Chem. Comma®89 1096.




