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Since the discovery of Wilkinson’s catalyst, [RhCI(RRh
numerous research efforts have been focused on the coordination
chemistry of rhodiunt:2 In recent years the chemistry of rhodium
has attained considerable prominence in biomeditiw.example,
rhodium has Rh-105 radioisotope with ideal radiochemical proper-
ties (Es = 560 keV (70%), 250 keV (30%), = 306 keV (5%),

319 keV (19%);t1> = 36 h) and its radiotherapeutic agents have
been implicated for use in the treatment of carféet Stabilization

of rhodium in+3 (or low-spin &) oxidation state is critical for
biomedical applications because the low-sgireléctronic config-
uration confers both kinetic inertness and stability under in vivo
conditions? Bergman et al. and others have demonstrated coordina-
tion behavior of nitrogen-based ligands in stabilizing new rhodium Figure 1. Molecular structure otis{Rh(HMPB)CI|CI (3). Hydrogen

. o : o atoms are omitted for clarity. Pertinent bond lengths (A) and bond angles
compounds int-3 oxidation states even under reducing conditibns. (deg) are as follows: RRIP1= 2.280(2), Rht-P2 = 2.345(2), RhiP3

Although phosphane ligands are ubiquitous in the coordination = 3 592(2), Rht-P4 = 2.333(2), Rh+CI1 = 2.452(2), RhtCI2 =
chemistry of rhodium, their role in stabilizind dhodium centers 2.441(2); P+ Rh1-P2 = 83.31(6), P3-Rh1—-P4 = 83.40(6), CIt-Rh1—
in aqueous media is unknown to date. Traditionally, water-soluble Cl2 = 86.02 (7), P2Rh1-P4= 178.62(7).
phosphanes (e.g., phosphatriazaadamantane (PTA) or sulfonated
phosphanes) have been used to promote aqueous solubility andhe facile kinetics of a water-soluble bidentate phosphane (hy-
kinetic stability for transition metal compounésdowever, the droxymethyl phosphinobenzene (HMPR) and also that of the
reactions of water-soluble phosphanes with RhEILO are seldom water-soluble monodentate phosphane (tris-hydroxymethyl phos-
straightforward and often result in complex reaction mixtres. phine (THP)2), leading to the stabilization of Rh(Ill) complexes,
Specifically, Rh(lll) in water readily oxidizes the hydrosoluble cis{RhCl{#?-(HOCH,),P(GH4)P(CHOH);},]CI 3 and fac
phosphanes even in the absence of oxygebenerally, the [RhCI3(P(CHOH)3)s] 4, respectively, in agueous media.
phosphane oxidation is facilitated by the formation of rhodium The water-soluble rhodium (Ill) compleékwas produced in good
hydroxo species as depicted in eq 1. In fact, detailed redox studiesyields via the interaction of 3 equiv of (HOGHP(GH4)P(CH.-
by Larpent et af¢ have demonstrated the formation of transient OH), (HMPB) 1 with 1 equiv of RhC}-xH,0 in agqueous media at
hydroxorhodium (1) intermediate as outlined in eq 1. This means 25 °C. This reaction is almost instantaneous and prodicas a
that if Rh(Ill) has to be stabilized, rhodium i3 oxidation state predominant rhodium-containing species. The HCI generated during
must be coordinated and stabilized with specific ligands before the dissolution of RhGixH,O ( eq 1) abstracts 1 equiv of HMPB
hydroxorhodium (Ill) equilibrium sets in (eq 1). This can only be (1) resulting in its phosphonium salt.

The 3P NMR spectrum of the reaction mixture showed two

A1, (OH) doublet of triplets in an AM,X pattern centered ai 56.40 and

RhCly + HyO === RhCI;(OH) + H* +CI —— RT —Rh()Cl +1=0 49.22 attributable t8. A second rhodium species in less than 2%
L intensity appeared as a doubletéab3.04 {Jgn-p = 90 Hz) and
L = Water soluble phosphane O was tentatively assigned to the correspondiraps{RhCly{#,?

. . L . . . (HOCH,)P(GH4)P(CH,OH),}-]CI. Single crystals suitable for
achieved if the coordinating ligands have extraordinary kinetics X-ray diffraction analysis of the abundantly produced compound

toward f:omplexa'ltion, whereby Rh(Ill) is stabilizgd before the 3 were obtained by slow evaporation in methanol. The molecular
hydroxointermediates are formed. Water-soluble ligands such aSgiructure of compoun@ as shown in Figure 1 confirms the cis

PTA and trisodium phc_)gp_hinetriyltr’nbe_nzenesuIfonate_(TPPTS) configuration of the ligand in this Rh(lll) compound. The water-
are not capable of stabilizing Rh(IR)n this context, there is clearly soluble Rh(Ill) compound3 represents the first X-ray crystal

a strong r;’;ltlona_le for developlng new |nS|ghtfs into stap|I|2|ng R_h' structure of a rhodium complex bearing a water-soluble bisphos-
(1) complexes in aqueous media. As part of our ongoing studies phane in a cis coordination mode.

on ligand design gnd coqrdinat_ion chemisFry of metaIS/me_ta”iC It may be conceived that the chelating ability of HMPB plays a
isotopes for catalytic and biomedical applicationes report herein critical role in stabilizing Rh in+3 oxidation state as discussed

*To whom correspondence should be addressed. E-mail: Kattik@ a_bo,"e- T_o eyalgate if the .monod.e.nt'ate analogues of HMPB.exert
health.missouri.edu. similar kinetic influence in stabilizing Rh(lll) under reducing
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Scheme 1. Synthesis of Water-Soluble Rhodium Complexes
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conditions, the reactions of tris-hydroxymethyl phosphane (B{CH
OH); 2) with RhCk-xH,0 in aqueous media were performed. It is
significant to note that the monodentate tris-hydroxymethyl phos-
phane produced the correspondifag-[RhCly(P(CHOH)3)s] (4)
complex in good yields (Scheme 1). TH® NMR of the reaction
mixtures showed a singular peak corresponding to the Rh(lll)
complex4. The molecular constitution &f was further confirmed

by single-crystal X-ray analysis. The ORTEP plot and the salient
bonding parameters are outlined in Figure 2.

Figure 2. Molecular structure ofac{Rh(THPXCIg] (4). Pertinent bond
lengths (A) and bond angles (deg) are as follows: RR1 = 2.295(2),
Rh1-P2=2.286(2), Rh+P3= 2.2985(19), Rh+CI1 = 2.442(2), Rht
ClI2 = 2.433(2); Rh+-CI3 = 2.433 (2); P+ Rh1-P2 = 96.86(8), P2
Rh1-P3= 95.34(7), P+Rh1-P3= 96.01(8).

The equilibrium of the rhodium chloro to the corresponding
hydroxo species is commonly encountered in all reactions of RhCl
xH,O preformed in aqueous mediadowever, the reaction of
RhCk-xH,O with hydroxymethyl phosphane ligandsand 2, as
depicted in Scheme 1, demonstrates the ability of the mono- and
bidentate water-soluble phosphanes to coordinate with Rh(lll) and
consequently stop the onset of the rhoditinydroxo equilibrium.

To put our results (on the efficacy of hydroxymethyl phosphane
ligands 1 and 2 to trap the rhodium in+3 oxidation state) in
perspective, the results from the corresponding reactions ofiRhCI
xH,0 with PTA and TPPTS (P¢-CsH,SOsNa)s) in aqueous media
are compareflin every instance, the hydrophilic PTA and TPPTS
are readily oxidized by Rh(lll), presumably via the hydroxorhodium

(I intermediate [RhCJ(OH)], and consequently the Rh(l) coor-
dination complexes are formédin this context, our findings
demonstrate that the efficacy band2 toward complex formation
with Rh(lll) clearly outweighs the rate of dissociation of Rk&H,O

to [RhChL(OH)].

The hydrophilic Rh(lll) complexe8 and4 exhibits remarkable
kinetic inertness in water. In particular, no Cl to® exchange
were observed as evidenced by NMR spectroscopic experirhents.
The coordination chemistry of hydroxymethyl phosphane ligands
1 and2 and the associated kinetic stabilities exerted to the metal
center provide new opportunities in the design and development
of in vivo stable Rh-105 labeled therapeutic agents for potential
use in the treatment of cancer.
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