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The reactions of water-soluble bisphosphines (HORPGH4P(CHOH), (1) and (HOHC),PCHCH,P(CH,-
OH), (2) with NaAuCl,, in agueous media, or AuCIPRHn biphasic media (aqueous/organic), produced the
water/alcoholic-soluble Au(l) complexes [AHOH,C),PCH4P(CH,OH)},]Cl (3), [Au{(HOH.C),PCH,-
CHP(CHOH)2} 2]Cl (4), and [Aw{ (HOH,C),PCH.CH,P(CHOH),} 5]Cl; (5) in near quantitative yields. Stability
and cysteine-challenge studies3ahdicate the kinetic inertness of these new complexes. Congakekiminescent

in the solid state at room temperature. When excited at 280 nm in non-degassed water at room temperature, the

emission spectrum shows a high-energy band at 310 nm and a low-energy band at 560 nm. The large Stokes
shift for the low-energy band implies that the emission is phosphorescence. The X-ray structBrasod,
reported in this paper, confirm the gold(l) structures of this new generation of water-soluble transition metal
complexes. All compounds were characterized¥yand'H NMR spectroscopy and mass spectroscopy. X-ray
data for3: monoclinic,P2;/m, a = 9.8715(5) A,b = 9.9465(5) A,c = 14.5621(8) A8 = 106.5930(10), Z =

2, R=0.032 Ry = 0.050). X-ray data fob: monoclinic,C2/c, a = 29.7128(14) Ab = 16.7062(8) Ac =
22.3762 (11) Ap = 117.6970(10), Z = 16, R = 0.051 R, = 0.072).

Introduction produce water-soluble, kinetically inert, arid-vivo-stable
rﬁomplexes of gold with optimum toxicities is still in its
infancy®?° In this context, we decided to explore the utility of
1,2-bis(bis(hydroxymethyl)phosphino)benzene (HMBBand
1,2-bis(bis(hydroxymethyl)phosphino)ethane (HMPH, as
complexing agents toward gold precursors. Our reasoning is
based on recent studies from our laboratory which demonstrated
that hydroxymethyl phosphindsand2 produce water-soluble
and kinetically inert complexes with several transition metal
precursors that include rhenium, palladium, and platid@#.

Our studies have also demonstrated that this new generation of
e phosphinesl and 2 produce complexes with technetium-99m
that are highly stabla vizo and clear, primarily, via the kidneys

as undecomposed complexé&® As part of our ongoing efforts
aimed at the design and development of pharmaceuticals and
radiophamaceuticals, we, herein, report the formation of novel
water-soluble mono- and dinuclear gold(l) complexes derived
from the (hydroxymethyl)phosphine framewotkand2. X-ray

Considerable research has been focused on the developme
of water-soluble gold-containing compounds because of their
potential in chemotherapeutic applications. For example, Au-
ranofin [(2,3,4,6-tetr@-acetyl-1-thiog-p-glucopyranosat®)-
(triethylphosphine)gold(l)] has been shown to be effective for
the treatment of rheumatoid arthrifi3. Studies demonstrate that
this agent is superior to the traditional chrysotherapeutic drugs.
Auranofin and related gold(l) compounds have been found to
be active against interperitoneal P388 leukemia and are also
cytotoxic to specific tumor cell$?

Compounds of gold that contain the gold-198/199 isotop
are important in the development of radiopharmaceuticals for
use in nuclear medicine. Gold-199 has a half-life of 3.2 days
and decays with # emission of 0.46 MeV and pemission of
0.158 MeV. Labeling of specific biomolecular vectors (e.g.
peptides or proteins) with gold-199 has been implicated as an
important basis in the design of tumor-specific radiopharma-
ceuticals for use in the diagnosis and therapy of human cécer.
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crystallographic investigations to confirm the molecular con- Table 1. Crystal Data for Complexe3 and5

stitutions of the mononuclear complex [AEHOH,C),PCsH4- formula GoH3:ClOsPAU-H20 CioH3:C10sPsAU,
P(CH,OH),} 2]Cl (3) and the dinuclear complex [AU(HOH,C),- space group  P2/m Qlc
PCH,CH,P(CH,OH),}7]Cl; (5) are also described. fw 774.80 893.12
a, é 9.8715(5) 29.7128(14)
i i b, 9.9465(5) 16.7062(8)
Experimental Section c A 14.5621(8) 22.3762(11)
All reactions were carried out under purified nitrogen by standard ¢, deg 90.0 90.0
Schlenk techniques. Solvents were purified and dried by standard B, deg 106.5930(10) 117.6970(10)
methods and distilled under nitrogen prior to use. NaAufid v, deg 90.0 90.0
AuCIPPh were purchased from Alfa and Strem Chemical Co., IE 39750(5)30 %)975(%)30
respectively, and used without further purification. Cysteine was g 2' 16
purchased from Sigma Chemical Co. and used without further purifica- F(000) 764 6720
tion. The syntheses of (HQB),PGH4P(CHOH), (1) and (HOHC),- v, A3 1370.27(12) 9834.6(8)
PCHCH,P(CH:OH), (2) have been previously reportéd. Nuclear Peale glcn? 1.878 2.413
magnetic resonance spectra were recorded on a Bruker ARX-300 Pobsa g/CrTE not measured not measured
spectrometer using D or CD;OD as the solvent. ThéH NMR u, mmt 5.72 12.39
chemical shifts are reported in parts per million, downfield from an Ri, Ry? 0.032, 0.050 0.051,0.072

external standard of SiMe The3'P NMR (121.5 MHz) spectra were _ . _
recorded with 85% PO, as an external standard, and positive chemical ZV\B/‘(ﬁ:l I);]] l,zz(HF"' — F/Z(Fl); Re = [[ZW(IFel — [Fel)?)/
shifts lie downfield of the standard. UWis spectra were measured ° ’

at 298 K with a Perkin-Elmer Lambda 3 spectrophotometer. Excitation Taple 2. Atomic Parametersx(y, z, andBeg) for Complex3

and Emission spectra were measured at 298 K with a 650-40 Perkin-

Elmer Spectrofluorimeter. Mass spectra were performed by Washington X y z Bd
University, St. Louis, MO. Au 0.79431(2) Y, 0.216145(15) 1.948(12)
Synthesis of [AY (HOH 2C),PCsH4P(CH;0H) 2} 5ICI (3). An aque- P1  0.96181(12) 0.41306(11) 0.29552(8) 1.92(4)
ous solution (5 mL) of NaAuGI(0.5 mmol) was added dropwise to ~ P3 ~ 0.6876(2) 4 0.04946(12)  1.91(6)
(HOH,C),PCsH4P(CHOH), (2.5 mmol) also in water (5 mL) at 25 P4 05614(2) s 0.23235(12)  2.14(6)
with constant stirring. The reaction mixture continued to stir for 2 h, 8% (1)(7)23%8 8%33% 8%23% igggg
and the product was filtered off as a white solid in 90% yield. HRFAB/ : ) ; :
) . 05 0.8560(5) 0.4120(5) —0.0111(3) 4.93(22)
MS calcd for GoH320sP,AuU: 721.0713. Found [M]: m/z721.0699. 07 0.5298(5) 0.5179(5) 0.2570(4) 4.25(21)
Mp: 163-165°C (dec). *H NMR (CDsOD): ¢ 4.40, 4.23 (AB quartet, c1 1.1108(5) 0.3209(4) 0.3734(3) 1.98(16)
16 H, 23 = 12.92 Hz, P(€1,0H),), 7.64 (m, 4 H, GH,), 8.12 (m, 4 C6  1.3426(5) 0.3206(6) 0.4879(4) 2.98(21)
H, CeHa). *C NMR (CD;0D): ¢ 62.4 (m, PCH,OH),), 132.4 (s, C5  1.288(5) 0.3894(5) 0.4317(4) 2.51(18)
CeHa), 134.1 (sCeHa), 141.4 (M,CeHa). 3P NMR (CD;OD): 6 12.2 C7  0.9114(6) 0.5360(5) 0.3758(4) 2.84(19)
(s). Cc8 1.0456(6) 0.5242(6) 0.2267(4) 3.18(21)
Synthesis of [A{ (HOH ,C),PCH,CH,P(CH,0H)2}2ICI (4). An Cl1  0.4971(7) U 0.0307(5) 2.3(3)
aqueous solution (5 mL) of NaAug(0.5 mmol) was added dropwise ~ C12  0.4417(7) 4 0.1104(5) 2.2(3)
to (HOH,C),PCH,CH,P(CHOH), (2.5 mmol) also in water (5 mL) at C13  0.2955(8) 1/4 0.0940(6) 3.0(3)
25 °C with constant stirring. The reaction mixture continued to stir 0.2045(8) 1/4 0.0002(7) 3.6(3)
for 2 h, and the sample was concentrated to 1 mL under reduced Cl5  0.2607(9) la —0.0773(6) 3:5(3)
i C16 0.4045(8) Yy —0.0631(5) 3.0(3)
atmosphere and loaded onto a preconditioned Waters Sep-Pak Vac 7 07120(6) 0.3945(6) —0.0216(4) 3.71(24)
column (C18, 10 g, 35 mL). 'I_'he column was eluted wi_th water,  c1g 0:4980(6) 0:3919(6) '0.2918(4) '3.16(22)
followed by methanol. Collection of thg methanol f_ractlons gnd cl 0.2514(3) 3, 0.46163(23) 4.97(12)
removal of the solvent afforded the desired product in 85% yield. ow 0.3780(9) 3, 0.2856(7) 6.7(5)
HRFAB/MS calcd for GoH3,0sPsAuU: 625.0713. Found [M]: m/z an o o
625.0720. 'H NMR (D;0): 0 1.84 (s, 4 H, ®&,CHy), 4.00, 3.56 (AB Beq is the mean of the principal axes of the thermal ellipsoid.
uartet, 8 H2Jun = 13.53 Hz, P(Ei,0H),). °C NMR (D;0): 6 19.0
?m, CH,CH,), 58.8 (m, chzo|-(|)2)_ 31|)3)NMR (DZO):( ) 123.6 (s). were corrected for absorption using the program SADABS, which is
Synthesis of [Au{ (HOH 2C),PCHzCH2P(CH,0H)2}7|Cl, (5). Au- based on the. method of Blessitg.Crystal decay was less than 1%
CIPPh (4.0 mmol) in dichloromethane (5 mL) was added to (HOM- and a correction was deemed unnecessary. The programs used for the

PCH.CH:P(CHOH), (2.0 mmol) in water (5 mL) at 25C under crystallographic computations are reported in ref 15. Atomic coordi-
constant stirring. The reaction mixture continued to stir for 3 h, upon hates and their equivalent isotropic displacement coefficients for both
which the aqueous layer was separated and concentrated under reducedland5 are listed in Tables 2 and 3, respectively.

pressure. The solid exhibits a bright greenish-yellow luminescence in . )

the solid state at room temperature under a hand-held UV lamp. Results and Discussion

:;FOAO%/SA SMC glcfsf%orlgéljézofﬁ?g Zg)l (?5274%0(%?;5 ';?_:Jngé'vg:l_"gl)z Reactions of 1,2-Bis(bis(hydroxymethyl)phosphino)benzene
4.40 (s 16 HprZOH). 156 NMRZ(DZ'O): 5143 (I;r < ’IP:H;CHEP)' (HMPB, 1) and 1,2-Bis(bis(hydroxymethyl)phosphino)ethane
56.4 (br s, ©H,0H). 31P NMR (D,0): 6 36.9 (s). ’ (HMPE, 2) with NaAuCl 4. Interaction of an aqueous solution
Cysteine-Challenge Study for [AY (HOH ;C)sPCeH4P(CH,0H):} - of so(;jlzun}fte'gaghllcq)roaurate Y(\;Ith 5 equ:v of the blcs)ph%sphlnes
Cl. Cysteine (2.2 mmol) in a water/methanol mixture (75/25, 5 mL) é é& P(?: FE{)S)Z}Z]gl ?;W g;[A(J{)(E%mPg;(gé I[-’Eg-lH I'T(ZC 2;‘
was added to [A{{HOH,C),PCsH4P(CHOH);};]Cl (0.2 mmol) also 4 an OFL ) 2 L2
in a water/methanol mixture (75/25, 5 mL) at 26 under constant ~ OH)2}2]Cl (4) (Scheme 1), respectively, in near quantitative
stirring. The'P NMR spectrum of the mixture was recorded at various yields. The use of excess ligand for these reactions becomes
time intervals.
X-ray Data Collection and Processing. The crystal data and details  (14) (a) Gabe, E. J.; Le Page, Y.; Charland, J. P.; Lee, F. L.; White, P. S.
of data collection for complexe® and5 are given in Table 1. Clear J. Appl. Crystallogr1989 22, 384. (b)International Table for X-ray

colorless crystals a8 suitable for X-ray diffraction were obtained from Crystallograpy Kynoch Press: Birmingham, England, 1974; Vol. 4.
(c) Johnson, C. KORTEP-A Fortran Thermal Ellipsoid Plot Program.

slow evaporation of a _methanol soluthn at room tempera_lture. Clear Technical Report ORNL-5138; Oak RidgeNational Laboratory: Oak
colorless crystals db suitable for X-ray diffraction were obtained from Ridge, TN, 1976. (d) Le Page, Y. Appl. Crystallogr198§ 21, 983.
methanol/diethyl ether at solutier20°C. Intensity data were collected (e) Le Page, Y.; Gabe, E. J. Appl. Crystallogr 1979 12, 464.

on a Siemens SMART CCD system using thescan mode. Data (15) Blessing, R. HActa Crystallogr 1995 A51, 33.
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Table 3. Atomic Parametersx(y, z, andBeq for Complex5

X y z B
AulA  0.274541(21) 0.07932(4)  0.013204(25) 3.03(3)
Au2A  0.218081(20) —0.07075(4) —0.007032(25) ~ 2.96(3)
PIA  0.33321(13) 0.03063(22) 0.11687(18)  3.27(17)
P2A  0.21544(14) —0.05704(24) 0.09373(18)  3.51(19)
P3A  0.21208(14)  0.12732(22)-0.08805(18)  3.35(18)
P4A  0.21649(14) —0.08486(22) —0.11098(17)  3.06(18)
O1A  0.3854(4)  —0.1028(6) 0.1782(5) 5.1(6)
O2A  0.4148(6) 0.0971(11)  0.1190(8)  10.9(12)
O3A  0.1340(6) 0.0290(12)  0.0408(9)  14.8(15)
O4A  0.1804(5) —0.1285(8) 0.1739(6) 7.2(8)
O5A  0.1846(4) 0.2616(6) —0.1660(6) 6.0(7)
O6A  0.1525(10) 0.1486(15) —0.0318(12)  9.3(7)
O6A  0.1319(14) 0.0560(22) —0.0836(17)  8.7(10)
O7A  0.2745(4) —0.0702(7) —0.1747(6) 6.1(8)
O8A  0.2212(8)  —0.2475(13) —0.1140(11)  5.1(5)
O8A  0.1879(8)  —0.2404(13) —0.1045(10)  4.6(4)
CIA  0.3112(5) 0.0227(9) 0.1803(7) 3.5(7)
C2A  0.2762(6) —0.0516(10)  0.1704(7) 4.4(9)
C3A  0.3573(5) —0.0685(8) 0.1124(7) 3.6(7)
C4A  0.3905(6) 0.0911(9) 0.1596(8) 4.3(8)
C5A  0.1814(6) 0.0330(12)  0.0969(8) 6.1(11)
C6A  0.1821(6) —0.1397(11)  0.1093(9) 5.8(11)
C7A  0.2027(6) 0.0731(9) —0.1652(6) 4.0(8)
C8A  0.1797(5) —0.0097(9) —0.1753(7) 3.9(8)
COA  0.2243(7) 0.2293(10) —0.1021(8) 5.3(11)
CI0A  0.1475(7) 0.1296(11) —0.0962(9) 6.1(12)
C11A 0.2792(6) —0.0802(9) —0.1086(8) 4.5(9)
C12A  0.1877(6) —0.1833(9) —0.1501(7) 4.7(9)
AulB  0.034210(21) —0.17910(4)  0.01176(3)  3.35(3)
Au2B  —0.024190(22) —0.32903(4) —0.01373(3)  3.27(3)
P1B  0.03661(15) —0.16583(24) 0.11550(18)  3.53(19)
P2B  0.03329(15) —0.38211(24) 0.08918(19)  3.85(21)
P3B  0.03626(14) —0.19259(23) —0.08964(18)  3.49(19)
P4B  —0.08272(13) —0.28378(21) —0.11917(17)  3.03(17)
O1B —0.0234(6)  —0.1683(10)  0.1759(7) 9.8(12)
O2B  0.0486(12) —0.0081(19)  0.1239(16)  9.5(9)
O2B  0.0817(13) —0.0873(20)  0.2346(16)  11.0(10)
03B  0.0508(5) —0.5130(8) 0.1671(6) 7.5(9)
O4B  0.0934(7) —0.4538(11)  0.0454(8) 6.4(11)
O4B  0.625(3) 0.088(4) 0.159(3) 14.4(22)
O5B  0.1218(9) —0.2764(13) —0.0460(11)  9.7(6)
O5B  0.0493(16) —0.349(3)  —0.0911(21)  6.9(11)
06B  0.0758(5) —0.1227(8) —0.1630(6) 6.4(8)
O7B  —0.1456(4)  —0.1590(6) —0.1816(5) 5.2(6)
08B —0.1449(6)  —0.4010(10) —0.1243(9)  11.7(13)
C1B  0.0693(8) —0.2456(10)  0.1781(7) 6.3(12)
C2B  0.0441(7) —0.3242(10)  0.1644(7) 5.2(11)
C3B —0.0275(7) —0.1573(14)  0.1110(10)  7.2(13)
C4B  0.0714(7) —0.0739(12)  0.1629(8) 5.7(11)
C5B  0.0142(6) —0.4819(10)  0.1040(9) 5.6(10)
C6B  0.0981(6) —0.3981(12)  0.0926(10)  6.4(11)
C7B  —0.0225(6) —0.1897(8) —0.1637(7) 3.9(8)
C8B  —0.0579(5) —0.2639(9) —0.1784(6) 3.8(8)
C9B  0.0681(7) —0.2831(10) —0.0989(8) 5.4(10)
C10B  0.0721(7) —0.1146(11) —0.1043(8) 5.7(10)
C11B —0.1129(6)  —0.1914(9) —0.1169(7) 4.3(8)
C12B —0.1338(6) —0.3558(9) —0.1662(7) 4.6(9)
ci1 o 0.9965(4) U, 7.9(6)
cliz2 o0 0.4315(5) Y, 6.4(4)
C13  0.25719(19)  0.2266(4) 0.24472(23)  7.03)
Cl4  0.1436(3) —0.6914(4) 0.0051(3) 7.5(4)
C15  0.2006(4) —0.2586(6) 0.0040(5) 8.3(6)
C16  0.0372(5) 0.0077(10)  0.0044(7) 8.7(4)
C17  0.3876(10) 0.0487(15) —0.0008(12)  6.9(6)

@ Beq is the mean of the principal axes of the thermal ellipsoid.

apparent as the phosphines reduce Au(lll) in NaAuGAu(l)
in the corresponding complex&sand 4.

The molecular constitutions & and4 were confirmed by
fast atom bombardment mass spectroscopy*{[Mm/z =
721.0699 for3; m/z= 625.0720 fod). The3P NMR spectra
of 3 and 4 consisted of singlets at 12.2 and 18.6 ppm,
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It is interesting to note that in thtH NMR spectra of botl8
and4, the coupling of the phosphorus and the methylene protons
(of —CH,0OH), across two bonds, is absent and that that the
methylene protons resonate as AB quartélgy= 12.92 Hz
for 3 and 13.53 Hz fod), suggesting the diastereotopic nature
of these hydrogens. The final confirmation of the structure of
3 has come from X-ray crystallographic investigations of the
single crystals, as outlined in the following sections.
Reactions of 1,2-Bis(bis(hydroxymethyl)phosphino)benzene
(HMPB, 1) and 1,2-Bis(bis(hydroxymethyl)phosphino)ethane
(HMPE, 2) with AuCIPPh3; under Aqueous—Organic Bi-
phasic Media. 1,2-Bis(bis(hydroxymethyl)phosphino)benzene
(2), in water, upon interaction with 1 equiv of AuCIPRhn
dichloromethane, produced the cationic compixn near
guantitative yields (Scheme 2). TE¥ and'H NMR and mass
spectrometric data were identical to the product obtained from
the reaction ofl with sodium tetrachloroaurate as described in
Scheme 1. In sharp contrast, the reactiof wfith AuCIPPh,
under biphasic conditions, produced a different product (Scheme
2) as compared to its reaction with sodium tetrachloroaurate
(Scheme 1). The isolation of various products depending on
whether one starts with a gold(lll) or gold(l) precursor has been
reported'® The mass spectrometric data of this new product
(IM*], m/z= 857.0066) indicated it to be a dinuclear gold(l)
complex [Ay{ (HOH,C),PCHCH,P(CHOH)} 5]2* (5), as for-
mulated in Scheme 2. Th&P NMR spectrum of5, which
consisted of a singlet at 36.9 ppm, indicates a pronounced
downfield shift A6 = 62 ppm) compared to the mononuclear

respectively, indicating a pronounced downfield shift compared (1) gggleston, D. S.; McArdle, J. V.; Zuber, G. E.Chem. Soc., Dalton

to the parent ligand$ and2 (Ad = 43.4 for3 and 43.7 ford).

Trans 1987, 677.
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Figure 1. ORTEP diagram, o8 with 50% probability ellipsoids.
Table 4. Selected Bond Distances (C) and Angles (deg)3for

Au—P1 2.3683(11) AuP3 2.354(2)
Au—Pla 2.3683(11) AtP4 2.378(2)
P1-Au—Pla 86.44(4) PlaAu—P3 123.21(4)
P1-Au—P3 123.21(4) P1aAu—P4 102.78(4)
P1-Au—P4 120.78(4) P3Au—P4 86.66(6)

aa atom atx, 0.5—y, z

complexes3 and4. The final confirmation of the molecular
constitution of5 was obtained from its X-ray crystal structure,
as discussed in the following sections.

It is important to recognize that in the reaction bfor 2)
with AuCIPPh under biphasic conditions (Scheme 2), typically
95—-98% of the metal precursor from the dichloromethane phase
was transferred into the phosphine-containing aqueous phase
in approximately 30 min upon simply stirring the respective
solutions. Separation and evaporation of the aqueous phases
from the reactions produced the mononuclear gold(l) complex
3 and the dinuclear comple respectively.

X-ray Crystallographic Investigations of [Au{(HOH ;C)»-
PC@H4P(CH20H)2} 2]C| (3) and [AU 2{ (HOH 2C)2PCH2CH2P-
(CH,0OH)2}2]Cl» (5). The molecular structure &was further
Conf'rm_ed_ by X-ray CVYSta“ngaPhy; An ORTEP diagram of Figure 2. ORTEP diagram o6, with 50% probability ellipsoids for
the cationic molecule is shown in Figure 1, and selected bond the two crystallographically independent molecules A and B in the
distances and bond angles are listed in Table 4. The asymmetricasymmetric unit.
unit consists of the complex cation [;HOH,C),PCGH4P(CH,-
OH),} 2] ™, one noncoordinating chloride counterion, and a single

Table 5. Selected Bond Distances (C) and Angles (deg)Sfor

water molecule. The gold atom is coordinated by four Aula—Pla 2.307(3) AulbP1b 2.300(4)
phosphorus atoms in a distorted tetrahedral arrangement, where Aula—P3a 2.305(4) AulbP3b 2.309(4)
Au2a—P2a 2.304(4) Au2bP2b 2.313(4)

the chelate ring angles are 86.4nd 86.7 for P1-Au—Pla
and P3-Au—P4, respectively. These angles are smaller than Au2a-Pda 2.316(3) AuZbP4b 2.313(3)
ideal angles and are compensated by larger nonchelate anglesPla-Aula—P3a  176.36(14) PIbAulb—P3b  177.09(13)
P1-Au—P3, PE-Au—P4, Pla-Au—P3, and P1laAu—P4 with P2a-Au2a—P4a  177.24(13) P2pAu2b—P4b  176.53(14)
an average of 122°0 The Au—P distances range from 2.354 ag atom at symmetry positioH; — x, ¥ — y, —z. b atom at
to 2.368 A with an average of 2.367 A, consistent with the symmetry positiort/, + x, 1> + y, z
previously reported values for AtP bonds.’-18
Tetrahedral coordination with gold(l), although less prevalent, asymmetric unit is comprised of the dicationic complex
has been achieved with monodentate phosphines (e.g., [Au-[Auz{ (HOH,C),PCHCH,P(CH.OH),} )" with two crystallo-
(PMePh)4][BF 4] and [(TPA)AU][PF¢], where TPA is 1,3,5- graphically independent molecules and two chloride counterions
triaza-7-phosphaadamanta®j® Compounds$ and4 provide per molecule. The ORTEP diagrams of the two molecules are
rare examples of gold(l) complexes consisting of coordination shown in Figure 2, and selected bond distances and bond angles
of bisphosphine in a tetrahedral geometry similar to that found are listed in Table 5. Both of the gold atoms are coordinated
for the bisphosphine complex [Au(DPRE).17:18 by two phosphorus atoms in a near linear environment, with
Crystals of5 suitable for X-ray diffraction analysis were bond angles of 176.4,177.2,177.1, and 1768 Pla-Aula—
produced from a methanol/ether solution (a20 °C). The P3a, P2aAu2a-P4a, P1b-Aulb—P3b, and P2bAu2b—P4b,
respectively. The average AP distance in5 is 2.308 A,
(17) Bates, P. A.; Waters, J. Nnorg. Chim. Actal984 81, 151. consistent with the values previously reported forAubonds!
(18) Berners-Price, S. J.; Mazid, M. A.; Sadler, R1.XChem. Soc., Dalton Aurophilicity in [Au »{ (HOH ,C),PCH,CH,P(CH,0H)3} 5]-

Trans 1984 969. -
(19) Eﬁggi R 04 Kelle-zeiher, E. H.; Onady, M.: Whittler, R R Chem. Cl, (5). The fact that gold(l) centers i are bound to the

Soc., Chem. Commuf981, 900.
(20) Forward, J. M.; Assefa, Z.; Staples, R. J.; Fackler, J. PIndrg. (21) Jaw, H. R. C.; Savas, M. M.; Rogers, R. D.; Mason, W.rerg.
Chem 1996 35, 16. Chem 1989 28, 1028.
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Figure 3. Room temperature emission spectrébah water. Figure 4. 3P NMR spectra (121.5 MHz) 8 in the presence of a

. . 10-fold excess cysteine at various time points.
phosphines only and that they are not bridged (by halogens or y P

pseudohalogens) becomes important in the context of determin-have only recently been discover&dTherefore, the ability of
ing the extent the Au(bAu(l) interactions which, sometimes, complex 5 to luminesce in agueous media may provide
is referred to as the degree of aurophilicity. The X-ray additional insight toward the electronic nature of gold(l) species
crystallographic data db indicated a distance of 2.9324(9) A in vivo.
(2.9478(9) A for the second molecule in the asymmetric unit)  Kinetic Inertness Studies. The extent of the kinetic inertness
for the Au—Au interaction. This magnitude for the AtAu of 3, in water/methanol, was determined by recordiiy NMR
distance is short and suggests the operation of an “aurophilic” spectra of a solution (10 mg/mL) at different time intervals.
Au—Au attraction. A Au-Au distance of 2.9265(5) A reported  The results indicate no change in the spectra over 7 days and
for [Aux(DMPE),](CI), is among the shortest distances noted demonstrate the high stability 8f Additional experiments to
and suggests significant aurophilic characterisfic3he clas- understand thdn vitro stability of 3 were performed by
sical theory of chemical bonding does not offer an explanation challenging their aqueous solutions for trans chelation with
for such strong goletgold interactions. Recent studies involv-  cysteine. Typically, aqueous solutions ®fwere allowed to
ing relativistic and correlation effects have offered more interact with approximately a 10-fold excess of cysteine (in
satisfactory rationale for the aurophilicity properties in gold(l) water). The aliquots of this mixture were monitored B
compoundg3.24 NMR spectroscopy. Itis remarkable to note that no detectable
Luminescence Studies of [Ap{(HOH ;C),PCH,;CH2P- decomposition occurred over 72 h (Figure 4).
(CH20H)2}2]Cl (5). The absorption spectrum of [A{(HOH,- Conclusi
C)sPCHCH,P(CHOH)}5ICl, in water (1.25x 104 M) is onclusions
dominated by a broad absorption band tailing from 250 to 310  The coordination chemistry of (hydroxymethyl)phosphines
nm. The solid compound exhibits a greenish-yellow lumines- 1 and 2 with NaAuCl, or AuCIPPh offers opportunities for
cence under a hand-held UV lamp. Preliminary excitation the development of water-soluble gold complexes with mono-
studies of a non-degassed sampléaf water (5x 104 M) (e.g.,3 and4) and bimetallic (e.g.5) structural characteristics.
at 280 nm resulted in emission spectra with a high-energy band The high kinetic inertness of this new class of gold complexes
at 310 nm and a low-energy band at 560 nm (Figure 3). The in water and also in the presence of excess cysteine may be
high-energy emission band may be assigned to a singlet toattributed to the presence of hydroxymethyl substitutents around
singlet transition originating from a ligand to metal charge the metal center. Presumably, electronic repulsions between
transfer excitation. The low-energy band may be attributed to the hydroxymethyl substituents (present3n5) and nucleo-
Au—Au interactions and is consistent with similar com- philes (-OH or —SH) will keep the metal center well-shielded
pounds?>28 The large Stokes shift between the absorption and from nucleophilic attack.
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a triplet to singlet transition resulting in phosphorescefic®. provided by the Department of Energy (Grant No. DEFGO289E
Additional studies to determine the quantum yields and lifetimes R60875), DuPont-Merck Pharmaceuticals, and the Departments
of the excited states are underway. of Chemistry, Radiology, and Research Reactor at the University
The quenching of singletAq O, has been proposed to be  of Missouri. Partial funding of the X-ray diffractometer by the
relevant in the mechanism of action of gold pharmaceuticals National Science Foundation, Grant No. CHE[90-11804], is
for the treatment of rheumatoid arthritfs.However, examples  gratefully acknowledged. The authors would like to thank Dr.
of gold(l) complexes which luminescence in aqueous solution K. Sharma for the use of the UWis and fluorescence

- spectrometers.
(22) Schmidbaur, HChem. Soc. Re 1995 391. ) . . .
(23) Pyykko, P.Chem. Re. 1988 88, 563. Supporting Information Available: Tables giving complete
(24) Pitzer, K. SAcc. Chem. Red979 12, 271. crystallographic experimental details, bond distances and angles,
(25) fg;%% 2C8 \Zf\ﬁrég, J. C.; Khan, M. N. I.; Fackler, J. P.,ldorg. Chem positional parameters for all atoms, anisotropic thermal parameters, and
J : hydrogen atom coordinates & and 5 and a figure showing their

(26) Che, C. M.; Kwong, H. L.; Poon, C. K.; Yam, V. W. W. Chem. . . s L2

Soc., Dalton Trans199Q 3215. thermal ellipsoid plot (20 pages). Ordering information is given on
(27) McCleskey, T. M.; Gray, H. Blnorg. Chem 1992 31, 1734. any current masthead page.
(28) Shieh, S. J.; Li, D.; Peng, S. M.; Che, C. M.Chem. Soc., Dalton

Trans 1993 195. IC961396B
(29) Forward, J. M.; Bohmann, D.; Fackler, J. P., Jr.; Staples, Rodg.

Chem 1995 34, 6330. (31) Corey, E. J.; Mahrotra, M. M.; Khan, A. W&ciencel987, 236, 68.
(30) Assefa, Z.; McBurnett, B. G.; Staples, R. J.; Fackler, J. PIndrg. (32) Forward, J. M.; Assefa, Z.; Fackler, J. P.,JJrAm. Chem. Sod995

Chem 1995 34, 4965. 117, 9103.



