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The synthesis and structures of a series of new water-soluble phosphine ligands based on 1,3,5-triaza-7-
phosphaadamantane (PTA) are described. Insertion of aldehydes or ketones into the C—Li bond of 1,3,5-triaza-
7-phosphaadamantan-6-yllithium (PTA-Li) resulted in the formation of a series of slightly water-soluble 5-phosphino
alcohols (PTA-CRR'OH, R = CgHs, C¢H4OCHj, ferrocenyl; R = H, CgHs, CeH,OCHs) derived from the heterocyclic
phosphine PTA. Insertion of CO; yielded the highly water-soluble carboxylate PTA-CO,Li, S;° =~ 800 g/L. The
compounds have been fully characterized in the solid state by X-ray crystallography and in solution by multinuclear
NMR spectroscopy. The addition of PTA-Li to symmetric ketones results in a racemic mixture of PTA-CR,OH
ligands with a single resonance in the 3:P{*H} NMR spectrum between —95 and —97 ppm. The addition of PTA-Li
to aldehydes results in a mixture of diasteromeric compounds, PTA—CHROH, with two 3P{*H} NMR resonances
between =100 and —106 ppm. Three (17°-arene)RuCl,(PTA-CRR'OH) complexes of these ligands were synthesized
and characterized, with the ligands binding in a «* coordination mode. All the ligands and ruthenium complexes are
slightly soluble in water with S,s° = 3.9-11.1 g/L for the PTA-CRR'OH ligands and S,° = 3.3-14.1 g/L for the
(n7°-arene)RUCl(PTA-CRR'OH) complexes.
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P P \*(Pth R'OH, and carboxylates, PFACO.Li, based on the insertion
f( N r{ N of electrophiles into the €Li bond of PTA—LI.
NI N N-l—
R~LNILR 4N
R Experimental Section
Figure 1. PTAgrs and PTA-PPh.

Materials and Methods. Unless otherwise noted, all manipula-

Scheme 1 , tions were performed on a double-manifold Schlenk vacuum line
rpj nBULi rP\(L' under nitrogen or ir_1 a nitrogen-fil!ed glovebox. T(_etrahydrofuran
N-(gN T N.(i/N (THF) was freshly distilled under nitrogen from sodium/benzophe-
N -78°C N none. Dichloromethane and chloroform were degassed and dried
PTA PTA-L with activated molecular sieves. Water was distilled and deoxy-

derivatives have been published with most of the modifica- genated before use. Benzophenone, anisaldehyde, ferrocene car-
tions focused on the “lower rim” PTA,; i.e., the triazacyclo- boxaldehyde, and instrument-grade £®ere purchased from
hexane ring} 26 Cleavage of &N or C—P bonds has led = commercial sources and used as received. NMR solventd®and

to a few different “ring-opened” PTA derivatives, which have CO;were purchased from Cambridge Isotopes and used as received.
appeared in the literature over the ye#r$! Most recently, ~ Tetrakis(hydroxymethyl)phosphonium chloride was obtained from
we have focused on developing derivatives that maintain the Cytec and used without furthe_r purification. 1,3,5-Triaza-7-phos-
core structure of PTA233\We have recently shown that the ~Phaadamantane (PTA)PTA—LI,* [(17°-CeHe)RUCK]2,*> and[(°-
“lower-rim” of PTA may be trisubstituted, leading to CsHsCH3)RUCh],%° were synthesized as reported in the literature.

sterically bulky derivatives of PTA (Figure 8 The “lower- NMR _spectra were recorded with Varian Unltyl Plus 500 FT-NMR
- R . . L or Varian NMR System 400 spectrometéts.and3C NMR spectra
rim” PTA derivatives are interesting; however, modification

. . . were referenced to residual solvent relative to tetramethylsilane
of the triazacyclohexane ring of PTA leads to changes dIStam(TMS). Phosphorus chemical shifts are relative to an external

from phosphorus and, therefore, any coordinated metal eference of 85% HPO, in D,O with positive values downfield of
center. Of particular interest are chiral “upper-rim” PTA the reference. IR spectra were recorded on a Perkin-Elmer 2000
derivatives where a stereogenic center can be installed af-T-IR spectrometer as KBr pellets. X-ray crystallographic data were
the carbon adjacent to phosphorus. collected at 10G£1) K on a Bruker APEX CCD diffractometer
We have previously reported a method for the synthesis with Mo Ko radiation ¢ = 0.71073 A) and a detector-to-crystal
of upper-rim PTA derivatives, in which the first step is distance of 4.94 cm. Data collection was optimized utilizing the
lithiation at theai-carbon of PTA (Scheme #3.Using PTA- APEX 2 softwaré® with 0.5° rotation between frames. Data
Li we synthesized and characterized PTRPh (Figure 1); integraﬁon, correction for Lorentz an_d polarization effects, and final
unfortunately, it was isolated in low yield and insoluble in Ccell réfinement were performed usiFBAINTPLUSand corrected

water3? for absorption usinGADABSThe structures were solved by direct
. . . . 6 _
Herein, we report the synthesis and characterization of a Métn0ds and refined usinHELXTL, version 6.1G° Crystal

. . lographic data and data collection parameters are listed in Table 1.
series of water-solubl@-phosphino alcohols, PTACR- A complete list of bond lengths and angles may be found in the

(17) Frost, B. J.; Mebi, C. A.; Gingrich, P. VEur. J. Inorg. Chem2006 Supporting Information.

1182-1189. _ Caution! PTA—Li is a highly pyrophoric solid, ignitingiolently
(18) Frost, B. J.; Miller, S. B.; Rove, K. O.; Pearson, D. M.; Korinek, J. .

D.; Harkreader, J. L.; Mebi, C. A.; Shearer|dorg. Chem. Act2006 upon exposure to air.

359 283-288. . ] Synthesis of Lithium 1,3,5-Triaza-7-phosphaadamantane-6-
(19) X:,%bl' C. A;; Nair, R. P.; Frost, B. Organometallic2007, 26,429 carboxylate (PTA—CO,Li). PTA—Li (1.23 g, 7.56 mmol) was
(20) Mebi, C. A.: Frost, B. JOrganometallics2005 24, 2339-2346. suspended in 35 mL of dry THF and cooled+@8 °C. Dry CO-
(21) Navech, J.; Kraemer, R.; Majoral, J. Retrahedron Lett198Q 21, (9) was bubbled into the solutionrf@ h at—78 °C. The solution
22) }Btﬁ_aﬁi%u M. Kraemer, R.: Germa, H.: Majoral, J. P.: Navech, J. was then warmed to room temperature, and, ®abbled through

Phosphorus Sulfur Relat. Elerh982 14, 105-119. ' "~ the solution for an additional 2 h. The solvent was removed under
(23) Daigle, D. J.; Boudreaux, G. J.; Vail, S.L.Chem. Eng. Datd976 vacuum, and the solid washed with CH@ remove residual PTA,

21, 240-241. iney i i i i

' . ) resulting in 1.38 g of an off-white solid (88% yield}Hd NMR (400

(24) 1Dge7lgrri%’, \;s;?;,?l\ellgjeste, R. J.; Trefonas, L. MHeterocycl. Chem. MHz, D,0): 4.75-4.28 (m, 6H, N&1N); 3.95 (m, 1H, PEIN):
(25) Daigle, D. J.; Pepperman, A. B., Jr.; Boudreaux,JGHeterocycl. 3.85-3.6 (m, 4H, PE1,N). 31P{*H} NMR (162 MHz, D,O): —88.0

Chem.1974 11, 1085-1086. . ‘ (S). IRvco2 (KBr, cm™): PTA—CO,Li, 1614 (s, asymmetric strech)
(26) goaggnzs; O;gg&}%ojsé_\(arbrough’ J. C.; Lewis, SOgganometallics and 1399 (m, symmetric stretch); PFACO,LI, 1592 (s) and 1371
(27) (a) Siele, V. 1.J. Heterocycl. Cheml977, 14, 337—339. (b) Fluck, (m).

E.; Weissgraeber, H. £Lhem.-Ztg1977, 101, 304. . . .
28) @ ASSImgnn, B Angermaier, g Paul & Ricde, J.. Schmidbaur,  Synthesis of Methyl-1,3,5-triaza-7-phosphatricyclo[3.3.130)-

H. Chem. Ber1995 128 891-900. (b) Assmann, B.; Angermaier, ~ decane-6-carboxylate (PTA-CO,CHys). In a 50 mL Schlenk flask,
K.; Schmidbaur, HJ. Chem. Soc., Chem. Comma&894 941—-942. 1.03 g (4.98 mmol) PTACO,Li was dissolved in 50 mL of
(29) Darensbourg, D. J.; Ortiz, C. G.; Kamplain, J. ®tganometallics
2004 23, 17471754.
(30) Mena-Cruz, A.; Lorenzo-Luis, P.; Romerosa, A.; Saoud, M.; Serrano- (34) (a) Daigle, D. J.; Pepperman, A. B., Jr.; Vail, S.J.Heterocycl.

Ruiz, M. Inorg. Chem 2007, 46, 6120-6128. Chem.1974 11, 407-408. (b) Daigle, D. Jlnorg. Synth.1998 32,
(31) Krogstad, D. A.; Ellis, G. S.; Gunderson, A. K.; Hammrich, A. J.; 40—45.

Rudolf, J. W.; Halfen, J. APolyhedron2007, 26, 4093-4100. (35) Bennett, M. A.; Smith, A. KJ. Chem. Soc., Dalton. Tran§974
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Table 1. Crystallographic Data for SPTA—COMe, PTA—C(CsHs),0H, O=PTA—C(CsH4sOCH;s),0OH, O=PTA—CH(CsH4sOCH;z)OH,
PTA—CH(ferrocenyl)OH, §5-CeHsCHz)RU(PTA—C(CsHs),OH)Cl,, (17%-CeHg)RuU(PTA—C(CsH4OCHz),OH)Cl,, and
(UG-CGHG)RU(PTA*CH(C6H4OCH3)OH)C|2

O=PTA-C- O=PTA—CH-
O=PTA—CO;Me PTA—C(CsHs)-,OH (CsH4OCHs)-,OH (CsH4OCHs)OH
empirical formula @H14N303P QOH44N503P2 C29H42N306P 614H20N303P
fw 231.19 718.75 559.63 309.30
T(K) 100(2) K 100(2) 100(2) 100(2) K
, 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic triclinic triclinic monoclinic
space group P21lc P1 P1 P2(1)lc
a(h) 5.9476(4) 10.1057(4) 11.7005(2) 11.3234(5)
b (A) 25.4104(18) 10.4672(4) 11.7013(2) 11.3340(4)
c(A) 7.1910(5) 17.5115(6) 12.9305(2) 11.0327(4)
o (deg) 90 102.716(2) 63.3210(10) 90
p (deg) 112.581(3) 98.658(2) 82.1920(10) 92.691(2)
y (deg) 90 99.068(2) 62.5270(10) 90
V (A3) 1003.47(12) 1751.02(11) 1397.78(4) 1414.37(9)
z 4 2 2
Dcaic (Mg/m3) 1.530 1.363 1.330 1.453
abs coeff (mm?) 0.266 0.174 0.146 0.209
cryst size (mr) 0.18x 0.07x 0.03 0.17x 0.07x 0.03 0.19x 0.19x 0.06 0.28x 0.08x 0.03
6 for data collect (deg) 1.60to 25.25 1.21to 23.50 1.77 to 25.50 1.80 to 25.50
index ranges —-7=h=7 —11<h=<11 —12<h=<14 —13<h=<13
—-18=<k=30 —11=<k=11 —-13<k=14 —13<k=13
—-8=<1=<8 —19=<1=<19 —15=<1=<15 —13=<1=<13
reflns collected 8889 15978 22924 21738
indep reflns 1814 5172 5079 2638
[R(int) = 0.0810] R(int) = 0.0833] R(int) = 0.0313] R(int) = 0.1403]
abs correction SADABS SADABS SADABS SADABS
data/rest/params 1814/0/136 5172/0/470 5079/0/354 2638/0/190
GOFF? 1.053 1.043 1.051 1.050
final Rindices R1=0.0593 R1= 0.0654 R1=0.0432 R1= 0.0694
[1> 20(1)] wR2=0.1472 wR2=0.1482 wR2=0.1089 wR2=0.1192
Rindices R1=0.1064 R1=0.1138 R1=0.0578 R1=0.1168
(all data) wR2=0.1640 wR2=0.1679 wR2=0.1154 WR2=0.1331
CCDC no. 662202 662207 662205 662203

(WG-C5H5CH3)RU(PTA—C-

(75-CeHg)RU(PTA—C-

(175-CeHg)RU(PTA—CH-

PTA*CH(feTTOCGI"Iyl)OH (CeHs)zOH)Clz (CsHAOCH;g)zOH)Clz (C5H4OCH3)OH)C|2
empirical formula G7H2FeNsOP GeH30CloN3OPRuU G7.5H32.54C13.50N3- C21.50H26Cle 50N 3-
OsPRu O2PRu
fw 371.20 603.47 709.18 720.92
T (K) 100(2) 100(2) 100(2) 100(2)
A 0.71073 0.71073 0.71073 0.71073
cryst syst orthorhombic monoclinic monoclinic _triclinic
space group Pca2(1) p2llc P2(1)lc P1
a(A) 14.4830(8) 9.7656(3) 13.5213(3) 3.1047(4)
b (R) 5.9165(4) 20.5066(7) 26.9050(5) 14.6644(4)
c(A) 18.3195(9) 12.6430(4) 16.3829(3) 15.7220(5)
o (deg) 90 90 90 66.1460(10)
B (deg) 90 95.3640(10) 101.3200(10) 87.2920(10)
y (deg) 90 90 90 82.3810(10)
V (A3) 1569.77(16) 2520.79(14) 5844.0(2) 2738.79(14)
z 4 4 8 4
Dcalc (Mg/m3) 1571 1.590 1.612 1.748
abs coeff (mm?) 1.070 0.923 0.947 1.292
cryst size (mrf) 0.06 x 0.05x 0.05 0.17x 0.08 x 0.04 0.14x 0.11x 0.03 0.15x 0.13x 0.08
o0 for data collect (deg) 2.2210 25.49 1.90 to 23.55 1.48 to 26.00 1.42 to 26.00
index ranges —-17<h=<14 —-10=<h=<10 —-16<h=<16 —16<h=<15
—-7<k=7 —22<k=23 —33<k=33 —18<k=<18
—22<1<22 -14<1<14 —20=<1=<20 -19<1=<19
reflns collected 18 952 18722 99 182 40011
indep reflns 2923 3737 11 496 10 766
[R(int) = 0.1787] R(int) = 0.0764] R(int) = 0.0767] R(int) = 0.0683]
abs correction SADABS SADABS SADABS SADABS
data/rest/params 2923/1/212 3737/0/311 11496/0/711 10766/0/676
GOFF? 1.028 1.014 1.067 1.093
final Rindices R1=0.0616 R1=0.0360 R1= 0.0467 R1=0.0552
[l > 20(1)] wR2=0.0831 wR2=0.0689 wR2=0.0961 wR2=0.1341
Rindices R1=0.1014 R1= 0.0603 R1=0.0689 R1= 0.0909
(all data) wR2= 0.0933 wR2=0.0784 wR2=0.1028 wR2=0.1491
CCDC no. 662201 662206 662208 662204

methanol, resulting in a homogeneous yellow solution. Trimeth- stirred overnight at room temperature, and 4 mL of triethylamine
ylsilyl chloride (1.70 g, 15.65 mmol) was added dropwise over the was added, resulting in a clear yellow solution. The solvent was
course of 15 min, resulting in a white precipitate. The reaction was removed under reduced pressure, and the residue dissolved in 80
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mL of CH,Cl,. The solution was filtered through Celite, and the

X-ray-quality crystals of &PTA—C(CsH4sOCHs),OH were

solvent removed under reduced pressure. The resulting solid wasobtained by layering a THF solution of PTAC(CsH4,OCH;z),OH

extracted with 6x 50 mL diethyl ether. Removal of the £
yielded 506 mg of PTACO,CHj3 as a white solid (47% isolated
yield). Anal. Calcd For @H140:N3P: C, 44.65; H, 6.56; N, 19.53.
Found: C, 44.31; H, 6.51; N, 19.3% NMR (400 MHz, CDC}):
4.88, 4.70 (AB quartet) = 14 Hz, 1H, PEIN); 4.62 (s, 2H,
NCH2N); 4.38-4.53 (m, 4H, N&1;N); 3.78-4.10 (m, 4H, PEI,N);
3.76 (s, 3H, OCH). 13C{*H} NMR (100 MHz, CDC}): 170.3 (d,
2Jpc = 8.9 Hz, G=0); 74.6 (s, NCH,N); 72.5 (d,3Jpc = 2.2 Hz,
NCHzN); 67.9 (d,s\]pc = 3.0 Hz, |\CH2N); 60.1 (d,lJpC =254
Hz, PCHC); 51.5 (s, @Hs3); 50.2 (d,1Jpc = 21.6 Hz, FCH,N);
47.2 (d,pc = 24.6 Hz, CH,N). S1P{1H} NMR (162 MHz,
CDCl): —93.7 (s). IRvc=0 (KBr): 1729 cnrl. X-ray-quality
crystals of GFPTA—CO,CH; were obtained over the course of a
week by layering a THF solution of PFACO,CHj; with hexanes.
Synthesis  of  Diphenyl(1,3,5-triaza-7-phosphatricyclo-
[3.3.1.87dec-6-yl)methanol (PTA-C(C¢Hs).OH). Benzophenone
(2.20 g, 12.1 mmol) was dissolved in 40 mL THF and placed in a
slush bath at-78°C (dry ice/acetone). This solution was transferred
cold to a Schlenk flask containing 2.00 g (12.2 mmol) lithiated
PTA, resulting in a tan suspension. The mixture was stirreel/&
°C for 15 min, after which time the reaction was allowed to warm
to room temperature. After stirring for 1 h, a white solid was
observed precipitating from the yellow solution. Follogif h of
stirring, 0.5 mL water was added to quench the reaction, resulting

in a yellow suspension. The solvent was removed under reduced

pressure, and the yellow solid washed with a 1:1 mixture of water/
acetone resulting in isolation of 3.0 g (73% yield) of an off-white
solid. Further purification may be performed by dissolving PTA
C(CsHs)20H in a minimum of warm degassed toluene and storing
at~0 °C overnight, resulting in the isolation of a white crystalline
analytically pure solid. Anal. Calcd Fori61,,0:N3P: C, 67.24;

H, 6.53; N, 12.38. Found: C, 66.98; H, 6.48; N, 12.31.NMR
(400 MHz, CDC}): 7.65 (d,J= 7.0 Hz, 2H, Ar); 7.57 (dJ=7.5
Hz, 2H, Ar); 7.2-7.4 (m, 6H, Ar); 5.33 (s, 1H, PAN); 4.78 (d,J

= 13.0 Hz, 1H, N®&,N); 4.4-4.6 (m, 3H, NG,N); 4.34 (d,J =
13.0 Hz, 1H, N®i:N); 4.17 (d,J = 13.0 Hz, 1H, PEI,N); 4.08
(at,J = 14 Hz, 1H, PE&,N); 3.95 (m, 1H, PE,N); 3.52 (at,J =

14 Hz, 1H, PE,N); 3.12 (m, 1H, PEIoN); 2.35 (s, 1H, OH)C-
{H} NMR (100 MHz, CDCl,): 147.7 (s, Ar); 145.8 (s, Ar); 128.2
(d, Jpc = 4.6 Hz, Ar); 127.3 (s, Ar); 127.0 (s, Ar); 126.9 (Ghc =

5.5 Hz, Ar); 126.3 (dJpc = 5.7 Hz, Ar); 78.5 (s, N-CH,—N);
78.4 (d,Jpc = 7.0 Hz, C-C(CgHs),OH); 74.3 (d,Jpc = 1.9 Hz,
NCH3N); 66.9 (d,Jpc = 2.8 Hz, NCH,N); 66.0 (d,Jpc = 27.5 Hz,
PCHC(CsHs),0H); 52.2 (d,Jpc = 20.0 Hz, RCH;N); 47.4 (d,Jpc

= 25.1 Hz, IZH,N). 31P{'H} NMR (162 MHz, CDC}): —95.5
(s). Crystals suitable for X-ray diffraction were obtained by the
slow diffusion of pentane into a THF solution of PFAL(CsHs),-

with hexanes, resulting in colorless blocks over the course of 3
days.

Synthesis of 4-Methoxyphenyl-(1,3,5-triaza-7-phosphatricyclo-
[3.3.1.27dec-6-yl)methanol (PTA-CH(C¢H4sOCH3)OH). p-
Anisaldehyde (0.84 g, 6.1 mmol) was slowly added via cannula to
a cold (=78 °C) suspension of 15 mL THF and 1.0 g (6.1 mmol)
PTA—Li. The yellow-white suspension was stirred-af8 °C for
15 min and warmed to room temperature after which time the
suspension was stirred under nitrogen for 12 h. Water was slowly
added until the suspension temporarily cleared. After a few minutes,
a white precipitate was observed and the solvent was removed under
reduced pressure. The resultant white solid was washed with 50
mL of acetone yielding 1.13 g (63% isolated yield) of the
diasteromeric product in a ratio 0f2.5:1 RS/SR:RR/SS!H
NMR of RS/SR diastereomer (400 MHz, CREI 7.39 (d,J =
8.8 Hz, Ar); 6.90 (ddJ = 6.4 and 2.0 Hz, Ar); 5.33 (ddl = 8.4
and 5.2 Hz, 1H, PCHB(C¢H,OCH;)OH); 3.5-5.0 (m, 11H,
PCH,N and NGH,N). 13C{*H} NMR of RS/SR diastereo-
mer (100 MHz, DMSOdg): 158.9 (s, Ar); 137.7 (s, Ar); 128.3
(s, Ar); 113.8 (s, Ar); 76.5 (s, 8H,N); 76.1 (s, NCH,N); 74.1
(d, 8Jpc = 3 Hz, NCH,N); 67.8 (d,2Jpc = 4 Hz, *CHOH); 66.2
(d, Jpc = 22 Hz, PCN); 55.7 (s,—OCHjg); 51.2 (d, 20 Hz,
PCN); 48.3 (d, 24 Hz, €N). 3'P{1H} NMR (162 MHz, CDC}):
—102.6 (s, RS/SR diastereomer)105.7 (s, RR/SS diastereomer).
Colorless X-ray-quality plates of ©PTA—CH(CsH,OCH;)OH
were obtained over the course of a week by layering a@H
solution of PTA-CH(CH4OCH;)OH with diethyl ether at
10°C.

Synthesis of PTA-CH(ferrocenyl)OH. Ferrocene carboxalde-
hyde (650 mg, 3.0 mmol) was dissolved in 25 mL of THF and
transferred by cannula to a Schlenk flask charged with 510 mg
(3.1 mmol) of PTA-Li at —78 °C. Upon addition, the appearance
of an orange precipitate was observed. After stirring for 1.5 h at
—78 °C, the reaction was allowed to warm to room temperature
and stirred overnight 410 h). Water 0.5 mL) was added
dropwise until the solution became clear red. The solvent was
removed under reduced pressure, and the solid was washed with
diethyl ether (3x 15 mL), resulting in 790 mg of a red-orange
powder (70% yield) isolated as a mixture of diasteromers in a ratio
of ~1.8:1 RS/SR:RR/SSH NMR (400 MHz, CDC}): 5.03 (dt,
J=13.6 and 2.4 Hz, 1H, PCHN RS/SR); 4.88 (m, 2HHZ RS/
SR); 4.80 (dd,J = 13.2 and 1.6 Hz, 1H, PCHN RR/SS); 4.71 (m,
2H, GH4 RS/SR); 4.66-4.48 (m, 4H, GH4 RR/SS); 4.474.36
(m, NCH,N RS/SR and RR/SS); 4.32.20 (m, NCHN RS/SR
and RR/SS); 4.223.95 (m, PCHN RS/SR and RR/SS); 4.26 (s,
5H, Cp SS/RR); 4.23 (s, 5H, Cp SR/RSP{*H} NMR (162 MHz,
CDCly): —100.6 (s, major RS/SR);103.1 (s, minor SS/RR). ESI-
MS: 370.2 (M). Orange X-ray-quality crystals were obtained as

OH under nitrogen, resulting in colorless plates over the course of pjcks by the slow evaporation of a diethyl ether solution of PTA

a few days.

Synthesis of Bis-4-methoxyphenyl-(1,3,5-triaza-7-phospha-
tricyclo[3.3.1.137dec-6-yl)methanol (PTA—C(C¢H4OCH3),OH).
PTA—C(CsH,OCH;),0OH was synthesized in a manner analogous
to that for PTA-C(CsHs).OH, resulting in an off-white solid in
62% yield.'H NMR (400 MHz, CDC}): 7.52 (d,J = 9 Hz, 2H,
Ar); 7.45 (d,J = 8 Hz, 2H, Ar); 6.84 (m, 4H, Ar), 5.15 (s, 1H,
OH); 4.78, 4.35 (AB quartet] = 12.8 Hz, 2H, NGi;N); 4.4—4.6
(m, 4H, NCH;N); 4.17 (d,J = 13.6 Hz, 1H, PEIN); 4.07 (d,J =
12.8 Hz, 1H, PEI;N); 3.88 (m, 1H, PE;N); 3.77 (s, 6H, OEly);
3.54 (atJ = 14.8 and 12.8 Hz 1H, P&;N); 3.23 (m, 1H, PCEN).
31P{1H} NMR (162 MHz, CDC}): —96.4 (s).

CH(ferrocenyl)OH.

General Synthesis of G=PTA—CRR'OH. The phosphine
oxides GFPTA—CRROH and G=PTA—CO.,Li were obtained
quantitatively by the addition of 30% 49, (0.2 mmol) b a 1 mL
D,0 solution of PTA-CRROH or PTA-COsLi (0.1 mmol). 31P-
{*H} NMR (162 MHz, D;0): —2.27 (s), G=PTA—COQO,Li; —2.88
(s), O=PTA—CO,CHgz; 3.97 (s), G=PTA—C(CsH5).0OH; 4.14 (s),
O=PTA—C(CsH4OCHs),0H; 1.72 (s), 2.74 (s), SPTA—CH-
(CsH4OCHg)OH; 1.75 (s), 2.82 (s), © PTA—CH(ferrocenyl)OH.
S1P{*H} NMR (162 MHz, CDC}): —0.91 (s), G=PTA—CO.Li;
—11.0 (s), G=PTA—CO,CHg; —3.46 (s), G=PTA—C(CsHs).OH;
—3.1 (s), G=PTA—C(CsH,OCH;),0OH; —1.48 (s), —3.19 (s),
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O=PTA—CH(CsH4OCHs)OH; —0.06 (s),—1.35 (s), G= PTA—
CH(ferrocenyl)OH.

Synthesis of [(5-CsHsCH3)RUCI(PTA—C(CgHs),OH)]. A 50
mL Schlenk flask was charged with 68 mg (0.2 mmol) PTA
C(GsHs),0H and 53 mg (0.1 mmol) [Ryf-CsHsCH3)Cl,], and

placed under nitrogen. Dichloromethane (10 mL) was added, and

the solution stirred for 15 min and filtered. The solvent was removed
under vacuum, yielding 102 mg of an orange solid (85% yield).
1H NMR (400 MHz, CDC}): 7.91 (d,J = 7.6 Hz, 2H, Ar); 7.56
(d,J=7.6 Hz, 2H, Ar); 7.40 (t) = 7.5 Hz, 2H, Ar); 7.21 (m, 4H,
Ar); 7.08 (t,J = 7.4 Hz, 2H, Ar); 5.47 (s, 1H, PEN); 5.7-5.0

(m, 4H, Ar); 4.1-4.9 (m, 9H, NGH,N and PQ4,N and Ar); 3.79
(d,J = 13.6 Hz, 1H, PEI,N); 3.68 (d,J = 5.6 Hz, 1H, PEI,N).
31P{1H} NMR (162 MHz, CDC}): —31.0 (s). Orange-red X-ray-
quality plates were obtained by layering a chloroform solution with
hexanes under nitrogen.

Synthesis of [QG-CGH6)RUC|z(PTA_C(C6H4OCH3)20H)]. Dry
degassed C}€l, (40 mL) was added to a 50 mL Schlenk flask
charged with [§®-CegHg)RUCL], (192 mg, 0.38 mmol) and PTA
C(CsH4OCHs),OH (307 mg, 0.77 mmol). The suspension was
stirred under nitrogen for 1 h, resulting in a clear red solution. The
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Scheme 2
LiO
Li P [¢]
P
Y[ %20, 1|
NN/ THF NN/
PTA-Li PTA-CO,Li

highly water-soluble $s° ~ 800 g/L) off-white solid and
exhibits asP{H} NMR resonance at-88.0 ppm (s). In
addition to water, PTACO.Li is soluble in methanol,
ethanol, and DMSO. A solid-state IR spectrum obtained for
PTA—-COs,Li contains the expected absorbances at 1614 and
1399 cnt? for the asymmetric and symmetric-© stretches,
respectively. Isotopically labeled PTACO,Li was syn-
thesized fromt3CO, (vide infra) resulting in shifts in the IR
stretching modes to 1592 and 1371 érfor the asymmetric
and symmetric modes, respectively. The observed IR shifts
of 22—28 cn1! are slightly less than the 36 chpredicted
from a simple Hooke’s law calculation due to coupling of
the two vibrational modes.

solution was filtered, and the solvent was removed under reduced \We have also synthesized PFAO,Li without organic

pressure yielding 405 mg of a red-orange powder (81% isolated
yield). Anal. Calcd for G;H3,03N3:PCLRuU: C, 49.93; H, 4.97; N,
6.47. Found: C, 48.87; H, 4.85; N, 6.231 NMR (400 MHz,
CDCly): 7.76 (d,J = 8.8 Hz, 2H, Ar); 7.43 (dJ = 8.8 Hz, 2H,
Ar); 6.93 (d,J = 8.4 Hz, 2H, Ar); 6.74 (dJ = 8.8 Hz, 2H, Ar);
5.60 (br s, 1H, OH); 5.32 (s, 1H, BN); 5.08 (s, 6H, GHe); 4.9—
4.2 (m, 10H, PE;N and NQH,N); 3.76 (s, 3H, OGls); 3.73 (s,
3H, OCHy). 3'P{*H} NMR (162 MHz, CDC}): —31.3 (s). Orange-
red X-ray-quality plates were obtained by layering a CHolution
of the complex with pentane under nitrogen.

Synthesis of [@G-CGH6)RUC|z(PTA_CH(C6H4OCH3)OH)]. In
a 50 mL Schlenk flask containing 101 mg (0.2 mmol) of®(
CsHe)RUCHL]2, 118 mg (0.4 mmol) of PTACH(CsH4sOCH;)OH
was placed under nitrogen. Upon addition of methylene chloride
(20 mL), all of the phosphine ligand dissolved while some of the

ruthenium complex remained suspended in the brown solution. After

stirring at room temperature for 4 h, most of the brown solid
dissolved. The solution was filtered, and the solvent was remove
under reduced pressure resulting in isolation of 182 mg of brown
solid (84% vyield)."H NMR (400 MHz, CDC}): 7.35 (d,J=8

Hz, 2H, Ar); 6.93 (dJ = 6 Hz, 2H, Ar); 5.71 (s, 1H, PBN); 5.65

(s, 6H, GHe); 5.42 (s, 1H); (4.74.1 (m, 10H, PEI,N and
NCH>N); 3.81 (s, 3H, OEl3). 3'P{*H} NMR (162 MHz, CDCl,):
—33.12 (s, major diasteromer);32.33 (s, minor diasteromer).
X-ray-quality crystals were obtained as orange blocks by the slow
evaporation of a CHGIsolution of the complex.

Results and Discussion

We have previously described the synthesis of PTA
and its reaction with CIPRmesulting in PTA-PPh.3? While
this work demonstrated that “upper-rim” PTA derivatives
are accessible, we were discouraged that the yield of PTA
PPh was low and the ligand was not soluble in water. In an
attempt to increase both the yield and the water solubility,
we have explored the reaction of PFAI with a variety of
electrophiles: namely, CQketones, and aldehydes.

Insertion of CO.. Insertion of CQ into the C-Li bond
of PTA—Li proceeds in high yield;>85%, by bubbling C@
through a THF suspension of PTA.i at —78 °C (Scheme
2). The resulting PTACQO_Li can be isolated as an air-stable,
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solvent, utilizing a heterogeneous solid/gas reaction of-CO
(g) with powdered PTAcLi in a cold bath®” Compared with
the reaction in THF, the neat G(@) reaction is not as clean,
resulting in two resonances in tR#{H} NMR spectrum

of PTA—CO.Li (—88.4 and—87.4 ppm). The minor product
at —87.4 ppm varies in yield from 5 to 45% of the total
product. In an effort to determine the nature of these two
products, we synthesized PFA’CO,LI, utilizing 3CO.,. The

31P NMR spectrum of PTACO,Li in CD30D is similar

to that of the unenriched product, containing two reso-
nances: a doublet at90.8 ppm {Jpc= 7.6 Hz) and a triplet

at —93.4 ppm {Jpc = 9.5 Hz). In DO, the triplet was
observed further downfield than the doublet-87.4 ppm

(t, 2Jpc = 8.8 Hz) and—88.4 ppm (d2Jpc = 7.6 Hz). The
carbonyl region of thé3C{*H} NMR spectrum of PTA-1%-

¢ COoLiin CD30D contained two doublets at 175.5 ppti-E

= 7.4 Hz) and 174.2 ppm?}pc = 9.75 Hz). From the
coupling constants, we determined that the resonance at 175.5
ppm in the'®*C NMR spectrum corresponds to tR&{H}

NMR resonance at90.8 ppm {Jpc = 7.4 Hz). The doublet

at 174.2 ppm in thé*C{H} NMR spectrum correlates with

the triplet at—93.4 ppm observed in th&P{'H} NMR
spectrum of PTA-*CO,Li. Together, these data suggest that
the second product observed in filé and'*C NMR spectra

is the dicarboxylated product PFACO.LI)».

Mass spectrometry data was also obtained on both the
PTA—CO,Li and PTA-CO,Li samples. Notable peaks
include [PTA-CGO,]~ (m/z 201.17) and the comparable
[PTA—CO;]~ anion at (Wz200.17). Also seen in the spectra
are the dicarboxylate species: [PTRACO,).Li]~ and
[PTA—(CO,).Li] ~ at m/z 252.25 and 250.18, respectively.

The esterification of PTACO,Li was accomplished by
the addition of MgSIiCl to a methanol solution of the
carboxylate (Scheme 3j.The product is soluble in water,
acetone, THF, diethyl ether, chloroform, methylene chloride,
and acetronitrile. A shift in thé'P{*H} NMR spectrum of

(37) See the Supporting Information for more details.
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Scheme 3
LiO MeO
P\I/&O 1) Me;SiCl P\(\to
(( ! 2) NEt, (( !
A-N-:/ MeOH, r.t. PN'N-:/
PTA-CO,Me
Table 2. 3!P{1H} NMR and Solubility Data for the Series of

PTA—CRROH, PTA-CO.Li, and PTA-CO,CH; Compounds;
Phosphine Oxide Chemical Shift in Parentheses

31p{1H} NMR S5 (g/L)
PTAL34 —98.9 (—2.49) 235
PTA—CRROH
R= CeHs, R = C6H5 —95.53 (*3.46) 5.9
R = C¢HsOMe, —96.4(—3.1) 10.6 Figure 2. Thermal ellipsoid representation (50% probability) cFBTA—
R = CsH4OMe CO,CHj3 with the atomic numbering scheme. Only the R enantiomer is
R = C¢Hs,OMe, R =H —102.6(—1.48) 11.1 shown; however, both the R and S enantiomers are present in the structure.
—105.72(—3.19) 111 Selected bond lengths (A) and angles (deg)—BB8 = 1.483(3); P+C1
R = ferrocenyl, R=H —100.6(—0.06) 3.9 = 1.834(4); P+ C2 = 1.815(4); P+C3 = 1.818(4); C#01= 1.219(5);
—103.2(—1.35) 3.9 C1-N1 = 1.484(5); C+C7 = 1.491(5); P+C1-C7 = 110.2(3); C#
PTA—-COLi —88.0 (—0.91) ~800 C1-N1 = 116.6(3).
PTA-CO,Me —93.7 (—11.0) d
Scheme 4
aln CDClz. In D20. ¢ In CDsOD. 9 Not determined. o
PTA—CO:Me (—93.7 ppm in RO) relative to PTA £98.3 "iYPﬁ 2)RH oR (P\*(\R\R
in D,O) and PTA-CO,Li (—88.0 ppm in BO) was observed N_(_:/N Ti’ N.(f/N
(Table 2). The!H NMR spectrum of PTA-CO,Me is very N -78°C ’F;:'_CR OH
similar to that of PTA-CO.Li with the exception of the R =Ph, ceﬁ@Me
singlet at 3.76 ppm representing the methyl ester. Likewise,
in the 13C NMR spectrum the methoxy group appears as a Scheme 5
singlet at 51.5 ppm. ThEC NMR resonances for the carbons 1) j\ HO
in the cage are shifted significantly from those of the parent L. p H™ 'R pt/\H
. P . N7l _2) H0 r R
PTA ligand. The methylene carbons on the “upper rim” of N_(/N — N_{_:/N
PTA can be found at 50.3 ppm (dpc = 21 Hz); PTA- AN e P/T/AE\(ISHROH

CO:Me possesses three resonances for the upper rim carbons
of PTA—CO:Me, 60.1 (d,Jpc = 25.4 Hz) 50.2 (dJpc =
21.6 Hz) and 47.2 (dJpc = 24.6 Hz). The “lower rim”

R = F¢, CgH4OMe

bond(s) adjacent to the carbonyl functionafitNucleophilic

carbons, which are now chemically inequivalent, appear asaddition of PTA-Li to an aldehyde or ketone formally results

a singlet and two doublets at 74.6 (s), 72.5c = 2.2

Hz), and 67.9 (d3Jpc = 3.0 Hz). The carbonyl carbon is

observed as a doublet at 170.3 ppm?3%c = 8.9 Hz)¥’
Structure of O=PTA—CO,Me. PTA—-CO;Me is stable

in an alkoxide, which has not been isolated due to issues
associated with separation from residual PTak omnipres-
ent side product in reactions with PFA.i. Quenching the
product with HO allows for the isolation and purification

in the solid state, but somewhat air-sensitive in solution. ©f the 5-phosphino alcohols. The reaction of PFAi with

Crystals of PTA-CO,Me grown over the course of a few
days afford crystals of the oxide=€PTA—CO,CHs. The
solid-state structure of ©PTA—CO,CH; was determined
by X-ray crystallography (Figure 2). Similar to the PFA

symmetric ketones results in a racemic mixture of products;
the single chiral center in the PFALI starting material
renders it chiral and racemic (Scheme 4). Both benzophenone
and p-methoxybenzophenone react cleanly and easily with

PPh and other upper rim PTA derivatives described herein, PTA—LI, and single resonances are observed iftRd\MR

the PE-C1 bond length is slightly elongated at 1.834(4) A
relative to that of the adjacent methylenes-{fCR2 = 1.815-
(4), P1-C3 = 1.818(4) A).

Addition to Aldehydes and Ketones.The synthesis of
fS-phosphino alcohols has been accomplished through the
insertion of ketones or aldehydes into the-IG bond of
PTA—LI. The reaction proceeds cleanly in moderate to goo
yield (>60% isolated yield) for aryl aldehydes and ketones.
Addition to aliphatic ketones and aldehydes is slightly more
complex, presumably due to the acidic nature of theHC

(38) (a) Nakao, R.; Oka, K.; Fukumoto, Bull. Chem. Soc. Jpri98],

spectra of the resulting products (Table 2). TheNMR
spectra of the products are not first order and thus very
complicated due to unusual coupling patterns and the close
proximity of many of the chemical shifts.

Unlike ketones, which result in enantiomeric products, the
addition to aldehydes leads to PFAHR(OH) ligands with
¢ two contiguous chiral centers and, therefore, diasteromeric
mixtures of products (Scheme 5). TH¢ NMR spectra of
the PTA—~CHROH compounds are even more complicated
than the analogous PFACR,OH ligands, as each spectrum
provides data on diasteromeric compounds. FH'H}
NMR spectrum of PTA-CH(CsH,OCH;)OH contains two

54, 1267-1268. (b) Brook, M. A.; Chan, T. HSynthesisl983 3,
201—-203.

Inorganic Chemistry,

(39) Wong, G. W.; Frost, B. J., unpublished results.
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Figure 3. Thermal ellipsoid representation (50% probability) of PTA Figure 4. Thermal ellipsoid representation (50% probability) GFBTA—
C(CeHs)20H with the atomic numbering scheme. Only the R enantiomer C(CsHsOCHg),OH with the atomic numbering scheme. Only the S

is shown; however, both the R and S enantiomers are present in the structureenantiomer is shown; however, both the R and S enantiomers are present
Hydrogen atoms have been omitted for clarity. Selected bond lengths (A) in the structure. Hydrogen atoms have been omitted for clarity. Selected

and angles (deg): PiC1=1.880(4); P+ C2=1.871(5), P+ C3=1.864- bond lengths (A) and angles (deg): FQ1 = 1.4926(14); P+C1= 1.838-

(4); C7-01 = 1.435(5); CE-N1 = 1.494(5); C+-C7 = 1.523(6); P+ (2); P1-C2= 1.822(2); P+-C3 = 1.817(2); C7-02 = 1.425(2); CE-N1

C1-C7 = 112.8(3); C#C1-N1 = 114.9(3); C8C7—C14 = 109.5(3). = 1.490(2); C+C7 = 1.562(3); P+ C1-C7 = 117.61(13); C#+C1-N1
= 112.75(15).

singlets at—102.6 and—105.7 ppm, one for each diaster-
omer. The ferrocenyl derivative, PFACH(ferrocenyl)OH,
exhibits two 3P NMR resonances at100.6 and—103.1
ppm. Some diasteroselectivity is observed in the synthesis
of the products as we isolate PFAH(CH,OCHs)OH as
a 2.5:1 mixture of diasteromers and PF&H(ferrocenyl)-
OH as a 1.8:1 mixture of diasteromers.
The parent PTA ligand is highly water-soluble wih®
= 235 g/L13 PTA—CO.Li is 3—4 times more soluble in
water andS;s° &~ 800 g/L (vide supra). The PTACRROH
ligands are soluble in wateg> = 3.9-11.1 g/L); however,
they are much less soluble than PTA (Table 2).
The solid-state structures of PFAC(CsHs),OH, O=
PTA—C(CsH,OCHs),OH, O=PTA—CH(G;H,OCH;)OH, and
PTA—CH(fe_rrocenyI)OH We-re determine-d by- Xcray crystal- Figure 5. Thermal ellipsoid representation (50% probability) GFRTA—
lography. Figures 36 contain thermal ellipsoid representa- CS!(CGHA;OCI-b)OH WitE the atgmic numbering ;(E)heme. (t)ynly the R(C1)/

tions of each compound along with selected bond lengths s(c7) enantiomer is shown; however, both R(C1)/S(C7) and S(C1)/R(C7)
and angles. As seen with other upper rim PTA derivatives are presentin the structure. Hydrogen atoms have been omitted for clarity.
(PTA-PPIy® and O-PTA—COCH), PI-CL i sightly  Secetiiond enans () and angs g 8 1475 pich
elongated with respect to the other €H, bonds due to the C1-N1 = 1.492(4); C+C7 = 1.536(5); PEC1-C7 = 117.5(3); C%
addition of the substituent. Derivatives of PTA substituted C1-N1 = 111.4(3).
at the upper rim are air-stable in the solid state; in solution tions have been made thus far to the PTA fragment. The
they oxidize over the course of days (vide sugfarystals synthesis of various PTA derivatives described herein, via
of PTA—C(GsH4CHs),OH and PTA-CH(CsH4CHg)OH grown the electrophile insertion into PTALI, offers the opportunity
over the course of a week resulted in X-ray-quality crystals to develop a large library of PTA derivatives in a minimal
of the phosphine oxides (Figures 4 and 5). X-ray-quality time frame. We have synthesized three such ruthenium arene
crystals of PTA-C(CsHs),OH and PTA-CH(ferrocenyl)- derivatives with our new chiral phosphines.
OH were grown with careful exclusion of oxygen (Figures  The synthesis ofyf-arene)RUG(PTA—CRROH) com-
3 and 6). All four structures contain both enantiomers: R/S plexes was accomplished in moderate to good yield by
for O=PTA—C(CsH,OCHs),OH and PTA-C(CsHs),OH and addition of PTA-CRROH to a solution of [Ruf®-arene)-
R-S/S-R for G=PTA—CH(C¢H,OCHs)OH and PTA-CH- Cl3], in CH.CI, (Scheme 6). These complexes have exhibited
(ferrocenyl)OH. modest water solubility, 5.4 g/L fornf-CeHsCHz)RUCh-
Ruthenium Complexes Dyson and others have reported (PTA—C(CsHs),OH) and a slightly more soluble 14.1 g/mL
that ruthenium arene complexes of PTA and PTA derivatives, for (;7%-CgHg)RUCKL(PTA—C(CeHsOCH;z),OH). The com-
(n®-arene)RUXPTA, show anticancer activiy.*3 A library pounds were characterized by NMR spectroscopy and X-ray
of compounds has been explored through substitutions tocrystallography. ThéP{*H} NMR spectra of £5-CsHg)-
the arene and X fragment8.Due to the small number of RuCh(PTA—C(CsHsOCHs),0OH) and ¢5-CsHsCH3)RUCh-
PTA derivatives available, only a limited number of substitu- (PTA—C(CsHs),OH) contain a single resonance-&1.3 and
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Figure 6. Thermal ellipsoid representation (50% probability) of PTA
CH(ferrocenyl)OH with the atomic numbering scheme. Only the S(C1)/
R(C7) enantiomer is shown; however, both R(C1)/S(C7) and S(C1)/R(C7)
are present in the structure. Hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (deg)—B1 = 1.867(7); P+C2
=1.867(7); PEC3=1.868(7); C+~0O1= 1.443(7); C:-N1 = 1.469(8);

C1-C7 = 1.555(8); P+C1—-C7 = 115.4(5); C+~C1—-N1 = 109.3(5). ) . . -
®); ®); ®) Figure 8. Thermal ellipsoid representation (50% probability) afffCsHs)-

Ru(PTA—C(CsH4OCHs),0H)Cl,] with the atomic numbering scheme. Only
the R enantiomer is shown; however, both enantiomers are present in the
structure. Hydrogen atoms have been omitted for clarity. Selected bond
lengths (A) and angles (deg): RuP1=2.3255(11); Ru+Cl1 = 2.4343-

(10); Rut-CI2 = 2.4184(11); Rutarengen:= 1.692; C#~01 = 1.428-

(5); P1I-Rul-CI1 = 85.76(4); P+Rul-CI2 = 85.89(4); CIt-Rul—-CI2

= 87.66(4).

Figure 7. Thermal ellipsoid representation (50% probability) offfCsHs-
CHz)Ru(PTA-C(CsHs)20OH)Clp] with the atomic numbering scheme. The

R enantiomer is shown here, but both R and S are present in the structure.
Hydrogen atoms have been omitted for clarity. Selected bond lengths (A)
and angles (deg): RuiP1= 2.3294(11); RutCI1 = 2.4119(12); Rut
Cl2=2.4077(12); Rutarengen:= 1.694; C7~01= 1.416(5); P+Rul-

Cl1 = 83.76(4); PrRul~Cl2 = 84.63(4); CIt-Rul-Cl2 = 88.79(4). Figure 9. Thermal ellipsoid representation (50% probability) afffCsHs)-

Ru(PTA—-CH(CsH4OCHz)OH)Cl;] with the atomic numbering scheme. Only

Scheme 6 HO the S(C1)/R(C7) enantiomer is shown; however, both R(C1)/S(C7) and
S(C1)/R(C7) are present in the structure. Selected bond lengths (A) and
p R @HO R angles (deg): RuiP1= 2.3108(15); Ru+Cl1 = 2.4122(14); RutCI2
6 { N RCH2C|2 _R'u R = 2.4229(16); Rutarengen= 1.704; C#~01= 1.446(7); Pt+Rul—CI1
1/2 [(n°-arene)RuCly], + /ﬂN':/ —_— C'(‘z"ll \P N = 82.70(5); P+Rul—-CI2 = 84.41(5); CIt-Rul-CI2 = 89.00(6).
R =R = CgHs (\/)
R =R’ = CgH4OCH, NN 31P{'H} resonance of~8—10 ppm was observed. For
R = CgH4OCHg; R' = H 4

example, thé'P{*H} resonance fori-CeHg)RUCL(PTA—

) . ) C(CsHs0OCH;),0OH) shifted from—31 to —23 ppm upon the

—31.0 ppm, respectively. The diasteromeric compoufid (- 4qdition of base. Similar shifts were observed i CsHe)-

CeHe)RUCK(PTA—CH(CsHsOCH;)OH) contains two®'P- RUCL(PTA—CH(CsHsOCHs)OH), where a resonance at

{*H} chemical shifts for the two possible stereoisomers at _54 55 has heen observed and attributed to a chelating P,O

—33.1 and-32.3 ppm for the major and minor diasteromer, hqynd ligand. Attempts to isolate and characterize the metal

respectively. complexes with chelating ligands have, thus far, been
The structures of three ruthenium arene complexes wereynsuccessful.

determined, with each containing a PFEARROH ligand

bound in ac! binding mode wherein the phosphorus is bound Conclusion

to the metal center. Figures-B contain thermal ellipsoid We have reported the addition of PFAj to CO;, ketones
representations of three;arene)RUG(PTA—CRROH) and aldehydes. These chiral upper-rim derivatives of PTA
comple>.<es along with selected.bond lengths and angles. hrovide some of the benefits of the parent ligand, namely,
The ligands we have described should be capable ofthat they are air-stable and somewhat water soluble. In
chelating to metal centers upon deprotonation of the alcohol

functionality. Attempts to deprotonate the ligand and enforce (40) \F/)\/TeA ha(\:/a (c]gbtained al)lgelirrtl)inarxé (irystal Strtl;]cture ofa C?mpl%i%which
Ly . ‘o - errocenyl)O is bound to one ruthenium center in&N,
a chelatinge® P,O or N,O binding mode were promlsmﬁ;. binding mode and the phosphorus atom is bound to a second ruthenium

Upon the addition of either CsG@r NaOH, a shift in the arene center. See the Supporting Information for further details.
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