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Reversible G Binding to Dendrimer-Containing Ir(CO)CI(PPh 2R), Complexes

Introduction

The coordination of fullerenes, particularlyed: to late
transition metal complexes is well-known Coordination of
Vaska's compoundiransIr(CO)CI(PPh),, and its analogs is
by far the most widely studiedl.In all these cases the metal is
bound to the fullerene in ay? fashion across a 6:6 ring juncture.
Multiple additions have been observed and appear to depen
on metal basicity and overall solubility.
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The phosphine compounds RE&-1) and PPKG-2), where G-1 is 3,5-bis(benzyloxy)benzyl and G-2 is 3,5-
bis((3,5-bis(benzyloxy)oxy)benzyl, were synthesized. The complésaassIr(CO)CI(PPRh(G-1)), 1, andtrans
Ir(CO)CI(PPh(G-2)), 2, show reversible binding withd. Thermodynamic data on the reversible binding were
obtained in chlorobenzene by line width analysis of#R§1H} NMR spectra. The activation paramet&yG,g:*
(kcal mol?), AH* (kcal mol?), andASF (cal mol! K1) were calculated as 1.3, 18, and 20 1o€40 and 1.3,
24, and 42 fo2:Cso. The thermodynamic quantiti€sGes® (kcal moit), AH® (kcal molt), andAS® (cal moi?
K1) were determined to be-2.8, —25, and—105 for 1-C¢o and —3.0, —18, and—57 for 2:Cso. The rates of
reaction with Q for 1 and2 were measured and are comparable to thatréorsIr(CO)CI(PPh), under similar
conditions. The compound B@PPR(G-1)), 3, does not show reversible binding withkC Crystal structures
were obtained fofl (a = 10.218(1) A b = 12.731(3) A,c = 13.116(2) A,a = 112.05(1}, B = 108.30(1}, ¥
=102.22(1y, V = 1392.2(4) R) and3 (a = 10.243(2) Ab = 12.689(2) A,c = 13.146(2) A,a. = 112.33(13,

B = 108.96(1}, y = 101.23(1}, V = 1392.4(4) R).

CI(PPhMe)2} 2-CeHg and Gof Ir(CO)CI(PPhMe)2} 2:2CsHe. In

the first complex, there are intimate face-to-face phefG4
interactions without solvent participation, while the second
structure shows no phenyCqo interaction but has two attractive
edge-to-surface benzentillerene interactions. Both, the edge-
to-surface and face-to-face phenyls features have been
dobserved in the structure ofs&£6SbPRh.”

In all the reported studies regardings@dditions to Ir(CO)-

A general feature observed in the solid state structures of C/(PRe)2 complexes there has been little or no investigation of

fullerenes and their metal complexes has been the inclusion ofSolution state binding properties. This is likely due to the poor
close-contacting solvent molecules. For example, crystals of Solubility of the metallofullerene product or the subsequent

Cso grown from benzene contain four benzene solvate moleculesdecomplexation of the iridium center from the fullerene upon

per fullerene unit, three of which lie parallel to thgsGurface
with Cgo—CsHs Separations less than 3.44AAlso, in the crystal

dissolution. By using heavily modified phosphine ligands, we
were able to investigate the thermodynamic properties of

structures of the VaskaCso complexes it can be seen that one fullerene binding to Vaska type complexes in solution. In this
of the phosphine pheny! rings is tilted toward the fullerene, WOrk, we report the synthesis of two (benzyloxy)benzyl den-

indicating an attractiver—s interaction. Along these lines, it

drimer-containing phosphine derivatives tfnsIr(CO)CI-

has also been shown that a supramolecular host/guest complexPP2R)2 and their dynamic € binding. To our knowledge,
is possible where the substituted (benzyloxy)benzyl arms of a this is the first reported example of reversiblg, Ginding for
Vaska derivative wrap around a fullerene in the solid state. Which thermodynamic values were measured.

Since the metallofullerene complex precipitates upon addition

of Cgo, it is not clear whether this interaction exists in solution.

Experimental Section

Further evidence for arerdullerene interactions has been Materials. [G-1]-Br, [G-2]-Br& and Pd(NCPhLI,® were prepared
observed for the unusual double-addition produCigf{ Ir(CO)- by a literature procedures. CIPP4nd NalrCls were purchased from

the Strem Chemical Group and used without purificatiorsy Was
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General Procedure for the Synthesis of (3,5-Bis(benzyloxy)-
benzyl)diphenylphosphine or (3,5-Bis((3,5-bis(benzyloxy)benzyl)-
oxy)benzyl)diphenylphosphine, ((GR)DPP). A 250 mL flask is fitted
with an addition funnel, a gas inlet tube, and a mineral oil bubbler.
Under nitrogen, 100 mL of anhydrous ammonia is condensed into the
flask at—78 °C. Sodium metal (120 mg, 5.21 mmol) is then added,
producing a deep blue solution. Chlorodiphenylphosphine (575 mg,
2.60 mmol) is added, and the solution is stirred until bright orange.
[G-1]-Br or [G-2]-Br (1 equiv) in dried, degassed tetrahydrofuran (THF)
is added dropwise with vigorous stirring. The mixture is removed from
the dry ice/acetone bath and allowed to stir at room temperature until

the ammonia evaporates. The solvent is then removed under reduced SPac€ group
pressure. The residue is redissolved in dichloromethane, the solution

filtered through Celite, and the filtrate evaporated to a yellowish oil.
The oil is solidified by placing the compound under reduced pressure
for a few hours (yield~70%). PPKG-1): *P{*H} NMR (CDCl) 6
—9.7;*H NMR (CDCl) 6 3.35 (s, 2H, CHP), 4.86 (s, 4H, CkD),

6.29 (s, 2H, Ar H), 6.35 (s, 1H, Ar H), 7.347.41 (m, 22H, Ar H);
GCMS, M™ m/z 488; mp 106-102 °C. PPR(G-2): *P{*H} NMR
(CDCls) 6 —9.7;H NMR (CDCls) ¢ 3.38 (s, 2H, CHP), 4.80 (s, 4H,
ArCH,0), 5.03 (s, 8H, ChD), 6.28 (s, 2H, Ar H), 6.38 (s, 1H, Ar H),
6.50 (d, 2H, Ar H, 2 Hz), 6.60 (d, 4H, Ar H, 2 Hz), ~3.44 (m,
30H, Ar H); mp 112-114°C.

trans-IrCI(CO)(PPh »(G-1)),, 1, andtrans-IrCI(CO)(PPh »(G-2))z,

2. A 250 mL, three-neck flask fitted with a reflux condenser, a gas
inlet tube, and a mineral oil bubbler is charged withsINalg-6H,0O

(250 mg, 0.445 mmol) and 100 mL of 2-methoxyethanol. In a well-
ventilated fume hood, carbon monoxidexic) is bubbled through the
solution until pale yellow (6-:8 h). While the solution is boiled, 2.2
equiv of the appropriate phosphine, B@in), is added directly. The
mixture is refluxed for 15 min and allowed to cool to room temperature,
producing a bright yellow precipitate. Occasionally the product does
not separate from the solution. In these instances, the solution is
partitioned between dichloromethane and water. The organic layer is
removed and dried over anhydrous MgS@e volume is reduced to

10 mL, and the product is precipitated with EtOH. The product is
fitered off and dried under nitrogen. (yield 75%).trans
IrCI(CO)(PPR(G-1)): 3P{*H} NMR (CDCl;) é 22.75; IRv(CO) 1961
cm L. transIrCI(CO)(PPh(G-2)): 3*P{*H} NMR (CDCLk) 6 22.86;

IR »(CO) 1959 cm™.

ciss and trans-PdCly(PPhy(G-1)),. To a chloroform solution
containing 100 mg (0.261 mmol) of Pd(NCR@Y), is added dropwise
220 mg (0.574 mmol) of PR{G-1) dissolved in 20 mL of chloroform.
The solution is mildly refluxed for 30 min. The solvent volume is
reduced under vacuum, and the product is precipitated with EtOH to
give a golden yellow solid (yield 80%). Careful recrystallization from
dichloromethane/ethanol precipitates trensisomer: 3P{*H} NMR
(CDCl) cis ¢ 20.8,trans ¢ 33.6.

trans-PdI,(PPhy(G-1)),. To a mixture of the above solid dissolved
in a minimum amount of dichloromethane is added a methanolic slurry
of 10 equiv of Nal. The solution darkens and is stirred for 30 min.
The solvent is then evaporated to dryness. The solid is taken up in
dichloromethane, the solution filtered through Celite, and the solvent
volume reduced under vacuum. Addition of diethyl ether precipitates
a single product in nearly quantitative yiel@*P{*H} NMR (CDCl)

0 14.2.

Structure Analyses fortrans-Ir(CO)CI(PPh »(G-1)),, 1, and PdC}-
(PPhy(G-1))2, 3. Yellow blocks of 1 and orange blocks a8 were
obtained by slow diffusion of diethyl ether into a chloroform solution
of 1 and a dichloromethane solution 8frespectively. Crystals were
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Table 1. Crystallographic Data fot and3

1 3
formula C‘57H58C|Ir05P2 C66H58C|204P2Pd
1232.72 1154.36
a A 10.218(1) 10.243(2)
, 12.731(3) 12.689(2)
c A 13.116(2) 13.146(2)
o (deg) 112.05(1) 112.33(1)
S (deg) 108.30(1) 108.96(1)
y (deg) 102.22(1) 101.23(1)
Vv, A3 1392.2(4) 1392.4(4)
P1 P1
1 1
Deaie g/Cn® 1.470 1.377
crystal size, mrh 0.12x 0.26x 0.28 0.06x 0.18x 0.24
#(Mo Ka), mm? 2.555 0.536
radiationl, A 0.71073 0.71073
temp, K 298 298
transm factors 0.5550.775 0.93-0.99

Ry,2 RP (I > 20(1)) 0.0554, 0.0953 0.0480, 0.0716
2Ry = J||Fo| — IFc[I/3|Fol. bR, = [ZW(FDZ - FCZ)Z/ZW(FOZ)ZJO'S-

factors and corrections for anomalous dispersion were taken from a
standard sourc¥.

Calculations were performed using the Siemens SHELXTL PLUS,
version 5.03, system of programs refining®h The structures were
solved by direct methods. If, the carbon monoxide and chloride
ligands are disordered across a pseudoinversion center. The chloride
was first located in the difference map and assigned an occupancy of
0.5. Subsequent refinement yielded the carbon monoxide which was
slightly distorted. The kC and Ir-O bond lengths were fixed at 1.99
and 3.2 A to yield a better model. This type of disorder is not
uncommon in these types of moleculésHydrogen atom positions
were calculated using a riding model with a-@ distance fixed at
0.96 A and a thermal parameter 1.2 times the host carbon atom. An
absorption correction was applied using XAB%2All non-hydrogen
atoms were refined with anisotropic thermal parameters. 1-ohe
largest peak in the final difference map was equivalent to 0.995 e/A
and was located 1.071 A from Ir. F@8 the largest peak in the final
difference map was equivalent to 0.364 &4hd was located 1.182 A
from P.

Results

Synthesis. As shown in Scheme 1, the dendrimer-containing
phosphine ligands are easily constructed using the known
dendritic fragments 3,5-bis(benzyloxy)benzyl bromide, [G-1]-
Br, and 3,5-bis((3,5-bis(benzyloxy)benzyl)oxy)benzyl bromide,
[G-2]-Br, first synthesized by Fohet® The phosphines are only
mildly air sensitive in solution and are quite soluble in most
common organic solvents. PRG-2) is significantly more
soluble than the smaller PRIB-1). Both phosphines exhibit
similar phosphorus chemical shiftd8 (-9.7 ppm), indicating
very little difference in electronic nature for the phosphorus
atoms in the two compounds. The primary difference between
the two species resides in the considerably increased steric bulk
in the second-generation compound compared to the first-
generation compound. Consequently, #8K) is considerably
more difficult to crystallize and is often obtained as an oil.

The transition metal complexes are synthesized using standard
procedures. The Vaska analdgansIr(CO)CI(PPh(G-1)), 1,
andtransIr(CO)CI(PPh(G-2)), 2, are prepared in good yield

selected and mounted on glass fibers with silicone cement and placedby carbon monoxide reduction of BleClg-6H,O in methoxy-

on a Siemens P4 diffractometer. Unit cell parameters were determinedethanol.

by least-squares analysis of 23 reflections with 10.8&6 < 24.61

for 1 and 19 reflections with 7.£8< 20 < 21.35 for 3. A total of
4113 reflections were collected for 3.5 20 < 45°, yielding 3419
unique reflectionsRi: = 0.0425) forl, while 3027 reflections were
collected with 3.8 < 20 < 45.¢, yielding 2467 unique reflections
(Rnt = 0.0374) for3. The data were corrected for Lorentz and
polarization effects. Crystal data are given in Table 1. Scattering

The highly soluble, bright yellow complexes are

(10) International Tables for X-ray Crystallographitynoch Press: Bir-
mingham, England, 1974; Vol. 4.

(11) Churchill, M. R.; Buttry, L. A.; Barkan, M. D.; Thompson, J. &.
Organomet Chem 1988 340, 257. Kessler, J. M.; Nelson, J. H.;
Frye, J. S.; DeCian, A.; Fischer, lhorg. Chem 1993 32, 1048.

(12) XABS2: Parkin, S. R.; Moezzi, B.; Hope, H. Appl. Crystallogr.
1995 28, 53.
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slightly air sensitive. As expected, both phosphines have similar
31P NMR chemical shifts at 22.75 and 22.86 ppm, respectively,
as well as carbonyl stretching frequencies in the infraretdg0
cm™1). Itis apparent from these data that the electronic natures
of both complexes are very similar as expected.

cis- andtransPdCL(PPh32(G-1)) are simply preparedia
a substitution reaction of Pd(NCRE), in chloroform. A
mixture ofcis andtransisomers is obtained. Theansisomer
is precipitated by slow addition of ethanol to a dichloromethane
solution of the mixture. Metathesis of the mixture to form the
iodo species using methanolic Nal produces tila@s isomer
of PdL(PPh(G-1)), exclusively.

O, Studies. As shown in eq 1, complexesand2 slowly
react with Q in solution as do Vaska's complex and most
of its analogs. The rate of LOaddition was obtained using

Ir(CO)CI(PPB(G-n)), + O, — Ir(O,)(CO)CI(PPh(G)),

1)

31p{1H} NMR spectroscopy by exposing nitrogen-saturated
chloroform solutions of and2 to air and then taking successive
measurements to quantify the formation of Is{(@O)CI(PPhk-
(G-n))2. Under pseudo-first-order conditions, plots of In [lr-
(O2)] vs time yield straight lines with the slope equivalent to

the rate constant. The infrared stretching frequencies at 2010 @VoOJ

cmt for Ir(O2)(CO)CI(PPR(G-1)), and at 2008 cmt for Ir-
(O2)(CO)CI(PPR(G-2)), are typical values for dioxygen adducts
of Vaska analogs. The room-temperature first-order rate
constants for @ addition were measured ¥ 107> and 3 x
104 st for 1 and 2, respectively. These values can be
compared to % 1075 s71 for transIr(CO)CI(PPR), under the
same conditions.

Ceo Binding. Addition of Cso to bright yellow degassed
chlorobenzene solutions df or 2 produces color changes to
deep green, typical ofgg—Ir(CO)CI(PPhR), complexes. Slow
evaporation of the solvent under,Nroduces green/black
noncrystalline precipitates. Infrared data for KBr pellets of these
precipitates show a singlg(CO) stretch for each compound,
2011 cntt for 1 and 2006 cm?! for 2, indicating that Go
completely reacted with the iridium complexes in an oxidative
addition fashion. Dissolution of either of these materials in

Inorganic Chemistry, Vol. 36, No. 4, 199539

B (x 15)

Figure 1. 202.14 MHz®P{H} NMR spectra forl (spectrum A)
recorded in chlorobenzene at 20 and after addition of & (spectrum

B, magnified 15 times). The peak at 5.79 ppm is ligand oxide while
the peak labeled * is an unidentified impurity.

* B 2 T ] o

[SSRAERE

Figure 2. Variable-temperature 202.14 MH?P{'H} NMR spectra

recorded in chlorobenzene f@Cs in 3° increments from—35 °C
(bottom) to—2 °C (top).

£ i % 2 2y e s

chloroform produces a brownish green solution with infrared
absorbances identical to those of the starting precursors.
The equilibrium binding of & to either1 or 2 can be
examined using variable-temperatd#®{H} NMR spectros-
copy. As shown in Figure 1, addition og§Xo a chlorobenzene
solution of1 at 20°C (spectrum A) causes the original resonance
at 22.86 ppm to broaden significantly, and a new, very broad
resonance at-—12 ppm appears (spectrum A) indicative of
the equilibrium shown in eq 2. The small peak at 5.79 ppm has

=N
=

o

been identified as the ligand oxide while the other peak labeled
with an asterisk is an unidentified impurity. The intensities of
both resonances remain constant throughout the experiment. As
the solution is cooled further, the equilibrium is shifted to the
right, and the original resonance disappears.

The reversible binding was further probed by examining the
line width as a function of temperature. Typical data are shown
in Figure 2 for2-Cgp obtained in oxygen-free chlorobenzene
between—35 °C (bottom) and—2 °C (top). Other solvent
combinations, including toluene or toluene mixtures, caused
ligand dissociation from the starting complex. As seen in Figure
2, the resonance fd2-Cgo at —11.8 ppm slowly broadens as
the temperature is raised, forcing the equilibrium to the left.
The opposite behavior is observed as the temperature is lowered.
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Table 2. Thermodynamic Data for £ Addition to 1 and 2?2 Table 4. Bond Lengths (A) and Angles (deg) fdrand 3
AGgesf AH* AT CompoundL
compd (kcal mol™) (kcal mol™) (cal molrt K1) Ir—C(1) 1.88(3) I--Cl 2.414(11)
- Ir—P 2.326(2) P-C(2) 1.844(9)
%gzg 13 28 s P—C(23) 1.817(9) P-C(29) 1.817(10)
S 5 C@)-Ir—P 91.3(10) P-Ir—Cl 90.1(2)
AGges AH AS
L L Lot C(1y—Ir—Cl 177.7(11) C(23)P-Ir 110.0(3)
compd (kcal mol%) (kcal mol %) (calmolFt K1) C(29)-P—Ir 118.9(3) C(2)-P—Ir 117.7(3)
1-Cso -2.8 -25 -105
2-Ceo -3.0 -18 —57 Compound3
, o Pd—Cl 2.298(2) P-C(28) 1.812(7)
a Estimated uncertainties a#0.2 kcal mot™ for AG, 1 kcal mol? Pd—P 2.353(2) P-C(22) 1.824(7)
for AH, and+5 cal moit K1 for AS. P-C(1) 1.834(6)
Table 3. Measured Equilibrium Constants farCe and 2-Ceo as a CI'—Pd-Cl 180.0 C(28)-P—Pd 119.9(3)
Function of Temperature Cl—Pd-P 89.51(7) C(22yP—Pd 108.0(2)
Cl-Pd-P 90.49(7) C(1yP—Pd 117.9(2)
1-Ceo 2:Ceo P—Pd-P 180.0
temp (K) KM temp (K) KM a Symmetry transformation used to generate equivalent atofs: (
263 239 257 388 =% 7Y, —Z
266 188 261 287
269 99 265 193
272 73 269 104
275 45 273 73
278 27 277 41
281 18 281 22
284 11 285 12
287 4 289 8
290 3 293 5

Similar behavior is seen fdt-Cgo except that the temperature
range is different.

Analysis of this array yields the activation data presented in
Table 2 according ta = (Avcor), "> whereAvc, is the observed
line width minus the natural line width. Plots of line width
versus temperature become asymptotic, yielding stopped-
exchanged line widths of 14 Hz farCgso and 64 Hz for2-Cg. ] o .

Plotsof ) us LT are ey, Freo energes of reccion of P44 & Thermal lipsed plot (10) oL COCIPAE L 1
Ceo additions to both Ir(CO)CI(PR(G-1)), and Ir(CO)CI(PPk disordered CO and CI groups is shown.

(G-2)), are nearly identical at-2.8 and —3.0 kcal mot?,
respectively. A similar study with Vaska’'s complex is not
possible since (§3)Ir(CO)CI(PPh), precipitates out of chlo-
robenzene.

The equilibrium constani{e, was determined as a function
of temperature by integration of th&P{'H} resonances.
Selected values are presented in Table 3. At temperatures close
to room temperature the equilibrium constants are close to unity.
As the temperature is lowered, the equilibrium constants increase 2 @
by 2 orders of magnitude to 239 malfor 1-Cg at 263 K and
to 388 mot? for 2-Cgp at 257 K. Plots of InKeq vs 1T are
linear with the slopes yieldingH®. The differences between
the two complexes is manifested AH®° andAS’ values. The
AH° value of —25 kcal mof? for 1-Cg is slightly more
exothermic than that fa2-Cgo, —18 kcal mofL. The entropies

of reaction are both highly negative, with that farCsg Figure 4. Perspective view of PAGPPh(G-1)), 3, with 40% thermal
determined to be-105 cal mot® K~ while that for2:Cgo AS’ contours and hydrogen atoms omitted for clarity.
is =57 cal mof't K-1. These values can be compared to the
activation data presented in Table 2. Structures of trans-Ir((CO)CI(PPh 2(G-1)),, 1, and trans-

To test whether the addition ofsgto the Vaska analogs was ~PdCl2(PPh(G-1)), 3. Selected interatomic distances and
metal dependent or ligand dependent, tHE{*H} NMR anglgs are given in Ta}ble 4, Whllg atomic coprdlnates are
spectrum of a benzene solutiontodns-PdL(PPh(G-1)), was provided in the Supporting Information. A drawing wéns

obtained in both the presence and the absenceqf &dition Ir(CO)CI(PPR(G-1)), 1, is presented in Figure 3, and Figure
of Ceo had no effect on the line width or chemical shift of the 4 Shows a structural drawing 5ansPdCL(PPh(G-1)), 3. The
resonance. In contrastgg¥eadily dissolves in a melt of either ~ Structures of1 and 3 are nearly isomorphous, with little

the G-1 or G-2 phosphine ligand. All attempts to grow crystals distinction between the two. Both molecules are located on a
from these melts failed. crystallographic center of symmetry with the carbon monoxide

and chloride ligands disordered in

(13) Kessler, J. M.; Reeder, J. H.; Vac, R.; Yeung, C.; Nelson, J. H.; Frye, ~ Because of this symmetry, the geometry around the Ir atom
J. S.; Alcock, N. WMagn Reson Chem 1991, 29, S94. in 1 is rigorously square planar and is similar to those of other
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Ir(CO)CI(PR;), complexes. The phosphines dransto one concentrated on the periphery, making the focus quite accessible.
another with I-P separations of 2.326(2) A. Because of the This idea has been demonstrated in a polyamidoamine dendrimer
disorder, an accurate description of the carbonyl geometry iswhich contains voids near the core that are capable of
not possible; however, it does not appear to deviate from the encapsulating guest molecufés.
expected structure. The distances and angles within the ligand The thermodynamic data forsgaddition to the new iridium
system are also as expected. complexes also indicate that the dendrimer arms do not play a
Perhaps the most noticeable feature of this structure is themajor role in fullerene binding in chlorobenzene solution. There
bulk of the phosphine ligands. Even addition of the smallest is virtually no difference between the free energies of activation
(benzyloxy)benzyl dendrimer fragment increases the molecular or the free energies of reaction in spite of the large difference
volume substantially. This bulk is directed away from the metal in steric bulk of the pendant arms. In fadtH* for 2 is only
center, and in this regard, the substituted ligand is similar to slightly more endothermic than that fdr indicating that the
PPh. The estimated cone angle for this phosphine ligand is iridium—fullerene bonding in the activated complex 2fis
only ~14@, which can be compared to that of triphenylphos- weaker than that il. Further, if the dendrimer arms played
phine (1458).14 any role at all, this would have been manifested in thg C
In 3, the geometry around Pd is also rigorously square planar, addition to PA}(PPh(G-1)). Since the Pd(PPh(G-1)), and
with the CH-Pd—P angle of 90.42 The Pd-P and Pe-Cl Ir(CO)CI(PPh(G-1)), are isomorphous, the effects of the metal
distances are 2.353(2) and 2.298(2) A, respectively. The and the ligand can be easily differentiated. The fact that there
intraligand separations are within expected values. was no change in th&®P line width (8 Hz) upon addition of
Ceo to Pdb(PPh(G-1)), suggests that neither the palladium
center nor the benzyloxy arms dictate solution state binding and
The new dendrimer-containing iridium compounds described that the iridium metal is responsible for this interaction. Since
here show reversible binding tos§; as evidenced by the shift  no solid state data were obtained, a similar claim for the solid
of the carbonyl stretching frequencies, color change to greenishstate could not be supported. However, since there is a
brown, and change in tHéP NMR spectra. Attempts to obtain  preponderance of evidence for arerfigllerene (or solvent
X-ray-quality crystals were thwarted by the high solubility of fullerene) interactions in the solid state, it is likely that such an
the complexes in contrast to Vaska’'s compound, which pre- interaction would be observed.
cipitates under identical conditions. Although the addition of  The role of the solvent is quite large. It is believed that the
the dendrimer-containing arms to Vaska's compound only large entropy contribution arises from solvent reorganization,
mildly alters the electronic properties of the complex, they and since all experiments were carried out in aromatic solvents,
significantly alter the solubility. It is interesting to note that which have an affinity for &, it is impossible to differentiate
the metat-fullerene interaction is maintained even in the solvent competition from dendrimer interaction with the fullerene.
presence of solvents that nonally cause fullerene precipitation, Several attempts were made to introdugg Gh both1 and2
such as ethers, alkanes, and alcoholdn this regard, the in nonaromatic solvents, including carbon disulfide, but all cases
iridium compounds or the redissolved phosphine melts have theled to precipitation or degradation. We are currently designing
potential to act as phase transfer catalysts. other arene-containing phosphine ligands that would be soluble
The G addition rate constants fdrand?2 are not drastically in hexanes to overcome this problem.
different and are of the same order of magnitude as that for _
Vaska's compound. In fact, the rate constant¥ds identical Acknowledgmentis made to the donors of the Petroleum
to that for Vaska’s complex under similar conditions, indicating Research Fund, administered by the American Chemical Society,
that the arms do not protect the metal center much more thanfor support of this research, to Prof. John H. Nelson and Mr.
triphenylphosphine. This point is reemphasized by noting that Lewis W. Cary for assistance, and to Johnson Matthey for a
the O addition rate for2 is actually faster than that fdreven generous loan of iridium salts.
though the phosphine arms are more than twice the sterric bulk Supporting Information Available: Tables of crystallographic

in 2. It_ appears_ that the !a_rger_ outer shell of the_ second- experimental details, atomic coordinates, bond distances, bond angles,
generation dendrimer-containing ligand cannot effectively wrap anisotropic thermal parameters, hydrogen atom positions|aredues
around the metal center, resulting in a more exposed metalfor 1 and3 (11 pages). Ordering information is given on any current
center. Although increasing the number of branches in a masthead page.

dendrimer produces a larger total volume, all of the bulk is
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