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Catalysis is one of the most promising applications of metal-
lodendrimers. It is remarkable, however, that the plethora of
metallodendrimers published up to ntand functionalized with

metals at the periphery usually contain only one metal at each

terminus3# The clean introduction of transition-metal clusfers

at the branch termini of dendrimers represents a challenge whose
achievements would add a new dimension to the dendrimer field
including perspectives in catalysis, molecular electronics, and

materials science. It is probable that the lack of report in this

area is mostly due to the fact that, under standard thermal ‘:)')/
conditions, ligand-exchange reactions between cluster-bonded Py
carbonyls and phosphines lead to mixtures. We have sought to .fsﬂ:}

circumvent this problem using electron-transfer-chain (ETC)
catalysi§€ with the electron-reservoir complex [Bp(CMeg)],
1, as the catalysti’” The advantage of this technique is the
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selectivity related to the huge kinetic gain obtained at the radical l_,4-diaminobutane_—poly-(trimethylelgeamine) dendrimer of genera-
level due to the exergonic, thus fast, electron transfer in the crosstion 3 (DAB-G3§ with PPRCH,OH.1°To start, however, we used
redox chain step when the catalyst is correctly chosen. The stablethe diphosphine CHCH,).N(CH,PPh)., 3,° as a simple, model

genuine 19-electron complekis a clean reservoir of electrons
which has a sufficiently negative oxidation potenti@® (=
—1.94V vs FeC@'* in THF) and can be easily made, stored and
handled, and weighed accuratélysing this technique, we now

ligand. The reaction betweehand [Ry(CO);2]* (molar ratio:
1/1.05) in the presence of 0.1 equivbifn THF at 20°C led to
the complete disappearance of BRZO);,] in a few minutes and
the appearance of a mixture of chel&8éJu(CO),¢], monodentate

report the first synthesis of dendrimers whose branches are[3-Ru(CO)i] and bis-cluster3-{ Rus(CO)} ], 4. This type of

functionalized with a transition-metal cluster.

We chose [Rg(CO)y], a classic example of cluster chemistry,
whose catalytic properties have recently been empha%izéuk
dendritic ligand is the 32-branch dendritic phosptirsynthesized
by Reet? using the double phosphinomethylation of Meijers’s

(1) Bosman, A. W.; Janssen H. M.; Meijers, E. @hem. Re. 1999 99,
1665.

(2) Balzani, V.; Campagna, S.; Denti, G.; Juris, A.; Serroni, S.; Venturi,
M. Acc. Chem. Red.998 31, 26.

(3) (&) Newkome, G. R.; Moorefield C. N.; \gtle F. Dendritic Mol-
ecules: Concepts, Syntheses and PerspestiVCH: New York, 1996,
Chapter 8. (b) Newkome, G. R.; He, E.; Moorefield, C.Chem. Re. 1999
99, 1689.

(4) Dendrimer& and staf® structures with alkyneCo,(CO)s groups on
the branches are known: (a) Newkome, G. R.; Moorefield, @dlym. Prepr.
1993 34, 75; Seyferth, D.; Kugita, T.; Rheingold, A. L.; Yap, G. P. A.
Organometallics1995 14, 5362. (b) Marx, H.-W.; Moulines, F.; Wagner,
T.; Astruc, D.Angew. Chem., Int. Ed. Engl996 35, 1701; Constable, E.
C.; Housecroft, C. E.; Johnson, L. Morg. Chem.1962 1, 68.

(5) (&) The Chemistry of Metal Cluster Complex&river, D. F., Kaez,
H. D., Adams, R. D., Eds.; VCH: Weinheim, 1990. (b) Mingos, D. M. P.
Introduction to Cluster ChemistryPrentice Hall: Englewood Cliffs, 1990.
(c)Transition Metal Clusters and ColloigSchmid, G., Ed.; VCH: Weinheim,
1994. (d) Zanello, PStruct. Bondingl992 79, 101. (e) a few interesting

reaction was reported by Bruce with simple diphosphfié®.lt
is easily monitored by thin-layer chromatography and infrared
and 3P NMR spectroscopies and visualized by the rapid color
change from orange to dark red. On the other hand, the reaction
of 3 with [Ruz(CO),] in excess (1/4) and only 0.01 equiv bin
THF at 20°C led, in 20 min, to the formation of the air-stable,
light-sensitive bis-clustet as the only reaction product (Scheme
1). Excess [Ry(CO), was removed by crystallization upon
addition of ether, and was obtained in 73% yield of red crystals
after recrystallization from a pentanether mixture at-20°C.1?
Given the simplicity of the above characterization of the
reaction product by*P NMR?2 and the excellent selectivity of

(8) Reetz, M. T.; Lohmer, G.; Schwickardi, Rngew. Chem., Int. Ed. Engl
1997, 36, 1526; in this paper, Reetz also reported the synthesis of Pd, Ir, Rh,
and Ni complexes o2, some of which proved very efficient for the catalysis
of Heck-type reactions.

(9) de Brabander-van den Berg, E. M. M.; Meijer, E. Ahgew. Chem.,

Int. Ed. Engl.1993 32, 1308.

(10) For the use of PREH,0H in dendrimer chemistry, see also: Bardajc
M.; Kustos, M.; Caminade, A.-M.; Majoral, J.-P.; Chaudret,&ganome-
tallics 1997, 16, 403 and 3489.

(11) ETC-catalyzed substitution of carbonyl ligands by phosphines ig [Ru

publications have appeared on dendrimers centered on a cluster core: Gorman(CO),,] has been pioneered by Bruce’s group. See ref 6b and: (a) Bruce, M.

C. B.; Parkhurst, B. L.; Su, W. Y.; Chen, K.-¥. Am. Chem. S0d997, 119,
1141; Gorman, CAdv. Mater. 1998 10, 295; Gorman, C. B.; Smith, J. C.;
Hager, M. W.; Paekhurst, B. L.; Sierzputowska-Gracz, H.; Haney, Cl. A.
Am. Chem. Soc999 121, 9958; Wang, R.; Zheng, Z. Am. Chem. Soc.
1999 121, 3549. (f) Dendrimers containing boron and carbon clusters are
also knowre (g) Chatani, N.; Morimoto, T.; Fukomoto, Y.; Murai, $. Am.
Chem. Soc1998 120, 5335.

(6) (a) Kochi, J. KJ. Organomet. Cheni986 300, 139. (b) Bruce, M. I.
Coord. Chem. Re 1997 76, 1. (c) Chanon, MAcc. Chem. Red.987, 20,
214. (d) Astruc, D Electron Transfer and Radical Processes in Transition
Metal ChemistryVCH: New York, 1995; Chapter 6.

(7) For previous use of as ETC catalyst, see ref 6d and: (a) Astruc, D.
Acc. Chem. Re4997, 30, 383. (b) Alonso, E.; Ruiz, J.; Astruc, D. Cluster
Sci. 1998 9, 271.
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I.; Shaw, G.; Stone, F. G. Al. Chem. Soc., Chem. Comma@82 442. (b)
Bruce, M. I.; Hambley, T. W.; Nicholson, B. K.; Snow, M. B. Organomet.
Chem 1982 235, 83 and 2094. (c) Bruce, M. |.; Matisons, J. G.; Wallis, R.
G.; Patrick, J. M.; Skelton, B. W., White, A. H. Chem. Soc., Dalton Trans.
1983 2365 and 2375. (d) Bruce, M. |.; Matisons, J. G.; Nicholson, BJK.
Organomet. Cheml983 247, 321.

(12) Analysis of4. Calcd for GiH3:NP,RuO2,: C, 36.50; H, 1.86; N, 0.83.
Found: C, 36.48; H, 1.95; N, 0.82. Major peaks in the FAB(mass
spectrum: [M— 7CO], [M — 8CO] and [M— 9CO]. See Figure 1 for th&P
NMR spectrum and the Supporting Information for the synthetic procedures
and spectroscopic data. The characteristic chelate bane=a2078 cnt? is
not observed in the IR spectrum, contrary to the spectrum of the reaction
with only 1 equiv of [Ry(CO),7]. For similar observations and assignments
with other diphosphines, see ref 11b.
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Figure 1. {H}3P NMR spectra of [Ch(CH):,N(CHPPh)2*{ Rus-
(CO)1}2l, 4 (top), DAB-dendrG3-[N(CHPPh),] 16, 2 (middle) and DAB-
dendr[N{CH,PPhRu(CO)1}2]16, 5 (bottom); 6 (ppm vs HPQ, 81
MHz, CDCL).

this model reaction when excess JR0O),,] was used, we could

more confidently envisage the same reaction between the phos

phine dendrimers such a& and [Ry(CO),. This reaction,
catalyzed by 1% equiv df, was carried out in THF at 2TC for
12 h using 0.1 g (0.012 mmol) & and 0.51 g (0.80 mmol) of
[Rus(CO),,). Excess [Ry(CO) 5 was then removed likewise after

several crystallizations, although the infrared spectrum indicated

that traces were retained in the metallodendrigdt is now a

and 3P NMR spectra suitably compare to those of the model
bis-cluster compound as shown for the latter in Figure 1; in
particular, a single peak is observed®#® NMR, and it is clear

that the noncoordinated phosphine or chelating phosphine are not
observed. This shows the selectivity and completion of the
coordination of each of the 32 phosphino ligand8db a Ru-
(CO)y; cluster fragment irb (Scheme 2).

Monoelectronic reduction of [R(CO),] by 1 generates the
ion pair [[Rus(CO)2*~, 11] and is exergonic since the potential
of irreversible reduction of [R(CO), is E, = —1.07 V vs
FeCp®* (THF, 0.1 V/s, 20°C), i.e., 0.87 V less negative than
the standard oxidation potential @f(the electrostatic factor is
small). In the presence &for 3, scanning the cyclovoltammogram
of [Ruz(CO) ] lets its wave rapidly disappear and be replaced
by the irreversible wave of the phosphine substituted cluster at
—1.80 V vs FeCg'".611 Meanwhile, the color changes from
orange to deep red, which confirms that the Coulombic efficiency
is very high. We believe the ETC mechanism proceeds for the
introduction of the 32-cluster fragments in the dendrimer as shown
in Scheme 3 for ligation of the first R(CO); fragment to2.
Then, this first complexd-Rug(CO);4] would undergo the same
ETC cycle as [Rg(CO), 4] initially does to generate the bis-cluster
complex P-{Ru(CO)4},], and so on.

Finally, the 64-branch phosphine DAdendrG4-[N(CH,-
PPh),]s2, 6, analogously reacts with [R(CO);] and 1%1 (20
°C, THF, 20 mn) to give the dark red complg&:[Ru3(CO)1]e4},

7, which is slightly soluble in CDG| 7 showed the expected
peak in3P NMR at 33.1 ppm and no peak for noncoordinated
(—28.7 ppm) or chelating phosphines (33.6 ppm) and its IR
spectrum showed the absence of band at 2078 cm? for

‘chelating phosphines. Due to surface billglso retains a large

amount of THF molecules (observed in the¢ and *3C NMR
spectra) even after several days under vacuum.

The use ofl as an ETC catalyst for the introduction of other
clusters onto dendrimers is being investigated.

Supporting Information Available: Syntheses and analytical and

well-recognized feature that most large dendrimers retain various spectroscopic data for the new compounds (PDF). This material is

hosts tenacioush#:*®> The dendrimer-cluster assemb8/ was

obtained as a very air- and light-sensitive red powder in 50%

yield after drying under vacuum for several daysts infrared

(13) For the use of'P NMR in dendrimer chemistry, see: Majoral, J.-P.;
Caminade, A.-MChem. Re. 1999 99, 845.

(14) Seeref 1 and: (a) Lange, P.; Schier, A.; Schmidbauendig. Chem.
1996 35, 637. (b) Archut, A.; Vatle, F.; De Cola, L.; Azellini, G. C.; Balzani,
V.; Ramanujan, P. S.; Berg, R. i&hem. Eur. J1998 4, 699.

available free of charge via the Internet at http://pubs.acs.org.
JA994332]

(15) Analysis of5. Calcd for GsgHsedN30P3RWeOss2: C, 37.26; H, 2.04;
N, 1.52. Found: C, 36.01; H, 1.87; N, 1.39; IR (KBr, cm%) 2096 (w),
2038 (m), 2017 (s), 1998 (s), 1980 (s), 1970 (m), a tiny residual band at 2058
cm ! and the elemental analysis indicate the presence of traces #€0@N,]
entrapped in the dendrimefP NMR: ¢ = 33.13 ppm vs HPO;, see Figure
1.




