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The synthesis of phosphino-terminated dendrimers is described up to the tenth generation, which possess more
than 3000 phosphino group3-[G'1q]). Several complexation reactions of these dendrimers toward various low
oxidation states transition metal derivatives have been carried out, up to generation 5 f&{®}):(96 PhP—Fe-

(CO), groups), generation 4 for tungsteh[G'4]: 48 PRP—W(CO)s groups), generation 10 for golé-{G'1q]:

3072 PhP—Au—CI groups), and generation 6 for rhodiud+-[G'e]: 192 PhP—Rh(acac)(CO) groups). These
reactions demonstrate that the phosphino-terminated dendrimers behave analogously to monophosphines, in spite
of the nanometer size of the high generations.

Introduction different types of transition metals; this behavior can be
f anticipated mainly for phosphino-terminated dendrimers. In a
aprevious report, we described the synthesis of diphosphino-
terminated dendrimers leading to chelate complexes of Pd, Pt,
and Rh up to the third generatiénwWe report here an extension

of this concept, with the study of the complexation ability of
phosphino-terminated dendrimers toward Fe, W, Rh, and Au
in low oxidation states, up to the fifth, the fourth, the sixth,

The synthesis of dendrimers, highly branched polymers o
defined structure, attracts considerable attention, both from
fundamental viewpoint and for the great variety of expected
applications. One of the most active current areas of research
is the incorporation of transition metals into such structures.
For instance, transition metal complexes may serve as building
blocks in the construction of dendrimérsHowever, in this ; .
case, any wish to change the nature of the metal necessitateglnd the tenth.generanons, res_pecnvely. .
that the synthesis be begun again from the core. For several Such dend(ltlc organo_metalllc macromolecules might presept
purposes (catalysis for example) it is not absolutely necessarySome Interesting properties as cgtalysts. Indeed a few dendrim-
to have metals included in the skeleton of the dendrimer but €™ hav_lng metal centers as termination groups _have shown such
only localized on the periphery. This may be achieved either properties: arylnlckgl(ll) dendrlmers are effective as catalysts
by grafting an organometallic fragment during the last step of for the Karasch addition reaction of polyhaloalkanes to olefifies,

the synthesfsor by direct complexation of alkyné-nitrogen-? 2ng7ch?§& g%xr/lpgfllzggwcgagglexes allowed the electro-
or phosphine-terminated dendrimérsThe advantage of such :
a procedure is that one type of dendrimer may serve to complexgxperimental Section
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spectra were recorded on Bruker AC 80 and AC 200 spectrometers.134.1 (s,CH=N—N—CH,), 137.5 (d,*Jcp = 13.5 Hz,i-CeHs), 138.5
3P NMR chemical shifts are reported in parts per million relative to (m, CH=N), 149.5 (d,?Jcp, = 7.4 Hz, GY), 151.1 (m, G, Ci%, G,

85% HPO,.
The numbering used fot’C and 3P NMR is depicted in the
following scheme:

. Co2:Cy° CH c2zcy® CHy Co2= 033 CHg
N
~Po-0-Cq! Co*C=N-N- Pi=0-Cy! //c‘*- C=N-N-PO-Cpl ,Co*C=N-I Pl ete,
\ I\ i R 7
s C2-Co® M C2-Cy? C,2-C;° H S

General Procedure for the Synthesis of Dendrimers 3-[G] (Ph.P
End Groups). Neat diphenylphosphine (0.2 mL, 1.16 mmol) and

Csl). Anal. Calcd for QSGM132W186093P94S46: C, 6261, H, 507, N,
9.93. Found: C, 62.40; H, 4.93; N, 9.81.

3-[G's]. White powder; 87% yield, mp 136C. 3P {H} NMR
(CDCl): 6 —23.3 (s, PP¥), 51.8 (s, ), 61.5 (s, R, P»), 61.6 (s, B),
61.8 (s, B), 62.0 (s, B). 'HNMR (CDCl): 62.9 (brs, 288 H, Ch—
N—CHs), 3.4 (m, 279 H, R5s—N—CHj3), 4.2 (br s, 192 H, Ch), 7.1~
7.6 (m, 1905 H, GHs, CeH4, and CH=N). 3C {H} NMR (CDClL):
0 33.0 (d,2Jcp,_; = 13.9 Hz, R—-s—N—CHz), 38.8 (d,3Jcp = 6.3 Hz,
CH,—N—CHs), 60.9 (d,XJcp = 10.4 Hz, CH), 121.2 (br s, &), 121.7
(m, Coz, Clz, C22, C32, C42), 126.4 (S, @3), 128.2 (S, 63, C13, C23, C33,

paraformaldehyde (0.0348 g) are heated in a pressure Schlenk tube fOI’cAs) 128.3 (d,3Jcp = 6.9 Hz, m-CeHs), 128.5 (s,p-CeHs), 130.6 (s

90 min at 120°C to afford PABPCH,OH.° Then, a solution 02-[G']8¢

(n =1, 0.154 g, 0.097 mmokh = 2, 0.196 g, 0.048 mmoh = 3,
0.194 g, 0.024 mmoln = 4, 0.200 g, 0.012 mmoh = 5, 0.205 g,
0.006 mmol;n = 6, 0.206 g, 0.003 mmoh = 10, 0.166 g, 0.1xmol)

in 5 mL of tetrahydrofuran (THF) is added. The resulting mixture is
heated for 3 days at 6% under stirring. Then, the solvent is removed
to give a yellow oil. Washings with pentane/ether (1:1)(2.0 mL)
eliminate an excess of FCHOH and give3-[G';] as a white powder.

3-[G'1]. White powder; 88% vyield, mp 88C. 3P {H} NMR
(CDCl): 0 —23.4 (s, PP}), 51.7 (s, ), 61.9 (5, ). H NMR
(CDCly): 6 3.0 (brs, 18 H, Ck—N—CHs), 3.4 (d,3J4p, = 9.8 Hz, 9
H, PP—N—CHj), 4.2 (br s, 12 H, Ch), 7.2—7.6 (m, 105 H, GHs, CsHa,
and CH=N). 23C {IH} NMR (CDCl): ¢ 33.1 (d,2Jcp, = 12.7 Hz,
P,—N—CH), 38.9 (d,3Jcp = 6.7 Hz, CH—N—CHg), 61.0 (d,"Jcp =
10.9 Hz, CH), 121.4 (d,3Jcr,, = 4.0 Hz, G C/?), 126.6 (s, &),
128.3 (s, @), 128.4 (d,2Jcp = 6.0 Hz, mC¢Hs), 128.6 (s,p-CeHs),
130.6 (s, G%, 132.9 (s, 6%, 133.0 (dJcp = 18.7 Hz,0-CHs), 134.2
(s,CH=N—N—CH,), 137.7 (d,\Jcp = 14.0 Hz,i-CsHs), 138.2 (d 2Jcp,
= 12.2 Hz, CH=N), 149.6 (d,2Jcp, = 7.9 Hz, GY), 151.1 (d,2Jcp, =
7.7 Hz, GY). Anal. Calcd for GsgH144N1800P10Ss: C, 64.79; H, 5.22;
N, 9.07. Found: C, 64.48; H, 5.11; N, 8.89.

3-[G'2]. White powder; 89% yield, mp 104C. 3P {1H} NMR
(CDCls): ¢ —23.4 (s, PP}), 51.8 (s, B), 61.7 (s, B), 62.0 (s, P). *H
NMR (CDCl): 6 2.9 (brs, 36 H, Cl-N—CHg), 3.4 (m, 27 H, Ro—
N—CHs), 4.2 (br s, 24 H, Ch), 7.1-7.6 (m, 225 H, GHs, CeH4, and
CH=N). 13C {H} NMR (CDCly): ¢ 33.0 (d,Jcp,,= 12.3 Hz, Ro—
N_CH3), 38.9 (d,chp =6.6 HZ, CH_N_CH3), 61.0 (d,l\](;p: 10.6
Hz, CHy), 121.3 (d2Jcp, = 4.1 Hz, G?), 121.7 (m, @, C?), 126.5 (s,
C%), 128.3 (s, &, C.9), 128.4 (d,%Jcp = 6.2 Hz,mC¢H5s), 128.6 (s,
p-CeHs), 130.6 (s, G%), 132.1 (s, G, C¥), 132.9 (d,2Jcp = 18.6 Hz,
0-CeHs), 134.1 (SCH=N—N—CHj), 137.6 (d Xcp= 13.2 Hz,i-CcHs),
138.5 (m, CH=N), 149.5 (d 2Jcp, = 7.9 Hz, GY), 151.2 (m, G, C1).
Anal. Calcd for GogHz1IN4021P22S10: C, 63.46; H, 5.13; N, 9.59.
Found: C, 63.09; H, 5.04; N, 9.41.

3-[G'3]. White powder; 90% vyield, mp 122C. 3P {*H} NMR
(CDCls): 6 —23.3(s, PP}, 51.8 (s, g, 61.5(s, ), 61.8 (s, B), 62.0
(s, B). *HNMR (CDCl): 6 2.9 (brs, 72 H, Ck—N—CHs), 3.4 (m,
63 H, R_5—N—CHj), 4.2 (br s, 48 H, Ch), 7.1-7.6 (m, 465 H, GHs,
CeH4, and CH=N) 15C {IH} NMR (CDC|3) 0 33.0 (d,z\]cpl_3 =
12.7 Hz, R—-3—N—CHs), 38.8 (d,%Jcp = 6.3 Hz, CH—N—CHj3), 60.9
(d, Yep = 10.5 Hz, CH), 121.3 (d,3Jcp, = 3.1 Hz, G?), 121.7 (m,
Co?, G2, CP), 126.5 (s, G), 128.2 (s, &, Ci5, CF), 128.3 (d,3Jcp =
6.8 Hz,m-CsHs), 128.6 (sp-CeHs), 130.6 (s, G%), 132.1 (m, G*, Ci4,
C2%, 132.9 (d,2Jcp = 18.3 Hz,0-CgHs), 134.1 (s,CH=N—N—CH,),
137.5 (d,"Jcp = 13.2 Hz,i-C¢Hs), 138.5 (m, CH=N), 149.4 (d,2Jcp,
=7.3Hz, GY), 151.1 (d2Jcp, , = 6.0 Hz, G, C;%, GY). Anal. Calcd
for Cs7oHeadNooOusPssS2: C, 62.88; H, 5.09; N, 9.82. Found: C, 62.63;
H, 4.93; N, 9.70.

3-[G'4]. White powder; 84% yield, mp 128C. 3P {*H} NMR
(CDCls): 6 —23.3 (s, PP$),51.8 (s, ), 61.5(s, R, P,), 61.8 (s, B),
62.0 (s, B). H NMR (CDCl): 6 2.9 (br s, 144 H, Ck--N—CH3),
3.4 (m, 135 H, R4—N—CHs), 4.2 (br s, 96 H, Ch), 7.1-7.6 (m, 945
H, CeHs, CsHa, and CH=N). 3C {*H} NMR (CDCl): ¢ 33.0 (d,
2Jep,_, = 14.0 Hz, R—-4—N—CHg), 38.8 (d,3Jcp = 6.2 Hz, CH—N—
CHs), 60.9 (d,%Jcp = 10.2 Hz, CH), 121.3 (d,2Jcp, = 3.5 Hz, G?),
121.7 (m, @, C? CA G, 1265 (s, @), 128.2 (s, &, C3, CF,
Cs®), 128.3 (d,3Jcp = 6.5 Hz, mCgHs), 128.5 (s,p-CeHs), 130.6 (s,
C44), 131.2 (m, 64, C14, 024, C34), 133.0 (d,z.]cp: 18.5 HZ,O-CeHs),

(9) Hellmann, H.; Bader, J.; Birkner, H.; Schumacher,L@bigs Ann.
Chem.1962 659, 49.

C54), 131.1 (m, G4, C14, Cz4, C34, C44), 132.9 (d,ZJcp = 18.6 Hz,
0-CgHs), 134.1 (SCH=N—N—CHj), 137.5 (d,\Jcp = 13.9 Hz,i-CHs),
138.3 (M, CH=N), 149.4 (d,ZJcp, = 7.3Hz, GY), 151.1 (m, G, C.%,
Czl, Cgl, C41). Anal. Calcd for G75d‘|2654N378018gPlgoSg4: C, 6248,
H, 5.06; N, 9.98. Found: C, 62.08; H, 4.97; N, 9.81.

3-[G'e]. White powder; 88% yield, mp 138C. 3P {!H} NMR
(CDCly): 6 —23.3 (s, PPJ), 51.8 (s, B), 61.5 (s, R, P»), 61.6 (s, B,
Ps), 61.8 (s, B), 62.0 (s, B). H NMR (CDCLk): ¢ 2.9 (br s, 576 H,
CH,—N—CHjs), 3.4 (m, 567 H, R.s—N—CHs), 4.2 (br s, 384 H, Cbh),
7.1-7.6 (m, 3825 H, GHs, CsHs, and CH=N). °C {H} NMR
(CDC|3): 033.0 (erJCP1—e = 13.0 Hz, Hfs_N_CHs), 38.8 (d,3Jcp:
6.3 Hz, CH—N—CH), 60.8 (d,%Jcp = 11.6 Hz, CH), 121.2 (br s,
Ced), 121.7 (m, @, C2 C2, C C2 GCs?), 126.4 (s, @), 128.2 (s,
Cos, C13, C23, C33, C43, C53), 128.3 (d,g.]cpz 6.9 HZ,I’n—CeHs), 128.5
(s,p-CeHs), 130.6 (s, 6%, 131.1 (m, G, C4, C*, Cs, C44, C5), 132.9
(d, 2Jop = 18.6 Hz,0-CeHs), 134.1 (s,CH=N—N-CH,), 137.5 (d,
Jcp = 13.4 Hz,i-CgHs), 138.4 (m, CH=N), 149.4 (d,2Jcp, = 7.3 Hz,
Cs), 151.1 (m, @&, Ci, G Ggi, G, GsY). Anal. Caled for
C554H535ﬂ\l7620381P382$190: C, 6242, H, 505, N, 10.00. Found: C,
62.15; H, 4.94; N, 9.87.

3-[G'1g]. White powder; 92% yield.3'P {*H} NMR (CDCl): ¢
—22.8 (s, PPy, 61.5-62.0 (br s, P—Pyg). H NMR (CDCly): 6 2.8
(s, 9216 H, CH—N—CHj3), 3.3 (m, 9207 H, P-10—N—CHz), 4.1 (br s,
6144 H, CH), 7.2-7.7 (m, 58353 H, @Hs, CsHs, and CH=N). 23C
{*H} NMR (CDCl): ¢ 32.8 (d,2Jcp,_,, = 13.1 Hz, R-10—N—CHs),
39.0 (d,%Jcp = 6.5 Hz, CH—N—CHj3), 60.8 (d,.Jcp = 11 Hz, CH),
121.2 (brs, @P), 121.7 (br s, @, Ci?, C2, C&, C2, Cs?, C?, CA, Ce?,
Ce?), 126.4 (s, G°), 128.2 (s, &, C3, G5, C&, C, G, C6®, G, C&?,
Cgs), 128.3 (d,s.]cp = 6.5 HZ,I’T]-CeHs), 128.6 (S,p-C6H5), 130.5 (S,
Cid), 131.3 (s, G Ci%, CA, G G G, C4, G4 G, Co%), 132.9
(d, ZJCP =18 HZ,O-CeH5), 134.0 (S,CH=N_N_CH2), 137.4 (d,lJcp
= 13 Hz,i-CsHs), 139.0 (m, CH=N), 150.1 (d,?Jcp,, = 7 Hz, Gib),
151.4 (m, Gl, C11, Czl, Csl, C4l, C51, Cel, C7l, Csl, Cgl, Clol).

General Procedure for the Synthesis of Dendrimers 4-[G]
(Ph,P—Fe(CO), End Groups). To a solution of 0.1 g of dendrimer
3-[G'n] (n = 1, 0.036 mmol;n = 2, 0.0163 mmol;n = 3, 0.0078
mmol; n = 4, 0.0038 mmoln = 5, 0.0019 mmol) in 5 mL of THF is
added FgCO) (n = 1, 0.086 g, 0.24 mmoln = 2, 0.080 g, 0.22
mmol;n =3, 0.076 g, 0.21 mmoh = 4, 0.073 g, 0.20 mmoh =5,
0.073 g, 0.20 mmol). The resulting mixture is stirred for 12 h at room
temperature and then filtered. The solvent is removed under vacuum
to give a brown oil which is washed with ether £10 mL) to give
the iron complex4-[G',] as a brown powder.

4-[G'4]). Brown powder; 85% yield, mp 118C. 3P {H} NMR
(CDCL): 6 51.8 (s, B), 61.7 (s, B), 67.1 (s, PPY). H NMR
(CDCly): 6 2.8 (s, 18 H, CHH—N—CHj3), 3.4 (br s, 9 H, P-N—CHj),
4.6 (s, 12 H, CH), 7.0~7.7 (m, 105 H, @Hs, CeHs, and CH=N). 13C
{*H} NMR (CDCly): 6 32.9 (d,2Jcp, = 12.8 Hz, R—N—CHj), 39.0
(s, CHh—N—CHj3), 62.5 (d,*Jcp = 34.8 Hz, CH), 121.3 (br s, &,
Ci?), 126.5 (s, &), 128.4 (s, @), 128.5 (d,2Jcp = 9.8 Hz,m-CeHs),
130.1 (s, G, 130.7 (s,p-CeHs), 131.8 (s, @Y, 132.8 (d,2Jcp = 9.8
Hz, O-CeHs), 133.1 (d,lJcp = 38.6 HZ,i-CeHs), 133.7 (S,CH=N_
N—CH,), 137.8 (d,3Jcp, = 12.4 Hz, CH=N), 149.6 (d,2Jcp, = 7.5
Hz, GiY), 151.1 (d,2Jep, = 7.6 Hz, GY), 213.1 (d,2)ep = 18.5 Hz,
CO). IR (KBr): 2046, 1971, 1923vt—o) cm. Anal. Calcd for
Cr7aH14N16Fe5033P10Ss: C, 55.17; H, 3.83; N, 6.66. Found: C, 54.88;
H, 3.71; N, 6.51.

4-[G';]. Brown powder; 87% yield, mp 121C. 3P {*H} NMR
(CDCl): 6 51.9 (s, B), 61.3 (s, ), 61.8 (s, P), 67.0 (s, PP}. H
NMR (CDCl): 6 2.8 (s, 36 H, CH—N—CHg3), 3.3 (br s, 27 H, P—
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N—CHs), 4.5 (s, 24 H, Ch), 7.0-7.7 (m, 225 H, GHs, C¢H4, and
CH=N). 13C {*H} NMR (CDCl): ¢ 32.9 (d,2Jcp,,= 12.8 Hz, Ro—
N—CHj), 39.0 (s, CH—N—CHjs), 62.5 (d,%Jcp = 34.5 Hz, CH), 121.2
(brs, G?), 121.7 (m, @&, C;?), 126.4 (s, &), 128.2 (s, &, C3), 128.4
(d, 3Jcp = 9.6 Hz,m-C;Hs), 130.1 (s, G*), 130.7 (sp-CgHs), 131.1 (s,
Co4, C14), 132.8 (d,ZJcp =9.2 HZ,O-CeHs), 133.0 (d,lJcp = 38.6 Hz,
i-CeHs), 133.7 (SCH=N—N—CH,), 138.0 (m, CH=N), 149.5 (d 2Jcp,
=7.3Hz, GY, 151.2 (m, G, C?), 213.0 (d2Jep = 18.3 Hz, CO). IR
(KBr): 2047, 1972, 1922yc—0) cm™. Anal. Calcd for GzHzir
NaoFe,0sP20S10: C, 54.84; H, 3.86; N, 7.22. Found: C, 54.61; H,
3.71; N, 7.09.

4-[G'3]. Brown powder; 91% yield, mp 123C. 3P {*H} NMR
(CDClg): ¢51.9 (s, B), 61.3 (s, B), 61.5 (s, B), 61.7 (s, B), 67.0 (s,
PPh). *H NMR (CDCl): 6 2.7 (s, 72 H, CH—N—CHs), 3.4 (br s,
63 H, R_3—N—CHjy), 4.5 (s, 48 H, CH), 7.0-7.7 (m, 465 H, GHs,
CeH4, and CH=N) 13C {IH} NMR (CDC|3) 0 33.0 (d,z\]cpk3 =
13.0 Hz, R—-3—N—CHg), 39.0 (s, CH—N—CHg), 62.5 (d,"Jcp = 34.7
Hz, CH,), 121.2 (br s3Jecp, = 3.1 Hz, G?, 121.7 (m, @, Ci2, CH),
126.4 (s, G°), 128.4 (br d3Jcp = 7.6 Hz,mCgHs and G?, C:3, C9),
130.0 (s, G%), 130.7 (s,p-CeHs), 131.8 (m, @*, C*, G, 132.7 (d,
ZJCP = 8.5 HZ,O-CeHs), 133.0 (d,lJcp = 37.7 HZ,i-CGHs), 134.7 (S,
CH=N—-N-CH,), 138.6 (m, CH=N), 149.5 (d,Jcp, = 7.7 Hz, GY),
151.1 (d,z\](;p,}2 = 6.0 Hz, Ql, Cll, Czl) 213.0 (d,z\]cp = 17.4 Hz,
CO). IR (KBr): 2046, 1970, 1923/¢-c) cmt. Anal. Calcd for Gsg
HeagNooF€240141P46S2: C, 54.70; H, 3.87; N, 7.47. Found: C, 54.57;
H, 3.80; N, 7.29.

4-[G'4]. Brown powder; 90% yield, mp 131C. 3P {*H} NMR
(CDCls): 6 51.9 (s, B), 61.3 (s, ), 61.5 (s, B), 61.5 (s, B), 61.7 (s,
P,), 67.0 (s, PP$. H NMR (CDCl): o 2.8 (s, 144 H, Ch+—N—
CHg), 3.3 (br s, 135 H, R4—N—CHj), 4.5 (s, 96 H, CH), 7.1-7.6
(m, 945 H, GHs, CeHa, and CH=N). 3C {*H} NMR (CDCL): ¢
33.0 (d,2Jcp,_, = 12.1 Hz, R—4—N—CHz), 38.9 (s, CH—N—CHjy),
62.4 (d,%Jcp = 30.2 Hz, CH), 121.2 (d,3Jcp, = 3.5 Hz, G?), 121.6
(m, G C? CA CH), 126.4 (s, G¥), 128.4 (br d3Jcp= 8.4 Hz,m-CeHs
and G3, C8, C8, C39), 130.1 (s, GY), 130.7 (s,p-CeHs), 131.1 (m,
Co4, C14, C24, C34), 132.8 (d,2.]cp =9.3 HZ,O-CeHs), 133.1 (d,lJcp =
39.1 Hz,i-CgHs), 133.7 (SCH=N—N—CHy), 138.6 (m, CH=N), 149.5
(d, ZJcp4 =7.3Hz, Ql), 151.2 (m, Gl, Cll, Czl, C31), 213.0 (d,z.]cpz
18.8 Hz, CO). IR (KBr): 2046, 1969, 1924d-c) cm™*. Anal. Calcd
for CisedH132N 18- €480285P04S6. C, 54.63; H, 3.88; N, 7.60. Found:
C, 54.45; H, 3.71; N, 7.48.

4-[G's]. Brown powder; 89% yield, mp 141C. 3P {*H} NMR
(CDCly): 651.9 (s, B),61.3 (s, R P,), 61.4 (s, B), 61.5(s, R), 62.0
(s, R), 67.0 (s, PPJ). H NMR (CDCL): 6 2.8 (s, 288 H, Ch—N—
CHa), 3.3 (br s, 279 H, Rs—N—CHj), 4.4 (s, 192 H, Ch), 7.1-7.6
(m, 1905 H, GHs, CgH4, and CH=N). 3C {H} NMR (CDCly): &
33.0 (d,2Jcp_s = 13.4 Hz, R-s—N—CHg), 39.1 (s, CH—N—CHjy),
62.7 (d,%Jcp = 32.6 Hz, CH), 121.3 (s, @), 121.8 (m, @&, C;?, C2,
Cs?, C), 126.6 (s, &), 128.5 (d,3Jcp = 7.9 Hz,m-CeHs and G?, C;3,
Cgs, C33, C43), 130.2 (S, @4), 130.8 (S,p-CGH5), 131.1 (m, 64, 014,
C24, C34, C44), 132.9 (d,chp: 7.0 HZ,O-CeHs), 133.1 (d,l\]cp = 38.5
Hz, i-CeHs), 133.8 (sCH=N—N—CHj), 137.9 (m, CH=N), 149.6 (d,
Z‘JCFE =77 HZ, Cgl), 151.4 (m, Gl, Cll, Czl, C31, C41), 213.0 (d,chp
= 17.9 Hz, CO). IR (KBr): 2045, 1969, 192@d-0) cm™*. Anal.
Calcd for Q14J'|2654N37d:8350573plg()894: C, 5460, H, 388, N, 7.65.
Found: C, 54.35; H, 3.73; N, 7.43.

General Procedure for the Synthesis of Dendrimers 5-[G]
(Ph,P—W(CO)s End Groups). A solution of 0.1 g of dendrimer
3-[G's] (n = 1, 0.036 mmol;n = 2, 0.0163 mmol;n = 3, 0.0078
mmol; n = 4, 0.0038 mmol) in 10 mL of THF is added to a solution
of W(CO)(THF), obtained by irradiation of W(C@)n = 1, 0.1 g,
0.28 mmol;n = 2, 0.088 g, 0.25 mmoh = 3, 0.085 g, 0.243 mmol;
n =4, 0.084 g, 0.24 mmol) in THF (30 mL). The resulting mixture
is stirred fo 6 h atroom temperature, and then the solvent is removed
under vacuum to give a brown oil which is washed with ethex (20
mL) to give the tungsten comple[G',] as a yellow powder.

5-[G'1]. Yellow powder; 90% yield, mp 132C. 3P {*H} NMR
(CDCl): 6 16.1 (s,'Jpw = 241.9 Hz, PP}), 52.0 (s, ), 61.8 (s, P).
IH NMR (CDClg): 6 2.7 (s, 18 H, C—-N—CHg), 3.3 (br s, 9 H, P~
N—CHg), 4.5 (s, 12 H, CH), 7.0-7.7 (m, 105 H, GHs, CsHa, and
CH=N). 3C {*H} NMR (CDCl): ¢ 33.0 (d,?Jcp, = 12.9 Hz, R—
N—CHj), 38.9 (s, CH—N—CHj), 63.2 (d,*Jcp = 30.6 Hz, CH), 121.3
(br s, G?, C?), 126.6 (s, &), 128.6 (d,2Jcp = 9.2 Hz, m-C¢Hs and
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Co®), 130.2 (sp-CsHs), 130.9 (s, GY, 132.4 (s, @Y, 132.5 (d,2Jcp =
10.7 Hz,0-CgHs), 133.7 (s,CH=N—N—-CH,), 134.9 (d,"Jcp = 39.0
Hz, i-CeHs), 138.6 (d3Jch, = 12.3 Hz, CH=N), 149.7 (d 2Jcp, = 7.3
Hz, Cll), 151.1 (d,ZJch =77 HZ, le), 196.7 (d,ZJCPZ 6.8 HZ,]'.](;W

= 119.3 Hz,cis-CO), 199.4 (d2Jcp = 21.8 Hz,transCO). IR (KBr):
2069, 1981, 1918 t—0) cm L. Anal. Calcd for GgoHiaNig
OsP10SWe: C, 45.76; H, 3.07; N, 5.34. Found: C, 45.51; H, 2.93;
N, 5.22.

5-[G';]. Yellow powder; 91% yield, mp 138C. 3P {H} NMR
(CDCly): 6 16.1 (s,%3pw = 241.1 Hz, PP}, 52.0 (s, B), 61.6 (s, P),
62.0 (s, B). H NMR (CDCl): 6 2.7 (s, 36 H, CH—N—CHj3), 3.3
(br s, 27 H, R,—N—CHg), 4.5 (s, 24 H, CH), 7.0-7.7 (m, 225 H,
CeHs, CsHa, and CH=N). 13C {1H} NMR (CDCly): ¢ 33.0 (d,2Jcp,,
=13.1 Hz, R,—N—CHz), 38.9 (s, CH—N—CHj), 63.2 (d,3Jcp = 30.8
Hz, CH,), 121.2 (d,3Jcp, = 4.1 Hz, G?), 122.1 (m, @, C;?) 126.6 (s,
Czs), 128.6 (d,s\](;p: 8.9 HZ,ITI-CGH5 and Q)S, C]_S), 130.1 (Sp-C6H5),
130.8 (s, G%, 131.1 (s, G, Ci*), 132.4 (d,2Jcp = 10.7 Hz,0-C¢Hs),
133.7 (s,CH=N—N—CH,), 134.9 (d,Jcp = 38.8 Hz,i-CsHs), 138.6
(m, CH=N), 149.6 (d 2Jcp, = 6.9 Hz, GY), 151.3 (m, @', C;Y), 196.7
(d, 2Jcp = 7.0 Hz,3Jcw = 120.5 Hz,cis-CO), 199.4 (d2Jcp = 21.6
Hz,transCO). IR (KBr): 2069, 1981, 1914/¢—0) cm™%. Anal. Calcd
for CagdHz1N42081P22S10W12: C, 46.03; H, 3.14; N, 5.87. Found: C,
45.78; H, 3.06; N, 5.69.

5-[G'3]. Yellow powder; 90% yield, mp 139C. 3P {*H} NMR
(CDCly): 6 16.1 (s,%3pw = 240.7 Hz, PP}, 52.0 (s, B), 61.2 (s, P),
61.6 (s, B), 62.0 (s, B). H NMR (CDCly): 6 2.6 (s, 72 H, Ch—
N—CHg), 3.3 (br s, 63 H, R3—N—CHj), 4.4 (s, 48 H, Ch), 7.0-7.6
(m, 465 H, GHs, CeHs, and CH=N). 3C {H} NMR (CDCLk): ¢
33.0 (d,%Jcp,_;, = 12.9 Hz, R—3—N—CHs), 38.9 (s, CH—N—CHjy),
63.3 (d,Jcp = 32.0 Hz, CH), 121.2 (br s, &), 121.8 (m, &, C:3,
C22) 126.5 (S, 63), 128.5 (d,s.]cpz 8.9 HZ,I’T]-CGH5 and Q)g, Cls, Czs),
130.1 (sp-CeHs), 130.8 (s, GY), 132.1 (s, G, C*, &), 132.4 (dJcp
= 10.5 Hz,0-CgHs), 133.6 (sSCH=N—N—CHj), 134.9 (d Jcp= 38.7
Hz, i-CsHs), 138.6 (m, CH=N), 149.6 (d,2Jcp, = 7.3 Hz, G'), 151.1
(m, G, Ci4, G3Y), 196.7 (d,2Jcp = 6.4 Hz,WJow = 122.3 Hz,cis-CO),
199.4 (d,?Jcp = 23.1 Hz,transCO). IR (KBr): 2069, 1981, 1923
(’l/(;:o) Cmﬁl_ Anal. Calcd for G92H64W900165JD46822W24: C, 4616,
H, 3.17; N, 6.12. Found: C, 46.00; H, 3.08; N, 5.98.

5-[G'4]. Yellow powder; 88% yield, mp 148C. 3P {*H} NMR
(CDCl): 6 16.1 (s,\pw = 237.6 Hz, PP}, 52.0 (s, B), 61.2 (s, R,
P,), 61.6 (s, B), 62.0 (s, B). 'H NMR (CDCL): 6 2.5 (s, 144 H,
CH,—N—CHa), 3.3 (br s, 135 H, P4—N—CHj), 4.4 (s, 96 H, CH),
7.0-7.7 (m, 945 H, GHs, CeHs, and CH=N). 3C {*H} NMR
(CDCly): 6 32.9 (d,2Jcp,_, = 13.1 Hz, R—4—N—CHj), 38.8 (s, CH—
N—CHa), 63.2 (d,}cp = 33.2 Hz, CH), 121.1 (br s, G®), 121.7 (m,
Coz, Clz, C22, ng) 126.5 (S, Qs), 128.5 (d,s.]cpz 8.7 HZ,rﬂ-CeHs and
Co®, C8, CB, G5, 130.0 (s,p-CeHs), 130.8 (s, @Y, 131.2 (m, G,
C14, C24, C34), 132.3 (d,chp = 10.7 HZ,O-CsHs), 133.6 (S,CH=N_
N—CH,), 134.9 (d,XJcp = 38.7 Hz,i-C¢Hs), 138.5 (m, CH=N), 149.6
(d, ZJCPA =7.1Hz, Ql), 151.1 (m, Gl, Cll, Czl, C31), 196.6 (d,chp:
6.8 Hz,Jcw = 123.9 Hz,cis-CO), 199.4 (d2Jcp = 23.4 Hz,trans
CO). IR (KBr): 2069, 1981, 1920/¢—c) cm . Anal. Calcd for Geog
H132(N;|_850333Pg4846W4gI C, 4622, H, 318, N, 6.23. Found: C, 4598,
H, 3.06; N, 6.10.

General Procedure for the Synthesis of Dendrimers 6-[G]
(Ph,P—Au—ClI End Groups). To a solution of dendrime3-[G'] (n
=1, 0.1 g, 0.036 mmoln = 4, 0.1 g, 3.8¢mol; n =5, 0.1 g, 1.88
umol; n = 6, 0.083 g, 0.7&mol; n = 10, 0.03 g, 0.017%mol) in
CH.CI, (20 mL) was added AuClI(thtin(= 1, 0.069 g, 0.22 mmok
=4, 0.059 g, 0.18 mmoh =5, 0.058 g, 0.18 mmoh = 6, 0.048 g,
0.15 mmol;n = 10, 0.017 g, 53.7%mol) at room temperature. This
solution was stirred for 2 h, and then the solvent was concentrated to
ca 2 mL. Addition of diethyl ether (15 mL) afforded the gold complex
6-[G'n] as a white solid, which was washed with diethyl ethex(20
mL).

6-[G';]. White powder; 70% yield, mp 152 (dec). 3P {H} NMR
(CDCl): 6 21.0 (s, PP§), 525 (s, B), 625 (s, ). *H NMR
(CDCly): ¢ 3.0 (s, 18H, CH—N—CHg), 3.3 (d,3Jyp, = 10.6 Hz, 9 H,
P.—N—CHy), 4.5 (s, 12 H, CH), 7.1-7.7 (m, 105 H, GHs, CsH,, and
CH=N). 3C {!H} NMR (CDCl): ¢ 33.3 (d,2Jcp, = 13.0 Hz, R—
N—CHs), 39.0 (d,3Jcp = 4.4 Hz, CH—N—CHs), 59.4 (d,"Jcp = 38.6
Hz, CHy), 121.2 (m, @, C;?), 126.8 (s, &), 128.2 (d Jcp = 57.7 Hz,
i-CeHs), 128.4 (S, 63), 129.0 (d,s\]cp =114 HZ,I'n-CeH5), 131.8 (S,
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p-CsHs and G*), 132.9 (s, € andCH=N—N—CH), 133.6 (d2Jcp=
12.8 Hz,0-C¢Hs), 138.4 (br s, CHN), 149.8 (d,2Jcp, = 7.6 Hz, GY),
150.8 (d,2Jcp, = 7.6 Hz, GY). IR (KBr): 328 (M,vauy-c)) cm L. Anal.
Calcd for Qsd‘|144ngC|509P1054AUGI C, 4315, H, 348, N, 6.04.
Found: C, 43.2; H, 3.25; N, 5.8.

6-[G'4]. White powder; 75% yield, mp 16T (dec). 3'P{'H} NMR
(CDCL): 6 21.2 (s, PPY, 62.6 (s, B, P2, P5, Py). *H NMR (CDCly):
0 2.9 (s, 144H, Ck+N—CHs), 3.5 (br s, 135 H, R4,—N—CHjy), 4.4
(s, 96 H, CH), 7.0-7.6 (m, 945 H, GHs, CsHs, and CH=N). °C
{*H} NMR (CDCl3): ¢ 33.0 (d,?Jcp,_, = 17.1 Hz, R—4—N—CHg),
39.0 (s, CH—N—CHj3), 59.0 (d,%Jcp = 36.5 Hz, CH), 121.2 (br s,
C), 121.7 (m, @, C2, C2, C), 126.9 (s, @), 128.3 (d,\Jcp = 58
Hz, i-CeHs), 128.5 (s, & Ci3, C2, C¥), 129.0 (d,3Jcp = 11.4 Hz,
I'T\-CsHs), 131.8 (S,p-CGHs and QA), 132.3 (m, 64, C14, C24, C34,
CH=N—-N-CH), 133.5 (d,%Jcp = 12.6 Hz, 0-C¢Hs), 138.6 (m,
CH=N), 149.8 (d,z\](;p2 = 7.3 Hz, Ql), 151.0 (m, Gl, C]_l, Czl, Cgl).
IR (KBr): 327 (M, vau-c) cmt  Anal. Calcd for GasHizao
N186ClagO93PasSssAUss: C, 43.94; H, 3.56; N, 6.97. Found: C, 43.45;
H, 3.55; N, 6.45.

6-[G's]. White powder; 76% yield, mp 16TC (dec). 3P {*H} NMR
(CDCl): 6 21.1 (s, PP, 62.2 (s, R, P, Ps, Py P5). H NMR
(CDCls): 6 2.9 (s, 288H, CH—-N—CHj3), 3.3 (br s, 279 H, Ps—N—
CHs), 4.5 (s, 192 H, Ch), 7.1-7.7 (m, 1905 H, @Hs, CeHa, and
CH=N). 3C {1H} NMR (CDCl): ¢ 33.3 (d,2Jcp, .= 13.2 Hz, R_s—
N—CHj), 39.3 (s, CH—N—CH3), 59.1 (d,*Jcp = 39.7 Hz, CH), 121.3
(S, Q‘,Z), 121.8 (m, 62, C12, ng, C32, C42), 127.2 (S, 63), 128.4 (d,lJcp
=58 HZ, i-CeHs), 128.6 (m, (53, C13, C23, C33, C43), 129.1 (d,3Jcp =
11.0 Hz,m-CeHs), 132.0 (sp-CeHs and G), 132.5 (m, G, Ci4, C4,
Cs*, C4* and CH=N—N—CH,), 133.7 (d,2Jcp = 11.0 Hz,0-CgHs),
138.5 (m, CH=N), 149.9 (m, GY), 151.5 (m, G, Cit, G4, G3t, Cab).
IR (KBr): 330 (M, vau—c)) cm%. Anal. Calcd for6-[G's] (Carec
H2664N378C|96018d3190594AU96): C,43.99; H, 3.56; N, 7.03. Found: C,
43.0; H, 3.4; N, 6.4. Anal. Calcd fdﬁ-[G's]'ZlCHzClz (C2731H270(,—
N373C|1380139P190894AU96): C, 4339, H, 354, N, 6.86.

6-[G'¢g]. White powder; 65% yield, mp 14Z (dec). 3P {*H} NMR
(CDQClz): 0211 (S, PPB, 62.9 (S, R, P, P, Py, P, Pe). 1H NMR
(CDClp): 6 2.9 (s, 576 H, Cl-N—CHg), 3.4 (m, 567H, R.s—N—
CHs), 4.5 (s, 384 H, CH), 7.1-7.7 (m, 3825 H, @Hs, CsH4, and
CH=N). 3C{*H} NMR (CD,Cl): 6 33.3 (d,2Jcp,_,= 12.0 Hz, R——
N—CHj), 39.3 (s, CH—N—CHj3), 59.3 (d,*Jcp = 40.7 Hz, CH—P),
121.4 (s, @), 121.9 (m, @&, Ci?, C2, C?, C2 C), 127.1 (s, &),
128.4 (d,XJcp = 58 Hz,i-CeHs), 128.6 (s, &, Ci5, C8, C8, C8, C59),
129.3 (d,2Jcp = 10.6 Hz,m-C¢Hs), 132.0 (s,p-CsHs and GF), 132.4
(m, Co4, C14, C24, C34, C44, Q,4 andCH=N—N—CH2), 133.8 (d,chp:
12.3 Hz,0-CgHs), 139.4 (m, CH=N), 150.0 (m, GY), 151.5 (m, G,
Cit, G, CGal, G, GsY). IR (KBr): 328 (M,vau—ci) cm. Anal. Calcd
for 6-[G'¢] (Cssads35N76:Cl19:0381P38:S100AU197): C, 44.01; H, 3.57;
N, 7.05. Found: C, 42.7; H, 3.55; N, 6.65. Anal. Calcd for
6-[G'q]*62CHCI; (CssodHs5476N762Cla160381P38:S190AU167): C, 43.01; H,
3.53; N, 6.82.

6-[G'19]. White powder; 70% vyield.3P {*H} NMR (CD.Cl,): 6
21.1 (s, PP¥), 62.7 (s, B, Py, Ps, Py, Ps, Ps, Py, Ps, Po, Pig). IR (KBr):
328 (M, vau-ci) cmL.

Synthesis of Dendrimers 7-[Gy] (Ph,P—Au—Me End Groups).
To a solution of6-[G'4] (0.05 g, 1.34umol) in dichloromethane (10
mL) was added ZrGge; (0.032 g, 0.128 mmol) at room temperature.
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(s, R). *HNMR (CDCly): 6 1.75 (s, 18 H, CHacac), 2.06 (s, 18 H,
CHsz acac), 2.77 (s, 18 H, GHN—CHg), 3.3 (d,3J4p, = 10.2 Hz, 9 H,
P,—N—CHs), 4.67 (s, 12 H, Ch), 5.45 (s, 6 H, CH acac), 7-17.8
(m, 105 H, GHs, CeHa, and CH=N). 3C {*H} NMR (CDCk): 6
26.9 (s, CH acac), 27.5 (d'Jcp = 5.5 Hz, CH acac), 33.0 (R, =
12.9 Hz, R—N—CH), 39.0 (s, CH—N—CHs), 57.2 (d,%Jcp = 29.5
Hz, CH), 100.6 (s, CH acac), 121.3 @cp, = 4.8 Hz, G?), 121.5 (d,
3Jer, = 4.8 Hz, G?), 126.2 (s, G8),127.9 (d3Jcp = 10.1 Hz,m-CsHs),
128.3 (s, @%), 128.9 (s,CH=N—N—CH,), 130.1 (s,p-CsHs and G%),
131.8 (d,Jcp= 48.7 Hz,i-CeHs), 132.7 (s, &), 133.9 (d2Jcp= 10.8
Hz, 0-CeHs), 137.9 (s, CH=N), 149.2 (d,2Jcp, = 7.5 Hz, GY), 150.9
(d, 2Jcp, = 7.6 Hz, GY), 184.9 (s, &0 acac), 187.6 (s, €0 acac),
188.8 (dd,lJCRh: 76.2 HZ,ZJcp: 24.2 Hz, CO) IR (leg) 1977
(s,vco) cm™L. Anal. Calcd for GggH1seN18027P10SRhe: C, 53.69; H,
4.51; N, 6.06. Found: C, 53.85; H, 4.45; N, 5.85.

8-[G's]. Yellow powder; 78% yield, mp 125C (dec). 3P {*H}
NMR (CDClg): 6 41.5 (d,"Jprn= 178.7 Hz, PP}), 62.8 (s, R, P, Ps,
P4, Ps). 'H NMR (CDCl): ¢ 1.70 (s, 288 H, Chlacac), 2.00 (s, 288
H, CH; acac), 2.72 (s, 288 H, GHN—CHj3), 3.21 (br s, 279 H, Ps—
N—CHs), 4.64 (s, 192 H, Cbh), 5.40 (s, 96 H, CH acac), 7-77.8 (m,
1905 H, GHs, CsH4, and CH=N) IR (CHzclg): 1976 (S,Vco) cm L

8-[G'¢]. Yellow powder; 75% yield, mp 140C (dec). 3P {*H}
NMR (CDCly): ¢ 41.4 (d,\Jprn= 171.3 Hz, PP}, 62.8 (s, R, P,, Ps,
P4, Ps, Ps). 'H NMR (CDCl): 6 1.69 (s, 576 H, Chlacac), 1.99 (s,
576 H, CH; acac), 2.71 (s, 576 H, GHN—CHs), 3.21 (br s, 567 H,
P1_6—N—CHj3), 4.64 (s, 384 H, Ch), 5.39 (s, 192 H, CH acac), #1
7.8 (m, 3825 H, @Hs, CsH4, and CH=N). IR (CH,Cl;): 1976 (S,vco)
cm L.

General Procedure for the Synthesis of Dendrimers 9-[G]
(Ph,P—Rh(CI)(COD) End Groups). To a solution of 0.2 g 08-[G'y]
(n=1, 0.072 mmoln = 4, 7.6umol) in 20 mL of CHCl, was added
the [Rh-Cl)(COD)]; (n = 1, 0.106 g, 0.216 mmok = 4, 0.09 g,

0.0183 mmol) at room temperature. The resulting mixture was stirred
for 1 h. The solvent was removed under vacuum and the yellow residue

washed three times with diethyl ether (10 mL).

9-[G'4]. Yellow powder; 92% yield, mp 88C. 3P {!H} NMR
(CDCly): 6 23.1 (d,"3Jprn= 149.9 Hz, PP}), 52.4 (s, B), 62.5 (s, ).
1H NMR (CDCly): 6 1.8-2.3 (m, 48 H, CH)), 3.0 (s, 12 H, HE=CH),
3.1 (s, 18 H, CH—N—CHa), 3.3 (d,%Jup, = 10.2 Hz, 9 H, P—N—
CHg), 4.7 (s, 12 H, CH-P), 5.5 (br s, 12 H, HECH), 7.1-7.8 (m,
105 H, GHs, CsHa, and CH=N). 13C {H} NMR (CDCk): 6 28.6 (s,
CHy), 32.7 (s, CH), 33.1 (s, —~N—CHjg), 39.8 (s, CH—N—CHj),
58.2 (d,\Jcp = 23.7 Hz, CH—P), 70.5 (d}Jcrn = 14.4 Hz, HG=CH),
104.7 (m, HG=CH), 121.3 (d,*Jcp,, = 5.8 Hz, G? C?), 126.2 (s,
C:3), 127.9 (d,%Jce = 9.5 Hz, mCeHs), 128.3 (s, &), 128.7 (s,
CH=N_N—CH2), 130.0 (S,p-CeHs and G_4), 131.1 (d,l.]cp = 39.3
Hz, i-CgHs), 132.7 (s, @Y, 134.4 (d,2Jcp = 10.3 Hz,0-CgHs), 137.9
(d, 3Jep, = 11.9 Hz, CH=N), 149.2 (d 2Jcp, = 7.1 Hz, GY), 150.9 (d,
2\](;% = 8.8 HZ, Q)l) Anal. Calcd for ng‘|21d\113C|eOgP1QS4R|"b: C,
55.8; H, 5.1; N, 5.9. Found: C, 55.05; H, 5.15; N, 5.65.

9-[G'4]. Yellow powder; 91% yield, mp 112C (dec). 3P {*H}
NMR (CDClg): 6 23.2 (d,"Jprn= 148.6 Hz, PP}), 62.5 (s, R, P, P,
Ps). *H NMR (CDCl): 6 1.8-2.4 (m, 384 H, CH), 3.0 (s, 96 H,
HC=CH), 3.1 (s, 144 H, Ch—N—CHg), 3.3 (m, 135 H, R.4—N—
CHy), 4.7 (s, 96 H, CH—P), 5.4 (br s, 96 H, HECH), 7.0-7.8 (m,
945 H, GHs, CsHa, and CH=N). 23C {*H} NMR (CDCly): 6 28.6 (s,

The mixture was stirred fo2 h and then evaporated to dryness. The CH,), 32.7 (s, CH), 33.0 (s, R-s—N—CHj), 39.8 (s, CH—N—CHj3),
white solid was washed with diethyl ether. This product is contami- 58.1 (d,*Jcp = 22.8 Hz, CH), 70.5 (d,*Jcrn = 12.6 Hz, HG=CH),

nated by zirconium derivatives.

7-[G'4). White powder. 3'P {IH} NMR (CDCl): 38.2 (s, PPJ),
62.7 (s, R, P, P3, P;) ppm. 'H NMR (CDCl): 6 0.4 (d,3Jup = 8.1
Hz, 144 H, Au-CHs), 3.0 (s, 144 H, Cl-N—CHz), 3.2 (br s, 135 H,
P1-4—N—CHz), 4.4 (s, 96H, CH—P), 7.0-7.6 (m, 945 H, GHs, CsH.,
and CH=N).

General Procedure for the Synthesis of Dendrimers 8-[G]
(PhP—Rh(acac)(CO) End Groups). To a solution of 0.1 g 08-[G'y]
(n =1, 0.036 mmoln = 5, 1.88umol; n = 6, 0.94umol) in CH.Cl,
(20 mL) was added Rh(acac)(CQn = 1, 0.056 g, 0.22 mmoh =
5,0.047 g, 0.18 mmoh = 6, 0.046 g, 0.18 mmol) at room temperature

104.4 (m, HG=CH), 121.2 (br s, @), 121.7 (br s, @& Ci2, C2 C),
126.2 (s, @), 127.8 (d,%Jcp = 9.1 Hz,m-C¢Hs), 128.4 (s, &, Ci,
C2, C#), 128.7 (sSCH=N—N—CHy), 130.0 (sp-CsHs and G¥), 131.5
(d, Jep = 36.7 Hz,i-CeHs), 132.0 (5, @, Cr4, CA, C), 134.4 (d2Jcp
= 10.1 Hz,0-C¢Hs), 137.1 (m, CHEN), 149.2 (d2Jcp, = 7.7 Hz, GY),
150.9 (m, G, Cit, G, Gsb).

Results and Discussion

Among the various methods of synthesis of phosphorus

dendrimers we already reportéd we decided to choose the

and stirred for 1 h. The solvent was removed under vacuum and the tWO step procedure which gives alternatively chlorine and
yellow residue washed with diethyl ether {310 mL). aldehydes on the periphery, depending upon the step considered

8-[G'1]. Yellow powder; 80% yield, mp 116C (dec). 3P {1H} (Scheme 1§29 The strategy we used to graft phosphines
NMR (CDCL): 6 41.5 (d,"Jprn = 172.0 Hz, PP}), 52.7 (s, B), 62.8 starting from aldehyde-terminated dendrim&fEG'n] implies
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first condensation of the aldehydes with methylhydrazine,
leading to compound®-[G'y] (n = 1—6,10)8¢ Then a Mannich
type reaction with P¥PCH,OH? affords diphenylphosphino-
terminated dendrimer8-[G'n] in nearly quantitative yield
(Scheme 2). This reaction needs 3 days at°65to go to
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the reactivity of very common transition metal derivatives-Fe
(CO) and W(CO)(THF). In all cases, the complexation occurs
in a few hours at room temperature, to give the iron(0) and
tungsten(0) derivatives4-[G'n] and 5-[G'n], respectively
(Scheme 3, Figure 1). The reaction is monitored¥/NMR,
which shows for all of the generations the total disappearance
of the signal corresponding to the [P] groups on behalf of

a singlet atd) = 51.9 ppm for the [P¥P—Fe(CO)] groups of
4-[G'n] (n = 1-5) or atd = 16.1 ppm (with satellitedJpy =

241 Hz) for the [PBP—W/(CO)] groups of5-[G'] (n = 1—4).
The expected increase of tiC—P coupling constant of the
phenyl groups'Qi—cp = 14 Hz for3-[G'p]; Wi—cp = 39 Hz for
4-[G'y] and5-[G'y]) is an indication for the complexation, as
is the appearance of doublets for the CO groupS@&NMR
with characteristic coupling constan®%-[G',], 0 = 213 ppm,
2)ep = 18 Hz;5-[G'p], 6 = 196.7 ppm2lcp = 7 Hz (cis-CO)
andd = 199.4,2)cp = 22 Hz fransCO)).

These first experiments with M(0) derivatives have been
extended to the complexation of M(l) derivatives. For instance,
the reaction of AuCl(tht) (tht= tetrahydrothiophene) with
3-[G'y] (n =1, 4-6, 10) proceeds readily at room temperature
in CH,ClI,, even for the tenth generation (Scheme 4, Figure 1).

completion for all the generations, including the tenth generation The formation of complexe$-[G'y] induces the expected

3-[G'1q] that we already briefly describé8l. To the best of our

downfield shift in3P NMR spectra for the signal of the PPh

knowledge, this compound which possesses more than 30009roups (fromé = —23.4 ppm for3-[G'y] to 6 = 21 ppm for
phosphino groups is the largest polyphosphine of defined 6-[G'n]). The absence of any trace of free phosphiné'i

structure ever synthesized. CompouBd&'n] (as well as their
complexes) are fully characterized B, H, and*C NMR
and elemental analysis. For instané®? NMR spectra of
compounds3-[G'y] show, besides the signals corresponding to
the skeleton of the dendrimer, the presence of one singtet at
—23.4 ppm corresponding to the PRJtoups grafted on the
surface of the dendrimer.

In order to verify the complexation ability of all of the
diphenylphosphino groups of dendrim&G' ], we tested first

NMR spectra confirms the complete complexation of all of the
terminal groups in the limit of NMR precision (2%). However,
even after several washings and drying under vacdbinNMR
spectra show the presence of an important proportion of
dichloromethane, which is extremely difficult to eliminate for
high generations, and give poor quality elemental analysis for
these derivatives.

The presence of more than 3000 gold atoms on the surface
of dendrimer6-[G'1¢] allows the visualization of this molecule

Scheme 2
H,C—PPh
y HoN-NHMe y PhoPCH,0H 2 2
CH=N—N
1'[G 1] B .1.[G G]! 2_[G|1] _ 2_[G|G], 3'[G'1] _ 3'[GI6]1
Gl 2(G'y] 3Gyl
fromy = 6 for [G'4] to y = 3072 for [G'40]
Scheme 3
Ph,
y Fez(CO)g HC—P
-y Fe(CO)s CH=NTN  Fe(cO)s
Me y
H,C—PPh, 4-[G'] - 4-[G's]
/
CH =N—N\ ]
Me y
3-{G'y] - 3{G's] =P 2
-[G'y] - 3- _
y W(CO)5(THF) TN
CH=N N\ W(CO)s
Me y

5-[G'4] - 5-[G4]

fromy = 6 for [G'4] to y = 96 for [G'5]



1944 Inorganic Chemistry, Vol. 36, No. 9, 1997 Slany et al.

Phop. PP PPhy eh
/ \ 2
LN [Mﬁ 3, ] Nz S'[M]/N [\M] e
ALY N N T R VP o
\

Prop— M5, b d g N M) Phy
L I i YA R
AN o %0 ¥ N

O-p=g N < [M]
PPy - \ o h

N
M e LD ™ Né g - —/\_P
me’}w bo °§F‘N;‘ b 3 g QTI N‘%OO)Q/ - _:\j]\F:th
M "My 09s b - b d” sfo \ M)

/N‘N (o]

N N [o] N’NI\
) Oodes d b oD’ M
Ph,P NN g N “PPh,
— OO0y o o N
,[M] Nb S//N N'\\\S N [M]
thP\/N;\l $ 'LO $ Qj‘ AP
™ (ot 0 0F~g WO M)
PP s —N Nl PPh,
2 \/N(NAOO s op”_ { \N—p' 'OA [M’;\/
§ i~ P
Mo ey & oo My
PhoP N;N\/O( ! °~,5§/ ;’3 ' ‘éj‘ FPh:
M) SN0 oy NS "
PP Ny _53 J'N'\Nﬂ O\“N/\JOOﬁ K N'\”[\]>°th
/[M]/ of;N—m—O\ ?N\N 57N o s NS0 ~O«N—N‘PO’O/§ ™
phop! NN Y © ? " \ ) "
/[M] N"O'Of ¥ N~Q " ‘ O\_N Lo " \>’th
phyP NC N’NrO‘ 0\;“% :’1 O—‘m ) 0 N _PPh,
M] O-PX; | 871 N,
v rO =S Q o g0 N[M]
PhP—f N N ° o O\ )N\;
2 opN W7 Phy
/‘herrO 58 N N Q 52 -
I O S s Ns O M
(N o oo o>\0 Mg QR |
L I N
Phap—{M] ¢ Q £ Q ) Q } MI—n,
N -N N N-— —N
PhoP—M] oP=s s N N SP.q N M] 3
; s & —~.Ml-—ppn,
thp/:[M] \ '?"0 O ?30%{:? d OQ (OE Ol‘ / [M]lp"z
phﬁ’“lgn:” NN g [ Mg,
prgp-AM] TN TN Mgy,
S e
4{G'y] 5-G'4] 6-(G'4] 7[G'4] 8-[G'4] 9-[G'4]
M]= Fe(CO), W(CO)s Au-Cl Au-Me Rh(acac){(CO) RhCI(COD)

Figure 1. Representation of dendrimers of generation 4 with 48 terminal Fe(GEG'4]), W(CO) (5-[G'4]), Au—ClI (6-[G'4]), Au—Me (7-
[G'4]), Rh(acac)(COR-[G'4]), and RhCI(COD) 9-[G'4]) groups.

Scheme 4

y AuClI{tht)

-y (tht)
y

y CpoZrMe,
-y CpoZrMeCl
y

3-{G"], 3-[G'4] ~3-[G'el,

3'[GI10] 6-[GI1]! 6'[GI4] - 6-[GI6]1

6-[G'10]
tht = S ) °

fromy = 6 for [G'4] to y = 3072 for [G"1¢]

by high-resolution electron microscofy. Figure 2 is a
micrograph of an isolated molecule®{G'1¢]. This compound
is bowl-shaped, and its diameterds= 155 A. This value is
much larger than the one reported for the 10th generation of
PAMAM dendrimers ¢ = 107 A), also measured by electron
microscopy!® The larger diameter of our dendritic system at
the same generation level is certainly the main factor which
explains our recent isolation of the highest generation ever
known in dendrimer chemistrA.

The presence of one chlorine atom bonded to each gold atom
of the surface prompted us to test the reactivity of complexes

Figure 2. High-resolution transmission electron micrograph of the

(10) Construction of phosphorus containing dendrimers has been conductegde€ndrimer 6-[G'sg] (tenth generation): ~diameter, 155 A 1900K
up to generation 12: Lartigue, M.-L.; Fayet, J.-P.; Donnadieu, B.; Mmagnification (reproduced at 60% of original size); 300 KV accelerating

Galliot, C.; Caminade, A. M.; Majoral, J. P. Submitted for publication. voltage.
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6-[G']. Indeed, it is well-known that LA4Cl complexes This problem of poor solubility is not encountered starting
display a versatile reactivity (for instance, they react easily with from another Rh(l) derivative, [RR(CI)(COD)],, at least up
RLi or Grignard reagents to afford the corresponding EAu to the fourth generation. Indeed, the reaction of this dimer with

complexes). We carried out only one experiment between 3-[G';] and 3-[G'4] proceeds rapidly at room temperature to

dendrimer6-[G'4] and CpZrMe; as alkylating agentt The afford the corresponding complex@4$G';] and9-[G'4] (Scheme

exchange reaction occurs readily at room temperature to afford5, Figure 1). These dendrimers are fully characterized by NMR;

dendrimer7-[G'4] (Scheme 4). The exchange is characterized for instance, a doublet ai = 23.1 ppm {Jprn = 149 Hz)

by the deshielding of the signal corresponding to the Rjfbup corresponding to the PPRlgroups appears in th&P NMR

(0 3P = 38.2 ppm for7-[G'4]) and the presence of a doublet spectra, and signals characteristic of complexed cyclooctadiene

for the Me-Au groups in'H NMR spectra§ = 0.4 ppm,3Jup are detected iAH and13C NMR spectra.

= 8.1 Hz). However,'H NMR spectra also indicate the

presence of residual zirconium derivatives. Several attemptsConclusion

to purify dendrimer7-[G'4] by washings or column chroma-

tography were unsuccessful. Despite the presence of impurities, We have demonstrated that phosphino-terminated dendrimers,

this reaction demonstrates that the grafting of-A&l groups from generation one (six phosphino groups) to generation ten

on the dendrimer does not hinder their reactivity. (3072 phosphino groups), are extremely powerful and highly
The reaction of Rh(l) derivatives such as Rh(acac)¢q&ac versatile reagents for the complexation of various low oxydation

= acetylacetonate) with dendrim8¢G',] (n = 1, 5, 6) also state (0 and 1) transition metals. Indeed, the total and easy

proceeds readily at room temperature (Scheme 5). The com-complexation of iron, tungsten, gold, and rhodium derivatives

plexation is unambiguously characterized in all cases by the (group 6, 8, 9, or 11 and row 4, 5, or 6 elements), starting from

appearance of a doublet@t= 41.5 ppm {Hprn= 175 Hz) in only one family of dendrimers, illustrates the potential of these

the 3P NMR spectra of compound[G',]. The structure is nanosized compounds to be used in most of the reactions

confirmed in'H NMR spectra by the presence of two singlets described for monophosphines. The exchange reaction of 48

corresponding to two different GHroups for the acac moieties, chlorine atoms with 48 methyl groups in the transformation

due to the decrease of symmetry of rhodium in complexes 6-[G's] — 7-[G'4] can be compared to those already described

8-[G']. The poor solubility of complexe8-[G's] and8-[G'¢] for monophosphinegold complexes and confirms the easy

precludes their characterization BJC NMR; however, the access to the metal and its availability for further reactions,

spectrum of the first generatid[G'4] confirms the presence  despite its linkage to the huge dendrimer. This property should

of two types of CH acac groupsd = 26.9 and 27.5 ppm) and  open large perspectives for the design of new catalysts.

three carbonyl group®(= 184.9 and 187.6 ppm, CO acetyl;
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