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Dendrimers1— spherical polymers with a regular and highly 
symmetrical structure—offer a wide range of unusual physical 
and chemical properties mainly due to the presence of internal 
cavities (guest—host systems) and a defined number of func
tional end groups.lc'2 We recently reported the preparation of 
phosphorus-containing dendrimers built up to the seventh 
generation and possessing two of the most reactive functions 
in organic and main group element chemistry, aldehyde groups 
and P-Cl bonds, respectively3 (Scheme 1). 

At this stage two main challenges appeared to us important 
to take up. The first one was to check if steric considerations 
that dictate the globular shape of these species do not affect 
the reactivity of the surface functionalities; the second one 
consisted in the easy and quantitative grafting at the periphery 
of our Pv dendrimers of a large number of terminal P111 

phosphino groups.4 The presence of phosphino end groups 
would allow the surface of dendrimers to be covered with 
various metal fragments via complexation and might open, for 
example, new possibilities in catalysis. We report here the 
preparation of dendrimers containing up to the theoretically 
predicted 3072 terminal free phosphino groups and their 
complexation with gold derivatives. To our knowledge these 
macromolecules are the largest polyphosphines and the largest 
polyphosphine complexes of well-defined structure reported until 
now. 

The dendrimer 4-[G'to] (generation 10, 3072 terminal alde
hyde groups, theoretical molecular weight 1 020 302) was 
prepared using the strategy outlined in Scheme 1. Addition of 
methylhydrazine gave rise quantitatively to 5-[G'io] possessing 
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hydrazono CH=NNH(CHa) end groups, which can be reacted 
easily with the phosphine PI12PCH2OH to give 6-[G'io], a 
compound having 3072 phosphino groups5 (Scheme 2). Reac
tions can be followed by NMR (transformation 4-[G'io] —* 
5-[G'iol. disappearance of signals due to CHO groups and 
appearance of a singlet for NCH3 groups in 1H and 13C NMR, 
deshielding of 2.4 ppm for the signal due to P(S) groups closest 
to the surface in 31P NMR; transformation 5-[G'io] -* 6-[G'iol> 
appearance of doublets for N(CHa) groups in 1H and 13C NMR 
and of a new signal at -23.5 ppm characteristic of a NCH2-
PPh2 fragment in 31P NMR). Complexation of the polyphos-

(5) Selected spectroscopic data for 6-[G'iol- The numbering used for 
13C and 31P NMR is as follows: 

P o W 
./< V.*/»._UVJ,.' - « - ( / ' 

CH3 

Po-O-C0' ^ C = N V N - P 1 - O - C , ' , ' C 1 V C = N U - P 2 - O - C V ,VfC=NVN-P3 - etc 

6-[G'iol: white powder; 92% yield; 31P{'H} NMR (CDCl3) 6 -22.8 (s, 
PPh2), 61.5-62.0 (br s, Pi-P10) ppm; 1H NMR (CDCl3) d 2.8 (s, 9216 H, 
CH2N(CH3)), 3.3 (m, 9207 H, P L 2 3 4 5 6 7 8 9 10NCH3), 4.1 (br s, 6144 H, 
CH2P), 7.2-7.7 (m, 58 353 H, C6H4, and CH-N); 13C(1H) NMR (CDCl3) 
6 32.8 (d, 2/cPl,2,3,4.5,6,7.8,9,10 = 13.1 HZ, Pl,2.3,4.5,6,7,8,9,10NCH3), 39.0 (d, 3/CP 
= 6.5 Hz, N(CH3)CH2PPh2), 60.8 (d, '7Cp = 11 Hz, CH2PPh2), 121.2 (br 
s, Co2), 121.7 (br s, C0
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3), 128.3 (d, 3/Cp 

= 6.5 Hz, w-(C6H5)2P), 128.6 (s, D-(C6Hs)2P), 130.5 (s, do4), 131.3 (s, 
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4), 132.9 (d, 27CP = 18 Hz, 
0-(C6Hs)2P), 134.0 (s, CH=NNCH2), 137.4 (d, 'JCp = 13 Hz, /-(C6Hs)2P), 
139 (m, (CH-N)o.i.2.3,4,5,6,7,8.9), 150.1 (d, 2JCp = 7 Hz, do1), 151.4 (m, 
C0

1, Ci1, C2
1, C3

1, C4
1, C5

f, C6
1, C7
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1, and Co1). 7-[G'io]: white 
powder; 94% yield; 31P(1H) NMR (CD2Cl2) 6 23.7 (s, PPh2), 64.3 (br s, 
Pi-Pio) ppm; 1H NMR and 13C NMR (CDCl3) data identical to those of 
6-[C10]. 

0002-7863/95/1517-9764$09.00/0 © 1995 American Chemical Society 



Communications to the Editor J. Am. Chem. Soc. Vol. 117, No. M, 1995 9765 

O -^_y-CM-N-N-P 

0 - ^ _ ^ - C M - 0 4-(GlO) 

Ua 

N •, •• MCiOi 

Me 

0-^y~CH*H N CM, PPttj SHGIO) 

0-<3-CM, i-*» N CM, "• -AuCI 7-[GIO] 

Figure 1. 

W 

(C) 

» 

(hi 

bar = 53 A 

Figure 2. High-resolution transmission electron micrograph of (a) II-
|G',]. (b) H-IC4I. (C) H-[C5]. and (dl 7-[C10]: 1900K magnification; 
300 kV accelerating voltage: reproduced at 45% of original size. 

phine 6-[G'io] (theoretical molecular weight 1 715 385) with 
AuCl (tetrahydrothiophene)6 afforded the corresponding den
dnmer 7 - | ( ; ' K I | (while powder), in winch the surface is covered 
theoretically by the 3072 AuCl moieties (Figure I).7 The 
reaction was monitored by " P NMR. which shows a singlet 
for the NCH2P(Ph)2 (AuCI) linkage at +23.7 ppm (Ad = 47.2 
ppm). 

16) Uson. R.; Laguna. A.: Laguna. M. lnorg. Synth. 1989. 26. 85. 
17) Structure defects cannot be totally ruled out in the limit of " P NMR 

precision (1%); therefore the number of terminal phosphino groups or the 
number of AuCl units is quite likely close to 3(KK). 

The same multistep procedure used for the formation of 
4-IG'io] was applied to the preparation of the new dendrimers 
8-[G'i ]—8-IG'sl starting from the hexapodant core N3P3CI6 
instead of SPCIA. These species were also submitted to 
treatment with methylhydrazine and (hen with the phosphine 
Ph2PCH2OH. allowing the formation of (he polyphosphines 10-
[G',1. 10-[C 2 ] , 10 - [C 3 ] . 10 - [C 4 ] . and 10-[C 5] possessing 12. 
24, 48, 96, and 192 terminal phosphino groups, respectively. 
Complexation of the last three compounds with AuCl (tetrahy
drothiophene) afforded complexes H - [ C 3 ] . H - [ C 4 ] . and 11-
[ C 5 ] isolated as white stable solids (Scheme 2). 

Gold complexes H - [ C 3 ] . H - [ C 4 ] . H - [ C 5 ] . and 7- [C 1 0 ] 
were imaged by high-resolution electron microscopy in order 
to compare the size of consecutive generations and to see if 
higher order structures are formed. Isolated spheres with 
measured diameters of 60 ± 5 ( H - [ C 3 ] ) . 75 ± 5 ( H - [ C 4 ] ) . 
90 ± 5 ( H - [ C 5 ] ) , and 150 ± 5 A (7-[G'io]» were observed 
(Figure 2).K Besides these isolated spheres, aggregates generally 
adopting a spherical shape were delected with sizes up to 10 000 
A." 

In conclusion, such easy reactions to work with led to a 
variety of dendrimers possessing up to 3072 CH2PPh2 or CH2-
PPh 2 -AuCl end groups, four of which were directly visualized 
by HRTEM. No marked difference of chemical reactivi(y was 
observed when moving eidier from dendrimer of the first 
generation 4-[G'i] to (he dendrimer of the tenth generation 
4-[G'io] or from 8-[G'i] to 8 - [C 5 ] . Therefore the shape and 
the size of these dendritic molecules did not play a decisive 
role, and surface functionalities always remained available for 
further reactions. Preliminary experiments showed that com
plexation of phosphino groups readily occurred also with Fe2-
(COk or W(CO)5 THF. 

In view of the widespread use of phosphines in coordination 
chemistry, this easy access to polyphosphines should open new 
perspectives. Indeed, the preparation of various other dendrimer 
complexes and their use in catalysis are underway. 
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