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Phosphorus-Containing Dendrimers:
Synthesis of Macromolecules with Multiple Tri- and Tetrafunctionalization

Marie-Laure Lartigue, Michael Slany, Anne-Marie Caminade,* and Jean-Pierre Majoral*

Abstract: A variety of dendrimers up to
generation 7 possessing terminal P(S)Cl,
(HG,1-3HG,]) or POXCL, (7-[G,]-T7-
IG,), 7-IGgl, 7-G,]) have been tri- and
tetrafunctionalized. Selective monosub-
stitution of P(X)Cl, (X =S, O) termini

(allyl),)(Cl) fragments, with propargyl-
amine afforded trifunctionalized den-
drimers 14-|G,] and 14-|G,]. Multiply tri-
functionalized macromolecules 13-|G,]
and 13-fG,] with P(S)(NH-allyl)(NH-
propargyl) moieties at the surface were

prepared by treatment of 8{G,] and 8-
[G,] with propargylamine. Dendrimers
15-[G,]-154G,] and 16-]G,]-16-[G;]
with P(O)(NH-allyl(OC,H,CHO) and
P(O)(NH-propargyl)(OC,H,CHO) ter-
mini were also synthesized. Reaction of

with allylamine or propargylamine gave
the trifunctionalized dendrimers 5-|G,]-

hydrazine or cyanomethylenetriphenyl-
phosphorane (17) with compounds 15-

5S-Gyl 81G,)-8-(G,], 10-G,], 11-[G,], Keywords [Gi], 15Gy], and 16-[G,]-16-[G;] led to
H-G, ], 12-]G,]-12-]G,], 12-[G,], and dendrimers © macromolecules © phos- the multiply tetrafunctionalized den-
12-[G,]. Reaction of dendrimers 4-[G,] phorus compounds + substitutions drimers 18-[G,], 18-[G,], 194G,]), 20-

and 4-[G,], possessing terminal P(S)[N-

Introduction

Dendrimers, a new class of polymers, offer novel properties and
features not found in classical systems. These three-dimensional
globular polymers have been attracting a great deal of interest
due to their unusual architectures, which induce, for example,
high chemical reactivity, low viscosity, high solubility, and mis-
cibility. Many of the applications that are being proposed for
dendrimers exploit their unique physical properties, or take ad-
vantage of the high density of functionalities at the chain ends
and the large number of terminal groups at the periphery, which
provide numerous possibilities for tailoring the polymer for par-
ticular applications.!!!

Although there have been significant advances in the prepara-
tion of these monodisperse, unimolecular species, investigations
into the synthesis of dendrimers possessing more than one type
of functionality at the surface are rare. A limiting feature of
most of the known methods is the difficulty in selectively modi-
fying peripheral functionalities.

In pioneering work Tomalia reported the formation up
to the tenth generation of polyamidoamine-containing den-
drimers,!'* 2279 that is, species having two types of functional-
ities at the periphery. Recently the first preparations of highly
unsymmetrical dendritic macromolecules containing predeter-
mined and well-defined numbers of functional groups at the
chain ends was accomplished by Fréchet et al.1) Nonuniformly
functionalized dendrimers containing two different functional
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[G1]-20-[G;], 21-{G, ], and 21HG;].

groups were prepared, as well as other unsymmetrical macro-
molecules possessing electron withdrawing cyano groups and
electron donating benzyloxy groups in segmentally opposed re-
gions of the dendrimer surface.

Therefore, procedures reported up to now describe the intro-
duction of no more than two different types of functionali-
ties.I?*~#) Because surface modifications have a large effect on
the properties of these polymers, there is a need to develop
versatile new strategies for anchoring a large variety of reactive
groups at the surface.

Herein we report approaches to the straightforward control
of reactivity at the periphery of phosphorus-containing den-
drimers allowing the introduction of sets of three or four differ-
ent functional groups.

Results and Discussion

Experiments were conducted first with dendrimers 3-[G,]-3-
|G,] (generations 1 to 7 containing 3 to 192 P(S)CI, units). The
preparation of these derivatives required, as already reported,)
reiteration of a two-step sequence: addition of the sodium salt
of 4-hydroxybenzaldehyde to the halogenated phosphine sul-
fide, followed by treatment of the resulting polyaldehyde with
dichloro(methylhydrazino)phosphine sulfide (Scheme 1).

In a preliminary communication!® we described an interest-
ing observation: addition of bisallylamine to dendrimers 3-
{G,]-3-IG,] (generations 1 to 4) possessing 3, 6, 12, and 24 ter-
minal P(S)Cl, groups, respectively, led selectively to mono-
substitution of the P(S)CI, moieties, regardless of the number of
equivalents of bisallylamine used, with the formation of com-
pounds 4-G,]-4-|G,] (Scheme 2). This prompted us to study
the potential of these unexpected reactions in order to diversify
the nature of chain ends in our dendritic systems.
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6 HyN-N(Me)P(S)Ci,
2

3Gy] — - 3HG;]

Scheme 1.

+ HN(CHCH=CH,),
(excess) NEt;

4G1] - 4G4

3HGq] - 3Gy

Scheme 2.

Trifunctionalization was first attempted by treating 3-|G,]
with 3 equiv of allylamine in the presence of triethylamine
(3 equiv) in THF at 0°C for 3 h. Quantitative and selective
monosubstitution occurred giving rise to dendrimer 5-|G, ] with
(S)P(Cl)(NH-allyl) moieties as chain ends (Scheme 3). The reac-
tion could be easily followed by 3!P NMR spectroscopy, which
showed the disappearance of the signal due to the three P(S)Cl,
groups (6 = 63.1) with concomitant appearance of the corre-

3}

5G1] - 54G7)

Scheme 3.

sponding P(S)(CI)(NH-allyl) signal (6 =72.9). Disubstitution
could also be achieved with 6 equiv of allylamine instead of 3.
Here again, *'P NMR was useful in following the reaction, since
the signal due to the disubstituted derivatives appeared at
d = 68.6.19) Similarly selective monosubstitutions could be per-
formed with the higher-generation dendrimers 3-|G,]-3-G,]
allowing the anchoring up to 192 NHqallyl) moieties and the
formation of the new dendrimers 5-{G,]-5-[G,] (Scheme 3,
Table 1). Remarkably, regardless of the generation considered,
each -P(S)Cl, group behaved as a monomeric species, and no
disubstitution reaction was detected. As for 3-[G,], disubstitu-
tion of the P(S)Cl, chain termini could be achieved for the
higher generations by using appropriate amounts of allylamine
(reactions followed by 3!'P NMR).1¢!

All new materials 5-{G,]-5-G,] were isolated and fully char-
acterized. Their spectral data and elemental analyses are in
agreement with the proposed structures. These new polymers,
and further dendrimers reported below, have been identified
mainly by NMR, which provides strong support for the inter-
pretation. Any faulty sequence can be detected, even if slight
alteration at the surface cannot be totally ruled out. Indeed, 3'P
NMR appears to be the method of choice to follow rigorously
the construction of dendnmers, since, up to generation 6, the
signal of the phosphorus atom of the core can be detected; lack
of substitution at one or several of the terminal functional
groups of dendrimers from generation 1-6 would thus be ob-
served (this is the case when dendrimers are treated with a slight
deficiency of reagent). Moreover, substitution reactions on the
surface generally result in a shielding or deshielding effect (de-
pending on the type of substitution) of the signal due to the
phosphorus atoms of the top generation n and a slight deshield-
ing effect for the phosphorus atom of generation n —1.

We now have a useful and convenient entry to multiply “tri-
functionalized” dendrimers up to generation 7. In order to
check whether reactions involving terminal P(S)Cl, fragments
can be generalized to other phosphorus chain termini, we pre-
pared the new dendrimers 7-|G,]-7-[G,], 7-[G,], and 7-[G,],
each having a (P=S) group at each branching site at the interior
of the cascade framework and P(O)Cl, groups on the surface.
The same reiterative two-step procedure as for the construction
of compounds 3-{G,}-3-|G,] was employed, except that
dichloro(methylhydrazino)phosphine oxide 6 replaced the cor-
responding phosphine sulfide 2 in the last step of each elabora-
tion to higher generations (Scheme 4). Dendrimer 7-G,] thus
has a P=S moiety as its core and three P(O)Cl, groups on the

Table 1. Number of terminal functional groups (P- Cl, NH-allyl, NH-propargyl, NH-bisallyl, CHO) in multiply trifunctionalized dendrimers.

X P-CI NH-allyl NH-propargyl X NH-allyl NH-propargyl CHO NH-bisallyl
51G,) S 3 3 - 134G,) o 6 6 -
54G,) S 6 6 - 134G,) (o] 12 12 -
54G,)| S 12 12 -
5G4} S 24 24 - 154G,| o 3 - 3
514G S 48 48 - 15-1G,] o 6 - 6
54G,) S 96 96 - 154G, o 12 - 12
54G,] S 192 192 -
8{G,| 0 3 3 - 164G,) o - 3 3
8{G,) o 6 6 - 16(G,] o - 6 6
84G;) ) 12 12 - 164G,] o - 12 12
104G} o 3 3 -
114G} S 3 - 3 14G,| S 3 3
114G, S 24 - 24 141G, S 24 24
124G, o 3 - 3
121G, (o} 6 - 6
124G} o) 12 - 12
124G,] o 48 - 48
12-[G,] o} 192 - 192
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7-[G4] - 74Gy}, 7-{Gs), 7-[G7]
Scheme 4.

surface layer, while dendrimer 7-|G,} possesses 190 thiophos-
phoryl groups within the cascade superstructure and 192
P(O)Cl, groups at the periphery. As previously mentioned for
derivatives 3-[G,|-3-[G,}, 3'P NMR spectra clearly distinguish
between each type of phosphorus site within the dendrimer and
on the surface and allow the construction of each compound to
be followed in a straightforward manner.

The replacement of thiophosphoryl by phosphoryl fragments
did not cause any change in reactivity regardless of the genera-
tion considered. Selective monosubstitution took place smooth-
ly when dendrimers 74G,]-7-|G;] were treated with the appro-
priate amount of allylamine to afford the new “trifunctional-
ized”” macromolecules 8-G,}-8-{G,} (Scheme 5, Table 1). Thus,
for example, addition of 6 equiv of allylamine at 0°C to a THF
solution of 7-|G,] gave 8-]G,] quantitatively. The reaction was
monitored by 3!'P NMR spectroscopy (disappearance of a sin-
glet at 4 =18.6 assigned to the P(O)Cl, moieties, and appear-
ance of a singlet at 6 = 20.6 corresponding to the P(O)(CI)}(NH-
allyl) fragments) as well as by 'H and !*C NMR spectroscopy
(appearance of signals due to the allylic systems).

QN7
+ HN-CHCH-CH, —— Bl PN
NEt; 0°C ’y} Cl
8-[G4] - 8{G3)

Scheme S.

A similar reaction of dendron 9-|G,], in which a phosphoryl
group acts a core and three P(O)Cl, moieties are present at the
periphery, with 3 equiv of allylamine led to formation of 10-[G,]
(Table 1).

Our next aim was to extend the monosubstitution reaction to
the introduction of other reagents and thus to prepare a variety
of multiply “‘trifunctionalized” dendrimers. The reactions of
compounds 3G}, 3HG,|, 74G,|-7-[G;], 7G;l, and 7H{G,}
with propargylamine were investigated. Reaction with 1 equiv
of propargylamine and 1 equiv of triethylamine per P(S)Cl, or
P(O)Cl, chain terminus led to clean monosubstitutions with the
formation of the dendritic systems 11-[G, |, 11-{G,], 124{G,]-12-
IG;), 12-|{Gg), and 12-|G,], respectively, in very high yields
(Scheme 6, Table 1). As in the case of the monosubstitution with
allylamine, reactions were followed by NMR; here also, no
trace of disubstituted products was detected. In contrast to the
reactions with bisallylamine, disubstitution was observed with
2 equiv of allylamine and 2 equiv of triethylamine per P(X)Cl,
group (X = 8§, 0).18

In line with results obtained with monomers such as
(R,N),P(X)Cl (X =S or O), which show that the remaining
P-Cl bond is still reactive towards a variety of reagents, we
expected that dendrimers 8-[G,] would react with a number of
difunctionalized species to give other new macromolecules in-
corporating three different functionalities.

Treatment of species 8-G,], which has six P(S)CI(NH-allyl)
fragments, with propargylamine (6 equiv) in the presence of
triethylamine gave 13-]G,], whose surface is covered by six allyl,
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3-[Gy], 3-[Gg]
7{Gq] - 7-[G3), 7-[Gs], 7{G7]
+ —_
HoNCH,C=CH NEt; 0°C

11-[Gq], 1[Gy} (X = §)
12-G4] - 124Gg), 12{Gsl, 12-[G7] (X = O)

Scheme 6.

six propargyl, and twelve NH groups. Similarly, 8-{G,] (12
P(S)CI(NH-allyl) fragments) reacted with propargylamine
(12 equiv)/triethylamine to give 13-{G,], containing 12 ailyl, 12
propargyl, and 24 NH groups (Scheme 7, Table 1).

+ HzNCHzCECH ——
NEt,

&Gl , 8-Gj]

3-[62] » 13-[Ggl

Scheme 7.

Remarkably, while attempts to disubstitute dendrimers 3-
IG,1-3-IG,] with bisallylamine failed (see above), the corre-
sponding monosubstituted compounds 4G,]-4-|G,] were still
reactive towards propargylamine. Thus, addition of propargyl-
amine to 4-{G,] and 4{G,] afforded derivatives 14-|G,] and
14-[G,], respectively, incorporating both bisallylamino and
propargylamino groups on the same phosphorus atom
(Scheme 8, Fig. 1, Table 1). These compounds were character-
ized by NMR, IR, and elemental analysis.

+ H2NCH2CECH ——
NEt;

4-{G4], 4Gy}
Scheme 8.

Fig. 1. Schematic drawing of compound 14-|G,].
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The usefulness of this strategy, which allows the high-yield
synthesis of various multiply “‘trifunctionalized” dendrimers,
can also be illustrated by treating species 8-|G,}-8-[G,] and
12-[G,]- 124G;] with the sodium salt of 4-hydroxybenzalde-
hyde. Substitution reactions occurred smoothly giving rise to
compounds 15-|G,]-15-G,] and 16-|G,]-16-[G,], respectively,
in which the surfaces are covered by NH, aldehyde, and aliyl
(15-G,]-15G,]) or propargyl groups (16-[G,]-16-G;])
(Scheme 9). These syntheses were carried out with high yields
and were monitored mainly by *'P NMR spectroscopy.

15-[Gy] - 15{G5] (R = CH,CH=CH,)
16-[G4] - 16-[G3] (R = CH,C=CH)

12{G4]- 124Gy]

Scheme 9.

Dendrimers 15-G,] and 16-|G,] are good models for the
preparation of the first multiply “tetrafunctionalized™ macro-
molecules. This can be exemplified by two types of reaction
involving terminal aldehyde groups: reaction with hydrazine
and a Wittig reaction with Ph,P=CH-CN (17).

As expected, addition of hydrazine to 15-[G,} and 15-|G,] led
to the dendrimers 18-}G,} and 18-|G;], respectively, possessing
four different and compatible functionalities: NH, NH,, allyl,
and hydrazono groups (Scheme 10, Table 2). A similar reaction

15-[G4] , 15{Gal}
16-{G4)
Scheme 10.

18{Gy], 18-(G3} (R = CHoCH=CHy)
19-[G,] (R = CH,C=CH)

Table 2. Number of terminal functional groups (NH-allyl, CH=N-NH,. NH-
propargyl, CH=CH-CN) in multiply tetrafunctionalized dendrimers.

X NH-allyy CH=N-NH, NH-propargyl CH=CH-CN

184G, |
184G,
19-G,)
204G,y
204G,
204G,
21-G,)
214G,

[eNoNoNoNoNoNoNe)
[= N ;3»
VL w e w
[ NE VR
O\ul_\:a\ul [

1

with 16-[G,] led to the dendron 19-]G,]. '"HNMR, !3C NMR,
and IR spectroscopies appear to be very suitable techniques for
monitoring the reaction (disappearance of the singlet due to
aldehyde protons in the '"HNMR and disappearance of the
singlet due to carbonyl groups in the '3C NMR spectra). How-
ever, *'P NMR spectroscopy remains the most important
means of following the formation of these compounds, as shown
in Figure 2 for the sequence of reactions 3-|G3| — 7-|G,] —
8-[G,] — 15-[G;] — 18-[G,).

Wittig reactions of Ph,P=CH-CN with dendrimers 16-[G,] -
16-{G,] allowed the isolation and fully characterization of fur-

1420
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Fig. 2. *'P NMR spectra of compounds 3-|Gil, 74G,|, 84G;], 154G;], and
18-|G,}.

ther multiply “tetrafunctionalized™ species 20-|G,]-20-[G;]
(Scheme 11, Table 2, Fig. 3). '"H NMR spectra for 20-|G,]-20-
[G,] show the disappearance of the signal due to the aldehyde
groups and the appearance of two doublets assigned to the
methine proton in the a position relative to the phenyl group;

16-[G4] - 16-[G3]
Scheme 11.

20-{Gy] - 20{G3)

the doublet at 6 = 5.34--5.36 (3Jy, =12.1 Hz) corresponds to
the cis isomer and that at § = 5.71-5.74 (3J,,; =16.6 Hz) to the
trans isomer (cis/trans ratio, 1:1.5). The proton in the « position
relative to the cyano group only appears as a doublet at
d = 6.99-7.01 (Jz =12.1 Hz) for the cis isomer; the signal for
the trans isomer is obscured by aromatic protons. The forma-
tion of the two isomers is also clearly observed in the !3C NMR
spectra, which, for example, exhibit two singlets at § = 94.4—
95.8 for the sp? carbon « to the phenyl group and two singlets
at & =117.2-117.9 for the sp? carbon « to the cyano group. In
addition to NMR characterizations, the formation of 20-[{G,]
and 20-G,] is confirmed by the presence of the molecular ion
peaks (20-|G,|: 1243 [M +1]*; 204G,]: 3055 [M +1]") in the
FAB-MS spectra.

A similar Wittig reaction was undertaken with derivatives
15-]G,] and 15-|G,] leading to compounds 21-G,} and 21-{G,],
respectively (Scheme 12, Table 2).

It should be mentioned that terminal phosphorus units of all
the tri- or tetrafunctionalized dendrimers reported in this paper
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15Gy] , 15{Ga)
Scheme 12,

21-[Gy], 21-{GJ]

are chiral. As a result, the 3'P NMR signal due to the phospho-
rus fragments of generation n —1 is broadened, while the signal
of the phosphorus groups at the surface (generation n) remain
sharp.

Remarkably, all the polymers reported remain, independent-
ly of generation, perfectly soluble in most organic solvents
(THF, CH,Cl,, CHCL,).

Conclusion

All the experiments reported clearly confirm the unique
specificity of the substitution reactions of phosphorus-contain-
ing dendrimers 3-{G,]-3-[G,], 7H{G,]-7-G;l, 7-{Gs), -Gl
The presence of phosphorus not only allows the construction of
these macromolecules to be monitored without difficulty, but
also permits the formation in high yield of a large number of
dendrimers with multiple tri- and tetrafunctionalization. In this
paper the syntheses and full characterizations of 40 new den-
drimers of this type are reported. Each P(X)Cl, (X =S, O)
terminal fragment is found to behave as a monomer, which can
be successively monosubstituted and then disubstituted with a
variety of difunctionalized reagents such as allylamine, bisallyl-
amine, propargylamine, 4-hydroxybenzaldehyde, phosphorus
ylides, and hydrazine.

These results should open new perspectives in dendrimer
chemistry. For example, the attachment of several active sub-
stances showing different properties can now be envisaged, or
the grafting of dendrimers to a second polymer by means of a
suitable functionality, leaving other functional groups available
for further reaction. Studies in these fields are in progress.
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tive to 85% H,PO,. Mass spectra were recorded on a Finniganmat TSQ 700 or 95
spectrometer (FAB). The numbering used for *H, '*C and *'P NMR assignments
is shown in Scheme 13.

Co?

-Co® M C,3:C,® Me C.2:C%  JH
/ A /“ AR Z L Me
~F0-0-Co,C{CN N-P-0-Cy AL {CNEN-£,-0-Co) ,C2*tCNIN-P,-
\ i
\Coz’Coa ° \012’013 ‘ X \sz‘cza ‘ X
X=0,8 etc
Scheme 13.

General procedure for the synthesis of dendrimers 4G,]~4-[G,]: To a solution of
0.200g of dendrimer 3G, (n=1, 0.22mmol; n =2, 0.084mmol; n=3,
0.037 mmol; n = 4, 0.018 mmol) in THF (20 mL) was added triethylamine (7 =1,
92 uL, 0.66 mmol; n =2, 70 pL, 0.504 mmol; n = 3, 62 uL, 0.444 mmol; n = 4,
60 uL. 0.432 mmol) and diallylamine (n =1, 82 uL, 0.66 mmol; n =2, 62 L,
0.504 mmol; n = 3, 55 uL, 0.444 mmol; n = 4, 53 uL, 0.432 mmol) at room temper-
ature. This mixture was stirred for one week. The precipitate was then eliminated by
centrifugation, and the solvent evaporated under vacuum, The resulting oil (n =1)
or powder (n = 2, 3, 4) was purified by column chromatography (eluent: ethyl
acetate).

4G, |: Yellow oil; 60% yield; *'P{'H} NMR (CDCl,): § = 52.6 (brs, P,). 77.7 (s,
P,): '"HNMR (CDCL,): 6 = 3.2(d, 3J,p; =12.3 Hz, 9H,P,-N-CH,),4.0(m, 12H,
CH,-CH=CH,), 5.2 (m, 12H, CH,~CH=CH,), 58 (m, 6H, CH,-CH=CH,).
7.3 (dd, 3 = 8.6 Hz, *Jp, =1.1 Hz, 6H, C2-H), 7.6 (d, *Jup, = 2.1 Hz, 3H;
CH=N), 7.7 (d, *J4u = 8.6 Hz, 6 H, C3-H): '*C{*H} NMR (CDCl,): § = 31.5 (d,
2Jer =113 Hz, P,-N-CH,), 49.1 (d, 2J3, = 29 Hz, CH,-CH=CH,), 118.0 (s.
CH,-CH=CH,). 120.8 (d, %o = 4.9 Hz, C2), 127.5 (s, C3), 132.2 (s, C¥), 132.9
{d, 3Jepy = 2.6 Hz, CH,- CH=CH,), 137.3 (d, 3J5, =15.9 Hz, CH=N), 150.3 (d.
2Jepo =74 Hz, C}). IR (THF): 1642 (m. ¥c.c)cm™'. MS my/z: 1090 (M +1]*
(Cl=35) and isotopic repartition (1092: 100%). Anal. caled for
C,;H.,CI,N,O,P,S,: C. 46.22; H, 4.99; N, 11.55. Found: C, 45.98; H, 4.87; N,
11.35.

4{G,): White powder: 65% yield: 3'P{'H} NMR (CDCl,): § = 52.7 (s, P;), 62.3
{brs. P,). 77.7 (s, P,):*HNMR (CDCI,): 5 = 3.2 (d, i, =12.4 Hz, 18 H, P,-N-
CH,). 3.4 (d, Y, =10.5 Hz, 9H, P,-N-CH,), 4.0 (m, 24H. CH,-CH=CH,),
5.2 (m. 24H, CH,-CH=CH,), 5.8 (m, 12H, CH,-CH=CH,), 7.2 {d. ) =
8.0 Hz. 12H, C}-H), 7.3 (d. *Jyu = 8.6 Hz, 6H, CZ-H). 7.5 (d, *J,sp, = 2.0 Hz, 6H,
(CH=N),). 7.6 (d, */iy = 8.0 Hz, 12H, C}-H), 7.7 (brs, IH. (CH=N),), 7.8 (d.
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3 = 8.6 Hz, 6 H. C3-H); 13C{'H} NMR (CDCL,): 8 = 315 (d, W, =10.7 Hz,
P,~-N-CH,),32.5(d. 2Jep, =12.7 Hz, P,-N—-CH,). 49.1 {d, Yy, = 2.7Hz, CH, -
CH=CH,), 118.0 (s, CH,~CH=CH,). 120.9 (d. *Jep, = 3.8 Hz. C2). 121.1 (d,
e, = 4.6 Hz, C}), 127.4 (s, C}), 127.8 (5, C3). 131.8 (5, C}). 132.0 (s, C¥), 132.8
(brs, CH,-CH=CH,). 137.5 (d. %Jp, , =16.1Hz. (CH=N),.,), 150.5 (d.
2Jpo- =14 Hz, C§, CI). IR (KBr): 1641 (m. ¥..c)em™*, Anal. caled for
CosH 15, CINL,00P,08,,: C. 47.31; H, 483: N, 12.21. Found: C, 46.89; H. 4.71;
N. 12.06.

4(G,[: White powder: 75% yield; *'P{*H} NMR (CDCl,): § = 52.7 (s, P). 62.3
(brs, P}, 62.5 (s, P}, 77.7 (5. By}, "HNMR (CDCL): 8 = 3.2 ¢4, Y Juey =123 Haz,
36H. P,-N-CH,), 3.3 (d, *hyp, , = 99 Hz, 27H, P, ,~N-CH,), 4.0 (m. 48H,
CH,~-CH=CH,). 5.1 (m, 48 H. CH,-CH=CH,). 5.8 (m. 24H, CH,-CH=CH,),
7.2-78 (m, 105H. (CH.)s., » and (CH=N},_, ;) P*C{'H} NMR (CDCt,):
3 =314 (d, 2p, =113 Hz, P,-N—CH,), 32.5 {d, *Jep,.; =128 Hz, P,_,-N-
CH,). 49.1 (d, *£p; = 2.4 Hz, CH,~-CH=CH,), 118.0 (s, CH,-CH=CH,), 1208
{d. *Jep. 1 = 3.0 Hz, C3. C2). 1211 (d. *Jpy = 3.3 Hz, CD. 127.4 (5. C3). 1276 s,
€3). 1279 (s. C). 1315 (s. C¥). 131.7 (s, C2), 132.0 (s, C2), 1328 (s, CH,-
CH=CH,). 1377 (d, *Joy=159Hz, (CH=N),), 1383 (d, *Jop, ;=
15.5 HZ{CH=NJ,. ). 150.5(d. 2Jep; = 7.3 Hz, C12. 150.7(d. /g, = 8.9 Hz. CL.
Ch). IR (KBr): 1641 {m; i _yem ™!, Anal. caled. for Cu0H,64C) ;N5 0, P28y
C,4743;: H. 4.78, N, 12.44, Found: C. 47.17; H. 4.65; N, 12.27.

4-(G,]: White powder; 63% yield; *'P{"H} NMR (CDCl,): é = 52.6 (s, P,). 62.3
(brs. B}, 62.6 (s. P,). 62.9 (s, P,}, 77.7 (s, P,); '"HNMR (CDCl;): 4 =3.2 (d,
3Jurs =13.3 Hz, 72H,P,—-N-CH,). 3.3(d, *Jyp; .3 =10.2Hz 63H.P, , ;—-N-
CH,).4.0(m.9H,CH,-CH=CH,).5.1 (m,96H,CH,-CH=CH,), 5.8 (m,48H,
CH,-CH=CH,), 7.2-78 {m, 225H, (C,H,)o ,-z., and (CH=N), .-}
C{*H! NMR (CDCl,): 6 =314 (d. *J,, =112 Hz, B,-N-CH,), 325 (¢,
Yepr-2.3=13.0H2. P,_; ,-N-CH,), 49.1 (d, Zp, = 29 Hz, CH,-CH=CH,).
118.0 (s, CH,-CH=CH,), 1208 (brs. CZ, C% C2), 121.1 (d. *Jq, = 40 Hz. C3),
1274 (s, CY). 127.6 (s. C). 127.8 (5, C3. C), 131.5 (s, C& C3, CH, 131.7 (5. CH).
132.7 (d. *Jepe = 24 Hz, CH,-CH=CH,). 137.7 (d. *Jeps =15.8 Hz, (CH=N),},
138.2-1385 (m. (CH=N),_,_)), 150.5 (4, ¥, =76Hz, C}). 150.7 (.
2 po-1-2 =19 H2, C}, CI. CH). IR (KBr): 1641 {m; V.. cm™*. Aaal. caled. for
CrpaHe0oCTl2aN 10045 P16846: C.47.57; H.4.75, N, 12.55. Found: C.47.51; H, 4.68;
N, 12.40.

General procedure for the synthesis of dendrimers 5-}G,)-5-1G,}: To a solution of
0.100g of dendrimer 34G,] (n=1. 0.11mmol; n=2 0.042mmol;: n=3,
0.0187 mmol: » =4, 0.0089 mmol: n =5, 0.0043 mmol; 7 = 6. 0.00214 mmol;
n =T, 000106 mmol) in THF (10mL) was added triethylamine (n =1, 46 pL,
0.33 mmol; n =2, 35pL, 0.252 mmol; #n =3, 31 uL, 0.224 mmol; 7 = 4, 30 pL,
0213 mmol, n =5, 29pL, 0.21 mmol: 7 =6, 29 pL, 0.206 mmol; n =7, 28 uL,
0.204 mmol). The solution was cooled to 0°C, and allylamine was then added
dropwise with a microsyringe (n =1, 25ul; n =2, 19uL; n =3, 17TpL; n =4,
16plin =516 pL; n = 6,15 puL: n =7, 15 pL). The mixture was slowly warmed
1o room temperature and stirred overnight. After filiration, the solvent was removed
under vacuum to give 5-|G,] as a powder which was washed with pentane/ether (1/1)
Q2x10ml).

5G| White powder: 95% vield; *’P{'H} NMR (CDCl,}: & = 51.9¢5, Py). 72.9(s,
P,); '"HNMR (CDCL): & = 3.3 (d. YAy, =13.5Hz, 9H, P,-N-CH,). 3.9 (m. 6H,
CH,-CH=CH,). 4.6 {m, 3H, NH), 5.2 (m, 6H, CH,~CH=CH,). 59 (m. 3H,
CH,-CH=CH,), 1.3 (dd. *,, = 86 Hz, *J,, =1.5Hz, 6H, Ci-H), 76 (d.
3Juey = 3.1 Hz, 3H. CH=N), 7.7 (d, *Juy = 8.6 Hz, 6H. C}-H): P’C{’"H] NMR
(CDCLy): 6 =30.9 (d. 3, =10.5Hz, P,-N-CH;), 44.6 (5. CH,-CH=CH,),
116.5 (s, CH, - CH=CH,), 121.4(d, *Jpp = 4.8 Hz, C3), 128.3 (5. C)), 132.2(s, C}),
134.8 (d. *Jp, = 9.6 Hz. CH,-CH=CH,), 139.1 (d, *J, =15.5 Hz. (CH=N)y).
150.1 (d, 2Jpp = 8.4 Hz, C3). MS m/z: 972 (A + (1. IR(K Br): 3338 (m, ¥y ) em ™",
Anal. calcd. for C,,H,,C},N,O,P,S,: C,40.82: H, 4.36; N, 12.98. Found: C, 40.70;
H. 4.22; N. 12.86.

54G,): White powder; 95% yield; >'P{*H} NMR (CDCl,): 8 = 51.8(5, F,).61.7 (s,
P,). 73.1 (5, Py): '"HNMR (CDC,y): 6 = 3.3(d. 3y, =13.6 Hz, 18H, P,-N-CH,),
3.4(d. 3hp, =10.7 Hz, 9H, P,-N-CH,), 3.8 (m. 12H, CH,-CH=CH,). 4.6 (m,
6H, NH). 5.2 (m, 12H, CH,-CH=CH,), 5.9 (m. 6H, CH,~-CH=CH,), 7.2-73
(m, 18H, C&-H, CZ-H), 7.5-7.6 (m, 9H, (CH=N),_,), 7.7-7.8 (m, 18H, CJ-H,
Ci-H): 13C{'H} NMR (CDCl,): 6 = 30.9 (d, 2Jz, =11.0 Hz, P,-N-CH,), 33.0
4, Yp =131 Hz, P,-N-CH,). 445 (5. CH,-CH=CH,), 116.4 (s. CH,-
CH=CH,), 121.4 (d. *Jepo = 4.6 Hz. C2), 121.7 (9, *Jp, = 4.0 Hz, C?), 128.1 (s,
Ch). 1283 (s, C2). 131.7 (s. C%); 1325 (s, C), 1348 (d, *Jp, = 9.5Hz; CH,-
CH=CH,). 1386 (d. *Jp, =13.5Hz, (CH=N),}. 1393 (d. 3o, =145 Ha,
(CH=N),), 150.0 (d, *Jpo =79 Hz. C}). 151.3 (d, 2Jp, = 1.0 Hz, C/" [R (KBr):
3350 (m, ¥y) cm ™', Anal. cafed. for CooHygaCleN 2400P0S10: C. 43.02; H, 4.33: N,
13,38, Found: C, 42.81; H, 4.21; N, 13,14,

5-{G,l: White powder; 91 % yield; *'P{'H} NMR (CDCl,); 6 = 51.9(s, P;).61.7 (s,
P.), 619 (s. Py), 73.1 (s. P,). 'THNMR (CDCL,): 8 = 3.3 (d, *Jye, =13.4 Hz, 36H,
P,~N-CH;),3.3(m,27H.P,.,-N-CH,), 3.8(m,24H,CH,-CH=CH,),4.5(m,
12H,NH).5.2(m,24H,CH,-CH=CH,),5.8(m,12H.CH,-CH=CH,), 7.2-7.7
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(M, 105H,(CHado-, -, and (CH=N), ,_); *3C*H} NMR (CDCl,): § = 30.9(d.
*Jepy =11.2 Hz, P,-N-CHj,). 33.0 (d. 2J,., =129 Hz, P, ,-N-CH,). 4.5 (s.
CH,-CH=CH,), 116.5 (s, CH,-CH=CH,). 121.4 (m. C2. C?), 121.7 (d,
ey = 3.3 Hz C2), 128.1 (s, C3). 128.3 (s, CP). 128.4 (s, C3), 131.7 (5, C3), 132.0
(s, C%), 132.5 (s, C¥), 1347 (d, *J4, = 9.2Hz, CH,-CH~CH,). 139.0 (m.
(CH=N),_,). 139.2 (d. *Jp;, =154 Hz, (CH=N},), 151.3 (m, C}. Cl), 150.7 (d,
dp, =69Hz, Ci). IR (KBr): 3358 (m, ¥y)cm~' Anal. caled. for
Ci0aH260C) N0, P;,S,,: €, 43.78, H, 432; N, 13.51. Found: C, 43.44; H, 4.25;
N, 13.46.

S4G,J: White powder: 92% yield; *' P{*H} NMR (CDCl,): 6 = 51.8(s. Py), 61.4 (s,
Py). 61.7 (s. P}). 622 (s, P}, 731 (s. P,): ‘HNMR (CDCl,): =133 (d,
*dups =150 Hz, T2H, P.-N-CH,), 3.4 (m, 63H, P,_,.,-N-CH,), 3.8 (m, 48H.
CH,-CH=CH.4.5 (m, 248, NH), 52 (m. 48 H, CH,~-CH=CH,), 5.3 {m, 244,
CH,~CH=CH,). 7.2-7.7 (m, 225H, (C4H,)p.,-2-5 and (CH=N)o_,_,_;);
13CI'H} NMR (CDCly): & =30.8 (d, 2Jps =11.0 Hz, P,- N-CH;), 330 (d.
Yr-2-2 =126 Hz, P,_;_,~N-CH,) 445 (s, CH,~-CH=CH.,). 116.5(s, CH, -
CH=CH,), 121.3 (brs, CZ, C1, C}). 121.7 (d, *Jees = 3.2 Hz, C}), 1281 (5. C).
128.6 (s, C3, C3, C3). 131.6 (5. C3). 132.0 (s, C¢, C4. €%, 134.7 (d, *Jp, = 9.0 Hz,
CH,-CH=CH,J. 139.0 (m, (CH=N},_, ;),139.3(d, }q, =158 Hz, (CH=N},),
1513 (m, CJ, Ci. Cl Ci). IR (KBr): 3363 (m, ¥y)em™'. Anal. caled. for
CliaaH0qClLgN | 1004 PuSe6: C.44.11: H, 4.32; N, 13.57. Found: C, 44.01; H,4.28;
N, 13.41.

5-1G,]: White powder; 93% yield: *'P{'H} NMR (CDCl;): 6 = 51.8(s, P,), 61.4 (s,
P,), 61.5(s, P;). 61.7 (5. P;). 62.1 (5. P,). 73.1 (s, P;): '"HNMR (CDCly): 6 = 3.2 (d,
ey =149 Hz, 144H, P,-N-CH,). 34 (m, 135H, P,_,_,_,-N-CH,), 3.8 (m,
96H, CH,-CH=CH,), 4.5 (m. 4§H, NH). 5.2 (m, 96H, CH,-CH=CH,), 5.8
(m. 48H, CH,-CH=CH,). 7.1-7.7 (m. 465H, (CH,()o., ».3-. and
(CH=N),_, ; 5.,): CI'H} NMR (CDCl,): 8 = 308 (d, o, =11.0 Hz, P,
N-CHj). 329 (d. *epy-5.3.4 =13.3Hz, P_,_,.,-N-CH,). 444 (s. CH,-
CH=CH,). 116.5 (s, CH,~CH=CH,), 121.7 (brs. C2. C2, C3, C3, C}), 128.1 (s.
C1H.128.6(5.C3.C3. C}, C. 131.6 (s, C3), 132.0(5,C}). 132.7(s. C3. €. CY), 134.7
d. *p, =9.5Hz. CH,-CH=CH,}, 1390 (m, (CH=N),_,.,_,). 1393 (d,
Jeps =15.4 Hz, (CH=N),), 151.3 (m, C. C}, Cl. C}. C3). IR (KBr): 3350 (m,
Vayem 1. Anal. caled. o1 CgaaHio3rClisN13a00:P0S0e: €. 44.27; H, 431; N,
13.60. Found: C, 44.01; H, 4.24: N, 13.34,

5-1G,): White powder; 93% yield; **P{*H} NMR (CDCl,): 6 = 51.8(s. P,), 61.6 (s,
P,).61.7(s. P,). 61.8 (s, Py}, 62.1 (5, P, . P,). 73.1 (5. P); "HNMR (CDCl,): 6 = 3.3
(brs,567H.P, ; ;-4.,~-N-CH;},3.8(m, 192H, CH,~-CH=CH,}.4.5(brs, 96H,
NH), 5.2 (m, 192H, CH,-CH=CH,), 5.8 (m, %6H, CH,~CH=CH,), 7.1-7.7 (m,
945H, (CeH, Y- 1-2-3-4-5 and (CH=N}o_,_;_;_4.4): "*C{'H} NMR (CDCl,):
8 =308 (d, 2Jps=10.8Hz, P,~N-CH,). 32.9 (d, 2y -;.3-4. =131 Hz,
P .5 4 s-N-CH,).44.4(s, CH,-CH=CH,), 116.5 (s, CH,-CH=CH,), 121.7
(brs, C3. C2,C3.C2, C2, (%), 128.1 (s, C}), 128.3 (s, C3. C¥, C2, CL, C). 1316 (s,
C$). 1320 (s, CH. 132.7 (5, €& CH C CH. 134.7 (d, *Jps = 9.5 Hz, CH,-
CH=CH,). 139.0 tm, (CH=N),.,.._;_,). 139.3(d, *Jp, =15.0 Hz, (CH=N),).
151.2 (brs, C2, C1. C1, CL CL. CL). IR (K Br): 3360 (m. ¥,,)cm ™!, Apal. caled. for
Ca00H 2088C a6 Ne 760 120P 1905100 Co #4.34; H, 4.31: N, 13.61. Found: C. 44.19; H,
4.18; N. 13.36.

54G,(: White powder:93% vield; *'P{'H} NMR (CDCl,}: 4 = 61.6(s, P;), 61.7(s,
P,}. 61.8 (s, P,), 62.1 (s, P,, P,. Py}, 73.1 (s, P,); '"HNMR (CDCL,): § = 3.3 (brs,
11438, P, , 5.._..,~N—-CH,), 3.8 (m, 384H, CH,-CH=CH,), 4.5 (brs, 96 H.
NH), 5.2 (m, 384H, CH,-CH=CH.), 5.8 (in, 192H. CH,-CH=CH)), 7.1-7.7
tm, 1905H, (C,Heo.y 2-3-4-5-6 and (CH=N)_, , 4 444 *C{’H}
NMR (CDCly): 6=308 (d. 2Jp,=104Hz, P,-N-CH,). 329 (d,
YUoryz-3-e-5-5 =185HZ P,y 4 o~N-CH,), 444 (s, CH,~CH=CH)),
116.5 (s, CH,-CH=CH,), 121.7 (brs, C2. C3. CZ, C3, C2, C2. C}), 1281 (5. C}).
128.3 (s, C2, €. CL. €3, C2, C2). 1316 (s, C2). 132.0 (s. C¥), 132.7 (s. C&, C1. C2.
Ci CH. 1347 (d, *Jp,=95Hz. CH,-CH=CH,). 1390 (m,
(CH=N)g.1_;_3.4-3). 1393 (d. *Jg- =15.0 Hz, (CH=N),). 151.2 (brs, C}. Ci,
Ci. Ci Cl Cl Cbh. IR (KBr): 3350 (m, ¥ny)em™'. Anal. caled. for
Ci62¢Ha200Ch:Nase Oys1PrgaSaes: C. 44.36; H, 4.31: N, 13.62. Found: C, 44.22:
H. 4.24; N, 13.36.

General procedure for the synthesis of dendrimers 7-|G,|-7-/G;), TG, 7-{G+} : To
a solution of 1,75 g of 1 (4.11 mmol) or dendrimer 3G} (n =1, 1.23 mmol; n = 2,
0.512 mmol; n = 4, 0.114 mmol; n = 6 , 0.0277 mmol) in chloroform was added a
solution (240 mmol L ~) of dichlorophosphonomethylhydrazide (6) in chloroform
(for 3, S6mL; n=1,34mL; n=2, 28mL; n=4, 25mL; n=6, 24mL, (0%
£xcess) at room iemperature. The resulting solution was stirred overnight. Then the
solvent was removed under vacuum to give a white paste of 4G, | which was
washed with ether (2 x 50 mL)

7G,): Pale yellow powder; 78% yield; *!P{'H} NMR (CDCl,):  =18.8 (s, P,),
52.3 (s, P,); "HNMR (CDCl,): 6 = 3.3 (d, 3Jyp, =10.9 Hz, 9H, P,-N-CH;). 7.3
(dd, 3y = 8.3 Hz. o = 1.5 H2, 6H,C3-H). 1.7(d, *Jyp, = 3.1 Hz, 3H,CH=N),
7.7 (d, 3 =83Hz, 6H, C}-H): ’C{'H} NMR (CDCl,): §=30.6 (d,
2Jgy =109 Hz, P,-N-CH,), 120.9 (d, /o = 5.1 Hz, C3), 128.1 (s, C3), 131.1 (s,

0947-6539/96/0211-1422 8 15.00 + .25/0 Chem. Eur. J. 1996. 2, No. 1/



Phosphorus-Containing Dendrimers

1417-1426

C%).139.9(d, *Jep, = 20.7 Hz, CH=N), 151.0 (d, 2Jp, = 7.6 Hz, C}). MS m/z: 859
(M+1]" (Cl=135) and isotopic repartition (861:100%). Anal. caled. for
C2H CUNOP,S: €. 3347, H, 2.81; N, 9.76. Found: C. 33.38; H, 2.73: N. 9.63.

7-kG,|: white powder; 30% vield: *'P{'H} NMR (CDCl,): 8 =18.6 (s, Py, 52.3¢s,
Po). 61.7 (s. P,); 'HNMR (CDCL,): 5 = 3.29 (d. *Jip; =11.0 Hz, 18H, CH,~N-
P,).3.37(d. *4, = 10.8 Hz, SH, CH, ~-N-P,), 7.23- 7.75 (m, 45 H, (C,H.),. , and
(CH=N),_,): °C{*H} NMR (CDCl,): 6 = 31.1(d, %/ = 10.5 Hz, P,~-N~CH,),
32.9 (d. 2Jg, =13.0 Hz, P,-N-CH,), 121.4 (brs, C2). 121.7 (d. *Jop, = 4.6 Hz,
C?), 128.5 (brs, C2, C), 131.1 (s, C%), 132.5 (s, C3). 138.6 (d. *ep, =14.9 Hz,
(CH=N),). 140.8 (d. *Jep, = 20.9 Hz, (CH=N),), 150.6 (d, 2Jpo =7.6 Hz, C}).
151.7(d, 2Jp, =7.6 Hz.C?). Anal. caled. for C,,H,,Cl,,N,40,15P,oS,: €, 37.72: H,
3.16: N, 10.99. Found: C. 37.28; H, 3.01; N, 10.92.

7-G,): white powder; 88 % yield; *'P{'H} NMR (CDC1,): § =18.5(s, Py}, 52.1 (s,
P,), 61.6 (s, P;), 62.0 (s, P,); '"HNMR (CDCl,): § = 3.26 (d, *J,ppy =11.0 Hz, 36 H.
CH,-N-P,), 3.34 (d, *Ju_s_, =10.3Hz, 27H, CH,-N-P,_,), 7.22-7.77 (m,
105H, (CHdo.,., and (CH=N), , _,); *C{'H} NMR (CDCl,): § = 31.2 (d,
2ty =109 Hz, CH;-N=Py), 331 (d, 2/, ; =13.2Hz, CH,-N-P_,), 121.5
(brs, C2). 121.8 ¢brs, C1. C2), 128.3 (s, C3. C3). 128.6 (5. C3). 131.2(5, C%). 1322
. €Y, 1327 (5. C&). 1390 (d, 3Jey . =13.8Hz, (CH=N),_,). 1409 (.
IJss =284 Hz, (CH=N),), 1514 (4, Vg,., =94 Hz, T, CH. 1519 (&,
2J2 = 6.3 Hz, C}). Anal. caled. for C¢sH 5sCl N4 ;053P5,5,0: C. 39.13; H, 3.28,;
N, 11.40. Found: C, 38.79; H, 3.11; N, 11.21.

7-|Gs): white powder: 86% yield; *'P{'H} NMR (CDCl,): 6 =18.5(s, P,), 61.7 (s,
B,), 61.9 (s. Py). 62.0 (s, Py). 62.6 (5. P,); 'HNMR (CDCl,): ¢ = 3.30 (m, 279H,
CH,-N-P, ;_3.4-5). 724-763 (m, 465H. (CeHyo.1_.;.3.5 and
(CH=N)p_,_;.3_4): "*C{’H} NMR (CDCl,): 6 = 31.1 (d. *Jes =10.3 Hz, CH, -
N-P), 32.9(d. Wepr-2.5-4 =12.5Hz, CH;-N-P, ,_,_,). 121.7 (brs, C, C},
C2.CL C2), 1281 (brs, C3. C2. C3. C1). 128.4 (5, CJ). 131.0 (s, C), 131.9 (s, C3.
CH CH CY, 1408 (d. *Jopy.3-3-4-5s =16 Hz, (CH=N)g.,_.,.; J. 151.2 (d,
2fe=65Hz, Cl C!, Ci. CY. 1517 (d, ¥, =70 Hz, C}). Anal. calcd. for
CreaHa0aClog N304, PoaS 450 €. 40.00; H, 3.35; N, 11.66. Found: C. 39.80; H.
3.28; N, 11.45.

7-1G,}: white powder; 87 % yield: *'P{"H} NMR (CDCl,): § =18.5 (s, B;), 61.7 (s,
Py}, 61.9 (s, Py). 62.0 (s, P,). 62.4 (brs, P, P,. P,); 'H NMR (CDCl,): = 3.14 (m,
11435, CH, NP, 5. 3.4.5.4.4). 7.24-7.63 (m, 1905H, (CeHodo- ;- 3-3-4 5-6
and (CH=N)y_,.._3-4-5.¢: C{'H} NMR (CDCl,): =311 (d.
24, =104 Hz, CH,-N-Py), 329 (d, 1., 5 s.5.0 =128 Hz. CH,-N-
P, .2 3.5 1207 (brs, C2,C3, C2,C2,CE, CZ, C2), 1281 (brs, €3, CL €3, C3.
C2, CY). 1284 (s, C2). 131.1 (s. C2). 131.9 (brs, C3, C*, C4, C3. C4. C%). 138.9 (m,
{CH=N)s_, 2.5.0.5), 1408 {(d. 2Jgs=205Hz, (CH=N)), 1514 (,
2Jep = 5.9 Hz. C}, C}. CL CL. CL, C}), 151.5(d, 2Jps =7.1 Hz, C§). Anal. caled. for
C3068H3045Cl58aN 7620575 P35S 190 C. 40.21; H, 3.37; N, 11.72. Found: C, 39.97; H,
3.24; N, 11.59.

General procedure for the synthesis of dendrimers 8-|G,}-31G.}: To a solution of
0.30 g of 7TH{G,| (n =1, 0.348 mmol; n = 2, 0.131 mmol; n =3, 0.0582 mmol) in
THF (30 mL) was added tricthylamine (n =1, 145 uL, 1. 045 mmol; n = 2, 110 puL,
0.786 mmol; # = 3, 97 uL. 0.698 mmot}. The resulting solation was cooled to 0°C,
and a solution of allylamine (n =1, 78 uL; n =2, 59uL; n = 3, 52 yL) in THF
(10 mL) was then added. The mixture was stirrred for 3 h at room temperature, then
filtered. The solvent was removed under vacuum to give 8-G,| as a powder, which
was washed with ether (2 x 30 mL.)

844G, |: white powder; 65% yield; >'P{'H} NMR (C,D,}: § =19.1 (s, P,}. 52.0 (s,
Py); 'HNMR (CDCl,): 6 = 3.18 (d, >4y, =10.0 Hz, 9H, CH,-N-P)), 3.76 (m,
6H, CH,-CH=CH,), 4.12 (brs, 3H, NH). 5.15 (d6. *Juu, =7.6 Hz, Zhpyem =
1.3 Hz, 3H, CHy(H)C=C(H_JH). 529 (dd, *uers =171 Hz, 2h,.n = 1.5 Hz,
IH, CH,(H)C=C(H)H yuns). 591 (m, 3H, CH,- CH=CH,). 7.25(d. 3/y = 8.4 Hz,
6H, C2-H), 7.59 (s, 3H, (CH=N),), 7.64 (d, *J,, = 8.4 Hz, 6H, C}-H); ’C{'H}
NMR (CDCl,): =299 (d. *Jp, =84Hz, CH,-N-P,), 43.1 (s, CH,-
CH=CH,). 116.0(s, CH, -CH=CH,)., 120.8 (d. * /5, = 4.5 Hz, C3), {27.7 (5. C).
1317 (s, C3). 134.2(d, YJep, =79 Hz, CH,- CH=CH,), 138.2 (d. *Jop, =17.3 Hz,
(CH=N),), 150.6 (d. 2Jpo = 8.4 Hz, C}). Anal. calcd. for Cy;H,,Cl,N,O4P,S:
C.4294; H, 4.58; N. 11.52. Found: C, 42.88; H. 4.55: N, 11.47.

8-[G,|: white powder: 62% vield; !P{'H} NMR (CDCl,): § = 20.6 (s, P,). 52.3 (s,
Py). 61.8 (s, P,); 'HNMR (CDCl,): é = 3.13 (d, ¥4, =10.1 Hz, 18 H. CH,-N-
P,). 3.34 (d, *Jyp, =10.5 Hz, 9H, CH,-N-P,), 3.65 (m, 12H, CH,-CH=CH,},
421 (m, 6H, NH). 510 (dd, 3 =102Hz. *Jyypem =1.2Hz, 6H,
CHH)C=C(H . JH). 528 (dd, ‘Jupyen =169Hz, “f,em =1.2Hz, 6H,
CH(H)C=C(H)H,..). 5.88 (m, 6H. CH,-CH=CH,). 7.19-7.74 (m. 45H,
{CeHado- , and (CH=N), . ,); *C{*H} NMR{CDC},}: 3 = 30.3(d, *Jp, = 8.4 Hz,
CH,-N-P,), 32.9 (d, *Jp, =13.1 Hz, CH,-N-P,). 43.5 (s. CH,-CH=CH,),
116.5 (s, CH,~CH=CH,). 121.4 (brs, C§), 121.7 (d. *Jep, = 4.6 Hz, C}), 128.0
(brs, C}). 128.3 (brs, C2). 131.6 (s, C}). 132.5 (s, C2), 134.6 (d. *Jp, = 8.2 Hz,
CH,-CH=CH,). 1390 (d. 3/, ,=178Hz, (CH=N), ,). 151.0 (.
tJepo =7.0 Hz, C§), 151.1 {d, 2Jp, = 6.9 Hz, C}). IR(KBr): 3400 (m. 7, _,)em ™.
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Anal. caled. for CooH,0sClsN1.0, 5P oSs: C. 44.73; H, 4.50; N, 13.91. Found: C,
44.57; H, 4.36; N, 13.75.

8-[G,}: white powder; 59% yield; *'P{*H] NMR(CDC1,}: 5 = 20.7 (5. P,}. 52.4 (5.
P}, 61.7 (5. Py), 62.1 {5, P,); "HNMR (CDCLy): & = 318 (d. 3,y = 9.9 Hz, 36H,
CH,-N=P,). 3.32 (4. s =10.1 Hz, 27H, CH,-N-P,_;). 3.71 {m, 24,
CH,-CH=CH,), 412 (m. 12H, NH), 511 (d, *Juus=99Hz, 12H,
CHy(HIC=C(H )H). 525 (d. *Jyu =174 Hz, 12H, CH,(H)C=C(H)H, ).
584 (m, I12H, CH,-CH=CH,), 7.19-7.74 (m, 105H. (C¢H.),.,., and
(CH=N), ; »): *C{H} NMR (CDCL,): & = 29.9 (d, %Jcpy = 8.6 Hz, CH,~N~—
Py). 32.4(d, 2hp, ., =13.3 Hz, CH,—~N-P, ;). 43.1 (s, CH,—CH=CH,). 1159 (s,
CH,-CH=CH,). 121.0 (brs, CZ, C2), 121.2 (brs, C3), 127.5 (brs, C3. C3, C2),
131.2(s. CH, 131.5(s. C¥). 132.0(5, C4), 134.2(d, 3Jp; =7.7 Hz, CH, ~ CH=CH,),
138.5 (d, *Jepy 3.y =17.3 Hz, (CH=N),_, ;). 151.3 (d, *pg-,.; =72 Hz, Cl,
Cl, C). IR(KBr): 3370 (m, Ty_,), 3067 (m, V_cya)em™'. Anal caled. for
CioaH130Cl:N5.0,,P,1510: C. 45.34; H, 4.47; N. 13.99. Found: C, 45.18; H, 4.37;
N, 13.78.

Synthesis of compound 104G, (: Ta a solution of 9-{G, | (0.320 g, 0.379 mmol) in THF
(20 mL) was added triethylamine (158 pL., 1.14 mmol). The solution was cooled to
0°C. and 2 solution of afiylamine (85 uL, 1.14 mmol) in 10 mU of THF was then
added dropwise. The mixture was stirred for 3 h then filtered. The solvent was
removed 1o give a white powder. which was washed with ether (2x 2 mL).

10-|G,]: white powder; 63% yield; *'P{'H} NMR (CDCl,): é = —18.3 (s. P,). 20.4
(s, P,): '"HNMR (CDCl,): 6 = 3.18 (d, 3Jp, =10 Hz, 9H, CH,-N-P,). 3.74 (m,
6H, CH,-CH=CH,). 399 (m, 3H, NH), 515 (dd, ‘Juu. =10.1Hz,
Ypyew =14 Hz, 3H, CHyH)C=C(HH), 528 (dd, *Jype, =171 Hz,
2Jutgem =14 Rz, 3H, CH,(H)C=C(H)H,,...). 5.92 (m, 3H, CH,-CH=CH,), 7.25
(d, 3Juu = 8.4 Hz, 6H, C3-H) , 7.59 (s, 3H, CH=N), 7.61 (d. *J,, = 8.7 Hz, 6H,
C3-H); *C{'H} NMR (CDCl,): 8 = 30.4(d. 2Jep1 = 8.2 Hz, CH,-N-P,),43.6 (s,
CH,~-CH=CH,). 116.6 (s. CH,~-CH=CH,), 120.3 (d, >/, = 4.3 Hz, ChH, 1283
(s, C3). 1320 (brs. C$), 134.6 (d. *Jp, =78 Hz, CH,-CH=CH_), 138.6 (d.
3epy =17.2 Hz, (CH=N),). 150.8 {(d, *Jepy = 6.7 Hz, C3). MS myjz: 906 [M +11"
(Cl; 35). IR(KBr): 3400 (m. ¥y .y). 3070 (m, V.o )em™'. Anal caled. for
C,3H,,CIiN,O,P,: C,43.70. H,4.66; N, 13.89. Found: C,43,41; H,4.59: N, 13.84.

General procedure for the synthesis of dendrimers 11-{G,], 114G }: To a solution of
0.150 g of dendrimer 34G,](n =1.0.165 mmol; n = 4,6.0133 mmol)in THF (7 mL)
at 0°C was slowly added a solution of propargylamine (n =1, 34 uL, 0.455 mmol;
n=4, 22 L, 0.319 mmol) and triethylamine (n =1, 69 uL, 0.495 mmol; n = 4,
45 1L, 0.319 mmol) in THF (7 mL). The resulting mixture was left overnight at
room temperature, and the precipitate was then removed by centrifugation, The
solvent was evaporated, and the resulting powder was purified by column chro-
matography on silica gel (eluent: ethyl acetate).

114G,|: Yelow powder; 88% yield; >'P{'H} NMR (CDCl,): § = 52.6 (s, P,), 72.1
(s, P;); THNMR (CDCl,): & = 2.33 (t-like, *Jyua = 2.5 Hz, *Jyq = 2.6 Hz, 3H,
CH,H,-C=CH), 3.35 (d. %/, =13.5Hz. 9H, P,~N-CH, ), 4.1 (dddd,
2 Jo = 20.4 Hz, 3Jyp, =159 H2, "y, = 6.9 Hz, *Jy, = 2.5 He, 3H, CH,-C=CH)
. 4.13 (dddd, 24 = 204 Hz, U, =14.1 Hz, )iy = 6.5 Hz, 44, = 24 Hz, 3H,
CH,-C=CH), 4.65 (t-dike, *Jyy\ = 6.5 Hz, 3y = 6.9 Hz, 34, NH#-CH,H,-
C=CH). 731 (dd, *Ahw=86Hz, *swpo=14Hz, 6H, CI-H), 164 (d
*Juey = 3.0 Hz. 3H, CH=N}, 1.70 (d. *J,, = 8.6 Hz, 6H, C3-H); ">°C{'H} NMR
(CDCL,): 8 = 30.4(d, 2y, =11.5Hz, P,-N—CH,),31.2(s, CH, - C=CH), 71.9(s.
CH,~C=CH). 79.5 (d, *4op, =11.4 Hz, CH,- C=CH), 120.9 (d. */ps = 4.7 Hz,
C3). 127.9 (5. CJ}. 131.5 (s, C&). 1388 (d, ¥, =15.5 Hz, CH=N]}, 150.6 (d.
2Jero = 8.3 Hz, C}). IR(KBr): 3255 (m. ¥y_p), 3291 (m. 7. ) cm™*. MS mjz: 964
[M+1)" (Cl=35) and isolopic repartition (966: 100%). Anal. caled. for
Cy;H,CL,N,O,P,S,: C. 41.04; H. 3.76; N, 13.06. Found: C, 39.83; H, 3.68: N,
12.95.

114G,}: Pale yellow powder; 60% yield: *'P{*H} NMR (CDCl,): & = 52.6 (s, P,).
62.2 (s, P,), 62.3 (s, P;}, 62.4 (s, Py), 72.3 (s, P,); "HNMR (CDCl,): & = 2.2 (brs,
24H, CH,-C=CH), 32 (d. 3, =148Hz, T2H, P,-N-CH,). 3.3 (d,
Yer-z 3 =128 Hz, 63IH,B,_, ,-N-CH,),3.9(m, 48 H,CH,-C=CH),4.6-4.8
(m,24H, NH), 7.1-7.6 (m, 225H,(C,H,)o. . -, and (CH=N), _, _,_,): **C{'H}
NMR (CDCL,): §=30.3 (d, *Jp, =11.4Hz, P,-N-CH,). 31.2 (s. CH,-
C=CH), 324 (d, Jepy -2, =108 Hz, P, ;- N-CH,). 719 (s, CH,-C=CH),
80.1(d, *Jp, = 8.8 Hz. CH,-C=CH), 121.1 (brs, C%, €2, C%, C%), 127.7(5, CL, C3.
C3, C3), 131.0 (s, CS, Ci, CH. 1315 (5. C}), 1384 (d. %y, ..., =118 Hz,
(CH=N), _,_).139.1 (d, *Jp, =15.7 Hz, (CH=N),), 150.5-150.7 (m, C{, C!.C}.
Cl). IR(KBr): 3368 (m, Sy.,), 3292 (m, ¥.c.,)cm™). Anal. caled. for
CaszHaseCliaN, 1 (0,4PeeSis: C, 44.29; H, 3.92; N, 13.63. Found: C, 44.07; H,3.79;
N, 13.48.

General procedure for the synthesis of dendrimers 12-|G,]- 124G,], 124G,], 12-{G,]:
To a solution of 0.200 g of 74G,] (» =1, 0.232 mmo}; n = 2, 0,087 mmol; n = 3,
0.0387 mmol; # = 5. 0.0089 mmol, # =7,0.002t mmol) in THF (20 mL) was added
triethylamine (v =1, 97 pL., 0.696 mmol; n = 2, 73 pL, 0.522 mmol; n = 3, 65 pL.
0.464 mmol; # = S, 60 pL., 0.427 mmol; # =7, 56 uL, 0.403 mmol). This solution
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was cooled to 0"C, and a solution of propargylamine (n =1, 48 uL, 0.696 mmol;
n=2,36pL, 0.522 mmol; n = 3, 32 uL, 0.464 mmol; n = 5. 29 uL, 0.427 mmol;
n =728 uL, 0.403 mmol)in 10 mL of THF was then added dropwise. The mixture
was stirrred for 3 h then filtered and the solution was evaporated under vacuum to
give a powder which was washed with ether (2 x 20 mL).

12-|G,}: pale yellow powder; 55% yield; *'P{'"H} NMR (CDCl,): & = 20.3 (s, P,),
52.2 (s. Py); '"HNMR (CDCly): & = 2.26 (t-like.*Jyyn = *Jyps = 2.3 Hz, 3H,
CH\H,~C=CH). 3.12(d, 3/, =10.2 Hz, 9H, CH,-N-P,), 3.90 (m, 6 H, CH,-
C=CH), 4.75 (m. 3H, NH), 7.20 (d, 3/, ~ 8.4 Hz, 6H, C3-H). 7.55 (s, 3H,
(CH=N),). 7.63 (d. iy = 8.6 Hz. 6 H. C3-H); 3C{!H} NMR (CDCl,): & = 30.5
(d, *Jep, = 8.6 Hz, CH,~N-P,)., 30.9 (s, CH,-C=CH), 72.1 (s. CH,-C=CH).
79.8 (d. *Jp, = 8.9 Hz. CH,-C=CH). 121.3 (d, 3/ = 4.8 Hz, C2), 128.3 (brs,
C2). 132.1 (brs, C%).138.9(d. *Jp, =17.5 Hz. (CH=N),). 150.9(d, 2Jpo =7.6 Hz,
CJ). Anal. caled. for C3,H,;CI;N,O,P,S,: C,43.22; H, 3.95; N, 13.74. Found: C,
43.01; H, 3.80: N, 13.62.

12-|G,|: yellow powder; 51% yield: *'P{'H} NMR (CDCl,): 5 = 20.3 (5. P,), 52.8
(s.Pp). 62.1 (5. P,): "H NMR (CDCl,): 8 = 2.26 (t-like,*Juua = *Juun = 2.5 Hz,6H,
CH,H,-C=CH), 3.16 (d. %js, =102Hz, 18H, CH,-N-P,), 336 (d.
3J,e0 =10.5 Hz, 9H, CH,-N-P,), 3.89 (m. 12H. CH,~-C=CH), 4.29 (m, 6H,
NH), 7.21-7.75 (m, 45H, (C,H,)o , and (CH=N),_,); 3C{*H} NMR (CDCl,):
5=303 (d. %4, =90Hz, CH,-N-P,), 309 (s. CH,-C=CH), 329 (d.
2y, =13.1 Hz, CH,-N-P,), 72.3 (s, CH,-C=CH), 79.6 (d, *Jes; = 8.5 Hz,
CH,-C=CH), 121.4 (brs, C2), 121.6 (brs, C?), 128.1 (s, C}), 128.3 (5. C3), 131.6
(. C%. 1325 (s. C3). 1384 (d, *Jp, =13.1 Hz, (CH=N),). 139.2 (d.
3Jps =17.4 Hz, (CH=N),). 151.0(d, 2 = 6.0 Hz, C1). 151.3(d, 2Jp, = 8.0 Hz,
CH). Anal. calcd. for CoqHyCleN,,0, 4P, ,S,: C, 44.96; H. 4.02; N, 13.98. Found:
C,44.70; H, 3.93; N, 13.79,

12-|G,]: yellow powder; 48% yield; *'P{'H} NMR (CDCl,): é = 20.1 (s, P;), 52.3
(s, Po). 61.6 (s, P,), 61.9 (s. P,); 'THNMR (CDCl;): é = 2.15 (brs, 12H, CH,-
C=CH), 3.10 (d, *Jyp; = 9.5 Hz, 36 H, CH,-N-P,), 3.29 (d, 34, , =104 Hz,
27H,CH,-N-P,_,),3.87(m,24H, CH,~-C=CH).4.56 (m, 12H,NH), 7.16-7.62
(m, 105H, (C¢H,),- - ,and(CH=N),_, _,); 1*C{’H} NMR (CDCl,): é = 30.0(d,
2Jps = 8.5 Hz, CH,-N-P,).30.5(s, CH,-C=CH). 32.5(d, 2/ =11.9 Hz. CH; -
N-P,_,),71.7(s, CH,~C=CH), 79.5(d, 3J; = 8.3 Hz, CH,-C=CH), 121.2 (m,
C3,C%,C3). 127.7 (m, C3, C3, C3). 131.3 (s, C3), 131.6 (s, C}), 132.1 (s, C}), 138.8
(d, %y 2.3 =17.7Hz, (CH=N)y_,_,).150.8(d, 2Jepo_, -, = 6.1 Hz,C},C},C?).
Anal. caled. for Cyo,H,,Cl ;N 033P,,8,4: C,45.55: H,4.04: N, 14.05. Found: C,
45.44; H, 3.92: N, 13.88.

12-{Gy]: white yellow powder; 52% yield; *'P{'H} NMR (CDCl,): é = 20.4 (s, P,).
61.8 (s, P,), 63.1 (brs, P,, P,. P;); "THNMR (CDCl,): § = 2.24 (brs, 48H, CH,-
C=CH). 3.10 (m, 144H, CH,-N-P;), 330 (m, 135H, CH,~N-P, ,_;_,). 3.89
(m, 96H, CH,-C=CH). 444 (m, 48H. NH), 7.20-7.60 (m, 465H,
(CeHo-1. 2. 5-4and (CH=N),_, _;_;_,); "*C{*H} NMR (CDCl,): 6 = 30.3 (d.
2Jps =80Hz, CH,-N-P)), 309 (s. CH,-C=CH), 329 (.
2epr-2 3-4=13.2Hz, CH;-N-P,_, ;.. 72.3 (s. -CH,-C=CH). 81.5 (d.
3Jps = 8.4 Hz, CH,-C=CH). 121.6 (brs, C2, C, C2, C2.C2), 128.1 (brs, C3. C3,
C3 Ci C), 1315 (s. CH, 1319 (s, C4 Ct Ci CH., 1393 (d,
3eor-2-3-4-5 =171 Hz, (CH=N), . ,_;.3.4). 151.2 (brs, Ci. C!. C}. Cl. Cb).
Anal. caled. for CaggHgssClaaN234014:PosSas: C. 45.91; H, 4.06: N, 14.10. Found:
C,45.41; H,394: N, 13.81.

12-(G,|: Pale yellow powder; 49% yield; *'P{'H} NMR (CDCl,): § = 20.3 (s, P;),
62.0 (s. Py), 62.1 (s, Ps), 62.2 (brs, Py, P, Py, P,); "HNMR (CDCly): 6 = 2.15 (brs,
192H, CH,- C=CH), (m. 1143H, CH,~N-P,_,_s_.¢_¢_1). 3.87 (m, 384H,
CH,-C=CH), 4.53 (m, 192H. NH), 7.20~ 7.62 (m. 1905 H. (CeH o, 5. 3-4-3-6
and (CH=N)y., ;-3-4.s.¢)i '>C{’H} NMR (CDCL): &=303 (d,
1., =70Hz. CH,-N-P), 309 (s, CH,-C=CH), 329 (4,
2Jept-2-3-4-5-6 =131 Hz, CH,-N-P, , ; 4 5,). 72.3(s. CH,-C=CH), 79.6
(d, *Jopy = 8.5 Hz, CH,-C=CH). 121.7 (brs, C, CZ. C2, CZ CZ, C2, C), 128.1
(brs. C2,C3,C3,C3. C3.C),128.4(s,C2), 131.6 (s, C3), 131.9 (brs. C3, C1, C4. C3,
C2 CH, 1393 (d, 3Jpi-2-3.4-5-6 =178 Hz, (CH=N),.,_, 3., 4), 140.8 (d,
3 Jepr = 21.9 Hz, (CH=N),), 151.2 (d. 2Jpo_1 -2-3-4-5 = 5.8 Hz, C}, C}, C}, CL,
Cly, 1517 (d. Ysps=70Hz, C}). Anal. caled. for C,q Hye,6Clyssm
NgsaOs73P35:5100: C, 46.00; H, 4.06; N, 14.12. Found: C, 45.65; H, 3.88; N, 14.00.

General procedure for the synthesis of dendrimers 13-[G,|, 13-|G;|: To a solution of
0.300 g of 84G,} (n = 2, 0.124 mmol; n = 3, 0.0555 mmol) in THF (20 mL) was
added triethylamine (n = 2, 104 pL, 0.744 mmol; » = 3, 93 uL, 0.666 mmol) and
then propargylamine (n =2, 51 uL, 0.744 mmol; n = 3, 46 yL, 0.666 mmol) at
room temperature. The resulting mixture was stirrred for 3 h and then filtered. The
solvent was evaporated under vacuum to give a powder, which was washed with
ether (2x20 mL).

134G,]: yellow powder; 73% yield; *'P{'H} NMR (CDCl,): é =14.5 (s, P,), 52.4
(s. Py). 62.0 (s, P,}; 'HNMR (CDCl,): § = 2.14 (t-like,*Jyypua = *Jyup = 2.4 Hz, 6 H,
CH,H,-C=CH), 3.00 (m. 6H, NH-CH,~C=CH), 3.12(d, /s> = 6.9 Hz, 18H,
CH,-N-P,). 3.24 (d, “J, = 6.9 Hz. 9H, CH,-N-P,), 3.52 (m. 12H, CH,-
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C=CH). 3.67 (m, 18H, CH,-CH=CH, and NH-CH,-CH=CH,). 5.00 (dd.
s =101 Hz, Uy =11 Hzo 6H, CH(H)IC=C(H H). 5.17 (dd,
3 stirans =17.1 Hz, 2, =1.0 Hz, 6H, CH,(H)C=C(H)H,,,,)), 5.82 (m, 6H,
CH,-CH=CH,). 7.15-7.76 (m. 45H, (C4H,),_, and (CH=N),_,); '*C{’H}
NMR (CDCl,): 8 = 30.6 (5, CH,~C=CH), 31.1 (d, 2/, = 9.1 Hz, CH,~N-P,),
32.9 (d, 2Jo, =12.9 Hz, CH,-N-P,), 43.3 (s, CH,-CH=CH,). 70.9 (s, CH,-
C=CH). 81.8 (d, *Jp; = 6.8 Hz, CH,- C=CH). 115.0 (s, CH,-CH=CH,), 121.3
(brs. C2). 121.4 (d, *Jop, = 4.9 Hz, C?), 127.3 (5. C2). 128.3 (s. C2), 132.6 (s, C2),
132.9 (s, C4). 135.2(d, *Jep; =13.7 Hz, (CH=N),), 136.4 (d. *Jp, = 5.7 Hz, CH, -
CH=CH,). 138.3 (d. *Jp, =14.5 Hz. (CH=N),). 150.4 (d. Jp, =7.4 Hz, CI),
150.9 (d, ZJepo =7.5 Hz, CE). IR(KBr): 3391 (m. ¥y _5). 3075 (m, ¥ . ) cm ™ ! Anal.
caled. for C,osH;3,N300,sP1oSs: C, 51.31; H. 5.26; N, 16.61. Found: C, 50.97; H,
5.19; N, 16.44.

13-G;): yellow powder; 73% yield; *'P{'H} NMR (CDCl,): § =14.5 (s, Py), 52.4
(s. Pp). 621 (brs, P,. P;); 'HNMR (CDCl): & =214 (t-like*huya =
“Jms = 2.3 Hz, 12H, CH, H,~C=CH). 3.05 (m, 12H, NH-CH,-C=CH). 3.12
(d, 3Jypy = 6.6 Hz, 36 H, CH,-N-Py), 3.31 (d, 3Jyyp, -, =10.0 Hz, 27H, CH,-N-
P, ;). 3.56 (m, 24H, CH,-C=CH), 3.70 (m, 36H, CH,-C(H)=CH, and NH-
CH,-CH=CH,), 500 (dd, *Jui=103Hz, Zhp,n=14Hz, 12H,
CH,(H)C=C(H)H). 517 (dd, “we =17.3Hz, 2l =14 Hz, 12H,
CH,(H)C=C(H)H,..,), 5.80 (m, 12H, CH,-CH=CH,), 7.14-7.75 (m. 105H,
(CeHoo-: > and (CH=N),_,_,); '>C{'H} NMR (CDCl,): & = 30.7 (s, CH,~
C=CH), 31.1 (d, 2epy = 9.5 Hz, CH,—N-P,), 32.9 (d. *Jp, ., =13.6 Hz, CH,-
NP, _,).43.3(s, CH,~CH=CH,), 70.9 (s, CH, ~C=CH), 81.8 (d. *Jeps = 6.1 Hz,
CH,-C=CH). 115.0 (s. CH,~CH=CH,). 1214 (brs, CZ, CZ, C2), 127.3 (s. C3).
128.1 (brs, C3, C3). 1313 (s. C¥), 1320 (s. CH). 1328 (5. C¥), 135.3 (d,
33 =13.6 Hz, (CH=N),), 136.4 (d. *Jop; = 6.6 Hz, CH,~ CH=CH},), 138.4 (d,
3epr.2 =106 Hz, (CH=N), ). 150.4 (d, 2Jepy =6.5Hz, CI), 151.1 (d,
2Jpo-y = 6.5Hz, Ci, C}). IR(KBr): 3400 (m, vy_y4)cm™'. Anal. calcd. for
Cie0H1268NesO35P12S 10: Cr 51.23; H. 5.15; N. 16.42. Found: C, 51.04; H, 5.08; N,
16.22.

General procedure for the synthesis of dendrimers 14-[G,|, 14-{G,): To a solution of
0.150 g of dendrimer 4-|G,] (n =1, 0.138 mmol;n = 4,0.0118 mmol) in THF (7 mL)
was added a solution of triethylamine (n =1, 57 uL. 0.412 mmol: n = 4, 40 pL,
0.283 mmol) and propargylamine (n =1, 28 uL, 0.412mmol; n=4, 20 L,
0.283 mmol) in THF (7 mL) at room temperature. This mixture was stirred for 4 d,
the precipitate removed by centrifugation, and the solution evaporated to dryness.
The residue thus obtained was purified by column chromatography on silica gel
(eluent: ethyl acetate).

14-[G,|: yellow oil; 71 % yield; *'P{'H} NMR (CDCl,): & = 52.8 (s, Py}, 72.0 (s,
Py); 'HNMR (CDCL): 6 = 2.2 (t-like, *Jyus = “Jouig = 2.5 Hz, 3H. CH,H,-
C=CH). 32 (d, %Jue, =94Hz. 9H. P,~-N-CH,), 3.6 (qlike, *Jyp, =
4Jun = 6.5 Hz, 3H,NH), 3.9 (m, 18 H, CH,-CH=CH, and CH,-C=CH), 5.1 (m.
12H, CH,-CH=CH,), 5.7 (m, 6H, CH,~-CH=CH,), 7.3 (dd. *J,;,, = 8.6 Hz,
*Juo =1.5 Hz, 6H, C2-H), 7.5 (s. 3H, CH=N). 7.7 (d, /iy = 8.6 Hz, 6 H, C3-H);
BC{'H} NMR (CDCl): & = 30.4 (d, e, = 2.7Hz, CH,-C=CH), 31.1 (d,
2Jpy =11.8 Hz, P,-N-CHj), 47.9 (d, *Jp, = 4.5 Hz, CH,-CH=CH,), 69.6 (s,
CH,-C=CH), 80.8 (d. *Jp, =10.1 Hz, CH,~ C=CH), 117.1 (s, CH,-CH=CH,),
120.8 (d, *Jopg = 4.7 Hz, C3), 127.1 (s, C3), 132.6 (5. C%), 134.0 (d, *Jop, = 2.5 Hz,
CH,- CH=CH,), 135.1 (d, *Jop, =11.9 Hz, CH=N), 149.9 (d. *Jp = 8.6 Hz, C}).
MS mjz: 1147 [M+1]*. IR(THF): 3262 (m, ¥x_ ), 3083 (M, ¥.cwz) cm ~*. Anal.
cNalcld. g(;r Cy,HyN,;0,P,S,: C, 53.40; H, 5.80; N, 14.66. Found: C, 53.15: H, 5.67;
. 14.39.

14-[G,): Yellow powder; 57% yield; >'P{'"H} NMR (CDCI,): § = 52.7 (s, P,). 62.6
(brs, P, P,, P;).72.0(s. P,); '"HNMR (CDCl,): 6 = 2.2 (brt, 24H, CH,-C=CH),
33 (brd, 135H, P, ., s~N~CH,), 3.5-4.0 (m, 168 H, CH,-CH=CH, and NH-
CH,-C=CH), 5.1 {(m, 96H, CH,~CH=CH,), 5.8 (m, 48H, CH,-CH=CH,),
7.2-7.8 (m. 225H. (C¢H,)o_ ;2.3 and (CH=N) 5_,_,_4); '*C{"H} NMR (CD-
Cly): 6 = 304 (d, 3Jpy =1.2Hz, CH,-C=CH), 31.1 (d, *Jcp, =11.8 Hz, P,-N-
CH,), 32.4 (d, *p, =12.8 Hz. P,-N~CH;). 32.5 (d, 2/, -, =14.0 Hz, P,_,-N-
CH,), 47.7 (d, *Jgs = 4.5 Hz, CH,-CH=CH,), 69.6 (s, CH,-C=CH), 117.0 (s.
CH,-CH=CH,), 121.1 (brs, C2,C2,C%,C?).126.9 (s, C3). 127.6 (brs, C3, C3, C3).
131.5 (brs, C$. C4, C3), 132.1 (s, C%), 134.0 (brs, CH,-CH=CH,), 1354 (d,
3Jps =14.6 Hz, (CH=N),), 138.0-139.0 (m, (CH=N),_ .. ;). 150.0-151.0 (m, C{.
C!, C}, C}). IR(KBr): 3265 (m, ¥y ), 3076 (m, ¥_qy,) cm™'. Anal. calcd. for
fj?]Hﬂle”O“P“S“: C,52.52; H,5.33; N, 14.67. Found: C, 55.27: H, 5.25; N,

General procedure for the synthesis of dendrimers 15-{G,|-15-|G;}: To a solution of
0.300 g of dendrimer 8-|G,] (n =1, 0.325mmol; n =2, 0.124d mmol; n=3,
0.0555 mmol) in THF (20 mL) was added powdered 4-hydroxybenzaldehyde sodi-
um salt (n =1, 0.162 g, 1.121 mmol; n =2, 0.123 g, 0.856 mmol; n =3, 0.109 g,
0.760 mmol, 15% excess). The resulting heterogeneous mixture was stirred for
45 min and then filtered. The solvent was removed under vacuum to give a powder
which was washed with ether (3 x 20 mL).

15-[G,|: white powder; 83 % yield; *'P{'"H} NMR (CDCl,): § = 8.0 (s. P,). 52.4 (s.
P,): '"HNMR (CDCL,): 8 = 3.16 (d, *Jue, =7.6 Hz, 9H,CH,-N-P,),3.33(m, 3H,
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NH), 3.77 (m, 6 H, CH,—~CH=CH,). 5.08 {dd. *Jyq, =10.2 Hz, 2y, =1.4 Hz,
3H. CH,(H)C=C(H )H). 5.22 (dd, */yyyee =17.1 Hz, /iy, =1.5Hz, 3H,
CH,(H)C=C(H)H,,...). 586 (m. 3H, CH,-CH=CH,), 6.92-7.84 (m, 27H.
(CeHau)o-, and (CH=N),). 9.90 (s, 3H. CHO): ' *C{'H} NMR (CDCl,): § = 31.9
(d. %Jp, =9.2Hz, CH,-N-P,), 441 (s, CH,-CH=CH,), 116.0 (s, CH,-
CH=CH,), 121.2 (d, 3Jep, = 3.4 Hz. C}), 121.5 (d, *Jp, = 3.8 Hz, C?), 1279 (s.
C3). 131.5 (s, C}), 132.2 (s. C3), 132.9 (s, C}). 135.7 (d. *Jepo = 6.1 Hz, CH, -
CH=CH,). 137.0 (d. *J, =14.9 Hz. (CH=N),), 150.8 (d, 2Jpo =7.8 Hz, C}),
155.7 (d, 3/, = 3.2 Hz, C}), 190.8 (s, CHO). IR(KBr): 1700 (S, ¥cyo) cm ~*. Anal.
caled. for C, H,,N,O,,P,S: C, 54.96; H. 4.86; N, 10.68. Found: C. 54.89;: H, 4.82;
N, 10.64.

15-[G,]: white powder; 78 % yield; *'P{'H} NMR (CDCl,): 6 = 8.0 (s, P,). 52.4 (s.
P,).62.1 (. P,): 'H NMR (CDCl,): 8 = 3.11 (d. */p, =7.0 Hz. 18H.CH, -N-P,),
3.25 (m. 6H, NH), 3.33 (d. *Jur, =10.7 Hz, 9H, CH,-N-P,). 3.7t (m, 12H.
CH,-CH=CH,). 503 (dd, Js=111Hz, 2jy.. =1.2Hz, 6H,
CHMIC=C(H JH). 518 (dd. Ygoue =371 Hz, 2hypm =1.2Hz, 6H.
CH,(H)C=C(H)H,,..,). 5.81 (m. 6H, CH,-CH=CH,), 7.17-7.72 {m, 69H.
(CeHyo- 1., and (CH=N),_,). 9.85 (s. 6H. CHO); **C{*H} NMR (CDCl,):
8 =318 (d, /s, = 8.6 Hz. CH,~N-P,). 33.1 (d, 3/, =12.6 Hz, CH;-N-P)),
44.0 (s, CH,-CH=CH,). 115.9 (s, CH,-CH=CH,), 121.2 (brs, C}), 121.6 (brs,
C2), 121.8 (brs, C3), 127.7 (5, C}). 128.5 (s. C3). 131.5(s. C3). 132.2 (5. C}). 1324
(s. C¥, 1330 (s. C%). 1357 (4. *Jo, = 3.5Hz, CH,-CH=CH,). 137.3 (d.
3w =15.1 Hz, (CH=N),). 1386 (d,’/, =18.6Hz. (CH=N),), 151.0 (d.
2Jepo 1 =19 Hz. C§, C), 155.7(d. 2, =7.2 Hz, C}). 190.9 (s. CHO). IR(K Br):
3392 (m, ¥,_,), 1701 (S. Teyo) cm™'. Anal. caled. for C,,,H,;,N,,0,,P,S,: C.
54.10; H, 4.74; N, 11.47. Found: C, 53.89; H, 4.66; N, 11.29.

15-|G,): white powder; 75% yield: *'P{'H} NMR (CDCl,): § = 8.1 (s, P,). 52.4 (s,
Py). 61.8 (s, P). 62.1 (s, P,): 'HNMR (CDCl,): 3 = 3.10 (d. *Jps =7.2 Hz. 36H,
CH,-N-P,).3.25(m, 12H,NH).3.33 (d, */p, » = 9.8 Hz, 27H.CH,-N-P, _,),
3.72(m, 24H, CH,~CH=CH,). 5.02 (dd, /gy = 9.7 Hz, Ly = 1.2 Hz, 12H,
CH,(HIC=C(HJH), SAT (dd. *Spor =165 Hz, Uypem =1.2Hz, 12H,
CH,(H)C=C(H}H,..} 581 (m, 12H, CH,-CH=CH,). 7.16-7.71 (m. 153H,
(CeHyo | 2 ,2nd (CH=N), , ,).9.85(s,12H. CHO): "*C{'H} NMR(CDCl,}):
5 =318 (d, *Jpy = 9.3 Hz, CH,-N-P,). 33.0 (d. %J,., =12.3 Hz. CH,-N-
P,..). 44.0 (s, CH,-CH=CH,). 115.9 (s, CH=CH,). 121.2 (brs. C?), 121.8 (brs,
C3,C2,C2),127.8(s. C3). 128.3 (s. C3), 128.6 (5. C3). 131.5 (5. C3). 132.3 (brs. C},
C3. CH. 133.0 (5. C3). 1357 (4, 3Jy, = 6.2 Hz, CH,- CH=CH,), 1374 d.
3Jeps =14.2 Hz, (CH=N),). 138.9 (d.}Js4,_, =14.1 Hz, (CH=N), ,), 151.0 (d.
2Jes = 6.7 Hz, C1). 151.3(d. 2Jp = 6.0 Hz, C}, C!), 155.6 (d. 2/, =7.6 Hz. C}),
190.9 (s, CHO). IR(KBr): 3438 (m. ¥y ). 1701 (8. Vo) cm™'. Anal. calcd. for
C138H300N5604:P228,5: C, 53.78. H, 4.70; N, 11.76. Found: C, 53.38; H, 4.57; N,
11.44.

General procedure for the synthesis of dendrimers 16-/G, |- 16-|G;|: To a solution of
0.300 g of dendrimer 12-G,] (n =1, 0.327 mmol; n =2, 0.125mmol; n =3,
0.0557 mmol) in THF (20 mL) was added powdered 4-hydroxybenzaldehyde sodi-
um salt (=1, 0.162 g, 1.128 mmol; n =2, 0.124 g, 0.862 mmol; n =3, 0.111 g,
0.769 mmol. 15% excess). The resulting heterogeneous mixture was stirred for
45 min and then filtered. The solvent was removed under vacuum to give a powder,
which was washed with ether (3 x 20 mL).

16-|G,}: Yellow-white powder; 75% yield; *'P{'"H} NMR (CDCl,): 6 = 6.5(s. P, ).
519 (s. Po); "HNMR (CDCL,): 6 = 2.21 (t-like iy = “Jisne = 2.1 Hz . 3H.
CH,\H,-C=CH), 3.18 (d. 3/, =7.8 Hz. 9H. CH;-N-P,), 3.77 (m, 3H, NH).
3.94 (m, 6H, CH,-C=CH), 6.93-7.83 (m. 27H. (C,H,),., and (CH=N),), 9.92
(s. 3H, CHOj: '*C{'H} NMR (CDCl,): 3 = 31.1 (s, CH,-C=CH), 31.6 (d.
2y, =94 Hz, CH,~N-P,), 71.8(s, CH,-C=CH),80.4 (d, *Js, = 9.2 Hz.CH,,-
C=CH). 121.1 (brs, C2), 121.3 (brs, C2), 127.9 (s, C2). 131.4(s, C2), 132.6 (5. C}).
133.0 (s, C3), 137.3 (d. 3Je =15.0 Hz, (CH=N),), 150.8 (d. *Jepo =7.4 Hz, C}).
155.2 (d. 2Jep, =7.2 Hz, C}), 190.7 (s, CHO). IR(KBr): 3391 (w. ¥y_4), 3291 (m.
Voc-n). 1699 (w, ¥eyo) cm ™. Anal. caled. for C,0H3 N,O,,P,S: C, 55.25: H, 4.37;
N. 10.73. Found: C, 55.14; H, 4.10; N, 10.59.

16-[G,]: Yellow powder; 76% yield: *'P{'H} NMR (CDCl,): § =7.4 (s, P;). 52.9
(5. Py),62.4 (s, P,): "H NMR (CDCl,): 6 = 2.18 (t=like, “/yyya = *Juys = 2.1 Hz, 6H,
CH,H,-C=CHJ, 313 (d, *Jupy =7.6Hz. 18H. CH,-N-P,). 3.37 (d.
ey =103 Hz, 9H, CH,-N-P)), 3.74 (m, 6 H, NH), 3.89 (m. 12H, CH,-
C=CH), 7.18-7.79 (m, 69H. (C¢Ha)o_, . ; and (CH=N), ). 9.75 (s, 6 H, CHO):
BCIH) NMR (CDCly): 6 = 31.2 (5. CH, - C=CH).31.7(d, 2ep; = 9.8 Hz. CH, -
N-P,). 33.0 (d, *Jpy =12.0 Hz, CH,-N—P,). 71.9 (s. CH,-C=CH), 83.5 (d.
342 = 9.1 Hz, CH,- C=CH), 121.1 {brs. C2), 121.7 (brs, CZ. C3), 127.9 (s. C3).
1285 (s. C3). 1316 (s. C3), 1323 (brs, C4. C%). 1327 (s. C3), 1378 (d.
3Jepy =16.3 Hz, (CH=N),), 138.7 (d. *Jp, =14.2 Hz, (CH=N),), 151.1 (brs, CL,
C1). 155.3 (brs, C}), 191.0 (5. CHO). IR(KBr): 3379 (w. ¥x_y). 3291 (m, ¥_¢ .).
1701 (m, ¥q0) cm " '. Anal. caled. for C 3, H |, (N ,,0,,P,,S,: C. 54.33: H, 4.35: N,
11.51. Found: C, 54.17; H, 4.26: N, 11.40,

16-(G,|: Yellow powder: 74% yield; *'P{'H} NMR (CDCl,): § =7.4(s, P,). 52.8
(5. Py). 62.4 (s, P, P,); "H NMR (CDCl,): 8 = 2.15 (t-like. *Jyya = “Jyup = 2.3 Hz,
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12H, CH,Hp-C=CH), 3.1 (d. *Jyps =72 Hz, 36H, CH,-N=Py), 3.32 (4.
34upr .2 =9.7Hz, 27H, CH;~N-P, ,).3.73 (m. 12H. NH), 3.87 (m, 24H, CH, -
C=CH), 7.20-7.77 (m, 153H, (CeH,)o_,-2-» and (CH=N),_,-,), 9.5 (s, 12H.
CHO); “C{'H} NMR (CDCl): §=311 (s. CH,-C=CH), 31.6 (d,
2/ 0y =9.4Hz. CH;-N-P,). 33.0 (d. *J,_, =12.5Hz, CH,-N-P, ;). 1.8 (s.
CH,-C=CH), 80.8 (d, *Jeps = 9.0 Hz, CH,-C=CH), 121.8 (brs, C3). 121.6 (brs.
CZ,C2,C3). 1278 (5,C2), 128.1 (s. C}), 128.8 (s, C3). 131.4 (s, C3). 132.3 (brs. C3.
Ci CH. 1330 (5. CY). 1379 (d. sy, =152Hz, (CH=N),). 1389 (d,
o1 =146 Hz, (CH=N),_,). 151.1 (d. %Jp,=6.7Hz. C}), 1514 (.
2jeo 1 =6.0Hz C1. C!), 1553 (d. 2, =7.6 Hz, C}), 190.9 (s, CHO). IR(KBr):
3380 (W. Fn.p)s 3201 (M, Vec-w), 1702 (m, ¥euo)em™'. Anal. caled. for
Cue8H316N4404.P;:8,0: C, 53.99: H. 4.34; N, 11.80. Found: C, 53.59: H, 4.22; N.
11.59.

General procedure for the synthesis of dendrimers 184G, |, 184G,|: To an emulsion
of 1.2 mL of N,H,, xH,0 (37 mmol, large excess) in 20 mL of CH,Cl, vigorously
stirred at room temperature was added dropwise a solution of 0.200 g of dendrimer
15-[G,| (n =1, 0.169 mmol; n = 3, 0.0311 mmol). The vigorous stirring was main-
tained for 2 h then stopped to separate two layers. The solvent of the organic layer
(lower) was removed under vacuum and the powder thus obtained was washed with
ether (3 x 30 mL).

18-4G,]: White powder; 91% yield: *'P{'H} NMR (CDC},): 6 =79 (s, P,), 52.6 (s.
P,): '"HNMR (CDCl): 6 = 3.07(d, "k, =7.4 Hz, 9H,CH;~N~-P,), 3.52(m, 3H.
NH). 3.72 (m. 6H, CH,~CH=CH,). 5.01 (dd, *Jyuees = 10.2 Hz, 2u,m =1.4 Ha.
3H, CH(H)C=CUHIH), 517 (dd. e =170 Hz, Yipgpem =1.4 Hz. 3H,
CH,(H)C=C(H)H,...) 5.5t (brs, 6H. NH,). 5.81 (m. 3H, CH,~-CH=CH,). 6.77-
7.63(m, 30 H.(C,H,), ., and (CH=N), _,); "’)C{'"H} NMR(CDCl,): é = 31.8 (d.
24, = 9.0 Hz, CH,~N~-P,), 44.0 (s, CH, - CH=CH,). 115.6 (s, CH,~CH=CH,).
120.7(d, *Jep; = 4.4 Hz, C¥). 121.2 (d, *Jero = 3.9 Hz, C3), 127.1 (5. C3). 127.7 (s,
€3),131.8 (s, C4). 132.7 (5, C¥). 135.8 (d, *Jp, = 6.5 Hz, CH, - CH=CH,). 136.3
(d, *Jp, =14.9 Hz, (CH=N),). 141.7 (s, (CH=N)},}. 149.9 (m, C}, C!). IR(KBr):
3401 (w, ¥y ), 3282 (m, ¥o_ ) cm . Anal. caled. for C Hy N, G,P,S: C. 53.09;
H. 5.19; N, 17.18. Found: C, 52.84; H, 5.14; N, 17.01.

18-/G,}: White powder; 90% yield: >'P{*H} NMR (CDCl,): § =7.9 (s, P,), 52.3 s.
P,). 61.8 (s, P;), 62.0 (5, P,); '"HNMR (CDCl,): & = 3.04 (d. >J,p, = 6.8 Hz, 36H,
CH,-N-P;).3.31(d, >, -, = 9.8 Hz. 27H.CH,-N-P, ;). 3.56 (m, 12H, NH).
3.68 (m, 24H, CH,-CH=CH,), 5.00 (dd. >/, = 9.4 Hz. by, =12 Hz, 12H,
CH,(H)C=C(H,)H). 516 (dd. ’Jup,, =160Hz, iy, =1.2Hz, 12H.
CH,(H)C=C(H)H,,,,;). 5.50 (brs. 24H, NH,). 5.78 (m, 12H, CH,-CH=CH,).
6.70~7.66 (m, 165H,(C¢H,)o , 2 sand (CH=N)o ., _,.,): 1*C{'H} NMR (CD-
ClLy): 6 = 319 (d. 2ep; = 94 Hz, CH;~N-P,). 33.1 (d. *Jp, ., =13.2 Hz, CH,-
N-P,_,}. 4.1 (s, CH,-CH=CH.), 115.7 (s, CH,-CH=CH,). 120.9 (brs, C3),
121.7 (brs, C2,C3,C3).127.2(s,C3). 127.7(5. C3). 128.3 (brs. C3, C3). 131.9(5, C3),
132.7 (brs. Ci, C%, C3). 136.0 (d, *Jop, = 6.0 Hz, CH,-CH=CH,). 136.7 (d.
3epi-2-2=107Hz, (CH=N), , ), 1419 (s, (CH=N),). 1509 (d.
2Jepo 1-2 = 3.9 Hz, C}. CL. Ci), 1513 (d. 2Uep; = 3.8 Hz, C1). IR(KBr): 3400 (w.
Fx w). 3282 (w, V5. ) em Y. Anal. caled. for CopgH 333 NogO4P38,0: C. 5241 H.
4.94: N, 16.55. Found: C, 52.07; H, 4.85: N, 16.36.

Synthesis of dendrimer 194G, |: To an emulsion of 0.8 mL of N,H,, xH,0 (25 mmol.
farge excess) in 10 mL of CH,Cl, vigorously stirred at room temperature was added
dropwise a solution of 16-]G,} (0.100 g, 0.0852 mmol). The vigorous stirring was
maintained for 2 h and then stopped to separate two layers. The solvent of the
organic layer (lower) was removed under vacuum, and the powder thus obtained
washed with ether (3 x 30 mL).

194G,]: white-yellow powder; 90 % yield: *'P{’H} NMR (CDCl,): =72 (s. P,).
52.6 (s. Po); "HNMR (CDCL): & = 2.5 (tlike. “funa = “Juns = 2.3 Hz, 3H,
CH,Hg-C=CH), 3.07 d, 34, =7.4Hz, 9H, CH,-N-P,), 3.50 (m, 3H, NH).
3.89 (m. 6H. CH,-C=CH). 5.53 (brs, 6 H. NH,). 6.77-7.63 (m. 30 H, (C,H.)q . ,
and (CH=N),_,); V>C{'H} NMR (CDCl,): 3 = 30.7 (s. CH,-C=CH), 31.0 (d,
2Jp, = 9.0Hz, CH,~N—P,). 71.0 (5. CH, - C=CH). 80.4 (d. *Jep; =7.2 Hz, CH, -
C=CH). 120.3 (brs. C2). 120.6 (brs. C2). 126.7 (s. C2). 127.2 (s, C3). 131.5 (s, C¥),
132.4 (5. C}). 136.0 (d, */p, =15.1 Hz, (CH=N),). 141.2 (5. (CH=N),), 149.9 (m,
Cl, CD). IR(KBr): 3380 (w., ¥y_y). 3290 (m. Ty_)em~'. Anal. caled. for
C,.H N, O,P,S: C. 53.34: H, 4.72; N. 17.27. Found: C, 53.26; H, 4.67: N,
17.18.

General procedure for the synthesis of dendrimers 204G, ]~ 20-}G,}: To a solution of
0.300g of dendrimer 164G,] (7 =1, 0.255mmol; n =2, 0.103mmol; »= 3.
0.0468 mmol) in THF (20 mL) was added powdered Ph,P=CH~C=N 17 (n =1,
0.300 g, 0.996 mmol; n = 2, 0.241 g, 0.802 mmol; n = 3, 0.220 g, 0.730 mmol, 30%
excess). The resulting mixture was stirred overnight, and the solution was then
concentrated under vacuum to ca. 2 mL. An ether/pentane (1/1) solution (20 mL)
was added to the remaining solution to precipitate 20-{G,}. The resulting mixture
was filtered, and the precipitate was then recovered. solubilized in a minimum
amount of THF and precipitated again with a ether/pentane solution. The precipi-
tate was recovered and washed with ether (20 mL).
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26-{G,]: Yellow powder: 59% yield; *'P{'H} NMR (CDCL;): § =7.3 (s, P,). 52.8
(s, Po); 'HNMR (CDCly): 6 = 2.20 (t-like, *Jiyp = *De = 2.3 Hz. 3H, CH, H, -
C=CH). 315 (d. ey =7.5 Hz. 9H. CH,-N-P,). 3.64 (m. 3H. NH). 3.92 (m.
6H, CH,-C=CH). 5.36 (d. *4,,,.,, =12.1 Hz, 3x0.4)H, (CH=CH-CN),..), 5.74
{4, *Sissirans = 16.6 Hz, (3 x0.6)H, (CH=CH-CN),,..), 7.02 (d. *J.;, =12.1 Hz,
(x04)H, (CH=CH-CN},). 7.20-7.87 (m. (27 +3x06)H. (C,H),_,.
(CH=N), and (CH=CH-CN),,.): P*C{'H} NMR (CDCl,): = 31.1 (s, CH,-
C=CH). 31.6 (d. fp, = 9.4 Hz. CH,-N=-P,). 71.6 (s, CH,-C=CH). 80.6 (d.
*Jpy =89 Hz, CH,-C=CH), 944 (s. (CH=CH-CN),), 958 (s. (CH=CH-
CNgan)« 117.2 (s, (CH=CH-C=N),,}. 1119 (s, (CH=CH-C=N),,..J). 121.0 (d,
Moo = 5.0H2. Cl). 1211 d, Yg, = 6H2 C1p,). 121.2 (d, *Jp, = S Hz, Ci,.00).
127.8 (5. C3). 8.7 (5. Cl e« 1305 (5. CLad 1313 (5, €300 1338 (5. CH.L 1327
5. Co)e 1369 (d. *Jipy =15.0 Hz, (CH=N},). 147.3 (s. (CH=CH-CN),,,). 149.2
G ACH=CH-CN),, 0. 150.7 (d, 2, =74 H2, C{). 1522 (4, Y, =73 Hz, C}
<is). 152.5 (d. P, = 7.3 Ha, €10 MS mjz: 1243 [M +1]*. IR(K Br): 3401 {w,
Froom)t- 3291 (M. oo ). 2215{m, Foop) em L. Amal caled. for C,oH , N,,0,P,S: C,
5797, H, 4.37: N, 13.52. Found: C. $7.61: H, 4.18; N, 13.39.

20-{G;]: Yellow powder; 60% yield; *'P{'H} NMR (CDCl;): 6 =7.4 (s. P,). 52.8
(5.P,), 62.4 (5. P,). "H NMR (CDCL,): 6 = 2.17 (t-like, *Jyyea = “firun = 2.3 Hz, 6 H,
CH,-C=CH), 312 (d. *4,,=60Hz. 18H, CH,-N-P,)., 337 (.
YJupy =102 Hz. SH, CH,-N-P,). 3.70 (m, 6H. NH). 3.88 (m. 12H. CH,-
C=CH). 534 (d. *Jy., =12.1 Hz, (6x04H, (CH=CH-C=N),). 5.71 (d.
> Fuans =167 Hz, (6x0.6)H, (CH=CH-CN),..). 699 (d. 3], =12.1 Hz,
(6x04)H. (CH=CH-CN),,). 7.21-7.86 (m, (69 +6x%0.6)H, (C.H.)o_,_,.
{CH=N),., and (CH=CH-CN),.); "*C{'H} NMR (CDCl,): 6 = 31.1 (s, CH, -
C=CH), 31.6 (d. *J, = 8.8 Hz. CH,~-N~P,), 32.9(d, 2Jp, =12.5 Hz. CH,-N-
P,). 71.6 (s. CH,-C=CH), 80.8 (d, *Jep, = 8.8 Hz, CH,-C=CH). 94.3 (s.
(CH=CH-CN),,), 95.8 (5. (CH=CH-CN),,.), 117.2 (s, (CH=CH-C=N),_,).
117.9 (5. (CH=CH-C=N),,,.). 121.2 (m, C3,C3, C1,. C2,,.). 127.7 (5, C3), 1283
(C).128.7(5.C3,.,,.), 130.5 (5, C2..). 131.8 (5. C2,...). 132.3 (brs. C4, C}). 1326 (5.
C1i). 1371 (d, *Jp, =144 Hz, (CH=N),). 138.4 (d. *Jp, = 12.8 Hz. (CH=N),).
147.4 (s, (CH=CH-CN),,), 149.2 (s, (CH=CH-CN), ), 150.9 (brs, Cj. C1),
152.2 (d. %, =73 Hz, C},). 152.6 (d. *Jepy =7.1 Hz. Clyen). MS myz: 3055
EM + 417 IR(KBr): 3402 (w, ¥5_ ), 3291 (M. ¥.¢ ). 2212 (M, Ty om™ ' Anal.
caled. for i H ;)N 0, P,,S,: C. 56.58: H. 4.35: N 13.74. Found: C. 56.37; H,
4.17; N, 13.54.

20-[G5]: Yellow powder; 60% yield; *'P{'H} NMR (CDCl,): 6 =74 (s. P,), 52.8
(s. Pg), 624 (brs, P,. P,); 'HNMR (CDCl,): =215 (tlike. “Jyun =
% s = 2.3 Hz, 12H, CH,-C=CH), 3.09 (d. *J,,, = 6.9 Hz, 36 H. CH,-N-P,),
3.33 (d, *Jups-2 = 9.9 Hz, 27H, CH,-N-P, ,). 3.80 (m, 364, NH and CH,-
C=CH). 5.34 (. *Jyu,, =12.1 Hz, (12 x0.4)H, (CH=CH-C=N)_), 5.72 (d,
nptrans =16.6 H2. (12% 0.6)H, (CH=CH-CN),,,.), 7.01 (d. Q=121 Hz,
(12x 0.4 H.(CH=CH-CN),,), 7.19-7.69 (m. (153 + 12x 0.6)H. (CcH. o, -1 3.
(CH=N),_, ., and (CH=CH-CN),,,); **C{*H} NMR (CDCl,}: 4 =311 (s,
CH,-C=CH), 31.6 (d, *Jepy =10.5 Hz, CH,-N-P,). 32.9 (d, 2/,., =13.1 Hz,
CH,-N-P, ,). 1.5 (s, CH,-C=CH). 808 (d, *J, = 8.0 Hz. CH,- C=CH),
94.4 (s, (CH=CH-CN),,). 958 (s, (CH=CH-C=N),,.), 117.2 (s, (CH=CH-
C=N),,). 79 (CH=CH-C=N),,.). 121.3(m, C3.CL C2. C% .. C2,..). 1276
(5. €. C3). 128.2(CY). 1287 (s. C},,,,). 130.4 (s, C},,), 1118 (5. C4,,..0). 1320 (s,
CH.132.3(brs, C5.CP), 132.5¢5, Ch) 1371 (d. Yoy =14.2 Hz, (CH=N),), 138.7
d, Yy, ;=101 Hz, (CH=N), ). 1473 ¢s. (CH=CH-CN),). 1492 (s.
(CH=CH~CN},,,). 150.8 (brs, CL CL. C1), 152.2(d. 27, = 8.2 Hz. C}.,0). 152.6
{d, 2y = 8.2 Hz, Cl,nd. IR(KBrY: 3401 (w. By o), 3251 (m, 30,0, 2215 (m,
Foc-nem™ i Anal caled. for Cy,, H,pNucOu Py, S, €. 56.07; H. 4.34; N, 13.83,
Found: C. 55.87; H. 4.28: N, 13.64.

General procedure for the synthesis of dendrimers 21-}G,]-21-1G,}: To a solution of
D.300 g of dendrimer 154G,) (» =1. 0.254 mmol; n = 2, 0.102 mmol) in 20 mL of
THF was added Ph,P=CH-C=N (17)(n =1.0.298 g, 0.992 mmol; n = 2.0.239 g,
0.798 mmol.; 30 % excess) at room temperature. The resulting mixture was stirred
overnight, and the solution was then concentrated to ca. 2 mL. A mixture of ether
and pentane (1/1) was added to the former solution to precipitate 21-|G,|. After
filtration, the precipitate was solubilized in 2 minimum amount of THF and then
precipitated again with a pentane/ether (1/1) mixture. The precipitate was recovered
and washed with ether (20 mL).

21-{G,]: White powder; 60% yield: *'P{*H} NMR (CDCl,): 6 =7.2(s. P,). 52.0(s.
P.); 'HNMR (CDCl,): 8 = 3.08 (d. /e, = 6.9 Hz, 9H, CH,-N-P,). 3.58 (m,
3H. NH). 3.66 (m. 6H. CH,~-CH=CH,). 499 (d, *Juu. =10.1 Hz, 3H,
CH (H)C=C(H,;)H). 5.16 (&, */un =16.9 Hz, 3H, CH(H)C=C(H)H,,..). 5.29
(d *Juns =12-1 Hz, 3x0.4)H, CH=CH-CN)_,), 5.69 (d, *Jyuraps =16.6 Hz,
(3x0.6)H. (CH=CH-CN}),,,), 580 (m, 3H, CH,-CH=CH,), 695 (d.
3ot =122 Hz, (3 x0.4), (H, CH=CH-C=N),,), 7.14-7.74 (m, (27 + 3 x 0.6) H.
(C4Hy)o. 1. (CH=N}), and (CH=CH-CN),,,.); ’C{'H} NMR (CDCl,): 6 = 319

(d. *Jo, = 9.3 Hz, CH,-N-P,), 440 (s. CH,~CH=CH,). 94.3 (s, (CH=CH-
C=N),), 958 (s, (CH=CH-C=N),_ ), {156 (s, CH,-CH=CH,) 1174 (s,
(CH=CH-C=N),,), 118.1 (s, (CH=CH-C=N),..), 121.1 (d. *Jep, = 3.3 Hz,
C2.,). 121.3(m. C},,.,and C2), 127.9 (5. C3). 128.8 (s, C} o). 130.6 (5, C3 ). 131 4
(s, Ct)s 131.9 (5. C,,,) 1331 (5, C8), 136.0 (d. *Ap; = 5.6 Hz, CH,~CH=CH,).
136.7 (d, *Je, =14.7Hz, (CH=N),}, 147.5 (s, (CH=CH-C=N},,). 1494 (s.
(CH=CH -C=N),,).150.7 (d. *Jp, =7.8 Hz, C{). 152.7(d. *J,,, =7.5Hz, C},,)).
153.1 (d, 2Jep, = 6.7 Hz, C},,..)). IR(KBr): 3400 (m, ¥, ,). 2210 (m, .y cm ™'
Anal, caled. for CioHoN(;O4P,S: C. 57.69: H. 4.84; N, 13.45. Found: C.57.31 . H,
4,70; N, 11.28.

2U-1G 1 White powder: 61 % yield; **B{*H} NMR(CDCL,): 4 = §.0(s.P,). 52.8 (s
Po). 62.5 (5. P,); 'HNMR (CDCl,): & = 3.10 (d. 3, = 5.2 Hz, 18H. CH,-N-
P, 3.37(d. %y, =103 Hz, $H, CH,-N-P,), 3.46 {m, 6H, NH), 3.72 (m, 12H,
CH,-CH=CH,}. 5.03 (d. *Juy,, =102 Hz, 6H, CRUDC=C(H, JH}. 5.18 (4,
3asgas =170 Hz, 6H, CH,(HC=C(H)H,..). 533 (d, 2, =121 Hz
{6 x0.4)H. (CH=CH - CN),,,). 5.7 (d, 3Junane =16.7 Hz, (6 x D.6)H. (CH=CH -
CN),,w), 5.80 (m, 6B, CH,-CH=CH,). 6.99 (d. /.., =12.2 Hz. (6 x 0.4 H.
(CH=CH-CN),,), 7.20-7.78 (m, (69 + 6 x 0.6)H. (C,H,),_, _,. (CH=N),_, and
(CH=CH-CN),,.): ">C{’H} NMR (CDCl,): 6 = 31.7 (d. 2Jp, = 8.6 Hz, CH,—
N-P,), 32.9 (d. *Jp, =12.6 Hz, CH,-N-P,), 43.9 (s. CH.-CH=CH,). 94.2 (s,
(CH=CH -CN),,)), 95.7 (s, ((H=CH-C=N),,.). 115.6 (s, (CH;~CH=CH,)
117.2 (s, (CH=CH-CN},;,), 118.0 (5. (CH=CH- CN),,,..). 121.3 (m, C3, C%, Ci...
CL,o ) 127.6(5.C), 1283 (5. C2). 128.7 5. Cla). 130.4 (5. CLi). 131.3 (5. C, 00
1324 (brs, C&, C), 132.6 (5. C%..), 1357 (d. *Jas = 43 Hz. CH,-CH=CH,).
136.8 (d, 3/, =14.3 Hz, (CH=N),). 138.5 (d. *Jm, =11.4 Hz, (CH=N),), 1474
(s. (CH=CH-CN),,). 149.2 (s, (CH=CH-CN),,.J. 150.9 (m, C}, C}). 152.5 (d,
*Jeps = 6.1 Hz, C}.), 152.9 (d, */ep; = 7.0 Hz. C},,.0p). IR(KBr): 3401 (m. ¥y y).
2215 (m, Fc. ) em™ 1. Anal. cald. for C,.oH,aN100,,P,685: C. 56.36; H, 4.73: N,
13.69. Found: C, 56.09; H, 4.61; N, 13.55.
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