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Summary — The synthesis of the first regular ‘layer-block’ dendrimer 1-[Gn], built with the alternation of RP(S)/RP(O)
repeat units, and its characterization by *'P NMR are described up to the fourth generation. The crystal structure of the

first generation 1-[G1] is determined by X-ray diffraction.

dendrimer / layer-bleck / phosphorus / phosphorhydrazide / hydrazone

Résumé -— Premier dendrimeére de type ‘layer-block’ construit par l’alternance réguliére de deux types d'unités
répétitives jusqu’a la quatridme génération. La synthése du premier dendrimere de type ‘layer-block’ 1-[Gn], construit
avec une alternance réguliére et répétitive de groupements RP(S) et RP(O), ainsi que sa caractérisation par RMN P, sont
décrites jusqu’a la quatritme génération. La struecture cristalline de la premiere génération 1-[G1] a été déterminée par

diffraction des rayons X.

dendrimére / layer-block / phosphore / phosphorhydrazide / hydrazone

A substantial body of work has been devoted to the
synthesis of dendrimers built with identical functional
units for all generations [1]. In contrast, very few
work dealt with the synthesis of ‘layer-block’ den-
drimers, ie, dendrimers which have at least two types
of repeat units within the cascade structure such
as [ether]/[ester] [2], [ruthenium]/[osmium] complexes
[3], [N-N-P(S)]/|[P=N-P(S)] fragments [4]. or poly-
acetylene chains of different length [5], and organised
as layers. Furthermore, none of these compounds has
a regular alternation of two types of layers for several
generations. We report here the synthesis of the first
regular ‘layer-block’ dendrimer (1-[Gy4], fourth genera-
tion) built with the alternation of [RPS]/[RPO]/[RPS]/
[RPO]/[RPS] units, as well as the X-ray structure de-
termination of the first generation 1-[G1].

The synthesis of these ‘layer-block’ dendrimers is de-
rived from the one we have already described for den-
drimers which incorporate only one type of repeat unit
[6, 7]. Tt implies, besides hydroxybenzaldehyde sodium
salt 3, the alternative use of HoN-N(Me)P(O)Cly 2a
and HoN-N(Me)P(S)Cly 2b (scheme 1).

The first generation 1-[G1] is obtained by conden-
sation of three equivalents of 2a with the trialdehyde
1-[Gg] at room temperature. Single crystals of 1-[Gq]
are grown in dichloromethane and characterised by
X-ray diffraction. The CAMERON drawing of this com-
pound is depicted in figure 1. Crystal data. data col-
lection and refinement data, atomic coordinates with

* Correspondence and reprints

isotropic thermal parameters, bond lengths, and bond
angles are gathered in tables 1, I, ITI, and 1V, respec-
tively.

The most striking feature of this structure is that
each O-CgHy~CH=N-N{(Me)P arm is flat (maximal
deviation: 0.092, —0.276, and 0.064 A depending on the
arm considered). The mean arm length is 9.6 A, from
the core phosphorus P1 to phosphorus P2, P3, or P4. To
the best of our knowledge, this value is by far the largest
found for arms of dendrimers. Indeed, few structures
of first generation of dendrimers have been determined
by X-ray diffraction, and in all cases the number of
bonds of each arm is small: one [8a], two [8b], three
[8¢], five [8d], or six [8e], whereas the arms of compound
1-{G4] are constituted by nine bonds. In fact, this
compound is even larger than all second generation
dendrimers whose structures were also determined by
X-ray diffraction, and which possess only two [9a] or
three [9b] bonds for each arm. Dendrimer 1-[G1] as a
whole looks like a three-blade propeller when examined
in the direction of the P=S bond. The distance between
each phosphoryl group is also very large (dps..py &
dps..ps = dpo..ps = 17 A) so chlorine atoms are
readily available for further reactions. This is confirmed
by the easy synthesis of dendrimer 1-[G}], obtained
after substitution of chlorine atoms of 1-[Gq] with
hydroxybenzaldehyde sodium salt at room temperature
{scheme 1).
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Fig 1. CAMERON drawing of compound 1-[Gq].



Table I. Crystal data, data collection, and refinement data.

Crystal data
Chemical formula
Molecular weight
Crystal system
Spaco group

F{000)

p (cale) (g em™)
Crystal color
Crystal size (mm)
Crystal form

Data collection

Diffractometer Enraf-Noning CAD4-F
Data collection method w/20

Radiation type MoK

Wavelength (A) 0.71073

Scan range 6 (%) 0.8 + 0.35 tgf
Monochromator graphite

Co3HauNgOgP 451 Clg,CH2Cla

946.1
Triclinic
P-1

2

7.98

955.2

1.53

vellow

0.06 - 0.05 - 0.04
Block

6 range for cell parameters (°) 12 14
No of reflections

for cell parameters 25
Temperature (K) 293
No of measured reflections 8393
No of independent reflections
(Rav) 8061 (0.03)
201110)( (U) 52
—h —h -12 — 12
—k —k —16 — 16
0—1 0— 17
Refinement
Refinement oun “obs
Hydrogen atoms calculated and not refined
R* 0.049
Ruw" 0.058
GOF (S)° 1.2
ApminA Pmax 0.47-0.42
Abs corr none
Weighting scheme? {w = w'[1 — (AF)/60(F,)*)*}

No of reflections used
with the criterion [I > 3a(I)] 3296
No of parameters used 453

R o= E(|FR| ~ EI)/SFE " Re = [Sw(|F| -
FoD2/S([FaD?M 2 Goodness of Fit = [B(| Fo—Fu])? / (Nobs —

Np(mun(t(rs)}l/z, d w' = I/E(r - 1,3)AI‘TT(.’I?),W})(?I“E Ar are
the coefficients for the Chebyshev polynomial Tr(x) with 2 =

Fi./Fe(max).

All reactions are easily monitored by *'P NMR,
which shows in all cases the total disappearance of the
signal of phosphorus groups implied in the reaction, on
behalf of the appearance of a new signal (fig 2). The
presence of both phosphoryl and thiophosphoryl groups
gives clearer spectra compared with the corresponding
fully thiophosphorylated dendrimer [6]. This is mainly
due to the occurence of signals corresponding to P=S
and P=0 type phosphorus in two very different areas
(63.1 = 6(P=S) » 60.4 and 18.8 » §(P=0) = —6.8).
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Table II. Fractional atomic coordinates and equivalent
thermal parameters. Estimated standard deviations are in
parentheses. Ucq is defined as the cube root of the product

of the principal axes: Ue, = [U11 % Usa 1;733}1/3.

Atom x/a y/b z/c Uey (A%)
S(1) 0.3186(1)  0.8379(1)  0.2039(1)  0.0558
P(1) 01765(1)  0.7445(1)  0.2152(1)  0.0398
P(2) :)42 (2) 0.6611(2) 0.7655(1) (.0629
P(3) ).2307(2) U 2()71(2) —().4685(1) 0.0794
P(4) 7() 0373(2) 3526(1) 0.2427(2) 0.0658
C1(20) 5(1()(2) () 61 7(2) 0.7779(2) 0.0917
Cl(21)  0.5414(2) 0.5281(2) 0. ()324(2) 0.0986
C1(30) (J 0680(3)  0.1453(3) ~0.4546(2)  0.1898
C1(31) 0 2155(4)  0.3333(3) —0.4838(3)  0.1850
C1{40) ).1390(2)  1.3804(2) 0.2667(2) 0.1110
Cl1(41) -_( 0790(3)  1.3554(2)  0.3711{(2)  0.1337
o(1) 0.1497(3)  0.7794(3)  0.3279(3)  0.0458
0(2) [] 0510(3)  0.7286(3) () 1566(3) (0.0499
0(3) 0.1676(3)  0.6180(3) 1733(3)  0.0443
0(20) 0.6302(4) 0.6832(4) () 8h25(4) (0.0824
O(30) 0.2680(5)  0.1299(5) —0.5556(4) 0.1144
O(40) -0.0706(5)  1.4322(4) 0.2222(5) 0.1000
N(1) U 4769(4)  0.7490(4) 0.6658(4) (.0594
N(2) 0.5650(4)  0.7668(4)  0.7449(4)  0.0667
N(3) 0.2788(5)  0.3267(4)  —~0.2708(4)  0.0612
N(4) 0.3205(5)  0.2611(5)  ~03571(4)  0.0700
N(5) —0.0573(5)  1.1474(1) 0.1655(4) (1.0H8H
N(6) -—[) [)‘) 4(5)  1.2231(4) 0.1484(4) (0.0645
(1) 0.4870(5)  0.8281(5) 0.6465(4) 0.0543
C(2) —0.1008(5)  1.0429(5) 0.0992(5) (0.0534
C(3) 0.3377(6)  0.3639(5) —0.1804(5)  0.0553
C(11) 0.2351(5)  0.7912(4) 0.4074(4) 0.0433
C(12) ) 3196(5)  0.8948(4) 0.4727(4) (.0:195
C(13) 0.4018(5)  0.9051(4) (] 5507(4) 0.0508
C(14) 0 3960(5)  0.8136(5) FG38(4)  0.0467
C(15) 0.3080(5)  0.7102(5) [] 1961(5) 0.05H1
C(16)  0.2260(5)  0.6986(4)  0.4181(4)  0.0499
C(20) 0.6747(7)  0.8623(7) 0.7925(6) (.0855
C(21) 0.0168(5) 0.8111(4) 0.1465(4) 0.0423
C(22)  —0.0594(5)  0.7741(1)  0.0545(4)  0.0487
C(23) ~U 0980(5)  0.8511(H) 0.0399(4) 0.0519
C(24) ).0597(5)  0.9638(5)  0.1166(4)  0.0460
C(25) () 0]71(5) 0.9976(4) 0.2105(4) 0.0524
C(26) 0.0541(5)  0.9214(5) 0.2250(4) 0.0496
C(31) 0.2106(56)  0.5b69- 1) 0.0838(4) 0.0419
C(32) 0.2977(5)  0.5135(4) ) ()‘)'—8(4) 0.0469
C(33) 0.3401(5)  0.4509(5H) 0090(4) 0.0519
C(34) 0.2934(5)  0.4319{4) ] (2*()2(4) 0.0458
C35)  0.2041(5)  0.4737(1)  —0.0087(4)  0.0449
C(36) () 1()9()(5) 0.5387(4) -0.01 ‘)4(4) 0.0453
C(40) H4(8)  0.2451(7) 7[] 3479(6) 0.0892
C(60) -_() l‘)-14(6) 1.1869(6) ).0626(6) 0.0751

Furthermore, the difference between the chemical shift
of P(X)Cly and P(X )(O(‘(,H CHQO), groups is much
larger for X = O (Ad = 25 ppm) than for X = S
(Ad =2 3 ppm).

We have carried out the synthesis up to the fourth
generation (compound 1-[Gy4]. fig 3), by repeating the
condensation and substitution reactions. All these re-
actions afford quantitatively dendrimers 1-[Gy] and
1-[G] (n = 1-4} as crude products, and each com-
pound is isolated in good yield after work up (60-
88% yield). Dendrimer 1-[G4] possess 1 P=5/3 P=0/
6 P=S/12 P=0/24 P=S groups at the core and at the
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Table III. Full list of interatomic distances (A). esd’s in
parentheses refer to the last significant digit.

S(1)-P(1) 1.902(2) N(5)-N{6) 1.386(6)
P(1)-0(1) 1.577(4) N(5)-C(2) 1.273(7)
P(1)-0(2) 1.568(4) N(6)-C(60) 1.459(8)
P(1)-0(3) 1.579(3) C(1)-C(14) 1.475(8)
P(2)-C1(20) 1.974(3) C(2)-C(24) 1.452(8)
P(2)-Cl(21) 1.993(3) C(3)-C(34) 1.467(8)
P(2)-0(20) 1.452(5) C(11)-C(12) 1.370(7)
P(2)-N(2) 1.629(5) C(11)-C(16) 1.377(7)
P(3)-C1(30) 1.940(3) C(12)-C(13) 1.386(8)
P(3)-ClI(31) 1.959(4) C(13)-C(14) 1.388(T)
P(3)-0(30) 1.435(5) C(14)-C(15) 1.392(8)
P(3)-N(4) 1.616(6) G(15)-C(16) 1.377(8)
P(4)-C1(40) 1.972(3) C(21)-C(22) 1.367(7)
P(4)-Cl(41) 1.969(3) C(21)~C(26) 1.374(7)
P(4)-0(40) 1.440(5) C(22)-C(23) 1.390(8)
P(4)-N(6) 1.625(5) C(23)-C(24) 1.389(8)
O{1)-C(11) 1.414(6) C(24)-C(25) 1.406(7)
0(2)-C(21 1.403(6) C(25)-C(26) 1.367(8)
0(3)-C(31) 1.411(6) C(31)-C(32) 1.366(7)
N(1)-N(2) 1.394(6) C(31)-C(36) 1.379(7)
N(1)-C(1) 1.263(7) C(32)-C(33) 1.388(7)
N(2)-C(20) 1.440(8) C(33)-C(34) 1.396(8)
N(3)-N(4) 1.392(6) C(34)-C(35) 1.382(7)
N(3)-C(3) 1.260(7) C(35)-C(36) 1.383(7)
N(4)-C(40) 1.431(9)

Molecule of solvent: C(100}-CI(101), 1.74(1); C(100}-C1(102),
1.75(1).

junctions of the first, second, third, and fourth layers,
respectively. It is fully characterised, as all other 1-[Gp]
and 1-[G;, J compounds, by elementa) analysis and 3P,
'H, and it C NMR. It can be seen on figure 2 that
the 3'P NMR spectrum of the fourth generation 1-
[G4] consists of five singlets in an approximate intensity
ratio of 1/3/6/12/24. Furthermore, the signals appear
in the expected area for the core (§(Pg) = 56.2), for the
phosphoryl groups (§(P1) = —5.2; 8(P3) = —5.9) and
for the thiophosphoryl groups (6(P2) = 62.4; 6(Py) =
63.1) (see scheme 2 for the numbering used).

The synthesis could be carried out up to higher gen-
erations, but we decided to stop the synthesis at this
step, as it demonstrates the feasability of the synthesis
of regular ‘layer-block’ dendrimers, and the usefulness
of this type of compounds to improve characterization.
Preliminary experiments have shown that dendrimers
with phosphoryl groups only on the surface and thio-
phosphory! groups for all the internal layers are more
reactive than all-thiophosphorylated dendrimers [7e].
Work is in progress to test the reactivity of the new
‘layer-block’ dendrimers 1-[Gp] and 1-[G7)], and par-
ticularly to check the influence of the presence of P=0
groups compared with P=S groups.

Experimental section

General

All manipulations were carried out with standard high
vacuum or dry argon atmosphere techniques. Compound
1-[Gg] was prepared according to a literature procedure
[7a].

IR: Perkin-Elmer FT 1725x.

NMR: Bruker AC 200 (200.13 MHz, 81.01 MHz and
50.32 MHz, for *H, *!'P and '3C, respectively). For 'H and

Table IV. Full list of bond angles (°). esd’s in parentheses
refer to the last significant digit.

S(1)-P(1)-O(1) 117.8(2) P(4)-N(6)-N(5)  114.0(4)
$(1)-P(1)-0(2) 117.7(2) P(4)-N(6)-C(60)  122.8(4)
O(1)-P(1)-0(2)  100.0(2) N(5)-N(6)-C(60)  122.3(5)
S(1)-P(1)-0(3) 116.3(2) N(1)-C(1)-C(14)  119.6(5)
O(1)-P(1)-0(3)  101.3(2) N(5)-C(2)-C(24)  119.7(5)
0(2)-P(1)-0(3)  100.7(2) N(3)-C(3)-C(34)  119.3(5)
C1(20)-P(2)-Cl(21) 101.6(1) O(1)-C(11)-C(12) 119.0(5)
C(20)-P(2)-0(20) 114.7(2) O(1)-C(11)-C(16) 118.0(5)
C1(21)-P(2)-0(20) 112.1(2) C(12)-C(11)-C(16) 123.0(5)
C1(20)-P(2)-N(2)  106.6(2) C(11)-C{12)-C(13) 118.0(5)
C1(21)-P(2)-N(2)  107.6(2) C(12)-C(13)-C(14) 120.7(5)
0(20)-P(2) N( ) 113.4(3) C(1)-C(14)-C(13) 118.8(5)
CI(30)-P(3)-CI(31) 100.8(2) C(1)-C(14)-C(15) 122.0(5)
C1(30)-P(3)- 0( 114.1(3) C(13)- C(14) C(15) 119.2(5)
(‘1(51 -P(3)- O(so) 112.5(3) C(14)-C(15)-C(16) 120.7(5)

CI(30)-P(3)-N(4)  107.4(2) C(11)- (‘(16) C(15) 118.3(5)
C1(31)-P(3)-N(4 ) 106.9(2) O(2)-C(21)-C(22) 115.7(4)
O(30)-P(3)-N(4)  114.1(3) O(2)-C(21)-C(26) 122.3(5)
(‘1(40) P(4)-Cl(41) 102.6(2) C(22)- ( ) C(26) 122.0(5)

C1(40)-P(4)-0(40) 113.5(3) C(21)-C c(zs) 118.7(5)
01(41) P(4)-0(40) 113.9(3) C(22) c(z3) ) 120.9(5)

CH{40)-P(4)-N(6)  104.6(2) C(2)-C(24) C( 119.9(5)
Cl{41)-P(4)-N(6) 107.0(2) C(2)-C(24)-C(2 ) 121.7(5)
O(40)-P(4)-N(6)  114.1(3) C(23)-C(24)-C(25) 118.4(5)
P(1)-0O(1)-C(11)  120.7(3) C(24)-C(25)-C(26) 120.6(5)
P(1)-0(2)-C(21)  126.7(3) C‘(21) C(26)-C(25) 119.5(5)
P(1)-O(3)-C(31)  122.6(3) O(3)-C(31)-C(32) 117.6(4)
N(2)-N(1)-C(1)  117.5(5) O(3)-C(31)-C(36) 120.4(4)
P(2)-N(2)-N(1)  113.8(4) C(32)-C(31)- (‘(36) 121.9(5)
P(2)-N(2)-C(20)  122.8(4) C(31)-C(32)-C(33) 119.2(5)
N(1)-N(2)-C(20)  122.7(5) C(32) -C(33)-C(34) 120.2(5)
N(4)-N(3)-C(3)  119.1(5) C(3)-C(34)-C(33) 119.5(5)
P(3)-N(4)-N(3)  114.7(4) ( ) C(34)-C(35)  121.4(5)
P(3)-N(4)-C(40)  122.7(4) C(33)-C(34)-C(35) 119.1(5)
N(3)-N(4)-C(40)  122.6(5) C(34)-C(35)- 0(36) 120.9(3)

N(6)-N(5)-C(2)  119.8(5) C(31)-C(36)-C(35) 118.7(3)

Molecule of solvent: C1{101)-C(100)-C1(102), 110.1(6).

ISC(NMR, CDCls as solvent, TMS as external standard;
for 3'P NMR, CDCls as solvent, 85% H3zPQ,4 as external
standard (see scheme 2 for the numbering used).

MS: Finnigann MAT TSQ 700 (FAB).
X-ray crystallographic study [10]

The data were collected on an Enraf-Nonius CAD4-F diffrac-
tometer at room temperature, using a graphite mono-
chromated Mo-Ka radiation. The w/20 scan mode was
used. The structure was solved by direct methods using
SHELXS86 [11] and subsequent difference Fourrier maps,
and refined by least-squares procedures on Fips. All hydro-
gen atoms were located by difference Fourrier maps, but
they were introduced in calculation in idealized positions
(d(C-H) = 0.96 A), and their fractional coordinates were
recalculated after each cycle of refinement. They were given
isotropic thermal parameters 20% higher than those of the
carbon atom to which they were attached. Least squares
refinements were carried out by minimizing the function
Yw(l|F,] — ||F.[)? where F, and F. are the observed and
calculated structure factors. The weighting scheme used in
the last refinement cycles was {w = w'[1 - (AF)/6c(F,)?]*}
where w' = 1/%(r = Ln)ArTr(z), with 3 coefficients Ar
for the Chebyshev polynomial ArTr(xr) where  was F./F.
(max) [12]. Models reached convergence with R = L(||F,| -
LEe) /SN Ful, and Ruw = [Sw(||Fo| — [1F])? /S(|F )2
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Fig 3. Fourth generation of the dendrimer.
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Details of data collection and refinement are given in
table I. The calculations were performed with the aid of
the CRYSTALS package programs [13] running on a PC.
The drawing of the molecule was realized with the help of
the soft CAMERON [14]. The scattering factors were taken
from International Tables for X-ray Crystallography [15].

Dichlorophosphorhydrazides 2a and 2b

To a solution of trichlorophosphine oxide (3.26 mlL, 3.5 x
1072 mol) or sulfide (3.55 mL, 3.5 x 107 mol) in 100 mL
of chloroform was slowly added methylhydrazine (3.72 mL,
7.0 x 107% mol) in solution in 30 mL of chloroform
at —60 °C, and under stirring. The mixture was left
overnight under stirring while the temperature raise slowly
to room temperature. Then methylhydrazine hydrochloride
was eliminated by filtration and centrifugation. Compound
2a and 2b were left in solution and used in situ.

e Dichlorophosphorhydrazide 2a
$1p {1} NMR (CHCl3): & 23.0 (s).

e Dichlorophosphorhydrazide 2b
$1p [TH} NMR (CHCl): 6 70.0 (s).

First generation (3 P(O)Cl end groups) 1-[Gq]

To a solution of 7.1 x 107% mol of compound 2a in chlo-

roform obtained as described above, was added compound

1-[Gg] (1.00 g, 2.35 x 10~? mol) in solution in 20 mL of
chloroform, at room temperature. The mixture was stirred
for 2 h, then filtered, centrifuged and evaporated to dryness.

The resulting powder was washed with ether to give 1.58 g

of dendrimer 1-[G1] (78%), pale yellow powder.

31p {1H} NMR (CDCl3): 6 18.8 (s, (), 52.3 (s, Py).

'H NMR (CDCls): 6 3.3 (d, *Jap1 = 10.9 Hz, 9H, P, N-
CHg), 7.3 (dd, SJHH — 8.3 HZ, 1.][]P(y = 1.5 HZ7 GH,
C(Z, H), 7.7 (d, ‘ﬂ]Hm, = 3.1 Hz, 3H, CH=N), 7.7 (d,
SJna = 8.3 Hz, 6H, C3-H).

BC {'H} NMR (CDCls): 6 30.6 (d, *Jop1 = 10.9 Hz,
P,-N-CHs), 120.9 (d, *Jepo = 5.1 Hz, CF), 128.1 (s,
C), 1311 (s, C}), 139.9 (d, 3Jcp, = 20.7 Hz, CH=N),
151.0 (d, *Jepo = 7.6 Hz, Cy).

MS (FAB*): m/z (%): 859 [M + 1]* (for Cl = 35) and
isotopic repartition: 861 (100%).

Anal calc for CogH24ClgNgOgP4S: C, 33.47; H, 2.81; N, 9.76.
Found: C, 33.38: H, 2.73; N, 9.63.

First generation (6 CHO end groups) 1-[G']

To a suspension of hydroxybenzaldehyde sodium salt (1.53 g,
1.05 x 1072 mol) in 15 mL of THF was added a solution
of dendrimer 1-[Gq] (1.50 g, 1.74 x 10™* mol) in 15 mL
of THF, at room temperature. The mixture was stirred for
2 h, then filtered, centrifuged and evaporated to dryness.
The resulting powder was washed with ether to give 1.58 g
of dendrimer 1-[G}] (66%), vellow powder.

IR (KBr): v 1704 em™* (CHO).
P {'H} NMR (CDCly): 6 —6.8 (s, P1). 52.5 (s, Py).

'H (CDCls): 6 3.2 (d, *Jup1 = 12.3 Hz, 9H, P,-N-CHj3),
7.3 (dd, *Jun = 8.3 Hz, *Jupo = 1.6 Hz, 6H, C2-H), 7.4
(d, 3Jun = 8.5 Hz, 12H, C%-H), 7.6 (s, 3H, CH=N), 7.6
(d, 3Jun = 8.3 Hz, 6H, C5-H), 7.9 (d, *Juy = 8.5 Hz,
12H, C3-H), 9.9 (s. 6 H, CHO).

Be {'H} NMR (CDCly): & 31.6 (d, *Jep1 = 10.7 Hg,
P;-N-CHj), 120.5 (d, *Jep1 = 4.7 Hz, C}), 120.9 (d,
3Jopo = 4.6 Hz, C3), 127.7 (s, C}), 131.0 (s, C¥), 131.5

(s. C3), 1331 (s. C1), 138.3 (d, *Jopr = 15.5 Hz. CH=N),
150.6 (d, *Jepo = 7.4 He, C(],). 154.2 (d, *Jep) = 7.1 Hz,
C1), 190.0 (s, CHO).

MS (FAB™); m/z (%): 1375 [M + 1]7 (100%).

Anal calc for CgeHsaNgO15P48S: C, 57.64; H, 3.96; N, 6.11.
Found: C. 57.38: H, 3.66: N, 5.93.

Second generation (6 P(S)Cly end groups) 1-[G2]

To a solution of 6.9 x 107 mol of compound 2b in chlo-
roform obtained as described above, was added dendrimer
1-[G]] (1.50 g, 1.09 x 10”" mol) in solution in 30 mL of
chloroform, at room temperature. The mixture was stirred
overnight, then filtered, centrifuged and evaporated to dry-
ness. The resulting powder was washed with ether to give

2.17 g of dendrimer 1-[Ga] (85%), yellow powder.

1P {IH} NMR (CDCly): 6 —6.0 (s. Py), 52.6 (s, Py), 63.1
(s, P2).

'H NMR (CDCly): & 3.2 (d, *Jup1 = 80 Hz, 9H,
P, N-CHs), 34 (d, *Jape = 13.9 He, 18H, Po-N-CH3),
7.2-7.3 (m, 18H, C3-H, C3-H), 7.55 (s, 3H, C}-CH=N),
7.6-7.7 (m, 18H, C3-H, ¢y -H), 7.7 (s, 6H, ¢} CH=N).

B {'H} NMR (CDClLs): 6 31.2 (d, ®Jepz = 13.1 Hz
P2-N-CHy), 31.8 (d. 2 Jepy = 10.4 Hz, P,-N-CHz), 120.5
(d, *Jopo = 4.5 Ha, C2). 120.8 (d, *Jepr = 5.2 Hz,
C9),127.7 (s, CF), 128.2 (s, C3). 130.9 (s, C1), 131.8 (s.
CH). 137.9 (d, *Jop, = 15.3 Hz, Ci-CH=N), 139.9 (d.
3 Jopz = 18.6 Hz, C3 ("H=N), 150.5 (d, 2Jopo = 8.7 Hz,
CH), 151.0 (d, *Jep; = 7.3 Hz, C1).

MS (FAB"); m/z (%): 2335 [M + 1]7 (for C1 = 35) and
isotopic repartition: 2339 (100%).

Anal (,"dlC for CTQHTQC]]QN“(()YZP“]S7: C, 36.94; H, 3.10:
N, 10.77. Found: ', 36.78: H, 3.01; N, 10.68.

Second generation (12 CHO end groups) 1-[GY]

To a suspension of hydroxyhenzaldehyde sodium salt (1.50 g,

1.04 x 1072 mol) in 20 mL of THF was added a solution

of dendrimer 1-[Gg] (2.00 g, 8.54 x 10™* mol) in 20 mL

of THF, at room temperature. The mixture was stirred

overnight, then filtered, centrifuged and evaporated to dry-
ness. The resulting powder was washed with ether to give

2.52 g of dendrimer 1-[G'2] (88%), pale yellow powder.

IR (KBr): v 1702 em™" (CHO).

3P {'H} NMR (CDCly): & —5.6 (s, P1), 52.8 (s, Py), 60.4
(S, Pz)

'H NMR (CDCly): & 3.2 (d, *Jup
PN CH:{), 3.4 (d, ‘v‘.]}{pg = 10.9 HZ, 1
7.25-7.4 (m, 42H, C3-H, C} H, C3-H),
C3 H, C3H, CH=N), 7.8 (d, *Juu
C3-H), 9.9 (s, 12H, CHO).

8.1 Hz, OH,
, Py~ N-CHsy),
7.7 (m, 27H,
&6 Hz, 24H,

~1 00 ||
poga
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B¢ {(*H} NMR (CDClg)- § 317 (d, 2Jepy = 8.7 Hz,
P, N CHa), 32.2 (d, 2Jcps = 133Hz P2-N-CHa), 120.4
(d, ®Jep1 = 4.8 Hz, CF), 120.8 (d, *Jopy = 4.8 Hz, C3),
121.3 (d, ° Jcpz = 5.1 Hz, C2), 127.7 (s, CP), 127.8 (s,
), 130.8 (s, ) 131.2 (s c4) 131.9 (s, C}), 133.0
gs, 1), 138,7 (d, SJep12 = 13.5 Hz, CH=N), 150.6 gd,
2Jcpoy = 6.1 He, C3, CH), 154.4 (d, 2 Jops = 7.2 Hz, C3),
190,0 (s, CHO).

MS (FABT); m/z (%): 3369 [M + 1] (100%).

Anal calc fOI‘ C156H132N15036P1087: C 55.6]; H, 3.95;
N, 7.48. Found: C, 55.37; H, 3.82; N, 7.28.

Third generation (12 P(O)Cly end groups) 1-[Gg]
To a solution of 7.2 x 1072 mol of compound 2a in chloro-
form was added dendrimer 1-[G5] (2.00 g, 5.94 x 107 mol)
in solution in 30 mL of chloroform, at room tempera-
ture. The mixture was stirred for 2 h, then filtered, cen-
trifuged and evaporated to dryness. The resulting powder
was washed with ether to give 1.82 g of dendrimer 1-[Gg]

(60%), pale yellow powder.

3P {TH} NMR (CDCly): 6 —5.5 (s, P1), 18.8 (5, P3), 52.8
(S, P(J), 62.0 (S, Pg)

‘H NMR (CDCly): 6 3.2 (d, *Jup1 = 9.0 Hz, 9H,
P1-N-CH3), 3.3 (d, *Japz = 10.9 Hz, 36H, P4-N-CHy),
3.35 (d, " Jyps = 9.0 Hz, 18H, P,-N-CHj), 7.2-7.3 (m,
42H, C2-H, C?-H, C3 H), 7.6 -7.7 (m, 63H. C}-H, C{-H,
C3-H, CH=N).

B ("H} NMR (CDCly): § 30.6 (d, *Jops = 104 Hz,
P3N CHj3), 31.8 (d, ®Jop; = 10.2 Hz, Py, N CHjy),
324 (d, *Jop: = 13.0 Hg, Py-N-CH: 3), 120.3 (d,
3Jop1 = 4.3 Hz, C3), 120.8 (d, *Jopo = 4.8 Hz, C3),
121.2 (d, *Jop2 = 4.6 Hz, C2), 127.7 (s, C}). 127.8 (s, C"),
127.9 (s, C3), 1305 (s, C), 131.4 (s, C) 131.9 (s, C).
137.0-139.0 (m, C3 ;- C H N), 140.3 (d Jops = 20.2 Hz,
Ci-CH=N), 150.5 gd, 2Jopa = 4.3 Hz, C1), 151.2 (d,
2Jepoa = 8.4 Hz, Cg. C1).

Anal cale for C163H168(7124N42035P2287Z . 39.5(); H, 3.3];
N, 11.52. Found: C. 39.38; H, 3.19; N, 11.40.

Third generation (24 CHO end groups) 1-[G']

To a suspension of hydroxybenzaldehyde sodium salt (1.02 g,
7.1 x 1073 mol) in 20 mL of THF was added a solution of
dendrimer 1-[Gg] (1.50 g, 2.94 x 10™* mol) in 20 mL of
THF, at room temperature. The mixture was stirred for
2 h, then filtered, centrifuged and evaporated to dryness.
The resulting powder was washed with ether to give 1.33 g
of dendrimer 1-[Gj] (63%), pale yellow powder.

IR (KBr): » 1704 e~ ' (CHO).

31p {TH} NMR ( CDCL;) 8 —6.7 (s, Py), =5.1 (s, P1), 5
(s, Po), 62.3 (s, Pu).

'H NMR (CDCls): 6 3.2 (d. *Jup1,s = 7.7 Hz, 45H,
P, 5-N-CH3), 3.35 (d, *Jup2 = 10.2 Hz, 18H, P;-N
CH3), 7.1-7.9 (m, 201H, C¢Hy, CH=N), 9.9 (s, 24H,
CHO).

B3¢ {'H} NMR (CDClL): § 31.6 (d, *Jer1s = 10.2 Hz,
Py 35-N-CHa), 32.4 (d, *Jepe = 13.1 Hz, Po-N-CHj;),
190 5 (d, “Jep1s = 4.7 Hz, C%, C2), 1208 (d,

Jepo = 4.8 He, C3), 121.1 (d, *Jop2 = 3.6 Hz, C3),
127.5 (s, C3 ,127.6 (s, CF), 127.9 (s, C}), 131.0 (s, CI),
131.6 (s, Cl, C4), 131.8 ( CH, 133.0 (s, C3), 137.0
139.0 (m, CH=N), 150.0-150.5 (m, C}. C1), 150.8 (d,
2Jepy = 8.7 Hz, C‘é), 154.1 (d, *Jeps = 5.6 Hz, ),
190.0 (s, CHO).

Anal cale for C;;;;(5H238N42034P22871 C, 56.33: H, 405,
N, 8.21. Found: C, 56.01; H, 3.88; N, 8.09.
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Fourth generation (24 P(5)Cl end groups) 1-[G4]

To

a solution of 3.4 x 1072 mol of compound 2b in chlo-

roform obtained as described above, was added dendrimer

L

Gj] (1.00 g, 1.40 x 107* mol) in solution in 20 mL of

chloroform, at room temperature. The mixture was stirred
overnight, then filtered, centrifuged and evaporated to dry-
ness. The resulting powder was washed with ether to give
1.36 g of dendrimer 1-[G4] (88%). yellow powder.

1p {'H} NMR (CDCl3): § —5.9 (s Py), —5.2 (s, P1), 52.6

'y

(s, Py), 62.4 (s, Pa), 63.1 (s, Py)

NMR (CDCly): 6 3.2 (d, ° /upm = 8.1 Hz, 45H,
P]_g NCH;) 3.3 (d, 3J]{}>2 = 10.0 HZ, 18H, PQ‘N CIIJ),
3.4 (d, *Jups = 12.4 Hz, 72H, P4-N-CH3), 7.1-7.9 (m,
225H, CsHy, CH==N).

Bo THY NMR (CDCly): 6 31.2 (d, ®Jopa = 13.1 Hz,

An

P4-N-CH3), 31.6 (d, 2Jepis = 9.6 Hz, P1y-N-CHs),
32.4 (d, *Jeps = 11.6 Hz, Po-N- CH3) 120.4 (d,
:‘Jcp_g = 4.1 Hz, C%, C2), 120.8 (d, *Jopo = 4.8 Hy,
C3), 121.1 (d, 3Jopz = 2.9 Hz, C3), 127.5 (s, C‘

127.7 (s, C9), 127.8 (s, C3). 128.2 (s, C3) 130.8 (s, C3),
131.3 (s, C1, C3), 1315 (s, C3), 138.0~138.5 (m, CU.M-
CH=N), 140.0 (d, *Jeps = 18.9 Hz, C3-CH=N), 150.9
(d, 2Jeps = 7.0 Hz, C}), 150.0-151.0 (m, C§, C}, CL).
al calc for CagoHsenC lqum)O()u] 165311 C, 39.21; H, 3.29;
N, 11.43. Found: C, 38.94; H. 3.1 N, 11.23.

Supplementary material data have been deposited with

the British Library, Document Supply Center at Boston Spa,
Wetherby, West Yorkshire, 1.523 TBQ, UK as supplementary
publication No. SUP 90475 and is available on request from
the Document Supply Center.
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