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Abstract 

The synthesis of functionalized phosphorus-containing dendrimers is described up to the eighth generation, starting from the 
hexachlorocyclotriphosphazene core. The dendrimer is built step by step by the repetition of two reactions: the substitution of chlorine 
atoms by 4-hydroxybenzaldehyde, and the condensation of aldehyde functions with H2N-N(Me)P(S)CI 2. The eighth generation of this 
new class of dendrimers bears up to 1536 aldehyde terminal functions and is one of the largest artificial molecules of defined structure 
ever described. 
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1. Introduct ion 

A new field of research in chemistry appeared a few 
years ago with the synthesis of a new class of macro- 
molecules called "cascade molecules" [1] or "den-  
drimers" [2,3]. These names evoke the structure of the 
compounds, which are highly branched functional poly- 
mers of  defined structure. Indeed, these macromolecules 
are polymers since they are based on the association of 
hundreds or thousands of repetitive units. However, 
dendrimers differ fundamentally from classical poly- 
mers since they have several striking features and prop- 
erties due to their arborescent construction. The molecu- 
lar weight and shape of dendrimers are precisely con- 
trolled, and all the functions are located on the surface 
where they are easily accessible. Dendrimers are built 
step by step by the repetition of a sequence of reactions, 
allowing multiplication of the number of repetitive units 
and terminal functions. Each sequence of reactions cre- 
ates what is called a new "generat ion".  
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The first dendrimers were purely organic compounds 
[1-4], but main group elements containing dendrimers 
[5], mainly silicon [6] and phosphorus [7,8], have re- 
cently been synthesized. For our part, we described the 
first neutral phosphorus dendrimers [9] up to generation 
7 [10] then 10 [11], starting from a trifunctional core 
(P(X)C13, X = S, O). In this case, dendrimers are 
cauliflower-shaped for the first generations, and become 
bowl-shaped for high generations, as shown by electron 
microscopy for the tenth generation [11]. We thought 
that it could be interesting to synthesize a family of 
dendrimers whose shape would be the same for all 
generations. With this perspective, we have already 
described two three-step syntheses of dendrimers start- 
ing from the hexafunctional core N3P3C16, but were 
obliged to stop the synthesis at the first generation in 
one case due to oxidation problems [12], and at the third 
generation in the second case due to insolubility prob- 
lems [13]. Another type of bowl-shaped phosphorus 
dendrimer was recently described up to generation 5 [8]. 
We now report the synthesis of  bowl-shaped dendrimers 
built upon N3P3C16, from generation 1 (12 terminal 
functions) to generation 8 (1536 terminal functions), 
using the two-step procedure described for the trifunc- 
tional core [9-11 ]. 
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2. Results and discussion 

The first reaction consists of the grafting of six 
hydroxybenzaldehyde groups onto the cyclotriphosp- 
hazene core 1-G o, in the presence of 6 equiv, of 
triethylamine (Scheme 1). This reaction needs 15 h in 
refluxing THF to go to completion. The reaction is 
monitored by 31p NMR which shows the disappearance 
of the singlet corresponding to 1-G 0 (8 = 20.1 ppm) 
followed by several multiplets due to the intermediates, 
then a singlet (8 = 7.3 ppm) corresponding to the hex- 
aaldehyde 2-G 0. The second step consists of the con- 
densation of 6 equiv, of dichlorophosphorhydrazide 3 
with the aldehyde functions of 2-G 0 in chloroform for 
48 h at 50 °C, and affords the first generation of the 
dendrimer 1-G l (Scheme 1). The condensation induces 
a slight deshielding of the singlet corresponding to N3P 3 
(~ = 8.4 ppm) and a shielding of the signal correspond- 
ing to the P(S)C12 moieties (8 = 70.6 ppm for 3; ~ = 
62.6 ppm for 1-G l) in the 31p NMR spectra. The 
condensation was also confirmed by H and C NMR 
and IR spectroscopies, which show the disappearance of 
signals corresponding to the CH=O functions on behalf 
of signals corresponding to the CH=N functions. The 
presence of a unique set of signals (m/z = 1822 [M + 
1] ÷, C1 = 35) with the correct isotopic repartition for a 
compound containing 12 chlorine atoms (m/z = 1828: 
100%) in mass spectrometry also proves the formation 
of l -G r 

In order to obtain the second generation of the 
dendrimer, we first need to graft 12 hydroxybenzalde- 
hyde groups onto the P-CI functions of l-G1. We can 
again use triethylamine as the base, but the reaction is 
slow (several days in refluxing THF) and we obtain 
better results with the sodium salt of hydroxybenzalde- 
hyde, which induces the formation of the dendrimer 
2-G 1 after stirring overnight at room temperature 
(Scheme 2). Here again, the reaction is monitored by 
31 p NMR, as shown in Fig. 1. Almost no change occurs 
for the signal corresponding to the core, but we observe 
the total disappearance of the singlet at ~ = 62.6 ppm 
corresponding to the phosphorus P1 in 1-G 1 on behalf 
of a new singlet at 8 = 60.6 ppm due to the phosphorus 
P1 in 2-G v The second generation of the dendrimer 
2-G~ is obtained by a process similar to the synthesis of 
the first generation 1-G~: the condensation of the 
dichlorophosphorhydrazide 3 with the aldehyde func- 
tions, which is performed in this case at room tempera- 
ture. The 31p NMR spectrum of 1-G 2 consists of three 
singlets in a 1:2:4 ratio ( 8 =  8.4 ppm for the core, 
8 = 62.2 ppm for Pl and 8 = 63.0 ppm for the newly 
grafted phosphorus P2) (Fig. 1). 

The repetition of these two steps, i.e. reaction with 
the sodium salt of hydroxybenzaldehyde and condensa- 
tion with the dichlorophosphorhydrazide 3, is effected 
up to the obtaining of the eighth generation of the 
dendrimer, with 1536 aldehyde terminal functions, 2-G s 
(Fig. 2). 
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All the steps of the synthesis are monitored by 31p 
NMR (Fig. 1), which shows in all cases the disappear- 
ance of the signal corresponding to the phosphorus of 
the surface on behalf of a new singlet, slightly 
deshielded, during the transformation P(S)C12 
P(S)[OC6Ha-CHO] 2 (1-G. --> 2-G.). The signal corre- 
sponding to these phosphorus totally disappears during 
the next step (2-G.---> 1-G,+ 1) on behalf of a new 
singlet, slightly deshielded. Furthermore, a singlet cor- 
responding to the newly grafted phosphorus appears. 
All the signals of the different layers are distinguishable 
up to generation 4. An overlap occurs for the signals of 
phosphorus PI and P2 of generation 5 (1-Gs), but the 

signal of the core is still distinguishable, and disappears 
only for generation 6. Thus, the precision of 31p NMR 
to confirm the reaction of all the functions of the 
dendrimer at each step is 3% in this case, determined by 
the ratio P0/P5 (3:96) in 1-G s. In fact, to ascertain the 
full substitution or condensation, we use in all cases a 
slight excess of reagents (10% for 3, 3% for 
NaOC6H4-CHO) which is easy to eliminate, and the 
reactions are left overnight, even though they are com- 
pleted after 1 h. 

The eighth generations of dendrimers, 1 - G  8 and 
2-G 8, are among the highest generations ever obtained 
in the chemistry of dendrimers; only two compounds of 
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Fig. 1.31 p NMR spectra of  dendrimers I-[G 1 ] to 1-[G s ]. 

higher generation (tenth) have previously been de- 
scribed, by Tomalia et al. [2] and by us [11]. Despite 
their high theoretical molecular weight (377 733 g tool- 

for 1-G 8, 509313 g mo1-1 for 2-G s) these compounds 
remain perfectly soluble in several organic solvents 
such as tetrahydrofuran, chloroform, dichloromethane, 
dioxane, etc. This means that we could go ahead with 
the synthesis of higher generations, but we decided to 
stop the synthesis at this step since our initial goal was 
achieved. Indeed, electron microscopy of gold deriva- 
tives of 2-G 3, 2-G 4 and 2-G s shows a perfect bowl- 
shape structure for all these dendrimers [11]. 

Work is in progress to study the chemical and physi- 
cal properties of this new family of bowl-shaped den- 
drimers. 

3. Experimental section 

3.1. General 

All manipulations were carried out with standard 
high vacuum or dry argon atmosphere techniques. I H, 
13C and 31p NMR spectra were recorded on a Bruker 
AC 200 spectrometer. 3~p NMR chemical shifts were 
reported in ppm relative to 85% H3PO 4. Mass spectra 
were recorded on a Finniganmat TSQ 700 or 95 spec- 
trometer (FAB). 

The numbering used for I H, ~3C and 3~p NMR is as 
follows: 

tC02:C03 u CHo C12:Cl 3 .ta , OH3 .622:023 /H \ CH~ 

t"o'O-Co ,C0"]C=N~-N- p¢O-Cl 1 ,C14~C=N~-N- P2-O- C2 ,C2'~'C=N]-N- P3 - etc 
" \ \  • \ In0 II \ \  t \ 141 iI \ \  \ / .2 " 
X 002_ C03 X 012-013 X 022- 023 X 

X=O.S 

3.2. Synthesis of the hexaaldehyde 2-G o 

To a solution of hexachlorocyclotriphosphazene 1-G 0 
(0.5 g, 1.438 mmol) in 10 ml of THF was added a 
solution of 4-hydroxybenzaldehyde (2.1 g, 17.26 mmol) 
and triethylamine (2.4 ml, 17.26 rnmol) in THF (30 ml). 
This mixture was refluxed for 15 h. The precipitate of 
triethylamine hydrochloride was eliminated by filtra- 
tion, and the solvent was evaporated to give an oil 
which was extracted with methanol (30 ml). Methanol 
was then evaporated to give 2-G 0 as a powder. 

2-G 0. Pale yellow powder. M.p. 141-142 °C dec_ 
90% yield. 3]p {1H} NMR (CDC13): t~ 7.3 (s) ppm. 1 H 

NMR (CDC13): 6 7.1 (d, 3JH. = 8.0 Hz, 12H, C2-H), 
7.7 (d~33JHH = 8.0 Hz, 12H, C3-H), 9.9 (s, 6H, CHO) 
ppm. C{IH} NMR (CDC13): 6 120.5 (s, C2), 130.7 
(s, C3), 133.2 (s, C4), 154.0 (s, Cl), 189.7 (s, CHO) 
ppm. IR (KBr): 1704 (S, Ucn o) cm -1. MS: m / z  862 
[ M +  1] +. Anal. Found: C, 57.9; H, 3.88; N, 4.89. 
C42H30N3OI2P 3 Calc.: C, 42.33; H, 3.23; N, 3.50%. 

3.3. General procedure for the synthesis of dendrimers 
with terminal P(S)Cl 2 functions 1-[G,] (n = 1-8) 

To a solution of 1 equiv, of dendrimer 2-[G,] (n = 
0-7,  aldehyde terminal functions) in chloroform was 
added a solution of dichlorophosphonomethylhydrazide 
3 in chloroform ((6 × 2") equiv. + 10% excess) at room 
temperature. The resulting solution was stirred for 48 h 
at 50 °C (for the first generation) or overnight at room 
temperature for the other generations. The solvent was 
then removed under vacuum to give a paste (for the first 
generation) or a powder of 1-[G,+ 1] (n = 1-7), which 
was washed twice with a pentane/ether (1:2) solution. 

3.4. General procedure for the synthesis of dendrimers 
with terminal aldehyde functions 2-[(71,1 (n = 1-8) 

To a solution of 1 equiv, of dendrimer 1-[G,] (n = 
1-8, P(S)C12 terminal functions) in THF was added 
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Fig. 2. Schematic drawing of the eighth generation of the dendrimer. 

powdered 4-hydroxybenzaldehyde sodium salt ((6 × 2") 
equiv. + 3% excess). The resulting heterogeneous solu- 
tion was stirred overnight at room temperature. After 
centrifugation and evaporation of the solvent, the result- 
ing powder was washed twice with ether to give 2-[G,]. 

1-[G~]. Pale yellow powder. M.p. 98 °C dec. 95% 
yield. 3rp {1H} NMR (CDC13): 8 8.4 (s, P0), 62.6 (s, 

1 3 Pl) ppm. H NMR (CDCI~): 6 3.5 (d, JHPt = 14 Hz, 
18H, P,-N-CH3), 7.0 (d, JJHH = 8.4 Hz, 12H, C2-H), 

"3 3 7.6 (d, JHpl = 2.0 Hz, 6H, CH=N), 7.6 (d, JHH = 8.4 
Hz, 12H, Co3-H) ppm. 13C {LH} NMR (CDC13): ~ 31.3 
(d ,  2 / cp  1 = 13.0 Hz, P1-N-CH3), 120.7 (s, C02), 128.0 
(s, Co3), 130.6 (s, C4), 139.9 (d, 3Jcp I = 19.0 Hz, 
CH=N), 151.0 (s, C~) ppm. MS: m/z 1822 [M + 1] + 
(C1=35) isotopic repartition (1828: 100%). Anal. 
Found :  C, 31.39;  H, 2.53; N, 11.37. 
C48HasCl12N1506P986 Calc.: C, 31.54; H, 2.65; N, 
11.50%. 

2-[GI]. Pale yellow powder. 92% yield. 31p {iH} 
NMR (CDCI3): 8 8.2 (s, P0), 60.6 (s, Pl) ppm. IH 
(CDC13): 6 3.3 (d, 3JHp 1 = 10.6 HZ, 18H, P1-N-CH3), 
7 .0  (d ,  3JHH = 8 .6  HZ,  12H, C2-H), 7.3 (dd, 3JHH = 8.5 
HZ,  4JHp 1 = 1.2 Hz, 24H, C~-H), 7.6 (d, 3JHH = 8 .6  n z ,  
12H, C03-H), 7.6 (d, 3JHp ! = 1.5 Hz, 6H, CH=N), 7.8 

3 3 (d, JHH = 8.5 Hz, 24H, CI-H), 9.9 (s, 12H, CHO) 
I3-,; 1 2 ppm. C { H} NMR (CDCls): 6 32.2 (d, J_cpl = 12.7 

2 3 Hz, P1-N-CH3), 120.7 (s, Co), 121.2 (d, Jcpt = 5.2 

Hz, C~), 127.6 (s, Co3), 130.8 (s, C~), 131.I (s, C4), 
133.0 (s, C4), 138.7 (d, 3Jcp I = 14.4 Hz, CH=N), 150.6 
(br s, C~), 154.3 (d, 2Jcp I = 6.9 Hz, C',), 189.9 (s, 
CHO) ppm. MS: m/z 2855 [M + 1] +. IR (KBr): 1704 
(S, VCH o) cm -l .  Anal. Found: C, 55.38; H, 3.68; N, 
7.21. CI32HIosN15OsoPgS 6 Calc.: C, 55.52; H, 3.81; N, 
7.36%. 

1-[G2]. Pale yellow powder. M.p. 83 °C dec. 93% 
yield. 3Cp {IH} NMR (CDCls): 6 8.4 (s, Po), 62.2 (s, 
P1), 63.0 (s, P2) ppm. 1H NMR (CDC13): 8 3.3 (d, 
3JHp I = 10.7 Hz, 18H, PI-N-CH3), 3.4 (d, 3 J H p  2 = 14.4 
Hz, 36H, P2-N-CHs), 7.0 (d, 3JHH = 8.5 Hz, 12H, 

2 3 4 C0-H), 7.2 (dd, JHH = 8.5 Hz, JHp2 = 1.2 Hz, 24H, 
C~-H), 7.5-7.7 (m, 54H, Co3-H, C~-H and (CH=N)0.1) 
ppm. 13C {IH} NMR (CDC13): 6 31.2 (d, 2Jcp 2 = 13.2 
Hz, P~-N-CH3), 32.4 (d, 2Jcp I = 11.9 Hz, P1-N-CHs), 
120.7"(S ,  C 2 ) ,  121.1 (d ,  3Jcp I ~ - 4 . 2  n z ,  C~), 127.6 (s, 
C3), 128.0 (s, C~), 130.9 (s, C4), 131.3 (s, C4), 138.2 
(d ,  3Jcp 1 = 14.5 Hz, (CH=N)0), 139.9 (d, 3Jcp 2 = 18.5 
Hz, (CH=N)1), 150.6 (d, 2Jcp 0 = 7.3 Hz, C~), 151.1 (d, 
2Jcp 1 = 7.1 Hz, Cll) ppm. Anal. Found: C, 35.94; H, 
2.88; N, 11.25. C I 4 4 H I 4 4 C 1 2 4 N 3 9 O I 8 P 2 1 5 1 8  Calc.: C, 
36.12; H, 3.03; N, 11.41%. 

2-[G2]. Pale yellow powder. M.p. 81 °C dec. 93% 
yield. 3Vp {iH} NMR (CDCI3): (~ 8.4 (s, P0), 62.5 (s, 
Pj), 60.5 (s, P~) ppm. IH NMR (CDC13): 8 3.2 (d, 
3JHp I = 10.4 Hz, 18H, PI-N-CH3), 3.3 (d, 3Jrtp2 = 10.7 
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Hz, 36H, P2-N-CH3), 6.9 (d, 3JHH = 8.4 Hz, 12H, 
C2-H), 7.1 (d, 3JHH = 8.1 HZ, 24H, C~-H), 7.2-7.6 
(m, 102H, C22-H, Co3-H, C~-H and (CH=N)o_I), 7.8 
(d, 3J, n = 8.4 Hz, 48H, C~-H), 9.9 (s, 24H, CHO) 
ppm. r3C {Ill} NMR (CDC13): 6 32.2 (d, 2Jcp 1 23 = 12.5 
Hz, P1.2-N-CH3), 120.6 (br d, Cg), 121.2 (d,- Jcp2 = 
5.0 Hz, C~, C22), 127.5 (s, C~), 127.6 (s, C~), 130.7 (s, 
C~), 131.2 (s, C o, C4), 132.9 (s, C4), 138.0-139.0 (m, 
(CH=N)o_ 0, 150.6 (m, C~, C]), 154.4 (d, 2Jcp 2 = 7.0 
Hz, C~), 190.0 (s, CHO) ppm. IR (KBr): 1702 (S, 
VCH o) cm -1. Anal. Found: C, 54.61; H, 3.71; N, 7.75. 
C312H264N39066P21518 Calc.: C, 54.76; H, 3.89; N, 
7.98%. 

1-[G~]. Pale yellow powder. M.p. 155 °C dec. 90% 
yield. 3rp {IH} NMR (CDCI3): 6 8.5 (s, Po), 62.2 (s, 
P2), 62.5 (s, Pl), 63.0 (s, P3) ppm. ~H NMR (CDC13): 8 
3.2 (d, 3JHp I = 10.3 Hz, 18H, P1-N-CH3), 3.3 (d, 
3JHp 2 = 10.8 Hz, 36H, P2-N-CH3), 3.4 (d, 3JHp 3 = 13.9 
Hz, 72H, P3-N-CH3), 6.9 (d, 3JHH =7.9 Hz, 12H, 
C2-H), 7.1-7.3 (m, 72H, C~-H, C~-H), 7.6-7.8 (m, 
l16H, Co3-H, C~-H, C~-H and (CH=N)o.I_ 2) ppm. 13C 
{IH} NMR (CDC13): 6 31.2 (d, 2JCp 3 = 13.1 Hz, P3- 
N-CH3), 32.4 (d, 2JcPl_2= 11.6 Hz, PI.2-N-CH3), 
120.6 (br d, Co2), 121.2 (d, 3Jcp 2 = 3.6 Hz, C~, C~), 
127.5 (s, Co 3, C~), 128.1 (s, C~), 130.8 (s, C4), 131.5 
(br s, C a, C4), 138.2 (m, (CH=N)o_I), 140.0 (d, 3Jcp 3 = 
18.9 Hz, (CH=N)2), 150.5 (m, C~, C]), 151.0 (d, 
2Jcp 2 = 7.2 Hz, C~) ppm. Anal. Found: C, 37.58; H, 
3.01; N, 11.14. C336H336C148N87042P45S42 Calc.: C, 
37.70; H, 3.16; N, 11.38%. 

2-[G~]. Pale yellow powder. M.p. 131 °C dec. 95% 
yield. 3rp {~H} NMR (CDC13): /5 8.4 (s, Po), 60.4 (s, 
P3), 62.5 (s, P2), 62.7 (s, P~) ppm. ~H NMR (CDC13): 15 
3.2 (d, 3JHp 1 = 10.8 HZ, 18H, PI-N-CH3), 3.25 (d, 
3JHp 2 = 10.7 Hz, 36H, P2-N-CH3), 3.3 (d, 3JHp 3 = 10.7 
Hz, 72H, P3-N-CH3), 6.9 (d, 3JHH = 7.7 Hz, 12H, 
Co2-H), 7.1-7.3 (m, 168H, C~-H, C~-H, C~-H), 7.6- 
7.8 (m, 222H, Co3-H, C~-H, C3-H, C]-H and 
(CH=N)o.t.2), 9.8 (s, 48H, CHO) ppm. t3C {tH} NMR 
(CDC13): 6 32.3 (d, 2JcPi.2_ 3 = 13.2 Hz, P1 2 3-N-CH3), 
120.6 (br d, Co2), 121.3 (d, 3 -- 2 2 Jcpo-l-2 = 3.6 Hz, C l , C 2, 
C~), 127.7 (s, Co 3, C~, C~), 130.8 (s, C~), 131.2 (br s, 
C 4, C a , ca), 132.9 (s, ca), 138.0-138.8 (m, 
(CH=N)o.1), 138.9 (d, 3Jcp 3 = 13.8 Hz, (CH=N)2), 
150.0-150.6 (m, C~, C~), 150.7 (d, 2Jcp 2 =7.7 Hz, 
C~), 154.4 (d, 2Jcp 3 = 7.2 Hz, C~), 190.1 (s, CHO) 
ppm. IR (KBr): 1702 (S, VcH o) cm -1. Anal. Found: C, 
54.21; H, 3.81; N, 8.09. C672H576N87OI38P45S42 Calc.: 
C, 54.47; H, 3.92; N, 8.22%. 

1-[Ga]. Pale yellow powder. M.p. 160 °C dec. 90% 

yi3;ld~p( ~,l pH2~, NMR((sCpDI~ ' 16)3 .0~(s 8, 34 ~Spp~ ! '1 62NM( ~ 

(CDC13): ~ 3.1-3.5 (m, 270H, PI_2_3.4-N-CH3), 6.9- 
7.3 (m, 180H, Co2-H, C~-H, C~-H, C2-H), 7.5-7.8 
(m, 270H, C3-H, C~-H, C~-H, C~-H and 
(CH=N)o_~.2_ 3) ppm. 3C {tH} NMR (CDCI3): /5 31.2 

(d, 2Jcp 4 = 13.1 Hz, Pa-N-CH3), 32.4 (d, 2Jcpl.2_ 3 = 
13.1 Hz, PI_2_3-N-CH3), 120.6 (br d, C2), 121.1 (br s, 
C~, C22, C~), 127.7 (s, Co 3, C~, C3), 128.1 (s, C]), 130.8 
(s, ca), 131.4 (br s, C 4, C 4, C~), 138.0-138.8 (m, 
(CH=N)o.I.2), 140.0 (d, 3Jcp 4 = 18.6 Hz, (CH=N)3), 
150.0-150.5 (m, C~, C~I), 150.6 (d, 2Jcp z = 6.0 Hz, 
C~), 151.1 (d, 2Jcp 3 = 6.8 Hz, C~) ppm. Anal. Found: 
C ,  3 8 . 0 1 ;  H ,  3 . 1 2 ;  N ,  1 1 . 2 7 .  
C72oH72oC196N18309oP9359o Calc.: C, 38.36; H, 3.22; 
N, 11.37%. 

2-[G4]. Pale yellow powder. M.p. 140 °C dec. 93% 
3l 1 yield. P { H} NMR (CDC13): /5 8.3 (s, Po), 60.4 (s, 

l P4), 62.4 (s, P3), 62.7 (s, P2), 63.1 (s, P~) ppm. H NMR 
(CDC13): 6 3.2-3.25 (m, 126H, PI,z.3-N-CH3), 3.3 (d, 
3JHp 4 = 9.9 Hz, 144H, P4-N-CH3), 7.0-7.3 (m, 372H, 
Co2-H, C~-H, C~-H, C2-H, C]-H), 7.5-7.8 (m, 462H, 
C3-H, C~-H, C~-H, C~-H~ C43-H and (CH=N)o 1 2-3), 
9.8 (s, 96H, CHO) ppm. C {Ill} NMR (CDCi3): /5 
32.3 (d, 2Jcel.2_3_ 4 = 13.7 Hz, PI.e_3.a-N-CH3), 120.6 
(br d, Co2), 121.2 (d, 3JcPo.l_2_ 3 = 3.7 Hz, C~, C22, C~, 
C42), 127.7 (s, Co 3, C~, C~, C~), 130.8 (s, C43), 131.1 (br 
s, C a, C a, C a, C4), 132.9 (s, C~), 138.0-139.1 (m, 
(CH=N)o_~.2_3), 150.0-150.6 (m, C~), C~,, C~), 150.7 (d, 
2Joe 3 = 7.3 Hz, C~), 154.4 (d, 2Jcp 4 = 7.3 Hz, C]), 
190.1 (s, CHO) ppm. IR (KBr): 1702 (S, VcH o) cm -1. 
Anal. Found: C, 54.23; H, 3.81; N, 8.18. 
Ct392HI2ooNI830282P9359o Calc.: C, 54.33; H, 3.93; N, 
8.33%. 

1-[Gr~]. Pale yellow powder. M.p. 154 °C dec. 95% 
yield. P {~H} NMR (CDCI3): 8 62.0 (s, P4), 62.4 (s, 
P3), 62.8 (br s, P1, P2), 63.0 (s, Ps) ppm. IH NMR 
(CDC13): /5 3.1-3.5 (m, 558H, Pl_2_3_4_5-N-CH3), 6.9- 
7.3 (m, 372H, C~-H, C~-H, C~-H, C~-H, C42-H), 
7.5-7.8 (m, 558H, C~-H, C~-H, C~-H, C~-H, C]-H 
(CH=N)o.I.2.3_ 4) ppm. ~3C {1H} NMR (CDCI3): ~ 31.2 
(d, 2Jcp s = 13.1 Hz, Ps-N-CH3), 32.4 (d, 2JcPl_2_3. 4 = 
13.0 Hz, Pt_2_3_4-N-CH3), 121.1 (br s, C~, C 2, C~, 
C42), 127.7 (s, C 3, C~, C~, C~), 128.1 (s, C43), 130.8 (s, 
C~), 131.4 (br s, C a, C 4, C 4, C4), 138.0-138.8 (m, 
(CH=N)o.1_2_3), 140.1 (d, 3Jce 5 = 19.0 Hz, (CH=N)4), 
150.0-150.6 (m, C~, C~,, C~, C~), 151.1 (d, 2Jcp  4 = 7.0 
Hz, C]) ppm. Anal. Found: C, 38.51; H, 3.18; N, 11.22. 
C1488HI488CII92N3750186PI895186 Calc.: C, 38.66; H, 
3.24; N, 11.36%. 

2-[G~]. Pale yellow powder. M.p. 129 °C dec. 80% 
yield. 3rp {1H} NMR (CDC13): 6 60.4 (s, Ps), 62.3 (s, 
P4), 62.7 (s, P3), 62.9 (br s, P1, Pz) ppm. 1H NMR 
(CDCI3): /5 3.2-3.5 (m, 558H, Pl.e_3_4_5-N-CH3), 7.0- 
7.3 (m, 756H, C~-H, C~-H, C~-H, C32-H, C2-H, 
C~-H), 7.5-7.8 (m, 942H, Co3-H, C~-H, C~-H, C~-H, 
C]-H, C~-H and (CH=N) o i 2 3 4 )' 9.8 (S, 192H, CHO) 
ppm. 13C {1H} NMR (CDC13):6 32.3 (d, 2JcP1.2_3_4_ 5 ~--- 
13.0 Hz, P,_z_3_4_5-N-CH3), 121.3 (br s, C~, C 2, C~, 
C 2,C2), 127.7(s, Co 3, 3 3 3 3 C3), Cl, Cz, C 3, C4), 130.8 (s, 

" 4 4 4 C 4 131.1 (br s, C a , C 1, C 2, C 3, 4), 132.9 (s, C4), 
138.0-139.2 (m, (CH=N)o_I_2.3_4), 150.0-150.7 (m, C~, 
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C], C~, C~, C~), 154.5 (d, 2Jce 5 = 6.7 Hz, C~), 190.2 
(s, CHO) ppm. IR (KBr): 1702 (S, Vcn o) cm -1. Anal. 
Found:  C, 54.09; H, 3.81; N, 8.28. 
C 2 8 3 2 H 2 4 4 8 N 3 7 5 0 5 7 o P I 8 9 S I 8 6  C a l c . :  C ,  54.27; H, 3.94; 
N, 8.38%. 

1-[Gj. Pale yellow powder. M.p. 155 °C dec. 97% 
yield. 3Fp {in} NMR (CDC13): ~ 62.0 (s, Ps)] 62.4 (s, 
P4), 62.5 (s, P3), 63.0 (br s, PI, P2, P6) ppm. H NMR 
(CDC13): 63 . l -3 .5  (m, 1134H, Pl_z.3.4.5_6-N-CH3), 
6.9-7.3 (m, 756H, Co-H, C~-H, C~-H, C~-H, C~-H, 
C2-H), 7.5-7.8 (m, 1134H, Co3-H, C~-H, C~-H, C~- 

13 1- H, Ca3-H,C~-H and(CH=N) 012345) ppm. C{ H} 
NMR (CDCI3): ~ 31.2 ( d ,  2J'cP6 ~-12.5 Hz, P6-N- 
CH3), 32.4 (d, 2JcP1.2.3.4. 5 = 12.9 Hz, PI.2_3_4_s-N-CH3), 
121.3 (br s, C~, C~, C~, C 4, C2), 127.7 (s, Co 3, C{, C~, 
C~, C3), 128.1 (s, C3), 130.8 (s, C4), 131.4 (br s, C 4, 
C1,4 C2 ,4 C 4, C44), 138.0-138.8 (m, (CH=N)o ~ 2 34), 
140.2 (d, ~ . . . .  JcP6 = 19.0 Hz, (CH=N)s), 150.0-150.6 (m, 

1 1 I 1 1 2" t 
C o ,  C 1 ,  C 2 ,  C 3 ,  C 4 )  , 151.2 (d, JcP5 = 3.9 Hz,, C s)_ 
ppm. Anal. Found: C, 38.69; H, 3.15; N, 11.32. 
C3o24H3o24C1384N7590378P3815378 Calc.: C, 38.81; H, 
3.26; N, 11.36%. 

2-[G~]. Pale yellow powder. M.p. 135 °C dec. 73% 
yield. 3~p {iH} NMR (CDC13): 860.4 (s, P6), 62.3 (s, 
Ps), 62.7 (s, P4), 62.9 (br s, Pi, P2, P3 ) ppm. IH NMR 
(CDC13): ~ 3.2-3.5 (m, 1134H, P1.2,3_n_s_6-N-CH3), 
7.0-7.3 (m, 1524H, Co2-H, C~-H, 2 , C2-H, C~-H, C?~-H, 

"~ C 2  - C~-H, Cg-H), 7.5-7.8 (m, 1902H, Co3-H, C~-H, 3 
~ ~ 3 H H, C~-H, C)-H, C~-H, C 6- and (CH=N)o.l_e_3_a_5), 

13 9.8 (br s, 384H, CHO) ppm. C {IH} NMR (CDCI0:8 
32.3 (d, 2JcPl_2_3_4_5_6= 13.1 Hz, PI.2.3_4_5.6-N-CH3), 
121.3 (br s, C~, C 2_, C~, C 24, C2, C6), 127.7 (s, Co 3, C~, 
C 3,. C~, C 34, C~), 130.8 (s, C63), 131.1 (br s, C 4, C 4, C 4, 
C~, C 4, C~), 132.9 (s, C~), 138.0-139.2 (m, 
(CH=N)0.,_:_3_4_5), 150.0-150.7 (m, CI,, C], C~, C~, 
C~, C~), 154.5 (br s, C~), 190.1 (s, CHO) ppm. IR 
(KBr): 1702 (S, Vcn o) cm-'.  Anal. Found: C, 54.19; H, 
3.89; N, 8.35. C5712H4944N759OII46P3815378 Calc.: C, 
54.24; H, 3.94; N, 8.41%. 

1-[GT]. Pale yellow powder. M.p. 159 °C dec. 98% 
yield. 3~p {~H} NMR (CDCl3): 6 62.0 (s, P6), 62.4 (s, 
Ps), 62.6 (s, P4), 63.1 (br s, P~, P2, P3, P7) ppm. ~H 
NMR (CDC13): (~ 3.1-3.5 (m, 2286H, P~_2_3_4_5_6_7-N- 
CH3), 6.9-7.3 (m, 1524H, Co-H, C~-H, C~-H, C~-H, 
C4-H, C~-H, C2-H), 7.5-7.8 (m, 2286H, C~-H, C~- 
H, C~-H, C{-H, C]-H, C~-H, C63-H and 

- 13 ( C H = N ) o ~ a s  6) ppm. C {~H} NMR (CDCI0: 
31.3 (d,-2")cp7 --~ 13.0 Hz, Pv-N-CH3), 32.5 (d, 
2JcP1.2.>4_5_ 6 = 12.7 Hz, P~_2_3_a_5_6-N-CH3), 121.3 (br 
s, C~, C~, C~, C~, C~, C~), 127.7 (s, C~, C~, C~, C~, 
C34, C~), 128.1 (s, C3), 130.9 (s, C~), 131.4 (br s, Co a, 
C~ C 4 C ~ 4 4 , 2, 3, C4, C5), 138.0-138.8 (m, 
(CH=N)o_I_2_3_a_5), 140.2 (d, '~JcP7 = 18.7 Hz, 
(CH=N)6), 150.0-150.6 (m, C~, cl~, C~, C~, C~, C~), 
151.0-151.2 (m, C t) ppm. Anal. Found: C, 38.83: H, 

3.20; N, 11.32. C6o96H6o96C1768N15270762P7655762 Calc.: 
C, 38.88; H, 3.26; N, 11.36%. 

2-[CJ7]. Pale yellow powder. M.p. 130 °C dec. 69% 
yield. 31p {1H} NMR (CDC13): 660.4 (s, P7), 62.3 (s, 
P6), 62.7 (s, Ps), 63.0 (br s, P1, P2, P3, P4) ppm. JH 
NMR (CDCI3): 63.2-3.5 (m, 2286H, Pl_2_3.4_5_6_7-N- 
CH3), 7.0-7.3 (m, 3060H, C~-H, C~-H, C~-H, C~-H, 
CJ-H, C~-H, C6-H, C~-H), 7.5-7.8 (m, 3822H, Co 3- 
H, C~-H, C~-H, C~-H, C43-H, C~-H, C~-H, C~-H 
and (CH=N)o_l_>3_4_s.6), 9.7-10.0 (m, 768H, CHO) 
ppm. 13C {IH} NMR (CDC13): 6 32.3 (d, 2JcPl_2.3_4_5_6_ 7 

= 13.3 Hz, Pj_2_3_4_s_6_7-N-CH3), 121.3 (br s, C~, C~, 
C~, C~, C~, C 6, C~), 127.7 (s, Co 3, C~, C~, C~, C43, C 3, 
C~), 130.8 (s, C~), 131.2 (br s, C 4, C~, C 4, C 4, C44, C 4, 
C4), 132.9 (s, C4), 138.0-139.3 (m, (CH=N)o_,_2_3_4_5_6), 
150.0-150.7 (m, C~, C'~, C~, C~, C], C~, C~), 154.3- 
154.6 (m, C~), 190.2 (s, CHO) ppm. IR (KBr): 1702 (S, 
VCH o) cm -~. Anal. Found: C, 54.11; H, 3.88; N, 8.38. 
CII472H9936N152702298P7655762 Calc.: C, 54.23; H, 3.94; 
N, 8.42%. 

1-[Gs]. Pale yellow powder. M.p. 145 °C dec. 97% 
yield. 31p {~H} NMR (CDCI3): 662.1 (s, P7), 62.3 (s, 
P6), 62.6 (s, Ps), 63.1 (br s, PI, P2, P3, P4, P8) ppm. 1H 
NMR (CDCI3): 63.1-3.5 (m, 4590H, PI_2_3_a_5_6_7.8-N- 
CH3), 6.9-7.3 (m, 3060H, Co-H, C~-H, C2-H, C~-H, 
C j-H, C~-H, C6-H, C~-H), 7.5-7.8 (m, 4590H, C 3- 

3 3 3 3 3 3 H, C]-H, C)-H, C3-H, C4-H, Cs-H, C6-H, CT-H 
and (CH=N)osI_2_3_4_5_6_ 7) ppm. 13C {IH} NMR (CDC13): 
631 .3  (d, ~JcPs= 12.9 Hz, P~-N-CH3), 32.5 (d, 
2jcpl_2_3_4.5.6_ 7 = 12.8 Hz, PI_2_3.4.5_6_7-N-CH3), 121.3 
(brs, C~,C~,_ C23, C2, C~,C 6,C~), 127.7(s, Co 3,C~, 
C~, C~, C 3 3 ~ _ _ 4, C5, Cg), 128.1 (s, C~), 130.9 (s, C4), 131.4 

4 4 4 4 4 4 4 (br s, C o, C 1, C 2, C 3, C 4, C s, C6!, 138.0-138.7 (m, 
(CH=N)oq_2.3.4_5.6), 140.2 (d, ~'JcP8 = 17.8 Hz, 
(CH=N)7), 150.0-150.7 (m, C~, C'., C~, C~, C~, C~, 
C~), 151.0-151.2 (m, C~) ppm. Anal. Found: C, 38.85; 
H, 3.20; N, 11.28. C1224oH122¢oCljss6Nso630153oP1533S1 
53o Calc.: C, 38.92; H, 3.27; N, 11.36%. 

2-[Gs]. Pale yellow powder. M.p. 121 °C dec. 68% 
yield. 3~p {IH} NMR (CDC13): 6 60.4 (s, P8), 62.3 (s, 
Pv), 62.7 (s, P6), 62.9 (br s, P~, P2, P3, P4, Ps) ppm. ~H 
NMR (CDCI3): 63.1-3.6 (m, 4590H, PI_2_3_4_5_6_7_8-N- 
CH3), 7.0-7.4 (m, 6132H, Co-H, C~-H, C~-H, C2-H, 
C~- , C q-H, Cg-H, C~-H, C~-H), 7.5-7.9 (m, 
7662H, C~]-H, C~-H, C~-H,, C~-H,~ C3-H, C~-H, 
C~-H, C~-H, C~-H and (CH=N)o_._2_3_4_5_6_7), 9.7- 
10.0 (m, 1536H, CHO) ppm. 13C {IH} NMR (CDCI3): 
632.3 (d, 2JcPl_2_3_4_5_6_7_ 8 ~-- 13.2 Hz, P1.2_3_4_5_6_7_8-N- 
CH,), 121.3 (br s,C 2 C 2,C~, Cj, C~, C 6, C~,C~), 
127.7 (s, C~, C~, C~, C~, C], C~, C 3, C~), 130.8 (s, 
C~), 131.2 (br s, C~, C 4, C 4, C 4, C 4, C 4, C~, C4), 
133.0 (s, C~), 138.0-139.4 (m, (CH=N)o_I_2_3_4_5_6_7), 
150.0-150.6 (m, C~,, C',, C~, C~, C~, C~, C~, C~), 
154.2-154.6 (m, C~), 190.1 (s, CHO) ppm. IR (KBr): 
1701 (S, UCH o) cm -~. Anal. Found: C, 54.12; H, 3.89; 
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N, 4.35. C22992H19920N306304602P153351530 Calc.: 
54.22; H, 3.94; N, 8.42%. 
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