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New silica-based hybrid organic-inorganic solids containing oligoarylene-vinylene fluorophore terminated phosphonates. 

Céline Carbonneau, Richard Frantz, Jean-Olivier Durand*, Michel Granier, 

Gérard F. Lanneau*, Robert J.P. Corriu
Precursor 3: Diethyl 4-(4-trimethoxysilylstyr-1-yl) benzylphosphonate

 Diethyl 4-bromobenzylphosphonate (5g, 16.28 mmol), 4-styryltrimethoxysilane (3.83 g, 17.09 mmol), Pd(OAc)2 (36.7 mg, 0.16 mmol), triorthotolylphosphine (298 mg, 0.98 mmol), Et3N (6.87 mL, 48.84 mmol), are dissolved in MeCN (27 mL). The mixture is heated in a sealed tube at 110°C for 4h. Dry toluene is added with stirring to induce precipitation of triethylammonium salts. After decantation, the liquid is filtered over toluene-wetted silanized silica. Volatiles are evaporated and a brown oily liquid is obtained (6.61 g, 90%).

1HNMR (200 MHz, CDCl3,  ppm): 7.70-7.15 (m, 10H), 4.06 (m, 4H), 3.66 (s, 9H), 3.20 (d, 2J = 21.8 Hz, 2H), 1.29 (t, 3J = 7.1 Hz, 6H). 13C NMR (50 MHz, CDCl3,  ppm): 139.8 (s, 1C), 136.2 (sd, 5J = 3.8 Hz, 1C), 135.6 (d, 2C), 131.6 (sd, 2J = 9.3 Hz, 1C), 130.5 (dd, 3J = 6.2 Hz, 2C), 129.7 (d, 1C), 128.9 (s, 1C), 128.7 (d, 1C), 127.2 (d, 2C), 126.4 (d, 2C), 62.6 (td, 1J = 137.2 Hz, 2C), 33.9 (td, 1J = 137.2 Hz, 1C), 16.79 (d, 3J = 5.9 Hz, 2C). 31P NMR, (120 MHz, CDCl3,  ppm): 27.57. 29Si NMR, (60 MHz, CDCl3,  ppm): -54.8. IR (NaCl pellets), 3020, 2980, 2840, 1599, 1541, 1400, 1246, 1082, 1163, 1030, 980-860. HRMS: calc. 451.1706, obs. 451.1793. 

Table S1. Gelation of precursor 3

solid
Precursor 3

Quantity(g)     mmol
y NH4F(%)


TMOS

    (x)   Quantity (g)      mmol
H2O 

(l)
Solvant

(mL)

X3-2
0.70
1.554
2
2
0.473
3.108
155
2*3.10

X3-3
0.70
1.554
2
3
0.710
4.662
212
2*4.13

X3-4
0.70
1.554
2
4
0.946
6.216
268
2*5.16

X3-10
0.70
1.554
2
10
2.366
15.540
607
2*171

X3-100
0.01
2.2*10-2
4
100
0.338
2.220
80
2*2.24

X3-1000
0.01
2.2*10-2
10
1000
3.379
22.20
800
2*22.0

X3-5000
0.02
4.4*10-2
5000
5000
33.793
221.998
8000
2*222

Table S2. Data for xerogels X3

Solid
Solid state NMR, d (ppm)

               29Si              31P                  13C
Density
SBET

(m2/g)
EDX, 

  Si/P(th) Si/P(exp)   

X3-2
-68.2 (T2)

-77.4 (T3)

-100.3 (Q3)

-108.7 (Q4)
26.9
135.2-130.4

(C. ar.)

62.8 (OCH2)

16.4 (OCH2CH3)
1.45
<5
3
2.6

X3-3
-71.3 (T2)

-78.5 (T3)

-91.4 (Q2)

-100.5 (Q3)

-109.5 (Q4)
26.6
139.0-129.9

(C. ar.)

62.6 (OCH2)

16.8 (OCH2CH3)
1.50
<5
4
3.2

X3-4
-70.7 (T2)

-78.6 (T3)

-91.5 (Q2)

-101.1 (Q3)

-107.9 (Q4)
26.1
139.0-130.0

(C. ar.)

62.5 (OCH2)

16.2 (OCH2CH3)
1.61
<5
5
3.6

X3-10
-63.2 (T1)

-72.0(T2)

-103.3 (Q3)
27.9
138.5-129.7

(C. ar.)

62.4 (OCH2)

15.9 (OCH2CH3)
1.63
<5
11
9.3

X3-100



2.0
451



X3-1000



2.1
710



X3-5000



2.1
749



Table S3. Gelation of precursor 1a

Solid
Precursor 1a

Quantity(g)    mmol
y NH4F (% )
TMOS

         (x)       Quantity (g)     mmol
H2O

l)
Solvant

(mL)

X1a-0
1.0
1.809
3
0
0
0
50
1.81

X1a-2
1.06
1.918
2
2
0.584
3.836
192
2*5.75

X1a-3
0.70
1.266
2
3
0.578
3.798
172
2*5.06

X1a-4
0.70
1.266
2
4
0.771
5.064
218
2*6.33

X1a-5
0.70
1.266
2
5
0.964
6.330
264
2*7.60

X1a-6
0.70
1.266
2
6
1.156
7.596
310
2*8.86

X1a-7
0.70
1.266
2
7
1.349
8.862
354
2*10.1

X1a-10
0.70
1.266
2
10
1.927
12.660
495
2*13.9

X1a-15
0.70
1.266
2
15
2.890
18.990
725
2*20.3

X1a-17.5
0.70
1.266
2
17.5
3.373
22.155
840
2*23.5

X1a-20
0.70
1.266
2
20
3.854
25.320
955
2*26.6

X1a-100
0.02
3.6*10-2
4
100
0.551
3.620
130
2*3.65

X1a-1000
0.02
3.6*10-2
10
1000
5.511
36.20
1300
2*36.0

X1a-5000
0.02
3.6*10-2
1
5000
27.552
181.0
6540
2*181

Table S4. Data for xerogels X1a

Solid
Solid state NMR d (ppm)

             29Si              31P                 13C
Density
SBET

(m2/g)
EDX

  Si/P (th)      Si/P (exp)



X1a-0
-70.0 (T2)

-78.1 (T3)
26.7
135.8-130.0 

(C. ar.)

63.0 (OCH2)

16.8 (OCH2CH3)
1.20
<5
1
0.8

X1a-2
-71.4 (T2)

-77.8 (T3)

-100.3 (Q3)

-108.5 (Q4)
26.5
/
1.36
<5
3
3.2

X1a-3
-65.5 (T2)

-77.0 (T3)

-90.0 (Q2)

-100.3 (Q3)

-108.4 (Q4)
27.0
136.0-128.5 

(C. ar.)

63.2 (OCH2)

16.5 (OCH2CH3)
1.43
<5
4
2.9

X1a-4
-68.2 (T2)

-77.8 (T3)

-100.6 (Q3)

-110.4 (Q4)
27.3
/
/
<5
5
3.4

X1a-5
-68.0 (T2)

-78.4 (T3)

-101.0 (Q3)

-109.7 (Q4)
28.1
136.8-129.7 

(C. ar.)

62.9 (OCH2)

16.6 (OCH2CH3)
1.55
5
6
5.3

X1a-6
/
27.2

1.46
<5
7
4.1

X1a-7
/
28.1

1.48
<5
8
5.5

X1a-10
-78.3 (T3)

-101.6 (Q3)

-109.9 (Q4)
28.6
136.7-126.8 

(C. ar.)

63.6 (OCH2)

16.0 (OCH2CH3)
1.60
<5
11
6.3

X1a-15
/
29.1
136.6-126.6 

(C. ar.)

63.6 (OCH2)

50.8 (OCH3)

15.1 (OCH2CH3)
1.71
330
16
11

X1a-17.5
/
29.2
136.7-126.5 

(C. ar.)

63.1 (OCH2)

14.7 (OCH2CH3)
1.68
70
18.5
12

X1a-20
-77.8 (T3)

-93.0 (Q2)

-101.3(Q3)

-109.8 (Q4)
29.3
136.7-126.3

(C. ar.)

63.6 (OCH2)

51.0 (OCH3)

15.1 (OCH2CH3)
1.76
306
21
13

X1a-100



1.96
304



X1a-1000



2.08
470



X1a-5000



2.10
464



Table S5. Gelation of precursor 1b

Solid
Precursor 1b

Quantity(g)      mmol
y NH4F (% )
TMOS

      (x)    quantity (g)     mmol
H2O

l)
Solvant

(mL)

X1b-5
0.52
0.8224
3
5
0.650
4.112
179
2*5.2

X1b-7
0.225
0.370
3
7
0.393
2.590
104
2*3

X1b-9
0.38
0.625
3
9
0.8552
5.625
221
2*10

X1b-12
0.154
0.253
3
12
0.462
3.036
117
2*3.5

X1b-15
0.100
0.164
3
15
0.374
2.467
94
2*5

Table S6. Data for xerogels X1b

Solid
Solid state NMR, d (ppm)

                29Si              31P                   13C
EDX, % Si and  P

   Si/P(th)   Si/P(exp)       

X1b-5
-68.1 (T2)

-77.5 (T3)

-92 (Q2)

-101 (Q3)

-109.3 (Q4)
17.6
139.2-129.1

(C. ar.)

82.1 (OC)

30.5 (OC(CH3)3)
6
5.7

X1b-9
-70.7 (T2)

-78.6 (T3)

-91.5 (Q2)

-101.1 (Q3)

-107.9 (Q4)
17.3
139.2-129.1

(C.  ar.)

82.1 (OC)

30.4 (OC(CH3)3)
10
8

Table S7. Gelation of precursor 2

Solid
Precursor 2

Quantity (g)      mmol
y NH4F(%)


TMOS

       x         Quantity (g)      mmol
H2O

l)
Solvant

(mL)

X2-0
0.70
1.113
3
0
0
0
31
2.20

X2-2
0.78
1.241
2
2
0.378
2.481
124
2*3.72

X2-5
0.34
5.34*10-1
2
5
0.407
2.672
111
2*3.20

X2-100
0.02
3.6*10-2
4
100
0.551
3.620
130
2*3.65

X2-1000
0.02
3.6*10-2
10
1000
5.511
36.20
1300
2*36.0

X2-5000
0.02
3.6*10-2
5000
5000
27.552
181.0
6500
2*181

Table S8. Data for xerogels X2

Solid
Solid state NMR d (ppm)

            29Si              31P                    13C
Density
SBET

(m2/g)
EDX

Si/P(th)     Si/P(exp)  

X2-0
-72.0 (T2)

-79.1 (T3)
26.9
135.2-129.9 

(C. ar.)

61.2 (OCH2)

16.1 (OCH2CH3)
/
/
1
0.9

X2-2

-68.0 (T2)

-79.5 (T3)

-100.1 (Q3)

-110.4 (Q4)
26.5
/
1.42
/
3
2.9

X2-5
-67.5 (T2)

-77.2 (T3)

-91.5 (Q2)

-101.2 (Q3)

-110.0 (Q4)
28.0
134.6-126.2 

(C. ar.)

62.3 (OCH2)

14.7 (OCH2CH3)
1.60
/
6
7.5

X2-100



1.98
509



X2-1000



2.00
579



X2-5000



2.04
725



[image: image1.wmf]-

79.1

(

ppm

)

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-

72.0


Figure S1. 29Si cpmas NMR (39.5 MHz) of xerogel X2-0
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Figure S2. 29Si cpmas NMR (39.5 MHz) of xerogel X1b-5

