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S;: Experimental section

Sia- Characterization of materials.

General All manipulations were carried out with standargjhivacuum and dry-argon
techniques. Chemicals were purchased from Sigmaehldr Strem and used without further
purification; solvents were dried and distilled tmutine proceduresH, °C, and®'P NMR
spectra were recorded at 25°C with Bruker AV 308@XD300 or AMX 400 spectrometers.
References for NMR chemical shifts are 8548, for *'P NMR and SiMg for *H and**C
NMR. The attribution of*C NMR signals has been done usipggJtwo-dimensional HMBC
and HMQC. Fourier transformed infrared (FTIR) speatere obtained with a Perkin-Elmer
Spectrum 100FT-IR spectrometer on neat samples (ATHR). *°C and®*'P CP MAS NMR
spectra were acquired on a Bruker Avance 400 WBtspeeter operating at 100 MHz and
162 MHz respectively under cross-polarization cbads. The numbering used for NMR is
shown on Fig.1. Nitrogen sorption isotherms at 7ivé&re obtained with a Micromeritics
ASAP 2010 apparatus. Prior to measurement, the Isannere degassed for 8 h at 120 °C.
The surface area £Sr) was determined from BET treatment in the rand®}-€0.3 p/po
assuming a surface coverage of the nitrogen maleesdtimated to be 13.52A
Thermogravimetric analysis (TGA) was performed offaiffer Vacuum instrument at a
heating rate of 10°C/min under a flow of nitrogeray powder diffraction (XRD) patterns
were recorded on a D8 Advance Bruker AXS systemguSiuko radiation with a step size of
0.02° in the B range from 0.3 to 10° for SAXS, and from 0.45 76 &r WAXS (geometry :
Bragg- Brentanop/260 mode). FT-IR spectra of the sample were collestéttt an ABB
Bomem - SPECAC spectrometer in the wavelength rémye 4000 to 400 cihwith a step
size of 2 crit and collecting 16 scans for each analysis. DRIp¥ctra were measured in the
200-800 nm range using spectralon as the referenca Perkin-EImer Lambda 1050
spectrometer equipped with an integrating spheapghere, North Sutton, USA). Scanning
electronic microscopy (SEM) images were obtainadgua JEOL JSM 6700F Transmission
electronic microscopy (TEM) images were obtainemsgidEOL JEM 2010 at an activation
voltage of 200 kV.
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Figure 1. Numbering used for NMR assignments.
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Sip: Synthesis and characterization of the starting dedrimers [l
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The reaction of hexachlorocyclotriphosphazene owith hydroxybenzaldehyde in basic
conditions and then the condensation of the aldelyydups with a phosphorhydrazide afford
the dendrimer of generation one. The repetitionboth steps was carried out until the
obtaining of the fourth generati@y.

Synthesisof D;:

OH O :OH OH
o fo) 1) BITMS (o] o)
@C)O—CHO :Zﬁgm 2 @ ‘©_<P03M92 2) MeOH @ PO3H, NaoH(ea) @ ‘©_<PO3HN8

Dendrimer G4(CHO)gs was dissolved in THF then triethylamine and dhgiphosphite
were added to the reaction mixture and left ovérnignder good stirring. The residue was
washed by a mixture of THFAE (1/1) to afford the dendrimero{ hydroxy-
dimethylphosphonate) as a white powder in 80% yiekt 0°C (ice bath) the
bromotrimethylsilane was added slowly to a susmensdendrimer ¢- hydroxy-
dimethylphosphonate) in acetonitrile and triethyilae. The reaction mixture was left to react
for 6 h at room temperature. Then the anhydrouhameil was added. After 2h, the reaction
mixture was evaporated to dryness under reducesbyme The residue was washed water
and ether and the G#(hydroxy-phosphonic) was obtained as a white powdth a yield of
51%. At 0°C an aqueous sodium hydroxide was add®alysto a suspension of Gdi
hydroxy-phosphonic) in water. After one hour atnmotemperature, the clear solution was
lyophilized to give the sodium monosalt dendrimed) as a white powder with a yield of
82%.

Synthesisof D,:?!

cl cr
@/ NHz‘CHz‘CHz‘N‘{CHz_CHa)Q @/NH—CHZ—CHZ—NHQCHZ—CH3 )
2

N,N-Diethylethylenediamine (0.74 mL, 5.27 mmol) wadded dropwise by syringe with
strong stirring to a solution of dendrim@g(Cl)es (1.22 g, 5.49 16 mmol) in distilled THF

(120 mL) and then the mixture was stirred at roemgerature overnight. The solvent was
removed by filtration and the white powder was veastvith distilled THF (100 mL X 2) and
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then with distilled pentane (50 mL X 2) to affotteD2 with a yield of 93%3P NMR (121
MHz, CD;0OD) § 8.4 (R), 62.0 (R29, 69.4 (R). 'H NMR (300 MHz, DMSO0)5 1.3 (s br,
576H, CH-CHa), 3.0-3.5 (m, 1038H, N-CHand N-CH), 5.6 (s br, 96H, N-H), 7.0-7.5 (m br,
180H, G°H, C:°H, C*H, C°H ), 7.7-8.2 (m, 270H, CH=N, £H, C;*H, G,*H, G5°H),10.8 (s
br, 96H,"N-H), **C NMR (75 MHz, CROD) § 9.7 (CH-CHs), 33.2 (d,2Jcp = 9.2 Hz, CH-
N-P;), 34.3 (d,2Jcp = 10.1 Hz, CH-N-P1 59, 37.7 (CH-N-Py), 49.2 CH,-CHs), 53.8 (d,2Jcp

= 5.5 Hz,CHx-CH,-N-Py), 123.1 (s br, &, C? G° G, 129.7 (s br, €, C°, G°, G),
134.2 (G*, C*, G°), 134.9 (G*), 139.2 (s br, §€-CH=N), 141.5 (s br, CH=N), 152.5 (tllcp
=7.4Hz, GY, 153.0 (s br, &, C, G)).

Synthesis of 1-(4-hydroxyphenyl)-4,4-dimethylpentane-1,3-dione ¥

(87%) (13%)

N,N-dimethylformamide (DMF) (25 mL) and potassium {feutoxide (KQBu) (11.2
g, 100 mmol) were heated to 50°C under argon. Mgirglate (5.80 g, 50 mmol) was added
dropwise, followed by a solution of 4-hydroxy-aq@tenone (3.40 g, 25 mmol) in DMF (10
mL). After the completion of the reaction, the rs@c mixture was allowed to cool and
slowly neutralized with 20% $$0O, solution. Water (300 mL) was added to dissolvestlés
and diketone was extracted by dichloromethane 18(xmL). Organic layers were gathered,
dried over MgS@, concentrated in vacuum and purified using coluhromatography with
pentane and ethyl acetate as eluents to give phiteler; yield (82%)*H NMR (300 MHz,
CD.Cl): 6 =1.24 (s, 1.17 H, ¥, 1.28 (s, 7.83 H, B, 4.21 (s, 0.26H, B, 6.31 (s, 0.87H,
H®), 6.38 (br s, 1H, C1-OH, 'GOH), 6.93 (d 23} = 9.0 Hz, 2H, K, H?), 7.87 (d,3J4s = 9.0
Hz, 2H, H, H®), 16.68 (br s, 0.87H, O-Henof’C-{*H} NMR (75.4 MHz, CD}Cl,): § = 25.9
(C%), 27.2 (C), 39.2 (C), 45.1 (&), 47.4 (), 91.3 (©), 115.4 (G), 115.5 (G), 128.0 (C),
129.3 (G), 129.5 (&), 131.3 (C), 159.8 (C), 161.0 (C), 185.8 (C), 194.3 (C), 201.0
(C"), 211.3 (C); DCI-MS (NHs) m/z: 221.1 [M+ HJ.

Synthesis of ;!
O o o0 e 00

A dendrimerG4(Cl)gs (0.068 mmol) was dissolved in THF (30 mL), and ttsgapropriate
masses of 1-(4-hydroxyphenyl)-4,4-dimethylpentayiedione (1.05 eq. per chlorine) and of

cesium carbonate (1.05 eq. per chlorine) were addedction mixture was stirred overnight

at room temperature, and then centrifugated. THetiso was precipitated few times in
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pentane/B0 (9:1) mixture. The resulting powder was filteraad dried under vacuuni;

was obtained as a white powder; yield 94% (2.580.8631 mmol)>'P NMR (CD:Cl,, 121
MHz): & = 7.69 (s, B), 61.23 (s, B), 62.49 (s, B, 62.67 (m, B P»); 'H NMR (CD,Cl,,300
MHz): § = 1.18 (s, 864H, £-H), 3.32 (m, 270H, &-H, C,°H, G°-H, C°-H), 6.23 (s, 96H,
C,2-H), 7.26 (m, 372H,62-H, C2-H, G2-H, G2-H, G2-H), 7.76 (m, 462H, §3-H, G3-H,

C,3-H, G3-H, G3-H, G°>-H, C°>-H, G,°>-H, C>-H), 16.41(br s, 96H, O-Henol)**C NMR

(CD.Cl,, 75 MHz):8 = 27.1 (s, @), 32.8 (m, @, C°, C°, C), 39.6 (s, @); 91.9 (5,3,

121.6 (m, @, C G2 G, 128.4 (m, &, C°, G2, C°, C), 132.2 (m, &, C*, G* G,

132.8 (br s, ¢, 139.5(m, @, C°, C°, &), 151.4 (m, @', G, G, G, 153.4 (s, G),

183.5 (s, @), 202.6 (s, G).

Sic: Synthesis and characterization of the starting banch-mimicking dendrimers
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Synthesis of (2-(4-methoxybenzylidene)-1-methylhydrazinyl)phosphonothioic dichloride

= CH3|| cl
oot ronmn b
A solution of N-methyldichlorothiophosphorhydrazid®3.00 mmol) in chloroform
(140 mL) was added to a solution of 4-methoxybetetsyde (2.24 g, 16.46 mmol) in
chloroform (10 mL) and the reaction mixture wasretl 6 hrs at room temperature. The
mixture was concentrated under reduced pressusbdot 10 mL and then precipitated with
pentane. The powder was filtered off, dissolvedh@ minimum amount of chloroform (6
mL) and precipitated with pentane. These washingewepeated two times to afford (2-(4-
methoxybenzylidene)-1 methylhydrazinyl) phosphormth dichloride as a white powder
(95%).%'P NMR (121 MHz, CDGJ): 5 = 63.44."H NMR (300 MHz, CDCJ) & 3.50 (d, 3H,
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3oy = 14.3 Hz, N-CH), 3.87 (s, 3H, OCH}, 6.96 (d, 2H2J = 8.8 Hz, H), 7.70 (d, 1H,
*Joy = 2.8 Hz, CH=N), 7.71 (d, 2HJun = 8.8 Hz, H); 1*C NMR (101 MHz, CDG)) § 31.78
(d, 2Jep = 13.2 Hz, CHN), 55.40 (OCH), 114.27 (&), 126.92 (d3Jcp = 1.6 Hz, ¢), 128.93
(C3), 141.88 (d3Jcp = 18.7 Hz, CH=N), 160.29 (¢, DCI-MS (NHs) m/z = 297.0 [M+H].
Synthesis of O,0-his(4-formylphenyl) (2-(4-methoxybenzylidene)-1 methylhydrazinyl)

phosphonothioate
2 3 CH, S 6 7
CH3—041©LCH:N—IL—IL|~<O‘5®LCHO)
2

To a solution of (2-(4-methoxybenzylidene)-1 meliygrazinyl) phosphonothioic
dichloride (1.00 g, 3.37 mmol) in THF (10 mL) waadded 4-hydroxybenzaldehyde (0.90 g,
7.37 mmol) and cesium carbonate (3.29 g, 10.10 mriidle mixture was stirred at room
temperature for 10h. The mixture was filtered angperated. The residue was then dissolved
in the minimum amount of CHgland precipitated with pentane. The resulting powdas
filtered off and dried to afford O,O-bis(4-formylghyl) (2-(4-methoxybenzylidene)-1
methylhydrazinyl) phosphonothioate as a white pavided6 % yield.*'P NMR (121 MHz,
CDCly): & = 60.60."H NMR (300 MHz, CDC}) & 3.40 (d, 3HJpy = 11.1 Hz, N-CH), 3.86
(s, 3H, OCH), 6.94 (d, 2H3J = 8.7 Hz, H), 7.42 (dd, 4H3J.y = 8.5 Hz,*Jpy = 1.3 Hz,
H®), 7.63 (d, 2H2J4n = 8.9 Hz, H), 7.65 (s, 1H, CH=N), 7.89 (d, 48}y = 8.6 Hz, H),
9.98 (s, 2H, CHO)**C NMR (101 MHz, CDGJ) & 32.85 (d,2Jcp = 13.6 Hz, CH-N), 55.40
(OCH), 114.28 (G), 122.08 (d3Jcp= 5.0 Hz, €), 127.18 (€), 128.53 (€), 131.43 (d*Jcp=
1.0 Hz, C), 133.64 (d°Jcp= 1.6 Hz, &), 140.63 (d3Jcp = 13.8 Hz, CH=N), 155.28 (dJcp=
7.2 Hz, C), 161.01 (&), 190.79 (CHO); DCI-MS (Nk) m/z = 469.2 [M+H].

Synthesis of tetramethyl (((((2-(4-methoxybenzylidene)-1-methylhydrazinyl)
phosphorothioyl) bis(oxy))bis(4, l-ph enylene))bi s(hydroxymethyl ene))bis(phosphonate)

2
CH3 | | /OCH3
CH3—O 1 H_N—N—P H—P
OCH3

To a solution of O,0-bis(4-formylphenyl) (2-(4-meiybenzylidene)-1
methylhydrazinyl) phosphonothioate (0.80 g, 1.71 of)ymin THF (1 mL) were added
triethylamine (0.01 mL, 8.5 7mmol) and dimethylphophite (0.35 mL, 3.76 mmolheT
mixture left overnight under good stirring and theraporated. The residue was dissolved in
minimum of CHC} and precipitated with pentane. The resulting powdss filtered off and
the procedure was repeated twice to afford therelsiompound as a white powder in 93%
yield. *P NMR (121 MHz, CDGQ): § = 23.26 (P=0), 62.42 (P=S}H NMR (400 MHz,
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CDCly) 6 3.33 (d, 3H3Jpy = 10.7 Hz, N-CH), 3.62 (d,*Jpy = 10.4 Hz, 6H, P-OCH), 3.66 (d,
3Jpn = 10.4 Hz, 6H, P-OCHDCHs), 3.84 (s, 3H, OCH), 4.69 (s br, 2H, OH), 5.01(d, 2F
= 11.2 Hz, CH-OH), 6.93 (d, 2HJuu = 8.7 Hz, H), 7.23 (d, 4H334n = 8.1 HzH°®), 7.44 (d,
4H, 33y = 7.0 Hz, H), 7.61 (s, CH=N), 7.65 (d, 2BJun = 8.7 Hz, H); **C NMR (101 MHz,
CDCls) § 32.90 (dJcp = 13.1 Hz, CHN), 53.73 (d2Jcp = 7.3 Hz, P-OCH), 53.89 (d2Jcp
= 6.2 Hz, P-OCH), 55.37 (OCH), 69.91 (d,'Jcp = 161.2 Hz, CH-OH), 114.19 @ 121.41
(s br, &), 127.61 (€), 128.30 (d3Jep= 5.5 Hz, C), 128.45 (€), 133.66 (¢), 139.74 (d3Jcp
= 13.8 Hz, CH=N), 150.52 and 150.55 (2= 7.2 Hz, C), 160.74 (C).

Synthesis of (((((2-(4-methoxybenzylidene)-1-methylhydrazinyl)phosphorothioyl)bis(oxy))
bis (4,1-phenylene))bis(hydr oxymethyl ene))di phosphoni cacid

2 CH3 s
CH —o 1 CH—N—N—P 5 —| A~
5 o CH P\

To a suspension of tetramethyl (((((2-(4-methoxyydidene)-1-methylhydrazinyl)
phosphorothioyl) bis(oxy))bis(4,1-phenylene))bis{tgxymethylene))bis(phosphonate) (0.60
g 0.87 mmol) in acetonitrile (1.5 mL) and triethylme (0.24 mL, 1.73 mmol)
bromotrimethylsilane (0.48 mL, 3.64 mmol) was adgéxvly at 0°C. The reaction mixture
was lIstirred for 12 h at room temperature and theranhydrous methanol (2 mL) was added.
After 2h, the reaction mixture was evaporated ymdss under reduced pressure. The residue
was washed water and ether and final compound Wtsned as a yellow powder with a
yield of 75%.%'P NMR (121 MHz, DMSO)5 = 17.41, 17.44 (P=0), 62.64 (P=%1 NMR
(300 MHz, DMSO0)8 3.32 (d, 3H,.2Jpy = 11.0 Hz, N-CH), 3.78 (s, 3H, OC}h), 4.54 (s br,
6H, OH), 4.65(d, 2HJpy = 13.8 Hz, CH-OH), 7.01 (d, 2HJ)4n = 8.8 Hz, H), 7.10 (d, 4H,
33un = 8.1 HzH®), 7.40 (d, 4H33n = 7.3 Hz, H), 7.68 (d, 2H3J4n = 8.7 Hz, H), 7.91 (s br,
CH=N); **C NMR (75 MHz, DMS0)5 33.36 (d,2Jep = 12.1 Hz, CH-N), 55.70 (OCH),
70.61 (d,"Jcp = 157.4 Hz, CH-OH), 114.76 @ 120.31 (s, €), 127.94 (&), 128.76 (C),
129.06 (d,*Jcp= 4.7 Hz, C), 138.39 (€), 141.64 (d2Jce = 14.1 Hz, CH=N), 149.21 and
149.25 (2d%Jcp= 6.7 Hz, €), 160.77 (&); FAB-MS m/z = 655 [M+Na], 633 [M+HT".

Synthesis of B1
3 CH3 ONa
CH;—O 1 H_NNP~< —@LCH—M/ >

The sodium monosalt form was obtained by addingeags sodium hydroxide (0.1N,
700 mL, 0.70 mmol) to a suspension of (((((2-(44moeybenzylidene)-1-
methylhydrazinyl)phosphorothioyl)bis(oxy)) bis (4phenylene)) bis(hydroxymethylene))



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

diphosphonic acid (0.44 g, 0.70 mmol) in water (dAB) at 0°C. After 1h the solution was
lyophilized to give the desired compound as a whievder in 93% vyield*P NMR (121
MHz, D,0): § = 16.10, 16.12 (P=0), 64.58 (P=%}1 NMR (300 MHz, DO) & 3.12 (d, 3H,
3Jpn = 10.7 Hz, N-CH), 3.60 (s, 3H, OCH), 4.68 (d, 2H2Jpy = 10.3 Hz, CH-OH), 6.77 (d,
2H, 334 = 8.5 Hz, H), 7.08 (d, 4H3Jy = 8.2 HzH®), 7.35 (d, 4H3J4y = 7.7 Hz, H), 7.46
(d, 2H, 334y = 8.5 Hz, H), 7.60 (s br, CH=N)**C NMR (75 MHz, DO) & 32.46 (d,2Jcp =
11.4 Hz, CH-N), 55.33 (OCH), 71.57 (d}Jcp = 151.9 Hz, CH-OH), 114.22 @ 120.80 (d,
3Jcp= 2.4 Hz, €), 127.29 (), 128.57 (d3Jcp= 4.7 Hz, C), 128.69 (C), 137.50 (&), 142.46
(d, 3Jep = 14.3 Hz, CH=N), 149.16 and 149.20 (2= 7.2 Hz, C), 160.14 (C).

Synthesis of B2

23 CHs S

-
|l c
Cm—o@LCH:N—N—P—%NH—CHz—CHZ—ltlH CHZ—CH3)>
2
2

To a solution of (2-(4-methoxybenzylidene)-1 meliygrazinyl) phosphonothioic
dichloride (0.50 g, 1.69 mmol) in distiled THF (InL) was added N,N-
Diethylethylenediamine (0.39 g, 3.36 mmol). Aftérréng overnight at room temperature, the
solvent was removed by filtration. The white powdexrs washed with distilled THF (2 X 3
mL) and distilled pentane (2 X 3 mL) and final cayaupd was obtained as a white powder
with a yield of 90%3'P NMR (162 MHz, CROD) § 70.28."H NMR (400 MHz, CRQOD) &
1.33 (t, 12H 334y = 7.3 Hz, CH-CH3), 3.13-3.50 (m, 19H, N-CHand N-CH), 3.84 (s, 3H,
OCHg), 6.97 (d, 2H3Jun = 8.8 Hz, H), 7.72 (s, 1H, CH=N), 7.73 (d, 2B = 8.5 Hz, H);
3C NMR (75 MHz, CROD) § 7.68 (CH-CHs3), 30.93 (d,%Jcp = 11.0 Hz, CH-N), 36.01
(CH»-N-P), 47.53 CH»-CHs), 52.17 (d3Jcp = 6.9 Hz,CH,-CH»-N-P), 54.40 (OCHh), 113.73
(C?), 127.97 (G), 128.25 (&), 138.94 (d3Jcp = 12.8 Hz, CH=N), 160.65 {§; ESI-MS m/z =
493.4 [M- CIT, 229.4 [M- 2CIf".

Synthesis of B3

i

CH—I N—N—P

s 7 o

o
4@%\%1 2
91%

The dendron with chlorine atoms at the surface Mg¢QCH=N-N(Me)-P(S)C} (0.99
g, 3.33 mmol) was dissolved in THF, and then 1ydrbxyphenyl)-4,4-dimethylpentane-1,3-
dione (1.54 g, 7 mmol) and the cesium carbonat28(8, 7 mmol) were added. Reaction
mixture was stirred overnight at room temperatarej then centrifugated. The solution was

concentrated under the vacuum and purified usaghfcolumn chromatography with pentane
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and ethyl acetate as eluents to give white powdeld (91%):**P NMR (121 MHz, CBCly):
8 =61.15 (s, P"), 61.41 (s, PH NMR (300 MHz, CDCl,): & = 1.22 (s, 0.81H, H), 1.26 (s,
17.19H, H3), 3.41 (d,Jup = 10.4 Hz, 3 H, NCH), 3.86 (s, 3H, OCHJ, 4.18 (s, 0.18H, H),
6.31 (s, 1.91H, M), 6.96 (d2Jn = 9.0 Hz, 2H, H), 7.36 (dJun = 8.7 Hz, 4H, K, H®), 7.66
(d, ®Jun = 9.0 Hz, 2H, B), 7.70 (d,*Jup = 1.8 Hz, 1H, C=H), 7.93 (dJun = 8.7 Hz, 4H, H,
H"), 16.56 (br s, 1.91H, O-Henof’C NMR (75.4 MHz, CBCL,): § = 25.9 (C*), 27.0 (C3),
32.7 (d,*Jep = 12.8 Hz, NCH), 39.6 (C?), 47.5 (C?), 55.3 (OCH), 92.0 (C9, 114.1 (&),
121.5 (d,%Jce = 4.5 Hz, &, C°), 127.3 (brs, ¢, 128.4 (G), 128.6 (d,*Jep = 0.7 Hz, C),
130.3 (C), 132.7 (&), 140.5 (d*Jcp = 14.3 Hz, CH=N), 153.6 (dJcp = 6.7 Hz, C), 160.9
(Ch, 183.7 (©), 202.7 (CY).
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S2: NMR spectroscopy of novel compounds
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13C NMR (101 MHz, CDCI3)
o

2 3
CHSO@L

CH=N—N—F

CHaﬁ B 7

|

o—=% 8 cHO
2

R 353 RE 883982 EIS 2 a®
8 588 S 8850l N P o o
= =Lt S X — NN~ 0 o
RN DIRAPBRRPY < &
| i 1
|
! |
’ ‘ L _J »
T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10
f1 (ppm)
3 [ 7
1 4 i ﬁ O‘H ‘Ol/OCHS
CH;—0 CH=N—N—P 00— & —cH—P_
ocH,
'z
31P NMR (121 MHz, CDCI3) g 8
8 Q
T T T T T T T T T T T T T T T T T T T T T T T T
180 160 140 120 100 80 60 40 -30 -50 -70 -90 -110 -140 -170

0 -10
f1 (ppm)



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

B 7
I
0 5 :]

CHy S

CH=N—N—FP

4

o]

CH

1ee
e
19
€9'¢
9 W
L9¢

8¢ \

69V —

mm.v/

206 —

26'9

v6'9 /
2L

vZL /
J:TATENS
YL~
syL/

9L
vo'L
99,

1H NMR (400 MHz, CDCI3)

R 60€
{043
W €L'e

Fa
F o0z

H/ L07|
F L6°¢
R

m\ L1

0.5

65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

7.0

8.0

120 115 11.0 105 100 95 9.0 8.5

125

6 7
|{ L\
o]

CHa 5

CH=M—N—F

)

0

CHy

8'Ce
L6Ce >

ores
1185
g8'es
z6'eS \

L€'6S

0169~
LLoL—

617 —

Wigk —
L9LclL
8c'8cl A
€e'8Tl
sv'ect
90¢el v
89'6€1
18'6€L 7
67°051
29051
857051

13C NMR (101 MHz, CDCI3)

-1C

210 200 190 180 170 160 150 140 130 120 1%?( 1?0 0 8 70 60 50 40 30 20 10
ppm

220



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

2 3 CH3 \S| [

|
CHg—o@LCH:N—N—P

31P NMR (121 MHz, DMSO) 3 28
© - -
\/
Aor L
T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 a (50 ) 4 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90
ppm!
2 3 CH 67 oH 0O
1 4 | ’ I 3 5 | “/OH
CH;—0 CH—N—N—F—0 CH—F'\
OH
2
1H NMR (300 MHz, DMSO) 526335388 583 g 35 5383 =85
L e i < << 3] o™ NN N ~
SENSN N NI |\ ~- N
|
I L L
R —r T
8588 o 8 e
T T T T T T T T T S ‘V "5 Nl T T T T g\ T N T & T T T T T T T T
120 115 110 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05

5.5
f1 (ppm)



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

OH
z
13C NMR (75 MHz, DMSO)
~ o~ I~ <+ 0o DM ON ol ©
~ O N~ ~Nuno® ooO~O® (] ~ w o~ o o 0 ¥ O O o
o OO® — SPOI~ O < © v o ~ © - oot N © >y
© <+ < < <+ <+ ™ NN NN N - -0 W w w o o oMm M w d
- - e — ~© o w < < o™ O -~ ©
R S /N R 2 [
|
|
| |
' I l | ! “ !
[ N LD
T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10
f1 (ppm)
23 CHy & 67 OH O
: . N Lo
CH;—0 CH=N—N—P—-0 CH—F._ Bl
OH
31P NMR (121 MHz, D20) 8 oS
3 ¢
Y
A " Al
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 30 20 10 -10 -20 -30 -40 -50 -60 -70 -80 -90

60 50 40
f1 (ppm)



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

[ 7
‘(O 5 g

CH=N—N—FP

CHy 8
\

4

8]

CH;

L9V~

oLy

1H NMR (300 MHz, D20)

&

T o0e

1677

Forvel

E L07

H/ 1G°Y|
L0°G]
§¢e|

v 00}

4.0 35 3.0 2.5 2.0 1.5 1.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.5

Bl

ONa
OH

o
I
CH—PC_

C‘)H

[ 7
{O N S

CHs 8
CH—N—N—FP

CHy

13C NMR (75 MHz, D20)

@m.Nm
¥ace >

£€€'65 —

L90L—
89CL—

Ty —

wh.omp
80Tl >
6c/cl
9'8Cl
09’8zl W.
mw.ww—

0981 —
LeTyl
k441 A
L6yl

SLevi
veevl

1091 —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

23 CHy € o

||l "
CHs—O@LCH:N—N—F’—ENH—CHZ—CHZ—NH+CH2—CH3D B2
2

31P NMR (162 MHz, CD30D)

70.28

T T T T T T T T L L e B B B B L B A B T T
-30 -50 -70 -90 -110 -140 -170

T T T T T
180 160 140 120 100 80 60 40 20 0 -10
f1 (ppm)
2 3
™ o
CH;—0 ! 4 CH:N—N—P—GNH—CHZ—CHZ—NH—%CHZ—CHQ) B2
2
13C NMR (75 MHz, CD30D) gy 388 3 IIIBIG3AHIRWIS
~o~ © © © DOMOMMOMOOMOOO O~
|
| I
J H L& L
JL JJ A A_J
T T T T
o o @ < &
=3 S S < ©
o o © 8 =
T T T T T T T T T T T T T T T T T T T T T T T T T T
125 120 115 110 105 100 95 90 85 80 75 7.0 50 45 40 35 30 25 20 15 10 05 00

5 60 55
f1 (ppm)



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

2 3
i o
"
GHy—0 — 4 CH:N—N—P—%NH—CHZ—CHZ—NH—%CHZ—CHQ) B2
2
[Te] N w I~ ©
13C NMR (75 MHz, CD30D) g S8 §a > 258 588 %
e ee ad ps 3T 858 ~
YooV NV VY
|
| l l
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

S3:3P CP MAS NMR and *C CP MAS NMR spectrum of the starting dendrimers aml the
resulting hybrid materials
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Sap: 3P CP MAS NMR and *C CP MAS NMR spectrum of MD2
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Ssc: ¥P CP MAS NMR and**C CP MAS NMR spectrum of D3 and MD3
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Saq: **P CP MAS NMR spectrum of and D1-500 and D2-500
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Sse NMR spectroscopy of annealed materials
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S4: FTIR of dendrimers and hybrid materials
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S5: TEM analysis of hybrid materials
Sso:TEM analysis of MD1
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S6: SEM analysis of hybrid materials
Sea- SEM analysis of MD1
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Sep: SEM analysis of MD2
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S7: EDX analysis of hybrid materials
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S8: X-ray diffraction analysis of hybrid materials
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S9: TG analysis of hybrid materials
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S10: C, H, N elemental analysis of hybrid materials

C (%) H (%) N (%)
MD1 9.35 2.88 1.16
MD2 7.90 3.26 2.15
MD3 10.95 3.74 1.46
MD2-500 0.13 0.36 1.13
MD3-500 0.11 0.13 0.82




