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General methods

Bulk solvents were purchased from VWR International (West Chester, PA) and were used as received.
Ethanol was purchased from Decon Labs, Inc. Ethyl 4-bromobutyrate was purchased from Alfa Aesar.
All other reagents were purchased from Acros. All chemicals were used without further purification.
Water was obtained from a Barnstead NANOpure Water Purification System operating at 18.2 MQ x
cm. Dodlegahydroxy closo-dodecaborane 1 was synthesized according to a previously reported
protocol.™

NMR spectra were recorded on Bruker AVANCE"'-400 and AVANCE-500 instruments. Chemical shifts
(8, ppm) for *H and **C were referenced to residual solvent peaks. Boron chemical shifts were externally
referenced to BF3*Et,O and the width of boron NMR signal was calculated at half height of a
corresponding peak. UV-Vis absorption spectra were recorded on Varian Cary 50 spectrophotometer.
Mass spectra were obtained using Waters/Micromass Q-TOF Ultima API and PerSeptive-ABI Mariner
(ESI-TOF) instruments. High resolution mass spectra (HRMS) were acquired on Bruker APEX-Ultra 7T
FT-ICR instrument. Data reported as follows: (m/z: calculated; m/z: found). The isotopic distribution of
each dodecaborane containing ion matched that expected for normal abundance boron. Particle size was
determined via dynamic light scattering on Microtrac Zetatrac instrument.

Size exclusion chromatography was performed using Sephadex LH-20 resin on Agilent EZChrom Sl
System - EZPump Series Il/Series 111 equipped with Model 500 UV-Vis Detector, 50x600 mm Michel-
Miller glass column and Teledyne Isco Foxy 200 automatic fraction collector.

Analytical HPLC traces were acquired on Beckman Coulter System Gold 125NM Solvent Module and
168 PDA Detector; column Jupiter 4 um Proteo 90A (250x4.60 mm Phenomenex C12); flow 1 mL/min;
Gradient: B 0% to 100% over 100 min; A: water + 0.1% TFA, B: acetonitrile + 0.1% TFA.

Preparative HPLC purification was carried out on Beckman Coulter System Gold 126 Solvent Module
and 168 PDA Detector; column DYNAMAX-150A (400x20 mm Rainin C18); flow 10 mL/min;
Gradient: B 0% 1 min, then B 0% to 50% over 50 min; A: water + 0.1% TFA, B: acetonitrile + 0.1%
TFA.

Cyclic voltammetry was conducted using Princeton Applied Research PARSTAT 2273 Advanced
Electrochemical System interfaced with a computer running PowerSuite 2.60 software. Experiments
utilized a PAR microcell equipped with a Pt quasi-reference electrode calibrated vs Fc/Fc* couple.
Experiments were conducted in 0.10 M solution of tetrabutylammonium hexafluorophosphate prepared
in freshly distilled acetonitrile de-aerated with argon. Neutral ether closomers were used in
concentrations of 1 mM. The electrochemical experiments were carried out using scan rates of 50, 100,
and 200 mVs™. Half-wave potentials (E1;,) for each electrochemical reaction were calculated from the
equation E1,=(Epc+Epa)/2 using the cathodic and anodic peak current potentials Epc and Ep,, respectively.
Each measurement given herein is an average of three trials. Each cyclic voltammetry experiment was
conducted with and without the presence of ferrocene as an internal reference.
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Synthesis of dendritic closomer 2. (i) Alkylation of B12(OH)12¢2TBA (1) with ethyl 4-bromobutyrate. A
two-necked round-bottom flask was charged with 1 (5.09 g, 6.20 mmol), ethyl 4-bromobutyrate (54 mL,
0.38 mol), diisopropylethylamine (21 mL, 0.12 mol) and acetonitrile (200 mL). The vigorously stirred
mixture was heated to reflux under argon. In 5 days, another portion of diisopropylethylamine (11 mL,
0.06 mol) was added to the reaction mixture. In another 5 days an additional portion of
diisopropylethylamine (11 mL, 0.06 mol) was added to the reaction mixture. In another 5 days an
addtional portion of diisopropylethylamine (11 mL, 0.06 mol) was added to the reaction mixture. After 5
days of last addition of diisopropylethylamine the reaction mixture was concentrated in vacuo to a
constant volume. The viscous residue was dissolved in ethyl acetate (500 ml) and the solution was
filtered. The filtrate was concentrated in vacuo to a constant volume and the remaining residue was
washed with hexane (3x300 mL). The residue was dissolved in methanol and purified on Sephadex LH-
20 (50x600) using methanol as eluent at the rate of 10 mL/min, 254 nm. The product was eluted
between 50 and 59 min; combined fractions were concentrated in vacuo to dryness. Yield 9.5 g (79%).
B NMR (MeCN, 128 MHz) & -16.8 (signal width 239.5 Hz); (ii) Oxidation of the alkylation product
into hypercloso form 2. The alkylation product was dissolved in a minimal amount of dichloromethane
and passed through SiO, column, eluent dichloromethane-ethanol 9:1 giving the corresponding oxidized
bright orange colored hypercloso compound. The eluted product fractions were concentrated in vacuo to
dryness and the target 12-fold butyrate was additionally passed through a SiO, column, slurry packed
with a 1:1 mixture of hexane-ethyl ether, eluent: first 200 mL 1:1 mixture of hexane-ethyl ether, then
addiatioanl 200 mL of ethyl ether to give 2.40 g of pure product; combined yield for two stages was
23%. "'B NMR (CDCl;, 160 MHz) §41.6 (signal width 155.8 Hz). *H NMR (CDCls, 500 MHz) &§4.06
(24H, g, OCH,CHpg), 3.96 (24H, t, OCH,CH,CH,CO,), 2.28 (24H, t, OCH,CH,CH,CO,), 1.81 (24H, m,
OCH,CH,CH,CO,), 1.17 (24H, t, OCH,CHs). *C NMR (CDCls, 125 MHz) §173.3, 69.7, 60.3, 30.9,
27.4, 14.2. HRMS-ESI(-) M"calc 1704.9615, M found 1705.0369.

Synthesis of dendritic closomer 3. To a stirred solution of ethylenediamine dihydrochloride (0.47 g,
3.52 mmol) in ethylenediamine (50 mL), a solution of 2 (1.00 g, 0.59 mmol) in ethanol (5 mL) was
slowly added dropwise at r.t. under argon over a period of 10 min. The reaction was stirred at r.t. for 3
days (monitoring by MS-ESI). The solution was concentrated in vacuo to dryness and the residue was
purified on Sephadex LH-20 (50x600), methanol 10 mL/min, 254 nm. The product was eluted between
45 and 59 min; combined fractions were concentrated in vacuo to dryness. Yield 1.00 g (90%). 'B
NMR (D20, 160 MHz) & -16.9 (signal width 166.0 Hz); *H NMR (D,0, 500 MHz) & 3.91 (24H, m,
OCH,CH,CH,COy), 3.37 (22H, m, NCH,CH,NH), 3.20 (2H, t, NCH,CH2N), 3.09 (2H, t, NCH,CH;N),
2.96 (22H, m, NCH,CH;N), 2.27 (24H, t, OCH,CH,CH,CO,), 1.77 (24H, m, OCH,CH,CH,CO,); *C
NMR (D0, 125 MHz) § 177.3, 65.7, 40.5, 40.0, 39.3, 38.7, 32.8, 28.2; HRMS-ESI(+) [M+3H]" calc
1876.3076, found 1876.37069, [M+4H]** calc 938.6577, found 938.6401.

Synthesis of dendritic closomer 4. To a stirred solution of 3 (3.50 g, 1.87 mmol) and 4-(N,N-
dimethylamino)pyridine (0.50 g, 3.74 mmol) in ethanol (40 mL) ethyl acrylate (40 mL) and
diisopropylethylamine (7.8 mL, 45 mmol) were sequentially added. The reaction was stirred at r.t. for 24
h. Then more methyl acrylate (20 mL) was added. The reaction mixture was stirred for 18 days at r.t.
while monitoring its progress by MS-ESI. The mixture was concentrated in vacuo to dryness and the
residue was purified on Sephadex LH-20 (50x600), methanol 10 mL/min, 254 nm. The product was
eluted between 34 and 45 min; combined fractions were concentrated in vacuo to dryness. Yield 4.33 g
(42%). *'B NMR (MeCN, 160 MHz) & -16.5 (signal width 272.9 Hz); HRMS-ESI(+) [M+3H]** calc
2138.7898, found 2138.7885, [M+4H]** calc 1426.1958, found 1426.1990.

Synthesis of dendritic closomer 5. To a stirred solution of ethylenediamine dihydrochloride (0.93 g,
7.00 mmol) in ethylenediamine (75 mL) a solution of 4 (2.48 g, 0.58 mmol) in ethanol (6 mL) was
added dropwise at r.t. over a period of 10 min under argon. Then the reaction mixture was stirred at r.t.
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for 3 days (monitoring by MS-ESI). Upon completion the reaction mixture was concentrated in vacuo to
dryness and separated on Sephadex LH-20 (50x600), methanol 10 mL/min, 254 nm. Product was eluted
between 41 and 55 min. Combined fractions were concentrated in vacuo to dryness. Yield 1.55 g (58%).
B NMR (D0, 128 MHz) §-17.2 (signal width 161.5 Hz); *H NMR (D0, 400 MHz) §3.87 (24H, m,
OCH,CH,CH,COy), 3.24 (72H, m), 2.77 (96H, m), 2.55 (24H, m), 2.37 (48H, t) 2.19 (24H, t,
OCH,CH,CH,CO,), 1.72 (24H, m, OCH,CH,CH,CO,); *C NMR (D,0, 125 MHz) & 176.4, 175.1,
65.5, 51.4, 49.1, 40.2, 39.6, 36.6, 32.9, 32.7, 28.5; HRMS-ESI(-) M? calc 2305.6009, M? found
2305.5571, HRMS-ESI(+) [M+5H]*" calc 1538.7470, found 1538.9352, [M+6H]** calc 1154.3122,
found 1154.5360, [M+7H]>" calc 923.6513, found 923.9562.

Synthesis of dendritic closomer 6. To a stirred solution of 5 (0.70 g, 0.15 mmol) and 4-(N,N-
dimethylamino)pyridine (0.02 g, 0.16 mmol) in ethanol (10 mL) ethyl acrylate (13 mL) and
diisopropylethylamine (1.3 mL, 7.52 mmol) were sequentially added. The reaction was stirred at r.t. for
24 h. Then an additional 13 mL of methyl acrylate was added. The reaction was stirred at r.t. for 18 days
while monitoring its progress by MS-ESI. The mixture was concentrated in vacuo to dryness and the
residue was purified on Sephadex LH-20 (50x600), methanol 10 mL/min, 254 nm. The product was
eluted between 34 and 44 min; combined fractions were concentrated in vacuo to dryness. Yield 1.13 g
(80%). B NMR (MeCN, 128 MHz) & -17.2 (signal width 262.9 Hz); HRMS-ESI(-) M* calc
4708.3642, M found 4708.3613. Due to the paramagnetic nature (ion-radical) of compound 6 its *H and
3C NMR spectra are very broad and unresolved.

Synthesis of dendritic closomer 7. To a vigorously stirred solution of ethylenediamine dihydrochloride
(0.20 g, 1.50 mmol) in ethylenediamine (30 mL), a solution of 6 (0.55 g, 0.06 mmol) in ethanol (3 mL)
was slowly added at r.t. over interval of 10 min under argon. The reaction was stirred at r.t. for 3 days
(monitoring by MS-ESI). Upon completion the reaction mixture was concentrated in vacuo to dryness
and separated on Sephadex LH-20 (50x600), methanol 10 mL/min, 254 nm. Product was eluted between
34 and 40 min. Combined fractions were concentrated in vacuo to dryness. Yield 0.28 g (46%). 'B
NMR (D20, 160 MHz) &-17.2 (signal width 136.0 Hz); *"H NMR (D0, 500 MHz) & 3.93 (24H, br,
OCH,CH,CH,COy), 3.25 (168H, m), 2.79 (144H, t), 2.73 (96H, m), 2.60 (72H, m) 2.41 (144H, t), 2.24
(24H, br, OCH,CH,CH,CO,), 1.72 (24H, br, OCH,CH,CH,CO,); *C NMR (D0, 125 MHz) & 176.4,
175.1, 174.4, 65.6, 51.5, 51.3, 49.1, 40.6, 39.7, 36.7, 33.0, 32.8, 28.5. See p. S24 for the mass spectrum
deconvolution using the massXpert 2 software.’

Encapsulation of Doxorubicin (DOX) in dendritic closomer 7. A solution of 7 (100 uL, 2.3 mM in 10
mM ammonium acetate) was mixed with a DOX solution (12 mM in 1:1 MeOH/DMF) in 1:3 and 1:6
molar ratios, 58 uL and 116 pL, respectively. The mixtures were dissolved in methanol (2 mL) and
stirred at r.t. for 24 h, then 0.5 mL of water (18.2 MQ x ¢cm) was added to each vial. The mixtures were
stirred at r.t. for 48 h and then concentrated in vacuo to dryness. The residues were resuspended in 1 mL
of 10 mM ammonium acetate (pH 6.5) and these solutions were passed through PD-10 desalting
columns (Sephadex G-25M) eluting with water (18.2 MQ x cm). First 4 ml of eluent (excluded volume)
were collected and concentrated in vacuo to dryness. The concentration of DOX was determined via
measuring the UV/Vis absorbance at 481 nm, ¢ 10410 M™cm™, the dendrimer concentration was
determined by ‘*H NMR.
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CV of 1 mM solution of 2in 0.1 M BusNPFg/ MeCN
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Electrochemistry of a mixture of  {closo-B;,[O(CH)sCO-Et],} and  {closo-
B12[O(CH3)sCO,Et]1,}". Two-compartment electrochemical cell: (A) Pt working electrode, (B) double
sided ITO covered glass (35 Q) counter electrode, (C) Pt quasi-reference electrode, (D) salt bridge,
membranes connected with a Tygon tube and filled with 0.1 M BusNPFg in acetonitrile, (E) membrane,
3 joined Whatman 13 mm syringe filters (0.2 um pore size PTFE) per compartment.
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An intensely red mixture of {closo-B12[O(CH2)sCO,Et]1.}* and {closo-By,[O(CH,)sCOzEt] 1} (0.17 g,
~0.08 mmol) was dissolved in de-aerated, dry acetonitrile (1 mL) resulting in ~80 mM stock solution.
The 63 pL aliquot was mixed with 10 mL of 0.1 M tetrabutylammonium hexafluorophosphate in
acetonitrile resulting in ~0.5 mM solution. Under argon atmosphere each compartment of the
electrochemical cell was charged with 4 mL of the 0.5 mM solution of the mixture in the electrolyte. The
working electrode potential was set to -1.3 V, initial current 20 pA. The electrolysis was conducted over
period of 3 h, the final current was stabilized at 10 pA. Completion of the reaction was monitored
visually and by UV-Vis spectroscopy of the content of each compartment.

Initial solution After 2 h After 3 h

According to the UV-Vis control, after 3 h the content of both cathodic and anodic compartments was
completely converted into the respective oxidation states. When stored in tightly sealed containers, the

color of these solutions remained effectively unchanged for a period more than a week (monitoring
timespan).

UV-Vis spectra of 0.5 mM solutions for various oxidation states of B;,[O(CH;)3sCOEt];

2.0+
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a) Mixture of {closo-B1,[O(CH.)sCO-Et]1,}> and {closo-B1[O(CH.)sCO.Et]1,}Y in acetonitrile,
identical to UV-Vis spectrum of the solution of the same concentration in 0.1 M
tetrabutylammonium hexafluorophosphate in acetonitrile
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b) Content of the cathode compartment, in 0.1 M tetrabutylammonium hexafluorophosphate in
acetonitrile
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c) Content of the anode compartment, in 0.1 M tetrabutylammonium hexafluorophosphate in
acetonitrile; identical to UV-Vis spectra of the pure compound 2 in acetonitrile
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1B NMR of 2(i), a mixture of {closo-B1,[O(CH,);CO,Et];,}* and {closo-B,[O(CH,)sCO,Et] 1}
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MS of 2(i), a mixture of {closo-B1,[O(CH,);CO-Et];,}* and {closo-B;,[O(CH,);CO,Et]}"
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1B NMR of 2, {hypercloso-B,,[O(CH,);CO,Et];,}°
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02 = -1.0000 Hz
LB1=3.00 Hz
TP A= 875

B=-56.25

C= 0.00

T
100 80 60 40 20 [ -20 -40 PPM

13C NMR of 2, {hyperCIOSO'Blz[O(CHz)Q,COzEt]lz}O

173.34
27.385

—69.724
—60.254

—— 30.900
—14.236

c:\$Feb16-2012-lex_4
AP-1-183; IlI, hypercloso, , C13 CDCI3 {C:\Bruker\TOPSPIN} lex 48, ,
Thu Feb 16 16:00:14 2012
USER: nmrsu
SOLVENT: CDCI3
Experiment = zgpg30
Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 2048
Solvent =CDCI3
PTS1d = 32768
F1 = 125.770996 MHz
F2 = 1.000000 MHz
SW1= 28985.51Hz
AT1= 1.13sec
Hz per Pt 1stD = 0.88 Hz
SW2=  1.00Hz 2
Hz per Pt 2ndD = 1.00 Hz
01 = 13208.8193 Hz
02 = -1.0000 Hz
LB1= 0.00 Hz
TP A= 16.88

B=-157.50

C= 0.00

T T T
200 150 100 50 0 PPM

S11



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

dept-135 NMR of 2, {hypercloso-B,[O(CH,);CO,Et]1,}°

c:\SFeb16-2012-lex_5

AP-1-183; 1, hypercloso, , dept135 CDCI3 {C:\Bruker\TOPSPIN} lex 48, ,

Thu Feb 16 19:31:58 2012
USER: nmrsu
SOLVENT: CDCI3
Experiment = dept135
Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 2048
Solvent =CDCI3
PTS1d = 32768
F1 = 125.770363 MHz
F2 = 1.000000 MHz
SW1= 35211.27 Hz
AT1= 0.93sec
Hz per Pt 1stD = 1.07 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 12578.7998 Hz
02 = -1.0000 Hz
LB1= 0.00 Hz
TP A=-262.81

B= 285.81

C= 0.00

—69.727

—  60.266

__—30.898
————27.372

—14.070

T
200

T
150

MS of 2, {hypercloso-B;,[O(CH,);CO,Et];,}°

% Intensity

100

o S8.RIHH. H. Al

231.9800 380.8163

Mariner Spec /1:30 (T /0.00:0.52) ASC[BP = 1703.3, 195]

12
8856305 1048.8269 |

16.3915

T
100

1394.9508

1621

50

1703.3082

1706.3248

1790.3631

700.3200

20 [1787.3349

1811.13051941.3816  2100.99012230.89472361.0218

194.9

49.0

T
1029.4

Mass (m/z)

T
1519.6

T
2009.8

251

0.0
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'H NMR of compound 3

3.926
3912
3.899
3.367
3.093
2.986
2974
2963
2942
2.287
2272
2257
1.783
1.769
1.754

c:\$Nov16-2011-lex 1
AP-1-169; £75, , proton D20 {C:\Bruker\TOPSPIN} lex 49, ,

o
S
I
©
Wed Nov 16 15:53:24 2011 \

USER: Administrator

SOLVENT: D20

Experiment = zg30

Pulse length =  14.750 usec

Recycle delay = 1.000 sec

NA = 16

Solvent = D20

PTS1d = 32768

F1 = 500.132996 MHz

F2 = 1.000000 MHz

SWl = 10000.00 Hz

ATl = 3.28 sec g

Hz per Pt 1lstD = 0.31 Hz 18

sw2 = 1.00 Hz { ‘

Hz per Pt 2ndD = 1.00 Hz |

o1 = 3050.6782 Hz |

02 = -1.0000 Hz |

LBl = 0.00 Hz I

TP A = -105.38
B = 344.25
c= 0.00

220
-
2101
2447
o

T
O0PPM

1B NMR of compound 3

c:\$Nov16-2011-lex_2
AP-1-169; £75, , B11 D20 {C:\Bruker\TOPSPIN} lex 49, ,
Wed Nov 16 15:56:34 2011
USER: Administrator
SOLVENT: D20
Experiment = zg
Pulse length =  11.700 usec
Recycle delay = 0.001 sec
NA = 1024
Solvent = D20
PTS1d = 4096
F1 = 160.461578 MHz
F2 = 1.000000 MHz
SWL =  64102.56 Hz
ATl =  0.06 sec
Hz per Pt 1stD = 15.65 Hz
sW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
o1 = 0.0033 Hz
02 = -1.0000 Hz
LBl = 0.00 Hz
TP A= 398.98

B = -570.91

c= 0.00

-16.941

T
-50
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BC NMR of compound 3

65.905
_ ; 65666
T 65526
40.477
40003
39.349
38.657
38.379
32.794

T 28218

———————164.506

177290
T T——176.736

c:\SNov16-2011-lex_3

AP-1-169; 75, , C13 D20 {C:\Bruker\TOPSPIN} lex 49, ,
Thu Nov 17 03:49:06 2011
USER: Administrator
SOLVENT: D20

Experiment = zgpg30

Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 3000

Solvent = D20

PTS1d = 65536

F1 = 125.770996 MHz

F2 = 1.000000 MHz
SW1= 28985.51Hz

AT1= 2.26sec

Hz per Pt 1stD = 0.44 Hz
SW2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 13207.4766 Hz

02 = -1.0000 Hz
LB1=3.00 Hz
TP A= 57.19
B=-164.34
C= 0.00

TP . " bk " L I . i i W"vm Py )
Wiy " " ! L Wl

) T
200 150 100 50 0 PPM

dept-135 NMR of compound 3

65.784
Zes 656
— 65490
40432

/ 39876
30301
38.715

38545

\35 243
~ e
28177

c:\SNov16-2011-lex_4
AP-1-169; f75, , dept135 D20 {C:\Bruker\TOPSPIN} lex 49, ,
Thu Nov 17 06:19:46 2011
USER: Administrator
SOLVENT: D20

Experiment = dept135
Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 3000

Solvent = D20

PTS1d = 65536

F1 = 125.770363 MHz

F2 = 1.000000 MHz
SW1= 35211.27 Hz

ATl= 1.86sec

Hz per Pt 1stD= 0.54 Hz
SW2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 12578.7998 Hz

02 = -1.0000 Hz

IB1=3.00 Hz %
TP A=-272.50 @
B= 35244
C= 0.00

T T T y
200 150 100 50 0 PPM
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HPLC trace for compound 3

Pump Gradient B Det 168-230 nm
13-6 3-6

600

500 1

400
300 /
200

100

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Minutes

MS of compound 3

19 Apr 2012 neg19-Apr-201210:57:200100.0000000010.00000000
G0-d10-3-8-neg 12 (0.210) Cm (1:30) TOF MS ES-
1004 936.2575 8.06e4

935.7488
936.7520

.261
935.2619 937.2516

%
|

1873.4159
1874.4056
18723973
934.7751_[337.8002
167146321 875:4130
227.2645 8722018 ’
l038.3037
871.6996 15710081 | 16757872
2492692 871.2123 | 951.2866 1745.322 1897.4292
ol nn 3228 : 3667.0784 iz
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 T
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750
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1B NMR of compound 4

c:\$Jan23-2012-lex_2
AP-1-181; D1+D2, , B11 CD3CN {C:\Bruker\TOPSPIN} lex 20, ,
Mon Jan 23 23:53:01 2012
USER: nmrsu

SOLVENT: CD3CN
Experiment = zg

Pulse length = 11.700 usec
Recycle delay = 0.001 sec
NA = 1024

Solvent = CD3CN

PTS1d = 4096

F1 = 160.461578 MHz

F2 = 1.000000 MHz
SW1= 64102.56 Hz

AT1= 0.06 sec

Hz per Pt 1stD = 15.65 Hz
SW2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz

-16.495

01 = 0.0033Hz
02 = -1.0000 Hz
LB1= 0.00 Hz
TP A= 503.75
B=-779.69
C= 0.00
ﬁcoza
H/\/ N\/\cozEt
4 12
T T T 1
50 0 50 PPM
MS of compound 4
07 May 2012 neg07-May-201215:25:110100.0000000010.00000000
AP-01-216-f36-neg 112 (1.920) Cm (1:116) TOF MS ES-
100 4275.2251 1.49e3
14276.0571
4273.6445
4276.7065
=
4277.2041
4273.1592
| 4277.6572
4272.5444.
[4278.0962
4272.0581| 4278.5420
4278.9922
4271.5981 | 42794565
4271.1836/4279.9150
156.4774 2138.4626 280.5933
| K293.4618 2 3947.0999\l | 4
0 t T 7 T T f T 7 T T ot T miz
0 500 1000 1500 2000 2500 3000 3500 4000 4500
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'H NMR of compound 5

3.870
3.240
2.767
2546
2.366
2.189
1716

c:\$Jan11-2012-lex_1
AP-1-188; f45, , proton D20 {C:\Bruker\TOPSPIN} lex 33, ,
Wed Jan 11 22:57:33 2012
USER: nmrsu
SOLVENT: D20
Experiment = zg30
Pulse length = 14.850 usec
Recycle delay = 1.000 sec
NA = 16
Solvent = D20
PTS1d = 32768
F1 = 400.131989 MHz |
F2 = 1.000000 MHz |
SW1= 8802.82Hz
AT1= 3.72 sec \
Hz per Pt 1stD = 0.27 Hz
SW2 = 1.00 Hz (
Hz per Pt 2ndD = 1.00 Hz |
01 = 2000.6832 Hz
02 = -1.0000 Hz ‘
LB1= 0.00 Hz
TP A=-7893
B= 24248 (
C= 0.00

9139

72.26

47.89

24,00

2421
25.68
25.27

T
PPM

B NMR of compound 5

—-17.191

c:\$Jan11-2012-lex_2.1
AP-1-188; f45,, B11 D20 {C:\Bruker\TOPSPIN} lex 33, ,
17:14:56.927 -0600 nmrsu@BH081508
USER: nmrsu

SOLVENT: D20

Experiment = zg

Pulse length = 14.200 usec
Recycle delay = 0.001 sec

NA = 1024

Solvent =D20

PTS1d = 32768

F1 = 128.377625 MHz

F2 = 1.000000 MHz

SW1= 51020.41Hz

AT1= 0.64sec

Hz per Pt 1stD = 1.56 Hz

SW2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz

01 = -16.7431Hz

02 = -1.0000 Hz

LB1= 1.00 Hz

12

T
-20
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BC NMR of compound 5

___—176.40
TT——175.05

c:\$Jan11-2012-lex_2
AP-1-188; 45, , C13 D20 {C:\Bruker\TOPSPIN} lex 30, ,
ThuJan 12 00:58:57 2012
USER: nmr
SOLVENT: D20
Experiment = zgpg30
Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 4000
Solvent = D20
PTS1d = 32768
F1 = 125.770996 MHz
F2 = 1.000000 MHz
SW1= 28985.51Hz
AT1= 1.13sec
Hz per Pt 1stD = 0.88 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 13207.4766 Hz
02 = -1.0000 Hz
LB1= 0.00 Hz
TP A=-288.00

B= 177.19

C= 0.00

12

65.533

51.417

—~ —49.064

40.244
39.622
36.634

T_—32.956

32.731
28.479

N

T T T
200 150 100

dept-135 NMR of compound 5

c:\$Jan11-2012-lex_3
AP-1-188; f45, , dept135 D20 {C:\Bruker\TOPSPIN} lex 30, ,
ThuJan 12 07:18:46 2012
USER: nmr
SOLVENT: D20
Experiment = dept135
Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 4000
Solvent = D20
PTS1d = 32768
F1 = 125.770363 MHz
F2 = 1.000000 MHz
SW1= 35211.27 Hz
AT1= 0.93sec
Hz per Pt 1stD= 1.07 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 12578.7998 Hz
02 = -1.0000 Hz
LB1= 0.00 Hz
TP A=-252.36

B= 320.39

C= 0.00 H

a7 o b
%}P OMN/\/’(\[J
H H

’ N
ot TN,
5

12

65490

51.359
49.009
40.201

—

—~ —39.573

36.584
32.907
32.677
28.432

C

T T T
200 150 100
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COSY NMR of compound 5

A FAS
AP-1-188, 145 _ FE
COSY_20 D20 {C:\8rakenTOPSPINJ fax 30 L&
. i
) ;
: : e
: : . =y =
i s é@@b
f O
RS T L L o
: g@f‘“; o TR el
: = : #*
= e a .
: @ : : H [
—_— : : : -
S/ R dadh
B B - [~ w
H H
: : 5 N
*oH* s \H‘r " NH, 12
O — — — — S
5 4 3 2 1 F2 [ppm]

HPLC trace for compound 5

Pump Gradient B Det 168-230 nm
f14 f14

350
300
250
200
150

100

. —

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Minutes
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MS of compound 5
22 Mar 2012 neg22-Mar-201216:13:030100.0000000010.00000000

AP-01-207-D18A-NEG 55 (0.944) Cm (1:59) TOF MS ES-
227.1846 3.33e4
100+
12
2306.3435
2305.8201
12306.8525
O\D .
2305.3508.
249.2231
[2307.4407
2304.8997
2307.9189
2363.9082
2304.4836.
sos.5a17 o8 5560 ||| 23750542
2190.3989 376.3657
0 " ! L T T T f T T T T T T mjz
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

B NMR of compound 6

c:\SFeb26-2013-lex_1
AP-1-208; G1.5; MeCN, , B11 None {C:\Bruker\TOPSPIN} lex 5, ,
Tue Feb 26 21:15:36 2013
USER: nmr
SOLVENT: CDCI3
Experiment = zg
Pulse length = 14.200 usec
Recycle delay = 0.001 sec
NA = 1024
Solvent =CDCI3
PTS1d = 4096
F1 = 128.377609 MHz
F2 = 1.000000 MHz
SW1= 51020.41 Hz
AT1= 0.08 sec
Hz per Pt 1stD = 12.46 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = -16.7461Hz
02 = -1.0000 Hz
LB1= 3.00 Hz
TP A= 152.84

B=-47.28

C= 0.00

-17.122
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of compound 6

21 Mar 2012 neg21-Mar-201209:36:290100.0000000010.00000000
AP-01-208-3-neg 149 (2.651) Cm (1:169)

100+

%
I

3160.4836

3160.0264.
3161.1724

3159.5713

3007.1355 (3161.6831

3006.6062

2917.9822

3162.1270

293.0838
3162.5652

295.0801

780.0463 2763.010: 3188.1848 47228521

CilL V72447339

H
N\/\N/\/CozEl

H
N\AN/\/C%Et

K/coza
K/cozEt

TOF MS ES-

12

1.73e4

N

0 1000 2000 3000 4000 5000

'H NMR of compound 7

c:\$Apr18-2012-lex_1
G2; 34, , proton D20 {C:\Bruker\TOPSPIN} lex 56, ,
Wed Apr 18 23:01:10 2012
USER: nmr
SOLVENT: D20
Experiment = zg30
Pulse length = 14.750 usec
Recycle delay = 1.000 sec
NA = 16
Solvent =D20
PTS1d = 32768
F1 = 500.132996 MHz
F2 = 1.000000 MHz
SW1= 10000.00 Hz
AT1= 3.28 sec
Hz per Pt 1stD= 0.31 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 3051.3052 Hz
02 = -1.0000 Hz
LB1= 0.00 Hz
TP A=-14231

B= 359.13

C= 0.00

12

3.933

6000

24.00

168.28

7000

b 2 Y

144.45

24.10

8000

1774

23.81

9000

m/z

PPM
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1B NMR of compound 7

o
-
c:\SApr18-2012-lex_5 :
G2; f37,, B11 D20 {C:\Bruker\TOPSPIN} lex 57, , -
Thu Apr 19 00:20:58 2012 |
USER: nmr
SOLVENT: D20
Experiment = zg
Pulse length = 11.700 usec
Recycle delay = 0.001 sec
NA = 1024
Solvent = D20
PTS1d = 4096
F1 = 160.461578 MHz
F2 = 1.000000 MHz
SW1= 64102.56 Hz
AT1= 0.06 sec
Hz per Pt 1stD = 15.65 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 0.0033 Hz
02 = -1.0000 Hz
LB1= 5.00 Hz
TP A= 517.20
B=-782.16
C= 0.00
T T T T T
40 20 0 20 40 PPM
13
C NMR of compound 7
C\$APrLE-2012-1ex_6 0 N~ ¥ SINOAdOWodmYT
G2;137,, C13 D20 (C:\BrukeTOPSPIN lex 5 D HWOXOND NN
Thu Apr 19 02:09:51 2012 ™ o™ 0 MO ONNLW
USER: nme © < 0w dHdo0 oo O ®
SOLVENT: D20 ~ N~ © LS IFTOHOMmON
Experiment = 2gpg30 Anln el | Lt
Pulse length = 8.830 usec [
Recycle delay = 2.000 sec
NA = 2000
PTS1d = 65536
F1 = 125.770996 MHz
F2 000000 MHz
Swi= 2898551 Hz
AT1= 2.26sec
HzperPt1sD = 0.4 Hz
sw2=  100Hz
Hz perPt2ndD = 1.00 Hz
01 = 132074766 Hz
02 = -1.0000 Hz
LB1=3.00 Hz
TP A= 67.50
B =-176.50
c= 000
12

200 150 100
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dept-135 NMR of compound 7

b BIJSERNG SN
c:\$Apr18-2012-lex_7 3 : : g g g £ g ’r: ;
G2;f37,, dept135 D20 {C:\Bruker\TOPSPIN} lex 57, , © LIS ITOHOOO®ON
Thu Apr 19 03:51:08 2012 \ LLruertrrrg
USER: nmr
SOLVENT: D20

Experiment = dept135
Pulse length = 8.830 usec
Recycle delay = 2.000 sec
NA = 2000

Solvent = D20

PTS1d = 65536

F1 = 125.770363 MHz

F2 = 1.000000 MHz
SW1= 35211.27 Hz

AT1= 1.86sec

Hz per Pt 1stD = 0.54 Hz
SW2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 12578.7998 Hz

02 = -1.0000 Hz

LB1= 5.00 Hz

TP A=-239.78

0
H

= 304. NH

B = 304.63 (\ﬂ/ \/\NA)LN/\/ 2

C= 0.00 N
, M AN j\
NH,
oH* j\f o H/\/ 12

\LNA)LN/\/NHZ

> H
NH
o H/\/ 2

T T T
200 150 100 50 PPM

HPLC trace for compound 7

Pump Gradient B Det 168-230 nm
f26-10m 26-10m
70
60
50
40
< ] I
30
20
10
] et ettt
0
0 5 10 15 20 25 30 35 40 45 50

Minutes
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Mass spectrum deconvolution for 7 using the massXpert 2 software,® [M] 10090.0172
11 Apr 2012 pos11-Apr-201213:55:49040.0000000010.00000000

AP-01-212-F34-POS 25 (0.458) Cm (1:166) TOF MS ES+
100- 12624513 2.25¢4
11223318
ESI positive mode
Formula C43,Hg76B12N1650
1115.7180 43211876P121¥168Y 96
+7H" m/z: 2019.41 charge: 5
1010.1745 N
+8H" m/z: 1683.01 charge: 6
+
+ : . :
1442.56873 9H I’n/z 1442.72 charge: 7
+10H" m/z: 1262.51 charge: 8
+11H" m/z: 1122.34 charge: 9
+12H" m/z: 1010.21 charge: 10
.| 1004.2006
<
4074625 1443.0564
" o
—’2_ N\/\N/\/U\N/\/NHZ
{%a Q W H
1682.9364 & o~ ~n 0
oY H NH.
ot , o o H/\/ 2 12
HN
I le)
1683.4098 N/\)J\u/\/NHZ
1686.7433 j\
1687.3694 PN
1915.6946 H
2019.6938
2023.8809
2027.4559
07 ““\““““\““““\““““\““““\““““\““““\““““\““\““m/Z
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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Figure S1 Dynamic light scattering data for aqueous solution of 7

34,1 mM
[~
H I_ 50
03
@ 60+ c
£ ©
(%] <
4 50- Q
[al 20 X
S 5
> 404
O LI T T T T L ) I T T T T T 1T 1711
0.1 1 10 100 1,000
Size(Nanometers)
B12-LA7-G2 SOP Name: LEX-DENDRIMERS-Z OFF(*)
trat, istributi Volume Run Time: 180 Sec Fluid; WATER | Reflected Pwr(mv): 237
‘yp % WATER ProgressionjGeom 4 Root| Run#: 20f3 Fluid Ref Index{ 1.333 Loading Index; 0.00603
T Up Edge(nm) 6540 Particle| B12 Above Residualy o Conc. Index; 0.1234
ﬂ; f34, 1mM Low Edge(nm){ 0.00319 | Transparency{ Transparent | Below Residual{ 0 Viscosity(cp) 0.8840
% ‘s Residuals] Enabled | Part. Ref. Index: 147 RMS Residuali 28.219% Cell Temp(C): 25.34
m@“ . Nano. Ultra 68 Particle Shape]  Spherical Nano Rng
10.5.3 04/25/2012 16:17 U24922S Mode{ UPA/Full Density: 1 glee Multi Run Delay] 0 Min. Nanotrac Type;  Nano. Ultra
e DB Rec: 6 High:Norm DB Record 6 Recalc Status | Original Serial Number;  U2492ZS
A\Prog FLEX 10.5. -B12-
Sensitivity]  High Databasein, ndritic closomers MDB
Data | Value Size(nm)|%Tile %Tile Size(nm) Dia(nm) | Vol% Width
MV(nm): 9.11 10.00, 7.71 9.00 |100.0| 2.35
" o "
annm)] 870 2000 8.08 Size(nm)| %Chan | % Pass |Size(nm) %Chan | % Pass
6540 0.00 | 100.00 | 18.06 0.00 | 100.00
MA, | 8.97 30.00, 8.39
(nm) 5500 | 0.00 | 100.00 15.19 | 0.39 | 100.00
sy 6690 40.00] 869 4620 | 0.00 |100.00 | 12.77 | 8.22 | 99.61
Sby 1.170 50.00/ 9.00 3890 | 0.00 |100.00  10.74 | 40.30 | 91.39
MW:2.30E+05 60.00| 9.33 3270 0.00 | 100.00 | 9.03 43.84 | 51.09
Mz; 9.08 70.00, 9.69 UDefN: UDefData 2750 | 0.00 |100.00 | 7.60 7.25 | 7.25
1452 50.00] 10.11 2312 | 0.00 |100.00 6.39 | 0.00 | 0.00
skif 130.0 90.00| 10.66 1944 0.00 | 100.00 | 5.37 0.00 0.00
1635 0.00 | 100.00 | 4.52 0.00 0.00
Kg: 927.0 95.00, 11.15
1375 0.00 | 100.00 | 3.80 0.00 0.00
1156 0.00 | 100.00 | 3.19 0.00 0.00
972.0 0.00 | 100.00 | 2.690 0.00 0.00
818.0 0.00 | 100.00 | 2.260 0.00 0.00
687.0 0.00 | 100.00 | 1.900 0.00 0.00
578.0 0.00 | 100.00 | 1.600 0.00 0.00
- 486.0 0.00 | 100.00 | 1.340 0.00 0.00
§ 409.0 0.00 | 100.00 | 1.130 0.00 0.00
2 344.0 0.00 | 100.00 | 0.950 0.00 0.00
& 289.0 0.00 | 100.00 | 0.800 0.00 0.00
243.0 0.00 | 100.00 | 0.670 0.00 0.00
. 204.4 0.00 | 100.00 | 0.560 0.00 0.00
o ‘: 7 171.9 0.00 | 100.00 | 0.470 0.00 0.00
T i R T SR AR PR R B 1445 | 0.00 |100.00 | 0400 | 0.00 | 0.00
Size(Nanometers) 121.5 0.00 | 100.00 | 0.340 0.00 0.00
102.2 0.00 | 100.00 | 0.2800 | 0.00 0.00
85.90 0.00 | 100.00 | 0.2400 | 0.00 0.00
B12-PAMAM DENDRITIC CLOSOMERS 7230 | 0.00 | 100.00 | 0.2000 | 0.00 | 0.00
60.80 0.00 | 100.00 | 0.1700 | 0.00 0.00
51.10 0.00 | 100.00 | 0.1400 | 0.00 0.00
43.00 0.00 | 100.00 | 0.1200 | 0.00 0.00
36.10 0.00 | 100.00 | 0.1000 | 0.00 0.00
N 30.40 0.00 | 100.00 | 0.0800 | 0.00 0.00
Warnings: NONE
25.55 0.00 | 100.00 | 0.0700 | 0.00 0.00
21.48 0.00 | 100.00 | 0.0600 | 0.00 0.00
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