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1. Compound activity profiling in cell-based reporter assays for nuclear receptors: 

Agonist and antagonist profiling of each compound from the library in selective luciferase reporter assays for select nuclear receptors1. 

Table S1.  Agonist properties of the compound library 

Compounda 
Agonist activities of compounds at 1 μM (%)b 

ERα ERβ AR PR GR MR ERRγ FXR LXRα LXRβ PPARα PPARβ PPARγ VDR RARα RARγ RXRα RXRβ RXRγ controlc 

BE120 66.5 100.0 -0.3 -0.8 0.3 -0.4 1.2 -0.7 -3.8 -2.1 8.9 -6.7 -9.4 -0.1 -3.4 -3.7 -9.6 7.3 11.5 0.9 

3b 59.8 95.2 -0.3 -0.7 0.3 0.2 5.1 -0.4 -2.6 -1.5 -2.0 6.2 -3.5 -0.5 -0.5 -7.0 1.4 -3.8 -5.1 0.9 

3c 67.6 70.1 -0.3 -0.7 1.1 -0.2 17.6 -1.0 -0.9 -0.5 18.4 -1.0 -14.5 -0.3 -1.9 -7.0 6.9 6.3 15.4 1.0 

3d 56.6 85.3 -0.3 -0.8 0.6 1.4 4.4 -1.1 -1.5 -1.7 1.0 -2.4 -11.3 -0.4 -1.4 -3.7 -11.0 4.0 -2.6 0.8 

3e 63.5 101.6 -0.3 -0.7 0.6 1.3 1.6 -0.5 -2.6 -1.7 0.1 -1.0 -6.7 -0.4 -0.5 -2.6 2.8 -0.3 10.3 0.9 

3f 65.6 72.6 -0.3 -0.6 0.2 0.5 5.9 0.2 -3.2 -1.7 5.3 1.9 -10.2 -0.4 -1.4 -0.4 -11.0 -3.8 3.8 1.2 

3g 63.8 86.4 -0.3 -0.7 2.2 1.1 21.0 -0.5 -2.1 -1.6 4.4 3.3 -3.2 -0.3 -1.0 -1.5 -15.1 2.8 1.3 0.9 

3h 60.5 87.3 0.2 -0.7 1.2 0.5 -1.6 -0.7 -2.1 -1.6 -12.4 10.5 -8.6 -0.4 -2.9 -0.4 -1.4 1.5 -10.3 1.1 

3i 60.9 85.8 -0.3 -0.7 0.7 2.5 9.8 -0.6 -2.1 -0.6 -3.9 -3.8 -1.9 -0.3 -1.0 -12.6 1.4 -1.9 1.3 0.9 

3j 17.2 94.1 0.2 -0.4 0.6 1.4 1.9 -0.6 -2.1 -0.7 -9.6 7.6 -7.5 -0.2 -1.9 -3.7 1.4 1.5 6.4 1.1 

3k 0.7 85.1 0.2 -0.7 1.1 0.2 10.3 -0.7 -2.1 0.0 2.8 -2.4 -11.6 -0.3 -1.4 -3.7 -1.4 2.2 1.3 1.0 

8 0.3 92.6 0.6 -0.7 1.6 1.3 7.5 -1.0 -0.4 -0.1 -5.4 -6.7 -7.5 -0.3 -2.4 -7.0 -5.5 4.8 -9.0 1.0 

7 0.4 103.1 0.6 -0.6 0.8 0.2 11.6 -0.5 -3.2 -0.6 -0.2 -1.0 -1.9 -0.3 -1.0 -0.4 1.4 6.9 15.4 0.9 

9 0.3 62.7 0.6 -0.4 0.2 0.5 10.3 -1.0 -2.1 -0.9 5.3 1.9 -3.5 -0.2 -1.0 -2.6 -2.8 6.5 0.0 0.8 

3l 0.2 66.1 0.2 -0.7 1.6 0.9 7.6 -1.0 -2.6 -1.9 -5.1 7.6 -8.9 -0.5 -1.9 -1.5 0.0 -3.9 6.4 1.0 

3m 0.4 79.7 -0.3 -0.7 1.4 2.9 2.3 -0.5 -1.5 0.1 -3.5 -9.5 0.8 0.0 -1.4 -2.6 6.9 19.4 2.6 0.9 

3n 16.8 84.9 0.2 -0.6 1.5 0.9 7.3 -0.3 -2.1 0.2 6.2 7.6 0.0 -0.2 1.4 0.7 4.1 9.0 1.3 0.9 

3o 2.8 61.0 0.2 -0.6 1.8 1.4 11.2 -0.2 -2.6 -0.5 10.1 10.5 5.4 -0.1 1.4 -0.4 20.6 -3.4 21.8 1.0 

3p 0.5 73.1 0.6 -0.6 0.3 -0.4 1.5 -0.5 -2.1 -2.4 -10.9 -1.0 -5.9 -0.3 -1.9 -4.8 -9.6 2.7 2.6 0.9 

3q 0.3 92.4 -0.3 -0.6 0.3 1.4 9.4 -0.7 -0.9 -0.1 -8.4 -1.0 -6.2 -0.4 -1.0 -0.4 -5.5 13.2 14.1 1.1 

3r 8.2 42.4 0.6 -0.5 0.8 -1.1 2.8 -0.3 -2.1 -0.8 -3.2 1.9 -4.6 -0.7 0.5 -1.5 -8.3 9.4 6.4 1.0 

3s 0.4 13.2 -0.3 -0.6 0.7 0.0 1.2 -0.6 -2.1 -0.8 6.2 1.9 5.7 -0.6 -0.5 -3.7 -5.5 2.1 5.1 1.0 

3t 34.0 66.0 0.6 -0.5 1.5 0.4 7.4 -0.4 -2.1 -0.3 0.4 -2.4 -12.7 -0.1 0.5 -1.5 -11.0 12.0 9.0 1.0 

3u 0.0 58.0 1.1 -0.6 1.4 1.3 14.4 -0.3 -2.6 -1.0 7.7 1.9 0.5 -0.1 -0.5 -0.4 -1.4 8.0 -3.8 1.0 
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Compounda 
Agonist activities of compounds at 1 μM (%)b 

ERα ERβ AR PR GR MR ERRγ FXR LXRα LXRβ PPARα PPARβ PPARγ VDR RARα RARγ RXRα RXRβ RXRγ controlc 

3v 1.1 89.1 -0.3 -0.5 0.8 -0.5 7.5 -0.1 -0.9 -1.6 14.4 -1.0 -0.8 -0.3 -1.4 -0.4 -2.8 6.3 6.4 0.9 

3w 0.2 62.4 0.2 -0.6 2.2 2.1 46.1 -0.4 -2.1 -1.2 -3.5 10.5 3.8 0.0 0.5 0.7 0.0 -5.5 9.0 1.0 

3x 19.9 87.1 0.6 -0.6 2.3 1.4 30.8 -0.5 -1.5 -0.5 23.8 19.0 8.1 -0.2 0.0 -1.5 1.4 -2.7 -5.1 1.3 

28 0.2 0.0 -0.3 -0.6 0.3 0.0 2.0 -0.3 -1.5 -1.3 1.6 -6.7 -4.6 -0.4 -1.0 -2.6 -4.1 -1.0 -1.3 1.0 

2k 0.2 0.0 0.2 -0.5 0.7 0.5 0.7 -0.5 -2.6 -1.1 -2.6 -1.0 0.0 -0.2 -1.0 -0.4 -8.3 3.4 1.3 1.0 

31 0.1 71.9 -0.3 -0.5 0.4 0.0 5.6 -0.5 -2.1 -1.2 4.1 1.9 9.2 -0.4 -1.9 -1.5 5.5 -6.4 11.5 1.0 

Table S1. Agonist properties of novel carborane-based compound library in transactivation assays for nuclear receptors. aEach compound was tested in 
selective luciferase reporter assays for different nuclear receptors at 1 μM. Compounds were tested in quadruplicates and were incubated with reporter 
cells for 14h after which, luciferase activity was measured. bThe activity is expressed relative to maximal activity induced by reference compound or as 
a cfold induction compared to untreated cells for control assay using reporter alone.  
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Table S2.  Antagonist properties of the compound library 

Compounda 
Antagonist activities of compounds at 1 μM (%)b Cell 

viabilityc ERα ERβ AR PR GR MR ERRγ FXR LXRα LXRβ PPARα PPARβ PPARγ VDR RARα RARγ RXRα RXRβ RXRγ 

BE120 108.5 87.9 98.0 98.3 90.9 82.2 82.1 91.5 90.4 89.7 80.7 97.1 88.7 76.1 64.5 100.4 98.5 87.0 108.5 87.9 

3b 101.4 77.4 97.5 100.8 98.0 82.6 79.6 98.2 86.7 106.9 142.2 97.4 96.1 82.3 120.4 75.4 73.7 93.0 101.4 77.4 

3c 102.5 74.7 96.1 104.9 106.1 110.4 111.5 86.6 75.6 92.5 96.3 100.6 107.8 103.1 72.6 95.1 130.9 106.6 102.5 74.7 

3d 94.5 101.5 89.9 102.0 92.0 83.6 94.5 72.5 75.6 104.1 103.6 88.6 111.3 84.1 83.1 86.0 96.9 87.6 94.5 101.5 

3e 98.4 86.8 99.7 102.3 92.0 82.2 81.3 103.4 93.4 95.2 86.7 91.4 99.0 99.0 97.1 82.3 143.3 96.4 98.4 86.8 

3f 103.1 97.5 87.7 102.7 98.9 80.5 89.0 103.4 93.4 99.2 95.8 119.8 67.1 94.9 113.4 105.6 87.6 101.1 103.1 97.5 

3g 91.8 88.6 96.6 90.9 88.1 92.0 93.0 98.4 134.9 103.7 122.9 85.6 91.2 102.4 101.7 105.0 76.8 87.1 91.8 88.6 

3h 92.0 95.2 108.8 95.9 103.5 88.9 103.2 102.0 94.9 89.7 119.7 121.4 109.8 95.1 73.8 109.2 67.5 111.1 92.0 95.2 

3i 83.8 95.1 100.9 91.0 101.7 94.8 93.9 114.0 103.8 111.6 176.1 90.5 121.6 75.3 118.1 110.0 138.7 89.8 83.8 95.1 

3j 94.0 99.8 101.9 97.1 92.0 111.8 95.7 105.2 90.4 100.5 131.6 97.8 89.7 110.7 83.1 98.3 104.6 99.2 94.0 99.8 

3k 107.8 89.7 86.9 91.5 115.3 93.1 92.8 103.2 98.6 91.3 119.2 133.0 97.0 95.2 85.4 171.1 115.5 93.3 107.8 89.7 

8 81.5 102.3 102.9 85.0 106.7 99.4 108.7 85.0 106.7 97.7 87.6 84.2 90.7 79.8 88.9 113.4 70.6 93.5 81.5 102.3 

7 92.1 114.9 94.5 92.0 102.8 96.9 82.4 98.2 91.9 92.9 102.7 98.4 116.2 93.4 75.0 116.3 132.5 97.0 92.1 114.9 

9 94.0 103.1 95.6 89.7 95.1 81.5 85.0 87.1 97.8 120.6 117.4 107.2 111.3 174.7 95.9 106.0 101.5 94.0 94.0 103.1 

3l 92.5 101.2 85.7 98.1 94.5 85.2 98.2 90.5 84.5 105.1 127.5 121.1 120.6 153.4 102.9 94.5 89.2 100.9 92.5 101.2 

3m 100.3 99.6 117.4 102.6 114.9 128.6 101.9 90.3 96.4 95.7 141.2 112.3 102.4 115.7 98.3 123.0 130.9 89.6 100.3 99.6 

3n 90.7 120.4 113.2 100.1 116.2 116.7 99.1 101.3 99.3 106.3 110.5 83.2 157.4 88.6 108.7 125.5 129.4 79.6 90.7 120.4 

3o 83.5 111.6 108.8 127.2 116.5 120.4 126.6 119.1 134.9 109.1 157.8 99.0 126.0 104.9 91.3 117.9 134.0 93.6 83.5 111.6 

3p 94.7 96.5 94.6 92.2 89.3 111.3 84.6 74.5 103.8 98.2 88.0 112.6 138.3 100.5 85.4 104.7 90.7 92.6 94.7 96.5 

3q 102.7 98.0 108.1 93.9 109.2 97.8 106.5 86.7 91.2 104.3 119.7 90.2 67.1 86.2 75.0 106.9 117.0 107.4 102.7 98.0 

3r 112.8 99.5 96.1 98.3 101.8 78.7 94.9 104.8 110.4 109.0 181.6 98.1 84.8 89.7 90.1 108.9 98.5 104.9 112.8 99.5 

3s 95.4 102.0 94.3 110.1 105.7 103.4 108.2 93.8 123.8 98.5 138.0 101.8 84.3 77.0 127.4 124.3 120.1 107.6 95.4 102.0 

3t 96.8 106.1 117.2 106.4 101.4 122.5 103.8 102.5 96.4 110.5 147.2 84.5 100.0 74.3 62.1 140.9 107.7 103.8 96.8 106.1 

3u 82.1 108.4 97.8 112.7 109.6 118.8 119.7 115.7 103.8 100.0 109.6 76.1 108.3 91.1 90.1 113.0 69.1 111.1 82.1 108.4 

3v 78.9 99.6 107.4 95.5 105.7 100.3 112.9 100.1 120.8 104.5 128.4 93.1 112.8 105.9 128.5 90.0 107.7 109.2 78.9 99.6 

3w 72.1 98.5 108.1 105.5 113.7 128.6 126.6 76.1 96.4 109.4 105.5 84.5 139.3 106.3 127.4 111.0 72.2 103.9 72.1 98.5 
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Compounda 
Antagonist activities of compounds at 1 μM (%)b Cell 

viabilityc ERα ERβ AR PR GR MR ERRγ FXR LXRα LXRβ PPARα PPARβ PPARγ VDR RARα RARγ RXRα RXRβ RXRγ 

3x 74.5 101.9 118.6 119.2 143.5 108.3 143.3 115.9 85.2 96.0 129.3 101.6 112.3 106.1 105.2 103.0 96.9 106.3 74.5 101.9 

28 104.6 98.7 87.9 106.4 93.9 101.7 102.1 99.9 88.9 102.1 133.4 115.9 103.4 99.5 104.1 98.6 n.d. 96.6 104.6 98.7 

2k 109.1 92.9 89.9 104.5 95.9 96.6 93.8 100.1 99.3 109.3 144.5 127.8 72.0 156.4 100.6 135.2 93.8 111.9 109.1 92.9 

31 97.5 108.1 92.6 100.5 96.4 110.8 97.7 93.1 116.4 92.8 135.3 105.2 101.5 51.8 134.4 116.1 144.8 104.3 97.5 108.1 

Table S2. Antagonist properties of novel carborane-based compound library in transactivation assays for nuclear receptors. aEach compound was tested 
in selective luciferase reporter assays for different nuclear receptors at 1 μM. Compounds were tested in quadruplicates and were incubated with reporter 
cells for 30 min after which an agonist specific for the reporter assay was added and cells were incubated for further 14h. Then, luciferase activity was 
measured. bThe activity is expressed relative to the activity induced by specific agonist alone set as 100%. cCell viability in U2OS cells was used as a 
control experiment for the antagonistic activities and is expressed in scale of 0-100% relative to DMSO-treated cells. 
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Table S3. Cell-based luciferase reporter assays for nuclear receptors 

Nuclear 
Receptora 

Assayb Cell line Reference agonist 
Reference agonist concentration 

Maximal activityc Antagonist moded 

ERα fl-ERα/3xERE HEK-293 17β-estradiol 100 nM 10 nM 

ERβ fl-ERβ/3xERE HEK-293 17β-estradiol 100 nM 10 nM 

AR fl-AR/MMTV U2OS Dihydrotestosterone 100 nM 10 nM 

PR-B fl-PR-B/MMTV U2OS Progesterone 100 nM 25 nM 

GR fl-GR/MMTV U2OS Dexamethasone 1 µM 25 nM 

MR fl-MR MMTV U2OS Aldosterone 100 nM 10 nM 

ERRγ ERRγ-LBD/UAS U2OS GSK4716 50 µM 10 µM 

FXR FXR-LBD/UAS U2OS GW4064 1 µM 5 µM 

LXRα LXRα-LBD/UAS U2OS T0901317 1 µM 500 nM 

LXRβ LXRβ-LBD/UAS U2OS T0901317 5 µM 1 µM 

PPARα PPARα-LBD/UAS U2OS GW7647 100 nM 5 nM 

PPARβ/δ PPARβ/δ-LBD/UAS U2OS GW0742 100 nM 5 nM 

PPARγ PPARγ-LBD/UAS U2OS Rosiglitazone 1 µM 100 nM 

VDR VDR-LBD/UAS U2OS Calcitriol 100 nM 50 nM 

RARα RARα-LBD/UAS U2OS ATRA 100 nM 10 nM 

RARγ RARγ-LBD/UAS U2OS ATRA 100 nM 10 nM 

RXRα RXRα-LBD/UAS U2OS ATRA 100 nM 100 nM 

RXRβ RXRβ-LBD/UAS U2OS ATRA 10 nM 10 nM 

RXRγ RXRγ-LBD/UAS U2OS ATRA 100 nM 100 nM 

Table S3. Cell-based luciferase reporter assays for nuclear receptors. aReporter cell-based assays selective 
for different nuclear receptors. bReporter assays for individual steroid receptors rely on the expression of 
full-length (fl) steroid receptors recognizing either synthetic estrogen response elements in the promoter of 
the reporter vector (ERα and ERβ), or response elements occurring in the LTR sequences from the MMTV 
virus (AR, PR, GR, MR). Reporter assays for remaining nuclear receptors are based on chimeric NRs 
created by replacement of the N-terminally located DNA binding domain (DBD) by a DBD from the yeast 
transcription factor Gal4. The chimeric Gal4-DBD/NR-LBD (LBD stands for ligand binding domain) binds 
to multiple upstream activating sequences (UAS) in the promoter of the reporter construct controlling the 
expression of the firefly luciferase from the pGL4.35 reporter vector (Promega, USA). cReference agonist 
was used at the specified concentration to determine 100% reporter activity for the specific assay. 
Compound activities were then normalized relative to this value. dConcentration of the reference compound 
used for the competition with test compounds in the antagonist mode. 
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2. Inhibition of cytochrome P450 isoforms 

Enzyme activities of individual CYP forms were measured according to established protocols. The 
following microsomal CYP activities were tested: CYP1A2, 7-ethoxyresorufin O-deethylation2; CYP2A6, 
coumarin 7-hydroxylation3; CYP2B6, 7-ethoxy-4-(trifluoromethyl)coumarin 7-deethylation4; CYP2C8, 

paclitaxel 6-hydroxylation5; CYP2C9, diclofenac 4´-hydroxylation6; CYP2C19, mephenytoin 4´-
hydroxylation7; CYP2D6, bufuralol 1´-hydroxylation8; CYP2E1, chlorzoxazone 6-hydroxylation9, and 
CYP3A4, midazolam 1´-hydroxylation10,11.  

Incubation mixtures contained 100 mM potassium phosphate buffer (pH 7.4), NADPH-generating system 
(0.8 mM NADP+, 5.8 mM isocitrate, 0.3 unit/ml of isocitrate dehydrogenase, and 8 mM MgCl2), human 
liver microsomes and individual probe substrate. Compounds tested were dissolved in DMSO to a 
concentration 200 mM and then were diluted in the same phosphate buffer. Concentrations of the tested 

compounds in the experiments ranged from 0.01 to 100 M. Assay conditions are listed in Table S4. The 
concentrations of probe substrates for individual CYP forms were chosen in the range of the respective Km 
determined separately as described [1-10] for each CYP enzyme and for its respective substrate.  

Activities were measured using HPLC Prominence system (Shimadzu; Kyoto, Japan) with a 
UV/fluorescence detection. Data were analyzed using Sigma Plot v.12.0 graphing software (Jandel 
Scientific, Chicago, IL, USA). 

Table S4. Details of the CYP450 enzymatic assay conditions. 

CYP450 
isoform 

Substrate 
Substrate 
conc. (µM) 

CYP/volume 
(pmol/µl) 

Quench agent 
Incubation 
time (min) 

CYP1A2 7-ethoxyresorufin 2.5 25/100 0.2 ml Methanol 15 

CYP2A6 Coumarin  15 35/100 0.2 ml Methanol 15 

CYP2B6 
7-ethoxy-4-
(trifluoromethyl)coumarin 

15 35/100 0.2 ml Methanol 15 

CYP2C8 Paclitaxel 45 70/200 0.05 ml Acetonitrile 15 

CYP2C9 Diclofenac 15 35/200 
0.05 ml 94% Acetonitrile, 6% 
acetic acid 

30 

CYP2C19 S-mephenytoin 25 50/200 0.02 ml Hydrochloric acid 30 

CYP2D6 Bufuralol  20 70/200 0.02 ml 70% Perchloric acid 30 

CYP2E1 Chlorzoxazone 25 160/1000 0.05 ml 42.5% Phosphoric acid 30 

CYP3A4 Midazolam 2.5 15/100    0.1 ml Methanol 10 
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4. NMR spectra, MS spectra, HPLC chromatograms of target compounds 
 

 

 
1H NMR of Compound (RS)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 
13C NMR of Compound (RS)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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MS of Compound (RS)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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Chiral HPLC of Compound (RS)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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Characterization Data for Target WT Compounds 

 

 
1H NMR of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 

 

 
13C NMR of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 
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MS of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 
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HPLC of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 
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1H NMR of Compound 1-(4-hydroxyphenyl)-12-ethyl-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-hydroxyphenyl)-12-ethyl-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-hydroxyphenyl)-12-ethyl-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-hydroxyphenyl)-12-ethyl-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]ethan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]ethan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]ethan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]ethan-1-ol 
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1H NMR of Compound 1-(4-hydroxyphenyl)-12-propyl-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-hydroxyphenyl)-12-propyl-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-hydroxyphenyl)-12-propyl-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-hydroxyphenyl)-12-propyl-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypropyl)-1,12-dicarba-closo-dodecaborane

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypropyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypropyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypropyl)-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-butyl-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-butyl-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-butyl-1,12-dicarba-closo-dodecaborane 

  



S30 
 

 

 
 

 
HPLC of Compound 1-(4-Hydroxyphenyl)-12-butyl-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxybutyl)-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxybutyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxybutyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxybutyl)-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-hydroxyphenyl)-12-pentyl-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-hydroxyphenyl)-12-pentyl-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-hydroxyphenyl)-12-pentyl-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-hydroxyphenyl)-12-pentyl-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypentyl)-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypentyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypentyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxypentyl)-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-heptyl-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-heptyl-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-heptyl-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-heptyl-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxyheptyl)-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxyheptyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxyheptyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-(1-hydroxyheptyl)-1,12-dicarba-closo-dodecaborane 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S46 
 

 

 
1H NMR of Compound 1-(4-Hydroxyphenyl)-12-decyl-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-decyl-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-decyl-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-decyl-1,12-dicarba-closo-dodecaborane 

 
 
 
 
 
 
 
 
 

  



S49 
 

 

 

 
1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]decan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]decan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]decan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]decan-1-ol 
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1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-methylpentan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-methylpentan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-methylpentan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-methylpentan-1-ol 
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1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl] ]-5-methylhexan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl] ]-5-methylhexan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl] ]-5-methylhexan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl] ]-5-methylhexan-1-ol 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(6-methylheptyl)-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(6-methylheptyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(6-methylheptyl)-1,12-dicarba-closo-dodecaborane 

C:\Xcalibur\data\7t-Pos_151001152145 10/1/2015 3:21:45 PM

344 346 348 350 352
m/z

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

347.33761
R=144979

z=1

348.33386
R=146306

z=1

346.34110
R=143072

z=1

349.32975
R=146253

z=1345.34431
R=149747

z=1

344.34793
R=119086

z=1

350.33265
R=99184

z=1

347.33726

348.33363

346.34089

349.33000

345.34452

344.34815
350.33335

343.35179

NL:
4.84E5
7t-
Pos_151001152145#4-
23  RT: 0.07-0.59  AV: 
20 T: FTMS - p ESI 
Full ms 
[100.00-2000.00] 

NL:
2.53E5

C 16 H 31 B 10 O: 
C 16 H 31 B 10 O 1
pa Chrg 1



S60 
 

 

 
HPLC of Compound 1-(4-Hydroxyphenyl)-12-(6-methylheptyl)-1,12-dicarba-closo-dodecaborane 

 
 
 
 
 
 
 
 
 

  

Minutes

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

m
A

U

0

25

50

75

100

125

150

175

200

225

250

275

300

m
A

U

0

25

50

75

100

125

150

175

200

225

250

275

300
DAD-254 nm
7t_tjarks



S61 
 

 

 

 
1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-6-methylheptan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-6-methylheptan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-6-methylheptan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-6-methylheptan-1-ol 
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1H NMR of Compound (RS)-(2,3-dihydro-1H-inden-5-yl)-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 

 

 
13C NMR of Compound (RS)-(2,3-dihydro-1H-inden-5-yl)-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 
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MS of Compound (RS)-(2,3-dihydro-1H-inden-5-yl)-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 
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HPLC of Compound (RS)-(2,3-dihydro-1H-inden-5-yl)-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]methanol 
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1H NMR of Compound 1-(4-hydroxyphenyl)-12-(3-phenylpropyl)-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-hydroxyphenyl)-12-(3-phenylpropyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-hydroxyphenyl)-12-(3-phenylpropyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-hydroxyphenyl)-12-(3-phenylpropyl)-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-3-phenylpropan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-3-phenylpropan-1-ol 



S71 
 

 
 

 
MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-3-phenylpropan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-3-phenylpropan-1-ol 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(4-phenylbutyl)-1,12-dicarba-closo-dodecaborane 

 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(4-phenylbutyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(4-phenylbutyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-(4-phenylbutyl)-1,12-dicarba-closo-dodecaborane 
 
 
 
 
  



S76 
 

 

 
1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-phenylbutan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-phenylbutan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-phenylbutan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-4-phenylbutan-1-ol 
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1H NMR of Compound 1-(4-Hydroxyphenyl)-12-(5-phenylpentyl)-1,12-dicarba-closo-dodecaborane 
 

 
13C NMR of Compound 1-(4-Hydroxyphenyl)-12-(5-phenylpentyl)-1,12-dicarba-closo-dodecaborane 
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MS of Compound 1-(4-Hydroxyphenyl)-12-(5-phenylpentyl)-1,12-dicarba-closo-dodecaborane 
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HPLC of Compound 1-(4-Hydroxyphenyl)-12-(5-phenylpentyl)-1,12-dicarba-closo-dodecaborane 
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1H NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-5-phenylpentan-1-ol 

 

 
13C NMR of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-5-phenylpentan-1-ol 
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MS of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-5-phenylpentan-1-ol 
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HPLC of Compound (RS)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]-5-phenylpentan-1-ol 
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1H NMR of Compound (S)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 
13C NMR of Compound (S)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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MS of Compound (S)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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HPLC of Compound (S)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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Chiral HPLC of Compound (S)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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1H NMR of Compound (R)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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13C NMR of Compound (R)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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MS of Compound (R)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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HPLC of Compound (R)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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Chiral HPLC of Compound (R)-1-[1-(4-methoxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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1H NMR of Compound (S)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 

 
13C NMR of Compound (S)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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MS of Compound (S)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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HPLC of Compound (S)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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1H NMR of Compound (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 

 
13C NMR of Compound (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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MS of Compound (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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R=139565
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R=139528

348.32016
R=139534

351.30926
R=139520

347.32379
R=139572

346.32742
R=139524 352.31267

R=138710344.33468
R=139520

NL:
6.60E4
12t#69  RT: 1.86  AV: 1 T: 
FTMS - p ESI Full ms 
[100.00-2000.00] 

NL:
5.98E3

C 15 B 10 H 29 O 2: 
C 15 B 10 H 29 O 2
p (gss, s /p:40) Chrg 1
R: 139701 Res .Pwr . @FWHM
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HPLC of Compound (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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A portion of (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol (8) was purified by 
chiral SFC using the conditions outlined below (ChiralPak AD column with IPA / CO2 as eluting solvents) to afford a 
sample of (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol (8) that was 99.9%ee. 

 
 

 
 

 
 

Chiral SFC of Compound (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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The absolute configuration of (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol (8) was 
determined by HNMR analysis of both the bis-(R)-Mosher ester and bis-(S)-Mosher ester of (R)-1-[1-(4-
hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol (8).  Synthesis of the bis-(R)-Mosher ester and 
bis-(S)-Mosher ester of (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol (8) were 
synthesized using the procedure below for the bis-(S)-Mosher ester: 
 
In a 1.5 dram vial equipped with a stir bar, (R)-1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-
yl]heptan-1-ol (8) (20.0 mg, 57.1 µmol), Pyridine-d5 (48.9 µL, 10 eq., 571 µmol), and DMAP (6.97 mg, 57.1 µmol) 
were dissolved in CDCl3 (1.00 mL), and (R)-(-)-MTPA-Cl (74.1 µL, 6.9 eq., 396 µmol) was added thereto and stirred 
for 3 days at RT. Aliquots were removed periodically to monitor the reaction progress by 1H NMR. 
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1H NMR of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-one 
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13C NMR of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-one 
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MS of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-one 
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R=151142

NL:
6.98E5
5t#79-92  RT: 2.14-2.50  AV: 
14 T: FTMS - p ESI Full ms 
[100.00-2000.00] 

NL:
5.98E3

C 15 B 10 H 27 O 2: 
C 15 B 10 H 27 O 2
p (gss, s /p:40) Chrg 1
R: 151284 Res .Pwr . @FWHM
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HPLC of Compound 1-[1-(4-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-one 

 
 
 
 
 
 
 
 
 
 
 
 

Minutes

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

m
A

U

0

100

200

300

400

500

600

700

800

900

1000

1100

m
A

U

0

100

200

300

400

500

600

700

800

900

1000

1100
DAD-254 nm
5tb_tjarks



S108 
 

1H NMR of Compound 11 
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1H NMR of Compound 12 
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1H NMR of Compound 13 
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1H NMR of Compound 15 
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1H NMR of Compound 16 
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1H NMR of Compound 17 
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1H NMR of Compound 19 
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1H NMR of Compound 20 
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1H NMR of Compound 21 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S117 
 

1H NMR of Compound 22 
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1H NMR of Compound 23 
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1H NMR of Compound 24 
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1H NMR of Compound 25 
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1H NMR of Compound 26 
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1H NMR of Compound 1-[1-(phenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 
13CNMR of Compound 1-[1-(phenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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MS of Compound 1-[1-(phenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 

Sample V‐WTB5, by Electron Impact Ionization: 
 
 
Werner Tjarks     V-WTB5        EI 70 ev

m/z
330 331 332 333 334 335 336 337 338

%

0

100

%

0

100

V-WTB5_EI_12-20-16_HR2  (0.019) Is (1.00,1.00) C15H30B10O Voltage EI+ 
2.84e12334.3307

333.3341

332.3376

331.3411

335.3276

336.3252

337.3276

V-WTB5_EI_12-20-16_HR2  80 (1.469) Cn (Cen,8, 10.00, Ht); Sm (SG, 2x8.00); Cm (80:120) Voltage EI+ 
74.5330.9787

330.3119

329.9808

334.3302

333.3304

332.3301

331.3273
331.9812

332.9935

335.3275

334.9718

336.3235

335.9816

337.3275

336.9809 338.3132
338.9614

Predicted isotope  

pattern 

PFK ref. mass 

Observed spectrum 
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HPLC of Compound 1-[1-(phenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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1HNMR of Compound 1-[1-(3-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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13CNMR of Compound 1-[1-(3-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
 

 

 
MS of Compound 1-[1-(3-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 
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348.32016
R=117545

351.30926
R=117565
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R=117545

346.32742
R=117537 352.31271

R=116290

NL:
5.17E5
19t#83-90  RT: 2.25-2.44  AV: 
8 T: FTMS - p ESI Full ms 
[100.00-2000.00] 

NL:
5.98E3

C 15 B 10 H 29 O 2: 
C 15 B 10 H 29 O 2
p (gss, s /p:40) Chrg 1
R: 117678 Res .Pwr . @FWHM
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HPLC of Compound 1-[1-(3-hydroxyphenyl)-1,12-dicarba-closo-dodecaborane-12-yl]heptan-1-ol 

 
 

 
 
 


