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SUPPLEMENTARY FIGURES 

 

Figure S1. Oxygen dependent reduction and fragmentation of HAPs of panobinostat, related to 

figure 2. A. H3 and b-actin blots corresponding to the H3K18Ac shown in figure 2A. B. panobinostat 
(10 µM), C. NB-Pano (10 µM), D. NBPano at 92 pmol CYP004, E. NT-Pano (10 µM) and F. NQ-Pano (10 
µM) were incubated with 9.2 pmol/mL of bactosomal NADPH-CYP reductase (CYP004) in normoxic 
(21% O2) or hypoxic (<0.1% O2) conditions for 0-24 h and analyzed using LCMS. G. OE21 cells were 
treated with NI-Pano (10 µM) in either normoxia or hypoxia (<0.1% O2) for the indicated times and the 
reduction of NI-Pano to Pano was determined by LCMS. H. OE21 cells were treated with NI-Pano (10 
µM) for 6 h at different oxygen concentrations and analyzed by LCMS. Data are mean ± SD, n=3, except 
B where n=2. 
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Figure S2. NI-pano decreases cancer cell survival in hypoxia, related to figure 3. A. Additional loading 
control for western blots shown in Fig. 2A. B. HCT116 cells were treated with NI-pano (0-7 µM) for 24 
h at the oxygen concentration shown. NI-Pano was removed and cells allowed to form colonies in 
normoxic conditions. Representative images from figure 3D are shown. C, D. OE21 cells were treated 
with 0, 2, 4, 6, 8 or 10 µM of NI-Pano for 24 or 48 hours and exposed to <0.1% O2. Percentage cell 
viability was assessed using MTT assay. E. OE21 cells were treated with indicated concentrations of 
NI-Pano and exposed to normoxia or hypoxia (<0.1% O2) for 24 hours. Samples were probed for the 
phosphorylation of H3Ser10, total H3 and b-actin. 
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Figure S3. IOD treatment is not toxic, related to figure 2. A. A scheme showing the bioreductions of 
IOD and NI-Pano, which both result in the production of the same quinone-methide-like by-product. 
B. OE21 cells were treated with 10 µM of IOD and exposed to <0.1% O2 for 16 hours. DAPI (DNA 
binding) was used to visualize the nucleus. Cells were fixed and imaged on a Zeiss LSM 780 confocal 
microscope. Images were taken at 63x magnification. Scale bar represents 20 µm. C. OE21 cells were 
treated with indicated concentrations of IOD for 24 hours and exposed to either 21% O2 (blue) or 
<0.1% O2 (red). Cell viability was measured using an MTT assay. 21% O2 and <0.1% O2 data are 
normalized to the respective 0 µM controls. D. OE21 cells were treated with indicated concentrations 
of IOD for 72 hours and exposed to either 21% O2 or <0.1% O2. Cell viability was measured using an 
MTT assay. 21% O2 and <0.1% O2 data are normalized to the respective 0 µM controls. 
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Figure S4. NI-Pano is reduced in cancer cell spheroids, related to figure 4. A. HCT116 cell spheroids 
were treated with NI-Pano (10 μM) for the times indicated and the reduction of NI-Pano to Pano was 
determined by HPLC. At least 24 spheroids were analyzed per treatment condition. Data are mean ± 
SD, n=3. B. Western blotting was carried out on the spheroid samples described in Fig. 4D using the 
antibodies indicated. 
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Figure S5. In vivo testing of NI-Pano, related to figure 5. A. OE21 xenograft tumors were stained with 
anti-pimonidazole antibody (PIMO) to visualize hypoxic regions and counterstained with hematoxylin 
and eosin (H&E). Anti-mouse secondary antibody alone was used as a negative control (CTRL). B. OE21 
cells were treated with Pano-acid (0-2.5 μM) for 24 h at the oxygen concentrations shown. The Pano-
acid was removed (media change) and cells allowed to form colonies in normoxic conditions. C. OE21 
cells were treated with indicated doses of Pano-acid for 6 hours under normoxic conditions. Cells were 
collected and resulting supernatant analyzed by HPLC D. Plasma from healthy rats or E. human plasma 
from healthy donors was incubated with NI-Pano (20 µM) for indicated times and analyzed by LCMS. 
Data are mean ± SD, n=3. 
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Figure S6. NI-Pano inhibits growth of OE21 xenografts, related to figure 5. Tumor volume over time 
in CD-1 nude mice administered with three doses of either vehicle (n=6) or 50 mg/kg NI-Pano (n=7). 
Arrows indicate days of treatment (days 1, 3 and 5). Results are mean ± SD.  
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SUPPLEMENTARY SCHEMES 
Scheme S1. General Synthesis of Panobinostat (2), related to figure 1  
 

 
 
Reagents and conditions: (a) PhNHNH2, EtOH, 80 °C, 18 h, 79-89%, n=4; (b) Methyl acrylate, Pd(OAc)2, 
KOAc, DMF, 110 C, 24 h, 94-99%, n=5; (c) ClCH2CH2Cl, AcOH, 3 Å molecular sieves, rt, 1 h then 
NaBH(OAc)3, rt, 18 h, 52-86%, n=6; (d) KOH, HONH2·HCl, MeOH, rt, 20 h, 63%. 
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Scheme S2: Synthesis the bioreductive group precursors S7, S10, S14, S17, related to scheme 1. 
 

 
 
 
 

Reagents and conditions: (A) (a) N-Hydroxyphthalimide, DIPEA, DMF, 0 °C to rt, 2 h, 76–84%, n=2; (b) 
N2H4·H2O, CH2Cl2, rt, 2 h, 72–95%, n=4. (B) (c) (i) NaBH4, MeOH, 0 °C to rt, 2 h, 79–99%, n=4; (ii) PBr3, 
CH2Cl2, 0 °C to rt, 5 h, 24–48%, n=4; (d) (i) N-Hydroxyphthalimide, DIPEA, DMF, 0 °C to rt, 2 h, 47–63%, 
n=2, (ii) N2H4·H2O, CH2Cl2, rt 2 h, 46%, n=1. (C) (e) CuI, NaNO2, HI (57% aq.), DMSO, 60 °C, 0.5 h, 31–
60%, n=2; (f) (i) PhMgCl, THF, −40 °C, 10 min then (CH2O)n, −40 °C to 40 °C, 18 h, 42–86%, n=4; (ii) HBr 
(48% aq.), 75 °C, 18 h, 77–99%, n=2; (g) (i) N-Hydroxyphthalimide, DIPEA, DMF, 0 °C to rt, 2 h, 88%, 
n=1; (ii) N2H4·H2O, CH2Cl2, rt 2 h, 92%, n=1. (D) (h) (i) NaH, EtOCHO, THF, EtOH, 0 °C to rt, 18 h; (ii) HCl 
(37% aq.), EtOH, rt, 2 h; (iii) NCNH2, EtOH, H2O, 100 °C, 2 h, 41–79% (over 3 steps), n=5; (j) (i) NaNO2, 
AcOH, H2O, 0 °C to rt, 4 h, 57–81%, n=5; (ii) NaBH4, EtOH, THF, 0 °C, 3 h, 70–80%, n=5; (iii) CH3SO2Cl, 
pyridine, 0 °C to rt, 3 h, 54–67%, n=5. 
 
 
 
 
 
 
Scheme S3. Synthesis of Pano-acid (S18), related to figure 5 
 

 
 
Reagents and conditions: (a) TFA, TIPS-H, CH2Cl2, rt, 65 min, 78%. 
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Methyl (E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoate (3) 
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Methyl (E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoate (3) 
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Panobinostat (Pano, 2) 
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Panobinostat (Pano, 2) 
 

 



 S14 

(5-Nitrothiophen-2-yl)methyl bromide (S9) 
 

 



 S15 

(5-Nitrothiophen-2-yl)methyl bromide (S9) 
 

 



 S16 

(5-Nitrothiophen-2-yl)methyl bromide (S9) 
 

 



 S17 

N-Phthalimido-O-(5-nitrothiophen-2-yl)-hydroxylamine 
 

 



 S18 

N-Phthalimido-O-(5-nitrothiophen-2-yl)-hydroxylamine 
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O-(5-Nitrothiophen-2-yl)-hydroxylamine (S10) 
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O-(5-Nitrothiophen-2-yl)-hydroxylamine (S10) 
 

 



 S21 

N-Phthalimido-O-(6-nitroquinolin-5-yl)-hydroxylamine 
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N-Phthalimido-O-(6-nitroquinolin-5-yl)-hydroxylamine 

 



 S23 

O-(6-Nitroquinolin-5-yl)-hydroxylamine (S14) 
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O-(6-Nitroquinolin-5-yl)-hydroxylamine (S14) 
 

 



 S25 

Methyl (E)-3-(4-{[tert-butyloxycarbonyl-(2-{1-[tert-butyloxycarbonyl]-2-methyl-1H-indol-3-yl}ethyl)amino]methyl}phenyl)prop-2-enoate (4) 
 

 



 S26 

Methyl (E)-3-(4-{[tert-butyloxycarbonyl-(2-{1-[tert-butyloxycarbonyl]-2-methyl-1H-indol-3-yl}ethyl)amino]methyl}phenyl)prop-2-enoate (4) 
 

 



 S27 

(E)-3-(4-{[tert-Butyloxycarbonyl-(2-{1-[tert-butyloxycarbonyl]-2-methyl-1H-indol-3-yl}ethyl)amino]methyl}phenyl)prop-2-enoic acid (5) 
 

 



 S28 

(E)-3-(4-{[tert-Butyloxycarbonyl-(2-{1-[tert-butyloxycarbonyl]-2-methyl-1H-indol-3-yl}ethyl)amino]methyl}phenyl)prop-2-enoic acid (5) 
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N,N-Di-Boc-O-benzyl-Panobinostat (6) 
 

 



 S30 

N,N-DiBoc-O-benzyl-Panobinostat (6) 
 

 



 S31 

N,N-Di-Boc-O-benzyl-Panobinostat (6) 
 

 



 S32 

N,N-Di-Boc-O-(4-nitrobenzyl)-Panobinostat (7) 
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N,N-Di-Boc-O-(4-nitrobenzyl)-Panobinostat (7) 
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N,N-Di-Boc-O-(4-nitrobenzyl)-Panobinostat (7) 
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N,N-Di-Boc-O-(4-nitrobenzyl)-Panobinostat (7) 
 

 



 S36 

N,N-Di-Boc-O-(2-nitrothiophen-5-yl)methyl)-Panobinostat (8) 
 

 



 S37 

N,N-Di-Boc-O-(6-nitroquinolin-5-yl)methyl)-Panobinostat (9) 
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N,N-Di-Boc-O-((6-nitroquinolin-5-yl)methyl)-Panobinostat (9) 
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N,N-Di-Boc-O-(6-nitroquinolin-5-yl)methyl)-Panobinostat (9) 
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N,N-Di-Boc-O-((6-nitroquinolin-5-yl)methyl)-Panobinostat (9) 
 

 



 S41 

N,N-Di-Boc-O-(1-methyl-2-nitroimidazol-5-yl)methyl)-panobinostat 
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N,N-Di-Boc-O-((1-methyl-2-nitroimidazol-5-yl)methyl)-panobinostat 
 

 



 S43 

N,N-Di-Boc-O-((1-methyl-2-nitroimidazol-5-yl)methyl)-panobinostat 
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N,N-Di-Boc-O-((1-methyl-2-nitroimidazol-5-yl)methyl)-panobinostat 
 

 



 S45 

O-Benzyl-Panobinostat (Bn-Pano, 10) 
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O-Benzyl-Panobinostat (Bn-Pano, 10) 
 

 



 S47 

O-Benzyl-Panobinostat (Bn-Pano, 10) 
 

 



 S48 

O-(4-Nitrobenzyl)-panobinostat trifluoroacetate (NB-Pano, 11) 
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O-(4-Nitrobenzyl)-panobinostat trifluoroacetate (NB-Pano, 11) 
 

 



 S50 

O-(5-Nitrothiophen-2-yl)methyl))-panobinostat trifluoroacetate (NT-Pano, 12) 
 

 
 



 S51 

O-(5-Nitrothiophen-2-yl)methyl))-panobinostat trifluoroacetate (NT-Pano, 12) 
 

 



 S52 

O-(5-Nitrothiophen-2-yl)methyl))-panobinostat trifluoroacetate (NT-Pano, 12) 
 

 



 S53 

O-(6-Nitroquinolin-5-yl)methyl))-panobinostat di-trifluoroacetate (NQ-Pano, 13) 
 

 



 S54 

O-(6-Nitroquinolin-5-yl)methyl))-panobinostat di-trifluoroacetate (NQ-Pano, 13) 
 

 



 S55 

N,N-Di-Boc-Panobinostat (14) 
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N,N-Di-Boc-Panobinostat (14) 
 

 



 S57 

N,N-Di-Boc-Panobinostat (14)  
 

 



 S58 

O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
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O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
 

 



 S60 

O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
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O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
 

 



 S62 

O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
 

 



 S63 

(E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoic acid trifluoroacetate (S18) 
 

 
 



 S64 

(E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoic acid trifluoroacetate (S18) 
 

 



 S65 

(E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoic acid trifluoroacetate (S18) 
 

 
 



 S66 

4-((1-Methyl-2-nitro-1H-imidazol-5-yl)methoxy)benzaldehyde 
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4-((1-Methyl-2-nitro-1H-imidazol-5-yl)methoxy)benzaldehyde 
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 S68 

(E)-2-(2-(4-((1-Methyl-2-nitro-1H-imidazol-5-yl)methoxy)styryl)-4H-chromen-4-ylidene)malononitrile 
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 S69 

(E)-2-(2-(4-((1-Methyl-2-nitro-1H-imidazol-5-yl)methoxy)styryl)-4H-chromen-4-ylidene)malononitrile 
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Methyl (E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoate (3) 
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Panobinostat (2) 
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 72 

(5-Nitrothiophen-2-yl)methyl bromide (S9) 

 
 

 

S NO2Br
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N-Phthalimido-O-(5-nitrothiophen-2-yl)-hydroxylamine 

 
 

 

S NO2ON

O

O



 74 

O-(5-Nitrothiophen-2-yl)-hydroxylamine (S10) 
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N-Phthalimido-O-(6-nitroquinolin-5-yl)-hydroxylamine 
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O-(6-Nitroquinolin-5-yl)-hydroxylamine (S14) 
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Methyl (E)-3-(4-{[tert-butyloxycarbonyl-(2-{1-[tert-butyloxycarbonyl]-2-methyl-1H-indol-3-

yl}ethyl)amino]methyl}phenyl)prop-2-enoate (4) 
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 78 

(E)-3-(4-{[tert-Butyloxycarbonyl-(2-{1-[tert-butyloxycarbonyl]-2-methyl-1H-indol-3-

yl}ethyl)amino]methyl}phenyl)prop-2-enoic acid (5) 
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N,N-Di-Boc-O-benzyl-panobinostat (6) 
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N,N-Di-Boc-O-(4-nitrobenzyl)-panobinostat (7) 
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N,N-Di-Boc-O-(2-nitrothiophen-5-yl)methyl)-panobinostat (8) 
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N,N-Di-Boc-O-((6-nitroquinolin-5-yl)methyl)-panobinostat (9) 
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N,N-Di-Boc-O-((1-methyl-2-nitroimidazol-5-yl)methyl)-panobinostat 
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O-Benzyl-panobinostat (Bn-Pano, 10) 
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O-(4-Nitrobenzyl)-panobinostat trifluoroacetate (NB-Pano, 11) 
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O-(5-Nitrothiophen-2-yl)methyl))-panobinostat trifluoroacetate (NT-Pano, 12) 
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O-(6-Nitroquinolin-5-yl)methyl))-panobinostat di-trifluoroacetate (NQ-Pano, 13) 
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N,N-Di-Boc-panobinostat (14) 

 

 

Sample Description
EC4-42 +TFASample Name

Batch Description

Acquisition Date/Time
Purity short run @254 nmAcquisition Method

10Injection Volume
1/4/2019 11:13 am

Time Height Area Area %

8.752 3,563.8 31,672.7 0.15

10.185 14,619.4 115,771.7 0.57

11.006 193.5 1,350.5 0.01

11.717 1,986,041.2 20,146,471.9 98.52

12.264 5,418.6 54,861.0 0.27

12.770 11,253.5 97,984.8 0.48

Total 20,448,112.5 100.00

   

1/4/2019EC4-42 +TFA
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O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
 

 
  
  
Regions: DA-C@220nm Detector:  
 
  

Name Start 
(mm:ss) 

End 
(mm:ss) 

Retention 
(mm:ss) 

Area 
(mAU·s) 

%ROI 
(%) 

%Total 
(%) 

Region 1 7:58 8:18 8:04 6361.4 100.00 N/A 
1 Peak    6361.4 100.00 N/A 

 
Total Area:  -33335.6 mAU 
Average Background: N/A mAU 
 
  
Method: Xbridge_nonRadio_default 
 
Instrument: N/A Serial no FR1A/0217/389 
 
Run Length: 15m 
Dwell: 1s 
 
Cell Volume: 10 µL 
Cell Type: Solid 
Eluate Flow: 1.00 mL/min 
Residence Time: 0.6s 
Injection Volume: 10 µL 
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O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
  

 
  
  
Regions: DA-B@254nm Detector:  
 
  

Name Start 
(mm:ss) 

End 
(mm:ss) 

Retention 
(mm:ss) 

Area 
(mAU·s) 

%ROI 
(%) 

%Total 
(%) 

Region 1 7:57 8:16 8:04 2147.8 100.00 62.27 
1 Peak    2147.8 100.00 62.27 

 
Total Area:  3448.9 mAU 
Average Background: N/A mAU 
 
  
Method: Xbridge_nonRadio_default 
 
Instrument: N/A Serial no FR1A/0217/389 
 
Run Length: 15m 
Dwell: 1s 
 
Cell Volume: 10 µL 
Cell Type: Solid 
Eluate Flow: 1.00 mL/min 
Residence Time: 0.6s 
Injection Volume: 10 µL 
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O-((1-Methyl-2-nitroimidazol-5-yl)methyl)-Panobinostat di-trifluoroacetate (CH-03, NI-Pano, 1) 
 
 

 
  
  
Regions: DA-D@365nm Detector:  
 
  

Name Start 
(mm:ss) 

End 
(mm:ss) 

Retention 
(mm:ss) 

Area 
(mAU·s) 

%ROI 
(%) 

%Total 
(%) 

Region 1 7:57 8:20 7:57 -400.8  N/A 
1 Peak    -400.8 100.00 N/A 

 
Total Area:  -635.4 mAU 
Average Background: N/A mAU 
 
  
Method: Xbridge_nonRadio_default 
 
Instrument: N/A Serial no FR1A/0217/389 
 
Run Length: 15m 
Dwell: 1s 
 
Cell Volume: 10 µL 
Cell Type: Solid 
Eluate Flow: 1.00 mL/min 
Residence Time: 0.6s 
Injection Volume: 10 µL 
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(E)-3-(4-{[2-(2-Methyl-1H-indol-3-yl)ethylamino]methyl}phenyl)prop-2-enoic acid trifluoroacetate (S18) 
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(E)-2-(2-(4-((1-Methyl-2-nitro-1H-imidazol-5-yl)methoxy)styryl)-4H-chromen-4-ylidene)malononitrile 
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