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AUC area under the plasma concentration-time curve  

BA bioavailability  

BDC bile duct cannulated rat  

BLQ below the limit of quantitation  

Cmax maximum plasma concentration  

CLp plasma clearance  

CYP cytochrome P450 P450  

DIO diet-induced obesity  

DI1 type 1 deiodinase 1  

DI2 type 2 deiodinase 2  

DI3 type 3 deiodinase 3  

DMEM dulbecco’s modified eagle medium  

DMF N,N-dimethylformamide N,N  

D-T4 dextrothyroxine sodium  

ED50 half maximal (50%) effective concentration 50%  

ESI electrospray ionization  

FBS fetal bovine serum  

GA gum arabic solution  

HDL high-density lipoprotein  

HMG CoA 3-hydroxy-3-methylglutaryl coenzyme A 3 3

CoA 

HPT hypothalamic-pituitary-thyroid  

HRMS high-resolution mass spectrum  

IC50 half maximal (50%) inhibitory concentration 50%  

IR infrared spectrum

IS internal standard  

i.v. intravenous  

LBD ligand binding domain  

LC MS/MS high performance liquid chromatography tandem mass spectrometry
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LDL low-density lipoprotein  

MRM multiple reaction monitoring  

MS mass spectrum  

NADPH nicotinamide adenine dinucleotide phosphate

 

NBS N-bromosuccinimide N  

NMR nuclear magnetic resonance  

PAMPA parallel artificial membrane permeability assay  

PK pharmacokinetics  

p.o. per os  

QD quaque die 1 1  

RCT reverse cholesterol transport  

S.E.M. standard error of the mean  

RNA ribonucleotide  

RTH syndrome of resistance to thyroid hormone  

SREBP sterol regulatory element-binding protein

 

t1/2 elimination half-life  

T4 thyroxine  

T3 triiodothyronine  

T2 3,3’-diiodothyronine 3,3’  

TBG thyroxine binding globulin  

TC total cholesterol  

TG triglyceride  

THF tetrahydrofuran  

Tmax time of Cmax  

TR thyroid hormone receptor  

TRH thyrotropin-releasing hormone  

TSH thyroid-stimulating hormone   

TTR transthyretin  

UDPGA uridine 5'-diphosphoglucuronic acid 5’ -  

VLDL very low-density lipoprotein  

Vdss distribution volume of steady-state  
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Figure 1-1. Arteriosclerosis risk factors. 
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FFigure 1-2. Thyroid hormone metabolism. 
DI1, DI2, DI3 = Type 1, type 2, type3 deiodinase 

 

 

 

 

  

 

 

 

 

 

 

  

  

  

 

Figure 1-3. Hypothalamic-pituitary-thyroid axis feedback of thyroid hormones. 
TRH, thyroid-releasing hormone; TSH, thyroid-stimulating hormone. 
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Figure 1-4. Regulation of intracellular supplies of T3 to the nucleus of T3 target cells. 
MCT8 and MCT10, monocarboxylate transporters 8 and 10; OATP1C1, organic acid 
trasporter protein-1C1; DI2 and DI3, type 2 and 3 deiodinases; TR, thyroid hormone 
receptor, PXR, retinoid X receptor; T4, thyroxine; T3, 3,5,3’-triiodothyronine; rT3, 
3,5,3’-triiodothyronine; T2, 3,3’-diiodothyronine; TRE, thyroid hormone response 
element. (Adapted from Ref. 19.)   
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TR� T3
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FFigure 1-5. Structures of representative TR agonists. 
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FFigure 1-6. Effect of thyroid hormone mimetics and statins on cholesterol metabolism. 
For the low-density lipoprotein (LDL) pathway, very-low-density lipoprotein (VLDL) 
particle containing apolipoprotein B (ApoB), triglycerides and cholesterol are 
synthesized and secreted by liver into the circulation, where they are converted to LDL 
particles. LDL-cholesterol particles can deposit cholesterol in the blood vessel wall to 
form plaques or can be reabsorbed into the liver through interactions with LDL 
receptors. For the high-density lipoprotein (HDL) pathway, precursor particles 
containing apolipoprotein A1 (ApoA1) are secreted into the circulation, where they pick 
up cholesterol from atherosclerotic plaques and other sources to become mature HDL 
particles. HDL particles are taken up by the liver through interactions with liver HDL 
receptors, including the scavenger receptor B1 (SRB1). Liver cholesterol contain is 
regulated by the rate of synthesis and the rate of conversion to bile acids, which are 
secreted into the intestine. The transcription factor SREBP1 (sterol response element 
binding protein 1) and the enzymes 3-hydroxy-3-methyl-glutary-CoA (HMG CoA) 
reductase and cytochrome P450 7A1 (CYP7A1) regulate important steps in cholesterol 
metabolism. Steps known to be influenced by thyroid hormone mimetics are indicated 
by thin arrows, and upregulated and downregulated steps are distinguished by the 
direction of the arrow. Steps known to be influenced by statins are represented by 
dashed arrows. (Adapted from Ref. 43.)    
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Figure 2-1. Structure of L-94901 and schematic representation of putative ‘active’ 
conformation of TR agonists. (Based on Ref. 44, 54-56.)  
 

 

 

 

 

 

 

 

Figure 2-2. GC-1 fitted into the ligand-binding pocket of hTR�. The �-carbon backbone 
of the receptor is shown in light purple. The ligand is shown in yellow. Three Arg 
residues and one Asn residue that protrude into the polar pocket of the ligand-binding 
cavity are shown in green with oxgens in red and nitrogens in blue. Potential hydrogen 
bonds are shown by the dotted lines. (Adapted from Ref. 44.)   

 

 

 

 

 

 

 

Figure 2-3. Putative conformation of 2-Methyl Indole derivative. 
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Scheme 2-1. Synthesis of 55. Reagents and conditions: (a) NBS, MeCN (quant.); (b) PG = 
Bn: BnCl, NaHCO3, NaI, MeCN, 60°C (86%), PG = TIPS: TIPSCl, imidazole, DMF 
(67%); (c) (i) tBuLi, THF, -78 °C, (ii) paraformaldehyde, -78 °C (46%); (d) SOCl2, CH2Cl2; 
(e) (i) NaH, DMF, 0°C, (ii) compound 11a, 0 °C (33a : 88%, 33b : 46%, 33c : 17%, 33d : 34%, 33e : 
12%); (f) (i) H2/Pd-C, EtOH/EtOAc, (ii) NaOH, MeOH, 60°C (44a : 38%, 44b: 38%, 44c: 40%, 
4d : 29%, 44e : 44%); (g) glycine ethyl ester HCl, WSC, HOBt, Et3N, DMF (55a : 35%,  5b : 
87%). 
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22-2-2  

TR

TR�1 TR�1 LBD

TR�1 LBD TR�1 LBD 125I T3

TR�1 TR�1

CV-1  

Table 2-1

T3 TR�1 TR�1 IC50 3.2 nM 2.9 nM

T3 TR�1 TR�1 ED50

2.1 nM 2.0 nM ��� 1.1

in vitro
  

2 4a e 5a b TR�1 TR�1 T3

100 TR�1 TR�1

2 4c e

TR�1

TR�� TR�1 TR�1

4 5

5 4 5

5b TR�1 19

4c e TR�1

 

T3

Malm
46,52)

CHO-K1 CV-1
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TTable 2-1. Potency of compounds 44a e and 55a b for TRs 

 

  Binding assaya (IC50, μM)  Reporter assay (EC50, μM) 

Comp R TR�� TR�� �/��  TR�� TR�� �/��

T3  0.0032 0.0029 1.1  0.0021 0.002 1.0 

4b  CH2CO2H     0.45 0.15 3.0 

4c  CH2CH2CO2H 1.3 0.76 1.7  0.039 0.037 1.0 

4d  CH2CH2CH2CH2CO2H 3.4 0.29 11  0.18 0.037 4.8 

4e  CH2CH2CH2CH2CH2CO2H >10 1.4 >7.1  0.10 0.062 1.6 

5b  CH2CONHCH2CO2H 8.2 0.43 19     

5a  CONHCH2CO2H >10 1.1 >9.0     

a Values are the means of quadruplicate experiments. 
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22-3  

TR� TR� 1

Ser-277 Asn-331 44)

TR LBD

Ser-277/Asn-331

Figure 2-4 46) TR� TR� LBD

58) 2-2

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4. Interaction of the thyroid receptor ligand with TR� (left) and TR��(right) as 
seen in the crystallographic structures of the LBD/ligand complexes. Carbon atoms are 
depicted as white, oxygen as red, nitrogen as blue, chlorine as green, and hydrogen as 
cyan. Hydrogen bonding interactions are represented as dashed purple lines. In the 
TR��complex, Arg-228 forms two hydrogen bonds with Ser-227 while the corresponding 
Arg-282 in TR� forms a bifurcated hydrogen bond to one of the carboxylate oxygen 
atoms of ligand. The strong electrostatic interaction between the Arg-282 and the ligand 
accounts for the selectivity of this ligand for TR���(Adapted from Ref. 46.) 
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Scheme 2-2. Synthesis of 111. Reagents and conditions: (a) (i) NaH, DMF, 0 °C, (ii) 11b, 
0 °C (77a : 84%, 77b: 45%, 77c: 82%, 77d: 34%); (b) H2/Pd-C, EtOH (88a : 82%, 88b: 54%, 88c: 71%, 
8d: 74%); (c) 99a, 99b, 99c, and 99d: diethyl oxalate, 100 °C (99a : 74%, 99b: 81%, 99c: 85%, 99d: 
75%), 99b' and 99c': ethyl malonyl chloride, Et3N, CH2Cl2 (99b’ : 71%, 99c’ : 62%); (d) TBAF, 
THF (110a : 42%, 110b : 23%, 110c : 12%, 110b’ : 88%, 110c’ : 87%, 110d : 30%); (e) NaOH, EtOH 
(111a : quant., 111b : quant., 111c : 95%, 111b’ : quant., 111c’ : quant., 111d : quant.).  
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22-3-2   

4

HepG2 Table 2-2 11a d 11b’ c’

11 CV1 HepG2

HepG2

 

11b 11d TR�� 4

11b TR�� IC50 40 nM

5 11d TR�� IC50 1500 nM

4

11a 11b 11a TR�1 170 nM

2 11b 4 2

2

7

11c TR�1 54 nM 2 11b

2 7

1 2 11b

7 11c 11b’ c’ TR�1

�� �	 11b c

11b’ c’ TR�1 11b c 5

2 11b’ c’ TR�

HepG2 EC50 0.22 μM 1.3 μM HepG2

TR�

11c’

11b’ c’
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Table 2-2. Potency of compounds 111a d and  11b’ c’ for TRs 

 

 
Substituents Binding assaya (IC50, μM) 

Reporter assay (EC50, μM) 

 CV-1 HepG2 

Comp X Y R1 R2 TR�� TR�� �/�� TR� �/� TR� �/� 

11b NHCOCO2H H H Me 0.23 0.04 5.7 0.59 2.2 0.11 1.5 

11d H NHCOCO2H H Me 0.23 1.5 0.15     

11c NHCOCO2H H Me H 0.19 0.054 3.5 0.50 1.5 0.19 2.5 

11a NHCOCO2H H H H 1.2 0.17 7.0 1.9 2.7 0.55 2.2 

11b’ NHCOCH2CO2H H  H Me 5.2 0.23 21 1.7 4.5 0.22 16 

11c’ NHCOCH2CO2H H Me H 6.2 0.24 26 3.1 3.4 1.3 7.2 

a Values are the mean of quadruplicate experments. 
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22-4  

TR� 1 4

11b’ 11c’ SKL TR�

1 HPT

SKL

Table 2-3

1

 66 mg/dl

3 190 mg/dl SKL 6 mg/kg 30 mg/kg QD 1

TC T3 50 μg/kg QD 1

SKL SKL

T3

LDL

LDL

GC-1 T-681 59,60) TG

11c’ 11b’ T3

TG SKL LDL

SKL TG LDL

RCT VLDL SKL

LDL T3 TG

T3 TR� 61)

 

HPT Table 2-4

T3 SKL 1

SKL 150 

mg/kg

SKL SKL

150 mg/kg 15%59)

SKL T3 GC-1
37,38) SKL TSH
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TR� TSH

TSH

SKL SKL

T3 T4 SKL

HPT
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TTable 2-3. Cholesterol-lowering effects of 111b’ and 111c’ in cholesterol-fed ratsa 

 

 
R1, R2 

Total Cho 

(mg/dl) 

LDL-Cho 

(mg/dl) 

Free Cho 

(mg/dl) 

HDL-Cho 

(mg/dl) 

TG 

(mg/dl) 

Normal   66 ± 11 8.0 ± 2 39 ± 9 28 ± 3  100 ± 40 

Control  190 ± 49  51 ± 15 36 ± 9 22 ± 6  62 ± 25 

T3    123 ± 15* 28 ± 5*  22 ± 2* 22 ± 2 61 ± 8 

11c’’ Me, H  94 ± 5* 20 ± 2*  15 ± 1* 20 ± 1  27 ± 7* 

11b’’ H, Me   111 ± 19* 25 ± 7*  19 ± 4* 23 ± 7 44 ± 9 

a Cholesterol-fed rats were orally treated daily for 1 week with 111b’ (30 mg/kg/day, n = 13), 111c’ (6 
mg/kg/day, n = 13), T3 as a positive control (50 μg/kg/day, n = 13), or the vehicle or to be the untreated 
(control). 
* p < 0.05 compared to the treated control. 
 

 

Table 2-4.  Effect of 111b’ and 111c’ on heart rate, heart weight, TSH, T3, and T4a 

  Heart rate 

(bpm) 

Heart weight 

(g) 

TSH 

(μIU/mL) 

Total-T4 

(μg/dl) 

Total-T3 

(ng/dl) 

Normal 404.8 ± 37.2 1.08 ± 0.04  2.8 ± 1.6 4.4 ± 1.2 68 ± 6 

Control 383.0 ± 26.7 1.14 ± 0.12  3.0 ± 1.0 3.8 ± 0.9 62 ± 7 

T3 430.0 ± 19.3 1.25 ± 0.13 0.1 ± 0*  0.9 ± 0.4*  31 ± 9* 

Low-dose 111c’ 401.8 ± 22.3 1.12 ± 0.06  2.7 ± 1.8  2.4 ± 1.0*  61 ± 14 

High-dose 111c’ 424.3 ± 36.5 1.18 ± 0.08   1.3 ± 0.6  1.9 ± 0.5* 53 ± 8 

Low-dose 111b’’ 403.2 ± 32.5 1.13 ± 0.10  3.1 ± 1.3 2.8 ± 0.5  63 ± 11 

High-dose 111b’’ 415.8 ± 35.8 1.24 ± 0.07  0.9 ± 0.7   1.7 ± 0.3* 53 ± 8 

a Cholesterol-fed rats were orally treated daily for 1 week with 111b’ (30 and 150 mg/kg/day, n = 13), 111c’ 
(6 and 150 mg/kg/day, n = 13), T3 as positive control (50 μg/kg/day, n = 13), or the vehicle or to be the 
untreated (control). 
* p < 0.05 compared to the treated control. 
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22-5  

2 1

TR� TR� TR� 20

1 4 SKL 11b’ 11c’

HPT

TR�

HPT

Malm 1H 2
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52) 1 4

TR�
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22-6  

2-6-1  

2-6-1-1  

2-methylindole-3-carboxylic acid ethyl 2-methylindole-3-acetate

2-methyl-5-nitroindole 3-indoyl acid ester 62,63)

nitroindole 64) Silica 

Gel 60 particle size 0.040 0.050 mm, Kanto Kagaku Hi-Flash columns silica 

gel, particle size 0.070 mm, Yamazen Science Yanaco MP-J3
1H NMR

Bruker AVANCE III 400 MHz 25 °C

ppm (
) (s = singlet, d = doublet, t = triplet, q = quartet, br = 

broad, m = multiplet) Hz IR JASCO 

FT/IR-4200 ATR

MS Waters Micromass ZMD2000 LC/MS

Alliance2690/PDA 210-400 nm/Micromass ZMD2000

HRMS Thermo LTQ Orbitrap  

2-6-1-2 4-Bromo-2-isopropylphenol 

2-Isopropylphenol 50.0 g, 367 mmol 500 mL 0 �C 

NBS 71.9 g, 404 mmol 4

84.0 g quant.  
1H NMR (CDCl3) 
 1.10 (6H, d, J = 7.0 Hz), 3.17 (1H, m), 6.61 (1H, d, J = 8.4 Hz), 7.15 

(1H, dd, J = 2.2, 8.4 Hz), 7.27 (1H, d, J = 2.2 Hz); MS (ESI) m/z 213, 215 (M – H) . 
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22-6-1-3 1-Benzyloxy-4-bromo-2-isopropylbenzene 

4-Bromo-2-isopropylphenol 2.2 g, 7 mmol 10.0 mL

1.7 g, 13 mmol 60 �C 18

/ 1/0

9/1 (27.0 g 86%)  
1H NMR (CDCl3) 
 1.21 (6H, d, J = 7.2 Hz), 3.37 (1H, m), 6.76 (1H, d, J = 8.4 Hz), 7.23 

(1H, dd, J = 2.8, 8.4 Hz), 7.31–7.43 (6H, m); MS (ESI) m/z 303, 305 (M – H) . 

2-6-1-4 4-Bromo-2-isopropyl-1-triisopropylsilanyloxybenzene 

4-Bromo-2-isopropylphenol 84.8 g, 394 mmol N,N DMF

101 mL, 472 mmol 53.7 

g, 789 mmol 24

98.0 g, 67%  

mp 59–60 �C; 1H NMR (CDCl3) 
 1.10 (18H, d, J = 7.3 Hz), 1.18 (6H, d, J = 7.0 Hz), 1.28 

(3H, m), 3.32 (1H, m), 6.63 (1H, d, J = 8.4 Hz), 7.12 (1H, dd, J = 2.6, 8.4 Hz), 7.25 (1H, d, 

J = 2.6 Hz); MS (ESI) m/z 370, 372 (M + H) . 

2-6-1-5 (3-Isopropyl-4-triisopropylsilanyloxyphenyl)methanol 

4-Bromo-2-isopropyl-1-triisopropylsilanyloxybenzene 23.6 g, 64 mmol

THF 78 �C 1 tBuLi 1.5 M , 100 mL, 

150 mmol 1 3.9 g        

78 �C 1 3 300 

mL 1M

/ 1/0 4/1 9.4 

g 46%  
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1H NMR (CDCl3) 
 1.12 (18H, d, J = 7.3 Hz), 1.21 (6H, d, J = 6.9 Hz), 1.32 (3H, m), 3.37 

(1H, m), 4.59 (2H, d, J = 5.5 Hz), 6.75 (1H, d, J = 8.1 Hz), 7.02 (1H, dd, J = 1.2, 8.0 Hz), 

7.20 (1H, d, J = 1.2 Hz); MS (ESI) m/z 305 (M – H2O) , 321 (M – H) . 

22-6-1-6 (4-Benzyloxy-3-isopropylphenyl)methanol 

1-Benzyloxy-4-bromo-2-isopropylbenzene 2-6-1-5

 

mp 56–58 �C; 1H NMR (CDCl3) 
 1.22 (6H, d, J = 7.2 Hz), 3.41 (1H, m), 4.60 (2H, s), 5.07 

(2H, s), 6.87 (1H, d, J = 8.0 Hz), 7.12 (1H, dd, J = 2.0, 8.4 Hz), 7.23–7.43 (6H, m); MS 

(ESI) m/z 239 (M + H – H2O) , 255 (M – H) . 

2-6-1-7 (4-Chloromethyl-2-isopropylphenoxy)triisopropylsilane (1b) 

1.6 mL, 22 mmol (3-isopropyl-4-triisopropylsilanyloxyphenyl) 

methanol 4.6 g, 14 mmol 46 mL 2

1b 1b

1-Benzyloxy-4-chloromethyl-2-isopropylbenzene (11a)  

1b  

2-6-1-8 Ethyl [1-(4-benzyloxy-3-isopropylbenzyl)-2-methyl-1H-indol-3-yl]acetate (3b) 

60%, 87.1 mg, 2.2 mmol DMF 2.0 mL

0 �C ethyl (2-methylindol-3-yl)acetate 430.0 mg, 2.0 mmol DMF 2.0 mL

0 �C 1 1a ca. 2.2 mmol DMF 2.0 mL 0 �C

3

/ 9/1

387 mg, 43%  

mp 76–77 �C ; 1H NMR (CDCl3) 
 1.18 (6H, d, J = 6.9 Hz), 1.22 (3H, t, J = 7.1 Hz), 2.35 

(3H, s), 3.35 (1H, m), 3.73 (2H, s), 4.14 (2H, q, J = 7.1 Hz), 5.00 (2H, s), 5.25 (2H, s), 6.57 

(1H, dd, J = 2.2, 8.4 Hz), 6.72 (1H, d, J = 8.4 Hz), 7.02 (1H, d, J = 2.2 Hz), 7.09–7.13 (2H, 
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m), 7.24 (1H, m), 7.32 (1H, m), 7.36–7.40 (4H, m), 7.58 (1H, m); MS (ESI) m/z 456

(M + H) ; HRMS (ESI) m/z calcd for C30H34NO3 (M + H)  456.2533, found 456.2528. 

22-6-1-9 Ethyl 1-(4-benzyloxy-3-isopropylbenzyl)-2-methyl-1H-indole-3-carboxylate (3a) 

Ethyl 2-methyl-1H-indole-3-carboxylate 3b 

88%  

mp 89–91 �C, 1H NMR (CDCl3) 
 1.18 (6H, d, J = 6.9 Hz), 1.26 (3H, t, J = 7.1 Hz), 2.75 

(3H, s), 3.35 (1H, m), 4.43 (2H, q, J = 7.1 Hz), 5.00 (2H, s), 5.29 (2H, s), 6.58 (1H, dd, J = 

1.9, 8.4 Hz), 6.73 (1H, d, J = 8.4 Hz), 7.04 (1H, d, J = 1.9 Hz), 7.13–7.32 (4H, m), 

7.36–7.40 (4H, m), 8.17 (1H, d, J = 7.5 Hz); MS (ESI) m/z 442 (M + H) ; HRMS (ESI) m/z 

calcd for C29H32NO3 (M + H)  442.2377, found 442.2378. 

2-6-1-10 Ethyl [1-(4-benzyloxy-3-isopropylbenzyl)-2-methyl-1H-indol-3-yl]propanoate 

(3c) 

Ethyl (2-methylindol-3-yl)propanoate 3b

17%  
1H NMR (CDCl3) 
 1.18 (6H, d, J = 6.9 Hz), 1.26 (3H, t, J = 7.0 Hz), 2.32 (3H, s), 2.62 (2H, 

t, J = 7.8 Hz), 3.08 (2H, t, J = 7.8 Hz), 3.35 (1H, m), 4.11 (2H, q, J = 7.0 Hz), 5.00 (2H, s), 

5.22 (2H, s), 6.54 (1H, dd, J = 2.2, 8.4 Hz), 6.71 (1H, d, J = 8.4 Hz), 7.00 (1H, d, J = 2.2 

Hz), 7.05–7.12 (2H, m), 7.22 (1H, m), 7.30 (1H, m), 7.34–7.41 (4H, m), 7.54 (1H, m); MS 

(ESI) m/z 470 (M + H) ; HRMS (ESI) m/z calcd for C31H36NO3 (M + H)  470.2690, 

found 470.2690. 

2-6-1-11 Ethyl [1-(4-benzyloxy-3-isopropylbenzyl)-2-methyl-1H-indol-3-yl]butanoate 
(3d) 

Ethyl (2-methylindol-3-yl)butanoate 3b

34%  
1H NMR (CDCl3) 
 1.18 (6H, d, J = 6.9 Hz), 1.23 (3H, t, J = 7.1 Hz), 1.97 (2H, m), 2.29 

(3H, s), 2.32 (2H, t, J = 7.3 Hz), 2.80 (2H, t, J = 7.3 Hz), 3.35 (1H, m), 4.11 (2H, q, J = 7.1 

Hz), 5.00 (2H, s), 5.23 (2H, s), 6.57 (1H, dd, J = 1.4, 8.4 Hz), 6.73 (1H, d, J = 8.4 Hz), 6.97 
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(1H, d, J = 1.4 Hz), 7.06–7.12 (2H, m), 7.22 (1H, m), 7.31 (1H, m), 7.34–7.41 (4H, m), 

7.54 (1H, m); MS (ESI) m/z 484 (M + H) ; HRMS (ESI) m/z calcd for C32H38NO3         

(M + H)  484.2846, found 484.2843. 

22-6-1-12 Ethyl [1-(4-benzyloxy-3-isopropylbenzyl)-2-methyl-1H-indol-3-yl]pentanoate 

(3e) 

Ethyl (2-methylindol-3-yl)pentanoate 3b

12%  
1H NMR (CDCl3) 
 1.18 (6H, d, J = 6.9 Hz), 1.22 (3H, t, J = 7.1 Hz), 1.63–1.74 (4H, m), 

2.29 (3H, s), 2.31 (2H, t, J = 6.9 Hz), 2.76 (2H, t, J = 6.9 Hz), 3.35 (1H, m), 4.11 (2H, q, J 

= 7.1 Hz), 5.00 (2H, s), 5.22 (2H, s), 6.55 (1H, dd, J = 2.2, 8.5 Hz), 6.72 (1H, d, J = 8.5 Hz), 

6.99 (1H, d, J = 2.2 Hz), 7.03–7.11 (2H, m), 7.22 (1H, d, J = 7.7 Hz), 7.28 (1H, m), 

7.34–7.40 (4H, m), 7.53 (1H, m); MS (ESI) m/z 498 (M + H) ; HRMS (ESI) m/z calcd for 

C33H40NO3 (M + H)  498.3003, found 498.3004. 

2-6-1-13 [1-(3-Isopropyl-4-hydroxybenzyl)-2-methyl-1H-indol-3-yl]acetic acid (4b) 

3b 339 mg, 0.7 mmol 2.5 mL 2.5 mL 10% 

Pd-C 135 mg 3

/ 1/0 4/1 206 mg; MS 

(ESI) m/z 394 (M + H) , 392 (M – H) 2.0 mL

1M 1.1 mL 60 �C 2

1M

/ 1/1

95 mg, 38%, 2 steps  
1H NMR (CDCl3) 
 1.17 (6H, d, J = 6.9 Hz), 2.31 (3H, s), 3.12 (1H, m), 3.76 (2H, s), 5.21 

(2H, s), 6.48 (1H, dd, J = 1.8, 8.4 Hz), 6.52 (1H, d, J = 8.4 Hz), 6.94 (1H, d, J = 1.8 Hz), 

7.07–7.12 (2H, m), 7.21 (1H, m), 7.57 (1H, m); IR (ATR) 3498, 2960, 1698 cm-1 ; MS (ESI) 

m/z 338 (M + H) , 336 (M – H) ; HRMS (ESI) m/z calcd for C21H24NO3 (M + H)  

338.1751, found 338.1752. 



 
 

36 
 

22-6-1-14 1-(3-Isopropyl-4-hydroxybenzyl)-2-methyl-1H-indole-3-carboxylic acid (4a) 

3a 4b 38%, 2 steps  

mp 198–200 �C (dec), 1H NMR (DMSO-d6) 
 1.19 (6H, d, J = 6.9 Hz), 2.70 (3H, s), 3.12 

(1H, m), 5.35 (2H, s), 6.52 (1H, dd, J = 1.8, 8.0 Hz), 6.64 (1H, d, J = 8.0 Hz), 7.01 (1H, d, J 

= 2.2 Hz), 7.10–7.16 (2H, m), 7.51 (1H, m), 8.00 (1H, m), 9.26 (1H, brs); IR (ATR) 3111, 

1698 cm-1 ; MS (ESI) m/z 324 (M + H) , 322 (M – H) ; HRMS (ESI) m/z calcd for 

C20H22NO3 (M + H)  324.1594, found 324.1597. 

2-6-1-15 [1-(3-Isopropyl-4-hydroxybenzyl)-2-methyl-1H-indol-3-yl]propanoic acid (4c) 

3c 4b 40 %, 2 steps  
1H NMR (CDCl3) d 1.19 (6H, d, J = 7.0 Hz), 2.34 (3H, s), 2.66 (2H, t, J = 7.3 Hz), 3.08 (2H, 

t, J = 7.3 Hz), 3.14 (1H, m), 5.19 (2H, s), 5.28 (1H, s), 6.43 (1H, d, J = 8.1 Hz), 6.51 (1H, d, 

J = 8.4 Hz), 6.97 (1H, s), 7.07–7.12 (2H, m), 7.24 (1H, m), 7.57 (1H, d, J = 6.6 Hz); IR 

(ATR) 3386, 2965, 1669 cm-1 ; MS (ESI) m/z 352 (M + H) , 350 (M – H) ; HRMS (ESI) 

m/z calcd for C22H26NO3 (M + H)  352.1907, found 352.1910. 

2-6-1-16 [1-(3-Isopropyl-4-hydroxybenzyl)-2-methyl-1H-indol-3-yl]butanoic acid (4d) 

3d 4b 29 %, 2 steps  
1H NMR (CDCl3) 
 1.21 (6H, d, J = 7.0 Hz), 2.07 (2H, m), 2.30 (3H, s), 2.39 (2H, t, J = 7.3 

Hz), 2.83 (2H, t, J = 7.3 Hz), 3.17 (1H, m), 5.23 (2H, s), 6.49 (1H, dd, J = 1.2, 8.4 Hz), 6.56 

(1H, d, J = 8.4 Hz), 6.96 (1H, brs), 7.10–7.14 (2H, m), 7.23 (1H, brd, J = 7.7 Hz), 7.55 (1H, 

d, J = 7.6 Hz); IR (ATR) 3380, 2959, 1702 cm-1 ; MS (ESI) m/z 366 (M + H) , 364      

(M – H) ; HRMS (ESI) m/z calcd for C23H28NO3 (M + H)  366.2064, found 366.2064. 

2-6-1-17 [1-(3-Isopropyl-4-hydroxybenzyl)-2-methyl-1H-indol-3-yl]pentanoic acid (4e) 

3e 4b 44%, 2 steps  
1H NMR (DMSO-d6) d 1.07 (6H, d, J = 7.0 Hz), 1.45–1.70 (4H, m), 2.22 (2H, t, J = 7.0 Hz), 

2.33 (3H, s), 2.69 (2H, t, J = 6.6 Hz), 3.21 (1H, m), 5.23 (2H, s), 6.52 (1H, dd, J = 2.2, 8.4 

Hz), 6.63 (1H, d, J = 8.4 Hz), 6.89 (1H, d, J = 1.9 Hz), 6.95 (1H, t, J = 7.0 Hz), 7.01 (1H, t, 
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J = 6.9 Hz), 7.33 (1H, d, J = 8.0 Hz), 7.44 (1H, d, J = 7.7 Hz), 9.09 (1H, brs), 11.8 (1H, 

brs); IR (ATR) 3394, 2929, 1703 cm-1 ; MS (ESI) m/z 380 (M + H) , 378 (M – H) ; HRMS 

(ESI) m/z calcd for C24H30NO3 (M + H)  380.2220, found 380.2223. 

22-6-1-18 {[1-(3-Isopropyl-4-hydroxybenzyl)-2-methyl-1H-indol-3-yl]acetylamino}acetic 

acid (5b) 

4b 985 mg, 2.9 mmol DMF 75 mL 985 �L, 7.0 mmol , 

HOBt 492 mg, 3.2 mmol , 448 mg, 3.2 mmol ,WSC 671 mg, 

3.5 mmol 48

1M

/ 1.1 g; MS (ESI) m/z 423 (M + H) , 421 

(M – H) 4b

1.0 g, 87%  
1H NMR (DMSO-d6) 
 1.10 (6H, d, J = 6.9 Hz), 2.32 (3H, s), 3.13 (1H, m), 3.24 (2H, d, J = 

4.0 Hz), 3.51 (2H, s), 5.24 (2H, s), 6.51 (1H, dd, J = 2.2, 8.4 Hz), 6.64 (1H, d, J = 8.0 Hz), 

6.91–7.14 (4H, m), 7.35 (1H, d, J = 8.0 Hz), 7.46 (1H, d, J = 7.7 Hz), 9.32 (1H, brs); IR 

(ATR) 3302, 2959, 1731, 1651, 1509 cm-1 ; MS (ESI) m/z 395 (M + H) , 393 (M – H) ; 

HRMS (ESI) m/z calcd for C23H27N2O4 (M + H)  395.1965, found 395.1954. 

2-6-1-19 2-[1-(4-Hydroxy-3-isopropylbenzyl)-2-methyl-1H-indole-3-carboxamido]acetic 

acid (5a) 

4a 5b 35%  

mp 145–148 �C (dec); 1H NMR (DMSO-d6) 
 1.10 (6H, d, J = 7.0 Hz), 2.32 (3H, s), 3.13 

(1H, m), 3.88 (2H, d, J = 5.2 Hz), 5.32 (2H, s), 6.51 (1H, d, J = 8.0 Hz), 6.65 (1H, d, J = 8.0 

Hz), 7.03 (1H, s), 7.07–7.18 (2H, m), 7.48 (1H, d, J = 7.3 Hz), 7.62 (1H, brs), 7.86 (1H, d, 

J = 7.7 Hz), 9.20 (1H, brs); IR (ATR) 3328, 2958, 1721, 1591, 1543 cm-1 ; MS (ESI) m/z 

381 (M + H) , 379 (M – H) ; HRMS (ESI) m/z calcd for C22H25N2O4 (M + H)  381.1809, 

found 381.1812. 
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22-6-1-20 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-4-nitro-1H-indole (7a) 

60%, 59.2 mg, 1.5 mmol DMF 1.0 mL

4-nitro-1H-indole 200 mg, 1.2 mmol DMF 1.0 mL 5 �C

1 1b ca. 1.5 mmol DMF 2.0 mL

3

/ 9/1

481 mg, 84%  

mp 98–100 �C; 1H NMR (CDCl3) 
 1.08 (18H, d, J = 7.4 Hz), 1.09 (6H, d, J = 6.6 Hz), 1.27 

(3H, m), 3.34 (1H, m), 5.29 (2H, s), 6.67 (1H, s), 7.05 (1H, s), 7.26 (3H, m), 7.38 (1H, d, J 

= 6.2 Hz), 7.66 (1H, d, J = 8.4 Hz), 8.13 (1H, d, J = 8.1 Hz); MS (ESI) m/z 467 (M + H) ; 

HRMS (ESI) m/z calcd for C27H39N2O3Si (M + H)  467.2724, found 467.2720. 

2-6-1-21 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-4-nitro-1H-indole 

(7b) 

2-Methyl-4-nitro-1H-indole 7a

45%  

mp 116–118 �C; 1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.4 Hz), 1.14 (6H, d, J = 7.0 Hz), 

1.26 (3H, m), 2.46 (3H, s), 3.32 (1H, m), 5.29 (2H, s), 6.42 (1H, dd, J = 2.2, 8.4 Hz), 6.62 

(1H, d, J = 8.1 Hz), 6.94 (1H, d, J = 2.2 Hz), 7.08 (1H, s), 7.13 (1H, t, J = 8.1 Hz), 7.54 (1H, 

d, J = 8.1 Hz), 8.10 (1H, d, J = 8.0 Hz); MS (ESI) m/z 481 (M + H) ; HRMS (ESI) m/z 

calcd for C28H41N2O3Si (M + H)  481.2881, found 481.2875. 

2-6-1-22 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-7-methyl-4-nitro-1H-indole 

(7c) 

7-Methyl-4-nitro-1H-indole 7a

82%  

mp 102–104 �C; 1H NMR (CDCl3) 
 1.08 (18H, d, J = 6.9 Hz), 1.13 (6H, d, J = 7.4 Hz), 

1.26 (3H, m), 2.63 (3H, s), 3.34 (1H, m), 5.55 (2H, s), 6.42 (1H, dd, J = 2.4, 8.3 Hz), 6.65 

(1H, d, J = 8.3 Hz), 6.86 (1H, d, J = 2.4 Hz), 6.94 (1H, d, J = 8.1 Hz), 7.29 (1H, d, J = 3.1 
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Hz), 7.33 (1H, d, J = 3.1 Hz), 8.04 (1H, d, J = 8.1 Hz) ; MS (ESI) m/z 481 (M + H) ; 

HRMS (ESI) m/z calcd for C28H41N2O3Si (M + H)  481.2881, found 481.2880. 

22-6-1-23 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-5-nitro-1H-indole 

(7d) 

2-Methyl-5-nitro-1H-indole 7a

34%  

mp 118–120 �C; 1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.3 Hz), 1.14 (6H, d, J = 6.9 Hz), 

1.26 (3H, m), 2.41 (3H, s), 3.32 (1H, m), 5.26 (2H, s), 6.45 (1H, dd, J = 2.2, 8.5 Hz), 6.48 

(1H, s), 6.63 (1H, d, J = 8.0 Hz), 6.92 (1H, d, J = 2.2 Hz), 7.23 (1H, s), 8.02 (1H, dd, J = 

2.2, 8.8 Hz), 8.50 (1H, d, J = 2.2 Hz); MS (ESI) m/z 481 (M + H) ; HRMS (ESI) m/z calcd 

for C28H41N2O3Si (M + H)  481.2881, found 481.2877. 

2-6-1-24 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-1H-indol-4-ylamine (8a) 

7a 311 mg, 0.7 mmol THF 5.0 mL 5.0 mL 10% Pd-C 

93.3 mg 3

/

1/0 4/1 257 mg, 82%  
1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.3 Hz), 1.15 (6H, d, J = 6.9 Hz), 1.24 (3H, m), 3.33 

(1H, m), 3.92 (2H, brs), 5.19 (2H, s), 6.39 (1H, d, J = 7.3 Hz), 6.41 (1H, d, J = 3.3 Hz), 

6.64 (1H, d, J = 8.1 Hz), 6.70 (1H, dd, J = 2.2, 8.5 Hz), 6.81 (1H, d, J = 8.0 Hz), 6.98–7.02 

(2H, m), 7.05 (1H, s); MS (ESI) m/z 437 (M + H) , 435 (M – H) ; HRMS (ESI) m/z calcd 

for C27H41N2OSi (M + H)  437.2983, found 437.2984. 

2-6-1-25 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-1H-indol-4-ylamine 

(8b) 

7b 8a 54%  
1H NMR (CDCl3) 
 1.09 (18H, d, J = 7.3 Hz), 1.16 (6H, d, J = 7.0 Hz), 1.27 (3H, m), 2.36 

(3H, s), 3.33 (1H, m), 3.49 (1H, brs), 5.16 (2H, s), 6.21 (1H, s), 6.38 (1H, d, J = 7.3 Hz), 

6.48 (1H, dd, J = 2.2, 8.1 Hz), 6.59 (1H, d, J = 8.4 Hz), 6.75 (1H, d, J = 8.1 Hz), 6.94 (1H, t, 
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J = 7.9 Hz), 7.01 (1H, d, J = 1.8 Hz); MS (ESI) m/z 451 (M + H) ; HRMS (ESI) m/z calcd 

for C28H43N2OSi (M + H)  451.3139, found 451.3134. 

22-6-1-26 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-7-methyl-1H-indol-4-ylamine 

(8c) 

7c 8a 71%  

mp 121–123 �C; 1H NMR (CDCl3) 
 1.08 (18H, d, J = 7.3 Hz), 1.15 (6H, d, J = 6.9 Hz), 

1.26 (3H, m), 2.48 (3H, s), 3.33 (1H, m), 3.81 (2H, brs), 5.47 (2H, s), 6.31 (1H, d, J = 7.7 

Hz), 6.42 (1H, d, J = 2.3 Hz), 6.47 (1H, dd, J = 2.2, 8.4 Hz), 6.62 (1H, d, J = 8.1 Hz), 6.69 

(1H, d, J = 7.7 Hz), 6.94 (1H, d, J = 2.2 Hz), 6.96 (1H, d, J = 2.9 Hz); MS (ESI) m/z 451  

(M + H) ; HRMS (ESI) m/z calcd for C28H43N2OSi (M + H)  451.3139, found 451.3136. 

2-6-1-27 1-(3-Isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-1H-indol-5-ylamine 

(8d) 

7d 8a 74%  

mp 105–106 �C; 1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.3 Hz), 1.15 (6H, d, J = 6.9 Hz), 

1.25 (3H, m), 2.33 (3H, s), 3.32 (1H, m), 3.46 (1H, brs), 5.15 (2H, s), 6.12 (1H, s), 6.44 (1H, 

dd, J = 2.2, 8.4 Hz), 6.55 (1H, dd, J = 2.2, 8.4 Hz), 6.58 (1H, d, J = 8.4 Hz), 6.87 (1H, d, J 

= 2.2 Hz), 6.98 (1H, d, J = 2.2 Hz), 7.03 (1H, d, J = 8.7 Hz); MS (ESI) m/z 451 (M + H) ; 

HRMS (ESI) m/z calcd for C28H43N2OSi (M + H)  451.3139, found 451.3134. 

2-6-1-28 Ethyl N-[1-(3-isopropyl-4-triisopropylsilanyloxybenzyl)-1H-indol-4-

yl]oxamate (9a) 

8a 139.0 mg, 0.3 mmol diethyl oxalate 3.0 mL 100 �C 3

/ 1/0 4/1 126 

mg, 74%  

mp 115–116 �C; 1H NMR (CDCl3) 
 1.06 (18H, d, J = 7.3 Hz), 1.13 (3H, m), 1.35 (3H, t, J 

= 7.3 Hz), 3.31 (1H, m), 4.33 (2H, q, J = 7.3 Hz), 5.21 (2H, s), 6.51 (1H, d, J = 3.3 Hz), 

6.64 (1H, d, J = 8.5 Hz), 6.68 (1H, dd, J = 2.2, 8.4 Hz), 7.01 (1H, d, J = 2.2 Hz), 7.11 (1H, 
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d, J = 3.3 Hz), 7.17 (1H, d), 7.90 (1H, m), 9.16 (1H, brs); MS (ESI) m/z 537 (M + H) ; 

HRMS (ESI) m/z calcd for C31H45N2O4Si (M + H)  537.3143, found 537.3152. 

22-6-1-29 Ethyl N-[1-(3-isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-1H-indol-4

-yl]oxamate (9b) 

8b 9a 81%  
1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.3 Hz), 1.15 (6H, d, J = 7.3 Hz), 1.26 (3H, m), 1.46 

(3H, t, J = 7.1 Hz), 2.40 (3H, s), 3.33 (1H, m), 4.45 (2H, q, J = 7.1 Hz), 5.23 (2H, s), 6.33 

(1H, s), 6.45 (1H, dd, J = 2.4, 8.3 Hz), 6.61 (1H, d, J = 8.3 Hz), 6.96 (1H, d, J = 2.4 Hz), 

7.13 (2H, m), 7.86–7.90 (1H, m), 9.13(1H, s); MS (ESI) m/z 551 (M + H) ; HRMS (ESI) 

m/z calcd for C32H47N2O4Si (M + H)  551.3300, found 551.3301.  

2-6-1-30 Ethyl N-[1-(3-isopropyl-4-triisopropylsilanyloxybenzyl)-7-methyl-1H-indol-4-

yl]oxamate (9c) 

8c 9a 85%  

mp 136–138 �C; 1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.3 Hz), 1.15 (6H, d, J = 7.0 Hz), 

1.25 (3H, m), 1.46 (3H, t, J = 7.1 Hz), 2.55 (3H, s), 3.32 (1H, m), 4.45 (2H, q, J = 7.1 Hz), 

5.23 (2H, s), 6.33 (1H, s), 6.44 (1H, dd, J = 2.2, 8.4 Hz), 6.61 (1H, d, J = 8.1 Hz), 6.96 (1H, 

d, J = 2.2 Hz), 7.12–7.15 (2H, m), 7.91 (1H, d, J = 2.2 Hz), 9.14 (1H, s); MS (ESI) m/z 551 

(M + H) ; HRMS (ESI) m/z calcd for C32H47N2O4Si (M + H)  551.3300, found 551.3301. 

2-6-1-31 Ethyl N-[1-(3-isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-1H-indol-5-

yl]oxamate (9d) 

8d 9a 75%  

mp 150–151 �C; 1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.4 Hz), 1.15 (6H, d, J = 7.0 Hz), 

1.26 (3H, m), 1.42 (3H, t, J = 7.1 Hz), 2.52 (3H, s), 3.31 (1H, m), 4.42 (2H, q, J = 7.1 Hz), 

5.20 (2H, s), 6.31 (1H, s), 6.43 (1H, dd, J = 2.2, 8.4 Hz), 6.60 (1H, d, J = 8.4 Hz), 6.95 (1H, 

d, J = 2.2 Hz), 7.20 (1H, d, J = 8.8 Hz), 7.26 (1H, dd, J = 2.2, 8.8 Hz), 7.91 (1H, d, J = 2.2 

Hz), 8.89 (1H, brs); MS (ESI) m/z 551 (M + H) ; HRMS (ESI) m/z calcd for C32H47N2O4Si 

(M + H)  551.3300, found 551.3303. 
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22-6-1-32 Ethyl N-[1-(3-isopropyl-4-triisopropylsilanyloxybenzyl)-2-methyl-1H-indol-4-

yl]malonamate (9b’) 

8b 829.8 mg, 1.8 mmol 284 �L, 2.0 mmol) 40 

mL ethyl malonyl chloride 248 �L, 1.9 mmol 0 �C

30

/ 4/1

737.6 mg, 71%  
1H NMR (CDCl3) 
 1.07 (18H, d, J = 7.0 Hz), 1.15 (6H, d, J = 6.8 Hz), 1.25 (3H, m), 1.35 

(3H, t, J = 7.1 Hz), 2.39 (3H, s), 3.31 (1H, m), 3.55 (2H, s), 4.31 (2H, q, J = 7.1 Hz), 5.21 

(2H, s), 6.37 (1H, s), 6.45 (1H, d, J = 8.4 Hz), 6.59 (1H, d, J = 8.4 Hz), 6.97 (1H, s), 

7.05–7.11 (2H, m), 7.82 (1H, d, J = 7.3 Hz), 9.66 (1H, s); MS (ESI) m/z 565 (M + H) ; 

HRMS (ESI) m/z calcd for C33H49N2O4Si (M + H)  565.3456, found 565.3455. 

2-6-1-33 Ethyl N-[1-(3-isopropyl-4-triisopropylsilanyloxybenzyl)-7-methyl-1H-indol-4-

yl]malonamate (9c’) 

8c 9b’ 62%  

mp 118–120 �C; 1H NMR (CDCl3) 
 1.08 (18H, d, J = 4.9 Hz), 1.14 (6H, d, J = 7.0 Hz), 

1.26 (3H, m), 1.35 (3H, m), 2.53 (3H, s), 3.33 (1H, m), 3.55 (2H, s), 4.30 (2H, q, J = 7.3 

Hz), 5.50 (2H, s), 6.42 (1H, dd, J = 2.2, 8.4 Hz), 6.59–6.62 (2H, m), 6.86 (1H, d, J = 7.6 

Hz), 6.91 (1H, d, J = 2.2 Hz), 7.05 (1H, d, J = 3.3 Hz), 7.73 (1H, d, J = 7.7 Hz), 9.69 (1H, 

s); MS (ESI) m/z 565 (M + H) , 563 (M – H) ; HRMS (ESI) m/z calcd for C33H49N2O4Si 

(M + H)  565.3456, found 565.3455. 

2-6-1-34 Ethyl N-[1-(4-hydroxy-3-isopropylbenzyl)-1H-indol-4-yl]oxamate (10a) 

9a 112.0 mg, 0.2 mmol THF 1.0 mL tetrabutylammonium fluoride

1 M THF , 230 �L, 0.2 mmol 30

/

1/0 4/1 33.1 mg, 42%  



 
 

43 
 

mp 145–146 �C; 1H NMR (CDCl3) 
 1.20 (6H, d, J = 6.9 Hz), 1.45 (3H, t, J = 7.3 Hz), 3.17 

(1H, m), 4.45 (2H, q, J = 7.3 Hz), 5.24 (2H, s), 6.54 (1H, d, J = 3.3 Hz), 6.65 (1H, d, J = 4.5 

Hz), 6.74 (1H, dd, J = 2.2, 10.2 Hz), 7.04 (1H, d, J = 2.2 Hz), 7.13 (1H, d, J = 3.3 Hz), 

7.19–7.20 (2H, m), 7.92 (1H, m), 9.18 (1H, brs); IR (ATR) 3359, 2960, 1761, 1692, 1536 

cm-1; MS (ESI) m/z 381(M + H) , 379 (M – H) ; HRMS (ESI) m/z calcd for C22H25N2O4 

(M + H)  381.1809, found 381.1809. 

22-6-1-35 Ethyl N-[1-(4-hydroxy-3-isopropylbenzyl)-2-methyl-1H-indol-4-yl]oxamate 

(10b) 

9b 10a 23%  

mp 143–145 �C;  1H NMR (CDCl3) 
� 1.19 (6H, d, J = 6.9 Hz), 1.46 (3H, t, J = 6.9 Hz), 2.40 

(3H, s), 3.15 (1H, m), 4.45 (2H, q, J = 6.9 Hz), 4.66 (1H, s), 5.24 (2H, s), 6.34 (1H, s), 6.50 

(1H, dd, J = 2.2, 8.1 Hz), 6.59 (1H, d, J = 8.1 Hz), 6.95 (1H, d, J = 2.2 Hz), 7.09–7.15 (2H, 

m), 7.87 (1H, dd, J = 1.8, 6.6 Hz), 9.12 (1H, brs); IR (ATR) 3339, 2959, 1687, 1538 cm-1; 

MS (ESI) m/z 395 (M + H) , 393 (M – H) ; HRMS (ESI) m/z calcd for C23H27N2O4       

(M + H)  395.1965, found 395.1954. 

2-6-1-36 Ethyl N-[1-(4-hydroxy-3-isopropylbenzyl)-7-methyl-1H-indol-4-yl]oxamate 

(10c) 

9c 10a 12%  

mp 138–139 �C; 1H NMR (CDCl3)�
 1.19 (6H, d, J = 7.0 Hz), 1.46 (3H, t, J = 7.1 Hz), 2.55 

(3H, s), 3.16 (1H, m), 4.45 (2H, q, J = 7.1 Hz), 4.69 (1H, s), 5.51 (2H, s), 6.48 (1H, dd, J = 

2.2, 8.1 Hz), 6.54 (1H, d, J = 3.3 Hz), 6.62 (1H, d, J = 8.1 Hz), 6.88 (1H, d, J = 2.6 Hz), 

6.90 (1H, d, J = 8.4 Hz), 7.08 (1H, d, J = 3.3 Hz), 7.80 (1H, d, J = 7.7 Hz), 9.14 (1H, brs); 

IR (ATR) 3316, 2958, 1764, 1682, 1541 cm-1; MS (ESI) m/z 395 (M + H) , 393 (M – H) ; 

HRMS (ESI) m/z calcd for C23H27N2O4 (M + H)  395.1965, found 395.1956. 

2-6-1-37 Ethyl N-[1-(4-hydroxy-3-isopropylbenzyl)-2-methyl-1H-indol-4-yl]

malonamate (10b’) 

9b 10a 88%  
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1H NMR (CDCl3) 
 1.20 (6H, d, J = 7.0 Hz), 1.35 (3H, t, J = 7.4 Hz), 2.39 (3H, s), 3.16 (1H, 

m), 3.55 (2H, s), 4.30 (2H, q, J = 7.4 Hz), 4.83 (1H, s), 5.22 (2H, s), 6.37 (1H, s), 6.49 (1H, 

dd, J = 2.2, 8.0 Hz), 6.58 (1H, d, J = 8.4 Hz), 6.96 (1H, d, J = 2.2 Hz), 7.02–7.11 (2H, m), 

7.81 (1H, d, J = 6.6 Hz), 9.68 (1H, s); IR (ATR) 3312, 2960, 1717, 1659, 1551 cm-1; MS 

(ESI) m/z 409 (M + H) , 407 (M – H) ; HRMS (ESI) m/z calcd for C24H29N2O4 (M + H)  

409.2122, found 409.2113.  

2-6-1-38 Ethyl N-[1-(4-hydroxy-3-isopropylbenzyl)-7-methyl-1H-indol-4-yl]

malonamate (10c’) 

9c 10a 87%  

mp 141–142 �C; 1H NMR (CDCl3) 
 1.19 (6H, d, J = 7.0 Hz), 1.34 (3H, t, J = 7.1 Hz), 2.52 

(3H, s), 3.16 (1H, m), 3.55 (2H, s), 4.30 (2H, q, J = 7.1 Hz), 4.93 (1H, s), 5.49 (2H, s), 6.46 

(1H, dd, J = 2.0, 8.2 Hz), 6.59 (1H, d, J = 3.3 Hz), 6.60 (1H, d, J = 8.1 Hz), 6.85 (1H, d, J = 

7.7 Hz), 6.90 (1H, d, J = 1.2 Hz), 7.04 (1H, d, J = 3.3 Hz), 7.72 (1H, d, J = 8.1 Hz), 9.70 

(1H, s); IR (ATR) 3262, 2957, 1719, 1652, 1621, 1556 cm-1; MS (ESI) m/z 409 (M + H) , 

407 (M – H) ; HRMS (ESI) m/z calcd for C24H29N2O4 (M + H)  409.2122, found 

409.2120. 

2-6-1-39 Ethyl N-[1-(4-hydroxy-3-isopropylbenzyl)-2-methyl-1H-indol-5-yl]oxamate 

(10d) 

9c 10a 30%  

mp 126–129 �C; 1H NMR (CDCl3) 
� 1.18 (6H, d, J = 7.0 Hz), 1.41 (3H, t, J = 7.0 Hz), 2.35 

(3H, s), 3.18 (1H, m), 4.40 (2H, q, J = 7.0 Hz), 5.45 (2H, s), 5.57 (1H, s), 6.28 (1H, s), 6.45 

(1H, dd, J = 1.9, 8.1 Hz), 6.61 (1H, d, J = 8.5 Hz), 6.93 (1H, d, J = 1.9 Hz), 7.15 (1H, d, J = 

8.8 Hz), 7.24 (1H, dd, J = 2.2, 9.1 Hz), 7.89 (1H, s), 8.92 (1H, brs); IR (ATR) 1736, 1683 

cm-1; MS (ESI) m/z 395 (M + H) , 393 (M – H) ; HRMS (ESI) m/z calcd for C23H27N2O4 

(M + H)  395.1965, found 395.1959. 
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22-6-1-40 N-[1-(4-Hydroxy-3-isopropylbenzyl)-1H-indol-4-yl]oxamic acid (11a) 

10a 33.0 mg, 0.1 mmol 0.5mL 1 M

173 �L, 0.2 mmol 1

1M

/ 22 mg, quant.

 

mp 153–155 �C (dec); 1H NMR (DMSO-d6) 
 1.11 (6H, d, J = 6.9 Hz), 3.12 (1H, m), 5.27 

(2H, s), 6.56 (1H, d, J = 3.0 Hz), 6.67 (1H, d, J = 8.4 Hz), 6.81 (1H, dd, J = 1.2, 8.4 Hz), 

7.09 (1H, t, J = 7.7 Hz), 7.13 (1H, d, J = 1.2 Hz), 7.36 (1H, d, J = 8.1 Hz), 7.42 (1H, d, J = 

7.7 Hz), 7.44 (1H, d, J = 3.0 Hz), 9.27 (1H, s), 10.35 (1H, s); IR (ATR) 1748, 1691 cm-1; 

MS (ESI) m/z 353 (M + H) , 351 (M – H) ; HRMS (ESI) m/z calcd for C20H21N2O4 

(M + H)  353.1496, found 353.1498. 

2-6-1-41 N-[1-(4-Hydroxy-3-isopropylbenzyl)-2-methyl-1H-indol-4-yl]oxamic acid (11b) 

10b 11a quant.  
1H NMR (DMSO-d6) 
�1.09 (6H, d, J = 6.9 Hz), 2.37 (3H, s), 3.13 (1H, m), 5.25 (2H, s), 

6.34 (1H, s), 6.53 (1H, dd, J = 2.2, 8.4 Hz), 6.64 (1H, d, J = 8.4 Hz), 6.98 (1H, d, J = 2.2 

Hz), 7.01 (1H, t, J = 7.7 Hz), 7.26 (1H, d, J = 8.1 Hz), 7.36 (1H, d, J = 7.7 Hz), 9.15 (1H, s), 

10.19 (1H, s); IR (ATR) 1741, 1685, 1552 cm-1; MS (ESI) m/z 367 (M + H) , 365       

(M – H) ; HRMS (ESI) m/z calcd for C21H23N2O4 (M + H)  367.1652, found 367.1656. 

2-6-1-42 N-[1-(4-Hydroxy-3-isopropylbenzyl)-7-methyl-1H-indol-4-yl]oxamic acid (11c) 

10b 11a 95%  

mp 145–146 �C (dec); 1H NMR (DMSO-d6) 
 1.08 (6H, d, J = 6.6 Hz), 2.46 (3H, s), 3.13 

(1H, m), 5.43 (2H, s), 6.40 (1H, dd, J = 2.4, 8.2 Hz), 6.56 (1H, d, J = 3.3 Hz), 6.65 (1H, d, J 

= 8.1 Hz), 6.78 (1H, d, J = 8.1 Hz), 6.87 (1H, d, J = 2.2 Hz), 7.30 (1H, d, J = 7.3 Hz), 7.32 

(1H, d, J = 3.3 Hz), 9.22 (1H, s), 10.15 (1H, s); IR (ATR) 1752, 1692, 1548 cm-1; MS (ESI) 

m/z 367 (M + H) , 365 (M – H) ; HRMS (ESI) m/z calcd for C21H23N2O4 (M + H)  

367.1652, found 367.1654. 
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22-6-1-43 N-[1-(4-Hydroxy-3-isopropylbenzyl)-2-methyl-1H-indol-4-yl]malonic acid 

(11b’) 

11b 10b’ quant.

 

mp 139–141 �C (dec); 1H NMR (DMSO-d6)��
�1.09 (6H, d, J = 7.0 Hz), 2.37 (3H, s), 2.88 

(2H, s), 3.12 (1H, m), 5.23 (2H, s), 6.39 (1H, s), 6.49 (1H, dd, J = 2.0, 8.2 Hz), 6.63 (1H, d, 

J = 8.1 Hz), 6.91 (1H, t, J = 7.9 Hz), 6.95 (1H, s), 7.03 (1H, d, J = 8.1 Hz), 7.78 (1H, d, J = 

7.7 Hz), 9.14 (1H, s); IR (ATR) 1761, 1692, 1574 cm-1; MS (ESI) m/z 381 (M + H) , 379 

(M – H) ; HRMS (ESI) m/z calcd for C22H25N2O4 (M + H)  381.1809, found 381.1813. 

2-6-1-44 N-[1-(4-Hydroxy-3-isopropylbenzyl)-7-methyl-1H-indol-4-yl]malonic acid 

(11c’) 

11b 10c’ quant.  

mp 157–158 �C (dec); 1H NMR (DMSO-d6) 
 1.07 (6H, d, J = 6.6 Hz), 2.46 (3H, s), 3.13 

(1H, m), 3.48 (2H, s), 5.48 (2H, s), 6.39 (1H, dd, J = 2.2, 8.4 Hz), 6.54 (1H, d, J = 2.2 Hz), 

6.64 (1H, d, J = 8.4 Hz), 6.82 (1H, s), 6.86 (1H, s), 7.31 ( 1H, d, J = 2.9 Hz), 7.74 (1H, s), 

9.14 (1H, s), 9.68 (1H, s); IR (ATR) 1740, 1609, 1556 cm-1; MS (ESI) m/z 381 (M + H) , 

379 (M – H) ; HRMS (ESI) m/z calcd for C22H25N2O4 (M + H)  381.1809, found 

381.1812. 

2-6-1-45 N-[1-(4-Hydroxy-3-isopropylbenzyl)-2-methyl-1H-indol-5-yl]oxamic acid (11d) 

10d 11a quant.  
1H NMR (DMSO-d6) 
 1.08 (6H, d, J = 7.0 Hz), 2.35 (3H, s), 3.12 (1H, m), 5.22 (2H, s), 

6.23 (1H, s), 6.52 (1H, dd, J = 1.5, 8.0 Hz), 6.64 (1H, d, J = 8.0 Hz), 6.94 (1H, d, J = 1.5 

Hz), 7.33 (2H, s), 7.88 (1H, s), 9.14 (1H, s), 10.39 (1H, s); MS (ESI) m/z 367 (M + H) , 365 

(M – H) ; HRMS (ESI) m/z calcd for C21H23N2O4 (M + H)  367.1652, found 367.1655.  

2-6-2 TR TR  

TR�1 TR�1 LBD His-Patch Thioredoxin 
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Invitrogen His-Patch Thioredoxin C TR�1 TR�1

LBD TR�1 TR�1

TR LBD cDNA

JM109 IPTG

 

TR�1 TR�1 125I-T3 Perkin Elmer 0.16 nM

1 3 TR�1 TR�1 125I-T3

96well plate MultiScreen-HV Millipore

60 �L T3 1.67

90 �L 25 �C 2 3

T3 125I-T3 TR 80 �L

SephadexG25 600 g 1

SephadexG25 T3

25 �L SephadexG25 600 g 1

SephadexG25 25 �L 600 g 1

2 125I-T3

Isoplate PS Perkin Elmer 200 �L

Optiphase Super Mix Perkin Elmer 1450 Microbeta Trilux Perkin Elmer
125I-T3 TR�1

TR�1 125I-T3 TR�1 TR�1

 

T3 125I-T3 100%

T3 0.256 �M 125I-T3 0

TR�1 TR�1 125I-T3

T3

TR�1 TR�1 125I-T3

 

  

IC50 T3

0.5 0.1 0.9
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T3  

22-6-3 TR  

10% FBS Sigma-Aldrich Dulbecco’s 

Modified Eagle Medium DMEM, Sigma-Aldrich 96well cell culture plate

BD Falcon 37 �C CO2 5% CO2, 95% 24

6% FuGENE DMEM 15

20 10% FBS DMEM

37 �C CO2 5% CO2, 95%

24 T3 10% FBS

DMEM 37 �C CO2 5% CO2, 95% 8 10

SEAP SEAP

Tecan Spectra 

Fluor Plus reader Tecan Group Ltd., Männedorf, Switzerland

10 μL 100 μL 2 mg/mL 1 mM 

MgCl2, 0.1 M Na2CO3 pH 9.8 30 10 mM EDTA

4M 100 μL 405 nm

 

4 EC50 EC50 T3

100% T3

50% 10% 90%

T3  

2-6-4   

 

Sprague-Dawley SD Charles River, Kanagawa, Japan 1

1.5% 0.5% Oriental Yeast, Tokyo, Japan

6 11b’ 30 150mg/kg/day n = 13 11c’ 6

150mg/kg/day n = 13 T3 50 μg/kg/day n = 13 5%

QD 1 p.o.
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3

6 Tail-cuff BP-98A

Softron Japan

TSH T4 T3 TC LDL

TG HDL

TSH T4 T3 CLIA  

22-6-2-3   

S.E.M. Student t test

p 0.05  
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3 SKL  

3-1  

2 TR� 11b’ 11c’

SKL 11b’ 11c’ SKL-12846 SKL-13784 Figure 3-1

SKL-12846 SKL-13784

TSH 1

TR� GC-1 KB2115

TSH  

SKL-12846 SKL-13784 TSH

TR� 3

SKL SKL PK

GC-1 SKL-12846 SKL-13784

TSH

SKL TG

SKL-13784

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1. Chemical structures of SKL-12846, SKL-13784, and GC-1. 
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33-2 SKL PK 

SD SKL-12846 SKL-13784 1 mg/kg i.v.

30 mg/kg p.o. LC MS/MS

PK SKL-12846

SKL-13784 PK Table 3-1

Figure 3-2 SKL-12846 SKL-13784 i.v. 3

t1/2 6.76 h

9.40 h CLp SKL-12846 1.00 L/h/kg SKL-13784

1.39 L/h/kg 3.31 L/h/kg 65)

SKL-13784 Vdss SKL-12846 Vdss 3

SKL-13784 30 mg/kg p.o.

SKL-12846 SKL-13784 SKL-12846 0.33 h

Cmax SKL-13784 0.50 h Cmax Cmax 4.61 μM

5.32 μM Cmax SKL-13784 SKL-12846 t1/2

SKL-12846 SKL-13784 5.16 h SKL-12846 6.92 h

AUC0-∞ SKL-12846 15.8 h μM SKL-13784

12.0 h μM  SKL-12846 SKL-12846 SKL-13784

BA 20%

BA 20.8% 22.1%  
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TTable 3-1. Pharmacokinetic parameters of SKL-12846 and SKL-13784 after intravenous 
(1 mg/kg) and oral (30 mg/kg) administration in ratsa       

a Male SD rats were acclimated to experimental conditions 7 14 days before use, and had free access to food 
and water throughout the acclimatization period. The animals were fasted overnight, and SKL-13784 or 
SKL-12468 was administered intravenously via the tail vein or orally (by gavage) at the indicated doses (n = 
2 3) as a solution in saline and 5% GA. Blood samples were taken periodically and the plasma was analyzed by 
LC MS/MS with quantitation against a standard curve. AUC, area under the plasma concentration-time curve; 
BA, bioavailability; CLp, plasma clearance; Cmax, maximum plasma concentration; t1/2, half-life; Tmax, time to 
reach Cmax; Vdss, steady-state volume of distribution. Values represent the mean (n = 2 3). 

Compound Dose, i.v./p.o. 
(mg/kg) 

i.v. t1/2 
(h) 

CLp 
(L/h/kg) 

Vdss 
(L/kg) 

AUCi.v. 
( h μM ) 

oral t1/2 
(h) 

Cmax 
(μM) 

AUCp.o. 
(h μM) 

Tmax 
(h) 

BA 
(%) 

SKL-12846 1.0/30 6.76 1.00 2.38 2.53 6.92 4.61 15.8 0.33 20.8 

SKL-13784 1.0/30 9.40 1.39 6.55 1.81 5.16 5.32 12.0 0.50 22.1 
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Figure 3-2. Plasma concentrations-time profiles of SKL-13784 (A) and SKL-12846 (B) in 
normal SD rats. Each point represents the mean of two rats for intravenous ( ) dose of 
1 mg/kg and the mean ± S.D. of three rats for oral ( ) doses of 30 mg/kg. 

(A) 

 

(B)  
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33-3  

SKL 30 mg/kg GC-1 5.0 mg/kg p.o.

SKL 2 4 8 24 GC-1 0.5 4

24 Table 3-2

L P H B

SKL-13784 SKL-12846 L/H 2 179 175

SKL L/H 8 100 SKL

GC-1 L/H

40.5 0.5 SKL

SKL-13784 4 BLQ

SKL-13784 SKL-12846 L/B 2 1380 1820

8 300 SKL

GC-1 L/B SKL 0.5 157

GC-1 0.5

0.338 μM 24 0.240 μM GC-1 24

GC-1 SKL 2 24
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TTable 3-2. Plasma and tissue concentrations of SKL-compounds and GC-1 after oral administration 
in SD ratsa    

                                                                                           
 SKL-13784 (30 mg/kg) SKL-12846 (30 mg/kg) GC-1 (5 mg/kg) 
 Time (h) Time (h) Time (h) 

 2 4 8 24 2 4 8 24 0.5 4 24       

Tissue 

Plasma (P) (μM) 0.455 0.335 0.186 0.0495 0.982 0.835 0.261 0.169 7.95 1.15 0.0323 

Liver (L) (μM) 19.7 16.0 4.60 0.873 21.7 12.6 6.11 1.64 53.0 10.8 0.308 

Heart (H) (μM) 0.110 0.0604 0.0454 0.0328 0.124 0.0847 0.0348 0.0180 1.31 0.435 0.247 

Brain (B) (μM) 0.0143 BLQc BLQc BLQc 0.0119 0.0112 0.00805   −b 0.338 0.268 0.240 

Ratio 

L/H 179 265 101 26.6 175 149 176 91.1 40.5 24.8 1.25 

L/B 1380 >1290 >371 >70.4 1820 1130 759 −b 157 40.3 1.28 

B/P 0.0314 <0.0370 <0.0677 <0.251 0.0121 0.0134 0.0308 −b 0.04 0.23 7.43     

a Male SD rats were acclimated to experimental conditions 7 14 days before use, and had free access to food and 
water throughout the acclimatization period. The animals were fasted overnight, and SKL-13784 or SKL-12846 
was administered orally (by gavage) at the indicated doses (n = 1) as a solution in 5% GA. Blood samples were 
taken periodically and the plasma was analyzed by LC MS/MS with quantitation against a standard curve. 
b Not determined. c Below the limit of quantitation (BLQ was 0.0124 μM). 
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33-4 SKL-13784  

SKL-13784 Figure 

3-3 60% TC TG

Glu

TG 3

2 240 mg/dL

60 mg/kg/day TC TG

Glu

SKL-13784 TG

2.0 mg/kg/day 6.0 mg/kg/day 4 TG

SKL-13784 TG SKL-13784

2.0 mg/kg/day 6.0 mg/kg/day Glu

SKL-13784 TC SKL-13784 TG

Glu 2 4

T3 SKL-13784 T3

SKL-13784 TG

0.6 mg/kg T4 24

SKL-13784 Kp

55 Table 3-3



 
 

57 
 

A B 

   

 

  

 

 

C D   

   

 

   

 

 

E      F 

  

  

 

 

 

FFigure 3-3. Effects of SKL-13784 in fructose-induced hypertriglyceridemic rats. Rats were treated 
with SKL-13784 for 2 weeks (grey bar) and 4 weeks (black bar). Data represent the mean ± S.E.M. 
(n = 10); *p < 0.05 compared to normal control, **p < 0.01 compared to normal control. #p < 0.05 
compared to treated control, ##p < 0.01 compared to treated control. 
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TTable 3-3. Plasma concentration of SKL-13784 in fructose-fed rats  

 

 
Values are the mean ± S.E.M. (n = 5). After 24 h of the final drug 
treatment, blood was collected from the inferior vena cava and 
analyzed.  

 
 
Table 3-4. Effects of SKL-13784 on body weights in fructose-induced hypertriglyceridemic rats   

Diet Normal diet 60% Fructose diet 
Group  Vehicle Vehicle SKL-13784 
Dose (mg/kg) 0 0 0.6 2 6 
Days of administration      

1 260 ± 3 260 ± 3 262 ± 4 263 ± 3 265 ± 4 
3 270 ± 4 261 ± 3 265 ± 4 265 ± 3 267 ± 4 
5 284 ± 5 275 ± 4 276 ± 4 278 ± 4 276 ± 6 
7 297 ± 4 286 ± 4 292 ± 4 293 ± 4 291 ± 6 
9 307 ± 5 300 ± 4 307 ± 5 308 ± 4 300 ± 6 
11 520 ± 6 312 ± 4 316 ± 6 319 ± 5 315 ± 7 
13 328 ± 7 324 ± 4 329 ± 6 333 ± 4 324 ± 7 
15 337 ± 9 333 ± 5 340 ± 6 342 ± 4 330 ± 7 
17 343 ± 10 342 ± 5 352 ± 7 355 ± 5 341 ± 7 
19 350 ± 11 352 ± 5 367 ± 7 365 ± 6 350 ± 8 
21 357 ± 11 361 ± 6 377 ± 7 376 ± 6 360 ± 8 
23 365 ± 12 371 ± 5 389 ± 8 385 ± 6 371 ± 9 
25 371 ± 12 378 ± 6 402 ± 8 396 ± 7 379 ± 9 
28 382 ± 12 390 ± 6 414 ± 9 410 ± 8  390 ± 10 
29 379 ± 12 391 ± 6 414 ± 9 408 ± 9  390 ± 10 

Values are the mean (g) ± S.E.M. (n = 10). 
 
 
Table 3-5. Effect of SKL-13784 on food intake in fructose-induced hypertriglyceridemic rats 

Diet Normal diet 60% Fructose diet 
Group  Vehicle Vehicle SKL-13784 
Dose (mg/kg) 0 0 0.6 2 6 
Days of administration      

Pre 21 ± 1 22 ± 1 21 ± 1 22 ± 1 23 ± 1 
2 22 ± 1 20 ± 1 20 ± 1 19 ± 1 19 ± 1 
7 24 ± 1 21 ± 1 23 ± 1 24 ± 1 23 ± 1 
13 23 ± 1 22 ± 1 24 ± 1 25 ± 1 24 ± 1 
21 23 ± 1 21 ± 1 24 ± 1 25 ± 1# 24 ± 1 
27 23 ± 1 23 ± 1 25 ± 1 26 ± 1# 24 ± 1 

Each value shows the mean (g/day) ± S.E.M. 
Significantly different from normal diet : vehicle group (#:p < 0.05) 

Dose (mg/kg) plasma (nM) liver (nM) Kp 

0.6 1.60 ± 0.38 112 ± 33 70 

2.0 2.50 ± 0.90 141 ± 29 56 

6.0 8.13 ± 3.20 314 ± 100 39 
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33-6  

SKL p.o. BA

20% 30 mg/kg Cmax AUC

SKL-13784 2 Cmax 1/10 Table 

3-1 Figure 3-2 SKL-13784 30 mg/kg p.o.

1 2 TR� EC50 = 1.3 μM

SKL-13784 i.v. CLp 3.31 L/h/kg 1/3

Vdss

SKL

SKL p.o.

i.v. 3

SKL

p.o. SKL

TR� SKL

 

SKL GC-1 GC-1 p.o. 0.5 4

L/H 40.5 24.8 Table 3-2 i.v. 1 L/H

17 37)

p.o. SKL L/H 8

100 GC-1 GC-1 T3

TR� L/H    
37) SKL 5

TR� SKL

L/H L/B SKL

GC-1 SKL L/B 8 300 GC-1

Table 3-2 SKL GC-1

L/B SKL

SKL TSH SKL
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L/B GC-1 TSH

GC-1

 

VLDL-TG TG
66) SKL-13784 TG

2.0 mg/kg Figure 3-3B

TG

LDL RCT

VLDL TG 42,59,67-71)

2

TC

Figure 3-3A KB14172)

TR� SKL-13784 Glu

Figure 3-3C DIO KB141

Glu Glu

2 72)

Table 3-4, 

3-5 SKL

SKL TR� TR�

TR� PI3 73)

SKL PI3

 

SKL-13784 4

74)

HPT TSH

SKL-13784 B/P

SKL-13784 HPT

SKL-13784 TSH

SKL-13784 T4 T4

Figure 3-3D T3 Figure 
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3-3E TR� MB07811

MB07811 CYP3A MB07344

TR� 72,75) MB07811 T3 TSH

DIO SKL-13784 T4

MB07811 T4 T3 rT3 3,3’-diiodothyronine T2

DI1 T4 T4
19,76,77) TR�
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33-7  

SKL

SKL-13784 L/H L/B GC-1 SKL GC-1

SKL

HPT

SKL GC-1

SKL TSH L/B

SKL-13784 TG Glu

TR� TR�
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33-8  

3-8-1   

SKL-12846 SKL-13784 GC-1 78)

 

3-8-2  

SD Charles River Japan, Kanagawa, Japan 12

5

Oriental Yeast, Japan

 

3-8-3 PK  

SD n = 2 3 1 

mg/mL 1 mL/kg i.v. p.o. 5%

GA, Wako, Osaka, Japan 30 mg/mL 5 mL/kg

5 (i.v. ) 10 (i.v. ) 15 30 1 2 3 4 6 8 24

4 °C

 

3-8-4  

5% GA SKL-12846 SKL-13784 30 mg/kg GC-1 5.0 mg/kg

p.o. SKL 2 4 8 24 GC-1 0.5 4 24

n = 1

4 °C
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33-8-5 TG  

SD 8 n = 10 1 NMF, Oriental Yeast, 

Japan F2HFrD, 

Oriental Yeast, Japan SKL-13784 0.06 0.2 0.6 2

6 mg/kg/day 60 mg/kg/day

SKL-13784 0.5% CMC-Na QD 4 p.o.

14 28 24 28

TC TG T4 T3 CLIA

 

3-8-7  

Yasui Kikai, Japan

20 μL IS

20 μL 30 μL 5

5 mM  10 μL LC MS/MS

NANOSPACE LC Shiseido, Tokyo, Japan TSQ7000

Thermo Fisher Scientific, Waltham, MA LC MS/MS

YMC Pack Pro C18 2.0 × 50 mm; YMC, Kyoto, Japan

5 mM MS

ESI MRM MRM

parent > product SKL-12846 381 > 233 SKL-13784 381 > 233

Xcalibur® Thermo Fisher Scientific, Waltham, MA

 

3-8-8 PK  

PK AUC, CLp t1/2 Vdss Phoenix WinNonlin Pharsight, 

Mountain View, CA Cmax Tmax

 

BA AUC  
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BA(%) = AUCp.o./AUCi.v. Dosei.v./Dosep.o. 100 

 

33-8-9  

  S.E.M. SKL-13784

2 Student t test

Dunnett’s test p

 0.05  
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4 SKL-13784  

4-1  

3 SKL GC-1

SKL HPT

SKL

SKL TR�

 

TR�

35,38,79)

3  

Organic anion-tranporting polypeptide transporter (OATP/Oatp) organic cation 

transporter (OCT/Oct)
80) 

81,82) 
83,84) 

Metabasis 

Therapeutic TR� MB07811 75,85)

CYP3A4 MB07344 Figure 4-1

MB07811 TSH

 

SKL 3

SKL-13784

GC-1

     

Figure 4-2 86-88)

i.v.
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FFigure 4-1. Sequence of conversion of HepDirect MB07811 to the active metabolite 
MB07344 relasing the glutathione (GSH) by-product MB06588. 
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FFigure 4-2. Drug disposition and transport from the sinusoid through the hepatocyte. 
BCRP, breast cancer resistance protein; BSEP, bile salt export pump; MATE, multidrug 
and toxin extrusion protein; MDR, multidrug resistance protein; MRP, multidrug 
resistance-associated protein; NTCP, Na -taurocholate cotransporting polypeptide; OAT, 
organic anion transporter; OCT, organic cation transpoter; OATP, organic 
anion-transporting polypeptide; OST, organic solute tranporter. (Adapted from Ref. 88.) 
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44-2 In vitro Media-loss  

SKL-13784 GC-1 in 
vitro in vitro

media-loss
89,90) Media-loss

SKL-13784

GC-1 media-loss Figure 4-3

SKL-13784 GC-1 Table 4-1

CLint media-loss

2

0.25 2

media-loss

SKL-13784 CLint, media loss 553 

mL/min/kg GC-1 CLint, media loss 348 mL/min/kg 1.6

SKL-13784 GC-1 Oatp

CLint, media loss 131 117 mL/min/kg

p 0.06 < 0.05  
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FFigure 4-3. Disappearance from media in the media-loss assay and metabolic stability of 
SKL-13784 (A) and GC-1 (B) using freshly isolated rat hepatocytes. The media-loss 
assay was performed without (closed circle) and with (open circle) rifampicin. The 
metabolic stability was performed without rifampicin (open square). Each point 
references the mean ± S.D. of triplicate experiments. 
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TTable 4-1. CLint determined by media loss without and with rifampicin, and hepatocyte 
stability assays using fresh rat hepatocytes    

Compound  
CLint,media-loss  

alone 

(mL/min/kg) 

CLint,media-loss  

+ rifampicin 

(mL/min/kg) 

CLint,hepatocyte  

alone 

(mL/min/kg) 

SKL-13784 553 ± 283 131 ± 30 < 0 

GC-1 348 ± 72  117 ± 36* < 0 

Each value represents the mean ± S.D. of triplicate experiments. 
* p < 0.05 versus values in the absence of rifampicin.  
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44-3  

2 1

CYP , 

SKL-13784 GC-1 CYP

NADPH 5’

UDPGA

Figure 4-4 Table 4-2

CLint,microsome SKL-13784 NADPH 157 min

UDPGA 127 min t1/2 CLint, microsome 7.97 mL/min/kg

10.1 mL/min/kg GC-1 NADPH

UDPGA 65 min t1/2 CLint, microsome 19.4 

mL/min/kg SKL-13784 CYP

GC-1  
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FFigure 4-4. Time course of SKL-13784 (A) and GC-1 (B) deletion in rat liver 
microsoemes. Both compounds (1μM) were incubated with 5 mg/ml of pooled rat liver 
microsomes in the presence of NADPH (open circle) or UDPGA (closed circle). Each 
point represents mean  S.D. of triplicate experiments. 
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TTable 4-2. CLint determined by rat liver microsomes in the presence of NADPH and 
UGPDA 

Compound  
CLint,microsome (mL/min/kg) 

NADPH UDPGA 

SKL-13784 7.97 ± 0.52 10.1 ± 2.3 

GC-1 < 0 19.4 ± 2.9 

Each value represents the mean ± S.D. of triplicate experiments. 
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44-4 MDR1-LLC-PK1 MDR1  

LLC-PK1

MDR1/P P-gp

MDR1-LLC-PK1 MDR1

apical basal

A-B Papp,A-B basal apical

B-A Papp,B-A Efflux ratio Papp,B-A/Papp,A-B Table 4-3

SKL-13784 Efflux ratio 2.1 Papp,B-A Papp,A-B 2 SKL-13784

MDR1 GC-1 Efflux ratio 0.6 GC-1

MDR1  

 

 

Table 4-3. Permeability of SKL-13784 and GC-1 in MDR1-LLC-PK1 cells 

Compound 
Papp,A-B 

(× 10−6 cm/s) 

Papp,B-A 

(× 10−6 cm/s) 

Efflux ratio 

(B-A/A-B) 

SKL-13784 3.31 ± 0.74 6.99 ± 0.48 2.1 

GC-1 12.9 ± 2.6 8.29 ± 0.50 0.6 

Each value represents the mean ± S.D. of triplicate experiments.  
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44-5 PAMPA  

PAMPA pH 7.4

SKL-13784 GC-1 Table 4-4

Papp 48 10-6 cm/s

Papp 0.12 10-6 cm/s SKL-13784 GC-1 Papp

0.073 10-6 cm/s 4.5 10-6 cm/s SKL-13784 Papp

SKL-13784

GC-1 SKL-13784 60  

 

Table 4-4. Permeability of SKL-13784 and GC-1 in PAMPA  

Compound Papp, pH 7.4 (× 10−6 cm/s) 

SKL-13784     0.073 

GC-1 4.5 

Metoprolol 48 

Sulfasalazine 0.12 

Each value represents the mean of duplicate experiments.  
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44-6 BDC  

BDC SKL-13784 GC-1 1 mg/kg

i.v. Figure 4-5 SKL-13784

8 30.3%

�

SKL-13784 83.0% GC-1

8 2.53% �

SKL-13784 GC-1 59.7 %

SKL-13784

GC-1

2

SKL-13784 75.9 % GC-1 51.8 %  
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FFigure 4-5. Cumulative excretion ratio (%) of unchanged compounds and their 
glucronide metabolites in bile after intravenous administration (1 mg/kg) of SKL-13784 
(A) or GC-1 (B) to BDC rats. Open and closed circles indicate unchanged drug and total 
drug (unchanged drug and its glucronide metabolite). Each point represents mean ± S.D. 
of three animals. 
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44-7 BDC SKL-13784  

SKL-13784 BDC SKL-13784 i.v.

PK Figure 4-6 Table 4-5

1 mg/kg i.v. SKL-13784 CLp 3540 mL/h/kg

Vdss 6370 mL/kg AUC0- 282 ng h/kg

t1/2 4.41 h DBC 1 mg/kg i.v.

CLp 3210 mL/h/kg

Vdss p < 0.05 2140 mL/kg

3 t1/2 4.3

p < 0.01 SKL-13784
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FFigure 4-6. Plasma concentration-time profile of SKL-13784 after intravenous 
administration (1 mg/kg) to intact (open circle) and BDC (closed circle) rats. Each point 
represents mean ± S.D. of three animals.  

 

Table 4-5. Pharmacokinetic parameters of SKL-13784 in intact and BDC rats after i.v. 
administration at 1 mg/kg  

Parameters Intact BDC 

AUC0–∞ (ng·h/mL) 283 ± 13 313 ± 27 

CLp (mL/h/kg) 3540 ± 170 3210 ± 280 

Vdss (mL/kg) 6370 ± 1300 2140 ± 390* 

t1/2 (h)  4.41 ± 0.75  1.02 ± 0.31** 

Each value represents the mean ± S.D. of three animals. 
**p < 0.01 and *p < 0.05 
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44-8 SKL-13784 PK  

PK

SKL-13784 p.o.

PK SKL-13784 0.06 0.6 6 mg/kg p.o.

PK Figure 4-7 Table 4-6

SKL-13784 0.06 0.6 6 mg/kg p.o. 0.25 Cmax

SKL-13784 Cmax 2.25 23.8

359 ng/mL AUC0-∞ 8.01 65.8 715 ng/mL SKL-13784

0.06 6 mg/kg Cmax AUC0-∞
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FFigure 4-7. Plasma concentration-time profile of SKL-13784 after oral administration at 
0.06 mg/kg (triangle), 0.6 mg/kg (squares) and 6mg/kg (circles) to rats. Each point 
represents mean ± S.D. of three animals. 
 

 

Table 4-6. Pharmacokinetic parameters of SKL-13784 in rats after p.o. administration 
at 0.06, 0.6 and 6 mg/kg 

Dose 

(mg/kg) 

Parameters 

Cmax (ng/mL) AUC0–∞ (ng·h/mL) 

0.06 2.25 ± 0.64 8.01 ± 1.44 

0.6 23.8 ± 3.4 65.8 ± 11.1 

6 359 ± 282 715 ± 236 

Each value represents the mean ± S.D. of three animals. 
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FFigure 4-8. Disappearance from media in the media-loss assay of atorvastatin using 
freshly isolated rat hepatocytes. The media-loss assay was performed without (closed 
circle) and with (open circle) SKL-13784. 
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44-9  

SKL-13784 TR� 20 TR GC-1

SKL-13784 HPT

SKL-13784 GC-1

3

CYP

 

media-loss SKL-13784

Figure 4-3 SKL-13784 CLint,media loss 553 mL/min/kg

GC-1 348 mL/min/kg 1.6 SKL-13784 GC-1

Figure 

4-4 SKL-13784 CYP GC-1

SKL-13784 GC-1 CLint,microsome

CLint,media loss CLint,microsome

Figure 4-3 Table 4-1 2 Oatps
91)

Oatp Oatp
92)

Varms
93) Tu OATP    

94) SKL-13784 GC-1 2

SKL-13784 clogD7.4 0.32 GC-1 clogD7.4 1.24

SKL-13784 GC-1 SKL-13784

Oatp GC-1

SKL-13784 GC-1 PAMPA

Table 4-4 3 SKL-13784 BA
94)

In vivo
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SKL-13784

 

BDC

Figure 4-5 SKL-13784 GC-1

2 SKL-13784

30.3% 59.7%

GC-1 SKL-13784 59.7%

SKL-13784

SKL-13784

SKL-13784

Multidrug resistace 1 (MDR1/Mdr1) multidrug 

resistance-associated protein 2 (MRP2/Mrp2) breast cancer resistance protein 

(BCRP/Bcrp) ATP-bindng cassettes (ABC)
95,96) Table 4-3

MDR1-LLC-PK1 SKL-13784 Papp,B-A Papp,A-B 2.1

SKL-13784 MDR1

SKL-13784 30.3%

MDR1/Mdr1 MRP2/Mrp2 BCRP/Bcrp

 

SKL-13784

BDC SKL-13784

Figure 4-6 Table 4-5 BDC Vdss

t1/2 2 SKL-13784

Vdss t1/2

SKL-13784

97)

SKL-13784 Vdss

 

SKL-13784

PK

PK

SKL-13784 0.06 6 mg/kg
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PK

SKL-13784 Oatp
98) media-loss Figure 4-8  

MB07811
85)

SKL-13784

SKL-13784

TR�  
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44-10  

SKL-13784

Figure 4-9 SKL-13784 GC-1 Oatps

SKL-13784

SKL-13784

 

SKL-13784

GC-1 SKL-13784

SKL-13784

TR�

 

  

 

 

 

 

 

 

  

 

 

   

 

 

 

  

    

Figure 4-9. Schematic diagram illustrating the presumed liver specific distribution of 
SKL-13784 

SKL-13784 
Glucuronic acid conjugate 
Metabolites? 

Systemic circulation 

Hepatic portal vein 

Intestine 

Common 
bile duct 

SKL-13784 +Conjugate 

Oatps 

? 

P-gp 

Enterohepatic circulation  

Low permeability Liver 

Active transport 
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44-11  

4-11-1  

XenoTech Lenexa, KS NADPH

UGT BD Biosciences Woburn, MA

NA Sigma-Aldrich St. Louis, MO HPLC

Q

Millipore, Bedford, MA

  

4-11-2  

SD 7 9 Charles River Japan, Kanagawa, Japan 12

NMF, Oriental Yeast, Tokyo, Japan

5

6 3

 

4-11-3  Media-loss  

in situ 2
Life Technologies, 

Carlsbad, CA 10 200 mg/L H Sigma-Aldrich

Life Technologies 5

Life Technologies

 

10 mM HEPES pH 7.4 HBSS Life Technologies

 

Media-loss 14,15)

8 × 106 cells/mL 5 37 �C

2 μM DMSO

200 μM HBSS 37 �C
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HBSS 0.25 1 2

5 15 30 100 μL 2,000 g 15

50 μL IS 100 μM NA

4,500 g 10 LC MS/MS  

media-loss 0 15 30 50 μL IS

4,500 g 10

LC MS/MS  

Media-loss CLint′ CLint′ = V × k

V k

k log

media-loss 0.25  

CLint CLint = CLint′ × SF

SF 1.35 × 108 cells/g liver 40 g liver/kg65,99)   

44-11-4   

SKL-13784 GC-1 1 μM 0.1 M

1.0 mg protein/mL 37 �C 5 NADPH

1.3 mM NADP 3.3 mM glucose-6-phosphate 0.4 unit/mL 

glucose-6-phosphate dehydrogenase 3.3 mM MgCl2 n = 3

37 �C 0 5 15 30 60 100 μL

400 μL IS 4,500 g 10

LC MS/MS  

50 mM Tris pH 7.5 1.0 

mg protein/mL 25 μg/mg of protein 30

SKL-13784 GC-1 1 μM 37 �C 5

UGT 50 mM Tris HCl (pH 7.5), 8 mM MgCl2, 2 mM 

UDPGA 37 °C 0 5 15 30 60

LC MS/MS

 

CLint′ 4-11-3 SF

45 mg microsomal protein/g liver 40 g liver/kg99,100) in vivo
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44-11-5  MDR1-LLC-PK1  

MDR1-LLC-PK1 BD Biosciences 7% FBS 50 μg/mL

Medium119 Sigma-Aldrich 15 × 104 cells/mL

24well Transwell plate; BD Biosciences

37 �C 5 CO2 5% CO2, 95%

5 10 mM HEPES HBSS pH 7.4 TM

37 �C 30 CO2 5% CO2, 95% Apical

300 μL basal 1000 μL  1 μM TM 2

TM 150 μL

LC MS/MS Papp, cm/s Papp 

= Amount/Area/C0/Time “Amount” “Area”

0.33 cm2 , “C0” Time Efflux 

ratio Papp,B-A/Papp,A-B Papp,B-A basal apical Papp Papp,A-B apical

basal Papp Efflux ratio 2 MDR1

 

4-11-6  PAMPA  

PAMPA UV-based PAMPA Evolution pION, Inc., Wobrn, MA pION

pION 96well

Millipore 20% w/v

125 μm 0.45 μm pore, pION

pH 7.4

250 μM

25 �C 3 150 

μL UV UV

Papp pION PSR4p pION, Inc. 2
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44-11-7  BDC)   

PE-10 polyethylene tubes I.D., 0.28 

mm; O.D., 0.61 mm; BD, Parsippany, NJ 40% v/v 

DMSO/ BDC 1 mg/kg i.v.

2 8   

100 μL � type 

H2; Sigma-Aldrich 1000 units/mL 0.1M pH 5.0 900 μL

37 �C 24  50 μL 200 μL

10  

4-11-8  BDC PK      

6 SD 2 1 PE-10 polyethylene tube I.D., 0.28 mm; 

O.D., 0.61 mm; BD polyurethane tube I.D., 0.6 mm; O.D., 0.9 mm; Access 

technologies, Skokie, IL 1

PE-10 polyethylene tube SKL-13784 1 

mg/kg i.v. 0.5 1 2 3 4 6 8 10 24

4 �C   

4-11-9  SKL-13784 p.o. PK  

SKL-13784 0.5% CMC 0.06 0.6 6 mg/kg p.o.

0.25 0.5 1 2 3 4 6 8 24

4 �C  

4-11-10   

Accela pump, CTC HTC PAL auto sampler Thermo TSQ 

Vantage Triple Stage Quadrupole Mass Spectrometer heated ESI probe

LC MS/MS Thermo Fisher Scientific, Waltham, MA

10 μL IS 10 μL 70 μL
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0.1 % 

LC MS/MS in vitro 40 �C

0.6 mL/min A 0.1% B MeCN

0 0.3 10% B 0.3 0.7 10% B 50% B 0.7 0.8

50% B 80% B 0.8 2.0 80% B 2.0 3.0 80% B 10% B

YMC triart C18 guard column 3 μm, 2.0 mm × 10 mm, YMC YMC triart C18 

column 3 μm, 2.0 mm × 30 mm, YMC, Kyoto, Japan   

YMC triart C18 guard column 3 μm, 2.0 mm × 10 mm, YMC  YMC 

triart C18 column 3 μm, 2.0 mm × 50 mm, YMC 40 �C

0.1% / 1 1 0.35 mL/min

4 MS ESI MRM

MRM parent > product   SKL-13784 381 > 215

NA 283 > 265, IS in positive-ion mode GC-1 327 > 269 NA 281 > 237, IS in 

negative-ion mode Xcaliber® Thermo Fisher Scientific

 

44-11-11  PK  

PK AUC0–∞

 

4-11-12   

  S.D. 2

Student’s t test Welch’s t test p 0.05

 



 
 

93 
 

5  

TR� TR

 

 

TR� �

2 1

2

 2

2 4 5 T3 TR�1 TR�1

TR�1 T3

4 5 5b 19

TR�

11b 11d 5 4

2

11a vs. 111b 7 11c TR�

IC50 54 nM 2 11b 2 7

TR� IC50 0.23 

μM 0.24 μM 11b 11c TR� 20

11b’ 11c’ 11b’ 11c’

HPT

 

TR� 1 4

11b’ SKL-12846 11c’ SKL-13784

 

 

SKL  

SKL TSH TR�

SKL-12846 SKL-13784

SKL PK GC-1 SKL
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PK

SKL

L/H L/B 8 100 GC-1

SKL GC-1

SKL TSH

SKL

L/B GC-1 TSH

GC-1

SKL-13784 TG Glu

SKL-13784 HPT

SKL-13784 T4 DI1

T3 SKL-13784

DI1  

SKL TR

HPT

T4

 

 

SKL-13784  

SKL

GC-1

In vitro SKL-13784 GC-1 Oatp

CL CL

SKL-13784

CL GC-1 SKL-13784 GC-1

SKL-13784

GC-1

SKL-13784 GC-1

SKL-13784 SKL-13784

Oatp

TR�

TR
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PK

PK SKL-13784

 

 

TR TR� 20

SKL-12846 SKL-13784 SKL

HPT TG

T4 DI1

T4

T4 TBG

T4 T4

TR� MGL-3196

� ����

� DI2 DI3

DI1

DI1

TR�

TR� TR

SKL

TR�

�

�
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