
Design, Synthesis, and Biological Evaluation of Water-

Soluble Amino Acid Prodrug Conjugates Derived from 

Combretastatin, Dihydronaphthalene, and 

Benzosuberene-Based Parent Vascular Disrupting 

Agents  

Laxman Devkota
a,†

, Chen-Ming Lin
a,†

, Tracy E. Strecker
a
, Yifan Wang

a
, Justin K. Tidmore

a
, Zhi 

Chen
a
, Rajsekhar Guddneppanavar

a
, Christopher J. Jelinek

a
, Ramona Lopez

b
, Li Liu

b
, Ernest 

Hamel
c
, Ralph P. Mason

b
, David J. Chaplin

a,d
,  Mary Lynn Trawick

a,
*, and Kevin G. Pinney

a,
*  

 
a 
Department of Chemistry and Biochemistry, Baylor University, One Bear Place #97348, Waco, Texas 76798-7348, 

United States 

b 
Department of Radiology, The University of Texas Southwestern Medical Center, 5323 Harry Hines Boulevard, 

Dallas, Texas 75390-9058, United States  

c 
Screening Technologies Branch, Developmental Therapeutics Program, Division of Cancer Treatment and 

Diagnosis, National Cancer Institute, Frederick National Laboratory for Cancer Research, National Institutes of 

Health, Frederick, MD 21702, United States 

d 
OXiGENE Inc., 701 Gateway Boulevard, Suite 210, South San Francisco, California 94080, United States  

*Co-corresponding authors. Tel.: +1 254 710 4117; Kevin_Pinney@baylor.edu and Tel.: +1 254 710 6857; 

Mery_Lynn_Trawick@baylor.edu 

†
Authors contributed equally 



Table of Contents 

Synthetic Scheme of AVE8062                                                                               S1 

Experimental Procedure of the Synthesis of AVE8062                                     S1-S4 

NMR, HRMS, and HPLC data:  

Compound 1                                                                                            S5-S6 

Compound 2                                                                                            S7-S8 

Compound 4                                                                                          S9-S10 

Compound 5a                                                                                      S11-S12 

Compound 5b                                                                                      S13-S14 

Compound 6a                                                                                      S15-S16 

Compound 6b                                                                                      S17-S18 

Compound 7                                                                                        S19-S26 

Compound 8                                                                                        S27-S34 

Compound 9                                                                                        S35-S42 

Compound 10                                                                                      S43-S50 

Compound 11                                                                                      S51-S52 

Compound 12                                                                                      S53-S54 

Compound 13                                                                                      S55-S62 

Compound 14                                                                                      S63-S71 

Compound 15                                                                                      S72-S79 

Compound 16                                                                                      S80-S87 

Compound 17                                                                                      S88-S95 

Compound 18                                                                                    S96-S103 

Compound 19                                                                                  S104-S105 

Compound 20                                                                                  S106-S107 

Compound 21                                                                                  S108-S109 

Compound 22                                                                                  S110-S117 

Compound 23                                                                                  S118-S125 

Compound 24                                                                                  S126-S133 

Compound 25                                                                                  S134-S135 

Compound 27                                                                                  S136-S137 

Compound 28                                                                                  S138-S139 



Compound 29                                                                                  S140-S141 

Compound 30                                                                                  S142-S143 

Compound 31                                                                                  S144-S145 

Compound 32                                                                                  S146-S151 

Compound 33                                                                                  S152-S159 

Compound 34                                                                                  S160-S161 

Compound 35                                                                                  S162-S163 

Compound 36                                                                                  S164-S171 

Compound 37                                                                                  S172-S177 

Compound 38                                                                                  S178-S184 

Compound 39                                                                                  S185-S191 

Compound 40                                                                                  S192-S193 

Compound 41                                                                                  S194-S195 

Compound 42                                                                                  S196-S202 

Compound 43                                                                                  S203-S212 

Compound 44                                                                                  S213-S219 

Compound 45                                                                                  S220-S227 

Compound 46                                                                                  S228-S229 

Compound 3' CA4-amine                                                               S230-S237 

Compound 47                                                                                  S238-S239 

Compound 3' CA4-L-serinamide                                                  S240-S247 

Compound AVE8062                                                                      S248-S255 

Enzyme Units Determination (Leucine Aminopeptidase):                                 S256 

HPLC Information for Enzymatic Assay                                                            S257 

HPLC Chromatograms of Compounds 7, 15 and 16                                S257-S258 

HPLC Chromatograms of Compounds 15 and 16 

Before and After Leucine Aminopeptidase Digestion                                        S259 

HPLC Chromatograms of Compounds 8, 22, 23 and 24                                    S260 

HPLC Chromatograms of Compounds 22 and 23 

After Leucine Aminopeptidase Digestion                                                           S261 

HPLC Chromatograms of Compound 24 



After Leucine Aminopeptidase Digestion                                                           S262 

HPLC Chromatograms of Compounds 17, 18  

and of Their Parent Compound                                                                           S263 

HPLC Chromatograms of Compounds 17 and 18 

Before and After Leucine Aminopeptidase Digestion                                        S264 

HPLC Chromatograms of Compounds 32, 38 and 44                                        S265 

HPLC Chromatograms of Compounds 38 and 44 

Before and After Leucine Aminopeptidase Digestion                                        S266 

HPLC Chromatograms of Compounds 33, 39 and 45                                        S267 

HPLC Chromatograms of Compounds 39 and 45 

Before and After Leucine Aminopeptidase Digestion                                        S268 

HPLC Chromatograms of 3' CA4-amine,  

3' CA4-L-serinamide and AVE8062                                                                   S269 

HPLC Chromatograms of 3' CA4-L-serinamide and AVE8062 

Before and After Leucine Aminopeptidase Digestion                                        S270 

Calibration Curves of Parent Compounds 7, 8, 32 and 33                                  S271 

Rate Studies for Cleavable Compounds 15, 16, 17, 18, 44 and 45                     S272 

Evaluation of Aqueous Solubility                                                                       S273 

 



S1 
 

Synthesis of AVE8062 

 

Scheme. Synthesis of AVE8062  

Experimental Section for the Synthesis of AVE8062 

(Z)-1,2,3-trimethoxy-5-(4-methoxy-3-nitrostyryl)benzene (46) 

NaH (1.54 g, 64.2 mmol) was added into an oven-dried round-bottom reaction flask. Anhydrous 

CH2Cl2 (100 mL) and 3,4,5-trimethoxybenzyltriphenylphosphonium bromide (6.94 g, 13.3 

mmol) were added to the reaction flask, and the reaction mixture was stirred for 1 h. The reaction 

mixture was cooled to -15 ºC, and 4-methoxy-3-nitrobenzaldehyde (2.01 g 11.1 mmol) was 

added to the reaction flask. The reaction mixture was stirred for 20 h while warming to ambient 

temperature under N2. Water (100 mL) was slowly added to the reaction, and the product was 

extracted with CH2Cl2 (3 × 100 mL). The organic phase was rinsed with brine, dried with 

Na2SO4, and concentrated under reduced pressure, and the residue was purified by flash column 

chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; solvent B: hexanes; 

gradient: 10%A / 90%B (1 CV), 10%A / 90%B → 70%A / 30%B (10 CV), 70%A / 30%B (5 

CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] affording 3' CA4-nitro 46 (1.51 g, 
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4.34 mmol, 39% yield) as a yellow solid. 
1
H NMR (600 MHz, CDCl3) δ 7.80 (1H, d, J=2.0 Hz), 

7.44 (1H, dd, J=8.7, 2.1 Hz), 6.95 (1H, d, J=8.7 Hz), 6.58 (1H, d, J=12.1 Hz), 6.47 (2H, s), 6.45 

(1H, d, J=12.1 Hz), 3.94 (3H, s), 3.85 (3H, s), 3.72 (6H, s). 
13

C NMR (150 MHz, CDCl3) δ 

153.50, 152.00, 139.67, 137.89, 134.99, 132.12, 131.59, 129.97, 127.15, 126.29, 113.36, 106.03, 

61.29, 56.88, 56.31. 

(Z)-2-methoxy-5-(3,4,5-trimethoxystyryl)aniline (3' CA4-amine) 

To a well-stirred solution of 3' CA4-nitro 46 (0.560 g, 1.78 mmol) in AcOH (40 mL), Zn (8.20 g, 

125 mmol) was added, and the reaction mixture was stirred for 3 h at room temperature. The 

reaction was filtered using Celite
®
, and the Celite

®
 was washed with EtOAc.

 
The filtrate was 

concentrated under reduced pressure, and the residue was purified by flash column 

chromatography using a pre-packed 25 g silica column [solvent A: EtOAc; solvent B: hexanes; 

gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 60%A / 40%B (15 CV), 60%A / 40%B (2 CV); 

flow rate: 75 mL/min; monitored at 254 and 280 nm] affording  3' CA4-amine (0.370 g, 1.17 

mmol, 66% yield) as a brown solid. 
1
H NMR (600 MHz, CDCl3) δ 6.71 – 6.65 (2H, m), 6.67 

(1H, d, J=1.8 Hz), 6.55 (2H, s), 6.45 (1H, d, J=12.2 Hz), 6.37 (1H, d, J=12.2 Hz), 3.84 (3H, s), 

3.82 (3H, s), 3.70 (6H, s). 
13

C NMR (150 MHz, CDCl3) δ 153.09, 146.91, 137.18, 136.02, 

133.30, 130.32, 130.29, 128.64, 119.82, 115.53, 110.29, 106.20, 61.23, 56.20, 55.80. HRMS 

(ESI) calculated for C18H21NO4 315.1471, (M+H)
+
 316.1549, found 316.1543. 

(S,Z)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-((2-methoxy-5-(3,4,5-

trimethoxystyryl)phenyl)amino)-3-oxopropyl acetate (47) 

3' CA4-amine (0.11 g, 0.35 mmol) was dissolved in CH2Cl2 (10 mL), and then Fmoc-serine 

acetate (0.19 g, 0.52 mmol), T3P (0.62 mL, 1.0 mmol), and Et3N (0.073 mL, 0.52 mmol) were 

added. After stirring for 16 h at room temperature, water (10 mL) was added, and the reaction 
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mixture was extracted with CH2Cl2 (3 × 10 mL). The combined organic phase was rinsed with 

brine, dried with Na2SO4, and concentrated under reduced pressure, and the residue was purified 

by flash column chromatography using a pre-packed 10 g silica column [solvent A: EtOAc; 

solvent B: hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B → 100%A / 0%B (10 CV), 

100%A / 0%B (2 CV); flow rate: 36 mL/min; monitored at 254 and 280 nm] affording the 

desired Fmoc-L-serinamide acetate 47 (0.22 g, 0.32 mmol, 93%) as a white solid. 
1
H NMR (600 

MHz, CDCl3) δ 8.42 (1H, s), 8.31 (1H, d, J=1.8 Hz), 7.77 (2H, d, J=7.0 Hz), 7.60 (2H, d, J=6.7 

Hz), 7.40 (2H, t, J=7.0 Hz), 7.31 (2H, d, J=5.6 Hz), 7.03 (1H, d, J=8.2 Hz), 6.70 (1H, d, J=8.5 

Hz), 6.51 (2H, s), 6.50 (2H, d, J=12.9 Hz), 6.45 (1H, d, J=12.1 Hz), 5.79 (1H, d, J=7.0 Hz), 4.65 

(1H, d, J=4.8 Hz), 4.53 – 4.48 (2H, m), 4.35 – 4.30 (1H, m), 4.24 (1H, t, J=7.0 Hz), 4.02 (1H, 

dd, J=9.4, 2.7 Hz), 3.84 (3H, s), 3.79 (3H, s), 3.68 (6H, s), 2.09 (3H, s). 
13

C NMR (150 MHz, 

CDCl3) δ 170.99, 166.74, 153.17, 147.41, 143.93, 143.84, 141.59, 137.32, 133.05, 130.45, 

129.75, 129.61, 128.13, 127.42, 125.35, 125.28, 121.14, 120.37, 120.35, 109.87, 106.19, 67.78, 

64.23, 61.21, 56.19, 56.16, 55.01, 47.34, 21.05. 

(S,Z)-2-amino-3-hydroxy-N-(2-methoxy-5-(3,4,5-trimethoxystyryl)phenyl)propanamide (3' 

CA4-L-serinamide) 

To a well-stirred solution of Fmoc-L-serinamide acetate 47 (0.22 g, 0.32 mmol) in 

CH2Cl2/MeOH mixture (4 mL, 1:1 ratio), 2 N NaOH (2.00 eq.) was added. The reaction mixture 

was stirred for 2 h at room temperature under N2. The solvent was evaporated under reduced 

pressure, and sat. NaHCO3 (10 mL) was added. The solution was extracted with CH2Cl2 (3 × 10 

mL), and then the combined organic phase was rinsed with brine, dried with Na2SO4, and 

concentrated under reduced pressure. The residue was purified by preparative TLC 

[CH2Cl2/MeOH mixture (9:1 ratio)] to give the desired 3' CA4-L-serinamide prodrug (0.077 g, 
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0.19 mmol, 60%) as a yellow oil. 
1
H NMR (600 MHz, CD3OD) δ 8.21 (1H, d, J=1.9 Hz), 6.97 

(1H, d, J=8.4 Hz), 6.88 (1H, d, J=8.3 Hz), 6.53 (2H, s), 6.49 (1H, d, J=12.1 Hz), 6.43 (1H, d, 

J=12.1 Hz), 3.84 (3H, s), 3.72 (2H, d, J=6 Hz ), 3.71 (3H, s), 3.61 (6H, s), 3.49 (1H, t, J=5.3 Hz). 

13
C NMR (CD3OD, 150 MHz) δ 172.37, 152.72, 148.32, 136.81, 132.96, 129.88, 129.24, 128.95, 

126.76, 124.82, 120.56, 109.89, 106.02, 63.84, 59.74, 57.03, 55.04, 54.93. HRMS (ESI) 

calculated for C21H26N2O6 402.1791, (M+H)
+
  403.1864, found 403.1869.   

(S,Z)-2-amino-3-hydroxy-N-(2-methoxy-5-(3,4,5-trimethoxystyryl)phenyl)propanamide 

hydrochloride (AVE8062)  

3' CA4-L-serinamide prodrug (0.027 g, 0.067 mmol) was dissolved in MeOH (0.50 mL), and 4 N 

HCl in dioxane (0.08 mL, 0.32 mmol) was added to the solution. After stirring for 5 min, the 

solvent was evaporated to dryness, and the residue was washed with diethyl ether (3 × 2 mL) to 

give the desired 3' CA4-L-serinamide prodrug salt AVE8062 (0.020 g, 0.046 mmol, 69%) as a 

colorless solid.
 1

H NMR (600 MHz, CD3OD) δ 7.97 (1H, d, J=2.0 Hz), 7.04 (1H, dd, J=8.5, 2.0 

Hz), 6.93 (1H, d, J=8.5 Hz), 6.52 (2H, s), 6.49 (1H, d, J=12.2 Hz), 6.45 (1H, d, J=12.2 Hz), 4.14 

(1H, dd, J=6.3, 5.0 Hz), 3.94 (1H, dd, J=11.2, 4.7 Hz), 3.87 – 3.83 (4H, m), 3.71 (3H, s), 3.62 

(6H, s). 
13

C NMR (150 MHz, CD3OD) δ 165.22, 152.77, 149.21, 136.74, 132.96, 129.80, 129.07, 

128.93, 126.15, 125.87, 122.42, 110.28, 105.90, 60.38, 59.78, 55.04, 55.02, 54.93. HRMS (ESI) 

calculated for C21H27ClN2O6 438.1558, (M-Cl)
+
  403.1864, found 403.1865.  
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1
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13
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1
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13
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1
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31
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1
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13
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1
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13
C NMR (CDCl3, 150 MHz) Compound 5b 
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1
H NMR (CDCl3, 500 MHz) Compound 6a 
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13
C NMR (CDCl3, 150 MHz) Compound 6a 
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1
H NMR (CDCl3, 500 MHz) Compound 6b 
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13
C NMR (CDCl3, 125 MHz) Compound 6b 
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1
H NMR (CDCl3, 500 MHz) Compound 7 
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13
C NMR (CDCl3, 125 MHz) Compound 7 
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HRMS Compound 7 
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HPLC for Compound 7 
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1
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HRMS Compound 8 
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HPLC for Compound 8 
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1
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HRMS Compound 9 
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HPLC for Compound 9 
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HRMS Compound 10 
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HPLC for Compound 10 
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HRMS Compound 14 
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HPLC for Compound 15
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HRMS Compound 16 
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HPLC for Compound 16
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HPLC for Compound 32
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H NMR (CDCl3, 500 MHz) Compound 33 
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13
C NMR (CDCl3, 125 MHz) Compound 33 
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C:\Xcalibur\...\CML_II_041_Orbi_+ESI 8/21/2013 4:30:17 PM CML_II_041

CML_II_041_Orbi_+ESI #50 RT: 0.47 AV: 1 NL: 9.06E8

T: FTMS + p ESI Full ms [150.00-1000.00]
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9.06E8

CML_II_041_Orbi_+

ESI#50  RT: 0.47  

AV: 1 T: FTMS + p 

ESI Full ms 

[150.00-1000.00] 

NL:

7.85E5

C21H26 NO4: 

C21H26 N1O4

pa Chrg 1

HRMS Compound 33 
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HPLC for Compound 33
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1
H NMR (CDCl3, 500 MHz) Compound 34 
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13
C NMR (CDCl3, 125 MHz) Compound 34 
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1
H NMR (CDCl3, 500 MHz) Compound 35 
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13
C NMR (CDCl3, 125 MHz) Compound 35 
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1
H NMR (CDCl3, 500 MHz) Compound 36 
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13
C NMR (CDCl3, 125 MHz) Compound 36 
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HRMS Compound 36 
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NL: 3.66E6

CML_1_149_MS^2_raw_Orb
i_+ESI_+ESI#28  RT: 0.55  
AV: 1 T: FTMS + p ESI Full 
ms2 428.19@cid0.00 
[115.00-500.00] 

NL: 3.10E6

cml_1_149_ms_fs_raw_orbi_
+esi_+esi#29  RT: 0.54  AV: 
1 T: FTMS + p ESI Full ms2 
428.19@cid20.00 
[115.00-500.00] 
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HPLC for Compound 36



S168 
 



S169 
 



S170 
 



S171 
 

 

 



S172 
 

1
H NMR (CDCl3, 500 MHz) Compound 37 
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13
C NMR (CDCl3, 125 MHz) Compound 37 
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HRMS Compound 37 
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NL: 1.14E8

CML_II_005_MS^2_raw_Orbi_+
ESI_Orbi_+ESI#5-17  RT: 
0.04-0.16  AV: 13 T: FTMS + p 
ESI Full ms [95.00-600.00] 

NL: 7.92E7

cml_ii_005_ms_fs_raw_orbi_+
esi_120820125716#4-14  RT: 
0.04-0.16  AV: 11 T: FTMS + p 
ESI Full ms2 443.21@cid15.00 
[120.00-800.00] 
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HPLC for Compound 37
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1
H NMR (CD3OD, 500 MHz) Compound 38 
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13
C NMR (CD3OD, 125 MHz) Compound 38 
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HRMS Compound 38 

 

CML_II_015_MS^2_raw_ORBI_+ESI #7-41 RT: 0.06-0.35 AV: 35 NL: 3.85E7
T: FTMS + p ESI Full ms [150.00-2000.00]
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HPLC for Compound 38
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1
H NMR (CD3OD, 500 MHz) Compound 39 
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13
C NMR (CD3OD, 125 MHz) Compound 39 
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HRMS Compound 39 

 

 

 

CML_II_017_MS^3_raw_ORBI_+ESI 8/26/2012 11:33:23 PM

CML_II_017_MS 3̂_raw_ORBI_+ESI #58 RT: 0.86 AV: 1 NL: 1.01E7

T: FTMS + p ESI Full ms2 443.22@cid0.00 [120.00-500.00]
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NL:

7.53E5

C24 H31N2 O6: 

C24 H31N2 O6

pa Chrg 1

NL:

1.01E7

CML_II_017_MS 3̂_raw_ORB

I_+ESI#58  RT: 0.86  AV: 1 

T: FTMS + p ESI Full ms2 

443.22@cid0.00 

[120.00-500.00] 
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HPLC for Compound 39
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1
H NMR (CDCl3, 500 MHz) Compound 40 
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13
C NMR (CDCl3, 125 MHz) Compound 40 
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1
H NMR (CDCl3, 500 MHz) Compound 41 
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13
C NMR (CDCl3, 125 MHz) Compound 41 
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1
H NMR (CDCl3, 500 MHz) Compound 42 
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13
C NMR (CDCl3, 125 MHz) Compound 42 
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HRMS Compound 42 
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NL: 3.79E7

cml_1_151_ms^3_raw_orbi_
+esi_+esi#34  RT: 0.36  AV: 
1 T: FTMS + p ESI Full ms 
[105.00-500.00] 

NL: 5.18E6

cml_1_151_ms^2_raw_orbi_
+esi_+esi#22  RT: 0.36  AV: 
1 T: FTMS + p ESI Full ms2 
398.18@cid0.00 
[105.00-500.00] 
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HPLC for Compound 42
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1
H NMR (CD3OD, 500 MHz) Compound 43 
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13
C NMR (CD3OD, 125 MHz) Compound 43 
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C:\Xcalibur\...\CML_II_091_ORBI_+ESI 2/13/2013 5:26:54 PM CML_II_091

CML_II_091_ORBI_+ESI #20 RT: 0.18 AV: 1 NL: 1.89E9

T: FTMS + p ESI Full ms [170.00-2000.00]
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cml_ii_091_fs_orbi_+esi #16 RT: 0.18 AV: 1 NL: 2.41E9

T: FTMS + p ESI Full ms2 413.21@cid35.00 [110.00-2000.00]
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HRMS Compound 43 
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HPLC for Compound 43
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1
H NMR (CD3OD, 500 MHz) Compound 44 
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13
C NMR (CD3OD, 125 MHz) Compound 44 
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NL: 4.30E8

CML_1_156_MS^2_raw_Orbi_+
ESI_Orbi_+ESI#4-19  RT: 
0.03-0.18  AV: 16 T: FTMS + p 
ESI Full ms [50.00-500.00] 

NL: 6.48E8

cml_1_156_ms_fs_raw_orbi_+
esi_orbi_+esi#3-16  RT: 
0.03-0.18  AV: 14 T: FTMS + p 
ESI Full ms2 399.19@cid30.00 
[105.00-500.00] 

HRMS Compound 44 
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HPLC for Compound 44
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1
H NMR (CD3OD, 500 MHz) Compound 45 
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13
C NMR (CD3OD, 125 MHz) Compound 45 
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C:\Xcalibur\...\CML_II_097_ORBI_+ESI 2/13/2013 5:40:17 PM CML_II_097

CML_II_097_ORBI_+ESI #20 RT: 0.16 AV: 1 NL: 3.49E8

T: FTMS + p ESI Full ms [110.00-2000.00]
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cml_ii_097_fs_orbi_+esi #14 RT: 0.16 AV: 1 NL: 3.56E8

T: FTMS + p ESI Full ms2 413.20@cid35.00 [110.00-2000.00]
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HRMS Compound 45 
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HPLC for Compound 45
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1
H NMR (CDCl3, 600 MHz) Compound 46 

 



S229 
 

13
C NMR (CDCl3, 150 MHz) Compound 46 
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1
H NMR (CDCl3, 600 MHz) for 3' CA4-amine 
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13
C NMR (CDCl3, 150 MHz) for 3' CA4-amine 
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HRMS for 3' CA4-amine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C:\Xcalibur\...\0602\LD-VII-69_Orbi_+ESI 6/2/2015 5:05:33 PM LD-VII-69

LD-VII-69_Orbi_+ESI #1 RT: 0.00 AV: 1 NL: 3.00E8

T: FTMS + p ESI Full ms [100.00-1000.00]
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NL:

3.00E8

LD-VII-69_Orbi_+ESI#1  

RT: 0.00  AV: 1 T: FTMS 

+ p ESI Full ms 

[100.00-1000.00] 

NL:

8.11E5

C18 H21NO4 +H: 

C18 H22 N1O4

pa Chrg 1

NL:

8.11E5

C18 H21NO4 +Na: 

C18 H21N1O4 Na1

pa Chrg 1



S233 
 

HPLC for 3' CA4-amine
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1
H NMR (CDCl3, 600 MHz) Compound 47 
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13
C NMR (CDCl3, 150 MHz) Compound 47 
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1
H NMR (CD3OD, 600 MHz) for 3' CA4-L-serinamide 
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13
C NMR (CD3OD, 150 MHz) for 3' CA4-L-serinamide 
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HRMS for 3' CA4-L-serinamide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C:\Xcalibur\...\0602\LD-VII-73_Orbi_+ESI 6/2/2015 5:10:31 PM LD-VII-73

LD-VII-73_Orbi_+ESI #1 RT: 0.00 AV: 1 NL: 6.01E8

T: FTMS + p ESI Full ms [50.00-1000.00]
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NL:

6.01E8

LD-VII-73_Orbi_+ESI#1  

RT: 0.00  AV: 1 T: FTMS 

+ p ESI Full ms 

[50.00-1000.00] 

NL:

7.78E5

C21H26 N2 O6 +H: 

C21H27 N2 O6

pa Chrg 1

NL:

7.78E5

C21H26 N2 O6 +Na: 

C21H26 N2 O6 Na1

pa Chrg 1
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HPLC for 3' CA4-L-serinamide
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1
H NMR (CD3OD, 600 MHz) for AVE8062 
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13
C NMR (CD3OD, 150 MHz) for AVE8062 
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HRMS for AVE8062 
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HPLC for AVE8062
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Enzymatic Assays of Leucine Aminopeptidase  

(Determination of Enzyme Units; Substrate: L-leucine p-nitroanilide)  

Enzymatic Assay of LAP (Sigma-Aldrich)
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Enzymatic Assay of LAP (Calzyme)
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HPLC Conditions 

Method 1: solvent A acetonitrile, solvent B 0.05% TFA in H2O; isocratic, 30%A/70%B. 

Method 2: solvent A acetonitrile, solvent B 0.05% TFA in H2O; isocratic, 28%A/72%B. 

Method 3: solvent A acetonitrile, solvent B 0.05% TFA in H2O; isocratic, 26%A/74%B. 

 

HPLC Chromatograms of Compounds 7, 15 and 16  

Chromatogram of 40 µM Each of Compounds 7 and 15 (Method 3)
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[Note: Retention times of compounds 7 and 15 were determined separately as standards in HPLC with the 

same mobile phase. The chromatograms were combined for comparison purposes.] 
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Chromatogram of 40 µM Each of Compounds 7 and 16 (Method 3)
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[Note: Retention times of compounds 7 and 16 were determined separately as standards in HPLC with the 

same mobile phase. The chromatograms were combined for comparison purposes.] 
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HPLC Chromatograms of Compounds 15 and 16 Before and After Leucine Aminopeptidase Digestion 

Chromatogram of 40 h non-LAP-treated
compound 15 (Control) (Method 3)
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Chromatogram of 40 h LAP-treated (1.5 U)
compound 15 (Method 3)
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Chromatogram of 40 h non-LAP-treated
compound 16 (Control) (Method 3)
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Chromatogram of 40 h LAP-treated (0.5 U)
compound 16  (Method 3)
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HPLC Chromatograms of Compounds 8, 22, 23 and 24 

Chromatogram of 40 µM Each of Compounds 8 and 22 (Method 3)

5 10 15
0

10

20

30

40
Compound 8

Compound 22

8, 8.937 min

22, 2.083 min

Time (min)

A
b

s
o

rb
a
n

c
e
 (

m
a
u

, 
2
5
4
 n

m
)

 

[Note: Retention times of compounds 8 and 22 were determined separately as standards in HPLC with the 

same mobile phase. The chromatograms were combined for comparison purposes.] 

Chromatogram of 20 µM Each of Compounds 8 and 23 (Method 3)
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[Note: Retention times of compounds 8 and 23 were determined separately as standards in HPLC with the 

same mobile phase. The chromatograms were combined for comparison purposes.] 

Chromatogram of 20 µM Each of Compounds 8 and 24 (Method 3)
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[Note: Retention times of compounds 8 and 24 were determined separately as standards in HPLC with the 

same mobile phase. The chromatograms were combined for comparison purposes.] 
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HPLC Chromatograms of Compounds 22 and 23 After Leucine Aminopeptidase Digestion 

Chromatogram of 40 h LAP-treated (1.5 U)
compound 22: No cleavage observed (Method 3)
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Chromatogram of 40 h LAP-treated (1.5 U)
compound 23 : No cleavage observed (Method 3)

0 2 4 6 8 10 12

0

2

4

6

8

10

12

14 23, 2.086 min

Time (min)

A
b

s
o

rb
a
n

c
e
 (

m
a
u

, 
2
5
4
 n

m
)



S262 
 

HPLC Chromatograms of Compound 24 After Leucine Aminopeptidase Digestion 

 

Chromatogram of LAP-treated (0.12 U) compound 24
incubated for 3 h (Method 3)
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Chromatogram of LAP-treated (0.12 U) compound 24
incubated for 7 h (Method 3)
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Chromatogram of LAP-treated (0.12 U) compound 24
incubated for 10 h (Method 3)
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Chromatogram of LAP-treated (0.12 U) compound 24
incubated for 25 h (Method 3)
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Chromatogram of LAP-treated (1.5 U) compound 24
incubated for 20 h (Method 3)
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Chromatogram of LAP-treated (3.7 U) compound 24
incubated for 20 h (Method 3)
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HPLC Chromatograms of Compounds 17, 18 and of Their Parent Compound 

Chromatogram of 40 µM Each of Compounds
17 and 18 and of Their Parent Compound

(Method 3)
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[Note: Retention times of compounds 17 and 18 and of their parent compound were determined 

separately as standards in HPLC with the same mobile phase. The chromatograms were combined for 

comparison purposes.] 
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HPLC Chromatograms of Compounds 17 and 18 Before and After Leucine Aminopeptidase Digestion                                              
 Chromatogram of non-LAP-treated compound 17

(Control) (Method 3)
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Chromatogram of  20 h LAP-treated (1.53 U) compound 17

(Method 3)
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Chromatogram of  non-LAP-treated compound 18
(Control) (Method 3)
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Chromatogram of  2 h LAP-treated (0.3 U) compound 18 (Method 3)
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HPLC Chromatograms of Compounds 32, 38 and 44 
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Chromatogram of Compounds 32 and 44 (Method 2)
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HPLC Chromatograms of Compounds 38 and 44 Before and After Leucine Aminopeptidase Digestion                                              

Chromatogram of 24 h non-LAP-treated
compound 38 (Control) (Method 1)
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Chromatogram of 24 h Calzyme LAP-treated (3.6 U)
compound 38 (Method 1)
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HPLC Chromatograms of Compounds 33, 39 and 45  

Chromatogram of 20 µM Each of Compounds 33 and 39 (Method 1)
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[Note: Retention times of compounds 33 and 39 were determined separately as standards in HPLC with 

the same mobile phase. The chromatograms were combined for comparison purposes.] 

Chromatogram of 20 µM Each of Compounds 33 and 45 (Method 1)
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[Note: Retention times of compounds 33 and 45 were determined separately as standards in HPLC with 

the same mobile phase. The chromatograms were combined for comparison purposes.] 
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HPLC Chromatograms of Compounds 39 and 45 Before and After Leucine Aminopeptidase Digestion                                              

Chromatogram of 48 h non-LAP-treated
compound 39 (Control) (Method 1)
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Chromatogram of 48 h LAP-treated (3.6 U)
compound 39 (Method 1)
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Chromatogram of  3 h LAP-treated (0.2 U)
compound 45 (Method 1)
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Chromatogram of 3 h non-LAP-treated 

Compound 45 (Control) (Method 1) 

Chromatogram of 3 h LAP-treated (0.2 U) 
Compound 45 (Method 1) 
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HPLC Chromatograms of 3' CA4-amine, 3' CA4-L-serinamide and AVE8062 

Chromatogram of 40 M Standard 3' CA4-amine (Method 1)
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Chromatogram of 40 M Standard 3' CA4-L-serinamide (Method 1)
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Chromatogram of 40 M Standard AVE8062 (Method 1)
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HPLC Chromatograms of 3' CA4-L-serinamide and AVE8062 Before and After Leucine Aminopeptidase Digestion                                  

Chromatogram of 48 h non-LAP-treated
3' CA4-L-serinamide (Control) (Method 1)
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Chromatogram of 48 h LAP-treated (3.8 U)
3' CA4-L-serinamide (Method 1)

4 5 6 7 8 9 10 11 12

0.05

0.10

0.15

0.20

0.25

0.30

0.35

3' CA4-amine , 7.51 min

Time (min)

A
b

s
o

rb
a
n

c
e
 (

m
a
u

, 
2
9
0
 n

m
)

Chromatogram of 24 h non-LAP-treated
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Calibration Curves of Parent Compounds 7, 8, 32 and 33 

Calibration Curve of Compound 7
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Calibration Curve of Compound 8
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Calibration Curve of Compound 32
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Calibration Curve of Compound 33
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Rate Studies for Cleavable Compounds 15, 16, 17, 18, 44 and 45 

Rate study for Compound 15
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Rate Study for Compound 18
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Evaluation of Aqueous Solubility 

A preliminary evaluation of the water solubility of two sets of the most promising parent drugs 

and their respective prodrug conjugates (as representative examples) was carried out, which utilized 

solution cloudiness (as evidenced by visual examination with the naked eye) as the transition between 

soluble and non-soluble.  

Compound 7 (parent drug): 0.29 mg of compound 7 was weighed out in a vial and 580 µL of DI 

water was added in several sequential aliquots. Only partial solubility of compound 7 in water was 

observed even at the lowest concentration, thus aqueous solubility was < 0.5 g/L. Compound 16 (prodrug 

of compound 7): 0.57 mg of prodrug 16 was weighed out in a vial, and upon the addition of a total of 90 

µL of DI water (added in several aliquots), the solution remained cloudy. Upon the addition of a total of 

190 µL of DI water, complete solubility of prodrug 16 was achieved. Thus, the calculated approximate 

solubility of prodrug 16 in water was 3 g/L. 

Compound 32 (parent drug): 0.24 mg of compound 32 was weighed out in a vial and 480 µL of 

DI water was added (in several aliquots). Only a partial solubility of compound 32 in water was observed 

even at the lowest concentration, thus aqueous solubility was < 0.5 g/L. Compound 44 (prodrug of 

compound 32): 0.54 mg of prodrug 44 was weighed out in a vial. Upon the addition of a total of 120 µL 

of DI water, complete solubility of prodrug 44 was observed. Thus, the calculated approximate solubility 

of prodrug 44 in water was 4.5 g/L. 
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