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Part 1: 

 

lp  σ*   Driven 

 

Conformational Effects in 

 

GKRP Inhibition (T2D)  
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Header 

stabilizing overlap 

enforcing  

co-planarity 

7-Substituted Benzothiophene: lp(N)  σ*(S-C) and  

Effect on Conformation 

( CCSD(T) / aug-cc-PVDZ // 

M06-2X / 6-31+G(d,p) ) 



Header Aside: Conformational Characteristics of Sulfur 

Heterocycles 

r(S··N) = 2.9 Å 

Acta Crystallogr. C: Cryst. Struct. Commun. 1993, C49, 1031. 

X-ray of 2-(2ʹ-thienyl)pyridine archetype: 

J. Med. Chem. 2015, 

58, 4383. 

In the blogosphere: 

http://blogs.sciencemag.org/ 

pipeline/archives/2015/03/04/ 

our_friend_the_sulfur_atom 



Header Structure of AMG-0265 in GKRP Confirms ARG525 Contact 

co-crystal structure of AMG-0265  

bound to GKRP (front view) 



Header Structure of AMG-0265 in GKRP Confirms ARG525 Contact 

near-perfect overlap of ARG525- 

engaging ring and carbinol moiety 

 



AMG-7549: PK, PD, and Efficacy 

DBDB Mouse Efficacy (PO)
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J. Med. Chem. 2015, 58, 9663.  (ACS Editor’s Choice) 
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Header Single Crystal Structures Also Corroborate Prediction 

benzothiophene indole 

S ≈ NH 



Header Single Crystal Structures Also Corroborate Prediction 

benzothiophene benzofuran 

S ≠ O 



Header Single Crystal Structures Also Corroborate Prediction 

benzothiophene benzothiophene 

regioisomer S ≠ C 



 

Part 2: 

 

Spectra (VCD) 

 

and 

 

Conformational Effects, II : 

 

Sterically-Driven Interactions in 

 

MDM2-p53 Disruption 

 

(Oncology)  



Determination of Absolute Configuration in Solution: VCD 
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Experimental  

VCD in CDCl3 

VCD-based assignment corroborated 

using QM-vs-experimental optical 

rotations 

 

(Boltzmann-weighted average 

of thermally-accessible 

conformational ensemble)   
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Experimental  

VCD in CDCl3 

Theoretical VCD 

(B3LYP/6-31G*) 

theo.  αD =  -159° 

theo.  αD =  +159° 

(exp.   αD  ~  -85°) 
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VCD-based assignment corroborated 

using QM-vs-experimental optical 

rotations 
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predicted binding mode (docking followed  

by MMGB minimization in MDM2 protein) 

Leads to Predicted Binding Mode (Docking / MM-GBSA) 



… Subsequently Verified Crystallographically 

X-ray co-crystal structure in MDM2 protein 

(superimposable with model) 

GLY58 



… Subsequently Verified Crystallographically 

X-ray co-crystal structure in MDM2 protein 

(superimposable with model) 

GLY58 



Crystallographic Binding Conformation is not the Free  

State Global Minimum 

proposal:  introduce a group tolerated by protein target which stabilizes gauche-like orientation 

(via destabilization of anti) , enriching population of binding conformer 

prediction:  only ~30 % of compound exists in binding conformation  (ca.   30 : 70) 

“gauche-like” orientation:   binding conformation 

 

“anti-like” orientation:         can not bind MDM2 



Prediction: C3 Substitution Stabilizes Binding 

Conformation 

(ca.   99 : 1) 

“gauche-like” orientation:   binding conformation 

 

“anti-like” orientation:         can not bind MDM2 



Prediction: C3 Substitution Stabilizes Binding Conformation 

“gauche-like” orientation:   binding conformation 

 

“anti-like” orientation:         can not bind MDM2 

(ca.   99 : 1) 

prediction:  conformation-stabilizing C3 substituent would 

project  out toward solvent and not interfere with MDM2 

binding  



C3 Substitution Results in Increased Activity (2-3x) 



VT  1H NMR Study Validates Distribution in Free State 

des-methylated methylated  

Jab (Hz) 

@ 298K 6.8 (mixture) 10.9 (rings gauche) 

@ 203K 0 (rings anti) 10.9 (rings gauche) 

aryl rings gauche 
(protons anti) 

aryl rings anti 
(protons gauche) 

Karplus relationship for 3JHH 

Summary: 
C3-des-methylated: 

C3-methylated: 



Onward to the clinic… AMG232 

AM-8553 AMG232 

single-crystal X-ray structure of AMG232 10 15 20 25
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Biochemical in vitro IC50 (HTRF)  =  0.6 nM 

 

Cellular activity (SJSA-1, +10%HS) =  9.1 nM 
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AM-8553 AMG232 

http://www.clinicaltrials.gov 

(Ph 1b / 2a) 

single-crystal X-ray structure of  AMG232 (yellow) 

overlaid with co-crystal structure of tert-butyl 

analog in MDM2 protein (cyan/grey) 

J. Med. Chem. 2012, 55, 4936. 

J. Med. Chem. 2014, 57, 1454. 

GLY58 

Phe19 

Trp23 Leu26 

HIS96 

ED50 = 9.1 mg/kg 

Onward to the clinic… AMG232 



 

Part 3: 

 

Ion Mobility and Density Functional 

 

Theory in Structural Elucidation of 

 

Diastereomers 



Drugs approved by the FDA from 1999 to 2008 

Wu, L. and Vogt, F.G. J. Pharm and Biomed. Anal., 2012, 69, 133-147. 

Most Approved Drugs are Single Enantiomers of Chiral Molecules 



Characterization / Differentiation of Stereoisomers is Important 

(S)-Thalidomide 

Teratogenic 

(R)-Thalidomide 

Sedative 



… however, in many cases, can not differentiate cis/trans Isomers by MS 

(or MSn) alone 

Cis-hydroxyproline 

Trans-hydroxyproline 

MS: Fast, Highly Sensitive Analytical Tool for Structural 
Determination… 



Differing Charge Distribution Allows Ion Separation via Mobility 
(Incl. Species w/Identical MW and/or Similar Fragmentation Pattern) 

vs. 

J. Mass Spectrom., 2013, 48, 989. 

Ion Mobility: Ashcroft, A.E., et al. Int. J. Mass Spectrom.,  

2012, 298, 17-23. 

Competitive Dissociation Kinetics: Cooks, R.G., et al. 

JASMS, 2003, 14, 152-160. 



• (M + Na)+ results in substantially improved  

Isomeric resolution compared to (M + H)+ 

 

• Additional Na+ adduction did not enhance 

differentiation 
 

Metal Cationization Allowed for Differentiation of Stereoisomers 
Of Hydroxyproline,  e.g. (M + Na)+ 



As metal ion size increases  

(or charge density decreases), 

 

• cis form steadily increases in ccs 

(increase ~6 Å2) 

 

• trans form decreases in ccs, but 

largely stays at a similar ccs   
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Trans-Hydroxyproline: Computational Investigation 
( B3LYP/6-31++G(d,p) ) 

B3LYP/SVPD basis used for Cs+ 



Salt-bridge structure is 

favored for trans-

hydroxyproline, regardless of 

metal ion identity  

Trans-Hydroxyproline: Computational Investigation 
( B3LYP/6-31++G(d,p) ) 

B3LYP/SVPD basis used for Cs+ 



Cis-Hydroxyproline: Computational Investigation 
( B3LYP/6-31++G(d,p) )  



Cis-Hydroxyproline: Computational Investigation 
( B3LYP/6-31++G(d,p) )  

As metal ion size 

increases, salt-bridge 

structure becomes 

competitive/favorable 

(sterically driven) 



Δ(CCS) (trans-cis) Values Track Well With Experiment  
 

(B3LYP/6-31++G(d,p) 

Analytical. Chem. 2015, 87, 3300. 

Δ(calc.) 

-0.4 

+8.0 

+6.2 

+5.0 
+0.1 

Δ(exp.) 

-0.6 

+12.3 

+7.8 

+3.5 

+2.6 



δ = 2.08 Debye δ = 3.45 Debye 

• Ions with different charge densities will have differing ion-dipole 

interactions with drift gas 

 

• Trans- form will should greater interaction with more polarizable 

drift gas and be less mobile 

Effect on Electrostatic Potential / Charge Distribution, 
Dipole Moment 

Analytical. Chem. 2015, 87, 3300. 

B3LYP/6-31++G(d,p) 
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