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Part 1.

Ip 2 6* Driven

Conformational Effects in

GKRP Inhibition (T2D)




7-Substituted Benzothiophene: Ipy, 2 0% ¢ and
Effect on Conformation
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7-Substituted Benzothiophene: Ipy, 2 0% ¢ and
Effect on Conformation
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Aside: Conformational Characteristics of Sulfur
Heterocycles

Journal of

Medicinal

ChemiStry pubs.acs.org/jmc

J. Med. Chem. 2015,

58, 4383.
A Survey of the Role of Noncovalent Sulfur Interactions in Drug

Design .
Brett R. Beno_.-r'“ Kap-Sun \"'{‘m‘lg,i‘u Michael D. Barlbergcr_,§ Lewis D. l”crn'lirl't_:t'011_.§ ‘N TH E P ’ PEL’ N E l?
and Nicholas A. Meanwell** 5 oy on g the pharmaindustr b

0 end the Sulfur Atom

By Derek Lowe | March 4. 2015

In the blogosphere:

http://blogs.sciencemag.org/
'. . . pipeline/archives/2015/03/04/
* . % our_friend_the_sulfur_atom

vdW radius (A)

. . 1.80
‘ 1.52
‘ ‘ 1.55

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

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



Structure of AMG-0265 in GKRP Confirms ARG525 Contact

‘r! ARG525

AMG-0265
GK-GKRP IC5¢ = 0.11 uM
RLM CL;: = 34
cLogP =4.8

31A

GLY181 ASN216

'
_ co-crystal structure of AMG-0265
bound to GKRP (front view)
& MET213 ~ |
| Mk AMGEN




Structure of AMG-0265 in GKRP Confirms ARG525 Contact

AMG-0265
GK-GKRP IC5;5 = 0.11 uM
RLM CL;: = 34
cLogP =4.8

\. Y,

near-perfect overlap of ARG525-
engaging ring and carbinol moiety

GLY181 ASN216

2.8 o’




AMG-7549: PK, PD, and Efficacy

Sprague Dawley Rat PD (PO)

O notxTO
-e- Vehicle

549 10mpk
- 549 100mpk

Nuclear GK Score

ANCOVA CASTMD
pvalue vs Vehicle
p<0.05 *

p<0.01 **

p<0.001  ***

Time (hr) 6hr 24hr

2.880 0.198
23.300 0.212

v 33A
ASN216 DBDB Mouse Efficacy (PO) ~* Vehicle

.MET213 10mpk 549
CLY181 294 ,° . ~A~ . » ] = 30mpk 549
r ." P ] = 100mpk 549

o 9 Rat PK in vivo
<
10 0.00884 p<0.05 *

CL = 0.3 L/h/kg
OH Vg =0.3L/kg 10 0181
%F = 25 S B S
plasma fu = 001 Time Post Dose (Hours)
NH, CMax = 1.8 uM (4.7 hr)

J. Med. Chem. 2015, 58, 9663. (ACS Editor’s Choice)

ANCOVA analysis
24hr p values vs vehicle

Blood Glucose (mg/dL)




AMG-7549: PK, PD, and Efficacy

!V . ARG525

December 24, 2015
Volume 58 « Number 24

pubs.acs.org/jmc

" -~

\ - )
MET213 ASH216
GLY181 594 ,% "~
XD
4

J. Med. Chem. 2015, 58, 9663. (ACS Editor’s Choice)




Single Crystal Structures Also Corroborate Prediction

benzothiophene indole

AMGEN



Single Crystal Structures Also Corroborate Prediction

benzothiophene benzofuran
S#0

AMGEN



Single Crystal Structures Also Corroborate Prediction

benzothiophene benzothiophene
S#C regioisomer

AMGEN



Part 2.
Spectra (VCD)
and

Conformational Effects, Il :

Sterically-Driven Interactions in

MDM2-p53 Disruption

(Oncology)




Determination of Absolute Configuration in Solution: VCD

—— 2S, 5R, 6S (theory)
— 2R, 58S, 6R (theory)

Theoretical Vibrational Circular Dichroism
Spectra (B3LYP/6-31G*)

Rotational Strength

oYy

o NCH3

(S) . (R
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Experimental Vibrational Circular Dichroism
— active Spectra in CDCl,

inactive
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Determination of Absolute Configuration in Solution: VCD

—— 2S, 5R, 6S (theory)
— 2R, 58S, 6R (theory)

Theoretical Vibrational Circular Dichroism
Spectra (B3LYP/6-31G*)

Rotational Strength

D (S) 5 @_(R)

o N=-CH, N CHj

S) . (R) (R) (S)

1000 1100 1200 1300 1400 1500 1600 1700 1800 /_\ <\ /? \ //
Wavenumber (cm™)

Br Br Br Br

':*M”*’ A v ap (calc) = +200° ay (calc) = -200°

o (exp) = +166.2° oy (exp) = -154.7°

active is (2S,5R,6S)  inactive is (2R,5S,6R)

Experimental Vibrational Circular Dichroism
— active Spectra in CDCl,

inactive
1000 1100 1200 1300 1400 1500 1600 1700 1800

Wavenumber (cm’ )




Absolute Configuration Determined via VCD

Experimental
VCD in CDClj,
Sample A

(more active) /

Sample B
(less active)

- T T T T T T T 1
1000 1100 1200 1300 1400 1500 1600 1700 1800

Wavenumber (cm™)

Theoretical VCD '
(B3LYP/6-31G*) 01

20 -
20 -
0]
VCD-based assignment corroborated

using QM-vs-experimental optical
rotations

-20 A

Rotational Strength (a.u.)

-40 -
-60 -
(Boltzmann-weighted average 80 -

of thermally-accessible o0 e
conformational ensemble) 1000 1100 1200 1300 1400 1500 1600 1700 1800

Wavenumber (cm™)




Absolute Configuration Determined via VCD

active form exp. op ~ +148°

Noise

©
OZC_I O Sample A
. (more active) Experimental
N VCD in CDCljq

. ] (exp. ap ~ -85°)
% Sample B

(less active) \\_

‘ » O
- T T T T T T T 1 S °
1000 1100 1200 1300 1400 1500 1600 1700 1800 ( )

I Wavenumber (cm™) N
C 100 ( R) / ( S)

80 -

Theoretical VCD 60 1
(B3LYP/6-31G*) 40 1 theo. ap = +159°

20 A

Cl <\ />

0.
VCD-based assignment corroborated
using QM-vs-experimental optical
rotations

-20 A

Rotational Strength (a.u.)

40 -
-60 -

(Boltzmann-weighted average 80 -

of thermally-accessible C
aty -100 7 theo. ap = -159°
conformational ensemble) 1000 1100 1200 1300 1400 1500 1600 1700 1800

Wavenumber (cm™) AmEN




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

predicted binding mode (docking followed
by MMGB minimization in MDM2 protein)




. Subsequently Verified Crystallographically

June 14, 2012
55  Number 11
pubs.acs.org/jme

X-ray co-crystal structure in MDM2 protein
(superimposable with model)




. Subsequently Verified Crystallographically

Journal of

Medicinal
Chemistry

W e W

Journal of

Medicinal
Chemistry

AM-8553: A Novel MDM2 Inhibitor with a Promising Outlook for
Potential Clinical Development

ACS Publications

X-ray co-crystal structure in MDM2 protein
(superimposable with model)

AMGEN



Crystallographic Binding Conformation is not the Free
State Global Minimum

monosubstituted [ (R)-CH,]
atC3 '

“‘gauche-like” orientation: binding conformation

“anti-like” orientation: can not bhind MDM2

gauche

AE (B3LYP/6-31G*) +0.5

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

proposal: introduce a group tolerated by protein target which stabilizes gauche-like orientation
(via destabilization of anti) , enriching population of binding conformer
AMGEN




Prediction: C3 Substitution Stabilizes Binding
Conformation

disubstituted at C3

“‘gauche-like” orientation: binding conformation

“anti-like” orientation: can not bhind MDM2

AE (B3LYP/6-31G*)  +0.0




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

AMGEN



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

Biochemical Potency

Cellular Potency (SJSA-1)

HTRF
ICs0 (nM)2

HTRF (15% HSP)
ICs0 (nM)2

p21(10% HSP)

EdU (10% HSP)

ICso (LM)?

ICso (LM)?

4.2+0.9

43.3+5.9

4.3+0.7

0.48 £ 0.09

1.8+0.7

20.3 £3-5

3.1+ 0.9

0.31+ 0.09

22+0.7

19.9 £7.5

1.9 +0.5

0.19 + 0.06

0.90 + 0.21

0.0 £2.7

1.6 +0.7

0.17 £ 0.03

AMGEN




VT 1H NMR Study Validates Distribution in Free State

Summary:

gauche _ des-methylated | methylated

favored conformation
for potency

C3-des-methylated:

@ 298K 6.8 (mixture) 10.9 (rings gauche)
‘Jab (HZ)
@ 203K 0 (rings anti) 10.9 (rings gauche)

aryl rings gauche
(protons anti)

gauche
favored conformation
for potency
/
/ . .
/ arylrings anti
" (protons gauche)

i@ r LT 1_r. .t F % 4
80 100 120 140 160 180

¢[deg]
Karplus relationship for 3J,




Onward to the clinic... AMG232

Biochemical in vitro IC;; (HTRF) = 0.6 nM

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

http://www.clinicaltrials.gov
(Ph 1b/ 2a)

AM-8553 AMG232
J. Med. Chem. 2012, 55, 4936. J. Med. Chem. 2014, 57, 1454.

Vehicle

2 7.5 mg/kg QD
2 15 mg/kg QD
2 30 mg/kg QD
2 60 mg/kg QD

ED5, = 9.1 mg/kg

Tumor Volume (mm?)

single-crystal X-ray structure of AMG232

Time (days)

AMGEN



Onward to the clinic... AMG232

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

http://www.clinicaltrials.gov
(Ph 1b/ 2a)

AM-8553
J. Med. Chem. 2012, 55, 4936.

3000+ )
Vehicle

2500__ 2 7.5 mg/kg QD
1 2 15 mg/kg QD
2000 2 30 mg/kg QD

l 2 60 mg/kg QD
1500

1000- EDs, = 9.1 mg/kg

Tumor Volume (mm?)

500+

0

10 |
single-crystal X-ray structure of AMG232 (yellow)
overlaid with co-crystal structure of tert-butyl
analog in MDM2 protein (cyan/grey) AMGEN

Time (days)




Part 3:
lon Mobility and Density Functional
Theory in Structural Elucidation of

Diastereomers



Most Approved Drugs are Single Enantiomers of Chiral Molecules

Drugs approved by the FDA from 1999 to 2008

G Racemate @S Single enantiomer g Achiral
801

707
60 1
50 1
40 1

301

X
il
D
(o))
4y
4
-
@
o
—
@
o

207

101

D -
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

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

AMGEN



Characterization / Differentiation of Stereoisomers is Important

O 0

Nll- O N O
NH NH

O O O O

(R)-Thalidomide

Sedative (S)-Thalidomide

Teratogenic




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

... however, in many cases, can not differentiate cis/trans Isomers by MS
(or MS") alone

Cis-hydroxyproline

(@)

Trans-hydroxyproline 132

@)

HO““HA.

NH

| . 0

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205m/z

AMGEN



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

(wileyonlinelibrary.com) DOI 10.1002/jms.3245

Baseline resolution of isomers by traveling
wave ion mobility mass spectrometry:
investigating the effects of polarizable drift
gases and ionic charge distribution

Priscila M. Lalli,? Yuri E. Corilo,” Maira Fasciotti,” Maria Francesca Riccio,?
Gilberto F. de Sa,” Romeu J. Daroda, Gustavo H. M. F. Souza,*

Michael McCullagh,® Ml:hael D. Bartberger, Marcos N. Eberlin®*

and lain D. G. Campuzano i

®
NH;

CHs,

*
1b

CO, 1.5 mbar R,,=1.30
250m/s, 30V R, =10.45
a =1.40

250 500 750 1000 1250

lon 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.

MASS
SPECTROMETRY

Baseline resolution of isomers by traveling wave ion mobility mass spectrometry:
investigating the effects of polarizable drift gases and ionic charge distribution
By P. M. Lalli, Y. E. Corilo, M. Fasciotti, M. F. Riccio, G. F. de Sa, R. J. Daroda,

G. H. M. E Souza, M. McCullagh, M. D. Bartberger, M. N. Eberlin

and |. D. G. Campuzano

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

AMGEN




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

Protonated

—trans-hydPro
== cis-hydPro

HOIlHn, -
R, =0.08
NH NH

cis-4-hydroxyproline trans-4-hydroxyproline Sodiated
137.3 A2

(M + Na)* results in substantially improved
Isomeric resolution compared to (M + H)* 2 Sodiums 1399A2,"\

|

. . . Ny

« Additional Na* adduction did not enhance ’,'
differentiation R, =068 ,,
]

!
/

5 6
Drift Time (ms)




Protonated

Effect of Metal Identity on Separation

[ ] [oce=]"

cis-4-hydroxyproline trans-4-hydroxyproline

—trans-hydPro

As metal ion size increases
(or charge density decreases),

* cis form steadily increases in ccs
(increase ~6 A2)

Increasing Metal lon Size

e trans form decreases in ccs, but
largely stays at a similar ccs




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

(trans-Hydroxyproline + Li)*

ZOA

¥ F22 +3.497

192 @),

+1.635

(trans-Hydroxyproline + Na)*

23A .23A
23A
23A& 23A

+0.000

(trans-Hydroxyproline + K)+

7 ‘27A
2.7

26A 26A"1

+0.000 +0.416

A

(trans-Hydroxyproline + Cs)*

B3LYP/SVPD basis used for Cs*




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

(trans-Hydroxyproline + Li)* (trans-Hydroxyproline + Cs)*

19 f.-‘g.oA

ZOA

+1.635

¥ F22 +3.497

(trans-Hydroxyproline + Na)*

23A

[

23A 23A

Salt-bridge structure is
favored for trans-
rams:igdroxyprolive + K hydroxyproline, regardless of

- | metal ion identit
26A}g QA ‘‘‘‘ y

B3LYP/SVPD basis used for Cs*
+0.000




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

(cis-Proline + Li)* (cis-Proline + Cs)*

1‘9A.2'°A

+0.000

(cis-Proline + Na)*

23A ‘ 23A

+0.000
(cis-Proline + K)*




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

(cis-Proline + Li)* (cis-Proline + Cs)*

1‘9A..2‘°A

3.0 A

o | | Ag metal ion size

(cis-Proline + Na)* Increases, salt-bridge
‘ structure becomes

competitive/favorable

+0.000 (Sterically driven)

(cis-Proline + K)*




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

proline
127.5 A? ,’

trans-
hydroxyproline
139.8 A2

A(calc.)

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

charge carrier

H
Li
Na
K
Cs

cis-hydroxyproline

trans-hydroxyproline

exp.
126.5
127.5
129.5
130.6
133.4

theor.

120.7 £ 1.4
120.0 + 1.3
122.8 £ 1.0
1246 + 1.1
1294 + 14

exp.
125.9
139.8
137.3
134.1
136.0

theor.

120.3 £ 1.5
1280 + 14
129.0 + 1.6
129.6 + 1.5
129.5 +£ 1.5

Analytical. Chem. 2015, 87, 3300.




Effect on Electrostatic Potential / Charge Distribution,
Dipole Moment

+0.838 (Li)

+0.887 (Li)
-0.752 (O) '

-0.601 (O) -0.670 (O)

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

'0.591(0)

-0.759 (N) -0.657(0 -0.388 (N)

5 = 2.08 Debye 5 = 3.45 Debye

lons 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

Analytical. Chem. 2015, 87, 3300.
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