
Development  of  Novel  Small  Molecule  Inhibitors  
of  Neurotropic  Alphaviruses  

Scott  J  Barraza  
October  28,  2014



Project  Outline 2
• Introduction  

• Biological  Weapons  
• Alphavirus  Biology  
• Activity/Toxicity  Assays  
• High-­‐Throughput  Screening  

• Conformational  Restriction  
• Basis  for  Restriction  
• Structure-­‐Activity  Relationships  

• Molecular  Weight  Reduction  
• Blood  Brain  Barrier  
• Structure-­‐Activity  Relationships  
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Biological  Weapons  and  EEVs 3

Equine  Encephalitis  Viruses  (EEVs)  
Eastern  EEV  (EEEV)*  

Venezuelan    EEV  (VEEV)*  
Western  EEV  (WEEV)  

*  Select  Agents

• National  Select  Agents  List    
• Examples:    

• Ebola  Virus  
• Small  Pox  Virus  
• Bovine  Spongiform  Prion  
• Yersinia  pestis  

  

• Characteristics  of  Viral  Bioweapons  
• Easily  and  cheaply  grown  in  large  amounts    
• Highly  stable  and  dispersible  
• Simple  genome  amenable  to  genetic  

engineering    
• Confound  defensive  vaccine  development

Forrester,  Naomi  L,  et  al.  Virology.  2008,  170-­‐172  
Steele,  Keith  E,  et  al.  Modern  Aspects  of  Biological  Warfare.  2007,  241-­‐270  
eMedicine,  Online:<http://www.emedicinehealth.com/script/main/art.asp?articlekey=138806&ref=128399>



Natural  WEEV  Genome

WEEV  pWR-­‐LUC  Transcript

WEEV  Genome  and  Replicon 4

nsP1m7G nsP2 nsP3 nsP4 Capsid E3 E2 6K E1 An

SGPGP

nsP1 nsP2 nsP3 nsP4 fLUC UUT7P T7TAn δRz

SGPGP

  J  Infect  Dis  2009  (199)  950-­‐957

Structural  genesNon-­‐structural  genes



Activity  and  Cytoxicity  Assays 5

Cells:  BSR-­‐T7/5  cells  transfected  with  pWR-­‐LUC  WEEV  replicon  

Controls:  Ribavirin  (+)  and  DMSO  (-­‐)

Transfected  Cells,  
Compound,  

Media

MTT    Cytotoxicity  AssayLUC  Activity  Assay

37  °C,  18  h

RT,  2  h

MTTMeasure  
luminescence

Measure  
absorbance

Peng,  Weiping,  et  al.  JID.  2009,  950-­‐957

37  °C,  18  h



HTS  /  Validation  Steps

Step Experimental  System Criterion No.  
Compounds

n/a n/a n/a 51,028

HTS pWR-­‐LUC  and  BSR-­‐
T7/5  cells

fLUC  activity  >2  SD  below  negative  control  or  
inhibition  of  fLUC  activity  >90%  of  positive  control

196

HTS pWR-­‐LUC  and  BSR-­‐
T7/5  cells

No  activity  in  CCG  LUC-­‐based  screens 114

1°  Validation pWR-­‐LUC  and  BSR-­‐
T7/5  cells

Dose-­‐response,  IC50  <  100  uM 77

2°  Validation EEEV/VEEV-­‐SEAP  and  
BHK  cells

Dose-­‐response,  IC50  <  100  uM 11

3°  Validation pWR-­‐LUC  and  BSR-­‐
T7/5  cells

Repeat  dose-­‐response,  Selectivity  index  >5 4

HTS  Discovery  of  Small  Molecule  Inhibitors 6

Verification

Experiment Measure Results
Live  virus  (SINV,  FMV)  in  
cultured  neuronal  cells

Cytopathic  
effect

Increased  cell  
viability

Inhibition  of  virion  production  
(FMV)

Viral  titer Decreased  
titer

Inhibition  of  viral  RNA  
replication  (RT-­‐PCR)

RNA  expression Decreased  
expression

N

S

F
O

N

O

H
N

O

1*
IC50 = 26 μM

CC50 > 100 μM
Peng,  Weiping,  et  al.  JID.  2009,  950-­‐957



7Alphavirus  Inhibitors,  Project  History

N

S

F
O

N

O

NH

1*
IC50 = 26 μM
CC50 > 100 μM

O

HTS  discovery:  J  Infect  Dis  2009  (199)  950-­‐957  
Development  of  lead  3:  J  Med  Chem  2012  (55)  3535-­‐3545  
Development  of  lead  4:  J  Med  Chem  2013  (56)  9222-­‐9241

N

S

F
O

N

O

NH

2*
IC50 = 11 μM
CC50 > 100 μM
MLM T1/2 = 2 min

N

Cl
O

N

O

NH

3†
IC50 = 15 μM

CC50 > 100 μM
MLM T1/2 = 7 min



8Conformational  Restriction
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v
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O
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O
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O

N H
N

O
Me

N

Cl
O

N H
N

O
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O
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O
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IC50 > 50 ! M IC50 > 50 ! M

14
IC50 > 50 ! M

15
IC50 > 50 ! M

N

Cl
O

N H
N

O

IC50 = 15.6 ! M
CC50 > 100 ! M

13
IC50 > 50 ! M

3 

11 12

Conformational  Restriction

N

Cl
O

N H
N

O

N

Cl
O

N H
N

O 17
IC50 = 0.53 μM
CC50 > 100 μM

16
IC50 = 7.1 μM

CC50 > 100 μM
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10Conformational  Restriction:  Successful  Indane?

N

Cl
O

N H
N

O

N
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N H
N
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N

Cl
O

N H
N

O

N

Cl
O

N H
N

O
18

IC50 = 15.6 μM
ClogP = 4.30

19
IC50 = 15.2 μM
ClogP = 4.37

20
IC50 > 100 μM
ClogP = 4.75

> >>

17
IC50 = 0.53 μM
CC50 > 100 μM
ClogP = 4.72

N

Cl
O

N H
N

O N
4†

IC50 = 0.53 μM
CC50 = 65 μM



v

11Conformational  Restriction:  Troublesome  Indane



0.53  ±0.04

Conformational  Restriction:  Troublesome  Indane 12

Data  from    
the  David  Miller  lab

N

Cl

O

N

O
NH

17
IC50  =  0.53  ±  0.04  µM  

CC50  =  >100  µM

Cl

N O

N

O
NH

N

4†
IC50  =  0.53  ±  0.1  µM  
CC50  =  65  ±  14  µM

4†

4†

17

17



13Onward  with  Pyridylethylamides

N

S

F
O

N

O

NH

1*
IC50 = 26 μM
CC50 > 100 μM

O

HTS  discovery:  J  Infect  Dis  2009  (199)  950-­‐957  
Development  of  lead  3:  J  Med  Chem  2012  (55)  3535-­‐3545  
Development  of  lead  4:  J  Med  Chem  2013  (56)  9222-­‐9241

Successful  CNS  Drugs  Properties

Property Mean  CNS  
Drug

4†

MW 319 501

TPSA 40.5 65

cLogP 3.43 3.1
IC50 = 0.53 μM
CC50 = 65 μM

MLM T1/2 = 9 min

4†

N
O

N

Cl

O

NH

N

N

S

F
O

N

O

NH

2*
IC50 = 11 μM
CC50 > 100 μM
MLM T1/2 = 2 min

N

Cl
O

N

O

NH

3†
IC50 = 15 μM
CC50 > 100 μM
MLM T1/2 = 7 min



14Molecular  Weight  (MW)  and  the  Blood-­‐Brain  Barrier

N
O

N

Cl

NH

O

N

IC50 = 0.53 μM
CC50 = 65 μM

4†

Successful  CNS  Drug  Properties

Property Mean  CNS  
Drug

4†

MW 319 501

TPSA 40.5 65

cLogP 3.43 3.1

↓ p-gp interaction

↑ potency

↑ potency
↑ aq. solubility

↑ metabolic stability

2C > 1C > 3C

Can MW be reduced
in these regions?

CNS  drug  properties:  Pajouhesh,  H.,    et  al.  NeuroRX  2005  (4)  541-­‐553  
BBB  figure:  David  S.  Miller  Lab,  http://neuroscience.nih.gov/Lab.asp?Org_ID=547



15Core  Piperidine  Substitution

4 

IC50 = 0.53 ! M
CC50 = 65 ! M

MW = 501

N
O

N

Cl

O

NH

N

N
O

N

Cl

O

NH

N

20

N N

O
Cl

NH

O

N

21
IC50 = 73.1 μM
CC50 = 86 μM
MW = 473

N
O

N

Cl

H
N

O

L M R

Ar
n

Activity/chain  dependence:    
n  =  2  >  1  >>  3



16Core  Piperidine  Substitutions

N

O
N

Cl

N
H

O

N

24
IC50 = 17.6 μM
CC50 = 67 μM

N
O

N

Cl

NH

O

N

Me
25

IC50 > 50 μM
CC50 > 50 μM

N

Cl
O

N

O

NH

N

26
IC50 = 24.6 ! M
CC50 > 100 ! M

N N

O
Cl

N

O

N

27
IC50 = 24.4 ! M
CC50 = 62 ! M

N N

O
Cl

O

NH

N

23
IC50 = 3.9 μM
CC50 = 74 μM

N
N

O

NH

N

O
N

Cl

22
IC50 = 24.4 μM
CC50 = 78 μM

4 

IC50 = 0.53 ! M
CC50 = 65 ! M

N
O

N

Cl

O

NH

N

N
O

N

Cl

O

NH

N

20



17Core  Piperidine  Substitutions

4†
IC50 = 0.53 μM
CC50 = 65 μM

N
O

N

Cl

O

NH

N

important 
pharmacophore 

feature

N
O

N

Cl

HN

N

O

N
O

N

Cl

N
H

N

O

24
IC50 = 24.7 μM
CC50 = 77 μM

28
IC50 = 17.6 μM
CC50 = 67 μM

N
O

N

Cl
N

H
H

N
O

N

Cl

H

H

N

29
IC50 > 50 μM
CC50 > 50 μM

30
IC50 > 50 μM
CC50 > 50 μM

N
O

N

Cl

N

N

31
IC50 = 12.4 μM
CC50 > 100 μM



18MW:  Indole  Substitutions

N
O

N

Cl

NH

O

N

4†
SAR in this region
is too tight for

MW modifications

This region may be
more amenable to
MWmodification

N
O

N

Cl

O

NH

N

N
O

N

Cl

O

NH

N

284 

IC50 = 0.53 ! M
CC50 = 65 ! M

MW = 501

29

N
O

N

Cl

O

NH

N

IC50 = 0.68 μM
CC50 > 100 μM
MW = 451

N N

O
Cl

NH

O

N

30
IC50 = 23 μM
CC50 > 100 μM
MW = 423



19MW:  Broad-­‐Spectrum  Antiviral  Activity

FMV      VEEV        SINV      LACV        JCV            CEV      EMCV      EMCV      VSV

Antiviral  Activity  Against  Various  Live  Viruses

Virus  Titer  (pfu/mL)

1014  

1013  

1012  

1011  

1010  

109  

108  

107  

106  

105  

104  

103  

Data  from  the  David  Miller  lab,  U  of  M

DMSO  
4  (25  µM)  
4  (2.5  µM)  
29  (25  µM)  
29  (2.5  µM)

4 

N
O

N

Cl

O

NH

N

29

N
O

N

Cl

O

NH

N



20MW:  Live  WEEV  Antiviral  Activity

4 29

ribavirin  
4  
29

IC50  (µM)  
rib    =    18.5  ±  5.7  
4    =    1.8  ±  0.1  

11    =    13.9  ±  6.9  

4

4†

N
O

N

Cl

O

NH

N

IC50 = 0.53 μM
CC50 = 65 μM

29

N
O

N

Cl

O

NH

N

IC50 = 0.68 μM
CC50 > 100 μM

J  Virol  2014  ASAP.



21MW:  Physicochemical  Properties  and  Pharmacokinetics

4    
Plasma/Brain  ConcentraXon-­‐Time

Co
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29  
Plasma/Brain  ConcentraXon-­‐Time
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PK  Data  from  the  David  Irani  lab  (in-­‐life)  and  Duxin  Sun  lab  (MS),  U  of  M

4†

N
O

N

Cl

O

NH

N

29

N
O

N

Cl

O

NH

NIC50 =
CC50 =

0.53
65
501

31-63
-4.18
30.9

0.68
> 100
451

125-250
-5.01
-1.2

MW =
Aq. Sol =

μM
μM

μg/mL
g/mol

PAMPA = log Pef f

294†

MDR1 = % Rho123
MLM T1/2 = > 9 < 3 min



22MW:  Indole  Substitutions

IC50 > 50 ! M
CC50 > 100 ! M

MW = 400

33
IC50 = 41 ! M

CC50 > 100 ! M
MW = 414

31

N
H

O

N

O

NH

NCl

N
H

O

N

O

NH

N

O

N

O

NH

N

Cl Cl

IC50 > 50 ! M
CC50 > 100 ! M

MW = 401

32

N
O

N

Cl

O

NH

N

2829

N
O

N

Cl

O

NH

N

29

N
O

N

Cl

O

NH

N

IC50 = 0.68 μM
CC50 > 100 μM

4†

N
O

N

Cl

O

NH

N

IC50 = 0.53 μM
CC50 = 65 μM

MLM T1/2 = 3 minMLM T1/2 = 9 min



23MW:  Monocyclic  Substitutions

N
O

N

Cl

O

NH

N

*

(S)-36
(R)-36

IC50 = 53.5 μM
IC50 = 13.5 μM

IC50 > 50 μM
CC50 > 100 μM
MW = 452

35

N

N
O

N

Cl

O

NH

N

CC50 > 100 μM
MW = 455

N
O

N

Cl

O

NH

N

*

(S)-37
(R)-37

IC50 > 100 μM
IC50 > 100 μM

CC50 > 100 μM
MW = 469

O

34

N
O

N

Cl

O

NH

N

IC50 = 0.93 μM
CC50 = 8.0 μM
MW = 468

F

N
O

N

Cl

O

NH

N

2829

N
O

N

Cl

O

NH

N

IC50 = 0.68 μM
CC50 > 100 μM
MW = 451



24MW:  Development  of  Arene  Analogs

29

N
O

N

Cl
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NH
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O

N

O

NH

N

Xn
R

38

MLM T1/2 = 3 min

IC50 = 0.68 μM
CC50 > 100 μM

NH

Cl

N

O

39
IC50 = 1.6 μM
CC50 > 100 μM

NH

O

N

NH

N

O

40
IC50 = 0.56 μM
CC50 = 75 μM

NH

O

N

Cl

NH

N

O

NH

O

NCl

41
IC50 = 3.5 μM
CC50 = 86 μM

O

Cl

N

O

NH

O

N Cl

N

O

NH

O

N

IC50 = 6.1 μM
CC50 = 56 μM

IC50 = 1.5 μM
CC50 = 71 μM

42 43

.

.
MLM T1/2 = 19 min

.

.
MLM T1/2 = 15 min

.

.
MLM T1/2 = 18 min

.

.
MLM T1/2 = 3 min



25MW:  Steric  Bias  or  Internal  H-­‐Bond?

N

Cl

N

OMe

44
IC50 = 15.4 μM
CC50 > 100 μM

NH

O

N

NH

Cl

N

O

39
IC50 = 1.6 μM
CC50 > 100 μM

NH

O

N Cl

N

O

NH

O

N

IC50 = 1.5 μM
CC50 = 71 μM

43

Cl

N

O

NH

O

N

O

IC50 > 50 μM
CC50 > 50 μM

45

Active "Inactive"

O

N

O

NH

N

X

R

46 N

O

N

O

Cl

O

N

NH

NH

O

NH

N

N

47
IC50 = 59.2 μM
CC50 > 100 μM

49
IC50 > 100 μM
CC50 > 100 μM

N

O

N

O

NH

N

50
IC50 = 10.1 μM
CC50 = 34 μM

Cl

O

N

NHCl

NH

O

N

48
IC50 = 18.7 μM
CC50 = 66 μM



26MW:  Live  Virus  Antiviral  Activity

4  
39  
40

DMSO  
39  
40  
4

4†

N
O

N

Cl

O

NH

N

IC50 = 0.53 μM
CC50 = 65 μM

MLM T1/2 = 9 min

NH

Cl

N

O

39

NH

O

N

IC50 = 1.6 μM
CC50 > 100 μM
MLM T1/2 = 19 min

NH

N

O

40

NH

O

N

Cl

IC50 = 0.56 μM
CC50 = 75 μM

MLM T1/2 = 15 min

Data  from  the  David  Miller  lab,  U  of  M



27

O

OMe

NHCl

NH

NH

OMe

O O

N

NHCl

NH

O

N
64

N

N

H
N

HCHO (aq),
EtOH, reflux, 60%

s-BuLi, THF,
-78 ¡C! rt, 18 h; then
CO2; then 1M HCl,
reflux, 1 h, 71%

NH

OH

O
MeOH, HCl,

reflux, 1 h, 92%

SO2Cl2, DCM,
0 ¡C, 4 h, 72%

2) 53, EDC, HOBT, TEA,
DCM, rt, 16 h, 50%

65 66

67 68 69

1) NaOH, H2O, EtOH,
THF, rt, 22 h, quant.

Cl

N

O

NH

O

N

Cl

OH

OO

O

O

O

AlCl3, PhCl,
reflux, 1 h, 72%

−H2O

Zn0, CuSO4,
conc. aq. NH3,

reflux, 48 h, 33%

Cl

OH

O

Cl

N

O

NH

O

N

53, EDC, HOBT, TEA,
DCM, rt, 16 h, 55%

53, EDC, HOBT, TEA,
DCM, rt, 20 h, 67%

O

61 62 63

45 43

Synthetic  Examples:  Arene  Analogs

Lithiation  of  carbazoles:  JOC  1988  (53)  794-­‐799

HN H
N

O N2 •HCl 53



28Synthetic  Examples:  Core  Piperidine  Analogs

NBoc
N N

O

SePh
OEt

O

Cl

N N

O
Cl

O

OEt
N N

O
Cl

O

NH

N

HN

OEt

O

70 71 73

23

2) LDA, -78 °C, 15 min;
then PhSeCl, THF,
-78 °C! rt, 3 h, 58%

1) HCl, dioxane, rt,
2 h, quant.

2) EDC, HOBT, TEA,
DCM, rt, 12 h, 63%

mCPBA, DCM, -78 °C, 30 min;
then TEA, DCM, -78 °C;
then -78 °C! RT, 1 h, 82%

1) NaOH, H2O,
EtOH, rt, 5 h, 95%
2) 75, EDC, HOBT,

TEA, DCM, rt, 18 h, 91%

O

OEt
SePh

74

N OH
O

Cl

72

1) Boc2O, Na2CO3, THF,
H2O, reflux, 2 h, 86%

N
H2N

75

NCbz

O

NCbz NCbz

N

Cl
O

N OEt

O

N

Cl
O

N NH

O

N

76

76 77 78

80

O
O

OEt

OH
O

OEt

N
O

OEtCbz

N2CHCO2Et,
BF3⋅OEt2, Et2O,

-78 °C→rt, 1h, 80%

NaBH4, EtOH,
0 °C→rt, 1 h, 89%

1) MsCl, TEA,
DCM, 0 °C→rt, 6 h
2) DBU, THF,
80 °C, 1 h, 85%

1) Pd/C, 50 psi H2,
EtOH, HCl, rt, 24 h

1) NaOH, H2O,
EtOH, rt, 6 h, 99%
2) EDC, HOBT, TEA,
DCM, rt, 20 h, 65%

79

2) 72, EDC, HOBT,
TEA, DCM, rt, 15 h, 71%

N

H2N

75N OH
O

Cl

72
Azapane  core:  WO  2009  135842



29Synthetic  Examples:  Noramide  Analogs

N

Cl
O

N

N

N

N

Boc

Boc N

Cl
O

N

N

Conc. HBr,
PPh3, tol,

reflux, 11 h, 34%

n-BuLi, THF, rt, 30 min;
then 78, rt, 12 h, 52%

PhLi, LiBr, THF, RT, 20 min;
then 78, THF, -78 °C, 30 min;
then PhLi, -78 °C, 30 min;
then t-BuOH, THF,
-78 °C→rt, 36 h, 41%

N

N

BrPh3P
N

HO
N

1) HCl, dioxane, rt, 1 h
2) 72, EDC, HOBT, TEA,
DCM, rt, 14 h, 60%

79 80 81

8283

84

1) HCl, dioxane, rt, 1 h
2) 72, EDC, HOBT, TEA,
DCM, rt, 14 h, 56%

PhLi  in  the  Schlosser  modification:  Chem.  Eur  J.  2003  (9)  570-­‐574

HN
OH

NBoc

O

1) Boc2O, Na2CO3,
THF, H2O, reflux,

2 h, 82%
2) DMSO, (COCl)2,

DCM, -78 ¡C; then TEA,
-78 ¡C→0 ¡C, 3 h, 89% 7877

N

Cl
O

72

OH



30Synthetic  Examples:  Core  Piperidine  Analog

Spiro  framework:  Amino  Acids  2010  (39)  515-­‐521,  JOC  2010  (75)  5941-­‐5952

N

O
N

Cl

H
N

O

N

O
N

Cl

O

H
N

N
N

H
H

934



31Synthetic  Examples:  Metabolism-­‐Resistant  Analogs

MnO2, THF,
reflux, 3 h, 20%

H
N

O

OMe

F

N
O

OMe

F

Cl

K2CO3, DMF,
60°C, 30 h, 83%

N
O

OMe

HO

N
O

OMe

O

TEMPO, TCCA,
DCM, 0°C→rt,
20 min, 99%

Boc Boc 1) DAST, DCM,
-78°C→rt, 12 h, 86% H

N
O

OMe

F F
⋅HCl2) HCl, dioxane,

THF, rt, 4 h, quant

1) NaOH, H2O, EtOH,
rt, 18 h, 78%

2) 53, EDC, HOBT,
TEA, DCM, rt, 15 h, 68%

N
O

N

F

Cl

O

NH

N

94 95 96 97

Cl

Cl

98 34

N

CH3
Na0, diethyl oxalate,
EtOH, toluene,
rt, overnight, 40% N

N

H
N OEt

O

1) 1 ATM H2, Pt/C,
EtOH, AcOH, rt, 1 d
2) EtOH, K2CO3,
rt, 18 h, 51%

tBuOK, DMF,
rt, 14 h, 65%

N

N OEt

O
Cl

Cl

Cl

N

CH3
i) TFAA, 0 °C, 2 h

i i) Fum. HNO3, rt, 12 h
i ii) Na2S2O5, H2O,

rt, 24 h, 9%

N
O

N

Cl

NH

O
N

1) NaOH, H2O, EtOH,
rt, 24 h, 84%

2) 53, EDC, HOBT,
TEA, DCM, rt, 20 h, 55%

N

99 100 101

102 103

O

OEtO

NO2NO2

15
Fluoropyrrole  core:  Bioorg  Med  Chem  2009  (17)  1557-­‐1572,  Tet  2002  (58)  6713-­‐6722  
Nitration  of  pyridine:  Org  Biomol  Chem  2005  (3)  538-­‐541  
Azaindole  core:  ARKIVOC  2004  (v)  286-­‐300



32Synthetic  Examples:  Rigid  Analog

Directed  lithiations  of  picolines:  Eur  JOC  2003  (19)  3855-­‐3860    
N-­‐oxide  rearrangements:  JOC  1961  (26)  428-­‐430,  JOC  1953  (18)  534-­‐551  
Indole  tetracycles:  Archiv  Pharm  1958  (291)  610-­‐620

AcOOH, AcOH,
reflux, 2 h, 80%

Ac2O, reflux,
12 h, 45%

PhN(Tf)2, DIPEA,
DMF, rt, 85%

N
OMe

O HN

O OMe

106 107



33Synthetic  Examples:  Dimethylpiperidine

NR

OR

O
116

N

O

Bn N

O

Bn
N

OR

O

N

N

O

Bn N

O

BnLDA, THF, -78 °C, 
15 min;

MeI, THF, -78 °C → rt, 
6 h, 72%

N

N

Bn

N

NH2NMe2, EtOH,
reflux, 14 h, 78%

nBuLi, THF, -78 °C, 
30 min;

MeI, THF, -78 °C → rt, 
9 h, 65%

N

N

Bn

N
NBn

OR

O

117 118 119

120 121

N NOAcOOH, AcOH,
80°C, 6 h, 91%

122 123

NO

OEt

O

X OEt

O

X = Cl, OEt

124

HNO3, H2SO4,
90°C, 8 h, 75% NO

NO2

AcBr, AcOH,
85°C, 4 h, 88% NO

Br

125 126  Mg0, 
CO2

NO

OH

O
127

Li-R,
CO2

NO

OH

O
128

NO

PdII,
 CO,
    MeOH

OMe

O
129

PdII,
Zn(CN)2 NO

CN

130

N

CN

131



34Synthetic  Examples:  Dimethylpiperidine

N NOAcOOH, AcOH,
80°C, 6 h, 91%

HNO3, H2SO4,
90°C, 8 h, 75% NO

NO2

AcBr, AcOH,
85°C, 4 h, 88% NO

Br

Zn(CN)2, Pd(PPh3)4,
DMF, 60 °C, 5 h, 82%

N

Br

PCl3, DCM,
0 °C, 2 h, 92%

N

CN

NaOH, H2O,
EtOH, 50 °C, 2 h N

O

NH2

122 123 125 126 132

131 133

conc. HCl,
reflux,
5 forevers

N

O

OH

134

7 M NaOH(aq), EtOH,
reflux, 12 days

N

O

OH

135

PtO2, 50 psi H2,
HCl, EtOH, rt, 24 h HN

O

NH2

mixture of 
diastereomers

136

N

O

NH2

BnBr, EtOH,
reflux, 6 h, 99%

Bn NaBH4, EtOH,
0°C! rt, 14 h, 64%

N

O

NH2

Bn
Pd/C, 50 psi H2,

HCl, EtOH, rt, 7 h HN

O

NH2

139
1 diastereomer

137

138

N

Cl
O

N H
N

O N

steps +
someone else's 

problem now 140



35Synthetic  Examples:  SARS  Coronavirus  Project

Me O

166

NMe

CO2Et

HN

CO2Et

167
NaBH(OAc)3, 
AcOH, DCE

NMe
N
H

O

O

O

168

Et O

169

LiAlH4, 
THF, rt

Et OH1) Ms2O, DIPEA,
DCM, 0 ¡C

NEt

CO2Et

2)
HN

CO2Et

170 171

Bn O

172

1) MeONH2 ¥HCl, 
pyridine, rt

Bn NH2 1) 40 psi H2, 
Pd/C, rt

2) NaCN, DMF,
145 ¡C

10% HCl, 
THF, rt

O O

CO2MeMeO2C
NBn

CO2Me
CO2Me

NBn
CO2Me

173 174 175

2) BH3-THF, 
80 ¡C

Báez-­‐Santos,  Y.  M.;  Barraza,  S.  J.;  et  al.  Journal  of  Medicinal  Chemistry.  2014,  57,  2393-­‐2412  
Gosh,  A;  et  al.  Journal  of  Medicinal  Chemistry.  2010,  53,  4968-­‐4979



36Synopsis  of  Projects:  TPSA,  Aqueous  Sol.,  and  Stability

N N

O
Cl

O

NH

~ 3 Å2

~ 17 Å2 ~ 12 Å2

~ 17 Å2
~ 3 Å2

3†
TPSA = 53 Å2

N N

O
F

O

11
TPSA = 33 Å2

N N

O

N

Cl

12
TPSA = 27 Å2

N

N
O

N

Cl

O

NH

N

N
O

N

Cl

O

NH

N

F

N
O

N

Cl

O

NH

N

Me

13 14 15
SmartCYP  v2.4.2,  http://www.farma.ku.dk/smartcyp

N
O

N

Cl

O

NH

N
1

2

3
4

56

7

4†
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Alphavirus  Lifecycle 39

Flint,  SJ,  et  al.  Principles  of  Virology.  2009,  535-­‐537

1

2

3

4a
4b

5

6

7

8

1.  Fusion  

2.  Entry  

3.  Uncoating  

4a.  Translation  

4b.  Transcription  

5.  Translation  

6.  Translation  

7.  Assembly  

8.  Budding



P-­‐Glycoprotein  (PGP,  MDR1)  Recognition  Assay 40

N
H

O
OS

N
H

O O

N

N
N

N N

N

N

S

N

O

N

N N N
N

N
N N N

N
H

O

O

N
H

O
CNN

H

O

S

3H-­‐vinblastine  or  
Rhodamine  123

Compound  of  interest

Case  1 Case  2

N
H

N

HO

H

N
Me

N

O
OH

O

MeO2C
MeO

MeO2C

T

OH2N NH2+

OMe

O

Cl-

3H-­‐Vinblastine  Rhodamine  123  

Recognition-­‐Susceptible  Structures  



41PGP  Efflux:  Highlights

N O

N

Cl

NH
O

N O

N

Cl

NH
O

N
4

%Eff = 30.9
116

%Eff = 21.9

N

Subtle Dependence on Substitution

N O

N

Cl

NH
O

N4
%Eff = 30.9

N O

N

Cl

NH
O

N
29

%Eff = -1.2

Dependence on Molecular Weight
or Aqueous Solubility

N O

N

Cl

N
O

N

N O

N

Cl

N
O

N
27

%Eff = 3.3
117

%Eff = 72.7

Possible Dependence on Conformation



MW  Reduction:  Towards  the  MOA 42

NH

Cl

N

O

39
IC50 = 1.6 μM

NH

O

N

NH

N

O

NH

O

N

40
IC50 = 0.56 μM

Cl

Data  from  the  Miller  Lab.  
MOA  Paper:  Delekta,  P.,  et  al.  J  Virol.  2014  ASAP.  10.1128/JVI.01671-­‐14



43Synopsis  of  Projects:  Additional  Projects

N
O X N

Y O

R5 R6

R1

R3
R4

R2

16 17

R N
N
H

O

O

O

N
N
H

O

O

O
Me

18 19

Pl-­‐pro  project:  J  Med  Chem  2014  (57)  2393-­‐2412

Inhibitors  of  coronavirus  Pl-­‐Protease  

Inhibitors  of  ALDH1  (anti-­‐cancer  target)


