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Spirocycle features

e Rigidify ligand conformation upon ligation to
target

e Conformation restriction within molecule
e Ligand binding entropy o
* Greater 3-dimensionality /\Y//

— more physical properties -

when compared to G.
Of
S
/&O

planar/aromatic derivatives
Zheng, Y.; Tice, C. M.; Singh, S. B. Bioorg. Med. Chem. Lett. 2014, 24, 3673.

* Novelty for patentability

o
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Spirocycle feature:
constraint/rigidity

la (AM-5262) 1b (AM-1638)
Amgen Amgen

la is twice as potent and more selective than early lead
1b due to 3 membered spiro constraint.

Zheng, Y.; Tice, C. M.; Singh, S. B. Bioorg. Med. Chem. Lett. 2014, 24, 3673.
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Synthesis of spirocycles

Bronsted acids

N E Lewis acids Transition metals
haal Chiral amines
" NHCs
X

o on Spirocycles
CL — (o
N N
R R
isatin 3-hydroxyoxindole

Franz, A. K.: Hanhan, N. V.: Ball-Jones, N.R. ACS Catal. 2013, 3, 540
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NHC-catalyzed

cycloaddition/Annulation

RO Ar' @ BF4

37a, R = TBS; Ar' = Ph
=N @ Ar? = 2-j-Pr-phenyl

A= NN a76,R=H
Arl = 3,5-(CF3)206H3
Ar2 = Ph

0

39
A R2

37a (12 mol %)

DME, -40 °C or rt
R!
\Cflgzo Q
N g LC
R2
37a (10 mol %)

R = Me, Bn, Cbz
R!' = H, F, Cl, Me, OMe

2
R? = alkyl, Ph, Ar, furyl Cs,C05 (20 mol %)

EtsN (5 equiv)
THF, —40 °C

40-99% vyield
40 R yupto9s5dr
89-99% ee

R 55-84% yield
71-91% ee

\):N @
,‘N\?N\Ar
H 37a 9
lcsgco3 j\
=N Ar~ "R?
,’N\.{N\Ar
43
NHC
catalytic Ar
cycle N-N
y Y, \@ O@
N
) s
Ar
\{ ;
38

Franz, A. K.: Hanhan, N. V.: Ball-Jones, N.R. ACS Catal. 2013, 3, 540

Wang, X.; Zhang, Y.; Ye, S. Adv. Synth. Catal. 2010, 352, 1892
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NHC-Catalyzed [3+2]

alcohol directed

R = Me, Bn, Cbz
. =N @ R' =H, F, Cl, Me, OMe
—N_ __N- R2 = alkyl, Ph, Ar, furyl
R S Ph ) ’ s
R2/\/U\H Ar7\ S) O
" HO Ar BF,
o O 37b (5 mol %) 1 o) -
\©:/$: CSQCO3 (5 mol o/o) R Ui
0 - O
N THF, rt N
38 R h 47
Ar =N 38-97% vyield
)\C\N” N—pn up to 13:1 dr
Ar 3 0H 80-99% ee
o .
R
Q R1
O N
L 2 J _

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Sun, L. H.; Shen, L.T.; Ye, S. Chem. Commun. 2011, 47, 10136
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Cooperative NHC/Lewis Acid
Strategy

CHO
5 O 5-15mol % Catalyst 48 5-15% Catillyst 49
R\\ 10-30 mol % DBU 10-30 mol % DBU
o LiCl (2 equiv) or none
| Z N THF, rt
38 R THF, rt
up to 93 ——
R' =H, Me, Bn, aryl, allyl ug to 99% ee HO L 36-49% yleld
R2=H, F, Cl, Br, I, MeO, Me up to 20:1 dr CHO up to 30.1 dr
~=0 13-25% ee
N only
BF4@ Et 51 R observed
0 N® with LiCl
/\// \N
N
Et BF,©
= 0 N\=N ®
/\T N-Mes
Ph S
Ph a9

Question: Please provide a stereochemical model for the observed
stereochemistry in the NHC/Lewis Acid strategy case. (the conversion of
benzoquinone 38 to spirolactone 47)

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Scheidt, K.A. Chem. Sci. 2012, 3, 53 and Angew. Chem. Int. Ed. 2012, 51, 4963
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Michael Reaction Strategy

complementary spirolactone formation

(1-5 mol %)
17X CHO &OTMS B H o
R N Ph o) N
. H pn 56 0
OH : g
R 1. o-fluorobenzoic acid = O
|\\ & (50 mol %) YR HO™ \ OH
¢ acetone, rt | ~x © 0
52a: X = NH, NMe, NBn 55 N
5%b: X = O 2. PCC, CHLCly, rt 57 H
. oy g isatide produced via
tautomerization oxidation oxidative dimerization
th
MO B pathway o
E* -
OH nucleophilic o)
R 5 R
|\\ \%;H addition _ N R1
A ~x cyclization | A ~x O
53 54
R=H, Me, Br, t-Bu, OCF; AL M
R' = Me, Ph, Ar, alkyl, CO,Et up to 99% ee

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Bergonzini, G.; Melchiorre, P. Angew. Chem. 2012, 51, 995
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Zn-ProPhenol Spirolactone Synthesis
EtZn-Zn-L9 l?fC=QH)2 , ]
OH EtZn-Zn- equiv
@%3 N %,CHS 5.'1’50” ”Gﬁh
N - N N
58 CHa Hg ©@ oH
P O\q;" \Z/o F';T‘ Ph/\)OLOPh

e 1 \ £ n\ ~
(|)P8 o N O N
Ph. O
Ph>" “zn ZA Y-Ph (R.A)-L9
“YRT L 59 el
N O N

Ph
Ph. O o ,O._Ph
Ph \Zn \Zr{ Ph
¥ N O N

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Trost, B. M.: Hirano, K. Org. Lett. 2012, 14, 2446
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Zn-ProPhenol Spirolactone Synthesis

Scheme 4. Zinc-ProPhenol Complex Is Necessary for the

Transesterification
P
HO i (RR)-L1 (5 mal%)
@ii\/u‘onﬂe Et=Zn (10 mol%)
0 -
N toluene/CH5CN (0.19 M)
We 40°C, 12 h
rac-3
BO% yield 17% yield
without (K,/)-L1 and Et:Zn: no reaction |

racemic racemic 11% ee

Trost, B. M.: Hirano, K. Org. Lett. 2012, 14, 2446
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Asymmetric [3+2] allylsilane annulation

A~ SiRs RSSi'—.
+ 0 ScCly(SbFg)/L12
N (10 mol %)- -
RoT G THRGINS squiv) /=0 Takes advantage of
Z N CH.Clo. 1t | 51-82% vield :
38 R S 70  R' upto955dr the inherent
97-99% ee . .
- - enantioselectivity of
leophili . L .
" adition ‘ symgraton — gllylsilanes

R = i-Pr or Me,CHPh,
R! = Me, Ph, Bn &
R2=H, F, Cl, Br, MeO, OCF, %
L12
indapybox

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Franz, A.K. Angew. Chem. Int. Ed. 2012, 51, 989
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Pd catalyzed spirocyclic-pentanes

TMS

PA(O)L*, TMSOAc ®
CN N\ / “LPd.,
™S NC )VCN - ZI\/CN
©

Me ,
M -
e X(CN ) 78 S0 @ PdL* 80
X 1.5 equiv
R¢ 0 78 Opc 0 0WY) X ©
Z N R_l/ (0]

2.5 mol % Pdy(dba)s N O O
77 10 mol % L13, toluene COMe 0 O

79
R = H, 6-Cl, 6-OMe, 6,7-di-OMe 90-99% yigld O O
up to 95:5 dr (with L13) |_*
76-99% ee
‘ ﬂ ’*““ jos’ 00y
Using achiral ligand (RAAHLIS
. (R,R,R)-L14
. SI si SI re
affords 2:1 trans/cis |
. Me """ NS Me.
diastereomers L N s
s\ N \\ ‘\\ N
MeOC . N COMe
NC l
Me, /
Ly
N \
trans-79 COzMe cis-79 CO,Me

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Trost, B. M.; J. Am. Chem Soc. 2007, 129, 12396
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Wall and Flap Model

(S,5)-L15
: >—NH HN
81 ’%_\ PPhy  PhgP
Ar 2 mol % Pdy(dba)s r, R
6 mol% (S,S)- L15 z
O O
toluene, rt
FsC~ -0 0" CF,
82 I _— — J
up to 87% vyield
up to 95:5 dr
up to 98% ee

L

R = CO,CH,CFs

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Trost, B. M.; Angew. Chem., Int. Ed. 2011, 50, 6167
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Trienamine/DA approach

Ph Ph
N
H X=Y o-@ o4si)
i Dlels Alder 2~ | ).(
Y 105
X
s activation
L Y \l( X in(a:gtti\allayt?ct)n
~ 103 c:so:d 103 104 R (X # heteroatom)

“remarkably broad strategy for the enantioselective
synthesis of complex spirocycles”

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
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&y The University of Texas at Austin

Trienamine/DA approach Strategy

R® =H, Me, n-Bu
RVWO — =
101 (1 equiv) R @_\
56b (20 mol % < >—‘a
(&0 mal %) R2 / 109 CHO HR:

2-FCgH,CO,H

56a (20 mol %)

0
CHCly, rtor 50 °C N
\ 2-FCgH,COH
# R CDCl, 40 °C O_\NR

up to 99% vyield

up to 930:7 dr R =Boc, Me, H 111
up to 99% ee 0 R = aryl, alkyl, ketone, ester - -
i 2_
EtO,C_ _P(OEY), R*=0Me, F, H J

CL

\ 107 -
CO,Et w oHE
- N

1. 101 (1 equiv) Ph
H ofsi R' %

(@)
56b (20 mol %)
108  Boc e T 5T 56a: Si = TMS
62% yield over 2 steps +-BUOK (8H 0) ’ 56b: Si = TES up to 75% yield ‘ O
85:15 dr D e up to 95:5 dr N
98% ee L0, nt up to 99% ee 112 R

Franz, A. K.; Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Jorgensen, K. A.; J. Am. Chem. Soc. 2011, 133, 5053
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Ring Expansion Approach

OO R H= 2,4,6'(/Pf)3CsH2
O s

o il P\OH

ol
R! R? R (20 mol %)

R2 R

Pd(OAc), (10 mol %),
1,4-benzoquinone

> “OH _
onoFy 55C

(11)

126
R' = H, spirocycle 57-95% yield
R2 = Ar, spirocycle, n-Bu, CH,OBn up to 97% ee

Franz, A. K.;: Hanhan, N. V.; Ball-Jones, N.R. ACS Catal. 2013, 3, 540
Chai, Z.; Rainey, T.J. J. Am. Chem. Soc. 2012, 134, 3615
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Proposed reaction mechanism

*RO OR*
\/
— AN
L PdL, 07" 7o
OH +
/\r—; \ —~AcOH Pl o-H 3a
@ —= TN,
OH
D
H
2a H “#iolH = /\ ent-3a
1
(D — = g .
Y OH PdL, & O
PdL, + Cn
20 p#0
'\
RO OR*

Chai, Z.; Rainey, T.J. J. Am. Chem. Soc. 2012, 134, 3615
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Thiazolidines
* |Indoles and its analogous (such as isatin) are
good pharmacophores for desighing
chemotherapeutic

e Spiro[indole-thiazolidines] have broad
spectrum of pharmacological properties

@)

@) »\‘
RN
oD — Crpe—
N N
R R @f;o
L N
indole isatin R

sprio[indole-thiazolidine]

R. Sakhuja et al. Bioorg. Med. Chem. Lett. 2011, 21, 5465
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Example synthesis of a thiazolidine

N /
N
L y
R\m \H/Br (i) NaH/DMF/-10 cRm HENEH‘Ph R N%N“Ph
(ii) rt, 20 h 4 > \©\_£ o
Br N0

5
la-c 2 Jac EtOH, rt I\M,Br

/
N.- Ph‘_ ,..N - ..-N
\ _ (o]
N o N L0 N  NaH/DMF/-10°C o N
N 07 N 2eq S t., 4-6h 5
r.it., 4- r
. Ph . 0 N0

Rl

10a-i Sa-i

racemate of one
ntantiomeric pair

R. Sakhuja et al. Bioorg. Med. Chem. Lett. 2011, 21, 5465
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Another example of thiazolidine

Q

0
S N
= 0 b Ro -5
0 —_— S N —_— o
= (80-95%) (45-82%) N
10 (R, = H, Me, F, \ ¢ M“
OMe, NOs, Cl) R; %

3-CF3, 4-NO>)

(a) NaH, DMF, 0°C then ArCH,Br or Alk-X; (b) (1) Ar'NH,, EtOH, reflux, 6 h; (2) mercaptoacetic
(aka thioglycolic acid) acid, toluene, reflux, 16 h; (c) mCPBA (5 equiv), CHCIj, rt, 24h (d)
MCPBA (1.1 equiv), CHCI;, 0°C, 1 h

V.V. Vintonyak et al. Tetrahedron 2011, 67, 6713
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Thlazolldlne synthe5|s w/ sulfactant

.‘g%gs;?}’
o i

M N 0 n;\T‘J‘.
"n_'h + ; I—:-— ‘m m

; /::22;' .
\ Hydrophobic interior % a,ﬁ

Hydrophilic extenor

: TBAB

Figure 3. Micelles-promoted green synthesis of 3'H-Spiro{indole-3.2'-[ 1,3 | benzothiazole]-2( 1H Fone.

s )Q] o ‘/Q

TBAB (15 mol%)

CCQ J@“’““

R = H, CH;. CH,Ph

o
M

R
3a—c da-c

Scheme L Synthesis of 3'H-spirofindole-3.2°[1,3]benzothizzole |20 1H}-ones 4a—c.

R. Jain et al. Tetrahedron Letters 2012, 53, 6236
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Biological Aside
Before specific case study

“I try to show the public that chemistry, biology,
physics, astrophysics is life. It is not some separate
subject that you have to be pulled into a corner to
be taught about.” -Neil deGrasse Tyson

e 1) cell cycle
e 2) p53 and MDM2
* 3) Western Blot



The University of Texas at Austin WHAT STARTS HERE CHANGES THE WORLD

Cell Cycle

® Interphase Includes G, S,
and G,
Gap 1 G, cell growth,
protein and
organelles
accumulation
G,
Synthesis S DNA
replication
Gap 2 G, Cell growth
Mitosis M Cell division
Gap O G, Quiescent/

senescent
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P53-MDM2

Crystal structure of the p53-binding domain of MDM?2
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Western Blotting

1) Cell lysis and separation to extract protein
2) Gel Electrophoresis

- Charged molecules are separated according to
physical properties

\5 movement of DNA

A\ A C G T
' \ longer
bands
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Transfer Method: Blottinc

3) Blotting

e proteins are transferred to a membrane via
electroelution.

* Nonspecific sites of the remaining membrane
surface are blocked

* Proteins are labeled for detection
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Specific Case Study

Development of a MDM2 antagonist

Inhibits 30% of p53-MDM2 interaction
by mimicking p53 residues Phel9 and
Trp23 that bind to MDM2

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Outline of MDM2 antagonist Discovery

O
NH
Cl 0>/N J
N p o Structural-based design
N \
. -
Cl Library construction
Nutlin 3 MI-319 and in vitro
o cytotoxicity
Library construction and (paper 1)

In vitro cytotoxicity

o
S (paper 2)
Br .Nm N
K S__N
/\00
T @\)S< o cl
1 N © 2
H

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Synthesis of derivatives

5 4 COOEt COOEt 1_7a
T
R ¢ s oL Y HN-R; + s TTN-R
S e T U Sl o I
—= 5 3 — — 5 M)
N i —O i 00 |G =00
|:|2 6 1 N rl\l 6 1_N
7 '
! R4 i R | TR
1-4 5-8 9a-e/12'a-e 9a-e/12a-e
a,R,= d _ OCH;
1,5.9 R=H,R; = Re
2,6.10 R=CH3, Ry =H OCH;
3,7.11 R=Br, R, =
48.12 R=H,Ry = OCH3

e, R2= /O<

(i) Cys-OEt, NaHCO4in MeOH, MW; (ii) triphosgene TEA, THF, rt, 10 min, then R,-
NH,. (iii) MeOH, TEA, reflux, 1-3 hr
o

HoNy, 1
JJ\)/\Ha Cysteine ethyl ester

HS

QI T
T
w
o
3
] I
o)
T
o

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Cytotoxic activity of derivatives

Table 1. Cytotoxic Activity of Spitolimidazo]l 5-cthiazole-3,3-ind oling]- 273, 76 H. TaH-rione Derivatives 9%a—e/12a—e

o
I
Rﬂﬂhﬁﬂ'ﬁ;*
| T \S=E:‘tg”-|:l
“‘x,_-:-i“"p:;
Ry
912
[Ty £+ 507 (uM)
compd R R, R, HEK” M 147 Ua37
U H H CH.CHe 480 + 0,15 10,64 + 004 3.90 + 0.01
Oh H H CH-C Hy4-CH2) 453+ 0015 13.27 + 0.03 591 4002
O H H SCHACH4-C1) 044 + 0.01 (.53 £ 0,01 087 + 0.01
od H H CHLCHA(3.4,5-00H) 180 4 (.08 473 +0.02 251 +0.05
O H H 4-dimethyleyclohexyl 4.22 + 0.07 7.07 +£0.01 261 + 005
10 CH; H -CHL O He 330 £ 0.07 I.R% L0002 2.09 £ 0.04
10hb CH; H CHLCH (4-CH ) 300 + 0.06 3.39 £ 0,03 2774002
[ CH; 3] SCHLC L (4-C1) 188 4 0,05 6.65 £ 0,02 3.3 4004
10 CH;, H SCHLC (3. 4.5-00H ) 204 4+ 0.03 2.40 £ 0,02 206 4+ 0.04
10e CH; H 4 dimethyleyclohexyl 1601 +0.05 19.12 4+ 0.07 1248 + 005

Cell Lines: HEK, transformed human embryonic kidney cell line; M14, human
melanoma cell line; U937, Human leukemia monocyte lymphoma

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Cytotoxic activity of derivatives

Table 1. Cytotoxic Activity of Spitolimidazo|l.5-¢thiazole-3,3 -indoline]-2°.53.7( 6 H, TaH -irione Derivatives Ya—e/ 12a—e

5
Rﬂ“'\g:
I oo
""'\.\_\f""—

12

/'xr.-'l,(
HH@H—HE

M

]

Ry

[Csy £ 5D (uhd)

compel R R, R, HEK” M 14 La3?”
11a Br H SCH S0 H B4R £ (.09 1204 £ 003 T.58 £ 0035
i1b Br H SCH O H i 4-CH ) 761 £ 00 LD [ 24 & 0.0 6234014
i1 Br H SCH O H 0 4-C) 703 £ 0,06 T.06 £ 0035 01 £003
11d Br H SCHLC 034, 5200 H ) 951 £ 009 [1.04 4+ 002 5024003
e Br H ddimethylevelohexyl = 40 = 40 =40
12a H CHy SCH O H 308 £ 0.05 637 L0004 2RO 4 003
12k H CHy SCHA O H i 4-CH 5 1071 £ 0,10 3170 4 QM 16.75 = 0.02
12¢ H CHy SCHAC i 4-C1) 200 £ 0,05 247 £ 0002 2914001
12d H CH CHACH 03,4, 540CH 5) 600 £ (.06 T.a6 £ 0,23 7004003
12¢ H CH: dedimethylcvelohexyl =40 =40 =40
doxorubicin 0.9 4 008 1.0 4 0.05 0.8 4 0.0]

Cell Lines: HEK, transformed human embryonic kidney cell line; M14, human
melanoma cell line; U937, Human leukemia monocyte lymphoma

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Hit compounds 9c and 10d

To undergo additional in vitro
testing and derivatization

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Derivatives 9¢ and 10d exhibit
good cell selectivity

. a) Human papillary

o thyroid carcinoma

£ ) " TPC1
° 100nM 1uM .

b) ” b) Normal thyroid TAD-2
cell

% 28 m9c

g ;g m10d

S~ 13_
S0 100nM

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Derivatives of 9¢ and 10d

Table 2. Cytotoxic Activity of 1"-Acylspiro[idihvdroimidazo| 1. 5-c]-thiazolo-5, 7-dione)-3. 3 4 dehydroindol-2-one)] Denvatives 13f—i/14f—i

/\Hk N e
\;‘& ,\O d?o@ R
C W A

acylated series

4 less potent
9c, 10d 13 f-il14 f-i
1Cqy + SD (uM)
compd R [+ R, HEK Mil4 U937
e H 4-C1 (44 + 0] .53 £ ikl (LET %= U]
13F H -CgHs 4-C1 3.50 £ 002 3125+ 036 312+ 007
13g H -CyHy(4-CH;) 4-C1 2.50 + 0,10 208 +£0.10 201 £ 015
13h H - H g 4-Cl) 4-C1 5001 £ 015 3137037 261 £ 005
13 H -CHCHLCH, 4-C1 201 £0.05 204 £0.34 210 £ 005
b CH3 34 50CH: 204 003 240 =002 206 = 0004
14F CH;y -CgHs 34.5-0Me 422 +0.14 TE4 £ 0.02 431 £ 0.02
l14g CH, -CyHy(4-CH;) 34.50Me 181 £ 005 595+ 0.01 242 +0.04
14h CH;y - H g 4-Cl) 34.5-0Me 471 £ 015 B4 £ 002 301 %= u
14i CHs -CHz2CH2CHS 34.5-0Me 442 £ 016 T40 £ (L] 26 4.10 £ 0.02

“Data represent mean values (50) of three independent determinations.

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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24h

Vldeo Tlme Lapse Mlcroscopy

) o '.'/. : 4 .
/e 7,
-’ 8 )' / e
) ; s, 2 %
( ‘ v o
90-

treated cells experienced reduced cell division, but
what was the cause of the reduced cell division?

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Determining mode of Cytotoxicity

a)
16h 24h
K 10d 9c K 9 10d

Procaspase-3

Cleaved
caspase-3

b) 16h

90 10d
PARP
Cleaved PARP

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Determining mode of Cytotoxicity

a)

60 - G0/G1 WS mWG2M

60 - G0/G1 WS  WG2M

50

40 |
£ 304
3
© 20+

10 4

0

9c 0,3uM 9¢ 1uM

Cyc B1
Actin

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Determining mode of Cytotoxicity

W53r

24h 48h ‘/\/\/\/_\/
K 9c 10d K c 10d
) 3 - 4 uM a
Ry
paa - W53
: ——— - . W23
b
W53es

W23pe

Actin

Both treated cells exhibit
and increase in p53 ¢

concentration %\J
d

103 102 10. 10.0 9.9 9.8
[ppm]

a) p53-MDM2 complex and b)
9c ¢) 10d d) nutlin-3 treated

Gomez-Monterrey. et al. J. Med. Chem., 2010, 53, 8319
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Further Development of 9c

o)

o)
/‘\/( N /\')\ o gl
SfN N?OI\Q\CI ii Br\(ii?:;\o(m

H

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Derivatization

\
1
i
'

~
\
\
\
;' 2
’
’
’

(o]
A ~
4!
l’ 3'NNB
\ 1 /=0
' N

’

.

Series 4 Series 5

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Synthesis of Se[)ies 4
N S/\Nﬁo/“ .y sﬁ*of“ qfo”“
@EJI}EOT’m&O — ; c?g" mo

0
7-12 13-18 4a-4p 5a-5¢ o
713 R=H Ry=H ,él/©/ \©\
8,14 R=CH; Ry=H
9,15 R=Br R=H Ry =

10,16 R=H R,=CH,
11,17 R=CH,; R;=CH;
12,18 R=Br R;=CH,

(i) Cys-OEt, NaHCO, in EtOH; (ii) R,-COCI, TEA, THF, 2 h, rt

What about stereoselectivity? => lets look at a similar system
Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Facile Ring Opening of Spirooxindoles
a look at a similar system

A (5a B (5b)
100+ (5a) - 5a 100-
= 888 8-0-8ap0 . 5
t ¥ & 80 &5 £ go & 5b
: I - H¢ @ = B0
T E’ 60+ -+ Ad E" 604 & 54
K /% R - ﬁ 40+ & 40-
& 20 E 201
Cl H Cl H
0- = - DH—trrrrer—tertteb=tprl—
lato 13a 1b to 13b 0.1 1 10 100 0.1 1 10 100
frans-cis cis-cis Time (h) Time {h)
¢ (5¢) 100, D (5d)
£ w0 T8 - 5
==
- T35 § o + 5d
£ 1=
g g
lcto 13¢ 1d 1o 13d £ 20-
Irans=-trans cis-frans E 201 o
0- 0-
0.1 1 10 100 0.1 1 10 100
Time (h Time (h
compound 5: Ry=H R,=F Rs= HZN\/Y\OH ime (h) (h)

OH

Yujun Zhao et al. J. Am. Chem. Soc. 2013, 135, 7223 and J. Med. Chem. 2013, 56, 5553
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Stable cis-cis isomer

Open ring intermediate

Figure 3. Absolute stereochemistry from X-ray crystallography.
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Isomerization Mechanism

a look at a similar system

OF ™
H Ph
Ry N
Ph
=",
i “ Rz
e N O (ﬁk‘)
HIV

CAN
MeCN/H,0 4 Tremns- Tram Tsomer
lh
! - (8] R’
_ Ogy R N
Ria /N Ry / ~NH
=
(1 b
}tnz MeCNor R Sﬁ R{j\ gz
MeOH | H _ ) H
a-Ts ) ]
Trans- C'.as Tsomer * Cis-Cis Fsomer

R!QH
%
i Ra
: Os o g4

N
H (Cis-Trans [somer

Yujun Zhao et al. J. Am. Chem. Soc. 2013, 135, 7223 and J. Med. Chem. 2013, 56, 5553
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Stereochemistry

O
4 H o
(R} 1" (R
s HO & S SIN__O
i"‘\-.
\Cfian Nﬁjl
|
cis isqmer trans isomer
major minor

Figure 3. ROE interaction observed between H-4" and H-1" in the
ROESY spectrum of compound 4n.

Question: Please provide a mechanistic rational for the
observed isomerization.

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Synthesis of Series 5

o 0
T —
S N
0
D}\G“GI Gﬂl\@\ %@\
| cl

cC
19-21 5a-5¢ 6b R =CH,
19,5a R=H 6c R=Br
20,5b R=CHa,
21,5¢c R=Br

(i) 4-CI-C,H,COCI, TEA, THF, 2h, rt; (i) Cys-OEt, NaHCO,, EtOH

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Biological effects

Table L. Antiproliferative Activity of Spiro[indoline-3,2"-thiazolidine] (4 and 5) and Spiro[indoline-3,2"-thiazale] (&)

Dierivatives
o 0
OE EfJ'ﬂEI: o (]
[ 3 " N"-I;II—‘H'E m@:‘i‘-ﬁ-’ﬂ! Er\@ffHTH'
o L] o
’;‘% N O N*h“’::n
Ry H I
4p-f dh-dq ag 4r
o
m)-ﬂEt /\‘rﬁ’\m
Rg-.'m R 8 |'J
e mn
R Ry
] &
Iy & 5D (uMf
compd ] R, Ry MCE T HTS*
3 H H 121 & 06 160 £ 04
4a H H CHCH(4-CT) »5 100 + 02
4h CH. H CHCH (4-CT) 481 %10 078 + 02
dc Br H CHzCHL(4-CT) 290+ 08 66 + @l
4d H H CH, (400 11507 469+ 09
4 CH. H CeHla4-00) rizx07 109 £ 0
4f Br H CH, (400 090 + 02 L1l + e
ig Br H CH(4-0T) 3000 + 02 100 + 08
4h H CH, CH,(400) 45210 018 & 008
4 CH CH, CH, (400 125 + 0.4 012 + oy
4 Tir CH, O H,[400) 052 203 fiE & 00l
4k Br CH, CH,CH(4-CT) 0F 0. L3 & 008
4l Tir CH, C.H, 0.5 =00 0l & 0
im Tir CH, M [4CH,) 006 x 0105 i & 005
4n Br CH, cydoheryd 0,04 + 0101 i + ol
4o CH CH, cydaheryd 1240 & 06 140 £ 08
ip H CH, cydohery 130+ 08 190 + 0.8
dq Br H cydohery 0k + 0.1 (%6 + 0l
ar Tir CH, cydaheryd 201 09 i 07

MCF-7: Human breast adenocarcinoma cell. HT29: Human colon carcinoma cell
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Biological effects

Table 1. Antiproliferative Activity of Spiro[indoline-3,2"-thiazolidine| (4 and 3) and Spiro[indoline-3,2 -thiazole] (6)

Drerivatives
O
& ) NTR,
o O
Iy + SO (M
campd R R, R, MCP.7" HTX%"
k! H H 121 4+ 08 160 % 04
Sa H OO H(40T) H 101 046 105 + 08
E14 CH; COCH( +0T) H JA4i+ 089 0Ey 4+ 0l
Ac Er OO H [ 4CT) H 015+ 0.1 ik + 00l
Ad Er cpclohexyl H 208+ 048 140 + 08
b CH, COCH,[401) 278 + 09 021 + @l
[ 14 Er COCH,(+01) 085 + 0.4 A0+ 0l
fid Er apchaheny 165 + 06 085 + 04
“Data represent mean values (£5D) of three independent determinati ons PHuman breast adenocarcinema cell line. “Human colon carcinoma cell
line.

MCF-7: Human breast adenocarcinoma cell. HT29: Human colon carcinoma cell

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Hit compound 4n

Table 2. Antiproliferative Activity of 4n on Multiple Human Tumor Cell Lines and One Normal Cell Line

IC; + SD (uM)“
cell line 4n nutlin-3 Dox

origin turmor

breast MCE-7 0.04 £ 0.01 29 + 0317 0.02 + 0.01

prostate PC3 041 + 021 303 + 29" 0.75 + 0.10

leukemia U937 0.07 + 0.01 156 + 19 0.12 + 0.03

lung Calu 0.10 + 0.06 272 £ 53 1.81 + 0.33

liver HEPG2 0.14 + 0.06 102 + 5.17¢ 0.08 + 0.01

anaplastic thyroid Co43 0.55 £ 0.08 23 £ 112 0.07 + 0.01
origin normal

human gingival fibroblast HGF 1.60 + 0.15 140 + 36 0.50 + 0.15

“Data represent mean values (+SD) of three independent determinations at 24 h.

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Binding Model

Met62
=

O

/\#40/\
Br S - N
N\

Leu57

// Vs _l_/ Leu54‘
-~ '

.. LY

v
N \
Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407

HeQQ Dhesé




WHAT STARTS HERE CHANGES THE WORLD

&y The University of Texas at Austin

Determination of p53 levels

A B
120000 Total cell lysates

4n

ctrl Nutlin

= p53
= MDM2

p53

Arbitrary Units
o

' — MDM2 g 40000 -

20000 +

(o)

0 <+
Ctrl Nutlin 4n24h 4n48h 4n72h

Cc D

ctrl Nutlin - ::h 5 IPMOM2 £ After

250000 immunoprecipitation
S R o o MR pS3 §4oooo = p53 unoprecip

:‘é i = IP:MDM2
W S e e  MDM2 < 20000

a 10000

o 0

Ctrl Nutlin  4n24h 4n48h 4n72h

Western blot Quantification of immunoblots

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Cell cycle progression

70 A B
. 80 1
6o -
m ctrl 24h 0 1~
50 _— — R

m ctrl 48h

» 4n

40 4 50 +

= Nutlin o
30 + - ‘

20 T

m ctrl 72h

» 4n

= Nutlin

G0/G1 s G2/M G0/G1

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407

¥ 4n
® Nutlin

4‘
s

G0/G1 s G2/M G0/G1

) )

G2/M

m ctrl 24h
® 4n50nM

® 4n 500nM

® 4n 1uM
4n 5puM

G2/M

a) 24 hr b) 48hrs ¢)72 hrs d) 24 hr and varying concentration
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Apoptotic cell death

A " ctrl
o 4n
s T ¥ Nutlin
6 ¢ 15
4 4 10 4
2 2 A 5 -
0 0 + 0 A
SUB-G1 24h SUB-G1 48h SUB-G1 72h

Annexin V+/PI- -
12
==

«n 10
]
o
N 8
b m ctrl
E ¥ u 4n
@
-g ® Nutlin
X

24h 48h 72h

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Mechanism of apoptosis

A B
4n 50nM Nutlin 3pM

Ctrl 24h 48h 72h 24h 48h  72h

2
c
=
g
b= Ctrl 24h  48h 72h 24h 48h 72h
E 60 - 4n 50nM Nutlin 3uM
c
O 50 - m Bcl-xL
= Bcl-xS
o T oned

m Caspace 3

Ctrl 24h 48h 72h  24h 48h 72h
4n 50nM Nutlin 3puM

Bertamino, A. et al. J. Med. Chem., 2013, 56, 5407
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Summary

* Examples of spirocycle formation/synthesis

* Examples of thiazolidine formation/synthesis; a
reoccurring and potent moiety

* Biological Aside
— western blot, cell cycle, and P53-MDM?2 complex

* Specific thiazolidine drug example

— 4n high efficiency in breast, colon, lung, and leukemia
cancer cell lines

— Docking studies allowed to predict bind mode
— 4n induces apoptosis
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THANK YOU
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Question 1

r/\/CHO

A
O 5-15mol % Catalyst 48

2
R\\ 10-30 mol % DBU
| o LiCl (2 equiv) or none
= N >

\ THF, rt
38 R
up to 93
R' = H, Me, Bn, aryl, allyl up to 99% ee
R2=H, F, Cl, Br, I, MeO, Me up to 20:1 dr
BF,O Et
/N\
N
Et
48
BF,O
o) /N\NG)
-Mes
ph? >N N~
Ph 49 Stereochemical model giving rise

to major diastereomer
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Question 2: Western Blotting

1) Cell lysis and separation to extract protein

2) Gel Electrophoresis

- Charged molecules are separated according to
physical properties

slots containing DNA samples
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Question 2: Transfer Method: Blotting

3) Blotting

e proteins are transferred to a membrane via
electroelution.

* Nonspecific sites of the remaining membrane
surface are blocked

* Proteins are labeled for detection
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Question 3

Scheme |
':‘5 H, 5 u,><e:
)< l H/\ ’J\EGOH @ :kCDDH M//\E lGDH rE:|‘\I“C{‘-Oi-l
CH] ~g cu’:; 0
trans IC trans I I ce T cig IT
. e “Base-catalyzed
R R Ra R . . .
o UL @} L isomerization of
e A A E thiazolidines through

(i) Cys-OEt, NaHCO; in EtOH; (ii) Rz-COF, 2h, 1t

Observed isomerization:

el —~ B A~
N L
Br SN Br N__O
{2 AN
I |
cis isomer trans isomer
major minor

Figure 3, ROE interaction observed between H-4" and H-17 in the
ROESY spectrum of compound 4n. |

Trost, B.M. et al. Angew. Chem. Int. Ed., 2011, 50, 6167

Schiff Base
Intermediates (1) is a
well-known process”
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Wall and Flap Model

Trost, B.M. et al. Angew. Chem. Int. Ed., 2011, 50, 6167



