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Hydantoin, Benzodiazepine- and Piperazinedione
Biologically Active
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Insecticidal properties

Tadalafil

Org. Biomol. Chem. 2004, 2, 2415 Treatment of erectile dysfunction R = OMe: Fumitremorgine C
R = H: Demethoxyfumitremorgine C

Cytotoxic against mammalian cancer

N/\/\ Eur. J. Org. Chem. 2005, 610
&O ,
\ g
_ R
HR22C16 R=COCH, _
Inhibtion of Eg5 R=CHO Aszonalenins
(Kinesin spindle protein) R=H Psychoactive properties

Angew. Chem. Int. Ed. 2003, 42, 2379 Tetrahedron Lett. 2006, 47, 6099
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Hydantoin, Benzodiazepine- and Piperazinedione
Fused Tricyclic Compound
Overview and Biological Importance

These heterocycles are present in a variety of biologically active

compounds.
O O 0O
R MR H
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RZ /_
Hydantoin |
XX

R2

Skeleton similar to those of tricyclic thrombin inhibitors.

Org. Biomol. Chem., 2004, 2, 1339
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Hydantoin, Benzodiazepine- and Piperazinedione Scaffolds

HRO R O
1 Rg
Ra~ N Ry W Ra
O HF\; O > N
e R0 R, O
Piperazinedione

The structure of piperazinedione is partially related to
diketopiperazine-based inhibitors of human hormone-
sensitive lipase.

J. Med. Chem. 2003, 46, 1120
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Hydantoin, Benzodiazepine- and Piperazinedione Scaffolds

0 @
HR1 NH
R3\N
N
O H :
R, O
Benzodiazepinedione oM Me O
e e

R = OMe Circumdain A R = OMe Circumdain D
R=H Circumdatin B R =H Circumdatin E

Benzodiazepinedione contains a privileged benzodiazepine
Moiety that has a wide range of pharmaceutical utilities.

Synthesis 2003, 1707
Chem. Rev. 2003, 103, 893
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Fluorous Diversity-Oriented Synthesis of
Hydantoin, Benzodiazepine- and Piperazinedione
Compound Library

0 ] o O
q HR, 0 Rawy A R1/2 . HR )—NH
R - < AR 3\N
3 MN_& T Np O (CHzlaCelr - N
N& 0 H : O H :
O H : @ ) R 0
Ra \ 2 2
Hydantoin \ Benzodiazepinedione
O y @]
R, R4
Ra~N N
.
O H : 0
D.P. Curran.; Zhang and et. al. R,

Piperazinedione

Eur. J. Org. Chem. 2006, 2055
J. Comb. Chem. 2006, 8, 687
J. Comb. Chem. 2009, 11, 452
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Fluorous Synthesis Advantages

Fluorous synthesis is highly efficient solution-phase synthesis technology. It employs
perfluoroalkyl (RF) groups as “phase tags” to facilitate reaction mixture separation.

Characteristics:

1 This technology has been applied to parallel and mixture synthesis of small molecules,
peptides, oligosaccharides, and others biomolecules.

2 Fluorous molecules can be separated by the fluorous as well as conventional methods
such as chromatography, distillation and recrystallization.

3 Can be monitored by conventional analytical methods such as TLC, HPLC, IR and NMR.

4 Good compatibility with other synthetic techniques such as microwave and
multicomponent reactions.

Chem. Rev. 2009, 109, 749 Arkivoc 2004, 101
Chem. Rev. 2004, 104, 2531 Aldrichm. Acta 2006, 39, 3
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Synthesis of the Bicycle Proline Intermediates

Preparation of fluorous amino esters.

O

R1\‘)J\OH CSF17(C|'|2)3O|'|,D|C> . \‘)OJ\
1
NHBoc HOBt, DMAP, DMF O(CH)3CgF 17
16h,25°C NHBoc
70-87%
0
TFA/CH,Cl, 5
- O(CH2)sCeF 17
uco, 100 °C, 20 min NH,

used for next step
without purification

Eur. J. Org. Chem. 2006, 2055
J. Comb. Chem. 2006, 8, 687
J. Comb. Chem. 2009, 11, 452 Chem. Rev. 2005, 105, 2765

Dimas Paz @ Wipf Group Page 8 of 47 2/28/2011



Synthesis of the Bicycle Proline Intermediates

Synthesis of fluorous proline by one-pot three component [3+2]
cycloaddition reaction.

Q CHO 0 - H g O
R 1. EtsN, DMF pw  "3>N 1)
1%O(CH2)3C8F17 + | A + R3_N ’ > . <O(CH ) C.F
NH > 130 °C, 20 min g NH 2)3%8l 17
7 R H :
2 O 2. F-SPE :
75-90% = |
R1=H, Me, Bu, Bn \\R2

R2=H, pOMe, pCl, pBr, mCl
R3 =Me, Et, tBu, Bn, cCgH 14

Eur. J. Org. Chem. 2006, 2055
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Stereochemistry of Bicycle Proline Intermediate
Single-Crystal X-ray Diffraction

OMe

Eur. J. Org. Chem. 2006, 2055
Org. Lett. 2001, 3, 3491
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Fluorous Synthesis of Hydantoin

N=C=X
R~y R1/(Z Q
RN —R
L, oCHaCy, L R
O H Y -
= DMAP, toluene , uw
/| . _
Y 130 °C, 10 min
R F-SPE, 86-92%
0
Ra- HR1? R1 R2 R3 RA X Yield
KoCOs, DMF | oo N LN —
/, (o)
. N N\ X Me pOMe Et H O 85%
100 °C, 5 min O W Y ~ R4 Me pOMe Et H S 79%
F-SPE P Bu pBr  tBu  mCl O 75%
| Bn pCl cCgHiy mBr O 81%
2
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Stereochemistry of Hydantoin — Single-Crystal X-ray Diffraction

OMe
Hydantoin

Eur. J. Org. Chem. 2006, 2055
12
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Fluorous Synthesis of Benzodiazepinedione

O Cl
0
Ra~p A F-Q\?\/z NO,
N O(CH,)3CgF 47
@] H >
: Et;N. DMF, 80 °C, 2h
” ] F-SPE, 74-80%
NG
R>

Eur. J. Org. Chem. 2006, 2055
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DBU, dioxane, yw Ra~N
130 °C,5 min 0
F-SPE

Page 13 of 47

Q) H R1 COn(CH)5CHF 17
O Zn dust, AcOH

NOZ =
sonication, 25 °C, 2h
F-SPE 65-71%
0
HR; " NH
\ R1 R2 R3 VYield
N
: Me pOMe Et 45%
O H H  Bn 51%
| H mCl Me  58%
NS¢
Ro
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Fluorous Synthesis of Piperazinedione

0 @] H O
. H R, O
1%O(CH2)3C8F17 1. EtsN, DMF, 25 °C, uw, 30 min N ‘\\\/<
NH, + O(CHaz)3CsF 17

2.150 °C, yw, 30 min

11-2) X 3. F-SPE
2{1-2)

O
1 CICH-COCI DMAP 4 Proline intemediates
. 2 , /\N /
Molecuclar sieves ( 0(CHy)sCoF 17 48-34%
DCE,60°C, 1h \H/\CI
2.F-SPE 4 Acylated product
58-86%
X
( O
O(CH,)3CgF 47 O _H O~ __H
NH>
1{1}
O
OMe Cl
O(CH,)3CgF
D.P. Curran.; Zhang and et. al. I (CH2)sCef 17 2 (1) 201
2
J. Comb. Chem. 2009, 11, 452 102)
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0 O
H Rill_
- TO(CH2)3CsF 17

/" ENWAC'
O H:z= 0

X = pMeO, pCl X
R1=Me, Bn

1. CH3COOH, ue
225°C, 1h

[

CHF,CF,CH,0H
2. F-SPE

1. Ro;NH,

CHF,CF,CH,O0H

uw, 150 °C, 15 min

2. F-SPE

o o
HR R
/N
-
OH: 3§

Y

X

O

S H Rl

\\\

16 Piperazinedione

8-78%

O(CH2)3CsF 17

- /N N R,
oHiKH

Alkylated product
91-99%

OMe
O e O~

>

NH»

J. Comb. Chem. 2009, 11, 452
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Fluorous Synthesis of 90- Compound Library of Piperazinedione

0 @]

\\T/H\O(CHZECBFW O(CH,)3CsF 17

0
_Niﬂ
0
Ph—N" |
N
0
/0 0
CHO
[>—cHo . CHO <;:§
J. Comb. Chem. 2009, 11, 452 16
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Synthesis of Fluorous Proline Intermediates

Methyl — Methyl Series

0
Me
\‘)J\O(CHz)scst
N o 0 1. CICH,COCI, DMAP
, Hq \ Molecular Sieves
. 1. Et3N, DMF, 25 °C, 30 min _ Me <\ .~\‘\\O(CH2)3C8F17 50 °C_2h .
. NH
2. uew, 150 °C, 30 min 0 2. F-SPE
RoCHO He O H
R, 1
8 (3-5) Me=N_ |
3. F-SPE
0
CHO
O —
o eHCoF \-0 ST ek
Me~p B 2)3bgl 17 8 (5) 8 {4} 8 {3}
N
_ Cl
O H : WA 2 1 81% 85% 75%
R, O
2 62% 73% 43%
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@

1. HoN" R4
10 (5-9)

CHF5,CF,CH50H, 150 °C
uw, 15 min

2. AcOH, 225 °C, uw, 1h 2
3. F-SPE

AR\
[>_/NH2 N~y H,N_Ph HZN/—@Ph HZN/_@
10 {5} 10 {7} 10 {6} 10 (8} 10 {9}
1 59% 46% 12% 51% 30%
2 56% 55% 35% 58% 57%
3 59% 64% Failed 68% Failed

Dimas Paz @ Wipf Group
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Synthesis of Fluorous Proline Intermediates

Methyl — Phenyl Series

0
Me
%O(CHz)sCst
NH2 o 0 1. CICH,COCI, DMAP
. Hy¢ WL Molecular Sieves
1. EtgN, DMF, 25 °C, 30 3
N 3V, ) ; JY min _ Ph~p = 0(CHo)3C8R 17 60 °C , 2h -
o i 0 NH 2. F-SPE
R,CHO 2. uw, 150 °C, 30 min d K Q 1 :
— 2
8(3.5) Ph—N" |
3. F-SPE
\—O/
CHO
o O = CHO >
Ph 1\ ocHycoF \-0 PN oo
~N ‘ 3bgl 17 8 {5) 8 {4} 8 {3}
N
cl
O H : 7(\ 2 1 81% 42% 42%
R, O
2 75% 80% 76%

J. Comb. Chem. 2009, 11, 452
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O
H « SO0(CH2)3CeF 17

£

—N
Ph N\[hm
0 H:= O
70
1. HoN” R4
0 1« N—0(CH,)sCeF 17 10 {5-3} . T \\\ R,
CHF,CF,CH,0H, 150 °C N
N\[(\ uw, 15 min
Cl H,
\O 2. AcOH,225°C, uw, 1h 2
3. F-SPE
0y \\\ R4
Ph\N
3
> HaN o~y HoN__Ph /—®
10 (5} 10 (7} 10 {6} 10 (8)
1 94% 42% 40% 42% 21%
2 24% 45% 39% 33% 19%
3 69 % 60 % 62% Failed 96 %
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Synthesis of Fluorous Proline Intermediates

Methyl — Ester Series

0
Me
%O(CHz)sCst \
NH
2 1. CICH,COCI, DMAP
. Molecular Sieves
+ 1. EtsN, DMF, 25 °C,30 min y\\ (CH2) C8F17 50 OC’ oh .
2. uw, 150 °C, 30 min| NH 2. F-SPE
R,CHO - He ' 0 0" H o :
2
8 {3-5) N
3. F-SPE o{
/0 0
0 ‘ ’ CHO
\\\ 0(CHa)sCaF 17 \_0 o X-CHO S cho
AN \ 8 (5) 8 (4) 8 (3)
O Cl
0 :
" R, f 2 1 82% 84% 75%
2 61% 85% No reaction

J. Comb. Chem. 2009, 11, 452
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Dimas Paz @ Wipf Group

1

2

NH2

10 {5}

18%

40%

P
1. HoN R4

10 {5-9)

CHF>CF>CH>0H, 150 °C
uw, 15 min

Y

HoN
2'~"0H
10 {7}

29%

54%

2. AcOH, 225 °C, uw, 1h

3. F-SPE ed

H,N__Ph /—@Ph
N H2N

10 {6} 10 {8}
18% 25%
39% 23%
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Synthesis of Fluorous Proline Intermediates

Phenyl — Methyl Series

Ph O
K‘/MO (CH2)3CsF 17
NH,
0 1. CICH,COCI, DMAP
: Bn\ Molecular Sieves
. 1. EtgN, DMF, 25 °C, 30 min Me - ~\\\\\O(C|—|2)3C8F17 60 °C 2h
| — NH -
2. uw, 150 °C, 30 min O 2. F-SPE
RoCHO He 0 H Y
R, 1
8 (3-5) Me—=N_ | | |
3 F-SPE Mixture of diastereomers
8 separable by chromatography
B O\\\ CHO
n
Me < ~T0(CHo)3CgF 47 =
N
\ \_0 P X~CHO > cho
JHY Y e, 8 (5) 8(4) 8 (3)
R, O
1 50% 30% 78%
2 80% 88% 80%
J. Comb. Chem. 2009, 11, 452 ’ ’ ’
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0
QB Y¥—0(CH)aCeF 17

>— "N on
10 {5} 10 (7}
1 21% 25%
2 54% 25%
3 Failed Failed

Dimas Paz @ Wipf Group

1. HoN" R,
10 {5.9)

CHF,CF,CH,0H, 150 °C
ue, 15 min

2. AcOH, 225 °C, uw,1h
3. F-SPE

10 (6}

1%
33%

19%
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10 (8)

39%
30%

57%

H Bn\\\ R4

%

| \
o

H Bn\\\ R4

%

H Bn\\\ R4

%

10 (9)

17 %
35%

24%
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Synthesis of Fluorous Proline Intermediates

Phenyl — Phenyl Series

Ph O
K‘)ko (CH2)3CgF 17
N o 1. CICH,COCI, DMAP
- H Bn\ Molecular Sieves
N 1. E5N, DMF , 25 °C,30 min _ Phep ~\\\\\Q(CH2)3C8F17 50 °C. 2h .
- ‘ NH
2. uw, 150 °C, 30 min O 2. F-SPE
R2CHO " 0 H :
8 (3:5) Ph—N" | Ry 1
3 F-SPE Mixture of diastereomers
@] separable by chromatography
@] HB O
Ph- 0 CHsCo 1 <
N x_CHO
N \_0 Ph X~ >—CHO
0 H : ol 5 8 {5) 8 {4) 8 (3)
R, O
1 50% 19% 64%
2 10% 44 % 2%

J. Comb. Chem. 2009, 11, 452
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@] H Bn\\\ R4
O HBnY—0(CH)CeF 17 ;:tx

/ 0 1
1. H,NT R,
° 10 (59) 1 Henl R
0 1B Y—O0(CH)sCeF 17 o ”\\\ 4
‘ CHF,CF,CH,0H, 150 °C
N\fhc' uew, 15 min
Z\O
2. AcOH, 225 °C, 1h 2
° H
Q HBn\}"O(CHz)?,CsFW oh ))i/LB\n\\\ Rq
N
NH, 7 N\
HoN H,N_ _Ph /—@Ph
>— >~ 0oH 2 HoN HoN =
10 {5} 10 {7} 10 {6} 10 (8} 10 {9}
1 20% 89% 9% 78% 23%
2 34% Failed 26% 88% 20%
3 23% Failed 24% 6% 24%
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Synthesis of Fluorous Proline Intermediates

Phenyl — Ester Series

Ph O
O(CHy)3CgF 47 \
NH, 0V o 1. CICH,COCI, DMAP
: \ Molecular Sieves
.\ 1. EtsN, DMF, 25 °C,30 min _ Q/\\N \\ O(CH-)3CgF 47 60 °C 2h
. 4 N NH
2. uw, 150 °C, 30 min O 2. F-SPE
R,CHO He O H R§ 1
8 (3-5) N :
Q{ Mixture of diastereimers
3. F-SPE /
0O O separable by chromatography
Bn\
6o N L O(CHa)3CsF 17 ~M° e
{ N \_0 Ph™ [>—cHo
PR At g 8 (5) 8 {4) 8 (3)
R, O
1 80% 27 % 35%
2 74% 74% 7%

J. Comb. Chem. 2009, 11, 452

Dimas Paz @ Wipf Group Page 27 of 47

Y

2/28/2011



0
H Bn\\\ R4

o\\ﬂ
0 N—0O(CH.)+CqF
HBn:\ (CH2)3CgF 17 O\K(\
0
/ 0 1
1. HoN R,
0 10 {5-9} H B R
0 HBnY—0(CHY)CeF 17 ”\L 4
N CHF,CF,CH,0H, 150 °C O{
uw, 15 min
0
2. AcOH,225°C  1h 2
@] H Bn\\\ R4
Q HBn}B"O(CHz)acsFW O\(\
5 Cl
0 3
/
> M % } O
HoN
No~on HoN__Ph
10 {5} 10 {7} 10 {6} 10 {9}
1 21% 30% 12% Failed 17%
2 16% 20% 16% 32% 25%
3 Failed Failed 20% 62% 24%
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Piperazinedione - Biological Activities

* 63 compounds have been submitted to the NIH repository and evaluated in several
high-throughput screening progams.

* 6 compounds showed activities against Schistosoma Mansoni.

» 2 compound showed inhibitors of Bacillus subtilis Sfp phosphopantetheinyl
transferase (PPTase).

* 1 compound showed active against Parkinson’s disease (5'UTR protein ).

http://pubchem.ncbi.nlm.nih.gov/
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Piperazinedione - Biological Activities

™ 0 Schistosoma Mansoni
c=10 [uM
Ve [uM]
PPTase
c =125 [uM]

Schistosoma Mansoni
Me c=25.1[uM]

Schistosoma Mansoni
Me c =158 [uM]
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H > \[H
N Schistosoma Mansoni
—y © ¢ =223 [uM]
=
PPTase
Me ¢ =44.6 [uM]

Schistosoma Mansoni
Me c =446 [uM]

Parkison's disease
c =148 [uM]
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Current Strategy and Objectives

 Synthesized of a piperazinedione — compound library
* To store the collection of compounds UPCMLD
* Future biological assay

0
H2N\/\
OMe OMe OMe
0 NH NH; NH,
0
@] /\/\NH2
Ph—N" | Ra H2N
0 R3\W > CICHCOC! >~ Ph
; y
. HN__Ph
o
/0 0 @ < > o
CHO HoN N
- 7\
>—CHO [ AN CHO () N B
2
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Current Work

Preparation of the bicycle proline derivative — Furyl series

0 0
Me _Me @]
o 0 v Me U H . Me—N
NH5CI©
1.0 equiv 1.2 equiv O _
1.5 equiv
0
CVJLV/m
10 equiv N OMe
DMAP, 0.1 equiv / \E/A\m
Molecular Sieves o @
CHCly, 70 °C =
2 64% Me
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EtzN, 3 equiv

/

DMF, 130 °C, ueo
20 min
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Current Work

MeO\/\NHZ

2.5 equiv

MeOH
120 °C, yw

10 min

@]
AOH
7 .
cquv - + Start material
Me OH 31%
1h,130 °C, uew
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Current Work

1. MeOH, 120 °C
uw, 10 min

68% (2 steps)

2. 0
AOH
7 equiv
1h,130 °C, pw
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Current Work

HoN 1. MeOH, 120 °C, uw
N 10 min _
2. Condition
25 equiv Th, e

1.0 equiv Me

Condition 1, AcOH (7 equiv), solvent MeOH, 130 °C, 18% (1) and 65% (2)

Condition 2, AcOH (7 equiv), solvent DCE, 150 °C,50% (1)
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2.5 equiv

Current Work

1. MeOH, 120 °C
uw, 10 min

TBAI,0.1 equiv
2. O

AOH

7 equiv.
DCE, 150 °C, uw, 1h

>

Dimas Paz @ Wipf Group

NH,,

2.5 equiv

1. MeOH, 120 °C
uw, 10 min
TBA

2. O

AOH

[ equiv
DCE, 150 °C, uw, 1h

Page 36 of 47

M 7 0
e«
N I
YN
H Nw)
— O
P
40% (2 steps)
M

e

~
~
~
~
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Current Work

NH.,

DJ

2.5 equiv

MeOH, 120 °C, pw

10 min

1.0 equiv Me

O

AOH

7 equiv

Ethylene glycol

-
-
-

1h, 150 °C , uco o M @
57 % —

@]
Me
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Current Work

1. MeOH, 120 °C, uw

+ 10 min
>
: 2. 0
Ci HoN )k
1.0 equiv = Me 2.5 equiv of
7 equiv
130 °C, 1h, uw

Condition 1, solvent MeOH, 130 °C, 54%

Condition 2, solvent ethylene glycol, 150 °C,64%

Dimas Paz @ Wipf Group Page 38 of 47 2/28/2011



Current Work

X
| »
H,N 1. MeOH, 12.0 °C
uw, 10 min
N 2. Condition 0
uw, Th
~
2.5 equiv \ p
N

Condition 1, solvent MeOH, acetic acid (7 equiv), 130 °C, 69% (1)

Condition 2, solvent DCE, acetic acid (7 equiv), 150 °C, decompose

Condition 3, TBAI, solvent ethylene glycol, acetic acid (7 equiv), 150 °C, 13% (2)
Condition 4, TBAI, DBU (2 equiv), solvent MeOH/Dioxane, 130 °C, Decompose

Condition 5, TBAI, solvent DCE, Trifluoroethanol 10 equiv, 150 °C, Decompose

Condition 6, TBAI, solvent NMP, H,0 10 equiv, 150 °C, Decompose

Condition 7: TBAI, PPTS, solvent Trifluoroethanol, 150 °C, 70% (1)
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Current Work

1. MeOH

g TBAIO.1 equiv

1.0 mmol Me 120 °C, uw
10 min

+
Y

NH, 2. 0
)J\OH

7 equi

1h,130 °C, pyw
25 equiv

Condition
_—

uw, Th

o H
G Not observed

Me

Condition 1, solvent DCE, Trifluoroethanol (10 equiv), 150 °C,83% SM

Condition 2, solvent DCE, acetic acid (7 equiv) 150 °C, 41% SM
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Current Work

Preparation of the bicycle proline derivative — Cinnamyl series

@]
AN Et-N,3 equiv
Me w + Me—N > =, Me—N
@NH Cl@ DMF, 130 °C
uw, 20 min O
1.0 equiv 1.2 equiv 1.5 equiv
53%

O

CI)K/Cl

DMAP, Molecular sieves 4/&
CH,Cl,,70°C

Y
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Current Work

1. MeOH, TBA
NH2 120 °C, uc, 15 min
g -
z 2. CH3COOH (7 equiv
4 H /, 0 G 3 (7 equiv)
_ 130 °C, yw
1.0 equiv 2.5 equiv 1h
60 %
0
Q mMell 1. MeOH, TBAI
N NH> 120 °C, uw, 15 min
cl + -
f g 2. CH3COOH (7 equiv)
0
7 Mo 130 °C, uw
1.0 equiv - _ 1h
5 equiv
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Current Work

1. MeOH, TBAI
H2N 120 °C, uw, 15 min
2. CHLCOOH (7 equiv) Nw)
Ethylene glycol, 150 °C - 5
. 1h
25 equi Mo,
61%
NH 1. MeOH, TBAI
2 120 °C, uew, 15 min
> N
2. CH3COOH (7 equiv) W)
_ Ethylene glycol, 150 °C — 9]
1.0 equw 25 equi uw, Th
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Current Work

NH,
1. MeOH, TBA!

120 °C, uw, 15 min

Y

2. CH3COOH (7 equiv)
DCE, 150 °C
1.0 equiv 2.5 equiv uw, 1h

1. MeOH, TBAI

NH2 120 °C, uw, 15 min

2. CH3COOH (7 equiv)
DCE, 150 °C
1.0 equiv 2.5 equiv uw, Th
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Current Work

1. MeOH, TBAI ~
120 °C, uw, 15 min \
= V7
2. CH,COOH (7 equiv) N
Ethylene glycol, 150 °C — O
uw, Th
8%

NH, 1. MeOH, TBAI
120 °C, uw, 15 min

O 2. CH3COOH (7 equiv)

DCE, 150 °C

uw, Th
O 2.5 equiv 7 spots, 10 mg (-5 %)
| can see impure by NMR
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Current Work

1. MeOH, TBAI
Z"NH 120 °C uw, 15 min

Y

2. CH3COOH (7 equiv)
Ethylene glycol, 150 °C — O
2.5 equiv uw, Th

1.0 equiv
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