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Solid phase
combinatorial chemistry
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Quantitative on Resin

Subtilisin/PEGA
Trypsin/PEGA
Chymotrypsin/PEGA
Pepsin/PEGA

Papain/PEGA
MMP9O/PEGA4000 or 6000
MMP12/PEGA
Cruzipain/PEGA
Leishmania-CP/PEGA
Fucosyl transferase/PEGA4000
b-1,4-Galactosyltransf/PEGA
Human and Yeast

Prot. Disulf. Isom./PEGA4000

Enzymatic Transformation:

Yofofro
/§ O{‘/\oi'\’OH %K‘t
\”:)V/O[\/\OT\’O*&"

SPOCC
ONJ\{'O\/‘}O/\FH

R
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® Wo“to“r“ A

PEGA
compatible with
synthesis and biology

e

R

Unique platform for

combinatorial synthesis

and iterative selection
assays in biology.

Quantitative on Resin

Chemical Transformations:
Diels-Alder

Aldol

Nitroaldol

Glycosylation
Transaminations

Metathesis

Wittig-reactions
Redox-reactions
Dihydroxylation-oxidations
WHE-reactions

C-Allylations
Phosphorylations
Sulfatations

Silylations

CuAAC-reactions

N-Acyl iminium ion reactions
N-Carbamyl iminium reactions
Carbene chemistry

> Phosphine chemistry
Palladation

Catalytic C-C bond formations
Sonogashira

Suzuki
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Unexpected observation.......................... New reaction

H* NH @)
/ Pictet-Spengler
O Rl | O Rl |
N w N
MN /H]/ \Q — R3 AN N /H( \o
O | O | @)
HWE

N-Methylation (or other N-

protection) required to avoid
intramolecular aldehyde-amide Reductive
condensation reactions amination

N .
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Intramolecular N-Acyl Iminium Cascade Reactions
= HN Indolizinoindole
C-Nu:
H
HN N le—~Q
O O o
° O
NBoc
\HJr I cyclization
HN

Peptide aldehyde 5-Hydroxylactam N-Acyliminium ion
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INAIC reaction: Building Blocks
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Double alkylation of malonic ester
H, Me, i-B
a) KHMDS, DMF HoN(CHy)30H, orr, e, FEU
b) BrCH,CH(OEt), Boc,0 a) BnBr, Base
CO,Et O  CO,Et Na,SO, toluene O  CO,Et b) Decarboxylation (\
I — > 1 COH
CO,Et N CO,Et
COoEt = 85% Boc 2 50-80% o o
Alkylation of phenylacetic ester F
0) or Ph, 4-Br-Ph F
a) KHMDS, DMF, then | a) H,N(CH,);0H, Boc,O E
R CO,Et  BrCH,CH(OEt), Na,SO,, toluene o
| - >
=
b) TFA, H,0, CHCly  ~~\"“co,et  b)KOH, EtOH (\/K/%\
R P N CO,H
72-88%, 61-86%,
0”0
Conversion of amino acids
o 1)
O 1) Im, CO Q
FrmocHN ) Im2 FmocHN\)L _OMe LiAlH4 FmocHN\) HZNN\OH BOCN/j
¥~ “OH ) T Ne 78°C : Na,SO, _  FmocHN A
R 2) MeONHMe R R —_— T
m 2) Boc,0 R
R F O NBoc
1) 20% Piperidin H
F o _N
\ﬂ/ R )n=0,1 20% -50% over all yield
2) Pfp,CO Z % O0RTFR
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Quantitative Chemical Transformation:
Nano-Science Center Intramolecular “Click” reaction

1H NMR (DMSO-dg) of crude
benzothienoindolizine:

lle-OH

10 9 8 7 2 1
IH NMR (DMSO-dg) of crude
thienoindolizine:
MH
T T T T ‘ T T T T

Crude products

| _—

\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\‘\\\\
10 9 8 7 6 5 4 3 2 1
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Nano-Science Center Stereo-selectivity of the INAIC reaction %

ISYSMALL DMSO nmrl3 ten 32
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= G-protein

Gh

. '_'J_\.
Dissociation v
Ga‘GT ase | Ga
’ GDP

Control

\, MC4R +

\O \CRE-YFP
Ny

MC4R
&ctivation
e R
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R3 R2 R3
R4
AAN b) 0.1 M NaOH (aq), )
HN Q then 0.1 M HC (aq) AANn-OH
© (@) © (typically >95%) o
NBoc R; R
R R, (R2, R3, R4) =
— (H, H, H),
R1= R (H, Br, H),
H, 4 (F, H, H),
¢ COH | Me, N R
HO-CH2 = ‘U M.
NBoc R : ’ (H, H, Me),
1 Bu, (H, Me, H),
Bn, FmocHN~ ~CO,H (Me, H, H),
Substituted masked Z% Ph (H, OH, H),
aldehyde building blocks 3:CrF-3-F’>h Substituted (H, MeO, H),
Fmoc-Trp-OH (H, BnO, H),
derivatives
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Nano-Science Center Scaffold diversity: INAIC Reaction *

lle-OH

- |
G THIRH
N\ : o, - l
H ]
lle-OH. I H .
N pi:—*““"” N lle-OH H/L__ il
0
Bn o

L O i-Bu (0]

HPLC'’s of crude products; purity >95%; dr = 1:1 ]

Br S OBn
il HER
[EEE] N : ]
HN_ = HN_ __ b
H ]
Hdab 15 o 11b 15 jle-oH | Hdib 15 o P_H__.__—»J
N N N
0 ¢} 0
O +(5R; 11bS) WWWWWWWWWW O +(5R;11bS O  +(5R;11bS
E = Me
IR [EELL e
HN — HN _ HN _
H
Hdaw 15 .o e L3 _ile-oH i sl Ls iie-on
N : = — N :
° UL . L L0 LA U AR LUy ° TR
(@] +(5R; 11bS) O +(5R: 11hS) 0 _L(L_\D; 11hQ)
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Nano-Science Center INIAC: Regioselectivity

OMe

a) 10% TFA (aq)
ey~ > Gly-OH
HN b) 0.1 M NaOH (aq), Gly-OH y-
OM 0 then 0.1 M HCI (aq)

O
NBoc (>95%)

a) 10% TFA (a
cly—) i i Gly-OH
HN b) 0.1 M NaOH (aq), H Gly-OH
OM O then 0.1 M HCI (aq)

(>95%)

| 3-OMe L 3-OH
L | -
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a) 10% TFA (aq)
b) 0.1 M NaCH (aq),

HO N Gly-OH
then 0.1 M HCI (aq) o) (>95%)
NBoc O
a) 10% H2S04 (CH3CO2H) or
50% TFA (CH2CI2)
> H
Gly-OH N Gly-OH
b) 0.1 M NaOH (aq), .
0 then 0.1 M HCI (aq) 5 O %)
Rzé\}?:a
2N |
NN
a) H+
A
HN
o M o) b) cleavage
(@) from resin
NBocR;

Pyrroloisoquinoline

HPLC of
crude
product;
purity >95%

i 4 i i il i ia 2 AL Al

IFEE FPLC of

i product;
purity >95%

s e

Building blocks :
Fmoc-amino acids AA

(R2,R3)-Substituted Fmoc-Phe-OH
derivatives

R1-Substituted masked aldehyde
building blocks
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. Scaffold diversity: Deactivated nucleophiles
Nano-Science Center Y S p—

RS R3 i
Rz R4 Ry R4 L [ (0l
a) 10% TFA (aq) ' i
R b) 50%TFA (CH2CI2) R o I ‘ : ‘
I | Br | 1
ey~ - H Gly-OH - J
HIN ¢) 0.1 M NaOH (aq), N HO
OMO O then 0.1 M HCI (aq) O (>95%) RN
(0]
NBoc H Br y
Gly-OH Gly-OH
N
o)
Enty R' R? R® R® o (95 . O (95%)
1 H OH H H - c 4 il il
Two step cyclization ’ i
2 H OMe H H | |
3 H Ph H H Br — '
4 H Me H H RN
5 H Me H H ——
6 H H H Me
O (>95%)
7 H Br H o
8 H | H H | .
i H il
9 H Cc H H ' | ;
10 H H Cl H Cl i |
11 H Cl Cl H
12 Br- OH Br H - T S S T T T B ’ L4 o84 ouw
Gly-OH Gly-OH
PR - N Gly-OH
Incomplete cyclizations when Ris o o
-NHz, 'N3, -CF 3 -N 02, -CN 0 (>95%) o (>95%) le) (>95%)
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Nano-Science Center Scaffold diversity: Fused Aromatic Ring-systems

O N0~ osN_c0,-Q ]
o Y o YT
TFA:DCM (1:1) X E
N > N
(>95%)
<
O%/ N \/COZ_O [} _,—_MVJ e
o Y S ——
N TFA:DCM (1:1)
>
HO O (>95%)
’ 4
5 OYNVCOZ—Q E
3 \
N TFA:DCM (1:1) : et
- —

Q = -HMBA-NH-PEGAgp
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31 Entry X__n  R2 Purity (%)
X )n 1 O 1 H complex mixture
(o]
_Phe- 2 0 2 H >95
N Gly-Phe G|y40 .
3 0O 2 iBu >95 R, o
O @) N
(/ O 4 O 2 Bn >95 H o
NBoc ¥ COH
Rz 10% TFA (aq) 5 § 1 H 91
6 S 1 i-Bu 94 o
50% TFA (CH2CI2), 16 h 2 s 1 Bn 95 . \H&R Gly-Phe-Gly-OH
NaOH (aq), then HCI (aq) 8 NH 1 H >95 5 O
v 9 NH 1 i-Bu 01 s
H X )n 10 NH 1 Bn 91 R, H N3\H/Gly-Phe-Gly-0H
Gly-Phe-Gly-OH
N 11 NH 2 H >95 X o
O . 12 NH 3 H >95 —
R2 R =Trt or Boc H
13 NH 4 H complex mixture RZ\Q Gly-Phe-Gly-OH
(o]
(o)
o o

HN

HN
H HN H Gly-Phe-Gly-OH
Gly-Phe-Gly-OH H Gly-Phe-Gly-OH R N
R, N R, N 2
(o]
o (o] (o]

O O]
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Suzuki prior to INAIC reactions

HN
o] O
MO
NBoc
R, R3 a) Pd(dppf)Cl, (0.5 eq),
OH K3POy,
Rs B_ t-BuOH:Tol:H,0 (9:9:2),
OH 200C, 20 h
Ry Rs
b) 10% TFA (aq), 1 h
c) 50% TFA (CH,Cl,), 16 h
d) NaOH , Neutrali
R, Rs y d) NaOH (aq), Neutralize
=
R3 - |
Ry Rs n Gly-OH

11_834T AR

dppf: 1,1"-Bis(diphenylphosphino)ferrocene

Entry Ar Product, Purity (%)
1 Ph Illa, >95; IVa, >95
2 4-Me-Ph Illb, >95; Vb, >95
3 4-(CHO)-Ph lllc, >95; IVc, >95
4 2-MeO-Ph Ild, >95; Ivd, >95
5 4-BuO-Ph Ille, 89; Ve, >95
6 4-MeS-Ph IIf, 85; IVc, 90

7 4-MeO-Ph lllg, >95; IVg, >95
8 4-MeO-3-CI-Ph Illh, >95; IVh, >95
9 3-CF;-Ph Ili, >95; Vi, >95
10 3,5-(MeO),-Ph lij, >95; 1Vj, >95
11 4-Cl-Ph Ik, >95; IVk, >95
12 3,4-(OCH,0)-Ph 1, >95; VI, >95
13 3-NO,-Ph IllIm, >95; IVm, >95
14 3-(CHO)-4-MeO-Ph Ilin, >95; 1Vn, >95

176360 3AW

17_636H.RAW

\\II|IIII‘\\\\‘\III|IIH‘HH‘IIII|IIH‘HH| II|I | LLARRLLL LU RN LY LTIy L ©)

HPLC'’s of crude product; purity >95%

17_GATARAN

CF,
i 17__6361RAW
H Gly-OH

! OMe
MeO

I 17_ss6.3m0

e H

o
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Scaffold diversity: | W P4

Nano-Science Center Building Blocks

a) OsO, (0.01 eq),
DABCO (5 eq),
NalO, (10 eq),
THF:H,0 (1:1)

ov-Q
HN y

then 0.1 M HCI (aq)

(>95%)

Ar

HN Gly_o
\/\/J% o

>
b) 0.1 M NaOH (aq),

HO

Gly-OH
N y
o

(o)

5-hydroxylactam

HPLC of crude
product; purity >95%

(from aldehyde)

a) OsOy4 (0.01 eq),
DABCO (5 eq),
NalOy4 (10 eq),
THF:H,0O (1:1)

b) TFA: CH.Cl, (1:1)

c) 0.1 M NaOH (aq),
then 0.1 M HCI (aq)

(>95%)

8 examples
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a) Os0O,4 (0.01 eq),
DABCO (5 eq),
NalO4 (10 eq),
THF:H,O (1:1)

s-Q - -
HN b) 0.1 M NaOH (aq), N Gly-OH
A e} then 0.1 M HCI (aq)

MO O

E%j DABCO

(>95%) O

5-hydroxylactam
(from aldehyde)

a) OsO,4 (0.01 eq),
DABCO (5 eq),
NalO, (10 eq),
THF:H,O (1:1)
Ar
b) TFA: CH,CI, (1:1)

e
HN c) 0.1 M NaOH (aq),
O

w then 0.1 M HCI (aq)
O

(>95%)

8 examples

PLC of crude
roduct; purity >95%

e nr
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HPLCs of crude product; purity >95%

T
P4
O ? S
o

Gly-OH

H
Gly-OH
N y
o
(¢}

Gly-OH

Gly-OH

IFFL

L

'ﬂm\l‘ Ll H|'|W|T|'||\H|\ I I\I[ﬂﬂl\l I I‘IWI‘HI‘ ULl ‘IHWTW

M ﬂﬂﬂmﬂm\ L \Wﬂ M

T
1. o
T 2 }

WWTHHI IH|H|'|W'H|HI‘\ \‘IH|HI‘\H‘I \I|ﬂ'|m|'|l\‘ H|HIW1T|'|'H'|'HTFHT|W|"

7 A

|

|H|HI‘HHHHH‘ H|H ‘HH HI‘\ \‘H|HI‘IH HI‘\ \‘IH HH‘ H|H‘HHHIW|W‘W|

JEALL
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—
_ OMe
Vinylbenzenes
o) OMe
N Gly
H o
|
o Ot-Bu
N ﬁ] CEI)(_‘;;I'
HH S
|
Acrylamides
OMe a) OsO4 (0.05 eq),
OMe  NalO4 (10 eq),
DABCO (5 eq),
o THF:H20 (1:1)

b) 50% TFA (CH2CI2)

Q) !
c) 0.1 M NaOH (aq),
then 0.1 M HCI (aq)

(85%)

Q =HMBA-NH-PEGAg

a-c
E—
(78%)
o Oy_Gly—OH
e o N\—Gly—OH 0 \-
N \ N
(>95%) (>95%)

= "0

O, Gly-OH

OMe
OMe

lIIIl

40_053C RAW
703

llllllll

—

IIlI|III||III||IIII|IIII|II|IIIIII||III|IIII|IIII|lIII|IIII|iI
1 2 3 4 § i
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Glyo o O

o
a) OsO, (0.01 eq),

DABCO (5 eq),
Ph NalO,4 (10 eq),

THF:H,O (1:1
HNj\r(Gly—o D0y 0

“ 0 b) TFA: CH,Cl, (1:1)  H .
% c) 0.1 M NaOH (aq), O~_ _NH
HoN R then 0.1 M HCI (aq) : 0 Yy
(>95%) HN'R, O

Allylglycine —3 Internal peptide cyclization

A T4 1B RAN
LT HPLC of crude product;

purity >95%

Pt vt

Opioid p receptor agonist?

: O« _NH
FmocHN\)J\N - o] Y
2 H/\L N
OTrt FmocHN"™
SN0

O

Ot-Bu Gly 0

O%/NH

H @ Y
R ]
FmocHN N:QLNKL
o <_H
w oTrt
| 0

OH Gly-OH

(82%)

%/NH

. .8
O = HMBA-NH-PEGAg(, o)

0
0
N
HNi» -
5
HN O
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How does precursors affect
the yield and purity

H

TBDMS-0—~HFh AN
H

Periodane oxidation

Alkene R

R
Alcohol
f NBoc O
O~y -OTBDMS > OJ\/Hn\/U\
n
Boc
TBDMSOWN c.d _
n b — BOX-protection
Boc
HO\[]/\(\/)/\(N
o " OJ
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22a-f

R

Entry  Alkene R n  Product®, purity (%) TBDMSO/\/HH\)LQ a-d
=
1 22a H 0 23a, >95 39-44 RN
2 22b H 1 23b, 76
3 22¢ H 2 23c, 0 Entr
Silylether R n  Product, purity (%)
4 22d OMe 0 23d, >95
5 22e OMe 1 23e, 66 1 33 H 0 23a, 86
6 22f  OMe 2 23f, 0 2 34 H 1 23b, 43
(a) 0sO4/NalO4/DABCO, THF:H20 (1:1); 3 35 H 2 23c, 0
(b) 10% TFA (aq);
(c) 50% TFA (CH2CI2); 4 3 OMe 0 23d, 89
(d) 0.1 M NaOH (aq). 5 37 OMe 1 23e, 47
(a) TBAF, AcOH, THF 6 38 OMe 2 23,0
(b) Dess-Martin periodinane 7 39/42 H/Boc 0 45, 93
(c) 10% TFA (aq)
(d) 50% TFA (CH,CL,) 8 40/43 H/Boc 1 46, Qb
() (e)0.1 M NaOH 9 41/44 H/Boc 2 47, Ob
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(a) 10% TFA (aq); R
(b) 50% TFA (CH,Cl,) R
(c) 0.1 M NaOH (aq).

(\NBOC 0O OYN%
0 A ” ac
58-59 ~
HN
Entry aNc’e(t);;| R 0 Produ?(')[/z,)purity
1 54 H 1 23b, >95
2 55 H 2 23c, 0
3 56 OMe 1 23e, >95
4 57 OMe 2 23f,0
5 58 - 1 46, 09
6 59 - 2 47,09
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O Nano-Science Center 6,6-membered ring systems
&
o O%:/Phe—Gly—OH _
S _E
Phe—Gl 2 : L
C}O\/\i - (>95%) g AT 1
O BRI II\HIIII I IiHlIIIIIIIl\\IIIIIIIIII
EOC © 60 -
IS Os_ Phe—Gly—OH -
_ oY E ’
Phe—Gl 2. E
Gy O A
N O II]\‘I[I|HII|\HllH\lIIII‘IIII\\[IlIIIIIIIH
Boc 61 1
79
P J
Phe—Gly _a . 1
SULRGRALT .
[é] O IIII|HI|III\‘|\||I|II|\III|IIH|I|I|]HI|IIH
oC 62
'y :
Phe—Gly —_— ‘:
SULS AL L
OO n - PUR— e -
BOC III\‘ III|\III| HI|IIII|IIII‘IIII \\IIllIII[IIII
63 i

Q = HMBA-NH-PEGAg0
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@l

«_Phe—Gly—OH

Boc H
X R
Entr Reaction Product
X R Y n condition , purity
Y s (%)
1 Ot-Bu H (0] 0 B >95
2 Ot-Bu Me (0] 0 AorB >905
3 OTrt H (0] 1 AorB >905
4 NHBoc H NBoc 0 A >905
5 NHBoc H NBoc 1 A 86
6 NHBoc H NBoc/NH 2 A/B 0
7 STrt H S 0 AorB >905
Conditions A:
. 10% TFA (aq)

Conditions B:

0.1 M NaOH (aq).

10% TFA (aq)
50% TFA (CH,Cl,)
0.1 M NaOH (aq)

O

BnZN\)J\N
: H

BocN O

OMe

@)

OMe

H
O\_/N%

a-C

R ——

(84%)

a-c

(78%)

OMe

OMe
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Nano-Science Center ~ _INAIC reaction scope

C, N, S, O nucleophiles

100%
trans
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ao-Amino acids as a source of diversity -
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Nano-Science Center

1)(\ /5

J \< LiIAIH Q
¥ v AL : .
FmocHN\/ﬁ\OH FmocHN NOMe  ——- FmocHN\)

i

R 2) MeONHMe R
| quant.
1
Na;SO4 D 20% Piperidin
BocN F BocN/j
NN
OH  FmocHN »
O T 5
(@) R

HoN

- > 2 F F
F F
2) BOCZO F FiF F £
F O O F
F F

20% -50% over all yield

i

40% - 70% (3 steps) 50% - 70%

0 L D
oor Iio Fﬁi Eﬁ:{

e o %o
pesgegioras

/Illl

Bocs

“Boc

N
Boc

d"
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Imidazolinones

R F
A
R, SRS o F F
L s
A A
H F
O NBoc
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U P | B

‘ . /L._\_\_wJ O S

UL R R R R NS RN U R U R DR I L UL
2 4 f 8 10 12 4 i 8 n n ¥

)\\ j/ COOH

\\

]

. L__ALLJJ "

LA LAY O AL L AL B R AL A LAk ALY L U A R R R R
2 4 f 8 10 12 14 18 18 n n u

Diastereo-selectivity: >10
Purity > 92%

T

Rinnin I IR R IR I R R e
2 4 f H 1 12 14 18 18 pa b x®

[
LA LAY O AL L AL B R AL A LAk ALY L U A R R R R
2 4 f 8 10 12 14 18 18 n n u
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_ N-Carbamyliminium ions in
Nano-Science Center imidazolone synthesis

F
Ph
o T, 100
N © I Fo NN INCIC: Less reactive nucleophiles

=
0]
[/NBOC NBoc . .
give imidazolones

R=H, Bn, 4-OtBu-Bn, Boc-NH-CH2

INAIC: Less reactive nucleophiles

0 OxO~ ) .
10% TFA (aq) P j/ 9 1,4 substituted give cascade reactions

- - HN™ "N7 imidazolones
90-95% yield R @

R=H, Bn, 4-OH-Bn, NH,-CH2

o 0
FmocHN\é/U\H ~c00-Q H,N \:)LH/\coo 9 /g/COOH

Tornge =
O

\\\ Cul, DEPEA N -
B — e N:NI _ N 7
R O g

H
TFA
(\ N N HN N N~
\[r vlL /\cooQ Jj\ N""COOH N
Any clickable function

Boc O
Y\N \\é\,N
N :NI /\©\O/ N :N O/

R=H, Bn
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H
o Oj/NO
NJ\H 2.
P

@)
(/NBOCH

a) 10% TFA (aq), b) 100% TFA

ZT

BB

j/ 3 10% TFA
., CO0~() —=

HoN"

)

HN™ "N &) + %N S
L VP

product

10% TFA(aq)
6/7 (purity)

100% TFA
6/7 (purity)

100/ 0 (98%)

100 / 0 (99%)

100/ 0 (99%)

93/ 7 (98%)

100/ 0 (96%)

100 / 0 (95%)

66 / 34 (92%)

100 / 0 (95%)

100 / 0 (99%)

100/ 0 (98%)

100 / 0 (99%)

100/ 0 (99%)

100/ 0 (99%)

0/ 100 (97%)

0/ 100 (98%)

0 /100 (97%)

0/ 100 (96%)

100 / 0 (99%)
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Nano-Science Center

1) TFA

F
F F
O I/:s\\[
Q ‘s ﬁ;[ :oQ*o -
NBoc \)J\ NBocH £ L/O N o
H,N _ o
H 00~ HN\)J\N coo—)
H

oo ﬁ%lﬁf/‘ow Rﬁ/ R\/WN/é
0 HN«§O
H H
N__O N__O
Y 9 o
TFA 1 Nﬁ-\i)J\Phe'OH N\i/U\Phe OH
7 it a2 Zad
- d \)J\H COO—Q HN’& HN/&O
¥ N__o
ses e
N\_.)J\Phe-OH : Phe-OH
- ZaNd
Eam_uezumw O H;/zo HN’&O

500

— 85-95%
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Nano-Science Center  Novel fluorescent compounds by INAIC

1) @] H
H N\)O]\ prO)J\NH o/j 0 O Ny
Boc oxidation
o > (initially
I 2) TFA by air)
O\
H
H
H O~ __N
O~_N e}
O N 0 j/ 3 j/ N
O 7 J co
)Lj/ COO HNJ\* Coo HNT N Z_O
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Kinetics of the INIAC reaction

o O Phe—Gly ) Oy Phe—Gly )

Boc
EN}/\)LN 50% TFA (aq). »~N
H —_—
O s (>95%) s
X X
X=H or Br
100 - K

50%TFA/H,0

0 O O

10%TFA/H,0O

—0

0 30 60 90

Time (min)

Reactivity !
Mono-bromination ???

Boc B
LN/\{\)LN 50% TFA (aq).
H B —
© ¥ (>95%)
4 /

120

I 1

150 180
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Nano-Science Center INIAC: Bromination on solid phase = /=

Bromination

Br, (ACOH)
—_—
(>95%)
6.7 Br
. reaction time . ;
Br solvent equiv. iy purity (%) WUUU-E I AR
NBS  DMF 4 30 39 £ \
HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘\H\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH
NBS DMF 12 30 28
NBS AcOH 2 45 59
O\/Phe clyQ)
NBS AcOH:CHCI, 2 45 70 0]
NBS MeCN 2 45 65 Brz (AcOH)
_—
NBS CH,CI, 2 45 79 (>95%)
NBS AcOH: CH,CI, 2 90 71
NBS AcOH: CH,CI, 3 90 52 ]
0 A R
Br, AcOH 2 90 >95 JL
Brz CHC|3 2 90 45b U-HH‘HH‘H\\‘H\\‘\\\\‘\\H‘HH‘HH‘HH‘HH‘\H‘HH‘H\‘HH‘HH‘\H‘HH‘HHHH‘\H\
I T
Br, DMF 2 90 26b

b Incomplete conversion of substrate
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INAIC: Suzuki reactions

on preformed scaffolds from 3-thienyl-Ala

5 OYPhe—GIyO

Oy, -Phe Gly-OH

O

ArB(OH), Pd(dppf)Cl,

K3PO,4 Tol:f-BuOH:H,O

65 °C, 4h
Br g Ar

ArB(OH), Purity (%)
3-NH,-CgH4B(OH), 92 3-Cl-4-OMe- C¢H3B(OH),
3-OH-C¢H4B(OH), 95 4-CHO-CgH4B(OH),
2-CF3-CgH4B(OH), 87 CeFsB(OH),
3-CF3-CgH4B(OH), 92 3-NO,-CsH4B(OH),
4-CO-Ph-CgH,B(OH), 90 4-OBu-CgH4B(OH),
3,4-(OCH,CH,0)-C¢H3sB(OH), 86 3,4-(OMe),-CgH4B(OH),
(2-OMe)pyrimidine-5-B(OH), 65 3,5-(OMe),-CH4B(OH),
(2-OMe)pyridine-5-B(OH), 81 4-CF3-CgH4B(OH),
Benzothiophene-2-B(OH), 91 3,4-Cl,-C¢H4B(OH),
Indole-2-B(OH), 50 PhB(OH),

H,n=2,92%
Bn,n=1, 85%

H,n=2,88%
i-Pr,n=1,91%

a Br,, AcOH

b PhB(OH),, K;PO,, Pd(dppf)Cl,
Tol:t-BuOH:H20 65 °C, 4 h

¢ 0.1 M NaOH (aq)

Ph
@—Fl’iPh
Fe PdCl, + CH:Cl
@—P{Ph
Ph Pd(dppf)Cl,


http://www.google.dk/url?sa=i&source=images&cd=&cad=rja&docid=Obs7vZcED3ybfM&tbnid=puPBEjSfcVQjOM:&ved=0CAUQjRw&url=http://www.sigmaaldrich.com/catalog/product/aldrich/379670?lang=en&region=US&ei=MpJFUcDaF4al4ATGyIGoCg&psig=AFQjCNHnNexLSfzCThLpbYsRf_ke7QZGpA&ust=1363600286618252
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Nano-Science Center  INAIC - Bromination - Suzuki ~ “+

preformed scaffolds from 2-thienyl-Ala

AI’B(OH)Z % 2,6-M€2-C5H38(OH)2 50
OVphe_GW‘O O_Phe Gly-OH 4-MeO-CgH4B(OH), 85  3-CO;H-CsH4B(OH), 69
0 E o ¥ 4-CN-C4H4B(OH), 86  3-(CHO)-4-(OMe)-CeHsB(OH), 61
ArB(OH), Pd(dppf)Cl, 3-NO2-CsHsB(OH); 87  CeFsB(OH), 0
K4PO, Tol:t-BUOH:H,0 3-Ph-CH4B(OH), 86  4-Me-CgH4B(OH), 77
65 OC’ 4h 4-F-CGH4B(OH)2 89 2-AC-C6H4B(OH)2 68
> 3,5-C|2-C6HgB(OH)2 87 3,5-(0Me)2-CGHgB(OH)2 86
Nap-2-B(OH), 84  PhB(OH), 75
3 steps overall 3,4-(OCH,0)-CeH:B(OH), 90 4-Cl-CsH4B(OH); 85
60-90 % yield 4-SMe-CsH4B(OH), >95  3,5-Me,-CsH3B(OH); 86
4-OPh-CsH4B(OH); 85  4-CF3-CgH4B(OH), 81
a Br,, AcOH
Boc.. O-N Ac .
NH O 2 NH O b PhB(OH),, KsPO,, Pd(dppf)Cl,
Tol:t-BuOH:H20 65 °C, 4 h
S I Phe-Gly{J) — = S I Phe Gly-OH
\ (84%) \ ¢ 0.1 M NaOH (aq)
O\\S//O O ,,O Antifungal compounds Ph
[ j [ ] @—P Ph
N~ O O.N Fe /PdClg + CHxCl>
S @—P—Ph
Phe-Gly(J) — S Phe Gly-OH :
\ ! (94%) | e Gl Ph Pd(dppf)Cl,


http://www.google.dk/url?sa=i&source=images&cd=&cad=rja&docid=Obs7vZcED3ybfM&tbnid=puPBEjSfcVQjOM:&ved=0CAUQjRw&url=http://www.sigmaaldrich.com/catalog/product/aldrich/379670?lang=en&region=US&ei=MpJFUcDaF4al4ATGyIGoCg&psig=AFQjCNHnNexLSfzCThLpbYsRf_ke7QZGpA&ust=1363600286618252
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_ INAIC reactions:
Nano-Science Center One reaction multiple scaffolds
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Transcription factor binding

Muul(2)  3CRE

Intermediate promoter

6CRE

pBR322 ori (7080-7723)

Original vector %

Amp ' (6072-6932)
Bacterial

selection marker

pMC4R-9CRE-d2EYFP
7976 bp

EcoRI (5862)

BGH pA+fl ori (5128-586

Ascl (5122)
Termination

MC4R ORF (4084-5115)

MCR’s Fse1(4056)

PACI i
VPAC

CCK

etc

Stable
transfection

I:)TAL

EYFP (424-1143)

Fluorescent protein

PEST

SV40 pA +flori

AsiSI (1988)

l SV40 early promoter

Pur ' (2422-3021)

N\ sv40pA

AN BamHI (3382)

Py (3387-4049)

Strong Promoter

Casette for Expression
of GPCR + Reporter

Direct detection of
gene expression

oy

Hormones/
Neurotransmitters

O p ﬂlu

iGEUR

m.:;at'ww

Mammalian

selection marke

Neuron

Gene O
X

Expression N
A\

A

\
\



resree s
One vector, all GPCRs
Nano-Science Center PAC1, VPAC1 and VPAC2

S MCR4 polyclonal
Ligand
actiyation

Transfection

Integration o
(1 week) Constitutively
active
Inactive
il lyclonal
o Heterogeneous 5 polyclona

) o expression
Ligand activation
only Crude cell
i
Cloning LorHne
from single serotonin
HEK,q; cells
Completely (4 weeks)
stable Homogeneous
expression

hPAC monoclonal VPAC1 monoclonal

VPAC2 m(_)noclonal

Cloning is
essential

PACAP38
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Cell adhesion peptides F -‘;,
Binding to the lipid

Interaction with
phosphatidylcholine
layer of the lipid.
Maintaining structure
No cell penetration
No lysis

No adverse effects
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Scaffold diversity: - ‘
Building Blocks 7

<«—Inactives

TENS50669320MSMS2 173 (3.287) Cm (4:176)
169.0756

TOF MSMS 474.23ES+
1004 8.97e4

168.0698| 223.0900 4742261

195.0942

115.0546 224.0960

475.2477
182.0888 1960978 3151577

167.0723

140.0518

130.0696| ‘
S i S e
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

miz
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Scaffold diversity:
Nano-Science Center Library

. 1) Fmoc-Gly-OH: AA; = D-Phe, D-Tyr(t-Bu), D-
Synthets)ls 0; Ia_lb10500- Alloc-Gly-OH (9:1), TBTU  Arg(Boc),, D-Lys(Boc), D-
membered fiorary 2) HMBA, TBTU His(Boc), D-Trp, L-(1-naphthyl)-
3) Fmoc-AA1-OH, MSNT Ala, L-(homophenyl)-Ala, L-(3-
4) 20% pip. (DMF) cyanophenyl)-Ala, L-(4-
34500-membered 5) Fmoc-AA;-OH, TBTU trifluoromethylphenyl)-AIa
library including 5) 20% pip. (DMF)

StereOisomers PEGA1900 (023 mmol/g) 6) FmOC'AA3'OH! TBTU
7) R*-MABB-OH, TBTU HN 10% TFA (aq )

=

Target: Solid Phase

whole cell receptor
assay R®=H, 5-Br, 5-OH, 5-MeO,
4-Me, 5-Me, 6-Me,
5-BnO, 5-F, 6-F )

1
L 9 R
N o
o) o)
o) e

Structure
determination
by single bead

ES MSMS

analysis

® - HMBA-Gly-NH-PEGA;g00
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MC4R

Hit: 2.5-7
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Activity assay for hits

14 OHHN—/COZHZ
0 R

H_}‘NH ©
= 12 P
= N : N =NH
~ Q Z ik o H
: 10 HN O ° Os N N N._COHp

H
) e
= SO—HHN o Q i -z -
C; 8 ? NH §0 - Q ]
» pum| H (@] H
N OY _ o N._CO.H,
g N : 1 NH ] i
s 6 S . O<PA
e\ ~ Nl vl §
= _ _
(o 4 l 0
o
19 23 24 26 27 36 37 43 45 a-MSH
Sub puM EC.,

Compound
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Oxidation of aromatic acetylenes

&
3

0O ,N:N

Potent selective tyrosine phosphatase inhibitor

| AN
=
/
TMS
B B
= =
HO‘< ~—\<
O O
| AN
@) \//
HO O

=——TMS (1.2 equiv.)
Pd(PPh3), (0.02 equiv.)

Cul (0.04 equiv.)

R—I

> R———TMS

NEM:THF(1:1), RT, 16 h

R

product, yield (%)

s
BocHN)

5. 0,
BocHN™ ¥

%

HO,C

HOZC\©}£

HO,C B

HO,C

é.

s
FmocHN)"”

Y

89

92

>95

94

>95

87

>95
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Diversity from aromatic acetylenes

-

H,N—PEGAg, abed R-AIa-Phe-GIy-HMBAO
R Purity (%)
BocHN O
4
TMs—<Z >— o X >95
™S BocHN\)J\;{
\©/ >95
TMS‘@—K{? >95
TMS S o
A
o
# >05
™S Z O
Gj\ >95
FmocHN

(a)
(b)
(©)
(d)

HMBA, TBTU, NEM, DMF;

Fmoc-Gly-OH, MSNT, 1-methylimidazole, CH2CI2;
20% pip. in DMF & TBTU /Fmoc-Aa-OH or acetylene BB

0.1 M NaOH (aq)

o R1"Ala-Phe-Gly-HM BAO N (\\//N

oL "™=0

NN

0O

L

2% 0y 0

//I\\

OO

=
ab
/ R-Ala-Phe-G Iy-HMBAO

a) TBAF, THF
b) 0s04, NalO4, HMTA, THF:H20 (1:1)
R product, purity (%)°
(e}
BocHN\)L;{ ~95
026 BocHN\)Le; 95
HO,C

(0]
@*fﬁ 05
HO,C
O

HOZC\©)‘\3{ >95
218
HO,C & >95

(o}

¢ >95

CoH o

FmocHN \)J\éi

oA "
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Nano-Science Center Diversity from aromatic acetylenes ;:

o O o X Rl'AIa-Phe-GIy-HMBAO
(N /g)s\\ [ j |

O O =
LNT/ Mo Va

R-AIa—Phe-GIy—HMBAO
T™MS
a) 0s04, NMO, HMTA, THF:H20 (1:1). a) 95% TFA (aq)
R product, purity (%) R product, purity (%)

BocHN\)OL\ HzNQOL‘
Nt ’ >95 et ’ >95
%ﬂﬁ >95 j\@ﬁ § >95
mﬁgif% 73 ﬁgif% >95
Saes 90 X >95

5
HOZCE(C\)L; 92 TQ)L‘é >95

2 -
HO,C Yo o O o o >95

FmocHN\:)LeJ{ FmocHN\é)L;.{
e LT 92 ey >95
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o)
i BocHN O s
BocHN
_ _ v Ala— —
T Ala—Phe ey~ a, b : Phe—Gly BocHNJ\[f \)J\Ala’Phe ~Gly—OH
c,d o, 0
—= N Os -
° (-95%) 78820
N I—N @
\ HO O HO™ ~O LN—/ 0O
o)
H N\)RA CH;
2T la—Phe-Gy <) d H\)k
0 2 ;}; BocHN Ala—Phe—Gl —OH
B HN\)kA
*HN"la—Phe-cly ) (-95%) o
f o)
X 0
™S
o) CH; , O
a) OsO, NalO, HMTA, THFH,O (1:1) BOGHN\;)J\AIa—Phe—GIy—O BocHN N~ “Ala—Phe—Gly—OH
b) 50% TFA (CH,Cl) = b, c,d o :
¢) Boc-Ala-OH, TBTU, NEM, DMF o) — o)
d) 0.1 M NaOH (aq); (>95%)
e) 95% TFA (aq) OH OH
f) OsO, NMO, HMTA, THF:H,O (1:1) o) o)
o\\ //o o
(( j // 2 [ j
AN /N\O_
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(@]
a BocHN
—_— -~ “Ala—Phe—Gly—OH
(>95%) :

i T H\/@
BocHN\_)b N 0. 0

- — O .

' © 7N §5%

') NN 7N

OH o BocHN LN—/ 00O

oC
; Ala—Phe—-Gly—OH

o (>95%) B
—_—
@)
NH,
HN
) @)
BocHN BocHN
; b : Ala—Phe—Gly—OH
) (>95%) 0 o, ,0
. Y o5 [Oj
OH  NH NN © O N
o N LN/ Mo

a) BnNH2, TBTU, NEM, DMF
b) 1,2-diaminobenzene, TBTU, NEM, DMF
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Conclusion:

Screening molecular properties for cellular control
Monoclonal GPCR — reporter gene assays
N-acyliminium ion mediated reactions

New small molecule scaffolds from peptides
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