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Introduction

- Use a set of techniques for highly efficient synthesis of a
large member of analog compounds (library).

- The compound libraries undergo high-throughput screening
for a desired property.

74

UMASS.

BEOSTON

- The pharmaceutical industry is the major user of combichem

for drug discovery.

- Other applications of combichem include catalysis and
materials science.
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It takes 12 to 15 years and costs $0.8 to 2 billions to develop a
new drug!

target cloning
target functional validation structural studies toxicity profiling
Izrgat assay development Irarmgenic mice generation biomarkers
Target
Identification Hit Lead Lead Candidate Clinical
& Validation |ldentification | Identification | Optimisation Drug Studies
'y
! R
orthologue screen generation | transporter screen generation

selectivity screen generation CYP screen generation

HTS resource generation

Pharmacogenomics

Hit to lead steps




Introduction

Roots:

Bruce Merrifield (Rocketeller University) developed
solid phase synthesis of peptides (SPPS).

The Nobel Prize
in Chemistry 1984




Evolution
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1st Phase (since early 1990s): The initial efforts in SPOS of a large
set of compounds for biological screening. The compounds usually
lack the structural complexity and are commonly found 1n literature.

The 2nd Phase (since late 1990s): It 1s not just about numbers;
something was missing in compounds produced in a combinatorial
fashion. Emphasis shifted towards quality (chemical diversity,
compound purity) rather than quantity.

The 3rd Phase (since early 2000s): Post-genomic chemical
biology age. To understand bio-macromolecular interactions and
how small molecules could be utilized as useful chemical probes in
systematic dissection of these interactions.




Basic Concept

e A, B, C are building blocks,
they may produce a library
of 27 compounds
(in general, n®)

Stage 1 Stage 2 BOSTON
o
| Rl Rl
H,NCHCOOR" | R"NH, |
RCOCI ——— RCONHCHCOOR' —————= RCONHCHCONHR"

/’ A1'B1'C1
A,-B, > A-B,-C,




Basic Concept - SPOS

R
HOOCCHNH,
{(CH,),COCO}, The amino group of the firstamino acid is
Di-t-butyl carbonate protected by a #-butyloxycarbonyl (Boc) . X
group. Resin / K
1
Resin Fﬁ bead PEG ey
bead CH,Cl + HOOCCHNH-CO-O-C(CH,), - X is
Merrifield bead (CoHON \ Attachment of the C-terminal of the Swells in aqueous NH,, OH, SH,
2' '5/3 . . . .
N-protected amino acid to the resin S Ollltl on Br or COOH

R1
A O—@—CHz—OOCCHNH—CO-O—C(CH3)3

Removal of the protecting group

Acid and purification of the product
by washing
CHS\
B Q—@CH —OOCCHNH, + CO, + C=CH,
on!
R Addition of the next N-protected

amino acid and purification of the

(CHg) 4 COCONHCHCOOC
@ \ product by washing
' Oroeon )

\J
Dicyclohexylurea

Q—@CHz OOCCHNHCOCHNH -CO-0-C(CH,),4

J Elongation of the peptide by

repetition of steps A to C.
R

R ITK
| |
Q—@CHQ—OOCCHNH [OCCHNH]COCHNH2
n

HBr / CF,COOH Release of the peptide from the resin.

R i R 8
Q—@CHZ—Br + HOOCCHNHIiCOCHNH:ICOCHNHQ
n

Peptide
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Resin y
bead PEG
Swells in aqueous
solution
0

e

Mermifield linker
@,
Wang linker

O

mGT
(8]

a-methylphenacyl ester

X

Basic Concept - SPOS

Key bead

X is OH RCOOH,_ RoTRa
NH,, OH, SH, )~ Q\@< "%

Br or COOH
The Wang linker for

carboxylic acids

OO/\@ ROH

The tetrahydropyranyl (THP)
linker for alcohols

Linker

—Synthesis site

Final
Product

G . /Amine
\\
0]

H
G @ H A benzyloxycarbonyl chlorlde
0

linker for amines
“Rink Amide" linker

@y~ O~ OR
U

THP linker

: \I,. i-OR
?1\

Silyl linker
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Solid Phase Solution Phase
- excess reagent can be used - favorable reaction kinetics
- automation possible - any organic reaction
- rapid purification - scale-up 1s easy, Inexpensive
- fewer suitable reactions - well documented 1n literature
- slower reactions - purification could be difficult
- scale-up 1s expensive - automation difficult
- not well documented - easy intermediate analysis
- special synthesis

development

10




Methods of Combinatorial Chemistry

- Parallel synthesis

- Mixture Synthesis

BOSTON
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Ellman from UCLA introduced solid-phase organic synthesis
(SPOS) techniques for small molecules (non-peptide). His 1992
paper was for parallel synthesis of 1,4-benzodiazepine-2-ones.

J. Am. Chem. Soc. 1992, 114, 10998 12




Parallel Synthesis
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e Every reaction 1s done 1n separate vessels — in the same time

R3
I
1 1 1 N
) TFA T RO R Cha © \240
OCOCNHBOC — OCOCNH, — OCOCNHCONHR® 2>,
., or ;{2 5 Heat R2 N
i . AT N\
e i Piperidine R LH
A substituted urea Hydantoins

13




Parallel Synthesis

A B c D F G H A B c D E F G H
1 X1 X2 X3 X4 X5 X6 X7 X8 1 X1-Y1 | X2-Y1 [X3-Y1 [X4-Y1 |X5-Y1 |X6-Y1 |X7-Y1 |X8-Y1
2 (X1 [x2 X3 [X4 x5 |X6 [X7 |8 2 [x1-v2 [x2v2 [xsv2 |x4-v2 [x5-v2 [x6-v2 [x7-v2 [xs8-Y2
3 [X1 X2 |X8 [x4 X5 |X6 [X7 |X8 3 [X1-Y3 |X2-Y3 [X3-Y3 |X4-Y3 |X5-Y3 |X6-Y3 |X7-Y3 [X8-Y3
4 (X1 X2 X3 (X4 X5 (X6 |X7 X8 4 |X1-Y4 |X2-Y4 [X3-Y4 |X4-Y4 [X5-Y4 |X6-Y4 |[X7-Y4 |X8-Y4
5 |X1 X2 X3 X4 X5 X6 X7 X8 5 [X1-Y5 |X2-Y5 |X3-Y5 [X4-Y5 |X5-Y5 [X6-Y5 |X7-Y5 |X8-Y5
6 (X1 X2 X3 X4 X5 X6 X7 X8 - 6 |X1-Y6 [X2-Y6 |X3-Y6 |X4-Y6 |X5-Y6 |X6-Y6 |X7-Y6 |X8-Y6
7oX1 X2 X8 X4 X5 X6 X7 X8 |Deprotection| 7 [X1-Y7 [X2Y7 [X3Y7 [X4-Y7 |X5-Y7 [X6-Y7 |X7-Y7 |X8-Y7
s |x1 |x2 |xa |x& |xs |x6 |x7 |xe [|of the _amino 8 |X1-Y8 |X2-Y8 |X3-Y8 |[X4-Y8 |X5-Y8 [X6-Y8 |X7-Y8 |X8-Y8
9 |X1 (X2 X3 X4 X5 X6 (X7 |X8 acid 9 |X1-Y9 |X2-Y9 |X3-Y9 [X4-Y9 [X5-Y9 |X6-Y9 |X7-Y9 |X8-Y9
10 (X1 X2 1X3 X4 |X5 X6 [X7 [X8 10 [X1-Y10 [X2-Y10 [X3-Y10 [X4-Y10 | X5-Y10 [ X6-Y10 [X7-Y10 | X8-Y10
M (X1 X2 X3 |X4 |X5 (X6 X7 (X8 11 [X1-Y11 [X2-Y11 [X3-Y11 [X4-Y11 [ X5-Y11 [X6-Y11 [X7-Y11 | X8-Y11
12 Xt (X2 (X3 |X4 X5 X6 X7 |X8 12 [x1-v12|xe-v12[x3-v12 [xa-v12 [ x5-v12 [ x6-Y12 | X7-Y12 [ X8-Y12
(a) The placement of the first building (b) The placement of the isocyanate building blocks
blocks, the Boc protected amino acids Y1 to Y8
X1 to X12 and their attachment to the
resin
A|B|C|D|E F |G| H
1 |21 |Z2 |Z3 (Z4 |Z5 |Z6 |Z7 |Z8
2 |Z9 |z10|z11|Z12|Z13|Z14|Z15|Z16
3 |Z17 218|219 |Z20|Z21 (Z22 | Z23 | Z24
4 22572267227 |Z28|Z29(Z30|Z31|232
The hydantoins 5 |Z33|Z34|Z35|Z36|Z37|Z38(Z39|Z40
71 to 796 6 |Z41|z42|743|Z44|245 |Z46| 247|248 .
7 |Z49|z50|251 252|753 | 254 | 255 | Z56 (¢) Reaction, by placing the array in a
8 [£5¢| 238|258 | 260 | 201 | 207 [ 203 |26+ suitable reaction environment, to form the
9 |£65)|766|767|768)|769|270| 271|272 substituted urea and subsequent treatment
10 (7737741275776 | 277 | Z78| 279 | 780 with hot 6M hydrochloric acid to form the
11 |Z81|Z82 |83 |Z84 |Z85 |Z86 | Z87 | Z88 hydantoins Z1 to 796
12 (289|290 | 291 (292|293 |294 | 295|296

14




e Fodor’s method

CH,O NO,
CH,;0O : 1
NVOC |

NH,

Glass plate

Repeat steps A
and B until the

Parallel Synthesis
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-
-~

peptide synthesis

uv ?IH?
O\C//O Fli-l
| NVOC—
IgIH NHCHCOOR
Step A
=1 ! R’
| |
NHCOCHNH, B uv NHCOCHNH—NVOC
Step B

is complete

15
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Parallel Synthesis

: In"g‘s TON
e Fodor’s method
Mask Mask Mask
M1 M2 M3
X | X X | DUV | x| G X (HUV | S | G
—r > —> —b
X | X x| QG | x|a X 2)S |s|a
uv uv
|
et | | Lh e i&l "
X X X X X X XX GG XX G G SSGG SSG G
Giii aidd ENE TR S ) S 31
(HUV | s |G (D UV |S-F|GF Further masking and
2) A Al on - o — amino acid coupling
i S-A|G-A as required
A raat
SSGG SSGG

16




Mixture Synthesis
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e Furka — Mix and Split method

Resin beads ﬂ)

The bonding of the

initial building blocks O—A

to the resin beads

O—B

B| C|

O—C

COMBINE, MIX and SPLIT into three new portions

Step ONEinthe D E F ‘

synthetic pathway O—A-D O—A-E O—A-F
O—B-D O—B-E O—B-F
O—C-D O—C-E O—C-F

|
COMBINE, MIX and SPLIT into three new portions

Step TWOinthe ¢ H I ‘

synthetic pathway
O—A-D-G O—A-E-H O—A-F-I
O—B-D-G O—B-E-H O—B-F-1
O—C-D-G O—C-E-H O—C-F-1
O—A-E-G O—A-D-H O—A-E-1
O—B-E-G O—B-D-H (O—B-E-1
O—C-E-G O—C-D-H O—C-E-1
O—A-F-G O—A-F-H O—A-D-I
O—B-F-G O—B-F-H O—B-D-I
O—C-F-G O—C-F-H O—C-D-I 17




Encoding Methods
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e Sequential Chemical Tagging

O,

Resin

Linker

. Key:
—A-B-C-B-C-etc. Library compound Building block Code compound
A R
B S
—R-S-T-S-T-etc. Code compound C T

bead

18




Encoding Methods
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e Sequential Chemical Tagging

O

Synthesis site— Linker Primer(P) — Tag site
(1) Gly Divide into two aliquots (1) Met
(2) CACATG (2) ACGGTA
Gly —(_ )—(P)-CACATG Met—(_ )—(P)-ACGGTA

™~ /

Mix and split into two aliquots

(1) Gly (1) Met

(2) CACATG (2) ACGGTA
Gly-Met—()—(P-ACGGTACACATG Met-Met—( )—(P)-ACGGTAACGGTA
Gly-Gly— )—(P)-CACATGCACATG Met-Gly —( )—(P)-CACATGACGGTA

e

Mix and split into two aliquots and
repeat the previous processes until
the required library is obtained

19
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Encoding Methods

. Sequential Chemical Tagging

o]

N\
CH,0— c 4-methoxybenzyloxy
CH,OCONH NHCOOCH, OCHs  chioroformate

9 ﬂuorenylmethoxy
chloroformate Acid-labile Moz protecting group

Base-labile Fmoc protecting group
(1) Basic Fmoc cleavage
(2) Building block (B") coupling; ¥
if necessary B'is suitably

protected B1NH2NHCWCH2@OCH3

(1) Acidic Moz cleavage
(2) Peptide tag (P') coupling

B1NHE|>—NHP1

J Repeat this sequence of deprotecting and

coupling as appropriate in the mix and split
procedure

20




Encoding Methods
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e Still’s binary code tag system

NO, 0
o) 0-G
C O—(CH5)—0—Ar
RESIN—O T T
Photolabile : 5
carbomnate Aryl halide T1 T2 T3 T4 T5 T6
linker

T1 T3 TS T6
Tag retention time —»

Cl H H
Cl Cl Cl Cl Cl F
Cl H H 0

@) (©)

Computerized tagging

21




Combinatorial Synthesis in Solution
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Parallel synthesis 1n solution

O 1 R*

S
R1\ /||\ Br ~ /|\ 70 °C R \ S |
3 —_— —
N NH2 * N R 5 hours /I\I \
R? R* R® N R’

o-Bromoketones (BK) (@)
« >

BK1 BK2 BK3 BK4

T SU1 > Ph
SU2 = T\ S
Substituted N S |
thioureas SU3 > H/ N
(SU) Ph
SU4 >
(c)

(b)

22
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The formation of libraries of mixtures

RCOCI + R'NH, RCONHR' + Cl

The acid chloride-based set:
A' + (B'B°B%B*B°BeB’B®R°B'") —— Mixture 1 containing all the possible A'—B
compounds.

A’ + (B'B°B%B'B°B°R’B%B°B'") — Mixture 2 containing all the possible A°—B
: compounds.

AS 4 (B1,BZ,BS,B4,B5,B.6,B7,B8,BQ,B1O) — Mixture S containing all the possible A—B

compounds.
The amine-based set:

B' + (A'AZA%A*A°) — Mixture 6 containing all the possible B'—A
compounds.

B + (A',A2A%A%A°) —— Mixture 15 containing all the possible B'—A
compounds.

23
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Libraries using OMe-PEG

HO-CH, CH, O-(CH, CH, O),-CH, CH, -OH CH; O-CH, CH, O-(CH,CH, O),-CH, CH, -OH
(@) b)
Removed by
o washing

Impurities W
in solution

RCOOH EtOEt

OMe-PEG —> OMe-PEG-OCOR I
The first A

block %W/
i

Reaction to add the second
building block B

Removed by washing

N L

Impurities
in solution

E(OEL
Process repeated <« | OMe-PEG-OCOR-B

from point A as % in solution
required
Y,

(©

24
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Libraries using dendrimers
X X X- A X- A
X X A- X X- A
Reaction with A, the
initial building block,
r
plus any necessary
reagents and solvents
X X A- X X- A
X X X- A X-A
Reaction with B, the
second building block,
plus any necessary
reagents and solvents
X X X- A-B X- A-B
X X B- A- X X- A-B
Release of the
8A-B + < q q
product an
Product purification
X X B- A- X X-A-B
X X X- A- B X- A- B

25




Combinatorial Synthesis in Solution m

: BOSTON
Fluorous Tagging
Tag and mix Mixture synthesis Demlx and detag ° [
[ [ 1 \ 4
external parallel /F ¢ @ Yo
= OO Aow 4
internal parallel : : w 0°¢ o

}/H\H/n-j\ | W %O:" ke
\E}O / \E%CI / / _ R{ Fluorous separation

P-fluorous tag @ W @ building blocks products ®
A St S S
Ao
@ A ow
PN EIN,/ THF osicucgery ). ® ¢ ¢
Z * Br-Si(CH,CH,[CE] CF)) — A ST
Extraction
(i) RCNO
(i1) Extraction
N—O (i)HF/Pyridine ~ N—0O
| <+ : /
R&)\/OH (1) Extraction R/k)\ O-Si(CH,CH,[CF,] ,CF,),
26
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Combinatorial Synthesis in Solution
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Libraries with resin-bound scavenging agents

A + B = Product + ExcessA + ExcessB + Byproduct BP
o o el
®—x2 @B @—zvr

Remove sequestered A and B by filtration

./\A/IQ:CHS -OH
@ - @ . rcoc — ./\NHCOR

TBAF
@ o —— (SO,),NBu, + CaF,

RNH
@ o @ co—— NHCONHR

O
| ] " NHR
NH,CSNHR =
‘/\; W . ‘—g
Br

27
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Combinatorial Synthesis in Solution

Libraries with resin-bound reagents

ArOH + /\ArOR

28




Combinatorial Synthesis in Solution
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Resin capture of products

| ~N 1 5 Sc(OTi,) R 3 .

+ R'CHO + R“NC » Reaction mixture
)
\/J\NHQ

CH,Cl,/ CH, OH

.7 HX | Product capture

Key: XisCorN NHR?

Captured product

~ N/gi 4 . .
| A\ 1 fied by washin
R purified by g
X \7]& \ Product release

29




Deconvolution M
UMASS.
BOSTON
, .. , Ten amino acid reactants Ten amino acid reactants
Preparation of the original library 10 » 100 » 1000
The preparation of the first group Nine amino acid reactants Ten amino acid reactants
of secondary libraries to find the 9 > 90 » 900
first residue in the peptide
The preparation of ﬂ_qe se.:cond ‘ Nine amino acid reactants Ten amino acid reactants
group of secondary libraries to find 10 » 90 » 900
the second residue in the peptide
The preparation of the third group Ten amino acid reactants Nine amino acid reactants
of secondary libraries to find the 10 » 100 » 900

third residue in the peptide
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