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Navigating chemical space
for biology and medicine

Christopher Lipinski' & Andrew Hopkins®

er Global Re-DD, Groton Laboratories, Eastern Peint Road, Groton, Connecticut 06340, USA (e-mail: christoph
‘fizer Global Re-D), Sandwich Laboratories, Ramsgate Road, Sandwich, Kent CT13 9NJ, U

Despite over a century of applying organic synthesis to the search for drugs, we are still far from even
a cursory examination of the vast number of pussmle small molecules that could be created. Indeed, a
thorough examination of all ‘chemical space’ is practically impossible. Given this, what are the best stralegies

for identifying small molecules that modulate biological targets? And how might such strategies differ, ‘
depending on whether the primary goal is to understand biological systems or to develop potential drugs?

he relationship between chemistry, biology and  examination of all the possible organic compounds that

medicine has been remarkably productive over  comprise ‘chemical space’ (Box 1). Chemical space is for all

the past century, since Paul Ehrlich pioneered the ic

practical purposes infinite and limited only by the chemist’s

idea of systematically searching for drugs. By  imagination.
screening just over 600 synthetic compounds, Not all biologically active compounds have the desired
Ehrlich discovered arsphenamine (Salvarsan)', which  physicochemical properties to be a drug. A biologically active
greatlyimproved the treatment of syphilis. Researchersnow  compound may be too lipophilic (greasy) to be orally
routinely screen millions of compounds in the search for  absorbed, too polar to cross the gastrointestinal wall or may
some that are biologically active. Yet even the compound  have too much vulnerable chemical functionality that can be
files of the largest pharmaceutical companies (which typically  attacked by metabolizingsystemsin theliver, and therefore not
containapproximately 10°compounds) offeronlyacursory  remain intact for long enough to have a useful in vivo effect.

ox 1

Amineroic GPCR
space

we use alist of only 150 substituents and consider mono- to
vastness of chemical space. the challenae for chemical Box 1 Fiaure The fiaure denicts a caroon renresentation of the

Lipinsky, Nature (2004), 432(16), 855
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there are more than 107 possible derivatives of n-hexane — if
’ - i N . C O\
\ f chemical space, the concept of ‘chemography’, ’
whichis akin to a global positioning system, has been Kinase space \ '
proposed. This involves mapping compounds onto
coordinates of chemical descriptors of vari:urs . .
physicochemical or fepological properties™ . Given the




<FUERMEYHETORAETT

s R 19-154 300-1000@M | | —s(<¥u)

R A SERIAA 10 FASEHA
| ¥

0

PPPPPP

! Phase II Phase IlI !
| | [ TN | i

<T VD% BEIAICIERELTEY -
ROV EER @A D

/

CHIMREMEILTINOH. T<TFTW,) %
ka7 BEPFORE |




BIZAIE. FAFILADEIL.

EAFIL

U UEY iR /

AUVEYDFRE
/7

wﬁi% ’
X - EEASTO '//ﬁﬁﬁﬂ
EiE /\
BRRRORN- MR
T

RiRIROAE
TR -FHRORE - it
RRENOHFNRR
BRRAIL-ILORE -t

AU EYYETF



rEZESR] I2k1F3
AREEDOH S ] 28

< S FH50—RotER

EiITROEE

BRAN=R0LO{EIRTECIM / POC
R—TFoubOAXN=ROLONRER

- OEFIRR



HERDFERE. | RESIHIBICH =5 17550

7T

\—//
r§?UJEﬁ
T—2N—2A BERICHA. BT+ HEZE8AT.
#1003 1@ EKHHIHEMT .

~—_ \(t“/ k. 0.1%D1'F)
? €&— * ' 2

FEJ Hey bLEELTS., ES
ThIEMRLHHY,. BHERADTH
? 5”‘*’”‘5&“ 29 @



1990 LAIE. HF (2N ))DRH
HOIMBESIC>TES:

9 > l \o 7 E ”’t = F

A
IONG

’ 1a
e —
& S fr=v)

T

s

J

82 RIROMWIE el
Fl : Cdk2, HESIDED BETIRMEERR - BEFLTLS P



28O 1 ZFIBUSREHCE>T T 10
(RAEmHTERFET

a4 I5)—
B ~H100FLEY

EIRINE - DR
N/ I*ililli!% PEERBOILS LT

\\\\k %ﬁj
ﬁm@’ﬁ.k& ’-.... ] X ¢ {,‘,L ot
AN 8% % A
R i\
r<94t),
DiE
R

MRMALE
Bl{ERET

(<4, ORELBELEY " P



AVE1—2 ETOIRYF27 (& HH1E2H

NTeERY =\'-/7

HBCIBD IS — 138,
HEEUNLENIBES

LA L Sk
\ Wi e b
LAl e
=/ L 4
E A

y = e i
\ "Q\‘ iy
B -

r<TY ) AOKE ’ 22 KO BROK %
aAEax1—42+LTHRE

s, OVE1—-2LTHRE
#HERE. HTEALLOIBES /¥

TR === = = P

Ry 0RRESHEIC THHERSHT,

SERERNLEEHEERIER RTINS D 25 @



=R T HHE2 (12293 9)-=7)

<94 &
g dg B<EBVNEThETH.
ol - K2/ —DT. K&
- ) LWASDIFICIZNWEEE
BEEREYF2T - Al
LR aene*tl| | I

3~ *ﬂ@:l‘:lfz—a ﬂﬁbkﬁﬁ%%ﬁ\j'g
&w@ 2 N7 RO S ICERELTRIAINEHD

EOELE L HET |
REBELRYXY -
1R TR
2 RIBOBARICES L ERIca2 N
FUEShEERHEDS ——l HBEHIFEH

¥EH»STHE Eﬂﬁﬁ%ﬁ'} 2 R



mAE1—Z2 B ENEACRICILDOD ? ?

27 R



[E3 nﬁi?ﬁ%igﬁﬂ'%k# IciRICALBFT |

Ror > A - -
MAE Ky F2 5 f 0000 R CNETOMERZETO
| LT DTS L N (5 _ N =
?& HERLLORRS disa / - arvEa—4A

r<¥v, MoKz B 228 EMOTEE
area-— 9J:'C§E$ ) = AvE1—-2LTRE
HEE. ¥FELEOBEY

Ky $ L J#RES EIC THRMELSH 1000 CPU core< 5L
TEEFEANLUAHEERAIEREATVES (%EmPCG)ZSOﬁﬁ< BL\)

CDEOIGEHEETINGTYBRZEIZITEH ET AL kO FBFREIY
Ea—A2TIX, 11b&¥I227 AL ELSWWDI D> TLELVET,
LRI, B E (BERLEAE) CEoLERBITITLVEY,

ROVE2—ATIE, 6000f5<i500

6075 - RS, KYIEFEIZ(1HIZ1001EE Y

e CPUcore< 5L 1) p £ FREICFBTEET) . &Y
(REFPCOLSARACLLY) g it aYOFRHETEET,

28 R



A2)AR2) == 0f

-l >
32 S )
-~ /
Halkcsd )

3821 & #IR

2 EmEsEe O
\,-a\ \ Py
. ,\,ﬁ - 3 Val96

ﬂ‘_ L CT}Glu94

Cdkad & 18 Bl <FTHODiE

Honma, Hayashi et al. (2001). J Med FlorU7=kEWWE ST 18

Chem 44(26): 4615-27. AR NIBOREEEE

lkuta, Honma et al. (2001) (v PE5%)
AEa—4TFRALEWE

J Biol Chem 276(29): 27548-54.

0.1% I Thky b3

29 R



[<FUNE & <TVIRM IIcRREES

KTDE I THL4YDIRA1 TEHHFEOMAL . TOE
FTR IKTYICLYEEA

By, BREET. TR I<TVORM,) ICTIULE
HHVET

v o

<TUDIE, <9 DRS
PREEEH L PREEEA L (X 10001F)
Mo N728ICHERTS Mo nRo28ICEELICS LY
MEH T MEHRL

30 R






B EIFSER TE,

TSR I\
BICTEM S50
C. StEhuilsbg

ICs, : 42 NM

Qosw nogaonms
oR< 2 NVE: 28
Llr=s N8 : 50f&

FnErE. <
[, & FEMR
O»alL ES

2 R


プレゼンター
プレゼンテーションのノート
Cdk4 is known to be a Ser/Thr kinase and expected to be a new class of anti-cancer target.
Because no promising inhibitors were found from Banyu compound library, we employed fragment and scaffold-based approach for the Cdk4 target. By the analysis of ATP site of Cdks, the most important region was determined here.  in silico screening using de novo design program was performed and fragment/scaffold hits were found and hit rate was 5%.  From the diaryl urea series, we designed compounds to form new hydrogen bonds with Lys35 and IC50 value was improved 1000-fold.  Potency and selectivity vs other kinase family were good. But selectivity vs Cdk1 and 2 were only more than 1.9-fold.  So the next issue is selectivity within Cdk family. Binding mode of this compound was determined by Cdk2 as surrogate shown here.  As you can see this compound only interact with central part of the ATP binding pocket and more Cdk4 specific interactions were needed.  
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プレゼンター
プレゼンテーションのノート
Based on the exhaustive analysis of 390 kinase sequences, we identified Cdk4 specific residues highlighted by red color.
You can see Cdk4 specific residues are intensively located around the right side of this figure.  From the X-ray structure of Cdk6-p16 complex, this right side was predicted to be p16 binding site.  p16 is a famous endogenous Cdk4 inhibitor protein and this fact suggested this side such as Thr102 and Gln98 are useful to improve Cdk4 selectivity of inhibitors.

This figure shows docking model of Cdk4-inhibitor complex based on the X-ray structure of Cdk2.

Among the Thr102 and Gln98, Thr102 is replaced by Lys in Cdk1 and 2. Thr and Lys have very different shape and property.  So we decided to extend substituents toward Thr102. 


Thr102
/ Lys

( Thr102 (Lys in Cdk1/2)
WA\ Asp )
:/t a1 - 9‘5
J:anzn'l- HN
J N\
\S ~d \
%0)9/1\ Y8 R< wtm 'R

Honma, Yoshizumi et al. (2001).
J Med Chem 44(26): 4628-40.

Nature Review Drug Discovery,

2002, 1, 96-97 l'Cycle Stopper.]
()
- ~ 48
| 130
Cs:2.30nM
RS2 N8 150
| #1905 E
 ROVBEDOE2 N8 : 190
AL

35 R



プレゼンター
プレゼンテーションのノート
We designed chemical library toward thr102.  Basic concept of the library is shown here.

At first, + ion of amine forms a ionic bond with Asp and fix the direction of this R-group.
In Cdk4, NH2 forms H-bond with OH of Thr102 and fit into the surface of Thr.
In Cdk1 and 2, the R group bumps into large side chain of Lys and make electrostatic repulsion. 

Assay results of the library are shown in this table.
Selectivity vs Cdk2 was dramatically improved to 190-fold. and you can see larger R-group showed better IC50 values and better selectivity vs Cdk2. 
The obtained compound is a highly potent and selective Cdk4 inhibitor vs other kinases, and introduced as a cycle stopper in Nature review.  The compound was contributed to understanding cell cycle regulations and of course contributed to drug developments. 
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