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Section 1SARBRuamat yBtA sl d
Secti ©Oni i ha6Apet (1A

R
o1
c’ . >
N
A
Original compounds 1A - 6A

Tabl 8uBifnary SAR analysis of (slaAf)f ol d A ori gi

Compound A site B site Summary SAR

1A 3A 0 o i
5 /@O> Activity: 2A >4A >3A >1A>5A > 6A

HN. . 1 Compounds with A siteontaining longer alkyl chail
linker provided better activity than short link@&(> 3A
> 1A). The longer chain linker provided the higt
MATS5m value.

X = alkyl chain
linker with terminal
branched alkyl

chain 9 The number of fivemembered rings presented in t
molecule at B site is important to potent activity of 1
4A OY B compounds via affecting the nR05 values. Compot
HN . S 5A and6A with absence of substituted fiveembered
% ring at B site provide the lower nR05 value (nRO5 :
X = alkyl chain and lesser potency than those of fimembered ring
linker terminal substituted derivativekA-4A (with nR0O5 =2).

SUbStitLﬁﬁg benzen 9 The presence of lonrlgngth alkyl chain at A site i

required to give high R2V+ and MATS5m values &

5A OY K\O high pEGo values of the compounds in this class

N \) observed for compoun@A and4A).
HN ‘X S~

X = alkyl chain
linker terminal
substituted benzen
ring

6A —C=N )\
Cyanide

Alkyl chain
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Table S$Sufmmany. PAR analysis of (sledaAf)f ol d

A

Overview key summary

9 Activity: 2A>4A >3A > 1A >5A > 6A
1 Compounds with A site containing longer alkyl chain linker provided better activity than short Bakei3A
> 1A). The longer chain linker provided the higher MATS5m value.
9 The number of fivenembered rings presented in the molecule at B site is important to potent activity
compounds via affecting the nR05 values. Compo&idand6A with absence of substituted fimeembered
ring at B site provide the lower nRO5 value (nR05 =1) and lesser potency than thosenwérfibered rinc
substituted derivativebA-4A (with nRO5 =2).
1 The presence of loAlgngth alkyl chain at A site is required to give high R2V+ and MATS5m values anc
PEGso values of the compounds in this class (as observed for comp2aradsi4A).

Secti Modlf2ed €6mMpoaampounds)

o)

B>—Y

o
c” \D ~
N

o}
NH

N

X

Modified compounds 1A - 3A

Tabl BMo8Rf i

Modified Series  Subseries

1A

(81 compounds) 1A-11
1A-21
1A-31

G o
S

H N /N Kr
N D
c N\ H NN
N N D -
HN N
0 _
HN—"\' EO

Modified compounds 4A Modified compounds 5A Modified compounds 6A
cat ifoonr srtartaitoengailesdesi gn of modi
Ring D A site / X site B site / Y site C site
modification modification modification modification
No X modification: oNg No

y |l ength /@ _
chain 0
y branchi RingB:
alkyl chain Open fivemembered
ring
Y site:
y Il ength
alkyl chain

fi

or

e (
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Tabl e SHModicbint af ifoor gtartatoeqilesdesi gn of modi
Modified Series  Subseries Ring D A site / X site B site / Y site C site
modification modification modification modification
1A-42 Yes X modification: /@0\ No
1A-52 y | ength
1A-62 szle thein o”
1A-72 y branchi RingB:
alkyl chain Open fivemembered
ring
Y site:
y Il ength
alkyl chain
2A 2A-1 No X modification: O No
(83 compounds) 2A-11 y |l ength /@ P
2A-21 chain 0
2A-31 y branchi Ring B:
alkyl chain Open fivemembered
ring
Y site:
y |l ength
alkyl chain
2A-42 Yes X modification: O No
2A52 9 length /@/
2A-62 D chain O
2A-72 y branchi RingB:
alkyl chain Open fivemembered
ring
Y site:
y |l ength
alkyl chain
3A 3A-1 Yes X modification: O No
(89 compounds) N N y -I ength /@ P
lj chain 0
y branchi RingB:
alkyl chain Open fivemembered
ring
Y site:

y |l ength
alkyl chain

fi
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Tabl e SHBodicbintafifonr gtartatoenqilesdesi gn of modi f |

Modified Series  Subseries Ring D A site / X site B site / Y site C site
modification modification modification modification
3A-2 Yes X modification: 0. No
3A-3 HN L N Ipsert diffe'rent /@ P
3A-4 /T\j five- and six 0
3A-8 membered rings at Ring B:
terminal of the Open fivemembered
chain ring
Y site:
y Il ength
alkyl chain

Ring substitution at
terminalchain of B

position
3A-46 No No 0. No
3A-50 /@
-~
3A-51 0
3A-52 Ring B:
3A-56 Open fivemembered
ring
Y site:
y |l ength
alkyl chain
Ring substitution at
terminal chain of B
position
4A 4A-1 Yes Change type of X Change type of Y No
(56 compounds) 4A-4 ring ring
HoN o
N~ |
4A-29 No Change type of X Change type of Y No
4A-32 ring ring
5A 5A-1 Yes No Change type of Y No
(39 compounds) ring
HoN o
N |
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Tabl e SHModicbint af ifoor gtartatoeqilesdesi gn of modi
Modified Series  Subseries Ring D A site / X site B site / Y site C site
modification modification modification modification
5A-2 Yes Change type of X Change type of Y No
5A-3 ring ring
HaN .
5A-4 = | Change substitutec
Nx group of X ring
5A-21 No No Change type of Y No
5A-22 ring
5A-23
5A-24 No Change type of X Change type of Y No
5A-25 ring ring
5A-26 Change substitutec
5A-27 group of X ring
6A 6A-1 Yes Changtype of A No No
(287 compounds) 6A-2 substitution
HoN
6A-3 = |
6A-4 N
6A-5 Yes No No Changetype of C
substitution
HN
N s |
B6A-7 Yes No Substitution at Changetype of C
6A-8 HAN terminal chain of B substitution
6A-9 INF | position with several
6A-10 Nx types of rings
6A-73 Yes Changtype of A Y site: No
HN substitution y |l ength
i | alkyl chain
N s
6A-74 Yes Changetype of A Y site: No
6A-75 HN substitution y |l ength
6A-76 N | alkyl chain
N s
6A-77 Yes Changtype of A Y site: Changtype of C
HN substitution y | engt h ¢ substitution
i | alkyl chain
N s

S7

fi
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Tabl e

Modified Series

SModicbint af ifor gtartatoeqpiledesi gn of modi
Subseries Ring D A site / X site B site / Y site C site
modification modification modification modification
6A-79 Yes Changetype of A Y site: Changetype of C
6A-80 HAN substitution y | engt h ¢ substitution
6A-81 N alkyl chain
6A-82 Nx Ring substitution at
terminal chain of B
position
6A-145 No Changtype of A No No
6A-146 substitution
6A-147
6A-148 No Changetype of A No Changetype of C
substitution substitution
6A-156 No Changetype of A Ring substitution at Changetype of C
substitution terminal chain of B substitution
position
6A-168 No Changetype of A Ring substitution at Changetype of C
6A-180 substitution terminal chain of B substitution
6A-192 position
6A-216 No Changtype of A Y site: No
6A-217 substitution y | ength
6A-218 alkyl chain
6A-219
6A-220 No Changetype of A Y site: Changetype of C
substitution y |l ength substitution
alkyl chain
6A-228 No Changtype of A Y site: Changtype of C
6A-240 substitution y | engt h ¢ substitution
6A-252 alkyl chain
6A-264 Ring substitution at

terminal chain of B
position

fi
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Tabl 8uBfbary SAR analysis of modified compoun
Modified Series Effect of Most Type / position ofsubstitution Influence of
structure potent descriptor
modification compound variables
(Original VS
Modified
compounds)
1A All modified 1A-42  Change ring D Z nROS5
(81 compounds) compounds = Openring B y MATSS
decreased activity Y site: substitutions with eDCHs (positive value)
(1A-42> 1A-47
>1A-2 > 1A-5) Openring B decreases activity of the compountia ¢ all
modified 1A)
Open ring B together with increasing length of alkyl chain (
position) leads to decreased activity of the compoy(hésl >
1A-11>1A-21> 1A-3])
Changing type of ring D teix-membered ring decreased
activity of the compounds by mainly decreasing the value ¢
nRO5 to 0.
2A All modified 2A-60  Change ring D Z nROS5
(83 compounds) compounds = Openring B y MATSS
decreased activity Y site: substitutions with branched multipl (positive value)
(2A-60> 2A-72> -OCHsgroup
2A-1>2A-82) Same as observed from modifications of 1B series
3A All modified 3A-78  Openring B Z nROS5
(89 compounds) compounds = Y site: ¢ length o Z Km

increased activity
(3A-78 > 3A-80 >
3A-79> 3A-81)

Subseries
provided best
activity =
subseries 3A78

Ring substitution at terminal chain of B
position

Changing type of ring D to simmembered ring decreased
activity of the compounds.
Open ring B and attachment of longer alkyl chain on Y posit
gave the compounds with decreased activity.
Subseries provided best activitysebseries 3A78 (original
ring D, opened ring B withOCHs substituted on Y positions,
position X is modified by alkyl chain linker with terminal
pyridine ring, and no modification on position C).
Modification of at X position by inserting terminal ring types
gave compounds with various activities.
9 When D ring is sixmembered ring and ring B epened
0 Substitutions of X containing pyridin8A-51 3A-7)
and naphthalen8A-38) at terminal of the chain
gave compounds with improved activity.
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Tabl éc88ummary SAR analysis of modified comp
Modified Series Effect of Most Type / position of substitution Influence of
structure potent descriptor
modification compound variables
(Original VS
Modified
compounds)

0 Substitutions of X containing cyclohexar8A¢14)
and cyclopentane3fA-18) at terminal of the chain
gavecompounds with decreased activity.

9 When D ring is fivemembered ring and ring B is closec

o Only substitution of X containing pyridine ring gav
compounds with improved activitQ-55) while
modification with other types of rings decreased
activity when compared with the original compour
3A.

4A Only two 4A-46 Cyclopentane on terminal of X position ¥y R2v+
(56 compounds) modified Y ring is change to pyridine Z nROS5

compounds with
increased activity
(4A-45and4A-46)
Other modified
compounds =
decreased activity

Subseries
provided best
activity =
subseriesAA-451
4A-48

Changing type of ring D to simmembered ring decreased
activity of the compounds (subseri#s-457 4A-48 provided
better activity than the related derivatives in subsdied 71
4A-20i.e.,4A-45> 4A-17, AA-46 > 4A-18, 4A-47 > 4A-19,
4A-48> 4A-20).
When ring D is fivemembered ring, changing type of Y ring
mostly gave the compounds with decreased activity (excey
4A-3 when Y is a pyridine ring).

When D ring is sixnembered ring, the replacement of X benz
ring with aliphatic rings (cyclohexane and cyclopentane) ar
naphthalene ring leads to improved activity of the compour
(as observed for subserié&-171 4A-20).

5A
(39 compounds)

Most of the
modified
compounds
exhibited
improved activity
when compared tc
the parenbA

5A-33

Additional benzene ring is substituted or
Xring
Y ring is replaced by benzene ring

Z Km

~

y

R2v +

The replacement of fivenembered D ring to simnembered
ring increase activity of the compounds (as observe v
comparingpA-2 > 5A-24, 5A-3 > 5A-25, 5A-4 > 5A-26, 5A-21
> 5A-27), except for the most potent compousal33.

The compounds in whictineir ring X is modified with longe!
alkyl chain or substitution of additional ring on X, as well
whose ring X is replaced by naphthalene provided b
activities when compared to a parent compobAdThis was

S10
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Tabl éc8B8ummar anARsi s of modified compounds

Modified Series Effect of Most Type / position of substitution Influence of
structure potent descriptor
modification compound variables
(Original VS
Modified
compounds)

observed for both derivatives in which their D ring is origi
five-membered ring and modified sikembered ring.
Conversely, the modification of ring Y by various type of rir
variously affected on bioactivity of the compounds.

6A Most of the 6A-116  Ring D is changed to simmnembered ring. y R2v +
(287 compounds) modified 6A-115 A site is modified by longer substituted Z nROS5
compounds alkyl chain and insertion of terminal Z Km
exhibited benzene ring.
improved activity B site is modified teCOH group (only for
when compared tc 6A-116).
the parenbA C site is substituted wittODCH; group
(only for 6A-116).
6A-44 Ring D is changed to simembered ring. y R2v+
6A-43 A site is modified by longer substituted Z nROS
6A-45 alkyl chain andnsertion of terminal Z Km
benzene ring.
B site is modified teCOH group 6A-44)
or -COCHs group GA-45).
C site is substituted wittOCHs; group
6A-140 Ring D is changed to simmnembered ring. Z nROS5
A site is modified by longesubstituted Z Km

alkyl chain and insertion of terminal
naphthalene ring.
B site is modified teCO-benzyl group

In each subseries minor modifications were performed on A, B, and C s
The modified compounds are predicted with various bioactivity results, t
most of them provided improved activities when compared to the parent
compoundBA.

Replacement of ring D with simembered ring is required for improv
activity of the compounds.

Modification on A site by insertion of terminal benzene ring is essentie
preferable activity.

Modification on B site by replacing the branched alkyl chakC©OH, -COCH;,
-CN increased activity of the compounds.

S11
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Tabl éc88ummary SAR analysis of modified comp

Modified Series Effect of Most Type / position ofsubstitution Influence of
structure potent descriptor
modification compound variables
(Original VS
Modified
compounds)

Modification on C site by substitutions @CH; or -OCF; gave compounds
with better activities than those substituted withbenzyl group.

Overview summary of modified 1 Effects of replacement of fivmembered ring D to simiembered ring ar
scaffold A varied depending on the parent compounds. Improved activities
observed for the sinembered ring modified compounds seBAs6A,
whereas decreased activities were found for those of the $8riéA.
1 Modified compounds in serigdA provided the best predicted activitie:
T Modified compounds in serielA-2A provided lesser activity than the
parent compounds.
1 Modified compounds in serie8A-6A provided various predicte
activities (both improved and impaired activities).

Most of the modified compounds BA subseries (Figre 4d) provided more potent
activity (predicted pE€ = 5.2425.645, supplementarydata, Scaffold A than parenttA
(experimental pE6 = 5.410, Table 2). The high predicted activity of compo&#d33
(predicted pEGs = 5.645) could be due to the presence of benzene ring attacheatdéon@n
the X ring and the replacement of Y ring with the benzene ring. These modifications provided
an increased van der Waals volume (R2v+) value together with a decreased Km value
(supplementary informatioifable S3). Considering the tdiye most potent compounds, most
of them, except fobA-33, are compounds in which their famembered D rings were reyoed
with the sixmembered ring (Figre 4d). From the whole modified compounds\ (39
compounds), it was indicated that activity of the modified compounds was improved when
compared to the origindlA if 1) their ring X are modified with longer alkyl chain or substituted
with additional ring, or 2) their ring X is replaced by naphthalene. This was observed for both
modified compounds whose maintain their original fimembered D ring as well as those
whose D ring were modified to simembered ring. Conversely, the modification of ring Y by
various type of rings differently affected the bioactivity.

From the whole modifiedA series (56 compounds), only two compounds @.A-46
and4A-45, Figure 4c) provided the higher predicted pkvalues 4A-46 = 5.747,4A-45 =
5.689,supplementargata, Scaffold Athan that of their paredtA (experimental pE&: 4A =
5.660, Table 2). It was suggested that the best activity is achieved when cyclic aliphatic rings
(i.e., cyclohexane or cyclopentane) and the pyridine ring were replaced at rings X and Y,
respectively. Conversely, the replacement of therinegnbeed ring D with the sbmembered
ring leads to compounds with impaired activity.

From t he md&d\i ftiheed bseesrti easct i vi ty was obtai |
the moiety at C position are r StA@funrgd . i n t I
Moreover, an openi n@Cais ulbbs nigt Bt wonmnd omer Wi pad
insertion of al kyl chain |linker witBAT&r mi na

S12
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with the most I mprovesd3 A8 | Y1 T PIAf phed2@) ec
Addi tionally, it was 1 aandldt hfartom hteh es tnroudci tfui read
|l ead to an i mpaired S1PR2 modul ating acti vif
|l ength of the al kyl chain on X posititon, a

membered ring.

Section 2: Summary SAR analysis scaffold B

Section 2.1B5®riginal set (1
1 Activity: 4B>3B>2B>5B> 1B
1 Note:5B different structure (not use for comparison)

Original compounds
1B - 4B

Tabl 8uBithary SAR analysis of sBa#8Bffold B origi

Activity Effects of type / Effects on activity (increase Influence of descriptor
comparison position / numbers / decrease) variables
of substitution on
ring A

4B>3B>2B>1B 2CI>1CI>CHs>H Halogen substitution provide Changing type of R
better activity than alkyl / groups influence values
hydrogen group of both descriptors

4B > 3B 2Cl>1cCl Addition of more chlorine via increasing H3e value
group on A ring increase
activity via increasing van de
Waals volume

Secti Mond2f2ed ddmpowmdanpounds)

N Yb \
N S Xb \ -N
a4 0 O TN DYy
(e OH —=
J O
Ya X
Modified compounds 1B - 4B Modified compounds 5B

S13
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Tabl 8uBmbhary SAR analysis of modified compoun

Modified Series Effect of structure Most potent  Type / position of Influence of
modification compound substitution descriptor variables
(Original VS Modified
compounds)
1B All modified compounds =  1B-3 Xa = High H3e
(28 compounds) improved activity (Ring A)
(1B-3>1B-4>1B-8> 1B-6) <:>—\
O —_
1B-4 Xa= High E3v
(Ring A) @_\
O_
Modification of Ring A Modification on ring A(pEGso= 5.7397.977) gave compounds
(1B-17 1B-16) with improved activity than modification on ring B (p&G
5.4036.043)
Modification of Ring B Among compounds with modification on ring B, the compout
(1B-177 1B-28) modified with NQ group gave the most promising improved

activities (pEGo= 5.7526.043) when compared with those of
-OH, -OCH;, -OCF;, and halogen series

Di-substitution of the same moiety on ring B;¥X) gave the
best activity when compared sabstitution with different type
of group, except for the serie@CHs.

OCH; series: %= NO, > OCk > OH > OCH (1B-16> 1B-15>
1B-14> 1B-13)

OCFRsseries: %= OCKk > NGO, > OH > OCH (1B-17> 1B-20>
1B-18> 1B-19)

NO; series: %= NO, > OH > OCk > OCH; (1B-21> 1B-22>
1B-24> 1B-23)

For halogen series, the best activity was obtained when Y
substituted with fluoride (F) atom: F > Cl and Br 3 B{25 >
1B-26 4 1B-27 > 1B-28)

2B All modified compounds =  2B-3 Xa = High H3e and E3V
(4 compounds) improved activity values

Modification of Ring A <:>7

(2B-3> 2B-4> 2B-2 > 2B-1)

Type of substitution affected values of electronegativity and
der Waal descriptors.

Ring substitutionZB-3 and2B-4) gave compounds with bettel
activities than alkykchain substitutionaB-2 and2B-1)

S14
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Tabl éc8Bummary SAR analysis of modified comp

Modified Series Effect of structure Most potent  Type / position of Influence of
modification compound substitution descriptor variables
(Original VS Modified
compounds)
3B All modified compounds =  Maodifications on both ring A and B can better improve
(11 compounds) improved activity activities of the compounds than modification on ringléne.
(3B-4>3B-5>3B-6 > 3B-7)
Modification of Ring A only ~3B-4 Xa = High H3e values
(3B-17 3B-3)
Modification of Ring A and B G

Series la: when Xa =
cycloalkaneYb = halogen  Substitution on ring A by replacing Qroup with sixmembered

(3B-41 3B-7) aliphatic ring (series la cycloalkane) affected the increasing
Series lla: when Xa = benzer values of both descriptors and provided modified compounc
ring 3B-81 3B-11) with better activity than the substitution with aromatic ring

(series lla benzene)

Examples:

3B-4 > 3B-8 Increased H3e and E3V

3B-5> 3B-9 <:> > @ values

3B-6 > 3B-10

3B-7>3B-11

Type of halogen substitution on ring B (at Yb) affected
activities of the compounds.

Fluorine(F) substitution gave the best activity for compounds
series laf > Cl > Br > |: 3B-4 > 3B-5 > 3B-6 > 3B-7) whereas
the iodine (I) substitution gave the most potent compound fc
series lla (I > F > C Br: 3B-11> 3B-8 > 3B-9 > 3B-10).

4B All modified compounds = 4B-48 Xa =0CkR High H3e and E3v
(63 compounds) improved activity Ya=F values
(4B-48> 4B-53> 4B-52 >
4B-54) Modified compounds of OGFseries provided the most

Modification of Ring A only improvedactivities (predicted pEf= 6.2756.795).
F-series: Xa = F, Xb = vary F Potent predicted activities of the compounds in @§Hfies are

(4B-17 4B-8) due to their high E3v value (all compounds possess E3v valu
Cl-series: Xa = Cl, Xb = vary F greater than those of other series).

(4B-97 4B-15) It was observed that all the most potent compounds of each
Br-series: Xa = Br, Xb = vary F subseries possess the highest H3e value (and some of ther
(4B-167 4B-23) provide the highest E3v value) among others in the same
I-series: Xa =1, Xb =vary R subseries.

(4B-247 4B-31) In overview, structural modifications could improve activities

of the compounds mostly via affecting the H3e value.
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Tabl éc8Bummary SAR analysis of modified comp

Modified Series Effect of structure Most potent ~ Type / position of Influence of
modification compound substitution descriptor variables
(Original VS Modified
compounds)

CFRs-series: Xa = Ck

Xb =vary R @B-321 4B-39)
OCHg-series: Xa = OCH
Xb =vary R @dB-401 4B-47)
OCHRs-series: Xa = OCE

Xb = vary R éB-481 4B-55)
NO.-series: Xa = N@

Xb = vary R 6B-561 4B-63)

5B All modified compounds = 5B-9 X = CHCHs
(11 compounds) improved activity Y = branched tri
(5B-9>5B-7 > 5B-11> 5B-5) CHs

Modification of Ring C only
by changing X%B-1i 5B-3) Replacement of X with longer alkyl chain, branched alkyl

Modification of Ring C and C 9roup, and ring increased activities of the modified compoul

by changing X and Y5B-4i !N overview, the best improved activity waistained when X is

5B-11) replaced with long alkyl chain and Y is replaced with branch
alkyl chain.
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