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Section 1: Summary SAR analysis scaffold A 

Section 1.1: Original set (1A-6A) 

 

Table S1 Summary SAR analysis of scaffold A original compounds (1A-6A) 

Compound A site B site Summary SAR 

1A ï 3A 

 

X = alkyl chain 

linker with terminal 

branched alkyl 

chain 

 

 

Activity: 2A > 4A > 3A > 1A > 5A > 6A 

¶ Compounds with A site containing longer alkyl chain 

linker provided better activity than short linker (2A > 3A 

> 1A). The longer chain linker provided the higher 

MATS5m value.  

¶ The number of five-membered rings presented in the 

molecule at B site is important to potent activity of the 

compounds via affecting the nR05 values.  Compounds 

5A and 6A with absence of substituted five-membered 

ring at B site provide the lower nR05 value (nR05 =1) 

and lesser potency than those of five-membered ring 

substituted derivatives 1A-4A (with nR05 =2).  

¶ The presence of long-length alkyl chain at A site is 

required to give high R2V+ and MATS5m values and 

high pEC50 values of the compounds in this class (as 

observed for compounds 2A and 4A). 

4A 

 

X = alkyl chain 

linker terminal 

substituted benzene 

ring 

 

5A 

 

X = alkyl chain 

linker terminal 

substituted benzene 

ring 

 

6A 
 

Cyanide 
 

Alkyl chain 
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Table S1 (cont.) Summary SAR analysis of scaffold A original compounds (1A-6A) 

Overview key summary 

¶ Activity:  2A > 4A > 3A > 1A > 5A > 6A 

¶ Compounds with A site containing longer alkyl chain linker provided better activity than short linker (2A > 3A 

> 1A). The longer chain linker provided the higher MATS5m value.  

¶ The number of five-membered rings presented in the molecule at B site is important to potent activity of the 

compounds via affecting the nR05 values. Compounds 5A and 6A with absence of substituted five-membered 

ring at B site provide the lower nR05 value (nR05 =1) and lesser potency than those of five-membered ring 

substituted derivatives 1A-4A (with nR05 =2).  

¶ The presence of long-length alkyl chain at A site is required to give high R2V+ and MATS5m values and high 

pEC50 values of the compounds in this class (as observed for compounds 2A and 4A). 

 

 

Section 1.2: Modified compounds (635 compounds) 

 

Table S2 Modification strategies for rational design of modified compounds in scaffold A  

Modified Series Subseries Ring D 

modification 

A site / X site 

modification 

B site / Y site  

modification 

C site  

modification 

1A 

(81 compounds) 

 

1A-1 

1A-11 

1A-21 

1A-31 

No X modification:  

ŷ length of alkyl 

chain  

ŷ branching of 

alkyl chain 

 

Ring B: 

Open five-membered 

ring 

Y site:  

ŷ length of substituted 

alkyl chain 

No 
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Table S2 (cont.) Modification strategies for rational design of modified compounds in scaffold A 

Modified Series Subseries Ring D 

modification 

A site / X site 

modification 

B site / Y site  

modification 

C site  

modification 

 

 
1A-42 

1A-52 

1A-62 

1A-72 

Yes 
 

 

X modification:  

ŷ length of alkyl 

chain  

ŷ branching of 

alkyl chain 

 

Ring B:  

Open five-membered 

ring  

Y site:  

ŷ length of substituted 

alkyl chain 

No 

2A 

(83 compounds) 

2A-1 

2A-11 

2A-21 

2A-31 

No X modification:  

ŷ length of alkyl 

chain  

ŷ branching of 

alkyl chain 

 

Ring B:  

Open five-membered 

ring  

Y site:  

ŷ length of substituted 

alkyl chain 

No 

2A-42 

2A-52 

2A-62 

2A-72 

Yes 
 

 

X modification:  

ŷ length of alkyl 

chain  

ŷ branching of 

alkyl chain 

 

Ring B:  

Open five-membered 

ring  

Y site:  

ŷ length of substituted 

alkyl chain 

No 

3A 

(89 compounds) 

3A-1 

 

Yes 
 

 

X modification:  

ŷ length of alkyl 

chain  

ŷ branching of 

alkyl chain 

 

Ring B:  

Open five-membered 

ring  

Y site:  

ŷ length of substituted 

alkyl chain 

No 
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Table S2 (cont.) Modification strategies for rational design of modified compounds in scaffold A 

Modified Series Subseries Ring D 

modification 

A site / X site 

modification 

B site / Y site  

modification 

C site  

modification 

 
3A-2 

3A-3 

3A-4 

3A-8 

Yes 
 

 

X modification: 

Insert different 

five- and six-

membered rings at 

terminal of the 

chain 

 

Ring B:  

Open five-membered 

ring  

Y site:  

ŷ length of substituted 

alkyl chain 

Ring substitution at 

terminal chain of B 

position 

No 

3A-46 

3A-50 

3A-51 

3A-52 

3A-56 

No No 

 

Ring B:  

Open five-membered 

ring  

Y site:  

ŷ length of substituted 

alkyl chain 

Ring substitution at 

terminal chain of B 

position 

No 

4A 

(56 compounds) 

4A-1 

4A-4 

Yes Change type of X 

ring 

Change type of Y 

ring 

No 

4A-29 

4A-32 

No Change type of X 

ring 

Change type of Y 

ring  

No 

5A 

(39 compounds) 

5A-1 Yes No Change type of Y 

ring 

No 
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Table S2 (cont.) Modification strategies for rational design of modified compounds in scaffold A 

Modified Series Subseries Ring D 

modification 

A site / X site 

modification 

B site / Y site  

modification 

C site  

modification 

 
5A-2 

5A-3 

5A-4 

Yes Change type of X 

ring 

Change substituted 

group of X ring 

Change type of Y 

ring 

No 

5A-21 

5A-22 

5A-23 

No No Change type of Y 

ring 

No 

5A-24 

5A-25 

5A-26 

5A-27 

No Change type of X 

ring 

Change substituted 

group of X ring 

Change type of Y 

ring 

No 

6A 

(287 compounds) 

6A-1 

6A-2 

6A-3 

6A-4 

Yes Change type of A 

substitution 

No No 

6A-5 Yes No No Change type of C 

substitution 

6A-7 

6A-8 

6A-9 

6A-10 

Yes No Substitution at 

terminal chain of B 

position with several 

types of rings 

Change type of C 

substitution 

6A-73 Yes Change type of A 

substitution 

Y site: 

ŷ length of substituted 

alkyl chain 

No  

6A-74 

6A-75 

6A-76 

Yes Change type of A 

substitution 

Y site: 

ŷ length of substituted 

alkyl chain 

No 

6A-77 Yes Change type of A 

substitution 

Y site: 

ŷ length of substituted 

alkyl chain 

Change type of C 

substitution 
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Table S2 (cont.) Modification strategies for rational design of modified compounds in scaffold A 

Modified Series Subseries Ring D 

modification 

A site / X site 

modification 

B site / Y site  

modification 

C site  

modification 

 
6A-79 

6A-80 

6A-81 

6A-82 

Yes 
 

 

Change type of A 

substitution 

Y site: 

ŷ length of substituted 

alkyl chain 

Ring substitution at 

terminal chain of B 

position 

Change type of C 

substitution 

6A-145 

6A-146 

6A-147 

No Change type of A 

substitution 

No No 

6A-148 No Change type of A 

substitution 

No Change type of C 

substitution 

6A-156 No Change type of A 

substitution 

Ring substitution at 

terminal chain of B 

position 

Change type of C 

substitution 

6A-168 

6A-180 

6A-192 

No Change type of A 

substitution 

Ring substitution at 

terminal chain of B 

position 

Change type of C 

substitution 

6A-216 

6A-217 

6A-218 

6A-219 

No Change type of A 

substitution 

Y site:  

ŷ length of substituted 

alkyl chain 

No 

6A-220 No Change type of A 

substitution 

Y site:  

ŷ length of substituted 

alkyl chain 

Change type of C 

substitution 

6A-228 

6A-240 

6A-252 

6A-264 

No Change type of A 

substitution 

Y site:  

ŷ length of substituted 

alkyl chain 

Ring substitution at 

terminal chain of B 

position 

Change type of C 

substitution 
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Table S3 Summary SAR analysis of modified compounds in scaffold A 

Modified Series Effect of 

structure 

modification 

(Original VS 

Modified 

compounds) 

Most 

potent 

compound 

Type / position of substitution Influence of 

descriptor 

variables 

1A 

(81 compounds) 

All modified 

compounds = 

decreased activity   

(1A-42 > 1A-47 

>1A-2 > 1A-5) 

1A-42 Change ring D 

Open ring B  

Y site: substitutions with di-OCH3  

Ź nR05 

ŷ MATS5m 

(positive value) 

Open ring B decreases activity of the compounds (1A > all 

modified 1A)  

Open ring B together with increasing length of alkyl chain (X 

position) leads to decreased activity of the compounds (1A-1 > 

1A-11 > 1A-21 > 1A-31) 

Changing type of ring D to six-membered ring decreased 

activity of the compounds by mainly decreasing the value of 

nR05 to 0. 

2A 

(83 compounds) 

All modified 

compounds = 

decreased activity   

(2A-60 > 2A-72 > 

2A-1 > 2A-82) 

2A-60 Change ring D 

Open ring B  

Y site: substitutions with branched multiple 

-OCH3 group 

Ź nR05 

ŷ MATS5m 

(positive value) 

Same as observed from modifications of 1B series 

3A 

(89 compounds) 

All modified 

compounds = 

increased activity   

(3A-78 > 3A-80 > 

3A-79 > 3A-81) 

 

Subseries 

provided best 

activity = 

subseries 3A-78 

3A-78 Open ring B  

Y site: ŷ length of substituted alkyl chain 

Ring substitution at terminal chain of B 

position 

Ź nR05 

Ź Km 

Changing type of ring D to six-membered ring decreased 

activity of the compounds. 

Open ring B and attachment of longer alkyl chain on Y position 

gave the compounds with decreased activity. 

Subseries provided best activity = subseries 3A-78 (original 

ring D, opened ring B with -OCH3 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. 

¶ When D ring is six-membered ring and ring B is opened 

o Substitutions of X containing pyridine (3A-5 ï 3A-7) 

and naphthalene (3A-38) at terminal of the chain 

gave compounds with improved activity. 
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Table S3 (cont.) Summary SAR analysis of modified compounds in scaffold A 

Modified Series Effect of 

structure 

modification 

(Original VS 

Modified 

compounds) 

Most 

potent 

compound 

Type / position of substitution Influence of 

descriptor 

variables 

   
o Substitutions of X containing cyclohexane (3A-14) 

and cyclopentane (3A-18) at terminal of the chain 

gave compounds with decreased activity. 

¶ When D ring is five-membered ring and ring B is closed 

o Only substitution of X containing pyridine ring gave 

compounds with improved activity (3A-55) while 

modification with other types of rings decreased 

activity when compared with the original compound 

3A. 

4A 

(56 compounds) 

Only two 

modified 

compounds with 

increased activity 

(4A-45 and 4A-46) 

Other modified 

compounds = 

decreased activity  

 

Subseries 

provided best 

activity = 

subseries 4A-45 ï 

4A-48 

4A-46 Cyclopentane on terminal of X position 

Y ring is change to pyridine 

ŷ R2v+  

Ź nR05 

Changing type of ring D to six-membered ring decreased 

activity of the compounds (subseries 4A-45 ï 4A-48 provided 

better activity than the related derivatives in subseries 4A-17 ï 

4A-20 i.e., 4A-45 > 4A-17, 4A-46 > 4A-18, 4A-47 > 4A-19, 

4A-48 > 4A-20). 

When ring D is five-membered ring, changing type of Y ring 

mostly gave the compounds with decreased activity (except for 

4A-3 when Y is a pyridine ring). 

When D ring is six-membered ring, the replacement of X benzene 

ring with aliphatic rings (cyclohexane and cyclopentane) and 

naphthalene ring leads to improved activity of the compounds 

(as observed for subseries 4A-17 ï 4A-20). 

5A 

(39 compounds) 

Most of the 

modified 

compounds 

exhibited 

improved activity 

when compared to 

the parent 5A 

5A-33 Additional benzene ring is substituted on 

X ring  

Y ring is replaced by benzene ring 

Ź Km 

ŷ R2v+ 

The replacement of five-membered D ring to six-membered 

ring increase activity of the compounds (as observe when 

comparing 5A-2 > 5A-24, 5A-3 > 5A-25, 5A-4 > 5A-26, 5A-21 

> 5A-27), except for the most potent compound 5A-33. 

The compounds in which their ring X is modified with longer 

alkyl chain or substitution of additional ring on X, as well as 

whose ring X is replaced by naphthalene provided better 

activities when compared to a parent compound 5A. This was 
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Table S3 (cont.) Summary SAR analysis of modified compounds in scaffold A 

Modified Series Effect of 

structure 

modification 

(Original VS 

Modified 

compounds) 

Most 

potent 

compound 

Type / position of substitution Influence of 

descriptor 

variables 

   
observed for both derivatives in which their D ring is original 

five-membered ring and modified six-membered ring.  

Conversely, the modification of ring Y by various type of rings 

variously affected on bioactivity of the compounds. 

6A 

(287 compounds) 

Most of the 

modified 

compounds 

exhibited 

improved activity 

when compared to 

the parent 6A 

6A-116 

6A-115 

Ring D is changed to six-membered ring. 

A site is modified by longer substituted 

alkyl chain and insertion of terminal 

benzene ring. 

B site is modified to -COH group (only for 

6A-116).  

C site is substituted with -OCH3 group 

(only for 6A-116). 

ŷ R2v+  

Ź nR05 

Ź Km 

 

6A-44 

6A-43 

6A-45 

Ring D is changed to six-membered ring. 

A site is modified by longer substituted 

alkyl chain and insertion of terminal 

benzene ring. 

B site is modified to -COH group (6A-44) 

or -COCH3 group (6A-45).  

C site is substituted with -OCH3 group 

ŷ R2v+  

Ź nR05 

Ź Km 

 

6A-140 Ring D is changed to six-membered ring. 

A site is modified by longer substituted 

alkyl chain and insertion of terminal 

naphthalene ring. 

B site is modified to -CO-benzyl group 

Ź nR05 

Ź Km 

In each subseries minor modifications were performed on A, B, and C sites. 

The modified compounds are predicted with various bioactivity results, but 

most of them provided improved activities when compared to the parent 

compound 6A. 

Replacement of ring D with six-membered ring is required for improved 

activity of the compounds.  

Modification on A site by insertion of terminal benzene ring is essential for 

preferable activity. 

Modification on B site by replacing the branched alkyl chain to -COH, -COCH3, 

-CN increased activity of the compounds. 
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Table S3 (cont.) Summary SAR analysis of modified compounds in scaffold A 

Modified Series Effect of 

structure 

modification 

(Original VS 

Modified 

compounds) 

Most 

potent 

compound 

Type / position of substitution Influence of 

descriptor 

variables 

  
Modification on C site by substitutions of -OCH3 or -OCF3 gave compounds 

with better activities than those substituted with -O-benzyl group. 

Overview summary of modified 

scaffold A 

¶ Effects of replacement of five-membered ring D to six-membered ring are 

varied depending on the parent compounds. Improved activities were 

observed for the six-membered ring modified compounds series 5A-6A, 

whereas decreased activities were found for those of the series 1A-4A. 

¶ Modified compounds in series 6A provided the best predicted activities.  

¶ Modified compounds in series 1A-2A provided lesser activity than their 

parent compounds.  

¶ Modified compounds in series 3A-6A provided various predicted 

activities (both improved and impaired activities). 

 

Most of the modified compounds in 5A subseries (Figure 4d) provided more potent 

activity (predicted pEC50 = 5.242-5.645, supplementary data, Scaffold A) than parent 5A 

(experimental pEC50 = 5.410, Table 2). The high predicted activity of compound 5A-33 

(predicted pEC50 = 5.645) could be due to the presence of benzene ring attached to O-atom on 

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 information, Table S3). Considering the top-five most potent compounds, most 

of them, except for 5A-33, are compounds in which their five-membered D rings were replaced 

with the six-membered ring (Figure 4d). From the whole modified compounds 5A (39 

compounds), it was indicated that activity of the modified compounds was improved when 

compared to the original 5A 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 five-membered D ring as well as those 

whose D ring were modified to six-membered ring. Conversely, the modification of ring Y by 

various type of rings differently affected the bioactivity.   

From the whole modified 4A series (56 compounds), only two compounds (i.e., 4A-46 

and 4A-45, Figure 4c) provided the higher predicted pEC50 values (4A-46 = 5.747, 4A-45 = 

5.689, supplementary data, Scaffold A) than that of their parent 4A (experimental pEC50: 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 the five-membered ring D with the six-membered 

ring leads to compounds with impaired activity.  

From the modified series 3A, the best activity was obtained when the ring D as well as 

the moiety at C position are retained in the original form as their parent 3A (Figure 4b). 

Moreover, an opening of ring B with terminal -OCH3 substitutions on Y position together an 

insertion of alkyl chain linker with terminal pyridine ring on ring X leads to compound 3A-78 



EXCLI Journal 2024;23:818-832 ï ISSN 1611-2156 

Received: March 26, 2024, accepted: April 17, 2024, published: May 27, 2024 

 

 

 

S13 

with the most improved activity (predicted pEC50: 3A-78 = 5.734 and 3A = 5.620). 

Additionally, it was found from the modified series 1A and 2A that the structural features that 

lead to an impaired S1PR2 modulating activity includes an opening of ring B, an increasing 

length of the alkyl chain on X position, as well as the replacement of ring D with six-

membered ring. 

 

 

 

Section 2: Summary SAR analysis scaffold B 

Section 2.1: Original set (1B-5B) 

¶ Activity: 4B >3B > 2B > 5B > 1B  

¶ Note: 5B different structure (not use for comparison)  

 

Table S4 Summary SAR analysis of scaffold B original compounds (1B-5B) 

Activity 

comparison 

Effects of type / 

position / numbers 

of substitution on 

ring A  

Effects on activity (increase 

/ decrease) 

Influence of descriptor 

variables 

4B > 3B > 2B > 1B 2 Cl > 1 Cl > CH3 > H Halogen substitution provides 

better activity than alkyl / 

hydrogen group 

Changing type of R 

groups influence values 

of both descriptors 

4B > 3B 2 Cl > 1 Cl Addition of more chlorine 

group on A ring increase 

activity via increasing van der 

Waals volume 

via increasing H3e value 

 

 

Section 2.2: Modified compounds (117 compounds)  
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Table S5 Summary SAR analysis of modified compounds in scaffold B 

Modified Series Effect of structure 

modification 

(Original VS Modified 

compounds) 

Most potent 

compound 

Type / position of 

substitution 

Influence of 

descriptor variables 

1B 

(28 compounds) 

All modified compounds = 

improved activity  

(1B-3 > 1B-4 > 1B-8 > 1B-6) 

1B-3 

(Ring A)  

Xa = High H3e  

1B-4 

(Ring A) 

Xa = 
High E3v  

Modification of Ring A  

(1B-1 ï 1B-16) 

Modification on ring A (pEC50 = 5.739-7.977) gave compounds 

with improved activity than modification on ring B (pEC50 = 

5.403-6.043) 

Modification of Ring B 

(1B-17 ï 1B-28) 

Among compounds with modification on ring B, the compounds 

modified with NO2 group gave the most promising improved 

activities (pEC50 = 5.752-6.043) when compared with those of  

-OH, -OCH3, -OCF3, and halogen series 

Di-substitution of the same moiety on ring B (Xb=Yb) gave the 

best activity when compared to substitution with different type 

of group, except for the series -OCH3. 

OCH3 series: Xb= NO2 > OCF3 > OH > OCH3 (1B-16 > 1B-15 > 

1B-14 > 1B-13) 

OCF3 series: Xb= OCF3 > NO2 > OH > OCH3 (1B-17 > 1B-20 > 

1B-18 > 1B-19) 

NO2 series: Xb= NO2 > OH > OCF3 > OCH3 (1B-21 > 1B-22 > 

1B-24 > 1B-23) 

For halogen series, the best activity was obtained when Yb is 

substituted with fluoride (F) atom: F > Cl and Br > I (1B-25 > 

1B-26 å 1B-27 > 1B-28) 

2B 

(4 compounds) 

All modified compounds = 

improved activity   

Modification of Ring A  

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

2B-3  Xa = High H3e and E3V 

values 

Type of substitution affected values of electronegativity and van 

der Waal descriptors. 

Ring substitution (2B-3 and 2B-4) gave compounds with better 

activities than alkyl-chain substitution (2B-2 and 2B-1)  
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Table S5 (cont.) Summary SAR analysis of modified compounds in scaffold B 

Modified Series Effect of structure 

modification 

(Original VS Modified 

compounds) 

Most potent 

compound 

Type / position of 

substitution 

Influence of 

descriptor variables 

3B 

(11 compounds) 

All modified compounds = 

improved activity 

(3B-4 > 3B-5 > 3B-6 > 3B-7) 

Modification of Ring A only 

(3B-1 ï 3B-3) 

Modification of Ring A and B  

Series Ia: when Xa = 

cycloalkane, Yb = halogen 

(3B-4 ï 3B-7) 

Series IIa: when Xa = benzene 

ring (3B-8 ï 3B-11) 

Modifications on both ring A and B can better improve 

activities of the compounds than modification on ring A alone. 

3B-4 Xa = High H3e values 

Substitution on ring A by replacing Cl-group with six-membered 

aliphatic ring (series Ia cycloalkane) affected the increasing 

values of both descriptors and provided modified compounds 

with better activity than the substitution with aromatic ring 

(series IIa benzene)  

Examples:  

3B-4 > 3B-8   

3B-5 > 3B-9  

3B-6 > 3B-10  

3B-7 > 3B-11 

  

Increased H3e and E3V 

values 

Type of halogen substitution on ring B (at Yb) affected 

activities of the compounds.  

Fluorine (F) substitution gave the best activity for compounds in 

series Ia (F > Cl > Br > I: 3B-4 > 3B-5 > 3B-6 > 3B-7) whereas 

the iodine (I) substitution gave the most potent compound for 

series IIa (I > F > Cl > Br: 3B-11 > 3B-8 > 3B-9 > 3B-10). 

4B 

(63 compounds) 

 

All modified compounds = 

improved activity 

(4B-48 > 4B-53 > 4B-52 > 

4B-54) 

Modification of Ring A only 

F-series: Xa = F, Xb = vary R 

(4B-1 ï 4B-8) 

Cl-series: Xa = Cl, Xb = vary R 

(4B-9 ï 4B-15) 

Br-series: Xa = Br, Xb = vary R 

(4B-16 ï 4B-23) 

I-series: Xa = I, Xb = vary R 

(4B-24 ï 4B-31) 

 

4B-48 Xa = OCF3 

Ya = F 

High H3e and E3v 

values 

Modified compounds of OCF3-series provided the most 

improved activities (predicted pEC50 = 6.275-6.795).  

Potent predicted activities of the compounds in OCF3-series are 

due to their high E3v value (all compounds possess E3v value > 3, 

greater than those of other series). 

It was observed that all the most potent compounds of each 

subseries possess the highest H3e value (and some of them 

provide the highest E3v value) among others in the same 

subseries. 

In overview, structural modifications could improve activities 

of the compounds mostly via affecting the H3e value. 
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Table S5 (cont.) Summary SAR analysis of modified compounds in scaffold B 

Modified Series Effect of structure 

modification 

(Original VS Modified 

compounds) 

Most potent 

compound 

Type / position of 

substitution 

Influence of 

descriptor variables 

 CF3-series: Xa = CF3,  

Xb = vary R (4B-32 ï 4B-39) 

OCH3-series: Xa = OCH3,  

Xb = vary R (4B-40 ï 4B-47) 

OCF3-series: Xa = OCF3,  

Xb = vary R (4B-48 ï 4B-55) 

NO2-series: Xa = NO2,  

Xb = vary R (4B-56 ï 4B-63) 

  
 

5B 

(11 compounds) 

 

All modified compounds = 

improved activity 

(5B-9 > 5B-7 > 5B-11 > 5B-5)  

Modification of Ring C only 

by changing X (5B-1 ï 5B-3) 

Modification of Ring C and D 

by changing X and Y (5B-4 ï 

5B-11) 

5B-9 X = CH2CH3 

Y = branched tri-

CH3 

 

Replacement of X with longer alkyl chain, branched alkyl 

group, and ring increased activities of the modified compounds. 

In overview, the best improved activity was obtained when X is 

replaced with long alkyl chain and Y is replaced with branched 

alkyl chain. 
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Figure S1: Chemical structure of modified compounds 1A 
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Figure S1 (cont.): Chemical structure of modified compounds 1A 
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Figure S1 (cont.): Chemical structure of modified compounds 1A 
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Figure S1 (cont.): Chemical structure of modified compounds 1A 
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Figure S2: Chemical structure of modified compounds 2A 
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Figure S2 (cont.): Chemical structure of modified compounds 2A 
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Figure S2 (cont.): Chemical structure of modified compounds 2A 
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Figure S2 (cont.): Chemical structure of modified compounds 2A 
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Figure S3: Chemical structure of modified compounds 3A 



EXCLI Journal 2024;23:818-832 ï ISSN 1611-2156 

Received: March 26, 2024, accepted: April 17, 2024, published: May 27, 2024 

 

 

 

S26 

 

 

 

 

Figure S3 (cont.): Chemical structure of modified compounds 3A 
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Figure S3 (cont.): Chemical structure of modified compounds 3A 



EXCLI Journal 2024;23:818-832 ï ISSN 1611-2156 

Received: March 26, 2024, accepted: April 17, 2024, published: May 27, 2024 

 

 

 

S28 

 

 

 

 

Figure S3 (cont.): Chemical structure of modified compounds 3A 
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Figure S3 (cont.): Chemical structure of modified compounds 3A 
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Figure S4: Chemical structure of modified compounds 4A 
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Figure S4 (cont.): Chemical structure of modified compounds 4A 
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Figure S4 (cont.): Chemical structure of modified compounds 4A 
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Figure S5: Chemical structure of modified compounds 5A 
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Figure S5 (cont.): Chemical structure of modified compounds 5A 
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Figure S6: Chemical structure of modified compounds 6A 


