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Table S1. Fingerprint notations along with the open-source software packages used for their calculation.

Fingerprints 

Name

Description Number 

of Bits

Package Reference

MACCS#
MACCS fingerprint that generates 166-bit 

MACCS keys
166 CDK 1,2

PUB#
PubChem fingerprints that generate 881-bit-long 

structural key
881 CDK 3

KR*
Klekota-Roth fingerprints based on 4860 

substructures
4860 CDK 4

GRAPH*
Graph fingerprint which does not take bond 

orders into account
1024 CDK 1,2

SUB*
Bit set type fingerprint based on 307 

substructures
307 CDK 1,2

HYB*
Fingerprint based on hybridization state of 

atoms
1024 CDK 1,2

MFP2#
Morgan connectivity invariants (ECFP-like) with 

radius = 2
2048 RDKit 5

FeatMFP2#
Morgan feature invariants (FCFP-like) with 

radius = 2
2048 RDKit 5

PAIR# Atom pairs fingerprints 2048 RDKit 6

PAT# SMARTS Pattern fingerprints 2048 RDKit 5

RDKIT# Daylight-like fingerprints 2048 RDKit 5

TORS# Topological torsion fingerprints 2048 RDKit 7

FP2* Indexes linear fragments up to 7 atoms Pybel 8

# Fingerprints generated using KNIME fingerprint nodes

* Fingerprints generated using custom Python scripts



Table S2. Chemical Structures of M1R PAMs Selected to Investigate their Potential Cross-Affinity with CB2R using IFD.

ChEMBL ID Chemical Structure IP/EC50

(nM)
Or

Activity

SMILES Reference 

(1)

CHEMBL4224929

N
N

N

NH

HO
O

active

Cn1cc(-

c2ccc(Cn3cc(C(=O)N[

C@H]4CCCC[C@@H]

4O)c4ccccc43)cc2)cn1

9

(2)

CHEMBL4227499

NH2

N

NH

HO
O

O

active

NC(=O)c1ccc(Cn2cc(

C(=O)N[C@H]3CCC

C[C@@H]3O)c3ccccc3

2)cc1

9



(3)

CHEMBL4227561

N
N

N
N

NH

HO
O

active

Cn1cc(-

c2ccc(Cn3nc(C(=O)N

[C@H]4CCCC[C@@H

]4O)c4ccccc43)cc2)cn

1

9

(4)

CHEMBL3745855
EC50= 248

O=C(N[C@H]1CC[C

@H](CO)CC1)c1cn(C

c2ccc(-

n3cccn3)cc2)c2cccnc1

2

10

(5)

CHEMBL3745995

N

N

N
NH

HO
O

EC50=478

N#Cc1ccc(Cn2cc(C(=

O)N[C@H]3CCCC[C

@@H]3O)c3ncccc32)c

c1

10

OH

NH

N

N
N

N

O



(6)

CHEMBL3746904
EC50=185

O=C(N[C@H]1CCCC

[C@@H]1O)c1cn(Cc2

ccc3ncccc3c2)c2cccnc

12

10

(7)

CHEMBL4759834

HO

N
H

N

F

NN

O

EC50=149

O=C(N[C@@H]1CCC

C[C@H]1O)c1cc(Cc2c

cc(c3ccc(F)cn3)cc2)c2

cccn2n1

11

(8)

CHEMBL4783540

N
N

N
H

OO
NN

EC50=182

Cn1cc(c2ccc(Cc3cc(C(

=O)NC4CCOCC4)nn

4cccc34)cc2)cn1

11

HO

HN

N

N

N
O



(9)

CHEMBL474500l

N
H

N

NN

O

OH

EC50=405

CC(C)(O)CNC(=O)c1

cc(Cc2ccc(c3ccncc3)cc

2)c2cccn2n1

11

(10)

(CID 53307538)
EC50=63

O=C(N[C@H]1C
CCC[C@@H]1O)c
1cc(Cc2ccc(Cl)nc

2)c2ccccc2n1

12

(11)

(CID 53307539)

N

N
H

HO
O

N

EC50=102

Cc1ccc(Cc2cc(C(=
O)N[C@H]3CCC
C[C@@H]3O)nc3

ccccc23)cn1

12

HO

N
H

N

N

Cl

O



(12)

CHEMBL3360928
O

NN

N

F

EC50=1000

O=c1c2cn(Cc3ccccc3)

c3ccccc3c-

2nn1Cc1ccccc1F

13

 (13)

CHEMBL3360931

NN

N

O
EC50=776.25

Cc1ccccc1Cn1nc2c3cc

ccc3n(Cc3ccccc3)cc-

2c1=O

13

(14)

CHEMBL3360938

NN

N

O

F

EC50=656

Cc1ccc(Cn2nc3c4cccc

c4n(Cc4ccccc4F)cc-

3c2=O)c(C)c1

13



(15)

CHEMBL3360947

NN

N

O

O
EC50=812.83

COc1ccc(Cn2cc3c(=O

)n(Cc4ccc(C)cc4C)nc-

3c3ccccc32)cc1

13

(16)

CHEMBL4218803

O

N

O
N N

F

EC50=410

COc1ccc(Cn2cc3c(=O

)n(-c4ccccc4F)nc-

3c3ccccc32)cc1

14

(17)

CHEMBL1556989

NN

N

O
EC50=473

Cc1ccc(C)c(Cn2nc3c4

ccccc4n(Cc4ccccc4)cc-

3c2=O)c1

13



(18)

CHEMBL3360959

O
NN

N

N
N

EC50>10

O=c1c2cn(Cc3ccc(-

n4cccn4)cc3)c3ccccc3

c-2nn1Cc1ccccc1

13

(19)

CHEMBL3360954

N
N

F

N

N NH
O

EC50=0.6

Cn1cc(-

c2ccc(Cn3cc4c(=O)[n

H]nc4c4ccccc43)c(F)c

2)cn1

13

(20)

CHEMBL3360955

O
NHN

N

N
N

EC50=1.2

O=c1[nH]nc2c3ccccc3

n(Cc3ccc(n4cccn4)cc3

)cc1-2

13



(21)

CHEMBL2203584

HO

N
H

N

N

N

N

O O

IP=381

CO[C@H]1CCCC[C@
@H]1NC(=O)c1cc(CN
2CCC(C#N)(c3ccccn3
)CC2)c2ccccn2c1=O

15

(22)

CHEMBL2204291*
N

N

NH

O

N

O

N

IP=253

N#CC1(c2ccccn2)CC
N(Cc2cc(C(=O)NC3C
CCCC3)c(=O)n3ccccc

23)CC1

15

(23)

CHEMBL2204292

N
N

N
H

O

N

O

N

IP=304

N#CC1(c2ccccn2)CC
N(Cc2cc(C(=O)NC3C
CCCCC3)c(=O)n3ccc

cc23)CC1

15



(24)

CHEMBL2204294*
N

N

N
H

OO

N

O

N

IP=338

N#CC1(c2ccccn2)CC
N(Cc2cc(C(=O)NC3C
COCC3)c(=O)n3ccccc

23)CC1

15

(25)

CHEMBL2204297

N
H

N

N

N

N

O O

IP=190

C[C@H]1CCCC[C@@
H]1NC(=O)c1cc(CN2
CCC(C#N)(c3ccccn3)
CC2)c2ccccn2c1=O

15

(26)

CHEMBL2204298

N
N

NH

F
FO

N

O

N

IP=205

N#CC1(c2ccccn2)CC
N(Cc2cc(C(=O)NC3C
CCCC3(F)F)c(=O)n3c

cccc23)CC1

15



* Compounds have affinity on P-glycoprotein (P-gp) efflux transporters

(27)

CHEMBL1090104

OH

NS

O O

IP=370
O=C(O)c1cn(Cc2ccc(-
c3ccccc3)cc2)c2sccc2c

1=O

16

(28)

CHEMBL3360956

O

N

N
N

O
EC50=10

O=C1C(=O)N(Cc2ccc
(n3cccn3)cc2)c2ccccc2

1

13



Table S3. Chemical Structures of CB2R Agonist Compounds Selected to Investigate their Potential Cross-Affinity with M1R using IFD.

ChEMBL ID Chemical Structure EC50

(nM)

SMILES Reference

(29)
CHEMBL456535

O

NHN

O
N

63.7
O=C(N/N=C1\C(=O)
N(Cc2ccccc2)c2ccccc2

1)c1ccccc1

17

(30)
CHEMBL3354953

O NH

OH

N
N

F

F

(R)

(R)
13.6

O=C(NC1(CO)CC1)c
1nn(-

c2ccc(F)cc2F)c2c1C[C
@H]1C[C@@H]21

18



(30’)
CHEMBL3354964

O NH

OH

N
N

F

F

(S)

(S)
24.8

O=C(NC1(CO)CC1)c
1nn(-

c2ccc(F)cc2F)c2c1C[C
@@H]1C[C@H]21

18

(31)
CHEMBL3354954

1.2

O=C(NC1(CO)CCC1)
c1nn(-

c2ccc(F)cc2F)c2c1C[C
@H]1C[C@@H]21

18

(32)
CHEMBL3354955

O NH

OH

N
N

F

F

(R)

(R)

0.7

O=C(NC1(CO)CCCC
1)c1nn(-

c2ccc(F)cc2F)c2c1C[C
@H]1C[C@@H]21

18

OH

NH

(R)

(R) N
N

F

F

O



(33)
CHEMBL3354957

O NH

(R)
OH

N
N

F

F

(R)

(R)

5.4

O=C(N[C@@H](CO)c
1ccccc1)c1nn(-

c2ccc(F)cc2F)c2c1C[C
@H]1C[C@@H]21

18

(33’)
CHEMBL3354956

O NH

(S)
OH

N
N

F

F

(R)

(R)

38.8

O=C(N[C@H](CO)c1
ccccc1)c1nn(-

c2ccc(F)cc2F)c2c1C[C
@H]1C[C@@H]21

18

(34)
CHEMBL3354967

OH

NHO

N
N

(R)

(R)

100.9

CC(C)(CO)NC(=O)c1
nn(-

c2ccccc2)c2c1C[C@H]
1C[C@@H]21

18



(35)
CHEMBL3354958

O NH

O

N
N

F

F

(R)

(R)

15.2

O=C(NC1CCOCC1)c
1nn(-

c2ccc(F)cc2F)c2c1C[C
@H]1C[C@@H]21

18

(35’)
CHEMBL3354965

O NH

O

N
N

F

F

(S)

(S)

38.5

O=C(NC1CCOCC1)c
1nn(-

c2ccc(F)cc2F)c2c1C[C
@@H]1C[C@H]21

18



(36)
CHEMBL5199876

N

O
NH NH2

O

40
CCCCn1cc(C(=O)N[
C@@H](Cc2ccccc2)C(

N)=O)c2ccccc21
19

(37)
CHEMBL5209051

N

O
NH NH2

O

N

316.23
CCCCn1cc(C(=O)N[
C@@H](Cc2ccccc2)C(

N)=O)c2cccnc21
19

(38)
CHEMBL5178204

N

O
NH NH2

O

N

381
CCCCCn1cc(C(=O)N
[C@@H](Cc2ccccc2)C

(N)=O)c2cccnc21
19



(39)
CHEMBL3422790 

3.162
CC1CCC(NC(=O)c2c
(O)c3cccnc3n(Cc3ccc(

F)cc3)c2=O)CC1
20

(40)
CHEMBL466223

28
CC1CCC(NC(=O)c2c
c3cccnc3n(CCN3CC

OCC3)c2=O)CC1
21

(41)
CHEMBL3422788

1.995
CCCCCn1c(=O)c(C(=
O)NC2CCC(C)CC2)c

c2ccccc21
20

NH

N

F

N O

OH O

NH

N N

N

O

O

O

N

NH

O

O



(42)
CHEMBL3421689 N

N N
O

204
CCCCCn1cc2c(=O)n(

C3CCCCC3)nc-
2c2ccccc21

22

(43)
CHEMBL 3421697 N

N N
O

14.3
CCCCCn1cc2c(=O)n(

CC3CCCCC3)nc-
2c2ccccc21

22

(44)
CHEMBL3421698

N

N N
O

5.4
CCCCCn1cc2c(=O)n(
CCC3CCCCC3)nc-

2c2ccccc21
22



(45)
CHEMBL3421699 N

N N
O

64
CCCCCn1cc2c(=O)n(
CC34CC5CC(CC(C5)
C3)C4)nc-2c2ccccc21

22

(46)
CHEMBL1641947

N

NH

OO

1.9
CCCCCn1cc(C(=O)N
C2CCCCC2)c(=O)cc1

-c1ccccc1
23

(47)
CHEMBL1641948

1.9
CCCCCn1cc(C(=O)N
[C@@H]2CCCc3ccccc
32)c(=O)cc1-c1ccccc1

23N

NH
(R)

OO



(48)
CHEMBL1641949

N

NH
(S)

OO

60
CCCCCn1cc(C(=O)N
[C@H]2CCCc3ccccc3
2)c(=O)cc1-c1ccccc1

23

(49)
CHEMBL2170545

38.4

CCCCCn1cc(C(=O)N
[C@H]2[C@@H]3C[C
@H]4C[C@@H](C3)C[
C@@H]2C4)c(=O)cc1

C

24

(50)
CHEMBL2170529*

N

NH

ON O

114

CCCCCn1cc(C(=O)N
[C@]23C[C@H]4C[C
@H](C[C@H](C4)C2)
C3)c(=O)c(-
c2ccncc2)c1C

24

N

N
H

OO



(51)
CHEMBL2170549

N

N
H

OO

452

CCCCCn1cc(C(=O)N
[C@H]2[C@@H]3C[C
@H]4C[C@@H](C3)C[
C@@H]2C4)c(=O)cc1

C(C)(C)C

24

(52)
CHEMBL2170544

N

N
H

OO

84.2

CCCCCn1cc(C(=O)N
[C@@H](C)[C@]23C[
C@H]4C[C@H](C[C@
H](C4)C2)C3)c(=O)cc

1C

24

(53)
CHEMBL1642940

N

NH

OO

6.5

CCCCCn1cc(C(=O)N
[C@@H](C)[C@]23C[
C@H]4C[C@H](C[C@
H](C4)C2)C3)c(=O)cc

1-c1ccccc1

23

(54)
CHEMBL1641942

N

NH

OO

10.9

CCCCCn1cc(C(=O)N
C[C@]23C[C@H]4C[

C@H](C[C@H](C4)C2
)C3)c(=O)cc1-

c1ccccc1

23



(55)
CHEMBL2170546

N

N
H

OO

53.1

CCCCCn1cc(C(=O)N
C[C@]23C[C@H]4C[

C@H](C[C@H](C4)C2
)C3)c(=O)cc1C

24

(56)
CHEMBL16414938

N

NH

OO

7.8
CCCCCn1cc(C(=O)N
C2CCCCC2)c(=O)cc1

C(C)(C)C
23

(57)
CHEMBL2152800

N

NH

O

F

O

17.2

CCn1cc(C(=O)N[C@
@H]2C(C)(C)[C@H]3
CC[C@]2(C)C3)c(=O)

c2ccc(F)cc21

25

(58)
CHEMBL264521

N

NH

OO

24.8

CCCCCn1cc(C(=O)N
[C@H]2[C@@H]3C[C
@H]4C[C@@H](C3)C[
C@@H]2C4)c(=O)c2cc

ccc21

26



(59)
CHEMBL372544 N

NH

OO

14.1

CCCCCn1cc(C(=O)N
[C@@]23C[C@@H]4C[
C@@](C)(C[C@@](C)(
C4)C2)C3)c(=O)c2ccc

cc21

26

(60)
CHEMBL380610

N

NH

OO

157.4
CCCCCn1cc(C(=O)N
[C@H]2CCCc3ccccc3

2)c(=O)c2ccccc21
26

(61)
CHEMBL4079817

OH

N NH

O

420
O=C(NC1CCCCC1)c
1cc2ccccc2n1CCCCC

O
27

(62)
CHEMBL1828807

O

N
NH

O

6.31
COCCn1cc(C(=O)Nc
2cccc3ccccc23)c2ccccc

21
28



(63)
CHEMBL4073323

O
NH

N

N

O

59

O=C(N[C@]12C[C@H
]3C[C@H](C[C@H](C
3)C1)C2)c1cn(CCN2
CCOCC2)c2ccccc12

27

(64)
CHEMBL4062303

N

N

NH
O

180

N#CCCn1cc(C(=O)N[
C@]23C[C@H]4C[C@
H](C[C@H](C4)C2)C

3)c2ccccc21

27

(65)
CHEMBL4087526

N

N

NH
O

31

N#CCCCn1cc(C(=O)
N[C@]23C[C@H]4C[

C@H](C[C@H](C4)C2
)C3)c2ccccc21

27



(66)
CHEMBL4090311

N

N

NH
O

410

N#CCn1cc(C(=O)N[C
@]23C[C@H]4C[C@H
](C[C@H](C4)C2)C3)

c2ccccc21

27

(67)
CHEMBL4066155

OH

N

NH
O

160

O=C(N[C@]12C[C@H
]3C[C@H](C[C@H](C
3)C1)C2)c1cn(CCCC

O)c2ccccc12
27

(68)
CHEMBL4079650

O
NH

N

OH

62

O=C(N[C@]12C[C@H
]3C[C@H](C[C@H](C
3)C1)C2)c1cn(CCCC

CO)c2ccccc12

27



(69)
CHEMBL4103902

O

N

NH
O

82

COCCCCCn1cc(C(=
O)N[C@]23C[C@H]4
C[C@H](C[C@H](C4)

C2)C3)c2ccccc21

27

(70)
CHEMBL4284943

OO

N

O

OH
4.4

COc1ccc(C(=O)c2cn(
CC3CCOCC3)c3ccc(

O)cc23)cc1
29

(71)
CHEMBL4089341

N O

O

4.5
CCCCn1cc(C(=O)c2c
cccc2OC)c2ccccc21 30



(72)
CHEMBL3934189

O

NH

OH

N 291.8
O=C(N[C@H]1CCCC
[C@@H]1O)c1cccc(C2

CCCCC2)n1
31

(73)
CHEMBL3928538

O

NH

OH

N 157.6
O=C(N[C@@H]1CCC
C[C@H]1CO)c1cccc(

C2CCCCC2)n1
31

(74)
CHEMBL2338178

O

N 23

O=C(N1CCc2ccccc21)
[C@]12C[C@H]3C[C
@H](C[C@H](C3)C1)

C2

32

(75)
CHEMBL2338181 N

O

16

CC1(C)CN(C(=O)[C@
]23C[C@H]4C[C@H](
C[C@H](C4)C2)C3)c2

ccccc21

32



(76)
CHEMBL246952

O

N 72

O=C(N1CCCc2ccccc2
1)[C@]12C[C@H]3C[

C@H](C[C@H](C3)C1
)C2

32

(77)
CHEMBL381689

N
N

O

NH

Cl

1.8

Cc1ccc(Cn2nc(C(=O)
N[C@H]3C(C)(C)[C@
@H]4CC[C@@]3(C)C

4)cc2-
c2ccc(Cl)c(C)c2)cc1

23

(78)
CHEMBL2022698

O

N

F

O

NH 6.31
O=C(NC1CCCCCC1)
c1cccn(Cc2ccc(F)cc2)c

1=O
33

(79)
CHEMBL4175577 N

F

NH

OO

1.9
Cc1ccn(Cc2ccc(F)cc2)
c(=O)c1C(=O)NC1CC

CCCC1
34



*Compounds have affinity on P-glycoprotein (P-gp) efflux transporters

(80)
CHEMBL4167303

N

F

NH

OO

12

Cc1c(-
c2ccccc2)cn(Cc2ccc(F)
cc2)c(=O)c1C(=O)NC

1CCCCCC1

34



Figure S1. Superimposition of Docked and Co-Crystallized Poses of CB2R Agonists. A. IFD pose of WIN 55,212-2 (magenta) overlaid with its 
co-crystallized pose (dark rose) from PDB ID: 6PT0, with an RMSD of 1.030 Å.  B. IFD pose of CP 55,940 (magenta) overlaid with its co-crystallized 
pose (dark rose) from PDB ID: 8GUR, with an RMSD of 0.402 Å. 





Figure S2. Key Interactions Between the M1R PAMs Docked Within the CB2R Orthosteric Binding Pocket. Key interacting residues 
for A. Compound 2, B. Compound 3, C. Compound 5, D. Compound 9, E. Compound 11, F. Compound 13, G. Compound 14, H. Compound 
15, and I. Compound 16, all docked into the orthosteric site of CB2R (PDB ID: 8GUR or 6PT0). CB2R is shown as rose ribbons and key ligand-
binding residues are displayed as dark rose sticks. Ligands are represented as magenta sticks within their respective binding sites. Hydrogen 
bonds are indicated with yellow dashed lines, π–π stacking interactions with cyan dashed lines, aromatic hydrogen bonds with light cyan dashed 
lines, and π–cation interactions with green dashed lines.





Figure S3. Key Interactions Between the CB2R Agonists Docked Within the M1R Allosteric Binding Pocket. Key interacting residues 
for A. Compound 31, B. Compound 32, C. Compound 36, D. Compound 38, E. Compound 40, F. Compound 41, G. Compound 
43, H. Compound 47, I. Compound 48, J. Compound 62, and K. Compound 71, all docked into the allosteric site of M1R in the presence of the 
orthosteric agonist Iperoxo (IXO) (PDB ID: 6OIJ). M1R is shown as sky-blue ribbons and key ligand-binding residues are displayed as dark sky-
vlue sticks. Ligands are represented as magenta sticks within their respective binding sites. Hydrogen bonds are indicated with yellow dashed 
lines, π–π stacking interactions with cyan dashed lines, aromatic hydrogen bonds with light cyan dashed lines, and π–cation interactions with 
green dashed lines.
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