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1 Experimental Section — Synthesis of compounds 1 and E3o,m,

The synthesis of compound 1 starts with the literature-known halogenation of aldehyde E4 with bromine
or iodine.l: 8 The work-up for the iodination was as following: sodium thiosulfate pentahydrate was
dissolved in water (10%-aqueous solution) and sodium hydroxide, until pH 7 was reached, were added
to the reaction mixture. After extraction with EtOAc (four times), drying over MgSO4 and filtration, the
semi-crude was purified by column chromatography (n-hexane/EtOAc, 4:1 — 1:1, (v/v)). In the second
step, a Knoevenagel condensation was performed yielding E6,"! followed by the alkylation of N1 with
para-fluorobenzyl chloride as published by Lucchesi et alll The basic ester hydrolysis of E7 with
LiOH-H20 in THF/MeOH/H20 (2:1:1, v/viv) at 60 °Cl% led to compound 1. The synthesis of the ami-
nocarboranes E3o,m,p has been reported for the ortho-carborane derivative by Nie et al.l'® and for the
meta- and para-carborane derivatives by Scholz et al.['®l and Choi and Byun!'%,
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Figure S1. Synthesis of target compounds 2, mp, 30,m,, 4, and 5. Reagents and conditions: for E3,,p: (A) (i) n-butyllithium,Et,O,
CO,, —78°C — RT, 16-21 h (ii) HCI and B) (i) 4-DMAP, diphenylphosphoryl azide, NEt;, tert-BuOH, reflux, 17 h (ii) TFA, CH.Cl,,
RT, 1 d; for E3,: C) n-butyllithium, benzyl azide, Et,O, RT, 3h (ii) glacial acetic acid, 90°C, 2h; D) for X = Br: Br,, AcOH, RT, 1-5
d; for X = I: HIOy, I;, CH;COOH/H,0/H,S04(117:5.8:1, viviv), 80°C, 19.5 h ; E) diethylmalonate, piperidine, EtOH, reflux, 18-21.5
h, F) para-fluorobenzyl chloride, Cs,CO;, DMF, 50-61°C, 18.5 h; G) (i) LIOH*H,O, THF/MeOH/H,0, 2:1:1 (v/vlv), 60°C, 2.5-3 h,

(ii) HCL.
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2 NMR spectra of compounds 24,m,p, 30,m,p, 4, and 5

Compound 2,

2,
2 D N T NN NN N SO0 NN RO RARRN O ONNS
= RROENRNRNNOLONNLAATITITISSaaqaaqan
b=t BRBBRBBBBBNNNNNNNNNNNNNNGGG00 660
Y A BN R
12-CH.r
2-CHar
g(s) - E|(m)
4] o ([0
H (s) Alol [c@] [om Hs)| | G(s)
11.46 481 .22 7.49 872 5.10
9-NH 3-CHar
16-CHar
110-CHcuster
|
5-CH,
J J . ILQ%
1 noy 7T r B
= &8 & Sy 3 ] b=
= sS4 s pe N ~ b
T T T T T T T T T T T T T T T
125 12,0 115 11.0 105 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
chemical shift in ppm

Figure S2. "H NMR spectrum of compound 2, in CDCls.
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Figure S3. ""B{'"H} NMR spectrum of compound 2, in CDCls.
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Figure S4. *C{'H} NMR spectrum of compound 2, in CDCls.
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Figure S5. "°F{'"H} NMR spectrum of compound 2, in CDCls.
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Figure S6. COSY ('H, "H) NMR spectrum of compound 2, in CDCl3 (magnified spectrum, zoomed in).
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Figure S7. COSY ('H, "H) NMR spectrum of compound 2, in CDCls full spectrum.
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Figure S8. HSQC ('H, "*C) NMR spectrum of compound 2, in CDCls.
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Figure S9. HMBC ('H, '*C) NMR spectrum of compound 2, in CDCls.
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Figure S11. ""B{"H} NMR spectrum of compound 2m, in CDCls.
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Figure $12. "*C{'"H} NMR spectrum of compound 2 in CDCls.
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Figure $13. "*F{"H} NMR spectrum of compound 2, in CDCls.
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Figure S14. COSY ('H, "H) NMR spectrum of compound 2 in CDCls.
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Figure S15. HSQC ('H, '*C) NMR spectrum of compound 2m in CDCls.
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Figure $16. HMBC ('H, "*C) NMR spectrum of compound 2, in CDCls.
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Compound 2,
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Figure $19. "*C{'"H} NMR spectrum of compound 2, in CDCls.

S14



114.21

D)

(s)
fl4.21

[

g

T T T T T T T T T
-1143 -1144 -1145 -1146 -1147 -1148 -1149 -1150 -115.1

chemical shift in ppm

T T T T T T T T T
3.4 -113.5 -113.6 -113.7 -113.8 -113.9 -1140 -1141 -1142
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Figure S$21. COSY ('H, 'H) NMR spectrum of compound 2, in CDCls.
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Figure S27. "*F{'"H} NMR spectrum of compound 3, in CDCls.
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Figure $28. COSY ('H, 'H) NMR spectrum of compound 3, in CDCls.
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Figure $29. HSQC ('H, '3C) NMR spectrum of compound 3, in CDCls.
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Figure $30. HMBC ('H, '3C) NMR spectrum of compound 3, in CDCls.
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Figure $31. "H NMR spectrum of compound 3, in CDCls.
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Figure S$32. "'B{'"H} NMR spectrum of compound 3 in CDCls.
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Figure S$33. "*C{'"H} NMR spectrum of compound 3 in CDCls.
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Figure S34. "*F{'"H} NMR spectrum of compound 3, in CDCls.
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Figure $35. COSY ('H, "H) NMR spectrum of compound 3, in CDCls.
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Figure $36. HSQC ('H, "*C) NMR spectrum of compound 3, in CDCls.
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Figure $37. HMBC ('H, *C) NMR spectrum of compound 3m in CDCls.
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Figure $38. 'H NMR spectrum of compound 3, in CDCls.
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Figure S40. "*C{'"H} NMR spectrum of compound 3, in CDCls.
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Figure S42. COSY ('H, 'H) NMR spectrum of compound 3, in CDCls.
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Figure S43. HSQC ('H, '3C) NMR spectrum of compound 3, in CDCls.
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Figure S45. '"H NMR spectrum of compound 4 in CDsOD full spectrum.
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Figure S51. HSQC ('H, '*C) NMR spectrum of compound 4 in CD3OD.
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Figure $53. "H NMR spectrum of compound 5 in CDs0OD full spectrum.
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Figure S54. '"H NMR spectrum of compound 5 in CD3OD (magnified spectrum, zoomed in).

S34



-11.59
-15.12

20.01
-24.75

N
b4
3
<@

-38.85

Hs) c(s) JD (F) E(s)
Jt1.59| | -15.12 2001 -24.75
g 2 g £ 4 :
10 5 0 5 10 15 20 25 30 35 40 a5 50 55
chemical shift in ppm
Figure S55. ""B{"H} NMR spectrum of compound 5 in CDs0D.
RRBRF 2% B HRBER3 - N ES ‘;‘ P
\le ! R~ A |
C(s) G (s) 3(d) L(s)
163.37 147.64 131.54 118.21
A(s) F(s) 1(d) K(s) || M(d) N (s) O (s)
165.23 149.89 134.30 124.84| | 116.01 86.19 45.03
E (s) H (s)
158.51 142.29
1-
F 1e.c, 1HCH 3.CH,  2-CHar
6 17- 12:CHar 7-/13- | 5-CH;
o Cq | C, 7-/13- 15-cl
co acy | 0 T
| Cq
|
T ! T
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20
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Figure S57."*F{"H} NMR spectrum of compound 5 in CDs0OD.
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Figure $58. COSY ('H, 'H) NMR spectrum of compound 5 in CD30OD.
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3 HR-ESI Mass Spectra of Compounds 2o,m,p, 30,m,p, 4, and 5
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Figure S61. HRMS (ESI-)of compound 2, in CH5CN.
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Figure S62. HRMS (ESI+) of compound 2,, in CH5CN.
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Figure S63. HRMS (ESI+) of compound 2, in CH3CN.
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Figure S64. HRMS (ESI-) of compound 4 in MeOH.
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Figure $S65. HRMS (ESI-) of compound 3, in CH3CN.
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Figure S66. HRMS (ESI+) of compound 3,, in CH5CN.
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Figure S67. HRMS (ESI+) of compound 3, in CH3CN.
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4 Determination of HPLC Purity of Compounds 2o,m,p, 30,mp, 4, and 5

The HPLC purity was determined using HPLC-UV-MS with an RP column. The closo-carborane
derivatives 2o,m,p and 3,,m, were dissolved in CH3CN, the nido-carborane derivatives 4 and 5 in MeOH.
All compounds had a purity >95%. The double peaks or shoulders visible for the signals of the
compounds are related to the column that has been used and not to the compound, since variations
in gradient system could not resolve the double-peaks or shoulders. Broad signals have been observed
in case of nido-carborane derivatives.

Compound 2,
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Figure $69. RP-HPLC chromatogram of blank (CH3CN) and compound 2,, retention time: 11.3 min.
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Apex Peak #12 Scan: #542 RT: 11.28 min NL: 7.87E+004
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Figure S70. MS(-) of compound 2,, retention time: 11.3 min.
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Figure S71. RP-HPLC chromatogram of blank (CH3CN) and compound 2, retention time
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Figure §72. RP-HPLC chromatogram of blank (CHsCN) and compound 2,, retention time: 11.3 min.
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Figure S73. MS(+) of compound 2, retention time: 11.3 min.
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Compound 3,
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0.0 10 20 30 40 50 6.0 7.0 80 9.0 10.0 11.0 120 130 140 15.0 16.0 17.0 180 18.0 20.0
Figure S74. RP-HPLC chromatogram of blank (CH3CN) and compound 3,, retention time: 11.6 min.
Compound 3,
7 1-verschiedene Zielverbindungen #10 [manually integrated] ACH Blank UV_WIS_1 WVL254 nm
a #11 [manually integrated] miz UV_VIS_1 WVL:254 nm
mAU o
-
300-| @
100%ACN: 0.0 %
700+
100% H20:0.0 %
6004
100.0
500
400+
300+
200+
1004
40.0
o
, min
00 1.0 20 30 40 50 6.0 70 80 9.0 10.0 11.0 120 130 140 150 160 17.0 18.0 19.0 200

Figure 875. RP-HPLC chromatogram of blank (CH3CN) and compound 3, retention time: 11.5 min.
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Compound 3,

[ 1-LUZ para lod-Naph-Z MS eher #1

30 - 1.2 LUZ para lod-Naph-Z MS eher #2 [manually integrated]

ACN Blank
LUZ lod-Naph-Z para

UV_VIS_1 WVL:254 nm
UV VIS 1 WVL:254 nm

mAL

[100%ACN: 0.0 %

[100% H20:0.0 %

20][100% Ach. 0.1% HeGH: 40.0.%

Flow: 0.700 mi/min

100.0

40.0

Figure S76. RP-HPLC chromatogram of blank (CHsCN) and compound 3p, retention time: 11.5 min.

110, ADX Peak #8 Scan: #553 RT: 1151 min NL: 8 20E+005

0.0} + ¢ ES| Icorona 5id=75.00 det=1200.00 Full ms [80.00-2000.00]

100

T i

20

565

500 505 515 530 535 540 545

Figure S77. MS(+) of compound 3,, retention time: 11.5 min.
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Compound 4

71 - 40%-100%-40%ACH 48 blank MeOH UV_VIS_1 WVL:254 nm
7 2- 40%-100% 40%ACN #9 [manually integrated] nido-Br-Naph-Z meoh 05.07.2024 sauber UV_VIS_1WVL:254 nm
mAU

99+

roosacn00%

[100% H20: 0.0 %

104

[100% ACN, f§,1% HCOOH: 46:0% 40.0

-20-

-30-

Flow: 0.700 fnl/min

417
0o 10 20 30 40 50 50 70 80 90 100 110 120 130 140 150

Apex Peak #7 Scan: #408 RT: 845 min NL: 1.36E+004 Apex 10,1} - cESl lcorona sid=75,00 det=1200.00 Full ms [50.00-2000.00]

510

2929 4940 296.0 493.0 5000 502.0 5040 508.0 508.0 510.0 5120 5140 5160 518.0 5200 52,

Figure S79. MS(-) of compound 4, retention time: 8.45 min.
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Compound 5

1 - 40%-100%-40%AGN #5 biank MeOH nach erneuerung MeOH UV_VIS_1 WVL:254 nm
712 - 40%-100%-40%ACN #6 [manually integrated] nido-lod-Naph-Z gezielt H UV_VIS 1 WVL:254 nm
mAU

384

30.0

[100%ACN: 0.0 %
250

[100% H20: 0.0 %

15.04

-10.0

-15.0.

-20.0]

-25.0
100% ACN, . 1% HCOOH; 4070

300

-35.0-
Flow: 0.700 mi/min

Figure $80. RP-HPLC chromatogram of blank (MeOH) and compound 5, retention time: 9.1 min.

Apex Peak # Scan: #4338 RT: 8,08 min NL: 1.23E+004 Apex £0.1} - c ESl lcorona sid=75.00 det=1200.00 Full ms [80.60-2000.00]

533
550 577

5210 5250 5350 530 5400 5450 5550 5550 5500 5550 5700 5750 5650 535.0 5300 5850 5000 055

Figure $81. MS(-) of compound 5, retention time: 9.1 min.
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5 Determination of the Stability of Compounds 2,m,p, 30,m,p, 4, and 5

by HPLC

The stability measurements have been performed with an HPLC-UV-MS on an RP column. Blank
samples of pure DMSO/H,0 (1:1, v/v) have been measured prior to the target compounds. The target
compounds have been dissolved in DMSO/H,O (1:1, v/v) for stability determination. The
measurements have been started directly after the addition of the water. The double peaks or
shoulders of the signals of the compound are related to the column that has been used. Broad signals
have been observed in case of the nido-carborane derivatives.

Compound 2,

1 1- ordentlich StabLUZ ortho Br-Naph-Z MS on #1 [manually integrated]
{2 -ordentlich Stab LUZ ortho Br-Naph-Z MS on #2[manually integrated]
3 3- ordentiich StabLUZ ortho Br-Naph-Z MS on #3 [manually integrated]

[EETEE

4 6- ordentiich StabLUZ ortho Br-Naph-Z MS on #6
& 7- ordentlich StabLUZ ortho Br-Naph-Z MS on £7 [

manually integraiec

LUZ Br-Naph-Z ortho DC-sauber,Test. Stab. (50,L DMSO, 505 H20 LC-MS) Zeitpunkt 0

Blank run (50uL DMSO+ 50uL H20 LC-MS)

LUZ Br-Naph-Z ortho Test. Stab. (50uL DMSO, 50uL H20 LC-MS) Zeitpunkt20min

laph-Z or

Blank run (50pL DMSO+ 50pL H20 LG-MS)
OTest. Stab. (50uL DMSO, B0yl H20 LC-MS) 7,

UV_VIS_1 WVL:254 nm
UV_VIS_1 WVL:254 nm
UV_VIS_1 WVL'254 nm

UV_VIS_1 WVL:254 nm
uv VIS 1 254 nm

3

AU

[100%A¢N: 0.0 %

[100% HPO: 0.0 %

. ||100s A

B

oF

Figure $82. RP-HPLC chromatograms of blank (DMSO/H.0, black and dark blue) and compound 2,, retention time: 11.4 min, purity after 2.5 d:

>98%.
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Compound 2,,

1 1-Stab LUZ meta Br-Naph-Z - Wdh. #2 [manuaHy integrated] Blank run (100uL DMSO+ 100uL H2Q LC-MS) UV_VIS_1 WVL:254 nm
3 2 -Stab LUZ meta Br-Naph-Z - Wdh. #: LUZ Br-Naph-Z meta Wdh. ZI ﬂ LLMS uber, Test Stab. (50uLDMSO, 50uL H2O LC-MS) Zeitpunkt 0 LI\/ VIS_1 WVL:264 nm
@ 3 - Stab LUZ meta Br-Nag vah. #4 k run S0+ 100uL H20 LC-MS) 15_1 WVL:254 nm
7 4 - Stab LUZ meta Br-Naph-Z - Wdh. #5 [manually integrated] LUZ Br-Naph-Z meta Wdh. 223 LC MS sauber, Teli Stab. (50pL DMSO, 50uL H20 L C-MS) Zeitpunkt ~22h LIV V\S 1 WVL:254 nm
mAU

320

300
100%A0N: 0.0 %

280

250

2401100% HPO: 0.0 %

220 100.0

200

180

180

140

120

100% ACT 0,1% HEEOH: 40.0 %

Flow: 0.700 mlimin

-40.
in
0.0 1.0 2.0 3.0 4.0 5.0 6.0 70 3.0 9.0 10.0 11.0 12.0 13.0 14.0 150 18.0 170 18.0 19.0 20.0
Figure $83. RP-HPLC chromatograms of blank (DMSO/H-0O, black, pink) and compound 2m, retention time: 11.3 min, purity after 1 d: ~98%.
Compound 2,
Stab LUZ parar-Naph 2 #1 [manually integrated] Biank rn (100pL D50+ 100 120 LC.M3) OV VIS 1 w264
- Sz i 2 22l st LUZ Br.Ngph-Z pra Test Stan (100y DHEO, 10pLH20 LC.S)Zetpunikt O OV VIS, 1 WL 284 nm
aph-Z LUZ Br-N; aTest. Stab.{100uL DMSO, 100yL H20 LC-MS) Zeitpunkt 20min UV_VIS_1 WVL:254 nm
StahLuZparaEr Naph- ZM[manuaHy integrated] LUZ Br-Naph-. zDamTes« Stab (1D0uLDMSD ﬂ)DuLHZO LC—MS\Ze\tpunH rund 30min UV_VIS_1 WWL:254 nm

StabLUZ para Br-Naph-Z #7 Blank 12.06.2024 UV_VIS_1 WVL254 nm
StabLUZ para Br-Naph-Z #8 LUZ Br-Naph-Z paraTest. Stab. (100uL DMSO. 100uL H20 LG-MS) Zeitpunkt rund 1 Tag UV_VIS 1 WVL:254 nm

340
320
300

[100%A0N: 0.0 %
280

[100% Hf0: 0.0%

b 100.0

Flow: 0.700 miimin

11.4 min

Figure S84. RP-HPLC chromatograms of blank (DMSO/H.0O, black, grey) and compound 2, retention tim
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Compound 3,

51 StebLUZ artno loc-Naph 2 #1 manually ntecrated]
Z 2-StabLUZ ertho lod-Naph-Z#2 [manually integrated]

Blank run {
LUZlod-Naph-Z orth oL C-MS sauber Test.

L DMSO+ 1

L H20 LC-MS)
Stab. (100uL DMSO, 100uL H20 LC-MS) Zeitpunkt 0

3 3-StabLUZ ortho log-Naph-Z #3 [manually integrated]
7 4- StabLUZ ortho lod-Naph-Z #4 [manually integrated]
8 5-StabLUZ -Na anually integrate

ortho lod-Naph-Z#11
1 8- StabLUZ ortho lod-Naph-Z #12 [manually integrated]
mAU

LUZ lod-Naph-Z orthoTest. Stab. (1G0pLDMSO, 100pL H2O LC-IS) Zeitpunkt 20min
LUZ lod-Naph-Z ortho Test. Stab. (50uL DMSO, 50pLH20 LC-MS) Zeitpunktrund 2h

Blank (DMSO+H20) Gradient 40% ACN
LUZlod-Naph-Z orthoTest. Stab. (50pL DMSO, 50uL H20 LC-MS) Zeitpunkt h

UV_VIS_1 WVL284 nm
UV_VIS_1 WVL:254 nm
UVIVIS 1 WYL264 nm
UVIVIS_1 WVL264 nm

mn%AclN 0.0%

[100% HZ0: 0.0 %

Figure $85. RP-HPLC chromatograms of blank (DMSO/H0, pink, grey) and compound 3., retention time: 11.7 min, purity after 6 h: ~93%

Compound 3,,

[ 1 - Stab LUZ meta lod-Naph-Z - Wdh. #2

1 2- StabLUZ meta lod-Naph-Z - Wdh. #3 [manually integrated]
[ 3 - Stab LUZ meta lod Wdlh 34
T 4 - Stab LUZ metalod-Naph-Z - Wdh. #5 [manually integrated]

Blank run (100pL DIMSO 100,L H20 LC-MS)
LUZ lod-Naph-Z meta Wdh. 22.8.Test. Stab. (50pL DMSO, 50pL H20 LC-MS) Zeitpunkt 0
Elank run (100uL DIMSO+ 100uL H20 LC-MS)
LUZ lod-Naph-Z meta Wdh. 22.8.Test. Stab. (504l DMSO, 504L H20 LC-MS) Zeitpunkt 1 Tag

mau
950
300
850
100%ACN: 0.0 %
800
750

7004(100% H20: 0.0 %

650

600

550

500

450

400

3507

300

200

1509

100

UV_VIS_1 WVL:254 nm
UV_VIS_1 WVL:254 nm
TVIS_1 WVLi254 nm

100.0
-

W

50 60 7.0 5.0 2.0

Figure $86. RP-HPLC chromatograms of blank (DMSO/H20, pink, blue) and compound 3m, retention time: 11.5 min, purity after 1 d: ~98%
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Compound 3,

1- StabLUZ para Iod-Naph-Z #1
2-Stab LUZ para lod-Naph-Z#2

Stab LUZ para lod-Naph-Z #3
4-Stab LUZ para lod-Naph-Z#

b LUZ para lod-Naph-Z

8- Stab LUZ para lod-Naph-Z

integrated]

Blank run (1004L DMSO- 100uL H20 LC-MS)

LUZ lod-Naph-Z para Test. Stab. (100pL DMSO, 100uL H20 LC-MS) Zeitpunktd
LUZ 06-Naph-Z para Test Stab. (100uL DMSO, 100uL H20 LG-MS) Zeitpunkt 20min
LUZ lod-Naph-Z para,Test Stab, (1 H20 LC-MS) Zeitpunkt 80min
LUZ lo: a b. H20 Zeitpunkt rund 4n

Zeitpunkt rund 5h

LUZ lod-Naph-Z para,Test. Stab. (100uL DMSO, 100sL H20 LC-MS) Zeitpunkt rund 1 Tag

UV_VIS_1WVL:254 nm
UV_VIS_1 WVL:254 nm
UV_VIS_1 WVL:254 nm
UV_VIS_1 WVL:254 nm
VVL254 nm

UV_V

UV_VIS_1 WVL:254 nm

mAU
400
375
350|100%ACN: 0.0 %
325
a00]

100% H20: 0.0 %
275

Flow: 0.700 mi/min
-100]

AN 5’@

0.0 1.0 2.0

40

50

6.0

7.0 8.0 80 100 1.0 120 130 140 150

Figure $87. RP-HPLC chromatograms of blank (DMSO/H.0, black, light blue) and compound 3, retention time: 11.5 min, purity after 1 d: >98%

Compound 4

B 3- nido Br-Naph-Z Stabilitat#3

1l 1- nido Br-Naph-Z Stabilitét#1 [manually integrated]
1 2- nida Br-Naph-Z Stabilitat#2 [manually integrated]

Blank run (100uL DMSO+ 100UL H2O LC-MS)
nido LUZ Br-Naph-Z Test. Stab. (100uL DMSO, 100uL H20 LC-MS) Zeitpunkt 0
nido LUZ Br-Nap S H20 LG-MS) Zeitpunkt 20min
h.

UV_VIS_1 WVL:254 nm
UV_VIS_1 WVL:264 nm
UVVIS_1 WVL254

Flow: 0.700 mimin

400

4-nido Br-Naph-Z Stabilitat #4 nido LUZ Br-M: SO, 100pL H20 LC-MS) Zeitpunkt 50 min uv_vI
B 5-nidoEr- t 0 -S| v
a
352 3 7 - nido Br-Naph-Z Stabilitat #7 [manually integrated] nide LUZ Br-Naph-Z Test. Stab. (100uL DMSQ, 100uL H20 LC-MS) Zeitpunkt rund 3Tage 20 min UV_VIS_1WVL:254 nm
mAU
325
[100%AQN: 0.0 %
275
250
100% HPO: 0.0 %

0.0 10 20

30

50

60

Figure $88. RP-HPLC chromatograms of blank (DMSO/H0, black, green) and compound 4, retention time: 8.8 min, purity after 3 d: ~98%
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Compound 5

[ 1-nido lod-Naph-Z Stabilitat#1 [manually integrated] Blank run (100uL DMSO+ 100pL H2O LG-MS) UV_VIS_1 WVL:254 nm
1 2-nido Io-Naph-Z Stabilitat#2 [manually intsgrated] nido LUZ lod Naph-Z Test. Stab. (100uL DMSO, 100uL H20 LG-MS) Zeitpunkto UV_VIS_1 WVL:254 nm
& 3-nidood-Naph-2 Stabilitét 23 Blank run (100uL DMSO+ 1004l H20 LC-MS) V_VIS_1 WVL:254 nm
305 14 -nido lod-Naph-Z Stabilitat #4 [manually integrated) nido LUZ lod Naph-Z Test. Stab. (100uL DMSO, 100uL H20 LC-MS) Zeitpunkt ~24h (1Tag) UV VIS 1 WVL:254 nm
mAU
280
280
100%AQN: 0.0 %
240
220
100% HPO: 0.0 %
180
160
140
120
40,0
20
Flow: 0.700 mlimin
min
0o 10 20 30 40 50 60 70 50 50 100 1.0 120 130 140 150 160 170 150 180 200

Figure $89. RP-HPLC chromatograms of blank (DMSO/H-0O, black, pink) and compound 5, retention time: 8.7 min, purity after 1 d: >97%
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6 X-ray Crystallography Data of Compounds 2,, 2, 3,,and 3,

Table S1. Fundamental structure parameters of 2,, 2,, 35, 3m at 190(2) K.

Compound 2, 2, 3, 3m
Empirical formula C1gH21B10BrFNz0O; C1gH21B10BrFNz0O; C1gH21B10FIN30O, C1gH21B10FIN3O,
Formula weight 518.39 518.39 565.38 565.38
Temperature [K] 190(2) 190(2) 190(2) 190(2)
Wavelength [pm] 71.073 71.073 71.073 71.073
Crystal system Triclinic Triclinic Triclinic Triclinic
Space group P1 P1 P1 P1
Unit cell dimensions
a[pm] 717.95(1) 716.05(2) 729.17(2) 729.57(2)
b [pm] 1262.93(3) 1259.81(5) 1261.01(4) 1251.29(4)
¢ [pm] 1441.12(3) 1438.06(5) 1438.32(4) 1435.06(4)
a [deg] 114.074(2) 114.635(3) 113.052(3) 112.654(3)
B [deg] 94.818(2) 95.020(2) 95.013(2) 94.816(2)
y [deg] 99.527(2) 99.560(3) 100.414(3) 99.656(3)
Volume [nm3] 1.15981(4) 1.14489(7) 1.17845(7) 1.17587(6)
Z 2 2 2 2
Plcalculated) [Mg/m?] 1.484 1.504 1.593 1.597
i [mm?] 1.804 1.828 1.390 1.393
F(000) 520 520 556 556
Crystal size [mm?3] 0.40-0.26 - 0.20 0.40-0.26 - 0.19 0.28 - 0.24 - 0.09 0.32-0.13-0.09
Owmin / Omax [deg] 2.861/30.330 2.877 /30.269 2.838 /32.296 2.826 /32.382
Index ranges -10sh<10 -9<h<10 -10sh<10 -10sh<10
-17<k<17 -17<k<17 -18<k<18 -18<k<18
-20<1<19 -20<1<20 -20<1<21 21<1<21
Reflections collected 30819 22051 21855 25123
Indp. reflections 6479 (0.0315) 6278 (0.0291) 7700 (0.0262) 7754 (0.0276)

(Rint)

Completeness
(eMax) [deg]

99.9 % (28.285)

99.9 % (28.285)

99.9 % (30.510)

100.0 % (30.510)

Twmtax / Tvin 1.00000/0.93618 1.00000 / 0.88629 1.00000 / 0.98898 1.00000/ 0.91640
Restraints / 0/400 0/400 0/400 0/400

Gof on [:-2 1.077 1.030 1.019 1.041

R1/ wR2 (I1>20(l)) 0.0343/0.0783 0.0322 /0.0758 0.0298 / 0.0631 0.0300/ 0.0625
R1/wR2 (all data) 0.0537 /0.0867 0.0438 /0.0819 0.0409 / 0.0679 0.0414 / 0.0675
Residual el?ctron 0.324/-0.416 0.416/-0.534 0.462 / -0.556 0.616/-0.622
density [e-A3]

Comments +1 - - -

CCDC No!*03! 2432537 2432538 2432539 2432540

t1: The crystals always tend to crack at temperatures below 180 K. For this reason, all samples had been
recorded at 190 K.
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Table S2. Fundamental structure parameters of 2,, 2, at 297(2) K.

Compound 2, 2,
Empirical formula CigH21B10BrFNs0; CigH21B10BrFNs0;
Formula weight 518.39 518.39
Temperature [K] 297(2) 297(2)
Wavelength [pm] 71.073 71.073
Crystal system Triclinic Triclinic
Space group P1 P1
Unit cell dimensions
a [pm] 715.15(2) 716.53(1)
b [pm] 1268.90(6) 1267.64(3)
¢ [pm] 1457.16(4) 1447.18(3)
a [deg] 113.502(3) 114.284(2)
B [deg] 95.248(2) 95.473(2)
y [deg] 98.669(3) 98.721(2)
Volume [nm?3] 1.18189(8) 1.16601(4)
Z 2 2
Plcalculated) [Mg/m?] 1.457 1.476
i [mm?] 1.770 1.794
F(000) 520 520
Crystal size [mm?3] 0.35-0.24-0.16 0.41-0.27-0.17
Owmin / Omax [deg] 2.812/29.197 2.856/28.703
Index ranges -9<h<9 -9<h<9
-16<k<17 -16<k<16
-19<1<19 -19<1<19
Reflections collected 27843 27492
Indp. reflections (Rint) 5745 (0.0292) 5440 (0.0278)

Completeness (Owmax) [deg]

TMax / TMin

Restraints / parameters
Gof on F?

R1/wR2 (1>20(l))
R1/wR2 (all data)

Residual electron density [e-A3]

Comments

CCDC Noft3l

99.9 % (26.375)

1.00000 / 0.94443

421 /429
1.017
0.0373/0.0839
0.0685 / 0.0973
0.208 /-0.510
+2
2432541

99.9 % (26.375)

1.00000 / 0.91888

0/ 400
1.044
0.0375 / 0.0904
0.0565 / 0.1004
0.474 /-0.490

2432542

t2: The ortho-carborane unit is disordered on two positions with a ratio of 0.67(1):0.33(1).
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7 Docking Studies of Compounds 2o,m,p, 30,m,, 4, and 5

Molecular docking was performed using AutoDockTools4*®¥ with the Lamarckian Genetic
Algorithm.['%! The force-field parameters for boron atoms were manually added to the AutoDockTools4
parameter file.

The protein structure (PDB ID: 5ZTY)® was obtained from the Protein Data Bank (PDB) and originally
contained the ligand N-(adamantan-1-yl)-1-(5-hydroxypentyl)-4-methyl-5-phenyl-1H-pyrazole-3-
carboxamide. The docking site was selected based on the position of this ligand within the binding
pocket. Prior to docking, the ligand and water molecules were removed, and the protein structure was
protonated using the Reduce software.!1%!

For docking, water molecules were eliminated, and non-polar hydrogen atoms were merged. The
docking grid box was set with the parameters bellow:

58 x 44 x 54 center at (7.24, 1.919, -60.355) for 2,, 21, 2,, 4,
9.441 0.12 -59.514 center at (8.982 1.344 -54.339) for 3,, 3m, 3,, 5,
aligning with the ligand-binding domain (LBD).
The following docking parameters were used:

e Number of hybrid GA-LS runs: 100

e Population size: 150

e  Maximum number of energy evaluations: 25,000,000

e Top individuals surviving to the next generation: 1

e Gene mutation rate: 0.02

e Crossover rate: 0.8

e Mean of Cauchy distribution for gene mutation: 0.0

e Variance of Cauchy distribution for gene mutation: 1.0
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8 Chemical Structures of WIN55212-2 and SR141716A

Cl

Cl
WIN55212-2 SR141716A
Figure S90. Chemical Structures of CB;R agonist WIN55212-2 and CB;R antagonist/inverse agonist SR141716A.

[1] V. Lucchesi, D.P. Hurst, D.M. Shore, S. Bertini, B.M. Ehrmann, M. Allara, L. Lawrence, A. Ligresti, F.
Minutolo, G. Saccomanni, H. Sharir, M. Macchia, V. Di Marzo, M.E. Abood, P.H. Reggio, C.
Manera, J. Med. Chem. 2014, 57, 8777-8791.

[9] X.Li, T. Hua, K. Vemuri, J.-H. Ho, Y. Wu, L. Wu, P. Popov, O. Benchama, N. Zvonok, K. Locke, L. Qu,
G.W. Han, M.R. lyer, R. Cinar, N.J. Coffey, J. Wang, M. Wu, V. Katritch, S. Zhao, G. Kunos, L.M.
Bohn, A. Makriyannis, R.C. Stevens, Z.-). Liu, Cell 2019, 176, 459-467.e13.

[89] H. Suzuki, Org. Synth. 1971, 51, 94.

[90] L. Fader, P.L. Beaulieu, M. Bailey, F. Bilodeau, R. Carson, A. Giroux, C. Godbout, O. Hucke, M.A.
Joly, M. Leblanc, O. Lepage, B. Moreau, J. Naud, M. Poirier, E. Villemure, CA2873882 (A1), 2013.

[100] Y. Nie, Y. Wang, J. Miao, Y. Li, Z. Zhang, J. Organomet. Chem. 2015, 798, 182-188.

[101] M. Scholz, A.L. Blobaum, L.J. Marnett, E. Hey-Hawkins, Bioorg. Med. Chem. 2012, 20, 4830—
4837.

[102] S. Choi, Y. Byun, J. Organomet. Chem. 2013, 733, 49-52.

[103] Deposition numbers 2432537 (for 2, at 190(2) K), 2432538 (for 2, at 190(2) K), 2432539 (for 3,
at 190(2) K) 2432540 (for 3, at 190(2) K), 2432541 (for 2, at 297(2) K) and 2432542 (for 2, at
297(2) K) contain the supplementary crystallographic data for this paper. These data are pro-
vided free of charge by the joint Cambridge Crystallographic Data Centre and Fachinfor-
mationszentrum Karlsruhe Access Structures service (http://www.ccdc.cam.ac.uk/structures).

[104] G.M. Morris, R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew, D.S. Goodsell, A.J. Olson, J.
Comput. Chem. 2009, 30, 2785-2791.

[105] G.M. Morris, D.S. Goodsell, R.S. Halliday, R. Huey, W.E. Hart, R.K. Belew, A.J. Olson, J. Comput.
Chem. 1998, 19, 1639-1662.

[106] J. Word, S.C. Lovell, J.S. Richardson, D.C. Richardson, J. Mol. Biol. 1999, 285, 1735-1747.

S57



