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Experimental section
Instrumentation and chemicals

'H and 3C NMR spectra were recorded on a Bruker Avance 111, Bruker Avance DRX and Varian
Unity INOVA spectrometers (400 and 100 MHz, respectively) in DMSO-ds. Mass spectra were
measured on LC/MSD Agilent 1100 and Shimadzu LCMS-2020. Elemental analysis was performed
on a Euro Vector EA-3000. Melting points of all synthesized compounds were determined using
OptiMelt MPA100 electronic melting point apparatus and are uncorrected.

Ultrasound-assisted experiments were carried out using a standard ultrasound bath (SELDI, Ukraine)
with a working frequency of 44.2 kHz.

All 1,2,4-triazol-5-amines, 2-oxopropanoic acid, and salicylaldehydes were commercially available.

X-ray experimental part

The colourless crystals of compound 4c¢ (C13H11BrN4OsS, CoHsOS) are triclinic. At 173 K a =
5.8414(5), b = 12.2797(9), ¢ = 14.2024(9) A, o = 109.169(4)°, p = 91.976(5)°, y = 95.085(5)°, V =
956.28(13) A3, M, = 461.36, Z = 2, space group P1, deaic= 1.602 g/em?, p(Mo Ko) = 2.396 mm2,
F(000) = 468. Intensities of 14010 reflections (3360 independent, Rin=0.0573) were measured on a
Bruker APEX Il diffractometer (graphite monochromated Mo K, radiation, CCD detector, ¢- and -
scaning, 20max = 50°). The structure was solved by direct method using OLEX2 [1] package with
SHELXT [2] and SHELXL modules [3]. The absorption correction was done using the ‘multi-scan’
method (7min = 0.3880, Tmax = 0.7454). Positions of the hydrogen atoms were located from electron
density difference maps and refined using “riding” model with Uiso = nUeq (n = 1.5 for methyl groups
and n = 1.2 for other hydrogen atoms) of the carrier atom. Hydrogen atom or the hydroxy group was
refined using the isotropic approximation. Full-matrix least-squares refinement against F? in
anisotropic approximation for non-hydrogen atoms using 3360 reflections was converged to wRz =
0.2488 (R1 = 0.0718 for 1999 reflections with F>4o(F), S = 1.038). The final atomic coordinates, and
crystallographic data for molecule 4c have been deposited to with the Cambridge Crystallographic
Data Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-1223-336033; e-mail:
deposit@ccdc.cam.ac.uk) and are available on request quoting the deposition numbers CCDC
2418714).



General procedure for the synthesis of 2-(methylthio)-11,12-dihydro-5H-5,11-
methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxadiazocine-5-carboxylic acid and its derivatives
4a—f

A mixture of 5-amino-3-methylthio-1H-1,2,4-triazole (1a, 130 mg, 1 mmol), appropriate substituted
salicylaldehyde 2a—c (1 mmol) and pyruvic acid (3, 88 mg, 1 mmol) in 2 mL of acetic acid was heated
at reflux for 3 h. After cooling the reaction mixture was left overnight at room temperature until a
precipitate was formed, which was filtered off and vacuum-dried.

Procedure for the synthesis of compounds 4a,c,f from tetrahydrotriazolopyrimidine-7-
carboxylic acid 5a—c
Compound 5 (1 mmol) was heated at reflux for 1 h in 2 mL of acetic acid. After cooling, the

precipitate was filtered off and vacuum-dried.

Characterization data
2-(Methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxa-
diazocine-5-carboxylic acid (4a)

Os_OH

N~
\S_</N/JN\N
H

White solid (137 mg, 45%), mp 252—254°C (AcOH). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 2.38 (3H, s, CH3S); 4.63-4.69 (1H, m, CH); 6.92-7.35 (4H, m, ArH); 8.38 (1H, s, NH).
13C NMR spectrum, (100 MHz, DMSO-ds), 8, ppm: 13.3; 29.8; 44.1; 82.0; 117.1; 122.1; 123.9; 129.9;
129.9; 150.0; 154.8; 158.9; 166.2. Mass spectrum m/z (ESI, %): 305 [M+H]* (100); 175 (21). Found,
%: C 51.21; H 3.83; N 18.53. C13H12N4OsS. Calculated, %: C 51.31; H 3.97; N 18.41.

7-Methoxy-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-
c][1,3,5]-oxadiazocine-5-carboxylic acid (4b)
Os_OH
N~
H

White solid (200 mg, 60%), mp 259-261°C (AcOH). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 2.38 (3H, s, CH3S); 2.46-2.49 (2H, m, CH>); 3.75 (3H, s, CH30); 4.62-4.65 (1H, m,
CH); 6.87-6.98 (3H, m, ArH); 8.43 (1H, s, NH). 13C NMR spectrum, (100 MHz, DMSO-ds), 8, ppm:
13.2; 29.7; 44.0; 55.5; 81.8; 112.1; 121.1; 121.9; 124.4; 139.4; 148.3; 154.7; 158.8; 166.1. Mass
spectrum m/z (ESI, %): 335 [M+H]" (100); 336 (17). Found, %: C 50.16; H 4.13; N 16.89.
C14H14N40O4S. Calculated, %: C 50.29; H 4.22; N 16.76.



9-Bromo-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]-
oxadiazocine-5-carboxylic acid (4c)
Oy _OH

\ N\N
S_</
N/J\N
H

Br
White solid (161 mg, 42%), mp 273-275°C (AcOH). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 2.37 (3H, s, CH3S); 2.51-2.53 (2H, m, CHy); 4.69-4.73 (1H, m, CH); 6.93-7.53 (3H, m,
ArH); 8.42 (1H, s, NH). *C NMR spectrum, (100 MHz, DMSO-ds), §, ppm: 13.3; 29.3; 43.6; 82.0;
113.3; 119.5; 126.3; 132.3; 132.4; 149.3; 154.6; 159.1; 165.7. Mass spectrum m/z (ESI, %): 383
[M+H]* (65); 385 [M+H]* (55); 101 (7).

Found, %: C 40.59; H 2.78; N 14.56. C13H1:BrN4OsS. Calculated, %: C 40.75; H 2.89; N 14.62.

2-(Methylthio)-9-nitro-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]-
oxadiazocine-5-carboxylic acid (4d)

Oy_OH
N~

\s_</N/JN\N

N

NO,

Beige solid (122 mg, 35%), mp 249-251°C (AcOH). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 2.37 (3H, s, CH3S); 2.60-2.66 (2H, m, CH>); 4.90-4.93 (1H, m, CH); 7.21-8.36 (3H, m,
ArH): 8.53 (1H, s, NH). 3C NMR spectrum, (100 MHz, DMSO-ds), &, ppm: 13.3; 29.1; 43.6; 82.5;
118.5; 125.0; 125.5; 126.1; 141.8; 154.5; 155.5; 159.6; 165.3. Mass spectrum m/z (ESI, %): 350
[M+H]" (100); 351 (15). Found, %: C 44.59; H 3.08; N 20.16. C13H11NsOsS. Calculated, %: C 44.70;
H 3.17; N 20.05.

9-Fluoro-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-
c][1,3,5]oxadiazocine-5-carboxylic acid (4e)
O OH

\ N\N
S_</
H

F
White solid (103 mg, 32%), mp 265-267°C (AcOH). *H NMR spectrum, (400 MHz, DMSO-ds), 3,
ppm (J, Hz): 2.37 (3H, s, CH3S); 4.67-4.71 (1H, m, CH); 6.97- 7.20 (3H, m, ArH); 8.41 (1H, s, NH).
13C NMR spectrum, (100 MHz, DMSO-ds), §, ppm: 13.3; 29.4; 44.0; 82.1; 115.6; 115.8; 116.7; 116.9;
118.7; 118.8; 125.2; 146.2; 154.7; 155.9; 157.8; 159.1; 165.9. Mass spectrum m/z (ESI, %): 323



[M+H]* (100); 324 (15); 101 (11). Found, %: C 48.31; H 3.39; N 17.49. C13H11FN4QO3S. Calculated,
%: C 48.44; H 3.44; N 17.38.

9-Chloro-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-
c][1,3,5]oxadiazocine-5-carboxylic acid (4f)

Os_OH
\S_</N:N

NAH
Cl

White solid (142 mg, 42%), mp 260-262°C (AcOH). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 2.38 (3H, s, CH3S); 2.51-2.56 (2H, m, CHy); 4.71-4.73 (1H, m, CH); 7.01-7.39 (3H, m,
ArH); 8.41 (s, 1H, NH). C NMR spectrum, (100 MHz, DMSO-ds), §, ppm: 13.2; 29.3; 43.7; 82.0;
119.1; 125.6; 125.8; 129.3; 129.6; 148.9; 154.6; 159.1; 165.7. Mass spectrum m/z (ESI, %): 339
[M+H]* (100); 341 (42). Found, %: C 45.96; H 3.18; N 16.63. C13H11CIN4QO3S. Calculated, %: C
46.09; H 3.27; N 16.54.

General  Procedure for the synthesis of 2-(methoxy)-11,12-dihydro-5H-5,11-
methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxadiazocine-5-carboxylic acid and its derivatives
49-]

A mixture of 5-amino-3-methoxy-1H-1,2,4-triazole (1b, 114 mg, 1 mmol), appropriate substituted
salicylaldehyde 2b,c,e,f (1 mmol) pyruvic acid (3, 88 mg, 1 mmol) in 2 mL of n-BuOH was heated
at reflux for 7 h. Then n-BuOH was evaporated from the reaction mixture under reduced pressure,
then 2 mL acetone added to the residue and allowed to crystallize. The precipitate was filtered and
dried.

2,7-Dimethoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-C]
[1,3,5]oxadiazocine-5-carboxylic acid (49)
Os_OH
N~
H

White solid (146 mg, 46%), mp 261-263°C (acetone). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 3.69 (3H, s, CH30); 3.75 (3H, s, CH30); 4.60 (1H, s, CH); 6.85-6.98 (3H, m, ArH); 8.34
(1H, s, NH). 13C NMR spectrum, (100 MHz, DMSO-ds), 5, ppm: 29.8; 43.8; 55.5; 55.7; 81.6; 112.1;
121.0; 121.7; 124.4; 139.6; 148.3; 153.6; 166.1; 166.1. Mass spectrum m/z (ESI, %): 319 [M+H]*
(100); 320 (18). Found, %: C 52.72; H 4.30; N 17.56. C14H14N4Os. Calculated, %: C 52.83; H 4.43;
N 17.60.



9-Bromo-2-methoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-
c][1,3,5]oxadiazocine-5-carboxylic acid (4h)
Os_OH

\_ N-y
o_</
N/J\N
H

Br
White solid (151 mg, 41%), mp 274-276°C (acetone). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 3.71 (3H, s, CH30); 4.65-4.68 (1H, m, CH); 6.94-7.51 (3H, m, ArH); 8.29 (1H, s, NH).
13C NMR spectrum, (100 MHz, DMSO-ds), 8, ppm: 29.4; 43.6; 55.8; 81.8; 113.2; 119.5; 126.4; 132.2;
132.4;149.4; 153.7; 165.8; 166.2. Mass spectrum m/z (ESI, %): 367 [M+H]+ (99); 369 [M+H]" (100).
Found, %: C 42.49; H 2.98; N 15.39. C13H11BrN4Oa. Calculated, %: C 42.53; H 3.02; N 15.26.

9-Fluoro-2-methoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]oxadiazocine-5-carboxylic acid (4i)
Os_OH

\ o N-y
o_</
NAN
H

F
White solid (107 mg, 35%), mp 256-258°C (acetone). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 3.70 (3H, s, CH30); 4.63-4.66 (1H, m, CH); 6.98-7.15 (3H, m, ArH), 8.31 (1H, s, NH).
13C NMR spectrum, (100 MHz, DMSO-ds), §, ppm: 30.0; 43.8; 55.7; 81.8; 115.5; 115.7; 116.5; 118.6;
118.7; 125.2; 146.3; 153.7; 155.9; 157.6; 165.9; 166.2. Mass spectrum m/z (ESI, %): 307 [M+H]*
(100); 308 (21). Found, %: C 50.79; H 3.51; N 18.36. C13H11:FN4O4. Calculated, %: C 50.98; H 3.62;
N 18.29.

9-Chloro-2-methoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-
c][1,3,5]oxadiazocine-5-carboxylic acid (4j)
Oy OH
N~
\O_</NiN
N
Cl
White solid (219 mg, 68%), mp 270-272°C (acetone). *H NMR spectrum, (400 MHz, DMSO-ds), §,
ppm (J, Hz): 3.71 (3H, s, CH30); 4.68 (1H, s, CH); 6.99-7.38 (3H, m, ArH); 8.29 (1H, s, NH). *C
NMR spectrum, (100 MHz, DMSO-de), 6, ppm: 29.5; 43.7; 55.8; 81.9; 119.1; 125.5; 125.9; 129.3;
129.6; 149.0; 153.7; 165.9; 166.3. Mass spectrum m/z (ESI, %): 323 [M+H]" (100); 324 (15), 325
(32). Found, %: C 48.29; H 3.38; N 17.51. C13H11CIN4O4. Calculated, %: C 48.39; H 3.44; N 17.36.



General procedure for the synthesis of 5-aryl-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-
triazol-5-yl)amino)-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid 5a—c

A mixture of 5-amino-3-methylthio-1H-1,2,4-triazole (1a, 130 mg, 1 mmol), salicylaldehydes 2a,c,f
(0,5 mmol) and pyruvic acid (3, 44 mg, 0,5 mmol) in 2 mL of acetic acid was stirred at room

temperature for 72 h. The precipitate was filtered and dried, avoiding heating.

5-(2-Hydroxyphenyl)-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-triazol-5-yl)amino)-4,5,6,7-
tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5a)
<
N
o)
HO LN

HN N
H

\S_</N:N OH
N*H

White solid (125 mg, 58%), a mixture of diastereomers in the ratio (60:40). *H NMR spectrum, (400
MHz, DMSO-ds), 8, ppm (J, Hz): 2.25-2.34 (1H, m, CHy); 2.37-2.43 (3H, s, CH3S); 2.88-2.98 (0.4H,
m, CHy); 3.01-3.11 (0.6H, m, CH>); 5.05-5.10 (0.6H, m, CH); 5.11-5.14 (0.4H, m, CH); 6.80-7.39
(4H, m, ArH); 7.46 (0.6H, s, NH); 7.77 (0.4H, s, NH); 9.55 (0.4H, s, OH); 9.65 (0.6H, s, OH); 12.87
(1H, br s, COOH). $3C NMR spectrum, (100 MHz, DMSO-ds), 3, ppm: 13.5; 13.6; 13.8; 36.9; 37,1;
45.2;46.5; 72,0; 72.3; 115.1; 119.2; 119.3; 126.4; 126.8; 126.9; 127.1; 128.4; 154.12; 154.5; 1568.1;
156.9; 157.2; 158.3; 169.0; 170.2. Mass spectrum m/z (ESI, %): 435 [M+H]* (100); 436 (11), 271
(18), 235 (44). Found, %: C 44.14; H 4.06; N 25.87. C16H18NgO3S;. Calculated, %: C 44.23; H 4.18;
N 25.79.

5-(5-Bromo-2-hydroxyphenyl)-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-triazol-5-yl)amino)-
4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5b)

S—-—
N
bR
HO—X HN ”
N Ny OH
S 4
_<N¢kN
H

Br
White solid (175 mg, 69%), a mixture of diastereomers in the ratio (50:50). *H NMR spectrum, (400
MHz, DMSO-de), 5, ppm (J, Hz): 2.28-2.37 (1H, m, CHy); 2.41 -2.44 (3H, s, CH3S); 2.95-3.11 (1H,
m, CH); 5.01-5.06 (0.5H, m, CH); 5.08-5.13 (0.5H, m, CH); 6.74-7.51 (3H, m, ArH): 7.53 (0.5H, s,
NH); 7.84 (0.5H, s, NH); 9.93 (0.5H, s, OH); 10.05 (0.5H, s, OH); 12.80 (1H, br's, COOH). 3C NMR
spectrum, (100 MHz, DMSO-deg), 6, ppm: 13.5; 13.6; 13.7; 13.8; 36.4; 36.8; 45.2; 46.3; 71.8; 72.0;
110.3; 110.4; 117.3; 117.4; 129.1; 129.5; 129.9; 130.9; 130.8; 153.6; 153.8; 155.9; 156.7; 157.3;



158.3; 168.9; 170.0;. Mass spectrum m/z (ESI, %): 513 [M+H]* (91), 315 (77), 313 (69), 201 (26).
Found, %: C 37.24; H 3.26; N 21.87. C1sH17BrNgO3S,. Calculated, %: C 37.43; H 3.34; N 21.83.

5-(5-Chloro-2-hydroxyphenyl)-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-triazol-5-yl)amino)-
4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5c)
S———
N7
o)
HO AN

N
HNT N

N~
\s—</ /I\t OH

Iz

cl
White solid (155 mg, 67%), a mixture of diastereomers in the ratio (50:50). *H NMR spectrum, (400
MHz, DMSO-ds), 8, ppm (J, Hz): 2.29-2.37 (1H, m, CHy); 2.37-2.43 (3H, s, CH3S); 2.94-2.99 (0.5H,
m, CHy); 3.06-3.11 (0.5H, m, CH>); 4.98-5.06 (0.5H, m, CH); 5.08-5.13 (0.5H, m, CH); 6.78-7.37
(3H, m, ArH): 7.54 (0.5H, s, NH); 7.84 (0.5H, s, NH); 9.90 (0.5H, s, OH); 10.02 (0.5H, s, OH); 12.95
(1H, br s, COOH). **C NMR spectrum, (100 MHz, DMSO-ds), 5, ppm: 13.4; 13.5; 13.8; 36.3; 36.8,
45.2; 46.3; 71.8; 72.0; 116.7; 116.8; 122.6; 122.8; 126.2; 126.7; 128.0; 128.9; 129.4; 153.1; 153.4;
156.0; 156.7; 157.3; 158.2; 168.9; 170.0. Mass spectrum m/z (ESI, %): 469 [M+H]" (100); 471 (44),
271 (18), 269 (48). Found, %: C 40.91; H 3.69; N 23.97. C16H17CINgO3S,. Calculated, %: C 40.98;
H 3.65; N 23.90.



Copies of 'H, and *C NMR spectra

4a
0y OH
N -
A\ N ] o
4 |
s_<=j\
N™™N
H
4a
o J1|
o ©°3 ~ 8 (1
3 e S I
~ Il t [l
| ) “ ] I
Jl l\ \ \-._.uun
1.00 |b3107105100 1.06 288
e . e e L T e
105 100 95 9.0 85 8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0
Chemical Shift (ppm)
4a_Cl3.esp
0y OH
N M o
s— _
Ny
H
4a
8
& o
S 2 85 = = T
ol T - 4 = g
g < & g &g a5 = - @
e 3 ¢ g ¥ 8g ¢ 3 iz
| 2 7 OTE T 2
b - T 1 I .
‘, etk : e v e

s >
LR R R R L B B L e L L € R L LR ARe RA N S TR SRt}
80 72 64 56 48 40 2 24 16 8 ]

160
‘Chemical Shift (ppm)



4besp

e
5L \H.,,
LED
sop/ @
/
(=}
[
T
o
zx
° ‘NI,A 5928 -
N#ﬂN veg i
o
o

2.153.00

3.04

315
=

LARRAN LB}
5.0

55

Chemical Shift (ppm)

P

4b_C13.es

OH

8v'S5—

£8'19———
T —
90K h——

SL¥SL—

01'991—

T T
80 72

T
88
Chemical Shift (ppm)




4c

NT™N
H
Br N
”
4c o
Qe 23
9 Ty §pea L |
I lwﬁﬂ ¥ | L_Jk
ﬂ. ‘_K g'L _J -‘L‘ A
0.89 Ol991ﬂ4 093 1.06 1’952‘64

L | J ! |
R ——
105 10.0 95 9.0 a5 8 75 7.0 6.5 6.0 55 3s 30 10
Chemical Shift (ppm)

4c_C13.esp
Oy OH
\ N~y o
s
NTN
H
Br
0
3 o ]
-3 [-3 -4 uwl - « ]
@ 5, 8 3 4 2 a & 9 @ -] $
RN PR T 7 B s |
| L i J | [ l | ‘
A A o B L i e e L s s A A
13 128 120 9 88 80 72 64 56 32 24 18 8

Chemical Shift (ppm)



4d

B
o
—

—237

A

[ 4

= \
3 o f
? L 4 . | ”
T r~ @
¥ | d
J N R 1 1 U
RS ) SO — ) Wy S ——— .
0.97 D|95 “ .UU 1‘ D‘ﬂ 1‘00 1 QIG 3| '\‘T

S S S
15 110 95 90 45 0 70 65 60 55 45 40 35 30 26 20 1 1 [
Chemical Shift (ppm)

4d_C13.esp

3 oy g ] 3
i osnd 2 g8z = ¢ i g ?
o 3 o4 T & ] &
T 5?7 ] i T
i .[L\ J (" " -

LA LR RSN AA EE B L e L L B L o LR LA AN R o A O N aa A A eate
168 160 2 12 12 10: 2 G4 6 48 40 32 24 16

Chemical Shift (ppm)



de.esp

de

8.41

X

legs

M

0.85 178088

T
9.5 8.0 85 8.0 75 70

105 100

“Chemical Shift (ppm)

r4.69
“-469

J
t

087
|

2.37

|
ﬂ;'\JJ\

154271

IE—— ———_——
55 5 .5 40 35 3.0 25 5 0 05 L]

4e_Cl13esp
Oy _OH
\ N‘N o
4
s—(a\
NN
H
F
4e
g &
8 ©
8 2
@ ]
=
g 3
8 e T 2 ©
e - b .
T 2 2 2
Y |
Lo 8 2kR858,
3 s Fe20c0®
o T &c-cTTCTe
- A i
| 1 ) i
Ty T T e T T T T =T T T = T TP = T T rerp e
176 168 160 152 144 136 128 120 112 104 96 88 80 72 40 2 24 16



ar

N
H
cl
4f
= o
<7 ;;:
106 101104 1.03 1.08
|5 H J UJ |5
‘

253

.38

2.203.05
g o

T T
1.0 10.5 100 95 8.0 85 80 75 7.0 65 6.0 55 50

T
45

T
25

! 40 20 15 10
Chemical Shift (ppm)
A C13esp
0y OH
N Ny o
5_«A
NN
H
cl
4f
a
]
=
|
2 &
oy o
© “w o =1
3 g g8 2 $ f
T T g % oRg ! &
g2 2 7 I 8
2z Ng
I T 3
|-
R AR L i o i o e e s e e ' P
176 168 160 152 144 136 128 120 12 104 72 64 40 24 16

96 BB 80
Chernical Shift (ppm)



OH
\
X
N N O~
H
28
b
P
3 go8o 2
b a1 ] 3
At
>
| e _jf |
0.95 3.14 1.02
125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 25 15 10 05
Chemical Shift (ppm)
49.C13
Ox,-OH
o' o
=
N™ "N
H
- o o ‘.l-o - ;ﬁ @ ©
o 5 : ] -~ o © 0 ©
AR
‘ .
\ NS ) e
s ptetin e
192 184 176 168 160 152 19 128 120 112 104 96 B8 8O 72 B4 56 48 40 32 24 16 0

Chemical Shift (ppm)



4h =
©
Ox,~OH
Br
5
&
8g
=l &
® s o5 g
NS
| s |
|
i I |
|
| .l\l | il I"‘_
1.00 200 1.00 1.00 300
e o ey ey e e T — . e e T oy T e v v 1
125 120 115 110 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 1.5 1.0 05 0
Chemical Shift (ppim)
4h_C13
OH
‘o4
o~ X,
N "N
H
Br
«©
w
B
N
~ o o ~
o e o o ) b ©
g 2 2 T g € % 2
ge I8 T 3
e 2
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16

Chemical Shift (ppm)

e



4i

OH
\ -~
(L
=
N" N
H
F
]
¥ w
52
“([
1.00 3.00
" ™ T e S T T P -
125 120 115 110 105 100 95 9.0 85 80 7.5 7.0 6.5 6.0 55 5.0
Chemical Shift (ppm)
4 c13
O, -CH

\o_é:l

j 4

192 184 176 152 144 138

112

I
104 96
Chemical Shift (ppm)

T
88

370

56

48

40

32

—30.0



4

3N

Cl

@
d
-
i So 2
B [ @
N ©
o

1.00 2.00 1.00 1.00 3.00

rr T Trr e T e v v

125 120 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35
Chemical Shift (ppm)

4j_C13

@
et
8
~
2 @ e
T e =k @
a o QoT i
gy =+ NN o
o © - “w T
@ |
i <

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56
Chemical Shift (ppm)

437

48

40

32

24

1.0

05

0



-2

L£T

5a

ST

BT

60¢

SS6- _
S96— —

82

708

102

1.00

0491001.141.10200

95

=

130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Chemical Shift (ppm)

135

66€L-0S €L
Lger’

oLsll
1261
rEBLL

P Wzl
zZVizL
seszl |

=z ezt

T

GLFSE-

Bz esL’

OG-

Chemical Shift (ppm)



Wz

9ET-.

207622 _ u

(&4

L e

e T
0LE-

E66

S00L— S

Y

Br

5b

727

01

00

1

1.07

0530590620.631.171.03

Chemical Shift (ppm)

Br

5b

80

Chemical Shift (ppm)

Co
]




BH281785-7.001 esp

o
HO— HN i
N i
A "N QOH
¢
N*N
H
cl =
o
5¢c
5
bl
o 3 &
EH e ThnT e ag
L k =82y
8 h 1o
¢ | - 'jﬁ
= o\ N il
107 085 0.500.811.141,020.87 1.00 1.1 7.25
T T T T T T T T T T T T T T T T T ‘\ T .\ " T T I= T T T T T e T T T T T T
135 130 125 120 115 110 105 100 95 90 B85 80 75 70 65 60 55 S50 45 40 35 30 20 15 10 0
Chemical Shift (ppm)
5—
N~
I
HO—{HN ﬁ
v Ny OH
s—(
N
Cl
5¢c
B
a
w|
~
g ] e
T Te i o
5 @ a;Ir-; T
g i 8
T
L R R P L L T T R B T T T T T T R T
168 160 152 144 136 128 120 12 96 88 80 72 64 56 48 40 32 24 16
Chemical Shift (ppm)




BH281785-1.001.esp

3.40
2.83

;

s——
4 Oy, -OH
o] jL\N OH
HO=X NH ™N NN OH
N~ no+ <1
N

mixture

9.63
—9.53

E 967

2.4

241

237

14
.12
08

-5.06
05

)

S 5

=

— = F'*P-JFU L%‘ oy 4y
1.49 0.210.420.48 0.530.180.512.081.31 0.122.46 101018
U o d [ = ™ = | %]
L) A\ LT AR TETRD U A ) UL ) AN VAT S LAY AL L) AL AUASS UL R NRALY RAAL VRALN SARAY NS WALATEAND) TN AATS) SYRAIARAS) KRAL AAALA TAMRALAR) VAN EEAR) UATARALY LURA AR LA AM WS AR (ML s i uaL i ]
140 135 130 125 120 115 110 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4. 15 10

Chemical Shift (ppm)

BH281785-4.001.esp by
o
|

s——
= Oy OH
" P N OH
N o \s—</1 i
\ N H * =
4
s— al. NTSN
NN H
f 9
Br o
5b Br  mixture eb ‘
38
=3 o~
g7 S
@ © . '1:5118:
B N 8 X
- - ] -
Lo f ) 1
il -J 5l PN
058 0.82 0.150.83 0.520.123.58 0.201.16 018 0990.10 1.37 0.36 8.36
[ W ULk d bed b (=] =) heed b
o oo R S L i e S . M ————
140 135 130 125 120 115 110 105 100 95 85 80 75 70 65 6.0 55 50 45 4.0 3as 30 25 20 15 1.0

Chemical Shift (ppm)



BH281785-5.001.esp $3
oo
I,J
s—
Oy OH 5
by
i OH %
\ N H
% s
L . —(N4
s N
H
6c Cl
mixture
no
~T
83 BalTr g
> O 4 ©
g7 TR
H Ry
0628
3 g8 Too
S ) &
e !
: o1 isau prasaesit K S W D g
125 0.130.370.49 0.520.130.791.291.201.13 1.000.13 119017 8.21
= m— " (™ ™ S g e
T T T T ey R o L e s B = o Rt E T o y ;
8 7 0
Chemical Shift (ppm)
BH281785-6.001.esp 9
-4 o
@
s—
Oy OH 5 A
OH AN
N }"‘N Ho HE) NH N
S N,
_<N9L o \s—(’ N H o
N + =L o
H A
H
6d 5d
mixture
e
T
& 3
el
|
T P
/5 §
067 1.10 0.950.410.77 3.80 017 0.88 3.82 3501.90
| S sl 5 ) |
T T TTTTTTT TTTTTTTTTT LU UL BLALRLY ) LELEE IR I AW AT LU0 T B L WL L | TT T LA o T
14 13 12 1 6 5 4 3 2 q 0



References

1. O. V. Dolomanov, L.J. Bourhis, R.J. Gildea, J.A.K. Howard, H. Puschmann, OLEX2 : a
complete structure solution, refinement and analysis program, J. Appl. Crystallogr. 42
(2009) 339-341. https://doi.org/10.1107/S0021889808042726.

2. G.M. Sheldrick, SHELXT — Integrated space-group and crystal-structure determination,
Acta Crystallogr. Sect. A Found. Adv. 71 (2015) 3-8.
https://doi.org/10.1107/S2053273314026370.

3. G.M. Sheldrick, Crystal Structure Refinement with SHELXL, Acta Crystallogr. Sect. C, 71

(2015) 3-8. http://dx.doi.org/10.1107/S2053229614024218.



	Cover
	Main file

