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Inhibiting the cancer cell growth by maleopimarate amino imide bis-tetrazoles
synthesized via the azido-Ugi reaction

Anna A. Smirnova, Elena V. Tretyakova and Oxana B. Kazakova

Experimental Section

General. The spectra were recorded at the Center for the Collective Use “Chemistry” of the Ufa
Institute of Chemistry of the UFRC RAS and RCCU “Agidel” of the UFRC RAS. 'H and '*C NMR
spectra were recorded on a “Bruker Avance-III” (Bruker, 500 and 125.5 MHz, respectively, 8, ppm,
Hz) in CDCI3, internal standard-tetramethylsilane. Mass spectra were obtained on a liquid
chromatograph—mass spectrometer LCMS-2010 EV (Shimadzu). Melting points were detected on a
microtable “Rapido PHMKO05” (Nagema). Optical rotations were measured on a polarimeter Perkin-
Elmer 241 MC (PerkinElmer) in a tube length of 1 dm. Elemental analysis was performed on a Euro
EA-3000 CHNS analyzer (Eurovector), the main standard is acetanilide. Thin-layer chromatography
analyses were performed on Sorbfil plates (Sorbpolimer), using the solvent system chloroform—ethyl
acetate, 40:1. Substances were detected by a 10% solution of sulfuric acid solution with subsequent
heating at 100-120°C for 2-3 min. All chemicals were of reagent grade (Sigma-Aldrich). Compound 1
was synthesized as described previously.S!
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Chemistry

Methyl 2-{2-[bis(1-tert-butyl-1 H-tetrazol-5-ylmethyl)amino] ethyl}- 1 2-isopropyl-6,9a-dimethyl- 1, 3-
dioxo-1,2,3,3a,4,5,5a,6,7,8,9,9a,9b,10,11,11a-hexadecahydro-3b, 1 I-ethenonaphtho[2, I-e] isoindole-6-
carboxylate 2: white solid, yield 89% (0.53 g), mp 54 °C, R¢ 0.4 (CHCI3-EtOAc, 40:3), [a]20® -23°(c
0.05, CHCl3). 'TH NMR (8, ppm, CDCl3, 500 MHz): 0.55 (3H, s, CH3), 0.81-0.99 (2H, m, CHz), 0.98
(3H, d, J=6.9 Hz, CH3), 1.00 (3H, d, J = 6.9 Hz, CH3), 1.10 (3H, s, CH3), 1.14-1.45 (6H, m, CH, CH>),
1.50 (18H, s, 6CH3), 1.60-2.20 (6H, m, CH, CH»), 2.55 (1H, d, J = 6.8 Hz, H-1a), 2.65-2.70 (2H, m,
CH>), 2.95-3.10 (2H, m, CH>), 3.15 (1H, s, H-12), 3.30-3.40 (2H, m, CH»), 3.65 (3H, s, CHz3), 3.95
(4H, s, CHz), 5.35 (1H, br. s, H-14); *C NMR (8, ppm, CDCls, 125.5 MHz): 179.4 (C-22), 179.2 (C-
24), 178.4 (C-23), 152.7 (C=N), 147.0 (C-13), 124.6 (C-14), 68.0, 60.8, 59.4, 53.7, 52.8, 51.9, 49.3,
47.1, 45.3, 40.5, 38.6, 38.1, 37.6, 36.7, 35.8, 32.7, 30.3, 29.6, 29.5, 27.7, 23.7, 22.9, 21.8, 20.2, 17.0,
16.7, 15.6. Analysis calculated for C390HeoN1004: C, 63.91; H, 8.25; N, 19.11. Found: C, 63.95; H, 8.21;
N, 19.06. MS(APCI) m/z 732.6 [M]" (calculated for C30HsoN10Os, 732.98).

Methyl  2-{2-[bis(1-cyclohexyl-1H-tetrazol-5-ylmethyl)amino] ethyl}- 1 2-isopropyl-6,9a-dimethyl-1, 3-
dioxo-1,2,3,3a,4,5,5a,6,7,8,9,9a,9b,10,11,11a-hexadecahydro-3b, 1 I-ethenonaphtho[2, I-e] isoindole-6-
carboxylate 3: white solid, yield 91% (0.56 g), mp 58 °C, R¢ 0.4 (CHCI3-EtOAc, 40:3), [a]20" -43 °(c
0.05, CHCl3). 'H NMR (8, ppm, CDCl3, 500 MHz): 0.55 (3H, s, CH3), 0.81-0.99 (2H, m, CHz), 0.98
(3H, d, J = 6.9 Hz, CH3), 1.00 (3H, d, J = 6.9 Hz, CH3), 1.10 (3H, s, CH3), 1.14-1.45 (11H, m, CH,
CH>), 1.60-2.20 (24H, m, CH, CH>), 2.01-2.10 (1H, m, H-15), 2.45-2.55 (2H, m, CH>), 2.75 (1H, d, J =
6.8 Hz, H-1a), 2.95 (1H, s, H-12), 3.40-3.50 (2H, m, CH>), 3.60 (3H, s, CH3), 4.00 (4H, s., CH>), 5.30
(1H, br. s, H-14); 1*C NMR (3, ppm, CDCls, 125.5 MHz): 179.1 (C-22), 178.5 (C-24), 177.5 (C-23),
150.6 (C=N), 147.0 (C-13), 124.5 (C-14), 57.8, 53.9, 52.5, 51.9, 51.7,49.4, 47.1, 45.7, 45.0, 40.6, 38.1,
37.6, 36.6, 35.6, 35.5, 35.2, 32.9, 32.7, 31.9, 29.6, 27.6, 25.1, 24.8, 22.6, 21.7, 20.7, 17.0, 16.7, 15.6.
Analysis calculated for C43H6sN10O4: C, 65.79; H, 8.22; N, 17.84. Found: C, 66.01; H, 8.15; N, 17.90.
MS(APCI) m/z 785.6 [M]" (calculated for C43HeaN10Oa, 785.05).

Methyl 2-{2-[bis(l-benzyl-1H-tetrazol-5-ylmethyl)amino] ethyl}-12-isopropyl-6,9a-dimethyl-1,3-dioxo-
1,2,3,3a,4,5,5a,6,7,8,9,9a,9b,10,11, 1 1 a-hexadecahydro-3b, 1 I-ethenonaphtho/[2, 1-e] isoindole-6-
carboxylate 4: white solid, yield 90% (0.56 g), mp 60 °C, Rr 0.4 (CHCI3-EtOAc, 40:3), [a]20° -35 °(c
0.05, CHCl3). 'H NMR (8, ppm, CDCls, 500 MHz): 0.55 (3H, s, CH3), 0.81-0.99 (2H, m, CHz), 0.98
(3H, d, J=6.9 Hz, CH3), 1.00 (3H, d, ] = 6.9 Hz, CH3), 1.10 (3H, s, CH3), 1.14-1.45 (6H, m, CH, CH>),
1.60-2.20 (7H, m, CH, CH), 2.01-2.10 (1H, m, H-15), 2.45 (1H, d, J = 6.8 Hz, H-1a), 2.65-2.70 (2H,
m, CH>), 3.05 (1H, s, H-12), 3.30-3.40 (2H, m, CH»), 3.65 (3H, s, CH3), 3.90 (4H, s., CH»), 5.35 (1H,
br. s, H-14), 5.40-5.60 (4H, m, CH>), 7.10-7.40 (10H, m, H-Ar); '3C NMR (5, ppm, CDCls, 125.5
MHz): 179.2 (C-22), 178.7 (C-24), 177.5 (C-23), 151.6 (C=N), 147.1 (C-13), 133.3 (C-Ar), 129.2 (C-
Ar), 129.1 (C-Ar), 128.9 (C-Ar), 127.7 (C-Ar), 127.5 (C-Ar), 124.6 (C-14), 53.9, 52.5, 51.9, 50.8, 49.7,
47.1,45.7, 44.3, 41.5, 40.6, 38.1, 37.7, 37.4, 36.7, 35.5, 35.4, 35.2, 32.7, 27.6, 21.8, 20.2, 17.0, 16.8,
15.6. Analysis calculated for CssHssN10O4: C, 67.48; H, 7.05; N, 17.49. Found: C, 67.40; H, 6.99; N,
17.51. MS(APCI) m/z 801.6 [M]" (calculated for C4sHssN10O4, 801.01).
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Figure S1. Some representative tetrazoles having biological activity.
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Figure S2. 'H NMR and '*C NMR spectra of compound 2 (CDCI;).
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Figure S3. 'H NMR and '*C NMR spectra of compound 3 (CDCl;).
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Figure S4. 'H NMR and '*C NMR spectra of compound 4 (CDCI;).
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Pharmacological studies
Anticancer assay
In vitro cancer screen in NCI, USA

Anticancer assay

The newly synthesized diterpene derivatives were exposed to comprehensive in vitro screening at the
National Cancer Institute (NCI) 60-cancer cell lines panel at Bethesda, MD, USA, representing
different types cancer, including leukemia, non-small cell lung cancer, colon cancer, melanoma,
ovarian cancer, renal carcinoma, prostate cancer, and breast cancer. A single dose (10 uM) of the tested
analogs was employed in the full NCI 60 cell lines panel assay.5?>* The data reported as mean-graph of
the percent growth of the treated cells, and presented as percentage growth inhibition (GI %) for the
tested analogs. Primary anticancer assays were performed according to the NCI protocol as described
elsewhere (see e.g., http://dtp.nci.nih.gov). The compounds were added at a single concentration and
the cell cultures were incubated for 48 h. The end point determinations were made with a protein
binding dye, sulforhodamine B (SRB). The results for each compound are reported as the percent
growth (GP %) of treated cells compared to untreated control cells (negative numbers indicate cell kill).
The range of percent growth shows the lowest and the highest percent growth found among the

different cancer cell lines.
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NSC: D-850913/1

Conc: 1.000E-5M

Test Date: Jan 8, 2024

Experiment ID: 2401HT24

Report Date: Feb 20, 2024

Developmental Therapeutics Program
One Dose Bar Graph
Panel/Cell Line Growth Percent
Leukemia
CCRF-CEM -98.00
HL-60(TB) -99.21
K-562 -42.87
MOLT-4 -99.28
RPMI-8226 -99.18
Non-Small Cell Lung Cancer
Ab549/ATCC -89.49
EKVX -97 .51
HOP-62 -98.78
HOP-92 -99.22
NCI-H226 -99.07
NCI-H23 -95.96
NCI-H322M -78.84
NCI-H460 -94.99
NCI-H522 -99.19
Colon Cancer
COLO 205 -92.39
HCC-2998 -97.25
HCT-116 -96.14
HCT-15 -96.77
HT29 -08.49
KM12 -97.48
SW-620 -97.14
CNS Cancer
SF-268 -97.31
SF-295 -99.17
SF-539 -98.56
SNB-19 -97.33
SNB-75 -97.52
U251 -97.91
Melanoma
LOX IMVI -98.27
MALME-3M -99.08
M14 -98.86
MDA-MB-435 -99.26
SK-MEL-2 -99.22
SK-MEL-28 -98.86
SK-MEL-5 -98.65
UACC-257 -99.45
UACC-62 -08.66
Qvarian Cancer
IGROV1 -98.00
OVCAR-3 -99.13
QVCAR-4 -98.07
QOVCAR-8 -95.93
NCI/ADR-RES -94 .65
SK-0V-3 -88.62
Renal Cancer
786-0 -97.89
A498 -98.05
ACHN -97.36
CAKI-1 -08.39
RXF 393 -98.44
SN12C -97.30
TK-10 -99.00
Prostate Cancer
PC-3 -97.52
DU-145 -95.59
Breast Cancer
MCF7 -90.51
HS 578T -98.97
BT-549 -98.68
MDA-MB-468 -95.71

Bar Graph

100 50

0.0
Percentage Growth

-50 -100

Figure S5. Anticancer screening data of compound 2 at single dose assay
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NSC: D-850913/1

Conc: 1.000E-5M

Test Date: Jan 8, 2024

Experiment ID: 2401HT24

Report Date: Feb 20, 2024

Mean Growth Percent - Growth Percent

Developmental Therapeutics Program
One Dose Mean Graph
Panel/Cell Line Growth Percent
Leukemia
CCRF-CEM -98.00
HL-60(TB) -99.21
K-562 -42.87
MOLT-4 -99.28
RPMI-8226 -99.18
Non-Small Cell Lung Cancer
AS49/ATCC -89.49
EKVX -97.51
HOP-62 -98.78
HOP-92 -99.22
NCI-H226 -99.07
NCI-H23 -95.96
NCI-H322M -78.84
NCI-H460 -94.99
NCI-H522 -99.19
Colon Cancer
COLO 205 -92.39
HCC-2998 -97.25
HCT-116 -96.14
HCT-15 -96.77
HT29 -98.49
KM12 -97.48
SW-620 -97.14
CNS Cancer
SF-268 97.31
SF-295 -99.17
SF-539 -98.56
SNB-19 -97.33
SNB-75 -97.52
U251 -97.91
Melanoma
LOX IMVI -98.27
MALME-3M -99.08
M14 -08.86
MDA-MB-435 -99.26
SK-MEL-2 -99.22
SK-MEL-28 -98.86
SK-MEL-5 -98.65
UACC-257 -99.45
UACC-62 -08.66
Qvarian Cancer
GROV1 -98.00
OVCAR-3 -99.13
OVCAR-4 -98.07
QOVCAR-8 -95.93
NCI/ADR-RES -94.65
SK-OV-3 -88.62
Renal Cancer
786-0 -97.89
A498 -98.05
ACHN -97.36
CAKI-1 -08.39
RXF 393 -98.44
SN12C -97.30
TK-10 -99.00
Prostate Cancer
PC-3 -97.52
DU-145 -95.59
Breast Cancer
MCF7 -90.51
HS 578T -98.97
BT-549 -98.68
MDA-MB-468 -95.71
Mean -96.06
Delta 3.39
Range 56.58

150

100 50

-50

-100 -150

Figure S6. Anticancer screening data of compound 2 at single dose assay
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Developmental Therapeutics Program | Nsc: D-850908/1 | Conc: 1.000E-5 M Test Date: Jan 8, 2024

One Dose Bar Graph Experiment ID: 2401HT24 Report Date: Feb 20, 2024
Panel/Cell Line Growth Percent Bar Graph
Leukemia

CCRF-CEM 48.75
HL-60(TB) -12.29
K-562 104.78 I
MOLT-4 12.91
RPMI-8226 -69.48
Non-Small Cell Lung Cancer
AS549/ATCC 51.43
EKVX 7597
HOP-62 103.50
HOP-92 70.98
NCI-H226 37.90
NCI-H23 67.10
NCI-H322M 90.56
NCI-H460 53.34
NCI-H522 62.87
Colon Cancer
COLO 205 84.76
HCC-2998 62.76
HCT-116 47.09
HCT-15 7219
HT29 g2
KM12 67.53
SW-620 101.02
CNS Cancer
SF-268 80.11 EE——
SF-295 65.26
SF-539 87.41 F
SNB-19 95.03
SNB-75 1.92
U251 88.25 [ —
Melanoma
LOX IMVI 95.92
MALME-3M 83.09
M14 92.27
MDA-MB-435 83.79
SK-MEL-2 95.65
SK-MEL-28 116.60
SK-MEL-5 40.50
UACC-257 82.41
UACC-62 99.78
Qvarian Cancer
OVCAR-3 48.40
OVCAR-4 59.38
OVCAR-8 64.62
NCI/ADR-RES 68.65
SK-0V-3 96.06
Renal Cancer
786-0 80.74
A498 64.11
ACHN 85.95
CAKI-1 75.81
RXF 393 26.31
SN12C A7 47
TK-10 87.77
Prostate Cancer
PC-3 30.79
DU-145 77.37
Breast Cancer
MCF7 26.18
HS 578T 41.41
BT-549 81.11
MDA-MB-468 8.59
125 62.5 0.0 -62.5 -125

Percentai:;e Growth

Figure S7. Anticancer screening data of compound 3 at single dose assay
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NSC: D-850908 / 1

Conc: 1.000E-5M

Test Date: Jan 8, 2024

Experiment ID: 2401HT24

Report Date: Feb 20, 2024

Mean Growth Percent - Growth Percent

Developmental Therapeutics Program
One Dose Mean Graph
Panel/Cell Line Growth Percent
Leukemia
CCRF-CEM 48.75
HL-60(TB) -12.29
K-562 104.78
MOLT-4 12.91
RPMI-8226 -69.48
Non-Small Cell Lung Cancer
AS49/ATCC 51.43
EKVX 75.97
HOP-62 103.50
HOP-92 70.98
NCI-H226 37.90
NCI-H23 67.10
NCI-H322M 90.56
NCI-H460 53.34
NCI-H522 62.87
Colon Cancer
COLO 205 84.76
HCC-2998 62.76
HCT-116 47.09
HCT-15 72.19
HT29 31.72
KM12 67.53
SW-620 101.02
CNS Cancer
SF-268 80.11
SF-295 65.26
SF-539 87.41
SNB-19 95.03
SNB-75 1.92
U251 88.25
Melanoma
LOX IMVI 95.92
MALME-3M 83.09
M14 92.27
MDA-MB-435 83.79
SK-MEL-2 95.65
SK-MEL-28 116.60
SK-MEL-5 40.50
UACC-257 82.41
UACC-62 99.78
Qvarian Cancer
GROV1 49.50
OVCAR-3 48.40
OVCAR-4 59.38
QOVCAR-8 64.62
NCI/ADR-RES 68.65
SK-OV-3 96.06
Renal Cancer
786-0 80.74
A498 64.11
ACHN 85.95
CAKI-1 75.81
RXF 393 26.31
SN12C 47 47
TK-10 87.77
Prostate Cancer
PC-3 30.79
DU-145 T1.37
Breast Cancer
MCF7 26.18
HS 578T 41.41
BT-549 81.11
MDA-MB-468 8.59
Mean 63.52
Delta 133.00
Range 186.08

150

100 50

-100 -150

Figure S8. Anticancer screening data of compound 3 at single dose assay Compound 3
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Developmental Therapeutics Program | Nsc: D-850912/1 | Conc: 1.000E-5 M Test Date: Jan 8, 2024

One Dose Mean Graph Experiment ID: 2401HT24 Report Date: Feb 20, 2024
Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia

CCRF-CEM 33.28
HL-60(TB) -36.41
K-562 87.42
MOLT-4 9.37
RPMI-8226 -51.73
Non-Small Cell Lung Cancer
AS49/ATCC 75.68
EKVX 87.43
HOP-62 134.64
HOP-92 98.42
NCI-H226 49.17
NCI-H23 98.48
NCI-H322M 82.79
NCI-H460 9243
NCI-H522 65.36
Colon Cancer
COLO 205 95.85
HCC-2998 74.03
HCT-116 71.02 jn
HCT-15 76.32
HT29 75.73
KM12 83.62 -
SW-620 91.95
CNS Cancer
SF-268 109.96
SF-295 76.77 L
SF-539 99.15 —
SNB-19 97.85 .
SNB-75 45.74 [—
U251 86.78 |
Melanoma
LOX IMVI 103.87
MALME-3M 114.63
M14 106.48
MDA-MB-435 101.70
SK-MEL-2 93.57
SK-MEL-28 111.58
SK-MEL-5 61.80
UACC-257 80.88
UACC-62 81.38
Qvarian Cancer
GROV1 99.46
OVCAR-3 84.13
OVCAR-4 55.91
QOVCAR-8 52.98
NCI/ADR-RES 51.90
SK-OV-3 84.75 B
Renal Cancer
786-0 81.94
A498 88.07
ACHN 96.83
CAKI-1 81.10
RXF 393 75.89
SN12C 69.97
TK-10 90.51
Prostate Cancer
PC-3 40.90
DU-145 91.25
Breast Cancer
MCF7 62.29
HS 578T 78.42
BT-549 50.44
MDA-MB-468 1.62
Mean 74.81
Delta 126.54
Range 186.37
150 100 50 0 -50 -100 -150

Figure S9. Anticancer screening data of compound 4 at single dose assay
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Developmental Therapeutics Program | Nsc: D-850912/1 | Conc: 1.000E-5 M Test Date: Jan 8, 2024

One Dose Bar Graph Experiment ID: 2401HT24 Report Date: Feb 20, 2024
Panel/Cell Line Growth Percent Bar Graph
Leukemia

CCRF-CEM 33.28
HL-60(TB) -36.41
K-562 87.42 |
MOLT-4 9.37
RPMI-8226 -51.73
Non-Small Cell Lung Cancer
AS549/ATCC 75.68
EKVX 87.43
HOP-62 134.64
HOP-92 98.42
NCI-H226 4917
NCI-H23 98.48
NCI-H322M 82.79
NCI-H460 92.43
NCI-H522 65.36
Colon Cancer
COLO 205 95.85
HCC-2998 74.03
HCT-116 71.02
HCT-15 76.32
HT29 7573
KM12 83.62
SW-620 91.95
CNS Cancer
SF-268 109.96 —
SF-295 76.77
SF-539 99.15 E
SNB-19 97.85
SNB-75 45.74
U251 86.78 —
Melanoma
LOX IMVI 103.87
MALME-3M 114.63
M14 106.48
MDA-MB-435 101.70
SK-MEL-2 93.57
SK-MEL-28 111.58
SK-MEL-5 61.80
UACC-257 89.88
UACC-62 81.38
Qvarian Cancer
IGROV1 99.46
OVCAR-3 84.13
OVCAR-4 55.91
OVCAR-8 52.98
NCI/ADR-RES 51.90
SK-0V-3 84.75
Renal Cancer
786-0 81.94
A498 88.07
ACHN 96.83
CAKI-1 81.10
RXF 393 75.89
SN12C 69.97
TK-10 90.51
Prostate Cancer
PC-3 40.90
DU-145 91.25
Breast Cancer
MCF7 62.29
HS 578T 78.42
BT-549 50.44
MDA-MB-468 1.62

150 75 0.0 -75 -150
Percentage Growth

Figure S10. Anticancer screening data of compound 4 at single dose assay
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