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of the methanesulfonate group in PPA 9-O-mesylate by 
1,2,4-triazole group afforded new derivatives 4a,b with a C(6)–N 
bond. The reaction of compound 3 with triazole was carried out 
using different bases. Thus, under the action of NaH, along with 
the expected compound 4a, product 4b was also obtained. 
Compound 4b contains two triazolyl groups, one of them being 
connected through a C=C bond to the nitrogen-containing PPA 
ring. When using Cs2CO3, only ditriazole product 4b was formed 
(see Scheme 1). In the literature, there is a close example12 of the 
addition of triazole to the terminal atom of the C=C bond of the 
C=C–N–C(O) system.

The selection of the reagents used in this work was dictated 
by the known general influence of the groups introduced on the 
antitumor properties of the modified substances. Thus, the 
presence of S-azaheterocyclic groups provides inhibition of the 
growth of colon cancer cells against HT-29 nearly equipotent 
with fluorouracil.13 The 1,2,4-triazole cycle has been embedded 
into various anticancer drugs either in clinical use or in clinical 
trials.14 

The structure of new compounds 2a–f and 4a,b was confirmed 
by HRMS data and IR and NMR (1H, DEPT, ROESY, COSY, 
HMQC, HMBC) spectroscopy. HMBC spectroscopy and HRMS 
data unambiguously prove the structure of product 4b. The 
1H NMR spectrum of 4b is characterized by the absence of a 
signal for the methoxy protons at ~3.94 ppm and by the presence 
of the signal for the free NH-group at 8.70 ppm (1H-13C HMQC). 
The characteristic signals for the terminal olefinic protons at 
5.18 and 5.12 ppm, which were present in the starting compound 
PPA, are absent in the spectrum of compound 4b. Instead of 
them, there is a low-field singlet at 6.90 ppm related to the 
olefinic proton at the carbon atom bonded to the nitrogen atom of 
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the triazole ring. This is also confirmed by the 13C DEPT 
spectrum, correlation with the carbon signal at 101.88 ppm in 
the spectrum of 1H-13C HMQC and correlation with quaternary 
carbon atoms C(3) and C(4) in the spectrum of 1H-13C HMBC.

The cytotoxic activity of PPA derivatives 2a–f and 4a,b was 
evaluated on human embryonic kidney cells and human prostate 
adenocarcinoma PC-3, human colorectal cancer HCT-116, 
human acute T-cell leukemia Jurkat, human breast cancer  
MCF-7, human lung cancer A549, human chronic myelogenous 
leukemia K562, human acute monocytic leukemia THP-1, 
human multiple myeloma NCI-H929 and human multiple 
myeloma RPMI8226 cell lines by MTT assays. All cells were 
incubated with different concentrations of PPA derivatives for 
72 h, with etoposide used as reference compound. The anticancer 
activity of the tested compounds was described as the 
concentration of drug inhibiting 50% cell growth IC50  
(Tables 1 and 2; data were expressed as inhibitory ratio ±SD 
based on three independent experiments, n = 3).

Data in Tables 1 and 2 demonstrate that compounds 2a–f, 4a 
are superior in cytotoxic activity to the original PPA in all tested 
cancer lines, and most of the products are superior to the control 
semi-natural etoposide on HCT-116-2, MCF-7, PC3, NCI-H929, 
RPMI8226 lines. Compound 4b in which the triazole groups are 
present both at the C(6) atom and at the alkenyl carbon atom 
does not exhibit essential cytotoxic activity. This fact is in a good 
agreement with the previous assumption8,9 of the importance of 
terminal multiple bond and the methoxy group in PPA derivatives 
for the manifestation of their biological activity.

The authors are grateful to A. O. Berestetskiy for providing 
phaeosphaeride A.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.1016/j.mencom.2021.09.023.

References
  1	 V. Bhavana, S. J. S. Sudharshan and D. Madhu, in Anticancer Plants: 

Clinical Trials and Nanotechnology, eds. S. A. Mohd and K. S. Mallappa,  
Springer, 2017, vol. 3, pp. 51–104.

  2	 G. M. Cragg and D. J. Newman, J. Ethnopharmacol., 2005, 100, 72.
  3	 G. M. Cragg and D. J. Newman, Biochim. Biophys. Acta, 2013, 1830, 

3670.
  4	 D. J. Newman and G. M. Cragg, J. Nat. Prod., 2016, 79, 629.
  5	 K. N. Maloney, W. Hao, J. Xu, J. Gibbons, J. Hucul, D. Roll, S. F. Brady, 

F. C. Schroeder and J. Clardy, Org. Lett., 2006, 8, 4067.
  6	 A. O. Berestetskiy, E. V. Poluektova, S. V. Sokornova and Yu. S. Tokarev, 

Patent RF 2596928, 2016.
  7	 V. V. Abzianidze, D. S. Prokofieva, L. A. Chisty, K. P. Bolshakova, 

A.  O.  Berestetskiy, T. L. Panikorovskii, A. S. Bogachenkov and 
A. A. Holder, Bioorg. Med. Chem. Lett., 2015, 25, 5566.

  8	 V. V. Abzianidze, K. P. Bolshakova, D. S. Prokofieva, A. O. Berestetskiy, 
V. A. Kuznetsov and Yu. G. Trishin, Mendeleev Commun., 2017, 27, 82.

  9	 V. V. Abzianidze, K. P. Efimova, E. K. Poluektova, Yu. G. Trishin and 
V. A. Kuznetsov, Mendeleev Commun., 2017, 27, 490.

10	 V. Abzianidze, P. Beltyukov, S. Zakharenkova, N. Moiseeva, J. Mejia, 
A. Holder, Yu. Trishin, A. Berestetskiy and V. Kuznetsov, Molecules, 
2018, 23, 3043.

11	 V. V. Abzianidze, S. A. Zakharenkova, N. I. Moiseeva, P. P. Beltyukov, 
V. A. Polukeev, Ya. A. Dubrovskii, V. A. Kuznetsov, Yu. G. Trishin, 
J. E. Mejia and A. A. Holder, Bioorg. Med. Chem. Lett., 2019, 29, 59.

12	 P. M. T. Ferreira and H. L. S. Maia, L. S. Monteiro and J. Sacramento, 
Tetrahedron Lett., 2000, 41, 7437.

13	 H. A. Abdel-Aziz, H. A. Ghabbour, W. M. Eldehna, S. T. A. Al-Rashood, 
K. A. Al-Rashood, H.-K. Fun, M. Al-Tahhan and A. Al-Dhfyan, Eur. J. 
Med. Chem., 2015, 104, 1.

14	 A. Turky, A. H. Bayoumi, F. F. Sherbiny, K. El-Adl and H. S. Abulkhair, 
Mol. Diversity, 2021, 25, 403.

Received: 19th April 2021; Com. 21/6531 

N
HO

Me

n-C5H11

OH O

OMe

1 (PPA)

NHO
Me

n-C5H11

OMs O

OMe

NHO
Me

n-C5H11

O O

OMe

O

S
R

NHO
Me

n-C5H11

N O

OMe

H

N N
NN

Me

NHHO
Me

n-C5H11

N OH

N

N

N

Me

N

N

N

i, ii

2a–f

a  R =

b  R =

c  R =

d  R =

e  R =

f  R =

iii

3

1

iv or v

4a (for iv)

or/and

4b (for iv, v)
N NN N

N
N

NN

N
H

H

NHN

N

O
O

O

O O

Scheme  1  Reagents and conditions: i, ClCH2C(O)Cl, Et3N, CH2Cl2, 0 °C, 
2 h; ii, RSH, K2CO3, NaI, MeCN, 55 °C, 4 h; iii, MsCl, Et3N, CH2Cl2, 0 °C, 
2 h; iv, 1,2,4-triazole, NaH, DMF, 50 °C, 24 h; v, 1,2,4-triazole, Cs2CO3, 
MeCN, 25 °C, 24 h.

Table  1  IC50 values for the respective compounds when studied on the 
suspension cell lines. 

Compound
Suspension cell cultures, IC50 /μm

NCI-H929 THP-1 K562 RPMI8226 Jurkat

PPA 1 6.7 ± 0.25 18 ± 0.25 25 ± 1.1   8.1 ± 0.2 12 ± 0.5
2a 1.3 ± 0.5   1.9 ± 0.3   4.2 ± 0.7   3.2 ± 0.2   1.9 ± 0.1
2b 1.5 ± 0.5   3.9 ± 0.2   6.3 ± 2.8   4.5 ± 0.2   1.9 ± 0.3
2c 1.0 ± 0.1   3.5 ± 0.4   5.5 ± 3.3   2.2 ± 0.2   2.1 ± 0.4
2d 1.2 ± 0.2   1.9 ± 0.3   4.1 ± 0.4   2.1 ± 0.2   2.0 ± 0.2
2e 1.7 ± 0.1   4.2 ± 0.5   7.3 ± 3.1   3.3 ± 0.2   3.5 ± 0.2
2f 1.8 ± 0.1   4.7 ± 0.5   3.9 ± 0.9   4.1 ± 0.2   3.1 ± 1.4
4a 2.0 ± 0.2   4.9 ± 0.4   8.5 ± 2.0   4.3 ± 0.2   3.4 ± 0.4
4b 5.6 ± 0.7 42.0 ± 5.2 45.0 ± 5.4 51.0 ± 0.2 94.0 ± 22.6
Etoposide 1.9   2   7.6   8.5   –

Table  2  IC50 values for the respective compounds when studied on the 
adhesive cell lines.

Compound
Adhesive cell cultures, IC50 /μm

HCT-116-2 MCF-7 PC3 A549 HEK293

PPA 1 48 ± 0.5 19 ± 0.7 35 ± 0.5 42 ± 2.3 10 ± 0.4
2a   6.5 ± 2.1   4.9 ± 1.1 20.4 ± 1.6 15.0 ± 1.8   7.4 ± 0.5
2b   7.5 ± 0.7   6.0 ± 0.5 10.1 ± 2.1 15.0 ± 2.4   7.6 ± 0.4
2c   7.6 ± 0.5   3.4 ± 0.9   9.8 ± 2.1 19.0 ± 3.1   6.7 ± 0.3
2d   6.3 ± 1.6   3.7 ± 1.3 10.3 ± 1.3 26.0 ± 0.9   6.2 ± 0.9
2e 11.8 ± 3.2   4.7 ± 2.3 16.0 ± 1.3 37.0 ± 3.1   9.4 ± 0.7
2f 10.5 ± 5.0   6.1 ± 1.7 16.5 ± 1.3 20.0 ± 2.2 10.0 ± 1.1
4a 10.0 ± 7.1   6.1 ± 1.8 14.2 ± 2.8 22.0 ± 3.4   9.8 ± 0.2
4b not active 49.0 ± 5.3 not active not active 41.0 ± 2.1
Etoposide 43   8.9 55 14   2


