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Synthesis of novel di-triazolyl-functionalised  PO6Y
purine nucleosides

Kovalovs A., Bizdéna E., Turks M.
Riga Technical University, Faculty of Material Science and Applied Chemistry, 14/24 Azenes str.,

Riga LV-1007, Latvia
erbi@oktf.riu.lv

The synthesis of novel nucleoside analogs is of great importance because of their
application in synthesis of antisense o1 antigene oligonucleotides and for their
biological evaluation as antiviral and anticancer drug candidates [1]. One ot the
most powerful reactions tor developing of new structures of nucleoside and
oligonucleotide analogs 1s Cu(l) catalysed Huisgen 1,3-dipolar cycloaddition [2].
We report here the synthesis of novel di—triazolyl—functionaliséd purine
nucleosides. The key intermediate for synthesis of target compounds of type 3 18
9~(t1‘i~O-acety1-B-D—arabinoﬁiranosyl)-E,6—diazid0puri1’16 (1), obtamned from
corresponding 2.6-dichloropurine nucleoside in a reaction with sodium azide.

=N
—N L — N i R
ACQ/\&I 2 - Aco/\&r Znt
: N N CuS0,5H.0 : N N
AcO OAc b‘]/ 47 AcO  0OAc \]/
N Na ascorbate N
3 "N
t-BUOH/MH,O i\,ﬁi
1 2 R

N‘;N
o N AR
Nm NH [EtOH/H,O

oY

N
WG OH Y
N.

N
i
S\-/N 3 R = alkyl-, aryl-, cycloalkyl-, hydroxyalkyl-, benzyloxyaikyl-.
R

Substituted 2,6-di-triazolylpurine arabinonucleosides were obtained in the
reaction of diazide 1 with various terminal alkynes. Deprotection of 2 led to target
nucleoside analogs 3. Synthesis of similar triazolyl-functionalized nucleosides

of ribo series 1s 1n progress.

1. Gumina, G.; Choi,Y.; Chu, C.K. Recent Advances in Antiviral Nucleosides. In
Antiviral Nucleosides: Chiral synthesis and Chemotherapy; Chu, C.K., Ed.;

Elsevier, 2003, pp.1-76.
2. Kolb, H.C.; Finn, M.G ; Sharpless, K.B. fﬁngew. Chem. Int. Ed., 2001, 40,

2004-2021.
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Novel chiral aziridine - triazole conjugates PO70

Imants Kreituss, Maris Turks, Daina Zicine
Faculty of Material Science and Applied Chemistry, Riga Technical University, Riga, LV-1007,

[Latvia
maris_turks@ktf.rtu.lv

T'he pharmacological activity demonstrated by numerous aziridine derivatives'
has been sufficient to promote our interest towards synthesis of novel aziridine —
triazole conjugates. Hence, we modified aziridine derivatives with a 1.4-
disubstituted 1,2,3-triazole unit® in the side chain, which due to its molecular
dimensions is similar to an amide functionality in terms of distance and planarity.’
Compounds of type 3 were reported by Harrity et. al. as intermediates for
synthesis of triazolyla]anine-type derivatives via aziridine ring opening.*”

Herem we report the synthesis of deprotected and water soluble homochiral

aziridine-triazole conjugates 4a-e. Biological activity of 4a-e will be discussed.
R

- N
o~ N3 k‘m
7)%0 " R =, N’ - W/\PZI/%"R
N N 7/ H
Tr Tr
N
§ Ir
1 Z 3 4
N =N N =N
H H i cn M cN OH
(S)-d4a (53%) (5)-4b (44%) (£)-4¢ (32%) (S)-4d (16%)
e.e. 99.3%:
N ; NiN
< N
N
N=N Hr£>

(S.S)-de (40%)

References: |
. Ismail, F. M. D.; Levitsky, D O.; Dembitsky, V. M. Eur. J Med. Chem. 2009,

44, 3373

Int. Ed. 2002, 41, 2596
5. Angell, Y. L.; Burgess, K. Chem. Soc. Rev. 2007, 36, 1674-1689

4. Jamookeeah, C. E.; Beadle, (lj D.; Jackson, R. W. E.; Harrity J. A. P. J Org.

Chem. 2008, 73, 1128 5
5. Jamookeeah, C. E.; Beadle, C., Harrity J. A, P. Synthesis 2009, 1, 133
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Application of nitromethyl monosaccharides PO89
in the synthesis of sugar-isoxazole conjugates

Jevgenija Luginina, Vitalijs Rjabovs, Maris Turks

Faculty of Material Science and Applied Chemistry, Riga Technical University
14/24 Azenes Str., Riga, LV-1007, Latvia

maris turks@ktf.rtuly

[soxazoles as a subclass of azoles have g,arined 2 wide attraction due to their broad
spectrum of biological activities. Recently, few ntersting sugar-isoxazole
conjugates were reported.’ Thus, we deci;ded to explore the possibilities of sugar-
isoxazole conjugate synthesis via 1,3-dipolar cycloaddition of alkyne to mtrile
oxide generated from nitro oroup.”

We started with the modification ot D-glucose to synthesize nitro group
containing alcohol 1 which was transformed into two different nitromethyl

monosaccharides 2 and 3.

NO, NO; )

2, R! = SMe R0

3, R1 =H 4, R = SMe: yields up to 85%
5 R!'=H: yields up to 71%

> >
o O v RL—T= o O
Hth‘WO ..,_'- | : *r.lO - R'1 . Oy
‘D){" e /[’\\ O/JT
N
t

T | O
' §
O 'irIWR,_ 5, RTZSME
N0 Oy O 7 R'= H
N ; -‘N ) / !
o 5. &

Further, both compounds were successfully used as substrates for synthesis of
sugar based isoxazole monomers 4 and > or dimers 6 and 7 in good to excellent

yields.

References: ;

1. a) Wankhede, K. S.; Vaidya, V. V. Sarang, P. S.; Salunkhe, M. M.; Trivedy, G.
K Tetrahedron Lett. 2008, 49, 2069. b) Vaidya, V. V. Wankhede, K. S.;
Satunkhe, M. M.; Trivedi, G. K. Can. J. Chem. 2008, 86, 138. ¢) Pérez-Balderas,
F.: Hemandez-Mateo, F; Santoyo-Gonzalez, F. Tetrahedron. 2005, 61, 9338.

2 Shimizu, T.; Hayashi, Y.; Shibafuchi, H.; Teramura, K. Bull. Chem. Soc. Jpn.

1986, 59, 2827.
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Generation of new disacc

chemistry

Jevgenija MackeviCa, Vitalijs Rjabovs

Faculty of Material Science an
Riga, LV-1007, Latvia
maris_turks(@ktt.rtu.lv

A series of novel carbohydrate conjuga
Among the pharmaceutical uses, triazol
inhibitors of the proliferation of leukemi
Copper catalyzed 1,3-dipolar cycloadd
glucose and D-galactose) and COMMETCI:
2.2-dipropargyl dimedone and 5,5-dip:
substituted triazole-linked disaccharid

=

CoS.

harides via click PO91

- Maris Turks®

r

d Applied Chemistry, Riga Technical University,

14/24 Azenes Str.,

es were synthesized via click chemistry.
e-carbohydrate conjugates are known as

1 cells’ and glyt_:os,idases.2

iton between azidomonosaccharides (D-
[y available 1,n-diynes or “home-made”
-opargyl Meldrum’s acid gave the 1,4-

Two catalytic systems have been

empl
easily removed using acetic or tritluoro

Azidomongsa

oyed — CuSOu/sodium ascorbate and Cul/DIPEA. Protecting groups were
cetic acid.

charides

OH
. \Tﬂi -
-
N
- N:N‘r OH OH
b=
= OH
HO Q
N::N" CH OH
1

1. El Akri, K.; Bougrin, K. Balzarinj,
Chem. Lett. 2007, 17, 6656.

0. a) Rossi, L. L.; Basu, A.; Bioorg.
R.: Ferrieres, V.; Garcia-Moreno, M.

,l OH
O
- HO
OH OH
7N
N::N CH
O
o| HO
"
=
T OH OH
\</\":}
N N,:_N
2

J.. Faraj, A.; Benhida, R. Giorg. Med.

Med Chem. Lett. 2005, 15, 3596; b) Périon,

.. Oritz Mellet, C.; Duval, R.; Garcia

Fernandez, J. M.; Plusqueliec, D. Tetrahedron 2005, 61, 9118.
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New method for derivatization and

PO105

GC-analysis of polar and non-volatile

product

}

Irina Novosjolova, Maris Turks

Faculty of Material Science and Applied Chemisl

maris_turks{@ktf.rtu.lv
Silylation 1s a powerful tool used for

and chromatographic mobility of

trimethylsilyl 2-methylprop-2-ene-1-su
produced 1n sila-ene reaction between
presence of Lewis acid.”” Obtained s
and qualitative and quantitative analys:

S

ry, Riga Technical University

increasing the volatility, thermal stability
polar organic compounds.' In 2002,

[finate as new derivatization reagent was
methallylsilane and sulfur dioxide mn the
ilyl sulfinate can be used in derivatization
5 of polyhydroxylated compounds.

Silyl sulfinate is a perspective Figure 1.
reagent fOr derivatiza‘[ion Of Abum_!unc:t: 5 TIC: IRN-132 4C . IData.ms
mixtures of  polyhydroxylated oo )\/S“D&Meu\\ =8 |
‘ _{}Uﬂﬂﬂf; ‘ H:”SH_?-E Iil."w.]ﬂ.‘:rj
compounds. One of the main | 7P 6863 ‘*‘i”g S
. : - ) [P35 | o 14285
accomplishments  with the new | sjoooo §523 AT
reagent is the GC-MS analysis of | 71770 11
silylated monosaccarides. This will | 25000 H I
. - 00000 , N .
be demonstrated on ribose and | . o AT )
mannose as examples. Pl 4000 600 800 1000 1200 1400 1600 Ciso0
Table 1.
R“‘““:E: time, Silylated analyte R““"::;: ttme, Sitytated analyte A mixture of glyce rol,
o 3510 e o i 3@%5%; ethylene glycol, 2-ethyl-2-
5 (hydroxymethyl)-1,3-
852 ;10 _X_0sites 413 ~oswe, | propanediol, resorcinol, 2,2-
' OSihe . .
. dimethyl-1,3-propanediol,
Q1o }\/E 14 79 MeL 10 G5 IMe h . 1 .
*O8iMe, O pentaeryt ritol, "[aI'J[aI:IC,
Me:5i0 e | mandelic, and malic acids
1.4 MeSi0 14.54 “:f%f;% e was silylated and analyzed
OSiMe, »
' WSy by GC-MS (Fig.1, Table 1).
12.85 Q 16.16 Megs EGNGSiMEj
e, SiO OSiMe, O OSiMe,
References:

]. Halket, J. M.; Zaikin, V. G. Eur. J. Mass Spectrom. 2003, 9. 1.

2. Bouchez, L. C.; Vogel, P. Synthesis,

2002, 225.

3. Bouchez, L. C.; Dubbaka, S. R.; Turks, M.; Vogel, P. J. Org. Chem., 2004, 69,

6415.

4. Huang, X.; Craita, C.; Awad, L.; Vogel, P. Chem. Commun., 2005, 1297.
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Novel carbohydrate-tri:

Jekaterina Rjabova, Vitalijs Rjabovs,
Faculty of Material Science and Applied Chem
Latvia

marts_turks(@ktf.rtu.lv

Recently carbohydrate-triazole conjt
olycosidase inhibitors, frams-sialidase
inhibitors.” On the other hand, 1,2,3-tri

1zole conjugates

1gates

PO129

Maris Turks”*

istry, Riga Technical University, Riga, LV-1007,

were closely investigated as
inhibitors, and glycogen phosphorylase

nzoles are isosteric to the amides and are

often used as latter in biologically active compounds.”
Hence, we report synthesis of 1,2,3-triagzole-carbohydrate conjugates 4a-j as well

as octasaccharide peptide mimetic 5 by 1
O

means of “Click Chemistry”.”

%D‘“\\Si?'”ﬂ
Y/ HO PJ‘D)(\
72
O
= Q O 7{(\}'1_ 0 H*-—“"':‘_ %;L@"'D
MsO—" O Ny --,G)(’ )::Jr-lwc ®
R
“ N / 4a R=Ph 85% ‘

ab R=4-CHiCgHs 81% 4h R=NCT ") 92%
4c R=4-NH,CeHs 90%

4d R=4-f-E~UC5H4 91:]!':1 4| R:

de R=n-C,Hy  B89% >

92%

4f R=H'C5H11 81%

HO
Q_J\/ o/ 4g R=n-CgHys  92% 4 R= X& 2%
iy 1\{:} {:} D D..-" ":::I
0 < | /\]}\ ) "“D%
T ,.!::l —_— “:, T 4 D
B ______‘N _.__N - a1
X © - NE NEN “”%/O
N N= :
D D __..--'N,,N"} N N -
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1. a) Dedola, S.; Hughes, D. L.; Nepogodiev, 5. A.j Rejzek, M.; Field, R. A.
Carbohydr. Res. 2010, in press (available online 4 April 2010); b) Carvalho, 1;

Andrade, P.; Campo, V. L.; Guedes,

P. M. M.; Sesti-Costa, R.; Silva, J. 5.

Schenkman, S.; Dedola, S.; Hill, L.; Rejzek, M.; Nepogodiev, S. A.; Field, R. A.

Bioorg. Med. Chem. 2010, 18, 2412;
Somsak, L. Bioorg. Med. Chem. 2010, 1

2. Angell, Y. L.; Burgess, K. Chem. Soc,

¢) Bokor, E.; Docsa, T.; Gergely, P.;

8, 1171.

Rev. 2007, 36, 1674.

3. Rostovtsev, V. V.; Green, L. G.; Fokiin, V. V.; Sharpless, K. B. Angew. Chem.

Int. Ed. 2002, 41, 2596.
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3-Aminomethyl allpse as a platform for the

POI130

synthesis of /V-heterocyclic sugar derivatives

Vitalijs Rodins, Pavels Ostro
Faculty of Material Science and App
Riga, LV-~1007, Latvia
maris_turks@ktfortu.lv

Due to their versatility, sugar
combinatorial chemistry'. In

proved to be excell

|

vskis and Maris Turks’
ied Chemistry, Riga Technical University, 14/24 Azenes Str.,

ent highly chiral platforms for
articular, low price and high availability of D-

glucose makes it attractive for poth scientific and industrial applications.
0
0 . >
> > 0"\ =0
0 O, |7 © 0 _ [ o
‘JO 1 "JO :r:\l"'-.N HO_-_- ",,
"o 'b"\' TN s bfj\_ “)ﬁ O™\
1 / 2 \ R 3
Y
HO 24
~20 0" N\ WO
R&Naj)'u@ "fo
= R-=N = -
OH b’JV )0 b/K'
0
4 5
The effective and convenient foute towards substituted carbohydrate conjugates

(3 - 5) was developed. The

exhibit wide range of biologigal activities, such as I

and glycosidase™ inhibition.
ammomethyl derivative 2 from
discussed.

References:
]. Risseeuw, M.D.P.:

letrahedron. Asymmertry 2007,

4

types of molecular architectures are known to
eukemia cell proliferation

procedure for synthesis of strategic
able diacetone-D-glucose (1) will be

he mmproved
readily avail

Overhand, M.; Fleet G.W.J.; Simone, M.L

/&, 2001-2010.

2. Bl Akri, K.; Bougrin,

Rosst, L.L.; Basu, A
Gasch C.,

.).

4. Illangua J

20009, 65, 4149- 41‘35 and refere:

Med. Chem. Lett. 2007, 17, 665£

K.; Balzarini, J.; Faraj, A.; Benhida, R. Bioorg.

worg. Med. Chem. Lett., 2005, 15, 3596.
, Merino-Montiel P., Fuentes J., Tetrahedron,

1ces cited therein.
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An easy entry to 4-NV-derivatized PO146
tetrahydroindazoles via Ritter reaction

Inta Strakova, Maris Turks*
Faculty of Material Science and Applied|Chemistry, Riga Technical University, Riga, LV-1007

maris_turks@ktt.rtu.lv

Tetrahydroindazoles (THIs), asl a group of fused-pyrazoles have experienced
significant renaissance in the last decade. This is explained by the fact that the
above mentioned molecular scaffold can be perfectly derivatized to create a broad
spectrum of distinct biologicalf activities. Thus, different derivatives of THIs
exhibit properties that allow fo consider them as potential herbicides, anti-
inflammatory drugs, anticancer gubstances, etc.

Hence, we have proceeded to the synthesis of 4-N-derivatized tetrahydroindazoles
2. The synthesis starts with tetrahydroindazol-4-one 1 which 1s reduced to the
corresponding pseudobenzylic plcohol. The Ritter reaction on the latter 1n a
strongly protonating medium prgvides THIs decorated with amide side chain.

:ﬂxr :ﬂ\r
N'\ N'-.
| {N = N
R’ R’
O Os NH R
: Y. 2
R

Deacylation procedures and further functionalization possibilities of 4-amino-
tetrahydroindazoles will be discussed.
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A straightforward way to chiral 7-amino-  POI147
tetrahydroindazol-4-ones

1

Inta Strakova', Ilze Kumpma : Vltalljs Rjabovs,” Jevgenija Lugir};ina,jI

Sergey Belyakov®, Maris Turks"*
‘Facultv of Material Science and Applied Chemistry, Riga Technical University, Riga, LV-1007
‘Latvian Institute of Organic Chemistry, 21 Aizkraukles Str., Riga, LV-1006, Latvia

maris_turks@xktf.rtu.lv

Recently, we have reported the synthems of racemic 7-triazolyl functionalized
4.5.6,7-tetrahydroindazoles (THIs).' In order to dimerize these building blocks
and/or to conjugate them with products coming from natural chiral pool, both

enantiopure forms of 7-azido-THIs are rqqmred
‘The key step in their synthesis is a chiral resolution of 7-amino-THIs 1. Thus,

enantiopure forms of (+)-1 and (-)-1 were obtained. The thorough X-ray data
comparison of the above mentioned enantiomers versus racemate showed several
interesting phenomena that will be discussed.

Adm L E S EE EE EE S S B SN U LN EE JEE EE Em um

Further functionalization of chiral| amines 1 lead to corresponding
enantioenriched triazole derivatives 2 iin good to excellent yields. Examples
include, infer alia, different monosaccharlde conjugates (R* = monosaccharide

restdue). |

Reterences: |
1. Strakova, 1.; Turks, M.; Strakovs, A. Yﬁermhedron Lett. 2009, 50, 3046-3049.
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Synthesis of enantiopure triazole-modified  POJ748

homoalanine derivatives
Natalja Strelnikova’, Martin§ Otikovs', Viktors Kumpin3', Udo Kalgjs’,
Maris Turks"”
'Facu]ty of Material Science and Applied Chemistry, Riga Technical University, 14/24 Azenes Str.,

Riga, LV-1007, Latvia. EBapfz:ks SIA, 14/24 Azenes Str., Riga, LV-1007, Latvia
maris_turks@ktfrtu.lv; bapeks.u.k@apollo.lv

Since the discovery of efficient catalysis of the Huisgen dipolar cycloadditions
between alkynes and azides,' this reaction has become important i the field of
derivatization of different molecular scaffolds. Moreover, triazoles themselves
possess mteresting biological activities.’ |

Recently, serine derived triazole derivatives were synthesized and checked as
probes to investigate ligand-protein binding interactions of the neutral amino acid
transporter SN1.” Hence, we report here on the synthesis of series of homologs of
the above mentioned triazole-modified alanines. Our synthetic route starts from
commercially avatlable exotic amino acid — L-azidohomoalanine (I1). Synthetic
scheme includes either a direct click approach or goes via protected intermediate
2. A broad range of triazole-substituted homoalanine derivatives 3 were obtained.

N3

HaN" ~COOH HNT COO

References: |
l. a) Kolb, H. C.; Finn, M. G.: Sharpless, K. B. Angew. Chem. Int. Ed 2001, 40,

2004. b) for a recent, see: Bock, V. D.: Hiemstra, H.; van Maarseveen, J. H. Eur.

J. Org. Chem. 2006, 51.
2. For a recent example, see ¢.g.: Kamal, A.; Shankaraiah, N.; Devaiah, V.

Laxma Reddy, K.; Juvekar, A.: Sen, S.; Kurian, N.; Zingde, S. Bioorg. Med.

- Chem. Letr. 2008, /8, 1468-1473 and references therein.
5. Gajewski, M.; Seaver, B.: Sean Esslinger, C.-S. Bioorg. Med Chem. Lett

2007, 17, 4163.
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Synthesis and X-ray analysis of POI53

7-bromoarbidol, an impurity standard of
arbidol

Zenta Tetere', Viktors Kumpins', Sergey Belyakov’, Daina Zicane', Miris

Turks'* |
'Faculty of Material Science and Applied Chemistry, Riga Technical University, Riga, LV-1007
‘Latvian Institute of Oreanic Chemistry, 21 Aizkraukles Str., Riga, LV-1006, Latvia

maris_turks@kttf.rtu.lv

Since the use of Tyrian purple (6,6’-dibromoindigo) the mankind has shown a
certain interest in the use of bromoindole derivatives. Indeed, there 1s a plethora
of naturally occurring biologically active bromoindole derivatives, most of them

arising from differently brominated tryptophans'. In the recent years, synthetic
agent arbidol (1) has emerged as a representative broad spectrum antiviral

medicament from the group of bromoindoles. According to one of the hypotheses
it acts as an interferon inducer,” whereas other studies suggest that it blocks viral

fusion.’

Arbidol (1} 7-Bromoartidot (2)

7-Bromoarbidol (2) has proved to be as one of the standard impurities of
pharmaceutically active ingredient. Synthesis and X-ray analysis of the latter will

be discussed.

References:
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Curr. Pharm. Design 2009, 11, 1238.

3. a) Pecheur, E.-1.; Lavillette, D.; Alcaras, F.; Molle, J.; Boriskin, Y. S.; Roberts,
M.; Cosset, F.-L.; Polyak, S. J. Biochem. 2007, 46, 6050. B) Boriskin, Y. 5.;
Leneva, 1. A.; Pecheur, E.-1.; Polyak, S. J. Curr. Med. Chem. 2008, 15, 997.
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