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Derivatives of histidine. imidazolvlacetic and urocanic acids, containing an N2 4
dinitrophenyl moiety and a hydroxy group were synthesized and characterized. The applica-
bility of these reagents for anchoring imidazole residuces to oligonucleotides to give potential
site-specific artificial ribonucleases was shown taking the synthesis of dinucleotide derivatives

as an example.

Key words: 2.4-dinitropheny! group. imidazole. histidine. imidazolylacetic acid, urocanic
acid, attificial ribonucleases, oligonuciconide derivative.

The presence of histidine residues in the active sites
of ribonucieases. together with the ability of the imida-
zole buffer to hvdrolyze phosphodiester bonds in RNA2
have stimulated interest in the construction of artificial
ribonucleases consisting of imidazole residues linked to
polycations,3-* intercalators,5-® nucleotides,’~ 1 and oli-
gonucleotides. 1215 The interest in these conjugates is
due to the potential possibility of using them as thera-
peutic agents and reagents for the study of RNA struc-
ture and functions. Particular attention is attracted by
oligonucieotide derivatives with anchored imidazole resi-
dues. which combine the hydrolytic activity of imidazole
and the capacity for complementary linking to RNA.!6

* For Part 10, sce Ref. .

Previously,17-18 oligonucleotide derivatives containing
imidazole fragments have been synthesized starting from
3'- or 3’-phosphorytated oligodeoxyribonucleotides with-
out using protective groups for the imidazole fragments.
A combination of solid-phase peptide and oligonucie-~
otide syntheses has been reported!: in this synthesis, an
oligonucleotide chain. was. assembled on the peptide
after removal of the protective group from the N atom of
the histidine imidazole ring. Nevertheless, it has been
noted9—11 that the imidazole residues in the monomer
units still need to be protected for the oligonucleotide
synthesis.

Several protective groups stable under conditions of
oligonucleotide synthesis and cleavable at various steps
of deprotection of the oligonucleotides synthesized cun
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be used to protect the N(1) position of an imidazole
ring. The possibility of using vanous protective groups
based on triphenvimethane has been studied.? In the
case of synthesis of nucleotide derivatives containing
imidazole residues. the 2 4-dinitrophenyi group (DNP)7-?
has also been usced. This group is removed by concen-
trated ammonia in water-organic media or by treatment
with benzenethiol.> ™ Ajthough the above-listed groups
have been used in the synthesis of a number of mono-
nucleotide derivatives, svnthesis of oligonucleotides from
these monomers has not been described.

In this work, we synthesized (Schemes | and 2) and
characterized  derivatives of histidine 6 and
imidazolylacetic and urocanic acids (3a and 3b) con-
taining a DNP protective group at the N{1) atom of the
imidazole ring and employed compounds 3b and 6 in
the synthesis of oligonucleotides by the phosphotriester
method (Scheme 3).
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(DNFB): . N-hyvdroxysuccinimide (NHS) (a). pentafiu-
orophenol (PFP) (b1, dicvelohexylcarbodiimide (DCCO),
HaN(CH,),OH.

The DNP protective group was introduced into the
imidazole ring m compounds la.b by treating the corre-
sponding acids with 2.4-dinitroflucrobenzene (DNFB)
in a MeOH—H,0 mixture in the presence of NaHCO;,
“similarly to the procedure used for-histidine: 1 Protected
acids 2a,b formed in 72 and 76% yields, respectively,
were activated bv dicyclohexvicarbodiimide (DCC) in
the presence of N-hydroxysuccinimide (NHS) and
pentafiuorophenol (PEP). respectively. Activated esters
were made to react with 4-aminobutan-1-ol without
isolation (see Scheme [).

The svnthesis of 3a was accompanied by the forma-
tion of a side product with Ry 0.75 (TLC, system B),
whose 'H NMR and mass spectra correspond to
4-amino- N-(2.4-dinitrophenybbutan-1-0l (the data are
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Reagents and conditions: /. DCC, PFP, H,N(CH-),OH (9
i. 2 M HCL anhvdr. MeOH: ii. 2a, EiyN, DCC. PFP.

not reported). The vield of this product was greater than
30% when 4-aminobutan-1-ol was taken in a threetold
excess with respect to the activated ester of acid 2a and
the condensation was carried out for 12 h. When the
excess of HAN(CH,);OH was only 20% and the reaction
time was only 30 min. compound 3a was prepared in
73% yield {the course of the reaction was monitored by
TLC). Acid 2b was activated by PFP i the presence of
DCC and the condensation was continued for 15 min
with a 10% excess of H>N(CH.)4OH to give compound
3b in 74% vield (see Scheme 1).

We svnthesized bisimidazolyl derivative 6 from
DNP-N(1)-1m-protected histidine and imidazolviacetic
acid (see Scheme 2). Amide 4 was prepared similarly to
3b. After removal of the Boc-protective group on treat-
ment -with 2 4/ HCI in anhvdrous MeOH, compound 5
was made to condense with pre-svnthesized activated
pentafluorophenyl ester of acid 2a to give 6.

The compounds synthesized were: characterized by
NMR spectroscopy. The signals in the 'H NMR spectra
of compounds 2a. 3a. and 4—6 were assigned in accor-
dance with the available published data for histidine?--11
and imidazolylacetic acid® 1% derivatives and those for
compounds 2b and 3b were assigned by comparing the
spectra with the 'H NMR spectrum of urocanic acid
recorded beforchand. No 13C NMR data for
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Scheme 3
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Reagents and conditions: a. p"Tp'TiLev) (p" is the p-chloro-
phenyl phosphoric acid residue, Lev is levulinovl), TPSCI.
Melm: A conc. NH;, 48 h.

DNP-N()-histidine, DNP-N{1)-imidazolvlacetic acid,
or DNP-N(1)-urocanic acid can be found in the litera-
ture. The assignment of the chemical shifts in the
13C NMR spectrum of compound 2a was based on the
comparison of the 13C—'H coupling constants mea-
sured in the 13C NMR spectra recorded without proton
decoupling with the published values for these con-
stants?® and on the magnitudes of residual splitting in
the 13C NMR spectra with cff-resonance proton irradia-
tion.2! The signals of the DNP and Im groups in the
3C NMR spectra of compounds 2b, 3a,b, and 4 were
assigned by analogy wiih those for compound 2a.

According to elemental analysis. even after pro-
longed drying in vacuo at 50 °C, compound 2a exists as
a crystal hydrate containing one water molecule per two
molecules of 2a. Although, according to chromatogra-
phy. products 3a. 3b, and 4 were individual compounds,
we were unable to obtain correct data of elemental
analysis. Compounds 3a, 3b, and 4 were used without
additional purification.

The mass spectrum (El) of compound 3a contains
no {M]* peak but only [M—OH]". In the case of
compound 3b, whose molecular weight and melting
point are greater than those of 3a, the El mass spectrum
contains the [M]™ peak with a relative intensity of 0.7%.

To find out whether the imidazole-containing conju-
gates prepared herc can be used in the synthesis of
oligonucleotide derivatives. amides 3b and 6 were added
to protected dinucteotide p"Tp T(Lev) under conditions
of phosphotriester oligonucleotide svnthesis in solution.
The condensation was carried out in the presence of
2.4.6-trusopropylbenzenesulfonyl chloride (TPSC!) and
N-methylimidazole (Mclm). by analogy with a previous
study.2? Deprotection of the imidazole ring occurred
simultaneously with the removal of the levulinoy! group
during the standard treatment with concentrated aque-
ous ammonia. The corresponding derivatives. 7 and 8
(see Scheme 3) were characterized by 'H NMR spec-
troscopy and MALDI mass spectrometry.

Thus, compounds 3b and 6 are suitable for anchoring
imidazole residues to oligonucleotides by means of the
phosphotriester svnthesis of oligonucleotides. The possi-
bility of using the resuiting conjugates in the phos-
phoamidite synthesis of oligonucleotides and the prop-
erties of the conjugates are currently under investigation.

Experimental

The following rsagents and equipment were used:
2. 4-dinitro- | -fluorobenzene (DNFB) (Fluka): 4¢5)-imidazoly!-
acetic acid hvdrochloride, 3-{imidazol~-4-vl)propenoic {(uro-
canic) acid, triisopropylbenzenesulfony! chloride (TPSCI). and
N-methylimidazole (Melm) (Aldrich); V«¢-Boc- N -Im(DNP)-
L-histidine monohydrate (Fisher Biotech): dicyclohexyl-
carbodiimide (DCC). N-hydroxysuccinimide (NHS) (Sigma):
pentailuorophenol (PFP). and 4-aminobutan-1-ol ("pure” grade)
distilled in vacuo. The protected dinucleotide p Tp T(Lev) was
synthesized at the instituie of Bioorganic Chemistry. Siberian
Branch of the Russian Academy of Sciences. by a procedure
described previously.23 Oraanic solvents were dried and puri-
fied by standard procedurcs.?¥ Preparative HPLC was per-
formed on a Waters 600 chromatograph with 2 Waters 486 UV
detector using a %23 cm column with LiChroprep RP-18,
[5—25 um (Merck). gradient elution with solutions of MeCN
(4 1o S0%) in 8.03 M LiCIO, over a period of 60 min. elution
rate 6 mb min™!. TLC was carried out on HPTLC-Alufolien
Kieselzel 60 Fjs4 plates (Merck) using the following solvent
systems (v/v): MeOH—CHCHL—Ei;N 30 @ 10 : 0.8 (A),
10 : 40 : 0.05 (B), CH,Cl»—MeOH 9 : I (C), and CH,ClL,—
EtOH 4 : | (D). NMR spectra were recorded on Bruker
WP-200-SY and Bruker AM-400 spectromcters; mass spectra
wese run on Finnigan-MAT-8200 (El, 70 eV) aad Vision 2000
(MALDI1) mass spectrometers. Melting points were measured
on a Kofler hot stage (VEB Analytik).

[1-(2.4-Dinitrophenyl)- 1 H-imidazol-4-yl}acetic acid (2a).
Water (7 mL) and 5 M NaOH (625 ul) were added with ice
cooling and stirring to a mixture of the hydrochloride of acid
1a (305 mg. 3.11 mmol) and NaHCO; (700 mg. 8.34 mmol).
A solution of DNFB (430 gL, 342 mmol) in 7 mL of MeQH
was added dropwise to the resulting solution (pH §.8) with
stirring over a period of 30 min. The mixture was kept for 2 h
at 20°C and a solution of DNFB (150 uL. 1.19 mmol) in
3 mL of MeOH was added dropwise over a period of {35 min.
Methano!l (2 mL) was added to homogenize the reaction
mixture, and the mixture was kept at 20 °C for 2 h. Methanol
was evaporated in vacuo. and the aqueous residue was ex-
tracted with ether (3%x10 mbL) and acidified with 2 A/ HCI to
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pH 3. The thick precipitate crvstaihzed on trituration tn give
red-~brown crystals. The vield of compound 2a after recrvstalli-
zation from ACOEU was 678 mg (72%). m.p. 83 -84 °C, R .43
(A). Found (%) C. 4364: H, 295 N. 1824,
C HN,0, - 0.5H-0. Caleulated (%) C, 43.86: H. 3.01; N.
18.60. '"H NMR (CD;ODL 6 3.70 (s, 2 H, CH-COOH: 735
(5. t H, H(%'» Im): 7.94 (5, 1 H. Hi2)-Im); 7.97 (d. 1 H.
H{6)-DNP, S, <= ‘40 Hz): 8.68 (dd. 1 H. Hi3)-ONP. S5, =
89 Hz Jis= 26 Hz): £.98 (d, ! H. H(3)-DNP. Jy5= 2.6 H2).
13C NMR (DMSO-dy). &: 34.00 (Im-CH1): 117,60 (C(3)-1m):
121.23 (C{3)-DNP): 128,65 (C(3)-DNP): 129.60 (C(6)-DNPY;
13470 (C(H-DNPy: 136.88 (C(2)-im): 137.07 (C(4)-Im):
143.61 (C(2)-DNP): 146.30 (C(4)-DNP); 171.80 (C=0).
3-[1-(2,4-Dinitrophenyl)-1 H-imidazof-4-yl]propenoic acid
(2b). A mixture of acid b (420 meg. 3.04 mmol) and NaHCO,
(711 my. $.46 mmol) wus dissolved in an ice-cooled mixture of
8 mL of H,0 and 3 mL of MeOH. A solution of DNFB
{430 ul. 3.42 mmobh in 7 mL of MeOH was added dropwise
with stirring to the resulting solution over a period of 30 min.
AMethanol was added until the mixture homogenized and the
mixture was kept for 16 h at 20 >C. Methanol was evaporated
in vacuo. and the agqueous residue was washed with ether (4%
3 mi) and acidifizd with 2 M HCl 1o pH 3. This gave an
orange oily precipitate, which crystallized on stirring. The
yield of compound 2b after recrystallization from MeOH was
706 mg (76%). m.p. 19019} >C, R; 0.20 (B). Found (% ) C.
4743, H, 2.53: N. 18.23. C),Hy \40() Caleutated (%) C,
47.38: H, 2.65: N, 18.42. 'H NMR (CD;0D), 8 66)4d I H.
CHCOOH, j,,,,,,,xf t6.0 Hzp: 7.61 (d. | H, lm CH. J, ™
16.0 Hzy: 7.76 ts. 1 H. H(5H-1m): 8.00 (d. | H. H(6)-DNP.
Jos= 8.9 Hzp, 807 (s. 1 H. H)-Im): 871 (dd. + H.
H(3)-DNP. J:,= 89 Hz. ./5~‘r 2.6 Hzy 902 (d. 1 H.
H(3)-DNP, J“ = 2.6 Hz). 13C NMR (DMSO-d,). 4 117.89
(=CH~ COOH): 121,90 (C(3)-DNP): 123,34 (C(5)-1m); 129.56
(C(H-DNP)y: 130.47 (C(6)-DNP); 134.40 (C(1)-DNP); 135.70
(Im-CH=); 138.65 (Ci4)-Im); 139.24 (C(2)-lm); 143.56
(C(2)-DNP)Y 14679 {C(-DNPY. 167.71 {C=0).
4-{{1-(2.4-Dinitrophenyh -} H-imidazot-4-yljacetyl}ami-
nobutan-1-ol (32). DCC (213 mg. 1.03 mmol) was added with
stirring at 0 °C (o a solution of compound 2a (274 mg, 0.910
mmol) and NHS (119 mgz, 1.03 mmol) in 5 mL of DMF. and
the mixture was kept for 3 h at 20 °C. A solution of
4-aminobutan- -0l (104 L. 113 mmal) in 5 mL of DMF was
added dropwise 10 the reaction mixture and the mixture was
strred for 30 min ar 20 °C, cooled to 0 °C. filtered. and
concentrated in vaceo. Ethy! acetate (50 mL) was added to the
residue. the insoluble precipitate was filtered off. and the
filtrate was washed with a saturated solution of Na-CO; and
water and dried with Na>SO,. The solvent was evaporated in
vacuo, 15 mb of | 4 HCl was added to the residue. and the
mixture was filtered. The pH of the agueous phase was brought
to 3 (NaHCOy), the solution was washed with ether (3x3 mL),
and the pH was brought to 7 (NaHCO;). The solution was
saturated with NaCl, filtered, and extracted with AcOEt (3x
15 mL). The orgunic laver was dried with Na,SQO, and the
solvent was cvapomtcd in vacno. The yield of compound 3a
was 240 mg (72%). mp. 34—36 °C. R 047 (B). 'H NMR
(CDL0D). & mo (m, 4 H. CHyCH,),CH): 3.27 (m, 2 H,
NHCH:: 359 (m. 4 H. Im-CH, and Cl:j_()H) 7.32 . 1 H,
H(5)-1my 7.95 (s. 1 H. H(2)-Im); 7.98 (d. | H. H(6)-DNP,
Jos= 8.9 Hz); 8.69 (dd. 1 H. H(5)-DNP. J5 (=89 Hz. J5 3=
2.6 Hzy: 8.96 (d. 1 H, H(3)-DNP, J; 5= 2.6 Hz). “C NMR
(CD,OD). 6 26.78 (NHCH,CH,); 30.83 (CH,CH,0H); 36.16
(Im-CH,): 40.41 (NHCH>): 62.46 (CH,OH): 119, 37 (C(S)-1m):
12237 (C(3)-DNP): 129.38 (C(3)-DNP); 131.13 (C(6)-DNP);
13615 (C(1-DNP): 138.57 (C(D)-1m): 138.65 (C(4)-im)y; 145.64

(C(2)-DNPY: 148.50 (C(4)-DNPy. 17228 1C=0). MS (ED). m/z
346 |M — OH]™. 275 [M — NH(CH,),OH}".
4-{3-[1-(2.4-Dinitrophenyl)-1 H-imidazol-4-yl}propen-
oyl}aminobutan-1-of (3b). PFP (369 mg, 2.00 mmol) was
added to a solution of compound 2b (346 mg, 1.79 mmol) in 10
mib of DMF. The mixture was cooled to § °C and a solution of
DCC (432 mg, 2.09 mmol) in 2 mL of DMF was added. The
reaction mixture was stirred for 4 b at 20 °C and filtered. A
solution of 4-aminobutan-t-ol {184 L, 2.00 mmol) was added
dropwise to the filtrate over a period of 15 min. The reaction
mixture was kept for 15 min and DMF was evaporated in
vacuo. AcOEt (70 mL) was added o the residue, the insoluble
precipitate was filtered off, the product was extracted with
brine (2> 10 mL) and acidified with HCl to pH 2. the pH of the
agueous phase was brought to 6.5 (NaHCO,). and the thight
vellow precipitate was filtered off, washed with water (3%
5 mL). and dried in vacuo. The yield of compound 3b was 500
mg (74%). m.p. 121—122 °C, R 0.50 (B). '"H NMR (CD;0D),
3 1.64 (m, 4 H. CH5(CH>)-CH>): 3.32 (m, 2 H, NH.CHsx
3.61 (m. 2 H. CH,OH): 6.68 (d. | H. CHCONH, J,,,. =
15.6 Hz); 7.45 (d, | H, Im-CH, Jiranms = 13.60 Hz). 7.67 (5, | H.
H(3)-lm): 799 (d, ! H. H(6)-DNP, Jg 5= 8.9 Hz); 807 (s
I H. H(2)-Im): 870 (dd, 1 H. H{5)-DNP. Jg,= 8.9 Huz.
Jsy= 24 Hz): 9.02 (d, | H, H()H-DNP. S 5= 24 Hzn).
BE NMR (DMSO-d,). 3 25.87 (NHCH,CH,): 29.96
(CH,CH,OH); 38.58 (NHCH,): 60.45 (CH.OH): 12113
(=CHCONH): 121.39 (C(3)-DNP. C(5)-Im): 128.85
(C(5)-DNPy; 12985 (Im-CH=); 12988 (C(6)-DNP); 134,43
(C(1)-DNP): 13878 (C(2)-Im): 13936 (C(H)-Im); 143.49
(C(D-DNP): 146.57 (C(4)-DNP);, 16509 (CONH). MS (EI).
m/z 375 IM]*T. 338 {M — OHY™. 287 {M — NH(CH.),OH}™.

4-[ V*-tert-Butyloxycarbonyl- N1 .2 4_dinitrophenyl-i-
histidyl]aminobutan-1-o0l (4). DCC (1.11 ¢, 5.38 mmol) was
added at 0 °C to a solution of A-Boc-A'-Im(DNP)-t-His - H,0
(2.10 g. 477 mmol) and PFP (994 mg. 5.40 mmoD in 40 mL
of CH-Cly. The mixture was stirred for 3 h at 20 *C and
filtered. The precipitate was washed with 3 mbL of CH.Cl, A
solution of 4-aminobutan-1-ol (480 pL. 5.22 mmol) in 3 mL
of CH-Cl, was added dropwise to the filtrate. The mixture was
stirred for 40 min at 20 °C. washed with brine (3%2( mL)
acidified by citric acid to pH 3.5 and with water (2x20 mL),
and dried with Na>S$SOy. Then CH,Cl, was evaporated i vacuo
and the oily precipitate was washed with ether (3x20 mLb).
Ethvl acetate {25 ml) was added to the residue, the mixture
was stirred for 10 min and filtered, the precipitate was washed
with 3 mL of AcOEt, and the combined fiftrate was comcn-
trated m vacuo. The yield of compound 4 was .84 g (3.74
mmol. 78%). '"H NMR (CD,0D), &: 1.45 (s, 9 H, Bou) .55
(m. 4 H, CHxCH;),CH-): 3.01 (m. 2 H. Im- -CH;); 3.21 (m,
2 H. NHCH>): 3.56 (m, 2 H. CH.OH); 4,33 (m. 1 H, C_H_—a):
7.20 (s, | H. HGS)-Imy; 7.94 {d. 1 H, H(6)-DNP., Jo ;=
8.9 Hz): 7.96 (s. 1 H, H(2)-1m): 8.69 (dd, 1 H. H(3)-DNP.
Jso=8.9 Hz Js =25 Hz); 898 (d. | H, H(3)-DNP, J; ;=
2.5 Hzy. ''C NMR (CD;0D), é: 26.86 (NHCH,CH.): 28.67
(CHy(Boc)): 30.82 (QH_CH_OH) 31.68 (Im- _CH.') 40.26
(NHCH-): 56.07 (CH-a): 62.52 (CH,OH): 80.56 ((CH;3);C):
119.22 (C(3)-Im): 122.33 (C(3)-DNP); 129.48 (C(5)-DNP);
131.01 (C(6)-DNP); 136.14 (C(D)-DNPY: 138534 (C(2)-Im),
140.58 (CtH)-Im): 133.83 (C(2)-DNP). 148.66 (C(4)-DNP.
157.47 {C=0(Boc); 174.00 (C=O(His)).

4-{ M™(1)_2 4-Dinitrophenyl-L-histidyl]Jaminobutan-1-ol
dihydrochloride (5). Compound 4 (1.40 g, 2.84 mmol) was
suspended in 5 mL of anhydrous McOH and 5 mL of a 4 M
solution of HC! in anhydrous MeOH was added. The mixture
was stirred for 1.5 h at 20 >C. The solvent was evaporated /n
vagewo and the residue was concentrated three times with
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1 mL of anhvdrous MeOH and dnied in vacuo. The vield of
compound 5 was 1.32 g (2.83 mmol. 99.6%), m.p. 110
114 *C. Found (%): C. 41.81: H, 5.20; N, 17.74; Cl. 1393,
CoH Ny Op - 2HCL Caleulated (%) C. 41300 H, 4770 N,
I8.06; Cl, 15324, '"H NMR (CD;0D). & 160 (m, 4 H,
CHA(CH>)CHy: 3.28-3.36 (m, 2 H. NHCH;): 3.46—3.30
(m. 2 H, tm-Cld,; 3.33-3.62 (m. 2 H. CH,OH): 433 (m,
I H. CH-o) 796 do VL HG Tl Josgm, = 13 Hzy 8.30
(d. 1 H, H{6)-DNP, J sonp = S6 Hz) 884 (dd. | H,
H(3)-DNP, J_< (v(DVI’): §.6 Hz, ‘/5.3|'DNP,‘ = 2.5 Hzo). 918 (d,
P H. HH-DNP, Sy spapy = 225 Hz): 948 (do T HL HO)-Im,
-ll.i(lm): 1.5 Hz).

- { Ve[ MmD_(2_4-Dinitrophenyl) - I H-imidazol-4-yl]ace-
tvl-MmD_(2 4_dinitrophenyl)-L-histidyl}aminobutan-1-ol (6).
DCC (256 mz. 1.24 mmoly was added 10 a sotution of
compound 2a (325 mg, 1.OS mmol) and PFP (208 mg. 1.13
mmol) in 3 mL of DMF cooled 0 0 °C and the mixture was
stirred for 3 h at 20°C. The cooled reaction mixture was
filtered and the tiltrate was added dropwise to a solution of
compound 5 (311 mg. 110 mmol) and EuN (306 pb, 2.20
mmol) 1 4 mbL of DMF, which had been filtered from the
Et;N - HCI precipitate. The resulting reaction mixture was stirred
for 25 min at 20 °C and the solvent was evaporated in vacuo.
The residuc was covered with 30 mL of I 3 HCl and extracted
with ether (3x13 mbL). The pH of the agueous phase was
brought to 3.6 (NaHCO;) and the product was extracted with
AcOEL (3x23 mL). The combined organic solutions were dried
with Na»SO, and filtered and the solvent was evaporated in
vacun. The residue was dissolved in CH,LCl, and purified by
chromatography on Silasorb 600 silica gel (5 um, Lachema.
Czech Republicy using gradient elution with 0 1o 153% soiutions
of EtOH in CH,Cl~. The fraction containing a product with Ry
.32 (D) was concentrated in vacuo and dried in vacuo. The
yield of compound 6 was 341 mg (0.812 mmol. 75%). m.p.
104—106 °C. Found (%) C, 48.03: H., 3.88; N, 20.25.
Caaty N Oy, Calentated (%): C, 48.63; H, 3.93; N. 21.0L
'H ONMR (CD,OD). &0 .26 (m. 4 H, CHCHOCH,): 3.09
tm, 2 HL lmy -CHS-CH-n): 3.24 (m. 2 HO NHCH,CH ) 356
(m, 2 H. CH,0H): 3.66 (s. 2 H. Im-CH,CONH); 472 ¢m.,
I H. CH-a); 7.20 (s, 1 H, H(S)-Imy;): 7.32 (. | H,
H(3)-Im): 7.94 (m. 4 H. 2 H(2)-Im. 2 H(6)-DNP): 8.65 (m.
2 H. 2 H(3)-DNP)Y: 893 (m, 2 H, 2 H(3)-DNP)

{2°-Deoxythymidylyl(3'—3")-2 -deoxythymidin-5"-yl] {4-[3-
(1 H-imidazol-4-yl)propenoylJaminobutyi} phosphate (7). Com-
pound 7 was prepared by condensation of a protected deriva-
tive of dinucleotide pTp'T(Lev) with compound 3b in the
presence of TPS and Melm, by analogy with a previous
publication 22 p’Tp'T(Lev) (30 mg. 50 pmol) was dissolved in
I mL of anhydrous Py. Then TPS (100 mg. ¢.33 mmob, Melm
(35 ul. 0.69 mmol). and compound 3b (22.6 mg, 60.2 umol)
were added. The course of the reaction was monitored by TLC
( Ry of the protected product was 0.44 (C)). After | h, several
drops of water were added to the reaction mixture and the
sotution was concentrated. The residue was dissotved in 20 mL
of CH,Cl, and washed with 2x20 mL of I M KH,PO,, pH
7.0. The organic laver was concentrated, 10 mL of concen-
trated aqueous NH; was added to the residue. and the mixture
was allowed to stand for 2 days at 20 *C with stiuming at
intervals. The reaction mixture was concentrated. the product
wats isoluted by preparative HPLC, and the fractions contain-
ing the target compound were concentrated. The residue was
dissolved in water and the product was precipitated by a 10-
fold volume of a 2% solution of LiCIOQ, in acetone. The
precipitate was washed with acetone, dried jn vacuo, and
dissolved in water. The vield of the Li salt of compound 7 was
375 OB, (43%. 215 pmol). TH NMR (D0}, & 1.70 (m.

4 H. CH-CH,)»CH,): 200 (s. 6 H, 2 CH): 2.32-2.60 (both
m. 4 H, 2 H2). 2 HZ)): 343 (m, 2 H. NHCH;): 3.99—
409 (m, 2 H., 2 H(3)n 4.19—426 (m, 4 H. 2 H{5").
2 H(5"); .28 (m. 2 H. CHAOP): 4.42—4.51 (m, | H. H{3")):
4.97—508 (m. I H., H(37)); 6.34-6.43 (m, 2 H. H(O1 ). HOEY:
6.37 (4. 1 H.=CHCONH, /,,,,= 156 Hz); 747 (d. 1 H.
Im-CH=. Jyun = 15.6 Hz): 7.30 (s, 1 H. H(5)-Im); 7.80 (m.
2 M. H(63-Thy): 7.90 (<. | H, H(23-Tmy, MALDE MS, miz
818.3 [M + H™]. Calculated [C3yHy N-O4P; + HI™: 818.22.
[2°-Deoxythymidyiyl(3 ~3")-2"-deoxythymidin-5"-yi] {4-
[ A1 H-imidazol-4-ylacetyl)-L-histidylJaminobutyl} phosphate
(8). Compound-8 was prepared from p Tp T(Lev) (30 mg. 30
pumol} and compound 6 (40 mg, 60 umol), similarly to com-
pound 7. The R; of the protected product was 0.38 (C). The
vicld of the Li salt of compound 8 was 195 Ok, (22%.
Il _LU'T]OI). 'H NMR (D:O) §:1.56 (m. 4 H, CH:(C}i]):CH:)l
00 (s. 6 H, 2 CH.): 2.38—2.72 (both m. 4 H. 2 H(2".
H2p: 312 (m. 2 H, Imy;-CH) 3.25 (m. 2 H NHCH ).
71 {im. 2 H, Im-CH,): 3.89—4.00 {m, 2 H. 2 H4 ™M 406
m. 4 H. 2 H3), 2 Hi3™y; 4.22 (m, 2 H. CH,0P); 4.40—
50 (m. 1 H, H(3)): 4.97-3.08 (m, 1 H, H(5")): 6.35—6.43
m. 2 H HOY HOE s 701 (0t HL HEG-Emgg0n 712 s,
H. Hi$H-Imy: 7.77 (m. 2 H. 2 H(6)-Thy), 789 (m. 2 H.
2 H(2)-Im). MALDIL MS. m/z 9434 [M + H7}]. Calculated
[C3sHygN 1007 Py + HI®: 94328,

Enn VRN SV ()

—_~

The authors are grateful to A. Yu. Denisov (No-
vosibirsk Institute of Bioorganic Chemistry of the Sibe-
rian Branch of the RAS) for assistance in the assignment
of 13C NMR signals and to M. V. Serebrvakova (M. M.
Shemyakin and Yu. A. Ovchinnikov Institute of Bioor-
ganic Chemistry) for recording MALD! mass spectra.

This work was financially supported by the Ministry
of Education of the Russian Federation (a project in
basic natural sciences) and the Siberian Branch of the
Russian Academy of Sciences (within the framework of
the program for the support of basic research of young
scientists).

References

1. V. N. Sil'nikov. N. P. Luk'vanchuk, and G. V. Shishkin,
Jzv. Akad. Nawk. Ser. Khim., 1999, 1137 [Russ. Chem.
Bull.. 1999, 48, 1146 (Engl. Transh)).

_R. Breslow and R. Xu. Proc. Nail. Acad. Sci., USA. 1993,
990. 1201.

" D. A. Konevets, M. A. Zenkova. V. N_ Sil'nikov. and V. V.
Viasov, Dokl Akad. Nauk. 1998, 360. 534 (Dokl Chem..
1998 (Engl. Transl)].

4.D. A. Konevetz. . E. Beck, N. G. Beloglazova, L. V.
Sulimenkov. V. N. Sil‘nikov, M. A. Zenkova, G. V.
Shishkin. and V. V. Vlassov, Tetrahedron. 1999, 55. 503.

.M. A. Podyminogin, V. V. Vlassov, and R. Giege. Nucleic
Acids Res.. 1993, 21, 3950. .

6. A. Lorente, J. F. Espinosa, M. Fernandez-Saiz. J.-M.
Lehn, W. D. Wilson. and Y. Y. Zhong. Terrahedron Lerl..
1996, 37, 4417,

7.G. Wang and D. E. Bergstrom, Tetrahedron Lerr.. 1993, 34.
6725.

i

(o]

(ol

* The character (°) refers 1o the ribose fragment of thymidine
having 3°-. 3 -phosphate residues and the character (") implies
the second ribose fragment. -



Reagents tor addressed modification of biopolvmers

Russ. Chem. Bull., Vol 49 No. 3, Muarch. 2000 343

8. T. P. Prukash. S. 8. Kunte, and K. N. Ganesh. Terraaedron.
1994, 50, 11699,

9.N. N. Polushin. B. Chen, L. W. Anderson. and J. S.
Cohen, J. Orz. Chem.. 1993, 58. 4606,

10. 1. K. Bashkin. J. K. Gard. and A. $. Modak. J. Org. Chenm..
1990, 55, 5125,

1t 1Ko Bashkin. S. M. Sondhi, U. Sampath, D). A d"Avignon,
and A. S. Modak. New J. Chem. . 1994, 18, 303,

12. K. Ushijima. H. Gouzu, K. Hosono. M. Shirakawa,
K. Kagosima. K. Takai. and H. Takaku, Biocfrim. Biopys.
Aecta, 1998, 1379, 217,

13.). Hovinen. A. Guzaev. E. Azhaveva, A. Azhaev, and
H. Lannberg. 4. Org. Chem., 1995, 60. 2205.

14. M. Beltran. E. Pedroso. and A. Grandas, Tetrahedron Letr..
1998, 39, 4§15,

15 M. AL Revnolds, T. A, Beck, P. B. Say. D. A Schwanz.
B. P. Dwyer. W. J. Daily, M. M. Vaghefi, M. D. Metzler,
R. E. Klem. and L. J. Arnold. Jr.. Nucleic Acids Res.. 1996,
24, 760.

16. D. Cook, in Aarisense Research and Applicarions. Eds.
T. Crook and B. Leableu, CRS Press. Boca Raton, 1993, 149.

17.V. Silnikov. G. Zuber, J -P. Behr, R. Giege. and
V. Vlassov, Phosphorus, Suifur. and Silicon. 1996, 109—
110, 277

V. Viassov, T. Abramova. T. Godovikova. R. Giege, and

V. Silnikov. Anrisense and Nucleic Acid Drug Dev., 1997.
7, 39.

A. A. Gershkovich, and V. K. Kibirev. Sintez pepiidoy.
Reagenty @ metody |Synihesis of Peptides. Reagenrs and
Merhods). Naukova Dumka, Kiev, 1987, 21! (in Russian).

A Yu. Denisov and V. L. Mamatvuk. in Spin-spinovoe

vzgimodeistvie FC—C 1 BC—1H v spektrakh YoMR
organicheskikh soedinenii {*C—*C and “C—1H Coupling
in the NUR Spectra of Organic Compoundsf, Ed. V. A.
Koptyug. NIOKh SO Akad. Nauk SSSR, Novosibirsk,
1989, 334 (in Russian).

- H. Gianther. NMR Spectroscopy: An Inroduction. J. Wiley

and Sons, Chichester, 1980).

_T. V. Abramova, N L Komarova, D. A, Mundus, and

Q. S. Pereboeva. fzv. Sib. Owd. Akad. Nuuk SSSR. Ser.
Khim., 1990, 5, 45,

3.V, F. Zarytova. E. M. lvanova, and V. P. Romanenko,

Bioorgan. Khim.. 1982, 9. 516 {Sov. J. Bioorg. Chem., 1982,
9 (Engl. Transl)].

CA. ). Gordon and R. A. Ford, The Chemists Compunion.

A Handbook of Praciical Date, Techniques. and References.
J. Wiley and Sons. New York—London—Sydney—Toronto,
1972

Received July 13, 1999;
i revised form September 16, 1999




