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Derivatives of histidine, imidazolylacetic and urocanic acids, containing an NIm-2.4 - 
dinitrophenyl moiety zmd a hydroxy group were synthesized and characterized. The applica- 
bility of these reagents for anchoring imidazole residues to oligonucleotides to give potential 
site-speci~c artificial ribonucleases was shown taking the ,~ynthesis of dinucleotide derivatives 
as an example. 
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] h e  presence of histidine residues in the active sites 
of ribonueleases, together with the ability of the imida- 
zole buffer to hydrolyze phosphodiester bonds in RNA, z 
have stimulated interest in the construction of artificial 
ribonuctcases consisting of imidazole residues linked to 
polycations,3, 4 intercalators,5, 6 nucleotides, 7-11 and oli- 
gonucleotides. 12-15 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 
oligonucleotide derivatives with anchored imidazole resi- 
dues. which combine the hydrolytic activity of imidazole 
and the capacity for complementaD linking to RNA. 16 

" For Part I0 .  see Ref. I. 

Previously, 17,18 oligonucleotide derivatives conta in ing  
imidazole fragments have been synthesized starting from 
3 "- or 5"-phosphorytated oligodeoxyribonucleotides with- 
out using protective groups for the imidazole fragments_ 
A combination of solid-phase peptide and ol igonucle-  
otide syntheses has been reportedt4: in this synthesis, an 
oligonucleotide chain wils assembled on the peptide 
after removal of the protective group from the N atom of 
the histidine imidazole ring. Nevertheless, it has been 
noted 7,9-11 that the imidazole residues in the m o n o m e r  
units still need to be protected for the oligonucleotide 
synthesis. 

Several protective groups stable under condi t ions  of 
oligonucleotide synthesis and cleavable at various steps 
of deprotection of the oligonucleotides synthesized can 
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be used to protect tile N(1) position of an imidazole 
ring. The possibility of using various protective groups 
based on triphenvlmetlzane has been studied. 9 In tile 
case of synthesis of nt,cleotide derivatives containing 
imidazole residues, the 2A-dinitrophenyl group (DNP) 7"9 
has also been u,~cd This group is removed by concen- 
trated ammonia  in water--organic media or by treatment 
with benzenethiol.  9,14 Although the above-listed groups 
have been used in the synthesis of a number  of mono- 
nucleotide derivatives, synthesis of oligonucleotides from 
these monomers has not been described. 

In this work. we synthesized (Schemes I and 2) and 
character ized derivat ives of his t idine 6 and 
imidazolylacetic and urocanic acids (3a and 3b) con- 
raining a DN P protective group at the N i l )  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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R e a g e n t s  and  c o n d i t i o n s : i .  I-f luoro-2.4-dinitrobenzcne 
{DNFB): it. N-hydrox3succinimide (NHS) (a'), penlaflu- 
orophenol (PFP) {hi, dicyclohexylcarbodiimidc (DCC), 
HeN(CHe)4OH. 

The DNP protective group was introduced into the 
imidazole ring in compounds la.b by treating the corre- 
sponding acids with 2.4-dinitrofluorobcnzenc (DNFB) 
in a M e O H - - H 2 0  mixture in the presence of NaHCO 3, 

similar ly to the procedure used for-histidine: i'~ Protected 
acids 2a,b termed in 72 and 76% yields, respectively. 
were activated by dicyclohexylcarbodiimide (DCC) in 
the presence of N-hydroxysuccinimide (NHS) and 
penlafluorophenot (PFP). respectively. Activated esters 
were made to react with 4 -aminobutan- l -o l  without 
isolation (see Scheme 1). 

The synthesis of 3a was accompanied by the tbrma- 
tion of a side product with R r 0.75 (TLC, system B), 
whose I1-t N M R  and mass spectra correspond to 
4-amino- N-(2.4-dinitrophenyt)butan- 1-ol (the data are 
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Reagents and conditions: i. DCC, PFP, H2N(CH:)4OH ~9i; 
H. 2 M HCI. anhydr MeOH: iii. 2a, Eta, N. DCC. PFP. 

not reported). The yield of this product was greater than 
50% when 4-aminobutan-I-ol  was taken in a threefold 
excess with respect to the activated ester of acid 2a and 
the condensation was carried out for 12 h. ~ 'hen the 
excess of H2N(CH2).IOH was only 20% and the reaction 
time was only 30 rain. compound 3a was prepared in 
72% yield {the course of the reaction was monitored by 
TLCL Acid 2b was activated by PFP in the presence of 
DCC and tile condensation was continued for 15 rain 
with a t0% excess of H2N(CHe)4OH to give compound 
311 in 74% yield (see Scheme 1). 

We synthesized bisimidazolyl derivative 6 from 
ON P-N{ 1 }-Ira-protected histidine and hnidazolvlacetic 
acid (see Scheme 2). Amide 4 was prepared similarly to 
3b. After removal of the Boc-protective group on treat- 
ment.with 2 M HCI in anhydrous MeOH, compound 5 
was made to condense with pre-synthesized activated 
pentafluorophenyl ester of acid 2a to give 6. 

The compounds synthesized were characterized by 
NMR spectroscopy. The signals in the 1H NMR spectra 
of compounds 2a. 3a. and ,1--6 were assigned in accor- 
dance with the available published data for histidine 9--ll 
and imidazolylacetic acid 9'i~ derivatives and those for 
compounds 2b and 3b were assigned by comparing the 
spectra with the IH NMR spectrum of urocanic acid 
recorded beforehand. No 13C N MR data for 
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Reagents and conditions: a. p'Tp'T(Lev) (p" is tile p-chloro- 
phenyl pho~,phoric acid residue, Lev is levulinoyl), TPSCI. 
Mehn: h. cone. NH;,  48 h. 

DN P-N(  l ) - h i s t i d i n e ,  D N  P - N ( 1 ) - i m i d a z o l y l a c e t i c  acid ,  
or  D N P - N l l ) - u r o c a n i c  acid can  bc f imnd in the  l i tera-  
ture. The  a s s i g n m e n t  of  the  chemica l  shifts  in the 
t3C N M R  s p e c t r u m  o f  c o m o o u r M  2a was based  on the 
c o m p a r i s o n  o f  the  13C--I['t coupl ing  c o n s t a n t s  mea -  
sured in the t3C N M R  spectra  recorded w i t h o u t  p r o t o n  
decoup t ing  wi th  the  pub l i shed  values for these  c o n -  
s tants  2~ and  on  the  m a g n i t u d e s  of  residual  sp l i t t ing  in 
the 13C N M R  spec t r a  wi th  o f f - r e sonance  p r o t o n  i r radia-  
t ion.  2t The  s ignals  o f  the D N P  and  Im groups  in the  
13C N M R  spec t ra  o f  c o m p o u n d s  2b, 3a ,b ,  and  4 were 
assigned by ana logy  wi th  those  for c o m p o u n d  2a. 

Accord ing  to e l e m e n t a l  analysis,  even af te r  p ro -  
longed dry ing  in vacuo at 50 ~ c o m p o u n d  2a  exists  as 
a crystal  hydra te  c o n t a i n i n g  one  water  mo lecu l e  per  two 
molecules  o f  2a.  A l t h o u g h ,  acco rd ing  to c h r o m a t o g r a -  
phy, p roduc t s  3a.  3b, a n d  4 were individual  c o m p o u n d s ,  
we were u n a b l e  to o b t a i n  correc t  data  o f  e l e m e n t a l  
analysis.  C o m p o u n d s  3a ,  3b, and 4 were used w i t hou t  
add i t iona l  pur i f i ca t ion .  

1-he mass s p e c t r u m  {El)  o f  c o m p o u n d  3a  c o n t a i n s  
no [ M ] "  peak but  on ly  [ M - O H ] * .  In the  case o f  
c o m p o u n d  3b, w h o s e  molecu la r  weight  a n d  me l t i ng  
poin t  are g rea te r  t h a n  those  of  3a, the El mass  s p e c t r u m  
con t a in s  the IM] + peak  wi th  a relative in tens i ty  o f  0.7%. 

To  find out  whe the r  the i m i d a z o l e - c o n t a i n i n g  c o n j u -  
gates prepared  here can be used in the  synthes is  of  
o l igonuc leo t ide  derivatives, amides  3b and  6 were added  
to p ro tec ted  d inuc leo t ide  p ' T p ' T ( L e v )  u n d e r  c o n d i t i o n s  
of  phospho t r i e s t e r  oHgonucleot ide  svn thes i s  in solut ion.  
The  c o n d e n s a t i o n  was carr ied out  in the  presence  o f  
2.4.6- t r i i sopropy lbenzenesul fony l  ch lo r ide  (TPSCI)  and 
N-methy l imidazo le  ( M c l m ) ,  by ana logy  wi th  a previous  
study. 22 Depro tec t ion  of  the imidazo le  ring occur red  
s imul t aneous ly  with the removal  o f  the  levul inoyl  group 
dur ing  the s tandard  t r ea tmen t  with  c o n c e n t r a t e d  aque-  
ous a m m o n i a .  The  co r r e spond ing  der iva t ives  7 and  8 
(see S c h e m e  3) were charac te r ized  by I I-I N MR spec-  
t roscopy and  MALDI  mass spec t rometD ' .  

Thus ,  c o m p o u n d s  3b and 6 are su i t ab le  tb r  a n c h o r i n g  
imidazole  residues to o l igonuc leo t ides  by m e a n s  o f  the 
phospho t r i e s t e r  synthesis  of  o l igonuc leo t ides .  The  possi-  
bility of  using the result ing con juga t e s  in the phos-  
p h o a m i d i t e  synthesis  of  o l igonuc leo t ides  a n d  the prop-  
ert ies o f  the conjugates  are cu r ren t ly  u n d e r  invest igat ion.  

Experimental 

The folh)wing reagents and equipment  were used: 
2,4-dinitro- I -fluorobenzene ( DN FB) ( Fluka): 4(5)-imidazotyl- 
acetic acid hydrochforide, 3-(imidazol-4-yl)propenoic luro- 
canic~ acid. triisopropylbenzenesultbnyl chloride (TPSCI). and 
N-methylimidazole (Melm) (Aldrich): N c'- Boc- N I*lm(DNP)- 
L-histidme monohydrate (Fisher Biotech):  dicyclohexyt- 
carbodiimide (DCC). N-hydroxysuccinimide (Nt tS)  (Sigma). 
pentatluorophenol (PFP). and 4-aminobutan-1-ol ("pure" grade) 
distilled m v,~cuo. The protected dinucleotide p'Tp*T(Lev) was 
synti~esized at the Institute of Bioorganic Ci~emistry, Siberian 
Branch of the Russian Academy of Sciences. by a procedure 
described previously, z3 Organic sotvents were dried and puri- 
fied by standard procedures. 24 Preparative HPLC was per- 
formed on a Waters 600 chromatograph with a Waters 486 L!V 
detector using a 1x25 cm column with LiChroprep RP-18, 
15--25 ~am (Merck), gradient elution with solutions or MeCN 
(t} ~:o 80%) in 0.03 M LiCIO4 over a period of 60 rain. elution 
rate 6 mLmin  -I. TLC was carried out on HPTkC-Alufolien 
Kieselget 60 F254 plates (Merck) using the following soNent 
systems (v/vy MeOH--CHCly-Et3N 30 : 10 : 0.8 (A), 
10 : 40 : 0.05 (B), CH2CI2-.MeOH 9 : I (C), and CHzCI 2 -  
EtOH 4 : I (D/. NMR spectra were recorded on Bruker 
WP-200-SY and Bruker AM-400 spectrometers: mass spectra 
were run on Finnigan-MAT-8200 (El, 70 eV) and Vision 2000 
(MALD[) mass spectrometers. Melting points were measured 
on a Kofler hot stage (VEB Analytik). 

[ ! -(2,4-Dinitrophenyl)- 1H-imidazol-4-yl] acetic acid (2a). 
Water (7 mL) and 5 M NaOH (625 ~,L) were added with ice 
cooling and stirring to a mixture of the hydrochloride of acid 
la (505 rag. 3.11 retool) and NaHCO 3 (700 mg, 8.34 retool). 
A solution of DNFB (430 ~L. 3.42 retool) in 7 mL of MeOH 
was added dropwise to the resulting solution IpH 8.8) with 
stirring over a period of 30 rain. 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 15 rain. 
Methanol 12 m l )  was added to homogenize the reaction 
mixture, and the mixture was kept at 20 ~ for 2 h. Methanol 
was evaporated in w~cuo, and the aqueous residue was ex- 
tracted with ether (Sx10 mL) and acidified with 2 M HCI to 
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pi t  3. The tl~ick precipitate c~ystaflized on trituration to give 
red-brown crystals The yield o f c o r n p o u n d  2a after recry'stalli- 
zation from AcOEt was 678 mg (72%). rap.  83 -84  "C, RI-0.45 
CA). Found (%): C, ,13 64: H, 2.95; N, 18.24. 
CI tHsN40~ '0 .5H~O Calculated (%1: C, 43.86: H. 301; N. 
18.60. IH NMR (C[)3OD). d: ,3.70 (s, 2 H. CI-_[:COOH|: 7,35 
Is. I H, t t l5 i - lm) :  7.94 (s, 1 H, H(2)-lm);  7,97 id, I H. 
H(61-DNP, J~o.5= 8.9 H z )  8.b8 (dd,  I H. Ht5) -DNP.  J5.,5= 
8.9 Hz, ']53 = 26  Hz): 8.98 (d, I 1-t, H(3)-DNP,  J3.5 = 2.6 Hz). 
I-~C NMR (DMSO-d~,). ,5:34.00 (Im-CH2):  117 60 (C(S)-Im}; 
121.23 tC(3) -DNP);  128.65 tC{5)-DNP);  129.60 {C(6I-DNPI; 
134.70 (C( I ) -DNP) :  136.88 (C(2)~hn):  137.07 {C(4~-Im): 
143.61 (C(2~-DNP). 146.30 ( C ( 4 ; - D N P ) ;  171.8[)(C-~O). 

3-[ l-(2,4-Dinitrophenyl)- l tf-imidazol-4-yllpropenoic acid 
(2bL A mixture of  acid lb i420 rag. 3.04 retool) and NaHCO~ 
(711 rag. 846 retool) was dissolved in an ice-cooled mixture of  
8 mL of  H20 and 3 mL of  M e O t 4  A solution of  DNFB 
(430 uL. 3.42 mmol]  in 7 mL of  MeOH was added dropwise 
with stirring to the resulting solution o~er a period of 30 min. 
Methanol was added until tile mixture homogenized and the 
mixture was kept for 16 h at 20 ~ Methanol was evaporated 
in vacuo, and the aqueous residue was washed with ether (4,< 
5 mL) and acidified with 2 M HCI to pH 3. This gave an 
orange oily precipitate, which cwstallized on stirring. The 
yie!d of  compound 2b alter recrystallization 1Yore MeOH was 
706 mg (76%). m.p. 19(t--191 "C, Re 0.20 ~B). Found (%): C, 
47.43; H, 2.53 N. 18 23. CI21-'lsNaO0, Calculated (%~: C, 
47.38: H, 2.65: N. 18.42. ~H N M R  (CDaOD).  ,5:6.65 ld. I H. 
C H C O O H ,  d,,.r,,,~ = t6.t) Hz), 7.61 (d. I H, Im-CH. d~r~.,~ = 
16.(7 Hz)" 7.76 ~s. t H, H(51-lm): 8.00 (d. I H, H(6) -DNP.  
J~,.5 = 8, ~1 Hz~; 807 (s. I H, H(2)-Im):  8.71 (dd. I H, 
H(5)-DNP.  Js.~, = 8.9 t1:7. J5.~= 2.6 I-tz): 902 (d. t H, 
H(3)-DNP.  Ja.:,= 2.0 HzL ~3C N M R  (DMSO-d,  d, ,5:117.89 
( = C H - C O O H ) ,  121.90(C131-DNP): 123.54 (C(5)-Im); 129.56 
(C(5}-DNP):  130.47 (C(6)-DNPI;  134.40 (C(1)-DNF'I; 135.70 
(Im-_r:_'[H=t; 138.65 tC(4! - lm) ;  139.24 (C(2) - ImL 143.56 
t C ( 2 ) - D N P )  146.79 (C(4) -DNP):  t67.71 iC-=O). 

4-11 l-(2.4-Dinitrophenyl)- ltt-imidazol-4-yllacetyl}ami- 
nobutan-l-ol (3a). DCC 1213 mg, 1.03 retool) was added with 
stirring at 0 "C to a solutton o f  compound  2a (274 rag, 0.910 
retool) and ,NHS (119 mg, 1.03 retool) in 5 mL of  DMF. and 
the m~xture was kept for 3 h at 20 ':C. A solution o f  
4 -aminobutan- t -o l  (t04 M-. 1.13 mmol)  in 5 mL of  DM F was 
added drnpwisc to the reaction mixture and the mixture was 
stirred fi)r 3!1 rain at 20 ~C, cooled to 0 ~ filtered, and 
concentraled m vat'lt<). Ethyl acetate (50 roLl was added to the 
residue, the insoluble precipitate was filtered o i l  and the 
tiltrate ,,,,as washed with a saturated solution of Na2CO 3 and 
water and dried with Na2SO 4. The solvent was evaporated in 
eacuo, 15 mk of  I 'i,l HCI was added to the residue, and the 
mixture was filtered. The pH of  the aqueous phase was brought 
to 5 (Na H CO 0.  the solntion was washed with ether (3x5 mE), 
and the pH was brought to 7 (NaHCOa}, The solution was 
saturated with NaCI, filtered,-and extracted with AcOEt 13• 
15 rnL). Tile organic layer was dried v, ith Na2SO 4 and the 
solvent was evaporated m :,'acuo. The yield of compound 3a 
was 240 mg (72%1. rap.  54--56 ~ R r 0.47 (g)  IH NMR 
~,CI);OD). & 1.60 (m, 4 H, CH2ICH2)!CH_O: 3.27 (m, 2 H, 
NHCH_21: 3,5~) (m. 4 H. Im-CH_: and C I-!2OH); 7.32 !s. I H. 
H(5)-Im); 795 (s. 1 H, H(2)-Im}; 7,98 (d, I H. Hi6 ) -DNP,  
.1~,5 = 8.9 I-tz}; 8.69 ldd, I H, H ( 5 ) - D N P .  JL0 = 8.9 Hz..15. 3 = 
2,o Hz~; ,~.q6 (d, I H. H(3) -DNP,  ,/3,5= 2.6 Hz). t~C N M R  
(CDaOD),  ,~: 20.78 (NHCHe~H2) ;  30.83 (C_-'HeCHeOH): 36.16 
(Im-CH2): 40.41 (NH(~H2); 62.46 (CH2OHF. 119.57 {C(S)-Im): 
122.37 (C(3)-DNP); 129.58 (C(5)-DNP}; 131.13 (C(6)-DNP);  
136.15 (C(II-DNP):  ~3,~.57 (C(2)-Im):  13865 (C(4)-Im); 145.64 

(C(2>DNP):  148.50 (C(4) -DNPL I72.28 tC__'-OL MS (El). re~z: 
346 [M - OH] ~. 275 [M - NH~CH2)4OHI + 

4-{3-[ I -(2,4-  Dinitrophenyl)- I H-imidazol-4-yllpropen- 
oyl}aminobutan-l-ol (3b). PFP (369 nlg, 200  mmoll  was 
added to a ,-,oh.tion of  compound  2b ~546 rag, 1.79 mmol) in 10 
mL of DMF. The mixture was cooled to 0 ':C and a solution of  
DCC (432 rag, 2.09 retool) in 2 mL of DMF was added. The 
reaction mixture ,,~,as stin-ed for 4 h at 20 ~ and filtered. A 
solution of 4-aminobutan-  I-ot ( 184 pL, 2.00 retool1 was added 
dropwise to the filtrate over a period of  15 rain. The reaction 
mixture was kept for 15 rain and DMF was evaporated m 
vacuo. AcOEt (70 mL) was added to the residue, the insoluble 
precipitate was filtered off, the product was extracted with 
bnne (2•  mL) and acidified with HC1 to pH 2, the pH of the 
aqueous phase was brought to 6.5 (NaHCO O. and the light 
yellow precipitate was filtered off, washed with water 13x 
5 roLl. and dried m vacuo. The yield of  compound 3b was 500 
mg (74%1. rn.p. 121--122 ~ Rf0.50 (Bt. ~H NMR (CDaOD),  
6 :1 .64 (m, 4 H. CH2(CH?)2CH2): 332 (m, 2 H, NH2C_H?~: 
3.61 (m.  2 H. CHeOH):  6.68 (d, 1 H. C HC ONH,  d,r,.,,,,,= 
15.6 HzI: 745 (d, [ H, Im-CH,  Jlra,t~ = 15.6 Hz); 7,67 is. 1 H, 
H(5)- lm):  7.99 (d, I H, t I (61-DNP,  "16,5= 8.9 Hz); 8.07 ~s, 
I H. H(2)-Im): 8.70 (dd, I H. H(5)-DNP.  J5,6-- 8.9 Hz, 
,/5.3 = 2,4 Hz); 9.02 (d, I H, H{3)-DNP. 23.5 = 2.4 Hz). 
13C NMR ( D M S O - d 0 ) .  & 25.87 (NHCH2_CH2): 29,96 
[CH2CI-I,OHI: 38.58 (NHCH2) ;  60.45 (CH2OH):  121 13 
(=_CHCONH):  121.39 ( C i 3 ) - D N P .  C ( 5 ) - l m ) :  128.85 
(C(5)-DNP);  12q.85 (hn-C 'H=) ;  129.38 (C(6)-DNP):  134,43 
(C(1)-DNP) ,  138.78 (C(21-1m); 139.36 (C(4)-Im);  I43.49 
(C(2)-DNP):  146.57 (C(4) -DNP) ;  165.09 (CONH).  MS (El),  
en/a: 375 [MI +. 358 {M - OHI ~. 287 IM - NH(CHz)4OH~ ~, 

4-[ .V~-tert-Butyloxycarbonyl-.&im~t)-2,4-dinitrophenyl-e- 
histidyl]aminobutan-i-ol (4). DCC (I . I I  g, 5.38 retool) was 
added at 0 '~C to a solution o f  ;V~-Boc-NI-Im(DNP)-L-His - H20 
(2.10 g. 477 mmol) and PFP (994 rag, 5,40 retool) in 40 mL 
of  CH2CI:. The mixture was stirred for 3 h at 20 ~ and 
filtered. The precipitate was washed with 5 mE o f  C H , C t ,  A 
solution of 4 -aminobu tan- l -o l  i480 pL. 5.22 mmot) in 3 mL 
of  CH2CI ~ was added dropwise to the filtrate. The mixture was 
stirred for 40 rain at 20 ~ washed with brine 13• mL) 
acidified by citric acid to pH 3.5 and with water (2x20 ntLL 
and dried with Na2SO 4. Then CH2CI 2 was evaporated m vacuo 
and the oily precipitate was washed with ether  (3 -20  roLl  
Ethyl acetate (25 mL) was added to the residue, the mixt.ure 
was stirred for 10 rain and filtered, the precipitate was washed 
with 5 mr. of AcOEt, and the combined filtrate was concen-  
trated m vacuo. The yield of  compound 4 was 1.84 g (3.74 
retool, 78%). ~kl NMR (CDaOD),  6:1.45 is, 9 H, Boca; 1.55 
(m. 4 H, CH2(CH_2)2CH:), 3.01 (m,  2 H. Im-C _H21; 3.21 (m, 
2 H. NHCH_2}, 3.56 (m, 2 H. CHzOH);  4.33 (m, 1 H, CH-~,~): 
7.20 (s, I H. H(5)-Im);  7.94 (d. I H, H(6) -DNP,  Je,.5 TM 

8.9 Hz): 7.96 is, 1 H, H(2)-Im);  8.69 (dd, I H, H(5)-DNP.  
Js.~, = 8.9 Hz, J5.3 = 2.5 Hz); 8.98 (d. I H, H(3) -DNP,  J~5 = 
2.5 Hz)  t-~C N M R  (C.D3ODL 6: 26.86.(NHCI-12CH2); 28.67 
(CHa(Boc)): 30.82 (CH2CH-.OH);  31.68 ( Im-C H 9 40.20 
(NHCH2):  56.07 (CT_'H-ct); 62.52 (CH2OH): 80.56 (tCH3)3_C): 
119.22 (C(5)-Im1; i22.35 (C(3) -DNPt ;  129.48 iC~5)-DNP);  
131.0[ tC(6)-DNP);  136.14 (C(I)-DNP'~; 138.54 (C(2)-Im):  
140.58 (C(4)-Im); 145.83 {C(2}-DNP}, 148.66 (C(4) -DNP) .  
157.47 (C=O{BocH; 174.011 (C=O(His)) .  

4- [ ~lm/t).2, 4_ DinitrophenyI-L-histidyl]aminobutan- ! -o! 
dihydroehloride (5). Compound  4 (1.40 g, 2.84 retool) was 
suspended m 5 mL o f  anhydrous MeOH and 5 mL of  a 4 M 
solution of HCI in anhydrous MeOH was added. The mixture 
was stirred for 1.5 h at 20 ~C. The sol,,ent was evaporated in 
vacuo  and the residue was concentrated three times with 
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It) mL of anhydrous McOH and dried in vacuo. The yield of 
conlpotllld 5 ~r :~S 1.32 g (2-83 mmol. 99.6%1, m.p. 110-- 
114 ~C. Found (%): C. 41.,~1: H. 5.20; N, 17.74; CI. 13.93. 
CI(,H2~N,,() t -2HCI.  Calculated (%): C. 41.30; H, 4.77: N, 
t,q.I)6: CI, 15.24, IH NMR (CD~OOI, 4: 1.60 (m, 4 H, 
CH2(CH2)2CH2): 3.28-3.36 tin. 2 H. NHCH2): 3.46--3.50 
Im, 2 H. hn-C[~n; 3.55--3.62 (m, 2 H. CH_eOH): 4.35 (m, 
I H, CLI.-{,); 7.96 ~d. 1 H, H(5)-lm, Js.211mi =" 1.5 Hz): 8.30 
{d. I H, H(6)-DNP, J,,.-';d)~e~ = 8.6 Hz'I: 8.84 (dd. l H, 
H~5)-DNP, J~(t?-~,~ = 80 Hz, J5.3iDNP) = 2.5 HZ): 918 (d, 
I H. H(3)-DNP. J3.3d3ae:= 2.5 Hz)" 9.48 (d, I H, Hl2)-Im, 

J2 ,5 (hn )  = 1 .5  Hz) 
4- { zV*- [ N l'n~ t )_ (2,4_ DinRrophenyl)- I H-imidazol-4-yl laee- 

t.vl- Nlm( t )-(2,4-dinitrophenyi)- L-histidyl}aminobutan- l-ol  (6). 
DCC (256 ms. t.24 retool) was added to a solution of 
compound 2a 1325 ms. 1,0.~ retool} and PFP (208 ms. 1.13 
rnmol) in 5 niL of DMF cooled to 0 ~ and the mixture was 
stirred for 3 h at 20~ The cooled reactiou mixture was 
filtered and the filtrate was added dropwise to a solution of 

-' . . ;0  compound 5 (511 mg. 1.10 retool) and Et N (306 ~L, " "~ 
mmol) in 4 mk of DMF, '~,hich had been filtered from the 
Ei;N �9 tICI precipitate. The rest,lting reaction mixture was stirred 
for 25 rain at 20 ~ and the solvetlt was evaporated itI v~tcUO. 
The residue was covered wflh 30 mL of I M HCI and extracted 
with ether (3"<I5 mL). The pH of the aqueous phase was 
brought to 5.6 (NaHCO 3) and the product was extracted with 
AcOEt I5;<25 mL) The combined organic ~,olutions were dried 
with Na2SO 4 and filtered and the sol',ent was evaporated in 
vacu,r The residue was dissolved in CH,CI, and purified by 
chromatography on Silasorb 600 silica gel (5 ~am, kachema. 
Czech Republic) using gradient elutiou with I) m 15% solutions 
of EtOH in CHIC1,. The i:raction containing a product with R r 
0.52 l'D) was concentrated m vacuo and dried m vacuo. The 
yietd of compound 6 was 541 mg ((I.812 mmot. 75%), m.p. 
104--106 ~ Found (%): C, 48.03: H. 3.88, N, 20.25. 
C27|12(,NioOtl. Calculated (%): C, 48.65; 14, 3.93; N. 21.01. 
IH NMR [CD;ODL 8: 1.5o (m, 4 H, CH2ICHf lCH: ) :  3.09 
Ira, 2 H. ImHi~-Cj-I_,-CH-co; 3.24 (m. 2 H. NIqCH2CH2): 3.56 
(m, 2 H. C [ I :O t t ) :  3.66 ts, 2 H. Im-CH2CONH);  4.72 (m, 
1 H .  CH-,~); 7.20 (s, I H. H(5)- ImHi0;  7.32 (s, I H, 
H(5 j - lm) :  7.94 i'm. 4 H. 2 H(2)- Im, 2 H(6) -DNPL 8.05 (m, 
2 H, 2 H(5)-DNP):  8.93 (m, 2 H. 2 H(3 ) -DNP)  

[2"- Oeoxythymidylyl(5"~3")-2"-deoxylhymidin-5'-yl] {4-[3- 
(1H-imidazol-4-yl)propenoyl]aminohulyl} phosphate (7). Com- 
pound 7 was prepared by condensation of:~ protected deriva- 
tive of dinucteotide p 'Tp 'T tLev )  with compound 3b in the 
presence of FPS and Melm, by analogy with a previous 
publication. 22 p'Tp*T(kev) (50 rag, 50 pmot) was dissolved in 
I mL of anhydrous Py Then FPS (100 rag, 0.33 retool), Melm 
t55 uL, 0.69 retool), and compound 3b (22.6 rag, 60.2 ~_tmo[) 
were added. The course of the reaction was monitored by TLC 
(Rf of the protected product was 0.44 tO)). After I I1. several 
drops of water were added to the reaction mixture and the 
�9 sohlt-ion was concentrated. The residue was diss-olved in 20 mL 
of CH,Ch  and washed with 2• mL of I M KH2PO 4, pH 
7.0. ]"he organic layer *as concenmlted, 10 mL of concen- 
trated aqueous NH 3 was added to the residue, and the mixture 
',~,as allowed to stand for 2 days at 20 ~ wittx stimng at 
intervals. The reaclion mixlure was concentrated, the product 
was isolated by preparative HPLC, and the fractions contain- 
ins the target compound were concentrated. The residue was 
dissolved in water and tile product was precipitated by a 10- 
fold volume of a 2% ,solution of LiCIOa in acetone. The 
precipitate was washed with acetone, dried in vacuo, and 
dissolved m water. The yield of the Li salt of compound 7 was 
375 OE200 (43%. 21.5 ~amol). ~H NMR (D20), {5:170 (m. 

4 H, CHqCH2)2CH2): 2.00 (s. 6 H, 2 CH-): 2.32--2.00 tboth 
m, 4 H, 2 H(2"), 2 HI2"))': 3.43 (m, 2 H. NHCH__,): 3.99-- 
409 tm, 2 H, 2 H(4')); 4.19--4.26 (m, 4 H. 2 Hi5') ,  
2 H(5")I; 4.28 (m. 2 It. CI:[2()PL 4.42--4.51 (m, I H. Hi'3')); 
4.97--5.08 (m, I H. H(3")); 634-6.43 ~m, 2 H, H(I '). H(I")); 
6.57 (d. I H,=CHCONH, ,lrra,,s = 15.6 Hz): 7.47 (d, I H, 
Im-CH=, J~ram = 15.6 H/,): 7.50 (s, 1 H, H(5)-Im); 7.80 ~m, 
2 H, H(6>Tiiy); 7.90 is. I H, H(2J-lm). MALDI MS, m/z: 
818.3 1M + H*]. Calculated [C30H41NTOI6P 2 + H]~: 818.22. 

[2"- Deoxylhymidylyl(~'-+3")-2"-deoxythymidin-5"-yl] {4- 
[~M~-( IH-imidazol-4-ylaeetyl)-L-histidyl]aminahulyl} phosphate 
(8). Compound'8 was prepared from p'Tp'T(Lev) (50 ms, 50 
prnol) and compound 6 (40 ms. 60 pmol), similarly to com- 
pound 7 The R r of the protected product was 0.38 tC). The 
yield of the Li salt of compound 8 was I95 OE_,60 (22%, 
II ~amol). IH NMR (D:,O). 8:1.56 (m. 4 H, CH2(CI-Ig?CH2): 
2.00 (s. 6 1-|, 2 CH?): 2.38--2.72 (both m, 4 H, 2 H ( 2 L  
2 Hr 3.12 (m. 2 H, ImH~-CH21:3.25 {m. 2 H, NHCH:): 
3.71 (m, 2 H, tm-CH2): 3.89--4.00 (m, 2 H, 2 H(4 'n:  4.16 
(m. 4 H. 2 Hr 2 H(5"IL 4.22 (m, 2 H, CH2OPI: 4.40-- 
4.50 Ira. l H, H(3')); 4 .97-503  (m, I H. H(3")): 6.38--6.4,."I 
(m, 2 H. H(I ' ) ,  H(I")): 7.0t is. I H, lt(5)-hnl~is): 7.12 ~s, 
I H. H(5)-Im); 7.77 (m, 2 H. 2 H(6)--[hy): 7.89 (m. 2 H. 
2 Hi'2)-Iml. MALDI MS. m/z: 943.4 [M + H+]. Calculated 
[C~sH4sNIoOITP2 + 1-11~: 943.28. 
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