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Artificial ribonucleases: synthesis and RNA cleaving
properties of cationic conjugates bearing imidazole residues
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Abstract
Small mimics of the ribonuclease active centre were synthesized by conjugating imidazole residues to a
dicationic compound. These compounds were shown to cleave tRNA under physiological conditions. The
compounds provide new probes for the investigation of RNA structure in solution and potential catalytic RNA

cleaving groups for anusense oligonucleotide derivatives. © 1998 Elsevier Science Ltd. All rights reserved.

Keywords: RNAse A mimics, bication; RNA cleavage; catalysis.

Introduction
£ v sanam vy 5 4 .
Compounds capable of cleaving phosphodiester bonds in RNA under physiological
conditions are needed for the development of approaches for investigation of RNA structure

and for manipulating RNA nucleases. RNA cleaving compounds can serve as probes for
studying RNA structure in solution. With such probes, information concerning the state of all
phosphodlester bonds and the ribose in the entirce RNA molecule can be obtained which is
important for elucidation of the RNA secondary and tertiary structure.

The design of structures which cleave RNA with high efficacy and in a catalytic manner
under physiological conditions can open new possibilities in the synthesis of antisense
oligonucleotide con]ugates for research and therapeutlc appllcatlons [1].

Recently, the synthe51s and RNA nyclrolysmg propemes of a few KNAse A active centre

mimics were reported [2-4]. RNAse A active centre was imitated by oligopeptides {2] or small
peptide-like molecules [3]. Intercalating groups were used to increase affinity of the
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constructions to RNA. A construction bearing two imidazole residues anchored to quarternary
phenazinium salt was shown to be the most effective in RNA hydrolysis [4]. The disadvantage
of the mentioned compounds was the presence of intercalators as the RNA binding moiety: the
intercalators tend to bind within double stranded RNA regions which are rigid and relatively
more resistant to cieavage
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In this paper we describe the design, synthesis and investigation of RNA hydrolytic activity
of artificial ribonucleases, composed of a dicationic fragment d an imidazole residue.

Results and discussion

The synthesis of chemical ribonucleases is presented in Scheme 1.

/ \ CH;(CH,),;Br D/ \

N N CHg(CHg)\_;"’_N _N

Br(CH,),.CO
R \\— /
3
—\ O —\ O
o/ \® i NH,R o/ \D Il ﬁ\
CH,(CHy),=N N— (CH,),CNHR CH,{(CH,)us=N N—(CH:):Co —< () )—No:
LY ; Lo—r

]\\

N 0
()
I

on® D/ \® T

D L < »
CHy(CH.)s—=N _N—(CH,);,CNHR' CH;(CH)s,— N //N —(CH,);CNHR"

6 7
COOCH; coou
I |
— CH,CH, — CHCH, — CHCH,
n_ \=\ ni— \_——‘\ R"‘: \——_——‘\
o / ) / \NH N/ \NH
N NH N
A g N N

Scheme 1. Synthesis of artificial ribonucleases.
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The bis-quaternary salts of 1,4-diazabicyclo[2.2.2]octane 1 having a high affinity to phosphate
anions [5] were used as the RNA binding part of the RNAses mimics. Compound 2 was
synthesizcd by a]kylation of diamine 1. As a result of the reaction mono quaternary salt of 1 is
formed with high yield and suitable for the further utilization without additional punncatlon

steps. The aliphatic part of 2 was not necessary for the successful SYﬁméSiS and was mainly
srcmd $ma smnranca 4ha amlislilidber AL 4laa sramnn mriatarmner aalé P la Arcnnnia onlirants Ad thha anean
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1
time the hydrophobic part of the chemical ribonuclease could allow the molecule to penetrate
1 ] ; Time

through the cell membrane in further experiments with cultured cell lines in vivo. 4-N1f.ropheny!
ester 4 was obtained with high yield by refluxing of 2 with 4-nitrophenyl-y-bromobutyrate 3 in

acetone. It should be noted, that 3 and its homologues containing both strong alkylating and
weak acylating groups allow the high yield synthcs1s of actlvated denvatlves of 1 1n one step
and without laborious purification. The structure of 4 was proved by 'H and "’C NMR
spectroscopy and the data of elemental analysis. 4 was stable under room temperature for a long
time and was used as the basic precursor to conjugates with different potential cleaving active
groups. In particular, we have synthesised the conjugates 5, 6 and 7 with histamine, methyl
ester of histidine and histidine respectlvely The structures of the conjugates were conﬁrmed by

vy 13~ 1Tn 1“

H, “C NMR spectroscopy and high resolution mass spectrometry. Ir
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Hydrolytic activity of artificial nucleases 5, 6 and 7 was studied using [“P]MRNA™™ as a

substrate. The RNA was incubated with the compounds
pH. The positions of RNA cleavage by the nucleases S,
efficiency at different sites are shown in Table 1.

Table 1.
Major cleavage sites and efficiencies of reactions of chemical nucleases 5, 6, and 7 under different conditions.*

Hydrolysis conditions” Cleavage efficiencies® of the tRNA™ on the major cleavage sites®
Extent of

Chemical ON1°¢ MgCl, Cos C Gss Cs3 Csi/60 Cis Us RNA cleavage
nuclease M) (mM) %)

5 - - ++ (+) ++ ++ + + +¢ 60

5 5.107% - 0 0 + +++ -+ + + 90

6 - - +++ ) ++ +++ + + + 60

6 5.10° - 0 0 + ++H +HHH+ + + 100

7 - - ++ ++ ++ ++ + + + 95

7 - 5 t++ + + +) (+) 0 0 15

7 5.107 - + 0 + 4+ ++++ + + 100

7 5-10° 5 ot + 0 0 0 0 (+) 20

* . Data of threc independent experiments are shown. The rates determination and the analysis of hydrolysis products are described in
Experimental;

®_[®P]- tRNA™ was incubated with the conjugates at 37°C for 18 h in 50 mM imidazole buffer at pH 7.0;

° . relative rates of the tRNA cleavage were determined as the ratio of the radioactivity of the corresponding clcavage fragment to the

total tRNA radioactivity: 0 - no cleavage, (+) - very weak (less then 1%); + - weak (up to 5%); ++ - moderate (up to 8%); +++ - strong
(nn to 20%); ++++ - very strong (up to 50%);

- the phosphodiester bonds after the indicated residues were hydrolysed,
° . the tRNA cleavage was performed in the presence of ON1 (see text) complementary to nucleotides 63-76 of the tRNA;
- the extent of tRNA hydrolysis was determined as the ratio of the hydrolysed tRNA to the total amount of *’P-radioactivity

deposited on the gel.
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All three RNAses 5, 6 and 7 demonstrate similar spec1hc1ty and high RNA hydrolytlc
activity: 60%, 90% and 100% of tRNA was hydrolysed during 18 h incubation at 37°C with the
compounds §, 6 and 7 r espectlvely When the imidazole buffer was substituted by HEPES with
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the buffer solution rnay assist he catalytlc cleava
deprotonated imidazoles in RNA hydrolyses by RNAse A [ 657 ].

The compounds 5 - 7 have demonstrated similar cleavage specificity (Fig. 1). The cleavage
sites within the tRNA were phosphodiester bonds after C;s, C7, Ggs, Css. Hydrolysis of
phosphodiester bonds after Ug, C3, and C,5 occured with slower rates. Weak cleavage was
observed after Cas, Us;, Cse. It should be mentioned that all these cleaved phosphodiester bonds
are situated in the singie-stranded regions of the tRNA except for C,z and Cg; 1n the anticodon
and TWC steam of tRINA respectively.
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Figure 1. The Cloverleaf Structure of Yeast tRNAP* and Sites of tRNA Cleavage by RNAse mimics 5-7.

it 1s Known that magnesmm ions stabilize the tRNA structure {8,9]. In the presence of 5 mM
PR . /8 L. 1IN danswnnan AF thhn 4401 vata AL DANIA Alansraca xxsrao nloarmgad O

of 1V1g a considerable \o- luu_l} decrease of the total rate of RNA clea dgC WdS OUSCIVEU. L5
and Cy, within the open ACCA sequence at 3'-end became the major sites of RNA cleavage in
the nresence of maonesium. whereas the cleavaoce in CpA motifs in TWC loon and steam (("“
[R8 LW Pl\.n)\/ll\t\a i llluélluox\.uAL’ YY Liwi wiid Viwh Vg ali s AN b v. . S~ i o
and Cg3) and D-loop was completely mhibltcd Therefore the stabilization of the RNA structure
by magnesium lead to masking of hydrolysis sites by secondary and tertiary interactions and to
changing of the rate and positions of the RNA cleavagc.
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The unfolding of the acceptor stem and the T-stem of tRNA secondary structure by
oligonucleotide (ON1) complementary to the 3'-end of tRNA (bases 63-76) increased the rate of
tRNA hydrolysis by constructions S - 7 and affected the cleavage pattern. All tested compounds
in the presence of ONI cieaved tRNA quantitatively under standard incubation condition. The
formation of tRNA-ON1 complex inhibited the nyaroly51s of pnospnomester bonds after Cys,

1. sl TIAT A

Ln and U65 and made p[lOSleOGlCS[CI' bonds after L/63 and b61 the major targets for the RNAses

5-7.
Tha racilte nhfainaed aragoect that the cuntheacized RN Ace miming ara coancitivn tn I A
LIV 1IVOouUully vuvwailuvua DUSEUD[ LIl Uiy DY HLHIVOIZAVAL ANVI YOG 1IIIIVD) GQlw DVIIDILI VY U NI YO
structure. Compounds 5 - 7 cleave phosphodiester bonds preferentially in CpA motifs located in
single stranded regions of tRNA. Less susceptible targets are phosphodiester bonds after Us and

Ggs in UpA and GpA sequences in the junction of RNA stems. It should be noted that 5 - 7 bind
to tRNA in the same manner with imidazole residues being localized in the vicinity of
internucleotide phosphates.

We have no evidence for the favourable binding of compounds 5 - 7 to CpA motifs rather
than to any other sequences. Thereby, the structural and sequence preference of RNA cleavage
by 5 - 7 at CpA sequences in the single-stranded regions obviously is connected with abnormal
iabiiity and/or favourable orientation of phosphodiester bonds in these Py-Pu motifs. Indirectly
this 1s confirmed by spontaneous tRNA cleavage at UpA (Us) site caused by different non-
specific chemicals and a number of proteins [10].

Conclusion

RNA cleaving conjugates were synthesized using the same scheme of synthesis based on the
peptide chemlstry approaches. The first evaluation of the hydrolytlc activity of the synthesised
RNAse mimics showed that all the compounds are promising both as probes for studying the
RNA structure and for biomedical applications due to their high specificity and high efficiency
in RNA hydrolysis.
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General. Radioactivity of the samples was determined by counter Minibetta (Pharmacia,
Sweden). Flash column chromatography was performed using Silpearl (100-200 mesh, Sklo

Union k. p., Czechoslovakia). Meltlng points were determined in caplllarv tubes and are
uncorrected. Elemental analyses were performed using the Elemental Analyzer Model 1106
(Carlo Erba, Italy). Infrared (IR) spectra were recorded on a Specord M-80 spectrometer (Karl
Zeiss lena, GDR) Unless otherwise noted, NMR spectra were obtained using a Bruker AM-400
spectrometer at 400 MHz for ‘H and 100 MHz for °C spectra respectively or a Bruker WP-200
spectrometer at 200 MHz for 'H spectra 1n other cases. All couphng constants are given in
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High Resolution Electrospray Mass Spectra were recorded using a home built Time-of Flight
Mass_ Spectrometer with Orthogonal Extraction of ions injected from Electrospray lon Source
(ES O-TOF -MS) [11]. The ES O- TOF-MS has mass resolving power ~3000 and accuracy of
ion mass determination better than 10 in case a calibration was performed in the day of

~
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analysis. All samples for mass spectrometry were dissolved in methanol at a concentration of
5-10°M. The homogeneity of synthesized substances was proved by NMR spectroscopy.

1- 1etraaeey1—1-az0ma—4 zabicyclof2.2.2Joctane bromide (2) [62634-13-3]. To the
suspenswn of 5.6 g (0.05 moles) 1,4-diazabicyclo[2.2.2]octane (1) in 30 mi of boiling ether, a
snniamasen ] minane AL nnntnna smmandad £av thhina Anmainlats dicaAalidanas AL 1 serne addad 11 vernd Lo
Hiia d.lllUulll. 01 accione nccaca 10r uic Coir IPICI.C UIsd0OLY 15 Ul 1 W aluucd, 1ulHUwouU Uy
dropwise addition of 11.08 g (0.04 moles) of tetradecylbromide. The mixture was refluxed for 6
h, then cooled. The formed precipitate was filtered off, washed with ether and dried in vacuo
over P,Os to give 13.8 g (89%) nfw hite small-crystal powder of 2. M P, 163- ]660C
'H-NMR (200 MHz) &: 0.84 (t, J=6.7, 3H, CHs), 1.24 (br, 22H, CH3(CHx)11), 1.64 (m, 2H,
(CHy);,CH>CH,N™), 3.00 (m, 6 (CH,CH,)sN"), 3.20 (t, J=10.2, 2H, (CH,);,CH,CH,N"),

3.30 (m, 6H, N(CH,CH,);N™).
BC-NMR 3: 13.70 (1C, CH;), 22.05 (1C (c D1CH,CH,N), 23.10 (1C, CH;CHy), 28.10 (1C,
(CH;)10CHy(CHy),N™), 29.00-31.50 (9C, CH3;CH,(CH,)s(CH,)3N'), 44.69 (3C, N(CH,CH,)sN),

54.35 (3C, N(CH,CH,);N"), 61.23 (1C, g NY.
P A MANIAL A E1 Tlaonaatle, 1 it a1 2l bt ____*1_/1N 01 - N NE
4-/V ropnenyt—y—pugzrale } L/¥2/70=-/7-2}. FICSAlY A1511ilatCa tMonyioromiac (1v.72 g, v.uo
UG IR I I I [ SO Gy b e A2 o (D NE mrla) ~F v hatcrnlantane af N0 A fiar inciihatinn
moics) wa added UIUlebL, 10 i€ 4.5 g (V.U IT0IC) O1 Y-UuUlyluiablUIIC at vV L, Adlcl Hituvauun
~t raom temperature for 30 min the reaction mixture was heated a AnOF until the gas evolution
i 1vui tcuxpuu:uuxu 1UL DU 111 UiV IVAavUIULL LIHIALUL Y VVad Iivdilvua as 1 W BGS Uiulivii

stopped, then cooled. 6.95 g (0.05 moles) of dried 4-nitrophenol was added to the obtamed non-
purified v-brombutyrylbromide. The reaction mixture was slowly heated up to 120° C, then
incubated at this temperature for 30 min and cooled, followed by dilution by 20 ml of
chloroform. After purlﬁcatlon by flash liquid chromatography on silicagel with chloroform as
eluent and solvent removing the obtalned yellow o1l was dissolved in 10 ml of dried ethanol
792 g (55%) of 3 was crystallized at -5°C as colourless needle-like crystals. M.P. 54°C (55-
58°C in literature [12]).

I-T etradecyi-4—y—(carb—4—nitrophenoxy)-propyi—i 4‘-a'iaz0niabicycw[' 2.2.2joctane dibromide

(4). 1 95 g5 mmole) of 2 was suspended in the solution of 1.51 g (5.25 mmole) of 3 in 10 ml

aninitata filtora nF
. de 1C LluAcu 1ul 10 1. Nyl \/UUILU.E tuc PID\JIPILGLU WCID S8R QW vii,
““““ hed with acetone and dried in vacuo over P-O: to give 3.08 ¢ (91%) of light-cream
Ywaosiivu  yviuil VLLULIV Aliu uUlIivug 1l Vawuw v vwl 1 JN\Ns) SHIVW SO B (L4 /V) Vi g va v

Anal. Calc. for C H51N3O4Br2 C,53.2;H,7.5;N,6.2 Found: C, 52.5;H, 7.7; N, 6.1%.

'H-NMR &: 0.843 (t, J=6.7, 3H, CHO 1232 (br, 22H, CH‘;(CHz)H) 1.682 (m, 2H,
(CH,);;CH,CH,N"), 2.137 (m, 2H, N'CH,CH,CH,CO), 2.812 (t, J=7.1, 2H, CH,CO), 3.324 (,
J=7.3, 6H, CH3(CH2)13W(C_}LCH2)3N+) 3.534 (t, J=7.3, 6H, N*(CHZC H,)sN*(CH,):CO),
3.551 3698(2m 2H + 2H, CH,N"), 7.506 (d, J=9.2, 2H, H26Ph) 8.322 (d, J=9.2, 2H, H-3,5
Ph).

C-NMR &: 13.84 (1C, CH3), 21.09 (1C, N'CH,CH,CH,CO), 21.2(154“(1C, (CH,),1CH,CH,NY),
2198 (IC, CHsCH,), 2567 (1C, (CHpiwCH(CH,pNY), 28.35-2895  (9C,
el el iVial s 71T N ATH 21 10 /1M \ﬁFTY IT ALY ON £N 12 &N 7L a0 1 A
L,H;Lrlzkbrlz)g( 2)3N ), o11T (IL, N LipUmlrpuy),  JuU.33-0U./0 (DU T OL,
N(CH,CH,):N"), 62.17-63.28 (1C + IC, CH,N"), 123.14 (2C, C-2,6 Ph), 125.19 (2C, C-3,
Ph), 145.02 (1C, C-4 Ph), 155.13 (1C, C-1 Ph), 170.03 (1C, COO)

IR (KBr pellet; only the most characteristics absorbance bands are shown) cm™:

CH,-groups: 2925 (s., VasymCHa), 2855 (5., veymCHy), 1463 (s., 8a5ymCH>);
ester-group: 1720 (s., vC“O) 1205 (s., vC-O- -C), 1113 (s, vC- O-C)
nitro-group: 1528 (s., VasymNO2), 1334 (s., veymNO»);

1,4-disubstituted aryl: 3020 (sm., v(CH aryl)), 1750 (m., 8(CH), aryl), 1705 (m., w(C=C
aryl)), 1614 (s., v(C=C aryl)), 1592 (s., v(C=C aryl)), 1444 (s., v(C=C
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aryl)), 1155 (m., 8(CH aryl)), 1058 (m., 8(CH aryl)), 853 (s., 8(CH
1,4-aryl).
1-Tetradecyl4-y-[N-(2-(imidazole-4-yl)-ethyl)-carbamyl]-propyl-1,4-diazoniabicyclof2.2.2]
octane dibromide (5). The soiution of 12 mg (0.11 mmoles) of histamine in 0.5 ml of
dimethyiformamide (DMF) and 11.1 mg (0.11 mmoles) triethyiamine (TEA) were added to the
eacema m 1 -\ O A 1 A_-i TR AT S

L TV g N S 7 P . I ~C TL . e b a1 o a0~ o
souton 01 0¥Y.0 mg (V.1 mmoles) 01 4 1N |1 O DIViD, 10C IMIXIUIre was meuoat€a at 4o © 101

Il
12 h then evaporated up to the volume of 0.15-0.20 ml and the product was precipitated by
aratanae Foar norificatinn the reactinn nroduct wace renrecinttatad hy acetnne fram athannl
AVVIULIV . 1 vl l.lul LIXVALLIULL LIV Lvdawviiuvil l.ll vuiuwL yvao l\vlll\/\llylwl‘iu UJ AW LU LW FEQ U EERER S/ E10}E
solution, filtered off, dried in vacuo over P,0Os to give 30 mg (45%) of § as a lightly coloured
highly hygroscopic amorphic substance. The sample contained trace amount of
dimethylformamide.

'H-NMR &: 0848 (t, J=6.8, 3H, CHs), 1.238 (br., 22H, CHs(CH,),)), 1.695 (m, 2H,
(CHy);,CH,CH,N"), 1.933 (t, J=7.2, 2H, CH,CO), 2.188 (m, 2H, N'CH,CH,CH,CO), 2.682 (t,
J=7.0, 2H, CH,Im), 3.303 (dt, J=5.8, J=7.0, 2H, CONHCHS), 3.505-3.531 (2t, J=10.5, 2H +
2H, CH,NY), 3.936 (s, 12H, N (CH,CH,);N"), 6.978 (s, 1H, H-5 Im), 7.944 (s, 1H, H-2 Im),

8.091 (t,J=5.8, 1H, CONH). . .
13~ v vu s o~ o~y - 4 T TN P R BN alh Pl iratt et ialrat et e Y dre Yalllral & Y YT N Y AT
TC-NMR o: 13680 (1€, CHj), 17.04 (1L, CHyUH,UR,LQ), 2120 (10, (LH) | LHUHIN ),
AT MO I WY TIT N AL AL 71 fIT N OTIY ITY NN AL 10 71 AT T N0 AN N0 NN SO
2198 (10, UrizLy), £2.40 (1L, (L))ot Tp(LEip oIN ), £0.10 (1L, LIl ), £0.5U=~£7.UVU (0L,
ALY /OIT N FOLT N ST N N 11 NA MO CTILCOILOIIY 21 10 (10 NTCLWLCWLOLL. OO 2R 20
Uiz ol i jglerip J3iN j, J1.V0 (1L, VIV ), J1.17 (v, IN LAVAR NS J, J6.07
(1C, CONHCH,), 50.34 (6C, N(CH,CH,):N"), 62.79-63.30 (1C + 1C, CH,N"), 116.52 (1C, C-5
Im), 133.37 (1C, C-4 Im), 134.32 (1C, C-2 Im), 170.29 (1C, CONH).
ES-TOF-MS (Table 2.)
Table 2.
Mass spectrum of S.
Fragment M/Z (calc.)’ M/Z (exp.) 1 (%)
M-Br]” 570.359 570.418 3.7
[M-B1]" 568.359 568.415 3.6
384.348 5.5
383.848 10.3
[C1sHzsN(CH,CH,):NT" 0 310.328 310.365 3.5
[C14H2oN(CH,CH,)sN]” 309.327 309.368 13.7
[M-Br+H]*' (*C) 286.184 286.221 2.6
[M-Br+HJ* 285.683 285.720 73
M-Br+H]* (°C) 285.184 285.225 2.4
[M-Br+HJ** 284.683 284.733 6.6
[M-2Br+DMFAJ* (3C) 281.748 281.781 3.6
[M-2Br+DMFAJ** 281.247 281.286 100
A D127 13 N45 991 745 263 310
Pvi-2Dif (| Ly LT ke L L2 &5 31,V
[M-2Br}* 244.720 244,757 100.0
IM-C, ;HzsN(CH,CH,)-N-2Br]" 180.114 180.149 5.0

*M/Z values are given for most abundant isotopes in all tables.

1-Tetradecyl-4-y-[N-(1-carbmethoxy-2-(imidazole-4-yl)-ethyl)-carbamyl]-propyl-1,4-
diazoniabicyclo[2.2.2]octane dibromide (6). 138 mg (0.2 mmole) of 4 and 37 mg (0.22 mmole)
of free base of methyl ester of histidine were used to synthesized 66 mg of 6 (47%) as described

~L1 . Lo ~ P

for 3. Compound 6 looks like lightly coloured amorphic highly hygroscopic substance.
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'H-NMR (200 MHz) &: 0.85 (1, J=6.5, 3H, CHs), 1.24 (br., 22H, CHs(CHy)11), 1.67 (m, 2H,
(CHy)nCH,CH,N', 1.89 (m, 2H, N'CH,CH,CH,CO), 2.24 (t, J=6 4, 2H, CH,CONH), 3.00 (d.
J=15, 2H, CH;Im), 348 (m, 4H, CHN), 3.63 (s 3H, coocg) 390 (s, 12H,

N'(CH,CH,):N"), 4.50 (m, 1H, CHCOO), 7.18 (s, 1H, H-5 Im), 8.37 (s, IH, H-2 Im), 8.48 s,

vy ¥Y 4 T '2aV2%%8 & 8

1H, H-1 im), 8.60 (d, /=7.9, 1H, CONH).
BBAaman @, 12 A 714 MAIT N 1A 27 /17 ATHAOTIY AT AIT 7O A AT 710 70T\ 1T 1Y arh
C-INIVIK O 12,74 (1, Ly), 1704 (1L, N UNLIyUyLU ), L2L.U7 (1, (W hiLhUIN ),
23.18 (1C, CH;CHy), 26.50 (1C, (CHy)10CHy(CHy),N"), 28.23 (1C, CH,Im), 29.00-31.50 (9C,
CHACHN(CHNYCHANTY 22395 (10 ITCH.CH.CH.COY 5190 (1C CH.OY 52 72 (6C
A \NR R JINNL R AD JRANAL AT JIAN Jy T L (AN AN NN UL RGNS Jy SRSV LNy NrRAZNT Jy ST L Wy
N(CH,CH,1:N"), 56.35 (1C, CHCOO), 61.81-63.25 (1C + IC, CH,N"), 120.15 (IC, C-5 Im),
129.77 (1C, C-4 Im), 132.71 (1C, C-2 Tm), 169.21 (1C, COOCH3), 172,15 (1C, CONH)

Table 3.
Mass spectrum of 6.
Fragment M/Z (calc.)” M/Z (exp.) 1 (%)
[M-Brj" 628.364 628.340 0.6
[M-Br]* 626.364 626.358 0.6
IM-Br-CH,+HI" 614,349 614.384 0.3
[M-Br-CH;+H]" 612.349 612.352 0.3
[M-2Br-CHs}" 532.422 532.423 1.4
[2(M-2Br-CH,)-CO,-C4H,o+2HJ* (’C) 413.323 413.285 7.0
[2(M-2Br-CH;)-CO,-C,H,o+2H]> 412.822 412,785 14.4
315.725 7.9
[C14H2N(CH,CH,);N]* 309.327 309,331 9.4
301.114 8.4
M-2Bri* (0 274.223 274.222 33.5
{M-2Br}*" 273.723 273.739 100.0
[M=2Br-CH;+H]*" (3C) 267.215 267.210 19.1
M-2Br-CH;+H}*' 266.715 266.730 65.5

*M/Z values are given for most abundant isotopes in all tables.

Triethylammonium salt of 1-Tetradecyl-4-y-[N-(1-carboxy-2-(imidazole-4-yl)-ethyl)-
carbamyl] propyl-1,4-diazoniabicyclo[2.2.2]Joctane dibromide ( 7) Compound 6 was dissolved
in the mixture of ethanol-water- tnethylamme 4:5-1 and incubated at 45°C for 12 h. The solution
was evaporated and the residue was rubbeo with acetone to give quantitatively lightly coloured

amorphic highly hygroscopic compound 7.
'H-NMR §&: 0.852 (t, J=6.5, 3H, CHs), 1.182 (t J=7.3, 9H, CH; TEA), 1.241 (br., 22H,

CH«(CH)i ). 1.673 (m. 2H (CHA, CH,C HND. 1901 (m 7H N'CH,CH,CH,CQ), 2.226 (t,

3\\-/_2}l Js LU/ i, L0, \\/111}11\1 17 AL 1IN, 1.7V i, & yAS: Sy 2 ivs
J=6.4, 2H, CH,CONH), 2376 (d, J=8.0, 2H, CH,Im), %()51 (n J=7.3, 6H, CH;CH, TEA),
254-3.468 (21, .J=10.0, 2H + 2H, CH;N),

<Lg ¢

874 (s, 12H N*(CHocH,)qN*) 4442 (q, J- 80
H, CHCOO), 6.8: 1 Im

),
J- 79 1H, CONH).
BC_NMR 5: 8.69 (3C, CH; TEA), 13.65 (1C, CHy), 17.50 (1C, N'CH,CH,CH,CO), 22.45 (1C,
(CH)CH,CHLNY), 23.02 (IC, CH;CHy), 26.06 (1C, (CHp)iCHy(CHoN'), 28.20 (1C,
CH;Im) 29.00-31.50 (9C CH3(CH2)2(CH2)8(CH2)3N ) 32.19 (IL N* (.JHQLHQLHzLU) 47.05
(3C, CH;CH, TEA), 51.68 (6C, N(CH;,CH;);N"), 57.65 (1C, CHCOO), 64.53- 65 50 ac +1¢,
13.4

,—-t»l
OO:-
9%
(WS
o
~
Q..

LNY), 3.
(s, 1H, H-5 Im), 7.609 (s, 1H, H-2 Im), 8.074 (s, 1H, H-

v r = - ~ ___\
CH,N"), 117.00 (i1C, C-5 Im), 131.66 (1C, C-4 Im), 134.80 (1C, C-2 Im), 173.21 (1C, COO),
177.04 (1C, _CO\TH)



D. A. Konevetz et al. / Tetrahedron 55 (1999) 503-512 511
ES-TOF-MS (Table 4).
Table 4.
Mass spectrum of 7.
Fragment M/Z (calc.)* M/Z (exp.) 1 (%)
M-Br-TEA+H+CO]" (°C) 643.343 643.430 08
[M-Br-TEA+H+COJ" 642.344 642.440 1.8
[M-Br-TEA+H+COJ" (°C) 641,345 641,410 1.0
[M-Br-TEA+H+COJ" 640,344 640.433 1.8
[M-Br-TEA-+H]" 614.349 614.391 2
[M-Br-TEA+H]" 612.349 612.418 1.0
[M-2Br-TEA]" 532.422 532.456 2.1
[M-2Br-TEA+C,sH:oN(CH,CH,);N-2H]** (**C) 420.368 420.379 46
[M-2Br-TEA+C, H,oN(CH,CH,);N-2H]** 419.867 419.851 9.8
[C14H2oN(CH,CH,)sN(CH,);CO+H]” (*C) 381.378 381.378 2.7
[C14H2oN(CH,CH,);N(CH,),CO+H]" 380.377 380.369 10.0
[M-2Br-TEA+NH(CHo)otm+H}*' (°C) 323.760 323.226 10.0
M-2Br-TEA+NH,(CH, ) Im+H>" 322759 322.784 23.5
[C14H2oN(CH,CH,)sN]' (*C) 310.328 310.357 28.0
[C1sH20N(CH,CH,);N]* 309.327 309.356 100.0
~ [M-2Br-TEA+H+COJ** (°C) 281.213 281.227 17.0
[M-2Br-TEA+H+COJ** 280.712 280.764 37.5
[M-2Br-TEA+H]** (°C) 267.215 267.246 10.3
[M-2Br-TEA+H]* 266.715 266.748 253
[M-2Br-TEA-COJ* 252214 252.207 30.0
M- C4HoN(CH,CH,):N-TEA-2Br+H]" 224.103 224.130 1.7
lL,1mzqn\\,nzk.nyu“\,nquOﬂL'?)H]B 191.196 191.167 78.0

*M/Z values are given for most abundant isotopes in all tables.

Cleaving of tRNA™ by compounds 5-7 (general procedure). 3'-[*P]-tRNA™ was obtained
according to published protocols [13,14]. Briefly, 15 pl reaction mixture contained 50 mM
HEPES-KOH pH 7.5; 10 mM MgClz, 10% DMSO; 0.1 mM ATP; 2 mM DTE; 100 pg/ml
BSA; 160 pmole of tRNA 200 pCu [*P]-pCp and 20 U. T4 RNA ligase. The reaction was
performed at 4°C overmght The labelled tRNA was isolated by using denatured 12%
polyacrylamlde gel electrophoresw eluted 1r0m the gel by 0.5 M ammonium acetate and
prec1p1tatea by ethanol. Obtained [’PJ-tRNA™ was 5-10° cpm/pmole of specific activity.

3- [ ’p] tRNAPk hydroly51s by 5-7 was performed at 37°C for 18 h. The reaction mixture

nnnnnnn d 50 mM ida~ I\Q ‘ f "H 70 700 MMECE 1T mMENDNTA- 1 ua of RN

contained 50 mM Hrlu aZz0i€ ou Pi1 /v, avvu Mivi KCi) 1 TV s iy 1 jg Oi RNA

L
(tota] tRNA from Escherichia coli); 5-107 M 3" r’zm-mNAP ® and 5-10° M one of ch

LA LENL Vi uuLxx A SVILwE AWiIITE Js vasa NEA A& WRIN i

nucleases 5-7. Some reaction mixtures contamed 5 mM MgClz and/or 5-10° M O
(TGGTGCCGAATTCTG, complementary to the 63-76 sequence of tRNA). These experiments
are indicated in the Table 1. For some experiments the buffer was 50 mM HEPES-KOH pH 7.0
instead of 50 mM imidazole; these experiments are also indicated. After incubation, the tRNA
and their hydrolysis products were precipitated by ethanol and resolved on 12% polyacrylamide
gel containing 8 M urea. Gel was radioautographed on the X-Ray film (Fuji). To obtain
quantitative data the band of tRNA or tRNA fragments were cut out of the gel and the
radioactivity of the gel slices was determined.
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To localise the sites of tRNA cleavage, partial RNAse T1 digestion of tRNA under denatured
condition was run on the same gel in parallel with experimental samples.
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