
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Synthesis and Properties of Mixed Anhydrides of AMP, ADP and ATP
with Mesitoic Acid
N. I. Sokolovaa; S. S. Tretyakovaa; Z. A. Shabarovaa

a Belozersky Laboratory of Molecular Biology and Bioorganic, Chemistry and Chemistry Department,
Moscow State University, Moscow, U.S.S.R.

To cite this Article Sokolova, N. I. , Tretyakova, S. S. and Shabarova, Z. A.(1983) 'Synthesis and Properties of Mixed
Anhydrides of AMP, ADP and ATP with Mesitoic Acid', Nucleosides, Nucleotides and Nucleic Acids, 2: 3, 203 — 219
To link to this Article: DOI: 10.1080/07328318308078855
URL: http://dx.doi.org/10.1080/07328318308078855

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318308078855
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 2 ( 3 ) ,  203-219 (1983) 

SYNTHESIS AND PROPERTIES OF MIXED ANHYDRIDES OF 
AMP, ADP AND ATP WITH MESITOIC ACID 

N. I. Sokolova, S . S. Tretyakova and 2 .A. Shabarova* 

Belozersky Laboratory of Molecular Biology and Bioorganic 
Chemistry and Chemistry Department, Moscow State University, 

MOSCOW 117234, U*S.S.R. 

Abstract. New affinity reagents for ATP-dependent enzymes are 
described. Optimal conditions are evolved for the synthesis 
of mixed anhydrides of AMP, ADP, ATP with mesitoic acid 
(MsCOpnA, n = 1-3) and for their 1,N -etheno, 2*,3'-dialdehy- 
de and photoactive analogues. UV, CD and fluorescence spectra 
of the compounds have been analyzed. Hydrolysis of MsCOpnA 
(n = 1-3) and their etheno analogues over a wide pH range has 
been carried out. 

6 

Mixed anhydrides of adenosine-5'-mono-, di- and triphos- 
phates with mesitoic acid, MsCOpnA (n = 1-3), have been wide- 
ly used as specific inhibitors fo r  studying the mechanism of 
action and structure of mitochondria1 ' and myosin a ATP- 
ases, as well as of some tRNA-synthetases 3r4 .  The specifici- 
ty of these mixed anhydrides described by us previously is 
that they are sufficiently stable in aqueous solutions and 
on interaction with nucleophiles behave, unlike other acyl- 
phosphates, as phosphorylating agents. The ability of 
MsCOpnA (n = 1-3) to transfer a nucleotide residue, the ease 
of synthesis, and the high hydrolytic stability have made 
them good affinity labelling agents for ATP-dependent enzy- 
mes. In order to follow the incorporation into the active 
site of ATPase, fluorescent analogues of MsCOp,A (n = 1-3) 

6 were needed. To this end, l,N -etheno derivatives of MsCOpnA 
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204 SOKOLOVA, TRETYAKOVA, AND SHABAROVA 

MsCOpnA 

0 

HO on 

I a-c 

0 
I1 

MsCO-( 0-74 ;10 

O' -K0yde SH 6 

I I a-c 

(compounds I a-c) were synthesized and their absorption fluo- 
rescence properties were studied. 

Then, to study the topography of the active sites and 
the quaternary structure of enzymes consisting of several su- 
bunits, we synthesized doubly modified structural analogues 
of AMP, ADP and ATP containing, besides the MsCO-group, ano- 
ther reaction center, i.e. 2#,3'-dialdehyde groups (compounds 
I1 a-c) or an p-arylazide group (compounds I11 a-c). 

The present work is concerned with the optimal condi- 
tions for the synthesis of KsCOpnA (n = 1-3), of doubly modi- 
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MIXED ANHYDRIDES OF AMP, ADP, AND ATP 205 

fied derivatives of AMP, ADP and ATP (compounds 1-111), and 

also with a study of their hydrolytic stability. 
RESULTS AND DISCUSSION 

synthesis of MsCOpaA and MsCOp A 3- 

fold excess of MsCOCl resulted in the formation of a number 
of acylated and non-acylated products of decomposition of the 
starting adeno~ine-5~-polyphosphates, with the cleavage of 
the pyrophosphate bonds being more pronounced if the excess 
of MsCOCl was greater. The major by-product was MsCOpA. 31P 
NMR pulsed spectroscopy was used to establish that MsCOCl 
acylated not only the terminal, but also the internal phos- 
phate groups of ADP and ATP. This reactions are extremely 
fast. 

It was found that treatment of ADP and ATP with a 5-10- 

FIG. lb shows a 31P NMR spectrum of the reaction mixtu- 
re obtained by treatment at 20° of ADP in pyridine solution 

with a 5-fold excess of MsCOCl recorded 2 min after addition 
of anhydride. No signal of the starting ADP is seen (FIG. la). 
In the spectrum there are signals at 8,4 ppm that correspond 
to MsCOpA and a multiplet in the 18-24 ppm reguion. As the 
formation of the new anhydride bond shift signal of phospha- 
te by -10 ppm upfield, the multiplet should indicate a com- 

pound with two anhydride bonds, i.e. oL,j-di-mesitoyl-ADP. 
With water being added t o  the reaction mixture, the multiplet 
at 18-24 ppm gradually disappears. As seen in FIG. lc,  in 
19 hrs there appear doublets with the centres at 11,8 ppm 
and 19’7 ppm, which are assigned, when referred to the cont- 
rol sample, to MsCOp2A. There are still signals from MsCOpA 
(8=8 ,4  ppm) , pA ( %=O, 3 ppm) and inorganic phosphate 
( g = o  ppm). 

The data presented demonstrate that polyacyl derivatives 
are unstable and readily hydrolyze when the reaction mixture 
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206 SOKOLOVA, TRETYAKOVA, AND SHABAROVA 

C 

-4 0 4 8 12 16 20 24 26 6,ppm 

FIG. 1. A 3 1 ~  NMR spectrum at 200 a) o,15 M solution ADP in 
pyridine; b) 0 . 1 5  M solution ADP + 0.75  M MsCOCl 2 min after 
the reagents were mixed; c )  reaction mixture 0,15 M ADP with 
0,75 M MsCOCl 19 h after addition of an excess of water. 

is supplemented with water. The MSCO-group remains intact 
only at the terminal monosubstituted phosphate groups. There- 
€ore the scheme of the reactions of ADP with excess MsCOCl 
may be presented as follows: 

0 0  0 0  
It II I\ I\ 

-0-P-0-P-Ado MsCoC1 f MsCO-0-P-0-P-Ado - A- ;- I I  
0- 0-COMS 

H2° - MsCOppA + MsCOpA 

31P NMR spectroscopy was also used to demonstrate that 
ATP reacts with MsCOCl in the same way, 

Apparently, decomposition of ADP and ATP resulting from 
treatment with MsCOCl cannot be avoided completely, since 
labile polyacyl derivatives are always formed in this case. 
We could establish that optimal conditions for MsCOp A syn- 

thesis were: a two-fold excess of MsCOC1, a low temperature 
(+2-0°C)  and a short time of reaction (2-3 min). MsCOpgA 
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MIXED ANHYDRIDES OF AMP, ADP, AND ATP 20 7 

forms with a maximal yield of 50-60% under the same conditi- 
ons when a three-€old excess of MsCOCl is used. 

MsCOpnA (n = 1-3) was separated by preparative paper 
chromatography followed by electrophoresis. The solutions 

obtained after elution were kept frozen or lyophilized. The 
yields and characteristics of the compounds obtained are re- 
presented in TABLE 1 .  

Synthesis of l,N -Etheno Analogues of MsCOpnA (n = 1-3) 

lowing scheme : 

6 

Compounds I a-c were synthesized according to the fol- 

MsCOCl C1CH2CH0 
pnA - MsCOpnA - MsCOpn ‘A 

The second step of the synthesis, 1.e. modification of the 
mixed anhydrides with chloroacetaldehyde, was carried out in 
0.1 M citrate buffer (pH 4.5) for 4 hr at 3 7 O  7. This reacti- 
on is readily reproducible and always gives a quantitative 
yield of end-products. Compounds I a-c were isolated by pre- 
parative paper chromatography in system B (see TABLE 1 ) .  The 
homogeneity of the compounds was demonstrated by microcolumn 
chromatography on DEAE-cellulose in 7 H urea. When treated 
with snake venom phosphodiesterase compounds I a-c are hydro- 

lyzed to ‘AMP. 

It was reported previously that upon synthesis of mi- 
xed anhydrides of mono- and oligonucleotides with mesitoic 
acid, heterocyclic bases remain unmodiPied. Hence, for the 
synthesis of compounds I a-c an attempt to change the sequen- 
ce of reactions was made (see scheme above), i . e .  to introdu- 
ce Pirst the l,N -etheno group, then to modify the terminal 
phosphate in 1 , N6-ethenoadenosine-5 ‘-mono-, di- and triphos- 
phates with MsCOC1. This sequence of reactions would allow 
commercial ‘AMP, ‘ADP and €ATP to be used for the synthe 
sis of compounds I a-c. However, after the treatment of 
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TABLE 1. Some characteristics of mixed anhydrides of AMP, ADP and ATP with mesitoic 
acid and of their analogues 

UV spectra in water *> Yield, Xf in systems 
Compound per 

max min cent A B C D 
TLC TLC TLC 

pc (silica- pc pc (silica- (cellu- 

MsCOpA 

MsCOppA 

I-a 
MsCOp3A 

I-b 

I-c 

I I-a 

I I-b 

I I-c 

111-a 

111-b 

Iff-c 

96 0.74 

60 0.65 

52 0.53 

93 

90 

90 

95 

90 

90 

95 0.83 

90 0.74 

85 0.64 

0.71 0.69 0.81 

0.29 0.59 0.71 

0.10 0.52 0.62 

0.74 

0.62 

0.56 

0.88 

0.84 

0.76 

0.74 

0 069 

0 s66 

0.74 

0.63 

0.55 

0.64 

0.58 

0.48 

0.79 

0.75 
0.71 

260 

260 

260 

258.3; 265; 275 

258.3; 265; 275 

258.3; 265; 275 

260 

260 

260 

268 7 

268 7 

269.3 

234.7 

235 

234.7 

234 7 

235 

235 

234.7 

235 

234.3 

*)Chromatographic systems: A, ethanol-1 M ammonium acetate, pH 7.5 (7:3); B, ethanol- 
1 H ammonium acetate, pH 3.2 (7:3); C, ethanol-1 M lithium acetate, pH 4.4 (7:3); 
D, isobutyric acid-conc. I?H40H-water ( 75: 1 : 24). 
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MIXED ANHYDRIDES OF AMP, ADP, AND ATP 209 

'AMP and 'ADP with MsCOCl under standard conditions, in 
addition to compounds fa and fb, 3040% of nonfluorescing 
UV-absorbing products were detected by paper chromatography. 
In accordance with the literature data 8 ,  it can be suggest- 
ed that the by-products form as a result of acylation with 
MsCOCl of a newly formed imidazole heterocycle of 1,N6-ethe- 
noadenosine. 

Synthesis of 2',3'-Dialdehyde and Photosensitive Analogues 
of MsCOp& 

9 Compounds I1 a-c were obtained by oxidation of MsCOp A . n 
However, if the 2',3'-cis-diol groups of AMP, ADP and AT" 
are oxidized quantitatively with NaIO within 30 min, oxida- 
tion of their mixed anhydrides (MsCOpnA) takes 2-2.5 hrs. The 
anhydride bonds of MsCOp A remain stable during oxidation. 
The presence of dialdehyde groups is confirmed by a typical 
color reaction with phenylhydrazine. 

4 

n 

Compounds I11 a-c were obtained by treatment of compo- 
unds If a-c in aqueous dioxane with a 3.5-fold excess of p- 

azidobenzoylhydrazide. On paper chromatography, compounds 
I11 a-c have close values on Pf in various systems. Using 
microcolumn separation of DEAE-cellulose we found out that 
compounds I1 a-c and 111 a-c are eluted at the same salt con- 
centration as MsCOpnA. 
Physico-Chemical Properties of MsCOp A and their Analogues 

As seen in TABLE 1 ,  UV spectra of MsCOpnA are similar 
to those of the corresponding adenosine-5'-mono- and poly- 
phosphates, but their AmadAmin ratios are somewhat diffe- 
rent. Thus, if for AMP, ADP and ATP A260/A235 is 3.7, for 
MsCOp A this ratio is 2.0. 

L1 

n 
The UV spectra of compounds I a-c are qualitatively si- 

milar to the parent AMP, having three peaks and a broad 
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210 SOKOLOVA, TRETYAKOVA, AND SHABAROVA 

shoulder in the region of 290-310 nm. l o  The ratio of absorp- 
tion intensities of compounds I a-c A /A /A i s  

258 265 275 
1,15:1,10:1 and differs from that for ATP which is 1:1,16: 

:1,14* 

The UV spectra of 2*,3'-dialdehyde derivatives of compo- 
unds I1 a-c are analogous with the spectra of MsCOpnA, whe- 
reas for compounds I11 a-c )max is shifted to a long wave- 
length region (see TABLE 1 ) .  

Compounds I a-c displayed an intensive fluorescence in 
neutral and alkaline solutions. Their spectra are analogous 

= 415 nm, zzz = 300 nn) ' I .  As & max to those of A ( fi fluor 
pH decreases, the fluorescence intensity of compounds I a-c 
becomes lower (FIG. 2 ) ,  but the fluorescence and excitation 
maxima do not change. It is the neutral form of l,N -etheno- 
adenine that is the fluorescing chromophore in these compo- 

6 

1 2  unds . 
Relative quantum yields of compounds I a-c measured with 

ATP ( I 0 . 5 9 )  and 9-aminoacridine ( = 0.98) l 3  as f 

standards are 0 . 2 .  The quantum yields of compounds I a-c ob- 

FIG. 2 .  pH dependence of the relative intensity of fluores- 
cence ( j exc 310 nm; 41 5 nm) : 1 - MSCOP €A; 2 - MSCO~~&A . 
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MIXED ANHYDRIDES OF AMP, ADP, AND ATP 211 

tained by us are lower than that of 'ATP. Such quenching 
of emission can be ascribed to the specificity of the secon- 
dary structure of these compounds. A similar dependence bet- 
ween the fluorescence intensity and structure was revealed 
by Tolman et al. on studying dinucleoside phosphates 14. In- 
tensive fluorescence allows compounds I a-c ( y  = 0.2) to 
be detected in concentrations lower than 10'8M, so that they 
can be used for studying enzyme systems. 

FIG. 3 shows CD spectra of MsCOpnA (n = 1-3) and OP 
their l,N -etheno and 2',3'-dialdehyde analogues. As follows 
from FIG. 3A, MsCOpA has a maximal amplitude of the positi- 
ve Cotton effect, which is connected with the hydrophobic 
interaction between the! adenine heterocycle and the mesitoic 
acid residue. The longer the pyrophosphate chain, the weaker 
the interaction, the lower is the amplitude. A similar effect 
was observed previously for aromatic phosphoamides of nucleo- 
tides 15. The same regularity is observed for 1,N6-etheno 
analogues of MsCOpnA, compounds I a-c (FIG. 3B). 

The pattern of the CD spectra of compounds If a-c 
(FIG. 3C) is similar to that of MsCOpnA (n = 1-3). However, 
there seems to be no correlation between the positive maxi- 
mum of the Cotton effect and the length of the pyrophosphate 
chain of compounds I1 a-c, perhaps due to the less rigid car- 
bohydrate structure resulting from oxidation of the 2',3'- 
cis-diol group. 
Hydrolysis Studies 

Partial decomposition of MsCOp A is observed on evapo- n 

6 

ration under reduced pressure! (bath temperature 40-50OC). 
The decomposition is greater in MsCOp A compared to MsCOp2A. 
The electron-acceptor character of the MsCO-group influences 
the stability of the whole pyrophosphate chain in MsCOpnA. 
To characterize the compounds obtained, hydrolysis was stu- 

3 
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AEx104 

- 4 1  

C .  

250 260 * 270 2-00 MnM) 

FIG. 3. CD curves recorded in 0.01 M phosphate buPfer, pH 7.0 
at 2OoCj A: 1 ,  MsCOpA; 2 ,  MsCOp2A; 3 ,  MsCOp A; 4, ATP. 3: 3 ,  
Ia; 2, Ib; 3, Ic; 4, ATP. C: 1 ,  IIa; 2, IIc, 3 3, Ifb. 
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213 MIXED ANHYDRIDES OF AMP, ADP, AND ATP 

died over a wide pH range. We used 1 N HC1, 1 N NaOH, phos- 
phate buffers (pH from 4.5 to 10.1) and buffer mixtures 1-3 
that were supplemented with Mg", Ca++, K+ etc. for ATP- 
ases '2. The hydrolysis was followed by paper chromatogra- 

PhY 
On incubation of MsCOpnA in buffer solutions (pH 4.5-10) 

at 3 7 O  no decomposition products were found in the first two 
days. After a longer incubation (4-5 days) AMP, ADP and ATP 
slowly accumulated in hydrolyzates. It is the phosphate di- 
rectly bound to the mesitoic acid residue that is the first 
to react with water: 

MsCOpnA MsCOOH + pnA (n = 1-3) 

TABLE 2 illustrates the percentage of MsCOpnA and their 
6 1,N -etheno analogues (compounds I a-c) in the hydrolyzates 

analyzed 15 days later. As expected, introduction of the 
1,N6-etheno group to MsCOpnA does not affect the stability 
of anhydride bonds. Therefore the hydrolysis will be discus- 
sed with MsCOpnA as an example. At pH 4.5-6 it is MsCOpA 
that is the most stable, at pH 6.5-10 MsCOpA, MsCOp2A and 
MsCOp A are rather similar in stability. At pH 2 7  the newly 
formed ADP and ATP eventually split and the main end-product 
of MsCOp2A and MsCOp A after 15 day hydrolysis (37O) is AMP. 

In buffer mixtures 1-3 the hydrolytic stability of 
MsCOpgA, the most labile of MsCOpnA, was studied. It was €0- 
und that at 37O within two days MsCOp A hydrolyzes by 2-3% 
in buffers 1 and 3 ,  and in buffer 2, containing Mg", by 8- 
10%. 

3 

3 

3 

In 1 N HC1 total hydrolysis of the mixed anhydride bonds 
in MsCOpA at 37OC takes 10 hr, in MsCOppA 7 hr and in MsCOp A 
5 hr. Incubation of these compounds in 1 N HC1 for 24 hr res- 
ults in 16-20% cleavage of the glycosidic bond. 

3 
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6 TABLE 2. Percentage of MsCOpnA and their l,N -@theno analo- 
gues after 15 day hydrolysis in phosphate buffers 

Compound PH 

4.5 5.5 6.0 6.5 7.0 7.5 8.0 9.3  10.1 

MsCOpA 92 85 80 78 75 72 70 64 59 

Id 88 80 55 
MsCOpZA 74 81 84 87 91 92 90 76 68 

Ib 70 92 65 
MsCOp A 65 70 73 75 75 75 74 70 67 
IC 65 73 

3 

On hydrolysis of MsCOpA, MsCOppA and MsCOp A in 1 N NaOH, 
besides AMP, ADP and ATP, new compounds having (on paper chro- 
matography in system A) Rf 0.54, 0.35 and 0.28, respectively, 
were found. UV spectra of these compounds are similar to tho- 
se of MsCOpnA. When subjected to microcolumn separation on 
DEAE-CellUlOS@, these compounds are eluted at the same salt 
concentration as AMP, ADP and ATP. The? time-course of their 
accumulation is shown in FIG. 4. On hydrolysis of HsCOp A ,  as 
seen in FIG. 4, the amount of the new product reaches 56% af- 
ter 4 hr and then diminishes. 

3 

3 

On hydrolysis of MsCOpA the degree of formation of the 
product having Itf 0.28 is the lowest. A day later these pro- 

ducts are not to be found in alkaline hydrolyzates. On this 
basis we have ascribed these products the following structu- 

re - 21(3')-O-mesitoyl-AHP, 2'(3')-O-mesitoyl-ADP and 2'(3')- 
O-mesitoyl-ATP. In 1 N NaOH (pH>12), when the hydroxyl groups 
of ribose dissociate to a great extent, the transfer of the 
HSCO-group from phosphate to ribose seems to be quite plau- 
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MIXED ANHYDRIDES OF AMP, ADP, AND ATP 215 

2 4 6 

time (hrs) 

FIG. 4. Kinetic curves of the percentage of 2'(3')-0-mesito- 
yl-AMP (I), 2'(3*)-Olmesitoyl-ADP ( 2 )  and 2v(3')-0-mesitoyl- 
ATP ( 3 )  on hydrolysis of MsCOpnA in 7 N NaOH at 37OC. 

sible. The chromatographic patterns of the new compounds de- 
tected in the alkaline hydrolyses of MsCOpA and MsCOp A pro- 
ved to be identical with 2*(3v)-O-mesitoyl-~P and 2'(3*)-0- 
mesitoyl-ATP were prepared by treatment of AMP and ATP, res- 
pectively, with the imidazolidate of mesitoic acid . 

3 

16 

EXPERIMENTAL 
Qeneral. ADP and ATP ("Servafl) were purified bePore use by 
DEAE-cellulose chromatography at 4 O  in a triethylammonium bi- 
carbonate concentration gradient (0.05 - 0.35 M) . 
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216 SOKOLOVA, TRETYAKOVA, AND SHABAROVA 

Ascending paper chromatography was performed on FN-1 
(Filtrak, DDR). Paper electrophoresis was carried out in 0.05 
M TEAB and phosphate buffers at pH 7.5 and 35 v/cm. 

Microcolumn chromatography was performed on DEAE-cellu- 
lose in a NaCl concentration gradient (0 - 0.18 M) in 7 M 
urea. 

For optical studies 15ymol portions of compounds I a-c 
were purified by paper electrophoresis and gel filtration on 

a Biogel P-2 column (1.3~33 cm) . The elution rate was 30 mL/h. 
Absorption spectra were recorded in Vary 16" and "Spc- 

cord" (DDR) spectrophotometers. For AMP E260 = 13000, for 
MsCOOH E260 =: 630. 

Fluorescence was measured with llAminco-SPR-lOOO CS" and 
"Aminco-Bowmanll spectrofluorirneters at 2OOC. CD spectra were 
recorded with a Jouan-11" (Franc@) dichrograph. 

The 31P NMR spectra were taken with a Bruker HX-90 pul- 
se spectrometer operating at 36.43 MHz. The chemical shifts 
are reported in ppm related to external 85% H PO 
judged to be 20.1 ppm accurate. 

and are 3 4  

All experiments with compounds I11 a-c were carried out 
in the dark. To induce photodecomposition of compounds I11 
a-c, their aqueous solutions were illuminated with a high 

pressure mercury lamp (250 W )  with a quartz filter, the dis- 
tance from the light source being 19 cm. 
Synthesis of MsCOpA was performed as described . 
Synthesis of MsCOp& 

0.06 mmol of the trioctylammonium salt of ADP rendered 
anhydrous by co-evaporation with dry benzene, was dissolved 
in 0.5 mL dry pyridine, then cooled to O°C and treated with 
0.12 mmol MsCOC1. The reaction mixture was shaken for 2 min 
at OOC, then diluted with 1.5 mL of H 0. The mesitoic acid 
was extracted with ether ( 2  mL x 4). The water solution was 

5 

2 
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evaporated to 0.5 mL and HsCOp A was isolated by paper chro- 
matography in system A. 
Synthesis of MsCOe A was carried out analogously, using 0.18 

mmol of MsCOCl per 0.06 mmol of trioctylammonium salt of ATP. 
Synthesis of compounds I a-c 

2 

3- 

0.012 mmol (180 A260 0.12.) of MsCOpA in 0.6 mL of 0.1 M 
citrate buffer (pH 4.5) was treated with 0.12 mL 1 M aque- 
ous solution of chloroacetaldehyde and the pH of the reacti- 
on mixture was adjusted to 4.3-4.5 with 1 N HC1. The mixture 
was incubated for 5 hr at 37OC and separated by paper chroma- 
tography in system B. 

Compounds I b,c were synthesized as above. 
Synthesis of compounds If a-c 

4 
To 0.012 mmol of MsCOpA 1 mL of 0.06 M solution of NaIO 

in 0.05 M acetate buffer (pH 5.5) was added. The reaction mix- 
ture was incubated for 2-2.5 hrs at 2OoC in the dark. Then 
1.2 mL of dioxane was added and the precipitated NaIO was re- 
moved by filtration. The filtrate was concentrated and chro- 
matographed in system C. 

4 

Compounds I1 b,c were synthesized analogously. 
Synthesis of compounds I11 a-c 

An aqueous eluate containing 0.012 mmol of compound IIa 
was evaporated to dryness and the precipitate was supplemen- 
ted with 2.1 mL of a previously prepared 2*10-* M solution 
of p-azidobenzoylhydrazide in a dioxane - 0.05 M CH3COONa 
(6:4)  mixture, pH 5.5. The mixture was incubated fo r  12-14 hr 
at 4OC in the dark. Then the solution was concentrated and 
compound IIIa was isolated by preparative electrophoresis and 
then by paper chromatography in system C. 

Compounds I11 b,c were prepared similarly. 
On photolytic decomposition the W spectra of compounds 

111 a-c have isobestic points at 244 and 292.5 nm and their 
absorption intensity rapidly decreases during 3-5 min. 
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Hydrolysis of MsCOpnA and compounds I a-c 
2pmol of the given substance were dissolved in 0.3 mL 

of 0.1 M phosphate buffer (pH 4.5; 5.5; 6.0; 7.0; 7.5; 8.0; 

9.3; 10.1) and incubated at 37OC. After 1,2,5 and 1 5  days, 
0.07 mL aliquots were taken and chromatographed in system A 
with markers. UV absorbing and fluorescing zones were eluted 
with water and tested spectrophotometrically. 

On hydrolysis in 1 N HC1 and 1 N NaOH aliquots were ta- 

ken after 1,2,3,4,6 and 24 hours. 
When buffer mixtures 1-3 were used, the hydrolyzates 

were analyzed 2 days later. 
Buffer 1 (pH 7.5): 20 mM potassium morpholinoethanol- 

sulfonate (MES), 2 mM EDTA, 0.25 M Sucrose. 
Buffer 2 (pH 7.5): 20 mM MES, 2 mM EDTA, 0.25 M sucrose, 

Buffer 3 (pH 7.6): 10 mM Tris-HC1, 10m2M CaC12,  0.1 M 

4mM MgS04. 

KC1. 
Synthesis of 2f(3f)-O-mesitoyl-AMP and 2a(31)-O-mesitoyl-ATP 

To 4 mg (25ymol) of mesitoic acid in 0.1 mL of dry 
DMF was added 16 mg (lOO_lyrnol) of l,l'-carbonyldiimidazole. 
The anhydrous solution was stirred at room temperature for 
approximately 10 min and then 7 mg (2~fmol) of AMP in a 0.15  

mL DMF-water mixture (2:l) was added quickly. The reaction 
mixture was stirred at room temperature for 3 h and the pro- 

duct was isolated by paper chromatography in system A. The 
yield of 2f(3')-O-mesitoyl-AMP was lo%, Rf 0.54. 

in system A was 0.28. When subjected to microcolumn chroma- 
tography, 21(3v)-O-mesitoyl-AMP and 2a(31)-O-mesitoyl-ATP 
were eluted at NaCl concentrations of 0.08 M and 0.14 M, 
respectively. 

Rf 2a(3f)-O-mesitoyl-ATP was prepared in the same way. 
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