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NUCUWSIDES & NUCLEOTIDES, 14(1&2), 229-241 (1995) 

OLI GONUC L EO TIDES AND NUCLEO TIDE-PEP T IDES . 
LV. SYNTHESIS ANC~ SOME PROPERTIES OF TRIESTERS OF 

HYDROXY AMINO ACIDS AND THYMIDI LY L-(3'+ 5' 1- THYM ID IN El 

B. Juodka', L-Bagdonied, R.Plaipa 

Vilrius 2009, f iurlionio 2 1, Lithuania 
Department of Biochenlistr and Biophysics, Vilnius Uniwrsi ty,, 

Abstract: N-Cbz-Ser (DMe)- (Fi~~~-~T~T~ and N-Bz- Tyr(OEt)- (Fi+O)- 
(TpT) were sprQres;ized as biaskreorrmic mixtures of approximkly (1 . 1) 
by reacting f, TpT) with 2,4,6-triisopropylbenzensulphonyl chloride and 
hydroxy amino acids Their stability to the action of chmical writs nnri 
phosphodiesterases was investgatEd. 

Nicleic acid-protein complexes with a covalent bond between the 
comporlmts recently bQ0n isolated from various sources2-6  he 
functions of these complexes are of great importance. It has been show, that 
in most cams probin and nucleir: w i d  components we covalsntly linked via a 
phosphodiesteric bond between the terminal phc,sph& of nucleic wids a i i  
the hydroxy group of ammo acid residues of proteins 2j7,8. HOWBVW, the 
lysis of cells and isolation of DNA in alkaline corditions yields decorrlposition 
of internucleotidic bonds in covalent DNA-proteiri complexes 489j 1 

Prefix d(deoxyj is omhd 
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230 JUODKA, BAGDOMEN& AND PLAIPA 

Lability of these complexes in alkdlirie medim atlows one to think about 
the phosphotriesteric bond between DNA and hydroxy amino acidsg. 
Recently this type of DNA-protein complex was found in human placenta and 
Ehrlich ascites tumor cells 1 1, 

It is difficult to determine the type of c6:v?afent bond between DNA anCt 
proteins because the molecules thernselves we complex. F w t i i l d  goups of 
probins can influence NA-protein bond properties under various con& 

The investigation of th properties of synthetic model compounds in 
which nucleotide or oligonucleotide is linked to the amino acidlpeptide by a 
covalent bond is of great impartmce in solving these problem. FJuc1eotid.e.. 
peptides with a phosphoamide or phosphoester bond between the amino acid 
and terminal phosphate of ntll=lecrtide(oli~nucleotide) have been studied in 
detail [reviews 2,121. However, there is no data about the phosphotriesteric 
nucleotide-peptide type,in which hydroxy amino acids are linkrd. to m inter- 
nucleotide phosphate of oligonucleotides by a phosphoestm burid. 

The object of thts remrch was to synthesize the m d o p z  of swine and 
tyrosine of dinucleoside monophosphata and investigate the hydrolysis of 
phosphotriester bonds bjj chemical zlgents and phosphodiesterases. 

tions? 

Results and discussions 

Thj: * 

i 
OH GR 
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES. LV 23 1 

NH - Chz 

MH - BZ 
I 

IV. R sx -CbH, -CH, - CH - COClEt; 

X = H  N-Bz-Tyr(OEt]-(Pi * O )  - ( TpT j 

Tritylated oligonucleotide-hydro.xy amino acid derivatives (I, 11) were 
isolated hy chromtqraphy on a silica ~1 column. T h  gradient elutior, hg 
ethanol inchloroform (0-20%) was used. Reaction products were obtained as 
a diastereomeric mixture 4-5 times chromatography on the silica p l  column 
enriched separate frxtiou of or& of the diatereomrs only in part, dthoqgh 
ve could mt  separate them one from another completely. 

After detrityiation and rechromatogmphy on silica gel column, 

[IV) as a mixture of diastereomers of approximately 1:l were obtained. 
HPLC chromatography on an Ultrasphere ODS column was most effective 
for the separation of tke diastereomrs of compounds (II1,IVj Analyt~cal se- 
paration of the diasterecmers of compounds [ 111, IV] is shown in FIGURE 1. 

The structure of compounds (HI, IV j was proved by determination of ratio 
of anlinc, wid. phosphorus . thymm after complete acidic hydrolysis14 xd 
by H l NMR. 

Som characteristics of clbbned diastereomers of phosphotsiesters 
[K,X) are showiiia TABLE 1. 

M-CbZ-Ser(OMe)-(Pi"O]-[ TpT 1 [ I1 I) and N-Bz-Ty(OEt)-[Yi+O)- [ TpT) 
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Compound. 

N-Cbz-Ser[OMe)-(Fi i O)-['TpT) (IIIaj 
(IIIb! 

IUODKA, BAGDONIEd, AND PLAIPA 

HPLC coditicns ' R f 
retention concentra- 
time, tionoface. A B 
min tonitrile in 

wabr, w 
6.34 30 0.54 0.32 
6.91 30 0.38 0.45 

I 

Tim, rnin Time, min 

N-Bz-Tyr(OEt)-(Pi + 0)-(TpT) (IVa) , 4.57 20 
(IVh) 1 4.98 20 

FIGURE 1: Tlw separation of the diasbreomers of N-Chz-Yer(OMe)- 
(Pi+O)-(TpT) (a) and N - ~ ~ - T T / ~ ~ ~ E ~ ) - ~ P ~ - . ' O ) - ( T ~ T )  (b). Elution with 30% 
(a) and 20% (b) of acetonitrile in water was used. 

0.4 0.48 
0.43 0.51 

R, in solvent syskms: A - chloroform . ethanoi (9: 11, B - chloroform: ethyl 
acetate : ethanol (75 : 25 : 2). 
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES. LV 233 

For comparison of the hydrolytx stability of serine and tyrosine triesters 
of TpT and diesters of TMP, we synthesized thymidil~l-(5'-,O)-N-Cbz-L-se- 
rim methyl ester(V) and thpdilyl-[  S+O)-N-Bz-i-tyrosine ethyl ester 
(VIJ. Synthesis was carried out usire ~ a b c t d i i r r i d e ~ ~  wd triisopropylben- 
zenesulphonylchloride rsthods. 

Thy p+ HO-F, DCC or TPS 

P 
I 
OR 

N - Cbz - Ser(DMe) - pT 
NH - Cbz 

1 
V. R= -CH,-CH-COOMe 

Thymidilyi-[S'+Oj-hydroxy mino  acids (V, Wj  were isolated by 
chromatography on a DEAE-celldcse c o l ~  and Cy rechrornatagraghy on 
paper in solvent sysbm D Some characteristics and proof of the structure of 
the compounds (111-VI) are givenin TABLE 2. 
From the molecular biological point of view it is important to know the 

hydrolybc: stability of mcdel riucleotide-peptides anb. their resistance to 
different phosphodiesterhces These approaches me often used in determining 
tihe skwture of cowdent nucleic acid-protein complexes. 

Serine and t.yrosine dinucleoside monophosphate analogues were 
investigated (111, IV), and their Properties were compared with the properties 
of corresponrlirq phosphodiestm N-Cbz-Ser (0Me)-pT (V) and N-Bz- 

It is known, that diesteric nucleotide-peptide derivatives are stable in 
acidic and veak alkaline medium (pH 0- 11,37"C, lh) and decompose only in 
strorig alkali14. Our investigation showed that N-Cbz-Ser(0Me)-pT and N- 
bz-Tyr(0Et)-pT are stable in acidic medium as well (1N HCl, 37"C, 

Ty(DEt)-pT (!'I>. 
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234 JWODKA, SACIDONEN& AND PLAIPA 

TABLE 2: Yields and some charactElristics of hydroxy amino acid 

N-Cbz-Ser (OMe)- 
-(Pi-+ O)-(TpT) (111) 48 

N-Bz- TF(OEt)- 
-(P i-+O)-[TpT] (,IV] 32 

N-Cbz-Ser[OMe)-pT (V) 22 

compounds of TMY d. TpT 
I-- 

(N-Pz-TJT(OEt)-pT (VI) 

Compound 

11 

Yield, 
% 

R 
C 
- 
0.92 

0.93 

0.72 
- 
- 

2: 1 0.9 

1.67 : U.9 : 1 

0.9 : 1 : 1 

1.1 : 1 : 1 

a) R, in solwnt. systems: c - i! - propam1 : c o x .  NH, OH : mter 17 : 1 : z j; 
I? - tert.buty1 alcohol : water (7 : 3); b) electrophoretic mobility relative to 
thymidim - S'-phosphta (0.0SM triethylammonium bicarbonate buffer, pH 
7.5, D. 5h, 1200 I?). 

1 h). T h r e  is a great difference of stability in alkaline medium hetveen serine 
and t.yosine phosphodiesters It. may be inferred from CIE experimental data 
(TABLE 3) that the rate of the hydrldysk of phosphcldiesteric bond of 
nwleotidyl-(P+Oj-amino acids dsperds on the structure of the amino wid 
component. 30% of the diester of serine and t h v d y l i c  acid in the alkaline 
medium (0 S N NaOH, 37T, th] decomposes to n nucleot,ide and amino acid 
derivative. T ~ E  tyrosine d o g u e  in these conditions is stable. 

The different behatriaur of these compounds in the alkaline medium is 
consistent with the different irmfm&rr~ of thir decomposition. It w x  slifiwli 

earlier 14, that n~leotidyll-(5'~D)-M-rJbz-amino-rj-h~roxy acid esters 
decompose in alkali by the p-elimination macharism which is impossible in 
the case of tyrosine analogue. HydroljTsis of N-Bz-Tyr(0Et)-pT may proceed 
analogously as in the case of aryl diestars of phosphoric arid 5 .  
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OLIGONUCLEOES AND NUCLEOTIDE-PEPTIDES. LV 235 

TABLE 3: Hydrolytic stability of nucleotidyl-(5'+0)- and oligonucleotidyl- 
>,+O)-serine and tposine derivatives [ 37T, 1 h) 

Products of hydrolysis (pT or TpT ' 5 
.------.-..l--ry----.-lI- 

0.5N NaOH I 1N NaOH 1N HC1 
1 

It rmy be concluded tlsat the tyrosine derivati-Te of thyuidylic. acid is 
stable under strong acidic arid alkaline cclnd.it.ions (1N HCL, 1N NaOH, 'TW,  
lh) (TABLE 3). Urder very str~rig alkaline conditions (114 NaOH, 211) 75°C) 
53% of N-Bz-Tyr(UEt)-pT decomposes to thymidylrlic acid. The 
phosphotriester derivatiws N-Cbz-Ser[OMe)-[Pi~O j-(TpT) and N-E2- 

T~~(OEt)-r;E)i-.'@)-(TpT) are also strtble in acidic mediwi but in alkali they 
are much more unstable than phosphcgdiester analo.gues (TAEXE 3). While 
N-Eiz-Tyr[OEt)--pT in IN NaOH (3?"C, lh] is sbble, 8rJ% of PI&- 
T3rrloEtr-cFi~o>-ITpT) decomposes W e r  these coilditions. In a strong 
alkaline medium there is no differerie between the hydrolytic stability of 
swim (111) and tyrosine [IV j wdogues. It should. he rnmdotw!, t . h t  in the. 
case of the serine derivatiue (111) only the bod  between serine and TpT in 
aiknline medium ( C . W  NaOH, 37T, lhjl is splitted of. In the case of N-Bz- 
Tp(OEt)-(P,+O j- (TpT) ?he lirii?@ batareen the hylroxy goup of tyrosine 
and rf.imcleoside pkiosphat~ rjecotripczses rnainfp too Only a lit& cleawgr, (3-  
5% 1 of internucleotide bonds war; obtained (D.5N, 1N NaGH, 5?"C, ih). Th? 
triasteric andogw of swim N-Chx-S~r(OMa)-CFi~O)-IT~T) hydrolyzes to 

TpT (20%) ever1 in rfdd rmtrd corditions (pH 7! 3h, 37°C). N-Bz- 
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236 JUODKA, BAGDONEN&, AND PLAIPA 

Tyr(OEt)-(Pi+O j-(TpT) is stable in these conditions. One of the explmtions 
concerning the lability of the seriue triesteric derivative N-Cbz-Ser(OMe)- 
(Fi+#>-(TpT) is the ability of this compound to undergo 8- elimination 
easily, as 1n14. 

I n  sonu irivestigatioris 10% piperidirg in water was used as a rewrit for 
determining the phosphoester linkage between nucleic acid and proteinq> 16. 
We have found that the 50% piperidim in water [7S"C, 2h) does not cleave 
the phosphoeskr bond in N-BE- Tj.T(OEt)-pT and N-Bz-TJ.T(LIEt]-~PitO)- 

It m y  be concluded that tyrosine ~ G ~ I . E S  of TpT are stable in acidic 
mdil.m, piperid.im,md, they decompose in alkaline medium more easily than 
their diester d o g u e s .  

Phospbiodiesterases are often uised for t.hs deterrninahm of t . b  prmence of 

phosphdieskr l i r h p s  in natwdlg occuririg nucleotide-peptide& 3.  It has 
prexiously i4  been f a d , ,  that nixleotiilyl-(5' --Kl)-aminc acids vere degra- 
dated by snake Vqmm phosphodiesterase. In 0111: experiments N-Cbz- 
Ser(OMe)-pT and N-Ez-Tyr(0Et)-pT were hydrolyzed by snake venom 
pbsphodiestarase (65% anrl. 50% of niacleotide was obtained. respect.ivrsly in 
conditions where TpT was hydrolyzed campletely, 37"C, 3h). Having in 
mind that. snake wnom and spleen phosphodiesterases are oftm used t c ~  
determine the type of bond between nucleic acid and protein in nucleotide- 
peptdes, it. was important to find out whether commercial preparations of 
these enzymes had impurities of phosphotriesterases. 

Ths prohtem is that synthetic ~ligonucle6tida-peptid.es (111, IV) are 
inscluble in water. Eefwe experimenting vith phosphodiesterases we 
performed. a nmher  of &sting experiments and found conditions in which 
enzymes fully decompose their natural substrate TpT with organic solvents in 
the reaction medium. It was detected, that 85%, 15% and 100% of TpT was 
decomposed with snake venom phosphodiesterase (3h, 37°C) in ethanol-water 
( 1 : 1 ), d.iom-lwater ( I .  1 ) and in dimthylsulphordde-water ( 1 : 10) 
respectively. Spleen phosphodiesterase is inactive in ethanol and dioxane, and 
splits TpT completely only in dimethylsulphoxide-water (1 : 10) (3h, 37°C). 

V P T l  
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OLIGONUCLEOES AND NUCLEOE-PEPTIDES. LV 237 

So, the hydrolyis of oligcmucleotide-peptides vas carried out in the mixture 
of dimthylsulpkioxlde-water (1.10) it was determined, that N-Bz- 
T~[OEt)-[Pi-~O)-(TpTj i s  stable tfi the action of snake venom and spleen 
phosphodiesterases. During t& re.xtlon of N-Chz-Ser(nMe)-fPi~,O)-fTpT) 
withsnake wnom and spleen phosphodiesterases, srrdl quantities (-20%) of 
nucleotide and nucleoside were found in the reaction mktwe. But it has been 
shown that N-Cbs-Ser(OMe j-[Pi+Oj-(TpT) decomposes a little in such con- 
ditions without my erqmm tc TpT, v k c h  is clemcd by phospbdiesterases 
to nucleotide and nucleoside. 

It may be concluded that neither snake venom phosphodie, cterase nor 
spleen phosphodiestarase split phosphoiriester type oligonucleotide-peptides. 

Experimental 

. The foilowing reagents were used: thymudine, TPS, triethylamine (Merck, 
Germany), snake v?norn 4 spleen phosphodiesterases (WorthtWn,USA), 
1-N-methylimidazole, Cbz-Ser-OMe, €4-Bz-Tyr-OEt (Fluka,Switzerland), 
silica gel [Pharmia,  Sweden). lH NMR spectra were recorded on a 
ipmrometer WM-360 (Brucker). Teiramethylsilarg was u s ~ r l  as an internal 
stardart and cited chemical shifts (6) are given in ppm downfield to thts 
standart. UV - VIS spectra were obbned an DU-50 (Beckman, USA) 
SpsctrophotometBr. For flash column chromatography Kieselgel6r3 (Merck, 
Germany) was used. Silica gel TLC was carried out Gn Kieselgel 60 254 
(Merck, G e r m y j  platss, using solvent, sysbms: A - chloroform - ethanol ( 1 
: 1, VN], B - chloroform- ethyl acetate - ethanol (75: 25 : 2, VW). Paper 
chromatography w s  psrformd. on FN- 1 and FN-14 papers (Filtrak, 
G e r m y )  [the paper vas vashed vith 3 1  HC1 and watm before use, *mtil 
neut.ral pH was ohtained).The following solvent systerm were used: C - 2- 
propyl alcohol - c o x .  NH,OH - water (7 : 1 : 2 , V/V]; D - &rt.butyl alcohol 
- water (7 : 3, VWj. HPLC analysis was carried out on an Ultrasplwre QDS 
column (Beckman,USAj (4.6 250 mj, rat& of elution : rnlhin. Pyridine, 
acetonitrile were dried. by refimng over C*H, , distilled and. stored over 
CaH,. Chloroform, ethyl acetate, etkmd viere dried vith M@O, and 
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238 JUODKA, BAGDONEN& AND PLAIPA 

redistilled. TpT was synthesized according ato17, N-Cbz-Ser(OMe)-pT - 
accordingto14. 

The st,ructure of compounds (111-VI) was partly proved by detmnining 
the ratio of base to phosphorus and to amino acid af&r complete acid 
hydrolysis 14. 

~-Cbz-ser!oMe!-[Ei~~)-(TrToT] : TrTpT (0.1 mmol, 100 rng) and N- 
Cbz-Ser-OMe (0.5 mmol) was dissolved in 5 ml of anhydrous pyridine and 
dried by eMporation with anhydrous pyridine (5 5 ml). The residw was 
dissolved in 0.5 ml of acetonitrile, TPS (0.4 mmol, 130 mg) and immediatdg 
1-N-methylimidazzole (0.4 mmol, 32 pl) and triethylamine (0.4 m ~ o l ,  28 y-1) 
vere added. The reaction mixture was allowed to stand for 0.Sh at room 
temperature, tfie reaction was qwnched with a mi:rture of pyridine - aakr  ( 1 
: 1) (2 ml) and the solvent was removed under reduced pressure; chloroform 
was added and it was dried Sg evaporation (3 10 A). The resulting oil was 
dissolved in 0.5 ml of chloroform and purified by flash colwnn 
chrombgraphy on silica gel (2.5 x 7 cm). Elution vith the gradient of 
ethanol in chloroform (0- 20%) (200 ml) gave an impure product N-Cbz- 
Ser(OMe)-(Pi~O)-(TrTpT) which was rechromatographed, using first 
chtoroform (100 ml) and then the gradient of ethanol in chloroform (U- 
20%) (200 ml). Evaporationof appropriate fractions produced a yellow oil. 
It vas dissolved in 0.3 rd nf chloroform, and 0.5 ml of 10% trichloroacetic 
acid was added. After 10 Kin, the reaction mixture was transferred to m 
analogous silica pl column and chromatography was repeated under the 
same conditions. 0.048 m o l  of N-Chz-SerlQMe)-(Pi~.o]-[TpT), as a dias- 
tereomeric mixture was obtained in yield 48%. Some characteristics and 
proof of the structure of compound (111) are given in TABLE 1 and TABLE 
2. 

'HNMR (DMSGj 6 ppm. 8.6 (d lH, N&j2 7.82 (S lH, H-dj,7.62 (S lH, 
H-6);7.31-7.4 (mSH, C,H,); 6.13 (t lH, H-1'); 6.2 (t lH, H-1'); 4.1-4.6 (m 
8H, H-3', H-4', H-5' j; 3 6 (t, 3H, CH, 1; 2 08 (S 3H, H-CH,, Thy); 2 1 [S 3H, 

N-Bz-Tyr!OEt!-[eij,q)-(TrToT)~T~s nucleotide-peptide vas obtained 
analogously as N-Cbz--Ser-(OMe)-pi+O)-(TrTpT). After chromatography 

H-CH,, Thy);2.35-2.45 [m2H, H-2'); 5 (S lH, C,HJ; 5.1 (S2H, CH, p). 
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OLIGONUCLEUI'IDES AND NUCLEOTIDE-PEPTIDES . LV 239 

on the silica gel column two fractions were obtzuned with s i m k  
chnracctaristics (R, in solvent systsms C and D and UPN were id.entical j .  
CorrlpleQ acidic hydrolysis C6N HC1, 105*C, 24h) indicated that the prcduct 
of I1 fraction contam no tyrosine and obviously may be a symmetric 
pyrophosplxte of Tr TpT. N-Bz-T~(oEtl-[Pi-to)-ITpT) (IV 1 was obtairid 
in 32% yield after detritylation and rechromatography of compound (11) first 
fraction. 

Some characteristics and proof of the s t r u c ~ ~  ul Lvlrrpvurl; ir;, cue 

givenin TABLE 1 and TABLE 2. 
1H NMR (DMSO) 6 ppm 8.78 (d lH, NH,); ?.82 (S lH, H-6); 7.62 (S lH, 

H-6),7. IS (d 2H, H-3, H-5, C,H, ); 7 05 (d 2H, H-2, H-6, C,H, ); 7 3-7 4 (m 
5H C,H, 1; 3.82 (t, 3H, CH, ); 4.1-4.6 (m 8H, H-3', H-4', H-5'); 2.08 (S 3H, 
H-CH,, Thy); 2.1 (S 3H, H-CH,, Thy); 2 35-245 (m %H, H-2') 

N-B~-TE(Q&]~U: Tri-n-octylarrmcniwn salt of thym?.irE-5'-phos- 
p h Q  (0.1 r m d ,  32 mg) and N-Bz-Tyr-OEt (0.5 rrmol, 160 mg) were 
d.issolwd in 2 ml of anhydrous pyridine and dried by evaporahon with 
anhydrous pyridine ( 5  5 tnl). TIE residm was dissolved in 1 ml of pyridiix 
and TPS (0.3 m l ,  7 mg) 8 . r ~  added. The reaction mixture was dloaed to 
sWd at room temperature for 311, querxkied with rrixture of pyridine - vates 
(1 : 3). This solution was placed on the column (1 .5 x 16 cm) vith DEAE - 
cellulose, 200 ml of 0.02 M triethylur~rmhm bicw.Sord.e h f f w  (TEAB), 
pH 7.5 and a gradient elutron with 400 ml of 0.02 M - 0.2 M TEAF buffer 
was used for chroimbgraphy. Tlw rate of elution vas 0.5 mllmin. The 
impure fraction of N-Bz-Tyr(OEt]-pT was cementrated and subjected to 
paper chromatography in solvent system D. The bard with Rf 0.88 was eluted 
with water. N-Bz-Tyr(OEt]-pT (0.01 1 mmol) aras obtained in 11% y ~ l d . .  

Some characteristics of N-Bz-Tyr(QEt)-pT are given in TAELE 2. 
1H NMR (DMSO) 6 ppm 8.78 Id lH, NH,]; 7.7 (s lH, H-61, 7.15 (d 2H, 

H-3, H-5, C, H, ); 7.05 [d 2H, H-2, H-6, C, H, 1; 7.3-7.4 (m 5H C, H, ); 4.1-3.6 
(m4H, H-3', H-4', H-5'); 3.82 (t, 3H, H-CH, ); 4.35 (SH, P-OH); 2.05 fs 3H, 

m g a t i o n  of the stability of synthesized camp- : 20 yl acidic or 
alkaline solution were added to 20 yl (0.2 pnol) of investigated compounds 

H-CH,, Thy); 2.45 [mH, H-2'). 
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in diomg, and the reaction mixture was incubated at an appropriate temp- 
rature. It was then subjected to paper chromatography in solvent system D, 
and aliquots (2 JJJ) were t . .en for analysis on HPLC (Ultrasphere ODs 

The h.,drolpis of oligon~l~ctide-p~ptides vith snak e venom and spleen 
pbphodiesterases: 0.2 mol of investigated compounds was dissolved in 1 U 

of an appropriate mixture of solTv~nts (water, water - d i o m e  ( 1 : 1, VW), 
water - ethanol [ I  : 1, ViV), water - dimethylsulphoxide (10 : 1, VW)), and 
20 jd of soluticn of snake tmom phosphodimterm (0.2 mg of enzyme 
dissolved in 0.5 ml of 0.03 M Tris-HC1, pH 8.1 with 0.06 M MgC1,) or 20 g.l 
solution of spleen phosphodiestsrase (0.4 mg of enzyme was tiissolved in 0.2 
ml of 0.4 M Tris-HC1 bdfer, pH 7) vere added. Th reactiijn mixture was 
jnmbated, at. 37°C for 3h, and. the products vere identified by paper 
CkuwnatGgraphy and HPLC analysis. 

column). 
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