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COMrERsION OF METHYL'IWOADWSINE 
INTO ITS NATURALLY OCCURRING 3'-IsoMER 

& § Mar@erita Gavagrtin and Guido Sodano 

'Istituto per la Chimica di Molecole di Interesse Biologico, CNR 

'Istituto di Chimica, Universith della Basilicata, Via N. Sauro 
85100 Potenza Italy 

ABSTRACT. Methylthioadenosine (bTT.A) has been converted into its 3' natu- 
rally occurring isomer (xylosyl-MTA) via protection at 2'-oH, oxidation, 
reduction and deprotection. 

Via Toiano 6, 80072 Arc0 Felice (NA) Italy 

5T-Deoxy-5T-methylthioadenosine (1; MTA) is a naturally occurring 
sulfur nucleoside ubiquitously distributed in nature, endowed with anti- 

proliferative activity . It derives from S-adenosylmethimine (Adobkt) 
metabolism through several metabolic pathways 

1-4 

1-4 . 
Fecently the first naturally occurring analog of MTA, 9-[5'-deoxy- 

-5~-(methylthio)-&D-xylofbranosyl] adenine (2; - Xylosyl-WI'A) , has been 
isolated frcm the Mediterranean nudibranch Doris vemcosa . In connect- 
ion with studies 

(2) we needed labelled - 2 and therefore we devised a short synthesis of 
the target molecule starting from the comnercially available Wl'A (1). - A 

more elaborated synthesis of 2 has been already reported . 

in  the conditions used for the protection of other nucleosides8 afforded 

the Z'-pmtected derivative - 3 as the major product (45%) along with mi- 

nor amounts of the 3'- (4; - ZBD?) and 2',3'- (5; 5%) derivatives. The po- 

sition of the protecting group in - 3 and 4 was inferred by the low field 

5 

6 on the biosynthesis and metabolic fate of xylosyl-MTA 

7 

Treatment of IfTA with - tert-butyl-dimethylsilylchloride (TBDhE-Cl) 

shift of the appropriate proton in the k-NMR spectra and confirmed by 

the subsequent transformation of 3 into 2 (see below). 

1319 
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NH2 I 

R 2 0  OR1 

1; R =R =H - 1 2  
3; R =TBDMS, R =H 

4; R =H, R =TBm 
- 1  2 
5 ;  R =R =l’BlXE - 1 2  
7 ;  R =TBDMS, R =CH SCH 
- 1  2 2 3  

1 2 - 

2; R=H 

- 8; R=TBJBS 
- 6 - 

Attempted oxidationof 3 using CrO /Py/Ac 0 complex, a reagent of 
9 

3 2 - 
choice for tne oxi’dation of TBDMSprotected nucleodides,resulted only in  

untractable material probably due to  the presence of the sensitive sulfur 
10 , l l  

miety.  Thus 3 w a s  oxidized to the desired ketone 6 using DMSO/kc 0 . 
In th i s  reaction the best yields (35%) were obtained when the oxidation 

w a s  carried out on smdll amounts of 3 (0.1 m l e s  or less) ;  when 0.2- 

0.4 m l e s  of 3 were used, the yields lowered to  15-201/0. DMSO/Ac 0 pro- 2 
mted oxidation af 3 resulted also in  the f o m t i o n  of the 3’-O-methyl- 

thiomethylether (2) in variable munts (2-23?) ,  depending on the 

reaction tire and on the DMSO batch used. 

2 - - 

- 

- 

- 

?he ketone 6 w a s  reduced with NaBH t o  the unseparable mixture of 
4 - 

epimers 3 and - 8 which were deprotected with te t ra-n-butylmniwnfluori-  - 

de i n  THF affording 2 (%A fm 6 )  along with 1 (16%). Tne structure of 

the reduced deprotected ccqounds w a s  identified by TLC and 
5 rison with authentic samples . 

8 - - - 
1 H-NMR compa- 

The N m q  reduction of 6 also afforded the 3‘-protected IQA deriva- - 
tive 4 (170/0), pmbablybyisomerizationof3underthe reaction conditions. 

In fad;,hen 3 was mixed with NaBH 
35% m u n t  of 4 w a s  isolated a f t e r  3 hours. Isomerization of 2 in  the 

- - 
in EtCH as i n  the reduction of 6, a 4 - - 

- 
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CONVERSION OF MTA INTO ITS 3I-ISOMER 1321 

EtoHonly proceeded very slowly resulting in  trace amounts of the iso- 

merized product 4 after 12 hours. 

ExPl3ImNrA.L 

General procedure 

NlrlR spectra were recorded on a Bruker \QM 503 spectrometer for DIiISO- 

solutions. Chemical. shifts are reported in ppm ( 6 )  fm DIBC-d taken 
6 5 d 

as internal. stanm at 6 2.49. Mass spectra were taken on an AEI I S - 3 0  

apparatus. lCthylthioadenosine w a s  kindly provided by Dr. M. Porcelli,  

Department of Biochemistry of Macromlecules, University of Naples. 

Reaction of methylthioadenosine (1) w i t h  tert-butyl-dimethylsilylcNoride. 

603 mg of 1 (2 m1) w e r e  dissolved i n  anydrous pyridine (6 m l )  and 

900 mg (6 m l )  of Ert-butyl-dimethykylylchloride (TBDIJIS-Cl) w e r e  added 

and the solution w a s  s t i r red  at r.t. for 48 h. Sat NaCl/H 0 w a s  added and 

the mixture wzs extracted with EtOAc. The organic phase was washed with 

sat NaCl/H 0, dried over Na SO and evaporated. The resulting material 

w z s  subjected t o  Si-gel c o l m  chrcsnatography (EtOAc) affording, i n  or- 

der of increzsing polarity, 5~-deoxy-5~-(methylthio)-2~,3'-di-C-TBDIvlS- 

-adenosine (5;  50 mg; Yh),  m.p, 228-230 O C ,  MS (m/z) found 525.2634 

( C H N 0 SSi requires 525.2625), 510, 468 (base peak), 333, 

2 

2 2 4  

23 43 5 3 2 
1 230, 217, 164; H-MJR 6 8.39 (s, H-8),8.14 (s, H-2), 7.27 (bs, 6-NH2), 

5.91 ( d ,  H-l', J=7.1 H z ) ,  5.08 (dd, H-2', J=7.1 and 4.4 H z ) ,  4.28 (bd, 

H-3', J=4.4 I-"), 4.03 ( m ,  H-4'), 3.03 (dd, H-5'A, J=13.9 and 7.6 H z ) ,  

2.86 (dd, H-5'3, J=13.9 and 5.6 H z ) ,  2.07 (s, SCH ) ,  0.02 (s, SiC(CH3),f, 3 
0.68 (s ,  SiC(Ci ) ), 0.15 (s ,  SiCH3), 0.12 (s, SiCH3), -0.12 fs, SIC2 1, 
4.43 (s, SiCH 1; 5Ideoxy-5'-(mthylthio)-2'-~TBDl~"S-adenosine (3; - 37Cmg; 

45%); n.p. 114-116 O C ;  MS (m/z) 411.1783 ( M + ;  C1+129N503SSi requires 

411.17611, 396, 364, 354 (base peak), 230, 219, 164, 136, 135; 

'H-NMR 68.36 ( s ,  H-8), 8.15 (s ,  Fi-2). 7.33(bs, 6-NH2) 5.91 ( d ,  H-l', 

3 3  3 

3 

J=5.7 -&), 5.20 (bd, 3'-oH, Jz5.1 H z ) ,  4.86 ( t ,  H-2', J= 5.4 H Z ) ,  4.12 

( m ,  H-3'), 4.05 ( m ,  H-4'), 2.92 (dd, H-5'A, J=13.9 and 5.9 H z ) ,  2.83 (dd, 

H-5'B, J=13.9 and 7.0 H z ) ,  2.06 ( s ,  SCH3), 0.72 (S, SiC(CH3l3), -0.07 (S, 

SiCH3), -0.20 (s, SiCH ) ;  and 5'-deoxy-5'-(methylthio)-3'-GTBDMS-adeno- 

sine (4;  - 210 mg; 26%), m.p. 193-195 'C; MS (m/z) 411.1731 (M+; 
3 
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1322 GAVAGNIN AND SODANO 

N 0 SSi requires 411.1761), 396, 364, 354 (base peak), 230, 
'1729 5 3 
219, 194, 164, 136, 135; 'H-NMR 6 8.38 ( s ,  H-8), 8.14 ( s ,  H-21, 7.28 ( s ,  

6-NH ) ,  5.87 (d ,  H-la, J=7.0 H z ) ,  5.41 (d ,  2'-0H, J=6.4 H z ) ,  4-92 (m, 

H-2'), 

H Z ) ,  2.90 (dd, H-5'A, J=7.4 and 13.9 H Z ) ,  2.17 (dd, H-5'BI 5~7.4 and 

2 
4.28 (dd, H-3', 5~4.7 and 2.1 H z ) ,  4.02 ( d t ,  H-4', 5~7.4 and 2.1 

13.9 Hz),  2. 05 ( s ,  SCH 1, 0.92 ( s ,  SiC(CH3)3), 0.14 (5, SiCH3), 0.13 ( s ,  

sim,). 

Oxidation of 2 

3 

To a solution of 3 (103 mg; 0.25 m l )  i n  2 m l  of dry DMSO, 0.2 m l  

2 

- 
of Ac 0 were added and the mixture was s t i r r ed  for 15 h at r.t.. The SO- 

lut ion was then cooled at O°C (ice-bath) and made basic w i t h  aq NaHCO 

%t NaCl/H 0 was added and the mixturedas extracted with E t  0. The or- 2 2 
ganic p h s e  was dried over Na2s04, evaporated and C-togrWhed On a 

Si-gel c o l m  (EtOAc)  affording 20 mg (2Qh) of pure 6, MS: electron im- 

pact MS did not afford the molecular ion (m/z 4-09], nor expected frx- 

mentation ions; further preparations gave the same resul ts .  'H-NMR 6 

3' 

8.52 ( s ,  H-8), 8.17 (s, H-2), 7.39 (s, 6-NH ) ,  6.16 (d ,  H-l', J=8.4 HZ), 

5.44 (d ,  H-2', 5~8.4 H z ) ,  4.62 ( t ,  H-4', 5~5.2 H z ) ,  2.89 (d ,  H-5', J= 
2 

5.2 Fz), 2.10 ( 5 ,  SCH ) ,  0.67 ( s ,  SiC(CH3)3), -0.07 ( s ,  SiCH3), -0.26 

( s ,  SiCH ) .  In other preparations varying munts (2-23h) of the 3'4- 
-methylthiome+hylether derivative - 7 w e r e  isolated.  1 exhibited the sank? 

chromatographic behaviour ass and w a s  i solated a f t e r  reduction of 6 and 

Si-gel c o l m  purification ( E t O f k ) .  3a-O-methylthiomethylether deriva- 

t ive - 7, MS (m/z) 471 (M+), 456, 414, 410, 364, 308, 233 (base p e a k ) ,  219, 

3 

3 

1 
164, 136; 

(d ,  H-l', Jz6.8 H z ) ,  5.16 (dd, H-2', 5~6.8 and 4.7 k), 4.83 (AEQ, CCH2$ 

H-NMR 6 8.36 (s, H-8), 8.14 ( 5 ,  H-21, 7.30 (bs ,  6NH2), 5.93 

5-11.4 Hz), 4.31 (dd, H-3', J=4.7 and 1.8 Hz), 4.19 (m, H-4'1, 2.38 (dd, 

H-5'A, J=13.9 and 7.2 H z ) ,  2.88 (dd, H-5'B, J=13.9 and 6.6 k), 2.15 ( S ,  

SCH ) ,  2.09 ( s ,  SCH ) ,  0.69 ( s ,  SiC(CH3)3), -0.10 ( s ,  SiCH3), -0.35 (5, 

SiCH3). 

Reduction of 6 

3 3 

- 

A solution of 6 (40 mg, 0.10 m l )  i n  1 m l  abs EtOH w a s  cooled at 0% 

( ice  bath) and an excess of NaBH, was added under s t i r r ing .  After 3 h &OH 

- 
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CONVERSION OF MTA INTO ITS 3'-ISOHER 1323 

w a s  added. After evaporation of solvents the reaction mixture w a s  parti- 

tioned between sat NaCl/H 0 and EtOAc. The organic phase w a s  dried over 

Na2S04, evaporated and purified on a Si-gel c o l m  (EtOAc) giving,in or- 

der of increasing polarity, a mixture (20 mg) of 3 and 8 ( H-NMR analysis 

showed a ratio xylo/ribo 2: 1) , and - 4 (17 mg) . The mixture of - 3 and - 8 w a s  

dissolved in  THF (1 m l )  and s t i r red w i t h  l50p of lM - nWt4N+F-/THF for 30 

min at r.t.. After evaporation of the solvent the material was applied to 

two semipreparative Si-gel TLC plates (CHC1 /&OH 8:2). 2ko W absorbing 

bands were eluted with CHC13/MeOH 8:2 giving - 2 (9 mg, 2#6 fm3) and 1 
( 5  mg, 169/0),identified by TLC and k-m catparison with authentic samples . 

2 

1 
- - 

3 

5 

NaBH, catalyzed i s m r i z a t i o n  of 3 into 4. 

20 mg of 3 were dissolved in  1 m l  of abs EtOH. The solution was coo- 

led at O°C and 20 mg of NaJ3H were added. After 3 h the mixture w a s  trea- 4 
ted as above, affording 3 (11 mg) and 4 ( 7  mg) . 

- 

- 
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