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Nucleosrde 2’-methyl ethers are ubrqmtous “mmor components” of nbonuclerc 
acids (RNAs)’ These component 2’-O-methyl-nucleosides and -nucleotrdes are 
resistant to certam enzymic reactrons common to the correspondmg unmethylated 
products2 Synthetrc polynucleotrdes contammg these monomers have been prepared 
and studred to evaluate aspects of thrs structural feature us a free 2’-OH on macro- 
molecular properties and brochermcal responses3-5 Further background mformatron 
and reasons for employing these features m the design of nucleasrde “drugs” resistant 
to certam enzymic degradatrons have been discussed6 

Studres mvolvmg uncatalyzed methylatron of adenosme by drazomethane gave 
overall yields of methylated products m the 50% range’-’ with 2’-U-methyladenosme 
as the maJor (of at least fiveg) product Other routes to O-methylnucleosrdes are 
often rather extensive multrstep procedures or Iead to complex rmxtures6 Com- 
plexmg of copper ions by the czs-glycol-contarmng D-nbose moiety of adenosme (but 
not by 2’-deoxyadenosme), reported” durmg our mvestrgatron of methylated 
pynmrdme nucleosrdes ’ ‘, prompted our study of the mfluence of metal salts on the 
drazomethane reactron wrth nucleosrdes Starmous chloride or alummum chlonde m 
methanolrc solutron was found to catalyze quantrtative monomethylatron of 
adenosme by dtazomethane wrth the formatron of the 3’-isomer predommatmg’2 
Further work has extended this convenient procedure to all the major nucleosrdes6 
This catalyst also extends access to 2’-O- and 3’-O-benzyl compounds by use of 
phenyldrazomethane’ 3 Analogous catalysis by tm (but reportedly not by alummum) 
chlonde was observed m methylations of glucopyranosrdes’ 4 

Other Lewrs acids were evaluated12 and we now report several novel catalysts 
for monomethylatron of the cr.+glycol system of nucleosrdes (and other drols) usmg 
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lazomethane The morgamc compounds were tested for catalytic actlvlty at - lm~ 
concentration m methanol or as “saturated solutions”, If msoluble (marked with an 
asterisk *) at that concentration Adenosme (1) vvas added and the resultmg mzxture 
was stirred at room temperature whle a solution of dmzomethane m Glyme6 was 
added In the case of colorless solutions, the ad&tion was cozltinued unti the yellow 
color of bazomethane perslsted A maxImum of 20 ml (22 equivalents) of dmzo- 
methane solution was used for other evaluauons Catalytic activity was mdxated by 
t 1 c analysis of the reamon nurtures, adenosme (l), 2’-O-methyladenosme6 (2), and 
3’-U-methyladenosme6 (3) bemg used as standads for comparison 
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Essentially complete conversxon (t 1 c ) of 1 mto 2 and 3 was observed urlth 
SnCI, 2H,O, SnCl,, SnSO,*, SnBr,*, AICI, 6H20, FeCl, , FeC13, and TrCI, 

A second group of compounds had moderate catalytx activity, but some 
startmg matenal remamed untransformed under these comhtions CeCI, 7H20, 
Mo02C12, (NH,)6Mo,02, 4H20*, and M&I, 4Hz0 

Trace amounts of methylated products were formed m the presence of B,03, 
Na,B.+07 lOH,O, MO&, and VOS04* 

No detectable metbylatxon of 1 under the condltlons used was observed with 

MgCI, 6Hz0, MgS04*, Ca(NO,), 4Hz0, CrCI, , Cr,(SO.& nH,O*, MnSO, H,O*, 
CoCI, 2H,O, NICI, 6Hz0, PdCI, 2H,O*, PtCI,, CutClz*, CuCI, 2Hz0, ZnCl,, 

Hg,C12*, HgCI,, H3B03, BF3 O(Et), , PbClz , * Pb(OAc), 3Hz0, SeO,, CH,CO,H, 
H,PO,, HCI, and HzS04 

The quahtatlve t 1 c evaluatrons mdlcated that the raho of formation of 2 and 3 
was smular (3 preponderating shghtly) for all but four of the active cata!ysts Samples 
(1 m&mole) of 1 were subjected to the treatment Just described w~tb these catalysts, 
followed by quantltatlve Ion-exchange chromatograpk separatlon6 The followmg 
Isomer dlstnbutions were found 

CataIyst YleId (%) 

2 3 Overall 

SC12 2H20 44 56 100 
TICI.+ 23 63 86 
MoOJ$ 50 18 68 
CeC13- 7H,O 60 15 75 
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Stannous chlonde dehydrate is convement smce It IS a stable, mnocuous, and 
coIorless sohd. It provided quantitative monomethylation yields (ratios of Isomers 
vary slightly with reaction condlhons) rapidly and cleanly The readdy avadable Iron 
chlorides were equally effective, but gave yellow solutions, which precluded observation 
of the persistence of the dmzomethane color, and methylation proceeded more slowly. 
There was no observable dBerence due to the oxidation state of the metal when ferrous 
or femc chlonde or stannous or stanmc chlonde was used Also, the anion 
appeared to exert httle influence (except solublhty) on the acavIty of stannous 
chloride, sulfate, or brormde It IS important to note that organic or mmeral acids 
produced no ccltalys~s and, thus, simple solvolysls of the morgamc compounds to give 
HX is not suEcient to explam the effect Boron tnfluonde etherate IS a standard 
catalyst for methylatlon of alcohols m aprotic solvents1 5 It IS meffectlve m tlus case, 
presumably owing to methylatlon of the solvent methanol (the chazomethane color 
was very rapidly discharged) However, - lm~ boron tnfluorlde etherate m N,N- 
dlmethyIformarmde also falled to promote thrs meihylation These resuIts stand rn 
contrast to the reported methylatlons of various glycosldes by use of boron tn- 
fluonde m nonpolar aprotlc solvents I6 It 1s not known whether this fadure to react 
IS a function of the basic heterocycle of the nucleoslde system, which rmght effectively 
complex the boron tnfluonde reagent, or of the N,N-dlmethylformanude solvent 

Bone acid does not catalyze the methylatlon, but commercial samples of boron 
oxide and sodium tetraborate (borax) gave nse to observable product Cychc borate 
complexes of czs-glycols are well studied systems l’, but the presence of iron (catalytl- 
tally active) or other active trace contaminants was not excluded Since a free dlol 
system of restricted stenc dlmensmns appears to be required (as shown by studies 
with model dlol, sugar, and nucleoslde systems, to be pubhshed), an Intramolecular, 
bldentate complex mvolvmg the two hydroxyl groups IS mdlcated 

The 3’-isomer selec:lvlty shown by titanium tetrachlonde (proportion of 2 to 3 
N 1 3) IS seen to be reversed to Z!‘-isomer predominance by molybdenum dxoxy- 
dlchlonde (proportion of 2 to 3 - 3 1) and cenum tnchloride heptahydrate (-4 1) 
The rather msolubie ammomum molybdate compound also favored formation of 2 
FormatIon of further methylated by-products was observed during the longer reaction 
times required for the sluggish <atalysls by cenum tnchlonde However, smce 
adenosme (1) can be eluted from the Dowex column after 3, recycling of the starting 
matenal with the titamum tetrachlonde or molybdenum dloxydxchlonde catalysts 
provides a bgh-yield procedure with good lsomenc selectivity Prehmmary expen- 
ments with undme m&cated enhancement of the formation of the 3’-isomer with a l- 1 

ratio of 3’- to 2’-isomer where titanium tetrachlonde was used, as compared to a 1 2 
ratio where stannous chloride was used6. 

EXPERIMENTAL 

The appropnate amount of each inorganic compound (all commercially 
avallable products) was added to methanol (50 ml) to give - lrn~ solutions The 



NOTJZ 307 

compounds marked with an astensk were not readdy soluble at that concentration and 
were evaluated as “saturated solutions” after stirrmg for - I h (the undissolved sohd 
was not filterea) Adenosme (1) (0 1 g, 0 37 mmol) was added and the resulting 
mxxture was stu-red at room temperature Slow ad&tlon of -0 4~ dlazomethane m 
Glyme6 was contrnued until the ye!low color perslsted (with colorless Inorganic 
compounds), or until a maximum of 20 ml (8 mmol) of dlazomethane solution was 
added Catalec activity was evaluated quahtatlvely by t 1 c comparison of the 
reaction mixtures with authentic markers of 1,2, and 3 on Eastman Sxhca Gel sheets 
no 13181 m 9 1 (v/v) chloroform-methanol as developmg solvent The reIatlve RF 
values, when spotted directly from the reaction nuxture, were R, R, -2 5 and R, R, 
-2 2 The pure markers had R, R, -3 5 and R;R, -2 3, when spotted mde- 
pendently 

A sample of l(0 27 g, 1 mmol) was treated by the Just described general reaction 
procedure m the presence of &Cl, 2H20, TK14, Mo02Cl,, or CeCl, 7H20, until 
the yellow color persisted and t 1 c mdlcated no further slgnlficant increase of 2 and 3 
The resultmg solutron was evaporated to dryness, and the residue was dissolved m 
2 1 (v/v) ethanol-water (7 ml) The solution was apphed to a coIumn (2 x 50 cm, 
110 ml) of Dowex l-X2 (OH-) Ion-exchange resm’ packed m the same solvent, and 
elutlon with the same solvent gave clean resolution of 2 and 3 as previously 
descnbed6 Evaporation of the appropnately pooled fractions zn U~CUO usmg a Biichler 
rotary evaporator gave a colorless solid, which was dned by addmons and 
evaporations of absolute ethanol The resultmg crystalhne compounds 2 and 3 were 
dned m vacua before welghmg for yields 
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