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AMr8ct-Ribonuclcosida undergo addxatalyscd otthoesta exchange with trimcthyl ortboCormatc 
to give their 2.3’~mcthoxymethylidenc derivatives. The latter are converted mainly into mixturea 
of 2’- and 3’-0-formyl nuclcosides by aqueous acids, under very mild conditions. The formate caters 
are readily hydrolyscd to give the parcm noclcosida at. and above pH 7. 2’,3’0Mcthoxymcthyli 
ribonudanidc Y-phosphates, which are required as intermediates in oligoribonuckotidc synthesis, 
have been prepared. 

Ore of the basic requirements in our approach to the synthesis of oEgoribonucleotidesl 
is the development of a suitable acid-labile (base-stable) protecting group for the 
ribonucleoside 2’,3’-cisdiol system. In order to minimize acid-catalysed phosphoryl 
migration,* it is essential that the protecting group should be at least as acid-labile as 
the acetal functiont useda to block the 2’-OH groups, vicinal to phosphodiester 
linkages. It is further essential that the protecting group should be stable enough to 
remain intact during the building up of the oligonucleotide chain. 

It seemed probable at the outset that the commonly used isopropylidene and 
benzylidene protecting groups, which are removed only slowly at room temperature 
by aqueous acids at pH I, would prove to be too stable for the present purpose. The 
benzylidene group can be modified by the introduction of paru and orrho electron 
donating substituents, and thus made more labile.’ However, it seemed likely that 
the effect of such a substituent (e.g.-OMc) would be much more pronounced if it were 
attached directly to the acetal carbon (as in II). It has recently been shown’ that a 
very effective method of preparing ribonucleoside 2’,3’cyclic acetals and ketals (and 
no doubt other derivatives of 1,3dioxalan) is by an acidcatalysed exchange reaction 
between the ribonucleoside and an excess of the appropriate dimethyl acetal or ketal. 

l See Ref. 1 for the paper now considered to bc part I of this series. 
t The acctal function which has been commonly used by other workers’ and ourseJva’ is the 

tetrahydropyranyl ether. We are investigating the possible UK of a number of kctal functions of 
similar and greater lability. 

’ B. E. Griffin and C. B. Reese. Te~ruheakon Lclrcrs 2925 (1964). 
* D. M. Brown, D. I. Magrath. A. H. Ncilson and A. R. Todd, Narurc. Land. 177, 1124 (1956). 
’ J. Smrt and F. &m, Co/l. Czech. C/urn. Comm. 27, 73 (l%2); M. Smith, D. H. Rammla. 

1. H. Goldberg and H. G. Khorana. 1. Am. C&m. SM. 84,430 (1%2); F. Cramer, H.-J. Rhaau, 
S. Rittncr and K.-H. Scheit. L&b@ AM. 683. 199 (1965). 

’ F. Cramer. W. Saengcr. K.-H. Scheit and J. Tennigkeit. L&h@. Ann. 679, 156 (1964). 
b A. Hampton. /. Am. Chrm. L&x. 83. 3640 (1961); A. Hampton, J. C. Frantantoni. P. M. Carroll 

and S. Wang, Ibid. 87, 5481 (1965); S. Chladek and J. Smrt, Coil. Czech. Chcm. Comm. 28,130l 
(1963). 
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We therefore investigated the acid-catalysed orthoester exchange reaction between the 
common ribonucleosides and trimethyl orthoformate. A preliminary account of some 
of this work has already been reported.s 
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d; B = guanine-9 

e; B = hypoxanthine-9 

When a suspension of uridine (Ia) in trimethyl orthoformate, containing toluene- 
p-sulphonic acid, was stirred at room temperature,, it soon dissolved and 2’,3’-0- 
methoxymethylideneuridine (IIa; R = H) began to precipitate from the reaction 
mixture. Recrystallization of the precipitate gave the product in 77% yield. Paper 
chromatography indicated that the liquors of the original reaction mixture contained 
more 2’,3’-0-methoxymethylideneuridine together with two other products, of which 
one was probably the bis-orthoester (IIa; R = CH(OMe),). 

The 2’,3’-0-methoxymethylidene derivatives of adenosine, cytidine, guanosine and 
inosine were all obtained from the corresponding nucleosides in good yield. It should 
be noted, however, that the actual preparative details differed for individual nucleo- 
sides (Experimental). An excess of acid-catalyst was required for the more basic 
nucleosides, and it was then necessary to neutralize the reaction mixtures before the 
methoxymethylidene derivatives (II; R = H) could be isolated. In the reactions 
involving adenosine and cytidine, where the reaction mixtures were heated and the 
products remained in solution, by-products were formed in appreciable quantities. 
However, the cytidine by-product appeared to decompose during the purification 
procedure, which involved silicic acid chromatography, to give the required 2’,3’-0- 
methoxymethylidenecytidine (UC; R = H). A solubility problem arose with both 
guanosine and inosine: in the former case, this was overcome by using mesitylene- 
sulphonic acid as the catalyst and, in the latter case, by adding dimethyl sulphoxide to 
the reaction medium. 

All the methoxymethylidene nucleosides (IIa-IIe; R = H) were isolated in a pure 
state (as indicated by elemental analysis and paper chromatographic homogeneity), 
and all except the cytidine derivative (11~; R = H) were obtained crystalline.* How- 
ever, the orthoester exchange reaction leads to a nucleoside derivative with an 
additional asymmetric carbon centre and, by analogy with the preparation of 2’,3’-0- 
benzylidene nucleosides, 9 this reaction would not be expected to be stereospecific. 
This matter was carefully investigated in connection with the formation of 2’,3’-0- 
methoxymethylideneadenosine (IIb; R = H). An analytical specimen of the latter 

* After this work had been completed, the preparation of some of the corresponding 2’,3’-0- 
ethoxymethylidene nucleosides was reported from two laboratories, ‘P These products were obtained 
by an analogous orthoester exchange reaction between the nucleosides and triethyl orthoformate. 

6 M. Jarman and C. B. Reese, C&m. & Znd. 1493 (1964). 

7 J. ZemliEka, Chem. & Znd. 581 (1964). 
* F. Eckstein and F. Cramer, Chem. Ber. 98,995 (1965). 
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was obtained by recrystallizing the crude products from water; it had m.p. 185-189” 
and [r]: -= -57”. The complexity of its NMR spectrum suggested that it was a 
mixture of diastereoisomers. However, a material which had m.p. 215” decomp. and 
[a)‘$’ :-: -76” was obtained after two recrystallizations from ethanol; its NMR 
spectrum indicated that it was a pure diasteroisomer: the signals corresponding 
to H(2), H(8) and the orthoformate proton appeared as singlets, and that correspond- 
ing to H(1’) as a doublet. By substracting the signals pertaining to the latter dia- 
stereoisomer from the total spectrum of the mixture, the low-field region of the 
spectrum of diastereoisomer (ii) could be obtained (Table 1). 

TABLE 1. NMR SPKZRA OP DIASTEMOBOMEM O? 2’,3’-0-meTnoxY- 
MElHYUDf.NF.AfEtfOSISE IN DLMETIIYL SULPllOXIDE/DEUlERIUM OXIDE 

Chemical shift (T scale) 
Diastcrcoisomer - - -- .- 

ofthofomlate 
H(2) H(8) Ml’) proton 

-_ 
(i) m.p. 21;” 

._ -- - -_. --__ .- 
I.52 s 1.72 s 3.65 d 3.86 s 

(ii) 1.56s 1.72s 3.78 d 3.76 s 

s = singlet, d - doublet 

It can be seen from the Table that the H(2). H(1’) and orthoformate proton 
resonances of the two diastereoisomers all differ. However, it would seem likely that 
the chemical shift of the orthoformate proton resonance would be the best guide to 
the absolute configuration of the methoxymethylidene carbon centre of a particular 
diastereoisomcr. For the diastereoisomers of 2’,3’-0&nzylideneadenosine, it has 
been claimed0 that the benzylic proton endo to the ribose ring is more deshielded then 
the exe-proton. If this holds for the corresponding methoxymethylidene derivatives, 
then diastereoisomer (i) has its orthoformate proton exo to the ribose ring. Further 
examination of the NMR spectrum of the original mixture indicated that diastereo- 
isomer (ii) was marginally the more abundant product. 

It is unnecessq to prepare optically pure methoxymethylidene derivatives for the 
purpose of oligoribonucleotide synthesis. For this reason, no attempt was made to 
obtain pure diastereoisomers of other methoxymethylidene oucleosides. It was note- 
worthy, however, that the unpurified 2’,3’-O-methoxymethylideneuridine (Ha; R = 
H) appeared, from its NMR spectrum, to consist largely of one diastereoisomer. As 
a consequence of the non-stereospecificity of the orthoester exchange reaction, the 
m.p.‘s of even analytically pure samples of methoxymethylidene derivatives are liable 
to vary. 

The acidic hydrolysis of a methoxymethylidene nucleoside (II; R = H) could 
conceivably follow two courses: the tirst would lead to the free nucleoside (V; R = 
II) and methyl formate, whereas the second would lead to a mixture of the 2’- and 
3’-formate esters (III and IV; R = H) and methanol. The first hydrolytic process 
requires initial protonation of one of the oxygen atoms of the 1,3dioxalan system, 
but the second could follow the protonation of any one of the orthoester oxygen 
atoms. In each case examined, the actual products of acidic hydrolysis were the mixed 
formate esters, contaminated with a small amount (not more than 5%) of the free 

* N. Bag@. A. B. Foster. J. M. Web&r. D. Lipkin and B. E. Phillips. CXan. & Jnd. 136 (1965). 
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nucleoside.* Two different hydrolytic procedures were followed: treatment with (a) 
98% formic acid and (b) hydrochloric acid @H 2), both at 20”. In formic acid 
solution, hydrolysis appeared to occur instantaneously and the formatc esters (III and 
IV; R = H) could be isolated by lyophilization. In hydrochloric acid solution at pH 
2, the methoxymethylidene derivatives all underwent a hydrolytic reaction which was 
first order with respect to substrate, but the individual rates of hydrolysis differed by 
a factor of as much as 3.5 (Table 2). Protonation of the pyrimidinc or purine base 
would introduce an electrostatic or inductive effect, which might be expected to have 
an inhibitory action on the protonation and hence on the hydrolysis of the orthoester 
grouping. This rationalizes the observation (Table 2) that the more basic substrates 
are the less easily hydrolyzable, but it is not clear why the purine derivatives are 
apparently more stable to acidic hydrolysis than the pyrimidine derivatives. 

TABLE 2. HAI.&UVU OF HYDROLYSIS OF 2’,3’-Q~llOXYM~~YUDE~~U~~ 

IN IIYDROCHU)RIC ACID AT pH 2 ASD 20” 

-.. 
Compound 

.- 
2’,3’-O_Mcthoxymethylidmcuridine (Ha) 
2’,3’-0-Mcthoxymcthylidcncadenosinc ([lb) 
2’.3’-0-Mcthoxymcthylidenecytidine (11~) 
2’,3’-O-MethoxymcrhyLieneguanosine (Ild) 

1, h (tin) 

IO.5 
36 
2s 
2s 

The existence of the intcrmediatcs (III and IV; R = H) was detected by paper 
chromatography (in an acidic solvent system), by TLC and by NMR spectroscopy. 
Their formulation as mixed 2’(3’>0-formyl nucleosides rests both on chemical and 

l The acidic hydrolysis of the corresponding nuckoside orthoacetata and orthobcntr>ata~O 
gave no detcctaMc free aucleosidc. but only the appropriate mixtures of 2’- and 3’-acctata and bcnzo- 
ata. 

I* H. P. M. Fromapt. B. E. Griffin, C. B. Rcesc and J. E. Sulston, Terrahedron 23. 2315 (lW7). 
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physical evidence. In the first place, they were found to be extremely labile to base*: 
at pH 9 and 20”, they were completely hydrolysed to the parent nucleosides (V; R = 
H) within 10 min. The half-lives of both the uridine and adenosine intermediates at 
pH 7 and 20” in 0.1 M-phosphate buffer, were ca. 3 hr. 

More direct evidence in support of the proposed structures of the intermediates 
was provided by NMR spectroscopy. A solution (ca. O-5M) of 2’,3’-O_methoxy- 
methylideneuridine (Ha) in deuterium oxide was acidified with hydrochloric acid, and 
the NMR spectrum of the products taken immediately. A new low-field signal, of 
weight one, was apparent at 7 1.75; this had the chemical shift expected for a formyl 
proton resonance. The complexity of the signals corresponding to the resonances of 
H(5) and H(l’) (at Y 4) and of H(6) (at Y 2.15) indicated a mixture of 2’- and 
3’-O-acyl ribonucleosides.ls 

In an even more convincing manner, the course of the acidic hydrolysis of methoxy 
methylidene derivatives was demonstrated by isolating a product in a pure crystalline 
form, and then characterizing it in the usual way: 2’, 3’-O_methoxymethylideneuridine 
was converted into its 5’Gformyl derivative l1 (Ha; R = CHO), and the latter 
treated with 96% formic acid. Pure 3’,5’di_O_formyluridine (IVa; R = CHO) 
crystallized from the hydrolysis products in 68 % yield. The orientation of this com- 
pound was established chemically,l’ and confirmed by NMR spectroscopy.U It is 
not uncommon for a pure 2’- or 3’Gacyl ribonucleoside to crystallize from a mixture 
of isomerslo 

The methoxymethylidene group was readily shown to be suitable for the protection 
of the cis-2’,3’diol system of ribonucleosides. A solution of 2’,3’-O_methoxymethyl- 
ideneuridine (IIa; R = H) in pyridine was allowed to react with acetic anhydride, 
and the product (Ha; R = AC) treated with 98% formic acid. After the acidic 
hydrolysis products had been de-formylated by boiling with ethanol, crystalline 5’-0- 
acetyluridine” (V; R = AC) could be isolated in 86% yield. The particular suitability 
of the methoxymethylidene protecting group in oligoribonucleotide synthesis was 
evident when it was found that it could be removed at 20” under comparatively mild 
hydrolytic conditions: 1-3 hr. at pH 2, followed by several hours at pH 7 (or shorter 
times at higher pH’s). It appeared to fulfil all the requirements considered above. 

Although satisfactory procedures had been found for the preparation of the four 
principal methoxymethylidene nucleosides, it seemed desirable” to protect the base 
residues of the cytidine and perhaps also of the adenosine derivatives, before phos- 
phorylation. The required N’-benzoyl-2’,3’-O-methoxymethylidenecytidine (VI; 
R = H) was obtained crystalline, in good yield, by the action of sodium methoxide 
on the dibenxoyl compound (VI; R = Bz) in methanol/dioxane solution.ie In a 

l It has ban show+ that Y-O-formyl nuclcceidcs (v, R 0 CHO) radily undergo basexatalysal 
hydrolysis. Therefore, with the additional cffazt of a ncighbouring-OH group,‘* the isomaic 2’- and 
Satax (III and IV; R - H) would be cxpozted to be cxtrzmcly labile to base. 

*I J. &mlicka. J. BcrAnek and J. Smrt. CofL Czech. Ckm. Comm. 27.2784 (lW2). 
” B. E. Griffin and C. B. R&se. Proc. Nor. Acod. Scl. U.S.A. 51,440 (1964). 
1* H. P. M. Fro-t, B. EL. Griffin. C. B. Rcac, J. E. Subton and D. R. Trenthnm. Tetrahedron 

21,705 (1964). 
” C. B. Rccac and D. R. Trcntham. Terr&&on Lrrrrts 2459 (1965). 
I’ D. M. Brown, Sir Alexander Todd and S. Varadarajan. J. Ckm. Sue. 2388 (1956). 
La D. H. Rammlcr and H. G. Khorana. 1. Am. Chem. Sot. 84.3112 (1962). 
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similar way, ~-p-anisoyl-2’,3’-O-methoxymethylideneadenosine (VII) was obtained 
from (IIb), in 35% overall yield. 
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The methoxymethylidene derivatives (Ha; R = H), (VII), (VI; R = H), and (IId; 
R = H) were all converted into their 5’-phosphates (VIII; R = H) by Teaer’s 
method”, For example, 2’,3’-O-methoxymethyhdeneuridinc (Ha) was phosphorylated 
by allowing it to react with an excess of ~~y~oethyl phosphate and N,N’dicyclo- 
hexylc~~iimide in anhydrous pyridine solution. The required 2’,3’-O-methoxy- 
methylideneuridine Y-B-cyanoethyl phosphate (VIIIa; R - CH,CH,CN) was 
isolated pure* after chromatography of the products on DEAE cellulose; it was then 
heated with aqueous ammonia and thus converted to 2’,3’-O-methoxymethylideneu- 
ridine S-phosphate (VIIIa; R = H), which was isolated as a solid ammonium salt 
in 92% yield, It should be emphasized that considerable care was taken throughout 
this and all other preparations of methoxymethylidene nucleotides to ensure that the 
pH remained above 7 during evaporations and other manipulations. 

In the same way, the required adenosine derivative (VIII; B = No-panisoyl- 
adenine-9, R - H) was obtained as an analytically pure ammonium salt in 72% 
yield. Even greater care was taken in this preparation as it was necessary to maintain 
the pH ubow 7 as before. and also below 8 to avoid removing the panisoyl group. 
Similar precautions were observed in the preparation of the ammonium salt of N’- 
benzoyl-2’,3’-0-methoxymethylidenecytidinc Y-phosphate (VIII; B = N%enzoyl- 
cytosine-1, R = H), which was isolated in 74% yield. The latter material was con- 
taminated with ca. 1% of the debenzoylated material (VIIIc; R = H). Finally, the 
ammonium salt of 2’,~-~me~oxyme~ylidene~~osine S-phosphate (VIIId; R = 
H) was prepared and isolated by a modification of the standard procedure (see 
experimental section). This material was contaminated with ca. iO% of an impurity, 
which was also converted to guanosine Y-phosphate by acidic hydrolysis. As the 
impurity appeared to be a derivative of the main component, it was considered likely 
that the materia1 could be used in synthetic reactions without further purification. 

l In order that the final product (WIIa; R - H) should be free from inorganic phosphate. it was 
found nccessq to caq out the DEAE chromatography purifmtion step &fore ammoniacal 
trcatmcnt. This procedure was adopted in the preparation of all the mcthoxymethylidcnc S’-m&o- 
tida. 

” G. hf. TM, 1. Am. Chrm. SDC. 83,159 (1961). 
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The use of mcthoxymethylidene 5’-nucleotidcs in oligoribonucleotide synthesis will 
be described in part IV and in subsequent papers of this series. 

T~asra 3. R, VN.UE~: AxaJl>rm, PAPER cHRoMAmoMPHY O? 2’,3’-o-wEmor 
tniFdvAllvm 

!hlvcn1 system 
Compound _ -. _. _ - .- 

C E F 

2.3’~Mcthoxytncthylidcncuridine 056 075 
2’.3’0Mcthoxymcthylidcncadenosinc 0.69 
2’3’~Mcthoxytnethylidenecytidine 064 
2’,3’-0-Mcthoxymcthylidencguanosine 046 
2’,3’-0-Mcthoxymcthylidcncmosine 066 
No-pAnisoyl-2’,3’-0-Mcthoxymethylidcneadeine 0.85 
N’,OL’-Dibcnzoyl-2’,3’-O-Mcthoxymcthylidcnccytidine 0.89 
N’-Benxoyl2’.3’0Methoxymcthylidcnccytidinc 0.84 
2’,3’0McthoxymethylidcneuridincS’-phosphate @I4 0.30 
N’-pAnisoyl-2’,3’0Methox~yti~d~~~S’- 

phosphate 0.24 0.27 
N~-Benzoyl-2’,3’-O-McthoxymethylidcoccytidinoS’-phosphate 049 
2.3’0Methoxymcthylideneguanosine Y-phosphate 008 O-31 

-- 

Uridine 
Adcnosine 
Cytidinc 
Guanosine 
Inosine 

Parent 2’,3’-0-Mcthoxymcthylidcnc 2’(3~Formyl 
nuckosidc derivative derivatives 

-._.- 

@45 069 056 
0.59 0.75 067 
@44 066 053 
026 0.65 043 
0.42 066 0.51 

EXPERIMENTAL 

UV absorption spectra were measured with a Gary recording spactrophototncta, model 14M-SO. 
NMR spectra were measured with a Pakin-Elmer Spectrometer. operating at 60 MC/S. TMS and 
t-butanol were used as internal standards. 

Paper electrophoruis on Whatman No. 4 paper (unless stated othcnv&) was conducted in a 
CCl,-coolcd apparatus (ca. 30 v/cm) with the following bulfcrs: 01 M-triethylammonium bicarbonate, 
pH 7.5; DIM-phosphate. pH 8; DIM-borate, pH 8.5; @lM-borate (pH 9). 

The following solvent systems were used for paper chromatography: A. butan-loI -AcOH-water 
(4: I :S); B. butan-l-al-AcOH-water (S:2:3); C. propan-2olammonia (d @88bwatcr (7:1:2); 
D. propan- I -ol-ammo nia (d@88twata(l I :2:7); E, butan-l-al-watn(8614); F, EtOH-M-aqueous 
ammonium acetate (5:2). Asanding chrotnatograms were run on Whatman 1 paper. unless stated 
otherwise. 

Microscope slides, coated with Merck Kiuelgcl GF Lu, were UJcd for TLC. The chromatograms 
me developed with solns of MeOH (l-IS%) in CHCl,. 
(100 mesh) was used for adsorption chromatography. 

Mallinckrodt analytical grade silicic acid 

Both pyridinc and trimethyl orthoformate were dried by hating with CaH,. under retlux. and 
were then redistilled before use. 

2’,3’-O_Ucrhoxynufhyl~~~~i~ (IIa; R - H) 

Uridine (3 g. 12.3 mmolu) and tolu~lphonic acid, monohydrate (@3 g. I.5 mmola) were 
added to trimethyl orthoformatc (I5 ml). and the suspension magnetically stirred at 20”. with the 
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exclusion of moisture. Complete soln cccurrcd within 45 min. and shortly afterwards precipitation 
co&. Paper chromatography of the liquors after 24 hr (see below) indicated that very little 
uridinc remained. 

The ppt was collcc!cd by filtration, washed with a small quantity of trimethyl orthoformatc, and 
then dissolved in very dilute aqueous ammonia (25 ml). The soln was evaporated to dryness under 
red. peas., and the residual 2’.3’-O_Nthoxynwfhyli&~ur~~ cryt~allixcd from abs EtOH, m.p. 
189-19(Y dcc. (Found: in material dried In cwcw) over P.0, at loo”: C, 46.5; H, 5.1; N. 9.75; 
h&W., 280. C,,H,,N,O, requires: C, 46.1; H. 4.7; N, 98%; M.W., 286). yield 2.7 g(77%). UV 
(95% EIOH): R,.x 258 (log 8 4X0), &I. 229 mfi (log u 3.36); NMR spectrum* in Mc,!30/DIO: 
T 2.17, d, weight 1. asigned to H(6); T 3.86. s. weight 1, assigned to orthoformate proton; ~4.14. d. 
weight 1, assigned IO H(l’); T 4.25. d, weight 1, assigned to H(S); T SM), m, weight 2, assigned to 
H(2’) and H(3). 

A paper chromatographic (system c) examination of the filtrate from the original rcacfion mixture 
(see above) revealed 4 components: the two slower-running spa’s (R,‘s e35.054) corrtJponded to 
uridine (ca. 5%) and 2’,3’-0-mcthoxymcthylidcneuridin (ca. 70%); the IWO faster-running spots 
(R,‘s 068,079) accounted respectively for about 5 and 20% of the totnl UV absorption. 

Adcnosine (5 g. 18.8 mmdcs), toluene~sulphonic acid, monohydrate (4.25 g. 22.5 da) and 
trimethyl orthoformate (20 ml) were heated together, under reflux (bath temp. 130’), for 30 min. 
The products were cooled to room tanp and carefully neutralized with mefhanolic McONa (2M. 
11.3 ml). The pmcipitatcd sodium tosylate was removed by filtration and the fihratc concentrated, 
under red. press., at 30”. The resultant glass was trituratal with CHCI, to extract the nuckosidic ma- 
terial from the runuinin g sodium tosylatc. The CHCI, extract was collected by tiltration.conantratcd 
under reduced pras., and then m-evaporated with MeOH. When a soln of the r&dual glass in hot 
water (40 ml) was cooled to 0”. it slowly deposited 2’,3’-0-methoxymethylidenembwdne as colourlm 
cryrti, np. 185-189’. (Found: C. 46.8; H, 5.15; N, 2255. C,,H,,N,OI requires: C. 466; 
H, 4.9; N, 2.2.6S.A. yidd 3-2 g (56YJ. UV (95% EtOH): Lx 259 (log 6 4.19). Lla 226 q (loge 
346). 

Earlier examination of the crude products by paper chrornatograph (system C) revealed adenosine 
(R, O-u)), 2’,3’-O-mcthoxymcthylidcncadcnosinc (R, @69), and another constituent (I’!, @84) in the 
approximate respective proportions of 1: 5 : 2. 

~rqmration of pure d&~ereoisonw of 2’.3’U-mthoxymcthyhi.&neadeteos& 

The 2’,3’Gmcthoxymethylidcnasinc with np. 18S-189”. described above, had [UC = - S7” 
(c - 23 in M@O) and a complex NMR sfxx%um which indicated that it was a mixture of diastcm+ 
isomers. This product (1 g) was twia raqstalked from EtOH to give a matcriaJ (@12 g) with m.p. 
21S”dsand [a% - -76” (c 7 2.3 in Me&J). (Found: C.46.9; H, 5.U; N. 22.60/,) NMR apc~ 
tnun in Me$O/D,O: T 152, s, weight 1. assigned to H(2), T 1.72. s, weight 1, assigned to H(8); 
T 3.65, d, weight 1, assigned to H(1’); T 3.86, s. weight 1, assigned to orthoformate proton; T 4.53. 
quartet, weight 1. assigned IO H(2’); T 493, quartet, weight 1, aasigmxl to H(3’). The low 5dd 
spectrum of the other dias~crcoisom was obtained by subtraction of the latter spectrum from that 
of the mixture: 7 1.56, s, assigned to H(2); T 1.72, s. assigned to H(8); T 3.76, s. assignad to orthe 
formate proton; T 3.78, d, assigned to H(1‘). 

2’.3’QMefhoxynurhyf~~cyr~~~ (UC; R = H) 

Cytidine (5 g, #F5 mmoks). toluene-psulphonic acid, monohydrate (4.75 g, 245 mmolca) and 
trimethyl orthofonnatc (25 ml) wzrc hated togzthcr. under r&ux (bath temp. 130”). for 1 hr. Paper 
chromatography (system C) indicated very little umactcd cytidine (R, 048) and two products (R,‘s 

M4, O-78) in approximatdy equal amounts. After neutralization with mcthanolic MeOm (ZM, 
12.25 ml), the products were worked up as in the preparation of the corresponding adcnoGw daiva- 
tive (see above). The nuclcosidic material, thus freed from sodium tosylate. was dissolved in CHCl, 
(100 ml) and slurricd with silicic acid (20 g). The slurry was applied to a silicic acid column (20 cm x 
6 cm’), which was washed with CHCl, (SO0 ml) and allowed IO stand at 20” for 3 days. The column 

l Duetothcpresence of the solvent, rhc part of the spactrum at higher &Id than T 63 is obscured. 
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vvas then dut& with CHCI,-8 % MeOH,* and the &ate evaporated to give 2’,3’-Omcthoxymethyl- 
idcnacytidine as a chrcmatogtaphically pure (R,. system C, 064) glass (Found: C. 460; H, 5.6; N. 
14.2. Calc. for C,,H,,N,O,: C, 63; H, 5.3; N. 14.7’%). yield 5.5 g (92%). 

2’,3’-O_McrAoxymcfhyl~~guonoJinc (Ild; R - H) 

Guanosine (5 g, 17.7 mmoles) and anhyd mcsitylcncsulphonic acid (4.35 g, 21.7 mmolcs) were 
added to vimethyl orthofonnate (25 ml), and the mixture stirred magnetically at 20”. Virtually com- 
plete soln occurred within 10 min. and precipitation of product commenced after 30 min. After 12 hr. 
the curdled reaction mixture was carefully ncutrakd with methanok McONa (2M, 1@9ml). 
MeOH (SO ml) was added and the products tiltcrcd. The residue was washed with t&OH (3 x 20 ml) 
and then dried in tmcuo over KOH to give the required product (5.S g. ca. 95*%). as a white solid. 
Paper chromatographic (system C) examination of this material reveakd a major constituent (R, 
046). contaminated with ca. 5% of guanosine (R, 0.24). Recrystallization from water (100 ml) gave 
4.45 g of material (containing ca. I.5 % of guanosine), which on further recrystallization from water 
(containing a small amount of tricthylammonium bicarbonate bulk, pH 7.5) gave, in 80% recovery, 
chromatographically pure 2’.3’-O-nurhoxymrrhy/~e~idcncgrtMoslrv (Found: C. 44.2; H, 50; N, 21.5. 
Ci,Hr,N,O, requires: C. 44.3; H. 4.65; N, 21-S”//.), m.p. 26s” dcc. UV (95% EtOH): 1.,.x 2S3 
(loge 4.18). kmtn 222 rnp (loge 3.60) 

2’,3’0Metkxymcrhyliclcncinoslru (11~; R - H) 

Inosinc (1 g. 3.7 mmolu) and tol~~sulphonic acid, monohydrate (084 g. 4.4 mmola) were 
dissolved in trimethyl orthoformatc (5 ml) and dimethyl sulphoxide (5 ml), and the resaioa mixture 
allowed to stand at 20” for 16 hr. The products were tkn neutralized by the careful addition of 
methanolic McONa (ZM, 2.2 ml). Paper chromatography (system C) revealed inosinc (R, 046) and 
two products (5% O-66. Q82) in the approximate rospcctivc proportions of 1:4: 1. The soln was 
concentrated below 40“ (first at IO mm, and then at @l mm). CHCI, (20 ml) and silkk ecid (5 g) were 
added to the residue and the slurry, so obtained, was applied to a column of silicii acid (l2cm x 

3 cm?, which was dutcd Ilrst with CHCI, (250 ml) and then with CHCI.48 % MeOH (700 ml). The 
combined latter fractions were evaporated. and the residue crystallkd from EtOH to gin 2’,3’-0- 
nwthoxymcthyli&tuhwdtu, m.p. 197-W. (Found: C. @45; H, 44; N, 18.2. CI,HI,NIO, 
requires: C, 46.45; H. 4-S; N. 18.1 l %), yield 0.735 g (63’%). UV (95 % EtOH): LU 249 (log 6 498), 
&a 221 w (log 6 3.59). 

A&i& hydiolysl of 2’,3’-Gnethoxynuthyk&ne rlbonuclttvi&s 

(a) With 98 % formic odd 01 u)“. The m&oxym&ylidcne derivative (OGl g) was dissolved in 
98% formic acid (I ml), and tha soln lyophilized after 1 min. Papa chromatography (system B, 
dwanding) indicated one major component with R, intcrmahate ktwaco that of the starting 
material and the parat nucleosidc, in all cases examined (t&dine, adamsins, cytidinc, guanos& and 
inosine). In no case was any mmaining starting material &saved. but traa~~ of the free nudeaudes 
wae daected. 

The acidic hydrolysis products were converted to the parent nuckosida under very mildly basic 
conditions (see below). 

(b) With hydrochloric acido~pH 29 und 20“. The mcthoxymcthylidcnc derivative (0005 g) was 
dissolved in HCl(1 ml) of the conazttmtion rcquircd to make the pH of the resultant solution. 2G. 
After suitable time intavak, ahquots were removed and treated with cxaasa of @3N q.NH, (to 
quench the acidic hydrolysis, and coovat the 2’(3’)-form& atcrs into the paratt nuc&osida), and 
then submittal to paper chromatography (system C, on Whatman No. 42 paper). The atent of acidic 
hydrolysis after a given time was detaminal by duting the starting mat&al and the free ot&osi& 
v&e; FArn the developed chromatogram~ and thca+estimating their proportions spcctrophoto- 

-.x. The half-hvu for the undma, l datosmc, cytidim and guano&e derivatives were 
found to be 105.36.25, and 2S min. rcapcctivdy. 

NMR qwctrnm of 2’(3‘)-0-formyhdflnes (IIla ond IVa) 

2’,3’-CLMcthoxymcthyli&ocuridinc (a06 g) was dissolved in D.0 (@45 ml) and 3N HCI (WI ml) 
was added. The NMR spectrum of the products included a signal at r 1.75 (weight 14) which was 

l CHCI,-x y. McOH signitia a solution containing x% of MeOH (by volume) in CHCI,. 
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assigned to a form& proton resonance. The H(6) proton m ofthctwoisotnerdwczcobacWed 
asdoubkts(J - 8clsinbothcws)at~2.16and~2.17(totaiweight 1-O): tbcformerwastbcmore 
intense signal. It was oat possible to analp fully the H(1’) + H(5) signals (total weight 29) in the 
region of 741. 

Hydrdysir of nuckoside Z’(S)-forma& esters 

(a) AlpH 9 uad 20”. Mcthoxymdhylidcnc derivative @OOS g) was kept at pH 2 (HQ, 1 ml) at 
20” for 150 min. after which the pH was rapidly raised to 9 by the addition of O-3M aq.N&. After 
suitable time intervals, aliquou wac removed and the hydrolysis qucnclud by the addition of OlN 
HCI. The relative proportions of formyl- and free ntieosidu wae cstimstcd by the paper chromato- 
graphic method (using system B. descending), described above. Complete hydrolysis of the 2’0’). 
formate esters of uridinc, adcnosine, cytidinc. guanosine and inosinc had occurred within 10 min. 

(b) At pH 7 und 20”. The mixture of nuclcoside 2’- and Y-forma&s. obtained by the acidic 
hydrolysis of the corrcaponding mcthoxymethylidcne derivative (ca. OG2 g) was treated with @l M 
phosphate buffer (pH 7. 2.0 ml). After suitable time intavals, ahquots were removed and the 
hydrolysis quenched (i.e. pH taken to 4-S) by the addition of @lM citric acid. The proportions of 
starting material and free nuckosidc were again detamined by the papa chromatographk dution 
method. The 2’(3’)-formatcs of both uridine and adcnosine were found to have half-lives of 180 f 10 
min. 

3’,S’-DiGfirmyfar& (IVa; R - CHO) 

A solo of 2’,3’-O-mcthoxymcthylidcneuridine (60 g) in dry pyridinc (60 ml) was a&d to -30” 
aod treated with formic acetic anhydride (6 ml). The reaction mixture was allowed to stand at - 15” 
for 6 hr. concentrated under red. press.. and then repeatedly evaporated with EtOH. The glass, so 
obtained, was shaken with %% formic acid (30 ml) until compkte soln occurred. The products were 
lyophilizcd, the resulting glass taken up in EtOH (120 ml), and filtered. 3’.S’-Di-O-firmyfurfdfne 
was deposited as a coloudm crystalline solid. (Found: C, 444; H, 4.3; N, 94. Ci,Hi,N,O, 
requires: C, 444; H, 4G; N. 93%). m.p. 144-146’. yield 43 g (68%); R, (systan B) @63. UV 
(dioxan): Lx 257 w (log c 3.98). NMR spectrum io ditncthylcyanamid~D,O (O-1M with lnpcct 
to HCl): T 1.80. s, weight 2, assigned to formyl protons; T 2.39. d. (J = 8 c/s), weight 1. assigned to 
H(6); 74.14. d (J - 6 c/s), weight 1. assigned to H(1’); z 4.25, d (J - 8 c/s), weight 1, assigned to 
H(5); T 4.74. m, weight 1, assigned to H(3). 

This compound was orientated as pure 3’-isomer by the tncsylation procedurc,l* and by comparing 
its NMR speanrm with that of an equilibrium mixture of 2’- and 3’-isom~rs.~~ 

Pre~atfon of S’-&acetyluridine from 2’,3’-0-methoxymethylideneur~ 

A soln of 2’,3’-O-tncthoxytncthylidcncuridioc (@73 g, 2-56 mmole) and Ac.0 (1 ml, ca. 10 mmok) 
in anhyd pyridinc (5 ml) was allowed to stand at 20”. After I2 hr. McOH (5 ml) was addcd and, afta 
a further 1 hr, the soln was evaporated under red. press. The resultant oily product was re-cvaporated 
several times with EtOH and then dissolved in 60% formic acid (5 ml). After a short time, the aqueous 
formic acid was removed under red. press. (0.1 mm). The oil, so obtained. was evaporated 
with EtOH scvcral times and finally dissolved in EtOH (IO ml) and cooled to 0”. when S’Qacetyl- 
uridinc (O-56 g, 77%) precipitated in colourlcss crystals, m.p. 161-164” (lit’*, 162-164”). Paper 
chromatography (system A) of the mother liquors indicated another component (R, 065) b&da 
5’-O-acccyluridinc (R, O.SI). but no uridine (R, 033). The mother liquors were then hcatal on a 
water-bath for 30 min and coolal to 0”. when a second crop of Y-O-acctyluridim (0065 g; total 
yield: 0.625 g. 86%) was obtained. The second component (R, 0.65) was no longer detectable. 

N’--pAnLroyl-2’,3’-O_mtrhoxymrrhylidcrvad (VII) 

A soln of 2’.3’-O_rncthoxymethylidcncadcnosine (I.24 g. 4 mmole) and panisoyl chloride (I.24 g. 
8.4 mmolc) in anhyd pyridine (IO ml) was allowed to stand at 20”. Afta I6 hr, water (1 ml) was 
added and, after a further 2 hr. the products were concentrated (to ca. 3 ml) at 20” under red. pros., 
and then added slowly to a stirral ice-water mixture (50 g). A crcamcolourcd pp~ (2.5 gl wascolkctcd 
by filtration, dried. and dissolved in THF (2.6 ml) and EtOH (4 ml). To this soln were added metha- 
nolic McONa (ZM, 5.4 ml) and water (5.4 ml). After the reaction mixture had ban allowed to stand 
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at 20” for 10 min, it was neutralimd by the addition of an excess of Dowcx SO (pyridinium form) 
cationcxchange resin, which was then removed by filtration. The tiltrate was evaporated u&r 
red. press. and the residue dissolved in CHCI, and applied to a sihcic acid column (12 cm x 3 cm’). 
Elution with CHCl, gave, tirst, a non-nuckosidic fraction (250 ml), followed by the required product. 
The fractions containing the latter were combi and concentrated to give a yellow glass (@% g) 
which was cryaalliztd from MeOH, and then razystahitad from EtOH to give N+-uniroy/-2’.3’-0- 
~rhoxynwhyfi&nm&~drntirv (0.615 g, 35%) as colourkss needles, mp. 143-146” (m.p. 147-148” 
after two furtha recrystallizations). (Found: C. 53.95; II, 4.9; N. 15.8. C&,iN,O, requires: 
C, 54.2; H, 4.8; N. lS*So/,) UV (95% EtOH: A,.. 289 (log 6 4-S); &I. 239 w (log c 3.77). 

N’,OV-Dlbcnzoyl-2’,3’-O_mzrhoxynvrhylidrrvcyli (VI ; R = Bz) 

Bcnroyl chloride ( 5 g. 36 mmola) was added dropwisc to a cooled soln of 2.3’6mctboxy- 
mahylidcnccytidinc (5 g, 175 mm&s) in anhyd pyridinc (SO ml). and the reaction mixtum stirred 
magnetically at 20” for 16 hr. Water (1 ml), ~85 added and, after 1 hr, the products were conazntrated 
to small volur~~ at 20” under red. pmss.. and then partitioned betwan CHCI, and very dilute triethyl- 
ammonium bicarbonate but&r (pH 7.5). The CHCI, layer was washed, dried (Na,!lO,)and evaporated. 
The residue was crystallizd from EtOH to give 65 g (77%) of N’,(r’-dibmroyl-2’,3’-O-mer~x~ 
merhyhiknecyridim. Rarystallixd material had m.p. 159-161”. (Found: C, 6@9; H, 4.55; N, 8.6. 
C,,HUN,O, requires: C, 6@85; H, 4-7; N, 8.50/,) UV (95% EtOH): Lu 228, 261, 301 (log c 
437,443, 3.97); ha 214, 244, 2% m/l (log s 4.34,4*28, 394). 

N’-&ruoyl-2’,3’-O-nwrhoxynwfhyf~~cyf~ (VI; R - H) 

Mcthanolic McONa (2M. 6.5 ml) was added to a stirred soln of N~.OY-dibuuoyl-2’,3’O 
mcthoxymethylidcnecyGdine (5 g, I@1 mmola) in dioxan (100 ml) and MeOH (93.5 ml). After 
the reaction had been allowed to stand at 20” for 25 min. it was ncutralizd by the addition of an exass 
of an aqueous suspension of Dowcx 50 (pyridinium form) cation-exchange resin. The resin was 
removed by filtration, the titrate concentrated under red. press. and then evaporated several times with 
MeOH at 20”. The residue was crystallizd from EtOH to give N’-bcnroyl-2’,3’-O-nurbxynurhy/~~ 
cyftihw. m.p. 1%+1975”. (Found: C. 55.9; H, 4-9; N. 1@75. Ci,Hi,N,O, requires: C. 55.5; 
H. 4.9; N, 10-8 %). yield 2.6 g (66%). UV (95 % EtOH): rl,u 260, 303 (log t 4*39.4*00); 1,1.230. 
287 rnp (log c 4.03, 3.93). 

2’.3’-Odferhoxymcfhyltineur~ S’-phosphufe* (VIIIa; R = H) 

To an anhyd soln of pyridinium &anoethyl phosphate (4 mm&s, obta&d from 1.30 g of Ba 
salt by ion-exchange) in pyridinc (IO ml). was added 2.3’~mcthoxymcthylidnrmridine (O-572 g, 
2 mm&s) and N.N’-dicyclohexylcarbodiimide (4-12 g, 20 mmoka). The reaction mixture was se&d 
to cxdudc moisturc. and was stirred magnetically at 20”. After 3 days, water (IO ml) was added, and 
the reaction mixture stirred for a further I2 hr. The ptipitatcd N,N’dkydohexylurca was removed 
by filtration and washed with 10% aqueous pyridine (3 X 5 ml). The combined filtrate and washings 
were extracted with pctrokum ether (b.p. 40-60”. 3 x 5 ml). treated with aqueous trkthylammonium 
bicarbonate butfcr (@IhI, 4 ml; pH 7.5). and then concentrated to about half voluw. Paper 
ckctrophorcsis (pH 8) indicated the presence, in the resulting Jolution, of a principal UV-absorbing 
component with a mobility ca. @4 that of uridine Y-phosphate. 

This soln was applkd to a DEAEccllulosc anion-cxchangecolumn (IiCO,- form. SO cm x S cm’), 
which was then clutcd with tricthylammonium bicarbonate buficr (pH 7.5, linear gradient from 
OXKJ5M over 2 I). 25 Ml. fractions were collected: fractions 2&tO (buffer conantmtion, ca. 
@OZM). which contained the required &anocthyl ester of 2’.3’-0-mcthoxymcthylidukuridine 5’- 
phosphate, werecombined and conocntrated to dryness below 30”. under red. press. Papcrchromatog- 
raphy (system C) indicated that this material contained a sole UV absorbing constituent (R, 044) 
and no inorganic phosphate. 

A soln of this material in 10% aqueous pyridinc (S ml) was passed through a Dowex SO cation- 
exchange column (pyridinium form, loan x 1 cm’), which was then washed with 10% aqueous 

l Considerabk care was exercised during evaporations and other proadurcs involved in the 
preparation of all mcthoxymcthylidcnc derivatives of nuckotidcs. to ensure that the pH never fdl 
below 7. 
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pyridine (S x 10 ml). The total &ate wax treated with an equal volume of 6N aqNH,, and heated 
at SOO’ for 3 hr. The products were tilterod, the filtrate conantrated to a small volume unda red. preaa., 
and then dried by repeated evaporations with anhyd pyridine. A soln of the resultant glass in pyridine 
(S ml) was added dropwise to anhyd ether” (100 ml). A colourius ppt of diammonium 2’.3’0- 
metbxytnethylideneuri S’-phosph4tc. so okaiaed. was cdlaztcd by centrifugation, washed twke 
with ether, and then dried in uucm over P,O, at 20’. (Found: N, 14Q P. 7.65 C,,)4,NI0,,P 
requires: N. 14-O; P. 7.75%). yield @74 g, 92%. The product was paper chromatographiaJly 
bomo~us (systems C. F); its paper dectrophorctic mobility, relative to that of uridine S’- 
phosphate was 094 at pH 8 and 080 at pH 9 (borate buffer). 

N*-pAniJoyl-2’.3’-O-nuthoxynuthy~~m~ms~m Y-phosphate (VIIIb; R - H) 

To an anhyd soln of pyridinium Bcyanoethyl phosphate (IS mmola. from 0485 g of Ba salt) 
in pyridine (IO ml). was added N’-pani~yl-2’,3’-O-mclhoxymcthylidenadarosine (@304 g, 0.75 
mmole) and N,N’dicydohexykarbodiimide (1.55 g. 7.5 mmola). Afta the reaction had been allowed 
to prcceed for 3 days at 20”, the products were worked up in tk manner described above (in the prepa- 
ration of 2’,3’-0-methoxymethylideneuridine S’-phosphate). After extraction with petroleum ether. 
paper clatrophormis (pH 8) of the aqueous products indicated one principal component with a 
mobility ca. 0.3 that of adenosinc S’-phosphate. 

The aqueous soln was not concentrated, but applied directly to a DEAEcellulose anioatige 
column (HO,- form, 46 cm x 2.2 cm’), which was then eluted with tricthylammonium biibonate 
buffer (pH 75, linear gradient from O+OSM over U). Fractions (each of 2S ml) 30-38 (duted with 
buffer concentration ca. 0.017M). which had u M /e y. = 1 +I, were discarded; fractions 39-70 (average 
buffer concentration ca. @027M), which contained the required /kyanoethyl ester of N’-p-anisoyl- 
2.3’0mcthoxymethylidcnudenosine S’-phosphate and had the expected curie,,, ratio* of a 2-2, 
were combined and concentrated carefully under red. press. below 30” to ca. IO ml (small quantities 
of dry ice were added at intervals to prevent the pH rising above 7. 2N NaOH (IO ml) wu added to the 
the concentrate and, aftapreciccly 2 min. the products were neutralired by the addition of an exams 
of Dowex SO (pyridinium form) cation-exchange ruin, which was then nzovered by filtration and 
washed with wata (20 ml). The combined tiltrate and washings were passed successi vdy through two 
Dowcx SO cation exchange columns: (a) pyridinium form, 4 cm x 1 cm’; (b) ammonium form, 
S cm x 2.5 cm’. The latter column was washed with water until the cluate was no longer detectaMy 
UV-absorbing. The duate and washings were combined, concentrated to smah volume under red. 
press. below 30”. and finally evaporatui to dryness with anhyd pyridine (3 x 10 ml). The residue wu 
dissolved in anhyd pyridine (10 ml), tihaed, and added dropwise with stirring to dry ether (100 ml). 
The resulting ppt of wwnoummo niwn N~-~yl--2’,3’0mrriroxymrrhyl~~~ms~ S’-phosphate 
was colkued by centrifugation. washed with ether. and dried in WCYO over P.0, at 20”. (Found: 
C. 42-O; H. 54; N, 14.7; P, 5.3. GH,N,O,.P. 2H.O requires: C. 41.7; H. S-1; N. 14.6; P, 
54”h; yield of colourlcu material @43 g (72 %). UV (water at pH 7): kx 291 (log 8 446). Lt. 
240 v (log 6 3.77). The extinction codkients are based on mol. wt. _ 576. Paper dectrophoretic 
mobility (borate buffer, pH 9): OS8 that of admosine S’-phosphate. R,: 0.24 (system C); @27 
(system F). 

N4-Bcnzoyl-2’,3’-0-m&oxynwthylidenecytidine S’-pbsphatc (VI; R - PO,‘-) 

NWenxoyl-2’,3’-O_methoxymethylidenecybdine (0.2S g, 0.625 mmole) wax phosphorylated with 
pyridinium @yan&yl phosphate (1.U mmola. from Q4O g of Ba salt) and N.N’dkyclohexyl- 
carbodiimidc (I.30 g. 6.2s mmole) in pyridinc (74 ml) soln. The racton was conducted. and the 
products wae worked up in the manner described above for the phosphorylation of N’-p-anisoyl- 
2’.3’4-methoxymcthylidmcadenosinc. The aqueous pyridinc soln of crude products, so obtained. 
contained one principal component with R, (system F), 0.69 and with dtirophorctic mobility (phos- 
phatc butk. pH 8) O-3 that of cytidinc S’-phosphate. 

The latter soln was applied to a DEAE-allulose anionachangc column (HCQ- form, 3S cm x 

l UV absorption of N’-pmiroyl-2’.3’Omethoxymcthylid~~ in O-OSM tricthyl- 
ammonium bicarbonate (pH 7S): Lx 291. &I. 243 v. Q&, - 2.2. 

ID Y. Lapidot and H. G. Khorana. /. Am. Chem. Sot. U!J, 38St (193). 
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2.5 cm~), which was duted first with water (500 ml) and then with triethylammonium bicarbonate 
buffer (pH 7.5, linear gradient from O-0-05M over 2 I). The required /g.cyanoethyi ester of N 4- 
benzoyl-2',Y-O-methoxymethylidenecytidine Y-phosphate was collected in fractions (each of 25 ml) 
25-54 [average buffer concentration, ca. 0.025M]. The combined fractions (which contained 10.5 x 
10' O.D. units of material at 260 n ~ ;  estimated yield, 75%), were concentrated under red. press. 
below 30 ~ with the usual caution: it was necessary to add small portions of dry ice at intervals to 
keep the pH from rising above 8. 2N NaOH (5 ml) was added to the concentrate (ca. 5 ml), and the 
alkaline soln allowed to stand at 20 ° for precisely 2 rain, after which it was neutralized with an excess 
of Dowex 50 (pyridinium form) cation-exchange resin. The resin was coiled=ted by filtration, and 
washed thoroughly with water (ca. 20 ml). The combined filtrate and washings were passed through a 
Dowex 50 (NI~* form, 4 cm x 2-8 cm') cation-exchange column, which was then washed with water 
until the eluate no longer showed detectable absorption at 260 mt~. The total eluate was coneentrated 
to small volume under red. press., and finally dried by repeated evaporation with anhydrous pyridine. 

The solid residue was taken up in pyridine (10 ml), filtered, and the filtrate added dropwise, with 
stirring, to anhydrous ether (100 ml). The coiourless ammonium salt of N'-benzoyl-2",Y-O-methoxy- 
methylidenecytidine 5"-phosphate was collected by eentrifugation, washed with ether (2 × 25 ml), and 
dried in vacuo over PsO8 at 20 ~. (Found: N, 10-4; P, 6.1. CtsHt.N4OIoP, 2HtO requires: N, 10-7; 
P. 5.9~/..) UV (water): ,~=,,~ 259, 301 (log E 4.30. 4-00); ).mr= 230, 285 mp (log ¢ 3.92, 3.93); yield 
0-245 g. 74 ~o. Paper chromatography (system F) indicated that the product (R t 0-49) was free from 
inorganic phosphate and was not less than 9 9 ~  pure. Its paper electrophoretic mobility (phosphate 
buffer, pH 8) was ca. 0-75 that of cytidine Y-phosphate. 

2".3"-O-Methoxymethylideneguanosine 5"-phosphate (VIlld; g -- H) 

2',Y-O-Methoxymethylideneguanosine (0-325 g, 1"0 mmole) was phosphorylated with pyridinium 
~ / a n o ~ h y l  phosphate (1-5 nunole, from 0-48 g of Eta salt) and N,N'-dicyclobexyk:arbodiimide 
(2.06g, 10 mmoles) in pyridin¢ (2.5 ml) and dimethylformamide (2.5 m0 soln. After the reaction 
had proceeded at 200 for 24 hr, water (1 ml) was added and after a further 16 hr, the precipitated 
N,N'-dicyclohexylurea was collected by filtration and washed with 50% aqueous pyridine (3 x 5 ml). 
The combined filtrate and washings w¢~ treated with ttiethylamine (0-2 ml) and concentrated to small 
volume under red. press, at 20 °. After water (20 mi) had been added, the products were extracted 
with ether (2 x 20 ml) and then applied to a DEAE eelluloee column (HCO,- form, 60 c m x  3 crn'), 
which was eluted with triethylammonium bicarbonate buffer (pH 7-5, linear gradient from 0-O.05M 
over 21). Fractions (each of 25 ml) 23--80 were combined and concentrated under red. press, at 
30 ° to give a residue, which was dissolved in 3N aqNHo (25 ml). The resultant solution was heated at 
50 ° for 5 hr, evaporated to dryn¢~, and dissolved in I0~, aqueous pyridine (10ml). The solution 
was applied to a Dowex 50 cation-exchange coltmm (pyridinium form. 6 cm × 3 cmr), which was 
duted and subsequently washed with I0~o aqtmous pyridine (6 x 20 ml). The combined eluate and 
washings were treated with 3N aqNH, (I ml), and then concentrated under red. press, at 30 ° to 
give a slightly discoloured solid which was dried in vacuo over KOH; yield 0-31 g. Paper chromatog- 
raphy (system F) of this material indicated a major component (90~/~ R 1 0.37) with the expected 
properties of 2'.Y-O-methoxymethylideneguanosine 5'-phosphate. UV (water at pH 7): ~I=,a 253. 
,I=ta 222 m~. Paper eleclrophoretic mobility (borate buffer, pH 8-5) was 0.71 that of guanosine 
5"-phosphate. 

The minor component (I0~.; R~ in system F, 0.96) was converted into guanosine 5"-phosphate 
(Rt 0-17) hy treatment with 0-1N HCl for 4 hr at 20 °, followed by neutralization. 
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