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Abstract The preparation, by the phosphotriester approach, of LpCpGptipCpCpApCpCpA (23) from 
three protected trmucleotide blocks (19a-e) is described. The use of the o-dibromomethylbenzoyl (DBMB) 
prottTtmg group in oligoribonucleottde synthesis is described for the first time. lnternucleotide linkages are 
protected by o-chlorophenyl groups which are finally removed by treatment slth the N’. N’. N3, N’- 
tctramethylguanidimum salt of .svvl-mtrobenzaldoxlme. The lirst phosphorylation step (leading to 
phosphodiestermtermediates)iscarricdout bytreatment witho-chlorophenylphosphorodi-(l,2.4-triazolide) 
(1311; Ar = 2-C&H,) and then with water and triethylamine. I-Mesitylenesulphonyl-3-nitro-1,2,4-triazole 
(MSNT. 14) is used as the activating agent in the second phosphorplation step. 

I\‘I‘RODl CTIOY AVD RESULl’S 

It now seems clear that the phosphotriester approach’ 

to oliponucleotide synthesis. in which the inter- 
nucleotide linkages remain protected during the steps 
concerned with the assembly of the desired nucleotide 
sequence. is to be preferred to the alternative 
phosphodlester approach. A substantial amount of 
evidence in support of this conclusion has been 
obtained by a number ofgroups ofworkers engaged in 
the synthesis of oligodeoxyribonucleotides.’ b We 
believe that this conclusion is, if anything, even more 
justified in the less thoroughly investigated area of 
oligoribonucleotide synthesis.‘,’ Indeed. a number of 
years’ ago, we found’ that even tri-ribonucleoside 
diphosplatescould not be prepared satisfactorily by the 
phosphodiester approach. 

The problems which WC encountered” in the 
synthesis of oligoribonucleotides first led us to 
investigate the possibility of adopting the phospho- 
triester approach. In the course of our original studies,’ 
which were carried out in the deoxy-series, WC 
introduced the use of the phenyl group for the 

HO 
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\ 

protection of the internucleotide linkages and shortly 
afterwards showed”.” that substituted phenyl 
(including o-chloro-. o-fluoro- and p-chloro-phenyl) 
groups could also be used. We were dissatisfied with all 
of these protecting groups until we recently found’* 
that the conjugate base ofsyn4nitrobenzaldoxime or 
of syn-pyridine-2-carboxaldoxime could be used to 

remove aryl (particularly o-chlorophenyl) protecting 
groups from the internucleotide linkages without 
concomitant cleavage occurring to a singificant extent. 
We now feel able to recommend without reservation the 
use of the o-chlorophenyl protecting group (and other 
aryl groupsderived from phenols with pK,‘s of caS.S)in 
the phosphotriester approach to oligonucleotide 
synthesis. Furthermore, following the recent develop- 
ment of the o-dibromomethylbenzoyl protecting 
group’ 3 and of an improved phosphorylation 
procedureI (see below), WC believe that the block 
synthesis of oligoribo- and ohgodeoxyribo-nucleotldes 
ofhighqualityisnowpossible. Inthispaper.wedcscribe 
the synthesis of UpCpGpUpCpCpApCpCpA. the 3’- 
terminal decaribonucleoside nonaphosphate of yeast 
tRNAA’“. 
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The required decamer was synthesized from five 
crystalline nucleoside building blocks: 2’-O-methoxy- 
tetrahydropyranyl-4-N-benzoylcytidine (la), 2’-0- 
methoxytetrahydropyranyl-2-N-benzoylguano- 
sine (lb), 5’-0-(o-dibromomethyIbenzoyl)-2’-O-meth- 
oxytetrahydropyranyl-6-N-benzoyladenosine (2a), 5’- 
0-(o-dibromomethylbenzoyl)-2’-O-methoxytetra- 
hydropyranyluridine (2b)and 2’,3’-O-methoxymethyl- 
ene-6-N-benzoyladenosine (3). Building block la was 
prepared (Experimental) from 5’-0-,4-N-dibenzoyl-3’- 
0-formylcytidine (4). The latter compound (4) was 
obtained together with the isomeric 2’-formate ester 
lwhich was converted into 3’-O-methoxytetrahydro- 
pyranyl-4-N-benzoylcytidine (5)] when 5’-0-4-N- 
dibenzoyl-2’,3’-0-methoxymethylenecytidine (6) was 
treated with formic acid. We have subsequently found 
that la may be prepared more conveniently by 
Markiewicz’s procedure.” However, building block lb 
was readily prepared in 62”; yield from 3’,5’-di-O- 
acetyl-2-N-benzoylguanosine (7).lh Building block- 
2a was prepared (77”,, yield) from 5’-O-(o-dibro- 
momethylbenzoyl-3’-0-formyl-6-N-benzoyl- 
adenosine (8). which was itself prepared 
(Experimental) from 3 (see below) and isolated as a 
crystalline compound in 68”; yield. Building block 2b 
was prepared from lc” by treating it directly with o- 
dibromomethylbenzoyl chloride’ 3 and was isolated as 
a crystalline compound in 71 ‘I,, yield. Finally. the 3’- 
terminal building block (3) was prepared from 6-N 
benzoyladenosinc and obtained in 74”,, yield. 
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Two separate phosphorylation steps are required in 
the phosphotriester approach. The first step involves 
the conversion of a protected nucleoside or oligo- 
nucleotide into its 3’-aryl phosphate or an activated 
form of the latter. In our opinion, it is preferable to 
isolate the 3’-aryl phosphate itself and thereby ensure 
that no symmetrical products are obtained and that the 
desired stoicheiometry is maintained for both phos- 
phorylation steps. The first phosphorylation step is 
illustrated in Scheme 1 for a 2’,5’-protected ribonuc- 
leoside building block 9 (e.g. 2a or 2b).* 

In a search for a monofunctional phosphorylating 
agent suitable for the first phosphorylation step, we 
found” that protected ribonucleoside and 2’- 
deoxyribonucleoside building blocks with free hydroxy 
functions reacted readily with p-nitrophenyl phenyl or 
o-chlorophenyl pnitrophenyl phosphorochloridate 
(Ilaor llb) togive thecorrespondingnucleosidediaryl 
phosphates which, on subsequent treatment with p- 
thiocresol (12) and triethylamine in acetonitrile 
solution at room temperature, gave the triethyl- 
ammonium salts ofthe desired monoaryl phosphates in 
high yields. While this procedure is very convenient for 
the preparation of mononucleotide unitsIn and has 
recently been used most successfully” in the synthesis 
of the powerful protein synthesis inhibitor 2-5A, it is 
unfortunately not suitable for the phosphorylation of 
protected dinucleoside phosphates or larger oligonuc- 
leotide blocks.2” 

O(MTHP) 

(DBYB)O 

9 - 

Scheme I. 

g a; Ar = 2-C1C6H4 

*In formula 9 and subsequent formulae, o-dibromomethyl- 
benzoyl and methoxytetrahydropyranyl are abbreviated (see 
formula 2) to DBMB and MTHP. respectively. 
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11 a; Ar = Ph 

b; Ar = 2-C1C6HI, 

Fortunately, it was possible to find an alternative 
phosphorylation procedure which could be used both 
in the stepwise and in the block synthesis of 
ohgonuclcotides. p-Chlorophenyl phosphorodi-( 1.2.4- 
triazolide) (13a; Ar = 4-CIC,H,) has been used2’ as a 
bifunctional phosphorylating agent in the phos- 
photriester approach. However, if, for example. 2’,5’- 
protected ribonucleosidc derivatives (such as 9) are 
treated with 2.5-3 molecular equivlents of o- 
chlorophenyl phosphorodi-( l,2,4-triazolide) (13a; Ar 
= 2-CIC,,H4)r4 [prepared from 13 (X = Cl. Ar = 2- 
CIC,HJ). 1.2.4-trtazole and triethylamine: in aceto- 
nitrilc-pyridine solution and the products arc then 
subjected to hydrolyses. the desired 3’+chlorophenyl 
phosphates (lOa) are obtained in very high yields. The 
latter (1Oa) may readily be obtained free from o- 
chlorophenyl phosphate by chloroform extraction and 
then isolated as their pure triethylammonium salts by 
precipitation. Thus an apparently bifunctional phos- 
phorylating agent (13a; Ar = 2-CIC,H,)can behaveI 
as though it were monofunctional. In this way, the 
adenosinc and uridine building blocks (2a and 2b, 
respectively) were converted into the triethylam- 
momum salts of their 3’+chlorophenyl phosphates 
(lOa; B = 6-N-benzoyladenin-9-yl and uracil-I-yl, 
respectively) in 93 and 91.5”,, isolated yields, 
respectively. 

Me Me 

14 (MSN'T) - 

(DBMB)ol;;:;l_ + Hoj::_rl 
10a 15 - 

(i) 13a 
+ 

(il) Et3N-Hz0 
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The second phosphorylation step in the phos- 
photriester approach involves the reaction between a 
phosphodiester intermediate (such as IOa) and the 5’- 
OH function of a nucleoside or oligonucleotide com- 
ponent in the presence of an activating agent. 2,4,6-Tri- 
isopropylbenzenesulphonyl chloride” may be used 
as the activating agent m the second phosphorylation 
step but condensation reactions then tend to be rather 
slow. Furthermore, sulphonation appears to compete 
with phosphorylation and darkening of the reaction 
medium occurs sometimes. In 1973, Russian workers 
reported 23 that sulphonation and darkening did not 
occur when I-arenesulphonylimidazole derivatives 
were used as activating agents but that condensation 
reactions were then very slow indeed. The same 
advantages (i.e. no sulphonation and darkening) 
appear to obtain when arenesulphonyl derivatives of 
tetrazolez4 and 3-nitro- I ,2,4-triazolc’ 2. 25 arc used but 
the condensation reactions are then comparatively fast. 
At the present time. we especially favour the use of the 
mesitylenesulphonylderivativcof3-nitro-l.2,4-triazole 
(MSNT, 14)“.” as the activating agent in the second 
phosphorylation step (Scheme 2). 3-Nitro-l.2,4- 
triazole may conveniently be prepared in good yield 
(Experimental) from commercially available 3-amino- 
1,2,4-triazole; it is readily convcrted2’ into its 
crystalline toluene-p-sulphonyl. mesitylencsulphonyl 
(MSNT, 14) and 2,4.6-tri-isopropylbenzenesulphonyl 
derivatives by reaction with the appropriate arenesul- 
phony1 chlorides in the presence of triethylamine. 
MSNT (14)and the other arenesulphonyl derivatives of 
3-nitro-l.2,4-triazolc are stable crystalline solids.2s 

When a solution ofthe tricthylammonium salt ofthe 
uridinc-derived mononucleotide building block (lOa: 
B = uracil-I-yl) and a slight deficiency of 2’-0- 
methoxytctrahydropyranyl-4-N-bcnzoylcytidinc (la 

B Et’ 

MSNT( u) 
O(XlTHP) 

CSHSN OH 

(DBMB)O 

16 a; B = U, B' = CBz -- 
5; ,j = A'=, B' = CD2 

(DBMB)O 

Ar = P-C1C6H, 

17 a; B = U, B' = CBz -- 
b; B = AB=, B' = CBz 

Scheme 2 
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+;B=ti, B' = $3~~ B" = GBz 

b; B = ", B' = CB=, B" = CB= AI- = 2-C1C6H, 

c; B = ABz, B' = CBz, B" = CB= 

or 15; B’ = 4-N-benzoylcytosin-I-yl) was treated 
(Scheme 2) with ca 2.5 molecular equivalents of MSNT 
(14) in anhydrous pyridine solution at room 
temperature and the products worked-up after 20 min. 
the partially-protected dinucleoside phosphate (16a) 
was obtained and isolated, following short column 
chromatography ofthe products, in 79 ‘I0 yield. As far as 
could be ascertained, the latter material (16a) was free 
from the isomeric 3’+3’-dinucleoside phosphate. Thus 
phosphorylation ofthe dihydricalcohol(15; B’ = 4-N- 
benzoylcytosin-I-yl) apparently occurred regio- 
specifically on its 5’-hydroxy function. The partially- 
protected ApC derivative (16b) was prepared in the 
same way and isolated in 77 ‘I0 yield. Both 16a and 16b 
were treated (Scheme 2) with o-chlorophenyl phos- 
phorodi-(1,2,4-triazohde) (13a; Ar = 2-CIC,H,) and 
the products worked-up as above to give the 
corresponding dinucleotides (17a and 17b, re- 

spectively) as their triethylammonium salts in 98”;, 
isolated yields. 

Thedinucleotidederivative(17a)wasthenallowed to 
react in the same way with stoicheiometric quantities of 
each of the guanosine and cytidine building blocks (15; 
B’ = 2-N-benzoylguanm-9-yl and 4-N-benzoylcyto- 
sin-l-yl. respectively) in the presence of a threefold 
excess of MSNT (14) in anhydrous pyridine solution at 
room temperature. After periods of 12 and 16 min, the 
products were worked-up to give 18a and 18b in 78 and 
82 “; isolated yields. respectively. The dinucleotide 
derivative (17b) was similarly condensed with the 
cytidine building block (15: B’ = 4-N-benzoylcytosin- 
I-yl) to give the trinucleoside diphosphate (18c) in 77 I’,, 
isolated yield. Each of the three trinucleotide 
diphosphates (18a c) was then treated with anexcessof 
o-chlorophenyl phosphorodi-(l,2,4-triazolide) (13a; 
Ar = 2-CIC,H,). In this way, the corresponding 
trinucleotide derivatives (19a-c) were obtained and 
isolated as their triethylammonium salts in 96.96 and 
98 ‘I<, ytelds. respectively. 

The next stage of the synthesis involved the 
preparation of the partially-protected 3’-terminal 
tetranulceoside triphosphate. The trinucleotide de- 
rivative (19c) and ca 1.3 molecular equivalents of 2’,3’- 
0-methoxymethylene-6-N-benzoyladenosine (3) were 
treated with an excess of MSNT (14) in anhydrous 
pyridine solution. After 30 min, the products were 
worked-up and any remaining 2’,3’-O-methoxymethy- 
lene-6-N-benzoyladenosine (3) was removed after 
phosphorylation with o-chlorophenyl phosphorodi- 
(l,2,4-triazolide) (13a; Ar = 2-Cl&H,). The fully- 
protected tetramer (20a) was then isolated in 75 “,, yield 
following chromatography of the products. In order to 
remove the 5’-DBMB protecting group,” 20a was 
stirred with ca 14 molecular equivalents of silver 
perchlorate (0.33 M) and ca 7 molecular equivalents of 
2,4,6-collidine (added to prevent the reaction medium 
from becoming acidic) in acetone-water (98 :2 v/v) for 1 
hr at room temperature. After the removal ofsilver ions, 
the products, containing what was assumedI to be the 
intermediate (20; R = o-formylbenzoyl). were treated 
withca20molecularequivalentsofmorphohneatroom 
temperature for 5 min to give the partially-protected 
tetramer (20b). The latter substance (20b)was obtained 
in 94 01, isolated yreld, thereby demonstrating the value 
of the DBMB protecting group in oligonucleotide 
synthesis. 

The partially-protected tetranucleotidc triphos- 
phate (2Ob) and 1.2 molecular equivalents of the 
trinucleotide derivative (19b) were then treated 
(Scheme 3) with an excess (4.3 molecular equivalents 
with respect to 19b) of MSNT (14) in anhydrous 
pyridine solution. After 30min. the products were 
worked-up, treated with o-chlorophenyl phosphorodi- 
(1,2.4-triazolide) (13a; Ar = 2-CIC,H,) and then 
fractionated by short column chromatography to give 
the fully-protected heptanucleoside hexaphosphate in 
71.5”,, isolated yield. The 5’-DBMB protecting group 
was then removed by the procedure’” described above 

20 a; R = 2-Br2CHC6H,,C0 

b;R=H Ar = 2-C1C6H; 



Synthesis of the 3’terminal decaribonucleoside nonaphosphate of yeast alaninc transfer ribonuclcic acid 3079 

(DBMB)VpCBZpCBZp + (HO)ABzpCBz~CBzpABz(NM) (i)J (ii)* 

19b 20b 

? = -0 

Reagents : 

- 

(HO)UFCD=pCBzpAB=pCBzpCBzpABz(~~) 

21 - 

0 

J-O-. 
I ’ 

Ar = 2-C1C6H4; ?SM = 2’ ,3 ’ -g-met hoxy- 

methylene; ,1 B2 ,J= BZ 
OAr > * and G ; 2’-o- - 

SITHP-,V-benzoyl protected adenosine, 

cytidine and guanosine residues, 

respectively. 

(i) MSNT(~)/CSHSN; (ii) (a) AgClO,, - 2,4,6- 
collidine/Me>CO-HZ0 (98:2 v/v), (b) morpholine. 

Scheme 3. 

(DBUU) UpCB” pGBzp+CBzpCB=pA 
Bz Bz 

FC iJC 
Bz pABz(MM) (22) - 

(i),(ii),(iii) 

UpCpGpUpCpCpApCpCpA (23) - 

Rcacent s : (i) lil ,iv’l ,N3 ,iri”-Tetramethylguanidinium 
syn-4-nitrobenzaldoximate in dioxan-water 
(1:l v/v), 20°C, 18-20 hr; 
(ii) aqueous ammonia (d 0.88), 20°C, 6 
days or 5O”C, 24 hr; 
(iii) 0.01 M-hydrochloric acid (pH 2), 
20°C. 6 hr. 

Scheme 4. 

topivc the partially-protected hcptamer (21 )whlch was 
isolated in 7X “,, yield. A solution of the latter substance 
(21) and a twofold excess of the trinucleottde derivative 
(19a) in anhydrous pyrldine was then treated with an 
excess (fivefoldwithrespect to 19a)ofMSNT(14).After 
1 hr. the products were worked-up and chromato- 
graphed to give fully-protected dccaribonucleoside 
nonaphosphate (22). of (‘(I 80 ‘I,, purity, in an estimated 
yield of55 “(,. Someofthis material was treated with 13a 
(Ar = 2-CIC,H,) and the products were worked up 
and chromatographed to give pure decamer (22). 

The fully-protected dccaribonuclcosidc nonaphos- 
phate (22) can be unblocked at its 5’-end and then 
extended to give a longer scqucncc of the yeast tRNAA” 
molecule. Indeed. studies directed towards this end are 
now m progress in this Laboratory. However, small 
quantitlcs (3.0 and 1.8lmol) of 22 wcrc completely 
unblocked by the three step proceduret indicated in 
Schcmc 4 and then chromatographcd on DEAE- 
Sephadex AX. It can bc seen from Fig. I that one single 
component (elutcd with ccl 1.0 M-tricthylammonium 
bicarbonate) accounted for nearly all of the nuclcotidc 

t An Independcnr study”’ has indicated that unblockmg of 
the mtcrnuclcotide Ilnkages by the oxlmatc Ion procedure 
lcadstothcoccurrcnceofonlyaverysmallamount( ~0 5”,,)of 
terminal phosphoryl mlgratlon, due to the partial removal of 
rhc 5’-DBMB protectma group. 

material cluted from the DEAE-Sephadex column. 
Thismaincomponent,i.e. theputativedecaribonucleo- 
side nonaphosphate (23), was completely digested by 
treatment with (a) 0.1 M-aqueous sodium hydroxide 
( I6 hr. 37 ). (b) ribonuclease A (24 hr. 37 ). followed by 

Fig. I. DEAE-Sephadcx chromatography of the products 
obtained after the complete unblocking [by the procedure 
indicated in Scheme 41 of the fully-protected 
UpC@pUpCpCpApCpCpA. A linear gradient of triethyl- 

ammonium bicarbonate buticr (pH 7 5) was used. 
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calf spleen phosphodiesterase (24 hr, 37”) and (c) 
croru1u.s odamunre~t.s snake venom phosphodiesterase 
(16 hr. 37”). Hplcanalysis ofdigests (a)and (b) revealed 
(Experimental)very satisfactory nuclcotide-nucleoside 
ratios. The less satisfactory ratios obtained in the hplc 
analysis of digest (c) suggested that the enzyme 
preparation had some phosphomonoesterase activity. 

DISCllSSION 

The use of the procedures described above led to the 
synthesis of a decaribonucleoside nonaphosphate (23) 
which appears from its DEAE-Sephadex A25 elution 
pattern (Fig. I ) and from digestion experiments to be of 
high quality. Yields were satisfactory in all of the 
phosphorylation steps except the last [i.e. the 
condensation between 19a (Ar = 2-CIC,H,) and 211 
and we believe that the yield in this stepcan be improved 
(see below). The methods used for the preparation ofthe 
nucleoside building blocks are satisfactory but, as 
indicated above, it may sometimes be advantageous to 
use Markiewicz’s procedure’ ’ for the preparation of2’- 
0-methoxytetrahydropyranyl ribonucleosidc deri- 
vatives (I ). The experience which WC have gained in the 
synthesis of the decamer (23) prompts us to comment 
on (a) the protecting groups and (b) the phos- 
phorylation methods which we have used and to 
suggest where possible improvements might be made. 

(a) Prorecrirrg groups. We have confirmed that 
the methoxytetrahydropyranyl” and methoxy- 
methylenc2” protectinggroups, which weintroduced in 
oligoribonuclcotide synthesis a number of years ago, 
arc well suited to their specific purposes and we can 
recommend without reservation that they should be 
used in the future. In this paper, we have described for 
the first time the USC of the o-dibromomcthylbenzoyl 
(DBMB) group I3 for the protection of the 5’-OH 
functions in oligoribonucleotide synthesis. o-Dibro- 
momethylbenzoyl chlorideJ3 is an easily accessible 
reagent which reacts readily at primary and secondary 
hydroxyfunctionstogiveDBMBesters;furthermore,it 
appears to react regiosclectively with 2’-O-metho- 
xytctrahydropyranyl ribonucleoside derivatives (I) 
and 2’-deoxyribonucleosides’3 at their 5’-OH fun- 
ctions. The very mild conditions required’-’ for the 
removal of the DBMB group (see above and 
Experimental)aresuch that nodetectableconcomitant 
N-deacylation or phosphotriester hydrolysis occurs. 
We believe that the DBMB protecting group is likely to 
find widespread use in oligonucleotide synthesis in the 
future. 

We have confirmed our observation’ that phos- 
photriester intermediates become more polar with 
increasing molecular weight. This is disadvantageous 
inasmuch as the intermediates then become less soluble 
in organic solvents (e.g. chloroform) and hence more 
difficult toextractfrom reaction mixturcsand purify by 
short column chromatography. Our initial approach” 
to this problem was to attach hpophilic alkyl resdues 
to the aryl groups protecting the internucleo- 
tide hnkages. An alternative approach would bc to 
protect the base residues with more lipophilic acyl 
groups. In future. we intend to protect adenine and 
cytosine residues with p-t-butylbenzoyl’” and guanine 
residues with p-t-butylphenylacetyl groups.” We 

anticipatethattheuseofthiscombinationofprotecting 
groups will lead to a further benefit in that the duration 
of the ammonia treatment in the final unblocking 
process [Scheme 4. step (ii)] will be considerably 
shortened. At present, the slowness of step (ii) is due to 
the rate of debenzoylation (in aqueous ammonia 
solution) of the protected guanine residues. The rate of 
ammonolysis of p-t-butylphenylacetyl groups from 
guanine residues has been found” to be much faster. 
Finally, as stated above, we believe that now that the 
oximate ion-promoted deblocking procedure” is 
available, o-chlorophenyl groups are very suitable 
indeed for the protection of the internucleotide linkages 
in the phosphotriester approach. 

(b) Phosphorylation merhods. The procedure“’ which 
we have used for the first phosphorylation step (Scheme 
I), i.e. treatment with an excess of o-chlorophenyl 
phosphorodi-(l.2,4-triazolide) (13a; Ar = 2-CIC,H,) 
in acetonitrile-pyridine solution, followed by hy- 
drolysis of the putative intermediate phosphoro-1,2,4- 
triazolide with water- triethylamine is both rapid and 
convenient. Phosphorylation of protected nucleosides 
(e.g. 9) and oligonucleotides (e.g. I6 and 18) is generally 
complete within 30 min and the triethylammonium 
salts of the corresponding phosphodiesters (e.g. IO, I7 
and 19, respectively) are usually obtained in high yields. 
The latter intermediates may be isolated as pure solids, 
uncontaminated with o-chlorophenyl phosphate. 
Preliminary experiments suggest that side reactions 
(e.g. phosphorylation of base residucs)do not occur to a 
significant extent. 

The procedure which we have used for the second 
phosphorylation step (e.g. the condensation between 
IOaand 15.Schemc2),involvingMSNT(14)‘2~25asthc 
activating agent, also appears to be very satisfactory. If 
the phosphodiester component (e.g. IOa) and the 
component with the free 5’-OH function (e.g. 15) are 
both dissolved in anhydrouspyridine before the MSNT 
(14) is added, the condensation reaction is often 
complete within 15 min. Furthermore, under these 
conditions,concomitant 5’-0-mesitylencsulphonation 
apparently does not occur unless the component with 
the free 5’-OH function is present in excess. As reported 
above, the yields of condensation products obtained 
were very satisfactory except in the preparation of the 
fully-protected dccanucleoside nonaphosphate (22). 
We believe2’ that the less satisfactory yield (cu 55 “6) of 
the latter product (22) was due to side-reactions 
brought about by (a) the presence of a large excess [cu 
twofold with respect to the heptamer component 211 of 
the trinucleotide (19a), (b) the presence of a very large 
excess [cu tenfold with respect to the heptamer 
component21 lofMSNT(l4)and (c)thcrclativelylong 
reactiontime(l hr). In thefuture,weintend touseonlya 
very slight excess of the phosphodicster component, a 
much smaller excess of MSNT (14) and, whenever 
feasible, shorter reaction times. We hope that, if these 
modifications are made, the side-rections encountered 
abovcwill bevirtuallysupprcssed and thcyieldsoffully- 
protected oligonucleotides will bc optimized. 

EXPICRIMENTAL 

~Vabsorptionspectraweremeasuredwltha Perkin Elmer 
402 spectrophotometer. ‘H NMR spectra were measured at 
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60MHz with a Perkin-Elmer RIZB spectrometer and at 
90 MHz with a Bruker HFX 90 spectrometer; tetramethyl- 
silane was used as an internal standard. JR spectra were 
measured with a Perkin-Elmer 257 spectrometer. 

Merck silica gel 6OF,s, pre-coated plates, which wcrc 
usually developed in solvent system A [CHCI, MeOH (9:l 
v/v) 3 and DC-Alufolien cellulose F2)4 sheets wcrc used for tic. 
Paper electrophorcsis was carried out in a Savant tank on 
Whatman No. I paper in0.05 M-sodiumphosphate buffer (pH 
7,0).Hplcwascarriedoutona Partrsil PXS 10!25SAXcolumn 
which was eluted rsocratrcally with 0.05 M-potassium 
phosphate butfer (pII 3.35). Merck Kreselgel H and Reeve 
Angel silica gel CT were used for short column chro- 
matography.J” Anion-exchangcchromatography on DEAE- 
Sephadex A-25 was carrred out with linear gradients of 
triethylammonium hydrogen carbonate buffer (pH 7.5). 

Dioxan. acetomtrile and pyridine were dried by heating, 
under reflux. with CaH, for 3 5 hr; these solvents were then 
drstrlled at atmospheric pressure and stored over molecular 
sieves (no. 4A). Dimcthylformamide was stirred with CaH, at 
20” for I6 hr. then distilled under reduced pressure (at (‘0 
I4 mmHg) and stored over molecular srcves (no. 4A). 

Enzymes were purchased from the Sigma Chemical Co. 
5’-O-(o-L)rhronlonl~~f~~/~~~l~~J~/)-2-o-~l~r~lf~.~~~~~~u~~~r~~- 

pwm~htridiw (Zb). A soln of o-dibromomethylben~oyl 
chlorrde” (4.5Xg. 14.7mmol) m acetonitrile (IOml) was 
added. dropwise over a period of 1 hr. to a cooled (ice-bath). 
stirred soln of 2’-0-methoxytetrahydropyranyluridine” 
(5.0 g. 14 mmol) in anhyd pyrrdmc (50 ml). After a further I5 
mm. the products were allow,cd to warm up IO room temp over 
a period of I hr and then poured Into sat NaHCOJ aq (300 ml). 
Theresultant mtxturewasextractcdwithCHC1, (3 x IOOml). 
The combined CHC13 extracts were washed with water 
(2Ooml). dried (MgSO.,) and concentrated under reduced 
pressure. The resrduc was further drred by evaporation from 
EtOH-toluene (I :I v:v) soln and then purified by short 
column chromatography on silica gel. Elution of the column 
with CHC13- EtOH (Y3:7 v;v), evaporation of the appropriate 
fractions and crystallrzation ofthe residue from CH,CI,-ether 
gave 5’-O-lo-r/ibro~nomrl/~~/b~~~~~~/)-2’-O-m~~bf~.~~rerru- 

h~drop~,ru,ll./1,&/i,lr (Found: C. 43.5; H. 4.1 : N. 4.4. 
Cz,H1bBr1N,09 requires: C, 43.6; H, 4.1; N, 4.4”,,) as 
colourless crystals. m.p. IO1 -102”; yield. 6.26g (71 I’,,); 
‘H NMR (CDCI,. YOMHz): 6 1.83 (4H, m), 3.18 (3H, s). 
3.35 3.9 (4H,m).4.29’(2H.m).4.50(3H.m),5.61 (I H,d.J 
= 8.2Hz). 5.96 (I H.d.J = 5.0Hz). 7.3 8.2 (6 H. m); R,0.50 
(system A). 

2’.3’-O-Merho.~~metb~~~~~-6-N-ben~~~~ude~os~~e (3). 6-N- 
Bcnzoyladcnosme (7.427 g. 20mmol). trimethyl orthoformate 
(10.6& 0.1 mol) and toluene-p-sulphonic acid monohydrate 
(4. I85 g, 22 rnmol) were stirred together in anhyd acctonitrile 
(80 ml) soln at 20”. After 2.5 hr, the products were neutralized 
wrth methanolic ammonia (half-saturated at 0”. 2Oml) and 
then concentrated under reduced pressure The residue 
obtamed was suspended in CHCI, (200 ml)and thesuspension 
filtered. The filtrate was washed with water (3 x 80 ml), dried 
(MgSO,) and concentrated to give a glass. Crystallization of 
this materral from EtOAc gave 2’.3’-O-,nerhoz!mrrh~/~fi~-6- 
N-hr,~-o~/trrl~,,~osr,lr (Found : C. 54.Y: H. 4.7; N. 16.3. 
C,,H,,N,O, requires: C. 55.2. II, 4.6; N. 16.9”,,) as a 
colourless solid. m.p. II5 116-z yield. 6.1478 (74”,,): 
‘HNMR(CDCI,.YOMHz):d3.34and3.47(1 H.sandsk3.94 
(2 H. m), 4.55 (I H. m). 5.1 -5.5 (2 H. m), 5.97 and 6.05 (I H. s 
and s). 6.03 and 6.29 (I H, d and d. J = 3.8 and 3.2Hz. 
respectively), 7.35 7.65 (3 H. m). 8.03 (2 H, m). 8.12 (1 H, s), 

be,l-o!,/~ldrno.\inc, (8). A soln of o:dibromomethylbenzoyl 
chloride” (0.34g, 1.05 mmol) m acetonitrile (3 ml) was added 
dropwise to a cooled (ice-bath), stirred soln of 2’,3’-0- 
mcthoxymethylene-6-N-bcnzoyladenosrne (0.427 g. 
I.0 mmol) rn pyridine (5 ml). After 15 mm. water (0.8 ml) was 
added and, after a further period of IOmin. the products were 
concentrated under reduced pressure 10 small volume and 

dissolved m CHCI, (50ml). The latter soln was washed with 
half-sat NaHCO, aq. drred (MgSO,) and then concentrated 
under reduced pressure. The residue obtained wasdissotved in 
95”,, formic acid (6ml). After the resulting soln had stood at 
20‘ for I5 min, it was evaporated under reduced pressure and 
the residue crystallized from EtOH to give 5’-O-(0- 
dibromomethylbenzoyl)-3’-O-formyl-6-N-benzoyladenosine 
as colourless crystals; yield, 0.403 g (68”,,); m.p. 125-12x‘ ; 
‘H NMR [(CD,)LSO-D20 (containing HCI), 90 MHz]: 
ii4.67(3H,m),S.ZX(I H.t.J _ 5.5Hz),5.63(1 H,m).6.16(1 H, 
d.J=6.1H2).7.4-82(10H,m),8.43(1H.s).8.66(1H,s),8.Y8 
(I H. s): R, 0.50 (system A). 

5’-O-(o-D~hroniomrr~~/b~t~~f~~/)-2’-O-~~~l/~~.~~~~~~ru/~~~ro- 
p~rcrn!,/-6-N-bc,n_o~/nde,losi,lr (Za). 5.6-Drhydro-4-methoxy- 
ZH-pyran” (7.6 g. 67 mmol) was added to a stirred soln of 5’- 
O-(o-d~bromomethyIbenzo~l)-3’-O-formyl-6-N-benzoyl- 
adenosrnc (4.693 g, 6.95 mmol) and toluene-p-sulphoruc acid 
monohydrate (0.38g2.0mmol)manhyddroxan(30ml)at20 
After 2 hr. methanohc ammonia (half-saturated at 0”. 10ml) 
was added and the products were evaporated under reduced 
pressure. The colourless solid obtained was suspended in 
CHCI, and the suspensron was filtered. The filtrate was 
concentrated under reduced pressure and the resulting glass 
crystallized from EtOH to give 5’-0-(o-dlbromomerh~/b~fl- 
;o~l)-2’-O-merhor~tetruh~drop)ran!:l-6-N-~~t~~ny~udet~(~sln~ 
(Found:C.48.Y;H,4.l;N,9.0.C,,H,,Br,N,O,requires:C. 
48.Y: H, 4. I ; N. 9.2 “,,) as colourless crystals. m.p. 166”; yield 
4.079g(77”,,): ‘H NMR(CDCIj,90 MHz):d 1.5-2.0(4 H,m), 
2.94 (3H. s). 3.lL3.8 (4H, m). 4.4-4.8 (3 H. m), 5.43 (1 H. m). 
6.11 (1 H.d,J = 5.3 Hz),7.25-8.2(lOH.m),8.68 (I H,s).Y.OX 
(1 H, s); R, 0.60 (system A). 

2’-0-Merhox~retrah~drop~ru~~/-4-I\j-ben;o~lc~ridine (la). 
Cytidine (1 I.1 g, 46 mmol), trimethyl orthoformate (54.7 ml), 
mcsitylene-2-sulphonic acid dihydratc (28.36 g, 0. I2 mol) and 
anhyd acctonitrile (2OOml) were stirred topcthcr at room 
temp. After 3 hr. methanolic ammonia (half-saturated at 0 . 
4Oml)wasaddcd to theclear solutron.Theproducts were then 
concentrated under reduced pressure and the residue 
extracted with acetone (300ml). The acetone extract was 
evaporated and the material obtained wasdissolved in anhyd 
pyrrdme (IO0 ml). Benzoyl chloride (28 ml, 0.24mol) was 
added dropwrse to the cooled (ice water bath), stirred soln 
obtained and the reactants were then allowed to warm up to 
room temp. After 1 hr. water (IOml) was added and, after a 
further period of I hr. the products were concentrated under 
reduced pressure to small volume. dissolved m CHCI, and the 
C‘HCIJ solution washed with sat NaHCO., aq. Toluene was 
added to the dried (MgSO,) CHCI, layer and the resulting 
soln was concentrated under reduced pressure. The residue 
obtained was dissolved in 95 “,, formic acid (200 ml) and the 
soln was allowed to stand at room temp. After 20 min. the 
products were filtered and the filtrate was evaporated under 
reduced pressure. Cytstalhzatron of the material so obtained 
from EtOH (lOOmI) and water (50ml) gave a mixture of 
2’ (and 3’)-O-formyl-4-N-.5’-0-dibenzoylcytrdincs: R, 
[CHCI,-EtOH(19:I v/v)] 0.36: yield l3.9g (63”” overall for 
the three steps, starting from cytidine); ‘H NMR 
[(CD,),SO-D20 containing HCI). 90 MHz], includes the 
followinasignals:6 5.34(t.J 5 5 Hz assigned to H-3’ofthe 3’- 
formatei5.51 (dd, J w 2:5 and 5 Hz. ass&d to H-2’ of the 2’- 
formate), 5.89 (d, J = 4.4Hz, assigned to H-l’ of the 3’- 
formate). 5.95 (d, J 5 2.5Hr assigned to H-l’ of the 2’- 
formatc). While the combined integrals of the srgnals at (a) 
6 5.31 and 5.51 and (b) d 5.89 and 5.98 each account for one 
proton, the integrals of the signals at 6 5.34 and 5.89 arc ctr 3 
times as great as those of the signals at 6 5.51 and 5.95. 

The above mixture of 2’ (and 3’)-O-formyl-4-N.5’-O- 
dibenzoylcytidines (10.0~. 20.9 mmol). toluene-p-sulphonic 
acid monohydrate (l.&4g. 5.75mmol). 5.6Ldrh$dro-4- 
methoxv-2H-pvran’- (1X.78. 0 16mol) and anhyd dioxan 
(144ml) werc’strrred together at room temp. Aft&30 min. an 
additronal quantity of 5.6-drhydro-4-methoxy-ZH-pyran” 
(18.7g.O.16 mol)wasadded and, after a further perrod of2 hr. 
the reaction was quenched by the addrtion of methanolic 
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ammoma (half-saturated at 0”. 5 ml). The products were then 
concentrated under reduced prcssurc and the residue was 
extracted wtth CHC13. The latter extract was evaporated and 
the material obtained was dissolved in EtOH (135ml) and 
trealcdwithasolnofNaOH (7.78g)inwater (748ml)atroom 
lcmp. After 20 mm. the rcactton was quenched by theaddition 
of Dowcx 50 x 8 cation-cxchangc resin (pyridinium form. 
4OOml) After the resin had been removed by filtration, the 
liltrate was concentrated under reduced prcssurc and the 
rcsiduc was cxtractcd wtth acetone (3OOml). The acetone- 
soluble material was fractionated by short column chromato- 
graphy on srlrca gel (25Og). Elution of the column with 
C‘HCI, EtOH(l5:I v.:v)andconcentrationoftheappropriate 
fractions gave components (a) and (b) with R,‘s 0.20 and 0.14 
iC:HC12 EtOH (l9:l v/v):. respectively. Component (a). 
which crystallized from EtOAc and had m.p. 192-193”. was 
assigned the structure 3’-0-methoxytetrahydropyranyl-4-N- 
benroylcytidine: ‘H NMR [(CD,),SO-DIO. 90 MHz] in- 
cludes the followmg signals: ~5 3.20 (3 H. s). 5.80 (1 H, d, J 
= 2.1 Hz); yield 0.93g (9.5”,,). Component (b). which 
crystallized from EtOAc was assigned the structure 2’-O- 
~~~er/1or~rc~rrcrh~dro~~ru~1~/-4-N-h~n;o~~/c~~fidi~te (Found: C. 
57.l5:H.6.0:N.8.9.C2,H,~N,OHrequires:C.57.3;H.5.9:N. 
0.1 “,,). m.p. 1955198”: yield 4.6~ (48”,,); ‘HNMR 
:(C‘I),)zSO D,O.~OMHI]:~~ 1.77(4H.m).2.95(3H.s).3.65 
(4H.n~).4.02(2H.m).443(lH.m).6.l6(I~i.d,J=6.7Hz). 
7.39 (1 H. d. J : 7.6Hz). 7.45 7.7 (3 H. m), 8.02 (2H. m). 
X46 (I H. d. J = 7.6Hz): R, 0.33 (system A). 

2’-O-~~~ur/1o\-,~r~rro/1~drop~~rut~~/-2-N-he,~~ov/~uu,1osr~1e 

(Ic). 3’.5’-Di-6-acctyi-?-N-benzoylguanosineih (3.30 & 
6.74 mmnl). toluenc-p-sulphonlc acid monohydrate (0.407g. 
2. I5 mmol). 5.6dthydro-4-methoxy-2H-pyran” (5.5 g. 
4X mmol) and anhydrous dioxan (35 ml)were stirred together 
at room temp. Alter 21 hr. an addlttonal quanttty (25g. 
22 mmol) of 5.6-dthydro-4-methoxy-2H-pyran was added 
and. after a further period of I hr. mcthanolicammonia (half- 
saturated at 0’. 3ml) was added and the products were 
conccntratcd under reduced pressure The residue obtained 
was extracted with CHCIJ and the filtered extract was 
concentrated under reduced pressure. The material obtained 
was dissolved in EtOH (34mlJ and pyridine (23 ml) and 
NaOH aq (2 M. 15 ml. 3Ommol) and EtOH (I5 ml) were 
added to the stirred soln at room temp. After 5 mm. the 
products were neutrahzcd by the addition of Dowex 50 x 8 
catton-c\change resrn (pvrtdtntum form. I(X) ml). After the 

rcsm had been removed by liltratton, thecombmed filtrateand 
residue washings (MeOH) were concentrated under reduced 
pressure. The material obtained was dissolved m 
CHCI, FtOH (IO:1 v ,v) and apphed to a column of silica gel 
(ICOg). Elution of the column with CHC13-EtOH (5:l v!v). 
conccntratton of the appropriate fractions and crystallizatton 
of the residue from CHZCI,- EtOAc gave 2’-O-methoxytctra- 
hydrop~ranyl-2-N-ben7oylguanosine(Found:C.53.7;H,5.6: 
N. 13.3. C2.)HI:NSOR 0.8 HZ0 requires: C, 53.5: H. 5.6; N. 
13.6”,,). m.p. 203” (In.J’2030). yield. 2.098g (62”,,): NMR 
[(CD,),%%D20. 90 MHz] includes the following signals: 
(il.45 1.94(4H,m).2.63(3H.s),4.03(1H,m).4.14(1H.m). 
4.79 (1 H. quart. J 5 4.5 and 8 Hz). 6. IO (I H. d. J = 7.9 Hz), 
7.4-7.8(311.m).8.07(2H.m).8.35(1 H.s);R,O.l7(systemA). 

Conrc~.~on o/ 5’-O-(o-Dihromome~lr~~lben~~~~l~2’-O-merho- 

.~~terrull~(/rop~rut~~i~~rldr,lr (Zb) into the rrierh~lummonrum M/I 
of ifs 3’-o-~h/or~,phetl~/) phosphare (lOa: B = uracil-I-yl). A 
solo of 1.2.4-trtazolc (0.691 g. lO.Ommol) and triethylaminc 
(0.926g.9 15mrnol)inaceton~trile1lOml)w;~~addeddropwise 
to a strrred boln of ~+chlorophcnyI phosphorodtchlortdate 
( I .I 2 g. 4.56mmol) m acetomtrile (IO ml) at room temp. After 
20 mm. 5’-O-(o-dihromomtth~l~nz,~vl F2’-O-methoxvtetra- 
h~drop~r~~nylurldlnc (I 9Ug. 3.Ommol) and. rmmedrately 

: Note added m proof: We have srncc found that the weight 
of3-nitro-l.2.4-trlazolcInth~precipitatrvariesbutthata high 
yield may always be Isolated tfthc mother liquorsareextracted 
conttnuously with ethyl acetate 1 

afterwards. pyridine (2Oml) were added. After 45 min. a 
solution of toluene-p-sulphomc acid monohydrate (1.736~. 
9.12 mmoi), trtethylamme (182g. IX mmol)and water (0.36g. 
20 mmol) in pyridinc (2 ml) was added to the stirred products. 
After a further period of I5 min. the products were treated with 
sat NaHCO, aq (300 ml I and the mixture was extracted with 
CHCI, (2 x 50ml). The combined CHCIj extracts were 
evaporated under reduced pressure. the rcsiduc redissolved In 
CHCIA (30 ml) and toluene (30 ml) and the soln concentrated 
under reduced pressure. The resultant material was triturated 
wtthpctroleumether(b.p.30 40”.75ml).Thesupernatantwas 
then removed by decantation and the remaining solid was 
dried in a destccator; yield 2.5Yg (Y3 ‘,,): “P NMR (C‘DCI,. 
36.4MHz): (5 - 6.14. 

(‘onwrswr 0/ 5’-0-(o-dihrc,fnomerIl~/hr,i;o)/)-2’-O-,7lerho- 

.~~rerru/l~drop~ru~~~/-6-N-hrrl_o!/ude~lu.s~t~e (29) UIIO rhe rri- 
erh~~lummoni~tm so/r o/ irs 3’-(o-ch/orophe,l~,/) phosphure (IOa: 
B = 6-N-benzoyladenm-Y-yl). A soln of 5’-O-(o-dtbromo- 

methylbenzoyl)-2’-O-meIhoxytetrahydropyranyl-6-N- 
benzoyladenostne ( 1.522 g. 2.0 mmol) in py rtdme ( I4 ml) u’a\ 
added to a soln of o-chlorophenyl phosphorodi-( 1.2.4- 
triazohdc) m acetomtrtle (21 ml). prepared as above from 
I ,2.4-triazole (0.925 g, 13.4 mmol), o-chlorophenyl phos- 
phorodichloridate (1.464g. 5.97 mmol) and triethylamine 
(1.234g. 12.2 mmol) at room temp. After 30 min. a soln of 
trtethylamine (I.21 g. IZ.Ommol) and water (ca I ml) was 
added to the stirred mtxture. After a further period of IO mm. 
the products were poured Into sat NaHCO, aq (300 ml) and 
the mtxture was extracted wtth CHCI, (3 x lOOmI). The 
combined CHCI, extracts were washed with sat NaHCO, aq 
(3 x 50ml) and water (5Oml). The drrcd (MgSO,) organic 
layer was then concentrated under reduced pressure. The 
resultant glass was redissolved in CHCI, (IOml) and the 
solution added dropwisc IO petroleum ether (b.p. 30 40”. 
200 ml ). The colourless solid pp~ obtained was collected by 
centrifugatronanddriedin adesiccator:yield l.Y59g(91.5”,,): 
“PNMR (CDCIJ. 36.4 MHz): (i -6.26. 

3-iVffro-l.2.4-rriu3ole. Cone HN03 (d 1.42. 85ml) was 
added dropwise over a period of 3 hr to a mechanically stirred 
(ice-salt hath)soln of3-amino- I .2.4-triazole(25.Og.0.297mol) 

and NaNO, (IOOg, 1.45mol) in water (150ml). During thts 
period. the tempofthereacttonmcdium waskept between - 2” 
and IO”. The mixture was then allowed to warm up (with 
continuous stirring) to room temp and stirrmg wascontmucd 
overnight. 

The products wcrc then filtered and the colourless ppt of 3- 
nttro-l.2.4-trtazole,. w’as rccrystallrzed from McOtl: yteld. 

23.9p(70”,,);m.p.208-210”(1~t.-“215-216’dec.);i,,,(H,<~) 
282nm; ‘H NMR [(CD,),SO-D,O.6OMHz~: d8.82(s); R, 
0.2 [CHCI,-EtOH (9:l v.:v)]. 

Prepctrorion 01 urc~tlr.\lr/p/loll~/ derrrutrrrs o/ 3-nrtro- l.2.4- 

rr~r:o/r [carried out by Dr. L Yau (formerly Y.T. Yan KLII)“; 

A soln of the appropriate arenesulphonyl chlortde (1.0 mol 
equtv) in dioxan (0.75 ml per mmol) was added to a stirred. 
cooled (ice-water bath) mixture of 3-nitro-1.2.4~trtazole 
(l.Omolequiv).trtcthylamine (l.Omolcquiv)and dioxan (I ml 
per mmol). After I hr. the products were concentrated under 
reduced pressure and partrtroncd herwecn C‘)lC‘12 and 
water. The drted (MgSO,) CHC13 layer was evaporated and 
the residue crystallized from an appropriate solvent. 

(a) I-( 7‘0/uene-p-su/phon~/)-3-nirro-1.2.4-rriu-_o/e (Found: 
C.40.3:H.3.0:N,20.9.C,H,N,O,Srcqu~res:C.40.1:H.2.95: 
N. 21.0”,) crystalhzed from benzene (0.5 ml per mmol): m.p. 
125.-127”: yield. 90”;,: ‘H NMR. (CDCI,. 60MHz): 62.47 
(3 H. s). 7.40 (2 H. d. J . 8 HI). 7 97 (2 H. d. J 4 8 Hz). 8.74 
(I H. s). 

(b) I-(Mesir~/ene-2-su/ph~~n~/)-3-n~fru-l.2.4-friu~o/e 

(MSNT.14) [Found:C.44.55:H.4.l:N.lY.Z C,,H,,N,O,S 
requires: C. 44.6: H. 4.1: N. 18.9”,] crystallized from benzene 
(1.2mi per mmol): m.p. 130. 132”, yield. 92”” ‘H NMR 
(CDCl,.60MHz):ii2.33(3H,~).2.67(6H.~).7.02(2H.~).8.80 
(I H. s). 
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(c) I -( 2.4.6- Tri-r.soprop~/hen~ene.su/phon~I)-3-nifro- I .2.4- 

rriozok (Found: C. 53.1: H. 6.5: N. 14.6. C,;l-!,,N,O,S 
requires: C. 53.7: H. 6.4: N. 14.7”,,) crystalltzed from 
benzene-petroleum ether (b.p. 60-80”) [6:1 v/v]: m.p. 
132-133.5”: yield. X5”,,: ‘H NMR (CDCI,. 60 MHz): (5 1.26 

(1YH.d.J _ 7 Hz). 2.93 (I H. m). 4.10 (2 H. Sept.. J x 7 Hz). 
7.32 (2 H. s). 8.77 (I H. s). 

la) The trlethylammomum salt of 10s IB = uracil-I-yl: 
0.803 go.92 mmol) and la (0.415 g.O.YO mmol) wcredissolvcd 
In anhyd pyrldine (5 ml) and MSNT (14: 0.664 p 2.25 mmol 
was added to the stirred soln. After 20 mm. water (1 ml) was 
added and after a further period of 20 min. the products were 
poured into sat NaHCO, aq (25 ml). The resultant mixture 

was extracted with CHCI, (4 x 25ml). The dried (MgSO,). 
combined CHCI, extracts were concentrated under reduced 
pressure and the residue was fractionated by short column 
chromatography on silica gel (14Og). Elution of the column 
with CHCI,-EtOH [96:4-92:8 v/v: and concentration of the 
appropriate fractions gave the desired product (16a: Ar = 2- 
CIC,H,). This material was obtamed as a colourless solid by 
the dropwlsc addition of its sol in CHCI, (IOml) to stirred 
petrolcumethcr(b.p. 30 40”.250ml):yield.0.902g(79”,): R, 
0.43 (system A). 

cb) In the same way. the corresponding partially-protected 
ApC derivative (16b: Ar = 2-CIC,,H,) was prepared from the 
trlethylammonrum salt of IOa (B = h-N-bcnzoylademn-Y-yl: 

1.072~. l.OOmmol). la: (0.46Og. l.OOmmol) and MSNT 
(0.893 g. 3.03 mmol) in pyridinc (5 ml) soln. The condensation 
reaction was allowed to proceed for 20 min at room temp and 
was then worked-up as above. The products were fractionated 
by short column chromatography on silica gel (4Og). Elution 
of the column with CHCI,-EtOH [95:5 v/v] and 
concentration of the appropriate fractions gave the desired 

l6b: (Ar = 2-CIC,H,). The material was isolated as a 
colourless solid by the precipitation proceduredescribed in (a) 
above: yield. 1.077g (76”,,): R, 0.56 (system A). 

Concrrsion o/ parrrolls-prorectcd drnucleoslde phosphures und 
rrrnucleosidr diphospharrs with Irer 3’-h)~droxyjunctions Info 
trierh~/[~mrno,lilon .su/f.s of rhe corrrAponding 3’-(o- 
ch/oropheyy/) phosphures. 

Thcfollowinpproccdurefor thcpreparationofthepartially- 
protected ApCp derivative l7b (Ar = 2-CIC,H,) IS typical. 
A stirred soln of the above partially-protected ApC 
derlvatite 16b (Ar = 2-CIC,H,: 0.577g. 0.41 mmol) In 
pyridine (3 ml I was treated. at room temp. with the products of 
the reaction between o-chlorophenyl phosphorodichloridate 
(0.266 g. 1.08 mmol). triethylamine (0.3 ml. 2.12 mmol) and 
1.?.4-triazolc (0. I63 g. 2.35 mmol) in acetonitrile (2.5 ml).t 
After 30 mm. ;I soln of trlethylamlne (0.3 ml. 2. I2 mmol) and 
water (0.1 ml) was added to the mixture and, after a further 
period of 30 min. the products were poured into sat 
NaHCO,aq(SOml).Themixtureobtalnedwasextractedwith 
CHCI, (3 x IS ml)and the dried (MgSO,). combined CHCI, 
extracts were evaporated under reduced pressure. The residue 
ohtaincd \va> rcdlssolved In CHCI, (2ml) and the soln was 
added dropwise with stirring to petroleum ether (b.p. 30 40”. 
40ml). The colourless solid ppt obtained was collected by 
centrifugation and dried in a desiccator: yield ofdesired 17b: 
(Ar = 2-CIC,H,). 0.63g (91”,,,). 

Prqwruriw 01 portirrll~,-prorecrpd trimcckoidc~ diphovphutet 

(a)MSNT(0.373g. 1.26mmol)wasaddedtoastirredsolnof 
!he trlcthylammonium salt of the partially-protected ApCp 

- - __--.-- 

t In this experiment. 0.41 mmol of substrate was 
phosphorylatcd with 1.08 mmol of o-chlorophenyl phos- 
phorodi-( 1.2.4~triazolide). For experiments carried out on a 
smaller scale it is probably advisable to use a larger excess of 
phosphorylating agent. 

l7b (Ar = 2-CIC,H,; 0.624g. 0.37mmol) and la (0.182g. 
0.39mmol) in anhyd pyridine (2ml) at room temp. After 
15 min. water (0.5 ml) was added and, after a further period oi 

30mm.theproductswerepouredintosat NaHCO.) aq (25ml). 
The products were worked-up according to the procedure 
described above in the preparation of partially-protected 
dmucleoslde phosphates-and chromatographed on a short 
column of silica nel (181~). The desired I& (Ar = 2-CIC,.H,) 
waselutcdfromthecolu~nwlthCHCI.~ EtOH (YS:Sv.v)and 
rsolated by precipitation in the usual way (see above); yield 
0.639g (77”,,): R, 0.57 (system A). 

(b)MSNT(0.445g.l.50mmol)wasaddedtoastirredsolnof 
the triethylammonium salt of the partially-protected UpCp 
(l7a: Ar = 2-C‘IC‘,,H,; 0.78g. 0.50mmol) and la (0.231 g. 
0.50 mmol) m anhyd pyridine (2.5 ml) at room temp. After I6 

min. sat NaHCO, aq (0.5 ml) was added and. after a further 
period of 15 min. the products were poured into sat 
NaHCO, aq (60 ml). The products were worked-up as above 
and fractionated by short column chromatography on silica 
pel 140~1. The deslrcd IXh (Ar = 2-ClC,.Ii,) ualr cluted from 

the column with CHCI, EtOH (94:6-93:7 v:v) and Isolated 
by precipitation: yield. 0.78g (82’:“): R, 0.46 (system A). 

(c)MSNT(0.222g.0.75mmol)wasaddedtoastirredsolnof 
the triethylammonium salt of the partially-protected UpCp 
(l7a: Ar = 2-CIC,H,: 0.3Yg. 0.25mmol) and lb 10.125g. 
0.25mmol) in anhyd pyridme (3ml) at room temp. After 
12min,sat NaHCO.,aq (0.5ml)wasaddedand.aftcrafurther 
period of I5 min. the products were poured into sat NaHCO, 
aq (ZOOmI). The products were worked-up as above and 
fractionated by short cblumn chromatography on silica gel 
(4Og). The desired l8a (Ar = 2-CIC,H,) was eluted from the 
column with CHCI,- EtOH (93:7-92:8 v/v) and isolated hy 
prccipitatlon: yield 0.378g (78’:;): R, 029 (system A). 

Preparation yffully-protected ApCpCpA dcrirurrw (2a I 
The partially-protected ApCp (I&: Ar = 2-CIC,H,). the 

preparationofwhich isdescribedunderheadmg(a)above,was 
converted by the procedure described above Into the 
trlcthylammonlum salt of IYC (Ar ~= 2-C‘I(‘,,H,) in Y8’$ 
isolated yield A stirred soln of the latter trinuclcotlde 
dcrivati\e(lYc:Ar = 2-CIC‘,,H,:O.559g.O.24mmol)and2’.3’- 
0-methoxymcthylene-6-N-benzoyladenosmc (0. I46 g. 
0.35mmol)manhydpyridine(l.4ml)wastreatedw~th MS&T 
(3: 0.4168. 1.4mmol) at room temp. After 30 min. water 
(0.5 ml) was added and. after a further period of 10 min. the 
products were poured Into sat NaHCO,aq (20ml). The 
resultant mixture was extracted with CHCI, (4 x 15 ml). The 
dried (MgSO,) combined CHCI, extracts were concentrated 
under reduced press&. redissolved in anhyd pyridine (2 ml) 
and the soln re-evaporated. After this process had been 
repeated, the residue was dissolved in anhyd pyrldine (1 5 ml) 
and the soln was treated with o-chlorophenyl phosphorodi- 
( 1.2,4-triazolide), prepared from o-chlorophenyl phosphoro- 
dichloridate (0.074 g. 0.3 mmol). 1.2.4-trlazole (0.042 g. 
O.6 mmol j and tricthylamine (0.08 ml. 0.6 mmole) In 

acetomtrile (1.5 ml). After 1 hr. the products were poured into 
sat NaHCO, aq (50mI) and the resultant mixture extracted 
with CHCI, (4 x 15 ml). The combined CHCI, extracts were 
evaporated with toluene and the resulting solid was 
fractionated by short column chromatography on silica gel 
f5Og). The desired 2Oa was eluted from the column with 
CHCl, EtOH (95:5 v/v) and isolated by precipitation: yield. 
0.474g (75”,,): R, 0.66 (system A). 

Removal o/ 5’-0-(o-dihromomerh~benzoy/) prorecring group 
/ram /u//y-profecred ApCpCpA derircrricc (2Oa) 

To a stirred soln of fully-protected ApCpCpA derivative 
(2Oa: Ar = 0.187g,0.0072mmol) m acetone -water (9X.21’;v; 
1.5 ml) at room temp were added sols of 2,4.6-collidine (1 M, 
0.5ml.O.5mmol)ands1lverperchlorate(I M, l.Oml. I.OmmoI). 
both in the same solvent [acetone water (98:2v,+)j. After 
I hr. a soln of LiBr (I M. 1.5mI. 1 Smmol) in acetone water 
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(9: I v!c) was added to the resulting suspension and, after a 
further period of IOmin, the products were filtered through 
hyllo-supercel. Morpholine (0.12 ml. 1.4 mmol) was then 
added to the filtrate and. after Smin. the products were 
concentrated to small volume under reduced pressure, 
dissolved mpyridine( 10ml)and theresultmgsolnpouredmto 
sat NaHCO, aq (20ml). The mixture obtained was extracted 
with CHCI,, (3 x 15 ml) and the combmed CHCI., extracts 
were dried (MgSO,) and evaporated under reduced pressure 
in the presence of toluenc (2 x 20ml) to give a solid residue. 
The latter material was purified by short column 
chromatography on slhca gel- (2Og). Thk desired 2Oh was 
clutcd from the column with CHCl,-EtOH (95:5v!vl and 
isolated by precipitation; yield. 0. I56 g (94 ‘I,,) R, 0.57 (system 
A I 

Prrptrrarron o/ ftrll~~-protecred L’pCpCpApCpCpA deriwrice 

MSNT (0.153 g. 0.52 mmol) was added to a stirred anhyd 
soln of the partially-protected 1JpCpCp derivative (19b; Ar 
= 2-C&H,: 0.273g. O.lZmmol), prepared as described 

above. in 96”) 0 yield, from 18b (Ar = 2-CIC,H,) and the 
partially-protected ApCpCpA derivative (2Ob: 0.235 p. 

O.lOmmdl)in pyridine( 1 iI)& room temp. After30min, water 
(0.5 ml) was added and, after a further period of 15 min. the 
products were poured into sat NaHCO, aq (30ml). The 
resultant mixture was extracted with CHCI, (8 x IOml) and 
the combined CHCI, extracts were washed with sat 
NaHCO, aq (20ml). dried (MgSO,) and concentrated under 
reduced pressure. After the resulting solid residue had been 
dried by evaporation of its pyridine soln. it was dissolved in 
pyridine (I ml) and the soln was treated, at room temp. with o- 
chlorophenyl phosphorodi-( 1.2,Ctriazolide). prepared from 
o-chlorophenyl phosphorodichloridate (0.143 g, 0.58 mmol), 
1.2.4-triazole (0.081 g, 1.17 mmol) and triethylamine (0.17 ml. 
1.2mmol) in acetonitrile (2ml). After 30 min. the products 
were poured into sat NaHCO,aq (30ml) and the mixture 
obtained was extracted with CHCI, (8 x IOmI). The dried 
(MgSO,), combined CHCI, extracts were evaporated in the 
prsence of toluene under reduced pressure to give a sohd 
which was fractionated by short column chromatography on 
silica gel (50g). The desired fully-protected heptamer was 
eluted from the column with CHCI,-EtOH (95:5 v/v) and 
isolated by precipitation: yield 0.316g (71.5’::): R, 0.61 
(system A). 

Rmoral of 5’-O-(o-dibromomerh~~b~fl~o~/) profecfing group 

/iom ./u/l!-prorecred L’pC‘pCpApCpCpA deriruricr 

The fully-protected heptamer (0.293 g, 0.066 mmol), silver 
perchlorate (0.3lOg. 1.55mmol) and 2.4.6-collidine (0.091 g. 
0.75 mmol) were stirred together in acetone water (98:2 v/v: 
4.5 ml) at room temp. After 2 hr. a soln of LiBr (1 M, 1.75 ml. 
1.75 mmol) in acetone-water (9:l v/v) was added and, after a 
further period of IO min. the products were filtered through 
hyHo-super&. Morphohne (0.12ml. 1.4mmol) was then 
added and. after 5 min. the products were worked-up in the 
same way as descrlb-ed above m the unblocking of fully- 
protected ApCpCpA and fractionated by short column 
chromatography on silica gel (30 g). The desired 21 was eluted 
from the column with CHCI,-EtOH (9:l viv) and isolated by 
precipitation: yield 0.212g (78”<): R, 0.47 (system A). 

Preparation ofjully-protected 

UpCpGp UpCpCpApCpCpA drricariw (22) 

MSNT (0.149 g, 0.505 mmol) was added to a stirred. anhyd 
soln of the partially-protected UPC~GGP derivative (1%; Ar 
= 2-CIC,Hi: 0.2?4g. 0.101 mmbl): prepared as described 
above. in 96’:: vield. from 18s (Ar = 2-CIC,H,) and the 
partially-pro&&d UpCpCpApCkpA deriva&e51(0,212g, 
0.051 mmol) in pyridine (1 ml). After 1 hr. the products were 
worked-up as in the above preparation of the fully-protected 
heptamer but fractionated by short column chromatography 

on silica gel (4Og) before treatment with o-chlorophenyl 
phosphorodi-( 1.2.4-triazohde). The desired 22 was eluted 
from the column with CHCI,-EtOH (93:7-9:l v/v) and 
isolated by precipitation. Tic [CHCI,-EtOH (9:l viv)] 
revealed that the material obtained (0.221 g) was only co 80”/, 
pure. Estimated yield of fully-protected decamer, ca 55”:. 

A stirred soln of the above impure fully-protected decamer 
(0.177 g) in anhyd pyridine (1 ml) was treated at room temp 
with o-chlorophenyl phosphorodi-( I .2,4_triazolide), prepared 
from o-chlorophenyl phosphorodichloridate (0.501 g, 
2.04 mmol). 1.2.4-triazole (0.282 g, 4.08 mmol) and tri- 
ethylamine (0.6ml, 4.0mmol) in acetonitrile (7 ml). After 1 hr. 
the products were worked up according to the procedure 
described above in the preparation of the fully-protected 
heptamer and purified by short column chromatography on 
silica gel: yield. 0.098 g (55 “,, recovery): K, 0.52 (system A ). 

syn-4-Nitrohenzaldoxrme Icarried out by Dr. L. Yau:. 
NaOHaq(2.5 M.22ml.55mmol)wasaddedtoasuspensionof 
4-nitrobenzaldehydc (2.6g. 17mmol) and hydroxylamine 
hydrochloride (6.0 g. 80 mmol) in water (22 ml). The mixture 
was heated. under reflux, for 20min and then acidified (to pH 4) 
by the addition ofdil HCI. The cooled products deposi ted syn- 
4-nitrobenzaldoxime as colourless needles. The product was 
collected by filtration and recrystallized from water. yield 2.5 g 
(89”{,): m.p. 126” (lit.‘3 129. 133”). 

Unblocking qf./illy-prorrcted UpCpGp UpCpCpApCpCpA 

(22) 

(a) A soln of the fully-protected decamer (22; 0.018g. 
0.003 mmol), syn-4-nitrobenzaldoxime (0.046 g, 0.28 mmol) 
and N’.N’,N’.N’-tetramethylguanidine (0.032g. 0.28 mmol) 
in dioxan- water (1: I v/v, 1.0 ml) was stirred at room temp. 
After 18 hr. the products were concentrated under reduced 
pressure and the residue was redissolved in aqueous ammonia 
(d 0.88. 5ml) at room temp. After 6 days, the soln was 
evaporated under reduced pressure and then acidifed to pH 5 
with 0.01 M-HCI. The resulting soln was extracted (i) with 
CHCI, (3 x 5 ml) and (il) with ether (3 x 5 ml): it was then 
acidifiedtopH2bytheadditionofafurtherquantityofO.01 M- 
HCI (5 ml) and re-extracted with CHCI, (3 x 5 ml) and ether 
(3 x 5ml).ARerit hadbeenallowed tostandatroom tempfor 
6 hr. the aqueous soln was neutrahzed with ddute ammoma 
and the products were chromatopraphcd on a column (12cm 
x 4.5 cm’) of DEAE-Sephadex A 25. The column was eluted 

with triethylammonium bicarbonate buffer (pH 7.5, linear 
gradient from0.001 --I.0 M over 1OOOml)and fractionsof6ml 
were collected. The appropriate fractions were combined and 
lyophilized to give the deskred decamer (co 100 A?,, units): 
i.,,, 262 nm. 

(b) A soln of the fully-protected decamer (22: 0.0105g. 
1.8~mol) was treated with syn-4-nitrobenzaldoxime (O.O46g, 
0.28 mmol) and N’,N’.N’.N’-tetramethylguanidine (0.032 & 
0.28 mmol) in dioxan-water (1: 1 v/v, 0.5 ml) at room temp for 
20 hr. After evaporation, the products were redissolved in 
aqueous ammonia (d0.88,5 ml) and the soln heated at 50” for 
24 hr. This led to darkening of the reaction medium. The 
products were then chromatographed on a column (l2cm 
x 4.5cm’) of DEAE-Stphadex A 25, which was eluted with 
triethylammonium bicarbonate buffer (pH 7.5. linear gradient 
from 0.001 1.0 M over 500ml) and fractions of 6ml were 
collected. The appropriate fractions were combined and 
lyophilired. The residue was dissolved in 0.01 M-HCI (5ml) 
and thepHadjusted to2. After6 hrat room temp. theproducts 
were neutralized with dilute ammonia and rechromato- 
graphed as above on DEAE-Sephadex A 25 to give the Fully- 
unblocked decamer (ca 50 AIbO units). 

Diyesrion of truprotrcred L’pCpGp L!pCpC’pApCpCpA (23) 

(a) With 0.1 M-cyurous sodwn hydroxide. 0.1 M-NaOH 
(0.2 ml) was added to a soln of the decamer (ca 5 A,,,, units) in 
water (0.01 ml)and theresultingsolnwasmaintainedat 37” for 
16 hr. Hplc analysis of the hydrolysatc revealed: (i) adenosine 




