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Abstract: 6-(2,4dinitmpheoyl)thiogua&e phmphoramidite monomers with tbe Z-amino gnxp of tbe &we 
protected by either tbe isobo@yl or phenylacetyl groop were iocorpomted into oligo&oxymxkoti&s with aa 
automatic DNA synthesizer. AQ- p&e&ion with the isobutvlyl gnxzp was unaatisfrrlory bscause of tbe oYffic@v of 
lpmoviog it at?er ~gotbe& of tbs oligomer. However, post-synthetic con vasioaoftheW-pbe4y&ce@p1utecW6- 
(2,4-dinitrophenyl)thioguaoine gives oligomers containing 6-thiogoanfne, 2,6diaminoporine, 2-amino-6- 
metbylaminqmine, 06-methylguanine or guaaine in high yield aad purity. Potentially oligomem containing &ber 
labile funcriwalgnw~~ at tbe 6-positiia, andd bspodllosd by tbepmcedom. DNA duplexes coatabdog 6-tbiog~oioe 
pakdtocytosim?badamark~yIorvamelting~ (Tm) tka tbeircounhrpsrts an&in@ G:C. Howvera 
DNAduplucmteiniagCLbiotbymia~paindAAaTmsimilarto~of aDkXdoplexoM&iaiagTzA.llte 
&ston%n in DNA strocture cawed by 6-thiogoaniae may play a mle ia the bioIogical e.fkt of tbis wmpound. 

INTRODUCTION 

There is a great and increasing interest in the chemical synthesis of oligonucleotides containing modified 

bases for studies related to carcinogenesis, mutagenesis and DNA repair, and for investigation of protein-DNA 

intecactionl. In particular there is an interest in base.-modifications which lead directly to alteration of hydrogen 

bonding. Generally, modified bases have been introduced into the oliionucleotides at the polymerisation stage, 

but synthesis of oligomers containing a new modified base by that procedure always requires an experienced 

chemist to design and synthesize a modified monomer which is stable to the chemical treatments involved in 

assembly, in particular, the oxidation of the phosphite ester, the deprotection of the S-OH, and finally the 

deprotection of the oligomer after synthesis. Usually this cannot be achieved by design of the monomer alone 

and changes have to be made to the chemical treatments and or to the protecting groups. This is an 

insurmountable difficulty for all but the most experienced chemist. To overcome this problem Macmillan and 

Verdin& have recently suggested what they called a convertible nuckoside approach in which a versatile base 

was introduced into DNA during automatic synthesis, then converted into the m&fed base after synthesis. 

They illustrated this by incorporating 4-O-(2,4,6-trimethylphenyl)~2’-deoxyuridine into DNA. After 

deprotection, the oligomer was treated with various aqueous amines to yield oligomers containing N%lkyl- 

deoxycytidine. Similarly, Webb and Matteuccis had reported conversion of oligomers containing 4- 

triazolothymine into oligomers containing S-methyl-N4,Naethanocytosine, and we have used a post-synthetic 
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substitution strategy for making oligomers with a variety of modifications at the 4-position of thymine% 

Previous papcfsZ%4 using the post-synthetic substitution strategy were all concerned with the synthesis 
of oligomcrs containing modified pyrimidines. Because of the importance of modified purines in 

carcinogenesis * and their use in therapy (eg. 6-thioguanine) 3, there is an equal, if not greater, need for a similar 
strategic approach to modified purines. Studies of the stmctural and biological properties of DNA containing 
modified purines have been limited by the fact that the modified oligomers were not available. Although 

syntheses of oligomem containing modified-purine such as 6-thioguanine (Gs)6.33, 2,6-diaminopurine 

(GNm)7.s, Oa-methylgusnine (coMe)l.9.t0 have been reported, some of the procedures are very difficult and 

tedious to perfom6,74 and, all of oligomers containing modified-guanine were made by a route in which a 
modified nucleoside was synthesized, converted to the corresponding phosphoramidite or phosphotriester 
monomer, and then incorporated during the synthesis of the oligomer. It is obvious that such a route is limited 
to the incorporation of relatively stable monometx which can withstand the conditions of synthesis. 

It is more diff3cuh to develop a post-synthetic substitution strategy for purines than for pyrhnidines, but 
here we wish to report the development of the method for oliiomers containing guanine modified at the 6- 

position, in which the versatile gua&e monomer Nzphenylacetyl-6-(2,4-dinitrophenyl)~~~~~~i~-~- 
phosphoramidite XII was prepared and incorporated into oligomets. The oligomer containing this versatile 

guanine (Gs-dae, ) was converted into ohgomers containhu~ 6-thioguanine (Gs), 2,6diaminopurhte (GunI), 2- 

amino-6-methylaminopunoplrine (Gme), 06-methyhIuanine (GoMe) or guanine by treatment with appropriate 

reagents after synthesis. This method is more simple and effective than previously published methods6.7.sV for 
oligomers containing 6-thioguanine and 2,6-diaminopurhte and as simple and effective as the very recently 

published synthesis of an oligomer containing 6-thioguanine33. It is worth noting that as the amino, ahtylamino, 
alkoxy and oxy functional groups at the 6position are introduced afier synthesis the method may be specially 

useful for the introduction of WI, W, 170 from [lSN]-NH3, [ t3C]-MeOH and [ 1701-H30 for NMR study. 

Furthermore the method might be used for construction of oligomers containing other chemically reactive 

guanine derivatives such as 6-axiridino guaninet 1 which might be used for DNA-crosslinking. 

RESULTS AND DISCUSSION 

The guanine analogue, which is to be converted to 6-modified guanines at the oligomer level, must 
contain at the 6-position a gmup which is stable during DNA synthesis and is also a good leaving group during 
the post-synthetic substitution. Comparhtg a similar functional group, for example, methoxy, at the 4-position 
of thymine I and at the 6position of guanine II , one finds that the latter is more stable towards nucleophilic 
reagents (eg. MeOIUDBU or cont. ammonia), which makes sub&ution more difficult. Since the nucleoside, 6- 

mesitylenesulphonyldeoxyguanosine (6-Ms-deoxyguanosine) can be converted into 06-methyldeoxy- 

guanosinet3, initially an attempt was made to use 6-Ms-guanine as a versatile gusnine. 6-Ms-guanine monomer 
(III) was prepared in one step from commercial gusnine phosphoramidite monomer and incorporated into 
oligomers with satisfactory ccupling yield. However, the oligomers containing 6-Ms-guamne III did not give a 

satisfactory yield of the expected 06-methylguanine when treated with N-methylpyrrolidine, then with 

CII3OWDBW. A possible explanation is that N-methylpyrrolidine is less effective at the oligomer level than at 

the nucleoside 1eveW. So our attention was turned towards the construction of another versatile guanine 
monomer. 
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Concurrently with this work simple methods for direct thiation of the 4-position of pyrimidine 

nucleosides and the 6-position of deoxyguanosine were independently developed in our lab 13 and in other 

labsl4.15. Because the C-S bond is more easily split than C-O, it seemed reasonable to base the versatile 

monomer on thioguanlne rather than guanlne itself. In order to protect thll thioketo from oxidation by iodine, 

which is an essential reagent in phosphoramidite method, and to make the 6-substituent a better leaving group, 

2,4-dinitrophenyl group was put on the 6-position of 6-thiodeoxyguanosine. 

Another important point was the choice of protecting group on the 2-amino group of guanine. At first, 

the conventional protecting group, isobutyryl, was used, because this protected nucleoside, 5’-dimethoz@rityl- 

N2-isobutyryl-2’-deoxyguanosine (IV), is commercially available. It was converted into its 6-thio-analogue 

(V) by one-pot reactionIs, in which the 6-position was first sulphonated with 2-mesitylenesulphonyl chloride 

(MS-C& the Ms derivative w-as substituted with N-methylpyrrolidine, then the quatemary amino derivative was 

substituted with thiolacetic acid to form the 6-thio-analogue. Although the 6-keto and 3’-OH can both be 

sulphonated by MS-Cl the former is more nucleophilic under these conditions and therefore the main product 

was sulphonated on the 6-position. Furthermore the MS group on the 6-position can be substituted by N- 

methylpyrrolidine, then by thiolacetic acid 13 whereas that on the 3’ position is unreactive with both reagents. 

The desired product (V) can be easily separated from impurities by a single silica gel column chromatography, 

converted into the 5’ and N2-protected 6-(2,4-dlnitrophenyl)thiodeoxyguanosine (VI) with quantitative yield, 

then to the phosphoramidite monomer VII. The monomer was incorporated into a dodecamer 

AGCYAAITCGCT (Y: G s-&0) with satisfactory coupling yield (>98%) and then converted into the desired 

modified guanine (Gs, Gm2, GNMe, GoMe or G) by treatment with the appropriate reagents. 

Y R 

r IV OH H 

V SH H 

DMT-O 
VI NO& H 

R-O H NO2 

VH No2as 

- -OCH,CH,CN 
P 

N_(i_Pro) 
2 

However, removal of the isobutyryl group protecting the N2-position of these modified guanines 

required much longer exposure to deblocking reagents (eg. 3 days, at room temperature in cont. ammonia) than 

was required for removal of the protecting groups on the other bases (8 h, at room temperature in cone 
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ammonh@. This prolonged deprotection step increased the probability of destroying the modified guanine. To 

overcome this, the 6-(2,4diitrophenyDthioguanine monomer (Gw) was prepared with a more base-labile 

group, the phenylacetyl group 9.10, protected on the Nzposition (Scheme 1). 

Scheme 1 

i,ii 

AC-OH * 

RO H 

XI R:H 

DMT-O 
v,vi 

-- 

X 

)(I1 R: NCCH$ZHzO-b-N(i-Proh 

i: mesityleneaulphonyl chloride/N-methylpyrrohdine. ii: thiolacetic acid. 
iii: 2 M NaGH. iv: 2,4-dinitmfluoroben. 
v: 4,4’-dimethoxytriphenylmethyl chloride/pyridme. 
vi: phcephitylating reagent. AC: acetyl. Pacz phenylacetyl. 

3’,5’-diacetyl-N2-phenylacetyl-2’-deoxyguanosine (compound VIII), prepared as beforelo, was 

converted into its 6-thio analogue (compound IX) using direct thiation 13 with isolated yields of 70-80%. After 

selective deacylation, the resulting 6-thiodeoxyguanosine was reacted with 2,4-dinitrofluorobenxenel7 in 
presence of triethylamine to give compound X with isolated yields of 80.90%. The reaction was highly 
regioselective because the 6-thioketo group of IX is much more nucleophilic than 3’ and 5’ hydroxyl groups. 
Using standard methods, compound X reacted with DMT-Cl/ pyridine, then with phosphitylating reagent to 

give the designed phosphoramidite monomer (compound XII). 
Since there is no previous report describing protection of 6-thioketo with the 2,4-dinitrophenyl group, 

the stability of 6-(2,4dinitrophenyl)thioguanine monomer to the reagents used in oligonucleotide synthesis was 
studied before the monomer was used for DNA synthesis. The results showed that compound XI was stable 
towards the reagents used in oligomer assembly (N-methylimidazole in THF, acetic anhydrid~utidin&HF) for 
at least 24 h at room temperature, and compound X was stable towards 3% dichloroacetic acid in dichloroetbane 
at room temperature for at least 3 hours. It was also found that the protecting group of the 6-thioketo function, 
2,4_dinitrophenyl, can be removed completedly by 1M mercaptoethanol in ammonia within 30 mins. These 
results suggested that the monomer XII would be stable during the synthesis, and that the protecting groups 
easily removed after synthesis. Therefore the versatile monomer XII was incorporated into oligonucleotides by 

DNA synthesizer as before18 without changing the normal program except that coupling time for XII was 3 
mins. The coupling yield was monitored and estimated to be over 98%. 

The two steps needed to get the desired modified oligomers: substitution and deprotection, were 
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investigated in detail. In all of these syntheses the normal bases were protected with labile groupsr6 and t8e 

conditions under which they can be removed by cont. ammonia, alcohoVDBU and aqueous alkali at room 

temperatam have been detennirxxp. So the major question was the substitution and depmteetion of the modified 
guanine. After synthesis the CPG-support bearing the synthetic, fully pro&ted dodecamer 

(AGCG5~AATTCGCT ) with 5’-DMT still attached, was divided into parts, each of which was treated with 

appmpriate chemical magents (Scheme 2). 

Scheme 2 
CPG-bound, 
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Fully deprotected modified guanine oligomers 

1) oligomer containing C-thioguanine (cs): 

Treatment of the protected and CPG-bound oligomer containing Nz-phenylacetyl-6-(2,4- 

dinitrophenyl)thioguanine (CPG-Gw oligomer) with mereaptoethanol at mom temperature for 3 h completely 
cleaved the 2,4-dinitmphenyl gmup from sulphur, then cont. ammonia was employed to cut all other proteeting 

groups and produced an oligomer containing 6-thioguanine (Gs oligomer). It has been reported that 6- 

thiodeoqguanosine is labile to aqueous alkali6, but we found that 6-thiodeoqguanosine both as the nucleoside 
and in the oligomer is stable to cont. ammonia for at least 3 days at room tempemture, but not very stable at 

55°C. Therefore we used cont. ammonia at 25°C to deprotect oligomers containing 6-thioguanine. Further 
optimization revealed that removal of 2,4-dinitrophenyl was very rapid so that cont. ammonia containing 10% 
of mercaptoethanol at room temperature was added for two days to directly give the desired product. The crude 

oligomer was purified in the same way as normal oligomer by Nen-sorb cartridge. More highly purified Gs 

oligomer can be obtained by FPLC (Fig. l), because the desired Gs oligomer was well separated from 
impurities (mainly oliiomers containing 2,6diiinopurine and guanine). The total amount of impurity was 
usually less than 5% of the product. The base analysis (Fig.2) showed the presence of 6-thiodeoxyguanosine 
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(Gs) and no peak of 6-(2,4-dinitrophenyl~~~~~ine (GS-QB) was ohserved at 260 MI and 330 run. 

At the time this work was done the only published method6 for the synthesis of oligomem ‘containing Gs used 
the phosphotriester pmcedure with the conventional acyl groups pmtected on the bases. The greatest dif&ulty 
in that procedure was the deprotection step, where first 1 M benxenethiol in pyridine (8 h) was used for 
removal of the mesitylenesulphonyl group which the author assumed would have been produced on the 6-thio 
position during coupling. This was followed by tetmmethylguanidine and E-2-nitmbenzaldoxime in pyridine (5 
days) to cleave the oligomer from its support and remove the protecting groups on the phosphates, then NH3 in 

anhydmus methanol (7 days) was used to remove protecting groups from bases. AR these operations were 

carried out under nitrogen in anhydrous conditions. However very recently an oligomer containing Gs 

(AAACGVI’T) has been synthesii using the 2-cyanoethyl group to pmtect the thio function of 6-thioguanine 

phosphoramiditeZ3, but there is no direct evidence that under their sepemting system (reversed phase HPLC, 

pH 7.6) the Gs oligomer can be separated fmm the parent one. Therefore it is still uncertain whether the Gs 

oligomer is free from the parent one. We have employed anion exchange column at pH 12 to give a good 

separation of Gs oligomer from other oligomers of the same length (Fig. 1) and avoid the time-consuming 

purification and characterization steps previously useda.23. 

2) oligomer containing 2,6diaminopurine (Gum): 
Interest in synthetic oligomers containii 2,6diaminopurine has been greatly stimulated by the fmding 

that S-2L cyanophage DNA contains 2,6-diaminopurine instead of adeninels. Recently 2’-O-protected RNA 

oligomerx containing 2,6-diaminopurine have been synthesixed and shown to be useful antisense probe@. 

Preparation of short DNA oligomers containing Gmz, in which an Nz,NUiiyl-protected monomer was used, 

has been reported 7.8, but the procedures are very difftcult, not only in preparation of the modified monomer, 
but also in assembly and deprotection of the oligomer. Due to the extreme acid lability of the glycosidic linkage 
of the 2,6-di-N-acyl-derivative, the aprotic acid, ZnIirz, was used for detritylation, which inevitably led to 

incomplete detritylation7. To circumvent this, Chollet et als used I-methyl-2,2_diethoxypyrrolidine for 
protection of the 6-amino group to reduce the depurination. However, deprotection in cont. ammonia at 65°C 
for 5-7 days was still necessary because of the slow hydrolysis of the two amino-protecting groups on the 

modified bases. It is clear these methods are far from satisfaction and needed to be considerably improved, and 

in a later paper Chollet et aI21 used a DNA polymerase to incorporate the triphosphate of 2,6-diaminopurine 

nucleoside to produce GNu2 oligomers. 

In first attempt to synthesize oligomers containing 2,6diiinopurine, the CPG-Gs-@j oligomets were 
treated with cont. ammonia at 55°C overnight to cleave the oliiomer from the CPG, remove the protecting 
groups and substitute the I-thio-2,4-dinitmphenyl group. However as well as the desired oligomer containing 

Gun2 a substantial amount of oligomers containing Gs and guanine itself was obtained. Presumably the Gs 

oligomer was formed because the nucleophile ammonia attacked the l-position of the dinitrophenyl group 

leaving sulphur in the 6position. The amount of Gs oligomer was reduced dramatically by lowering the 

temperature, and treatment with cone ammonia at 25°C (2 days) gave the desired Guti2 oligomer with negligible 

amount of Gs oligomer. However there was still an unacceptable amount of oligomer containing guanine, 

resulting from attack by hydroxide ion. We had previously observed9 that cont. ammonia containing 
tettamethylguanidine (TMG) and E-2-nitmbenxaldoxime removed the protecting groups from oligonucleotides 
faster than ammonia alone, suggesting that TMG and the oxime must favour the role of ammonia as a 
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Fig. 1 PPLC profiles of unpurified 12 mer 
AGCYAATTCGCT prepared by 
post-synthetic substitution 
top figure: Y= Gs; (Inserted fig. for the 
purified Gs 12 mer) 
middle figure: Y= G; 
bottom figure: Y = GNHZ. 

Fig. 2. Base analysis of purified 
AGC GsAA TTC GCT 
(a): HPLC profile of deoxyribonucleosides: 
C, G, T and A (equal amount), plus Gs-w 
(excess amount). 
(b): HPLC profile of an enzymic digest 
of the 12 mer measured at 260 nm; 
(c): the same as (b) but measured at 330 run) 

Fig. 3. FPLC profiles of unpurified 12 mer 
AGC YAA TTC GCT prepared by 
post-synthetic substitution with MeOH/DBU 
at two different temperatures 
top figure: at 25°C; bottom figure: at 35°C 
The bottom figure shows that if the 
substitution is carried out at slightly higher 
temperature (35“(J), then a greater amount 
of oligomer comtaining C-thioguanine (the 
peak eluting at 19 min) will be produced. 
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m&ophik. So the CPG-GW oligomer was treated at 25°C with cont. ammonia comaming TMWoxime for 

2 days. This produced Cm oiigomer with negligible amount of oligomer containing Gs and G (Fig. 1). This 

method provides a more simple and practical way to prepare oligomers containing 2,6diaminopurine (Cm) 

than previous methodsr~s and titrthermore allows one to introduce rsN using easily available t5N ammonia. 

3) oligomem containing 2-amino-6-methylaminoputine (Cm) 

Treatment of the CPC-Gw oligomers with methylamine (25°C 2 days) effected both substitution and 
deprotection and gave an oligomer containing 2-amino-6-methylaminoputine with negligible amount of 

oligomets containing guanine. The oligomer containing GNMe was easily purified by FPLC at pII 12. This is a 

good example of the use of post-synthetic substitution to make oligomets containing different alkylamines. 
Because alkylamines arc generally good nuckophiles they can be easily introduced into the 6position of 
guanine at the oligomer level by the present method. It is noteworthy that oliiomers ccmtaining bifunctionsl 
group, eg. ethylenediamine group could be useful for DNA crosslmklng or attachment of non-r&active 

labelling reagents. 

4) oligomets containing O~mcthylguaoine (GoMe): 

Several methods for the synthesis of oligomers containhtg 06-methylgpanine have been described 1 A 10, 

but post-synthetic substitution provides an alternative with the advantage that NMR sensitive group such as 13c 

from [W]-CH$XI could be introduced at the last step. Treatment of CPG-G m oligomem with MeOIVDBU 

(25°C 2 days) effected both sustitution and deprotection to give GoMe oligomer (Fig. 1). The temperature of the 
substitution was also cnrcial. When a sliightly higher temperature (35°C) was employed overnight, a greater 

percentage of Gs oligomer was produced (Fig. 3). Both 2,Sdmitrophenyl and 1-thio-2,4-dinitrophenyl groups 
are good leaving groups and presumeably higher tempetature favours the substitution of the former group to 

give Gs oligomer. Oligomers containing Oh-methylguanine prepared by this method were identical to ones 

prepared previouslylo. 
5) oligomers containing guanine: 

Treatment of the CPG-Gs-bo oligomers with 0.5 M NaOH at 25°C for 2 days gave an oligomer 
containing guanine. This parent oligomer was purified by the usual method (Fig. 1). This present method may 
prove usetitl to synthesixc the parent oligomer, as a reference sample, during the same synthesis as the modified 

oligomer and to introduce NMR sensitive 170 at the last step from W-water. 

Stability of DNA duplexes containing 6-thioguanine and 4-thiothymine: The thermal melting 
profiles of DNA duplexes containing 6-thioguanine were measured and compared with control DNA, and with 
DNA containing 4-thiothymine. Unexpectedly the presence of 6-thioguanine produced a much greater 
depression of the melting temperature (Tm) than the presence of 4-thiothymine. The Tm of a self- 

complementary duplex ( AGCGsAATTCGCT) containing two 6-thioguanine: C base pairs was 12.8 “C lower 

than that of the control DNA (table 1). The Tm of a non self-complementary duplex (CAGGSAATTCGC) 
containing one 6-thioguanine: C pair was 6.9 “C lower than that of the analogous control. The presence of 

4-thiothymine produced less instability. The Tm of a self-complementary duplex (AGCGAATsTCGCT) 
containing two 4-thiothymine: A pairs was only 1 “C lower than the control. This result is consistent with 

previous result& However a non self-complementary duplex (CAGGAATTWGC) containing only one 
4-thiothymine: A pair had a Tm 3 “C lower than the control. Although 6-thioguanine and 6-mercaptopurine, 
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Table 1. The Melting Temperature (Tm) Vahtea of DNA Duplexes 
Containing 6-Thioguanine and 4-Thlothymine 

Self-complementary 
Duplexes Tm ATm I 

Non+mlfaPlementary Tm ATm 
Duplexes 

5’AGCGMTTCGC-I’ 645 0 
3’ TCG CIT AAC CGA ;:~$~G&~~~ 58.7 0 

; ;E; ;gz;szT 51.2 12.8 5’CAGGSAATTCGC 3’GTC CTTAAGCG 51 * 8 69 ’ 

5’AGC GAA -lsTCGCT 3’TCG CTTs AAG CGT 635 ’ 1 SCAGGAAT+CGC 55.7 8 
3’GTCCl-T AAGCG 

which is converted to 6-thioguanine in vivo, are widely used in cancer therapy, and the 6-thioguanine analogtm, 

azathioprine, is used in transplant surgery, very little is known about their mode of action at the molecular level. 

The cytotoxicity occurs at cell division and it seems possible that the distortion of the DNA structure, which can 

be seen here as a reduction in Tm, plays a role in the cytotoxicity of these druga. The availability of synthetic 

DNA containing 6-thioguanine should be of significant value in advancing an understanding of this very 

important question. 

EXPERIMENTAL 

Abbreviation: DBU, 1,8-diibicyclo-[5.4.0]-undee-7-ene; DMT, 4,4’-dimethoxytriphenylmethyl; TMG, 
tetramethylguanidiie; CPG, controlled-pore-glass; Gs, 6-thioguanine; GNn2, 2,6-diiinopurine; GNMc, 2- 
amino-6-methylaminopurine; Gs-dne, 6-(2,4-dinitrophenyl)thioguanhte; Go+ 06-methylguanine. 

Chemicals, enzymes, and general methods 
The CPG-linked monomem and the chemicals used on the synthesizer were obtained from Cruachem 
(Glasgow, Scotland) and the 2-cyanoethylphoaphoridites protected with phenoxyacetyl on the amino 
functions of adenine and guanine and with isobutyryl on the amino function of cytoaine (PAC amidites) were 
from Phamtacia. Y-DMT-Nzisobutyryl-2’-deoxyguanosine was from Ctuachem, corm. ammonia (dg0.88 
Aristar) from BDH and 40% aqueous methylamine from Aldrich. Anhydrous acetonitrile was obtained by 
drying acetonitrile (HPLC grade, Rathbum) with molecular sieve 4A at least overnight. All other chemicals 
were from either Aldrich or Sigma. All chemicals and solvents, unless stated otherwise, were used directly 
without further purification. The water content of anhydrous solvents was checked by Karl Fischer titration. 
Reverse phase HPLC for base analysis was carried out on a Gilson 320, with a 620 Datamaster for integtation 
and Shimadxu SPD6A W spectrophotometric detector, using a Waters 8MBC 18 1 Ou column. Gradients were 
formed from 0.05 M aqueous RH$G~ (PI-I 4.5) (buffer A) and 0.05 M aqueous RI-I$G.t(pH 4.5) containing 
33% CHsCN (buffer B) at a flow rate of 3 mVmin. Fast protein liquid chromatography (FPLC) was carried out 
on a Dionex BIOLC system with a Dionex variable wavelength detector using a Pharmacia monoQ HR5-5 
column. Gradients were formed from 0.4 M NaCl, 0.01 M NaGH aqueous solution (pH 12) (buffer C) and 1.2 
M NaCl, 0.01 M NaOH aqueous solution (pH 12) (buffer D) at a flow rate of 0.7 ml/min. Thin layer 
chromatograghy (TLC ) was carried out on Merck Rieselgel60 F 254 aluminium backed TLC sheets developed 
with 5% CH~OIIKI-ICI~ (solvent A) or CH2CI+thylacetatJdiisopropylamine (75:25:2, v/v/v, solvent B). 
Nensorh Cartridges (NEN Research Products, Du Pont Co., Boston, MA 02 118, USA) were used to remove 
failure sequences from the oligomers according to the makers’ instmction. 

Base analysis 
The purity of the oligomers was assessed by analysis of the nucleosides obtained from enxymic digestion. In 
general 0.5 Ax0 units of an oligomer was dissolved in 160 ul Hz0 and 20 pl 600 mM TrisHCl, 60 mM 
MgClz, pH 8.5. Snake venom phosphodiesterase I (10 ul, 10 ug protein) was added and the mixture incubated 
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(37”C, 30 mm), then alkaline phosphatase (10 ul,5 ug protein) was added and incubated at 37°C for another 30 
min. The deoxyribonuckosides were analyzed by HPLC using 93% buffer A and 7% buffer B for fmt 7 min, 
then with a linear gradient from 7% to 80% of buffer B over the following 10 min, then remaining at this 
concemmtion for another 5 mitt in order to detect any mmahdng of un-substituted Gw tutckoside. The ehuue 
was generally monitored at 260 nm, but for the Gs oliiomer an extra tlln was monitored at 330 nm for the 
detection of 6-thiodeoxyguanosine. The amount of each nucleoside was measured by integration of the 
absorbance of each peaM.10. Retention timca were: dC1.5 mitt; dI (from enzymatic hydrolysis of dA): 3.5 mitt; 
dG: 3.9 mint T: 5.5 mi;b; GS: 5.7 mitt; Gm: 7.0 min; dAz 9.5 mm; Gme: 11.2 mitt; GoMc: 11.7 mitt; Gw: 
20.2 min. 

Melting Curve Measurement 
Oligomers containing 4-thiothymine were pmpared as the previous PapclJ. The DNA strands were annealed in 
0.1 M Hepes pH 7.5,0.2 hi NaCl and 0.02 M MgC12. The temperature dependent change in absorbance at 260 
nm, of the solution in this buffer, was followed using a CARY3 spectrophotometer connected to a Cary 
tempetatute controller (Varian Tech&on Pty Ltd, Australia). The mte of temperature increase was 1Wmin. The 
Tm values were determined as the maximum values of the first derivative graph of the absorbance vs 
tempemtu=. 

Synthesis of 5’-O-(4,4’-dimethoxytriphenylmethyl)-N2-irobnty l-2’-deoxy-6-(2,4-dinitro- 
~henvl~thiorrPanorine-3’-0-(2-cvanoethvl-N.N-diLooro~vlamino -Dhosnhoramidite (VII) r 

- s~~~~~-i~~~~2~d~~6-~~~~~~ (V):- S-Dimethoxykiphenyl- 
methyl-Nzisobutyryl_2’-deoxygusnosine IV (1.28 g, 2 mmol) was dissolved in anhydrous CH $12 (25 ml) 
and triethyhunine (1.2 ml), 2-mesitylenesulphonyl chloride (0.88 g, 4 mmol), and 4-(dimethylamino)pyridine 
(10 mg) added sequentially. After 1 h strining at room temperature. the solution was cooled with an ice-bath 
and Nkethylpyrr&line (i ml) slowly added:The sobttion~vms left stirrhrg for 20 mitt in the ice-bath and then 
for another 30 min at room temnerature. Thiolacetic acid (1 ml) in CHEb (5 ml) was added droowise and 
stirred for another 1 h. The react& mixture was washed with sat&ted a&&s NakO 3 (2 x 25 mi) and then 
with saturated aqueous NaCl(2 x 25 ml). The organic layer was dried over anhydrous Na2S04 and evaporated 
to solid, and purified by column chromatography on Rieselgel60 H using CH& followed by a gradient of 
0.5% to 1.5% CH@H/CHC13 (v/v) with a few drops of pyridine added. The fractions containing the desired 
product were pooled and evaporated under reduced pmssure to 
NMRdata(inDMSGd,J: 1.13 (6H, d, -C(CH& of isobutyl 

‘ve a slightly yellow solid (0.53g, 40.0%). tH 
ef , 2.37-2.78 (3H, m, 2-H, 2”-H and -CH- of 

isobutyl), 3.09-3.19 (2H, m, 5’-H), 3.71 (6H,s, OCH3 of DMT), 3.95 (lH, m, 4-H), 4.40 (lH, m, 3’-H), 
5.35 (lH, d, 3’-OH, ex), 6.25 (lH, t, l’-H), 6.78-7.40 (13H, m, aromatic-H), 8.30 (lH, s, 8-H), 11.93 
(lH, s, 2-NH, ex) and 13.41 (lH, s, 6-SH). W: hmax-332.0 nm (in MeOH) 

S-D~e~o~p~y~e~yl-hn-lisobutyr (VI): To a 
solution of compound V (0.33 g, 0.5 mmol) in anhydrous CHsCN (25 ml) was added triethylamine (0.5 ml) 
and 2,4dinitmfluombenxene (0.1 lg, 0.6 mmol). After 40 mitt, TLC showed that the starting material was 
entirely converted to a new compound with higher Rf (solvent A), which was yellow under visible light. The 
reaction mixture was concentrated under reduced pressure into a small volume and diluted with CHCIJ (25 ml). 
The solution was washed with saturated aqueous NaHCOs(25 ml), then with saturated aqueous NaCl(25 ml). 
The organic layer was dried over anhydrous Na$IGd, evapomted to give a yellow solid, and purified by silica 
gel column chromatography using CH& followed by1 % CH @WCH$l2 (v/v) with a few drops of pyridine 
added. The fmctions containing the desired product were combined and evaporated to a yellow solid ( 0.38 g, 
92% ). 1H NMR data (in DMSG-de): 1.03 (6H, d, -C(CH&- of isobutyl), 2.37-2.90 (3H, m, 2’-H, 2”-H 
and -CH- of isobutyl ), 3.12 (2H, m, 5-H), 3.70 (6H, 8, OCHs of DMT), 3.98 (lH, m, 4.-H), 4.55 (IH, m, 
3-H), 5.31 (IH, d? 3’-OH, ex), 6.40 (lH, t, l’-H), 6.73-7.36 (13H, m, aromatic-H), 8.09 (IH, d, 6-H of 
2,4-dinitrophenyl), 8.29 (lH, m, 5-H of 2,4dinitrophenyl), 8.54 (lH, 8, 8-H), 8.90 (lH, d, 3-H of 2,4- 
dinitrophenyl) and 10.52 (lH, s, 2-NH, ex) Uv: k-233.3 nm and 348.0 nm (in MeGH) 

~-Dime~o~~~y~e~~-N2-i~t~-~-~~-6-(2,4-~~~nyl)~o~~-~-O-(2- 
c~~~~-N,N-d (VII): Compound VI (250 mg, 0.3 mmol) was dissolved in 2 
ml dry THF and 0.25 ml of N,N-diisopropylethylamine added. The solution was cooled in an ice-bath and 150 
pl of 2-cyanoethyl-N, N-di-isopmpylchlomphosphommidite in 1 ml of dry THF was added dropwise under 
stirring. After 10 mitt, the ice-bath was removed and the reaction left stirring at room temperature until TLC 
showed the complete conversion of starting material into two compounds with higher Rfs in solvent B. The 
mixture was diluted with ethyl acetate (25 ml) and washed with saturated aqueous NaCl(2 x 25ml). The organic 
layer was dried over Na2SOJ and evaporated to give a yellow solid, which was purified by column 
chromatography eluted with CH2Cla/ethyl acetatJdiisopropylamine (85: 15: 1, v/v/v). The fractions containing 
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the desired product were combined and evaporated to a yellow solid, redissolved in beuxeue and lyophilii to 
give a yellow powder (190 mg, 62.1%). 3lP NMR data (in CDCl3): 149.41 and 149.16. 

Synthesis of 5’-0-(4,4’-dimethoxytripbe~ylmethyl)-N~-phenylacet 1-2’-deoxy-6-(2,4-d& 
nitrophenyl)thioguonosine-3’-0-(2-c~oethyl-N,N-diisopropylamino J phosphoramidite (XII) 

3;5,-~a~~~-~-phe~y~acctyl_2’-d~~-6-~i~~ine ( IX): 3’,5,-diietyl-N2-phcaylacctyl-2’- 
deoxyguanosine VIII (2.8 g, 6 mmol), prepared as beforelo, was dissolved iu anhydrous C&Q (50 ml), and 
triet@mine (3 ml), 2-mesityleaesulphoay1 chloride (2.0 gm, 9 mmol) and 4-(dimethylamino)pyrklme (20 mg) 
sequentially added. After 1 h stirring at room temperature, the solution was cooled in an ice-bath and N- 
methylpyrrolidine (5 ml) in CH$H2 (5 ml) was added slowly. The solution was left stirrlug for 30 mitt in the 
ice-bath and theu for another 30 miu at mom temperature. ‘Ihiolacetic acid (5 ml) in CI-I$l~ (10 ml) was added 
dropwise and stirred for another 1 h. The reactlou mixture was washed with satumted aqueous NaHCC3 (2 x 
75 ml) and then with saturated aqueous NaCl (2 x 75 ml). The organic layer was dried (NazSO,) and 
evaporated to solid, and purified by column chromatography using C&Cl2 followed by a gmdient from 0.5% 
to 2% CH3OWCHC13 (v/v). The fractions containing the desired pro&& were pooled and evaporated under 
reduced pressure to give a slightly yellow solid.lH NMR data (ii DMSO-de): 2.02-2.08 (6H, 2 s, 3’ and 5’ - 
COCHs), 2.56-2.98 (2H, m, 2-H and 2”-H ), 3.84 (2H, s, -CH 2 of phenylacetyl),4.19-4.25(3H, m, 4-H 
and 5-H), 5.32 (lH, m, 3’-H), 6.23 (lH, t, 1’-H), 7.27-7.34 (SH, m, aromatic -H of pbenylacetyl),8.43 
(lH, s, 8-H), 12.23 (IH, s, 2-NH, ex) and 13.27 (lH, 8, 6-SH). 

Z9-phenyketyl-2’-deo~-6-(2,4-&ittvphenyl)thioguanosine (X ): Compound IX was selectively 
deprotected using a published procedure 10 to give Nz-phenylacetyl-Z-deoxy-6-thioguauosine, which was 
confirmed by NMR spectroscopy; tH NMR data (in DMSO-de): 2.57-2.99 (2H, m, 2-H and 2”-H ), 3.83 
(2H, s, -CHz- of phenylacetyl), 3.54 (2H, m, 5-H), 3.83 (lH, m, 4-H), 4.37 (lH, m, 3’-H), 4.98 (IH, t. 5’- 
OH, ex), 5.33 (lH, d, 3’-OH, ex), 6.20 (lH, t, I’-H), 7.27-7.35 (5H, m, aromatic -H of phenylacetyl),8.41 
(lH, s, 8-H) 12.23 (lH, s, 2-NH, ex) and 13.26 (lH, s, 6-SH); UV ilmax=331.0 nm (in MeOH). The 
purified NzphenylacetyW-deoxy-6-thioguanosine was quantitatively converted to compound X using a 
similar procedure as for compound VI. The identity was confirmed by NMR spectroscopy; *H NMR data (in 
DMSO-de): 2.30-2.72 (2H, m, 2-H and 2”-H ), 3.55 (2H, m, S-H), 3.71 (2H, s, KHz- ofphenylacetyl), 
3.85 (lH, m, 4-H), 4.41 (lH, m, T-H), 4.90 (lH, t. 5’-OH, ex), 5.34 (lH, d, 3’-OH, ex), 6.34 (lH, t, l’- 
H), 7.27 (SH, m, aromatic -H of phenylacetyl), 8.12 (lH, d, 6-H of 2,4-dinitrophenyl), 8.36 (lH, m, 5-H of 
2,4-dinitrophenyl), 8.68 (lH, s, 8-H), 8.88 (lH, d, 3-H of 2,4dinitrophenyl) and 10.88 (lH, s, 2-NH, ex). 

5’-0-(4,4’-dime~o~~~~~e~yl)-~-pben~~-~~~~-6-(2,4-~i~henyi)~~~~e-~- 
0-(2-cyanoethyMV,IV--diisopropylamino~-phosphoramidite (XII): Compound X was tritylated with 
dimethoxyltriphenylmethyl chloride in presence of pyridiue by standard procedure and the resulting compound 
(XI) was confirmed by NMR spectroscopy; rH NMR data (in DMSO-de): 2.35-2.89 (2H, m, 2-H and 2”-H 
), 3.08-3.24 (2H, m, 5-H), 3.71 (8H, s, -CH2- of phenylacetyl and CH30 of DMT), 3.96 (lH, m, 4-H) 
4.51 (lH, m, 3’-H), 5.38 (IH, d, 3’-OH, ex), 6.38 (lH, t, I’-H), 6.66-7.35 (18H, m, aromatic-H of 
phenylacetyl and of DMT), 8.04 (lH, d, 6-H of 2,Cdiitrophenyl), 8.25 (IH, m, 5-H of 2,Cdinitrophenyl), 
8.55 (lH, s, 8-H), 8.87 (lH, d, 3-H of 2,4_dinitrophenyl) and 10.82 (lH, s, 2-NH, ex). XI was then 
converted into compound XII using the same procedure as for compound VII. 3tP NMR data (in CDCl3): 
149.41 and 149.16. 

Stability Tests 
StabJ@y of compound X and XI towanik the conditions used in oligonuckotide assembly Compound 

X (20 mg) was dissolved in 3% dicbloroacetic aci&dichloroethane and changes in the solution monitored by 
TLC (CH3OWCHCl3, 10: 90, v/v) over 24 h at room temperature; Compound XI (20 mg) was dissolved 
respectively in a) 4.4% N-methyllmidaxole in THF; b) acetic anhydrlde/httidl: 1:8; and c) 0.1 M iodine 
in THP/pyridm&ater 40:9: 1. Changes in the solution were monitored by TLC (CH_PH/CHCl3, 5: 95, v/v) 
over 24 h at room temperature. 

Stability of 2’-deoxy-6-thioguanosine towards cont. ammonia at 25°C and SST 2’-deoxy-6- 
thioguanosine (10 mg) was dissolved in 1 ml of cont. ammonia and the solution was kept at 25°C for 3 days 
and at 55°C for a day respectively. The reaction course was monitored by TLC (CH~IGCHCl3,lS: 85, v/v). 

Synthesis, Conversion and Purification of Oligonucleotides 
Oligonucleotides were synthesixed on a Cruachem PSZOO automatic DNA synthesizer (Cruachem Ltd., 
Glasgow, Scotland) using PAC amidites of the normal bases (see above). The general procedure was carried 
out as before4.W The portion of the oligonucleotide 3’ to the modified guaulne was synthesized on the 
machine, then the versatile guaniue monomer (compound VII or XII) was added manually. 10 mg of the 
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monomer wasdissolvcdin0.1mlofanhydmusCH~N and0.1mlof0.5Mtctm&einanhydrousCE@J 
addcd.Thebottomeodoftbe~~econtainiagthesolideadpartianysynthadzado~~wesdlsoonnected 
from the machine and the mixture of monomer and tctrazole i+ctcd from a gas tight syringe. The sy&ge was 
zz,; the solution in and art of the cartridge several thnos over a period of 3 mitt, thcdt the cartridge was 

~totheql&e&crtoamlpIetttheayvnhoris. 
Pqmuufiou of o&wem con&t@ 06-metYi&uathe (m): CFG-support bearing the 12 mer G w 

oligomer, with the 5’-DMT still on (CPG-Gw oligomer) was put into Eppendorf tubes and MeowDBU 
(lm1,9:1,v/V)~sddedandle~at250Cfor2days.The~lutionwasneuttalized(90ml50%~acctic 
acid,l.5 equivalent to DBU) and immediately passed through a Dowex 50 x 8, Na+ form, 400 mesh ion 
exchange column (10 ml wet volume) ehtted with water and collected in 1 ml fractions. The oligomem were 
usually found in fractions 4 to 6 by measuring AZ@. The oligonuclcotidcs were separated from feilure 
scqncnccs and the DMT group Bnaily removed using a Natsotb Prep cartridge (Du Pant company). Further 
purification of the modiScd oligomcr by FPLC and its base compudtion analysis were carried out as beforeto. 

prepSrrr~ofd~~aw~gsraaioe~tbeG~digomer:ThecpG-GfdnBougOmerwas 
treated with 0.5 M acpmous NaGH (25”C, 2 day). The dcpmtcctcd and substituted oligomer was purified with a 
Ncnsorb Prep cartridge and FPLC as above. 

Prcpanrtiga of o&vmem contabhtg 6-thiopanine : The CPG-GM oligomer was treated with 10% 
mercaptoethanol in corm. ammonia for 2 day at 25”C, then the pmduct was purltied by Nensorb cartridge and 
FPLC as described above. The correct base analysis of the modified oligomcr was pmscntcd in Fii. 2. 

Pmpamtiioa ofo&uuecrs cont&u&2,6_diemimpuriae (Guru) : The CPG-GsQIPr oligomer was treated 
with cont. aqueous ammonia (dlO.880) containing 65 mM tetramethylgunidine and 75 mM 2- 
nitrobenzaldoxime for 2 days at 25°C. The resulting ohgomer was purified with a Nensorb Prep cartridge and 
further with FPLC. The correct base composition was confumed. 

Pnpxmtkm of oliggmer contab&2-amino-6-met&.&mbop&e (Gm) : The CPG-GM oligomer 
was treated with 40% aqueous methylamine for 2 days at 25’C.’ The resulting oligomer was puriiied with a 
Nensorb Prep cattridge and tiuther with FPLC. The cortect base composition was confitmcd. 
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