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Ahatraet-Synthesis of an N-protected derivative of 2-amino2’deoxyadenosine (dA’) from 
2’deoxyguanosine is reported. The syntheses of several oligodeoxynucleotide containing this modified 
nucleoside are described, together with physical characterization via melting studies and CD con- 
formational analysis. As expected, the 2-amino group is seen to add to the duplex stability. Although the 
sequence d(TA’), was found to undergo a salt-induced conformational transition, mixed sequences such 
as d(CGTA’CG) did not display this behavior. All guanine residues present in these scquencw were 0’ 
protected, either with the cyanoethyl group or the Qnitrophenylethyl group, to eliminate guanine 
degradation during phosphorylation and condensation reactions. Procedures for the introduction and 
removal of these O6 protecting groups are described. 

Polynucleotides containing the 2-aminoadenine resi- 
due, usually homopolymers or alternating polymers, 
have been investigated in detail, especially in the 
ribonucleotide seriesm9 However, largely due to the 
lack of adequate synthetic methods, little work has 
been done on deoxyoligonucleotides of defined se- 
quence containing this modified base. Interest in such 
molecules has been stimulated by the recent finding 
that the DNA of cyanophage S-2L contains exclu- 
sively 2-aminoadenine in place of adenine,‘O and also 
by speculation about the role of the purine 2-amino 
group in the transition from B to Z DNA.” 

Circular dichroism gave the first clue to the left- 
handed form of poly d(CG) induced by 4 M NaC1,12 
while ‘H and “P NMR,” and finally a single-crystal 
X-ray structure,“*‘J have clearly established the pa- 
rameters of the Z conformation. Moreover, structural 
features that facilitate Z formation have been 
identified. For example, poly d(CG) containing 
5-methylcytosine,‘6 7-methylguanine,” 
8-bromoguanine’* has been shown to more read:; 
adopt the Z form than does poly d(CG) itself. Z 
DNA formation also has been demonstrated using 
magnesium perchlorate,19 tetramethylammonium 
chloride,m cobalthexammine,2’ and polyarginine22 in 
addition to 4M sodium chloride. Yet the minimal 
structural requirements of Z DNA have not been 
delineated. It has been suggested that a strictly alter- 
nating pyrimidine/purine sequence is one key require- 
ment.” The CG-rich sequence d(CGCGAATT- 
CGCG), for example, does not adopt a Z form,2324 
nor does d(AT)3(CG),,U but d(TA),(CG), does form 
concatamers in which the d(CG), portion appears to 
be Z.26 A second requirement may be the purine 
2-amino group, since poly d(CG), but not poly d(TA) 
nor poly d(CI), will undergo the B-+Z transition.” 
The d(CGh X-ray structures, moreover, show a water 
bridged N2-H-phosphate H-bond which may sta- 
bilize the Z structure,‘5 and the 2-amino group ap 
pears to disrupt a spine of hydration that may be 
important in stabilizing the B form.27 
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We have sought to introduce specific modifications 
into short oligonucleotides to provide insight into 
DNA conformational requirements through analysis 
of the properties of these specifically modified se- 
quences. Thus we have shown that the alternating 
hexanucleoside pentaphosphate of thymidine and 
2-amino-2’-deoxyadenosine [d(TA’),] will undergo a 
conformational transition in either sodium chloride 
or tetramethylammonium chloride.m The resultant 
CD spectrum is similar although not identical to that 
seen for the Z form of d(CG), and for poly 
d(AC) . poly d(GT) at high concentrations of cesium 
chloride, a putative Z structure.293 In addition, we 
have shown that the alternating pytimidine/purine 
molecule d(CGTACG) does not undergo a salt- 
induced conformational change.3’ The logical next 
step is to examine mixed sequences such as 
d(CGTA’CG), in which each putine has the 2-amino 
group. The synthesis and physical characterization of 
this and some related molecules are reported below. 

The synthesis of guanine-rich oligonucleotides has 
long been known to proceed in somewhat reduced 
yield and with a higher proportion of side products 
than is the case with guanine-poor sequences.‘* De- 
spite the major improvements in oligonucleotide syn- 
thesis that have taken place recently. problems with 
guanine residues continue to be cited.3S37 The demon- 
stration by Reese and by Hata that the guanine O6 
atom reacts readily with a variety of reagents, includ- 
ing commonly used condensing agents3B~39 and acti- 
vated nucleotides,a has led to a realization of the 
necessity of O6 protection. Thus Hata has introduced 
06-silyl, sulfonyl, phosphoryl, and phosphino thioyl 
derivatives4’ while Reese has prepared 06-(2- 
nitrophenyl) substituted guanine nucleosides.” We 
have developed a general route, based on the work of 
both Reese and Hata, for 6-substitution of gua- 
nine.“,” Our route may be used for synthesis of 
2-amino-2’-deoxyadenosine (see below), simple 
06-alkyU’-deoxyguanosines,” or for preparation of 
several derivatives suitable for use as O6 protected 
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nucleosides.~ Pfleiderer has recently reported appli- more convenient to instead immediately react 2 with 
cation of the Mitsunobu reaction to the synthesis of excess trimethylamine, at 0”, to give the tri- 
one of these, the P-(4-nitrophenylethyl) com- methylammonium salt 3 . Not more than 10 min are 
pound.45 We have been examining the use of the most required for the complete conversion of 2-3. We have 
promising of these protected derivatives in oli- not been able to isolate 3 due to its ready de- 
godeoxynucleotide synthesis: the 06-phenyl- methylation. However, if used immediately, and 
thioethyl,” 4-nitrophenylethy146 and cyanoethyl de- kept cold, little degradation to the dimethylamino 
rivatives. Each of these protecting groups is a substi- derivative is observed. Thus excess liquid ammonia is 
tuted ethyl group susceptible to cleavage by /?- added to the reaction mixture immediately after the 
elimination at the end of the synthesis. The phenyl- addition of trimethylamine, and the mixture is al- 
thioethyl moiety, however, requires a prior oxidation lowed to reflux until reaction is complete (TLC); this 
to the corresponding sulfoxide. Alternatively, both is usually about 5-8 hr. The reaction of 2 itself with 
the Cnitrophenylethyl and the cyanoethyl groups are liquid ammonia is much slower than is the reaction 
removed without additional deprotection steps, mak- of 3. After evaporation to remove ammonia, 4 is 
ing them inherently more attractive. At this time we treated with benzoyl chloride in pyridine to give 5 
wish to report the first example of oligonucleotide which is reacted with I N NaOH to cleave the 3’ and 
synthesis using the cyanoethyl group for guanine 5’ isobutyryl groups leaving the 6-N-benzoyl-2-N- 
protection as well as additional examples of use of the isobutyryl derivative 6. Thus the overall trans- 
Cnitrophenylethyl group, to complete our pre- formation of triisobutyryl deoxyguanosine to 6 is 
liminary evaluation of these three O6 protecting performed without an intermediate purification step, 
groups. in good overall yield. 

Derivatives of 2-amino-2’deoxyadenosine were 
obtained by the synthetic routes shown in Figs. 1 and 
2. Triisobutyryl deoxyguanosine (1) is sulfonylated in 
methylene chloride using triisopropylbenxenesulfonyl 
chloride and triethylamine along with a catalytic 
amount of 4dimethylaminopyridine. The sul- 
fonylated derivative 2 is obtained in high yield within 
1 hr, and can be isolated if desired. It is generally 

Although 6 is immediately usable, without 3’ pro- 
tection, for synthesis of a dinucleoside phos- 
phate, 34~35.47.ul we decided instead to use the 
3’-O-levuhnyl compound 7c for dimer preparation. 
Conversion of 6-7~ was readily effected by selective 
protection of the 5’ hydroxyl group via reaction with 
rert-butyldiphenylsilyl chloride, in pyridine, to give 
7r, reaction of 7n with levuhnic anhydride to give Ib, 

IbO 

TPS-c I 

-Tz-+ 

1 

o-TPS 

t;fJNHIb 

IbO 

IbO 0 -u 
Ibi 

Fig. 1. lb = isobutyryl; TP!%Cl = Z.,4,~triisopropylbesu~fonyl chloride; DMAP = edimethyl- 
aminopyridine; B&l= benzoyl chloride. 
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R’O R’O 

a R=BDPS; R’=H 
b R = BDPS; R’ = COCH,CH2COMe 
c R = H; R’ = COCH,CH,COMe 

a R=R’=BDMS 
b R = DMT; R’ = COCH,CH,COMe 
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4:I$3t,,,, 
0-CH&~NO, 

t:?$,,, 
RO o v R o 

O-U 
R’O R’O 
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a R=R’=BDMS 
b R=R’=H 
c R=DMT; R’=H 
d R = DMT; R’ = COCH+ZH,CO,H 
e R = DMT, R’ = COCH,CH,COMe 
f R = H; R’ = COCH,CH,COMe 
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a R = DMT, R’ = COCH,CH,COMe 
b R=DMT; R’=H 
c R = DMT; R’ = COCH,CH,COJl 
d R = H; R’ = COCH#ZH,COMe 

Fig. 2. BDPS = rerr-butyldiphenylsilyl; BDMS = rerr-butyldimethylsilyl; DMT = 4,4’dimethoxytrityl. 

and cleavage of the silyl group with tetra-n- 
butylammonium fluoride to give 7c. In this way we 
were able to ensure that our preparation of dimer 
would contain only correctly joined material. The 
silyl compound 7a was used, rather than a dimeth- 
oxytrityl derivative, due to the extreme acid lability of 
the glycosidic linkage of these di-N-acyl derivatives of 
2-amino-2’deoxyadenosine. Use of protic acids for 
detritylation is entirely precluded; even with use of 
zinc bromide depurination is detectable after about 
1 hr. During the oligonucleotide synthesis itself we of 
course could not use the silyl group for 5’ protection 
since fluoride ion treatment would cleave the triester 
group. But we were able to absolutely minimize the 
number of times that the diacylated 2-aminoadenine 
residues were exposed to zinc bromide to one treat- 
ment for the two hexanucleoside pentaphosphates 
d(CGTA’CG) and d(CGUA’CG) and to two for 
d(CGTA’TA’CG). Moreover, we found that the 
efficiency of detritylation could ix greatly increased, 
and the time thereby reduced, by swelling the resin in 
plain methylene chloride between the zinc bromide 
treatments. In this way we were able to effect nearly 
complete detritylation with three 20min reactions, 
despite the fact that in two cases we were using a 
highly functional&d Merrifield resin (1.3 meq 
NHJg) which has since been shown to retard zinc 
bromide catalyzed detritylation.49 For the synthesis of 
d(CGUA’CG) we switched to a less functionalized 
resin (0.3 meq NH,/g). It is noteworthy that the 
actual amount of the succinylated nucleoside initially 
bound is about the same, 0.1 to 0.2 meq/g, for both 
the 1.3 meq NH,/g resin and the 0.3 meq NH,/g resin. 

Moreover, in addition to having an improved rate of 
detritylation, the less functional&d resin did not 
become darkly colored during synthesis, as did the 
more highly functionalized resin. 

The 06cyanoethyl-2’deoxyguanosine derivatives 
!h,b were synthesized from the 3’,5’-0-bis(zerr- 
butyldimethylsilyl) compound &I as we reported else- 
where.” The S-dimethoxytrityl derivatives !Jc and W 
were prepared from % by standard procedures. Al- 
ternatively, we have applied our 0-alkylation pro- 
cedure to the Y-0 dimethoxytrityl-3’-0 -1evulinyl 
compound 8b, to effect a one-flask synthesis of either 
!k or the corresponding 06-(4-nitrophenylethyl) de- 
rivative 1Oa.46 Both !Je and lOa are appropriately 
protected for elongation in either the 5’ or 3’ direc- 
tions after a single deprotection step. Since 8b is 
readily available in high yield by standard procedures 
this is a very direct route to fully protected deoxy- 
guanosine derivatives. This works particularly well 
for 101, giving a yield of cu 75x, although for !k only 
a 3&40°% yield is generally obtained. Moreover, we 
have found that lob, obtained by delevulinylation of 
lOa, may be readily crystallized from ether, making 
this derivative conveniently available in high purity. 
We began the syntheses of both the hexamer 
d(CGTA’CG) and the octamer d(CGTA’TA’CG) 
using the 06cyanoethyl protected deoxyguanosine 
derivative, but we completed the octamer using the 
more readily available O%itrophenylethyl protected 
compound. The four dinucleoside phosphates re- 
quired for all three sequences were prepared as shown 
in Table 1. Although we have found 2,4,6-triiso- 
propylbenzenesulfonyl chloride (IT%) plus N- 



Table I. Formation of dimers in solution* 

Phosphate Hyd mxy 
component componel¶ t 

(=ol) bmvl) 

TPSlcstalyet 

bml) 
Product after 

delevultnylation 

(yield) 

mlr-Q (2.5) 

Urn-CJI (1.8) 

DMT-Tp (3.4) 

MST-dup (1.8) 

H*~**-lev (1.7) 

HO-p-lev (1.4) 

Ho-A’-lsv (2.8) 

Ho-A_‘-lcv (1.5) 

?.S/23Tec 

S.4116Tet 

a.4fzsm 

S.4/16Tet 

rMT-cJ~** 175) 

Om-Q* (67) 

DKkTp&’ (71) 

DKI-dUoA’ (43) 

aAbbteviations are: Dnr-4.4’-dimethoxytrftyf; le~levulinyl; Pb-N-benzoyl- 
2’-deoxycytidine; T-thymidine; dIJ-2’-deoxyuridine; A’-6-g-benzoyi-Z-N- 

iaobutyryl-2-~no-Z’-daoryadenosine; C~6-O_(4-nierophenylethyl)-Z-~- 

lsobutyryl-Z’-deoxysuanosine~ G , _**-6-O-Tcyanoethyl)-2-N-iaobutyryl-2’= 
deoxyguanoeioe; Tet-tetratok; MI-I&&thy1 lmidatole.- These abbreviations 
are baeed on the simplified scheme Euggeeted by Reese.“ 

methylimidazole to he an excellent combination for 
condensations,so the methy~~d~le is sometimes a 
problem during subsequent chromatography. Thus 
for solution phase condensations we often used tet- 
razole, rather than methylimidazole, solely for this 
reason. The anomalously low yield for preparation of 
the dimer d~MT-Ups ‘) may be due to side reac- 
tions of the uracil base in the presence of 
TPS/tetrazole.” Both of the guanine containing 
dimers, however, were obtained without formation of 
the polar, fluorescent impurities and dark colors 
formerly so characteristic of condensations involving 
guanine nucleosides.” ’ 

The oligonucleotide synthes& were carried out as 
indicated in Table 2. We have/found it most efficient 
to begin by attaching monomer to the 

d(DMT-TpA’pCpG 

hexamer d(DMT-CpG **pTpA ‘pCpG**-R) while 
the remainder was used for the octamer. The general 
sequence followed for elongation was: (1) Detri- 
tylation with either 2% beuzenesulfonic acid or with 
zinc bromide. (2) Condensation with the next mono- 
mer or dimer 3’4 -(2chlorophenyl)phosphate. (3) 
Capping with acetic anhydride. The hexamer d- 
(DMT-CpG *pUpA ‘pCpG +-R) was similarly pre- 
pared from lik attached to a portion of resin. 

The cleavage of the guanine O%yanoethyl group 

was effected during the now standard deprotection of 
the triesters with 2-nitro~n~ldoxime and tetram- 
ethylguanidine. 34 For sequences with the guanine 
O%itrophenylethyl group we used 2-nitro- 
benzaldoxime and DBU, under anhydrous con- 
ditions, as the first step. Water was then added to 
allow cleavage of the product from the resin. Thus in 
each case the guanine O6 protecting groups were 
removed without difficulty in the first deprotection 
step. We have noted that, with the more highly 
functionali~ resin (1.3 meq NH2/g), some I@-20% 
of the trityl functionality is usually not cleaved in this 
step, while with the lower functionalized resin 

Tabte 2. Condensation reactions on resin’ 

Phosplmte 
component 

(-1) 

Hydroay 
component 

(~01~ 

TPS /HI 

(ml) 
Product (yfeld) 

~-57 
0.0) 
DMT-Tph’ P 

(2.8) 
Dm-cJ$**p 

(1.3) 

Ho-pw3, 
(0.91) SSAb 

HO-CJ?C*~R* 
(0.87r znBr,b 

HO-TpA’pC~$*“it, 
~o.s6Y znBr,b 

13/45 

8.3126 

3.8111 

om-cJl~**-R* 

(96) 
C+WT~&‘~CJ~**-R, 

(83) 
OMT-CJG**~T~~‘~CJG**-R~ 
(64) - - 

HO-Tp&‘pC@**-R, 
(0.18) z&,b 

HO-TpA’pTpA’ CJ~**-R, 
(0.12Y Znik, !I 

2.216.6 

3.319.8 

MLT-T~&‘~T~~‘~C&*~-RI 

(69) 
cacr-~G*pTpA’pTpA’p~~**-R~ 
(83) - - 

DEtT-@ 

(2.3) 
m-mp4’p 
(0.63) 

;$$$%eP’ 

H&g*-R, 
(o.a4) ssAb 
HO-C&2*-R, 
(0.32) ssAb 

HO-dUp~‘p~G*-RI 
(0.20) ZnBr;b 

7.0,‘2& 

1.913.7 

1.w5.4 

~XT-CJ+R, 

(ao) 
mCr-dUp~‘pC~~*-Rx 

(63) 
DKC-~~*pdUp&‘p~~~R, 
(75) 

eAbbteviet1on.e m-et Il,-resin vith funetionsliracfon of 1.3 meq/g; R.-rasfn with 
functimellzation of 0.3 msq/g; othara me PL) shown tn Table 1. 

b 
The hydroxy coaponenc ehown we obtained by detritylation vith either banznne 
sulfcmic mid (BSA) or ZnSr.. 
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(0.3 meq NH,/g), less than 5%, usually only i-23’,, is 
not ckaved. Further base treatment removes some, 
but not all, of this residual trityl containing func- 
tionality. The amino protecting groups were then 
removed by heating with aqueous ammonia. This 
step was carried out at 65” for 5-7 days due to the 
slow hydrolysis of the aminoadenine N*-isobutyryl 
group. The mixtures were then applied to a Sephadex 
G-10 column to remove small molecules, and the 
pure S-O-dimethoxytrityl oligonucleotides were ob- 
tained by HPLC on a ~mi-p~parative C,R column. 
Final purification on the same column followed 
detritylation with 80% acetic acid. HPLC of each 
purified sequence, and of the mixture obtained from 
each by enzymatic degradation, are shown in Figs. 
3-5. 

0.3 

t 

dCCGTA’C63 

The stabilities of the sequences described above, 
together with certain related sequences, are compared 
in Fig. 6 in a plot of Tm- ’ us In C. The difference 
between d(CGTACG))’ and d(CGTA’CG) is perhaps 
the clearest demonstration of the additional sta- 
bilization afforded by the f-amino group. Althou~ 
the T:A’ pair is definitely more stable than a T: A 
pair, it is clearly less stable than a C:G pair. This is 
seen by the comparison of d(CGTA’CG) to d(CG)r 
and to d(TA’),. Moreover, even the octamer 
d(CGTA’TA’CG) is no more stable than is the 
d(CG), hexamer. It is also interesting that we do not 
detect a significant difference in stability between the 
d(CGTA’CG) and d(CGUA’CG) sequences. We had 
thought that these molecules might be small enough 
to display, in their respective Tm values, the de- 

0.3 L 

I dc 

2 4 G 
TIME.r,w 

Fig. 3. d[CGTA’CG] after purification (left), using a gradient of S200/, CH,CN : 0. I M TEAA in 5 min 
at 4 mL/min, and after degradation with venom phosphodiesterase and alkaline phosphatase (right), using 
a gradient of C&20”/, CH,CN : 0.1 M TEAA in 5 min at 4 mL/min, where dC, dG, T, and dA’, respectively 

were obtained in a ratio of 2.1:2.1: 1.0: 1.1. 

TIME,min 

Fig. 4. d[CGUA’CG] after purification (left), using a gradient of 5-2PA CH,CN : 0. I M TEAA in 5 min 
at 4 mljmin, and after degradation with venom phosphodiesterase and alkaline phosphatase (right), using 
a gradient of 620% CH,CN : 0.1 M TEAA in 5 min at 4 mL/min, where dC, dU, dG and dA’,respectively, 

were obtained in a ratio of 1.9: 1.0: 1.9: 1.0. 
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Fig. 5. d[CGTA’TA’CG] after purification (left), using a gradient of 6-20”/, CH,CN : 0.1 M TEAA in 
5 min at 4 mL/min, and after degradation with venom phosphodiesterase and alkaline phosphatase (right), 
using the same gradient, where dC, dG, T, and dA’, respectively, were obtained in a ratio of 

1.2:0.9: 1.0:0.9. 

3 

a 3 

x 

‘ 

: 
- 3 

3 

Fig. 6. Plot of inverse of melting temperature vs In of 
concentration for: A, d(TA’j,; B, d[CGTACG]; C, 
d[CGUA’CG]; D, d[CGTA’CG]; E, d[CGTA’TA’CG], F, 

WGI,. 

stabilization of B DNA postulated for the pyrimidine 
5-Me grou~.~~ 

Figure 7 shows CD spectra of d(CGTA’CG) in 
1 M and 5 M NaCl. Notably, there is no evidence of 
a salt-induced conformational transition, as there is 
for d(TA’),. In fact, the spectra are quite similar to 
those of d(CGTACG)” under the same conditions, as 
shown in Fig. 8. Moreover, the CD spectra of 
d(CGUA’CG) and d(CGTA’TA’CG), Figs. 9 and 10, 
indicate that for these molecules as well the B form 
is maintained in 5 M NaCl solution. Thus none of the 
mixed sequences undergo a salt-induced con- 
formational transition, while the homologous se- 
quences d(TA’), and d(CG), both do. But it is not at 
all clear that d(TA’), and d(CG)3 undergo the same 
transition. Comparison of the CD spectra of d(TA’), 
in Fig. 11 and d(CG), in Fig. 12 reveals only that 
some change occurs on going to high salt. In fact, 

u 
a 

4, 

a- 

-4. 

L 
2s al zm ¶a 

UAVELENGTH, n. 

Fig. 7. Circular dichroism spectra of d[CGTA’CG] at 
I A4 NaCl (- ); SM NaCl (. . l . ); and at 

(- .-a). 

dCC6TACGl 

2s 2a al la 

WAVELENGTH, m 

dCCGTA’CG3 

loin 
80” 

Fig. 8. Circular dichroism spectra of d[CGTACG] at 3” in 
IMNaCl (- ); SMNaCi (*a**); and ar 80” 

(- . -. ). 
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both the low-salt spectra and the high-salt spectra 
differ appreciably. These CD spectra simply do not 
provide sufficiently speciIic information to resolve 
this question. Indeed, the fact that no transition 
occurs with the mixed sequences may indicate that 
the high-salt forms of d(TA’), and d(CG), are not the 
same, and even may be mutually exclusive. It is 
interesting that what appears to be a partial B + Z 
transition does take place with the hexamer 
d[CGC(06Me)GCG]‘6 (Fig. 13). Yet it is also possible 
that these molecules are simply too small to provide 

\rl 
a 

4. 

a- 

-4- 

dCCGlJA’CG3 

2!s 268 23s 323 

UAVELENGTH, nm 

Fig. 9. Circular dichroiam spectra of d[CGUA’CG] at 3” in 1 
h4 NaCl ( -);5MNaCl(o* l o);andat7O0(-0-e). 

dCCGlA’TA’CG1 

WAVELENGTH, na 

Fig. 10. Circular dichroism spectra of d@ZGTATA’CG] 
at3”in lMNaCI(- );SMNaCl(*~*~);andat 

70”(- l -* ). 

TET Vol do. NO ,--B 

UAVELENGTH, nm 

Fig. t 1. Circular dichroism spectra of dfTA’], at 0” in 
IMNaCl ( -); SMNaCI (**or); and at 70” 

(-0-o). 

dCCGCGCG3 

4. 

2’ 

QJ 8- 
<I 

-2’ 

-4’ 

UAVELENGTH, nm 

Fig. 12. Circular dichroism spectra of d[CG], at 15” in 
I M NaCI (- ); 5MNaCl (***o); and at 80” 

(- . - . ). 

a complete answer. For example, the hexamer 
d(GC),, unlike poly d(GC), does not adopt a Z-form 
in high-salt solution.‘“” Thus the failure of the 
mixed sequences reported above to undergo a salt- 
induced conformational change may be misleading. 
We are currently pursuing enzymatic polymerization 
of these duplex sequences to extend our studies to 
include large molecules. 
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(MeOH) 264, 234nm (c 10,800, 22,700); UV, 255, 
223nm (c 10,300, 19,000). (Found: C, 66.26; H, 5.86; N, 
5.02. Calc for C,H,N,O,.f H,O: C, 66.22; H, 5.83; N, 
5.15). 

General procedure for synthesis of dimers in solution 
For phosphorylation a mixture of 3.2 g (45 mmol) of dry 

1.2,~triaxole, 4.2mL (30mmol) Et,N and 2.5 mL 
(I 5 mmol) 2chlorophenylphosphodichloridate in 25 mL an- 
hydrous THF was allowed to stand at room temp for 30 min 
in a dry box and was then added with rinsing to 5 mm01 of 
a S-0dimethoxytritylnucleoside which had been dried 3 
times by evaporation of pyridine. The mixture was then 
concentrated to about 20 mL. After 30 mitt the mixture was 
poured into 200 mL 20/80 pyridine/water containing 4.2 mL 
(30 mmol) Et,N. The resulting soln was stirred for I5 mm 
and extracted 3 times with IOOmL portions of 70/30 
CH,ClJMeOH. The combined organic layers were washed 
with water, dried by evaporation of pyridine, concentrated 
to a gum and used immediately or stored at-80”. 

For the condensation, the nucleotide described above, 
4.2mmol of a 3’-O-levulinylnucleoside and 3.6mL 
(45 mmol) N-methylimidazole were combined and dried 3 
times by evaporation of pyridine in a dry box. Additional 
pyridink (about 50 mL) was then added and evaporated to 
a volume of about 30mL. To this soln was added 4.5 g 
(I 5 mmol) 2.4.6triisopropylbenxenesulfonyl chloride and 
the mixture was concentrated further to about 20 mL. After 
30 min. the soln was poured into 200mL 20/80 
pyridineiwater containing 2.5 g NaHCO,. The mixture was 
stirred for 5 min and extracted twice with 100 mL portions 
of 70/30 CH,CIJMeDH. The combined organic layers were 
concentrated to a gum which was not further purified. 

For delevulinylation, the gum was then treated with 
I7 mL 0.5 M hvdrazine hvdrate in nvridine/AcOH (4/l). 
After 45 min, the mixture-was poured into 100 mL water 
and the soln was extracted twice with IOOmL portions 
of EtOAc. The combined organic layers were washed with 
IOOmL 5% NaHCO,, concentrated to a gum, dissolved in 
CH,Cl,, and purified by flash chromatography on silica gel. 
Yields are shown in Table I. 

General procedure for succinylation and attachment IO resin 
To 2.0 mmol of S-Odimethoxytritylnucleoside dissolved 

in 7mL CH,CI, was added 0.27 g (2.2 mmol) 
4dimethylaminopyridine and 0.30 g (3.0 mmol) sutinic 
anhydride. After I hr 50 mL CH,CI, was added and the soln 
was washed with a 50-mL portion IV/, NaH,PO,. The 
organic layer was concentrated to a gum and purified by 
flash chromatography on silica gel using f”/o pyridine in the 
eluant to give about a 90% yield of the product. 

The succinylated nucleoside (I .8 mmol) was dissolved in 
80 mL CH,CI, and added to 6.5g amino functionalixed 
resin. To this mixture was added 0.1 I g (0.9 mmol) 
4dimethylaminopyridine and I.1 g (5.4 mmol) di- 
cyclohexylcarbodiimide. The mixture was shaken for 20 hr, 
filtered, and washed with three 50 mL portions of CHrCl,. 
three 50 mL portions of 70/30 CH,CIJMeOH, three 50 mL 
portions of MeOH alternating with 50mL portions of 
CH,CI,, three 50 mL portions of CHrCl, and three 50 mL 
portions of ether. The resin was dried under vacuum and the 
extent of functionaliition was determined (usually co. 
0. I7 mmol/g) by measuring the absorbance at 500 nm of a 
weighed sample treated v&h 2% benzeneaulfonic acid in 
70130 CH,Cl,/MeOH (c 9 x IO’). Unreacted sites were cap- 
ped by shak;ng for 2hr with ‘9/l pyridine/AqO and fi- 
methylimidaxole. The resin was then washed and dried as 
before 

General procedure for oligonucleotide synthesis 
Detritylation of the resin-bound oligonucleotide was ac- 

complished by one of two different methods, as indicated in 
Table 2. The first procedure employed three I min treat- 
ments with cold 2% benzene sulfonic acid in 70/30 

CH,CIJMeOH, alternating with washes of solvent. After 
the third treatment, the mixture was quenched with pyri- 
dine. The second method employed three 20 min treatments 
at room temn with I M ZnBr, in 85115 CH,Cl,/i-PrOH. 
alternating with washes of CH&. After the’thyrd treat: 
ment, the mixture was quenched with 0.5 M tri- 
ethylammonium acetate in dimethylformamide. In each 
method, volumes were chosen that allowed the resin to be 
shaken conveniently. After being quenched, the resin was 
washed as described above and dried under vacuum. 

The next monomer or dimer (3-5 equiv) was phos- 
phorylated as described in the previous section and then 
added to the resin along with 9 equiv (relative to the 
3’-phosphate component) of N-methylimidaxole. This mix- 
ture was dried 3 times by evaporation of pyridine. Addi- 
tional pyridine was added, partially evaporated, and then 
three equivalents (relative to the 3’-phosphate component) 
of 2,4,6triisopropylbenzenesulfonyl chloride were added. 
After further concentration, the mixture was shaken for 
2 hr, filtered, washed and dried as described above. The 
yield of the reaction was determined by the trityl assay 
described above. 

Unreacted sites were capped by shaking for 20 min with 
9/l pyridine/Ac,O and N-methylimidaxole. The resin was 
then washed and dried. 

General procedure for &protection and purification 
A portion of resin was shaken with 2-nitrobenzaldoxime 

(5OOmg/g of resin) and a 10% soln of either DBU or 
tetramethylguanidine in anhydrous THF (IO mL/g of resin). 
After 24 hr, 5 mL H,O was added and the resin was shaken 
for 2 more days, filtered and washed. The filtrate was 
concentrated and then heated with aqueous ammonia for 
5-7 days at 65”. The soln was again concentrated and 
applied to a Sephadex G-IO column. The combined product 
fractions were concentrated and the residue purified on a 
semipreparative C- I8 Bondapak column, using a gradient of 
20-50”/, acetonitrile/O. I M triethylammonium acetate 
(TEAA) in 30min at 2mL/min. The combined product 
fractions were concentrated and the residue was detritylated 
by treatment with 80% AcOH for 20min. The AcGH was 
removed by evaporation under reduced pressure and the 
dimethoxyttitanol removed by extraction with ether. The 
aqueous soln was concentrated and purified on the semipre- 
parative column using a gradient of S-200/, 
acetonitrile/O. I M TEAA in 30 min at 2 mL/min. The com- 
bined product fractions were concentrated and desalted on 
the Sephadex G-IO column. A sample of each pure oh- 
gonucleotide was treated with venom phosphodiesterase 
and alkaline phosphatase. The expected ratios of the various 
monomers were obtained, as determined by analytical hplc 
(Figs. 3-5). 
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