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Abstract-~A system consisting of donor (l), template (2) and immobilized acceptor molecules (59,59,64-67) which 
may be used for an enxymatic extension (T4 DNA l&e) of immobilixed DNA ftqments is described. The 
synthesis of the donor (l), template (2) and the functionalixed acceptor molecules (3-9) was performed via 
phosphotriester intermediates. The functionalixed acceptor molecules used in this study contained: base labile 
bonds (i.e. compounds 3-6), an acid labile bond (i.e. compound 7) or a RNase labile bond (i.e. compound 8). The 
functionalixed acceptor molecules (3,4) could be inunobilixed to cellulose activated with 2,4, btrichloro-s-triaxine 
and the other molecules (5-8) to 2-amino-4, Michloro-s-triaxine to tjve the immobilized DNA complexes 59,59 
and 6467, respectively, in hi&t yield. The immobilized DNA fragments could be released quantitatively from the 
solid support by: base treatment (i.e. 59,59,64 and 65 gave DNA-fragments 69,61,69 and 69 respectively), acid 
treatment (i.e. 66 gave DNA-fragnent 79) or RNase digestion (i.e. 67 gave deoxythymidii). 

It is well recomtized now that nucleic acids covalentlv 
linked to a soid support (e.g. cellulose or agarose) find 
an ever increasing use in molecular biology. For in- 
stance, these polymeric nucleic acid complexes have 
been applied successfully in isolation and puri&ation of 
enzymes or nucleic acids,’ and to examine the inter- 
action between nucleic acid? or enzymes.- 

However, up to now, no approach to the synthesis 
of immobilized nucleic acids which entails the following 
combined elements has been proposed: (i) synthesis, via 
phosphotriester intermediates, of nucleic acids which are 
functional&d at the Qosition with base or acid labile 
bonds (temporary linkage, eg. compounds 3-6 and 7, 
respectively, in Fig. 2) or having a stable bond (persistent 
linkage) but containing a. specific site which may be 
cleaved selectively by an enzyme (e.g. 8 in Fig. 2); (iii 
linking of these nucleic acids to preactivated solid parti- 
cles; (iii) enzymatic extension of the immobihxed nucleic 
acids with other nucleic acid fragments designed for this 
purpose. 

This approach has two advantages; firstly, well defined 
and immobilized nucleic acids may be obtained and, 
secondly, selective cleavage of the temporary linkage 
with solid particles may atlord nucleic acids with a length 
which is not attainable by using existing methods devised 
for the chemical synthesis of nucleic acids. 

In this paper we wish to report on the immobilization 
via temporary and persistent linkages of synthetically 
prepared DNA fragments (e.g. 3-g in Fii. 2) on pre- 
activated cellulose. 

The results of the studies concerning the enzymatic 

tPart of this work has been presented at ‘%e IVrh Sym- 
posium on the Chemistry of Nucldc Acid Compone&, Becbyd 
Castle, Cxechoslovaltia~ J. H. van Boom, J. F. hf. de Rooij, L. 
Clerici and F. Campagnari, Nucleic Acids Rec. (Special Report 
No. 4) ~85 (1978). 

extension of the immobilixed DNA fragments using T4 
DNA ligase will be published elsewhere. 

Enzymatic joining of chemically prepared 
oligonucleotides has been proven to be very successful 
for the synthesis of relatively large DNA fragments.e12 
The enzymatic reaction involves a T4 DNA Ii&se s*13*‘4 
catalysed formation. of a 3’-5’ phosphodiester bond be- 
tween an oligonucleotide with a terminal 3’-OH (ac- 
ceptor) and an oligomer with a terminal Y-phosphate 
(donor). This enzymatic joining requires that the two 
segments are held in juxtaposition by a complementary 
strand (template) by Watson-Crick base-pairs. It has ‘also 
been reported’S’ that DNA ligase of phage T4 joins 
frilly base-paired termini of bihelical DNA (blunt end 
joining). 

The model system we set up to pursue the possibility 
of synthesizing immobilized DNA fragments by T4 DNA 
ligase catalysis is outlined in Fig. 1. The Y-phosphate of 
the decamer of deoxythymidine was destined to function 
as the donor molecule (1). In order to prevent poly- 
mer&ion of the donor the 3’-OH was protected with the 
acid labile methoxytetrahydropyranyl (MTHP) group.” 
As acceptor molecules we chose oligothymidylic acids of 
d&rent length and with three different functionabxing 
groups at the S’position (e.g. 3-g in Fig. 2) which were 
immobilixed on activated celhrlose. For the template we 
constructed, because of the fact that the donor and 
acceptor molecules only consisted of deoxythymidine 
units, an oligomer of deoxyadenosine. 

In order to obtain immobilized acceptor molecules 
which, after enzymatic extension with the donor, could 
be removed quantitatively from the solid support to give 
the free DNA fragments, we prepared three di8erent 
functionalixed thymidyhc acids (Fii. 2): (a) one set of 
molecules which contain a, 5’-0$?-alanine ester (3-6; 
n = 5, 8, 11, 14); (b) a thymidine nonamer with an acid 
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labile S-phosphor0 4-aminobenzylamidate and finally a 
5’-amino-5’-deoxy-tridecanucleotide (8) consisting of 
twelve deoxythymidine units and one uridine which 
creates by the presence of a 2’-hydroxyl group a RNase 
labile bond. 

The strategy we followed to prepare. the required 
molecules (i.e. l-8 in Fig. 1 and 2) implied the following: 
(a) synthesis of the protected oligodeoxynucleotides 13- 
27 (Scheme 1) which serve as building blocks for the 
preparation of donor (l), template (2) and acceptor 
molecules (3-g); (b) preparation of a fully protected 
S-phosphate of a decanucleotide (30) which after partial 
deblocking afforded the donor 1 (Scheme 2); (c) 
deblocking of the fully protected dodecamer 24c (see 
Scheme 1) to give the template 2; (d) synthesis of the 
fully protected oligonucleotides 31-34 which gave after 
deblocking the base labile acceptor molecules 3-6 
(Scheme 3); (e) preparation of the fully protected 

o E:Thymm-l-yllTI 

R. MTHP 

b: B=Thymin-1-yl ITI 

nonanucleotide 43 which, after deblocking, afforded the 
acid labile acceptor (7) (Scheme 4); (f) synthesis of the 
fully protected tridecamer 54 which, after deblocking, 
gave the RNase labile acceptor 8 (Scheme 5); (g) im- 
mobilisation of the functional&d acceptor molecules 
H with 2, 4, 6-trichloro-s-triazine activated cellulose 
(57, Scheme 6) or 2-amino-4, 6dichloro-s-triazine 
activated cellulose(63, Scheme 7). 

Synthesis of the protected oligonucleotides 13-27 
(Scheme 1). Three different types of protected oli- 
gonucleotides were required as building blocks in the 
synthesis of oligonucleotides l-g: (i) four partially pro- 
tected oliithymidylic acids with a 3’-terminal methoxy- 
tetrahydropyranyl group (21a, 23a, 25a and 27a) which 
served as precursors for the donor 1 and the base labile 
acceptor molecules 3-6; (ii) a partially protected hexamer 
of deoxythymidine with a 3’-terminal benzoyl group (21b) 
which functioned as a building block for the synthesis of 
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the acid labile acceptor 7; (iii) a fully protected dode- 
tamer of deoxyadenosine (24e) destined as precursor for 
the template 2. 

The synthesis of ohgonucleotides 13-27 as outlined in 
Scheme 1 was accomplished according to a modified 
phosphotriester approach.‘9*M In this strategy the oli- 
gonucleotides 13-27 were constructed starting from the 
three monomeric unitsm 9, 10 and 11. The 3’-terminal 
unit 11 was protected at the 3’-OH with the acid labile 
methoxytetrahydropyranyl group in case of lla” or the 
base labile benzoyl group in case of llb and 11~~. 

In the condensation reactions two activating agents 
were used, 2, 4, 6-triisopropylbenzenesulphonyM- 
nitroimidazole” (TPS-NI, l&i) or 2, 4, ti-triisopropyl- 
benzenesulphonyl-3-nitro-1, 2, 4-triazolem (TPS-NT, 
129). 

Thus, monomer 9 (8 = T) was treated with zinc and 2, 
4, Qriisopropylbenzenesulphonic acid in pyridine’9*” to 
remove the 2, 2, 2-trichloroethyl group. The resulting 
phosphodiester was condensed with the 3’-terminal unit 
llb using TPS-NT (12e) as the activating agent. Work-up 
of the reaction mixture after 1 hr, and purification of the 
crude product by short column chromatography23 
afforded dimer 15b in 97% yield. Dimer 13 (B = T) was 
prepared analogously as described for the synthesis of 
the dimer 15b in 88% yield. 

Block condensation of the oligonucleotides mentioned 
in Scheme 1 was performed according to a general 
four-step cycle which comprised of: (i) removal of the 
levulinyl group from dinucleotide 15b by hydrazine- 
treatmen? to afford the 5’-hydroxy component 16b; (ii) 

Tf’n u T 

I Jto 

TzThymtn-1-yl U:Urac!I-1-yl 

Fig. 2. Functionalized acceptor molecules. 

reductive cleavage of the 2, 2, Ztrichloroethyl group 
from dimer 13 (B =T) by Zn-treatment to produce a 
3’-phosphodiester; (iii) condensation of the phosphodies- 
ter obtained from dimer 13 (B = T) with the S-hydroxy- 
component 16b using TPS-NT (12e) as activating 
agent to give the fully protected tetramer 18h; (iv) 
purification of the condensation product (18h) by short 
column chromatogmphy.23 Tetranucleotide 18b was 
isolated in %% yield. 

The tetranucleotides 18a and 18~ were prepared ac- 
cording to the same procedure. One four-step cycle, 
starting from the two dimers 13 (B = T, or ABs) and the 
three tetramers 18 (a-e), afforded the hexamers 29 (a-e). 
Hydrazine-treatment of the hexanucleotides #)a and ulb 
gave two of the required products: 21a and 21b. 

The trinucleotides 17a and 17c were prepared by one 
four-step cycle starting from the corresponding 
monomers 9 (a,~) and dimers 13 (a,~). The required 
oligonucleotides Da, 2Sa and 27a could now be obtained 
by elongation of hexamer 21a at the Y-end with trimer 
17a in respectively one, two and three four-step cycles 
followed by a final hydrazine treatment. 

The only oligonucleotide which remained to be pre- 
pared was the fully protected template precursor d- 
A(pA),, (24e in Scheme 1). This molecule could easily be 
obtained starting from hexamer 2tk and trimer 17~ in two 
successive four-step cycles. Data relevant to the syn- 
thesis of oligonucleotides 21a, b, 23a, 25a, 27a and 24e are 
summarized in Table 1. 

It is interesting to note (see Table 1) that the yield of 
the intermediates (17c, MC, 2Oe, 22e and 24e) necessary 
for the synthesis of the template d-A(p decreased 
with growing chain length. This phenomenon can be 
attributed to the loss of nucleotide material during 
purification of the crude condensation products by short 
column chromatography on silica gel. For instance, only 
a relatively small quantity of crude dodecamer 24~ ap- 
plied on a column of Kieselgel H, could be isolated. The 
recovery of the required product could not be raised by 
addition of water or excessive methanol to the eluting 
solvent. However, we are co&lent that application of 
gel permeation chromatography on Sephadex LHW for 
the purilIcation of relatively Iong oligonucleotides will 
solve this problem. 

Preparation of the dorror d-(PTbpT~~P (1, Scheme 
2). The crucial step in the synthesis of the fuliy protected 
donor 1 is the introduction of a Y-terminal phosphate. To 
attain our goal we adopted a method, published by 
Smrt,% which implies the use of the monofunctionai 
phosphorylating agent dianilido phosphorochloridat~ 
(28, Scheme 2). However,, phosphoro&Ioridate 28 was 
not reactive enough to introduce directly a 5’-terminal 
phosphate on a relatively large oligonucleotide (e.g. 234). 
For this reason we followed the route outlined in Scheme 
2. 
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Table 1. Relevant data on the synthesis of oligonucleotides in Scheme 1. 

3’-Phosph. 5’-Hydroxy 

component 

NO. rmno!e 

Activating Reaction Product Delevulination 

agent 

No. mole 

time 

(hours) 

product 

NO. yield ‘) Rfb) No. yield Rfb) 

a(B-T) 4.50 

2(8-T) I .40 

j(B=T) 0.88 

1_3(B=T) 1. IO 

lJ(B=T) 0.47 

17a 0.45 

17a 0.06 

17a 0.03 

J(B=T) 3.30 

lQ(B-T) I. 15 

l3(B-T) I.10 
*I 

.I% 6.40 

,sc 1.45 

,s= 1.50 

13c 1.25 

13c 0.75 

EC 0.375 

!!C 
0.09 

l_O(B-T) 4. IO 

Ila 1.30 

1_4a 0.80 

I+ I .‘oo 

19a 0.36 

%a 0.30 

23a 0.04 
.+ 
25a 0.018 

“b 3.00 

ljb 1.05 

19b 0.95 

IOC 6.00 

IIC I.30 

I$ 1.30 

SC 1.03 

12’ 0.65 

2lc 0.25 

23~ 0.055 -. 

I& 5.00 

‘2d 1.50 

IZe I .oo 
l2d I .20 

12d 0.52 

12d 0.50 

12e 0.07 

l2e 0.04 

Ize 3.6 

12e 1.3 

12e 1.3 

12e 7.0 

l2e 1.6 

12e 1.65 

12e I.4 

12e 0.9 

12e 0.45 

!ge 0.1 

20 

1.5 

20 

30 

48 

2 

3 

1.5 

1.5 

1.5 

I 

2.5 

3 

3 

lL(B=T) 88% 0.47 

‘5” 92% 0.44 

IJa 84% 0.33 

18a 92% 0.29 

20a 72% 0.16 

22a 69% 0.13 

24a 83% 0.10 

26a 89% 0.06 

15b 97% 0.46 

18b 96% 0.31 

2Ob 89% 0.20 

I$ 97% 0.54 

Gsc 91% 0.52 

17c 76% 0.45 

18~ 74% 0.40 

2oc 60% 0.30 

22c 60% 0.21 

24~ 29% 0.15 

I2(B=T) 93% 0.34 

I@ 95% 0.27 

1_9a 98% 0.17 

2’a 90% 0.12 

2_3a 98% 0.08 

25a 94% 0.06 

?3a 94% 0.04 

16b 90% 0.30 

19b 97% 0.19 

2Jb 95% 0.14 

l$ 90% 0.47 

I6c 95% 0.46 

19c 91% 0.33 

gc 922 0.26 

gjc 89% 0.18 

‘Based on 5’-hydroxy component. 
bSystem A. 

2_3a 

I 
1 

TPS-NTll+l 

MTHP; 0 
>OCh 

A, 

Scheme 2. 

Thus, phosphorylation of mononucleotide 1Oa with 
dianilido phosphorochloridate 2t3 in pyridine gave 
deoxythymidine-Y-phosphorodianiiidate 3’(2, 2, 2-trich- 
loroethyl 2-chlorophenyl) phosphate (29) in 83% yield. 
Cleavage of the 2, 2, 2-trichloroethyl group from 29 by 
Zn-treatment and condensation of the resulting phos- 
phodiester with nonanucleotide 23a using TPS-NT (12e) 
as activating agent afforded the fully protected decamer 
30 in 86% yield. 

Preparation of the template d-A(pA), , (2, in Fig. 1). To 
acquire the template 2 fully protected d-A(pA),, (24e in 
Scheme I) had to be deblocked. As reported previously” 
dodecamer 24~ was treated with 0.05 M tetiabutylam- 
monium fluorideM (TBAF) in tetrahydrofuran-pyridine- 
water (8: 1: 1 v/v) to remove the 2-chlorophenyl groups. 
The remaining protecting groups, benzoyl and levulinyl, 
were cleaved with aqueous ammonia (25%, w/w). The 
crude oligonucleotide 2 thus obtained was purified on 
Sephadex GSO and isolated in 62% yield. The identity 
and purity of dodecamer 2 was confirmed by hplc analy- 
sis (system B) and by digestion with venom phos- 
phodiesterase and spleen phosphodiesterase. 

To obtain donor molecule 1 all protecting groups, Preparation of the base labile acceptor molecules 3-6 
except the 3’-terminal methoxytetrahydropyranyl group (Scheme 3). In order to obtain oligonucleotides, which 
had to be cleaved from the fully protected decamer 30. could be immobilized on cellulose via a base labile 
In the first step the terminal 5’-phosphate was deblocked linkage, we esterified four partially protected oligothy- 
by treating 30 with isopentyl nitrite in pyridine-acetic midylic acids of different length (Zla, 23a, 25a and 27a) 

acid (1: 1 v/v)= for 24 h. The second step consisted of 
the removal of the 2-chlorophenyl groups with 25% 
aqueous ammonia, followed by purification of the crude 
decamer on Sephadex GSO. 

The yield of the deblocking and purification process 
was established spectrophotometrically’ and the value 
thus obtained (570 OD,.,) was converted into pmoles 
using the extinction coefficient (c,~ = 86,000) published 
by Cassani and Bollurn.” This procedure to establish the 
yield of a deprotected oligonucleotide was followed 
throughout this study. 

Donor molecule 1 was isolated in 66% yield and the 
purity and identity of the decanucleotide was established 
by hplc analysis (system B). The presence of a terminal 
5’-phosphate was demonstrated by the susceptibility of 1 
to alkaline phosphatase. Hplc analysis (system C) of the 
venom phosphodiesterase digestion of 1 afforded pdT 
and pdTMTHP in the correct ratio. 
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with /3-alanine (see Scheme 3). The amino function of 
B-alanine was protected with the 2-nitrophenylsulphenyl 
group3’ which has the advantage-that it can be cleaved 
under very mild conditions3’2: potassium iodide in 
methanol-acetic acid (9: 1, v/v) for 5 min. 

Thus, treatment of oligonucleotides .21a, Da, &J and 
27s with N-2-nitrophenylstdphenyl-@rkminePf dicyclo- 
hexylcarbodiimide and Ndimethylaminopyridiney in 
dioxan gave the fully protected functional&d oiigomers 
31-34 which were isolated, after short column chroma- 
tography, in good yields (Table 2). 

Deblocking of oligonucleotides 31-34 was performed 
in three stages. Firstly, the intemucleotide phosphotries- 
ters in oligomers 31-34 were hydrolysed, without 
afIecting the 5’+alanine ester, by fluoride ion treatment 
using 0.05 M TBAF in tetrahydrofuran-pyridine-water 
(8: 1: 1, v/v). 

Both remaining protecting groups (methoxytetra- 
hydropyranyl and 2-nitrophenylsulphenyl) are acid labile. 
However, we decided, because of the relative stability of 
the 2-nitrophenylsulphenyl group, to cleave the latter 
with potassium iodide in methanol-acetic acid (9: 1, v/v). 
A mild acid treatment (0.01 N HCl for 2 hr), to remove 
the metboxytetrahydropyranyl group, and purification of 
the completely deblocked product on Sephadex GSO 
afforded the base labile acceptor molecules 3-6 in good 
yield (Table 2). 

It is worthwhile mentioning that the 5’-(2-nitrophenyl- 
sulphenyl)-&alanine ester was much more stable 
towards base (tit* in 125% aqueous ammonia 2hr) than 
the unprotected 5’-&alanine ester which was hydrolysed 
within a few hours at pH 8.0. 

The purity of the base labile acceptor molecules 3-6 
was verified by hplc analysis (system B, Table 2). 
Treatment of ohgomers $6 with 25% aqueous ammonia 
atforded quantitatively the corresponding ohgothymidy- 
lit acids d-T&T). (n = 5,8,11,14) as was established by 
hplc analysis (system B, Table 2). 

Preparation of the acid labile acceptor molecule 7 
(Scheme 4). In nonanucleotide 7 (Fig. 2) the phos- 
phoramidate bond is susceptible to acid. The rate of 
acidic hydrolysis of nucleoside phosuhoramidates has 
been reported35*36 to be dependent on the N-substitution. 
Because of the pronounced acid lability of the glycosidic 
bond in deoxynucleosides,” especially in case of 
deoxyadenosine and deoxyguanosine, we chose a system 
which contained the relatively labile phosphorohenzyl- 
amidate% function. The amino group at the para position 
of the phosphorobenzylamidate function allows im- 
mobilisation of the nonamer 7 on activated cellulose. 

The other phosphate function of the 5’-phosphoro4 
aminobenzylamidate in the fully protected acid labile 
acceptor 43 (Scheme 4) was protected with a 2, 4 
dichlorophenyl group. The choice of a 2,4dichlorophenyl 
was based upon the observation that the removal of a 
Zchlorophenyl group from a nucleoside aryl phos- 
phoramidate by fluoride ion was extremely slow. 
However, we found that the 2, 4dichlorophenyl group 
could be removed fast and selectively from a fully pro- 
tected ohgonucleotide 5-phosphoro4aminobenzyl- 
amidate (e.g. 43) by fluoride ion treatment. 

The preparation of the acid labile acceptor molecule 7 
can be divided into three stages (Scheme 4): (i) synthesis 
of the properly protected nucleoside 5’-aryl 
phosphoroamidate 39; (ii) preparation of the fully pro- 
tected nonamer 43; (iii) deblocking of 43 to afford the 
acid labile acceptor 7. 

Introduction of a precursor of the 5’-phosphoro4 
aminobenzylamidate was accomplished using the mono- 
functional phosphorylating agent 2, 4dichlorophenyl 
phosphoro4~tro~~ylamidochloridate (35) which was 
obtained as a pure solid from equimolar amounts of 2,- 
4dichiorophenyl phosphorodichloridate, 4&robenzyl- 
antineW and triethylamine. 

Thus, treatment of deoxythymidme (36) with phos- 
phorochloridate 35 in pyridine afforded deoxythymidine- 

Table 2. Preparation of S’O&danine acceptor molecules 3.4.5 and 6 

Synthesis of the fully protected oligomers lkprotection Amcmolysis 

5’-Rydoxy oligomet Product 

NO. Immle NO. yield Rfa) No. yield Rt (min)b Products Rt (minjb 

G!a 0.10 FL! 65% 0. IS d 02% 7.5 d-T(pT15 12.4 

23a 0.05 32 61% 0.11 1 69% 11.0 _ d-T(pT)S 15.1 

2,5” 0.01 z 78% 0.06 z 50% 14.4 d-T (PT) , I 18.0 

27a 0.015 3,4 62%. 0.05 5 62% 17.6 d-T(pT)14 20.7 

*System A: 
bSystem B. 
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5’ 2, 4dichlorophenyl phosphoro4nitrobenzykidate 
(37) in 79% yield. The nitro function in mononucleotide 
37 was converted quantitatively into an amino group by 
reduction with hydrogen and Pd-C to give monomer 38. 
The free amino function thus obtained was protected 
with the trifluoroacetyl group to avoid side reactions in 
the following phosphorylation step. This amino protec- 
ting group could easily be introduced by treatment of 
monomer 38 with trifluoroacetic anhydride to afford 
mononucleotide 39 in 75% yield. 

Octanucleotide 42 was obtained after Zn-treatment of 
dimer 13b (Scheme 1) and condensation of the resuking 
phosphodiester with hexanucleotide 2lb (Scheme 1) 
using TPSNT (12e) as the activating agent. Hydraz- 
inolysis of the fully protected octamer gave the required 
compound in an overall yield of 83%. 

Mononucleotide 39 was. phosphorylated at the 3’- 
hydroxyl with 2-chlorophenyI phosphatea (40) in the 
presence of TPS-NI (l&l). After 16hr, the mixture was 
diluted with chloroform and the solution was extracted 
with aqueous triethylammonium bicarbonate (TEAB, pH 
7.5) to remove excess 2chlorophenyl phosphate (4). 
The organic layer containing 41 was dried by repeated 

coevaporation with anhydrous pyridine and the nucleo- 
tide thus obtained was used directly in the last conden- 
sation step. Condensation of phosphodiester 41 with 
octamer 42 using TPSNI (l&l) as the activating agent 
atforded the fully protected nonanucleotide 43 in 49% 
yield. 

Deblocking of nonamer 43 was accomplished by 
treatment with TBAF to remove the aryl groups, fol- 
lowed by 25% aqueous ammonia to cleave the 
tritluoroacetyl and the benzoyl group. 

The acid labile acceptor molecule 7 was purified on 
Sephadex G50 and isolated in 72% yield. The nonamer 7 
was resistant to spleen phosphodiesterase, but was 
completely digested by venom phosphodiesterase. Hplc 
analysis (system C) of the digestion products revealed 
the presence of deoxythymidine 5’-phosphoro4amino- 
benzylamidate and pdT in the correct ratio. 

Pmpamtion of the Mase labile acceptor molecule 8. 

(Scheme 5). The synthesis of the fully protected tride- 
tamer 34 (Scheme 5) was performed according to the 
same strategy as described for oligonucleotides 13-27 in 
Scheme 1, starting from four building units: (i) N-5’- 
deoxydeoxythymidine-5’diphenyl phosphoramidate4’“2 
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(44); (ii) 5’~levulinyl-2’0methoxytetrahydropranyl- 
uridine 3’02, 2, 2-trichloroethyl 2-chlorophenyl 
phosphate= (45); (ii) 3’-Menzoyldeoxythymidineao 
(llb, Scheme 1); (iv) fully protected dinucko~de 13 
(Scheme 1). 

Starting from dinuckotide I3 tetramer 46 was prepared 
by the condensation of Zn-treated 13 with hydrazine- 
treated 13 using TPS-NT (I&$ as activating agent. 

Ribonucleotide 45, after treatment with Zn, was con- 
densed with 3’0benzoyldeoxythymidine (Ilb) in the 
presence of TPS-NT (12e) to afford dimer 48 in 76% 
yield. The dinuckotide 48 was elongated in the s’direc- 
tion with dimer 13 in one four-step cycle to give tetra- 
nuckotide 50 in 91% yield. According to the same pro- 
cedure octamer 52 was prepared star& from tetra- 
nucleotides 50 and 46f. 

The first step in the synthesis of the fully protected 
pentamer 47, starting from mononucleotide 44 and 
tetramer 46g (R = H), consists of the introduction of an 
aryl phosphodiester function at the 3’-position of 
monomer 44. However, we found that phosphorylation 
of 44 with the monofunctional phosphorylating agent 2, 
2, 2-trichloroethyl 2-chlorophenyl phosphorochloridate” 
gave the required product in very low yield. The latter 
may be ascribed to side reactions at the phosphoramidate 
function in nucleotide 44. For this reason monomer 44 
was phosphorylated with the bifunctional agent 40 
(Scheme 4) in the presence of TPS-NI (l&I) after which 
excess aryl phosphate (40) was removed by TEAR 

extraction. The resulting phosphodiester was condensed 
with tetramer % using TPSNI (12d) as the activating 
agent to afford pentanucleotide 47. 

The final four-step cycle, starting from pentamer 47 
and octame~ 52, using TPSNT (126~) as the activating 
agent, gave tridecanuckotide 54. The fully protected 
tridecamer 54 waS puriiied by gel permeation chromatog- 
raphy on Se 

P 
hadex 

Data relevan 
LH6@’ and isolated in 93% yield. 

to the synthesis of tridecamer 54 are listed 
in Table 3. 

In order to obtain the RNase-labile acceptor g the 
fully protected tridecanucleotide 54 had to be deblocked. 
The crucial step h the deprotection of oligomer 54 was 
the removal of one of the phenyl groups from the 5’- 
phosphoramid+te function. We found that fluoride 
treatment of this diary1 phosphoramidate was extremely 
slow. On the other hand, alkaline hydrolysis (0.1 N 
NaOH) of nucleoside aryl phosphoramidates was repor- 
ted= to proceed readily. However, alkaline hydrolysis, 
instead of a fluoride ion promoted hydrolysis, of the 
intemuckotide phosphotriesters in tridecamer 54 would 
lead to an unaccc$able high percentage of inter- 
nucieotide cleavage 34roy products and, too, promote 
aei&bouring group participation” of the 3’-hydroxyl 
which is deprotected during the alkaline treatment. For- 
tunately, a deblocking procedure consisting of a short 
Buoride ion treatment (3Omin) followed by alkaline 
hydrolysis (0.1 N NaOH, 36 hr) proved to be an ac- 
ceptabk alternative for the removal of the 2chlorophenyl 
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Table 3. Data on the synthesis of the fully protected tridecanucleotide 54 in Scheme 5 
3’-Phosph. 5’-Hydroxy Activating Reaction Condensation Delevulination 

MUlp0”EXlt WXlpCQleIlt agent time product product 

NO. IXMle NO. lDllO1.S NO. QllWle (hours) NO. 
-2.) yield Rfb) No. yield Rfb) 

z(B=T) 2.2 s(B-T) 2.3 12e _ 2.75 1.5 4_6f 81% 0.32 429 93% 0.22 

44 1.3 42s 1.0 12d 1.4 45 4,7 38% 0.25 

4,5 2.2 “b 2.0 12e 2.4 1.5 48 76% 0.50 4,9 88% 0.30 

E(B-T) 1.15 4,9 1.05 _ 12e 1.3 1.5 5,o 9 I x. 0.31 L! 92% 0.21 

4kf 0.8 5,! 0.6 12e 0.88 2 z 90% 0.17 53 96% 0.13 

+.? 0.225 
3 0.15 l2e 0.24 2 5,4 93% 0.09 

‘Based on 5’-hydroxy component. 
bSystem A. 

groups and one phenyl’group from the fully protected 
tridecamer 54. 

Cleavage of the remaining 5’-phenyl phosphoramidate 
and 2’-O_methoxytetrahydropyranyl groups with acid 
(0.01 N HCl) afforded the RNase-labile acceptor 8, 
which was isolated, after purification on Sephadex GSO, 
in 54% yield. 

The purity of the tridecamer 8 was established by hplc 
analysis (system B) and digestion with venom phos- 
phodiesterase which gave 5’-amin&S’-deoxy-deoxy- 
thymidine,“” pdT and pU. Hplc analysis (system B) of 
the RNase digest of 8 showed the presence of solely 
S-NH2-dT (pdT),&Jp and dT. 

Immobilisation of the functionalized acceptor mole- 
cules on actiuated cellulose (Schemes 6 and 7). Several 
methods have been developed to immobilize nucleic 
acids on polysaccharide matrices.‘d7*48 Gilham intro- 
duced the covalent attachment of oligonucleotides to 
cellulose by condensation of the terminal 5’- or 3’-phos- 
phate of an oligonucleotide with a hydroxyl function of 
the sugar matrix using dicyclohexylcarbodiimide49J0 or a 
water-soluble carbodiimide.” A disadvantage of this 
method is the occurrence of side reactions at nucleoside 
bases ,and with intemucleotide phosphodiesters.‘2 

Another general approachsgJ4 implies the use of 
reactive functions, especially amino groups, naturally 
present in nucleic acids to accomplish coupling with 
cyanogen bromide (CNBr) activated polysaccharides. 
However, the presence of multiple reactive functions in 
one molecule entails crosslinking with the solid support, 
making the hgand less accessible for interaction with 

molecules in solutions. The same disadvantage adheres 
to the immobilisation of nucleic acids via bisoxirane 
activated polysaccharides.‘J 

Recently we reported=. on the coupling of Y-NH2 
terminated oligo- and poly-deoxythymidyiates with 
CNBr- activated cellulose. In this way, oligo- and poly- 
nucleotides were immobilized in high yield and 
exclusively via the 5’-end. However, a problem which 
remained to be solved was the leakage of nucleotide 
material from the solid support, especially in basic 
medium and at elevated temperatures, a phenomenon 
inherent to CNBr-activation.” 

Polysaccharides can also be activated with 2, 4, 6- 
trichloro-s-triazine, as described by Kay and Crook for 
the immobilisation of enzymes on cellulose.” During the 
activation reaction, which was performed in basic 
medium, two chlorine atoms are replaced by hydroxyls 
of the matrix with alkaline hydrolysis as a competing 
reaction. The third and less reactive chlorine atom can be 
replaced by an amino group of the compound to be 
incorporated. 

We now wish to report on the immobilisation of S- 
NH2-terminated oligonucleotides (e.g. compounds 3-7 in 
Fig. 2) on 2, 4, 6-trichloro-s-triazine activated cellulose. 

The efficiency of the coupling and the effect of the pH 
on this reaction were investigated by measuring the 
immobilisation of 5’-NH2-dT(pdT)sS6 (125 nmoles) in 
potassium phosphate buffers (0.1 ml) containing 2, 4, 
6-trichloro-s-t&mine activated cellulose (57, 5 mg, 
Scheme 6). The extent and rate of the coupling process 
was monitored by hplc (system B) using d-T(pT)t as 

0 
II 

NHz(CH~)~C- d- TlpTI, 

z.n=s 

L. l-l.8 

N I 

Y 

e+$ fi 
NH4OH 

NH(CH&C-d-TIpTIn - d-T(pT) n 

%88:n=5 6NO:n.S 

5,9. n=8 62: n=6 

Scheme 6. 
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Table 4. Coupling of oligonucleotides with 2.4,6-trichloro-s-triazine activated cellulose 57 

Reactantsa) 

Oligonucleotides Acriv.cell. (57) pH 

Compound nTIl0les mg 

Oligonucleotides Oligonucleotides 

linked recovered 

llUlOli?S yield NO. yield 

NH2-dT(pdT)5 125 5 7.0 69 55% 

NH2-dT(pdTI5 125 5 8.0 103 82% 

NH2-dT (pdT) 5 125 5 II.0 III 89% 

z 125 5 7.0 60 48% s_o 91% 

4 200 IO 7.0 60 30% L! 90% 

‘The data refer to reaction mixtures 10.1 ml) containina the indicated amounts of reactants. (See text for further 
details). 

internal standard. The reactions proceeded fast in the 
first hour, levelled off subsequently, and reached a max- 
imum after 24 hr. The results which are listed in Table 4 
show a high incorporation yield when the coupling was 
carried out in basic medium, and a somewhat lower value 
in a neutral buffer. 

The linkage between oligonucleotide and solid support 
was stable in both acidic and basic medium: no leakage 
of oligonucleotide material could be detected after 120 hr 
at 20“ when the polymer was suspended in buffer with 
pH ranging from 3 to 1 I. 

Acceptor molecules 3 and 4, containing the base labile 
ester function, could also easily be immobilized on 2, 4, 
6-trichloro-s-triazine activated cellulose (57. Scheme 6) at 
pH 7.0. The ‘incorporation yield was again measured by 
hplc analysis (system B) of the supematant containing 
d-T(pT)2 as internal standard (Fig. 3). Data relevant to 
the coupling reactions are listed in Table 4. 

The alanine ester linkage between cellulose and oligo- 
(dT) in the polymers 58 and 59 remained unaffected in 
acidic and neutral buffers. At pH 8.0 the polymeric 
compounds 58 and 59 were still reasonably stable: after 
120h at 20”, only 24% of the oligonucleotide was cleaved 
from the polysaccharide matrix. However, when the 
polymers 58 and 59 were suspended in 25% aqueous 
ammonia for 16h, oligonucleotides d-T(pT)s (60) and 
d-T(pT), (61) were recovered in 90% and 91% yield 
respectively, as established by hplc analysis using d- 
T(pT)2 as internal standard (see Fig. 3). These findings, 
together with the observation that solely pure oligomers 
68 and 61 were released from polymers 58 and 59 res- 
pectively, indicate that by this method oligonucleotides 
may be immobilized in high yield to cellulose, that the 
functionalized oligonucleotides 3 and 4 are linked 
specifically and with stable bonds to activated cellulose 
(57) and, finally, that the immobilized nucleic acids may 
be released quantitatively by base treatment. 

However, cross-linking of the matrix during the 
activation step may influence the accessibility of the 
immobilized molecules and, further, the fast hydrolysis 
of the first and second chlorine atom in 2,4, 6-trichloro- 
s-triazine may prevent higher coupling yields. Recently, 
Finlay el aLs9 have evaded this problem, in the im- 
mobilisation of proteins on 2, 4, 6-trichloro-s-triazine 
activated Sepharose, by stepwise replacement of the 
chlorine atoms in anhydrous organic medium. 

We chose another alternative by using 2-amino-4, 6 
dichloro-s-triazine (62, Scheme 7) as the activating agent: 
an approach developed by Kay and Lilly@’ to immobilize 
chymotrypsin. Replacement of one chlorine atom in 2,4, 

6-trichloro-s-triazine bv an amino PTOUD decreases the 
susceptibility towards nucleophilic &a& of the remain- 
ing Cl atoms which react now at convenient rates, and 
also prevents cross-linking. 

Optimum reaction conditions for the activation of cel- 
lulose with 2-amino-4, 6dichloro-s-triazine and sub 
sequent incorporation of oligonucleotides were cor- 
roborated by measuring the immobilisation of Y-NH*- 
dT(pdT)s” under various conditions. The highest in- 
corporation yields were obtained when cellulose was 
activated according to the following procedure. Dry cel- 
lulose (100 mg) was suspended in 0.5 N NaOH (0.6 ml) 
and after I hr 2-amino-4, 6dichloros-triazine (62 in 
Scheme 7,50 mg) in acetone-water (1: 1, v/v) was added. 
The mixture was shaken for lOmin, the activated cel- 
lulose (63) was filtered off, washed and used immediately 
for coupling of oligonucleotides. 

To determine the effect of the pH on the efficiency of 
the immobilisation process, 5’-NHTdT(pdT)s (167 mmole) 
was coupled with 2-amino-4, 6-dichloro-s-triazine 
activated cellulose (63, 10 mg) in 0.1 M potassium phos- 
phate buffers (0.1 ml) of different pH. The results, as 
given in Fig. 4, show that the incorporation, after 24 hr at 

1 

1. 
L i0 

t lminl 

a1 

Oh 
?.s1m 

nos 

FEg. 3. The coupling of a functionalized oligonucleotide (e.g. 4, 
peak 2) with activated cellulose was measured with respect to an 
internal standard (d-T(pTk. peak I) by hpk analysis (system B) 
of the supematant. The quantity of an oligonucleotide (e.g. 61, 
peah 3) released from a solid support (e.g. 59) was determined 

according to the same procedure. See text for details. 
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6,7 R =dTlpdT)~gpUp.n=O OHa dT 3,6 

Scheme 7. 

20”, had an optimum at pH 8.0; at this stage 90% of the 
nonamer was immobilized. A three times higher concen- 
tration of 5’-NH&T(pdT)s. under the same conditions, 
afforded a maximum incorporation of 6.9% (w/w) of the 
nonamer on the solid support. 

Immobilisation of the functionalized acceptor mole- 
cules S-8 (Scheme 7) occurred at pH 6.0 in case of 
alanine derivatives $ and 6, and at pH 8.0 in case of 
nonamer 7 and tridecamer 8. Data relevant to the in- 
corporation reactions are given in Table 5. 

Cleavage of oligomers 68 and 69 was achieved by 
treating the corresponding polymers 64 and 65 with 25% 

0 ’ 
aqueous ammonia for 16hr. Both oligonucleotides (68 

I I I I I I and 69) were recovered in a pure state and in high yield 
5 6 7 6 9 10 

PH 
(Table 5). 

A mild acid treatment (0.01 N HCI) of polymer 66 for 
Fig. 4. Effect of the pH on the immobilisation of NH+JT(pdT)s 3 hr (t,R = 26 min) afforded d-(pTk (70) in 97% yield. 
on 2-amino-4, Gdichloro-s-triazine activated cellulose (63). See When polymer 67 was incubated with Pancreatic 

text for details. RNase in 0.1 M Tris-CHI buffer (pH 8.0) at 37”, deoxy- 

Table 5. Coupling of oligonucleotides with 2amino-4, ddichloro-s-triazine activated cellulose 63 

aeactantsa) Oligonucleorides Oligonucleorides 

Oligonucleotides Acfiv.cell.(63) linked recovered 

Compound plllOl.ZS mg NW1.S yield NO. yield 

NH,-dT(pdT)g i670 100 I500 90% 

NH*-dT(pdT)* 5000 100 2300 46% 

z 1000 100 240 24% S 91% 

a 1000 100 280 28% 69 _ 95% 

L IO00 100 680 68% ?!? 97% 

& IO00 100 750 75% 

d 1670 100 1080 65% E 88% 

‘The data refer to reaction mixtures (I ml) containing the indicated amounts of reactants (see text for further 
details). 
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thymidine was isolated as the sole nucleotide material in 
88% yield. 

CONCLUSION 

In this paper we demonstrated that functionalized oli- 
godeoxynucleotides of defined length (e.g. 3-8) may be 
attached reversibly and in high yield to activated cel- 
lulose. From the observation that pure oligonucleotides 
60, 61, 68-70 and deoxythymidine could be recovered 
from the solid support we may conclude that the DNA 
fragments were linked exclusively via the functionaiized 
Y-end to the matrix. Furthermore it is evident that both 
immobilization and subsequent cleavage from the solid 
support are devoid of side reactions at the nucleic acid 
material. 

The bond between @and and 2,4, dtrichloro-s-triaz- 
ine or 2-amino-4, Gdichloro-s-triazine activated cellulose 
was stable in acidic and basic medium (pH 3-11) as was 
established via polymers containing immobilized NH1- 
dT(pdT). (n = 5 or 8). 

Geneml methods and materials. UV absorption spectra were 
measured with a Cary Cl4 recording spectrophotometer. 
‘H NMR spectra were measured at 100 MHz with a Jcol JNMPS 
100 spectrometer; chemical shifts are given in ppm (S) relative to 
TMS _ _.__. 

Schleicher & Schiill DC Fertigfolien F 1500 LS 254 were used 
for tic in solvent system A (CHCl&leOH. 92:8. v/v). The 
high-performance liquid chro&t&phy system used in this 
study has been described elsewhere.6’ High-performance anion- 
exchange chromatography was performed with the strong anion- 
exchange resin Permaphase AAX (DuPont, U.S.A.) dry-packed 
into a stainless-steel column (I m x 2.1 mm). Elution was 
effected, starting with buffer A (0.005 hi KH#O,, pH 4.5) and 
applying 4% buffer B (0.05 hi KH$O,, 0.5 M KCI, pH 4.5) per 
min (system B). A flow rate of 1 ml/min at a pressure of 
70 kplcm’ at 20” was standard. In system C high-performance 
anion-exchange chromatography was performed on a column 
(25 cmx 4.6mm) packed with Partisil PXS lo/25 SAX (What- 
man). The column was eluted with a mixture of buffer A and 
buffer B (95:5, v/v) at a flow of 1 ml/min and a pressure of 
45 kp/cm.* Retention times (Rt) in systems B and C were 
measured relative to the injection peak. Short column chroma- 
tography was performed on Merck Kieselgel H. 

All solvents were dried as described previously.M Nucleosides 
were purchased from Waldhof (GFR). Microcrystalline cellulose 
(Merck) was mercerizeti* before use. 2,4,6-Trichloro-s-triazine 
was purchased from Aldrich. 

Geneml procedure for the pnpamtion of the fully pm&ted 
oligonucleotides 13-n 

The synthesis of the oligonucle&des 1327 (Scheme I) was 
performed according to the same procedure as previously des- 
cribedem All fully protected oligonucleotides were purified by 
short column ch;ohatography: ?he crude o1igome.r; were di& 
solved in CHCL-MeOH #g-93:2-7. v/v) and aDDlied on to a 
column of Kies&el H (co. 20 g per .g of -crude c&onucleotide) 
suspended in the same solvent mixture. If the oliionucleotide to 
be purified was IO or more units long, 0.25% water was added to 
the mobile phase. The appropriate fractions were concentrated to 
a small volume and the pure oligonucleotides were precipitated 
from pet. ether (4&60”), filtered off and dried in vacao (P&). 

Data relevant to the synthesis are summarized in Table 1. 

ikblockbtg of the fully protected ol~onuckotide 24e 

Oliaonucleotide 24c (64ma. 0.01 mmole) was dissolved in 
tetrahydrofuran (7 ml) & 0.2 M tetrabut&nmonium fluoride 
(TBAF, 4 equiv. per phosphotriester moiety) in pyridiiwater 
(1: 1, v/v, 1.75 ml) was added. After 2 hr at 2@, Dower 50 W 
cation-exchange resin (4.4g, IOO-2@lmesh, ammonium fom) 
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was added. The resin was removed by filtration and washed with 
water (2 x 5 ml). The combined filtrates were concentrated and 
25% aqueous ammonia (20 mt) was added. After 40 hr at 20”. the 
soln was concentrated to a small volume which was analysed by 
hplc (system B). Crude 2 was purified on two columns (I m X 
3 cm*) in series connection of Sephadex G50 suspended in 0.05 M 
triethyhunmonium bicarbonate (TEAB, pH 7.5). Elution occurred 
with the same buffer at a flow of 14ml per hr. The chromato- 
graphic process was monitored by UV (254 nm) and the fractions 
(3 ml) containing pure 2, as established by hplc analysis (system 
B), were collected and lyophilized. The dodecamer 2 was brought 
into the ammonium form by passing it through a column (8 cm X 
2cm*) of Dowex SOW cation-exchange resin (1O&?OOmesh, 
ammonium form). The resulting aqueous solution was rely- 
ophilized. Yield 744 OD (c,,,.~ = 120,000).29 6.28 mole (62%). R, 
19.7 min (system B). 

Synthesis of the fully protected d-thymidine derivative 29 

Phosphorochloridate 2@’ (0.29g. I.1 mmole) was added to a 
solution of llla(O.56 g, 1 q mole) in anhydrous pyridine (5 ml). TIC 
(system A), after 4 hr at Up, showed the reaction to be complete. 
The mixture was concentrated to an oil which was dissolved in 
CHCI, (lOOmI) and washed with 5% NaCH@ aq (5Oml) and 
water (50 ml). The organic layer was dried (MgSO,), concentrated 
to a small volume and triturated with pet. ether (w. I50 ml). 
A soln of the ppt in CHC&-MeOH (95 : 5, v/v) was applied on to 
a column (9 cm x 5 cm*) of Kieselgel H (I5 g) suspended in the 
same solvent. 

Elution of the column with the same solvent mixture afforded 
pure 29, which was precipitated from pet, ether (w), R! 0.37 
(system A.) talc. for C&I&l.,N,O& (794.35): C, 45.36, H, 3.81; 
N, 7.05; P, 7.80.) (Found: C, 45.47; H, 3.93; N, 7.07; P, 7.78. UV 
(95% EtOH) A,, 266 (E 10,2IKl) Amin 247nm (C 62@I). NMR 
(CD&) 6.18 (HI*, t, J 7Hz); 5.39 (Hs,, m); 4.64 (CH*, d, J 7Hz); 
1.72 (CHs, s). 

Synthesis of the fully pmtected decamer 30 

Reductive cleavage of the 2.2, 2-trichlorcethyl group from 29 
(143 mg, 0.18 mmole) by treatment of 29 with act&&d in and 2, 
4.6-triisomouvlhenzenesulnhonic acid (TPSOH) in ovridine and 
c&de&ion’ bf the result& phosphddiester with & (339mg, 
0.09 mmole) using TPSNT (12, 76 mg, 0.2 mmole) as activating 
agent, was performed as described previously. The reaction time 
at 20” was 1 hr. Crude 30 was purilied on a column (3 cm x 7 cm*) 
of Kieselgel H (9g) suspended in CHClrMeOH-water 
(92.75:7:0.25). Elution of the column with the same solvent 
&ture afforded pure 30. Yield 34Omg @6%), Rf 0.04 (system 
A). 

&blocking of the fully ttrotected decamer 30 

Freshlydi&llediso~n~yl nitrite (0.33 ml, 3 mmole) was added 
to a soln of 30 (44 ma. 0.01 mmole) in uvridine-AcOH (1: I. v/v, 
2 ml). After 24 hi at 20”, the mix& w&poured into sti&d &her 
(IOOml), the ppt was filtered off, washed with ether (2 X2Oml) 
and dissolved in dioxan (2ml). Immediately 25% aqueous am- 
monia (8 ml) was added and the soln was left for 24 hr at 20”. The 
mixture was concentrated to a small volume and crude 3tl was 
purified on Seohadex G50 as described for comuound 2, yield 
j70 OD (c,, A 86,000),29 6.6 mmole (66%), R( lj.7 min (system 
B). Oliinucleotide 1 was resistant to spleen phosphodiesterase. 
Treatment of 1 with alkaline phosphatase gave quantitative con- 
version into 3’Qmethoxytetrahydropyranyld-T(pTk. R 
16.1 min (system B). Digest& of i with venom phosphodies- 
terase alforded 3’&nethoxytetrahydropyranyldeoxy?bymidine 
5’-phosphate (R, 7.3min, system C) and deoxythymidine 5’- 
phosphate (& 5.1 min, system C). 

Preparation of the fully protected oligonucLvtides 31-34 

(a) Hexamer 31. Dicyclohexylcarbodiimide @CC, 20.6mg, 
0.1 mmole) was added to a magnetically stirred soln of 21a 
(243 mg. 0.1 mmok), N-2-nitrophenylsulphenyl+lanine 
(24.2 mg, 0.1 mmole) and Qdimethylaminopyridine (lOmg, 
0.08 mmole) in anhyd dioxan (3 ml). After 1 hr and 2hr, the 
same quantities (0.1 mmole) of DCC and N-nitrophenylsulphenyl- 
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@alanine were added. Tic (CHCl&feOH 85: 15, v/v) after 3 hr 
at 20” showed that the reaction was complete. The mixture was 
filtered, the filtrate was diluted with CHCI, (20 ml) and washed 
with 5% NaHC& aq (2 x 20 ml) and water (20 ml). The organic 
layer was concentrated under reduced pressure to a small volume 
(3 ml),and t&mated with pet. ether (40-60”, 75 ml). A soln of the 
ppt in CHCI&feOH (95.5 : 4.5, v/v) was applied on to a column 
(3 cm x 7 cm? of Kieselgel H (9 g) suspended in the same solvent. 
Pure 31 was eluted from the column with CHCIs-MeOH (95:5, 
v/v) and, after evaporation of the appropriate fractions, pre- 
cipitated from pet. ether (40-60”, 100 ml). 

(b) Nonanucleotide 32 was prepared starting from 2311 
(l89mg, 0.05 mmole), N-2-nitrophenylsulphenyl-B-alanine 
(36 mg, 0.15 mmole), 4dimethylaminopyridine (6 mg 0.05 mmole) 
and DCC (31 ma. 0.15 mmole) in anhvd dioxan (2 ml) accordinn 
to the same procedure as described for 31. Purification of 32 was 
performed on a column (3 cm x 7 cm2) of Kieselgel H (9 g) sus- 
pended in CHClrMeGH (93:7, v/v). 

(c) &decanter 33 was prepared starting from 25p (5Omg, 
0.01 mmole), N-2-nitrophenylsulphenyl-fl-alanine (15 mg, 
0.06 mmole), ddimethylaminopyridine (2.4 mg, 0.02 mmole) and 
DCC (12.6 mg. 0.06 mmole) in anhyd dioxan (1.5 ml) in the same 
way as described for 31. Crude 3 was purified on a column 
(2.5 cm x3cm2) of Kieselgel H (2.5 g) suspended in CHClr 
MeOH-water (92.75 : 7 : 0.25, v/v). 

(d) Pentadecamer 34 was prepared, starting from 27a (94mg, 
0.015 mmole) and ourified in the same wav as described for 33. 
Yields and analybcal data pertaining to-the synthesis of oli- 
gomers 31-34 are given in Table 2. 

&blocking of the fully protected olinonucleotides 31-34 
Hexamer 31 (4Otngi 0.015 mmoje) was dissolved in THF 

(4.8 ml) and 0.25 M TBAF in ovridine-water (1: I. v/v. 1.2 ml) 
was added. After 2 hr at 20”, the reaction was ‘quenched by the 
addition of Dowex 50 W cation-exchange resin (3.0g, l&L 
2OOmesh, ammonium form). The resin was filtered off and 
washed with water (2 x 5 ml). The combined filtrates were con- 
centrated to dryness and coevaporated with diixan (2 x 10 ml). 
The residue was dissolved in methanokcetic acid (9: 1, v/v, 
0.3 ml) and KI (10 mg, 0.06 mmole) was added. After 5 min at 
2@‘, the mixture was partitioned between aqueous O.OlN HCI 
(3 ml) and ether (3 ml). The aqueous layer was washed with ether 
(3 x 3 ml), the ethereal layers were extracted with 0.01 N HCl 
(2 ml) and the combined aqueous layers were adjusted to pH 2.0 
with 0.1 N HCI. 

After 2 hr, the pH was adjusted to 5.0 by the addition of 0.5 M 
aqueous ammonia and the soln was concentrated to a small 
volume (1 ml). Crude 3 was puritied on two columns (1 m x 3 cm2) 
in series connections of Sephadex G25, swollen in 0.005 M am- 
monium formate (pH 4.0). The columns were eluted with the 
same buffer at a flow of 14 ml/hr. The fractions (3 ml) of the main 
peak were analysed by hplc (system B) and those containing pure 
3 were lyophilized, yield 640 OD (Q,,,~. = 51,900),~ 12.3 pmole 
(82%). Accordina to the same orocedure as described for 31 the 
2-chlorophenyl groups were removed from the oligomers 32,33 
and 34 using 4 equiv. TBAF per phosphotriester in THF-pyri- 
dine-water (8: 1: 1, v/v). The removal of the nitrophenylstdphenyl 
group and the methoxytetrahydropyranyl group was performed 
in exactly the same way as described for 31. Oligomers 4,s and 6 
were purified on two columns (I m x 3 cm*) in series connection 
of Sephadex GSO according to the same procedure as described 
for 3, yields and retention times (system 9) of oligomers 3-6 are 
given in Table 2. Treatment of the oliionucleotides M (1 mg) 
with 25% aqueous ammonia (I ml) for 2 hr a8orded the cor- 
responding oligomers d-T(pT)n (n = 5, 8, 11 and 14) (Table 2) 
which were completely digested by venom phosphodiesterase 
and spleen phosphodiesterase to give the expected products in 
the correct ratio. 

2,4-LXchlomphenyl phosphoro4nitrobenzylamidochlo&iate (35) 
A soln of 4-nitrobenzylamine (1.52g, 10 mmole) and triethyl- 

amine (1.53 ml, 11 mmote) in anhyd dioxan (3.3 ml) was added 
dropwise, over a period of 15 min, to a stirred soln of 2, 4 
dichlorophenyl phosphorodichloridate (2. g, 10 mmole) in anbyd- 
dioxan (3ml). After stirring for another hr, the mixture was 

filtered and the filtrate was concentrated to an oil which was 
dissolved in hot anhyd chlorobenzene (co. loo”, 50 ml). Pure 35 
soliiified upon standing at o”, yield 2.4 g (61%), m.p. 80-83”. NMR 
(CDCb) 8.18 (C6&r d, J 7Hz); 7.55 (&H,, d, J 7Hz); 7.30 (CsH,, 
m): 5.58 (NH, dt, JPH I5 Hz, JHH 7.5 Hz); 4.47 (CHs, dd, 
JPH 14 Hz, JHH 7.5 Hz). 

&oxythymidine-5’ 2, Qdichlorophenyl phosphon&nitmben- 
zylamidate (37) 

A soln of 35 (1.78 g. 4.5 mmole) in anhyd pyridine (9 ml) was 
added dropwise, over a period of I hr, to a stirred soln of 36 
(0.73 g. 3 mmole) in anhyd pyridine (12 ml). After stirring for 
another hour, the. mixture was concentrated to an oil. A soln of 
the oil in CHCIsdioxan (2: 1, v/v, 100 ml) was washed with 5% 
NaHCOs aq (50 ml) and water (5Oml). The organic layer was 
dried (MgSO,), concentrated to a small volume and triturated 
with pet. ether @O-6@, 2 x ISOml). The ppt was dissolved in 
CHClrMeGH (95 : 5, v/v) and applied on to a column (11 cm x 

9 cm’) of Kieselael H (4Oa) susoended in the same solvent. 
Elution of the column‘ with CHQ-MeOH (94:6, v/v) and 
evaporation of the appropriate fractions afforded pure 37 as a 
glass, yield 1.43g (79%), JZ, 0.16 (system A). NMR ((CD&XI) 
8.14 (C&J,, d, J 8 Hz); 7.60 (C&, d, J 8 Hz); 7.50 (C&Is. m); 6.18 
(HI*, t, J 7 Hz). 

Boxythymidine-5’ 2, +dichlomphenyl phosphom+aminoben- 
zylamidate (38) 

Hydrogen was bubbled through a soln of 37 (0.6 g, 1 mmole) in 
absolute alcohol (108 ml) containing Pd-C (lO%, 0.2 g). After 
3Omin at 2tP, UC (system A) showed that the reaction was 
complete. The mixture was filtered over hytlo-super-ccl and 
concentrated to afford 38 as a glass. Yield 0.565 g (99%), B, 0.10 
(system A). NMR ((CD&$G) 6.86 (C&L, d, J 8 Hz): 6.52 (Cd-I,, 
d, J 8 Hz); 6.18 (I&,, and NH). 

D?oxythymidine-5’ 2, +dichlomphenyl phosphom4 
ttifluomacetylambwbenzylamidate (39) 

Trifluoroacetic anhydride (O.l4ml, 1 mmole) was added to a 
soln of 38 (286 mg, 0.5 mmole) in anhyd pyrfdine (5 ml). Tic 
(system A), after Smin at 200, showed that the reaction was 
complete. The mixture was concentrated to an oil which was 
dissolved in CHCl&IeGH (4: 1, v/v, 100 ml) and washed: 5% 
NaHCOsaq (3OmJ) and water (3Oml). The organic layer was 
dried (MgSO,), evaporated down to a small volume and triturated 
with pet. ether (M, ISOml). A soln of the ppt in CHCl,- 
MeOH (94:6, v/v, 3 ml) was applied on to a column (3 cm x 
7cm’) of Kieselgel H (9g) suspended in the same solvent. 
Elution with the same solvent mixture afforded pure 39 which 
was precipitated from pet. ether (e, 150 ml), yield 250 mg 
(75%), Bt 0.13 (system A.). (Found: C, 45.13; H, 3.75; N, 8.31; P, 
4.93). (Calc. for: CUH&12FsN,0sP (667.36): C, 44.99: H, 3.63: 
N, 8.40; P, 4.64) UV (95% EtOH) A,, 257 (r 19,lOO)Li. 234nm 
(c 11,800). NMR ((CD&SO) 7.55 (CsH,, d, J 8 Hz); 7.26 (CsH,, d, 
J 8 Hz); 6.34 (PNH, m); 6.17 (HI,, t, J 7Hz). 

Prepamtion of octanucleotide 42 
The synthesis of octamer 42 was performed analogous to a 

procedure. described nreviouslvm. Thus. dimer 13b (0.861~. 
b.8mmole) was treated with z&c and t&sopropylbenz&es& 
phonic acid in pyridine to remove the 2,2,2-tricNoroethyl group 
and the resulting phosphodiester was condensed with 21b (1.45 g, 
0.6 mmofe) using TPS-NT (12e, 0.34 g, 0.88 mmole) as activating 
agent. Purhication of the fully protected octamer by short 
column chromatography, followed by removal of the levulinyl 
group by hydrazii treatment, afforded 42. Yield 1.6g (83% 
based on 21b), Rt 0.13 (system A). 

Pwamtion of the fully pmtected nonanucleotide 43 
To a soln of 39 (9omg, 0.135 mmole) and 2-cNorophenyl 

phosphate”’ (31 mg, 0.15mmole) in anhyd pyridine (3ml) was 
added TPS-NI (l2d, 133 mg, 0.35 mmole). After 16 hr at 20”, the 
mixture was diluted with CHCls @ml) and washed with I M 
TEA9 (2 ml) and 0.1 M TEAB (2 ml). The organic layer was 
concentrated to an oil which was transferred to a smaller flask 
containing octamer 42 (98 mg. 0.03 mmole). The mixture was 
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dried by repeated coevaporation with anhyd pyridine (3 x 10 ml). 
TPS-NI (l&l, 38 mg, O.lOmmole) was added and after 28hr at 
20”. tic (MeOH-CHCIs 9: 1; v/v) showed the reaction to be 
complete. The mixture was concentrated to an oil which was 
diluted with CHC&-dioxan (2: I, v/v, 1Oml) and washed with 
5% NaHCqaq (25 ml) and water (25 ml). The organic layer was 
concentrated to a small volume and crude fullv protected 
nonamer 43 was precipitated from pet. ether (40@., iOOml). A 
soln of 43 in CHCh-MeGH-water (92.75:7:0.25. v/v. 3 ml) was 
brought on to a~ column (4cm x 3 cm*) of Kies&el H’ (48) 
suspended in the same solvent. Elution of the column with the 
same solvent mixture afforded pure 43 which was precipitated 
from pet. ether (4OUY, 100 ml), yield 60 mg (49% based on 42), 
R, 0.15 (system A). 

&blocking of the fully protected nonanuclwtide 43 
Nonamer 43 (49 mg, 0.012 mmole) was deblocked and purilied 

in the same way as described for 24c, yield 6670D (e,,,,, 
77,500),” 8.6 rmole (72%), R, 15.0 mitt (system B). Nonamer 7 
was resistant to spleen phosphodiesterase, but was completely 
digested by venom phosphodiesterase to give d-thymidine-5 
phosphoro-4-aminobenzylamidate (& 1.2 min. system C) and d- 
thymidine S’-phosphate (R, 5.0 min. system C). 

Prepamtioa of the fully protected tridecanucleotide 54 
The synthesis of 46 and 48-54 (Scheme 5) was performed 

according to the same procedure as described for oligonucleo- 
tides 13-27 in Scheme 1. The tridecamer 54 was not purified on 
silicagel but on a column (1 m x 7 cm*) of Sephadex LH602-’ using 
THF-MeOH (19: 1, v/v) as the mobile phase. The preparation of 
47 was analogous to the synthesis of 43: monomer 44 (0.62g, 
1.3 mmole) was phosphorylated with the bifunctional agent 48 
(0.29g. 1.4 mmole) using TPS-NI (l&J, l.lOg, 2.9 mmole) as 
activating agent. Condensation of the resulting phosphodiester 
with 46g (1.81 g, l.Ommole) and TPSNI (l2d, 0.53 g, 1.4mmole) 
as activating agent gave 47 which was purified by short column 
chromatography. Data relevant to the synthesis of oligomers 
46-54 are given in Table 3. 

Deblocking of the fully protected tridecanuclwtide 54 
To a soln of 54 (283 mg, 0.05 mmole) in THF (38.4 ml) was 

added 0.25 M TBAF in pyridine-water (1: 1, v/v, 9.6ml). After 
30 min at 20”, Dowex 50 W cationexchange resin (24g, lOO- 
200 mesh, ammonium form) was added to the mixture. The resin 
was filtered off and washed with water (2 x 5 ml). The combined 
filtrates were concentrated to dryness, dissolved in 0.1 N NaOH 
(70 ml) and stored for 36 hr at 20”. Dowex 50 W cation-exchange 
resin (10 g, 100-200 mesh, ammonium form) was added and after 
filtration the soln was concentrated to a small volume (2ml) 
which was diluted with 0.01 N HCI (15 ml) and adjusted to pH 
2.0 with 0.1 N HCI. After 16 hr at 20”, the soln was neutralized 
with 0.5 M aqueous ammonia and concentrated to a small 
volume. Purification of 8 on Sephadex G50 was analogous to the 
ouritication of 2. vield 3041 OD k... 111.800~ 0.0272 mmole 
(54%) R, 15.8ntin(system B). RN;; treatment of 8 alforded 
5’-amino-S’deoxydT(pdT),,,pUp (9 16.7 mitt, system B) and dT. 
Tridecamer 8 was resistant to spleen phosphodiesterase but was 
completely digested by venom phosphodiesterase affording 5’- 
amino-5’deoxydT.” pdT and pU. 

Activation of cellulose with 2,4, Wichlotv-s-ttiazine 
Cellulose (1OOmg) was treated with 1 N NaOH (1 ml), after 

2 hr the excess base was removed by filtration and the moist 
cellulose was transferred to. a soln of 2, 4, 6-trichloro-s-triaxine 
(56,100 mg) in acetone (2.5 ml). Water (2.5 ml) was added and the 
mixture was shaken for 30 set at 20”. The reaction was quenched 
by the addition of 10% aqueous AcOH (2.5ml). The activated 
cellulose (57, Scheme 6) was filtered off and washed with 
acetone-water (1: 1, v/v, 3 X 5 ml), water (2 X 5 ml) and aqueous 
0.1 M KHzPO, (pH 7.0, 2 x 5 ml). The moist activated celhdose 
(57) was used immediately for coupling reactions. 

Coupling of d-oligonuclwtides with 2, 4, 6-trichlom-s-ttizine 
activated cellulose (57) 

A quantity, corresponding to 1Omg dry weight, of activated 

cellulose (g7) was added to a 0.1 M potassium phosphate buffer 
(for pH Table 4) containing the oligonucleotide and 0.1 pmole 
d-T(pTb. To determine the amount of oligonucleotide, im- 
mobilized on the solid support, 2pl of the supematant was 
analysed by hplc (system B). After 24 hr at 20” I M 
NH&q(SOpl) was added to the mixture which was left for 
another hour. The polymer was filtered off and washed with 
buBer (0.1 M KH2P0,, I M NaCI, pH 5.0, 3 x 1 ml), water (3 x 
1 ml),’ acetone-water (respectively 1:3, I : I, 3: 1, v/v) and 
acetone. The polymer was dried and stored in vacua at 0”. Data 
relevant to the coupling reactions are given in Table 4. 

Removal of the oligonucleotides 60 and 61 from c&dose 
Celhtlose-oligodT (Ss or 59, Smg) was treated with 25% 

aqueous ammonia (0.25 ml) for I6 hr at 20”, after which IO mM 
d-T(pT)2 (10~1) was ad&d. The supernatant was removed and 
concentrated to a small volume (pH 7). The quantity of oligo- 
nucleotide, recovered from cellulose was determined by hplc 
analysis (system B) of the neutral solution. Other relevant data 
are summarixed in Table 4. 

Activation of cellulose with 2.amine-4,6-dickloro-s-triazine 
Cellulose (100 mg) was treated with 0.5 N NaOH (0.6 ml). 

After 1 hr a soln of 2-amino-4, 6dichloro-s-triaxinew (62, 50 mg) 
in acetone+water (5: 3, v/v, 2.4 ml) was added. The mixture was 
shaken for 10min at 20”, the activated cellulose (63, Scheme 7) 
was filtered off and washed with actone-water (1: 1, v/v, 3 x 
5 ml), water (2 x 5 ml) and the buffer, to be used in the coupling 
reaction (Table 5,2 X 5 ml). The activated cellulose (63) was used 
immediately for the coupling reaction. 

Coupling of d-oligonuclwtides with 2-amine-4, 6-dichloro-s-tri- 
azine activated cellulose (63) 

The coupling was performed at pH 8.0 in the same way as 
described for f7. The~immobilization of the alanine derivatives 5 
and 6 was performed at pH 6.0. After immobiiition of 7,66 was 
washed with a basic buffer (0.05 M,NaCHOa. 1 M NaCI, pH 9.0). 
Data relevant to the coupling reacttons are given in Table 5. 

Removal of oligonuclwtides 68-70 and d-thymidine (36) from 
cellulose 

Oligomers 68 and 69 were removed analogous to 68 and 61. 
Nonanucleotide 70 was removed by treatment of 66 (2mg) with 
0.01 N HCI (100 pl) for 4hr. After addition of IOmM d-T(pTb 
(4 @I) the supematant was isolated, neutralized and analysed by 
hplc (system B). The immobilized tridecamer 67 (1Omg) was 
suspended in 0.1 M Tris-HCI (pH 8.0, 0.1 ml), containingb.5 mg 
Pancreatic Ribonuclease (Merck). After 16 hr at 37”. tic (CHCh- 
MeOH, 3: 1, v/v) of the &e&ant showed deoxythymidine as 
the sole UV absorbing product. Data relevant to tbe removal of 
68-70 and 36 from cellulose are given in Table 5. 

Enzymatic digestion of the deblocked oligonuclwtides 
(a) Vmom phosphodiestemse. A soln of the oligonucleotide 

(2 OD) in a buffer (0.05 ml) containing 25 mM Tris-HCI (pH 9.0) 
5 mM MgClz and 2 Pg snake venom phosphodiesterase (Crotalus 
terr. terr., Boehringer) was incubated at 37” for 3 hr. 

(b) Spleen phosphodiesterasa A soln of the oligonuclcotide 
(2 OD) in a buffer (0.05 ml) containing 0.1 M NH.+OAc (pH 5.7) 
and 4 cg spleen phosphodiesterase (Boehringer) was incubated at 
37” for 3 hr. 

(c) RNase. The oligonucleotide (20D) was incubated with 
10 pg Pancreatic Ribonuclease (Merck) in 0.2 M Tris-HCI buffer 
(pH 8.0.0.05 ml) at 37” for 3 hr. 

(d) Al&&e phosphatase. A soln of the oligonucleotide (2 OD) 
in a buffer (0.05 ml) containing 0.2 M Tris-HCI (pH 8.0) and 0.5 U 
alkaline phosphatase (Sigma) was incubated at 37” for 3 hr. 
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