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ABSTRACT
Several modif icat ions have been incorporated in to the phosphotr les ter

s t r a t egy for chemical synthes is of o l igodeoxyr ibonucleot ides . These include
high-yie ld methods for preparat ion and i s o l a t i o n of (fi ,N-protected deoxy-
r ibonuc leos ide -3 ' j j-chlorophenyl phosphates which serve as key in te rmed ia te s ,
and the e l iminat ion of some superfluous manipulation and pu r i f i c a t i on s teps
commonly used in the process of synthesiz ing o l igonuc leo t lde b locks . In
a d d i t i o n , two new ary l su l fony l n i t ro imidazole de r iva t ivea have been prepared
and found to be highly e f f ec t ive agents for i n t e rnuc l eo t ide bond formation.
These techniques have been applied in cons t ruc t ion of the icosamer
d(G-C-C-A-T-T-T-T-A-C-C-A-T-T-C-A-C-C-A)-rC, equivalent to a r ibonucleot ide
sequence located a t both the 5 ' and 3 1 ends of Rous sarcoma vi rus 35S RNA.

INTRODUCTION

Recent s t u d i e s on Roua sarcoma v i r u s (RSV) 35S RNA have revea led the

presence of -GCCAUUUUACCAUUCACCAC-poly(A) a t the 3 ' - t e r m i n u s 1 , and an

I d e n t i c a l sequence of n u c l e o t i d e s , excluding the poly(A) t a i l , has been found

a t the 5 ' - t e r m i n u s immediately ad jacen t to the c a p . The e x i s t e n c e of a

repea ted t e rmina l icosamer sugges t s a number of ways in which the l i n e a r v i r a l

RNA can d i r e c t s y n t h e s i s of doub le - s t r anded c i r c u l a r p r o v i r a l DNA. One

p l a u s i b l e mechanism1 >̂  i n v o l v e s the formation of a DNA I n t e r m e d i a t e con-

taining a single copy of the icosamer. Participation of this sequence in a

recombination event with host DNA could generate an Integrated linear provirus

possessing terminally repeated sequences, and subsequent transcription of

the proviral gene by RNA polymerase would produce viral genomes identical with

the original 35S RNA. In order to investigate this possibility, we decided

to construct the ribonucleoside-terminated-' nonadecadeoxyribonucleotide

d(G-C-C-A-T-T-T-T-A-C~C-A-T-T-C-A-C-C-A)-rC corresponding to the repeated RNA

segment of RSV, for use as a specific hybridization probe to determine the

number of copies of this sequence present In circular proviral DNA, and for
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studying the mechanism of provirus integration. In addition, we intended to

employ the synthesis of the oligonucleotide for testing some modifications of

the overall phosphotriester methodology which have been developed in this

laboratory.

STRATEGY FOR SYNTHESIS OF d(G-C-C-A-T-T-T-T-A-C-C-A-T-T-C-A-C-C-A)-rC

Synthesis of the icosamer was simplified by the double occurrence of the

sequence CCATT, which enabled the following strategy to be devised (Fig. 1).

This scheme requires preparation of relatively large quantities of fully

protected d(C-Ap) and d(T-Tp). From these, In conjunction with monomeric

units, the subunit blocks 1, 2 and 3_ could be assembled as shown. Sequential

joining of these subunits, followed by addition of the 5'-terminal dG, would

lead to the desired icosamer.

PREPARATION OF MONOMERS

The modified phosphotriester approach*^ constitutes the most

successful methodology presently used for synthesis of oligodeoxyribo-

nucleotides. By facilitating routine chemical preparation of moderately large

quantities of oligonucleotides up to 20 units in length, it has led to such

notable recent achievements as the synthesis, cloning, and expression in E_.

coll of a mammalian somatostatin gene. The essential monomeric units in

this system are the four protected deoxyribonucleoside-3' j>-chlorophenyl

2-cyanoethyl phosphates, which are prepared from the corresponding blocked

deoxyribonucleosldes and serve, after removal of the 5'-0H protecting group,

as 3'-terminal units in binary condensations. The phosphotrieaters can be

converted, by selective decyanoethylation , to nucleoside aryl phospho-

d(C-A-C-C-A)-rC
i

d(C-A) — d(C-C-A)—d(C-C-A)-fC
+

d(T-T) —d(T-T-A)
3I

d(C-C-A-T-T)
2

Icosamer: d(GCC ATTTTA,pC ATT.C ACCA)rC
V 2 3 2 I

Order of addition: l + 2+3+2-K

Figure 1. Scheme for synthesis of the icosaaer. For the sake of clarity a l l
protecting groups and terminal phosphates have been emitted.
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d i e s t e r s which are used to extend the growing ol igonucleot lde In the 3 ' •+ 51

d i r e c t i o n . However, we have found that higher y i e lds of the pure phospho-

d i e s t e r s ( I I ) are obtained by preparing them d i r e c t l y as shown in Figure 2 .

II i s separated from excess phosphorylating agent by prec ip i tat ion as i t s

barium s a l t , then converted by ion-exchange to the tetraethylaramonium s a l t ,

which possesses more favorable s o l u b i l i t y propert ies . The reactions can be

carried out on a large scale and y i e lds are in the range 92-97Z. The f u l l y

protected phosphotriesters ( I I I ) are readi ly prepared from the corresponding

phosphodiesters by reaction of II with cyanoethanol in the presence of the

condensing agent l - (mes i ty lenesu l fony l ) -4 -n i tro imidazo le . The t r i e s t e r s are

purified by s i l i c a gel column chromatography and iso lated in 90-97Z y i e l d s .

ARYLSULFONYL 4-NITROIMIDAZOLES AS CONDENSING AGENTS

The arylsulfonyl t e trazo les introduced by Stawinski et_ £ l . 8 are the

most powerful condensing agents currently avai lable for o l igonucleot lde

s y n t h e s i s . However, although they promote rapid high-yield formation of

internucleot ide bonds, these compounds are inherently unstable and must be

fresh ly prepared at frequent i n t e r v a l s . Van Boom et j»l. used t r i i sopropy l -

HO

Trxuoie
EtjN

2 tai-exchmgB

B = Thymin-l-yl
N3Anisoylcytosin-l-yl
NsBenzoyladenin-9-y1 or
N8 lsobutyrylguanin-9-yl

Figure 2. Synthesis of protected deoxyribonucleoside-3' aryl phosphodiesters
and fully protected phosphotriesters.
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benzenesulfonyl 4-nltroimidazole In phosphotriester synthesis of o l igor ibo-

nucleot ides , but t h i s reagent requires extended reaction times (up to two

days) . In seeking other useful condensing agents we prepared mesitylene-

sulfonyl 4-nitroiraidazole and jj-toluenesulfonyl 4-nitroimidazole. The former

compound was employed throughout the present work and we found that i t i s

capable of joining even our longest oligonucleotide blocks in less than 16 h r .

The use of j>-toluenesulfonyl 4-nltroimidazole wil l be discussed in a future

communication; preliminary studies Involving the synthesis of model dinucleo-

t ides have indicated that this reagent gives improved yields of products, with

l e s s sulfonylation and less destruction of deoxyguanoslne residues.

SIMPLIFICATION OF ISOLATION AND PURIFICATION PROCEDURES

Prior to each condensation reac t ion , i t i s necessary to d e t r i t y l a t e a

fully protected mono- or oligonucleotide in order to generate a 5'-hydroxyl

component. In the present study this was carried out using benzenesulfonic
Q

acid in chloroforn-raethanol so lu t ion , as described by Stawinski e t a l .

However, a f t e r ex t r ac t ion of the ac id , we departed from the published

procedure. We found tha t i so l a t ion of the pure 5'-0H component from the

r e s u l t i n g mixture i s unnecessary, s ince free dimethoxytri tanol does not

i n t e r f e r e with In te rnuc leo t lde bond formation in the subsequent condensation

and can be ea s i l y separated from the elongated ol igonucleot ide product when

the react ion mixture i s f ract ionated on a s i l i c a gel column. We have

standardized t h i s chroraatographic s t ep and, with the quant i ty of s i l i c a gel

used (55 g ) , we are able to apply s n a i l sca le reac t ion mixtures (< 0.2 tmnol)

d i r e c t l y to the columns a f te r removal of a l l but £ a . 250 y l of the so lven t .

Using these s implif ied procedures we prepared the required o l igonucleot ide

blocks , including i^, 2^, and 3̂ , as out l ined in Table 1.

DEPROTECTION AND ANALYSIS AT INTERMEDIATE STAGES OF SYNTHESIS OF THE ICOSAMER

Small amounts of the hexanucleotide block j . (Table 1) were deprotected

and analyzed as a check on the progress of the syn thes i s . I n i t i a l l y , two

iiethods for reaoval of protect ing groups were compared. In the f i r s t , 1^ was

t rea ted a t 70° for 3 hr with annonia in aqueous pyr id ine . These condi t ions

have been reported to effect cleavage of j>-chlorophenyl groups from the

i n t e r n a l phosphates and to remove the pro tec t ing groups froa the exocyclic

amino functions of the bases . " The second aethod involved t r ea t aen t of the

fu l ly protected hexaaer with an aqueous pyridine solut ion of t e t r a b u t y l -

aoaonlua f luor ide to reiiove the £-chlorophenyl groups , then with aqueous

aanonia to deblock the -NH£ and 3 ' - t e r a l n a l -OH funct ions . In both ca ses ,

exposure to 801 a c e t i c acid was used to remove the 5 ' - t e r a i n a l d i a e t h o x y t r i t y l

1560

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/6/4/1557/1004621 by guest on 10 April 2024



Nucleic Acids Research

Tibia I . Raactlon Condltloni-for Syntftwlt of 01 Igonuclaotlda Blocks

3' Aryl Photphata

Conponant

(aaol)

|(MaO)2Trld»nC-(CIPh)

(1.2)

HMaO)2Trld»nC-(CIPh)

(0.6)

ld*jO)2TrldanO«d>oC

*dbzA-(CIPh) (0.15)

KHaO)2TrldonC

•dbzA-(CIPh) (0.16)

KMaO)2TrldT-(CIPti)

(1.2)

[(MaOJjTrldT

•dT-(CIPh) (0.15)

KMaO>2Trl<HuiC»<lanC

«dbzA-(CIPh> (0.46)

V Hydroxyl

Coaponant

(ml)

dblM(CNEt)

(1.0)

danC«dbzA*(CHEt)

(0.3)

rbiC(B*>2

(0.223)

danCAlanCdbzA

«rbjC(Bz)2 (0.123)

dT'(CNEt)

(1.0)

dbiM(CNEt)

(0.12)

dT»dT*(CNEt)

(0.4)

HSKI

(aool)

3.0

1.5

0.5

0.53

3 .0

0.375

1.15

% HaOH

In O C I ,
alutlon

sil ica

2

3

2

3

2

3

4

Product

for

froa

9*1

l(MaO)2TrldanC»<JbiM(CNEt)

KHaO)2TrldanCidanC
«dblA»(CHEt)

KMaO)2Tr]danC»<lanC

«dbzMrbzC(Bi)2

KMaO)2Trld.i«^lbzA^.nC

«d«nC«<lbzA«rbiC(Bi)2

I (MaO)2Tr!dT*dT«(Clrtt)

KMaO)2TrldT»<IT

»0bzM(CNEt)

[(HoO)2TrldonC»donC

«<fbiM<JT»<n-«(CHEt)

Block

Ho.

1

3

2

Yl.ld

rt%

ROf

B2t

an

8 4 ,

851

Th« ^-chtorophanyl phosphotrlattar llnkagas ara raorasantad by tt>a svabol

groups. Equivalent portions of each deblocking mixture were analyzed by

high-resolution ion-exchange chromatography on Pellionex SAX. A significantly

greater quantity of pure d(C-A-C-C-A)-rC was recovered from the second

mixture, so the fluoride procedure was used for subsequent deprotections.

After each chain extension of block 1 ( i . e . ^ + A> 2 + (2 + V etc.) a

snail amount of the purified protected oligonucleotide was removed and

deprotected. The resulting mixtures were fractionated on Dowex 1 ion-exchange

resin. Small amounts of residual contaminants were then removed from the

products, either by high-resolution chromatography on Pellionex SAX for

analytical purposes, or preparatively by electrophoresis on a 20Z polyacryl-

araide slab gel. The yields quoted for the 11-mer, 14-mer, 19-mer and 20-mer

in Table 2 refer to material Isolated from the Pellionex column. The

sequences of these samples were confirmed by mobility shift analysis.

As a postscript to the above, i t has recently been shown" that

oxlmate ion is capable of removing aryl protecting groups from the internal

phosphotriester functions of short oligothymidylates, without significant

cleavage of internucleotide bonds. This finding prompted us to use the novel

reagent in a t r ial deblocking of the 19-mer. Pyridinealdoxiaate in aqueous
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Tabla 2. Raactloin Laadlng to tha Intarsiadlata Undacanuclaotlda. T«ti adacamic I apt I da awl Nonadacwiuclaotlda. and
tha Final Icounuclaotlda

3' Aryl Phosphata
Coapoowt ( • E l ) "

Dacyanosthylatad 2
(0.025) ~~

Dacyanoathylatad 3
(0.0197)

Dacyanoathylatad 2
(0.013) ""

I(M«0)2Trldlbe-C1Pti
(0.0O21>

51 Hydroxyl
Cmponwit (anol>*

Datrltylatad 1
(0.0176)

Datrltylatad
Undsc»»sr

(0.0116)

Datrltylatad
Tatradscaaar

(0.0069)

D»trltYlat»d
NcMittdvcaasr

(0.002)

H»l
(nil

0.21

0.21

0.17

0.043

Product
(Yield)"

Prot«ct«d
Illlllll !••!

(73J)

Protectad
Trh-BdacaMT

(63f)

Prot»ct«d
Monwtecaaar

(64()

Protactad
Icosanar

(7M)

Daprotactad Product
(Ylald)

d (C-C-A-T-T-C-A-C-C-A) -rC

(65*)

d (T-T-A-C-C- A-T-T-C-A-C-C-A) -rC

(591)

d (C-C-A-T-T-T-T-A-C-C-A-T-T-C-A-C-C-A) -rC

(4Of)

d (O-C-C-A-T-T-T-T-A-C-C-A-T-T-C-A-C-C-A) -rC
(M)

Tbasa flguras rapraaant ovarasttaetas of tha actuol wluasf sine* thay ara boiad aolaly on aatght and do not taka
Into account tt>a prasanca of Minor aaounti of contaalnanti unraaolvad by silica gal chroBatography. Tha fully
protactad I9-Mar and 20-aar, In particular, contalnad significant quantltlaa of sulfonylatad ilda products, and
4(9)-nltrolaldazola darlvad froa brasKdown of ttia condanalng agant. By tha saaa tokan, tlia spactrophotonatrlcal ly
datamlnad ylalds SHOMI for tha purlflad daprotactad ollgonuclaotldas ara ar t i f ic ia l ly low.

dioxane was indeed more effective than fluoride ion. It increased the yield

of product to 50Z and therefore appears to constitute the method of choice for

Figure 3. Autoradlogram showing two-
dimensional fractionation of limited
snake venom exonuclease digestion of
5'-terminally labeled icosamer. The
spot corresponding to the raono-
nucleotide was eluted from the thin
layer and subjected to paper electro-
phoresis at pH 3.5. This material
co-migrated with authentic pdG.

T •

A

• c
•c

*
c

V
CELLULOSE ACETATE pH 3.5
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deprotec t ion of longer o l igodeoxyr ibonuc leot lde phosphotr tes ters .

CONCLUSION

The ease with which the lcosamer was synthes ized In the present study resu l ted

from the fo l lowing: 1) the ready preparation and use of protected nucleos ide

aryl phosphodlesters as the key s y n t h e t i c u n i t s , 2) the use of a r y l s u l f o n y l

n l tro lmldazo le d e r i v a t i v e s as condensing a g e n t s , and 3) e l iminat ion of some

unnecessary Intermediate p u r i f i c a t i o n procedures. Use of a terminal r i b o -

nuc leos ide in the synthes i s should a l so be noted. We plan to exp lo i t t h i s

res idue as a universal protect ing group for the ul t imate 3 ' end of o l igodeoxy-

r i b o n u c l e o t i d e s , s ince i t provides the opt ion of generating e i ther a 3 ' -

termlnal phosphate by means of periodate ox idat ion and (5-e l iminat ion, or a

free 3 ' hydroxyl by subsequent phosphatase treatment. Molecules possess ing

these termini are expected to be of cons iderable value in s tud ies on RNA

l i g a s e mediated coupling of o l i g o d e o x y r l b o n u c l e o t i d e s , by analogy with systems

of proven utility in oligoribonucleotide synthesis.^' *

EXPERIMENTAL

Materials

5'-O-Dimethoxytrltylthymidine was prepared by the method of Schaller ^t

_al.15 N*-Anisoyldeoxycytidine16, N^benzoyldeoxyadenosine15, JJ^-isobutyryl

deoxyguanosine*' , and their respective 5'-O-dlmethoxytrityl d e r i v a t i v e s ^ ' ^

were a l l synthesized by published procedures, as was j>-chlorophenyl phosphoro-

dichloridate. ° Authentic samples of the fully protected nucleoside

phosphotriesters III were purchased from Collaborative Research, Inc. The

following materials were also obtained from commercial sources:

1,2,4-Triazole, 4(5)-nltroimidazole, benzenesulfonyl chloride, mesitylene-

sulfonyl chloride, 2-cyanoethanol, 2-pyridinealdoxime (Aldrlch Chemical Co.),

benzenesulfonic acid, j>-toluenesulfonyl chloride, tetramethylguanldine

(Eastman Co.), (J ,£ ,£ -tribenzoylcytidine (Sigma Chemical Company),

polynucleotide kinase (P-L Biochemicals) and [Y
32P]-ATP (ICN). Pyridine,

2 ,6- lut idine, dioxane, and trlethylamine were d i s t i l l ed and stored over

calcium hydride. 2-Cyanoethanol was d i s t i l l ed under reduced pressure and kept

over molecular sieves (Type AA). Tetra(ji-butyl)ammonium fluoride was prepared

by passing an aqueous solution of sodium fluoride (10 nznol) through a small

column of Dowex 50W-X8 (tetrabutylammonium form). The eluate was evaporated
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to dryness and the residue was dissolved in pyridine to give a t o t a l volume of

10 ml.

Thin- layer chromatography was carr ied out on Eastman Chromagram sheets ( s i l i c a

ge l with f luorescent i n d i c a t o r ) . The completeness of condensation reac t ions

was rou t ine ly monitored by TLC using 2Z and 5Z methanol in chloroform (v/v) as

developing so lven t s . T r i ty l - con ta in ing bands were visual ized by exposing the

p l a t e s to vapors from concentrated hydrochloric ac id .

S i l i c a gel chromatography was ca r r i ed out a t 3° on columns (2.4 x 30 cm)

packed with 54.6 g of SilicAR CC-7 Special (Mallinckrodt) in chloroform.

Unless otherwise spec i f i ed , a f t e r app l i ca t ion of the mixture to be

f rac t iona ted the column was eluted with chloroform (300 ml) followed by

chloroform containing methanol (500 m l ) . The relevant proportions by volume

of methanol in the second eluant are given in Table 1 and in the t e x t .

Ion-exchange chromatography

Quant i t i es of deprotected o l igonucleo t ides up to 50 A26Q u n i t s were

chromatographed on the Dowex res in AG1-X2 (-400 mesh, Bio-Rad L a b o r a t o r i e s ) .

The column (0.4 x 100 cm) was eluted under pressure at 20-25 ml/hr with a

400 ml l i nea r gradient of 0 .3-1.0 M NH4CI (pH 8) in 402 e t h a n o l . 1 9

Improved reso lu t ion of smaller amounts of o l lgonucleot ides ( c a . 5 ^259

u n i t s ) was obtained on AS Pell lonex SAX (Whatman, I n c . ) . * ' p o r example, a

column (0.4 x 50 cm) of t h i s mater ia l e a s i l y separa tes the 19-mer from the

20-mer when eluted with 400 ml of 0 .2 -0 .8 M NH^Cl (pH 8) in 40X e thano l .

Pur i f ied products obtained from e i t h e r of the above systems were desal ted by

concentra t ing the appropr ia te pooled f rac t ions to small volumes and passing

them through a column (1 x 60 cm) of Sephadex G-10 (Sigma Chemical Co.) using

20Z ethanol as the e lu t ing so lven t .

l -MeBltylene8ulfonyl-4-nl trolmidazole (MSNI)

Mesitylenesulfonyl chloride (9.75 g, 44.6 BBOI) was added to a s t i r r e d

suspension of f ine ly ground 4(5) -n i t ro i ra idazole (5.04 g, 44.6 mmol) in

anhydrous dioxane (120 m l ) . The mixture was t reated with t r l e t h y l a a i n e

(6.24 ml, 44.6 nnol) and s t i r r i n g was continued a t 25° for 24 hr with

exclusion of n o i s t u r e . Insoluble t r ie thylamine hydrochloride was reaoved by

f i l t r a t i o n and the yellow f i l t r a t e was evaporated ^n vacuo, leaving a

c r y s t a l l i n e residue which was dissolved in hot benzene. The benzene s o l u t i o n ,

a f t e r f i l t r a t i o n and cool ing, was t r ea ted with petroleua e ther and the

r e s u l t i n g c r y s t a l l i n e product was c o l l e c t e d , y ie lding 11.8 g of pale yellow

need les , mp 125-135°. R e c r y s t a l l i z a t i o n from benzene-cyclohexane gave 10.5 g

(80Z) of white need les , mp 133-135°. The ana ly t i c a l sample was c r y s t a l l i z e d
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from benzene: up 135-136°. Anal. Calcd. for C12H13N3O4S: C, 48.80; H, 4.44;

N, 14.23. Found: C, 48.84; H, 4.26; N, 14.40.

l-(p-TolueneBulfonyl)-4-nltroImidazole (TSNI) was prepared from j>-toluene-

sulfonyl chloride as described above for MSNI. Recrystal l izat ion from

chloroform-benzene gave white needles, mp 167-169°, (72Z y i e l d ) . Anal. Calcd.

for C1OH9N3O4S: C, 44.94; H, 3.39; N, 15.72. Found: C, 44.98; H, 3.49;

N, 15.50.

General Procedure for Synthesis of Protected Deoxyribonucleo8ide-3' p-Chloro-

phenyl Phosphates ( I I )

For 1 mmol: Trlazole (415 mg, 6 mmol) was dissolved with s t i r r i ng in

warm anhydrous dioxane (10 ml) . The solution was cooled to 25° and treated

with triethylamine (0.84 ml, 6 mmol) followed by j>-chlorophenyl phosphoro-

dichloridate (0.492 ml, 3 mmol). The thick s lurry was s t i r red for 45 min,

then mixed with a solution of the protected nucleoside I (1 mmol) in anhydrous

2,6- lut idine (2.1 ml) . S t i r r ing was continued for 6 hr at 25°. In the case

of the deoxyguanosine derivat ive the phosphorylating agent was f i l t e red to

remove triethylamine hydrochloride before addition to the protected

nucleoside, and the reaction was allowed to proceed for 2 h r . The resul t ing

mixture was added dropwise with s t i r r i ng to water (50 ml) . After standing for

1 hr, the clear solution was poured into vigorously s t i r red aqueous barium

chloride (2 g of BaCl2*2H2O In 200 ml water) at 3° . The mixture was

gently warmed to ca. 35° in a water bath without allowing the flocculent

barium sa l t to s e t t l e . Upon formation of a f i l t e r ab le so l id , the suspension

was again cooled to 3 ° , s t i r r ed for 1 hr, then f i l te red through a coarse

s inter under gravity flow. The collected precipi ta te was washed thoroughly

with water (400 ml) and dried ^n vacuo over P2°5»

For conversion to the tetraethylammonium s a l t , the barium s a l t was

dissolved in 30 ml of dloxane-water (2 :1) , or 70 ml of dloxane-water (1:1) in

the case of the deoxyguanosine der iva t ive , and passed through a column of

Dowex 50W-X8 (100-200 mesh, £14^*" form, 1.3 x 7 cm) followed by aqueous

dioxane (20 ml) and water (50 ml) . The eluate was adjusted to pH 7 with

tetraethylammonium hydroxide solution If necessary, then evaporated to ca.

10 ml and immediately lyophil ized. Tetraethylammonium 5 '-O-dimethoxytrityl-

thymidine-31 j>-chlorophenyl phosphate (95Z y ie ld ) : Anal. Calcd. for

c45H55C1N3°10P*2-5H2O: c> 5 9 - 4 3 : H . 6 « 6 5 : N> 4 « 6 2 ; p . 3 > 4 1 - Found: C,

59.22; H, 6.90; N, 4 .31; P, 3.46. Tetraethylammonium 5'-O-dimethoxytrityl-N^-

benzoyldeoxyadenosine-31 £-chlorophenyl phosphate (971 y i e ld ) : Anal. Calcd.

for C52H58C1N609P.3H20: C, 60.55; H, 6.25; N, 8.15; P, 3.00. Found: C,
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60.55; H, 6.32; N, 8.24; P, 3.12. Tetraethylammonium 5 '-O-dimethoxytrltyl-

N^-anisoyldeoxycytidine-3' £-chlorophenyl phosphate (92Z yield): Anal. Calcd.

for C52H6o
clN40uPOH20: C, 60.20; H, 6.41; N, 5.40; P, 2.99. Found: C,

60.25; H, 6.41; N, 5.53, P, 3.10. Tetraethylammonium 5'-O-dimethoxytrityl-

^-iaobutyryldeoxyguanosine-31 j>-chlorophenyl phosphate (96Z yield): Anal.

Calcd. for C49H60ClN6O10P.4H2O: C, 57.05; H, 6.64; N, 8.15; P, 3.00;

Found: C, 57.20; H, 6.58; N, 8.05; P, 3.02.

Conversion of Protected Deoxyribonucleoslde-3' p-Chlorophenyl Phosphates (II)

to Fully Protected Triesters (III)

The tetraethylanmonium salt of the protected nucleoside-3' aryl phosphate

( I I , 1 mmol) was rendered anhydrous by several additions and evaporations of

dry pyridine. After the final evaporation £a. 2 g pyridine was allowed to

remain and the resulting solution was treated with cyanoethanol (0.35 ml,

5 mnol) and MSNI (885 mg, 3 mmol) for 16 hr at 25°. The mixture was then

added to ethyl acetate (100 ml) and extracted with 0.1 M aqueous triethyl-

ammonium bicarbonate solution (3 x 60 ml) followed by 10Z aqueous Nad

(60 ml) . The ethyl acetate layer was dried (Na2S0^) and evaporated to a

thick oil which was dissolved In chloroform (3 ml) and chromatographed on

sil ica gel. Elution of the column with 600 ml of CHCI3, followed by 600 ml

of CHCl3-Me0H (99:1 or, in the case of the deoxyguanoslne derivative, 98:2)

yielded fully protected phosphotriester III (90-971). The thin-layer

chromatographlc mobility of each of the deoxyribonucleoside phosphotriesters

prepared as described above was Identical with that of i t s commercially

available counterpart.

Detrltylatlon and Decyanoethylatlon of Fully Protected Phosphotriester

Intermediates

Detritylation was effected by treatment with 2J benzenesulfonic acid in

chloroform-methanol (7:3) at 0° for 25 min. As a general rule, 10 nl of this

solution were used for each mmol of protected intermediate. However

quantities smaller than 0.3 mmol were in al l cases deprotected with 3 ml of

the reagent. After the t r i tyl cleavage was complete, the mixture was

neutralized with 5Z NaHC03 and transferred into chloroform (100 ml). The

chloroform layer was washed with 5% NaHC03 (25 ml) and water (25 ml), then

dried (Na2SO^). The glassy residue remaining after removal of chloroform

was used as the 5'-hydroxyl component in the subsequent condensation reaction

without further purification.

For al l quantities less than 1 mmol, selective decyanoethylation was

carried out by treating an anhydrous solution of the fully protected triester
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Intermediate in pyridine (2 ml) with dry triethylamine (1 ml) for 6 hr at 25°.

Following removal of most of the solvent in vacuo and several evaporations of

dry pyridine, the residue was employed as the 3 ' aryl phosphodiester component

in the subsequent reaction.

Synthesis of the Fully Protected Dinucleotide [(MeO)2Tr]danC2dbzA£(CNEt)

5'-0-Dimethoxytrityl-^-benzoyldeoxyadeno8ine-3' j>-chlorophenyl 2-cyano-

ethyl phosphate ([(MeO)2Tr]dbzA*(CNEt), 1 mmol) was detritylated as described

above and combined with the tetraethylammonium salt of 5'-O-dimethoxytrityl-N^

anisoyldeoxycytldine-3' £-chlorophenyl phosphate ([ (MeO)2Tr]danC-(ClPh),

1.2 mmol). After several additions and evaporations of pyridine, the last of

which left 2 ml of residual solvent, the mixture was treated with MSNI

(3 mmol) for 16 hr at 25°. The resulting suspension was then added to ethyl

acetate (100 ml) and the organic phase was washed with 0.1 M triethylammonium

bicarbonate (3 x 60 ml) and 10Z aqueous NaCl (60 ml). After standing over
Na2S<^4> t n e e t n y l acetate solution was evaporated to dryness and the residue

was chromatographed on si l ica gel. The fully protected oligonucleotlde blocks

[(MeO)2Tr]danC*danC*dbzA2(CNEt), [(MeO)2Tr]dTadTi(CNEt), and [(MeO)2Tr]danC*

danCadbzAadTadT2(CNEt) were prepared and worked up similarly. The reaction

conditions for the synthesis and isolation of these compounds are summarized

in Table 1.

Synthesis of the Ribonucleoside Terminated Block [(MeO)2Tr]danC£dbzA*danC*danC

*dbzAarbzC(Bz)2 (j^, Figure 1)

(a) [(MeO)2Tr]danC*danC£dbzA*(CNEt) (295 mg, 0.15 mmol) was decyanoethylated

as described above. The resulting 3'-phosphodiester was mixed with W_ ,£ ,

C)3'-tribenzoylcytidine (125 mg, 0.225 mmol), co-evaporated with pyridine

and treated in £a. 0.5 ml anhydrous pyridine with MSNI (150 mg, 0.5 mmol) for

16 hr. Water (10 pi) was added and the mixture was evaporated in vacuo until

ca. 250 mg pyridine remained. The resulting oil was dissolved in chloroform

(1.5 ml) and chromatographed on s i l ica gel . The column was eluted with 300 ml

of CHC13 and 500 ml of CHCl3-MeOH (97:3). The desired oligonucleotide was

incompletely separated from the faster running protected nucleoside

rbzC(Bz)2. The mixture (439 mg) was rechromatographed; elution with 1000 ml

of CHCl3-Me0H (99:1) followed by 500 ml of CHCl3-Me0H (98:2) yielded the

pure tetranucleoside trlphosphate (302 mg, 82Z).

(b) [(MeO)2TrJdanC1danC£dbzA2rbzC(Bz)2 (302 mg, 0.123 mmol) was detritylated

and combined with decyanoethylated [(MeO)2Tr]danCadbzA*(CNEt) (229 mg, 0.16

mmol) in anhydrous pyridine (ca. 0.4 ml). MSNI (160 mg, 0.53 mmol) was added
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and the react ion mixture was allowed to stand for 16 h r . Following addi t ion

of water (10 u l ) and removal of half of the pyr idine, the residue was

chromatographed d i r e c t l y on s i l i c a g e l . The column was eluted with 300 ml of

CHCI3 then with 500 ml of CHO -̂MeOH (97 :3 ) . Pure J_ (383 mg) was obtained

in 89Z y i e l d .

Deprotectlon and Pur i f i ca t ion of 1

Two samples of 1^ were separately deprotected as follows:

( i ) Five mg of J. were dissolved in pyridine-conc. NH4OH-H20 ( 1 : 1 : 1 , 9 ml)

and heated in a pressure b o t t l e a t 70° for 3 h r . The solvents were removed in

vacuo and the residue was t reated with 80Z aqueous ace t ic acid (3 ml) for 20

min at 25" . After several evaporations of water the deprotected mater ial was

taken up in 401 aqueous ethanol (5 ml) and 0.2 ml of th i s solut ion was chro-

matographed on Pell ionex SAX. The major ol lgonucleotide peak contained 1.83

A2go uni t s (59Z) of the hexamer d(C-A-C-C-A)-rC.

( i i ) Five mg of 1 were dissolved in a pyridine solution of tetrabutylammonium

fluor ide (1 H, 0.1 ml) containing water (20 u l ) , and allowed to stand for 2

days at 25°. Pyridine (0.3 ml) and concentrated NH4OH (3 ml) were then

added. After 3 more days the solut ion was evaporated to dryness and the

residue was t rea ted with 801 ace t i c acid as described above. Further

t rea tnen t was a lso as described in ( i ) , but in th is case 2.46 A260 " n i t s

(802) of the hexamer were obtained from the Pell ionex column. Procedure ( i i )

was used for subsequent deblockings.

Syntheses of the Undecamer, Tetradecamer, Nonadecamer and Icosamer

Table 2 summarizes the react ion condit ions used to prepare these o l igo -

nuc leo t ides . In every case , a f t e r a 16 hr treatment with MSNI in pyridine

(< 250 p i ) , the react ion mixtures were chromatographed d i r e c t l y on s i l i c a g e l .

The fully protected 11-mer and 14-mer were each obtained from a standard

column eluted with 300 ml of CHCI3 followed by 500 ml of CHCl3-Me0H (97:3)

The 19-mer was obtained by e lu t ion with 300 ml of CHCI3 followed by 400 ml

of CHCl3-Me0H (97:3) and 300 ml of CHCl3-Me0H (95:5) . The s- ia l l -scale

reac t ion mixture which produced the 20-mer was chromatographed on a 0.9 x 30

cm column eluted with 75 ml of CHCI3 and 200 ml of CHCl3-Me0H (95 :5 ) . A

sample (3 mg) of each ful ly protected ol igonucleotide product was deprotected

with tetrabutylammonium f luor ide , ammonia and ace t ic ac id , then purified by

Dowex 1 and Pell ionex SAX column chromatography. The y ie lds obtained are

shown In the l a s t column of Table 2.

Deprotection of the 19-mer with Oximate Ion

Fully protected 19-mer (3 mg) was t reated with jC ,Jt ,?C ,JJ - t e t r a c e t h y l -
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guanidinium pyridine-2-carboxaldoximate (60 pi of a 1 M solution in 1:1

dioxane-water) at 25°.' Tetramethylguanidine (1 yl) was added after 16 hr and

the deblocking was allowed to proceed for a total of 48 hr. Thereafter,

treatment with ammonia and acetic acid was as described for the fluoride

deprotections. Following ion-exchange chromatography, a 50Z yield (26.4
A260 u n i t 8 ) of t n e 19-mer was obtained.

Preparative Isolation of Deprotected Products

Ini t ia l fractionation of deblocked oligonucleotides was accomplished by

anion-exchange column chromatography. Subsequent purification involved poly-

acrylamide gel electrophoresis. A 20Z (w/v) denaturing gel (0.33 x 20 x 40

cm) with a single slot (0.33 x 15 cm) was used. Up to 30 A260 "nits in

200 ul of buffer could be loaded on this gel. Electrophoresis was carried out

in 0.05 M Tris-borate, pH 8.3, 0.001 M EDTA, for 5-6 hours at 1000 volts and

35-45 milliamps. Mobilities of the Icosamer and nonadecamer relative to the

bromophenol blue dye marker were 0.65 and 0.67, respectively, giving a separa-

tion of bands of 0.5-0.7 cm. The oligonucleotide bands were located by

fluorescence quenching using a UV transillurainator and fluorescent indicator

TLC plates. The oligonucleotides were eluted from the gel by the crush and

soak method. " Desalting was done on a Biogel P2 column (200-400 mesh,

1 x 30 cm) using 0.01 M triethylammonium bicarbonate, pH 8, as elution buffer.

These procedures consistently gave better than 85Z recovery of the oligo-

nucleotides and final purity greater than 95Z.

Sequence Analysis of Deblocked Products.

The 5'-labelling of the products was carried out using polynucleotide

klnase and [Y32P]-ATP (specific activity > 2000 Ci/mmol). Two to twenty

pmol of sample and an equivalent amount of [ir P]-ATP were dissolved in

10 ul of 0.05 H glycine, 0.01 M MgC^i 5 mM dithiothreitol , pH 9.5, contain-

ing 1-2 units of kinase. Reactions were run in drawn-out capillaries for

30 mln at 37°. Two dimensional fractionation of the labelled products was

accomplished by electrophoresis at pH 3.5 on cellulose acetate, followed by

homochromatography on DEAE-cellulose (1:7.5) thin-layers using a 4Z 30 rain

hydrolyzed horaomix.̂ * Partial snake venom phosphodiesterase digestions

were carried out on isolated spots from the thin layer plate. Samples were

taken up in 7 ul of VPDE-mix (0.1 mg VPDE/ml of 0.05 M Tris HC1, 0.5 mM

MgCl2i pH 8.9 buffer solution) and incubated at 37°. Aliquots were removed

at 0, 20, 40, 60, 90, 120, and 150 mln and frozen on dry ice. The recombined

aliquots were fractionated as described above, and autoradiography was used to

visualize the partially digested products.
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