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Abstract 

The exo-amino groups of 2'-deoxyadenosine and 2'-deoxycytidine have been 

blocked as the benzyi carbamates, and 2'-deoxyguanosine has been blocked as its 

2-N-benzyloxycarbonyl carbamate and 6-0-benzyl ether. These blocked nucleos ides 

have been incorporated into an efficient oligodeoxyribonucleotide synthetic 

scheme and the resuit{ng oligomer successfully deblocked using transfer 

hydrogenation. 	The deblocking conditions result in no reduction of the 

pyriiidine bases. 
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Sciences Division of the U.S. Department of Energy under 
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Introduction 

The synthesis of oligodeoxyriborucleotides primarily involves blockirci 

group chemistry. Nucleosides and nucleotides have multiple reactive centers, 

and selective reagents must be found for the various functional groups or else 

the other reactive centers must be blocked. Since such high selectivity has not 

been attained, blocking strategies are required. The blocking groups should be 

introduced in higi yield, be stable to the subsequent reaction conditions, and 

be selectively removed when necessary. In the most common oligonucleotide 

synthetic route, the triester method, the choice is to block each reactive center 

because of the poor specificity of the reagents used, the need for high yield 

and purity, and the dfficult separations often encountered. As new reagents 

and methods are being developed, the choice of whether or not to block is 

constantly being re-evaluated. 

There has been a great variety in the nature and scope of the blocking 

groups used in oligonucleotide synthesis with one exception: the exocyclic amine 

blockers, which are invariably amides) Benzoyl has been most frequently 

selected for 2'7deoxyadenosine. anisoyl for 2'-deoxycytidine and isobutyryl for 

2'-deoxyguanosine, although other acyl groups have been examined. 1 ' 2  These groups 

have been selected for this purpose, and have survived, because they represent a 

compromise between stability and ease of removal. Recently, the subject of 

nucleoside amine blockers has been re-examined 2  with emphasis upon developing groups 

which are hydrolytically more stable than those currently in vogue. It has not 

been clearly, established at what point hydrolytic stability will require overly 

harsh conditions for removal such that the resulting oligonucleotide would he 

seriously degraded. What is needed is a blocking group which possesses a high 

degree of hydrolytic stability and yet can be easily removed under mild 

conditions. 	 - 
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An obvious choice is the benzyloxycarbonyl (carbobenzoxy, Cbz) group, which 

has been used so effectively in polypeptide syntheses 	This blocking group is 

stable to a variety of hydrolytic conditions, imparts a good deal of lipophilicity 

to otherwise polar molecules, and most notably is removable under neutral, hydro-

genolysis conditions. 3  Its stability also can be modified as needed by adding 

substituents to the phenyl ring and benzylic carbon. Previous reports con-

cerning the use of benzyl groups to block ribose hydroxyls during olignonucleo -

tide synthesis indicate that substantial reduction of the pyrimidine 4,5- 

double bond occurs upon their reductive removal. 4  However, recent advances in 

hydrogenation technology hold out the promise that this side reaction could be 

avoided when removing Cbz groups from oligonucleotides. 

There is another aspect of base blocking which has not been satisfactorily 

addressed. Generally the synthesis of oligomers containing guanosine gives 

consistently low yiids.' It had been suspected, and recently confirmed, that 

another reactive center on guanosine,, in addition to the exo-amine, is the 6-

oxygen. This oxygen has been blocked in only one 5  previous oligonucleodite syn-

thesis, and blocking of the guanosine 2-amine seems to be done more for solubility 

than reactivity reasons. Advances have been made in the selectivity of phosphate 

coupling reagents 1  which minimize reaction at the 6-oxygen of guanosine, however, 

recent reports indicate that phosphate coupling reagents do react with 2-N-acyl 

guanosines to produce 6-substituted guanosines. 6  It has been suggested that those 

side products could revert to guarosir.e residues in subsequent deblocking steps, 

but these 6-substituted guanosines are also modified with other nucleophiles and 

can lead to complex mixtures of oligor.ucleotides. 

What is clearly needed is a blocking group for the guanosine 6-0 position. 

Acyl groups are far too labile,2  so we propose an ether type blocking group, 

specifically a benzyl ether, for, this role. Benzyl ethers have been used to 



4 

protect the 6-0 position of guanosine previously, 7  although not in Oi9Onucieo-

tide synthesis, and could probably be removed under the same conditions as 

Cbz groups. Thyniidine could potentially exhibit the same kind of reactivity 

as guanosine but it apparently does not. 6  

Results and Discussion 

Preparation of Base-Blocked Nucleosides. The synthesis of the base-blocked 

r.ucieosides proved to be a formidable task.. The use of benzyl chlorofori:ate 

under all the usual conditions was unsatisfactory for the preparation of 

N-ber.zyloxycarbonyl nucleosides. Benzyl chloroformate in the presence of 

hindered amines or inorganic bases was not sufficiently reactive to acylate the 

weakly nucleophilic exocyclic amino groups of the heterocyclic bases. In the 

presence of non-hindered amines, such as triethylamine and pyridine, decomposition 

to benzyl chloride and carbon dioxide took place in preference to acylation of 

the exocyclic amines. The benzyl chloride then became an unwanted competitor 

for nucleophilic sites. 

Consequently new methods had to be developed. The method of choice 

involved first the preparation of l-Cbz-imidazole. With many nucleophiles this 

reagent is too unreactive to transfer the Cbz group. It becomes an extremely 

effective acylating agent, however, on quaternization to l-Cbz-3-ethylimidazoliurn 

ion with triethyloxonium tetrafluoroborate. The following discussion (Scheme I) 

describes the synthesis of suitably blocked deoxyri bonucl eos ides. The general 

subject of the preparation of nculeoside carbamates along with more details 

and extensions of the current methodology is being presented elsewhere. 8  

2'-Deoxycytidine (1) reacts with 1-benzyloxycarbonyl-3-ethylirnidazolium tetra-

fluoroborate (2) to give a mixture of polyacylated nucleosides 3. 	Treatment of 

this mixture with dilute sodium hydroxide gives 4-N-Cbz-2'-deoxycytidine 

(4) in 80% yield.' Acylation of the bis-tert-butyldimethylsilyl ether of 2'- 
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deoxyadenosine (6) with 2, followed by removal of the silyl groups gives 6-1,'-Cbz 

2'-deoxyadenosine (7) in 85% overall yield from deoxyadenosine (5). If deoxy-

adenosine itself is acylated followed by treatment with sodium hydroxide, a 50% 

yield of'7 is obtained. In no cases did we observe bis-N-acylated products with 

either cytidine or adenosine derivatives which are often problers with other 

acylating agents. 2  With 3' ,5'-bis-tert-butyldiniethylsilyl-2'-deoxyguariosjne (9), 

prepared from 2'-deoxyguanosine, 2 did not result in acylation but rather 

gave an alkylated product. 8  Even if the expected 2-N-Cbz-2'-deoxyguanosir.e 

had been formed, it would not have solved the problem of blocking the 6-0-center. 

Alternatively we found that the reaction of 9 with phenyl chiorothioformate 

gave the 6-thiophenyiirine 10. This is an intermediate through which the 

functionality at the -Q and 2-N positions can be selectively controlled. Thus 

treatment of 10 with sodium benzyloxide followed by removal of the silyl groups 

gives 6-0-benzyl-2-N-Cbz.-guanosine (11) in 80% overall yield. 

Preparation of Blocked Oligonucleotides. The base-blocked deoxynucleosides 

were then incorporated into an oligonucleotide synthetic scheme using 

the popular phosphotriester approach) In this strategy nucleoside-3'-

phosphodiesters are coupled with the 5'-hydroxyl of another oligomer. We 

briefly explored the phosphite approach to this coupling. 9  It produced 

unacceptably large amounts of symmetrically coupled nucleotides and was con-

sequently abandoned in favor of phosphate methodology. The tetramer d(T-C-A-G) 

was selected as the first synthetic target to demonstrate the utility of the 

N-Cbz and 0-benzyl blocking groups, and the preparation of the requisite 

monomers is shown in Scheme II. 

The monomethoxytrityl [(MeO)Tr] group was selected to block the 5'-terrninal 

di 
	

hydroxyl because of its high degree of selectivity for primary centers and 

stability when compared to other 5'-hydroxyl blockers. 1  This group is reported 

I 
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to be removable under mild acidic 1°  or Lewis' 2  acid conditjs without con-

comitant depurination. Both conditions have been applied for our purposes and 

a comparison will be presented below. The four (MeO)Tr nucleosides (13a,b.c,d) 

were prepared according to literature methods in 80-90 yield. 

The nucleoside-3'-phosphcdiesters 16,c were readily prepred as 

reported 13 . Thus 1. and C were phosphorylated with the bis-triazolide 14, and 

the intermediate triazolide 15 hydrolyzed with water and triethylamine to give 

the phosphndiesters 16 in >95% yield with no detectible 3' - 3' cop1ed products. 

The 2-chlorophenyl group was chosen as the internucleotide phosphate blocker 

because it is reported to be removed via an oximate anion 14  with a minimum of 

internucleotide bond cleavage. 

The next step was to make the 3' 	5' phosphate linkage. There is some 

choice of what functionality should be present at the 3' position of the inconing 

nucleoside, the opto's being a blocked phosphate, a blocked hydroxyl or an 

unblocked hydroxyl. Recently reports 35  describe the synthesis of nucleotide 

dimers via the coupling of a nucleotide phosphodiester with an N-blocked-2'-

deoxyribonucleosjde in the presence of 600 mol % of I-mesitylenesulfonyl-3_njtro_ 

1 ,2,4-triazolide (MS-NT). Although 20% of starting materials were unaccounted 

for, the reported low yield (<5%) of undesired 3' -. 3' nucleotide diner and good 

yield (60-80%) of desired 3' - 5' nucleotide diner made this procedure seem quite 

attracti ye. 

The coupling of phosphodiester 16a and nucleoside 12b under the described 

conditions gave the expected 3' + 5' nucleotide diner 23 in 53% yield. Along 

with 23, we obtained 2% of unwanted 3' + 3' dimer 25 and 11% of 5'-0-mesitylenyl-

4-N-Cbz-2'-deoxycytidine (27). 	The remainder of the starting material 12L' 

was recovered. The use of triisopropylbenzenesulfonyl-3-nitro-1,2,4-

triazolide (TPS-NT) 16  as the coupling agent at 650 or 150 mol % gave cleaner 
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reaction products and suppressed the sulfonation of 12 but produced a new 

nucleotide dirner which we have not yet identified. When p!osphodiester 16c and 

nucleoside 12d were coupled with TPS-NT (200 mol %), our best conditions, a 

good yield of 3' - 5' dimer 24 was obtained but the 3' - 3' dimer 26 could not 

be separated from 24 by preparative chromatography. 

These results are summarized in Table I and we concluded that this 

methodology for producing nucleotide dimers was not satisfactory for the 

following reasons: a) when 1S-NT is used as the coupling agent loss of 

starting material by 5'-O-sulfonation was too large; b) with TPS-NT another 

side reaction, formation of a new dinier, was observed; and c) not each set of 

3'- 5' and 3'+ 3' r:aoside dimers were conveniently separable. As controls, 

authentic samples o t.e 3'-i. 3' coupled dimers 25 and 26 were prepared from. the 

phosphodiester lGa and 16c and the 5'-blocked nucleosides 3b and 28d; 3b is 

available as a byprcd:t during the synthesis of 4. 

Since the Cbz-base blocking strategy requires the 3'-hydroxyl of the in-

coming nucleoside to be blocked, the synthetic scheme would be more convergent 

if this 3'-hydroxyl were brought in already functionalized as a blocked phospho-

triester. The methyl group was initially selected asa blocking group for the 

terminal phosphate because it is removable under mild conditions by nucleophiles 

such as thiols17  or tert-butyl amine) 8  

The four triestërs 17a,b,c,d were prepared from the intermediate triazolides 

The methyl group can be cleanly removed from these triesters with 

benzenethiol/triethylamine toproduce the phosphodiesters 16a,c. They may 

also be removed with refluxing tert-butylamine, however, in the case of 17c 

the t-butyl urea l6e also was formed. Then the monomethoxytrityl group was 

removed from 16d to give 19d which was coupled with 16c in the presence of 

TPS-NT to give the A-G dimer 30. 	Dirner 29 was prepared analogously to 30.. 
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The methyl group was found to be unstable to the phosphorylating conditions. 

Also, the phosphotriesters lC were unstable to storage even at -78°C. Probably 

the nucleophiles encountered during the phosphorylation are reactive ennugh to 

dernethylate phosphotriesters. Indeed, even the ring nitrogens of the hetero-

cyclic buses are alkylated by the phosphate wthyl esters or. storage at low,  

tempwrature. For these reasons w.e côrcluded that the use of methyl as a 

phosphate blocking group in oligonucleotide synthesis is inadvisable, although 

therearemixed observations from others. lib18
1C 

The -cyanoethyl group has been shown' °  to be effective for blocking a 3'-

terminal phosphate, and this methodology was adopted for the synthesis of the 

tetrarners 37 and 38 (Scheme III). Phosphotriesters 18a,c were prepared In 

80 and 78% yield via the intermediate triazolides 15a,c, respectively. These were 

detritylated with 2 benzenesulfonic acid to give the 3'-blocked nucleotides 

20b and d which were ccupled with the phosphodiesters 16a and c, respectively, 

in the presence of TPS-NT to give the dimers 31 and 32. The dimer 33 was also 

made from 16c and the 3'-levulinylguanosine 22, the latter being prepared in 

78% yield from the rnonomethoxytritylguanosine 13d and levulinic anhydride 

followed by detritylation of the intermediate 21. 	The levulinyl group was 

chosen as the 3'-terminal hydroxyl blocker because it may be selectively 

removed under mild conditions (hydrazine, pyridine, acetic acid). 1 .6  

Removal of the methoxytrityl from the purine dimers 31 and 32 was 

investigated in some detail in an effort to prevent depurination which occurs 

during acid treatment of 	 10,11 Recent reports describe improved 

removal of trityl groups with ZnBr 2  in methylene chloride 12  or nitromethane. 11 

When comparing these methods in our systems to the older 2% benzenesulfonic 

acid method, 1°  we found that ZnBr2  in methylene chloride was inferior in overall 

yield, and that ZnBr 2  in nitromethane and 2% benzenesulfonic acid were comparable. 
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In our hands, ZnBr2  in methylene chloride and in nitromethane both led to 

substantial amounts of depurination, producing 357 and 15 of Cbz-adenine, 

respectively. Other unidentified dimeric products were also found. 

The dimer 31 was debloclied at the 3'-terminal phosphate as described 20  

with triethylamine to give 34. This was coupled in the presenc.c of TPS-tT with 

the diiners 35 and 36 to give the tetra;ers 37 and 38 as summarized in Table 

II. Each of these may be detritylated, as described above to allow extension 

at the 5-terminus, and deblocked at the 3' -terminus to give 41 and 42 with 

triethylarnine and hydrazine, respectively, in high yields. In no case did we 

observe the loss of Cbz or benzyl groups from any of the above intermediates. 

Rerova1 of N-Cb: r O-Benzyl Groups. Nucleosides which are blocked 

by benzyl and benzy 1 oxarbony1 groups have thus been incorporated into 

an efficient oligonu:leotide synthetic sc.eme and it remains to be shown 

that they can be effa:tively removed at the end of the synthesis. As 

was expected, N-Cbz and O-benzyl protected nucleosides 12b,c,d can be 

readily deblocked using hydrogen over palladium on carbon or palladium on barium 

sulfate. However, these conditions also lead to significant reduction of the 

5.6 double bond of thymidine. Similar observations were made 4  when removing 

benzyl groups from uridine-containing oligoribonucleotides. Others have 

made the same observation for cytidine 21  residues. Pyriniidine bases are 

much more easily reduced than purire bases and reduction of adenosineor guanosine 

residues was neither observed or expected. 

To avoid this over-reduction of the pyriniidine bases, we turned to transfer 

hydrogenolysis 22 . Using cyclohexadiene as the hydrogen source and lO palladium 

on carbon as the catalyst, both O-benzyl and N-Cbz groups were cleanly removed 

from 12b,c,d in 30 to 90 mm. Under these conditions there was no reduction 

of thymidine even after 18 h, and 6-N-Cbz-2'-deoxycytidine . (12b) was 4uantatively 
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converted to 2'-deoxycytidine without any other products being formed. With 

direr 32 and tetramer 42 ,tho time necessary for the Cbz and benzyl groups to 

be conplete1y removed increased markedly (Table III). However, transfer 

hydroçienolysis with cyclohexadiene over a more active catalyst, palladium 

bl ac k,22 D prcceeded more rpidly and tetramcr 42 wos dbl&cked in 24 hr,  to 

give 43. 	Again no reduction of the pyrimidine bases was observed. The latter 

was demonstrated by showing that neither dihydrothyinidine (45) nor 2'-deoxy-

dihydrôuridine (46) are formed when thymidine or 2'deoxycytjdthe are subjected 

to the reaction conditions. 2'-Deoxydihydrouridine would be the expected 

deaminated product23  if 2'-deoxy-5,6-dihydrocytidine had been formed. 

Complete Deblocking of Oligonucleotides. The phosphate blocking groups 

were removed as des:rthed 14  using p-nitrobenzaldoximate. These conditions 

cleanly remove the 2-chiorophenyl group with a minimum of internucleotide 

phosphate bond cleaa;e. The monomethoxytrityl group was then removed in 90% 

acetic acid to give the tetramer d(T-C-A-G) (44) in 80% yield from 37. The order 

of deblocking was to remove the methoxytrityl group last to minimize 3'-*  5' 

phosphate rearrangements. The hydrogenolysis was performed after removal of 

the levulinyl group to prevent its reduction and before deprotecting the 

phosphates since the phosphate-diesters were expected to adsorb more strongly 

to the catalyst. The resulting tetramer d(T-C-A-G) (44) was completely degraded to 

5'-HOdTp, 5'-HOdCp, 5'-HOdAp, and dG with spleen phosphodiesterase 16  showing 

that only the 3' ~ 5' phosphate linkage was present and that the tetramer has 

the expected composition. 

Conclusions 

The N-Cbz and O-benzyl blocked deoxynucleosides 12a,b,c,d have been 

incorporated into an efficient oligonucleotide synthesis. They were found 
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to be stable to phosphorylation conditions as well as other deblocking conditjo,is, 

and they can be removed quantatively when desired by transfer hydrolysis without 

side reactions. 	
0 
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Experimental Section 

Melting points were obtained with Buchi (capillary) and V.ofler (microscope 

slide) apparatuses and are uncorrected. JR spectra were determined as Kr 

pellets unless otherwise noted with Perkin-Elmer 137 or 1944 spectrophototers 

using polystyrene film fr celihratio; (60l.4 c 	absorption). LI specir 

were determined on a Cary 219 Spectfophotometer in 95 ethanol unless othrjsc 

noted. 1 H NNR spectra were determined on the following spectrometers: Varian 

T-60 (Go :Fi); Varian E-390 (90 11H2); UCB-250 (a homemade FT instrument operatiny 

at 250.80 14Hz); were recorded in CDC1 3  unless otherwise noted; and are expressed 

in pp.i (o) downfield from Me4Si. The IH NMR spectra reported do not contain 

the resonances for phenyl protons and 3' ,4' and 5' ribose protons as they were 

found of little anaytica1 value. Elemental analyses were performed by the 

Analytical Laboratory, College of Chemistry, University of California, Berkeley. 

Field Desorption 1ass Spectra were performed by the Bio-Organjc, Biomedical 

Mass Spectrometer Resource supported by Grant Ho. RR00719 from the Division of 

Research Resources, NIH. 

High pressure liquid chromatography (HPLC) was performed on an Altex 

analytical system consisting of two 11OA pumps, a 155-10 UI-VIS dector, and a 

420 microprocessor controller/programmer. Unless otherwise noted, a flow rate 

of 1.0 mL/min (one column volume equals 1.5 mm) was used, with monitoring at 254 

or 290 nm unless otherwise stated. Preparative medium pressure liquid chromato-

graphy (MPLC) was done using an Altex llOA pump equipped with a preparative liquid 

head and an Altex 151 UV detector set at 254, 280 nm. The following Altex 

stainless steel columns were used: (A) 4.6 x 250 mm, 5 pm Ultrasphere ODS; 

(B) 3.2 x 250 mm, 5 pm LiChrosorb C-18; (C) 10 x 250 mm, 10 pm Spherisorb ODS. 

The solvent systems used were: (1) CH3CN/H20: a, 80/20; b, 75/25; c, 65/35; 

d, 60/40; e, 44/56. (2) CH3CU/0.l M triethylammonluin acetate, pH 7.0: a, 10/90; 

3 
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b, 10 min gradiant, 8/92 10/90. (3) CF1 30I/0.l M tetrabutylammanium fluoride, 

0.1 M.  KH2PO4 , p11 2.7, 10 min gradient, 10/90 	35/65. (4) CII 3OH/H20: a, 20/CO; 

b. 30/70. HPLC conditions are specified as (column, solvent). 

Ace Michel-Miller glass columns. 25 x 130 mm or 40 x 240 nm, 40-63 im 

Silca Gel 60 (EM Reagents) were used for MPLC. Column chro:atorphy (CC) ..;as 

performed with 63-200 m Silica Gel 60 (EM. Ree.gents). Analytical thin layer 

chromatography (TLC) was done with aluminum-backed silica plates (F. Merck). 

Preparative TLC was carried out on 2000 pm thick Silica Gel G (Araltech). 

Unless otherwise noted, reactions were conducted under a nitrogen atmosphere 

with magnetic stirrin9 at room temperature (20-26 0 ). Organic layers were dried 

over MgSO4  and evaporaed with a Berkeley rotary evaporator using water aspirator 

or oil pump reduced :essure, followed by static evaporation with an oil pump. 

All distillations .;e-e bulb to bulb (Kugelrohr-type apparatus) unless other'•,ise 

noted. 

The following solvents were freshly distilled as needed: tetrahydrofuran 

(THE) and toluene from sodium/benzophenone; methanol from magnesium; pyridine 

from toluenesulfonyl chloride and then from calcium hydride; acetonitrile and 

CH2C1 2  from P205 . Triethylamine and nitromethane were distilled from calcium 

hydride and stored over 3A molecular sieves. Imidazole and 1,2,4-triazole were 

dried in vacuo over P 205  before use. 2-Cyanoethanol was distilled before use. 

Tetrabutylammonium fluoride was prepared from an aqueous solution of the hydroxide 

by neutralization with conc. aq . HF and rendered anhydrous by repeated addition 

and evaporation of pyridine. 2-Chiorophenyl phosphodichloridate, 24  2,4,6-

triisopropylbenzenesulfonylnitrotrizaole) 6  2,4,6-trimethylbenzenesul fonylnitro- 

tria2ole, 14  triethyloxonlum tetrafluoroborate, 25  5'-O-monomethoxytritylthymidine 26 

5,6-dihydrothymidine, 27  2 '-deoxydihydrouricline 28 , and phenyl chlorothioformate29  

were prepared as described. 
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Fully protected oligomers were stored as dry powsers at -15C for short 

term or at -196°C in a Linde Super -30A liquid nitrogen refrigeration The 

fully deprutected tetramer was Stored in water at -196 0 c. 

To imidazole (200 g, 2.94 mol) in 2.0 L of 

toluene at 0CC was added bezyl chlorofor,te (20 g, 1.41 mol). The 'ni,tue 
was Stirred at room tempei -aturc o.verniht an filtered, the filtrate evpord, 

and the resulting oil was crystallized from petroleum ether to yield 230 g, 72, 

of Cbz-imjcfazole: i.p 37.0_33.5 0 C (lit. 30  oil); 1 H tfR 6 5.3 (s, 2H), 7.0 Cm, 
iN), 7.3 (m, 6H), 8.0 (m, iN). Anal. Calcd for C 11 H 10N202 : C, 65.3; H, 5.0; 

N. 13.9. Found. C, 65.1, H, 5.9, N, 13.8. 

______Tetrafluorobo 	(2). Triethyloxoniu 

tetrafluoroborate (23 mmol, 3.80 g) was added to N-Cbz-jrnidazole (19 n'nol, 3.94 g) 

in 50 mL of CH2 C1 2  at 0°C. The reaction mixture was allowed to come to room 

temperature then s:rred for 2 h. This solution was used to acylate the deoxy- 

ribonucleosides. Evaporation of a portion left 2: 1 1-1 NMR 6 1.47 (t, 3H, J=7), 
4.20 (q, 2ff, J=7), 5.42 (s, 2ff), 7.3 (m, 6ff), 7.65 (m, iN), 8.98 Cm, iN). 

i. -0,4- N- Benzyloxycarbony1_2' -deoxycytidthe (3a) and 

carbony1_2'_deoxycytidj, (4). The solvent was evaporated from the Solution of 2 

(80 mrnol) and replaced with 200 mL of acetonitrjle. To this slurry was added 2'-

deoxycytidine (1, 4.54 g, 20.2 rnmol), it was stirred at room temperature for 36 h, 

the reaction was quenched with 3 mL of saturated sodium carbonate, and the 

acetonitrjle was evaporated to give a 60/40/10 mixture of tris, bis and mono 

acylated cytidines. The bis-carbobenzoxy material 3a was isolated by chromatograph 

on silica gel (ethanol/CHC1 3 , 5/95). Recrystallization from methanol gave 3a as 

needles: mp 89-90°C; IR 1740 cm; )ff NMR 6 5.05 (s, 2H), 5.15 (s, 2ff), 6.15 

(t, 11-1, J6), 7.85 (d, 11-1, J'7); Liv A max  (nm (c)) 242 (14,000), 294 (7,000). 

Anal. Calcd for C25H25N308 :. C, 60.6, H, 5.1, N, 8.5. Found. C. 60.4, H, 5.0, 

N, 8.4. 
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The mixture of acyl cytidines was treated with sodium hydroxide as 

described 26  for 0-deacylations, the Dowex iON resin was washed with CHC1 3 , and 

the filtrate was extracted with 4 x 100 ml of CHC1 3/isopropyi alcohol (75/25). 

Combining the organic extracts and eaporeting left a residue which was recryst1-

1 ized frow CHC1 3/ether to give 7.1 g, 98, of 4: rnp 139-l4Pc; iP 176 ci 1 ; 

NM (CD30) 6 5.05 (s, 2H), 6.05 Ct, 1H, J=6), 8.25 (d, 1H, 3=7); UV 

(run (s)) 242 (15,400), 294 (7,700). Anal. Calcd for C 17H19 N30_ 0.5 1120: 

C, 55.1; H, 5.4; N, 11.3. Found: C. 55.3: IL cc ri 11 

6- N- Benzyloxycarbonyi_2'_deoxyadnosine (7). 2 1 -Deoxyadenosine (5, 10.75 g, 

42.8 mmoi), irnidazole (25 g, 380 mmol), t-butyldiniethylsiiyl chloride (28.6 g, 189 

mmcl) and pyridine :250 mL) were stirred for 2 days. The reaction mixture 

was then poured itc 4 ce water (1 1) and extracted with CHC1 3  (2 x 300 mL), 

the CUd 3  was eva: -ated to give a 1/1 mixture of 6 and atris-silylated adenosine. 

In order to convert the tris-silylated material to 6, the residue was taken up in 

200 ml of 80% aq. acetic acid. After 30 rwin at room temperature, the reaction 

mixture was poured into 1 1 of ice water and extracted with CUd 3 . Solid NaHCO3  

was added to the organic phase which was stirred for 20 min then washed with water. 

Drying and evaporating left a residue which was column chromatographed (Et 20) to 

yield the bis-silyl ether 6 (18.9 g, 92%): nip 128-130°C (lit. 31  nip 132.5-133 0 C); 

t4tIR 6 0.10 (s, 611), 0.13 (s, 611), 0.97 (s, 18U), 6.37 (t, 111, 3=6), 8.05 

(s, 1H), 8.25 (s, 111). 

The bis-silyl ether 6 was added in one portion to a CH 2C1 2  solution of 2 

(400 11%), and the solution was stirred for 15 h and quenched with saturated NaHCO 3 . 

The CH2 C1 2  layer was diluted with an equal volume of CUd 3 , and the organic phase 

was separated, washed with water, dried and evaporated. Treating the residue 

a 

	

	 with tetrabutylammonium fluoride 31  in THE and evaporating the THE followed by 

column chromatography (EtOH/CHC1 3 , 7/93) gave 6-U-Cbz-2'-deoxyadenosjne (7) in 
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95% yield from 6 and 87% yield from 2'-deoxyadenosine (5): JR 1740 cu; 1 H N1R 

6 	5.20 (s, 2H), 6.30 (t, lii, J'7), 7.3 (s, 511), 8.13 (s, li-I), 8,47 (s, lH); 

UV 
nax 

 (nm (c)) 267 (20,300). Anal. Calcd for C 1  I05N5  0.8 1120 : C, 54.1; 

H, 5.2; N, 17.5. 	Found: C, 54.0; H, .9: N, 17.3. 

- 	 6-N-[iyloxycorboridHn. 6-U-Cbz-2' 	 ydeo.in (7) 	5501 V 

in 80 aqueous acetic acid and stirred at roon temperature for 8 h. The so1ven 

was evaporated and the residue recrystl1ized from methanol giving 6-N-Cbz-

adenine: 217°C (dec); 1 H NMR 6 5.1 (s, 2H), 7.2 (s, 5:1), 8.15 (s, lEt), 8.40 

(s, 1H); iN 
XMax 

 (nm (c)) 275 (13,000). Anal. Calcd for C 13H11 N502 : C, 56.0; 

h, 4.1; N, 26.0. Found: C, 57.6; H, 4.2; N, 25.5. 

6-Phenylthio-2-\-phenylthiocarbonyl-bis-3',S'-O-(tert-butyldimethy'Isjlyl)-

2'-deoxyguanosine (in). To 2'-deoxyguanoslne (8, 1.67 g,  6.25 mmol) in 30 ml 

of pyridine was added tert-butyldimethylsilyl chloride (2.83 g, 18.8 niniol) and 

the mixture was stirred for one week at room temperature then cooled to 0°C and 

phenyl chlorothioferate (21.5 g, 125 mmol) in 15 ml of pyridine was added. The 

mixture was stirred in the dark at room temperature for 5 Ii, and then poured into 

ice water. The resulting mixture was extracted with chloroform, the bulk of the 

chloroform was evaporated, and the remaining thiophenol removed by bulb to bulb 

distillation (20 mm, 50°C). Column chromatography of the residue on silica gel 

(CHC1 3) and recrystallization from methanol yielded 4.57 g,  85%, of 10: nip 

19-130.5°C; JR 1700 (s) cm; 1 H NMR 6 0.08 (s, 6H), 0.12 (S. 6H), 0.93 (s, 1811), 

6.33 (t, li-f, J=6), 7.3 (s, 15H), 8.30 (s, 1H); WI Xmax  (nm (c)) 291 (17,900), 

232 (28,700); FOMS (m/e) 859 (11), 802 (MtC(CH 3 ) 3 ), 750 (M4-SC6H5 ). Anal. Calcd 

for C42H53N505S3Si 2 : C, 58.6; H, 6.2; H, 8.1; S, 11.2. Found: C, 58.3; 

H, 6.2; H, 8.1; S. 11.4. 

6-0-Benzyl-2-N-benzyloxycarhonyl-2' -deoxyguanosine (11). Sodium (2,5 g, 100 

nmiol) was dissolved in benzyl alcohol (14.6 g, 120 imnol) and 15 ml of TUF. The 
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resulting solution was cooled to 0°C, 10 (8.39 g, 9.76 mnol) was added in 100 mL 

THF at 0°C. After being stirred at 0°C overnight, the reaction was quenched with 

acetic acid (7.2 g,  120 mmol), the bulk of the solvent was evaporated at rooii 

temperature, and the residue was dissolved in CHC1 3  and washed with water. 

Evaporation at room temperature followed by bulb to bulb distillatIon (20 pm, 

50°) left a residue which was treated with tetrabutylajmmoniurn fluoride in THF 

and column chromatographed (EtOH/CHC1 3 , 7/93) to give 11.  in 95' yield: IR 1750 

cm; 1 u flMR 6 5.18 (s, 2H), 5.53 (s, 2H), 6.30 (t, 1H, J=6), 7.3 (s, 1OH), 8.03 

(s, 1H); UV A 	(nm (c)) 217 (40,400), 258 (14,900). 268 (15,500); FDS (m/e)max 

491 (Mi), 384 (MtC7H 7 ), 356 (MtCO2C7H 7 ). Anal. Calcd for C 25H25N506 : 

C, 61.1; H, 5.1; N, 14.2. Found: C, 60.8; H, 5.2; N, 14.0. 

Preparation sf E '-O-Methoxytritylnucleosjdes (13b,c,d). The general 

procedure26  for trityiation of acylated nucleosides was employed to prepare these 

nucleosides which were obtained as glasses in 80-90^4 yields after silica gel 

chromatography using the solvent noted. 

5'-0-Hethoxytrity1-4--benzy1oxycarbonyl-2' -deoxycytidine (13b): EtOH/CHC1 3  

(3/97); JR 1750 cnf; 1 H NMR 6 3.7 (s, 3H), 5.1 (s, 2H), 6.15 (t, 1H, J=6), 8.05 

(d, 1H, J-6); UVAmax  (nm (c)) 235 (24,900, 295 (7,600). Anal. Calcd for 

C37H35N307 : C, 70.1; H, 5.6; N, 6.6. Found: C, 69.9; H, 5.6; N, 6.6. 

5'-0-tlethoxytrityl-6-N-benzyloxycarbonyl-2' -deoxyadenosine (13c): EtOH/CHC1 3  

(2/98); JR 1750 cm 1 ; 1H NMR3.7 (s, 3H), 5.2 (s 2H). 6.4 (t, 1H, J=6), 8.1 

(s, 1H), 8.7 (s, 1H); UV (nm (c)) 234 (18,200), 268 (20,400). Anal. Calc6 for 

C38H35N506 : C, 69.4; H, 5.4; N, 10.7. Found: C, 69.4; H, 5.5; H, 10.5. 

5 '-0-Methoxytrityl-6-0-benzyl-2-N-benzyloxycarbonyl_2' -deoxyguanosine (13d): 

EtOH/ch'Ioroforjn (4/96); JR 1750 (s) cni 1 ; 1 H NMR 5 3.65 (s, 311), 5.08 (s, 211), 

5.48 (s, 211). 6.43 (t, iN, J'7), 7.83 (s, 111); IN Amax 	m (c)) 235 (19,500), 

268 (16,400). Anal. Calcd. for C45H41 N507 : C, 70.8; H, 5.4; N, 9.2. Found: 

C, 70.9; N, 5.5; H, 9.1 
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Pre_ption of Blocked Phophodiesters (16a,c). The general procedure 13  

for phosphorylation with the bis-triazolide 14 followed by hydrolysis of the  

phosphorylated intermediate 15 with pyridine/TEA/11 20 was used to synthesize 

16a and C. They were obtained in 99 and 97% yields respectively by precipitation 

fro; CI1C1 3  with isooctane arid %:er' pure by IIPLC (D. lh). 

5'-0-Nethox'tri 

Salt (l6a): 	1 u NMR iS 1.2-1.4 (ni, 1211), 3.1-2.9 Cm, 611), 3.8 (s, 31 1 ), 6.5 (m, 111), 

7.4-6.8 (ii, 1811). 

5-C4iethoxytrityl-6-N-benzyloxycarbonyl-2' -deoxyadenosine-3' .-0-(2-chloro-

pher.yl)phosphate Triethylamine Salt (16c): 111  NMR iS 1.26 (t, 9H, )=7), 2.98 

(q, 611, J=7), 3.75 (s, 310, 5.28 (s, 211), 6.51 (t, it-I, J=6.5), 8.02 (s, lH), 8.65 

(s, il-I). 

Preparation of Fully Blocked Nucleotides (!7a,c,d; !8b,d). Intermediates 

17, 8a,b,c,d were . g. anerated from 2-chlorophenylphosphodichlorjdate (250 raol %), 

triazole (500 mol %) and triethylamine (500 mol %) in THF according to a reportcd 

procedure32  from 13a,b,c,d (100 mol %). They were treated with either methanol 

or -cyanoethanol to give the triesters 17a,c,d and 1• All were isolated 

after silica gel column chromatography with the solvent noted. 

5'-O-tlethoxytrityl-V -deoxythymidine-3'-0-methyl-(2-chlorophenyl)phos2pe 

(17a): CH3OH/CHC1 3  (5/95); 40% yield; It-I NMR iS 1.4 (s, 311), 3.7 (s, 311), 3.8 (2d, 

311, J=12), 6.3 (m, 111); UV A 	(nm (c)) 231 (16,500), 267 (10,800). Anal.max 

Calcd for C 37 1-1 35C1N202P: C, 61.8; H, 5.0; N,3.9. Found: C, 61.7; H, 5.3; 

N, 4.0. 

5'-O-Methoxytrityl-6-N-benzyloxycarbonyl-2'-deoxyadenosine_3'_0-rnethyl_(2.. 

chiorophenyl)phosphate (17c): CH 3OH/CHC1 3  (1/99); 50% yield; hii Nt-IR iS 3.65 (s, 

31-I), 3.75 (d, 31-I, J=12), 5.2 (s, 2H), 6.3 (m, 111), 7.9 (s, 111), 8.5 (s, il-I); 

UV 	(nm (c)) 237 (17,400), 269 (19,300). Anal. Calcd for C 44H41 C1N r O9 P: 

Ij 



C, 62,6; H, 4.9; N, 8.2. Found: C. 62.5; H, 5.0; N, B.I .  

rnethy1-(2_ch1orophenyj (!7d): EtOH/CHc1 3  (2/98); 60 yield; IR 1750 
cm; 1 H NNR3,70 (5, 3M), 3.85 (d, 3.4, 3=11), 5.18 (s, 2H), 5.57 (s; 2U), 6.33 
(t, 1H, J=7), 7.83 (s, 1H); UV 	(n (s)) 28 (15,700). Ari. Calcd. forriax 

C52H47C1N5010p: C, 64.5; H, 4.9; N, 7.2. Found: C, 64.4; U, 5.0; m, 7.2. 
0-HethoxyLri tyl -4- fl - benzylo;<,carbony1_2' -deoxycytidine_3'O (2-chloro- 

2Jenyl)-(2cvanoethJjJphato (13b): 	ClL0h'/CuCl (5/95); 97 yield; 11 NP. 

6 2.5-2.8 (in, 2H), 3.80 (s, 3H), 4.3-4.5 (m, 3M), 5.25 (s, 211), 6.35 (m, lH), 

8.10 (d, 1H, 3=7.5); uv 	(nm (c)) 236 (22,000), 294 (7,000). Anal. Ca]cdmax 
for C4 6H42C1N4O10p 90: 	C. 61.7; H, 5.0; N, 6.3. Found: C, 61.7; H, 4.9; N, 6. 

51_O_?•ethoxYtri t vi .. E_ 0... benzyl_2_N_bcflzy1oxycarboflyl2.deoxyg .3I0 
(2-cyanoethyl)_(2_coropJ)enyl)phQsphate (18d): EtOH/CHC1 3  (2/98); 78% yield; 
JR 1750 cm; 1 H 	62.7 (m, 2H), 3.74 (s, 3H), 4.4 (s, 2H), 5.20 (s, 2H), 

5.60 (s, 2H), 6.4 (, lH), 8.8 (s, IH); (IV X iflax. (nm (c)) 257 (15,300), 267 
(15,300). Anal. Calcd. for C54H48C1N6O10p: C, 64.4; H, 4.8; N. 8.3. 

Found: C, 64.5; H, 5.1; N, 8.0. 

Detritylatjon. Procedure A. The monomethoxytrityl group was removed 

with 2 benzenesulfonjc acid as described) 0 ' 20  The crude products were co1un 

chrornatographeci on silica gel in the solvents noted and isolated as glasses in 

the yields stated (Table I). 

Procedure B. The dimer 33 (1.30 9 ,  0.92 mniol) was dissolved in CH 2C1 2  
(50 mL) and then 1.12 g of anhyd. ZnBr2  and 200 iL of methanol were added. The 

suspension was stirred at room temperature for 15 mm, 100 mL of 1.0 N anlrnoñium 

acetate was added, the solution was extracted with chloroform, the chloroform 

was evaporated, and the residue was column chromatographed to give 35 in 60% 

yield. 



Procedure C. To 33 (300 ng, 0.21 nol) was added 12.5 mL of a saturated 

solution of ZnBr2  in CH31102  (0.076 11), the mixture was stirred for 90 mm et 

room temperature, and the isolation was carried out as above to yield 79 of 35. 

4-N-Benzyloycarbonyl-2'-deoxycytidine-3'-0-(çyanoethyl_)-(2-ch1oo2hny1)- 

(20b): CHC1 3/C11 3Cr;, 97/3; 25 yicld; 1 	6 2.8 (t, 211, J=6), 5.20 

(s, 211), 6.20 (m, 111), 8.13 (d, ill, J=7);)'max (nu (c)) 242 (15,100), 294 

(7,500). Anal. Calcd for C 26H25C1N409P: C, 51.6; H, 4.3; t, 9.3. Found: 

C, 51.4; 	,4.5; 11, 9.1. 

6-O- Benzyl -2- U-benzy 1 oxycarbonyl_2'_deoxyguanosine_3'_o_n:ethyl_(2..c!lor0pheyl).. 

phosphate (19d): CHC1 3/EtOH, 97/3; 70% yield; 1H  NMR 6 3.92 (d, 3H, J=ll), 

5.18 (s, 211), 5.51 (s, 2H), 6.23 (t, LH, J=7), 7.90 (s, 1H); UV Amax 	m Cc)) 

254 (12,300), 270 t.1,300). Anal. Calcd for C 32H31 C1N509P. C, 55.2, I-I, 4.5, 

N. 10.1. Found: C, 55.3; H, 4.4; N, 10.0. 

6-0-Benzy1-2-F-benz'Thxycarbonyl-2' -deoxyguanosine_3'_0_(2-cynoethylj( 

chlorophenyl)phosphate (20d): CHC1 3/EtOH, 99/5; 85% yield; 111 flMR 6 2.8 (t, 211, 

J=7), 5.24 (s, 211), 2.61 (s, 211), 6.3 (m, 1H), 7,82 (s, 0.511), 7.85 (s, 0.511); 

LW A 	(nm (c)) 255 (15,400), 267 (15,600).. Anal. Calcd for C 34H32C1N500 P: 

C, 55.6; H, 4.4; N, 11.4. 	Found: C, 55.4; H, 4.4; N, 11.3. 

Removal of 8-Cyanoethyl Groups was accomplished as described 20  to give 34 

and 41 in >95% yield, pure by HPLC: 34: Rt 5.2 miri (B, le). 41: Rt  7.2 mm 

(B, id). 

3'-0-Levulinyl-6-0-benzyl-2-N-benzyloxycarbonyl-2_aeoxyguanosjne (22). To 

trityl ether ! 	(1.84 g, 2.41 mmol) in 25 mL of pyridine was added 2.0 niL of 

levulinic anhydride 33  and the mixture was stirred at room temperature for 12 h. 

The reaction was quenched with 5% NaHCO 3 , extracted with Cud 3 , the solvent 

was evaporated, the residue was.treated with 2% benzenesulfonic acid, 20  and the 

crude product column chromatographed on silica gel (CHC1 3/EtOH, 95/5) to give 
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22 in 79 yield as a glass: 1 H MIR 6 2.15 (s, 3H), 2.6 (in, 411), 5.17 (s, 2H), 
5.50 (s,2i-f), 6.2 (dd, 1H), 7.85 (s, 1H); liv Amax (nrn (j) 257 (13,100), 26 

(13,100). Anal. Calcd for C 301131 N508 : C, 61.1; H, 5.3; N, 11.9. Found: 

C, 60.8; H, 5.3; N, 11.6. 

bCn  

(28). To blocked guanosine 11 (0.50 g, 1.0 mmol) in 40 mL CH 3CN and 5 mL. 

pyridine at room teiiperature was added over 2 h via syringe 4-chlorophenuxy 

acetyl cMoride 3  (250 ing, 1.2 mmol) in 5 riL of CH3Ct, and the reaction ixture 

was stirred for 2 h at room temperature then poured into 5% NaHCO 3 . The aqueous 

suspension was extracted with CHC1 3 , the CHC1 3  was dried and evaporated, and 

the residue was COl 	chromatographed (CHC1 3/EtOH, 97/3) to give 0.55 g, 84 

yield of 28: 	5 4.50 (s, 2H), 5.13 (s, 2H). 5.47 (s, 2H), 6.38 (t, 1H, J=7), 

7.87 (s, 1H); liv 	(nni (c)) 257 (14,900), 269(15,400). Anal. Calcd for 

c33H30N508c1. C, 60.0; H. 4.6; N, 10.6. Found: C. 59.6; H, 4.5; N, 10.6. 

Phosphate Coupling Reactions. General Procedure. The phosphate coupling 

IG reactions were performed as descrihed 14 '. The products were column chrornato- 

graphed using 5-10 EtOR or CH3OH in CHC1 3  for elution and the results are 

summarized in Tables I and II. 

The 3'-3' dimers were prepared from phosphodioesters !'E and the 5'- 
blocked monomers from 3b and 28 with TPS-UT as above. The ch1orophenoxacety1 

or benzyl carbonate groups were removed as described 33without isolating the 

fully protected diner. 

5I_(cHQ)TrTpC4!_Cbzp6_i_Cbzp6_0._Br1, 2_!Z_30H (42). To the fully 

protected tetranier 37 (66 mg, 0.027 mmol) in 1.0 rnL of pyridine was added 50 mg 

of hydrazine hydrate in 1 mL 3/2 pyridine/HOAc.. The mixture was stirred at room 

temperature for 5 min, cooled to 0°C. 2,4-pentanedione (0.5 niL) was added, and 

the solution stirred for 15 min more. The mixture was added to 50 niL of rapidly 
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stirring ether, and the 65 nig of precipitated product collected. This product 

was contaminated with lcw molecular weight byproducts and was purified by HPLC 

(EtOH/CHC1 3 , 4/96) to give pure 42, 49 mg, 0.20 mmcl, 74% yield, R t  (B, la) 

9.8, 10.8 mm. 

Genera1çedure. To the catalyst (103 wt Z per Cbz and be'zyl group) in a 

16 x 3 cm test tube was added a solution (EtOAc/EtOH, .1/1) of the substrate 

(10 mg/iiL) and cyclohexadiene (0.5 ml per 30 mg of substrate) and the 

suspension was mixed with a Vibro Mixer under a nitrogen atmosphere for the time 

specified in Table I. Pd/C (10%, Engeihard) was used as is 	Palladium 

hydroxide on carbon (Aldrich) was hydrogenated for 1 h (50 psi) in ethanol before 

use. Palladium biak was freshly generated from palladium acetate (Engelhard) 

in water (50 psi H2  for 1 h), then washed twice with water and then twice with 

ethanol. For the hydrogenolysis of 12, 30 mg was treated in 6 ml of solvent with 

0.5 ml of cyclohexadiene and palladium black from 120 mg of palladium acetate 

for 24 h. The resulting diastereomers (30 mg) were readily separated on HPLC 

(A, id). 

p(T-C-A-G) (44). Removal of the 2-chlorophenyl groups from 30 mg of 43 

was effected with p-nitrobenzaloximnate as described.14b  After 36 h, the solvent 

was evaporated and the residue, which contained the (14e0)Tr blocked tetramer, was 

dissolved in 10 ml of 80% 1-lOAc and stirred at room temperature for 5 h to remove th€ 

(MeO)Tr group. The solvent was evaporated and the tétramer 44 was freed of organic 

material by partitioning the residue between 0.011 ,1 Et3N/HOAc buffer (pH 7.0) 

and ether. The aqueous layer was lyophilized and the residue chromatographed 

(C, 2b). The tetramer thus obtained was pure by HPLC (A, 2a). 

Enzymatic digest of p(T-C-A-G) (44). The tetramer 44 (100 pg) was dissolved 

in 100 p1 of 0.1M NH4OAc (pH 6.5) and 1 unit of spleen phosphodiesterase was 

it 



23 

added. The mixture was incubated at 370  for 18 h, then analyzed by HPLC (A, 3). 

A mixture of 5'-HOTp, 5'-HOdCp, 5'-HOdAp, and dG was obtained in a ratio of 1.1: 

0.9:1.1:0.9. 

Stability of Pyrimidine Bases to Transfer Hydronation Conditions. When 

thymidirie (12a) is subjected to the transfer hydrogenation conditions descrihei 

above after 24 h, the thyrnidine was recovered unchanged. HPLC analysis (A, 4b) 

showed that no dihydrothyrnidine (45) was produced. Under these HPLC conditions, 

dihydrothynidine (45) is cleanly separated from thymidine (la). When 4--Cbz-d* °  

was subjected to these reaction conditions for 24 h, 2'-deoxycytidine (la) is 

isolated as the sole nucleosidic product, and no V-deoxydihydrouridine (46) 

was found to be presert (HPLC system: A, 4a). When 2'-deoxycytidene was 

treated with hydro;r over 10% Pd/C in EtOAc/95% EtOH in a Parr apparatus, 

2'-deoxydihydrouricine was isolated as the major product. The above HPLC 

separations werec..*jred at 220 or 230 nm. 
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iLL. Synthesis of Nucleotide Dimers from 3-Hydroxyl Wucleosides. 

diester nucleoside coupliny agent 1 1mr a 
ye 	( 	 ) h yield 

other products, 
(mmol) (mmol)_ (inol%) 

! 
(1.0) 5 	(1.2) MS-NT (650) 53 	

(9•4,12•6)b  <2  (7680)b 

5,44 

! 
(1.0.) 5 	(1.2) TPS-FIT (650) 58 <2 28, 3 

31,16 

12 (1.0) 5 	(1.2) TPS-NT (150) 63 0 5, 35 

31, 6 

18 (.88) 8 	(1.1) TPS-NT (200) 73 (16.8) 
7 (120)C 

8, 15 

HPLC retention times, R, in minutes. a 

b Column B, solvent system ic. 

C Column B, solvent system la. 
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Scheme I. Preparation of Base-Blocked Deoxyribonucleosides 

Scheme II. Preparation of Blocked tlonodeoxyribonucleatjdes 

Scheme 1.11. Prep.3ratioi of 01iodoxyribonucleot.idcs 
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