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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 jts
2-N-benzyloxycarbonyl carbamate and 6-0-benzyl ether. These blocked nucleosides
have been incorporatzd into an efficient oligodeoxyribonucleotide synthetic
scheme and the resulting oligomer shccessfu]ly deblockad using transfer
" hydrogenation. The -deblocking conditions result in no reduction of the

pyrimidine bases.
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Introduction

The synthesis of o]igodeoxyribonuc]eotidesyprimari]y involves blocking
grouﬁ chemistry. Nucleosides and nuclectides have multiple reactive centers,
and selective reagénts must be found for the various functional groups or else
the other reactive centers must be blccked. Since such high selectivity has not
béen attained, blocking strategies are requﬁred. fﬁé'blocking groups should be
introduced in high yield, be stable to the subsequent reaction conditions, and
be selectively removed when necessary. In the mosf common o]iganucTeotide
synthetic route, the triester method, the chofce is to block each reacti?e center
because of the poér specificity of the reagents used, the need for high yield
and purity, and tﬁa difficult separations often‘encoﬁntered. As new reagenfs
and methods are befng daveloped, the choice of whether or not to block is
constantly being re-zvzluated. |

- There has been 2 great variety in the nature and scope of the blocking
groups used in oligocnucleotide synthesis with one exception: the exocyclic amiﬁe

] Benzoyl has been most frequently '

blockers, which are invariably amides.
se]ecfed for 2'-deoxyadenosine, anisoyl for 2'-deoxycytidine and isobutyryl. for
2'-deoxyguanosine, although other acyl groups have been exémined.]’? These groups
have been selected for>this purpose, and have survived, because they represent a

- compromise betﬁeen-stabi]ity and ease. of removal. Recently, the subject of
nucleoside amine blockers has been re-examined2 with emphasis upon developing groups
which are hydrolytically more stab]eAthan those currently in vogue. 1t has rot
been clearly established at what point hydrolytic stability will require overly
harsh conditions for removal such that the resulting.oligonucleotide would be
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.




‘An obvious choice is the benzyloxycarbonyl (carbobenzoxy, Cbz) group, which
has been used so effectively in polypeptide syntheses. This blecking group is
stable to a variety of hydrolytic conditions, imparts a gobd deal.of Tipophilicity
- to otherwise polar mplecu]es, and most notably is removable under nehtra], hydro-

3 Its stability also can be modified as needed by adding

genolysis conditions.
_ substituénts td the phenyl ring and beazylic carbon. Previous reports con-
cerning_fhe_use of benzyl groups to block ribose hydroxy]s during o1ﬁgnonué]eo—
tide synthesis»indicafé that substential reduction of the pyrimidine 4,5-
double bond occurs upen their reduéiive remova].4 However, recent advances in
hydrogenation technoiogy hold out the promise that ihis‘side reaction could be
avoided when removing Cbz groups from oligonucleotides.
 There is anothsr aspect of base blocking which has not been satisfactori]y
addressed._ Generaliy the synthesis 6f oligomers containing guanosine gives
consistently Tow yia%dstl 'ltlhad been suspectéd, and recent]y confirmed, that
another reactive center on guanosine, in addition to the eXOeémine, is the 6-
'oxygén. This oxygen has been blocked in'on1y one5 previous oligonucleodite syn-
‘thesis, and b]ocking of the guanosine 2-amine seems to be done more fdr_so]ubility
than reactivity reasons. Advances have been made in the selectivity df phosphate
coupling reagents] which minimize reaction at the 6-oxygen of guanosine, howevef,
recent reports indicate that phosphate coupling reagents do react with 2-N-acyl
guanosines to produce 6-substituted guanosines.6 It has been suggested tﬁat those
side products could revert to guanosine residues in subsequént deb1ocking‘stebs,
but these 6-substituted guanosines are also modified with other huc]eophi]es and
cén lead to complex mixtures of oligonucleotides.
What is clearly needed is a blocking group_for the guanosine 6-0 position.

Acyl groups are faf too 1abi]e,2 so we propose an ether type blocking greup,

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




protect the 6-0 position of guanosine previous]y,7 although not in oligonucleo-
tide synthesis, and could probably be rcmoved under the same conditions as
Cbz groups. Thymidine could potentially exhibit the same kind of reactivity

as guanosine but it ‘apparently does not'.6

Results and Discussion

Preparation of Base-Blocked NC:]eosideé. Th2 synthesis of the base-blocked
rucieosides proved to be a formidable task.. The use of benzyl chloroforiate
under'all,the usual conditions Qas unsatisfactory for thé preparation of
N-benzyloxycarbonyl ﬁuc1eosides. Benzyl ch]orqformafé in the presence of
hindered amines or inorganic bases was not sufficiently reactive to acylate the
weakly nucleophilic exocyclic amino groups of the heterocyclic baseé. In the
presence of non-hindersd amines, such as trietﬁy]amine and pyridine, decomposition
. to benzyl chloride and carbon dioxide took place in preférence to acylation of
the exocyclic amines. The benzyl chloride then became an unwanted competitor
for nucleophilic sites.

Consequently new methods had to be deve]oped° The method of choice
involved first the preparation of 1-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 1-Cbz-3-ethylimidazolium
ion with triethyloxonium tetrafluoroborate. The following discussion (Scheme 1)
describes the synthesis'of suitably b]ocked_debxyribonuc]eosidesi 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 l-benzyloxycarbonyl-3-ethylimidazolium tetra-
fluoroborate (g) 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 remo&a]’of the silyl groups gives 6-li-Cbz
2'—deoxyadehosiné (7) in 85% overall yield from deoxyadenosine (§). If deoxy-

adenosine %tse]f is acylated followed by treatment with sodiuﬁ hydroxide, a 50%
yield of'z is obtained. In no cases did we observe bis-N-acylated products with

either cytidine or adenosine derivatives which are often problems with other

acylating agents;2 With 3',5'-bis-tért-buty]dimethylsi]y]-z'-deoxyguahosine (9),

prepared from 2'-deoxyguanosine, 2 did not result in acylation but rathér
gave an alkylated product.8 Even if the expected 2-N-Cbz-2'-deoxyguanosine
had- been formed, it would not have solved the prob]em of blocking the 6-0-center.

Alterratively we found that the reaction of 9 with phenyl chlorothioformate

-gave the 6-thiophenyl;urine 10. This is an intermediate through which the

functionality at ths £-0 and 2-N positions can be selectively controlled. Thus
treatment of 10 with sodium benzyloxide followed by rehova] of the silyl groups
gives G-Q;bénzyl-Z-E;Cbz—guanosine (11) in 80% overall yield.

Preparation of B]ockéd Oligonué1eotidesl The base-blocked deoxynuclecsides

12b,c,d were then incorporated into an oligonucleotide synthetic scheme using
the popu]af phosphotriester approach.1 In this strategy nucleoside-3'-
phosphodiesters are coupled with the 5'-hydroxyl of another oligomer. We
briefly exp]o;ed the phospﬁite approach tobthis couﬁh‘ng.9 It produced
unacceptably large amounts of symmetrically coupled nucleotides and was con-
sequently abandoned in favor of phosphate methodology. The tetramer_d(T-ﬁ-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 monomethoxytrify] f(MeO)Tr] group was selected to block the 5'-terminal

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

1

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

ROV
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to be removable under mild acidic” 1,12

or Lewis acid conditions withou£ con-
comitant depurinaticn. Both conditions have been applied for our purposes and
.a conparison will be presented below. The four (MeO)Tr nucleosides (13& b,c,d)
were prepared according to literature methods in 80-90% yield. o

| The nuc1eos1de 3'-phosphodiesters ]Qi,g were readily prepared as
repor;ed]3. Thus 12a and ¢ were phosphorylated with the bis-triazolides ‘14, and
the intermediate triazolide 1§ hydrolyzed with water qnd triéthy1amine to give
the phosphodiesters 16 in >95% yield with no datectible 3° -» 3' coupled products
The 2-ch]oropheny] group was chosen as the internuc]eotide phosphaté blocker

because it is reportod to be removed via an oximate an1on]4

with a minimum of-
1nternuc1eot1d° bonc cleavage. ' |
The next step was to make the 3' = §' phosphate linkage. There is some
choice of what functionality should be present at the 3’.position of the incoming
| nucleoside, the oo tions be1ng a b]ocked phosphate, a blocked hydroxyl or an
unblocked hydroxyl. Recently reports?3 »15 dgscrIbe the~synthesis of nucleotide
dimers via the coupling of a nucleotide phosphodiester with an N-blocked-2'-
deoxyribonucleoside in the presence of 600 hol % of 1-mesitylenesulfonyl-3-nitro-
1,2 4-£riazo]ide (MS-NT) Although 20% of starting materials were unaccountod
vfor, the reported ]ow y1e]d (<5%) of undesired 3' » 3' nucleotide dimer and good-
yield (60-80%) of des1red 3' > 5' nucleotide dimer made this procedure seem quite
attractive. »

The coupling of phosphodiester 16a and nucle051de JEP under the described
conditions gave the expected 3' + 5' nucleotide dimer 3} in 53% yield. Along
with 23, we obtained 2% of uhwanted 3' + 3' dimer 25 and 11% of 5'-0-mesitylenyl-
4-N-Cbz-2'-deoxycytidine (g]). The remainder of the starting material J?P
vias recovered. The use of triisopropy]benzenesﬁ]fony1-3fnitro—],2,4-

)16

triazolide (TPS-NT as the coupling agent at 650 or 150 mol % gave cleaner




.reaction prodgcts and suppreésed the sulfonation of 1% buf producedba new
~ nucleotide dimer whiéh we have not yet identified. +4hen phosphodiester lég and
nucleoside lgq were coupled with TPS-NT (200 mol'%), our best conditions; a
good yield of 3' -+ 5' dimer 24 was obt?1ned but the 3' -+ 3' dimer 26 couid nc

be separated from 24 by preparative chronatug“aphy '

These results are summar1zed in Table 1 and we concluded that this
_methoboiogy fdr preducing nucleotide dimers was not satisfactory for the
following reasons: a) when HS-NT is used as the coup]ing agent loss of -
starting material by 5'-0-sulfonation was too large; b) with TPS-RT another
side reaction, forﬁatian of a new dimer, was observed; and c) not each set of
3'» 5* and 3's 3' nucizoside dimers were conveniently separable. As'éontrols,
authent1c samples- 0' the 3'» 3' coupled dimers 25 and 26 were prepared from. the
phosphodiester Jff an 195 and the 5'-blocked nucleos1d=s ?b and -28d; 3b is 7
vava1]ab]e as a byprcduct during the synth=s1s of 4

Since the Cbz-base blocking strategy reguires the 3' hydroyy] of thn in-
coming nucleoside to be blocked, the synthetic scheme would be more convergen;
if this 3'-hydfoxy1 were broughf in already functionalized as a blocked phospho-
triester. The methylvgroup.was initially selected as a blocking group for'the
~ terminal phosphate because it is removable under mild conditions by nucleophiles

17 18

such as thiols'’ or tert-butyl amine.

The four triesters 17a b ¢, d viere. prepared from the intermediate triazolides

15a »b,c, d The methyl group can be cleanly removed from these triesters with

~on o~ o~

' benzeneth1ol/triethy]amine to produce the phosphodiesters 16a,c. They may

~—a

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

~nen

the t-butyl urea 16e also was formed. Then the monomethoxytrityl group was

~ o

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

~ e ~ e o~

- TPS-NT to give the A-G dimer 30. Dimer 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 1€ vere unstable to storage even at -78°C. Probably
the nucleophiles encountered during the phospﬁorylation are reactive ennugh to

- demethylate phosphotriesters. Indeed, even the ring nitrogens of thz hetero-
cyclic bases are alikylated Ly tihe phosphate miethyl esters on storage at low
tempurature. For these reasons we corcluded that the use of methyi as a

phosphate blocking group in oligonuclestide synthesis is inadvisable, although

. . 1. ¢
there . are-mixed cbservations from otners.llb’]g’]’

10

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

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

tetramers 37 and 38 (Scheme II1). Phosphotriesters 18a,c were prepared in

~—— o~

80 and 78% yie?d via th2 intermediate triazolides 15a,c, respectively. These were

~—n

detritylated with 2% 2znzenesulfonic acid to-give the 3'-blocked nuclectides

~~~ ~— ~

20b and d which wers, coupled 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 monomethoxytritylguanosine 13d and Tevulinic anhydride

o~

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),16

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

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

0.1 Recent reports describe.improved

12 N

during acid treatment of oligonucleotides.
removal of trftyl groups with ZnBr2 in methylene chloride’ ™ or nitromethane.
When comparing these methods in our systems to the 61der 2% benzenesulfonic
acid met:hod,.lo we found that_Zthz'in'methylene chloride was inferior in overall

yield, and that ZnBr2 in nitromethane and 2% benzenesulfonic acid were comparab]é.




L

In our hands, ZnBr2 in methylene chloride and in nitromethane both led to
substantia]vambunts of depurination, producing 35% and 15% of Cbz-adenine,
respectively. Other unidentified dimeric products were also found. |

| The,dimef’gl was deblocked at the 3'-terminal phosphate as,describedzo ,
with triethyiamine to give §ﬁf This was coupled in the presence cof TPS-N% with

the dimers 35 and 36 to give the tetrazers 37 and 38 as summarized in Teble

~~

1I. - Each of these may be detrity}ated, as described above to allow extension
at the 5'-tarminus, and dsblocked at the 3'-terminds to give 41 and 42 with

triethylamine and hydrazine, respectively, fn high yie]ds. In no case did we
observe the loss of Cbz or benzy} groups from any of the above intermediates.

Removal of N-Cbz zrnd 0-Benzyl Groups. Nucleosides wﬁich are blocked

-

by benzyl and benzyizxycarbonyl groups have thus. been incorporated into

an efficient oligonucizotide synthetic sciieme and it remains to be shown

- that they can be effectively removed'at the end of the synthesis. As

was expected, N-Cbz and 0-benzyl protected nucleosides lgg,s,g can be

readily deblocked using hydrogen over palladium on carbon or palladium on barium
sulfate. ‘However, these conditions also lead to'Significanf reduction of the
5,6 double bond of thymidine. Similar observations were made4 when removing
benzy! groups from uridine-containing oligoribonucleotides. Others have

made the same observation for cytfdineZ]

residues. Pyrimidine basés are
much more easily reduced than purine bases and reduction.of adenosine. or éuanosine
residués_wa; neither observed or expected.

To avoid this over—reduétion of the pyrimidfne bases, we turned to transfer
hydrogeno]ysiszz; Using cyclohexadiene as the hydrogen source and 10% palladium
on carbon as the catalyst, both 0-benzyl and N-Cbz groups were cleanly removed
from 12b,c,d in 30 to 90 min. Under these condition§ there was no reduction

~— A

of thymidine‘even after 18 h,.ahd G-E;Cbz—Z'-deoxycytidine'(lgg) was quantatively
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converted to 2'~deoxycytidine without any other products being formed. With

dimer 3? and tetramer gg,the time nccessary for the Cbz and benzyl groups to

be completely removed increased markedly (Table I1I1). However, transfer

hydrogenolysis with cyclohexadiene over a more active catalyst, palladium
27

b : . s
proceaded nore rapidly and tetranicr 42 was da2blocked in 24 hr o

-

black,
give %3. Again no reduction of the pyrimidine bases was observed. The latter
vas demonstrated by showing that neither dihydrothymidine (ﬁ§) nor 2'-de=oxy-
dikydrouridine (ig)rare formed when thymidine or 2'deoxycytidine are subjected
to the reaction conditions. 2'-Deoxydihydrouridine would be the expacted -

23

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

Cocmplete Deblocking of Oligonucleotides. The phosphate blocking groups
14

were removed as described usfng p-nitrobenzaldoximate. These conditions

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

phosphate boﬁd cleaga;e. The monomethoxytrityl group was then removed in 90% -

acetic acid to give the tetramer d(T-C-A-G) (ﬂﬂ) in 80% yield from §Z.V The order

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

phosphate rearrangehants. The hydrogenolysis was pgrformed after removal of

the levulinyl group fo prevent its reduction and before deprotecting the .
phosphétes since the phosphate-diesters were expected to adsorb more strongly

| to. the catafyst. The resulting tetramer d(T-C-A-G).(ﬁf) was completely degradad to

5'-H0dTp, 5'-H0dCp, 5'-HOdAp, and dG with spleen phqsphoch’esterase]6 showing

that only the 3'> 5' phosphate linkage was present and that the tetramer hés

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




1
to be stable to phosphorylation conditions as well as other deblocking conditions,
~ and they can be removed quantatively when desired by transfer hydrolysis without

side reactions.




Experimental Section

Me]txng po1nts were obta1n°d with Buchi (capillary) and Kofler (microscop
s]1de) apparatuses and are uncorirected. IR spectra were determined as Kpr
pellets un]ess otherwise noted with Perkin—E]mer_]B? or 1944 spectrophotomeiers
using polystyrene filn for celibration (1601.4 cm'] absorption). UY spectre
vere determined on a Cary 2-9 spectrophotometer in 95% ethancl unless oth»rw1se
noted ]H NMR spectira were determined on the f0110w1ng spectrometers: Varian
T-€9 (60 Khz); Varian E-390 (90 MHz); UCB-250 (2 homemada FT instrument operating
at 250.80 MHz); were recorded in'CDC13 unless otherwise noted; and are expressed
in ppii (8) downfield from Me4Si. The ]H NMR spectra reported do not contain
the resonances for ;heny] protons and 3',4' and 5' ribose protons as they were
found of 1itt]° anaiytical value. ”Eiementa] analyses were performed by the
Analyt1ca] Labora-urv College of Chemistry, University of California, Berke]ey.
Field Desorption rcss Spectra were perforned by the Bio- 0rgan1c, BlOﬂ8d1C31
Mass Spectrometer Resource supported by Grant No. RRO071S from the Division of
Research Resources, NIH.

High pressure Tiquid chromatography. (HPLC) was performed on an Altex
‘analytiCa] system consisting of two IloA pumps, a 155-10 U?—VISvdector, and a
420 microprocessor control]er/prbgrammer. Unless otherwise noted, a flow rate
of 1.0 mL/min (one column volume equals 1.5 mini was used, with monitoring at 254
or 290 nm unless otherwise stated. PreparatiVe medium pressure liquid chromato-
graphy (MPLC) was done using an Altex 110A pump equipped with a preparative liquid
head and an Altex 151 UV detector set at 254, 280 nm. The following Altex
stainless stee].columns were used: (A) 4.6 x 250 mm, 5 um Ultrasphere 0DS;

(B) 3.2 x 250 mm, 5 wm LiChrosorb C-18; (C) 10 x 250 mm, 10 um Spherisorb 0DS.
The solvent systems used were: (1) CH3CN/H20: a, 80/20; b, 75/25; ¢, 65/35;
. d, 60/40; e, 44/56. (2) CHBCN/O.] M triethylammonium acetate, pH 7.0: a, 10/990;
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b, 10 min gradiant, 8/92 10/90. (3) CH3OH/0.1 M tetrabuty]ammanium fluoride,
0.1 M KH,PO,, pH 2.7, 10 min gradient, 10/90 ~ 35/65. (4) CH30H/R,0: @, 207805
b. 30/70. HPLC conditions are specified as (column, solvent).

- Ace Michel-Miller glass columns, 25 xv130_mm or 40 x 240 mm, 40-63 um |
Silca Gel 6C (EM Reageats) were used for MPLC. Column chrowatography {CC) was
perforied with.63-200 mn Sifica Gel 60 (£} Reagents). Ané]ytica1 thin layer
“chromategraphy (TLC) was done with a]uminum-backe& silica plates (E. Merck).
Preparative TLC was éarried out on 2000 pm thick Silica Gel GF (Analtech).

Un}er otherwise noted, reactions were conddcted under a nitrogen‘atmdsphere
with magnetic stfrring at room tempéréture (20;26°). Organic layers were dried
vover~M§SO4 and evaporzted with a Berkeley rotary evaporator using water aspirator
or oi]vpump reducsad ;réssure, folloved by static evaporation with an oil pump.
A1l distillations wz-e bulb to bulb (Kugelrohr-type apparatus) unless otherwise
noted. . o

Th2 following sclvents were freshly distilled as needed: tetrahydrofuran
(THF) and toluene from sodium/benzophenone; methanol from magnesium; p&ridine
from to]uenésu]fonyl chToridg and then from calcium hydride; acetonitrile and
CH2C12 from P,0.. Triethylamine and nitromethane were distilled from calcium
hydride and stored over 3R molecular sieves. Imidazole and 1,2,4-triazole were
~ dried fn vacuo over P205 before use. 2-Cyanoethanol was distilled before_use.
Tetrabuty]ammonium 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-Chlorophenyl phosphodich]oridate,24 2,4,6-

tr‘i‘isoprop,y'lbenzenesu]f'ony]m'tr'otrizacu'le,"6 2,4,6-€rimethy1benzenesu]fony]nitro—

14 26

triazole, ' triethyloxonium tetrafluoroborate,25 5’-g;monomethoxytrity1thymidihe,
' 5,6—dihydrothymidine,27 2'-deoxydihydrouridinezg, and phenyl ch]orbthioformatezg

were prepared as described.




'tetraf]uoroborabe (29 mmol, 3.80 g) was added to N-Cbz-imidazole (19 mmol, 3.94 g)

14

. Fully protected ollgomers were stored eas dry powsers at -15°C for shert
term or at -]9(_L in a Linde Super -30A liquid nitrogen refrigeration. The

fully deprotected tetramer was stored in water at -195°C.

N-Benzy]oxycarbony]imidazglg, To imidazole (200 g, 2.91 mol) in 2.0 L of
toluene at 0°C was added benzyl chloroforiste {230 g, 1.47 7). The ﬁixture
was stirred at room temperature overnight ang filtered, the filtiote eveporated,
and the resulting oil was crysta1]1zed from petroleum ether to yield 230 g, 78%,
of Cbz-imidazole: mp 37.0-33.5°C (11t.30 011), HARMR 6 5.3 (s, 2H), 7.0 (r:,
1H), 7.3 (m, 64}, 8.0 (m, H). Anal. Caled for C]]”IO 20, v €, 65.3; H, 5.0;

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

1-Benzylioxyc groonyl-3- ethy]1m1dazol1um Tetrafluorcborate (2) Triethyloxoniu

in 50 mL of CH2C1 2t 0°C. The reaction mixture was allowed to come to room
temperature then s*“'red for 2 h. This solution was used to acylate the deoxy-
ribonucleosides. Evaporation of a portion left 2: IH NMR 6 1.47 (t, 3H, 0= 7),
4.20 (g, 2H, J=7), 5.42 (s, 21), 7.3 (m, 6H), 7.65 (m, 1H), 8.98 (m, 1H).

. §i§;3'—O,4-N-Benzy]oxycarbony1-2’-deoxycytidine (3a) and 4-N-"enzyloxy-

carbonyl-2'-deoxycytidine (4) The solvent was evaporated from the solution of 2

(80 mmo1) and replaced with 200 mL of acetonitrile. To this slurry vas added 2'-
deoxycytidine (] 4.54 g, 20.2 mmol), 1t was stirred at room temperature for 36 h,
the reaction was quenched with 3 mL of saturated sodium carbonate, and the
acetonitrile was evaporated to give a 60/40/10 mixturevof tris, bis and mono
acy]atedvcytidines.' The bis-carbobenzoxy material 3a was isolated by chromatography
on silica gel (ethano1/CHC13, 5/95). Recrystallization. from methanol gave 3a as
needles: mp 89-90°C; IR 1740 cm']; Ty NMR & 5.05 (s, 2H), 5.15 (s, 2H), 6.15
(t, 1, J=6), 7.85 (d, 1H, J=7); uwv Anax (nm (e)) 242 (14,000), 294 (7,000).
Anal. Calcd for C25H25N308:. C, 60.65 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

describad?®

for O-deacylations, the Bowex 10N resin was washed with CHC]3, end
the filtrate was extracted with 4 x 100 ml of»CHC13/isopropy1 alcohol (75/25).
Combihing the organic extracts and evaporating left a residue which was recrystal-
lized from CHC13/ether to give 7.1 g, 98%; of 4: mp 139-141°C; IR 1740lcm'];
T (co3ob) § 5.05 (s, 2H), 6.05 (t, 1H, J=6), 8.25 (d, ]H; 9=7)5 W
(mn (e)) 242 (15,400), 294 (7,700). Anal. Caled for cnn,gn3o6 0.5 H,0:

C, 55.1; H, 5.4; N, 1}.3.‘ Found: * €, 55.0; H, 5.5; N, 11.4. .

6-N-Benzyloxycarbonyl-2'-deoxyadsnosine (Z). 2'-Deoxyadenosine (§, 10.75 g,

42.8 mmol), imidazole (25 g, 380 mmol), t-buty1dimethylst1y1 chloride (28.6 g, 189
mmol) and pyridins {230 mL) were stirred for 2 days. The reaction mixture

was then poured 'ft: ice water (1 L) and extracted with CHC13 (2 x 300 mL),

the CHC] was evapsrated to give 2 1/1 mixture of 6 and a tris-silylated adenosine. v
In order to convert ihe tris-silylated material to 6, the residue was taken up in
200 mL of 80% agq. acetic acid. After 30 min at room tedperature, the reaction
'mtxture was poured into 1 L of ice water and extracted with CHC] Solid NaHCO3
was added to the organic phase which was stirred for 20 min then washed with water.
Drying and evaporating left a residue hh1ch was column chromatographed {Et O) to
‘yield the bis-silyl ether 6 (18.9 g, 92%): mp 128-130°C (1it. 3 mp 132 5-133°C);
]H NKR & 0.10 (s, 6H), 0.13 (s, GH) 0.97 (s, ]8H) 6.37 (t, 1H, 0= 6), 8 05

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

The bis-silyl ether 6 was added in one portion to a CH2C12 solution of 2

(400 M%), and the solution was stirred for 15 h and quenched with saturated haHCO3
The CHZC’I2 ]ayer was diluted with an equal volume of CHCI3, and the organic phase
was separated, washed with water, dried and evaporated. Treating the residue

31

with tetrabutylammonium fluoride®' in THF and evaporating the THF followed by

column chromatography (EtOH/CHC]3, 7/93) gave 6-N-Cbz-2'-deoxyadenosine (Z) in
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1 ]h NR

95% yield from 6 and 87% yield from 2'-deoxyadenosine (5): IR 1740 cm”
-6 5.20 (s, 2H), 6.30 (t, 1H, J=7), 7.3 (s, 5H), 8.13 (s, M), 8.47 (s, H);
w Nnax-(nm (e)) 267 (20,300). Anal. Calcd for 018H}905N5 0.8 H,0: C, 54.1;
» 5.2; N, 17.5. Found: C, 54.0; H, 4.9: N, 17.3.
E:i:k:%:£7- ccarbonyladeirine.  6-H-Cbz-2'-deoityadenosine (7) was dissolved

n 80% aqueous acetic acid and stirred at room temperature for & h. The solveni
was evaporated and the residue recrystallized from methanol giving 6-N-Cbz-
adenine: 217°C (dec): 'H MR 6 5.1 (s, 2H), 7.2 (s, 5}, 8.15 (s, 1H), 8.40

(s, 1H); UV Anax (nm (€)) 275 (13,000). Anal. Calcd for CISHllNSOZ: C, 56.0;

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

6- Pheny]th1o 2-‘-,heny1thiocarbony]—bis-3’,5'-0-(tert-buty1dimethy]si]y])-

- 2'-deoxyquanosine (Iu,. To 2'-deoxyguanosine (8 1.67 g, 6 25 mmol) in 30 mL

of pyridine was acdzd tert- buty1d1methy1sily1 ch]orlde (2.83 g, 18.8 mmol) and
the mixture was sti r::‘ for one week at room temperature then coo]ed to 0°C and
phenyl chlorothioformzate (21.5 g, 125 mmol) in 15 mL of pyr]dlne was added. The
mixture was stirred in the dark at room temperature for 5 h, and then poured inté
- 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
dfstil]ation (20 min, SOfC). Cdlumn chromatography of the residue on silica gel
(CHC]3) and recrystallization from methanol yielded 4.57 g, 85%, of ]g:. mp
129-130.5°C; IR 1700 (s)7cm'1; TR 8 0.08 (s, 6H), 0.12 (s, 6H), 0.93 (s,-18H),
6.33 (t, 1H, J=6), 7.3 (s, 15H), 8.30 (s, TH); UV Ana (nw (e)) 291 (17,900),
232 (28 700);.FDMS'(m/e) 859 ('), 802 (M+-C(CH3)3) 750 (u* -SC H5) Anal. Calcd
S,Si C, 58.6; H, 6. 2 H, 8.15 5, 1. 2. Found: C, 58.3;

a2Ms3Vs05535151
H, 6.2; H, 8.1; S, 11.4.

for C

6-0-Benzy]52-N-benzy1oxycarbony1-2’-deoxyguanosine_(11). Sodium (2.5 g, 100

mmol) was dissolved 1in benzyl alcohol (14.6 g, 120 mmol) and 15 mL of THF. The
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fesulting solution was cooled to 0°C, 10 (8.39 g, 9.76 mmol) 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), ihe bulk of the sp]vent vias evaporated at rcom
temperaturé, and the residue was dissol?ed in CHC13 and washed with water.
Evaporation at room temperature'fo]]owed by bulb to bulb distillation (20 v,
50°) left a residue which was trgatéd with tetrabutylammoniumbf]uoride in TEF

and column chromatographed (EtOH/CH613, 7/93) to givclll in 95% yield: IR 1750
cm"]; ]H~NMR ¢ 5.18 (s, 2H), 5.53 (s, 21i), 6.30 (t, 14, J=6), 7.3 (s, 10H), 8.00

(s, )3 WY A (nm (€)) 217 (40,400), 258 (14,900), 268 (15,500); FDHS (m/e)

max
+ + +

491 (M), 384 (M -C7H7), 356 (M -C02C7H7). Anal. Calcd for C25H25N506:

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

Preparation 3f I'-D-Methoxytritylnucleosides (lgg,g,g). The general

procedure26 for trityiation of acylated nucleosides was employed to prepare these
nucleosides which ware obtained as glasses in 80-90% yields after silica gel
chromatogréphy using the solvent noted. o

5'-O—Methoxytritx]-4—N—benzy1oxycarbony]-?’-dcoxycytidine (1;9): EtOH/CHC]3

(3/97); IR 1750 cn™'; TH NMR 6 3.7 (s, 3H), 5.1 (s, 2H), 6.15 (t, IH, J=6), 8.05

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

max
C37H35N307: C, 70.1; H, 5.6; N, 6.6. Found: C, 69.9; H,‘5.§; N, 6.6.
.5'-0-Methoxytrityl-6-N-benzyloxycarbonyl-2'-deoxyadenosine (lgg): EtOH/CHC13
(2/98); IR 1750 cm™'s "H MR 63.7 (s, 3H), 5.2 (s, 2H), 6.4 (t, IH, J=6), 8.1

(s» M), 8.7 (s, TH); UV (nm (€)) 234 (18,200), 268 (20,400). Anal. Calcd for

C38H35N506: C, 69.4; H, 5.4; N, 10.7. Found: C, 69.4; H, 5.5; H, 10.5.
5‘-O—Methoxytrity1—6—0-benzy1-2—N-benzyloxycarbony]f2'-deoxyguanosine‘(lgg):

EtOH/chloroform (4/96); IR 1750 (s) cm']; T NMR & 3.65 (s, 3H), 5.08 (s, 2H),
5.48 (s, 2H), 6.43 (t, ]h, J=7), 7.83 (s, ]H); uv Xmax (nm (€)) 235 (19,500),
268 (16,400). Anal..C§1cd. for C45H4]N507: C, 79.8; H, 5.4; N, 9.2. Found:
C, 70.9; N, 5.5; N, 9.1 '
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Preparation of Blocked Phosphodiesters (16a,c). The general procedure]3

for phosphorylation with the bis-triazolide 14 followed by hydrolysis of the
phosphorylated intermediate 15 with pyridine/TEA/HZO was used to synthesize

16a and ¢. Thay were obtained in 99 and 97% yields respectively by precipitation

~

Troi CHC]3 with iscoctane and werce pure by HPLC (B, 1b).

5'-0-Methexytritylthymidine-3'-0-(2-chlorophenyl)phosphate_Triethylemusnivs
Salt (16a): T R € 1.2-1.4 (m, 124), 3.1-2.9 (m, 6H), 3.8 (s, 3i), 6.5 (=, 1),

~

7.4-6.8 (m, 18H).

5‘-0-Methoxytrity1-6-N-benzy1oxycafbany]—?'—deoxyadenosine-3'-0-(2—chloro-'
— : ]

phenyl)phosphate Triethylamine Salt (1§g): HNMR 8 1.26 (t, 9H, J=7), 2.98

" (q, 6H, J=7), 3.75 (s, 3H), 5.28 (s, 2H), 6.51 (t, 1H, J=6.5), 8.02 (s, IH), 8.65
(s, 1H). ‘ '
Preparation of Fully B]ocked-Nuc1éot1des (IZQ;E,Q; 18b,d). Intermediates

17, 18a,b,c,d were g=nerated from 2-chlorophenylphosphodichloridate (250 mol %),
triazole (500 mol %) znd triethylamine (500 mol %) in THF according to a reportsd
procedure32 from 13a,b,c,d (100 mol %). They were treated with either methaﬁol
or B-cyanoethanol to give the triesters 17a,c,d and 18b,d. A1l were isolated

after silica gel column chromatography with the solvent noted.

5'-0-Methoxytrityl-2'-deoxythymidine-3'-0-methyl-(2-chlorophenyl)phosphate

(17a): CH,OH/CHCI, (5/95); 40% yield; 'H WMR & 1.4 (s, 3H), 3.7 (s, 31), 3.8 (2¢,
e 3 3 .

3H, J=12), 6.3 (m, 1H); UV A (nm (€)) 231 (16,500), 267 (10,800). Anal.

max
Calcd for C37H36C1N202P: C, 61.8; H, 5.0; N’,3'9' Found: C, 61.7; H, 5.3;

P

N, 4.0.

5'—O-Methoxytrity]46-N-benzyloxycarbony1-2'-deoxyadenosine-3'-Oemethy]-(Z—

TH kMR 6 3.65 (s,

chlorophenyl)phosphate (lZE): CH30H/CHC]3 (1/99); 50% yield;
3H), 3.75 (d, 3H, J=12), 5.2 (s, 2H), 6.3 (m, 1K), 7.9 (s, 1H), 8.5 (s, 1H);.

W Anax (nm (e)) 237 (17,400), 269 (]9,309). Anal. Calcd for C44H4]C1NSOQP:

et



v 5'-O-Methoxytrity]-6-0-benzy1-2+N-benzy]oxycarbony1-2'-decxyguanosine—3'-O:

CyHy g0, 0P
5! O Lethwxytr1ty1 4-N- -benzyloxycarbonyi-2'- -deoxycytidine-3 0 {2-chloro-

QLeny1)—(2—cvanoethy!)phosphate nEb): cH 0H/CHC1, (5/65); 97% yield;

(50 mL) and then 1.12 g of anhyd. Znur2 and 200 uL of methanol were added. The

C, 62.6; H, 4.9; N, 8.2. Found: C, 62.5; H, 5.0; H, 8.1.

methy]tiz-chloropheqyl)phosphate (17d)- EtOH/CHC] (2/98); 604 yield; IR 1750
w15 TR 63,70 (s, 3H), 3.85 (d, 3, 9- 11), 5.18 (s, 2H), 5.57 (s, 21), 6.33
(t, 1H, J= 7) 7.83 (s, 1H); Uy Wav (nm (<)) 268 {15, 700) An"; C2led. for

C, 64.5; H, 4.9; i, 7.2 Found: C, 64.4; H, 5.0; M, 7.2,

]H MR

§ 2.6-2.8 (m, 2H), 3.80 (s, 3H), 4.3-4.5 (m, 3H), 5.25 (s, 2H), 6.35 (m, 1H),
8.10 (d, H, 9=7.5); WV 2 (nm (e)) 236 (22,000), 294 (7, 000) Anal. Calcd
for Cuehy,Cl,0, .2 2,00 C, 61.7; H, 5.0; N, 6.3. Found: C, 61.7; H, 4.9; N, 6.!

5'-0-Methoxytrit '1---3-benzy1 2~ N -benzyloxycarbony1- -2'-deoxygquanosine-3*- 0-

{2-cyanoethyl)- (*-f':oropheny])phc;phate (]8d) EtOH/CHC] (2/98) 78% yield;
R 1750 en”'s T wiR 8 2.7 (m, 2H), 3.74 (s, 3H), 4.4 (s, 2H), 5.20 (s, 2H),
5.60 (s, 2H), 6.4 (=, 1H), 8.8 (s, 1H); UV Xmax (M (€)) 257 (15,300), 267
(15,300). Anal. Calcd. for CoqHagliMg0y Pt €, 64.4; H; 4.8; N, 8.3.

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

Detritylation. Procedure A. The monomefhoxytrity] group was removed

with 2% benzenesu]fonic acid as descr'ibed.m’z0 The crude products were column
chromatographed on silica gel in the solvents noted and isolated as glasses in
the yields stated (Table n. _

' Procedure B. The dimer 33 (1. 30 g, 0.92 mmo]) was dissolved in CH2C12

suspension was stirred at room temperature for 15 min, 100 mL of 1.0 M ammonium
acetate was added, the solution was extracted with ch]oroform,.the chloroform
was evaporated; and the residuevwas column chromatographed to give 35 in 603

yield.
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Procedure C. To §3 (300 mg, 0.21 mmol) was added 12.5 m. of a saturzted
“solution of'ZﬁBr2 in CH3N-02 (0.076 M), the mixture was stirred. for 90 min ot

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

4-N-Benzyloxycafboqy1-2'-deaxycytidine-3'-O—(Z—gyanoethy])-(Z-Ch]orophgngZ;
-

phosphata (200): CHCYS/CH,CH, 97/3; 851 yield; 'H-HRE 2.8 (t, 24, J=6}, 5.20

(s, 2H), 6.20 (m, WH), 8.13 (d, W, J=7); UV »___ (ma (c)) 262 (15,100), 255

max
(7,500). Anal. Calcd for C26H26C1N409P: C, 51.6;'H, 4.3; N, 9.3. Found:
€, 51.4; H,.4.5; M, 9.1.

6—0-Benzy1-2-N-benzy]oxycarbony]—Z'-deoxyguanosine-3'-O—methy]-(2-ch10ropheny])—

phosphate (19d): CHC1,/EtOH, 97/3; 70% yield; 'H N'R & 3.92 (d, 3, J=11),
5.18 (s, 2H), 5.51 (s, 2H), 6.23 (t, LH, J=7), 7.90 (s, 1H); UV Apax (M (e))
254 (12,300), 270 {12,300). _Anal. Calcd for C32H3]CTN509P: c, 55.2;‘H, 4.5;

N, 10.1. Found: C, 55.3; H, 4.4; N, 10.0.
Gingenzy1-Zjﬂ-ben;v?oxycarbony]—Z'-deoxyguanosine-B'fgf(Z-cyanoethyl)—(g:
chlorophenyl)phosnhate (ggg): CHC13/Et0H, 99/5; 85% yield; ]H MR 8 2.8 (t, 2H,
J=7), 5.24 (s, 2H), 2.61 (S,FZH), 6.3 (6,_]H), 7,8é (s, 0.5H), 7.85 (s, 0.54);
W A (nm (£)) 255 (15,400), 267 (15,600).. Anal. Calcd for C3gH3pCIN0GP:

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

Removal of B-Cyanoethyl Groups was accomplished as described20 to give 34

and ﬁl in >95% yield, pure by HPLC: §g: Ri 5.2 min (B, le). 41: Rt 7.2 min
(8, 1d). ' ‘
3'-0—Levu1iny]—6-0—ben2y1—Z-N-benzyloxycarbonyl-2-deoxyguanosine (22). To

trityl ether 13d (1.84 g, 2.41 mmol) in 25 mL of pyridine was added 2.0 mL of
levulinic anhydride33 and the mixture was stirred at room temperature for 12 h.
The reaction was quenched with 5% NaHC03, e*tracted with CHC]3, the solvent
was evaporated, the residue was.treated with 2% benzenesulfonic acid,20 and the

crude product column chromatographed on silica gel (CHC13/EtOH, 95/5) to give

t‘
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W NER 6 2.15 (s, 3H), 2.6 (m, 44), 5.17 (s, 2k),

22 in 79% yiceld as a glass:
5.50 (s, 2H), 6.2 (dd, TH), 7.85 (s, TH); UV dmax (M0 (2)) 257 (13,100, 268
(13,100). Anal. Calcd for C3glaiNs0g: €, 61.15 H, 5.3; N, 11.9. Found:

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

5 :9-(4—Ch10rophenaxyacety]):6 ~benzyl-2-N- benz zylosycarbonyl-2* -deoxyquirss i
(28). To blocked guanosine 11 (0:50 g, 1.0 mmol) in 40 mL'C”3CN and 5 L.
pyridine at room temperature vas added over 2 h via syringe 4-chlorophanoxy-
acetyl QL:O“1C° (250 'mg, 1. 2 mmol) in 5 mL of CH3LN, and the reacticn mixture
was stirred for 2 h at room temperature then poured into 5% NadCO3 " The aquoou
suspansion was EXtTaCLEd w1th CHC]3, the CHC] was dried and evaporated and
the residue was 551,'n chromatographad (CHC] /EtOH 97/3) to give 0.56 g, 4%
yield of gg:_ ]H-T:Z 34.50 (s, 2H), 5.13 (s 2H), 5.47 (s, 2H), 6.38 (t, H, 9= 7),'
. 7.8? (s, 1H); U¥ Rmax (nm (€)) 257 (14,900), 269 (15,400). Anal. Calcd for
C, 62.0; H,'4}6; N, 10.6.. Found: C, 59.6; H, 4.5; N, 10.6.

033 30N508C1: | |
. Phosphate Ccupling Reactions. General Procedure._The phosphate coupling

reactions were pericrmed as described}4’]6, The p}oducts were column éhrbmato-
graphed using 5;10§ £t0H or CH3OH in_CHC]3 for elution and the results are
summarized in Tables I and II. ‘

The 3‘-—3‘l dimers were prepared from phosphodioesters 16a c and the 5'-
blocked monomers from 3b énd 28 Witﬁ TPS-NT as abdve. The ch1orophenoxyaceLyI
~ - or benzyl carbonate groups were removed as descr1bed33w1»hout 1solat1ng the

fully protected dlmnr
5~ (CH 0) TrTpc - CbZpp6-H-Cbz,)c6-0-Bn, 2-N-Cbz_j (42). To the fully

protected tetramer §Z (66 mg, 0.027 mmol) in 1.0 mL of pyridine was addad SO mg
of hydrazine hydrate in 1 mL 3/2 pyridine/HOAc. . The mixture vas stirred at room
temperature for 5 min, cooled to 0°C, 2,4-pentanedione (0.5 mL) was added, and

the solution stirred for 15 min more. The mixture was added to 50 mL of rapidly
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stirring ether, and the 65 mg of precipitated product collected. This product
was contaminated with low ho]ecu]ar weight byproducts and was purified by HPL
(EtOH/CHC]3, 4/96) to give pure 42, 49 mg; 0.20 mmg1, 74% yield, Rt (B, 1e)
9.8, 10.8 min. |

]
k. ¢ et

Removal of K-Berzylexycarbonyl and 0-Benzyl Groups by Transfer Hydirogznoivsis. .

General procedure. To the catalyst (100 wt % per Cbz and benzyl group) in a

16 x 3 cm test tube was added a-so]ution (EtOAC/EtOH, 1/1) of the substrate
. (10 mg/mL) and cyclohexadienz (0.5 mL per 30 mg’of substrate) and the
-suspension was mixed with a Vibro Mixer under a nitrogen atmosphefe for the time
specified in Table I. APd/C (10%, Engelhard) was used as is. Palladium
hydroxide on carben {(Aldrich) was hydrogehated for 1 h (50 psi) in ethanol before
use. Palladium blazk Qas frésh]y generated from palladium acetate (Engelhard)
in water (50 psi Hz for 1 h); then washed twice with water and then twice with
ethanol. For the h;éroéeno]ysis of 1%, 30 mg was treated in 6 ml of solvent with
0.5 mL of.cyc1ohexadiene and palladium b]ack'from_120 mg of palladium acetate
for 24 h. The resulting diastereomers (30 mg) were readily separated on HPLC
(A, 1d). | -
p(T-C-A-G) (iﬁ); Removal of the 2-chlorophenyl groups from 30 mg of ﬂg

was effected with p-nitrobenzaloximate as described."4b

After 36 h, the solvent
was evaporated and the résidue, which contained the‘(MeO)Tr blocked tetramer, was
dissolved in 10 mL of 80% HOAc and stirred at room temperature for 5 h to remove the
(1e0)Tr group. The solvent was evaporated and the tetramer ig was freed of organic
material by partitioning the residue between 0.01M Et3N/H0Ac buffer (pH 7.0)

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

(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 ug) was dissolved

in 100 yL of 0.1M NH40Ac (pH 6.5) and 1 unit of spleen phosphodiesterase was

i REES 0 e el s )

W~
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added. The mixture was incubated at 37° for 18 h, then analyzed by HPLC (A, 3).
A mixture of 5'-HOTp, 5'-HOdCp, 5'-HO0dAp, and dG was obtained in a ratio of 1.1:
0.9:1.1:0.9. ‘ ' |

- Stability of Pykimidine Bases to Transfer Hydronation Conditions. When

thymidine (Jgg) is subjected to the transfer hydrogenition conditions cescribed

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

showed that no diﬁydrothymidine (§§) was-producedp' Under these HPLC conditicns,

dihydrothymidine_(ﬂ?) is cleanly separated from thymidine (Jg). then 4-5;Cbz-dt12b
was subjected tovthese reaction conditions for 24 h,AZ‘—deoxycytidine (Jg) is

iso]ated‘as the sole nuc]eosidié product, and no 2'-deoxydihydrouridine (5?)

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

treated with hydrozsn over IOZHPd/C in EtOAc/95% EtOH in a Parr apparatus,‘

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

separations were manitored at 220 or 230 nm.
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Table 1. Synthesis of Nucleotide Dimers from 3'-Hydroxyl Nucleosides.

, . - 3'+5' dimer
diester nucleoside  coupling agent % yield (Rt)a

3'3' dimer
% yield (Rt)

(mmo1) | (inmo1) | im0} %)
19 (1.0) 5 (1.2) Ms-KT (650) 53 (9.4,12.6)"
180,00 5 (1.2)  TRST (650) 58
19 (1.0) 5 (1.2)  Tes-NT (150) 63
18 (.88) §'(i.1) TPS-HT (200) 73 (16;8)

@ HPLC retention times, Rt’ in minutes.

b Column B, solvent system lc.

¢ Column B, solvent system la.

<2 (7.6,8.0)P

<2

7 (12.0)¢

22,
5,

28,

e

31,

~a

5,

-

31,

e

8,

26

-other products,
.5 yield

1
44

16

35

15
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Scheme 1. Preparatidn of Base-Blocked Deoxyribonucleosides
Scheme I1. Preparation of Blocked Honodeoxyribonucleotides

§Ebéme 111. Preparation of Oligodeoxyribonuc]éotidcs
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