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The cis opening of glycal epoxides with arylaluminum reagents provides strict stereocontrol in
—glycosylation —deoxygenation sequence.

are obtained from known glycals by an epoxidation
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C-glycosylation.  f-Aryl- C-2-deoxynucleosides

The replacement of nucleobases in oligodesoxynucleotidesothers!’~2° have incorporated polycyclic aromatic hydro-
by designed surrogates is a frequently applied approach tocarbons as a means of studying the mechanism of DNA

confer new functions to DNA-* Aromatic base surrogates

methylation and DNA repair. Interesting opportunities also

have been introduced with an aim to explore molecular are provided by fluorescent base surrogates which have utility

interactions in DNA—DNA and DNA—protein recognition
processes. For examplg;glycosidically linked aryl groups

as spectroscopic probés.
Most studies have relied on the useftonfigured 1-C-

have allowed the role of hydrogen bonding and stacking to aryl-2-deoxynucleotides, which mimic the anomeric stereo-

be discerned in DNA duplex formatién? Aromatic base

chemistry of natural nucleosides. A crucial step in the

surrogates can be accepted by DNA-polymerases and haveynthesis of these building blocks is theselective incor-

thus been used to extend the genetic & °We 6 and
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poration of the aryl moiety? The commonly used coupling
of O-toluoyl-protected 1-chloro-2-deoxyriboside (Hoffer's
chlorosuga®® with arylcadmium, arylmagnesium, arylzinc,
or arylcopper reagents yields mixtures of anomers, with the
less desiredx-anomer as the major compoutfet*2° Sub-
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sequent acid-catalyzed anomerization reactions allow a shiftsuitably protected 1,2-anhydroribose suclhg® = TBDPS,

in the anomeric ratio to provide theproduct in exces$ 26 R' = TMS) was required. The known G-protected glycal
Friedel-Crafts alkylation of activated aromatic hydrocarbons 4 was synthesized from thymidine as described (Scherfie 2).
using Lewis acids and methoxysugars as glycosyl donors
provides direct access to predominanfiyC-aryl nucleo-
sides?” In all of these syntheses, laborious separation from
the a-anomers is still a necessity and, at times, a most

challenging step. Higlfi-selectivity has been reported for i)(
/

Scheme 2. Synthesis of Protected 1,2-Anhydroribose

methods that draw upon the coupling of aryllithium reagents
to benzyl- or disiloxane-protected 2-deoxyribonolactdrés RO o N’@O |(-|N|\;|5)SS%8°/ TBDPSO o
Two subsequent stereodifferentiating reactions are combined o Se—
in a reaction sequence that comprises palladium-catalyzed OR’ OR’
coupling of aryl iodides with glycals and reduction of the 1 R=R=H 3 R'= TMS
3'-keto group® We envisioned that the stereoselective  TBDPS-CI, [ ’ Ri‘gr:' [ ’

. . . . pyridine,
opening of epoxides with arylmetal reagents should provide pwmaP, 77% 2 R = TBDPS 70%
DMDO, l

a more facile means of exerting strict stereocontrol in R'=H 4 R=H
C-glycosylation reactions. The trans opening of 1,2-anhy- CH.Cl,
droribose has been used for the preparation of nucleo¥ides.

To our surpriseC-glycosylation with 1,2-anhydro furanoid ,— 5,R'=H TBDPSO o
sugars has not been described. In this paper, we present our V4 S a
study on the diastereoselectiv&glycosylation with 1,2- L> r=Tms 5

anhydro sugars. It is shown that the coupling of arylalumi-
num reagents with 1,2-anhydroarabinose enables rapid and

p-selective syntheses of-C-aryl-2'-deoxynucleosides con-  The free 3-hydroxy group it was necessary to achieve the
taining interesting aryl aglycons such as methylnaphthalenesgesired selectivity in the epoxidation of the 1,2-double bond
and phenylnaphthalenes. It has been noted previously thafrom the a-side to furnish 1,2-anhydroribose Next, the
glycosylation of heterocycles via glycal epoxide intermedi- 3-hydroxyl group was protected in the presence of the
ates proceeds with high diastereoselecti¥itwe reckoned epoxide5; this was required to render theydroxy group,
that the trans-selective opening of 1,2-anhydroribbseith after epoxide opening, amenable to Barton deoxygenation.
organocuprates followed by deoxygenation would provide However, attempts to reinstall the 3-O-TMS ethebiwere

the desired X:-aryl-2-deoxynucleoside in pufganomeric  plagued by concomitant opening of the epoxide. After
form (Scheme 1). As an alternative entry we considered the noticing the high reactivity of the glycal epoxide it was
deemed important to avoid protecting group manipulations
at this stage of the synthesis.

OrR ©O

Scheme 1. Diastereoselectiv€-Glycosylation via It was anticipated that a cis opening of the 1,2-anhydroara-
1,2-Anhydro Furanoid Sugars binose 8 would allow the synthesis of aryl-3-C-arabino-
RO RO Ar nucleoside® featuring an unprotected hydroxyl group at
\(O? ArCuX \\(O\// carbon-2 (Scheme 3}.The required epoxid@ was obtained
Ay > 1] \ from the known glycal® (prepared by a two-step synthesis
or © OR" OH

from thymidine in 86%) by treatment with dimethyldioxirane
RO o Ar (DMDO) in dichloromethane at OC. Epoxidation of the
S V4 fully protected glycal7 occurred selectively from the-side.

/ The subsequenC-glycosylation reactions were explored

OR’ ) :
RO o RO HO ar using the naphthyl group as aglycon. Treatmen8 afith
W(O\ﬂ ArAIX; W(O\V 1-naphthyllithium in the presence of aluminum trichloride
B ~ . . . .
éR, Cl)R, conferred the desired cis opening. However, TLC analysis

revealed the formation of various byproducts. Attempts to
minimize decomposition by using BfEtO for cis opening
did not furnish the desired produ@t The reaction of glycal
epoxide8 with trinaphthylaluminum, itself obtained from
naphthyl Grignard reagent and aluminum trichloride, pro-
ceeded smoothly. The characteristic cross-peaks foahid'
H4' in the NOESY spectrum confirmed tifieconfiguration

cis-selective opening of the glycal epoxi@ehaving the
arabino configuration.

We first attempted the trans-selective opening of glycal
epoxideA having the ribo configuration. The synthesis of a
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4238.
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Scheme 3. Cis-Selective Opening of 1,2-Anhydroarabinose Scheme 4. Synthesis off-Aryl-C-nucleosidesl7a—d
0 O o]
\/(4 1) TBDMS-C],
7/ NH TBDPS-C|, Qf' NH ] NH pyrédme[ -
pyridine, TBDPSO imidazote, TBDMSO
Ho\ o N&O imidazole, o N&o HO N/\K 2) (NH)SO,, e
by 98% o O HMDS. 71% y
1 ) » 6 1 _ = 12
OH OTBDPS OH OTBDMS
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R =TBOMS, 1gb, 88%

16c, 68%
0,
N O TBAF. 16d, 86%
TBDPSOT RO __/ TBDPSO THF
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R =H 17b, 98%
I ' 17c, 99%
OTBDPS OTBDPS 17d, 99%
10a, R = PhOC(S) 11
10b, R = ImC(S) Ar=
10c, R = MeSC(S) r= CHa

(0 l 0 0
f-C-arabinonucleosid® was afforded in 70% combined
a b c d

yield. The next step was the deoxygenation of thiy@iroxy
group of the arabinonucleosi@eThe phenylthionocarbonate
10a, thiocarbonylimidazold0b, and methyl xanthat&Oc

were synthesized. However, attempts to achieve the deoxy-(trimethylsilyl)silane and AIBN (Scheme 4). The two-step
genation of 10a—c by using tributyltinhydride or tris-  Barton deoxygenatidAfurnished the 2deoxynucleosidé6a
(trimethylsilyl)silané? as the reducing agent, and AIBN failed in 82% yield. Final desilylation was performed by treatment
to deliver significant yields of desired produtt. with tetrabutylammonium fluoride in tetrahydrofuran to
We presumed that the deoxygenation was not successfulafford fully deprotected '2deoxy-1-3-naphthylnucleoside
due to the bulkiness of the two TBDPS groups and we 17&24in 98% vyield.
reasoned that the use tdrt-butyldimethylsilyl (TBDMS) After having secured synthetic access to fhaeaphthyl-
protecting groups would provide less steric hindrance. To 2'-deoxynucleosidd7a, we explored the generality of the
investigate this assumption, the TBDMS-protected glycal route. Within an ongoing project toward the use of bulky
128! was prepared from thymidine. Epoxidation X2 and base surrogates as probes of enzymatic DNA methylation,
cis opening of epoxidd.3 with trinaphthylaluminum was  we were in need of methyl- and phenylnaphthalene-based
performed as described for TBDPS-protected glytarhe arylnucleosidesl7b—d. The required bromonaphthalenes
1-naphthylg-C-arabinonucleosidé4awas obtained in 50%  20b—d were synthesized starting from 5- and 7-bromote-
yield from 12. Importantly, the 35'-O-TBDMS-protected  tralonesl8b,c(Scheme 53 The reaction with methylmag-
arabinose derivative was amenable to deoxygenation. In thenesium chloride at OC furnished alcohol49b and19cin
event, the 2'-hydroxyl group was allowed to react with

thiocarbonyldiimidazole followed by treatment with tris- L l(g?% Bfét?04n' 1Déstf|{ R.; McCombie, S. W. Chem. SocRerkin Trans.
(34)’Cornelius, L.. A. M.; Combs, D. WSynth. Commun1994, 24,
(32) Chatgilialoglu, CAcc. Chem. Red.992,25, 188—194. 2777—-2788.
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A survey of the important methods for synthesigedryl-
Scheme 5. Synthesis of Naphthalen@9b—d C-nucleoside synthesis reveals that the shortest routes are
provided by methods that lack diastereoselectivity in the

3
R i RMgBr. THF R S C-glycosylation step. For example, the use of_arylcadrr_ﬂum
T, reagent¥' and Hoffer's chlorosugat requires six steps in
total to furnishg-aryl-C-nucleosides in up to 14% overall
R2 R2 yield. The use of arylcopper reagents has allowed for
18b,R'=Br,R2=H 19b, R! = Br, R2 = H, R® = Me, 80% improvements of theC-glycosylation step; however, the
18¢,R'=H, R?=Br 19¢, R =H, R? = Br, R® = Me, 75% desired S-anomer still is formed as minor compoutd.
19d, R" = H, R? = Br, R® = Ph, 65% Predominant formation g8-products has been observed in

Friedel—Crafts glycosylation chemistry, in which a Lewis

Phz;COH, TFA . . .
¢ i acid induced the reaction of methoxy sugars with arenes to

R® allow most rapid access, four steps in total, to &yl-
20b,R'=Br, RZ=H, R®= Me, 78% N nucleosided’ This route is restricted to.ellectron—rich arenes
20c, R' = H, R? = Br, R® = Me, 70% (Hammett-Browns™ arene < —0,4). In addition, the8-product
20d, R" = H,R*=Br, R® = Ph, 63% . still has to be separated from minor amounts ofctkenomer,

R which can be difficult. Diastereoselectiv@-glycosylation

can be achieved by Heck-type couplings of arylpalladium
] ] _species to glycal® The yields that have been reported for
80% and 75% yield, respectively. Subsequent treatment with o seven-step synthesis vary between 12 and 88% he
TFA and triphenylmethanol Qellveored the ;:orrespondlng reaction ofO-benzyl-protected ribonolactone with aryllithium
bromonaphthaleneX0band20cin 78% and 70% yield. The  1oaqents and subsequent silane reduction also provides
preparation pf 5-brom0-1-ph§nylnaphthalé_?@!d was ac- B-selectivity in aryl-2-deoxynucleoside synthesisAryl-
complished in 41% overall yield by exposing 5-bromote- ¢_nycleosides were obtained in 3% overall yield after 10
tralonel8cto phenylmagnesium bromide followed by acid-  steps starting from commercially available ribose. The use
mediated aromatization. . of disiloxane-protected 2-ribonolactone allowed short syn-
For the synthesis of thé-Beoxy-1-4-naphthylnucleosides  iheses ofC-nucleosides in high yield with up to 83%
14b—d, the bromonaphthalen@db—d were converted 0 giastereomeric exce@The cis-opening of 1,2-anhydroara-
the corresponding trinaphthylaluminum reagents via Grignard yinose by arylaluminum reagents described by us proceeds
intermediates. Sequential epoxidation of glytaland cis- \yith exclusive f-selectivity and requires 7 steps, two of
seloectlve opening of glycal epoxid proceeded with 46 hich (epoxidation-glycosylation and two-step Barton deoxy-
65% combined yield. To reduce the amount of aryl equiva- genation) can be performed consecutively without purifica-
lents in the organoaluminum reagent the use of dimethyl- fjon |nterestingly, aryl-C-nucleosides such as thegbxy-
naphthylalummum was mvestlgateq. Ir_1 this case (method 1'-C-phenylnaphthylnucleosidé7d are obtained in up to
2), the combined yield of th(g epoxidati@glycosylation 2604 gverall yield. The convenient protocol compares well
sequence amounted to 41% for the naphthyl- and the g existing methods of anG-nucleoside synthesis and avoids

phenylnaphthylnucleoside4a and 14d and 44% and 22% o mpersome steps such as iodoarene synthesis or separation
for the methylnaphthylnucleosidédcand14b, respectively. of anomeric mixtures.

Remarkably, the reaction still proceeded with exclusive cis
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trimer (see the Supporting Information). In progressing to
the desired 2'-deoxynucleosides, the 2'-hydroxyl groups in
arabinose derivativeb4b—d were removed by means of the
described two-step procedure. The deoxygenation at the
TBDMS-protected arabinose again proceeded smoothly.
Deprotection of thg-anomeric 2deoxyribosec-nucleosides  OL061701P

16b—dwas performed by fluoride-mediat€tdesilylation.

Column chromatography furnished the unprotected @ryl- gg; Eir,]aar.]gs'.;H'sﬁiiéi;%éVSi'l\%ér%/,Cl)_r.gA.;Cr(]seo%l,géﬁéiﬁ'eﬁgg)}%%?'
nucleosided 7b—d in excellent 98—99% vyields. 43, 1440—1448.
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