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A novel modular and practical methodology for preparation of 6-substituted pyridin-3-yl C-nucleosides
was developed. The Heck reaction of 2-chloro-5-iodopyridine witlr8BMS-protected glycal gave

a 6-chloropyridin-3-yl nucleoside analogue, which was then desilylated, selectively reduced, and reprotected
to give the TBDMS-protected 6-chloropyridin-3-yl C-@eoxyribonucleoside as a pufeanomer in a

total yield of 39% over four steps. This key intermediate was then subjected to a series of palladium-
catalyzed cross-coupling reactions, aminations, and alkoxylations to give a series of profe¢fed 1
alkyl-, 6-aryl-, 6-hetaryl, 6-amino-, andtéft-butoxypyridin-3-yl)-2-deoxyribonucleosides. 6-Unsubstituted
pyridin-3-yl C-nucleoside was prepared by catalytic hydrogenation of the chloro derivative and
6-oxopyridine C-nucleoside by treatment of theée®-butoxy derivative with TFA. Deprotection of all

the silylated nucleosides by §&-:3HF gave a series of free C-nucleosides (10 examples).

Introduction the C-nucleosides are efficiently incorporated to DNA by DNA

C-Nucleosides are an important class of compounds CharaC_polymeraseé.;however, further extension of the duplex is much

terized by replacement of :flabile glycosidic- %ond by a more problematic. Recent studies show crucial importance of
. : minor-groove interactiod$ of the artificial nucl with th

stable hardly degradable— bond. C-Nucleosides bearing or-groove interactiori$ of the artificial nucleobase with the

hydrophobic aryl groups as nucleobase surrogates attract greai}nzyme. Therefore, the most promising candidates for efficient

attention due to their use in the extension of the genetic ' corporation and extension are the triphosphates of hetaryl-C-

alphabet In oligonucleotide duplexes, they selectivel a?r with nucleosides;? such as pyridine nucleosides, possessing equivo-
P ) 9 P - they y P dcal nature between hydrophilic and hydrophobic species.

the same or other hydrophobic nucleobase due to increase

packing and favorable desolvation energy as compared to (1) Reviews: (a) Wang, L.; Schultz, P. Ghem. Commu2002 1—11
canonical hydrophilic nucleobasedriphosphates of some of (b) Henry, A. A.; Romesberg. F. Eurr. Opin. Chem. Biol2003 7, 727—
733. (c) Kool, E. T.; Morales, J. C.; Guckian, K. Mngew. Chem.Int.
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There are several synthetic approacdie<C-nucleosides: (i)
additions of organometallics to ribono- or 2-deoxyribonolac-
tones?89 (ii) coupling of a halogenose with organometallics
(usually highly toxic diarylcadmium speci€sr arylcuprates);

(iii) electrophilic substitutions of electron-rich aromatics with
sugars under Lewis acid catalysfs(iv) Heck-type coupling
of aryl iodides with glycal%13-15 or opening of glycal epoxides
with arylaluminum reagent$.Most of these approaches suffer
from rather poor yields and/or insufficient anomeric selectivity

Joubert et al.

C-nucleoside intermediates and their further use for a generation
of a series of diverse derivatives. Recently, we have developed
a modular approach consisting of the preparation of 3- and
4-bromophenyl C-nucleosid€sor 6-bromopyridin-2-yl C-
nucleosidé? followed by displacement of the bromine for alkyl,
aryl, or amino substituents by cross-coupling reactions and
Hartwig—Buchwald aminations. Other groups have recently also
applied this approadh?°for analogous C-nucleosides. Another
modular methodology was based on construction of an aromatic

and necessity to optimize reaction and separation conditions forring on deoxyribose by cyclotrimerizations of 1-ethynyl-2-

each particular C-nucleoside, which makes it very difficult to
prepare larger series of derivatives. Often the targele®xy-
ribo-C-nucleosidé<$ must be prepared indirectly via additions

deoxyribose witho,w-diynes?! As the pyridine C-nucleosides
are important analogues of pyrimidine nucleosides and there
are just a few rather scattered examples of syntheses of 3-pyridyl

to ribonolactones, followed by reduction and Barton deoxygen- ribo-??2 and 2-deoxyribonucleosidé42 we wish to report here

ation at the 2position. Therefore, development of a general

on a modular and practical synthesis of diverse 6-substituted

and also possibly modular approaches to the synthesis of theseyridin-3-yl C-nucleosides.

extremely important compounds is still of great interest.
We are currently involved in the development of modular

Results and Discussion

methodologies based on larger scale syntheses of versatile Our selected approach of choice for the synthesis of a series

(2) (@) Ogawa, A. K.; Abou-Zied, O. K.; Tsui, V.; Jimenez, R.; Case,
D. A.; Romesberg, F. E]J. Am. Chem. So200Q 122 9917-9920. (b)
Wu, Y. Q.; Ogawa, A. K.; Berger, M.; Mcminn, D. L.; Schultz, P. G;
Romesberg, F. E1. Am. Chem. So200Q 122 7621-7632. (c) Guckian,
K. M.; Krugh, T. R.; Kool, E. T.J. Am. Chem. SoQ00Q 122 6841
6847. (d) Parsch, J.; Engels, J. W.Am. Chem. SoQ002 124, 5664~
5672. (e) Lai, J. S.; Qu, J.; Kool, E. Angew. Chemlnt. Ed. 2003 42,
5973-5977. (f) Lai, J. S.; Kool, E. TJ. Am. Chem. So@004 126, 3040
3041. (g) Reha, D.; Hocek, M.; Hobza, Rhem—Eur. J.2006 12, 3587
35095.

(3) (a) Henry, A. A.; Olsen, A. G.; Matsuda, S.; Yu, C.; Geierstanger,
B. H.; Romesberg, F. El. Am. Chem. So2004 126, 6923-6931. (b)
Henry, A. A;; Yu, C. Z.; Romesberg, F. B. Am. Chem. SoQ003 125
9638-9646. (c) Hwang, G. T.; Romesberg, F.Nficleic Acids Re2006
34, 20372045. (d) Matsuda, S.; Henry, A. A.; Romesberg, FJEAm.
Chem. Soc2006 128 6369-6375.

(4) () Kim, Y.; Leconte, A. M.; Hari, Y.; Romesberg, F. Bngew.
Chem, Int. Ed. 2006 45, 7809-7812. (b) Leconte, A. M.; Matsuda, S.;
Hwang, G. T.; Romesberg, F. Engew. ChemInt. Ed. 2006 45, 4326~
4329.

(5) Beckman, J.; Kincaid, K.; Hocek, M.; Spratt, T.; Engels, J.; Cosstick,
R.; Kuchta, R. D.Biochemistry2007, 46, 448-460.

(6) Leconte, A. M.; Matsuda, S.; Romesberg, FJEAmM. Chem. Soc.
2006 128 6780-6781.

(7) Wu, Q. P.; Simons, CSynthesi®004 1533-1553.

(8) (@) Matsuda, S.; Romesberg, F. E.Am. Chem. SoQ004 126
14419-14427. (b) Mathis, G.; Hunziker, Angew. ChemInt. Ed. 2002
41, 3203-3205. (c) Brotschi, C.; Hzerli, A.; Leumann, C. JAngew. Chem.
Int. Ed. 2001, 40, 3012-3014. (d) Brotschi, C.; Mathis, G.; Leumann, C.
J. Chem—Eur. J. 2005 11, 1911-1923. (e) Zahn, A.; Brotschi, C.;
Leumann, C. JChem—Eur. J.2005 11, 2125-2129.

(9) Reese, C. B.; Wu, @rg. Biomol. Chem2003 1, 3160-3172.

(10) (a) Chaudhuri, N. C.; Kool, E. Tetrahedron Lett1995 36, 1795~
1798. (b) Ren, R. X.-F.; Chaudhuri, N. C.; Paris, P. L.; Rumney, S, IV;
Kool, E. T.J. Am. Chem. Sod.996 118 7671-7678. (c) Griesang, N.;
Richert, C.Tetrahedron Lett2002 43, 8755-8758. (d) Aketani, S.; Tanaka,
K.; Yamamoto, K.; Ishihama, A.; Cao, H.; Tengeiji, A.; Hiraoka, S.; Shiro,
M.; Shionoya, M.J. Med. Chem2002 45, 5594-5603.

(11) Beuck, C.; Singh, I.; Bhattacharya, A.; Hecker, W.; Parmar, V.;
Seitz, O.; Weinhold, EAngew. Chem.nt. Ed. 2003 42, 3958-3960.

(12) (a) Yokoyama, M.; Nomura, M.; Togo, H.; Seki, H.Chem. So¢.
Perkin Trans. 11996 2145-2149. (b) He, W.; Togo, H.; Yokoyama, M.
Tetrahedron Lett1997 38, 5541-5544. (c) Hainke, S.; Arndt, S.; Seitz,
0. Org. Biomol. Chem2005 3, 4233-4238.

(13) Sun, Z.; Ahmed, S.; McLaughlin, L. W.. Org. Chem2006§ 71,
2922-2926.

(14) (a) Wang, Z. X.; Wiebe, L. I.; De Clercq, E.; Balzarini, J.; Knaus,
E. E.Can. J. Chem200Q 78, 1081-1088. (b) Hderli, A.; Leumann, C.

J. Org. Lett 2001, 3, 489-492.

(15) (a) Daves, G. D., JAcc. Chem. Red.99Q 23, 201-206. (b) Farr,
R. N.; Daves, G. D., Jd. Carbohydr. Cheml199Q 9, 653-660. (c) Farr,
R. N.; Kwok, D.-l.; Daves, G. D., JrOrganometallics199Q 9, 3151
3156. (d) Farr, R. N.; Kwok, D.-I.; Cheng, J. C.-Y.; Daves, G. D.,Jr.
Org. Chem.1992 57, 2093-2100. (e) Zhang, H. C.; Daves, G. D., Jr.
Org. Chem.1992 57, 4690-4696.
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of 6-substituted 3-pyridyl C-nucleosides was based on the
synthesis of a suitably protected 6-halo 3-pyridyl C-nucleoside
intermediate and on its further synthetic transformations (cross-
coupling, amination, etc.). Therefore, our first efforts were
devoted to the synthesis of the corresponding halopyridine
nucleoside intermediate. Several reactions have been studied
for this purpose, in analogy with the literature (Scheme 1). 2,5-
Dibromopyridinela was reported to be selectively lithiated in
position 52 to give 5-lithio-2-bromopyridina, which should
react with TBDMS-protected’leoxyribonolactone.?* Un-
fortunately, in our hands, the lithiation did not proceed
selectively and, even after attempted optimizing of the condi-
tions, complex mixtures of products were obtained. In order to
perform reactions selectively in the position 5 of the pyridine
moiety, we tried lithiation of 2-chloro-5-iodopyridirib or bis-
PMB-protected 2-amino-5-bromopyridingc,?> followed by
addition to lactone3. In all cases, complex mixtures of
unseparable products were formed and/or dehalogenation of
pyridine was observed. Similar reactivity was observed when
we replaced lactongwith lactol 4 (easily obtained from lactone
3in 92% yield, by reduction in presence of DIBALH inJ&x

at —70°C in 40 min)28 For more details on the unsuccessful
approaches, see Supporting Information.

(16) Singh, 1.; Seitz, OOrg. Lett 2006 8, 4319-4322.

(17) (a) Brotschi, C.; Haerli, A.; Leumann, C. JAngew. Chem.Int.
Ed. 2001, 40, 1911-1923. (b) Brotschi, C.; Mathis, G.; Leumann, C. J.
Chem—Eur. J.2005 11, 4525-4528.

(18) Hocek, M.; Pohl, R.; Klepétavg B. Eur. J. Org. Chem2005
4525-4528.

(19) Urban, M.; Pohl, R.; Klepétava B.; Hocek, M.J. Org. Chem.
2006 71, 7322-7328.

(20) (a) Zahn, A.; Leumann, C. Bioorg. Med. Chem2006 14, 6174~
6188. (b) Hwang, G. T.; Romesberg, F. Bucleic Acids Re2006 34,
2037-2045. (c) Yamamoto, Y.; Hashimoto, T.; Hattori, K.; Kikuchi, M.;
Nishiama, H.Org. Lett.2006 8, 3565-3568.

(21) Nov, P.; Pohl, R.; Kotora, M.; Hocek, MOrg. Lett. 2006 8,
2051-2054.

(22) (a) Matulic-Adamic, J.; Beigelman, MTetrahedron Lett1997 38,
203-206. (b) Matulic-Adamic, J.; Beigelman, MTetrahedron Lett1997,
38, 1669-1672. (c) Sollogoub, M.; Fox, K. R.; Powers, V. E. C.; Brown,
T. Tetrahedron Lett2002 43, 3121-3123.

(23) (a) Wang, X.; Rabbat, P.; O'Shea, P.; Tillyer, R.; Grabowski, E. J.
J.; Reider, P. JTetrahedron Lett200Q 41, 4335-4338. (b) Parham, W.
E.; Piccirilli, R. M. J. Org. Chem1977, 42, 257—-260.

(24) Deriaz, R. E.; Overend, W. G.; Stacey, M.; Teece, E. G.; Wiggins,
L. F. J. Chem. Soc1949 1879-1883.

(25) Reese, C. B.; Wu, @rg. Biomol. Chem2003 1, 3160-3172.

(26) Walker, J. A., II; Chen, J. J.; Wise, D. S.; Townsend, LJBOrg.
Chem.1996 61, 2219-2221.
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TABLE 1. Optimization of the Heck Reaction
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entry glycal Pd catalyst ligand solvent base T(°C) time product (yield)
1 7a Pd(OAc) AsPhy DMF (nBu)sN 70 1 day degradation
2 7a Pddba (PhFs)sP CHCN (iPrpNEt 50 2 days no reaction
3 7b Pd:dba bdtbg CHsCN (iPrpNEt 60 4 days no reaction
4 b Pddbas (PhFs)sP CHCN (iPrpNEt 60 2 days degradation
5 b Pd(OAc) AsPhy DMF K2COs 80 2 days degradation
6 b Pd(OAc) bdtbp DMF EtsN 80 5 days degradation
7 b Pd:dba dppf CHsCN (nBu)sN 80 2 days degradation
8 7b Pd(OAc) AsPhy DMF (nBu)sN 80 2 days degradation
9 7b Pd(OAc)» AsPhy CHCl; (nBu)sN 60 5 days 8b (14%)
10 7b Pd(OAc) AsPhs CHCl; (nBu)sN + AgNO; 60 16 h 8b (40%)
11 7b Pd(OAc) AsPhs CHCls Ag2COs3 60 16 h 8b (65%)
12 7b Pd(OAc) AsPh CoHACly Ag2COs3 60 16 h 8b (0%)
13 7a Pd(OAc) AsPhy CHCl3 (nBu)sN + AgNO3 60 16 h 8a(traces)
14 7a Pd(OAc) AsPhs CHCl; Ag2CO3 60 16 h 8a(16%)
apdtbp= (2-biphenyl)ditert-butylphosphine? dppf = diphenylphosphinoferrocene.
SCHEME 1. Reactions of Lactone 3 and Lactol 4 with SCHEME 2. Optimization of the Heck Reaction

Organometallicst

B | D
= —»
X N NG
1a,1b,ic 2a,2b,2c
1a: X=Y=Br
1b : X=CI, Y=I
1c : X=N(PMB)2, Y=Br
X
N N
/ N / N
TBDMSO o —/  TBDMSO oH )
OH OH
OTBDMS OTBDMS
5 6
TBDMSO o TBDMSO
e R
OTBDMS OTBDMS

a Reagents and conditions: (a) BulLi, toluere,00 to—70°C, 10 min;
with or without the following additive: (i) ZnG} (ii) Cul (b) 3, toluene,
—100 to—70 °C, 10 min; (c)4, toluene,—100 to—70 °C, 10 min.

Having no encouraging results with the addition of lithiated
pyridines to lactoné or lactol 4, we focused our attention on
the palladium-catalyzed Heck reacttéof iodopyridinelb with
bis-TBDMS-protected glycala or mono-3-TBDMS-protected
glycal 7b.15 The starting bis-TBDMS-protected glycah was
obtained by a one-pot mesylatioelimination sequence from
lactol 4, by treatment with MsCI and Bl in CH.Cl,. Mono-
TBDMS-3-protected glycalrb was prepared via selectivé-5
desilylation of7ain the presence of TBAF in THF atTC in
60% yield?8 First we have tried the Heck reaction of 2-chloro-
5-iodopyridine with bis-TBDMS-protected glycala under
conditions analogous to the literati#Only degradation was

(27) Review on the Heck reaction in synthesis of C-nucleosides:

Wellington, W. E.; Benner, S. ANucleosidesNucleotidesNucleic Acids
2006 25, 1309-1333.

(28) Coleman, R. S.; Madaras, M. N. Org. Chem1998 63, 5700
5703.

RO o
Y
diti
TBDMSO conditions o
7a R=TBDMS 8a
7b R=H 8b

observed when using the AsPigand in DMF at 70°C, while

the use of P(gFs); in acetonitrile did not give any reaction
(Scheme 2 and Table 1, entries 1 and 2). Therefore, we have
further performed Heck reactions with moneTBDMS-
protected glycal7b which was know#ff3C to have superior
reactivity. Nevertheless, the first experiments under analogous
conditions did not bring any improvement (entries&. Only

the use of Pd(OAgJAsPh in chloroform in the presence of
(n-Bu)sN afforded the desired compourb in a low but
encouraging yield (14% vyield, entry 9). In order to improve
the reactivity of the glycal in the Heck reaction, we decided to
use some silver salts as additivés/Nhen silver nitrate was
added in addition to tributylamine, the yield reached 40% (entry
10). When silver carbonate was used as a base and additive
(without tributylamine), the desired compou8id was obtained

in good vyield of 65% as a purg-anomer (entry 11). This
reaction is very sensitive to solven¢ven the replacement of
chloroform by dichloroethane led to degradation with no traces
of the product (entry 12). Finally, application of the optimized
conditions on bis-protected glycghgave the desired nucleoside
8ain very low yields confirming that the’sSTBDMS protecting
group decreases the reactivity of the glycal (entries 14 and 15).
Therefore, the preparative procedure involved the reaction of
2-chloro-5-iodopyridine Ib) with mono-TBDMS-protected
glycal 7b in the presence of Pd(OA¢AsPh and AgCO; in
chloroform to give the desired C-nucleoside precui@orin
acceptable 65% yield even on 10 mmol scale.

(29) (a) Chen, J. J.; Walker, J. A., II; Liu, W.; Wise, D. S.; Townsend,
L. B. Tetrahedron Lett1995 36, 8363-8366. (b) Matsuda, S.; Romesberg,
F. E.J. Am. Chem. So2004 126, 14419-14427.

(30) (a) Mortensen, M. A.; Coleman, R. Betrahedron Lett2003 44,
1215-1219. (b) Hikishima, S.; Minakawa, N.; Kuramoto, K.; Fujisawa,
Y.; Ogawa, M.; Matsuda, AAngew. ChemInt. Ed. 2005 44, 596-598.

(c) Okamoto, A.; Tainaka, K.; Fujiwara, Y. Org. Chem2006 71, 3592—
3598.

(31) Beletskaya, I. P.; Cheprakov, A. Chem. Re. 2000 100, 3009~

3066.
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SCHEME 3. Synthesis, Cross-Coupling, and Amination Reactions of Chloroderivative 21
Cl Cl Cl
\ \ N
7 N\ 7 N\ 7N\
a MO 0 p HO 0 . TBDMSO o
8 ——~ —2 - _°c .
0 HO TBDMSO
9 10 11
d
12,13| R R R
\ /N
a H /_ . N
b Me HO o o TBDMSO o
c Et -
d Bn
e Ph
f pyridin-2-y! HO _ TBDMSO -
9 2,2"-bipyridin-6-yl 13a-13i 12a - 12j
h H,
i NMe,
i OtBu

aReagents and conditions: (a)sHt3HF, THF, rt, 5 min; (b) NaBH(OAg)
DMF, rt, 16h, 87%; (d) see TadI2 ; (e) E4N-3HF, THF, rt, 16 h.

TABLE 2. Reactions of Intermediate 11 and Deprotections

CHsCN, AcOH, 0°C, 5 min, 70%, two steps; (c) TBDMSCI, imidazole,

other yield  deprotection vyield
entry reagent catalyst ligand/base solvent conditions product (%) product (%)
1 Hz Pd/C EtN THF, EtOH, HO  rt, 101 kPa 12a 82 13a 86
2 MesAl Pd(PPh), THF 72 h, 70°C 12b 920 13b 920
3 EBAI Pd(PPh)4 THF 18 h, 70°C 12¢ 81 13c 89
4 BnZnBr Pd(PP¥)4 THF 20 h, 60°C 12d 76 13d 85
5 PhB(OH)» Pdy(dbay KF, Pt-Bu)s-HBF, THF 72 h, 60°C 12e 60 13e 80
6 2-BwSn-Py PdChdppf DMF 18 h, 95C 12f 65 13f 20
7 6-BwsSn-[2,2]-biPy*  PdChdppf DMF 18 h, 95°C 12g 49 13g 85 (42y
8 LiN(SiMe3)2 Pdx(dba) bdCyp THF 21 h,60°C 12h 920 13h 920
9 Me:NH.HCI Pd(OAc) CyPFiBuPtBuONa DME 60 h, 70C 12i 60 13i 84
10 tBuONa Pd(dba) bdtbys toluene 24 h, 90C 12j 51

apdCyp= (2-biphenyl)dicyclohexylphosphiné.CyPF{Bu = Josiphos ligand bdtbp= (2-biphenyl)ditert-butylphosphined Py = pyridine. € 6-BusSn-
[2,2]1-biPy = 6-tributylstannyl-[2,7-bipyridine. f Estimated yield based on NMR purity (70%) of crude prodéétolated yield over two steps in parenthesis.

The subsequent step was the desilylatioBlo{Scheme 3).
The common use of TBAF in THE for desilylation led in our

C-nucleosides (Scheme 3, Table 2). The first target derivative
was the 6-unsubstituted pyridine nucleosl@a We performed

case to an unseparable mixture of compounds, whereas thea catalytical hydrogenolysis of chlorine in nucleoside using

complex EfN-3HF in THF at 0°C in 5 min gave us the desired
ketone9, which was directly reduced in the following step using
triacetoxyborohydrid® in a mixture of acetonitrile and acetic
acid. The reduction proceeded very well to give the final
C-nucleosidel0 in a good yield of 70% for the two steps. In
accord with the literature precedéftthe pathway via Heck
reaction affordedlO as a single diastereoisomer of desired
B-erythro-configuration (confirmed byH NMR ROESY spec-
troscopy). In order to facilitate further functional group trans-
formations on the heterocycle ring, the nucleosii® was
protected using TBDMSCI with imidazole in DMF to afford
the fully protected key intermediafzC-nucleosidell in 87%
yield (39% overall yield in 10 mmol scale over four steps from
glycal 7b, Scheme 3).

Having a practical, reproducible, and scalable procedure for
the preparation of the protected 6-chloropyridine C-nucleoside
11in hand, we decided to submit it to various cross-coupling

H, over Pd/C for 3 h, in a mixture of EtOH, THF, ang®|, in
presence of BN (to neutralize HCI to avoid formation of
byproducts and deprotection of silyl groups), to give the desired
nucleosidel?ain 86% yield (entry 1).

Pd-catalyzed cross-coupling reactions were used for introduc-
tion of alkyl or aryl substituents. The reactions df with
trimethylaluminum, triethylaluminum, and benzylzinc bromide
were performed under standard conditions in THF using
standard catalysis of Pd(P§h and with no optimization.
Though the lower reactivity of chlorine (in comparison of
bromine}” made the reaction last 3 days to reach completion
(TLC monitoring), in all of these reactions, the desired nucleo-
sides, 12b, 12¢, and 12d respectively (entries -24), were
obtained in good isolated yields-75%). In the case of the
Suzuki cross-coupling, specific conditions were used to over-
come the low reactivity of chloring Reaction of11 with
phenylboronic acid was performed in presence of(éfuh),

reactions and other transformations to prepare a series of NeWkr  and P{Bu)s*HBF, in THF (in analogy to literaturé

(32) Fraley, A. W.; Chen, D.; Johnson, K.; McLauglin, L. \WW.Am.
Chem. Soc2003 125 616-617.

(33) Hsieh, H.-P.; McLaughlin, L. WJ. Org. Chem1995 60, 5356~
5359.
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conditions), but the reaction was still very slow to give the
desired nucleosidé2e with a satisfactory yield of 60% only
after 72 h at 60C (entry 5). The Stille cross-coupling reactiéhs
of 11 with 2-BusSn-pyridine and 6-Bssn-2,2-bipyridine in the
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presence of Pd@ippf in DMF were used for the synthesis of
2,2-bipyridin-5-yl and [2,2,6',2"terpyridin-5-y| C-nucleosides
12f and 12g (entries 6 and 7), interesting metal-chelating
C-nucleoside ligands. While, in the former case, the desired
bipyridine productl2f was isolated in acceptable yield of 65%,
the terpyridine product2g was not fully purified even after

repeated chromatography (entry 7) and was used in the

subsequent deprotection step in crude form (ca. 70% NMR
purity).

Hartwig—Buchwald aminatior?§:3” were performed for in-
troduction of N-substituents. Lithium bis(trimethylsilyl)amide
(LiN(SiMe3),) was used as an ammonia equivalent for introduc-
tion of amino group. In our first attempt, the reaction of LiN-
(SiMes), with 11 was performed in the presence of,Riba)
and P{Bu)s; (generated in situ from B§u)s-HBF, using excess
of the amide) in THF in analogy to our previous wétlon

bromopyridine nucleosides. This reaction gave only traces of

the desired product, due to low reactivity of chlorine. Therefore,
(2-biphenyl)dicyclohexylphosphine, known to be a superior
ligand for amination of 2-chloropyridin€& was used under

analogous conditions to give the desired aminopyridine nucleo-

side12hin good yield of 78% (entry 8). HartwigBuchwald®

reactions were also used for introduction of a substituted amino

group. We used conditions for aminations of chloropyridine
recently developed by Hartwity. The reaction of11 with
dimethylamine hydrochloride was performed in the presence
of Pd(dba), Josiphos ligand CyP#Bu, and excess aBuONa
as base to give the target substituted aniiiein 60% yield
(entry 9). Analogous reaction dfl with sodiumtert-butoxide
in the absence of an amine using@itha)/(2-biphenyl)ditert-

butylphosphine catalytic system in toluene gave preparatively

the 6-tert-butoxy)pyridine C-nucleosid2j in 51% yield (entry
10).

All the silylated nucleoside$2a—i were deprotected using
EtsN-3HF in THF* to give the free 6-substituted pyridine
C-nucleosided.3a—i in good yields ¢80%). Even in case of
the crude protected terpyridine nucleosidi2g (containing
unseparable impurities), the corresponding free terpyridine
C-nucleosidel3gwas isolated in pure form after deprotection
(preparative yield of 42% over two steps). This novel C-
nucleoside is of particular interest due to metal chelating
properties of the terpyridine urfit.

We were also interested in the synthesis of pyridin-2-one
C-nucleoside, which is a “deletion-modified” analogue of
uridine#2 Diazotation of 2-aminopyridines using isoamyl nitrite
in aqueous acetic acid is a classical appréath pyridones
successfully used recently for the 6-linked 2-pyridone C-nucleo-
side!® Unfortunately, in this case, treatment of aminopyridine
C-nucleosidel 2h with isopentyl nitrite in 80% aqueous AcOH
at 70°C for 100 min afforded the desired 6-oxopyridin-3-yl

(34) Littke, A. F.; Dai, C.; Fu, G. CJ. Am. Chem. So200Q 122, 4020~
4028.

(35) Champouret, Y. D. M.; Chaggar, R. K.; Dadhiwala, I.; Fawcett, J.;
Solan, G. A.Tetrahedron2006 62, 79—89.

(36) (a) Lee, S.; Jorgensen, M.; Hartwig, JO¥g. Lett.2001, 3, 2729~
2732. (b) Lee, D.-Y.; Hartwig, J. FOrg. Lett.2005 7, 1169-1172.

(37) Wolfe, J. P.; Tomori, H.; Sadighi, J. P.; Yin, J.; Buchwald, SJL.
Org. Chem200Q 65, 1158-1174.

(38) Huang, X.; Buchwald, S. LOrg. Lett.2001 3, 3417-3419.

(39) Wolfe, J. P.; Tomori, H.; Sadighi, J. P.; Yin, J.; Buchwald, SJ.L.
Org. Chem.200Q 65, 1158-1174.

(40) Shen, Q.; Shekhar, S.; Stambuli, J. P.; Hartwig, Arfgew. Chem.
Int. Ed. 2005 44, 1371-1375.

(41) Capek, P.; Pohl, R.; Hocek, Ml. Org. Chem2005 70, 8001
8008.
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SCHEME 4. Preparation of 6-Oxopyridin-3-yl Nucleoside
142
NH,
7
TBDMSO o —
OtBu
N\
TBDMSO 7 N
12h TBDMSO 0 —
a
TBDMSO
12j
O b
/ /
NH
HO o
HO
14

a Reagents and conditions: (a) isopentyl nitrite, 80% AcOH i®OH70
°C, 1 h 40, impure compound; (b) TFA, rt, 20 min, 84%.

FIGURE 1. ORTEP drawing of10 (a) and 13i (b) with atom
numbering scheme. Thermal ellipsoids are drawn at the 50% probability
evel.

C-nucleosidel4 accompanied by some unseparable impurities.
Therefore, we have prepared the target pyridone by complete
deprotection of the 6t¢rt-butoxy)pyridine derivativel2j on
treatment with TFA for 20 min to give the desired free pyridone
C-nucleosidel4 in 84% yield (Scheme 4).

All compounds were fully characterized, and the crystal
structures of10 and 13h were also determined by X-ray
diffraction (Figure 1). NMR conformation analysis (see Sup-
porting Information) indicates that, in DMSO or methanol

(42) Related examples of metallo base pairs: (a) Weizman, H.; Tor, Y.
J. Am. Chem. So001, 123 3375-3376. (b) Meggers, E.; Holland, P.
L.; Tolman, W. B.; Romesberg, F. E.; Schultz, P. 5. Am. Chem. Soc.
200Q 122 10714-10715. (c) Tanaka, T.; Tengeiji, A.; Kato, T.; Toyama,
N.; Shiro, M.; Shionoya, MJ. Am. Chem. So2002 124, 12495-12498.
(d) Clever, G. H.; Carell, TAngew. Chemlnt. Ed. 2007, 46, 250-253.

(43) Matulic-Adamic, J.; Beigelman, LTetrahedron Lett.1997 38,
1669-1672.

(44) Adams, R. A.; Schrecker, A. W. Am. Chem. So&949 71, 1186—
1195.
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solution, the free nucleosidd$), 13a—i, and14 occur prefer-
entially in the C2endo conformer, in a C2endo versus
C3-endoconformer ratio dependent on the substituent effect.
According to the X-ray diffraction, the C-nucleosi@8h occurs

in the solid state in the expected ‘@hdo conformation;
however, the chloropyridine nucleoside0 occurs in the
C3-endo form in the solid state (in contrast to Gendo
conformation prefered in solution). Both of these crystal
structures reveahnti-conformation of the nucleobase due to
intermolecular hydrogen bonds between th% group and
nitrogen atom in the pyridine of a neighbor molecule (see Figure
S1 in Supporting Information).

In conclusion, a modular and reasonably practical methodol-
ogy of the synthesis of 6-substituted pyridin-3-yl C-nucleosides
was developed based on cross-coupling reactions and Hartwig
Buchwald aminations of 6-chloropyridin-3-yl C-nucleositk
available in four steps (36%) from monosilylated glygalvia

Joubert et al.

analysis, a sample was chromatographed on silica gel in gradient
hexane to hexane/EtOAc 3/7 to give the desired nucledsmea
colorless oil (for characterization data, see Supporting Information).
NaBH(OAc) (322.0 mg, 1.52 mmol) was added to a dried flask
containing a solution of the crude nucleosi@lén a mixture of
AcOH/CH;CN 2/1 (15 mL) at 0°C under argon. After 5 min
(disappearance d observed by TLC), a solution of EtOH{B
1/1 (10 mL) was added to neutralize the solution. Then the solvents
were evaporated in vacuum, and the crude product was chromato-
graphed on silica gel in gradient EtOAc to EtOAc/MeOH 9/1.
Crystallization from EtOAc/heptane gave the desired nucleoside
10 (161 mg, 70% for two steps) as colorless crystals (for
characterization data, see Supporting Information).
15-(6-Chloropyridin-3-yl)-1,2-dideoxy-3,5-di-O-(tert-butyl-
dimethylsilyl)- b-ribofuranose (11).To a dried flask containing a
solution of the nucleosid&0 (486 mg, 2.12 mmol) in dry DMF
(9.8 mL) at 0°C under argon were added imidazole (576 mg, 8.46
mmol) and then TBDMSCI (797 mg, 5.29 mmol), and the solution
was allowed to warm to rt and was stirred for 16 h. The reaction

a Heck reaction. The methodology enables the synthesis of amixture was then poured into a saturated solution of NaCl (100
large series of pyridine C-nucleosides bearing diverse C (alkyl, mL) and extracted with EtOAc (3 30 mL). Collected organic
aryl, or hetaryl), N (unsubstituted and dialkylamino), or O fractions were washed with a saturated NaCl solution, dried over
(alkoxy or oxo) groups from one common intermediate. These MgSQ,, and the solvents were evaporated under vacuum. The crude
C-nucleosides are interesting building blocks for construction Product was chromatographed on silica gel in gradient hexane to

of modified nucleic acids (including metal chelating oligonucleo- he(>)<ane/EtOAc 9/1 t(_).give the desired nuclegs]de(lﬁg mg,
tides and metallo base pairs) and potential candidates for/>%0) s acolorless oil: MS (FABWz458 (M + 1); HRMS (FAB)

extension of the genetic alphabet.

Experimental Section

1/3-(6-Chloropyridin-3-yl)-1,2-dideoxy-2,3-didehydro-3-O-
(tert-butyldimethylsilyl)- o-ribofuranose (8b). CHCl; (62 mL) was
added to an argon-purged, dried flask containing Pd(@4£302
mg, 1.4 mmol) and AsRh(863 mg, 2.80 mmol), and the mixture
was stirred at rt for 30 min. Then 2-chloro-5-iodopyridine (2.42 g,
9.90 mmol), a solution of glycalb (1.52 g, 6.60 mmol) in CHGI
(62 mL), and AgCO; (2.78 g, 9.90 mmol) were added, and the
reaction mixture was stirred until the disappearance of glybal
(typically 16 h, checked by TLC). The reaction mixture was then

for CyoH4iNO3SiCl [M + H] calcd 458.2314, found 458.2334;
1H NMR (500 MHz, CDC}) 6 0.07, 0.08 and 0.10 (X s, 12H,
CHs—Si), 0.90 and 0.92 (X s, 2 x 9H, (CHs)sC), 1.87 (ddd, 1H,
Jgem =12.6 HZ:JZ’b,l’ =105 HZ,JZ'D,;; = 5.3 Hz, H-Zb), 2.15
(ddd, 1H,Jgem = 12.6 Hz,Jyay = 5.4 Hz,Jza3 = 1.6 Hz, H-2a),
3.64 (dd, 1H Jgem = 10.8 Hz,Jsps = 5.2 Hz, H-Bb), 3.75 (dd,
1H, Jyem= 10.8 Hz,J504 = 3.5 Hz, H-3a), 3.98 (ddd, 1H)s5 =
5.2, 3.5 HzJy 3 = 1.9 Hz, H-4), 4.39 (m, 1HJs» = 5.3, 1.6 Hz,
Jg 4 = 1.9 Hz,J3 1 = 0.6 Hz, H-3), 5.15 (m, 1HJ; » = 10.5, 5.4
Hz, J]_',g = Jl"3 = J]_',4 = Jl’,G = 0.6 Hz, H-l), 7.28 (dt, 1H,J;3’4 =
8.2 HZ,J3,6 =09 HZ,J3V1' = 0.6 Hz, H-3), 7.71 (ddd, 1HJ4'3 =
8.3 Hz,J46= 2.5 Hz,J,1v = 0.6 Hz, H-4), 8.36 (dt, 1HJs 4= 2.5
Hz, Js3 = 0.9 Hz,Js+ = 0.6 Hz, H-6);13C NMR (125.7 MHz,
CDCl) 6 —5.2, 5.4, —4.72 and—4.67 (CH—Si), 18.0 and 18.3

cooled, the solvents were removed in vacuum, and the crude produc{C(CHs)s), 25.8 and 25.9 ({H3)sC), 44.4 (CH-2'), 63.7 (CH-5'),
was chromatographed on silica gel in gradient hexane to hexane/74.3 (CH-3), 77.2 (CH-1), 88.7 (CH-4), 123.9 (CH-3), 136.7

EtOAc 8/2 to give the desired nucleosifb (1.47 g, 65%) as a
yellow oil: MS (FAB) m/z 342 (M + 1); HRMS (FAB) for
C16H2505SiCI [M + H] calcd 342.1292, found 342.12761 NMR
(400 MHz, CDC}) 6 0.24 (s, 6H, CHSI), 0.96 (s, 9H, (CH)3C),
3.74 (dd, 1HJgem = 12.0 Hz,J5p4 = 3.7 Hz, H-8b), 3.79 (ddd,
1H, Jgem= 12.0 Hz,J5a4 = 3.0 Hz,J5,> = 0.7 Hz, H-3a), 4.63
(dq, 1H,J4',1' = 3.9 HZ,J4'15' =3.7,3.0 HZ,J4'12' = 1.9 Hz, H-4),
481 (brt, 1HJ> 4 = 1.9 Hz,J» 1 = 1.6 Hz, H-2), 5.75 (dd, 1H,
J1',4' =3.9 HZ,\];L"Z' = 1.6 Hz, H-I), 7.32 (dd, 1H,J3'4: 8.2 Hz,
Js6 = 0.7 Hz, H-3), 7.77 (dd, 1HJ)43 = 8.2 Hz,J,6 = 2.5 Hz,
H-4), 8.38 (br d, 1HJs4 = 2.5 Hz, H-6);13C NMR (100.6 MHz,
CDClg) 6 —5.0 and—4.9 (CH;Si), 18.0 C(CHa)3), 25.5 (CH3)sC),
62.9 (CH-5), 81.8 (CH-1), 83.5 (CH-4), 100.3 (CH-2), 124.3
(CH-3), 137.0 (C-5), 137.9 (CH-4), 148.7 (CH-6), 151.2 (C-2),
152.3 (C-3); IR spectrum (CHG) 3605, 1766, 1709, 1662, 1604,

(CH-4), 137.0 (C-5), 147.7 (CH-6), 150.4 (C-2); IR spectrum

(CHCI): 3054, 2898, 1591, 1567, 1472, 1463, 1406, 1390, 1362,

1258, 1092, 940, 838, 681 ch [0]?*% +16.0 € 6.88, CHCY).

Anal. Calcd for GoH4CINO3Si; (458.2): C, 57.67; H, 8.80; ClI,

7.74; N, 3.06. Found: C, 57.82; H, 9.01; CI, 7.71; N, 3.00.
1/3-(Pyridin-3-yl)-1,2-dideoxy-3,5-di-O-(tert-butyldimethylsi-

Iyl)- p-ribofuranose (12a).To a solution of the nucleosidel (289

mg, 0.63 mmol) in a mixture of THF/EtOHA® 10/10/1 (23 mL)

at rt were added 10% Pd/C (170 mg, 0.23 mmol) argiNE0.66

mL). The flask was evacuated and then filled with (100 kPa)

and stirred at rt. After the reaction was completed (50 min, checked

by TLC), the Pd was filtered off, and the filtrate was poured into

water and extracted with EtOAc. Collected organic fractions were

dried on MgSQ, and solvents were evaporated under vacuum. The

crude product was chromatographed on silica gel in gradient hexane

1589, 1570, 1485, 1463, 1441, 1395, 1367, 1287, 1259, 1137, 111010 hexane/EtOAc 9/1 to give the desired nucleosida (220 mg,

1089, 1048, 939, 838 cmh. Due to nonremovable traces of

82%) as a colorless oil (for characterization data, see Supporting

heterocycle, no more analyses were performed, and the productinformation).

was used for the next step without any problem.
15-(6-Chloropyridin-3-yl)-1,2-dideoxy-p-ribofuranose (10).To

a dried flask containing a solution of the nucleos&te(346 mg,

1.01 mmol) in dry THF (2.6 mL) at OC under argon was added

Et;N-HF (420uL, 2.58 mmol). After disappearance of the nucleo-

side 8b (typically 2 min, checked by TLC), the reaction mixture

was filtered on a small pad of silica gel (1.5 cm) and eluted with

15-(6-Methylpyridin-3-yl)-1,2-dideoxy-3,5-di-O-(tert-butyldi-
methylsilyl)-p-ribofuranose (12b).A solution of MeAl (1.3 mmol)
in THF was dropwise added to a vigorously stirred solutiod bf
(300 mg, 0.65 mmol) and Pd(PBh(39 mg, 0.033 mmol) in THF
(13 mL). The mixture was stirred at 8C for 72 h and then worked
up. Crude productl2b was chromatographed on silica gel in
gradient hexane to hexane/EtOAc 9/1 to gh&b (259 mg, 90%)

EtOAc. The solvents were removed under vacuum, and the crudeas a colorless oil (for characterization data, see Supporting

product was used without further purification in the next step. For

6802 J. Org. Chem.Vol. 72, No. 18, 2007
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Synthesis of 6-Substituted Pyridin-3-yl C-Nucleosides

153-(6-Ethylpyridin-3-yl)-1,2-dideoxy-3,5-di-O-(tert-butyldi-
methylsilyl)-b-ribofuranose (12c).A solution of EgAl (1.4 mmol)
in THF was dropwise added to a vigorously stirred solutiod bf
(325 mg, 0.7 mmol) and Pd(PBh (43 mg, 0.035 mmol) in THF
(14 mL). The mixture was stirred at 7C for 48 h and then worked
up. Crude productl2c was chromatographed on silica gel in
gradient hexane to hexane/EtOAc 9/1 to gh&e (260 mg, 81%)
as a colorless oil (for characterization data, see Supporting
Information).
15-(6-Benzylpyridin-3-yl)-1,2-dideoxy-3,5-diO-(tert-butyldi-
methylsilyl)-p-ribofuranose (12d). THF (9 mL) was added to a
flame-dried and argon-purged flask containihty (214 mg, 0.47
mmol) and Pd(PPJu (29 mg, 5 mol %), and the mixture was stirred
until clear solution formed. Then commercial solution of benzylzinc
bromide (0.94 mmol) in THF was added dropwise, and the mixture
was stirred at 60C for 20 h. After the workup, the product was
chromatographed on silica gel in gradient hexane to 10% EtOAc
in hexane to givel2d (182 mg, 76%) as a yellow oil (for
characterization data, see Supporting Information).
15-(6-Phenylpyridin-3-yl)-1,2-dideoxy-3,5-di-O-{ert-butyldi-
methylsilyl)-p-ribofuranose (12e). Compoundl11 (91 mg, 0.20
mmol), KF (38 mg, 0.66 mmol), Rdba (10 mg, 0.01 mmol),
P(-Bu);*HBF, (6 mg, 0.02 mmol), and PhB(OK)27 mg, 0.22
mmol) were dissolved in THF (0.4 mL), and the mixture was stirred
at 60°C for 72 h. The reaction mixture was worked up, and crude
productl2ewas chromatographed on silica gel in gradient hexane
to hexane/EtOAc 9/1 to giv&2e (60 mg, 60%) as a colorless oil
(for characterization data, see Supporting Information).
153-(2,2-Bipyridin-5-yl)-1,2-dideoxy-3,5-di-O-(tert-butyldi-
methylsilyl)-b-ribofuranose (12f). 2-Tributylstannylpyridine (1.20
mL, 4.37 mmol) was added dropwise under argon to a stirred
solution of11 (200 mg, 0.44 mmol) and Pdgppf (16 mg, 0.02
mmol) in DMF (2.0 mL). The mixture was stirred at 96 for 18
h and then worked up. Crude produf was chromatographed
two times on silica gel in gradient hexane to hexane/EtOAc 1/1 to
give 12f (142 mg, 65%) as a colorless oil (for characterization data,
see Supporting Information).
15-([2,2;6',2"]-Terpyridin-5-yl)-1,2-dideoxy-3,5-di-O-(tert-bu-
tyldimethylsilyl)- p-ribofuranose (12g).n-BuLi (1.44 mL, solution
1.6 M in hexane) was added to a solution of 6-bromd[Bi@yridine
(440 mg, 1.90 mmol) in THF (14.4 mL) under argon-af2 °C,
and the mixture was stirred for 2 min followed by addition of
BusSnCl (660uL, 2.43 mmol). After being stirred for 20 min at
—72 °C, the reaction was allowed to warm to rt, and the solvent
was evaporated under vaccum. The crude 6-stannijifhgridine
was dissolved in DMF (2.3 mL) and added through septum to a
flask containingll (320 mg, 0.7 mmol) and Pd&lppf (26 mg,
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2 mol %) in DME (1.5 mL) was added to an argon-purged dry
flask containingl1 (275 mg, 0.6 mmol), sodiurtert-butoxide (159
mg, 1.5 mmol), and M&NH-HCI (150 mg, 1.5 mmol). The mixture
was stirred at 70C for 60 h. Then the mixture was worked up,
and crude produdt2i was chromatographed on silica gel in gradient
hexane to 10% EtOAc in hexane to gi¥&i (167 mg, 60%) as a
yellow oil (for characterization data, see Supporting Information).
1/3-[6-(tert-Butyloxy)pyridin-3-yl]-1,2-dideoxy-3,5-di-O-(tert-
butyldimethylsilyl)- p-ribofuranose (12j). A solution of 11 (300
mg, 0.65 mmol) in toluene (1.5 mL) was added to an argon-purged
dry flask containing Pgilba (30 mg, 5 mol %), (2-biphenyl)-di-
tert-butylphosphine (10 mg, 5 mol %), and sodidert-butoxide
(193 mg, 2 mmol). The mixture was stirred at 9D for 17 h. Then
the mixture was worked up, and crude prodii2j was chromato-
graphed on silica gel in gradient hexane to 5% EtOAc in hexane
to give 12j (164 mg, 51%) as a colorless oil (for characterization
data, see Supporting Information).

General Procedure for the Deprotection of TBDMS Group.
EtN-3HF (320 uL, 1.95 mmol) was added to a solution of
compoundsl2a—i (0.4 mmol) in THF (2 mL), and the mixture
was stirred at room temperature for 14 h. After the reaction was
completed (TLC in hexane/EtOAc 9/1), solvents were removed
under reduced pressure. Then the crude product was dissolved in
MeOH (2 mL), aml a 1 Maqueous solution of sodium hydroxide
(8 mL) was added to neutralize the mixture. Then the solvents were
removed under reduced pressure, and the crude product was
chromatographed on silica gel eluted with gradient GHQD%
MeOH in CHC to give productsl3a—i.

153-(Pyridin-3-yl)-1,2-dideoxy-D-ribofuranose*® (13a). Com-
pound13awas prepared froni2a (178 mg, 0.42 mmol) by the
general procedure. Crystallization from EtOAc/heptane giBee
(70 mg, 86%) as colorless crystals: mp-54°C; MS (FAB) m/z
196 (M + 1); HRMS (FAB) for GoH1aNO3; [M + H] calcd
196.0974, found 196.0978H NMR (500 MHz, CD,OD) 6 1.96
(ddd, 1H,Jgem= 13.1 Hz,J>,» = 10.5 Hz,J>, 3 = 5.9 Hz, H-2b),
2.27 (ddd, 1HJgem = 13.1 Hz,J2a1 = 5.5 Hz,Jya3 = 1.7 Hz,
H-2'a), 3.69 (d, 2HJs 4 = 4.8 Hz, H-8), 3.97 (td, 1HJ, 5 = 4.8
Hz,Jy 3 = 2.4 Hz, H-4), 4.35 (dddd, 1HJ3 » = 5.9, 1.7 HzJ3
= 2.4 Hz,J3 1y = 0.6 Hz, H-3), 5.18 (dd, 1HJ; > = 10.5, 5.5 Hz,
H-1'), 7.42 (ddd, 1HJs 4= 7.9 Hz,J56 = 5.0 Hz,J5, = 0.6 Hz,
H'5), 7.91 (dddd, 1HJ4V5 =79 HZ,J4'2 =22 HZ,J4Y6 =1.6 Hz,
Jsr = 0.6 Hz, H-4), 8.44 (dd, 1HJs5 = 5.0 Hz,Js4 = 1.6 Hz,
H-6), 8.58 (dt, 1HJ,4 = 2.2 Hz,J,5 = Jv = 0.6 Hz, H-2);°C
NMR (125.7 MHz, CROD) 6 44.9 (CH-2), 63.9 (CH-5'), 74.4
(CH-3), 79.1 (CH-1), 89.5 (CH-4), 125.1 (CH-5), 136.1 (CH-4),
140.0 (C-3), 148.2 (CH-2), 149.2 (CH-6); IR spectrum (KBr) 3401,
1723, 1690, 1635, 1594, 1582, 1481, 1426, 1196, 1029, 1001, 808,

0.04 mmol) sealed under argon. The reaction mixture was stirred 713, 632 cm?; [a]?% +25.5 € 2.65, MeOH).

at 95°C for 18 h and then worked up. Crude prodd&g was
chromatographed two times on silica gel in gradient hexane to
hexane/EtOAc 1/1 to givé2g (284 mg) as a pale yellow oil (for

153-(6-Methylpyridin-3-yl)-1,2-dideoxy-b-ribofuranose (13b).
Compoundl3b was prepared from2b (223 mg, 0.51 mmol) by
the general procedure. Crystallization from EtOAc/heptane gave

characterization data, see Supporting Information), which contained 13b (96 mg, 90%) as colorless crystals: mp 120 °C; MS

some unseparable impurities (purity ca. 70% estimated from NMR,;
yield calculated on content of putgis ca. 49%). This compound
was directly used in the next step of deprotection.
15-(6-Aminopyridin-3-yl)-1,2-dideoxy-3,5-di-O-(tert-butyldi-
methylsilyl)-p-ribofuranose (12h). LiN(SiMe3), (2.16 mL, 1 M
solution in THF, 2.16 mmol) was added to a flame-dried argon-
purged flask containingl (500 mg, 1.08 mmol), 2-(dicyclohexyl-
phosphino)bipheny! (77 mg, 0.22 mol), and,lba) (100 mg,
0.11 mol), and the mixture was stirred at 60 for 21 h. The
reaction was quenched by the addition of&&and 4 drops of 2 M
aqueous solution of HCI and worked up. Chromatography on silica
gel with gradient CHGlto 10% MeOH in CHCJ gave12h (459
mg, 90%) as a yellow oil (for characterization data, see Supporting
Information).
15-(6-Dimethylaminopyridin-3-yl)-1,2-dideoxy-3,5-di-O-(tert-
butyldimethylsilyl)- p-ribofuranose (12i). A solution of Pd(OAc)
(9.2 mg, 1 mol %) and (2-biphenyl)-dért-butylphosphine (12 mg,

(FAB) m/z 210 (M + 1); HRMS (FAB) for GH:1eNO3 [M + H]
calcd 210.1130, found 210.113%f NMR (600 MHz, DMSO#¢lg)
6 1.79 (ddd, 1HJ)gem= 12.7 Hz,J>,+ = 10.5 Hz,J»,5 = 5.6 Hz,
H-2'b), 2.07 (ddd, 1HJgem= 12.7 HZ,Jpay = 5.4 HZ,Jy03 = 1.6
Hz, H-2a), 2.44 (s, 3H, CH), 3.42 (br dt, 1HJgem = 11.4 Hz,
Jspba = 5.5 Hz,Jsp0n = 5.0 Hz, H-8b), 3.49 (br dt, 1HJgem =
11.4 HZ,JsvaVOHz 5.0 HZ,J5'3,4 = 4.9 Hz, H'Sa), 3.78 (ddd, 1H,
Jes =55, 49 HzJyz = 2.1 Hz, H-4), 4.20 (M, 1HJs » = 5.6,
1.6 HZ,J3VVOH =3.8 HZ,J3"4' = 2.1 Hz, H-3), 4.79 (br t, lH,\JOHys
= 5.0 Hz, OH-5), 5.01 (dd, 1HJy » = 10.5, 5.4 Hz, H-1), 5.09
(d, 1H,JOH,3 = 3.8 Hz, OH-3), 7.20 (d, 1H,\]3y4: 8.0 Hz, H-3),
7.66 (dd, TH,Js5 = 8.0 Hz,J 6 = 2.3 Hz, H-4), 8.41 (d, 1HJs 4
= 2.3 Hz, H-6):13C NMR (151 MHz, DMSO¢k) & 23.9 (CH),
43.6 (CH-2), 62.6 (CH-5), 72.7 (CH-3), 77.3 (CH-1), 88.1

(45) Eaton, M. A. W.; Millican, T. A.; Mann, JJ. Chem. Soc., Perkin
Trans. 11988 545-548.
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(CH-4), 122.9 (CH-3), 134.4 (CH-4), 135.1 (C-5), 147.1 (CH-6),
157.0 (C-2); IR spectrum (KBr) 3300, 3116, 2970, 1607, 1573,

Joubert et al.

Jos= 2.3 Hz,J53= 0.8 Hz,Js.x = 0.5 Hz, H-6);13C NMR (151
MHz, DMSO-0g) 6 43.6 (CH-2), 62.6 (CH-5), 72.7 (CH-3), 77.3

1496, 1429, 1395, 1381, 1299, 1258, 1088, 1054, 1036, 1009, 734,(CH-1), 88.2 (CH-4), 120.0 (CH-3), 126.7 (CH-Ph), 129.0

723 cml; [0]?)p +74.2 € 2.53, MeOH). Anal. Calcd for
Ci11H15NO; (209.3): C, 63.14; H, 7.23; N, 6.69. Found: C, 63.34;
H, 7.18; N, 6.53.

15-(6-Ethylpyridin-3-yl)-1,2-dideoxy-b-ribofuranose (13c).Com-
pound13c was prepared fromd2c (221 mg, 0.49 mmol) by the
general procedure. Crystallization from EtOAc/heptane dgi8e
(98 mg, 89%) as colorless crystals: mp-84 °C; MS (FAB) n/z
224 (M + 1); HRMS (FAB) for GoHi1gNO3 [M + H] calcd
224.1287, found 224.128%4 NMR (500 MHz, DMSO¢lg) 6 1.20
(t, 3H, Jic = 7.6 Hz, CHCH,), 1.81 (ddd, 1HJgem = 12.7 Hz,
JZ’b,l’ = 10.5 HZ,Jz'byg = 5.6 Hz, H-Zb), 2.08 (ddd, 1Hr]gem=
12.7 Hz,Jya1r = 5.3 Hz,J2a3 = 1.4 Hz, H-2a), 2.71 (g, 2HJic
= 7.6 Hz, CHCHj), 3.43 and 3.48 ( dt, 2H, Jgem = 11.4 Hz,
Js.on = 5.6 Hz,J5 » = 5.3 Hz, H-5), 3.80 (td, 1HJs 5 = 5.3 Hz,
Jyz =2.0Hz, H-4),4.21 (m, 1HJ3 > = 5.6, 1.4 HZJ3 on = 3.8
Hz, J3 4 = 2.0 Hz, H-3), 4.79 (t, 1H,Jons = 5.6 Hz, OH-5),
5.02 (dd, 1HJy > = 10.5, 5.3 Hz, H-1), 5.10 (d, 1HJonz = 3.8
Hz, OH-3), 7.20 (d, 1H,J3 4= 8.0 Hz, H-3), 7.67 (dd, 1H), 3=
8.0 Hz,J;6 = 2.2 Hz, H-4), 8.45 (d, 1HJs 4= 2.2 Hz, H-6);13C
NMR (125.7 MHz, DMSO#l) 0 14.1 (CHCH,), 30.5 (CHCHs),
43.5 (CH-2), 62.6 (CH-5'), 72.7 (CH-3), 77.3 (CH-1), 88.1
(CH-4), 121.7 (CH-3), 134.5 (CH-4), 135.3 (C-5), 147.3 (CH-6),
162.1 (C-2); IR spectrum (KBr) 3401, 1607, 1571, 1494, 1458,
1434, 1408, 1374, 1310, 1259, 1136, 1036, 999, 842'cfn]*%
+56.8 € 2.68, MeOH).

153-(6-Benzylpyridin-3-yl)-1,2-dideoxy-b-ribofuranose (13d).
Compoundl3d was prepared fromi2d (104 mg, 0.20 mmol) by
the general procedure to yiel8d (49 mg, 85%) as a white gum:
MS (FAB) m/z 286 (M + 1); HRMS (FAB) for G7H1gNO3 [M +
1] calcd 286.1443, found 286.145% NMR (600 MHz, DMSO-
de) 0 1.80 (ddd, 1H,Jgem: 12.7 HZ,JZb,l’ =10.5 HZ,szb,g =55
Hz, H-2b), 2.07 (ddd, 1HJgem = 12.7 Hz,Jpa1 = 5.4 HZ,J2a3
= 1.5 Hz, H-2a), 3.41 (dt, 1HJgem= 11.4 HZ,J5p 01 = Jspa =
5.5 Hz, H-8b), 3.47 (ddd, 1HJ)gem = 11.4 Hz,J5a0n = 5.5 Hz,
Jsas = 4.8 Hz, H-Ba), 3.78 (ddd, 1HJy 5 = 5.5, 4.8 HzJy 3 =
2.0 Hz, H-4), 4.05 (s, 2H, CHPh), 4.20 (m, 1HJz > = 5.5, 1.5
Hz, J3 on = 3.8 Hz,J34 = 2.0 Hz,J3 1+ = 0.5 Hz, H-3), 4.77 (br
t, 1H, Jons = 5.5 Hz, OH-5), 5.01 (dd, 1HJy > = 10.5, 5.4 Hz,
H-1'), 5.09 (d, 1HJon 3 = 3.8 Hz, OH-3), 7.18 (m, 1H, Hp-Ph),
7.23 (dd, 1H,J34 = 8.0 Hz,J35 = 0.6 Hz, H-3), 7.257.29 (m,
4H, H-o,mPh), 7.68 (ddd, 1HJ,3= 8.0 Hz,J46= 2.3 Hz,J4 v =
0.4 Hz, H-4), 8.46 (dt, 1HJs4 = 2.3 Hz,Js3 = Jsv = 0.6 Hz,
H-6); 13C NMR (151 MHz, DMSOdg) 6 43.4 (CH-2), 43.7
(CHyPh), 62.6 (CH5'), 72.7 (CH-3), 77.3 (CH-1), 88.1 (CH-4),
122.7 (CH-3), 126.3 (CHp-Ph), 128.6 (CHx+Ph), 129.1 (CHx+
Ph), 134.7 (CH-4), 135.6 (C-5), 140.2 {&h), 147.5 (CH-6), 159.9
(C-2); IR spectrum (KBr) 3428, 3028, 1629, 1608, 1571, 1494,
1453, 1091, 1075, 1052, 742, 700, 580¢ma]?% +57.2 € 2.55,
MeOH).

153-(6-Phenylpyridin-3-yl)-1,2-dideoxyb-ribofuranose (13e).
Compoundl3ewas prepared fromi2e (101 mg, 0.20 mmol) by
the general procedure. Crystallization froftOH/heptane gavi3e
(44 mg, 80%) as colorless crystals: mp—7a °C; MS (FAB) n/z
272 (M + 1); HRMS (FAB) for GeHigNOs; [M + H] calcd
272.1287, found 272.12784 NMR (600 MHz, DMSO¢) 6 1.87
(ddd, 1H,Jgem: 12.8 HZ,JZ'b,l' =105 HZ,JZ'byg =5.5Hz, H-Zb),
2.15 (ddd, 1HJgem = 12.8 Hz,Jz47 = 5.5 Hz,Jy53 = 1.6 Hz,
H-2'a), 3.47 (dt, 1HJgem= 11.4 Hz,J5p0n = 5.7 HZ,J5p4 = 5.4
Hz, H-5b), 3.52 (ddd, 1HJgem= 11.4 Hz,J5a,01= 5.7 HZ,J5a4
= 4.9 Hz, H-Ba), 3.84 (td, 1HJy 5 = 5.4, 4.9 HzJ, 3 = 2.0 Hz,
H-4'), 4.25 (m, 1HJ3 > = 5.5, 1.6 HzJ3 o4 = 3.8 Hz,J3.» = 2.0
Hz, H-3), 4.83 (br t, 1H,Jons = 5.7 Hz, OH-5), 5.12 (dd, 1H,
Jrz = 10.5, 5.5 Hz, H-1), 5.14 (d, 1H,Jon,z = 3.8 Hz, OH-3),
7.42 (m, 1H, Hp-Ph), 7.48 (m, 2H, Hx-Ph), 7.87 (ddd, 1HJ43
=8.2Hz,Jd,6= 2.3 Hz,J4r = 0.5 Hz, H-4), 7.92 (dd, 1HJ;,=
8.2 Hz,J;3 5 = 0.8 Hz, H-3), 8.07 (m, 2H, H-Ph), 8.67 (dt, 1H,
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(CH-m-Ph), 129.1 (CHg-Ph), 135.2 (CH-4), 137.0 (C-5), 138.8
(C-i-Ph), 147.9 (CH-6), 155.4 (C-2); IR spectrum (KBr) 3421, 3275,
3088, 3062, 3029, 1598, 1586, 1560, 1500, 1476, 1447, 1399, 1317,
1291, 1157, 1096, 1090, 1075, 1064, 1053, 1019, 980, 781, 738,
691, 616, 544 cm'; [a]?% +69.1 € 2.58, MeOH). Anal. Calcd
for CieH17/NO3 (271.3): C, 70.83; H, 6.32; N, 5.16. Found: C,
70.85; H, 6.34; N 5.10.
15-(2,2-Bipyridin-5-yl)-1,2-dideoxy-bp-ribofuranose?ed (13f).
Compound13f was prepared fromi2f (280 mg, 0.56 mmol) by
the general procedure. Lyophilization from®Igavel3f (137 mg,
90%) as a pink gum: MS (FAB)z273 (M+ 1); HRMS (FAB)
for CysH17N,03 [M + H] caled 273.1239, found 273.1236§ NMR
(500 MHz, CxOD) 6 2.01 (ddd, 1H,Jgem = 13.1 Hz, Jopr =
10.5 Hz,J,,3 = 5.9 Hz, H-2b), 2.30 (ddd, 1HJgem = 13.1 Hz,
Joar =5.5Hz,J,3 = 1.7 Hz, H-2a), 3.71 (d, 2HJs 4 = 4.9 Hz,
H-5'), 4.00 (td, 1HJs 5 = 4.9 Hz,Jy 3 = 2.4 Hz, H-4), 4.38 (dddd,
1H,J3 > =5.9,1.7 HzJ3 4y = 2.4 Hz,J3 » = 0.5 Hz, H-3), 5.24
(dd, 1H,J3y > = 10.5, 5.5 Hz, H-1), 7.42 (ddd, 1HJs 4» = 7.5
Hz,Js g0 = 4.9 Hz,J5 3 = 1.2 Hz, H-8'), 7.92 (ddd, 1H,)4 3 =
8.0 HZ,J4”,5“ =75 HZ,J4”'5” =1.8 Hz, H-4’), 7.98 (ddd, 1HJ4y3
=8.2Hz,J46= 2.2 Hz,J,y = 0.7 Hz, H-4), 8.27 (dd, 1H}3 4=
8.2 HZ,J3ye = 0.9 Hz, H-S), 8.29 (dt, 1HJ3”,4” =8.0 HZ,J3~Y5~ =
1.2 Hz,J3 ¢ = 1.0 Hz, H-3'), 8.683 (ddd, 1HJs 5+ = 4.9 Hz,
Jor 4 = 1.8 Hz,Jgr3» = 1.0 Hz, H-6'), 8.67 (dt, 1H,Js4 = 2.2
Hz, J6'3 = 0.9 Hz, \]6,1’ = 0.6 Hz, H-6), 13C NMR (1257
MHz, CD;OD) 6 44.8 (CH-2), 63.9 (CH-5), 74.4 (CH-3),
79.1 (CH-1), 89.5 (CH-4), 122.3 (CH-3), 122.6 (CH-3,
125.2 (CH-5), 136.4 (CH-4), 138.7 (CH‘j, 139.7 (C-5), 148.4
(CH-6), 150.2 (CH-8), 156.4 (C-2), 157.0 (C‘2; IR spectrum
(KBr) 3409, 3056, 1628, 1590, 1575, 1558, 1490, 1462, 1436, 1255,
1148, 1092, 1065, 1051, 1026, 994, 797, 751, 640, 620, 400;cm
[0]?% +49.3 € 4.50, MeOH).
15-([2,2';6',2"']-Terpyridin-5-yl)-1,2-dideoxy-b-ribofuranose
(13g). Compoundl3gwas prepared from crudEg (284 mg) by
the general procedure. Lyophilization from®igavel3g (102 mg,
85%; 42% isolated yield over two steps) as a white gum: MS (FAB)
m/'z 350 (M + 1); HRMS (FAB) for GoH20N303 [M + H] calcd
350.1505, found 350.1509H NMR (500 MHz, CQyOD) ¢ 2.03
(ddd, 1H,Jgem= 13.1 Hz,J7,+ = 10.5 Hz,J2, 5 = 5.9 Hz, H-2b),
2.31 (ddd, 1HJgem = 13.1 Hz,J2a1 = 5.5 Hz,Ja3 = 1.7 Hz,
H-2'a), 3.73 (d, 2HJs 4 = 4.9 Hz, H-5), 4.01 (td, 1HJs 5 = 4.9
Hz,Jy 3 = 2.5 Hz, H-4), 4.38 (dt, 1HJ3 » = 5.9, 1.7 Hz J3 4 =
2.5 Hz, H-3), 5.25 (dd, 1HJ; » = 10.5, 5.5 Hz, H-1), 7.43 (ddd,
1H, Jggw = 7.5 Hz,J5 g = 4.8 HZ,J5 3» = 1.2 Hz, H-8'"), 7.95
(ddd, 1H,J4» 3+ = 8.0 Hz,J4 5+ = 7.5 HZ,Jy» g~ = 1.8 Hz, H-4""),
7.99 (ddd, 1HJs3= 8.2 Hz,J46 = 2.2 Hz,J4,y = 0.6 Hz, H-4),
8.00 (t, 1H,J4' 3 = Jg»5» = 7.8 Hz, H-4"), 8.326 and 8.328 (X
dd, 2 x 1H, J3 4 = Jgrgr = 7.8 Hz,J3 5 = 2.3 Hz, H-3',5"),
8.54 (dd, 1H,J34 = 8.2 Hz,J36 = 0.8 Hz, H-3), 8.56 (dt, 1H,
Jzwgn = 8.0 Hz,Jgn 5w = 1.2 Hz, Jgg» = 0.9 Hz, H-3"), 8.64
(ddd, 1H,Js" 5+ = 4.8 Hz,Je" 4~ = 1.8 HZ,Jg» 3» = 0.9 Hz, H-6""),
8.67 (dt, 1H,-J6,4: 2.2 HZ,J6'3: 0.8 HZ,JG,I = 0.6 Hz, H-6);13C
NMR (125.7 MHz, CROD) 6 44.8 (CH-2), 64.0 (CH-5'), 74.4
(CH-3), 79.2 (CH-1), 89.5 (CH-4), 122.05 and 122.07 (CH“3
and CH-%), 122.4 (CH-3), 122.8 (CH*3), 125.3 (CH-5"), 136.4
(CH-4), 138.7 (CH-4"), 139.2 (CH-4), 139.7 (C-5), 148.2
(CH-6), 150.1 (CH-8"), 156.4, 156.5 and 156.6 (C-2, C-2and
C-6"), 157.2 (C-2"); IR spectrum (KBr) 3421, 3062, 1630, 1598,
1584, 1561, 1492, 1475, 1454, 1431, 1414, 1263, 1148, 1102, 1093,
1080, 1051, 1027, 999, 991, 826, 787, 762, 640, 631, 619, 400
cm % [a]?% +52.8 € 2.03, MeOH).
1/3-(6-Aminopyridin-3-yl)-1,2-dideoxy-p-ribofuranose (13h).
Compoundl3h was prepared fromd2h (159 mg, 0.36 mmol) by
the general procedure. Lyophilization from®gavel3h (69 mg,
90%) as a yellow oil: MS (FABjwz211 (M+ 1); HRMS (FAB)
for C1oH15N205 [M + 1] calcd 211.1083, found 211.108® NMR
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(500 MHz, DMSO¢) 6 1.80 (ddd, 1H Jyom = 12.8 Hz,Jopy =
10.5 Hz,Jzp3 = 5.7 Hz, H-2b), 1.92 (ddd, 1HJgem = 12.8 Hz,
Joar = 5.4 Hz,Jya3 = 1.6 Hz, H-2a), 3.39 (br dd, 1HJgem =
11.4 Hz,Jsp4 = 5.5 Hz, H-3b), 3.44 (br dd, 1HJgem= 11.4 Hz,
Jsfay4 = 4.8 Hz, H-5a), 3.70 (ddd, 1HJ4',5' =55,48 HZ,J4',3' =
2.1 Hz, H-4), 4.16 (br dt, 1HJs » = 5.7, 1.6 Hz,Jy » = 2.1 Hz,
H-3), 4.72 (br s, 1H, OH-5, 4.82 (dd, 1HJy » = 10.5, 5.4 Hz,
H-1'), 5.00 (br s, 1H, OH-3, 5.83 (br s, 2H, NH), 6.41 (d, 1H,
Jsa = 8.8 Hz, H-3), 7.36 (dd, 1H)s3 = 8.8 Hz,Jss = 2.3 Hz,
H-4), 7.84 (d, 1HJs4 = 2.3 Hz, H-6);13C NMR (125.7 MHz,
DMSO-dg) 8 42.99 (CH-2), 62.72 (CH-5'), 72.72 (CH-3), 77.56
(CH-1), 87.69 (CH-4), 107.89 (CH-3), 125.11 (C-5), 135.84
(CH-4), 146.33 (CH-6), 159.64 (C-2); IR spectrum (KBr) 3420,
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2.4 Hz,J3,+ = 0.6 Hz, H-3), 4.94 (dd, 1HJy > = 10.5, 5.4 Hz,
H-1'), 6.56 (ddd, 1HJ34= 9.4 Hz,J36 = 0.7 Hz,J3 1 = 0.4 Hz,
H-3), 7.47 (dt, 1HJs 4= 2.6 Hz,Js 3= Js,» = 0.7 Hz, H-6), 7.71
(ddd, 1H,J43 = 9.4 Hz,J46 = 2.6 Hz,J,y = 0.3 Hz, H-4);13C
NMR (151 MHz, CDOD) ¢ 43.66 (CH-2'), 63.84 (CH-5'), 74.28
(CH-3), 78.33 (CH-1), 89.16 (CH-4), 120.76 (CH-3), 122.69
(C-5), 133.44 (CH-4), 142.70 (CH-6), 165.53 (C-2); IR spectrum
(KBr) 3428, 1687, 1659, 1618, 1551, 1207, 1183, 1091, 1050, 1004,
799, 722, 550 cmt; [0]?% +44.1 € 1.71, MeOH).

Single-Crystal X-ray Structure Analysis. X-ray crystallo-
graphic analysis of single crystals d® (colorless, 0.14x 0.47 x
0.53 mm) and13i (colorless, 0.07x 0.16 x 0.46 mm) was
performed with Xcalibur X-ray diffractometr with Cud (A =

2804, 2756, 2739, 2678, 2601, 2492, 1672, 1632, 1559, 1507, 1476,1.54180 A), data collected at 150 K. Both structures were solved

1434, 1398, 1092, 1050 crh [a]?% +25.9 € 2.32, MeOH).
153-(6-Dimethylaminopyridin-3-yl)-1,2-dideoxy-d-ribofura-
nose (13i).Compoundl13i was prepared from2i (176 mg, 0.38
mmol) by the general procedure. Crystallization from EtOAc/
heptane gavd3i (75 mg, 84%) as colorless crystals: mp 104
106°C; MS (FAB)m/z238 (M + 1); HRMS (FAB) for G;H1gN20;3
[M + H] caled 238.1317, found 238.1324%1 NMR (600 MHz,
DMSO-dg) 6 1.82 (ddd, 1H,)yem= 12.8 Hz,Jppr = 10.6 HZ,Jo1 3
= 5.6 Hz, H-2b), 1.95 (ddd, 1HJgem= 12.8 Hz,J»5r = 5.3 Hz,
Joaz = 1.6 Hz, H-2a), 3.00 (s, 6H, (CH)2N), 3.40 (br dt, 1HJgem
= 11.3 Hz,Jsp4 = 5.7 Hz,Jsp,0n = 5.4 Hz, H-Bb), 3.45 (br dt,
1H, Jgem= 11.3 Hz,J550n = 5.4 Hz,J524 = 4.9 Hz, H-3a), 3.72
(ddd, 1H,Jy5 = 5.7, 4.9 HzJy 3 = 2.1 Hz, H-4), 4.18 (m, 1H,
Jg2 = 5.6, 1.6 HzJ3 01 = 3.8 Hz,J3.+ = 2.1 Hz, H-3), 4.75 (br
t, 1H, Jons = 5.4 Hz, OH-5), 4.89 (dd, 1HJ; » = 10.6, 5.3 Hz,
H-1'), 5.03 (d, 1H,Jonz = 3.8 Hz, OH-3), 6.63 (d, 1H,J34 =
8.8 Hz, H-3), 7.52 (dd, 1HJ43 = 8.8 Hz,Jss = 2.4 Hz, H-4),
8.03 (dt, 1H,Js4 = 2.4 Hz,Js 3= Js.r = 0.6 Hz, H-6);13C NMR
(151 MHz, DMSO#dg) 6 38.03 ((CH):N), 43.09 (CH-2'), 62.71
(CHy-5), 72.73 (CH-3), 77.35 (CH-1), 87.75 (CH-4), 106.01
(CH-3), 124.82 (C-5), 136.19 (CH-4), 145.60 (CH-6), 158.73
(C-2); IR spectrum (KBr) 3401, 3308, 2815, 1609, 1559, 1414,
1437, 1320, 1074, 1051, 1032, 1012, 995 ¢ma]?% +40.3 €
2.65, MeOH). Anal. Calcd for GH1gN205 (238.3): C, 60.49; H,
7.61; N, 11.76. Found: C, 60.76; H, 7.75; Cl, 7.71; N, 11.72.
15-(6-Oxopyridin-3-yl)-1,2-dideoxy-b-ribofuranose (14).Com-
pound12j (84 mg, 0.17 mmol) was dissolved in TFA (2 mL), and

by direct methods with SIR%2 and refined by full-matrix least-
squares orF with CRYSTALS#” The hydrogen atoms were all
located in a difference map, but those attached to carbon atoms
were repositioned geometrically and then refined with riding
constraints, while all other atoms were refined anisotropically in
both cases.

Crystal data fod0: CCDC642287; @H1,Cl;N;O3, monoclinic,
space grouP2,, a = 7.1887(1) Ab = 7.5136(1) A,c = 9.5782-

() A, B=96.1275(9), V = 514.389(8) &, Z =2, M = 229.66,
9510 reflections measured, 2070 independent reflections. Rinal
= 0.0288,wR = 0.0328, GoF= 0.9217 for 2053 reflections with

| > 1.960(l) and 138 parameters.

Crystal data fol3i: CCDC642288; G;H;1gN,03, orthorhombic,
space grougP2;,2:2;, a = 5.6723(1) A,b = 10.6767(1) Ac =
19.4350(1) AV = 1177.01(2) R Z = 4, M = 238.28, 17723
reflections measured, 2401 independent reflections. Fat
0.0340wR = 0.0439, GoF= 1.0980 for 1947 reflections with>
1.965(l) and 156 parameters.
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the solution was stirred until the reaction was completed (ca. 20 4, 7a,b, 12a—i, cif files for 10 and 13i, and copies of all NMR

min, TLC). Then, TFA was evaporated and crude pyridbdaas
purified by chromatography on silica gel in gradient Ckit©I50%
MeOH in CHCE. Lyophilization from HO gavel4 (30 mg, 84%)
as colorless crystals: mp 15159°C; MS (FAB) m/z 212 (M +
1); HRMS (FAB) for GoH14NO4 [M + H] calcd 212.0923, found
212.0920;'H NMR (600 MHz, CROD) ¢ 1.95 (ddd, 1HJgem =
13.1 Hz,Jppr = 10.5 Hz,J2p3 = 5.9 Hz, H-2b), 2.11 (ddd, 1H,
Jgem= 13.1 Hz,Jpa1 = 5.4 Hz,Jya3 = 1.7 Hz, H-2a), 3.64 (dd,
1H, Jgem= 11.7 Hz,J54 = 4.9 Hz, H-3b), 3.66 (dd, 1HJgem =
11.7 Hz,J5a4 = 4.6 Hz, H-Ba), 3.90 (td, 1H,Jy 5 = 4.9, 4.6 Hz,
Jyz = 2.4 Hz, H-4), 4.32 (dddd, 1HJ3 > = 5.9, 1.7 Hz 3 4 =

spectra. This material is available free of charge via the Internet at
http://pubs.acs.org. CCDC642287 and CCDC642288 contain the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic

Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

JO0709504

(46) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr1994 27, 435-435.

(47) Betteridge, P. W.; Carruthers, J. R.; Cooper, R. I.; Prout, K.; Watkin,
D. J.J. Appl. Crystallogr.2003 36, 1487-1487.

J. Org. ChemVol. 72, No. 18, 2007 6805



