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INTRODUCTION
Both naturally occurring and synthetic analogs of nucleosides possess significant antibacte-
rial, antiviral and antitumor activities." There is a special class of nucleosides derivatives, in which
the nucleobase and the sugar are separated by a carbon bridge, thus making them more resistant to
hydrolytic or enzymatic cleavage compared to the relatively reactive aminal linkage of common
nucleosides. In addition to greater conformational flexibility and rotational freedom, the base moiety
is located further away from the other nucleoside recognition sites, like the sugar ring oxygen and
hydroxy groups. In oligonucleotides composed of these modified nucleosides, the distance between
backbone and base moieties is increased thus lowering the electrostatic repulsion by maintained
ability to build Watson-Crick base pairs with a natural DNA or RNA strain.
Such special nucleosides can be divided into 1'-homonucleosides and reversed nucleo-
sides (Scheme 1). 1'-Homonucleosides are compounds, in which C-1' of the carbohydrate and a
nitrogen (1'-homo-N-nucleosides) or a carbon atom (1'-homo-C-nucleosides) of the
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heterocyclic nucleobase are linked via a methylene group. In reversed nucleosides the methylene
bridge between the sugar and the base is constituted from the C-5' of the furanose. Although both
classes are non-glycosidic nucleoside analogs, a major difference between them is that reversed nucle-
osides still possess an anomeric center (although not involved in the nucleobase linkage) and 7'
homonucleosides do not. The presence of an anomeric effect in a natural nucleoside is one of the most
important factors which contributes to the conformational behavior of the nucleoside and, hence, to its
biological features. These physiological properties may change dramatically, if the anomeric aminal
function is removed from the nucleoside. The exchange of the furanose by a carbocyclic five-
membered ring (carbocyclic nucleosides)*® and the linkage of the sugar C-1 to a carbon atom of the
nucleobase (C-nucleosides)’ are other possibilities for the removal of the N-glycosidic linkage
besides the introduction of a carbon bridge between the base and carbohydrate parts. These resulting
I'-homonucleosides and reversed nucleosides are closely related structurally, but their synthetic
approaches are completely different. Reversed nucleosides are usually obtained by nucleophilic
substitution of the carbohydrate’s 5-hydroxyl group by the nucleobase, whereas !'-homonucleosides
are in principal derivatives of C-glycosides.!*!> The preparation and transformation of these special
nucleosides have never been summarized before and will be discussed in this review.

1. SYNTHESIS OF 1'-HOMONUCLEOSIDES
1. Preparation of 1'-Homo-N-nucleosides

1'-Homonucleosides are in general higher sugar homologs of their natural counterparts. This is
also true for 5'-homonucleosides, which are characterized by an additional methylene group between
C-5' and the primary hydroxy group.'*!* Other homonucleosides (2'-homonucleosides'>!¢ and 3'-
homonucleosides'®!”), in which the methylene group is interposed between C-2' or C-3' and the corre-
sponding hydroxy function, belong rather to the class of nucleosides with branched-chain sugar
moieties. The introduction of a methylene group into the furanose between the ring oxygen and C-1','8
C-1'and C-2','® C-2' and C-3',0 C-3' and C-4' 2! and C-4' and the ring oxygen?® leads to homonucleo-
sides with hexopyranose moieties. Finally, homonucleosides with ring-expanded nucleobases, bearing
an additional methylene group in the aromatic heterocycle, are also known.” Out of all these different
homonucleosides, only 1'-homo derivatives possess a C-glycosidic effect, resulting in an extremely
stable linkage between sugar and nucleobase.

In principle, there are two major methods for the synthesis of 1'-homo-N-nucleosides. One
possibility is the introduction of the complete nucleobase by nucleophilic substitution of a leaving
group at the exocyclic methyl group of a C-glycoside. By this method, the preparation of 1'-homonu-
cleosides has been described by displacement of C-glycoside tosylates,***’ mesylates,?® bromides,”
iodides®, pyridinium salts*’ and hydroxy groups (under Mitsunobu conditions).*>** An especially
short approach to 1'-homo-deoxynucleosides is depicted in Scheme 2.2 The 2-deoxyribose derivative
4 was converted in two steps to a mixture of the two C-glycosides 6 and 7 by a Wittig-ring
opening/epoxidation-ring closure sequence. Compound 6 was transformed into its O-mesyl derivative
8, which was then treated with sodium hydride and adenine to afford 1-homodeoxyadenosine (9).
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Another possibility is the de novo construction of the nucleobase. For this approach, primary
amines such as 11 are important intermediates because they were utilized in several syntheses of 1'-
homoadenosine,**? -cytidine,*** -uridine®>* and -thymidine.’>% The coupling of 11 with 5-
amino-4,6-dichloropyrimidine led to 12, which could be further transformed to 1'-homoadenosine
(14) by purine cyclization, ammonolysis and deprotection (Scheme 3).3¢ The biocatalytic oxidative
cyclization of an acyclic nucleoside to a 1-homo-N-nucleoside was achieved by the aerobic bacterium
Acetobacter suboxydans.*' In addition, the synthesis of 1'-bis-homonucleosides in which the carbohy-
drate and nucleobase are connected via an ethylene linker has been described, 32404249

ci
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The connection of three-membered,**** four-membered,’**® five-membered*’-** and six-
membered®>%® carbocyclic sugars and aza-sugars®’ to nucleobases across a methylene bridge furnished
1-homonucleoside derivatives. Scheme 4 shows an approach to the carbocyclic congener of homouri-
dine 21 from commercially available norbornadiene (15).*® The key intermediate is the amino alcohol
19, which was treated with f-methoxyacryloyl isocyanate. Cyclization of the resulting acryloyl urea
20 in acidic medium led to concomitant hydrolysis of the isopropylidene protecting group, thus

affording the carbocyclic 1'-homonucleoside 21.

HO OH

’E 1. KMnO, o 1.0 W I. Ac0, Py
7
- 2. Me;C(OMe), o )( 2. NaBH, 2. TsCl, Py

16 (27%) 17 91%)
OAc OTs HO NH,
_\Q‘ 1. NaN; W MeOCH=CHCONCO
o><o 2. LiAlH,4 0><0
18 (60%) 19 (42%)

H,S0, N/J%o

HO : ch, HO CH,

>< HO OH

20 (51%) 21 (51%)

Scheme 4

{'-Homo-N-nucleosides are compounds with a carbon linker between a nitrogen atom of the
nucleobase and the sugar. Nucleoside derivatives in which these parts are joined via another one-atom
bridge consisting of a nitrogen,® oxygen®®72 or sulfur atom’* are known as well.

2. Preparation of 1'-Homo-C-nucleosides

1'-Homo-C-nucleosides are compounds with a methylene bridge between a carbon atom of the
nucleobase and C-1' of the furanose. There are in principle two possible pathways to such compounds.
One approach employs special C-glycosides, which carry the sugar part of the desired nucleoside, as
starting materials for the elaboration of the nucleobase. Two compounds which have found ample
application are the tricyclic lactone 22747 and the B-ketoester 23883 (Scheme 5).
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Since the initial isolation of showdomycin from Streptomyces showdoensis, this C-nucleoside
antibiotic has elicited considerable attention because of its significant antibacterial and antitumor
activities and of its enzyme inhibitory abilities.* An efficient synthesis of its homolog 28 was worked
out starting from lactone 22, which after ring-opening and several chain-elongation steps led to the a-
ketoester 27. Wittig condensation of 27 with carbamoylmethylenetriphenylphosphorane gave the
desired maleimide scaffold; the removal of the protecting groups afforded 1'-homoshowdomycin 28
(Scheme 6).77
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Scheme 6

Another route to 1'-homo-C-nucleosides is the Wittig reaction between a sugar hemiacetal and
the phosphorane of a nucleobase.?08'85-88 For example, the reaction between the protected ribose 29
and (6-chloropyrimidin-4-yl)methylenetriphenylphosphorane gave a mixture of the 1'-homo-C-nucle-
oside 30 and the ring-openend olefin 31, which could be cyclized to 30 with the aid of a base in quan-
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titative yields. Subsequent exchange of the aromatic chlorine by amine and removal of the aliphatic
chlorine led to the 1'-homo-C-nucleoside 33. (Scheme 7) 8586088

100%
NH;
N _NH, N_ _NH,
AN
1 YT 1
N__~ N._ .~
N,H4
TrOWHg TrO 0 Cl
> L
33 (30%) 32 (64%)
Scheme 7

The nucleophilic displacement of an anomeric sugar halide by a stabilized nucleobase-
carbanion®” and the dehydrative cyclization of acyclic C-nucleosides with p-toluenesulfonyl chlo-
ride®** have also been described as alternative approaches to 1'-homo-C-nucleosides.

II. SYNTHESIS OF REVERSED NUCLEOSIDES

Nucleosides in which the adenine ring has been moved from the 1'-position to the 5'-position
are resistant to degradation by the enzyme Adenine deaminase. These findings provide further
evidence for the importance of the 5'-hydroxy group as a structural requirement for significant
substrate activity of nucleosides.”'

There are several routes to reversed nucleosides. One approach for the creation of the new C-N
bond is the Mitsunobu reaction between the hydroxy function at C-5 of the ribofuranose with the
nucleobase.”? Another possibility is the transformation of this hydroxy group into a tosylate,%!-93-1%
brosylate''® or iodide**!"! and the nucleophilic substitution of these groups by the nitrogen hetero-
cycle, as demonstrated by the synthesis of the reversed adenosine 35 in Scheme 8.'%'!1
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The transformation of the 5-hydroxy group of the furanose into an azide function and its 1,3-
dipolar cycloaddition with suitable alkenes and alkynes has also been successfully applied to the
preparation of reversed nucleosides.!'>!!® An interesting intramolecular version is shown in Scheme 9,
where the 5'-azido group of 37 undergoes thermally-induced addition to the 5,6-double bond of the
uracil moiety. The instable intermediate 38 can be oxidized to the isolizable cyclonucleoside 39, but
simple heating in toluene affords the macrocycle 40 through an unprecedented N'-C° cleavage.
Compound 40 can be transformed to the reversed triazole nucleoside 41 by ammonolysis and diazoti-
zation.'!"® Furanosides with primary amine functions in the terminal position (C-5) could also be
elaborated into reversed nucleosides by different methods 9113114119

0 N 0 )
P N
P N— N
N A 1. NH |
N3 0 N [o] 0 (o] 0 N o 3 H,C o
2. NaNO,, H* oH
o_ 0 ;—i
°0 > > 5L
38
37 L | 40 (80%) 41 (21%)
DDQ

[}
N
" ﬂm
§N ;o N ’&o
o__0

PN

39 (30%) Scheme 9
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III. REACTIONS OF 1''HOMONUCLEOSIDES
1. Reactions of 1'-Homo-N-nucleosides

Several 1'-homo-N-nucleosides have been converted into the corresponding nucleotides by
phosphorylation of hydroxy groups of the sugar moiety 2+3*40.120-122 The resulting 1'-homo-N-
nucleotides could be incorporated into oligodeoxyribonucleotides (DNA fragments)2*3940.120.121 54
well as into hammerhead ribozymes.'>' Some of these homo-nucleotide monomeres or oligomeres
have been reported to exhibit efficient antiviral activity against herpes simplex virus type-1 by inhibi-
tion of its Uracil-DNA glycosylase."'*' The derivatization of functional groups in the nucleobase
part of 1'-homo-N-nucleosides has also been described.?.2%34.36.38.123

2. Reactions of 1'-Homo-C-nucleosides

The synthesis of unique “‘split” nucleosides is made possible starting from 1'-homo-C-nucleo-
sides. “Split” nucleosides are analogs of purine nucleosides in which both five- and six-membered
heterocycles of the purine are separated from each other. In this way, although the recognition
elements for molecular interaction of the purine base are disconnected, they are still present. Upon a
1,3-dipolar cycloaddition with trimethylsilylacetylene, azide 42 was converted to the “split” nucleo-
side 43. An attempt to introduce the second nucleobase of the desired “split” nucleoside by nucle-
ophilic substitution of the secondary chloride 32, led to the unsaturated 1'-homo-C-nucleoside 44, in
which the sugar and the carbon bridge are linked by a C-C double bond (Scheme 10).%°

N3
N NaN; 1. CSiMe;=CH Ny vy
/ o 9o I
Pl N .
T 4 42@7%) 2 NHF ™07 6 :
N=\
32 43 (62%)

44 (69%)
Scheme 10

1I'-Homo-C-nucleosides have also been used as efficient intermediates in the synthesis of special
bicyclic C-nucleosides like 46, which otherwise would be difficult to prepare (Scheme 11).86%7
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IV. REACTIONS OF REVERSED NUCLEOSIDES

Reversed nucleosides have been transformed into their acyclic open-chain analogs by oxida-
tive ring-opening with oxygen in an alkaline medium'®'® or with sodium periodate (often in the
presence of a ruthenium catalyst) %29 100103 Most of these investigations have been stimulated by the
finding that the acyclic nucleoside D-eritadenine (lentinacin, 4-(adenin-9-yl)-2(R)-3(R)-dihydroxybu-
tyric acid), a hypocholesterolemic substance isolated from the edible Japanese mushroom shiitake
(Lentinus edodes SING.), strongly inhibits S-adenosyl-L-homocysteine hydrolase. Like other
inhibitors of this enzyme, which is important for the regulation of biological methylations, eritadenine
also exhibits a significant antiviral effect.”® Thus unnatural derivatives of eritadenine became of
interest. The reversed nucleoside 50, which is obtainable in four steps from 4-amino-5-cyanoimida-
zole and the tosylated ribose 34, was used as key intermediate in a short synthesis of the N7 isomer 51
of D-eritadenine (Scheme 12).)%
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Reversed nucleosides with an amino function in the nucleobase could be transformed into
interesting cyclonucleosides under acidic conditions.!'>!!* The cyclization occurs regioselectively,
because final ring-closure to 54 involves attack by the heterocyclic amine on the anomeric center with
displacement of the glycosidic hydroxy group (Scheme 13).11*

HN— o
OMe  NC(NH,)CHCONH, N NH,

HaC

HC(OEt)3 ;01

i
z
-
z?\z
O

o_ 0

52 0 (o} HO OH
X 54 (17%)

53 (59%)
Scheme 13

The syntheses of “double-headed” nucleosides has been facilitated by application of reversed
nucleosides as key intermediates.”'** “Double-headed” nucleosides are compounds with two iden-
tical or different nucleobases linked to C-1' (normal attachment) and to C-5' (reversed attachement) of
a furanose. These modified nucleosides may simultaneous bind and recognize two complementary
bases by Watson-Crick type base-pairing. Alternatively, “double-headed” nucleosides may interact
with a polynucleotide using one base for pairing and the other as an intercalator stabilizing the base
pair. “Double-headed” nucleosides have been prepared earlier in low yields by introduction of the
reversed linked nucleobase into the 5'-position of a nucleoside.'>'?” A better way seems to be to form
the two nucleosidic C-N bonds in opposite order, because the reversed nucleoside 55 was easily trans-
formed into the “double-headed” nucleoside 56 by standard Vorbriiggen coupling. Subsequent sugar
deprotection and iodine removal affords the interesting nucleoside 57 bearing two uracil bases in high
yield (Scheme 14).%

(o} o 0 |
| NH o]
NH |
Cr LWy »3
N o SiMe, O)\N\ /| NH 1.NH3
HC F1CSO;38iMe;3 HC 5 N T2 Hy, PAIC H,, Pd/C
OAc
Bz0 OBz BzO OBz HO OH
55 56 (89%) 57 (92%)
Scheme 14

Finally, reversed nucleosides have been subject to further functionalization of the nucleobase.
The reversed 5-iodo-uridine 59 could be converted into the 5,6-diiodo and 5-ethynyl derivatives 58
and 60 by standard lithiation or palladium-catalyzed cross-coupling methodologies (Scheme 15).'**
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V. CONCLUSION

As we have seen, there are several methods available for the preparation of nucleosides with a
carbon bridge between both sugar and base components. The resulting 1'-homonucleosides and
reversed nucleosides not only possess interesting biological properties but are also well suited for
further chemical manipulations. The easy access to such important nucleoside derivatives like “split”
and “double-headed” nucleosides, as well as special cyclonucleosides and bicyclic C-nucleosides
demonstrates, that 1'-homonucleosides and reversed nucleosides are valuable intermediates in nucleo-
side chemistry.

REFERENCES
1. K. W. Pankiewicz, Carbohydr. Res., 327, 87 (2000).
2. C.Lamberth, Org. Prep. Proced. Int., 31, 379 (1999).
3.  D.M. Huryn and M. Okabe, Chem. Rev., 92, 1745 (1992).
4.  M.T. Crimmins, Tetrahedron, 54, 9229 (1998).

5. L. Agrofoglio, E. Suhas, A. Farese, R. Condom, S. R. Challand, R. A. Earl and R. Guedj, ibid.,
50, 10611 (1994).

6. A.D.Borthwick and K. Biggadike, ibid., 48, 571 (1992).

7. M. A.E. Shaban, Adv. Heterocycl. Chem., 70, 163 (1998).

8. M. A E. Shaban and A. Z. Nasr, Adv. Heterocycl. Chem., 68, 223 (1997).
9. L.I.S. Knutsen, Nucleosides Nucleotides, 11, 961 (1992).

10. Y.Du,R.J. Linhardt and 1. R. Vlahov, Tetrahedron, 54, 9913 (1998).

11. H.Togo, W. He, Y. Waki and M. Yokoyama, Synlert, 700 (1998).

161



20:19 26 January 2011

Downl oaded At:

LAMBERTH

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

M. H. D. Postema, Tetrahedron, 48, 8545 (1992).
M. . Robins, Z. Guo, M. C. Samano and S. F. Wnuk, J. Am. Chem. Soc., 121, 1425 (1999).
J. Hollmann and E. Schlimme, Liebigs Ann. Chem., 98 (1984).

J. B.J. Pavey, A. J. Lawrence, A. J. Potter, R. Cosstick and I. A. O’Neil, Tetrahedron Lett., 39,
6967 (1998).

C. K.-H. Tseng, V. E. Marquez, G. W. A. Milne, R. J. Wysocki, H. Mitsuya, T. Shirasaki and J.
S. Driscoll, J. Med. Chem., 34, 343 (1991).

J. S. Pudlo and L. B. Townsend, Tetrahedron Lett., 31, 3101 (1990).

I. Verheggen, A. Van Aerschot, L. Van Meervelt, J. Rozenski, L. Wiebe, R. Snoeck, G. Andrei,
J. Balzarini, P. Claes, E. De Clercq and P. Herdewijn, J. Med. Chem., 38, 826 (1995).

A. El-Laghdach, M. I. Matheu and S. Castillon, Tetrahedron, 50, 12219 (1994).

T. M. K. Chiu, D. H. Warnock, K. A. Watanabe and J. J. Fox, J. Heterocycl. Chem., 10, 607
(1973).

K. Augustyns, J. Rozenski, A. Van Aerschot, G. Janssen and P. Herdewijn, J. Org. Chem., 58,
2977 (1993).

B. Doboszewski and P. Herdewijn, Nucleosides Nucleotides, 18, 1495 (1996).
P. A. Sutton, V. Cody and V. E. Marquez, ibid., 6, 613 (1987).
L. Kvaerno, R. Kumar, B. M. Dahl, C. E. Olsen and J. Wengel, J. Org. Chem., 65, 5167 (2000).

Z.]. Yang, H. W. Yu, J. M. Min, L. T. Ma and L. H. Zhang, Tetrahedron Asymm., 8, 2739
(1997).

P. Angibeaud, J. Defaye and H. Franconie, Carbohydr. Res., 78, 195 (1980).
K. Tokuyama and M. Katsuhara, Bull. Chem. Soc. Jpn., 39, 2728 (1966).

N. Hossain, N. Blaton, O. Peeters, J. Rozenski and P. A, Herdewijn, Tetrahedron, 52, 5563
(1996).

J. Defaye, D. Horton, S. S. Kokrady and Z. Machon, Carbohydr. Res., 43, 265 (1975).
J. Defaye, M. Naumberg and T. Reyners, J. Heterocycl. Chem., 6,229 (1969).
J. Defaye and Z. Machon, Carbohydr. Res., 24, 235 (1972).

J.Lee, S. U. Kang, S. Y. Kim, S. E. Kim, M. K. Kang, Y. J. Jo and S. Kim, Bioorg. Med. Chem.
Lett., 11,961 (2001).

162



20:19 26 January 2011

Downl oaded At:

33.

34.

35.

36.

3.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

33.

THE CHEMISTRY OF 1'-HOMONUCLEOSIDES AND REVERSED NUCLEOSIDES. A REVIEW

B. Doboszewski, Nucleosides Nucleotides, 16, 1049 (1997).

M. W. Winkley, Carbohydr. Res., 31, 245 (1973).

J. Farkas, Coll. Czech. Chem. Commun., 36, 3043 (1971).

J. A. Montgomery and K. Hewson, J. Heterocycl. Chem., 7, 443 (1970).
J. Defaye and T. Reyners, Bull. Soc. Chim. Biol., 50, 1625 (1968).

M. Bobek and J. Farkas, Coll. Czech. Chem. Commun., 34, 1684 (1969).

C. L. Scremin, J. H. Boal, A. Wilk, L. R. Phillips and S. L. Beaucage, Biorg. Med. Chem. Lett.,
6, 207 (1996).

J. H. Boal, A. Wilk, C. L. Scremin, G. N. Gray, L. R. Phillips and S. L. Beaucage, J. Org.
Chem., 61, 8617 (1996).

D. Horton and C.-M. Liu, Carbohydr. Res., 109, 282 (1982).
J. Hovinen, A. Azhayev, H. Salo and J. Vilpo, Nucleosides Nucleotides, 18, 1263 (1999).

C. L. Scremin, J. H. Boal, A. Wilk, L. R. Phillips, L. Zhou and S. L. Beaucage, Tetrahedron
Lert., 36, 8953 (1995).

G. Giovanninetti, V. Cavrini, L. Garuti, P. Roveri, M. Amorosa, R. Gaggi and J. Defaye, Eur. J.
Med. Chem., 15, 23 (1980).

R. Gaggi, G. Giovanninetti, V. Cavrini, L. Garuti, P. Roveri, M. Amorosa and J. Defaye,
Farmaco, Ed. Sci., 35, 581 (1980).

V. Zecchi, L. Garuti, G. Giovanninetti, L. Rodriguez, M. Amorosa and J. Defaye, Bull. Soc.
Chim. Fr., 1389 (1974).

G. Giovanninetti, L. Nobile, A. Andreani, A. Ferranti, M. Amorosa and J. Defaye, Carbohydr.
Res., 27,243 (1973).

L. Nobile, G. Giovanninetti, T. P. Balbi, M. Amorosa and J. Defaye, ibid., 24, 489 (1972).
G. Giovanninetti, L. Nobile, M. Amorosa and J. Defaye, ibid., 21, 320 (1972).

R. Csuk and G. Thiede, Tetrahedron, 55, 739 (1999).

R. Csuk and L. Eversmann, ibid., 54, 6445 (1998).

N. Katagiri, H. Sato and C. Kaneko, Nucleosides Nucleotides, 11, 707 (1992).

W.T. Ashton, L. C. Meurer, C. L. Cantone, A. K. Field, J. Hannah, J. D. Karkas, R. Liou, G. F.
Patel, H. C. Perry, A. F. Wagner, E. Walton and R. L. Tolman, J. Med. Chem., 31, 2304 (1988).

163



20:19 26 January 2011

Downl oaded At:

LAMBERTH

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

A. R. Hergueta, F. Fernandez, C. Lopez, J. Balzarini and E. De Clercq, Chem. Pharm. Bull., 49,
1174 (2001).

H.-P. Guan, M. B. Ksebati, E. R. Kern and J. Zemlicka, J. Org. Chem., 65, 5177 (2000).

J. M. Blanco, O. Caamano, F. Fernandez, X. Garcia-Mera, A. R. Hergueta, C. Lopez, J. E.
Rodriguez-Borges, J. Balzarini and E. De Clercq, Chem. Pharm. Bull., 47, 1314 (1999).

L. Santana, M. Teijeira, C. Teran, E. Uriarte and D. Vina, Synthesis, 1532 (2001).

C. Balo, F. Fernandez, E. Lens and C. Lopez, Chem. Pharm. Bull., 46, 687 (1998).

C. Balo, J. M. Blanco, F. Fernandez, E. Lens and C. Lopez, Tetrahedron, 54, 2833 (1998).

H. Franzyk, J. H. Rasmussen, R. A. Mazzei and S. R. Jensen, Eur. J. Org. Chem., 2931 (1998).

V. Escuredo, B. Ferro, L. Santana, M. Teijeira and E. Uriarte, Nucleosides Nucleotides, 16, 1453
(1997).

L. Santana, M. Teijeira, E. Uriarte, C. Teran, G. Andrei, R. Snoeck and E. De Clercq, ibid., 16,
1337 (1997).

M. C. Balo, F. Fernandez, E. Lens, C. Lopez, E. De Clercq, G. Andrei, R. Snoeck and J.
Balzarini, ibid., 185, 1335 (1996).

S. Halazy, M. Kenny, J. Dulworth and A. Eggenspiller, ibid., 11, 1595 (1992).
D. J. Von Langen and R. L. Tolman, Tetrahedron Asymm., 8, 677 (1997).

W. T. Ashton, L. C. Meurer, R. L. Tolman, J. D. Karkas, R. Liou, H. C. Perry, S. M. Czelusniak
and R. J. Klein, Nucleosides Nucleotides, 8, 1157 (1989).

C.-H. Wong, L. Provencher, J. A. Porco, S.-H. Jung, Y.-F. Wang, L. Chen, R. Wang and D. H.
Steensma, J. Org. Chem., 60, 1492 (1995).

Z. Machon, I. Mielczarek, J. Wieczorek and M. Mordarski, Arch. Immunol. Ther. Exp., 35, 609
(1987).

J. Hartung, T. Gottwald and R. Kneuer, Synletz, 749 (2001).

N. Nguyen-Ba, N. Lee, L. Chan and B. Zacharie, J. Chem. Soc., Chem. Commun., 2311 (2000).
E. Grochowski and H. Stepowska, Synthesis, 795 (1988).

E. Grochowski, H. Stepowska, P. Salanski and J. Jurczak, Carbohydr. Res., 177, 244 (1988).

A. Hoshi, F. Kanzawa and K. Kuretani, Cancer Chemother. Rep., 55, 229 (1971).



20:19 26 January 2011

Downl oaded At:

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

THE CHEMISTRY OF 1''HOMONUCLEOSIDES AND REVERSED NUCLEOSIDES. A REVIEW

T. Sato and R. Noyori, Bull. Chem. Soc. Jpn., 56, 2700 (1983).

W. . Gensler, S. Chan and D. B. Ball, J. Org. Chem., 46, 3407 (1981).

T. Sato and R. Noyori, Bull. Chem. Soc. Jpn., 53, 1195 (1980).

T. Sato and R. Noyori, Heterocycles, 13, 141 (1979).

T. Sato, K. Marunouchi and R. Noyori, Tetrahedron Lett., 3669 (1979).
W. J. Gensler, S. Chan and D. B. Ball, J. Am. Chem. Soc., 97, 436 (1975).

M. S. Pino Gonzalez, F. J. Lopez Herrera, R. Pabon Aguas and C. Uraga Baelo, Nucleosides
Nucleotides, 9, 51 (1990).

H. Renz and E. Schlimme, Liebigs Ann. Chem., 957 (1986).

T. L. Cupps, D. S. Wise and L. B. Townsend, J. Org. Chem., 47, 5115 (1982).
1. A. Secrist, ibid., 43, 2925 (1978).

C. Lamberth and S. Blarer, Synlett, 489 (1994).

S. Van Calenbergh, A. De Bruyn, J. Schraml, N. Blaton, O. Peeters, D. De Keukeleire, R.
Busson and P. Herdewijn, Nucleosides Nucleotides, 16, 291 (1997).

F. J. Lopez Herrera, M. S. Pino Gonzalez and R. Pabon Aguas, J. Chem. Soc. Perkin Trans. I,
2401 (1989).

T. L. Cupps, D. S. Wise and L. B. Townsend, J. Org. Chem., 51, 1058 (1986).

N. Katagiri, K. Takashima, T. Kato, S. Sato and C. Tamura, J. Chem. Soc. Perkin Trans. I, 201
(1983).

M. A. E. Sallam and L. B. Townsend, Nucleosides Nucleotides, 17, 1215 (1998).
M. A. E. Sallam, L. B. Townsend and W. Butler, J. Chem. Res. (S), 54 (1995).
V. Nair and R. J. Wiechert, Bioorg. Chem., 9, 423 (1980).

K. Walczak and J. Suwinski, Pol. J. Chem., 70, 867 (1996).

K. Walczak and J. Suwinski, ibid., 72, 1028 (1998).

K. Walczak and J. Suwinski, ibid., 70, 861 (1996).

B. Kasnar, V. Skaric, B. Klaic and M. Zinic, Tetrahedron Lett., 34, 4997 (1993).

165



20:19 26 January 2011

Downl oaded At:

LAMBERTH

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

A. Holy, Coll. Czech. Chem. Commun., 47, 2969 (1982).

A. Holy, ibid., 47,2786 (1982).

A. Holy, L. Votruba and E. De. Clercq, ibid., 47, 1392 (1982).
A. Holy, Coll. Czech. Chem. Commun., 44, 593 (1979).

A. Holy, ibid., 43, 3444 (1978).

V. Nair and D. J. Emanuel, J. Am. Chem. Soc.,99, 1571 (1977).

S. N. Mikhailov, L. I. Kolobushkina, A. M. Kritzyn and V. L. Florentiev, Tetrahedron, 32, 2409
(1976).

A. Holy, Coll. Czech. Chem. Commun., 40, 187 (1975).

K. Okumura, K. Matsumoto, M. Fukamizu, H. Yasuo, Y. Taguchi, Y. Sugihara, [. Inoue, M.
Seto, Y. Sato, N. Takamura, T. Kanno, M. Kawazu, T. Mizoguchi, S. Saito, K. Takashima and
S. Takeyama, J. Med. Chem., 17, 846 (1974).

T. Kanno and M. Kawazu, Chem. Pharm. Bulil., 22, 2851 (1974).

. T. Kanno and M. Kawazu, ibid., 22, 2836 (1974).

N. Takamura, N. Taga, T. Kanno and M. Kawazu, J. Org. Chem., 38, 2891 (1973).
M. Kawazu, T. Kanno, S. Yamamura, T. Mizoguchi and S. Saito, ibid., 38, 2887 (1973).

M. Kawazu, T. Kanno, N. Takamura, T. Mizoguchi, S. Saito and K. Okumura, J. Chem. Soc.,
Chem. Commun., 1047 (1970).

N. J. Leonhard, F. C. Sciavolino and V. Nair, J. Org. Chem., 33, 3169 (1968).
S. Fukatsu, Y. Takeda and S. Umezawa, Bull. Chem. Soc. Jpn., 46, 3165 (1973).

L. Vanbaelinghem, P. Martin, D. Postel, G. Goethals, D. F. Ewing, G. Mackenzie, G. Ronco and
P. Villa, Nucleosides Nucleotides, 18, 677 (1999).

D. F. Ewing, G. Goethals, G. Mackenzie, P. Martin, G. Ronco, L. Vanbaelinghem and P. Villa,
J. Carbohydr. Chem., 18, 441 (1999).

D. F. Ewing, G. Goethals, G. Mackenzie, P. Martin, G. Ronco, L. Vanbaelinghem and P. Villa,
Carbohydr. Res., 321, 190 (1999).

S. Freeze and P. Norris, Heterocycles, 51, 1807 (1999).

P. Norris, D. Horton and B. R. Levine, ibid., 43, 2643 (1996).

166



20:19 26 January 2011

Downl oaded At:

THE CHEMISTRY OF 1'-'HOMONUCLEOSIDES AND REVERSED NUCLEOSIDES, A REVIEW

117. T. Sasaki, K. Minamoto, T. Suzuki and T. Sugiura, J. Org. Chem., 44, 1424 (1979).

118. T. Sasaki, K. Minamoto, T. Suzuki and T. Sugiura, J. Am. Chem. Soc., 100, 2248 (1978).
119. N.J. Leonhard and K. L. Carraway, J. Heterocycl. Chem., 3, 485 (1966).

120. Y. Sekino, S. D. Bruner and G. L. Verdine, J. Biol. Chem., 275, 36506 (2000).

121. N. Hossain, C. Hendrix, E. Lescrinier, A. Van Aerschot, R. Busson, E. De Clercq and P.
Herdewijn, Biorg. Med. Chem. Lett., 6, 1465 (1996).

122. A. Holy, Coll. Czech. Chem. Commun., 35, 81 (1970).

123. J. A. Montgomery and K. Hewson, J. Med. Chem., 15, 571 (1972).

124. B. Kasnar, Nucleosides Nucleotides, 14, 341 (1995).

125. M. W. Logue and N. J. Leonard, J. Am. Chem. Soc., 94, 2842 (1972).

126. R. Fecher, K. H. Boswell, J. J. Wittick and T. Y. Shen, ibid., 92, 1400 (1970).

127. R. Fecher, K. H. Boswell, J. J. Wittick and T. Y. Shen, Carbohydr. Res., 13, 105 (1970).

(Received May 15, 2001; in final form November 5, 2001)

167



