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A procedure for the synthesis of conformationally constrai@eglycosyl norstatines has been developed.
The key step of the reaction is the addition &-N-sulfinyl azomethines to chiral &-enolates of
dioxolanones which exploits Seebach’s “SRS” principle. The trisubstitGtedlycosyl-o-hydroxy{-

amino acids are formed as N,O-orthogonally protecteglyicosyl-sulfinylamino-dioxolan-4-ones, usually

with high diastereomeric excesses. Both the sulfinyl group at the nitrogen atom and the acetal moiety of
the dioxolanone ring were selectively removed, thus demonstrating the orthogonality of the two protecting
groups. In fact, the MeOinduced methanolysis of the acetal group gave the corresponding methyl
C-glycosyl-sulfinylamino-isoserinates, while the acid induced removal of the sulfinyl group gave the
N-deprotected "tglycosylamino-dioxolan-4-ones, which were in several cases subjected to a one-pot
base-induced cyclization yielding the corresponding glycgsidetams. This allowed the stereochemical
configuration assessment of the parénglycosyl-sulfinylamino-dioxolan-4-ones by chemical correlation
methods or by NOE experiments performed on fHactams.

Introduction

Glycosamino acids (GAAs) are molecules which combine
the structural features of simple amino acids with those of simple
carbohydrate$.The resulting hybrid is a highly functionalized
building block, which can be used for the synthesis of
glycopeptides by means of combinatorial chemistry.

(1) McDevitt, J. P.; Lansbury, P. 7. Am. Chem. S02996 118 3818~
3828.

(2) For recent reviews, see the following: (a) Dondoni, A.; Marra, A.
Chem. Re. 200Q 100, 4395-4421. (b) Schweizer, FAngew. Chem., Int.
Ed. 2002 41, 230-253. (c) Schweizer, F. Hindsgaul, Qurr. Opin. Chem
Biol. 1999 3, 291-298
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Several efforts have been dedicated to the synthesis of
nonnaturalC-glycosyl amino acids in which the amino acid side
chain is connected to the sugar moiety via a carbmarbon
bond, to construct C-linked glycoconjugates, more stable toward
glycosidases with respect to the natural O- or N-linked gly-
coamino acids. The correspondifigglycopeptides display an
increased stability toward chemical and enzymatic cleavage with
respect to the natural O- and N-linked counterpaes,well as
solution conformatiorfsand biological activities similar to the
naturally occurring glycopeptides. Selected examples are pep-
tidyl nucleosides which display antibiotic activitygalacto-
sphingolipid analogues, which specifically bind to HIV-1 gpf20;
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neuraminidase-resistant-glycosides of sialic acid, which
strongly inhibit the in vitro infectivity of influenza virus;
C-mannose mimicking analogues of sialyl Lewi$ Xnd high-

Guerrini et al.

regarding blood pressure regulation, HIV, malaria, and Alze-
himer's disease. Furthermore, the restriction of the conforma-
tional flexibility, which is provided by the presence of an

mannose-type C-linked glycopeptide analogues, which show additional substituent at the C2-carbon atom, plays an important
inhibitory activity toward glycoamidases of plants, bacterials, role in drug design for the binding of peptidomimetics to protein
and animal$.In this context, glycosyB-amino acids represent  receptors. Compounds that are too flexible may generate a
rewarding synthetic targets, because they introduce a furtherbinding complex with high entropic energy, which can render
diversification into theC-glycopeptides frame. These oligomers the process energetically unfavorable. The literature reports

have a potential as peptidomimetics, since, untikemino acid

examples about the importance of conformational restriction on

peptides, they are stable to peptidases and are more conformathe biological activity of disubstitute@#?2 and trisubstituted

tionally rigid.1® Moreover, their structures can be tuned by

B?2%amino acids in the field of HIV-1 protease inhibitors

changing the side chain position in the monomer skeleton. Only toward sensitive and resistant cell lifdgs fibrinogen receptor

a few strategies for the synthesis of glycogydmino acids are

antagonist® and as inhibitors of platelet aggregatinand,

available so far, which are based on a Michael-type addition of more specifically, on the biological activity of trisubstituted

amines to sugar derived,3-unsaturated estet$:reaction of
ao-amido glycoalkyl sulfones with the lithium enolate derived
from 2-acetylisoborned? and Mannich-type and Reformatsky-
type reactiond?

Our interest in this field is focused on the synthesis of
conformationally constrained trisubstitutedthydroxy{$%2%
amino acids hybrids connected t&eaglycosyl scaffold in order
to combine sugar properties, such as good pharmacokitetics
and transport capabilitié§,with the structural features of the
o-hydroxy3-amino acids (norstatines). It is worth noting that
norstatines exhibit &per se” inhibitory activity against ami-
nopeptidase-2 (MetAP2) which is involved in angiogenésis,

also they can be used as building blocks to generate oligopep-

tides employed in the design of protease inhibitors including
reninl” HIV retropepsing? plasmepsing? and cathepsin¥.

a-hydroxy22%amino acid$*

We report herein the synthesis of glycosamino acids obtained
by incorporation of side chains of conformationally constrained
chiral a-hydroxy$223amino acids into hydroxyl protected
carbohydrate-based five- or six-membered scaffolds and, in
particular, into an uridine nucleobase. The introduction of
hydrophobic components into the hydroxyl groups of the
carbohydrate could increase the lipophilicity of the molecules,
rendering them more likely to permeate cell membranes. At the
same time, the chelating groups OH, COOH, and,MHthe
isoserine moiety might be involved in coordination to metal
ions, often found in the enzyme’s active site.

To date, the methodologies for the synthesiCejlycosyl
norstatines are lacking. The few available protocols concern the
synthesis of disubstituted-glyco a-hydroxy{3—amino acids and

These proteases are involved in several important pathologiesare based on the-lactam synthon metho@{LSM),?> namely,

(3) (@) Horton, D.; Wander, J. DCarbohydrates: Chemistry and
Biochemistry 2nd ed.; Pigman, W. W., Horton, D., Eds.; Academic Press:
New York, 1990; Vol. 4B, pp 799842. (b) Bar, T.; Schmidt, R. R.iebigs
Ann. Chem1991, 185. (c) Sparks, M. A.; Williams, K. W.; Whitesides, G.
M. J. Med. Chem1993 36, 778-783.

(4) Kishi, Y. Pure Appl Chem 1993 65, 771-778.

(5) (a) Isono, KJ. Antibiot.1988 41, 1711. (b) Casiraghi, G.; Colombo,
L.; Rassu, G.; Spanu, B. Org. Chem1991 56, 6523. (c) Hadrami, M.
E.; Lavergne, J.-P.; Viallefont, P. H.; Chiaroni, A.; Riche, C.; Hasnaoui,
A. Synth. Commun1993 23, 157. (d) Evina, C. M.; Guillerm, G.
Tetrahedron Lett1996 37, 163.

(6) Bertozzi, C. R.; Cook, D. G.; Kobertz, W. R.; Gonzalez-Scarano,
F.; Bednarski, M. DJ. Am. Chem. S0d992 114, 10639-10641.

(7) Nagy, J. O.; Wang, P.; Gilbert, J. H.; Schaefer, M. E.; Hill, T. G;
Callstrom, M. R.; Bednarski, M. DJ. Med. Chem1992 35, 4501-4502.

(8) Marron, T. G.; Woltering T. J.; Wietz-Schmidt G.; Wong, C.-H.
Tetrahedron Lett1996 50, 9037-9040.

(9) Wang, L.-X.; Tang, M.; Suzuki, T.; Kitajima, K.; Inoue, Y.; Inoue,
S.; Fan, J.-Q.; Lee, Y. Gl. Am. Chem. S0d.997, 119, 11137-11146.

(10) Gellman, S. HAcc. Chem. Red.998 2, 173-180.

(11) (a) Sharma, G. V. M.; Reddy, V. G.; Chander, A. S.; Reddy, K. R.
Tetrahedron: Asymmetr002 13, 21-24. (b) Tripathi, R. P.; Tripathi,
R.; Tiwari, V. K.; Bala, L.; Sinha, S.; Srivastava, A.; Srivastava, R.;
Srivastava, B. SEur. J. Med. Chem2002 37, 773-781.

(12) Palomo, C.; Oiarbide, M.; Landa, A.; GoteaRego M. C.; Garcia,

J. M.; GonZtes, A.; Odriozola, J. M.; Martin-Pastor, M.; Linden, A.
Am. Chem. So2002 124, 86378643.

(13) Dondoni, A.; Massi, A.; Sabbatini, £hem—Eur. J. 2005 11,
7110-7125 and references therein.

(14) (a) Negre, E.; Chance, M. L.; Hanbuta, S. Y.; Monsigny, M.; Roche,
A. C.; Mayer, R. M.Antimicrob. Agents Chemother992 35, 2228-2232.

(b) Davis, B. G.; M. A.Cur. Opin. Drug Disce. Devel. 2002 5, 279—
288.

(15) Wolform, M. L.; Hanessian, Sl. Org. Chem 1962 27, 1800~
1804. (b) Smeekens, 3nnu. Re. Plant Physiol. Plant. Mol. Biol200Q
51, 49-81.

(16) BaMaung, N. Y.; Niles, I. L.; Craig, R. A.; Henkin, J.; Kawai, M.;
Searle, X. B.; Sheppard, G. S.; Wang, J. Int. Pub. N. WO 2004/013085
Al, 12.02.2004.

(17) Fisher, N. D. L.; Hollenberg, N. KI. Am. Soc. NephroR005 16,
592-599.
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via ring opening of 3-alkoxys-lactams, which are obtained by
sugar aldimines cycloaddition to a limited number of alkoxy-
ketenes, according to Staudinger’'s protcoHowever, the
cycloaddition rarely allows full diastereocontrol of the reaction
outcom@%2b and usually cis-isomers are obtained as major
products?®cdTherefore, the development of more general and
selective methodologies is of absolute importance, especially
for the synthesis of anti-isomers.

(18) Vega, S.; Kang, L.-W.; Velazquez-Campoy, A.; Kiso, Y.; Amzel,
L. M.; Freire, E.Proteins: Struct., Funct., BioinR004 55, 594-602.

(19) Kiso, A.; Hidaka, K.; Kimura, T.; Hayashi, Y.; Nezami, A.; Freire,
E.; Kiso, Y. J. Peptide Sci2004 10, 641-647 and references therein.

(20) Hoover, D. J.; Lefker, B. A.; Rosati, R. L.; Wester, R. T.; Kleinman,
E. F.; Bindra, J. S.; Holt, W. F.; Murphy, W. R.; Mangiapane, M. L.; Hockel,
G. M.; Williams, I. H.; Smith, W. H.; Gumkowski, M. J.; Shepard, R.M.;
Gardner, M. J.; Nocerini, M. RAdv. Exp. Med. Bial 1995 362 167-80.

(21) Ekegren, J. K.; Ginman, N.; Johansson, A.; Wallberg, H.; Larhed,
M.; Samuelsson, B.; Unge, T.; Hallberg, A.Med. Chem2006 49, 1828~
1832.

(22) Hayashi, Y.; Katada, J.; Harada, T.; Tachiki, A.; lijima, K.
Takiguchi, Y.; Muramatsu, M.; Miyazaki, H.; Asari, T.; Okazaki, T.; Sato,
Y.; Yasuda, E.; Yano, M.; Uno, I.; Qjima, J. Med. Chem1998 41, 2345~
2360.

(23) Hoekstra, W. J.; Poulter, B. ICurr. Med. Chem1998 5, 195.

(24) (a) Rich, D. H.; Bernatowicz, M. S.; Agarwal, N. S.; Kawai, M.;
Salituro, F. G.; Schmidt, P. ®iochemistry1985 24, 3165-3173. (b) Rich,

D. H. J. Med. Chem1985 28, 263-273. (c) Agarwal, N. S.; Rich, D. H.
J. Med. Chem1986 29, 2519-2524. (d) Godfrey, J. D., Jr.; Gordon, E.
M.; Von Langen, D. JTetrahedron Lett1987, 28, 1603-1606. (e) Kim,

B. M.; Guare, J. P.; Hanifin, C. M.; Arford-Bickerstaff, D. J.; Vacca, J. P.;
Ball, R. G.Tetrahedron Lett1994 35, 5153-5156. (f) Denis, J.-N.; Fkyerat,
A.; Gimbert, Y.; Coutterez, C.; Mantellier, P.; Jost, S.; Greene, AJ.E.
Chem. Soc., Perkin Trans.1995 1811-1816. (g) Ojima, I.; Wang, T.;
Delaloge, F.Tetrahedron Lett1998 39, 3663-3666. (h) Battaglia, A.;
Ralph J.; Bernacki, R. J.; Bertucci, C.; Bombardelli, E.; Cimitan, S.; Ferlini,
C.; Fontana, G.; Guerrini, A.; Riva, Al. Med. Chem?2003 46, 4822-
4825.

(25) See for example Ojima, I.; Lin, S. Org. Chem 1998 63, 224—
225 and references therein.
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Results and Discussion N 0
An alternative protocol to th@-lactam synthon method is X O / 3-7: X=0
based on the addition of imines to ester enolates. Surprisingly, o N
this protocol has not been thoroughly investigateelen if this " 2 “H g12:x=_ 8
route provides disubstituted norstatines in a one-pot reaction, tBuMeZSid* HsiMe.'Bu ’ SN
simply through a proper choice of the electrophilic substituents 7 12 2

at the imine nitrogen atom. A modification of this protocol
makes use of aromatic and heteroaromatic Boc-ald|m|n¢s as the-,cure 1. C-Glycosyl aldehydes3—7 and their (S9-N-sulfinyl
partners of chiral ester enolates of natu@tq-hydroxy acids,
namely the (&)-enolates of 1,3-dioxolan-4-onésaffording
N-substitutedC-(1')-amino-1,3-dioxolan-4-ones, which can be TABLE 1. Reactions between Enolates 1a and 2a with Imines
considered as N,O-orthogonally protected trisubstitutduy- 8-12

azomethine8—12.

droxy-8223amino acids analogues (Scheme 1). This protocol entry imine enolate produfet yield (%) dre(%)°
could have been applied to the synthesis of conformationally 1 (9-8 1a (Ss,2S5RI'R)-13 91 >95
constrained C-glycosyl isoserines, but unfortunately Boc- 2 S8 2a (Ss2S5R 1'9-14 88 >95
aldimines proved to be inadequate for this aim, since their 3 99 1la (Ss2S5R1I'R)-15 89 >95
> - ’ . (99 2a (S5,2S5R,1'9)-16 87 >95
synthesis involves the use of strong acidic conditions, which ¢ (910 1a (S5 2S5R I'R)-17 58 ~95
are unsuitable with some of the substrates employed in the ¢ (9-10 2a (&:235R:1’R)-18 80 >95
present work? 7 (9-11 1a (S52S5R,1'R)-19 + 83 90
. . , ) . (S52S5R,1'9-20
To prevent this inconvenience, the sglflnyl N-protecting group ©11 2a (S 295R1R)21+ - 0
attracted our attention, since it is widely employed for the (S5, 2S5R,1'S-22
synthesis of stable and electrophilically activated aliphatic 9 (9-12 1a ($,2S5R1I'R)-23 87 >95
imines?® In particular, theert-butanesulfinamide was selected 10 S-12 2a (S5,2S5R 1'S)-24 88 >95

as the precursor a®-glycosyl aldimines? Preliminary experi-
ments carried out with enolale (Scheme 2) and imines derived

aR = (9-S(OYBu; R! = 'BuMe;Si. P Major isomer isolated yields.
¢ Diastereomeric ratio between theS(2R, 1'R)- and the (&5R,1'S)-isomers.

from the condensation of the heteroaromatic 2-thiophene ¢ Determined by HNMR analysis of the crude compourfdsolated yield

aldehyde with &)-, and &g)-N-tert-butanesulfinyl amides,
showed that better diastereoselection was achieved witlsgje (
N-tert-butanesulfinyl aldimine. For this reason, this amide was
selected for the synthesis of sugar iming@sl12 from the
corresponding aldehydeg:p-C-gluco-pyranoside 3),3! 5-o-
C-galacto-pyranoside4},®! a-pb-C-arabinofuranoside 5,333
nonanomeric 1,2,3,4-dd-isoproylidenea-p-galactohexo-dialdo-
1,5-pyranosef),252and the 3,4-d-(tert-butyl-dimethylsilyl)-
uridine-5-carboxaldehyder) (Figure 1).

For the present study two dioxolanones with different steric
demand were employed as sugar iminé&s-12) reaction

(26) (a) Bose, A. K.; Banik, B. K.; Mathur, C.; Wagle D. R.; Manhas
M. S. Tetrahedron 200Q 56, 5603-5619. (b) Arun, M.; Joshi, S. N.;
Puranik, V. G.; Bhawal, B.; Deshmukh, A. R. A. Betrahedror2003 59,
2309-2316. (c) Dondoni, A.; Massi, A.; Sabbatini, S.; Bertolasi,Atv.
Synth. Catal 2004 346, 1355-1360. (d) Palomo, C.; Aizpurua, J. M.;
Ganboa, |.; Oiarbide, MPure Appl. Chem200Q 72, 1763-1768. In this
casef-lactams were employed for the synthesisteflucoso amino acids.

(27) Wang, Y.; He, Q.-F.; Hao-Wei Wang, H.-W.; Zhou, X.; Huang,
Z.-Y.; Qin, Y. J. Org. Chem2006 71, 1588-1591.

(28) Battaglia, A.; Guerrini, A.; Bertucci, Cl. Org. Chem2004 69,
9055-9062.

(29) See the following: (a) Zhou, P.; Chen B.-C.; Davis F. A.
Tetrahedron2004 60, 8003-8030. (b) Liu, G.; Cogan, D. A.; Owens, T.
D.; Tang, T. P.; Ellman, J. AJ. Org. Chem 1999 64, 1278-1284. (c)
Cogan, D. A;; Liu, G.; Kim, K.; Backes, B. J.; Ellman, J. A.Am. Chem.
Soc 1998 120, 8011-8019.

(30) This compound is commercially available or can be easily synthe-
sized in both enantiomeric forms on a multigram scale. See Ellman, J. A.
Pure Appl. Chem2003 75, 39-46.

(31) Dondoni, A.; Scherrmann M.-A. Org. Chem1994 59, 6404
6412.

of the diastereomeric mixture.

partners. Dioxolanone §59)-1 was obtained by acetalization

of (9-lactic acid with pinacolone with 98 d,while dioxol-
anone (&59-2, which bears a more steric demanding phenyl
group at C-5 position, was synthesized as homochiral material
by acetalization of §-mandelic acid with pivalaldehyd&.3>

The chiral enolate precursors, name®-¢-hydroxy acids, are
available from the chiral pool, while theiR[-enantiomers can

be easily obtained fromR)-o-amino acids following simple
literature procedure®. This feature ensures a variety of sub-
stituents at the C2 stereogenic center of the resulting isoserine
(R, Scheme 2).

Treatment ofl and2 with lithium (bis) trimethylsilyl amide
gave the nonracemic §-lithium enolatesla and 2a, respec-
tively. Reactions between the enolates and the imines were
carried out in a 85:15 THF/HMPA mixed solvent-a78/—90
°C and required an excess of lithium enolate {328 equiv)
to ensure a complete consumption of the sugar imine. To
minimize imine oligomerization and undesired side reactions,

(32) This aldehyde was prepared according to a literature method by
reaction of the 2,3,5-tf®-benzylp-arabino-1,4-lactone with 2-lithio-1,3-
dithiane (method A). See Sanchez, M. E. L.; Michelet, M.; Besnier, I.; Genet,
J. P.Synlett. 1994 705-708. Only thea-epimer was isolated, whose
structure was elucidated by comparison oflitsand 13C NMR spectral
data with those reported in ref 21.

(33) Persky, R.; Albeck, AJ. Org. Chem200Q 65, 5632-5638.

(34) Otholand, J. Y.; Greiner, Aull. Soc. Chim. Fr1993 130, 133~
142.

(35) Seebach, D.; Naef, R.; Calderari, Getrahedron1984 40, 1313.
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SCHEME 2. Synthesis of §s)-1'-Sulfinylaminodioxolanone$

Guerrini et al.

R._CO,H Bu B N gl'
T X R"&O HN"g
OH -

0=8 o R
TS 1 hY = R2
li —- ‘0 NR R
—* 0,50
ks R2
0 R LiO R oH o >/
3 5 . ;'_5( 1%'8 R" Bu
0z 08 0 0>2_/0 L R Bu Ss.28,5R 1R
R’ By R ™Bu T ~ _ 0
(2S,55)-1: R=R'=Me  (2S)-1a: R=R'=Me .
(25, 5S)-2: R=Ph; R'=H (25)-2a: R=Ph; R'=H Q - i YK
+ A */5R?
Q o NR e
S — 0.0
RSN7s j< | . | ogzo" 1>{"q
) S| o gy R" "Bu
8-12: R“ = Sugar L S, 2S, 5R, 1'S

aReagents and conditions: (}toluenesulfonic acid (PTSA); (i) LHMDS, THF/HMPA;-78 °C.

SCHEME 3. Chemical Correlation between &s)-1'-Sulfinylaminodioxolanones 13-24 and N-Deprotected I-Aminodioxolanones
33-4®

(Ss, 2S, 5R, 1'R)-13 (Ss, 2S, 5R, 1'S)-14 (Ss, 2S, 5R, 1'R)-15 (Ss, 2S, 5R, 1'S)-16
t { ' /'
(2S,5R, 1'R)-33 (2S, 5R, 1'S)-34 (2S, 5R, 1'R)-35 (2S, 5R, 1'S)-36

H OBn = 4y OBn o - ?'HSO \ o, = Vi )
10BN '--"OBn m.,,oK 0. Lo "’O><
OBn oBn 4:\)(0 4_\)VO
(Ss. Ls, 5R, 1'R)-17 (Ss. 2S, 5R, 1'R)-18 (Ss, 28, 5R, 1'R)-19 (Ss, 2S, 5R, 1'S)-20
' 1 y —
(2S, 5R, 1'R)-37 (2S, 5R, 1'R)-38 (2S, 5R, 1'R)-39

G N
oJoR Y— H
\!/ R'O ©OR

(Ss. 28, 5R, 1'R)-21 (Ss. 2, 5R, 1'S)-22 (Ss.2S,5R, 1'R)-23  (Ss, 2S, 5R, 1'S)-24
R'=BuMe,Si | i
f
13-24:R = \\\‘g\N; 33-40:R=H (2S,5R,1'S)-40

aReagents and conditions:) @ N HCI in 1:1 MeOH/E$O.

the addition to enolates needed to be very slow. The reactionand the regioselectivity of the reaction was governed by
afforded the Esulfinylamino-dioxolanoned3—24 (Table 1, Seebach'’s “self-regeneration of stereocenters” synthetic principle
Scheme 3) with moderate to good overall yields{98%), (SRS). Namely, the imine approaches the chir&){@nolate

6788 J. Org. Chem.Vol. 71, No. 18, 2006
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SCHEME 4. Synthesis of Methyl Isoserinates 2532 from (Ss)-1'-Sulfinylaminodioxolanones 13-19 and 24

RHN
o\}R_,Z,\ Sugar RHN
: ' o
o R 0 —I> Sugar%{COZ e
¥ R oH
T - | 0,
T 131924 25- 32 (86-96%)

13 > 25;14 > 26;15 > 27;16 > 28; 17 > 29; 18 > 30; 19 > 31; 24 > 32

RHN B RHN
H? n A OBn

OBn MeO,C 2 A OBn

OBn

OBn OBn

(Ss2R3R)-27

RHN |, OBn
MeO,C. 2.~

10BN

HO”
© OBn

(Ss,2R.3'R)-30

(Ss,2R,3'S)-28

RHN
Me0,C. 2 A H

3 0.0 ,C. 2
Ho" ™ 7

o (o] ¥ .
7 © 50

S 2RIRY3 R'si SiR' | R'=Me,Bu
(Ss:2R3R)- (Ss,2R,3'S)-32 '

aReagents and conditions: (i) Me@1eOH.

from its less hindered face which bears a mettid) (or a the stereochemical outcome when the endatis the reaction
hydrogen atomZa) at the acetal center. Accordingly, only the partner which is hard to rationalize by simple classical steric
isomers with &R stereochemistry [@5R,1'R) and/or (B55R,1'9)] models36

were formed. Sulfinyl deprotection ofi3—19and24 with 2 N HCI afforded

The presence of isomers wittS5tereochemistry was not  the Zamino-dioxolanone83—40 (Scheme 3), while the selec-
observed on @dH NMR scale (400 MHz). It is worth noting  tive removal of the acetal group 48—19 and 24 was carried
that all reactions were highly diastereoselective with exception out under basic conditions providing the methyl isoserin2fes
of entry 8 which gave a 1:1 mixture of epimé&t$ and22. The 32 (Scheme 4), thus probing the orthogonality of the acetal
stereochemistry at thé fosition strongly depends on reagents group and\N-sulfinyl substituent. Accordingly, these heterocycles
steric requirements. When enolata was used as a reaction can be directly susceptible to further peptide coupling reactions
partner, the selectivity was directed by the small methyl avoiding tedious protection/deprotection steps.
substituent at the C-5 carbon atom of the enolate, which favored LHMDS induced cyclization of thé&l-deprotected 'tamino-
an exo approach of the imine to the dioxolanone ring according dioxolanones33 and 35—39 yielded the S-lactams41—-46
to TS | (Scheme 2). (Scheme 5).

As the consequence, theS8R,1'R)-isomersl3, 15, 17, 19, Nuclear Overhauser effect (NOE) experiments allowed us to
and 23 were formed with high dex90%), especially when  assign the absolute configuration of tHesilfinylamino diox-
bulky benzyl ortert-butyldimethylsilyl substituents were present olanones (35R,1'R)-23 and (5,5R,1'S)-24. These experiments
on the sugar ring (Table 1). On the other hand, when the enolateshowed that compour# adopts a restricted (&-conformation,
2a, which bears the more steric demanding phenyl group at C5 as represented in Figure 2. In this conformation, significant
and the smaller hydrogen atom at C2, was employed the NOEs (3-4%) were observed between the ortho aromatic
diastereofacial selectivity strongly depended on the type of sugarprotons of the C5 phenyl substituent (7.92 ppm) and'Ehe
residue. For instance, tifep-glucosyl,5-p-galactosyl, and the  group attached to the sulfur atom, the'toton (3%), and the
nucleoside azomethine® 9, and 12 only afforded the 1S- NH group (3%). Moreover, this conformation was further
epimers,14, 16, and 24, while the a-p-arabinose azomethine  confirmed by the presence of a relevant NOE between H2 and
10 afforded 1R-epimer18 as a sole diastereoisomer, and the H2' and by the absence of it between the ldéd H7 (uridine
-a-D-galactohexo-dialdo-1,5-pyranose azometHihgave a 1:1 moiety) with the following substituents: NH, HH2, andBuS-
mixture of 21/22. From these observations, it appears that the
sugar residue plays an important and rather complex role on (36) For a review, see Mengel, A.; Reiser,Chem. Re. 1999 99, 1191.
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SCHEME 5. Synthesis off-Lactams 41-46 from 1'-Aminodioxolanones 33, and 353%

NH,

OWSugar
i

07/0 —_—
R "By
33, 35-39

33 > 41; 35 > 42; 36 > 43; 37 > 44, 38 > 45; 39 > 46

HO

R™T 2
N,
o} H
41-46 ( 35-83%)

Sugar

(3R, 4R)-45 (3R, 4R)-46

aReagents and conditions: (i) LHMDS/THF.

(O). A quite different behavior was observed witl5&ER,1'R)-

methyl group at C5, while a relevant NOE was found between

23, whose conformation was assessed by X-ray spectroscopythe samébutyl group and the H§7.44 ppm, 1%) and H{5.77

(see Supporting Information).
As shown in Figure 2 (compour2B), no NOE was detected
between thebutyl group attached to the sulfur atom and the

(25, 5R, 1'R)-23

FIGURE 2. NOE experiments on 'dsulfinylamino dioxolanones
(2S5R,1'R)-23 and (B5R,1'S)-24.
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ppm, 2%) protons of the uridine moiety. Consistently, a strong
NOE was observed between the C2-Me group at 1.51 ppm and
H1' (3.59 ppm, 8%). Moreover, X-ray spectroscopy allowed
the stereochemical assignment of Bglycosyl methyl isos-
erinate derivative (R,39-26, thus confirming the stereochem-
istry of (2S55R,1'S)-24 (see Supporting Information). NOE
experiments also allowed us to assign the stereochemistry of
the p-lactams 41-46, thus of their chemically correlated
derivatives (Schemes-3).

Conclusions

A very efficient and stereoselective method for the incorpora-
tion of a carbohydrate-based five- or six-membered scaffolds
into the side chain of conformationally constrained chiral
a-hydroxy{322%amino acids is reported. In particular, for the
first time the synthesis of nucleoside norstatines is presented.
As a general rule, the stereochemical outcome of the reaction
strongly depends on the size of the C2 substituent of the
o-hydroxy acid. Namely, anti isomers, derived from TS I, are
preferred with dioxolanong, while syn isomers, derived from
TS I, are favored when dioxolanorieis employed. Further-
more, the chirality of the quaternary C2 stereogenic center of
the resultingC-glycosyl isoserine is governed by the chirality
of thea-hydroxy acid reagent: The stereochemical relationship
between the C2 carbon atom of the isoserine and that of the
a-hydroxy acid occurs with an inversion of configuration.

Finally, the imine/ester enolate and the ketene/imine protocols
are complementary when conformational constrained 2-methyl-
isoserines are the reaction targets. In fact, Staudinger’s protocol
is currently used for synthesis of syn C3, C4-disubstituted
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3-hydroxyf-lactams as precursors of the corresponding syn
o-hydroxy{3-amino acid$? while our protocol affords their anti-
isomers.

Experimental Section

General Procedure for Synthesis oN-Sulfinyl Aldimines. The
synthesis of enantiomericallp)-N-tert-butanesulfinyl imines was
performed by the direct condensation 8f-tert-butanesulfinamide
with the corresponding aldehydes according to a slightly modified
literature procedur® A solution of the aldehyde (1.0 equiv) in
CH,Cl; (10 mL x 1.0 mmol) was reacted withS[-tert-butane-
sulfinyl imine (1.15 equiv) in the presence of 5.0 equiv of anhydrous
MgSQO, and 0.05 equiv ofp-toluenesulfinic acid (PPTS) as the
catalyst. The reaction mixture was stirred at 2D and filtered
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535.2392m/z found, 535.2388'H NMR (CDCly): ¢ 8.08 (d, 1H,
J = 3.6 Hz, CH=N), 7.35-7.20 (m, 15H, arom), 4.88 (m, 1H,
H3'), 4.58-4.46 (m, 6H, 3CH), 4.32 (m, 1H, HY, 4.22 (m, 1H,
H2), 4.09 (dd, 1H,J,=2.4 Hz,J,=4.4 Hz, H4), 3.66-3.58 (m,
2H, CH), 1.19 (s, 9H, 3Me)!3C NMR (CDCk): 0 167.5, 138.6-
137.4,128.5127.7, 86.2, 84.5, 83.9, 83.0, 73.4, 72.0, 71.8, 69.8,
57.6, 22.4. Anal. Calcd for £H3;NOsS: C, 69.50; H, 6.96; N,
2.61. Found: C, 69.33; H, 6.85; N, 2.70.
N-{(1E)-[(3aR,5R,5aS,8aS,8bR)-2,2,7,7-Tetramethyltetrahy-
dro-3aH-big1,3]dioxolo[4,5-b:4,5-d]pyran-5-ylJmethylene} tert-
butanesulfinamide (§)-11. The aldehyde5 (0.80 g, 3.10 mmol)
was reacted withg)-tert-butanesulfinyl amide (0.43 g, 3.57 mmol)
in the presence of 1.87 g of MgQ@nd 0.027 g of PPTS at 2C
for 24 h. Chromatography (SgOn-hexane/EtOAc, 5:1) yielded
compoundL0(0.76 g, 2.11 mmol, 68%): IR (Nujol, cm): 1624,

through a Celite pad. The Celite was washed several times with 1087. MS (W2): 361 (M)*, 256. HRMSm/z calcd for GeH27/NOsS
CH,Cl,, and the combined organic phases were concentrated undefM] *, 361.1559m/z found, 361.1570*H NMR (CDCly): ¢ 7.98

reduced pressure. The residue was purified by silica gel column
chromatography. IminesSf-10 and §)-11 were obtained slightly
contaminated by impurities but were used without further purifica-
tion.

2-Methyl-N-{ (1E)-[(2S,3S,4R,5R,6R)-3,4,5-tribenzyloxy-6-
(benzyloxymethyl)tetrahydro-2H-pyran-2-yljmethylene} propane-
2-sulfinamide (S)-8. The aldehyde3 (1.050 g, 1.91 mmol) was
reacted with §-tert-butanesulfinyl amide (0.31 g, 1.91 mmol) in
the presence of 1.15 g of MgQ@nd 0.016 g of PPTS at 2@ for
24 h. Chromatography (SiO n-hexane/EtOAc, 5:1) yielded
compound8 (0.81 g, 1.24 mmol, 65%): of]?% = —92.0 € 0.6,
CHClg). IR (Nujol, cnm1): 1611, 1082. MSr{v2): 656 (M + 1)*,
551, 458, 352, 181. HRM8Vz calcd for GgHseNOS [M + 1],
656.3046;m/'z found, 656.3033'H NMR (CsDs): 0 8.39 (d, 1H,
J=4.8 Hz, CH=N), 7.30-7.00 (m, 20H, arom), 4.82 (d, 1H,=
10.8 Hz), 4.76 (d, 1HJ = 10.8 Hz), 4.75 (d, 1HJ = 11.2 Hz),
4.60 (d, 1HJ=11.6 Hz), 4.48 (d, 1H) = 11.2 Hz), 4.44 (d, 1H,
J=12.0 Hz), 4.35 (d, 1HJ = 12.0 Hz), 3.98 (dd, 1H);=4.8 Hz,
J,=9.6 Hz), 3.73 (t, 1H,J = 9.2 Hz), 3.66-3.50 (m, 4H), 3.34
3.26 (m, 1H), 1.36 (s, 3H, Me), 0.97 (s, 9H, 3 MéJC NMR
(CsDg): 0 165.1, 139.1, 138.9, 138.8, 138.5, 128127.5, 87.0,
79.9,79.8,79.4,78.1,75.4,74.9,74.6, 73.6, 68.9, 57.1, 22.2. Anal.
Calcd for GgH4sNOgS: C, 71.42; H, 6.92; N, 2.14. Found: C,
71.23; H, 6.85; N, 2.20.

N-{ (1E)-[(2S,3S,4R,5S,6R)-3,4,5-Tribenzyloxy-6-(benzyloxym-
ethyl)tetrahydro-2H-pyran-2-ylJmethylene} -tert-butanesulfina-
mide (S)-9. The aldehydet (0.90 g, 1.64 mmol) was reacted with
(9-tert-butanesulfinyl amide (0.23 g, 1.89 mmol) in the presence
of 0.99 g of MgSQ and 0.014 g of PPTS at 2TC for 24 h.
Chromatography (Si§ n-hexane/EtOAc, 5:1) yielded compound
8 (0.90 g, 1.37 mmol, 72%): of]*% +96.0 (c 0.3, CHG). IR
(Nujol, cm™1): 2868, 1629, 1452, 1088. MSn(2): 550 (M—
S(O)yBu)*, 458, 352, 287, 181, 91. HRM®&Vz calcd for GgHae-
NOeS [M + 1]*, 656.3046;m/z found, 656.3038.*H NMR
(CDCly): ¢8.10 (d, 1HJ = 4.5 Hz, CH=N), 7.35-7.00 (m, 20H,
arom), 4.95 (dd, 1HJ);=4.4 Hz,J,=10.8 Hz), 4.76 (d, 1HJ =
11.6 Hz), 4.70 (d, 1H) = 11.6 Hz), 4.63 (d, 1HJ = 8.4 Hz),
4.60 (d, 1HJ = 8.4 Hz), 4.48 (d, 1HJ = 12.0 Hz), 4.43 (d, 1H,
J=12.0Hz), 4.12 (d, 1HJ) = 10.4 Hz), 4.10 (d, 1HJ = 2.0 Hz),
4.08 (d, 1H,J = 10.4 Hz), 4.02 (d, 1HJ) = 12.0 Hz), 3.74-3.58
(m, 4H), 1.14 (s, 9H, 3Me)**C NMR (CDCk): ¢ 165.2, 138.2,
138.2,138.1, 138.0, 128-127.8,84.8, 77.7,77.5,76.2, 75.2, 74.8,
73.8, 73.6, 72.5, 68.9, 57.3, 22.6. Anal. Calcd fagHisNOsS:

C, 71.42; H, 6.92; N, 2.14. Found: C, 71.23; H, 6.95; N, 2.22.

N-{(1E)-[(2R,3R,4R,5R)-3,4-Dibenzyloxy-5-(benzyloxymeth-
yl)tetrahydrofuran-2-yllmethylene } -2-tert-butanesulfinamide (§)-

10. The aldehydé (0.97 g, 2.24 mmol) was reacted witg){tert-
butanesulfinyl amide (0.31 g, 2.58 mmol) in the presence of 1.35
g of MgSQ, and 0.019 g of PPTS at 2T for 18 h. Chromatog-
raphy (SiQ, n-hexane/EtOAc, 5:1) yielded compouf@ (0.92 g,
1.72 mmol, 77%). IR (Nujol, cmt): 1624, 1458, 1085. MSf/2):

535 (M)", 478, 430, 323. HRM®vz calcd for G;H3/NOsS [M] ™,

(d, 1H,J = 3.2 Hz, CH=N), 5.61 (d, 1HJ = 4.8 Hz), 4.68-4.56
(m, 2H), 4.48 (dd, 1HJ),=2.0 Hz,J,=8.0 Hz); 4.35 (dd, 1H};=2.4
Hz, J,=5.2 Hz), 1.50 (s, 3H, Me), 1.39 (s, 3H, Me), 1.32 (s, 3H,
Me), 1.28 (s, 3H, Me), 1.19 (s, 9H, 3MeFC NMR (CDCk): 6
165.6, 110.1, 109.1, 96.6, 72.3, 70.9 (2 €6), 70.6, 57.6, 26.3,
26.1, 25.1, 24.6, 22.7. Anal. Calcd fordEl,7NOgS: C, 53.17; H,
7.53; N, 3.88. Found: C, 53.03; H, 7.65; N, 3.95.

(5-tert-Butylsulfinyliminomethyl)-2 ',3-di-tert-butyldimethyl-
silyl-uridine (S)-12. The aldehyde7 (1.01 g, 2.12 mmol) was
reacted with §-tert-butanesulfinyl amide (0.32 g, 2.65 mmol) in
the presence of 1.28 g of Mgg@nd 0.018 g of PPTS at 2@ for
24 h. Silica gel column chromatography (eluent: EtOAc/hexane
1/2) afforded the pure compourd@ as a white solid in 80% yield:
[0]?% +137.2 (c 0.25, CHG): IR (Nujol, cm1): 2928, 2355,
1693, 1254, 1082. MSnf/2): 574 (M), 468, 458, 343. HRMS
vz calcd for GsH47N3OsSSh [M] T, 573.2724m/z found, 573.2711.

IH NMR (CDCl): 6 9.65 (b, 1H, NH), 8.16 (d, 1H] = 3.2 Hz),
7.81 (d, 1H,J = 8.0 Hz), 5.87 (d, 1HJ = 4.4 Hz), 5.70 (d, 1H,
J=8.0 Hz), 4.87 (dd, 1H),=3.2 Hz,J,=4.8 Hz), 4.16-4.06 (M,
2H), 1.23 (s, 9H 3Me), 0.90 (s, 9H, 3Me), 0.87 (s, 9H 3Me), 0.07
(s, 3H, Me), 0.06 (s, 3H, Me), 0.04 (s, 3H, Me), 0.03 (s, 3H, Me).
13C NMR (CDCh): ¢ 166.3, 163.4, 150.1, 140.1, 102.4, 90.5, 84.6,
74.9, 74.3, 57.2, 25.7, 25.6, 25.6, 22.3, 18.0, 17%.9,4, —4.8,
—4.9,—5.0. Anal. Calcd for GsH47/N3OsSSh: C, 52.32; H, 8.25;

N, 7.32. Found: C, 52.46; H, 8.32; N, 7.29.

General Procedure for Synthesis olN-Sulfinyl 1'-Aminodiox-
olanones.Unless otherwise stated, a THF solution of dioxolanone
was added dropwise at78 °C to a solution of LHMDS in THF.
The solution was stirred at70 °C for 1 h and then cooled t690
°C. A HMPA/THF solution was then added dropwise, and after 5
min a THF solution of theN-sulfinyl azomethine was introduced
by syringe pump at the rate of 1.0 mL/hour, in a temperature range
of —85 to —78 °C. After complete addition, the temperature was
raised to—60 °C during 1 h, and the mixture was stirred for an
additional 30 min. The crude material was obtained according to
the following standard workup: The reaction was quenched by the
addition of 0.1 N HCI at—60 °C and then warmed to room
temperature. The crude reaction mixture was extracted three times
with EtOAc, and the combined organic phases were washed three
times with 0.1 N HCI, followed by saturated N&I. The organic
phase was dried over BRO,, filtered, and then concentrated under
vacuum. Silica gel column chromatography afforded the desired
compounds.

(2S,5R,1'R)-13. The dioxolanone (859-1 (0.12 g, 0.71 mmol)
was reacted with iminegj-8 (0.14 g, 0.22 mmol). Silica gel column
chromatography of the crude compourn@hexane/EtOAc, 7:3)
afforded (B55R,1'R)-13 (0.16 g, 0.20 mmol, 90%): of] %% +52.1
(c 0.8, CHCY). IR (Nujol, cnm?): 2961, 1793, 1453, 1365, 1151,
1068. MSn/z 828 (M), 552, 488, 444, 181. HRMB8vz calcd for
CugHeiNOgSNa [M + Na]*, 850.3965;m/z found, 850.3981'H
NMR (CDCls, T =58°C): 6 7.40-7.10 (m, 20H, arom), 5.23 (d,
1H, J = 12.5 Hz), 4.97 (d, 1HJ = 11.0 Hz), 4.81 (d, 1HJ =
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12.5 Hz), 4.78 (d, 1H) = 11.0 Hz), 4.70 (d, 1HJ = 11.0 Hz),
4.59 (d, 1HJ = 11.0 Hz), 4.55 (d, 1HJ = 11.6 Hz), 4.49 (d, 1H,
J = 11.6 Hz), 4.15 (dd, 1H};=8.5 Hz,J = 10.0 Hz, H3), 4.10
(d, 1H,J = 10.0 Hz, NH), 3.92 (dd, 1H},;=3.0 Hz,J,=10.0 Hz,
H1'), 3.84 (dd, 1H,,=3.0 Hz,J,=10.0 Hz, H2), 3.80 (t, 1H,J =
8.5 Hz, H4), 3.70-3.62 (m, 3H, 2H of CHand 1H of H5), 3.51
(dt, 1H, J,;=3.2 Hz,J,=9.6 Hz, H6), 1.44 (s, 3H, Me), 1.37 (s,
3H, Me), 1.18 (s, 9H, 3Me), 0.93 (s, 9H, 3Me¥C NMR

Guerrini et al.

=5.0 Hz,J,;=9.0 Hz, H of CH), 3.42 (d, 1H,J,=9.0 Hz, H2),
3.38 (dd, 1H,3,=5.0 Hz, J, =7.5 Hz, H6), 1.08 (s, 9H, 3Me),
0.83 (s, 9H, 3Me)13C NMR (CDCk): relevant resonances at
172.7,138.9, 138.5, 138.3, 138.1, 136.9, 12886.3, 110.5, 85.1,
82.6, 77.1, 76.6, 75.3, 75.0, 74.6, 73.8 (24H2.2, 68.6, 62.0,
57.6, 35.4, 23.8, 23.2. Anal. Calcd fosBlsNOsS: C, 71.29; H,
7.02; N, 1.60. Found: C, 71.49; H, 7.13; N, 1.51.
(2S,5R,1'R)-17. The dioxolanone (859-1 (0.14 g, 0.83 mmol)

(CDCl): ¢ 172.9,138.9, 138.5, 138.4, 138.2, 128.7, 128.6, 128.6, was reacted with the imineS(-9 (0.17 g, 0.26 mmol). Silica gel
128.5, 128.1, 128.0, 127.8, 127.7, 127.6, 127.4, 126.2, 114.5, 88.2,column chromatography of the crude compoumdhéxane/EtOAc,
80.2,79.3,79.1,78.8,77.5,75.1,75.0, 73.5, 72.1, 69.4, 64.6, 57.1,7:3) afforded (85R,1'R)-17 (0.11 g, 0.13 mmol, 58%): of|?%

39.2,24.9,23.0, 22.6, 20.1. Anal. Calcd foigldsiNOS: C, 69.62;
H, 7.43; N, 1.69. Found: C, 69.43; H, 7.51; N, 1.65.
(2S,5R,1'S)-14. The dioxolanone (859)-2 (0.16 g, 0.73 mmol)
was reacted with imineg}-8 (0.15 g, 0.23 mmol). Silica gel column
chromatography of the crude compountdhgxane/EtOAc, 7:3)
afforded (B5,5R,1'9-14(0.17 g, 0.20 mmol, 88%):0{]%% —2.9 (c
0.40, CHCY). IR (Nujol, cm): 2869, 1788, 1452, 1363, 1071.
MS (m2): 773 (M — MesHCO,)*, 656, 551, 181, 105. HRMS
m/z calcd for GoHgiNOgS [M]*, 875.4067;m/z found, 875.4054.
IH NMR (CDCly): 6 7.75-7.65 (m, 2H, arom), 7.467.20 (m,
23H, arom), 5.39 (s, 1H, ©CH-0), 4.87 (d, 2HJ = 11.2 Hz),
4.81 (d, 2H,J = 11.2 Hz), 4.65 (m, 2H), 4.60 (d, 1H,= 10.8
Hz), 4.57 (d, 1HJ = 12.0 Hz), 4.49 (d, 1HJ = 12.0 Hz), 4.18
(dd, 1H,3;=0.8 Hz,3,=10.4 Hz), 3.77 (dd, 1H},=3.2 Hz,J,=11.2
Hz), 3.60-3.57 (m, 2H), 3.55 (dd, 1H};=2.0 Hz,J,=11.2 Hz),
3.57-3.46 (m, 1H), 3.37 (dd, 1HJ),=0.8 Hz, J,=9.2 Hz), 3.20
(m, 1H), 1.23 (s, 9H, 3Me), 0.87 (s, 9H, 3MéJC NMR (CDCk):
relevant resonances atl72.7, 138.8, 138.5, 138.3, 138.1, 136.8,
128.9-126.2, 110.7 (6CH-0), 87.5,79.2, 78.2, 77.6, 77.3, 76.9,

+52.1 (c 0.8, CHG). IR (Nujol, cnm?): 2961, 1793, 1453, 1365,
1151, 1068. MSwz 708 (M)", 560, 503, 432, 181. HRM&vz
calcd for GoHssNQOgS [M] T, 707.3492;m/z found, 707.3505'H
NMR (CDCly): 6 7.40-7.20 (m, 15H, arom), 4.72 (d, 1H,=
11.2 Hz), 4.67 (d, 1H) = 1.2 Hz), 4.62 (d, 1HJ = 12.0 Hz),
4.64-4.50 (m, 3H, 2H of CH and 1H of H3), 4.53 (d, 1H,J =
12.0 Hz), 4.43 (dd, 1H);=0.8 Hz,J,=7.6 Hz, H2), 4.37 (d, 1H,
J=6.8 Hz, NH), 4.24 (m, 1H, HY, 4.07 (t, 1H,J = 4.5 Hz, H4),
3.65 (dd, 1H,,=0.8 Hz,J,=6.8 Hz, H1), 3.56 (dd, 1H of CH,
J1 =5.2 Hz,J3,=10.0 Hz), 3.52 (dd, 1H};=5.6 Hz,J,=10.8 Hz,
of CHy), 1.48 (s, 3H, Me), 1.40 (s, 3H, Me), 1.30 (s, 9H, 3 Me),
0.97 (s, 9H, 3 Me)13C NMR (CDCk): ¢ 172.8, 138.1, 138.0,
137.8,128.3-127.5,113.7, 84.1, 83.3, 82.4, 80.0, 78.2, 73.2, 71.6,
69.8,59.3,56.6, 39.2, 24.9, 23.0, 22.9, 18.1. Anal. Calcd fg$>
NOgS: C, 67.87; H, 7.55; N, 1.98. Found: C, 67.94; H, 7.46; N,
1.90.

(2S,5R,1'R)-18. The dioxolanone (859-2 (0.19 g, 0.88 mmol)
was reacted with the imineSf-9 (0.18 g, 0.27 mmol). Silica gel
column chromatography of the crude compoumndhéxane/EtOAc,

76.0, 75.3, 75.1, 73.9, 68.9, 61.4, 57.6, 35.4, 23.9, 23.4. Anal. Calcd 7:3) afforded (5R,1'R)-18 (0.170 g, 0.22 mmol, 80%): of2%

for Cs;HeiNOgS: C, 71.29; H, 7.02; N, 1.60. Found: C, 71.06; H,
7.15; N, 1.55.

(2S,5R,1'R)-15. The dioxolanone (859-1 (0.14 g, 0.83 mmol)
was reacted with imine§j-9 (0.17 g, 0.26 mmol). Silica gel column
chromatography of the crude compoun@hexane/EtOAc, 7:3)
afforded (B,5R,1'R)-15 (0.169 g, 0.20 mmol, 89%):0]?% +31.5
(c 0.5, CHCY). IR (Nujol, cnm1): 2962, 1790, 1454, 1281, 1082.
MS nv/z 828 (M)*, 680, 552, 488, 444, 354, 181. HRM$z calcd
for Cy4gHeiNOgS [M]*, 827.4067;m/z found, 827.4078'H NMR
(CDCl): ¢ 7.40-7.10 (m, 20H, arom), 5.28 (d, 1d,= 13.0 Hz),
4.99 (d, 1HJ=11.5Hz), 4.82 (d, 1HJ = 13.0 Hz), 4.71 (d, 1H,
J =115 Hz), 4.59 (d, 1HJ = 11.5 Hz), 4.52 (d, 1HJ = 11.5
Hz), 4.46 (d, 1HJ = 12.0 Hz), 4.43 (d, 1H) = 12.0 Hz), 4.36 (t,
1H,J = 6.0 Hz), 4.29 (d, 1HJ = 10.0 Hz), 4.02 (dd, 1H},=3.2
Hz, J,=10.0 Hz), 3.99 (d, 1HJ = 2.0 Hz), 3.85 (dd, 1HJ;=3.2
Hz, J,=10.0 Hz), 3.67 (dd, 1HJ;=2.0 Hz, J,=8.8 Hz), 3.68
3.50 (m, 3H, 2H of CHand 1 CH), 1.53 (s, 3H, Me), 1.31 (s, 3H,
Me), 1.20 (s, 9H, 3Me), 0.95 (s, 9H, 3Me¥C NMR (CDCE):
relevant resonances @tl72.7, 136.6, 139.1, 138.1, 137.9, 128.7

+62.8 (c 0.8, CHG)). IR (Nujol, cn?): 2981, 1794, 1375, 1254,
1071. MS (W2): 756 (M)t, 608, 536, 428, 372, 324, 236, 181.
HRMS m/z calcd for GyHs3NOgS [M]+, 755.3492;mVz found,
755.3479H NMR (CDCly): 6 7.85-7.80 (m, 2H, arom), 7.40
7.20 (m, 18H, arom), 5.59 (s, 1H,-€CH-0), 4.63 (d, 1HJ =
11.5 Hz), 4.60 (d, 1HJ = 11.5 Hz), 4.58-4.54 (m, 5H, 2CHand
1H of H3), 4.29 (d, 1H,J = 7.6 Hz, NH), 4.25 (m, 1H, H3, 4.18
(dd, 1H,3,=1.6 Hz,J,=6.4 Hz, H2), 3.96 (t, 1H,J = 4.0 Hz,
H4'), 3.95 (dd, 1H,J,=2.0 Hz,J,=4.8 Hz, H1), 3.50 (dd, 1H of
CH,, J;=6.0 Hz,J,=10.4 Hz), 3.46 (dd, 1H of CK J;=4.8 Hz,
J,=10.4 Hz), 1.00 (s, 9H, 3Me), 0.89 (s, 9H, 3MéJC NMR
(CDCl): 6 172.0,138.6, 138.2, 138.1, 136.8, 1281&27.8, 126.3,
110.0, 85.1, 84.8, 83.7, 82.3, 80.4, 73.6, 72.9, 71.8, 69.9, 62.0, 56.3,
35.4, 23.8, 22.9. Anal. Calcd for,@H5sNOgS: C, 69.91; H, 7.07;
N, 1.85. Found: C, 69.73; H, 7.17; N, 1.75.

(2S,5R,1'R)-19 and (25,5R,1'S)-20. The dioxolanone (859)-1
(0.26 g, 1.52 mmol) was reacted with iming){11 (0.14 g, 0.40
mmol). Silica gel column chromatography of the crude compound
(n-hexane/EtOAc, 11:9) afforded $5R 1'R)-19 (0.19 g, 0.35

125.9, 114.4, 86.3, 81.3, 81.2, 77.0, 74.5, 73.6, 73.4, 72.3, 72.0,mmol, 87%). [0.02 g of a 1.5:1 mixture of $5R1'9-20/

69.3,61.8,57.0,39.3,24.9, 22.9, 22.8, 20.6. Anal. Calcd fghl&-
NOgS: C, 69.62; H, 7.43; N, 1.69. Found: C, 69.58; H, 7.35; N,
1.60.

(2S,5R,1'S)-16. The dioxolanone (859)-2 (0.20 g, 0.91 mmol)
was reacted with imineg}-9 (0.19 g, 0.28 mmol). Silica gel column
chromatography of the crude compountdhgxane/EtOAc, 7:3)
afforded (5,5R,1'9-16(0.17 g, 0.20 mmol, 87%):0{]?% —1.1 (c
2.0, CHCY). IR (Nujol, cnmY): 2864, 1784, 1455, 1363,1065. MS
(m/z): 875 (M)," 656, 551, 181, 105. HRMBVz calcd for G;Hes-
NO,S [M]*, 875.4067m/z found, 875.4080'H NMR (CDCl): o
7.65-7.60 (m, 2H, arom), 7.4067.10 (m, 18H, arom), 5.33 (s, 1H,
O—CH-0), 4.91 (d, 1HJ = 11.0 Hz), 4.86 (d, 1HJ = 11.0 Hz,
CH), 4.74 (d, 1HJ = 12.0 Hz), 4.63 (d, 1H) = 12.0 Hz), 4.62
(d, 1H,J = 11.0 Hz), 4.54 (d, 1HJ = 10.5 Hz), 4.53 (d, 1HJ =
12.0 Hz), 4.47 (d, 1HJ = 11.0 Hz), 4.47 (d, 1HJ = 12.0 Hz),
4.17 (d, 1HJ = 10.5 Hz, H1), 3.93 (t, 1H,J = 9.0 Hz, H3), 3.93
(d, 1H,J = 2.0 Hz, HB), 3.59 (dd, 1H of CH, J;=7.5 Hz,J,=9.0
Hz), 3.53 (dd, 1H,J,=2.0 Hz,J,=9.0 Hz, H4), 3.44 (dd, 1H,J;
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(2S5R 1'R)-19 was isolateted along with the major product].
(2S5R,1'R)-19: [a]®% +16.1 (c 0.45, CHG). IR (Nujol, cnT):
2981, 1794, 1375, 1254, 1084. M8Vf): 534 (M + 1), 349,
291, 172. HRMSm/z calcd for GsHasNOeS [M+1]", 534.2737;
m/z found, 534.2736!H NMR (CDCly): 6 5.59 (d, 1H,J = 4.8
Hz, HE), 4.57 (dd, 1HJ,=2.4,J,=8.0 Hz, H4), 4.48 (d, 1HJ =
3.2 Hz, NH), 4.32 (m, 1H, H2, 4.30 (dd, 1HJ,=1.6,J,=8.0 Hz,
H3), 4.28 (dd, 1H,J,=2.4 Hz, J,=4.8 Hz, HB), 3.88 (dd, 1H,
J1=2.5,3,=3.2 Hz, H1), 1.58 (s, 3H, Me), 1.57 (s, 3H, Me), 1.52
(s, 3H, Me), 1.48 (s, 3H, Me), 1.34 (s, 3H, Me), 1.33 (s, 3H, Me),
1.28 (s, 9H, 3Me), 0.97 (s, 9H, 3MEFC NMR (CDCk): 6 172.6,
113.8, 110.0, 109.2, 97.1, 80.7, 74.1, 71.2, 71.0, 64.5, 57.9, 56.9,
39.3, 26.4, 26.0, 25.2, 24.8 (3 Me), 24.4, 23.5, 23.2 (3 Me), 18.0.
Anal. Calcd for GsH4sNOgS: C, 56.26; H, 8.12; N, 2.62. Found:
C, 56.43; H, 8.17; N, 2.55.

(2S,5R,1'S9)-20.'H NMR (CDCl): 6 5.51 (d, 1H,J = 4.8 Hz,
H6'), 5.15 (d, 1H,J = 9.2 Hz, NH), 4.66 (dd, 1HJ;=1.0 Hz,
J,=8.4 Hz, H3), 4.56 (dd, 1H,J,=1.6,J,=8.4 Hz, H4), 4.25 (dd,
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1H, J;=1.6 Hz,J,=4.8 Hz, HB), 4.18 (dd, 1H,J,=1.0 Hz,J3,=4.4 matography of the crude materia-fiexane/EtOAc, 7:3) afforded
Hz, H2), 3.96 (dd, 1HJ,=4.4 Hz,J,=9.2 Hz, H1), 1.54 (s, 3H, (2S5R,1'R)-23 (1.57 g, 2.01 mmol, 88%): HRM$&vz calcd for
Me), 1.49 (s, 6H, 2Me), 1,35 (s, 3H, Me), 1.33 (s, 6H, 2Me), 1.23 CaHeiNz0sSSh [M] T, 779.3667;m/z found, 779.36741H NMR
(s, 9H, 3Me), 1.02 (s, 9H, 3Me)3C NMR (CDCk): 6 173.9,116.3,  (CDCL): 6 9.4 (b, 1H, NH-CO), 7.63 (d, 1H,J = 8.0 Hz, H8),
109.1, 108.7, 96.5, 82.9, 71.9, 71.1, 70.8, 64.9, 63.7, 57.6, 39.2,7.65-7.60 (m, 2H, arom), 7.357.29 (m, 2H, arom), 7.237.28
26.4, 26.3, 25.2 (3Me), 25.1, 23.3, 23.2, 22.9 (3Me), 14.4. (m, 1H, arom), 5.82 (d, 1H] = 3.5 Hz, H3), 5.72 (dd, 1H,J;=8.0
(2S,5R,1'R)-21 and (X,5R,1'S)-22. The dioxolanone (859)-2 Hz, H7), 5.43 (s, 1H, G-CH-0), 4.49 (t, 1H,J = 5.5 Hz, H3),
(0.330 g, 1.31 mmol) was reacted with imir-1 (0.120 g, 035 4.44 (d, 1H,J = 10.0 Hz, NH), 4.25 (dd, 1H});=3.5 Hz,J,=5.5
mmol). Silica gel column chromatography of the crude compound Hz, H4), 4.17 (d, 1HJ = 5.5 Hz, H2), 3.97 (d, 1H,J = 10.0 Hz,
(n-hexane/EtOAc, 11:9) afforded $5R,1'R)-21 and (55R,1'9)- H1'), 0.95 (s, 9H, 3Me), 0.93 (s, 9H, 3Me), 0.92 (s, 9H, 3Me),
22 as a 1:1 mixture (0.12 g, 0.20 mmol, 58%). IR (Nujol, ©hn 0.88 (s, 9H, 3Me), 0.23 (s, 3H, Me), 0.11 (s, 3H, Me), 0.07 (s, 3H,
2984, 1785, 1375, 1254, 1077. M8Vf): 582 (M + 1)*, 477, Me), 0.03 (s, 3H, Me)H NMR (C¢Dg): ¢ 8.6 (b, 1H, NH-CO),
462, 219. HRMS/z calcd for GgH43NOgS [M]F, 581.2658;m/z 7.93 (d, 2H,J = 7.5 Hz, arom), 7.£7.00 (m, 2H, arom), 6.98 (t,
found, 581.2647'*H NMR (CDCl): ¢ 7.75-7.70 (m, 2H, arom), 1H,J= 7.5 Hz, arom), 6.77 (d, 1H} = 8.0 Hz, H8), 5.66 (s, 1H,
7.40-7.25 (m, 3H, arom), 5.70 (s, 0.5H), 5.56 (s, 0.5H), 5.49 (d, O—CH-0O), 5.54 (d, 1H,J = 5.5 Hz, H5), 5.48 (d, 1H,J = 10.0
0.5H,J = 5.2 Hz), 5.36-5.32 (m, 1H), 4.65 (d, 0.5H] = 8.4 Hz), Hz, NH), 5.33 (d, 1H,3,=8.0 Hz, H7), 4.86 (dd, 1H,J,;=4.0 Hz,
4.44-4.36 (d, 1.5H), 4.344.30 (m, 1H), 4.22-4.18 (m, 0.5H), J,=5.5 Hz, H3), 4.77 (t, 1H,J = 5.5 Hz, H4), 4.64 (d, 1HJ =
4.08 (m, 0.5HJ = 5.2 Hz), 3.85 (d, 0.5H) = 8.4 Hz), 3.69 (d, 4.0 Hz, H2), 4.30 (d, 1H,J = 10.0 Hz, H1), 1.05 (s, 9H, 3Me of
0.5H,J = 8.4 Hz), 3.47 (d, 0.5H) = 4.0 Hz), 1.48 (s, 1.5H, Me), OSiBu), 0.94 (s, 9H, 3Me of &SBu), 0.92 (s, 9H, 3Me of OSi
1.45 (s, 1.5H, Me), 1.33 (s, 1.5H, Me), 1.27 (s, 4.5H, 3Me), 1.23 Bu), 0.77 (s, 9H, 3Me of CHBu), 0.36 (s, 3H, Me), 0.21 (s, 3H,
(s, 4.5H, 3Me), 1.221.20 (b, 3H, 2Me), 1.13 (s, 3.0H, 2Me), 0.98 Me), 0.20 (s, 3H, Me), 0.08 (s, 3H, Me}3C NMR (CDCk): o
(s, 4.5H, 3Me), 0.91 (s, 4.5H, 3Me), 0.7 (s, 1.5H, ML NMR 171.4,162.9, 150.0, 143.1, 136.3, 128.5, 128.4, 125.9, 109.9, 103 .4,
(CDCl): 6 172.4,170.8, 136.0, 135.4 129.0, 128.8, 128.6, 128.5, 93.0, 85.0, 82.1, 73.4, 72.2,63.3, 57.1, 35.5, 26.1, 26.0, 23.8, 22.9,
126.5, 125.0, 111.3, 109.8, 109.1, 109.0, 108.9, 108.4, 96.7, 96.2,18.1, 14.4,—4.2, —4.3, —4.5, —4.8.13C NMR (CsD¢): 0 171.4,
85.4,82.8,72.1,72.0,71.0, 70.9, 70.8, 70.6, 66.5, 65.4, 63.5, 57.7,162.2, 149.9, 143.7, 137.6, 128.827.6, 126.3, 109.7, 102.5, 95.0,
56.6, 55.4, 35.2, 35.1, 26.3, 26.3, 25.4, 25.4, 25.1, 25.0, 24.8, 23.9,85.0, 84.7, 73.5, 72.0, 65.2, 56.7, 35.2, 26.01, 25.9, 23.4, 22.9, 18.1,
23.7, 23.2, 23.1, 22.7. Anal. Calcd foedEl4sNOS: C, 59.88; H, 18.0,—4.0, —4.1, —4.3, —4.9. Anal. Calcd for G/HgiN3OSSh:
7.45; N, 2.41. Found: C, 59.72; H, 7.37; N, 2.33. C, 56.96; H, 7.88; N, 5.39. Found: C, 56.70; H, 7.93; N, 5.35.
(2S,5R,1'R)-23. In a two-necked 50 mL round-bottom flask General Procedure for Synthesis of Methylf-Sulfinylami-
equipped with a nitrogen inlet, an injection septum, and a magnetic nopropionates. To a solution of I-sulfinylaminodioxolanone in
stirring bar were placed dioxolanoneS8S)-1 (0.26 g, 1.52 mmol) dry methanol (3.0 mLx 0.1 g) were added 1.5 equiv of a freshly
and 15 mL of freshly distilled THF. The reaction mixture was prepared 1.5 M solution of MeONa in MeOH. The solution was
cooled to—78 °C, and a solutionfol M LHMDS (1.6 mL, 1.53 stirred under nitrogen at 68C until no starting Esulfinylamino-
mmol) was added dropwise. The solution was stirred for 45 min at dioxolanone was detected by TLC analysis. After cooling, the
—60 °C then cooled to—80 °C. HMPA (1.6 mL) was added  reaction was quenched with 0.1 M HCI and extracted with ethyl

dropwise, and after an additional 5 min a solution oft€B- acetate (3x 15 mL). The combined organic phases were dried
butylsulfinyliminomethyl)-2,3 -di-tert-butyldimethylsilyl-uridine §- over NaSQ,, filtered, and concentrated under vacuum. Silica gel
12 (0,22 g, 0.38 mmol) in dry THF (6.08 mL) was slowly added. column chromatography (EtOAthexane, 1:2) of the crude
The reaction mixture was stirred at78 °C for a further 45 min, compound afforded the corresponding aminoesters.

then quenched following the reported standard workup. Silica gel  (2R,3R)-25. The reaction of (3,5R,1'R)-13(0.12 g, 0.14 mmol)
column chromatography of the crude compoundHexane/EtOAc, with 0.17 mmol of MeONa afforded R3R)-25 (0.10 g, 0.128
7:3) afforded (&5R,1'R)-23 (0.25 g, 0.33 mmol, 87%): of]%% mmol, 92%): p]?% +28.9 (c 0.8, CHG). IR (Nujol, cnm1): 2932,
+98.2 (¢ 4.0, CHG). IR (Nujol, cnm1): 2950, 1796, 1698, 1375, 1707, 1455, 1260, 1082. M&/z 760 (M)", 746, 653, 524, 417.
1254, 1153, 1060. MSnf2): 745 (M), 640, 630, 516. HRMS  HRMS miz calcd for GaHs,NOS [M+1]F, 760.3519/m/z found,
vz calcd for G4HgsN3OeSSh [M] *, 745.3824m/z found, 745.3832. 760.35311H NMR (CDCl): 6 7.40-7.15 (m, 20H, arom), 5.05
H NMR (CDCl): 6 8.4 (b, 1H, NH-CO), 7.44 (d, 1HJ = 8.0 (d, 1H,J = 2.0 Hz), 4.89 (d, 1HJ = 12.0 Hz), 4.85 (d, 1H] =
Hz, H6), 5.77 (d, 1H,J3,=8.0 Hz, H7), 5.60 (d, 1H,J = 4.4 Hz, 11.0 Hz), 4.76 (d, 1HJ = 11.0 Hz), 4.75 (d, 1HJ = 1.0 Hz),
H5') 4.90 (d, 1HJ = 9.6 Hz, H2), 4.54 (dd, 1H,,=5.2 Hz,J,=9.6 4.54 (d, 1HJ = 11.0 Hz), 4.54 (d, 1H) = 12.0 Hz), 4.49 (d, 1H,
Hz, H3), 4.53 (s, 1HHN—SO), 4.43 (t, 1HJ = 4.5 Hz, H4), J=12.0 Hz), 4.16-4.10 (m, 1H), 3.883.82 (m, 2H), 3.86-3.68
3.59 (d, 1H,J = 9.6 Hz, HI), 1.51 (s, 3H, C2-Me), 1.42 (s, 3H,  (m, 3H), 3.64 (s, 3H, Me), 3.643.60 (m, 1H), 3.56-3.44 (m, 3H),
C5-Me), 1.30 (s, 9H, 3 Me), 0.97 (s, 9H, 3Me), 0.88 (s, 9H, 3Me), 1.84-1.60 (b, 2H, NH), 1.45 (s, 3H, Me), 1.39 (s, 3H, Me), 1.16
0.86 (s, 9H, 3Me), 0.15 (s, 3H, Me), 0.11 (s, 3H, Me), 0.10 (s, 3H, (s, 9H, 3Me).23C NMR (CDCk): 6 175.8, 138.8, 138.5, 138.2,
Me), 0.03 (s, 3H, Me)}3C NMR (CDCk): 6 172.6, 162.3, 149.7, 138.1, 128.6-127.4, 87.3, 81.3, 79.1, 78.7, 78.2, 77.0, 75.3, 75.0,
143.5, 113.9, 103.1, 94.0, 81.8, 79.9, 72.6, 72.5, 61.1, 57.5, 38.9,73.6, 73.4, 69.3, 63.2, 56.9, 52.6, 24.4, 23.0. Anal. Calcd fgti&z
25.9, 25.8, 24.6, 23.7, 23.3, 18.9, 17.9, 17%8..2, —4.3, —4.4, NOyS: C, 67.96; H, 7.03; N, 1.84. Found: C, 67.84; H, 7.11; N,
—4.8. Anal. Calcd for GHeaN30oSSh: C, 54.73; H, 8.51; N, 5.63. 1.96.
Found: C, 54.53; H, 8.58; N, 5.70. General Procedure of SelectiveN-Sulfinyl Deprotection.
(2S,5R,1'9)-24. In a two-necked 50 mL round-bottom flask  Unless otherwise stated, a MeOH solution of fteulfinylami-
equipped with a nitrogen inlet, an injection septum, and a magnetic nodioxolanone (2 mLx 0.03 g of dioxolanone) was added to a
stirring bar were placed (0.33 g, 1.52 mmol) dioxolanorig5R-2 solution (ExO) of 2 N HCI (16 equiv) under argon atC. After
and 23 mL of freshly distilled THF. The reaction mixture was 30 min, the temperature was raised to°25 and the mixture was
cooled to—78 °C and a solution ©1 M LHMDS (2.5 mL, 2.4 stirred for 2 h. The solvent was removed under vacuum, and the
mmol) was added dropwise. The solution was stirred for 45 min at residue was treated with a saturated aqueous solution of NgHCO
—60 °C, then cooled to—80 °C. HMPA (2.3 mL) was added  diluted with H,O, and extracted three times with ethyl acetate. The
dropwise, and after an additional 5 min a solution oft¢&- organic phase was dried over }$&, and concentrated under
butylsulfinyliminomethyl)-2,3-di-tert-butyldimethylsilyl-uridine §)- vacuum. The residue was purified by flash silica gel column
12(0.51 g, 2.29 mmol) in dry THF was slowly added. The reaction chromatography (cyclohexane/EtOMR/NH,, 15:4.9:0.1).
mixture was stirred at-78 °C for a further 45 min, then quenched (2S,5R,1'R)-33. The reaction of (35R,1'R)-13 (0.11 g, 0.13)
following the reported standard workup. Silica gel column chro- with 1.0 mL of 2.0 N HCI afforded (25R,1'R)-33 (0.09 g, 0.12
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mmol, 94%): p]%% +17.8 (c 0.8, CHG). IR (Nujol, cnm1): 1780,
1453, 1068. MSz 724 (M+1)*, 666, 552, 444, 353, 181. HRMS
m/z calcd for G4Hs3NOgNa [M + NaJ*, 746.3669;m/z found,
746.36511H NMR (CDCly): ¢ 7.40-7.10 (m, 20H, arom), 5.11
(d, 1H,J = 11.5 Hz), 4.96 (d, 1H) = 11.0 Hz), 4.82 (s, 1H), 4.80
(s, 1H), 4.74 (d, 1H) = 11.5 Hz), 4.62 (d, 1H) = 11.0 Hz), 4.60
(d, 1H,J = 12.4 Hz), 4.50 (d, 1H) = 12.0 Hz), 3.84-3.62 (m,
5H), 3.56 (dd, 1HJ,=4.4 Hz, J,=8.8 Hz), 3.44-3.38 (m, 1H),
3.35(d, 1H,J = 5.2 Hz), 1.8-2.0 (b, 2H, NH), 1.45 (s, 3H, Me),
1.37 (s, 3H, Me), 0.96 (s, 9H, 3 Me)C NMR (CDCh): 6 175.4,
138.6, 138.5, 138.4, 138.3, 138.2, 128127.3, 115.0, 88.2, 81.2,

Guerrini et al.

(3R,4R)-42. An amount of 0.57 mL of 1.0 M solution of LHMDS
in THF and 0.40 mL of HMPA were added to a solution of
(2S5R,1'R)-35 (0.11 g, 0.14 mmol). The reaction was quenched
after 90% conversion of the starting mater®4 Purification by
flash column chromatography affordedR@R)-42 (0.073 g; 0.12
mmol; 86%): p]%% +23.4 (c 0.4, CHG). IR (Nujol, cnr1): 34086,
2925, 1764, 1450. M3n/z 622 (M — 1)*, 552, 504, 444, 354,
181. HRMSm/z calcd for GgH4iNO; [M] *, 623.2883m/z found,
623.28911H NMR (CD3;COCDs): ¢ 7.40-7.10 (m, 20H, arom),
6.48 (s, 1H, NH), 4.99 (d, 1H] = 10.5 Hz), 4.98 (b, 1H, OH),
4.97 (d, 1HJ=10.5 Hz), 4.91 (d, 1H) = 11.5 Hz), 4.79 (d, 1H,

79.5,79.2,79.0, 78.5, 75.6, 75.1, 73.9, 73.7, 69.1, 60.0, 39.1, 25.1,J = 10.5 Hz), 4.75 (d, 1HJ = 11.5 Hz), 4.63 (d, 1HJ = 11.5

22.8, 20.6. Anal. Calcd for £Hs3NOg: C, 73.00; H, 7.38; N, 1.92.
Found: C, 72.84; H, 7.41; N, 1.85.
General Procedure of Synthesis gf-Lactams. The 5-lactams

Hz), 4.56 (d, 1HJ = 12.4 Hz), 4.51 (d, 1H) = 12.4 Hz), 4.19
(dd, 1H,J;=1.2 Hz, J,=3.0 Hz, HB), 3.93 (t, 1H,J = 9.2 Hz,
H3), 3.83 (dd, 1H,J;=3.0 Hz, 1,=9.2 Hz, H4), 3.73 (dt, 1H,

were prepared according to a modified literature protocol. In a two- J1=1.2 Hz,J,=6.5 Hz,J;=7.0 Hz, H6), 3.68-3.58 (m, 2H, CH)),
necked 50 mL round-bottom flask equipped with a nitrogen inlet, 3.60 (d, 1H,J = 7.0 Hz, H4), 3.41 (dd, 1H};=7.0 Hz, J,;=9.2
an injection septum, and a magnetic stirring bar were placed the Hz, H2), 1.47 (s, 3H, Me). Anal. Calcd for$H,NO;: C, 73.17;

free aminodioxolanone and freshly distilled THF (1.0 mL0.03
g of dioxolanone). The reaction mixture was cooled-t80 °C,

and a solution of LHMDS (1 M in THF, 4 equiv) and HMPA (0.1

H, 6.63; N, 2.25. Found: C, 73.13; H, 6.52; N, 2.19.
Homonuclear NOE Experiments (CD;COCD3). Irradiation of
OH (4.98 ppm) showed a 5% NOE on the C4-H at 3.60 ppm. No

mL x 0.030 g of dioxolanone) was added dropwise. The reacion NOE was observed on C4-H upon irradiation of the C3-Me (1.47

mixture was warmed te-5 °C during 3 h and then quenched with

ppm). However, irradiation of the C3-Me caused an enhancement

1.0 N HCI. Thep-lactams were isolated according to the following  of 3.0% and 2% with the C-H's of the galactopyranosyl moiety
standard procedure: The reaction mixture was extracted with ethyl centered at 3.41 ppm (K2and 3.93 ppm (H3, respectively. These
acetate (3< 20 mL), and the collected organic phases were washed results allowed the assignment of th&¥(@R) configuration to the

with saturated NECI, then dried over N&5O,. After filtration, the

solvent was removed under vacuum, and the residue was purified

by flash column chromatography to afford the desifethctam.
(3R,4R)-41.An amount of 0.49 mL of 1.0 M solution of LHMDS

in THF and 0.30 mL of HMPA were added to a solution of
(2S5R,1'R)-33 (0.091 g, 0.12 mmol). The reaction was quenched

after 85% conversion of the starting mater@3. Purification by
flash column chromatography affordedR@R)-41 (0.06 g; 0.096
mmol; 80%): p]?% +32.9 (c 0.6, CHG). IR (Nujol, cnml): 3412,
2906, 1770, 1453, 1361. M&/z 551 (M—HOMeC=CO)", 532,
504, 91. HRMSm/z calcd for GgH4iNO; [M] ™, 623.2883;m/z
found, 623.2880'*H NMR (CD;COCD;): o 7.40-7.10 (m, 20H,
arom), 6.50 (s, 1H, NH), 5.11 (b, 1H, OH), 4.96 (d, 1H+= 11.0
Hz), 4.95 (d, 1HJ = 11.5 Hz), 4.90 (d, 1HJ = 11.0 Hz), 4.85 (d,
1H,J = 11.5 Hz), 4.81 (d, 1H) = 11.5 Hz), 4.67 (d, 1HJ =
11.5 Hz), 4.58 (d, 1HJ = 12.0 Hz), 4.56 (d, 1HJ = 12.0 Hz),
3.78 (dd, 1H of CH, J;=2.0 Hz,J,=11.0 Hz), 3.77 (t, 1HJ =
9.0 Hz, H4), 3.71 (dd, 1H of CH, J;=4.0 Hz,J,=11.0 Hz), 3.64
(d, 1H,J = 7.5 Hz, H4), 3.63 (t, 1HJ = 9.0, H8), 3.57 (t, 1H,J
= 9.2, H3), 3.53 (ddd,J;=2.0 Hz,J,=4.0 Hz,J;=9.0 Hz, H#6),
3.48 (dd, 1H,3;=7.5 Hz,J,=9.0 Hz, H2), 1.53 (s, 3H, Me)3C
NMR (CDsCOCDy): 6 171.2,139.2, 139.0, 138.9, 138.7, 128.6

reporteds-lactam.

(3R, 4R)-42

(3R,49)-43. An amount of 0.66 mL of 1.0 M solution of LHMDS
in THF and 0.45 mL of HMPA were added to a solution of
(2S5R,1'9-36 (0.13 g, 0.17 mmol). Purification of the crude
compound afforded @49)-43 (0.04 g, 0.06 mmol, 35%): o] 2%
—54.5 (c 0.3, CHG). IR (Nujol, cnry): 3418, 2913, 1773. MS
m/z 686 (M)", 552, 525, 502. HRMSWz calcd for G3H4NO;
[M] +, 685.3040m/z found, 685.3028'H NMR (CDsCOCDy): 6
7.73 (s, 1H, NH), 7.51 (m, 2H arom), 7.50 (m, 2H, arom), %40
7.20 (m, 16H, arom), 5.14 (s, 1H, OH), 4.97 (d, 1H= 11.5 Hz),
4.93 (d, 1HJ = 11.5 Hz), 4.91 (d, 1H) = 12.0 Hz,), 4.77 (d, 1H,
J=12.0 Hz), 4.62 (d, 2HJ = 11.5 Hz), 4.56 (s, 2H), 4.21 (dd,

127.5,87.2,85.9,81.5,79.2,79.0, 77.8,75.2, 74.7, 74.4, 73.0, 69.3,1H, J;=0.8 Hz,J,=2.4 Hz, H3), 3.98 (d, 1H,J = 2.4 Hz, H4),

63.1, 17.5. Anal. Calcd for £H41NO;: C, 73.17; H, 6.63; N, 2.25.
Found: C, 72.94; H, 6.55; N, 2.35.

Homonuclear NOE Experiments (CD;COCDyg). Irradiation of
the CH (5.11 ppm) showed a 7% NOE on the €4at 3.63 ppm.

3.97-3.90 (m, 3H, H4 H6, and 1H of CH), 3.75 (dd, 1H of
CH,, J1=8.4 Hz,J,=9.6 Hz), 3. 70 (dd, 1H}=2.4 Hz, J,=9.2
Hz, H2), 3. 55 (dd, 1H,J;=4.0 Hz, 1,=9.6 Hz, H3). 13C NMR
(CDsCOCDs): 6 170.4, 139.6, 139.3, 139.0, 138.7, 138.6, 128.6

No NOE effect was observed on C4-H upon irradiation of the C3- 127.5,88.5,84.7,77.9,76.8,75.8,75.1, 74.9,74.6, 73.1, 72.1, 69.6,
Me at 1.53 ppm. However, irradiation of the C3-Me caused an 61.5. Anal. Calcd for GzH4sNO7: C, 75.31; H, 6.32; N, 2.04.
enhancement of 2.5% and 2% with the C-H’s of the glucopyranosyl Found: C, 75.10; H, 6.45; N, 1.96.

moiety centered at 3.48 ppm (H2and 3.57 ppm (H3, respectively.
These results allowed the assignment of tHg4B) configuration
to the reportegs-lactam.

7%

25% (3R, 4R)-41
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Homonuclear NOE Experiments (CD;COCD3). Irradiation of
the CH (5.14 ppm) showed a 4% NOE on the 'Ha@f the
galactopyranosyl moiety centered at 3.70 ppm. No NOE was
observed on C4-H at 3.98 ppm upon irradiation of thd.Ghe
irradiation of C4-H showed a 4% NOE on the ortho aromatic

4.0% Bn
i Nd,..

HH
O HH2'p30-8n

(3R, 45)-43
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protons (7.51 ppm) of thedBls substituent at thg-lactam.. These 70.6, 63.0. Anal. Calcd for £H3sNOg: C, 74.32; H, 6.24; N, 2.48.

results allowed the assignment of the (3R,4S) configuration to the Found: C, 74.51; H, 6.30; N, 2.56.

reportedg-lactam. Homonuclear NOE Experiments (CD;COCD3). Irradiation of
(3R,4R)-44. An amount of 0.63 mL of 1.0 M solution of LHMDS  the CH (5.86 ppm) showed a 5% NOE on the €4ef the S-lactam

in THF and 0.30 mL of HMPA were added to a solution of ring (3.73 ppm). Irradiation of the ortho aromatic protons of the

(2S5R,1'R)-37 (0.095 g, 0.16 mmol). The reaction was quenched CsHs substituent in the region between 7.6 and 7.56 ppm, caused

after 87% conversion of the starting materal Purification by an enhancement of 2.0% on th#2' signal of the sugar ring.
flash column chromatography affordedR(3R)-44 (0.06 g; 0.12 Accordingly, the irradiation of H2produced a 3.0% NOE on the
mmol; 76%): ]%% +52.1 (c 0.6, CHG). IR (Nujol, cn1): 3352, ortho aromatic protons of the benzene ring. These results allowed

1751, 1090. MSwz 503 (M), 431, 323, 181. HRMS$wz calcd to assign the (3R,4R) configuration to the reporfehctam.
for C3oH33NOg [M] , 503.2308;m/z found, 503.2314!H NMR
(CDsCOCDy): 6 7.40-7.30 (m, 15H, arom), 7.23 (s, 1H, NH),
5.07 (s, 1H, OH), 4.654.55 (m, 6H, 3CH), 4.26 (ddd, 1H,);=6.4
Hz, J,=8.8 Hz,J;=1.6 Hz, HB), 4.22-4.18 (t, 1H,J = 1.6 Hz,
H4), 4.13 (dd, 1H,J,=3.2 Hz, J,=7.2 Hz, H2), 4.07 (dd, 1H
J;=1.6 Hz,J,=3.2 Hz, H3), 3.70 (d, 1HJ = 7.2 Hz, H4), 3.62
3.58 (m, 2H, CH), 1.37 (s, 3H, Me)13C NMR (CDsCOCDy): 6
171.0, 138.9, 138.4, 138.3, 128:527.6, 86.0, 84.5, 84.2, 83.3,

83.1, 73.0, 71.7, 71.5, 70.5, 63.3, 17.5. Anal. Calcd fesHgs- 5%
ggg C, 71.55, H, 6.61; N, 2.78. Found: C, 71.81; H, 6.60; N, (3R,4R)-46. An amount of 0.86 mL of 1.0 M solution of LHMDS

. o in THF and 0.30 mL of HMPA were added to a solution of
Homonuclear NOE Experlmeonts (CDCOCDg). Irradiation of (2S5R,'R)-39 (0.09 g, 0.21 mmol). The reaction was quenched
the CH (5.07 ppm) showed a 6% NOE on the C4-H at 3.70 ppm, after 90% conversion of the starting materg8l Purification by

and the irradiation of the C# (3.70 ppm) produced a 4% NOE B
on the C3-®. No NOE was observed on C4-H upon irradiation ];Lflniglcgg;: ;] cg]rg)r;]a_tci%rgp(llyoe.tggrdggRQ?R)lF? EEISI?J]%? ?:rrgl)m

of the C_3Me at 1.37 ppm, bu_t this caused an enhancement of 2.0% 1766. 1488 1444. MSni2): 329 (MY 316. 258 230. HRMS
to the signal of the sugar moiety centered at 4.13 ppni)(HRese miz calcd for qungo:W] +, 3295.1117'5;m/z’ found, 329.1482.
results allowed an assignment of the (3R,4R) configuration to the 1H NMR (CD;COCDy): 6 6.81 (s, 1H, NH), 5.51 (d, 1H] = 5.2
reportedf-lactam. Hz, HE), 4.97 (s, 1H, OH), 4.65 (dd, 1H,=2.5 Hz,1,=8.0 Hz,
H4'), 4.38-4.34 (m, 2H, H5and H3), 3.91 (dd, 1H,J,=1.6 Hz,
J,=4.8 Hz, H2), 3.68 (d, 1H,J = 4.8 Hz, H4), 1.50 (s, 3H, Me),
1.41 (s, 6H, 2Me), 1.33 (s, 6H, 2MeFC NMR (CD:COCDy): 6
171.0, 109.2, 108.5, 96.7, 84.7, 73.2, 71.0, 70.6, 65.6, 25.6, 24.5,
O-Bn 23.8,17.4. Anal. Calcd for gH23NO;: C, 54.70; H, 7.04; N, 4.25.
Found: C, 54.55; H, 7.11; N, 4.15.

Homonuclear NOE experiments (CRCOCD3). Irradiation of
O-Bn the CH (4.97 ppm) showed a 6% NOE on the €&4at 3.68 ppm
o H (3R, 4R)-44 of the g-lactam ring. No NOE on C4-H was observed upon

' irradiation of the C3vle (1.50 ppm); therefore, the stereochemistry
of the f-lactam is (R4R).

(3R,4R)-45. An amount of 0.69 mL of 1.0 M solution of LHMDS
in THF and 0.30 mL of HMPA were added to a solution of
(2S5R,1'R)-38 (0.11 g, 0.17 mmol). The reaction was quenched
after 90% conversion of the starting mater®. Purification by
flash column chromatography affordedR{@R)-45 (0.07 g; 0.13
mmol; 77%): p]?% +9.8 (¢ 0.4, CHG). IR (Nujol, cnm?): 1753,

1495, 1453. MS1(V2): 458 (M —OCH,CeHs)", 431, 368, 325, “1H
181, 106, 91. HRMSWz calcd for GsHasNOg [M] T, 565.2464; U
m/z found, 565.2450'H NMR (CD3COCDs): 6 7.82 (s, 1H, NH), (3R, 4R)-46

7.60-7.56 (m, 2H, arom), 7.457.20 (m, 16H, arom), 7.026.96 6%
(m, 2H, arom), 5.86 (s, 1H, OH), 4.65 (d, 18i= 12.0 Hz), 4.60
(d, 1H,J = 12.0 Hz), 4.49 (d, 1H) = 12.0 Hz), 4.44 (d, 1H) =
12.0 Hz), 4.22 (ddd, 1H};=6.0 Hz,J,=6.8 Hz,J3=2.0 Hz, H3),
4.08 (d, 1HJ = 10.5 Hz, H4), 4.00 (d, 1H] = 2.0 Hz, H4), 3.85
(d, 1H of CH,, J = 11.5 Hz), 3.80 (s, 1H, H} 3.73 (d, 1HJ =
10.5 Hz, H2), 3.64 (d, 1H of CH, J = 11.5 Hz), 3.46 (dd, 1H of
CHy, J;=6.0 Hz, J,=9.5 Hz), 3.41 (dd, 1H of CH J;=6.8 Hz,
J,=9.5 Hz).13C NMR (CD;COCDs): 6 169.3, 138.9, 138.4, 138.3,
137.5, 128.5127.2, 85.2, 84.7, 84.4, 83.5, 73.0, 71.6, 71.2, 70.8, JO0608164

Supporting Information Available: Spectroscopic and analyti-
cal data for compoundg 26—32, 34—40, and 3,4-bis+ert-butyl-
dimethyl-silanyloxy)-5-hydroxymethyl-tetrahydro furan-2-ylJ-1H-
pyrimidine-2,4-dione, including'H and 3C NMR spectra of
compounds88—46, and X-ray crystallographic data for compounds
23 and 26 as a CIF file. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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