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Abstract: The asymmetric [2+2]cycloaddition of chlorosulfonyl isocyanate to 1,2-O-isopropylidene-3-O-(2’-
silylvinyl)-5-O-trityl-a-D-xylofuranoses proceeds with high steroselectivity in a good yield to afford the
corresponding azetidin-2-ones with (R) configuration at the newly formed stereogenic center. The bulky #-butyl-
dimethylsilyl substituent causes partial epimerization at C-3’ carbon atom of the azetidin-2-one ring.
Intramolecular alkylation of the nitrogen atom by the terminal carbon of the sugar chain gives 1-oxacephams;
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The [2+2]cycloaddition of chiorosulfonyl isocyanate (CSI) to 3-O- [1-3] and 5-O-vinyl
[4] ethers of 1,2-O-isopropylidene glucofuranoses proceeds with excellent stereoselectivity to
afford corresponding azetidin-2-ones with (R) configuration at C-4’ in the case of the former,
but (S) configuration at C-4’ in the case of the latter.

We have shown that stereoselectivitv of [2+2]cycloadditions is sterically controlled In

whereas in the case of 5- n-v nvl ethers, reducing the size of the subgtitnent at the C-3 nqunn
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and (Z) 3-O-butyl-1’-enyl-1,2-O-isopropylidene-5-O-trityl-a-D-xylofuranoses proceeds stereo-

specifically affording a trams substituted azetidin-2’-one from the (E) olefin and a cis
substituted azetidin-2’-one from the (Z) olefin [2]; in both cases (R) configuration is induced at
the C-4’ atom of the azetidin-2’-one ring (Scheme 1) [2]. It should be noted that cycloaddition
of CSI to but-1’-enyl ethers proceeds in a significantly better yield [2] than the corresponding
simple vinyl ethers [1,3,4].

Introduction of the silyl atom to the vinyl ether should open access to ”’sila-B-lactams” of
potential microbiological activity, although, the known [5] compounds have not displayed any
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relevant antibiotic activity. 3-Silylated-4-alkoxy-azetidin-2-ones can be subjected to further
functionalizations at the C-3 carbon atom via stereospecific introduction of a hydroxy function
[6-9], or via alkylation induced by fluoride anion [10,11]. Moreover, bearing in mind the high
yield of [2+2]cycloaddition of CSI to but-1’-enyl ethers [2], we expected even higher yields for
silylated viny! ethers.

For the present work we synthesmed three vinyl ethers 6-8 with double bonds of (2)
configuration. As starting material, readily available sugar 1 was used. Compound 1 was
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W chloride, dimethylphenylsilyl chloride, or ¢-
butyldimethylsilyl chloride to afford sﬂylated acetylenes 3-5 which were in turn hydrogenated
over Lindlar’s catalyst, or reduced with DIBAL-H to give (Z) olefins 6-8, respectively, in
excellent yield. Attempts to obtain (£) configuration of the double bond via reduction of the
silylated triple bond using complex hydrides, or sodium in liquid ammonia were unsuccessful.
This followed Denmark and Thorarensen’s [13] observations.
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tion of acid-free CSI [14] to vinyl ethers 6 and 7 performed at -78 °C in
anhydrous toluene, followed by the reduction of the N-chiorosuifonyl group with Red-Al [15]
afforded the P-lactams 9 and 10 as single cis diastereomers in 51% and 47% yield,
respectively. The trityl substituent in 9 and 10 was removed by hydrolysis, and the free
hydroxy groups at C-5 of the sugar portion in 11 and 12 were tosylated under standard
conditions to give compounds 13 and 14, respectively. The intramolecular alkylation of the
nitrogen atom in 13 and 14 using a two-phase system (anhydrous potassium

-
-

g a two-phas em (anhydrous potassium
carbonate/tetrabutylammonium bromide) in acetonitrile led simultaneously to desilylation and
consequently to the formation of the same known [1] 1-oxacepham 15 from both substrates.
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The formation of compound 15 [1] proved the absolute configuration of the azetidin-2’-
one ring (4’R) in B-lactams 9-14 and pointed to the preferred direction of asymmetric
induction, which was the same as had been found previously [1,2] for the corresponding simple
ethers.
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9: R!=Me,Si, R®=Tr = 16: R=H

10: R'=Me,PhSi, RZ=Tr 17: R=Bn

11: R' = Me,Si, R?=H i8: R=C0,Et

12: R'=Me,PhSi, RZ=H
13: R" = Me,Si, R?=Ts
14: R' = Me,PhSi, R?=Ts

o

9 by benzyl romide in the presence of sodium hydride, or under PTC conditions gave

compound 17 in 77% and 60% yield, respectively. An attempt of N-benzylation of 9 using
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benzy!l trichloroacetimidate in the presence of triflic acid [16] led to decomposition of the
substrate. Desilylation of 9 took place even when the §-lactam nitrogen atom was acylated with

an ethyl chloroformate-triethylamine mixture to afford compound 18.

Addition of CSI to 8 followed by reduction proceeded in good overall yield (83%) to
give four possible diastereomers 19, 20, 21 and 22 in a ratio of 7.2 : 3.5 : 1.0 : 0.3. Compounds
19, 20 and 21 were isolated and characterized. The signals due to the trans diastercomer 22
were visible in the 1H NMR spectrum of the crude post-reaction mixture.

The detritylation of compounds 19 and 20 followed by tosylation of the terminal
hydroxy group p‘ovided the correspend 1g tosylates 26 and 27. Intramolecular alkylation
transformed 26 into a mixture of three products 29 30 and 15 in a ratio of about 1.5: 1.5: 2,
respectively. Azetidin-2’-one 27, under the same conditions, gave a mixture of 30 and 15 only
(inaratio of 2.3 : 1)
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19: R=Tr O 20: R=Tr

23: R=H 24: R=H

26: R=Ts 27: R=Ts
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21: R=Tr 22
25: R=H
28: R=Ts
The formation of epimers at the C-3 carbon atom of the azetidin-2-one ring under basic
conditions is induced by the steric hindrance of the bulky silyl substituent. The formation of

— =

desilylated product 15 proved the absolute configuration at C-4’ of compounds 26 and 27.
Compound 21 was transformed into known 31 [1] via the same reactions sequence which
involved detritylation, tosylation, alkylation and desilylation. The intermediary compounds
formed were not characterized. The known (4°S) configuration of 31 proved the absolute
configuration of 21.

The outcome of the asymmetric induction of [2+

8 indicates steric con 1 1. The large trity substl..;en- t the C-5 carbon atom
the sugar vinyl ether induced excellent stereoselectivity and the same direction of the
i i 4’R) as was found for the 3- O but—l’-enyl ethers of 5 O- trltyl 1,2- 0
-~ 1
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more bulky #-butyldimethylsilyl group decreased facial differentiation (4’R) versus (4°5), and
caused C-3” epimerization which could occur either at the stage of cycloaddition, or during the
reduction of the N-chlorosulfonyl group with Red-Al.

H H
31 35:R'=H, R?=H
36:R'=Br, R?=H
37:R'=NO,, RZ=H
38:R'=8Br, R2=Ac

The introduction of a silyl substituent to the vinyl ether increased the yield of
{2+2]cycloaddition in comparison with that found for unsubstituted vinyl ethers {1,3,4]. The
yield is similar to that reported previously for 3-O-butyi-1’-enyl-ethers [2]. A simple synthesis
of silylated vinyl ethers and easy desilylation of 3-silylated azetidin-2-ones may offer an
alternative way to cephams which are exemplified here by compounds 15 and 31. It is worth
noting that the [2+2]cycloaddition of CSI to allylsilanes followed by desilylation at C-4 of the
azetidin-2-one ring has been recently used to obtain 4-silylmethyl-azetidin-2-ones in a good
yield {17-19].

B 1

bservation has been reported when 3-
was treated with acetaldehyde and potassium

=
-

desilylation to give compound 16. A similar

trimethylsilyl-4-methoxycarbonyl-azetidin-2-one w.
fluoride [20].

Primary alkylation experiments of cepham 29 with benzaldehyde 32 p-
bromobenzaldehyde 33, and p-nitrobenzaldehyde 34 promoted by anhydrous
tetrabutylammonium fluoride [21] furnished 3’-(a-hydroxybenzyl) B-lactams 35, 36 and 37,
respectively, in a relatively good yield. B-Lactams 35-37 had 3°,4’-trans substituted azetidin-
2’-one rings, but were 3:1 epimeric mixtures at the a-hydroxybenzyl fragment. Mixtures 35-37

were not separated into pure components. Stereoisomers 36 after acetylation gave a mixture 38
3 t L + 4o Alllating ~F 18 2l 1A Lo 1
which was separated by chromatography into pure components. Alkylation of 15 with aldehyde
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Meltin,q points are uncorrected. Optical rotations were measured with a JASCO Dip-360
nolarimeter. 'H NMR spectra were recorded with Bruker AM-500 and Varian Gemini

.
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FT-IR-1600 spectrophotometer. Mass spectra were obtained with an AMD 604 spectrometer.
Column chromatography was performed on Merck Silica gel (230-400 mash).

1,2-O-Isopropylidene-5-O-trityl-a-D-xylofuranose (1) was obtained according to the known
procedure [22].

Q
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thynyl—1,2 O-isopropylldene—5-0—tr1tyl-oc-D-xylofuranose (2). To a suspension of oil-
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ted with a solution of trichloroethylene (0.
0.21 mL, 2.4 mmol) in THF (4 mL). The reaction mixture was then allowed to warm to room
temperature. After being stirred for 1h, the mixture was cooled to -70°C and treated with
n-BuLi (2.5 M solution in hexane, 2.4 mL, 6 mmol) dropwise. The temperature was maintained
for 0.5 h. Subsequently, the mixture was warmed to 0°C, poured into a cold saturated aqueous
NH,CI solution and extracted with toluene (3 x 30 mL). The extract was washed with brine,
dried (MgSO,), filtered, and concentrated. The crude product was purified by column

chromatographyv on silica oel using hexane-efhvl acetate 97:3 ¥/, as an eluent to mve 2 as a
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MS (EI, HR) m/z: M' calcd for CyHpOs: 456.1937. Found: 45
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1,2-O-Isopropylidene-3-0-(2’-trimethylsilyl-ethynyl)-5-O-trityl-a-D-xylofuranose (3). To

a mixture of n-BuLi (2.5 M in hcxane. 0.72 mL 1.8 mmol) and THF (6 mL) under argon was
at -50°C with stirrine. The mix
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ldyCr was bcpdrdlt:u, de[lcu Wlul Wdlcr, Urlcu Lvigouy), anu 1C aitcd. 11c l'Cbluuc was

purified on a silica gel column using hexane-z-butyl methyl ether 97:3 '/, as an eluent to afford
3 as a white solid (0.63 g, 80%). Mp. 106.5-108°C; [a]p -23.2° (¢ 1.0, CH,Cl,); IR (CHCl3):
2181 em™; 'H NMR (CDCl;): & 0.12 (s, 9H, Me;Si); 1.34, 1.51 (2s, 6H, isoprop.); 3.35 (dd,
1H, J 6.6 and 9.6 Hz, H-5a); 3.46 (dd, 1H, J 6.0 and 9.6, H-5b); 4.29 (ddd, 1H, J 2.8, 6.0 and
6.6 Hz, H-4); 4.54 (d, 1H, J 2.8 Hz, H-3); 4.84 (d, 1H, J 3.8 Hz, H-2); 5.90 (d, 1H, J 3.8 Hz,
H-1). MS (EI, HR) m/z: (M-Me;Si)" caled for CyHyOs: 455.1858. Found: 455.1858. Anal.
Calcd for C3,H3405Si: C, 72.69; H, 6.86. Found: C,72.54; H, 6.92.

Bl Ny

2_4) (Y _Tr:

.
e athulnhanglailal_athyngyDN_ 1 Y tocnneanviidana won fuy
U & TL/IIT

A

_‘y'i"xyl) 1,2-»0111 OpY lidene- 5—0—‘{ ity -D-xylofuran
1 1

-XYi01uranose (‘)
Compouna 4 was ootamea Trom 2 USIﬂg almctnylpncn‘y yl Cc Orlﬂe accoralng [0 Ine
procedure described above (91‘70) Oii; [aJD -18.6° (C 0.6, LHQCI;_»), IR (l'llm) 2182 cm !H
NMR (CDCly): 8 0.36 (s, 6H, PhMe,Si); 1.33, 1.51 (2s, 6H, isoprop.); 3.35 (dd, 1H, J 6.7 and
9.6 Hz, H-5a); 3.47 (dd, 1H, J 6.0 and 9.6, H-5b); 4.36 (ddd, 1H, J 2.8, 6.0 and 6.7 Hz, H-4);
4.60 (d, 1H, J 2.8 Hz, H-3); 4.87 (d, 1H, J 3.8 Hz, H-2); 5.90 (d, 1H, J 3.8 Hz, H-1). MS (EI,
HR) m/z: M" calcd for C3;H3305Si: 590.2488. Found: 590.2488. Anal. Calcd for C3;H33058Si:
C, 75.22; H, 6.48. Found: C, 75.22; H, 6.53.
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Compound 5 was obtained from 2 using t-butyldlmethylsﬂyl chloride according to the
procedure aescrlbea above (88%). White solid; mp. 93-95°C; [a]p -23.8° (¢ 1.0, CH,Cl,); IR
(film): 2180 cm™'; "H NMR (CDCl5): 3 0.06 (s, 6H, +-BuMe,Si); 0.89 (s, 9H, +-BuMe,Si); 1.34,
1.55 (2s, 6H, 1soprop.), 3.36 (dd, 1H, J 6.7 and 9.6 Hz, H-5a); 3.46 (dd, 1H, J 6.0 and 9.6 Hz,
H-5b); 4.29 (ddd, 1H, J 2.8, 6.0 and 6.7 Hz, H-4); 4.54 (d, 1H, J 2.8 Hz, H-3); 4.88 (d, 1H, J
3.8 Hz, H-2); 5.89 (d, 1H, J 3.8 Hz, H-1). MS (EI, HR) m/z: M caled for C3sH,,0sSi:
570.2801. Found: 570.2801. Anal. Calcd for C35sH4,05Si: C, 73.64; H, 7.42. Found: C, 73.65;

H, 7.42.
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Method A: A stirred solution of 3 (1.85 g, 3.5 mmol) in hexane-ethyl acetate 1:1 '/, mixture
(25 mL) was hydrogenated over palladium on barium sulfate (5%, 0.075 g) in the presence of
quinoline (0.075 g) for 4 h. Subsequently, the solution was passed through Florisil and
evaporated. The residue was purified on a silica gel column using hexane-#-butyl methyl ether
94:6 "/, as an eluent to afford 6 as a white solid (1.83 g, 99%). Method B: To a stirred solution
of 3 (0.52 g, 1 mmol) in THF (12 mL) under argon, DIBAL-H (1.0 M solution in hexane, 3
mL, 3 mmol) at 0°C was added. The reaction mixture was then allowed to warm to room
erature. After 16 h, 1:1 mixture of THF-methanol (3 mL ,) was added slowly, with r‘nnlmo

mperature, After 1

and was stirred at 0°C f 30 min. Subsequently, the mixture was poured into 30 mL of 10%
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1
a whxte solid (0.4 g, 76%). Mp. 114.
cm™; 'H NMR (CDCls):  -0.08 (s, 9H, Megbl), 1. 31, 1.53 (2s, 6H, 1soprop ); 3.27 (dd, 1H J
6.8 and 9.5 Hz, H-5a); 3.47 (dd, 1H, J 6.1 and 9.5 Hz, H-5b); 4.22 (d, 1H, J 8.2 Hz, =CH-Si);
4.25 (d, 1H, J 2.7 Hz, H-3); 4.36 (ddd, 1H, J 2.7, 6.1 and 6.8 Hz, H-4); 4.48 (d, 1H, J 3.7 Hz,
H-2); 5.86 (d, 1H, J 3.7 Hz, H-1); 6.52 (d, 1H, J 8.2 Hz, O-CH=). MS (LSIMS, HR) m/z:
(M+Na)" calcd for C3,H;3305SiNa: 553.2386. Found: 553.2385. Anal. Calcd for C;,H33058i: C,
72.42 ; H, 7.22. Fou d C.72.24: H, 7.42,
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according to was the procedure described above (97%). White solid;
mp. 118-121°C; [a]p 42.7° (¢ 0.4, CH,Cl,); IR (film): 1608 cm™; 'H NMR (CDCl;): 6 0.18 (s,
6H, PhMe,Si); 1.26, 1.50 (2s, 6H, isoprop.); 3.23 (dd, 1H, J 6.9 and 9.4 Hz, H-5a); 3.45 (dd,
1H, J 5.9 and 9.4 Hz, H-5b); 4.22 (d, 1H, J 2.7 Hz, H-3); 4.24 (d, 1H, J 3.6 Hz, H-2); 4.31
(ddd, 1H, J 2.7, 5.9 and 6.9 Hz, H-4); 4.42 (d, 1H, J 8.1 Hz, =CH-Si); 5.56 (d, 1H, J
3.6 Hz, H-1); 6.60 (d, 1H, J 8.1 Hz, O-CH=). MS (EI, HR) m/z: (M-Ph)" calcd for
1H3505Si: 515.2254. Found: 515.2276. Anal. Calcd for Cs;H40OsSi: C, 74.97; H, 6.81.

C

(Z) 3-0-(2’-t-Butyldimethylsilyl-vinyl)-1,2-isopropylidene-5-O-trityl-a-D-xylofuranose ~ (8)
Compound 8 was obtained from 5 according to the above procedure (95%). Oil; [a]p -33.1° (¢
1.0, CH,CL); IR (CHCL): 1610 em™; 'H NMR (CDCls): & -0.13 (s, 6H, -BuMe,Si); 0.77 (s,
9H, -BuMe,Si); 1.31, 1.52 (2s, 6H, isoprop.); 3.25 (dd, 1H, J 6.5 and 9.6 Hz, H-5a); 3.49 (dd,
1H, J 6.2 and 9.6 Hz, H-5b); 4.21 (d, 1H, J 8.4 Hz, =CH-Si); 4.23 (d, 1H, J 2.7 Hz, H-3); 4.35
(ddd, 1H, J 2.7, 6.2 and 6.5 Hz, H-4); 4.48 (d, 1H, J 3.8 Hz, H-2); 5.86 (d, 1H, J 3.8 Hz, H-1);
6.58 (d, 1H, J 8.4 Hz, O-CH=). MS (LSIMS, HR) m/z: (M+Na)' calcd for CisH,OsSiNa:
595.2856. Found: 595.2856. Anal. Calcd for Cs35Hy4O5Si: C, 73.39; H, 7.74. Found: C, 73.15;

H 787

{2+2]Cycloaddition of chiorosuifonyl isocyanate to 2’-silylvinyl ethers 6-8. Generai
procedure. To a suspension of anhydrous sodium carbonate (0.15 g) in anhydrous toluene (2.5
mL) chlorosulfonyl isocyanate (1.6 mmol) was added. The mixture was stirred and upon
cooling to -78°C treated dropwise with a solution of a 2’-silylvinyl ether 6, 7 or 8 (1 mmol) in
toluene (2 mL). Stirring and cooling was maintained for 2-3.5 h. The mixture was then cooled
to -78°C, diluted with toluene (6 mL), treated with Red-Al (1 M solution in toluene, 1.6 mL),
and left for 30 min where the temperature of the reaction was maintained. Subsequently, the
temperature was allowed to rise to 0°C, water (0.3 mL) was added, and the solution was stirred
for 30 min. The mixture was filtered through Celite, evaporated and purified by

1 ,... oii si iAn ..n thn wacmantivia mneadiiata Q@ 10O 4 d 102
CIN Ol Ugf 11y OI1 51iiCa goi 51vt; ui€ reSpeCiive pluuuuta >, 1U, diiU 1 ¥4 4.
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AYDY 1A ¥ Vs W e LI TUCISUNDPE T BOrs T NPTk TSN T R | R 1Y
I=U=(O ~THIICIHY Y I-azeidin-4& ~0n-4 -yl)-a-u-truyl—u-

\J ’S, 4 ny 1, 2-0-Is Gp"ﬁp'yhdei‘l
D-xylofuranose (9). Compound 9 was obtained from é according to the above procedure
(51%). White solid; mp. 193-196.5°C; [a]p -28.3° (¢ 1.0, CH,Cl,); IR (KBr): 1762, 3388 cm’

'H NMR (CDCL): & -0.05 (s, 9H, MesSi); 1.32, 1.55 (2s, 6H, isoprop.); 2.51 (dd, 1H, J 3.6 and
4.3 Hz, H-3"); 3.15 (t, 1H, J 8.8 Hz, H-5a); 3.60 (dd, 1H, J 5.1 and 8.8 Hz, H-5b); 4.02 (d, 1H,
J2.7 Hz, H-3); 4.39 (ddd, 1H,J 2.7, 5.1 and 8.8 Hz, H-4); 4.55 (d, 1H, J 3.7 Hz, H-2); 5.09 (d,
1H, J 4.3 Hz, H-4"); 5.80 (d, 1H, J 3.7 Hz, H-1); 6.26 (br d, 1H, J 3.6 Hz, NH). MS (EI HR)
m/z: M caled for C33H3504SiN: 573.2547. Found: 573.2546. Anal. Calcd for C33H300SiN: C,

573
und: C, 68.87; H, 6.70; N, 2.62

ig AX Ny LweJhas

e-3
9

(3’S, 4R) 1,2-O-Isopropylidene-3-0-(3’-dimethylphenylsilyl-azetidin-2’-on-4’-yl)-5-O-trityl-a-
D-xylofuranose (10). Compound 10 was obtained from 7 according to the above procedure
(47%). White solid; mp.87-90°C; [a]p -23.7° (¢ 0.3, CH,ClLy); IR (film): 1752, 3292 em™; 'H
NMR (CDCls): 6 0.21, 0.22 (2s, 6H, PhMe,Si); 1.25, 1.51 (2s, 6H, isoprop.); 2.73 (dd, 1H, J
3.6 and 4.4 Hz, H-3"); 3.06 (t, 1H, J 8.7 Hz, H-5a); 3.57 (dd, 1H, J 4.8 and 8.7 Hz, H-5b); 3.89
(d, 1H, J 2.8 Hz, H-3); 4.13 (d, 1H, J 3.6 Hz, H-2); 4.38 (ddd, 1H, J 2.8, 4.8 and 8.7 Hz, H-4),
5.06 (d, 1H, J 4.4 Hz, H-4"); 5.66 (d, 1H, J 3.6 Hz, H-1); 6.24 (br d, 1H, J 3.6 Hz, NH). MS

(EI, HR) m/z: M" caled for CsgHyO6SiN: 635.2702. Found: 635.2703. Anal. Calcd for

H f\QiT\T-C 71 7Q- 1 K 80N 2 20 E‘nnnrl ' 7180-H 6£70-N 1 04

C381141U6uu'4. , 11,10, 11, 0.0V, IN, 2.4V, I'OUNaG: L, /1.0v; 1, 0./U; IN, 1.70.
(3’8, 4’R) 1,2-O-Isopropylidene-3-0-(3’-trimethyisilyi-azetidin-2’-on-4’-yi)}-a-D-xylofuranose
(11). A solution of 9 (0.15 g, 0.26 mmol) in formic acid and diethyl ether 3:2 ¥/, (6 mL) was
stirred at room temperature until the reaction was complete (15 min; TLC). Subsequently,
mixture was diluted with Et,0, and neutralized with saturated aqueous NaHCQ;. The organic
layer was separated, dried (MgSO,), and concentrated. The residue was chromatographed with
hexane-ethyl acetate 1:9 '/, as an eluent to give 11 (0.057 g, 65%). Oil; [a]p +4.5° (¢ 0.5,
CH,CL); IR (CHCl,): 1757, 3401, 3505 cm™; '"H NMR r(“nm 3): 8 0.17 (s, 6H, Me;Si); 1.33

YA Y il ) 15 SJMS RA2D hd Dy MR Ry 2YALZI2 7, )
1 <0 (25 6H 1onn oD e ) QA (d 1TH JATH7s HYFTA(Add TH T8 A and 1 7 TI_Ka)-
) LOU l’ et \\.l, Lll’ vV TTed Ll‘_” AL S ,, e I N \UU, .lJ.L’ o7 oJe\J LI} l_lL, s Ja}’

12
3.91 (dd, 1H, J 6.4 and 11.3 Hz, H-5b); 3.99 (d, 1H, J 3.2 Hz, H-3); 4.35 (ddd, 1H,
and 6.4 Hz, H-4); 4.63 (d, 1H, J 3.8 Hz, H-2); 5.25 (dd, 1r1, J 0.5 ana 4.3 nz, 1—1—4'); 91 (d,
1H, J 3.8 Hz, H-1); 6.34 (br s, 1H, NH). MS (EI, HR)
332.1529. Found: 332.1529.

L
|7 N Y
Ty \OEQ b
3 A
3N

(3’8, 4°R) 1,2-O-Isopropylidene-3-0-(3’-dimethylphenylsilyl-azetidin-2’-on-4’-yl)-a-D-
xylofuranose (12). Compound 12 was detritylated with 0.5% of p-TsOH in methanol at room
temperature (5 h). The crude product was purified on a silica gel column using hexane-ethyl

cetate 3:7 Y/ as an eluent to give 12 (72%). Qil: g1~ +23.8° (r 1.0, CH,Cl,); IR (CHCl,):
acetate 3:7 '/, as an eluent to give 12 (/2%). O1l; laly +23.8 0, Ck L) IR (CHCK):
1747 AWANA 44Q -~ 1 lT—T AR (CMHYCLY SN A D AT (De A Ph n,AQ1\~ 1727 1 4A (Dc A

b § I—", JJVU’ ¥ T/ \wikk . A A LN1IVAEN \Uu\/ljlt L Vb—"-}, Ve ¥ 1 \&g’ Ul.‘., i AlL'..vlul}’ ‘-bl, 17T \QD’ U.l.l.,
N2 AT (A TIT T2 A and A2 ITs LT 20N 242 (A4 11T T7&£Q nmd 11 2 LIy LI _Sa). 2 €7
lbUpIUp }, .41 \Uu, 11‘1, J OIS allld .0 1L1L, 1170 }, M, 2 ) \UU’ 111, v J.0O g 11.0 I, H'Jd}, D2/



14074 R. Eysek et al. / Tetrahedron 54 (1998) 14065-1408

..... -+ -

(%)
~J
OO
g—a
(98]
9
w
"y
)
c
=]
Q-o\

(3’S, 4R) 1,2-O-Isopropylidene-3-0-(3’-trimethylsilyl-azetidin-2’-on-4’-yl)-5-O-tosyl-a-
D-xylofuranose (13). Compound 13 was obtained from 11 by the standard tosylation
procedure (80%). Oil; [adp -2.0° (¢ 1.0, CHxCh); IR (film): 1754, 3320 cm™; 'H NMR

,,,,,,,, i 2 ANLVIIN

rr ATrYL w o

6. , J 3.7 Hz, NH). MS (EI, HR) m/z:
5. Found: 470.1322. Anal. Calcd for C,;H;,0O5SiNS:
; H,

Hz
(M-Me)" calcd for CyoH,305SiNS: 470.1
C, 52. 6.48; N, 2.91.

C,51.94; H, 6.43; N, 2.88. Found:

(3’S, 4’R) 1,2-O-Isopropylidene-3-0O-(3’-dimethylphenylsilyl-azetidin-2’-on-4’-yl)-5-0-
tosyl-a-D-xylofuranose (14). Compound 14 was obtained from 12 by the standard tosylation
procedure (80%). Oil; [a]p +2.7° (¢ 0.2, CH,CL); IR (film): 1757 , 3309 cm’™; "H NMR (benzene-
6H. PhMe,Si): 1.07. 1.31 (2s. 6H. i 2.69 (dd

i ) 111 AR

;_.a\
T

(M -Me)" calcd for C25H3003SSIN 532 1478 Found 532 1461.

(4’R) 5-Deoxy-1,2-O-isopropylidene-3-0:5-C-(3’-azetidin-2’-on-1’,4’-di-yl)-a-D-xylofuranose
(15). Compound 13 or 14 (0.5 mmol) was dissolved in acetonitrile (15 mL) and treated with
tetrabutylammonium bromide (0.17 g, 0.5 mmol) and pulverized anhydrous K,CO; (0.7 g). The

i Zuhassieinobuisiasiatataie = >

re was stirred and kent under reflux for 1.0-1.5 h. Sy b

mixiur VY L Liliwls Qiild fwprl eialdws ix ANSE o die uu uvq e;;»;;, l,u.nu\.ux VAV 1igas ) YVad

added, the mixture was filtered, washed with water, dried and evaporated. The crude product

cirmm mammsard mim s i1 | P ol i 1.1 Y T doa A& TN 1L

was SCpdarca o1 ad Silicd gel ublIlg nexarne-eunyi acewate 1:1 /vy dS dIl TUCIIL WO gl Cc 10 lU.lJOg,

(73%) and 0.081g (43%), especuvely] 'hite solid. mp. 161.5-164°C. {ajp +122.3° (¢ 1.0,

e = s — P —_ 1 < s e e e [ s~ s =~ P, e = = —

CH,Cl,); IR (CHCI;): 1766 cm™, (lit.", mp. 161-165°C; [a]p +121.1° (¢ 0.9 ,CH,Cl,); IR
1

(4#R) 3-0-(Azetidin-2’-on-4’-yl)-1,2-O-isopropylidene-5-O-trityl-o-D-xylofuranose (16).
To a solution of 9 (0.25 g, 0.435 mmol) and acetaldehyde (0.088 mL, 1.74 mmol) in THF (2 mL

mixture was filtered ar
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ride was added and the mixture was stirred for
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LY M1 TR 761enm)e 177778 2904 ~ OTYWIY. S 127 1 &8 Mo A1 jamnenn o D) L4
Lrigpuay )y LN (X)L 1773, 32450 Gl 01 INWVIN (L3 ). U 1.04y 1.0 (&3, V11, iSOpIop. j, £.00
/11 1YY r1T A _ 1 1N TY_ YT AN, " 0L 7111 17T rYN AN 1 107 TY TY YL, N 1 A fa 17Y
(uu, i ,J 1.4 ana 15.2 nz, -3a ), 2.85 uua, 1r1,./ J.U, 3.9 ana 15.2 Hz, H-3 D), 3.14 ([ 1

IH, J 3.0, 4.9 and 8.8 Hz, H-4), 4.53 (d, 1H,J 3.8 HZ,H-2), 5.05 (dd, lH,J 1.4 and 3.9Hz, H4’ ), 5.86 (d,
1H, J 3.8 Hz, H-1); 6.27 (br s, 1H, NH). MS (EI, HR) m/z: M" calcd for C30H;,06N: 501.2151.
Found: 501.2173. Anal. Calcd for C;,H3,06N: C, 71.83; H, 6.22; N, 2.79. Found: C, 71.49; H,
6.46; N, 2.87.

(#R) 3-0-(N-Benzyl-azetidin-2’-on-4’-yl)-1,2-O-isopropylidene-5-O-trityl-a-D-xylofuranose (17).

LI DYy IRYFU~LF-XY
Mathnad A A cnenencinn nf 1
AVAWSRSREAVIRE [ Re [ DUOPWILIOLIUVILIL VL

DMF (2 mL) was cooled to 0°C and 9 (0.2 g, 0. 35 mmol) dissolved in DMF (1 mL) was added
siowly. The reaction was stirred for 30 min, and benzyl bromide (0.045 miL, 0.383 mmol) was
added. The mixture was stirred for 1.5 h at room temperature, diluted with ether, washed,
dried (Na,S0O,), and evaporated. The residue was purified on a silica gel column using hexane-
ethyl acetate 8:2 ¥/, as an eluent to afford 17 (0.158 g, 76.6%). Method B. To a cooled at 0°C
solution 9 (0.25 g, 0.435 mmol) in THF (5 mL) were added pulverized KOH (0.027 g, 0.48
mmol), benzyl bromide (0.057 mL, 0.48 mmol) and tetrabutylammonium bromide (10% mol),

and the mixture was intensively stirred. After 3.5 h, the mixture was poured into water, and

I
o

dienarcian ON18 o N IR mmal) in dews
36 1)

1‘ ux l.’\ilﬂl\lll. ATV 4 5 Ve

extracted with ether. The oreanic laver was senarated, dried (Na,SQ.,). and evanorated. The
A L% LWl AVAE Wlilwioe AW .Lb (E3 RS S “J T UVB“&“IU“, A AW \.L “Au\lql, ALIvA W ukl\ll [ 2L T A RAN/
racsdiia rac ~hes atnnvranhad An a giline Anliirmn cina havana_athyl anatata Q.9 A/ A ahoey
resiau€ was Chnromatograpnea Ofi a siiifa COoiuMmin using néXanc-Ciny: aceiaie o2 /, as an acrit
_ A 1"/!‘\1 ~ f /\ S R P | A1 /fO {AI\ I‘T‘lf“l\ T (I N TR ATY 7T . ©
afford 17 (0.155 g, 60%). Oil; [a]p 41.4° (c

cm; 'H NMR (CDCl5): o
1.25, 1.51 (2s, 6H, isoprop.); 2.52 (d, 1H, J 14.9 Hz, H-3a’); 2.69 (dd, 1H, J 3.7 and 14.9 Hz,
H-3’b); 3.05 (t, 1H, ./ 8.8 Hz , H-5a); 3.53 (dd, 1H, J 5.3 and 8.8 Hz, H-5b); 3.89 (d, 1H, J 3.0
Hz, H-3); 4.04 (d, 14, J 3.8 Hz, H-2); 4.14, 4.53 (2d, 2H, J 15.2 Hz, Bn); 4.31 (ddd, 1H, J 3.0,
5.3 and 8.8 Hz, H4); 4.82 (dd, 1H, J 1.5 and 3.7 Hz, H-4’); 5.70 (d, 1H, J 3.8 Hz, H-1); MS
(LSIMS, HR) m/z: (M+Na)" caled for C3;H3,04NNa: 614.2462. Found: 614.2518.

ld’k\ 3- n-(N-thn carbonvl-azeti 'p_-Z’-Qg-d_.’-yl\-ll-()-isg

Ethoxy di
c nvi-azetidil -1,2-0

D-xylofuranose (18). To a solution of

~la P oy N1 (aT 20 2em
ln bﬂzblz \L IIIL} was dUUD’U Cu.lyl blllUlUlUlllldLG \U 10 lll.L, l 7 IlullUl) Wllll CO011

I
'.
-
2}
)

Subsequently it was evaporated to dryness and purified on a silica gel using hexane- ethyl
acetate 8:2 '/, as eluent to afford 18 (0.11 g, 65%). Oil; [a]p -39.6° (¢ 0.12, CH,Cl,); IR (film):
1731, 1822 e 1HNMR(CDC13): 0 1.32, 1.55 (2s, 6H, isoprop.); 1.39(t, 3H,.J 7.1 Hz, -CH3); 2.46 (dd. 1H,
J2.2 and 16.4 Hz, H-3a”); 2.63 (dd, 1H, J 4.7 and 16.4 Hz, H-3’b); 3.07 (t, 1H, J 8.8 Hz, H-5a);
3.66 (dd, 1H, J 4.8 and 8.8 Hz, H-5b); 4.37 (q, 2H, J 7.2 and 14.4 Hz, -CH,-); 4.47 (m, 1H,
H-4); 4.55 (d, 1H, J 3.7 Hz, H-2); 4.48 (d, 1H, J 2.6 Hz, H-3); 5.3 (dd, 1H, J 2.2 and 4.7 Hz,

80 (d, 1 calcd

) oJ
H-4): § 7 Hz. H-1). MS (LSIMS. HR) m/z: (M+Na)" for C..H.-O.,NNa:

Jy 2 s 153, L7, =1 )0 VIS (LS LIVAS, U ) M/Z0 (VATING) 107 LU 33nd3sUgiNiNa.
g M4 anAde SOL IIRA Anal Caled far C..FI. ON--C £010-HH A18-N 244 Faimnmd- O
J Ll (O, UL 5370.22064%. Adidl. LdiCU 10T U33r1350Ug1iN. U, U7.1V, 11, U.1J, IN, L.7%, FOUIK. ©,

96. Found: .
69.21; H, 6.31; N, 2.30.
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{29C  AOD\ (29D  ASD\Y (2D  AICY  oad (29C ACY 1D 4 Voo R 2
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U da

)
Mixture of 19, 20, 21, and 22 in a ratio 7.2 : 3.5 1.0 : 0.3, respectively, was obtained from 8
according to the general procedure described above (83%).
19: oil; [a]p -23.1° (¢ 1.0, CH,CL,); IR (film): 1753, 3235 cm™; 'H NMR (CDCl;): § -0.30,
0.006 (2s, 6H, r-BuMe,Si); 0.85 (s, 9H, +~BuMe,Si); 1.33, 1.56 (2s, 6H, isoprop.); 2.66 (dd,
1H, J 3.6 and 4.3 Hz, H-3"); 3.11 (t, 1H, J 8.8 Hz , H-5a); 3.63 (dd, 1H, J 4.8 and 8.8 Hz,
H-5b); 4.02 (d, 1H, J 2.8 Hz, H-3); 4.43 (m, 1H, H—4) 4.55 (d, 1H, J 3.7 Hz, H-2) 5.07 (d, 1H,

J4.3 Hz, H-4%); 5.79 (d, 1H, J 3.7 Hz, H-1); 6.31 (hrd 1H, I’%RHF/NT—I\ MS (EI, HR) m/z:

\dvay £33N 7

(M-t-Bu)" calcd for C3,H3s06SiN: 558.2312. Found: 558.2312. Anal. Calcd for C33H4506SiN:

ANN1.IT 724N D7 Basind- O TN A1 LT 7280 D AN
L,, IJ.L1, I1, /.00, IN, 2.4/, TOUlIU. L, /U941, I1, /.00, IN, £.4V.

20: oil; [ap -31.0° (¢ 0.6, CH,Cl,); IR (film): 1754, 3288 cm™; 'H NMR (CDCl;): § -0.01,
0.08 (2s, 6H, +-BuMe;,Si); 0.88 (s, 9H, ~BuMe,Si); 1.31, 1.49 (2s, 6H, isoprop.); 2.72 (d, 1H, J
1.5 Hz, H-3"); 3.24 (dd, 1H, J 6.4 and 10.0 Hz , H-5a); 3.54 (dd, 1H, J 6.0 and 10.0 Hz, H-5b),
4.02 (d, 1H, J 3.4 Hz, H-3); 4.21 (ddd, 1H, J 3.4, 6.0 and 6.4 Hz, H-4); 4.48 (d, 1H, J 3.8 Hz,
H-2); 4.94 (d, 1H, J 1.5 Hz H-4"); 5,89 (d, 1H, J 3.8 Hz, H-1); 6.05 (br s, 1H, NH). MS (EI,
HR) m/z: (M-t-Bu)’ calcd for C;Hsc06SiN: 558.2312. Found: 558.2312. Anal. Caled for
C36Hss06SIN: C, 70.21; H, 7.36; N, 2.27. Found: C, 70.22; H, 7.48; N, 2.22.

50245 ELE. Rk B g vy ey AN bt ] it ] bl
21: oil: [als -43.6° (¢ 05 C ,CL): IR (film): 1759. 3402 cm™ ' NMR (CDCL): § -0.14

. F) Ll.b_u) TS W \U ety ULLZ\./I‘/, ALN \.llllllj L7V 7y T VL Will A A LVNIVAEN \\./.IJLJI_-‘} v V‘l""
N 11 N £1IT 4 D AAL Q. N Q7 7o OIT 4+ MdNAA QN 1 29 1 82 Mo AL :.-.n.....\.. Y. P01 7431 11T
V.11 (£8, 011, i-DUIVA€D1 j;, V.07 (S, 711, I=DUIVICID1 ), 1.04, 1.5 (48, Or1, iSOProp.j, £.71 (4q, 1n,
J 1.9 and 4.4 Hz, H-3"); 3.19 (dd, 1H, J 7.3 and 9.6 Hz , H-5a); 3.60 (dd, 1H, J 6.0 and

9.6 Hz, H-5b); 3.96 (d, 1H, J 2.7 Hz, H-3); 4.31 (m, 1H, H-4); 4.48 (d, 1H, J 3.7 Hz, H-2);
5.17 (d, 1H, J 4.4 Hz, H-4"); 5,82 (d, 1H, J 3.7 Hz, H-1); 5.96 (br s, 1H, NH). MS(EI, HR) m/z:
(M-t-Bu)' caled for C3;H306SiN: 558.2312. Found: 558.2312. Anal.Calcd for C3sHysOgSiN:
C,70.21; H, 7.36; N, 2.27. Found: C, 70.44; H, 7.59; N, 2.16.

22: Signals due to stereoisomer 22 visible in the "H NMR spectrum of the crude post reaction
mixture. '"H NMR (CDCL): 8 4.91 (d, 1H, J 1.5 Hz, H-4); 5.86 (d, 1H, J 4.0 Hz, H-1).

{23C AYD\ (2 ’ D\ 2 £ (2 4 Duatvldimntholalyl_aratidin ¥ om A0 N1 P N icanwanglidana ~

WDy 4 Ny (O 1\, N ) S-U~0 =~DUtYGliiciny Sy -aZ€tain-& ~0h-a -y i1~ 1,4~ U-ISOpropyaciie-a-
rée % 1 e 3 AN I" e ™Y 1~ 4 L. _°t 1L A ___ 1 AN h 4

u-xymmranose (£9 and 24). Lompounds 29 and 24 were optainea rrom 1¥ and Ly according to

the procedure described for 11.

23 (76%): oil; [a]p +16.7° (¢ 0.5, CH,Cly); IR (film): 1749, 3320, 3453 cm™; '"H NMR
(CDCl;): 6 0.08, 0.135 (2s, 6H, -BuMe;Si); 0.93 (s, 9H, +BuMe,Si); 1.38, 1.50 (2s, 6H,
isoprop.); 3.03 (dd, 1H, J 3.4 and 4.4 Hz, H-3"); 3.77 (dd, 1H, J 5.8 and 11.3 Hz, H-5a); 3.92
(dd, 1H, / 6.4 and 11.3 Hz, H-5b); 3.98 (d, 1H, J 3.4 Hz, H-3); 4.33 (m, 1H, H-4); 4.64 (d, 1H,
J 3.8 Hz, H-2); 5.29 (dd, 1H, J 0.6 and 4.4 Hz, H-4"); 5.90 (d, lH J 3.8 Hz, H-1); 6.49 (br d,

1H, J 3.4 Hz, NH); MS (EL, HR) m/z: (M-Me)" calcd for C1gH306SiN: 358.1686. Found:
28R 1686 Anal Caled for C-Hx:OSiIN: C. 54 AR H. 836N 2 '7< Found: C.54.71: R.48
JIOLAVOV. MAIALAQIVU LIUL 7RIV EEIL N Ny STV Ldy Ve Uy i Vg e/ de L WLLIMW: Wyl TTT D g L dy UsTU,
N, 3.61
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PA 7600/ xxhita galide s 171 £_1980M. T~ N TO fA N2 LT M1 TD £l 178N 223NL
Lt \UZ7/0). VWIHLIC DULIU, 111D, 1L1.J0%140 Wy |WK]D ~4J./ \¢ V.o, IV ), LN (111 l}. 170U, 20V,
A AL _A“-li lr' AR ATY 7RI N S NAN™ N1 M SITY Tr_ MM LYcN s W4 Y. B NTT o A\ V' 4 b
3446 cm ; H NMR (CDCls): 0 0.07, 0.122 (Zs, 6H, -BuMe;di); U.94 (s, 9H, i-BuMe,S1);
1.32, 149 (Zs 6H, isoprop.); 2.83 (d, 1H, J 1.5 Hz, H-3’); 3.75 (dd, 1H, J 5.6 and 11.4 Hz, H-5a);

3.88 (dd, 1H, J 5.9 and 11.4 Hz, H-5b); 4.07 (d, 1H, J 3.6 Hz, H-3); 4.33 (ddd, 1H, J 3.6, 5.6
and 5.9 Hz, H-4); 4.58 (d, 1H, J 3.8 Hz, H-2); 5.04 (d, 1H, J 1.5 Hz, H-4’); 590 (d, 1H, J 3.8
Hz, H-1); 6.38 (br s, 1H, NH); MS (EI, HR) m/z: (M-Me)" caled for CisH»306SiN: 358.1686.
Found: 358.1686. Anal. Calcd for C,7H;,04SiN: C, 54.66; H, 8.36; N, 3.75. Found: C, 54.61;
H, 8.54; N, 3.76.

(3’S, 4’R) 1,2-O-Isopropylidene-3-0-(3’-t-bu tyldimethylsilyl»nzetidin-Z’-on-4’-yl) -5-0-tosyl-

o-D-xylofuranose (26). Compound 26 was obtained from 23 by the standard tosylation

procedure (6““’) White solid; mp. 134-138°C; [a]p +0.7° (¢ 0.6 , CH,Cl,); IR (film): 1756,
1 -

3324 cm 'H NMR (CDCls): 6 0.03, 0.08 (2s, 6H, t-BuMe,Si); 0.91 (s, 9H, r-BuMe,Si); 1.29,
1.45 (2s, 6H, isoprop.); 2.45 (s, 3H, tosyl); 2.94 (dd, 1H, J 3.6 and 4.4 Hz, H-3"); 3.95 (d, 1H,
J 3.0 Hz, H-3); 4.12 (dd, 1H, J 5.8 and 9.6 Hz, H-5a); 4.20 (dd, 1H, J 7.3 and 9.6 Hz, H-5b);
4.37 (m, 1H, H-4); 4.61 (d, 1H, J 3.6 Hz, H-2); 5.19 (dd, 1H, J 0.7 and 4.4 Hz, H-4"); 5.81 (d,

1H, J 3.6 Hz, H-1); 6.41 (br d, 1H, J 3.6 Hz, NH). MS (El, HR) m/z: (M—Me) calcd for
ngH},.ﬂ,DgSiNq 512.1774. Found: 512.1774. Anal. Calcd fo C24_H_”O SINS: C, 54. .63; H, 7.07;

(3’R, 4’R) 1,2-0O-Isopropylidene-3-0-(3’-t-butyldimethylisilyl-azetidin-2’-on-4’-yi)-5-O-tosyi-
o-D-xyiofuranose (27). Compound 27 was obtained from 24 by the standard tosylation
procedure (65%). Oil; [a]p -24.5° (¢ 0.5, CH,Cl,); IR (CHCl3): 1758, 3315 cm™; '"H NMR
(CDCl5): 6 0.08, 0.12 (2s, 6H, +-BuMe,Si); 0.93 (s, 9H, z-BuMe,Si); 1.29, 1.44 (2s, 6H,
isoprop.); 2.45 (s, 3H, tosyl); 2.80 (d, 1H, J 1.5 Hz, H-3"); 4.09 (dd, 1H, J 5.6 and 10.0 Hz, H-5a);
4.11(d, 1H, J3.3 Hz, H-3); 4.22 (dd, 1H, /7.1 and 10.0 Hz, H-5b); 4.37 (m, 1H, H-4); 4.55 (d, 1H,
J 3.7 Hz, H-2); 5.05 (d, 1H, J 1.5 Hz, H-4"); 5.87 (d, 1H, J 3.7 Hz, H-1); 6.47 (br s, 1H, NH).

MS (EL, HR) m/z: (M-t-Bu)’ caled for CoH2305SINS: 470.1305. Found: 470.1305, Anal.
Calad fae O T _ N QNQ. Y §A AT nN7- N 2 A ‘( FaimnmAdA- O SA K- 1T 722.- N 2 LQ
L aiCl 10T U o40137uwUgoliNg. v, J9.05, 11, 07 » 1Ny 2,00, PUUNG. U, D7.0L, 11, /.40, IN, £.J7

(3’S, #R) and (3’R, 4R) S-Deoxy-1,2-O-isopropylidene-3-0:5-C-(3’-t-butyldimethylsilyl-
azetidin-2’-on-1’,4’-di-yl)-o-D-xylofuranose (29, 30) and (4’R) 5-Deoxy-1,2-O-isopropylidene-
3-0:5-C~(3’-azetidin-2’-on-1’,4’-di-yl)-o-D-xylofuranose (15). A mixture of 29, 30 and 15
(31%) was obtained from compound 26 according to the procedure described for 15. After
chromatographical separation pure components were obtained.

29 (25%): white solid; mp. 137-140.5°C; [a]p +101.7° (¢ 0.4, CH,Cl,); IR (CHCl3): 1749 ecm™;
'H NMR (CDCls): § 0.09, 0.11 (2s, 6H, t-BuMe,Si); 0.92 (s, 9H, t-BuMe,Si); 1.33, 1.49 (25

6H. isopron.): 2.67 (ddd. 1H. J1.0. 1.8 and 3.4 Hz. H-3"): ‘25’7({1&11 IH J18 34and 134
\V 2§ L] IDUPLUP.}, i o NS T \uuu, , , A oW CBAANS L) ‘.Ll_l, - ’, ’ .l-l-L’ L4 A-U, -~ (SO ¥ Ad ol

W LT &) 2 A7 (AAA 1T T1 0 28 and 1241 TT.SWY- A421 (4 11 724112 LI A A1 (1m
[]L, ﬂ"Ja}’ J.07 \uuu, 1Ily o L.U, J.0 allu 1.7 114, .l.I.'JU}, .21 \u, 111y v J.°7 114, 11".)}, .11 \lll,
4YY YY 4\, A 7N 71 1Y7 TAOTYIT., TT AN, ANDQ 73 1TT T3 ATT_ IXT AN. £ 0L /723 1TIT THAOTT. TT 1)
iH, H-4); 4.60 (d, 1H, / 3.9 Hz, 0-2); 4.90 (q, 11, J 3.4 0z, -4 '); 5,55 (q, 11, v 3.9 0z, H-1)
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AAC /Y DY /e INA NN anlad far O T, N QN 240 1820 T rarvnd:e 2AN 180N A nnl (Mal.A
1VIiD \L‘l, 1u\} Iy \1v1-1v1b) Calivild 1uUl U14L126WUUS5 01N JRUV.1J0V, 1T'VWIIAL, OV, 190V, Allal. Ladilu
L ral A g CInT. ™ AN. IT 0 ﬂ‘\. AT ANA T oo 1. M Eﬂ /n’\- T O ‘)O \T "I ~ N
for C7H290sSiN: C, 57.43; H, 8.22; N, 3.94. Found: C, 57.60; H, 8.38; N, 3.79.

n

30 (25%): white solid; mp. 91 o4, 5°C; [a]p +90.4° (¢ 0.3, CH,Cl,); IR (CHCL3): 1751 cm™; 'H
NMR (CDCls): 8 0.05, 0.09 (2s, 6H, --BuMe,Si); 0.93 (s, 9H, +-BuMe,Si); 1.33, 1.49 (2s, 6H,
isoprop.); 2.67 (s, 1H, H-3"); 3.40 (dd, 1H, J 2.2 and 13.9 Hz , H-5a); 3.86 (dd, 1H, J 5.3 and
13.9 Hz, H-5b); 4.29 (d, 1H, J 3.2 Hz, H-3); 4.43 (m, 1H, H4); 4.59 (d, 1H, J 3.8 Hz, H-2);
4.83 (d, 1H, J 0.8 Hz, H-4"); 5,95 (d, 1H, J 3.8 Hz, H-1). MS (EI, HR) m/z: (M-Me)" calcd for
C16Ha605SiN: 340.1580. Found: 340.1580. Anal.Calcd for C;;H,50sSiN: C, 57.43; H, 8.22; N,
3.94, Found: C, 57.22; H, 8.30; N, 4.09.

Intramolecular alkylation of 27 according to the procedure described for 15 afforded a mixture

P A T Plie 1 | WAL Y. [ AN I Nl )
Ul LUUIPUUIIUD JU \JH/0) alud 10 (&

Onen e g d Ao an o b

70). pui‘O““&t"gi‘apmuu acp«uauuu gave purc CompoOneits.

(@°S) 5-Deoxy-1,2-O-isopropylidene-3-0:5-C«(3’-azetidin-2’-on-1°4’-di-yl)-a-D-xylofurancse (31).
Compound 21 was subjected to the reaction sequence involving detritylation, tosylation,
intramolecular alkylation and desilylation according to procedure described above to afford
known 31. White solid; mp. 153.5-157°C; [a]p -23.9° (¢ 0.28, CH,Cl,); IR (CHCL;): 1771 cm™,
(lit.!, mp. 156-158°C; [a]p -29.8° (¢ 0.8, CH,CLy); IR (CHCl3): 1771 ecm™).

Hvdroxvalkvlation of cenham 29 in the nresence of TRAF, General nrocedure, To a2
J -l “[‘J “.l‘J ARE WENSFEE A ‘vvl’uuul R ARR .uv l.’l. - an - \¥ > 9 A RFL DR A A 2 A 2 % 79 l’. W AW LA LS A W Fa v 4

miviira ~F 20 /N K mmnl\ and n]r‘nl‘lxrr‘a 29 22 Ar 24 (1 & sl ‘(" mT Y anhyrdens

mixture o1 &5 (V.D minio1) ana aiaenyac sS4, 55 OF 54 (1.0 mino: } in THF {<£ 0iLj annyarous

tetrabutylammonium fluoride [21] (1 M solution in THF, 0.5 mmol ) was added. The resulting
yellow solution was stirred at 25°C for 12 h, subsequently poured into 0.5N HCI (10 mL) and
extracted with ether (3 x 20 mL). The organic layer was dried (MgSQO,), concentrated, and

purified on a silica gel to give 35, 36 or 37, respectively, as 3:1 mixtures of epimers.

(3’R, 4R) 5-Deoxy-1,2-O-isopropylidene-3-0:5-C-[3’-(a-hydroxybenzyl-azetidin-2’-on-1’,4’-
di-yl]-a-D-xylofuranose (35). A mixture of stereoisomers 35, in a ratio 3:1 (55%) was obtained
from 29 according to the procedure described above. IR (film): 1760, 3346 cm™. 35a major

icamers T NMR f(‘nf‘] Y8121 14 < 6 iecanran \» 337 (4 TH J48 H> H_?). 2 8§87
1ISOIMCT. 11 NV (/i3 ). O 1.51, 1.590 (45, Ui, 1I5SOPIOP.j, 3.57 (G, i1, v 5.0 04, 1r1=3 }, 3.0/
/13 11T T10 _,...A 127 O IT» TT £.). 2 04 711 11T TAQ Aend 12 0Q LT~ LY &Y. A7 71 1LY F2 1
a4, iri, v 1.0 dlld 195.0 y 1=0aj, J.04%4 (uu, ir1, 4 4.7 daillu 13.0 , I1"JD), F.47 (U, 111, J I.1
Hz, H-3); 4.41 (m, 1H, H-4); 4.56 (d, 1H, J 3.8 Hz, H-2); 5.10 (s, 1H, H<4"); 5.12 (d, 1H, J 4.5

Hz, CHOH); 5.95 (d, 1H, J 3.8 Hz, H-1).

35b minor isomer: 'H NMR (CDCl): & 1.31, 1.48 (2s, 6H, isoprop.); 3.39 (d, 1H, J 5.7 Hz, H-3);
3.53 (dd, 1H, J 1.8 and 13.8 Hz, H-5a); 3.83 (dd, 1H, J 4.5 and 13.8 Hz, H-5b); 4.28 (d, 1H, J
3.2 Hz, H-3); 4.42 (m, 1H, H-4); 4.56 (d,1H, J 3.8 Hz, H-2); 4.88 (s, 1H, H-4"); 5.02 (d, 1H, J
5.8 Hz, CHOH); 5.93 (d, 1H, J 3.8 Hz, H-1). MS (EI, HR), m/z: M" calcd for C;sH,;O4N:
347.1369. Found: 347.1369.

(3’R, 4’R) 5-Deoxy-1,2-O-isopropylidene-3-0:5-C-[3’-(a-hydroxy-p-bromobenzyl-azetidin-2’-

B B A N PrS. s N s AT RS > 0 o :1 710

on-1’,4’-di-yi}-a-D-xylofuranose (36). A mixture of steroisomers 36, in a ratio 3:1 (76%) was
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32Hz H-3), 441 (m, 1H, H-4), 4.56 (d 1
4.8 Hz, CHOH); 5.94 (d, 1H, J 3.8 Hz, H-l).
36b minor isomer: ‘H NMR (CDCly): § 1.31, 1.48 (2s, 6H, isoprop.); 3.34 (d, 1H, J 5.8 Hz, H-3");
3.54 (dd, 1H, J 1.8 and 13.9 Hz, H-5a); 3.82 (dd, 1H, J 4.4 and 13.9 Hz, H-5b); 4.28 (d, 1H, J
3.0 Hz, H-3); 4.41 (m, 1H, H-4); 4.57 (d, 1H, J 3.8 Hz, H-2); 4.86 (s, 1H, H-4"); 4.99 (d, 1H, J
5.8 Hz, CHOH); 5.93 (d, 1H, J 3.8 Hz, H-1). MS (EL, HR) m/z: M" calcd for C;5H,,04NBr:
425.0474. Found: 425.0474.

L TORAY o i |

!D...

m
i

______________ 2a___ D ______ % _ __

-Deoxy-1,2-U-isopropylidene-3-0:5-C-[3’-(a-hydroxy-p-nitrobenzyi-azetidin-

-
PN

I K, 918
*-on-1’,4’-di-ylj-o-D-xyiofuranose (37). A mixture of steroisomers 37, in a ratio 3:1 (68%)
was obtained from 29 according to the procedure described above. IR (CH,Cl,): 1768, 3589
cm™. 37a: 'TH NMR (CDCls): 6 1.30, 1.48 (2s, 6H, isoprop.); 3.37 (d, 1H, J 4.6 Hz, H-3"); 3.60
(dd, 1H, J 1.7 and 13.9 Hz, H-5a); 3.83 (dd, 1H, J 4.3 and 13.9 Hz, H-5b); 4.27 (d, 1H, J 3.2
Hz, H-3); 4.41 (m, 1H, H-4); 4.53 (d, 1H, J 3.8 Hz, H-2); 5.02 (s, 1H, H-4"); 5.24 (d, 1H, J 4.6
Hz, CHOH); 5.94 (d, 1H, /3.8 Hz, H-1).

37b: '"H NMR (CDCl;): & 1.30, 1.48 (2s
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Found: 392 1220

(3’R, 4R) 5-Deoxy-1,2-O-isopropylidene-3-0:5-C-[3’-(a-hydroxy-p-nitrobenzyl-azetidin-
2’-on-1’,4’-di-yl]-a-D-xylofuranose (37). To freshly destilled diisopropylamine (0.098 mL,
0.69 mmol) in dry THF (2 mL) at -15°C under nitrogen, n-BuLi (2.5 M solution in hexane,
0.265 mL. 0.66 mmol) was added dronwise during 5 min, and the mixture was cooled to -75°C. To the

NS iiady M Raliial oL LRV VYIOU L2000 ~ 233233, 6ass S A2LNANS WG LANRSANAS

LDA solution a mixture of 15 (0.08 g, 0 33 mmol) in THF (1 mL) at -75°C was added. After

A ral le:An Tmo N in & maT \ 370 ad o+ ¢hha

20 mi p-quUUcuLcuucuyuc 34 \U 2 g, .32 mmol ) i THF (0..) ifiL ) was added at the same
temperature and the mixture was stirred at -75°C for 1.5 h it was then poured into a cold
saturated aqueous NaCl solution, and extracted with Et,O. The organic layer was dried
(MgS0,), concentrated, and the residue was purified by column chromatography on silica gel
using hexane-ethyl acetate 6:4 '/, as an eluent to give a mixture of stereoisomers 37 in a ratio
3:1; (0.069 g, 53%).

2-0-isopropylidene-3-0:5-C-[3’-(a-acetoxy-p-bromobenzyl-azetidin-
uranose (38). A solution 36 (0.03 g, 0.07 mmol) and DMAP (0.01 g)

Aza snawsaa \VeV i Ry

wrag nf:wot" at ranm temmnaratnirs 1mmtil tha
LILlWAR Al 1uUuULLL t\.«ul}l\dau«uu uliuil uilv

mixture was poured into water, extracted with

g
C
[l
@]
=
s
&
o)
Qo
S
=2
)
-+
o
—
=
O
v
%
o
H
N
u:
8.
B
—*
:‘



14080 R. Eysek et al. / Tetrahedron 54 (1998) 14065-14080

N ~

(film): 1747 1771 cm“. II—I NMR (CDC13) 51. 31 1.48 (2s, 6H, isoprop.); 2.10 (s, 3H, acetyl);
3.42 (d, 1H, J 6.0 Hz, H-3"); 3.53 (dd, 1H, J 1.6 and 14.0 Hz, H-5a); 3.81 (dd, 1H, /4.7 and 14.0 Hz,
H-5b); 4.26 (d, 1H, J 3.0 Hz, H-3); 4.41 (m, 1H, H-4); 4.57 (d, 1H, J 3.8 Hz, H-2); 4.98 (s, 1H,
H-4’); 5.95 (d, 1H, J 3.8 Hz, H-1); 6.02 (d, 1H, J 6.0 Hz, CHOAc). MS (EI, HR) m/z: (M-Me)"
calcd for C;oH19O7NBr: 425.0345. Found: 425.0345.

38b: white solid; mp. 165-168°C; [a]lp +56.2° (¢ 0.35, CH,Cly); I

iy ety Wl AT

NMR (CDClL:): 8 1.31. 1.48 (2s. 6H. isopron.): 2.10 (s. 3H. acetv]): ?Al (d 1
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