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Summary The synthesis of (1S54S,5R}-N-acetyl-4-methoxymethyl-3-oxa-6-azabicyclof 3 1 0 Jhexan-2-one 15a,
an optically pure, cyclic analogue of azindine-2-carboxylates, s described starting from D-ribose Key steps
include  triphenylphosphine-promoted conversion of a 3-azdo-2-tosyl-D-xylofuranoside (10a) to its
corresponding 2,3-azindine 12a, selective cleavage of a I1-O-t-butyldimethylsilyl blocking group followed by
TPAP oxidation of the anomeric henuacetal group to the lactone 15a The procedure is directly applicable to D-
lyxose to gve the enantiomerically pure (1R,4S,55) isomer of 15a, 15b

Résumé Le present travail décnit la synthese, & partir du D-ribose, du N-acétyl-méthoxyméthyl-4-oxa-3-aza-6-
bicyclo[3 1 0]hexanone-2-(1S,4S,5R) 15a, analogue cychque optiquement pur, d’aziridine-2-carboxylates Les
étapes-clé de cette synthese concernent la transformation de lazdo-3-tosyl-2-D-xylofuranoside 10a en
Pazindine-2,3 correspondante 12a par action de la triphénylphosphine, la déprotection selective du groupement
protecteur silylé suvie de I'oxydation par le TPAP de I'hénmuacetal anomerique condwisant & la lactone 15a
Cette synthése esi directement applicable au D-lyxose pour condwre & Uisomére (IR4S5S) de 15a
enantiomériquement pur, 15b

Stereochemically-defined azinidine-2-carboxylates 1 are proving to be useful intermediates for
the synthesis of modified, optically active amino acids Eather substituted o-amino acids (general case)!-
5 or g-amno acids?3 may be prepared by nucleophilic attack of the azindine ring at C-3 or C-2,
respectively (scheme 1) Ring-opening 1s promoted by Lewis acids and the presence of an electron-
withdrawing group on the mitrogen atom (e g 1, RZ = acetyl). The large number of nucleophiles which
have been employed for this type of reaction (alcohols!, Wittig reagents2, organocuprates3, hahides®,
amines’, thiols8, phosphites® and malonates'® ) makes accessible a great variety of optically pure,

substituted amino acids
Scheme 1

Nuc Nuc HNR?

R? ‘>—< *
N1 / C3amack R! COR’
*/3 2\* o - ammo acid
R

COR®
1
Nuc HNR? Nuc
* *
C-2 atiack R! COR’

R? electron-withdrawing group) B - ammo acid
For this purpose, the stereospecific synthesis of the azindine-2-carboxylate precursors 1 1s
necessary This has so far been acheved by only a himited number of methods (starting from an e-amino

acid!! | vig a prior Sharpless epoxidation of a double bond122 , by addition of phthahmdomtrene to
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a,g-unsaturated esters!2b) However, the use of readily-available carbohydrates as a source of chirahity
for the preparation of such optically active azindme-2-carboxylates has remained unexploited In this
connection, we wished to mvestigate the synthesis and reactivity of derivatives of 2,3-dideoxy-2,3-
azirdinolyxono-(or ribono-)lactone 2 (or 3) as carbohydrate-derived, stereochemically-defined cyclic
analogues of azirdine-2-carboxylates 1 The anecdotal preparation of a 5-amino-5-deoxy analogue of 2
has been reported by Kusumoto and co-workers!3 1n their synthetic route to streptohdine More
recently, the N-acetyl-5-O-acetyl derivative of 2 was prepared via an intramolecular mtrene addition to
the double bond of a 2-penten-4-ohide 14 However, nerther of these procedures allows access to the D-
ribonolactones of type 3 Since we wished to synthesize both D- and L-amino acids starting from eastly
available D-sugars, our synthetic strategy had to be applicable to the preparation of both 2 and 3 We
report herein a practical synthesis of aziridine-2-lactones of types 2 and 3 starting from D-ribose and D-

lyxose, respectively
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2 B 2
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Because of the well-documented epimenzation of C-2 substituents on sugar lactones,14.15 1t
seemed essential to first construct the 2,3-azindine starting from an appropriate glycoside, reserving for
the final steps both deprotection and oxidation of the anomeric hydroxyl group to the lactone. Gero and
co-workers16 have shown that 2,3-azindinolyxofuranosides may be obtained by selective displacement
of the 3-O-tosyl group of the corresponding 2,3-di-O-tosyl dervative with sodium azide followed by
tramolecular cychzation to the azindme after reduction of the azide to an amine A more efficient
method of introducing an azide group at the C-3 position of a furanoside makes use of 2,3-cychc sulfite
mtermediates 17 This methodology was adopted for our synthetic sequence to 2 and 3 Thus, as a model
system, the simplest, protected furanoside available, methyl 5-O-methyl-g-D-nbofuranoside 4a,18
(Scheme 2) was treated with thionyl chloride and tnethylamine at 0°C 1n tetrahydrofuran to give the
stable 2,3-cyclic suifite intermediate 5a as a 1 1 mixture of the exo and endo 1somers (due to asymmetry
at the sulfur atom), as estimated by !H-NMR Treatment of 5a with sodum azide m N,N-
dimethylformamide at reflux temperature gave exclusively the C-3 azido dervattve 6a The trans
arrangement of H-1 and H-2 1n 6a, mdicative of substitution at C-3, was confirmed by its TH-NMR
spectrum which showed a sharp singlet for the anomeric proton This igh regioselectivity of opening of
cyche sulfites by azide amon has been previously observed 1n other carbohydrate denivatives 17

It was mtially hoped that a Staudinger-type reduction of the azide group of 6a would directly
yield the desired 2,3-azirdine (e g 9) This was based on hiterature precedent in which both cyclic!® and
acychc193.20 vicinal azido-alcohols have been shown to give aziridines upon treatment with tertiary
phosphines However, when compound 6a was treated with triphenylphosphine m tetrahydrofuran, only
the 3-deoxy-3-amino xylofuranoside 7 could be solated after work-up Presumably, the trans
arrangement of the 2,3 substituents prevents the hydroxyl group from reacting ntramolecularly with the
inttially formed phosphimimine at C-319b.20a Ths result 1s 1n contrast with non-carbohydrate systems in
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which a trans azido-alcohol has 1n fact been shown to give an aziridine under the same conditions 19

In the pyranose senes, Pinter2! has shown that trans azido-alcohols can be converted to aziridines
if the hydroxyl group 1s first tosylated and the product treated sequentially with triphenylphosphine and
aqueous base With this in mind, compound 6a was transformed into 1ts 2-O-tosyl derivative 8a The
latter was then treated successively with triphenylphosphine and aqueous sodium hydroxide, affording
azindine 9 1n 58% yield The 'H-NMR data of 9 was consistent with the assigned structure, notably with
regard to the characteristic high-field chemical shifts of H-2 and H-3 (centered at 27 ppm) This
represents the first example of application of the Staudinger reaction to the preparation of aziridines 1n
the furanoside series
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Because hydrolysts of the anomeric methoxy group of 9 to the free hydroxyl (a necessary step
before oxidation to the desired lactone) could not be expected to leave the azindine functionality
ntact,22 the possibihity of introducing a more labile trialkylsilyl ether Linkage at the anomeric position of
the azindine precursor 8a was 1nvestigated Thus, the xylofuranose 10a was first prepared mn 80% yield
by treatment of 8a with 4N hydrochloric acid 1n dioxane The TH-NMR spectrum of 10a showed a 23
muxture of the o and g anomers, respectively However, loss of optical punty at this position was not
critical 1n view of the anticipated oxidation to a lactone function The free hydroxyl group of 10a was
then protected with a t-butyldimethylsilyl group by reaction with t-butyldimethylsilyl triflate,?3 yielding
11a Usmg the same conditions as those utihzed for the preparation of azindine 9 from 8a
(triphenylphosphine followed by aqueous sodium hydroxide), azide 1la was transformed imto the
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aziridine silyl ether denvative 12a 1 65% yield, The structure of 12a was corroborated by 1ts 1H-NMR
spectrum which showed H-2 and H-3 as multiplets at 2 56 ppm (upfield from resonarnces at 4 55 and 4.35
ppm, respectively, 1n the precursor 11a)

The free amine function of 12a was then protected as its N-acetate 13a using acetic anhydride in
pyndine, and this compound underwent clean desilylation in the presence of tetra-n-butylammomum
fluonide in tetrahydrofuran, affording the azindmolyxofuranose 14a in good yield Although fluoride
amon has been shown to open azindine rnings,24 no such reaction was observed 1n the case of 13a.
Finally, oxidation of the free hydroxyl group of 14a was achieved in high yield (88%) using catalytic
tetra-n-propylammomum perruthenate (TPAP) m the presence of N-methylmorpholine N-oxide,26
giving the desired 2,3-azindinolyxonolactone 15a. The TH-NMR spectrum of 15a showed a downfield
shift for H-2 and H-3 (365 and 3.75 ppm respectively, compared to 3 38 ppm for these protons n
precursor 14a), while the 13C-NMR showed the required two carbonyl carbons at 168 8 and 179.5 ppm
The two non-equivalent carbonyl functions were also evident from the infrared spectrum of 15a which
showed absorptions at 1714 and 1792 cm'! These spectral data were comparable to those of the 5-O-
acetyl analogue of 15a prepared by Dreiding.14

Application of this reaction scheme to methyl 5-O-methyl-o-D-lyxofuranoside 4b25 (Scheme 3)
gave the aziridinoribonolactone analogue 15b in a straightforward fashion Only minor differences were
observed between the reactivities of the lyxo and ribo senies of molecules A notable exception,
however, was the opening of the sulfite intermediate 5b with sodium azide which proceeded much more
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easily than n the case of the ribo denvative 5a (15 h instead of 48 h reflux) This result can be
attributed to the fact that the C-4 substituent in 5b presents less steric hindrance to C-3 attack than in
5a This geometrical difference, however, has no influence on regioselectivity of attack since for both 5a
and 5b, only C-3 substitution by azide was observed. It can thus be concluded that this mgh
regioselectivity of nucleophilic substitution on cychic sulfites 1s governed by electromic rather than steric
factors

The synthetic sequence here described now makes available optically pure cyclic azindine-2-
carboxylates 15a and 15b from D-ribose and D-lyxose, respectively This methodology can obviously be
apphied to starting materials having protecung groups other than methyl at C-5 The reactivity of
azindmes 15a and 15b towards nucleophiles and their conversion mnto novel amino acid analogues are
currently under mvestigation,

EXPERIMENTAL

General methods.

Melting dpomts were determined on a Buchi apparatus and are uncorrected. IR specira of samples were
obtained eather as KBr pellets (for sohds) or as films (for oils) with a Nicolet 205 FT-IR spectrometer
TH-NMR and 13C-NMR spectra were determined on a Bruker WP 200 MHz instrument. Chemical shifts
are given as § values with reference to Me4S: as mternal standard Electron impact mass spectra were
done on an AEI MS-50 spectrometer High-resolution mass sFectra were obtained using a Kratos MS-80
sggctrometer Optical rotations were determmed with a Perkin-Elmer 241 polarimeter Thin-layer
chromatography was lperformed on Merck silica %el 60 plates with fluorescent indicator The plates were
visualized with UV light (254 nm) and with 3.5% solution of phosphomolybdic acid in ethanol. All
column chromatography was conducted on Merck 60 silica gel (230-4 mesh{ at medium pressure (200
mbar) Elemental analyses were performed at the ICSN,CNRS, Gif-sur-Yvette, France

Methyl 5-O-methyl-2,3-O-sulfinyl-g- D-ribofuranoside (5a).- To a solution of methyl 5-O-methyl-g-
D-ribofuranoside (4a , 13.3 %, 75 mmol) 1n ﬁtetrahydrofnran (200 mL) held at 0 C under a nitrogen
atmosphere was added triethylamme (32.2 mL, 03 mol) followgd by the dropwise addition of thionyl
chloride (19 mL, 225 mmol) The solution was stirred for 3 h at 0 C, chloroform (50 mL) was added and
the mixture was washed with water (3 x 100 mL) The organic phase was dried (NaySO,) and
concentrated under reduced pressure at a bath temperature not exceeding 35 C The oily residue was
purified by column chromatogralph (ethyl acetate-heptane, 1 2), affording a muxture of the endo and
exo 1somers S5a (14 g, 83%) as colorless needles, [« -49" (c 68, CHCl;) ; 1H-NMR (CDCl;) - 5 340
(m, 6H, CH,OCH; and OCH3), 3 50 (m, 2H, J, 5 8 6 Hz, H-5), 4 40 (t, 0.5 H, H-4 endo (or exo)), 4 70
(m, 05 H, J5 4 20 Hz, H4 exo (or endo)), 503 (Sm, 1H, J, 3 6 0 Hz, H-3), 530 (m, 15 H, H-1 and H-2
endo (or exog’), 544 (d, 05 H, H-2 exo (or endo)) Anal Cated for C7H,,068 1/50CHy C, 3791, H,
545;85,14 15 Found-C,3797 ,H,550;S, 14 21

Methyl 5-O-methyl-2,3-O-sulfinyl-o-D-lyxofuranoside (5b). - In the same manner as above, methyl
5-O-methyl-a-D-lyxofuranoside gave the sulfite 5b (98%), [a§ + 467 (c 228, CHCl;) , IH-NM
(CDCly) 5 338 (s, 1 5H, endo (or exo) OCHy), 3 40 (s, 1 SH, exo (or endo) OCHa). 3 42 (s, 3H, OCH,),
370 (m, 2H, s, 68 Hz, J,5 56 Hz, H-5), 435 (m, 1H, J, 4 30 Hz, H-4), 505 (m, 1H, H-3), 530
(m2H, H1 andH°2) Anal Ciled for CyH,,04S C, 3750, Ho4 35,5, 14 28 Found C.3752, H. 532,
S, 1

Methyl 3-azido-3-deoxy-5-methyl-p-D-xylofuranoside (6a)- To a wvigorously stirred solution of
sulfite 5a (217 g, 0103 mol) in anhydrous N,N-dimethylformamide ( mL) was slowly added
powdered sodium azide (20 1 g, 0 309 mol) and the mixture was refluxed for 48 h The solvent was then
removed under reduced pressure and the residue was partitioned between ethyl acetate (200 mL) and
water (200 mL) The organmic phase was sef)arated, dried (NaySO,) and concentrated under reduced
pressure Column chromatography of the oily residue (ethyl acetate-heptane 1 1) gave 6a (11 5g, 55%)
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e yellow s rup, -66° (c 7.6, CHCl3) , 1TH-NMR (CDCl 6 0 (s, H, OCH3) 3 44 (s
), 3.50 (brs, 1 O-exchan eable, i—l), 3.65 (m, 2H§C 5 ),410(dd, 1
Hz H-3),425 s, 1H, H-2 4.50 -4), 4.85 (s, 1H, H-1 'RJ ) 5557(CHO&1

593 (CH,OCH,), 66.8 (c-3), 721 (c-5), 93 (C-4 (or C 2)) 797 (c 2 (or ci)), 1093 (C-1). Anal
Caled for C;HyaN304 : C, 4137, H, 640, N, 20 68 Found . C, 41.51, H, 6 33, N, 20 98

Methyl 3-azido-3-deoxy-5-O-methyl-o- D-arabinofuranoside (6b).- In the same manner as above
(except that reflux time was decreased to 1.5 h), sulfite Sb gave the azide 6b (65%), [ + 1127 (¢
066, CHCl;) ; IR - » 3444 (OH), 2114 cm! (N ) ; TH-NMR (CDCl;3) 5 335 (s, 3H, ), 340 (brs,
1H, OH), 45 s, 3H, OCH3), 3 60 (oct, 2H, J 10.0 Hz, J41§ iﬂz H—S),376(d H3 3.0 Hz,
H-3), 4.08 (s, 1HL, H-3), 4. Y (m, 1H, H4), 4835, 1H, H-1) ; BC.N CDCly) 555 1 (C’ﬁ X
59.5 (CH,OCH3), 67 1 (C-3), 72.2 (C-5), 794 (C4), 81 7 (C-2) 109.6 (C-l) Anal Caled for C7H13N3(§
C,4137,H, 64%) ; N, 20.68 Found: C, 4147, H,6.37; N, 20.73

Methyl 3-amino-3-deoxy-5-O-meth l-ﬂ-D-xylofuranos:de (7) - A solution of the azido-alcohol 6a
(235 mg, 115 mmol) and triphenylp Ag ine (331 mg, 1.26 mmol) in tetrahydrofuran (15 mL) was
stirred for 3 h at room temperature. Atter addition of aqueous 2N NaOH (5 ml, 10 mmol) to the
reactton mixture, the solution was refluxed for 30 min. The solution was cooled and ethyl acetate (50
mL) followed by saturated aqueous NaCl solution (20 mL) were added The orgamc phase was then
extracted, dried (Na,SO4) and the solvents were removed in vacuo The residue was purified by column
chromatogragé( ﬁyl acetate-methanol 9:1), yielding compound 7 (155 %176%) as a pale yellow ol ,

1H-NMR (CDCl,) : 5 278 (br s, 3H, exchangeable with D,O, NH and OH), 330 (d, 1H, 4 6.0 Hz
H-3),338 s,3H OCH,;), 341 (s,3H,OC §360(m 2H, J, 2Hz H-5), 4 05 (s 1H, H- ) 440(3
ICH4g-I§g), ?I 73 % lII;II ;-13 (l)) Anal, Caled for 87H15N04 1/3C 30H C,4687;H,870, N, 7.46 Foun

Methyl 3-azido-3-deoxy-5-O-methyl-2-O-p-toluenesulfonyl-p-D-xylofuranoside (8a)- To a
§orously stirring solution of the azide alcohol 6a (10.4 g, 51 mmol) in pyridine (400 mL) was added p-
toluenesulfonyl chlonde (294 g, 155 mmol). The reaction muxture was stirred for 48 h at room
temperature after which the solvent was removed under reduced pressure. The residue was J)artmoned
between ethyl acetate (200 mL) and water (200 mL). The orgamc phase was extracted, dried (Na,SOy4)
and evaporated in vacuo Chromatograggly of the residue (heptane Mﬂl acetate, 4:1) gave 8a (169 g,
93%} as a pale }¥ellow syrup, [aR9 6 (c0.77, CHCly) ; IH-N . § 248 (s, 3H, tos 1
CH3 3.28 (s, 3H, OCH ),338(s,3H OCH3), 3 55 ( d2H 60 Hz, H—S),432(dd iH,J, <10H,
460Hz3 H-3), 442 ( (q 1K 1), 472 @, T 1) 482 (s/TH, H-1), 740 (d, 2H, Hocom), 785 (d, 2H,
C-NMR (C ) 6 217 (tos 1 CH ), 55 8 (CHOCH,), 59 2 (CH 0&9 (C-3), 71, 5
(d‘ §’§“794 (C4), 86.1 (C-2§ 1067 (C-1), 128.1 (CH,, ), 1302 (CHqr), 1332 (Corop), 1457 (C pom)
Mass spectrum  m/z 329 (M*- NZ) Anal Caled for Cy4H;oN3O¢S. 1720 C7H16 56 H, 546 ;
884 Found-C,4786,H,512,5,923

Methyl 3-azzdo-3-deoxy—5—0—methyl—2-O-p-toluene:ulfonyl-a-D-ambmofuranoslde 8b).- In the
same manner as above (except that column chromatograg qy was performeq using dichloromethane-
methanol (99 1)), azido alcohol 6b gave the tosylate 8b (9 }2 + 68 6 (c 0.88, CHCl3) ; IR »
2112 (N3), 1375 cnrl (SO,) , IH-NMR (CDCl3) s 250 (s, 3H, tosyl CHg), 335 (s, 3H, OCH ) 337 (s,
3H, OC ),358(d 2H,J, 43Hz,H-5) 390(m,2H 1, }ZSHz -3 and H-4), 465(d 1H, :}12),490
(s, 1H H-l), 740 (d, 2H fi{ m) /89 (d, 2H, H, o), 3C-NMR (CDCl;) & 217 (tosyl CHy), 551
(o, o hootE i OIS O R DGR T e
m) ) cd Tor L14H39N3Us 3
46‘6’4 H,563,N,1126. Foud &7 H,sz“é""h

Methyl 2,3-dideoxy-2,3-azindino-5-O-methyl-g-D-lyxofuranoside (9).- Follgwin, the I_Frocedure
used for the lpreparatlon of 7, azido-tosylate 8a gave aziridine 9 (60%), {aff -62 (c Cly) ; 1H-
NMR (CDCl3) s 170 (brs, 1H, exchan 2lg_leable: with D,0, NH), 2 64 (br s, 2H, H-2 and H—3) 340 (s, 3H,
OCHj3), 345 (S,3H OCH ),357 (dd, J4530 Hz, Js, 5 5 7 Hz, H-5), 410 (t, 1H, H-4), 504 (s, IH
H-1) ‘Anal Caled for CyHhNOs 1/3 H,0 T, 5091, 1 828 , N, 848 Found ' C, 30.95, H, 799 ,

3-Azido- 3-deoxy-5-O-methyl-2-O-p-toluenesulfonyl-a,s- D-xylofuranose (10a).- A solution of the
azido-tosylate 8a (16.9 %’h 47 3 mmol) 1n dioxane (300 mL) and aqueous 4N hydrochloric acid (200 ng
was refluxed for 16 h The reaction mixture was cooled to room tem Ferature ethyl acetate (300 mL
was added and the mixture was washed with saturated aqueous NaCl solution (200 mL) The orgamic
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phase was dried (Na;SOy), the solvents were removed under reduced pressure and the residue wag
chromatographed (heptane-ethyl acetate, 2:1), ?I ldin% pure 10a (14 1 g, 87%) as a syrup, [«R? - 8.9
(6.5, CHCla) 3 1H-NMR (CDCl,) : 5 245 (5. 31, tosyl CHy), 3 33 (s, 18 H, pOCH,), 335 (1.2 H, a-
OCH3), 3 51(m, 2H, Js, p 5.5 Hz, J4 5 3.5 Hz, H-Sa and H-58), 4 20 (br s, 1H, OH), 423 (dd, 11, J,
50 Hz, Jp 3, 4.0 Hz, H-3a and H-38), 4.40 (m, 1H, J4 5 3 5 Hz, H-da and H48), 4 75 (¢, 04 H, J; 5, 20
Hz, H-2a), 4 80 (4, 0.6 H, J; 4 10 Hz, J, 35 50 Hiz, T1-28), 513 (d, 0 6 H, H-1p), 5 43 (d, 04 H, K1a),
7404 2%, Cilcon), 785 @4, Chyron? SCNVR (CBCly) 5217 (osy ) 363 (CH,OCHy.
63 4 (C-3a (or BY); 65 2 (C-3p (o &), 709 (C-5), 75 2 (C4a (o #)), 79.1 (C-44 (or a}), 81 6 (C-24 (or £),
879 (C-26 (or a)), 94 1 (C-1a (or 8)), 1009 (C-18 (or ), 128 1 (CHarom), 130 2 (CHyuom), 133.2 (Carom),
1457 (Corom) Aval Caled for Ci3HiN;OGS 'C, 4548 ; H, 495 , N3 24 Found" & 45.20'; H, 496 -
N, 1

3-Azido-3-deoxy-5-O-methyl-2-O-p-toluenesulfonyl-o,p- D-arabinofuranose (10b).- In the same
manner as above (except that reflux time was ﬁrolonged to 48 h and that chromatography was effected
using heptane-ethyl acetate 4 1 followed by eptane-etlgl acetate 1:1), azido-tosylate 8b gave 10b
(60%), [af§ + 213" (c 24, CHCly) ; IR » 3425 (OH), 2111 (N3), 1371 cm! (SO,) , TH-NMR
(CDCl) 5 245 (s, 3H, tosyl CH), 346 (s, 2H. «-CH,0CH3), 3.42 (s, 1H, p-CH,OCHj), 3 60 (m, 3H,
J, .0 Hz, H5 and OH), 39 (m, 1H, J 48 Hz, Jaz 20 H-3¢ and
H:3), 420 (m, 1H, J 5 6 0 Hz, H-4a and H-48), 4.60 (dd, 093 H, J; 55 37 Hor 1, 3 2.7 Hz, H-25), 4 65 (4,
0.66 H, H-2a), 5 20 (d0 33 H, H-13), 540 (s, 0 66 H, H-1a), 7 40 (- ZH, CH,.or}. 7 85 (d, 2H,cufr ).
13C-NMR (CDCl3) - 5 21 8 (tosyl CHs), 59 5 (a- (or 8)-CH,0CH5), 61.8 (6~ (0r o-)CH,OCH3), 63 3 (C-
3a (o1 B)), 65 7 (C.38 (0r a)), 713 (C-3a (or 8)), 72 3 (C-5810r 2)), 79 1 (Coda (o1 B)), 80 4 (C:4p (or a)),
82.4 (C-2a (or p)), 87.9 (C-28 (or a)), 94.5 (C-1a (or B)), 1002 (C-18 (or a)), 1282 (CH,op), 130 1
(CHarom), 1328 (Carom)» 145 8 (Carom) Anal Caled for Ci3HyN306S * C, 4548 3 H, 49578, 9.32
Found C,4561,H,5 18:S,920

tert-Butyldimethylsilyl  3-azido-3-deoxy-5-O-methyl-2-O-p-toluenesulfonyl-o,p-D-xylofurano-
side (11a) - To a solution of the azido-tosylate derivative 1Qa (13 g, 38 mmol) and 2,4-lutidine (6.3 mL,
88 mmol) 1 anhydrous dichloromethane (200 mL) held at 0 C under a mtrogen atmosphere was added
tert-butyldimethylsilyl triflucromethanesulfonate (13 mL, 68 mmol) The reaction mixture was stirred
for 2 h at 0 C after which ice-cold saturated aqueous NaHCO; (100 mL) was added. The mixture was
diluted with dichloromethane (3 mL), the organic phase was separated, washed with water (2 x 50 mL)
and dried (Na;SOy4) The residue obtained after evaporation of the solvents in vacuo was funfled by
column chrpmatograﬁg (hePtane-ethyl acetate 4 1), yielding 11a as a colorless syrup (14 9g, 86%),
[ -83 (c06,CHCl;); TH-NMR (CDCl3) 50 18(d, 6H, o- and g-S1(CHj),), 085 (d, 9H, o- and p-
C(CHz3)3), 250 (s, 3H, tosyl CH3), 3 35 (d, 3H, o- and g-CH,0OCH,3), 3 60 (m, 2H, J, 5, 84 Hz, J, 58
50 Hz, %‘I-Sa and H-58), 4 05 (m, 06 H, H-3a (or g)), 435 (m, 1.4 %—I H-3p (or o) m€° H-4), 455 (m,
04 H, J1 5, 5.0 Hz, H-2a), 4 63 (Si 0.6 H, H-28), 520 (s, 0 6 H, H-1p), 5.34 (d, 04 H, H-1a), 740 (d, 2H,
CH_),, m%, 7 85 (d, 2H, CI:%, ), BC-NMR (CDCly) 6 -4 1(S1-CH3), - 4.4 (S1-CH3), 18 0 (C(CHj3),81),
217 (tosyl CHa), 256 (C(CH3)381), 59.3 (CH,OCH,), 63.0 (C-3a (or8)), 64.8 (C-35 (or a)), 71.2 (C-5a
(or B)), 716 (é-Sp (or a)), 74 73(C-4a (or 8)), 795 (C-48 (or a)), 82.1 (C-2a (or g)), 87 6 (C-28 (or 2)),
942 (C-1a (or g)), 1009 (C-18 (or a)), 128'1 (CHyrom), 130.3 (CHyrom)s 133.2 (Carom), 1 om

Mass spectrurm Nm/%) 457 (M*) Anal Calcd for Crot31N;06581 C, 4989, H, 678; N, 9 19 Found - G,

1] ] L3 L) 9

tert-Butyldimethylsilyl 3-azido- 3-deoxy-5-O-methyl-2-O-p-toluenesulfonyl-a,6- D-arabino-
furanoside (11b) - In the same manner as above (except that the reaction ime was prolonged to 3 h),
azido-tosylate 10b gave 11b (76%), TH-NMR (CDCl3) " 5 020 (m, 6H, o- and -S(CH3),), 1 10 (d, 9H,
a- and 8-C(CHz)3), 2 60 (s, 3H, tosyl CH3), 3 55 (d, 3H, a- and g-CH,OCH3), 3.65 (m, 2%-1, J4550 Hz,
H-5a and H-58), 4 00 (dd, J335 5 0 Hz, J5 3, 2 5 Hz, J34 25 Hz, H-3¢ and I-ﬁSp), 4.25 (m, 1H, ﬁ-4a and
H-4),4 60 (m, 033 H, J, 2,37 Hz, H.23):4 77 (d, 0 68 H, H-2a), 5.45 (5, 0 66 H, H-1a), 5 50 (d, 0 33 H,
H-1g},750 (d, 2H, CH, (,HS, 8 00 (d, 2H, C]% ), BC-NMR (CDCl3) 5 -5 6 (Si-CHy), - 4 6 (S1-CHy),
177 (€(CH3)381), 21 6 1oyl CHa), 25 6 (C(CH3)3), 59 1 (CH,OCHs), 64 2 (C-3« (o £3), 65 7 (C-38 (or
a)), 713 (C-5a (or g)), 71.4 (C-58 (or a)), 780 (3C-4a (or 8)), 80.2 (C-48 (or a)), 81.7 (C-2a (or 8)), 89 1
(C-28 (or @)), 947 (C-1a (or g)), 1003 (C-18 (or a)), 128 0 (CH,rom)> 129.9 (CHyrom), 1328 (Qﬁ ),
145 4 (Cyrom) Anal Caled for CygH3N30¢SSt 1/2H;0  C, 4892 1. 6.86; N, 901 Found - C, 48.87 ,
H, »N,88

tert-Butyldimethylsilyl  2,3-dideoxy-2,3-aziridino-5-O-methyl-a-D-lyxofuranoside (12a)- A
solution of compound 11a (145 g, 31 mmol) and tnphenythos?qhme (9.105, 34 mmol) in anhydrous
tetrahydrofuran (200 mL) was refluxed for 2 h A solution of 2N NaOH (100 mL) was then added and
reflux was continued for another 30 mn The reaction mixture was cooled to room temperature, ethyl
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acetate (100 mL) was added and the mixture was washed with water (2 x 50 mL). The orgamc phase was
dried (Na,SO,), the solvents evaporated in vacuo and the residue was purified by column
chromatography (heptane-ethyl acetate 1:1 foliowed by d1et1r?'l ether), yielding aziridine 12a (67 g,
82%) as a pale yellow Syr}l.ip, aff -67 (c2.1,CHCl;); 1H-NMR (CD(%13) 6 012 (d, 6H, Si{CH3) %,
0.90 (d, 9H. o and g-C(CHa}s), 3 56 (m, 2H, H-3 and H3), 340 (s, 3H, o- and s-CH,OCHs), 3 53 (d, 13
H, J4 5 4 0 Hz, H-5 (or g)), g 59 (t, 0.8 H, J4 5 17 Hz, H-58 (or 2)), 4 01 (t, 0 6 H, H-4a (or ﬁg), 425 (t,
0.4 H, H-48 (or 2)), 530 (s, 04 H, H-1a (or ,B‘S , 540 (s, 0.6 H, H-18 (or a)) , 13C-NMR (C 5§-428
(SiCH,), 18.0 (Q(CHg) S1), 25 8 (a- and g-C(CH3)3), 34 3, 35.7, 37 8, and 38 8 (a- and ﬁ-C-'o? and C-2),
595 ( afOCHs), 71 2C-5a (or B)), 72 2 (C-58 (or a)), 74 7 (C-4a (or B)), 75.2 (C-48 (or a)), 97 9 (C-1)
?11121 Caled for C1;HysNO3S1 1/15 C7Hy6: C, 5631 ; H, 981 ; N, 5.27 Found - C, 56.64 , H, 949, N,

tert-Butyldimethylsilyl 2,3-dideoxy-2,3-azindino-5-O-methyl-c,p-D-ribofuranoside (12b).- In the
same manner as above, compound 11b gave 12b (62%), [«]§ - 307 (c 048, CHCI3) , '"H-NMR
(CDClg) : s 020 (m, , Si(CHz),), 1.00 (s, 9H, C(CH3)3), 270 (m, 2H, H-2 and
H-3), 3.47 (s, 4H, NH and o- and 8-CH. OCi:[3, artly exchangeable with D,0), 3 55 (dd, 2H, J4 5 3.5 Hz,
H-5« and H-5g), 4.30 (t, 1H, H4a and2 H-4g), 540 (s, 0.6 H, H-1a (or g)), 571 (s, 0.4 H, H-1g (or )) ,
13C-NMR (CDCl3) s - 455 (SiCHa), - 5.16 (S1iCH3), 17 9 (C(CHj3)3%1), 25 6 (o- and g-C(CHj3)s), 36.8
and 38 7 (e- and g-C-3 and C-2), 532 (CH,OCH;), 74 3 (C-5a and C-58), 77 8 (C-4a and C-48), 980
g?-sloi ;nd C-18) Anal. Caled for C1oHpsNO3S1 8, 55.59 ,H,965,N,540 Found - C,5572,H,942,

tert-Butyldimethylsilyl N-acetyl-2,3-dideoxy-2,3-aziridino-5-O-methyl-o,p-D-lyxofuranoside
(13a) - A solution of azyrndine 12a (2 6 g, 16 mmol) and acetic anhydride (15 mL) n pyridine (100 mL)
was left overmght at 4 C. The reaction mixture was then concentrated 1 vacuo and the residue was

artitioned between ethyl acetate (100 mL) and water (100 mL) The organic phase was separated, dried
Na,SO4) and the solvents removed w1 vacuo The residue was purified by column chromatography
(heptane-ethyl acetate 3-1), yielding the N-acetylated aziridine 13a (2 9 g, 98%) as a syrup, [« -04
(c 024, CHCl3) , 1H-NMR (CDCl3) s 015 (m, 6H, Si(CHg3)y), 090 (d, 9H, o- and -C(CH3)3), 2 14 (s,
15 H, u- (or £)-COCHa), 2 18 (5, 1.5 H, 6- (or a-)-COCHa). 330 (m, 2FL, J54 < 10 Hz, J 3 3.8 Hz, H-2
and H.3), 342 (4, 3t CH,OCH,), 365 (m, 2H, 78 Hz, Jos 50 Hz, H3), 402 (di
06 H, H-4a (or g)), 422 (dt,04 H, }13-4;9 (or a)), 5 36 (s, Iﬁf,’ﬁ-l) , 3C-NMR (CDCl3) & -43 (SiICHj3),
18.0 (C(CHz3)3S1), 23.4 (CH3C = O), 25 8 (- and p-C(CH3)3), 43 6 (C-2 (or C-3)), & 8 (C-3 (or C—2§),
59 5 (CH,OCH3), 71.7 (C-52 (or g)), 72.0 (C-58 (or a)), 7437 (C-4c (or p)), 75 3 (C48 (o1 a)), 97 0 (C-1a
(or B)), 96 3 (C-18 (or @)), 170 2 (CH3C = O) Anal Caled for C14Hp7NO4S1- C, 5581, H,897; N, 4 65
Found C,5570;H,877,N,449

tert-Butyldimethylsilyl N-acetyl-2,3-dideoxy-2,3-aziridino-5-O-methyl-c,p-D-ribofuranoside
{13b ) - In the same manner as above, compound 12b gave 13b (95%), [« - 657 (c 054, CHCl3),
H-NMR (CDCl3) 5 015 (m, 6H, Si(CHs),), 090 (d, 9H, o- and p-C(CHz)s), 2 10 (s, 1H, 4-CH,C =
0), 2.20 (d, 2H, «-CH;C = 0),3 15 (d,0.7 H, J, 3, 4 0 Hz, H-32), 320 (d, 0 EI, Jo 3540 Hz H-3p),328
(dd.TH, I 5 13 Uz, H-2a and H-28), 3.35 (d, 3R a- and .CH,OCHL), 3 50 (d, 2H: 15 < 3 5 Hz, H-54 and
H-58), 4 3h (t,03H,J45560Hz, H-48),442(dd, 07 H, J4 5, 35 I—fz, H-4a), 5 40 (s, 03 H, H-1p), 5.55
(0T H. 30015 Hz, BAa) , BC-NMR (CDCly) 6 -2 1 (S1CHs), - 12 (S1CHy), 17 8 (C(CHa),$1), 23 9
(o and 5-C(CHa)), 35 5 (CHsC = 0), 406 (C-2 (or C-3)), 44 0/(C-3 (or C-2)3. 59 1 (CH,OCH,), 73 3
(C-5), 747 (C-4o. {or B)), 755 (C-48 (o a)), 95 5 (C-1a (or B)), 972 (C-18 (or a)), 1802 (CH;C = O)
Anal Caled for C14H7NO4S1 1/6 HYO C,5526,H,899,N,4 60 Found C,5531,H,887,N,447

N-Acetyl-2,3-dideoxy-2,3-aziridino-5-O-methyl-o,p-D-lyxofuranose (14a)- To a solution of
aziridine 13a (790 mg, 3 05 mmol) in dichloromethane (100 mL) heid at 0 C was added dropwise a 1 M
solution of tetrabutylajmmomum fluoride (5 3 mL, 53 mmol) 1n tetrahydrofuran The reaction mixture
was stirred for 2 h at 0 C after which the solvents were removed 1z vacuo The residue was purified by
colump chromatography (heptane-ethyl acetate 1 3), yielding 14a as a white sohd (396 mg, 69%), m
82-83 C , 1H-NMR (CyDCl3) s 2.14 (s, 3H, CH;C = 0), 338 (m, 2H, H-2 and H-3), 342 (s, 3H,
CH,OCH3), 3 60 (dd, 2H, J4 5 4 8 Hz, C-5), 4 10 (br s, 1H, OH), 4 33 (dt, 1H, J34 < 1 Hz, H4), 542 (s,
1H, H-1) Anal Caled for C81-5513N04 C,5133,H,695,N,748 Found C,5154,H,707,N,741

N-Acetyl-2,3-dideoxy- 2,3-aziridino-5-O-methyl-a,g-D-ribofuranose (14b) - In the same manner as
above, compound 13b gave 14b (59%), [aB§ -546 (c 124, CHCl3) , TH-NMR (CDCl3) s 210 (s,
3H, CH5C = 0), 326 (s, 2H, H-2 and H-3), 347 (s, 3H, CH;OCH3), 3 58 (1, 2H, J4 5 2 8 Hz, H-5), 442
(t, 1H, H-4)," 475 (br s, 1H, OH), 530 (s, 1H, H-1) , 13BC-NMR (’(SIDClg,) 5 235
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(CH;C = 0), 405 (C-2 (or C-3)), 44 3 (C-3 (or C-2)), 59 3 (OCH3), 72 6 (C-5), 75 1 (C-4), 94.7 (C-1),
1702 (C = O) Anal Caled for CgH;3NO, C, 5133+ H, 695, N, 7.48 Found : C, 5105 ; H, 6.85 ; N,
720

(18,4S8,5R )-N-Acetyl#-methoxymethyl-3-oxa-6—azabicyclx[ 3.1.0]hexan-2-one (15a)- To a
mixture of 14a (66 5mg, 0.36 mmol) and freshly-activated 4 A molecular sieve (200 mg) was added 4-
methylmorpholine N-oxide (62 mg, 0 54 mmol) and tetrapropylammomum perruthenate (6.2 mg, 0.02
mmol) The reaction mixture was stirred for 3 h at room temperature and then filtered through a pad of
silica gel The pad was washed with ethyl acetate (3 x 50 ml.) and the combined filtrate and washings
were concentrated iz vacuo (bath temperature < 40 C) The residue was purified by column
chromatography on silica gel (heptane-ethyl acetate 1-2) yielding 15a (58 mg, 88%) as a clear oil,
[af§ -127 (c0.5, CHClL), IR :» 1792 (OC = O), 1714 cm'l (NC = 0),1H-N§VIR( Cls) 5220 (s,
SH, CH,C = 0), 345 (s, 3, OCHa), 3.65 (4, 1H, J, 3 3 5 Hz, H-2), 3.70 (dd, 2H, J4 5, 2.0 Hz, T4 5 5 0
Hz, H-53, 375 (Ad, 1H, J54 2 Hz, F23), 465 (sext,1 £ Hod) , BC-NMR (CDCL) . 5 234 (CHsC 2°0)
375 and 412 (C-2 and C-5), 59.5 (OCEL,), 70 63 (C-5), 76.9 (C4), 168 8 (CHsC = O), 1795 (3-C = O)
Mass (sspectmm m/z 185.0690 (caled for CgH1{NO, * 185 0692) Anal Caled for CgH;1NOy 1/4 H,0O
C,5065,H,606,N,730.Found C,5054,H,605,N,736

(1R,48,58)-N-Acetyl-4-methoxymethyl-3-oxa-6-azabjcyclo[ 3. 1.0 Jhexan-2-one (15b).- In the same
manner as above, 14b gave 15b (83%), [« - 87 (c 137, CHCL) ; IR v 1787 (OC = O),
1712 cm! (NC = O) , tH-NMR (CDCl3) s 215 (s, 3H, CH3C = 0), 3.1?0 (s, 3H, OCH3), 350 (d, 1H,
J,32.4 Hz, H-2), 365 (d, 1H, H-3),3 70(d, 2H, J4 5 1 5 Hz, H-5), 4 85 (t, 1H, H4) , 13C-NMR (CDCl,)

§ 2334 (CH;C = 0), 376 and 49 3 (C-2 and C-3), 59 8 (OCH3), 71 7 (C-5), 753 (C-4), 1693 (CH3§13 =
g),_/lg:? 6 (8{; = Q) Anal Caled for CgHy{NO4 C, 5189, I-ﬁ 594 ,N,756 Found C,5184;H,603;
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