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Summary The synthesis of (lS,4SJR~N-acetyi4methoxymethyl-3-oxa-6-azahcyclo[3 I Olhexan-2-o?w lSa, 
an optudly pure, cyclrc analogue of aandme-2-carboxylates, 1s described startmg from Dnbose Key steps 
rnclude tnphenylphosphme-promoted conversion of a 3-azui*2-tosyl-D-xylofuranosrde (1Oa) to Its 
correspondmg 2,3-azmdme 120, selective cleavage of a I-0-t-butyidonethylsdyl blocking group fdlowed by 
TPAP oxldatlon of the anomenc hemzacetal group to the lactone ISa The procedure 8s directly applicable to D- 
lyxose to give the enantiomencally pure (lR,4S,SS) isomer oj 15a, 15b 

R&sum& LX? present travail d.?cnt la synthese, 6 partir du D-nbose, du N-acttyl-m&hoxy~thyM-oxa-3-azod- 
brcyclo(3 1 Ojhexanone-2-( lS,4S,SR) ISa, analogue cyclrque optzquement pur, d’azmdme-2-carboxylates Les 
Ctapes-cls de cette synthtise concernent la transformatron de l’azu?o-3-tosyl-2-D-xylo\uranosuie lOa en 
l’azmdme-2,3 correspondante 12a par achon de la tnphifnylphosphme, la dkprotectzon selectwe du groupement 
protecteur sil$t? sure de l’oxydatlon par le TPAP de 1Wmlacetal anomenque conduasant & la lactone ISa 
Cette synthPse est dvectement applrcable au D-lyxose pour co&are h l’lsom&e (IR,4SSS) de 1Sa 
enantrominquement pur, 15b 

Stereochemlcally-defined azmdme-2-carboxylates 1 are provmg to be useful intermediates for 

the synthesis of modified, optically active ammo acids Either substituted a-ammo acids (general case)‘- 
5 or B-ammo aads may be prepared by nucleophlllc attack of the azmdme rmg at C-3 or C-2, 

respectively (scheme 1) Rmg-opemng is promoted by Lewis acids and the presence of an electron- 
wlthdrawmg group on the mtrogen atom (e g 1, R2 = acetyl). The large number of nucleophdes whch 
have been employed for this type of reactlon (alcohols*, Wlttlg reagentsz, organocupratess, halide&, 
ammes7, thlolsS, phosphltesg and malonates lo ) makes accessible a great variety of optically pure, 
substituted ammo acids 

Scheme 1 

a - anun acid 

’ \ Nut ) ;M 

C-2 atrack C0,R3 
CR2 electron-whdrawmg group) p - ammo acid 

For this purpose, the stereospeclflc synthesis or tne anname-2-carboxylate precursors 1 IS 
necessary This has so far been achieved by only a hnuted number of methods (startmg from an a-ammo 
acid*1 , vra a prior Sharpless epoxldatlon of a double bond t2a , by addition of phthahmldomtrene to 
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a,B-unsaturated ester@) However, the use of readrly-avatlable carbohydrates as a source of chnahty 

for the preparation of such optically actrve axrrtdme-2-carboxylates has remained unexploned In this 
connection, we wtshed to Investigate the synthesis and reactrvny of denvatrves of 2,3-dtdeoxy-2,3- 

axmdmolyxono-(or nbono-)lactone 2 (or 3) as carbohydrate-derrved, stereochemically-defined cychc 
analogues of axtndme-2-carboxylates 1 The anecdotal preparauon of a 5-ammo-5deoxy analogue of 2 

has been reported by Kusumoto and co-workers13 m their synthenc route to streptohdme More 
recently, the N-acetyl-S-O-ace@ derivattve of 2 was prepared via an intramolecular mtrene addition to 
the double bond of a 2-penten-4-ohde l4 However, neither of these procedures allows access to the D- 

nbonolactones of type 3 Since we wrshed to synthesize both D- and L-ammo actds starting from eastly 

available D-sugars, our synthetic strategy had to be apphcable to the preparanon of both 2 and 3 We 
report herem a practical synthesis of aznidme-2-lactones of types 2 and 3 starting from D-&oSe and D- 

lyxose, respectively 

Because of the well-documented epimertxatton of C-2 substttuents on sugar lactones,r4Irs tt 

seemed essenttal to first construct the 2,3-azmdme startmg from an appropriate glycosrde, reservmg for 
the final steps both deprotection and oxrdatlon of the anomeric hydroxyl group to the lactone. Gero and 
co-workers16 have shown that 2,3-axmdinolyxofuranosrdes may be obtained by selective dtsplacement 
of the 3-0-tosyl group of the correspondmg 2,3-dt-O-tosyl derlvattve wnh sodnnn axtde followed by 
mtramolecular cychzatton to the axindme after reduction of the axtde to an anune A more efficient 
method of mtroducmg an axtde group at the C-3 positton of a furanosrde makes use of 2,3-cyclic sulfite 
mtermedtates 17 Tlns methodology was adopted for our synthetic sequence to 2 and 3 Thus, as a model 
system, the simplest, protected furanostde avatlable, methyl 5-0-methyl-B-D-nbofuranostde 4a,ra 
(Scheme 2) was treated wtth thionyl chloride and tnethylamme at O°C in tetrahydrofuran to give the 
stable 2,3-cychc sulfite mtermedlate 5a as a 1 1 mixture of the exo and endo isomers (due to asymmetry 

at the sulfur atom), as estnnated by ‘H-NMR Treatment of 5a wtth sodmm axtde m N,N- 
dtmethylformanude at reflux temperature gave exclusively the C-3 axtdo dertvattve 6a The truns 
arrangement of H-l and H-2 m 6a, mdtcattve of substttutton at C-3, was conftrmed by its rH-NMR 
spectrum whtch showed a sharp singlet for the anomenc proton Tins htgh regtoselectivtty of openmg of 

cychc sulfates by aztde amon has been prevtously observed m other carbohydrate denvatlves I7 
It was uuttally hoped that a Staudmger-type reductton of the aztde group of 6a would duectly 

yreld the desired 2,3-aztndme (e g 9) This was based on literature precedent m whtch both cycl~c’~ and 
acychct9a.20 vtcmal aztdo-alcohols have been shown to gave aztrtdmes upon treatment with tertiary 
phosphmes However, when compound 6a was treated with tnphenylphosphme m tetrahydrofuran, only 
the 3-deoxy-3-ammo xylofuranostde 7 could be Isolated after work-up Presumably, the trum 
arrangement of the 2,3 substnuents prevents the hydroxyl group from reacting mtramolecularly wtth the 
nuttally formed phosphnumme at C-3 t%z& This result IS m contrast wnh non-carbohydrate systems m 



Stexeoconnolled syntheses of aztndme-Zlactones 903 

which a trans aztdo-alcohol has m fact been shown to gtve an azutdme under the same condtttons 1% 

In the pyranose senes, Pmter2t has shown that tram azido-alcohols can be converted to aztndmes 
d the hydroxyl group IS first tosylated and the product treated sequenttally wtth tnphenylphosphme and 
aqueous base Wrth this m mind, compound 6a was transformed mto its 2-O-tosyl denvattve 8a The 
latter was then treated successtvely with tnphenylphosphme and aqueous sodium hydroxide, affordmg 

aztrtdme 9 m 58% yield The 1H-NMR data of 9 was consistent with the assigned structure, notably wtth 
regard to the charactensttc high-fteld chemrcal shifts of H-2 and H-3 (centered at 27 ppm) This 

represents the first example of apphcatlon of the Staudmger reaction to the preparation of aznidines in 
the furanostde series 

Scheme 2 

a) SOQ, NE&, THF, WC, b) NaN3, DMF. 155°C. c) tnphenylphosphmne, THF, 2h then 2N NaOH. 80’C d) TM3 Wndme. 

e) 4N HCl, dloxane. lWC, f) (CH,),C(CH3)2S~OS02CF,, lutldme. CH&, g) AczO, p~~d~ne @C, h) TBAF, w+ 0 to 25% 

I) TPAP, NMO, CH,CN, Molecular aeves, r t 
Because hydrolyses of the anomenc methoxy group of 9 to the free hydroxyl (a necessary step 

before oxtdatlon to the desired lactone) could not be expected to leave the aztndme functtonalny 
intact,22 the posstbthty of mtroducmg a more labtle tnalkylsrlyl ether lmkage at the anomertc posttion of 

the aztndme precursor 8a was mvesttgated Thus, the xylofuranose tOa was fust prepared 11180% yteld 
by treatment of 8a with 4N hydrochlonc acid m dtoxane The *H-NMR spectrum of 10a showed a 2 3 

mtxture of the a and /j anomers, respectively However, loss of opt& purity at thrs posttton was not 
crmcal m view of the antlctpated oxrdanon to a lactone functton The free hydroxyl group of 10a was 

then protected with a t-butyldtmethylstlyl group by reaction with t-butyldlmethylsdyl tnflate,23 yielding 
lla Using the same condmons as those utthzed for the preparation of azindme 9 from 8a 
(tnphenylphosphme followed by aqueous sodium hydroxide), azlde lla was transformed mto the 
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aziridme silyl ether derrvatrve 12a m 65% yreld. The structure of 12a was corroborated by Its IH-NMR 
spectrum whrch showed H-2 and H-3 as multrplets at 2 56 ppm (upfreld from resonances at 4 55 and 4.35 
ppm respectively, m the precursor 1 la) 

The free amme functron of 12a was then protected as its N-acetate 13a usmg acetrc anhydnde m 
pyndme, and thrs compound underwent clean desilylatron m the presence of tetra-n-butylammomum 

fluonde in tetrahydrofuran, affordmg the axnnimolyxofuranose 14a in good yreld Although fluonde 
amon has been shown to open azrndme nngs,” no such reaction was observed m the case of 13a. 
Fmally, oxrdatron of the free hydroxyl group of 14a was achreved m mgh yield (88%) using catalytic 
tetra-n-propylammomum perruthenate (TRAP) m the presence of N-methylmorpholine N-oxrde,x 

grvmg the desrred 2,3-azrndmolyxonolactone 15a. The lH-NMR spectrum of 15a showed a downfield 
shrft for H-2 and H-3 (3 65 and 3.75 ppm respectively, compared to 3 38 ppm for these protons m 

precursor 14a), whrle the r3C-NMR showed the reqmred two carbonyl carbons at 168 8 and 179.5 ppm 
The two non-eqmvalent carbonyl functions were also evident from the infrared spectrum of 15a which 

showed absorptrons at 1714 and 1792 cm-r These spectral data were comparable to those of the 5-O- 
acetyl analogue of 15a prepared by Drerdmg.14 

Applicatron of tins reaction scheme to methyl 5-0-methyl-a-D-lyxofuranoside 4bz5 (Scheme 3) 
gave the azuidmonbonolactone analogue 15b in a strarghtforward fashion Only mmor differences were 

observed between the reactrvmes of the 1~x0 and rzbo senes of molecules A notable excepuon, 
however, was the opemng of the sulfite mtermedrate 5b wrth sodium azrde whrch proceeded much more 

Scheme 3 

I e 

N3 
Ilb 

Condmons see Scheme 2 
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easily than m the case of the rrbo denvatrve 5a (15 h mstead of 48 h refhtx) This result can be 

attributed to the fact that the C-4 substttuent in Sb presents less steric hindrance to C-3 attack than in 
5a This geometrical dtfference, however, has no mfluence on regroselectrvtty of attack smce for both Sa 
and 5b, only C-3 substrtutron by azrde was observed. It can thus be concluded that this hrgh 
regtoselecttvrty of nucleophrhc substttutton on cyclic sulfites is governed by electromc rather than sterrc 

factors 
The synthetic sequence here descrrbed now makes available optically pure cychc azrrrdme-2- 

carboxylates 15a and 15b from D-rtbose and Dlyxose, respectrvely Thrs methodology can obviously be 
applied to startmg mater& havmg protectmg groups other than methyl at C-5 The reactrvny of 

azutdmes 15a and 15b towards nucleophtles and then conversron mto novel ammo actd analogues are 
currently under mvesttgatton. 

EXPERIMENTAL 

General methods. 

Methyl 5-O-methyl-2,3-0-sulfinyl-ulfinyl-B-l>-ribofwanos (Su).- To a solutron of qethyl 5-G-methyl+- 
D-ribofuranostde (4a , 13.3 
atmosphere was added 

Methyl 5-O-methyl-2,3-O-sulfinyl-a-tMyxofuranoside (Sb). - In the sgme manner as above, meth 1 
5-0-methyl-a-D-lyxofuranoside gave the sulfite 5b (98%), [QB + 
(CDCl3) 6 3 38 (s, 1 SH, endo (or exe) GCH ), 3 40 (s, endo 3 CHCl,) 42 (s, 3H, OCH ). 

46 7 (c 2 28, tH-NMK , 

3 70 (m, 2H, J 6 8 Hz, J4 5 
1 SH, exo (or 

e 
bmi;H8H-l 9 ani%-2) Anal C&d 

6 Hz, H-53, 4 35 (m, lH, J 3 0 
for C7Ht,O$ C, 37 50 , H?! 35 , 

Hz, l)I 0CH3), -4), 5 05 (m, lH, H-3), 5 40 
S, 14 28 Found C. 37 52 , H, 5 32, 

Methyl 3-axrdo-3-deoxy-S-methyl-p~xylofurmwside (4a) - To a vt orously stn-red solutton of 
sulfite 5a (217 g, 0 103 mol) m anhydrous N,N-dtmethylformamtde ( $00 mL) was slowly added 
powdered sodium aztde (20 1 g, 0 309 mol) and the mtxture was refluxed for 48 h The solvent was then 
removed under reduced pressure and the restdue was partttioned between ethyl acetate (200 mL) and 
water (200 mL) The orgamc phase was se arated, dried (Na$04) and concentrated under reduced 
pressure Column chromatography of the or y resrdue (ethyl acetate-heptane 1 1) gave 6a (11 Sg, 55%) P 
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3H &H ) 3 50 &r s ‘lp 
as a ale yellow s rup -66’(c76 CHCl) tH-NMR(CDCI) s34O(s 3H OCH) 344(s 

Hx’H-3) &5-(s, 1H k-2; 4 4 
O-exchan ‘iable Oki 3 65 (m, 2 
0 (q 1H k-4 4 85 (s’ 1H H-l) 1 

59 5 (C&&I-I ) 66.8 (d-3j 72.i (d5) 3 
II+& 

54 36 0 I-Ix, H-5$4 16 (dd 1% J 6 d 
MR(CDCl j-,557@B&Ij 

9.3 (C-4 (or! C-2))’ 79; (C-2 (or Ca, j 109-3 (C-l). An&: 
Calcd for C7Ht$&04 : C, 4157, H, 6 40 ,‘N, 20 68 Found. C, 41.5i , H, 6 33 , N, 20 98 

Mefhyl 3-axidb-3-deoxy-5-0-methyl-a-~arabino anoside (6b).- In the same manner as above 
(exce 

&-I 
L&r t that reflux tune was decreased to 1.5 h), s ‘te 5b gave the axrde 6b (650/o), o 

066, Cl ) ; IFi * Y 3444 (OH), 2114 cm-l (N3) ; ‘H-NMR (CDCl ) 
+ 1127(c 

6 3 35 (s, 3H, 6df9 
(,d$?gS&r$: 

595 $I-I&H ) 67 1 \C:3) 72 2 (C-5) 79 4 (C-47 81 i (d-2 j IO$~$)(!?$? akd for C7Ht3N$4z 

F$I&+& 3&y%)in;: $=$I$ .II? ;$IH&,J4~2.d I-Ix, H-5), 3.: 

C;4137, H, 6 4?l: N, 20.68 fio’ouhd : C, 4147, H, 6.37 ; N, 20.75 

solutron of the axrdo-alcohol 6a 
in tetrahydrofuran (15 mL) was 
NaOH (5 mL, 10 mmol) to the 

was cooled and ethyl acetate (50 

C, 46.95 ; H, 8 20 , N, 7.10 

Methyl 3-axido-3-deoxy-5-O-methyJ-2-O-p-toluenesulfonyl-p&xylofzuanoside @a).- To a 
vi 
to uenesulfonyl chlonde (294 g, 155 mmol). The reactton rmxture was strrred for 48 h at room $ 

rously stirring solutron of the axrdo alcohol 6a (10.4 g, 51 mmol) in pyndine (400 mL) was added p- 

temperature after which the solvent was removed under reduced pressure. The residue was arhttoned 
between ethyl acetate (200 mL) and water (200 mL). The orgamc phase was extracted, dne B 
and evaporated m yacuo Chromatogra hy pf the residue (heptane-eth 

(Na$04) 

-% 6 (c 0.77, CHCl ) ; rH-N & 
1 acetate, 4~1) gave 8a (16.9 g, 

93%) as a pale$llow syrup, [aB (CD&) . 6 2 48 (s, 3H, tos 
C&),3.28(s 3 OCH ) 3.38(s 3H OCH ) 355(d 2H,e 6OHz H-5) 432(dd lH,J2 < 10 z 

H-3) 442 ( 3 iH H-4) 4 i2 (d ?H H-2) 4 82 (s&I, H-lj 7ti(d 2H H 
I-? 

1 

$46.0, 
) * 1 C-NifR (&Cl j 

) 985 (d 2H 
6 2i i (tos ‘1 ti ) 518 (CHOm ) 59 2 (CH’ &H ‘f’“%4 b (C-3) ‘71.5 

(C@:r794 (C-4) 86 1 (C-23 1067 (C-l), r28.1 &H ) 130.2 (& ) 133% (C 3 j i45 7 (C’ 
Mass’spectrum ‘m/k 329 (M+- N2). Anal Calcd forar~4~,sN306S.afP?Eb’C7Ht6 c? 56 ; H, 5 @$, 
884 Found-C,4786,H,5 12,S,923 

Meth 1 2,3-dideoxy-2,3-axirzdino-5-O-methyl-8-o-ly (9).- Follgwm 
r used or the reparation of 7, aztdo-tosylate 8a gave aznidme 9 (600/o), [uB 

NMR (CDCP) 
-62 (c ~,t~$~~-d~; 

6 170 (br s 1H exchan eable wtth &O NH), 2 64 (br s, 2H, H-2 and H-3). 3 403(i 3H, 
OCH)345~~3HOCHj357(dd2!IJ 30Hx,J’ 
H-l) 3Anal G.&d fbr C7 d &IO4 

5 7 Hz, H-5), 4 10 (t, lH, H-4), 5 04 (s, lH, 
l/3 H$?‘&, 50 91 , fifk28 , N, 8 48 Found C, 50.95 , H, 7 99 , N, 

808 

3-Azido-3-deoxy-5-O-mthyl-2-O-p-tol~~~onyl-~,~-~xylof~~se (lOa).- A solution of the 
azrdo-tosylate 8a (16.9 47 3 nuno1) m droxane (300 mL) and aqueous 4N hydrochlonc acid (200 mL 
was reflwed for 16 h h e reaction rmxture was cooled to room tern 

p” 
rature, ethyl acetate (300 mL 

was added and the mixture was washed with saturated aqueous NaC solution (200 mL) The organic 
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5 16 

tert-Butyldinzethylsilyl 2,3-dideoxy-2,3-azirrdino-5-O-methyl-~,~-~~~r~s~e (12bjh I;nh; 
!E;;j?nner as above, corn und llb ave 12b (62%), [c@ - 30 7 (c 0.48, CHCU) , 

: 6 020 (m, 8 P Sl(CH3 ), 1.00 (s, 9H, C(CH3)3), 270 (m, 2H, H-2 and 
H-3), 3.47 (s, 4H, NH and a- ad B-CH O& 
H-5u and H-Sg), 4.30 (t, lH, H-4a an 2 “9 H-48), 

artIy exchangeable wth DzO), 3 55 (dd, 2H, J4> 3.5 Hz, 

l*-NMR (CDCI,) 
A0 (s, 0.6 H, H-la (or B)), 5 71 (s, 0.4 I-I, H-1~ (or a)) , 

6 - 4 55 (S&B ), - 5.16 (SQH3), 17 9 (QCH3hS1), 25 6 (a- and B-C(~H~)~), 36.8 
and 38 7 (a- and p-C-3 and C-2) 532 (CH XH ) 74 3 (C-5~ and C-5,9) 77 8 (C-4a and C-48) 98 0 
(C-la and C-la) Anal. Cakd for’C12H25Nd3S1 ?,!55.59 , H, 9 65 , N, 5 4d Found * C, 55 72 , H, $42 , 
N, 5.13 

tert-Wttyldzmethylsilyl N-acetyl-2,3-dideory-2,3-as~r~i~-S-O-~thyl-~,~-~lyxofura~s~e 
(13a - A solution of aqndme 12a (2 6 g, 10 mmol) and acetic anhydnde (15 mL) m pyridlne (100 mL) 
was eft overnight at 4 C. The reamon nurture was then concentrated zn V~CUCJ and the residue was 1 

P 
artitioned between ethyl acetate (100 mL) and water (100 mL) The or amc phase was separated, dried 
Na2S04) and the solvents removed zrz vucuo The residue was p ur&!ed 

(heptane-ethyl acetate 3*1), 1eldm 
(c 0 24 CHC13) lH-NMR <&I f 

$ column chromatogfagf;y 
the N-acetylated au&me 13a (2 9 g, 98 O) as a syrup [aB 

6 0 15 (m, 6H, S1(CH3) ), 0 90 (d, 9H, a- and a_C( 
15 H, h- (or B-)-kOCH ) 2 18 (s 4.5 H /J’- (or a-)-COCH ), $30 (m 2H J < 10 Hz J 

H3) ), 2 14 (s, 

and H-3) 342 (d 3h’ CH dCH)‘365 (m 2H ? 
33 Hz, H-2 

78 ‘Hz, ‘J3’4 50 Hz ‘IV&!) 402 (dt 
0 6 H H-k (or a)) ‘4 22 idt 0 3 H &b (or a)) <36 (i, lfi%-l j l%I-Nti (CDCl i 6 - 4’3 (S1CH )I 
18 0 (k(CH3) S1) k 4 (cd C = b) 25 8 (a- &d B-C&I-I j3), 4316 (C-2 (or C-3)) d4 8 (C-3 (or C-2?), 
59.5 (CH O&I j 7117 (C-5: (or B)) ‘72.0 (C-5~ (or CC)) 7437 (C-4a (or fl)), 75 3 (C-&J (or a)), 97 0 (C-la 
(or B)), 9i 3 (CA; (or a)), 170 2 (Cs& = 0) Anal Cakd for C~~H~TNO~S~* C, 55 81, H, 8 97 ; N, 4 65 
Found C,5570;H,877,N,449 

tert-Butyldimethylsilyl N-acetyl-2,3-dideory-2,3-~ltidino-5-O-met 
(13b) - In the same manner as above, compound 12b gave 13b (95%), [aB - 65 7 (c 0 54, CHCl ) , 
H-NMR (CDC13) 6 0 15 (m, 6H, S1(CH ) ), 0 90 (d, 9Ii, 

0) 2 20 (d 2H, a-CH C = 0) 3 15 (d 0.7 VJ 
a- and B-C(CH ) ) 2 10 (s 1H fi-CH$? = 

(dd iH J ‘2 15 Hz I-&k and ‘H-2&, i-35 (d,‘3& 
4OHz H-3~) 320(d O@‘J 

3”,- and &CH20kH ) 330 (d iI-?! 
4i)Hz:H-38) 328 

H&J), 4 3b (t, 0 3 ri, 
3 5 Hz H-5: and 

J 6 0 Hz, H-4/?), 4 42 (dd, 0 7 H, J 
gk) 13C-NMR (CDCl ) 

3 5 &H&X) ‘5 4d(s4$3 H I-&) 5.55 
6 - 2 1 (@H ) - 1’2 (S1Ci-I ) 17 k (&I,) S1j 23 9 

[$ iidI$!!&$ s $5 5 (ch C = 0) 40 6 (C.32 (or C-3)) 44 03cC-3 (or C-23 ‘59 1 (CH O&I )’ 73 3 
(C-5) 74 7 (C-42 tdr p)) 75 s3(C-4/3 (dr a)), 95 5 (C-la (0; p)), 97 2 (C-1~ (or h)), 180 2 $ZH& L 0) 
Anal ‘Calcd for C14H2&4S1 l/6 Hz0 C, 55 26 , H, 8 99 , N, 4 60 Found C, 55 31, H, 8 87 , N, 4 47 

N-Acetyl-2,3-dz~oxy-2,3-azrridino-5-0_me d14a) - To a solution of 
az1r1d1ne 13a (790 m 3 05 mmol) 1n dlchloromethane (100 mL) held at 0 C was added dropwise a 1 M 
solution of tetrabuty wmomum fluonde (5 3 mL, 5 3 mmol) 1n tetrahydrofuran The react1on mxture P 
was stirred for 2 h at 0 C after which the solvents were removed zn vucuo The residue was purlfled by 
coluny chromate aph (heptane-ethyl acetate 1 3), yielding 14a as a white solid (396 mg, 69%), m 
82-83 C , 11-I-N Z R (&C13) 6 2.14 (s, 3H, CH3C = 0), 3 38 (m, 2H, H-2 and H-3), 3 42 (s, 3 I! 
CH2OCH3), 3 60 (dd, 2H, 54 4 8 HZ, C-5), 4 10 (br S, lH, OH), 4 33 (dt, lH, 534 < 1 HZ, H-4). 5 42 (s, 
lH,H-1) Anal CalcdforC&13NO4 C,5133,H,695,N,748 Found C,5154,H,707,N,741 

N-Acetyl-2,3-drdeoxy-2,3-azirzdzno-5-O-nre (14b) - In the same manner as 
above, compound 13b gave 14b (59%), [QB - 54 6 (c 124, CHC13) , 1H-NMR (CDCI ) 6 2 10 (s, 
3H, CH3C = 0), 3 26 (s, 2H, H-2 and H-3), 3 47 (s, 3H, CH20CH3), 3 58 (t, 2H, 54 
(t, II-I, H-4), 475 (br s, lH, OH), 5 30 (s, lH, H-l) , 13C-NMR $DCl3) 

2 8 dz, H-2)’ $45 
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(CH C = 0), 40 5 (C-2 (or 
170 2 (C = 0) Anal Calcd 

C-3)), 44 3 (C-3 (or C-2)), 59 3 (OHS), 72 1 (C-4), 94.7 (C-l), 
for CgHt3N04 C, 5133 ; H, 6 95 , N, 7.48 

6 (C-S d ,75 
Foun : C, 51 OS ; H, 6.85 ; N, 

720 

(lS,4S,SR)-N-Acetyl-4-methoxymethyl-3-oxa-6-ambicycl [3.LO]hexan-tone 
R 

(ISa) - To a 
nurture of 14a (66 Smg, 0.36 mmol) and freshly-activated 4 molecular sieve (200 mg) was added 4- 

lmorphohne N-oxide (62 mg, 0 54 mmol) and tetrapropylammomum perruthenate (6.2 mg, 0.02 
rature and then filtered through a pad of 

(lR,4&5S)-N-Acetyl-4-methox methyl-3-oxa-6-azub@do[3.I.O]hexan-Zone (ISb).- In the same 
manner as above, 14b ave 1 d 1712 cm-l (NC = 0) , 1 fi [QP (83%), - 89 7 1.37, CHCl ) (c ; IR Y 1787 (OC = 0), 

-NMR (CDCl,) 6 15 (s, 3H, CH,C = 0), 3.20 (s, 3H, OCH ) 3 SO (d lH, 
J2 2.4 Hz, H-2), 3 65 (d, lH, H-3), 3 70 (d, 2H, J4 
6 & 4 (CH C = 0), 37 6 and 49 3 (C-2 and C-3), 

s 15 Hz, H-S), 4 85 (t, lH, H-4) , 13C-&R (CDbl ) 

gJi17! , 6 (6-c = 0) Anal Calcd for C8H11N04 
59 8 (OCH ), 717 (C-S), 
C, 5189 ,d, 5 94, N, 7 56 

75 3 (C-4), 169 3 (CHd = 
Found C, 5184 ; H, 6 03 ; 
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