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Abstract- (z)- Tabtoxlnlne-B-lactam 2. a potent lnhlbltor or glutamlne synthctase, and 
related compounds, have been syntheslsed by a cycloaddltlon approach. The cycloaddltlon 
of an acylnitroso coapound to cyclohexadlenes proceeded reglosolectlvely to glve the 
blcycllc, ester a (X- CO,Et) or nltrlle 2. These were converted Into the cyclic dlaclds 
Is, II, 27 and 3 by permanganate oxldatlon. A benzyl chloroformate mediated 
esterlflcatlon procedure was developed to enable dlfferentlatlon of the two carboxyl 
groups to provide mono esters +, 19, 28a and 2. Treatment of hydroxy dlacld 2 with 
benzyl chloroformate gave the splro 6-lactone fi. Cycllaatlon of g-amino acids 29 and 35 
followed by hydrogenatlon gave (+)- tabtoxlnlne-B-lactam 2 and a methoxy derlvatlve 5 
respectively. Alternatively spl;o B-lactams 45a and 45b iere obtained In a ratio of-41 
:59 by a regloselectlve 1,3-dlpolar CycloaddltIon of nltrone 3 to the exanethylene 
B-lactam *. 

Introduction 

Tabtoxln 1 1s a dlpeptlde exotoxln produced by Pseudomonas tabacl, the organlsm responsible 

for the Ulldflre dlsease of tobacco plants.’ When hydrolysed by peptldases In vlvo. thls exotoxln -- 
releases tabtoxlnlne-B-lactam 2, which Inhibits glutamlne synthatase of the photorespiratory 

nltrogen cycle, causing chlorosls and death of the tobacco plant.’ As the dlpeptlde 1 ltseli does 

not lnhlblt purified glutamlne synthetase in vltro, ‘c -- the amino acid 2 1s consldered to be the 

active form of 1 and hence the actual toxin of Wlldflre dlsease. It seems likely that thls 

lnhlbitlon 1s the result of tlght blndlng of tabtoxlnlne-g-laotam 2 to the enzyme as an analoye of 

the postulated tetrahedral lnteroedlate 3 Involved In the enzyme reactlon.la The lnhlbltlon of 

glutamlne synthetase by L-methlonlne-S-sulphoxlmlne 4 and related compounds has previously been 

documented and l xtenelvely atudiad.’ Since the dotailed mechanism of glutamine rynthetase 

lnhibltlon by tabtoxlnlno-I-lactu attraate current lntorut, a synthetic approaoh to the toxin 2 

and Its l naloguen ia of lncreaslng lmportanoo. In 1983 we l chiovod a stereospooifio aynthesla of 

the dlpeptide toxin* but found that thla approaoh uaa not awnable to the synthealr of the l otual 

+ This paper 1s dedicated to ProfeseOr R. Raphael on the oocaslon of hls 65th birthday. 
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toxin, tabtoxinlne-g-lactam 2, nor was the hydrolysis of 1, under acidic’* or anzymatlc’b 

conditions, a satisfactory source of 2. Consequently we lnvestlgated a new and eftlclent route to 

the toxin 2. Herein we described In detall the synthesis of (z)- tabtoxlnlne-B-lactam 2 ‘ and Its 

N-methoxy analogue 2, a8 well as synthetic studies towards the g-lactam analogue 5 and the lower 

homologue 1. 
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g-Lactone Approach 
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In our synthesis of tabtoxin’ the crucial stereochemlcal relationshlp of the l,+amlno 

alcohol molety was achieved by the simultaneous formation of C(2)-N and C(5)-0 bonds In a nltroso 

Dlels-Alder reaction’ (Scheme 1, X- CO,Et). The formation or perhydro-1,2-oxazlne ring in 2 
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avolded the intramolecular transacylatlon of the toxin to the stable, lnactlve, 6-lactam, such a3 

lsotabtoxln c or tabtoxinlne-6-lactam z.‘b This Dlels-Alder approaah seemed also applicable to 

the synthesis of amino acid 2. However. the intermediate cyclic amlnc aald 2 was not easily 

accessible by the previous route ’ involving a complicated multlstep procedure to introduce the 

amino group Into the adduct i (Scheme 2). Direct amlnation of 8 vas not possible 
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probably because of the neopentylic nature of the substituent X. Moreover, we confronted a serious 

dlfflculty In the dlfferantlatlon of the functional groups of the amlno dlacld (9). Attempts to 
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Scheme 2 4 

cycllse 1 to the corresponding B-lactam falled,’ and so selective protection of one of the two 

carboxyl groups seemed essential for successful B-lactam closure. However, treatment of an 

amino-protected derivative ol 9 with dlphenyldlaeomethane (1 eq.) followed by dlazomethane yielded 

all of the four possible regloisomers of mixed benzhydryl-methyl dlesters nonseIectlvely.*b 

Therefore UC lnvestlgated an alternate route involving splro g-lactone JJ as a key Intermediate. It 

was considered that the g-lactone 11 could be ring opened with ammonia to a B-amino acid or - 

B-hydroxy amlde and subsequently cycllsed to a g-lactam. Also compound fl could be regarded as a 

reasonable precursor for the B-lactone analogue 5 which might be more reactive than the naturally 

occuring toxin 2. 
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The startlng blcycllo alcohol, 12, had already been prepared in a good ylald’ from 8 (X- 

CO,Et),and uaa now transformed into the corresponding acetate lJ (90%). The double bond In the 

bicycllc system uaa smoothly cleaved according to the procedure of Starks., affording acetyl dlaoid 

x (BOS). In preparation for aubwqwnt g-lactone closure the selective esterltlcatlon of the 

diacid to a mnoestor uas attempted. When 5 was treated with benzyl bromide (2.4 eq.) ‘in the 

presence of tetra-n-butylamraonlum bromide in a two-phase system’ dlbenzyl ester 16b was obtained - 
(70%). This method afforded the diester exclusively and use of 1 equivalent ol benzyl bromide 

resulted In the lorcpatlon of dlester (121) no monoester being obtained. tlonobenzyl ester 16a was - 
first obtalned nonselectively aa follows. Treatment of the dlaold lJ with toluene-p-sulphonyl 

chloride (2 eq.) In the presence of pyridlne at O’C followed by benzyl alcohol (1 eq.) afforded 

monoester 16a and dleater 16b (23% and 21J, respectively). - Use of 3 equlvalents of toluene-p- - 
sulphonyl chloride resulted in exclusive foroatlon of the dlester 16b. After extenslve - 
lnvestlgatlon a satisfactory new method for the dlfferentlatlon was devised. Thus, on treatment of 

the dlacld 12 wlth benzyl chloroformate (1.5 eq.) in the presence of pyrldlne in dlchloromethane, 

monoester Ida vae obtalned as a major product (67%) along wlth a small amount of dlester 16b - - 
(4.9s). To the best of our knowledge ‘* thls decarboxylatlve esterlflcatlon 1s a new procedure for 

the preparatlon of benzyl eaters. However, in spite of the successful dlfferentlatlon or the 

dlacld, attempts to cleave the acetyl group of 16a were entlrely unsuccessful. It seemed likely - 
that this rlng system, contalnlng a N-O slngle bond and sensitive functional groups In addition to 

acidic hydrogens, undergoes facile skeletal rearrangement in various ways under basic condltlons. 

R’=R*=H, X=SiMe2But 

R’=H, R*=CHzPh, X=SiMe2But 

R’= R* =CHzPh, X= SiMe2Bu t 

R’=X=H, R2=CH2Ph 
R’=R*=X=H 

OH 

For this reason a sllyl protecting group for thls alcohol Was tried. Thus. the alcohol (12) 

Wal treated with tert-butylchlorodlmethylallane In the usual manner ‘I to glvo the 811~1 derivative 

If! (91%). Permanganate oxldatlon’ or 14 was stralghtlorward and ally1 dlacld g Was isolated aa a 

stable colourless powder (94$). The dllrerentlation or the two carboxyl groups of the sllyl dlacld 

(17) Was achieved by the benzyl chloroformate procedure described above, monoester @ and dlester 

18b belng obtalned In a ratlo or 4 : 1. Whereas the sllyl group or the dlacld 2 was remarkably - 
stable the monoacid 18a Was qulte labile. On the other hand, when the mixture or 18a and 18b - - - 

‘obtained from l’J aa above was directly treated wlth acetic acid, g-hydroxy acid 3 and sllyl 

dlester 18b were obtained (431 and 131. respectively). Treatment of fi wlth N,N’-dlcyclohexyl- - 
carbodllmlde gave a crude mixture which exhibit a g-lactone absorption above 1800 cm-’ In its ir 

spectrum. This conrlrmed the desired g-hydroxy acid structure ot 19 resultlng from the 

preferential esterflcatlon or the less hlndered carboxyl group. However. the g-lactone now rormed 

was found to be hlghly labile and was decomposed during slllca gel chromatography. COnseqUentlY an 

alternate procedure for g-1aCtOIIe fomation “a.3 required and was devoloped as hollows. The sllyl 

protecting group of 17 vas smoothly cleaved with tetra-n-butylammonlum fluoride to yield hydroxy 

dlacid g quantltatlvely. Simultaneous rormation or g-lactone and benzyl ester was SUCCSSSiUiiY 



accomplished by treatment of 20 with 

dlchloromethane at rOOI tempor8ture. 

products and unreected reagents were 

B-lactone (11) (39%). 
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benzyl chloroformate (2.5 eq.) and pyridine (3 eq.) In 

yleldlng splro B-lactone 11 directly. Most of the slde- 

removed by extractive work up and evaporatlon to yleld pure 

Attempt8 to transform Jl_ Into a g-lactam were unsuccrssful. presumably due to the lnstablllty 

and facile rearrangeemt of the molsoule. Hydrogenatlon of fl gave a product uhlch was probably 

b-lactam 21. - 

Synthesis of (t)- Tabtoxlnlne-g-lactam by an Improved Strategy 

Although the g-lactone analogue was not obtained the usefulness or the new dlfferentlation 

procedure for the tabtoxln skeleton wan demonstrated. In order to avold the previous dlrflcult 

introduction of the g-amino group In the synthesis of g-amino acid 2 we, attempted to make use or 

a cyano-dlene in the Dlels-Alder strategy (Scheme 1, X- CN). The cyano group In i (X- CN) might be 

transformed into the corresponding amino group by a single reduction step. 
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25, R = CH2NH2 

;6_ R = CH2NHC02But 

Thus, 2-chloroacrylonltrlle was treated wlth butadlene In a sealed tube to give CyclOhexOne 

22” (851). Dehydrochlorlnatlon of 22 was effected by heatlng it In pyrldlne at rerlux and 

Gano-dlene 23 UM obtalned (72%). The cycloaddltlon or diene 2J to benzyl nltrosorormate’ 

(generated in situ from benzyl N-hydroxycarbamate” and tetraethylaaxnonlum perlodate” In -- 
dlchloromethane) proceeded regloselectlvely to afford the adduct 2 (73%) as a single regiolsopler. 

The nltrlle function of 211 was smoothly reduoed wlth NaBH,(OCOCF,)” to the prlmary amine 25 (481), 

uhlch was ldentlcal to that synthesiwd prevlously by a more complex prooedure (Scheme 2)‘. 

conflrmlng the deslred reglochemlstry or the Dials-Alder Step. The hlgh regloselectlvlty was 

substantially better then the usual moderate ratlos reported.“ 

The amlne 25 was then protected wlth a tert-butoxycarbonyl group I’ to 26 (83%) and oxldatlve 

cleavage of the double bond accomplished as before to afford dlacld 27 (981). The key 

dlrierentlatlon or the tuo carboxyl groups or 27 ~83 succeqarully achieved by decarboxylatlve - 
esterlficatlon with benzyl chloroformate (1.5 eq.) and pyrldlne In dlchloromethane to,yleld 

monoester 28a (57%) along with a small amount of dlester (28b) (4.8%). Removal or the primary - 
amino protection of 28a (981 formic acid - “1 gave the penultimate precursor, B-anlno acid 29 (99%). 
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The g-lactam closure was achieved by USC of a Ph,P- (Py S),- CH,CN system I9 to yield splro B-lactam 

0 (63%). Cocnplete deprotectlon and reductive cleavage of the N-O bond of 30 was affected in one 

step by catalytic hydrogenation to produce (+I- tabtoxlnine-g-lactam (2) (quantltatlre). The 

synthetic sample was identical (50CMHz n.m.r.) to sample isolated from P.tabacl and was an active 

glutamlne synthetase lnhlbltor, in vitro and In vlvo.‘a -- -- 

Synthesis of Methoxy Derlvatlve 

It has been establlshed that glutamlne synthetase requires ATP, ammonia and 2 equivalent of 

dlvalent metal to form glutamlne and ADP.’ Inltlal formation of Y-glutamyl phosphate and 

subsequent ammonolysls to the phosphorylated tetrahedral lntermedlate _3 were postulated. 

Analogously, lnhlbltlon of glutamlne synthetase by L-methlonlne-S-sulphoxlmlne was attributed to 

the formation of N-phosphate 31. Tight blndlng of phosphorylated tabtoxlnlne-B-lactam has been 

HO,C 

suggested. Although tabtoxlnlne-g-lactam possesses two possible sites for phosphorylatlon, i.e., 

the hydroxyl group and the g-lactaa nltrogen, only 0-phosphorylated species 2 has been proposed.’ 

In order to find the posltlon of phosphorylatlon we deslgned a methoxy derivative 5 whose B-lactam 

nltrogen 1s blocked, but stlll retains a reactive carbonyl group and the hydroxyl group. 

The starting N-methoxy-N-chloroacetyl dlacld (33) had been prevlously prepared In good 

yield.’ The carboxyl groups In 11 were smoothly dlfferentlated by our standard benzyl chloroformate 

procedure to give monoester 3 (50%). The chloroacetyl protectlon was cleaved wlth thlourea in 

ethanol, affording methoxyamlne 2 (91$). g-Lactam closure was effected by Flukaiyama’s two-phase 

procedure” and methoxy B-lactam 3 was obtalned In satisfactory yield (391). Hydrogenation of 36 

afforded the N-methoxy derlvatlve of (L)- tabtoxlnine-g-lactam, 5, quantltatlvely. Glutamlne 

synthetase inhlbitlon by 5 Is currently under investlgatlon. 
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1,3+lpolar Cycloaddltlon Approach to tower Homologues 

The present nltroso Dlcls-Alder strategy was shown to provlda an efflcfent route for the 

tabtoxin skeleton ufth correct regio- and stereo- chemistry. However, it uas considered that a 

1.3~dipolar cycloaddltlon could rapidly furnish the lower honologue of tabtoxinine-g-lactam 1 

(Scheme 3). The cycloaddition of nltrones to a, g-unsaturated esters has prevlouely been studied In 

theee laboratories and moderate regioselectivlty (2-3 : 1 ratio) was observed.” In striking 

Scheme 

. . 

‘R2 

3 

contrast to these rwults we now achieved an efflclent 

regloselectlvity. 
1,3-dipolar addition with complete 

The nitrone was prepared as loLfaus. L-Tartaric acid um esterifled with diphenyldiaz~~ 

H02C 
H 

methane to Ulbenzhydryl L-tartrate 37 (95f). The glycol 2 was cleaved with lead tetrsaeetate In 

benzen’e to give glyoxylate 2. Treatment of aldehyde 38 vlth N-~n~ylhydroxyl~~ne afforded 

nitrone 39 as an equilibria mixture of E and 2 isomers (63 : 37). One of the lsmers of the 

nitrOnt 39 was crystalllsed from benzene-bexane and the stereochemistry shown to be 2, baaed an an 

n.O.e. experlaent. 
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The dlpolarophlle, exolaethylsns I-lactam 44, ual) synthesised a8 follows. Dibromo acld 2 ** 

was converted to the corresponding acid chloride 2 (thionyl chloride, 91%) followed by reaction 

with 0-benzylhydroxylamlne to give hydroxamata g (76%). Subsequent 6-lactam closure was achieved 

with sodium hydride. Thus, treatment ol a-bromo hydroxamate 2 with sodlm hydride (1 eq.) ln 

tetrahydrofuran gave bromoaethylazetidlnona 2. which was then converted into exomethylene B-lactam 

44 by dehydrobr~ination with trlethylamine (955). - B-La&am 2 could also be obtalned directly 

iroar s by treatment wlth 2 equivalents of sodfirr hydride in tetrahydrofuran (901). 

The E and 2 mixture of 39 va8 reacted with exomethylene B-lactam 2 in chloroform at 50.C to 

yield a mixture of stereolsaers 45a and 45b (quantitative). - - These lsoraers were separated by 

chromatotron and were crystalllsed, to give a 41 : 59 ratlo of @a to 45b. The nltrone E and 2 -- 
lscaers were found to equlllbrate faster than reaction with the alkene, hence, no conclusions could 

be made about the geometry of the addltlon. nor could the yleld of the requlred Isomer 4Sa be - 
improved. The use of pure 2 Isomer of nitrone 3 gave the same 41 : 59 mixture of adducts @a and 

45b as using the mixture of nltrones. The desired regtochemlstry of cycloaddltion was contlmed 

by an AEX type coupling in the 300 MHz n.m.r. spe.otrrrP and the stereochemistry of each iiwmer, 35a - 
and 2, was rigorously established by n.0.e. experiments (Figure 1). 

Figure 1 

Converslon of the cycloadduct llga into the lower - 
45s by hydrogenation to N-hydroxy iI-lactam 46a (75%). - - 

hooologue wa8 perfcfmed by debenzylatlon of 

Ramoval of the hydroxyl group on the 

B-1aCtam nitrogen was achieved by the Hlller’s tltanlum trlohloride procedure”, affording 47a - 
(801). Further hydropnation of 47a gave a product assigned the structure 1 on the basis al lts - 
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spectral characterlstlcs (1.r. and n.m.r.1 though Its tendency to lactamlse to 48 prevented 

characterlsatlon. 

EXPERIMENTAL 

All reagents and chemicals were purlfled and dried by standard procedures. Meltlng polnts 
were determlned on a Kofler block and are uncorrected. Infrared spectra were recorded on a 
Perkln-Elmer 257 spectrometer or a Perkin-Elmer 1750 FT spactrolPeter. ‘H n.m.r. spectra were 
recorded on a Bruker YH 300 spectrometer and Mass spectra were recorded on VC Mlcronass ZAB 1F and 
16F instruments. 

l-[(Acetoxy)methyl]-3-benzyloxycarbonyl-2-oxa-3-azablcyclo~2.2.2]0ct-5-ene~13~. 
A solutlon of alcohol 12’ (1.559g, 5.67 mm011 In pyrldlne (4.5 ml) was added to an ice-cooled 

mixture of acetic anhydrlde 7i.5 ml) and pyrldlne (2 ml). The solutlon was stlrred at room 
temperature for 2 days, then poured Into iced water. The mixture was extracted with EtOAc. The 
EtOAc solutlon was washed three tlaes with H,O and the comblncd aqueous layer was extracted with 
EtOAc. The combined EtOAc solutlon was dried over sodium sulphate and concentrated 111 vacua to 
give 11 as white crystals (1.61g. 901), m.p. 91-92’C (CH,Cl, - light petroleum); vmax l-2955, 
1750 and 1735 cm-‘; 6H (CDCl,) 1.23-2.22 (4H,m), 2.07 (3H,s), 4.34 (2H,3), 4.84 (lH,m), 5.10-5.29 
(2H,m), 6.39 (lH,m), 6.61 (lH,m), 7.34 (5H,m); m/z (DCI.NH,) 318 04H.l. 

3-Benxyloxycarbonyl-l-[[~tert-butyldlmeth~ilyl~oxylmethyl~-2-oxa-3-atablcyclo~2.2.2~oct-5- 
ene (14). 

A solutlon of tert-butylchlorodimethylsllane (l.l03g, 7.3-01) In CH,Cl, (2.5 ml), 
trlethylamlne (741mg. 7.32mmol) and a solution of I(-dlmethylamlnopyrldlne (447mg, 3.66mmol) in 
CH,Cl, (2.5ml) were successively added to a solutlon of alcohol 2’ (l.O07g, 3.66mmol) in C&Cl, 
(l(3pll) under argon. The solutlon was stlrred at room temperature for 1 day and then purlfled by 
flash chromatography (CH,Cl,) to give If! as a colourless 011 (l.O98g, 91%); %ax (CHCl,) 2950, 
2930. 2855 and 1690 cm-'; 6H (CDCl,) 0.07 (3H,s), 0.08 (3H,s), 0.90 (9H,s), 1.51 (2H,m), 1.97 
(lH,m). 2.15 (lH,m), 3.83 (2H, AB , J-10 and 25 Hz). 4.83 (lH,br,s), 5.14 (2H, AB, J-10 and 15 
Hz). 6..53 (2H,m), 7.23-7.38 (SH,m): m/z (DCI,NH,) 390 (MH’), 407 (HNH.*). 

(3S.v 6S~~-6-C~Acetoxy~methyll~bentyloxycarbonylperhydro-l,2-oxazlne-3,6-dlcarboxyllc acid 
(15). 

A mixture of acetate 11 (317mg, lmmol) In benzene (ZOml), aq. KHnO, (0.2 M, 15ml) and aq. 
n-Bu,NHSO, (0.1 M, lml) was vlgorously stlrred overnlght at room temperature. The mixture was 
filtered and the filter cake was washed four times with alternate portions of H,O and EtOAc. The 
combined organic solution was retalned. The combined aqueous solutlon was adjusted to pH2 with aq. 
HCl (1 H) and extracted wlth EtOAc. All the organic layers were combined, drled over sodium 
sulphate and concentrated ln vacua to give 15 as crystals (304mg, 801). m.p. 166-167oC (CHCl,); -- 
vmax (KBr) 3060, 2940, 1760, 1725 and 1695 cm-‘: 6H (acetone - d,) 1.82 (3H.s), 1.83-2.36 (4H,m), 
4.24 (lH, AB, J-12 Hz). 4.71 (lH, AB , J-12 Hz), 4.80 (lH,m), 5.18 (2H,s). 7.31-7.51 (SH,m); m/z 
(DCI.NH,) 382 0lH*). 

- 

(~~,6S*)-6-[(Acetoxy~methyll-2,3-bls~benzyloxycarbonyl~perhydro-l,2-oxazlne-6-carboxyllc 
acid (Ida) and dlbenzyl (3S*.6S*~-6-[~Acetoxy)methyll-2-benzyloxycarbonylperhydro-l,2-oxazine-3,6- 
dlcarboxylate (16b). 

[AI A mixture of dlacld 15 (38mg, O.lmmol), n-Bu,NBr (64mg, O.Pmmol), benzyl bromlde (41 mg, 
0.24mol), saturated aq. NaHCO,70.2ml) and CH,Cl, (0.2ml) was vlgorously stlrred at roolp 
temperature for 2 days. The mixture was partltloned between CH,Cl, (2ml) and H,O ( 2x11). The 
aqueous layer was acidified ulth aq. HCl and extracted wlth EtOAc. The EtOAc solutlon was drled 
over sodium sulphate and concentrated in vacua to recover the unreacted 3 (10.7mg, 281). The -- 
CH,Cl, layer was drled over sodlum sulphate and concentrated In vacua. The resldue was purlfled by 
preparative t.1.c. (CH,Cl, : HeOH - 95 : 

-- 
5) to give 16b as colourless crystals (27.9mg, 701). - 
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[Bl A mixture of dlacld 15 (38mg, O.lmmol), n-Bu.NBr (32mg, O.tw,ol), It4 benzyl bromide In 
CH,Cl, (O.lal, O.Iplnol) and saturated aq. NaHCO, (O.lml) was vigorously stlrred overnlght at room 
temperature. The mixture was partltloned between CH,Cl, and H,O. 
sodium sulphate and concentrated In vacua. 

The CH,Cl, layer was drled over 

: MeOH - 95 : 5) to give 18b (6.8mg,121). 
The resldue was purlfled by preparatlve t.1.c. (CH,Cl, 

ICI Toluene-p-sulpiiiiyl chloride (38mg, 0.2mmol) was added to an ice-cooled solutlon of 
dlacld 11 (38mg, O.lamol) and pyrldlne (O.lml) In CH,CN (5ml). The solution was stirred at O°C for 
15 mln, then at room temperature for 30 mln. The solutlon was agaln cooled to O°C and 10% solutlon 
of benzyl alcohol In CH,CN (O.lml, O.lmmol) was added. After being stlrred at O°C for 15 mln and 
at room temperature for 3 hr the solutlon was concentrated In vacua. The resldue was dissolved in 
EtOAc (l&111), washed ulth aq. 

-- 
HCl &I, 3 x 2ml) and brine (hl), dried over sodium sulphate and 

concentrated In vacua. -- The residue was separated by preparatlve t.1.c. to glve oily 16a (ll.Omg, 
23%) and crystalllne 16b (11.7mg. 21s). 

- 

[DI A solutlon~ toluene-p-sulphonyl chloride (57mg. 0.3mmol) In CH,CN (lml) was added to 
an Ice-cooled solutlon of dlacld fi (38mg, O.lmmol) and pyrldlne (O.lml) in CH,CN (5ml). The 
solutlon was stlrred at O°C for 15 mln and then at room temperature for 30 mln. The solutlon was 
again cooled to O°C and a 10s solutlon of benzyl alcohol in CH,CN (O.lml, O.lmmol) was added. The 
solutlon was stlrred for 4 hr at room temperature, then concentrated in vacua. The residue was 
purlfled by preparatlve t.1.c. (Et,0 : light petroleum - 2 : I) to glz 16b21.lmg, 381). 

CEI To a solutlon of 15 (145mg, 0.3111~01) and pyrldlne (0.06ml) lnT,Cl, (12ml) a solutlon 
of benzyl chloroformate (77mg, 0.45mmol) In CH,Cl, (3ml) was added. The solutlon was stlrred at 
room temperature for 2 days, then concentrated in vacua. The residue was separated by preparatlve 
t.1.c. (Et,O) to give 16a (94.7mg. 671) and 16b78.2mg, 4.91). 

*, vmax (CHC1,)3400, 3020, 2950 and1740 cm-‘; 6H (CDCl,) 1.79-2.32 (4H.m) 1.95 (3H,s), 
4.15(1H,AB , J-12Hz), 4.75 (lH,m), 4.78 (lH,AB, J-12Hz), 5.03 (-lH,br s), 5.15 (4H,m), 7.20-7.47 
(lOH,m); m/z (DCI. NH,) 472 (HH*), 489 (HNH,+). 

16bT.p. 84OC. (aq.HeOH); vmax (CHCl,) 3035, 1750 and 1715 (sh) cm-‘; 6H (CDCl,) 1.70-2.29 
(4H,m), 1.72 (3H,s), 4.26 (lH,AB, J-12.5Hz), 4.69 (lH,AB,, J-12.5Hz), 4.79 (lH,m), 5.10 (lH, AB, 
J-12.5Hz), 5.19 (2H,s), 5.20 (lH, AB, J-12.5Hz), 5.24 (ZH,s), 7.25-7.44 (15H,m); m/z 562 (Ml’). 

(3S~,6S~)-2-Benzyloxycarbonyl-6-[[(tert-butyldlmethylsllyl)oxy]methyl]perhyd~l,2-oxazlne- 
3,6-dlcarboxyllc acid (17). 

A mlxture of a solutlon of olefln If! (988mg, 2.53~101) In benzene (50ml), of KflnO, (l.l2g, 
7.591~101) In H,O (38ml) and aq. n-Bu,NHSO, (0.1 M, 2.5ml) was vigorously stirred overnight at room 
temperature. The mlxture uas flltered through cellte. The aqueous layer was separated and 
acldlflcd with aq. HCl (H) and extracted wlth EtOAc (3 x 5Oml). The combined organic 8olutlon was 
drled over sodium sulphate and concentrated in vacua to give 17 as crystals (l.O75g, 94%), q .p. 
l36-139’C (dec.) (CH,Cl, - light petroleum); ymn(KBr) 3500,?960, 2030 and 1725 cm-‘; 6H (CD,OD) 
0.01 (3H,s), 0.02 (3H,s), 0.85 (9H,s), 1.75-2.27 (4H,m), 3.81 (lH, 118, J-lOHx), 4.09 (lH,AB . 
J-lOHz), 4.70 (lH,m). 5.21 (2H,s). 7.25-7.50 (5H,m). 

~3S~,6S~)-2,3-Bls(benzyloxycarbonyl)-6-hydroxymethylperhydro-1,2-oxazlne-6-carboxylLC acid 
(19) and dlbenzyl (3s~.6S~)-2-benzyloxycarbonyl-6-CC(tert-butyldlmethylsllyl)oxylmethyl~perhydro- 
1,2-oxazlne-3,6-dlcarboxylate (lab). 

A solutlon of pyrldine (0.04ml) in CH,Cl, (&ml) and a solutlon of benzyl chloroformate (52mg, 
O.3mmol) in CH,Cl, (2ml) were successively added to a solutlon of diacld g (9lmg, O.mol) ln 
CH,Cl, (8ml). The solution was stlrred a room temperature for 1 day and then concentrated fi 
vacua. The residue was dissolved tn acetlc acid (2ml). The solution was allowed to stand for 1 hr 
at room temperature and then concentrated In vacua. The resldue was dlssolved In EtOAc (3Oml) and -- 
the solution was washed wlth brine (3 x lOml), dried over sodium sulphate and concentrated fi 
vacua. The resldue was separated by preparatlve t.1.c. (CH,Cl, : HeOH - 9 : 1) to give 19 (3’fW, 
mand 18b (16.5mg. 131). 19 6H (CDCl,) 1.53-2.38 (IcH,m), 3.88 (2H, br, AB), 4.65 (lH, br 3). 
4.75-5.75(ZH,br), 5.13 (4H,mr 7.15-7.33 (lOH,m). 181~ Vmax (CHCl,) 3035, 2950, 2930, 2860, 1740 
and 1700 cm-‘; 6H (CDCl,) -0.05 (3H,s), -0.02 (~H,s),.~I (9H,s), 1.83-2.29 (4H,m). 3.88 (lH, ABq, 
J-lOHz), 4.08 (lH, AB, J-loHz), 4.75 (lH.m), 5.09-5.34 (6H,m), 7.22-7.37 (15H,m). 

(3S*,6S~)-2-Benzyloxycarbonyl-6-hydroxymethylperhydr~l,2-oxazlne-3,6-dlcarboxY~~c acid (20). 
A solutlon or n-Bu,NF (1M In THF, 0.6ml) was added to a SOlutiOn of silyl dlacId fl (18lmg, 

0.4mmol) in THF (8ml). The solutlon was stlrred for 2 hr at room temperature. EtOAc (3Oml) was 
added to the solutlon. The resultlng solutlon was washed ulth 1N HCl (3 x 10ml) and brine (IOml), 
dried over sodlum sulphate and concentrated In vacua to give 20 as an 011 (138mg, quantltatlve); 
vmax (neat) 3440, 2960, 2880 and 1740 cm-‘: F (CD,OD) 1.67-275 (4H,m). 3.75 (lH, AB, J-‘IHz), 
3.93 (lH, AB, J-‘IHz), 4.70 (lH,m), 5.20 (2H, ABq, J-10 and 15Hz), 7.21-7.53 (5H,m); m/z (DCI, NH,) 
340 (t4~*), 357 (MNH.‘). 

Benzyl (4S~,7S~)-6-ben~yloxycarbonyl-l-oxo-2,5-dloxa-6-azasplro~3.5~nonane-7-carboxY~ate 
(11). 

A solutlon of pyrldlne (2lmg, 0.264mmol) In CH,Cl, (lml) and a SolutlOn of benzyl 
chloroformate (38mg, 0.22mmol) in CH,Cl, (lml) were successively added to a solutlon of hydroxy 
dlacld &l (3Omg, 0.088mmol) in CH,Cl, (4ml). The solutlon was stlrred overnlght at room 
temperature and then partltloned between CH,Cl, (2Oml) and H,O (lOm1). The organic layer was 
washed wlth H,O ( 2 x lOml), drled over sodium sulphate and concentrated ln vacua. The residue was -- 
purlfled by Sephadex LH-20 (EtOAc) to give 2 (14.lmg, 391); Vmax (neat) 3035, 2955. 2925, 2855. 
1840, 1745 and 1715 cm -'; 6H (CDCl,) 1.92-2.76 (IcH,m), 4.31 (lH, AB, J-6Hz). 4.53 (lH, AB, 
J-6Hz) 4.90 (lH,m), 5.06-5.33 (4H,m), 7.27-7.37 (lOH,m); m/z (DCI, NH,) 412 (HH’). 429 (nNH,*). 

4-Chlorocyclohexene-4-carbonltrlle (22). 
a-Chloroacrylonltrlle (7.16g, 82mmol) was added to a sealable bulb contalnlng a stlrrer and 

hydroqulnone (560mg). Thls was then frozen In llquld nltrogen and 1,3-butadlene (5.328, 98mmol) 
was dlstllled into the bulb which was then sealed under vacuum. The mixture was then stlrred for 

24 h at 90-100°C. The sealed tube was then frozen ln llquld nltrogen before being opened. The 
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contents, a colourless llquld were then distlllcd under reduced pressore (80-85*C, 17mHg) to give 
22 as a colourless mob110 llquld (8.20 851); vm ax (neat) 3020, 2970, 2850, 2250, 1705, 1435 and 735 
z-‘; 6H (CDC1.1 2.17-2.42 (~H,R), 2.66-2.75 and 2.87-2.95 (2H,m), 5.55-5.63 (lH,m), 5.80-5.84 
(lH,m); m/z (EI) 141 (M’), 143 (H”Cl*). 

1,3_Cyclohexadlene-1-carbonltrlle (23). 
A solution of cyclohexene 22 (1.62g, 114=01) in pyrldln0 (25ml) was heated at reflux. The 

reaction was monltored by n.m.r. and when the startlng material had disappeared the reaction 
mlxturc was cooled and added to Ice rold dll. HCl. The pH was checked to eneurc acldlty and the 
acldlc layer was extracted with Et,O. The organic layer was dried over sodium sulphate and 
concentrated ln vacua. The residual, a colourless liquid was purlfled by Kugelrahr dlstlllatlon 
(60-65V, 15agzglve 23 (864mg, 72%); U, ax (neat) 3050, 2950, 2895, 2840, 2205 and 1570 cm-‘; 
Amax 282 nm (c - 715 x 1OT; 6H (COCl,) 2.1-2.4 (4H,m), 5.9-6.0 (lH.m), 6.1-6.2 (lH,m), 6.64 
(lH,d, J-7Hz). 

3-Benzyloxycarbonyl-2-oxa-3-azablcyclo[2.2.2]oct-5-ene-l-carbonltrlle (24). 
To a stirred solution of dlene 23 (51Omg, 4.8mmol) and benzyl N-hydroxycarbamate” (1.638. 

9.76awol) in CH,Cl, (1Oml). a solution or Et,NIO.'* (3.53g, l.lmmol) In CH,Cl,(lOml) was added over 
1 hr whilst malntalnlng the temperature at O’C.‘ The solutlon was allowed to warm to room 
temperature and stirred for 3 hr. The solution was again cooled to 0% and sodium blsulphlte 
solutlon (3s In 251x1) was added. The resulting mixture was stlrred for a further 15 min. The 
organic layer was separated, washed wlth aq. NaHCO, (2 x 25ml), H,O (25ml) and brine (25ml), dried 
over sodlum sulphate and concentrated In vacua. -- The resldue was purified by flash ChrOmatOgraphy 
(31 EtOAc in CH,Cl,) to give 24 as a uhlte solid (89Omg, 731); vmax (CHCL,) 3960, 3050, 2400, 1740 
and 1715 cm-‘; Imax 246 (E - 5.4 x 10’); 6H (CDCl,) 1.55-2.57 (4H,m), 4.89 (lH,m), 5.13 (lH, AB, 
J-12.3Hz), 5.22 (lH, AB, J-12.3Hz). 6.56 (lH, dd, J-2 and 8.5Hz), 6.70 OH. dd, J-6.3 and 8.5Hz), 
7.34-7.40 (5H,m). 

[~3-Benzyloxycarbonyl-2-oxa-3-azabicyclo~2.2.2]oct-5-en-l-yl~methyl]amlne (25). 
Trlfluoroacetlc acid (20.8ul) was added to NaBH, (10.3~3) in THF (160~1) at 0%. The 

solutlon was allowed to warm to room temperature and a solutlon or nltrile 24 (74.5mg, 0.272pmol) 
In THF (lml) was added. Thls was stirred at room temperature for 14 hr. The reaction was quenched 
by the addltlon of aq. HCl (M, 1m.l) at O’C and stlrred for 30 mln before addltlon of Et,0 and 
partltlon. The Et,0 layer was extracted wlth aq. HCl (2M) and the combined aqueous layer was made 
alkaline with K,CO, and extracted with EtOAc (five tlmes). The combined EtOAc extracts was dried 
over sodium sulphate and concentrated In vacua to give 25 as a yellow 011 (36mg, 4811, ldentlcal In 
all respects to that prepared prevlousE.- 

3-Benzyloxycarbonyl-l-[[~tert-butoxycarbonyl~amlno]methyl]-2-oxa-3-azablcyclo~2.2.2]oct-5-ene 
(26). 

To a solutlon of amlne 25 (85mg, O.25mmol) in CH,Cl, (3x11) was added 2-[(tert-butoxy- 
carbonylj-imlno]-2-phenylacry&ltrlle ” (123mg, 0.5mmol) under argon. The mixture was stlrred at 
room temperature. At the completion of the reaction the solvent was removed In vacua. The residue 
was purlfled by flash chromatography (CH,Cl, : EtOAc - 9 : 

-- 
1) to give 26 as a uhlte solid (lOOmg, 

8311, m.p. 115.5~C; vmax 3330, 2920, 2880, 2820 and 1650 cm-'; 6H (CDCl,) 1.24-2.19 (13H,m), m8 -- 
(lH,ABX, J-5 and 15Hz). 3.58 (lH,ABX, J-10 and 15Hz), 4.79 (lH,m), 5.06 (lH,br), 5.36 (lH,AB, 
J-12Hz), 5.42 (IH,AB, J-12Hz), 6.38 (lH,dd, J-8 and 15Hz). 6.58 (lH,m, J-BHz), 7.35 (5H,m); m/z 
(NH, D.C.I.) 375 (NH’], 392 (MNH,*); (Found : C, 64.4; H, 7.3; N, 7.3%. C,,H,, O,N, requires7 
64.2: H. 7.0; N, 7.51). 

(3S~,6S~)-2-Benzyloxycarbonyl-6-[~~tert-butoxycarbonyl~amlno]methyllperhydro-l,2-oxazlne-3,6- 
dlcarboxyllc acid (27). 

Olefln 26 (374.4mg, lmmol) was dissolved in benzene (2Oml) and to this was added aq. 
n-B&NH.%. (0. lH, lml). The mlxture was cooled to O’C before drOpWiSe addltlon of aq. KMnO. (0.2l4, 
15ml). The mixture was allowed to warm to room temperature after the addition was complete and 
stlrred overnlght. The reaction mixture was filtered and the filter cake was washed with H,O 
(l&l) and EtOAc (10ml). The flltrate emulsion was acldlfled wlth aq. HCl (2M) then the organic 
layer was collected. The aqueous layer was extracted with EtOAc (3 x 30ml). The combined organic 
solution was dried over sodium sulphate and concentrated in vacua to give 27 as a colourless foam -- 
(430.lmg, 981): vmax 3450, 2500-3100 and 1730 cm-‘; 6H (acetone d.) 1.4-25 (13H,m), 3.4-3.8 
(ZH,ABX), 4.63 (lH,m), 5.1 (lH,AB, J-12.5Hz), 5.2 (lH,AB, J-12.51, 7.4 (5H,m). 

~~*,6S*~-2,3-Bis~benzyloxycarbonyl~-6-[[~tert-butoxycafbonyl~amlno]methyllperhydro- 
l,P-oxazlne-6-carboxyllc acid (28a) and dlbenzyl. 
~3S~,6S~)-2-benzyloxycarbony1-6~[~tert-butoxycarbonyl)amlno]methyl]perhydro-l,2-oxazine-3,6- 
dlcarboxylate (28b). 

A solutlon of benzyl chloroformate (15CMg, 0.88~101) in CH,Cl, (6ml) was added to a solutlon 
of dlacld 2_7 (256.5mg, 0.585mmol) and pyrldlne (0.12nmol) In CH,Cl, (24ml). The solution was 
stlrred overnlght at room temperature then concentrated in vacua. The resldue was dlssolved In 
EtOAc (5Oml), washed with aq. HCl (lo%, 2 x 3Dml) and brEe(2 3&l), dried over sodium SUlphaCe 
and concentrated In vacua. The resldue was separated by flash chromatography (CH,Cl, : MeOH - 9 : 
1) to glve monoescr28a(l77.4mg, 571) and dlester 28b (17.5mg, 4.81). e, 6H (CDCl,) 1.37 
(9H,s), 1.7-2.4 (4H,mr3.45 (lH,br), 3.95 (lH,br), n7 (lH,br). 5.08 (ZH,br s), 5.15 (2H, br s), 
5.80 (lH,br), 7.0-7.5 (lOH,m). sb, vmax (CHCL,) 3440, 3030, 2980, 1745, 1710 cm-‘; 6H (CDCl,) 
1.42 (9H,s), 1.65-2.22 (4H,m). 3.42 (lH.ABX, J-2.5 and 15Hz), 3.92 (lH.ABX, J-10 and 15Hz), 4.75 
(lH,t, J-5.0Hz), 5.05-5.38 (7H,m), 7.25-7.45 (15H.n); m/z (DCI,NH,) 619 (MH*), 636 (MNH.‘). 

~3S~,6s~~-6-[~Amlno)methyl]-2,3-bls(benzyloxycarbonyl)perhydro-l.2-oxazlne-6-carboxy1lc acid 
(29). 

A solutlon of monoester 28a (165.%, 0.31Wol) in 981 formic acid (6ml) was stirred at room 
temperature for 2 hr. The rea=t was removed by evaporation. The residue was dissolved In EtOAc 
(5Oml), washed wlth brine (30ml), dried over sodium sulphate and concentrated In vacua to give 29 
as a colourless 011 (132.6mg, 991); 6H (CD,OD). 1.58-1.77 (lH,m), 2.05-2.30 t_ji,m,.30-3.47 
(PH,br), 4.78 (lH,br m), 5.03-5.30 (4H,m), 7.20-7.38 (lOH,a). 
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Benzyl (4S*.7S~)-6-bsnzyloxyoarbony1-1-oxo-5-oxa-2,6-diauepiro[3.5]nonane-~-oarboxylate 
(30). 

B-Amino acid 29 (15.8mg, 0.0369apol) and (PyS), fe.lmg, 0.3691m~A) were dissolved in CW,CN 
(7.9m1) under argon, The solution was heated at 80%. A solution or Ph,P f9.?mg, 0.036Waol) in 
CH,CN (7.91111) was added dropwise. The solution was stirred at 80% for 2 hr8, than conoentrated 2 
vacua . The residue wae purified by Sephadex M-20 (EtOAc) to give 30 as a colourlasa oil (9.5pg. 
63171 vmax (CHC1,1 3420, 3030, 3010, 2960, 2930, 1780, 1740, 1710 S*; 6~ (CDCI,) 1.77-1.88 
(fB,m), 1.93-2.08 (1H.m). 2.10-2.25 (1H,m). 2.43-2.55 (lH,m), 3.33 (lH,ABq, J-5Hz.1, 3.56 (tH,AB, 
J-5Hz), 4.88 (lli, br s), 5.08-5.32 f4H.a). 6.21 (lH, br s), 7.22-7.40 (lOH,m); 6C (CLkX,) 21.55(t), 
23.98(t). 49.01(t), 56.74(d), 67.54(t), 68.23(t), 92.38(s), 127.87(d), 128.10(d), 128.26(d). 
128.31(d). 128.49(d), 128.55(d), 135.26(s). 135.50(s), 155.73fs), 165.07fsf. 168.56(s); a/z 
(DCI,NH,) 411 W’), 428 (MNH,*). 

- 

(L)-Tabtoxlnine-g-lactam (2). 
Spiro B-lactam 30 (loins) use dissolved In EtOH (5ml) and then degassed before addltlon pf 10s 

Pd-C (2mg). The euspdnslon was efflclently st’irred at room temperature under an atmosphara of H, 
(latm). After 24 hr the suspension naa flltered through cellte uhlch was then thoroughly washed 
ulth EtOH. The solvent uaa removed in vacua to yield (*)-tabtoxlnlne-g-lactam 2 ae a white solid 
(quantitative); vmax (D,O) 1736 cm 
J-6Hz), 3.60 flii,m). 

-‘~6~(D,Of 1.62-2.03 (W,mI, 3.15 (lH,d, J-&f, 3.28 (lH,d, 

f3S*,63*~-2,3-Bis~benzyloxycarbonyl~-6-[CN-(chloroacety1~-N-methoxyaminolmethyi~perhydro-1,2- 
oxaxine-6-carboxylk acid (34). 

A solution of benzyl chloroformate (256mg. 1.5mmol) ln CH,Cl, (10ml) was added to a solution 
of dfacld 2’ (443.3xig, 0.997zxnoll and pyrldine (0.2ml) in CH,Cl, (4Oml1. The solutlOn uas stirred 
overnight at room temperature then concentrated in vacua. The residue was dissolved in EtOAc 
(5Cml), washed with aq. HCi (lot. 3 x 2Oml) and lii;lne(kal), dried over sodium sulphate and 
concentrated in vacua. -- The residue was purlrisd by dry column rlash chromatography” (CH,Ci, : 
HeOH - 9 : 1) to give 34 as an 011 (264.2mg, 50%); %,x ( 
8B (CDCl,) 1.75-2.40 (R,br), 3.66 (3H, br s), 

CDCl,) 3450, 3040, 2940, 1740, 1675 cm-‘; 
4.33 (2H, br a), 4.62 (lH, br s), 4.72 (2H, br s), 

5.13 (4H, br ml, 7.27 (lOH, br m). 
(~~,6$~)-2,3-Bis{benzyloxycarbonyl)-6-[(methoxyamlno)mcthyl]perhydro-l,2-oxazlne-6- 

carboxylic acid (35). 
A solution or chloroacetamide 4 (264.axg, 0.494mm01) and thiouraa (74mg, 0.972axaoi) in EtOB 

% (16nl) uas stirred overnight at 35-40 C. The solution was allowed to cool to room tmperatUr8 then 
saturated aq. NaBCO, (5.5mll uas added. The resulting suspension bras stirred ior 20 mln an4 
partltloned between EtOAc (3(W) and H,O (3Cm11). The aqueous layer was acldllied wlth aq. HCl (Wf 
and extracted with EtOAc (3 x 3(W). The combined EtOAc solution was washed with brine (3OmI). 
dried over sodium sulphate and concentrated in vacua. The residue was partially puritled by dry -- 
column flash chr~atography*’ (CH,Ci, : HeOH - 9 : 1) to give 35 as a foam (206.1 mg, 911) which 
was used ulthout turther purification. 

Benzyl (4S~,~s~)-6-benzyloxycarbonyl-2-methoxy-l-oxo-5-oxa-2,6-dlaza~plro~3.5~nOnane-?- 
carboxylate (36). 

A mixture or methoxyamino acid 35 (99mg, 0.216mmo1), KBCO, (1Ohg, 1.08mmol), aq. n-Bu,NhgO, 
(O.lh, 0.321111) in H,O (6ml) and CHC1,76ml} was stirred at room temperature. After aI1 material 
had dlsaolved a solution or methaneaulphonyl chloride (49mg, 0.432mmol) in CHCi, (1mI) uaJ added. 
The mixture was stlrred overnight at room temperature and saturated aq. HaHCO, (5 ml) Mae added. 
The organic layer was separated, dried over sodtum sulphate and concentrated in vacua. The residue 
uaa purifled by preparative t.1.c. (EtOAC) to give 36 as a foam (36.8mg, 39$x G(CtK.1,) 3020. 
2940, 1785, 17UO and 17t5 cm-l; 6B (CDCl,) 1.70-1.8271H,m), 1.92-2.08 (lH,m), 2.15-2.30 flH,@), 
2.45-2.58 {lH,m), 3.46-3.70 (2H,m), 3.80 (3H,s), 4.88 (lR,br), 5.07-5.28 (4H,m), 7.20-1.43 (1Oh.m); 
m/z (DCI,NH,) 441 (MB+), 458 (MNH,+). - 

(S*f-2-Amino-4-[(S~)-3-hydroxy-l-methoxy-2-oxoazetidin-3-yl]butanoic acid (5). 
Bplro methoxy 8-lactam 36 (1Cmg) was dissolved in EtOH (5x11) and then degassed before 

addition or 10s Pd-C f2mg). se suspension was errlclently stirred at room temperature under an 
atmosphere of H, (latm). After 24 hr the suspension was Filtered through cellts which Was then 
thoroughly washed with EtOH. The solvent was removed In vacua to yield (+I 2 as a white solid 
(quantltatlvel; umax (D,O) 1732 cm-l; 6B (D,O) 1.65-2.z(4H,m1, 3.39 (3Hy.31, 3.47 (lH,m), 3.67 
(lH,m), 4.03 (lH,m). 

Dlbenzhydryl-L-tartrata (37) 
TO a slurry or L-tartaric acid (log, 66mmol) in ethyl acetate dlphenyldlazoaethane *ad added, 

until a purple colour persisted. The solvent uas removed in vacua and the resultant solid was 
recrystalllsed From dlchloromethane to glve 7 t3Og, 95%). m.P. 110.5-1ll.C (CH,Cl,IHexane) (Found: 
C, 74.4; H, 5.4 c H 0 requires C, 74.7; H. 5.4s; vmax (CHCI,) 3700, 3070, 1745, 1245 and 700 I. i. S 
cm-l; 4 lh(30OMHz, CDCl,) 7.4-7.3 (lOH, m, phenyl), 7.02 (lH, d, CHPh,), 4.78 (1H, de J 7Bz. fX?Bf 
and 3.2 (1~. d. J 7~2, CHOH); a/z (NH, D.C.I.) 483 (hH+). - 

Benzhydryl giyoxylate (38) 
To an Ice-cooled solution of tartrate 37 (1.58, 3.lmmoI) in dry benzene (25~~‘) under argon, 

lead terraacetate (1.5g, 3.4mol) was added inportIons at a rate such that the temperature did not 
rise above 20%. Arter the addltlon was complete the temperature was allowed to rlae to room 
temperature and the solutlon wad stirred for a Further 1h. The solution was quickly filtered 
through cellte which was vashsd with benzene (25cm’). The solvent was removed in vacua and the 
product pumped under high vacuum Car 4h to give as a colourless foam 2; \ktax CBCi, 1755 and 1715 
cm”‘; 6 IH(3o~HZ, c~cl,) 8.5 (lH, s, coot, 7.4-7.2 (loti, in. phenylf and 7.0 (1H, SD CHPh,): this 
material was reacted without purtffcatlon. 

N-[(B8nzhydryloxycarbonyl)nethylldene~benzylamine-N-oxida (39) 
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to a suepenslon of bsnzyhydryl glyoxylate (3gm, 12.5~~101) and calolum chloride (5g) in 
chloroform (2Ocm’), N-benzylhydroxylamlne (1.6ag, 12.8~01) was added. The reactlon mixture was 
then stirred at rocxa temperature for 4 hours under argon. The solids were removed by flltratlon 
through anhydrous sodium sulphate and the filtrate evaporated to give white solld. Recrystalll- 
satlon froor benzene afforded, as a whlte solid, 39 (3.lgm, 715) m.p. 145-146.C (benzene/hexane) 
(Found: C, 77.0: H, 5.7; N, 3.9 C,,H,,O,N requlres C, 76.70; H, 5.55; N, 4.061); vmax (KBr) 1720, 
1555, 1225. 1200 and 118Ocm-*; Amax (EtOH) 2’721U1 (c 7146 dm’mol-‘cm-‘); 6 lH(300!+,2, CDCl,) 
7.50-7.28 (lOH, m, phenyl). 7.27 (-.8H, s, vlnyl I? isomer), 7.01 (0.37H. s, CHPh, 2 isomer), 6.98 
(IH, 9, CiPh,, E isomer), 5.68 (1.26H, s, Cti,Ph) and 5.01 (0.74H, s. Cli,Ph); m/z (NH, O.C.I.) 346 
UIH’); fractlonal crystalllsatlon from benzene gave 2; 6 lH(300HHz COCl,) 7.5-7.3 (lOH, m. 
pheny:), 7.18 (IH, 5, vinyl), 7.01 (.6H, s, CHPh,) and 5.01 (2H, s, CH,Ph): dC (62.9lUiz. CDCl,) 
73.4 (t, CH,Ph), 77.9 (d, CHPh,), 124.8 (d, v’inyl), 126.4-129.5 (phenyl), 131.5, 139.5 (3, 
quarternary phenyl) and 150.0 (3, C-O); m/z 346 (MH’). 

3-Bromo-2-(bromomethyl)proplonyl chloride (41) 
A solution of acid 40 (228, 0.089 mol) in thlonyl chloride (50cm') was refluxed overnlght 

under argon. The excess thlonyl chloride was removed by dlstlllatlon at atmospheric pressure. The 
residue was then dlstllled under reduced pressure to give, as a colourless llquld, !lJ (19.9g, 91Z, 
b.p. 60-62T, 0.8 rmn Hg); vmax 1780 (br), 1600, 1337 and 1290cm-'; 6 lH(30DMHz, CDCl,) 4.88-4.71 
(4H, a, CH,Br) and 4.61-4.56 (lH, m). 

O-Benzyl-3-bromo-2-(bromomethyl)proplonohydroxamlc acid (42) 
To a vlgorously stirred solution of acid chloride ” (9.6g, j@umol) in dry ethyl acetate 

c-benzylhydroxylamlne (9.6g, 76mwl) was added at O’C. over 30 mlnutes, under argon. After the 
addltlon wa.=i complete the solutlon was allowed to warm to room temperature and stirred for a 
further 18 hr. The solutlon was rlltered and concentrated In vacua to yleld a whlte solid which 
was recrystallised from hot chloroform to give, as white flakes, 42 (lO.gg, 761) m.p. 129-129.5'C 
(CHC1,) (Found C, 37.6; H, 3.7; N, 3.9; Br, 44.9. C,,HI,NBr,O, requires C, 37.6; H, 3.7; N, 4.0; 
Br, 45.51); vmax WBr) 3300-3000 and 1710 cm-‘; 6 1H(3Omx, CDCl,) 8.4 (IH, br, NH), 7.42-7.36 
(5H, m, phenyl), 5.05 (2H, 3, CHIPhI, 3.54 (ZH, 2 x ABX, JAB 12Hz. Ct&Br), 3.42 (2H, 2 x ABX, J?A 
12H2, CH,Br) and 2.75 (lH, m, X of ABX, CI$H,) m/z (NH, D.C.I.) 35013521354 (1:2:l)[MH*, MH*'Br , 
HH"Br ,Y. 

I-Benzyloxy-3-bromomethyl-2-azetldlnone 
A solution of hydroxamate 42 (1.7g, S.&mol) and sodium hydrlde (501 dlsperslon In 011, 

150mg. 1 equiv) in THF (50cm’) was stirred at roOm temperature under argon for lh. The solution 
was filtered through cellte, which was washed with ethyl acetate (25cm’), before removal of the 
solvent In vacua. The residue was purlfled by chromatotron (4 mm, 200cm’ 1:l CH,Cl,: hexane then -- 
CH,Cl,) to yield a colourless 011 43 (1.23g, 95%); vmax (CHCl,) 3060 and 1770 cm-‘; 6 lH(300t4Hz. 
CDC1,) 7.45-7.35 (m, 5H, phenyl), 5.00 (2H, s. CHIPh), 3.63-3.58 (lH,A of ABX, JAB 10.7H2, JAX 
3.8Hz. Ct&Br), 3.47-3.46 (ZH, B of ABX, JBX 10.7Hz and C CT CDX, JCD 4.9Hz), 3.33-3.27 (lH, m, X, 
CH,CH) and 3.19-3.17 (lH, D of CDX, JDC 4.9Hz, JDX 2.4Hz); 6C (62.9tiHz, CDCl,) 28.5 (t, CH,Br), 
46.7 (d, CH), 50.6 (t, CHIN), 77.9 (t, CHIPhI, 128.2-129.4 (m, phenyl), 134.8 (5. quarternary 
phenyl) and 162.4 (s, C-O); m/z (NH, D.C.I.) 270 (HH’), 272 (HH*‘*Br), 287 (HNH.‘) and 289 
(NH,*‘*Br). 

I-Benzyloxy-3-methylene-2-azetldlnone (44) 
Method [A] 

A solution of dlbromlde 42 (1.72g, 6.6mmol) and sodium hydrlde (502 dlsperslon in 011, 320mg. 
2.1 equlv) In dry THF (50cm’) KS stlrred at room temperature for 4 hours under argon. The 
solutlon wa9 then filtered through cellte which was washed wlth ethyl acetate (5Ocm'). The 
combined organic fractions were concentrated In vacua. The residue was purlfled by chromatotron 
(Icmm, 200cm’ 1:l CH,Cl,/hexane then CH,C1,) to glve, as a colourless 011, 44 (840mg, 90%); vmax 
2910, 1770 and 1570 (br) cm-‘; Amax (EtOH) 236nm (sh) (c 2,263 dm-’ mol-’ cm-‘); 6 lH(3O@!Hx, 
CDCl,) 7.45-7.35 (m, 5H, phenyl), 5.83 (lH, PI, vlnyllc), 5.26 (lH, d, J 2H2, vlnyllc), 5.03 (2H. 5. 
CH,Ph) and 3.72 (2H, m, allylIc); 6C (62.9 HHz, CDCl,) 53.0 (t, allyllc), 78.2 (t, CH,Ph), 112.0 
ct.. o vlnyllc), 128.5-129.3 (m, phenyl) 134.1 (3, quarternary phenyl), 140.2 (a, 6 vlnyllc) and 
161.7 (3, C-O); m/z (NH, D.C.I.) 190 WH*). 

Method [B] 
A solutlon of g-lactam bromide 3 (l.Og, 3.7mmol) and trlethylamlne (0.51cm', 3.7-01) In 

dlchloromethane (25cm’) was refluxed overnlght, under argon. The solutlon was then poured Into 
Ice-cooled HCl solutlon (20cm’, lti) and the organic layer separated, and washed with a further 
solution 0r HCl (20cm’, 1H). Purlrication by chromatotron (4au1, 2OOcm’ 1:l hexane/CH,Cl, then 
CH,Cl,) to give, as a colourless 011 4’( (0.62g, 9551, ldentlcal to that prepared by the above 
method. 

Dlphenylmethyl(4S*,7S~~-6-benzyl-2-benzyloxy-l-oxo-5-oxa-2,6-dlaza~plro~3,4]octane-7-carboxylate 
(45a) and Dlphenylmethyl(4S*,7R’)-6-benzyl-2-benzyloxy-l-oxo-5-oxa-2,6-dlaxa~plro [3,U]-octane-7- 
carboxylate (45b) 

A solutlon of exomethylene-B-lactam 44 (177mg, 0.94mmol) and nitrone (39) (323ag, 1 equlv) In 
chlorororm (4cm') was heated at 5O.C overxght. The solvent wa.s removed in vacua to give a -- 
quantatatlve yield oi adducts 45a and 45b by proton n.m.r. (41:59). The Isomers were separated 
uslng a chratotron (4 m, l:~H,Cl~? hexane) to yield, as white granules, %a (187mg, 371) m.p. 
150-151.5OC (CH,Cl,/EtOAc) (Found: C, 74.1; H, 5.8; N. 4.9 C,,H,.N,O. requires C. 74.1; H. 5.6; N, 
5.21): bax (CHCl,) 1778 and 1737~~~‘; 6 1~(30C+IHz, CDCl,) 7.46-7.31 (15H, a. phenyl). 6.85 (H, 5. 
CHPh,), 5.05 (lH, ABq, JAB 11.5 HZ, OCH,Ph), 4.90 (lH, AB, JBA 11.5H2, OCtiIPh), 4.3 (lH, AB, JAB 
13H2, NW,Ph), 4.03-3.99 (ZH, m, B of AB, and X of ABX), 3.38 (2H, m,CONCti,), 2.87 (lH, ABX, JAB 
13.5H~ JAX 7.5Hz, CHCli,OH), 2.71 (lH, ABX, J BA 13.5H2, CNCtI,COH); 6Cc62.9 MHz. CDCl,) 36.6 (t, 
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CH,CH), 60.8. 62.6 ct.. 2 x CH,Ph), 66.0 (d. CHCHI). 77.8 (t, CONCH,). 78.1 (d, CHPh,) 87.5 (s, 
spire C). 126.6-129.2 (phenyl), 134.6. 135.7. 139.5 (br) (quarternary phenyl), 163.2 and 167.7 (8. 
2 x C-0); m/x (NH, D.C.I.) 539 MM’) and. ae white flakes, sb (25&g, 511) q .p. 129’C (Et,O/- 
hexa”.) (Found C, 74.1: H, 5.4; N, 4.9 C,,H,.NI). reaulres C. 74.1; H, 5.6; N, 4.91); umax (CHCl,) 
1781, 1741, 1497 and 1456 cm-‘: 
5.03 (lH, 18, 

6 lH(5001Qlt. CDCl,) 7.42-7.26 (15H, ., phenyl). 6.90 (1H. s Ph,CH), 
JAB 10.9Hz, CC!I,Ph), 4.90 (lH, 18, Jgl 10.9Hz. 0Cii,Ph). 4.14 (1H. AB, JAB 13.5Ht. 

NCtl,Ph). 3.84 (lH, ABq, JBA 13.5Hs, NCf?,Ph) 3.82 (1H. br, X of ABX, O,CCH). 3.37 (lH, AB, JAB 
4.7Hz. CONCii,), 3.26 (lH, AB. JBA 4.7 Hz. CONCtl,). 3.10 and 2.60 (2H, A and B 0f ABX, CHCH,COH); 
6C (62.9 MM, CDCl,) 38.6 (t. CHCH,), 60.3. 62.7 (t. 2 x CH,Ph), 66.4 (d, CHCH,), 77.9 (t, CONCH,), 
80.0 (d. CHPhl), 87.5 (s, splro C), 126.7-129.5 (phenyl), 134.6, 136.2. 139.4, 139.6 (quarternary 
phenyl), 164.3 and 169.0 (a. 2 x C-0); m/z (F.D.) 539 (WI*). 

Dlphenylmethyl (4S~.7R*~-6-benzyl-2-hydroxy-l-oxo-5-oxa-2,6-dlazasplro C3.41 ootane-7-carboxylate 
(461) 

A solutlon of cycloadduct 45a (6Cmg, 0.11~01) In methanol (lea') wee degassed, then Pd-C 
(5mg) added. The reactlon nlxtw~was stirred under an atmosphere of hydrogen (1at.m) iOr 30 mlns, 
then flltered through cellte before the solvent was removed In vacw to give as a white solid, 46a 
(37~, 751); bar (CH,CN) 1772 and 1732a-‘; dH (30Mir). CD,CW)l (15H. II, phenyl), 6.92 (lH, 
s. CHPh,). 4.06 (lH, ABq. JAB 12Hs, CH,Ph, 4.00 (lH, 18, 
3.71-(1H. AB, JAB ~Hz. CONC!,), 3.65 71H. AS, 

JAB 12Hz. CH,Ph), 3.85 (1H, br m, CEH,) 

Ctl,CH) and 1.67 (br, OH). 
JBA 7Hx. CONCt!,). 3.06 (1H. m, Cil,CH). 2.68 (1H. II, 

Dlphenyl (4S~,7S~)-6-benzyl-l-oxo-5-oxa-2,6-dlazosprlo[3.4loctane-7-c~~xylate (47a) 
N-Hydroxy lactan 46a (45mg. 0.1~1) wee dissolved In MF under argon. A solutl0” of sodlra 

aaetste (9Cag, O.tiol)!n water (5cm*) was added, followed by the dropulse addition of 15s TlCl, 
(O.aol) In water. After 2h at roc¶ temperature the resulting blue suapenslon w.xs poured lnt.0 
ethyl acetate (loca’), extracted with O.lM aoldlum hydroxide solution t2x5am.j and brine (lOa’), 
drlmd over sodium sulphate, filtered and evaporated to give a white solid 47a (35mg, 801): bar 
3440. 1778 and 174Oc(a-‘; 6H(3OOwZ. CD&N) 7.4-7.2 (15H, a. phenyl). 6.91 Tiii. 5. Ph,CH). 5.8 (1H, 
br,NH). 4.3-3.7 (3iI, m, CH,Ph and CHCH,), 3.56 (1H. AB, JAB ~Hz, 
ABX ,-CHCH, ) . 

CONI&) and 2.68-2.51 (2H. AB of 

(S~~-2-~ino-3-[~S*~-3-hydroxy-2-oxorzctldln-3-yllproplonlc acid (7) 
A solution of 6-lactam 47a (15mg. 0.034praol) In aethenol (2cm’) was degassed end Pd-C (2mg) 

added. The reactlon mixture E stirred under hydrogen (latm) for 18h. The reaCtlO” mixture wan 
filtered through cellte and the solvent removed. The residue ~a8 trlturated with water and the 
aqueous extracts lyophillsed to glva. as a uhlte powder. 1 (6mg, 651): be, (D,O) 1742cti’: 6 
lH(30OWlz. D,O) 4.15 (distorted by HOD suppression), 3.60 (Zli, m. CONCH,). 3.1 (1H. A of AB, 
CH,CH) and 2.68 (lH, B of ABX, CH,CH). 
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