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Abstract: Starting from (S)-1.2,4-butanetriol-1,2-acetonide 7 and 4- 
acetoxy-Z-azetidinone 5, thz sensitive title compounds 1 and 2 were syn= 
thesized. The synthesis confirms the unusual (5S)-configuration of the 
fungicide natural D-lactam I which previously hgd been isolated from a 
Streptomyces strain. 

Very recently, Zeeck, Zahner et al. -- reported on the isolation and structure elucidation of the 

new B-Iactam antibiotic f-)-2-(2-hydroxyethyl)clavam2 (11, frcnn cultures of a strain of Strepto= 

myces antibioticus. The rather labile clavam exhibits no B-lactamase inhibition and only low anti= 

bacterial but high antifungal activity. Strong evidence was supported from chiroptical data that 

the bicyclus 1 has the unusual (z)-configuration at the bridge-head carbon atom and carries a 50 

hydrogen atom unlike to ail other R-Iactam antibiotics known in their absolute configuration at 

that time. In order to confirm the surprising finding unambigously by synthesis of 1 and to give 

alSO an access to the remaining three enanti~rically pure stereoisomers 2. ent-1, and ent-2, we 

undertook the following synthetic study.3 
- - 

In the meantime, for another fungicide clavam, 2-(3-alanyl)clavam (Ro 22-5417)4*24 (3). the 

(52)-configuration was established by spectroscopic data5 and synthesis5*6 by the Roche research 

group. The first known member of this class, (-)-trans-2-(hydroxymethyl)clavam7 (4) has not been 

elucidated in its absotute configuration; but by comparison of the optical rotation. its (ES_) 

configuration 4 is to be assumed. 

2 R = CH2-CHb4H2)C02H 

Synthetic. scheme: Although the structure of the R-lactam 1, from the synthetic point of 
view, is surprisingly simple, difficulties were expected fran its great instability: 1 decomposes 

rapidly when kept in concentrated solution at room temperature, and also in diluted solutions, it 

does not survive even slightly basic or acidic reaction conditions.G Since 2'-O-protected deriva= 

tives of 1 are stable compounds,283 obviously, the decomposition begins with an intramolecular 

attack of the hydroxy group at the azetidinone ring, passably at C-5. 

2467 
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For the construction of the clavam skeleton, the Beecham annulation procedure' was envisaged, 

coupling racemic 4-acetoxy-2-azetidinone lo 5 with a differentiated derivative 6 of (S)-1.2.4- 

butanetriol across the free P-hydroxy group, followed by cycle-alkylation to form a mixture of 

enanticmerically pure diastereomers 1 and 2. It is noteworthy to mention, that the use of an enan= 

tiomerically pure equivalent for 5 does not offer any advantage because substitutions in the 

4-position of 2-azetidinones proceed via planar intermediates, and hence, non-stereospecifically." 

H 

OAc 
l 

p-H 
X 

5 6 = = 

The chiral starting material (I)-1,2,4-butanetriol 1,2-acetonide 7 is obtained from (S)-malic 

acid by the procedure of Corey 12 et al. and is separated from the accompanying 2.4-acetonide via 

their 3,5_dinitrobenzoates according to A. I. Meyers et a1.;13 or, more conveniently, is prepared 

via a two-step reduction sequence published recently by S. Saito et a1.14 

For the success of the synthesis, the proper selection of the 2'-0 protecting group is cru= 

cial: In a preceeding study, a 1 : 1 mixture of the benzyl ethers of 1 and 2 was prepared, neither 
these nor 1 and 2 turned out to be separable by chromatographic m-ethods.15 Furthermore the hydra= 

genolytic deprotection (Pd/C) proceeded very sluggishly with low yield, because protic solvents or 

catalysts had to be avoided in order to suppress decomposition. Many of the cormnon hydroxyl pro= 

tecting groups are not compatible with the reaction conditions in several synthetic steps. So we 

develop..ed the 4-methoxy-3-nitro-benzyl (MNB) group as a new benzyl type protecting group. The 

reasons are: the reduction of the nitro group to give an amino function offers further possi= 

bilities for the diastereomer separation, and, moreover, from a mechanistic study, 16 a more 

facile hydrogenolysis of +M-substituted benzyl residues was expected to occur. 

Execution: The (z)-1,2-acetonide 7 was alkylated at the 4-hydroxy group with 4-methoxy-3- 

nitrobenzyl chloride l7 8 (Scheme 1) and the crude ether 9 was hydrolyzed to give the diol 10. The 

primary mesylate 11 was formed without contamination by the secondary isaner, together with the 

easily separable dimesylate 12 (7X), on treatment of 10 with methanesulfonyl chloride in dichloro= 

methane/pyridine. For coupling the hydroxyl group of 11 to 4-acetoxy-2-afitidinone (5). initially, 

the benzene solution of 5 and 8 was heated in the presence of zinc oxide to afford the epimeric 

mixture (S)- and (l-Q-13 (5 : 6) with only 17% yield. The yield was enhanced to 70% by application 

of the palladium catalyzed coupling reaction, recently published by Weigele. 5,6 

The cyclization was accomplished by a modification of the Beecham method,' heating 13 in 

presence of 3 mol-equiv. potassium carbonate and sodium iodide in HMPT. Careful silica gel chro= 

matography yielded the clavams 14 as an epimeric mixture (52)- and (5lJ)-14 in a 4 : 6 ratio with 
56% yield, contaminated by 6% of an inseparable unknown isomer. In addition, 1% of the 4'-hydroxy 

derivative 17 (epimers. 30 : 70, presumably formed by iodide-induced 0-demethylation) and 2% of 
the enol ether 16 (formed by elimination of methanesulfonic acid) were found. 

On hydrogenolysis of 14, the amines 15 (55 : 5lj = 30 : 70) were obtained with 85% yield 

(contaminated by 7% of an unknown isomer). On this stage, (S)- and (I)-15 could be separated and 

purified by repeated HPLC on silica gel, using tert-butyl methyl ether/p-heptane/chloroform 

- (3 : 2 : 1) and chloroform/acetonitrile (95 : 5) as eluants. All attemps to separate the more 

stable nitro compounds 14, the phenylureas 18 (with phenyl isocyanate, 89%) or the tert-butyl 

urethanes 19 (25 equiv. di(tert-butyl) dicarbonate. 24 h at 20 'C, 83%) remained UnSUCCeSSfUllY. 

Although feasible for simpler Mdel compounds, the hydrogenolytic removal of the 3-amino- 
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Scheme 1 
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18 R’= NHC(=O)NHPh , R2 = OCH, 

19 R’ = NHC(=O)OtBu , R* = OCH, 

Cal NaH; 4-methoxy-Snitrobenzyl chloride, HMPT, 30 'C; 88%; Cbl 0.15N aq. ptOlueneSulfOniC 

acid/THF, 20 'C; 68%; Cc3 1.1 equiv. methanesulfonyl chloride, pyridine. CH2C12. 5 days O-5 'C; 

67% 11 and 7% 12; Cdl triethylamine, 7 mol-% palladium(I1) acetate, benzene, 2 days 25 'C; 70%; 

or 2 mol-equiv. ZnO, benzene, 55 h at 55 'C; 17%; Gel K2C0.#NaI. HHPT, 5 h at 70 'C; 56%; IfI H2, 

10% Pd/C, THF, 20 'C, 1 bar; 85%; [g] HPLC separation; DDQ, CH2C12/uater; 19% 1 or 20% 2. 
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I-methoxybenzyl group of 15 or 19 with several Pd-, Pt-, or Ni-catalysts failed. Even in the pre= 

Sence of an equimlar amount (!) Pd/C, the decomposition of clavams 1 and 2 proceeded faster than 

their liberation. The same is true for the oxydative debenzylation by means of tris(l-bromophenyl)= 

ammonium radical cation hexachloroantimonate, according to Steckhan. " Finally, we succeeded by 

applying of the method of Yonemitsu, 2o using 2,3-dichloro-5.6-dicyano-1,4-benzoquinone (OOQ) and 

buffered solution under carefully controlled conditions: From (+)-(s)-15 the pure (-)-(2&S?)- 

clavam 1 was obtained with 19% yield and proved identical with the natural product in all respects, 

including the optical rotation. 

yield, Cali = 
lB2' Similarly. (+)-(Fj)-15 gave the (+)-(22,5lJ-epimer 2 with 20% 

+125 (C = 0.2 in CHC13), which also is unstable (presumably attack of OH at C=O). 

'H NMR spectra of clavams 1 and 2: As already recognized by Bentley and Hunt,' 2,5-trans-2- 

alkylclavams exhibit a larger difference in the 'H NMR chemical shift between 3-Hb and 3-H, than 

the 2,5-cis analogues (1: - 6 = 1.37; 2: 0.24 ppm). Table 1 shows the 'H NMR data of 1 and 2, in= 

eluding sag coupling constants, which (in part) were obtained by selective irradiation and spin- 

tickling experiments. 22 Although, some differences in remote coupling of 3-H2 are seen, these 

values are of lower diagnostic value. 

1 2 = = 

Table 1. 'H NMR data (CDC13, 200 MHz) of 1 and 2 [a] 

1, 6 (Pm) 12 (Hz) 2, 6 (ppm) J (Hz) 

2-H 4.28 

3-H, 2.66 

3-Hb 4.03 

5-H 5.35 

6-H, 2.87 

6-Hb 3.32 

B-H2 1.86 

g-H2 3.83 

OH 1.97 

$,3a = 7.6, $,3b = 6.0, 

$,8a = 7.6, J+8b = 5.1 

i3 3 = 11.7, 

_?3'3 = 11.7, 

i3 2 = 7.6 

i3;5 = 0.5 

_?3'2 ' = 6.0, 

%,6b = 2.9, &,6a = 0.9, 

&,3b = 0.5 

% 6 = 16.4, & , 5 = 0.9 

& 6 = 16.4, & 5 = 2.9, 

&13 = 0.8 ’ 

m 

m 

m 

4.49 

3.44 

3.20 

5.18 

3.27 

2.88 

1.90 

3.61 

1.81 

$?,3a = &?,3b = $,8a = 

?12,8b = 6.5-7.0 Hz 

d3 3 = 10.6, 

J3'3 = 10.6, 

i3 2 = 7.1 

d3:6a = 0.9 

_?3'2 ’ = 6.8, 

&,6a = 2.7, %,6b = 0.7 

& 6 = 16.1, 

_?6;3b = 0.9 

& ’ 5 = 2.7, 

& 6 = 16.1, & , 5 = 0.7 

m 

?* = 5.8 

Cal Clavam numbering is shown here. For conversion to IUPAC numbering (as used 

in experiolental part), positions 2 and 3 are reversed, 8 and 9 are ex= 

changed for 1' and 2'. 
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ZnO-mediated cou lin : 
r/ Ll were stirFed it 55 C for 55 h. Work-up with dichloromethane (50 mL), water (20 mL) and 

11 63.5 mnol). 5 (7.0 ml), and zinc oxide (0.57 g, 7.0 mnol) in benzene 

ace!ic acid (0.56 ml), followed by LC yielded 0.236 g (16%) 13 (1 : 
4-(4+nethoxy-3-nitrobenzyloxy)-2-azetidinone (9X), RF = 0.23. - 

1) beside 11 (31%) and 

13, IR (K8r): 3365 (NH), 1770 (C=O). 1533 and 1355 (N02). 1350 and 1175 cm" (OS02). - 'H NMR 

(CDC13. 200 MHz): 6 = 1.66-1.98 (m, 3-H2) 2.78-3.26 (m. 3’-H2); 3.07 and 3.08 (each s, S02CH3); 

3.46-4.42 (m, 5 H, l-HE, 2-H, and 4-H2); 4.00 (s, OCH3); 4.50 (s, CH2Ar); 5.16 Idd, 12, 3c = 4.0 Hz, 

$ 3t = 1.5 Hz, 4-H of (4'R)-133; 5.29 [dd, 5 3c = 4.0 Hz, 5 3t = 1.8 Hz. 4-H of (4';)-133; 

6.il and 6.56 (each m, NH) 7.12 and 7.13 (each'd); 7.53 and 7.55 (each dd); 7.86 and 7.87 (each d) 

(3 H, aryl). 

C16H22N20gS (418.43) Calc. C 45.93 H 5.30.Found C 45.94 H 5.32 

Base-induced cyclization; (3S,5RS)-3- 
2 Olheptan-/-one [(5R)-14 and (55) . . 

9 7) h d d N I (3 75 
phbsph&t: trEi:tr'(65amL) 

25 
~ereg&.ir 

reaction mixture tert-butyl methyl ether (500 mL), phosphate buff& solution (pH 7, 100 mL) and 
ice (100 g) were wd. The aqueous soln. was extracted 3 x with tert-butyl methyl ether (100 mL 
each), the combined ether solns. were washed with water (3x100 mL),rine (100 mL), dried over 
MgSO and evapourated in vacuum. LC (silica gel. 200 g; ethyl aceti+te/cyclohexane. 2 : 1) 
affotded 1.51 g (56%) 14 [R = 0.37; ratio (5s) : (5R) = 40 : 60; H NMR] which are acccnnpanied 
by 6% of an unseparable unk&nwn isomeric R-la&sm X-NO 
From the more polar fractions, 25 mg (1%) of the 4'-de!&.hyl .derivatives 17 (5s : 5R = 30 : 70). 
RF = 0.27, and 50 mg (2%), RF = 0.19, of the enol ether 16 were isolated. (5ET-l4,-IR (Kar): 

1783 (C=O), 1530 and 1355 cm" (N02). - 'H NMR (CDC13, 200 MHz, from the mixture): (55)-14: 6 = 

1.82-2.04 (m, la-He); 2.64 (ddd, J 

J = 16.4 Hz, 6-H,); 3.29 (ddd, 5;': ;,::'",,:i:': ;.:':z"'i;;: ~.~.~z"'6_',,1'4'4.~~8~t~d~ = 

5.9 Hz. 2'-H2); 3.97 (s, 0CH3); 3199 (dd. A3 3 = il.6 Hz, i3 2 ='6.0 Hz, 2-HD); 4.30-4.56 (m. 

3-H); 4.48 (s. aryl-CH2); 5.31 (d, J = 2.9 H;, 5-H); 7.08 (d: J = 8.6 Hz. 5"-H); 7.51 (dd, 

6,, 5,, = 8.6 Hz, &,I 2,, = 3 2.1 Hz, 6"-H); 7.84 ppm (d, 2 = 2.1 Hz, 2"-H). (5g)-14: 6 = 1.82-2.04 

(m,'l'-H2); 2.84 (d,'J = 15.7 Hz; 6-HD); 3.17 (ddd, 3 2 = 10.5 Hz, 3 3 = 6.7 Hz, 3 6a = 0.6 Hz; 

2-H,-,); 3.26 (ddd, 5 6 = 15.7 Hz, & 5 = 2.5 Hz, & 20'= 0.6 Hz, 6-H,): 3,43 (dd, 3 ; = 10.5 Hz, 

3 3 = 7.1 Hz, 2-H,): 3.61 (t, J = 519 Hz, 2'-H2); j-97 (s, 0CH3); 4.30-4.56 (m, 3-Hj; 4.48 (s, 

ar;l-CH2); 5.15 (d, J = 2.5 Hz, 5-H); and aromatic absorptions (see above). 

C15H18N206 (322.32).Calc. C 55.90 H 5.63.Found C 55.57 H 5.66. 

(3S,5RS)-3-[2-(4-Hydroxy-3-nitrobenzyloxy)ethyll-4-oxa-l-azabicyclo[3.2.Olheptan-7-one C(5RS)-171: 

IR (neat): 3285 (OH), 1773 (CO), 1528 and 1320 cm-' (N02). - 'H NMR (CDC13, 200 MHz, from the dia: 

stereomeric mixture), (55)-17: 6 = 1.75-2.03 (m, l'-H2); 2.58 (dd, 3 2 = 12.7 Hz, 3 3 = 7.4 Hz, 

2-H,); 2.77 (d, J = 16.1 Hz, 6-Ha); 3.23 (dd, J6 6 = 16.1 Hz, J6 5 = 2.5 Hz, 6-H,-,); 3154 (t, J = 

5.9 Hz. 2'-H2); 3.95 (dd, 3 2 = 12.7 Hz, 4 3 ='7.6 Hz, 2-HD); i-22-4.53 (m, 3-H); 4.40 (s, 

aryl-CH2); 5.26 (d, J = 2.5 Hz, 5-H); 7.09 (d, d = 8.6 Hz, 5"-H); 7.49 (dd. & 5 = 8.6 Hz. & 2 = 

2.1 Hz, 6"-H); 8.01 (d, J = 2.1 Hz, 2"-H); 10.46 ppm (b.s, OH). - (5!)-17: 6 ='1.75-2.03 (m, ’ 

l'-H2);2.77 (d, J = 16.1 Hz; 6-H,-,); 3.15 (dd. J 2 5 Hz 6 H ) 3 36 tdd2j2 = 10.5 Hz, $,3 = 6.4 Hz, 2-H,+; 3.20 (dd, 

&6=16.1Hz,&5= . , -a; . 

2: 5.9 Hz, 2'-H2); 

, -2 2 = 10.5 Hz, 3 3 = 7.6 Hz, 2-H,); 3.54 (t, 

4.22-4.53 (m, 3-H); 4.40 (s, &-yl-CH2); 5.08 id, J = 2.5 Hz; 5-H); and 

aromatic protons. see above. 

C14H16N206 (308.29) Calc. C 54.54 H 5.23.Found H 54.43 H 5.31. 

4-C4-(4-Methoxy-3-nitrobenzyloxy)-l-buten-2-yloxyl-2-azetidinone (16): IR (neat): 3270 (NH), 1780 

(C=O), 1528 and 1355 cm-' (N02). - 'H NMR (CDC13. 200 MHz): 6 = 2.42 (t, J = 6.5 Hz. 3'-H2); 2.97 

(ddd, after D20-exchange dd. J _ 15 , H2,3J= 15.1 Hz, &,, = 1.3 Hz, &4 - - 1.3 Hz, 3-H,); 3.28 (ddd, after 

D20-exchange dd, 2 

3 91 (d J = 2 8 HiB31- H ’ 
, _3 4 = 3.8 Hz, 4 , = 2.3 Hz, 3-Hb); 3.61 (t, i = 6.5 Hz. 4'-H2); 

* ,_ . , I_ trans); 4.60 (s, 0CH3); 4117 (d, J = 2.8 Hz. l'-Hcis); 4.48 (s. aryl-CH2); 

5.47 (dd, $,3b = 3.8 Hz. $,3a = 1.3 Hz, 4-H), 6.65-6.64 (m, NH); aryl part: 7.07 (d, J = 8.6 Hz. 

5-H); 7.55 (dd, & 5 = 8.6 Hz, & 2 = 2.2 Hz, 6-H); 7.87 ppm (d, J = 2.2 Hz, 2-H). 

C15H18N206 (322.22j.Calcr C 55.90.H 5.63.Found C 55.99 H 5.79. 
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,55)- and (3S,5R)-3-~2-(3-PI8ino-4-methoxybnzyl)ethyl]-4-oxa-l-azabicyclo[3.2.0)heptan-4-one 
S)- and (5R)-151: (5RS)-14 (0 465 1 44 1 40 60) WCmpanied b 

T12 L) was hydrogenolyzed (1 ba; 10';) in pze&e oi 1OX'PdIC (120 mg) 
catalyst by filtration, evaporatiin of the solvent, followed by LC (silice gel, 40 g* dichlorox 
methane/tert-butyl methyl ether, 3 : 1) afforded 0.358 g (85%) (5E)-15 (30 : 70; 'H'NMR), 
acccmpanmy 7% of X-NH2 (2 diastereaners). 
The isomers (217 rag) were separated by HPLC (Nucleosil, 5 urn, colwm 250 x 8 n), 3 rag per run. 
By using twice E-butyl methyl ether/n-heptansddichloromethane (3 : 2 : 1, 2.9 mL/min) as 
eluant, 36 mg pure (5S)-15 (t = 27.2 min). [a] = -105.4 (c = 1.7, CHCl ), and 100 mg of 
(5R)-15 and X-NH (95-: 5), tR = 30.6 min, wereDcollected. The second fra&.ion was separated 
twice with trich~oromethane/a~etonitri& (95 
(tR = 25.9 min; X-NH = 26.9 min), [a], 

: 5, 1.5 mL/min) affording 54 mg of pure (5R)-15 
= t 99 (c = 1.7, CHC13). IR (KBr. mixture): 3463 and 

3370 (NH2), 1780 cm-' (C=O). - 'H NMR (CDCl 3, 200 MHz); (52)-15: 6 = 1.70-2.03 (m; l'-H2); 2.63 

, D Hz ~ H ) 3 28 (dz,3J= 7.6 Hz, $,68 = 0.8 Hz. 2-H,); 2.84 (dd, &,6 = 16.4 HZ, &,5 = (ddd, 5 2 = 11.8 Hz, J 

., ; . - 16.4 Hz, & 5 = 3.0 Hz, & 2a = 0.8 Hz, 6-H&; 3.52 (dd, 

$,,,, = 6.; Hz and 5.5 Hz?;'-,,); 3.80 (b.;, NH2); 3.85 (;, OCH3); 3.97 (ddd, 3 2 = 11.8 Hz, 

4.37 (d, J = 1.5 Hz, aryliCH2); 5.29 

(m, 3 aryl-H). - (5E)-15: 6 = 1.77-2.06 

0.6 Hz, 6-H& 3.14 (ddd, 3 2 = 10.5 Hz, 3 3 = 

6 = 15.9 Hz, & 5 = 2.5 Hz, & 28 = 0.6 Hz. 6-H,); 

7.2 Hz, 2-H;); 3.53 (t, 2 ='6.1 Hz, 2'-H2); 3.81 (b.s, NH2); 

4.43 (m, 3-H); 5.12 (dd. % 6 = 2.5 HZ, % 6R = 0.6 HZ, 5-H); 

6.63-6.82 ppm (m, 3 aryl-H). - X-NH2: 6 = 5.19 and 5.21 (each d: J = 2.5 Hz). ’ 

-)-(3S.5S)-3-(2-Hydroxyethyl)-4-oxa-l-azabicycloC3.2.0lheptan-7-one [(-)-11: (5S)-15 (42 mg, 
14 1) in dichloromethane (5 L) 

b&zoTnone (DDQ 37 mg, 
dd d to a suspension of 2 3-di chloro-3 6-dicyano-1.4- 

0.16 nmioy) i~~fc~lo&eW.hane/water (0.4 t 6.2 mL) and stirred under Ar 
at 20 C for 22 min. For immediate work-up, phosphate buffer (0.5 M, pH 7, 1.5 mL) was added, and 
the mixture extracted with dichloranethane (5 x 10 mL). The combined solns. were dried over 
MgSO , the solvent evaporated and the residue3purified by LC 
affo?ding 4.2 mg (19%) (-)-1, R = 0.27, [a] 

(silica 20 g; ethyl acetate) 

0.52. 
= -152 (c = 0.2, CHCl 

Under ideRtjca1 conditions, 
and 4.7 mg (22%) 3-amino- 

a sam freshly purified 
= -154. IR- and H NMR-spectra of synthetic (-)-1 proved identical 

with these of the natural ppoduct. 

(+)-(3S,5R)-3-(E-Hydroxyethyl)-4-oxa-l-azabicyclo[3.2.Olheptan-7-one C(t)-21: (5R)-15 (54 ug. 
18 1) dDDi)(47 

t;o LTuri;ycations 
0 21 1) ti ti 27 

(s?fica'geIyi g: :?1;1 i!etaE R 
min., afforded as described above, after 
- 0.27; tert-butyl methyl ether/dichloro= 

methane, 2 : 1, RF = 0.12) 5.9 mg (20%) (t)-2, oil; '[a?i3 = +125T= 0.2, CHC13). - IR (KBr): 

3435 (OH), 1775 cm-' (CEO). - 'H NMR (CDC13, 200 MHz): 6 = 1.54-2.08 (m, OH); 1.84-1.98 (m. 

l'-H2); 2.88 (dd, .& 6 = 16.1 Hz, 5 5 = 0.7 Hz, 6-H&; 3.20 (ddd, 4 2 = 10.6 Hz, 4 3 = 6.8 Hz, 

$,6a = 0.9 HZ, 2-H8j; 3.27 (ddd, _?6'6 = 16.1 HZ, 4 5 = 2.7 Hz. & 28 = 0.9 HZ, 6-H,!; 3.44 (dd, 

5 2 = 10.6 Hz, $ 3 = 7.1 Hz, 2-H,): 3.81 (t, 2 = 518 Hz, 2'-H2); i.49 (m, J = 6.7 Hz, 3-H); 5.18 

(dd, & 68 = 2.7 Hi, & 6a = 0.7 Hz, 5-H). 13C NMR (CDC13): 6 = 36.8 (C-l'), 44.1 (C-6), 51.6 

(C-3), 60.2 (C-2'), 82.5 (C-2). 84.5 (C-5). 177.8 ppm (C-4). 

MS (70 eV, m/e): C7HI,N03, Calc. 157.0739. Found 157.0739. 

-Phenylureido-4-methoxybenzyloxy)ethyll-4-oxa-l-azabicyclo[3.2.0]heptan-7-one 
)-I6 (22 th 

(O.O12TL, 0.16 2;) 
0 08 1 6 5) i d di hl (I 5 Ll and phenyl iso= 

CYat’Iate ;ere?i;red'at 25noCr!or E h?&o~!~ion'ofmthe solvent and LC 
(silica gel. 8 g; tert-butyl methyl ether/dichloromethane, 1 : 3) afforded 28 mg (89%) (SRS)-ie 
(6 : 5), RF = 9.5mseparable yellow oil. - IR (KBr): 3350 (NH), 1783 (lactam-C=O), 166Tcm 
(urea-C=O). - H NMR (from the mixture, CDCl,, 100 MHz), (55)-18: 6 = 1.70-2.04 (m, II-H,); 2.62 

8.0 Hz, 2-H,); 3155 ("t". J = 6.3 Hz, 2'-H2); 3.80 (s, 0CH3): 3.94 

- 6.0 Hz, 2-H8); 4.25-4.60 (m. 3-H); 4.40 (s. Ar-CH2); 5.30 (d, % 6 = 

- . (5lJ)-18: 2.7-3.7 (m. 2-H2); 5.13 (d, &,6 = 2.5 Hz, 5-H); and others. 

C22H25N305 (411.46).Calc. C 64.22 H 6.12.Found C 64.09 H 6.22. 

(3S,5RS)-3-12-(3-N-tert- 
2 Olheptan-7-one 

mino)-4-methoxy-benzyloxyethyl]-4-oxa-l-arabicyclo= 
. . 

71 o L 4 3 I) 
L(5R 49 q. 0.17 mnO1. 1 : 1 end di-tert-butyl dlcarbonate 

by'Ku:eirohr ?&ilrztrTo 
66 h. tert-Butanol and excess dicxnate were removed 

tert-butyl methyl ether/hexanes (1 
s Purim by chromatography on silica gel (8 g) using 

: 2) as eluant. affording 54 mg (83%) (5RS)-19 (1 : 1). R - 
m. as a colourless oil. No conditions were found for diastereomer separanon. - IR (KBr)! 

3430 (NH), 1780 (lactam-C=O), 1724 cm-' (urethane-C=O). - 'H NMR (from the mixture, CDC13. 




