0040-4020/87 $3.00+ .00

Tetrahedron Vol. 43, No. 11, pp. 2467 1o 2474, 1987
Pergamon Sournals Ltd.

Printed in Great Britain.

ENANTIOSELECTIVE TOTAL SYNTHESIS OF THE FUNGICIDE B-LACTAM ANTIBIOTIC
{-)-(25,55)-2-(2-HYDROXYETHYL)CLAVAM AND I1TS {+)-(25,5R)-EPIMER.

DIETER HOPPE™2) and THOMAS HILPERT®)

a) Institut fir Organische Chemie, Universitat Kiel,
Olshausenstr. 40, D-2300 Kiel 1, FRG

b) Institut fir Organische Chemie, Universitdt G0ttingen,
Tammannstr. 2, D-3400 GSttingen, FRG

(Received in Germany 9 December 1986)

Abstract:  Starting from (S)-1,2,4-butanetriol-1,2-acetonide 7 and 4-
acetoxy-2-azetidinone §, the sensxtive title compounds 1 and 2 were syn=

thesized. The synthesis confirms the unusual (5S)-configuration of the

fungicide natural B-lactam 1 which previously had been isolated from a

Streptomyces strain.

Very recently, Zeeck, Zihner et al. reported on the isolation and structure elucidation of the
new B-lactam antibiotic (-)-2-(2- hydroxyethyl)clavam (1), from 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 (S)-configuration at the bridge-head carbon atom and carries a 5B
hydrogen atom unlike to all other B-lactam 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 enantiomerically pure sterecisomers 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
(5S)~configuration was established by spectroscopic data5 and synthesiss'6 by the Roche research
group. The first known member of this class, (—)-35525—2-(hydroxymethyl)clavam7 {4) has not been
elucidated in its absolute configuration; but by comparison of the optical rotation, its {55)
configuration 4 is to be assumed.

Y OH H | 0, JR

4 i ¢ (s}
1 2 3 R:= CH,-CHINH,ICOH
) 4 R= CH,0H

Synthetic. scheme: .Although the structure of the B-lactam 1, from the synthetic point of
view, is surprisingly simple, difficulties were expected from 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 b551c or acidic reaction condltions.8 Since 2'-0-protected deriva=
tives of { are stable compounds,©’ 2,3 obviously, the decomposition begins with an intramolecular
attack of the hydroxy group at the azetidinone ring, presumably at C-5.
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For the construction of the clavam skeleton, the Beecham annulation procedure9 was envisaged,
coupling racemic 4-acetoxy-2-azetldlnone10 § with a differentiated derivative 6 of (S)-1,2,4-
butanetriol across the free 2-hydroxy group, followed by cyclo-alkylation to form a mixture of
enantiomerically 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, nén-stereoSpeciflcall)a11

H H
20 OH , OAc HO OR’
N/ —NH y
0// 7 OH 0// H
X
18-H 5 6
é&-H

The chiral starting material (S)-1,2,4-butanetriol 1,2-acetonide 7 is obtained from (S)-malic
acid by the procedure of ggrgx12 et al. and is separated from the accompanying 2,4-acetonide via
their 3,5-dinitrobenzoates according to A. 1. Meyers et al.;13 or, more conveniently, is prepared
via a two-step reduction sequence published recently by S. Saito et al.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 methods.15 Furthermore the hydro=
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 common 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 (S)-1,2-acetonide 7 was alkylated at the 4-hydroxy group with 4-methoxy-3-
nitrobenzyl chloride17 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 isomer, together with the
easily separable dimesylate 12 (7%), on treatment of 10 with methanesulfonyl chloride in dichloro=
methane/pyridine. For coupling the hydroxyl group of 11 to 4-acetoxy-2-azetidinone (5), initially,
the benzene solution of 5 and 8 was heated in the presence of zinc oxide18 to afford the epimeric
mixture (S)- and (R)-13 (5 : 6) with only 17% yield. The yield was enhanced to 70% by application
of the palladium catalyzed coupling reaction, recently published by Neigele.s’

The cyclization was accomplished by a modification of the Beecham method,9 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 (55)- and (SR)-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 O-demethylation) and 2% of
the enol ether 16 (formed by elimination of methanesulfonic acid) were found.

On hydrogenolysis of 14, the amines 15 (5S : SR = 30 : 70) were obtained with 85% yield
(contaminated by 7% of an unknown isomer). On this stage, (S)- and (R)-15 could be separated and
purified by repeated HPLC on silica gel, using tert-butyl methyl ether/n-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 pheny! isocyanate, 89%) or the tert-butyl
urethanes 19 (25 equiv. di(tert-butyl) dicarbonate, 24 h at 20 Oc, 83%) remained unsuccessfully.

Although feasible for simpler model compounds, the hydrogenolytic removal of the 3-amino-
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[a] NaH; 4-methoxy-3-nitrobenzyl chloride, HMPT, 30 Oc. 88%; [b] 0.15N aq. p-toluenesulfonic
acid/THF, 20 °c; 68%; [c] 1.1 equiv. methanesulfonyl chloride, pyridine, CHZClZ. S days 0-5 °c;
67% 11 and 7% 12; (d] triethylamine, 7 mol-% palladium(II) acetate, benzene, 2 days 25 %; 70%;
or 2 mol-equiv. Zn0, benzene, 55 h at 55 Oc; 17%; [e) K2C03/Nal, HMPT, 5 h at 70 °C; 56%; [f] HZ’
10% Pd/C, THF, 20 °C, 1 bar; 86%; [g] HPLC separation; DDQ, CHyCl,/water; 19% 1 or 20% 2.
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4-methoxybenzyl group of 15 or 19 with several Pd-, Pt-, or Ni-catalysts failed. Even in the pre=
sence of an equimolar 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(4-bromophenyl)=
ammonium tadical cation hexachloroantimonate, according to Steckhan.19 Finally, we succeeded by
applying of the method of Yonemitsu,20 using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) and
buffered solution under carefully controlled conditions: From (+)-(S)-15 the pure (-)-(25,55)-
clavam 1 was obtained with 19% yield and proved identical with the natural product in all respects,
including the optical rotation.1'21 Similarly, {+)-(R)-15 gave the (+)-{25,5R)-epimer 2 with 20%
yield, [a][z)3 = 4125 (¢ = 0.2 in CHC13). which also is unstable (presumably attack of OH at C=0).

1H NMR spectra of clavams 1 and 2: As already recognized by Bentley and Hunt, 9 2,5-trans-2-

alkylclavams exhibit a larger difference in the 1H NMR chemical shxft between 3- H and 3- H than
the 2,5-cis analogues (1: & = 1.37; 2: 0.24 ppm). Table 1 shows the H NMR data of 1 and 2. in=
cluding some 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 (CDC15, 200 MHz) of 1 and 2 [a]
1, & (ppm) J (Hz) 2, & (ppm) J (Hz)
2-H 4.8 Jp 5= 7.6, 35 3p = 6.0, 449 3y 3, =dr 3 =9 8y =
Jp,8a = 765 Jp gp = 5.1 3y gp = 6.5-7.0 Hz
3-H, 2,66 Jy 3=11.7, J3, = 7.6 3.44 g3 4=10.6, J3 , = 7.1
3-Hy 4.03 g3 3 =117, J3 , = 6.0, 3.0 J3 4 =10.6, J3 , = 6.8,
33,5 = 0.5 33,60 7 09
5-H 5.35  Jg gp = 2.9, Jg g5 = 0.9, 5.18  Jg o = 2.7, Jg gp = 0.7
Jg,3p = 0-5
6-H, 2.87  Jg o= 16.4, Jg 5= 0.9 3.7 Jg g =16.1, Jg 5 = 2.7,
J5,3p = 0-9
6-Hy 3.3 Jg g =164, Jg ¢ = 2.9, 2.88  Jg ¢ =16.1, Jg o = 0.7
3:0.8
8-H2 1.86 m 1.90 m
9-H, 3.83 m 3.81  Jyg=5.8
OH 1.97 m 1.81 m

(a] Clavam numbering is shown here. For conversion to IUPAC numbering (as used
in experimental part), positions 2 and 3 are reversed, 8 and 9 are ex=
changed for 1' and 2'.
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EXPERIMENTAL

LC separations (>1 g) were carried out with "MN-Kieselgel 60", 0.05-0.2 mm (Macherey-Nagel GmbH &
Co KG, Diiren), or (<1 g) at 1-3 bar on "Silica Woelm 32-63", 0.032-0.063 mm, (Woelm Pharma GmbH &
Co, Escggege). In TLC analysea, spots of B-lactams 1, 2, 13-19 on treatment with Ehrlich's
reagent™ and heating to 100 “C appear coloured orange to red. HPLC separations were performed on
Solvent Delivery System Model 6000 A (Waters Associates Inc., Milford, USA). - Ethyl acetate,
pyridéne and triethylamine were distilled over CaH2 prior use; CHZCI2 and CHCl3 were distilled
over P,0,..

4710

(S)-3,4-1sopropylidenedioxy-butyl (4-methoxy-3-nitrobgnzyl) ether (9): (S)-1,2-Di-0-isopropyli=
ene-1,2,4-butanetrio .40 g, 30.0 mmol]), [a = 1. c .4, CH,0H), Bbtain?g by
lithium alanate reduction of methyl (S)~3,4-di-0-i58propylidene 3.4-dihydro§ybutanoate. was
dropped to a slurry of sodium hydride 10.79 g, 33 mm?‘) in dry HMPTA {20 mL) below 30 9C. and
stirred for 30 min. 3-Methoxy-3-nitrobenzyl chloride!’ (8) (6.05 30.0 mmol) in dry THF (20 mL)
were added below 15 “C and stirring was continued for 1.5 h at 30 “C. For work-up, aq. K,CO, soln.
5%, 5mL) was carefully added, the reaction mixture poured into ice water (60 mL) and ext;ac ed
with diethyl ether (3 x 50 mL). The ether solution was dried (KCl-soln.; solid K,C0,) and eva=
porated. The crude product 9, 9.20 g (88%), was used for the next step. An analy@lcgl sample was
purified by LC (silica gel, ether); oil,

()22 - -8.36 (c = 4.5, CHCl3) - IR (KBr): 1535 and 1365 cm™' (NO,). - "M NMR (CDCly): 6 = 1.35
and 1.40 (s, CH3); 1.89 ("q", J = 6 Hz, 2-Hy), 3.4-4.4 (m, § H, 4-Hy, 3-H, 1-H,); 3.94 (s, OCH,);
4.46 (s, OCHzAr); 7.04 (d), 7.47 (dd), and 7.77 ppm (d) (3 H, aryl).

C15HpyN0g (311.34). Calc. C 57.87 H 6.80. Found C 58.08 H 6.87.

(S)-4-(4-Methoxz-3-nitrobenzzlox;)-1,2-butandiol élogz Crude acetonide 9 (8.70 g) and p-toluene=
sulfonic acid monohydrate (0.6 gj in water + 20 mL) were kept at room temp. for 2.5 days.
Potassium carbonate (0.6 g) was added, the THF was rotated off in vacuum and the aq. mixture was

extracted with dichloromethane (3 x 40 mL). LC (silica gel, ethyl acetate) afforded 5.09 g 10
(63%, referred to 7) as a yellow oil, Re = 0.20.

[a12? = +1.37 (c = 2.7, CHCl,), -14.5 (c = 2.6, acetone). - IR (KBr): 3400 (OH), 1530 and
1355 cm™'(NO,). - 'H NMR (CDC1y):6 = 1.76 (q, J = 5.8 Hz; 3-Hy); 3.32-3.93 (m, 7 H; OH, 1-Hy,
2-H, 4-Hy); 3.93 (s, OCHy); 4.84 (s, OCH,Ar); 7.08, 7.47 and 7.76 ppm (3 H, aryl).

CyoHy N0 (271.27). Calc. C 53.13 H 6.32.Found C 53.22 H 6.26.

{S)-[4- (4-Methoxy-3-nitrobenzyloxy)-2-hydroxybutyl] methanesulfonate (11) and (S}-[4-(4-methoxy-3-

nitrobenzyloxy)butan-1,2-diyl] bis{methanesulfonate) (12): 10 (4.02 g, 17.8 mmol), dry pyridine
(1.86 mL, 23.1 mmol), and metnanesulfonyl chloride (1.52 mL, 19.5 mmol) in 8ry gichloromethane

(35 mL), were mixed below -10 “C under N, and were allowed to stand at 0-5 “C for § days. For
work-up, dichloromethane (50 mL) and ice“water (50 mL) were added, the organic phase was washed
with concd. aq. CuSO, soln. (2 x 15 mL), water (20 mL) phosphate buffer (pH 7; lOOmL) and brine
(10 mL). After drying over Na,SO,, evaporation of the solvent in vacuum below 20 °C, the residue
(6.88 g) was purified by LC (gil?ca gel, 400 g; ethyl acetate/cyclohexane, 2 : 1), affording the
monomesylate 11 (4.24 g, 67%), Re = 0.15, oil, and the dimesylate 12 (0.61 g, 7%), Re = 0.24, oil.

(@)% < -11.1 (c = 2.8, CHCI,).

11, IR (KBr}: 3530 (OH), 1535 and 1350 (N02), 1350 and 1178 cm" (SOZCH3). - 1H NMR (CDC13): [\
1.68-2.16 (m, 3-H2); 3.09 (s, SOZCH3); 3.40-3.72 (m, 5 H; l-Hz, 2-H, 4-H2); 3.88 (s, OH); 3.98
(s, OCH3); 4.51 (s, OCHzAr); 7.09 (d), 7.53 (dd), and 7.83 (d) (3 H, aryl).

C13H1908NS (349.36) Calc. C 44.69 H 5.48 Found C 44.53 H 5.46

12, IR (KBr): 1533 and 1358 (NOZ)’ 1358 and 1177 cm_1 (OSOZCH3). - H NMR (CDC13): § = 1.88-2.23
(m, 3-H,); 3.10 and 3.12 (each s, S0,CHy); 3.65 (t, J = 5.8 Hz, 4-H,); 3.99 (s, 0Ct,), 4.18-4.62
(m, 2 H, 1-H2); 4.50 (s, CHzAr); 7.08 (d), 7.54 (dd), and 7.83 (d) (3 H, aryl).

c14H21N01052 (427.45), Calc. € 39.34 H 4.95. Found C 39.22 H 5.13.

1

(2S)-4- (4-Methoxy-3-njtpobenzyloxy)-2-[ (4RS)-2-oxoazetidin-4-yloxy butyl methanesulfonate
-mediated coupling™  ". To the mesylate .16 g, IT.9 mmoT) and palTadium acetate (0.17 g,
0.75 mmol) 1n1anh. benzene (50 mL) under argon, triethylamine (1.20 g, 11.9 mmol) and 4-acetoxy-
2-azetidinone 50(1.54 g, 11.9 mmol) in benzene (15 mL) were added and the reaction mixture
stirred at 20-25 “C for 50 h. After 6 h and 24 h, additional 5 (each 0.76 g, 6.0 mmol) and
triethylamine (each 6.60 g, 6.0 mmol) in benzene (7 mL) were added. For work-up, the soln. was
poured from the tarry residue. The latter was diluted with ethyl acetate (50 mL). A crystalline
precipitation was filtered off and washed with ethyl acetate (30 mL). The combined solns. were
washed with water (3 x 50 mL) and brine (30 mL), dried over MgS04, and evaporated in vacuum. The
residue was purified by LC (silica gel, 400 g, 0.05-0.2 mm; ethyl acetate) in a cooled columg
(0-5 Oc) yielding 3.49 g (70%) 13; Rp = 0.1 {red colour on treatment with Ehrlich's reagent 3).
yellow oil, (4'S§-13 : (4'_@)-13 =43 : 57 {'H NMR).
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Zn0-mediated coupling: 11 53 5 mmol), 5 (7.0 mmol), and zinc oxide (0.57 g, 7.0 mmol) in benzene
{7/ mL) were stirred at 55 “C for 55 h. Work-up with dichloromethane (50 mL), water (20 mL) and
acetic acid .(0.56 mL), followed by LC yielded 0.236 g (16%) 13 {1 : 1) beside 11 (31%) and
4-(4-methoxy-3-nitrobenzyloxy)-2-azetidinone (9%), Rp = 0.23.

13, IR (KBr): 3365 (NH), 1770 (C<0), 1533 and 1355 (NO,), 1350 and 1175 cn™' (050,). - 'H NMR
(COCly, 200 MHz): & = 1.66-1.98 (m, 3-H,) 2.78-3.26 (m 3'-Hy); 3.07 and 3.08 (each s, SO,CH;);
3.46- 4 42 (m, 5 H, 1-Hy, 2-H, and 4-H, ) 4.00 (s, OCHy); 4.50 (s, CHAr); 5.16 [dd, J, 5 = 40 hz,
5,3t = 1.5 Hz, 4-H of (4'R)-13); 5. 29 (dd, Jp 3¢ = 4:0 Hz, Jy 5 = 1.8 Hz, 4-H of (4'$)-13);

6. 41 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).

CygMapN,0gS (418.43). Calc. C 45.93 H 5.30.Found C 45.94 H 5.32

Base-induced cyclization; 3
!3 .2, ?!ﬁeEEan-%-one %;ag R
, anh. powderei g, mmol ), and R'CO 3. 46 25 mmol) 1n anh hexamethyl

phosphoric triamide (65 mL) were stirred for 5 h a 8 sc under N,. For work-up, to the cold
reaction mixture tert-butyl methyl ether (500 mL), phosphate buffér solution (pH 7, 100 mL) and

ice (100 g) were added. 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)}, brine (100 mL), dried over

MgSOﬁ and evapourated in vacuum. LC (silica gel, 200 g; ethyl acetqte/cyclohexane, 2:1)

afforded 1.51 g (56%) 14 [R. = 0.37; ratio {(5S) : (5R) = 40 : H NMR] which are accompanied
by 6% of an unseparable unksnwn isomeric B- lactam X-NO
From the more polar fractions, 25 mg (1%) of the 4'-deaethyl derivatives 17 (5S : 30 : 70),

RF = 0.27, and 50 mg (2%), RF = 0.19, of the enol ether 16 were isolated. (53§T-14 IR (KBr):
1783 (C=0), 1530 and 1355 <:m'1 (NOZ)' - 1H NMR (CDC13, 200 MHz, from the mixture): (5S5)-14: § =
1.82-2.04 (m, 1'-H2);264 (ddd, '2=ll.6 Hz, ga3=7.3 Hz, _263=08Hz 2!1)'285 (d,
J = 16.4 Hz, 6H),329(ddd ‘—166'164HZ’—65'29HZ’—62 = 0.8 Hz, 6H) 3.61 (t, J =
5.9 Hz, 2'-H),397(S OCH3) 3.99 (dd, J33-116Hz J32-60Hz ZHB) 430-456(m,
3-H); 4.48 (s, aryl- CH2) 5.31 (d, Jd = 2.9 Hz, 5-H); 7.08 (d, J = 8.6 Hz, 5"-H); 7.51 (dd,

g6.. 5..:86HZ,J.. w=2.1 Hz, 6"-H); 7.84 ppm (d, J = 2.1 Hz, 2"-H). (5R)-14: & = 1.82-2.04
{m, 1'-H),284(d J 15.7 Hz; GHB).317(ddd,__22—105Hz,_2 = 6.7 Hz, 926 = 0.6 Hz;
ZHB),326(ddd 6-157HZ 265-25Hz QGZB-OGHZ 6H),343(dd,_22-105H2,
ge 3° 7.1 Hz, 2-H ), 3.61 (t, J = 5.9 Hz, 2'- HZ) 3.97 (s, OCH3) 4.30-4.56 (m, 3-H); 4.48 (s,
aryl CH ); 5.15 (d J = 2.5 Hz, 5-H); and aromatic absorptions (see above).

C15 18N206 (322.32). Calc. C 55.90 H 5.63.Found C 55.57 H 5.66.

(3S,5RS)-3-[2-(4-Hydroxy-3-nitrobenzyloxy)ethyl]-4-oxa-1-azabicyclo[3.2.0Jheptan-7-one [(5RS)-17]:
IR (neat): 3285 (OH), 1773 (C0), 1528 and 1320 cm™' (NO,). - 'K NMR (CDCl,, 200 MHz, from the dia=
stereomeric mixture), (55)-17: & = 1.75-2.03 (m, 1'-H2) 2.58 (dd, J o 12.7 Hz, 92 3= 7.4 Hz,
2H);277(dd 16.1 Hz, 6H),323(dd,_66-161Hz g65-25Hz 6H).354(tJ
59H22H),395(dd 222-127Hz,£23-76Hz 2H)422453(m,3H)440(s,
arleHz),526(dg 2.5 Hz, 5-H); 7.09 (d, J = 8.6 Hz, 5"H),749(dd ‘_]6’5'86sz_6,2=
2.1 Hz, 6"-H); 8.01 (d, J = 2.1 Hz, 2"-H); 10.46 ppm (b.s, OH). - (5R)-17: & = 1.75-2.03 (m,
1'H2)277(d J = 16.1 Hz; 6H),315(dd g22-105Hz i23=64Hz,2H);320(dd
_66-161Hz QGS'ZSHZ 6H),336(dd 2-105Hz,_23-76Hz 2H),354(t

= 5.9 Hz, 2' H2), 4,22-4.53 (m, 3 H); 4.40 (s aryl CHZ) 5.08 (d, J = 2.5 Hz; 5 H); and
aromatic protons, see above.

CaH16N206 (308.29) Calc. C 54.54 H 5.23.Found H 54.43 H 5.31.

4-{4-(4-Methoxy-3-nitrobenzyloxy)-1-buten-2-yloxyl-2-azetidinone (16): IR (neat): 3270 (NH), 1780
(C=0), 1528 and 1365 cm™' (NO,). - 'H NMR (CDClg, 200 MHz): & = 2.42 (t, J = 6.5 Hz, 3'-H,); 2.97
(ddd, after Dzo exchange dd, J3 3= 15.1 Hz, ga g = 1.3 Hz, J3 4 ° 1.3 Hz, 3- H ); 3.28 (ddd after
Dzo-exchangedd J33-151Hz J34-38Hz J31-23Hz 3Hb),361 (t, J-65Hz 4-H2).
3,91 (d, J = 2.8 Hz, 1'-H ),400(5,0CH).417(dJ 2.8 Hz, 1'-H_._); 4.48 (s, arleHz).

trans cis
5.47 (dd, J 94,3 * = 3.8 Hz, 94 3 ° 1.3 Hz, 4- H), 6.65-6.84 (m, NH); aryl part: 7.07 (d, J = 8.6 Hz,

5-H); 7.55 (dd 3-]65 86Hz £62 2.2 Hz, 6-H); 7.87 ppm (d, J = 2.2 Hz, 2-H).
C15H gNo0g (322.22). Calc. € 55.90 H 5.63.Found C 55.99 H 5.79.
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tan-4-one

mmm : - 0.46 4 mmo '.accmpane
y-rogenolyzed (1 bar, 10 h) in presence of 10% Pd/C (120 mg). Separation Gf the

catalyst by filtration, evaporatlon of the solvent, followed by LC (silica gel 401g. dichloro=
methane/tert-butyl methyl ether, 3 : 1) afforded 0.358 g (85%) (5RS)-15 (30 : H NMR),
accompanied by 7% of X-NH, (2 diastereomers).
The isomers (217 mg) were“separated by HPLC (Nucleosil, 5 um, column 250 x 8 mm), 3 mg per run.
By using twice tert-butyl methyl ether/n-heptan26dichloromethane (3:2:1, 2.9 mL/min) as
eluant, 36 mg pure (5S)-15 (t = 27.2 min), (aly” = -105.4 (c = 1.7, CHCl,), and 100 mg of
(SR)- 15 and X-NH (95: 5), t = 30.6 min, uere collected. The second fraétion was separated
twice with trlchforomethane/ageton1trlég (95 : 5, 1.5 mL/min) affording 54 mg of pure (5R)-1§
(t = 25.9 min; X- NH? 26.9 min) [a] =+ 99 (c = 1.7, CHC13). IR (KBr, mixture): 3465 and

3370 (NHZ)' 1780 cm™ ' (C=0). Ty NMR (CDC13, 200 MHz); (5S)-15: & = 1.70-2.03 (m; l'-Hz), 2.63
(ddd, !2 o = 11.8 Hz, QQ 3 = 7.6 Hz, 92 68 = 0.8 Hz, 2-H ) 2.84 (dd, 96 6 = 16.4 Hz, QG 5 =
1.0 Hz, 6-H ), 3.28 (ddd, J5.6 = 16.4 Hz, J5,5* 3.0 Hz, QG 2q © 0.8 Hz, 6-H ), 3.52 {(dd,
_2. T 6. 9 Hz and 5.5 Hz; 2'- H, ); 3.80 (b.s, NH, ); 3.85 (s, OCH ); 3.97 (ddd QZ = 11.8 Hz,
_2 3= 6.0 Hz, J 5= 0.3 Hz, 2- HB) 4.28-4.44 (m 3-H); 4.37 (d, J = 1.5 Hz, aryl- CHZ) 5.29
(ddd I 68 = = 3.0 Hz, 95 o = 0- 3 Hz, 5-H); 6.63-6.80 ppm (m, 3 aryl-H). - (5R)-15: & = 1.77-2.06
(m, 1'-H2); 2.83 (dd, —6 = 15.9 Hz, J J5.5 = 0.6 Hz, 6~ HB)' 3.14 (ddd, _2 2 = 10.5 Hz, 92 3=
6.7 Hz, QZ 6a = 0- 6 Hz, 2- HB)‘ 3.23 (ddd, 96 6 = 15.9 Hz, J 9.5 = 2.5 Hz, —6 28 = = 0.6 Hz, 6-H ),
3.42 (dd, J dh2* 10.5 Hz, QZ 3= 7.2 Hz, 2-H ), 3.53 (t, J = 6.1 Hz, 2'- HZ) 3.81 (b.s, NH ),
3.84 (s, OCH ); 4.36 (s, aryl CHZ) 4.43 (m, 3 H): 5.12 (dd, .6 " 2.5 Hz, J5 .68 = 0.6 Hz 5-H);
6.63-6.82 ppm (m, 3 aryl-H). - X- -NH,: & = 5.19 and 5.21 (each d, J =2.5 Hz)

(-)-{3S,55)-3-(2-Hydroxyethyl)-4-oxa-1-azabicyclo[3.2.0lheptan-7-one [{-)-1]: (55)-15 (42 mg,
0. 7% mmol) in dichloromethane (5 mL) were added to a suspension of 2,3-dichloro-5,6-dicyano-1.4-
benzoqainone (DDQ 37 mg, 0.16 mmol) in dichloromethane/water (0.4 + 0.2 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 dichloromethane (5 x 10 mL). The combined solns. were dried over
Mgsoﬁ, the solvent evaporated and the residu2 purified by LC (silica gel, 20 g; ethyl acetate)

di

affording 4.2 mg (19%) (- ) 1, 0.27, [aly” = -152 (c = 0.2, CHCl,) and 4.7 mg (22%) 3-amino-
4-methoxy-benzaldehyde, 230 52 Under 1deRt1ca1 conditions, a samBle of freshly purified
natural (-)-1 exhibited [&] = -154. IR- and 'H NMR-spectra of synthetic (-)-1 proved identical

with these of the natural ppoduc

{+)-(35, SR) 3 2-Hydroxyethyl )-4-oxa-1-azabic clo[3 2.0]heptan-7-one [(+)-2]: (5R)-15 (54 mg,

mg, on , as described above, after
two LC puriflcatlons (sxllca gel, 8 g; ethyl acetate R 23 0 27; tert- butyl methyl ether/dichloro=
methane, 2 : 1, R = 0.12) 5.9 mg (20%) (+)-2, oil; [a = +125 {c = 0.2, CHCl ) - IR (KBr):

3435 (OH), 1776 cm™' (C=0). - 'H NMR (COC1,, 200 MHz): 5= 1.54-2.08 (m, ou); 1.94-1.98 (m,
1'-Hy); 2.88 (dd, Jg ¢ = 16.1 Hz, Jg ¢ = 0.7 Hz, 6-Hy)i 3.20 (ddd, Jp , = 10.6 Kz, J, 4 = 6.8 hz,
—2ea'°9“2 2-Hdi 3.27 (add, Jg ¢ = 16.1 Mz, Jg ¢ = 2.7 W2, Jg o0 = 0.9 Hz, 6-H )5 3.44 (ad,
Jp.p = 10.6 H2, 3, 5 = 7.1 Hz, 2H),381(t J= 5.8 Hz, 2'-H,); 4.69 (m, J = 6.7 Hz, 3-H): 5.18
(dd, Jg gn = 2.7 W2, Jg ¢ - 0.7 Hz, 5-H). 13¢ NMR (CDCl,): 6 = 3sa(c1'),441 (C-6), 51.6
(c-3), eoz(c 2'), 82.5 (C-2), 84.5 (C-5), 177.8 ppm (C-4).

MS (70 eV, m/e): ¢, 11N03. Calc. 157.0739, Found 157.0739.

3-Phen lureido-4-methq41benzyloxy)ethyl} 4-oxa-1-azabicyclo[3.2.0]heptan-7-one
H mmol, T D) inodry dichloromethane (1.5 mL) and phenyl iso-=
cyanate (0.012°mL, 0.16 mmol) were stirred at 25 °C for 2 h. Evaporation of the solvent and LC

(silxca gel 8 g; tert-butyl methyl ether/dichloromethane, 1 : 3) afforded 28 mg (89%) (5RS)- -18

(3s, SRS) 3-[2-

(6 : 5), R 9 57, inseparable yellow oil. - IR (KBr): 3350 (NH). 1783 (lactam-C= 0). 1667 cm~
(urea = 0) H NMR (from the mixture, CDC13, 100 MHz), (55)-18: & = 1.70-2.04 (m, 1 -Hz) 2.62
(dd, ge 2= 12.0 Hz, 92 3= 8.0 Hz, 2-H ) 3.55 (“t", = 6.3 Hz, 2' 'HZ)' 3.80 (s, OCH ), 3.94

(dd, 92,2 = 12.0 Kz, J 9.3 6.0 Hz, 2- HB) 4.25-4.60 (m. 3-H); 4.40 (s, Ar- CHZ)’ 5.30 (d, 5.6 °

0.5 Hz, 5-H); and others. - (5R)-18: 2.7-3.7 (m, 2~ HZ)’ 5.13 (d, 6 " 2.5 Hz, 5-H); and others.
022H25N305 (411.46). Calc. C 64.22 H 6.12,Found C 64.09 H 6.22.

lox carbonylamino ~benz lox eth 1]- 4-oxa l-azablc clo=
P mg, mmo i- uty carbonate
{T. 0 mL 4.3 mmol) were kept f 25 Cfbr 6 h. tert Butanol and excess dica 5 nate were removed
by Kugelrohr distillation. The residue was puri?TEE by chromatography on silica gel (8 g) using
tert-butyl methyl ether/hexanes (1 : 2) as eluant, affording 58 mg (83%) (5RS)-19 {1 : 1), R, =
, as a colourless oil. No condltxons were found for diastereomer separatifon. - IR (KBr)E

3430 (NH), 1780 (lactam-C=0), 1724 cm” (urethane-C-o). - 1H NMR (from the mixture, CDC13,




2474 D. Horre and T. HiLPERT

200 MHz}, (55)-19: & = 1.54 (s, CH3); 1.80-2.02 (m, P-Hz), 2.65 (ddd, 92 2 = 11.8 Hz, QZ 3=
7.5 Hz, 22,65 = 0.9 Hz, 2-Ha); 2.85 (d, J = 16.5 Hz, 6—Ha); 3.26 (ddd, g 6 = 16.5 Hz, 96,5

2.9 Hz, 96,2a = 0.9 Hz, G-HB); 3.57 (t, J = 6.6 Hz, 2'-H2), 3.88 (s, OCH3); 3.98 (ddd, 92'2 =
11.8 Hz, g2'3 = 6.2 Hz, 92,5 = 0.5 Hz, 2-HB); 5.31 (dd, 95.68 = 0.5 Hz, 5-H); 6.85 (d, J = 8.3 Hz,
5"-H); 6.99 (dd, !6 5 = 8.3 Hz, 5.0 ° 2.2 Hz, 6"-H); 7.13 (b.s, NH); 8.10 ppm (d, J = 2.2 Hz,

2'-H). - (5R)-19: 6 = 1.54 (s, CHy}; 1.80-2.02 (m, 1'-H,); 2.85 (d, J = 16.5 Hz, 6-Hg); 3.17
(ddd, 9, 5 = 10.5 Hz, J, 5 = 6.8 Hz, 3, ¢ = 0.8 Hz, 2-Hy); 3.24 (ddd, Jg ¢ = 16.5 Hz, Jg ¢ =

2.5 Hz, !6,23 = 0.8 Hz, 6-Ha); 3.40 (dd, 92,2 = 10.5 Hz, 92'3 = 7.6 Hz, 2-Ha); 3.57 (t, J =
6.6 Hz, 2'-H2); 3.88 (s, OCH3); 5.15 (d, J = 2.5 Hz, 5-H), and others of aryl part.

C20H28N206 (392.46).Calc. C 61.21 H 7.19.Found C 61.40 H 7.31.
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