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Abstract —— 1,3-Dipolar cycloaddition reaction of the nitrile oxides,
generated in situ from the nitro compounds (6~9) and phenyl 1socyanate,
with methyl crotonate afforded the corresponding isoxazolines (10417} 1in
moderate yields. Hydrogenation of 12, 14 and 16 on platinum oxide gave
the amino esters (18 and 20) and the lactam (22), respectively. The
amino esters {18 and 20) were converted to the B-lactams (23426) with
ethylmagnesium bromide in tetrahydrofuran. Finally, 3,4-bond formation
reaction for the mesyloxy derivative (27) of 24 furnished the carbapenam
derivative (28) 1n good yield.

Recent discovery of various carbapenem antibiotics, such as thienamycinl-3, epl-

5

thienamyc1n4, P5-5" and olivanic acidsﬁ'll, prompted us to investigate a synthetic

pathway for them, because of their unique structures and their attractive biological

activities. We have already reportedlz’13

the synthesis of thienamycin (1) using
the 1soxazoline as a starting material, which was prepared by 1,3-dipolar cyclo-
addition of the nitrile oxide (3) with methyl crotonate.

In continuation of our work on the synthesis of carbapenam or carbapenem, the
extension .f 1,3-dipelar cycloaddition reaction was further investigated. Inter-
molecular 1,3-dipolar cycloaddition of the nitrile oxide, generated in situ [rom
the corresponding nitro compound, with crotonates gave the regioisomeric mixtures.
Moreover, catalytic reduction of the desired isoxazoline on platinum oxide afforded
a mixture of stereolsomers. Based on the consideration of these results, an
intramclecular 1,3-dipolar cycloaddition react:on was firstly attempted in order to

get rid of regioisomeric problem and a reduction of such bicyclic 1soxazolines may

also increase the sterecselectivity.
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Chart 1

However, the reacticn of nitro compounds (4 and 5), prepared from crotonic acid

14 or 4-n1trobutan*l"0115

and 3-pitropropan-1-ol , with phenyl 1seocyanate gave no
cyclised product, but complicated mixtures. Therefore, our attention turned back
to a synthetic route i1nvolving intermolecular cycloaddition reaction. More
recently, the nitrone-based synthesis of B-lactams has also been reported by
Tufariellolﬁ. Thus, the nitro compounds {6 and 7) were treated with methyl

crotonate in the presence of phenyl isocyanate and triethylamine to afford the
isoxazolines (10~13), respectively. Reduction of the desired isoxazoline (12)

on platinum oxide under the medium pressure of hydrogen gave the amino ester (18]

as a colourless oil, which without separation was converted to the corresponding
silylated derivative (19). Treatment of 19 with ethylmagnesium bromide in dry
tetrahydrofuran furnished the azetidinones (23 and 24), which have the hydroxyethyl
moiety at the Cy-position of 8-lactam with R*vconfiguration, as previcusly describedla
The sterecchemistry of these product was easily deduced based on their nmr data

[the trans - compound (23} shows Cs-ﬁ resenance at 2.83 ppm with J value Z and 8 Hz,
whereas at 3.17 ppm with J value 5 and % Hz for the cis-compound (24)]. The major
product {24) was then converted with mesyl chloride in pyridine to the mesylate (27},
which was then cyclised to carbapenam derivative (28}, with retention of the c¢onfigu-

ration at CS’ C6 and CB-position, by treatment with lithium hexamethyl disilazide

in 73.9 % yield. The nmr spectrum (§) of 28 shows the expected resonances at 1.32
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(3H, d, J = 6.5 Hz, CH,CH(OTMS}-), 3.28 (lH, dd, J = 5.3 and 9.3 Hz, Cg-H}, and
4,02 (1H, dt,-J = 6.5 and 9.3 Hz, Cgvﬂ), and its ir spectrum shows no NH and SD2
abscerptions. These spectral data are consistent with the structure 28, Thus, 1,3-
dipolar cycloaddition reaction provided a useful pathway for synthesising carba-
penams which have SR*— hydroxyethy! group at the Céfposition. Two other isoxazolines
were prepared by 1,3-dipolar cycloaddition reaction to synthesise thienamycin deriv-
atives. The nitro acetal (g), prepared from 47n1trobutana115, was treated with
methyl crotonate to give the isoxazolines {14 and 15}. Reduction of the desired
isomer (14), after separaticn, gave the amino esters {20). After silylation of 20
with trimethylsilyl chloride and triethylamine, the silylated compound (21) was
treated with ethylmagnesium bromide to furnish the separable azetidinones (25 and
20) in20.16%and 40,02 % yield. This one-carbon elongated azetidinone (25), compared
with 2, may become an important intermediate for carbacephems, such as homothienamycain,
and this conversion is now under investigation.

Finally, the five-membered lactam (22) was synthesised from the nitro ester (g} and
methyl crctonate by 1,3-dipolar cycloaddition reaction, followed by reduction of
isoxazolines (16 and 17). The 4-7 bond formation of the lactam {22) to a carbapenam

derivative is also under investigation.
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EXPERIMENTAL

é&Hi&K%R{QRX%mQER£QQ%£%m£il___" A solution of crotonic acid {2.58 g), a catalytic
amount of E—toluenesulfonic acid and 3-nitropropanol15 (3.15 g) in dry benzene

(50 ml) was refluxed with Dean-Stark equipment for 40 h. The mixture was diluted
with benzene (50 ml} and washed with saturated sodium hydrogen carbonate solution
and dried (NaZSOQ). Removal of the solvent afforded a colourless oil which was
chromatographed on silica gel using benzene as eluant to give the ester (4)

(3.87 g) (74.9 %) v . (CHCI,) em™Y: 1720 (C = 0), 1550 (NO,); 6(CDC1g): 1.93

(3H, dd, J = 2 and 7 Hz, CH.-CH=CH), 5.93 (1H, dq, J = 2 and 16 Hz, CH=CH-CO}, 7.07
(1H, dq, J = 7 and 16 Hz CH=CH-CH:); m/e 173 (M),

4iﬁ%£{gkg£x%mg{g£gag£%m él———— A solution of the 4—nitrobutanol15 (13 g), a catalytic
amount of p-toluenesulfonic acid and crotonic acid (11.3 g) in dry dry benzene

(150 m1) was refluxed with Dean-Stark equipment for 24 h. After cooling, the
benzene layer was washed with saturated sodium hydrogen carbonate solution and water
and dried (NaZSOA). Evaporation of the solvent gave a brownish oil which was
chromatographed on silica gel using benzene as eluant to give the ester (18.6 g)

1

(67 %) as a colourless oil,v (CHCIB) em T: 1710 (€ = 0), 1540, 1370 (NOZ); 5(CDC13):

Rrax,
1.86 (3H, d, J = 8 Hz, CHg-CH=CH), 5.76 (1H, d, J = 15 Hz, CH = CH-C0,), 6.96 (1H,
m, CHy-CH=CH); m/e 187 (M'}.

é&mi%{ge{gex%mé%%£%$%méél———— Acetyl chloride (25.91 g) was added dropwise to 3-
nitropropanol15 (31.50 g) at 0° with stirring over the period of 3 h. The mixture
was extracted with methylene chloride (200 ml) and washed with saturated sodium
hydrogen carbonate solution and water, and dried (Na2804). Evaporation of the
solvent gave the acetate (6) (33,25 g) (75.4 %) as a colourless oil which was

purified by distillation, b.p. 104 - 110° {10 mmHg); v [CHC13) cm_l: 1720 (C =

max.,
0), 1550 (NO,); 6(CDC13): 2,10 (3H, s, OAc), 4.29 (2H, t, J = 7 Hz, -CEZ-OAC) 4.58
(2H, t, J = 7 Hz, CH,NO,).

%&QE&{%QQ& 1 A%%%%%Eméil‘——“ To a stirring solution of silver nitrite (31 g} in dry

WLL

ether (50 ml) was added a solution of 4-iodebutyl acetate (40 g) in dry ether

(100 ml) at 0°. The resulting mixture was further stirred for 8 h at ambient
temperature, After filtration and washing of insoluble material with ether, the
combined filtrate was concentrated to the residue which was purified by distillation
to afford the nitro compound as a pale yellow oil, b.p. 108 - 113° (5 mmHg) ; YV oax.
(CHC14) em 1 1720 (C = 0}, 1540, 1375 (N0;); 6 (CC1,): 2.07 (3H, s, GAc), 4.15
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(2H, t, J = 6 Hz, CH,-OAc), 4.46 2H, t, J = 6 Hz, CH,NO,),

Q&Q%&QX%N%QE%&{Q%&QX&Q%&%Q%&%m&Q)_-*'T° a stirred solution of dimethyl malonate

(35.7 g) and sodium methoxide [prepared from sodium (6.22 g)] in dry methanol was

17 {(41.6 g) dropwise at room temperature. The stirring

added 1-bromo-2-nitreethane
was further continued for 4 h at room temperature. After removal of the solvent,

the residue was treated with water and extracted with ether. The ethereal laver

was washed with water and dried (NaZSO4). Evaporation of the solvent gave a

reddish o0il, which was chromatographed on silica gel using benzene-ethyl acetate

(93 ¢ 7 v/v) as eluant to give the malonate (16.2 g} (29.2 %); Umax.{CHCIS) cm_1

1730 (€ = 0]; 6(CDC13): 2.50 (2H, dt, J = 7 Hz, CﬂZfCHZNOZ). 3.52 {1H, t, J = 7 Hz,
CH (COzMe)z), 3.75 (6H, s, 2 x OCﬂs) 4,48 (28, ¢, I = 7 He, CEZNOQ)? m/e 206 tM+ + 173
Anal. calcd. for C7H11N06: C, 40.98; H, 5.40; N, 6.83, Found: C, 41.25; H, 5.47;

N, 6.39.

15

4-Nitrobutanal Ethylepe Acetgl (9)—— A solution of 4-mitrobutanal {1.5 g), a catalytic
g Y

"u’\."b’L'\:’\1’\/’\4"\4'\.-’\J%’b’\:’b’h’\:'ux’\f\d'b'\:’\/h’\:’\:'h’h'\;’bm'\a
amount of p-toluenesulfonic acid and ethylene glycel (1.18 g} in dry benzene was
refluxed with Dean-Stark equipment for 20 h, After cooling, the benzene layer was
washed with saturated sodium hydrogen carbonate solution and dried (Na2804).
Evaporation of the selvent gave a yellowish o0il, which was chromatographed on silica
gel using methylene chloride as eluant to afford the acetal (0.95 g) (46.5 %) as a

pale yellow oily v (CHC1;) cm 't 1540 (NO,); 8(CC1,): 4,93 (IH, t, J = 5 Hz, cHOD).

max
4.46 (2H, t, J = 7 Hz, CH,NO,), 3.92 br (4K, s, OCH,CH,0).

To a stirred

Sereral.frocedure. fer  the Lrsneration. e ths. dexnaetings (10 ~17)
solution of the nitro compound (9.1 mol equivalent), methyl crotonte {0.12 mol equivalent)
and triethylamine (10~ 15 drops) in dry benzene (100 ml) was added phenyl isocyanate

(0.25 mol equivalent) in dry benzene (100 ml) under the atmesphere of nitrogen at

0%. After the mixture had been stirred at ambient temperature for 24 h, an insoluble
material was filtered off, and the filtrate was washed with water, saturated sodium
hydrogen carbonate solution and water, and dried (Na2504]. Evaporation of the solvent
gave a yellow 0il which was subjected to silica gel column chromatography. Elution

with benzene-ethyl acetate (9 : 1 v/v) afforded the desired 1soxazoline from the first
eluant and the regioiscmeric iscxazoline from the second eluant (cf. Table 1),

SERTAL FARCS RS LR e RLERRAR AR R AR KR SR R0 AB AR L AR RS B AR, ——

A mixture of the isoxazoline (3 g), platinum oxide {400 mg) and glacial acetic acid

(100 m1) was shaken in a current of hydrogen (5~ 6 atm) for 20 h. After filtration

and washing of the solid with acetic acid, evaporation of the combined filtrates
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gave a pale yellow gum, which was again dissolved in chloroform. The chlorofeorm
solution was washed with 10 % NHAOH and saturated sodium chleride solution, and dried
(Na2504}. Evaporation of the solvent afforded the two stereoisomers of the amino
ester (18 and 20 ) or the lactam {22) (cf. Table 2).
EESRAEALARRA QL B kAL IRRRA AR 3 AR L2, — To a stirred solution of the amino ester
(18) (2.7 g) in dry benzene (20 ml) was added triethylamine (2.45 g} and trimethyl-
chlorosilane (2.5 g) in a current of nitrogen at 0. After the stirring had been
continued for 3 h at ambient temperature, the inscluble material was filtered off,

and the filtrate was concentrated to give silylated compound (19), which without
purification was dissolved in dry tetrahydrofuran. To the above stirred solution was
added drop by drop ethylmagnesium bromide (3 mol equivalent) in a current of nitrogen
at 0°. After the stirring had further been continued for 8 h at ambient temperature,
the mixture was treated with water and extracted with chloreform. The chloroform
layer was washed with water and dried (Nazsod). Removal of the solvent gave a

colourless oil which was subjected to silica gel column chromatography, Elution

with benzene-acetone (8 : 2 v/v) afforded the g-lactam {24) (1.38 g) (51 %); Yo
1,

ax.

(CHC13) cm™*: 3410 (NH), 1750 (C = 0); & (CDC1g): 0.13 (9H, s, (CHz);Si), 1.34 (3K,

d, J = 6.5 Hz, CESJ, 3.17 {1H, 44, J =5 and9 Hz, C3‘E) 3.69 (2H, t, J = 6 Hz, CEZ-DH)
4.29 (1H, m, CHSCE(OH)-), 6.58 br {1H, s, NE); m/e 246 (ﬂ{' + 1), and the isomer (23)
1

(200 mg) (8 %): Voax (CHC13) cm 3410 (NH), 1750 (C = 0); 6(CDC13): 0.13 (9H, s,

(CH3)351], 2.83 (1H, dd, J = Z and 8 Nz, C4-H), 3.69 (2H, t, J = 6 Hz, CHZ-OH) 4.22

(1H, m, CH;CH(OH)-), 6.70 br (1H, s, NH Yy m/e 240 (E+ + 1),
g{%E@&QEiﬁQm9@mm§&k€%{%§§m£%émé&gmégJ ——— Te a stirred solution of the amino ester
(20) {0.353 g ) and triethylamine (0,317 g) in dry benzene (10 ml) was added tri-
methylchlorosilane (0.778 g) at room temperature. After the stirring had been
continued for 8 h at room temperature, the precipitate was filtered off and the
filtrate was concentrated to give the silyl derivative (21}, which was used for the
next reaction without purification. To a stirred solution of 21 in dry tetra-
hydrofuran (10 ml) was added ethylmagnesium bromide {3 mol equivalent) at 0° in a
current of nitrogen, and the resulting mixture was stirred at room temperature for
20 h. The mixture was treated with water and extracted with methylene chloride.
The organic layer was washed with water and dried (Na,50,). Removal of the solvent
gave a yellow oil, which was dissolved in ether (40 ml) again and treated with 10 %
ammonium chloride sclution (10 ml} at room temperature for 20 h, The ethereal layer

was washed with water and dried (NaZSO4}. Evaporation of the solvent gave a colour-




less o0il, which was subjected to silica gel column chromatography. Elution with

benzene-acetone (17 : 3 v/v) afforded the cis-g-lactam (26) (120.5 mg) (40.02 %);

(CHC1 ) em 3425 (NH), 1750 (C = 0); & (CDCL 1.50 (3H, d, J = 7 Hz,

VYmax, 7):
CHyCH(OH}-),  3.23 (1H, dd, J = 5 and 10 Kz, C,-H), 5.00 (IH, t, J = 4 Hz, CH D),
6.56 br (1H, s, NH), and the trans-g-lactam (25) (60.7 mg)(20.16 %); Vo

em t: 3425 (NH), 1750 (C = 0); & (CDC15): 1.33 (3H, d, J = 8 Hz, CH,CH(OH)-), 2.85

ax'(CHCIS)

(1M, dd, J= 2 and 8 Hz, C,-H), 4.94 (IH, t, J = 3Hz, CHJQ), 6.58 br (lH, s, NH),
Anal. calcd. for CyyHy,NO,: M" 215.1156. Found: M° 215.1133.

ve 27 d 30) —— To a stirred solution of

Preparation of the Mesyloxy Derivat mémémwim%gmggmmmm
5

i
R mmmmmmmmmwmmmv\,mmmx’nmm VAV VLT, VAV VL VLT

the mixtures of B-lactam (23 and 24) (540 mg) in dry pyridine {5 ml) was added

methanesul fonyl chloride (318 mg) at - 30, After the stirring had been continued
for 1 h at GD, the mixture was extracted with methylene chloride. Evaporation of
the solvent gave an oil, which was subjected to silica gel column chromatography.

Elution with benzene-acetone (9 : 1 v/v) afforded 27 (360 mg) (50.4 %) as a colour-

1 0.04

less oil; v, (CHCL.) cm ~: 3390 (NH), 1745 (C = 0), 1350 (SO,); & (CDC1

ax 3):
(9H, s, {CH,);5i), 1.13 (3H, d, J = 6.5 Hz, CH5CH(OH}-), 2.93 (3H, s, SO,CH,),

3.05 (1H, m, Cy-H), 3.60 (IH, m, C4-H), 4.17 (2H, t, J = 6 Hz, CH,OMs), 6.75 br

(1H, s, NH); m/e 324 (Mf + 1); 29 (70 mg) (7.1 %) as a colourless oil; v (CHC1

max 3)

cm L: 3390 (NH), 1745 (C= 0), 1350 (80,03 & (CDClg): 1.29 (3H, d, J = 6.5 Hz,

CH,CH(OH)-}, 2.79 (IH, m, C;-H), 3.00 (3H, s, SO,CH,), 3.67 (lH, m, C,-H), 4.23
(2H, t, J = 6Hz, CH,-OMs), 6.43 br {1H, s, NH), and 30 (100 mg) (16.7 %) as a
1,

pA

celourless o1l; vmax‘(CHCESJ cm

1.41 (3H, d, J = 6.5 Hz, CH,CH(OH)-), 3.03 (3H, s, SO,CH,), 3.18 (1H, m, Cg-H),

3390 (NH), 1745 {(C= 0}, 1350 (80,); & (CDCLg):

5.73 (14, m, Cyq-H), 4.25 (2H, v, J = 6 Hz, CH,-OMs}, 6.43 br (1H, s, NH).

EQrmat iR ofthe Karbanenam Periyative (28) — To¢ a stirred solution of the mesylate
(27} (100 mg) in dry tetrahydrofuran (10 ml) was added lithium hexamethyl disilazide

(1 mol equivalent} in tetrahydrofuran at - 30% in a current of nitrogen. The mixture
was then warmed up to 10° over the pericd of 2 h, and further stirred for 2 h at 10°.
The mixture was treated with water, and extracted with methylene chloride. The organic
layer was washed with water and dried (Na2304). Evaperation of the solvent gave a
colourless cil, which was chromatographed on silica gel using benzene-acetone (95

5 v/v) as eluant to afford the bicyclic compound (28) (52 mg) (73.9 %}; v ax (CHCIS) cm_l

m
1740 (C = 0); & (CDC15): 0.15 (9K, s, (CHz);81), 1.32 (3H, &, J = 6.5 Hz, CH4CH(OH)-),
3.28 (1H, dd, J = 5.3 and 5.3 Hz, Cg-H), 4.02 (1H, dt, J = 6.5 and 9.3 Hz, Cg-H);

Anal. Calcd. for C,,H, NC,Si: M' 227.1342. Found: M’ 227.1354.



Table 1
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“Spectral 0 ] vield
Data CHC1 -1 ementa ie
C;;;;:ﬁd IR v, 3 M NMR (&) Mass analysis (%)
1.45(3H, d, J = 6 Hz, C5—Cﬂ3) Anal, cated, C, 52,39;
2.10(3H, s, -OAc) H, 6.60; N, 6.11 3078
2.83(2H, t, J = 7 Hz, CH,-C-N) Found. C, 52.68; H,
10) 1720(C = 0} |3.78(IH, d, J = 12 Hz, C,-H) 230 lg.82; N, 5.92
47 +
3.86(3H, s, -0CH,) (M + 1)
4.43(2H, t, 3 = 7 Kz, CH,-OAc)
4.97(1H, dq, J = 6 and 12 Hz,
¢5-H)
1.33 (3H, d, & = 6 Hz, C,~CH.)
L PR
(1) 1720(C = 0) |3.55(1H, m, C,-H) 18.78
4 +
4,620, d, J = 12 bz, ) | LD
1.45(3H, d, J = & Hz, Cs-Cﬂa) Anal, caled. ¢, 54.31;
2.03(3H, s, OAc) H, 7.04; N, 5.76
3.58(1H, d, J = 9 Hz, C,-H) 244 (Found. €, 58.17; 4, | -0
(12) 1720(C = 0)13.80(aH, s, -0CH,) (W +1) [7.07; N, 5.50
4.15(2H, t, J = 7 Hz, CHy-0Ac)
4.83(1H, m, C.-H)
1.30(3H, @, J = 6 Hz, C,-CH,)
2.00(3H, s, CAc)
3.45(1H, m, Cq-g) 244
(13) 172(C = 0) |3 7g(au, s, oci) '+ 1) 20.5
4.15(2H, t, J = 7 Hz, CH,-OAc)
4.45(1H, d, J = 7 Hz, €5-H)
1.36(3H, d, J = 7 Hz, Cx-CH) |anal. caled. c, 54.31;
(1) \730(C = o) [378(3H. 5. 0cdy) H, 7.165 N, 5.76 e
3.88(4H, br, ocgzcgzo) Found. €, 53.93; H, :
4.92(14, t, Chey) 7.165 N, 5.56
1.30(3K, d, J = 7 Hz, C4~CH,)
3.73(3K, s, OCH,)
(15) 1730(C = 0) [3.86(4H, br, -OCH,CH,0) 20.0
4.38(0K, d, 3 = 7 Hz, Cg-H)
4.92(1H, t, 2 = 4 Kz, cg;%ﬁ

1981




Table 2

Spectral Elemental Yield
bata| 15 “$25]3 cm'] NMR {6) Mass analysis (%)
Compound
1.07(3H, d, J = 7 Hz, C@3CH(OH)) Anal. caled. C,
2.02(3H, s, OAc) 248 53.42; H, 8.56; N,
(18) 17200C = 0) |3 gg(3H, s, 0CH,) (Wt +1)] 5-% 98
4.08{2H, t, J = 6 Hz, CH,0Ac) - Found. C, 53.28; H,
8.65; N, 5.36
1.24(3H, d, J = 8 Hz, CHSCH(OH])
cis | yypn(c - gy |3-75(3H, s, OCHy) 248 0.2
(20} 3.91(4H, br, OCH,CK,0} (M + 1) :
4.710H, t, J = & Hz, CHed)
trans | ypo5(c = 0) |1.16(3H, d, J = 8 Hz, CH,CH(OH)) 23.8
{20}
1.20(3H, d, J = 6 Hz, CQSCH(OH)) Anal. caled. €,
3.47(1H, dd, J = 4 and 10 Hz, 50.96; H, 6.61; N,
1735(C = 0) TH(COMe)) | 260 | 5.40 88
(22) 1 y710(c = o) =2 +
3.73, 3.83(6H, each s, 2 x OCﬁa) (M" +1)| Found. C, 50.67; H,
4.,24(1H, dq, J = 4 and © Hz, 6.77; N, 4,9

CH{OH)}
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