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Abstract— Total synthesis of l-azapenem (5) is reported. The key
intermedlate gﬂ,was synthesized by the intramclecular cyclization of 17
and subseguent desllylation. Alkylation of 24 and subseguent

hydrogenolysls gave 5.

Since the synthesis of penems by Woodward 1 and the discovery of thlenamycin by a
Merck group,2 the interest of chemists has been focused on the chemistry of penems
and carbapenems because of thelr strong antibacterial activities and their unique

3

chemlcal structures. Our interest in penem and carbapenem synthesis led to the
development of a new method for the synthesis of 2-thlopenem (1) and the synthesils
of ?2-thioxopenam (2), an important synthetic intermediate for further transforma-
tion to 2-thio-substituted penem derivatives,“ and the synthesis of RS-533 (3), a
carbapenem derivative with apparent great antibacterial potential.5 In fact, we
have syntheslzed numerous penem and carbapenem derivatives and demonstrated that
the l-hydroxyethyl substituent is necessary for penems and carbapenems to display

goocd antibacterial activity.
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Currently we have directed our Interests to the l-azapenem compound (Y4), which 1s
substituted by a niltrogen atom at the l-position of the penem. However reports of
azapenem synthesils are few. Nagakura6 obtained 7 by refluxing 6 in tcluene.

Alper et al.7 obtained 9 by treatment of § with palladium catalyst in the presence
of carbon monoxide. These synthesized compounds were racemic and devold of the
essential substituents. Ross et aZ.B synthesized Z2-azacephem derivative 10 and
converted it to lla by freatment with triphenyl phosphine; but desulfurization was
accompanied by racemization. The above syntheses falled to obtain the acid (11b)
by removing the PNB group of lla. They also synthesized ;1,9 whilch lacks the
1-hydroxyethyl group at the 6-position, from 12. Hereln we report cn the

synthesis of 2110 an Isomer of 4(R'=H).
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Treatment of 15 with Cl, at room temperature gave chloride 16. Compound 16 was

refluxed in acetone with sodiun thlocyanate to glve lsothlocyanate derivative 17

in 69% yileld from 15. The absorption at 2020em™ " in the IR spectrum Indicated the

presence of the lsothiocyanate group, not the thlocyanate group. In the proton

NMR {CDC1l,) of 17, the coupling ccnstant (2Hz)] between H-3 and E-! of azetidinone

3
strongly suggested the trans steresochemistry. Treatment of 17 with lithium

hexamethyldisilazide at —78°C and subsequent work up gave 18 iIn 71% yield.

1

Absorption at 1790ecm ~ in the IR spectrum strongly suggested the bieycllc thio-

lactam structure of 17. Treatment of 18 with methyl iocdlde in the presence of

triethylamine at room temperature gave 19 in G4% vield. IR absorption at 1570cm_1
indicated S-methylation, and not N-methylation.
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Deprotection of alecohol of 19 by tetrabutylammorium flucride in acetic aecld gave
20a albeit In poor yield, probably due to the instability of 1.9 tc acid. Thus the
alcohol was deprotected in advance. Treatment of ;ﬁ with tetrabutylamnonium
Tluoride in acetic acid gave 24 in 83% yield. Hethylation of 24 {methyl icdide

and triethylamine) gave 20a{mp 95-96°C) in 80% yield.
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The conversion of 19 to 21 by treatment with base and alkyl or acyl halide were
attempted. As the base trlethylamine, DBU, sodium hydrlde, potassium hydride and
lithium hexamethyldisilazide, and &5 the halide methyl iodlde and acetyl chloride
were examined, but 21 was not obtained in any case. When 19 was treated with
potassium hydride and methyl icdide, 22 and 23 were obtained. Under the other

conditions, only recovery of 19 was observed.
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To determine the absclute stereochemistry at (-3, 20a was analyzed by X-ray
diffraction. The space group of 20a is €2, with a=29.606, b=k 567, c=15.1653,
B=103.14° and z=Y, The intensity data for 1912 reflections were collected on a
RIGAKU automatle four circle diffractometer using Cu-Ko radiation and the 2%-uw
scan technique up to 26<128°. The structure was solved by the heavy atom method

and refined to an R factor of 9.5%. A view of the molecule 1s as shown in Fig. 1.
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The absclute stereochemistry at C-3 is S and at C-5 1s R. The helght of the

pyramid formed by C-3, C-5, C-7 and apical N is 0.5353. The value 1s larger than
that of the penem, and corresponds to that of the car-bapenem.11 Comparison with
the azapenem compound 14, which had already been analyzed by X-ray diffraction,l2

showed the conformation of 20a to be similar.

Hydrogenolysis of 20a with 10% Pd-C catalyst gave 23}R=CH3) in 51% yield. OCther

eXamples are summarized in Table 1.
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Table 1

The yield of 20 and 5

entry X 20 5
a el 8og 51%
b EtI 35 ol
c ICH2CN a7 39
d BroE,CO.Et G4 51

Compound 5a& showed a weak antibacterial activity only to Staphylococeus aureus.

EXPERIMENTAL

IR spectra were recorded on a Jasco A-102 spectrometer. Nuclear magnetic
resongrnice spectra were recorded on a Varian ¥L-100A& or a Varian EM-360L
spectrometer. Chemical shifts are reported in parts per million {&)} using, unless
otherwise specified, tetramethylsilane (TMS) as an internal standard. Mass

spectra were recorded on a JEOL JMS-018G spectrometer.

p~litrobenzyl (3S5,4R)-3~((R)-1-tert-Butyldimethylsiliyloxyethyl]-H-isothiocyanato-

2-oxoazetidine-l-ylacetate (17)

A sclution of 15 (1.01z) in methylene chloride (20ml) was $reated with a solution

of chlorine in carbon tetrachloride at 0°C for 10 min. The solvent was evaporated
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in vacuo. To the residual syrup acetone (20ml)} and sodium thiocyanate (0.95g)
were added, and the mixture was refluxed for 1 h. The mixture was poured into
water and extracted with ethyl acetate. The ethyl acetate extract was dried over
MgSOu. The solvent was evaporated in wvacuec and the resldue was chromatographed on
silica gel eluting with hexane-ethyl acetate (3:1) to give 17 (0.71g) as an oll.
Yield 69%. NMR(CDCI3)6 0.05(3H, s), 0.08(3H, s), 0.87(9H, s), 1.28{3E, 4, J=6Hz),
3,31(1H, d4, J=5, 2Hz), 3.90¢1H, 4, J=18Hz), BL.15(6H, dq, J=6, SHz), b4.26{1n, 4,
184z), 5.26(2H, s), 5.41(1H, d, J=2Hz), 7.48,8,20(4H, AB-q, J=9Hz). IR(CHC13)

2020, 1780, 1760cm =,

p=llitrobenzyl (23,5R,68)-6-[(R)-1-tert-Butyldimethylsilyloxyethyl)-7-oxo-3-thioxo-

1l,4-diazabicyclo[3.2.0)heptane~-2-carboxylate (18)

To a solution of hexamethyldisilarzane (580pl1) in tetrahydrofuran {(10ml) was added
a solution of n-Buli in hexane (1.7ml, 1.63mmol/ml) at 0°C with stirring. The
mixture was stirred for 10 min at the same temperature, and then a solution of 17
(650ml) in tetrahyvdrofuran (15ml) was added dropwise at -78°C. After being
stirred at -78°C for 30 min, acetic acid {iml) was added. The mixture was

poured into water and extracted with methylene chloride. The methylene chloride
extract was evaporated in vacue and the residue obtalned was chromatographed on
silica gel eluting with hexanc-ethyl acetate (4:1) to give 18 (U459mg) as an oil.
Yield 71%. NMR(CD613)6 C.08(6H, s), 0.87(9H, s), 1.25(3H, d, J=6Hz), 3.32(1H, dd,
J=5, 2Hz), 4.21(1H, dg, J=6, 5HKz), 5.18(1H, 4, J=2Hz), 5.28(2H, s}, 5.38(1H, t, J=
24z}, 7.50,B8.19(4H, AB-g¢, J=9Hz), B.86(1H, broad s). IR(CHC13) 3boo, 1790, 1750,

1Q7Ccm_1.

p-Nitrobenzyl {(28,5R,68)-6-[(R)-1-tert-Butyldimethylsilyloxyethyl)~3-methyvlthio-T-

oxo-l,l8-dlazabicyelo(3,.2.0 hept-3~ene-2-carboxylate (19)

A solution of 18 (729mg} in methylene chloride (20ml) was treated with methyl
iodide (118p1) and triethylamine (228ul) at 0°C for 1 h., The mixture was washed
with water and sat. brine, and dried over Mgsou. The solvent was evaporated in
vacuo and the residue was chromatographed on silica gel eluting with hexane-ethyl
acetate (4:1) to give 19 (707mg) as colorless crystals, mp 98.5-99.5°C. vYield
gu%. NMR(CDC13)6 0.08(6H, s), 0.85(9H, =), 1.30{3H, 4, J=THz), 2.53(3H, s),
3.12{1H, d4d, J=5, 2Hz), 4.29(1H, dq, J=7, SHz), 5.15(1H, 4, J=2Hz), 5.24(2H, =),

5.60(1K, t, J=2Ez), 7.51,8.22(4H, AR-q, J=0Hz). TR(CHC1,) 1785, 1760, 1570em”™ L.
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fnal, Caled for C OGSiS: C, 53.53; H, 6.33; N, 8.51; 3, 6.49. Found: C,

22H31N3
53.47; H, 6.36; N, 8.43, S, 6.61

p-Nitrobenzyl 58-5-[(R)~l-tert-Butyldimethylsilyloxyethyl)-2-methylthic-6-0x0-3,7-

diazacyclohept-1,3-diene-1-carboxylate (22} and p-Nitrobenzyl 18-5-[{R)-l-tert-

Butyldimethylsilyloxyethyl]-7-methyl-2-methylthio-b-0x0-3,7-diazacyclohept-2, 4~

diene~l-carboxyiate (23)

To a suspension of KH (9.6mg) in tetrahydrofuran (lml) was added a sclutlon of 19
(80.6mg) in tetrahydrofuran (Ilml} at room temperature. The mixture was stirred
for 5 min, then methyl lodlde (20ul) was added. After being stirred at room
temperature for 1 h, the mixture was treated with acetic acld and poured into
water, and extracted with ethyl acetate. The ethyl acetate extract was dried over
MgSOh. The solvent was evapcrated in vacue and the residue was chromatographed on
silica gel eluting with hexane-ethyl acetate (#:1-2:1) to glve 22 (1Tmg, yleld
21%) 2s an oil and 23 (15mg, yield 18%) as an oil.

22: NMR(CDCIE)G 0.17(6KE, s), 0.90(9H, s5), 1.36(3H, 4, J=6Hz), 2.30(3H, s), 2.57
(14, dd, J=8, €Hz), 4.6L(1E, dq, J=8, 6Hz), 5.37(2H, s), 7.41{1H, 4, J=BHz), 7.67,
8.23(4H, ABwq, J=9Hz). TIR(CHCL 1

)y 1685, 1610, 1525cm” MS m/e 493(M).

3
23: NMR(CD013)6 0.05(3H, s), 0.12{3H, s), 0.95(9H, s), 1.06{(3H, 4, J=6Hz), 2.52
(3K, s), 3.21(3H, s), 4.39(1H, s), 5.03(14, q, J=6Hz), 5.03(1H, d, J=14Hz), 5.38
(iH, 4, J=18Fz), 7.22(1H, sy, 7.44,8.22(UH, AB=q, J=9Hz). IR(CHCIB) 1750, 1630,

1600, 1515cm™t.  MS m/e 507(M).

p-Nitrobenzyl (23,5R,63)-6-[(R}-1-Hydroxyethyl]-7-oxo-3-thioxo-1,4-diszabicyclo-

{3.2.0)heptane-2-carboxylate (24)

A solution of 18 (1.08g) in tetrahydrofuran (20ml) was treated with tetrabutyl-
ammonium fluoride (2.36g) and acetic acid (1.3ml) at 30°C for 20 h. The mixture
was diluted with ethyl acetate and washed with water, 5% scdium bicarbonate and
sat. brine solutions, and dried over MgSDu. The solvent was evaporated in vacuo,
and the residue was chromatographed on silica gel eluting with hexane-ethyl
acetate (1:4) to glve 24 (686mg) as an cil. Yield B83%. NMR(CDCIB-CD3OD)6
1.32(3H, 4, J=6Hz), 3.27{(1H, dd, J=7, 2Hz), 4.11{1H, dq, J=T7, 6Hz), 5.19(1H, d,
J=2Hz), 5.30(3H, broad s}, 7.56,8.2L(4H, AB-g, J=9Hz). IR(neat) 3300, 1790,

1750, 1450em™T.
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p-Nitrobenzyl (28,5R,65)-6-({R)-1-Hydroxyethyl)-3-methylthio-7-oxo-1,4-diaza-

biecyelo{3.2.6)hept-3-ene-2-carboxylate (20a)

A:From 24, A solution of 24 {647mg) in methylene chloride (10ml) was treated with
methyl iodide (170ul) and triethylamine (370pl) at 0°C for 1 h. The mixture was
washed wlth water and sat. brine, and dried over MgSOu. The solvent was
evaporated im vgewo and the residue obtalned was chromatographed on silica gel
elutling with hexane-ethyl acetate (1:4) to gilve 20a (707mg) as ecolorless crystals,
mp 95-96°C. Yield 9u%. NMR(CDCl3)6 1.39(34, 4, J=6Hz}, 2.53(3H, =), 3.15(1H, d4,
J=6, 2He), 4.31(1H, pent, J=6Hz), 5.19(1H, d, J=3Hz), 5.61(1H, t, J=3Hz),
7.50,8.22(4H, AB-q, J=9Hz). IR(CHCl3) 1780, 1750, 1565cm"l. Anal. €Calcd for
CgH17N30g5: €, 50.65; H, 4.52; N, 11.08; 5, 8.45. Found: C, 50.61, H, 4.53, W,
11.11; S, 8.40.

B:From 15. Compound 19 was treated with tetrabutylammonium fluoride and acetic

acid, and werked up as described In the case of 24 to give 203 in a yleld of 5%.

Sodium (28,5R,68)-6-[(R)-1-Hydroxyethyl)-3-methylthio-7~oxo-1,4-diazabicyclo-

[3.2.0)hept-3-ense~2-carboxylate (5a}

A mlxture of 20a (100mg) in a solution of tetrahydrofuran (10ml) and 0.1M
phosphate buffer {(pH 7, 10ml) was shaken with 10% PA-C for 20 h under a hydrogen
atmosphere. After removal of the catalyst by filtration through celite, the
filtrate was washed with ethyl acetate, and concentrated Zin vacue to a half
volume, and chromatographed con a column of Dialon CHP-20P (Mitsubishi Chemical
Industries, Ltd.) eluting with water to give 5a (36mg) as a powder. Yield 51%.
NMR(100MHz, D,0/TSP)§ 1.37(3KE, d, J=6Hz), 2.52(3H, s), 3.33(1H, a4, J=6, 2Hz),
4,32(1E, pent, J=6Hz), 5.17(1H, 4, J=3Hz), 5.60(1H, ¢, J=3Ez). IR(KBr) 3400,

1775, 1620, 1560em L.

p-Niltrobenzyl (28,5R,65)-3~Ethylthio-6-[{R)-1-hydroxyethyl]-T-oxo~1,4-diaza-

bicyclo(3.2.0)Jhept-3-ene-2-carboxylate (20b)

Compound 24 was treated wilth ethyl lodide and triethylamine, and worked up as
described in the case of 202 to give 20b in a yield of 35%. NMR(CDC1,)§ 1.35(3l,
t, J=THz), 1.40(3H, d, J=6Hz)}, 2.13({2H, g, J=THz), 3.18(1H, dd, J=6, 3Hz), 3.9-
4.6(1¥, m), 5.17(1H, 4, J=3Hz), 5.27{2H, s}, 5.61(1H, ¢, J=3Hz}, 7.51,8.23(4H,
AB-q, J=9Hz). IR(CHCIB) 1780, 1750, 1565cm'1.
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Sodium (285,5R,68)-3-Ethylthio-6-[(R)-1-hydroxyethyl]-7-oxo-1,4-dlazableyclo-

(3.2.0)hept-3-ene-2-carboxylate (5b)

Compound 20b was treated with Hg/lD%Pd—C, and worked up as descrlbed in the case
of 5a to give 5b in a yield of 51%. NMR(1OOMHz, D,0/TSP)§ 1.35(3H, t, J=THz),
1.39(3H, d, J=6H=z), 3.12(2H, q, J=THz), 3.36(1H, Qa, J=6, 2Hz), 4.3L{(1H, pent,
J=6Kz), 5.15(1H, 4, J=3Hz), 5.62(1H, t, J=3Hz}. IR(KBr) 3400, 1775, 1620,

1560em™ T,

p-Nitrobenzyl (2S5,5R,68)~3-Cyanomethylthio-6-[(R)-1-hydroxyethyl)-7-cxo-1,4-diaza—

blecyclo(3.2.0)hept-3-ene-2-carboxylate (20c)

Compound 24 was treated with iodoacetonitrile and triethylamine, and worked up as
described in the case of 20a to give 20c¢ in & yield of 97%. NMR(CDC13)6 1.40(34,
d, J=6Hz), 3.25(1H, ad, J=6, 2Hz), 3.92{(2H, s}, 4.33(1H, pent, J=6Hz), 5.28(1H, 4,
J=2Hz), 5.30(2H, s), 5.69(1H, t, J=2Hz), 7.52,8.23(4H, AB-q, J=0Hz). IR(CHCIB)
2250, 1780, 1760, 1580cm *

Sodium (28,5R,68)-3-Cyanomethylthio~f~[(R}~1-hydroxyethyl]-7-oxo-1,4-diarabicyclo-

[3.2.0)hepk-3-ene—2~carboxylate (5¢}

Compound 20¢ was treated with Ha/lO%Pd-C, and worked up as described in the case
of 5a to give 5¢ In a yleld of 39%. NMR{100MHz, DEO/TSP)S 1.37(3H, 4, J=6H=z),
3.42(1H, dd4, J=6, 2Hz), L.08(2H, =), 4.36(1H, pent, J=6Hz), 5.27(1H, 4, J=2Hz),

5.66(1H, t, J=2Hz). IR(KBr) 3400, 2250, 1770, 1625, 1570cm .

p-Nigrobenzyl (25,5R,68)-3~Fthoxycarbonylmethyl-6-[{R)-1-hydroxyethyl)-7-oxo-1,4-

diazabieyclol3.2.0)hept-3-ene-2-carboxylate (20d)

Compound 24 was treated with ethyl bromoacetate and triethylamine, and worked up

as described in the case of ?0a to give 20d in a yield of 84%. NMR(CDC1l,)&

3
1.29(3H, ¢, J=7THz), 1.39(3H, 4, J=6Hz), 3.17(1H, 44, J=b, 2Hz), 3.92{ZH, s},

3.9-U.6(3H, m}, 5.23(1H, 4, J=3Hz), 5.28(2H, =), 5.60¢(1H, t, J=3Hz), T7.54,8.24(4H,

AB-q, J=0Hz). IR{CHC1,) 1780, 1750, 1740, 1570em™ L.

Sodium {(28,5R,68)-3-Ethoxycarbonylmethyl-6-[(R)-1-hydroxyethyl])-7-oxo-1,4-diaza~

bicyclol3.2.0]hept-3-ene-2-carboxylate. (5d4)

Compound 20d was treated with HE/IO%Pd—C, and worked up as described in the case

of 5a to give 52 in a yield of 51%. NVMR(10OMHz, DEO/TSP)é 1.27(3H, t, J=7Hz),
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1.35(3H, 4, J=6Hz), 3.27(lH, d4d, J=6, 2H=z), 4.00(2H, s}, Y4.25(2H, q, J=THz),

4,32(1H, pent, J=6Hz), 5.22(1H, 4, J=3Hz), 5.57(1H, t, J=3Hz). IR(KBr) 3400,

1775, 1740, 1620, 1565cm™*.
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