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2-(Alkylthio)penem-3-carboxylic Acids. V.» Synthesis and Antibacterial
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The synthesis of optically active ““1-thiathienamycin” 13a and other (hydroxyethyl)-
penemcarboxylic acids from the 8R and 8S azetidinones 3 and 4 viz an intramolecular
Wittig reaction of the trithiocarbonatephosphoranes 7 is described. Trans and cis penem
esters 8 and 9 were found to form an equilibrium mixture on heating. The antibacterial
activities of these penemcarboxylic acids are discussed.
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Thienamyecin is a highly potent g-lactam antibiotic having a novel 1-carbapenem structure
(1).» Tts activity is especially high against gram-positive bacteria, and extentds over the
full range of gram-negative bacteria including Pseudomonas species.? Meanwhile, we reported
recently the synthesis of 6-unsubstituted 2-(alkylthio)penem-3-carboxylic acids® 2a and the
6-ethyl analogs® 2b which were found to have marked broad-spectrum antibacterial activity.5®
Consequently, it seemed of interest to determine whether the hydroxyethyl group at the C-6
position, the natural side chain of thienamycin, would improve the antibacterial potency
of the parent penems.

In the preceding paper," we described the preparation of 8R? and 8S (hydroxyethyl)-
azetidinones 3 and 4 in both racemic and optically active forms, functionalized for elabor-
ation to (hydroxyethyl)penems. The optically active azetidinones were more efficiently
obtained starting from 6-aminopenicillanic acid.
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COOH O+ %coon 0 0
1 2a ! R'=H 3 (8R) 4 (8S)
2b . R1:C2’Hs

2¢ : R*=CH(OH)CH:s
TBDMS: fert-butyldimethylsilyl
Chart 1

In this paper, we wish to describe the synthesis of 6-(hydroxyethyl)-2-(alkylthio)penem-3-
carboxylic acid 2c, by combining the chemistry of the preceding paper and our previous work
on construction of the penem system from 4-acetoxy-2-azetidinone.#® As will be shown
later, we prepared numerous substituted penemcarboxylic acids 2c, with the optically active
azetidinones 3 and 4 as starting materials, according to the general reaction sequence as shown
in Chart 2. We would like to mention here, as a typical example, the preparation of 2-(amino-
ethylthio) substituted penems 2¢ (R=CH,CH,NH,), of which the bR, 6S, 8R diastereomer,
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TBDMS: lert-butyldimethylsilyl
PNB: p-nitrobenzyl

Chart 2

“I-thiathienamycin,” with the same stereochemistry as thienamycin seemed to be the most
interesting because of its close structural resemblance to the natural antibiotic.

The 8R azetidinone 3 was treated with sodium trithiocarbonate, prepared in situ by
mixing equimolar amounts of sodium methoxide, 2-[[(p-nitrobenzyl)oxycarbonyllamino]-
ethanethiol and carbon disulfide, in methanol at —10°C to give the frans azetidinone trithio-
carbonate 5a in 879, yield. Assignment of trans stereochemistry for 5a was based on a small
coupling constant (/5 =2.56 Hz) in its nuclear magnetic resonance (NMR) spectrum. Conver-
sion of 5a thus obtained into the azetidinone phosphorane 7a was carried out following the
conventional procedure developed by Woodward et al.® Reflux of the trithiocarbonate 5a
with p-nitrobenzyl glyoxylate in benzene for 5h gave a 1:1 diasteromeric mixture of the
hemiaminal6ain 789, yield. Thehemiaminal6awastreated withthionylchloridein the presence
of 2,6-lutidine in tetrahydrodrofuran (THF) to give the «-chloroacetate, which was then,
without isolation, warmed under gentle reflux for 42 h with triphenylphosphine and 2,6-
lutidine to provide the phosphorane 7a in 629, yield.

Thiazoline ring formation of the phosphorane 7a by an intramolecular Wittig reaction
to provide the corresponding penem ester 8a was achieved by heating in xylene at 125—130°C
for 15h in the presence of a small amount of hydroquinone, which effectively suppressed
decomposition of both the starting material 7a and the cyclization product. Chromatography
of the reaction product gave a 76%, yield of 8a and a 179, yield of the less polar 5,6-cis isomer
9a. b,6-Stereochemistries of both isomers were assigned based on coupling constants (J;,)
in their NMR spectra. The ¢rans isomer 8a revealed a doublet absorption, assignable to H-5,
at 6 5.07 with a smaller coupling constant (J;,,=1.5 Hz), while the cis isomer 9a exhibited a
doublet absorption at 4 5.60 with a larger coupling constant (], =4 Hz). Ultraviolet spectra
of these penem esters display wavelength maxima ca. 340 nm, characteristic of 2-(alkylthio)-
penem esters. Formation of the ¢is penem 9a from the frans azetidinonephosphorane 7a was
unexpected. The frans isomer 8a was heated in xylene at 125°C for several hours to give a
mixture of 8a and 9a in approximately a 4: 1 ratio. Heating the cis isomer 9a also gave the
same mixture. Thus, the cis, frans interconversion was inevitable under the cyclization
conditions of the phosphorane 7a. This interconversion between 8a and 9a can be explained
by considering the intermediate of the conjugated betaine as depicted by 10.» More reliable
experimental evidence for the epimerization which occurred at the C-5 position, not at the
other possible position, C-6, will be given in the forthcoming paper. The #rans penem ester
‘8a was desilylated to hydroxyethylpenem 1la in 929, yield by treatment with tetrabutyl-
ammonium fluoride in THF in the presence of acetic acid.1 Hydrogenolysis of 11a with 10%,
palladium-charcoal in a mixture of THF/phosphate buffer solution (pH 7.1) followed by
purification on Diaion HP20AG, eluting with 2—59%, aceton-ewater, afforded a 609, yield of
the desired 5R, 65, 8R amino acid 13a, “1-thiathienamycin.” UV 289 nm (g): 253 (4790), 321
(6130); [«]p +175° (H;O). Analogously, deblocking of the cis penem ester 12a afforded the
55, 6S, 8R amino acid 14a, having the unnatural C-5 configuration, UV A% nm (¢): 262 (5010),
318 (6480); [«]p —205° (H,0).

Following the same procedure as described above, the 8S azetidinone 4 was transformed
to the 8S phosphorane 7b via 5b and 6b, and subjected to the cyclization reaction to give the 8S
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trans penem ester 8b accompanied by a trace amount of the 5,6-cts penem. Desilylation of
8b to 11b and subsequent hydrogenolysis afforded the 85 amino acid 13b, UV A% nm (¢): 252
(4700), 320 (5700); [«]p +198° (H,0).

The 8R and 85 amino acids 13a and 13b thus obtained were acetylated with
acetic anhydride in a mixture of THF/aqueous sodium bicarbonate solution to give the sodium
salts of the corresponding acetamido acids 13e and 13f, respectively.
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CO.PNB CO.PNB
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Homologs of amino acids with a longer side chain at the C-2 position (13¢, d and 14c, d)
were similarly prepared by the reaction sequence described above, starting from the 8R
azetidinone 3 and, as components of the C-2 substituents, the corresponding [[(p-nitrobenzyl)-
oxycarbonyl]amino]alkanethiols.

Penem acids (13g, h) with a hydroxy function in the C-2 side chain were also prepared
starting from the azetidinones 3 and 4 and 3-(terf-butyldimethylsilyloxy)propanethiol. An
intramolecular Wittig reaction of the phosphorane 7e obtained from the 8R azetidinone 3
vta Se and 6e afforded an inseparable mixture (4: 1 by NMR) of the #rans and cis penem esters
8e and 9e in 669, yield. Selective deprotection of the primary alcohol group in 8¢ and 9e
was attempted by treatment of the mixture with two equivalents of tetrabutylammonium
fluoride in THF in the presence of acetic acid at room temperature for 8 h. The product
was separated by preparative thin layer chromatography to give the frans isomer 8g (43%,) and
the cis isomer 9g (129,) along with a mixture of dihydroxypenem esters 11g and 12g (12%)
and the starting material (24%). On the other hand, an intramolecular Wittig reaction of
the 8S phosphorane 7f derived from 4 afforded the #7ans penem ester 8f exclusively. Desilyl-
ation of 8g and 8f to the corresponding 8R and 8S dihydroxy penems 11g and 11h by longer
treatment with tetrabutylammonium fluoride and subsequent hydrogenolysis in phosphate
buffer solution afforded the dihydroxypenem acids 13g and 13h, respectively, as sodium salts.

The monohydroxy penem ester 8g provides a useful intermediate for manipulation of the
C-2 side chain, as demonstrated in our previous paper.®?’ The alcohol 8g was treated with
hydrogen azide in the presence of triphenylphosphine and diethyl azodicarboxylate to give
the azido penem 11i in quantitative yield. Removal of the silyl group in 11i followed by
hydrogenolysis afforded 2-(3-aminopropylthio)penem acid 13c, already described above.

The diastereomeric pair of 8R and 8S 2-(ethoxyethylthio)penem acids, 13i and 13j, and
the cis 8R isomer 14i were also obtained by the standard procedure as described above, starting
from the azetidinones 3 and 4 and 2-ethoxyethanethiol.

Antibaceterial activities of the 6-(hydroxyethyl)-2-(alkylthio)penem-3-carboxylic acids
thus obtained are shown in Table I. In general, the introduction of the 6a-hydroxyethyl
group into the penem increased the activity against f-lactamase- producing strains. The
8R trans diastereomers 13a, e, g, i, which have the same configuration as thienamycin, showed
far more potent activity than the corresponding 8S frans diastereomers 13b, f, h, j.1» Com-
pared to the racemic 6-unsubstituted parent penems,® the 8R hydroxyethylpenem acids had
markedly increased activity against gram-positive bacteria; and in particular, the anti-Pseudo-
monas activity of the 8R penems 13a, ¢, d, having the amino function in the side chain, was
outstanding. It is interesting to note that the difference of the side chain length did not
result in any significant difference in antibacterial activity, as observed with the 8R amino
acids 13a, ¢, d. The cis penems 14a, c, d, i with the unnatural C-5 configuration of
thienamycin exhibited no significant activity against most micro-organisms.

The biological stability of these compounds seemed to be substantially improved consider-
ing that the urinary recovery of the (hydroxyethyl)penem acid 13i parenterally administrated
to mice was 44.69%, during 0—24 hours, which is much higher than the 5.8%, urinary recovery
of the corresponding 6-unsubstituted penem acid.®

Experimental

Melting points are uncorrected. Infrared spectra (IR) were recorded on a JASCO A-2 spectrometer
and ultraviolet spectra (UV) on a Cary 14 CM-50 (Serial 1258) spectrometer. Proton magnetic resonance
spectra (NMR) were obtained on a Varian A-60 or a Hitachi-Perkin-Elmer R-24 spectrometer unless other-
wise specified, or on a Varian XL 100A-15 spectrometer, using, unless otherwise specified, tetramethylsilane
as an internal standard. Rotations were determined on a Perkin-Elmer 141 spectrometer at 25°C. Thin~
layer chromatography (TLC) was performed on TLC plates, Silica gel 60F,;, precoated, layer thickness
0.25 mm (E. Merck) and spots were made visible by UV irradiation or by spraying with vanadic acid-sulfuric
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acid followed by heating, or by iodine treatment. Chromatography columns were prepared with Wakogel
C-200 (Wako Pure Chemical Industries, Ltd.) and preparative TLC was carried out on plates of Silica gel
60F,;, (E. Merck). The amount of silica gel used and the developing solvents are shown in parenthesis.
The abbreviations used are as follows: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet;
dq, doublet of quartets; qd, quartet of doublets; m, multiplet; br., broad; sh., shoulder.

Mercaptans 2-Ethoxyethanethiol'® was prepared from 2-ethoxyethyl bromide. 3-(fert-Butyl-
dimethylsilyloxy)propanethiol (bp, 85—87°C) was provided in 909, yield by silylation of 3-mercaptopro-
panol with feri-butyldimethylchlorosilane (1.1 equiv.) and imidazole in N,N-dimethylformamide (DMF).
2-[[(p-Nitrobenzyl)oxycarbonyl]amino]ethanethiol’® (mp 67—68°C) was derived from 2-aminoethanethiol
and p-nitrobenzyl chloroformate. 3-[[(p-Nitrobenzyl)oxycarbonyllamino]propanethiol (mp 68—69°C) was
synthesized from 3-aminopropanol by a reaction sequence involving N-protection with a (p-nitrobenzyl)-
oxycarbonyl group, mesylation and subsequent displacement reaction with disodium trithiocarbonate!®)
in aqueous MeOH, followed by acidification. 4-[[(p-Nitrobenzyl)oxycarbonyllamino]butanethiol (mp 43—
44°C) was synthesized as follows; yp-[[(p-nitrobenzyl)oxycarbonyljamino]butyric acid was treated with i-
butyl chloroformate and triethylamine in THF to give ¢» sif« the mixed anhydride, which was then reduced
with NaBH, to the corresponding alcohol whose mesylation and subsequent displacement with disodium
trithiocarbonate as described above afforded the desired N-protected 4-aminobutanethiol.

(3S,4R)-4-[[(Alkylthio)thiocarbonyl]thio]-3-[(R or S)-1-(fert-butyldimethylsilyloxy)ethyl]-2-azetidinones
(5a—f, j, k)——As a typical example, the preparation of the 4-[[2-[[(p-nitrobenzyl)oxycarbonyl]amino]-
ethylthio]thiocarbonyljthio derivative 5a is described. 2-[[(p-Nitrobenzyl)oxycarbonyllamino]ethane-
thiol (712 mg, 2.78 mmol) was added to an ice-cold sodium methoxide solution, prepared by dissolving sodium
metal (60.9 mg, 2.64 mmol) in MeOH (6 ml), and after 5 min, carbon disulfide (211 mg, 2.78 mmol) was
added. The mixture was stirred for 20 min, then cooled to —10°C and 3 (758 mg, 2.64 mmol) was added.
Stirring was continued for 40 min at the same temperature. One drop of acetic acid was added and the
mixture was diluted with AcOEt, washed with brine and dried. The solvent was evaporated off in vacuo
and the residue was chromatographed (25 g, benzene-acetone, 10: 1) to give 5a (1.37 g, 879%,) as a yellow oil.

The other trithiocarbonates (5b—f, j, k) were similarly prepared. The products were purified by column
or preparative TLC over silica gel using benzene-AcOETt solvent systems. Appearance, elementary analysis
data and yields are given in Table IT and spectral data in Table III.

TasLE II. (3S, 4R)-4-[[(Alkylthio)thiocarbonyl]thio]-3-[1-(fer?-
butyldimethylsilyloxy)ethyl]-2-azetidinones (5)

Analysis, (%)
Calcd .
Stereo- Appearance®) Yield
Compd. Ra) chemistry?) p§1 b, °C Formula (Found) (;)
C H N S
ba (CH,),NHPNZ R Oil CyoHaN3O0gS;S1  47.20 5,94 7,51 17.18 87
(47.97 5,89 7,39 17.10)
5b (CH,),NHPNZ S 0Oil CyoH33NgOgS;Si  47.20 5.94 7,51 17,18 67
(47.88 5.71 7.36 16.89)

5¢ (CH,);NHPNZ R Powder CysH s N,0.S5,81 48,14 6,15 7.32 16.76 71
127—128 (48.10 6.24 7,20 16.76)
(B-H)

5d (CH,) NHPNZ R Powder CoyH3s ;045,51 49,04 6.34 7,15 16.36 85
101—103 (49.23 6.38 7.11 16,35)
(MeOH)

5e (CH,);OTBDMS R Prisms C, HsNO3S:Si, 49.46 8.50 2,75 18,87 70
115—117 (49.35 8.53 2.72 19.17)
(MeOH)

5f (CH,);OTBDMS S Fine needles C,;H,;NO,S;Si, 49.46 8.50 2.75 18.87 64
56—61 (49.66 8.68 2,64 18,92)
(MeOH)

5) (CH,),0C,H, R Fine needles C,H;NO,S,Si 46,90 7.63 3.42 23, 48 78
69—71 (46.88 7.61 3,26 23,48)
(H) ;

5k (CH,;),0C,H; S 0il CieH3 NO3S,;Si 46,90 7.63 3.42 23,48 75

(46.83 7.59 3.35 23.38)

a) PNZ, (p-nitrobenzyl)oxycarbonyl; TBDMS, test-butyldimethylsilyl.
b) Configuration at the carbon bearing the fer£-butyldimethylsilyloxy group in the side chain.
c¢) Yellow-colored. Recrystallization solvents in parentheses: B, benzene; H, hexane.
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TasLe III. IR and NMR Data for (35, 4R)-4-[[(Alkylthio)thiocarbonyl]thio]-
3-[1-(fert-butyldimethylsilyloxy)ethyl]-2-azetidinones (5)
Compd. IR, cm~? (state) NMR, é# (CDCl,)
5a 3400 (br.), 1770, 0.05 (6H, s), 0.90 (9H, s), 1.20 (3H, d, 6), 3.23 (1H, dd,
1720 (KBr) 4, 2.5), 3.55 (4H, br s), 4.20 (1H, m), 5.13 (2H, s), 5.59
(1H, d, 2.5), 7.15 (1H, br s), 7.50 (2H, d, 9), 8.16 (2H,
4, 9)
5b 3460, 3430, 1775, 0.08 (6H, s), 0.85 (9H, s), 1.27 (3H, d, 6), 3.23 (1H, t,

1725 (CHCl,)

2.5), 3.45 (4H, m), 4.15 (1H, m), 5.11 (2H,s), 5.43 (1H,
d, 2.5), 6.55 (1H, br s), 7.42 (2H, d, 9), 8.16 (2H, d, 9)

5c 3400 (br.), 3300, 0.08 (6H, s), 0.88 (9H, s), 1.21 (3H, d, 6), 1.98 (2H, m),
1760, 1700 (KBr) 3.30 (5H, m), 4.20 (1H, qd, 6, 2), 5.16 (2H, s), 5.63 (1H,
d, 2.5), 7.44:(2H, d, 9), 8.14 (2H, d, 9)
5d 3425, 1780, 1725 0.10 (6H, s), 0.85 (9H, s), 1.15 (3H, d, 6), 1.60 (4H, m),
(KBr) 3.10 (5H, m), 4.12 (1H, qd, 6, 2.5), 5.05 (2H, s), 5.50
(1H, d, 3), 7.33 (2H, d, 9), 8.02 (2H, d, 9)
5e 3140 (sh.), 3080, 0.10 (12H, s), 0.90 (18H, s), 1.20 (3H, d, 6.5), 1.95 (2H,
1773, 1731 (Nujol) m), 3.26 (1H, dd, 4.5, 2.5), 3.52 (2H, t, 7), 3.78 (2H, t,
© ), 4.35 (1H, m), 5.80 (1H, d, 2.5), 6.7 (1H, br)
5f 3420, 1779 (CHCI,) 0.08 (6H, s), 0.10 (6H, s), 0.90 (18H,s), 1.33 (3H, d, 6),
1.95 (2H, m), 3.33 (1H, m), 3.52 (2H, t, 7), 3.75 (2H, t,
6), 4.35 (1H, m), 5.67 (1H, 4, 2.5), 6.7 (1H, br)
5j 3425, 1779 (CHCI,) 0.08 (6H, s), 0.88 (9H, s), 1.20 (3H, t, 6.5), 1.22 (3H, d,
6.5), 8.22 (1H, dd, 4, 2.5), 3.55 (2H, q, 6.5), 3.66 (4H,
br.'s), 4.3 (1H, m), 5.73 (1H, d, 2.5), 6.80 (1H, br s)
5k 3425, 1780 (CHCL,) 0.08 (6H, s), 0.88 (9H, s), 1.20 (3H, t, 6.5), 1.34 (3H, d,

- 6.5), .25 (1H, m). 3.55 (2H, q, 6.5), 3.66 (4H, brs),4.3

(1H, m), 5.59 (1H, d, 2.5), 6.8 (1H, br s)

Chemical shifts are given with porton numbers, absorption patterns and coupling constants

in Hz in parentheses.

TaBLE IV, p-Nitrobenzyl 2-[(3S, 4R)-4-[[(Alkylthio)thiocarbonyl]thio]-3-[1-(fers-

butyldimethylsilyloxy)ethyl]-2-oxo-1-azetidinyl]-2-hydroxyacetates (6)

Analysis, (%)

Calcd . Reaction
Stereo- Yield -
Compd. R chemistry? Formula (Found) (%) ’1‘(1hn)1e
C H N S
6a CH,),NHPNZ R Cy HoN,04,S;:51 48,42 5,24 7,29 12,51 78 5
(CHa)e PTGOTETITST 4842 5.95 7.66 12.28)
6b (CH,),NHPNZ S Cy H,oN,04,S;51 48.42 5.24 7,29 12,51 64 16
(48.26 5.48 7.50 12,22)
6c (CH,),NHPNZ R C3.H N, 04,5551 49,09 5,41 7.16 12,28 88 16
(49.27 5,36 7.08 12.34)
6d (CH,), NHPNZ R C3H 4y N,0,,S,51 49,73 5,56 7.03 12,07 78 22
(49.46 5.98 6.84 12,23)
6e (CH,);OTBDMS R CyoH 0N 045,51, 50,10 7,01 3,90 13,38 97 13
(50.30 7.36 3.76 13.66) :
6f (CH,);OTBDMS S CyoH 5N, 045,51, 50,10 7,01 3.90 13,38 97 8
(60,33 7.27 3.65 13.29)
6j (CH,),0C,H; R CysH 35N, 045,51 48.52 6.19 4.53 15.54 100 10
(48.48 6.03 4.88 15,54)
6k (CH,),0C;H; S C,sH 3 N,0,5,51 48.52 6.19 4.53 15.54 96 8
(48.59 6.01 4.44 15.57)

a) PNZ, (p-nitrobenzyl)oxycarbonyl; TBDMS, fert-butyldimethylsilyl.
b) Configuration at the carbon bearing the fest-butyldimethylsilyloxy group in the side chain.
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p-Nitrobenzyl 2-[(3S, 4R)-4-[[(Alkylthio)thiocarbonyl]thio]-3-[(R or S)-1-(tert-butyldimethylsilyloxy)-
ethyl]-2-oxo0-1-azetidinyl)-2-hydroxyacetates (6a—f, j, k) As a typical example, the preparation of 6a
is described. A solution of 5a (1.00 g, 1.78 mmol) and p-nitrobenzyl glyoxylate (hydrate, 404 mg, 1.78
mmol) in benzene (10 ml) was refluxed for 5 h. The mixture was evaporated to dryness in vacuo and the
residue was chromatographed (15 g, hexane-acetone, 3: 1) to provide 6a (1.08 g, 78%) as a yellow oil. The
other glyoxylate adducts were prepared in a similar manner. Elementary analysis, yields and spectral data
are given in Tables IV and V.,

TasLe V. IR and NMR Data for p-Nitrobenzyl 2-[(3S, 4R)-4-[[(Alkylthio)thiocarbonyl]-thio]-
3-[1-(tert-butyldimethylsilyloxy)ethyl]-2-oxo-1-azetidinyl]-2-hydroxyacetates (6)

Compd. IR, cm-! (state) NMR, 6 (CDCly)

6a 3350, 1770, 1720 (liq.) 0.04 (3H, s), 0.06 (3H, s), 0.82 (9H, s), 1.13 and 1.15 (1: 1, 3H,
d, 6), 3.30 (1H, m), 3.50 (4H, br s), 3.90—4.3 (3H, m), 5.18
(2H, s), 5.24 and 5.33 (1: 1, 2H, s), 5.55 (1/2H, d, 9), 6.18 and

6.26 (1: 1, 1H, d, 3)
6b 3520, 3470, 1784, 0.10 (6H, s), 0.84 (9H, s), 1.23 and 1.27 (1:1, 3H, d, 6), 3.35
1765 (sh.), 1735 (CHCL)  (1H, m), 3.5 (4H, br.), 3.9—4.5 (3H, m), 5.15 (2H, s), 5.25 and

. 5.30 (2H, s), 5.5 (2H, m), 6.02 and 6.07 (1: 1, 1H, d, 3)

6c 3375, 1780, 1730 (liq.) 0.04 and 0.06 (6H,s), 0.95 (9H, s), 1.26 and 1.28 (3H, d, 6),
1.95 (2H, m), 3.0—3.35 (4H, m), 3.7—4.3 (2H, m), 5.05 (2H,s),
5.11 and 5.20 (2H, s), 5.41 (1/2H, d, 9.5), 6.05 and 6.10 (1H,

d, 3)
6d 3400 (br.), 1780, 1725 0.04 and 0.05 (6H, s), 0.83 (9H, s), 1.16 (3H, d, 6), 1.60 (4H,
(liq.) : m), 2.9—3.3 (5H, m), 4.00 (1H, m), 5.06 (2H, s), 5.15 and 5.23
(2H, s), 6.03 and 6.09 (1H, d, 3)
Ge 3470, 3390, 1770 (br) 0.06 (12H, s), 0.88 (18H, s), 1.23 (3H, d, 6.5), 1.90 (2H, m),
(Nujol) 3.32 (1H, dd, 4.5, 2.5), 3.48 (2H, t, 7), 3.70 (2H, t, 6.5), 4.25

(1H, m), 5.30 and 5.38 (1: 3, 2H, s), 5.25 and 5.62 (1:3, 1H, d),
6.26 and 6.30 (3: 1, 1H, d, 2.5)

6f 3430, 1775, 1750 (sh.) 0.08 (12H, s), 0.88 (18H, s), 2.32 (3H, d, 6), 3.4 (1H, m), 3.47
(liq.) (2H, t, 7), 3.70 (2H, t, 6), 4.3 (1H, m), 5.31 and 5.37 (1: 1, 1H,
d, 8.5), 6.07 (1H, m)
6j 3430, 1775, 1750 (sh.) 0.06 (6H,s), 0.85 (9H, s), 1.15 (3H, t, 6.5), 1.21 (3H, d, 6.5),
(liq.) 3.45 (2H, q, 6.5), 3.56 (4H, br), 4.1 (1H, m), —5.3 (3H, m),
6.19 and 6.23 (1: 1, 1H, d, 2.5)
6k 3430, 1775, 1750 (liq.) 0.06 (6H, s), 0.85 (9H, s), 1.15 (3H, t, 6.5), 1.26 and 1.30 (1: 1,

3H, d, 6), 3.45 (2H, q, 6.5), 3.56 (4H, s), 4.1 (1H, m),—5.3 (3H,
m), 5.98 and 6.02 (1: 1, 1H, d, 2.5)

a) Chemical shifts are given with proton numbers, absorption patterns and coupling constants in Hz in
parentheses. Absorptions of aromatic protons of the p-nitrobenzyl group at § 7.5—8.3 are not given in
the table.

p-Nitrobenzyl 2-[(3S, 4R)-4-[[(Alkylthio)thiocarbonyl]thio]-3-[(R or S)-1-(fert-butyldimethylsilyloxy)-
ethyl]-2-oxo0-1-azetidinyl]-2-(triphenylphosphoranylidene)acetates (7a—f, j, k) A typical procedure is as
follows. Thionyl chloride (146 mg, 1.23 mmol) was added dropwise to a solution of 6a (865 mg, 1.12 mmol)
and 2,6-lutidine (132 mg, 1.23 mmol) in THF (32 ml) at —15°C with stirring. The mixture was stirred for
15 min and then triphenylphosphine (590 mg, 2.24 mmol) and 2,6-lutidine (241 mg, 2.24 mmol) were added.
The whole was stirred for 42 h at 75°C (bath temperature) under an N, atmosphere, then diluted with AcOEt,
washed successively with water, dil. HCI and dil. NaHCO,, and dried. The product obtained by removal
of the solvent was chromatographed (25 g, CHCl;—AcOEt, 20: 1) to give 7a (705 mg, 629%,) as a yellow viscous
oil, The other phosphoranes were similarly synthesized. IR data, elementary analysis data and yields
are given in Table VI.

Intramolecular Wittig Reaction of the Phosphoranes (7a—f, j, k)——A typical procedure is described
for the cyclization of 7a. A solution of 7a (1.33 g) and hydroquinone (92 mg) in xylene (130 ml) was heated
at 125—130°C for 15 h with stirring under an N, atmosphere. The reaction mixture was evaporated to
dryness in vacuo and the residue was chromatogrophed (20 g, benzene) to afford the #7ans isomer 8a (717 mg,
76%) and the cis isomer 9a (158 mg, 17%) as oils; 9a was eluted first. UV AZif nm (¢) for 8a: 263 (25600),
340 (10800) ; for 9a: 263 (25700), 338 (10900). The other penem esters (8b—, j, k and 9c—e, j) were analog-
ously obtained. Reaction time, products and yields are shownin Table VII. Optical rotations, elementary
analysis and spectroscopic data are given in Tables VIII and IX. Cis and frans isomers were easily separated
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TasLe VI. p-Nitrobenzyl 2-[(3S, 4R)-4-[[(Alkylthio) thiocarbonyl]thio]-3-
[1-(fert-butyldimethylsilyloxy)ethyl]-2-oxo-1-azetidinyl]-2-
(triphenylphosphoranylidene)acetates (7)

Analysis, (%)

. Caled .
Compd. Ro S;Z;el?;try » Formula (Found) Y(lgé()ic)
C H N P S
7a  (CH,),NHPNZ R CeoHgsN,0,,PS,Si  58.08 5.27 553 — 9.49 62
(58.29 5,31 5.66 9. 65)
7b (CH,),NHPNZ S CyoH53N,O, PS,Si 58,08 5,27 5.53 3.09 — 44
(57.18 5.30 5.91 2.97)
Te (CH,);NHPNZ R CyoHgsN O, PS,Si 58.46 5,40 5,45 — 9,36 55
(58.60 5.65 5,25 9. 65)
7d (CH,),NHPNZ R Cs1Hg, N0, PS,Si 58.83 5.52 5.38 — 9.24 59
(58.94 5.10 4.99 9. 35)
Te (CH,);OTBDMS R CysHg3N,O,PS,Si, 59.84 6,59 2,91 3.21 — 57
(59.71 6.65 2.93 3.17)
7f (CH,),OTBDMS S CysHgsN,O,PS,Si, 59.84 6,59 2,91 3.21 — 72
(59.69 6.53 2,98 3.04)
7j (CH,),OC,H, R C4sH5:1 N,O,PS,Si 59.83 5.96 3.25 3.59 — 64
(59.85 5.93 3.33 3.32)
7k (CH,),0C,H;, S C,sH; N,O,PS,Si 59.83 5.96 3.25 3.59 — 56
(59.57 5.84 3.16 3.20)
a) PNZ, (p-nitrobenzyl)oxycarbonyl; TBDMS, fert-butyldimethylsilyl.
&) Configuration at the carbon bearing the ter¢-butyldimethylsilyloxy group in the side chain.
¢) All compounds were obtained as yellow-colored viscous oils.
TaBLe VII. Transformation of the Phosphoranes 7 into the Penem Esters 8 and 9.
Starting Ro  Stewor o RgEn  Prodwb(ield, %) St of
material chemistry® (h) trams isomer cis isomer  material (%)
7a (CH,),NHPNZ R 15 8a (76) 9a (17) —
7b (CH,),NHPNZ S 10 8b (65) trace 8
Te (CH,),NHPNZ R 15 8¢ (57) 9¢ (20) —
7d (CH,) ,NHPNZ R 16 8d (58) 9d (20) 6
Te (CH,);0TBDMS R 12 8e +9e (4:1,66)° 17
7f (CH,),OTBDMS S 8 8f (51) —_ 28
7] (CH,),0C,H, R 10 8j (53) 95 (17) 8
Tk (CH,),0C,H; S 10 8k (77) trace 6

a) PNZ, (p-nitrobenzyl)oxycarbonyl; TBDMS, fert-butyldimethylsilyl.
b) Configuration at the carbon bearing the fert-butyldimethylsilyloxy group in the side cham
¢) The ratio was determined by NMR analysis.

by column chromatography or preparative TLC except for the mixture of 8¢ and 9e, which was inseparable
and whose separation was achieved after desilylation to 8g and 9g as described later.

Interconversion of the rans Penem Esters 8 and the cis Esters 9——i) A solution of 8a (50 mg) and hydro-
quinone (5 mg) in xylene (8§ ml) was heated at 125°C for 7 h under an N, atmosphere. Xylene was eva-
porated off in vacuo. Separation of the products by preparative TLC (benzene~AcOEt, 3: 1) afforded the
trans isomer 8a (37 mg, 74%) and the less polar ¢is isomer 9a (9 mg, 18%) as oils. IR, NMR and TLC pro-
perties of 9a thus obtained were identical with those of the sample described above.

ii) A solution of 9a (35 mg) and hydroquinone (3 mg) in xylene (5 ml) was heated at 130°C for 7 h under
an N, atmosphere. Separation of the product as described above gave 8a (25 mg) and 9a (7 mg).

iii) A solution of 8j (45 mg) and hydroquinone (4 mg) in xylene (7 ml) was heated at 135°C for 7 h under
an N, atmosphere. Removal of the solvent under reduced pressure and preparative TLC of the residue
(benzene—-AcOEt, 7: 1) gave the #frans isomer 8j (31 mg) and the less polar cis isomer 9j (10 mg). IR, NMR
and TLC properties of 9j thus obtained were identical with those of the c¢is isomer obtained in the cyclization
reaction of the phosphorane 7j. Heating 8j without hydroquinone resulted in some decomposition, but the
formation of 9j was similarly observed.
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TaBLE VIII. p-Nitrobenzyl (65)-2-(Alkylthio)-6-[1-(¢er¢-butyldimethylsilyl-
oxy)ethyl]penem-3-carboxylates (8 and 9)

Analysis, (%)

Calcd
Stereo- Appearance, mp,©
Compd. Re) chemistry? optical rotation I (Found)
C H N S

; . 51,79 5.33 7.79 8.92
S8a (CHz)zNHPNZ 8R trans 0il C31H38N40105251 (51. 68 5. 30 7. 71 9. 20)
) . . 1.79 5.33 7.79 8.92
9a (CH,),NHPNZ 8Rcis  Oil CarHyaN,0105,Si (21.78 > 701 9.10)

Needles . 51.79 5.33 7.79 8.92
8b (CH,),NHPNZ 8Stans e se60c (£.a) CouHlasNiOuS:St 51777 529 7,93 9.22)
loelp +77°
(6=0.52, CHCl,)
- . 52,44 5.50 7.65 8.75
8¢ (CH,),NHPNZ 8R trans Oil CuHuNOWSSi 2518 546 7.81 8.96)
9¢ (CH,),NHPNZ 8Rcis  Oil CoH o N,0,08,Si  — — —  —
Needles . 53,06 5.67 7.50 8.58
84 (CH,)NHPNZ 8R#ans . er jg50c (B)  CoallaNaOnS:Si (53701 569 7.58 8.59)
[a]p +57°
(c=0.50, CHCI,)
. 0il, [¢]p —64° . 53.06 5.67 7.50 8.58
94 (CH,) NHPNZ 8Rcis (555 CHCI) CasHuaNyO105:51 (53790 5.56 7.62 8.56)
8e® (CH,);OTBDMS 8R (frans) Oil CaoH 1N,0,S, 51, (g% % B N gg)
8f (CH,),OTBDMS 8S #rans Ol CaoHsN,0,S,5i, ég: BB LN ?,g)
Needles . 51.96 6.18 5.05 11.56
8¢ (CH,)OH 8R trans |\ 100—101°C (B-H) CwHauN:0:S:St (51768 624 4,85 11.46)
[olp +96°
(c=0.91, CHCI,)
. Oil, [o]p — 64° .
9¢ (CH,),0H 8Reis (0 1[‘?33’ el CaHaN,0,5,5i -
. Needles . 49,72 5.74 12.08 11.06
8i  (CH,)sNy 8R trans Vo9 5 93.5°C (B-H) CuHluaNsOsSeS1  (49'68 5,71 12,02 11.15)

[a]p +79°
(c=0.93, CHCI,)

Oil, [a]p +83° 52.79 6.38 4,93 11.28

8j (CH.),0CH;  8Ruans ;98 CHCl,) CasHaeN:0,5:51 (53708 6.64 4.65 11.42)
W cmoon, e SEEINL comsoss @R OF iRUZ

Oil, [a]p +64° . 52,79 6.38 4.93 11.28
8k (CH,),0C;H; 8S trans (c—1.08, CHCl,) C,H,eN,0,S,5i1 (53.04 6.56 4,81 11.02)

a) PNZ, (p-nitrobenzyl)oxycarbonyl; TBDMS, #er¢-butyldimethylsilyl.

b) trans, 5R, 6S; cis, 5S, 6S.

¢) Recrystallization solvents in parentheses: E.A, ethyl acetate; B, benzene; H, hexane.
d) A 4:1 mixture of 8e and 9e.

iv) Heating 9j in the same manner as described above afforded a mixture of 8j and 9j in approximate-
ly a 3: 1 ratio.

p-Nitrobenzyl (5R, 6S)-6-[(R)-1-(tert- Butyldimethylsilyloxy)ethyl] -2-[(3-hydroxypropyl)thio]penem - 3-
carboxylate (8g) and Its 5S Isomer (9g)——Acetic acid (402 mg, 6.7 mmol) and tetrabutylammonium fluo-
ride (350 mg, 1.34 mmol) were added to a solution of the 4: 1 mixture of 8e and Se (450 mg, 0.67 mmol),
obtained by cyclization of the phosphorane 7e, in THF (20 ml). The mixture was allowed to stand at room
temperature for 3 h, and then diluted with AcOEt, washed with water and dried. Removal of the solvent
in vacuo and preparative TLC of the residue (benzene-AcOEt, 3: 1) gave the trans isomer 8g (160 mg, 43%,)
and the less polar ¢is isomer 9g (46 mg, 12%) as oils along with a mixture of dihydroxyesters 11g and 12g
(35 mg, 12%) and the starting material (107 mg, 24%). Analytical and spectral data are given in Tables
VIII and IX.

p-Nitrobenzyl (5R, 6S)-2-[(3-Azidopropyl) thio] -6-[(R) -1 - (¢ert - butyldimethylsilyloxy) ethyl] penem - 3-
carboxylate (8i) Triphenylphosphine (73 mg, 0.28 mmol), a 1.1 M solution of hydrogen azide in benzene
(0.28 ml, 0.31 mmol) and diethyl azodicarboxylate (49 mg, 0.28 mmol) were successively added to an ice-
cold solution of 8g (77 mg, 0.14 mmol) in THF (2.5 ml) with stirring. The mixture was then stirred at room
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TaBLE IX. Spectral Data for p-Nitrobenzyl (65)-2-

(Alkylthio)-6-[1-(fert-

butyldimethylsilyloxy)ethyl])penem-3-carboxylates (8 and 9)

Compd.

IR, cm™! (state)

NMR, 6 (CDCl,)

8a

9a

8b

8c

9¢

8d

9d

8e

9e
8f

8g

9¢

8i

8j

9j

8k

3400, 1780, 1720,
1670 (Nujol)

3350, 1780, 1730,
1690 (Nujol)

3360, 1790, 1725,
1679 (Nujol)

3350 (br

1690 (sh.) (liq.)

3400, 1790, 1730 (br

1700 (sh.) (liq.)

3400 (br.), 1790, 1725,

1695 (KBr)

3400, 1795, 1735,
1700 (sh.) (liq.)

1790, 1690 (CHCl,)

1785, 1688 (CHCI,)

3360, 1782, 1671
(Nujol)

3400, 1790, 1692
(CHCL,)

2110, 1791, 1695
(CHCL,)

1790, 1691 (CHC,)

1790, 1691 (CHCL,)

1790, 1692 (CHCL,)

), 1780, 1720,

0.03 (3H, s), 0.07 (3H, s), 0.80 (9H, s), 1.20 (3H, d, 6), 3.04 (2H
m), 3.42 (2H, q, 5), 3.66 (2H, dd, 4, 2), 4.12 (1H, m), 5.04 and
5.37 (1H each, ABq, 14), 5.10 (2H, s), 5.57 (1H, d, 2)
0.10 (6H, s), 0.81 (9H, s), 1.32 (3H, d, 6), 3.01 (2H, m), 3.36 (2H,
5), 8.74 (1H, dd, 10, 4), 4.22 (1H, dg, 10, 6), 5.01 and 5.40 (1H
each, ABq, 14), 5 05 (2H, s), 5.58 (1H, 4, 4)
0.08 (6H,s), 0.83 (9H,s), 1.29 (3H, d, 6), 3.01 (2H, m), 3.41 (2H,
mj}, 3.69 (1H, dd, 3, 1.5), 4.1 (1H, m), 5.13 (2H, s), 5.15 and 5.36
(1H each, ABq, 14), 5.46 (1H, 4, 1.5)
0.05 and 0.08 (3H each,s), 0.80 (9H,s), 1.20 (3H, d, 6), 1.86 (2H,
m), 2.92 (2H, t, 7), 3.28 (2H, q, 7), 3.63 (1H, dd, 4, 1.5), 4.10
(1H, qd, 6, 4), 5.12 and 5.42 (1H each ,ABq, 14), 5.15 (2H, s),
5.60 (1H, d, 1.5) .
0.14 (6H,s), 0.85 (9H,s), 1.40 (2H, d, 6), 1.92 (2H, m), 3.00 (2H,
t, 6.5), 3.30 (2H, q, 6.5), 3.83 (1H, dd, 10, 4.5), 4.3 (1H, m), 5.15
and 5.52 (1H each, ABq, 14.5), 5.20 (2H, s), 5.69 (1H, d, 4.5)
0.05 and 0.07 (3H each, s), 0.80 (9H, s), 1.21 (3H, d, 6), 1.52 (4H,
m), 2.83—3.4 (4H, m), 3.78 (1H, dd, 5, 2), 4.1 (1H, m), 5.14 and
5.48 (1H each, ABq, 14), 5.20 (2H, s), 5.65 (1H, 2)
0.15 (6H, s), 0.86 (9H, s), 1.38 (3H, d, 6), 1.68 (4H, m), 2.8—3.3
(4H, m), 3.85 (1H, dd, 10, 4), 4.35 (1H, m), 5.12 and 5.49 (1H
each ,ABq, 14), 5.20 (2H, s), 5.72 (1H, d, 4)
0.05 (12H,s), 0.87 (9H,s), 0.92 (9H,s), 1.26 (3H, d, 6), 1.90 (2H,
m), 3.00 (2H, m), 3.66 (1H, dd, 4, 1.5), 3.67 (2H, t, 6), 4.25 (1H,
m), 5.17 and 5.44 (1H each, ABq, 14), 5.62 (1H, d, 1.5)
1.42 (3H, d, 6), 5.69 (1H, d, 4)»
0.05 and 0.10 (6H each, s), 0.87 (18H,s), 1.35 (3H, d, 6), 1.90
(2H, m), 3.00 (2H, m), 3.67 (2H, t, 6), 3.79 (1H, dd, 3.5, 1.5),
4.2 (1H, m), 5.17 and 5.44 (1H each, ABq, 14), 5.50 (1H, d, 1.5)
0.08 (6H,s), 0.80 (9H,s), 1.20 (3H, d, 6), 1.90 (2H, m), 3.04 (2H,
m), 3.68 (1H, dd, 3.5, 1.5), 3.73 (2H, t, 6), 4.25 (1H, m), 5.16
and 5.44 (1H each ,ABq, 14), 5.63 (1H, d, 1.5)
0.11 (6H,s), 0.83 (9H,s), 1.36 (3H, d, 6), 1.90 (2H, m), 3.07 (2H,
m), 3.74 (2H, t, 6), 3.84 (1H, dd, 10.5, 4), 4.37 (1H, m), 5.17 and
5.48 (1H each, ABq, 14), 5.68 (1H, d, 4
0.06 (6H,s), 0.80 (9H,s), 1.20 (3H, d, 6), 1.90 (2H, m), 2.97 (2H,
m), 3.39 (2H, t, 6.5), 3.65 (1H, dd, 4, 1.5), 4.2 (1H, m), 5.13 and
5.43 (1H each, ABq, 14), 5.63 (1H, d, 1.5)
0.04 and 0.06 (3H each,s), 0.80 (9H,s), 1.16 (3H, t, 7), 1.22 (3H,
d, 6.5), 3.2 (2H, m), 3.7 (2H, m), 3.55 (2H, q, 7), 3.75 (1H, dd,
4, 1.5), 4.3 (1H, m), 5.23 and 5.50 (1H each, ABq, 14}, 5.70 (1H
d, 1.5)
0.12 (6H, s) 0.84 (9H, s), 1.16 (3H, t, 7), 1.40 (3H, d, 6.5), 3.2
(2H, m), 3.7 (2H, m), 3.55 (2H, q, 7), 3.90 (1H, dd, 10, 4), 4.4
(1 H, m), 5 21 and 5.56 (1H each, ABq, 14), 5.76 (1H, d, 4)
0.08 (6H, s ) 0.80 (94, s), 1.11 (3H, t, 7), 1.26 (3H, d, 6), 3.1
(2H, m), 3.7 (2H, m), 3.50 (2H, q, 7), 3.81 (1H, dd, 3.5, 1.5), 4.2
(1H, m), 5.20 and 5.47 (1H cach, ABq, 14), 5.53 (1H, d, 1.5)

[N
~

~

a)

Chemical shifts are given with proton numbers, absorption patterns and coupling constants in Hz in

parentheses. Absorptions of aromatic protons of the p-nitrobenzyl group(s) at § 7.5—8.3 are not

given in the table.

b) Absorptions distinguishable in the spectrum of a 4: 1 mixture of 8¢ and 9e.
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temperature for 10 min, diluted with AcOEt, washed with water, dried and evaporated to dryness in vacuo.
Preparative TLC of the residue (hexane-acetone, 3:1) gave 8i (81 mg, 100%), which was recrystallized
from benzene-hexane to afford analytical samples, mp 92—93.5°C, as needles. Analytical and spectral
data are given in Tables VIII and IX.

p-Nitrobenzyl 2-(Alkylthio)-6-(1-hydroxyethyl)penem-3-carboxylates (11a—d, g—k and 12a, c, d, j)
As a typical example, the preparation of 11a is described. A solution of 8a (200 mg, 0.278 mmol), acetic acid
(167 mg, 2.78 mmol) and tetrabutylammonium fluoride (218 mg, 0.835 mmol) in THF (5 ml) was allowed
to stand at room temperature for 14 h. The mixture was diluted with AcOEt, washed successively with
water and dil. NaHCO; and dried. Removal of the solvent by evaporation afforded a crystalline mass which
was recrystallized from benzene~-MeOH to provide the alcohol 11a (156 mg, 92%,), mp 189—190°C, as prisms
The other 6-(hydroxyethyl)penem esters were similarly prepared by desilylation of 8 and 9. The disilyl-

TaBLE X. p-Nitrobenzyl (65)-2-(Alkylthio)-6-(1-hydroxyethyl)penem-
3-carboxylates (11 and 12)

Analysis (%)
Calced

Stereo- Appearance, mp,® Yield
Compd. ~ R® chemistry? optical rotation Formula (Found) (%)
C H N S
Powder 49.66 4.00 9.27 10,61
Ha (CH,),NHPNZ 8Rtrans g9 j90°c (B-M) CosHaaNiOwS: (49'84 402 9,30 10,48) 2
(a]p +71°
(c=0.63, DMF)
. Oil, [a]p —87° . 49,66 4.00 9.27 10.61
128 (CH,),NHPNZ 8Rais (7 98 DMF) CasHaNiO3oS: (49'78 3089 9,12 10.60) &7
Prisms 49.66 4,00 9.27 10.61
b (CHy),NHPNZ 8S#ans 1,515 159 50 (E.A) CoHeeNeO1S2 (49772 3095 9.24 10.55) 89

[e]p +76°
(c=0.34, THF)
Powder 50.48 4.24 9.06 10,37
e (CH,),NHPNZ 8R#ans  y5n  qrgoc (B-M) CooHaeNeOuS: 50744 4/18 9/01 10,29) %
[a]p +78° (¢=0.68,
10% DMF-acetone)
. 0il, [a]p —77° (c=0.65,
12¢  (CH,),NHPNZ 8R cis 16%[“11)‘3\@_&0&0“) CoHuNOwS; — — — — 9ol

Powder 51.26 4.46 8.86 10.14
11d  (CH,)NHPNZ 8Rtrans 471 q790c (B-M) CoHasNeOwS: 51132 4145 8,78 10.08) 92

51,26 4.46 8.86 10,14

12d (CH,)NHPNZ 8Rcis  Oil CuluN,OuSs (3158 415 8.58 908 B
Needles 49,08 4,58 6.36 14.56
11g  (CH,),OH 8R trans  15177—179°C CisHaoN201Ss 49'20 477 6.14 14.79) 88

(E.A-M) [a]p -+ 98°

(c=0.52, THF)

Prisms 49.08 4.58 6.36 14.56
11h  (CH,),OH 85 trans b 175—178°C CisHaoN:0:S:  (49'13 4,66 6.29 14.68) 8%

(E.A—M) [a]p +109°
(c=0.49, THF)

. Needles 46.44 4,11 15,05 13.78
i (CHy)sNs 8R trans 0 161—162°C CisHioNOeS:  (46°31 437 15,22 13.59) 2%
[elp +94°
(c=0.96, THF)

. Leaflets 50.20 4.88 6,16 14,11
1j  (CHy)OCH,  8Rtrans 09 q75.5°C (E.A) CoHeeNaOSe 4967 4195 5.83 14.20)
[lp +99°
(c=0.42, THF)

89

. . Prisms 50.20 4.88 6.16 14.11
12j  (CH,)0CHs 8Rcis 1 iog gogoc (B)  CooHaaNiOiSe (50707 477 5.97 14.30) &
[a]p —127°
(c=0.93, CHCI,)

Oil, [a]p+90° 50.20 4.88 6.16 14.11
11k (CH,),OC,H; 8S trans (c=0.93, CHC,) CyoH,,N,0;S, (49.87 4.93 6.31 14.08) 85

a) PNZ, (p-nitrobenzyl)oxycarbonyl.
b) trams, 5R, 6S; cis, 5S, 65.
¢) Recrystallization solvents in parentheses: B, benzene; M, methanol; E.A, ethyl acetate.
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penem ester 8f was fully desilylated to 11h under the same reaction conditions described as above. Ana-
lytical and spectral data are given in Tables X and XI. )
2-(Alkylthio)-6-(1-hydroxyethyl)penem-3-carboxylic Acids (13a—j and 14a, c, d, i)——As a typical pro-
cedure, the preparation of the amino acid 13a is described. A solution of 11a (1.20 g) in a mixture of THF
(120 ml) and 0.1 m phosphate buffer solution (pH 7.1, 120 ml) was shaken with 109 palladium-charcoal
(2.10 g) under an H, atmosphere for 9 h. The catalyst was filtered off using Celite and washed with the same
buffer solution (20 ml). The filtrate and washings were washed with AcOEt, concentrated i vacuo at room
temperature to half the initial volume and chromatographed on Diaion HP20AG (Mitsubishi Chemical
Industries, Ltd., 40 ml). Fractions eluted with 2—59%, acetone—water were collected and lyophilized to
give the amino acid 13a (345 mg, 60%) as a powder. Proceeding exactly as described above, the amino
acids 13b—d and 14a, c, d were obtained from the protected penem esters 11b—d and 12a, c, d, respectively.
13c was alternatively obtained, under the same reaction conditions, from the azido ester 11i in 43%, yield.

TaBLE XI.

Spectral Data for p-Nitrobenzyl (6S)-2-(Alkylthio)-6-(1-hydroxy-

ethyl)penem-3-carboxylates (11 and 12)

Compd. IR, cm™! (state) NMR, 69 (d,-DMF)
1la 3425, 3275, 1785, 1.21 (3H, d, 6), 3.3 (4H, br), 3.79 (1H, dd, 6, 2), 4.0 (1H,
1720 (sh.), 1690 (KBr) m), 5.18 (2H, s), 5.20 and 5.54 (1H each, ABq, 14), 5.80 (1H,
d, 2)
12a 3400 (br), 1780, 1.35 (3H, d, 6), 3.10 (2H, m), 3.45 (2H, t-like), 3.82 (1H, dd,
1730, 1700 (br) (liq.) 10, 4), 4.24 (1H, m), 5.14 and 5.48 (1H each, ABq, 14), 5.17
(2H, s), 5.72 (1H, d, 4)»
11b 3540, 3380, 1785, 1.25 (3H, d, 6), 2.9—3.6 (4H, m), 3.88 (1H, dd, 3.5, 1.5), 4.1
1705, 1684 (Nujol) (1H, m), 5.18 (2H, s), 5.20 and 5.50 (1H each, ABq, 14.5), 5.71
(1H, d, 1.5)
11c 3400, 3300, 1770, 1.21 (3H, 4, 6), 2.02 (2H, m), 3.2 (4H, m), 3.80 (1H, dd, 6,
1720 (sh.), 1690 (KBr)  1.5), 5.29 (2H, s), 5.33 and 5.63 (1H each, ABq, 14.5), 5.82
(1H, d, 1.5)
12¢ 3350 (br), 1790, 1.30 (3H, d, 5.5), 1.88 (2H, m), 3.12 (2H, t, 7.5), 3.23 (2H, t,
1730, 1705 (liq.) 6), 4.0 (2H, m), 5.22 (2H, s), 5.22 and 5.54 (1H each, ABq,
14.5), 5.87 (1H, d, 4)»
11d 3425 (br), 3300, 1780, 1.21 (3H, d, 6), 1.65 (4H, m), 3.1 (4H, m), 3.82 (1H, dd, 6.5,
1720, 1690 (KBr) 1.5), 4.13 (1H, m), 5.23 (2H, s), 5.25 and 5.56 (1H each, ABq,
14), 5.83 (1H, d, 1.5)
12d 3400 (br), 1785, 1.36 (3H, d, 6), 1.64 (4H, m), 2.8—3.3 (4H, m), 3.82 (1H, dd,
1730 (sh.), 1700 (br.), 10, 4), 4.24 (1H, m), 5.14 and 5.49 (1H each, ABq, 14), 5.17
(lig.) (2H, s), 5.73 (1H, d, 4)»
11g 3430, 1770, 1692 1.21 (3H, d, 6), 1.80 (2H, m), 2.88 (2H, m), 3.40 (2H, q, 6),
(Nujol) 3.74 (14, 44, 7, 1.5), 4.00 (1H, m), 4.52 (1H, t, 5.5), 5.21 (1H,
d, 6), 5.17 and 5.45 (1H each, ABq, 14), 5.72 (1H, d, 1.5)
11h 3480 (br), 1766, 1.25 (3H, d, 6), 1.80 (2H, m), 2.98 (2H, m), 3.46 (2H, q, 5.5),
1690 (KBr) 3.83 (1H, dd, 8.5, 1.5), 4.0 (1H, m), 4.54 (1H, t, 5.5), 5.21 (1H,
d, 6), 5.16 and 5.45 (1H each, ABq, 14), 5.71 (1H, d, 1.5)
11i 3460, 2110, 1772, 1.21 (3H, 4, 6), 1.90 (2H, m), 3.00 (2H, m), 3.42 (2H, t, 6.5),
1687 (Nujol) 3.78 (1H, dd, 6, 1.5), 4.0 (1H, m), 5.19 and 5.47 (1H each,
ABq, 14), 5.77 (1H, 4, 1.5)
11j 3440, 1773, 1689 1.12 (3H, t, 7), 1.27 (83H, d, 6), 3.25 (2H, m), 3.7 (2H, m), 3.53
. (Nujol) (2H, q, 7), 3.91 (1H, dd, 8, 1.5), 5.15 (1H, m), 5.35 (1H, d, 4),
5.34 and 5.65 (1H each, ABq, 14.5), 5.90 (1H, d, 1.5)
12j 3410, 1796, 1788, 1.12 (3H, t, 7), 1.41 (3H, d, 6), 2.05 (1H, br s), 3.22 (2H, m),
1690, 1681 (Nujol) 3.72 (2H, m), 3.65 (2H, q, 7), 3.88 (1H, dd, 10, 4.5), 4.4 (1H,
m), 5.22 and 5.55 (1H each, ABq, 14), 5.78 (1H, d, 4.5)»
11k 3350, 1793, 1698 1.15 (83H,t,7), 1.35 (3H,d, 6.5), 2.65 (1H, brs), 3.15 (2H, m),

(CHCL,)

3.65 (2H, m), 3.51 (2H, q, 7), 3.85 (1H, dd, 4.5, 1.5), 4.3 (1H,
m), 5.18 and 5.51 (1H each, ABq, 14), 5.67 (1H, d, 1.5)»

UV AB9E nm (g): 11b, 263(25500), 340(10800); 11j, 263(17600), 342(11900); 12j, 262(16900), 337(11400);

11k, 263(16400), 341(11300).

a) Chemical shifts are given with proton numbers, absorption patterns and coupling constants in Hz in
parentheses. Absorptions of aromatic protons of the p-nitrobenzyl group(s) at 6 7.5—8.3 are not

given in the table.

b) CDCl; was used as a solvent.
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The penem acids 13g—j and 14i were obtained as sodium salts from the corresponding esters in the same
manner, the reactions being completed in shorter times (2.5—3 h). Optical rotations and spectral data are
given in Table XII.

(5R, 6S)-2-[(2-Acetamidoethyl)thio]-6-[(R and S)-1-hydroxyethyljpenem-3-carboxylic Acids (13e and
13f) NaHCO; (0.7 mg, 0.068 mmol) and acetic anhydride (4.5 mg, 0.044 mmol) were added to a stirred
solution of 13a (10 mg, 0.034 mmol) in a mixture of water (1 ml) and THF (0.5 ml) at 0°C. After being stirred
for 30 min, the mixture was diluted with 0.1 m phosphate buffer solution (3 ml) and washed with AcOEt..
The aqueous layer was concentrated to ca. 2 ml, and charged on Diaion HP20AG (8 ml). The eluate with
19, acetone—water was lyophilized to give the 8R acetamido acid 13e as its sodium salt (11 mg, 90%).

Similarly, acetylation of 13b afforded the 8S acetamido acid 13f (sodium salt) in 679, yield.

Spectral data for 13e and 13f are given in Table XTI.
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