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Abstract: Different stereocontrolled syntheses of optically active 1,3,6-trisubstituted and

1,2,3,6-tetrasubstituted carbapenems! are reported. D-glucosamine, as chiral auxiliary,
trans-cinnamaldehyde and methoxyacetyl chloride were used as starting materials in the
Staudinger ketene-imine monobactam formation. Radical cyclization and oxidation
reactions led to the desired carbapenems.

The pharmaceutical importance of B-lactam antibiotics with resistance to P—lactamase, such as
thienamycin and other related compounds,? as well as the inhibition of human leukocyte elastase (HLE) by
cephalosporins,3 penicillins,4 penams5 and monocyclic B—lactams,6 have provided a continuing high level of
interest in the chemical synthesis of B—lactams. Potent antibacterial properties and challenging chemical
problems have made carbapenem-type compounds major synthetic objectives. The synthesis of carbapenem
antibiotics usually begins with the construction of a monocyclic B—lactam leaving appropriate substituents for
ring closure. The annelated second ring is then formed at a later stage in the synthesis and it is usually
controlled by the chemical reactivity of the 2-azetidinone.
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The most often used methods for the second ring closure rely either on an intramolecular Wittig-type
reaction or on a diazo insertion reaction.” By contrast, there are numerous methods in the literature for the
synthesis of monocyclic B—lactams but the formation of a suitably substituted 2-azetidinone usually requires
many steps.8 Consequently, the development of short and highly stereocontrolled methods for the synthesis of
carbapenems retains a primary importance in B—lactam chemistry.

Our contributions in this field have been mainly addressed to the use of D-glucosamine? as chiral
auxiliary in the Staudinger reaction.10 In this paper we report the synthesis of the compounds 2, 3a and 3b
which show the synthetic utility of our methodology in the preparation of 1,3,6-trisubstituted and 1,2,3,6-
tetrasubstituted carbapenems. Some preliminary results have been published. 11
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As we have previously reported,!! the 1,3,4-trisubstituted-azetidin-2-ones 1a and 1b underwent ring
closure by a radical cyclization. However, the desired 1,3,6-trisubstituted carbapenem 2 was not obtained. The
transformation of monobactam 1a into carbapenem 2 was nevertheless possible through its silylated derivative
5a (Scheme 1).
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Scheme 1.- i: CF3COOH / MeOH, 20°C. ii: Et3SiCI-DMAP / pyridine, 20°C. iii: Bu3SnH,
AIBN/ toluene, reflux. iv: a = BuyNF / THF, 0°C; b = Ph3BiCQ3 / CH3CN, reflux. v: a = m-
CPBA / CHaCly, 20°C, b = toluene, reflux. vi: Mn0»-NaCN / MeOH, 20°C.

The silylated compound 5a was obtained in 63% yield from monobactam 1a by hydrolysis of the
isopropylidene groups followed by silylation of the resulting tetrahydroxy monobactam 4a. Treatment of the
B-lactam Sa with tri-(n-butyl)-stannane and 2,2'-azobisisobutyronitrile (AIBN) in refluxing toluene for 3h
provided the carbapenam 6 through an exo-Trig process.!2 The cis arrangement of the C-1 and C-2
substituents for this compound was deduced from the TH-NMR data (J2,1= J5,1= 8Hz, J; 3= 4Hz), which are in
agreement with those reported for other carbapenams.11.13

Carbapenam 6 was converted into a mixture of aldehydes 7 and 8 in a one pot two steps process, by
deprotection of the silyl groups with BuyNF, followed by treatment with triphenylbismuth carbonate.14 The
two aldehydes 7 and 8 could be easily separated by column chromatography. Then the compound 7 was
transformed into carbapenem 8 by treatment with m-CPBA, followed by thermolysis of the resulting sulfoxide
in refluxing toluene. Lastly, the aldehyde 8 was converted into the methyl ester 2 by Corey's oxidation method
with manganese (IV) oxide and sodium cyanide in methanol.15
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The key substance for this approach to the synthesis of the carbapenem 2, the silyl derivative 5a, was
prepared in 29% yield (Scheme 2) from the hydrochloride of D-glucosamine-1,3-propanedithioacetal 9 in a
five-step sequence, %13 i.e., preparation of the 3,4;5,6-di-O-isopropylidene derivative 10, condensation with
cinnamaldehyde, Staudinger reaction, hydrolysis of the isopropylidene groups and finally silylation of resulting
monobactam 4a. Trying to improve our results we have studied the preparation of monobactam 5a using the

silyl protecting groups in the first stages.
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Scheme 2.- i: CF3COOH / MeOH, 20°C. ii: Et3SiCI-DMAP / pyridine, 20°C. iii: NaOH / H20,
20°C. iv: trans-cinnamaldehyde / isoBuOH, 70°C. v: TEA, CH30CH,COCl / toluene, 20°C.

To prevent the silylation of the amino group under the basic conditions employed to protect the alcohols
with alkylsilyl chlorides we first carried out the protection of the amine group. The crystalline imine 12 was
prepared in 49% yield from the hydrochloride 9 by basification with NaOH in ethanol and condensation of
resulting amine 11 with trans-cinnamaldehyde. Silylation of compound 12 with triethylsilyl chloride gave its
silyl derivative in a quantitative yield, which was used without further purification in the Staudinger reaction.
The pure diastereomeric cis products 5a and 5b were obtained in 55% yield and 78:22 ratio after isolation by
column chromatography on deactivated silica-gel with TEA. The cis configuration of the substituents at C-3
and C-4 in compounds Sa and Sb was evident from the TH-NMR (J3 4= 5Hz) spectrum.%13 The spectral data of
the major diastereoisomer 5a, were identical to those of the sample obtained through the preceding procedure.

As it is shown in the Table 1, the global yields in the preparation of the tetrasilylated monobactam Sa are
better in the first procedure through the diisopropylidene derivative 10, but an increase in diastereoselectivity
was observed when the Staudinger reaction was carried out with the tetrasilylated imine 12.
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Table 1.- Chemical yield? and proportion of diasteroisomers for compounds showed in Scheme 2.

Compound
Global yield for  Diastereoisomeric
Path 10 11 12 la 4a Sa Sa proportions
1 85 54 90 70 29 64 :36 (1a : 1b)
2 70 70 43 21 78 :22 (5a: 5b)

2Yield in % of isolated pure products by crystallization or column chromatography.

Since the observed chemical yield in this later approach was lower than expected, we decided to
investigate the synthesis of the dihydroxycarbapenam 17 from D-glucosamine-1,3-propanedithioacetal
hydrochloride 9 (Scheme 3). Carbapenam 17 is an interesting intermediate in the synthesis of carbapenem 2
and related substances; the oxidative cleavage of the glycol moiety with Ph3BiCO3 would afford the desired
compound 8 and 2,3-O-isopropylidene-D-glyceraldehyde 18, an useful chiral building block in asymmetric
synthesis. 16
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Scheme 3.- i: Methoxypropene-p-TsOH / DMF, 20°C. ii: trans-cinnamaldehyde / toluene,
70°C. iii: a= Et3SiCI-DMAP / pyridine, 20°C. b = TEA, CH30CHCOC]! / toluene, 20°C. iv:
Bu3SnH, AIBN / toluene, reflux. v: BugyNF / THF, 0°C. vi: Ph3BiCO3 / CH3CN, reflux. vii:
a= NalO4 / MeOH; b= refluxing CH3CN.

As it is shown in Scheme 3, the explored synthetic route to compound 2 begins with the preparation of
the chiral Schiff base 14. Treatment of D-glucosamine-1,3-propanedithioacetal hydrochloride 9 with 2-
methoxypropene (1:1.1 mmol) in DMF and p-TsOH for 8h at room temperature!7 afforded the crystalline
amine 13 in 75% yield. Condensation of this amine with cinnamaldehyde provided quantitatively the Schiff
base 14 which was transformed into its disilylated derivative by treatment with triethylsilylchloride in DMAP-
pyridine. The cycloaddition was accomplished by reaction of the disilyl derivative of imine 14 with
methoxyacetylchloride and TEA. A 72:28 mixture of two cis-monobactams 15a and 15b was obtained in 55%
yield. The structures of both cis-diastereoisomers were rigorously established from the coupling constants of



Synthesis of carbapenems from D-glucosamine 613

the H-3 and H-4 B-lactam protons (J3 4 = 5Hz) and the absolute configuration of these compounds was
unequivocally assigned from the [o]p data® and the X-ray analysis of monobactam 1a.1% Treatment of
monobactam 15a with BuzSnH-AIBN in refluxing toluene over 3h afforded carbapenam 16 in 70% yield.

Unfortunately, the transformation of carbapenam 16 into 3-formylcarbapenem 8 by deprotection of the
silyl groups and oxidative cleavage of the resulting glycol with Ph3BiCO3, was not possible. Treatment of
carbapenam 16 with BuyNF in THF gave the expected dihydroxycarbapenam 17 in 65% yield but this
compound was unchanged by the action of Ph3BiCOj3 in refluxing MeCN.14 Finally, the oxidative cleavage of
diol in carbapenam 17 was carried out with NalOy4 affording a mixture of the aldehyde 8 and 2,3-O-
isopropyliden-D-glyceraldehyde 18 in low yield.

In contrast with these results, the oxidative cleavage of the dihydroxymonobactam 19 with Ph3BiCO3
(Scheme 4) gave the aldehydes 18 and 201! with good yields (45% and 60%). Perhaps the free hydroxyl groups
in carbapenam 17 are too crowded to be accessed by the voluminous bismuth salt.
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Scheme 4.- i: BuyNF/ THF, 0°C. ii: Ph3BiCO3 / CH3CN, 60°C.

Incidentally, the formation of the disulfide 20 can be explained by nucleophilic attack of a sulfur lone
pair onto Bi(V) assisted by the concomitant elimination of COy and HO. According to the proposed
mechanisms to explain the formation of disulfides by oxidation of thiols with Bi(V) salts,!? the intermediate
Bi(V) dithiolate derived from 19 must rearrange through a redox process to give 20 and Ph3Bi.

We have also investigated the synthesis of 1,2,3,6-tetrasubstituted carbapenems 3a and 3b from the
readily available monobactams 1a and 1b (Scheme 1).2 We were interested in these substances to verify the
potential biological activity as HLE inhibitors.20 The carbapenem structure is even more active against bacteria
than cephalosporins, penicillins and penams and these last bicyclic B-lactams are important HLE inhibitors.3-5
The 1,2;3,4-di-O-isopropylidene tetrahydroxybutyl group at C-3 in carbapenems 3a and 3b could be an
important group for HLE inhibition for these compounds because in monocyclic B-lactams with the 2-deoxy-
2-dithianyl-3,4;5,6-di-O-isopropylidene-D-2-glucosyl group attached to the B—lactam nitrogen atom is related
to the specificity against HLE.2] The 1,2,3,6-tetrasubstituted carbapenems 3a and 3b were synthetised as
follows (Scheme 5).

As we have previously reported,!! the 1,2,3,6-tetrasubstituted carbapenams 21a and 21b were prepared
in 62 and 68% yield respectively by treatment of monobactams 1a and 1b with Bu3SnH-AIBN in refluxing
toluene.

The relative configuration at C-1 and C-2 for both carbapenams was deduced from the vicinal coupling
constants of the hydrogen atoms H-1 and H-2 (J1,2=)1,5= 8Hz, Jp 3= 4Hz for 21a and J3 1= 10Hz, Jp 3= J51=
8Hz for 21b) and the absolute configuration at C-1 and C-2 for these compounds as (15, 25) and (1R, 25)
respectively was deduced from the X-ray crystal structure of compounds (2R, 35, 45, 5R, 6S,1'R, 2'S, 3'R)-3-
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Ethylthio-4-(2-furanylmethyl)-6-methoxy-2-(1,2;3,4-di-O-isopropylidene- 1,2;3,4-tetrahydroxy-butyl)-1-aza-
bicyclo[3.2.0]-heptan-7-one13.22 and the sulfone derivative of 21b.11,22
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Scheme 5.- i: Bu3SnH, AIBN / toluene, reflux. ii: Cl2IPh, pyridine / CH2Clp, -40°C. iii:
(CF3C00)3, TEA / CHCl, 0°C.

A method widely used in B—lactam chemistry to reach the A2 unsaturated carbapenems from 2-alkylthio

derivatives is based in the preparation of an a-chlorosulfoxide followed by HCI elimination using iodobenzene

dichloride as oxidant and TEA as base.23 In our case when the carbapenams 21a and 21b were treated with

iodobenzene dichloride in pyridine the sulfoxides 22 and 23 were obtained as major products of reaction and

the unsaturated bicyclic systems 3a and 24 were produced only in 10% and 7% yield respectively (neither the

formation of o-chlorosulfoxides nor carbapenem 3b were observed).
The sulfoxide 22 could be transformed into the carbapenem 3a in 55% by treatment with (CF3COQ); and
TEA (Pummerer rearrangement).24 The same reaction was carried out on the sulfoxide 23 but in this case the
Al unsaturated compound 24 was obtained in 50 % yield. The formation of compounds 3a and 24 is in
agreement with a syn P—elimination of H-3 and H-1 protons respectively. The structures of compounds 3a and
24 were deduced by comparison of their 1H and 13C-NMR with those of carbapenams 21a and 21b
respectively (Table 2).
Table 2.- 1H- and 13C-NMR data? for compounds 21a, 21b, 3a and 24 in the region of interest

Compound H-1 H-2 H-3 C-1 C-2 C3
21a 292 (gnt) 358(dd) 3.81(1) 42.6 55.8 69.3

21b 2.41 (m) 3.28(dd) 3.86(dd) 46.3 55.6 67.7

3a 3.69 (m) - - 48.5 140.5 137.3

24 - - 4.82(d) 136.1 147.2 68.0

aSolvent: CDClg; 8 in ppm. Multiplicity in parenthesis

As shown in Table 2, the proton signals for H-2 and H-3 in compounds 3a as well as those for H-1 and

H-2 in 24 have disappeared. Also the 13C-NMR data were in complete agreement with A2 and Al unsaturations
for 3a and 24, respectively.
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Further studies on the synthesis of natural carbapenems using the preceding methodologies as well as
testing for biological activity of our products are now in progress.

Experimental section.

General methods. Flash chromatographies were run on silica gel (Merck 60 230-400 mesh) and thin
layer chromatographies (TLC) on commercial silica gel plates (Merck F-254). Experiments requiring an inert
atmosphere were carried out under dry argon or nitrogen in a flame dried glass system. Hexane and EtOAc
were purified by distillation. CH;Cly, THF and toluene were distilled over PoO5 and Na/benzophenone
respectively. Triethylamine and pyridine were distilled over KOH pellets. Ph3BiCO325 and CgHsIC1226 were
prepared according to literature methods from Ph3Bi and CgHsl respectively. All the other starting materials
used in this work were commercially available in 98% or higher purity and were used without further
purification. "Usual workup” means washing the organic layers with brine or NH4Cl solution, drying on
anhydrous Nap80O4 and evaporating in vacuo with a rotatory evaporator at aspirator pressure. Optical
rotations were recorded in CHCl3 solution in a 1 dm cell on a Perkin-Elmer 243 polarimeter. IR spectra were
recorded on a Beckman Acculab-8 or on a Nicolet 205 FTIR instrument, neat or in KBr pellets. Melting points
are uncorrected. Microanalytical data were obtained in the laboratory of Microanalysis of ICSN-CNRS, Gif-
sur-Yvette. Mass spectra (MS), were recorded on an GTS-250 instrument (70 eV, electron impact spectra, EI)
are reported in the form: "m/z (intensity relative to base peak=100%)". 1H-NMR spectra were obtained on
Bruker instruments WP200SY, AC250 or AM 400 (200 MHz, 250 MHz and 400 MHz respectively) in CDCl3.
Chemical shifts are expressed in ppm downfield from TMS. The 1H-NMR data are presented in the order: &
value of the signal, peak multiplicity, coupling constants in Hertz, integrated number of protons and proton
assignation. 13C spectra were measured at 62.5 and 50.3 MHz and the chemical shifts are reported relative to
the CDClIj3 triplet centered at 77.00 ppm. The 13C multiplicities were assigned by the DEPT27 or SEPT28
technique. Two dimensional homo and heteronuclear correlation experiments were performed with standard
Bruker software. The numbering in monobactams and carbapenams used in the 1H and 13C NMR assignments
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are as follows:

General procedure for cycloaddition [2+2] of ketene-imines. (Reactions were carried out on a 2-5
mmol scale). To a solution of imine (1 mmol) and dry TEA (2.5 mmol) in dry toluene (10 ml), a solution of
methoxyacetic chloride (1.5 mmol) in dry toluene (2 ml) was added dropwise under nitrogen atmosphere. The
reaction mixture was stirred for 30 min at room temperature, treated with ice NH4Cl solution and extracted
with CHaClp. The solution was neutralized to pH 7 by addition of acetic acid. Evaporation of solvent afforded
two isomeric monobactams which were purified by silica gel column chromatography.

General procedure for radical cyclizations. (Reactions were carried out on a 2-7 mmol scale). A
solution of monobactam (1 mmol), tributyltinhydride (3.2 mmol) and AIBN (3% in mol) in dry deaerated
toluene (15 ml) was refluxed for 3 h. Evaporation of solvent and chromatography on silica gel afforded the
carbapenams.
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General procedure for oxidative cleavage of diols with Ph3BiCOj3. (Reactions were carried out on a
0.5-1 mmol scale). A solution of glycol (1 mmol) and Ph3BiCOj3 (1.2 mmol/glycol) in dry acetonitrile (10 ml)
was refluxed for 5 h. Filtration of reaction mixture through celite, evaporation in vacuo of the solvent and

column chromatography afforded the respective aldehydes.

General procedure for oxidation with iodobenzene dichloride. (Reactions were carried out on a 0.5
mmol scale). To a solution of the sulfur compound (1 mmol) in dry CH,Clj (2 ml) cooled to -40°C, a solution
of iodobenzene dichloride (1.1 mmol) and dry pyridine (3.5 mmol) in dry CH2Cly (2 ml) was added. The
reaction mixture was stirred for 1 h and brought to room temperature. The usual workup afforded in all cases a
mixture of sulfoxides and elimination products which were purified by silica gel column chromatography.

General procedure for Pummerer rearrangement. (Reactions were carried out on a 0.5 mmol scale).
To an ice cooled solution of sulfoxide (1 mmol) and dry TEA (3 mmol) in dry CH2Cl3 a solution of
trifluoracetic anhydride (1.7 mmol) in dry CH2Cl; (30 ml) was added dropwise. The reaction mixture was
warmed to room temperature and then stirred for 6h. The usual workup and silica gel column chromatography
afforded the rearrangement products.

Monobactam d4a: I-(1-[1,3]Dithian-2-yl-2,3,4,5-tetrahydroxy-pentyl)-3B-methoxy-4f3-styryl-azetidin-2-
one. A solution of 1a (1 mmol) and trifluoracetic acid (5 ml) in methanol (5 ml) was stirred for 4h. Methanol
and trifluoracetic acid were evaporated in vacuo at room temperature. The residue was crystallized from
MeOH affording 4a in 90% yield. TLC, R¢: 0.3 (CH2Clp-MeOH 9/1). Mp. : 174-176°C (MeOH). [op: -82
(c=1, MeOH). IR: 3465, 3350, 3032, 2295, 1738, 1655, 1490. IH-NMR (200 MHz, DMSO): 1.40-1.60 (m, 2H,
Hg); 1.60-1.81 (m, 2H, H7,); 2.21-2.30 (m, 2H, Hyp); 3.04 (s, 3H, CH30); 2.92-3.20 (m, 4H, OH); 3.77 (m,
1H, Hy); 4.10-4.25 (m, SH, Hywy, Hs.¢); 4.34 (dd, J3 »=2 Hz, J3 4=10 Hz, 1H, H3"); 4.37 (d, I3 4=5Hz, 1H,
H3): 4.42 (dd, J4,3=5Hz, J4 5=9Hz, 1H, Hy); 5.98 (dd, J5 4=9Hz, J5 6=16 Hz, 1H, Hs); 6.50 (d, Js 5=16Hz, 1H,
Heg); 7.05-7.30 (m, 5H, Hpp). 13C-NMR (DMSO): 24.3 (Cg), 27.6, 27.9 (C7), 46.3, 55.4 (Cy, C2?), 56.3
(CH30), 60.3 (Cy), 62.1 (Cg), 66.3, 69.3, 70.2 (C3, C4', Cs?), 83.3 (C3), 124.6 (Cs), 125.2, 126.4,127.2, 127.3
(5CHpy), 132.9 (Ce), 135.2 (Cpn), 165.9 (C2). EIMS: 455 (M+, 8), 440 (12), 364 (5), 336 (30), 304 (6), 264
(15), 214 (15), 160 (90), 119 (100), 91 (55). Anal. Caled. for C31H24NOQgSy: C 55.37, H 6.41, N 3.07, S 14.05.
Found: C 55.62, H 6.47, N 3.02, S 14.13.

Monobactam Sa: /-[1-(1,2,3,4-tetra-O-triethylsilyl-1,2,3,4-tetrahydroxybutyl)-1-{ 1,3 ]dithian-2-yl-1,1-
dihydroxy-methyl]-3 B-methoxy-4f3-styryl-azetidin-2-one. A solution of 4a (5 mmol) and triethylsilyl chloride
(30 mmol) in dry pyridine (30 ml) was stirred at 35°C overnight. The reaction mixture was worked up as usual
and purified by column chromatography on deactivated silica gel with 0.5% TEA (Hexane-EtOAc=19:1)
affording 5a in 70% yield. TLC, R¢: 0.4 (Hexane/EtOAc: 9/1). [alp: -48 (c=1, CHCI3). IR: 1755, 1461, 1112.
1H-NMR (200 MHz): 0.50-0.78 (m, 36H, SiCH,CH3); 0.80-1.10 (m, 24H, SiCH»CHj3); 1.90-2.10 (m, 2H,
Hg); 2.50-2.70 (m, 2H, H7+); 2.90-3.15 (m, 2H, Hyv); 3.40 (s, 3H, CH30); 3.50 (dd, J4' 3=10Hz, J4 5=6 Hz,
1H, Hg); 3.70-3.80 (m, 3H, Hy,, Hs', Hga); 3.87-4.00 (m, 2H, Hp', He); 4.33 (dd, J4,3=5Hz, J4 5=9Hz, 1H,
Hyg); 3.35 (m, 1H, Hj3); 4.66 (d, J3 4=5Hz, 1H, H3); 6.45 (dd, J5 4=9Hz, J5¢=16Hz, 1H, Hs); 6.71 (d,
J6,5=16Hz, 1H, He); 7.30-7.60 (m, SH, Hpp). 13C-NMR: 4.5 (SiCH2CHj3), 6.3 (SiCH2CH3), 25.3 (Cg), 28.3
(C7), 46.1, 54.2 (C1',C2), 58.0 (CH30), 61.3 (C4), 63.2 (Cs), 68.7, 74.9, 75.9 (C3', C4, Cs), 85.0 (C3), 125.4



Synthesis of carbapenems from D-glucosamine 617

(Cs), 126.4, 127.4, 128.0 (5CHpp), 134.8 (Cg), 136.4 (Cpn), 168.9 (C7). EIMS : 912 (MHt, 5), 911 (10), 382
(20), 792 (8), 722 (12), 660 (10), 474 (48), 275 (55), 160 (40), 115 (90), 87 (100).

Carbapenam 6: 40-Benzyl-6B-methoxy-3a-propylthio-2-(1,2,3,4-tetra-O-triethylsilyl-1,2,3,4-tetrahy-
droxybutyl)-1-aza-bicyclo[3.2.0]heptan-7-one. This compound was obtained by radical cyclization of
monobactam Sa via the general procedure in 75% yield. TLC, R¢: 0.5 (Hexane-EtOAc 9/1). IR: 1774, 1600,
1500, 1465. TH-NMR (200 MHz): 0.50-0.80 (m, 36H, SiCH2CH3); 0.82-1.15 (m, 27H, SiCH,CH3, CH3py);
1.60 (sex, J=THz, 2H, SCH2CH3); 2.50 (1, J=7Hz, 2H, SCHy); 2.55-2.80 (m, 1H, Hg,); 3.01-3.20 (m, 2H, Hj,
Hgb); 3.28 (s, 3H, CH30); 3.35 (dd, J,1=8Hz, J»3=4 Hz, 1H, Hy); 3.48 (dd, J3 2=4Hz, J3 1=2Hz, 1H, H3);
3.55 (dd, J5,6=4 Hz, J5,1=8 Hz, 1H, Hs); 3.65 (dd, J3 2 =10 Hz, J3 4 =8 Hz, 1H, H3); 3.98-4.10 (m, 3H, Hz,
Hg); 4.23 (d, Je,5=4 Hz, 1H, He); 4.40 (dd, J113=2Hz, J1» 2=10Hz, 1H, Hy?); 7.10-7.30 (m, 5H, Hpy). 13C-
NMR: 5.2 (SiCH2CH3), 7.2 (SiCH2CH3), 13.7 (CHapy), 23.2 (SCH2CH?), 36.1 (SCHp), 37.8 (Cg), 43.2 (C1),
52.7 (C2), 58.7 (CH30), 61.8 (Cs), 63.8 (C4), 68.0 (C3), 73.3, 77.8, 81.2 (Cy', C2,, C3) 86.9 (Cg), 126.4, 126.6,
129.3 (5CHpp), 140.5 (Cpp), 171.5 (C7). EIMS : 882 (MH*, 20), 881 (60), 852 (90), 825 (60), 708 (60), 592
(60), 403 (60), 115 (70), 87 (100).

Aldehydes 7 and 8: 4a-Benzyl-6f-methoxy-7-oxo-3-propylthio-1-aza-bicyclo[3.2.0]heptane-2-car-
baldehyde and 40-Benzyl-63-methoxy-7-oxo-1-aza-bicyclo[3.2.0]hept-2-ene-2-carbaldehyde. An ice cooled
solution of 6 (0.3 mmol) and BugNF (1.6 mmol) in dry THF (10 ml) was stirred for 15 min, then aqueous
methanol (5 ml) was added and the solvents were evaporated. The residue was treated with Ph3BiCO3 for
oxidative cleavage via the general procedure above to give a mixture of the aldehydes 7 and 8 in 40% and 20%
yield respectively, after chromatography.

Aldehyde 7: TLC, R¢: 0.4 (Hexane-EtOAc 1/1). [o]p: -12 (c=1, CHCl3). IR: 1742, 1705. TH-NMR (200
MHz): 0.96 (1, J=7Hz, 3H, CH3py); 1.60-1.80 (m, 2H, SCH,CH?); 2.72-2.99 (m, 2H, SCHj); 3.10-3.50 (m, 4H,
Hg, H1, H2); 3.60-3.80 (m, 1H, Hs); 4.19 (d, J¢ s=4Hz, 1H, Hg); 4.67 (m, 1H, H3); 7.20-7.35 (m, 5H, Hpp);
9.23 (d, I=1.8Hz, 1H, CHO).

Aldehyde 8: TLC, Ry: 0.3 (Hexane-EtOAc 1/1). [alp: -32 (c=0.8, CHCl3). IR: 1745, 1666, 1600, 1410.
TH-NMR (200 MHz): 2.71-2.90 (m, 2H, Hg); 3.32 (s, 3H, CH30); 3.45-3.60 (m, 1H, Hj); 3.65-3.80 (m, 1H,
Hs); 4.40 (d, Jg,5=4 Hz, 1H, He); 6.21 (d, J2,1=3Hz, 1H, Hy); 7.20-7.40 (m, 5H, Hpyp); 9.51 (s, 1H, CHO);
EIMS: 258 (MH™, 8), 228 (6), 214 (90), 166 (25), 151 (20), 123 (25), 103 (52), 91 (100).

Carbapenem 2: 4a-Benzyl-6f3-methoxy-7-oxo-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid methyl
ester. To a solution of 8 (0.3 mmol) in dry methanol (5 ml) under N atmosphere, NaCN (1.5 mmol), acetic
acid (0.45 mmol) and MnO; recently prepared (6.3 mmol) were added. The reaction mixture was stirred for 6 h
at room temperature and filtered through Celite. Solvent was evaporated under reduced pressure and the
residue purified by chromatography (Hexane/EtOAc=1:1) affording the ester 8 in 75% yield. TLC, Ry: 0.4
(Hexane-EtOAc 1/1). [op: -26 (c=0.5, CHCl3). IR: 1745, 1695. TH-NMR (200 MHz): 2.80-3.10 (m, 2H, Hg);
3.41 (s, 3H, CH30); 3.40-3.55 (m, 1H, Hy); 3.72 (s, 3H, COOCHa); 4.30 (dd, J51=6 Hz, J5 6=4 Hz, 1H, Hs);
4.80 (d, J6,5=4 Hz, 1H, He); 6.24 (d, J2,1=3Hz, 1H, Hy); 7.30-7.50 (m, 5H, Hpy). 13C-NMR: 36.3 (Cg), 49.5
(C1), 51.5 (COOCH3), 58.7 (CH30), 61.5 (Cs), 82.3 (Cs), 126.3, 127.5, 129.1 (SCHpp), 136.4 (Cy), 136.6
(Cpn), 145.6 (C3), 165.2 (COOCH3), 172.2 (C7). EIMS: 288 (MH*, 10), 258 (25), 229 (15), 214 (70), 196
(30), 181 (20), 153 (18), 91 (100).
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D-Glucosamine 1,3-propanedithioacetal (11). A solution of D-glucosamine 1,3-propanedithioacetal
hydrochloride (20 mmol) and NaOH (20 mmol) in H20 (40 ml) was stirred at room temperature for 1 h. The
solvent was evaporated under reduced pressure and the residue dissolved in hot ethanol. After filtration,
concentration and crystallization pure 11 was isolated in 70% yield. Mp.: 188-170°C (EtOH). 1H-NMR (200
MHz, DMSO): 1.71-2.00 (m, 2H, Hg); 2.60-2.90 (m, 4H, H7); 3.02 (dd, J2,1=8Hz, J 3=2Hz, 1H, Hy); 3.10-
3.63 (m, 9H, Hj.6, 40H); 3.91 (d, J1,2=8Hz, 2H, Hy); 4.35-4.55 (br. s, 2H, NHy). 13C-NMR (DMSO): 25.5
(Cg), 27.0, 27.6 (C7), 51.6,56.7 ((C1,C2), 63.4 (Cg), 67.3, 70.2, 74.7 (C3, C4, Cs). EIMS: 270 ( MHH, 8), 150
(100), 132 (68), 119 (78).

N,N-Phenylallylidene-D-glucosamine 1,3-propanedithioacetal (12). A solution of 11 (8mmol) and trans-
cinnamaldehyde (8.5 mmol) in isobutanol (20 ml) was refluxed for 5 h. The reaction mixture was brought to
room temperature obtaining 12 as a precipitate in 70% yield. Mp.: 136-138 °C (isoBuOH). [alp: -37 (c=1,
MeOH) 'H-NMR (250 MHz, DMSO): 1.80-2.10 (m, 2H, Hg); 2.30-2.80 (m, 4H, Hy); 2.95-4.01 (m, 7H, Hj.
6); 6.19 (dd, J109=9Hz, J19,11=16Hz, 1H, Hyg); 6.40 (d, J11,10=16 Hz, 1H, Hyy); 6.50-6.70 (m, SH, Hpy); 7.21
(d, J9,10=9 Hz, 1H, Hg). EIMS: 383 (M*, 10), 264 (85), 188 (20), 144 (35), 132 (100).

Monobactams S5a and 5b: [-{1-(1,2,3,4-tetra-O-triethylsilyl-1,2,3,4-tetrahydroxybutyl)-1-[ 1,3 Jdithian-
2-yl-1,1-dihydroxy-methyl]-3-methoxy-43-styryl-azetidin-2-one and 1-[1-(1,2,3,4-tetra-O-triethylsilyl-1,2,3,4-
tetrahydroxybutyl)-1-{ 1,3 ]dithian-2-yl-1,1-dihydroxy-methyl]-3a-methoxy-4a-styryl-azetidin-2-one. To a
solution of imine 12 (5 mmol) in dry pyridine (30 ml) triethylsilyl chloride (30 mmol) was added. The reaction
mixture was stirred at 35°C overnight and worked up as usual. The residue was used as such in the
cycloaddition reaction via the general procedure above. Two isomeric monobactams Sa (previously described)
and Sb were obtained in 78:22 ratio and 55% yield after isolation by column chromatography on deactivated
silica gel with 0.5% TEA (Hexane- EtOAc=19:1).

Monobactam 5b: TLC, Ry: 0.35 (Hexane/EtOAc: 9/1). [alp: +103 (c=1, CHCl3)_ IR: 1745, 1448, 1350,
995. IH-NMR (200 MHz): 0.50-0.80 (m, 36H, SiCH»CH3); 0.80-1.10 (m, 24H, SiCH,CH3); 1.90-2.15 (m, 2H,
Hg); 2.50-2.70 (m, 2H, Hry); 2.80-3.15 (m, 2H, Hyp); 3.40-3.55 (m, 1H, Hyy); 3.46 (s, 3H, CH30); 3.68-3.90
(m, 3H, Hy, Hs, Hga); 4.10-4.25 (m, 2H, Hy, Hep); 4.40-4.50 (m, 1H, Hy); 4.62 (d, J3 4=5Hz, 1H, H3); 4.60-
4.70 (m, 1H, Hy); 6.58 (dd, J54=9Hz, J5 6=16Hz, 1H, Hs); 6.75 (d, J6 5=16Hz, 1H, Hg); 7.20-7.35 (m, 5H,
Hpp).

5,6-O-Isopropylidene-D-glucosamine 1,3-propanedithioacetal (13). A solution of D-glucosamine 1,3-
dithioacetal hydrochloride (30 mmol), p-toluenesulfonic acid (100 mg) and 2-methoxypropene (35 mmol) in
DMF (100 mi) was stirred at room temperature for 8 h. Usual workup and column chromatography (Hexane/
EtOAc=2:8) afforded 13 in 75% yield. Mp.: 73-75°C (CH,Cly-Hexane). [a]p: -6 (c=1, CHCl3) 1H-NMR (200
MHz): 1.37 (s, 3H, C(CH3);); 1.42 (s, 3H, C(CH3)2); 1.90-2.10 (m, 2H, Hg); 2.15-2.60 (br. s, 4H, NHp, 20H);
2.65-3.00 (m, 4H, Hy); 3.28 (dd, J2,1=8Hz, J2 3=2Hz, 1H, Hj); 3.70-3.80 (m, 3H, Hs, He); 3.95 (d, J1,2=8Hz,
1H, Hy); 4.04 (t, J=8Hz, 1H, Hy); 4.45 (dd, J3 »=2Hz, J3 4=8Hz, 1H, H3). 13C-NMR: 25.3 (C(CH3)), 25.7
(Cg), 26.8 (C(CH3)2), 28.7, 29.1 (C7), 51.5, 57.9 (C1, C2), 67.0 (Cg), 67.9, 75.3, 76.0 (C3, C4, Cs), 109.1
(C(CH3)3). Anal. Calcd. for C12H2304NS2: C 46.58, H 7.49, N 4.53, S, 20.72. Found C 46.58, H 7.26, N 4.40,
S 20,50.
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Monobactams 15a and 15b: I-{I-(3,4-O-isopropylidene-1,2-di-O-triethylsilyl-1,2,3,4-tetrahydroxy-
butyl)-1-[1,3]dithian-2-yl-1,1-dihydroxy-methyl]-3 f-methoxy-4f-styryl-azetidin-2-one a n d  1-[1-(3,4-O-
isopropylidene-1,2-di-O-triethylsilyl-1,2,3,4-tetrahydroxybutyl)-1-[ 1,3]dithian-2-yl-1,1-dihydroxy-methyl]-3 o-
methoxy-4a-styryl-azetidin-2-one. A solution of amine 13 (8 mmol) and rrans-cinnamaldehyde (9 mmol) in
toluene (20 ml) was heated at 60°C in rotavapor under reduced pressure. Toluene was then added, the solution
stirred for 3 h and finally the solvent was evaporated. The residue in dry pyridine (50 ml) was reacted with
triethylsilyl chloride (24 mmol). The reaction mixture was stirred at 35°C overnight and worked up as usual.
The residue obtained was used for subsequent transformation without further purification. Cycloaddition
reaction of this imine via the general procedure afforded the two isomeric monobactams 15a and 15b in a ratio
72:28 and 55% yield after column chromatography on deactivated silica gel with 0.5% TEA (Hexane-
EtOAc=9/1).

Monobactam 15a: TLC, R¢: 0.35 (Hexane/EtOAc: 9/1). [a]p: -67 (c=1, CHCl3). IR: 1760, 1461, 1370.
1H- NMR (200 MHz): 0.62 (t, J=7 Hz, 18H, SiCH,CH3); 0.80-1.08 (m, 12H, SiCH>CH3); 1.33 (s, 3H,
C(CH3)2); 1.36 (s, 3H, C(CH3)3); 1.90-2.11 (m, 2H, Hg); 2.62-2.91 (m, 4H, Hy); 3.46 (s, 3H, CH30); 3.71-
4.20 (m, 5H, Hy, Hy-g); 4.21-4.48 (m, 2H, Hy_3); 4.65 (dd, J4,3=5Hz, J4 5=9Hz, 1H, Hy); 4.69 (d, J3 4=5Hz,
1H, H3); 6.41 (dd, J5 4 =9Hz, J5 6=16 Hz, 1H, Hs); 6.74 (d, J6 5=16Hz, 1H, He); 7.25-7.65 (m, SH, Hpp). 13¢C-
NMR: 4.9 (SiCH,CHa), 6.9 (SiCH,CH3), 23.2, 24.5 C(CH3)3), 25.0 (Cg), 26.6 (C77), 45.3, 51.5 (Cy, C2), 58.6
(CH30), 61.5 (Cy), 64.3 (Cg), 71.7, 73.6, 74.9, 76.5 (C3, C3', C4,, Cs7), 109.8 (C(CH3)y), 125.0 (Cs), 126.6,
127.8, 128.0 (SCHpy), 135.8 (Cg), 137.2 (Cpp), 168.1 (C2).

Monobactam 15b: TLC, Ry: 0.30 (Hexane/EtOAc: 9/1). [alp: +42 (c=1, CHCl3). IR: 1758, 1463, 1350.
1H-NMR (200 MHz): 0.49 (t, J=7 Hz, 18H, SiCH,CHj3); 0.80-1.10 (m, 12H, SiCH>CH3); 1.39 (s, 3H,
C(CHs)p); 1.47 (s, 3H, C(CHz3)); 1.90-2.10 (m, 2H, Hg); 2.50-2.70 (m, 2H, H7+); 2.80-3.10 (m, 2H, Hyv);
3.44 (s, 3H, CH30); 3.80-4.05 (m, 5H, Hy', Hy.g); 4.30-4.60 (m, 3H, Hy, Hy.3); 4.61 (d, J3 4=5Hz, 1H, H3);
6.45 (d, J5,5=16Hz, 1H, Hg); 6.55 (dd, J5 4 =9Hz, J5 6=16 Hz, 1H, Hs); 7.30-7.50 (m, 5H, Hpp).

Carbapenam 16: 4o-Benzyl-2-(3,4-O-isopropylidene-1,2-di-O-triethylsilyl-1,2,3,4-tetrahydroxybutyl)-
63-methoxy-3o-propylthio-1-aza-bicyclo[3.2.0]heptan-7-one. This carbapenam was obtained by radical
cyclization of monobactam 15a via the general procedure above in 70% yield. TLC, Ry: 0.55 (Hexane-EtOAc
9/1). IR: 1770, 1600, 1500, 1463. IH-NMR (200 MHz): 0.50-0.80 (m, 18H, SiCH>CH3), 0.90-1.20 (m, 15H,
SiCH,CH3, CHspy); 1.32 (s, 3H, C(CH3)); 1.43 (s, 3H, C(CH3),); 1.80-2.00 (m, 2H, SCH2CH»); 2.45-2.90
(m, 3H, SCHa, Hg,); 3.15-3.23 (m, 2H, Hy, Hgy); 3.28 (s, 3H, CH30); 3.30-3.45 (m, 2H, Hp, Hs); 3.50-3.70
(m, 1H, H3); 3.85 (d, Js 5=5Hz, 1H, Hg); 4.10-4.30 (m, 5H, Hy'-4); 7.20-7.35(m, 5H, Hpp).

Carbapenam 17: 4a-Benzyl-2-(3,4-O-isopropylidene-1,2,3,4-tetrahydroxybutyl)-6 -methoxy-3a-propy-
Ithio-1-aza-bicyclo[3.2.0]heptan-7-one. An ice cooled solution of 16 (0.3 mmol) and BugNF (0.7 mmol) in dry
THF (10 ml) was stirred for 15 min. Aqueous methanol (3 ml) was added to the solution and stirred for 5 min.
The solvents were evaporated under reduce pressure and the residue was purified by column chromatography
on fluorisil to give the monobactam 17 in 65% yield. TLC, Rg: 0.35 (EtOAc). [a]p: -21 (c=0.7, CHCl3) IR:
3400, 1743, 1460, 1370, 1090. TH-NMR (200 MHz): 0.98 (t, J=7Hz, 3H, CH3py); 1.34 (s, 3H, C(CHa3)y); 1.37
(s, 3H, C(CH3)7); 1.45-1.70 (m, 2H, SCHCHy); 2.49 (1, J=7THz, 2H, SCH3); 2.55-2.65 (m, 1H, Hg,); 3.09-3.20
(m, 2H, Hy, Hgp); 3.21 (s, 3H, CH30); 3.30-3.40 (m, 3H, Hy.3, Hs); 3.42-3.70 (m, 3H, H3-4"); 3.90-4.15 (m,
2H, H1'-2); 4.10 (d, J6 5=4Hz, Hg); 7.05-7.30 (m, 5H, Hpn).
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Oxidative cleavage of 17. A solution of 17 (1 mmol) and NalOQ4 (4 mmol) in methanol (10 ml) was
stirred at 0°C for 1h. Solvent evaporation under reduced pressure left a residue which was taken in acetonitrile
(10 ml) and refluxed. A difficult to purify mixture of 8 (see above) and 2,3-O-isopropylidene-D-
glyceraldehyde 18 was obtained.

Monobactam 19: 1-[1-(3,4-O-isopropylidene-1,2,3,4-tetrahydroxybutyl)-1-[1,3]dithian-2-yl-1,1-dihy-
droxy-methyl]-33-methoxy-4 -styryl-azetidin-2-one. An ice cooled solution of 15a (0.3 mmol) and BugNF (0.6
mmol) in dry THF (10 ml) was stirred for 15 min. Aqueous methanol (3 ml) was added to the solution and
stirred for 5 min. The solvents were evaporated under reduced pressure and the residue was purified by column
chromatography on fluorisil to give the monobactam 19 in 80% yield. TLC, R¢: 0.50 (EtOAc). Mp.: 96-98°C (
CH,Clp-Hexane). fap: -111 (c=1, CHCI3), IR (KBr): 3340, 2990, 1742, 1643, 1622, 1215, 756, 696. 1H-
NMR (200 MHz): 1.30 (s, 3H, C(CH3),); 1.34 (s, 3H, C(CH3)2); 1.90-2.11 (m, 2H, Hg"); 2.80-2.95 (m, 4H,
H7); 3.45 (s, 3H, CH30); 3.55-3.70 (m, 1H, Hy); 3.90-4.12 (m, 4H, Hy, Hy.¢); 4.30-4.40 (m, 1H, Hy); 4.45
(d, J=8Hz, 1H, Hy'); 4.60-4.70 (m, 2H, H3, Hy); 6.44 (dd, J5 4 =9Hz, J5 ¢=15Hz, 1H, Hs); 6.80 (d, J§ 5=15Hz,
1H, Heg); 7.30-7.50 (m, 5H, Hpy). 13C-NMR (MeOH): 25.7 (Cg), 26.8, 27.1 (C(CH3)2), 29.2, 29.4 (C7), 47.7.
50.2 (Cy, C21), 58.8 (CH30), 64.8 (Cy), 67.9 (Cg), 69.4 , 74.1,77.5 (C3', C4, Cs), 85.9 (C3), 110.4 (C(CH3)2),
125.9 (Cs), 127.6, 129.0, 129.6 (5CHpy) , 136.0 (Cg), 136.8 (Cpy), 170.5 (Cp).

Aldehydes 18 and 20: 2,3-O-Isopropyliden-D-glyceraldehyde and 2-(3f-Methoxy-2-oxo-43-styryl-
azetidin-1-yl)-3-(3-{3-[2-(3}-methoxy-2-oxo-43-styryl-azetidin-1-yl)-3-oxc-propenylthio ]-propyldithio }-
propylthio)-prop-2-enal. These aldehydes were obtained by reaction of glycol 19 with PhaBiCO3 via the above
general procedure in 45% and 60% yield respectively.

Diraeric aldehyde 20: TLC, Ry: 0.4 (Hexane-EtOAc 2/8). IR: 3100, 1760, 1672, 1H-NMR (200 MHz):
2.10 (q, J=7Hz, 4H, SCHyCH,CH»S7); 2.75 (t, J=7THz, 4H, SCH,CHyCH3S3); 3.05 (1, J=7Hz, 4H,
SCH2CHCH382); 3.47 (s, 6H, OCH3); 4.71 (d, J3 4=5Hz, 2H, H3); 5.13 (dd, J4 3 =5Hz, J4 6=9Hz, 2H, Hy);
6.25 (dd, Js 4 =9Hz, J5 =16Hz, 2H, Hs); 6.67 (d, J5 5=16Hz, 2H, Hg); 7.14-7.40 (m, 12H, Hpy, Hj?); 9.17 (s,
2H, CHO). 13C-NMR: 28.8 (SCH,CH,CH)S5), 33.7, 35.9 (SCH2CHyCH»S»), 58.7 (OCH3), 61.7 (Cy), 85.4
(C3), 122.6 (Cs), 126.6 (CHpp), 128.2 (CHpy), 130.4 (C2), 135.9 (Cpp), 136.5 (Cg), 151.3 (Cy1), 164.3 (Ca),
184.3 (CHO). 2,4-Dinitophenylhidrazone: Mp.: 183-185°C (EtOH). IR: 2254, 1760, 1626. RMN 1H (200
MHz,): 2.16 (q, J=7THz, 4H, SCH,CHyCH3S>); 2.68 (t, J=7Hz, 4H, SCHoCH2CH>2S>2); 3.12 (t, J=THz, 4H,
SCH2CHCH387); 3.55 (s, 6H, OCH3); 4.68 (d, J3 4=4,7Hz, 2H, Ha3); 5.09 (dd, J4 3=4,7Hz, J4 6=9Hz, 2H, Ha);
6.32 (dd, J5 4=9Hz, J5 6=16Hz, 2H, Hs); 6.60 (d, J5 s=16Hz, 2H, He); 6.80 (s, 2H, NH); 7.20-7.40 (m, 12H,
Hpy, Hy); 7.65 (s, 2H, H3'), 7.80 (d, J" 5~=10Hz, 2H, Hg"); 8.36 (dd, J5+ 3»=1Hz, J5 ¢»= 10Hz, 2H, Hs); 9.01
(d, J3» s»=1Hz, 2H, Hj").

Carbapenam 21a: 4a-Benzyl-63-methoxy-3a-propylthio-2-(1,2;3,4-di-O-isopropylidene-1,2,3,4-
tetrahydroxybutyl)-1-aza-bicyclo[3.2.0heptan-7-one. The compound 21a was obtained by radical cyclization
of monobactam 1a via the general procedure above in 62% yield. TLC, Ry: 0.4 (Hexane-EtOAc: 9/1). [a]p: -13
(c=0.8, CHCI3). IR: 1767, 1435, 1390, 1385. IH-RMN (400 MHz): 0.96 (t, ]=7Hz, 3H, CHapy); 1.22 (s, 3H,
C(CH3)2); 1.28 (s, 3H, C(CH3)y); 1.43 (s, 3H, C(CH3),); 1.60 (s, 3H, C(CH3)); 1.82 (m, 2H, CH3CH»); 2.55
(m, 2H, SCH2); 2.65 (dd, Jga,1=8 Hz, Jg, 8b=18 Hz, 1H, Hgy); 2.92 (quintet, J=8 Hz, 1H, Hy); 3.05 (dd, Jgp 1=8
Hz, Jgp8,=18 Hz, 1H, Hgp); 3.28 (s, 3H, CH30); 3.58 (dd, Jp 1=8 Hz, J2 3=4 Hz, 1H, Hp); 3.68 (dd, Js5,1=8 Hz,
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J5,6=4 Hz, 1H, Hs); 3.81 (1, J=4Hz, 1H, H3); 3.80-4.00 (m, 2H, Hy,, Hyp); 4.13 (dd, J4,3=8 Hz, J4p, 44=12 Hz,
IH, Hyv); 4.24 (dd, Iy 3=4 Hz, J1'2=12 Hz, 1H, Hy); 4.34 (dd, Iy =12 Hz, Jp 3=8 Hz, 1H, Hy); 4.35 (4,
J,5=4 Hz, 1H, Hg); 7.10-7.30 (m, 5H, Hpp). 13C-RMN: 13.5 (CHzpy), 23.0 (CH3CH3), 25.4, 26.6, 26.7, 27.2
(C(CH3)2), 34.3 (SCHyp), 34.9 (Cg), 42.6, 55.8 (Cy, Cy), 58.7 (CH30), 62.6 (Cs), 68.1 (C4), 69.3 (C3), 77.8,
79.1(Cy, C2, C3), 82.1 (C), 109.7, 110.0 (C(CH3),), 126.2, 128.4, 129.1 (SCHpy), 140.1 (Cpp), 171.3 (C7).
EIMS: 506 (MH*, 2), 505 (4), 490 (8), 478 (4), 434 (5), 336 (10), 269 (60), 161 (70), S1 (40), 74 (100). Anal.
Calcd. for C27H39NOgS: C 64.13, H 7.77, N 2.77, S 6.34. Found: C 64.22, H 8.02, N 3.01, S 6.13.

Carbapenam 21b: 43-Benzyl-60-methoxy-3a-propylthio-2-(1,2;3,4-di-O-isopropylidene-1,2,3,4-
tetrahydroxybutyl)-1-aza-bicyclo[3.2.0lheptan-7-one. The compound 21b was obtained by radical cyclization
of monobactam 1b via the general procedure above in 68% yield. TLC, Ry: 0.38 (hexano-EtOAc: 9/1). [olp:
+3.4 (c=1, CHCl3). IR: 1780, 1440, 1390. IH-RMN (400 MHz): 1.01 (t, J=7Hz, 3H, CHjspy); 1.31 (s, 3H,
(C(CH3)2); 1.36 (s, 3H, (C(CH3)2); 1.50 (s, 3H, (C(CH3)p); 1.65 (s, 3H, (C(CHs)3); 1.40-1.70 (m, 2H,
SCH2CHy); 2.40-2.45 (m, 1H, Hy); 2.50-2.70 (m, 2H, SCHy); 2.65 (dd, Jga,1=10 Hz, Jg, gv=14 Hz, 1H, Hg,);
2.83 (s, 3H, CH30); 3.25 (dd, Jgp,1=4 Hz, Jgb,8a=14 Hz, 1H, Hgy); 3.28 (dd, J2,1=10 Hz, J»3=8 Hz, 1H, Hp);
3.61 (dd, J5,1=8 Hz, J5 6=4 Hz, 1H, Hs); 3.81 (1, J=7Hz, 1H, Hg); 3.86 (dd, J32=8 Hz, J3 1'=2 Hz, 1H, Hj);
4.15-4.20 (m, 4H, Hy'.3, Haw); 4.38 (d, J 5=4 Hz, 1H, Hg); 7.15-7.40 (m, 5H, Hpp). 13C-RMN: 13.6 (CH3py),
23.2 (CH3CHp), 25.4, 26.4, 26.8, 27.4 (C(CH3)), 32.0 (SCHy), 37.3 (Cg), 46.3 ((y), 55.6 (C3), 58.9 (CH30),
63.4 (Cs), 65.2 (Cg), 67.7 (C3), 77.3, 79.1, 79.4 (C1', Cy, Cs3), 83.7 (Cg), 109.6, 110.1 (C(CHj3)p), 126.3,
128.4, 129.4 (5CHpy), 140.1 (Cpyp), 176.9 (C7). EIMS: 506 (MH*, 10), 478 (15), 463 (12), 403 (8), 372 (20),
268 (80), 161 (60), 91 (50), 75 (100). Anal. Calcd. for C27H39NOgS: C 64.13, H 7.77, N 2.77, S 6.34. Found:
C64.24,H7.95,N 299, S 6.32.

Compounds 22 and 3a: 4a-Benzyl-63-methoxy-3a-(propyl-1-sulfinyl)-2-(1,2; 3,4-di-O-isopropylidene-
1,2,3,4-tetrahydroxybut-yl)-1 -aza-bicyclo[3.2.0]heptan-7-one and 4a-Benzyl-6f3-methoxy-3 a-propylthio-2-
(1 ,2;3,4-di~O-isopropylidene-],Z,3,4—tetrahydroxybutyl)-1—aza~bicyclo[ 3.2.0]hept-2-en-7-one. These com-
pounds were obtained by oxidation of 21a with ClyIPh vig the general procedure in a yield of 50% and 10%
respectively. Carbapenem 3a was also obtained from 22 by Pummerer rearrangement via the general procedure
in 55% yield.

Carbapenam 22: TLC, Ry 0.3 (Hexane-EtQAc 1/ 1). IR: 1764, 1385, 1205, 1057. 1H-NMR (200 MHz):
0.98 (1, J=7Hz, 3H, CHapp); 1.29 (s, 3H, (C(CH3)y); 1.31 (s, 3H, (C(CH3)2); 1.36 (s, 3H, (C(CH3)2); 1.46 (s,
3H, (C(CH3)); 2.15-2.35 (m, 2H, SOCH,CHy); 3.02-3.25 (m, 5H, SOCHg, Hg, H1); 3.35 (s, 3H, CH30); 3.75-
4.50 (m, 8H, Hp.3, Hs, Hy.4); 4.55 (d, J6,5=4Hz, Hg), 7.15-7.30 (m, 5H, Hpp). 13C-NMR: 13.2 (CH3pp), 16.6
(SOCH2CH»), 25.2, 26.3, 26.6, 26.9 (C(CH3)2), 33.5 (Cg), 43.3 (C1), 51.8 (SOCHy), 57.9 (C3), 58.6 (OCH3),
62.6 (Cs), 67.9 (Cy), 68.4 (Cp), 77.9, 79.0, 80.7 (Cy, Cy, Cs), 80.8 (Cg), 109.5, 109.6 (C(CH3)), 126.3,
128.3, 128.4, 128.8 (SCHpp), 139.0 (Cpy), 172.0 (C7).

Carbapenem 3a: TLC, Ry: 0.5 (Hexane-EtOAc 8/2). [alp: -101 (c=0.4, CHCI3)_ IR: 1780, 1375, 1190,
1060. IH-NMR (200 MHz): 0.98 (t, J=7Hz, 3H, CHipy); 1.31 (s, 3H, (C(CH3)2); 1.35 (s, 3H, (C(CHa)p); 1.41
(s, 3H, (C(CH3)2); 1.47 (s, 3H, (C(CH3)); 1.70-1.90 (m, 2H, SCH2CH»); 2.30-2.80 (m, 2H, SCHy); 3.10-3.35
(m, 3H, Hg, Hs); 3.40 (s, 3H, CH30); 3.60-3.80 (m, 1H, Hy); 3.89-4.40 (m, 6H, Hg, Hy'.41); 7.21-7.50 (m, 5H,
Hpyp). 13C-NMR: 11.1 (CH3py), 22.9 (SCH2CHy), 23.9, 25.4, 26.0, 26.6 (C(CH3)y), 33.6 (SCH2), 37.3 (Cg),
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48.5 (C1), 57.9 (CH30), 62.9 (Cs), 67.9 (C4), 76.3, 77.0, 77.6 (Cy,, C2', C3), 82.2 (Cg), 109.4, 109.8
(C(CH3)p), 126.6, 128.6, 130.0 (SCHpy), 137.3 (C3), 138.5 (Cpp), 140.5 (C2), 174.4 (C7). EIMS: 503 (M+, 12),
488 (8), 429 (10), 414 (8), 397 (25), 145 (60), 91 (100), 75 (70).

Compounds 23 and 24: 4f-Benzyl-6a-methoxy-3a-(propyl-1-sulfinyl)-2-( 1,2;3,4-di-O-isopropylidene-
1,2,3,4-tetrahydroxybut-yl)-1-aza-bicyclo[3.2.0]heptan-7-one a n d 4- Benzyl-60-methoxy-3-propylthio-2-
(1,2;3,4-di-O-isopropylidene-1,2,3,4-tetrahydroxybutyl)-1-aza-bicyclo[3.2.0]hept-3-en-7-one. These com-
pounds were obtained by oxidation of 21b with ClIPh via the above general procedure in a 50% and 7% yield
respectively. Carbapenem 24 was also obtained from 23 by Pummerer rearrangement via the general procedure
in 50% yield.

Carbapenam 23: TLC, Re: 0.3 (Hexane-EtOAc 1/1). [a]p: +15 (c=1, CHCl3), IR: 1780, 1375, 1205,
1060. TH-NMR (200 MHz): 1.09 (t, J=7Hz, 3H, CHapy); 1.31 (s, 3H, (C(CH3)2); 1.39 (s, 3H, (C(CH3)2); 1.47
(s, 3H, C(CH3)y); 1.60-1.90 (m, 2H, SOCH,CHy), 2.61 (t, J=7Hz, 2H, SOCHy); 2.83 (dd, Jga,1=8Hz,
J3a,8b=14Hz, 1H, Hgy); 2.96 (s, 3H, CH30); 3.20-3.40 (m, 2H, Hj, Hgp); 3.52 (dd, J5 g=4Hz, J51=8Hz, 1H,
Hs); 3.75 (1, J=8Hz, 1H, Hy); 3.80-4.20 (m, 6H, H3, Hy.4); 4.96 (d, J,5=4Hz, 1H, He); 7.20-7.40 (m, 5H,
Hpp). 13C-NMR: 13.1 (CH3py), 16.4 (SOCH,CHp), 24.9, 26.3, 26.4, 26.9 (C(CH3)2), 39.7 (Cg), 41.7 (Cy), 524
(SOCHy), 58.4 (C3), 58.8 (CH30), 65.0 (Cs), 67.8 (C4), 72.8 (C2), 76.2, 77.5, 82.3 (Cy, C2, C3), 83.9 (Ce),
109.8, 109.9 (C(CH3)p), 126.4, 128.3, 129.0 (5CHpy), 136.9 (Cpn), 175.0 (C9).

Carbapenem 24: TLC, R¢: 0.45 (Hexane-EtOAc 8/2). [a]p: +20 (c=0.8, CHCl3), IR: 1780, 1352, 1210,
1063.1H-NMR (200 MHz): 0.9 (t, J=7Hz, CH3py); 1.25 (s, 3H, (C(CH3)); 1.37 (s, 3H, (C(CHa)); 1.53 (s,
3H, (C(CH3)2); 1.55 (s, 3H, C(CHz)); 1.40-1.62 (m, 2H, SCH2CH»); 2.40-2.70 (m, 2H, SCH2); 2.90-3.12 (m,
1H, Hg,); 3.48 (d, Jgp,8a=16 Hz, 1H, Hgy); 3.51 (s, 3H, CH30); 3.75-4.42 (m, 6H, Hs, Hy'4); 4.67 (d, Jg,5=5
Hz, 1H, Hg); 4.82 (d, J3 1=3Hz, 1H, H3); 7.15-7.35 (m, 5H, Hpp). 13C-NMR: 13.1 (CH1py), 23.2 (SCH2CH)),
26.4. 26.6. 27.2. 29.6 (C(CH3)p), 33.4 (SCHp), 34.6 (Cg), 59.1 (CH30), 65.7 (Cs), 68.0 (C3), 68.4 (C4), 77.0,
77.6, 78.3 (C1, C2, C37), 89.4 (Cg), 109.5, 109.6 (C(CH3)p), 126.1, 128.3, 128.6 (SCHpy), 136.1 (C1), 138.3
(Cpn), 147.2 (Cp), 180.7 (C7), EIMS: 503 (M+, 8), 488 (8), 432 (10), 334 (10), 303 (85), 143 (100), 91 (65).
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