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A racemic synthesis of two diastereoisomeric α-benzyloxycarbonylamino substituted trans-fused bicyclic lactams
(4 and 5), was achieved from cyclopentene oxide. These lactams are useful intermediates to investigate the possibility
of using a trans-lactam template as a replacement for the β-lactam ring found in conventional antibacterial agents.
One of the intermediates (4) was further elaborated to an analogue of the antibacterial agent ceftazidime.

Introduction
Over recent years the continuing problem of emerging resis-
tance to chemotherapeutic agents has intensified the search for
new and novel antibacterial drugs. In particular, the emergence
of broad spectrum β-lactamases has reduced the effectiveness
of many of the older β-lactam antibiotics and indeed rendered
some of them obsolete. The situation can be retrieved by the co-
administration of β-lactamase inhibitors e.g. Augmentin,1 but
there are already reports of β-lactamases resistant to clavulanic
acid.2 The new carbapenems such as imipenem 3 are potent
antibacterials and useful inhibitors of β-lactamases which sug-
gests that it is possible to combine these two properties in a
single molecule. The ideal drug, however, would be a powerful
inhibitor of the bacterial transpeptidases whilst displaying
no affinity for β-lactamases. Towards this goal, in addition
to synthesising β-lactam antibiotics with improved stability to
β-lactamases, many groups have attempted to replace the β-
lactam nucleus with appropriately substituted novel ring
systems capable of selectively acylating the bacterial serine
transpeptidases. Notable successes have been few, but the
appreciable activity of the acyl hydrazides 1 4 and Lactivicin
2 (Fig. 1) 5,6 suggests that other compounds of this type with
useful antibacterial properties will be found.

The highly strained trans-fused 5,5 lactam and lactone ring
systems 3a and b recently reported by co-workers at Glaxo-
Wellcome represent novel templates for the design of com-
pounds which can potentially acylate a wide range of serine
proteases. Selective inhibitors of both thrombin and elastase
have already been designed based on these templates.7–12 The
current manuscript describes a useful racemic synthesis of
the diastereoisomeric Cbz (CO2CH2C6H5) protected trans-
lactams 4 and 5 which are suitable starting materials to investi-
gate the potential of the 5,5-trans-lactam template to mimic the
penicillin and cephalosporin β-lactam antibiotics. Transform-
ation of compound 4 to the aminothiazolyl derivative 6, struc-
turally related to the antibiotic ceftazidime 7, is also described.

Results and discussion
Synthesis of the lactams 4 and 5

For the synthesis of derivatives 4 and 5 we required a reliable
method for the stereoselective formation of the protected
amino acids 8 and 9 (see Scheme 2) which fixed the relative
stereochemistry of the two adjacent chiral centres on the

cyclopentane ring trans to each other. Synthesis of 8 and 9 was
accomplished in 8 stages from the azido alcohol 10, which was
obtained from cyclopentene oxide by ring opening with sodium
azide (Scheme 1).13 Triphenylphosphine reduction of 10 and
treatment with di-tert-butyl dicarbonate afforded the protected
aminol 11 (41% yield) as a crystalline solid. Under Mitsunobu
conditions 11 was cleanly converted to the Boc protected
aziridine 12 in high yield (79%). The aziridine ring was then
opened by heating 12 with the sodium salt of dimethyl
malonate in DMF at 155 �C. This afforded 13 as a crystalline
solid after flash chromatography in good yield (73%). On a
larger scale 13 was isolated directly by crystallisation. By ring
opening the aziridine in this fashion the required ring junction
trans-stereochemistry has been fixed. The initial stages outlined

Fig. 1
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above were readily carried out on 50 g scale affording 13 in 24%
overall yield from 10 (Scheme 1).

Selective hydrolysis of 13 with aqueous KOH afforded a
diastereomeric mixture of monoacid esters in quantitative yield
(Scheme 2). The isomers were not separated at this stage,
but the mixture subjected to a Curtius rearrangement with
diphenylphosphoryl azide (PhO)2P(O)N3 (DPPA) and then
adding benzyl alcohol to trap the intermediate isocyanate 14

affording a mixture of the Cbz protected diastereomers 14
and 15 (1 :1 ratio, 37% combined yield) (Scheme 2) which were

separable by flash chromatography. Products 14 and 15 now
contain both the nitrogens required for the final trans-lactam
products in a differentially protected form.

Hydrolysis of the remaining methyl ester in 14 was achieved
by treatment with aqueous sodium hydroxide and the Boc
group subsequently removed with trifluoroacetic acid to afford
the required amino acid 8 (91%). A similar sequence of
reactions starting with 15 produced 9 also in high overall yield
(91%). Finally 8 and 9 were cyclised to the required trans-
lactams 4 and 5 respectively using DPPA in DMF (69% yield
8→4, 76% yield 9→5).6 In this reaction the initial acyl azide
formed by the DPPA is trapped by the nucleophilic amine in an
intramolecular reaction. The relative stereochemistry of 4 and

Scheme 1 Reagents: i) NaN3, NH4Cl, aq. EtOH; ii) Ph3P; iii) Boc2O;
iv) Ph3P–diisopropylazodicarboxylate; v) CH2(CO2Me)2, NaH, DMF.

Scheme 2 Reagents: i) KOH; ii) DPPA, PhCH2OH, heat; iii) NaOH;
iv) CF3CO2H; v) DPPA, DMF.

5 was deduced from their proton NMR spectra by examining
the coupling constants and NOE’s between the H-3 proton
adjacent to the amide carbonyl group and the ring junction
protons H-3a and H-6a (Fig. 2). There is an NOE observed
in 4 between H-3 and H-3a, but not between H-3 and H-6a,
whereas in 5 there is an NOE between H-3 and H-6a but
not between H-3 and H-3a. The relative stereochemistry of the
earlier intermediates 14, 15, 8 and 9 was also inferred from this
experiment.

Design and synthesis of compound 6

In order to display antibacterial properties the β-lactam anti-
biotics require a suitably positioned acid moiety and an appro-
priately activated β-lactam nucleus.15 Once these features are in
place, then the choice of the appropriate sidechain is critical in
order to optimise binding affinity and specificity for the target
penicillin binding proteins.16–18 Activation of the β-lactam is
achieved by creating strain in the amide bond either through
fusion to another ring (penicillins and cephalosporins etc.)
or by introducing electron withdrawing substituents onto
the amide nitrogen (monobactams such as aztreonam). An
indication of ring strain can often be inferred from the
IR stretching frequency of the amide carbonyl group.19,20 The
carboxylic acid of the antibiotic forms a salt bridge with the
lysine residue of the highly conserved Lys-X-X-Ser motif found
in the penicillin binding proteins.21,22 In the initial trans-lactam
target compound 6, the acetic acid extension from the amide
nitrogen was chosen to allow 6 the possibility of forming this
key interaction. Simple molecular modelling overlays (not
shown) indicated that similar positions of the amide carbonyl
groups and carboxylic acids of the trans-lactam 6 and
cephalosporin nucleus of ceftazidime 7 were likely. The amino-
thiazolyl derived amide sidechain was chosen since this group
has proved highly successful in the cephalosporin and mono-
bactam series of antibiotics.23,24

N-Alkylation of the amide in 4 was achieved with tert-butyl
bromoacetate in acetonitrile with caesium carbonate 25 pro-
ducing 16 (79%) (Scheme 3). The Cbz group was next removed
by hydrogenolysis liberating the amine 17 (94%). Conventional
coupling of 17 with the acid 18 26 afforded the fully protected
intermediate 19 (60%). Finally, TFA deprotection of 19 gave
the required target 6 (78%).

Disappointingly compound 6 showed no whole cell anti-
bacterial activity when evaluated in vitro against a screen of com-
monly encountered bacteria comprising both Gram positive
and Gram negative organisms (MIC’s all > 128 µg cm3).27

Neither did it demonstrate any significant in vitro inhibition
of penicillin G binding to penicillin binding proteins, or any
inhibition of TEM-1 β-lactamase.28 Thus it appears likely that
the trans-lactam ring in compound 6 is not sufficiently activated
to acylate the bacterial enzymes. (The observed IR spectra
may provide some evidence for this. Whilst the highly strained
penicillins and cephalosporins typically show carbonyl
stretches between 1780 and 1790 cm�1 the trans-lactam amide
carbonyl group in compound 6 stretches only at 1718 cm�1.)

In conclusion, synthesis of further trans-lactams with
increased activation would be of interest in order to determine

Fig. 2 NOE’s observed in isomers 4 and 5.
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whether a useful trans-lactam antibacterial agent can be
achieved. Compounds 4 and 5 will be ideal starting materials to
pursue this investigation.

Experimental
General methods

FTIR spectra were recorded using a Nicolet 20SXB or a Bio-
Rad FTS-7. 1H NMR spectra were recorded either at 250 MHz
using a Bruker AC or AM 250 or at 400 MHz with a Varian
VXR 400. Mass spectra were measured on a HP Engine
(thermospray positive) or VG Autospec Q (LSIMS). Routine
microanalyses were performed on a Leco CHNS-932 or Carlo-
Erba instrument. Fluorine analyses were carried out with a
Phillips PW 9415 ion selective meter and water analyses using
a Mitsubishi CA-05. Flash chromatography was performed
with Merck Kieselgel 9385.

trans-N-(2-Hydroxycyclopentyl)carbamic acid tert-butyl
ester 11

Cyclopentene oxide (50.0 g, 0.595 mol) was dissolved in 50%
aqueous ethanol (800 cm3) and ammonium chloride (31.9 g,
0.595 mol) and sodium azide (38.7 g, 0.595 mol) added. The
resulting mixture was refluxed for 48 h then concentrated to
a small volume and partitioned between water (200 cm3) and
ethyl acetate (200 cm3). The organic layer was dried (anhydrous
MgSO4) and evaporated to a yellow oil (64.4 g, 85%) which was
used directly without further purification. (Crude azide νmax

(CHBr3)/cm�1 3430 and 2105; δH (CDCl3): 4.2 (1H, m, H-1),
3.7 (1H, m, H-2), 2.2–2.0 (2H, m), 1.9–1.5 (5H, m).)

The crude azido alcohol (33.4 g, 0.263 mol) was dissolved
in toluene (500 cm3) and refluxed with triphenylphosphine
(103.2 g, 0.394 mol, 1.5 eq.) for 1.5 h. The solution was cooled
to 0 �C and diluted with ethyl acetate (50 cm3) and saturated
sodium bicarbonate solution (50 cm3). The resulting biphasic
mixture was then stirred rapidly as di-tert-butyl dicarbonate
(57.3 g, 0.263 mol) in ethyl acetate (500 cm3) was added over
several minutes. The mixture was allowed to warm to room
temperature and stirred for 12 h. The organic phase was then
separated, dried (anhydrous MgSO4) and evaporated to a
yellow oil. This was treated with ether (500 cm3) to precipitate
Ph3PO which was removed by filtration. The filtrate was con-
centrated to an oil which was purified by flash chromatography
(eluted with ethyl acetate–petroleum ether 1 :1) to afford the

Scheme 3 Reagents: i) BrCH2CO2tBu, Cs2CO3, MeCN; ii) H2, Pd; iii)
Acid 18 � (COCl)2; iv) CF3COOH.

title compound 11 (21.4 g, 41%) as a white crystalline solid.
Mp 106 �C (Found C: 59.5; H, 9.25; N, 6.8. C10H19NO3

Requires C, 59.7; H, 9.5; N, 7.0%). νmax (CHBr3)/cm�1 3437,
2972, 1690, 1498 and 1366; δH (CDCl3): 4.7 (1H, br s, NH),
4.0 (2H, m, OH, H-1), 3.6 (1H, m, H-2), 2.2–1.3 (6H, m,
H-3,4,5), 1.4 (9H, s, tBu).

cis-6-Azabicyclo[3.1.0]hexane-6-carboxylic acid tert-butyl
ester 12

To a stirred solution of triphenylphosphine (114.0 g, 0.435 mol,
1.5 eq.) in THF (800 cm3) at �78 �C under nitrogen was added
diisopropyl azodicarboxylate (85.6 cm3, 0.435 mol, 1.5 eq.)
dropwise over 30 min. The reaction mixture was stirred for
30 min until a pale yellow suspension was formed. A solution
of the alcohol 11 (58.3 g, 0.290 mol) in THF (200 cm3) was
added dropwise and the reaction stirred for 60 min at �78 �C
then allowed to warm to RT. After a further 21 h at RT the
solvent was evaporated and the residue treated with ether.
The precipitated triphenylphosphine oxide was removed by fil-
tration and the filtrate evaporated to a pale yellow residue
which was purified by flash chromatography (eluting with
petroleum ether–ether, 4 :1) to give the title compound 12
(41.9 g, 79%) as a clear oil (Found C: 65.5; H, 9.35; N, 7.6.
C10H17NO2 Requires C, 65.1; H, 9.2; N, 7.6%); νmax (CHBr3)/
cm�1 2973, 1699 and 1367; δH (CDCl3): 2.9 (2H, s, H-1,5), 2.05
(2H, dd, H-2,4), 1.6 (3H, m, H-2,3,4), 1.4 (9H, s, tBu), 1.2
(1H, m, H-3). m/z C10H17NO2 M

� 183.26.

trans-2-(2-tert-Butoxycarbonylaminocyclopentyl)malonic acid
dimethyl ester 13

Dimethyl malonate (90.3 g, 0.684 mol, 3 eq.) in DMF (1.5 l)
was treated with sodium hydride (60% dispersion in oil, 9.3 g,
0.232 mol, 1.02 eq.) at RT under nitrogen. After effervescence
had stopped and the solution had cleared a solution of the
aziridine 12 (41.8 g, 0.228 mol, 1 eq.) in DMF (25 cm3)
was added. The solution was stirred with heating (155 �C) for
18 h then cooled, filtered and evaporated to a solid. The
crude product was partitioned between ether (1.5 l) and water
(1.5 l). The organic layer was separated and the aqueous layer
further extracted with ether (1.5 l) and the combined organic
extracts washed with brine (2 × 1 l) and then dried (MgSO4).
Evaporation gave a solid which was triturated with petrol 40–
60�C then filtered and dried in vacuo to give a white solid 13
(52.5 g, 0.167 mol, 73%). Mp 104–105 �C (Found C, 57.05;
H, 8.1; N, 4.6. C15H25NO6 Requires C, 57.1; H, 8.0; N, 4.4);
νmax (CHBr3)/cm�1: 3429, 2950, 1750, 1729, 1705 and 1503;
δH (CDCl3): 4.5 (1H, br s, NH), 3.75 (6H, s, MeO), 3.7 (1H, m,
H-2�), 3.45 (1H, d, H-2, J2,1� 7.5 Hz), 2.3 (1H, m, H-1�), 2.15–1.2
(6H, m, H-3�,4�,5�), 1.4 (9H, s, tBu); m/z 333 (MNH4

�), 316
(MH�), 216.

Racemic [(1R,2S)-2-tert-butoxycarbonylaminocyclopentyl]-
[(S)-benzyloxycarbonylamino]acetic acid methyl ester 14 and
Racemic [(1R,2S)-2-tert-butoxycarbonylaminocyclopentyl]-
[(R)-benzyloxycarbonylamino]acetic acid methyl ester 15

To a solution of the malonate 13 (10.0 g, 31.7 mmol) in
methanol (150 cm3) was added potassium hydroxide (8.6 g,
153.6 mmol, 4.8 eq.) in water (60 cm3). The reaction mixture
was stirred for 20 min then partitioned between ether (750 cm3)
and water (750 cm3). The aqueous phase was acidified with
solid potassium hydrogen sulfate and extracted with ether (2 ×
750 cm3). The combined organic extracts were dried (anhydrous
MgSO4) and evaporated to an off-white foam containing
a mixture of the mono-acid mono-esters (9.6 g, 100%).
δH (CDCl3): 5.1, 4.7 (1H, br d, NH), 3.75 (3H, s, MeO), 3.6–3.8
(2H, m, H-2,2�), 2.4–1.4 (7H, m, H-1�,3�4�5�), 1.4, 1.45 (9H, s,
tBu). This material was used in the next stage without further
purification.
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A mixture of acids prepared as above (17.9 g, 59.5 mmol) was
dissolved in dioxane (300 cm3) and treated with triethylamine
(8.3 cm3, 59.5 mmol) and diphenylphosphoryl azide (14.1 cm3,
11.8 mmol). The solution was refluxed for 4 h under nitrogen
when benzyl alcohol (25 cm3) was added and refluxing con-
tinued for a further 18 h. The reaction mixture was cooled and
poured into water (2 l). The aqueous solution was extracted
with ether (3 × 500 cm3) then treated with brine and further
extracted with ether (450 cm3). The combined organic extracts
were washed with brine (500 cm3) then dried (anhydrous
MgSO4) and the solvent evaporated finally in vacuo (water bath
at 90 �C) to remove the benzyl alcohol. The resulting brown
residue was purified by flash chromatography (eluting first with
petroleum ether–ether 2 :1, then petroleum ether–ether, 1 :1) to
obtain racemic 14 as a white crystalline solid (1.6 g, 3.9 mmol,
7%) eluting first, and racemic isomer 15 eluting second as an
off-white gum (2.0 g, 5.0 mmol, 8%). Further 14 and 15 was
obtained as a mixed fraction (5.3 g, 13.1 mmol, 22%). Thus the
combined overall yield of 14 and 15 was 37%. Compound 14.
(Found C, 61.8; H, 7.35; N, 7.2. C21H30N2O6 Requires C, 62.1;
H, 7.4; N, 6.9%); νmax (CHBr3)/cm�1 3349 (br), 1728, 1714,
1694, 1682 and 1519; δH (CDCl3): 7.4–7.3 (5H, m, Ph), 6.4
(1H, br d, Cbz-NH), 5.1 (2H, s, PhCH2), 4.4 (2H, m, Boc-NH,
H-2), 3.72 (1H, m, H-2�), 3.7 (3H, s, MeO), 2.3–1.3 (7H, m,
H-1�,3�,4�,5�), 1.4 (9H, s, tBu). Compound 15. νmax (CHBr3)/
cm�1 3300 (br), 1721, 1712 and 1693; δH (CDCl3): 7.4–7.3 (5H,
m, Ph), 6.1 (1H, br s, Cbz-NH), 5.1 (2H, ABq, PhCH2), 4.55
(1H, br s, Boc-NH), 4.4 (1H, br t, H-2), 3.8 (1H, m, H-2�), 3.7
(3H, s, MeO), 2.2–1.1 (7H, m, H-1�,3�,4�,5�), 1.45 (9H, s, tBu);
m/z 407.2182. MH� C21H30N2O6 requires 407.2182.

Racemic [(1S,2S)-2-aminocyclopentyl][(S)-benzyloxycarbonyl-
amino]acetic acid hydrochloride 8

The ester 14 (0.57 g, 1.4 mmol) was dissolved in methanol
(10 cm3) and treated with 1 M potassium hydroxide (aq.) solu-
tion (4.2 cm3, 3 eq.). The mixture was stirred for 3 h at room
temperature then partitioned between ether (150 cm3) and
water (100 cm3). The aqueous layer was further washed with
ether (150 cm3), then acidified to pH = 3 with cooling in an ice
bath. The resulting solution was extracted with ether (2 ×
100 cm3) and the combined organic extracts washed with brine
(100 cm3) and dried (anhydrous MgSO4). Evaporation of the
solvent gave a white foam containing the intermediate N-Boc
protected acid (0.50 g, 1.3 mmol, 91.0%). This material was
used in the next reaction without further purification (Found
C, 60.6; H, 7.1; N, 7.2. C20H28N2O6 Requires C, 61.2; H, 7.1;
N, 7.1%); νmax (KBr)/cm�1 3322 (br), 1712, 1650 and 1518;
δH (CDCl3): 7.4–7.3 (5H, m, Ph), 6.85, 6.05 (1H, 2 × br d,
NHCbz, rotamers), 5.1 (2H, m, PhCH2), 5.4, 4.9 (1H, 2 × br d,
NHBoc, rotamers), 4.5 (1H, m, H-2), 3.75 (1H, m, H-2�),
2.25–1.5 (7H, m, H-1�,3�,4�,5�), 1.4 (9H, s, tBu).

N-Boc protected acid (1.20 g, 2.9 mmol) prepared as above
was dissolved in TFA (40 cm3). After 10 min the solvent was
evaporated and the residue redissolved in ethyl acetate (50 cm3)
then treated with a solution of HCl in ether (1.5 M, excess).
Evaporation of the solvent gave a gum which crystallized
on trituration with ether. This material was dried in vacuo
affording the title compound 8 (0.97 g, 2.9 mmol, 100%) as a
white solid. νmax (film)/cm�1: 3487, 2960, 1715, 1669 and 1538;
δH (DMSO): 8.1 (3H, br s, NH3

�), 7.7 (1H, d, NH, J 7.5 Hz),
7.4–7.25 (5H, m, Ph), 5.05 (2H, s, PhCH2), 4.1 (1H, t, H-2,
J 7.5 Hz), 3.4 (1H, m, H-2�), 2.25–1.3 (7H, m, H-1�, 3�, 4�, 5�);
m/z 293.1500. MH� C15H21N2O4 requires 293.1501.

Racemic [(1S,2S)-2-aminocyclopentyl][(R)-benzyloxycarbonyl-
amino]acetic acid hydrochloride 9

The methyl ester 15 (1.47 g, 3.62 mmol) was treated similarly
to 14 to give the intermediate N-Boc protected acid (1.34 g,
3.41 mmol, 94%) as a white foam. This crude material (1.23 g,

3.13 mmol) was treated with TFA to give the title compound 9
(1.00 g, 3.04 mmol, 97%) as an off-white solid. νmax (Nujol)/
cm�1 2923, 1700, 1521, 1455 and 1376; δH (DMSO): 8.1 (3H,
br s, NH3

�), 7.6 (1H, d, NH, J 8.5 Hz), 7.4–7.3 (5H, m, Ph),
5.05 (2H, s, PhCH2), 4.4 (1H, dd, H-2, J 5, 8.5 Hz), 3.3 (1H,
m, H-2�), 2.4–1.5 (7H, m, H-1�,3�,4�,5�); m/z 293.1502. MH�

C15H20N2O4 requires 293.1501.

Racemic [(3S,3aS,6aS )-2-oxooctahydrocyclopenta[b]pyrrol-3-
yl]carbamic acid benzyl ester 4

The amino acid hydrochloride salt 8 (0.86 g, 2.6 mmol) was
dissolved in DMF (10 cm3) and added via a syringe pump to a
solution of diphenylphosphoryl azide (1.12 cm3, 5.20 mmol)
and triethylamine (1.26 cm3, 9.09 mmol) in DMF (200 cm3).
The total addition time was 28 h. The solution was then
concentrated to an oily solid and partitioned between water
(300 cm3) and ether (300 cm3). The aqueous layer was further
washed with ether (300 cm3) and the combined organic layers
washed with brine (2 × 300 cm3). The extracts were dried
(anhydrous MgSO4) and then evaporated to an oil which was
triturated, filtered and dried in vacuo to give the title compound
4 as a white solid (0.49 g, 1.80 mmol, 69%) (Found C, 65.4;
H, 6.6; N, 10.3. C15H18N2O3 Requires C, 65.7; H, 6.6; N, 10.2%);
νmax (CHBr3)/cm�1 3418, 2974, 1712, 1506; δH (CDCl3): 7.4–7.3
(5H, m, Ph), 6.26 (1H, br s, amide NH), 5.28 (1H, br d,
Cbz-NH), 5.11 (2H, ABq, PhCH2), 4.24 (1H, t, H-3), 3.21 (1H,
dt, H-6a), 2.1–1.3 (7H, m, H-3a,4,5,6).

Racemic [(3R,3aS,6aS )-2-oxooctahydrocyclopenta[b]pyrrol-3-
yl]carbamic acid benzyl ester 5

Using the same procedure described for preparation of 4,
the amino acid hydrochloride salt 9 (0.90 g, 2.74 mmol) in
DMF (10 cm3) was added via a syringe pump to a solution of
diphenylphosphoryl azide (1.35 cm3, 6.26 mmol) and triethyl-
amine (1.52 cm3, 10.96 mmol) in DMF (200 cm3) to afford 5 as
a white solid (0.57 g, 76%) (Found C, 65.4; H, 6.5; N, 10.2.
C15H18N2O3 Requires C, 65.7; H, 6.6; N, 10.2%); νmax (CHBr3)/
cm�1 3419, 1707 and 1506; δH (CDCl3): 7.4–7.3 (5H, m, Ph),
6.2 (1H, br s, NH amide), 5.4 (1H, br s, Cbz-NH), 5.1 (2H,
ABq, PhCH2), 3.97 (1H, dd, H-3), 3.09 (1H, m, H-6a), 2.1–1.3
(7H, m, H-3a,4,5,6).

Racemic [(3S,3aR,6aS )-2-oxo-3-benzyloxycarbonylamino-
octahydrocyclopenta[b]pyrrol-1-yl]acetic acid tert-butyl ester 16

Cbz protected trans-lactam 4 (0.15 g, 0.58 mmol) was dissolved
in acetonitrile (10 cm3) and caesium carbonate (0.47 g,
1.45 mmol) added. The resulting suspension was treated with
tert-butyl bromoacetate (0.19 cm3, 1.16 mmol) and the reaction
heated at 50 �C for 4 h. After cooling, filtration and evaporation
of solvent a residual gum was obtained which was purified by
flash chromatography (eluant ethyl acetate–cyclohexane, 1 :3)
affording the title compound 16 (0.17 g, 79%) as a colourless
gum. νmax (CHBr3)/cm�1 1738, 1729, 1712 (trans-lactam), 1694;
δH (CDCl3): 7.4–7.3 (5H, m, Ph), 5.1 (3H, m, PhCH2, NH),
4.35 (1H, br t, H-3), 3.9 (2H, ABq, CH2CO2), 3.35 (1H, dt,
H-6a), 2.1–1.3 (7H, m, H-3a,4,5,6), 1.4 (9H, s, tBu).

Racemic [(3S,3aR,6aS )-2-oxo-3-aminohexahydrocyclopenta-
[b]pyrrol-1-yl]acetic acid tert-butyl ester acetate salt 17

Cbz trans-lactam 16 (0.17 g, 0.44 mmol) was dissolved in acetic
acid (20 cm3) and hydrogenated with 10% palladium on carbon
(50 mg) at room temperature for 18 h. The solution was filtered
and evaporation afforded the title compound 17 (0.13 g, 94%)
as a crystalline solid. νmax (KBr)/cm�1 1745, 1710 and 1554;
δH (DMSO): 4.35 (3H, br s, NH3

�), 3.95 (2H, ABq, CH2CO2),
3.5 (2H, m, H-3,6a), 2.1–1.3 (7H, m, H-3a,4,5,6), 1.4 (9H, s,
tBu); m/z 509 (2M � H�), 254 (MH�).
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Racemic 2-[(2-Aminothiazol-4-yl)-2-[(3S,3aR,6aS)-1-carboxy-
methyl-2-oxooctahydrocyclopenta[b]pyrrol-3-ylcarbamoyl]-
methyleneaminooxy]-2-methylpropionic acid trifluoroacetate 6

Oxalyl choride (0.050 cm3, 0.57 mmol) was added to a solution
of DMF (0.066 cm3, 0.85 mmol) in dichloromethane (5 cm3)
at �20 �C under nitrogen. Upon completion of the addition, the
solution was warmed to ice bath temperature and the acid 18 18

(0.416 g, 0.73 mmol) added as a solid. After 10 min a solution
of the acetate salt of the amine 17 (0.120 g, 0.38 mmol)
in dichloromethane (2 cm3) was added with diisopropylethyl-
amine (0.4 cm3, 2.29 mmol). After 24 h, the mixture was diluted
with ethyl acetate and water, and the organic layer washed
further with 10% aqueous citric acid solution, then saturated
aqueous sodium bicarbonate and finally brine. After drying
(anhydrous MgSO4) and evaporation the residue was purified
by flash chromatography (eluant ethyl acetate–cyclohexane,
1 :3) affording the fully protected 19 (0.183 g, 60%) as a white
solid. Compound 19: mp 103 �C; νmax (CHBr3)/cm�1 3298 (br),
1737, 1731, 1714, 1681 and 1519; δH (CDCl3): 7.4 (1H, d, NH
amide), 7.35–7.25 (15H, m, 3 × Ph), 6.8 (1H, s, trityl NH), 6.75
(1H, s, thiazole H), 4.7 (1H, dd, H-3), 3.95 (2H, ABq, CH2CO2),
3.4 (1H, dt, H-6a), 1.65, 1.60 (6H, 2s, CMe2), 1.4 (18H, s,
2 × tBu), 2.1–1.3 (7H, m, H-3a,4,5,6); m/z 808 (MH�), 243.

Compound 19 (0.122 g, 0.031 mmol) was dissolved in tri-
fluoroacetic acid (2 cm3) containing a trace of anisole. After
2.5 h, the solution was diluted with ether which precipitated
the title compound 6 (0.067 g, 78%) as a white solid which
was collected by filtration. Mp 141 �C; νmax (Nujol)/cm�1 1718
and 1674; δH (DMSO): 8.7 (1H, d, thiazole H), 4.45 (1H, dd,
H-3), 3.9 (2H, ABq, CH2CO2H), 3.35 (1H, m, H-6a), 1.45, 1.4
(6H, 2s, CMe2), 2.0–1.3 (7H, m, H-3a,4,5,6); HPLC 95%;
m/z 454.1397. C18H23N5O7S requires MH� 454.1396.
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