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A series of compounds, N-(2-substituted-1-carboxy)vinylazetidinones were successfully svnthesized in order to test
the hypothesis that biological activities of B-lactam antibiotics could be attributed to the smooth flow of electrons
after a nucleophilic attack at the carbonyl carbon in the B-lactam ring. After introduction of aminothiazolylacetamido
group at 3-position of the azetidinones, their biological activities were evaluated. Their low activities led to the conclu-
sion that the smooth electron flow in B-lactams in not the sufficient source for the biological activities.

Introduction

The significance of understanding structure-activity rela-
tionship cannot be overestimated in developing biologically
active pharmaceuticals. B-Lactam antibiotics have been tar-
gets for extensive research in establishing structure-activity
relationships due to their paramount importance in the anti-
biotics research field. It has been accepted that the activities
of the compounds with B-lactam ring could be related to
the facility of being attacked by nucleophiles which presum-
ably exist in bacterial proteins (e.g., by a nucleophilic moiety
in the penicillin sensitive enzyme). In other words, the
smooth electron flow after the nucleophilic attack at the car-
bonyl carbon in the B-lactam ring could play a crucial role

for the biological activities.
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needed to manifest the biological activities we prepared a
series of compounds,’ that is, N-(2-substituted-1-carboxy)vi-
nylazetidinones shown in the following general formula (I)
in the hope that these azetidinone derivatives would provide
an excellent test for the proposed reiations between the
smooth flow of electrons and the biological activty in the
antibiotics containing B-lactam ring.
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The concept that B-lactam ring is the essential part of
the pharmacophore has been challenged by the discovery
of lactivicin? as well as the recent active research in y-lactam
related compounds®. Therefore, as analogs to the azetidino-
nes, cycloserine derivatives, in which the cycloserine moiety
is the core structure, are also of interest.

In this article we disclose our effort for development of

the synthetic method to the derivatives (I) and evaluatioins
of their biological activities.

Results and Discussion

Our strategy toward synthesis of I is based on the reaction
between appropriately substituted azetidinone and glyoxalic
acid derivatives followed by Witting olefination. The similar
synthetic route was quite well established in the Woodward’s
penem synthesis.*
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We have initially tested our strategy with the unsubstitu-
ted compound at 3-position of azetidinone [ie., (I, R,=H)].
Thus, a series of the desired compounds (I; R,=H) were
prepared by applying the successfully developed synthetic
route. Unfortunately the derivatives without any substituent
at 3-position exhibited disappointingly low biological activi-
ties. The deficiency of the activities eventually prompted us
to reinvestigate this synthetic route for the derivatives pro-
perly substituted at 3-position. The choice of the substitution
can be easily decided, since aminothiazolyl moiety has been
increasingly popular in the recent development of B-lactams
including cephalosporins as well as monobactam related anti-
biotics. It is now obvious that we need to have the 3-amino-
azetidinone 1 as an starting material.

In this study we have limited the substituent to a (2-ami-
nothiazol-4-yl)methoxyiminoacetyl group in order to confine
our investigation to the effect upon variation of N-substituent
(more specifically X group in I). The synthesis of 1 is depeci-
ted in Scheme 1.

The C-S bond in 6-APA (2) was cleaved and the 3-amino
group was protected with fert-butyloxycarbonyl group (tBoc).
Protection of 3-amino group with Cbz group proved difficult
in the deprotection at the later stage. This led us to use
tBoc group as the protecting group. The yield of the protec-
tion step was poor when the reaction was performed at room
temperature. Heating at 35C led to an improvement in yield.
The next two steps were carried out without any incident
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to provide the desired tBoc-protected 3-aminoazetidinone
1.° Reaction with glyoxalate followed by chlorination by SOCl,
and formation of phosphorus ylide 6 set stage for the Wittig
reaction with the appropriately substituted aldehydes.

The synthetic route to 3-(aminothiazolylacetamido)azetidi-
none derivatives prepared are shown in Scheme 2. The Yield
was subjected to the Witting reaction with aldehyde 7 in
xylene in the presence of hydroquinone. The mixtures of
two stereoisomers were produced. The ratios for the two
isomers were approximately 3:1, 2:1, and 1:1 for 8a, 8b, and
8¢, respectively (by NMR anslysis). The mixtures were sub-
jected to further reactions without separation. Deprotection
of tBoc group in the resulting coupled products 8a-c to gene-
rate amines 9a-c was achieved by the treatment of acid. Acy-
lation was performed wvia active ester. Thus, the reaction
between active ester 11 (prepared from 10) and amine 9
provided the acylated product 12. Deprotection of 12 was
the only remaining task and this was achieved by a two-step
procedure, that is, acid hydrolysis of trityl group and palla-
dium mediated deallylation. The second step of deprotection-
deallyation step was accompanied by sodium salt formation
(by the treatment with SEH (sodium 2-ethylhexanoate).
Four 3-(aminothiazolylacetamido)azetidinone derivertives 14
a-d were prepared and evaluated their biological activities
(MIC).

The MIC values for 14a-d and summarized in Table 1.
Substitution with N-methyl-5-thiotetrazole, N-methyltetrazo-

Han-Young Kang et al.

OAX RNH\
7 l
——N.
xylene, hydroquinone 04 \/\X
6 —

COAllyl

Conn

s
PhoeNH—, | HOBT  PhaCNH—
Nj\rcozu DCC, HOBT  Phy \Nl coBT | o, T
[ s sk
~ th N
OCH, “OCH;,

80-84°C

DMAP, CHyCN

10 11

X
N~
—CH— RNH—
o o ,ﬂ N NH,
i T
CH NG
OCH,
3 ér—-N / X
X d
b | -CH—N N—Ch, COZR,
N=N
12 R = Ph,C- ; R? = Allyl
80% HCO,H
e
< _CN 13 R' = H ;R = Altyl
SEH, PPhy
Pd{PPhy),,
THF, AT 14 R zH ;R* = Na
=\ +
| =G
Scheme 2.

Table 1. MIC Values of the Azetidinones Prepared

Azetidinones

Strains 142 14b  1dc  14d
Streptococcus pyogenes A308 25 3125 0.781 nd
Streptococcus pyogenes A77 6.25 0.781 0195 0.391
Staphylococcus aureus SG511 100 100 25 100
Staphylococcus aureus 285 100 100 50 100
Staphylococcus aureus 503 100 100 25 100
Escherichia coli 055 3125 625 625 25
Escherichia coli DCO 125 25 125 100
Escherichia coli DC2 25 12,5 125 100
Escherichia coli TEM 6.25 25 125 50
Pseudomonas aeruginosa 1771M 100 50 100 100
Salmonella typhimurium 25 50 125 100
Klebsiella aerogenes 1522E 3125 125 625 25
Enterobacter cloacae 1321E 6.25 25 625 50

line-5-thione, 4-pyridyl group® or N-methyl salt of 4-pyridyl
group exhibited low in vitro activities against various strains.
This result suggested that the simple electron flow after nu-
cleophilic attack on the carbonyl cabon in the B-lactam ring
is, at least, not the sufficient source for the biological activi-
ties in fB-lactam antibiotics.

In summary, we have successfully developed a synthetic
route to the N-(2-substituted-1-carboxy)vinylazetidinones.
Introduction of the aminothiazolylacetamido group at 3-posi-
tion of azetidinone ring provided the desired compounds 14
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a-d. Low in wvitro activities of these derivatives led us to
conclude that the simple electron flow after the nucleophilic
attack (e.g., by a nucleophilic moiety in the PSE ) is, at least,
not the crucial factor for exhibiting high biological activities.
Extension of the results of this study to cephems and pe-
nems is currently underway.

Experimental

General. Melting points were determined in open capil-
lary tubes on a Thomas-Hoover apparatus and are uncorrec-
ted. Proton nuclear magnetic resonance ("H-NMR) spectra
were obtained with one of the following: a Jeol PMX60SI,
a Varian FT-80A, or a Bruker AM 200 spectrometer. Infrared
(IR) spectra were obtained with a Perkin-Elmer 1310 spec-
trometer. The in vitro biological activity of the azetidinones
prepared was determined by conventional agar dilution pro-
cedures.

1-[(1R)-Carboxy-2-methylpropyl]-(3S)-[t-butoxycar-
bonylamino Jazetidin-2-one (3). A mixture of 4.5 g (0.02
mol) of 6-APA and 1.9 g of NaHCO; in 50 m/ of water was
added into a slurry of Raney Nickel (45 g) at 70T with stir-
ring. After stirred for 15 min at 70C and the mixture was
cooled and filtered. The filtrate was dissolved in 125 m/ of
tetrahydrofuran (THF) and to this solution was added a so-
lution of 55 m/ (0.024 mmol) of di-t-butyl dicarbonate in
20 m! of THF dropwise at 0C, After completion of the reac-
tion and concentration followed by extraction with ethyl ether,
the pH of the aqueous layer was adjusted to about 2 with
1 N HCI solution. The solution was extracted with CH,Cl;
and the organic phase was dried (MgS0O;) and concentrated.
The desired acid (3) was obtained by addition of ethyl ether
(23 g 40%). '"H-NMR(CDCl;, 8); 1.0 (d, 6H, CHy), 15 (s,
9H, C(CH3),), 1.8-25 (m, 1H, CH«(CH;),), 3.3 (m, 1H, C,-H),
39 (t, 1H, C-H), 4.2 (d, 1H, N-CH-iPr), 4.8 (m, 1H, C;-H),
57 (br d. 1H, NH).

1-[Acetyloxy-2-methylpropyl]-(3S)-[ t-Butoxycarbo-
nylamino Jazetidin-2-one (4). To a solution of 3 (4.95
g, 17.3 mmol) in acetonitrile (180 m/) was added lead tetra-
acetate (7.64 g, 17.2 mmol) and cupric acetate monchydrate
(1.74 g, 871 mmol). The mixture was heated at reflux for
3 h. After the reaction was completed the reaction mixture
was filtered. The flitrate was concentrated and dried under
vacuum. The residue was taken with ethyl acetate and water
after which the solution was neutralized (pH=7). The orga-
nic phase was concentrated and the resulting residue was
triturated with ether to provied a solid. Drying under va-
cuum furnished acetate 4 (3.14 g, 67%) as a solid: mp. 126-
128C. 'H-NMR (CDCl;, 8); 0.9 (d, 6H, (CHy).), 1.5 (s, 9H,
C(CH3)3), 2.1 (s, 3H, COCH3), 2.2 (m, 1H,-CH-iPr), 3.3 (m,
1H, C,-H), 36 (t, 1H, C,-H), 4.7 (br s, 1H, C;-H), 53 (d,
1H, NH), 5.7 (d, 1H, NCHOAc). IR (KBr, cm™1); 3348, 2970,
1710, 1756.

3-[ N-(t-Butoxycarbonyl)amino]azetidin-2-one (1).
To a solution of 4 (1.61 g, 594 mmol) in methanol (41 m/)
and water (4.1 m/) was added K,CO; (762 mg, 551 mmol)
and sodium borohydride (199 mg, 526 mmol). This solution
was stirred for 2 h at —5-0C. The pH of the solution was
adjusted to 7 with 1 N HCI and MeOH was evaporated and
then pH was adjusted to 6. The solution was extracted with
ethyl acetate and the organic layer were separated and con-
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centrated. Trituration with ether afford 1 (553 mg, 50%) as
a solid: mp. 210C (decomp). ‘H-NMR (CDCls, 8); 14 (s, 9H,
-C(CHs)3), 3.2 (m, 1H, C;-H), 35 (t, 1H, Cs-H), 4.7 (br s, 1H,
Cs-H), 54 (d, 1H, C;-NH), 6.2(s, 1H, NH). IR (KBr, cm™)
2979, 1728, 1730.

Allyl [2-(3S)-(t-Butoxycarbonylamino)azetidin-2-on-
1-yl] hydroxyacetate (5). Allyl glyoxalate monohydrate
(564 mg, 4.27 mmol) was added to a solution of 1 (530 mg,
2.8 mmol) in benzene (50 m/). The solution was heated at
reflux and water was taken off using Dean-Stark apparatus.
Approximately 3 h was needed to complete the reaction. Co-
ncentration followed by purification by column chromatogra-
phy provided hydroxyacetate § (336 mg, 40%) as an oil. 'H-
NMR (CDCl;, 8); 14 (s, 9H, C(CHj)s), 35 (m, 1H, C,-H),
3.7 (m, 1H, C;-H), 4.7 (d, 2H, CH,C=C), 4.8 (m, 1H, C;-H),
54 (d, 2H, C=CH,), 5.5-6.1 (m, 1H, CH=C().

Allyl [2-(3S)-(t-Butoxycarbonylamino)azetidin-2-on-
1-yl]triphenylphosporanylidene acetate (6). To a solu-
tion of 5 (360 mg, 1.2 mmol) in dry THF (14 m/) was added
2,6-lutidine (357 W, 3.06 mmol) and thionly chloride (135
W, 1.85 mmol) at —20T. The solution was stirred at — 10T
for 1.5 h. The reaction mixture was filtered and the filtrate
was concentrated. The residue was dissolved in THF (12
m/). To this solution 2,6-lutidine (294 /) and triphenyl phos-
phine (637 mg, 243 mmol) was added. The solution was
heated at reflux for 5 h. The solution was extracted with
ethyl acetate and 0.3 N HCI, washed with saturated sodium
chloride, dried, and concentrated. Purification by column ch-
romatography afforded phosphorane 6 (264 mg, 40%). 'H-
NMR(CDCls, 8); 1.3 (s, 9H, C(CH3),), 4.2-4.3 (m, 2H, C,-H),
44 (m, 1H, Cs-H), 4.6 (d, 2H, CH.C=C(), 5.1-5.3 (m, 2H, C-
C=CH,), 58-60 (m, 1H, CH=C), 74-7.7 (m, 15 H, CPhy).
IR (KBr, cm™'); 3080, 2961, 1753, 1709.

1-Methyl-5-(ethanal-2-yl) thiotetrazoline (7a). Cata-
lytic amount of osmium tetroxide and N-methylmorpholine-
N-oxide was added to a solutioin of 1-methyl-5-allylthiotetra-
zoline” (630 mg, 4.03 mmol) in acetone and water (4:1, total
of 42 m/) at room temperature. The solution was stirred
for 12 h at room temperature after which sodium thiosulfate
was added. Filtration, extraction with ethyl acetate-water (2:
1), and dried (Na,SO,) yielded a diol. This diol was dissloved
in 50% aqueous methanol (42 m/). Sodium periodate (1.37
g, 6.4 mmol) was added to this solution and stirred at room
temperature for 12 h. Filtration, extraction with ethyl acetate,
and concentration of the extract provided aldehyde 7a (382
mg, 60%). This aldehyde was used for the next step without
further purification. 'H-NMR (CDCl;, 8); 4.0 (s, 3H, CHy),
4.2 (d, 2H, -CHy), 98 (t, 1H, CHO).

1-Methyl-4-(ethanal-2-yl)tetrazolin-5-thione (7b).

Ozone was bubbled through a solution of 1-methyltetrazolin-
5-thione’ (8.5 g 54.3 mmol) in CH;Cl, at —78C until the
reaction was completed. Dimethyl sulfide (3.71 g, 59.8 mmol)
was added and the resulting solution was stirred at room
temperature for 4 h. Concentration and purification of the
residue by column chromatography yielded aldehyde 7b (1.72
g 20%). No further effort was made to optimize the yield.
'H-NMR (CDCls, 8); 39 (s, 3H, CH,), 5.1 (d, 2H, CH,), 99
(t, 1H, CHO).

Allyl 2-[2-(3S)-(t-Butoxycarbonylamino)azetidin-2-on-
1-y1]-3-[(1-methyl-1 H-tetrazol-5-yl) thioJmethyl pro-
penoate (8a). To a solution of phosphorane 6 (150 mg,
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0.283 mmol) in xylene (5 m/) were added aldehyde 7a (90
mg, 0.57 mmol) and hydroquinone (catalytic amount). The
solution was stirred at 84 for 3 h. After concentration puri-
fication by flash chromatography (hexane: ethyl acetate =2:3)
afforded 8a (79 mg, 60%). 'H-NMR (CDCl;, 8); 14 (s, 9H,
C(CHs)3), 3.7 (m, 1H, Ci-H), 39 (s, 3H, NCHy), 4.2 (m, 1H,
Ci-H), 44 (d, 2H, C=CCH:9), 4.7 (d, 2H, CHC=0(), 49
(br s, 1H, C;-H), 53 (m, 2H, C=CH,), 59-6.1 (m, 1H, CH
=(), 6.6-6.9 (t, 1H, C=CH-C-S).

Allyl 2-[2-(3S)-(t-Butoxycarbonylamino)azetidin-2-on-
1-y1]-3-(1-methyl-1,4-dihydro-5H-tetrazol-5-thion-4-yl)
methyl propenoate (8b). To a solution of phosphorane
6 (300 mg, 0.57 mmol) in xylene (5 m/) were added aldehyde
7b (175 mg, 1.1 mmol) and hydroquinone (catalytic amount).
The solution was stirred at 84T for 3 h. After concentration
purification by flash chromatography (hexane: ethyl acetate=
1:1) afforded 8b (131 mg, 55%). 'H-NMR (CDCl;, 8); 1.4 (s,
9H, C(CHj)s), 3.6 (m, 1H, C,-H), 3.8 (s, 3H, NCH;), 4.0-4.1
(m, 1H, C,-H), 4.6 (d, 2H,CH;-C=C), 49 (br s, 1H, C;-H),
51-54 (m, 2H, -C=CH,), 5.8-6.0 (m, 1H, CH=C), 6.6 (t, 1H,
CH=CCH,S).

Allyl 2-[2-(3S)-(t-Butoxycarbonylamino)azetidin-2-on-
1-yl]-3-(pyridin-4-yl) propenoate (8c). To a solution of
phosphorane 6 (300 mg, 057 mmol) in xylene (5 m/) were
added pyridine carboxaldehyde 7c¢ (100 W, 1.06 mmol) and hy-
droquinone (catalytic amount). The solution was stirred at 84C
for 5 h. After concentration purification by flash chromatogra-
phy (hexane:ethy! acetate=1:2) afforded 8¢ (102 mg, 48%). 'H-
NMR (CDCl;, 8); 14 (s, 9H, C(CHs)), 38 (m, 1H, C-H), 39
@, 1H, C;-H), 4.8 (d, 2H, CH,-C=C), 49 (br s, 1H, C3-H), 5.3
(m, 2H, -CH=CH,), 58-6.1 (m, 1H, CH=C), 6.8 (s, 1H, =CH-
Py), 72 (d, 1H, Py), 7.5 (d, 1H, Py), 85 (d, 1H, Py), 86 (d,
1H. Pw).

Allyl 2-[2-(3S)-aminoazetidin-2-on-1-yl]-3-[(1-methyl-
1H-tetrazol-5-yl)thio Jmethyl propenocate (9a). To a
cooled solution of trifluoroacetic acetic acid (4.8 ml/, 62.3
mmol) and anisole (672 W/, 6.2 mmol) were added 8a (260
mg, 0.61 mmol) in CHCl, (1.2 m/) dropwise at 0C. The solu-
tion was stirred at room temperature for 2 h. The solution
was concentrated and the residue was dissolved in CH.Cl.
After the solution was washed with NaHCOQO; solution, the
organic layer was dried (MgSO,) and concentrated. Tritura-
tion with ether furnished 9a (131 mg, 66%) as a solid which
was used without further purification. 'H-NMR (CDCl,;, 8);
3.8 (m, 1H, C;-H), 3.9 (s, 3H, NCHj), 3.9-4.5 (m, 4H, C-H+C
3-H+CH,), 4.7 (d, 2H, CH,-CH=C), 5.2 (d, 1H, -C=CHy),
54 (d, 1H, -C=CHy), 5.8-6.0 (m, 1H, -CH-C=C), 6.7 (m, 1H,
-C=CH-CH,S).

Allyl 2-[2-(3S)-aminoazetidin-2-on-1-yl]-3-(1-methyl-
1,4-dihydro-5H-tetrazol-5-thion-4-yl) methyl propeno-
ate (9b) and Allyl 2-[2-(3S)-aminoazetidin-2-on-1-yl]-
3-(pyridin-4-yl) propenoate (9c). The deprotection of
tBOC group was achieved as the same procedure described
in the prepartion of 9a. The yield of 9b and 9c were 57
and 70%, respectively. 9a, 9b, and 9¢ were used immediately
for the next acylation step without further purification. 9b:
'H-NMR (CDCl;, 8); 3.7-4.3 (m, 3H, C;-H+C,-H), 39 (s, 3H,
NCHy), 4.7 (d, 2H, -CH,-C=C), 5.1 (d, 2H, CHy-N), 54 (d,
2H, C=CHy), 56-6.2 (m, 1H, -CH=C(), 6.6 (t, 1H,=CH-CH,
N). 9¢: *H-NMR (CDCl;, 8); 3.6-4.4 (m, 3H, C,-H+Cs-H), 4.8
(d, 2H, CH,-C=C), 55 (m, 2H, C=CHy), 5.7-6.3 (m, 1H,
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-CH=0(), 75 (m, 3H, CH-Py), 88 (d, 2H, Py).

Allyl 2-[2(3S)-[ 2-tritylaminothiazol-4-yl]-2-[metho-
xyiminoJacetamidoJazetidin-2-on-1-y1]-3-[(1-methyl-1
H-tetrazol-5-yl)thio]methyl propencate (12a). To a
suspension of 2-[2-tritylaminothiazol-4-yl1]-2-methoxyimino-
acetic acid (300 mg, 0.623 mmol) in acetonitrile (5 m/) were
added dicyclohexylcarbodiimide (DCC) (150 mg, 0.72 mmol),
1-hydroxybenzotriazole hydrate (HOBT) (100 mg, 0.74 mmol),
and dimethylaminopyridine (DMAP) (catalytic amount). The
mixture was stirred for 1 h at room temperature and filtered.
Concentration followed by drying under vacuum provided
an active ester 1la. This active ester was dissolved in 3
m/ of CH;Cls. To this solution was added a solution of amine
9a (100 mg, 0.31 mmol) in 2 m/ of CH.,Cl,. The solution
was stirred for 2 h at room temperature and then washed
with water. The organic layer was concentrated and the resi-
due was purified by column chromatography (silica gel: he-
xane: ethyl acetate=1:3) followed by trituration with isopro-
pyl ether to provide 12a as a solid (87 mg, 36%). 'H-NMR
(CDCl;, 8); 34-3.8 (m, 1H, C4-H), 3.9 (s, 3H, NCH3), 4.1 (s,
3H, NOCHjy), 4.2 (m, 1H, C;-H), 44 (d, 2H, CH,-S), 4.6-4.8
(d, 2H, CH;-C=CHy), 5.1 (br s, 1H, C;-H), 5.3-55 (m, 2H,
C=CHy), 5.8-6.1 (m, 1H, CH=C), 6.7-6.9 (t, 1H, =CH-CH,S),
6.8 (s, 1H, aminothiazole-H), 7.3 (s, 15H, CPhs). IR (KBr,
cm™'); 3320, 2948, 1760, 1724, 1675.

Allyl 2-[2-(3S)-[2-tritylaminothiazol-4-yl]-2-[metho-
xyimino]acetamido]azetidin-2-on-1-y1]-3-(1-methyl-
1,4-dihydro-5H-tetrazol-5-thion-4-yl)methyl propeno-
ate (12b) and Allyl 2-[2-(3S)-[2-tritylaminothiazol-4-
yl]-2-[methoxyimino]acetamido]azetidin-2-on-1-yl]-3
(pyridin-4-yl) propenoate (12c¢). The coupled products
12b and 12¢ were prepared according to the procedure de-
scribed in the preparation of 12a by the acylation of the
active ester 11 with 9b and 9¢, respectively. The yields of
40% for 12b and 30% for 12¢ were obtained. No further
attempt to optimize the yields for the coupling was pursued.
12b: 'H-NMR (CDCl;, 8); 3.3-3.5 (m, 2H, C,-H), 3.8 (s, 3H,
NCHy), 4.0-4.1 (m, 1H, Cs-H), 4.1 (s, 3H, NOCHy), 4.7 (d,
2H, CH; C=C(), 50-53 (m, 2H, C=CH-CH.N), 5.3 (d, 2H,
-C=CHy), 59 (m, 1H, -CH=C), 6.5-6.8 (m, 1H, =CH-CH;N),
6.7 (s, 1H, aminothiazole-H), 7.3 (s, 15H, -CPh;). 12¢: 'H-
NMR (CDCl;, &); 3.7 (m, 1H, C,;-H), 3.8-4.1 (m, 1H, C,-H,
4.1 (s, 3H, NOCHj,), 4.8 (d, 2H, CH,-C=C), 49 (m, 1H, C;-
H), 53 (m, 2H, C=CHy), 5.7-6.2 (m, 1H,=CH-Py), 6.7 (s,
1H, aminothiazole-H), 6.8 (m, 1H, C=CH-Py), 7.2 (s, 15H,
-CPhy), 7.3 (d, 2H, Py), 84-86 (d, 2H, Py).

[2-[2-(3S)-[2-tritylaminothiazol-4-yl]-2-[ methoxyi-
mino jlacetamido]azetidin-2-on-1-yl]-2-[allyloxycar-
bonyl]ethen-4-yl]pyridinium iodide (12d). A solution
of 12¢ (70 mg, 0.095 mmol) in acetone (3 m/) and methyl
iodide (308 W/, 4.95 mmol) was stirred for 5 h at room tempe-
rature. The solvent was evaporated. Trituration of the resi-
due with ether provided a salt 12d (60 mg, 70%). 12d: 'H-
NMR (CD;OD, §); 3.6-3.8 (m, 2H, C;-H), 3.9 (s, 3H, NOCHz),
4.3 (s, 3H, Py-NCH;), 4.3 (d, 1H, C;-H), 49 (d, 2H, -CH,-
C=0), 52-55 (m, 2H, C=CH,), 59-62 (m, 1H, -CH=C(),
6.7 (s, 1H, aminothiazole-H), 7.3 (m, 15H, -CPhy), 8.1 (d, 2H,
Py), 8.7 (d, 2H, Py).

Allyl 2-[2-(3S)-(2-aminothiazol-4-yl}-2-[ methoxyimi-
noJacetamido]azetidin-2-on-1-yl]-3-[(1-methyl-1 H-te-
trazol-5-yl)-thio]methyl propenoate (13a). A solution
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of 12a (60 mg, 0.077 mmol) in 80% formic acid (0.6 m/) was
stirred for 2 h at 45C. Filtration followed by trituration with
ether afforded 13a (30 mg, 73%).

Allyl 2-[2-(3S)-[ 2-aminothiazol-4-yl]-2-[ methoxyimi-
noJacetamido]azetidin-2-on-1-yl]-3-(1-methyl-1,4-di-
hydro-5H-tetrazol-5-thion-4-yl)methylpropenocate (13
b), Allyl 2-[2-(3S)-[2-aminothiazol-4-yl]-2-[ methoxyi-
mino]acetamido]azetidin-2-on-1-y1]-3-(pyridin-4-yl)
propenocate (13c), and 4-[2-[2-(3S)-[2-tritylamino-
thiazol-4-yl]-2-[ methoxyimino]acetamido Jazetidin-2-
on-1-yl]-2-[allyoxycarbonyl]-2-ethenyl pyridinium io-
dide (13d). The amines 13b, 13¢, and 13d were prepared
as described in the preceding procedure for 13a. Starting
from 12b (60 mg), 12¢ (32 mg), and 12d (70 mg), the depro-
tected amines, 13b (30 mg, 70%), 13c¢ (15 mg, 70%), and
13d (30 mg, 67%) were obtained, respectively.

Sodium 2-[2-(35)-[2-aminothiazol-4-yl]-2- methoxy-
imino]acetamido]azetidin-2-on-1-yl1]-3-[(1-methyl-1
H-tetrazol-5-yl)thioJmethylpropenoate (14a). Allyl es-
ter 13a (30 mg, 0.56 mmol), sodium ethyl hexanoate (SEH)
(15 mg, 0.09 mmol), tripheny! phosphine (3 mg, 0.011 mmol),
and palladium tetrakis(triphenylphosphine) (6 mg, 0.052
mmol) were added to 1.6 m/ of THF at 0C. The mixture
was wared to room temperature and stirred for 20 min. Con-
centration followed by trituration with ether provided a solid.
After dissolving into water, freeze drying provided a sodium
salt 14a (15 mg, 50%). '"H-NMR (D,0, 8); 3.8 (m, 1H, C;-H),
40 (m, 2H, C-H+C,-H), 4.0 (s, 3H, N-CHj), 4.0 (s, 3H, N-
OCHs3), 4.1 (d, 2H, CH,S-), 66 (t, 1H, C=CH-CH,S), 7.0 (s,
1H, aminothiazole-H). IR (KBr, cm ' '); 3392, 1743, 1627.

Sodium 2-[2-(35)-[2-aminothiazol-4-yl]-2-[ methox-
yiminoJ]acetamido]Jazetidin-2-on-1-y1]-3-(1-methyl-1,
4-dihydro-5H-tetrazol-5-thion-4-yl)methylpropenoate
(14b), Sodium 2-[2-(3S)-[2-aminothiazol-4-yl]-2-[me-
thoxyimino]acetamido]azetidin-2-on-1-yl]3-(pyridin-
4-ylpropenoate (l4c), and 4-[2-[2-(3S)-[2-tritylami-
nothiazol-4-yl]-2-[ methyoxyimino]acetamido]azeti-
din-2-on-1-yl]-2-ethen-yl]pyridinium carboxylate (14
d). The desired compounds 14b, 14¢, and 14d were prepa-
red as described in the preceding procedure for 14a. Starting
from 13b (21 mg), 13¢ (15 mg), and 13d (30 mg), the desired
compounds, 14b (10 mg, 50%), 14c¢ (10 mg, 70%), and 14d
(10 mg, 40%) were obtained, respectively. 14b: "H-NMR (D,
0, 8); 39 (s, 3H, N-CHy), 4.0 (s, 3H, NOCHj), 39-4.1 (m,
2H, C,-H), 4.2 (t, 1H, Cs-H), 5.2 (d, 2H, C=CH-CH;N), 6.5
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(t, 1H, C=CH-CH;N), 7.0(s, 1H, aminothiazole-H). IR (KBr,
cm”Y); 3398, 1745, 1612. 14¢: 'H-NMR (D0, §); 3.8-4.2 (m,
3H, C,-H+C5-H), 3.9 (s, 3H, NOCH,), 6.9 (s, 1H, aminothia-
zole-H), 7.0 (s, 1H, C=CH-Py), 7.5 (d, 2H, Py), 85 (d, 2H,
Py). IR (KBr, cm™!); 3425, 1747, 1611. 14d: 'H-NMR (D;0,
8); 39-43 (m, 3H, C,-H+ Cs-H), 3.9 (s, 3H, NOCHy), 4.2 (s,
3H, Py*-CHy), 6.9 (s, 1H, aminothiazole-H), 7.0 (s, 1H, C=CH-
Py), 7.8 (d, 2H, Py), 85 (d, 2H, Py).
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