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N-AZAMONOBACTAMS
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Ring closure of the N-(fert-butyloxycarbonyl)-L-serine 2-(diphenylmethylene)hydrazide
(10a) and the corresponding L-threonine derivative (18b) gave good yields of the S-lactams
11a and 11b. Catalytic hydrogenation afforded the corresponding N-amino S-lactams 12a
and 12b. These compounds were then further transformed into 3-(S)-[[(2-amino-4-thiazolyl)-
(Z)-(methoxyimino)acetyljamino-2-oxo-1-azetidinyllsulfamic acid analogs 18, 23, and 30a
and 30b. None of these compounds exhibited any interesting biological activity.

The discovery of the monocyclic S-lactam antibiotics containing a sulfonic acid moiety on the
ring nitrogen,-® e.g. sulfazecin 1, has prompted a considerable amount of synthetic effort due to the
fact that none of the naturally occurring antibiotics were sufficiently active.®

Thus far two drugs have been developed in this area, namely, aztreonam (2)* and carumonam
3.2

In addition the sulfonic acid group has been replaced with other activating groups such as 4b~
4e.5” Herein we describe the synthesis of the N-aza derivatives (4f).

Results and Discussion

The impetus for this work was a report by TAYLOR et al.®’ who showed that the treatment of the
chlorohydrazide 5 with sodium hydride resulted in a good yield of the S-lactam 6 and a minor amount
of the zwitterion 7. This result coupled with the elegant S-lactam synthesis developed by MILLER
et al.,” starting from the simple amino acids rL-serine and 1L-threonine led to the synthetic effort de-
scribed in this report.
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ring-closure under Mitsunobo conditions using o

diethyl azodicarboxylate and triphenylphosphine ) )J\N

to give the f-lactam 11a in good yield.” Catalytic ':) l N‘\
R

hydrogenation in a Parr apparatus produced the
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t A similar ring-closure starting from benzyloxycarbonyl-L-serine to give the corresponding azetidinone in
309 yield has been reported. See ref 10.
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When the hydrazide derivative 10b was converted to the mesylate 13 and refluxed in acetone in
the presence of potassium carbonate the pyrazolidinium ylide 14 was isolated as the main product.
The structure of this compound was assigned on the basis of the physical properties reported for
compound 7. TLC of the filtrate from this compound indicated the presence of the S-lactam 11b
(Scheme 1).

The reaction of N-amino derivative 12a with pyridine sulfur trioxide complex in dimethylformamide
afforded the sulfamate 15 which was isolated as the tetrabutylammonium salt. Removal of the rers-
butoxycarbonyl protecting group with formic acid gave the amino sulfamic acid 16 which was con-
densed with the activated ester of 2-(2-amino-4-thiazolyl)-2-(Z)-methoxyiminoacetic acid 17, prepared
in situ by reaction with dicyclohexylcarbodiimide and 1-hydroxybenzotriazole in dimethylformamide,
to give the desired S-lactam 18 (Scheme 2). This compound did not exhibit any interesting biological
activity as shown by the in vitro spectrum. After the completion of this work a patent appeared de-
scribing the synthesis of compound 18 by a somewhat different route.!?

At the same time we were interested in the effect of an alkyl group on the biological activity of
these compounds, therefore we synthesized the N-propyl analog 23. Reaction of compound 12a with
propanal gave the Schiff base 19 which was reduced to compound 20 using hydrogen in the presence
of rhodium on alumina. Treating compound 20 with sulfur dioxide - pyridine complex gave the sul-
famic acid 21 which was deblocked with formic acid to produce compound 22. Acylation of this
derivative with the activated ester of compound 17 as described above afforded the N-propyl-S-lactam
23 (Scheme 3). Unfortunately this product was also essentially inactive in the in vitro antibacterial
spectrum assay.

At this juncture in the problem a molecular orbital study of the monobactam system was under-
taken. Using a CNDO program, the transition state energies were calculated for a variety of sub-
stituents on the f-lactam nitrogen.'> The results of this work suggested that derivatives with electron
withdrawing substituents on the exocyclic nitrogen of our system such as trifluoroethyl and hexafluoro-
isopropyl could possess interesting biological activity. This stimulated the synthesis of these com-
pounds.

The starting material for this synthesis was compound 12b. Reaction of compound 12b with
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either trifluoroacetaldehyde (24a) or the corresponding acetal afforded the aminal derivative 25a
which was converted to the imine 26a by treatment with diethylaminosulfur trifluoride and pyridine
or phosphorus pentachloride and triethylamine. Treatment of compound 26a by catalytic hydrogena-
tion using palladium on carbon or 1 M borane in tetrahydrofuran solution produced the trifluoroethyl
compound 27a. Sulfonation of this compound using the pyridine - sulfur dioxide complex resulted
in conversion to the sulfamic acid derivative 28a. Deblocking of this compound using trifluoroacetic
acid gave the amino derivative 29a which was acylated with the aminothiazole side chain by the usual
method to afford the desired (S)-2-methyl-(S)-[3-[[(2-amino-4-thiazolyl)-(Z)-(2-methoxyimino)acetyl]-
amino]-4-oxo-1-azetidinyl]-2,2,2-trifluoroethylsulfamic acid (36a).

The reaction of the p-lactam derivative 12b with hexafluoroacetone (24b) gave the aminal 25b
which was treated in a manner similar to that described above to afford compound 27b. Sulfonation
of this derivative with pyridine - sulfur dioxide complex gave a poor conversion to the sulfamic acid
28b. In this case the use of triethylamine - sulfur dioxide complex gave a much better yield. De-
blocking and conversion to the aminothiazole derivative 30b proceeded as above (Scheme 4).

Unfortunately neither the trifluoroethyl compoundn 30a nor the hexafluoroisopropyl derivative
30b possessed any interesting in vitro antibacterial activity. In addition compound 30b was tested
in vivo, using mice versus Escherichia coli, and again no activity was observed.

A discussion of the heteroatom-activated monobactam derivatives has recently been described
by Boyp et al.'® Possible reasons for the lack of activity of the sulfur and nitrogen isosteres (de and
4f) compared to the oxygen analogs (4b) include differences in electronegativity of the heteroatom at-
tached to the p-lactam nitrogen, IR carbonyl frequencies, chemical stabilities, and goodness of fit of
the f-lactam on the active site of the penicillin binding proteins. This work provides further docu-
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Scheme 4.

.~CH t N _-CH
3 CFa BocH 3 (CH3CH)NSF3
N + _C=0 — A R N

\ril—C':—CF3 Pyridine

H OH
12b 24 25
tBocHN .~CH3 Hy - Pd/C tBocHN .-CH3 (CH3CH;)350; 'BocHN .-CH3
07NN BH NG N
N=CRCF3 OF 3 o NHCHRCF3 o “\NCHRCF3
SO3H
26 27 28
NOCH3
TFA HyN ~CH3 HOBT +DCC N --CH3
j;[ > R o ;EN H
N N O ~ aR-=
o \?CHRCF3 17 \f TCHRCF3
b R=CF
SO3H NH, SO3H R 3
29 30

mentation to the fact that the N-aza-monobactams (represented by the general formula 4f) do not
exhibit any interesting biological activity. This is despite the fact that the putting a trifluoroethyl or
hexafluoroisopropyl groups (compounds 30a and 30b) on the nitrogen atom appended to the S-lactam
must have the effect of increasing the electronegativity at this center. In addition compound 30b
exhibited a carbonyl stretching frequency at 1780 cm™! which is well within the range of other active
P-lactams. This feature is well known to be a necessary but by itself insufficient criterion for bio-
logical activity. This seems to implicate the “goodness of fit” consideration as a possible explanation

for the lack of biological activity of these compounds.

Experimental

General Comments

Unless otherwise noted, materials were obtained from commercial suppliers and were used with-
out further purification. All column chromatographic purifications were accomplished on Silica gel
60 (E. Merck, 230~400 mesh) with the appropriate solvent gradients. TLC was done on com-
mercial silica gel plates (Analtech) containing calcium sulfate binder and fluorescent indicator. MP’s
were determined in open Pyrex capillary tubes on a Meltemp melting point apparatus and are uncor-
rected. IR spectra were recorded with either a Perkin-Elmer Model 1310 or a Nicolet Model 7199
recording IR spectrophotometer. *H NMR spectra were determined with either a Varian EM-390
(90 MHz) or Nicolet NT-300WB (300 MHz) spectrometer in appropriate deuterated solvents and are
expressed in ppm downfield from TMS (internal standard). Significant *H NMR data are tabulated
in order: Multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; br, broad), number of protons,
coupling constant(s) in Hz, and assignments.
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N-(tert-Butyloxycarbonyl)-L-serine-2-(diphenylmethylene)hydrazide (10a)

A solution of 20.0 g (0.10 mol) of tert-butyloxycarbonyl-L-serine, 19.6 g, (0.10 mol) of benzo-
phenone hydrazone, and 24.7 g (0.10 mol) of EEDQ in 250 ml of methylene chloride was stirred at
room temperature overnight. The solution was extracted with 100-ml portions of 1 N HCI, water,
saturated sodium bicarbonate solution, water, and brine, then dried over magnesium sulfate. The
solvent was evaporated at reduced pressure and the resulting syrup was dissolved in EtOAc and cry-
stallized by the addition of hexane to afford 24.5 g (64 %) of product, mp 150.0~ 152.5°C.

Anal Caled for CyiHysN:;O,:  C 65.78, H 6.57, N 10.96.
Found: C 65.39, H 6.80, N 10.58.

tert-Butyl (S)-[1-[(Diphenylmethylene)amino]-2-oxo-3-azetidinyllcarbamate (11a)

A solution of diethyl azodicarboxylate (7.9 ml, 0.05 mol) in 50 ml of THF was added to a stirred
solution of N-(tert-butyloxycarbonyl)-L-serine-2-(diphenylmethylene)hydrazide (10a) (19.5 g, 0.05 mol)
and triphenylphosphin (9.6 g, 0.05 mol) in 250 ml of THF. The mixture was stirred and heated at
55°C for 6 hours. The resulting solution was evaporated to dryness at reduced pressure and dis-
solved in 50 ml of EtOAc and chilled. The crystalline product was filtered and discarded (diethyl
hydrazinoacetate). The filtrate was evaporated to dryness and the residue was chromatographed on
silica gel using EtOAc - hexane (1:1) as the eluent to afford 12.0g (66%) of the desired product:
MP 167~170°C; IR (KBr) 1775 cm~* (C=0); ‘H NMR (CDCl,) § 1.38 (9H, s, (CH,),C), 2.85 (1H,
dd, /=3 and 6 Hz, 4-Hp), 3.25 (1H, t, /=6 and 6 Hz, 4-H,), 4.70 (1H, m, 3-H,), 5.25 (1H, 4, NH),
7.40 (10H, m, aromatic protons).

Anal Caled for Co H,305N,: € 69.02, H 6.32, N 11.50.
Found: C 68.73, H 6.57, N 11.41.

N-(tert-Butyloxycarbonyl)-L-threonine-2-(diphenylmethylene)hydrazide (10b)
This compound was prepared as described above for compound 10a using N-(zerz-butoxycarbonyl)-
L-threonine in place of the serine analog: MP 123~ 126°C; IR (KBr) cm™! 1680, 1715 (C=0).
Anal Caled for CooH, N;O,:  C 66.48, H 6.85, N 10.57.
Found: C 66.57, H 6.88, N 10.98.

tert-Butyl (S)-[1-{(Diphenylmethylene)amino]-2-(.S)-methyl-4-oxo0-3-azetidinyllcarbamate (11b)
This compound was prepared as described for compound 11a from 10b using the Mitsunobo
reaction to give a white crystalline product (68%); IR (KBr) 1780 cm~*; ‘*H NMR (CDCl;) 5 1.20
(3H, d, CH,), 1.45 (9H, s, (CH,);C), 3.35 (1H, m, 2-Hy), 4.20 (1H, m, 3- Hﬂ), 7.50 (10H, m, aromatic
protons).
Anal Caled for CosHyNyOy:  C 69.64, H 6.64, N 11.07.
Found: C 69.90, H 6.54, N 11.13.

tert-Butyl (S)-(1-Amino-2-oxo-3-azetidinyl)carbamate (12a)
tert-Butyl [1-[(diphenylmethylene)amino-2-oxo-3-azetidinyllcarbamate (11a) (2.1 g) was dissolved
in 100 ml of ethyl alcohol and 50 ml of EtOAc and 0.5 g of 109, palladium on carbon was added.
The mixture was hydrogenated in a Parr apparatus at 2.1 kg/cm? for 24 hours. The mixture was
then filtered through Celite and evaporated to dryness. The residue was crystallized from EtOAc
to give 0.75 g of product: MP 165~ 168°C; IR (KBr) 1750 cm~!; ‘H NMR (DMSO-4;) § 1.45 (SH,
s, (CH,),C), 3.25 (1H, dd), 3.50 (1H, t), 4.50 (1H, m), 7.55 (1H, d, NH).
Anal Caled for CgH;N;O5:  C 47.75, H 7.51, N 20.88.
Found: C47.44, H 7.27, N 20.54.

‘tert-Butyl [1-Amino-2-(S)-methyl-4-ox0-3-(S)-azetidinyl]carbamate (12b)

Prepared as compound 12a from the diphenylmethyleneamino derivative 11b (729 yield): IR
(XBr) 1750 cm~! (B-lactam C=0); ‘H NMR (CDCl;) § 1.40 (3H, d, CHs), 1.50 (9H, s, (CH,),C),
3.40 (1H, dd, 2-Hp), 5.35 (1H, d, 3-H,).

Anal Caled for C,H;;N;O;:  C 50.22, H 7.96, N 19.52.
Found: C 50.00, H 7.77, N 19.76.
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Trans-4-(S)-[(tert-butoxycarbonyl)amino]-1-(diphenylmethylene)-5-(.S)-methyl-3-oxo-pyrazolidini-
um Inner Salt (14)

A solution of N-(fert-butyloxycarbonyl)-L-threonine 2-(diphenylmethylene)hydrazide (10b)
(2.75 g, 6.92 mmol) and methanesulfonyl chloride (0.58 ml, 7.5 mmol) in 15 ml of pyridine was stirred
in an ice bath for 1.0 hour. An additional 0.3 ml of methanesulfonyl chloride was added and stirred
for an additional 2.0 hours in the cold. The mixture was diluted with EtOAc (100 ml) and washed
with two 75-ml portions of cold 1 N HCl, two aliquots of brine and dried over magnesium sulfate.
The solvent was evaporated at reduced pressure and the oily residue was dissolved in 100 ml of dry
acetone and 4.0 g of powdered potassium carbonate was added. The reaction mixture was stirred
and refluxed for 4.5 hours, cooled and filtered through diatomaceous earth. The filtrate was diluted
with EtOAc (150 ml) and extracted with 100 ml of 0.5 N HCI, half saturated sodium bicarbonate
(100 ml) and brine then dried over magnesium sulfate. Evaporation of the solvent gave an oil which
was crystallized from EtOAc - hexane; yield 1.12 g (439%): MP 185~ 188°C; IR (KBr) cm™* 2975,
1680; 'H NMR (DMSO-d;) ¢ 1.18 (3H, d, CH,), 1.40 (9H, s, (CH,),;0), 3.85 (1H, dd, 5-Hy), 4.50 (1H,
dd, 4-H,), 7.50 (10H, m, aromatic protons); UV X% nm (e) 246 (12,314), 235 (19,154).

Anal Calcd for Co,HosN3;O5:  C 69.64, H 6.64, N 11.07.
Found: C 69.71, H 6.53, N 10.70.
TLC of the filtrate from this product indicated the presence of the S-lactam derivative 11b.

Tetrabutylammonium [3-(S)-[[(ter-Butyloxy)carbonyllamino]-2-oxo-1-azetidinyl]sulfamate (15)

A solution of rert-butyl compound 12a (2.3 g, 11.4 mmol) and sulfur trioxide pyridine complex
(1.8 g, 11.4 mmol) in 50 ml of DMF was stirred at room temperature overnight. The mixture was
poured into 300 ml of 0.5M potassium dihydrogen phosphate and extracted with two 200-ml of
methylene chloride. Tetrabutylammonium bisulfate (3.9 g, 11.4 mmol) was added to the aqueous
solution and the solution was extracted with three 200-ml portions of methylene chloride. The ex-
tracts were dried over magnesium sulfate and evaporated to a colorless oil which was used without
further treatment.

(S)-(3-Amino-2-oxo-1-azetidinyl)sulfamic Acid (16)

The tetrabutylammonium compound (15) (5.5 g, 10.5 mmol) and 50 m! of formic acid (95~ 97%)
was stirred at room temperature for 1.0 hour. The resulting white crystalline solid was filtered, washed
with methylene chloride and dried in vacuo to give 1.25 g of product: IR (KBr) 1765 cm™* (§-lactam
C=0); 'H NMR (DMSO-d;) ¢ 3.30 (1H, dd, /=3 and 6 Hz, 4-Hy), 3.60 (1H, dd, J=6 and 6 Hz,
4-H,), 4.30 (1H, dd, J=3 and 6 Hz, 3-H,).

Aral Calcd for C;H,O,N,S: C 19.89, H 3.89, N 23.19, § 17.70.
Found: C 20.20, H 3.77, N 23.00, S 16.82.

[3-(S)-[[(2-Amino-4-thiazolyl)-(Z)-(methoxyimino)acetyllamino]-2-oxo-1-azetidinyllsulfamic Acid
s)

A solution of 2-(2-amino-4-thiazolyl)-(Z)-methoximinoacetic acid (17) (456 mg, 2 mmol), di-
cyclohexylcarbodiimide (412 mg, 2 mmol) and 1-hydroxybenzotriazole (306 mg, 2 mmol) in 6 ml
of dimethylformamide was stirred at room temperature for 10 minutes then added to a mixture of
compound 16 and triethylamine (0.28 ml, 2 mmol) in a solution of 4 ml of DMF and 2 ml of water.
The mixture was stirred at room temperature overnight then poured into 50 ml of 0.5 M potassium
dihydrogen phosphate and extracted with three 25-ml portions of methylene chloride. The aqueous
portion deposited crystals on standing at room temperature overnight which were collected and dried
to afford 340 mg of the desired product: IR (KBr) 1775 cm™*; *H NMR (DMSO-d;) ¢ 3.85 (1H, dd,
3H), 3.96 (3H, s, CH,0), 4.14 (1H, dd, 3H), 5.18 (1H, dd, 4H), 6.98 (1H, s, thiadiazole H).

Anal Caled for CoH;jNOgS,: C 29.67, H 3.32, N 23.07, S 17.60.
Found: C 29.39, H 3.36, N 22.96, S 17.58.

1-(Propylideneamino)-3-[(tert-butoxycarbonyl)amino}-2-azetidinone (19)
Propionaldehyde (1.8 ml, 25 mmol) was added to the 1-amino compound 12a (1.05 g, 5.0 mmol)
in 45 ml methylene chloride. After having stirred overnight the solvent was removed under vacuum
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and 25 ml ether was added. The solution was evaporated to 10 ml, chilled and filtered to give 870 mg
(72%) of white crystals: MP 119~ 120°C; IR (KBr) 1780 cm~! (C=0); *H NMR (DMSO0-d,) ¢ 1.07
(3H, t, J=7Hz, CH,CH,), 1.42 (%H, s, (CH,);C), 2.31 (2H, m, CH,CH,), 3.37 (2H, m, 4-H,), 3.82
(1H, t, J=5 Hz, 4-H,), 4.6 (1H, m, 3-H), 7.28 (1H, t, J=5 Hz, =CH).
Anal Caled for C;;H (N;O,;: C 54.75, H 7.94, N 17.42.
Found: C 54.53, H 8.32, N 17.34.

1-Propylamino-3-(S)-(tert-butoxycarbonyl)aminoazetidinone (20)
1-(Propylideneamino)-3-(S)-[(zert-butoxycarbonyl)amino]azetidinone (19) (2.0 g, 8.2 mmol) in 25
ml ethanol with 200 mg 5% rhodium on alumina was hydrogenated with a Parr apparatus for 42
hours. Catalyst was filtered off, solvent removed under vacuum, and the residue crystallized using
EtOAc - hexane to give 1.7 g (85%) of a white, crystalline solid: MP 110°C; IR (KBr) 1760 cm™1;
‘H NMR (CDCl,) ¢ 0.92 (3H, t, J=6 Hz, CH,), 1.43 (9H, s, (CH,),C), ~1.45 (4H, m, CH,CH,),
2.88 (4H, t, J=6 Hz, CH,N), 3.34 (1H, m, 4-Hp), 3.64 (1H, m, 4-H,), 4.58 (1H, m, 3-H), 5.45 (1H,
br d, NH).
Anal Caled for C;H, N,O,:  C 54.30, H 8.70, N 17.27.
Found: C 53.85, H 8.64, N 17.28.

Tetrabutylammonium (S)-[3-[(zert-Butoxycarbonyl)amino]-2-o0xo-1-azetidinyllpropyl Sulfamate
2

This compound was prepared as described for compound 15a from terz-butyl 1-N-propylamino-2-
0x0-3-(S)-azetidinylcarbamate (1.22 g, 5.0 mmol) and sulfur trioxide - pyridine complex (2.4 g, 15
mmol) to afford 3.0 g of a colorless oil which was used without further treatment.

(S)-(3-Amino-2-oxo-1-azetidinyl)propylsulfamic Acid (22)

The tetrabutylammonium compound (21) (3.0 g) described above was added to 20 ml of formic
acid (95~979%) and allowed to stand at room temperature for 3 hours then evaporated to dryness at
reduced pressure (bath temperature 28°C). The residue was stirred in methylene chloride, chilled and
filtered; yield 506 mg: IR (KBr) 1780 cm™1.

(S)-[3-[[(2-Amino-4-thiazolyl)-(Z)-(methoxyimino)acetylJamino]-2-oxo-1 -azetidinyllpropylsulfamic
Acid (23)

A mixture of 2-(2-amino-4-thiazolyl)-(Z)-methoxyiminoacetic acid (17) (228 mg, 1.0 mmol),
dicyclohexylcarbodiimide (206 mg, 1.0 mmol), and 1-hydroxybenzotriazole (153 mg, 1.0 mmol) in
dimethylformamide (6 ml) was stirred at room temperature for 15 minutes. To this was added a
solution of (S)-(3-amino-2-oxo-1-azetidinyl)propylsulfamic acid (22) (223 mg, 1.0 mmol) and triethyl-
amine (0.2 ml) in DMF (4 ml) and the reaction mixture was stirred overnight at room temperature
then filtered. The filtrate was diluted with 25 ml of water, adjusted to pH 3 with 1 N~ HCl and added
to a column of XAD-2. The column was eluted with water and MeOH. The progress of the column
was monitored by TLC and the product was isolated from the MeOH fractions. Further purification
by preparative TLC on silica gel using EtOAc - propanol - water (10: 6 :4) gave the desired compound:
as a glass: IR (KBr) 1760 cm~! (f-lactam C=0); ‘H NMR (DMSO-d,) § 1.85 (3H, t, CH,), 1.65 (2H,
m, CH,), 3.92 (3H, s, CH,0), 4.52 (2H, t, CH,N), 5.00 (1H, m, 3-H), 6.80 (1H, s, thiazole H), 7.50
(2H, s, NH,), 9.35 (1H, d, NH).

1-[(2,2,2-Trifluoro-1-hydroxyethyl)amino}-3-(S)-[(tert-butoxycarbonyl)amino]-4-(S)-methyl-2-
azetidinone (25a)

A solution of 215mg (1.0 mmol) of l-amino-3-(S)-(zert-butoxycarbonyl)amino-2-(S)-methyl-
azetidinone (12b) and 0.6 ml (5.0 mmol) trifluoroacetaldehyde hydrate in 15 ml methylene chloride
was stirred for 42 hours with 3A molecular sieves. The solution was evaporated to a solid which was
washed with 1.5 ml cold methylene chloride to give 240 mg (80%) of a white crystalline solid: MP
137.5~139°C; IR (KBr) 1730 cm™! (C=0); 'H NMR (CD,COCD,) ¢ 1.39 (3H, d, J=6 Hz, CH,),
1.42 (9H, s, (CH,);C), 3.85 (1H, m, 4-Hp), 4.08 (1H, m, 3-H), 4.91 (1H, m, CHOHCF,), 5.70 (1H,
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br d, /=7 Hz, OH), 5.99 (1H, d, J=6 Hz, NHCH), 6.60 (1H, d, /=8 Hz, NHC).
Anal Caled for C; HgF3N;Oy: C42.18, H 5.79, N 13.40, F 18.20.
Found: C42.19, H 5.70, N 13.26, F 17.93.

1-{[2,2,2-Trifluoro-1-hydroxy-1-(triftuoromethyl)ethyl]Jamino]-3-(.S)-[(zer¢-butoxycarbonyl)amino]-4-
(S)-methyl-2-azetidinone (25b)

A solution of 4.28 g (0.02 mol) of 1-amino-3-(S)-(zert-butoxycarbonylamino)-2-(:S)-methylazeti-
dinone (12b) and 7.04 g (0.044 mol) hexafluoroacetone sesquihydrate in 64 ml THF was stirred over
the weekend with 16 g 3A molecular sieves. The sieves were filtered off and the filtrate evaporated
and pumped for 1 hour. Hexane was added to a total volume of 40 ml and the flask was stored 3
hours in the freezer. The sticky solid was filtered off and pumped overnight to give 6.5 g (86%) of
dry while crystals: MP 126~ 128°C; IR (KBr) 1773 cm™! ($-lactam C=0); 'H NMR (CDCl;) § 1.43
(3H, d, J=T7 Hz, 2-CH,), 1.45 (9H, s, (CH,),C), 3.91 (1H, m, 2-Hy), 4.06 (1H, br d, /=7 Hz, 3-H,),
5.06 (1H, d, NHC), 5.21 (s), 54~6.9 (2H, OHNH); *C NMR (DMSO-d,)  15.3 (s, 4-CH,), 27.9
(s, (CH,);C), 60.45, 61.28 (C-4 and C-3), 78.4 (s, CH,CO), 154.6 (s, OCN), 165.4 (s, B-lactam C=0).

Anal Caled for C,H,;N;0,Fs: C 37.80, H 4.43, N 11.02, F 29.90.
Found: C 3742, H 4.26, N 11.04, F 29.58.

1-[(2,2,2-Trifluoroethylidene)amino]-3-(S)-[(tert-butoxycarbonyl)aminol-4-(.S)-methyl-2-azetidinone
(26a)

Diethylaminosulfur trifluoride (DAST, 0.5 g, 38 ml, 3.1 mmol) was added to 2 ml of methylene
chloride and chilled to —40°C. A slurry of 0.8 g (2.6 mmol) of 1-(2,2,2-trifluoro-1-hydroxyethyl)-
amino-3-(fert-butoxycarbonyl)amino-4-methylazetidinone (25a) in 8 ml methylene chloride was added
in portions. The mixture was stirred at —40°C until solution occurred and then poured over ice.
The methylene chloride layer was washed with water, saturated brine, dried over magnesium sulfate
and evaporated. Recrystallization from EtOAc - hexane yielded 0.70 mg, (919%) white crystals:
MP 142.5~144.0°C; IR (KBr) 1775 cm~*; 'H NMR (CDCl,) § 2.48 (9H, s, (CH,),0), 2.54 (3H, d,
CH,), 3.9~4.4 (2H, m, 4-H and 3-H), 5.28 (1H, d, /=8 Hz, NH), 8.24 (1H, q, /=4.5 Hz, =CHCQ).

Anal Caled for CH iFgN3O5: C44.75, H 546, N 14.23, F 19.30.
Found: C 44.61, H 5.19, N 14.10, F 18.91.

1(2,2,2-Trifluoro-1-(triftuoromethyl)ethylidene]Jaminol- 3-(S)-[(zer¢-butoxycarbonyl)amino]-4-(S)-
methyl-2-azetidinone (26b)

DAST (3.5 ml, 0.026 mmol) was added to a solution of 8.4 g (0.022 mmol) of 1-[2,2,2-trifluoro-1-
hydroxy-1-(triftuoromethyl)ethylamino}-3-(S)-(zers-butoxycarbonyl)amino-2-(S)-methylazetidinone (25b)
in 45 ml methylene chloride at —50°C. After solution occurred, the reaction was allowed to come to
room temperature over 30 minutes and placed in a 35°C bath for 30 minutes. Ice water was added
and the product was extracted into EtOAc. The EtOAc layer was washed with water and brine,
dried over magnesium sulfate, evaporated and purified by chromatography on silica gel using hexane -
EtOAc (2:1) to give 7.0 g (88%) of a crystalline solid: MP 87~ 89°C; IR (KBr) 1798 cm™! (C=0);
H NMR (CDCl,) 6 1.44 (9H, s, (CH,),C), 1.57 (3H, d, J=5 Hz, 4-CH,), 4.34 (1H, m, 4-H), 4.42 (1H,
m, 3-H), 5.41 (1H, d, J=6 Hz, NH); 3C NMR (CDCl,) § 17.2 (s, CH,), 28.2 (s, (CH,),(), 63.2, 63.5
(C-4 and C-3), 81.3 (CO), 116.6, 118.8 (q, J=281.2 Hz, =C(CF,),), 154.9 (s, OC=0), 163.6 (s, NC=0).

Anal Caled for C, H;sN;O3F;:  C 39.68, H 4.16, N 11.57, F 31.38.
Found: C 39.89, H 4.08, N 11.56, F 31.07.

1-[(2,2,2-Trifluoroethyl)amino]-3-(:S)-[(¢ert-butoxycarbonyl)amino]-4-(.S)-methyl-2-azetidinone (27a)

A solution of 0.62g (2.1 mmol) of 1-(2,2,2-trifluoroethylidene)amino-3-(tert-butoxycarbonyl)-
amino-4-methylazetidinone (26a) in 6 ml of THF was cooled to —50°C. A solution of 4.5ml of 1 M
borane in THF was added over 15 minutes maintaining the temperature at —20°C. The solution was
stirred at —10°C for 2.5 hours and 5 ml of MeOH was added. The solution was evaporated and
MeOH was added and evaporated twice. The resulting residue was chromatographed on silica gel
using EtOAc - heptane (1 :2) to give 0.57 g of white crystals; IR (KBr) 1775 cm~*; 'H NMR (CDCl,)
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1.8 3H, d, J=6 Hz, 4-CH,), 1.45 (9H, s, (CH,),C), 3.3~3.7 (m, 4-H, and CH,CF,;), 4.05 (1H, m,
3-H), 4.6 (1H, t, J=4.6 Hz, NHCH,), 5.1 (1H, d, J=6.6 Hz, NHC=0).
Anal Caled for C; H;gF3N;O5:  C 44.44, H 6.10, N 14.13, F 19.17.
Found: C 44.29, H 5.89, N 14.05, F 18.82.

1-[[2,2,2-Trifluoro-1 - (trifluoromethyl)ethyllJamino] - 3-(S)-[ (¢ert- butoxycarbonyl)amino] -4 - (S)-
methyl-2-azetidinone (27b)

A solution of 4.8 g (0.013 mmol) of 1-[2,2,2-trifluoro-1~(trifluoromethyl)ethylidineamino]-3-(S)-(zerz-
butoxycarbonyl)amino-2-(:S)-methylazetidinone (26b) in 15 ml THF was chilled in an acetone-dry
ice bath. A solution of 30 ml (0.030 mmol) of 1 M borane in THF was added and the solution was
stirred at ambient temperature for 90 minutes and in a 35°C water bath for 30 minutes. MeOH was
added and solvent evaporated at reduced pressure three times to give an oil which was chromato-
graphed on silica gel using hexane - EtOAc (3 :1), yielding 4.6 g (66 %) of a colorless glass: IR (KBr)

1775 cm~* (B-lactam C=0).
Anal Caled for CoH ;;N;O3F,:  C 39.46, H 4.69, N 11.50, F 31.21.
Found: C 39.70, H 5.12, N 11.24, F 30.12.

Tetrabutylammonium [3-(S)-[(tert-Butyloxycarbonyl)amino]-2-(S)-methyl-4-oxo-1-azetidiny11(2,2,2-
trifluoroethyl)sulfamate (28a)

A solution of 27a (654 mg, 2.2 mmol) and pyridine sulfur dioxide complex (1.2 g, 7.54 mmol)
in 15 ml of dimethylformamide was stirred at room temperature overnight. The reaction mixture
was worked up as described for compound 15 using tetrabutylammonium bisulfate (0.75 g, 2.2 mmol)
to give a colorless oil which was used without further treatment.

Tetrabutylammonium [3-(S)-[(rer-Butoxycarbonyl)aminol-2-(5)-methyl-4-ox0-1-azetidinyl[2,2,2-
trifluoro-1-(trifluoromethyl)ethyllsulfamate (28b)

A solution of the N-amino compound 27b (1.60 g, 4.38 mmol) and triethylamine sulfur dioxide
complex (2.5 g, 13.8 mmol) in DMF (10 ml) was heated at 75°C overnight. TLC showed the reaction
was incomplete, therefore an additional 2.5 g (13.8 mmol) of triethylamine sulfur dioxide complex was
added to the reaction mixture and stirred for an additional 8 hours. TLC indicated that the presence
of starting material, therefore an additional 2.5 g of triethylamine - sulfur dioxide complex was added
and again stirred at 75°C overnight. At this time TLC indicated the reaction was complete. On
cooling the reaction mixture was diluted with 300 ml of 0.5 M potassium dihydrogen phosphate and
extracted with three portions of methylene chloride (100 ml). Tetrabutylammonium suifate (1.5 g,
4.4 mmol) was added to the aqueous which was extracted with three 100-ml portions of methylene
chloride. The organic extracts were dried (magnesium sulfate) and evaporated to a syrup which was
used as such for the preparation of 29b.

[3-(S)-Amino-2-(S)-methyl-4-oxo-1-azetidinyl](2,2,2-triffuoroethyl)sulfamic Acid (29a)

The tetrabutylammonium sulfamate 28a (790 mg) was dissolved in trifluoroacetic acid (10 ml)
and allowed to stand at room temperature for 10 minutes, then evaporated to dryness at reduced pres-
sure (30°C). The residue was dissolved in methylene chloride and evaporated several times to remove
the trifluoroacetic acid. Finally this residue was dissolved in DMF (10 ml) and adjusted to pH 7
with 0.36 ml of triethylamine. This solution was used for the preparation of compound 30a.

[3-(S)-Amino-2-(S)-methyl-4-ox0-1-azetidinyl]-[2,2,2- trifluoro-1-(trifluoromethyl)ethyllsulfamic
Acid (29b)

A solution of the tetrabutylammonium compound 28b (2.70 g) in trifluoroacetic acid (25 ml) was
allowed to stand at room temperature for 15 minutes then evaporated at reduced pressure (30°C).
The residue was dissolved in methylene chloride and evaporated several times then dissolved in DMF
(25 ml) and added 3.0 ml of triethylamine. This solution was used directly in the preparation of
compound 30b.
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[3-(S)-[[(2-Amino-4-thiazolyl)-(Z)-(methoxyimino)acetyllaminol-2-(S)-methyl-4-oxo- 1 -azetidinyl]-
(2,2,2-trifluoroethyl)sulfamic Acid Sodium Salt (30a)

A mixture of 2-(2-amino-4-thiazolyl)-2-(Z)-methoximinoacetic acid (257 mg, 1.28 mmol), di-
cyclohexylcarbodiimide (264 mg, 1.28 mmol) and 1-hydroxylbenzotriazole (196 mg, 1.28 mmol) in
10 ml of DMF was stirred at room temperature for 20 minutes. To this was added a solution of the
salt of compound 29a (from the above described experiment). The mixture was stirred at room tem-
perature, filtered and this solvent was evaporated reduced pressure (40°C). The residue was dissolved
in acetone (25 ml) and diluted with ether then chilled. The resulting precipitate (475 mg) was collected
by filtration and purified by preparative TLC on silica gel using EtOAc - EtOH - water (66:33:2)
as the eluant to afford 192 mg of the free acid (30a). This product (108 mg) was converted to the
sodium salt by dissolving in water (15 ml) and passing through a small column of Dowex 50 (Na*)
followed by evaporation to dryness at room temperature; yield 94 mg; IR (KBr) 1756 cm~! (C=0);
*H NMR (DMSO-dy) ¢ 1.39 (3H, d, J=6.2 Hz, CCH,), 3.7~4.1 (3H, m, CH,CF, and 2-Hy), 3.84
(3H, s, OCH,), 4.35 (1H, dd, J=4.7 and 7.0 Hz, 3-H,), 6.72 (1H, s, thiadiazole H), 9.43 (1H, d, J=
7.0 Hz, NH).

[(S)-2-Methyl-(S)-3-[[(2-amino-4-thiazolyl)-(Z)-(methoxyimino)acetylJamino] -4 - oxo- 1 -azetidinyl}-
[2,2,2-trifluoro-1-(trifftuoromethyl)ethyllsulfamic Acid (30b)

A mixture of 2-(2-amino-4-thiazolyl)-2-methoxyiminoacetic acid, (0.80 g, 3.93 mmol), dicyclohexyl-
carbodiimide (0.81 g, 3.93 mmol), and 1-hydroxybenzotriazole (0.50 g, 3.93 mmol) in 25 ml of DMF
was stirred at room temperature for 30 minutes. To this was added a solution of 29b (prepared as
described above) in 25 ml of DMF. The mixture was stirred at room temperature overnight then
filtered. The filtrate was diluted with ether (225 ml) and the resulting insoluble oil was chromato-
graphed on silica gel using EtOAc - EtOH - water (80:20:1) as the eluent to afford 275 mg of free
acid of the desired product as a glass-like solid: IR (KBr) 1780 cm™! (B-lactam C=0); ‘H NMR
(DMSO-d,) 6 1.46 (3H, d, J=5.7 Hz, CH,), 3.82 (3H, s, CH,0), 3.86 (1H, q, J=5.7 Hz, 2-Hp) 4.33
(1H, d, J=T7 Hz, 3-H,), 5.35 (1H, m, CH(CF,),), 6.67 (1H, s, thiazole H), 7.18 (2H, s, NH,), 9.37 (1H,
d, /=7 Hz, NH).
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