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An improved synthesis of trans-3-amino-4-trifluoromethyl-2-azetidinone (7),
a precursor of frans-4-trifluoromethyl monobactams such as 9 and 10, is
described.

Recently, much attention has been focused on the total syn-
thesis of monocyclic f-lactam antibiotics such as Aztreonam
(1), because of their excellent activity against Gram-negative
bacteria®+?. In the course of our program directed to the syn-
thesis of Aztreonam analogues, we explored methodologies
for the preparation of fluorinated derivatives of 1, which
seemed particularly attractive because of their expected en-
hanced reactivity towards nucleophilic attack at the f-lactam
ring®. The recent publication* dealing with the synthesis of
cis- and trans-4-trifluoromethyl monobactams such as 9 and
10, prompted us to report our independent and more direct
approach to trans-7 which is a precursor of 9 and 10*,

Among the various methods now available for the formation
of f-lactam rings, the one involving simultaneous closure of

the N/C-2 and C-3/C-4 bonds appears particularly straight-

forward. This can be accomplished by interaction of animine
with an acyl chloride®, with a trimethylsilylketene acetal
under Lewis acid catalysis®, or with an ester enolate’. The
latter method seemed particularly attractive for our purposes
in view of its general tendency to give stereoselectively trans-
f-lactams. Therefore, we planned to prepare N-(2,2,2-
trifluoroethylidene)-4-methoxyaniline (2) and to react it with
the enolate of a suitably protected glycinate. Attempted pre-
paration® of imine 2 by reaction of commercially available
trifluoroacetaldehyde ethyl hemiacetal and 4-methoxyanil-
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ine led in 95 % yield to a 6: 4 mixture of the expected imine 2
and a by-product which was identified as 3 by 'H- and !3C-
N.M.R. spectrometry. Although we found some difficulties
in separating these products by bulb-to-bulb distillation,
pure 2 could be obtained in 85 % yield by treating this mix-
ture with lithium diisopropylamide in tetrahydrofuran. The
reaction of 2 with the lithium enolate of ethyl dibenzyl-
aminoacetate® proceeded smoothly to give exclusively the
trans-p-lactam 4 in good yield (69%). Alternatively, and
more conveniently, 4 could he obtained directly in 63%
yield, by treating the crude mixture of 2 and 3 with the eno-
late of ethyl dibenzylaminoacetate in the presence of an
excess of lithium diisopropylamide (see Scheme)®.

The attempted removal of the 4-methoxyphenyl group with
ceric ammonium nitrate!! at this stage failed because of ex-
tensive oxidative debenzylation. Thus, we converted 4 into
the benzyloxycarbonyl derivative 5§ by catalytic hydrogeno-
lysis of the dibenzylamino group'? (H,/Pd-C/ethyl acctate;
83 %) followed by reaction with benzyl carbonochloridate
(diisopropylamine/dichloromethane, 90 %). It is worth not-
ing that ethanol or methanol could not be used as solvents in
the hydrogenation step since they cause extensive cleavage of
the f-lactam ring within a few hours at room temperature.
This is in agreement with the higher reactivity of trifluoro-
methyl substituted S-lactams already observed®*. Treatment
of § with ceric ammonium nitrate gave the 1-unsubstituted
derivative 6 (76 %) which, upon reductive cleavage (H./Pd-
C/tetrahydrofuran) of the benzyloxycarbonyl group. fur-
nished 7. The latter can be acvlated in situ with various car-
boxylic acid derivatives. For example, acylation with
phenoxyacety! chloride gave 8 in 80% yield from 6 (27 %
overall yield from trifluoroacetaldehyde ethyl hemiacetal),
which can be transformed, as previously described®, into the
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monobactam 9. Unfortunately, both 9 and 10, which have
been already synthesized in three steps from 74, were found
to be devoid of significant anti-bacterial activity*.

I.R. spectra were recorded with a Perkin-Elmer 257 spectrophoto-
meter. N.M.R. spectra were recorded with a Varian FT-80 (80 MHz)
instrument, using tetramethylsilane as internal standard. Microana-
lyses were performed with a Perkin-Elmer 240 instrument. 270-400
Mesh silica gel (Merck) was used for flash chromatography'?. Dry
solvents were obtained by distillation under an inert atmosphere:
benzene was distilled from sodium metal; tetrahydrofuran from pot-
assium metal in the presence of benzophenone; ethyl acetate from
sodium carbonate; dichloromethane from phosphorus pentoxide.
Organic extracts were dried with sodium sulfate and filtered before
removal of the solvent under reduced pressure.

N-(2,2,2-Trifluoroethylidene)-4-methoxyaniline (2):

To a solution of triflucroacetaldehyde ethyl hemiacetal (90 % purity,
Janssen; 3.52ml, 27.3mmol) and 4-methoxyaniline (3.30g,
26.8 mmol) in dry benzene (50ml), a catalytic amount of p-
toluenesulfonic acid (150 mg, 0.9 mmol) is added. The resulting so-
lution is refluxed while the water formed is removed through a Soxh-
let apparatus filled with 3 A molecular sieves. After 3 h, the reaction
is complete, as judged by T.L.C., and the solution is treated with 1 %
aqueous sodium hydrogen carbonate solution (20 ml). The phases
are separated and the aqueous layer is washed with ether (10 ml).
After evaporation of the solvent, the organic extracts give a liquid
which, upon bulb-to-bulb distillation at 80-130°C ({(oven
temperature)/1 torr, furnishes a pale yellow liquid, identified asa 6:4
mixture of 2 and 3; yield: 5.65g (95 %).

The foilowing N.M.R. data for 3 were obtained by subtracting the
spectra of pure 2 (see below) from those of the mixture.

IH.N.M.R. (CDCL): 6=119 (dt, 3H, J=7Hz 1.1Hz
CH,CH,); 3.75 (br. q, 2H. J = 7Hz, CH,CH;); 3.76 (s, 3H,
OCH,); 4.75-5.05 (m, 1 H, CH—CF,): 6.78 ppm (s, 4 H,,..).
BC.N.M.R. (CDCly): § = 15.09 (CH,CH,); 55.64 (OCH,); 64.90
(CH, CH,): 84.12(q. J = 33 Hz, CH—CF,): 114.98, 116.89 (Cyrom):
123.10 (q, /=283 Hz, CF,); 138.32. 154.15ppm [H,CO—C,
C(OC,H)NH—C].

A solution of this mixture of 2 and 3 (1.90 g, 8.57 mmol) in dry
tetrahydrofuran (6 mi) is treated at — 20°C with a 0.4 normal so-
lution of lithium diisoprcpylamide in 3/1 tetrahydrofuran/n-hexane
containing few crystals of 2,2"-bipyridyl, until the solution remains
red (8.8 ml, 3.52 mmol). After 30 min, the solution is treated with
1% aqueous sodium hydrogen carbonate solution (10 ml) and
diluted with ether (30 ml). The phases are separated and the organic
layer, after evaporation of the solvent, gives a crude liquid residue
which, upon bulb-to-bulb distillation at 70-120°C (oven
temperature)/0.08 torr furnishes pure 2 as a pale yellow liquid; yield:
1.48 g (85%).

CoHgF,NO cale. C 5321 H 397 N6.89

(203.16) found 53.4 4.1 6.7
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L R. (neat): v = 1600, 1580, 1500, 1355, 1285, 1250, 1155, 1135, 1030,
890, 830, 765 cm ™1,

'H-N.M.R. (CDCl,): 6=3.84 (s, 3H, OCH,); 6.60-7.50 (m,
4H,,,n); 7.83 ppm (dq, 1 H, J = 3.7 Hz, 1.2 Hz, CH—CF,).

BC-N.M.R. (CDCl,): 6 = 119.46 (q, J = 273 Hz, CF,); 114.64,
12323 (C,om); 14415 (q, J=38Hz, CH—CF,); 140.03,
160.53 ppm (O—C, N—C).

Trans-1-(4-Methoxyphenyl)-3-dibenzylamino-4-trifluoromethyl-2-
azetidinone (4):
-A solution of ethyl dibenzylaminoacetate (5 g, 17.6 mmol) in dry
tetrahydrofuran (20 ml) is added dropwise at — 60°C to a 0.5
normal solution of lithium diisopropylamide in 2.5/1 tetrahydro-
furan/n-hexane containing few crystals of 2,2’-bipyridyl (38.7 ml,
19.36 mmol). After stirring for 20 min at the same temperature, a
solution of the 6: 4 mixture of 2 and 3 (3.90 g, 17.6 mmol) in tetrahy-
drofuran (10 ml) is added. The temperature is raised to — 20°C and
then more lithium diisopropylamide solution is added until the so-
lution remains red (15 ml). After additional stirring for 30 min at
0°C, the solution is treated with aqueous 30 % ammonium chloride
solution (10 ml) to pH 8, diluted with ether (50 ml), and the phases
are separated. The organic phase, after evaporation of the solvent,
leaves a crude product which is purified by flash chromatography!?
(ether/n-hexane) to give 4 as a white solid; yield: 4.88 g (63 %); m.p.
132-134°C (ether/n-pentane).

C,sH,,F3N,0, cale. C68.17 HS526 N6.36

(440.46) found 68.4 5.25 6.35

L.R. (CHCly): v = 1760, 1305, 1160, 1130 cm ™.

"H-N.M.R. (CDCl,): 6 = 3.79 (s, 3H, OCH,); 3.72, 3.93 (AB sy-
stem,4 H,J = 13.6 Hz, N—CH,—C¢H;);4.35(dq, 1 H,J = 5.6 Hz,
2.0 Hz, CH—CF;); 448 (d, 1 H, J = 2.0 Hz, CH—N); 6.85 (d. 2 H,
J = 8.7Hz, 2H ortho to OCHj;); 7.10-7.45 ppm (m, 12H,,,,, -+ 2H
meta to OCH;)

trans-N-(4-Methoxyphenyl)-3-benzyloxycarbonylamino-4-
trifluoromethyl-2-azetidinone (5):

A solution of 4 (4 g, 9.08 mmol) in dry ethyl acetate (100 ml) is hy-
drogenated over 10% palladium on charcoal (500 mg, 0.47 mmol)
for 3 days at room temperature. Removal of the catalyst by fil-
tration, and evaporation of the solvent gives a crude product which
is purified by flash chromatography 3 (ether/n-hexane) to give pure
trans-1-(4-methoxyphenyl)-3-amino-4-trifluoromethyl-2-azetidin-
one as a white solid; yield: 1.97 g (83 %); m.p. 105.5-107.5°C.
C;;HF3N,0, cale. C50.77 H4.26 N 10.77

(260.2) found 50.9 43 10.6

LR. (CHCl;): v= 3665, 3400, 1760, 1600, 1500, 1400, 1275,
1160 cm ™1,

"H-N.M.R. (CDCL,): § = 1.94 (s, 2H, NH,); 3.78 (s, 3H, OCH,);
4.20 (dgq, 1H, J = 5.6 Hz, 1.9 Hz, CH—CF;); 4.39 (d,1H,J = 1.9
Hz, CH—N); 6.89 (d, 2H, J=9.2Hz, 2H ortho to OCHj);
7.31ppm (d, 2H, J = 9.2 Hz, 2H meta to OCH,).

A solution of this compound (1.93, 7.42 mmol) and diisopropyleth-
ylamine (2.84 mi, 16.32 mmol) in dry dichloromethane (12 ml) is
treated at 0°C with a solution of benzyl carbonochloridate (95%
purity, Janssen; 1.23 ml, 8.16 mmol) in dichloromethane (8 mi). The
resulting solution is stirred at 0°C for 30 min and at 27 °C for 40 min,
quenched with aqueous 30 % ammonium chloride solution (10 ml)
to pH7.5, and the phases are separated. Evaporation to dryness
affords a solid which, upon flash chromatography!® (ether/n-
hexane), gives pure 5 as a white solid; yield: 2.64 g (90%); m.p.
112-114°C.

CyoH,,F3N,0, cale. C57.87 H434 N7.10

(394.35) found 578 43 7.0

LR. (CHCl,): v = 3440, 1775, 1725, 1600, 1500, 1160, 1130 cm~*.
TH-N.M.R. (CDCl,): 6 = 3.78 (s, 3H, OCH,); 4.50-4.90 (m, 2 H.
CH—N. CH—CF3); 5.1 (s, 2H, CH,C¢Hy); 5.63 (d, 1H,
J = 6.9 Hz, NH); 6.88 (d, 2H, J = 9.1 Hz, 2H ortho to OCH,),
7.10~7.50 ppm (m, 7H, SH,,om + 2H meta to OCH,).

Papers 611

trans-3-Benzyloxycarbonylamino-4-trifluoromethyl-2-azetidinone
(6):

A solution of cericammonium nitrate (10.51 g, 19.17 mmol) in water
(64 ml) is added dropwise in 7 min at 0°C to a solution of 5 (2.52 g,
6.39 mmol) in acetonitrile (60 ml). The resulting solution is stirred
for 20 min at 0°C, and then diluted with water (100 ml), and ex-
tracted with ethyl acetate (2 x 100 ml). The organic phase is washed
with 5 % sodium hydrogen carbonate solution (30 ml), 10 % sodium
sulfite solution (30 ml), 5% sodium hydrogen carbonate solution
(30 ml), and brine (30 ml). The organic extracts are treated for 1 h
with active charcoal, filtered through a Celite cake, and evaporated
to dryness to give a solid, which is purified by crystallisation (ethyl
acetate/ether) to give 6; yield: 1.40 g (76 %); m.p. 139-142°C.

C,,H,,F3N,0, cale. C50.01 H 385 N9.72
(288.23) found 4985 39 955

I.R. (CHCl,): v = 3420, 1800, 1725, 1600, 1500, 1165, 1150, 1120,
1015¢cm™1,

'H-N.M.R. (CDCly): =435 (dq, 1H, J=64Hz, 2.2Hz,
CH—CF,); 4.67(dd, 1H, J = 8.2 Hz, 2.2 Hz, CH—C=0); 5.15 (s,
2H, CH,); 5.60 (d, 1 H, J = 8.2Hz, NH—COO); 6.37 (br. s, 1 H,
NH—CHCF;); 7.36 ppm (s, SH

arom) M

trans-3-Phenoxyacetylamino-4-trifiuoromethyl-2-azetidinone (8):

A solution of 6 (200 mg, 0.694 mmol) in freshly distilled tetrahydro-
furan) (10 ml) is hydrogenated over 10% palladium on charcoal
(30 mg, 0.028 mmol) at room temperature for 3 h. The catalyst is
filtered off, the filtrate is treated with dry triethylamine (0.097 ml,
0.833 mmol), phenoxyacetyl chloride (0.115 ml, 0.833 mmol), and
the mixture is then stirred overnight. Most of the tetrahydrofuran is
then evaporated under reduced pressure, ethyl acetate (30 ml) is
added, and the solution is washed with 0.1 normal hydrochloric acid
(20 ml) and brine (15 ml) to give a product which, after flash chroma-
tography'? (ether/n-hexane), furnishes pure 8 as a white solid; yield:
160 mg (80 %); m.p. 141-145°C.

Ci,H F3N,0; cale. €50.01 H 385 N9.72

(288.23) found 50.15 3.95 9.7

L.R. (KBr): v = 3250, 1780, 1670, 1535, 1290, 1240, 1170, 1145, 750,
690 cm ™,

'H-N.M.R. (acetone-dy): 6 =4.49 (dq, 1H, J=62Hz, 2.4Hz,
CH—CF,); 4.59 (s, 2H, CH,); 5.05 (dd, 1H, J = 8.3 Hz, 2.4 Hz,
CH—C=0); 6.85-7.50 (m SH,,,,); 8.02 (5, 1 H, NH—CH—CF).
8.50 ppm (d, 1 H. J = 8.3 Hz, NH—CO—CH,).
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