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structure on ionization of the phenols. 
Homohydrogen Bonding. From our measured equi- 

librium constants for homohydrogen bonding (Table 11) 
it is clear that this interaction is strong and remarkably 
constant for these eight phenols. Since the “free” phenol 
in eq 1 is actually hydrogen bonded to the solvent, a more 
realistic equilibrium is eq 4. Expressed this way, AGO = 

PhO- + PhOH-OSMe2 + PhO--.HOPh + Me2S0 (4) 

6.1 kcal/mol, or the hydrogen bond between phenol and 
its conjugate base is favored by 6.1 kcal/mol over the 
hydrogen bond between phenol and Me2S0. The latter 
bond strength has been measured: AHo = 6.9, 7.21 
kcal/m01.~’ Although we cannot quantitatively combine 
these values because of the unknown entropy of reaction 
4, it  is clear that the phenol-phenoxide bond is quite 
strong. 

The values of the homohydrogen-bonding constants for 
substituted phenols are functions of bond-donating and 
-accepting ability. As the acidities of the phenols increase, 
the hydrogen bond donating ability increases, but the 
accepting ability of the conjugate base dec rea~es .~J~  For 
the eight phenols of this study these two factors compen- 
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(27) (a) Figueiras, C. A. L.; Huheey, J. E. J. Org. Chem. 1976, 41, 
-53. (b) Arnett, E. M.; Joris, L.; Mitchell, E.; Murty, T. S. S. R.; Gorrie, 
M.; Schleyer, P. v. R. J. Am. Chem. SOC. 1970,92, 2365-2377. 
(28) Bondwell, F. G.; Hughes, D. L. J. Org. Chem. 1982,47,3224-3232. 
(29) Twyman, C. L.; Olmstead, W. N., unpublished results. 
(30) Chehel-Amirau, M., unpublished results. 

Notes 

sate for each other so that the equilibrium constants are 
the same for all of them. 

Experimental Section 
The phenols were all commercially available and were purified 

by distillation and/or crystallization until they were pure by VPC 
or TLC. The preparation and purification of the indicators have 
been previously described. Spectrophotometric grade Me2S0, 
a gift from Crown Zellerbach, Camas WA, was purified by dis- 
tillation from sodium amide? and potassium dimsyl was prepared 
by using potassium hydride.20 The experimental details of the 
indicator method have been d e s ~ r i b e d . ~ ~ ~ ~  For the present com- 
pounds 5-10 titration points were used to calculate the pKa and 
Khb by a general least-squares curve-fitting procedure (see sup- 
plementary material). 
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The recent discoveries of sulfazecinsl and monobactams2 
from bacteria have stimulated considerable interest in the 
synthesis of l-sulf0-2-azetidinones.~ In the course of our 
studies on the synthesis of sulfazecin analogues, we plan- 
ned to introduce a fluorine atom into the methyl group at 
the 4@-position, because the 4/3-methyl-l-sulfo-2-azetidi- 
none derivative was reported to have a potent antibacterial 
activity especially against Gram-negative strains4 and the 
electron-withdrawing property of the fluorine atom would 
increase the chemical reactivity of the @-lactam ring that 
might be correlated with the biological a ~ t i v i t y . ~  

In this paper, we describe a facile synthesis of the 4- 
(fluoromethyl)- 1-sulfo-2-azetidinone derivatives6 starting 
with commercially available 2-fluoroethanol. 2-Fluoro- 
ethanol was converted, without isolation of intermediates, 
in a one-pot procedure into p-lactam 1 (see Scheme I). 
Thus, Swern oxidation7 of 2-fluoroethanol with oxalyl 

Deceased. 

0022-3263/84/1949-1427$01.50/0 

chloride and dimethyl sulfoxide followed by treatment with 
2,4-dimethoxybenzylamine gave an imine. The resulting 
methylene chloride solution of the imine was used for the 
cycloaddition reaction with phthalimidoacetyl chloride in 
the presence of triethylamine to give P-lactam 1 (31.6% 
yield from 2-fluoroethanol). The IR spectrum of 1 showed 
an absorption band at 1760 cm-l attributable to a @-lactam, 

(1) Imada, A.; Kitano, K.; Kintaka, K.; Muroi, M.; Asai, M. Nature 
(London) 1981,289, 590. 

(2) Sykes, R. B.; Cimarusti, C. M.; Bonner, D. P.; Bush, K.; Floyd, D. 
M.; Georgopapadakou, N. H.; Koster, W. H.; Liu, W. C.; Parker, W. L.; 
Principe, P. A.; Rathnum, M. L.; Slusarchyk, W. A,; Trejo, W. H.; Well, 
J. S. Nature (London) 1981,291, 489. 

(3) (a) Takeda. EP  0-021-676 Al; Jan 7,1981. (b) Takeda. EP  0-021- 
678 Al; Jan 7,1981. (c) Cimarusti, C. M.; Applegate, H. E.; Chang, H. 
W.; Floyd, D. M.; Koster, W. H.; Slusarchyk, W. A.; Young, M. G. J. Org. 
Chem. 1982,47,179. (d) Floyd, D. M.; Fritz, A. W.; Cimarusti, C. M. J. 
Org. Chem. 1982,47,176. Floyd, D. M.; Fritz, A. W.; Pluscec, J.; Weaver, 
E. R.; Cimarusti, C. M. J. Org. Chem. 1982,47,5160. 

(4) Breuer, H.; Cimarusti, C. M.; Denzel, Th.; Koster, W. H.; Slusar- 
chyk, W. A,; Treuner, U. D. Antimicrob. Agents Chemother. 1981,8, 1. 

( 5 )  It is well documented that the antibiotic activity is partly attrib- 
utable to the enhanced chemical reactivity of the 8-lactam ring, but the 
evidence to support the concept is ambiguous. See, for instance: Cohen, 
N. C. J. Med. Chem. 1983,26,259. 

(6) Recently, synthesis of the 4-mOnO-, -di-, and -trifluoromethyl-1- 
sulfo-2-azetidinones were reported by using different synthetic ap- 
proaches from those reported herein: Kronenthal, D. R.; Cimarusti, C. 
M.; Han, C. Y.; Koster, W. H.; Taylor, M. K. 17th Middle Atlantic 
Regional Meeting of the American Chemical Society, White Haven, PA, 
April 6-8, 1983, Abstr. 320. 

(7) Mancuso, A. J.; Huang, S.-L.; Swern, D. J. Org. Chem. 1978,43, 
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a (a)  (COCl), , Me,SO, CH,Cl, ; (b)  DMB-NH,, MgSO, ; 

(c) FtCH,COCI, Et,N; (d)  CH,NHNH,, (CH,OCH,),; (e) 
Cbz-Cl, propylene oxide, CH,Cl, ; ( f )  K,S,O,, K,HPO, , 
CH,CN-H,O; (g)  10% Pd/C, H, ,  MeOH; (h )  2-[2-[(chloro- 
acetyl)amino]-4-thiazolyl]-(Z)-2-(methoxyimino )acetyl 
chloride, Et,N, THF; (i) SO,-DMF followed by Dowex 
50W (Na'); ( j )  CH,NHCS,Na, H,O. 
dimethoxybenzyl; F t ,  phthalimide, Cbz, benzyloxy- 
carbonyl. 

and the coupling constant (J = 5 Hz) of 1 observed in its 
NMR spectrum supported the 3,4-cis configuration. The 
trans isomer was not detected in this reaction. Treatment 
of 1 with methylhydrazine followed by acylation with 
benzyloxycarbonyl chloride gave 2 in 27.5% yield. Oxi- 
dative cleavage of the 2,4-dimethoxybenzyl group was 
successfully effected by treating 2 with potassium per- 
sulfate6 in the presence of dipotassium phosphate to afford 
3 in 60.5% yield. Deprotection of 3 by hydrogenolysis 
using 10% palladium-charcoal, followed by acylation with 
2-[2- [ (chloroacetyl)amino]-4-thiazolyl]-(Z)-2-(methoxy- 
imino)acetyl chlorideg in the presence of triethylamine gave 
4 in 81.0% yield. Sulfonation of 4 with sulfur trioxide- 
dimethylformamide complex3c gave 5 in 70.7% yield. 
Finally, cleavage of the chloroacetyl group was effected by 
treating 5 with methyldithi~carbamate~ to give the desired 
compound (6) in 59.0% yield. 

Next, we prepared carboxyalkoxyimine derivatives (9 
and 11) (see Scheme 11). N-Unsubstituted p-lactam 3 was 

DMB, 2,4- 

(8) Huffman, W. F.; Holden, K. G.; Buckley, T. F., 111.; Gleason, J. G.; 

(9) Ochiai, M.; Morimoto, A.; Miyawaki, T.; Matsushita, Y.; Okada, 
Wu, L. J. Am. Chem. Soc. 1977, 99, 2352. 

T.; Natsugari, H.; Kida, M. J. Antibiot. 1981, 34, 171. 
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a (a) SO,-DMF followed by Dowex 5 0 W  (Na'); (b )  
10% Pd/C, H,, DMF; (c)  2-[2-[(chloroacetyl)amin0]-4- 
thiazolyl]-(Z)-2-[ [ 1-methyl-1-( tert-butyloxycarbony1)- 
ethoxy]imino]acetic acid, NHBT, DCC, DMF; (d )  
CH ,NHCS,Na, H,O; (e)  CF,COOH followed by Dowex 
50 W (H' ); (f ) 2 -[ 2-[ (chloroacetyl )amino]-4-thiazolyl] - 
(2)-2-[ [ (pnitrobenzyloxycarbony1)methoxy ]imino 1- 
acetic acid, NHBT, DCC, DMF; (g) 10% Pd/C, H,,  H,O 
followed by Dowex 50W (H+). Cbz, benzyloxycar- 
bonyl; PNB, p-nitrobenzyl. 

sulfonated in a manner similar to that employed for the 
preparation of 5 to give 7 in 71.8% yield. Deprotection 
of 7 by hydrogenolysis followed by acylation with 2- [2- 
[ (chloroacetyl)amino] -4-thiazolyl]-(Z)-2- [ [ 1-methyl- 1- 
(tert-butyloxycarbonyl)ethoxy]imino]acetic acidlo in the 
presence of N-hydroxybenzotriazole and N,N'-dicyclo- 
hexylcarbodiimide gave, after removal of the chloroacetyl 
group, 8 in 36.0% yield. Treatment of 8 with trifluoro- 
acetic acid gave 9 in 60.3% yield. On the other hand, 7 
was converted into 10 in 43.5% yield by a similar sequence. 
The p-nitrobenzyl group of 10 was removed by hydro- 
genolysis to afford 11 in 48.7 % yield. 

The 4-(fluoromethyl)-l-sulfo-2-azetidinone compounds 
(6 ,9,  and 11) thus obtained showed, as expected, potent 
in vitro antibacterial activity against Gram-negative bac- 
teria. These compounds were almost comparable or 
slightly superior to the dl-4O-methyl compound1' in their 
activities against the bacterial strains tested. 

Experimental Section 

Melting points were determined on a Yanagimoto melting point 
apparatus and are uncorrected. IR spectra were measured with 
a Hitachi 215 spectrophotometer. 'H NMR spectra were taken 
on a Varian EM-390 (90 MHz) spectrometer or on a JEOL GK-400 
(400 MHz) FT NMR spectrometer (compounds 2, 6, 9, and 11) 

(10) This compound was prepared according to the procedure12 re- 
ported for the synthesis of 2-[2-(tritylamino)thiazol-4-yl]-(Z)-2-[[ 1- 
methyl-l-(tert-butyloxycarbonyl)ethoxy]imino]acetic acid. The amino 
protecting group was changed from trityl to chloroacetyl. 

(11) The 3s cis-compound was reported in the l i t e r a t ~ r e . ~  The dl  
compound was prepared by a multistep procedure (carbobenzoxylation, 
NaBH4 reduction, mesylation, iodination, NaBH,CN reduction, K2S208 
oxidation, hydrogenolysis, acylation, and dechloroacetylation) starting 
from cis-3-amino-(2,4-dimethoxybenzyl)-4-(methoxycarbonyl)-2-azetidi- 
none.* 

(12) Roussel-Uclaf. US. Pat. 4 288 434. 
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7.90 (1 H, d, J = 9 Hz, C,-NH), 8.35 (1 H, 5, N1-H). 
Anal. Calcd for Cl2HI3F1N2O3: C, 57.14; H, 5.19; N, 11.08, 

Found: C, 57.12; H, 5.57; N, 11.30. 
cis ,rac ,( 29-24 (Chloroacetyl)amino]-a-(methoxyimin0)- 

N-[ 24 fluoromethyl)-4-oxo-3-azetidinyl]-4-thiazoleacetamide 
(4). A mixture of 3 (0.202 g, 0.8 mmol) and 10% palladium/ 
charcoal (200 mg) in methanol (15 mL) was stirred under hydrogen 
at room temperatue for 70 min. The catalyst was filtered off and 
washed with methanol. The filtrate and washings were combined 
and concentrated under reduced pressure. After the concentrate 
had been dissolved in tetrahydrofuran (15 mL), triethylamine (0.3 
mL, 2.2 mmol) and 2-[2-[(chloroacetyl)amino]-4-thiazolyl]-(Z)- 
2-(methoxyimino)acetyl chloride hydrochlorideg (0.266 g, 0.8 
mmol) were added to the solution, and the mixture was stirred 
at  room temperature for 2 h. The solvent was evaporated, and 
then the residue was extracted with ethyl acetate. The organic 
layer was washed with saturated aqueous sodium chloride, dried, 
and evaporated to dryness. The residue was treated with ether 
to give 4 (245 mg, 81.0%) as a colorless powder: IR (KBr) 3270, 
1760, 1670, 1560, 1060 cm-'. This material was used without 
purification in subsequent reactions. 

Sodium cis ,rac ,(2)-3-[ [ [2-[ (Chloroacetyl)amino]-4-thia- 
zolyl] (methoxyimino)acetyl]amino]-2-(fluoromethyl)-4- 
oxo-1-azetidinesulfonate (5). Sulfur trioxide-dimethylform- 
amide complex (1.25 mL of 1.58 M solution, 2 mmol) was added 
to 4 (0.245 g, 0.65 mmol) at  -50 "C, and the mixture was kept 
at 5 "C for 67 h. After the addition of pyridine (0.24 mL, 3 mmol) 
and water (10 mL), the mixture was stirred with Dowex 50W (Na 
form, 5 g, wet) at room temperature for an hour. The resin was 
filtered off, and the filtrate was subjected to chromatography on 
Amberlite XAD-2. Elution with water, followed by lyophilization, 
gave 5 (220 mg, 70.7%) as a colorless powder: IR (KBr) 1770, 
1670,1550,1270,1050 cm-'; NMR (D,O) 6 4.00 (3 H, s, OCH3), 

proton at  position 5 of the thiazole ring). 
Sodium cis ,rac,(Z)-3-[[(2-Amino-4-thiazolyl)(methoxy- 

imino)acetyl]amino]-2-( fluoromethyl)-4-oxo-l-azetidine- 
sulfonate (6). To a stirred solution of 5 (0.19 g, 0.4 mmol) in 
water (5 mL) was added sodium methyldithiocarbamate (0.10 g, 
0.78 "01). After being stirred at  room temperature for an hour, 
the mixture was subjected to chromatography on Amberlite 
XAD-2. Elution with water, followed by lyophilization, gave 6 
(100.5 mg, 59.0%) as a colorless powder: IR (KBr) 3440, 1770, 
1670,1620,1535,1280,1250,1055 cm-'; NMR (DzO) 6 4.000 (3 
H, s, OCH,), 4.606 (1 H, dddd, J = 23.9, 5.6, 3.4, 2.7 Hz, C,-H), 

4.37 (2 H, 8, ClCHZ), 5.60 (1 H, d, J = 5 Hz, C3-H), 7.36 (1 H, 9, 

4.783 (1 H, ddd, J = 45.4,11.0, 2.7 Hz, CHAF), 4.948 (1 H, ddd, 
J = 46.9, 11.0, 3.4 Hz, CHBF), 5.603 (1 H, d, J = 5.6 Hz, C3-H), 
6.990 (1 H, s, proton at  position 5 of the thiazole ring). 

Anal. Calcd for C l ~ 1 1 F N S N a ~ 6 ~ z ~ 1 . 5 H z ~ :  C, 27.91; H, 3.28; 
N, 16.27. Found: C, 27.98; H, 3.45; N, 16.33. 

Sodium cis ,rac -2-(Fluoromethyl)-4-oxo-3-[ [ (phenyl- 
methoxy)carbonyl]amino]-1-azetidinesulfonate (7). Sulfur 
trioxidedimethylformamide complex (1.9 mL of 1.58 M solution, 
3.0 mmol) was added to 3 (0.252 g, 1 mmol) at  -50 "C. The 
mixture was kept at 5 "C for 87 h. After the addition of pyridine 
(0.4 mL, 5 "01) and water (15 mL), the mixture was stirred with 
Dowex 50W (Na form, 7 g, wet) at room temperature for an hour. 
Filtration, followed by concentration of the filtrate to about 20 
mL gave 7 (45 mg) as colorless crystals. The filtrate was con- 
centrated and the residue was subjected to chromatography on 
XAD-2. Elution with water and then with 10% ethanol, followed 
by lyophylization of the eluate, gave an additional crop of 7 (229 
mg, 71.8%) as a colorless powder: IR (KBr) 3425, 3300, 1770, 
1700,1540,1280,1260,1235,1065 cm-'; NMR (MezSO-d6 + DzO) 

s, Ar H). 
cis ,rac , (Z)-a-[[[  l-(2-Amino-4-thiazolyl)-2-[[2-(fluoro- 

m e t h y l ) - 4 - o x o -  l-sulfo-3-azetidinyl]amino]-2-oxo- 
et hylidene]amino]oxy]-a,a-dimet hylacetic Acid 1,l-Di- 
methylethyl Ester Monosodium Salt (8). A mixture of 7 (0.256 
g, 0.7 mmol) and 10% palladium/charcoal (250 mg) in di- 
methylformamide (7 mL) was stirred under hydrogen at room 
temperature for 30 min. The catalyst was filtered off and washed 
with dimethylformamide (6 mL). To the combined filtrate and 
washings were added 2-[2-[ (chloroacetyl)amino]-4-thiazolyl]- 
(2)-2- [ [ l-methyl-l-(tert-butyloxycarbony1)ethoxy]imino]acetic 

6 4.94 (1 H, d, J = 5 Hz, C3-H), 5.03 (2 H, S, CHZO), 7.32 (5 H, 

with SiMe4 as internal standard. Extracted solutions were dried 
over sodium sulfate. All the fi-lactams prepared are racemic. 

cis ,rac -24 1-[ (2,4-Dimethoxyphenyl)methyl]-2-(fluoro- 
methyl)-4-oxo-3-azetidinyl]- lH-isoindole-l,3(2H)-dione ( 1). 
To a stirred, cooled (-60 "C) solution of oxalyl chloride (4.0 mL, 
0.046 mol) and dimethyl sulfoxide (6.8 mL, 0.095 mol) in meth- 
ylene chloride (80 mL) was added 2-fluoroethanol(2.4 mL, 0.041 
mol) in methylene chloride (6 mL) under nitrogen. The mixture 
was stirred at  -60 "C for 45 min and then triethylamine (28 mL) 
was added. After stirring for an additional hour at  room tem- 
perature 2,4-dimethoxybenzylamine (3.34 g, 0.020 mol) and an- 
hydrous magnesium sulfate (40 g) were added, and the mixture 
was stirred a t  room temperature for 4 h. After filtration of the 
magnesium sulfate, triethylamine (3 mL) was added to the stirred, 
cooled (0 "C) filtrate, and then phthalimidoacetyl chloride (4.6 
g, 0.201 mol) in methylene chloride (30 mL) was added dropwise. 
The mixture was allowed to stand ovemight at room temperature. 
The reaction solution was washed successively with water, dilute 
hydrochloric acid, and saturated aqueous sodium chloride and 
dried. After evaporation of the solvent, the residue was chro- 
matographed on silica gel. Elution with benzene/ethyl acetate 
(3:1, v/v) gave 1 (2.52 g, 31.6% from 2-fluoroethanol) as a colorless 
powder: IR (KBr) 1760,1720,1610,1420,1390,1200 cm-l; NMR 
(CDCl,) 6 3.80 (3 H, s, OCH3), 3.83 (3 H, s, OCH,), 3.9-4.9 (5 H, 
m, NCH,, CHzF, C,-H), 5.40 (1 H, d, J = 5 Hz, C3-H), 6.46 (2 H, 
m, Ar H), 7.25 (1 H, m, Ar H), 7.80 (4 H, m, Ar H). 

Phenylmethyl  cis ,rac -[ 1-[ (2,4-Dimethoxyphenyl)- 
methyl]-2-( fluoromethyl)-4-oxo-3-azetidinyl]carbamate (2). 
To a stirred, cooled (0 "C) solution of 1 (2.52 g, 0.0063 mol) in 
ethylene glycol dimethyl ether (20 mL) was added methyl- 
hydrazine (1.4 mL, 0.026 mol). After being stirred at  room tem- 
perature for 1.5 h, the solvent was evaporated off, and the residue 
was dissolved in methylene chloride (20 mL). The mixture was 
allowed to stand overnight at  room temperature. The insoluble 
materials were filtered off and the filtrate was concentrated. To 
the concentrate was added ethyl acetate (100 mL), and insoluble 
materials were filtered off. The filtrate was extracted with dilute 
hydrochloric acid (three times), and the aqueous layer was adjusted 
to pH 8 with aqueous sodium bicarbonate. The solution was 
extracted with chloroform (three times), and the combined organic 
extracts were washed with saturated aqueous sodium chloride and 
dried. Evaporation of the solvent gave 3-amino-4-(fluoro- 
methyl)-l-(2,4-dimethoxybenzyl)-2-azetidinone as an oil (0.96 g), 
which was used without further purification. 

To a stirred, cooled (0 "C) solution of the 3-aminoazetidinone 
(0.96 g) in methylene chloride (6 mL) were added propylene oxide 
(3 mL) and benzyloxycarbonyl chloride (1.1 mL, 7.7 mmol), and 
the mixture was stirred at  room temperature for 2.5 h. After 
evaporation of the solvent the residue was chromatographed on 
silica gel. Elution with chloroform/ethyl acetate (9:1, v/v) gave 
2 (0.7 g, 27.5%) as colorless crystals: mp 114-115 "C; IR(KBr) 
3300, 1765, 1690, 1540, 1260 cm-'; NMR (CDC13) 6 3.737 (1 H, 
dm, J = 27.1 Hz, C2-H), 3.805 (6 H, s, 2 OCH,), 4.373 (2 H, AB 

10.7, and 2.4 Hz, CH,F), 4.597 (1 H, ddd, J = 47.6, 10.7, and 2.4 
q, JAB 14.6 Hz, B ~ V O  = 0.410, N-CHZ), 4.474 (1 H, ddd, J =  45.9, 

HZ, CHBF), 5.107 (2 H, AB 9, JAB = 12.0 HZ, 6 ~ ~ 0  = 0.018, CHZO), 
5 .159(1H,dd ,J=9.6 ,5 .0H~,C, -H) ,5 .406(1H,d ,J=9.3H~,  
NH), 6.453 (2 H, m, Ar H), 7.142 (1 H, m, Ar H), 7.342 (5 H, m, 
Ar H). 

Anal. Calcd for C21H23F1N205: C, 62.67; H, 5.76; N, 6.96. 
Found: C, 62.65; H, 5.98; N, 6.93. 

P henylmethyl cis ,rac - [ 2- (Fluoromet hyl)-4-oxo-3-azeti- 
dinyllcarbamate (3). A suspension of 2 (0.483 g, 1.2 mmol), 
potassium persulfate (0.486 g, 1.8 mmol) and dipotassium 
phosphate (0.426 g, 2.5 mmol) in a mixed solution of acetonitrile 
(24 mL) and water (36 mL) was stirred at  95 "C for 1.5 h under 
nitrogen. The acetonitrile was distilled under reduced pressure, 
and then saturated aqueous sodium chloride (10 mL) was added 
to the residue. The solution was extracted with ethyl acetate, 
and the extract was washed with saturated aqueous sodium 
chloride and dried. After evaporation of the solvent the residue 
was chromatographed on silica gel. Elution with ethyl acetate 
gave 3 (183 mg, 60.5%) as colorless crystals: mp 172-173 "C; IR 
(KBr) 3350,1785,1745,1680,1550 cm-'; NMR (Me2SO-d6) 6 3.85 
(1 H, m, C,-H), 4.42 (2 H, dd, J = 6, 47 Hz, CH2F), 4.92 (1 H, 
dd, J = 5, 9 Hz, C,-H), 4.95 (2 H, s, CHzO), 7.26 (5 H, s, Ar H), 
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acidlo (0.248 g, 0.61 mmol), N-hydroxybenzotriazole (0.107 g, 7 
"01) and N,"-dicyclohexylcarbodiimide (0.144 g, 7 "01) under 
ice-cooling. The mixture was stirred at  0 "C for 30 min and then 
at  room temperature for 15 h. After the addition of water (20 
mL) and sodium methyldithimbamate (0.182 g, 1.4 "01) under 
ice-cooling, the mixture was stirred a t  room temperature for 2 
h. Insoluble materials were removed by filtration and the filtrate 
was subjected to chromatography on Amberlite XAD-2. Elution 
with 5% ethanol, followed by lyophilization, gave 8 (135 mg, 
36.0%) as a colorless powder: IR (KBr) 3430, 1770, 1730, 1670, 
1630, 1530, 1250, 1150, 1080 cm-'; NMR (D20) 6 1.45 (9 H, s, 

6.98 (1 H, s, proton at  position 5 of the thiazole ring). 
cis ,rac ,(Z)-a-[[[l-(2-Amino-4-thiazolyl)-2-[[2-(fluoro- 

met hy1)-4-oxo- l-sulfo-3-azetidinyl]amino]-2-oxo- 
ethylidene]amino]oxy]-a,a-dimethylacetic Acid (9). To 8 
(0.131 g, 0.25 mmol) was added trifluoroacetic acid (5 mL) under 
ice-cooling, and the mixture was stirred for 2.5 h. The mixture 
was evaporated to dryness under reduced pressure, and the residue 
was subjected to chromatography on Dowex 50W (H' form, 20 
mL). Elution with water gave the fractions containing 9, which 
were combined and concentrated to 20 mL. The concentrate was 
rechromatographed on Amberlite XAD-2. Elution with 5% 
ethanol, followed by lyophilization, gave 9 (68 mg, 60.3%) as a 
colorless powder: IR (KBr) 3400, 1770,1680, 1640, 1270, 1240, 
1180, 1050 cm-'; NMR (D,O) 6 1.551 (3 H, s, CH3), 1.559 (3 H, 

(2 H, m, CHAHBF, not clearly assigned), 5.606 (1 H, d, J = 5.9 
Hz, C3-H), 7.160 (1 H, s, proton at  position 5 of the thiazole ring). 

Anal. Calcd for C13Hl~lN508Sz-1.5Hz0: C, 32.50; H, 3.99; N, 
14.58. Found: C, 32.46; H, 3.98; N, 14.83. 

cis ,rac ,( 2) -a- [  [ [ 1-(2-Amino-4-thiazolyl)-2-[ [a-(fluoro- 
met hyl)-l-oxo- l-sulfo-3-azetidinyl]amino]-2-oxo- 
ethylidene]amino]oxy]acetic Acid 4-Nitrophenylmethyl 
Ester Monosodium Salt (10). A mixture of 7 (0.296 g, 0.84 
mmoi) and 10% palladium/charcoal (300 mg) in dimethylform- 
amide (7 mL) was stirred under hydrogen at  room temperature 
for 45 min. The catalyst was filtered off and washed with di- 
methylformamide (6 d). To the combined fiitrate and washings 
were added 2 4  2- [ (chloroacetyl)amino]-4-thiazolyl] -(2)-2-[ [ (p- 
nitrobenzyloxycarbonyl)methoxy]imino]acetic acid13 (0.365 g, 0.8 
mmol), N-hydroxybenzotriazole (0.123 g, 0.8 mmol), and N,"- 
dicyclohexylcarbodiimide (0.165 g, 0.8 mmol) under ice-cooling. 
The mixture was stirred at  0 "C for 30 min and than allowed to 
stand overnight at  room temperature. After being cooled to 0 
"C, the mixture was diluted with water (20 mL) and, then sodium 
methyldithiocarbamate (0.210 g, 1.6 "01) was added. After being 
stirred at  room temperature for 2 h, the mixture was subjected 
to chromatography on Amberlite XAD-2. Elution with 5% 
ethanol, followed by lyophilization, gave 10 (206 mg, 43.5%) as 
a colorless powder: IR (ICBr) 3430, 1760, 1670,1270, 1250, 1050 
cm-'; NMR (D20) 6 4.85 (2 H, s, OCH2CO), 5.20 (2 H, s, OCH2Ph), 
6.84 (1 H, s, protonat position 5 of the thiazole ring). 

cis ,rac ,(Z)-a-[ [[ 1-(2-Amino-4-thiazolyl)-2-[ [2-(fluoro- 
methyl)-4-oxo-l-sulfo-3-azetidinyl]amino]-2-0~0- 
ethylidene]dno]oxy]acetic Acid (1 1). A mixture of 10 (0.205 
g, 3.5 mmol) and 10% palladium/charcoal (200 mg) in water (15 
mL) was stirred under hydrogen a t  room temperature for 1.5 h. 
The catalyst was filtered off and washed with water. The com- 
bined filtrate and washings were adjusted to pH 8 with aqueous 
sodium bicarbonate. The solution was subjected to chromatog- 
raphy on Amberlite XAD-2. Elution with water gave the fractions 
containing 11. After the pH was adjusted to 3 with dilute hy- 
drochloric acid, the solution was concentrated to 30 mL. The 
concentrate was subjected to chromatography on Dowex 50W (H' 
form). Elution with water gave the fractions containing 11. After 
concentration to 40 mL, the material was rechromatographed on 
Amberlite XAD-2. Elution with water, followed by lyophilization, 
gave 11 (75.5 mg, 48.7%) as a colorless powder: IR (KBr) 3400, 
1770,1675,1640,1240,1050 cm-l; NMR (DzO) 6 4.589 (1 H, ddt, 
J = 24.2,5.6,2.9 Hz, C,-H), 4.70-5.01 (2 H, m, CHAHBF, not clearly 
assigned), 4.861 (2 H, s, OCH2), 5.615 (1 H, d, J = 5.6 Hz, C,-H), 
7.191 (1 H, s, proton at  position 5 of the thiazole ring). 

C(CH3)3), 1.53 (6 H, 9, C(CH&), 5.58 (1 H, d, J = 5 Hz, C3-H), 

9, CHS), 4.606 (1 H, ddt, J = 24.4, 5.6, 2.9 Hz, CZ-H), 4.71-5.35 

(13) Takeda. Jpn. Kokai Tokkyo Koho 57-131758, 1982. 

0022-326318411949-1430$01.50/0 0 

Anal. Calcd for CllHl2FNSO8S2.2H20: C, 28.64; H, 3.50, N, 
15.18. Found: C, 28.84; H, 3.55; N, 15.10. 
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The recently discovered sulfazecin and monobactam 
antibiotics are monocyclic @-lactams activated by an N-1 
sulfonate substituent.'V2 Aztreonam, a member of this new 
group of compounds that contains a methyl substituent 
in the 4-position of the 0-lactam ring, has excellent activity 
against Gram-negative bacteria and is currently being 
evaluated in the ~ l i n i c . ~  It is suggested in the literature 
that an increase in the reactivity of the 0-lactam ring 
correlates well with antibacterial a ~ t i v i t y . ~  We reasoned 
that replacing the hydrogens of the 4-methyl group with 
fluorine atoms, which are strongly electronegative, would 
cause the p-lactam to be even more susceptible to nu- 
cleophillic attack. Thus, we hoped that replacing the 
methyl group by trifluoromethyl would have a good effect 
on antibacterial activity. In the preceding note by Ochiai 
and collaborators, this hypothesis was successfully tested 
by the preparation of the very active antibacterials, 4- 
fluoor omethyl)-3- (acylamino) - 1 -sulf0-2-azetidinones.~ In 
the present paper, we describe the preparation of 3-(acy- 
lamino)-l-sulfo-2-azetidinones with cis- and trans-4-tri- 
fluoromethyl substituents. 

During the course of this work, an alternate procedure 
for the preparation of these compounds was reported by 
Kronenthal et a1.6 
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