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CEPHALOSPORINS CONTAINING
CARBONATE FUNCTIONS
AT POSITIONS 3 AND 7
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Sulfones of 7 p-alkoxvearbonvlioxy-substituted cephalosporanic acid tert-butvl esters were synthesized by
reduction  of  7-oxocephalosporanic  acid — tert-butvl  ester,  acvlation  of  the  intermediate

oxidation  of the sulfur  atom.  Sulfones of Ta-chloro- and  7-alkvlidene-substituted
3-alkoxvearbomvloxymethvicephalosporanic acid tert-butvl esters were obtained by replacement of the
bromine atom in tert-butvl 3-bromomethvicephalosporanates with hvdroxy group and acvlation of the
latter with chlorocarbonic esters. The cvtotoxic activine of the synthesized substances wus studied in vitro
and also their abilite to inhibit elastase.

Keywords: sulfoncs of 7B-alkoxycarbonyloxy-substituted cephalosporanic acids fert-butyl esters, sultoncs
of 7g-chloro- and 7-alkylidenc-substituted 3-alkoxycarbonyloxymethylcephalosporanic acids serf-butyl
esters, clastasc inhibitors.

For many ycars the synthesis of cephalosporin analogs containing free hydroxyl groups in positions 3 or 7
and also products of their alkylation or acylation has been one of the priority arcas for the structural modification
of this antibiotic. Analysis of the litcrature shows that compounds of this type arc kcy intermediates in reaction
schemes for the preparation of antibacterial, anti-inflammatory, and cytotoxic substances [ 1-6].

The objective of this study was to obtain new tert-butyl esters of cephalosporanic acids containing
carbonate functions at positions 7 or 3 of the cephem ring (Schemes [, 2) and to study their inhibitory propertics
relative to leucocyte clastasc and also their cytotoxic activity in vitro.

The synthesis of sulfones of 7B-alkoxycarbonyloxy-substituted cephalosporanates § is shown in Scheme 1.

Treatment of cster 1 with sodium borohydride or tricthylsilance in the presence of palladium catalyst gave
7B-hydroxyccphalosporanate 2. As in the casc of benzhydryl ester of 7-oxocephalosporine [1], reduction of the
oxo group occurred stercospecifically. The 7B-configuration of the hydroxy group in compound 2, which assumes
the cis-oricntation of the protons in positions 6 and 7, was confirmed by the corresponding spin-spin coupling
constant, J = 4.5 Hz.

pyrocarbonate (3b) in the presence of tricthylamine gave cephalosporanates 4a,b with carbonate functional groups
at position 7 accompanicd by partial isomerization of the double bond A" - A" Oxidation of the
7-alkoxycarbonyloxy-substituted cephalosporanates 4a,b with mera-chloroperbenzoic acid (MCPBA) at 0°C gave
the corresponding sulfoxides Sa,e (n = 1) and at 20°C gave the corresponding sultfones Sb.d (n = 2). In both cascs
the reactions were accompaniced by double bond migration so that A‘-ccphalosporanalcs were the sole products.
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The synthesis ot 3-alkoxycarbonyloxymethylcephalosporanate sulfones 9 is shown in Scheme 2.
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6.7aR'=H.R*=Cl: b R' and R" = (2)---BuOCOCH=: ¢ R' and R" = (Z)-CH,COCH=:

d R'and R™ = (2)4-0-NC H,CH=: ¢ R' and R" = (£)-4-0-NCH.CH= .
8aR'=CliCCH-. bR = BrCH-CHs, ¢ R = 4-O-NC,H,.9a R'= H, R*= CI. R* = ClxCCHx:
bR'=H,R*=Cl. R'=BrCH:CHa; ¢ R' = H.R" = Cl. R* = 4-0-NC,H.;

d R' M R = (2)--BuOCOCH=, R* = 4-O-NC.Hy: e R' and R’ = (£)-4-O-NC.H,CH=, R* = 4-0.NCH,

Replacement of the bromine atom in 3-bromomethylcephalonosporanates 6a-e* by a hydroxy group was
carricd out with ammonium trifluoroacctate [7]. It was cstablished that the nature of the solvent had a major
influence on this reaction. The maximum yicld (80%) of 3-hydroxymcthylcephalosporanates 7a-e was obtained
with a mixture of acctone and dimethylformamide (30:1). '

Optimization of the acylation of the 3-hydroxymethyl groups in compounds 7 with chlorocarbonic cster
also required variation of the reaction conditions depending on the naturc ot the radical R' in rcagents 8a-c. In the

tricthylamine at room temperature for thirty minutes. For 2-bromocthyl chloroformate the analogous result was
achiceved by boiling in benzene for 4 h and replacing tricthylamine by 2.6-lutidinc.

* The methods for the preparation and the physicochemical characteristics of fers-butyl 7-alkylidenc-3-
bromomcthylcephalosporanates 6b-e will be published in a scparate paper.

745



Acylation of 3-hydroxymcthylcephalosporanates 7a-¢ with para-nitrophenyl chiorocarbonate (8¢) in
dicthyl cther in the presence of 2.6-lutidine at room temperature appears to be more cffective than the usc of
pyridine [5] or a combination of 2.6-lutidine with 4-dimethylaminopyndine in tetrahydrofuran (6] reccommended
tor analogous compounds. Unlike the esters 9a.b. cephalosporanates with R’ = 4-0-NC,H. (9¢c-¢) decompose
rapidly in the presence of water. strong basces (tricthylamine, DBU). or on increasing the temperature.

For some of the compounds synthesized their cytotoxic properties in vitro against two lines of cancer cells
~ HT-1080 (human fibrosarcoma) and MG-22A (mousc hepatoma) - were studied, and also their ability to inhibit
the amidolytic activity of clastase relative to the standard substrate, para-nitroanilide of N-mcthoxysuccinyl-Ala-
Ala-Pro-Val.

The concentration of substance which provided 50% of tumor death cffect i vitro (TDsy) (see Table 1)
was determined by a standard mcethods based on the intensity of the cell membrane coloration with crystal violet and
on the redox activity of mitochondnal enzymes with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

The concentration of substance which decercased to 50% the catalytic activity (1Csy) of Porcine Pancreas
Elastasc. Type [l against the substratc was determined photocolorimetrically by the method adapted for 96
chamber pancls (sce Table 1).

Of the substances tested. only 7g-chioro-3-hydroxymethylcephalosporanate 7a showed a mecasurable
cytotoxic activity towards the cancer cclls. The high inhibitory activity towards clastascs of
Tu-chlorocephalosporanates 9a-c. modificd in position 3 by carbonate groups was very unexpected. Compounds
9b (R' = H. R = CI. R* = BrCH-CH:) and 9¢ (R' = H. R = Cl, R" = 4-0,NC,H,) were four times more cffective
than onc of the most clastase inhibitors, rerr-butyl ester of sulfonc of 7g-chlorocephalosporanic acid [2].

EXPERIMENTAL
'H NMR spectra of CDCls solution with TMS as internal standard (3. ppm: .J. Hz) were recorded with

Bruker WH-90/DS (90 MHz) spectrometer. IR spectra of nujol mulls were recorded with a Perkin-Elmer 580B
spectrometer. Elemental analyses were carried out with a Carlo Erba 1108 instrument. HPLC data were obtained

TABLE 1. Biological Propertics of Somc Structural Analogs of
Cephalosporin

) ' Cytotoxic activity in viero, TDs. pg ml*
Com- - HT- 1080 MG-22A I puM*!
pound . ;
(G MTT* vV MTT
sh 100 100 100 100
5d 100 100 100 100
7a Y 25 18 33 2442
9a 39 2 46 S8 1323
9b 37 36 45 12 (.030£0.006
9 33 72 43 62 0.047+0.005
10 0.16£0.02 [9]

* Concentration causing 50% destruction of cells.

** Coloration with crystal violet.

*' Coloration with 3-(4.5-dimcthylthiazol-2-yl)-2.5-diphenyltetrazohium
bromide.

** 50% Inhibition of the amidolytic activity of Porcine Pancreas Elastasc
{Type D relative to para-nitroanilide of N-methoxysuccinyl-Ala-Ala-Pro-
Val substrate.

** 1er1-Butyl ester of sulfone of 7u-chlorocephalosporanic acid.
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with Du-Pont Modcl 8800 machine cquipped with a UV detector (3, = 254 nm) and a column (4.6 x 250 mm) filled
with Symmetry Cis., with 60:40 acctonitrile-0.1 N phosphate buffer with pH 2.5, and a flow rate of 0.8-1.5 mi/min.
Optical densitics in biological tests, conducted in 96 chamber pancls. were measured with a Teterteck Multiscan
MCC/340 horizontal spectrophotometer. Reactions were monitored by TLC on Merck Kicsclgel strips with UV
detection. Merck Kieselgel (0.063-0.230 mm) was used for preparative column chromatography. Reagents from
Aldrich, Acros, and Sigma werce used in the experiments.

tert-Butyl Ester of 7B-Hydroxycephalosporanic  Acid (2). A. The rert-butyl cster  of
7-oxocephalosporanic acid 1 was reduced with sodium borohydride by a known method [1]. Yicld 46%., containing
96" of the required substance according to HPLC: mp 115-117°C (dicthyl cther). IR spectrum (nujol): 3350,
1740, 1720 cm™. '"H NMR speetrum (CDCls): 1.53 (9H, s, -CyHy): 2.08 (3H, s, CH:): 3.13 (1H, m, OH); 3.33 and
3.60 (2H, AB-system. J = 19, SCH.): 4.80 and 5.08 (2H, AB-system, ./ = 14, CH.0): 4.93 (1H, d. ./ = 4.5, 6-H);
531 (I1H. m, 7-H).

B. Bis(triphenylphosphine)pailadium(Il) chloride (8.8 mg, 0.012 mol) and triphenylphosphine (4.8 mg,
0.018 mmol) were added to a solution of acid 1 (200 mg, 0.62 mmol) and tricthylsilanc (150 mg. 0.94 minol) in
DMF (10 ml). The mixture was hecated for 2 h at 40-50°C. cooled. diluted with dichloromethane (40 ml), and
poured into a solution of dilute hydrochloric acid. The organic layer was scparated, washed with water, dricd over
Na.SQ,, and cvaporated. The residuc was fractionated on a silica gel chromatographic column (cluent 1:2 cthyl
acctate—petrolcum cther). The fraction with R, 0.11 was concentrated and cvaporated to give a crystalline
substance (20 mg, 40%0) with physicochcmical constants analogous to those of the product from method A.

ter-Butyl Ester of 7B-(2.2.2-Trichloroethoxycarbonyloxy)cephalosporanic Acid Sulfoxide (5a).

a solution of rert-butyl 73-hydroxycephalosporanate (200 mg, 0.61 mol) in dichloromethanc (10 ml), the mixture
was stirred for 30 min at room temperature until the TLC spot at R, 0.21 of starting matcrial 2 disappcared and a
new spot appeared at R, 0.62 (cluent 1:1 hexane -cthyl acetate). The reaction mixture was washed with sodium
carbonate solution and water, and dried over anhydrous Na.SOs. The solvent was removed at reduced pressure and
the residuc was fractionated on a silica gel column (cluent 1:1 hexane-cthyl acctate). The traction with R, 0.62 was

collected and cvaporated to give a |:1 mixture of rert-butyl 3-acctoxymethyl-73-(2.2.2-trichlorocthoxy-
carbonyloxy)ceph-3-cm-4-carbonate and rers-butyl 3-acctoxymethyl-7p3-(2.2.2-trichlorocthoxycarbonyloxy)ccph-2-

cm-4-carbonate 4a (214 mg. 70%) bascd on the proton intensitics in the 'H NMR spectrum. 'H NMR spectrum of
the A" isomer (CDClx): 1.55 (9H, s, -Bu); 2.09 (3H. s. CH:); 3.33 and 3.60 (2H. AB-system. J = 19, SCH:): 4.15
(2H. s CCI;CH:): 5.11 and 5.28 (2H. AB-system, J = 14, CH:0); 4.93 (1H. d. J = 4.5, 6-H): 6.06 (1H. d, J = 4.5,
7-H). 'H NMR spectrum of the A isomer (CDCl:): 1.49 (9H. s. -Bu): 2.09 (3H. s, CH:); 4.15 (2H, s, CCIiCH-):
4.55 and 4.80 (2H. AB-system, .J = 13, CH.0): 4.97 (1H, s, 4-H): 5.44 (1H. d. J = 4.5. 6-H): 5.77 (1H. d, J = 4.5,
7-H); 6.44 (1H. s, 2-H).

meta-Chloroperbenzoic acid (147 mg. 0.60 mmol) was added to a solution of a mixturc of csters 4a
(100 mg, 0.19 mmol) in dichloromethane (10 ml). the mixture was stirred for 1 h at 0°C, diluted with
dichloromethane (20 ml), washed with 5% Na.SOs solution (50 ml) and 5% Na.COs: solution, and dried
over anhydrous Na.SO,. The solvent was removed under reduced pressure and the residue was fractionated
by chromatography on silica gel with cthyl acctate as cluent. The fraction with R, 0.20 (1:1 hexanc-cthyl acetate)

acid sulfoxide Sa as an amorphous powder (82 mg, 80%) containing >96% of the required material according to
HPLC. '"H NMR spectrum (CDCly): 1.51 (9H. s, -Bu): 2.11 (3H, s. CH;); 3.48 and 4.09 (2H, AB-system. ./ = 18.
SOCH,); 4.75 and 5.13 (2H. AB-system. ./ = 14, CH.0); 4.77 (2H. s, CCI:CH:): 4.84 (1H. d. ./ = 5, 6-H): 6.26 (1H,
d.J=15,7-H).

ter-Butyl Ester of 7B-(2.2.2-Trichlorocthoxycarbonyloxy)cephalosporanic  Acid Sulfone (5b).
meta-Chloroperbenzoic acid (147 mg, 0.60 mmol) was added to a solution of a mixture of csters Sa (82 mg,
(.15 mol) in dichloromethane (10 ml) and the mixture was stirred for 3 h at room temperature, diluted with
dichloromethance (20 ml), washed with 5% Na.SOs solution (50 ml), 5% Na.CO: solution, and dried over
anhydrous Na>SQO.. The solvent was removed under reduced pressure and the residuce was fractionated on a silica
gel column (cluent ethyl acetate). The fraction with R, 0.43 (1:1 hexanc—cthyl acctatc) was collected and
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(75 mg, 91%), containing 95% of the requircd product according to HPLC: mp 84-87°C. 'H NMR spectrum
(CDCh): 1.60 (9H, s. r-Bu): 2.13 (3H. s, CHs): 3.71 and 4.02 (2H, AB-system, J = 18, SO-CH-): 4.80 and 5.24
(2H, AB-system. ./ = 14, CH>0): 4.86 (2H, s, CCLiCH»): 491 (IH.d, ./ =5.6-H): 6.11 (1H. d.J = 5, 7-H).

tert-Butyl Ester of 7p-(tert-Butoxycarbonyloxy)cephalosporanic Acid Sulfoxide (5c). Di-rert-butyl
pyrocarbonate (663 mg, 3.04 mmol) and tricthylamine (0.42 ml, 3.04 mmol) were added to a solution of the
tert-butyl ester of 73-hydroxycephalosporanic acid (500 mg, 1.52 mmol) in dichloromethane (10 ml). The mixture
was boiled until the TLC spot of the starting material at R, 0.21 disappeared and a new spot appeared at
R;0.57-0.65 (cluent 1:1 hexane-cthyl acctate). The mixture was washed with Na.COs solution, water, and dried
over Na:SO.. The solvent was cvaporated ar reduced pressure. The residuc was fractionated by chromatography on
column with silica gel (eluent I:1 hexane—cthyl acetate). The fraction with R, 0.60 was collected and evaporated to
give 500 mg (76%) of a mixturc of rert-butyl 73-(terr-butoxycarbonyloxy)-3-acctoxymethylceph-3-cm-4-carbonate
and tert-butyl 7B3-(tert-butoxycarbonyloxy)-3-acctoxymethylceph-2-cm-4-carbonate 4b in a ratio of 2:1 (according
to proton signal intensitics in the '"H NMR spectra). 'H NMR spectrum of the o' isomer (CDCl:): 1.28-1.55 (18H.
s.2¢-Bu): 2.00 (3H. s. CHs): 3.24 and 3.51 (2H, AB-system. ./ = 19, SCH-): 4.68 and 5.00 (2H. AB-system. ./ = 14,
CH-0): 4.95 (1H. d. J = 4.0. 6-H): 5.84 (1H. d. J = 4.0, 7-H). '"H NMR spectrum of the A” isomer (CDCls):
1.28-1.55 (18H. s, 2 1-Bu): 2.00 (3H, s, CH:): 4.44 and 4.69 (2H, AB-system. ./ = 13, CH-0); 4.82 (1H. s, 4-H):
528 (1H.d,./ =4.0, 6-H): 5.33 (1H.d. ./ =4.0. 7-H): 6.35 (1H. 5. 2-H).

The ester mixture 4b was oxidized with mefu-chloroperbenzoic acid in 84% yield. analogously to the
synthesis of sulfoxide 5a. to give rerr-butyl ester of 73-(reri-butoxycarbonyloxyeephalosporanic acid sulfoxide Se¢
with R, 0.31 (cluent 1:2 hexane—cthyl acetate): mp 122-123°C. '"H NMR spectrum (CDCHy): 1.55 (18H. s, 2 1-Bu):
2,11 (3H. s, CH;): 3.51 and 4.04 (2H. AB-system. ./ = 17, SOCH-). 4.77 (1H. d..J = 5. 6-H): 4.80 and 5.13 (2H.
AB-system, J = 14, CH:O); 6.15 (IH. d. ./ = 5. 7-H). Found. “%: C 51.04: H 6.14: N 3.09. C,oH--NO.S.
Calculated, “%: C S1.23: H6.11: N 3.14.

tert-Butyl Ester of 7B-(fert-Butoxycarbonyloxy)cephalosporanic Acid Sulfone (5d) was obtained in
60" yicld by oxidation of cephalosporanate Se with mera-chloroperbenzoic acid analogously to the synthesis of
sulfone Sb. R, 0.57 (cluent 1:2 hexane—cthyl acetate): mp 114-116°C. 'H NMR spectrum (CDCly): 1.53 (9H. s.
~Bu): 1.57 (9H. s, r-Bu): 2.11 (3H, s, CHa): 3.66 and 3.97 (2H, AB-system, J = 17, SO-CH-): 4.80 and 5.22 (2H.
AB-system, CH-0): 4.86 (IH. d. ./ = 5, 6-H). 6.04 (IH. d. / = 5, 7-H). Found. “%: C 49.50: H 5.87: N 2.98.
C9H:sNOS. Calculated, %a: C 49.45: H 5.90: N 3.04.

tert-Butyl Ester of 7g-Chloro-3-hydroxymethylceph-3-em-4-carbonic Acid Sulfone (7a). Ammonium
trifluoroacctate (500 mg. 3.80 mmol) was added to a solution of rert-butyl 7a-chloro-3-bromomethylceph-3-cm-4-
carbonatc 6a (300 mg, 0.75 mmol) in a mixture of acctone (6.0 ml) and DMF (0.2 ml). The mixture was boiled for
3.5 h. cooled. diluted with ethyl acetate (50 ml), and washed with water (10 ml). The solution was dricd over
anhydrous Na-SO,. and the solvent removed under reduced pressure. The residuc was tractionated by
chromatography on a silica gel column (cluent 1:2 hexanc—cthyl acetate). The traction with R, 0.35 was collected
and cvaporated to give ferr-buty! ester of sulfone 7a (200 mg. 79%): mp 126-127°C. IR spectrum (nujol): 3500,
1810, 1720 cm™. 'H NMR spectrum (CDCly): 1.57 (9H. s. r-Bu): 2.42 (1H. br. 5. OH); 4.02 (2H, s, CH.O): 4.09
and 4.51 (2H, AB-system, ./ = 14. SO-CH>): 477 (1H,d. /=1, 6-H); 5.31 (1H, d../ = 1, 7-H). Found, %: C 42.53:
H 4.67: N 4.08. C\-H,.CINO.S. Calculated. *o: C 42.67: H4.77: N 4.15.

tert-Butyl  Ester of 7(Z)-(tert-Butoxycarbonyl)methylene-3-hvdroxymethylceph-3-em-4-carbonic
Acid Sulfone (7b) was obtained from rert-butyl 7(Z)-(1¢rt-butoxycarbonyl)methylene-3-bromomethylceph-3-cm-4-
carbonatc 6b analogously to 7a with a yicld of 71%. R, 0.14 (cluent 1:2 hexanc—cthyl acetate); mp 48-50°C,
content of the required material 95% according to HPLC data. 'H NMR spectrum (CDCly): 1.55 (18H. s, 2 -Bu):
3.88 and 4.15 (2ZH. AB-system. ./ = 14, SO:CH:): 4.00 (IH. br. s, OH): 4.11 and 4.57 (2H. AB-system, ./ = 14,
CH0); 6.53 (1H. d,.J = 1. 6-H); 6.57 (1H.d../= 1. 7-H).

tert-Butyl Ester of 7(Z)-Acctylmethylenc-3-hydroxymethyleeph-3-em-4-carbonic Acid Sulfone (7¢)
was obtained from rert-butyl 7(Z)-acctylmethylenc-3-bromomethylceph-3-em-4-carbonate 6¢ analogously to 7a as
an oil with a yicld of 67%. R, 0.14 (cluent 1:2 hexance-cthyl acetate). Content of required material 95% according
to HPLC. '"H NMR spectrum (CDCLy): 1.60 (9H. s. i-Bu): 2.44 (3H. s. CH:COC=): 4.02 and 4.57 (2H. AB-system,
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J =14,S0-CH:); 4.04 (2H. s, CH-0): 4.22 (IH, br. s. OH); 5.60 (1H. br. 5. 6-H); 6.91 (1H.d../ = 1. 7-H).

tert-Butyl Ester of 7(Z)-4-Nitrobenzylidene-3-hydroxymethylceph-3-em-4-carbonic Acid Sulfone (7d)
was obtained trom rerr-butyl 7(Z)-nitrobenzylidene-3-bromomcthyleeph-3-em-4-carbonate 6d analogously to 7a in
40% vicld as an amorphous substance. R, 0.28 (cluent I:1 hexanc—cthyl acctate) containing 94% of the required
matcrial according to HPLC. '"H NMR spectrum (CDCly): 1.60 (9H, s, -Buj: 2.86 (1H, br. s. OH) 4.11 (2H. s,
CH:0). 4.13 and 4.55 (2H. AB-system, ./ = 14, SO-CH.); 5.62 (1H. br. s, 6-H): 7.44 (1H. br. s, -HC=); 7.86. 828
(4H.2d../ =9, C.Hy.

tert-Butyl Ester of 7(E)-4-Nitrobenzylidene-3-hydroxymethylceph-3-em-4-carbonic Acid Sulfone (7¢)
was obtained trom rert-butyl 7(F)-mitrobenzylidenc-3-bromomethyleeph-3-cm-d-carbonate 6¢ analogously to 7a in
60%% yicld as an amorphous substance, R, 0.17 (eluent 1:1 hexane-cthyl acetate) containing 95% of the required
material according to HPLC. 'H NMR spectrum (CDClLy): 1.63 (9H. s, -Bu): 3.35 (1H, br. s. OH); 4.04 (2H. s.
CH-0): 4.11 and 4.53 (2H, AB-system, J = 14, SO-CH:); 5.28 (1H. br. s, 6-H): 6.95 (1H. br. s, -HC=): 8.13, 8.26
(4H.2d../ =9, C.H,).

tert-Butyl  Ester of 7qg-Chloro-3-(2.2,2-Trichloroethexycarbonyloxy)methyleeph-3-em-4-carbonic
Acid Sulfone (9a). 2.2.2-Tnchlorocthyl chlorocarbonate (48 mg. 0.35 mmol) and tricthylamine (0.1 ml,
0.70 mmol) were added to a solution of sulfone of terr-butyl 7g-chloro-3-hydroxymethylceph-3-cm-4-carbonate 7a
(120 mg, 0.35 mmol) in dichloromcthanc (6 ml). The mixture was stirred for 30 min-at room temperature. The end
of the reaction was determined by disappearance of the spot of 7a at R, 0.28 and the appearance of a ncw spot at
R, 0.50 (cluent 2:1 hexane—cthyl acctate). The solution was diluted with dichloromethane (50 ml). washed with
dilute HCI solution. dried over anhydrous Na-SQ,, and the solvent was removed at low pressure. The residue was
{ractionated by chromatography on silica gel (cluent 2:1 hexane-cthyl acctate). The fraction with R, 0.50 was
collected and evaporated to give sulfone 9a (118 mg, 65%) (98% purc by HPLC): mp 167-170°C. 'H NMR
spectrum (CDCLi): 1.57 (9H. s, ¢-Bu): 3.77 and 4.13 (2H, AB-system. ./ = 8. SO-CH:): 4.71-4.88 (3H. m. CH:Cl:.
6-H): 4.86 and 5.33 (2H, AB-system, ./ = 14, CH.OCO); 5.33 (1H.d,.J =1, 7-H).

tert-Butyl Ester of 7g-Chlero-3-(2-bromocthoxycarbonyloxy)methyleeph-3-ecm-4-carbonic  Acid
Sulfone (9b). 2-Bromocthyl chlorocarbonate (0.063 ml. 0.60 mmol) and 2.6-lutidine (0.063 ml, 0.60 mmol) were
added to a solution of 7a ¢ 100 mg, 0.29 mmol) in benzence (6 ml). The mixture was boiled for 3.5 h. The end of the
rcaction was determined by disappearance of the spot of 7a at K, 0.28 and the appearance of a new spot at R, 0.53
(cluent 2:1 hexane-cthyl acetate). The solution was diluted with dichloromethane (50 ml), washed with dilute HC
solution, dricd over anhydrous Na-SQ,, and the solvent was removed at low pressure. The residue was fractionated
by chromatography on silica gel (eluent 2:1 hexane-cthyl acctate). The fraction with R, 0.53 was collected and
evaporated to give sulfone 9b (100 mg, 70%) (97% purc by HPLC): mp 99-102°C. 'H NMR spectrum (CDCl):
1.60 (9H. s. 1-Bu): 3.57 (2H. 1. J = 8, CH:Br): 3.77 and 4.13 (2H, AB-system, .J = 1§, SO:CH:): 448 (2H, t. ./ = &,
OCOCH:): 4.77 and 5.28 (2H, AB-system. ./ = 14, CH-OCO); 4.84 (I1H, br. s, 6-H); 5.33 (1H.d../ = 1, 7-H).

tert-Butyl Ester of 7qg-Chloro-3-(4-nitrophenoxycarbonyloxy)methyleeph-3-em-4-carbonic  Acid
Sulfone (9¢). 2.6-Lutidine (0.026 ml, 0.24 mmol) was added to a solution of sulfone 7a (40 mg. 0.29 mmol) in dry
dicthy! cther (5 ml) at room temperature followed after 5 min by 4-nitrophenyl chlorocarbonate 8a (24 mg,
0.24 mmol) in two portions 30 minutes apart. The end ot the reaction was indicated by the disappearance of the
spot of 7a at R, 0.28 and the appearance of a new spot at R, 0.45 (cluent 2:1 hexanc—cthyl acctate). The solvent was
¢vaporated at reduced pressure, the residue was dissolved in methanol (3 mi), the solvent removed and the residue
fractionated by chromatography on silica gel with cthyl acctate. The fraction with R, 0.5 (2:1 hexane—cthyl acctate)
was collected and cvaporated to give sultone 9¢ (28 mg. 47%) (97% pure by HPLC): mp 52-54°C. 'H NMR
spectrum (CDCly): 1.57 (9H. s, 1-Bu); 3.82 and 4.17 (2H, AB-system. ./ = 17, SO:CH:): 4.84 (IH. s, 6-H): 4.93 and
5.37 (2H, AB-system, J = 14, CH-0CO): 533 (1H.d. /=1, 7-H): 738 and 8.28 (4H, 2 d, ./ = 10, C.H,).

tert-Butyl Ester of 7(Z)-(tert-Butoxycarbonyl)methylene-3-(4-nitrophenoxycarbonyloxy)methyleeph-
3-em-4-carbonic Acid Sulfone (9d) was prepared analogously to compound 9¢ in 35% yield (95% purc by
HPLC). R, 0.40 (clucnt 1:2 hexane-cthyl acetate); mp 67-70°C. IR spectrum (nujol): 1790, 1770, 1720, 1700 (sh):
1620, 1600 cm”'. 'H NMR spectrum (CDCL): 1.55 (18H, s, 2 r-Bu); 3.87 and 4.20 (2H. AB-system, J = 18,
SO-CH:): 5.00 and 5.44 (2H. AB-system. ./ = 14, CH-0): 5.62 (IH. br. s, 6-H): 6.62 (1H. d. ./ = 0.5, -CH=); 7.40
and 8.28 (4H.2 d../=9. C,Ha).
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tert-Butyl Ester of 7(E)-4-Nitrobenzylidene-3-(4-nitrophenoxycarbonyloxy)methylceph-3-¢cm-4-

carbonic Acid Sulfone (9¢) was prepared analogously to compound 9¢ in 63% yicld (92% purc by HPLC), R, 0.51
(cluent [:2 hexane—cthyl acetate). '"H NMR spectrum (CDCli): 1.64 (9H, s, -Bu): 3.84 and 4.22 (2H, AB-system,
J =18, SO.CH-); 4.95 and 5.42 (2H. AB-system. ./ = 13, CH-0); 5.42 (1H. br. s, 6-H); 6.98 (1H. br. s, -CH=); 7.40
and 8.31(4H.2d,/=9, C,H,-0): 8.18 and 8.30 (4H. 2d. J =9, C,H,—C=).

Bielogical Tests. The cytotoxic propertics of the synthesized substances relative to monolayers of cancer

cclls and their inhibitory activity rclative to Porcine Pancreas Elastase (Type 1) were determined by methods
described carlier [8].

The authors thank the Taiho Pharmaccutical Co. for donating free samples of 7-aminocephalosporanic and

7-aminodcacctoxyccphalosporanic acids.
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