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CEPHALOSPORINS CONTAINING 

CARBONATE FUNCTIONS 

AT POSITIONS 3 AND 7 

G. Veinberg, M. Vorona, N. Grigan, !. Kanepe, !. Shestakova, 

A. Strakov, and E. Lukevics 

Sulfime.s" ~?/ 7/3-alko.~:vcarhonylo.w-suhstituted c'ephahzv~oranic acid tert-hutvl c, stelw were svnlhe.s'ized hv 
reduction r?/ 7-o.roc'el)halo.v~oranic" acid tert-hutvl ester, ac'vlalion o f  the intermediate 
7fl-hy~h'o.wcephah~sl~oranate with 2.2.2-trichhn'oelhyl chloro/in'mate or di-tert-hutvl l~.vrocarhonate, and 
oxidation q f  the Stll/itl" a tom.  Su(lbnes o[ 7ct-chloro- and 7-alkvlidene-suhstituted 
3-alkoxvcarhonyloxvmethylcephalo.v~oranic acid left-butyl estetw were obtained hv replacement ~?/ the 
hromine atom in tert-hutvl 3-hromomello'lcephalosporanates with hvdroxv group and acvhttion ~?/ the 
latter with chlorocarhonic estetw. The cvtotoxic activity q[the .synthesized substances was studied in vitro 

and also their ability to inhibit elastase. 

Keywords: sullbncs of 713-alkoxycarbonyloxy-substitutcd ccphalosporanic acids tert-butyl esters, sulfcmcs 
of  7c~-chloro-and 7-alkylidcnc-substitutcd 3-alkoxycarbonyloxymcthylccphalosporanic acids tert-butyl 
esters, clastasc inhibitors. 

For many years the synthesis of  ccphalosporin analogs containing free hydroxyl groups in positions 3 or 7 
and also products of  their alkylation or acylation has bccn one of the priority areas lbr the structural modification 
of this antibiotic. Analysis of the literature shows that cornpounds of this type arc key intermediates in reaction 
schemes tbr the preparation of antibacterial, anti-inflammatory, and cytotoxic substances [ 1-6]. 

Thc objective of this study was to obtain new tert-butyl esters of ccphalosporanic acids containing 
carbonate functions at positions 7 or 3 of  the ccphc,'n ring (Schemes I, 2) and to study their inhibitory properties 
relative to leucocyte clastasc and also their cytotoxic activity in vitro. 

The synthesis of sulfoncs of  7[3-alkoxycarbonyloxy-substitutcd ccphalosporanatcs 5 is shown in Scheme 1. 
Treatment of  ester 1 with sodium borohydridc or tricthylsilanc in the presence of  palladium catalyst gave 

7[3-hydroxyccphalosporanatc 2. As in the case of bcnzhydryl ester of 7-oxoccphalosporinc [1], reduction of the 
oxo group occurred stcrcospccifically. The 7[3-configuration of the hydroxy group in compound 2, which assurncs 
the cis-oricntation of  the protons in positions 6 and 7, was confirmed by the corresponding spin-spin coupling 
constant, J = 4.5 Hz. 

Acylation of  the hydroxy group in compound 2 with 2,2,2-trichlorocthyl chlorofon'natc (3a) or di-tert-butyl 
pyrocarbonatc (3b) in the presence of  tricthylaminc gave ccphalosporanatcs 4a,b with carbonate functional groups 
at position 7 accompanied by partial isomcrization of  the double bond A 3 --> A 2. Oxidation of the 
7-alkoxycarbonyloxy-substitutcd ccphalosporanatcs 4a,b with meta-chloropcrbcnzoic acid (MCPBA) at 0~ gave 
the corresponding sulfoxidcs 5a,c (n = I ) and at 20~ gave the corresponding sultbncs 5b,d (n - 2). In both cases 
the reactions wcrc accompanied by double bond migration so that A~-ccphalosporanatcs wcrc the sole products. 
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3 a R = CI3CCH_,, X = CI; b R = t-Bu, X = OCOOBu-t. 4 a R = CI3CCH_,, b R = t-Bu. 

5 a R = C h C C H 2 ,  n =  I ; b R = C I 3 C C H 2 ,  n = 2 : e R = t - B u ,  n =  I ; d R =  t-Bu, n = 2  

The synthesis of 3-alkoxycarbonyloxymethylccphalosporanatc sul tbncs  9 is shown in Schcmc 2. 
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6,  7 a R I - H,  R -'= CI: b R ~ and R: = (Z)- t -BuOCOCH-:  c R t and R 2 = (Z)-CH~COCH=: 

d R ~ and R-" = (Z)-4-OzNC.H4CH =, e R ~ and R: = (E)-4-O2NC.H4CH = . 

8 a R ~ - CI3CCHz. b R ~ = BrCH_.CH2, e R; = 4-O_.NC,,H~. 9 a R I = H. R z = CI. R 3 = CI3CCH:: 

b R I = H. R 2= CI. R ~ =BrCH2CH2; c R I = H. R" = CI. R 3 = 4-OzNC,,Ha; 

d R j H R-" = (Z)-t-BuOCOCH =, R 3 = 4-OzNC~,H4; e R I and R ~ = (E)-4-O.NC~,HaCH=. R 3 = 4-OzNC,H4 

Replacement of the bromine atom in 3-bromomethylcephalonosporanates 6 a - e *  by a hydroxy group was 

carried out with ammonium trifluoroacetate [7]. It was established that the nature of the solvent had a major 

influcncc on this reaction. The maximum yicld (80%) of  3-hydroxymcthylcephalosporanatcs 7 a - e  was obtained 

with a mixture of acetone and dimcthyl tbnnamide (30:1). 

Optimization of the acylation of the 3-hydroxymcthyl groups in compounds  7 with chlorocarbonic estor 

also required variation of'the reaction conditions depending  on the nature o f  the radical R 3 in rcagents 8a-e .  In the 

case of 2,2,2-trichlorocthyl chloroformate (8a) the reaction was carricd out in dichloromethanc in the presence of 

tricthylarninc at room temperature lbr thirty minutes. For 2-bromocthyl chlorolbnnate  the analogous result was 

achieved by boiling in benzene lbr 4 h and replacing triethylaminc by 2,6-1utidinc. 

* The methods tbr the preparation and the physicochemical characteristics of tert-butyl 7-alkylidene-3- 

bromorncthylccphalosporanatcs 6b-e will bc published in a separate paper. 
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Acylation of  3-hydroxymcthylcephalosporanates 7a-c with para-nitrophenyl chlorocarbonatc (8c) in 
dicthyl ether in thc presence of  2,6-1utidinc at room temperature appears to be more effective than the use of  
pyridinc [5] or a combination of  2,6-1utidine with 4-dirnethylanlinopyridinc in tctrahydrofuran [6] recommended 
for analogous compounds. Unlike the esters 9a,b, ccphalosporanatcs with R ~ = 4-O_,NCr, H~ (9c-e) decompose 
rapidly in the prescnce o f  water, strong bases (tricthylaminc, DBU),  or on increasing the tcmperature. 

For some of  the compounds synthesized their cytotoxic  propcrtics in vitro against two lines o f  cancer cells 
- HT-1080 (human fibrosarcoma) and MG-22A (mousc hcpatoma) - were studied, and also their ability, to inhibit 
the amidolytic activity o f  clastasc relative to the standard substratc, para-nitroanilidc o f  N-methoxysuccinyl-Ala- 
Ala-Pro-Val. 

The concentration of  substance which providcd 50% of  tumor death cffcct in vitro (TD~.) (see Table I) 
was detcnnincd by a standard methods based on the intensity o f  the cell membrane coloration with crystal violct and 
on the rcdox activity of  mitochondrial enzymes with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphcnyltetrazolium bromide. 

The concentration of  substance which decreased to 50% the catalytic activity (IC~..) o f  Porcine Pancreas 
Elastasc, Type [11, against the substrate was determined photocolorimetrically by the method adaptcd for 96 
chamber panels (sec Table I). 

Of  the substances tested, only 7ot-chloro-3-hydroxymcthylccphalosporanatc 7a showed a measurable 
cytotoxic activity towards the cancer cells. The high inhibitory activity towards clastascs of  
7ct-chlorocephalosporanates 9a-c, modified in position 3 by carbonate groups was very unexpected. Compounds 
9b (R I - H, R-" - CI, R ~ = BrCHzCH_,) and 9c (R t - H, R-" = CI, R ~ = 4-O:NC,,H4) were four times more effective 
than one of  the most clastase inhibitors, tert-butyl ester o f  sulfone of  7ct-chloroccphalosporanic acid [2]. 

E X P E R I M E N T A L  

~H NMR spectra of  CD('I~ solution with TMS as internal standard (6, ppm: .I. Hz) were recorded with 
Bruker WH-OO/DS (90 MHz) spectrometer. IR spectra o f  nujol mulls were recorded with a Perkin-Ehncr 5~()B 
spectrometer. Elemental analyses were carried out with a Carlo Erba l lOg instrument. HPLC data were obtaincd 

TABLE 1. Biological Properties o f  Some Structural Analogs ot" 
Cephalosporin 
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* Conccnlration causing 50% destruction of  cells. 
,2 Coloration with crystal xiolet. 
*~ Coloration with 3-(4,5-dinaethylthiazol-2-yl)-2,5-diphenyltetrazoliunl 
bromide. 
*~ 50% Inhibition o f  the amidolytic activity o f  Porcine Pancreas Elastasc 
(Type 111) relative to pura-nitroanilide o f  N-mcthoxysuccinyl-Ala-Ala-Pro- 
Val substrate. 
*~ tert-Butyl ester o f  sulfonc of  7ct-chloroccphalosporanic acid. 

746 



with Du-Pont Model 8800 machine equipped with a UV detector (k = 254 nm) and a column (4.6 • 250 rnrn) filled 
with Symmetry  C~s, with 60:40 acetonitrilc-0. I N phosphate buffer with pH 2.5, and a flow rate of0 .8-1 .5  ml/min. 
Optical densities in biological tests, conducted in 96 charnber panels, were measured with a Tetertek Multiscan 
MCC/340 horizontal spectrophotonleter. Reactions were monitored by TLC on Merck Kicselgel strips with UV 
detection. Merck Kiesclgcl (0.063-0.230 rain) was used for prcparativc column chromatography. Reagents from 
Aldrich, Acros, and Sigma were used in the experiments. 

tert-Butyl Ester of 7]3-Hydroxycephalosporanic Acid (2). A. The ter/-butyl ester o f  
7-oxocephalosporanic acid I was reduced with sodium borohydride by a known method [ 1 ]. Yield 46%, containing 
96% o f  the required substance according to HPLC: mp 115-117~ (diethyl ether). IR spectrum (nujol): 3350, 
1740, 1720 c m  ~. ~H NMR spectrum (CDCI~I: 1.53 (gH, s, t-C4H,~): 2.08 (3H, s, CH~): 3.13 ( IH,  in, OH); 3.33 and 
3.60 t2H, AB-systcm, ,] = 19, SCH:): 4.80 and 5.08 (2H, AB-system, .1 - 14, CH:O): 4.93 (I H, d, .] = 4.5, 6-H): 
5.31 ( IH,  m, 7-H). 

B. Bis(triphenylphosphine)palladiumt[I) chloride (8.8 rag, 0.012 tool) and triphcnylphosphine (4.8 rng, 
0.018 lnmol) were added to a solution of  acid I (200 rag, 0.62 retool) and triethylsilane (150 rng, 0.94 inmol) in 
DMF ( I0  ml). The mixture was heated for 2 h at 40-50~ cooled, diluted with dichloromethane (40 ml), and 
poured into a solution of  dilute hydrochloric acid. The organic layer was separated, washed with water, dried over 
Na,SO4, and evaporated. The residue was fractionated on a silica gel chromatographic column (eluent 1:2 ethyl 
acetate-petroleum ether). The traction with R, 0.11 was concentrated and evaporated to give a crystalline 
substance (20 nlg, 40%) with physicochemical constants analogous to those o f  the product from method A, 

tert-Butyl Ester of 7[3-(2,2,2-Trichloroethoxyearbonyloxy)cephalosporanic Acid Sulfoxide (5a). 
2,2,2:Trichloroethyl chlorocarbonatc (0.16 ml, 1.22 retool) and triethylamine (0.17 ml, 1.22 mrnol) were added to 
a solution o f  tert-butyl 713-hydroxyccphalosporanate (200 rag, 0.61 tool)in dichloromethane {10 ml), the mixture 
was stirred for 30 rain at room ternpcraturc until the TLC spot at R~ 0.21 of  starting material 2 disappeared and a 
new spot appeared at R, 0.62 (eluent I:1 hexanc-cthyl acetate). The reaction mixture was washed with sodium 
carbonate solution and water, and dried over anhydrous NazSO4. The solvent was removed at reduced pressure and 
the residue was fractionated on a silica gel column (cluent I:1 hexanc-ethvl acetate). The fraction with R~ 0.62 was 
collected and evaporated to give a I:1 mixture o f  tert-butyl 3-acetoxymcthyl-7[3-(2,2,2-trichloroethoxy- 
carbonyloxy)ccph-3-cm-4-carbonatc and tert-butyl 3-acetoxymcthyl-7[3-(2,2,2-trichlorocthoxycarbonyloxy)ccph-2- 
em-4-carbonatc 4a (214 rag, 70%) based on the proton intensities in the ~H NMR spectrum. ~H NMR spectrum of  
the A t isolner (CDChI: 1.55 (9H, s, t-Bu), 2.09 (3H, s, CHO; 3.33 and 3.60 (2H, AB-systeln, J = 19, SCH2): 4.15 
I2H, s CChCH2)', 5.11 and 5.28 (2H, AB-system, J = 14, CH:O),  4.93 (I H, d, J = 4.5, 6-H): 6.06 ( 1 H, d, .1 = 4.5, 
7-Hi. tH NMR spectrum o f  the A-" isomer (CDCh): 1.49 (9H, s, t-Bu): 2.09 (3H, s, CH0,  4.15 (2H, s, CCI~CH,)', 
4.55 and 4.80 (2H, AB-system, J - 13, CH:O): 4.97 ( I H, s, 4-H): 5.44 ( I H, d, J = 4.5, 6-H): 5.77 ( 1 H, d, .l = 4.5, 
7-H ): 6.44 ( 1 H, s, 2-H ). 

meta-Chloropcrbenzoic acid (147 rag, 0.60 mmol) was added to a solution o f  a mixture o f  esters 4a 
(100mg,  0.19 re too l ) in  dichloromcthane (10 ml), the mixture was stirred for I h at O~ diluted with 
dichloromcthanc (20 ml), washed with 5% Na:SO~ solution (50 ml) and 5% Na:CO3 solution, and dried 
over anhydrous Na:SO4. The solvent was removed under reduced pressure and the residue was fractionated 
by chromatography on silica gel with ethyl acetate as cluent, The fraction with R~ 0.20 I 1:1 hexane-ethyl acetate) 
was collected and evaporated to give tert-butyl ester o f  7]3-(2,2,2-trichloroethoxycarbonyloxy)-ccphalosporanic 
acid sulfoxide 5a as an amorphous powder (82 rag, 80%) containing >96% o f  the required material according to 
HPLC. iH NMR spectrum (CDCIO: 1.51 (9H, s, t-Bu): 2.11 (3H, s, CH~): 3.48 and 4.09 (2H, AB-sys tem, . l  = 18. 
SOCH_,): 4.75 and 5.13 (2H, AB-system, .1 = 14, CH_,O); 4.77 (2H, s, CChCH_,): 4.84 ( I H, d. J = 5, 6-H); 6.26 ( I H, 
d, . I -  5, 7-H ). 

tert-Butyl Ester of 7~-(2,2,2-Trichloroethoxycarbonyloxy)cephalosporanic Acid Sulfone (5b). 
mcta-Chloroperbcnzoic acid (147 rag, 0.60 retool) was added to a solution o f  a mixture o f  esters 5a (82 rag, 
0.15 tool) in dichloromethane 110 roll and the mixture was stirred tbr 3 h at room temperature, diluted with 
dichloromethane (20 ml), washed with 5% Na2SO~ solution (50 roll, 5% Na:CO~ solution, and dried over 
anhydrous Na~SO4. The solvent was removed under reduced pressure and the residue was fractionated on a silica 
gel column (eluent ethyl acetate). The traction with Rt 0.43 (1:1 hcxane-ethyl acetate) was collected and 
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cvaporatcd to givc thc tort-butyl cster o f  713-(2,2,2-trichlorocthoxycarbonyloxyjccphalosporanic acid sultbne (5bl 

(75 mg, 91%), containing 95% of  thc rcquircd product according to HPLC: mp 84-87~ ~H NMR spectrum 
(CDCh): 1.60 (9H, s, t-Bul: 2.13 (3H, s, ( 'H;/:  3.71 and 4.02 12H, AB-systcm, . /=  18, SO,CH:):  4.80 and 5.24 
12H, AB-systcm, .1 - 14, CH_,O): 4.86 (2H, s, ('CI~CHz): 4.91 ( I H. d, .1 : 5, 6-H): 6. I I ( I H, d, .I = 5, 7-H). 

tert-Bulyl Ester of 7~3-(tert-Butoxycarbonyloxy)cephalosporanic Acid Sulfoxide 15c). Di-tert-butyl 
pyrocarbonatc (663 rag, 3.04 retool) and tricthylaminc (0.42 ml, 3.04 retool) wcrc added to a solution o f  the 
tert-butyl ester o f  71?,-hydroxyccphalosporanic acid (500 rag, 1.52 retool) in dichloromcthanc (I 0 ml). Thc mixture 
was boiled until thc TLC spot o f  thc starting material at Rr 0.21 disappeared and a ncw spot appcarcd at 
Rr 0.57-0.65 (cluent 1:1 hexanc-ethyl acetate). The mixture was washed with Na_,CO- solution, water, and dried 
over Na_,SO~. Thc solvcnt was cvaporatcd ar reduced prcssurc. The rcsiduc was fractionatcd by chromatography on 
column with silica gel (clucnl l:l hcxanc-cthyl acetate). The fraction with R~ 0.60 was collected and evaporated to 
givc 500 mg (76%) o f  a mixture o f  tert-butyl 7[3-(tert-butoxycarbonyloxy)-3-acctoxymcthylccph-3-cm-4-carbonatc 
and tert-butyl 7[5-(tert-butoxycarbonyloxy)-3-acctoxymcthylccph-2-cm-4-carbonatc 4b in a ratio o f  2:1 l according 
to proton signal intensities in the ~H NMR spcctra). ~H NMR spectrum of  the A ~ isomer ICDCI~): 1.28-1.55 (18H, 
s, 2 t-Bu): 2.00 (3H, s, CH~): 3.24 and 3.51 12H, AB-systcm, .I = 19, SCHz): 4.68 and 5.00 (2H, AB-systcm, J - 14, 
CHzO): 4.95 ( IH,  d, ./ = 4.0, 6-H): 5.84 (IH, d, .1 - 4.0, 7-H). EH NMR spcctrum of  the /3-" isomer (CDC13): 
1.28-1.55 (18H, s, 2 t-Bu): 2.00 (3H, s, CH-): 4.44 and 4.69 (2H, AB-systcm, ,1 = 13, CHzO): 4.82 ( IH,  s, 4-H): 
5.28 ( 1 H, d, .I = 4.0, 6-H): 5.33 ( 1 H, d, .1 = 4.0, 7-H): 6.35 ( I H, s, 2-H). 

The cstcr mixture 4b was oxidized with meta-chloropcrbcnzoic acid in 84% yield, analogously to the 
synthesis o f  sultbxidc 5a, to give tert-butyl ester of  7[5-(tert-butoxycarbonyloxy)ccphalosporanic acid sulfoxidc 5c 
with R~ 0.31 (clucnt 1:2 hcxanc-cthyl acetate): mp 122-123~ bH NMR spectrum ICDCI~): 1.55 (18H, s, 2 t-Bu): 
2.11 (3H, s, CI-I~): 3.51 and 4.04 (2H, AB-system, ,I - 17, SOCI-I,): 4.77 (IH, d, .I = 5, 6-H): 4.80 and 5.13 12H, 
AB-systcm, d = [4, CHzO): 6.[5 (IH,  d, ./ - 5, 7-H). Found, %: C 51.04: H 6.14: N 3.09. Ct,)H_,TNO,,S. 
Calculated, %: C 51.23: H 6.11: N 3.14. 

tert-Butyl Ester of 7[3-(tert-Butox~'carbonylox~')cephalosporanic Acid Sulfonc (5d) was obtained in 
60'!'o yield by oxidation of  ccphalosporanate 5c with mcta-chloropcrbcnzoic acid analogously to the synthesis o f  
sulfone 5b. Rr 0.57 (clucnt 1:2 hcxanc-cthyl acetate): mp 114-116~ ~tq NMR spectrum (CDCI,): 1.53 (9H, s. 
t-Bu): 1.57 (9H, s , / -But :  2.11 (3H, s, CHO: 3.66 and 3.97 (2H, AB-systcm, .f = 17, SO_~('H_-): 4.80 and 5.22 (2H, 
AB-systcm, CH_,O): 4.86 (IH, d, .1 - 5, 6-1-[): 6.04 (IH,  d, ./ = 5, 7-H). Found, %: C 49.50; H 5.87: N 2.98. 
CI,,Hz:NOI.,S. Calculated, %: C 49.45: H 5.90: N 3.04. 

tert-Butyl Ester of 7a-Chloro-3-hydroxymcthylceph-3-em-4-carbonic  Acid Sulfone (7a). Ammonium 
trifluoroacctatc (500 nag, 3.80 retool) was addcd to a solution o f  tert-butyl 7(t-chloro-3-bromomcthylccph-3-cm-4- 
carbonatc 6a (300 nag, 0.75 retool) in a mixture of  acetone 16.0 ml) and DMF 10.2 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 dried over 
anhydrous Na_,SO4, and the solvcnt removed under reduced pressure. The residue was fractionatcd by 
chromatography on a silica gel column (clucnt 1:2 hcxanc-cthyl acetate). The fraction with R~ 0.35 was collected 
and evaporated to give tert-butyl ester o f  sullbnc 7a (200 nag, 79%): mp 126-127~ [R spectrum (nujol): 35(10, 
1810, 1720 crn ~. IH NMR spectrum (CDCh): 1,57 It)H, s, t-Bu): 2.42 (IH, br. s, OH): 4.02 12H, s, CH~O): 4.09 
and 4,51 (2H, AB-sys tcm, , /=  14, SO_-CHz): 4.77 (IH, d, , /=  1, 6-H); 5.31 (IH, d, .1 = I, 7-H). Found, %: C 42.53: 
H 4.67: N 4.08. Ct_~H,,('INO,,S. Calculated, %: (_' 42.67: H 4.77: N 4.15. 

tert-BuD'l Ester of  7(Z)-(tert-Butox~'carbonyl)methylene-3-hydroxymethylceph-3-em-4-carbonic 
Acid Sulfone (7b) was obtaincd from tert-buty, l 7(Z)-(tert-butoxycarbonyl)mcthylcnc-3-bromo,nctlaylccph-3-cm-4- 
carbonate 6b analogously to 7a with a yield of  71%, R~ 0.14 (cluent 1:2 hcxanc ethyl acctatc): mp 48-50~ 
content o f  the required material 95% according to HPLC data. ~1t NMR spectrum (CDCI,): 1.55 (18H, s, 2 t-Bu): 
3.88 and 4.15 (2H, AB-systcm, .I = 14, SO.,CH_,): 4.00 (IH,  br. s, OH): 4.11 and 4.57 (2H, AB-systcm, ./ = 14, 
CH_,O): 6.53 ( I H, d, .I - I, 6-H); 6.57 ( I H, d, . /= I, 7-H). 

tert-Butyl Ester of 7(Z)-Acetylmelhylene-3-hydroxymclhylceph-3-em-4-carbonic Acid Sulfone (7c) 
was obtained from tert-butyl 7(Z)-acctyhncthylcnc-3-bromomcthylccph-3-cm-4-carbonatc 6c analogously to 7a as 
an oil with a yield o f  67%, R, 0.14 (clucnt 1:2 hcxanc-ethyl acetate). Content of  required material 95% according 
to HPLC. JH NMR spectrum (CDCh): 1.60 (9H, s, t-Bu): 2,44 (3H, s, CFhCOC=): 4,02 and 4.57 (2H, AB-systcm, 
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. /= 14, SO_,CHz ); 4.04 (2 H. s, C HzO): 4.22 ( I H, br. s, OH): 5.60 (I H, br. s. 6-H), 6.91 ( I H, d, .I = 1, 7-H). 
tert-Butyl Ester of 7(Z)-4-Nitrobenzylidene-3-hydroxymethylceph-3-em-4-carbonic Acid Sulfone (70) 

was obtained from tert-butyl 7(Z)-nitrobenzylidene-3-bromomethylceph-3-em-4-carbonate 6d analogously to 7a in 
40% yield as an amorphous substance, R, 0.28 (eluent I:1 hexane-ethyl acetate) containing 94% of  the required 
material according to HPLC. ~H NMR spectrum (CDCI3): 1.60 [9H, s, t-Bu): 2.86 (IH, br. s, OH): 4.11 (2H, s, 
Ct-L,O): 4. I3 and 4.55 (2H. AB-system, .I = 14, SO_-CH_,); 5.62 (1H. br. s, 6-H): 7.44 (I H. br. s, -HC=),  7.,',16, g.28 
(4H, 2 d, , I -  9, C,.H4). 

tert-Butyl Ester of 7(E)-4-Nitrobenzylidene-3-hydroxymethylceph-3-em-4-carbonic Acid Sulfone (7e) 
was obtained from tert-butyl 7(E)-nitrobcnzylidene-3-bromomcthylceph-3-em-4-carbonate 6e analogously to 7a in 
60% yield as an amorphous substance, R, 0.17 (eluent 1:1 hexane-ethyl acetate) containing 95% of the required 
material according to HPL('. tH NMR spectrum (CDCI~): 1.63 (9H, s, t-Bu): 3.35 (IH, br. s, OH), 4.04 (2H, s, 
CH_,O): 4. II and 4.53 (2H, AB-systcm, .l 14, SO,CHz), 5.28 (1 H, br. s, 6-14): 6.95 (l H, br. s, -HC=): 8.13, 8.26 
(4H, 2 d, . /= 9, C,,H4). 

tert-Butyl Ester of 7ot-Chloro-3-(2,2,2-Trichloroethoxycarbonyloxy)methylceph-3-em-4-earbonic 
Acid Sulfone (9a). 2,2,2-Trichloroethyl chlorocarbonate {48 rag, 0.35 retool) and triethylamine (0.1 ml, 
0.70 retool) were added to a solution of  sult'onc of tert-butyl 7ct-chloro-3-hydroxyrnethylceph-3-em-4-carbonate 7a 
(120 rag, 0.35 retool) in dichloromcthane (6 ml). The mixture was stirred for 30 rnin.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 new spot at 
Rr 0.50 (eluent 2:1 hexane-ethyl acetate). The solution was diluted with dichloromethane (50 ml), washed with 
dilute HCI solution, dried over anhydrous Na_,SO~, and the solvent was removed at low pressure. The residue was 
fractionated by chromatography on silica gel (eluent 2:1 hexanc-ethyl acetate). The traction with R, 0.50 was 
collected and evaporated to give sultbne 9a (118 rag, 65%) (9g'!,, pure by HPLC): mp 167-170~ ~I-t NMR 
spectrum (CDCI~): 1.57 (gH, s, t-Bu): 3.77 and 4.13 (2H, AB-system, .I - 18, SO_,CH,): 4.71-4.88 (3H, m, CHzCI~. 
6-H): 4.86 and 5.33 (2H, AB-system, .I - 14, CH, OCO): 5.33 (I H, d, .l - I, 7-1-1). 

tert-Butyl Ester of 7o.-Chloro-3-(2-bromoethoxycarbonyloxy)methylceph-3-em-4-carbonic Acid 
Sulfone (9b). 2-Bromoethyl chlorocarbonate (0.063 ml, 0.60 mrnol) and 2,6-1utidine (0.063 ml, 0.60 retool) were 
added to a solution ot '7a ( 100 rag, 0.29 retool) in bcnzenc (6 ml). The mixture was boilcd lbr 3.5 h. The end ot'thc 
reaction was determined by disappearance of the spot o f  7a at R~ 0.28 and the appearance of  a new spot at R~ 0.53 
(eluent 2:1 hcxanc-cthyl acetate). The solution was diluted with dichloromcthanc (50 ml), washed with dilute HCI 
solution, dricd over anhydrous Na_,SO4, and the solvent was removed at low pressure. The residue was fractionated 
by chromatography on silica gcl (cluent 2:1 hexanc-ethyl acetate). The traction with R, 0.53 was collected and 
evaporated to give sullbne 9b (100 mg, 70'!,) (97% pure by HPLC): mp 99-102~ IH NMR spectrum [CDCI~): 
1.60 (9H, s. t-Bu); 3.57 (2H, t ,J  ~ 8, CH_,Br); 3.77 and 4.13 (2H, AB-systcm, . / -  18, SO:C'H:); 4.4,',I (2H, t , .1: 8, 
OCOCHz); 4.77 and 5.28 (2H, AB-system, ,I - 14, CH_,OCO); 4.84 (IH, br. s, 6-H); 5.33 (IH, d , J  = I, 7-H). 

tert-Butyl Ester of  7ct-Chloro-3-(4-nitrophenoxycarbonyloxy)methylceph-3-em-4-carbonic Acid 
Sulfone (9c). 2,6-Lutidine (0.026 ml, 0.24 retool) was added to a solution of sulfone 7a (4CI tug, 0.29 retool) in dry 
dicthyl ether (5 ml) at room temperature followed after 5 rnin by 4-nitrophenyl chlorocarbonate 8a (24 mg, 
0.24 retool) in two portions 30 minutes apart. The end of  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 (elucnt 2:1 hexane-cthyl acetate). The solvent was 
evaporated at reduced pressure, the residue was dissolved in methanol (3 ml), the sohcnt removed and the residue 
fractionated by chromatography on silica gel with ethyl acetate. The fraction with R, 0.5 (2:1 hexane-ethyl acetate) 
was collected and evaporated to give sullbnc 9c (28 rng, 47%) (97'!~, pure by HPLC'); mp 52-54~ *H NMR 
spectrum (CDCI,): 1.57 (9H, s, t-Bu); 3.82 and 4.17 (2H, AB-sys tem, . / :  17, SO_,CIt_,); 4.84 (IH, s, 6-H); 4.93 and 
5.37 (2H, AB-systcm,.] = 14, CHzOCO); 5.33 (IH, d, J = I, 7-H); 7.38 and 8.28 (4H, 2 d , . /=  10, C,,H4). 

tert-But~.'l Ester of 7(Z)-(tert-Butoxycarbonyl)methylene-3-(4-nitrophenoxycarbon?'lo~y)methylceph- 
3-em-4-carbonic Acid Sulfone (9d) was prepared analogously to compound 9c in 55% yield (95% pure by 
HPLC), R/0.40 (cluent 1:2 hexanc ethyl acetate); mp 67-70~ IR spectrum (nujol): 1790, 1770, 1720, 1700 (sh); 
1620, 1600 cm ~. ~H NMR spectrum (CDCI~): 1.55 ( IgH,  s, 2 t-Bu); 3.87 and 4.20 (2['1, AB-system, ./ - 18, 
SOzCH_0:5.00 and 5.44 (2H, AB-system, .I - 14, CHzO); 5.62 (1 H, br. s, 6-H); 6.62 (1 H, d, J = 0.5, -CH=); 7.40 
and 8.28 (4H. 2 d . .1-  9, C,,H4). 
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ter t -Buty .  I Ester of  7(E)-4-Nitrobcnzylidene-3-(4-nilrophenoxycarbonyloxy)melhylceph-3-em-4- 
carbonic Acid Sulfone (9e) was prcpared analogously to compound 9c in 63% yield (92% pure by HPLC), R~ 0.5 l 
(cluent 1:2 hcxane-cthyl acetate). IH NMR spectrum (CDCI3): 1.64 (9H, s, t-Bu): 3.84 and 4.22 (2H, AB-systcm, 
,1 = 18, SO,_CH_,); 4.95 and 5.42 (2H, AB-systcrn, ,/= 13, CH_,O); 5.42 (I H, br. s, 6-H); 6.98 (I H, br. s, -CH=I; 7.40 
and 8.31 (4H, 2 d, .1 = 9, Cr 8.18 and 8.30 (4H, 2 d, J = 9, C,H4-C=). 

Biological Tests. The cytotoxic propcnics of  the synthcsizcd substanccs relativc Io monolaycrs of  cancer 
cclls and their inhibitory activity rclativc to Porcine Pancreas Elastasc (Typc III) wcrc dctcnnincd by mcthods 
dcscribcd carlier [8]. 

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