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Abstracl - A series of C(2)-substituted [methyl, carboxy and carboxymethyll cephems 

have been prepared. Test data show a significant reduction in antiblot~c activity. 

Penicillin binding protein (PBP) studies show a decreased affinity to essential PBP-3 

in S ,  aureus X1.l and E toll K12. The effect is believed to be steric in nature. 

We recently reported the synthesis of N-Boc-cephems using Boc anhydride, DMAP 14-dimethylamino- 

pyridinel on the cephem amides.' I1 to 21 

Although this reaction also works on the a or R sulfoxides, the corresponding p o r  S sulfoxides 

failed to give the N-Boc derivatives, resulting instead in C-carboxylation to give the C(2)-t-Bu 

ester 5.  



(0)" 

I 
(0)" 

I 
.COZ 1-6" 

[BccIzO - DMAP 1 6  

U 1 PNB M e  
U 1 PNB CI 
M e  1 TCE M e  
U 1 PNB OMe 
U 1 BH CH20Rc 
U I M e  H 
U 1 PNB H 
U 1 BH H 
U 1 PNB OCHPh2 
U 2 allyl M e  
PNB = P-nitrobenzyl; TCE = trichloroethyl; 
BH = diphenylrnethyl; U = phenonyacetyl 

Cephem sulforles also gave C(2)-carboxylation, u s m g  IBoc120-DMAP, but required somewhat longer 

reactior~ Limes 14 h vs 30 min to 2 h] 

Recycling 4 [R,R"=He,R'=TCE]IpKa=6.4] under the reactlait condlt~ons falled ta glve  any new 

products, ie the N-Boc derivatives or dicarboxylation, while attempts to alkylate 4 IR,R3'=Me, 

R'=TCE] or the ~orre~poiiding C(21-methyl ester ["ida infra] with alkyl halides, for example methyl 

iodide, also failed, either at C(2) or C(4) 

The fl-sulfoxide is known to activate the C(2)-position of the cephem molecule sufficiently for it 

to the knnich2 reaction, chlorinarion3, alkylatian4'5, thiolatlon6 and diazo exchange7. 

The a-sulfoxides, which are not intramolecularly hydrogen bonded to the amide proton, are known, 

however, to behave differently from the B-s~lfoxides.~'~''~ 

Miller has shown that simple sulfoxides can be alpha-carboxylated with [BocI20 under somewhat more 

drastic conditions ILUAI ." 
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Campbell has reported that attempts to directly carboxylate the cephem sulfoxide uslng alkyl 

chloroformates-triethylaminn resulted in C(2)-alkvl carbonates via a P m e r e r  mechanism.' 

Acid (TFA=trifluoroaceticl cleavage of the t-butyl ester 4 gave the intermediate sulfoxide 

C(2)-carboxylic acid which readily underwent decarboxylation, analogous ta a p-keto carboxylic 

acid. 

Sulfaxide reduction of 4 [C(3)-MeI using PBr3 (80-90%) or acetyl bromidelamylene (80%) vent 

cleanly to give the sulfide-C(2)-r-Bu-ester whose stereochemistry was shown to be a by mr 

studies. Thus 5 and its 8-sulfoxide showed an NOE between the C(3l-Me and the C(2)-methine, 

indicating that the C(2)-proton is in the p-configuration. One would also predict carboxylation 

from the leas hindered a-face of the molecule. 

GE&Jy F I ~ 2  C02  PNB 

Me 0 . Me Me 
I 
COzTCE 

I C O ~ H  c q  PNB 

5 6 1 
G=phenylacetamido Ft=phthalimido 

Yoshimoto et al. have prepared 6 from penicillin via a carbenoid reaction followed by a Michael 

reaction [35%1 and ester deblocking. Its stereochemistry was shown to be C(2)-B-carboxy via W 

between H ~ - H ~ . ' ~  

Kametani er al., via an analogous route of Yashirnoto's, have prepared 1 [14% overall], and their 

stereochemical assignment is C(2)-a-carbaxy based on long range HZ-H7 ~oupling.'~ We observe no 

HZ-H7 coupling, however, it is known that the phthalimido side chain accentuates this type of 

coupling." 



Me t -BuIH ATMO = 
ATMO H HzN OMe 
PhCH(NH2) H 

Acid cleavage of the t-Bu ester sulfide gave a stable sulfide-C(2)-acid 9 which on t r e a t m e n t  with 

diazomethane gave 61% chromatographed C(2)-methyl ester. Attempts to prepare the C(2)-diazomerhyl 

ketone via axalyl chlorideldiazomethane or ethyl chloroformate/base/diiiiiithhne failed. We 

desired the diazomethyl ketone in order to study the intramolecular sulfur-ylide type 

rearrangement1* and the Arndt Eistert reaction. 

Application of Yamada's modified Curtius reaction also proved fr~itless.'~''~ 

Side chain cleavage [PC15j of 8 vent smoothly [80%1, and g was acylared and deblocked to give the 

various acids 11, all of which showed poor antibiotic activity [MICs of 64-1281. 

The C(2)-carbonymethylcephhhh 13 were then prepared by a slight modification of Kim's procedure5. 
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I I 
BrCH2CO2 t-Bu - 

NaH or NaOH / DMF 

a u Z  M e  A I I ~ I  62 
b M e  I M e  TCE 8 3  
c U  I CH20Ac PNB 40 
d U I  OME PNB 43 + 28%C(4) 
e U I  SMe PNB 50 
f U 1  CI PNB 70-80 
g u l  H BH 58 
h U 1  CI M e  55 

n = l  i s  P-sulfonide only. 

Only in the c a s e  of C(3)-OMe did we observe any significant amounts of C(h)-alkylation l28%1. The 

stereochemical assignment at C ( Z ) ,  when R' is methyl, was confirmed to be ar-carboxymethyl by 

observing a n  NOE between the C(3)-Me and the C(2)-methine. The C(2)- stereochemistry of the major 

isomer of the other C(3)- derivatives is assumed to be a-carboxymethyl. There w a s ,  however, mr 

evidence for the presence of the ather C(2)-isomer. 

Attempts to cyclize the various sulfaxide carboxylrnethyl derivatives 14 and to the tricyclic 

lactones or thiolactones were not successful. 



0 
\ 

RcONHk,g';>-\c" 

' SH 

C 0 2 R  
0 

4 R' = OMe, 0-t-Bu, C1 

R = V  
R' = PNB, Me 

synthesis of the diazomethyl ketone 18 was successful and it underwent the Amdt-Kistert reaction 

in 51%. The rhodium catalyzed ylide reaction yielded two products whose irs showed the presence 

of B-lacram and whose mass spectra showed loss of nitrogen and the addition of hydrogen. The 

products ,  however, were unstable. 

I 
unstable 

b-lactam products 

Sulfoxide reduction of 2 followed by side chain cleavage, acylation and deblocking gave the 

various acids z, all of which showed very poor antibacterial activity. 
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P ~ C H ~ N H ; )  Me CI 
ATMO H Me 

since the minimal inhibitory concentratians (MICs) of the C(L)-~~rboxy and carboxymerhyi cephems 

were so poor we prepared the C(2)-o and B-methyl derivatives 5 and 22 of cephalexin via wright's2 

chemistry. 

Both showed the same level of activity, which was significantly less than that of cephalexln 

KamiyaL7 and LongL8 have shown that C(2)-methyl-C(3)-hydrogen derivatives are in m o s t  cases equal 

or slightly better in activity than the corresponding C(3)-Me-C(2)-hydrogen compounds. We then 

prepared and 3. 3 showed poor MICs while 3 showed reduced activity- E. & IEC141 va lue  of 

1 v s .  .015 for the corresponding descarboxymethyl derivative. 

23 PhCH(NH,) 
24 - ATMO 



Expression of antibacterial activity by p-lactam antibiotics can be generalized to require 

coincidence of at least three factors: physical access to the bacterial target enzyme ( e . g . ,  

outer membrane permeability), avoidance of destruction by bacterial enzymes (e.g., p-lactamases), 

and the ability to bind to and inactivate the target enzymes (penicillin binding proteins). In an 

attempt to determine the reason for the lack o f  activity expressed by some of the compounds in 

this series, we studied their binding affinity for the PBPE in B-lactamase free inner membrane 

preparations of Staphylococcus aureus and Escherichia K12.'* 

In 6-lactamase negative strains of S .  aureus and E. & such a s  the ones used in this study, 

cephalosporins usually bind ta one o f  the essential PBPs at concentrations similar to the observed 

MICs in whole cell experirnent~.~~ Deviations from these must be attributed to 

other factors. We found general agreement between the affinity for PEP3 and the MIC for most of 

the compounds tested. Thus, we conclude that in most c a s e s ,  the high MICs for these compounds can 

be attributed to low affinity for the essential PEPS in the rest organisms. 

EXPERIMENTAI 

The following instruments were used for obtaining the spectral data: 'H nmr: Varian T-60, G.E. 

QE-300; ir spectra: Perkin Elmer 281; mass spectral data: Varian-m.a.t.-731. NOE data were 

collected on a Bruker Wn-270 spectrometer. using the Aspect 3000 data system. The "difference 

method" was used to determine the NOES." All chromaiagraphic separations were done using Merck 

silica gel (Kieselgel 60). 

Trichloroethyl (7~)-Acetamido-(2a)-t-butoxycarbonyl-3-merhyl-3-cephem-4-carboxyla~e-l-~-oxide 

(S). 

The rrichloroethyl (7~)-acetamido-3-methyl-3-cephem-4-c~rbbxyl-l--oxid (&) [12.43 g, 30.8 

moll was combined with 13.44 g (61.6 mmol, 2 eq) of [BocInO and 3.951 g (32.3 mmol, 1.05 eq) of 

DMAP in 425 ml of CHzC12. After stirring 30 mi" at room temperature the mixture was washed with 

cold 1N HC1 and brine, dried (NazS04), evaporated to dryness and chromatographed an silica gel 

using 20% ethyl acetate-toluene vs 20% acetone-ethyl acetate gradient to give 8.3 g [54%1 product 

as a froth; mlr 504; ir v (CHC13) 1795 cm-' (p-lactam); uv A (EtOH) 265 nm, e=8,490, 373 nm, 

~=17,500; nmr (CDCl3) 6 1.52 ( s ,  9, t-bu), 2.07 ( s ,  3, A c ) ,  3.97 ( s ,  3, vinyl Me), 4.53 ( s ,  1, 

Hz), 4.80 (d, J=4 Hz, 1, H6), 5.00 (s. 2, TCE), 6.12 (dd, J=4,10 Hz, 1, H7), 6.88 (d, J=10 Hz, 1, 

NH) . 
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The corresponding sulfoxide (237 mg, 0.47 mmol) was dissolved in 8 ml of acetonitrile and 2 

ml of DllF and treated at ODC with 0.07 ml (0.706 mmol, 1.5 eql of PBr3 for 10 min, followed by 10 

mi" at room temperature. The mixture was combined with ethyl a c e t a t e  and washed wirh water, 

brine, dried (Na2SO.1, evaporated and chromatographed on silica gel using a taluene-ethyl acetate 

gradient to give 194 rng (85%) product as a froth; mlr 487, 397; ir u (CHCIS) 1780 cm-' ip-lactam); 

uv A (EtOH) 264 nm, c=6,350; nmr (CDC13) 6 1.52 ( s ,  9, t-bu), 2.05 i s ,  3, Ac), 2.20 (s, 3, vinyl 

He), 4.00 ( s .  1, HZ), 4.97 ( s ,  2 .  TCE), 5.37 ( d ,  J=5 Hz. I, H6), 5.93 (dd, J=5, 8 He. 1, H7), 6.90 

(d, J=8 Hz, 1, NH). 

p-Nitrobenzyl (7$)-Phenoxyacetamido-(2~~-t-b~t~xy~~~bbnyl-3-chloro-3-cephem-4-carboxylate-l-~~ 

oxide (5) 

The p-nitrobenryl ( 7 p ) - p h e n o x y a c e r a m i d o - 3 - ~ h 1 o r o - 3 - c e p h e m - 4 - c b x y l a t - l - p - i d e  (E) (0.520 g, 

1.0 mmol) was combined with 0.437 g (2.0 mol, 2.0 eq) of [BocI2O and 0.128 g (1.05 mmal, 1.0 eq) 

of DWAP in 25 ml of CH2C12 and allowed to stir at room temperature lh. The mixture was diluted 

with ethyl acetate and then washed with IN HCI and brine, dried (NazS04), evaporated and 

chromatographed on silica gel using a roluene-ethyl acetate gradient to give 353 mg (57%) product 

as a froth; m/z 520 (loss of Boc); ir v (CHC13J 1800 cm-' (B-lactam); nmr (CDCla) 6 1.52 ( s ,  9, 

t - b u ) ,  4.57 (s, 2, phenoxyacetyl), 4.72 ( s ,  1, H~), 4.88 (d, J=5 Hz, 1, n6), 5.48 (s, 2, PNB), 

6.24 (dd, J=5, 10 Hz, 1, H7). 

To a stirred solution of the trichlaroethyl (7@)-acetamido-3-methyl-3-cephem-4-carbbxylate-l-~- 

oxide (6.456 g, 16.0 mmol) in 400 ml of Dm wasadded 24 ml (24 mmal, 1.5 eq) of IN NaOH 

followed by 9.36 g (48 mmol, 32 eq) of t-butyl bromoacetate. The reaction mixture was allowed to 

stir for 45 mi" at room temperature and then diluted with cold ethyl acetare and acidified With 

excess IN HCI. The aqueous was separated and reextracted with ~thyl acetate. The combined ethyl 

acetate extract was  washed wirh water and brine, dried (Na2SO*), evaporated and chromatographed on 

silica gel using 10% ethyl acetate-toluene vs 10% acetone-ethyl acetate gradient to give 6.90 g 

(83%) product a s  a froth; m j z  517; ir v (CHCI~) 1790 cm-' (@-lactam); uv h (E~oH) 265 nm, 

c=8,171,372 nm, c=14,661; nmr (CDC13) 6 1.22 ( s ,  9, t-bu), 1.82 ( s ,  3, Ac), 1.90, 1.96 (ABX, J-9, 



17 Hz, 1, CH2C02t-hu), 1.99 (3, 3, vinyl Me), 2.38, 2.44 (ABX, J=4, 17 Hz, 1, CHzCOzt-bn), 3.81 

( m ,  J=4, 9 Hz, 1, HZ), 4.28 (d, J=5 Hz, 1, H6), 4.60, 4.75 CAB, J=12 Hz, 2, TCE), 5.90 (dd, J=5, 

10 Hz, 1, H7), 9.94 (d, J=10 Hz, 1, NH). 

Methyl (7B)-Phenoxyacetamida-(2a)-t-h~t0~y~~~bbby1~ethyl-3-chloro-3-cephem-4-carbox~1ate- 

1-p-oxide (m). 

To a cooled (O'C), stirred solution of the methyl (7p)-phenoxyacetarnida-3-chloro-3-~e~hem-4- 

carboxylate-1-8-oxide (m) (0.399 g. 1.0 moll in 15 ml of DPIF was added 0.144 g (3.0 mol, 3.0 
eq) of 50% Nan. The reaction mixture was allowed to stir at O°C for 2 .in, t-hutyl hromoacetate 

(0.48 ml, 3.0 mmol, 3.0 eq) war added and the reaction was allowed to stir at roam temperature for 

lh. Excess IN HC1 was then added along with ethyl acetate and the mixture was washed with water 

and brine, dried (Na2S04), evaporated and chromatographed an silica gel using a toluene-ethyl 

acetate gradient to give 280 mg (55%) product as a yellow solid which was crystallized from 

CHzClz-hexane to give a white solid; mp 163-165°C; m l z  513; ir v (KBr) 1805 cm-' (8-lactam); nmr 

(DMSOd6) 6 1.38 (s, 9, t-bu), 2.62, 2.65 (ABX, J=9, 18 Hz, 1, CH2COzt-bu), 2.79, 2.81 (ABX, J=4, 

18 Hz, 1, CHnCOzt-hu), 3.80 (s, 3, COzMe), 4.22 (m, J=4, 9 Hz, 1, Hz), 4.64 (s, 2, phenoxyacetyl), 

5.17 (d, J=5 Hz, 1, He), 6.07 (dd, J=4, 9 Hz, 1, H'); Anal. Calcd far CzzHz5NzOsSC1: C, 51.53; H, 

4.91; N, 5.46. Found: C, 51.33; H, 4.78; N, 5.31. 

Trichoraethyl (7~)-Acetnmido-(2a)-carbonyethylene-3-methyl-3-cephem-4-carbonylate (19) 

Trichoroethyl (7P)-acetamido-(2a)-~aab0~ymethyl-3-methyl-3-ce~hem-4-c~~boxylate (E) (1.312 g, 

2.44 mol) in 25 m1 of methylene chloride was treated with 2.6 eq af oxalyl chloride (0.55 ml, 

6.35 mol) and 5 drops of D m  and allowed to stir at 5OC for 15 rnin and then at room temperature 

for 30 min. The reaction mixture was evaporated ta dryness at room temperature & E, 

methylene chloride (15 ml) was added and the rolurion was again evaporated to dryness at room 

temperature. The crude acid chloride, dissolved in 15 m1 of methylene chloride, was then added 

dropwise to a stirred, cooled (5OC) solution of 2 equiv of CHzNz in 10 m1 of methylene chloride 

plus 20 ml a €  Et20. The reaction mixture was then stirred at 5OC for 30 .in and evaporated to 

dryness at room temperature. The mixture was then chromatographed on silica gel using a 10% ethyl 

acetate-toluene vs 10% acetone-ethyl acetate gradient to give 673 rng (49%) 18; ir u (CHCl,) 2100 

cm-' (COCHN2), 1778 cm-' (8-lactam); nmr (CDCla) 6 2.18 (s, 3, vinyl Me), 2.6 (m, 1, C~2COZCKN2), 

2.85, 2.91 (ABX, J=2, 16 Hz, 1, CljzCOzCXNz), 4.06 (dd, J=2, 10 Hz, 1, HZ), 4.52 (s, 2, 
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phenoxyacetyl), 4.89, 4.92 (AB, J=12 Hz, 2, TCE), 5.03 (d, 3=5 Hz, 1, H6), 5.30 ( s ,  1, CF.1, 5.98 

(dd, J=5, 9 Hz, 1, H7). 

The diaromethyl ketone 18 (629 mg, 1.12 mmal) was dissolved in 487 ml of dioxane and 163 ml of 

water was added and the mixture was photolyzed for 1 h in an immersion vessel using a Hanovia 450 

watt type L lamp with a pyrex insert. The mixture was evaporated g vacua to a low volume, 

combined with ethyl acetate and extracted with aq NaHCOs. The neutral ethyl acetate layer was 

dried (NazSOn), evaporated to dryness and chromatographed an silica gel using a 20% ethyl 

acetate-toluene vr 20% acerane-ethyl acetate gradient to give 97 mg of starting material. The 

bicarbonate extract was layered with ethyl acetate and acidified with cold IN HC1 The ethyl 

acetate solution was then washed with brine, dried (Na2S0,) and evaporated to give 317 ag (51%) 

19; m/z 552; ir v (CHCIS) 1781 cm-' (B-lactam); ner (CDCls) 6 2.20 (s, 3, vinyl Me), 2.3 (m, 2. - 

CH2CH2C02H), 2.6 (m, 2, CHzCXzCOzH), 3.35 (m, 1, Hz), 4.53 (s, 2, phenoxyacetyl), 4.80, 4.96 (AB, 

J=12 Hz, 2, TCE), 5.00 (d, J=5 Hz, 1, H6), 5.92 (dd, J=5, 9 Hz, 1, H'). 

The methyl ester of 19 was prepared using CHzN2; m/z 566, 564; nmr (CDC13) 6 2.24 ( s ,  3, vinyl 

ne), 2.3 (m, 2, cg2~n2co2ne), 2.59 (m, 2, C H ~ C ~ ~ C O ~ M ~ ) ,  3.37 (m, I, H~), 3.69 (s, 3, co,n.), 4.54 

( s ,  2, phenoxyacetyl), 4.81, 4.92 (AB, J=12 Hz, 2, TCE), 5.02 (d, J=5 Hz, 1, He), 5.95 (dd, J=5, 9 

Hz, 1, H7). 
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