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- The C(3)-hydroxycephems 1 undergo the Mitsunobu reaction to give a 
series of heretofore unavailable C(3)-alkoxycephems 2. 

Several research groups have reported the synthesis and activity of C(3)-alkoxy cephems 2, R being 

Me, Et, n-Bu, and CX2Ph.''2 

In general, these syntheses involve 0-alkylation of the C(3)-hydrorycephem 1 with dinethyl 

sulfate, Meeruein's reagent, triazenes and the use of diazo derivatives. 

We were interested in determining the g vitro and g effect of lipophilic groups at the 

C(3)-position in the cephem molecule and needed a general, simple synthesis of C(3)-alkyl ethers.3 

Use of a Williarnran type ether synthesis was found not to be applicable, leading instead to 

alkylatim at C(4) using either the cephem sulfide 1 or its sulfoxide. 

The Mitsunabu reaction consists of an oxidative-reductive-dehydrative coupling in the presence of 

trivalent phosphorous and an azodicarboxylate, generally involving an inter or intramolecular 

dehydration between an alcohol and an acidic component." 8-Keto esters have been reported to give 

low yields of the 0-alkylated product. Mitsunobu, for example, reported the 0-alkylation of ethyl 

acetoacetate under DEAO-CAT (diethyl azodicarboxylate-triphenylphosphine) conditions using 

n-propanol to give 18-37% 0-alkylated product, depending on the reaction c~nditions."~ 



Application of the Hitsunobu reaction to the C(3)-hydroxycephern 3 using DEAl-CAT/MeOH gave, after 

silica chromatography, 60% C(3)-OMe, 5 (R=Me), identical to the product of 3 with diaromethane, and 

10% C-alkylated product 4 @=He). The actual yield of the 0-methylated product was somewhat 

higher, but we encountered problems separating the ether from the ethyl hydrazodicarboxylate 

by-product 8 (R'=Et). This problem was resolved by using dimethyl azodicarboxylate (HAD16 whose 

by-product is moderately soluble in water7 and thus can be eliminated from caocentcated ethyl 

acetate or methylene chloride by repeated (3-4 times) aqueous washings. In addition MAD appeared 

to be more reactive' than DEAD and gave higher yields in certain cases. We thus reacted the e n d  

3 under ELAD-CAT conditions (THF or CHZCl2, r.t., 20 min.) with a series of alcohols (methanol to - 

n-octanol) to give 60-90% of the 0-alkylated product 5 plus 10-15% of the C-alkylated product 4. 
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The C-alkylated product 4 was distinguishable from I by NMR (the chemical shift of the methylene 

alpha to the oxygen vs. carbon, and the difference in the methylene at C(Z), i.e. the ketone 4 

shoved a broad AB, c a .  3.0 and 3.7 ppm, J = 14 HZ, while 5 showed a singlet at ca. 3.4 ppml and by 

ketone carbonyl absorption at ca. 1729 cm-' 10 the i . r .  spectrum. 

The en01 sulfoxide 2 under the M - C A T  conditions also gave a mixture with a predominance of 

0-alkylation. This was determined by PBrs sulfoxide reduction followed by silica chromatography 

of the sulfides 4 and 5. The C-alkylated sulfoxide Q further undergoes the Mitsunobu reaction 

to give the dialkylated A'-derivative 12. 
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The C(: rdrazina cephem derivative 6 ( R 1 =  

R mp (CH&I,- HEX) 

Me 217°C (decomp. ) MAD-CAT 

E t  215°C (decamp.) 
i- P r  201°C (decamp. ) 4 ! R'OH 

n-8u 177°C 

:Me) was observed when secondary alcahals were used or 

alternatively, when no alcohol was present. 

'80-Methanol studies8 show that the alkaxy phosphonim salt 13 derived from the alcohol is the 

intermediate for both 0- and C-alkylation while the cephem alkoxy phosphonim salt 3 is believed 

to be the intermediate to the C(3)-hydraeinocephem 6 . 5  

Use of trialkylphosphite4-HAD works equally well with the enol cephem. Thus the reaction of 2 

with tri-n-butylphosphite-HAD gave 82% of 0-alkylated n-Bu cephem 5, (R=n-Bu) while triethyl 

phosphite gave 77% of the 0-ethyl derivative 5 ,  (R=Et). PCls cleavages of the side chain of 5 

followed by acylation and deblocking led to the phenyl glycine acids 3. Alternatively, use 

of the benzhydryl-t-boc-phenyl glycine-C(3)-end as the Hitsunobu substrate followed by 

deblocking (HCOIH) gave the same acids. 

MIC data (Table I) on these acids in general show that as the lipophilic character at C(3) 

increases the gram positive acitivity is enhanced with concomitant loss in gram negative activity. 

A eimilar trend was seen with the C(3)-alkyl~ephems.~ 



TABLE I 

cephalexin 

Cn2Q11  

C H z d  

CHz-C-CH 

CH2COzfle 

CH2CHZSMe 

TABLE I1 

222 CL TEN 

8 8 8 

4  8 8 

1 8 16 

2 16 64  

1 8 64 

0.5 8 64  

0.5 8 64  

1 32 128 
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We then turned our attention from alkyl ethers to C(3)-ethers having some sort of functional 

group in order to attempt to increase the antibacterial activity, for example, substituted 

beneyls, unsaturated groups (allyl and propargyl), esters, a serine protected ester, sulfides, 

imides, terpenes, and nucleosides (see Table 11). 

Stability problems were encountered with allyl ethers and these were shown to readily undergo the 

Claisen rearrangement (80°C/PhH/1 h) to give a single product. Only one isomer was detected at 

C(4). The Claisen product 17 (R'=H) was identical (tlc, mr)  to the C-alkylated by-product of 

3 using allyl alcohol. - 

Propargyl cephem ethers also undergo the Claisen rearrangement to give allenes 19, but require longer 

reaction times (4-5 h/80°C). Again only one isomer was detected at C(4). These are rather mild 

conditions for a propargyl Claisen rearrangement and we attributed this to the electronic effect of 

the p-carboalkaxy group, however, the A2-cephem propargyl ether 3 also rearranges under similar 

conditions to give a C(2)-mixture of allenes g and 22. The stereochemistry at C(2) was determined 

by Hz-X6 WOE studies and the presence of Hz-H7 five bond (Jz0.5 Hz) in 22 which was 

absent in g. 

PhH 

BO'Cl4-5 h 
) ~$3~ 

R-Ca- C02PNB 
/I 

ld . 'b 
u R = Me, Ph. C02Me 

" 19 



In conclusion, we have shown the viability of the Mitaunobu reaction in preparing 

C(3)-alkoxycephems. Several of these derivatives show good g vitro antibacterial activity when 

compared to cephalexin. 

EXPERIMENTAL 

All melting points are uncorrected. The following instruments were used for obtaining the 

spectral data: 'H nmr: Varian T-60, JEOL F'X-909, Bruker Wn-270 and 360: 13c nmr: Bruker-270, 

JEOL FX-909; ir spectra: Perkin-Elmer 281; mass spectral data: Varian-m.a.t.-731. 

(7p)-3-Methoxy-7-[(phenoxyacetyl)amino1-3-cephem-4-carboxylic Acid, (4-nitrophenyll- 

methyl Ester 5 (R=ne) 

To a stirred solution of 2 (0.385 g, 1 mM) in 20 m1 of niF was added 1 equiv. PhsP (0.262 g, 

1 mM), 1 equiv. MeOH (0.032 g, 1 mM) followed by the addition of 1 equiv. (0.146 g) dimethyl 

azodicarboxylate using 5 m1 of THF as washing. Allawed to stir at r.t. for 20 min. Evaporated 

to a low volume, added 30 ml of EtOAc and washed 4. 10 m1 HzO, lx brine, dried (NazSOn) and 

evaporated to dryness. Chranatogrsphed on silica gel using a toluene-ethyl acetate gradient to 

give: 

Frac.  14-17, 67 mg (13%) C-alkylated product 4 (K=ne) as a froth; m/e 499; ir v (CHC13) 1775 

cm-'(p-lactern), 1728 cm-'(ketone); nmr (CDC13)6 2.00 (s, 3, Me), 3.03, 3.70 (AB, J= 14 Hz, 2, 

C(2) protons), 4.63 (s, 2, PhOCHz), 5.33-5.43 (EM, 4, H6 H7, PNB). 

Frac. 18-22, 356 mg (71%) 0-dkyhted product 5 (R=Me) as a white solid; m/e 499, ir v (CHCl.) 

1773 cK1(p-lactam); nmr (CDCL-DMSOdd6 3.70 (s, 2, C(2) protons), 3.88 ( 8 ,  3, OMe), 4.63 (s, 

2, PhOCH.) 5.12 (d, J= 4 Hz, 1, H6), 5.33 (BS, 2, PNB), 5.47 (d,d J=4, 8 Hz, 1, H') ,  8.97 (d, 

J=8 Hz, 1 ,  NH). 

(7~)-3-(l-propenyloxy)-7-[(phenoxyacetyl)amin~-3-cephem-4-ca~b~xylic Acid, (4-nitropheny1)- 

methyl Ester 16 (R'=H) 

To a solution of 0.800 g of the acetic acid solvate of 3 in 30 ml THF was added 1.1 equiv. 

(0.423 g) Ph3P, 1.1 equiv. (0.094 g) of dlyl alcohol followed by 1.1 equiv. (0.236 g) dimethyl 

azodicarboxylate. After 15 min at r.t. the mixture was worked (vide supra) and chromatographed 

on silica gel using a t~luene-~th~l acetate gradient to give: 

Frar. 24-27, 144 mg (19%) C-dhylated product 4 (R=CHZCH=CH2) [c, R'=HI a s  a froth; mle 

525; ir v (CHClS) 1775 cm-1 (p-lactam), 1728 cm-1 (ketone); nolr (CDCla) 6 3.00, 3.65 (AB, 

J = 15 Hz, 2, C(2) protons), 3.12 (m, 2, Cl&-CH=CH2), 4.60 ( s ,  2, PhOCH2), 4.90-6.00 (m, 7, 

PNB, CH=CH2, H6, H'). 
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F 29-34, 525 mg (57%) 0-alkylated pcodvct (R=CH2CH=CH2) [g, R1=H] a s  a froth; m/e 

525; ir v (CHCI3) 1775 cm-' (p-lactam), nmr (CDCl*) 6 3.40 (s, 2, C(2) protons), 4.58 ( s ,  2, 

PhOCHz), 5.10 (d J = 4 Hz, 1, He), 5.37 ( s ,  2, PNB), 5.5-6.2 (m, 4, Hs + CX=CH2). 

A solution of 16 (Rr=H) (578 mg) in 30 m1 of PhH was gently refluxed 1 hour and evaporated to 

17 (R1=H). TLC and nmr show complete conversion of 16 to 17. - 

(78)-3-(2-Butynyloxy)-7-[(phenoxyacetyl)amino]-3-cephem-4-carboxylic Acid, (4-nitropheny1)- 

methyl Ester 18 @=Me) 

To a solution of 1.00 g of the acetic acid ~olvate of 3 in 40 ml of THF was added 1.1 equiv. 

(0.529 g) Ph3P, 1.1 equiv. (0.141 g) 2-butyn-1-01 followed by 1.1 equiv. (0.295 g) dimethyl 

azodicarboxylate. After 15 min at r.t. the mixture was worked up (vide supra) and chromatographed 

on silica gel using a toluene-ethyl acetate gradient to give: 

Frac.  21-23, 71 mg (7%) C-alkylated product 4 (R=CHzC-CCH3) as s white froth; m/e 537; ir u 

(CHC13) 1775 cm-' (P-lactam), 1729 cm-' (ketone); nmr (CDCI3) 6 1.70 (m, 3, Me), 3.03, 3.52 

CAB, J=16 He, 2, C(2) protons), 3.32 (m, 2, CJ2C=CCHs), 4.58 (s, 2, PhOCH.), 3.45 (m, 4, 

PNB, H6, H7). 

Frac. 31-70, 566 mg (57%) 0-alkylated product 18 (R=Me) as a white froth; mle 537; ir v 

(CRCl.) 2250 cm-' (CZC), 1778 cm-' (p-lactarn); ~ l r  (CDClS), 6 1.87 (m,  3, Me), 3.50 ( s ,  2, 

C(2) protons), 4.60 ( s ,  2, PhOCH2), 4.72 (m, 2, 0CJ2C%CCH3), 5.10 (d, J=4 Hz, 1, H6), 5.33 

(m, 2, PNB), 5.67 (d, d 5-4, 8 HZ, 1, H7). Crystallized from CHzClz-hexanes to give white 

needles, m.p. 97-120°C (undergoing Claisen a s  indicated by tlc). Anal. Calcd for 

CZ6HZ3N3O8S: C, 58.09; H, 4.31; N, 7.82; Found: C, 57.89; H, 4.01; N, 7.54. 

(7p)-4-(1-Methyl-1,2-propadienyl)-3-oxy-7-[(phoxyacetylaiolcephe-4-arbxylic Acid, 

(4-nitrophenyl) methyl Ester 19 (R=Me) 

A solution of 18 (%Me) (0.120 g) in 30 m1 of P W  was gently refluxed for 3 h and evaporated to 

give 2 (R-Me) as a froth; n/z 537; ir u (CHCla) 1950 cm-' (allene), 1778 cm-' (B-lactam), 

1720 cm-' (ketone); 'H nmr (CDC1,) 6 1.82 (m, 5~3.0 Hz, 3, Me), 3.48 (s, 2, C(2) protons), 4.57 

( s ,  2, PhOCRZ), 5.01 (m, 513.0 Hz, 2 allene .ethylene), 5.27, 5.43 (AB, 2, PNB), 5.31 (d, J=5.0 

Hz, 1, ~6), 5.53 (d, d J=5, 8 HZ, 1, H7); 1% nmr (CDCl*) 6 cZ 33.63 t, c3 191.87 s ,  C' 73.58 s, 

C@ 95.70 s, cab 207.59 s, c4' 79.29 t, c4* 14.98 q, C6 57.79 d, C7 58.51 d. 

(4a,7B)-3-(2-Butynyloxy)-7-l(phenoxyacetyl)amino]-2-cephem-4-carboxylic Acid, (4-nitropheny1)- 

methyl Ester g 



1.725 g of 18 (R=ne) in 25 ml of DMF was treated at r.t. for 23 h with 3.0 equiv. (1.34 ml) Et3N. 

EtOAc was then added and then washed 1X INHCI, 4X HzO, 1X brine, dried (NazS04), evaporated to 

dryness and chromatographed on silica gel using toluene-ethyl acetate gradient to give a 0.546 g 

(32%) 20 a s  a white solid; ir v (CHCI3) 1774 cm-' ( p - l a c t a m ) ;  mi- (CDCls) 6 1.87 (m, 3, Me), 

4.37 (m, 2, OCHzCtCMe), 4.53 (s, 2, PhOCH,), 5.00 (bs, 1, H4), 5.35 (m, 3, PNB, H6), 5.70 

(d, d J=4, 9 Hz, 1, H7). 

(20 or 2~,76)-3-Methoay-2-(l-methy1-l,2-propadienyl)-7-[(phenoxyacetyl~aminol-3-cephem 

-4-carboxylic Acid, (4-nitropheny1)methyl Ester 2 and 22 

20 (0.682 g) in 80 m1 of Phli was gently refluxed for 5 h. Cooled to r.t. and evaporated to 

drynesss. CHzClz (50 m1) Was added and treated at S0C with excess CH2Nz for 8 mi". It was then 

evaporated to dryness and chromatographed an silica using a toluene-ethyl acetate gradient ta give: 

Frac. 17-21, 0.263 g (38%) 22 a s  a white froth; n/e 551; ir 0 (CHC13) 1945 cm-' (allene), 

1770 cm-' (6-lactam); 'H mr (CDC13) 6 1.88 (m, J2d-2c = 3.05 Hz, 3, Me), 3.75 ( r ,  3, One), 

3.99 (m, JHz-2~ = 2.44 HZ, JH2_H7 = 0.5 Hz, 1, Hz), 4.56 ( s ,  2, PhOCH*), 4.85 (m, J c d = 
2 -2 

3.05 Hz, J2~-H2 = 2.44 Hz, 11.06 Hz, 2, allene CH2), 5.06 (d, J=4.88 Hz, 1, H6), 5.42, 5.30 

d 
(m, 2, PNB), 5.89 (d, d J=4.88, 9.16, 0.5 Hz, 1, H7). NOEms were observed between HZ-2 and 

Hz-C(3)-OMe but not m2-H6; 13C mr (CDCl,) 6 C2 43.15, cZa 98.81, czb 207.02. cZC 78.46, 

czd 17.24, C3 160.81. 

Frac. 22-27, 0.279 g (39%) 2 as a white froth; mlz 551; ir v (CHCls) 1953 c K 1  (allene), 

1779 cm-' (@-lactam); 'H mr (CDClS) 6 1.90 (m, J d c = 2.4 Hz, 3, Me), 3.90 (s, 3, One), 
2 -2 

4.06 (m, JH2_2~ = 3.0 Hz, 1, HZ), 4.60 (s, 2, PhOCH2), 4.98, 4.85 (m, JHz-2~ = 3.0, 3.7 Hz, 

2, allene CHI), 5.25, 5.42 (m, 2, PNB), 5.34 (d, Jr3.7 Hz, 1, H6), 5.55 (d, d J= 3.7, 7.9, 

1, H7). WOE'S were observed between Hz-H6, and ~ ' - 2 ~ ;  13c nmr (CDCl3) 6 C' 45.23, c~~ 95.18, 

czb 204.67, cZC 79.84, czd 16.74, C3 160.75. 
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