
34 Journal of Medicinal Chemistry, 1974, Vol i 7, iVo 1 l lunn .  et a1 

Semisynthetic Cephalosporins. Synthesis and Structure-Activity Relationships of 
7-Mandelamido-3-cephem-4-carboxylic Acids 
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The synthesis, microbiological profile, and in viva effectiveness in laboratory animals of a broad-spectrum 
cephalosporin, 7(R)-mandelamidocephalosporanic acid ( l ) ,  are described. A number of derivatives and analogs of 1 
were prepared and their structure --activity relationships are discussed. 

Most of the several cephalosporins that have been found 
to be clinically useful incorporate at the 7 position an acyl 
moiety derived from acetic acid, monosubstituted with an 
appropriate grouping such as thiophene, tetrazole. pyridyl- 
thio, or cyano. Structure-activity studies on cephalospor- 
ins teach that homologation or substitution of the acetic 
acid by a second grouping is generally undesirable from 
the standpoint of level and breadth of biological activity 
The most notable exception to this principle is the ( R ) -  
phenylglycine side chain which has found great utility, 
first on the penicillin structure (ampicillin) and later on 
the cephalosporins (cephaloglycin and cephalexin). 

In early studies on the cephalosporins we reinforced this 
principle by synthesizing and testing the cephalosporin 
analog (compound 13)’ of 3,4-dichloro-oc-methoxybenzyl- 
penicillin, an antibiotic developed in Europe for treating 
staphylococcal infections.2 While active against gram-pos- 
itive organisms in vitro (Table V) this cephalosporin had 
poor activity against various gram-negative bacteria. 
However, the parent structure of this series of compounds, 
uiz , 7(R)-mandelamidocephalosporanic acid1 (compound 
11, was found to possess significant broad-spectrum 
antimicrobial activity in  vitro and in vivo The antimicro- 
bial profile of this cephalosporin and structure -activity 
relationships for a large number of related analogs are 
presented here. 

Chemistry. The cephalosporins were prepared bb acyl 
ating 7-aminocephalosporanic acid (7-ACA) or 7 -  
aminodesacetoxycephalosporanic acid (7-ADCA) using one 
of the three general procedures listed in the Experimental 
Section (Scheme I). In each case the n-hydroxyl group of 
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the side-chain acid to be attached was protected prior to  
the coupling. The dichloroacetyl group was used most fre- 

tThis article 13 dedicated to Professor Mired Burger, a longtime conwl 
tant to Smith Kline & French Laboratories, a source of encouragement 
and adkice, a close friend, and a respected colleague 

ciuently for this (procedures A and C). Stable to mild acid 
conditions, it was readily removed after completion of the 
acylation by controlled hydrolysis at pH 9-9.5. For acids 
which were unstable under the conditions of procedure A. 
or which contained a complicating functional group, the 
hydroxyl group was protected using the trimethylsilyl 
ether which was readily formed by treating the salt of the 
hydroxy acid with trimethylsilyl acetamide. In this case 
the carboxyl group was activated by conversion to the 
mixed carbonic - carboxylic acid anhydride using isobutyl 
chloroformate. The trimethylsilyl group was readily re- 
moved by brief exposure to  dilute aqueous acid. With the 
dichloroacetyl-protected acids the acylation was accom- 
plished by Conversion to the acid chloride or by coupling 
the free acid with the tert-butyl ester3 of the nucleus 
using DCCI, In the latter case the protective groups were 
subsequently removed by treatment with neat TFA fol- 
lowed by aqueous Na2CQ3. The cephalosporins with an 
amino group on the benzene ring were obtained by cata- 
lytic hydrogenation of the fully blocked nitro-substituted 
cephalosporins which had been prepared by procedure C. 
with subsequent deblocking as already indicated. 

In most cases the final cephalosporins were character- 
ized as their sodium. cyclohexylamine, or triethylamine 
salts. The ir and nmr data of all compounds were consis- 
tent with structure. Each cephalosporin was checked for 
retention of the optical integrity of the side chain after 
the acylation and deblocking. This was done using the 
T-H absorption of the side-chain amide ( 6  8.15-9.00) from 
the nmr spectrum of the compound. We observed that 
when the nrnr spectra (DMSO-&) of the diastereomers 1 
and 2, differing only in the configuration of the benzylic 
carbon atom. were compared; the N--H doublet for 1 ( R  
isomer) appeared at i; 8.5-1 while that for 2 ( S  isomer) ap- 
peared at  0 8.38. With an artificial 1.:1 mixture of 1 and 2, 
the PI’--H ahsorption appeared as a symmetrical triplet 
(actually two overlapping doublets) at 6 8.45. Surprising- 
!?. the remaining ahsorption? in the spectra of 1 and 2 
were near1.v superi mposable, with minor variation in the 
multiplet iibwrptions around (3 3- 5.2 due to the benzylic 
hydrogen, H.4, aiir I  he :%-posit ion methylene. This sym- 
metrical triplet ft’tltlurb was alho present in each of the 
products obtainec! 1, ac:ylating with a racemic side-chain 
acid (compounds 5 4, i 1 ,  29--31, and 40). indicating that 
rough15 a 1 : i mixturt: of diastereomers had been isolated. 
[]sing artii’icial mixtures of’ the diastereomers, as little as 
10% of one isomer could be detected in the presence of the 
uther. By this criterion all of the final cephalosporins pre- 
pared Crom resolved side-chain acids were free of their di-  
astereomers. with the exception of compounds 33, 44, and 
49. These proved to be approximately 1:l mixtures of the 
diastereomers when made by the acid chloride procedure. 
Compound 14 was made without racemization of the side 
chain csing the mixed anhydride method (procedure B ) ,  

Most of the side-chain acids used in the synthesis of 
wphahqxx-iiis havt> iiiready been reported in the litera- 
ture as the racemic mixtures. Those that are new are in- 
cliided i n  t he  Frxpcdrinieri[al ion. Since our d a h  clear- 
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I 
OH 

Xa Resolving base [ c ~ ] ~ ~ D ,  deg MP, "C Ref 

2-F b -141 (C 1, EtOH) 86-88 C 

4-F ( + ) -a-Methylbenzylamine -134 (C 0.3, EtOH) 153-156 C 

3-C1 b -116 (C 4, EtOH) 103-105 C 

2-NO2 Brucine -453 (c 1, Me2CO) 99-101 e 
3-NO2 b -120 (C 2.2, HzO) 133-134 f 
4-NO2 i+) -a-Methylbenzylamine -129 (C 1, EtOH) 93-95 g 
3-OCHa (+)-0-Methylbenzylamine -117 (C 0.3, EtOH) 78-79 c, d 
4-OCH3 ( +) -a-Methylbenzylamine -141 (C 0.3, HzO) 102-104 c, d 
2-CH3 b -175 (C 2, EtOH) 61-63 h 

h 

3-CF3 (+) -0-Methylbenzy lamine - 3 02 (C 0.3, EtOH) 50-54 h 
4-CFj (- )-Ephedrine -105 (C 0.3, EtOH) 146-150 h 
4-CH2NHz b -124 (C 1.6, 1 N HCl) >200 h 
2,4-C12 b -141 (C 1.5, EtOH) 121-123 h 
3,4-C1? (+) -a-Methylbenzylamine -113 (C 0.3, H2O) 117-118 h 
2,6-C12 [ - )-a-Methylbenzylamine -90 (C 0.3, EtOH) 145-147 h 
3,4-OCHiO (-)-Ephedrine -127 (C 0.3, EtOH) 132-135 d 

3-F (-)-Ephedrine -123 (C 0.3, EtOH) 123-125 C 

2 x 1  (-)-Ephedrine -158 (C 0.3,'EtOH) 119-121 d 

4-C1 ( +) -a-Methylbenzylamine -134 (C 0.3, EtOH) 119-121 C 
4-Br (-)-Ephedrine -110 ( C  1, HzO) 130-132 C 

109-112 3-CH1 (+) -0-Methylbenzylamine -144 (C 0.3, EtOH) 
4-CH3 ( +) -a-Methylbenzylamine -153 (C 0.3, EtOH) 132-134 1 

OAll compounds gave satisfactory C and H analyses. *These compounds were custom prepared by the Niels Clauson-Kaas 
Chemical Research Laboratory, Rugmarken 28, Farum, Denmark. cO. Korver, Tetrahedron, 26, 5507 11970). dD.  G. Neilson, 
U. Zakii, and C. M. Scrimgeouv, J .  Chem. SOC. C, 898 (1971). eA. McKenzie and P. Stewart, J. Chem. SOC., 104 (1935). 'A. 
Fredga and E. Andersson, Ark.  Kemi,  Mineral. Geol., 14, No. 18 (1940); Chem. Abstr., 35, 39939 (1941). QA. Fredga and E. 
Andersson, ibid., 14, No. 38 (1941); Chem. Ab&-., 35, 69471 (1941). hOnly the racemic compound has been reported in the 
literature. S. Fujise and M. Iwakiri, Bzochem. Z., 283, 298 (1936). 

1, A = O C O C H , ;  a = R 
2. A = O C O C H , ;  a = S 
3 , A  = H ;  a = R 
4 , A  = H: a = S 

ly indicated that the side chain with the R configuration 
is the one required for maximum broad-spectrum activity, 
the majority of the mandelic acids were resolved by classi- 
cal methods and the R enantiomer only was used in the 
subsequent acylation. The data pertaining to the prepara- 
tion of the resolved ( R )  acids are listed in Table I. Al- 
though some of the R-mandelic acids listed there were re- 
ported previously, an optical rotation value was not al- 
ways available. The heterocyclic-substituted glycolic 
acids, trans-styrylglycolic acid, and lactic acid were used 
in the racemic form. 

Compounds 52 and 54 were prepared from compound 1 
by direct displacement of the 3-acetoxy group using pyri- 
dine or 2-mercapto-5-methyl-1,3,4-thiadiazole. Compound 
53 was made by acylating 7-amino-3-azidomethyl-3-ceph- 
em-4-carboxylic acid4 using procedure A. 

Biological Activities. The broad-spectrum in vitro ac- 
tivity of 7(R)-mandelamidocephalosporanic acid (1) is ap- 
parent from its minimum inhibitory concentration (MIC) 
values against the four gram-positive and eleven gram- 
negative microorganisms listed in Table 11. Against the 
gram-negative organisms compound 1 is slightly more ac- 
tive in vitro than cephalothin and cephaloglycin. This dif- 
ference has been observed consistently in many additional 
tests not reported here. The in vitro tests were carried out 
using buffered media. While the buffer had little effect on 

the MIC's of compound 1 and cephalothin, it was em- 
ployed because of the inherent instabilitys of cephalogly- 
cin when tested in unbuffered media (vide infra). Both 1 
and cephalothin are more active than cephaloglycin 
against the cephalosporin-sensitive gram-positive bacte- 
ria; we have frequently observed this when cephalosporins 
with a neutral side chain are compared with those having 
an ionizable (amino, carboxyl) substituent on the a posi- 
tion. In all cases cephalexin displays similar but slightly 
lower in vitro activity. None of these cephalosporins have 
significant activity against the strains of pseudomonas, 
Serratia, and indole-positive proteus in the test group. The 
same is true for the methicillin-resistant strain of Staphy- 
lococcus aureus (70390) and for Streptococcus faecalis. 

Upon intramuscular (im) injection 1 produces serum 
levels in the dog comparable to those obtained with ceph- 
alothin (Table 111). In the rabbit the serum levels after im 
injection of 1 are higher than those produced by an equiv- 
alent dose of cephalothin; they are also higher than ceph- 
alothin in the mouse (subcutaneously). The in uitro activity 
(Table 11) and serum levels (Table 111) of 1 are reflected in 
its ability to protect mice infected with gram-positive (S. 
aureus HH 127) and gram-negative (Escherichia coli 
12140, Klebsiella pneumoniae 4200) bacteria (Table N ) .  
The slight advantage of cephalothin over 1 in protecting 
mice against S. aureus HH 127 is consistent with the 
slightly better MIC of cephalothin against this penicillin- 
resistant organism. On the other hand, 1 is more active 
than cephalothin in protecting mice against the E. coli 
and K. pneumoniae organisms in keeping with the com- 
parative MIC and serum level values for the two com- 
pounds. The relatively higher serum levels which cephalo- 
ridine produces in the mouse6 are reflected in its ED50 
values in Table IV. 

7( R )  -Mandelamidocephalosporanic acid and cephalogly- 
cin have similar structures and they display similarities in 
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Table 11. Antibacterial Activities 
. _  __-- _________-___ . __ _ _  _ _  - - - 

A 

mox 
. _ - _  MIC, fig/mld 

A ___ OCOCHZ __ A = H  - _- Cephalo- Cephalo- Ceph- 
Microorganism Rb (1) Sb ( 2 ) C  Rbj3)- sf, ,4jc thin glycin alexin 

~ -- --- ___ ___ 

Staph. aureus (HH 127) 
Staph. uureus (23390) 
Staph. aureus (70390) 
Strept. faecalzs (HH 34358) 
E. coli 112140) 
E.  coli (33779) 
K.  pneumoniae (4200) 
K.  pneumoniae (1200) 
Sal. paratyphi (ATCC 12176) 
Shig. paradysenteriae (HH 117) 
P. aeruginosa (HH 63) 
Ser. marcescens (ATCC 13880) 
Prot. morganii (179) 
Ent. aerogenes (ATCC 13048) 
Ent. cloacae IHH 31254) 

0 . 8  
0 .8  

25 
50 

1 . 6  
1 . 6  
1 . 6  
1 . 6  
0 . 8  
0 .8  

>200 
200 
200 

1 2 . 5  
3 . 1  

6 . 3  6 3  
6 3  6 3  

200 200 
200 200 

50 12 5 
200 5 0 
200 1 2  5 

50 12  5 
50 6 3  
25 1 2  5 

>200 >zoo 
>200 200 
2200 >200 

200 25 
200 12 5 

50 
30 

>200 
,200 
>200 
>200 
>200 

200 
200 
200 

>200 
:>200 
>200 
>200 
>200 

0 4  
0 2  

12 5 
1 2  5 
3 1  

12 5 
3 1  
:3  1 
1 6  
6 3  

>200 
>200 
>200 

25 
12  5 

3 1  3 1  
3 1  6 3  

25 100 
50 I00 

3 7 6 3  
3 1  12 5 
3 1  6 3 
3 1  6 3  
1 6  6 3  
3 1  6 3  

>zoo >200 
200 100 

>200 
3 1  12 5 

6 3 

<&The i n  vitro antibacterial activities are reported as minimum inhibitory concentrations (MIC's) in pg,'mI. The MIC's were 
determined in twofold dilution by the agar inclusion method [T. Jen, B. Dienel, J. Frazee, and J. Weisbach, J .  Med. Chem., 
15, 1172 (1972) 1. *R and S designate the absolute configuration a t  the benzylic carbon. CPrepared by procedure A using 
@)-(+)-mandelic acid as starting material. Both compounds gave satisfactory C, H, and N analyses. 

Table  111. Serum Levels for Compound 1 and 
Cephalothin in Three Species of Animals --- 

Serum level, 
._ rg/ml - 

Time, C ephalo- 
thin - Species min 1 

Rabbit (NZW, 2-2.5 kg), 15  39 31 
dose, 20 mg/kg im 30 28 16 

60 14  6 
Dog (Beagle, 8-14 kg), 15 18 13(I 

60 5 70 
dose, 10 mg/kg im 30 1 3  13" 

Mouse (Swiss-Webster) , 5 25 14 
dose, 20 mg/kg sc 30 12  6 

.Serum levels from C. Lee, E. B. Herr, Jr., and R. C. 
Anderson, Clin. Med., 70, 1123 (1963), using mongrel dogs 
(10.6-14.7 kg, dose 10 mg/kg im). 

60 2 . 1  0 . 5  

their in uitro activities (Table II). However, they have sig- 
nificant differences in their chemical and pharmacokinet- 
ic properties. Thus, in contrast to cephaloglycin, which is 
sufficiently unstable to require special techniques for 
b i ~ a s s a y , ~  the chemical stability of 1 is roughly equivalent 
to that of cephalothin. A second important difference be- 
tween l and cephaloglycin is seen in the absorption of 
these cephalosporins on oral administration. As the ED50 
values in Table IV imply, 1 is not appreciably absorbed 
when given by mouth and thus resembles more closely 
cephalothin and cephaloridine than cephaloglycin. 

For the cephalosporins derived from the mandelic acids 
the effect of side-chain configuration on activity parallels 
that observed with the phenylglycine analogs.? The conge- 
ners having the S configuration on the side chain are con- 
siderably less active than their diastereomers having the 
R configuration, against both gram-positive and gram- 
negative bacteria (Table 11). 

Deletion of the acetoxy grouping from the 3 position re- 
duces the in vitro activity of both the (R)-mandelic acid 
and (R)-phenylglycine analogs but the effect is more pro- 

Table IV. Protective Activity in Mice 

EDjU, - mg/ kg' 
I<. 

pneumoniae S .  aureus 
E .  colz 12140 4200 "127. - - _ _ _  

Compound sc P O  sc P' ) >C 

I 6 2  100 60 168 3 8 
Cephalothin 46 b200  128 >400 2 9 
Cephaloridine 3 6 60 17 132 0 8 
Cephaloglycin 6 2') 25$ N D  N D  2 51 

,,The EDjo values are expressed as the total dose of  com- 
pound which afforded protection to  50% of the mice chal- 
lenged fip) with 6 LDio's of E. coli 12140, 60 LD;,u's of K.  
pneumoniae 4200, or 200 LDjo's of S. aureus H H  127. The 
doses were administered subcutaneously in equally divided 
portions at 1 and 5 hr postinfection except in the S. aureus 
H H  127 test where a single dose a t  1 hr postinfection was 
given. Values were calculated by the method of L. J. Reed 
and H. Muench, Amer. J .  Hyg., 27, 493 11938). *Data from 
separate experiment. Cephaloridine as a control gave 
EDjo values essentially the same as that reported in the 
table. .See footnote b; EDju from oral dosing, 5.7 mg/kg. 

nounced with the cephalosporins having the mandelic acid 
side chain. Thus, compound I compares favorably with 
cephaloglycin in uitro, but 7(R)-mandelamidodesacetoxy- 
cephalosporanic acid (3) is generally less active than 
cephalexin. 

The broader structural requirements for antibacterial 
activity can be deduced from the data in Tables I1 and V. 
While introduction of an a-methoxyl group on the side 
chain of cephaloram (compound 15) does not appreciably 
affect the activity against gram-positive bacteria, it se- 
verely lowers the activity against gram-negative organisms 
(compounds 13 and 14, Table V). Introduction of a free- 
hydroxyl group ( R  configuration) a t  the a position (com- 
pound 1) likewise does not appreciably affect the activity 
against gram-positive organisms, but in this case the ac- 
tivity against gram-negative organisms is increased signif- 
icantly. This differs from the introduction of an amino 
group at  the a position (cephaloglycin) where the increase 
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Table VII. 7- [ ( R ) -  (- ) -Mandelamido ]-3-desacetoxycephalosporanic Acids 

Compd X Formulab 

MIC, pg/mlu 
S. S. E. K. 

Analyses pyogenes aureus coli pneumoniae - 
3 H  C16HlsNzNaOsS .H20 C, H, N 0 . 4  3 . 1  12.5 6 . 3  

50 
46 4-C1 Ci sH;jCIN2OjS. C 6H;jN. HzO C, N; HC 0 . 1  3 . 1  200 200 

<0 .1  1 . 6  200 >200 
>200 >200 

47 4-Br C1 6HlbBrN2Na05S. HzO c ,  H, N 

49 4-OCH3d Cl,HigN,O&3.CoHijN .H20 C, N; He 1 . 6 d  6.3d >200d >200d 
50 2,4-C12 C16Hi4ClzN20jS . C B H ~ B N  .H?O C, H, N 1 . 6  12 .5  >200 >200 
51 3,4-C12 CisHiaClyNzOrS .C6HijN .HzO C, N; HI 0 . 1  1 . 6  >200 >200 

45 4-F C1 6H14FN2NaObS .1 .5H20 C, H, N 0 . 8  6 . 3  50 

48 4-NO2 C I ~ H ~ ~ N ~ O ~ S  C, H, N 0 . 1  3 . 1  

aSee footnote a, Table V. *All cephalosporins in this table were prepared by procedure A. cH: calcd, 6.51; found, 5.90. 
dSee footnote h, Table VI. eH: calcd, 7.08; found, 6.51. fH:  calcd, 5.82; found, 5.36. 

in activity against gram-negative organisms is accompa- 
nied by a decrease against the gram-positive ones. The 
low antibacterial activities of the lactic and glycolic acid 
derivatives of 7-ACA (compounds 11 and 12) indicate the 
need for an electron-rich moiety such as a benzene or aro- 
matic heterocyclic ring (compounds 5-7). However, the 
conjugated aromatic styrene system cannot serve this pur- 
pose (compound 8). As with other 7 substituents which 
confer broad-spectrum activity on the structure, homolo- 
gation of the acetic acid moiety results in loss of the 
gram-negative activity (compounds 9 and 10). It  should be 
noted that several of the cephalosporins used in this com- 
parison (Table V) were synthesized from the racemic side- 
chain acids, and the products were obtained as 1:l 
mixtures of the resulting diastereomers. From the biologi- 
cal activity of 1 and 2 the MIC and EDSO values of these 
mixtures would be expected to be approximately double 
those of the pure H diastereomer since the diastereomer 
with the S configuration in the side chain is, in all cases 
known to us, significantly less active than its isomer. 
However, in order to make these comparisons as accurate 
as possible, the appropriate test values obtained from an 
artificial 1:1 mixture of 1 and 2 are included in Table V. 

Because of the encouraging biological activity of 1, a 
number of derivatives and analogs of this cephalosporin 
were made and tested. The 7-mandelamidocephalosporan- 
ic acids with substituents on the benzene ring are listed in 
Table VI. All but five had side chains in the R configura- 

Table VI11 

tion only. For the five tested as diastereomeric mixtures, 
the preceding considerations regarding the effect on the 
biological test values apply. In general, the test results 
from these compounds indicate that most substitutions, 
whether ortho, meta, or para, lower the activity against 
the gram-negative organisms; the activity against the 
gram-positive bacteria is less affected. Ortho substitution 
is the most deleterious. With nonionizable substituents 
(CH3, OCH3, F, C1, Br, CF3, etc.) the variation in activity 
appears to be more closely related to bulk of the substitu- 
ent than its electronic contribution to the chemical sys- 
tem. Thus, the fluoro derivatives of 1 are the most active 
of these analogs, ranking with the hydroxy (meta and 
para) and m-amino derivatives. Although these several 
latter analogs have activities approaching that of 1, none 
are better in overall profile (MIC and ED50). 

The effects of 3-substituent variation on biological ac- 
tivity are summarized in Tables VI1 and VIII. Table VII 
merely documents further the relatively large differences 
in activity observed between .the 7-ACA and 7-ADCA de- 
rivatives for this series of compounds. The combination of 
deletion of the 3-acetoxy group and benzene ring substitu- 
tion drastically lowers the activity of this chemical system 
against gram-negative organisms. On the other hand, re- 
placement of the 3-acetoxy group by other commonly used 
substituents results in analogs with activities comparable 
to 1 (Table VIII). The relatively good ED50 against E. coli 
of the 3-pyridinium derivative 52 in spite of its poor MIC 

MIC, pg/mla EDjo, mg/kg,b 
Compd X S.P. S.a. E.c. K.p. E. coli 12140 

1 -0Ac < 0 . 1  0 . 8  1.6 1 . 6  6 .2  
3 -H 0 . 4  3 . 1  12 .5  6 . 3  25 

52 - +N C jHj ico.1 0 .4  12.5  12 .5  8.8  
53 -N? <0.1 0 . 4  3 . 1  1 . 6  7 . 0  

54 ( 0 . 1  0.4  1 . 6  0 . 8  6 . 2  

footnote a, Table V. bSee footnote a,  Table IV. 
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implies improved pharmacokinetic handling often seen 
with this compound type ( e .g . ,  cephaloridine6), although 
we have not verified this by serum level determinations. 
Substitution of azide for the acetoxy group produces a 
cephalosporin almost identical with 1 in its antimicrobial 
activities, while displacement of the acetoxy group by se- 
lected heterocyclic thiols results in an improvement in ac- 
t,ivity as exemplified by compound 54. This improvement 
in the latter case will become more evident as additional 
data are reported for this compound type.* 

Experimental Section 
Melting points were determined in open capillary tubes using, 

of course, a Thomas-Hoover Uni-Melt apparatus. The melting 
points of the cephalosporins are not accurately reproducible be- 
cause these compounds melt with extensive decomposition. In- 
frared spectra were obtained in Nujol mull using a Perkin-Elmer 
Infracord. Nmr spectra were obtained (unless indicated other- 
wise) in DMSO-& or DMSO-~G-DZO on a Varian T-60 spectrom- 
eter using T M S  as internal standard. Where elemental analyses 
are indicated only by symbols of the elements, analytical results 
obtained for those elements were within f0.4% of theoretical 
values. MgS04 was used as drying agent for organic extracts. 

Preparation and  Resolution of Side-Chain Acids. The re- 
solved mandelic acids used in these syntheses are listed in Table 
1. With two exceptions (the 4-aminomethyl and 3-carboxamido 
derivatives) all of the racemic acids had been described previous- 
ly in the literature. The iR)-  and (S)-mandelic acids are commer- 
cially available. The 2-F, 3-C1, 3-NO2, 2-CH3, 4-CHzNH2, and 
2,4-c12 mandelic acids were acquired as the R enantiomers (Table 
I, footnote b ) .  The others were purchased as racemic mixtures or 
were synthesized from the corresponding aldehyde uia the cya- 
n ~ h y d r i n . ~  Resolutions were accomplished by serial recrystalliza- 
tions of the salt of the desired acid with the optically active base 
indicated in Table I. The optical rotations of the freed acids are 
reported in the table. Corresponding values were not always 
available from the literature. When rotations were reported there 
was good agreement with the values obtained. 

With the exception of 5-isothiazoleglycolic acid. described 
below, the side-chain acids used in the synthesis of the cephalos- 
porins listed in Table V were either obtained from commercial 
sources or prepared by published procedures. References to the 
latter are included in the footnotes to the table. 

4-Aminomethylmandelic Acid. A mixture of cu-bromo-p-tolual- 
dehyde (16.4 g, 0.078 mol) and potassium phthalimide (26.4 g, 
0.14 mol) in 140 ml of dry DMF was heated on a steam bath for 
I .75 hr. After cooling to room temperature the solution was dilut- 
ed with HzO (180 ml) and extracted with CHC13. The combined 
CHC13 extracts were washed with 5% NaHC03 and then with 
H20, dried, and evaporated in uucuo to give after trituration with 
ether 13.5 g (65%) of 4-formylbenzylphthalimide, mp 143-146". 
This was dissolved in 130 ml of acetone cyanohydrin containing 2 
ml of Et3N and the mixture was stirred for 18 hr a t  room temper- 
ature, The solid was collected, washed with EtzO, and dried in 
ivxuo to give 12.8 g (86%) of the cyanohydrin which was suspend- 
ed in 130 ml of concentrated HCI and the mixture heated at re- 
flux for 8 hr. The solution was cooled to room temperatiire ant! 
extracted with EtOAc. and the aqueous layer was evaporated iri 
cucuo to give 21 7 g of a white solid. This solid was dissolved in 50 
nil of HzO, and the cold solution was adjusted to pH 4.6 with 5% 
XaHC03 and. after stirring at 5" for 4 hr, the solid was collected 
and dried to give 5.0 g i52%) of 4-aminomethylmandelic acid. 
mp >260".Anal. (CYHIINOS) C ,  H, N 
1-tert-Butoxycarboxamidomethylmandelic Acid. A stirring 

mixture of 4-aminomethvlmandelic acid (12.2 g. 0.067 mol), tert 
buty!azidoforrnatc.~forrxia~~~ 119.4 g. 0.14 mol). and MgO (5.5 g. 0.14 mOlJ 
in 120 ml of HzO and 200 ml of dioxane was heated a t  44" for 23 
hr. The mixture was cooled to room temperature, diluted with 
HzO (700 nil) and EtOAc ($00 ml), and filtered. When no product 
was obtained following work-up of the aqueous phase the filter 
cake of magnesium salts was suspended in a mixture of HzO (750 
nil) and FtOAc ($50 ml'l and acidified to pH 1.5 with 3 N HC1. 
After separation. the aqueous layer wae extracted twice more 
with EtOAc. The combined, dried EtOAc extracts were evapo. 
rated In uucuo and the crude solid was recrystallized from 1:1 
CHC13--CC:l+ to  give L5.5 g (82%) mp 16.5-1.67" dec. A n d .  

5-Isothiazoleglycolic Acid Cyclohexylamine Salt .  Lithium 
tri-tart-butoxyaluminum hydride (11.4 g, 0.045 mol) was added 

(C14H191;03) C, H, K. 

gradually over a 30-min period under S Z  to a cold (-35") solution 
of ethyl 5-isothiazoleglyoxylate (5.6 g, 0.03 mol) in diglyme (90 
ml) and Et20 (90 ml). Stirring was continued for an additional 30 
min a t  -25". Water 175 ml) was added slowly and the mixture 
was stirred for 1 hr without cooling. The reaction mixture wa.. 
poured into HzO (450 ml) and the mixture was extracted with 
EtzO. The aqueous layer was acidified with dilute HC1 and e r -  
tracted with Et20 and the combined, dried extracts were e m p i -  
rated in uacuo. The residual yellow oil was dissolved in 'vle2CO 
and treated with cyclohexylamine to give 3.85 g of crude salt.  
This was recrystallized from MeOH-MezCO-petroleum ether to 

g (:3870) of pure salt. mp 195-198". .-\nul. ( C S H ~ N O ~ S  
) C,  H, S.  For acylation the salt was converted to the fret, 

acid and the crude product was used without further purification. 
Preparation of Dichloroacetylmandeloyl Chlorides. A mix- 

ture of the appropriate mandelic acid (0.01 mol) and dichloroa- 
cetyl chloride (0.03 mol) was heated at 80-85" for 1.5 hr and the 
excess dichloroacetyl chloride was then removed in i w u o .  The 
residue was dissolved in 2.5 ml of SOC12 and the solution refluxed 
for 1.5 hr. After removing the excess SOClz in uacuo, dry CfiHfi 
was added and the evaporation was repeated. The residual acid 
chloride was kept under high vacuum for several hours to  ensure 
complete removal of dichloroacetyl chloride (absence of peak at  6 
6.72 i r t h e  nmr spectrum). Purity and identity were verified vi0 
the ir and nmr spectra uf :he *ample which was used for the s u h -  
sequent acylation without further purification. 

Preparation of 7-Mandelamidocephalosporanic Acids. Pro- 
cedure A. The appropriate dichloroacetylmandeloyl chloride (0.0; 
mol) in 15 ml of Me2CO was added over a 15-min period to a cold 
(-20") stirred solution of 7-.4CA (0.01 mol) in 50 ml each of 
Me2CO and 5 7 ~  NaHCO3. The reaction mixture was stirred at 
-20" for 30 min and then allowed tu warm to room temperarure 
(with stirring) over a period of 2 hr. The solution was brought tc, 
pH 9-9.5 and maintained at that pH for 30 min (room tempera 
ture) b::. adding 5% Na2C03 as required. After extraction with 
Et20 the aqueous phase was cooled to 5". layered with EtOAc. 
and acidified (pH 1.5! with 6 N HCI. The aqueous layer was ex- 
tracted twice more with EtOAc and the combined EtOAc extracts 
were dried and evaporated in cacuo. The residual syrup was pre- 
cipitated three times t'roin acetone using petroleum ether i t o  re 
-11ove residua: disiiluroaceiic acid) to give a semisolid residue. 
Crude yields at  this stage ranged from 35 to 80%. 

The crude acid was purified by conversion to  an appropriate 
salt which was subsequently reprecipitated from various solvents 
when necessary. The sodium salts were obtained by titrating a 
cold (10") methano! solution of the acid to pH 6.8 with #57c 
SaOCHn in methanol. After dilution with 10 vol of ether the solid 
was collected, washed with Et&). and dried over P z 0 5  zn L'acuo 
When needed, as indicated hy tlc. ir. (:i nmr. the salt was dis- 
solved in methanol and reprecipitated 'Kith ether. In a few r:ises 
the sodium salt war; ohtained by adding tl 1.: ,V soliltion of sodi 
um 2-ethylhexanoate in isopropyl alcohol to the acid dissolved in 
the alcohol with Fiibsequent addition of ether :o complete the 
precipitation. 

The triethylamine salts were prepared i ~ y  treating the crude 
acid in MIBK with an excess of dry Et3X followed by excess 
ether, Subsequent purification, when necessary, was a c c m  
plished by recrystallization from CHC13- Et,zO or CHCI:i-petrole- 
rim ether. The c>-clohexyiamine salts were made by an  analogoii. 
procedure snmttinies using et h!.l acetnte in piarc. o! t h e  1IIHIi 

Procedure €3. A solu!iqii of the appropriate mandelic a c ~ d  
iG.018 mol). iVV-crinleth> lsilylacetamide (0.02 mill 1. and 
10.018 mol) in 50 mi of c 
Isohuty! chloroforniare 016 mol! *a* added dropwise ' (1 ihc 
cooled 1 -. 10"r sollition i ivrr a %min perioti. After a n  addiriu:ia! 
20 min at -10" a solution of 7-ACA t0.018 mol! and Et33 lO.!lli 
mol) in THE' aitd ki:?G r.'iO m! eachi was oriiiei! o ~ . ~ r  '<(I I E : I !  I 

-10"). The r n ~ x t ~ r t  stirred at 0" for i hr. and t h e n  a: rcwli: 

temperature for I .5 hr, .Aft,er concentration in ~ ' o c u o  the aquetrui 
residue was treated wirh 37~ NaHCOs [ t o  dissolve precipitated 
7-ACA'i. diluted with W20 1.50 ml!. ani! extracted with EtnO. The 
aquewb solution \\a* coolcc! 15-  10"). layered with EtOAc,. and 
adjusted to pH L,,? The aqueous phase was  reextracted twice 
with Et OAc and ~ h ?  combined extracts were t i r i d  and evapo-  
rated Ln L Y Z C U O  1.13 give the  crude acid ('20--50Yc \.ield) as a gum 
This was converred t i  appropriate salt as described in prow 
dure A. 

Procedure C. ..Z mixture oI' the nlanlielic arid (0.01 mol I dnd 
dichlnroacetvl chloride ( : 3  ml) was heated at 80- 85' Iiir X hr, Thr 
resulting clear solution was evaporated in L ' U C U O  and ihr residue 
was piimped under high vacuum at 45' for 18 hr The protected 

THF was reiluxed lnnder 5 2 1  for 
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acid was dissolved in Et20 (80 ml); 7-ACA tert-butyl ester (3.3 g, 
0.01 mol) was added, followed by DCCI (2.1 g, 0.01 mol). The 
mixture was stirred at room temperature for 5 hr. The precipitat- 
ed DCU was removed and the filtrate was evaporated in uacuo. 
The semisolid residue was dissolved in Et20 and precipitated 
with petroleum ether; the resulting solid was dried in vacuo to  
give the 7-mandelamidocephalosporanic acid protected as the 
tert-butyl and dichloracetyl diester (75-95% crude yield). The 
diester (0.005 mol) was dissolved in cold TFA (25 ml) and the so- 
lution was stirred a t  room temperature for 45 min. The TFA 
evaporated in uacuo and the residue was treated with 5% 
aqueous NaZC03 (pH 9.5) for 1 hr and worked up as described 
under procedure A. 

Procedure D. Preparat ion of 7-(Aminomandeloyl)cephalo- 
sporanic Acids (Compounds 26-28). The appropriate 7-(dichloroa- 
cetylnitromandeloy1)cephalosporanic acid tert-butyl ester (0.01 
mol) prepared by procedure C was dissolved in MeOH (300 ml) 
containing 10 g of prereduced 5% Pd/C and hydrogenated on a 
Parr apparatus a t  3.5 kg/cm2 for 3 hr. The mixture was filtered 
and evaporated in vacuo and the residue was triturated with 
EtzO. The resulting solid was dissolved in 20 ml of TFA for 30 
min a t  room temperature. The excess TFA was evaporated and 
the residual TFA salt of the product was triturated with EtzO. It 
was converted to the sodium salt with NaOMe as described in 
procedure A. 

7-[(R)-( - )-Mandelamido]-3-(N-pyridiniummethyl)-3-ceph- 
em-4-carboxylate (52). This compound was prepared by dis- 
placement of the acetoxy group of 1 with pyridine using the method 
described by Arkley, et al.1° Anal. ( C Z I H I ~ N ~ O ~ S . ~ . ~ H Z O )  C, H,  
N. 

Sodium 7-[ (R)-( - )-Mandelamido]-3-azidomethyl-3-cephem-4- 
carboxylate (53). This compound was prepared in 35% yield by 
procedure A substituting 7-amino-3-azidomethyl-3-cephem-4-car- 
boxylic acid4 for 7-ACA. Anal. ( C I ~ H I ~ N ~ N ~ O ~ S . ~ . ~ ~ B ~ O )  C, H;  
N: calcd, 16.14; found, 15.66. 

Sodium 7-[(R)-(-)-Mandelamido]-3-(5-methyl-1,3,4-thiadia- 
zol-2-ylthiomethyl)-3-cephem-4-carboxylate (54). A mixture of 1 
(4.55 g, 0.01 mol) and 5-methyl-1,3,4-thiadiazole-2-thiol (1.32 g, 
0.01 mol) in 100 ml of pH 6.4 phosphate buffer was heated at  60” 
with stirring for 21 hr. The cooled (25”) mixture was layered with 
EtOAc and acidified to  pH 2 with dilute HCl. The aqueous phase 
was extracted twice more with EtOAc and the combined dried ex- 
tracts were evaporated to give 4.9 g solid. Chromatography on sili- 

ca gel using a CHC13-MeOH gradient gave 2.91 g of the cephalo- 
sporin free acid. Treatment of an  acetone solution of this acid with 
a slight excess of 30% sodium 2-ethylhexanoate in isopropyl alco- 
hol gave 2.3 g (44%) of the sodium salt. Anal. (C19H18N4Na- 
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The influence of pretreatment with clofibrate (1) and related analogs on various parameters of hepatic drug metab- 
olism in rats was investigated. Of the analogs tested, only ethyl 5-chloro-2,3-dihydrobenzofuran-2-carboxylate (4) 
and ethyl 6-chlorochroman-2-carboxylate (6) possessed inductive properties similar to 1. Increases were noted in 
the activities of ethylmorphine N-demethylase and/or aniline hydroxylase and cytochrome P-450 in liver micro- 
somes obtained from animals pretreated with 1, 4, and 6. Deschloro analogs (5 and 7) of 4 and 6 were ineffective as 
hepatic enzyme inducers. Presence of a chloro substituent was favorably correlated to the inductive properties 
noted within this series of compounds. 

We recently described a comparative analysis of the 
hypocholesterolemic and hypotriglyceridemic activities of 
a number of cyclic ethyl ester analogs of clofibrate [ethyl 
2-methyl-2-(4-chlorophenoxy)propionate, 11.l A rat model 
was utilized in which hyperlipemia was induced by intra- 

?The authors gratefully acknowledge support of this work through Grant 

peritoneal injection of Triton WR-1339. Under these con- 
ditions, clofibrate (l) ,  ethyl 1,4-benzodioxane-2-carboxyl- 
ate (2), ethyl 5-chloro-2,3-dihydrobenzofuran-2-carb0xy1- 
ate (4), and ethyl 6-chlorochroman-2-carboxylate (6) sig- 
nificantly reduced serum cholesterol levels. The deschloro 
analogs 5 and 7 were inactive. In these same hyperlipemic 
rata, esters 1, 2, and 6 significantly reduced plasma tri- 

HL 12740 from the U. S. Public Health Service. 
$This article is dedicated to Alfred Burger in recognition of his many sig- 

nificant contributions in the field of medicinal chemistry and because of 
his stimulating influence on the author’s own research. 

glyceride levels. Deschloro-analogs 5 and 7 were inactive 
and the apparent hypotriglyceridemic effect of chloro m a -  
log 4 was not statistically significant. Chlorochroman m a -  


