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TABLE I 
BIOLOGICAL L4CTIVITIES'* 
Cephalo- 

glycinb Resistantc Graind l\Iouaec 
Structure  assay S. aureus negative protection 

D-IVa 1000 1.0, 1 . 5  2 4 . 5  
L-IVa 42 0.7, >10 >50 >41 
u-IIIb 150 11,>20 >50 >41 
LI I Ib  55 12, >20 >50 >41 
D-IVc 1700 1 , l  16 >41 
LIVC 725 2 , 3  >50 >41 
DL-IIId 270 9,12 >50 Not,done 
i J V d f  <63 >20, >20 >50 So tdone  
D-IVdf 550 6 , 8  >50 Notdone 
CephalothinB 3000 0.4, 1.0 8 41 

a See ref 10. * Values are expressed as pg/mg of cephalogly- 
cin activity against S .  aureus 209P using the paper disk agar dif- 
fusion plate method. Values, expressing the minimum inhibi- 
tory concentrations in pg/ml, are the results of gradient plate 
assay. The  first value is without, and the second value with, 
28% human serum in the medium; each figure is the average value 
with four penicillin-resistant (>50 pglml) S.  aureus strains. 
The N I C  values for methicillin in this test average about 2-3 
pg/ml. d Values given were obtained with a gradient plate 
assay in the absence of serum; the figure is the mean MIC value 
against seven representative gram-negative e The 
value. given are the dose of drug in mg/kg administered orally 1 
and 5 hr  post-infection with 250-600 LD5a's of S. pyogenes C-203. 
Values were calculated by the method of Reed and RIuench.4 
f The configurational assignment is on the basis of biological 
activity. 0 See ref 3b. 

identified with standards of each of these substances. 
I n  addition, the epimer of cephaloglycin, L - I V ~ ,  
showed a shorter retention time on the column and 
thus was separated satisfactorily from D-IVa. Using 
this procedure, purity of both compounds could be 
determined with regard to three possible impurities 
inherent in the synthetic procedure. 

A serious impediment to the preparation of cephalo- 
glyciri arialogs free of epimeric impurities was the neces- 
sity of resolving the side-chain amino acids. Use of the 
raceniic amino acids is undesirable since relative propor- 
tions of the epimers in the product might vary. (Such 
variation might be anticipated since 7-ACA contains 
two carbon atoms with fixed asymmetry.) If the 
separation of epimers in the Moore-Stein analysis 
proved to be a general phenomenon, the analysis would 
provide a method of checking a final product for the 
presence of both epimers, in addition to determining 
quantitatively the amount of urireacted starting 
materials. 

To test this method, 7-,4Ch was acylated with DL- 
phenylalanine (m-a-amino-P-phenylpropionic acid) via 
the t-butoxycarbonyl-protected derivative to yield 
IVb. When the crystalline product was subjected to 
Moore-Stein analysis, there was obtained only one 
major peak and several very minor ones. I t  appeared 
that in this case the two epimers D - I V ~  and L - I V ~  had 
the same retention time and no separation of the epimers 
was obtained, or that work-up of the reaction mixture 
resulted in a separation. The derivatives of 7-ACA 
(n-TVh and L-IVb) corresponding to D-phenylalanine 
and L-phenylalanine, respectively, were prepared then, 
111 like manner according to Scheme I, from pure D and 
L enantiomorphs. h rrystalline product resulted from 
u-phenylalanine, but the L epimer was amorphous. 
When run on the Moore-Stein columns, D-IVb corre- 
sponded in position to the product from m-phenyl- 



C,,H;dHCOLH 
v 

/ 

I 

VI1 

C,H,CHCOOK 

1. C,H,CH,S(CH,)- 
2 CH,CH,OCOCI 
3. 7-ACA (C.H,) N 

COOK - 
VI11 

~vdua t lo l l  of thesc co1IlL)ouIlds IS iUI11-  

Experimental Section 
All cepkdosporiii derivative. were siibjected t o  atlit ibitcLeri:tl 

asnays and the renrtioii:: were followed by bioaiitographic tccli- 
iiiques. The rolveiit system for paper chromatography was geii- 
(ml ly  ;Or; aqrieoui: propaiiol. CorrilxJiuids were cfctected i ) y  
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plating on Bacillus subtilit? seeded agar plates. All of t,he cephalo- 
sporins decomposed on heating, showing no definite melting point,. 
Some products were not obtained analytically pure; many of 
the crystalline compounds contained solvate of crystallization. 
Physical-chemical methods of identification were used including 
iiltraviolet spectra in water or ethanol, infrared spectra in Nujol 
mulls, nmr spectra in D20 or trifluoroacetic acid, and titrations 
in 66% aqueous dimethylformamide using a glass electrode and a 
standard calomel half-cell (see Table 11). All evaporations were 
performed a t  room temperature or below with a rotary evapora- 
tor under reduced pressure. The amino acid analysis was carried 
out on a Beckman Model 120B amino acid analyzer which uses 
reiiii chromatography d la Moore and Stein. 
74 a-Aminopheny1acetamido)cephalosporanic Acid Zwitter Ion 

( IVa), D-a-t-Butoxycarboxamidophenylacetic Acid (Ia).-Reac- 
t,ion of o-phenylglycinell wit'h t-butoxycarbonyl azide12 was car- 
ried out by the method of S c h ~ y z e r ~ ~  to give the protecteri 
amino acid5 in good yield. 
7 4  ~-~-t-Butoxycarboxamidophenylacetamido)cepha~osporanic 

Acid (D-IIa).-A solution of 12.6 g (0.05 mole) of iw-t-butoxycar- 
boxamidophenylacetic acid and 6.9 ml (0.05 mole) of triethyl- 
amine in 200 ml of tetrahydrofuran (THF) was cooled to  -10". 
While stirring, 6.5 ml (0.05 mole) of isobutyl chloroformate was 
added and the temperature was maintained a t  - 10' for 10 min. 
A cold solution of 7-ACA2 triethylamine salt, prepared by slowly 
addiiig 6.0 ml (0.05 mole) of triethylamine to a suspension of 13.6 
g 10.05 mole) of 7-ACA in 180 ml of cold 50'5 aqueous THF,  was 
added with stirring to the mixed anhydride solution. 

The mixture was stirred a t  5' for 1 hr and a t  room temperature 
for 1 additional hr. T H F  was evaporated aiid the residue was 
dissolved in a mixture of 300 ml of water and 100 nil of ethyl 
acetat,e. The organic layer was discarded and the aqueous layer 
was cooled to So, 300 ml of fresh ethyl acetate was added, and the 
mixtiire was acidified to pH 3.0 with 10% HC1. The mixture 
was filtered to remove unreacted 7-ACA, and the et,hyl acetate 
was separated. The aqueous layer was extracted again with 150 
ml of ethyl acetate. The combined organic extracts were washed 
with 100 ml of water and dried (AIgSOn). After evaporation the 
residue was triturated with a mixture of 15 ml of ether and 50 
nil of petroleum ether (60-71') until the oily residue soldified. 
The product, 26.0 g, 747% yield, could be further purified by 
dissolving iii ether and reprecipitating by adding petroleum ether 
(60-71 "). However, the product was used in subsequent steps 
without further purification. 
7-(~-a-Aminophenylacetamido)cephalosporan~c Acid Zwitter 

Ion, Cephaloglycin (n-IVa). A. By Formic Acid Hydrolysis.- 
A solution of 25.5 g of the protected derivative, o-IIa, in 700 ml 
of 507, aqueous formic acid was warmed a t  40" for 3.5 hr. 
Solvent was evaporated, and the residual syrup was stirred with 
200 ml of ethyl acetate until it. solidified. Stirring was continued 
while 200 ml of ether was added, then for an a,dditional 15 min 
to give lX.0 g of amorphous material. 

A 1O.Il-g sample of this product was stirred with a mixture of 
50 ml of water aud 50 ml of 25% Amberlite LA-1 (acetate form)14 
i l l  isobutyl methyl ketone for 2 hr. The material, which was 
initially soluble ill this mixture of solvents, crystallized as a hy- 
drate during extraction. After being collected by filtration, it 
was washed l\-ilh a mixture of 20 ml of water and 20 ml of iso- 
butyl methyl ketoiie, then, 120 ml of isobutyl methyl ketone in 
three portioiis, i~iid finally two 40-ml portions of ethyl acetate; 
yield 3.6 g (3256) .  

V i a  Trifluoro Acid Cleavage.-To 10.0 ml of anhydrous 
trifluoroacetic acid which had been cooled to 5' was added 1.0 
g of o-IIa with stirring. Gas evolution was noted, and the 
solutioii was stirred for 3 min after the bubbling had ceased. 
Pouring the reactioii solution into anhydrous ether afforded the 

B. 

(11) The  resolved phenylglycine use in the early par t  of this investigation 
mas obtained b y  the method of E. Fisher and 0. Weichhold [Ber. ,  41, 1286 
(1908) I uia the N-formyl derivative of DL-phenylglycine (Eastman). Both 
isomers are now available from Ot t  Chemical Co. 

(12)  t-Butoxycarbonyl azide is now commercially available from Aldrich 
Chemical Co. 

(13) R. Schwyzer, P. Sieber, and H. Kappler, Helu. Chim. Acta, 42, 2622 
(1959). 
(14) Amberlite LA-1 is a high molecular weight, water-insoluble. liquid 

secondary amine, commercially available from Rohm and Haas Co. The  
acetate form used in this investigation was prepared as  follows. To  1.0 1. of 
.\mberlite LA-1 and 3.0  1. of isobutyl methyl ketone \vas added 120 ml of 
glacial acetic acid and the solution was stirred for 5 min. .\fter stirring with 
800 ml of water for 26 min, the organic laser was separated for use. 

trifluoroacetate salt o-1112. This was converted to the switter 
ion, D-IVa, by slurrying with water and Amberlite LA-1 as in 
method A to furnish a product identical with that obtained in 
this preceding method. 

Via Hydrogenolysis of N-p-Nitrobenzyloxycarbonyl Pro- 
tecting Group.-A solution of 6.6 g (0.020 mole) of V (mp 175- 
176", obtained from D-phenylglycine and p-nitrocarbobenzoxy 
chloride) and 2.7 ml (0.02 mole) of triethylamine in 60 ml of 
T H F  was cooled in an ice-alcohol bath while 2.7 g (0.02 mole) of 
isobutyl chloroformate in 20 nil of T H F  was added dropwise with 
stirring. Aft,er stirring in the cold for 20 min, the mixed an- 
hydride was treated with a solution of 5.4 g (0.02 mole) of 7-ACA 
and triethylamine (2.0 g. 0.02 mole) in 20 ml of water. The re- 
action mixture was refrigerated overnight and diluted with 500 
ml of water. Af er  evaporation of TIIF, t,he aqiieous soliltinn 
was acidified to pH 2.5 in the presence of ethyl acetate. The 
prodnct, which was in the ethyl acetate solution, was extracted 
into cold water by treatment with 1.0 ,V KOII to pH 6.8. After 
filtration and evaporat,ion, the residlle was crydtallized by dis- 
solving in 600 ml of methanol and diluting with ai1 equal volume 
of 2-propanol to yield 3.3 g of VI. 

A solution of 0.425 g (0.0006X mole) of VI in 20 ml of glacial 
acetic acid was added to 1.0 g of 10% Pd-C. A fine stresni of 
hydrogen was passed thrmigh the mixture for 2 hr with stirring a t  
room temperature. After removal of catalyst by filtration, the 
solvent was evaporated and the by-products were removed under 
high vacuum leaving 200 mg of crude product. Purification as 
described under method A afforded material which was identi- 
cal with this previously described compound. 

Via 8-Dicarbonyl Protecting Group.-A solution of 2.1 ml 
(0.022 mole) of ethyl chloroformate in 70 ml of acetone containing 
a catalytic amount (3 drops) of N,N-dimethylbenzylamine was 
cooled to -10". With >stirring, 6.4 g (0.022 mole) of YI18 
(D enantiomorph) was added. The temperature rose to - 2 " ,  
but the reaction mixtiire was cooled to -10" where i t  \vas main- 
tained for 20 min. 

A soliition of 6.3 g (0.023 mole) of 7-ACA was prepared by SIIS- 

pending the 7-ACR in 30 ml of water, cooling, aiid adding tri- 
ethylamine to pH 7 . 5 ,  then adding 30 ml of acetone. This solu- 
tion was added to the above mixed anhydride wit,h stirring. 
After the addition, the mixture was stirred for 1 hr while the tem- 
perature was maintained at  0". The mixture was then filtered 
arid the acetone was evaporated. 

The resulting aqueous solution of VI11 was shaken with a mis- 
tnre of 7 5  ml of isobutyl methyl ketone arid 10 ml of formic acid. 
The mixture was again filtered rapidly through a pad of filter 
aid. The filtrate was stirred a t  0" for 1 hr and the solid was col- 
lected after overnight refrigeration. This product, 3.3 g (:35yil 
yield), was identical with that prepared via methods A, B, and C. 
7 4  ~-oc-t-Butoxycarboxamidophenylacetamido)cephalosporanic 

acid (L-IIa) was prepared in 49% yield from L-a-t-butoxycar- 
boxamidophenylacetic and 7-ACA in the same mariner 
as the D epimer (D-IIa). 
7-( L-a-Aminophenylacetamido)cephalosporanic Acid Trifluoro- 

acetic Acid Salt (L-IIIa).-To 50 ml of cold anhydrous trifluoro- 
acet,ic acid was added 10.0 g of L-IIa, while st'irring and cooling in 
an ice bath. After 
stirring for 15 min, the solution was poured into 500 ml of cold, 
anhydrous ether. The precipitate was collected, washed with 
ether, and vacuum dried, yielding 4.0 g. 
7-(~-~-Aminophenylacetamido)cephalosporanic Acid Zwitter 

Ion (L-IVa).-The above product (L-IIIa) (4.0 g)  was stirred with 
30 ml of water and 30 ml of 2570 Amberlite IJA-1 (acetate form) 
in isobutyl methyl ketone a t  room temperature for 15 min, 
then a t  5" for an additional 45 min. A crystalline product 
formed, was collected by filtration, and washed in the same man- 
ner as was the D epimer. 
74 a-Amino-ppheny1propionamido)cephalosporanic Acid Zwit- 

ter Ion (IVb), 7-(~~-~-t-Butoxycarboxamido-~-phenylpropion- 
amid0)cephalosporanic Acid (IIb).-The procedure described for 
D-I I~  was followed and the product was obtained in 687, yield 
starting with DL-oc-t-butoxycarboxamido-@-phenylpropionic acidI5 
and 7-ACA. The product, which was used in subsequent steps 
without further purification, had an ultraviolet maximum a t  260 
mp ( E  6770), and titration gave a pK, of 4.8 with an apparent 
molecular weight of 540 (calcd 519). 

C. 

D. 

The solid dissolved and gas was evolved. 

(15) The starting amino acid was obtained from Nutritional Biochemicals 
Corp. both as the racemic mixture and as the resolved material. These were 
conrerted to t-butoxycarbonyl derivatives by the procedure of Schwyzer.la 




