
other values reported (16). Its increase is similar to that observed in 
N-trimethylsilylcyclohexylamine (20) between the proton on nitrogen 
and the cyclohexyl a-proton, indicative perhaps, in the same way, of a 
probable trans-coplanar arrangement of H,C and NH bonds in these 
8-lactam derivatives. 
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GLC Determination of 6-Aminopenicillanic Acid and 
7-Amino-3-methyl-A3-cephem-4-carboxylic Acid 

SILVESTRO SILINGARDI, MAURO Di BITETTO, and 
ALBERT0 MANGIA 

Abstract 0 A quantitative GLC determination of 6-aminopenicillanic 
acid and 7-amino-3-methyl-A3-cephem-4-carboxylic acid is presented. 
The results obtained are in good agreement with those of known chemical 
procedures. The method is free from interference by related sub- 
stances. 

Keyphrases 0 6-Aminopenicillanic acid-GLC analysis, prepared 
samples 0 Cephemcarboxylic acid, substituted-GLC analysis, prepared 
samples 0 GLC-analyses, 6-aminopenicillanic acid and 7-amino-3- 
methyl-A3-cephem-4-carboxylic acid, prepared samples 0 Antibacterial 
intermediates-6-aminopenicillanic acid and 7-amino-3-methyl-A3- 
cephem-4-carboxylic acid, GLC analyses, prepared samples 

6-Aminopenicillanic acid (I), 7-amino-3-methyl-A3- 
cephem-4-carboxylic acid (111, and 7-amino-3-acetoxy- 
methyl-A3-cephem-4-carboxylic acid (111) are the key in- 
termediates in the preparation of several semisynthetic 
0-lactam antibacterials (1). Their characterization can be 
made from IR (2) and UV (3,4) spectra or by TLC proce- 
dures (5-7), and chemical methods are known for their 
quantitative analysis (8,9). 

GLC determinations of some penicillins were reported 
(10, ll), but no procedure on cephalosporin antibiotics has 
been published. This paper reports the separation and 
quantitative determination of I and 11' by GLC after si- 
lylation. 

In spite of several trials, I11 was partially decomposed in the operative condi- 
tions. 

I 
H H  H H  

I V  11: R = H 
111: R = OCOCH, 

EXPERIMENTAL 

Apparatus-A gas chromatograph2 equipped with a flame-ionization 
detector, maintained at  200°, was used with gas flow rates of 40 ml/min 
for hydrogen and 300 ml/min for air. The areas of the peaks were calcu- 
lated by an electronic integrator3. A column oven temperature of 180" 
with the injector a t  220" and nitrogen flow rates of 40 ml/min was used 
for the analysis of I. For the analysis of 11, the column oven temperature 
was programmed from 160 to 210" with an increase of 6"/min, the injector 
was at  220°, and nitrogen flow rates were 57 ml/min. 

Glass columns, 2 mm i.d. X 2.0 m for the analysis of I or 2 mm i.d. X 0.5 
m for 11, were packed with 4% 0V-174 on 80-100-mesh HP Chromosorb 

Perkin-Elmer model 900. 
3 Perkin-Elmer model SIP 1. 
4 Applied Science Laboratories, State College, Pa. 
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Table I-GLC Data 
Relative Retention TimeD Relative RSD of 

2-m 2-m 0.5-m Response Response 
Compound Column Columnb Column Factor Factor, %c 

- Phenan- 1.0 1.0 1.0 1 .o ~~...-.. 

threne (4.2 min) (2.3 min) (1.3 min) 
1.29 - - 1.51 1.78 
- 1.92 2.42 1.62d - 

I 
IV 
I1 - 3.24 3.52 1.62 2.07 

a For column conditions, see ExperirnentaL Oven t.emperature was 200". 
c Relative standard deviations of response factors were obtained from eight separate 
preparations of reference standard for I and from six for 11. Estimated in a similar 
manner as 11. 

W5. The column packing was prepared by the standard slurry-filtration 
method. The columns were conditioned overnight a t  300" in nitrogen flow 
and treated with repeated 10-rl injections of a column conditioner6. 

Reference Standards-Compounds 1-111 were obtained commer- 
cially7. 7-Amino-3-methyl-A2-cephem-4-carboxylic acid (IV) was pre- 
pared by a known procedure (12). 

Silylating Reagents and  Silylation Procedures-6-Aminopeni- 
cillanic Acid-A 50% (v/v) solution of N,O- bis(trimethyki1yl)acet- 
amide (V) in pyridine containing 0.82 mg of phenanthrene*/ml was pre- 
pared. The sample of I was carefully weighed (about 10 mg), and 2 ml of 
the silylating solution was added to each vial. After sealing, the vials were 

1 

3 

2 

2 

1 

11111111 
7 6 5 4 3 2 1 0  

1 1 I I I I I I I 1 
9 8 7 6 5 4 3 2 1 0  

MINUTES 

Figure 1-Chromatogram of I .  Key: 1, phenanthrene; and 2, I .  

5 Johns-Manville, New York, N.Y. 
Silyl 8, Pierce Chemical Co., Rockford, Ill. 
Pierre1 Analytical Laboratories. 
Schuchardt, Munchen, Germany. 

MINUTES 

Figure 2-Chromatogram of I I  (Sample 8; see Table I I ) .  Key: I, 
phenanthrene; 2, IV; and 3, I I .  

heated a t  60" for 1 hr and allowed to stand at room temperature for 1 
additional hr. 

7-Amino-3-methyl-h3-cephem-4-carbozylic Acid-The sample of 
I1 was accurately weighed (about 10 mg), and sym-dichloroethane (2 ml) 
containing phenanthrene (1.0 mg/ml), trimethylchlorosilane (328 mg = 
0.38 ml), and hexamethyldisilazane (161 mg = 0.21 ml) were added to a 
10-ml flask equipped with a reflux condenser. The mixture was stirred 
with refluxing for 1 hr (complete solution was attained within 20 min) 
and then cooled to room temperature; V was then added (203 mg = 0.246 
ml) with additional stirring for 1 hr. Aliquots of 2 ~1 of the respective 
solutions were injected. 

RESULTS AND DISCUSSION 

Compound V is the best reagent to disilylate amino acids (13) using 
mild conditions. Derivatization for I was complete at room temperature 
in about 20 hr in chloroform or pyridine; shorter silylation times were 
obtained a t  60". 

The silylation of 11 for quantitative purposes was much more difficult 
because of the ready formation of the A2-compound (IV) (about 8-10%) 
with the reported conditions and a t  room temperature or with other 
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Table 11-Comparison o f  Analytical Datan (Percent Purity) 

Sample Procedure Assay Assayc 
GLC Colorimetric Iodometric 

ComDound 1 

5 88.2 87.7 88.7 
6 96.6 93.6 93.3 
7 99.7 97.4 94.6 
8 573d 81.5 86.5 
9 93.3 93.4 89.3 

Standard deviations of known procedures are calculated on ow results (average 
of a t  least two determinations). For I samples, u = f1.30%. For I1 samples, u = 
f0.96%. The sample 
has a content of 29.3% of IV. The ratio of I1 to IV was 2.08 as determined by NMR 
spectroscopy uersus 1.97 as calculated by GLC. 

For I samples, u = f1.25%. For I1 samples, u = f3.04%. 

strong silylating agents such as N,0-bis(trimethylsily1)formamide (about 
30% of lV), N-trimethylsilylimidazole (60% of IV), and N-trimethylsil- 
ylacetamide (about 10% of IV). In the last two trials, incomplete silylation 
was obtained. 

Hexamethyldisilazane alone or with trimethylchlorosilane9 does not 
form IV during derivatization of I1 (12), which is, however, incomplete. 
Quantitative silylation on the amino group, which is much more difficult 
(14) to react than the carboxylic group, was attained in a second step by 
adding V at room temperature. This procedure leaves the double bond 
of the dihydrothiazinyl ring unaltered. Furthermore, a shorter column 
was finally chosen to minimize previously observed decomposition 
phenomena. The analytical data are reported in Table I. 

The analytical results of samples of I and I1 obtained by GLC (Figs. 
1 and 2), compared with the colorimetric determination of Marrelli (9) 
and with the iodometric assay of Alicino (8), are reported in Table 11. The 
GLC determinations of these substrates are independent of related 

~~ 

9 The 1:3 molar ratio of these two silylating reagents was found to be the most 
suitable after preliminary experiments. 

Fluorescence Properties of Glafenine 

W. BAEYENS” and P. DE MOERLOOSE 

Abstract 0 The fluorescence properties of glafenine are partly caused 
by the anthranilic acid nucleus of the molecule. Correlations are made 
between fluorescence capacities and UV absorbance. Analytical deter- 
minations can be carried out in different solvents, e.g., ether, benzene, 
and ethanol. Linearity of the emission intensity with the concentration, 
limiting detectable sample concentrations, and Stokes shifts are re- 
ported. 

Keyphrases 0 Glafenine-fluorescence characteristics in various sol- 
vents, effect of pH Fluorescence characteristics-glafenine in various 
solvents, effect of pH 0 Analgesics-glafenine, fluorescence character- 
istics in various solvents, effect of pH 

Glafeninel (I), 2-[(7-chloro-4-quinolinyl)amino] benzoic 
acid 2,3-dihydroxypropyl ester, is used frequently for its 
analgesic properties. It is a pale-yellow powder, mp 165O, 
and is nearly insoluble in water, slightly soluble in organic 
solvents, and soluble in aqueous acid solutions. Since this 

substances such as IV, which interfere in the chemical methods (see 
Sample 8, Table 11). Furthermore, IV as an impurity can be detected 
accurately up to 0.5% in samples of I1 by this GLC method. 

The good agreement between the data reported in Table I1 supports 
the use of the GLC procedure and indicates that it might supplement the 
chemical methods. 
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substance contains the anthranilic acid nucleus, the fol- 
lowing report is concerned with the question of whether 
this molecule possesses native fluorescence characteris- 
tics. 

Anthranilic acid, o-aminobenzoic acid, exhibits a strong 
native fluorescence (A,,, = 300 nm and Aem = 405 nm at pH 
7) (l), for which pH dependence (2), decay time (31, and 
assay in human urine (4) have been reported. 

Solutions of glafenine in diluted mineral acids show an 
intense yellow color but do not fluoresce. In neutral and 

c1 

1 Ghfanan, ZOO-mg tableta, Roussel-Labunis, France. I 
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