
pentylamino]quinoline d-Tartrate (V)-This compound was 
prepared from salicylaldehyde by the procedure previously described. 
A yield of 96% was obtained, mp 90-95” (with bubbling a t  80”). 

4-Phthalimidomethylbenzyl Chloride (XII)-1,4-Bis(chloro- 
methy1)benzene 143.7 g, 0.25 mole) was added to 200 ml of dimeth- 
ylformamide. Potassium phthalimide (46 g, 0.25 mole) was added in 
two portions. The second portion was added after 3 hr together with 
another 300 ml of dimethylformamide. The mixture was heated for 
3 hr at  85”, and 500 ml of dimethylformamide distilled off under as- 
pirator vacuum (about l a 1 9  hr). The residue was poured into water, 
and a white material was collected. This material was extracted with 
1 liter of acetone, leaving 18.5 g of the insoluble diphthalimido 
product. Extraction of the acetone solution with hot petroleum ether 
(bp 30-60°) removed 12  g of unreacted 1,4-bis(chloromethyl)benzene. 
From the acetone solution was obtained 33.5 g of desired product, mp 
143-146”. 

5 - (p-Anisyloxy)-6-methoxy-8-(4-phthalimidomethylben - 
zy1amino)quinoline (XII1)-Compound XI1 (2.8 g), 1.6 g of potas- 
sium iodide, and 20 ml of acetone were boiled for 1 hr and concen- 
trated. The aminoquinoline (X) (3 g) was added together with 1.3 g 
of anhydrous potassium carbonate and 20 ml of 2-propanol. This 
mixture was heated in an open flask on a steam bath for 1.5 hr, al- 
lowing the 2-propanol to evaporate. The residue was poured into 
water, made basic with potassium carbonate, extracted with chloro- 
form, and dried (sodium sulfate). 

The chloroform was removed in vacuo, and the residue was heated 
with absolute ethanol to give an orange solid. This solid was dissolved 
in benzene, treated with charcoal, filtered, and concentrated to an oily 
residue. Addition of warm absolute ethanol gave an orange solid, 
which was collected and washed with absolute ethanol, mp 164-165”. 
The yield was 3 g (55%). In a second experiment, the yield was in- 
creased to 76%. 

Anal.-Calc. for C33H27N305: C, 72.65; H, 4.99; N, 7.70. Found: C, 
72.82; H, 5.04; N, 7.58. 

5-(p-Anisyloxy)-6-methoxy-8-(4-aminomethy~ben~lamino)- 
quinoline Maleate (V1)-The phthalimido compound (XIII) (1 1 
g, 0.02 mole) in 200 ml of 95% ethanol and 10 ml of 85% hydrazine 
hydrate was refluxed for 1.5 hr at 90-100”. Ethanol was removed, 20 
g of potassium hydroxide in 20 ml of water was added, and the mixture 
was stirred for 0.5 hr. The solution was extracted with ether (500 ml), 
dried over sodium sulfate, conceptrated,, and redissolved in ether. A 
saturated ether solution of maleic acid (11 g/500 ml of ether) was 
added. The yellowish orange precipitate (hygroscopic) was filtered, 
dissolved in chloroform, and reprecipitated with ether, mp 13G139”. 
It analyzed as the dimaleate salt, 

Anal.-Calc. for C ~ ~ H ~ ~ N ~ O Y ( C ~ H ~ O & :  C, 61.20; H, 5.16; N, 6.49. 
Found: C, 60.91; H, 5.24; N, 6.72. 

Two additional reprecipitations from chloroform by ether gave the 
product as the monomaleate salt (77.5%), mp 15%160” (Table I). 
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Determination of Salicylates by GLC 

JOHN P. TISCHIO 

Abstract 0 Silylation of salicylic acid by hexamethyldisilazane, 
N,O- bis(trimethylsilyl)acetamide, and N,N- bis(trimethylsily1)tri- 
fluoroacetamide was compared using GLC. The completeness of the 
reaction, the stability of products, and the reproducibility of results 
with time were investigated. Different reaction vessels were examined 
for their reliability and application for a routine assay procedure. 

Keyphrases GLC-analysis, salicylic acid, different silylating 
reagents and different reaction vessels compared Salicylic acid- 
GLC analysis, different silylating reagents and different reaction 
vessels compared Silylating reagents, various-compared in GLC 
analysis of salicylic acid Keratolytic agents-salicylic acid, GLC 
analysis 

promising incorporate a silylation process after ex- 
traction of the salicylates from the physiological fluid. 
The silylating reagents that have been utilized include 
hexamethyldisilazane (2), N,O- bis(trimethylsily1)- 
acetamide (3), and N,N- bis(trimethylsily1)trifluo- 
roacetamide (4). 

Several methods for the determination of salicylates 
in physiological fluids were reviewed previously (1). One 
of these, GLC, is attractive because it affords a sensitive 
quantitative method for the simultaneous determina- 
tion of aspirin and salicylic acid. Several papers have 
reported different GLC procedures (1-51, but the most 
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Figure 1-Typical chromatogram. Key: 1 ,  naphthalene; 2, tri- 
me thylsilyl-p-toluic acid; and 3, trimethylsilylsalicylic acid. 

However, when analyzing blood samples for salicy- 
lat es, different results are obtained depending upon 
which silylating reagent is used, which reaction vessel 
is employed, and when the samples are analyzed after 
de rivatization. In this report, a comparison is made of 
these silylating agents for their completeness of reac- 
tion, the stability of trimethylsilylated derivatives in the 
silylating mixture, and the reproducibility of results. In 
addition, three different vessels (a polyseal screw- 
capped centrifuge tube, a ground-glass-stoppered 
centrifuge tube, and a cork-stoppered centrifuge tube) 
were examined for their applicability for a routine assay 
procedure. 

EXPERIMENTAL 

Materials-The following chemicals were of analytical reagent 
quality unless otherwise noted: salicylic acid' USP, p-toluic acid2, 
naphthalene3, acetone3, anhydrous ether3, and the silylating reagents 
hexamethyldi~ilazane~, N,O- bis(trimethylsilyl)acetamide4, and 
N,N- bis(trimethylsilyl)trifluoroacetamide4. Other materials included 
screw-capped 15-ml conical centrifuge tubes fitted with polpal screw 
caps5, ground-glass 15-ml conical centrifuge tubes fitted with 
gronnd-glass stoppers5, and plain 15-ml centrifuge tubes fitted with 
corks5. 

A p p a r a t u s A  flame-ionization gas chromatograph6 was employed 
with a 1.2-m (4-ft) X 4-mm silanized glass column packed with 3% 
OV- 17 on Gas Chrom Q (100-120 mesh), acid washed and silan- 
ized4. 

Analytical Procedure-GLC Conditions-The injector and de- 
t e c t ~  temperatures were 200', the column temperature was 130'. and 
the helium carrier gas flow rate was 18 ml/min. 

Silylation Procedure-A standard stock solution of p-toluic acid 
and salicylic acid was made in anhydrous ether and had a final con- 

1 PAerck and Co. 
2 Matheson, Coleman and Bell Co 
3 Elaker Chemical Co. 
4 Supelco Inc. 

6 Gow Mac model 750. 
Arthur H. Thomas Co. 
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Figure 2-Comparison of the hexamethyldisilazane reagent in 
screw-capped tubes (XI, grouhd-glass-stoppered tubes (0). and 
cork-stoppered tubes (A). 

centration of 50 pg of each acid/ml. A 0.5-ml aliquot of this solution 
was pipetted into each of nine silylating vessels (three screw-capped 
tubes, three ground-glass tubes, and three plain tubes), and each was 
evaporated on a heating block maintained at  60'. After evaporation, 
50 pl of each silylating reagent was added to each type of reaction 
vessel. 

All tubes were flushed with a stream of nitrogen, capped with their 
respective stoppers immediately, and then incubated in an oven 
maintained at  60'. After 1 hr, the tubes were removed and allowed 
to return to room temperature (-5 min). Then 50 p1 of an acetone 
solution containing 100 gg of naphthalene/ml was added to each tube. 
A 5-pl sample of this last mixture was then subjected to GLC analy- 
sis. 

RESULTS AND DISCUSSION 

Hexamethyldisilazane, N,O-bis(trimethylsilyl)acetamide, and 
N,N-  bis(trimethylsily1)trifluoroacetamide have been reported as 
reagents for derivatizing salicylatea for their subsequent GLC analysis. 
This study was conducted over a 6-hr period to determine the relative 
completeness of the silyktion reaction, the stability of trimethylsilyl 
derivatives in the silylating reagent, and the relative qualitative and 
quantitative GLC response with respect to time. In addition, several 
different reaction tubes were investigated as to their suitability for 
routine analysis. 

Figure 1 illustrates a typical N,N- bis(trimethylsily1)trifluoro- 
acetamide chromatogram tracing, showing the separation of naph- 
thalene, trimethylsilyl-p-toluic acid, and trimethylsilylsalicylic acid. 
Their relative retention times under the experimental conditions were 
1, 1.8, and 3.5 min, respectively, in close agreement with retention 
times found by others (4). 

Naphthalene, which is not silylatable, is used as an internal stan- 
dard to ensure consistency in sampling size, with the intensity of its 
peak not varying more than 3% between samples. The trimethylsi- 
lyl-p-toluic acid peak is employed as an internal silylatable standard, 

I- 0 60 120 180 240 300 360 
MINUTES 

Figure 3-Comparison of the N,O-bis(trimethylsi1yl)acetamide 
reagent in screw-capped tubes (X), ground-glass-stoppered tubes 
(O) ,  and cork-stoppered tubes (A). 
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Figure 4-Comparison of the N,N-bis(trimethylsily1)trifluo- 
roacetamide reagent in screw-capped tubes (X), ground-glass- 
stoppered tubes (O) ,  and cork-stoppered tubes (A). 

and the ratio of trimethylsilylsalicylic acid to trimethyhilyl-p-toluic 
acid peaks is a relative measurement of the trimethylsiiyMcylic acid 
concentration from sample to sample. 

The data obtained for each silylating reagent in the three different 
reaction vessels are compared in Figs. 2-4. In each figure, the ratio 
of relative peak heights of trimethylsilylsalicylic acid to trimethylsi- 
lyl-p-toluic acid is plotted versus time. All time intervals indicated 
on the graph for each sample are the times elapsed after removal from 
incubation. 

The hexamethyldisilazane reagent did not silylate the salicylic acid 
to the same extent as the other reagents under the conditions de- 
scribed. In addition, as time elapsed, the hexamethyldisilazane 
chromatograms became complex due to the appearance of many in- 
terfering peaks (Figs. 5 and 6). Qualitatively as well as quantitatively, 
this reagent proved to be unsatisfactory. 

The N,O- bis(trimethylsily1)acetamide reagent appeared to give 
the same completeness of derivatization of salicylic acid as N,N-bis- 
(trimethylsilyl)trifluoroacetamide._However, the former showed a 
deterioration with time as was evident by the peaks tailing and be- 
coming unsymmetrical (Fig. 7). 

1 2 3 4 
MINUTES AFTER INJECTION 

Figure &Typical henarnethyldisilazane gas chromatogram 70 min 
after deriuatization. Key: 1, naphthalene; 2, trimethylsilyl-p-toluic 
acid; and 3, trimethylsilylsalicylic acid. 

1 I 1 

1 2 3 4 
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Figure 6-Typical heramethyldisilazane gas chromatogram 260 
min after deriuatization. Key: 1, naphthalene; and 2, trimethylsi- 
lyl-p-toluic acid. 

The N,N- bis(trimethylsily1)trifluoroacetamide proved to be the 
best silylating reagent with respect to completeness of derivatization, 
stability, and reproducibility of the peaks with time under these 
conditions. Therefore, N,N- bis(trimethylsily1)trifluoroacetamide is 
the reagent of choice for the silylation of salicylates. 

In addition to the differences obtained due to the silylation re- 
agents, the reaction vessel can be a diminishing factor in the amount 
of measurable derivatives remaining in the tube. Samples silylated 
in cork-stoppered vessels, whether hexamethyldisilazane, N,O- bis- 
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Figure 7-Typical N,O-bis(trimethylsily1)acetamide gas chro- 
matogram 65 min after deriuatization. Key: I, naphthalene; 2, tri- 
methylsilyl- p-toluic acid; and 3, trimethylsilylsalicylic acid. 
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(trimethylsilyl)acetamide, or N,N- bis(trimethylsily1)trifluoroacet- 
amide, were totally unsatisfactory. The disappearance of tri- 
methylsilylsalicylic acid with respect to trimethylsilyl-p-toluic acid 
over time was most demonstrable under the cork-stoppered vessel 
conditions. Polyseal screw-capped and ground-glass-stoppered vessels 
were satisfactory. 

To determine the difficulty with the cork-stoppered tubes, pieces 
of cork were suspended in three screw-capped tubes, each containing 
a sample to be silylated along with one silylating reagent. A polyseal 
cap was used to seal off the tube, and incubation and analysis were 
performed as described. The chromatograms showed the same pattern 
as was found for the cork-stoppered vessels for each reagent. The cork 
probably absorbed the trimethylsilyl derivatives and thereby reduced 
the amount of measurable derivative. 

Regarding the optimal time for injection of samples, the most re- 
liable time for consistent results for salicylic acid was between 1 and 
4 hr after incubation. On the other hand, aspirin was reported to be 
silylated almost instantaneously (4), and its trimethylsilyl derivative 
probably should be analyzed as soon as possible to reduce the extent 
of hydrolysis by the presence of moisture. If both salicylates are being 
analyzed simultaneously, a prescribed time for injection of the sample 
should be followed closely, recognizing the variables involved for 
optimizing each determination. 

In conclusion, certain recommendations can be made pertaining 
to the routine assaying of salicylates by GLC. For the qualitative and 
quantitative analysis of the silylated derivative of salicylic acid, 
N,N-  bis(trimethylsily1)trifluoroacetamide is the silylating reagent 

of choice. Polyseal screw-capped stoppered tubes are also recom- 
mended as the reaction vessel due to their ease and reliability of use. 
In addition, injection should be performed between 1 and 4 hr after 
incubation for optimal and reliable results for salicylic acid. 
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High-Performance Liquid Chromatographic 
Separation of C- 15-Epimers of 15-Methylprostaglandin E2 

Methyl Ester and 15-Methylprostaglandin Ez 

R. K. LUSTGARTEN 

Abstract A high-performance liquid chromatographic system that 
permits quantitation of 15-methylprostaglandin E2 and its methyl 
ester is described. Separation from the corresponding C-15 epimers 
is effected by adsorption chromatography on microparticulate silica 
with refractive index detection. 

Keyphrases 15-Methylprostaglandin EP and methyl ester- 
high-performance liquid chromatographic analysis and separation 
from C-15-epimers 0 High-performance liquid chromatography- 
analysis, 15-methylprostaglandin Ez and methyl ester, separation 
from C-15-epimers Prostaglandins-15-methylprostaglandin E2 
and methyl ester, high-performance liquid chromatographic analysis 
and separation from C-15-epimers 

The methyl ester of 15-(R)-methylprostaglandin EZ 
(Ia) and its corresponding acid (Ib) are potentially 
pharmacologically active in the treatment of gastric 
hyperacidity (1,2). Procedures are known that would 
separate them from possible degradation products, e.g., 
the prostaglandin A2 and prostaglandin B2 analogs 
( 3 4 ,  but there has been no efficient way of quanti- 
tating them in the presence of their 15-epimers (IIa and 
IIb). This paper presents a precise, rapid, and efficient 
method for doing so. The technique and data are dis- 
cussed for the Ia-IIa system. Except for the composi- 
tion of the mobile phase, the procedure and results for 
the 16-IIb system directly parallel those for the esters, 

so this system will not be discussed in detail. 

EXPERIMENTAL 

Materials-Prostaglandin’ samples, methyl acetate2, and all other 
materials were obtained from commercial sources and used direct- 
ly. 
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Ia: R = CH, 
B : R = H  
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IIa: R = CH, 
IIb: R = H 

* The Up’ohn Co 
Fisher dertified grade. 
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