
250- or 500-mg capsules as completely as possible, the recovery ap- 
peared to be satisfactory (Table VI). Another advantage of the 
present method is the ease of performing the assay. The fluores- 
camine reagent is stable for several weeks. In contrast, the USP 
XVIII method for the capsules requires freshly prepared sodium 
nitrite solutions. 
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GLC Determination of 
17a-Ethynylestriol3-Cyclopentyl Ether 

RAFIK H. BISHARAx, BONNIE S. RUTHERFORD, and ALAN DINNER 

Abstract A rapid, sensitive, and accurate GLC method of analy- 
sis of a new estrogenic drug, l7a-ethynylestriol 3-cyclopentyl 
ether, was developed. The drug and the internal standard, tetratri- 
acontane, are dissolved in chloroform, and an aliquot is heated 
with N-trimethylsilylimidazole at  80” for 30 min. The silylated 
sample is chromatographed using a column packed with 1% methyl 
vinyl silicone gum on Gas Chrom Q. Quantitation is achieved by 
computer calculation of the peak area ratios. The observed peak is 
the 16a,l7~-bistrimethylsilyl derivative of the new drug substance. 
The GLC method was applied to  the quantitative determination of 
the estrogenic compound in a tablet formulation containing 25 
pgltablet. 

Keyphrases 0 17a-Ethynylestriol 3-cyclopentyl ether-GLC 
analysis as trimethylsilyl derivative Estrogens-GLC analysis of 
17a-ethynylestriol 3-cyclopentyl ether 0 GLC-analysis, l7a-eth- 
ynylestriol3-cyclopentyl ether 

A new potent estrogenic hormone, l7a-ethynyles- 
trio1 3-cyclopentyl ether (I), useful in the treatment 
of spontaneous or induced menopausal syndrome, es- 
trogen deficiency, or conditions when estrogen may 
be used therapeutically, has been synthesized (1,2). 

In the process of developing a GLC method for an- 
alyzing I, the literature concerning the GLC determi- 
nation of estrogens was screened. Numerous publica- 
tions deal with the GLC determination of estriol, 
both as the pure compound (3-6) and in biological 
materials (7-29). Although there are several reports 
of the GLC of free estriol (4, 5, 15, 17, 27), the use of 

OH 

estriol derivatives is preferred to prevent irreversible 
adsorption on the column and/or thermal decomposi- 
tion of the underivatized hormone (30, 31). Higher 
volatility of the steroid derivative results in a shorter 
retention time, sharper peak, and improved sensitivi- 
ty (31,32). 

The trimethylsilyl (21, 22, 25, 28, 33), acetate (19, 
23, 24, 29, 33), heptafluorobutyrate (14, 34), and tri- 
fluoroacetate (6, 35, 36) derivatives are the most fre- 
quently used. The advantages of the trimethylsilyl 
derivatives relative to the acetate derivatives were 
discussed (37, 38). Other derivatives that were also 
reported for the GLC determination of estriol include 
the 3-methyl ether (39, 41), monochloroacetate (42), 
chloromethyldimethyl ether (43), chlorodifluoroace- 
tate (43), S-methyl-16,17-diacetate (44-46), 3- 
methyl-16,17-diheptafluorobutyrate (7), and 3- 
methyl-16,17-ditrimethylsilyl (13, 20, 39, 44) and io- 
domethyldimethylsilyl ethers (47). Several reported 
procedures were tried with no success for the anakysis 
of I in this study. The purpose of this paper is to re- 
port the trimethylsilyl derivatization and GLC condi- 
tions for the quantitation of I. 

EXPERIMENTAL 

Equipment-A gas chromatograph’ equipped with a flame-ion- 
ization detector was used. The detected signals were fed to a com- 
puter* for peak area integration and to a potentiometric recorder3 
with a chart speed of 38.1 cm (15 in.)/hr and a 1-sec full-scale re- 
sponse. Helium, with a flow rate of 60 ml/min, was the carrier gas. 
The flow rates of hydrogen and oxygen were adjusted to optimum 
sensitivity and low noise background in the electronic integrator 
and were found to be 40 and 300 ml/min, respectively. 

’ F&M model 402. Hewlett-Packard. Avondale. Pa. * Hewlett-Packard 2100. 
Honeywell Electronic 16, Honeywell. Philadelphia, Pa. I 
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Figure 2-Calibration curue demonstrating linear response of 
different amounts of trimethylsilyl Compound I to a constant 
concentration of tetratriacontane. 
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Figure 1-Typical gas chromatogram of trimethylsilyl-deriua- 
tized Compound I .  Key: a,  3-(cyclopentyloxy)-I6u,I 7&bis[(tri- 
methylsilyl)oxyl-I9-nor-l7a-pregna-1,3,5(10)-trien-20-yne; and 
b,  tetratriacontane. 

The U-shaped glass column (61 cm X 3 mm i.d.) was packed 
with 1% methyl vinyl silicone gum (UC-W98) on 80-100-mesh Gas 
Chrom Q4. The operating temperatures were: injection port, 260'; 
column, 225' (isothermal); and detector, 280'. All injections were 
made using a 1O-rl syringe5. 

Reagents-The silylating reagent was N-trimethylsilylimida- 
zole6. For the tablet assay, the reagent was diluted 1:5 with methy- 
lene chloride7 previously dried over anhydrous sodium sulfate. The 
reference standard solution was prepared in chloroforms. Spectro- 
quality carbon tetrachlorideg was used for extracting the tablets. 

Internal  Standard Solution-n-Tetratriacontane'O, 2.4 mg/ml 
in chloroform, was used. 

Reference Standard Solution-A I solution containing 2.0 
mg/ml of chloroform was prepared. One-milliliter aliquots of the 
reference standard and internal standard solutions were pipetted 
and mixed together in a small screw-capped vial sealed with a Tef- 
lon septum. One milliliter of the silylating reagent was added by a 
tuberculin syringe", and the vial was heated for 30 min a t  80' in a 
constant-temperature heating block'*. The vials were then re- 
moved from the heating block, cooled to room temperature, and 
submitted for GLC. 

Raw Material  Solution-The raw material sample was pre- 
pared exactly as the reference standard solution. 

Tablet  Solution-The average tablet weight of 20 tablets was 
determined. A portion of the powdered tablet material, equivalent 
to 25 r g  of I ,  was suspended in 10 ml of 0.05 N hydrochloric acid 
and extracted with three 30-ml portions of carbon tetrachloride. 

One milliliter of internal standard solution (25 rglml) was added, 
and the solution was evaporated to near dryness. Then the remain- 
ing solution was transferred quantitatively to a small glass vial6, 
3.5 -ml capacity, and evaporated. 

A 0.25-ml aliquot of the silylating mixture was added to the resi- 
due, and the vial was sealed and heated as described for the refer- 
ence standard. The reference standard solution used for the tablet 
assay was 25 pg/ml. One milliliter of this solution was mixed with 1 
ml of the internal standard solution (25 pglrnl) in a small glass vial. 
After evaporation, 0.25 ml of the silylating mixture was added; 
then the vial was sealed and heated. 

GLC-Four 3-pl portions of the standard solution were injected 
into the chromatograph to prime the column, and the instrument 
parameters were adjusted to  obtain optimum response of the two 
peaks. The retention time was approximately 8.0 min for silylated 
I and 11.0 min for the internal standard, tetratriacontane. 

When optimum conditions were obtained, duplicate injections 
were made of the standard solution, the sample solution, and the 
standard solution again. The peak areas obtained from the elec- 
tronic integrator were used for the calculation of the percent pu- 
rity of the raw material sample as shown in Eq. 1. Tablet potency 
was calculated as in Eq. 2. 

GLC-Mass Spectrometry-A 70-ev electron-impact mass 
spectrum of the observed GLC peak was obtained13. 

Calculation-The ratio of the sample peak to the internal stan- 
dard peak is calculated for each injection, and the duplicate ratios 
are averaged: 

R,, standard weight (mg) 
RI,d sample weight (mg) X % purity = - X 

standard purity X 100 (Eq. 1) 

where R,, is the ratio of the silylated I peak area to tetratriacon- 
tane peak area in the sample solution, and Rstd is the average ratio 
of the silylated I peak area to the tetratriacontane peak area of the 
standard solution before and after sample injections. 

The potency of I in micrograms per tablet is calculated as fol- 
lows: 

Custom-made nontested packing, Applied Science Inc., State College, 
Pa. 

Hamilton No. 701, Reno, Nev. 
Pierce Chemical Co., Rockford, Ill. 
ACS reaeent. Matheson. Coleman and Bell. Norwood. Ohio. 
Analytical reagent, Maliinckrodt, St. Louis: Mo. 
Matheson, Coleman and Bell, Rockford, Ill. 

' 

lo Analabs, North Haven, Conn. 
I' B-D Yale tuberculin, Becton, Dickson and Co., Rutherford, N.J. 
l2 Temp-Block module heater, holes with 1.5-cm diameter, Lab-Line In- 

struments, Melrose Park, Ill. 

R,, standard weight (pg)  

Rird sample weight (mg) 
micrograms per tablet  = - X X 

standard purity X average tablet weight (mg) (&. 2) 

where R,, and Rstd are defined as in Eq. 1. 

l 3  LKB-9000s gas chromatograph-mass spectrometer, LKB-Produkter 
AB, Bromma, Sweden. 
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Table I-Identity and Chemical Names of Some Closely 
Related Steroids to Compound I 

Com- 
pound 

Identity0 Chemical Name 

P 3-Hydroxyestra-l,3,5( lO)-trien-17-one (estrone) 
P Estra-1,3,5( 10),16-tetraene-3,17-diol diacetate 
P 1 6or, 1 7 ~ E p o x y e s t r a -  1,3,5( lO)-triene-3,17p-diol 

P 3,16a-Dihydroxyestra-l,3,5( 1 O)-trien-17-one 
diacetate 

diacetate 
P 

P 

P 

PDP 

~ . . ~ ~ ~  

19-Nor-17a-pregna-l,3,5( 10)-trien-20-yne- 

19-Norpregna-1,3,5( 1 O)-trien-20-yne- 

1601,174 Isopropylidenedioxy )-lg-norpregna 

34 Cyclopentyloxy)-l7p-hydroxyestra-1,3,5( 10)- 

3,160!, 17-trio1 

3,16a,1 7or -trio1 

1,3,5( 1 O)-trien-20-yn-3-ol 

trien-16-one ~~~ ~~ ~ ~ ~~ 

PDP 3-(Cyclopentyloxy~-2’,3’-dihydroxyestra- 

RFS 3-Methoxy-l9-nor-17a-pregna-1,3,5( lO)-trien- 
1,3,5( 10)-trieno-( 16~~,17a-b)-furan-l7p-ol  

. -  
20-yn-1-7-01 

RFS  19-Nor-17a-pregna-l,3,5( 1 O)-triene-3,1601,17- 
trio1 

oxy )- 1 9-norpregna- 1,3,5( 1 O)-trien-20-yne 
RFS 3-(Cyclopentyloxy)-l6o,17a-( isopropylidenedi- 

a P = synthetic precursor, PDP = probable degradation product, 
and RFS = related foreign steroids. 

RESULTS AND DISCUSSION 

A typical gas chromatogram is shown in Fig. 1. The first peak is 
the trimethylsilyl derivative of I, which is identified as 3-(cyclo- 
pentyloxy) -16a,17P-bis[ (tr imethylsilyl)oxy] - 19-nor- 1 7a-pregna- 
1,3,5(10)-trien-20-yne (11) by GLC-mass spectrometry. The mass 
spectrum of I1 shows a molecular ion at  mle 524, indicating silyla- 
tion of the two hydroxy groups on ring D at  the 16- and 17-posi- 
tions. The observed fragmentation pattern is analogous to that de- 
scribed for the trimethylsilyl ether derivatives of estriol and other 
related steroids (48, 49). The second peak in the chromatogram is 
tetratriacontane, the internal standard. Relative to the internal 
standard peak, the retention time of I1 is 0.73. 

Figure 2 shows the linear relationship of various amounts of I 
(0.34-1.02 mg/ml) to a constant amount of tetratriacontane (0.8 
mg/ml). 

Twelve related steroids were chromatographed using this meth- 
od. Table I shows the chemical names of these related compounds 
and identifies them as precursors, possible degradation products, 
or related foreign steroids. All 12 tested compounds showed short- 
er retention times than that of 11. Thus, the synthetic precursors 
and the known degradation products of I do not interfere with its 
GLC analysis. 

Duplicate injections of five different raw material samples by a 
single analyst give a standard deviation of 0.004 and a relative 
standard deviation (SDlmean X 100) of 0.322%. The accuracy and 
precision of the tablet assay were determined by analyses of five 
replicate samples. A relative standard deviation of 0.80% and a rel- 
ative error of -0.20% were obtained. 

Aged and degraded samples of tablets containing I were evalu- 
ated by this method. The assay values show a decrease on aging for 
1 year at  high temperature (50O). No interferences or extraneous 
peaks were observed on the chromatograms. 
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PHA RMA CE UTICA L TE CHNOLO G Y 

Effect of Physical Properties on 
Compression Characteristics 

E. SHOTTON and B. A. OBIORAH * 

Abstract The transmission of force to the die wall was mea- 
sured by a piezoelectric sensor, and the compression cycles of lac- 
tose granules of different shapes were compared. In addition, a 
nearly spherical fraction of spray-dried lactose was similarly com- 
pared with a crystalline sample. Better tablets were formed when 
the conversion of axial to radial pressure was high and the residual 
pressure on the die wall remained after removal of the top punch. 
With acetaminophen and phenacetin, the pressure on the die wall 
was low, as was the residual pressure, and capping occurred in both 
cases. With direct compression acetaminophen, higher die wall 
pressure was produced and capping did not occur. It is considered 
that these results can be explained by the ease with which the 
more nearly isodiametric particle can rearrange under pressure 
and by the elastic properties of the solid. 

Keyphrases Lactose granules-effect of physical properties on 
compression characteristics Compression of lactose granules- 
effect of physical properties compared 0 Die wall pressures-com- 
pared for various lactose granules, effect on tablet compressibility 

The effect of crystal habit and particle shape upon 
the properties of cubic and dendritic crystals of sodi- 
um chloride and the tablets produced from these 
crystals was previously examined (1). For any partic- 
ular material, the difference between applied and 
lower punch pressure depends on the coefficient of 
friction at  the die wall and on the radial pressure. 

Working with sodium chloride, aspirin, and hex- 
amine (methenamine), Shotton and Ganderton (2) 
postulated that capping of hexamine was due to the 
failure of the material induced by axial elastic recov- 
ery after compression force was removed, and this 
capping occurred when the interparticulate bonds 
were sufficiently strong to resist separation of the 
crystals. 

EXPERIMENTAL 

The following materials were used: phenacetin’, acetamino- 
phen2, direct compression acetaminophen3, spray-dried lactose4, 
and crystalline lactose5. Lactose granules6 with the following com- 
position by weight were also used: lactose, 50%; sucrose, 33%; maize 
starch, 16%; and magnesium stearate, 1%. 

A vibratory sieving machine was used to obtain 30-40-mesh lac- 
tose granules, acetaminophen crystals, and phenacetin crystals, 
and an air jet  sieve was used to obtain a 75-pm fraction of direct 
compression acetaminophen. The 40-45-pm fraction of the spray- 
dried and crystalline lactose powders was separated using a zig-zag 
classifier7. All materials were dried a t  60° for 4 hr in a hot air oven 
and stored in wax-sealed screw-capped jars. 

Different shape fractions of the lactose granules were obtained 
from the shape-sorting table described by Ridgway and Rupp (3). 
In Table I, 1, 4, 8, and 12 refer to the fractions obtained at these 
stations of this machine. The smaller the number of the station, 
the more spherical was the shape of the particles; the larger the 
number of the station, the more angular were the particles. The 
shape coefficient for the shape fractions of lactose granules was 
calculated from the average values of the particle volume, surface 
area, and projected diameter using the method of Heywood (4) as 
modified by Ridgway and Rupp (3). 

Shape factor determinations were not carried out for the lactose 
powders because it was not possible to count accurately such fine 
particles. Microscopic examinations, however, showed that the 
spray-dried lactose was composed of spheroidal particles and that 
the crystalline lactose was highly angular. The shape-sorting table 
was unsuitable for the needle-shaped crystals of acetaminophen 
and phenacetin because these were broken down by vibration. The 
values of shape coefficient for lactose granules are presented in 
Table 11. 

Monsanto Ltd. 
Paracetamol crystals BP, Graesser Salicylates Ltd 

3 Graesser Salk lates Ltd. 
McKesson anJRobbins Ltd. 
Whey Products Ltd. 
Thomas Kerfoot and Co.. Ltd. 
Alpine. 
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