
and 7.6-8.2 ppm (m, 6). 
Anal.-Calc. for CI~H.XINIS~: C. 45.94: H. 4.76: N. 6.30. Found: C. ”_ - - 

45.59; H, 4.79; N, 6.32.’ 
1-Methyl-2 - [2-methylthio-2-( 1-piperidino)vinyl] - quinolinium 

Iodide-To a suspension of I1 (R = H)  (2.72 g, 0.007 mole) in 25 ml of 
dimethyl sulfoxide was added freshly distilled piperidine (1.0 g, 0.012 
mole), and the mixture was stirred at  30” for 5 days. I t  was treated as in 
the previous procedure, and the crude precipitate was dissolved in 1- 
propanol (300 ml), treated with charcoal, and filtered while hot. This 
procedure was repeated three times, and the combined filtrates were 
evaporated to dryness under reduced pressure. The residue was recrys- 
tallized from 2-propanol to give 2.70 g (90%) of orange crystals, m.p. 
195-196”. ‘H-NMR 6 1.75 (s, 6), 2.63 (s, br, 3), 3.81 (s, br, 4), 4.10 (s, 3). 
5.55 (s, l), and 7.68.2 ppm (m, 6). 

Anal.-Calc. for C~SH,IN~S C, 50.70 H, 5.43; N,6.57. Found C, 50.93; 
H, 5.23; N, 6.38. 

1 -Methyl-2-[2-methylthio-2-(4-methyl-l-piperazino)vinyl]-quin- 
olinium Iodide-Following the previous procedure, I1 (R = H) (1.20 g, 
0.0031 mole) in dimethyl sulfoxide (25 ml) was treated with l-methyl- 
piperazine (0.35 g, 0.0035 mole). The product was recrystallized from 
acetic acid and again from absolute ethanol to give 0.63 g (48%) of orange 
crystals, m.p. 18&191°. ‘H-NMR d 2.58 (s, 3),2.95 (s,3), 3.40 (br, 4), 3.83 
(br, 4), 4.10 (s, 3), 5.80 (s, l ) ,  and 7.6-8.2 ppm (m, 6). 

Anal.-Calc. for C18H24IN3S: C, 48.98; H, 5.48; N, 9.52; S, 7.26. Found: 
C, 49.00; H, 5.49; N, 9.29; S, 7.30. 

1 -Methyl-2-[2-methylthio-2-(3-methyl-l-piperazino)vinyl]-quin- 
olinium Iodide-Following the previous procedure, I1 (R = H) (2.72 g, 
0.007 mole) in dimethyl sulfoxide (25 ml) was treated with 2-methylpi- 
perazine (0.70 g, 0.007 mole). The thick, oily product crystallized on long 
storage in the refrigerator. It was recrystallized from absolute ethanol 
and ether to give 0.41 g (14%) of orange-brown crystals,m.p. 188-190’. 
‘H-NMR 6 2.13 (s, 3),2.58 (s, 3),3.40-3.70 (br, 7), 4.10 (s, 3), 5.58 (s, l ) ,  
and 7.6-8.2 ppm (m, 6). 

Anal.-Calc. for CISHJN~S: C, 48.98; H, 5.48; N, 9.52; S, 7.26. Found 
C, 48.83; H, 5.58; N, 9.11; S, 7.08. 
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Abstract 0 A quantitative ‘H-NMR procedure is described for mea- 
suring ethchlorvynol in capsules. Deuterochloroform is used as the sol- 
vent, and hexamethylenetetramine as the internal standard; the analysis 
is based on the comparison of the area of the AB peak system of eth- 
chlorvynol with the area of the hexamethylenetetramine singlet. The 
‘H-NMR method yields results that are precise to within 1%) and agree 
well with results of the more cumbersome and less specific 1JSP titri- 
metric procedure. 

Keyphrases 0 Ethchlorvynol-NMR quantitative analysis, capsule 
dosage form 0 NMR quantitative analysis-ethchlorvynol, capsule 
dosage form 

Ethchlorvynol (I), a nonbarbiturate hypnotic, is a ter- 
tiary acetylenic carbinol (1-chloro-3-ethyl-1-penten- 
4-yn-3-01). The official USP XX procedure for the ana- 
lytical determination of this drug substance, both alone 
and in its pharmaceutical dosage form, is based on the 
reaction of I with excess silver nitrate, producing the silver 
acetylide and nitric acid (1,2). The resultant acid is im- 
mediately titrated with -0.05 N NaOH; however, end 
point determination with the methyl red-methylene blue 
indicator is hampered by the precipitation of the silver 

acetylide. According to the official procedure, capsules 
must be weighed, carefully opened, emptied, and re- 
weighed, with the difference taken as the capsule contents. 
The difficult end point and sample manipulations often 
lead to poor results. 

Although there are several procedures published for the 
determination of I in biological fluids (3-8), there are only 
two other published methods for its determination in the 
pharmaceutical dosage form. Davidson (9), proposed a 
GLC analysis, accepted by the AOAC (lo), and that uses 
1,3-dichloro-2-propanol as an internal standard; a standard 
deviation range of 1.3-2.9% on assays of known solutions 
and the 500-mg capsule dosage form is reported. Draw- 
backs inherent in this procedure include the need for col- 
umn preparation and overnight conditioning and the ne- 
cessity of injecting a I standard (purified by vacuum dis- 
tillation and quantified by the USP XX titrimetric pro- 
cedure) along with the unknown solutions. Rizk and as- 
sociates (11) proposed a colorimetric method for the de- 
termination of certain monosubstituted acetylenic hyp- 
notic drugs, including I. In this procedure, silver acetylide 
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Figure 1- 'H-NMR spectrum of ethchlorvynol in deuterochloroform. Key: (II) hexamethylenetetramine (internal standard); ( III )  tetramethyl- 
silane. 

is formed and extracted into 4-methyl-2-pentanone, and 
after acidification, an equivalent amount of silver ions is 
liberated and assayed colorirnetrically as silver dithizonate 
(Amax = 472 nm). Although the method claims a standard 
deviation of 1.5-2.976, i t  is complicated by the need for a 
calibration curve for silver nitrate and an involved ex- 
traction procedure. 

The procedure proposed in this study utilizes quanti- 
tative 'H-NMR. Rucker and Natarajan (12) used NMR 
spectroscopy to quantitatively determine nine sedatives 
(including I) in mixtures using calibration curves obtained 
from the responses of standard solutions. However, this 
study describes the use of an internal standard, which re- 
sults in a simple, rapid, specific, precise, and accurate an- 
alytical method. 

EXPERIMENTAL 

Materials-The following were used: internal standard, hexameth- 
ylenetetramine (methenamine USP), 100.05%, 30 mesh (11)'; reference 
standard, tetramethylsilane (1II)Z; solvent, deuterochloroform, 99.8% 
D3 (IV). Ethchlorvynol capsules, 500 mg and 750 mg, were obtained from 
commercial sources. 

Procedure-An individual capsule of I was placed into a suitable 
glass-stoppered vessel for cutting (e.g., a weighing bottle). With a dis- 
secting scalpel, the capsule was cut cleanly in half, and the blade was 
rinsed with a few drops of IV to ensure recovery of the entire capsule 
contents. The appropriate amount of accurately weighed I1 (-80 mg for 
a 500-mg capsule and 120 mg for a 750-mg capsule) was added to the 
container, followed by -3 ml of IV. The container was stoppered and 
shaken to ensure complete dissolution of 11. The solution was transferred 
to a glass syringe fitted with a filter apparatus4, and 4 . 5  ml was filtered 
directly into a standard 5-mm analytical NMR tube. A drop of I11 was 
added as needed to reference the peak field positions to 0 ppm on the 6 
scale. The tube was placed into an NMR spectrometel5, and the spectrum 
was obtained adjusting the spin rate So that no spinning side bands in- 
terfered with the peaks of interest. The peaks were integrated at  5.81, 
6.05,6.40, and 6.62 ppm and the singlet at 4.65 ppm, not fewer than five 
times, taking care to avoid saturation. 

Merck and Co., Rahway, N.J. 
Aldrich Chemical Co., Milwaukee, Wis. 
Sci-Graphics. Wayne, N.J. 
A Millipore HA filter type 0.45 p m  and a 2-ml B-D Yale Luerlok glass sy- 

~~ 

ringe. 
A Varian A-60 NMR spectrometer, equi ped with a V-6031 variable tempera- 

ture probe having a six-turn insert was usecf All spectra were scanned at a probe 
temperature of 42'. 

The amount of I per capsule was calculated as follows: 

mg of I/capsule = mg of I1 X (Au/As) X (Eu/Es) 

where Au is the integral value representing I (5.81,6.05,6.40, and 6.62 
ppm), As is the integral representing I1 (4.65 pprn), Eu is the proton 
equivalent weight of I (FW/2 = 72.305), and Es is the proton equivalent 
weight of I1 (FW/12 = 11.683). 

RESULTS AND DISCUSSION 

The solubility of ethchlorvynol (I) and hexamethylenetetramine (11) 
in deuterochloroform (IV) and the insolubility of the capsule shell makes 
this solvent a good choice for this 'H-NMR procedure. Although the 
actual formulation of the dosage form is unknown to the authors, the only 
peak not ascribable to I occurs at 3.60 ppm and does not interfere with 
the spectrum of I. Filtration of the solution removes undissolved material, 
since the unfiltered samples leave difficult-to-remove beadlets in the 
NMR tube. Filtering the sample does not affect the analytical results, 
as evidenced by studies of samples before and after filtration. 

The 'H-NMR spectrum for I with the addition of I1 is seen in Fig. 1. 
The assignments made in this work are in agreement with the limited 
assignments made by Rucker and Natarajan (12) for the 'H-NMR 
spectrum of I. For I, the resonances, characteristic of an AE! system (d) 
a t  6 5.81,6.06,6.40, and 6.62 ppm, correspond to the olefinic protons in 
the molecule. The methylene protons (b) are not chemically equivalent 
because of the adjacent asymmetric carbon atom, and therefore are split 
into 2 quartets (band center 6 1.67 ppm) by the methyl protons; the 
methyl protons (a) are seen as a triplet centered at 6 1.00 ppm. The 
acetylenic hydrogen (c) resonates as a singlet a t  6 2.62 ppm. The broad 
based peak at 6 3.60 ppm appears to be a consequence of the formulation 
and may be a polar material that exchanges with the hydroxyl proton (e) 
of I. Compound I1 exhibits only one resonance signal at 6 4.65 ppm, since 
all 12 of its protons are equivalent. Finally, a very small peak from an 
impurity in IV is seen at  6 7.32 ppm. All chemical shifts are measured with 
respect to I11 at  0 ppm. 

The quantitative analysis of I is based on the integration of the area 
of the AB system quartet which is compared with the area arising from 
the singlet for 11. Summaries of the analyses of a series of both the 500- 
and 750-mg commercial capsules appear in Tables I and 11, respectively. 
As the results indicate, the 'H-NMR method is both precise, with a rel- 
ative standard deviation of -170, and accurate, as evidenced by the good 
agreement of the 'H-NMR results in comparison with samples analyzed 
by the official USP procedure. 

The potential value of the proposed 'H-NMR procedure in the analysis 
of dosage forms of I is established by these measurements, with no evi- 
dence of interference from other capsule components or the capsule shell. 
Blank systems including only-the solvent and the capsule shell, with and 
without the internal standard, showed that no signals are derived from 
the capsule shell ingredients. This analytical measurement by quanti- 
tative 'H-NMR circumvents the lengthy manipulations inherent in the 
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Table I-Analysis of 500-ma Ethchlorwnol CaDsules 

‘H-NMR USP 
Sample Internal Standard Added, mg Ethchlorvynol, mg Percent of Label Claim Ethchlorvynol, mg Percent of Label Claim 

6 
7 
8 
9 
10 
Mean 
SD 

86.86 
77.19 
81.17 
80.74 
83.57 
79.03 
86.72 
89.43 
81.53 
82.92 

480.50 
473.05 
487.33 
485.74 
482.37 
487.01 
486.56 
487.02 
480.53 
475.73 
482.58 
f 5.10 

96.1 
94.6 
97.4 
97.1 
96.5 
97.4 
97.3 
97.4 
96.1 
95.1 
96.6 
f 1.02 

492.33 
494.00 
485.40 
484.33 
489.31 
484.00 
485.61 
479.77 
491.95 
488.74 
487.54 
f 4.47 

98.5 
98.8 
97.1 
96.9 
97.9 
96.8 
97.1 
96.0 
98.4 
97.8 
97.5 
f 0.89 

~ ~ 

Table 11-Analysis of 750-mg Ethchlorvynol Capsules 

’H-NMR 
Internal Standard USP 

Sample Added, mg Ethchlorvynol, mg Percent of Label Claim Ethchlorvynol, mg Percent of Label Claim 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Mean 
SD 

116.71 
116.89 
116.46 
120.73 
117.53 
119.77 
ii9.35 
116.33 
118.54 
118.83 

724.00 
738.97 
712.64 
726.72 
722.34 
731.19 -~ ~. 

724.57 
722.19 
724.07 
723.38 
725.01 
i 6.73 

96.5 
98.5 
95.0 
96.9 
96.3 
97.4 
96.6 
96.3 
96.5 
96.5 
96.7 
f 0.89 

719.05 
725.27 
714.47 
720.82 
724.43 
717.44 
720.28 
724.24 
728.65 
719.65 
721.43 
f 4.20 

95.9 
96.7 
95.2 
96.1 
96.6 
95.7 
96.1 
96.6 
97.2 
96.0 
96.2 
f 0.57 

USP procedure, and avoids the necessity of a reference standard of I, as 
in the procedure of Rucker and Natarajan (12). In brief, the method is 
more specific and appears superior to the existing analyses. 
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