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NMR Stability Assay for Amyl Nitrite Ampuls 

R. E. SCHIRMER’, R. E. ZEMER, and G .  G .  COOKE 

Abstract The percentage of amyl nitrite in the contents of an 
amyl nitrite ampul is determined from the ratio of the area under 
the -CHz-ON0 line to the area under the --CHI lines in the 
NMR spectrum of the sample. The relative standard deviation of 
the method is 1.47& and the accuracy is better than 2 z .  

Keyphrases Amy1 nitrite ampuls-NMR stability assay 0 NMR 
spectroscopy-stability assay, amyl nitrite ampuls 

N20, NO, CO, COz, and at least 12 liquid components 
including water, amyl alcohol, isovaleric acid, iso- 
valeraldehyde, amyl isovalerate, and amyl nitrate 
(14-18). In this paper, an NMR stability assay which is 
very rapid and which avoids most of the difficulties 
associated with previous methods is reported. 

EXPERIMENTAL 

Amyl nitrite is a highly volatile vasodilator which is 
used as an inhalant. Many analytical procedures for 
amyl nitrite have been reported in the literature, in- 
cluding potentiometric determination (l), GC deter- 
mination (2), colorimetric determinations based on 
diazotization and coupling of sulfanilic acid with iV-(l- 
naphthy1)ethylenediamine (3, 4) and on reaction with 
ferrous sulfate in sulfuric acid (9, and others (6 ,  7). 
N F  XI11 specified a nitrometric procedure in the past 
(8) but recently described a GC method (9). No direct 
spectroscopic method of analysis has been reported for 
this compound, although its IR (lo), UV (11, 12), and 
30-MHz. NMR spectra have been studied (13). 

The reported methods are not generally well suited 
for use as stability assays for amyl nitrite ampuls, 
because most of them are lengthy and special problems 
are encountered due to the instability and volatility of 
the compound. In addition, many of the reported meth- 
ods do not distinguish amyl nitrite from one or more of 
its many degradation products. The decomposition of 
amyl nitrite in ampuls has been shown to produce Nz, 

A filled ampul was cleaned on the outside, dried, and weighed. 
The ampul was then placed in a 10-ml. conical flask with about 0.3 
ml. of 0.5 tetramethylsilane in deuterochloroform; it was cracked 
with a glass rod, and the contents of the flask were swirled briefly. 
The chloroform solution was placed in a precision NMR tube, the 
tube was capped, and the 60-MHz. NMR was recorded on an NMR 
spectrometer’. The spectrum was integrated six times, and the ratio 
of the integral of the -CHZONO signal (triplet a t  4.70 p.p.m.) to 
the integral of the methyl proton signals (0.90-1.00 p.p.m.) was 
computed for each repetition. The percent of amyl nitrite in the 
ampul is given by: 

z amyl nitrite = 3 X mean ratio X 100 (Eq. 1) 

The glass from the cracked ampul was washed, dried, and weighed 
to determine the original fill weight of the ampul. 

DISCUSSION 

The decomposition of amyl nitrite does not alter the number of 
methyl groups present, but it does reduce the number of -CHr 
O N 0  groups (14-18). This allows the degradation of the compound 

1 Varian A-60. 
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Table I-Chemical Shifts of Protons in Amyl Nitrite 
Degradation Products (p.p.m. from Tetramethylsilane in CDCl,) 

4 3 2 1  
(CH3)L CH-CHz-CH,wX 

r Protons 
Compound 1 2 and 3 4 

Amyl nitrite 4.70, 

Amy1 nitrate 4.50, 
512 = 6 .7  Hz. 

Ji2 = 6.5 Hz. 
Amyl alcohol 3.60, 

J i z  = 6.7 Hz. 
Isovaleraldehyde 9.73, 

Isovaleric acid - 
Ji2 = 2 Hz. 

Amyl isovalerate 3.92, 
J12 = 2 Hz. 

1.42-1.84 0.94, 
Ja4 = 5.5 HZ. 

1.46-2.00 0.96, 
J3( = 5.6 Hz. 

1.25-1.98 0.91, 

1.33-1.58 0.97, 
534 = 5.4 Hz. 

J31 = 6.0 HZ. 

J34 = 6.0 Hz. 
1.83-2.50 0.97, 

1.25-2.20 0.88-1.00 

to be followed by determining the ratio of the number of -CHZ- 
ON0 groups to the number of methyl groups. This NMR procedure 
does not require any quantitative transfer of the volatile material; 
it is rapid and specific and as precise as most wet chemical methods. 
The relative standard deviation of the NMR method was determined 
to be 1.4% by performing five integrations on each of three dif- 
ferent samples. The accuracy of the procedure could not be deter- 
mined because amyl nitrite could not be obtained in pure enough 
form to prepare accurate standards, but the accuracy would be 
expected to be better than 1 or 2% (19). 

The NMR data in Table I show that the high field line of the 
-CHzNOg triplet of amyl nitrite overlaps the low field line of the 
-CH2N03 triplet of amyl nitrate in spectra observed at 60 MHz. 
The overlap would cause the percent amyl nitrite in the sample to 
be overestimated by 0.25x (percent amyl nitrate in sample). This 
error is not significant in practice because the amount of amyl 
nitrate produced is too small to be detected by NMR [the principal 
degradation products are amyl alcohol, isovaleric acid, and amyl 
isovalerate (15)]. However, the analyst should be aware of the pos- 
sibility of interference from amyl nitrate and should examine the 
region around 4.50 p,p.m. in each spectrum to confirm that the 
level of the nitrate is in fact negligible. If the spectra are observed at  

Table 11-Photochemical Degradation of Amyl Nitrite 

Exposure Time, 
min. 

Amyl Nitrite 
Remaining, 

0 
10 
15 
20 

98.6 
96.8 
91.1 
90.6 

100 MHz., the --CHzNO2 and -CHZNO3 resonances do not overlap 
and there is no interference from the degradation products. 

As final evidence that the method will follow the degradation of 
amyl nitrite, four glass ampuls of the compound were placed 10 cm. 
in front of a lamp (Hanovia) for varying periods of time, and the 
contents were then analyzed using this procedure. The results are 
presented in Table I1 and show the anticipated degradation. The 
degradation is relatively slow because the soft glass of the ampul 
provides some protection for the contents from UV light and be- 
cause a stabilizing agent was present in the ampuls studied. 
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