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SENSITIVE AND SPECIFIC PHOTOMETRIC DETERMINATION
OF N-ETHYL DRUGS

M, Atef Abdelkaeder, and Aly M. Taha
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A spectrophotometric wethod is described for
the determination of some N-ethyl drugs yvig resq-
tion with ohloranile A mixture of a golution of:
the . amine in bengene with the chromggenio resg~
gnt wes heated on a water bath at 75<80° for one

OuXs, | |

A blue colored product Ama:z 680 nm resulted.

Apparent moler absorptivities of the chrompgenio
groduct of tertiary N-ethyl compounds ranged from
T700-5100, Under the described egsey conditions
N-methyl as well as qQuaternized N-ethyl compounds
did not interfere, The emines are eassayed in the
renge of 0,004 = 1,3 mg per ml renge with an |
acocuracy of 98- 10l % recovery end a S,D, of + 0,74~
+ i, ) The possible compogition of +1T
colored product is discussed,

Reection between tertieary amines conteining a flexible
N-ethyl grouping end some halogenated uinones to yield co=-
lored products wes reported in the course of synthesis of
new oompouhda and study on amine oxide.t_:lon(l). However;
there ere no reported examples fof_ the exploration of this.
reection for the yuentitative determination of N-ethyl cone
taining compounds .,

In this work; & spectrophotometric procedure is pro=
posed for the assey of N-ethyl drugs yie reasction with
chloranil in benzenes The gselectivity; éensiti\(ity, and
preci'aion' of the proposed method was determined, The scope
end limitetions relative to phermeceutical prepearetions were
‘explored,
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_ EXPERIMENTATL
Equipment - Spectra end ebsorbance messurements were mads

using & single beam gpectrophotometer (Spektromom 203, Mom,
Budapest, Hngw’y Yo |

A conss &mtmtemperature bath maeinteined a:t 75 + 5° wes
utilized for mwlerating color development,

Reegents and Chewleels = Chlorenil wes obteined commercislly
(Ee ierk Dermstedt; GFR, Synthetic grade), end wes recry-
atellized from benwene; ms.p. 289° (suble).

All other compounds were anelyticel or phermeceuticel
grade obtealined from various manmfacturers and were purified

when necegsexy by rediatillation or recrybteallisetion before
ugse o

Chlorenil _S_o__lpj:_:l_,_o_n__; Optimum concentration wes 1 per cent
w/ve The reegent (1 gm) wes dissolved in warm ben:.ene, cool-
ed and diluted to 100 ml with benz.enea This solution wes

steble for 4 weeksoe.

Auiiineg -~ The senmine selt solution in distilled weter wes tree-
ted with phospheate buffer pH 9.5 and the free base was
extracted with bensene if it wes of sufficient éxtrectebility.
If not extrecteble with benzene; then with other approp‘riiat'e
solvent which wes eveporeted to dryness' end the bege dissol~
ved in benzene., All of the auines tested were of sufficient
golubility in benzene at the enalyticel concentretions
utllized elthough not alweys extracteble vith it. The gdlu~
tion was cuentitativey diluted to give the approprisate
concentretion,

Analyticel procedure - In & 5 ml volumetric flask the
gppropriate volume of the free base equivalent to 0,02 gm
for strongly: rescting end 5 mg for weekly reacting beses

in benzene weag placed and 0,2 ml of chloreanil solution wes
edded, The mixture wes dlluted with benzene. to 3 ml, the
flesk was stoppered and placed on & constent-~tempereture beth

at 75 = 80° for one hour. The solution weas cooled to room
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temperature and made up to volume with benwene. Absorbance
of this soiution wes measured et 680 mm in e 1 cm cell egeinst
a blank prepered in the seme menner elready describedj but
omitting the amine, '

Construetion of stenderd curves -~ A atock solution of the
amine wes prepared by dissolving 15 mg of the pure bese pre-
vered es mentioned above in 25 ml of ben.ene., From this
solution different volunes were used for the color develop-

ment according to the sbove proceduree

Application to formpletions (Pentoxyverin syrup) = A volume

of the syrup equivelent to 33.3 mg of the base calculeated

with regzards to the lebelled amount of the selt was measured,
dijuted with distilied weter to 100 wles The base Wao liborcted
with phosphate buffer;, end the procedure wes completed eas
mentioned beforec

The recovery wes further checked by the method of
stendard edditiono

RESULTS

Intengity Verietion of Colom |
The responge of verious N-ethyl compounds on interact-
inry witlr chlorenil under the experimental eonditions mentio-

ned are shown in Table I ¢

Effect_of Solvent
The rewtion faeiled to t&ke plece in aj ueous golutions.

Differeni solvents &s chloroform, dioxen; end toluene gave
lower yields of the blue quinone as compared with ben..enes

p__‘v__e}opment of Color

Due to varietion in the chemice.l gstructures of the
aines; the rate of development as well as the yuality of
the blue color were veriable; (Teble I)e Color develop-
ment at rocm tempercture weg slow but formetion of color
wes accelersted by heeto In all ceses the color reached
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moxinum vithin 50 minutes {rrespective of the variatien
snset of develovrment, and was stable for at least 24 hours.
Longer heating veriods did not enhance Ar reduce the inten~
alty of the colox. |

Stande . Curvag

il N Wil e AT ol T ;e A G TR e

The relailouship between ubsorbonce at 686 yim a,nd‘
ooncentr-ion vas founf linear in the gensral concentration
range of 0.004 = 1.3 mg per ml. In all cases Beer's law
held for the system, correlation coeffioient (r) w 0.938 =
0,939, ¢ o “

Table I. Cq_ior intensity variation of N-ethyl drugs

( ) = - dDireo% Uv(b)
A | etl®) SRR ¢ G A
ae Onset 680 m 817cm 41 em max

Sl T - o dr SR B Bl G W LS A D aeviie i R ek - TR W O o .. X wie  diy 5 G i A e i3 A K Bl “EE R - A Wt - el

N-Ethyl pip-

oD

erldine = Rapid 13400 400 o ,
ntafedrine Rapid 5100 126 8 257
Pentoxyverine Rapld 4400 81 4 252
Dicycloverine Rapld 4200 80 3 215
Oxeladine - Reapid 3300 75 T 259
Btamiphylline Rapid ' 3000 58 = -
Myrtecaine  iloderate 1700 35 o= -
Tolycaine Moderante 390 . 8 66 283
Comylofine  Slow 370 T = -
Fencamfomine Slow 110 2.5 9 253

i, 4 . B ol A S B Y e sl o D B G 10 MRS B W 8wl e il Al Al o i i ~ea il il - O O el SRR S A - S s AR,

(a) Color déirelobment; ;Rapi'ri : within 5 minutes
oderate : within 25 minutes ;3 Slow s within 40 minutes.

(b) Direot UV band of unreacted drugs os reported 2),
reproduced for the purpose of comparing sensitivities.

%« Losed on molecular weight of the chromogen under the
analytiocal oconditions. '
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.~ The Ne-alkyl funstions have common occcurence among pRarme

' aceutiocal agents; By and large the Ne~methyl group has .he highe
est abunddnce emcng these funcitions, However, a variety of
pharmaceutioél oompounds contain the N=-ethyl moiety, prinoipe
elly looal anesthetics (myrtecaine, tolyoceine, lidocaine, end
procaine), antitussives (pentoxyverine, butethamete, and emel=-
adine), spasmolytios (adiphinin, bietemiverine, dioyéloverine,
and hexahydrosdiprhinin}, stimulants (fencamfemine, etafedrine,
and etamiphylline), and a number of other drugs (chloroquine,
oarbochromeng flurazepam, and phenglutarimide). These compounds
may be prescribed in pharmaceutical preparations elther singly .
or in combination with the closely related N-methyl derivetives.
A case in point is & cough mixture containing N-ethyl anti<
tussive with N-methyl antihistamine or N-methyl ephedrine
anslogue, This represents a potential difficulty in the anaiy~ '
sig of such formulations because these N-alkyl analoguer
‘usually have similar solubility charsoteristios and close pK,
values., These two paraieters are most important in determining
the feoasiblility of separation of any two components of a
mixturc(”g Purthermore, they affect the specificity of the
most popular colorimetric method for tertiery amine drugs,
namely, the acid dye tochnique., Accordingly, the two drugs

are veually coannlyzed on applying this method unless a

very clear separation technique is performed prioXr to the

analysils,

In the present work the reaction between tertiary N=ethyl
eompounds and chloranil has been guccessfully quantified so as
te be used as a method for the analysis of N-ethyl drugs in
presence of N-methyl analogues or quaternized N~-ethyl compounds

without interference from either.
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Reaotion Involved and Influence of Substrate Strusture

In the analytical method presented chloranil is
assumed to react with the flexible tertiary Neethyl moiety
of the drugs examined to yield the blue guinone through a
two step reaction. The first step involves oxidation of
the amine by ohloranil te enamine '

. R ' R
060 014 oo o P N-OH20H5 -> 06H202014 % >» N--CFHW-OI:[2

This is followed by oondensation of ,the dialkylviny=
lemine with a second moleouls of ¢hloranil %o yield the
blue dialkylaminovinyl quUlnone .

O O

01 ! - _ ,
e Cl ~ Cl
. 2 0H2 i OH-N °—""}
| \ . ~ .--""
0l Ol 0l l OHﬂH-JN\ _
0 o 0
d
CH, N HCl
+ OH5 2 ~

This second stage has an electronio analogy to the
C-alkylation of B~dialkylaminocrotonic esters by alkyl
halidos(l)q '

Various mechanisms were suggested for the first
stage which inolude hydride ion transfer from the amine %o
the quinone followed by loss of a proﬁon(q')}, or & ocharge

transfer complex of the tertiary amine with ohloranil is
formed followed by one electron transfer(”.
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Brom the above equations it is obvious that a prie
mary requisite for such a reaotion to take place 1is the
presence of the two carbon flexible chain on the tertiary
nitroger This moiety, present in the struotures of
N-ethyl drugs examined is lacking from the analogeus
N-nmethyl analogues. |

On the other hend, primary and scoondary amines react
‘with chloranil to give aminogquinones which show different
colors ranging from. orange to violet and absorbing at
different wavelengtha(e-g)ﬁ '

of the Analytical Reaction

Under the experimental conditions mentioned, only
the N~ethyl drugs gave the blue colored chromogen. Table
IT 3llustrates some of the drugs tested and did not develop

a blue color with chloranile

_Selcctivit
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N-Propyl Probenicid. and priiocains.
Amides Propenidid, end orotamiton.

Quaternaries (Cioclonium and valethanat bromides.

Tho  £oiluro of production of blue aulnones on treatment
of l-methylpiperidi:ic end l-methylpipecoliné with chlorenil
indicates that dehydragenation of the piperidine ring is dAiff-
icult and that the reaction requlres a flexible N-éthyl group.

Quantitative Applioctions

The sultability of the proposed method for the determ-
ination of tertiary N-ethyl pharmaceutiocal amines was tedted
by analyzing replicate aliquots of standoard solutions of .
various amines using “he general procedure. The amount of the
drug in each case was calculated with reference to the ocorr= |
esponding calibration curves and applying equation s A = & + B0
where C is concentration of the drug in the aliquot in mgl'per
ml of final dilution; A is the absorbance, and where b and a
are the slope and intercept respectively of the callibration
curves o~loulated by the method of least square (Table.III), |

" The results of these replicate analyses shown in the same
¢able reveal the suitability of tho proposed method for 1:helj
determination of tertiery N-ethyl pharmaceutical aminee with

high accuracy and precision

The procedure was also applied to analyze a rimple
commercial preparation of pentoxyverine sitrate in the form
of a cough syrup., The results (Table-IV) illustrates the
applicability of the proposed method for the assay of this
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N~-othyl drug with seme acouragy and preo:l.sion round '.Ln the
analysls of the warking atandqrde. ,

Table III~ Quantitative Determination of Neethyl A28
~—-b‘--—d-ll-—-1——-—-—-———q-_——————————h-—q—____—_.-

~Amine ' a b r  Mean™ sD
_,Re;overy , :l‘. ..

- J
1 d
I: [ ' l
¥ ' ¥ q

N~Ethyl piper- o - | |
idine “05041_ 2.?4 0,998 99.89 2.74

Etafedrine 06048 1,77  0.995 99,18 2,91
Pentoxyverine 0,325 0.39 0.938  99.91 3,11
Dicycloverine  0.344 0,15  0.945 99.73 - 1.56
Oxeladine 0.298 0.30 0.982 100,08 2.7
Etomiphylline 00,014 0.04 0,972 99,45 2471
Myrtecaine 04306 0,41 0,999 99,93 2,20
Telycaine 0.014 0,08 0.997 101.13 2,25
- Camylofine 0.014 0,39 0,999 99.77 1,38
Pencamfamine -0,011 0,05 0,990 99.87 = 1.91

-—————-—-——-——-————-——:-—m
X Average value of at least five determinations,

Table IV~ Analysis of Pentoxyverine Syrup(a-)

Lebel claim  PFound®™ 8D Added Total®™ 8D
mg/ 100 ml % + atailda.rd recovered +
00 ml X
150 95.6 0,74 150 100,06 2,79
1 (a) Toclase syrup (CID), 7.5 mg of pentoxyverine ochloride
per 5 ml,
& Average of at least five determinations,
Limitations

The proposed method is fairly sensitive and selective

for tertiary emines contalning N~ethyl group. The procedure,
however, must be considered nonspecific with regards to '
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degradation products containing the N-ethyl maioty,

The free bases must be liberaoted from their salts and
this may require an extracting solvent other than benzene

which mu_st- be evaporcted, and the bases are then dissolved
in benzene,

Some N-ethyl drugs e.g. tolycoilne gave a weak response,

CONCLUSION

The analyticoal method presented 1s essentianlly a
miocroprocedure with fair sensitivity (0.004 = 1.3 mg per ml),

grod acouracy (99-101% recovery), and preclsion (SD 4 0.74-
1.11%). .

The method Jsffers o relatively simple and ropid means
of annlysis of some pharmaceutical N-ethyl amines in admixe-
ture withnprimary or secondary omines, It also offered an

Increcse in sensltivity of assay up to 50 folds relative to
the natural UV bands of the drugs examined,

" The reagent 1s avallable commerclally or easily syntin-
eslzed, and its solutions arc stable at room temperature for
convenient periods. The colors formed are elso stable,
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