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ABSTRACT

Nonaqueous titrimetry was employed to estimate quanti-

tatively some of the compounds which are useful in treating

Parkinsonism. The method was applied to both the crystalline

material and their dosage forms. This technique was found to

yield results which agreed well with those obtained by either

the official procedures or by methods submitted by the manu-

facturer .

Several solvent systems were employed for the analysis

of the various compounds, but either chloroform alone or a

phenol-chloroform mixture was found to be almost universally

applicable

.

Indicators were found for all the medicinal agents

investigated in both of the aforementioned major solvent

systems

.

As an additional means of quantitative assay, the amine

salts were precipitated as their tetraphenylborates and the

resulting derivative was then determined quantitatively by

nonaqueous titrimetry.

A colorimetric procedure based on complex formation

between the hydroxyl group of the compound and vanadium

oxinate was attempted, but analytical data could not be

obtained for the antiparkinsonism agents.

Experimental details and limitations of all methods

are discussed.

in





ACKNOWLEDGEMENTS

The author wishes to express his sincere appreciation to

Dr. L.G. Chatten for his invaluable assistance and encourage-

ment during the course of this project.

The author is also indebted to The Canadian Foundation

for the Advancement of Pharmacy and The National Research

Council for financial assistance during the course of this

investigation .

The organic medicinals and their dosage forms were

generously supplied by the following pharmaceutical companies:

Burroughs Wellcome & Co. (Canada) Ltd. (procy clidine hydrochlor-

ide and Kemadrin® 5 mg. tablets); Eli Lilly & Co. (cycrimine

hydrochloride, Pagitane ® 1.25 mg. and 2.50 mg. tablets, tri-

cyclamol chloride and Elorine® 50 mg. capsules); Knoll

Pharmaceutical Co. (biperiden hydrochloride and Akinetonw 2 mg.

tablets); Mead Johnson Laboratories (Analexinw 400 mg. capsules);

Neisler Laboratories Ltd. (phenyramidol hydrochloride) ; Cyanamid

of Canada Ltd. (trihexiphenidyl hydrochloride, Artane® 2 mg.

and 5 mg. tablets).

Sincere thanks are extended to Mrs. A. Randall for her

patience in the typing of this manuscript.

IV



.

J
rA



.

TO MY PARENTS





TABLE OF CONTENTS

Page

ABSTRACT . . . . . „ . . . . . . ...... . . . . . . . . . . . „ „ ...... „ . . a . . . iii

ACKNOWLEDGEMENTS . .... . . . . . . . . . . . . . . . . . . . . . .

.

iv

DEDICATION „ 0 0 . 0 . . . 8 . e . B „ „ . . . „ . „ e c e „ . „ . e . . e » e o „ » . » . v

LIST OF TABLES ..................................... viii

LIST OF FIGURES .................................... xii

INTRODUCTION AND LITERATURE SURVEY .................. 1

STATEMENT OF THE PROBLEM ....................... 21

EXPERIMENTAL 22

Apparatus 22

Reagents and Solutions .......................... 22

Analysis of Crystalline Material ............... 24

(a) Official and Nonaqueous Method .......... 24

(b) Tetraphenylborate Method ................ 26

Analysis of Pharmaceutical Dosage Forms ......... 29

(a) Official or Manufacturer’s Method ....... 29

(b) Nonaqueous Method ....................... 29

(c) Tetraphenylborate Method (Procedure H) . .

.

31

Colorimetric Method . ........ . 32

RESULTS AND DISCUSSION . .................. 36

Analysis of Crystalline Material ................ 39

(a) Official and Nonaqueous Method .......... 39

(b) Tetraphenylborate Method ............... 54

Vi



.



Analysis of Pharmaceutical Dosage Forms
. e „ 0 0 e

58

(a) Biperiden Hydrochloride Tablets . . . . . . e 0 „ . 58

(b) Phenyramidol Hydrochloride Tablets 0 . . . s . . 60

(c) Trihexiphenidyl Hydrochloride Tablets „ e e e s 61

(d) Tricyclamol Chloride Capsules ............ 62

(e) Procyclidine Hydrochloride Tablets ....... 63

(f

)

Cycrimine Hydrochloride Tablets .......... 63

Colorimetric Method .............................. 66

SUMMARY AND CONCLUSIONS ................. ......... 80

BIBLIOGRAPHY ............ ... .................. 81

APPENDIX .... 85

vii



'



LIST OF TABLES

Table Page

I Summary of Data for Analysis of Crystalline
Compounds . . . . . 40

II Summary of Data for Analysis of Pharmaceutical
Dosage Forms 59

III Data Showing Stability of the Colored Complex
in Methylene Chloride for 1 -“Butanol. ............ 69

IV Data Showing Stability of Vanadium Oxinate-
Trihexiphenidyl Hydrochloride Complex ........... 75

V Analysis of Procyclidine Hydrochloride by the
B.P. Procedure 85

VI Analysis of Trihexiphenidyl Hydrochloride by
the U.S.P. Procedure ......... 86

VII Analysis of Cyrimine Hydrochloride by the N.F.
Procedure 87

VIII Potentiometric Titration of Tricyclamol Chloride
in Glacial Acetic Acid 88

IX Potentiometric Titration of Biperiden Hydrochlor-
ide in Glacial Acetic Acid ..................... 89

X Potentiometric Titration of Phenyramidol Hydro-
chloride in Glacial Acetic Acid ................ 90

XI Potentiometric Nonaqueous Titration of Procycli-
dine Hydrochloride in Chloroform ............... 91

XII Potentiometric Nonaqueous Titration of Cycrimine
Hydrochloride in Chloroform . 92

XIII Potentiometric Nonaqueous Titration of Tricycla-
mol Chloride in Chloroform 93

XIV Visual Nonaqueous Titration of Trihexiphenidyl
Hydrochloride in Chloroform .................... 94

XV Visual Nonaqueous Titration of Cycrimine Hydro-
chloride in Chloroform 95

viii



.



XVI Visual Nonaqueous Titration of Procyclidine 96
Hydrochloride in Chloroform . . ..............

XVII Visual Nonaqueous Titration of Tricyclamol
Chloride in Chloroform ......................... 97

XVIII Potentiometric Nonaqueous Titration of Trihexi-
phenidyl Hydrochloride in N, N-Dimethylformamide-
Chloroform Mixture . 98

XIX Potentiometric Nonaqueous Titration of Procycli-
dine Hydrochloride in N, N-Dimethylformamide-
Chloroform Mixture 99

XX Potentiometric Nonaqueous Titration of Cycrimine
Hydrochloride in N, N-Dimethylformamide-Chloroform
Mixture 100

XXI Potentiometric Nonaqueous Titration of Tricylamol
Chloride in N, N-Dimethylformamide-Chloroform
^r t U. JT0 ...eo9e....o..o.aoo..ooo.ee.sa.«eo.eo.e. 1 0 1

XXII Potentiometric Nonaqueous Titration of Biperiden
Hydrochloride in Phenol-Chloroform Mixture ...... 102

XXIII Potentiometric Nonaqueous Titration of Phenyram-
idol Hydrochloride in Phenol-Chloroform Mixture,. 103

XXIV Visual Nonaqueous Titration of Biperiden Hydro-
chloride in Phenol-Chloroform Mixture .......... 104

XXV Visual Nonaqueous Titration of Phenyramidol
Hydrochloride in Phenol-Chloroform Mixture ..... 104

XXVI Analysis of Trihexiphenidyl Hydrochloride by
the Tetraphenylborate Method .................... 105

XXVII Analysis of Procyclidine Hydrochloride by the
Tetraphenylborate Method ....................... 105

XXVIII Analysis of Cycrimine Hydrochloride by the
Tetraphenylborate Method ....................... 106

XXIX Analysis of Biperiden Hydrochloride by the
Tetraphenylborate Method ....................... 106

XXX Analysis of Phenyramidol Hydrochloride by the
Tetraphenylborate Method . 107

XXXI Analysis of Tricyclamol Chloride by the Tetra-
phenylborate Method 107

IX



.

'

'



XXXII Potentiometric Nonaqueous Titration of Akineton®
2 mg 0 Tablets in Phenol-Chloroform Mixture . ... 108

XXXIII Visual Nonaqueous Titration of Akineton® 2 mg

„

Tablets in Phenol-Chloroform Mixture .......... 108

XXXIV Assay of Analexin® 400 mg. Capsules by the
Manufacturer ' s Procedure ...................... 109

XXXV Analysis of Analexin® 400 mg. Capsules by the
Tetraphenylborate Method ..................... 109

XXXVI Potentiometric Nonaqueous Titration of Analexin®
400 mg. Capsules in Phenol-Chloroform Mixture.. 110

XXXVII Visual Nonaqueous Titration of Analexin® 400
mg. Capsules in Phenol-Chloroform Mixture ..... 110

XXXVIII Assay of Artane® 5 mg. Tablets by the U.S.P.
Procedure Ill

XXXIX Analysis of Artane® 5 mg. Tablets by the
Tetraphenylborate Method Ill

XL
(S)

Potentiometric Nonaqueous Titration of Artane^
5 mg. Tablets in Chloroform .................. 112

XLI Visual Nonaqueous Titration of Artane® 5 mg.
Tablets in Chloroform 112

XL1

1

Assay of Artane® 2 mg. Tablets by the U.S.P.
Procedure .................................... 113

XLXIX Analysis of Artane® 2 mg. Tablets by the
Tetraphenylborate Method ..................... 113

XLXV Potentiometric Nonaqueous Titration of Artane®
2 mg. Tablets in Chloroform .................. 114

XLV Visual Nonaqueous Titration of Artane® 2 mg.
Tablets in Chloroform 114

XLVI Analysis of Elorine® 50 mg. Capsules by the
Manufacturer ' s Procedure 115

XLVII Analysis of Elorine® 50 mg. Capsules by the
Tetraphenylborate Method 115

XLVI I

I

Potentiometric Nonaqueous Titration of Elor-
ine® 50 mg. Capsules in Chloroform .......... 116

X





116
XLIX Visual Nonaqueous Titration of Elorine® 50 mg.

Capsules in Chloroform

L Potentiometric Nonaqueous Titration of Elorine®
50 mg„ Capsules in N, N-Dimethylformamide-Chloro-
form Mixture 117

LI Assay of Kemadrin® 5 mg. Tablets by the B.P.
Procedure 118

LII Analysis of Kemadrin® 5 mg. Tablets by the Tetra-
phenylborate Method 118

LXII Potentiometric Nonaqueous Titration of Kemadrin®
5 mg. Tablets in Chloroform 119

LIV Visual Nonaqueous Titration of Kemadrin® 5 mg.
Tablets in Chloroform 119

LV Assay of Pagitane® 2.5 mg. Tablets by the N.F.
Procedure 120

LVI Potentiometric Nonaqueous Titration of Pagitane®
2.5 mg. Tablets in Chloroform 121

LVII Visual Nonaqueous Titration of Pagitane® 2.5 mg.
Tablets in Chloroform 121

LVXIX Assay of Pagitane® 1.25 mg. Tablets by the N.F.
Procedure 122

(r)LXX Potentiometric Nonaqueous Titration of Pagitane^
1.25 mg. Tablets in Chloroform 123

LX Visual Nonaqueous Titration of Pagitane® 1.25 mg.
Tablets in Chloroform 123

LXX Calibration Curve for Colorimetric Determination
of Trihexiphenidyl Hydrochloride 124

LXXX Calibration Curve for Colorimetric Determination
of Procyclidine Hydrochloride 125

xi



'



LIST OF FIGURES

Figure Page

1 End Point Plot for the Titration of Trihexi-
phenidyl Hydrochloride in Chloroform (Methyl
Red) ...................... 43

2 End Point Plot for the Titration of Procycli-
dine Hydrochloride in Chloroform (Methyl Red) .... 44

3 End Point Plot for the Titration of Cycrimine
Hydrochloride in Chloroform (Methyl Red) ......... 45

4 End Point Plot for the Titration of Tricyclamol
Chloride in Chloroform (Methyl Red) 46

5 End Point Plot for the Titration of Procyclidine
Hydrochloride in Chloroform (Thymol Blue) ....... 47

6 End Point Plot for the Titration of Phenyramidol
Hydrochloride in Phenol-Chloroform (Tropaeolin
00) ............................................. 51

7 End Point Plot for the Titration of Phenyramidol
Hydrochloride in Phenol-Chloroform (Methyl Red) .

.

52

8 End Point Plot for the Titration of Biperiden
Hydrochloride in Phenol-Chloroform (Methyl Red) .

.

53

9 Standard Curve for 1-Butanol 71

10 Standard Curve for Tertiary Butyl Alcohol ....... 72

11 Effect of Time on Development of Trihexiphenidyl
Hydrochloride-Vanadium Oxinate Complex .......... 73

12 Effect of Time on Development of Procyclidine
Hydrochloride-Vanadium Oxinate Complex .......... 74

13 Standard Curve for Trihexiphenidyl Hydrochlor-
ide 76

14 Standard Curve for Procyclidine Hydrochloride . .

.

77

Xll



'



INTRODUCTION AND LITERATURE SURVEY
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In 1817, James Parkinson (1) observed a condition which

he called the "Shaking Palsy". Although he described this

neurological disorder which today bears his name, he could do

little to alleviate the suffering of his patients, as the

etiology of the condition was unknown. In the absence of

drugs for symptomatic treatment, Parkinson attempted to cure

the disease by employing a "blood letting" technique.

Charot is credited with the first introduction of prep-

arations from Salanaceous plants for the symptomatic treat-

ment of Parkinsonism. These preparations were originally

administered as tinctures and extracts but later the pure

alkaloids, atropine and hyoscine, completely replaced the

galenical preparations. In the past fifteen years, however,

the discovery that some synthetic anticholinergic drugs

could be useful in controlling symptoms of the disease

revived interest in Parkinsonism. Since these agents are

potent chemical compounds, the administered dosage is small.

Their increasing use has challenged the analyst to

develop an accurate method of quantitatively analyzing them

both in the pure state and in the pharmaceutical dosage

forms. Capsules do not generally pose serious problems to

the analyst, since the active ingredient is usually admixed

with only chemically inert fillers. In tablets, on the

other hand, the active ingredient may be combined with a

large variety of excipients, any one of which may interfere

chemically in the assay of the active constituent.
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An individual monograph is presented for each compound

investigated in this study.

(a) Biperiden Hydrochloride N.D.; (Akineton® HC1)

a- (bicyclo [2.2 .

1

]
hept-5-en-2yl ) -a^-phenyl-l-piperidinepropanol

hydrochloride
#

* HC1

This compound is described by Haas and Klevehn (2) as

a white, crystalline, odorless powder which is practically

insolube in water and alcohol.

A procedure for qualitative analysis of biperiden

hydrochloride was developed by Chatten and Doan (3)

.

They

prepared biperiden tetraphenylborate from the hydrochloride

and determined the equivalent weight of the new derivative

by nonaqueous titration.

No methods of quantitative estimation could be found

in the literature for this compound.

(b) Cycrimine Hydrochloride N.F.; (Pagitane® hydrochloride)

a-cyclopentyl-a-phenyl-l-piperidinepropanol hydrochloride

.

* HC1
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Cycrimine is described in the Merck Index (4) as being

sparingly soluble in water, but more soluble in alcohol and

chloroform.

Chaften and Doan (3) also prepared cycrimine tetraphenyl-

borate from the hydrochloride, as a means of qualitative analysis,

and they determined the equivalent weight of the derivative by

nonaqueous titrimetry. For the analysis of the dosage forms,

the National Formulary XII (5) employs a procedure which is

based on extraction of the liberated base with chloroform and

determination of absorbance at 8.91 \i with a suitable infrared

spectrophotometer. The concentration is calculated from the

absorbance obtained with a standard solution of the drug. For

quantitative assay of the pure drug, the aforementioned com-

pendium recommends nonaqueous titrimetry using glacial acetic

acid as the solvent and crystal violet as the indicator.

(c) Phenyramidol Hydrochloride N.D. ; (Analexin ® )

a- [ (2-pyridylamino) methyl] benzyl alcohol hydrochloride.

HC1

Gray and Heitmeier (6) synthesized phenyamidol hydro-

chloride which they described as a white, crystalline, almost

odorless solid that is very soluble in water and alcohol.

Phenyramidol tetraphenylborate was prepared from the

hydrochloride by Chatten and Doan (3) who determined its



'
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equivalent weight by nonaqueous titrimetry. Chafetz (7) devised

a method of quantitative estimation based on periodate oxidation

followed by ultraviolet spectrophotometric determination of the

arylaldehyde formed.

(d) Procyclidine Hydrochloride B.P., B.P.C., N.D.; (Kemadrin® )

l-cyclohexyl-l-phenyl-3-pyrrolidinopropan-l-ol hydrochloride

.

The British Pharmacopoeia (8) states that the compound is

soluble, at 20°C, in 40 parts of water and in 15 parts of alco-

hol (95 percent) ; and insoluble in acetone and in solvent ether.

Special slit width adjustments were necessary for the

ultraviolet absorption method presented by Rogers (9) in which

he determined the extinction coefficient of procyclidine hydro-

chloride. A method applicable to both the pure drug and dosage

forms is contained in the British Pharmacopoeia (8)

.

This pro-

cedure is based on extraction of the liberated base and its

determination by residual titrimetry. Chatten and Doan (3)

prepared the tetraphenylborate from procyclidine hydrochloride

and utilized nonaqueous titrimetry to determine the equivalent

weight. A procedure for the quantitative determination of pro-

cyclidine hydrochloride was developed by Pellerin and co-workers
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who used sodium lauryl suifate as titrant (10)

.

(e) Tricyclamol Chloride (Elorine ® )

.

1-cyclohexyl-l“phenyl~3“pyrrolidino-l”propanol methylchloride

.

Alternately named: (11)

1- (3-cyclohexyl-3-hydroxy-3-phenylpropyl) “l-methylpyrrolidinium

chloride.

Tricyclamol is reported (12) to be soluble in water and

in alcohol but insoluble in ether and only partially soluble in

chloroform.

A monograph contained in Drug Standards (12) presents a

nonaqueous method for the analysis of both the pure compound

and the capsule dosage forms. An accurately weighed sample

of the material was dissolved in or mixed with a small amount

of chloroform. Glacial acetic acid was added and the titra-

tion carried out either potentiometrically or visually using

crystal violet as the indicator and perchloric acid in dioxane

as titrant. A similar procedure was used for tricyclamol

* Notes There appears to be some confusion between procyclidine

and tricyclamol as it was noted that some references use the

terms synonymously (10) and (12) . The compounds are, however.

not identical.
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chloride tablets. The powdered tablets were extracted with

absolute methanol and the solvent was removed by evaporation.

The residue was dissolved in chloroform, glacial acetic acid

was added and the titrations carried out as described for the

pure drug.

(f) Trihexiphenidyl Hydrochloride U.S.P.:

(S)

Benzhexol Hydrochloride B.P., B.P.C. (Artane^ Hydrochloride)

a-cyclohexyl-a-phenyl-l-piperidinepropanol hydrochloride

.

Trihexiphenidyl is described in the U.S.P. (13) to be

slightly soluble in water but soluble in alcohol and chloro-

form.

Nonaqueous titration in chloroform is employed to assay

the pure drug, and a colorimetric extraction procedure is

utilized by the U.S.P. (13) for the dosage forms. The B.P.

(8) employes methods similar to those described in the U.S.P.

(13).. The 1958 edition of the B.P. (14) assayed the tablets

by reacting the active ingredient with ammonium reineckate and

then determining the absorbance of the precipitated reineckate

in acetone solution. A polarographic technique for quantita-

tive estimation of trihexiphenidyl hydrochloride has been

devised by Kracmar, Blazek and Stejskal (15) ,
and by Bozsai
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and Vastogh (16)

.

The tetraphenylborate was prepared and its equivalent

weight determined by Chatten and Doan (3).
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NONAQUEOUS TITRXMETRY

Nonaqueous titrimetry is one of the more recent methods

of analysis to be applied to pharmaceutical preparations. Sub-

stances which are either too weakly basic or acidic to give

detectable end points in aqueous media can often be successfully

titrated in nonaqueous solvent systems. Acceptance of the tech-

nique was slow, but it has now gained favor with most pharma-

copoeias (B.P. and U.S.P.) .

Theoretical Considerations

The first acid-base theory proposed by Lavoisier stated

that the oxygen content of acids was responsible for their

acidic properties. Later Dulong, Davy and Liebig put forth

the theory of "hydrogen acid". This theory was modified by

Arrhenius, so that an acid was thought to be a substance which

dissociated in water to yield hydrogen ions while a base

similarly dissociated to yield hydroxyl ions.

In 1923, Lowry and Bronsted, working independently,

described a new concept of acid-base theory. An acid, they

proposed, could be characterized as a substance, charged or

uncharged, which could donate a proton or dissociate to

yield a proton, and a base could be depicted as a substance,

charged or uncharged, which can accept or combine with a

proton. If an acid, HA, dissociated to yield protons, it

will produce its conjugate base A .



.
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HA

acid

A u)

9-

_> +

conjugate
base

H
+

HA and A are termed a conjugate acid-base pair. Just as

every acid has a conjugate base, every base has its conjugate

acid.

B + H
+ —-—* HB

+
(2)—

base proton conjugate
base

The Bronsted-Lowry concept as originally proposed dealt

with the liberation of protons. It is now generally accepted

that free protons cannot exist in solution for any appreciable

length of time. Therefore, an acid will only donate a proton

if a base is capable of accepting it. This concept also

defines acids as species capable of existing as neutral mole-

cules, positively charged ions and negatively charged ions. A

base can exist as a neutral molecule or as an ion.

The Bronsted-Lowry concept relates only to hydrogen

containing acids. G.N. Lewis (17) observed that some sub-

stances which did not contain hydrogen exhibited acidic

properties, e.g., boron trifluoride. This led Lewis to

develop a more general theory of acids and bases. Accord-

ing to this concept, an acid is an atom which is capable of

accepting an electron pair from another atom. The atom which

can donate a pair of electrons is defined as a base. Neutral-
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ization, in the Lewis concept, involves the formation of a

co-ordinate covalent bond between the acid and base.

BF _ + :NMe_ s Me N - BF_ (3)
3 3 3

In some instances, the neutralization product of a Lewis acid

and Lewis base will ionize under electrical strain.

None of the proposed theories can satisfactorily explain

all the individual cases but the Brons ted-Lowry theory provides

a satisfactory explanation of the behavior of most acids and

bases in nonaqueous media.

Titration of Weak Bases

Perchloric acid dissolved in dioxane or glacial acetic

acid is commonly used as titrant for the nonaqueous titration

of weak bases. In the presence of perchloric acid, acetic

acid can function as a base and will accept a proton to exist

as an "onium ion" as illustrated by equations (4) and (5)

:

HC.10 —— ^ H
+

+ CIO “ (4)
4 V~ 4

CH^COOH + H
+ X CH^COOH

+
(5)

3 ^ 3 2

+
The "onium ion" (CH_COOH ), behaving as a strong acid,

3 2

will donate its proton to any base which is present. If a

weak base such as pyridine (18) is dissolved in glacial acetic

acid, the solvent exerts a levelling effect and enhances the
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basicity of the pyridine, making the titration of such a weak

base possible as illustrated by equations (6) and (7)

:

+ _
C
5
H
5
N + CH

3
COOH — ^ C

5
H
5
NH + CH

3
COO (6)

CH -,COOH^
+

+ CH^COCT ^ 2CHUC00H (7)
o Z 3 ^ 3

If

will act

tion %

the titrant is perchloric acid in dioxane, the dioxane

as the proton carrier, according to the following equa-

+ H

C10
4 ( 8 )

The proton is transferred from the protonated dioxane to any

substance present which is capable of behaving as a base.

If the base to be titrated is in the form of a halogen

acid salt, as often occurs in pharmaceuticals, the titration

will occur only slowly and with difficulty, even in nonaqueous

media. This problem can be overcome by preforming the titra-

tion in boiling solution, so that the halogen acid is expelled

(19) . Pifer and Wollish (20) have provided a much easier but

entirely satisfactory solution to the problem. Mercuric acetate

is added to the solution of the amine salt. The halogen ion is

removed from the reaction and is replaced by an equivalent

amount of acetate ion which behaves as a strong base in non-

aqueous solvents and can readily accept a proton. The mercuric



.
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halide formed in the reaction will not dissociate in nonaqueous

solvents and thus the reaction is stoichiometric „ This is

illustrated by the titration of tr ihexiphenidyl hydrochloride

in glacial acetic acid as shown in equations (9) and (10) s

OH

2 CH COO +
3

+ H
/

+ 2 CH
3
COOH ( 10 )

Aromatic sulfonic acids dissolved in chloroform or

other suitable solvents have been used as titrants for

basic compounds. The behavior of these acids in nonaqueous

titrimetry has been studied by Pietrzyk and Belisle (21.) .

They compared the utility of 2 , 4-dinitrobenzenesulfonic

acid to perchloric acid as a titrant for weak bases . Good

correlation of data was obtained with the two titrants.

VJhile potassium hydrogen phthalate is routinely used to

standardize the perchloric titrants, strychnine is often



.
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employed as the primary standard for the aromatic sulfonic

solutions

.

Titration of Weak Acids

Weakly acidic substances which are not titratable in

aqueous media can often be determined by titration in non-

aqueous solution. In contrast to the nonaqueous titration

of weak bases where only two titrants are commonly used,

numerous titrants are available for the titration of weak

acids. The most common of these include the following:

(a) Alkali metal hydroxide titrants: these usually

consist of a solution of potassium hydroxide in methanol or

methanol-benzene mixture.

(b) Alkali metal alkoxide titrants: these are pre-

pared by reacting an alkali metal such as sodium or lithium

with a short chain alcohol. The reaction mixture is fre-

quently diluted to volume with a benzene-alcohol mixture.

(c) Quaternary ammonium hydroxide titrants: the

commonest one in this group is tetrabutylammonium hydroxide

in a benzene-methanol solvent combination (22)

.

Although

this solution is a stonger base than the alkali metal hydrox-

ides, it is not universally employed due to the difficulties

encountered with its preparation and use.

(d) Quaternary ammonium alkoxide titrants: Heumann

(23) prepared a solution of tetrabutylammonium ethoxide in

ethanol-benzene. This titrant is more strongly basic than
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those previously discussed.

Protection of basic titrants from the atmosphere is

essential as moisture and carbon dioxide will react with them

thereby lowering their titer. Basic titrants are usually

standardized against benzoic acid or phenylcinchoninic acid.

The behavior of benzoic acid in a basic solvent serves

to exemplify the nonaqueous titration of a weak acid (equa-

tions (11) and (12)) .

C ,H p-COOH + R-CH^ -NH 0 —* R-CH 0 -NH^
+ + C^H_COQ~ (11)

6 5 2 ^ s- 3 3 6 5

R-CH 0 -NH_,
+

+ CH o
0" x CH->OH + R-CH^-NH^ (12)

z. 3 3 ^ 3 z z

Nonaqueous Solvents

Solvents used in nonaqueous titrimetry may be classified

as protophilic, protogenic, aprotic or amphiprotic.

Aprotic solvents are neutral substances which are chemi-

cally inert and have low dielectric constants. Common examples

are benzene and chdoroform. Aprotic solvents can be used to

titrate both acids and bases as the solvent can neither donate

nor accept protons.

Protogenic solvents may be termed acidic solvents,. They

exhibit acidic properties as they can readily donate protons

to a base. The commonest one in this group is glacial acetic

acid, which has been used extensively for the titration of

weak bases.
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Solvents which possess basic characteristics are referred

to as being protophilic. They include a variety of compounds

such as ethers, ketones, and amines. The ease by which an acid

donates its proton to the solvent depends on the basic strength

of the solvent, therefore careful choice of protophilic solvents

can make possible the titration of very weak acids.

Both acidic and basic properties are exhibited by amphi-

protic solvents. Aliphatic alcohols and glacial acetic acid

are the most common ones in this category.

Solvents may also be classified as levelling or nonlevel-

ing. A levelling solvent is one which tends to increase the

acidity or basicity of the substance under titration, so that

it will act as a stronger acid or base than its inherent acidic

or basic strength.

HA + SH * A + (SHJ
+

(13)

+ —
B + SH BH + S (14)

^

If the acid (HA) is dissolved in the solvent (SH) it will

+
react with the solvent forming ions (S^) , the maximum concen-

tration of which is determined by the ionic product of the sol-

vent (Equation 13) . Similarly, a strong base reacts with

the solvent according to equation (14) , and the concentration

of the S” ions formed are also determined by the ionic product

of the solvent. Therefore, if the strength of the acid or base

exceeds a certain value, this acid or base will have, in a
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given solvent, the same apparent strength as another far

stronger acid or base dissolved in the same solvent. This

property of solvents is termed "levelling effect". Glacial

acetic acid and ethylenediamine have been widely used as

levelling solvents

»

Nonlevelling solvents are those which do not enter into

reaction with the substance undergoing titration . The solute

will exhibit properties characteristic of its intrinsic acid

or base strength. The utility of a nonlevelling solvent lies

in differentiating titrations, where two acids or bases of

sufficiently different strengths can be titrated in the pres-

ence of each other (24)

.

Kucharsky and Safank (25) outlined the following require

ments for a good nonaqueous solvent;

(1) The solvent must dissolve the titrated substance, or

the latter must be dissolved in an excess of the titrant which

is then back titrated.

(2) The solvent must be cheap and easily purified.

(3) Products formed in the titration must be dissolved

in the solvent, or, if precipitated as a solid, must be compact

and crystalline. Voluminous and gelatinous material will inter

fere with the endpoint.

(4) The solvent must not enter into any side reactions

either with the substance being titrated or with the titrant.

Most solvents contain small amounts of impurities which

must be removed prior to use in nonaqueous analysis. If the
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amount of impurity is small, a blank titration may be performed

on the solvent alone to correct for it.

The end point in nonaqueous titrimetry can be detected

visually, potentiometrically , coulometr ically and conducto-

metrically. The end point has also been detected by the use

of a high frequency technique. Indicators in nonaqueous sol-

vents do not follow a definite pattern as they do in aqueous

systems. In nonaqueous systems the color change depends on

both the solvent and the substance titrated. It is essential

to confirm the correctness of the indicator end point by a

concurrent potentiometric titration.

Nonaqueous Titration of Pharmaceuticals

Nonaqueous titrimetry can be applied to pharmaceutical

dosage forms if the following conditions are fulfilled?

(1) The tablet or capsule contains only one active

ingredient

.

(2) If the dosage form contains two active ingredients,

one must be a base while the other is an acid.

(3) The dosage forms may contain several active ingred-

ients, but only one will react with the titrant under the condi-

tions employed.

The success of pharmaceutical analysis by nonaqueous

titrimetry depends, to a great extent, on the choice of solvents.

In some solvents, excipients used in the preparation of these

dosage forms will often interfere with the titration. Common
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excipients such as starch and sucrose do not interfere but

magnesium hydroxide, calcium carbonate, sodium carbonate, and

magnesium stearate will do so. The effect of excipients on

direct titration of substances was studied by Clair and

Chatten (26) . They prepared and titrated saturated solutions

of twenty-seven commonly used excipients in glacial acetic

acid and in chloroform. They found that only a few inter-

ferred in direct titration in chloroform, but that a large

number of excipients interferred with the titration in glacial

acetic acid. Chatten and Mainville (27) later expanded the

work to include a large number of solvent systems.

If the careful selection of solvents fails to overcome

the problem of excipient interference it becomes necessary to

isolate the active ingredient by an extraction procedure.

A mixture of solvents often proves to be superior to a

single solvent for nonaqueous titrimetry. If the mixture is

carefully chosen, a solvent system can be found which has

the potential range suitable for the titration of any selected

compound. Van Der Heijde (28) described a scheme which

enables one to select the most suitable solvent for any

potentiometric titration. He measured the maximum potential

range of solvents using a glass and calomel electrode system.

Riddick (29) and (30) reported considerable evidence to indi-

cate that mixed solvent systems often had superior solvent

properties and sharper indicator color changes or potentio-

metric breaks than did single solvents. Acetone and aceto-



.
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nitrile have been added to other solvents for their stabilizing

effect in potentiometric titrations. Mixtures of solvents are

often used in pharmaceutical analysis in order to effect solu-

tion of the compound being determined. Chatten (31) used a

phenol-chloroform-acetonitrile mixture for the titration of

sulfate, tartrate and nitrate salts of a variety of organic

bases. Crisafio and Chatten (32) also titrated cholic, deoxy-

cholic and dehydrocholic acids in N, N-dimethylformamide-chloro-

form mixtures. Drug Standards (12) contains a monograph in

which tricyclamol was titrated in a chloroform-glacial acetic

acid mixture. The titration of phenothiazine derivatives in

mixed solvent systems was studied by Milne (33) and the tech-

nique applied to a number of pharmaceutical dosage forms.

The scope of nonaqueous titrimetry is very broad and it

is not the purpose of this dissertation to present a detailed

summary of its many applications. However, a few additional

references will serve to illustrate its general utility. The

technique has been employed in organic chemistry to titrate

weak acids and bases as well as inorganic salts. Barbituric

acids (34) have also been estimated by this technique. Vincent

and Blake (35) combined nonaqueous titrimetry with ion-exchange

chromatography in the analysis of barbiturate salts. Chiang

(36) determined chlorothiazide type diuretics by titration in

N, N-dimethylformamide . Alkaloids and alkaloidal salts have

been estimated in nonaqueous solution (37). In addition, the

procedures have been applied to a large variety of compounds
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in tablets and capsules, for example, phenothiazine (33) and

antihistamines (26) . Similar analyses were performed on drugs

incorporated into ointments (38) and suppositories (39)

„

One other method of analysis which is frequently applied

to pharmaceutical preparations is spectrophotometry. This

method is often favored over others, as accurate determinations

are usually readily obtained. However, in some instances,

interference from excipients is encountered, thus making the

analysis difficult by this method. This technique has been

applied to the assay of a large group of drugs. Some of these

include Vitamin A (8)

,

hydrocortisone (40)

,

trihexiphenidyl

(13) , estrogens (41) , salicylic acid, acetylsalicylic acid,

salicyiamide, caffeine, and phenacetin in tablets and powders

(42) .
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In the past decade several synthetic anticholinergic

compounds have been found to be useful in controlling the

symptoms of Parkinsonism, These compounds are potent systemic

pharmacological agents and, therefore, accurate methods of

estimating both the crystalline material and their dosage

forms must be available.

A survey of the literature revealed a complete lack of

methods for quantitatively determining some of these compounds.

Furthermore, although procedures have been published for a few

of these organic medicinals, in general, they are long and

tedious

.

It was the purpose of this investigation, therefore, to

develop rapid and accurate analytical procedures which could

be employed in routine quality control for both forms of the

drug

.

Nonaqueous titrimetry has been used extensively for the

analysis of pharmaceuticals and, therefore, this technique

was selected as being a possible solution to the problem.

In addition, precipitation by sodium tetraphenylboron has

been recognized as a quantitative method of analysis and it

was planned to combine this technique with nonaqueous titri-

metry .

Colorimetric methods have also been used in routine

quality control of organic medicinal agents. Thus it was

also the purpose of this work to attempt application of such

a procedure to these compounds.
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Apparatus

Metrohm Potentiograph model E.336 equipped with a glass-

calomel electrode pair; Beckman Zeromatic II pH meter fitted

with a glass-calomel electrode system; Beckman DU spectrophoto-

meter; Perkin Elmer model 21 infrared spectrophotometer; Mettler

Gram-atic semimicro balance; electromagnetic stirring apparatus;

Thomas Hoover capillary melting point apparatus; water bath,

hot plate; vacuum desicator; titration light; conventional

laboratory glassware; sintered glass funnels of medium porosity;

sintered glass crucibles of fine porosity; semimicro burette

graduated to 0.01 ml.

Reagents and Solutions

All chemicals employed in this investigation were either

AoC.S. or reagent grade in quality.

Acetone; ammonium vanadate; bromocresol purple; bromothymol

blue; 1-butanol; calcium chloride; chloroform; N, N-dimethyl-

formamide; ether; glacial acetic acid; 8-hydroxyquinoline

;

methanol; methylene chloride; phenol; phosphorus pentoxide

;

sodium acetate; dibasic sodium phosphate; monobasic sodium

phosphate; sodium sulphate; sodium tetraphenylboron ; tert-

butyl alcohol;

Acetate buffer solution pH 4.6 (48.04 gm. acetic acid and

65.63 gm. sodium acetate in 1 liter of solution) ; dilute

ammonia solution B.P.; crystal violet T.S„ U.S.P.; 0.1 N

hydrochloric acid; 0.05 N hydrochloric acid; 2 N hydrochloric
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acid; mercuric acetate T.S. U.S.P.; 0.5% methyl red in methanol;

methyl red solution B.P.; 0.05 N perchloric in dioxane (stand-

ardized against potassium acid phthalate, primary standard)

;

0.5 N sodium carbonate; 1 N sodium hydroxide; 0.1 N sodium hydrox-

ide; 5% sodium tetraphenylboron solution in water (filtered

through a sintered glass funnel of medium porosity) ; thymol

blue in N, N-dimethylformamide U . S „ P „ ; 0.25% tropaeolin 00 in

methanol

;

The compounds and their commercial products studied in this

investigation are listed below.

(R)Biperiden hydrochloride (Akineton ' 2 mg.)

;

Cycrimine hydrochloride (Pagitane 2.5 mg. and 1.25 mg.)

;

Phenyramidol hydrochloride (Analexin 400 mg.)

;

Procyclidine hydrochloride (Kemadrin l;

‘ 5 mg.) ;

Tricyclamol chloride (Elorine ‘ 50 mg.)

;

Trihexiphenidyl hydrochloride (Artane 5 mg. and 2 mg.)

.

Elemental Analyses

Elemental analyses were performed by:

Dr. G. Weiler, Dr. F.B. Strauss,

Microanalytical Laboratory,

164 Banbury Road,

Oxford, England.
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SECTION I

ANALYSIS OF CRYSTALLINE MATERIAL

All potentiometr ic determinations were performed using

a glass-saturated potassium chloride calomel electrode system.

The color change of all indicators used in this investi-

gation was compared to the maximum potentiometric break on a

manual potentiometer.

The purity of trihexiphenidyl hydrochloride was deter-

mined by the official procedure as outlined by the U a S.P. (13)

.

Procyclidine hydrochloride was estimated by the B.P. (8) pro-

cedure and cycrimine hydrochloride by the N „F . (5) procedure.

Nonaqueous Titration Methods

Procedure A

The purity of biperiden hydrochloride, tricyclamol

chloride and phenyramidol hydrochloride was determined by

nonaqueous titrimetry in glacial acetic acid. Approximately

50 mg. of the compound under investigation was accurately

weighed into a 150 ml. beaker and dissolved in 50 ml. of

glacial acetic acid with the aid of electromagnetic stirring.

Mercuric acetate T.S. (1.5 ml.) was then added and the titra-

tion carried out potentiometrically with 0.05 N perchloric

in dioxane as titrant. A blank titration was performed on

the solvent and the necessary correction made.
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Procedure B

Cycrimine hydrochloride, procyclidine hydrochloride,

trihexiphenidyl hydrochloride and tricyclamol chloride were

determined by procedure B.

Approximately 50 mg. of the hydrochloride salt was

accurately weighed into a 150 ml. beaker. The compound was

then dissolved in 50 ml. of chloroform with the aid of

electromagnetic stirring. Mercuric acetate T.S. (1.5 ml.)

was added and the mixture titrated potentiometr ically using

0.05 N perchloric in dioxane as titrant. The titration was

also carried out using 3 drops of a saturated solution of

methyl red in methanol as indicator. The end point was found

to be purple-red in color. A solvent blank was performed and

the titrant volumes corrected.

Procedure C

Procedure B was modified by using a 1:1 mixture of

chloroform and N, N-dimethylformamide as solvent. The end

point was detected potentiometrically

.

Trihexiphenidyl hydrochloride, procyclidine hydrochlor-

ide, cycrimine hydrochloride and tricyclamol chloride were

assayed by this method.

Procedure D

Procedure B was modified by using a solvent system

similar to that employed by Chatten (31) for the titration

of various nitrate and sulphate salts of organic bases.





2 6-

The powdered drug was accurately weighed into a 150 ml.

beaker and 50 ml. of a 2.5% phenol in chloroform was added.

The mixture was stirred electromagnetically until the drug

had dissolved. Mercuric acetate T.S. (1.5 ml.) was added

and the titration was performed potentiometr ically using per-

chloric in dioxane as titrant. Methyl red indicator, as des-

cribed in procedure C, was also used to detect the end point

for the titration of biperiden hydrochloride. Tropaeolin 00

in anhydrous methanol was employed for phenyramidol hydrochlor-

ide; the end point was found to be orange-brown in color. A

solvent blank was performed and the titrant volumes corrected.

Tetraphenylbora te Method

Procedure E

The procedure of Smith, Worrell, and Sinsheimer (43)

and that of Chatten, Pernarowski, and Levi (44) were combined

and modified.

A sample (25 to 50 mg.) of the drug was accurately

weighed into a 150 ml. beaker and 50 ml. of acetate buffer

(pH 4.6) was added. The mixture was stirred electromagnet-

ically until the drug had dissolved. An excess of a 5%

solution of sodium tetraphenylboron was added and the mix-

ture stirred for an additional 20 minutes. The precipitate

was removed with the aid of suction filtration through a

sintered glass crucible of fine porosity. The beaker and

tetraphenylbora te were washed with 200 ml. of water. Then the
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crucible and tetraphenylborate were dried for a period of not

less than 18 hours in a vacuum desicator containing phosphorus

pentoxide. The magnetic stirring bar was washed with a small

quantity of acetone, the acetone retained in the beaker, and

the beaker also dried in a vacuum desicator over calcium

chloride

.

Ten ml. of acetone was added to the crucible containing

the tetraphenylborate and the mixture was stirred to dissolve

the compound. The solution was then filtered into the dried

beaker in which the compound had been prepared. The crucible

was washed with an additional 10 ml. of acetone and the filt-

rate collected in the beaker. Positive pressure was used to

facilitate the filtration process. To the filtrate, 30 ml.

of glacial acetic acid, 1.5 ml. of mercuric acetate T.S. and

1 drop of crystal violet T.S. were added and the mixture

titrated to a blue end point (3) with perchloric acid in

dioxane as titrant. A titration light was used to facilitate

detection of the end point. A blank titration on the solvent

system was performed.

Biperiden hydrochloride, cycrimine hydrochloride, pheny-

ramidol hydrochloride, procyclidine hydrochloride, tricyclamol

chloride and trihexiphenidyl hydrochloride were assayed by

procedure E.

The tetraphenylborate of tricyclamol chloride was pre-

pared, purifed and the equivalent determined by the methods

of Chatten and Doan (3)

.

The derivative was submitted for
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elemental analysis and the results are presented below.

Tricyclamol tetraphenylborate, m.p. 197-199: purity by

titrimetry 99.5%.

Formula c44h 52
bno

Theoretical Analysis: C 84.93%, H 8.43%, N 2.25%.

Found Analysis: C 84.78%, H 8.26%, N 2.11%.
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ANALYSIS OF PHARMACEUTICAL DOSAGE FORMS

The dosage forms were prepared for analysis by the

procedures employed in the official compendia (8,13)

.

Analysis of Pharmaceutical Dosage Forms by Official or Manu-

facturer's Procedures

Trihexiphenidyl hydrochloride tablets, cycrimine hydro-

chloride tablets and procyclidine hydrochloride tablets were

assayed by the procedures of the U.S.P. (13), N.F. (5), and

the BoP, (8) respectively.

Capsules of tricyclamol chloride and phenyramidol

hydrochloride were assayed by the methods provided by the

respective manufacturers.

A published procedure was not available for the analysis

of biperiden hydrochloride tablets.

Nonaqueous Titrimetry

Procedure F

A sample of the powdered tablet or capsule material was

accurately weighed into a 150 ml. beaker and 25 ml. of chloro-

form was added. The mixture was stirred electromagnetically

for 40 minutes and the solution then filtered through a

sintered glass funnel of medium porosity. The beaker and

funnel were washed with an additional 25 ml. of chloroform.

A slight excess of mercuric acetate was added and the titration

carried out potentiometrically using perchloric acid in dioxane



.



- 30 -

as titrant. The end point was also detected visually employing

methyl red as indicator. A blank titration was performed on

the solvent and the appropriate correction made.

Procedure F was employed to analyze the dosage forms of

the following compounds: cycrimine hydrochloride, procyclidine

hydrochloride and trihexiphenidyl hydrochloride. Tricyclamol

chloride capsules were also determined by procedure F but the

samples were not filtered prior to titration.

Tricyclamol chloride capsules were also titrated by

another modification of procedure F in which a 1:1 mixture of

dimethylf ormamide-chloroform was used as solvent. The end

point in the titration was detected potentiometr ically . This

modification of procedure F was also applied to the dosage

forms of the other three compounds listed above in procedure

F but the determinations were unsuccessful.

Biperiden hydrochloride tablets were assayed by procedure

F , but the solvent system utilized was 2.5% phenol in chloro-

form.

Procedure G

The powdered capsule material was weighed into a 150 ml.

beaker and 50 ml. of 2.5% phenol in chloroform was added. The

mixture was stirred electromagnetically for a period of 30

minutes. The solution was titrated to the end point with per-

chloric in dioxane as titrant. A small excess of mercuric

acetate T.S. was then added and the final end point determined,

either potentiometrically or visually using tropaeolin 00 as
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indicator „ The end point was found to be orange-brown in color.

Phenyramidol hydrochloride capsules were determined by this

procedure

.

Procedure H

The pharmaceutical dosage forms were also assayed by the

tetraphenylborate method (procedure E) , but the following modi-

fications were introduced. The finely ground tablet or capsule

material was accurately weighed into a 150 ml. beaker and about

2 ml. of acetate buffer was added. The powder was triturated

with buffer solution until a smooth paste resulted. The

remainder of the 50 ml. of buffer was added and the mixture

stirred electromagnetically for 40 minutes, and procedure E

followed beginning with the words, "an excess of a 5% solution

of sodium tetraphenylboron . . .
.

"

The commercial products of biperiden hydrochloride,

phenyramidol hydrochloride, procyclidine hydrochloride, tri-

cyclamol chloride and trihexiphenidyl hydrochloride were deter-

mined by this method.
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SECTION II

COLORIMETRIC METHOD

The sodium di- (8-hydroxyquinolyl) orthovanadate was pre-

pared by the procedure of Pesez and Bartos (47) with the follow-

ing modification: methylene chloride was used as solvent re-

placing chloroform.

The reagent (di- ( 8~hydroxyquinolyl) orthovanadic acid or

vanadium oxinate) was also prepared by the procedure of Pesez

and Bartos (47) with the modification that methylene chloride

was used as solvent. This reagent must be prepared fresh each

day .

Procedure A

The general procedure of Pesez and Bartos (47) was followed

with modifications. The sample of alcohol dissolved in methylene

chloride was accurately measured into a 25 ml. Erlenmeyer flask

and 2 ml, of the reagent added. The flasks were stoppered and

swirled to mix the solutions. The mixture was allowed to stand

at room temperature for 2.5 hours. The methylene chloride solu-

tion was quantitatively transferred to a 60 ml . separatory

funnel containing 10 ml. of 1 N sodium hydroxide solution. The

mixture was agitated until the violet-black color of the reagent

had disappeared. The methylene chloride layer was then quanti-

tatively transferred to a second 60 ml. separatory funnel con-

taining 10 ml. of IN sodium hydroxide solution. The mixture
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was again agitated and the methylene chloride layer quantitat-

ively transferred to a volumetric flask and diluted to volume.

The solution was mixed, filtered through Whatman No. 1 filter

paper and read at 390 ia\± (48) in a Beckman DU spectrophotometer.

The blank was prepared similarly by eliminating the alcohol,

Pesez and Bartos (47) utilized a reaction time of 2,5 hours in

order to obtain full development of the color. Procedure A was

employed to study the effect of time on the formation of the

colored complex with l-butanol and tert-butyl alcohol.

The effect of time on the stability of the reagent was

studied using procedure A. A 1 ml , aliquot of a solution of

l-butanol in methylene chloride (324 ^ig/ml.) was mixed with 2

ml, of reagent and the solution allowed to stand for a period

of 2.5 hours. The solution was treated as in procedure A

beginning with the words, "the methylene chloride solution

was quantitatively transferred to a 60 ml . separatory funnel

The methylene chloride solution was diluted to 25 ml.

in a volumetric flask before determining the absorbance.

The stability of the orange-red colored complex was

also studied using l-butanol as the alcohol.

Calibration curves were prepared for 1-butano.l and

tert-butyl alcohol following the method as outlined in pro-

cedure A. The concentration range of the alcohol was 200 to

1200 [ug. The extracted solution was made up to volume in a

25 ml. volumetric flask and read at 300 mjjl.

The effect of time on development of the colored complex

between the reagent and the hydroxyl-containing compound was
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studied for both trihexiphenidyl hydrochloride and pro-

cyclidine hydrochloride. The concentration of the drug was

in the 5 mg . range. The methylene chloride solution which

had been extracted free of the reagent was diluted to volume

in a 10 ml. volumetric flask and read at 390 m|i.

The stability of the colored complex was studied for

both trihexiphenidyl hydrochloride and procyclidine hydro-

chloride .

Calibration curves were prepared for trihexiphenidyl

hydrochloride and procyclidine hydrochloride using procedure

A with modifications. A standard solution containing approxi-

mately 5 mg. per ml. was prepared and aliquots pipetted into

a 25 ml. Erlenmeyer flask so that a concentration range of 1

to 12 mg. was obtained. Two ml. of reagent was then added

and the mixture allowed to stand for 3 hours. The mixture

was extracted with two portions of 1 N sodium hydroxide and

the organic layer made up to volume in a 10 ml. volumetric

flask. The absorbance was determined at 390 m\± . against a

reagent blank prepared in an identical manner.

Procedure B

An accurately weighed quantity of the ground tablet

material was stirred electromagneti cally with 25 ml. of

methylene chloride for 30 minutes. The mixture was filtered

through a sintered glass funnel of medium porosity into a

50 ml. Erlenmeyer flask. The beaker and funnel were washed

with an additional 10 ml. of methylene chloride. The
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methylene chloride solution was evaporated to a volume of

approximately 3 ml 0 on a water bath 0 A 2 ml, volume of the

reagent was added and the mixture allowed to stand at room

temperature for 3 hours. The reagent was extracted with

two 10 ml 0 portions of 1 N sodium hydroxide and the organic

layer was transferred to a 10 ml. volumetric flask and made

up to volume. The blank was prepared by transferring 35 ml.

of methylene chloride into a 50 ml. Erlenmeyer flask and the

solvent was reduced on a water bath to a volume of 3 ml.

The blank was then treated as above. The absorbance was

determined at 390 mja „ as in procedure A.

The analyses of trihexiphenidyl hydrochloride 5 mg.

tablets and procyclidine 5 mg. tablets were attempted by

procedure B.
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Titrimetric methods are among the most commonly employed

analytical procedures, as a large number of compounds readily

lend themselves to quantitative determination by this technique.

They have the added advantages of being rapid, convenient,

accurate, and normally do not require elaborate equipment. The

method has been widely used in the analysis of pharmaceuticals

in both aqueous and nonaqueous systems. Nonaqueous solvents

are more generally utilized than the aqueous system in the

analysis of pharmaceutical compounds as organic medicinal

agents are usually too weakly acidic or basic to be titrated

in water and, in addition, many of them are not soluble in

that solvent.

Official analytical procedures are available for some

of the compounds and their dosage forms studied in this pro-

ject. However, the methods have certain limitations which

render them undesirable for routine analysis. For example,

in the assay of procyclidine hydrochloride, the British

Pharmacopoeia (8) employs a technique which is based on the

extraction of the active ingredient from either the raw

material or the tablet form. Once the extraction has been

completed, the solvent is removed and the procyclidine

hydrochloride determined by aqueous acid-base residual

titrimetry. The major limitation of this procedure is the

large number of extractions which must be performed to

ensure complete removal of the drug. The time required to
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carry out this operation is often lengthy, particularly in

the analysis of the dosage forms. The National Formulary (5)

assays cycrimine hydrochloride by an extraction procedure

similar to the one employed by the B.P. for procyclidine

hydrochloride tablets. The extracted compound is then

measured quantitatively in an infrared spectrophotometer.

This procedure suffers from the same limitations as that

for procyclidine hydrochloride tablets. The large number

of solvent transfers which are necessary in both processes

render them unsuitable for routine quality control. If these

transfers are not performed with extreme care, a significant

amount of the drug can be lost.

The United States Pharmacopoeia (13) employs a colori-

metric procedure for the assay of trihexiphenidyl hydrochloride

tablets. The drug is complexed with bromocresol purple and the

complex extracted with several portions of chloroform. The

absorbance of the solution is determined and the concentration

calculated from the absorbance produced by a standard solution

which is treated in an identical manner. This procedure

suffers from the same limitations as does the N.F. (5) and

B.P. (8) procedures for cycrimine hydrochloride and procycli-

dine hydrochloride respectively.

Reports have been published in which workers have

developed polarographic techniques (15, 16) for the analysis

of trihexiphenidyl hydrochloride. However, since this
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compound does not contain a functional group which can be

easily oxidized or reduced under an applied potential
, a

suitable group must be introduced. This process may be

lengthy and the reactions involved must be quantitative.
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ANALYSIS OF CRYSTALLINE MATERIALS

(a) Official and Nonaqueous Procedures

Nonaqueous titrimetry is utilized for the analysis of

trihexiphenidyl hydrochloride and cycrimine hydrochloride by

the official compendia. The U.S.P. (13) adopted chloroform

as the solvent system for the determination of the former

compound, while the N„F. (5) employed glacial acetic acid

for the latter. Since interference from extraneous material

is not likely, problems are not encountered with the use of

these solvents for the crystalline salts. Although an official

procedure is not available for the assay of tricyclamol chlor-

ide, the drug has been titrated in chloroform-glacial acetic

acid mixture (12) . This procedure was applied to the crystal-

line compound and its dosage forms. The analysis of the

capsules was carried out directly on the powdered substance

with preliminary extraction of the active ingredient. For

the assay of tricyclamol chloride tablets, the active ingred-

ient was extracted with methanol prior to determination.

Glacial acetic acid is not a suitable solvent for nonaqueous

titrimetry of the dosage forms, as a large number of excip-

ients will interfere with the titration (26)

.

No official procedures have been published for the

analysis of either biperiden hydrochloride or phenyramidol

hydrochloride

.
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The data obtained by the various methods of analysis

appear in tabular form in the appendix. Table I presents a

summary of this data together with standard deviations for

the crystalline compounds.

All results in this thesis are expressed as percent

"H •

recovery or percent potency - standard deviation of the

mean.

Glacial acetic acid was chosen as solvent system for

determining the purity of those compounds for which no pub-

lished or accepted procedures existed. It has been extens-

ively used for the analysis of crystalline pharmaceutical

compounds (8, 12, 13) because of its excellent solvent

properties for organic medicinal agents. The potentiometric

break obtained in glacial acetic acid was well defined and

thus the end point could be determined accurately. As noted

from Table I, the results obtained in this solvent were in

excellent agreement with the theoretical values.

In order to select a suitable titration medium, the

solubility of each compound was determined in a variety of

solvents, which could be also applied to the dosage forms.

Trihexiphenidyl hydrochloride, procyclidine hydrochloride,

cycrimine hydrochloride and tricyclamol chloride were found

to be soluble in chloroform and 2-propanol. While compounds

with the exception of tricyclamol chloride were readily

soluble in chloroform, dissolution was slow in 2-propanol.
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The potentiometric titration of trihexiphenidyl hydro-

chloride was attempted in 2-propanol but the inflection point

was not well defined and hence the end point was difficult

to determine . On the other hand, in chloroform the potentio-

metric break was very well defined and the end point easily

detected. The potentiometer exhibited instability at the

onset of the titration, but became more stable as the addition

of the titrant progressed. Chloroform was chosen as solvent

for the aforementioned materials as it possessed the desirable

attributes. In addition, Clair and Chatten (26) reported

that very few tablet excipients interfere with nonaqueous

titration which are performed in this solvent. Consequently

chloroform has been widely utilized in the assay of dosage

forms

.

The four antiparkinsonism agents were also titrated in

chloroform, using methyl red in methanol as indicator. Thymol

blue can also be utilized as an indicator for the titration

of these compounds and, in fact, is recommended by the U.S.P.

(13) for the assay of trihexiphenidyl hydrochloride. However,

methyl red was selected as the indicator, because its color

change appeared to be more distinct than that of thymol blue.

Figures 1 to 4 depict the potentiometric curves for

the titration, of trihexiphenidyl hydrochloride, procyclidine

hydrochloride, cycrimine hydrochloride, and tricyclamol

chloride in chloroform. The color changes of methyl red are
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Potential

(millivolts)

--43 -

1.200 1.300 1.400

Volume of Titrant (ml.)

FIGURE 1. END POINT PLOT FOR THE TITRATION

OF TRIHEXIPHENIDYL HYDROCHLORIDE IN CHLOROFORM





Potential

(millivolts)

44“

3.800 3.900 4.000

Volume of Titrant (ml.)

FIGURE 2. END POINT PLOT FOR THE TITRATION OF

PROCYCLIDINE HYDROCHLORIDE IN CHLOROFORM





Potential

(millivolts)

45

Volume of Titrant (ml.)

i

j

FIGURE 3 . END POINT PLOT FOR THE TITRATION OF

CYCRIMINE HYDROCHLORIDE IN CHLOROFORM





Potential

(millivolts)

46

700

900

Indicator - Methyl Red

1.150 1.300

Volume of Titrant (ml.)

FIGURE 4. END POINT PLOT FOR THE TITRATION OF

TRICYCLAMOL CHLORIDE IN CHLOROFORM





Potential

(millivolts)

“47

1.000 1.100 1.200

Volume of Titrant (ml.)

FIGURE 5. END POINT PLOT FOR THE TITRATION OF

PROCYCLIDINE HYDROCHLORIDE IN CHLOROFORM
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illustrated on the same figures. Figure 5 depicts the titra-

tion of procyclidine hydrochloride in chloroform with thymol

blue as indicator.

The results obtained by nonaqueous titration in chloro-

form for the four compounds are in excellent agreement with

the data obtained by the official procedures. The small

discrepancy between the nonaqueous method and the official

procedure for procyclidine hydrochloride may be attributed

to the number of extractions required by the latter technique.

Certainly, this would tend to yield results which would be

lower than those obtained by a direct titrimetric method.

Tricyclamol chloride was found to be only slowly

soluble in chloroform, therefore, a more suitable solvent

was selected. For this drug, N, N-dimethylformamide was

found to possess solvent properties which exceeded those

of chloroform. In addition, it was observed to possess

excellent solvent properties for trihexiphenidyl hydrochlor-

ide, cycrimine hydrochloride, procyclidine hydrochloride

and phenyramidol hydrochloride. While N, N-dimethylformamide

is considered a basic solvent it is so weak that it will not

compete with the aforementioned solutes for the proton.

When the titration of tricyclamol chloride was attempted

in N, N-dimethylformamide the end point was found to be

depressed and poorly defined. Acetone was added to the sample

without any improvement in the end point. A mixture of
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chloroform and N, N-dimethylformamide (lsl) gave sharp end

points and yet retained excellent solvent powers for the

compounds undergoing analysis. Consequently, tricyclamol

chloride, trihexiphenidyl hydrochloride, procyclidine hydro-

chloride and cycrimine hydrochloride were determined in the

N, N~dimethylformamide-chloroform combination. Reference to

Table I reveals that the results obtained in the mixed sol-

vent system are in good agreement with those obtained in

chloroform alone.

Unfortunately, a suitable indicator could not be found

for use in the N, N-dimethylformamide-chloroform solvent

system.

Phenyramidol hydrochloride could not be titrated in

N, N-dimethylformamide-chloroform mixture as the potentio-

metric break was very poorly defined. The explanation for

this anomaly is not readily evident.

The low solubility of biperiden hydrochloride and

phenyramidol hydrochloride in chloroform and the failure

to titrate the latter compound in N, N-dimethylformamide-

chloroform mixture created the need for another solvent

system for these compounds. Phenol dissolved in chloroform

has been reported to have increased solvent power for the

salts of many organic bases (31) . Dietzel and Paul (47)

postulated that a soluble complex was formed between the

base and phenol. Our investigation showed that biperiden
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hydrochloride and phenyramidol hydrochloride were soluble in

a system containing 2„5 percent phenol in chloroform and con-

sequently they were titrated in this mixture. The concentra-

tion of phenol in the mixture had no effect on the recovery

of the compound, providing that a sufficient quantity was

present to effect solution of the material.

Phenyramidol hydrochloride could be readily titrated in

the phenol-chloroform mixture although not in the N , N-dimethyl-

formamide-chlorof orm system. The phenol-chloroform mixture is

a weakly acidic solvent system and hence may enhance the weak

basicity of phenyramidol hydrochloride. N , N-dimethylformamide

would have the opposite effect.

Tropaeolin 00 in methanol was the indicator of choice for

phenyramidol hydrochloride in the phenol-chloroform system. The

end point was found to be an orange-brown color. Methyl red

can also be used and was, in fact, the indicator of choice for

biperiden hydrochloride. The color at the end point was

purple-red. Figures 6, 7 and 8 illustrate the titration curves

as well as the color change of the indicators for phenyramidol

hydrochloride and biperiden hydrochloride.

The following indicators were examined for possible use

in chloroform, N, N-dimethylformamide-chloroform and phenol-

chloroform solvent systems: chlorophenol red, crystal violet,

dimethylyellow, methyl orange, methyl red, methyleneblue-

quinaldine red (1:1), methyl orange xylene cyanol, neutral red,
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Potential

(millivolts)

-51

Volume of Titrant (ml.)

FIGURE 6* END POINT PLOT FOR THE TITRATION OF

PHENYRAMIDOL HYDROCHLORIDE IN PHENOL-CHLOROFORM
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Potential

(millivolts)

52 -

__l X„ I—

1.300 1.400 1 o 500

Volume of Titrant (ml„)

FIGURE 7. END POINT PLOT FOR THE TITRATION OF

PHENYRAMIDOL HYDROCHLORIDE IN PHENOL-CHLOROFORM





Potential

(millivolts)

- 53 -

Volume of Titrant (ml.)

FIGURE 8. END POINT PLOT FOR THE TITRATION OF

BIPERIDEN HYDROCHLORIDE IN PHENOL-CHLOROFORM
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p-naphtholbenzein, azQ violet, oracet blue B, Sudan III,

thymol blue, tropaeolin 00.

(k) Tetraphenylborate Method

Sodium tetraphenylboron has been used for the characteriza-

tion (50, 51) and determination (52) of organic medicinal agents

containing basic nitrogen functional groups. Smith, Worrell and

Sinsheimer (43) have titrated some of the sympathomimetic amines

with sodium tetraphenylboron. They detected the end point ampero-

metrically

.

The reaction of sodium tetraphenylboron with basic organic

salts proceeds in accordance with the following equation (15)

:

» [R-,NH]
+ [B(C rHj 1 + NaCl (15)

j b d 4

Precipitation of the tetraphenylborate salt of the amine

usually depends upon protonation of the amine (52), but as the

compounds investigated in this study were salts, initial pro-

tonation is not required.

In work previously done at this university, Chatten and

Doan (3) prepared in excellent yields the tetraphenylborates

of the compounds under study in this project. It was of inter-

est therefore, to attempt to modify their procedure so that

quantitative results could be obtained. Sodium tetraphenyl-

boron has been used to precipitate gravimetr ically (53) amines
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of pharmaceutical interest. This procedure cannot readily be

applied to analysis of the dosage forms, as excipients must

be removed prior to the addition of the reagent. Titration

of tetraphenylborates of organic bases has been reported in

the literature (3, 44, 45), hence it was believed that the

tetraphenylbora te technique could be usefully combined with

nonaqueous procedures.

It has been stated (55) that recrystallization of the

tetraphenyiborate salt is not necessary, but that washing

the precipitate free of excess reagent will render it suffi-

ciently pure for characterization purposes. Therefore the

tetraphenylborates were only purified by washing with water.

Recrystallization would not be possible in a quantitative

procedure

.

An acidic pH in the range of 4 to 6 has been reported

to be suitable for the preparation of the tetraphenylborates

of organic bases (43)

.

It was found that buffered solutions

in the pH range of 4 to 5.6 gave reasonable analytical results,

but the organic salts studied were more soluble in a solution

of lower pH, Hence, the acetate-acetic acid buffer pair (pH

4.6) was selected for solvent power and convenience.

One disadvantage of the tetraphenyiborate method is the

difficulty encountered in removing the precipitate from the

vessel in which it was prepared. To overcome this problem,

the beaker was allowed to dry and the acetone solution of
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the tetraphenylborate filtered into it.

The end point of the titration was found to appear very

slowly and false end points occurred prior to the stoichio-

metric end point. The addition of mercuric acetate T.S, to

the tetraphenylborate solution allowed the stoichiometric end

point to be reached much sooner because the premature end

points were few and very short lived. Mercuric acetate T.S.

did not affect the recoveries and was thus used for the titra-

tion of all the tetraphenylborate samples. The reaction is

thought to be similar to that which occurs between mercuric

acetate and a hydrochloride salt of an amine.

Examination of Table 1 reveals that the results obtained

with the tetraphenylborate method are not as good as those

yielded by the nonaqueous and official procedures^

Tricyclamol chloride yielded results approximately 3

percent lower than those obtained with the other compounds.

This anomaly may be explained by the fact that tricyclamol

chloride is a quaternary ammonium compound rather than a

halogen acid salt of an amine and therefore the reaction may

not go to completion. It has been stated that quaternary

ammonium compounds form tetraphenylborates which are difficult

to purify (56)

.

These findings were verified during the prep-

aration of the tetraphenylborate of tricyclamol chloride, as

several recrystallizations were necessary in order to obtain



.

.

• '

.

.

.



57

a pure sample of the derivative „ Washing with water and a

single recrystallization produced a compound of only 95 o 0

percent purity by nonaqueous titrimetry. This would seem

to indicate that the reaction may not be stoichiometric 0

V
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ANALYSIS OF PHARMACEUTICAL DOSAGE FORMS

The sample size and number of determinations performed

on each dosage form were limited by the amount of available

material

.

The same "lot number" of tablets was used for all the

methods of analysis.

Biperiden Hydrochloride (Akineton® ) 2 mg. Tablets

Biperiden hydrochloride tablets were titrated nonaqueously

in phenol-chloroform mixture by the procedure outlined in the

experimental section. The nonaqueous method gave recoveries of

4“

94.9 -- 0 , 12% when the end point was detected potenti©metrically

and 95.8 - 0.90% recovery when a visual means of detection was

employed. The small discrepancy in the results obtained by the

two methods could possibly be due to a small error in one of

the end points, which would be greatly magnified in a small

sample. As an official or manufacturer's procedure was not

available, it was not possible to obtain data to which these

experimental results could be compared.

Quantitative results could not be obtained for biperiden

hydrochloride tablets with the tetraphenylborate method. The

data obtained was much above the expected values, which would

indicate that an excipient capable of reacting with sodium

tetraphenylboron must be present in the tablet formulation.
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II.

SUMMARY
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DATA

FOR

ANALYSIS

OF

DOSAGE

FORMS
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Phenyramidol Hydrochloride (Analexin®) 400 mg. Capsules

The analysis of phenyramidol hydrochloride capsules was

carried out by three methods: (a) nonaqueous titration in the

phenol-chloroform solvent system, (b) preparation and titration

of the tetraphenylborate, and (c) the manufacturer's procedure.

In the nonaqueous assay of phenyramidol hydrochloride

capsules, it was necessary to titrate the solution to the end

point before the addition of mercuric acetate. The active

ingredient was not titrated in the absence of mercuric acetate

but. interferring excipients could be titrated and thus effect-

ively removed. If this excipient "blank" was omitted, an over-

estimation of approximately 5% occurred. This would seem to

indicate the presence of some excipient which was capable of

accepting a proton under the conditions of the titration. The

interferring excipient was not isolated.

Filtration of the solution of the capsule material before

performing the titration was unnecessary, as results obtained

by both filtration and nonfiltration methods were identical.

Elimination of the filtration step is justified because the

ratio of drug to excipient is large and there is very little

excipient matter present which can interfere with the end point

Problems were not encountered with either the manufacturer

method or that employing sodium tetraphenylboron

.

Table II illustrates that excellent agreement was obtained

by the four methods of analysis applied to this dosage form.
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Trihexiphenidyl Hydrochloride (Artane^) 5 mg. and 2 mg e Tablets

The official procedure for the analysis of these tablets

employs a method based on the formation of a complex between the

drug and bromcresol purple. The colored complex is extracted

with several portions of chloroform and the absorbance determined

in a spectrophotometer. This procedure yielded values which were

within the expected limits but considerable variations occurs in

the results. See Tables XXXVIII and XLII.

The nonaqueous method of assay for both strengths of the

commercial product gave results which showed satisfactory agree-

ment with those obtained by the official procedure. The chloro-

form solution of the tablet material was filtered prior to

titration as the undissolved excipients interferred^ with both

potentiometric and visual detection of the end point. Tri-

hexiphenidyl hydrochloride 2 mg. tablets yielded lower values

with the nonaqueous method if the end point was detected poten-

tiometrically than if it was detected visually. This anomaly

cannot be explained.

Major problems were not encountered with the tetraphenyl-

borate method for the two dosage forms of trihexiphenidyl

hydrochloride. The amount of drug recoved by the tetraphenyl-

borate method for trihexiphenidyl hydrochloride 2 mg. tablets

was 2 percent lower than the value obtained with the U.S.P.

procedure. This is probably due to the inability of the
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aqueous solvent used in the tetraphenylborate method to

extract the drug from the tablet excipients.

Analytical results, reported in Table II showed very

good agreement between the four methods employed. However,

for the 2 mg. product small but not significant anomalies

were noted.

Tricyclamol Chloride (Elorine ) 50 mg. Capsules

Tricyclamol chloride capsules were assayed by a pro-

cedure provided by the manufacturer. It gave reproducible

results and generally appeared to possess no major limita-

tions. The capsules were also assayed by nonaqueous titra-

tion in chloroform but results by this method are below

those obtained by the manufacturer's procedure. The lower

recoveries in chloroform may be due to the slow solubility

of tricyclamol chloride in the solvent. These capsules

were also determined by titration in N, N-dimethylformamide-

chloroform mixture. The increased solubility of tricyclamol

chloride in the mixed solvent system probably explains the

increased level of recovery of the drug from the capsule

material. In either instance, however, agreement with the

manufacturer's method is deemed satisfactory.

Tricyclamol chloride capsules gave much lower recoveries

of the active ingredient with the tetraphenylborate method

than those obtained by the manufacturer's method. As has

been discussed previously, this compound is a quaternary
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ammonium salt and may not form the tetraphenylborate as

readily as do the hydrochloride salts of the other amines

investigated in this project*

@Procyclidine Hydrochloride (Kemadrin ) 5 mg. Tablets

The official procedure as described in the B.P. (8)

is based on extraction of the liberated base with ether.

A serious problem was caused by the formation of emulsions

which could not be readily broken. This emulsification did

not allow complete extraction of the active ingredient and

thus explains the wide range of values obtained (see Table

LI of the appendix) . Filtration of the chloroform solutions

prior to carrying out the titration was found to be necessary

as undissolved excipients interferred with the end point.

The tetraphenylborate method yielded values for pro-

cyclidine hydrochloride tablets which appear to be higher

than those obtained by the official procedure (Table II)

.

This apparent small overestimation may be due to excipient

interference

.

(B)

Cycrimine Hydrochloride (Pagitane^) 2.50 mg. and 1.25 mg.

Tablets

The method described by the National Formulary (5)

for the analysis of cycrimine hydrochloride tablets consists

of extraction of the active ingredient followed by infrared
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spectroscopy. The spectral region which the compendium recom-

mended was scanned and peaks of rather low intensity were ob-

tained. This apparent lack of sensitivity may account for the

variable results obtained.

The nonaqueous method of assay yielded results which are

in good agreement with those obtained by the official procedure

for cycrimine hydrochloride 2.50 mg. tablets. However, the

titrimetric results for the 1.25 mg. tablets are much below

the values yielded by the N.F. procedure. A possible explana-

tion which can be offered for this anomaly is incomplete extrac-

tion of the drug from the tablet material. If incomplete extrac-

tion did in fact occur, then it would be expected that increasing

the extraction time should have resulted in increased analytical

values for the drug. However, doubling the stirring time was

shown to have no effect on the recovery of the active ingredient.

It should be generally noted that the lower the concentra-

tion of the drug in the tablet, the greater is the possibility

of incomplete extraction of the active ingredient.

The tetraphenylbora te method could not be applied to

cycrimine hydrochloride tablets as the recoveries obtained

were much above the expected values. Thus, these tablets

must contain an excipient which is capable of reacting with

sodium tetraphenylborate and the product of the reaction is

then titrated in the nonaqueous media.

The tetraphenylborate method employed for the dosage

forms of all the compounds investigated was similar to that
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employed for the crystalline substances except that the crushed

tablet material was triturated to a smooth paste with a small

amount of the buffer solution as an aid in wetting the powder.

Analysis of procyclidine hydrochloride 5 mg., trihexi-

phenidyl hydrochloride 5 mg. and crycimine hydrochloride 2.5

mg. tablets by nonaqueous titration was attempted in N,N-di-

methylformamide-chloroform mixture but gross overestimation

occurred in all three instances. This would seem to indicate

that a titratable excipient which is soluble in dimethylf orma-

mide but not in chloroform must be present in the tablet formu-

lations .

Excipient interference has been studied in chloroform

and in the phenol-chloroform mixture (26, 27) and it has been

shown that only a few excipients will interfere with nonaqueous

titration in these solvents. However, interference was en-

countered with phenyramidol hydrochloride capsules but the

problem was circumvented by performing an "excipient blank"

titration

.
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COLORIMETRIC METHOD

Several methods have been developed for the analysis

of compounds which contain hydroxyl functions. Those most

commonly employed are the esterification procedures which

involve reaction of the hydroxyl group with an anhydride

or an acyl halide. The esterification reactions are selective

for primary and secondary alcohols. Tertiary alcohols, due

to steric factors, do not as a rule react quantitatively (57)

.

Primary and secondary alcohols can be oxidized to aldehydes

or ketones respectively and can be determined by ultraviolet

spectrophotometry or by colorimetric determination of the

hydrazone formed with 2 , 4-dinitrophenylhydrazine „ However,

Chafetz (7) oxidized phenyramidol hydrochloride, a secondary

alcohol, and determined the absorbance of the resulting aryl

aldehyde. Colorimetric procedures have also been developed

using ceric ammonium nitrate and vanadium oxinate as reagents.

Recently Scoggins and Miller (58) devised a method which

was highly specific for the analysis of tertiary alcohols.

They reacted the alcohols with hydriodic acid to form the

alkyl iodides which were measured by ultraviolet spectrophoto-

metry.

The spectrophotometric determination of alcohols with

vanadium oxinate reagent has been reported in the literature

(47, 48, 59)

.

Tanaka (59) suggested that the reaction which
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occurred is specific for alcohols. Vanadium oxinate has been

used also by Sawada, Tsuyi and Asahura (60)

„

They reported

that the method is sensitive and gives a specific coloration.

The mechanism of formation of the complex has been

studied by Montequi, Doadrio and Serrano (61) . They stated

that the alcohol first forms a polar bond with the vanadium

oxinate, followed by a chemical reaction resulting in the

formation of a bound water molecule, as in a hydrated ester.

The reaction is illustrated below.

There is some controversy over the structure of the complex,

and other workers have written the complex in a different

manner

„
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Balog and Csaszar (62) presented a structure which is

similar to the one proposed by Montequi and workers. Stiller

(48) reported that phenols and carboxylic acids do not inter-

fere with reaction but that certain metals do. The interfer-

ence of organic and inorganic bases has been reported by

Montequi, Doadrio and Serrano (61)

.

An attempt was made to apply Stiller 's procedure (48) to

the analysis of antiparkinsonism agents in this investigation.

However, they were found to be too insoluble in benzene to

react with the vanadium oxinate. Liberation of the free bases

from the hydrochlorides would have rendered them benzene-soluble.

However, the compounds must be studied as their salts to prevent

the free amino function from interferring with the development

of the colored complex (61)

.

The procedure of Pesez and Bartos (47) was selected as

the reaction could be carried out in a homogeneous solvent

system. They used alcohol-free chloroform as solvent and did

not report any major difficulties. The use of chloroform was

also attempted in this project but the reagent prepared in

this solvent was not stable. However, the reagent was more

stable in methylene chloride, although it was still necessary

to prepare it each day. Pesez and Bartos (47) made a similar

observation when utilizing chloroform as the solvent.

In order to determine the stability of the reagent and

the properties of the system, preliminary work was performed

using 1-butanol and tert-butyl alcohol. The time required for
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full development of the colored complex was studied for both

alcohols and was found to be 2.5 hours at 20 to 22°C. The

colored complex developed in methylene chloride solution was

found to be stable for a period of 30 minutes with both

alcohols

.

TABLE III. DATA SHOWING THE STABILITY OF THE COLORED

COMPLEX IN METHYLENE CHLORIDE FOR 1-BUTANOL

Time (minutes) Absorbance

A B

0 0.250 0.239

5 0.250 0.239

10 0.250 0.239

15 0.250 0.239

20 0.250 0.239

25 0.250 0.239

30 0.250 0.239

60 0.244 0.238

120 0.233 0.229



.
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Beer 8 s Law Was obeyed by 1-butanol and tert-butyl alcohol

over the concentration range employed (400 - 1200 |ig . ) . See

Figures 9 and 10.

The absorbance of the complex produced with tert-butyl

alcohol is much less than that found with an equivalent molar

quantity of 1-butanol. Tanaka (59) also made a similar obser-

vation and attributed this difference to steric factors around

the hydroxyl group. He pointed out that the reduced sensitivity

of a hindered hydroxyl function to the reagent can be used to

differentiate alcohol isomers.

Trihexiphenidyl hydrocholoride and procyclidine hydro-

chloride reacted slowly with the reagent and full color develop-

ment required more than 10 hours. See Figures 11 and 12. This

length of time was considered to be impractical from the stand-

point of quality control. Therefore, 3 hours was chosed as the

standard time for the reaction, with the full realization that

the color development would not be complete. The fact that

the slopes of the curves in the time studies are steep indicates

that color intensity is changing rapidly with time and empha-

sizes the necessity of maintaining carefully controlled condi-

tions. At the conclusion of the 3 hour period, the colored

complex formed between vanadium oxinate and trihexiphenidyl

hydrochloride was extracted and found to be stable for a 30

minute period (see Table IV) . Procyclidine hydrochloride

behaved similarly.
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Amount of Alcohol (micrograms)

FIGURE 9. STANDARD CURVE FOR 1 -BUTANOL
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FIGURE 10. STANDARD CURVE FOR TERTIARY BUTYL ALCOHOL
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Time (hours)

FIGURE 11. EFFECT OF TIME ON DEVELOPMENT OF

TRIHEXIPHENIDYL HYDROCHLORIDE VANADIUM OXINATE COMPLEX
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Time (hours)

FIGURE 12. EFFECT OF TIME ON DEVELOPMENT OF

PROCYCLIDINE HYDROCHLORIDE -VANADIUM OXINATE COMPLEX
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TABLE IV. DATA SHOWING STABILITY OF VANADIUM OXINATE-

TRIHEXIPHENIDYL HYDROCHLORIDE COMPLEX

Time (minutes

)

Absorbance

5 0.116

10 0.116

15 0.116

20 0.116

25 0.116

30 0.116

45 0.114

60 0.111

90 0.111

For the preparation of the standard curves for trihexi-

phenidyl hydrochloride and procyclidine hydrochloride, four

determinations were performed at each concentration and the

mean of these plotted. The concentration range from 1 to

10 mg. was studied for both compounds. Figures 13 and 14

depict the standard curves for the two compounds.
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FIGURE 13. STANDARD CURVE FOR TRXHEXIPHENIDYL HYDROCHLORIDE
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Amount of Drug (mg.)

FIGURE 14. STANDARD CURVE FOR PROCYCLIDINE HYDROCHLORIDE
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The calibration curve for procyclidine hydrochloride

showed that the points are scattered about the line 0 This

situation may be due to temperature and time variations

during the reaction. Tanaka (59) has demonstrated that

increasing the temperature will cause an increase in the

rate of formation of the complex. In this investigation,

an attempt at controlling the temperature did not appear

to increase the precision.

The wavelength of maximum absorption for the vanadium

oxinate complex of trihexiphenidyl and procyclidine hydro-

chloride occurred at 390 m|Uo Stiller (48) reported that a

plateau was found in the region of 390 m\± and 450 mp, for

the alcohols which he studied. These plateaus were also

found for the two compounds studied in this investigation.

The analysis of trihexiphenidyl hydrochloride 5 mg.

and procyclidine hydrochloride 5 mg. tablets by this method

yielded results which were inconsistent with each other

and with the accepted values obtained by the official pro-

cedures .

It was found to be necessary to prepare the reagent

blank in the same manner as the test solutions, that is

to evaporate 35 ml. of the solvent to a volume of 2 ml.

This procedure was found to slightly increase the absorbance

of the reagent blank, which may possibly be due to the

concentration of trace impurities in the methylene chloride.
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Cellulose, lactose, magnesium stearate, starch and

sucrose did not interfere with the color development process,

nor did they react with the reagent to produce the colored

complex. Thus the inconsistent results for the tablets were

probably not caused by excipient interference but by a factor

inherent in the method itself. The major limitation of the

method was probably incomplete formation of the colored

complex after an acceptable length of time. Temperature and

time variations may also have influenced the results.

This colorimetric method was not studied further, since

the system could not be applied to the dosage forms.
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(1) A nonaqueous method of analysis utilizing chloroform as

solvent has been developed for four compounds and their dosage

forms. The results obtained are in excellent agreement with

those obtained by the official or manufacturer's methods, but

the nonaqueous procedure is much more rapid.

(2) Phenol-chloroform mixture was employed with good results

as solvent for the analysis of two of the organic medicinal

agents investigated.

(3) N, N-Dimethylformamide-chloroform mixture was successfully

utilized as a solvent system for the nonaqueous titration of

four of the crystalline salts. However, the solvent could be

applied only to one dosage form.

(4) A method based on precipitation of the amine as the tetra-

phenylborate and then estimating the tetraphenylborate by non-

aqueous titrimetry was developed. This procedure does not have

as wide an application as does direct nonaqueous titrimetry,

but good analytical data was obtained for five of the dosage

forms. This method would appear to be susceptible to excipient

interference

.

(5) An attempt to assay the compounds under investigation by

measuring the absorbance of the colored complex formed between

the alcohol function and vanadium oxinate was unsuccessful.
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TABLE V. ANALYSIS OF PROCYCLIDINE HYDROCHLORIDE

BY THE B.P. PROCEDURE

Sample Sample Titrant Mg . %
Number Wt . (mg . )

i Vol # (ml*

)

Recovered Recovered

1 82.5 2.531 82.0 99.4

2 113.9 3.411 110.5 97.1

3 81.4 2.477 80.2 98.5

4 53.5 1.659 53.7 99.8

5 80.2 2.473 80.1 99.9

6 102.8 3.150 102.0 99.2

7 82.3 2.507 81.2 98.7

8 77.7 2.334 75.6 97.3

9 101.1 3.233 104.7 103.6

10 69.5 2.152 69.7 100.3

Titrant = 0.1000 N Mean = 98 .7 - 1.96%
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TABLE VI. ANALYSIS OF TRIHEXIPHENIDYL HYDROCHLORIDE

BY THE U.S.P. PROCEDURE

Sample
Number

Sample
Wt. (mg.)

Titrant
Vol . (ml .

)

Mg.
Recovered

%
Recovered

1 41.4 2.380 41.4 100.0

2 36.3 2.008 36.2 99.7

3 30.4 1.698 30.6 100.6

4 44.5 2.452 44.2 99.3

5 54.7 3.130 54.4 99.5

6 26.5 1.531 26.7 100.7

7 37.0 2.050 36.9 99.7

8 36.0 2.014 36.2 100.5

9 32.9 1.820 32.8 99.7

10

.
)

40.2 2.251 40.5 100.7

Titrant = 0.0515 N Mean = 100.04 ± 0.54
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TABLE VII. ANALYSIS OF CYCRIMINE HYDROCHLORIDE

BY THE N.F. PROCEDURE

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml .

)

Mg.
Recovered

%
Recovered

1 33.5 1.934 33.4 99.7

2 31.9 1.826 31.5 98.7

3 49.6 2.839 49.0 98.8

4 38.1 2.202 38.1 100.0

5 51.3 2.963 51.3 100.0

6 42.0 2.437 42.2 100.5

7 49.0 2.818 48.7 99.4

8 49.1 2.826 48.9 99.6

9 51.4 2.940 50.8 99.3

10 35.5 2.037 35.2 98.9

Titrant = 0.0534 N Mean = 99.5 - 0.58%
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TABLE VIII. POTENTIOMETRIC TITRATION OF TRICYCLAMOL

CHLORIDE IN GLACIAL ACETIC ACID

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml .

)

Mg.
Recovered

%
Recovered

1 41.3 2.34 40.9 99.0

2 58.8 3.35 58.5 99.5

3 42.6 2.42 42.2 99.1

4 35.7 2.04 35.7 100.0

5 47.7 2.74 47.8 100.2

6 48.3 2.75 48.0 99.4

7 30.7 1.77 30.9 100.7

8 49.7 2.85 49.7 100.0

9 49.7 2.84 49.5 99.6

10 30.4 1.74 39.4 100.0

Titrant = 0.0516 N Mean - 99.8 - 0.53%
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TABLE IX. POTENT IOMETRIC TITRATION OF BIPERIDEN

HYDROCHLORIDE IN GLACIAL ACETIC ACID

Sample
Number

Sample
Wt. (mg.)

Vol . Titrant
(ml.)

Mg.
Recovered

°/o

Recovered

1 39.0 2.15 38.4 98.5

2 36.8 2.08 37.2 101.1

3 47.1 2.64 47.0 99.8

4 37.8 2.12 37.9 100.3

5 41.8 2.31 41.2 98.6

6 30.2 1.70 30.3 100.3

7 35.6 2.03 36.1 101.4

8 43.2 2.43 43.4 100.5

9 28.9 1.62 28.9 100.0

10 42.3 2.36 42.2 99.8

Titrant = 0.0516 N Mean — 99.9 - 0.89%
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TABLE X. POTENTIOMETRIC TITRATION OF PHENYRAMIDOL

HYDROCHLORIDE IN GLACIAL ACETIC ACID

Sample
Number

Sample
Wt. (mg) .

Vol. Titrant
(ml .

)

Mg

.

Recovered
°/o

Recovered

1 41.4 3.21 41.5 100.2

2 42.0 3.25 42.0 100.0

3 70.9 5.49 71.1 100.3

4 51.4 3.99 51.6 100,4

5 45.9 3.55 45.9 100.0

6 45.8 3.52 45.5 99.4

7 43.4 3.34 43.3 99.8

8 32.7 2.54 32.8 100.3

9 41.0 3.18 41.1 100.2

10 36.8 2.87 37.1 100.8

Titrant = 0.0516 N Mean = 100.1 - 0 . 38%
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TABLE XI. POTENT IOMETRIC NONAQUEOUS TITRATION OF

PROCYCLIDINE HYDROCHLORIDE IN CHLOROFORM

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.)

Mg.
Recovered

%
Recovered

1 32.0 1.827 31.8 99.4

2 50.7 2.885 50.3 99.2

3 43.8 2.515 43.8 100.0

4 34.4 1.961 34.2 99.4

5 40.4 2.321 40.4 100.0

6 30.9 1.781 31.0 100.3

7 29.3 1.688 29.4 100.3

8 37.5 2.157 37.6 100.3

9 21.3 1.228 21.4 100.5

10 31.8 1.827 31.8 100.0

Titrant = 0.0538 N Mean = 99.9 + 0.45%
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TABLE XII. POTENTIOMETRIC NONAQUEOUS TITRATION OF

CYCRIMINE HYDROCHLORIDE IN CHLOROFORM

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.)

Mg.
Recovered

°/o

Recovered

1 37.9 2.24 38.0 100.3

2 31.5 1.86 31.6 100.3

3 38.0 2.23 37.9 99.7

4 29.6 1.74 29.6 100.0

5 35.3 2.09 35.5 100.6

6 44.7 2.61 44.4 99.3

7 39.8 2.35 40.0 99.5

8 48.6 2.86 48.6 100.0

9 55.7 3.26 55.4 99.5

10 24.2 1.43 24.3 100.4

Titrant = 0.0525 N Mean - 100. 0 - 0.43



.
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TABLE XIII. POTENT IOMETRIC NONAQUEOUS TITRATION OF

TRICYCLAMOL CHLORIDE IN CHLOROFORM

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.)

Mg.
Recovered

°/o

Recovered

1 40.2 2.147 40.0 99.5

2 30.0 1.605 30.0 100.0

3 39.2 2.090 38.9 99.2

4 51.6 2.754 51.3 99.4

5 75.8 4.042 75.3 99.3

6 42.1 2.247 41.8 99.3

7 49.3 2.630 49.0 99.4

8 41.1 2.190 40.8 99.3

9 26.9 1.438 26.8 99.6

10 35.0 1.862 34.7 99.1

Titrant = 0.0551 N Mean = 99.4 - 0.25%
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TABLE XIV. VISUAL NONAQUEOUS TITRATION OF TRIHEXIPHENIDYL

HYDROCHLORIDE IN CHLOROFORM

Sample Sample
Number Wt. (mg.)

Vol. Titrant
(ml.)

Mg.
Recovered

%
Recovered

1 28.2 1.548 28.1 99.6

2 22.2 1.214 22.1 99.6

3 27.3 1.490 27.1 99.3

4 27.9 1.528 27.8 99.6

5 33.2 1.826 33.2 100.0

Titrant = 0.0538 N
+

Mean = 99.6 - 0.2 5%

Indicator: Methyl red



'
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TABLE XV. VISUAL NONAQUEOUS TITRATION OF CYCRLMINE

HYDROCHLORIDE IN CHLOROFORM

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant Mg.
(ml.) Recovered

°/o

Recovered

1 40.3 2.282 39.8 98.8

2 39.6 2.262 39.4 99.5

3 30.1 1.709 29.8 99.1

4 17.5 0.998 17.4 99.4

5 23.5 1.341 23.4 99 .

6

Titrant = 0.0538 N Mean = 99.3 - 0.32%

Indicator: Methyl red





TABLE XVI. VISUAL NONAQUEOUS TITRATION OF PROCYCLIDINE

HYDROCHLORIDE IN CHLOROFORM

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.)

Mg.
Recovered

%
Recovered

1 46.6 2.666 46.5 99.8

2 25.3 1.456 25.3 100.0

3 30.7 1.765 30.6 99.4

4 46.7 2.689 46.5 99.6

5 20.1 1.161 20.2 100.5

+
Titrant = 0.0538 N Mean = 99.9 - 0.42%

Indicator: Methyl red
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TABLE XVII. VISUAL NONAQUEOUS TITRATION OF

TRICYCLAMOL CHLORIDE IN CHLOROFORM

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml .

)

Mg.
Recovered

%
Recovered

1 32.7 1.747 32.5 99.4

2 27.0 1.443 26.9 99.6

3 39.0 2.081 38.7 99.2

4 30.6 1.642 30.6 100.0

5 29.1 1.550 28.9 99.3

Titrant = 0.0551 N Mean - 99.5 - 0.32%

Indicator: Methyl red
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TABLE XVIII. POTENTIOMETRXC NONAQUEOUS TITRATION OF

TRIHEXIPHENIDYL HYDROCHLORIDE IN N, N-DIMETHYLFORMAMIDE

-

CHLOROFORM MIXTURE

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.)

Mg.
Recovered

°/o

Recovered

1 29.9 1.72 29.9 100.0

2 21.3 1.23 21.4 100.5

3 31.5 1.81 31.5 100.0

4 30.1 1.74 30.2 100.3

5 32.4 1.87 32.6 100.6

6 51.1 2.92 50.9 99.6

7 44.4 2.50 44.3 99.8

8 41.0 2.31 41.1 100,2

9 39.8 2.26 39.9 100.3

10 29.0 1.64 29.0 100.0

Titrant (samples 1 - 6 ) = 0 . 0516 : N

Titrant (samples 7 -10 )= 0.0524 N

+
Mean = 100.1 36%
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TABLE XIX. POTENT IOMETRIC NONAQUEOUS TITRATION OF

PROCYCLIDINE HYDROCHLORIDE IN N, N-DIMETHYLFORMAMIDE-

CHLOROFORM MIXTURE

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml .

)

Mg.
Recovered

%
Recovered

1 50.2 3.03 50.5 99.4

2 57.7 3.47 57.8 100.2

3 40.2 2.41 40.2 100.0

4 29.6 1.76 29.5 99.7

5 42.7 2.54 42.4 99.3

6 41.8 2.53 42.3 101.2

7 43.7 2.64 44.0 100.7

8 39.6 2.35 39.4 99.5

9 38.4 2.31 38.5 100.3

10 37.9 2.28 38.1 100.5

Titrant = 0.0515 N Mean = 100.1 ± 0.62%
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TABLE XX. POTENTI OMETRI C NONAQUEOUS TITRATION OF

CYCRIMINE HYDROCHLORIDE IN N, N-DIMETHYLFORMAMIDE-

CHLOROFORM MIXTURE

Sample
Number

Sample
Wt . (mg .

)

Vol. Titrant
(ml .

)

Mg.
Recovered

%
Recovered

1 40.0 2.39 40.0 100.0

2 27.4 1.64 27.4 100.0

3 35.2 2.13 35.6 101.1

4 3
8 .

7

2.30 38.4 99.2

5 44.8 2.67 44.7 99.8

6 41.9 2.49 41.6 99.3

7 58.5 3.51 58.6 100.2

8 51.9 3.10 51.8 99.8

9 30.1 1.82 30.4 101.0

10 40.4 2.43 40.6 100.5

Titrant = 0.0516 N Mean = 100.1 - 0.64%
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TABLE XXI. POTENTI OMETRI C NONAQUEOUS TITRATION OF

TRICYCLAMOL CHLORIDE IN N, N-DIMETHYLFORMAMIDE-CHLOROFORM

MIXTURE

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 42.8 2.74 42.6 99.5

2 42.7 2.45 42.7 100.0

3 34.6 2.00 34.8 100.6

4 53.6 3.08 53.7 100.2

5 33.2 1.90 33.1 99.7

6 32.4 1.85 32.3 99.7

7 31.6 1.81 31.6 100.0

8 38.7 2.20 38.4 99.2

9 51.6 2.97 51.9 100.6

10 40.5 2.31 40.2 99.3

Titrant = 0.0516 N Mean = 99.9 - 0.49%
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TABLE XXII. POTENTI OMETRI C NONAQUEOUS TITRATION OF

BIPERIDEN HYDROCHLORIDE IN 2.5% PHENOL-CHLOROFORM

MIXTURE

Sample
Number

Sample
Wt. (mg.)

Vol . Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 35.9 2.02 36.0 100.3

2 31.0 1.74 31 o 1 100.3

3 46.4 2.59 46.2 99.6

4 32.0 1.74 31.8 99.4

5 33.2 1.84 33.7 101.2

6 39.1 2.15 39.3 100.5

7 50.7 2.80 51.2 101.0

8 46.3 2.52 46.2 99.8

9 39.9 2.16 39.6 99.3

10 27.5 1.45 27.8 101.1

Titrant = 0.0516 N Mean = 100.2 - 0.71%
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TABLE XXIII. POTENTIOMETRI C NONAQUEOUS TITRATION OF

PHENYRAMIDOL HYDROCHLORIDE IN 2.5% PHENOL-CHLOROFORM

MIXTURE

Sample
Number

Sample
Wt . (mg .

)

Vol. Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 62.6; 4.71 62 .

6

100.0

2 38.0 2.87 38.0 100.0

3 44.2 3.38 44.5 100.7

4 32.2 2.46 32.4 100.7

5 45.2 3.43 45.3 100.2

6 40.6 3.08 40.6 100.0

7 46.4 3.55 46.7 100.6

8 49.9 3.78 49.8 99.8

9 40.0 3.04 40.0 100.0

10 38.5 2.91 38.4 99.7

Titrant = 0.0529 N Mean = 100.2 - 0.37%
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TABLE XXIV. VISUAL NONAQUEOUS TITRATION OF BIPERIDEN

HYDROCHLORIDE IN 2.5% PHENOL-CHLOROFORM MIXTURE

Sample
Number

Sample
Wt . (mg .

)

Vol. Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 20.6 1.103 20.5 99.5

2 19.2 1.031 19.2 100.0

3 40.6 2.169 40.4 99.5

4 20.5 1.107 20.6 100.5

5 21.3 1.140 21.2 99.5

Titrant = 0.0538 N Mean = 99.7 - 0 . 41%

Indicator: Methyl red

TABLE XXV. VISUAL NONAQUEOUS TITRATION OF PHENYRAMIDOL

HYDROCHLORIDE IN 2.5% PHENOL-CHLOROFORM MIXTURE

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 72.0 5.349 72.2 100.3

2 30.7 2.264 30.6 99.7

3 18.6 1.372 18.5 99.5

4 35.3 2.610 35.2 99.7

5 22.6 1.680 22.7 100.4

Titrant = 0.0538 N Mean = 99.9 - 0.40%

Indicator: Tropaeolin 00
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TABLE XXVI. ANALYSIS OF TRXHEXIPHENIBYL HYDROCHLORIDE

BY THE TETRAPHENYLBORATE METHOD

Sample Sample Vol. Titrant Mg. %
Number Wt.. (mg.) (ml .

)

Recovered Recover*

1 43.5 2.363 43.3 99.5

2 22.4 1.197 21.7 96.9

3 28.1 1.523 27.7 98.6

4 46.3 2.491 45.3 97.8

5 42.0 2.236 40.7 96.9

Titrant = 0.0542 N Mean = 97. 9 - 1.12

TABLE XXVII. ANALYSIS OF PROCYCLIDINE HYDROCHLORIDE

BY THE TETRAPHENYLBORATE METHOD

Sample Sample Vol. Titrant

1

2

3

4

5

Mg. %
o (mg.) (ml.

)

Recovered Recover*

48.3 2.691 46.9 97.1

46.6 2.657 46.3 99.4

21.6 1.186 20.6 95.4

39.3 2.225 38.8 98.7

24.5 1.364 23.8 97.1

= 0.0538 N Mean = 97.5 - 1.58%Titrant
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TABLE XXVTII * ANALYSIS OF CYCRIMINE HYDROCHLORIDE BY

THE TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt. (mg.)

Vol. Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 26.1 1.458 25.4 97.3

2 32.1 1.797 31.3 97.5

3 26,6 1.488 26.0 97.7

4 51.1 2.941 51.3 100.4

5 45,3 2.599 45,3 100.0

Titrant - 0.0538 N Mean = 98.6 - 1.49%

TABLE XXIX, ANALYSIS OF BIPERIDEN HYDROCHLORIDE BY

THE TETRAPHENYLBORATE METHOD

Sample Sample
Number Wt. (mg,)

Vol, Titrant
(ml.

)

Mg,
Recovered

%
Recovered

1 27.7 1.499

2 30.6 1.600

3 24.0 1.235

4 36.3 1.924

5 36.6 1.960

27.9 100.7

29.8 97.4

23.0 95.8

35.9 98.9

36.5 99.7

Mean = 98.5 - 1,93%Titrant = 0.0538 N
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TABLE XXX. ANALYSIS OF PHENYRAMIDO.L HYDROCHLORIDE BY

THE TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt . (mg .

)

Vol. Titrant
(ml.

)

Mg.
Recovered

%
Recovered

1 61.2 4.451 60.0 98.0

2 49.8 3.715 50.1 100.6

3 53.9 4.039 54.5 101.1

4 68.0 4.883 65.9 96.9

5 43.6 3.148 42.5 97.5

Titrant = 0.0538 N Mean = 98.8 - 1 . 91%

TABLE XXXI. ANALYSIS OF TRICYCLAMOL CHLORIDE BY

THE TETRAPHENYLBORATE METHOD

Sample Sample Vol. Titrant Mg. %
Number Wt . (mg.) (ml.) Recovered Recover*

1 64.0 3.377 61.4 95.9

2 36.4 1.886 34.6 95.1

3 50.0 2.601 47.3 94.6

4 51.0 2.682 48.8 95.7

5 39.0 2.023 36.8 94.4

Titrant = 0.0538 N Mean = 95.1 - 0 . 66%
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TABLE XXXII. POTENTI OMETRI C NONAQUEOUS TITRATION OF AKINETON®

2 mg. TABLETS IN PHENOL-CHLOROFORM MIXTURE

Sample Sample Theor. Drug Titrant Found Drug %
Number Wt. (g.) Wt. (mg.) Vol . (ml .

)

Wt . (mg .

)

Potency

1 1.8389 18.8 0.931 17.8 94.7

2 1.8413 18.8 0.929 17.7 94.2

3 1.8133 18.5 0.924 17.6 94.6

4 1.7513 17.7 0.891 17.0 96.1

5 1.8864 19.2 0.957 18.2 94.8

Titrant = 0.0551 N Mean = 94.9 - 0.72%

Average weight of one tablet.
= 0.1961 g.

TABLE XXXIII. VISUAL NONAQUEOUS TITRATION OF AKINETON®

2 mg. TABLETS IN PHENOL-CHLOROFORM MIXTURE

Sample Sample Theor. Drug
Number Wt . (g.

)

Wt. (mg.)

1 1.6341 16.7

2 1.8349 18.7

3 1.8745 19.1

Titrant = 0.0551

Indicator: Methyl red

Average weight of one tablet

Titrant Found Drug %
Vol.(ml.) Wt.(mg.) Potency

0.843 16.1 96.4

0.943 18.0 96.3

0.951 18.1 94.8

Mean = 95.8 - 0.90%

0.1961 g.
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TABLE :XXXIV. ASSAY OF ANALEXIN®400 mg.

BY THE MANUFACTURER'S PROCEDURE

CAP SULES

Sample Sample Theor. Drug Found Drug %
Number Wt. (g.) Wt. (mg.) Wt . (mg.

)

Potency

1 0.2262 154.6 144.3 93.3

2 0.1482 101.3 94.4 93.2

3 0.2349 160.5 149.0 92.8

4 0.2334 159.5 148.3 93.0

5 0.1771 121.0 112.2 92.7

Mean ~ 93.0 - 0.29%

Average weight of one capsule ~ 0.5854 g.

(3)
TABLE XXXV. ANALYSIS OF ANALEXINW 400 mg. CAPSULES

BY THE TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt . (g.

)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt. (mg.)

%
Potency

1 0.1837 125.5 8.670 116.9 93.1

2 0.1461 99.8 6.831 92 .

1

92.3

3 0.1327 90.7 6.302 85.0 93.7

4 0.1318 90.1 6.163 83.1 92.2

5 0.0956 65.3 4.461 60.2 92.2

Titrant = 0.0538 N Mean = 92.7 - 0.67%

Average weight of one capsule ~ 0.5854 g.
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TABLE XXXVI. POTENT IOMETRIC NONAQUEOUS TITRATION OF

ANALEXIN®400 mg. CAPSULES IN PHENOL-CHLOROFORM MIXTURE

Sample Sample Theor. Drug Titrant Found Drug %
Number Wt. (g.) Wt. (mg.) Vol . (ml .

)

Wt . (mg .

)

Potency

1 0.0434 29.7 2.012 27.2 91.6

2 0.0621 42.4 2.949 39.8 93.9

3 0.0889 60.7 4.140 55.9 92.1

4 0.1019 69.6 4.723 63.7 91.5

5 0.0863 59.0 4.017 54.2 91.9

Titrant = 0.0538 N Mean = 92.2 - 0.98%

Average weight of one capsule = 0.5854 g.

TABLE XXXVII. VISUAL NONAQUEOUS TITRATION OF ANALEXIN

400 mg. CAPSULES IN PHENOL-CHLOROFORM MIXTURE

Sample
Number

Sample
Wt . (g.

)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg.

)

%
P otency

1 0.0952 65.1 4.415 59.6 91.6

2 0.0813 55.6 3.774 50.9 91.6

3 0.0890 60.8 4.140 55.9 91.9

Titrant = 0.0538 N Mean = 91.7 - 0.18%

Indicator: Tropaeolin 00

Average weight of one capsule = 0.5854 g.
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TABLE XXXV III „ ASSAY OF ARTANE ® 5 mg. TABLETS

BY THE U.S.P. PROCEDURE

Sample Sample Theor. Drug Optical Found Drug %
Number Wt. (g.) Wt. (mg.) Density Wt . (mg.

)

Potency

1 0.4939 7.28 0.438 7.04 96.7

2 0.5613 8.27 0.491 7.88 95.3

3 0.2622 3.86 0.246 3.82 98.9

4 0.3023 4.45 0.281 4.38 98.4

Std. (Sample 1 & 2) 5.30 0.320

Std . ( Sample 3 & 4) 5.30 0.341

Mean = 97.3 - 1.65%

Average weight of one tablet. = 0.3393
' g.

TABLE XXXIX e ANALYSIS OF ARTANE®

5

mg. TABLETS BY THE

TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg .

)

%
Potency

1 1.7984 26.5 1.420 25.8 97.4

2 1.5516 22.8 1.259 22.9 100.4

3 1.5627 23.0 1.238 22.5 97.8

4 1.6175 23.8 1.239 22.5 94.5

5 1.5989 23.5 1.236 22.4 95.3

Titrant = 0.0538 N Mean ~ 97.1 - 2.32%

Average weight of one tablet = 0.3393 g.
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TABLE XL 0 POTENTIOMETRIC NONAQUEOUS TITRATION OF

ARTANE ® 5 mg. TABLETS IN CHLOROFORM

Sample
Number

Sample
Wt . (g.

)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml

.

Found Drug
) Wt . (mg.

)

%
Potency

1 1.5810 23.3 1.240 22.0 94.4

2 1.6086 23.7 1.290 22.8 96.2

3 1.4668 21.6 1.170 20.8 96.3

4 1.3314 19.6 1.066 19.3 98.5

5 1.4945 22.0 1.210 21.5 97.7

Titrant = 0.0525 N
4”

Mean = 96.6 - 1.58%

Average weight of tablet = 0.3393 g.

TABLE XLI. VISUAL NONAQUEOUS TITRATION OF ARTANE

5 mg. TABLETS IN CHLOROFORM

Sample
Number

Sample
Wt . (g.

)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg .

)

%
Potency

1 1.7269 25.4 1.333 24.3 95.7

2 1.5400 22.7 1.198 21.8 96.0

3 1.6823 24.8 1.322 24.0 96.8

Titrant = 0.0538 N Mean = 96.2 - 0.57%

Indicator: Methyl red

Average weight of one tablet = 0.3393 g.
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TABLE XL I

I

. ASSAY OF ARTANE® 2 mg . TABLETS BY

THE U.S.P . PROCEDURE

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Optical
Density

Found Drug
Wt . (mg.

)

%
Potency

1 0.3115 3.05 0.202 3.24 106.2

2 0.4741 4.64 0.312 5.01 108.0

3 0.5754 5.63 0.411 6.03 107.1

4 0.4856 4.75 0.343 5.04 106.1

Std. 5.30 0.361

Mean = 106.9 - 0.89%

Average weight of one tablet ~ 0.2043

TABLE XLIII. ANALYSIS OF ARTANE 2 mg. TABLETS BY

THE TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg.

)

%
Potency

1 2.0950 20.5 1.159 21.1 102.9

2 2.1152 20.7 1.178 21.4 103.4

3 2.2488 22.0 1.269 23.1 105.0

4 1.9889 19.5 1.125 20.4 104.6

5 2.0356 19.9 1.188 21.6 108.5

Titrant = 0.0538 N Mean = 104.9 - 2.20%

Average weight of one tablet = 0.2043 g.
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TABLE XL IV . POTENTIOMETRIC NONAQUEOUS TITRATION OF

ARTANE® 2 mg. TABLETS IN CHLOROFORM

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml

.

Found Drug
) Wt. (mg.)

%
Potency

1 1.9922 19.5 1.095 20.1 103.1

2 1.9695 19.3 1.092 20.0 103.6

3 2.1368 20.9 1.188 21.8 104.3

4 2.0896 20.5 1.186 21.7 105.8

5 1.9637 19.2 1.114 20.4 106.3

Titrant = 0.0542 N Mean = 104.6 - 1.39%

Average weight of one tablet = 0.2043 g.

TABLE XLV. VISUAL NONAQUEOUS TITRATION OF ARTANE

2 mg. TABLETS IN CHLOROFORM

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg .

)

%
Potency

1 2.0983 20.5 1.209 22.0 107.3

2 2.0638 20.2 1.186 21.6 106.9

3 1.7157 16.8 0.982 17.9 106.5

Titrant “ 0.0538 N Mean = 106.9 - 0.40%

Indicator: Methyl red

Average weight of one tablet = 0.2043 g.
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TABLE XLVI. ANALYSIS OF ELORINE 50 mg. CAPSULES

BY THE MANUFACTURER'S PROCEDURE

Sample
Number

Sample
Wt . (g.

)

Mg. Recovered %
per Capsule Potency

1 0.3040 50.7 101.4

2 0.3059 50.1 100.2

3 0.3029 50.6 101.2

4 0.2860 50.4 100.8

5 0.3029 50.8 101.6

Mean - 101 .0 - 0.56%

Average weight of one capsule = 0.2861 g.

TABLE XLVI I. ANALYSIS ®OF ELORINE 50 mg. CAPSULES

BY THE TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt . (g.

)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg.

)

%
Potency

1 0.3579 62.5 3.291 59.8 95.7

2 0.3157 55.2 2.775 50.4 91.3

3 0.3195 55.8 2.962 53.9 96.6

4 0.3211 56.1 3.003 54.6 97.3

5 0.2600 45.4 2.312 42.0 92.5

Titrant = 0.0538 N Mean = 94.7 ^ 2.63%

Average weight of one capsule = 0.2861 g.
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TABLE XLVIII. POTENT IOMETRIC NONAQUEOUS TITRATION

OF ELORINE 50 mg. CAPSULES IN CHLOROFORM

Sample Sample Theor. Drug Titrant Found Drug %
Number Wt. (g.) Wt. (mg.) Vol . (ml .

)

Wt . (mg.

)

Potency

1 0.2593 45.3 2.372 44.2 97.6

2 0.2869 50.1 2.702 50.3 100.4

3 0.2388 41.7 2.211 41.2 98.8

4 0.3008 52.6 2.803 51.9 98.7

5 0.3142 54.9 2.880 53.6 97.6

Titrant = 0.0551 N Mean = 98.6 - 1.15%

Average weight of one capsule = 0.2861 g.

TABLE XL IX a VISUAL NONAQUEOUS TITRATION OF ELORINE®

50 mg. CAPSULES IN CHLOROFORM

Sample
Number

Sample
Wt . (g.

)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg.

)

%
Potency

1 0.3332 58.2 3.106 57.8 99.3

2 0.2834 49.5 2.586 48.2 97.4

3 0.3347 58.5 3.122 58.1 99.3

4 0.2868 50.1 2.627 48.9 97.6

5 0.2540 44.4 2.353 43.8 98.7

Titrant = 0.0551 N Mean = 98.5 - 0.91%

Indicator: Methyl red

Average weight of one capsule - 0.2861 g.
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TABLE L. POTENTIOMETRIC NONAQUEOUS TITRATION OF

ELORINE®50 mg. CAPSULES IN N, N-DIMETHYLFORMAMIDE-

Sample Sample

w — — — a — —

CHLOROFORM MIXTURE

Theor. Drug Titrant Found Drug %
Number Wt . (g.

)

Wt. (mg.) Vol. (ml.) Wt . (mg.

)

Potency

1 0.2665 46.6 2.61 46.3 99.4

2 0.2873 50.2 2.85 50.5 100.6

3 0.2547 44.5 2.49 44.1 99.1

4 0.2943 51.4 2.87 50.9 99.0

5 0.3514 61.4 3.41 60.7 98.9

Titrant = 0.0525 N Mean = 99.4 - 0.70%

Average weight of one capsule = 0.2861 g.
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TABLE LI. ASSAY OF KEMADRIN®5 mg c TABLETS BY

THE B.P

.

METHOD

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Vol . HC1
Consumed

Found Drug
Wt. (mg .

)

%
Potency

1 1.1820 44.8 1.343 43.5 97.1

2 1.3186 50.0 1.496 48.5 97.0

3 1.5376 58.4 1.734 56.2 96.2

4 1.1488 43.6 1.223 39.6 90.8

5 1.4456 54.9 1.553 50.3 91.6

Titrant = 0.1000 N Mean = 94.5 - 3.08%

Average weight of one tablet = 0.1299 g.

TABLE LII. ANALYSIS OF KEMADRIN® 5 mg. TABLETS BY

THE TETRAPHENYLBORATE METHOD

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg .

)

%
Potency

1 0.4697 18 * 1 0.994 17.3 95.6

2 0.6087 23.4 1.318 23.0 98.3

3 0.6061 23.3 1.300 22.7 97.4

4 0.6221 24.0 1.339 23.3 97.1

5 0.5365 20.7 1.191 20.7 100.0

Titrant ~ 0.0538 N Mean = 97.7 i 1.62%

Average weight of one tablet = 0.1299 g.
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TABLE LXII. POTENTI OMETRIC NONAQUEOUS TITRATION

OF KEMADRIN® 5 mg. TABLETS IN CHLOROFORM

Sample Sample Theor. Drug Titrant Found Drug %
Number Wt . (g.

)

Wt. (mg.) Vol . (ml .

)

Wt. (mg.

)

Potency

1 0.7252 27.9 1.471 26.3 94.3

2 0.5161 19.6 1.045 18.7 95.4

3 0.5876 22.3 1.190 21.2 95.1

4 0.6116 23.2 1.233 22.0 94.8

5 0.7285 28.1 1.472 26.3 93.6

Titrant - 0.0551 N Mean = 94.6 - 0.71%

Average weight of one tablet ™ 0.1299 g.

TABLE LIV. VISUAL NONAQUEOUS TITRATION OF KEMADRIN®

5 mg. TABLETS IN CHLOROFORM

Sample
Number

Sample
Wt. (g.

)

Theor. Drug
Wt . (mg .

)

Titrant
Vol . (ml .

)

Found Drug
Wt „ (mg .

)

%
Potency

1 0.6138 23.3 1.260 22.0 94.4

2 0.7012 26.6 1.431 24.9 93.6

3 0.5425 20.6 1.118 19.5 94.6

Titrant = 0.0538 N Mean ^ 94.2 ± 0.53%

Indicators Methyl red

Average weight of one tablet = 0.1299 g.
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TABLE LV„ ASSAY OF PAGITANE^2.5 mg. TABLETS BY

THE N.F. PROCEDURE

Sample
Number

Sample
Wt. (g.

)

Theor. Drug
Wt. (mg.)

Optical
Density

Found Drug
Wt . (mg.

)

%
Potency

1 0 . 8830 24.9 0.228 22.4 90.0

2 0.7527 21.2 0.218 21.4 100.9

3 0.8190 23.1 0.218 21.4 92.6

Std . 0.0235 0.239

Mean -- 94.5 - 5.69%

Average weight of one tablet = 0 o 0888 g„
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TABLE LVI. POTENTI OMETRI C TITRATION OF PAGITANE®

2.5 mg. TABLETS IN CHLOROFORM

Sample Sample The or. Drug Titrant Found Drug %
Number Wt. (g.

)

Wt. (mg.) Vol . (ml .

)

Wt. (mg .

)

Potency

1 0.6980 19.7 1.057 18.6 94.4

2 0.8217 23.1 1.254 oe
CMCM 95.2

3 0.8427 23.7 1.240 21.8 92.0

4 0.8770 25.0 1.329 23.3 93.2

5 0.8436 00
e

00CM 1.274 0
CMCM

i

—

i

•st1<J\

Titrant = 0.0542 N Mean = 93.8 - 1.23%

Average weight of one tablet = 0.0888 g„

TABLE LVI I. VISUAL NONAQUEOUS TITRATION OF PAGITANE®

2.5 mg. TABLETS IN CHLOROFORM

Sample

Number

Sample

Wt. (g.

)

Theor. Drug

Wt. (mg.)

Titrant

Vol. (ml.

)

Found Drug

Wt . (mg .

)

%
Potency

1 0.7514 21.2 1.126 19.6 92.5

2 0.8557 24.1 1.275 22.2 92.1

3 0.9422 26.5 1.402 24.4 92.1

Titrant = 0.0538 N Mean “ 92.2 ~ 0.23%

Indicator: Methyl red

Average weight of one tablet = 0.0888 g„
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TABLE LVXII . ASSAY OF PAGITANE® 1 . 25 mg 0 TABLETS

BY THE N.F . PROCEDURE

Sample
Number

Sample
Wt. (g.)

Theor. Drug
Wt. (mg.)

Optical
Density

Found Drug
Wt . (mg.

)

%
Potency

1 1.4534 20.7 0.192 19.1 95.5

2 1.6228 23.1 0.224 22.3 96.5

3 1.4009 20.0 0.188 18.7 93.5

Std. 0.0231 0.232

Mean = 95.2 - 1.53%

Average weight of one tablet = 0.0886 g.
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TABLE LIX. POTENTI OMETRI C NONAQUEOUS TITRATION OF

PAGITANE® 1.25 mg. TABLETS IN CHLOROFORM

Sample Sample Theor. Drug Titrant Found Drug %
Number Wt . (g.

)

Wt. (mg.) Vol. (ml. ) Wt . (mg .

)

Potency

1 1.7570 24.8 1.165 20.5 82.7

2 1.7700 25.0 1.180 20.4 81.6

3 1.5282 21.6 1.010 17.7 81.2

4 1.8665 26.3 1.175 20.6 78.3

5 1.6602 23.4 1.065 18.7 79.9

Titrant = 0.0542 N Mean = 80.7 - 1 . 20%

Average weight of one tablet = 0.0886 g.

(r)
TABLE LX. VISUAL NONAQUEOUS TITRATION OF PAGITANEw

1.25 mg. TABLETS IN CHLOROFORM

Sample
Number

Sample
Wt. (g.

)

Theor . Drug
Wt. (mg.)

Titrant
Vol . (ml .

)

Found Drug
Wt . (mg.

)

%
Potency

1 1.5075 21.3 0.964 16.8 78.9

2 1.5525 21.9 1.017 17.7 80.8

3 1.0452 14.7 0.687 12.0 81.6

4-

Titrant = 0.0538 N Mean = 80.4 - 1.39%

Indicator: Methyl red

Average weight of one tablet = 0.0886 g.
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TABLE LXI. CALIBRATION CURVE FOR COLORIMETRIC

DETERMINATION OF

Drug
Wt . (mg.

)

a

1.32 0,058

2.65 0.094

3.97 0.138

5.29 0.157

6.62 0.193

7.94 0.222

10.58 0.266

TRI HEXI PHENI DYL

Absorbance

b c

0.052 0.054

0.096 0.094

0.138 0.125

0.169 0.152

0.194 0.192

0.223 0.220

0.259 0.266

HYDROCHLORIDE

d Mean

0.057 0.055

0.096 0.095

0.130 0.134

0.166 0.160

0.193 0.193

0.222 0.222

0.2 64 0.2 64
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TABLE LXII. CALIBRATION CURVE FOR COLORIMETRIC

DETERMINATION

Drug
Wt . (mg*

)

a

1*52 0.094

3.04 0.177

4.56 0.248

6.08 0.308

7.60 0.418

9.12 0.443

12.16 0.508

PROCYCLIDINE

Absorbance

b c

0.095 0.088

0.178 0.176

0.225 0.234

0.284 0.300

0.395 0.3 99

0.436 0.409

0.514 0.505

HYDROCHLORIDE

d Mean

0.092 0.092

0.177 0.177

0.230 0.234

0.297 0.297

0.375 0.396

0.430 0.429

0.480 0.502
















