
Table 1-111 Vitro Inhibition of Choline Acetyltransferase Activity from 
Two Sources by a-Phenyl-8-(3,4-dimethoxy)phenethylamine Derivntives 

Inhibition Constants 
Torpedo Spodoptera 

Compound“ Iso,M Ki,PM 150. M Ki, PM 

111 7.0 x 10-5 60 2.7 x 10-5 40 
V l l l  5.8 x 10-5 45 2.5 X 32 
IX 4.0 X 35 1.8 x 10-5 25 
X 1 . 3  x 10-5 10 9.0 X 6 

a The Iu, valucs were compared with those deiermincd for diisapropylfluorophos- 
phonate ( I v  = 5 X IW4 M from both  sources) Lit .  (10) data reported for diisopropyl- 
fluorophasphonate using choline acctyltransfcrase (hwsc fly or mouse): Iu, = I X IW4 
M. 

acetyltransferase from bo th  sources. From the 1% and K, values obtained. the 
Spodoptera larval enzymes were shown to be more sensitive toward the syn- 
thesized compounds ( I l l  and V I I I - X )  than the Torpedo electric organ en- 
zymes. However, the best in oitro choline acetyltransferase inhibitor was the 
charged ‘compound (X). whereas ihc uncharged compounds (111. VIII ,  and 
I X )  were relatively poor inhibitors (Table I ) . .  

Several choline analogues (SCNCH2CH2NR’R2R3X-) were previously 
tested (22) on rats as possible in uioo choline acetyltransferase inhibitors; the 
data revealed poor correlation between the K ,  value and the insecticidal activity 
of such compounds when tested against several insect species. The most likely 
explanation was that since the molecule is charged. it would not readily pen- 
etrate the nerve cord and reach the cells in which the enzyme is located. The 
present work was thus directed toward in uitro inhibition studies using some 
uncharged phenethylamines (111. VIII,  and I X )  to avoid the problems of 
compound penetration to the target. Thc quaternary analogue (X) was also 
investigated. 
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Abstract 0 An a-phosphino analogue of a-methylaspartate has been syn- 
thesized. The compound may not interact with excitatory amino acid receptors 
directly. as assessed by direct in cifro radioreceptor binding methods; however, 
it possesses weak anticonvulsant activity and exhibits an excitant action in 
uitro that is apparently not mediated by a N-methyl-D-aspartate receptor. 

Keyphrases 0 Exciiatory amino acid receptors--N-methyl-D-aspartate, 
glutavate, kainatc 0 Anticonvulsants -in Gitro, rats, excitatory amino acids 
0 Phosphinic acids-excitatory amino acid receptors. anticonvulsant ac- 
tivity 

Phosphorus analogues of amino acids have been investigated 
previously; however, most studies have involved phosphonic 
acid derivatives such as aminomethanephosphonic acid (I). 

Only in recent years have aminophosphinic acids with un- 
substituted amino groups been prepared. The first, glycine 
analogue 11, was synthesized in  1964 by a procedure which 
provides only limited types of products (1). 

Phosphinic acids possess a hydrogen atom in lieu of one of 
the two hydroxyl groups found in phosphonic acids and, 
therefore, are monobasic with less bulk on the phosphorus 
atom. Phosphinic acids are the closest phosphorus analogues 
of carboxylic acids and this similarity has led to a limited 
number of investigations of aminophosphinic acids for bio- 
logical activity. In 1961, Linfield et d. prepared phosphinic 
acids bearing substituted a-anilino apd phenyl groups (111) 
by the addition of hypophosphorus acid to the appropriate 
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Schiff bases and reported antibacterial properties associated 
with some of these derivatives (2). Except for 11, the only un- 
substituted a-aminophosphinic acids reported are those by 
Khomutov and Osipova (3) and Bayliss et al. (4), which were 
synthesized by the addition of hypophosphorus acid to oximes 
and diphenylmethylimines, respectively. The amino acid an- 
alogues resulting from the latter process were investigated for 
antibacterial properties with alanine ( IV) ,  valine (V),  and 
methionine (VI) derivatives displaying significant activity. In 
addition, the effect of V was reversed by valine, an indication 
that a false substrate mechanism was operative. 

- 
IV. K = R” = H. R = CH., 
V; R = R” = H; R = -CH(CH& 

VI, R = R” = H, R = -CH&H2SCHs 

I n  this paper we descFibe the synthesis (Scheme I )  and 
biological testing of DL-a-amino-a-methyl-0-carboxy- 
ethanephosphinic acid (IX) and two of its precursors (VII 
and VIII). Compound 1X represents the bioisosteric replace- 
ment of one carboxyl group of a-methylaspartic acid with a 
P(O)H(OH) moiety. a-Methylaspartic acid has been inves- 
tigated for its ability to reduce aspartic acid utilization (5)‘and 
for its effect in many enzyme systems such as inhibition of 
tyrosine aminotransferase (6 )  and asparaginase (7). Moreover, 
1X is related to the antagonists of amino acid receptors in- 
cluding 2-amino-4-phosphonobutyric acid and 2-amino-7- 
phosphonohcptanoic acid. 

H ~ P O Z  (C,H,),CHNH, + CH,COCH,CO,Et - 
CHZCOZR’ 

VII, R = Et 
VIII, R = H 

Table [-Effect of VII, VIII, and IX on the Specific Binding of lritiated 
Kainic Acid, 1.-Glutamate, and 2-Amino-7-phosphonoheptanoic Acid to Rat 
Brain Membranes In Vitro’ 

~ ~ ~ ~ ~ 

Specifically Bound Ligand, % Displacement 
Tri tiatcd 

2-Amino-7- 
Tritiated Tritiated phosphoheptanoic 

Compound L-Glutamatc Kainic Acid Acid 

Tris-Citrate 
v11 14 8 0 

V l l l  0 7 0 
IX 0 I I  28 

VII 
V l l l  1x 

6 
8 
8 

Tris-HCI 
- 
- 
-. 

~ ~~~ ~~ 

a Compound$ ( I  0-‘ M) were incubated in  the presence of the indicated ligand as de- 
scribed Reference ICm vdlues for t -glutamate, katnic acid. and 2-amino-?-phospho- 
nohepldnoic acid are I pM, 5 nM,  and 5 pM, respectively 

Three different types of excitatory amino acid receptors 
have been proposed to exist (8): (a) “glutamate receptors,” 
which may be preferentially activated by L-glutamic acid or 
quisqualate, and blocked by glutamate diethyl ester or 2- 
amino-4-phosphonobutyric acid; (b) “kainate receptors,” 
preferentially activated by kainate and closely related struc- 
tures, for which there are no known receptor antagonists; 
(c) “N-methyl-D-asparta te receptors,” preferen tially activated 
by N-methyl-D-aspartate and ibotenic acid, and antagonized 
by 2-amino-5-phosphonopentanoatc and 2-amino-7-phos- 
phonoheptanoate. Excitatory amino acids may be the most 
common neurotransmitters in the brain. Antagonists of exci- 
tatory amino acid receptors are sought for application in 
controlling seizures and suppressing certain neurodegenerative 
disorders. 

RESULTS A N D  DISCUSSION 

Compounds VII-IX were tested for direct interactions with excitatory 
amino acid receptors in available in oitro excitatory amino acid receptor 
binding assays (9- I I). As shown in Table I ,  none of the compounds possessed 
inhibitory activity, with the exception of the marginal effects of IX, at the site 
labeled by tritiated 2-amino-7-phosphonoheptanoic acid. 

The major role of inactivation of synaptically released excitatory amino 
acid neurotransmitters is high-affinity. sodium-dependent reuptake (5).  
Compound IX inhibited such uptake by slightly more than 50%at a concen- 
tration of 5 X M (Table I ] ) ,  which is at least 100-fold less potent than 
L-glutamate or D- or L-aspartate in  this respect (12). Thus, IX isa weak in- 
hibitor of high-affinity excitatory amino acid uptake in  the rat brain. These 
data may suggest that IX itself is transported into synaptosomes by the ex- 
citatory amino acid carrier, albeit with low affinity. Compounds VII and Vl l l  
demonstrated no intcraction with the carrier. 

I n  the [3H]acetylcholine release system, which reflects the neuronal exci- 
tation induced by excitatory amino acids acting at N-methyl-D-aspartate 
receptors ( I  3). IX caused an increase in spontaneous (3H]acetylcholine release 
and tended to enhance N-methyl-~~-aspartate-evoked (3H]acetylcholine 
release (Table I l l ) .  Compound V l l l  caused an increase in spontaneous 
[3H]acetylcholine release (Table 1 1 1 ) .  

Compounds VII-IX were tested in oico for ability to protect against elcc- 
troshock and subcutaneously administered pentylenetetrazoll-induced (scMet) 
seizures. Compounds VII and IX afforded protection against scMet of 25 and 
~ W C ,  respectively, at doses of 600 mg/kg. No acute disruption of neurological 
function was detected in the rotorod test for VII-IX at doses of 1600 mg/ 

Of these results, the most striking is the coincidence of the activity of IX 
in enhancing spontaneous [3H]acetylcholine release and as an anticonvulsant. 
Because the response to N-methyl-D-L-aspartatc was not decreased during 
exposure to IX, it is unlikely that IX interacts directly with N-methyl-D- 
aspartate receptors. Since IX is only weakly active in inhibiting the specific 

kg. 

Scheme I I Metrazol 
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Table 11-Effect of VII, VIII, and I X  on the Uptake of L-13HHJ(;lutamate, 
W 3 H  JAspartate, and L-[ 3H ]Aspartate into Synaptosomes Prepared from 
Rat Corpus Striatum or Cerebellum a 

Specific Uptake, '70 Inhibition 
Compound ~ - ( ~ H ] G l u t a m a t e  D-[3H]Aspartate [.-[3H]Aspartatc 

Corpus Striatum 
VII 0 0 

V l l l  0 I 

IX 53 56 

0 
0 

56 
Cerebellum 

V I I  2 0 0 
V l l l  4 0 5 

IX 59 51 59 

Synaptobomes were incubated in the presence of various ligands with or without the 
compounds [at a concentration of 5 X lo-' M). Reference I C ~ v a l u e s  for I.-glutamatc. 
D-aspartalc. and L-asparlate are  I 5 pM ( I  2). 

Table Ill-~3H)Acetylcholine Release Studies a 

Control 9 100 f 3.8 100 f 9.8 
VI I ,  0.3 mM 4 103 f 5.0 70 f 6.1 
VII, 0.3 mM 4 I16 f 3.8d 108 f 4.9 
IX,  0.3 mM 3 I I3 f 1.3' 87 f 2.4 
IX,  1.0 mM 3 166 f S.Oc 129 f 39.3 

" Test substances were added on interval six. Stimulation, a 2-min application of 50 
r M  N-methyl-o-aspartate. was applied at interval5 thrce and nine. The effect of test 
substances on the parameters SPil/Sp~ and SII - SPl l /S~ - SP1 ih expressed as pcrcent 
of control (13). b N'-Methyl-l,l.-aspart~tc-evokcd release. 1 p < 0.05. Mann-Whitney 
two-tailed U test. 

binding of the N-methyl-D-aspartate receptor antagonist tritiated 2-amino- 
7-phosphonoheptanoic acid, interaction of IX with N-methyl-D-aspartate 
receptors is unlikely to be the mechanism of action of this compound. Further 
biological investigations are required to determine the mechanism of action 
by which IX exerts its effects in these various biological systems. 

l~i.-a-Benzhydrylamino-a-methyl-~-carbethoxyethanephosphinic Acid 
(VII)-This compound was prepared using a modification of previously re- 
ported procedures (2,4). A mixturc of 23.65 g (0.1 29 mol) of 1 ,I-diphenyl- 
mcthylamine ( I  4) and 16.78 g (0.129 mol) of cthyl acetoacctate in 80 m L  of 
benicne was refluxed for 2 h and then distilled with azeotropic removal of 
water using a Dean-Stark trap. To the cooled residue was slowly added 8.96 
g (0. I29 mol) of 95% hypophosphorous acid, which was obtained by evapo- 
ration of a commercial 50% aqueous solution at 30-40°C (2 mm) and thc 
mixture was heated at  rcflux for 2 h. The resulrant solid was removed by f i l -  
tration, washed with benzene, and dried in a vacuum oven at 50°C to yield 
16.2g(35%)oftheproductas whiregranules, rnp(ethano1) 172-173°C; IK 
(KBr): 2600 (P-OH), 2350 (P-H), 1740 (C=O). 1600 (C=C), and I200 
(P=O)cm-l; IH-NMR (D20-NaOD): 6 1 .08(d,3.J  = 16 Hz.CH3). 1.19 

.- II.1 

And-Calc. for C19H24N04P C, 63.12; H, 6.69; N. 3.87. Found: C, 63.24; 
H. 6.72. N. 3.84. 

DI,-a-Benzhydrylamino-a-methyI-8-carboxyethanephosphinic Acid 
(VIII)-Ten grams of VII in I50 ml- of 0.5 M NaOH was heated at 90°C for 
4 h. The resultant solution was coolcd and treated with concentrated HCI (pH 
I ) .  The precipitate thus formed was removed by filtration, washed with watcr 
un t i l  frce of NaCI, and dried in a vacuum oven at 55°C to give 8.4 g (91% 
yield) of the product asa white powder, mp  190-191°C; IR (KBr): 2500-2700 
(P-OH, C--OH). 2300 (P-H), 1700 (C=O), I600 (C=C), and 1190 
(P=O)crn-';IH-h;MR (D20-NaOD): l . l 4 ( d , 3 , J  = I?Hz,  Cl13),2.46 
(d, 2. J = 10 tiz? CHI), 5.56 (s, 1 ,  CH). 7.25 7.63 (m, 10. Artl) ,and 3.59 
and 10.01 ppm ( I : I  d. I ,  J = 510 Hz, P---H).  

Anal.--Calc. for C I ~ H ~ O N O ~ P :  C, 61.26; H, 6.05; N.4.20 Found: C, 61.17; 

- 

H. 6.09; N, 4.20. 
DL-a-Amino-a-methyl-8-carboxyethanep~sphinic Acid (1X)-Using a 

modificationofthemethodof Dingwalleral. (15).2.6gofVIII in40mLof  
48% HBr was heated at 75°C for 4 h. The benzhydryl bromide was extracted 
with benzene, and the aqueous layer was treated with propylcnc oxide at  pH 
3-4. The resulting solution was concentrated under reduced pressure and the 
resulting solid was removed by filtration, washed with ethanol and ether, and 
dried in a vacuum oven at 55°C to yield 0.5 g (384)  of IX,  mp 214--215"C; 
IR (KBr): 3240 (NHf) ,  2700-2500 (P--OH, C-OH), 2380 (P-H), and 
1685 (C=O) cm-I; ' H - h M R  (D2O): 6 1.47 (d. 3 . J  = 14 Hz, CH3). 2.88, 
2.76(dd,2,J=9Hz,CH2),and3.53and 10.32ppm(l : l  d, l , J = 5 4 0 H z ,  

And-Calc for C4HI0N04P: C, 28.93; H, 6.07: N, 8.43. Found: C, 28.85, 
H, 6.03, N, 8.34. 

Biological Testing-Animals- For in citro neurochemical studies, adult. 
male, albino rats3 weighing 150-200 g were employed. In Liiuo testing for 
anticonvulsant activity and neurological toxicity of compounds was performed 
using mice4. 

Anriconoulsanr Acticity and Neurological Toxicity - Anticonvulsant ac- 
tivity of the compounds was evaluated against both maximal electroshock 
(MES)  and pentylenetetrazol-induced seizures (scMet) by contractors of the 
Anticpileptic Drug Development Program administered by the National In- 
stitute for Neurological and Communicative Disorders and Stroke, Bethesda. 
Md, according to previously described procedures (16). 

Neurochemical Assays-Excifarory Amino Acid Uprake-Crude synap  
tosomal fractions of rat cerebellum or corpus striatum were prepared as  pre- 
viously described ( I  7) and resuspended in 0.32 M sucrose. Two hundred- 
microliter aliquots ( 1  00 p g  of protein) of the suspension were added to boro- 
silicatc tubes containing 800 pL of Krebs IlEPES buffer (ptl 7.4) and 0 5 
r M  of l>-['H]aspartatc, ~.-[~H]aspartate. or i.-[3HJglutamatc with or without 
the test substance. Following a 3 min incubation at 30°C. the reaction was 
terminated by rapid filtration over glass fiber filters5 maintained under reduced 
pressure. The filters were washed with 1 X 5 mL of ice-cold buffer, dried, and 
the radioactivity was determined by liquid scintillation counting. Parallel 
incubations were performed at  2'C to determine nonspecific uptake. 

Receptor Binding Assays-Specific binding of excitatory amino acid an- 
alogues to brain membranes was performed, with minor modifications, ac- 
cording to previously published procedures. Briefly, brain membranes were 
prepared according to the method of Enna and Snydcr ( 1  8)  and stored frozen 
at -80°C until use. For assay, the membranes were thawed and washed four 
times by centrifugation, and the final pellet was resuspended in sufficient 
buffer to yield a protein concentration of 0.15-0.2 mg/mL. Specific binding 
of [)H]kainic acid (2 nM) was assayed according to the procedure of London 
and Coyle (9). Specific binding of tritiated 2-amino-7-phosphonoheptanoic 
acid (SO nM) was assayed as described by Ferkany and Coyle (10). Specific 
binding of ~ - [ ~ H ] g l u t a m a t e  (100 nM) w ycd by thc method of Slevin 
el a/. ( I  I ), with the exception that thc assay wah conducted in both Tris-citrate 
and Tris-tiCI buffers (pH 7.1, 37°C. 0.05 M). I n  all instances, nonspccific 
binding was defined as that obtained by incubating the membranes in the 
presence of the indicated ligand and M L-glutamatc. The assays were 
terminated by centrifugation, and the pellets wcrc rinsed rapidly and supcr- 
ficially with ice-cold buffcr and solubili7ed6. Radioactivity was determined 
by liquid scintillation counting. 

[3H]Acetylcholine Release Evoked by N-Methyl-baspartate Receptor 
Stimulation-The release of [3H]acetylcholine from the corpus striatum of 
the brain, evolved by exposure to excitatory amino acid receptor agonists, was 
measured as previously described ( I  3). Striatal slices were exposed by 
[3H]choline, which is selectively accumulated by cholinergic interneurons 
and synthesized into [3H]acetylcholine. The slices were placed in chambers 
and superfused with Krebs medium, the superfused phase was collected, and 
the radioactivity released from the tissue into the superfused phase was 
measured by liquid scintillation counting. Exposure to agonists of N -  
methyl-D-aspartate receptors caused an increase in release while addition of 
magnesium or N-methyl-D-aspartate receptor antagonists, such as  2- 
amino-5-phosphonopentanoic acid or 2-amino-7-phosphonoheptanoic acid. 
inhibited release caused by agonists. Agonists or antagonists of other excitatory 
amino acid receptors (e.g.. quisqualate or kainate) have little or no effect in 
general ( I  3). 

The action of test substances in this paradigm were assesscd by determining 
if ( a )  they evoked [3H]acetylcholinc release by themselves or ( b )  they inhibited 
the release of [3H]acetylcholine evoked by N-methyl-DL-aspartate (50 
PM). 

P-- H). 

3 
4 
5 
6 
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Abstract 0 A high-performance liquid chromatographic (HPLC) method 
has been developed for the quantitation of acetaminophen, chlorpheniramine 
maleate, dextromethorphan hydrobromide, and phenylpropanolamine hy- 
drochloride in combination in pharmaceutical dosage forms using a single 
column and three different mobile phases. The method developed is sensitive 
for the content uniformity test for tablets. N o  preliminary extraction procedure 
is required for liquid preparation and a very simple extraction procedure is 
required for tablets. The method is accurate and precise with RSD (based on 
five injections) of 1.2,2.4, 1.9, and I .6% for acetaminophen, chlorpheniramine, 
dcxtromet horphan. and phcnylpropanolaminc, respectively. 

Keyphrases 0 Acetaminophen -HPLC, content uniformity 0 Chlor- 
pheniramine malcate-HPLC, content uniformity 0 Dextromethorphan 
hydrobromide --lipLC. content uniformity 0 Phenylpropanolamine hy- 
drochloride- -HPLC, content uniformity 

One popular commercial product’ contains an analgesic 
(acetaminophen), an antihistamine (chlorpheniramine ma- 
leate), an antitussive (dextromethorphan hydrobromide), and 
a decongestant (phenylpropanolamine hydrochloride). The 
product is extensively used for the relief of symptoms of coughs 
and colds. The dosage forms also contain excipients, some of 
which may interfere with the analysis of the active ingredients. 
The problem of analysis is further complicated by the presence 
of 325 mg of acetaminophen uersus only 1 mg of chlor- 
pheniramine maleate per tablet (or per 15 mL of the liquid). 
The quantities of dextromethorphan hydrobromide and phe- 
nylpropanolamine hydrochloride present are 10 and 12.5 mg 
per tablet (or I5 mL of the liquid), respectively. Acetamino- 
phen has high absorbance in the useful U V  range, but that of 

phenylpropanolamine hydrochloride is very poor. For example, 
at  256 nm (the wavelength of maximum absorption of phe- 
nylpropanolamine hydrochloride) a 1350-pglmL aqueous 
solution of phenylpropanolamine hydrochloride has an ab- 
sorption similar to a 20-pg/mL solution of acetaminophen. 
No single method is available to determine the active ingre- 
dients quantitatively in this combination. 

High-performance liquid chromatographic (HPLC) 
methods for the quantitation of acetaminophen (I -4), chlor- 
pheniramine maleate (5,6), dextromethorphan hydrobromide 
(3 ,7 ,  8), and phenylpropanolamine hydrochloride (6,9-11) 
have been reported. None of the reported methods is applicable 
when ingredients are present in this combination. 

This paper reports the quantitation of acetaminophen ( I ) ,  
chlorpheniramine maleate ( I I ) ,  dextromethorphan hydro- 
bromide (1 II ) ,  and phenylpropanolamine hydrochloride (IV) 
in  combination, using HPLC. The method requires three dif- 
ferent mobile phases for complete analysis. 

EXPERIMENTAL SECTION 

Materiak-All chemicals and reagents were USP. NF, or ACSquality and 
used without further purification. The sodium salt of I-heptanesulfonic acid2 
was used as received. 

A liquid chromatograph3 attached to a multiple-wavelength detector4 and 
a recorderS was used. The column6 (30 cm X 4 mm id.)  was purchased and 

* Eastman Kodak Co.. Rochester, N.Y. 
Waters ALC202 equipped with a U6K Universal injector; Waters Associates. Mil- 

ford, Mass. ‘ Spectroflow Monitor 7 7 0  Schoeffcl Instruments. Ramsey, N.J. 
Omniscribc 521 3-1 2; Houston Instruments. Austin, Tex. 
w-Bondapak phenyl; Waters Associates. Milford, Mass. I Comtrex; Bristol-Myers Products, New York. N.Y. 
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