
sodium solution. The data had an accuracy of 100.2% with a standard 
deviation of 0.47% for the 12 assays (Table 111). The experiment was 
conducted over 18 days. A precision study was conducted on a composite 
sample obtained by grinding 40 commercial tablets. The mean from the 
16 assays was 99.8% over 2 months with a standard deviation of 1.07%. 
The data demonstrated that the method ‘gives precise and accurate 
data. 

Common tablet and capsule excipients such as starch, lactose, cellulose, 
and stearate lubricants were taken through the assay and did not inter- 
fere. 

The assay was used to follow the stability of aged tablets and capsules 
containing up to an equivalent of 400 mg of tolmetin (490.1 mg of tolmetin 
sodium). Tablets were assayed for up to 5 years a t  room temperature 
and a t  various temperatures up to 80’ for 3 months. The stability data 
demonstrated that the tablets and capsules were very stable. TLC was 
conducted on the aged samples using the two solvent mixtures. The data 
showed that tolmetin sodium remained intact in the dosage forms even 
after aging for 5 years a t  room temperature and accelerated aging a t  
temperatures up to 80”. Less than 2% degradation was noted under the 
accelerated conditions. 

Two solvent mixtures of different polarity were chosen for TLC to 
minimize the possibility of unresolved degradation products that  could 
not be predicted. The compounds chosen to demonstrate the specificity 
of the TLC methods were, with one exception, previously postulated to 
be theoretical impurities in tolmetin sodium (5). The data (Table I) 
demonstrated that the solvent systems are suitable for separating tol- 
metin sodium from possible degradation products as well as theoretical 
impurities. Further confirmation was made on an aged tablet sample that 
was chromatographed and isolated from the TLC plate. The material was 
found to be identical to tolmetin sodium by UV, IR, and mass spec- 
trometry. 

The assay was used additionally to follow the stability of tolmetin so- 

dium solutions buffered from pH 4.5 to 10.0 at N O 6 .  The data supported 
the reflux experiments, which showed that tolmetin sodium is relatively 
stable at neutral and alkaline pH values but unstable at acidic pH. 

The data demonstrated that the method is capable of monitoring the 
stability of tolmetin sodium in solid dosage forms. The method is precise 
and accurate and utilizes common laboratory equipment. The hydrolysis 
experiments illustrated that tolmetin is stable under neutral and alkaline 
conditions but not under acidic conditions. The TLC methods can 
monitor qualitatively tolmetin sodium stability in aged dosage forms. 
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Abstract c] N-2 ,2 ,2 -Tr i f luoroe thy l -2 - (3 ,4 -d ihydroxyphine  
was synthesized and compared to N-ethyl-2-(3,4-dihydroxyphenyl)- 
ethylamine and dopamine for activity on adenylate cyclase in the rat 
striatum. Both dopamine and N-ethyl-2-(3,4-dihydroxyphenyl)ethyl- 
amine stimulated adenylate cyclase activity in a dose-dependent fashion. 
The N-trifluoroethyldopamine analog at 1 X lov4 M induced a weak 
effect. The compounds were evaluated further by studying their relaxant 
effects in isolated rabbit renal and ear arteries. Both the N-ethyl- and 
N-trifluoroethyldopamine analogs produced a relaxant effect but dem- 
onstrated no selectivity for dopamine receptors. 

Keyphrases Adenylate cyclase activity-dopamine, N- and N,N- 
substituted dopamine analogs, peripheral and central dopamine recep- 
tors, isolated striata and blood vessels 0 Dopamine-antiparkinsn drug, 
adenylate cyclase activity, dopamihe analogs 0 N-Ethyl-2-(3,4-dihy- 
droxypheny1)ethylamine-dopamine analog, adenylate cyclase activity 
n N-2,2,2-TrifluoroethyI-2-(3,4-dihydroxyphenyl)ethylamine- 
dopamine analog, adenylate cyclase activity 

The treatment of parkinsonism with levodopa has 
beneficial effects; however, in some patients with severely 
impaired dopaminergic neurons, the use of levodopa may 
be ineffective because the tissue cannot perform the nec- 
essary enzymatic decarboxylation to form dopamine (1, 

2). An effort to generate new dopaminergic drugs for par- 
kinsonism led to the synthesis of N- and N,N-substituted 
dopamine analogs (3-9). The binding of simple dopami- 
nergic ligands to the receptor appears to be independent 
of substitution on the nitrogen (5). Unlike dopamine, the 
N- and N,N-substituted dopamine analogs cross the 
blood-brain barriel. (3, 4). In addition, these agents are 
resistant to deamination by monoamine oxidase since they 
are secondary and tertiary amines. Moreover, these N- and 
N,N-substituted dopamine analogs act in the central 
nervous system as direct acting dopamine receptor agonists 
and, therefore, are independent of prejunctional dopa- 
minergic mechanisms (4,8). 

To improve absorption and distribution of the N- 
alkyl-substituted dopamine analogs, N-2,2,2-trifluo- 
roethyl-2-(3,4-dihydroxyphenyl)ethylamine (I) was pre- 
pared. The 2,2,2-trifluoroethyl group is well suited to re- 
place the ethyl group because of similar steric properties 
and because the fluorine atom increases both lipid solu- 
bility and membrane penetration. 

The agonistic properties of I, N-ethyl-2-(3,4-dihy- 
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droxyphenyl)ethylamine, and dopamine a t  central and 
peripheral dopamine receptors were analyzed pharmaco- 
logically. These studies measured the effects of each agent 
on the activity of dopamine-sensitive adenylate cyclase in 
rat neostriatum and evaluated their relaxant effects on 
isolated rabbit renal and ear arteries. 

EXPERIMENTAL 

Chemistry'-N-Trifluoroacetyl -2- (3,4-dimethoxyphenyl)ethyl- 
nmine (/I/)-Trifluoroacetic anhydride (20 ml, 0.129 mole) was added 
very slowly, with stirring, to 20 g (0.115 mole) of 2-(3,4-dimethoxy- 
pheny1)ethylamine. The resulting glassy solid was allowed to set over- 
night. Trituration of the solid mass with water gave a white suspension, 
which was filtered and washed with water. The crude amide was recrys- 
tallized from benzene-hexane to afford 27.4 g (86%), mp 84'; IR (neat): 
1715 cm-I (C=O); NMR (CDC13): 6 2.60-3.70 (m, 4H, CHd, 3.84 (s, 6H, 
OCHx), and 6.60-6.80 (m, 3H, 3 aromatic H). 

Anal.-Calc. for C12H14FaNOs: C, 51.99; H, 5.08; N, 5.05. Found: C, 
51.89; H, 5.11; N, 5.04. 

N- (2,2,2- Trifluoroethyl) -2- (3,4-dimethonyphenyl)ethylamine 
(IV)-To an ice-chilled mixture of tetrahydrofuran (100 ml) and 27.4 
g of 111 (0,999 mole) was added slowly, with stirring, 233 ml(0.23 mole) 
of 1 M diborane in tetrahydrofuran' under nitrogen. The resulting 
mixture was stirred at  0' for 1 hr and then refluxed for 12 hr. The reaction 
mixture again was cooled to O', 50 ml of water was added, and the volatiles 
were removed from the reaction mixture. The residue was taken up in 
water and extracted three times with chloroform. The combined chlo- 
roform extracts were dried over magnesium sulfate and filtered, and the 
filtrate was treated with anhydrous hydrochloric acid. The volatiles were 
again removed, and the residue was recrystallized from ether to afford 
27.8g (90%) of crystals, mp 208"; NMR (free base) (CDCId: 6 2.50-3.45 
(m, 6H, CH2), 3.85 (s, 6H, OCH& and 6.68 (s, 3H, aromatic H). 

Anal.-Calc. for C I ~ H ~ ~ C I F ~ N O ~ :  C, 48.25; H, 5.39; N, 4.69. Found: C, 
48.27; H, 5.48; N, 4.63. 

N- (2,2,2-Trifluoroethyl)-2- (d,4-dih.vvdroxyphenyl)eth~lamine (I)  
--Compound IV (3.0 g, 0.01 mole) was dissolved in 48'70 HBr (20 ml). The 
system was flushed with nit.rogen for 0.25 hr and then heated to 150' for 
'2 hr. Excess acid was removed under reduced pressure to give a residue. 
Two recrystallizations from isopropyl alcohol-ether afforded 2.12 g (700/0) 
of product, mp 179-180'. The pKa of I was determined by titration (10); 
IR (KBr): 32.50 cm-l (broad, OH); NMR (D20): d 2.60-4.20 (m, 6H, C H d  
and 6.62-6.80 (m, aromatic H). 

Anal.-Calc. for CloHlnBrF3NOz: C, 37.99; H, 4.11; N, 4.28. Found: 
C, 37.95; H, 4.22; N,4.41. 

Adenylate Cyclase Activity-Adult male Sprague-Dawley rats], 
'200-250 g, were decapitated, and their brains were removed rapidly and 
placed in ice-cold saline. Each corpus striatum was dissected in the cold, 
as described by Glowinski and Iverson (l l) ,  and placed in ice-cold pH 
7.4 Krebs-Henseleit bicarbonate buffer. A cell-free striatal homogenate 
was prepared in 25 volumes (w/v) of 2 mM tris(hydroxymethy1)amino- 
methane maleate buffer (pH 7.4) containing 2 mMedetic acid (ethyl- 
enediaminetetraacetic acid) using a polytef-glass tissue homogenizer4. 
Aliquots (50 pl) of this cell-free homogenate were assayed for adenylate 
cyclase activity using the procedure of Kebabian et al. (12). 3-Isobutyl- 
l-methylxanthines ( 1  mM) was used to inhibit phosphodiesterase ac- 
tivity. A 25-pl aliquot of each sample was assayed for cyclic AMP content 
by the method of Gilman (13) as modified by Tovey et al. (14). 

A wide concentration range ( i z ,  10-7-10-3 M )  of dopamine and of each 
experimental agent was tested for striatal adenylate cyclase activity. 
Haloperido16 was dissolved in propylene glycol-3 N HCI. The haloperidol 
solution was adjusted to pH 7.4 and brought to 50 ml with normal saline. 
In experiments where haloperidol was employed, an equal volume of the 
vehicle used to dissolve haloperidol was added to samples without halo- 
peridol. 

I Melting points were determined in open glass capillaries using a Thomas-Hwver 
ILIni-Melt apparatiis and are uncorrected. IK absorption spectra were recnrded on 
~i Rrckinan mcdel l 8 A  spectrophiitometer on liquid films or a. pi>tassiurn bromide 
pellets. NMK spectra wrrr recorded on a Varian T-60 spectrometer with tetra- 
methylsilane as 1 he internal standard. Elemental analyses were performed by 
(hlhrait h Laboratories, Knoxville, Tenn. 

'' Aldrich Chemical Co., Milwaukee, Wis. ,' ATtS-Sprague~I)awley, Madison, Wis. 

5 Sigma ('hemicd Po., St. l,ouis, Mo. 
Kontes, Vineland, N.J. 

McNeil Latioratories, Furt Washingkin. Pa. 

A CH:,O 

W 

NH--CH,-CF, 
IV 

HO 

I 
Scheme I 

Statistical analysis to determine differences between sample means 
was performed using the Student t test or the Student t test for paired 
sample comparisons (15). 

Isolated Rabbit  Renal and Ear Arteries-Albino rabbits, 3-4 kg, 
were killed by air embolism, and the left renal artery and t.he central ear 
arteries were removed carefully. Two cylindrical segments (5 mm X 0.5 
mm a d . )  were taken from each artery. The cylinders were set up for 
isometric recording of tension changes in the manner described for ce- 
rebral vessels (16,17). The recording system included a polygraph' and 
force-displacement transducers. A resting tension of 0.5 g was applied 
to the tissue and readjusted every 15 min during the initial 1-hr equili- 
bration. The organ bath (pH 7.3-7.4) contained 10 ml of Krebs-Henseleit 
buffer continuously bubbled with 95% 0 . ~ 5 %  COz and maintained at  37". 
Edetic acid (30 mM) was added to minimize oxidation of dopamine and 
i t s  analogs. Solutions of dopamine and its analogs were prepared in saline 
containing 0.01% (w/v) ascorbic acid. 

T o  avoid possible concomitant activation of (Y- and 0-adrenergic re- 
ceptors by dopamine and the test compounds, the experiments were 
carried out in tissues pretreakd with 29 m M  phenoxybenzamine for 0.5 
hr and in the presence of propranolol (3.4 X M ) .  Since phenoxy- 
benzamine also has been reported (18) to inhibit neuronal uptake of 
catecholamines, i ts  use in this study might have the additional advantage 
of preventing dopamine diversion from the receptor region toward the 
adrenergic nerve endings. 

Active development of tension to 0.99 f 0.089 g (mean f S E M )  was 
induced with 28-38 mM KCI. A t  the plat.eau level of the response to po- 
tassium chloride, dopamine and its analogs were added in increasing 
concentrations (i.e.,  10-'-10-4 M) t.o the tissue segment, while the other 
segment served as a control to check for a decline of the plateau tension 
that might have occurred with time. Only one analog was tested in each 
segment. The plateau tension was stable, and no correction of the changes 
observed with dopamine was necessary. Dose-response curves for sodium 
nitrite also were determined in both arteries to assess vascular relaxation 
independently of the dopaminergic mechanism. 

DISCUSSION 

N-(3,2,3-Trifluoroethyl~-2-(~~.4-dihydroxyphenyl~ethylamine ( I )  was 
prepared according to Scheme I. 2-(3,4-Dimethoxyphenyl)ethylamine 
(11) was reacted with trifluoroacetic anhydride to form the amide 111, 
which was reduced with dihorane to give the amide IV. The methyl ethers 

____ 

Model 7,  Grass, Quincy. Mass. 
a Model FT03, Grass. Quincy, Mass. 
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Table I-Relaxant Effects of Dopamine, Dopamine Analogs, and  Sodium Nitri te in Rabbit  Renal and  Ear Arteries 

Compound 
ED40 X M 

Renal Artery Ear Artery 

Relaxation 
Ratio, Ear 

Artery1 
Renal Number of 
Artery Experiments 

Dopamine hydrochloride 
6,7-Dihydroxy-2-aminotetrahydronaphthalene 

Compound V 
Compound I 
Sodium nitrite 

hydrobromide 

14.3 f 8.4" 
10.4 f 5.8 

25.3 f 6.2 
76.3 f 6.1 
45.5 f 2.1 

395.8 i 7.8 
288.5 i 4.8 

44.3 i 6.4 
76.4 i 5.8 
89.1 f 1.6 

27.6 
27.7 

1.7 
1.0 
1.9 

Values are means f SEM. 

of 1V were cleaved with hydrobromic acid. N-Ethyl-2-(3,4-dihydroxy- 
pheny1)ethylamine (V) was prepared in an analogous procedure and also 
was evaluated for biological activity as a structural comparison to I. 

One problem in characterizing dopaminergic activity in isolated blood 
vessels is the lack of a specific dopamine antagonist. Recent work (19) 
demonstrated that typical dopamine antagonists cannot be used to 
characterize peripheral dopamine activity in isolated vessels. In contrast, 
the induced vasodilator activity in dogs may be attenuated selectively 
hy butyrophenone and phenothiazine neuroleptic agents (20). An alter- 
native to the lack of vascular specificity and a specific dopamine antag- 
onist is the use of two vascular preparations with different sensitivities 
to dopamine (19). The ED40 values and the ratios of rabbit ear arteries 
to renal arteries for dopamine and analogs are presented in Table I. The 
ED40 was selected because certain dopamine analogs a t  doses above the 
ED40 demonstrated contractile effects. A comparison of the relaxation 
ratio in the very responsive renal artery versus the less responsive ear 
artery for dopamine and the specific renal dopamine agonist, 6,7-dihy- 
droxy-2-aminotetrahydronaphthalene (21), gave a similar ratio for do- 
pamine receptor agonist activity. A nonspecific relaxant, sodium nitrite, 
has a similar potency on both vessels. Since the effect of I and V was 
comparable to that of sodium nitrite, these compounds demonstrated 
no specific activity. 

The activity of dopamine-sensitive adenylate cyclase in rat neostriatum 
is a useful biochemical measure of the effectiveness of agents as agonists 
or antagonists a t  central dopamine receptors (3,22-24). Agents that act 
as dopamine receptor agonists stimulate striatal adenylate cyclase activity 
(12). In addition, dopamine receptor antagonists attenuate the stimu- 
lating effect of dopamine or other dopamine receptor agonists on striatal 
adenylate cyclase activity. 

Dopamine, I, and V were tested for their ability to enhance adenylate 
cyclase activity in rat corpus striatum (Table 11). Dopamine and V 
stimulated the adenylate cyclase activity in a dose-dependent fashion. 
In this regard, both agents were similar in potency. Compound I induced 
only a weak stimulating effect on adenylate cyclase a t  1 X 

To determine the specificity of dopamine and V on adenylate cyclase 
activity, both agents were tested in the presence of haloperidol, a dopa- 
mine receptor antagonist (12,25,26). Haloperidol (10-j M) did not alter 
the control level of adenylate cyclase activity (Fig. 1). However, halo- 
peridol completely attenuated the stimulating action of dopamine and 
N-ethyldopamine on striatal adenylate cyclase. Although not shown here, 

M. 

Table  11-Adenylate Cyclase Activity in Striatal Homogenates a 

Cyclic AMP b ,  
pmoles Percent 

Agent UM control Control 
Concentration, above of 

Dopamine 10 3.6 f 2.4 105 
100 28.8 f 3.gC 138 
1000 33.8 f 6.3' 144 

Compound V 10 13.0 f 5.4c 117 
100 23.3 f 4.5e 131 
1000 27.6 f 4.3< 137 

Compound I 10 7.4 f 4.8 108 
100 11.7 f 3.OC 113 

1000 -0.8 f 3.4 99 

a Cell-free homogenates of rat corpus striatum were assayed for adenylate cyclase 
activity by measuring the conversion of ATP (0.5 mM) to cyclic AMP. Mean f 
SEM of six to eight experiments. Controls for each agent were as follows: dopamine, 
76.7 f 5.2 pmoles/mg/2.5 min; V,  75.3 f 8.1 pmoles/mg/2.5 min; and 1.89.7 f 5.1 
pmoles/mg/2.5 min. p < 0.05 as compared to control. 

L D 1 H 

Figure 1-Effect of haloperidol f H )  M) on the dopamine (0) and 
Compound Vstimulation of adenylate cyclase in striatal homogenates. 
Cell-free hornogenates of rat corpus striata were assayed for adenylate 
cyclase actiuity. Each value for cyclic AMPrepresents the mean f SEM 
of five erperimmts. A concentration of I x M dopamine or Vwas 
used to stimulate adenylate cyclase activity (* = p < 0.05 with respect 
to control). 

the weak stimulation of adenylate cyclase activity by I M )  was at-  
tenuated completely by haloperidol M ) .  

These results show that even if I would demonstrate improved ab- 
sorption and distribution characteristics, it cannot stimulate adenylate 
cyclase. However, V stimulated adenylate cyclase but to a lesser degree 
than dopamine. These findings were unexpected due to the close struc- 
tural similarity of I to V. An explanation for the lack of dopaminergic 
activity may be attempted by comparing the ionization ratios of the amine 
groups. The amine groups of dopamine (10) and V have pKa values of 
9.74 and 10.61, respectively. Compound I has a pKa value of 5.10. Thus, 
altering the alkyl substitution by replacement of the protons with the 
electronegative fluorine atoms changes the ratio a t  physiological pH from 
the zwitterion to predominantly the uncharged species, in contrast to 
dopamine and V a t  physiological pH, at which the predominant species 
is the phenolic ammonium salt. 

I t  was proposed recently (10) that  the active species a t  dopamine re- 
ceptors may be the neutral uncharged form of dopamine. The limited data 
of this study suggest that  the activity of dopaminergic agonists may de- 
pend on the ability of the dopamine ligand to undergo readily an equi- 
librium transformation on the receptor between the zwitterion and the 
uncharged species. 
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Abstract 0 The chromatographic behavior of morphine, codeine, and 
ethylmorphine was examined using reversed-phase high-performance 
liquid chromatography and ion-pair formation. Alkyl sulfonates and 
sulfates significantly increased the retention times for these compounds. 
The carbon chain length of the pairing ions was linearly related to the 
log of the capacity factors of these amine drugs. A mechanism for the 
increased retention based on ion-pair formation in the mobile phase is 
proposed. The use of dioctyl sodium sulfosuccinate as a pairing ion for 
codeine is described, and a method utilizing this pairing ion was devel- 
oped for the quantitation of codeine in syrups. This method was applied 
successfully to various syrups containing codeine or codeine phos- 
phate. 

Keyphrases Codeine-analysis, high-performance liquid chroma- 
tography, ion-pair formation, effect of carbon chain length of pairing ions, 
syrups 0 Ethylmorphine-analysis, high-performance liquid chroma- 
tography, ion-pair formation, effect of carbon chain length of pairing ions 
0 Morphine-analysis, high-performance liquid chromatography, ion- 
pair formation, effect of carbon chain length of pairing ions 0 High- 
performance liquid chromatography, ion-pair formation-analysis of 
codeine, ethylmorphine, and morphine, effect of carbon chain length of 
pairing ion 

The use of ion-pair formation to enhance retention time 
is becoming popular in reversed-phase high-performance 
liquid chromatography (HPLC). The counterions used to 
form ion-pairs generally are detergents such as alkyl sul- 
fates and sulfonates or tetraalkylammonium salts. Anionic 
surfactants (sulfates and sulfonates) generally are used to 
form ion-pairs with cationic eluates, and cationic tetraal- 
kylammonium salts are used with anionic eluates. By 
formation of the ion-pair, the apparent polarity of the el- 
uate is decreased, leading to increased retention times in 
reversed-phase HPLC. 

Since many drugs contain either acidic or basic func- 
tional groups, pH conditions can be chosen such that nu- 
merous drugs will form ion-pairs with these surfactants. 
The surfactant molecule often is referred to as the pairing 

ion, which gives rise to  the term ion-pair HPLC. While 
ion-pair formation can be used in normal-phase HPLC, it 
is used more widely in reversed-phase HPLC. This tech- 
nique also has been called soap chromatography (1, 2) 
because of the surfactants used. 

BACKGROUND 
The mechanism of retention enhancement has been attributed to two 

phenomena. The original concept closely follows classical ion-pair ex- 
traction techniques in which two oppositely charged molecules form an 
ion-pair in an aqueous solution and then partition as a complex into a 
nonpolar organic solvent. In the chromatographic analog of this concept, 
the analyte forms a complex with a pairing ion added to the mobile phase. 
The complex then partition into the stationary phase (nonpolar), thus 
accounting for the increased $lalyte retention. An alternative mechanism 
suggests that  the pairing ion first binds to the stationary phase to form 
an ion-exchanging surface due to the adsorbed charged pairing ions ( 3 ) .  
Complex formation a t  the surface of the stationary phase thus is re- 
sponsible for the increased analyte retention. Recently, application of 
solvophobic theory to a reversed-phase ion-pair chromatographic study 
led to the conclusion that the retention of the analyte involves ion-pair 
formation in the mobile phase and subsequent partitioning of the neutral 
complex to the stationary phase (4) .  

Codeine analysis by HPLC has been of interest. An early study (5)  
utilized columns of pellicular silica gel coated with polyethylene glycol 
300 with an ethanol-heptane (1:lO) mobile phase saturated with the 
stationary phase. In this system, codeine was well resolved from mor- 
phine, thebaine, and papaverine. However, quantitative codeine analysis 
a t  levels near 3 jtg gave a relative error of -9%. In a study of the liquid 
chromatographic behavior of alkaloids, the retention times of codeine 
and morphine on a microparticulate silica column were measured (6). 
Codeine eluted slightly before morphine with mobile phases of chloro- 
form-methanol (three volume ratios) and ether-methanol (three volume 
ratios). 

The quantification of morphine, codeine, and thebaine was accom- 
plished by isocratic reversed-phase HPLC (7). With a microparticulate 
(10-jtm) octadecylsilane column and a mobile phase of 0.1 N monobasic 
sodium phosphate in 25% acetonitrile-water, codeine in gum opium was 
measured with a relative standard deviation of 1.3%. Codeine also was 
separated from other opium alkaloids using a pellicular silica column and 
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