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Anal. (bIOCk dried) (022H35N302'2HC1) C, H, Cl, N.

Similarly prepared were compounds 1, 2, 6, 12, 22, 24, and 25
(Table I).
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N-Ethyl-, N-(2-fluoroethyl)-, N-(2,2-difluoroethyl)-, and N-(2,2,2-trifluoroethyl)-substituted normeperidine (1b—e)
and normetazocine (2b—e) derivatives were prepared. The analgesic activities of the compounds were determined
in mice. Opiate receptor binding studies, in the presence and absence of sodium ion, were carried out. The antagonist
activities of normetazocine derivatives were studied in monkeys. These were further examined in the isolated guinea
pig ileum for relative agonist activity. The pK, values were measured; in vivo agonist activity was lost with weakly
basic derivatives. For the normetazocine derivatives, opiate receptor binding data were consistent with guinea pig
ileum agonist potency and mouse vas deferens antagonist potency but not with in vivo data. Opiate receptor binding
was reduced for the less basic normetazocine derivatives. In the normeperidine series, there was no apparent direct
relationship between pK, and opiate receptor binding. However, a relationship involving the hydrophobic character
of the N-substituent is discussed. The N-(2-fluoroethyl) derivatives in both series were found to cause convulsions
in rats at doses of 40-45 mg/kg ip. Elevated serum citrate levels were found in these rats, implicating in vivo oxidative
deamination of the N-(fluoroalkyl) substituent to fluoroacetate.

Most narcotic analgesics bear a nitrogen functionality
of sufficient basicity to be predominantly protonated at
physiological pH.2 Narcotic analgesic-receptor interac-
tions have, therefore, been conceptualized as involving the
protonated amine form of these compounds.®* The
positively charged nitrogen atom is thought to bind with
a postulated anionic site on receptor macromolecules.
Literature reports indicate that reduced basicity results
in a loss of narcotic analgesic activity.5¢ Although these
results are consistent with the above hypothesis, it is not
known what role steric, distribution, and metabolism
factors play in the overall activity of these compounds.
Since it is known that 8-fluoroalkylamines are significantly
weaker bases than their unsubstituted counterparts”® and
that the fluorine atom, because of its small van der Waals
radius (F = 1.35 A, H = 1.2 A),? offers minimal steric
interference to binding of an analogue at a subcellular
macromolecular site, narcotic analgesic derivatives con-
taining this type of substitution are worthwhile candidates
to test the importance of nitrogen basicity for activity. In
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this report, the synthesis and preliminary pharmacological
activities of N-ethyl-, N-(2-fluoroethyl)-, N-(2,2-difluoro-
ethyl)-, and N-(2,2,2-trifluoroethyl)-substituted 4-
phenyl-4-carbethoxypiperidine (normeperidine) (1b—e) and
(£)-5,9-a-dimethyl-2’-hydroxy-6,7-benzomorphan (nor-
metazocine) (2b—e) derivatives are given.
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Chemistry. The previously reported N-ethylnor-

meperidine hydrochloride!® (1b) and N-ethylnormetazocine
hydrobromide!! (2b) derivatives were synthesized for
pharmacological comparison purposes. It was found to be
more convenient to isolate the latter as the mesylate salt.
The N-(2-fluoroethyl) derivatives were prepared by reac-
tion of either normeperidine (la) or normetazocine (2a)
with either 2-fluoroethyl bromide or 2-fluoroethyl tosylate
in a nonaqueous solvent. Since preparation of 2-fluoro-
ethyl bromide from 2-bromoethyl tosylate and KF lead to
the production of vinyl bromide as a byproduct,'? the more
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Table I.
and Normetazocine (2) Derivatives

Reifenrath et al.

Opiate Receptor Affinities, Analgesic Activities, and Basicity of N-(Fluoroalkyl)-Substituted Normeperidine (1)

opiate receptor

S i g sodium % N-
binding:? IC,,, nM response  analgesia:® ED,, protonate
compd N-substituent —NaCl +NaCl ratio® mg/kg (90% CL) pK,(+SD) atpH 7.4
1b CH,CH,- 5000 120000 24.0 4.4 (3.2-6.1) 9.03 (0.06) 98
lc FCH,CH,- 20000 64000 3.2 19.4 (12.7-29.8) 7.43 (0.04) 50
1d F,CHCH,- 85000 110000 1.3 inact to 100 5.23 (0.08) 1
le F,CCH,- 10000 60000 6.0 inact to 100 3.13 (0.04) 0
2b CH,CH,- 180 200 1.1 44.7 (17.8-72.1) 9.42(0.03) 99
2¢ FCH,CH,- 50 100 2.0 9.1(6.4-12.8) 8.35(0.05) 89
2d F,CHCH,- 1000 1150 1.2 9.7 (6.3-14.8) 6.52(0.05) 12
2e F,CCH,- 1700 2500 1.5 inact/toxic at 40 4.56 (0.08) 0
morphine 10 250 25.04 1.2
meperidine 500 40000 80¢

¢ Inhibition of opiate receptor binding, expressed as the concentration of drug which reduced specific [SH]naloxone bind-

ing by 50%.

except for 1le which was given in 40% propylene glycol.

Table II.

® The ratio of IC,, values for incubations in the presence of 100 mM NaCl to those incubations in its absence.
¢ Mouse hot-plate test!® data, courtesy of Dr. E. L. May (NIH).
4 Data from ref 34,

Compounds administered subcutaneously in normal saline,
¢ Data from ref 35,

Agonist and Antagonist Potencies in the Guinea Pig Ileum and Mouse Vas Deferens?®

guinea pig ileum

mouse vas deferens

agonist potency

antagonist potency

compd ID,,,? nM (normorphine = 1) K¢,°nM (naloxone = 1)
2¢ 50.8 < 9.2 (4) 1.29 = 0.22 (5) 558 « 109 (4) 0.007
2d 453 + 83 (4) 0.16 + 0.02 (4) 2930 + 720 (4) 0.001
2e infinite 0

% The values are the means + SE; test data are courtesy of Drs, E. L. May (NIH) and H. W, Kosterlitz (University of

Aberdeen, Scotland).
sociation constant.

facile and cleaner preparation of the tosylate of 2-fluoro-
ethanol was used in later experiments. 2,2-Difluoroethyl
trifluoromethanesulfonate or 2,2,2-trifluoroethyl tri-
fluoromethanesulfonate was reacted with the appropriate
secondary amine to form the N-(2,2-difluoroethyl) and
N-(2,2,2-trifluoroethyl) derivatives, respectively.

Biological Activity Data. Analgesic activity, as de-
termined in the mouse hot-plate test,'® is listed in Table
I

Opiate receptor binding was measured by the method
of Pert and Snyder.!* The opiate receptor affinities and
sodium response ratios are given in Table I, together with
pK, values for derivatives 1b-e and 2b-e. Using the
Henderson-Hasselbach equation,'® the percentage of the
compound that would be N protonated at pH 7.4 was
estimated.

Results

Fluorine substitution in the N-substituent decreased in
vivo analgesic activity in the normeperidine series but
increased such activity in the normetazocine series (Table
I). The IC;, values for stereospecific binding increased as
the pK, (percent N protonation) decreased in the nor-
metazocine series, but this did not parallel in vivo activity
(Table I). In the normeperidine series, there was no ap-
parent relationship between pK, and stereospecific binding
(Table I).

In the guinea pig ileum assay'® (Table II), N-(2-fluoro-
ethyl)normetazocine (2¢) was about as active as nor-
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Concentratlon necessary to reduce electrically stimulated contractions by 50%.
Concentration required to produce a 50% reduction in the response produced by normorphine.

¢ Equilibrium dis-

morphine, which is equipotent with morphine in this as-
say.’” This is a greater activity than would be expected
from the in vivo results shown for mice (Table I). Agonist
activity (Table II) was reduced by further fluorine sub-
stitution in agreement with in vivo data. None of the
fluoroalkylnormetazocines exhibited antagonist activity in
the guinea pig ileum.

The mouse vas deferens preparation allows measure-
ment of antagonist activity of compounds with high
agonist/antagonist ratios.'® Using this assay, compounds
2¢ and 2d were found to have weak antagonist activity, 0.7
and 0.1% of naloxone, respectively; compound 2e was in-
active (Table II).

The ICs; sodium response ratios derived from the ste-
reospecific binding assays suggest that fluorine substitution
in the N-substituent should enhance antagonist activity
in the normeperidine series (Table I). This aspect has not
been evaluated in vivo or in vitro for this series. However,
in general, opiates exhibiting a sodium response ratio above
12.0 have been predominantly agonists, while antagonists
and mixed agonist/antagonists exhibit much lower ratios.'®
N-Ethylnormetazocine (2b) exhibited a low ratio, and this
was not substantially altered by fluorine substitution
(Table I). Of the three normetazocine derivatives tested
in the guinea pig ileum and mouse vas deferens prepara-
tions (Table II), the one having both the highest agonist
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sity Park Press, London, 1973, p 50.
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Snyder, and E. L. May, J. Pharmacol. Exp. Ther., 196, 316
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18, 240 (1975).
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Table III. Serum Citrate Levels in the Rat

dose, mg/kg serum citrate
ip (no. of level, mg/mL
compd animals) (SE)
le 40 (6) 81.0 (5.0)
2¢ 45 (7) 121.0(3.2)
sodium fluoro- 12.5 (5) 132.0(3.3)
acetate

saline (5) 41.0 (2.0)

potency and the highest antagonist potency (2¢) also had
the highest affinity for stereospecific receptor binding
(Table I).

The low activity of 2e may be ascribed to its weak
basicity and virtual absence of protonation at physiological
pH in spite of a reasonable degree of receptor affinity. A
similar conclusion can be drawn with regard to the fluo-
rinated normeperidines {1d and le). Although receptor
affinity (ICs) appears to be related to protonation in the
case of the normetazocines, this does not appear to be
entirely true for the normeperidines. Furthermore, pro-
tonation appears to influence analgesic potency apart from
effects on receptor affinity.

Compounds 2¢c-e were examined in morphine-depend-
ent monkeys;?»?' compound 2¢, at a dose of 0.5 mg/kg sc,
precipitated withdrawal in nonwithdrawn morphine-de-
pendent monkeys. Higher doses of 2¢ (up to 4 mg/kg sc)
precipitated a more severe withdrawal. In nonwithdrawn
morphine-dependent monkeys, derivative 2d (5 mg/kg sc)
did not precipitate abstinence signs. Compound 2d, at
doses of 5, 10, and 20 mg/kg sc, and compound 2e, at doses
of 3, 6, and 12 mg/kg sc, had no effect on suppressing
abstinence signs in withdrawn morphine-dependent mon-
keys. Compound 2e showed little or no activity in the
mouse tail-flick antagonist vs. morphine test;?? further
testing in monkeys was, therefore, not warranted. With
the possible exception of 2d, these results are consistent
with in vitro data (Tables I and II) and confirm the an-
tagonist activity of 2¢.

It was expected that compounds 1c¢ and 2¢ would exhibit
toxic reactions in animals as a result of oxidative N-de-
alkylation of the 2-fluoroethyl substituent to fluoroacetate.
Characteristic clonic and tonic convulsions have been re-
ported in rats poisoned with fluoroacetate.?® A dose of
sodium fluoroacetate (12.5 mg/kg ip) was selected which
produced convulsions in all of the rats in the experimental
group. Equimolar doses of 1¢ and 2¢ also produced similar
convulsive behavior in all of the rats. As seen in Table III,
all three of these compounds caused significantly higher
serum citrate levels than the controls (saline). Since ele-
vated citrate levels have been found in association with
fluoroacetate poisoning,? these results implicate oxidative
dealkylation of the N-(2-fluoroethyl) substituent in l¢ and
2¢ to fluoroacetate. Compounds le and 2e¢, at analgesic
doses (Table I), did not produce convulsions in mice and
monkeys. Although these doses were somewhat lower than
those used in the citrate determinations (Table III), l¢ was
found to produce convulsions in rats in doses as low as 10
mg/kg ip. It has been reported that mice are more re-
sistant to the toxic effects of fluoroacetate and that, in rats,
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sodium fluoroacetate has an LDs; of 15 mg/kg ip.** As
seen in Table IV, rats were more sensitive than mice to
the convulsive and lethal effects of both sodium fluoro-
acetate and compound le. Although these results suggest
that metabolism-induced fluoroacetate plays a role in the
toxic manifestations of 1¢ and 2¢, other factors (e.g., a
convulsant property of the intact molecule) cannot be
excluded.

Discussion

Analgesic activities (agonist and antagonist) in vivo are
dependent upon receptor affinities, ligand protonation,
metabolism, transport, and distribution. Protonation can
affect transport and, at least in the case of the nor-
metazocines, receptor affinity. If protonation is necessary
for intrinsic (agonist) activity, one would expect to see
increased antagonist activity with decreased basicity when
receptor binding remains relatively constant. Such a trend
can be seen in the sodium response ratios for the nor-
meperidine derivatives (1b—e) (Table I). The apparent lack
of such a trend in the normetazocine derivatives (2b—e)
(Table I) may well be due to the decrease in both receptor
affinity and basicity resulting in a relatively constant so-
dium response ratio. These results may reflect a difference
in binding mode between the two structural types as
suggested previously by Portoghese.” The loss of both
agonist and antagonist activities in vivo for compounds
which are virtually resistant to protonation at physiologic
pH (le and 2e) could be due to inefficient transport to
receptor sites. This seems plausible in view of the rea-
sonable relative in vitro receptor affinities of compounds
le and 2e.

In seeking a relationship between structure, properties,
receptor binding affinities, other in vitro data, and in vivo
analgesic potency, the influence of the fluorine substitution
on both the lipophilic properties (log P) and pK, must be
considered. From fragment constant analysis,?® the in-
fluence of successive fluorine substitution on the number
2 carbon of the N-ethyl group can be quantitatively ap-
proached. The methyl portion of the N-ethyl group (no.
2 carbon in 1b and 2b) contributes 0.89 log P (fcy,) unit
to the lipophilic character of the respective molecules. The
substitution of one fluorine in place of a hydrogen on the
methyl group (le and 2¢) reduces the lipophilic contri-
bution by 0.61 log P unit (fcy,r = 0.28). Substitution of
a second fluorine for hydrogen (1d and 2d) has a minimal
effect on lipophilicity (fcur, = 0.27) due to shielding of the
polar contribution by the geminal halogens.3* A third
fluorine substitution (le and 2e) introduces a stronger
geminal effect,”® leading to an increase in the lipophilic
contribution (fcp, = 0.65), but still less than that of a
methyl group. Hence, fluorine substitution on the aliphatic
N-substituent in both series of analgesics results in an
overall decrease in lipophilic character, but the decrease
is not a linear function of the number of geminal fluorine
substitutions. In fact, the trifluoromethyl group is ap-
proximately halfway between the methyl group and the
mono- or difluoromethyl group in positive contribution to
log P.

As noted from pK, values and calculated percent ioni-
zations in Table I, successive fluorine substitution causes
a dramatic decrease in basicity and, hence, percent of
protonated amine at pH 7.4 in both series of compounds.
Differences between N-ethyl and N-(2,2,2-trifluoroethyl)

(25) P. S. Portoghese, J. Med. Chem., 8, 609 (1965).
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tion Analysis in Chemistry and Biology”, Wiley-Interscience,
New York, 1979, pp 18-43.
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Table IV. Species Variations to the Toxic Effects of Sodium Fluoroacetate and N-2-Fluoroethyl)normeperidine (1c)

dose, no. of no. of animals
compd mg/kg, ip animals species convulsing deaths
sodium fluoroacetate 10.0 6 rat 5/6 6/6
10.0 9 mouse 0/9 2/9
lc 20.0 6 rat 6/6 3/6
20.0 6 mouse 0/6 0/6
40.0 6 motse 0.6 0/6
60.0 6 mouse 3/6 3/6

substituents (1b vs. 1e and 2b vs. 2e) are on the order of
5-6 pK, units, and the latter derivatives are not protonated
at physiological pH. The significance of this fact may well
be different with respect to transport and receptor binding.
The more weakly basic compounds may have improved
lipid solubility and, hence, improved transport properties.
On the other hand, the absence of significant numbers of
positively charged molecules may be detrimental to ligand
binding to receptors. It is interesting to note that there
may be a balance between increased lipophilicity, due to
decreased basicity, and decreased lipophilicity, due to in-
creased fluorine substitution.

Considering the effect of the above-mentioned properties
on the observed changes in in vitro opiate receptor ICy,
values (Table I), it would appear that both the hydro-
phobic character of the N-alkyl side chain and the extent
of protonation of the amine play a role in ligand binding
to the receptor in the normeperidine series (1b—e). The
decrease in binding in the absence of sodium for 1b
through 1d follows the decrease in the extent of protona-
tion of the amine. In addition, the N-alkyl substituent of
1c and 1d is less hydrophobic than the N-ethyl group (1b).
In as much as the hydrophobic character of this substit-
uent contributes to ligand binding, this reduction in hy-
drophobicity may be significant. The increase in binding
of the 2,2,2-trifluoroethyl derivative (le) is unexpected in
view of the absence of protonated molecules at pH 7.4.
However, the hydrophobic character of this substituent
is more than twice that of 1¢ and 1d and lies between those
and the nonfluorinated derivative (1b). All other factors
being equal, this seems to reflect a major hydrophobic
contribution of this substituent to ligand binding.

It is interesting to note that both compounds 1d and le
were inactive in in vivo analgesia assays (Table I) in spite
of the relatively strong in vitro binding of le. This inac-
tivity may reflect poor transport into the CNS and /or the
necessity of the protonated form for intrinsic activity at
the receptor site. If one compares the relative lipophilic
character of the N-substituents and the relative percent-
ages of un-ionized (more lipophilic) species between com-
pound le and the active compound le, it becomes difficult
to accept poor transport properties as a major contribution
to the absence of activity of le. The availability of posi-
tively charged forms in analgesic receptor interactions of
these normeperidine derivatives may well be important to
intrinsic activity. Additionally, the rate at which these
compounds are metabolized is another unknown factor
having a major influence on their activity.

With regard to the normetazocine series (2b-e), the
greatest influence on ligand binding in the in vitro opiate
receptor assay appears to be exerted through the effect of
successive fluorine substitution on the pK, of the proton-
ated amine group (Table I). The electron-withdrawing
effect of the fluorines on the basicity of the amine is not
as dramatic in this series as it was in the normeperidine
series. A comparison of compounds 2b and 2c reveals a
difference in binding potency that is relatively insignificant
when considered over the range of values for this series.
Similarly, the difference in percentage of amine protonated

between these two is only 10%. The decrease in hydro-
phobic character for 2¢ does not seem to cause any de-
crement in ligand binding. A second fluorine substitution
(2d) does not significantly alter the hydrophobic properties
of the N-alkyl group (vide supra), but it does produce a
sizable drop in the pK, and the percentage of protonated
amine, as well as a 20-fold decrease in ligand binding. The
trifluoroethyl group of 2e reduces the pK, to the extent
that ionized forms are virtually absent at pH 7.4, and
ligand binding decreased another 70%. The hydrophobic
influence of this group is twice that of the corresponding
groups on 2¢ and 2d but, unlike the normeperidine series,
does not seem to have a positive influence on receptor
binding. The overall ligand binding to receptors in this
series of benzomorphan derivatives does not appear to be
influenced by hydrophobic groups of this size on the ni-
trogen but does appear to be influenced by the availability
of positively charged species. The apparent differences
between the 4-phenylpiperidines (series 1) and the ben-
zomorphans (series 2) with regard to properties influencing
binding are not unexpected and may be due to differences
in binding modes? as alluded to previously.

An unexpected observation concerns the in vivo anal-
gesic potency of compounds 2¢ and 2d (Table I). Although
the receptor affinity of 2d was markedly less than 2¢, the
analgesic potencies were not significantly different. It may
well be that overall transport processes are responsible for
this effect. With the exception of ionization, 2¢ and 2d
should have similar lipophilic properties. The decreased
ionization of 2d may facilitate its transport into the CNS
to the extent that its concentration at receptor sites is
higher than 2e, leading to similar amounts of ionized
species to activate analgesic receptors. If this is indeed
the case, a greater potency difference would be expected
in in vitro assays such as guinea pig ileum and mouse vas
deferens. The data in Table II show a sizeable reduction
in agonist potency from 2¢ to 2d in the guinea pig ileum
assay. The antagonist potency in the mouse vas deferens
is consistent, showing a reduction from 2¢ to 2d (Table II).
These data would tend to support the hypothesis that in
vivo transport differences account for the similarities in
analgesic potency between these two compounds. Studies
based on this hypothesis utilizing labeled derivatives and
including all members of both series are beginning. It
should be noted that in vivo and in vitro activity was lost
for compound 2e in which basicity was reduced to such an
extent that protonation in physiological pH was negligible.

The metabolism and mechanism of the toxicity of the
N-fluoroethyl derivatives l¢ and 2¢ mentioned under
Results are currently under investigation.

Experimental Section

Melting points were taken on a Mel-Temp capillary melting
point apparatus and are uncorrected. Nuclear magnetic resonance
(lH NMR) spectra were recorded at 60 MHz on a Varian A-60
or EM-360 spectrometer. Infrared spectra were obtained using
a Beckman IR-18A spectrophotometer. Infrared and NMR
measurements were determined for all reported compounds and
were consistent with the assigned structures. Elemental analyses
were performed by Galbraith Laboratories, Inc., Knoxville, Tenn.
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Where analyses are reported by symbols of the elements, analytical
results were within 0.4% of the calculated value.

The pK, values of compounds 1b—e and 2b—e were obtained
by potentiometric titration in distilled water at 24 °C. A sufficient
amount of compound was dissolved in 20 mL of water to give a
concentration of 5 to 7.5 X 10 M. The titrant (0.1039 M NaOH)
was added with a microburet (Model 1MB 1300, Manostat Corp.,
N.Y.) and the pH change followed with a Beckman Zeromatic
Model SS-3 pH meter. Each compound was run in triplicate.

Animals used in toxicity studies were obtained from Sasco,
Omaha, Neb. Male Swiss Webster mice weighing 20-25 g and
male Sprague-Dawley rats weighing 200-225 g were employed.
Compounds le, 2¢, and sodium fluoroacetate were dissolved in
normal saline in a concentration to allow an injection volume of
0.2 mL and were administered ip. Animals were individually
housed and were observed for a period of 3 h after injection. The
number of animals experiencing either clonic or tonic convulsions
during this time interval was noted, as well as the number of
animals dead 24 h postinjection.

Serum citrate levels were measured in rats by the procedure
of Camp and Farmer.”” The rats were decapitated, and blood
samples were collected in 50-mL centrifuge tubes and centrifuged
on a Sorvall Type SS-1 centrifuge to obtain the serum, for those
substances producing convulsions. The animals were sacrificed
at the onset of convulsions. Control rats given only normal saline
were sacrificed at comparable time intervals.

Normeperidine (1a),® normetazocine (2a),?® N-ethylnor-
meperidine (1b),!° trifluoromethanesulfonic anhydride,*® and
2,2,2-trifluoroethyl trifluoromethanesulfonate® were synthesized
by published procedures.

2-Fluoroethyl Tosylate. This compound was prepared from
2-fluoroethanol and p-toluenesulfonyl chloride using standard
laboratory procedures:* 81% yield of product was obtained; bp
140 °C (0.10 mm).

2,2-Difluoroethanol. A dry 250-mL three-neck flask con-
taining 50 mL of dry ethyl ether and equipped with a nitrogen
inlet valve, pressure equalizing funnel, reflux condenser topped
with a valve leading to a bubbler (mineral oil), and a magnetic
stirrer was flushed throughly with nitrogen. Using a syringe, the
flask was then charged with 11.5 mL (114 mmol) of borane-methyl
sulfide complex. Difluoroacetic acid (10.0 g, 104 mmol) dissolved
in 10 mL of dry ethyl ether was placed in the addition funnel.
The difluoroacetic acid was then added with stirring over a period
of 2 h. The reaction mixture was stirred an additional 8 h at room
temperature. Then, 10 mL of H,0 was cautiously added to
decompose the reaction mixture. The reaction mixture was then
filtered, and the precipitate was washed with ether. The ether
filtrates were combined and dried over anhydrous sodium sulfate.
The ether solution was then distilled at atmospheric pressure over
drierite, and a fraction boiling at 92-94 °C was collected to give
4.6 g (56% yield) of difluoroethanol: 1it.% bp 95.5-96 °C (1 atm).

2,2-Difluoroethyl Trifluoromethanesulfonate. This com-
pound was prepared using a procedure similar to the preparation
of 2,2,2-trifluoroethyl trifluoromethanesulfonate.®? In a two-neck
50-mL flask equipped with a reflux condenser was placed 2.75
g (34 mmol) of difluorcethanol and 9.25 g (34 mmol) trifluoro-
methanesulfonic anhydride. The reaction mixture was refluxed
for 1 h. After cooling, the reaction mixture was poured into 25
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(28) O. Eisleb, Ber. Dtsch. Chem. Ges., 74, 1433 (1941).
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mL of 5% aqueous sodium bicarbonate and extracted immediately
with an equal volume of ethyl ether. The ether layer was separated
and dried over anhydrous sodium sulfate. The filtered ether
extract was then distilled, and the fraction boiling at 118 °C, 1
atm, was collected, giving 4.1 g (57% yield) of product.
N-(2-Fluoroethyl)normeperidine Hydrochloride (1¢). In
a 25-mL flask, equipped with a condenser with the open end
connected to a mineral oil bubbler, were placed 1.65 g (13 mmol)
of 2-flucroethyl bromide, 2.6 g (26 mmol) of triethylamine, and
10 mL of acetone. In a nitrogen atmosphere (normeperidine free
base readily forms a carbonate salt with CO, in the atmosphere®),
3.0 g (13 mmol) of normeperidine was added to the flask. The
reaction mixture was stirred and refluxed for 2 h, and at the end
of this time the solvent was removed under reduced pressure.
Ethyl ether was added to the residue, and the insoluble material
filtered from the ether solution. Carbon dioxide was then bubbled
into the ether solution to precipitate any unreacted normeperidine
as the carbonate salt. The ether solution was then filtered and
the ether was removed under reduced pressure to leave an oil,
which was distilled at 140 °C, 0.2 mm pressure, to give 2.9 (80%
yield) of product. Hydrochloride salt (acetone—ethyl ether): mp
164-166 °C. Anal. (C13H23C1FN02) C, H, N, F.
N-(2,2-Difluoroethyl)normeperidine Hydrochloride (1d).
In a 25-mL flask equipped as for 1e were placed 1.4 g (6.5 mmol)
of 2,2-difluoroethyl trifluoromethanesulfonate and 15 mL of
acetone. In a nitrogen atmosphere, 3.0 g (13 mmol) of nor-
meperidine was added to the flask. The reaction mixture was
stirred, refluxed for 5 h, and worked up as for 1e: 1.6 g (80% yield
based on the triflate) of product was obtained; bp 140 °C (0.25
mm). Hydrochloride salt (acetone—ethyl ether): mp 196-198 °C.
Anal. (C;gHCIFNO,) C, H, N, F.
N-(2,2,2-Trifluoroethyl)normeperidine Hydrochloride
(1le). In a 25-mL flask equipped as for 1¢ were placed 2.0 g (8.6
mmol) of 2,2,2-triflucroethyl trifluoromethanesulfonate and 15
mL of acetone. In a nitrogen atmosphere 4.0 g (17 mmol) of
normeperidine was added to the flask. The reaction mixture was
stirred and refluxed for 5 h and was then worked up as for lc:
2.2 g (81% yield based on the triflate) of product was obtained:
bp 120-125 °C (0.10 mm). Hydrochloride salt (acetone): mp
174-176 °C. Anal. (C16H23C1F3N02) C, H, F, N.
N-Ethylnormetazocine Methanesulfonate (2b). In a 25-mL
flask equipped with a reflux condenser and magnetic stirrer were
placed 1.00 g (4.61 mmol) of normetazocine (2a), 0.72 g (4.61 mmol)
of ethyl iodide, 0.76 g (9.0 mmol) of sodium bicarbonate, and 15
mL of ethanol. The flask was stirred and heated in an oil bath
for 8 h at 65 °C. At the end of this time, the reaction mixture
was allowed to cool, and the solvent was evaporated in vacuo.
Equal volumes (50 mL) of 10% hydrochloric acid and ether were
then added to the residue, and the acid layer was separated and
neutralized with concentrated aqueous ammonia. The resultant
precipitate was extracted into ether, and the ether solution was
washed with water and dried over anhydrous sodium sulfate. To
the filtered ether solution was added 0.44 g (4.6 mmol) of
methanesulfonic acid dissolved in a small amount of ether. The
resulting precipitate was collected by filtration and dissolved in
equal volumes (2.5 mL) of methanol and acetone. Anhydrous
ether was added to the cloud point, and the solution was re-
frigerated overnight to effect crystallization. The crystals that
formed were filtered from the mother liquor and dried. In this
manner, 0.91 g (58% yield) of product was obtained as the me-
sylate salt: mp 207-208 °C. Anal. (C;H4;;NO,S) C, H, N. This
compound has been previously prepared as the HBr salt.!!
N-(2-Fluoroethyl)normetazocine Methanesulfonate (2c).
In a 25-mL flask equipped with a reflux condenser and magnetic
stirrer were placed 1.00 g (4.6 mmol) of normetazocine (2a), 1.00
g (4.6 mmol) of 2-fluoroethyl tosylate, 0.76 g (9.0 mmol) of sodium
bicarbonate, and 15 mL of dry dimethylformamide. The reaction
mixture was stirred and heated in an oil bath for 8 h at 80 °C.
The reaction mixture was worked up as for 2b to yield 0.86 g (52%
yield) of product as the mesylate salt: mp 201-203 °C. Anal.
(C;HxFNO,S) C, H, F, N. [Attempts to prepare this compound
in hydroxylic solvents yielded no product containing the N-(2-
fluoroethyl) group.}
N-(2,2-Difluoroethyl)normetazocine Methanesulfonate
(2d). In a 25-mL flask equipped with a reflux condenser and
magnetic stirrer were placed 1.00 g (4.6 mmol) of normetazocine,
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0.985 g (4.6 mmol) of 2,2-diflucroethyl trifluoromethanesulfonate,
0.76 g (9.0 mmol) of sodium bicarbonate, and 15 mL of ethanol.
The reaction mixture was stirred and refluxed for 8 h. The
reaction mixture was worked up as for 2b, except that the mesylate
salt of the product was crystallized from acetone and ether. In
this manner, 1.07 g (62% yield) of product was obtained: mp
266-268 °C. Anal. (C,;Hy;F,NO,S) C,H, F, N.
N-(2,2,2-Trifluoroethyl)normetazocine Methanesulfonate
(2e). In a 10-mL flask equipped with a reflux condenser and
magnetic stirrer were placed 0.375 g (1.73 mmol) of normetazocine
(2a), 0.40 g (1.73 mmol) of 2,2,2-trifluoroethyl trifluoro-
methanesulfonate, 0.29 g (3.45 mmol) of sodium bicarbonate, and
5 mL of ethanol. The reaction mixture was stirred and refluxed
for 8 h and worked up as for 2b, except that the mesylate salt
of the product was crystallized from acetone. In this manner, 0.44
g (64% yield) of product was obtained: mp 276 °C (dec). Anal.

(C;sH,FsNO,S) C, H, F, N.
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Mono-0O-demethylation of several 2,5-dimethoxyphenalkylamines increases their affinity for the serotonin receptors
of the isolated rat fundus preparation. In several instances, demethylation of methoxyphenalkylamines results in
compounds which produce an antagonism which is not of a competitive nature. With respect to 1-(2,5-dimeth-
oxy-4-methylphenyl)-2-aminopropane (DOM), demethylation of the 2-methoxy group alters affinity in a manner
which parallels that observed upon demethylation of 5-methoxy-N,N-dimethyltryptamine. Using a discriminative
stimulus paradigm, behavioral studies with rats reveal that the 2-hydroxy analogue, but not the 5-hydroxy analogue,
of DOM produces effects (interoceptive cues) similar to those produced by 5-methoxy-N,N-dimethyltryptamine.

We have previously reported that certain substituted
phenalkylamines (i.e., phenethylamine and phenyliso-
propylamine derivatives) possess an affinity for the sero-
tonin (5-hydroxytryptamine, 5-HT) receptors of the iso-
lated rat fundus preparation.’? 2,5-Dimethoxy-substituted
derivatives (e.g., 1, R = Me) possess the highest affinities;
4-methylation (e.g., 1, R = R’ = Me) further enhances
affinity.

N,
R .
CHACHoNCH3)
R—C R—O
0CH; N
R 2

A number of attempts have been made to relate the
structures of the psychoactive phenalkylamines to the
structures of indolealkylamines by varying the orientation
of the aromatic moiety and /or the conformation of the side
chain.®*® Kang and Green have noted that the structure
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9, 23. (d) Nichols, D. E.; Pfister, W. R.; Yim, G. K. W.; Cos-
grove, R. J. Brain Res. Bull. 1977, 2, 169. (e) Nichols, D. E,;
Pfister, W. R.; Yim, G. K. W. Life Sci. 1978, 22, 2165.
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of LSD possesses both phenalkylamine and indolealkyl-
amine molecular subfragments;® hence, this classical model
requires the least manipulation, with respect to reorien-
tation of the aromatic or side-chain functionalities, in order
to visualize structural similarities. Though no presuppo-
sition is being made as to which is the most valid model,
the classical model was used to generate a working hy-
pothesis. 5-Methoxy-N,N-dimethyltryptamine (5-OMe-
DMT; 2, R = Me) possesses a rather high affinity for the
5-HT receptors of the rat fundus preparation. O-Deme-
thylation of the methoxy group of 5-OMe-DMT to give
bufotenine (2, R = H) results in a twofold increase in
affinity (i.e., pA, values are 7.08 and 7.41, respectively).
According to the classical model, the 5 position of the
tryptamine analogues would correspond to the 2 position
of the phenalkylamines. Thus, it was of interest to de-
termine if the demethylation of 2-methoxyphenalkyl-
amines would have an effect on affinity comparable to that
seen upon demethylation of 5-OMe-DMT.

Chemistry. Synthesis of desired 2-hydroxy analogues
5d-f began with the commercially available 2-hydroxy-5-
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