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Some substituted 2-alkoxy-morpholines have been synthesized as potential 
antinociceptive agents. These compounds share some SIN- characteris- 
tics of the piperidine analgesics. Their lipophilicity, expressed as log P (octa- 
nol-water) and as RM values ( h m  reversed phase thin layer chromato- 
graphy) was determined. Correlation of these two lipophilicity parameters 
indicated the classification of the tested compounds into two subgroups. 
Acute toxicity and, for some selected structures. analgesic activity a ~ e  re- 
ported. 

Lipophilie einiger substituierter Morphoiinderivate, synthetisiert ah 
m(igliche analgetkbe Wirkstoffe 

Einige substituierte 2-Alkoxy-morpholine wurdm synthetisielt als mijgliche 
analgetische Wirkstofk. D i e  Verbindungen haben einige Struknucharak- 
teristika dex Piperidin-Anaigetika Ihre Lipophilie, angegeben ah log P 
(Oktanol-Wasser) und als RM (aus reversed phase Dc-clmnatographie) 
wird bestimmt. Korrelation dieser mei Lipophilie-Panuneter kann die unter- 
suchten Verbindungen in nvei Gruppen einteilen Akute Toxizittlt und, flir 
einige ausgewiihlte Struknaen, analgetische AktiviW sind angegeben. 

The synthesized substituted 2-alkoxy-2-phenyl-mor- 
pholines I, 11, 111 present structural similarities with some 
centrally acting antinociceptive agent@, for example pe 
thidine, prodines. However, the morpholine oxygen causes 
some differences, compared to the piperidine analgesics, 
concerning both chemical and physicochemical properties. 
We tried to outweigh these effects by proper substitution, 
principally in positions 2 and 4 of the morpholine ring. 

111 

In this paper, we studied the synthesis of some morpholine 
derivatives, we checked their toxicity and, for some repre- 
sentative structures, their analgesic activity. We mainly in- 
vestigated, however, their lipohilicity, which we expressed 
as log P from the octanol-water system and as RM values, 
derived from reversed phase thin layer chromatography 
(tlc). We tried to correlate these two expressions of lipophil- 
icity quantitatively. Since morpholine derivatives show a 
special behaviour concerning their partitioning characteris- 
tics3), such a correlation could more generally contribute to 
a further elucidation of their lipophilic properties. 

Results and Discussion 

Synthesis 

The formation of the morpholine ring to 2-hydroxy-mor- 
pholine-derivatives was accomplished spontaneously by 

intramolecular nucleophilic attack (Fig. 1). The ring closure 
depends on a favourable conformation of the ketoaminoal- 
cohol, which seems to be influenced by the N-substituent. 
The N-methyl derivative was formed readily (72% yield), 
the N-n-butyl analogue had a yield of 6896, but the pipe- 
ridine analogue (7, Table l), though having the same num- 
ber of carbon atoms, was less easily formed. When the pipe- 
ridine was replaced by a pyrrolidine residue, the morpholine 
ring closure did not occur, this could be attributed to the 
prevention of the hydroxy-side chain to take a favourable 
conformation for the morpholine ring formation. 

The preparation of the 2-akoxy-derivatives, which was 
considered to occur via an intermediate carbenium-oxonium 
ion, stabilized by the 2-phenyl group, was influenced by the 
bulk of the entering alkoxy group. Thus, t-butyl- or iso-pro- 
pyl-alcohols did not react. Interestingly, the 2-iso-propoxy- 
analogue 15 was formed. An explanation to this could be 
that the 5,6-tetramethylene substituent of the morpholine 
ring may contribute to a conformation of the intermediate 
ion favourable to the attack even by the iso-propyl alcohol. 

Physicochemical studies 

The pKa values of the tested compounds were between 
6.98 and 7.50. These are lower than the ionization constants 
of most of the (piperidine) analgesics (7.8-8.9)45). There 
was a slight increase of pKa with the increase of the size of 
the N-alkyl chain, evidently due to the inductive effect of 
these substituents. 

Lipophilicity of the tested compounds has been expressed 
as log P between n-octanol and aqueous buffer (pH 7.4) and 
as RM values. log P (octanol-water) determination is the 
most reliable method for estimating lipophilic characteris- 
tics of biologically active compounds6). However, RM deter- 
mination with reversed phase tlc is considered to be a faster 
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and more convenient way for measuring lipophilicity7**). 
Furthermore, a linear correlation can exist, which may relate 
RM to log P values'). This correlation depends on many par- 
ameters, such as the composition of the eluent, the nature of 
the stationary phase and their analogy to the octanol and 
aqueous phases6.'), as well as the congenerity of the com- 
pounds tested. 

In this series of morpholine derivatives, the compounds 
have the same main skeleton with various substituents at 
different positions of the morpholine ring. It was interesting 
to investigate the effect of these substituents on lipophil- 
icity, and the possibility of deriving a correlation between 
log P and RM values. Both methods were in agreement con- 
cerning some general aspects, i.e. the 2-hydroxy compounds 
were the most hydrophilic, and lipophilicity increased with 
increasing size of the nonpolar substituents. 

Interestingly, monocyclic morpholine derivatives had 
higher log P than expected, compared to those which have a 
second ring fused to the morpholine moiety. It has been sug- 
gested that the higher than expected lipophilicity of some 
substituted morpholines could be attributed to an intercon- 
version of the chair conformers via the intermediate boat 
conformers, which are more lip~philic~.'~). This may happen 
to a much lower degree when there is a second fused ring, 
which results in a less flexible structure. 

Attempts to correlate linearly the log P and RM values of 
all compounds tested gave a poor regression. The distribu- 
tion of the points indicated clustering into two almost paral- 
lel lines. Thus, the compounds were divided into two sub- 
groups, one containing the monocylic (equation 1) and the 
other the bicyclic (equation 2) morpholine derivatives, and 
the corresponding equations were satisfactory (numbers in 
parentheses are 95% confidence limits): 

log P = 0.25 1 (* 0.076) RM + 2.193 (k 0.023) n=5 ~ 4 . 0 4 3  
d . 8 8 5  (1) 

d . 9 5 2  (2) 
log P = 0.274 (k 0.031) RM + 1.847 (k 0.010) n=10 sd.025 

Within each subgroup the number of C-atoms (C) corre- 
lated well with lipophilicity (equations 3 and 4): 

RM = 0.174 (* 0.020) C - 2.615 (& 0.321) n=5 ~ 4 . 0 6 3  
d . 9 8  1 (3) 

d . 9 1 4  (4) 
R~=0 .117  (kO.018)C- 1.836(*0.324) n=lOs=0.117 

This may indicate that, given the basic skeleton, carbon 
containing substituents have the same effect on lipophil- 
icity, regardless of the specific position of each of them. 

Biological studies 

LDso values of the synthesized 2-alkoxy derivatives varied 
from 350 to 995 pmoles per kg. Although toxicity generally 
was increased with increasing lipophilicity, a significant 

H O  

R : ~ ~ ~ ,  + BrCH2COPh + j 

R I  

R2 

Figure 1: Formula scheme showing the synthetic route followed for the 
morpholine derivatives (see also Table 1). 

R': alkyls 
R2: CH3, CH~(CHZ)~CH~ 
R2 R3: -CH~CHZCH~CH~- R4: H 

R3, R4: H 

R2: CH3 R3 R4: -CHZCH~CH~CHZ- 

correlation of toxicity and lipophilicity was not obtained. 
This is not unexpected, since it is known that toxicity can be 
considered as a set of complex and often unspecific interac- 
tions between xenobiotics and biological systems"! 

The three compounds tested demonstrated a statistically 
significant antinociceptive activity compared to controls 
(P<O.OOl), as determined by the Hot Plate method'2). Ap 
proximately the same response was obtained after pethidine 
injection at a dose about 30% of the doses administered. 

Our results indicate that the synthesis of some properly 
substituted morpholine derivatives could lead to compounds 
with significant antinociceptive activity. These compounds 
could be classified into two subgroups, according to their li- 
pophilicity. Within these subgroups, RM values from 
reversed phase tlc represent a reliable index of their l i p  
philic characteristics. 

Experimental Part 

Melting points (uncorrected): Carl Zeiss melting point micmcope. - IR. 
UV, 'H-NMR (in DMSO+ or CDCl,, TMS as an internal standard) spec- 
tra: Perkin Elmer 597 and 554 double beam spectrophotometer, BN&I 
AW80 spectrometer at 80 MHz,  respectively. - Elemental analyses: Perkin 
Elmer 240 analyzer. - Determination of ionization mnstan~: digital 
Radiometer PHM63 pH meter, combined Radiometer GK24OlO glass elec- 
trode. - Tlc: silica gel (60Fw, Merck) glass plates. - Starting materials and 
Solvents (Aldrich Chemical Co., USA): analytical grade. - Male Wistar 
rats (160220 9). Hot Plate, type Ridi 85 (Greece). 

Synthesis 

The 2-hydroxy-substituted morpholines, as hydrohalides, 
were prepared from the corresponding aminoethanols (0.22 
mol) and phenacyl bromide (0.10 mol) in dry ether and neu- 
tralization of the obtained morpholine  base^'^.'^). 2-Hy- 
droxy-morpholines were heatcd in acidic medium with ex- 
cess of the appropriate alcohol to give the Zalkoxy deriva- 
tives'e'6). Starting 2-hydroxymethyl-piperidine, 2-hydroxy- 
methyl-pyrrolidine and 2-methylamino-cyclohexanol were 
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Table 1: Synthesized morpholine derivatives, yields, melting points and elemental analyses. 

. HCI 

Elemental Analyses (%) 
Compound R' RZ R3 R4 Yield m.p. C H  N C  H N  

(%) ( " 0  Calculated Found 

1 
2 
3 
4 
3 
6 
7 
8 
9. 

10 
11 
12 
13 
14' 
15' 
16 

71 
61 
68 
73 
77 
42 
33 
73 
57 
54 
56 
50 
34 
54 
75 
42 

168-9 
156-7 
136-7 
152-3 
144-5 
141-2 
179-80 
170-1 
163-4 
160-1 
159-60 
143-4 
148-50 
133-5 
202-4 
139-40 

61.9 8.10 5.2 61.5 7.96 
63.1 8.41 4.9 63.0 8.27 
61.9 8.10 5.2 61.8 7.98 
64.1 8.68 4.7 64.0 8.59 
65.1 8.93 4.5 65.2 8.85 
65.9 9.16 4.27 65.7 9.22 
62.3 7.43 5.2 62.2 7.5 
64.5 8.07 4.7 64.6 7.9 
57.3 6.74 3.9 57.6 7.09 
66.4 6.74 4.3 66.4 8.49 
66.4 8.60 4.3 66.4 8.50 
70.1 7.23 3.9 69.7 7.11 
63.5 7.76 4.9 63.2 7.87 
58.4 7.57 3.8 58.6 7.30 
58.4 7.57 3.8 58.0 7.60 
67.9 9.05 4.0 68.0 8.93 

5.1 
4.9 
5.1 
4.6 
4.5 
4.1 
5.2 
4.6 
3.9 
4.4 
4.4 
3.8 
4.9 
3.7 
3.8 
3.8 

As hydrobromides. 

prepared from pipecolinic acid17), pr01ine'~) and cyclohexa- 
noP,  respectively. 

The 2-hydroxy-derivatives show a strong band at 3400 
cm-' (IR, nujol mull), hmax 210-220 nm, E = 6200 or 12300 
(compounds with one or two phenyls respectively), ~ 2 4 0  = 
740-1100 (UV, 0.15-0.70 mM in 2-propanol). The 2-al- 
koxy-derivatives show no band at 3400 cm-', hnax 210-220 
nm, E = 7500 or 13000, ~ 2 4 0  = 170 (0.15-0.70 mM in 2-pro- 
panol). - NMR spectra show a triplet at 6 = 0.8-0.9 (ali- 
phatic methyl H), multiplets at 6 = 2.8-3.8 (methylenic H) 
and multiplets at 6 7.5 - 7.7 (aromatic H). Furthermore, con- 
figuration of compounds 13-16 (Table 1) is postulated to be 
trans, according to the employed route, similar to those re- 
ported to have led to trans morpholine  derivative^'^^), and 
to the 'H-NMR spectrum of 16 in CDQ: C-6-H appeared 
as a part of a AB system at 6 = 3.35 (J = 13 Hz). 

Reaction of 2-hydroxymethyl-pyrrolidine with phenacyl 
bromide gave N-phenacyl-prolinol (26%). mq. (hydro- 
chloride) 144-145'C, C13H17N02 calcd. C 71.2 H 7.76 N 6.9 
found C 70.9 H 7.93 N 6.5. It gave a broad band at 
3350 cm-' and a strong peak at 1680 cm-' (IR, nujol mull). 

The synthesized compounds, yields, melting points and 
elemental analyses are shown in Table 1. 

Physicochemical experiments 

Ionization constanst were determined by potentiometric ti- 
tration") at 37'C. 

Apparent Partition Coefficients were determined between 
n-octanol and buffer solution (pH 7.4), mutually saturated, 

after vigorous agitation (10 min), centrifugation and 
determination of the concentration spectroscopically (220 
nm, at least four individual measurements, standard devia- 
tion of P less than 10%). 

True Partition Coefficients were calculated using the 
equation P = Paw / (1-a), where a is % ionization". 

Reversed phase tlc was performed on silica gel plates im- 
pregnated with 5% (v/v) liquid paraffin in light petroleum, 
as described7). Mobile phase: methanoVwater mixture 
(67/33 v/v) containing 1% aqueous NH.,OH (27%). Plates 
were developed in closed chromatography tanks, saturated 
with the polar phase, at 2WC, spots were detected under UV 
light. RF values: average of at least ten measurements. RM 
values were determined from the corresponding RF values 
using the equation RM = log (l/RFl). 

pKa, log P, RF and R M  values are shown in Table 2. 

Biological experiments 

Acute toxicity of the 2-alkoxy compounds, administered 
intraperitoneally, was expressed as LDso values and deter- 
mined by probit analysis23). Confidence limits were within 3 
mg. LDso values are given in Table 2. 

Antinociceptive activity for compounds 2 and 9 (Table 2) 
was determined by the Hot Plate test at 60"C'2*24), for 50 min 
after intraperitoneal administration. Antinociception was 
evaluated using an arbitrary scale of 1-1025). The s u m  of de- 
grees for 50 min obtained from each group of animals was 
averaged. The administered doses per kg body weight and 
the degrees of analgesia were: Compound 1, 276 pmol, 

Arch. Pharm. (Weinheim) 323, S3-56 (1990) 



56 Kourounakis and coworkers 

Table 2: Physicochemical parameters and acute toxicity of the synthesized morpholine derivatives. 

Compound' PKa log P RP (* SD) RM (* SD) LDH, 
(pm0Ilk.g b.w.1 

1 7.12 2.13 0.567 (* 0.034) -0.120 (* 0.062) 670 
2 7.09 2.23 0.526 (* 0.030) -0.063 (k 0.048) 665 
4 7.30 2.00 0.442 (f 0.031) 0.100 (* 0.054) 831 
5 7.24 2.03 0.306 (* 0.025) 0.355 (k 0.049) 768 
6 7.22 2.13 0.224 (* 0.014) 0.539 (* 0.035) 672 
I 7.40 1.77 0.652 (* 0.036) -0.266 (* 0.080) n.d 
8 7.27 1.87 0.506 (* 0.028) -0.018 (* 0.033) 995 
9 7.21 1.92 0.386 (f 0.024) 0.216 (* 0.034) 915 

10 7.19 1.94 0.275 (* 0.018) 0.420 (* 0.040) 676 
11 7.22 1.95 0.285 (* 0.027) 0.400 (* 0.060) 680 
12 6.98 1.95 0.283 (* 0.016) 0.402 (* 0.035) 723 
13 7.50 1.81 0.575 (* 0.040) -0.134 (* 0.071) n.d. 
14 7.13 1.91 0.367 (* 0.038) 0.235 (* 0.073) 350 
15 7.14 1.89 0.327 (* 0.030) 0.312 (* 0.046) 365 
16 7.31 2.05 0.205 (* 0.014) 0.589 (* 0.035) 410 

As in Table 1. 
n.d.: Not determined. 

38.7 degrees; Compound 2, 210 pmol, 36.4 degrees; Com- 
pound 9, 273 pmol, 36.4 degrees. Controls received water, 
7.5 degrees. Pethidine was used as a reference compound at 
a dose of 90 pmol, which gave about the same response, 
39.0 degrees. 

References 

1 A.F. Cay, Progr. Drug Res. 22,149 (1978). 
2 M. Cardellini, G.M. Cingolani, U. Guilini. and F. Venturi, Eur. J. Med. 

Chem. 22, 1 (1987). 
3 L. Le Therizien. F. Heymans, C. Redeulh, and J.-J. Godfroid, Eur. J. 

Med. Chem. IS, 311 (1980). 
4 A.H. Beckett and P. Kourounakis, Arzneim.-Forsch. 26,1810 (1976). 
5 J.P. Tollenaere and H. Moereels, Eur. J. Med. Chem. 15,337 (1980). 
6 A.J. Leo, J. Pharm. Sci. 76, 166 (1987). 
7 H.J.M. Griinbauer, G.J. Bijloo, and T. Bultsma, J. Chromatogr. 270.87 

(1983). 
8 S.H. Unger, J.R. Cook, and J.S. Hollenberg, J. Phann. Sci 67, 1364 

(1978). 
9 M. Kuchg, V. Rejhotec, M. JelinkovA, V. Ubek, and 0. N ~ m e ~ e k ,  J. 

Chromatogr. 162,197 (1979). 
10 I.M. Mayer, H. van der Waterbeemd, and B. Testa, Eur. J. Med. Chem. 

17,17(1982). 
1 1  R.F. Rekker in "QSAR in Toxicology and Xenobiochemistry", pp. 3- 

24, M. Tichi, Ed., Pharmacochemistry Library 8. Elsevier-North 
Holland 1985. 

12 P.L Wood in "Analgesics: Neurochemical, Behavioral and Clinical 
Perspectives", M.J. Kuhar and G.W. Pastern&, Eds., Raven Ress, 
New York 1984. 

13 A.H. Beckett, W.H. Hunter, and P. Kourounakis, I. Phann. Pharmacol. 
20,2 18s (1968). 

14 E. Rekka and P. Kourounakis, Eur. J. Med. Chem 24.179 (1989). 
15 E. Rekka and P. Kourounakis, 3rd Noordwijkerhout Symp., P58, 118 

(1985). 
16 E. Rekka and P. Kourounakis, 6th Camerino-Noordwijkerhout Symp., 

P44 (1987). 
17 F.F. Blicke and C.H. Lu, J. Am, Chem. Soc. 77,29 (1955). 
18 M. Mousseron and R. Granger, Bull. Soc. Chim. France 14, 850 

(1947). 
19 G. Bettoni, C. Franchini, R. Perrone, and V. Tortorella, Tetrahedron 

36,409 (1980). 
20 A. Balsomo, A. Lapucci, B. Macchia. F. Macchia, and N. PasseriN, 

Eur. J. Med. Chem. 18,563 (1983). 
21 A. Albert and E.P. Sejeant in 'The Determination of Ionization Con- 

stants". 3rd ed., Chapman & Hall, London 1984. 
22 P. Kourounakis and N. Chilliard, Pharmazie 38,388 (1983). 
23 J.T. Litchfield and F. Wilcoxon, J. Pharmacol. Exp. Ther. 96. 99 

(1949). 
24 G.H. Hardy, P.M. Doyle, and T.W. Smith, Eur. J. Med. Chem 22,331 

(1987). 
25 D.L. Smith, M.C.D'Amour, and F.E.D'Amour, J. Pharmacol. 77, 184 

(1943). 
[Ph634] 

Arch. Pharm. (Weinheim) 323,53-56 (1990) 


