Pharmaceutical Research, Vol. 6, No. 8, 1989

Technical Note

Phosphorus—Nitrogen Compounds. 31.
N-Phosphinylamino-1,2,5,6-tetrahydropyridines:

Analgesic Activity and Effect on Blood Glucose

1

Lindley A. Cates,”* Ven-Shun Li,? and Sharathchandra S. Hegde*

Received November 28, 1988; accepted March 17, 1989
KEY WORDS: N-phosphinylamino-1,2,5,6-tetrahydropyridines; analgesia (mice); blood glucose lev-

els (rats).

INTRODUCTION

This study is part of a continuing investigation to deter-
mine if phosphinyl agents possess properties similar to their
carbonyl counterparts. The title compounds are representa-
tives of a new type of chemical entity recently synthesized
by the reduction of phosphinyliminopyridinium inner salts
(phosphaminimides) (1). They are also phosphorus ana-
logues of N-carbonylamino-1,2,5,6-tetrahydropyridines® in
which a phosphinyl (P=0) moiety replaces a carbonyl
(C=0) group.
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Ia R = (C2H50)2, X =P, R" & R" = H

IIa R = C,He0, X = C, R' & R" = H

Ib R = (CsHs)z’ X =P, R'+ CHBC(O), R* = H

IIb R = CeHgy X = C, R' = CHBC(O), R" = H

Ic R = (C6H5)2, X =P, R'=H, R"= CHy

IIc R = CgHgs X = C, R' = H, R" = CHy
Scheme I

The latter agents have been reported to possess antiinflam-
matory (2), analgesic (2), hyperglycemic, and hypoglycemic
(2,3) properties.

The present research describes the preparation of an
additional phosphinyl compound (Ib) and the results from
testing it, and two previously reported agents of this nature

! For Part 30 of this series, see Ref. 1.
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(Ia and (Ic), for analgesic, hypoglycemic, and hyperglycemic
properties. For purposes of comparison, three analogous
carbonyl compounds (ITa-Ilc), which were reported to have
these activities (2,3), were resynthesized and similarly
tested.

MATERIALS AND METHODS

The '"H-NMR spectra were determined on a Nicolet NT-
300 or a GE QE-300 spectrometer using tetramethylsilane as
the internal standard and deuterated chloroform as the sol-
vent. Chemical shifts are reported as 8ppm units, and cou-
pling constants as Hz. The ir (potassium bromide) spectra
were recorded on a Perkin—-Elmer 283 spectrophotometer
and absorptions are reported as cm™!. Melting points were
taken on a Thomas—-Hoover apparatus and are corrected to
reference standards. Ultraviolet spectra were determined on
a Perkin—Elmer 200 and Bausch-Lomb Spectronic 20 spec-
trophotometer. Elemental analyses were performed by At-
lantic Microlab, Norcross, Ga. Silica gel 60 (70-230 mesh)
and neutral alumina (Brockman activity 1, 80-200 mesh)
were used for column chromatography, with monitoring of
eluants and the reaction mixture by the use of silica gel
UV,s, (Brinkmann Polygram) tic plates.

4-Acetylethylene Ketal of
N-[(Diphenylphosphinyl)imino]pyridinium Inner Salt (Id)

A solution of O-(mesitylenesulfonyl)hydroxylamine (4)
(2.0 g, 9.3 mmol) in methylene chloride (20 ml) was added
dropwise to a 0-5°C solution of 4-(1-ethylenedioxoethyl)py-
ridine (5) (1.53 g, 9.3 mmol) in methylene chloride (10 ml).
After slowly warming to 20°C over 3 hr the reaction mixture
gave a pale yellow solution which was diluted with methyl-
ene chloride (80 ml). Diphenylphosphinic chloride (3.5 g, 15
mmol) in methylene chloride (25 ml) and then triethylamine
(2.5 g, 24.5 mmol) were added at 5-10°C with stirring. The
reaction mixture was stirred at 20°C for 18 hr and the solvent
removed under reduced pressure to yield a yellow mass.
This material was chromatographed on silica gel using 2 and
5% methanol in chloroform and then rechromatographed on
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neutral alumina using 1% methanol in chloroform as the elu-
ants to yield Id, which was triturated with ether to form a
white solid. M.P., 133-134°C (dec.). Yield 1.7 g (48%). Anal.
Found: C, 66.36; H, 5.60; N, 7.32 for C,,H,;N,O,P requires
C, 66.29; H, 5.57; N, 7.36. IR: 1620 (C=C), 1170, 1210
(P=0). NMR: 1.56 (s,3H,CH,), 3.71 (m,2H,CH,0), 4.03
(M,2H,CH,0), 7.40 (m,8H,2Ph, C;-H, Cs-H pyridinium),
7.92 (m,4H,2Ph), 8.68 (d,J=6.41,2H,C,-H,CsH pyridin-
ium).

4-Acetylethylene Ketal of N-[(Diphenylphosphinyl)amino]-
1,2,5,6-tetrahydropyridine (Ie)

A precooled (0°C) solution of Id (0.92 g, 2.4 mmol) in
ethanol (20 ml) was added dropwise to a solution of sodium
borohydride (0.45 g, 12 mmol) in ethanol (10 ml). The mix-
ture was stirred at 0°C for 10 hr, water (50 ml) was added,
and the temperature was slowly increased to 20°C. Extrac-
tion with methylene chloride (4 X 50 ml), drying with sodium
sulfate, and then evaporation of solvent under reduced pres-
sure gave a pale yellow solid. This material was chromato-
graphed twice on silica gel by eluting with chloroform and
1% methanol in chloroform to give a white solid which was
recrystallized from methylene chloride/ether to yield Ie.
M.P. 148-150°C (dec.). Yield 0.6 g (65%). Anal. Found: C,
62.86; H, 6.64; N, 6.93 for C,,H,50;N,P.H,0 requires C,
62.65; H, 6.76; N, 6.96. IR: 3530, 3340 (OH), 3130 (NH),
1590 (C=C), 1190 (P=0). NMR: 1.40 (s,3H,CH,), 1.90
(s,2H,H,0), 2.18 (m,2H,C;—H), 2.98 (t,2H,C,—H), 3.45
(d,J=2.84,C,-H), 3.77 (m,2H,CH,0), 3.91 (m,2H,CH,0),
4.14 (d,J=17.89,1H,NH), 5.69 (m,l1H,C,-H), 7.47
(m,6H,2Ph), 7.92 (m,4H,2Ph).

N-[(Diphenylphosphinyl)amino]-
4-acetyl-1,2,5,6-tetrahydropyridine (Ib)

A solution of Ie (0.6 g, 1.56 mmol) in a mixture of water
(2 ml) and acetone (30 ml) containing pyridinium p-
toluenesulfonate (0.12 g, 0.5 mmol) was refluxed for 4 hr.
The solvent was removed under reduced pressure, chloro-
form (100 ml) was added, and the mixture was washed with
a saturated solution of sodium bicarbonate (20 ml) and so-
dium chloride (20 ml). The organic layer was dried over so-
dium sulfate and the solvent was evaporated under reduced
pressure. The residue was washed with ether and dried un-
der reduced pressure to yield Ib as a pale yellow solid. The
product was confirmed as consisting of pure Ib by tlc. M.P.
194-196°C (dec.). Yield 0.47 g, (88%). IR: 3060 (NH), 1665,
1590(C=0), 1185, 1205 (P=0). NMR: 2.24 (s,3H,CH,), 2.37
(m,2H,Cs-H), 2.99 (t,2H,Cs-H), 3.68 (d,J =2.82,C,-H), 4.24
(d,J=17.27,1H,NH), 6.64 (m,1H,C;-H), 7.47 (m,6H,2Ph),
7.93 (m,4H,2Ph).

Biological Testing

Analgesic Activity

The writhing test of Collier et al. (6) was employed using
a0.03% solution of phenyl-p-benzoquinone (PBQ) in 5% eth-
anol as the irritant. Five male Swiss albino mice (21-24 g)
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were used in each control (0.2 ml of vehicle only) and test
group. The test compounds were ultrasonically suspended in
a vehicle consisting of physiological saline and Tween 80
surfactant and administered at a dose of 3 and 30 mgkg
subcutaneously in a volume of about 0.2 ml to the test group.
Thirty minutes later about 0.2 ml of PBQ solution was in-
jected intraperitoneally into each mouse in the control and
test groups. The total number of writhes exhibited by ani-
mals in the test groups was recorded during 10 and 30 min.
The percentage change between the test groups and the con-
trol group (displaying 78 and 142 writhes after 10 and 30 min,
respectively), similarly counted, were calculated.

Blood Glucose Determinations

A modification of the method of Raabo and Terkildsen
(7) was used whereby a 0.25% solution of o-dianisidine
dihydrochloride was used as the chromagen. Four male
Sprague-Dawley rats (250-270 g) were used per group. The
animals were fasted overnight and about 2 ml of the vehicle
(1% tragacanth) or 100 mg/kg of test compounds, suspended
in the same volume of vehicle, was administered orally.
Blood samples were collected from the tail 0, 2, and 4 hr
after dosing using measuring capillary tubes and the sera
from these were analyzed by measuring at 450 nm the oxi-
dized o-dianisidine which is produced enzymatically via an
NADH-coupled reaction from glucose.

RESULTS AND DISCUSSION

The compounds investigated in this paper include the
N-diethoxyphosphinyl (Ia) and N-ethoxycarbonyl (Ila) de-
rivatives of -amino-1,2,5,6-tetrahydropyridine and the N-
diphenylphosphinyl and N-phencarbonyl derivatives of this
molecule which possess a 4-acetyl (Ib and IIb) or a 3-methyl
(Ic and IIc) group, respectively.

Compound Ib was synthesized by the following se-
quence of reactions.

Id Ie
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I\IIH
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Scheme 11
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Table I. Analgesic Activity and Blood Glucose Concentration Effects of Ia-Ic and Ila-Ilc

Analgesic activity

Hyperglycemic-hypoglycemic
activity®

Inhibition of
writhing (%)

Change in blood
glucose concentration (%)

Compound Dose (mg/kg sc) 10 min 30 min 2 hr 4 hr
Ia 3 33 20

30 96 82
IIa 3 31 16

30 45 32
Morphine 0.038 46 38
Ib -9+ 472 -1 2.0
b +13 = 11.8 +15 = 14.7
Ic -9+ 46 +3+ 29
IIc +83 = 20.0* +15 = 13.8

“ Mean value = SE.
* Statistically significant (P < 0.05).

The ethylene ketal of 4-acetylpyridine was reacted with O-
(mesitylenesulfonyl)hydroxylamine and diphenylphosphinic
chloride in the presence of triethylamine to give N-[(di-
phenylphosphinyl)amino]-4-(1-ethylendioxoethyl)pyridinium
inner salt (Id). Compound Id was then reduced with sodium
borohydride to yield the corresponding 1,2,5,6-tetrahydro-
pyridine compound (Ie), which was cleaved to give Ib.

The three pairs of analogues were concurrently studied
in mice and rats for analgesic activity and effect on blood
glucose concentrations. Compounds Ila, IIb, and IIc were
selected for retesting since they were reported to possess the
greatest analgesic, hypoglycemic, and hyperglycemic activ-
ities, respectively, of those previously investigated (2,3).

The abilities of Ia and Ila in doses of 3 and 30 mg/kg to
reduce phenyl-p-benzoquinone-induced writhing in mice 10
and 30 min after administration of the irritant are shown in
Table I. The highest analgesic potency was displayed by Ia,
which gave 96 and 82% reductions, compared to reductions
of only 42 and 32% for Ila, after 10 and 30 min respectively,
at 30 mg/kg. Compounds Ia and IIa were equipotent at doses
of 3 mg/kg after 30 min. Both agents are weak analgesics
with approximately 1/80 the potency of morphine, when
comparing effects at a dose of 3 mg/kg, and apparently have
a short duration of action.

The effect on the blood glucose concentration of rats
receiving 100-mg/kg oral doses of Ib, IIb, Ic, and IIC is sum-
marized in Table I. The hyperglycemic activity of IIc occur-

ring after 2 hr was confirmed with this compound; however,
the slight hypoglycemic effect reported for IIb was not found
in this study.

This investigation shows that analgesic activity in mice
was produced by the diethoxy derivative of N-phosphinyl-
amino-1,2,5,6-tetrahydropyridines and the effect was more
pronounced than that displayed by its carbonyl analogue.
Two diphenyl derivatives of this compound bearing 4-acetyl
and 3-methyl groups, however, had no effect on blood glu-
cose concentrations in rats.
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