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hir, then the hot solution was filtered. The filirate was rednced
to half its volume under reduced pressirre, and on cooling a solid
separated which was reerystallized (Me,COY to vield 1.55 g (295
of light. veltow enbes, mp 152 155° Laal 1CLILN.O ) U, N

N-Amino-0,0)’-diacetylnormorphine (41 "o .0 ¢ 0000
niole) of Nonitroso-0.0 «diaeel vinororphine (3% in 9 mil of
glacial AcOTE at 35% was addeil 9.5 ¢ 1001 geatmn of Zay dinst o
sueh oote that The Temperatie remained ot 15 50° 110
(9.5 ml) was then added and the reaction mixtinre was maintained
at 50° for 15 min.  The mixtive was filtered and the =ohd on
the filter was washed with H.O which wis added 1o the filtrate.
The =olntion wax satimrated with NaHCO,; and extracted with
CHCly, and the =olvent was vemoved fram the exivact nuder
rednced pressure at 40°.  Recrystallization of the solid restdne
(FtOH) produced 0.85 g (46¢; ) of white ervstals: wmp (71-172°:
nw tKBr) 1738, 1764 oo = (C=0).  Ana/. (CopoHaNOH C, H, N

N-Aminonormorphine Hydrochloride (1).- A =olution of 0.2 ¢
(0.0005 nwole) of 4 iv 10 mi of 1067 HCl was nuintained at 70-75°
for 24 hr. The =olvent was removed mnder redunced pressnre,
and the solid residne was reerystallized (absolute ELOH) to
vield 042 g (700:) of hight vellow ervstals, mp 257-238° dec.
Anal (CllsCINGO G HL CL N

8y I3 Speyer and L. Waier, Ber., 63, 832 (10040),
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The study of strong analgeties has been the subject
of several reviews.!™ Compounds of diverse chemical
structure have been highly active in the laboratory and
m the clinic. However, the mode of interaction of
these analgetic drugs with their receptors is not very
well understood.

In 1956, Beckett® postulated that the analgetic
activity of a drug can be correlated with its absolute
stereochemistry, and introduced a theoretical analgetice
receptor site which hag an anionic site, a cavity, and a
flat portion allowing for van der Waal's forces binding
the aromatic ring of the analgetic drug. Beckett's
hypothesis fails to explain the analgetic activity of
~ome compounds. For example, 17 & as potent u=

@1 N—CH.

HO

1

morphine, vet the aromatic group is fixed in the equa-
torial position while Beckett’s hypothesis demands the
aromatic group to be in the axial position.

Because of this and other exceptions,® Portoghese
recently postulated a new concept to explain the
analgetic activity of conformationally unrelated anal-
getie drugs. The binding of the aromatie ring in anal-

11) Q. ). Braenden and P. O. Wolff, Bull, World Health Organ., 10, 1003
(1954).
(2) O.]. Braenden, N, B. Eddy, and H. Halbach, tbid., 18, 937, (1955).
(3) N. B. Eddy, H. Halbach, and O. J. Braenden, tbid., 17, 569 (1957).
14) H. B. Murphee, Clin. Pharmacol. Therap., 8, 473 (1962).
(3) L. P. Melletti and L. A. Woods, Progr. Drug Res., §, 155 (1963).
(8) A. H. Beckett and A. F. Caay, J. Pharm. Pharmacol., 6, 986 (1954).
(7) N. B. Eddy. Chem. Ind. (London), 1462 (1959).
(8) P. S. Portoghese, J, Med. Chem., 8, 609 (1965).
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getic molecules had been attiibuted to vian der Waal's
forces.”  Sinee such forees are highly distanee speeifie,
Portoghese™ nssmmed  that  hydrophobie  atiraciive
vitther thior v dev Wanl’s forres e oporabive, How-
ever. tppesys thid the tvpe ol internction hetwer
the tromabic grovp of the analgetic moleeules and the
postudated reeeptor hax vet to he studied experimen-
tadly,

We would like fo report the <vuthesix of two pew
compounds designed to study the type of nteraction
between the aromatic group of the unalgetic moleculos
and the receptor site.

Synthetic Methods.  -Auwlogs of the prodbie annl-
getics were synthesized according to Scheme 1. The

Semese L

O
+ HLi—
:T
CH,
2 3. R =2-pyridyt
4. R =3 thienvl
[ OH R OCOlt
10
N N
[ |
CH CH
5 R = 2 pyridyl 7. R = 2pyridyl
6. R = 1 thienvl 8 R = i-thienvl

Li salts of pyridine and thiophene were prepared by
treatment of the corresponding bromo compounds with
n-BuLi.  Addition of these Li salts 1o 2 afforded the
corresponding alenhols which were csterified by trent-
ment with proptonyl chloride.

Experimental Section™

1-Methyl-4-( 2-pyridyl)-4-hydroxypiperidine (5).--"I'o 0.1 mote
of pyridyllithium i 150 ml of dry Et.OQ was added dropwise of
—70° with stiring under Ny a solution of 0.1 mole of 2 i (00 ml
of dry Et0 over 10 min.  The temperature was then allowed (o
rixe to 0° and wax maintained for 45 min.  The reaction mixtnre
was decomposed by pouring it onto ice-HCI (1:1). The Et,0
layer was separated and washed with dilute HCl and the acid
sobrtion was returved to the reaction mixture. This was wade
baste with cold 109, NaOH and extracted with Et,Q which was
then dried (Na,S0). Removal of Et.O gave 10.5 g of 5§ which
distilled at 96° (0.1 nuu). This fraction solidified on standing,
mp 70-72°. For microanalysis 5 was converted to the corre-
sponding methiodide salt by treating a small amount of 5 with
excess Mel in MeOH at room temperature. The quaternary =alt
was reerystallized from MeOH-Et.Q, mp 250-231°.  Anal
(CpHisN,OL-H,0) C, H, N.

1-Methyl-4-(2-pyridyl)-4-propionoxypiperidine (7).--To 3.6 ¢
of 5 in 50 ml of dry Ph)\e was added dropwise with stirring at
room temperature a solution of 5.3 g of propionyl chlaride in 20
ml of dry PhMe. The mixture was refluxed for § hr and allowed
to stand overnight at room temperature. Removal of solvent
in vacuo gave a white solid which was made alkaline with 5¢
NaHCO;, extracted with kEt,0, and dried (Na,80,). Removal
of Et,O in vacuo gave 4.6 g of 7. For microanalysis, 7 was con-

(10) Melting points were taken on & Thomas-Hoover apparatus and are
uncorrected. Where analyses are indicated only by symbols of the elements.
analytical results obtained for those elements were within 0.4 of the theore-
tieal values. All analyvtical samples have nmr and ir spectra in agreemenl
wit)h the assigned structures.
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verted to the methiodide salt as above, mp 195-196°. Anal.
(Ci:HzN:0:1) C, H.

1-Methyl-4-(3-thienyl)-4-hydroxypiperidine (6) was prepared
in 9044 yield according to the method deseribed for 5 using 0.14
mole of freshly prepared 3-(hienyllithium and 0.14 mole of 2.
For microanalysis 6 was converted to the corresponding beuzyl
bromide salt 1 THF. The solid material was washed several
times with absolute ELOII, mp 244-246°. Anal. (CallBrNOS)
C, H, N.

1-Methyl-4-(3-thienyl)-4-propionoxypiperidine (8) was ob-
tained by treatment of 6 with 3 equiv of propionyl chloride.
For microanalysis 8 was converted to the corresponding benzyl
bromide salt. Anal. (CxpH2BrNO,S) C, H, N.

Biological Data.—Using the mouse hot plate method, 7 had an
EDsy of 16.0 mg/kg. The onset peak and duration are respec-
tively 3.4, 26.1, and 151.2 min. Compound 8 had an EDj of
3.9 mg/kg as compared with 1.3 for morphine and 7.5 for codeine.

These results suggest that forces other than hydrophobic or
van der Waal’s are operative.

Acknowledgment.—The authors would like to ex-
press sincere appreciation and gratitude to Dr. Everette
L. May for performing the biological tests on these
compounds. This work was supported by Grant CA-
7031 of the National Cancer Institute, U. S. Public
Health Service.
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We have shown several imides of cyclobutanecar-
boxylic acid to have sedative and hypnotic properties.!
The effects appear to be structure related since eyclo-
butanecarboxamide, a variety of small ring imides, and
several imides of eyclobutane-1,1-dicarboxylic acid? are
essentially inactive. To better ascertain the bioche-
morphology of the cyelobutanecarboximides we have
synthesized and evaluated the imides in Table I. They
were produced using either the reaction of cyclobutane-
carboxamide with excess acetylating agent or amide ac-
vlation with evelobutanecarbonyl chloride in pyridine.
The compounds comprise related series. Their biolog-
ical activity has been correlated with molecular strue-
ture, water solubility, and partition coefficients. They
have been evaluated for general CNS depressant prop-
erties, barbiturate potentiation, myorelaxant, anti-
tremorine, and anticonvulsant potency.

Experimental Section

Chemical Methods.—Elemental analyses were performed by
Midwest Microlab, Inc., Indianapolis, Ind. Where analyses
are indicated by elemental symbols only, analytical results ob-
tained for those elements were within =+0.49, of theoretical
values.

N-Formylcyclobutanecarboxamide. Method A.—A solution
of 0.4 g (0.009 mole) of formamide, and 10 ml of neutral alumina
treated and KOH-dried pyridine was cooled in an ice bath. Cy-
clobutanecarbonyl chloride, 1 g (0.009 mole), was added with
stirring. An exothermic reaction ensued. When it subsided the
mixture was heated on a steam bath for 1 hr and poured into 100 g
of crushed ice. The soluble product was separated by bringing

(1) R. T. Buckler and C. H. Jarboe, J. Med. Chem., 9, 768 (1966).
(2) K. A, Zirvi and C, H. Jarboe, tbtd., 11, 183 (1968).
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the solution to pH 3 with 1 N HCI and extracting with two 50-ml
fractions of CHCl;. Ewvaporation of the solvent after Na,SO,
drying gave N-formyleyclobutanecarboxamide which was erys-
tallized from pentane to yield 0.5 g (40¢,) of product, mp 90°.
Anal. (CHyNOs) N.

N-Caproylcyclobutanecarboxamide. Method B.—Cyelobu-
tanecarboxamide (0.89 g, 0.009 mole) was dissolved in % ml of
pyridine treated as above, by heating on a steam bath for 15 min.
To this 1.6 g (0.009 mole) of caproyl chloride was added with stir-
ring and cooling.  After the vigorous reaction ceased, the mixture
was heated for 1 hr on a steam bath and poured over 100 g of
crushed ice. The product was filtered, dried, and crystallized
from pentane to yield 1.02 g (309;) of imide, mp 65°. Anal.
(C1sHsNO,) N.

Solubility.—An excess of imide was shaken for 2 hr at 25° with
20 ml of distilled H,O at 200 oscillations/min. The suspensions
were filtered and the filtrates were analyzed for imide by uv
spectrophotometry using the Apax at 260 mu.

Partition Coefficients.—The system l-octanol-glass-distilied
H,0 was used. The H,0 phase was presaturated with l-octanol.
The 1-octanol was washed with 6 N H,80,, 6 N’ NaOH, and glass-
distilled H,O until the aqueous phase was neutral. The imide
(40 mg) was dissolved in 20 ml of 1-octanol, and the solution was
mixed with 200 ml of glass-distilled H,O at 25° and shaken for 1.5
hr as above. The phases were separated and the H,O layer was
centrifuged for 1.5 hr at 2500 rpm. Uwv spectroscopy, as above,
was used to determine the imide in the H,O phase; imide content
of the l-octanol layer was determined by difference. Data are
expressed as ratios of 1-octanol content/H,0 content.

Pharmacological Methods.—In all of the following, mice were
used once. They were previously untreated with any drug and
permitted to feed ad libidum.

Bioassay for Sedative and Hypnotic Properties,.—The depres-
sant activity of the compounds was determined by observing
their effects on the spontaneous activity and righting reflex of
virgin female, Swiss—Webster mice weighing 18-22 g.  When the
righting reflex was lost a sleeping time determination was made.
On oral administration, the compounds were given either as a
solution or suspension in 0.2-0.4 ml of 19, gum tragacanth using a
blunted and bent 18-gauge hypodermic needle feeding tube. On
intraperitoneal administration the compounds were given as solu~
tions or suspensions in 0.239 methylcellulose sterile vehicle.
The volume of administered solution was 0.2-0.4 ml. In all
experiments the control animals received vehicle. For each dose
four control and four test mice were used.

Barbiturate Potentiation.—lice, as above, weighing 18-30 g
were used and the test substances were administered orally and
intraperitoneally as above. Pentobarbital sodium (30 mg/kg)
was administered 30 min after the test drug. All solutions were
adjusted so that 0.2-0.4 ml was used. For each test and each
control experiment five mice were used. One-way analysis of
variance tests were run to determine the significance of differences
between test group mean sleeping times and their respective
controls. For all experiments with probabilities <0.01, the data
were further analyzed using Duncans multiple range test. Gen-
erally, all animals lost the righting reflex within 10 min after
pentobarbital injection. The animals were placed on their backs
until spontaneous righting occurred. They were again placed on
their backs until righting was effected within 5 sec at which time
the animals were judged to haveregained therighting reflex. The
measure of potentiation used was the ratio (drug 4+ barbi-
t'/‘.lratt'/esleep time)/(barbituratesleep time T drugsleep t'(me)-

Myorelaxant Activity. —Male Swiss-Webster mice weighing
20-22 g were used. The test compounds were given orally as
above. Strychnine sulfate (2 mg/kg) in 0.25% methylcellulose
sterile vehicle was administered intraperitoneally 30 min after the
test substance. The strychnine dosage was 1009, lethal in con-
trols which died within 10-12 min. The ability of a drug to pro-
tect against strychnine-induced convulsions was assessed by
survival of animals after 30 min and 24 hr. Survival for 30 min
was judged as partial protection; survival for 24 hr was judged as
complete protection.

Antitremorine Activity.—Male Swiss-Webster mice weighing
18-24 g were used. The test compounds were administered orally
as above and at a dose of 1000 mg/kg. Tremorine (20 mg/kg) in
0.25%, methylcellulose sterile vehicle was given intraperitoneally
30 min after the test substance. In controls this dose produced
centrally mediated tremors plus signs of parasympathetic stimu-
lation including salivation, lachrymation, diarrhea, and urination.
Subjective grading was used to establish the degree of pratection



