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As a part of a continuing study of emetic agents related to apomorphine, norapomorphine and a series of N-
alkylated norapomorphines have been prepared by rearrangement of the corresponding morphine derivatives.
Considerable modification of literature methods for the rearrangement have been made; certain of the apor-

phine products were purified by gel filtration.
potent emetic agents.

An earlier communication from this laboratory!
reported preparation of N-allylnorapomorphine (la)
and its high potency as a centrally acting emetic.
Accordingly, synthesis of a series of N-alkylated nor-
apomorphines, all unknown, was undertaken in order
to evaluate the effect of variation of nitrogen substit-
uents on emetic activity (Table I). The substituents
chosen (le-h) were in general those which have been
found to produce interesting or significant effects in the
morphine series. It has been reported® that apocodeine
(2) has a mild emetic activity; however, Sumwalt* has
suggested that its emetic potency results from contami-
nation by small amounts of apomorphine, and that pure
apocodeine is inactive. Therefore, preparation of a
pure sample of apocodeine was undertaken to resolve
this question. Heimann® reported in 1915 that a
sample of norapomorphine (1b) prepared by von Braun
had emetic properties in dogs. von Braun and co-
workers® had claimed preparation of norapomorphine
by treatment of normorphine with hydrochloric acid;
however, the identity and/or purity of this material
are questioned, in that no melting point or elemental
analytical data were reported for it. von Braun stated
that the material rapidly turned a blue-green color, and
he mentioned that it possessed similar physiological
properties to apomorphine. In the present work, it
was desired to prepare a pure, authentic sample of nor-
apomorphine.

The apomorphine derivatives were prepared by acid-
catalyzed rearrangement of the corresponding morphine
congeners, which were synthesized by modifications of
literature methods. Certain of the intermediate struc-
tures, namely N-propargylnormorphine and N,0,0’-
tricyclopropylearbonylnormorphine, have not been
previously isolated nor characterized. Oparina and
coworkers” and Hensiak, Cannon, and Burkman! re-

(1) Part I: J. F. Hensiak, J. G. Cannon, and A. M. Burkman, J. Med.
Chem., 8, 557 (1965).

(2) (a) This investigation was supported in part by Grant NB-04349,
National Institute of Neurological Diseases and Blindness. Abstracted in
part from a thesis submitted by M. V. K. in partial fulfillment of the re-
quirements for the degree of Doctor of Philosophy, University of Iowa,
1967. (b) To whom all correspondence should be addressed.

(3) A. Matthiessen and W. Burnside, Proc. Roy. Soc. (London), B19, 71
(1870).

(4) M. Sumwalt, U. S. Public Health Service, Public Health Rept. Suppl.,
No. 168, 953 (1943).

(5) H. Heimann, Z. Ezptl. Pathol. Therap., 17, 343 (1915).

(6) J. von Braun, O. Kruber, and E. Aust, Ber., 47, 2312 (1914).

(7) M. P. Oparina, A, 8, Karasina, and B. P. Smirnov, Khim. Farm.
Prom., 16, 18 (1934); U.S.8.R. Patent 40,981 (Jan 31, 1935); Chem.
Abstr., 80, 7285 (1936).

Biological test data indicate that certain of the compounds are
Apocodeine has been prepared for reevaluation of published reports of its emetic activity.

Apomorphine derivative

d,R=n-CH,
e,R=C=CH

£, R=CH,~<]
g, R=CH,CH,

h, R = CH,CH,CiH,

arranged morphine and N-allylnormorphine with ortho-
phosphoric acid in a stream of HCL. The purpose of
the HCI was apparently to purge water from the sys-
tem; replacement of it with dry nitrogen resulted in
successful, cleaner rearrangements. The N, provided
an oxygen-free environment, diminishing the likelihood
of oxidative side reactions, and exclusion of HCI pre-
vented the formation of chloromorphide contaminants
which have been shown to arise during treatment of
morphine with HCL.® The chloromorphides as a class
have been reported to possess antiemetic activity,® and
thus are highly undesirable contaminants in material
for biological testing.

Wright® had reported that apomorphine prepared by
rearrangement of morphine contained ‘“high molecular
weight units.” The technique of gel filtration, when
applicable, simplified the removal of polymerie material
from the aporphine products; Sephadex G-10, a cross-
linked dextran, was most suitable in the present work.
When the crude aporphine salts were subjected to gel
filtration, the presence of high molecular weight ma-
terial was indicated by a dark eluate which was not
retarded on the column. This eluate gave a negative
color test for apomorphine, and readily deposited solid
material on standing. Those fractions of eluate which
contained the aporphine monomers were retarded
sufficiently to permit their separation from the dark
eluate described above, and they gave a positive color
test for apomorphine. Gel filtration could not be

(8) L. Knorr and H. Hérlein, Ber., 40, 4883 (1907).

(9) C. H. DuToit and W. R. Christensen, Environmental Protection
Series, Report No. 26, Office of the Quartermaster General, Department
of the Army, 1948, p 26.

(10) C. R. A, Wright, J. Chem. Sor., 28, 652 (1872),
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NORAPOMORPHINE AND DERIVATIVES

Dee pr,
o

adln, ey
ie 1"

Formula

Al yses

HO

HO

Yield,
No. R AMethod y
ih H A 13
e CuH; B 36
Id n-CyH; B 37
le CH,C=CH A 20)
I cH~<] A 33
lg CHLClH A 37
1h CILCTHLCsH \ 16

« The solvent was CILOI for all compounds except N-ethyvinorapomorphine which was run in 11,0,

280282 —R2 Cial I1sCIN O, ¢, I, CL N
278280 —43 CisHpCINO, ¢, H,CL N
263-265 —-55 CraHpuCINO, ¢, H,CLN
245-250) h CaHiCIN O, e,

260-263 — 44 CyuHanCINO, ¢, H,Cl,N
262264 - 19 CasHapCIN O, C, H,CL N
254--262 -2 CyuHaCINO, I CHL N

" Insufficient material avail-

able for determination, Recrvstallized repeatedly from 2-PrOf -ether

employed for some of the aporphine produets, due to
their extreme insolubility in the buffers used.

Pharmacology. Preparations.—Hyvdrochloride salts
of all ecompounds were dissolved in appropriate volumes
of physiological saline.  I'or those studies requiring high
concentrations of drug, suspensions were made by
homogenizing'! the compounds in an aqueous vehicle
containing 0.259 methylcellulose (4000 cps).

Apomorphine Standard.—Apomorphine hydrochlo-
ride was included in the series of ecompounds examined
and served as a reference standard. Aectivities of the
norapomorphines and apocodeine were compared with
those evoked by the standard.

Biological Activities Investigated.-—The substances
were all examined for their ability to produce responses
that were characteristically elicited by the reference
standard apomorphine. These included (a) expressions
of acute toxieity in miece (i.e., convulsions and lethality).
(b) compulsive behavioral responses (gnawing in mice,
pecking in pigeons), and (e) emesis in pigeons and dogs.

Acute Toxicity in Mice.!>—Graded doses of each
compound were administered intraperitoneally into
groups of mice and the animals were observed during a
6-hr period following injection. Median lethal doses
(LDs) and median convulsive doses (CDs) and their
respective standard errors  were computed by the
method of Miller and Tainter'® using data available
2 hr postinjection. In virtually all instances, animals
that failed to succumb to the toxic effects of the drugs
within 2 hr, failed to respond thereafter. The single
exception to this rule was seen during the LD; deter-
mination of 1g. Several deaths occurred in mice
receiving this sparingly soluble compound sometime
after the 6-hr observation period. A 12-hr LD; for

(11) Dispersion was facilitated either by use of ultrasound (Sonogen
Model LG 40, Branson Ultrasonic Corp., Stamford, Conn.) or by triturating
the compounds in a Ten Broeck tissue grinder.

(12) Mice used in this and subsequent experiments were female Harlan
[C'R albino animals, 18-24 g (Harlan Industries, Cumberland, Ind.).

113y 1. C. Miller and M. 1., Tainter, Pror. Soe. Erptl, Biol. Med., 8T, 261
[N EREN

this substance'* would, therefore, be somewhat lower
than that recorded as the 2-hr .Ds,.  The 2-hr statisties
are summarized in Table II along with estimates of
convulsive and lethal potency relative to apomorphine.
Doses are expressed in terms of micromoles of buse
per kilogram.

Apocodeine remains the most toxic of the compounds
investigated, both in terms of lethality and eonvulsive
activity,  Among the norapomorphine series, 1e ranked
highest in the two parameters of toxicity. The avail-
ability of inereased amounts of la, a derivative whose
pharmacological activities were described in an earlier
report,! made possible a more accurate I.D;, estimation
than had been previously possible. Examination
revealed that it was among the least toxic substances
studied and was devoid of all convulsant activity,

Compulsive Gnawing in Miece..—The compulsive
gnawing or chewing svndrome characteristically gen-
erated by low dosex of apomorphine in rodents™ was
vbserved following intraperitoneal administration of
five of the norapomorphine derivatives, but not apoco-
deine.  Median gnawing doses (GDj) and their
<tandard errors were computed for these compounds
and are presented in Table II.  The most potent gnaw-
ing stimulant proved to be le, while 1d was approxi-
mately equivalent in potency to apomorphine. 1la was
somewhat less aetive than apomorphine, and 1b and 1f
were only weakly active. The same five compounds
elicited vigorous Straub tail responses when the dosex
administered exceeded the respective GDjy's.  Apoco-
deine failed to stimulate gnawing behavior, but pro-
voked a conspicuous Straub tail response.

Compulsive Pecking in Pigeons.——Adult White
Carneau pigeons of both sexes served as test subjects.
These animals were selected from a colony of birds
whose high sensitivity to apomorphine had been
previously established. The stereotyped pecking
behavior evoked in pigeons by low doses of apomor-

114y The 12-hr LI of 1g was estimated to be 1145 uM /kg.
115 N, Morita, Arek, Krptl, Pathol. Pharmalol. 78, 188 (1915).
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response in only one animal and only at the highest dosc
of 36 umoles/kg (approximately 11 mg/kg). The re-
maining compounds were devoid of activity as defined
here. Although Matthiessen and Burnside?® attributed
mild emetic activity to apocodeine (2), none of the dogs
in the present study vomited in response to maximum
doses of the drug, and apocodeine TED’s could not be
established. Bergell and Pschorr™ had reported that 2
was nauseant (but not emetie) but no prodromal symp-
toms were observed in the present study which eould he
construed as evidence of “nausea.’”

Experimental Section'*

N,0,0’-Triacetylnormorphine was prepared by a madification
of a method of von Braun and coworkers.® Normorphine®
(20.0 g, 0.068 mole) was refluxed with 71 g (0.695 mole) of Ac,O
and 760 ml of pyridine for 3 hr, then the solvents were removed
(steam bath) under reduced pressure. Regidual volatile com-
ponents were removed by repeated azeotroping with toluene
(steam bath) under reduced pressure. Finally, the residue was
heated with 300 ml of toluene and the resulting vellow solution
wus decanted from a dark, insoluble svrup.  Evaporation of the
toluene yielded 23.2 g (957, of a light vellow solid, mp 167°
(it mp 164°5.

N-Ethylnormorphine was prepared by a method utilized by
CGiates and Montzka?! for preparation of N-cyclopropylmethyl-
normorphine.  N,0,0/-Triacetylnormorphine (245 g, 0.062
mole) in 325 ml of purified THF was added dropwise to a stirred
shurry of 7.2 g (0.190 mole) of LiAlH; in 75 ml of THE. The reac-
tion mixture was stirred at room temperature for 24 hr, then the
excess LiAlH, was decomposed with 40 ml of EtOAc followed by
35 ml of H;0. A saturated solution of ammoninm tartrate (400
ml) was added and the mixture was stirred for 4 hr.  The aqueous
suspension of aluminum salts was then separated and was washed
with five 500-ml portions of EtOAe¢. The combined organic
layers were washed with six 200-ml portions of saturated NaCl
solution, dried (Na:8()), and were taken to dryness under re-
duced pressure.  The tan solid residue was recrystallized from
I91O0Ace to yield 9.9 g (48¢,) of material, mp 200-204° (1it.* mp
195--198° ).

N,0,0’-Tripropionylnormorphine was prepared by a modifica-
tion of a method of von Braun and co-workers.® A mixture of
36.0 g (0.276 mole) of propionic anhydride and 10.0 g (0.034 mole)
of normorphine? was refluxed 5 hr, then volatile materials were
removed (steam bath) under reduced pressure.  Residual volatile
components were removed by repeated azeotroping with xylene
trom & steam bath under reduced pressure. Finally, the brown
syiupy residue was crystallized from anhydrous ether to yield
13.2 g (909 ) of acicular crystals, mp 117-119° (1it.2* mp 215~
217°). Anal. (CullyNOg C, H) N, O.

N-n-Propylnormorphine.-—N,0,Q'-Tripropionylnormorphine
(13.2 g, 0.030 mole) in 300 ml of purified THF was added dropwize
to a stivred slarry of 3.0 g (0.079 mole) of LiAlH, in 100 ml of
THF. After addition was complete, the mixture was refluxed
S hr and cooled, and the excess LiAlHy was decomposed by drop-
wise addition of 20 ml of cold H,0O. The heavy gray-white
mixturewas treated with 200 ml of 10¢7 NaOH and to the resulting
orange solution was added an excess of solid COy, resulting in
separation of 4 heavy precipitate. This material was collected
on a filter; it was dried and extracted 70 hr with CHCly in a
Soxhlet apparatus in which the thimble chamber was heated with

~

(18) 1. Bergell and R. Pschorr, Therap. Gegenwart, 48, 247 (1904).

(19) Meiting points were determined oo a Thomas—Hoover apparatus
and were corrected.  FElemental analyses and Karl Fischer determinations
were performed by Huffman Microanalytical Laboratory, Wheatridge,
Colo. and Schwarzkopf Microanalytical Laboratory, Woodside, N. Y.
Where analyses are indicated only by symbols of the elements, the analytical
results obtained for those elements were within =0.4% of the theoretical
values.

(205 A. ¥, Green, G, K. Ruffell, and E. Walton, J. Pharm. Pharmacal., 6,
3G90 (1954},

(213 M. Gates and T. A, Montzka, /. Med. Chem., T, 127 (1964).

(22) R. L. Clark, A. A. Pessolano, J. Weijlard, and K. Pfister, J. Amer,
Chem. Soc., T8, 4963 (1963). I is assumed tbat this melting point is a
mispring.

\’U]‘ I l

an v lamp. The CHC extract was taken almost to drvness on oo
steam bath, and the residue was rubbed with anhydrons ether 1o
induce formation of 7.0 g (687, of a 1an solid, mp 225 220
dee (1112 mp 2252259

N-Propargylnormorphine w:ux prepared by o method utilized
by Clark and coworkers?? for certain other morphine congeners,
A mixture of propargyl bromide (5.2 g, .044 mole), 12 g (0.040
mole) of normorphine,® 5.3 g 0.063 mole of NaHCO,, and 200
ml of absolute EtOH was refluxed 5 hr, then was filteved while
still hot, The tilirate was taken 1o dryvness under rednced pres-
sure and the residue was extracted 24 he with CHCL in o Soxhlet
appuaratus in which the thimble chamber was heated with an it
lamp. The CHCL extract was taken admost to drviess o a
steam bath and the residue was rubbed with anhydrons ether 1o
induiee formation of a light vellow solid. A solution of this na-
terial in 200 ml of 2-PrO1l was diluted with 310 of anhydrous ether
and the resuliing mixnire was filtered.  The filtrate was evapo-
rated to approximately 30 ml, which caused separation of 5.7 g
4670 of a sgolid, mp 182-185°. A Karl Fischer deterninution
indicated the presence of no chemically or physically bound
0. Anal. C,HLWNOy € H, N

N,0,0/'-Tricyclopropylcarbonylnormorphine. -~ A mixtive  of
5.0 g (0,017 moled of normorphine,2 X.6 g (0.082 moled of exvelo-
propylearbonyt ehloride ¢ Aldrich Chemical Co.g,and 200 mil of
pyridine was vefluxed for 9 hr. The solvent wax removed from a
stenm bath under reduced pressure. and the residual volatite
components were reinoved by repeated azeotroping with xyvlene
from a =teamn bath nnder reduced pressure.  Finallv, the dark
rexidue was heated with 900 mil of toluene and the resnliing vellow
solution was decanted from an insoluble svrup. The toluene sohi-
tion was evaporated under redueed pressure:  the vellowizh
white =olid residue was washed with 600 mil of anhydrons ether,
vesulting in 5.1 g (647, of white ervsials, ap IN3 I85°0 lnal.
(CousHayNOs) C, N, O,

N-Cyclopropylmethylnormorphine w:ux prepared by the method
of Gates and Montzka,? mp 180-191° (11,20 mp 190 -182°).

N-Benzylnormerphine was prepared (rom normorphine® by
the method of Clark and coworkers?2 mp 226-227° (lit.2* mp
230-231° ).

N-Phenethylnormorphine was prepared from normorphine®
by the procedure of Clark and coworkers,?? mp 246-247° dee
(2 mp 250-253° dec .

Norapomorphine and N-Substituted Norapomorphines.-- A
suspension of 1) g of normorphine or of the N-atkylated nor-
morphine in 56 ml of 37, PO, was immersed in an oil bath
120° while passing N. through the mixture at a rapid rate. The
temperatire was raised to 143-150° over 20 min, during which
time most of the morphine derivative dissolved.  Atter | hr, the
hot reaction mixture was diluted with 190 ml of cold 1.0 und
wits placed in a cold room overnight.  The cold reaction mixtare
was treated with 25 g of NaCl, added in =mall portions with
stiring; a tan =olid <eparated.  Thix wax collected on o filter and
wax treated according to method A or B.

Method A.- - The precipitate was dissolved m H.O wr 50607,
and thix temperature was maintained (see Table 1.

Method B.- - The precipitate was dissolved in 130 ml of 1.0
at H0-60°, and the =olntion was allowed to cool to room tempera-
tare. Tt was filtered and the dark filtrate was placed on 5.0 X
6:3.5 ¢m Sephadex G- 10 (lot 9493, Pharmacia Chemicals) colimn
wet with 0.1 3 acetate butfer of pH £.0. Thiz buffer was used
to elute the sample into 20-ml fractions, from 150 ta 200 bheing
collected, depending upon the returduation of the sample on the
column.  The detection of aporphine material in the eluate was
accomplished by nse of the vitrie aeid color test for apomor-
phine,?* o positive test being the development of o purple color,
Those fractions which gave a positive test were pooled (see Table
[

The aqueous solution obrained by method A or B was treated
with excess Na,S0; udded in small amounts with stirring:  the
free aporphine base separated as o finely divided solid.  This mu-
terial was extracted in a separaiory funnel with 6-8 L of ether in
500-700-ml portions.  In the case of norapomorphine 1b, o
continuous lqguid-liguid extraction for 24 hr was necessary.)
The ether extracts were combined, dried (MgRO,), and filtered,

230 Lo E.Small, No B Fddy. J 1L Zeersund B Lo May, /o Oy Ol
23, 1487 (1958).

(24) ““The Pharmacopein of the United States of Amerien
Mauek Publishing Cou Baston, Pao, 1960, v 63
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and the filtrate was treated with ethereal HCL, resulting in a dense
white precipitate which was collected on a filter (see Table I).
Apocodeine (2).—Codeine phosphate (10.0 g, 0.0236 mole) was
rearranged as described for the morphine series. The dark re-
action mixture was diluted with 300 ml of H,O and extracted
with ether. The aqueous layer was basified with concentrated
NHOH and extracted repeatedly with ether. The combined
ethereal extracts were evaporated on a steam bath, and small
amounts of residual HyO were removed by azeotroping with ben-
zene. The solvents were completely removed under reduced
pressure, the residue was taken up in ether-benzene (10:90), and

Hyprocorycumic 4-[3(5)-PYRAZOLYL]PYRIDINIUM SALTS 481

this solution was chromatographed on neutral alumina.  Elution
with the same solvent system, with ether, and finally with ether—
CH;0H (90:10) permitted collection of fractions which formed a
salt with ethereal HCl and were pooled. The HCI salt was re-
erystallized from C;H;OH-ether (charcoal) to afford 1.5 g (2067)
of white crystals, mp 260-265° dec (lit.25 mp 260-263°). Anal.
(CisH20CINO,) C, H, ClI; N: caled, 4.42; found, 3.71.

Apocodeine was freed from its HCI salt with Na,COjs, mp 120~
123° (lit.® mp 122.5-124.5°).

(25) K. Folkers, J. Amer. Chem. Soc., 68, 1814 (1938).
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A series of 4-[3(5)-pyrazolyl]lpyridinium salts has been syuthesized.

Many of these compounds display in-

teresting hypoglycemic activity in alloxan-diabetic mice; a structure-activity relationship is derived.

During the course of screening of randomly selected
compounds for oral hypoglycemic activity, it was
discovered  that  l-methyl-4-[5(3)-methyl-3(3)-py-
razolyl|pyridinium iodide (1) markedly lowered the
blood sugar levels of fasted normal chicks. Compre-
hensive development of the lead was begun when it was
demonstrated that this effect was just as pronounced in
alloxan-diabetic mice (up to 959% reduction of blood
glucose values). In this paper we delineate the strue-
tural requirements for hypoglycemic activity of the py-
razolylpyridinium salts.
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Structure—Aectivity Correlation.—Attention was first
directed to the specificity of the location of the pyrazole—
pyridinium ring attachment. Compounds 2 and 3,
the 2-pyridinium and 3-pyridinium analogs of 1, were
found to be inactive, as was 4, in which the 4-pyrazolyl
position is bonded to the 4-pyridinium position.
Thus, the 4-[3(5)-pyrazolyl]pyridinium structure is
required.

The presence of the pyridinium salt moiety of 1 was
shown to be neecessary by the absence of hypoglycemic
activity in the related tertiary base 5 and piperidine
salt 6. Variations in the nature of the five-membered

(1) Author to whom inquires should be addressed.
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heterocyclic ring will be considered in subsequent
papers.?

The effect upon activity of substituents on the 4-
[3(3)-pyrazolyl|pyridinium nucleus was then ex-
plored by the synthesis and testing of an extensive
series of analogs of 1 (Table I). It wasfound that com-
pounds containing a hydrogen atom (7, 8), alkyl group
(9-14), benzyl group (15), or eyclopropyl ring (16) at
the 5(3)-pyrazolyl position were active, but that the
activity was destroyed by the introduction of certain
electronegative substituents (17-19) or a phenyl
group (20) at this site.

The hydrogen atom at the 4-pyrazolyl or 3-pyridyl
position could be replaced by a methyl group (21, 22)
with retention of activity.

When the N-methyl substituent of 1 was replaced
with larger alkyl groups (23-29), activity was retained.
Alkenyl substituents on the pyridine nitrogen gave
30-34 which displayed hypoglycemic activity. Com-
pound 35, in which the N-methyl had been replaced by
cyclopropylmethyl, was active, but 36 with a
phenacyl and 37, with an ethoxycarbonylmethyl sub-
stituent, were inactive.

Since alkyl groups at the 5(3)- and 4-pyrazolyl posi-
tions led to active compounds, the tetrahydroindazole

(2) V. J, Bauer, W. J. Fanshawe, H. P, Dalalian, and 8. R. Safir, J. Med.
Chem., 11, U84 (1968).



