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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.
Cousiderable modification of literatire 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 poteney 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’-
trieyclopropylearbonylnormorphine, 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 folfillment 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. 8. 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 (lan 31, 1935): Chem.
Ahstr., 30, 7285 (1036).

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

1a, R = CH,CH=CH, 2
b R=H

¢, R=CH;

d,R=n-CH,

e,R=C=CH

f, R=CH,~<]

g, R=CH,CH,

h, R = CH,CH,CH,

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 dryv 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 coutaminants
which have been shown to arise during treatment of
morphine with HCL.®2 The chloromorphides as a class
have been reported to possess antiemetie 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 polymeric material
from the aporphine products; Sephadex G-10, a cross-
linked dextran, was most suitable in the present work.
When the erude 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. See., 28, 632 (1872),
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The solvent was CILOH for all componnds except N-ethyinornpomarphine which was mn in 11,0,
v Reerystatized vepeatedly from 2-PrOtt-ether

ahle for determination,

employed far some of the aporphine products. due ta
their extreme insolubility iu the buffers used.

Pharmacology. Preparations.—Hyvdrochloride salts
of all compounds were dissolved in appropriate volumes
of physiologieal saline.  I'or those studies requiring high
coneentrations of drug, suspensions were made by
homogenizing!! the compounds inn an aqueous vehicle
containing 0.259; methyleellulose (4000 eps).

Apomorphine Standard.——Apomorphine hydrochlo-
ride was ineluded in the series of compounds exaniined
and served as n reference standard.  Activities of the
norapomorphines nnd apocodeine were compured 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 neute toxieity ininice (4.e., convulsions and lethality).
(b) conipulsive bhehavioral responses (gnawing in miee,
pecking in pigeons), and (¢) emesis in pigeons and dogs.

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

(11) Dispersion was facilitated either Ly nse of ultrasound (Sonogen
Model LG 40, Branson Ultrasonie Corp., Stamford, Conn.) or by Iriturating
«he componnds in & Ten Broeck tissue grinder.

(12) Mice 0sed in this and subsequent experiments were female Harlan
1CR alliino animals, 18-24 g (Harlan Industries, Cimnhberland, Ind.).

(131 L. C. Miller and M. 1., Tainter, Proe. Sne, Brptl, Biol. Med., 87, 261
et

" tosnfficiem material avail-

thig substance would, therefore, be somewhat lower
than that recorded as the 2-liw LDg. The 2-hr statisties
are summarized i1 Table II along with estimates of
convulsive and lethal poteney relative to apomorphine.
Doses are expressed in terms of micromoles of base
per kilogram.

Apocodeine remains the most toxie of the compounds
investigated, both i terms of lethality and convulsive
activity,  Among the norapomorphine series, 1e ranked
highest 11 the two parameters of toxieity. The avail-
ability of inercased amounts of 1a, a derivative whose
pharmacological activities were described in an earlier
report,! made possible a more accurate LDg, estimation
than  lLad  been  previously possible.  Examination
revealed that it was among the least toxice substunces
studied and wax devoid of all econvulsant activity.

Compulsive Gnawing in Mice..—The compulsive
giawing or chewing svndrome characteristically gen-
erated by low dosex of apomorphine in rodents! was
observed following intraperitoneal administration of
five of the norapomorphine derivatives, but not apoco-
deine.  Median gnawing doses (GDs) and  their
standard 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-
iately equivalent in poteney to apomorphine.  1a was
somewhat less active than apomorphine, and 1b and 1f
were only wenkly active.  The same five conipounds
elicited vigorous Straub tail responses when the doses
adniinistered cxceeded the respective GDsy’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 colouy of birds
whose high sensitivity to apomorphine had been
previously established. The stereotyped pecking
behavior evoked in pigeons by low doses of apomor-

114) The 12-hr 1,105 »f 1g was estimated (o be 1145 uM kg,
113 R, Moerita, JAeek, Erptl, Pathol. Phornodiol . T8, 188 (1115).
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Enmntests in dogs

TED ratio?

Compulsive pecking

CPR ratio”

LDso == SE°

uM/kg

CDse = SE4

s M/kg

GDyo & Ske

M /kg®

RP

RY

RP

RP

RP

Compd

No.

0.01

1.00

0.36/36.0
0.18/0.18
0.12/0.04

0.90

655 + 34
592 £+ 23
421 & 29

1024 + 56

0.84

1.
1

441 + 82
355 £ 29
317 £ 19
467 = 30

0.04
1.00
3.25

213 £ 18

Norapomorphine
Apomorphine

1b

1.00
2.95

5,078/5,026
7,584/2,574
18,750/10,709

00
40

1.

00

17

8.4+ 1.6
2.6 +0.4
7.54+0.7
31.84+£5.4

3.00

1.
0.58

0.32
<0.32

N-Ethylnorapomorphine

le

|
0.

0.12/0.10
0.18/0.24

1.28
0.48

2,646/5, 550

1818 =+ 233

0.08

1.14
0.27

N-n-Propylnorapomorphine
N-Allylnorapomorphine®

1d
a

>1829

N-Propargylnorapomor-

le

phine
N-Cyelopropylmethyl-

0.83 785 + 55 0.7 323/5,257 0.06

447 + 13

0.02

395 & 34

1f

norapomorphine
N-Benzylnorapomorphine

N-Phenethylnorapomor-

<0.45

>1315
>1015

1g
1h

<0.H8

phine
Apocodeine

1.47

1.98 402 £ 81

188 4= 37

2

¢ Median

4 Median convulsive dose in mice &= standard error.
/ Ratio of cumulative pecking response in pigeons evoked by 1.64 uM of base of test compound/kg to the CPR evoked by an equivalent amount of apo-~

< Potency relalive Lo apomorphine.

b All doses X 10~% M of base/kg.

= Median gnawing dose in mice =4 standard error.

lethal dose in mice & standard error.

A (35 and CDse values were

¢ Kslimated threshold emetic dose of apomorphine/TKD of fest drug; in units of pM /kg.

morphine; each value represents the mean of four determinations.

extracted from an earlier report (see ref 1).
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phine'® was also displayed by birds receiving several of
the norapomorphine derivatives (la, ¢, d, f). In a
preliminary screening maneuver, pigeons received
varying doses of the test drugs intramuscularly.
Drugs that failed to trigger the pecking syndrome in
doses up to 70 wmoles/kg (approximately 20 mg/kg)
were considered inactive. Those substances that ex-
hibited stimulating actions were subsequently assayed
by administering fixed doses (equivalent to 1.64 ymoles
of base/kg) to pigeons whose responses to the same dose
of apomorphine had been determined 8 davs earlier.
Responses, quantified by a method previously de-
scribed, 7 yielded a cumulative pecking response (CPR)
for each animal as an index of syndrome intensity.
Four birds were used to assess the potency of each com-
pound and each CPR value included in Table II repre-
sents a mean of four determinations. The relative po-
tency of each compound was expressed as the mean in-
tensity of response following test drug administration
compared with the mean inteusity of response following
administration of an equimolar concentration of apo-
morphine. The most impressive effects were evoked by
le, whose potency was rated to be about three times
that of apomorphine. 1d also exceeded apomorphine in
potency although by a less impressive margin. 1a had
about half the potency of the standard while 1f proved
to be an extremely weak pecking stimulant,

Emesis in Pigeons.—Although vomiting in pigeons
in response to doses of apomorphine ranging up to 50
pmoles/kg (approximately 15 mg/kg) is usually negligi-
ble, two of the test compounds provoked persistent,
sometimes extremely viclent emesis in these aunimals.
The most intense and prolonged vomiting was induced
by 1b in doses of 17-34 ymoles/kg (approximately 5-10
mg/kg). Considerably less intense was the vomiting
provoked by a comparable dose of 2. By comparison,
the occasional emetic episode seen following injection of
the other compounds was considered trivial.

Emesis in Dogs.—Adult female mongrel dogs weigh-
ing 8-10 kg were titrated with varying doses of apo-
morphine hydrochloride at 5-7-day intervals in order
to establish, for each dog, a threshold emetic dose
(TED). Intramuscular TED’s usually ranged from
0.06-0.50 umole/kg (approximately 0.02-0.15 mg/kg)
and remained stable for each dog as long as the minimum
interval of 5 days between injections was maintained.
Test drugs were initially administered to these dogs in
doses equal to one-half the TED of apomorphine. The
doses were subsequently increased during the following
test periods by geometrically spaced increments until
vomiting occurred or until a dose equal to 100 times the
apomorphine TED was administered. Compounds
that failed to elicit vomiting in a dose 100TED were
considered inactive. At least two dogs were used to
assess the emetic potential of each drug. Relative
emetic potency was expressed as the ratio of the mean
TED for apomorphine to the mean TED for the test
compound (see Table II).

Only 1e¢ exhibited emetic stimulant activity distinetly
superior to apomorphine. 1d was somewhat more po-
tent than apomorphine while 1a appeared to be slightly
less potent than the standard. 1b elicited an emetic

(16) A. M. Burkman, J. Amer. Pharm. Assoc., Sct, Fd., 49, 558 (1960),
(17) A. M. Barkman, J. Pharm. Sci., §0, 771 (1961).
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respouse i only one animal and only at the highest dose
of 36 umoles/kg (approximately 11 mg/kg). The re-
maining conpounds were devoid of aetivity as defined
here. Although Matthiessen and Burnside® attributed
mild emetie aetivity to apocodeine (2), none of the dogs
in the present study vomited in response to maximum
doses of the drug, and apocodeine TEID’s could not be
established.  Bergell and Pschorr'® had reported that 2
wits museaut (but not emetic) but no prodromal svnip-
toms were observed in the present study whicli could he
coustruerl ns evidence of “nausen.”

Experimental Section'®

N.0,0’-Triacetylnormorphine w:s prepared by n madification
of 1 methad of van Braim and coworkers.d  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 salvems were removed
(steein bath) under reduced pressure. Residunl volatile com-
pantents were removed by repeated nzeotroping with tohtene
(stenm bath) nuder redneed pressire.  Finally, the residue was
heated with 300 inl of tohieune and the resutting vellow sohition
wus decanted from a dark, insoluble svrup.  Evaporation of the
tolene vielded 25.2 g (95U) of a light vellow solid, mp 167°
dit.f mp 164°).

N-Ethytnormorphine wnus prepaved by a method utilized by
Clates and Mantzka?! for preparation of N-cyvelopropyimethyl-
normorphine.  N,0,0-Triacetynarmorphine (245 g, 0.062
mole)y in 325 mt of preified THF was added drapwise to a stirred
sturry of 7.2 g 10,490 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 mbof 11,0, A saturated sohition of ammoninm tartrate (400
mi) was added and the mixtire was svirred far 4 . The agueons
suspension of almmimun salts was then separated and was washed
with five H00-ml portions of FEtOAc. The combined organic
Inyers were washed with six 200-ml portions of gawurated NaCl
sohition, dried (NnaSQy), and were taken 1o dryness under re-
dueed pressure.  The tan solid residue wng reerysiallized from
[tOAe 10 vield 9.9 g 1484, ) af maverial, mp 200-204° (1{it.* mp
FOH--FOR® ).

N,0,0 -Tripropionylnormorphine wus prepared by a modificu-
tion of 2 merhod of von Branu and co-workers.5 A mixne of
36,0 g (0.276 mote) of propionic anhydride and 10.0 g (0.034 muale)
af narmorphine? was reflixed 5 hry then volatile materials were
remaoved (steam bath) under reduced pressure.  Residual volatile
components were removed by repented azeotroping with xylene
from u steant bath under redneed pressnre.  Finally, the brown
syrpy residhie was erysuallized from anhydrons echer to vield
£3.2 g (M077 1 of acicular erystals, mp TIT-119° (1e?? mp 215
217°). Anal. (CallyuyNOg C, I, N, O.

N-n-Propylnermorphine.-—N,(), ()~ Triprapionynormorphine
3.2 g, 0.030 mole) in 300 utl of puriied THF was added dropwise
10w stirred shirry of 3.0 g (0.079 niole) of TAAIH, in 100 mi of
THF. After addivion was complete, the mixture was refluxed
8 hr and coaled, and the excess LiAlHy was decomposed by drop-
wike addition of 20 ml of cald H.0. The heavy gray-white
mixtire was trealed with 200 it of 1045 NaOI1 and to the resndting
orange solution was added an excess of solid COs, resulting in
sepuration of u heavy precipitate.  This material was colleeted
an a filter; it was dried and extracted 70 hr with CHCly in a
SRoxhlet apparitns in which the thimble chamber was heated with

()8) 1*. Bergell and R. Pschorr, Therap. Gegenwart, 48, 247 (1904).

114) Melting points were determined on a Thomas-Hoover apparatns
wad were carrected. Elemental atalyses and Karl Fischer determinations
were performed by Haffman Microanalytical Laboratory, Wheatridge,
Cale, and Sehwarzkopf Microanalytical Laboratory, Woodside, N. Y.
Where analyses are indicated only by symbols of tlie elements, the analytical
cesnlts obhtained for those elements were within 0.4 of the theoretical
valoes.

20y A. I, Green, (+, K. Ruffell, and E. Walton, J. Pharm. Pharmacal., 6,
300 (164

21> M. Gnres and 1. A, Montzka, J. Med, Chem., T, 127 (1954).

19:3) R. L. Clark, A. A. I'essalann, J. Weijlard, and K. Pfister, J. tmer,
Chean, Se, T8, 4963 (195:3), 11 is assimned Lbat this melting poinl is 8

nEpeiad
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an v famp.  The CHCL extracet was taken alnmsu o devness an g
steam bath, and the residne was rubbed with anhydrens ether vy
inditee fornmtion af 741 @ 1687, of a 1an solid, mp 220 224
dee (1120 mp 2252287,

N-Propargyinormorphine wa= preparved hy o method ntitized
by Clark and coworkers?? for certain ather nrorphine congencrs,
A mixtwe of propargyl hromide (0.2 g, 0.044 male), 12 g (0.040
mole) of normorphine,® 5.2 g 10.063 mele) of NaHCO,, and 200
ml of nbsahie EtOH was refluxed o hr, then was fihered white
still hor, The tiheare was taken 1o devness nnder redneed pres-
sare and the residne was extracted 24 hr with CHCE ina Soxhien
apparatns in which the thimble chamber was Leated with an b
timp. The CHCE exivacr was taken abnest nc drvness o g
sleam hath and rhe residne was mbbed with anhyvdrans ether o
indnee formation of « lighn vellow salid. A solation ol this aju-
terinl in 20 ml of 2-rOH was dilnted with 3 1 of anhyvdrens ether
and the resnhing mixinre was filered.  The filtrate wies evigm-
rated to approximately 20 ml, which eansed sepmation of 5.7
4600 af a solid, mp 182-185°, A Kl Fischer dererminmion
mdicated rhe presence of na chemically ar physieally bonnd
0.0 cteele 1CRlLLNOG C) 1 N

N,0,0 -Tricyclopropylcarbonylnormorphine. A mixiwe ol
A0 g (A.017 male’ of nermorphine,® X6 g (0,082 meler af eyeto-
propylearbonyl chlovide v Aldvich Chemient Colgyoand 2000t of
pyridine was refluxed for 9 hre. The solvent wax remaved from a
stenm bath nunder redaced pressnve. and the residnal volarile
camponients were removed hy repeated azeotraping with xyvlene
from o =team harh muder rednced pressnre. Finallv, the dnk
re<idie was hented wirh 400 mi of talnene wnd the resntiing vellow
sulirion was decanted from an insolnble =<vmp. The tobiene sohi-
vien wis eviapaorated nnder redneed priossive: the vellowizh
white ~oHd residne was washed with Gonomt of anhydrons erher,
regudting in .0 g 164, 1ol while crvstads, mp IR ESA°0 banl.
(CousHayNOg) ¢, N, O

N-Cyclopropylmethylnormorphine wix prepaved hy the methed
of Gates and Montzka,* mp 189-101° (2 mp 100 -1412°),

N-Benzylnormorphine wi= prepared from narmerphine® by
the methad of Chik and cowarkers?® mp 226-227° He* mp
230248100

N-Phenethylnormorphine wus prepured frem noermorphine®
by 1he procedure of Clark and coworkers,?? mp 246-247° dee
(2 mp 250-255° dee s,

Norapomorphine and N-Substituted Norapomorphines.-- A
=uspension af 10 g of normorphine or of the N-alkylated nor-
morphine in 26 mb of 857 1, PO, was imniersed i an oil bath ot
120° while passing N. thraongh rhe mixtive nt a rapid mle. Fhe
temperatnre was raised 1o 140-150° over 20 min, daring which
rime mo=t ot the morphine devivadve dissalved.  Afrer t hr, the
hier reaction nixhae was dibted with 19D ml of cold 0 and
wits placed in o cold roam overnight, The eold reaction mixinre
wits trented with 23 g of NaCl mlded in =mall ponions with
slirring; o tan =olid separied. This was colleeted onoa filter and
war rented aecarding to merthod A ar 13.

Method A. - The precipitare was dizssobved in H.O a0 500 dne,
and rhiz teniperatire was maminined (see Table T

Method B.- -The precipitate was dissolved in tanml of 11,0
a1 at-60°, and The <alnlion was allowed 10 cool 1o roem temprre-
e, Teowas fillered and rhe dark filtrate was placed ana 2.0 x
635 em Sephadex G- tO rtot 9493, Pharmacia Chemiealsprohmm
wel with 0.t M acetie botfer of pIT £.0. This butfer was nsed
ta ehite the zample ints 20-mt fractions, from 120 10 200 being
callected, depending npon the retardmion of the =ample on the
cohimn, - The detection of aporphine material in rhe ehnate was
aceomplished by nse of the nitrie aeid color test Tor apnmaor-
phine, a positive test being 1he development of o pimple color.
Those fractions wlich gave a positive test were pooled (see Tahle
Is.

The ngqueons solntion ubtained hy method A nr B owas tremed
wirth excess Na,SQ, ndded in smudl mnonnts with stirving: 1he
free aporphine base separated as a finely divided solid. This ma-
terial was extracied in a separniery el with 6-8 1 of ether in
H00-700~-ml portions.  7In the case of nerapomarphine 1b, o
continuous  lignid-lignid extraction for 24 hr wag necessary.)
The ether extracts were cambined, dried (MgR0O,), :aid fihered,

231 Lo F, 8mall. No B ISy, 0L veer, aod B L. May, o vy O,
23, 1387 (1958).

1240 “The Phartmampein o) ahe Unlibed Slates or Anpecien
Mak Pablishing Cou Baston, Tas, 19150, 10 185,
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and the filtrate was treated with ethereal HCI, 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 H,O 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

Hypocrycumic 4-[3(5)-PYRAZOLYL]PYRIDINIUM SALTDS 081

this solution was chromatographed ou neuuwral alumina.  Ehtlion
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-
crystallized from C,H;OH-ether (charcoal) to afford 1.5 g (209;)
of white crystals, mp 260-265° dec (lit.2s mp 260-263°). Anal.
(CisHwCINO,) C, H, Cl; N: caled, 4.42; found, 3.71.

Apocodeine was freed from its HCl salt with Na,COs mp 120~
123° (lit.» mp 122.5-124.5°).

(25) K. Folkers, J. Amer. Chem. Soc., §8, 1814 (1938).
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A series of 4-[3(5)-pyrazolyl|pyridinium salts has been synthesized.

Maiy of these compounds display in-

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

During the course of screening of randomly selected
compounds for oral hypoglycemic activity, it was
discovered  that  1-methyl-4-[5(3)-methyl-3(5)-py-
razolylJpyridinium iodide (1) markedly lowered the
blood sugar levels of fasted normal chicks, Compre-
Liensive 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 hypoglyveemic activity of the py-
razolyvlpyridinium salts.

CH, CH,
HI\>=/>—©N+CH: HN, 3>
\N — : \N N=
i .
[+ 1
1 CH,
2
CH,
TN /N
HN_ ),
N =N,
CH,
3

Structure-Activity Correlation.—Attention was first
directed to the specificity of the loeation of the pyrazole—
pyridiniuni 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 necessary by the abseice of hypoglycemie
activity in the related tertiary base 5 and piperidie
salt 6. Variations in the nature of the five-membered

1) Audr 1o whom imjaires sliould be addressed.

CH,
M=\ /s =\_/
HN_ NCH, N, N

-/ N —
4 5
G.Hs
N ‘HCI
6

heterocyelic ring will be considered in subszequent
papers.?

The effect upon aetivity of substituents on the 4-
[3(5)-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 eyeclopropyl ring (16) at
the 5(3)-pyrazolyl position were active, but that the
activity was destroyed by the introduection 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 ethoxyearbonylmethyl sub-
stituent, were inactive.

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

(2) V. J, Bauer, W. J. Fanshawe, 1{. P, Dalalian, and 8. R. Rafir, J. Med.
Chem,, 11, U84 (1968).



