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.4s a part of a cont,initing stitdy of emetic agents related tan apomorphine, norapnmorphin~ and a seriep of N- 
alkylated riorapomorphiries have heen prepared by rearrangement of the correaporiding morphine derivatives. 
Corisiderable modification of literat lire methods for the rearrangement have been made; certain of the apor- 
phine products were pitrified by gel filtration. Biological test data indicate that certain of the compounds are 
potent emetic agents. dpocodeine has been prepared for reevalitation of pithlished reports of its emetic activity. 

An earlier communication from this laboratory' 
reported preparation of I\'-allylnorapomorphine (la) 
and its high potency as a centrally acting emetic. 
Accordingly, synthesis of a series of X-alkylated nor- 
apomorphines, all unlxmwn, was undertaken in order 
to evaluate the effect of variation of nitrogen substit- 
uents on emetic activity (Table I). The substituents 
chosen (IC-hj mere in general those which have been 
found to produce interesting or significant effects in the 
morphine series. It has been reported3 that apocodeine 
(2) has a mild emetic activity; however, Sumwalt4 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. Heimannj reported in 1915 that a 
sample of norapomorphine ( lb j  prepared by von Braun 
had emetic properties in dogs. von Braun and co- 
workers6 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 i t  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 K-propargylnormorphine and N,O,O'- 
tricyclopropylcarbonylnormorphine, have not been 
previously isolated nor characterized. Oparina and 
coworkers7 and Hensiak, Cannon, and Burkmanl re- 
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Apomorphine derivntive 
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la, R = CH2CH=CH2 
b , R = H  
c, R = C2HS 

e, R = CICH 
f ,  R = C H 2 d  
g, R = CH2C6H5 
h, R = CH2CH2C6H5 

d, R = mCaH7 
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arranged morphine and S-allylnormorphine with ortho- 
phosphoric acid in a stream of HCl. The purpose of 
the HC1 mas apparently to purge water from the sys- 
tem; replacement of it with dry nitrogen resulted in 
successful, cleaner rearrangements. The n - 2  provided 
an oxygen-free environment, diminishing the likelihood 
of oxidative side reactions, and exclusion of HC1 pre- 
vented the formation of chloromorphide contaminants 
which have been shown to arise during treatment of 
morphine with HCL8 The chloromorphides as a class 
have been reported to possess antiemetic activity,g and 
thus are highly undesirable contaminants in material 
for biological testing. 

Wright'O 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-IO, 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 
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cwploj c ~ l  for -otiic of the :ipoi.pliiii(~ product-, due t o  
their tlutrc.me iti-olubilitj i t i  the hiiffer.:, used. 

Pharmacology. Preparations.--Hydrochloride wit- 
of all compound. \\ ere di olved it1 appropriate volume5 
of  phv4ologic:tl -ulinrl 1 I- thoqe -tudies requiring high 
cboticetitratioti. of drug, Yuspensiorii \T ere madc b j  
homogetiizi~igll thc conipouiidh i t i  at1 nqueotis vehiclr 
coiitaitiitig 0 .257;  methylcellulo-e (-4000 cp-). 

Apomorphine Standard. - Aiponiorphine hydrochlo- 
ride n a- iricludcd i t t  the w - i +  ot compounds exaniitiecl 
: ind -c>rved it5 $1 reference -t:iiid:u~l -1ctivitieh of  thv 
tior:ipomorphitie. :md apocodeiti, cre compared \\ ith 

Biological Activities Investigated.--The >ub.:,tance< 
i\ ore :dl ex:mincd fur their abilitj to produce rehpoiihek 
that  I\ (w ch:~racteristicallj elicited b\. the reference 
.taridaicl aponiorphitie. Theze included (a) expression. 
( i f  acute toxicity it] mice ( / . e . ,  cu~iviilsion~ arid lethalit! ) ,  
(h) c~ompulsiw t)cahavioral respon<es (gnitu ing iri mice. 
p(~*kt i ig  in  pigcon.), :tnd ( e )  em in pigeons and dog. 

Acute Toxicity in Mice.l?- adrd dose. of each 
c ~ o n i p o i u i d  rre administered int raperitoneallj- into 
g m i p -  of mice :itid the  animals \.rere observed during a 
6-hr period following injectioii. Neclian lethal dose- 
( 1,1)5,1) mtl median convulsive tlos+ (CDjo) arid their 
I cy)ectivr htand:trd errors iverc~ computed b j  the 
t ~ i c ~ i l ~ o c l  of llillcr atid Tainter13 usi~ig data availablta 
L' hr  postinjectioti. In virtually all instances. animal- 
I h:ii failed to succumb t o  thc toxic- effects of the drugh 
n-ithin 2 Iir, failed to rehpond thereafter. The single 
c\urcytioti to this rule was seen during the ID,O tleter- 
~iiiriatioti of lg. Several death. occurred in niice 
twc~ivirig thiq sparingly solublc compound hometime 
:i t tc . t .  tht. fi-hi, ol)servation period. 12-hr I,D.," for 

thO5P c.voked 1)) the standard. 

( I  1) LXspersion Ivaq facilitated either lig nse of ultrasound (Sonoaen 
\Ir~del LO 40, Branson Ultrasonic Corp., Stamford, Conn.) or  h y  trit,urating 
I t ie r~omponnds in a Ten Broeck tissue grinder. 

, 12) Slice used in this and  subsequent experiments were female Harlali 
I ( ' K  all,irra animals, 18-24 g (Harlan Indiistries. Curniierlanri. Ind . ) .  

, I . < )  I ,  ( ' .  l l i l l e r  a n ~ l  A I ,  1.. Tain te r .  f ' rnr , .  .S'nr. P: .~pi l ,  R i d .  Lle,l . ,  57, 2Gl 
I ! l I I I  

thi. -uh*tnticcl14 \ \odd ,  t hcrcforr, tw homew1i:it l o n t ' i  
than that rccorded a5 the 2-hr I,D,(,. The 2-hr htati-tic- 
:ire -umm:irized in Table I1 along with c-tinxite. ( i t  
convulsive :ind lethnl poteticj relative to a p o n i o r p h i r i c .  

I h e -  are e x p r e . 4  i t i  term. of niicrotnolci o f  t) : iv 

11er I\ilogrwni. 
.lpocodeine remain\ the ino-t toxic of the coinpoiiiidh 

itive-tigwted, tiotli 111 tertii. oi lethality :uid coiivul-ivtx 
activity. Anio~ig  i tic Iiorapc)morphitie serie.. IC rnnlml 
Iiighe-t i t 1  thc two pariiiiieteri of tosicitj. The avail- 
:ihilitj of increa~etl m i o w i i e  of l a ,  M derivative who-(> 
p1i:imni~icological nctivitie.:, were described iri xn earlier 
icport, I tnutle pci-.ihlc a more accurutc l,DaU e-timatiori 
t h a i i  lint1 ~ C Y J I I  prwioiislj powble. Examitintioti 
rt.vealetl that i t  u a- arnotig i h e  le:iht t o u r  
-t utlicd i ~ ~ i t l  n : t i  devoid of  all corivu1s:uit act 

Compulsive Gnawing in Mice. - The (mipul-iv(~ 
g i a \ \  itig or chti\\itig -1 ~idrc)nic~ chnracteristic:ill\ geii- 
rixte(1 11)  lo\\ (10-c. of :rponiorphilie in rodents' 'I\ a i  
i ihservetl following intr:tperitoneal atimiriistratioti i if 

fivc oi the I io r~pomorph i t i~~  de itive\, hut not upoco- 
t l c h c . .  11ediati gna\ving tl  :mi theit 
-t:mtlartf error3 were computed for these compounds 
:uid :ire, presented ill Table IT. The most potent gnaw- 
irig htimulant proved to be IC, while Id wa.:, approxi- 
matel! equivalerit in  poteric) t o  apumorphine. l a  \\-:I- 
-onie\\-hat le+ wtivc thitii :ipomorphitie, and l b  and If 
\ww onl j  n.e:il,I;\. :ictivc. The s a n i ~  five conipound. 
elicited vigoroil. Strnuh tail responhes wheti tlic clo.c* 
:idministered c~uceedeti the respective GDaU's. ,.\poco- 
cleine failed t 1 )  ,tinidat e gnawing behavior, hut p1 o- 
voketl a conspicwni.; ~ t r a u b  tail responv. 

Compulsive Pecking in Pigeons. -- Adult Whit P 

("meail pigeotih of both -exes served as test mhjecth. 
These animal:: \+ere selected from a culol~y of bird. 
\+ hose high -erisitivit? t o  apomorphine had beell 
previously ebtablished Thr stereotyped pecking 
hehavior evoked i n  pigeon.; h? IOU- doses of  apomor- 

14)  r i l e  il-lrr I I h  oi lg ~ a .  w i m a t e d  1 0  \>e 1145 AIM kg 
i i r  Y \ loli tz I /  I ,  lr7ilI l ' n i l , d  I ' l < i r n ~ r i l n l  78, 188 11'315) 
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phinel6 was also displayed by birds receiving several of 
the norapomorphine derivatives (la,  C, 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 pmoles/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 pmoles 
of base/kg) to pigeons whose responses to the same dose 
of apomorphine had been determined S days earlier. 
Responses, quantified by a method previously de- 
scribed, l7 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 I1 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 intensity of response following 
administration of an equimolar concentration of apo- - r 3  - * 3 3 3 C Q e J m  w 8 2  morphine. The most impressive effects were evoked by 

? ??yL?c?y 5 5: y 
z 2 3 1 d 2 0 3  - gu, 

b # $  
z $ I  s 3 g  
0 j,. 3 2 z 3 3 0  c 2 2  5 

z S i i i s i - H S I ~  $I 2 5  $i 

E f S 1 : r r o o a :  L 9 s “ -  r- * a 3  , pmoles/kg (approximately 15 mg/kg) is usually negligi- 

Q 

&L 2 

IC, whose potency was rated to be about three times 
V v v  z s y  that of apomorphine. Id also exceeded apomorphine in 

potency although by a less impressive margin. la had 
about half the potency of the standard while If proved 
to be an extremely weak pecking stimulant. a ” 4 

Emesis in Pigeons.-Although vomiting in pigeons 
L 5 L 9 c U m * C C / \  2 A A  3 . ? a L  , $ 4  in response to doses of apomorphine ranging up to 50 

s ble, two of the test compounds provoked persistent, 
3 - 5  sometimes extremely violent emesis in these animals. 

g 33% The most intense and prolonged vomiting was induced 
by l b  in doses of 17-34 pmoles/kg (approximately 5-10 

9 .  * S h W  
S E  3 3 - 2  0 ri 

2 9 - 1 9  
$ 2  mg/kg). Considerably less intense was the vomiting : - ; - a  

x - t i  provoked by a comparable dose of 2. By comparison, 
c e ,  g z 2 - 8  2 h m -232 the occasional emetic episode seen following injection of 

the other compounds was considered trivial. 
Emesis in Dogs.-Adult female mongrel dogs weigh- 

5 5 . 2  z 
4 -  

3 0 0  

3 -  

E 4  g 
2 R Q ha .u 

g . g + g  

2 . i  

6 Qe. s i + + . +  $I 

5 ; : : z $  d 5 2 g d  ; 
$ g $  

k 4 a.c? morphine hydrochloride at  5-?-day intervals in order 
0 g: 

j b ? q ” y ” .  

u 

4 2 8  M2Z 

S,Z?  3 at 5 h 

- * m m *  d 
I ing 8-10 kg were titrated with varying doses of apo- 

2 u * - L - * h  c.l ~ 3 to establish, for each dog, a threshold emetic dose 
y 3 3 - 0  6 x z  6 (TED). Intramuscular TED’S usually ranged from 

0.06-0.50 pmole/kg (approximately 0.024.15 mg/kg) 
2 %  and remained stable for each dog as long as the minimum 
‘ 5 0  

interval of 5 days between injections was maintained. 
Test drugs were initially administered to these dogs in 

s $ i  
1“- - 3 3 1 ’ :  .c 7 4  

. E4 doses equal to one-half the T E D  of apomorphine. The g a t :  
2 %  5 doses were subsequently increased during the following 

5 0 %  test periods by geometrically spaced increments until z s  - 
d d ,  vomiting occurred or until a dose equal to 100 times the 
T G  ZA 
d -. - apomorphine TED was administered. Compounds 
f E ,  that failed to elicit vomiting in a dose 100TED mere z a &  ’ ‘5 8 considered inactive. At least two dogs were used to 

2 g g  assess the emetic potential of each drug. Relative 2 3  = -  % 2 E Z  = 2 E emetic potency was expressed as the ratio of the mean 
TED for apomorphine to the mean TED for the test .- - 2 2  

Ez e a g E 4,s : m $ compound (see Table 11). 
8 b x Z . 2  Q 2  &k;.e a,? $I z Only IC exhibited emetic stimulant activity distinctly 
$ g $ + g $ A  g g  8 .- superior to apomorphine. Id was somewhat more po- 

tent than apomorphine while l a  appeared to be slightly ’ ” ” ’’ 
less potent than the standard. l b  elicited an emetic 

? 
m v =  
Y a.2 
9, 8 Q3 - 

? 4 ? - ?  2% - - 
u z  5$1$1$1$1 8 

s i y ? L c , m  ii 
, 0 -  

% Z % X N I - Z  2 .. 
?1 

. , ai 
2 

2 2 %  
2 g . 5  0 ’ g : z E  ggsg 

G g s S x s h  b b %  $ 2 2 ,  

gjs: 

%$ 

8 2 C $ e g 1  g g z g  j 2 & 5  Q a 6 a  
v 2  

.- 

8 & y  FFD: ay e + +  a &  E 
” 2  g p ;“ 2 

e 5 ’ 3  (16) A M.  Burkman, J .  Amer. Phnrm A P W C . .  Sct. l ? d ,  49, 558 (1960). 
(17)  A.  M. Burkman, J .  Pharm. Srz., 50, 7 7 1  (1961). 
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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 (a).-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 He0 and extracted 
with ether. The aqueous layer was basified with concentrated 
NILOH and extracted repeatedly with ether. The combined 
ethereal extracts were evaporated on a steam bath, and small 
amounts of residual HzO were removed by azeotroping with ben- 
zene. The solvents were completely removed under reduced 
presswe, the residue was taken up in ether-benzene (10: YO), and 

this solution was chromatographed on  neiitral alumina. Eliit ion 
with the same solvent system, wit,h ether, and finally with ether- 
CHpOH (90: 10) permitted collection of fractions which formed a 
salt with ethereal HC1 and were pooled. The HCl salt was re- 
ci,ystallized from CzHSOH-ether (charcoal) to afford 1.5 g (20%) 
of white crystals, mp 260-265' dec mp 260-263"). A n a l .  
(C18He,Clr\jOz) C, H, C1; S :  calcd, 4.42; found, 3.71. 

Apocodeine was freed from its HCl salt with KazCOs, nip 120- 
123" (lit.2j mp 122.5-124.5'). 

( 2 5 )  K. Folkers, J. Amer. Chem. Soc., 68, 1814 ( lYS6) .  
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X series of 4-[3(3)-pyrazolyl]pyridinium salts has been synthesized. 11a11y of thebe con~pounds display ill- 

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

During the course of screening of randomly selected 
compounds for oral hypoglycemic activity, i t  was 
discovered that  l-methyl-4-[5(3)-methyl-3(5)-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 95% reduction of blood 
glucose values). In  this paper we delineate the struc- 
tural requirements for hypoglycemic activity of the py- 
razolylpyridinium salts. 

\ 
CH3 

3 

Structure-Activity Correlation.-,ittention \vas 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 $1 as 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 
sliowri to be necessary by the absence of hypoglycemic 
activity in the related tertiary base 5 and piperidine 
d t  6. Variations in the nature of the five-membered 

(1) Iu t l i o r  to 5s I11)1i1 incliiii eb siioulrl he iliddrebbed 

heterocyclic ring I\ ill  be considered in subsequelit 
papers.* 

The effect upon activity of substituents on the 4- 
[3(5)-pyrazol\-l]pyridinium nucleus mas then ex- 
plored by the synthesis and testing of an extensive 
series of analogs of 1 (Table I). It was found that com- 
pounds containing a hydrogen atom (7, 8 ) ,  alkyl group 
(9-14), benzyl group (15), or cyclopropyl 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-pgrazolyl or 3-pyridyl 
position could be replaced by a methyl group (21, 22) 
with retention of activity. 

When the S-methyl substituent of 1 was replaced 
with larger alkyl groups (23-29), activit?. wai retained. 
Alkenyl substituents on the pyridine nitrogen gave 
30-34 which displayed hypoglycemic activity. Com- 
pound 35, in which the S-methyl had been replaced by 
cyclopropylmethyl, wa5 active, but 36 with a 
phenacyl and 37, wit ti iiii et,hoxycarboiiylmethyl sub- 
stituent, were inactive. 

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

( 2 )  \ 1 Rducr \\ 1 bansliaue, I 1  I' L)alalia~i. and  h I1 qahr J Veci 
Chcm 11, Y8-1 (1Yb8) 


