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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. 
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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) 
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-olutioti of :111ox:~tt i i i ( i t i i ) I i ~  d ra rc  (80 nip kg)  \ \ : I '  

iStrpidl>. iiijectctl iiit o t l i c  ta i l  vciii of utifwhted : i t i i t r i ; i l \  

I'ivc tcr \eveii tl:i> s latcr average tiliiod glucoh(~ coticcltt- 
t ru t  i i l i r ,  deterniitictl i n  0.02-1111 wniples of  ta i l  veiri bli )od 
it-itig the  method of  H(iffmari. daptcd for the Twh- 
riicoti .2uto-,Itinlyzer, average 0 mg YC, four to  five 
timeh the tiornial f ing level. Thc test compouIidb 
were dissolved or siisperided in 0.5% aqueous bodiuni 
carhoxyn~ethylccllulo~e for administrat ion orallj.. 
The intended dose, uhually 0.25- 1.3 mmoles,'kg, was 
contained in 0.2 in1 2 5  g of body weight. Blood glu- 
cose concentrations were determined on samples oh- 
tuiiied 1 hr  aftcv do4tig; results :ire included in Tnhlc I .  
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SCHEME I 
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TABLE I1 
PYRAZOLYLPYRIDINEF 
R, R? 

H * + p  - 
R3 

Mp, OC 

180-183" 
116-117 
136-137 
111-112 
126-127 
184-18.ib 
157- 1 58 
Oilc 
209-210 
136-138 
198-199 
207-208 
136-1 37 
1 13-1 16 
13 id  
198-200e 

liecrj  btn 
solvent 

EtOH-HjO 
MeJCO 
lle>CO 
l\leaCO 
CH,CS 
1-PrOH-HvO 
MelCO 

EtOH 
CHjCN 
l\Ie,CO 
ErOH 
CsH6 
CCla 

x- 

.\nalyses 

C, H, S 
C, H, X 
C, H, S 
C, H, S 

C, 13, 1; 

C, H, S 
C, H, 1; 
C, H, S 
C, H,  1; 
H, S ;  C i  
C, H, S 

lL Lit.6 mp 177-178'. Lit.' mp 190". Characterized as the methiodide, 21, Table I. d Lit."np 137-138". c Lit.gmp 19%-1W0. 
1 C: calcd, 76.6; found, 75.9. 

Experimental Section4 
4- [5(3)-Ethyl-3(5)-pyrazolyl]pyridine (39).--A mixture of 187 

g (1 mole) of methyl isonicotinate, 200 ml of EtCOMe, 1 1. of 
EtyO, and 59 g (1.1 moles) of S a O l I e  was heated under reflux 
with stirring on a steam bath for 3 hr. The mixture was cooled, 
a(-idified mith 100 ml of AcOH, and diluted with 500 ml of HaO. 
The Et20 layer n-as separated, and the HI0  phase was extracted 
with EtiO. The Et& solution was dried i?.lgSOa) and concen- 
trated under reduced pressure to  provide 137 g of a red liquid. 

This liquid was added during 15 min with stirring to 300 ml of 
l0OCc hydrazine hydrate; the temperature of the solution rose 
to 8.i'. The mixture was stirred at room temperature for 1 hr, 
diluted with 450 ml of HzO, and cooled overnight a t  5'. The 
solid which separated was collected and dried. Two re 
lizatioiis (lIe2CO) provided colorless crystals. The properties 
(if  39 are listed in Table 11; iimr (CDCl,), T 8.75 ( t ,  J = 7 c p ~ ,  
3,  CHpCH3), 7.32 (9, J = i cps, 2, CH,CH3), 3.55 (s, 1, 4-pyrazo- 
lyl), 2.33 and 1.41 (d ,  J = 7 cps, 2 each, pyridyl), and -2.99 
(broad, 1, NH) .  

Pi,epared iii a similar manlier from the requisite ketoiie aiid 
pyridiiiec.arboxylate5 were 40-42 and 47-50; properties are also 

(4) Melting points mere determined in a Hershberg apparatus and are 
uncorrected. Microanalyses were performed by Mr. L. hl. Brancone and 
staff: where analyses are indicated only b y  symbols of the  elements, ana- 
lytical results obtained for those elements were within 3 ~ 0 . 4 7 ~  of t h e  theoreti- 
cal values. Nmr spectra were determined on a Varian A-60 spectrometer 
with TAlS or 3-(trimethylsilylj-l-propanesulfonic acid sodium salt as a n  
internal standard,  and  uv  spectra were recorded with a Carv 11 spectro- 
pliotometer by hlr .  W. Fulmor and  staff. 

( 5 )  0. Isler. H. Gutmann. 0. Strauli, B. Fust,  E. Biilini, and .I, Studer, 
H e l r .  Chtm. Seta 38, 1038 ( lY55) .  

summarized in Table 11. Prepared by literature method. were 
5,6 43,' 52,* and 53.g 
4- [3(5)-Pyrazolyl]pyridine (44).-A mixture of 74 g (1 mole) 

of ethyl formate, 61 g (0.5 mole) of 4-acetylpyridinej 54 g (1 
mole) of SaOMe, and 900 ml of C6H6 was heated under reflux 
with stirring for 18 hr. The mixture was cooled, and 65 g of a 
light brown solid was collected by filtration. The solid was added 
to a stirred solution of 97 g (0.9 mole) of hydrazine dihydro- 
chloride in 650 ml of H20 .  After 2 hr the solution was neu- 
tralized with XaOH, and the solid which separated was collected 
and recryst,allized ( l lenCO) to provide colorless crystals. The 
properties of 44 are included in Table 11. 

Prepared in a similar manner from 4-propionylpyridine was 
45. Compound 46 wab prepared from ethyl sodium isonicotiiioyl- 
pyruvate1o by reaction with hydrazine dihgdrochloride as 
described above. 

l-Methyl-4-[5(3)-ethyI-3(5)-pyrazolyl]pyridinium Chloride 
(ll).-A mixture of 44 g (0.25 mole) of 4-[5(3)-ethyl-3(5)- 
p~~azolyl]pyridine and 250 ml of NeC1 was hratod at 90" in a 
bomb for 18 hr. The excess NeC1 was allowed to evaporate, 
and the solid residue was recrystallized (MeOH) to providc 
colorless crystals. The analytical data for 11 are listed in Table I ;  
IIV (AIeOH), 302 mp ( e  19,100); iimr (DzO), T 8.60 (t ,  J = 7 cps, 
3, CH,CH,), 7.18 (9, J = 7 cps, 2, CH,CH,), 5.43 (s, 3, YCH,), 
3.20 (s, 1, 4-pyrazolyl), 1.86 and 1.13 (d, J = 7 cps, 2 each, 
pyridyl). 

(6) L. Fabbrini. Farmuco, Ed .  Sei.,  9, 603 (1954). 
( 7 )  H. A. Wagner, U. S. Patent 3,200,128 (Aug 10, 1965). 
(8) G.  .I. C .  Goupli and H. King, J .  Chem. Soc.. 350 (1933). 
(9) Z. .\mold, Collect. Czech.  Chem. Commun.. 28, 863 (1968). 
(10) S .  E'atutta and .I. Stener. Gnrr. Chim. Itul.,  88, 89 (1958). 




