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Propoxyphene hydrochloride, a-d-4-Dimethylamino-
1,2-diphenyl-3-methy 1-2-propionoxybutane hydrochlo
ride, is an analgesic that is orally effective and relatively 
nonaddicting.l 

It has been found that the hydroxylamine deriva
tive, l-methoxy-3-methyl-4-phenyl-4-propionyloxy-
piperidine, is an active analgesic as is the related amine, 
a-prodine or 1,3-dimethyl-4-phenyl-4-propionoxypiperi-
dine.2 

It seemed quite possible that a hydroxylamine analog 
of propoxyphene might prove to be an analgesic also. 
However, since hydroxylamine derivatives are generally 
weaker bases than the corresponding amines,3 it was 
decided that the new molecule should contain another 
basic group in addition to the substituted hydroxyl
amine group. For the present study, N-ethoxy-4-ethyl-
amino-3-methyl-2-phenyl-2-propionoxy-l-(2-pyridyl)bu-
tane (I) has been synthesized. 
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As an intermediate in the preparation of this com
pound, X-ethoxy-/3-ethylaminoisobutyrophenone (II), 
C6H5COCH(CH8)CH2N(C2Hs)OC2H6, was made by a 
Mannich-type reaction between propiophenone, para
formaldehyde, and X-ethoxyethylammonium chloride. 
Two diastereoisomeric alcohols were obtained by the 
interaction of II with a-picolyllithium. These alcohols 
were separated and purified by chromatography fol
lowed by fractional crystallization of the picrates. 
Further purification of one of the new diastereoisomeric 
alcohols, a- N-ethoxy-1 -ethy lamino-2-methyl-4- a-pyri-
dyl-3-phenylbutan-3-ol (a-III), was achieved by frac
tional vacuum distillation of the base or by column 
chromatography. Since the diastereoisomeric alcohols 
III were tertiary and relatively unstable, a modifica
tion of the mild method of esterification described 
by Spassow was adopted for the preparation of pro
pionates.4 The /3-isomer of the alcohol III , prepared 
from the 0-picrate was treated with propionyl chloride 
in the presence of magnesium dust in dry ether. The 
hydrochloride of this basic ester which formed was con
verted into its base with sodium carbonate and then 
extracted with ether and dried. The propionate 
/3-I was purified by means of column chromatography 
over Florisil followed by vacuum distillation. 

(1) "Merck Index," 7th Ed., Merck and Co., Inc., Rahway, N. J"., 1960, 
p. 862. 

(2) R. T. Major and F. Diirsch, J. Org. Chem., 26, 1867 (1961). 
(3) T. C. Bissot, R. W. Parry, and D. H. Campbell, J. Am. Chem. Soc, 

79,796(1957). 
(4) A. Spassow, Chem. Ber., 70, 1926 (1937). 

In view of the difficulty of preparing the individual 
diastereoisomeric alcohols, a- or /3-X-ethoxy-l-ethyl-
amino-2-methyl-4-a-pyridyl-3-phenylbutan-3-ol (a-III 
or |3-III), and their propionates for biological testing, 
a larger quantity of a mixture of the diastereoisomeric 
alcohols was propionated for the biological assays. 
The mixture of diastereoisomeric alcohols was purified 
by chromatography, followed by vacuum distillation. 
Care was taken to discard fractions for analysis and 
further use which showed a carbonyl band at about 
5.9 ix in the infrared. 

The propionate of the a,/3-alcohol (a,(3-1) was made 
essentially by the same method as described for the 
preparation of the /3-ester, except that tetrahydrofuran 
was used in place of ether. 

It has not yet proved possible to synthesize the cor
responding compound, X-methoxy-4-methylamino-3-
methyl-2-phenyl-2-propionoxy-l-a-pyridylbutane (IV) 
in a state of purity, although a mixture which un
doubtedly contains it has been made. However, the 
intermediates, N-methoxy-/3-methylaminoisobutyro-
phenone (V) and X-methoxy-l-methylamino-2-methyl-
4-a-pyridyl-3-phenylbutan-3-ol (VI), have been pre
pared by analogous methods to those used with the 
corresponding ethyl homologs described above. 

Pharmacological Activity.—Dr. C. A. Stone of the 
Merck Institute for Therapeutic Research, West Point, 
Pennsylvania, has kindly informed us that he and his 
associates have examined the effect of a,/3-X-ethoxy-
l-ethylamino-2-methyl-4-a -pyridyl-3-phenylbutan-3 - ol 
and its propionate ester on mice. A general mouse 
screening test showed no signs of activity at 
doses of either compound up to 324 mg./kg. i.p. 
Lethal effects were likewise not observed. Dr. C. A. 
Winter of the same laboratory has kindly informed 
us that he had tested the effect of a,/3-X-ethoxy-4-
ethylamino-3-methy 1-2-pheny 1-2-propionoxy-1 - a - py ri-
dylbutane on rats as an analgesic. Oral doses of 128 
mg./kg. were essentially inactive in the tail-pinch 
squeak threshold method. In comparison, d-propoxy-
phene exhibited activity in doses within the range of 
10-50 mg./kg. p.o. 

Experimental 

N-Alkoxy-/3-ethylaminoisobutyrophenone (VII).—One-half 
mole of propiophenone, 0.65 mole of N-alkoxyalkylammonium 
chloride, and 0.22 mole of paraformaldehyde were placed in a 
1-1. flask. After 1 ml. of concentrated HC1 in 80 ml. of 95% 
ethanol had been added, the mixture was refluxed on a water 
bath for 2 hr. To the clear yellowish solution which was obtained 
was added 200 ml. of water; the mixture was then extracted twice 
with ether. The aqueous layer was then made alkaline with 2 
N NaOH and extracted with ether. The extract was dried 
(NajSOO, evaporated, and the residual oil was distilled in 
vacuo. The picrate was prepared from the redistilled oil in an 
ether solution. It was reorystallized to constant melting point 
from methanol. 

N-Ethoxy-/3-ethylaminoisobutyrophenone (I) was collected in 
65% yield, b.p. 105-108° (0.15 mm.). 

Anal. Calcd. for Ci4H21N02: C, 71.45; H, 9.00. Found: C, 
71.09; H, 9.08. 

The picrate had m.p. 128°. 
Anal. Calcd. for C20H24N4O9: C, 51.72; H, 5.21; X, 12.06. 

Found: C, 51.65; H, 5.21; N, 11.98. 
N-Methoxy-0-methylaminoisobutyrophenone (IV) was col

lected in 68% yield, b.p. 88-92° (0.16 mm.). 
Anal. Calcd. for C12H17N02: C, 69.54; H, 8.27. Found: C, 

69.50; H, 8.00. 
The picrate had m.p. 141-143°. 
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Anal. Calcd. for d s H ^ X ^ : C, 49.54; H, 4.62; X, 12.84. 
Found: C, 49.54; H, 4.44; X, 12.52. 

N-Alkoxy-l-alkylamino-2-methyl-4-a-pyridyl-3-phenylbutan-
3-ol (VIII).—To 100 ml. of absolute ether and 2.07 g. (0.298 g.-
atom) of lithium metal under a nitrogen atmosphere, 32.1 g. 
(0.205 mole) of bromobenzene in 70 ml. of absolute ether was 
added in portions. First 20 ml. of the solution was added to the 
lithium in the ether; after the reaction had started, the rest was 
added dropwise. The mixture was stirred for 3 hr., then 10.51 
g. (0.113 mole) of a-pieoline was added dropwise. After the 
addition was complete, the mixture was stirred for 30 min. 
Then 0.1 mole of VII in 60 ml. of absolute ether was added drop
wise, the mixture was stirred for 6 hr., then refluxed for 30 min. 
After the mixture had cooled, 250 ml. of moist ether was added in 
order to decompose the lithium complex. The reaction mixture 
was washed with ice water and then the ether solution was dried 
(K2CO3). After the ether was evaporated, an orange-red oil 
containing VII I remained. 

N-Methoxy-l-methylamino-2-methyl-4-a-pyridyl-3-phenyl-
butan-3-ol (VI). -The residual orange-red oil described above 
was fractionated in vacuo at 0.2 mm. pressure into five fractions 
boiling from under 37° to 158°. Fractions boiling at tempera
tures over 37° showed a strong carbonyl absorption band at 
about 5.95 M m the infrared. Then the undistilled oil (14.8 g.) 
was chromatographed on 255 g. of Woelm alumina. FlluUon of 
the chromatograph with petroleum ether (fractions 1-13) gave 
1.2 g. of residue, with benzene (fractions 14-28) gave 3.5 g. of 
residue, with methylene chloride (fractions 29-44) gave 1.8 g. of 
residue, with ether (fractions 45-57) gave 1.0 g of residue, and 
with chloroform (fractions 58-91) gave 5.5 g. of residue. The 
infrared spectrum of none of these fractions showed much ab
sorption at 5.95 fx, but did absorb at 3.05 (OH) and at 9.55 M 
(methoxyamines). 

A sample of the chloroform eluate was distilled in a Kugelrohr, 
I).p. 180° (0.2 mm.). Characteristic infrared absorption occurred 
at 3.05 and 9.05 n and onlv verv little at 5.95 ,u. 

Anal. Calcd., for C i g H ^ O . : C, 71.97: H, 8.05. Found: 
C, 72.52; H, 8.36. 

A sample of the benzene eluate was also distilled in a Kugelrohr. 
b.p. 180° (0.2 mm). The infrared absorption spectrum was very 
similar to that obtained from the distillate of the chloroform 
eluate. 

Anal. Calcd. for CISH,,4X,0..: C, 71.97; H, 8.05. Found: 
C, 72.51; H, 8.40. 

Dipicrate.—The calculated amount of a saturated solution 
of picric acid in ethyl acetate was added to a soluion of VI in 
ethyl acetate. The precipitate which formed was recrystallized 
from methanol, m.p. 155°. 

Anal. Calcd. for C3l,H3(JX8016: C, 47.49; H, 3.99; N, 14.78. 
Found: C, 47.50; H, 4.13; X, 14.82. 

N-Ethoxy-l-ethylamino-2-methyl-4-a-pyridyl-3-phenylbutan-
3-ol (III) Picrates.—.Most of the orange oil described above, con
taining a,/3-X-ethoxy-'l-ethylamino-2-methyl-4-«-pyridyl-3-pheii-
ylbutan-3-ol (34.0 g.), was chromatographed on a. column (470 
X 26 mm.) of alumina (alumina for adsorption, Fisher Scientific 
Co., Catalog Xo. A-540). The following fractions were collected 
using 100 ml./fraction of the solvent indicated: 1-10, petroleum 
ether, 22.5 g.; 11-18, benzene, 7.4 g.; 19-20, ether, 2 g. 

Inspection of the infrared spectra of the individual fractions 
showed that fraction 1 contained some starting ketone whereas 
all the others consisted only of alcoholic material. Fractions 2-6 
were combined (18.8 g.) and 1.5 g. of the oily material was con
verted in ether solution to 2 g. of a crystalline picrate mixture, 
m.p. 103-133° (sintering at 80°). One recrystallization from 
ethanol gave 0.8 g. of picrate of m.p. 1.42-147°. A second re-
crystallization raised the m.p. to 147-148.5° which was not al
tered by further recrystallizations. 

Anal. Calcd. for' C H H M X A , , : C, 4S.S0; H, 4.36. Found: 
O, 48.87: II, 4.62. 

Fractions 12-14 (5.9 g. i were combined also. A sample (1 g. < 
of this material afforded 1.1 g. of a crude picrate, m.p. 136-144° 
(ethanol); a single recrystallization raised the m.p. to 146-147°, 
which was unchanged on subsequent crystallizations. The mix
ture melting point of these two picrates gave no depression. The 
different melting point ranges of the crude picrates suggested, 
however, that the benzene fraction contained more of the tertiary 
alcohol whose picrate was isolated. 

For further separation of the alcohol mixture, 15 g. of the com
bined petroleum ether-benzene fractions were chromatographed 
011 a column of alumina (28 X 500 mm, i. The following fractions. 

were collected using 250 ml. of solvent each for elulion of frac
tions 1-3; 630 ml. for fraction 4; 750 ml. for fraction 5: 1000 ml. 
each for fractions 6 and 7; and 800 ml. for fraction 8. The solvent-, 
used and yields obtained were: petroleum ether-benzene i " : 3 ; . 
fractions 1 4 , s,3 g.; petroleum ether-benzene :,3.2i. fraction,-, 
5 6, 1.9 g.; benzene, fraction 7, 2.2 g.; ether, fraction s, none 
Fractions 2-6 (4.5 g.) were pooled and converted to s.7 g. of a 
picrate having m.p. 134.5--13S0. Kecrystallization from ethanol 
raised the m.p. to 136-138.5°; this was not changed on subse
quent recrystallizations. 

Anal. Calcd, for C:i,.l-IMX,0,tl: C, 4s.,si>: H. 4.36. Found: 
(', 48.97; H, 4.39, 

The benzene fraction (12 g., from combined runs; was chro
matographed also (column 405 X 28 mm. i and the following frac
tions were collected: fractions 1-3, using 250 ml. of solvent each 
for elulion; fractions 4-6, 500 nil. each: fraction 7, 1000 ml.: and 
fraction 8, 750 ml. The solvents used and yields obtained were: 
petroleum ether-benzene ( 1 : 1 ' , fractions .1-5, 8.1 g.; benzene, 
fractions 6-7, 1.8 g.; and ether, fraction 8,1.5g. Fractions 6 --8 
(3.3 g. combined) yielded 4 g. of a picrate. m.p. 135° (sintering ai 
11S°). Recrystallization from ethanol furnished 2.8 g. of a pic
rate, m.p. 145-148°; another recrystallization yielded 2.4 g. of 
material, m.p, 146-149°. 

j-N-Ethoxy-l-ethylamino-2-methyl-4-«-pyridyl-3-phenyl-
butan-3-ol (0-111).- -To 1 g. of the picrate of 3-III, m.p. 136 
138.5°, was added 20 ml. of 50',' alcoholic KOH and 15 ml. of 
ethyl alcohol. After this mixture had stood for 0.5 hr. il was 
diluted with water to 100 nil. This was extracted three times 
with ether. The ether solution was washed with water seven 
times until the water extract was colorless. Then the ether 
solution was dried (K/.CO3). Kvaporation of the ether left, a 
yellow oil: this was distilled in vacuo, b.p. 192° (0.2 nun.,. 
yield 415 mg. i l 4 ' , l . The infrared absorption spectrum 
showed no carbonyl band, but characteristic bands at 3.2. 3.55. 
6.32. 7.02, 9.59, and 14.2. ,u. 

Anal. Calcd. for (\,H;sX:,(.):,: C. 73.13: H. 8.59: X. .8.53. 
Found: C, 72.98: 11. 8.53; X, 8.50. 

a,c)-Ethoxy-l-ethylamino-2-methyl-4-af-pyridyl-3-phenyl-
butan-3-ol i«,fl-HI).~- A mixture of the petroleum ether-
benzene (9:1) and benzene extracts of the chromatograins of the 
orange oil containing rt.d-lll (except, fraction 1 which showed a 
carbonyl band in the infrared) was distilled, in vacuo, in a Kugel
rohr: b.p. 200° (0.2 nun.). This oil (5.75 g.) was then dis
solved in carbon tetrachloride and poured on a chromatographic 
column of 171 g. of Woelm aluminum oxide. The eluat.es were 
collected in portions of 25 ml. each. 

The fractions eluted by the solvent indicated gave the following 
yields: fractions 119 , carbon tetrachloride, 311 mg.; 20-25, 
benzene, 232 nig.; 20-44, methylene chloride, 764 mg.; 45-54, 
ether, 742 nig.; 55-80, chloroform, 3291 mg.; and 81-88, chloro-
form-methanol (6:1 ), 137 mg. Fraction 62 was analyzed without 
further purification. 

Anal. Calcd. for C,aF,X 2 0 2 : C. 73.13; H, 8.59, X, 8.53. 
Found: C, 73.07: 11, 8.45: X, 8.51. 

Fraction 67 showed no carbonyl band in the infrared, but ab
sorption characteristic, of an ethoxyamino alcohol was found. 
This fraction was also analyzed. 

Anal. Calcd. for Cilia's •Ah: C, 73.13, It, 8.59; N. 8.53. 
Found: C. 72.90; H, 8.42: X, 8.76. 

Fractions 61-72 were combined and esterified as described be
low. 

a,d-N-Ethoxy-4-ethylarnino-3-methyl-2-phenyl-2-propionoxy-
1-Q-pyridylbutane (a,,3-1). -To 2.5 g. of fractions 61-72 of «,d-
III in 1 ml. of dry tetrahydrofuran were added 208 mg. of mag
nesium and 2.73 g. of propionyl chloride in I nil. of dry tetrahy
drofuran. After this mixture had stood at room temperature for 
1 hr., it was refluxed for 2 hr. Then, after standing at room 
temperature overnight, it was hydrolyzed with ice, made alkaline 
with sodium carbonate, and extracted five times with ether. 
After this ether solution had been dried and the ether had been 
evaporated, 4.09 g of a brown oil remained. This was frac
tionated in vacuo in a Kugelrohr. A small amount of by-product, 
b.p. 62° ( 1 mm.), distilled early in the fractionation, and then the 
main fraction of 1.91 g. (,65.2',c) distilled at 195° (0.3 mm.). 
The infrared spectrum of the ester showed characteristic strong ab
sorptions at 3.4, 5.65, 6.2, 6.72, 6.85, 7.12, S.32, 9.37, and 13.98 M. 

Aval. Calcd. for C,3H32X203: C, 71.84; II, 8.39: X, 7.29 
Found: C, 72.01 ; 11,8.25: X, 7.49. 

d-N-Ethoxy-4-ethy)amino-3-methyl-2-phenyl-2-propionoxy-l-
o-pyridylbutano (rt-Ii. To a solution of 328 mg. of 3-111 in I 

eluat.es
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ml. of dry ether was added 24 mg. of magnesium powder. Then 
162 mg. of propionyl chloride in 1 ml. of dry ether was added. 
The mixture was heated on the water bath for a few seconds and 
then set aside at room temperature for 1 hr. I t was then diluted 
with 20 ml. of dry ether, refluxed for 30 min., set aside again at 
room temperature for 1 hr., and then treated with ice-cooled 
sodium carbonate solution to alkalinity. This mixture was 
extracted with ether; the ether solution was dried and then 
the ether was evaporated. The residue was 411 mg. of a yellow 
oil. This was chromatographed through a column of Florisil. 
After initial extractions with carbon tetrachloride, benzene, and 
methylene chloride, the column was extracted with ether. This 
latter fraction was then distilled in a Kugelrohr in vacuo, b.p. 205° 
(0.2 mm.). The infrared spectrum showed characteristic bands 
at 3.6, 5.88, 6.4, 7.0, 7.38, 9.6, and 14.2 M. 

Anal. Calcd. for C23H32N203: C, 71.84; H, 8.39. Found: 
C, 71.60; H, 8.68. 
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gard to CNS activities. A series of alkoxypyridazhies, 
dialkylaminoalkoxypyridazmes, and pyridazines con
taining both alkoxy and dialkylaminoalkoxy substitu-
ents was prepared for the purpose of investigating the 
structure-activity relationships and of evaluating the 
action on the central nervous system (Tables I—III). 

The usual method of producing a 3-alkoxy-6-chloro-
pyridazine has involved the treatment of 3,6-dichloro-
pyridazine (II) with an equivalent amount of sodium 
alkoxide. We have shown using g.l.c. analysis that the 
product is invariably contaminated with II and IV. It 
was found that 3-alkoxy-6-chloropyridazines could be 
prepared best by heating for longer periods at greatly 
reduced temperatures. 

Synthesis and Pharmacological Study of 
Pyridazines . I. Alkoxypyridazines 1 
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The chemistry of pyridazine (I), though related to 
pyrimidine, differs sharply in chemical reactivity due to 
the extreme polar nature of the molecule.3 The posi
tive nature of C-3 and -6 caused by the adjacent ring 
nitrogens is demonstrated not only by the ease of nu-
cleophilic substitution at the ring carbons but also by 
the deshielding effects on the 3 and 6 hydrogen atoms 
as shown in the n.m.r. spectrum.3 Because of the simi
larity of pyridine and pyrimidine, interest in the synthe
sis and pharmacological study of pyridazine derivatives 

I 
Ni 

I 

as potential medicinal agents has increased markedly in 
recent years. The pharmacology of many pyridazine 
derivatives has been studied/ including some with re-

(1) Presented before the Division of Medicinal Chemistry, 147th National 
Meeting of the American Chemical Society, Philadelphia. Pa., April 1964. 

(2) To whom inquiries should be sent at Department of Medicinal Chem
istry, Walter Reed Army Institute of Research, Walter Reed Army Medical 
Center, Washington, D. C. 

(3) P. Coad, R. Coad, and C. Wilkins, / . Phys. Chem., 67, 2815 (1963). 
(4) (a) CIBA Ltd., British Patent 629,177 (Sept. 14, 1949); (b) J. Druey, 

K. Meier, and K. Eichenberger, Helv. Chim. Acta, 37, 121 (1954); (c) D. 
Libermann, French Patent 1,288,703 (March 30, 1962); (d) T. Itai and S. 
Sako, Chem. Pharm. Bull. (Tokyo), 9, 149 (1961); (e) S. Saijo and S. Inaba, 
Japanese Patent 19,567 (Oct. 17, 1961); (f) M. Kumgai, Nippon Kagaku 
Zasshi, 82, 227 (1961); (g) W. H. Nyberg and C. C. Cheng, J. Heterocyclic 
Chem., 1, 1 (1964); (h) J. Kinugawa, M. Ochrai, and H. Yamamoto, Yaku-
gaku Zasshi, 80, 1.559 (1960); (i) CIBA Ltd., British Patent 807,548 (Jan. 
14, 1959); (j) J. Druey and K. Meier, U. S. Patent 2,963,477 (June 21, 1960); 
(k) J. Lederer, J. Org. Chem., 26, 4462 (1961); (1) J. Druey and H. Isler, 
U. S. Patent 3,026,319 (March 20,1962); (m) K. Fucik and J. Strof, Czech. 
Patent 106,621 (Feb. 15, 1963); (n) E. A. Steck, R. P. Brundage, and L. T. 
Fletcher, J. Am. Chem. Sue, 76, 4454 (1954); (o) E. A. Steck and R. P. 
Brundage, ibid., 81, 6511 (1959); (p) R. M. Gesler and J. O. Hoppe, J. 

OR 

VI OCH2CH2N(CH3)2 

V 

CI 

III 

a ,R = CH3 

b, R = n - C 3 H -

c, R = ; -C 3 H 7 

d,R = n-C4H9 

e, R = n-C 5 Hn 

f . R - t - C s H n 

h , R = CH2CH2N(CH3)2 

The 3,6-bisalkoxypyridazines (IV) were prepared 
from II by treatment with excess sodium alkoxide or by 
treatment of III with excess sodium alkoxide using a 
higher temperature. Care had to be taken in prepar
ing 3,6-bis(2-dimethylaminoethoxy)pyridazine (IVh) 
for it was found that 2-dimethylaminoethanol reacts 
violently with II on warming, producing copious 
volumes of smoke. 

The 3,6-dialkoxypyridazines (nonbis) were prepared 
by adding a second mole of the new alkoxide at an ap
propriate temperature. Special problems were en
countered in the process due to a side reaction involving 
alkoxide exchange, a phenomenon first observed in 
pyridazines by Coad, et al.° Conditions were sought 
to minimize the production of the two different bis-
alkoxy compounds which would be produced by means 
of alkoxide exchange. Variables such as the order of 
entry of the alkoxy groups, the temperature (which had 
to be sufficiently high to cause halogen displacement but 

Pharmacol. Exptl. Therap., 118, 388 (1956); (q) R. M. Gesler, A. V. Lasher, 
J. O. Hoppe, and E. A. Steck, ibid., 125, 323 (1959); (r) A. Staehelin, t". S. 
Patent 2,835,671 (May 20, 1958); (s) J. Druey and K. Meier, U. S. Patent 
2,942,001 (June 21, 1960); (t) J. Druey, A. Huni, K. Meier, B. H. Ringier, 
and J. Druey, Helv. Chim. Acta, 37, 510 (1954); (u) K. Meier, B. H. Ringier, 
and J. Druey, ibid., 37, 523 (1954); (v) E. Jucker, Angew. Chem., 71, 321 
(1959); (w) J. Druey, K. Meier, and A. Staehelin, German Patent 1,112,078 
(Aug. 3, 1961); (x) J. Druey, U. S. Patent 2,764,584 (Sept. 25, 1956); (y) 
G. Geber and J. G. Michaels, U. S. Patent 3,012,032 (May 7, 1958); (z) 
J. Druey, Angew. Chem,., 70, 5 (1958). 

(5) P. Coad, R. A. Coad, and J. Hyepock, J. Org. Chem., 29, 1751 (1964). 


