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It has been shown that a-acylsuccinic esters react with hytlruitie to  form both pyrazolones and the isomeric dihydro- 
pyridazones; several of these isomeric pairs have been prepared, separated and their structures ascertained. 

As early as 1898, von Rothenbergl,s reported that  
diethyl formylsuccinate reacted with hydrazine 
hydrate to yield a compound, melting a t  171.5- 
172”, that  he formulated2 as 4-carbethoxy-4,3- 
dihydro-6-pyridazone. At about the same time, 
Curtius3 observed that the reaction of diethyl 
acetylsuccinate with hydrazine gave a compound, 
melting a t  16G0, that  he formulated as 3-methyl-3- 
carbethoxymethyl-5pyrazolone. More recently 
De and Dutt4 obtained, from the reaction of diethyl 
acetylsuccinate and semicarbazide, a compound 
containing 15.0070 nitrogen and melting a t  220°, 
that  they said, without further evidence, was ;3- 
methyl - 4 - carbethoxy - 4,s - dihydro - (i - pyrid- 
azone. Sonn5 commented in 1935 that  the coiii- 
pound reported by von Rothenberg2 to be a dihydro- 
pyridazone was undoubtedly the isomeric pyrazo- 
lone. And very recently, Gault6 has reported the 
reaction of triethyl oxalylsuccinate with hydrazine 
hydrate to  give a product, melting a t  155-156”, 
that  was formulated as 3,4-dicarbethoxy-4,5- 
dihydro-6-pyridazone. In  none of the above- 
mentioned papers was the structure of the products 
unequivocally established and in each case the 
choice of structure (pyrazolone or dihydropyrida- 
zone) was rather arbitrarily made. Because there 
was obviously considerable confusion over what is 
actually formed when an a-acylsuccinic ester is 
allowed to react with hydrazine, our purpose in 
this research was to repeat each of the abovc- 
mentioned reactions and investigate the nature of 
the products formed. 

lye have allowed hydrazine hydrate to react with 
each of the three a-acylsuccinic esters: (1) diethyl 
formylsuccinate, (2) diethyl acetylsuccinate and 
(3) triethyl oxalylsuccinate. From each of these 
reactions we have isolated two isomeric compounds : 
one a moderately high melting, less soluble, easily 
purified material that  is a pyrazolone (I) ; the other 
a lower melting, more soluble, more difficultly 
purified material that  has been proved to be a 
dihydropyridazone (11). Compound IIb was sep- 
arated by fractional crystallization, whereas com- 
pounds IIa  and IIc were distilled, after which 
compound TIC then was crystallized easily; com- 
pound IIa  was an oil that  was not obtained com- 
pletely pure and in one instance the distilled 
niaterial was found to  contain about 20y0 of the 
dehydrogenated material IIIa.  This is the first 
recorded instance of a spontaneous thermal de- 
hvdrogenation of a dihydropyridazone. 

( I )  R. von Rothenberg,  Bey. ,  26, 3061 (1893). 
( 2 )  R. von Rothenberg,  J. p a k f .  Chem. [Z] 61, 140 (1895). 
(:V 7’ Curt ius ,  zbiif , [ 2 ]  60 ,  508 (1894). 

S C. De and n S D u t t ,  J. I? id?oz?  C h r w .  \ o c ,  7 ,  47’3 (1930). 
.\ Sunn. .4;t;! , 918, 290 1193i ) .  
I I  Gault. (;. I<a lop i?s iy  \-. Ri5L ~ i i d  F, Cr ixmb~c l l ,  E x l l .  coi. 
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a , R = H  
b, R = CH3 
c, R = COOEt 
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la ,  R = H I I a ,  K = H 
b , R  = CHj 
c ,  R = COOEt 

I > ,  R = CH, 
c, R = COOEt 

Each of the compounds IIa, I Ib  and IIc, when 
treated with bromine in glacial acetic acid, under- 
went dehydrogenation, a well-known reaction of 
dihydropyrida~ones,~ to yield IIIa,  I I Ib  and IIIc. 
These pyridazone esters were hydrolyzed with 
dilute acid, giving the corresponding pyridazone 
carboxylic acids, IVa, IVb and IVc. The diacid 
IVc underwent partial decarboxylation during the 
hydrolysis, as indicated by its carbon and hydrogen 
analysis and its neutralization equivalent. Ther- 
mal decarboxylation of these acids in the presence 
of a little copper powder gave 6-pyridazone, 3- 
methyl-6-pyridazone and 6-pyridazone, respec- 
tixrely, identical in each case with authentic samples. 
This conclusively proves that  IIa,  I I b  and TIC are 
the dihydropyridazones. 

I!&, K = H Ii la ,  R = H 
b, R = CH, 
c, R = COOEt 

b, R = CHa 
c, R = COOEt 

S H  ---+ 
RikS 8 

S H  Rh 

IVa,  R = H !-a, R = €I 
b, R = CHa 
c, R = COOH c , R = H  

b, R = CHI 

When cornpound IC was similarly treated with 
bromine i t  reacted very sluggishly, the bromine 
being used up only after prolonged refluxing, and 
from the reaction mixture no homogeneous product 
could be isolated. 

It should be noted here that  the cornpounds Ia, 
I b  and IC correspond in properties to those of the 
compounds previously isolated from these reactions 
by von Rothenberg,2 Curtius3 and Gault,6 respec- 
tively. Thus, previous to this communication 
only pyrazolones have been isolated from tht. re- 
action of a-acylsuccinic esters a n d  hytirai.iiic. 

( 7 )  0. Poppenberc,  Dei. . ,  34,  32.57 ( 1 9 0 1 ~ ;  \V <; O , p i r i i , i  ~ i i i l  I ,  P 
IViggins, . I ,  C h c m  .Soc , 289 (1947). 
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Repetition of the reaction of De and Dutt4 of 
semicarbazide with diethyl a-acetylsuccinate gave 
only a compound, melting a t  115-116', that  gave 
correct analyses for the semicarbazone of the 
starting material. 

In order to  further characterize our compounds 
and possibly to provide a means for differentiating 
between pyrazolones and dihydropyridazones, we 
have determined the ultraviolet absorption spec- 
trum of each of these substances in 957, ethanol. 
I t  will be noted that  the only appreciable difference 
in the spectra of the pyrazolones and the dihydro- 
pyridazones is the considerably more intense 
absorption of the latter. 

We are indebted to Mr. Kenneth Kun for the 
measurement of the ultraviolet spectra. 

Exp erimental*~9 
Reaction of Diethyl Formylsuccinate with Hydrazine.-- 

A solution of hydrazine hydrate (5.0 g., 0.10 mole) in 100 
ml. of water was added slowly with stirring to a solution of 
diethyl formylsuccinate (20.2 g., 0.10 mole) in 100 ml. of 
ethanol. The reaction was immediate and the mixture 
warmed to  45". When the mixture was chilled there were 
obtained 8.0 g. (47% yield) of crystals Ia that melted at  
167-168.5'. Recrystallization from 95% ethanol did not 
raise this melting point; ultraviolet absorption'o: Amax, 254 
mp, e 3550; A,,,. 227 m p ,  e 4250. 

Anal. Calcd. for CrHlCN203: C, 49.40; H ,  5.92; N, 
16.47. Found: C, 49.34; H,  5.86; N, 16.54. 

The filtrate from the above crystals was evaporated to 
dryness under vacuum and the residue was boiled out with 
benzene to ensure dryness; the residue was then shaken with 
100 ml. of benzene and this mixture was filtered, yielding 
an additional 1.5 g.J9%, 56% total yield) of the pyrazolone 
melting at  161-162 . The benzene filtrate was evaporated 
to  dryness under vacuum and the residue was distilled, giv- 
ing 1.5 g. (9%) of material boiling a t  125-130' (0.4 mm.) 
(IIa). 

Anal. Calcd. for CrHlaN203: C, 49.40; H ,  5.92. Found: 
C, 50.03; H, 6.52. 

In a larger run there was obtained from 10.5 g. of a corre- 
sponding distillate 2.0 g. of crystalline material melting at  
112-124'. This material, after successive crystallizations 
from benzene and water, melted a t  127-128", undepressed 
with a sample of IIIa prepared as described below. 

Reaction of Diethyl Acetylsuccinate with Hydrazine.-A 
solution of hydrazine hydrate (15.0 g., 0.30 mole) in 100 
ml. of water was mixed with a solution of diethyl acetyl- 
succinate (75.6 g., 0.35 mole) in 200 ml. of ethanol. The 
mixture warmed spontaneously and was then heated a t  80' 
for a few minutes, after which the solution was evaporated 
to dryness under vacuum. The residue was boiled with 500 
ml. of benzene and, when this mixture was chilled, there 
was obtained 29.0 g. (52.5% yield) of crystals, melting a t  
156.5-162', which after recrystallization from ethanol melted 
a t  166-167" (Ib); ultraviolet absorption: A,,,, 250 mp, E 
4380; inflection at  230 m p .  

Anal. Calcd. for CsH12NnO3: C, 52.16; H,  6.57; N, 
15.21. Found: C, 51.98; H,  6.78; N, 15.39. 

The benzene filtrate was evaporated to dryness under 
vacuum, leaving a partially crystalline mass which was crys- 
tallized from 100 ml. of 1: 1 benzene-Skellysolve C. There 
was obtained 11.5 g. (21% yield) of crystals melting a t  76- 
87'; this material, after two recrystallizations from the 
same solvent mixture, melted a t  91.5-92.5' and weighed 
4.0 g. (IIb);  ultraviolet absorption: X,,,. 266 mp, e 6700. 

Anal. Calcd. for C8H12N203: C, 52.16; H, 6.57; N, 
15.21. Found: C, 52.16; H ,  6.66; N, 14.93. 

(8) Boiling points and melting points are uncorrected. 
(9) Microanalyses were carried out by Miss Lorelinde Einstein. 
(10) Ultraviolet absorption data on all compounds were determined 

in 95Ci, ethanol on a Beckman model DK recording spectrophotom- 
eter. For comparative purposes the ultraviolet absorption of 3- 
inrt hyl-5-pyrazolorie was determined: Auax 245 mp, e 3200. 

Reaction of Triethyl Oxalylsuccinate with Hydrazine .- 
A solution of hydrazine hydrate (10 g., 0.20 mole) in 100 
ml. of ethane1 was mixed with a solution of triethyl oxalyl- 
succinate (54.8 g., 0.20 mole) in 100 ml. of ethanol. The 
mixture warmed spontaneously and was then evaporated to 
dryness under vacuum. The residue was crystallized three 
times from ethyl acetate, giving 5.5 g. (11% yield) of mate- 
rial melting at  156-159" (IC); ultraviolet absorption: 
A,,, 268 m p ,  e 5630; Amax 231 mp, c 10900. 

Anal. Calcd. for C1oHl&:1O6: C, 49.58; H,  5.83; N, 
11.57. Found: C, 49.44; H ,  5.92; ST, 11.54. 

The first ethyl acetate mother liquor was evaporated to 
dryness under vacuum, leaving 35 g. of oily material that 
was distilled to give 13.5 g. of distillate boiling a t  175-180" 
(0.4 mm.); after four crystallizations from ethyl acetate 
this furnished 4.8 g. (10% yield) of crystalline material 
melting at  98-100.5" (IIc); ultraviolet absorption: Amax. 
269 mu. e 11300. . .  

Anal. Calcd. for C.oHl,NtOs: C, 49.58; H, 5.83; X, 
11.57. Found: C,49.55; H,5.71; N, 11.66. 
4-Carbethoxy-6-pyridazone (IIIa).-A solution of 4- 

carbethoxy-4,5-dihydro-6-pyridazone (Ira) (1.7 g., 0.01 
mole) in 10 ml. of glacial acetic acid was heated to boiling 
and bromine (1.6 g., 0.01 mole) was added. The bromine 
was consumed immediately and hydrogen bromide was 
given off. The solution was diluted with 10 ml. of water 
and then evaporated to dryness under vacuum. The resi- 
due, after three crystallizations from water, weighed 1.1 g .  
(65% yield) and melted at  126.5-127.5"; ultraviolet ab- 
sorption: A,,,, 312 m p ,  e 2480. 

Anal. Calcd. for C7HsN2O3: C, 50.01; H ,  4.79; K> 
16.67. Found: C, 50.02; H ,  4.80; N, 16.59. 

3-Methy14-carbethoxyy-6-pyridazone (IIIb).--3-Methyl- 
4-carbethoxy-4,5-dihydro-6-pyridazone (IIb) was treated 
with bromine as above, yielding the pyridazone melting at  
114.5-116'; ultraviolet absorption: 312 mp, e 2300. 

Calcd. for C8HloNt03: C, 52.74; H,5.53; N, 15.38. 
,Found: C, 52.52; H,  5.65; N, 15.57. 

3,4-Dicarbethoxy-6-pyridazone (IIIc).-3,4-Dicar- 
bethoxy-l,&dihydr0-6-pyridazone (IIc), similarly treated 
with bromine, gave the pyridazone melting a t  85.5-87.5"; 
ultraviolet absorption: A,,,. 249 mp, 7190; inflection at  
291 mM. 

Anal. Calcd. for C10H12N2O6: C, 50.00; H,  5.04; N, 
11.66. Found: C,49.89; H,  4.98; N, 11.71. 

4-Carboxy-6-pyridazone (Na).-4-Carbethoxy-6-pyrida- 
zone (IIIa) (0.5 g., 0.003 mole) was heated for one hour a t  
reflux with 5 ml. of 20% hydrochloric acid. At first every- 
thing dissolved but soon crystals started to form; the 
cooled mixture yielded material which, after recryst.diza- 
tion from water, weighed 0.2 g. ( ca .  50% yield) and melted 
a t  303' dec.; ultraviolet absorption: Amax, 303 mp, €2350. 

Anal. Calcd. for CsH4N:10s: C, 42.86; H,  2.88; N, 
20.01. Found: C, 42.65; H,  3.09; N, 20.25. 

3-Methyl-4-carboxy-6-pyridazone (IVb).-3-Methyl-4- 
carbethoxy-6-pyridazone (IIIb),  by a similar hydrolysis, 
gave the acid melting a t  247" dec.; ultraviolet absorption 
X,,,. 301 m p ,  e 2310. 

Anal. Calcd. for C6H6N2O8: C, 46.75; H, 3.93; N ,  
18.18. Found: C,46.89; H,3.85; N, 17.94. 

3,4-Dicarboxy-6-pyridazone (IVc).-3,4-Dicarbethoxy-6- 
ppridazone (IIIc) by a similar hydrolysis gave a diacid that 
had undergone partial decarboxylation and which melted 
a t  291" dec. 

Anal. Calcd. for CsH4N2O5: C, 39.14; H, 2.19; neut. 
equiv., 92. Found: C, 41.48; H, 3.68; neut. equiv., 120. 

Decarboxylation of IVa, IVb and 1Vc.-A sample of each 
of these acids, separately, was mixed with a small amount of 
copper powder and the mixtures were heated over a free flame 
in a small flask equipped with a small distilling head and con- 
denser. After the initial bubbling had ceased the heat was 
raised so as to  distil the material slowly. A crystalline 
distillate was obtained in each case and this was then re- 
crystallized from Skellysolve B. 

The products from IVa and IVc each melted a t  97-100", 
undepressed when mixed with an authentic sample of 6- 
pyridazone.ll The product from IYb melted at  138-110°, 

Anal. 

-.-___ 

( 1 1 )  S. Gabriel, B e y . ,  41, fi54 (1909) 



undepressed when mixed with an authentic sample of 3- heated a t  reflux for one hour, after which the solvents were 
methyl-6-pyridazone .7 removed under vacuum. The residue was crystallized from 

Reaction of Diethyl Acetylsuccinate with Semicarbazide. 300 ml. of water t o  give 16 g. (59% yield) of material melt- 
-A solution of semicarbazide hvdrochloride (11.2 8.. 0.1 ing at 115-116". Recrystallization did not raise thismelting 
mole) and hydrated sodium acetate (13.6 g., 0.i m;lk) in 
100 ml. of water was mixed with a solution of diethx-1 acetyl- Anal. Calcd. for CllHinSu06: C, 48.35; H, 6.97; S, 
succinate (25.6 g., 0.1 mole) in 100 ml. of ethanol. There 

point. 

ld.38. Found: C, 48.69; H,  7.13; N, 15.64. 
was no heat evolved on mi,.ing and the mixture was then SEW YORK 11, SEW YORK 

Reduction of Organic Compounds by Lithium in 
Low Molecular Weight Amines. 11. Stereochem- 
istry. Chemical Reduction of an Isolated Non- 

terminal Double Bond 
BY R O B E R T  A .  BENKESER, GESE SCHROLI, AND D A L E  &I. 

SALVE 

RECEIVED DECEMBER 1 I ,  1 9 d l  

It was demonstrated in a previous publication' 
from this Laboratory that  lithium, dissolved in 
methyl, ethvl- and n-propylamine, constitutes a 
powerful reducing medium for aromatic hydrocar- 
bons. In  every case thus far investigated this rea- 
gent has been found to effect far more extensive re- 
ductions than had previously been noted with so-, 
diuni in liquid 

It had been established conclusively bv Camp- 
bell3 that  reduction of acetylenes by sodium in liq- 
uid ammonia involved a trans addition of hydrogen. 
Reductions carried out in the lithium-amine sys- 
tem were so markedly different from those effected 
by sodium in ammonia that  i t  was deemed expe- 
dient to determine the stereochemistry of this new 
reducing medium. An approach similar to that em- 
ployed by Campbell was utilized successfully in 
the present study. 

When samples of 3-octyne and 5-decyne were 
reduced a t  -78" by lithium dissolved in ethyla- 
mine, good yields of trans-3-octene and trans-5-dec- 
ene were obtained. The configuration of the prod- 
ucts was established by comparing their freezing 
points and infrared spectra with authentic samples 
of both cis- and trans-3-octene and 5-decene. These 
irere prepared either by catalytic hydrogenation of 
the corresponding acetylenes (cis product), or by re- 
ducing these acetylenes with sodium in liquid arn- 
inonia (trans product). 

During the course of reducing 5-decyne at + 1 i "  
it was observed tha t  appreciable quantities of n- 
decane were obtained, particularly if lithium in 
large excess of two equivalents was einploved. 
This was in sharp contrast to the same reduction 
by sodium in liquid ammonia which stopped cleanly 
a t  the olefin stage. Obviously the lithium-amine 
reagent is capable of reducing a non-terminal 1111- 

(1) R. 4. Benke-ci-. K. IC. Kobiii,.,jn, 13. hl Sdi ivr  ati(l 0 I T  'I'hoiii,~., 

( 2 )  For exrei leni  reviews on  t h i ?  tupic see G. W. \Vait, Chejts. I<( i \ , 

(9)  E;. N. Campl~r l l  and 1.. T. R l ~ k - ,  THIS J U U K N A L ,  63, 2 l ( i  (I!J41). 

'l'iirs J O I T R N A I , ,  '7'7, 3230 (1955) .  

46,  317 i1948), axid A.  J .  Birch, Qtturt. K e r ' r . .  TV, 69,  fl9.7i3. 

saturated center. To  our knowledge this is thc 
first instance of a chemical reduction not involving 
a terminal double bond. 

This reduction was extended to the olefin series 
where i t  was found that cyclohexene could be re- 
duced to cyclohexane, and 1-ethylcyclohexene to  
ethylcyclohexane. 

It obviously could be argued that  the reductions 
observed in the above instances were not actually 
chemical in nature but rather were brought about 
by the hydrogen produced froin the reaction of 
lithium with the solvent. Admittedly the latter 
reaction is much more pronounced with amine sol- 
vents than with ammonia. To test this possibility, 
the quantity of lithium absorbed per mole of cyclo- 
hexene reduced was determined. The average up- 
take of metal in three such determinations was 1.8 
gram atoms per mole of cyclohexene. This indi- 
cated that reduction of the olefin was proceeding 
by some type of chemical addition of metal. Such 
:in addition requires two equivalents of metal per 
equivalent of olefin. If the reduction was being 
effected simply by hydrogen generated from reac- 
tion of lithium with solvent, no constant ratio of 
metal to olefin would exist. 

Experimental 
Preparation of 3-Octyne and 5-Decyne.-Reaction of 1- 

hexyne (b.p. 71", W ~ ~ D  1.3989) with sodium amide in liquid 
ammonia and subsequently with butyl bromide gave a 70% 
1-ield of 5-decyne,S b.p. 176" a t  748mm., X ~ D  1.4311. When 
ethyl bromide was used in the reaction sequence, a 50% 
yield of 3-octyne3 (b.p. 132' a t  751 mm., n 2 0 ~  1.4258) was 
obtained. 

Reduction of 5-Decyne with Lithium in Ethylamine. A.  
At - 78'.-A Dry Ice-carbon tetrachloride-chloroform 
slush was placed around a 500-cc. flask which contained a 
blue solution of 1.73 g. (0.25 g. atom) of lithium in 300 cc. of 
ethylamine. To the chilled solution was added 13.8 g. 
(0.1 mole) of 5-decyne over several minutes. The stirred 
solution turned gray after four hours; nine grams of meth- 
anol was then added and the cooling bath was removed after 
the hydrolysis of the excess lithium was completed. The 
solvent was permitted to  evaporate partially, petroleum 
ether (b.p. 35-40') as well as water was added, and the two- 
phase system was filtered through Celite. The hydrocar- 
bon layer was separated, washed with water and dilute acid, 
and dried over calcium chloride. The solvent was distilled 
off and the residue was fractionally distilled with a Vigreux 
column (6 mm. outside diameter, three feet long) to  give 7.8 

( 4 )  Sodiuin in t he  pre5ruce of ammonia and nir thanol  has b e r n  
~ i s d  to reduce simple terminal olefins. Apparent ly  t h e  reaction fa i l ,  
rr,mlileiely with non-terminal de f ins .  See 1'. J. King, J .  C h r ~ i ~ .  .Sue , 
X$jS (1!451), and  13. Greenfield, R. A. I'riPdel anrl >I Orchin, 'I'tfIb 

[OUKNAL, '76, 11'38 (I!?%,. 
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