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’l’hc, hitcwc:gclic ring in substitritrd 3,5-pyrazolidirlediones now has been found to be opened by the action of hydrazincs 
itnd,/or hizylamirie with the formation of mixed malonic hydrazides ( q f .  Scheme A). 

M‘herras, the action of hydrazine hydrate in absence of solvent effects the opening of the hetero-ring in 4-benz~-lideiie-1,2- 
c~iphenyl-R,5-pyrazolidinedione, its action in p!rridine solution results in the formation of VI11 (cf. Scheme B). The latter 
is also obtained by the action of benzaldehyde hydrazones on 1,2-dipheny1-3,5-pyrazolidinedione. 

K e c e n t l ~ ~ , ~  it has been shown that the exocyclic 
double bond of the highly colored l-methyl-sub- 
htituted 1-phenyl-3.5-pyrazolidinediolle (VIIa) is 
reactive :ind adds organomagnesium compounds to 
give the colorless derivatives of 4-methyl-1-phenyl- 
3,3-pyrazolidiriedioiies 

]Ye now have extended the study of the behavior 
of the heterocyclic ring in 3,5-pyrazolidinediones 
(Ia-c), and it was found that the heterocyclic ring 
is readily opened2 when Ia-c are allowed to react 
with hydrazine hydrate, phenylhydrazine, and/or 
benzylamine. The reaction products are believed 
to be mixed malonic hydrazides IIa-f and IIIa-c 
(cf. Scheme A). 

cm-1 characteristic for the XHZ and S H  groups 
respectively. That phenylhydrazine effects thc 
opening of bond (A) and not (B) (cf. Formula I), is 
shown by the noiiidentity of IId with the already 
known V.* By analogy, the proposed structure for 
I Ia  is preferred to the possible isomeric structure 
T’I . 

The hydrazide structure for the product I Ia  dr- 
scribed by ;\lichaelis2 and later by van A1phen5 now 
has been proved. 
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TABLE I 
MIXED MALONIC ACID HYDRAZIDES AND RELATED COMPOUNDS 

Reac- Recrys- 
tion Reaction talliaa- 

Prod- Sol- tion Carbon Hydrogen Nitrogen 
uct venta Temp. Time Solvent M.P.* Formula Calcd. Found Calcd. Found Calcd. Found 

IVa A 215 dec. C16H160zN~ 64.86 65.06 5 .41  5.69 18.88 18.85 

IVb Ac 202dec. CZZHZOOZN~ 70.97 70.76 5 .37  5 .57  15.05 15.07 

I I d  A 100 30 min. A 166 dec. ClsHle02Nl 63.36 63 .46  5 .63  5 .80  19 .71  19.56 
I I e  B 100 30 min. A 188dec. C21Hz002N4 70.00 69.45 5 .58  5 .65  15.55 15.65 
IIf B 100 30min. A 203 dec. C Z ~ H ~ ~ O ~ N ,  74.66 74.75 5 .77  6 . 0 1  12.44 12.55 
I I I a  A 100 30 min. A 146 C I ~ H , ~ O ~ N ~  67.84 67.89 6 .00  6.22 14.84 14.68 

11s - 20 24 hr. A 140 C9Hi20zNd 51.92 51.87 5 .76  5 .68  26.92 26.91 

I I b  - ’ 20 24 hr. A 151 C15Hi600tN( 63.39 63.22 5.62 5 .52  10.72 19.93 

I I C  - 20 24 hr. M 105 CzzHzzOzN4 70.58 70.97 5 .88  6.13 14.97 14.65 

TIIb B 100 30 min. Ch-A 185 Cz2Ht102N3 73.53 73.59 5 .84  6 .06  11.69 11.45 
IIIc A 100 30min.  B 181 ClsHnOaNj 77.51 77.35 6 .01  5 .80  9 .35  9.64 

a A = alcohol; B = benzene; Ac = acetone; M = methanol; Ch = chloroform. All melting points are corrected. 

C,H,CH=C-C=O 
I I 

O=C, ,N-R 
N 

I 
‘3% 

VIIa. R = H 

1 
b. R = CeH5 

CH,CONHN=CHCcH, 

CON (CBH5)NHR 
1 

IVa. R = H 
b. R=C6Hs 

Sclieiiie U 

iiieiit of the orange colored 4-p-methol;y-benzyli- 
tieiie-l,~-diplienyl-~,~-pyraxolidinedionc with hy- 
drazine hydrate results in the discharge of the color 
which reappears on acidification with the recovery 
of the starting material. The behavior of VIIb 
toward the action of hydrazine hydrate in presence 
of ethyl alcohol or pyridine seems to differ from its 
behavior toward the same reagent in absence of the 
solvent, resulting in the formation of VI11 (cf. 
Scheme B). Similarly VI11 was obtained when VIIb 
was treated with phenylhydrazine or with semi- 
carbazide hydrochloride in pyridine. In  the latter 
case benzaldehyde semicarbazone was isolated 
from the reaction mixture. 

The ready reactivity of VIIa-b toward hydra- 
zine hydrate in absence of solvent may parallel the 
behavior of 4-arylidene-5-isoxazolone6 toward the 
action of phenylhydrazine. 

(6)  R Fiisco and C. hlusante, Gmz.  chim. ital., 67, 3-18 
(10.37); ( ‘ h e m .  . tbstr. ,  31, 8 3 4  (1937). 

One possible approach to explain the formation of 
IT’a-b, is the assumption of the elimination of the 
arylidene group in position 4 with the intermediate 
formation of benzaldehyde hydrazone together 
with Ia-b. The latter will react spontaneously with 
hydrazine hydrate as shown above to give the in- 
termediate IIa-b, which via the condensation with 
benzaldehyde hydrazone leads to the formation of 
IVa-b. It has now been found that I Ib  reacts readily 
with benzalazine to give a quantitative yield of IVb. 
In  favor of this assumption is the fact that  benzal- 
dehyde phenylhydrazone now has been isolated 
from the reaction mixture of VIIa and phenylhydra- 
zine under the same experimental conditions. 

In  a similar manner, the formation of VI11 could 
be explained via the interaction of the intermedi- 
ately formed benzaldehyde hydrazone, phenylhy- 
tlrazoiie and/or semicarbazone, and Ih. Benzalde- 
hyde azine, phenvlhydrazone and/or semicarbazone 
now have been found to  react with 1,2-diphenyl- 
3,3-pyrazolidine-dione (Ib) to give good yields of 
l7I1I. The structure assigned to VI11 was confirmed 
t)y two independent syntheses. Thus, treatment of 
the iuoiiosodiuni derivatirc of Ib  with benzal chlo- 
ric!e aiid,’or the addition of Ib  to T’IIb i i i  presence of 
sodium ethoxidc, let1 to  the formation of  VIII. The 
latter method is an examplc of thc addition of an 
active methylene group to  T’IIb, which will be the 
subject of a forthcoming publication. The formation 
of T’III parallels the reaction of one mole of benz- 
aldehyde with two moles of l-phenyl-3-methy1-5- 
pyrazolone7 dcpeiiding on the conditions of the  
reaction. 

The interaction of Ia-b with p-niethoxybcnzaldc- 
hyde hydrazone mny be used for the preparation o€ 
4-p-methoxybenzylidene derivatives of Ia-b respec- 
t ively. In  a similar manner 4-cyclohexylidene- and 4- 
isopropylidene-l,2-diphenyl-3,5 - pyrazolidinediones 
now have been obtained by the action of cyclohexa- 
11one a id jor  acetone semmrbazones on In-b. 

( 7 )  L. Iinorr, A4nn.. 238, 137 (1887); J. Tnmhor, Ber., 23, 
X’,3 (1000). 
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Ileatiiig a solution of YIIb with p-methoxybenz- 
aldehyde hydrazone results iii the replacement of 
the benzylidene group hy the p-methoxybenzylidene 
group with the formation of 4-p-methoxybenzyli- 
dene-l-phciiyl-3,.5-pyrazolidiiiedione. The study of 
the scopr and mechanism of the above mentioned 
iwctions is under further investigatio, . 

EXPERlMEiLTAL 

A ctioii of hydrazines and/or  benzylamine on Ia-c.8 General 
procedure. Equimolar amounts of the  substituted 3,5- 
pyrazolindinedione derivatives (Ia-c) and hydrazine hydrate, 
phenylhydrazine, and/or benzylamine were alloived to  
react under the given experimental conditions (cf. Table I) 
to  give the reartioil products 1Ia-c, IId-f, and IIIa-c, 
respectively. Thry  were obtained in an almost quantitative 
yield, and were readily crystallized from the proper solvent 
( c j .  Table I). 

The  1)enzylidene derivatives (IVa-b) were obtained by 
treating a solution of one gram of each of the hydrazides 
(113-11) in ethnnol(50%; 20 ml.) with the calculated amount 
of L)enzaldehyde.' 

i l c f i o r ~  of hydrazine hydrate on  VIIa-b.* One-half nil. (0.01 
inole) of hydrazirie hydrate was added to  2.64 g. (0.01 
iriolc) of VIIa a i d  the reaction mixture {vas a l l ( ~ ~ d  to  
stand a t  rooni temperature overnight, whereby the red 
cc,lor of VIIa was completely discharged. On the addition of 
5 y c  acetic: :wid ( c a .  10 ml.) t o  the  reaction mixture, a color- 
less solid separated. It was collected and upon crystalliza- 
tion from ethanol, gave colorless plates ( ca .  1.5 g . ) ,  n1.p. 
21i"  dec. They were proved to he identical with IVa 
(ni.p., mixed ni.p. determinations, and infrared spectral 
comparisons; cf. Table I). 

Similarl). YIIh \vas treated with hydrazine hydrate to  
give colorless needles from acetone (80% yield), m.p. 202" 
d ~ . ~  not tirpresseti when mixed with a sample of IVh ( c j .  
Table I) .  
:I ciion of h!idmrine hydrute,  phenylhydrazine,  and /or  

srni ;carbazide hylrochlon'de on VIIb. The  following illus- 
trates th r  general procedure. To a suspension of F'IIb 
(3.41 g . ;  0.01 mole) in 8 nil. pyridine \vas added with shaking 
0..5 nil. (0.01 mole) of hydrazine hydrate. The  red suspension 
dissolved slowly xvith discharge of color. After standing for 
:~hniit  30 Inin. a t  room temperature, the  solution \vas acidi- 
fted x i th  40 ini. of 305~6 acetic acid. The  precipitated solid 
\\':is collwtrd, washed with little water, and crj-stallizecl 
f rom ethimol .  ltecrystallization from chloroform-ethanol 
misturr gave colorlt-ss plates (2 .5 g. ) ,  ni.p. 205' dec. 

A n a l .  Calcd. for CJiH9,OaR'r: C, 74.99; H, 4.73; N, 9.46 
Found: C, 74.45; H, 4.81; N ,  9.48. 

They were identified as VI11 (n1.p. and mixed m.p. de- 
terminations; cf.  below), 

(8) For the preparation of Ta, cf.  AI. Conrad and A.  Zart, 
l j cr . ,  39, 2283 (1!100): Ib,  H. Ruhkopf, Ber., 73, 820 (1940); 
IC, Brit. P:iteiit 646,597 ( S o v .  2 2 ,  1950); Chem. Abstr.,  45, 
7602 ( I  951 j .  

( ! I )  For the, prcpnrntion of VIIn, c f .  Th.  dscher, Ber., 30, 
1018 (1897); l.TIt), cf. T. Tsiimaki, Bull. d i e m .  SOC. J a p a n ,  7, 
45 (19:U); Che>Jl. ;16str., 26, 2977 (1932). 

.-! ction of aiines, hvdrazones,  a n d l o r  semicarbazones on 
Ia-ti. The following illustrates the gtAneral procedure. To  a 
boiling solution of 2.52 g. (0.01 mole) of I b  in 10 nil. benzene 
was added 1.04 g. (0.005 mole) of benzalazine, whereby a 
crj-stalline product was formed within a few minutes. Heat- 
ing (stcam bath) \ m s  continued for further 10 niin. After 
c,ooling to  rooni temperatiir~, the solid ( 2 . 5  g.) obtained was 
c-rystallized from chloroform-ethanol misture as colorless 
plates, m.p. 205' dec.; they were identified as 1'111 (11i.p. 
and mixed m.p. deterniinntions). 

Similarlj- treatment of a solution of Ia in acetic acid with 
p-methoxybenzaldehyde hydrazone gave a quantative 
vield of VIIc. It crystallized from chloroform ethanol mix- 
ture as orange needles, n1.p. 246' dec., which proved to  be 
identical with a sample of 1-phenyl-4-p-methouj-benzylidene- 
3,5-pyrazolidinedione prepared after Ascher.Q 

VIId was obtained in a n  807, yidd from Ib and p-meth- 
osyhenzaldchyde hydrazone in chloroform. It gavc orange 
needles from chloroform-ethanol mixture, m.p. 199" dec., 
and was identified as 1,2-diphenyl-4-p-niethoxybenzylidene- 
3,5-pyrazolidinedione (n1.p. and mixed n1.p. dete.minations 
with a n  authentic specimenQ). 

4-Cyclohesylidene- and 4-isopro~~~lidene-3,5-~~-razolioli-  
dinediones were prepared from cyclohexanone and acetone 
semicarhazone (507; and 209; yields), respectively. They 
crystallized from ethanol in forni of yello~v needles, 1n.p. 
174' and 113", rc.spec-tivrly and were found identical with 
authc3iitic saniplc s prcparcd after Tsiiiiiaki.g 

boiling solution of 2.84 g. 
(0.01 niolr) of 1Ib in et1i;inol (15 nil.) was treated with 1.04 
(0.005 mole) of benzalazine :(s shown ahove. The srparated 
product (3  g . )  was crystallized from acetone, n1.p. 202' dec. 
and was found identical with 11% (iu.p. and mixed m.p. 
determinations; CJ'. Table I). 

Synthesis  of VIII. -Vethod (a), Condensation o j  I b  with 
benzal chloride. To a boiling soliition of 5.04 g. (0.02 mole) 
of I b  in 80 nil. ahsolute alcohol was added a solution of 
sodium ethoside (prcpwed from 0.46 g. sodiiim in 10 mi. 
absolute alcohol). The rrwtion solution was stirred for 
about 30 min. followed by thc addition of 1.61 g. (0.01 niolc) 
of freshly distilled benzal chloridc. Heating a t  reflris tom- 
perature, with stirring, n - ~ s  continiietl for about 18 hr. 
Llost of the alcohol mas then distilled over, the solution 
cooled to  room temperature and about 50 ml. of 59; sodium 
hydroxide were added. The insoluble sodium salt of VIII  
\vas collected, washed with little cold water and crystallized 
from acetic wid.  Recrystallization from cahloroform-ethanol 
misturc gave colorless plates ( 2 . 5  g.), n1.p. 205" dec. 

dlcfhod ( h )  Addit ion o j  11) to YIIh. To a cold stirred solu- 
tion of the  sodium derivative of I b  (5.04 g., 0 02 m d e )  in 
80 ml. absolute alcohol, prepared ns shown above, was added 
0.82 g. (0.02 mole) cf 1,2-diphrn~l-4-be:izyli~eiie-3,5- 
pyrazolidinedione (ITIIb). Stirring M as continued at room 
temperature for about 30 min., during whirh time the red 
suspension of VIIb was completely dissolved with ciiucharge 
of color. The pale yellow alcoholic solution was coiicontrated 
t o  its half volume, cooled to  rooni tt'mperature, and acidified 
with 4 ml. of 50% acetic acid. The &posit,ed crystalline 
product (9  g.) was recrystallized from chloroform-ethanol 
mixture, m.p. 205" dec. 

Act ion  qf' benzaiaaine on l i b .  
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