PYRAZOLIDINE CHEMISTRY
XVIIL.* ANOMALOUS BEHAVIOR OF 4-ETHYLIDENE DERIVATIVES OF
1,2-DIPHENYL-3,5-DIOXOPYRAZOLIDINE DERIVATIVES DURING
HYDROGENATION OVER RANEY NICKEL |

B. L. Moldaver and M. E. Aronzon UDC 547.775

In contrast to 4-benzylidene-1,2-diphenyl-3,5~dioxopyrazolidine and its aromatic and hetero-
cyclic analogs, 4-ethylidene derivatives and their cyclic analogs are hydrogenated at the exo-
cyclic double bond not only in neutral ethanol but also in ethanol in the presence of alkali.
The UV spectra of the starting compounds and hydrogenation products in ethanol at various
pH values were examined, and the possible reasons for the anomalous hydrogenation of the
4-ethylidene derivatives are discussed.

We previously demonstrated the increase in the resistance of the N—N bond to hydrogenolysis in 4-
unsubstituted, 4-monosubstituted [2], and 4-benzylidene derivatives [3] of 1,2-diphenyl-3,5-dioxopyrazolid-
ine (DDP) during hydrogenation over Raney nickel in ethanol in the presence of alkali and expressed an as-
sumption regarding the addition of a hydroxyl ion to 4-benzylidene-DDP to form a carbinol enolate (I).t

In this investigation we have found (Table 1) that the behavior of 4-arylidene-DDP (Ia,c) does not
change when the phenyl radical in Ia is replaced by anthryl and furyl residues; in neutral ethanol they are
hydrogenated at the C =C and N—N bonds to the corresponding saturated dianilides (Vb, c), while in the
presence of alkali they are not hydrogenated and are regenerated on acidification of the solution. 4-Cinn-
amylidene-DDP (Id), the vinylog of Ia, is hydrogenated only at the noncyclic double bond in ethanol in the
presence of alkali to form 4-(y -phenylpropylidene)-DDP (Ie). The behavior of 4-(c:-phenylbenzylidene)-
DDP (f) in neutral and alkaline media is similar to the behavior of Ia-c,
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I-Va, R = phenyl, R' = H; b, R = 9-anthryl, R' =H; ¢, R = o~
furyl, R' = H; d, R = w-styryl, R' = H; e, R = phenylethyl, R' = H;
f, R = R' = phenyl; g, R = phenyl, R' = methyl; h, R =R' = methyl;
i, R,R' = tetramethylene; j, R,R' = pentamethylene.

*See [1] for communication XVI,
T The work was reported in [4] before the publication of [2, 3].
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TABLE 2. UV Spectra of DDP (I) and Their Hydrogenation Products

In ethanolin ]
In neutral ethanol presence of In acidified ethanol
Comp. ‘%hlkal; _
2‘mu.n:' nm lgs ﬁnﬁ:' l lge . A’mﬂx‘ nm lgg i
Ta | 954; 336 447, 413 | 260 | 4,41 | 237; 338 4,18; 4,09
IVa | 27 422 067 | 427 | 245 407
Va | 98 495 248 | 495 248 433
Ib | 959, 488 541: 3,908 | 260 | 527 | 252; 488 5.46; 3,98
Vb | 233 5.20 233 | 477 | 233 5,12
lc | 242; 373 4,90; 4,54 260 | 444 | 242; 373 4.04; 4,67
Ve | 249 4,28 249 | 437 | 249 435
Id 245; 386 4,35; 435 261 | 443 242; 386 421; 4,33
le | 241; 399 4,23; 3,11 261 | 443 | 242; 399 4,22; 3,10
Ve | 246 4,43 246 | 442 | 246 4,44
If 248; 337 4,50; 4,53 261 | 4481 248; 337 4,42; 4,56
Vi 248 4,40 248 | 443 | 248 4,34
Ig 248; 356—366 437; 2,25 256 | 4,46 247 437
Vg 267 443 270 | 441 | 241 422
Y 248 444 248 | 443 | 248 4,37
% 251; 340—370 445; 2,85 961 | 450 251; 340370 4,18; 2,83
Ivh 239 4,19 267 | 437 239 4,28
vh 247 4,44 247 | 437 | 247 4,41
i 959; 344—363 452; 2,81 259 | 464 | 235; 344—363 438; 2,80
i 269 447 269 | 4561 239 436
vi 246 4,54 246 | 4,53 | 246 4,54
i 957; 346—363 438; 2,82 260 | 438 | 249; 346363 |  4,18; 2,80
i 269 4,20 269 | 420 | 239 4,20
Vi 247 447 247 | 445 | 247 439

When neutral ethanol solutions of DDP I are refluxed in the presence of Raney nickel, saturated di-
anilides Va-c and Ve-j are formed. As in the hydrogenation in neutral ethanol, the reaction proceeds
through the corresponding saturated, substituted IV, as can be judged from the detection of 1Vi-h in the
catalyzates (Table 1) and their disappearance during additional hydrogenation.

In contrast to the 4-benzylidene-DDP and their analogs, the 4-ethylidene-DDP (Ig,h) are hydrogenated
at the exocyclic double bond to form the corresponding 4-monosubstituted DDP (IVg,h), not only in neutral
ethanol but also in ethanol in the presence of alkali, The cyclic analog of 4-isopropylidene-DDP, viz., 4-

cyclopentylidene-DDP (li), behaves similarly. 4-Cyclohexylidene-DDP (Ij) is not hydrogenated in ethanol in
the presence of alkali,

The presence of an absorption band with a maximum at 241-251 nm (log € 4.3-4.6) and a second ab-
sorption band at 340-400 nm is characteristic for the spectra of all of the DDP (I) in acidic ethanol (Table 2).
One's attention is drawn to the relatively low intensity and elongated character of this band in the case of
the 4-ethylidene-DDP and their analogs (Ig-j) as compared with the 4-benzylidene-DDP and their analogs
(la-d). The spectra in neutral ethanol are similar to the spectra in acidic ethanol; as for the benzylidene
derivatives {3], in some cases one notes a bathochromic shift of the short-wave band, which can be ex-
plained by the solvatochromic effect of the solvent,

As in the case of 4-benzylidene~-DDP [2], the absorption band in the visible region in the spectra of all
of the DDP (Ib-j) in ethanol in the presence of alkali vanishes, while the short-wave band is shifted batho~
chromically by 10-24 nm, entering into the absorption region of an enolate and, as a rule, becomes more in-
tense and broader. This makes it possible to assume that carbinol enolates II are formed in this case. At
the same time, the absorption maxima of DDP I in alkali are shifted by 6-12 nm to the short-wave region as
compared with the position of the absorption maxima of the 4-monosubstituted saturated DDP IV obtained

from them, which indicates the existence of a definite difference in the structures of the enolates of these
compounds (II and III),

Considering the high lability of the hydrogen of the methyl groups of 4-ethylidene-DDP, which is ob-
served in sulfonation reactions [11] and in reactions with aldehydes [12] and diazonium salts [13], it can be
assumed that the hydrogenation of Ig-i in alkaline media proceeds through mesomeric carbanion A, which

is formed on dissolving them in ethanol in the presence of alkali, as has been demonstrated for 4-ethylidene
and 4-cycloalkylidene derivatives of Meldrum acid [14].

N ou© N
~c —CH=Cmd
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The formation of this anion is apparently hindered in the case of a cyclohexylidene substituent {j) as
a consequence of its nonplanar configuration which, in addition, can also hinder the adsorption of Ij on the
catalyst.

The explanation of the reason for the anomalous hydrogenation of 4-ethylidene-DDP requires addition-
al investigation.

EXPERIMENTAL

As described in [2,3], I and IV were hydrogenated in the presence of W-5 Raney nickel catalyst, The
effect of the conditions on the direction of the hydrogenation and the characteristics of the compounds ob-
tained are presented in Table 1.

4~-(9-Anthrylmethylene)-DDP (Ib). A mixture of 5 g (0.001 mole) of 1,2-diphenyl-3,5-dioxopyrazolid-
ine, 5 g (0.025 mole) of 9-anthraldehyde, and 100 ml of ethanol was refluxed on a water bath for 2 h. The
precipitate that formed on cooling was recrystallized from benzene to give 8.4 g (87%) of an orange-red
compound with mp 233-234° (Table 1).

Substituted Malonic Acid Dianilides (Vb,c,e-j). A total of 0.001-0.002 mole of starting I in 20 ml of
ethanol was hydrogenated in the presence of 1-2 g of W-5 Raney nickel until hydrogen absorption ceased.
The filtrate after removal of the catalyst was evaporated to dryness, and the residue was recrystallized.
The characteristics of the new compounds obtained are presented in Tables 1 and 2,

The IR spectra of mineral oil suspensions were obtained with an IKS-14 spectrometer with NaCl and
LiF prisms. The electronic spectra of solutions in 96% ethanol and in ethanol containing 0.35% HCI or 0.1%
KOH (1 to 4 -107% and 5 - 10~%) were obtained with an SF-4a spectrophotometer.
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