
S Y N T H E S E S  A N D  ABSORPTION SPECTRA OF 
1 -CHLOROPHENYL-3-PHENYL-4-ALKYL-5-PYRAZOLONES 

AND PYRAZOLONES-4-C'4 ' 

BY PAUL E. GAGNON, JEAN L. BOIVIN,~ AND YVON LAFLAMME~ 

A B S T R A C T  

Monosubstit~~ted benzoylacetic esters CoHaCOCH(R)C02C?Ha ( R  = H ,  
CnHzn+l (71 = 1 to 9), and CeHSCHz) obtained by the condensation of 12-alkyl 
halides with ethyl benzoylacetate were reacted with o-, m - ,  and p-chlorophenyl- 
hydrazines to give 1-chlorophenyl-3-phenyl-4-albyl-5-pyrazolone Pyrazolones-4- 
Cl4 were prepared by the action of the same hydrazines on ethyl benzoylacetate- 
a-C1.' obtained from benzoyl chloride and ethyl malonate-2-C1". Their activities 
were 801, 894, and 847 c./min. respectively. The ~iltraviolet and infrared absorp- 
tion spectra of all the pyrazolones were determined and the most probable 
structures ascribed to  the compounds. 

I N T R O D U C T I O N  

The condensation of hydrazine and its monosubstituted derivatives with 
0-keto esters (I) gives by elimination of water a hydrazone (11) which, by 
elimination of another molecule of water, produces an alkoxypyrazole (111) 
or a pyrazolone (IV) by elimination of alcohol. 

The main product is an ethoxypyrazole when the reagents are heated in acid 
media and a pyrazolone when they are heated alone. 

'Manuscript received Decentber $3, 1955. 
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o f  the reaziire~nents for the denree o f  Doctor of  Science. 
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TABLE I 
~-O-CHLOROPHENYL-~-PHENYL-~-MONOALKYL-~-PYRAZOLONES RC~SHIOONZCI 

Analysis Ultraviolet 
absorption 

R M.p.,"C. Yield, % Formula Calculated, % Found, yo rnaxlrna 

C H N C H N A log E m  

H 170-171 86 Ci5Hi1ONzCI 66.54 4.09 10.34 66.35 4.18 10.47 3200 3.798 
2540 4.292 

CHI 171-172 70 Ci6H 130NzC1 67.48 4.60 9.83 67.33 4.52 9.76 3050 3.896 o 
2620 4.341 

CzHs 121-122 67 Ci7HlsONzCI 68.33 5.06 9.37 68.27 5.07 9.36 3100 3.633 3 
2580 4.376 

C3H7 137-138 53 CI~HI~ONZCI  69.26 5.47 8.95 69.13 5.45 9.16 3100 3.473 
2600 4.343 .. 

CaH Q 130-131 74 C I ~ H ~ ~ O N Z C ~  69.82 5.85 8.57 69.80 5.90 8.81 3100 3.718 2 
2600 4.349 2 

C5Hi1 120-121 55 CZOH~ION~CI  70.47 6.21 8.21 70.65 6.07 8.17 3100 3.729 
2480 4.208 g 

CsH 13 122-123 51 CziHz3ONzCI 71.07 6.53 7.89 70.94 6.47 8.07 3000 3.873 m 
2600 4.172 

C7H 1 s 109-110 45 C22H260NzCl 71.62 6.80 7.59 71.88 6.72 7.80 3050 3.808 
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TABLE I1 
~-I~I-CI~L~R~PIIENYL-~-FI~ENYL-~-MONOALKYL--PYRAZ~L~NES RC1&IioONzCl 

Yield, % Formula 

Analysis Ultraviolet o 
absorption 

Calculated, % Found, % maxima 5 > u 
C H N C H N A log E, % 
66.54 4.09 10.34 66.56 4.13 10.32 3000 3.970 5 

2600 4.394 C 
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TABLE 111 

.- -- 

Analysis Ultraviolet 
absorption 

12 M.p.,"C. Yield, ';/o Formula Calculated, O/o Found, O/o maxima 

C H N C H N A log Em 
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534 CANADIAN JOURNAL OF CHEMISTRY. VOL. 34, 1056 

One of the objects of the present investigation was to synthesize and to 
determine the structure of l-chlorophenyl-3-phenyl-4-alkyl-5-pyrazolones. 
Another object was to prepare pyrazolones-4-Cl4. 

The starting esters used in the present work, the ethyl-a-monosubstituted- 
a-benzoylacetates, were prepared (9) by alkylation of ethyl benzoylacetate. 
The o-, m-, and p-chlorophenylhydrazines were prepared by diazotation of their 
respective anilines followed by reduction with sodium sulphite. The ethyl 
benzoylacetate-a-C14 was obtained by the condensation of benzoyl chloride 
with ethyl malonate-2-C14 and decarboxylation (1, 8). 

The individual properties and analyses of all pyrazolones prepared are listed 
in Tables I ,  11, and 111. 

Ultraviolet Absoretion Spectra 

The ultraviolet absorption spectra of all pyrazolones were determined in 
alcohol solution. The results obtained are given in Tables I ,  11, and 111 and 
shown graphically in Figs. 1, 2, and 3. 

FIG. 1. Ultraviolet absorption spectra of l-o-chlorophenyl-3-phenyl-4-alliyl-5-pyrazolones; . . . ~  ~ .~ 
4-methyl, --- 4-amyl; 

FIG. 2. Ultraviolet abso r~ t ion  s ~ e c t r a  of l-tn-chloro~henv~-3-~henv~-4-a~l~~~l-5-pvrazo~ones: - - . -  . - -  
4-amyl, ---- 4-benzyi. 

FIG. 3. Ultraviolet absorption spectra of l-p-chlorophe1~yl-3-phenyl-4-alkyl-5-pyrazolones; 

The pyrazolones have a tendency towards tautomerism and three structures 
may be postulated for the pyrazolones prepared. 

The 4,4-dialkyl-pyrazolones as well as the pyrazolone dyes are derived from 
formula I. Formula I1 is invoked to explain the formation of alkoxypyrazoles 
and the formation of sodium salt. Formula I11 explains the easy methylation 
of the nitrogen atom 2. 

The spectra exhibited by many pyrazolones have been studied intensively 
by many workers (2, 3, 4, 5 ,  6). These authors related the wavelength of the 
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GAGNON ET AL.: SYNTHESES 535 

absorption band and its intensity to the position of the double bond in the 
ring. I t  was found that a high intensity maximum a t  short wavelength was 
indicative of a double bond between two carbon atoms while a low intensity 
maximum a t  longer wavelength corresponded to a double bond between the 
nitrogen atom 2 and the carbon atom 3. The presence of two maxima for the 
same compound was attributed to the presence of two tautomeric forms (7). 

The spectra of the o-, m-, and P-chlorophenylpyrazoloi~es prepared are quite 
similar in their characteristics. In neutral solution these pyrazolones exhibit 
two maxima, one of high intensity a t  short wavelength and one of low intensity 
a t  longer wavelength. These results indicate that during the spectra determi- 
nation in alcoholic solution the pyrazolones esistecl in a t  least two tautomeric 
forms; one with a carboil nitrogen double bond, formula I or 11, and the other 
with the carbon carbon double bond as shown in formulas I1 and 111. 

Infrared Absorption Spectra 
The infrared absorption spectra of the pyrazolones were determined with 

a Perkin-Elmer spectrometer. The results obtained are given in Tables IV, V, 
and VI and some data are plotted in Figs. 4, 5, and 6. 

Because of the three tautomeric structures theoretically possible for the 
1,3,4-trisubstituted pyrazolones, they may be expected to  give rise to very 
complicated infrared spectra. The  problem of interpretation of those spectra 

'TABLE IV 
IXFRARED ABSORPTION MAXIMA OF 

~-O-CHL~R~PHENYL-~-PHENYL-~-MONO.~L~<YL-~-PYR~~ZOL~NES 

R Absorption bands, cm.-I 

'TABLE V 
INFRARED ABSORPTION MAXIMA OF 

~-~-CHL~ROPHENYL-~-PHBNYL-~-MONOALKYL-~-~~\~RAZ~LON~S 

R Absorption bands, cm.-' 
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CANADIAN JOURNAL OF CHEMISTRY. VOL. 34, 195G 

TABLE VI 

R Absorption bands, crn.-l 

H 1700 1590 1432 1332 1177 1120 
CH3 1660 1590 1485 1330 1183 
CzHa 1700 1605 1562 1490 1162 1090 
C3H7 1695 1580 1484 1320 I160 1130 
C4H 9 1630 1575 1410 1310 1212 1115 
caH11 1710 1590 1492 1320 1185 1100 
CsH 13 1640 1570 1310 1175 1120 
C7H15 1650 1575 1315 1180 1115 
CsHn 1660 1580 1410 1310 1250 1120 
ceH19 1635 1580 1405 1318 1250 1120 
CsHaCH2 1640 1575 1310 1250 1105 

FIG. 4. Infrared absorption spectrum of I-o-chlorophenyl-3-phenyl-4-methyl-5-pyrazolone. 

is difficult since few reference spectra for pyrazolones are available in the 
literature. The absorption spectrum of the 3-methyl-5-pyrazolone has been 
reported by Randall and his co-workers (10) and he only gave an assignment 
for a cyclic C=N band. The infrared spectra of several 4-monosubstituted-l,3- 
diphenyl-5-pyrazolones were determined by Gagnon, Boivin, and Paquin (6). 
Bond assignments were made tentatively for the C=O group a t  1700 cm.-land 
the C=N group a t  lGOO cm.-I. Gagnon, Boivin, NIacDonald, and Yaffe (5) have 
studied the absorption spectra of 2-substituted-3-hydroxy-5-pyrazolones and 
assigned a band in the region of 3300 cm.-I to an OH group. The  presence of 
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GAGNON E T  AL.: SYNTHESES 537 

1000 1000 0 0 0 0  1 5 0 0  F R E Q U E N C Y  I N  CM" 

3  4 S 6 WAVELEN6TH I N  MICRONS 

FIG. 5. Infrared absorption spectrum of 1-m-chlorophenyl-3-phenyl-4-butyl-5-pyrazolone. 

0 0 0 0  3 0 0 0  2 0 0 0  1 6 0 0  FREQULWCY III CM-I 

8 4 S WAVELENQTH I N  MICROMd 

FIG. 6. Infrared absorption spectrum of l-p-chlorophenyl-3-phe1~yI-4-propyI-5-pyrazolone. 
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that group was also proved by chemical methods. Another band occurring in 
the region of 1670-1700 cm.-I was attributed to a C=O group. A third band 
in the region of 1590-1680 was attributed to a C=N band as suggested by 
Randall (10) after studying many cyclic nitrogen compounds such as thiazol- 
idines, imidazolines, and pyridines. 

In the present iilvestigation band assignments call be made for two functional 
groups. An absorption band of high iilteilsity occurring in the region of 1630- 
1710 cm.-I is attributed to  a C=O group. Randall and his co-worlters have 
assigned an absorption band in this region to  the carbonyl group for the 
lactams; therefore it  is reasoilable to do the same for pyrazolones. Furthermore 
the absence of a band in the region of 3300 cm.-I characteristic of an OH group 
is another proof for the presence of a carbonyl group. 

A second band occurs in the double band region and absorbs in the range of 
1565-1610 cm.-I. This band is attributed to a C=N group as suggested by 
Randall after having studied many cyclic nitrogen compounds. 

From those results, one might coilclude that in the solid state the pyra- 
zolones prepared have the form CH-C=N while in alcoholic solution this 
form is in equilibrium with its tautomer C=C-NH. 

E X P E R I M E N T A L  PART* 

1-0- Chlorophenyl-3-phenyl-4-alkyl-5-pyrazolones 
A mixture of ethyl-a-monosubstituted-a-benzoylacetate (0.02 mole) and 

o-chlorophenylhydrazine hydrochloride (0.02 mole) was heated under reduced 
pressure for three hours a t  110-120' C. The red viscous liquid obtained was 
cooled and dissolved in sodium hydroxide (5y0, 200 ml.). The  solution was 
filtered and washed with ether until the extracts were no longer colored. The 
alkaline solutioil was cooled and acidified with acetic acid (50y0). The precipi- 
tate obtained was recrystallized from alcohol or petroleum ether. The  py- 
razolones are listed together with their melting points, analyses, and ultra- 
violet absorptioil spectra in Table I and the infrared data are given in Table IV. 
Typical ultraviolet absorption curves are plotted in Fig. 1 while some infrared 
data are plotted in Fig. 4. 

1-m-C1zlorophenyl- and 1-p-Chlorophenyl-3-phenyl-4-molzosubstituted-5- 
pyrazolones 
A mixture of ethyl-a-monosubstituted-a-benzoylaceta (0.02 mole) and 

m-chlorophenyl- or p-chlorophenyl-hydrazine was heated under reduced 
pressure for three hours a t  110-120' C. and the11 for one hour a t  170-180° C. 
The red viscous liquid was treated in a manner similar to  that used to obtain 
the 1-o-chlorophenylpyrazolones. The melting points, analyses, and ultra- 
violet absorption maxima are given in Tables I1 and 111. The  infrared absorp- 
tion bands are given in Tables V and VI and some data are plotted in Figs. 5 
and 6. 

Preparation of Ethyl Benzoylacetate-a-CJ4 
Magnesium (5.6 gm., 0.23 mole) was placed in a flask equipped with a 

condenser and a mechailical stirrer. Ethyl malollate (32 gm., 0.20 mole) and 
*All melting points are z~ncorrected. 
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GAGNON ET AL.: SYNTHESES 539 

ethyl malonate-2-C14 (10 mgm. containing 0.1 mc. of activity) were added. 
The reaction was initiated with a few drops of carbon tetrachloride and when 
it subsided, dried ether (75 ml.) was introduced. After all the magnesium had 
reacted, benzoyl chloride (31 gm., 0.22 mole) was added dropwise while the 
mixture was refluxed and stirred. When the reaction was completed the solu- 
tion was cooled and diluted with water (100 ml.). The compound C,H,COCH- 
(C02C2H5)2.3H20 crystallized from ether. That  substance was decomposed 
with dilute sulphuric acid. The product was extracted with ether, dried, and 
distilled. 13.p.: 185-190" C. a t  12 mm. The benzoyl malonate-2-C14 was de- 
carboxylated by steam distillation in dilute sulphuric acid solution. The  
distillate was neutralized with sodium bicarbonate, extracted with ether, dried, 
and distilled. 13.p.: 113-116' C. a t  2 mm. 

I -0-Chlorophenyl-S-pheny1-5-pyrazol0ne-/t-C~~ 
Ethyl benzoylacetate-a-C'" (3.84 gm., 0.02 mole) was heated with o-chloro- 

phenylhydrazine hydrochloride (3.58 gm., 0.02 mole) during three hours a t  
110-120" C. The product of the reaction was dissolved in sodium hydroxide 
solutioil and purified by several extractions with ethyl ether. Acidificatioil 
with acetic acid (50%) gave the labelled pyrazolone, which was crystallized 
from ethyl alcohol. Yield, 3.3 gm., 61%. 

1-m-Chloro#kenyl- and 1-p-Chloro#henyl-S-phenyl-5-pyraz0lones-,$-C~~ 

A mixture of ethyl benzoylacetate-a-C14 (1.92 gm., 0.01 mole) and m-chloro- 
phenyl- or #-chlorophenyl-hydraziile (1.43 gm., 0.01 mole) was heated under 
reduced pressure for three hours a t  110-120" C. and then for one hour a t  170- 
180" C. The  product obtained was treated in a manner similar to that used to 
obtain the 1-o-chlorophe~~ylpyrazolone. The  chemical yields varied from 60 to  
7070, after purification from ethyl alcohol. 

Combustion of C14 Prodz~ts ,  Plating, and Counting 

Samples weighing about fifteen milligrams were completely transformed 
into carbon dioxide by burning them in a closed system in the presence of 
oxygen. The  carbon dioxide evolved was absorbed in two traps containing 
carbonate-free sodium hydroxide. After some ammonium chloride was added, 
the carbonate was precipitated with barium chloride. The barium carbonate 
was transferred to an aluminum counting plate by centrifuging. Sufficient 
barium carbonate was added to each plate to ensure "infinite thickness". 
When dry, the samples were couilted using an end mi~ldow Geiger-Miiller 
counter. The results obtained are given in Table VII.  

TABLE VII 

COUNTING DATA O F  1-CHLOROPHENYL-~-PHENYL-~-PYRAZOLO&-C" 

Weight, 1-Chloro mgm. Total Time, Thickness, Net activity, 
count min. r n ~ r n . / c n ~ . ~  c./rnin. 

Ortho 13 .1  20758 25 
Meta 13 .6  23082 25 
Para 13.9 21896 25 
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540 CANADIAN JOURNAL OF CHEMISTRY. VOL. 34. 1956 

Ultraviolet Absorption Spectra 
T h e  ultraviolet absorption spectra of t h e  pyrazolones were taken on a 

Beckman Spectrophotometer Model DU.  T h e  method has been previously 
described (4). T h e  solvent used was  ethanol (95%). T h e  results are listed in 
Tables I ,  11, and  111 and some of the  d a t a  are  plotted in Figs. 1, 2 ,  and 3. 

Infrared Absorption Spectra 
All the  infrared absorption spectra of the  pyrazolones were obtained with 

a Perltin-Elmer Model 21 double-beam null principle recording spectropho- 
tometer. T h e  method has  been described in the  literature (6). T h e  spectra 
covering the  range 5000-1100 cm.-I only are  given in Figs. 4, 5, a n d  6. T h e  
curves all show the  four specific bands  of nujol. T h e  other absorption bands  
are  listed in Tables  IV, V, and  VI ,  a n d  have been discussed in the  theoretical 
part .  
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