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THE TAUTOMERISM OF HETEROAROMATIC 
COMPOUNDS WITH FIVE-MEMBERED RINGS-IV* 1 

l-SUBSTITUTED PYRAZOLIN-5-ONES 

A. R. KATRITZKY and F. W. MAINE 
University Chemical Laboratory, Cambridge and the School of Chemical Sciences, 

University of East Anglia, Norwich, England 

(Received 16 Sepfemhcr 1963) 

Abatrart-The IR, UV, and NMR spectra and pK values are discussed of six potentially tautomeric 
I-phenyl and I-methyl-pyrazolin-S-ones. These compounds exist under most conditions in non polar 
media in the Aa-form. In aqueous solution the NH-formis in equilibrium with ~~10% of the OH- 
foxm. The effect of substitucnts, and the relation of the results to those for the corresponding 
isoxazolin-S-ones is discussed. Previous work is reviewed. 

I-SUBSTITUTED pyrazolin-5-ones can exist in three tautomeric forms I, Ii, and III, 
which are denoted the OH, CH, and NH forms for brevity. A lot of attention”lg 

I II III 

has been devoted to the tautomerism of compounds of this type, but much of it is, 
or appeared to be, contradictory. Most of the references quoted do not make adequate 

l Note added in prmJ October 1963. Since submission of the manuscript of this paper, R. Jones, 
A. J. Ryan, S. Sternhell, and S. E. Wright (Tetrahedron, 19, 1497 (1963)) have published another 
investigation of the tautomerism of pyrazolin-Z-ones. Insufficient data, and errors of interpretation, 
lead to the false conclusion that “no such tautomerism exists, and a single structure can be written 
for each compound investigated”. 
1 Part III, A. R. Katritzky, S. Bksne, and A. J. Boulton, Tetruhedron 18,777, (1962). 
* L. Knorr, hr. Dfsch. Chem. Ges. 28,706, (1895). 
* H. Beyer and D. Stehwien, A&. Pharm. 286, 13, (1953). 
4 D. Bi&rd and M. P. Grammaticakis, Bull. Sot. Chim. Fr. 8,246, (1941). 
b N. A. Valyashko and V. I. Bliznyukov, J. Gen. C/rem., U.S.S.R. 11, 559, (1941); Chem. Abstr. 

35, 7961 (1941). 
a N. A. Valyashko and V. I. Bliznyukov, .T. Gen. Clrem., U.S.S.R. 11, 23, (1941) Chem. Abstr. 35, 

5496, (1941). 
7 G. WestGii, Acta Chem. Scud. 6, 1499, (1952). 
19 P. E. Gagnon, J. L. Boivin and R. J. Paquin, Ciuzud. J. Chem. 31, 1025, (1953). 
* L. A. Carpino, J. Amer. Chem. Sot. SO, 5796, (1958). 

lo R. Janssen and H. Ruysschaert, Bull. Sot. Chim. Belg. 67, 270, (1958). 
I1 G. de Stevens, A. Halamandaris, P. Wenk and L. Dorfman, 1. Amer. Chem. Sot. 81,6292, (1959). 
I* F. A. Snaveley and F. H. Suydam, J. Org. Chem. 24,2039, (1959). 
I* S. Toda, Nippon Kqpku Zusshi 80,402, (1959) Chem. Absfr. S&4150, (1961). 
I4 B. S. Jensen, Acta Cbem. Scund. 13, 1668, (1959). 
IL G. Westi%, Acta Chem. Stand. 13,673, (1959). 
I4 W. Pelz, W. Ptischel, H. Schellenberger and K. LGffler, Angew. Chem. 72,967 (1960) 
1’1 H. Dahn and G. Rotzler, He/u. C&m. Acta. 43, 1555, (1960). 
** R. M. Silver-stein and J. N. Shoolery, J. Org. Chem. U, 1355, (196O). 
lo S. Refn, S’ctrochim. Acra 17,40, (1961). 
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TABLE 1. !hMMARY OF PREVIOUS INVESTl0ATIONS 

Tautomeric 
Pyrazolone 

substituents 

7 Ref. Year R1 Method Phase 

Fixed 
Derivatives 

Comparison 

Conclusion 

Tauto~erism Remarks 

4. 1941 Ph 
Ph ii” iie 1 ” EtOH CMe, NMe 

$6. 1941 Ph Me - UV 
{ 
Gha 
EtOH 

OMe 

7. 1952 Ph Me Br UV 

8. 1953 Ph Ph R UV 
I 

\ :: 

9. 1958 Me 

10. 1958 Ph 

11. 1959 Me 
Ph 
Ph 

12. 1959 Ph 

13. 1959 Ph 
1 Ph 

14. 1959 Ph 

15. 1959 Ph 

16. 1960 Ph 
Ph 
Ph 

Me - IR 

ga - IR 

- &Ha,-- ) 

Me N,Ar IR 

Me IR 
Me N,Ph IR 

Me 

17. 1960 Ph 

MeCCOMe I R KBr 

LH D 
Me M 

3 
IR 

( 
KBr - 

Me H CHCI, - 
Me N:NPh{IJZV {:E,J C-Me 

MeOH CMc 

Ar NIPh IR KBr - 

18. 1960 2,4- Ph 

CHCll CMe 
EtOH 

HH’: ,_ 
nijol - 

nujol CMe 

CHC& - 
CH,CN - 
KBr - 

nujol CR, NMe 

KBr - 

nujol ? 
CHCI, 

COR recrystnn. CHCI,- 
etc. 

- JIR CHCI~~ - 

CH+NH 

“all struc- 
tWC!l 

important” 

CH 
OH or NH 1 

1 OH or NH 

OH 

not CH 

CH 
CH+OH 
NH or OH 

NH 

{ 
CH or 
4 =N.NHPh 

LN.NHP~ 

CH or OH 

OH 

OH 

:: 

OH 1 

CH 

CH 
(NW, LNMR CDCI$ 
-GH, 

21 {pMhe 3 IR KBr CMe, NMe, OMe OH 

Ph Me PK AcOH CMe, NMe, OMe NH + OH 
(I : 1) 

no propor- 
tions given. 
OH not 
considered. 

- 

Comparison 
between effect 

kfaZand H . 

- 
- 

incidental 
to another 
investigation 

- 

zwitterionic 
StNCtUE 

proposed. 

no firm 
conclusion 

both forms 
claimed to 
be isolated. 

chelated 

- 

chelated OH 

OH, NH 
band reported 
absent. 

suggests 
that CH 
always 
occurs. 

- 

CH not 
considered 
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reference to previous work, and in no single paper is a clear summary of the field 
presented. Because of the importance of pyrazolinones as pharmaceuticals and 
dyestuffs,” and following work in this laboratory on the related isoxazolin-S-oneslse 
we have now examined l-substituted pyrazolin-S-ones. We present in this paper a 
brief account of previous work, the results of a fresh investigation using a combination 
of physical methods, and a summary of the overall position. 

Pretrious work. Knorr realised in 189F that isoxazolin-Zones could give three 
types of derivative, corresponding to the three tautomeric forms and postulated a 
mobile equilibrium between them. The tautomerism has frequently been discussed 
intelligently without definite conclusions being reached (e.g. ref. 3). The results 
of previous investigations by physical methodsPIB are summarized in Table 1. The 
pK measurements of Veibel should also be mentioned.SM 

Preparation of compounds was carried out by the literature methods noted in the 
experimental section. Difficulty was encountered in the preparation of 3,4dimethyl- 
Sethoxy-1 -phenylpyrazole from ethyl methylacetoacetate : the starting material 
contained only a small amount of the dimethyl-analogue, but the latter reacted 
preferentially with phenylhydrazine forming 3,4,4-trimethyl-l-phenylpyrazolin&one. 
The ethoxy-compound was finally separated using a Dowex 50 ion-exchange 
column. 

Preparation of I-methyl-3&tetramethylene pyrazolin-5-one was also attempted; 
however, although we obtained satisfactory analytical figures, the spectra indicated 
that this compound had been oxidized to the 4,4’-bis derivative. Easy oxidation of 
3,4-dimethyl-1-phenylpyrazolin&one was reported,% but had not occurred in our 
case as shown particularly by the UV spectra. 

IR Spectra 

Fixed [ 1 H, 2H,]-pyrazoh-5-ones. IR spectra of the three available l&disu& 
stituted pyrazolin-S-ones are summarized in Table 2. The spectra are mutually 
similar, and comparison with the spectra of corresponding 2H-isoxazol-5-ones1J1 
allows tentative assignments of some of the bands (cf. Table 2). Y c=O occurs at 
ca. 1655 cm-l for chloroform solutions, and somewhat higher for measurements in 
carbon tetrachloride. 

Fixed [ 1 H, 4H ]-pyrazoh-5-ones. The spectra of two 1,4&trisubstituted pyrazolin- 
5-ones are included in Table 3, together with a number of potentially tautomeric 
compounds which exist is this form. The group of spectra show large overall similarity. 
Tentative assignments are given for some of the bands as suggested by other work 
on heterocyclic compounds .88 The carbonyl stretching frequency is found at 1698- 
1694 for the l-methyl compounds and at 1712-1705 cm-l for the I-phenyl analogues. 

w W. Krohs and 0. Hensef, P’~uzolone und Dioxopymzulidine, Editio Cantor, Anlendorfi Wuttenburg 
(1961). 

*I A. J. Boulton and A. R. Katritzlcy, Tetruk&~ l&41, (1961). 
** S. Veibel, J. Kjaer and E. Plejl, ACM Ckn. &and. 5, 1283, (1951). 
Oa S. Veihel, IL Eggerson and S. C. Linholt, Actu Chem. Scold. 6, 1066, (1952). 
*I S. Veibel, K. Eggerson and S. C. Linholt, Actu C/rem. Scund. 8, 768, (1954). 
tso S. Veibel and G. W&M, AC&Z Chem. Scund. 7, 119, (1953); 

L G. Westa(l. Ibid. 7,352, (1953); 
c H. Shirai and T. Yashiro, &II IVqupz City U&L Phllrm. S&w1 No. 3, 30 (1955); C/rem. Absrr. 

50, 16754i (1956). 
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I-Substirufed 5-alkoxypyrazoles. IR bands of the S-alkoxypyrazoles are recorded 
in Table 4. Little is known of the IR spectra of pyrazoles (for ref. see 26); tentative 
assignments for some of the bands follow from literature data.” For the determination 
of tautomeric structure it is important that strong absorption does not occur above 
1600 cm-l. 

IR spectra of tautoomeric pyrazolin-5-ones. The spectra are included in the Tables 
according to the tautomeric form in which the compounds exist. 

Pyrazolin-S-ones in which the 4-position is unsubstituted exist in the CH form 
(IV) in chloroform solution both for the 1-phenyl series (IV, R = Ph, R’ = Me, Ph) 
and the l-methyl series (IV, R = Me, R’ = Me, Ph). 1,3-Dimethyl-, and 3-methyl-l- 
phenyl-pyrazolin-5-one were also examined in carbon tetrachloride: the spectra 
(not reported) are very similar to those in chloroform solution and demonstrate the 
CH-form : the Y C=0 showed hypsochromic shifts of 20 and 14 cm-l to 1714 and 
1720 cm-l respectively. Such a shift is expected because hydrogen bonding with the 
solvent occurs in chloroform but not in carbon tetrachloride solution. 

The solution spectra for Q-substituted pyrazolin-5-ones are generally more 
complicated. The spectrum of a chloroform (or carbon tetrachloride) solution of 
3,4-dimethyl-1-phenylpyrazolin-5-one which has stood for several days shows a 
striking similarity to those of the 3-monomethyl- and 3,4,4-trimethyl-analogues 

. (Fig. 1 and Table 3). However, freshly prepared solutions in chloroform, carbon 
tetrachloride, bromoform, and tetrachloroethylene, while similar among themselves, 
are markedly different to the above mentioned spectra: e.g. strong bands occur at M. 
1630 and 13 16 cm-l and the relative intensity at 1462 and 952 cm-l is much increased 
(cf. Fig. 2). Apparent extinction coefficients indicate that only approximately 5004 
of the compound in the freshly prepared solution exists in the CH-form. The remain- 
der is probably present in the NH-form: although Y C=O for the fixed 2H-pyrazolin- 
5-ones occurs at 1655 cm-l, intermolecular hydrogen-bonding in the NH-derivatives 
might well cause a shift of ca. 20 cm-l. 

3,4-Tetramethylene-1 -phenylpyrazolin-5-one shows very similar behaviour to the 
3&dimethyl analogue. It is of interest that in the isoxazolin-5-one series, the 4-methyl- 
3-phenyl derivative exists as ca.060 CH:NH in freshly made up chloroform solution, 
and that this composition changes on standing to ca. 70:30 CH :NH.= 

The solid state IR spectra of the tautomeric compounds show mutual similarity 
(Table 5). The CH-form is easily eliminated by the absence of a normal carbonyl 
band and evidence of strong hydrogen bonding, but differentiation between the OH 
and NH form is less simple. Indeed, strong hydrogen bonding blurs the distinction 

N A. R. Katritzky and A. P. Ambler in Physical Meihodp in Heterocyclic Chemistry Vol. II (edited 
by A. R. Katritzky) Academic Press, New York (1’63). 
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between the two forms: the NH form exists as V and the OH as VI. Proton 
transfer may well occur in the crystal rendering these two designations equivalent. 
A similar conclusion for the solid state spectra of pyrazolinones has been reached by 
Refn” (cf. Table 1). 

I 
1 I I I I 

1800 I700 1600 1500 1400 1300 1200 1100 1000 900 800 

Frequency, cm” 

FIG. 1. IR spectra of 3-methyl- -, 3,4-dimethyl- - - - - - - -, and 
1 -phenylpyraz.olin-5-one .-.-.-.-- 

3,4&trimethyl- 
All spectra are of O-2 M chloroform solutions and 

that of the 3,4-dimethyl compound was measured after standing for 1 week. 

UV spectra (Table 6) 

1 -Phenyi series. In cyclohexane (Fig. 3a), the 3-methyl- and 3&dimethylcom- 
pounds spectrally resemble the 3,4,4-trimethyl analogue, showing that they exist 
predominandy in the CH form. The shoulders on the high wavelength side of the 
curves suggest ca. 1 x and 10 “A of the NH form respectively. It is less easy to assess 
the amount of OH form, but this is probably very small. The 3,4_tetramethylene 
derivative resembles the 3,4_dimethyl analogue. No conclusion can be drawn as to 
the structure of the 3-phenyl-compounds as no methyl derivatives are available for 
comparison. 

In aqueous buffers, the UV spectra of the 3-methyl and 3&dimethyl compounds 
(Fig. 3b) are intermediate between those of the fixed N-Me and O-Et derivatives, 
indicating probably mainly NH with some OH but little CH form. The spectrum of 
the 3&tetramethylene derivative is identical with that of the 3&dimethyl analogue. 
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1800 1700 60G 1500 1400 1300 I200 1100 I000 900 800 
Frequency, cm-’ 

FIG. 2. IR spectra of a freshly made up 0.2 M solution of 3,44imethyl-l-phenyl- 
pyrazolin-j-one in chloroform. 

For the fixed compounds, there are pronounced bathochromic shifts for aqueous + 
cyclohexane solutions, but the shape of the ,curve remains the same. This is not so 
for the tautomeric compounds, and this affords further evidence for a change in 
tautomeric form from predominantly CH + NH. In dioxan and ethanol intermediate 
behaviour is shown as illustrated in Fig. 4. 

Ph 
VII 

The spectra in 10N sulphuric acid (Fig. 3c) show that cations of type VII are 
formed where possible : all the spectra similar except for the 3,4_trimethyl compound 
which cannot fdrm such a cation. 

TABU 6. w AWORFTION MAXIMA 

1 

substituents 
2 3 4 

Cyclohexane 
Aqueous OmlN Sodium 

buffer 
Sulphuric 

acid 
5 Lx E kll,, 

Hydroxide 
6 urn,, 45 LX E 

Me Me 
Me 
Me 
Me 

PMhe Me 

Ph Me Me Me 

Ph 

Fl 
Ph 

F1: 
Ph 

Me 
Me Me, 
Me 

PMhc 
Me 

Me Me, 
Me 
Me Me 
Me 
Me Me 
$W.- 

257.5 
250 

OEt 
2sT 
301 
239 
280 
241 
278 
246 

OEt 252 
OEt 259 

245 
246 
247 
263 

9.310 
4,310 

4jzo 
12,190 
10.020 
9,440 

10,580 
10,080 
19,070 
19,360 
16,370 
18,050 
16,120 
20,580 
17,850 

246.5 
248 

241 
255 
241 
253 
246 
265 
235 
233.5 
249 
239 

z 
2655 

9,570 
3,670 

77;o 
16,170 

9,100 
8,690 
8,910 
8,980 

12,550 
12,790 
11,030 
12,380 
13,310 
13,260 
20.680 

227*Sb 
260.5” 
224b 
222-Y 
255” 

2306 12,790 - 

236d 10,460 - 
223.50 10,400 - 
233-F’ 15,320 - 
238+ 13,030 
231d 15.920 246 -11.710 
23ad 14.420 250 12,430 
2396 13,920 252 13,260 
266” 22.400 261 21.070 

8,800 - 
3,930 - 

7,800 - 7,860 233 6,460 
20,020 252 17,250 

* End absorption only 
b 2ON-sulphuric acid 

a 29N--sulphuric acid 
d lON--sutphuric acid 
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b 

210 250 300 250 
A 

FIG. 3. UV spectra of 3-methyl- - 3,4dimethyl- - - - - - -, 3,4&trimethyl- 
-._.-.-. and 2,3-dimethyl-l-phenylpyrzklin-S-one x x x x x 

methyl:1phenylpyrazole - x - x - x-x - x , 
and S-ethoxy-3- 

2,3,4-trimethyl-l-ph&yl-pyrazolin+one 
. . . . . . . . . 

(a) In cyclohexane, (b) in aqueous buf%er pH 5, and (c) in 1ON sulphuric acid. 
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3-25 

3-o 

2 -75 
210 250 300 

x 

FIG. 4. UV spectra of 3,4dimethylpyrazolin-5-one, - in cyclohexane, -a-a-*-* in 
dioxan, - - - - - - in ethanol, x x x x x x in aqueous buffer. 

l-Methyl series. The results are essentially similar to those in the I-phenyl series. 
In cyclohexane (Fig. Sa), the 3-methyl derivative exists in the CH form as its spectrum 
is similar to the 3,4,4-trimethyl analogue, and not to the other “fixed” derivatives. 
The curves for the aqueous solutions (Fig. 5b) indicate that in this series also a 
tautomeric shift to predominantly the NH-form occurs. In sulphuric acid, cations 
of type VIII are again formed where possible (cf. Fig. 5~). 

pK measurements 

An estimate of the tautomeric equilibrium between 2H-pyrazolin-S-ones of type 
VIII and Shydroxypyrazoles of type X can be obtained2’ from pK data, as a comon 
mesomeric cation of type IX is formed from both. * Values in Table 7 show that, in 
both the l-methyl and l-phenyl series, the NH form predominates by a factor of ca. 10, 

l Basicity data cannot give information about the proportion of the CH-form present, as this 
cannot form a similar cation by simple proton addition. 

*I A. R. Katritzky and J. M. Lagowski in Aduunces m Heferocyclic Chekstry 1, (1%3). 
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3.25 

0 
0" 2.75 
-I 

a b 

2*75 
210 250 300 250 

x 

FIG. 5. UV spectra of 1,3dimethyl- - 1,3,4,4-tetmmetbyl- - - - - - -, and 
1 J,3-trimethyl-pyrazolin-5-one -.-.---., and &t.hoxy-1,3dimethyQyrazole x x x x . 

(a) In cyclohexam, (b) in aqueous buffer pH 5, and (c) in 20N sulphuric acid. 

TABLE 7. pK,, VALUES 

1 
Substituents 

2 3 4 5 pK, as base0 pK, (proton loss) 

Me - 
Me Me 
Me - 

Me - 

Ph - 

Ph Me 
Ph Me 
Ph - 

Ph - 

Ph - 

Ph - 

Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

Me, 
- 
- 
- 

Me, 
- 

Me 
- 

Me 
- 

Me 

- -3.79 f O-10 - 

- $2.22 f 0.03 - 

OEt +351 f 0.03 - 
- 4.2.35 f 0.03 7.94 :t 0.03 
- -4.02 f 0.08 - 
- + 1.40 f 0.02 - 
- + l-24 zt 0.02 - 

OEt +2+34 It: 0.03 - 

OEt +255 f O-04 - 
- + l-42 f O-05 7.17 f 0.03 
- + 1.39 f o*os 7.38 f 013 

a Thermodynamic constants. For full details see F. Maine, Thesis, Cambridge, 1963 
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as the 2-methylpyrazol-5-ones are weaker bases by ca. 1 pK unit than the Sethoxy- 
pyrazoles. The 4&disubstituted pyrazolinones are much weaker bases. Literature 
pK data have been interpreted as favouring more of the OH form (OH : NH or 1: I) 
in acetic acid solutionY 

In all cases, substitution of a I-phenyl for a l-methyl group is base weakening 
(by 0*3 to 1-O pK unit). Compounds in the isoxazole serie@ are much weaker bases 
than their analogues of the pyrazole series. 

Proton resonance speclra 

Proton resonance spectra for 5-ethoxypyrazoles are given in Table 8. Assignment 
is straightforward, and 7 and J values are in the expected ranges. The same applies 
to the fixed pyrazolinones of the 2H- (Table 9) and 4H-series (Table 10). Direct 
comparison shows clearly that the four potentially tautomeric compounds with no 
substituent in the 4-position all exist predominantly in the CH-form in chloroform 
solution (Table 10). 

TABLE 8. NMR SPECIRA (T) OF S-ETHOXUPYIU~O~S 

1 -Position 3-Position 4-Position 5-Position 
Phase subst. 7 subst. T subst. 7 subst. 7 (muhiplicity) 

Liquid Me 6.54 Me 7.91 H 478 I OCH* 6.08 (4, J - 7 c/s) 
CHs 8.72 (3, J = 7 c/s) 

CHC& Ph 2*1-3-o” Me 7.74 H 450 ( OCHs 5.86 (4, J = 7 c/s) 
CH, 8-59 (3, J = 7 c/s) 

CCL Ph 21-3.0” Me 7.90 Me 8.13 OCH, 6.12 (4, J = 7 c/s) 
CHI 8.82 (3, J = 7 c/s) 

e Complex peak. 

TABLE 9. NMR SPECTRA (7) OF (1 H, 2H) PYBAZOLIN-~-ONES 

Phase 

Liquid 
CHC& 
CHCll 

l-Position 2-Position 
subst. 7 subst. 7 

Me 6.71 Me 6.73 
Ph 270 Me 6.97 

Ph 2.4-3-00 Me 7.04 

3-Position 4-Position 
subst. 7 subst. T 

Me 7-87 H 4.31 
Me 7*80a H 4~63~ 
Me 7.85 Me 8.15 

o Complex peak 
8 Spin-spin coupling occurs ca. 1 c/s . 

TABLE IO. NMR SPECXBA (T) OF (1 H, 4H) PYRAZOLlN-5-ONES 

Phase 
l-Position 3-Position 4-Position 

subst. T subst. r subst. 7 

Liquid 
CHCI, 
CHCil 
CHC& 
CHCI, 
CHQ, 

Me 6-86 
Ph 1%2*6a 
Me 6-72 
Ph I .9-2*6’ 
Me 6.59 
Ph 1.9-2.6” 

Me 
Me 
Me 
Me 
Ph ca 
Ph 

8.04 Me, Me 8.88 
7.93 Me, Me 8.72 
7.91 HI 6.82 
7.84 H* 6.60 
2.7 H, 6.40 
1.9-2.60 H, 6.25 

a Complex peak 
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CONCLUSIONS 

The results are summarized in Table 11. There is good agreement between the 
results obtained by different methods and the whole forms a logical pattern. Pyrazolin- 
S-ones exist in non-polar media essentially in the CH- (i.e. 4H-) form, although, in 
some cases, solutions freshly prepared from the solid contain large quantities of the 
NH-form. In aqueous solution, little of the CH-form is present, and the compounds 
exist essentially in the NH-form, with ca. 10% of the OH-form in equilibrium. The 
solids all consist of the strongly hydrogen bonded NH-form, in which proton transfer 
(to give the OH-form) probably takes place. 

TABLE 11. TAUTOMERIC COMPOS~ON OF PYRAZOLIN-S+XW 

Substitucnts GHIO 
1 3 4 uv 

--_-~ 
Me Me H CH 

MC Ph H 
Ph Me H 

Ph Ph H - 

9OCH -I- 
Ph Me Me 1ONH 

90CH + 
Ph -_(CH,L 1ONH 

CHCla 
ccl, 
IR GzYz 

.------. _ . _ .- 
CH CH CH 

- CH 
CH CH 

- CH CH 
50CH + 5OCH + 

50NH - 50NH 
- CH + CH 

50CH - 
50NH 

- - cc CH 

Ha0 
r % 
PK uv 

Solid 
IR 

90NH -i- Mainly NH 
IO-OH 

9Ofi -+ 
- 

NH i- some OH 
lO.OH 

- - 

90NH + 
IO.OH NH -t some OH 

- NH + some OH OH/NH 

OH/NH 

OH/NH 
OH/NH 

OH/NH 

OH/NH 

The change-over in tautomeric form, from non-polar to polar media, is readily 
understood : the NH-forms are themselves much more polar and polarizable than the 
CH-form and the former will be favoured in media of high dielectric constant and 
hydrogen bonding ability. The OH-form appears to predominate only in special 
cases-e.g. where chelation can occur, as with 4-phenylazocompounds (Pelz et aZ.le). 

Comparison of this overall picture with the corresponding isoxazolin-5-ones1~21 
reveals a large similarity, but the effect of a substituent in the 4-position is less in the 
present series : isoxazolin&ones unsubstituted in the 4-position occur in the CH-form 
in the solid state, and the CH-form there predominates even in aqueous solution. 

EXPERIMENTAL 

Preparation of compounds 

l-Methyf series. 1 ,3-Dimethyl-,as m.p. 122-123-S (from ether, then sublimed) (lit.,” m.p. 117,m 
106-109,‘” lOO-105”; 1,2,3,-trimethyl-,” b .p. 104-105”/0.4 mm, (hydrate m.p. 39-41”)(Iit.~1 b.p. 310”, 
hydrate m.p. 40”); 1,3,4,4_tetramethyl b.p. 76*5“/10 mm (lit.,** b.p. 71-72’124 mm.) (Found: C, 59.6; 
H, 8.8 Calc. for C,H,,N,O: C, 60.0; H, 8.6%); l-methyl-3-phenyl-pyrazolin-5~,ne,” m-p. 213-2175’ 
(from ethanol) {tit.,*’ m.p. 206”) and 1,3dimethyl-5-ethoxypyrazole,8g b.p. 80”/15 mm b.p. (tit., 

aa V. Auwers, J. Pr&. Ckz. (2), 110, 182, (1925). 
n L. Knorr, Uebig’s Ann., 219,236, (1894). 
ID L. Wolff. Ber. DfJccI. C&m. Re5.41, 555, (1908). 
e1 A. Michaelis, Ber. Dtsch. Chem. Res. 43, 2109, (1910). 
8s N. P. Bogunets and V. I. Blkrtyukov, Trudy Khar’kov Politekh Inst. im V. I. Lenina 26 Ser. Khim.- 

Teknol. No. 6.207-209, (1959): Chem. Abstr. 55, 154@ (l%l). 
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88-89”/10 mm) (Found: C, 60.2; H, 8.8; Calculated for C,HIINLO; C, 60.0; H, 8.63). were made 
by the literature methods indicated. 

I-Phen)ll series. 3-Methyl-,Bs m.p. 131-133” (from water) (lit.+r* m.p. 126O); 2,3-dimethyl- (L. 
Light and Co.), m.p. 113-116” (from toluene) (lit.?’ m.p. 113”); 3,4-dimethyl-” m.p. 123-124-5” (from 
ethanol) (lit.,” m.p. 120”); 3,4,4_trimethyl-,” m.p. 56-59” (from 60-80” pet ether) (lit.,a4 m.p. 55”); 
Z3,4-trimethyl-?4 m.p. 805-82.5 (from ether-pet ether) (lit.,” m.p. 82”); 3,4-tetramethylene-,M 
m.p. 181%183.5 (from ethanol (lit.,& m.p. 165”) (Found : C, 72.45; H, 6.8; N, 13-Q. Calc. for 
Gt,Hl,NIO: C, 72.9; H, 66; N, 13.1%); and 1 ,3-diphenyl-pyrazolin-5-one,8B m.p. 137-5-l 39.5” 
(lit.,” m.p. 137”) were made by the literature methods indicated. 

5-Ethoxy-3-methyl-l-phenylpyrazole 88 had m.p. 37-39” (from pet ether) (lit.,” m.p. 38.5). The 
3,4-dimethyl anoiogud@ prepared from ethyl methylacetoacetate and phenylhydrazine was grossly 
contaminated with 3,4,4-trimethyl-l-phenylpyrazolin-5-one. The mixture (4 g) was placed on a 
Dowex 50 column (200 s> and the pyrazohnone washed off with water. After washing with dil. HCI, 
ethanol then eluted the ethoxy-compound. Mofecular distillation gave product of b.p. 73”C/2 mm, 
yield O-5 g, 12% yield. (Found: C, 72.07; H, 7.82; N, 12.50. Calc. for C,,H,,N,O: C, 72-19; 
H, 7.46; N, 12.96%). 
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