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SULFUR-CONTAINING SPIROCYCLIC
COMPOUNDS BASED ON 3-METHYL-
(AMINO)-1-PHENYLPYRAZOL-5-ONES

Yu. G. Shermolovich and S. V. Emets

3-Methvitamino)-1-phenyipyrazol-5-ones react with — N-chlorosulfenviphthalimide 1o give
d-phthalimidothiopvrazoles which decompose to form 3-methyltamino)-1-phenvipyrazol-5-one-4-thiones.
They were ideniified as  their spirocyclic  adducts  with  dienes.  Oxidation  of  the  latter  with
m-chloroperbenzoic acid gives spirocyelic sulfoxides and sulfones.

Keywords: spiroj(1-phenylpyrazol-5-one)-4-thiane], 1-phenylpyrazol-5-one. N-chlorosulfenylphthalimide.

We have previously reported [} the reaction of N-chlorosultenylphthalimide with 3-methyl-1-phenyl-5-
substituted pyrazoles to give 4-phthalimidothiopyrazoles. Thermal decomposition of hydrochloride of 5-hydroxy-
3-methyl-1-phenyl-4-phthalimidothiopyrazole (1a) leads to 3-methyl-1-phenylpyrazol-5-one-4-thione (2) which
was isolated as butadiene cycloadduct (3) in 58% yield [ 1] (scheme 1).
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Compounds which contain g-oxothioketone fragment are unknown in the pyrazole series. Bearing in mind
the high activity of the thiocarbonyl group of compound 2 in cycloaddition reaction we have investigated in detail
the synthesis ot 4-phthalimidothiopyrazole 1a (and its analog containing amino group in position 3) together with
the reaction of pyrazol-5-one-4-thiones with dienes and the chemical properties of the compounds formed in this
way.

If 4-phthalimidothiopyrazole 1a is formed by mixing N-chlorosulfenylphthalimide with 3-methyl-1-
phenylpyrazol-5-one at 20°C in benzene solution in the absence of HCI acceptor. then the formation of the
pyrazole base (1b) occurs under milder conditions (i.e. by treating N-chlorosultenylphthalimide with 3-methyl-1-
phenylpyrazol-3-one at -70°C in dichloromethane in the presence of triethylamine). 4-Phthalimidopyrazole 1b is
stable for several hours in this solution at 20-25°C but it could not be isolated in pure state: when dichloromethane
is removed in vacuo at 0°C the compound decomposes. The residue obtained contained phthalimide and a mixture
of unidentified substances. The optimum is apparently use of pyrazole 1b for further reactions as a freshly
prepared solution in dichloromethane at a temperature not greater than 25°C. For conversion of compound 1b to
the pyrazol-5-one-4-thione 2 we have used the reaction with pyridine [2]. In this way. phthalimide splits off to
give a dark blue solution of the compound and subsequent addition of cyclopentadiene gives product 4 in 34%
yield. The yield of the cycloadducts 3 and 4 is increased to 79-82% by the addition of pyridine to the solution of
pyrazole 1a in the presence of diene (scheme 2).
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The spirocyclic compound 7 was obtained in a similar way from 3-amino-1-phenylpyrazol-5-one. The
stability of 4-phthalimidothiopyrazole 5 is evidently lower than that of Ib. As judged by the appearance of
phthalimide precipitate, decomposition of compound 5 occurs at once as soon as the temperature of the reaction
mixture reaches 20°C without the addition of pyridine (scheme 3).

The spirocyclic compounds 3, 4, and 7, which contain thiane fragment at position 4 of the pyrazole ring,
are a novel type of pyrazolones. The sulfur atom in these compounds is readily oxidized by m-chloroperbenzoic
acid. Hence compound 3 can give sulfoxides 8 or sulfones 9 depending on the proportions of reagents (scheme 4).
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The molecule of sulfoxide 8 hus two asymmetric centers. hence formation of a pair of diastereomers might
be expected. The 'H NMR spectrum of sulfoxide 8, isolated in 20% yield. shows two sets of signals corresponding
to 91: 9 ratio of these isomers and points to the high diastereoselectivity of the oxidation reaction. The low-field
shift of the 'H NMR spectroscopic signals for the CH, group protons in the pyrazole ring of sulfoxide 8
(A6 = 0.23 ppm) and sulfone 9 (AS = 0.26 ppm) when compared with the starting compound 3 merits attention. A
similar 'H NMR spectroscopic low-field shift was also observed for signals of protons of the CH, group in position
3 in the pyrazole ring of sulfone 11 (A§ = 0.25 ppm). which was prepared by oxidation of 5-hydroxy-3-methyl-4-
(p-nitrophenylthio)- i -phenylpyrazole 10 [3] (scheme 5).
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TABLE 1. Characheristics of the Compounds Synthesized

Emnirical Found, %o _
Compound ﬁ:]r:::;:' Calculated, % mp. °C Yield, "»
N N

3 CiHNOS 9.80 11.28 K3 ¥S 82
Y78 11.20

4* CidIN-OS 10.43 12.05 92 100 79
10.36 L6

7 C.Hy-NOS 14.60 1089 140 142 61
14.62 116

8+ CellN:0:8 9.30 10.8% 136 138 20
9.26 10.60

9 CudhiNOSS 9.0 10.37 183 IN3 63
8.80 10.07

B Cil1iN:O:S .63 9.18 19X 200 72
11.69 892

* Ratio of diastercomers 81: 19
*3 Ratio of diastercomers 91: 9

This kind of shift infers a significant interaction through space between the SO or SO, fragment and the CH,
eroup. Quantum-chemical calculations of two of the possible structures for the sulfoxide 8 were carried out by the
SCF MO LCAO method in the MNDO semi-empirical approximation with PM3 parameterization [4, 5] and have
shown that the structure of spiro{(3-methyl-1-phenylpyrazol-5-one)-4(5).6'-(3'.4'-dimethyl-1'(S)-oxo-6'H-2".5"-
dihydrothiane) (8a). in which the oxygen atom of the sultoxide group and the CH, group approach one another
and are sited over the plane of the thiane ring, has enthalpy of formation of 8.783 kcal/mole. By contrast, the
structure  of  spiro|(3-methyl-1-phenylpyrazol-3-one)-4(R).6'-(3' 4'-dimethyl-1'($)-oxo0-6'H-2",5"-dihydrothiane)|
(8b) hus a different arrangement of the SO and CH, groups relative to the thiane ring and is energetically less
tavored (enthuipy of formation 27.842 kcal/mole).

TABLE 2. Spectral Characheristics of the Compounds Synthesized

Com- 'H NMR spectrum, ppm (/. Hz) IR spectrum, em'!
pound
3 DMSO-d.: 1.75 (5), 107 () (6, 2CH0: 2,05 (3H. s, CH: ) 3090, 2550, 1635,

229 254 21 ClHl g = 1708 316, 356 (Q2HL CH Jyo= 16.5) ] 1600
746 (TH, 1 arom.y 7.39 (211 1 aromuy 7.77 €211 dLarom)
] CoDa 163 131 5. L 103,299 (2H, CH: a0 = 9.6 281 (11| 3050, 29RS. 2950,
s, CHY: 3,62 (1HEL s, CHY: 5.29 (00 B dd. CHY 6.00 (11 dd, CH); 1710, 1620, 1600
6.96 (1H, t.arom.): 7.23 (2H. 1. arom. k838 (2H. d. arom.);
Second diastereomer, 19", 186 (3H, s, CH:: 1850 194 (2H, CHE,
S =930 2,69 01HL s, CH: 3,68 (TH. . ClD: oo (1L dd. CHD:
6.38 (1TH, dd. CHY: 6.94-8.32 (SH, arom.}

7 CDClL: LR (s), LRS (3) (611 2CH 0 248, 2,60 (2H, CH, 3415, 3360, 3270,
Jaus= 1630 3.06,3.65 (21 CHe J gy = 15,600 452 (2HL s NI 3210, 2925, 2900,
T3 ¢1HL 1 arom): 737 (2HL 1 oarom.): 7.90 (2HL darom) 2875, 2830, 1695,
1660, 1600
8 DMSO-d,; 1.65 (s}, 1.76 (s) (6H, 2CH0: 225 (3H. s, CHu: 266, 3000, 3010, 2055,

2RI CHL S = 18,600 381 316 2H CHL Sy = 148)0 7.22 | 2925, 2880, 1710,
CTHL L arom.); 744 (21t arome): 781 2Hdoarom); CDCL 171 1605

(s LRI sy (ol 2CH0: 233 (3, 5, CH 255, 270 2HL CHL.
3R A2 1 arom.): 7.90 (211, d. arom.): Second diastereomer, 9%y
334, 395 (CH g = 105}

9 DMSO-d.: 171 (s) 175 (s) 1611 2CH0: 231 (3HL s, ClLy: 292, 2960, 2930, 1718,
304 2H CHL e = 1801 386,420 2HL CH Sy = 17.1): 720 | 103

(HHL arom): 746 (2H, Laromey 7.79 (24 d. aron)
1 DMSO-d.: 2404311, s, CHa: 729 (U, L arom,), 745 (24t 3120, 2550, 1635,
aron.): 7.62 (2H d. arome )y 8.23 (2H. d arom.y: 840 (2H, daroma)| 1600, 1340, 1380
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EXPERIMENTAL

IR spectra were recorded on an UR-10 instrument for KBr tablets and 'H NMR spectra were obtained on a
Varian VXR (300 MHz) instrument using TMS as internal standard. Reaction monitoring was carried out using
Silufol UV-254 plates with CHCI ~MeOH (9:1) as eluent.

Parameters for the compounds prepared are given in Tables | and 2.

Spiro[(3-methyl-1-phenylpyrazol-5-one)-4,6'-(3'4'-dimethyl-6'H-2',5'-dihydrothiane)] (3), Spiro[(3-
methyl-1-phenylpyrazol-5-one)-4,3'-(2'-thiabicyclo(2.2.1]hept-5-ene)] (4), and Spiro[(3-amino-1-
phenylpyrazol-5-one)-4,6'-(3',4'-dimethyl-6'H-2',5'-dihydrothiane)] (7). Mixture of 3-methyl-1-phenylpyrazol-
5-one or 3-amino-1-phenylpyrazol-5-one (5.91 mmol) and triethylamine (5.91 mmol) was added dropwise with
stirring and cooling to -70°C over 3() min to solution of N-chlorosulfenylphthalimide (6.50 mmol) in
dichloromethane (20 ml). The reaction mixture was heated to 0-2°C over 40 min and 2,3-dimethylbutadiene
(11.81 mmol) was added for the preparation of compounds 3 and 7 or cyclopentadiene (11.81 mmol) was added
for preparation of compound 4. The product was then heated to 20°C and pyridine (17.73 mmol) was added. After
24 h the precipitated phthalimide was filtered oft and the reaction solution was evaporated in vacuo (20 mm Hg).
For preparation of compounds 3 and 4, the residue was extracted with n-hexane (6 x 10 ml) and this solution
crystallized to give compounds 3 or 4 on cooling. For compound 7, the residue was washed with water (50 ml).
dissolved in chloroform (15 ml), the insoluble phthalimide was filtered oft, and the solvent was evaporated in
vacuo (20 mm Hg). Compound 7 was recrystallized from benzene.

Spiro[(3-methyl-1-phenylpyrazol-5-one)-4,6'-(3',4'-dimethyl-1'-0x0-6',H-2",5'-dihydrothiane)] (8). To
solution of compound 3 (1.75 mmol) in chloroform (7 ml) solution of equimolar amount of m-chloroperbenzoic
acid in chloroform (7 ml) was added under stirring. After 24 h, the solvent was evaporated in vacuo (20 mm Hg).
The product was recrystallized from ethanol (3 ml).

Spiro[(3-methyl-1-phenylpyrazol-5-one)-4,6'-(3',4'-dimethyl-1',1-dioxo-6'H-2',5'-dihydrothiane)] (9)
and 5-Hydroxy-3-methyl-4-(p-nitrophenylisulfo)-1-phenylpyrazole (11). To suspension of compound 3 or 10
¢1.75 mmol) in ethanol (7 ml) m-chloroperbenzoic acid (3.50 mmol) was added under stirring. After 5 b,
compounds 9 or 11 were filtered off and purified by recrystallization from ethanol.
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