R

TETRAHEDRON

Pergamon

Unambiguous Synthesis of 1-Meth

Diane Zimmermann,! Povl Krogsgaard-Larsen,? Jean-Daniel Ehrhardt,! Ulf Madsen,? Yves L. Janin*

1 Laboratoire de Pharmacochimie, Faculté de Médecine, 11 ruc Humann, F-67000 Strasbourg, France.
2 Dept. of Medicinal Chemistry, The Royal Danish School of Pharmacy, 2 Universitetsparken, DK-2100 Copenhagen @, Denmark.
* UMR 176 CNRS-Institut Curie, Bat. 110-112 Campus Universitaire, F-91405 Orsay, France.

Received 31 March 1998; accepted 10 June 1998

Abstract: 2,3-Dihydropyrazolo[3,2-bJoxazoles were used as intermediates in a new method for
preparation of N1-methyl-3-hydroxypyrazolcs. Synthesis of this bicyclic system was achieved either by
alkylation of 3-hydroxypyrazole with 1,2-dibromoethane or, with better yields, by cyclization of 1-tosyl-
2-(2-hydroxyethyl)pyrazol-3-ones via a nitrogen to oxygen transfer of the tosyl group. Alkylation with
methyl trifluoromethanesulfonate followed by dihydrooxazole ring-opening with sodium iodide, led to
the 1-methy!l-2-(2-iodoethyl)pyrazoles. Remaoval of the iodoethyl chain on N2 to give the target
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3-hydroxypyrazoles was dtheVCd either via a cyanation and then a decyanoethylanon reaction or via an
elimination of hydrogen iodide, followed by an iodine-based oxidation of the resulting vinylic derivative.
Using the latter method, I-methyl-3-hydroxypyrazoles were obtained in 58-73% yields from the
corresponding 2,3-dihydropyrazolo|3,2-bJoxazoles. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

The method of choice for preparation of 1-alkyl-3-hydroxypyrazoles from N-alkyl hydrazines is quite
dependent on the molecule targeted.!-3 The classical condensation between N-alkyl hydrazines and B-ketoesters
most often leads to 2-alkyl-3-hydroxypyrazoles and sometimes to a mixture of isomers.2 Moreover,
N-alkylation of 3-hydroxypyrazoles usually, though not always,# proceeds poorly. Indeed, depending on the
substrate, O-alkylated derivatives along with N-1, N-2, C-4 and even bis-alkylated materials can be obtained.>
For example, synthesis of 1,5-dimethyl-3-hydroxypyrazole from 5-methyl-3-hydroxypyrazole was reported
with a 25 % yield only.® In order to develop an unambiguous method for the preparation of 1-alkyl-3-
hydroxypyrazoles, we have investigated the use of 2,3-dihydropyrazolo[3,2-b]Joxazoles 1 as depicted below :
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In a first step, alkylation of the bicyclic derivatives 1, which can be regarded as N2- and O-protecteg

s o P 3 =~ A i o) AN T AN (ST AN y;vtv\rtvu
2hvdravunvurazalace laade tn the imininm calte 2 Nnelennhilic rinag_ananing ~f tha avarnle than dane~tante tha
VTHYULUAY Py LALUILS, ILAUS LU LI LHIIUALL OQILS . INULIVUPLIILC 1HIE=UpPLilL g UL UIC UAQZULIC UITTE UCPIUWCLS uic

oxygen to give 3. The iodoethyl derivatives 3 provide opportunity to remove the N2 substituent, either by
substitution with cyanide to give 4 or by elimination reaction to give 5. Indeed, either base-triggered

decyanoethylation?-12 or vinyl removali3-22 vig hydrolysis or oxidation have been reported for some nitrogen

heterocycles. In our case this leads to the target 1-alkyl-3-hydroxypyrazoles 6.
RESULTS AND DISCUSSION

Preparation of the 2,3-dihydropyrazolo[3,2-bJoxazoles?3 1a,b was first done via alkylation of

Ahvdravvnurazalece Tah with 1 2_dihraomonethane (Scheme 7Y The Sonhenvl derivative 1a ~anld he nhtainad in
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compound 1b. 'H NMR spectrum of the crude reaction mixiure showed the presence of other aikylated species
which were not isolated and characterized.
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Scheme 2

In a second approach, we prepared the pyrazole ring, already bearing the proper substituent on N2, vig the
condensation of 2-hydroxyethylhydrazine and -ketoesters 8a-c (Scheme 3). Tosylation of the crude reaction

mixture led to the stable derivatives 9a-c¢ in 60-70% yields. As reported24-25 for two other classes of
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recyclization to 2b (X = I). In a second approach, alkylation of 1a-¢ was accomplished with methyl

trifluoromethanesulfonate at room temperature.
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This led quantitatively to 2a-c¢ (X = CF38037), as determined by NMR spectroscopy of the reaction mixtures
(two methylene signals at 4.8 and 5.3 ppm compared to 4.1 and 4.9 ppm before alkylation). The
dihydrooxazole ring was then opened by addition of sodium iodide. The resulting iodoethyl compounds 3a-c

could be isolated in 60-80 % yields, but these compounds, especially 3¢, had a tendency to revert to their
bicyclic salts. Reaction of the iodoethyl derivatives 3a,b with potassium cyanide gave only low yields of 4a,b

and no cyanoethyl derivative could be isolated
tetracthylammonium cyanide26, we were able to obtain the cyanoethyl derivatives 4a,b in 47 and 30% yields,
respectively, along with variable amounts of the vinyl derivatives 5a,b and unidentified materials. The low
yields obtained in the cyanation steps are probably caused by the easy reversion to the cyclized species,
containing potential electrophilic centers (i.e. carbon 6 and 7a of 2). Preparation of 4¢ could only be achieved
(16% yield) when reacting the bicyclic salt 2¢ (X = CF35037) with tetraethylammonium cyanide.

On the other hand, the preparation of the vinyl derivatives 5a-¢ was more successful. Following the treatment of
2a-c¢ with sodium iodide, one equivalent of toluenesulfonic acid was added to shift the eguilibrium from 2

towards 3 by protonation of 3. Then treatment of the reaction mixture with an excess of potassium zert-butoxide
ied to compounds 5a-c¢ in a 77-90% yield from 1a-c.

Removal of the cyanoethyl group from 4a-c was achieved using sodium methanolate in methanol and led
to the target compounds 6a-c in 45-75 % yields. Removal of the vinyl group from 5a-c¢ with hydrochloric acid
(Scheme 5) gave mixed results. Hydrolysis of Sc led to 6¢ in 83% yield, whereas hydrolysis of 5a led to 6a in
40% yield only. Moreover, acidic hydrolysis of 5b led to only 25% of 6b along with compound 11 arising
from a C4 alkylation reaction. We then adapted an iodine-based oxidative method!” for the hydrolysis of 5a,b.

Thus, addition of iodine to a hot solution of 5a,b in THF/water (9:1) led to 6a,b in 76 and 82% yiclds,

respectively. It is important to mention that although the reaction also led to iodinated species, these were
reduced?” in the course of the treatment, by the addition of an excess of sodium sulfitc and heating.
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alkylation reactions’. Study of the chemical behaviour of the iodinated derivatives 3a-c disclosed the propensity
of 3c to revert back to the bicyclic derivative Z¢ as opposed to the stability of derivative 3a. Finaily isolation of
compound 11 proved the highly versatile nature of 3-hydroxypyrazoles, which can behave as acids, bases and
in some cases, enamines. The synthetic route we present here, starts from substituted B-ketoesters and, through

the bicyclic derivatives la-c, leads to the vinyl compounds Sa-c. Using an oxidative method for the final
deprotection, this route offers a general and unambiguous method for the preparation of 1-methyl-3-
hydroxypyrazoles 6a-c in 58-73% yields from 2,3-dihydropyrazolo[3,2-b]Joxazoles la-c. Extension of this

Ji/

method to other strong alkylatmg agents instead of methyl trifluoromethanesulfonate seems possible, though this
hf) nnr vo }\Dﬂn
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IH and 13C NMR spectra were recorded on a Bruker AC-200 spectrometer. Unless otherwise stated
CDCl3 was the solvent used. Shifts are given in ppm (8) with respect to the TMS signal and coupling constants
(J) are given in Hertz. Column chromatography was performed on Merck silica gel 60 (0.060 - 0.200 mm).
When necessary, solvents were dried using activated 3 A or 4 A molecular sieves28. Activation of the molecular
sieves was done by using a plastic-free domestic microwave oven (irradiation in a quartz beaker of 100-200 g of
new molecular sieve until partial melting, i.e. from 1 to 8 min by periods of 1 min alternated with cooling).
CAUTION: due to the remain of traces of solvents, microwave irradiation of molecular sieve previously used
can result in a serious explosion.

3-Hydroxy-5-phenylpyrazole Ta: Ethyl benzoylacetate (40 mi; 0.11 mol) in EtOH (100 mi) was added dropwisc

to hydrazine hydrate (11.2 ml; 0.235 mol) in refluxing EtOH (150 ml) over one hour. The suspension was
heated for an additional hour and left to cool. Filtration and drying of the precipitate led to 7a (25 g; 67 %) asa
peach-coloured solid. M.p. = 243°C (1it2% = 242-243 :

Ar); 7.44-7.67 (m, 2H, Ar). 13C: 8

160.9 (C-3). m/z (EI) = 160. Anal. (Cg
N: 17.60.

Preparation of Ta-b via bis-alkylation of 3-hydroxypyrazoles : In a typical procedure, 3-hydroxypyrazole 7a,b
(66.2 mmol), dibromoethane ('13 7 g, 2.8 “moi) and KpCO3 (326 g mmol) in dry acetonitrile (500 ml)
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VA2 _Hudrovvethul . S.nhonvl. I _tnevwlnurarnl_3_amo Qa- Ohtainad ac an nil that onlidifiad simmm ctnmdin~ (£OQ o7
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Mn = RA4_RK°C 1 Y46 (¢ MHAY T84 (m "2H CHANDY 2Q7 (v DT OLI_NY. £N0O /o 1LT 759TT AN,
Vi OFTOU . iR 407U Dy SRRy NR1f), JWUTY U, LA, X171V, D070 (D, 201, wni2\vwU), 00U (S, 1, Un-4j;
7238 (m SH Ar) ARA (m D) Tey 700 (m 9 Y 1300 21 Q /CIIN AO 1 (CLIAN- £1 3 FOLTA M. O 2
7 7 \AEky SJARy £33k ), 1.UT \1ll, &KRy A9j, 7.0V \1kl, ik, L) e &k O \NALS ), 0L X120V ), ULLL \LTIDU ), FLD
(CH-4); 125.2 (CH Ar); 128.3 (CH Ar); 128.6 (CH Ar and CH Ts); 130.2 (CH Ts); 130.9 (C Ts); 132.5 (C
Ar): 143 R (C Tq): 146 .8 (C-5): 1501 (C-3) m/7 (ED = 358

s, 162.8 (0 1§5), 1408 (Ro-2), 12V 0 (-2 /T 81) 330

2 (2-Hvdroxvethvl}-5-methvl-1-tosvinpvrazol-3-one 9h- Obtained 25 a2 colid (6R Y Mn = 25 13- 9 14 /<
LTVLTERYQRTUAJORIL Yb T TICLIE YT a TR0 Yup Yy G LULT I TV F. AJULAIULU A5 @ SULIUL U0 /0. i.p. = 6J o 11. 4.1 {9,
3H, CHq): 246 (s, 3H,. CH2 Ts): 3.77 and 3.86 (m. 4H. CH»N and CH-OY: 555 (s. 1H. CH.4)- 736 (4 2H
iRy A1), LTUNRS, DA, R 25, 2L s 2000 Ui S, aaZaN A LIRSy, D20 S, aaa, saa=ty), /.00 (G, 26,
J = 8.5 Hz, Ts); 7.76 (d, 2H, ] = 8.5 Hz, Ts). 13C: 14.3 (CH3); 21.8 (CH3 Ts); 48.6 (CH,N); 61.3 (CH,0);
045 (CH-4); 128.6 (CH Ts); 130.0 (C Ts); 130.1 (CH Ts); 131.1 (C Ts); 146.6 (C-5); 147.9 (C-3). m/z (ED
=296. Anal. (C13HgN2S04): Cale, C: 52.69, H: 5.44, N: 9.45; found, C: 52.67, H: 5.35, N: 9.51
4-Ethyl-2-(2-hydroxyethyl)-5-methyl-1-tosylpyrazol-3-one 9¢: Obtained as an oil (73 %). 'H: 0.93 (t,3H, I =
7.6, CH3); 2.02 (g, 2H, T = 7.6, CHy); 2.07 (s, 3H, CH3); 2.46 (s, 3H, CHz Ts); 3.81 (s, 4H, CHoN and
CH,0); 7.37 (d, 2H, ] = 8.1 Hz, Ts); 7.79 (d, 2H, ] = 8.5 Hz, Ts). 13C: 13.0 (CH3); 13.8 (CHz); 15.2
(CH,); 21.8 (CH; Ts); 48.8 (CHN); 61.5 (CH0); 109.7 (C-4); 128.6 (CH Ts); 130.2 (CH Ts); 131.8 (C
Ts); 139.9 (CTs); 146.6 (C-5); 148.8 (C-3). m/z (EI) = 324.

Preparation of 1a-c via cyclization of 9a-c: In a typical procedure, under an inert atmospherc, compound 9a-¢
(21 mmol) was dissolved in dry acetonitrile (200 ml), 60 % sodium hydride (0.9 g; 22.5 mmol) was added and
the suspension was stirred overnight. The solution was evaporated to dryness and chromatographed
(CH>Cl1>/MeOH from 99:1 to 97:3) to give la-c.

2,3-Dihydro-6-phenylpyrazolo[3,2-bJoxazole 1a obtained as a solid (82%). A small sample was recrystallized
(heptane). M.p. = 104 °C (lit?3 = 102.5-103°C). 'H: 4.32 (t, 2H, J = 7.9, NCH3); 5.03 (t, 2H, ] = 7.9,
OCHj»); 5.70 (s, 1H, CH-7); 7.26-7.42 (m, 3H, CHAr); 7.72-7.74 (m, 2H, CHAr). 13C: 45.3 (NCH>); 75.0
(OCHy); 77.9 (CH-7); 125.3 (CHAr); 127.9 (CHATr); 128.6 (CHAr); 134.2 (C-6); 156.8 (C-7a). m/z (EI) =
186. Anal. (C11H;0N20): Calc, C: 70.95, H: 5.41, N: 15.04; found, C: 70.93, H: 5.39, N: 15.09.
2,3-Dihydro-6-methylpyrazolo[ 3,2-bJoxazole 1b: The oil obtained was distilled in a Kugelrohr apparatus (10
mmHg - 200 °C) to give 1b (81%, crystallize upon standing). M.p. = 45-46°C (lit?3 = 45.5-46 °C). 1H: 2.15 (s,
3H, CH3); 4.12 (t, 2H, J = 8.1, CHp); 4.90 (t, 2H, J = 8.1, CHp); 5.10 (s, 1H, CH-7). 13C: 15.0 (CH3); 44.8
(CH»); 74.5 (CHp); 79.7 (CH-7); 154.4 (C-6); 159.3 (C-7a). m/z (EI) = 124. Anal. (C¢HgN,O): Calc, C:
58.05, H: 6.50, N: 22.57; found, C: 57.98, H: 6.70, N: 22.64.
7-Ethyl-2,3-dihydro-6-methylpyrazolo[3,2-bJoxazole 1c: The oil obtained was distilled in a Kugelrohr
apparatus (10 mmHg - 200 °C) to give 1¢ (75%, crystallize upon standing). M.p. = 68-69°C. TH: 1.09 (t, 3H, J
= 7.5, CH3); 2.13 (s, 3H, CH3); 2.26 (q, 2H, J = 7.5, CHy); 4.13 (t, 2H, ] = 8.1, NCH»); 4.91 (t, 2H, ] =
8.1, OCHpy). 13C: 13.3 (CH3); 14.1 (CH3); 15.4 (CHy); 45.1 (CHp); 74.5 (CH»); 94.7 (C-7); 153.2 (C-6);
156.9 (C-7a). m/z (EI) = 152. Anal. (CgH{2N70, 3/4 H20): Calc, C: 57.99, H: 8.21, N: 16.91, found, C:
57.99, H: 8.06, N: 17.13.

Preparation of 3b using methyl iodide: 2,3-Dihydro-6-methylpyrazolo[3,2-b]Joxazole 1b (1.67 g; 13 mmol) and
methyl iodide (1.6 ml; 26 mmol) in acetonitrile (20 ml) were heated in a sealed flask for 15-20 hours at 100°C.
Following removal of the solvent, the residuec was chromatographed (CH;Cl/MeOH 95:5) to give 3b (20%).
Note: Concentration of the fractions obtained should be done under vacuum without heat as recyclization was
observed on TLC and NMR when heating.

Preparation of 3a-c¢ using methyl trifluoromethanesulfonate via 2a-c followed by addition of sodium iodide:
Under a dry atmosphere, pyrazolo[3,2-bJoxazoles 1a-c (2.5 mmol) were dissolved in dry acetonitrile (15 ml),
methyl trifluoromethanesulfonate (0.31 ml; 2.7 mmol) was added and the solution was stirred for 2 hours to
give 2a-c. Dry sodium iodide (0.72 g; 5 mmol) was then added and the solution was stirred overnight. The
solvent was removed in vacuo and the residue chromatographed (CHClp/MeOH from 97:3 to 94:6) to give
3a-c.
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methyl 2- (2 todoethyl)pyraz:al -one 3b: Obtained as an oil (61 %). !H: 2.08 (s, 3H, CH3); 3.14 (t, 2H,
,C 15); 3.23 (s, 3H, CHz); 4.10 (t, 2H, J = 5, CHp); 5.22 (s, IH, CH-4, note : ex. in D20). 13C: -0.5
(CH3D); 12.8 (CH3z); 33.9 (CH3N); 44.6 (CH»); 97.5 (CH-4); 154.6 (C-5); 166.9 (C-3).m/z (EI) = 266.
1,5-Dimethyl-4-ethyl-2-(2-iodoethyl)pyrazol-3-one 3c¢: Obtained as an oil (70%) contaminated with small
amounts of 2¢ (even if no heat was applied while concentrating to dryness the far more polar cyclization product
2¢ could still be seen on TLC and in NMR spectra). 'H: 1.05 (t, 3H, J = 7.5, CHz); 2.06 (s, 3H, CH3); 2.24
(q. 2H, J = 7.5, CHy); 3.04 (s, 3H, NCH3); 3.18 (t, 2H, J = 7.7, ICH3); 4.06 (1, 2H, J = 7.7, NCHyp). 13C:
-0.2 (CH3lI); 10.7 (CH3); 13.9 (CH3); 15.5 (CHy): 34.7 (CH3N); 44.4 (CH,N); 111.6 (C-4); 151.4 (C-5);
167.0 (C-3). m/z (EI) = 294.

Preparation of 2-(2-cyanoethyl)pyrazol-3-ones 4a,b: Under a dry atmosphere, pyrazolo[3,2-bJoxazoles 1a,b
(2.5 mmol) were dissolved in dry acetonitrile (15 ml), methyl trifluoromethanesulfonate (0.31 ml; 2.7 mmol)
was added and the solution was stirred for 2 hours. Dry sodium iodide (0.72 g; 5 mmol) was added and the
solution was stirred overnight. Triethylammonium cyanide (0.5 g; 32 mmol) was added and the solution was
stirred for another 10 hours. The solvents were removed in vacuo and the residue was chromatographed to give
4a,b. From 1c the procedure above failed to give any isolable amount of 4c. When omitting the sodium iodide
treatment of 1¢ compound 4¢ could be isolated in 16% yield.
2-(2-Cyanoethyl)-1-methyl-5-phenylpyrazol-3-one 4a: Elution with CH»Cla/MeOH from 98:2 to 97:3 gave 4a
as an oil (47%). 'H: 2.73 (t, 2H, J = 6.1, CH»-CN); 3.18 (s, 3H, CH3N); 4.13 (t, 2H, J = 6.1, CH,N); 5.80
(s, 1H, CH-4); 7.44-7.52 (m, 5H, HAr). m/z (El) = 227.

2-(2-Cyanoethyl)-1,5-dimethylpyrazol-3-one 4b: Elution with MeOH/ethyl acetate 12:88 gave first Sb (25 %)
and then 4b as an oil (30%). H: 2.13 (s, 1H, CH3); 2.61 (t, 2H, J = 6.4, CH,-CN); 3.2 (s, 3H, CH3N); 4.00
(t, 2H, J = 6.4, CH3N); 5.23 (s, 1H, CH-4). m/z (EI) = 165.
2-(2-Cyanoethyl)-1,5-dimethyl-4-ethylpyrazol-3-one 4c: Elution with CH,Cl2/MeOH 97:3 gave 4c¢ as an oil
(16%). 'H: 1.06 (t, 3H, 1 = 7.5, CH3); 2.08 (s, 1H, CH3); 2.24 (q, 2H, J = 7.5, CHp); 2.59 (1, 2H, ] = 6.5,
CH;-CN); 3.08 (s, 3H, CH3N); 3.96 (t, 2H, T = 6.5, CH2N).

Preparation of 1-methyl-2-vinylpyrazol-3-ones Sa-c: In a typical procedure, under a dry atmosphere, the
relevant pyrazolo[3,2-bloxazoles la-c¢ (8.4 mmol) were dissolved in dry acetonitrile (100 ml), methyl
trifluoromethanesulfonate (1.04 ml; 9.2 mmol) was added and the solution was stirred for 2 hours. Dry sodium
iodide (2.5 g; 16 mmol) was added followed by toluenesulfonic acid (1.6 g; 8.4 mmol). The suspension
obtained was stirred for 24 hours and NMR monitoring showed a complete conversion into the iodinated
derivatives 3a-c. tert-BuOK (2.35 g; 21 mmol) was then added and the suspension stirred for one hour before
removing the solvents under vacuum. Chromatography of the residue gave Sa-c.
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160 —=CHa)- AR (¢ 1 CHAY:- 00 (dd 1TH T = QA4 and 160N —=TI\- 747 (¢ SLT ITA 137, An 1
i N NKRY Jy S UG A0, RHE, A1), ULZVU (LU, 11, 0 = Ju5oalld 100V, =ual ), WL (S, O, nAT). L. 4uU.1l
(CH3N); 98.1 (CH-4); 100.7 (CHy); 126.1 (CH); 128.2 (CHAr); 128.8 (CAr); 129.1 (CHAT); 130.8 (CHAr);
1642 (C-5): 165.2 (C-3). m/7 (ED = 200
104.2(L-0), 100.2 (L-2). m/Z (1) LUV,
1 5-Dimethvl]-2-vinvipvrazol-3-one Sh: Elntion with firgt hentane/ethvl acetate 1:1 then CHA(1 /Mo 0)-Q
Ly TESILCRTL YT AT Y JEP T RLULTSTUNC JRF. iUV AL L1100 MVPIGLL/ VLY L QUGLATY £ L LIV /N B IVINA LY 7 4.0
gave 5b as an o0il (90 %). 1H: 2.16 (s, 3H, CH3): 3.12 (s, 3H, NCH3): 473 (d, 1H. 1= 0.3 =CH,): 4 68 (d
> AN s () > 3/ & RSy JER, INSLERF ), T2\, 1ML, g Z.3, i} ), .00 (G,
1H, J = 16.9, =CHy): 5.35 (s,1H, CH-4); 6.83 (dd, 1H, J = 9.3 and 16.9, =CH). 13C: 12.9 (CH3): 36.1
(CH2N): 98.4 (CH-4): 99.6 (=CH»): 126.5 (=CH): 159.4 (C-5): 165.9 (C-3). m/z (EI) = 138
AN 3%/, 1S 79 \ 2/ A 7 L\ 7, PRI A0 /T (1) 138.
1.5-Dimethvi-4-ethvl-2-vinvinvrazol-3-one 5¢: Elution with hentane/ethvl] acetate 1:1 gave 8¢ as an oil (&1 %)
s Y Y YIPYTGL P yiaceldil 1.1 gave 3¢ as an ou (si 7).
IH: 1.05 (1, 3H, I = 7.4, CH3); 2.09 (s, 3H, CHz); 2.23 (g, 2H, J = 7.4, CHp): 2.98 (s, 3H, NCH3): 4.63 (d,
1H, I = 9.4, =CH»); 4.68 (d, 1H, ] = 16, =CH3); 6.87 (dd, 1H, J = 9.4 and 16, =CH). !3C: 10.8 (CH3); 13.
(CH3): 15.4 (CHa); 37.0 (CH3N); 97.0 (CHy); 113.5 (C-4); 126.4 (CH); 155.4 (C-5); 165.8 (C-3). m/z (EI) =

(CH;Clo/EtOH from 93:7 to 9:1) to give 6a-c in 49, 75 and 45 % yields, respectively.

Preparation of 6a-c by acidic hydrolysis of 5a-c¢ and isolation of 11: In a typical procedure, 1-methyl-2-vinyl-
3-oxopyrazoles 5a-¢ (2 mmol) were stirred overnight in 2 N hydrochloric acid (20 ml). The solvent were
removed in vacuo and the residue was chromatographed (CH>Clp/MeOH 95:5) to give 6a-c in 50, 25 and 82%
yields, respectively (for characterization see preparation of 6a-c via iodine-based oxidation of 5a,b below).
Compound 11 was isolated in 20 % yield.

1,5,1',5"-Tetramethyl-1,2,1' 2"-tetrahydro-4-4'-ethane-1, 1'-diyl-bispyrazol-3-one 11: M.p. > 250°C. 'H
(DMSO + CF3CO2D): 1.39 (d, 3H, J = 7.3, CH3); 2.13 (s, 6H, CH3); 3.50 (s, 6H. NCH3); 3.64 (g, IH,J =
7.5, CH). 13C: 9.8 (CH3); 19.2 (CH3); 23.8 (CH); 34.5 (CH3N); 107.6 (C-4); 144.5 (C-5); 158.4 (C-3). m/z
(EI) = 250. Anal. (C1pH3N402): Calc, C: 57.58, H: 7.25, N: 22.38; found, C: 57.42, H: 7.33, N: 22.77.
Preparation of 6a,b via iodine-based oxidation of 5a,b: following the guidelines of the reported procedurel’,
1-methyl-2-vinyl-3-oxopyrazole 5a,b (2 mmol) was refluxed in 50 ml of THF/water 9:1. Iodine (0.53 g; 2.1
mmol) was then added and the solution was heated for 90 min before adding sodium sulfite (0.56 g; 4.5 mmol)
in water (10 ml). The reflux was resumed for another 90 min, the solution was concentrated to dryness and the
residue chromatographed (CH>Clp/MeOH from 99:1 to 97:3) to give 6a,b in 76 and 82% yields, respectively.
3-Hydroxy-1-methyl-5-phenylpyrazole 6a: M.p. (water) = 160-161°C (1it30 = 161°C). 'H: 3.71 (s, 3H, CH3);
5.71 (s, 1H, CH=); 7.39-7.48 (m, 5H, ArH). 13C (DMSO) : 36.6 (CH3); 90.4 (CH-4); 128.2, 128.6 (CHAr);
130.3 (CAr); 143.5 (C-5); 159.8 (C-3).

1,5-Dimethyl-3-hydroxypyrazole 6b: M.p. (water) = 173°C; (lit6 = 172-173 °C). 'H (DMSO): 2.10 (s, 3H,
CH3); 3.46 (s, 3H, NCH3); 5.23 (s,1H, CH-4). 13C: 10.7 (CH3); 34.8 (CH3N); 89.7 (CH-4); 138.7 (C-5);
159.4 (C-3). m/z (El) = 112.

1,5-dimethyl-4-ethyl-3-hydroxypyrazole 6¢: Obtained as a solid (82 %) via acidic hydrolysis. Recrystallization
(water) of a small amount gave 6¢c. M.p. = 146°C. TH: 1.07 (t, 3H, ] = 7.4, CH3); 2.07 (s, 3H, CH3); 2.30 (q,
2H, I = 7.4, CHy); 3.55 (s, 3H, NCH3); 9.3 (s(I), 1H, NH). 13C : 9.5 (CH3); 15.0 (CH3); 15.4 (CHy); 34.7
(N-CH3); 104.1 (C-4); 136.9 (C-5); 159.4 (C-3). m/z (EI) = 140. Anal. (C7H|2N20): Calc: C: 59.98, H: 8.63,
N: 19.98; found, C: 59.91, H: 8.36, N: 20.08.
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