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Summary: Hypervalent iodine oxidation of various 5substituted pyrazol-3(W-ones tJ&) with 
iodobenzene diacetate or iodosobenzene in methanol results in fragmentative loss of molecular 
dinitrogen to yield methyl 2-alkynoates t&h). However, 5-methyl-4-substituted pyrarol-3(2H)- 
ones (&d) under similar conditions yteld methyl 2,3-allenic esters 0. Methyl 2,3- 
cycloalkadienoates (&& are obtained by the oxidattve cleavage of 4,5polymethylene pyrazol- 
3(2/f)-ones && using iodobenzene diacetate or iodosobenzene in methanol. 5-Methyl-4,4- 
disubstituted pyrazol-3(2H)-ones w were found not to undergo reaction under similar 
conditions. The scope and mechanism of these reactions are discussed. 

Methyl 2-alkynoates and methyl 2.3~alkadienoates are useful intermediates for the synthesis 

of a variety of complex acyclic, carbocyclic and heterocyclic molecules.12 In recent years, many 

methods have been devised for their preparations12 among which are the oxidation of pyrazole- 

3(2H)-ones by Tl@lO3)33-5 and Pb(OAc)46. Earlier, in a preliminary communicationT , we have 

reported that the oxidation of 5-substituted pyrazol-3(2&ones w) with iodobenzene diacetate tn 

methanol led to methyl 2-allcynoates (2) and methyl 2,3-alkadienoates (4) respectively. In 

continuation of our studies on the synthetic utility of hypervalent mdine8, we herein describe fully 

the scope of these hypervalent iodine oxidations using iodobenzene diacetate or iodosobenzene in 

methanol. 

Treatment of 1 equiv. of J-substituted pyrarol-3(2H)-ones &Q) with 2 equiv. iodobenzene 

diacetate or iodosobenzene, in methanol, at -230C gave methyl 2-alkynoates. The iodobenzene 

diacetate or iodosobenzene is reduced to iodobenzene(&heme 1). The scope of this reaction ts 

further defined by the observation that the nature of the C-5 subsntuent in the pyrarol-3(2H)-ones 

d? not afl$t the yield of methyl 2-alkynoates. 
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Scheme 1 (Yields range tiom 59 to 64 percent) 

A plausible mechanism for the synthesis of methyl 2-alkynoates may be: i) generation of the 

tricoordinate species, (dimethoxyiodo)benzene & either by the addition of methanol to 

iodosobenzene9 or nucleophilic substitution by methanol in the case of iodobenzene diacetate; ii) 

electrophilic addition of A to the C-4 position of pyrazole to give in&mediate B which then loses 

methanol to form an intermediate ylide C (this type of ylide system is known for pymzolelB ), iii) 

ligand transfer of a second molecule of A followed by reductive elimination of iodobenzene to 

form intermediate p iv) nucleophilic addition of methanol to the carbonyl carbon of p followed by 

a second reductive ehmination with fragmentative loss of molecular dinitrogen to yield methyl 2- 

albnoate 0 (Scheme) 
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Scheme 2 

In a further study of this oxidation, 1 equiv. of 5-methyl-6-substituted pyrazoL3(2H)-ones Q) 

were treated with iodosobenzene diacetate (2 equiv.) or iodosobenzene (2 equiv.) in methanol at 

-230 C yielding methyl 2,3alkadienoates Ce, (Scheme). 
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Scheme 3 (Yields range from 57 to 66 percent) 

Encouraged by these transformauons. the syntheses of the more difficultly accesstble methyl 

2,3-cycloalkadienoates && were achieved in good yields by the oxtdatton of 5.4~polymethylene 

pyrazol-;(2(2H)-ones, (&&Scheme 4). 
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Scheme 4 (Yields range from 49 to 58 percent) 
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However, in the case of 4,5-cycloheptane pyrazol-3(2H)-one && and 5.4~cyclocctane pyrazol- 

3(2H)-one &I), the oxidations under similar conditions were unsuccessful and starting materials 

&t and a were recovered . This may be due to the relatively small ring size of the starting 

pyrazol-3(W)-ones @I&). 

The formation of u and & may be explained by i) electrophilic addition of A to the C-4 

position of the pyrazol to form intermediate E which due to C-4 substitution of pyrazoL3(2H)-ones 

(m and I$& cannot form an ylide, ii) intermediate E then undergoes addition of another 

molecule of A to gtve E, iii) which then undergoes reductive ehmination of iodobenzene via the 

loss of a proton from the methyl or methylene group at the C-S position of pyrazol to yield 

intermediate G. (Thts loss of a proton from E in&cates that the presence of a methyl or methylene 

group at the C-5 position is necessary. This observation is confirmed by the fact that 5-aryl-4- 

substitute&pyrazoL3(2H)-ones do not undergo oxidation under these conditions and starting 

materials were recovered.) iv) The reaction is completed by the addition of methanol to G, 

followed by loss of molecular dinitrogen and reductive elimination of iodobenzene to yield methyl 

2,3-alkadlegates (Scheme 5). 
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When 5-methyl-4,4-disubstituted pyrazol-3(W)-one (&b) were treated with iodobenzene 

diacetate or iodosobenzene in methanol at room temperature or -230 C, them was no formation of 

olefinic esters &&$ observed. Rather, starting materials were recovered. The reason for this 

behavtor may be due to the fact that the C-4 posttion is disubstituted and hypenodination cannot 

occur in order to initiate the reaction (Scheme 6). 
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This method of hypervalent iodine oxtdation of pyrazol 3(2H)-ones to methyl 2-alkynoates 

and methyl 2.3~alkadienoates IS advantageous because the yields are good, the reaction conditions 

are mild and the inconvenient toxicity of thallium and lead reagents are avoided. 

Melting points were determined using a Thomas Hoover capillary melting point apparatus 

and are uncorrected. IR spectra were obtained using an IBM system 9000 IR/32 

spectrophotometer and peak positions are expressed in cm-l. lH-NMR spectra were recorded at 

60 MHz with a Vatian EM 360-L spectmmeter using StMe.4 as an internal standard. Mass spectra 

were obtained using a Hewlett Packard GUMS 5985 apparatus at 70 eV. 

Starting materials: Iodobenzene diacetate, hydrazine hydrate and b-ketoesters (required for 

the synthesis of u, u, U) were obtained from Aldrich and Co. 2- 

Carbomethoxycycloalkanones required for the synthesis of a were prepared by the method of 

Rhoadsll involving carbomethoxylation of appropriate cyclic ketone by dimethyl carbonate and 

sodium hydride. Following the ltterature procedure 12, the synthesis of 5substituted pyrazol- 

3(2H)-ones u) and S-methyl-4-substituted pyrazol-3(2H)-ones Q) was achieved using hydrarine 

hydrate and appropriate P-ketoester. 3,4-Polymethylene pyrazol-3(2H)-ones @) were prepared 

according to the method of Silveira et al. 6 5-Methyl-4,4-dimethylpyrazol-3(2H)-one CLa) and 5- 

methyl-4,4dichloropyrazol-3(2H)-one (zh) were prepared according to literature procedure.13 

General Pro&~ for the Preuaratton of Methvl-2-aWnoatS; (&h) 

A methanolic solution (40 mL) of 5-substituted pyrazol-3(2H)-one (1, 0.01 mol) was added 

to a stirred methanolic solution of iodobenzene dracetate or iodosobenzene, cooled to -23 o C, over 

a 45 minute period. The mixture was stirred for an addittonal 1 hr at room temperature. The 

solvent was reduced in vacua to one-third volume and the resulting solutton was diluted wtth water 

(neutralized with saturated aqueous sodium hydrogen carbonate in case of iodobenzene diacetate) 

and extracted with dichloromethane (4 X 100 mL). The organic layer was dried over anhydrous 

MgS04 and concentrated under reduced pressure to yield the crude product and iodobenzene. 

Pure products were obtained either by column chromatography (hexane and ether as eluents) or by 

reduced pressure drstillatton. 

Comaounds 

Methvl 2-butvnt&&&& 96 yield = 60, bp = 82-85oC/85mm, [Lit.]14bp = 80-82O C /85mm, IR 

(Neat) cm-l: 1720 (sh, C=O stretching); 2210 (sh, - C m C - stretching); lH-NMR (CDCl 

2.0 (s, 3H, Cl&), 3.75 (s, 3H, COOCH3). 

vl 2-v: % yield = 63, oil, (purified by column chromatography ILtt.15 bp = 

72oC/lO mm. IR (Neat) cm-l: 1720 (sh, C=O stretching); 2190 (sh, - C E C -, stretching); 1 
NMR (CDC1)3 6: 1.25 (t. 3H, -CH2CH3), 2.3 (q, 2H, CH2CH3). 3.8 (s, 3H, COOC&,). 

Dimethvl ace&&icarboxvlate &): 46 yield = 59, bp = 92-95°C/19 mm, ]Ltt.]16 bp = 95-98O 

c/19 mm, IR (Neat) cm-l: 1720 (br, C=O stretchtng), 2210 (sh, - C E C - stretching); lH-Nl 

(CDC13) 6: 3.8 (s, 6H. 2 X COOCH3). 

ethvl (3 methvlcarboxvmethvl)nronvnoate (2dl: % yield = 62, oil (purified by column M - 

chromatography) [Lit.]17 bp = 90-92oC/4mm, IR (Neat) cm- 1: 1730 (br, C=O stretchings), 2220 

(sh, -C G C- stretchmg); 1~ NMR (CDCl3)S : 3.4 (s, 2H, C&), 3.75 (s, 3H, COOCH3). 3.8 (s, 

c = c-COOC~). 

m@onvnoate (&): % yield = 59, bp = 95-96oc/lmm, iLtt.118bp = 128O Cl4mm. IR M 

cm -1: 1720 (sh, C-0 stretching), 2110 (sh, -C = C- stretching); lH-NMR (CDC13) 6 : 3.8 

3H, COOCH3). 7.2-7.6 (m. 5H, aromatic protons). 

Methyl 3-(p-chlomnhenvl)nroDvnoate (2fz; % yteld = 61, mp 90-91°C, [Lit.]” mP = 92-94’C, IR 

cm-l: 1720 (sh, C=O stretching), 2226 (sh, -C c C- stretching), lH- NMR (CDC13) 6: 3 

3H, COOCH3), 7.3 (d, 2H, aromatic protons), 7.7 (d, 2H, aromatic protons). 
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p %yield=59, m.p.=67-690C, [Lit]18 rnp.=68-7ooC, IR 

(KBr) cm-*: 1725 (sh, C=O stretching), 2210 (sh. - C s C - strechmg), ~H-NMR (CDC13) 6 : 
(5 3I-L C&9.3.8 (S, 3H, CQOCE3). 7.2-7.6 (q, 4H, aromatic protons). 

Methvl3&- mcthoxvohenvl)DroDvnoatt 46 yield = 64, mp = 45-470 C [Lit.] l8mp = 45470 

C, IR (KBr) cm-l:L 1725 (sh, C=O stretching), 2226 (sh. -C E C-, stitching); l~-h 

(CDCl3) 8 : 3.9 (&3H, COtXJH3). 3.95 (s, 3H, OCH3). 7.0 (d, 2I-I. aromatic protons), 7.7 (d, 2H 

aromatic protons). 

(-es (4ad. 6a+) 

5-Methyl-4-substituted pyrazol-3(2H)-ones w) (0.01 mole) or 5.4-polymethylene pyrazol- 

3(2H)-ones W (0.01 mol) was dissolved in 40 mL of methanol. This solution was added to a 

Stirred solution of 0.02 mo1 of iodobenzene diacetate or iodosobenzene dissolved in 50 mL of 

methanol cooled at -230 C over 40 minutes. After the addition, stirring was continued for an 

additional 2 hours at room temperature. The volume of methanol was reduced in vncuo to one- 

third. The resulting solution was diluted with water (neutralized with saturated aqueous sodmm 

hydrogen carbonate in case of iodobenzene diacetate) and extracted with dichloromethane (5 x 

100 mL). The combined dichloromethane layers were dried (MgSO4) and concentrated in vucm 

to yield the crude products 0 and 0, respectively, with iodobenzene. Products were p~nfied 

either by column chromatography (using hexane:ether as the eluent) or by reduced pressure 

distillation. 

Compounds thus obtained w 

Methvl 1-methvl-2.3-b- % yield = 64, oil @urified by CO~WM chromatography), IR 

(Neat) cm-l: 1728 (sh, C=O stretching), 1969 (br, C=C=C stretching); lH-NMR (CDC13) 8 

1.90 (t, 3H. CLEs), 3.74 (s, 3H, COOC&), 5.1 (t, 2H, C=Cfid). 

Methvl I-ethvl-2.3-but&ienoate (4b): 46 yield = 64, bp = 6@62oC/1 l mm, rLn.16 bp = 6& 

62OWl mm, IR (Neat) cm-*: 1730 (sh, C=O stretching), 1975 (br, C=C=C stretching); ~H-NMR 

(CDC13) 6 : 1.05 0. 3H, CH2C!W, 2.1 (m, 2H, C.&CH3), 3.70 (s, 3H, COOC&), 5.1 (t, 2~ 

C=C=C&). 

Methyl 1-methvlcarboxvmethvl-butadienoate (4ck 90 yield = 57, oil (punlid by column 

chromatography), IR (Neat) cm-l: 1735 (br, C=O stretching), 1964 (br, C=C=C stretching); 1H- 

NMR (CDC13) 8: 3.3 (dd, 2H, =GCH2COOCH3), 3.75 (s, 3H, COOC&,), 3.75 (s, 3H 

COOCBS). 5.1 (dd, 2H, &C=C=C); C8H1004 requires % C = 56.44, H = 5.9 Found % C = 

56.20, H = 5.7. 

Methvl 1-benzvl-2.3-butadienoate (4hl; % Yield = 66, bp 114-116oc/D.O4 mm, IR (Neat) cm-l: 

1750 (br, C=O stretching), 1970 (br, C=C=C stretching); lH-NMR (CDCl3) 8 : 3.6 (m, 2H, =C 

CLIZPh), 3.75 (s, 3H, COOC&), 5.1 (t. 2H, C=C-Cm), 7.1-7.4 (m, 5H, aromatic protons). 

C12H1202 requires (%) C = 76.6, H = 6.38; Found (%) C = 76.3, H = 5.96. 

Methvl 2.3-cvclononadienoatc 0. % yield = 49, oil (purified by column chromatography), IR 

(Neat) cm-l: 1714 (br, C=O stre.tching), 1973 (br, C=C=C stretching), IH-NMR (CDC13) 6 : .95 - 
2.60 (m, 12K -(c&)6-), 3.73 (s, 3H, -O-C&). 5.74 (m, lH, EC=C=C) 

Methvl 2.3-cvclodecadlenoate ($& % yield = 58, oil (punfied by column chromatography), IR 

(Neat) cm-l: 1725 (br, C=O stretching), 1965 (br, C=C=C stretchmg); lH-NMR (CDC13) 6 : .95 - 
2.55 Cm, 14H, -(CH2)7-), 3.76 (s, 3H. COOCH3), 5.56 (m, IH, BC=C=C) 

Methv12.3-cvclododecad e oate 16r;): % yield = 56,011 (purified by column chromatography), IR 

(Neat) cm-l. 1725 (br, CIOnstretching), 1963 (br, C=C=C stretching); 1~-NMR (cDC13) 8 : .95 - 
2.60 (m, 18H, -(CH2)9-), 3 68 (s, 3H, COOC&), 5.37 (m, IH, &Z=C=C) 

Compounds k, 46, and k IR and lH-NMR spectral characteristics an identical to reported 

values.5 
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