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SUMMARY 

The title dlazoalkane (1) reacts smoothly with a variety of electron 

deficient alkenes to give, unexpectedly, the corresponding pyrazole 

derivatives. Thus, reaction with methyl or ethyl propenoate affords the 

methyl and ethyl esters of pyrazole-3-carboxylic acid (2) and (3,. Reaction 

with dlethyl maleate yields 3, 4-bis-(ethoxycarbonyl)pyrazole (41, and 

dimethyl maleate gives the corresponding dimethyl ester (5). Treatment of 

(1) with propenonitrile afforded 3-cyanopyrazole (61, and with propenoic 

acid the corresponding pyrazole-3-carboxylic acid (7) was obtained. In all 

of these reactions two side products were isolated, namely perfluoro-(3- 

methylpent-2-ene) (8) and 3H-3-trifluoromethyldecafluoropentane (9). A 

mechanistic rationale for these unusual and potentially useful reactions 

is given. 

INTRODUCTION 

Although the cycloadditlon of diazoalkanes to alkenes has been known for 

many years, it was with the now classical work of Huisgen in the 1960 s 
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Li, 31 that the Ideas of dipo?ar cycioadditions were formulated. St iudles of 

these addition-, have attracted considerable interest from a mechanistic 

viewpoint and thic. has been comprehensively reviewed [ 41. The react i ens 

are now ‘classified as 7i 12 additions and provice a convenient rsiite tcs :ive 

member-e? ring systems. For example, oiazomethane yieids, on reacticn with 

suitable oiefins, a wide range of pyrazolines i41. The reactivity of the 

dia-oa’kane i- i j i reported to be reduced by the introduction of electron 

withdrawing groups and increased by the presence of electron donating 

groups : 51. Further the reaction only works well when the alkene is part 

of a strained ring system cr is conjugated to an electron attracting group 

i 41. 

In the fl.uorinated field, where relatively lit?le work has been done, due 

to the lack o: suitable polv- and perfluoro- diazoalkanes, cycloadditions 

have been observed. For example, reaction of perfluoro-:-diazoprc~a~e with 

propenonltrile gives the corresponding pyrazoline which readily rearranges 

to a more stable isomer [6,71. 

Fluorinated pyrazolines and related compounds have been obtained from 

reaction of diazomethane with polyfluoroazaalkenes LB1 and more recently 

with i luoroalkenes [ 91, In all of these reactions it should be noted that 

the product is not the aromatic material and often further dehydrcgenation 

is difficult to achieve [lOI. 

RESULTS AND DISiUSSlON 

Although the implication from earlier studies was that electron deficient 

diazoalkanes did not readily participate in cycloaddition reactions, we had 

shown f ram other reactions i i 11 that (1) had such unusual properties, that 

its luse in this type of reaction should nevertheless be explored. Thus, we 

treated (1) with methyl propenoate in the absence of solvent. In a slow 

reaction, the loss of the intense yellow colour of tl) is a good measure of 

the way that the reaction is proceeding; we found that after five days at 

room temperature a solid was being precipitated and the colour was fading. 

To ensure complete reaction the mixture was left for twenty days, when the 

colour had disappeared, as had the strong i.r. band for the diazoalkane. 
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The solid was filtered from excess methyl propenoate and dried in vacua; 

examination of its ’ ‘F n. m. r. spectrum gave a total surprise since it 

showed the complete absence of fluorine in the molecule. The ‘H n. m. r. 

spectrum showed signals for a methyl group, two aromatic protons and an NH. 

The i.r. spectrum showed bands at 3110 cm ’ and 1730 cm ’ corresponding to 

NH and CO respectively. The mass spectrum gave the expected band CM = 126: 

for the product to be methyl pyrazole-3-carboxylate (2). Examination of 

the liquid fraction from this reaction showed two major components to be 

present; these were separated and readily identified as perfluoro-3- 

methyipent-2--ene (8) and 3H-3-trifluoromethyldecafluoropentane (9), 

both of which had been prepared previously. 1121. 

In a simiiar experiment, but using the ethyl ester, the corresponding ethyl 

pyrazole-3-carboxylate (3) was obtained, as well as the fluorocompounds (8) 

and (9). 

When (1) was treated with diethyl maleate the reaction was very slow, 

taking 60 days to go to completion to give a good yield of a white 

crystalline solid, which again contained no fluorine. The spectral data 

and elemental analysis clearly indicated that the product was 3,4- 

bis(ethoxycarbonyl)-pyrazole (4); again (8) and (9) were isolated from the 

mother liquors. The reaction was repeated but this time using the methyl 

ester and with Freon 113 as the solvent. In this case the reaction was 

much faster, being complete in 10 days to afford the corresponding ester 

(5) in similar yield: again (8) and (9) were isolated from the residue. 

Thus, the pattern of reaction was well established and was further 

confirmed by reactions with propenonitrile and propenoic acid to give the 

expected nitrile (6) and the acid (7) respectively. These reactions are 

summarised in Scheme 1 

We believe that these interesting reactions initially follow the pattern 

expected for the dipolar addition of a diazoalkane to an olefin Gto form 

the intermediate (A) (Scheme 2) In the hydrocarbon series there is now 

no simple pathway to the aromatic product and so the reaction stops at the 

pyrazoline (A). In our reaction however the formation of an aromatic 
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species is greatly facilitated by the ready loss of the CC F..)CF ,C group in 

a 1,4 elimination to give intermediate (9) (Scheme 2) which then affords 

the product isolated by a simple proton rearrangement step. This occurs due 

to the excellent leaving ability of the fluorocarbon tunction as we have 

observed previously I 111 

We feel this simple,efficient reaction, represents an excellent route to 

pyrazoles and other five membered heterocycles.Extension of this work is 

currently in progress,. 

EXPERIMENTAL 

Methyl pvrazole-3-carboxylatc (2) 

3, 3, 4, 4, 4-Fentafluoro-2-pentafluoroethy?-:-trifluoromethyldia~obutane (1) 

(5g. ) and methyl prnpenoate (1. 728. ) were sealed in a Carius tube and left 

to stand in the dark for 5 days, when a solid began to form but when the 

yellow colour of (1) still persisted. After a further 15 days when the 

colour had been discharged the tube was opened, the solid was filtered off 

and recrystallised from n-hexane tc, yield methyl pyrazole-3-carboxylate (2) 

(1. 0 g, 57%) m. p. 1355137,.‘C cited 139’.‘C I131 ( Found: C, 47. 0: H, 4. 8; N, 

21. 9%. Calc for C,H,..N ,O- C, 47. 6; H, 4. 8; N, 22. 2% 1; i. I. 3110 cm’ (NH), 

1730 cm ’ (LO) M. S. m/e 126 (M-1. 

A portion (1. 2 g, )of the mother liquors (3. 6g. 1 from the reaction was 

separated by glc ( I). N. P. /Celite 1: 3 10m x. 96cm. 70,C 1 to yield (ij 

perfluoro-3-methylpent-2-ene (8) (0. 25g. ) and (ii) 3H-3- 

trifluoromethyldecafluoropentane (9) (0. 54g. 1 both identified by comparison 

with authenticated samples I121. 

Ethyl pvraznie-3-carboxvlate (3) 

In a similar experiment to the above but using ethyl pentenoate (2.0 g.), 

there was obtained after 10 days, on recrystallisation from water, ethyl 

pyrazole-3-carboxylate (0. 96 g. 49%) m. p. 157-159X cited I141 15&159’,C 
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( Found; C, 51. 2: H, 5. 7; N, 19. 7 %. C,:,H..,N .O~, requires C, 51. 4; H, 5. 7; 

N, 20. 0%); i. r. 3220 cm ’ (NH), 1695 cm ’ (CO), M. S. m/e 140 {M’). 

The mother liquors were shown by ’ ‘F n. m. r. spectroscopy to contain the 

fluorocarbons (8) and (9). 

3. 4-Pis- (ethoxvcarbonvl) ovrazole (4) _ .-~ 

In a similar experiment to the above the diazoalkane tl) (5.0 g. 1 and 

diethyl maleate ‘3.0 g. ) afforded after 60 days, on recrystallisatinn from 

propanone, 3, 4- bis-c ethoxycarbonyl) pyrazole (4) (1. 72 g, 58% 1 m. p. 68.- 

h9,YZ cited 69-70..‘C [ 151 (Found; C, 50. 8; H, 5. 5; N, 13. 0%. C,H, N,O,, 

requires C, 50. 9; H. 5. 7; N, 13. 2 %); i. r. 3110 cm ’ (NH), 1745 and 1720 

cm I (CO), M.S. m/e 212 CM’). 

Again the fluorocarbons (8, and (91 were detected in the mother liquors 

3,4-Bis-(methoxycarbonyl) pyrazole (5) 

In a similar experiment to the above (1) (5. Og. 1 and dimethyl maleate 

(1. 44g. ) in Freon 113 (2. 0 cm’ 1 gave after 10 days and on 

recrystallisation from water, 3, 4-bis~tmethaxycarbonyl~ pyrazole (5) (0. 65g 

25%) m. p. 135-138X cited 140-141°C 116 1 ( Found: C. 45. 5; H. 4. 4; N, 

14. 9%. Calc for C,H N?O,, C, 45. 7; H, 4. 4; N, 15. 2% 1; I. r. 3113 cm ’ 

(NH), 1745 cm ( and 1720 cm ’ (CO); M. S. m/e 184 CM’). 

3-Cvanopvrazole (6) 

In a similar experiment to the above the diazoalkane (5.0 g) and 

propenonitrile (2.Og) afforded after 10 days a crystalline solid which on 

recrystallisation from water gave 3-cyanopyrazole(6) (0.61 g, 47% 1 m. p. 73 

73,‘C cited Cl5 1 76-77,~,C; i. r 3340cm ’ (NH), and 2300 cm ’ (CN); M. S. 

m/e 93 CM'). 
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rSI~a_z42-?--carbo~~lic acid 17) ____~ 

In a similar way to the previous experiments, treatment of the diazoa?kane 

13. 0 g! with propenoic acid ! 0. 72 g 1 gave after 7 days a solid which on 

recr;Ts?allisat ion from water gave pyrazole-3-carbosylic acid (7) (0. 25 g, 

27%) m.p.20.8-210 ,i cited I17 1 210-211,,C; i. r. 1700 cm~ ’ (CO); M. S. m/e 

112 CM’); U.V. x max 214 (e 396). 
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