
HETEROCYCLES, Vol 19, No 12. 1982 

A NEW SYNTHESIS Cf X-YLIDENE-d.B-BUTENCClDES FROM 
2-NITRO-5-FURMARFAALDEHYDE N4D PYRAZOLES 

MARIA DE BERNARDI, GlOVANNl VIDARI AND PAOLA VITA FlNZl 

IS?ITUTO Dl CHIMICA ORGANICA DELL'UNIVERSITA Dl PAVIA 

VIA TARAMELLI 10 - 27100 PAVIA - ITALY 

Abstract - A n w  and rapid synthesis of 5-pyrazolylmethylenee2(5H)furanones by --- 
the reactmn of  2.n1tro-5-furancarbaldehyde (1) with different substituted py- 

razoles (Ll_a-f) ~n acetlc acid-acetic anhydnd? is described. 

In the last years much interest has been focused on the synthesis of molecules cont,iiniiig the 

butenollde moiety, vh:ch are aynthons of pharnacologirally i r # p o r t a n t n - r n e t l i y ~ e n e - ~ - l a c r o n e s ~ ' ~ .  

In thls paper w e  repo1.t a nev ~nteresting reaction o f  5-n1tr.o-2-furancarbaldehyde (I! whlrh 
leads directly to the synthesis of 6-ylxdene-a,p-butenolidrs. E!or.cover we found an easy way for 

linklng a hrterorycllc rlng (r.g. pyrazole) to thew-posltion of fhebe unsaturated systems. 

The rzactlon of and methyl substituted heterocycles in arldlc medium i s  w r y  hell known to 

3 
yield ;-n1rro-2-vlnylfurans through the expected aldi-l like condensatlon between the formyl and 

the 'arr:vated n~erh) l g~irups'. 

To our surprlse however when 1 and 1,2,3-tr~methylpyrazole (I&) were heated to reflux in a so- 

lutmn of glac~al acetlc acid-acetic anhydride we dld not obta~n any condensatlon products. A yei 

low crystallma solid could be isolated 20% yreld4 after work up of the dense black polymeric 

reacflon mixture and was idenrlfled as ;-(11,3~,j'-trimethy1I444pyrvv01y1methy111e!-2(;H~-furan~ 

ne ( E l .  Thus the elemental analysis and the mass spectrum m / r  204(Hi) indicated the molecular 

formula C H N 0 whlch is consistent with the formal loss of HNOZ from the reactants. The IR 
11 12 2 2 

spectrum of revealed bands at 1820 and 1770 cm-' ass~gnable to the unsaturated 6-lactone 

rlng and a C=C absorption band at 1658 cm-l, 

The PHH spectrum o f  llIa in CDCl showed signals of three methyl groups at 82.30 and 2.38(C-Me1 
3 

and 83.72 (V-Me) in a d d ~ t ~ o n  to three olefinic protons signals at 55.88 (d, J <lH%, Hg),Sh.06 
6-0 

(dd, Jh_$lHz, J =5.3  Hz, Ha) and b7.56 Id, J =5.3 Hz, H ) These f m d m g s  and the absence of a-p ad P ' 

the pyrazole H smglet in the PMR of confumed that all the methyl groups on the hetero- 
4 

cycllc rlng had remained untouched durmg the reaction and that a butenohde moxety had been lin- 

ked through a -CH= group, to the C posltlon of the pyrazole nng. A s  expected, on hydrogcnat~on 
4 

with two moles of hydrogen over 5% Pd-C catalyst i n  EtOH, was converted into the saturated 

8-butyrolactone derivative 3 , w h o s e  structure was fully supported by its spectroscopic data ( s e e  

experimental sectlo"). 



This reaction of (I) was then extended to other 3 - m e t h y l p y r a z o l c s ( 9 - f l a n d  was shown to be ge- 

neral, yieldlng in all cases 5-(4'-pyrazolylrnethylene)-2(5Hl-fu~aaone ( z - f l  through an aroma- 

tic substitution reactLon. 

The stracrures of these products accounted for the~r elemental vnalys~s and spectroscopic and 

chemcal properties. In particular 1R and PMH spectral data, vhlch were very slmllar to those d l -  

scussed for =, clearly lndlcared the presence of fhe butenohde systems on C (In and PMR spe- 
4 

c t r a  are reported i n  t h e  Table). 

e H CH 
3 CH3 'gH5 CH 3 

f H  CH H e X CH CH 
3 3 3 

f X C H H  
3 X; c - 

Hydrogznat~on of lIIh aver 5% Pd-C l n  CtOH yicldcd the saturated 8-lactotie -, in accordance 

with i t s  structure as 5-( 3 ' ,  j'-dmethyl-1 '-pheny1-4'-pyraaolylmethylene J-215Hl- furanme 

The reactloo of Ilc with I occurred h.ith partial acetylatiori of the free 5-ammo group on the py- -- - 
ratole ring. T w  crystallrrle products were ~solated from the reaction mixture and were ldzntlflcd 

as ~-(5'-acetyLam1no-3'-methyl-l'-phenyl-4'-pyr.arol~lmcthylene)-2(5H)-fiiaaone I l k  :S2.05 (3H. [- 1 
s, CH COXH-1 and 68.08 1 IH, hroad, CH C O R H ~  and 5-( j'-d~ncerylarn1no-3'-rne~hyl-l '-phenyl-4'-pyra 
- 3 3 - 

rolylmethylene)-2(5H1 fu ranone  [ E ~  : 82.25 (bH, s ,  -N(COCH ) )I respectlrely. 
2 3 2 

on treatment h,~th acet~c anhydride and pyridine i_llc was readlly converted Into the N-dlacetyl 
1 

derivative XC . Furthermore oxldut~on of SC with KMnO in acetone at r o o m  temperature gavc 
2 1 4 

the expected j-ncery1amlno-3-methy1-1-phhhy1p?raaa1-4-carbb1 acld whlch upon expobure to an 

ethereal dlazometane solutmn yielded the correspond~ng methyl ester. Thus the IK spectrum of the 



HETEROCYCLES, Vol 19, No 12, 1982 

n y w = c  
_ I n  / Y I  

N ,a 
Yi . -  -. g, . -  ?"a g . -  7: % . -  7-a 
h"  I." h h 

V V 



latter compound shwed carbonyl bands far the carbomethoxy (1715 cm-') and the acetylamlno (1685 
-1 

cm ) groups whlch in the PMR spectrum gave signals at S3.90 (3H, s ,  CH 0) and at 82.50 (3H, s, 
3 

CH CO) and88.2 (1H. br s ,  NH) respect~vely. 
3 
Pvrt~cularly interesting results were finally obralned from the reactlo" of I wlth 1-unsubstltg 

ted pyrazoles (Ee-f).In these cases the reactive slte of the pyrazole ring was not only the ' n o r  

m a l '  C povitlon but, surprisingly, even the N -positmn. This led to the formation of compounds 4 1 
with the butenolide system linked to both the sires,i.e. E e  from 3,s-dmethylpyrazole ( g e )  and 

IIIf from 3-methylpyrazole (gf). From the latter reactlon the 1-N-monosubstituted pyramle -- 
could also be isolated in fair yield. 

In accordance w ~ t h  these structures the PMR and iR spectra of G e - f  and 1 were devoid of a m m o  

signals, thus excluding the presence of free pyrasole NH. Moreover, due to the electron-w~thdray 

ing effect of thr heteroatom, the N-CJ= signal was readily identlf~able as it was shifted down- 

f~eld apart (86.8-7.31, farther than the correspondmg C-y= doublet (85.8.6.3). 

In princ~ple two isomerlc structures eithrr 1 or 5 could be attributed to the I-N-monosubstltu 
ted pyrazole obtained from x f ,  but 5 was promptly discarded conaidering the PMR spectrum, part; 

cularly the chemxal shlft of the methyl group (82.30) and the pyrazole protons (86.30 and 88.28 

respectively, J . = 2.7 Hn). These data were in good agreement wlth those reporfed in the litera- 
"1" 

tureS for 3-methyl-I-substituted pyrazoles l ~ k e  x, whereas i n  5-methylpyruzoles h k e  5 the CH 
3 

slgnal should occur atS2.4-2.7 and the H doublet at 87.3-7.5 (J  - 1.5-1.8 Hz). 
3 3-4- 

As far as the stereochem~stry of the exocyclic double bond in the butenolide system is concern- 

ed all the compounds we could lsolate showed a Z configuration ( see  1 R  and PMR data). 
6 

However at least in one case (i.e. from c e )  an isornerlc product with the oppaslte stereocheml- 

stry was formed in traces, but has not completely characterized. 

At this stage of our studle~ the mechanism of this reactlon of n t h  pyrazoles has not been 

yet clarified.However we belleve that the reactLon involves an ionic process since the presence 

of the acid (not only in a catalytic amount) seems to be e s s e n t l a i  for yielding the 

V), as was shown by running the reactmn i n  different conditions.Probably the acetlc acid is in- - 
valved by enhancing the electrophyllc~ty of the aldehyde group and therefore promoting the attack 

of 1 to the pyrazole rmg.finally the displacement of the nitro group (abundant red fumes of m- 

trous oxides were always observed durmg the refiux of the reactants) allows to transform the fu- 
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ran rlng m t o  a 5-lactone. 

We suggest that the acetic acid can add across the conjugated dlene system of the furan r m g  

forming an intermediate like x h x h  eventually rearranges to the butenohde ring. 

Studies aimed to the application of the reaction of I towards other substrates are actlvely pur 
sued in our laboratory and will be reported in due r m e .  

EXPERIMENTAL 

Meltlng po~nts were determined on a hot plate Fisher-Johns apparatus and are uncorrected. 

IR spectra were recorded as nujol mulls on a Perkin Elmer 257 spectrophotomerer and UV spectra 

on a Perkm Elmer 137 UV spectraphotometer. PMR spectra were recorded on a Perkln Elmer R-12 A-60 

MHz spectrometer. Mass spectra were &tamed on a nu Pont 21-492/B instrument at 75 eV. Mlcroana- 

lysls were performed for all new compounds and were ~n agreement with the proposed structures.TLC 

was carrled out on Silica Gel GF plates, 0.2 mm layer thickness. Spots were v~sual~red by expo 
254 

sure to lodine vapours. Merck 0.063-0.2 mm Kleselgrl 60 and dry column Woelrn Sllica Gel were used 

for column chromatography. - 
5-Nitro-2-furancarbaldehyde (11 has been prepared' from commercial 5-nltrofurfuryliden acetate 

(Merck-Schuchardtl. S-Amino-3-methyl-1-phenylp.yraa1)1e has been purchased from Pfaltz and Bauer 

(Stamford CT,U.S.A.l, 3 (or 51-methylpyraiole from J.T. Baker Chemical CO. and 3-methyl-I-phenyi 

pyrazole from P.C.R. Inc. (Gamesv~lle FLA, U.S.A.). 
6 9 10 

1,3,5-Trlmetl7ylpyrarole , 3,S-dlmethyl-I-phenylpyraaole and 3,s-dlrnethylpyrazole were synthe 

tlzed by reaction of acetylacetone wlth methylhydrazme. phenylhydrazine and hydraiine hydrate re 

spectluely. 

=era1 procedures for the reactLon of I &h I1 (ix-f). 

A solut~on of 0.072 moles of 1 in 20 ml of a c e t ~ c  acid was added to a solution of 0.072 moles 

of pyrazole in 20 m l  of acetic anhydride and the mlxture was refluxed for 24 h. The reaction 

mlxture bas then poured onto i c e  and extracted exhaustively with chloroform.The organic layer was 

cashed with 5% sodium bicarbonate solution, dried (MgSO ! and evaporated under vacuum yleldlng a 
4 

black re~idue. Pure compounds were obtamed by column chromatography (eluent: mixtures of CHCl - 
3 

-CH COOC H or CHCl -CH OH). 
3 2 5  3 3 

j-(1',3',5'-Trimethyl-4'-pyrazolylmethylene)-2(5Hl-furanone(1Ilal .- . 
It was obtamed in 20% yield as yellow needles, 8m.p. 89-90•‹C, after crystall~ratian from isopro 

pyl ether. ElMS ( m / z ,  $1: 204(1001, 189(26), 176(25), 175(24!, L6l(ljl, 150(271, 148(371,147(75'), 

146(17), 134(1S), 133(40), 132(16), 123(13), 122(4Cl, 121(11), 107(13), 106(19l, 105(101,102(121, 

92(141, 81(191, RO(141, 79(131, 77(17l, iS(131, 67(1"), 66(441, 65(13), 63(11), 56(361, CS(141, 

j4(241, 53(21), 52(16), 51(211, jO(I11, 43(11), 42(20!. 



5-(3~,5~-Dimethyl-l'-phenyl-4'-pyrazolylmethyleneJ-2(5H)-furanone ( G b ) .  

It was ohtamed in 59% yield and crystallized as orange-yellow needles from isopropyl ether: 

5-(5'-Acerylam~no-3i-methyl-l'-pher~yl-4'-pyrazoIylmethylene)-2(5HJ-furanone ( K c  J .  
1 

It was obtained in 10% yield and crystalllied from benzene as yellow needles: m.p. 205OC. E M S  

3 , 5 - D ~ m e t h y 1 - 1 , 4 - d ~ ( ~ ~ ~ ~ ~ n o l ~ d e - g - y l i d e n y l ) p ~ r a z o l e  (Ille). -. - 

m . ~ .  26S•‹C (CH CN). EIMS (4% % ) :  284(100), 257(10), 203iL1), 82(15), 78(10), 54(17), 52(25), 3 
51i13). 

mospheric pressure. After the theoretical amount of hydrogen had heen absorbed, the catalyst was 

f~ltered off and the product purlf~rd by column chromatography (eluent: CHCl with i n c r e a n n g  pey 
3 

centages of AcOEt). IR: 1780, 1190 cm-I (saturated 6-lactone Co). 

PMR (COG1 TMS=0,8J: 2.15 (6H, s ,  2 CH 1 ,  1.8-2.5 !4H, m, CH -CH 1, 2.68 iZH,d,J=h.O Hr,Ar-CH - 
3' 3 2 2 -2 

-CHO-), 3,h4 (3H, r ,  N-CH 1, 4.66 (LH, m, CH-0). 
3 

Hydro~enarion of ITTh: C b .  

0.5 g of -- IIlb was hydrogenated to Z b  as described for =a IK: 3070 (arornatlc CHI, 1770 (sat! 

rated g-lactone Go), 1185, 16011, 1510, 765, 698 (monosubstituted ~henyl) crn-'. PMR (CDCL ,TMS=O,S): 
3 

2.23 (3H, s ,  CH J,2.26 (3H, s ;  CH ) .  I .i-2.6 (4H, m, CH -CH ), 2.78 i2H, d,J= 6.0 Hz, -CJ -CHO-), 
3 3 2 2 2 

4.62 (IH, s, CH-01, 7.4 (5H, s, phenyl protonsl.EIK ( I " /= ,  $1: 270(10J, 186(17), 185(1001,77(18). 

Onldat~on of 11lc n t h  KMNO ' 5-acetylam~no-3-methyl-lphenylpyrazoI-4-cai.boxylrc acid: 
1- 4 -. 

0.5 g of ~ L c  d~ssolved i n  aceton? (15 mil was o r ~ d ~ r r d  with KHn04 (1.1 g,] at r.t.. ,\ftrr the 
1 

usual work-up,83.5 mg of 5 - n c e t y l a m i n o - 3 - m e t h y l - l - p h e n y 1 p y ~ ~ ~ ~ 1 - 4 - c r b o x y l c  ac~d,m.p. 234-236W, 
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wac o b t a m e d .  IR: 3238 and 3190 ( N H ) ,  2700-2100 ( c h e l a f e d  OH), 1675 (COOH and E N H l ,  1600, 7hE, 
- I  

695 ( rnonosubst l tu ted pheny l ) ,  930 (0-H ou t  of p l a n e  hendmg)  cm . 
PMR (Cn O D ,  THS=O,S): 1 .98 (3H, 7 ,  CH 1 ,  2.47 (3H; s .  CH CO), 7 . 4 5  (5H, s ,  C H 1 ,  8 .15(1H,br  s 

3 3 3 6 5 
NH). On t r e a t m e n t  w l t h  an e t h e r e a l  d lazamethane s o l u t i o n  t h e  c o r r e s p o n d m g  me thy l  e s t e r  Mas ob- 

t a l n e d .  IR: 3270 (RH), 1715, 1250, 1095 ( e s t e r ) ,  l 6 8 j  (CJhH), 1600. 763. 693 (monosubs t l t u t ed  

phcny l ,  ..-I. 

PXll lCDC1 TMS=O,S: 2.05 (3H, s ,  CH 1 ,  2.50 (3H; s ,  CH CO), 3.90 (3H, s ,  CH 0 ) ,  7.50 (5H, s ,  
3 ' 3 3 3 

C H ) ,  8 .2  ( IH ,  b r  s ,  NH). 
6 5 
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