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A b s t r a c t 3 - ( 3 , 5 - D i m e t h y l - 2 - f u r o y i ) - 4 - a r y l - 5 - c a r b e t h o x y-A2 - p y r a z o l i n e s 2 a - e 
have b e e n s y n t h e t i z e d by t he d i p o l a r c y c l o a d d i t i o n of 3 , 5 - d i m e t h y l - 2 - f u r o y l 
p a r a - s u b s t i t u t e d - s t y r y l k e t o n e s a n d e t h y l d i a z o a c e t a t e . T h e i r s t r u c t u r e w a s 
d e t e r m i n e d by UV, IR, ^ H - and 13C -NMR s p e c t r o s c o p y ; o n l y o n e r a c e m i c 
d i a s t e r e o m e r (cis - H-8, H-9) w a s d e t e r m i n e d us ing h o m o n u c l e a r p r o t o n - p r o t o n 
n.O.e. exper iments . 

I n t r o d u c t i o n 
2 , 4 , 6 - T r i a l k y l p y r y l i u m sa l ts w h i c h are eas i l y ava i l ab le f r o m the d i a c y l a t i o n 

of a l kenes (1,2) u n d e r g o an ox ida t i ve r ing con t rac t i on (3,4) under the ac t ion of 

hyd rogen p e r o x i d e w h e n 2 -acy l -3 ,5 -d ia l ky l f u rans are f o r m e d , the c o n d e n s a t i o n of 

these fu ran ic de r i va t i ves wi th subs t i t u ted a romat i c a l dehydes leads to subs t i t u ted 

3 , 5 - d i a l k y l - 2 - f u r y l s ty ry l k e t o n e s 1 (5) w h i c h are i n te res t i ng s ta r t i ng ma te r i a l s 

for the s y n t h e s i s of o the r he te rocyc l i c c o m p o u n d s . T h e a b o v e e c , f3 -unsa tu ra ted 

ke tones reac t w i t h p h e n y l h y d r a z i n e w h e n 3 - (3 ,5 -d ia l ky l f u r y l ) - 1 -pheny l -5 -a ry l-A2-
-py razo l ines are ob ta i ned (6) ; the c o n d e n s a t i o n w i th e thy l c y a n o a c e t a t e leads to 

4 - a r y l - 3 - c y a n o - 6 - ( 2 - f u r y l ) - 2 - p y r i d o n e s ( 7 ) . 
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T h e p r e s e n t pape r r epo r t s the p r e p a r a t i o n of 3 - ( 3 , 5 - d i m e t h y l - 2 - f u r o y i ) - 4 -

- a r y l - 5 - c a r b e t h o x y - A 2 - p y r a z o l i n e s 2 s ta r t ing f rom the fury! s tyry l ke tones 1 a n d 

ethyl d i azoace ta te . The s t ruc ture of the t i t le c o m p o u n d s 2a-e w a s d e t e r m i n e d by 

UV, IR, 1H- and 13C-NMR spect roscopy and by mass spect ra. 

T h e syn thes i s and proper t ies of py razo l i nes we re rev iewed by Co i speau and 

E lguero (8) , as we l l as by E l - R a y y e s et a l . (9) . A n e x t e n s i v e s t e r e o c h e m i c a l 

s t ructura l ana lys is w a s car r ied out by To th and Levai (10) us ing 1H- and 1 3 C - N M R 

spec t roscopy . T h e use of pyrazo l ines as opt ica l b r igh ten ing agen ts w a s rev iewed by 

Wagner et a l . (11). 

Synthesis and optical spectra 
The fury l ana logues of cha l cone 1 a-e we re re f luxed wi th the four - fo ld molar 

amoun t of e thy l d iazoace ta te in ch lo ro fo rm for var ious t ime per iods d e p e n d i n g on 

the nature of the R group. The unreac ted ke tone w a s separa ted f rom the product by 

prepara t i ve T L C ch roma tog raphy us ing CHCI3 (for 2a, d, e) or CHCI3 + iPrOH (20 : 1) 

for 2e (R f fo r 2a : 0 .615, 2b : 0 .625, 2c : 0 .560, 2d : 0 .532, 2e : 0 .462) . A fur ther 

p u r i f i c a t i o n w a s c a r r i e d ou t by r e c r y s t a l l i z a t i o n w h e n y e l l o w c r y s t a l l i n e 

compounds were obta ined. Yie lds var ied f rom 45 to 95 % (Table 1). In the UV spect ra 

recorded in e thano l a character is t ic band at 290-295 nm was o b s e r v e d . 

NjCHCOOEt 

R= 

a 

H 

b 
Me 

l a - e 

H C O ^ ^CHa'^ 

OMe NMe2 
2a - e 

The IR spec t ra recorded in KBr pe l le ts s h o w e d for all c o m p o u n d s a s t rong 

sharp band at 3300 -3340 cm- i due to N-H st re tch ing. Thus , a cycl ic azo tau tomer 3 
is ruled out. The carbony l f requency appeared at about 1650 cm- i and the carbe thoxy 

group gave rise to a st rong band at 1722-1730 c m - i . 
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Compound R Yield (%) IVI.P.(°C) Parent IR (KBr, cm - i ) 
peak •̂ coo 

2a H 94.2 1223 3 4 0 1622 1700 
2b IVIe 73.2 1 2 0 - 2 ^ 3 5 4 1640 1730 

2c OlVIe 67.2 1 1 5 - 6 ^ 3 7 0 1650 1724 
2d NIVIe2 45.3 1 7 5 - 6 ^ 383 1640 1722 

2e NEt2 51.4 1 5 1 - 2 ^ c 1660 1722 

3 Recrys ta l l i za t ion f rom C C U ; ^ Recrys ta l l i za t ion f rom e thano l ; c Not r eco rded . 

1H-NMR Spectra 
All iR-NIVIR spec t ra were recorded in CDCI3 . The chemica l shif ts are p resen ted 

in T a b l e 2 . T h e a s s i g n m e n t s ag ree w i th the d a t a for the fu ry l s ty ry l k e t o n e s 

pub l ished ear l ier (5). Thus , the H-4 furanic p ro ton in the t i t le c o m p o u n d s appea rs as 

a s inglet at 6 .08-6 .12 p p m as in the fu ran ic a n a l o g u e s of cha l cone 1 . T h e b road 

singlet at 6 .86-6 .96 ppm is ass igned to the n i t rogen-bonded pro ton wh ich unde rgoes 

exchange w i th D 2 O . The i R - N M R spec t ra s h o w that on ly one t au tomer 2 wi th two 

ad jacent C H g r o u p s w a s ob ta ined , ano ther one (s t ruc ture 3) is ru led out . The two 

pro tons c o n n e c t e d wi th the two O(sp^) a toms of the pyrazo l ine ring (H-8 and H-9, 

respect ively) appear as doub le ts hav ing a coup l ing cons tan t J of 3.7 - 4.3 Hz. 

me 
NH-N 

COOEt 

O ar 

3 

COOEt 

O ar 

me ar̂  ^COOEt 

nh 

me O 
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Table 1. Physical cons tan ts and spectra l da ta of c o m p o u n d s 2a - e 
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d and J 2 a 2 b 2c 2 d 2 e 
R = H Me OMe NMe2 NEt2 

H - 3' 2 . 3 0 2.31 2 . 3 2 2 . 3 2 2 . 3 3 

H - 4 6.08 6.08 6.12 6.09 6 . 0 9 

H - 5- 2.35 2.36 2.36 2.35 2 . 3 6 

H - N 6 .95 6.99 6.92 6.88 6 .86 

H - 8 4.59 4.55 4.60 4.55 4 . 5 4 

H - 9 4.88 4.84 4.89 4.87 4 . 8 7 

H - 11 4.10 4.10 4.00 4.12 a 

H' -11 4.17 4.17 4.17 4.18 4 . 1 7 

H - 12 1.21 1.24 1.24 1.24 1.23 

H - 14 7.30 7.19 6.90 7.19 7 . 1 4 

H - 15 7.30 7.13 7.25 6.69 6 . 6 2 

HR 7.30 2.34 3.84 2.94 1.15 

3 .34 

J 8.9 4.26 4.05 3.90 3.70 3 . 7 0 

"^11 gem 11 .2 - - - -

^11-12 7 .14 7 . 3 2 7 . 2 0 7 .14 7 .14 

Jl4-15 - 8 .07 8 . 6 4 8 .90 8 .90 

a U n r e s o l v e d mu l t ip le t . 

The fact that these are the cis i somers can be d e t e r m i n e d only ten ta t i ve ly 

f rom the magn i t ude of this coup l i ng cons tan t ; hence h o m o n u c l e a r p ro ton -p ro ton 

n.O.e. d i f fe rence spec t roscopy for ne ighbor ing pro tons H-8 and H-9 was car r ied out. 

The i r rad iat ion of H-8 in 2 c causes a large enhancemen t in the intensi ty of H-9, a 

smal l e n h a n c e m e n t of the pair of equ iva len t H-14 pro tons in the aromat ic r ing, and 

a s i zeab le e n h a n c e m e n t of the two fu ran ic methy l p e a k s . It can be c o n c l u d e d 

u n a m b i g u o u s l y tha t the H-8 and H-9 p ro tons are cis to e a c h o ther , and that 

s t r u c t u r e 4 is ru led out . F r o m the four poss ib le r o t amers of the r acem ic cis 

- con f i gu ra t i on on ly s t ruc tu res 5 and 6 ex is t in the g round s ta te . 

72 

Table 2. i H - N M R chemica l shif ts (3TMS = 0.00 ppm) and coupl ing constants 

J (Hz) of compounds 2 a -e in CDCia. 
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13C-NMR S p e c t r a 
13C -NMR Spec t ra were recorded in CDCI3 . The ass ignmen ts for the chemica l 

shifts (Table 3) we re made us ing 2D 1H - co r re la t ion maps and a.p. t . spec t ra . 

Resul ts are in g o o d ag reemen t wi th l i terature da ta (5, 10a). 

Table 3. 13C -NMR chemica l shif ts (a jMS = 0-00 PPf^) of compounds 2 a - e in CDCI3. 

a Not de tec ted . 

Comp. 2 a 2 b 2c 2 d 2 e 
R = H Me OMe N M e o NEto 

C- 2 1 5 6 . 3 0 1 5 6 . 2 2 1 5 6 . 8 0 1 5 6 . 6 7 1 5 6 . 6 7 

C- 3 1 3 5 . 3 6 1 3 5 . 3 3 1 3 5 . 8 6 1 3 5 . 6 2 1 3 5 . 5 9 

C- 3' 11.65 11.67 11.83 11.79 11.84 

C- 4 1 1 3 . 1 2 1 1 3 . 0 9 1 1 3 . 3 3 1 1 3 . 2 0 1 1 3 . 2 4 

C- 5 1 4 5 . 5 5 a a 1 4 5 . 5 0 1 4 6 . 3 3 

C- 5 13.81 13.81 14.11 13.99 14.04 

C- 6 1 8 4 . 6 4 1 8 4 . 8 3 1 8 5 . 1 5 1 8 5 . 5 2 1 8 5 . 6 6 

C- 7 1 4 5 . 1 0 1 4 5 . 9 5 1 4 6 . 2 8 1 4 6 . 6 7 1 4 6 . 8 4 

C- 8 53.80 53.54 53.24 53.24 53.26 

C- 9 73.86 73.89 73.97 74.04 74.17 

C- 10 1 6 1 . 2 6 1 6 1 . 2 3 1 6 1 . 7 0 1 6 1 . 4 6 1 6 1 . 8 9 

C- 1 1 60.70 60.77 61.12 61.02 61.04 

C- 12 14.01 14.61 14.01 14.10 14.15 

C- 13 1 4 0 . 0 3 a 1 3 2 . 0 6 a 1 3 5 . 5 9 

C- 14 1 2 7 . 3 8 1 2 9 . 4 5 1 2 8 . 5 5 1 2 8 . 1 6 1 2 8 . 3 9 

C- 15 1 2 8 . 7 2 1 2 7 . 2 7 1 1 4 . 2 7 1 1 2 . 8 2 1 1 2 . 0 2 

C- 16 1 2 7 . 3 8 1 3 6 . 8 9 1 5 9 . 0 3 1 4 9 . 9 8 1 4 7 . 3 0 

C- R - 21.07 55.26 40 .55 44.35 

12.64 
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The me thy lene g roup in the ethyl subs t i t uen t appea rs as an ABX3 m u l t i p l e t 

w i th 18 l ines b e c a u s e its h y d r o g e n s are d i a s t e r e o t o p i c s ince the m o l e c u l e has 

chira l cen ters ; its coup l ing cons tan ts are 7 Hz for the ethy l coup l ing and about 11 

Hz for the gemina l coup l ing . 
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Exper imental Part 
Mel t ing points were de te rm ined on a Boet ius hot p late and are uncor rec ted . IR 

spec t ra w e r e reco rded w i th a FT- IR 5300 J A S C O appa ra tus ; ^ H - and 1 3 C - N M R 

spec t ra w e r e recorded wi th 300 MHz Var ian spec t rometer . 

Ethyl d iazoace ta te was p repared acco rd ing to l i terature da ta (11) . 

Preparation of Pyrazolines 2a-e. 
General Procedure 

Fury l s ty ry l k e t o n e s 1 (5 m m o l e s ) w e r e re f l uxed w i th 20 m m o l e s e thy l 

d i a z o a c e t a t e in ch lo ro fo rm for 24 hours ( c o m p o u n d s 2a and 2b) and th ree weeks 

( c o m p o u n d s 2c -e ) . The react ion mix ture w a s ana lyzed by T L C . After the remova l of 

the so lven t the oi ly mix tu re w a s sepa ra ted by p repara t i ve T L C us ing e i ther CHCI3 
(for 2a, b, d, e) or CHCI3 + iPrOH (20 : 1) for 2c. 

Rf values are : 2a : 0 .615, 2b : 0.625, 2c : 0.560, 2d : 0 .532, 2e : 0 .463. 

Phys ica l cons tan ts , ana ly t i ca l , IR and mass spec t roscop ic data are p resen ted 

in Tab le 1 . 
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ass ign ing N M R spect ra . 
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Mass spectra 
In the e lec t ron- impact mass spec t ra of c o m p o u n d s 2a and 2d, the parent peak 

has low in tens i ty (5.3 and 19.4 %, respec t i ve l y ) . The base peak is the 4 -a ry l -5 -

-e thy lpy razo ly l rad ica l - ion resu l ted f r om the loss of ca rbon d iox ide f rom the ester 

g roup and of a 3 ,5 -d imethy l -2 - fu roy l rad ica l ; the later rad ica l - ion a p p e a r s at m/z 
= 123 wi th an intensi ty of 68 .2 and 52.5 %, respect ive ly . T h e di rect f r agmen ta t i on 

a f f o r d i n g t he la t te r r ad i ca l l e a v e s a 4 - a r y l - 5 - c a r b o x e t h y l p y r a z o l y l r a d i c a l - i o n 

w h o s e intensi ty is 62.3 and 39.0 %, respect ive ly . 
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