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Abstract - A 1,3-dipolar cycloaddition reaotion of 2-methyl- 
and 2-etbylfurans with Q-bemoyl-N-phenylnitron has been 

oarried out. A 1,3-dipolar oycloaddition product and a non- 

-cyclic addition produot were obtained, under the different 

molar ratio of the starting components. 

On the baaia of the perturbation interaction diagram for I,?-dipolar oycloaddi- 

tion reactions of nitronea with furan we have found that the reaotion rate is 

oontrolled by the LU1,3-dipole-HOfuran interaction. Throwh the reaction of C- 
-benaoyl-X-phenyhitrone (?) with furan at 60" the mcnocycloadduot and two 

biscyoloadduots ($B) and (2R) have been isolated. No 1.3-addition product (?a) 

(non cyclio addition prodoat) has been found. Now, re would like to report the 

reaotion of Jwith 2-methyl and 2-ethylfurana where, beside the i,3-dipolar 

oyoloaddition, there haa alao oocured a 1,3-addition. 
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Caramella is reported to have found in the reaotion of benzennitrile oxide 

(BNO) with furan a 1,3-addition produot, beside two monooyoloadduots. Fireatone 5 

has explained the origin of the 1,3-addition product as the hydrogen shift from 

the appropriate biradioal intermediate, in this way he explained the course of 

all the l,3-dipolar oyoloaddition reactions on heterooyolio ooatpds. 

It is obvious from the perturbation interaction diagram that the eleotron-ra- 

leasing suhstituents on the furan ring will inorease the reaotivity, beoause 

they inorease the HOMO energy and thus lower the differenoe on the frontier or- 

bitals of the L€J -HOfuran intereotion. Beaides deoreasing the IP value the 
5 

methyl group in the 2-methylfuran may stahilise the hiradical or zwitterionio 

intermediates eventually formed. 

After the reaotion of A at 60' under N2 with the exclusion of light in exoess 

of 2-methylfuran and after removal of the aolvent in vaouo, the reaotion pro- 

ducts of the oycloaddition ($3) (37 %) and ($5) (14 $), as well as the 1,3-addi- 

tion produots (2:) (9 %) were separated on preparative ailioa gel TU: plates 
(thiclmesa 2 m, eluent chloroform - n-heptsne 8:2). Throuyh the reaotion of 3 
with 2-ethylfuren we were able to isolate the monocyolcsdduta ($2) ((47 %) and 
the 1.3-addition produot (2%) ( 1  I $). $$, $2, &, 2~ and 3$ structures have been 
aasiaed on the basia of the fbllowing apeotrosoopio evidence '. Structure $2 

1 was established according to the H-NMR and W speotra with the monooyaloadduot 

2a '. The attribution of atrvoture 23 to the 2,5-disubstituted furan derinte 
NV 

followed the value of interaction constant _J j-4 = 3.5 Ha, typical for furan de- 
rivatives, mainly the value ,% = 293 FPI, whioh haa proved the restoration max 
of the heterooyolio furan system. Further, the value of the valenoe vibration 

9 ( C O )  1665 om-' for 2: compared with the value of 1681 om-' for %$, testifies 
an ,i , P -unsaturated aystem. Tbe transiently formed l,3-addition produot (2) 
spontsnermaly released H20 as it is obvious from the value of the moleoular 

peak 289 ($3 - 18) and from the ahsenoe of valenoe vibration of the OH-group. 
in the IR speotlum. 

The origin of the 1,3-addition produots 25 and 2~ may he aooounted for the attaok 
of the eleotrophilio terminal oarbon in the 1,3-dipole A tbroush the zritter- 
ionio intermediate (2)  (soheme 2). 
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If A reaoted under similar conditions in large excess of 2-methylfuran, the 
1,3-dipolar cyoloaddition produot only was fomed with the high yield of 88 8.  

1 The presence of 2 3 w r s  ddeemined neither by A-NMR spectroscopy nor in the re- 

notion mixture without isolation. 

Thua, in the reaotion of j with 2-methylfuran there must be two competitive 

reactions next to eaoh other; the one to form SQ by 1,3-dipolar cycloaddition 
and the stepwise one to form 3b by the 1.3-addition through zwittorion$.With 

YN 

a large excess of the dipolarophile, only the l,3-dipolar cycloaddition took 

place. The formation of the oyoloadduot could apparently be also explained 

through the ~ w i t t e r i o n 3 ~  in this caae, houerer, the substitution product 23 
would exolumiv~ly, he fomed,due to the reatoration of the heterooyclic system. 

The present day knowledge of cycloadditions with nitrones makes the concerted 

mechanism for the l,3-dipolar oyoloaddition of nitrones to he the most probah- 
8 

la . 
In our case the portion of the 1 ,?-addition produot 23 was surprisingly high, 
in relation to theproduot of the l,3-dipolar cyoloaddition (1:4), (equally as 
with 2% to 5%).  In the oyoloaddition of BNO with furan the ratio was 1 : 91 (de- 

termined by GLC without isolation) and for 2-methylfuran the formation of the 

1,3-addition product was not even deaoribed 4. We have determined the ratio of 

the oyoloaddition and that of the 1,3-addition direotly from the reaotion mix- 

tura without isolation, from the integrated intensites of the methyl group 

signals in 2h and 3b. The investigation of the reaction mixture by GLC was not 
YY 'YY 

possible, in our oaae. aa $2 undergoes a cycloreversion at the temperature of 
130°c, aoeording to DTA values. 

Aolmowledgement. We are grateful to Professors R. Huisgen, E. Meyera and 

Elguerro for helpful disouasiona. 

Referenoes and Notes 

1. Part 138 in the series Furan Derivatives, Part 2 in l,3-Dipolar Cyolo- 

additions of Heterocycles. 

2. t. Filiera, J. K m & X ,  J. Polia6ikovB and J. Leliko, Monstsh. Chem. (in preasl 

3. Futher reaotion product of 1 suoh as azoxphenzene, henzanilide, phenyl 
glpxylioantlide, benzoio aoid and phenyl glyoxylic acid were obtained. 

4. P. Caramella, G. Cellerino, A.Corsioo Coda, A. Gamha Invernizsi, P. G d -  

Mnger, K. N. Houk and F. Marinone Alhini, J. Org. Chem., 1976, 34, 3349. 
5. R. A. Firestone, Tetrahedron, 1977, , 3009. 

6. Dr. H.-J. Timpe from Meraehurg haa determined for us the IP values for 

2-methylfuran (IP r 8.25 e ~ )  and for 2-ethylfuran (IP = 8.22 e ~ )  from 

their CT-Complex with TCNE. For furan the value is IP r 8.81 eV. 

7. All new oompolmda have been crystallized from CH2C12 - n-haxane and give 
oorreot analytioal values. 



4.72 .( lH, d,  J _  0.5 Hz, c ~ - H ) ,  5.52 ( lH, d-d, J 6.5 He, J 0.5 Hz, c5-H), 

5.72(1H, s,C3-H), 5 . 8 7 ( 1 R , d , J 6 . 5 H z , ~ ~ - ~ ) a n d 6 . 8 2 - 8 . 1 2 ( 1 0 H ,  m, 
0 aromatie-H). Compound 22, m . g  117 , uvmax (MEOH) 293 nm (4.27); ir 9 

( C c 1 4 )  1665 om-' (Cr0))  mass m/e 289 (M+.) and nmr  ( c D c ~ ~ )  2.41 (3H, s, 

cH3) ,  6.12 ( lH,  d, J 3.5 Hz, C4-H), 6.67 (lH, d, < 3.5 Hz, c3-H) and 
6.83-7.82 (IOH, m ,  aromatic-H). Com ound 4b, m p. 180-182~, uv-, (MeOH) 97 "' ( K B ~ )  1695 om- (c-0) and nmr ( c D c ~ ? )  1.41 248nm (4.65);  i r  J , 
3 a ,  W3) ,  3.97 ( l ~ ,  a CG-H), 4.43 (lH, d ,  2 5.6 HE, c4-H), 5.18 and 
5.41 (2H, each s, C3-H and c;-H) and 6.75-8.01 (20H, m ,  aromatio-A). 

Compound 20, m.p. 91-93O, uvm, (MEOH) 248 nm (4.37 ); ir  y (KEr) 
1683 cm-lvTCsO); maaa m/e 225 and 96 (cyoloreversion f r e a e n t s ) ,  105 
(base peak) and nmr 5 ( c D c ~ ~ )  0.68 (3H. t ,  5 7 . 0  Hz, CH'), 1.62 (2H,  q ,  3 
J 7 . 0 H z , C H 2 ) , 4 . 7 0 ( 1 H , d , J 1 . 0 H z , ~ 6 - H ) , 5 . 5 1  ( l H , d - d , J 6 . 7 H z , J  - 
f , O  H s ,  c5-H), 5.67 (lH, a,c3-H), 5.87 ( lH,  d,  J 6.7 Hz, c4-H) and 6.80- 

-8.10 ( 10H, m ,  aromatic-H). Compound 20, m. p. 123-125', uvmax (MEOR) 

298 nm (4.14); i r  V max (KEr) 1668 om-' ( c ~ o ) )  mesa m/e 303 (M? and nmr 
d(cDc13)  1 .28(3H,  t , J 7 . 5 H e .  C H ~ ) .  2 . 8 0 ( 2 ~ ,  q, J 7 . 5 H z ,  CH2), 6.15 

(lH, d, J 3.2 Hz, c4-H), 6.68 ( l n ,  d ,  _J 3.2 He, c3-H) and 6.82-7.82 (10H, 

m,  aromatio-A). 
8. For excel lent  aource of referenoes, see: R. Huiagen, J. O r e .  Cbem., 1976, 

403. 
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