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A 1,3-DIPOLAR CYCLOADDITION AND 1,3~ADDITION OF 2-METHYLFURAN.
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Abstract - A 1,3-dipolar cycloaddition reaction of 2-methyl-
and 2-ethylfurans with C-benzoyl-N-phenylnitron has been
carried out. A 1,3-dipelar cycleaddition product and a non-
~¢yclic eddition product were obtained, under the different
molar ratioc of the starting components.

On the basia of the perturbation interesction diagram for 1,3-dipolar cycloeddi-
tion reactions of nitrones with furan we have found 2 that the reection rate is
oontrolled by the LU1 ,3-dipole ~HO furan
-benzoyl-ﬂ-phanylnitrone (1) with furan at 60° the moncoycloadduct (28) and two
biscycloadducts {4a) and (35) 3 have been isolated. No 1,3-addition product (3a)
(non cyeclic addition produet) has been found. Now, we would like to report the

interection, Through the reaoction of C-

reaction of 1 with 2-methyl end 2-ethylfurans where, beside the 1,3-dipolar
oyolonddition, there has also cocured a 1,3-addition,
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Caramelle b is reported to have found in the reaction of benzennitrile oxide
(BNO) with furan e 1,3-addition product, beside two monocycloadducts. Firestone
has explained the origin of the 1,3-addition product as the hydrogen shift from
the appropriate biradical intermediate, in this way he explained the course of

5

all the 1,3-dipolar cycloaddition reactions on heterocyclic compounds.

It is obvious from the perturbation interaction diagram 2 that the electron«re~
leasing substituents on the furan ring will increase the reactivity, becauss
they increase the HOMO energy and thus lower the difference on the frontier or-
bitals of the LU1-H0furen 6 interaction. Besides decreasing the IP value the
methyl group in the 2-methylfuran may stabilise the biradical or zZwitterionioc
intermediates eventually formed,

After the reaction of A at 60° under N2 with the exclusion of light in excess

of 2-methylfursn and after removael of the solvent in vaouo, the reaction pro-
ducts of the cycloaddition (3}3) {37 %) and (}53) (1% 4), as well as the 1,3-addi-
tion products (33) (9 %) were separated on preparastive asilica gel TLC plates
{thickness 2 mm, eluant chloroform - n-heptane 8:2), Through the resction of AI/
with 2~ethylfuran we were able to isolate the monooycloadduta (I%g) (47 %) and
the 1,73-addition product (35) ‘11 %Y. 2b, 20, 3b, 3o and ﬂs st;uctures have been
assigned on the basis of the followling apectroscopic evidence '. Structure 33
was established according to the 1H-M{R and UV spectra with the monooyoloadduct
2a 2. The attribution of structure 3h te the 2,5-disubstituted furan derivate

followed the value of interaction oonstant J3 4 = 3.5 Hz, typical for furan de-

MaOH
max
of the heterocyclic furan system. Further, the value of the valence vibration

y (co) 1665 om™! for 22 compared with the value of 1681 cm'1 for ER; teatifies
an X , /3 -unsaturated system. The transiently formed 1,3-addition product gz)
spontanevusly relecased H,0 as it is obvious from the value of the molecular
peak 289 L&B ~ 18} and from the absence of valence vibretion of the OH-groups
in the IR spectrum,

The crigin of the 1,3-addition products 32 and 93 may be accounted for the attack
of the electrophilic terminal carbon in the 1,3-dipole J through the zwitter-
ionic intermediate (g) {Scheme 2},

rivatives, mainly the value A = 293 mm, which has proved the restoration
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Ir g’reaoted under similar cenditions in large excess of 2-methylfuran, the
1,3~dipolar cycloaddition product only was formed with the high yleld of 88 %,
The presence of gk,was determined neither by 1H-NMR spactrescopy nor in the re-
action mixture without isolation,

Thus, in the resction of l’vith 2.methylfuran there must be two competitive
reactions next to each other; the one to form 2k by 1,3-dipolar cycloaddition
and the stepwise one to form 32 by the 1,3-addition through zwittarionlg,W1th
8 large excoss of the dipolarophile, only the 1,3-dipolar cycloaddition took
place., The formation of the cycloadduct %E oould apparently be also explained
through the zwitterionfgj in this case, howewer, the substitution product 39
would exoclusively, be formed,due to the reatoration of the heterocoyclic system.
The present day knowledge of cycloadditions with nitroneas makea the concerted
mechanism for the 1,3~dipolar cycloaddition of nitrones to be the most probab-
le 8. '

In cur case the portiocn of the 1,3-addition product 22 was surprisingly high,
in relation tec the product of the 1,3-dipolar cycloaddition {1:4), (equally as
with Jo to 29). In the cyocloaddition 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 deacribed ', We have determined the ratio of
the oycloaddition and that of the 1,3-addition directly from the reaction mix-
ture without iscletion, from the integrated intensites of the methyl group
signales in %B and 2%. The investigation of the reaction mixture by GLC was not
possible, in our ocase, as 52 undergees a oycleoreversion at the temperature of
130°C, according to DTA values.
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h.72 (14, 4, J 0.5 Hz, 06-1{), 5.52 (1H, a~¢, J 6.5 Hz, J 0.5 Hz, 05-}1),
5.72 (1H, =, 3-H), 5.87 (1H, 4, g 6.5 Hg, CM’H) and 6.82.8,12 (10H, m,
aromatic-H). Comgou.nd 3b, m. p. 117°, uv, (MeOH) 293 nm (h.27); ir V mex
(0014) 1665 om™' (C= o); maas m/e 289 (M+) and nmr ¢ (CD013) 2.41 (3H, s,
CH3), 6.12 (1H, 4, J 3.5 Hz, C,-H), 6.67 (1H, d, J 3.5 Hz, C C,-H) and
6.83-7.82 (10H, m, aromatic-H), Compound 4b, m p. 1B0-182%, o, {MeOH)
248 nm (4.65); ir v . (KBr) 1695 om™ (c=o) and nmr § (CDCl ) 1. 41
(31, s, CH, )y 3.97 (1H, s cu-n) 4.43 (1H, a, J 5.6 Hz, C,-H), 5 18 and
5.4%1 {aH, each s, Cy-H and CB-H) and 6.75-8.01 (20H, m, aromeatic-H).
ComEound 2¢, m.p. 91-93°, uvoo (MoOH) 248 nm (4,37 )y ir y max {KBr)
1683 em” (C-O); mass m/e 225 and 96 (cycloreversion fragments), 105
(base peak) and nmr o (cpc1,) 0.68 (3H, ¢, J 7.0 Rz, CHy), 1.62 (2R, q,
J 7.0 Hz, cnz), 4,70 (1H, a, J 1.0 Hz, CG-H), 5.51 (1H, d-d, J 6.7 Hz, J
1,0 Hz, C5-H), 5.67 (1H, g,cj-n), 5.87 (1H, 4, J 6.7 Hz, cu-H) end 6, 80-
~8.10 (10H, m, aromatic-H}. Compound 3¢, m.p. 123.125°, v, . (MeOH)
298 nm (4.14); ir v (XBr) 1668 om™ (€=0); mass m/e 303 (MY and nmr

g (00013) 1.28 (3H, ¢, J 7.5 Hz, CHS), 2.80 (2H, q, J 7.5 H=z, cnz), 6, 1%
(i1, a, J 3.2 Hz, c,‘-l{), 6.68 (1H, 4, J 3.2 H=, cj-H) and 6.82-7.82 (10H,
m, aromatic-H), ’
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