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Abstract- The preparation and UV spazra of a xncx d 5-~xoxazolepolycne aldchyda are reported and 

discussed A lmcar relatlonxhlp between the &. and the number of douMe bonds wax found. A simple 

LCAO-MO calculallon on rhu xcria d compoundx and on 1hc corrapondmg 2-furanepolyene aldehyda 

was carncd OUI to mlcrpret the experimental data. 

T~~aim of this work is the preparation and the spectroscopic study of a new series 
of isoxazolc derivatives. namely 5-isoxazolepolyene aldchydes with general formula 

‘+h~>li=CHln - <‘tlO where n - 0.1.2.3 

A comparison of the UV spectra and Hilckel MO charge distribution in these 
compounds with the corresponding 2-furanepolyene aldehydes has provided useful 
information concerning the conjugation of the heterocyclic ring with the side chain. 

The first member of the series. 5-isoxazolecarbaldehydc (II), was obtained,’ origin- 
ally as an intermediate in the preparation of the corresponding oxime. but the yield 
was low and compound II was not isolated. Compound II is better prepared by 
oxidation of I with MnO, in chloroform. 

“r- M00, 
F;,o,!-cH,-“H - N,O/C--CHO 

I II 

The yield depends mainly on the degree of activation of MnO, and under the best 
conditions was higher than w>‘/, in aldehyde. Alcohol I and aldehyde II were easily 
separated because of the dilTcrence in their b.ps. Of the two different methods reported 
for the preparation of I, the first’ gave a low yield, and the second’ required a long 
series of reactions. Good results were obtained by a modification of the first method : 
the sodium fulminate solution was added more slowly and a dilute sulphuric solution 
containing a large exm of propargyl alcohol was used. The yield was over !JO”$ 

’ A Ricca and G Gaudiano. Afri &cod. nuz. U~ei. Red. Clarv Sci.js. mar. 1101. 26 240 (1959) 

’ A QUIIICO and G. Stagno D’Alcontrcs, Gore. Chim Ird. 79.654 (1949). 
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with respect to the fulminate and again the products were easily separated because of 
the difference in the b.ps of the propargyl alcohol and 1. 

Because of instability of y-unsubstitutcd isoxazoles in alkali it was necessary to 
avoid the use of basic solutions during the preparation of S-isoxazolepolyene alde- 
hydcs. The 3_(5-isoxazolyl)propnale (V) was prepared by two different methods. The 
first is similar to that described for the preparation of II. the alcohol IV being obtained 
by fulminic synthesis usmg 2-penten+yn-l-ol (III). Compound IV was then oxidized 
to the corresponding aldehyde V. In the other method ethyl vinyl ether was added to 
aldehydc 11 with BF, as catalist.’ The hydrolysis of the intermediate product gave the 
aldehyde V. 

H 

AP 

H 

C--CH=CH-CH,--OH -- 
‘0’ 

&~=<~H-cH,-~H 

111 MnO, IV 

I 

tt - ‘H 

+ CHSM, %!!J_ 6 P -CH=fH-CHO 
01 hydrolysis ‘\ 0 

0 

V 

The identity of the product obtained by the two methods’ confirmed, once more. that 
the fulminic synthesis gives 5substituted isoxazoles as reportcd.‘.6 Because of the 
difficulty of preparing large quantities of the alcohol III. we found it convenient to 
follow the second method even though the yield was only about 38’::. 

The homologous compounds VI and VII were prepared by reaction of ethyl vinyl 
ether on the aldehydes V and VI respectively. 

H H 

-(CH=CH)I -CHO -KH=CX) ,. CHO 

VI VII 

UV sp~crra. The analysis and the IR spectrum of II were in agreement with the 
presence of a CO group on the isoxazole ring but its UV spectrum in methanol 
(Fig I). shows one max at 214 m)c which is at the same wavelength as isoxazole or 
any other 5-alkylisoxazole. This is due to II existing in methanol only as the hemiacetal 
VIII. 

Hr3H 
N._/-Cl+0 l CH+H c_ 

II 

’ H Salkachl and H Ogawa, I Am. Ckm. Sot 60. 3642 (19%). 

’ Both gtve rhe corrcspondmg acid (m p 144- I45 I by oxldatton 

’ .A Quilico and G Spcrom. Gazr Chrm lrol 69. 508 (1939). 

’ A Qu~hco and G. Speronc. tiazz Chim. ltol 70.779 (1940) 

VIII 
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This behaviour is characteristic of many aldehydes like pyridinccarbaldehydes. nirro- 
and cyan-benzaldehydcs.’ If this is the case, the alcohol structure should have a 
marked influenceon thealdehyde-hemiacetal equilibrium to thecxtent that conversion 
would decrease in the order primary > secondary > tertiary. 

1 
20020 Y) 6clooosQ) 

IQc I Sperm of 5.mxarolecarbaldehydc 111). 

in methanol. ” tn water. - - - m isopropyl alcohol. in cyclohcxanc. 

This was confirmed by the U-V spectrum of II in isopropyl alcohol, in which II 
shows a max (Fig. 1) at 214 rnp (log E 3.8) and a shoulder at 245 m)l (log E 2.8). In 
water. it is possible 10 identify two bands with different intensities (Fig. I), but the 
spectrum of II in cyclohexane shows only one max (Fig 1) at 244 rnp (log E 3.9). 

Further evidence of the formation of hemiacetal of II in methanol was obtained by 
recording the spectra of II in cyclohexane with 05-3 “A of methanol. In this case two 
bands were recorded (Fig. 2). at 214 m+~ and 244 mp. The intensity of both max was 
related to the amount of methanol present in solution. The max at short wavelength 
increases with increasing methanol concentration. where that at 244 mp decreases. 

The diethyl acetal of II was also prepared and it was found that in methanol and 
cyclohexane it absorbs at the same wavelength as II in methanol. 

The aldehyde V in cyclohexane shows a band at 276 rnp (log E 4.3) (Fig. 3). red- 
shifted by 32 mp with respect 10 II in the same solvent. Compound V in methanol has 
a broad band at 270 ml.4 (log e 4 15). which could consist of two overlapping bands, one 

’ F P Crowell. W A. Powelland C J Warsell. AMINE Chcm 35. l&(1%3) 
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FIG 3 Spectra of 3-(S-tsoxatolyl)propnale (V): 
- -. in cyclohexane, - .. - m methanol 
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due to the free aldehyde and the other to the hemiacetal. The latter can be expected 
to absorb at about 244 mu. 

Compound VI shows a band at 306 q (log c 4.57) both in cyclohexane and meth- 
anol (Fig 4); once more the band is red-shifted by 30 rqr with respect to V. In the first 
solvent a slight resolution can be noticed. 

In cyclohexane VII has a band showing some vibrational structure (Fig. 4), 
the strongest absorption being at 334 w. In methanol the band is broader having 
IWO max at 334 and 345 rqr (log I: 466). 

RG. 4 Spccrra of S~S-isoxazolyl)-2.4-penladlenalc (VIJ: 
__-- in cyclohexane. .-’ .- m methanol 

Spectra of 7~5-1soxazolyl)-2.4.6cplarnen~~enale (VII)’ 
_ . in cyclohexane.. m methanol. 

Fergusor? reported that for 2-furanepolyene aldehydes there is a linear relationship 
between j.L and the number of double bonds n. A linear relationship also exists for 
the 5-isoxazolepolyene aldehydes (Fig 5). On the other hand, it is known’ that by 
asstgning the most intenseabsorption of the spectra of conjugated linear polyenes, %a~- 
diphenylpolyenes and polyene aldehydes to the lowest energy allowed transition, 
it is possible to find linear relationships between the observed frequencies 9, and the 
corresponding Hiickel MO energy differences. Am. 

In order to find a similar correlation in the case of 5Gsoxazolepolyene aldehydes 

* L N. Fequxoq Elecrron Struchpr 4OrqcmL Mokdes p 284. Frcnticc-u Paghmod ClilT& NJ. 

(19521 

’ A Streitwiucr. Jr. .Uolrculor Orbiral Throryjor Organic Chedsa p 207 Wiley. New York-London 

(IWI). 
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and to compare their propertio; with those of 2-furanepolyene aldehydes. we treated 
the n electrons ol Doth series of compounds by the Huckel method. 

La I - 
1 2 3 n 

FIG 5 PI01 of ;.t. versus the number ol clhylemc bonds. n. m lsoxazolepolyenc aldehydcs 

I AI and m furancpolycne aldehydcs (O I 

We used the parameters determined” for a large series of heterocyclic compounds, 
containing N and 0. that is, according to Strcttwieser’s notations: 

ho = 0.65 

hh = 0.55 

hfi = 2.6 Kc. o = 0.7 Kc.o = 1 cii = :a 

KN_o = 0.5 Kc,.N = 1 si = .*‘a 

The energies of the occupied and the lirst unoccupied molecular orbitals arc given 

F 

42 - 

38 - 

26 I 1 I I I 1 
.5 7 .9 1.1 Am 

FIG. 6 Absorption spa%a and HMO energy diflenan ol isouzdcpolycnc ticbydu (A) 

and funncpolyenc akkbydes (0). 

lo R. Gzncioni. P. F. Fmncbini and M. Orienti, Tcrrohdron. to be published (1%). 
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in Table 1 in terms of x = (a - Q/f&-,. Fig 6 shows that the relationships between 
Am and V are linear for both series; the slopes cot-respond to PO = - 63.2 Kcal/mole 
for 5-isoxazolepolyene aldehydes and f$, = -554 Kcal/mole for 2-furanepolyene 
aldehydes. Both values are in the range ol the values of &, found previously.’ 

Interpretation of the charge distribution of polyenc aldehydes (Table 2) and a 
comparison with the values calculated for furanc and isoxazole.” enable certain 
conclusions to bc drawn. 

The introduction of the aldchyde group on the furane ring brings about. on the 
positions 2 and 4, a strong variation of net charge. which becomes positive. Such 
charges remain positive in all the 2-furanepolyenc aldehydes investigated even if their 
values dcvreasc because of charge redistribution on all the carbon atoms of polyene 
chain. The negative charge on the carbonyl oxygen increases with the mcreasing 
length of the chain. while the positive charge on the ring oxygen is essentially constant 
with a value approximately equal to that in furane. These results are in agreement 
with the hypothesis” that furane oxygen plays an effective part in conjugation. 
Therefore. beside the ionic structures with the positive charge on the even carbon 
atoms (Table 2). a structure like 

is expected to contribute significantly. 
The introduction of the aldehyde group has similar consequences in isoxazole. 

The net charge on position 4 becomes positive, while that on nitrogen has a less 
negative value than in isoxazole; the charge on the ring oxygen decreases, but is still 
about the calculated value for isoxazole. Yet, in contrast to the charge distribution 
in the series of 2-furanepolyene aldehydes in the higher members of isoxazole series 
the charge on nitrogen tends rapidly to assume again the value taken in isoxazolc; 
this trend, though less pronounced. is noticeable also for the charge on position 4, 
which again has a slightly negative value in the last member of the series. 

This means that the contribution of a form like 

\yd = (cH--<‘H)~= ‘-II b -I 

decreases quickly with increasing length of polyene chain. . 
As can be seen from Table 2 in the furanepolyene aldehydes the alternating charge 

signs on the carbon atoms show that all double bonds are uniformly polarized by the 
highly polar c=O group while in isoxarolepolyenc aldehydes there is no such 
alternation of sign due to the presence of the electronegative nitrogen atom. The 
electron-withdrawing effect of nitrogen atom also explains why 5-isoxazole-carbaldc- 
hydc. in contrast with 2-furaldehyde., gives the hemiacetal in methanol. However. 
the net charge difference on the carbonyl carbon. even if in the right sense, is too 
small to confirm the hypothesis’ that the electron-withdrawing groups increase the 
positive character of the carbonyl carbon. 

” E K Rlour and M b’wlds. J Am Chrm Sot 70. 189 119481 
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These considerations agree with the fact that the net charge on the carbonyl 
oxygen of furanepolyene aldehydes is greater than that of the corresponding iso- 
xazolepolyene aldehydes and the latter absorb at shorter wavelengths. 

FXPERIMENTAL 

S-/.mxozolemrrhoru,I fll A soln of sodmm fulmrnate prepared from mercuric fulmmarc (4Og) and g O,, 

Na Hg f93gl m 4OOml waler was added dropwia inro 14Oml tI,SO, 120”~ w wl and g0ml propargyl 

alcohol The ra1c ofaddluon was one drop per see with vigorous surrmg ‘The win was rhen filmred and 1he 

IiltraIe was nturacbd with (NH&SO. and exrracIai vlth ether. Tbc c&real sotn wm drial wil Na,SO,. 

AlIeral and the solvent distilled dl leaving a yellow oil The excess d propargyl akohd was rcmovcd from 

Ibc oil at 35’ (14 mm). 

The S-isoxazolcm&and (I) distilled aI I 18” (I6 mm) (ykld 90% with rcspcc~ IO ~hc mercuric fuhninaIe). 

S-lwxaro/ecar&kfehyde (II). Compound I (IO e) and CHCl, (300 ml) wcm hula-l under rdtux and &red 

with MnO, (IOOg drial at 125” for 24 hr). Among the diflcrcnc sampler d MnO, usal slrc found that 
1he producr supplied by C Frba S A IMilan. Italy) had the rcquucd acuvl1y ‘The MnO, prepared by the 

merhod m Rcf 12 was 100 acnvc; m 1hls case 1hc alcohol gave the corresponding acid by oxldanon In 

our case the rcacuon was complcicd by hcafmg under rcflux with MnO, for 5 hr The mlxfurc was rhcn 

lilrcrcd and cx1racrcd m a Soxhlct usmg ether as solvcnr ‘The c1hcrcal soln wa added IO the chloroformtc 

one Evaporauon of solvcn1s gave a hquld which on dlstlllauon gave the aldchydc II. bp 64’ 113 mm). 

and the unrcacrcd alcohol I The ytcld was 52“” with respect IO the unrecovered S-lsoxarolcmerhanol 

II was purllied by vacuum subhmatron a1 2S (2Omml. mp 31 3_ ’ IFound. C. 494; H. 3 I. N. 14.6 

<‘,HINOI rcquucs:C.494: ft. 3 I; N. 144”“l 

The 2.4dun1rophcnylhydrazonc of II IS a yellow flaky sold whtch wac rccrysralh7cd from alcohol. 

m p 222 dcc (Found: N. 2S4 <‘,,,H-N,O, rcquucs’ N. 25 2 “D I 
S-/sr~xa;o/ecarhalhyde dIethy/ aceto/ Compound II (4 gl was rclluxcd for 24 hr with anhyd EfOH 

(10 ml) and p-rolucnsulfomc acid (05 gl i~c, caralysr. 5’ o NaHCO,aq was then added 1111 an oil separated 

This was cxfracfcd with ether and drmd with Na,SO, The crhcr was 1hcn d~s~~llcd off and a colourlcss 

hqu~d collccred; bp 52 10.15 mml (Found: N. K 3 C,H,,NO, requires: N. g-l O,,) 

3.(S-lsoscuolyfl-2-prop~n-I +,I llVl A soln of sodturn fulmma1c (ISO ml) prepared from mcrcurlc ful- 

mmafc I IS gl was added dropwusc mto a flask conralnmg Ill (I? gb. FIOH 130 ml) and a few drops of &I 

tl,SO,: at rhc same umc ?O”, Hz.%), lw w. 40 ml) was added dropwlsc 

Each addl1lon was a1 the ra1e of one drop every IS see with vigorous snrrmg. When the reachon ceased 

rhc soln was ncu1ralrzcd wnh NH,OH under srirrmg and was then sa1urarcd with fSH,)ISO. and cx- 

1rac1cd with c1hcr The cx1rac1 was dried with NarSO, and d~s~~llcd A pak yellow VISCOUS I~quul (24 “,, 

ylcldl was collccrcd; b p 92 (0 IS mml (Found C. 57 4. It. 5 7. ti. I I.0 C,H.NOz rcqurrcs <‘. 57 S. 

H.56;N.ll I”,1 

3_(S-f.soxa.-o/y/l propt-~/e (Vl Method A Compound IV (2 gl and MnO, (40 gl were rcfluxcd for 4 hr 

m anhyd c1hcr (I SO ml) under srrrrlng The MnO, was then lil1crcd off and washed wl1h c1hcr Af1cr dlsnllmg 

ON rhc ether. a solid was collcc~cd and purrlicd by vacuum subhmauon a1 45 1001 mm); m p 47 The 

sample prepared by this melhod had 1hc same m p and IR spccrrum as rhar prepared by method B 

Merhod B To a soln of II (4.1 gl In anhyd benzene 120 ml) were added a few droPs of BF, m crhcrcal 

soln and then a soln of anhyd crhyl vinyl e1hcr 13 mll m anhyd benzene (20 ml) The mlx1urc was healed a1 

40‘ for I hr. the benzene was removed under vacuum and the red coloured residue h-led a1 70 X0’ for 

I hr wlrh dll tlCl I IO ml) Waler was 1hcn added 110 ml) and 1hc aqueous layer saluralcd with (Nfi.l~SO. 

Afrcr cx1racnon wl1h c1hcr. rhc cx1rac1 was dccolourtzd wl1h animal charcoal and dried wl1h Sa,SO. 

The ether was removed and a solId 13R “,, ylcldl was collcc~cd and purcf~al by vacuum suhlunauon ar 45’ 
1001 mm); m p 47 1Found C. 58.4. It. 40. N. II 7 C,tl,NOz requires. C. SX-5. Il. 4<1; S. II-3”, l 

S_(S-/soxazo/yf)-2.4-~nr~ienolr (VI) Compound VI was prepared using the condmons desertbed for V 

lrnc1hod Bl The quan111ld used were. V 12-6 gl in anhyd bcnrenc I I? ml) and ethyl vmyl crhcr 12 mll in 

anhyd bcnrcnc (IO ml) VI was puruicd by vacuum suhlimanon a1 45 1001 mm). m p 70 71 lycld 26.‘.,l 

VI could be mamIaincd unalIcral for a long pcrmd only by keeping II a1 0 5’. (Found C, 64.4. H. 5.1; 

N. 9 6 C,H-NO, rcquucs C. 644. H. 4 7. N. 9 3”., I 

” F F Prarr. J Org Chem 28. 638 11963) 
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7_(5-/wxa-o/~l)-2.4.6spr~rneMlr (VII) Compound VII was prcparcd usmg the condltlons dcscrlbcd 

for V (method RI The quanrmcs used wcrc. VI (O-9 g) m anhyd benzene (20 ml1 and ethyl vmyl ether (I ml) 

In anhyd bcnxnc (5 ml) VII (9 7”, ylcldl was pudml by vacuum suhlunatlon a~ X0> KM1 mm): m p 

I23 124 (Found.C.687. Ii. 5 5; N. 7-7 C,,,ll,NOI reqwro. C. 6R.5; tt. 5.1, K HI)“,) 


