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Absarrct New SlNCIUrcs arc proposed for the 

acelylacctonc, ethyl acctoacetate and resorcinol. 
products of makic anhydnck wtth 

SIWJCWRFS la and I b were originally assigned to the 2: I condensation products of 
maleic anhydride with acetylacetone and ethyl acet0acetate.l The unusual mode of 
reaction of maleic anhydri& postulated has led us to reinvestigate these compounds. 

Most of the evidence for these structures was derived from the degradation sequence 
outlined in Scheme I for the acetylacetone (A) and the ethyl acetoacetate (B) adducts. 
The degradation sequence leading from adduct (A) to p-xyknol was repeated in this 
laboratory and confirmed, the intermediates having the anticipated spectral proper- 
ties. The conversion of 2 to 3 with diazomethane was confirmed spectroscopically 
as the possibility of converting benzofuranones to 2-methoxybenzofurans does not 
appear to have &n generally recognized. ’ Not only is the characteristic furanone 
carbonyl band, ca. 1820 cm- i, absent from the IR spectrum of 3 but the NMR 
spectrum shows bands at 5.84 T and 3.90~ attributabk to the 2-methoxyl and 3- 
hydrogen of the benzofuran. Comparison of the m.p. of the acid 12 and its trimethyl 
ester with those since reported3 for the isomeric acids confirms the original identifi- 
cation. 

Previous work1 indicated the presence of an anhydride and a carboxyl group in 
both adducts. This was confirmed by their IR spectra, which showed bands character- 
istic of a 5-membered anhydride (1875. 1790 cm ‘). additional carbonyl groups 
(170@ 1730 cm- ’ unresolved) and carboxyl C&H (2400 3300 cm- I). The low solu- 
bility and stability of these adducts in suitabk solvents made it difficult to obtain 
good NMR spectra however a freshly prepared hexadeuteroacctone solution of the 

acetylacetone adduct showed signals at 8.28 7 (CH,X--), 761 T (CH, C0-), 

I 
an AB system (J = 18 c!s) at 6-8 I T ( ..--CH2-) and a series of signals equiva.Ient to 
three protons htween 5.6 and 6.4 T. The less satisfactory spectrum obtained for the 
ethyl acetoacetate adduct supportad tht above assignments. This data is incompatible 
with structure 1, or 14 which we propose@ in a preliminary communication before 

* Ii. &mer. J Chm Sot, 1052 (1946). 
’ R. C. Elderfield aod V. 8. Meyer, Hetrtocyclv Compou& Vol 2, p. I. Wiky. New York ( I95 1) 
’ D. Gardner. J. F. Grove and D. Ismay, .I* Chmt, Sot. 18 17 (1954). 
’ C W Bard and P Molton. Tetrohdron Ltt&rs 1891 (19M). 
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the NMR smra of the adducts were available. In this light tbe most satisfactory 
structure for these adducts is 15.’ An unexpected feature is the lack of appreciable 
enolic character even in the acetylacetone adduct as indicated both by the NMR, 
and the IR spectrum which shows no bands between 1700 ad lSWcm-‘. Ostensibly 
analogous bicyclohtptanone compounds are extensively enolized,6^ the enolic 
double bond being exocyclic. Possibly the extra strain, resulting from the fused 
anhydridc ring may be responsibk for the la& of enolic character in these adducts. 
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Additional support for structure 1S is provided by the spectral properties of the 
dimethyl derivative 16 obtained by reaction of tk ethyl acetoacetate adduct with 
diazomethane. Apart from characteristic adsorptions for the ester methyl and ethyl 

’ S~ruc~urc 15 has been indepeadcnrly dcduccd for chef addua by Dr G M SINIK (private communr- 

cation); R. D. Bailey ad G. M. Sm~nr. Cd J. Chmt 44, 2S84 (1966). 
“E W GarbixhJ.AmClvmS~.~,1696(1%3);‘P.~oIrdP.v~R.Schleyer.Ibid.~,1171 

(196s) 
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groups at 6.27 r and 8.68 t (J = 741, 5.74 T (J = 7.3 cis), singlets were observed at 

8.22 t (CH,-Ca), 6*94 T (KHz--) and 5.97~ (CH,&C=). A quadruplet 
centred at 6-37 7 (2H, J = 65 G’S) is assigned to the two protons at the anhydride 
ring junction but the stereochemistry cannot be deduced in the absence of the iso- 
me+* compound. 

The formation of thest prc~!ucts can be envisaged as involving initial acylation of 
acetylacetone or ethyl acetoacetate by maleic anhydride giving 17, followed by addition 
of the enolic O--H to the maleyl double bond with formation of the furan 18. Diels 
Alder addition of a second molecule of maleic anhydride to the furan 18 would then 
yield 15. Although recent work’ indicates that 3-hydroxyfurans exist predominantly 

23 

’ R E Roscnkranq K. Allntr, R Gxxi, W. v. Philiphorn and C H Eugsccr, Hcfw. Chim Actn 46 1259 
(1963). 
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as their keto tautomers it seems likely that 18 would exist extensively in the enolic 
form. An earlier report* that 3-hydroxyfuran forms a maleic anhydride adduct must 
k regarded with suspicion as the authenticity of the 3-hydroxyfuran used is in 
doubt.’ 

Rcsorcinol. which can bc regarded as a fully enolizcd pdiketonc, is reportcd1° 
to form a 2: 1 condensate with maleic anhydride. Structure 19 has been ascribed to 
this compound by analogy with formation of fluoresceins. In our hands the reaction 
prmded more cleanly at !W in the presence of a tract of sulphuric acid. The IR 
spectrum agreed with that previously reported showing the presence of phenolic 
hydroxyl, 3350 cm- ’ and two carbonyl groups 1785 and 1640 cm - ’ ; the former in a 
strained cnvironmcnt and the latter strongly hydrogen bonded. The UV spectrum 
in ethanol showed absorption bands at 235 rnp (E 8220) 286 rnp (E 12.780) and 
326.5 rnp (E 6140) and is practically identical with that of resacetophenonc. &,, 232 rnp 
(E 8250), 278 rnp (E 13,750) and 317 rnp (E 6560). The NMR spectrum of the triacetyl 
dcrivativc showed the absence of exchangeable protons and the expected signal at 
7-87 Y (9H) of the acetyl methyl groups. The remaining three protons constituted an 
ABX system with the A and B proton quadruplets centred at 6.61 and 6.32 t 
(3 = 18 c’s). The X proton quadruplet centred at 5+88 r showed further signs of 
splitting and a decoupling experiment indicated that this was due to coupling with 
one of the 6 aromatic protons. Taken together this spectral data indicates structure 
20 for the resorcinol-maleic anhydride adduct. 

Chemical proof for this structure was obtained as follows. Treatment of 20 with 
dimethyl sulphatc and aqueous sodium hydroxide produced a tetramethoxy acid 
convert& by mcthanolic hydrogen chloride into the methyl ester 21. although the 
original workers” only obtained a trimethoxy methyl ester using methyl iodide and 
ptassium hydroxide The ester 21 had been obtained previously” from the Friedel 
Crafts reaction of maleic anhydridc with rcsorcinol dimcthyl ether. In our hands the 
ester 21 pro& identical with the major product from the Friedel Crafts reaction of 
2,4dimcthoxyphcnylsuccinic anhydride with resorcinol dimethyl ether. 

Comparison of the structure #) deduced for the resorcinol-maleic anhydridc 
adduct with the products (c.g 22) obtained from resorcinol and benzoquinone” 
indicate that the first stage in these reactions is acid catalysed addition of resorcinol 
to the double bond. This is in contrast to the aluminium chloride catalysed reaction 
&t ween resorcinol and malcic anhydride. l3 where the products 23 and 24 appear to 
arise by initial acylation. 

EXI’f:.RIMENTAL 

IR spectra wcrc recorded for Nujol mulls on a Perkin Elmer modd 237 spcctrophotomctcr and UV 

spectra were mcasurai on EtOH sobs with a Unrcam SF.700 spcctrophotomctcr NMR spectra wcrc 

variously recorded on Varlan A 60 and HA 100 instruments for CDCI, or acetoned, solns. 

’ H. H. Hodgoon ad R R. Dawu J. Chem Sot. IK16 (1939). 

’ A. P Dunlop and F N Peters Tk fwans pp. 17&175. Reinhold (1953) 

lo Y. Graff. J Calando and M, Gardrn, Bull. tic. Cclim Fr, I I06 (1961). 

I’ G P. R&I. Am. Ckm. SW. 53. 3153(1931) 

” N. F.. Stjernstrom, Arkic Kcmi 21, 57 (IW3). 
I’ K. P. Barr, F M. Dean and 11. D. Lo&sky. I Chum Sac. 2425 (1959). 
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Reu-ticIn of the ethyl aceroucera~e mukrr anhydride adducr wrrh drazcmulrhune. TAX adduct’ I 14 e) was 
trmcd with cxw ethercal dlazomclhanc Slow cvaporarlon of the soln depltal the dwrhgl deritwttt.e 

116. 0.54gJ mp. 115.5 117’. (Found: C. 53.8; ti.4-8. C,6H,,0Q rqulra: C. 54-2; H. 5.1 “,.) 

Reaction cfresorrinol with rdai anhydride Ma& anhydrIde (9.8 g) was finely powderal and mIxad with 

raorcmol (220 g). The mlxlurc was melted and heated at 90 for 20 hr in Ihc presence of 3 drop cone 

tl$O, The scmisohd product wgs hcalal with wager (200 ml) and 3_(2.4-dihydroxyphenacyl)6_hydroxy- 

bcnrofuran-2-one (6 R g) m.p. 258 (111 ‘* 265 ‘). crystalhud on standmg This was convened by refluxmg in 

Ac,O (15 mm) inlo 11s rttacet~l detitufire, m.p 163 from V.tOH. (Found: C. 61.5; H. 4.5 CzlH,,Op 
rqulrcs: C. 61 9, H. 4 3 OO.) 

Mcrhybrion o/20. Compound 20 (7.3 g) was drssolved in KaC)H aq (9 g in 250 ml) and flushal with N,. 

Mt,SO, (2Og) was added and the mlxturc shakm vigorously until the rcactlon subsided After rcfluxmg 
for 2 hr tht cooled soln was acldlficd wllh HC7. The rcddlsh-brown product wa filtcrod off and drrcd 

The crude acd proval dillicult to purify and was essrcnficd with mcrhanolrc HCI. The crti cslcr was 
purtficd by chromatography on s~hca gel in CCI, Elur~on with pcl. ether ether (I : I) yielded 2i (3 7 g) 

m p 142 143 from ether pcl crhcr. (Found: C. 64 6; H. 60. Cl, H1,O, requires: C. 64 9; H. 6.2”b.l 

Frledel X’roft_s reac[lon qfresorcrnrrl diwurhyl erher with dinurhux~phen+cccrrlrc anhydride The reactjon 

was carried out as previously descrlhod” usmg rcsorcmol dtmcthyl crhcr (10 gl. drmcthoxyphenyl- 

succinic anhydrh 13.3 g) ati AK’I, (70 gl Crystalllzatlon d the crude product from aqueous AcOH 
yiekicd 2.4~bis(2.4dimcrhonyphcnylWkclohutyrn: acid (1.35 pL m.p. lR& IW (III.” 160 L methyl ester 
m.p 144 14.S (III.” I4U ) rdcnllcal wrth rhc above sample. The mother liquors wcrc evaporakd lo dryness 

and the rcssrduc cstcrrficd wlrh mcthanohc HCI. TIw mixrurc of Lsomcrlc tslers were chromalographtd on 

slhca gel klutton with pet ether ether (2: 1 I gaw firstly a mixture of Isomers 111) g) and subscqucnlly wl!h 
per. clher ctht-r II .I) mcrhyl ~.4-h~~~2,4d~rnclhaxyphcnyl~-~c~~~bu~~rate (0.49 g_l m p 134~5 lht ” 104 ) 

(Found: C’. 649. tI. 62. CI,II1,O, tcqulrcs C. W9. H. 6_3”,.) 

AcknrJwlrdgewnr WC arc Indebted to Dr G. R Ekdford. I C I Pharmaceut~calr IItbtslon. and Mr. E 

TareIll for providing ~hc SMR spccrra. 


