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Abstract-3-Ethylidenee_2’.4,6trimethylgri has been synthesized by two alternative 
routes in the proof of the spiran nature of the compounds IV (R = COOCIHl and R = H) derived 
from the cyclization of diketobenzofurans (V, R = COOC,H6 and R = H). 

CYCLIZATION of diketobenzofurans (V, R = COOGH, and R = H) with sulphuric 
acid, furnished the products (A) and (B), which by analogy of similar conversion of the 
diketoesters (I) to usnolic acid analogues (II) were expected to possess structures 
IV(R = COOGH, and R = H) respectively. l The spiran nature of usnolic acid 
analogues such as II has been established mainly on the formation of spiro- 
coumaranone (III) and formaldehyde on ozonolysis. The products (A) and (B), 
however, did not furnish the expected coumaranones (VI) and acetaldehyde under 
similar conditions, the dioxadibenzo(a,d)pentalenes (VII) being obtained instead. In 
contrast, the compound VIII, obtained from diketoester (IX) by Dawkins and 
MulhollandS behaved in the normal manner with ozone furnishing the coumaranone 
(X) and formaldehyde. Since the method of ozonolysis could not provide evidence of 
the spiran nature of the products (A) and (B), their structures (IV, R = COWH, 
and IV, R = H) are dubious. A compound of structure IV (R = H) has been 
synthesized by two alternative routes and is identical with product (B), thus providing 
proof that the structure IV (R = H) suggested originally for this compound is correct. 

The first successful synthesis is indicated in Fig. 1. The reaction of 2-acetyl-3- 
ethyl4,6-dimethylbenzofurana (XI) with ethyl bromoacetate under Reformatsky 
conditions afforded ethyl #l-(3-ethyl4,6dimethyl-2-benzofuryl)crotonate (XII, R = 
OC,H,) which hydrolyzed to the acid XII (R = OH). Its acid chloride (XII, R = Cl) 
reacted with cadmium methyl, furnishing the ketone (XIII), which on Mannich 
reaction afforded the compound XIV. When its quaternary salt (XV) was treated 
with a base, a compound identical with product (B) was produced. The two benzo- 
furan derivatives (V and XV) would, however, yield identical products only when 
the reaction proceeds in such a way that the Cur) and CfZ, atoms of the respective 
moities 

and HSC-&H-CO-CHa-%Z-N+(CH,),I- 

join at a common point i.e., position -2, as shown in Fig. 2, resulting in the formation 
of a Spiro ring. 

l Deceased on Dec. 16 (1964). 
7 Present Address--C/o Shri C. B. Gupta, Principal, Podar College. Nawalgarh, Rajasthan, India. 

1 F. M. Dean, T. Francis and K. Manunapichu, J. C&m. Sot. 4551 (1958). 
* A. W. Dawkins and T. P. C. Mulholland. J. Chem. Sot.. 2211 (1959). 
a D. S. Deorha and P. Gupta, Chem. Ber. 97,616 (1964). 

2015 



Me Et 

V 

Me 0 

w 

\’ 
t 0 

M%,/ ‘& R 

VII 

0 

Fro. 1. 

2016 



Fro. 2. 

CHMC 

XXIII 

FIQ. 3. 



2018 D. S. DEORHA and P. GUPTA 

In the second synthesis as shown in Fig. 3, the Micheal reaction of 2-acetyl-4,6- 
dimethylcoumaran-3-one4 (XVI) with methyl acrylate atforded the compound XVII. 
The reaction of methyl bromoacetate with the coumaranone (XVII) under 
Reformatsky conditions should produce XVIII or XXIII or both depending on the 
carbonyl group involved in the reaction. In practice, a compound in accord with 
structure XIX chemically and spectroscopically was obtained. The reaction with 
ethyl triphenylphosonium iodide in presence of sodium methoxide converted the 
coumaranone (XIX) into its derivative XX. Reaction of the latter with sodium in 
toluene followed by hydrolysis of the derived product (XXI) afforded a ketone 
(XXII) identical with compound (B). 

As the grisene (IV, R = H) was derived from the product (A) by hydrolysis 
followed by decarboxylation, the structure of the latter is unambiguous. 

EXPERIMENTAL 

/?-(3-Ethyl-4,timethyl-2-benzofuryl)crotonic acid (XII, R = OH). To a solution of 2-acetyl-3- 
ethyl4,6dimethylbenzofuran (4.3 g) heated under reflux in dry benzene (40 ml) containing ethyl 
bromoacetate (35 g) activated Zn dust (1.5 g) was added. After heating 6 hr. the mixture was cooled. 
The complex formed was decomposed with ice cold 2N HsSO,. The organic layer was separated and 
washed with NaHCO,aq and dried over MgSO,. Evaporation of benzene and distillation of the 
residue provided ethyl-~(3ethyl4,6dimethyl-2-benz.ofuryl)crotonate (45 g) as a colourless liquid, 
b.p. 182”/2 mm. (Found C, 75.70; H, 7.85; ClllHllOI requires: C, 7551; H, 774%) 

The foregoing crude eater (4.5 g) was heated under reflux with 2N NaOH (40 ml) and EtOH (15 
ml) for 2 hr. Aciditication of the cooled and filtered solution furnished a solid, which when crystallized 
from benzene afforded ~-(3-ethyl4,6dimethyl-2benzofuryl)crotonic acid (3.7 g) as light yellow 
needles, m.p. 210”, I,&, (log e) 248 (3.75). 339 (448) rnp, yrnsx 1701 cm-l(COOH). (Found C, 74.50; 
H, 7.15; C1,HIIOI requires: C, 74.36; H, 7.02%) 

~-0xo-6-methyl-6-(3~thyf4,6-dimethyf-2-~nzofury~but-y~ne (XIII). To dry CHCI, (50 ml) 
containing PCl, (1 g), was added the crotonic acid (1.1 g). The solution was kept at room temp for 
15 min and then heated under reflux on a water bath for 30 min. Removal of CHCI, left an oil which 
was puritied by distillation with dry benzene (150 ml). 

A mixture of dimethylcadmium (0.6 g) in dry ether (25 ml) and the preceding acid chloride was 
heated under reflex on a water bath for 2 hr. It was cooled and shaken with dil AcOH. The organic 
layer was washed with NaHCO,aq and water, dried over MgSO,, and concentrated. The product 
crystallized from EtOH to furnish &oxo-~-methyl-6(3ethyl4,6dimethyl-2-benzofuryl)but-y-ene 
in colourless needles (1.0 g), m.p. 60”. vrnax 1678 cm-l (conjugated C==O), 1360 cm-l (methyl ketone). 
(Found C, 79.80; H, 7.98; C1,HsOOs requires: C, 79.67; H, 7.87%) 

It formed a 2,4dinitrophenylhydrazone as brown needles, m.p. 219”, 1,.x (log .s) 228 (4.28). 
378 (4.36) mp. (Found N, 13.02; C,,H,,N,O, requires: N, 12*84x.) 

3-Ethylidene-2’,4,6-trbwthy[gris-2’-en4’-one. A mixture of dimethylamine hydrochloride (I.65 g), 
the aforesaid ketone (2.1 g), paraformaldehyde (0.85 g), and EtOH (10 ml) was heated under reflux 
for 20 hr. The milky solution was filtered and concentrated under red. press. After adding water 
(5 ml) and excess 45% KOHaq, the solution was saturated with KHCO, and extracted with ether. 
The extract was washed with water and dried over Na$O,. Removal of ether left an oil which was 
distilled under red. press. as a colourless liquid (1.5 g), b.p. 150”/2 mm. 

A mixture of this amine (1.5 g) and MeI (1 g) in benzene was allowed to stand + hr at 0” and then 
for 1 hr at room temp. The methiodide was used in the subsequent step without purification due to 
its hygroscopic nature. 

The methiodide with MeOH (10 ml) and 45 % KOHaq (0.5 ml) was heated under an inert atm 
for 20 hr. After cooling, the mixture was diluted and extracted with benzene. When concentrated, 
the benzene extract deposited the 3cthylidene-2’.4.6-trimethylgris-2’-en4’-one1 as colourless prisms 
(0.4 g), m.p. 106” undepmssed on admixture with the compound obtained from V (R = H), drnsx 
(log) 230 (4.52), 238 (4*57), 256 (4.23), 264 (4.1 I), 268 (4.15), 306 (4.03). 314 (4.06). 318 (409) m/c, 

4 F. M. Dean and K. Manunapichu, J. Chem. Sot. 3112 (1957). 
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vrnsr 1678 cm-1 (conjugated C===G). (Found C, 80.79; H, 7.20; cab. for C,,HsOO, C, 80.70; 
H, 7.40 %.) 

Its 2,~d~~opheny~yd~ne separated from EtOH in orange crystals, m.p. and mixed m.p. 
with that obtained from IV (R = H) derived from V (R = H.) 250”. (Found N, 12.63; talc. for 
C,,H,,N,O. N, 1250 %.) 

Methyl ~-(2-acetyl-4,6dimethyl-3~x~~r~2-y~prop~~te (xvrr). A mixture of Triton R 
(15 ml), 2-acetyl-4,6-dimethyl-coumaran-3-one4 (6.2 g), and methyl acrylate (6 ml) in dioxan (18 ml) 
was allowed to stand 3 days at 2”. The product resulting from acidii?cation and dilution was isolated 
with ether. 

The ethereal solution was washed with NaHCO,aq, water and then dried over MgSG,. Removal of 
ether left an oil which was distilled under red. press. The fraction, b.p. 143”/@1 mm was pursed from 
benmne on alumina and when redistilled, gave the 3-oxotoumaran-2-ylpropionate as a yellowish 
oil (7.2 g), b.p. 145”/0*1 mm, L, (log e) 272 (414), 330 (3.81) mp, vrnsX 1736 cm-t (ester), 1721 cm-* 
(ketone), 1698 cm-’ (coumaranone a). 

Its 2~hlor~,~itr~h~y~yd~one separated from EtOH in orange yellow needles, m.p. 
142”. (Found Cl, 7.23; CslH,,N,O,Cl requires: Cl, 7.02%) 

Methyl B-(2-2’-corbomethoxyethyl-4,6-dimerhyI-3-ox~cou~ra~2-y~croto~te (XIX). To a 
solution of the crotonic ester (5.8 g) in dry benzene (40 ml) containing methyl bromoacetate (3.1 g) 
heated under reflux, was added activated Zn dust (1.5 g). After heating for 6 hr. the mixture was 
cooled. The complex formed was decomposed with ice-cold 2N HaSO.,. The organic layer was 
separated, washed with NaHCG,aq and dried over Na,SG,. Evaporation of benzene left a solid 
which crystallized from dil MeGH as needles (5.6 g), m.p. 102”, ilma, (log 6) 232 (4-l 1), 275 (425). 320 
(3.98) mp, vmbr 1739 cm-t (saturated ester), 1718 cm-l (unsaturated ester), 1701 cm-l (coumaranone 
-C==G). (Found C, 65.73; H, 6.26; CIOHPIOs requires: C, 65.89; H, 6.40x.) 

Methyl ~~2-2’~ar~met~xyet~y~-3-ethylidene_4 (XX). So- 
dium methoxide (prepared from @53 g Na) in MeOH (15 ml) was added to a solution of ethyl 
triphenylphosphonium iodide (14 g) and the preceding crotonate (10 9, in MeOH (20 ml), with 
stirring and under an atm of N* during a period of 15 min maintaining the temp at 55-60”. 

The contents were stirred at 60” for another 5 hr during which the colour changed from red to 
yellow. After removing the MeOH in wcuo, the residue was extracted with pet. ether (b.p. 40-60”). 
Evaporation of pet. ether left an oif which solidified after 2 days. ~~~~tion of the solid from 
dil MeOH furnished the 3-ethylidene-w umaran-2-yl-crotonate in needles (8.1 g), m.p. 92”, ;Imsr 
(log e) 245 (4*12), 268 (424), 325 (3.94) m/l, yrnaX 1736 cm-l (saturated ester), 1720 cm-l (unsaturated 
ester). (Found C, 70.50; H, 7.20; (&H,,O( requires: C, 7@35; H, 7.31%) 

Perphthalic acid titrations showed the presence of 2.02 double bonds. 
Met~y~-3-erlrylidene-2’,4,6rrimetlIyl4’~~~~-e~-S’~ar~xy~te (XXI). This ester (1 g) in 

boiling toluene (25 ml) containing powdered Na (0.7 g) and a drop of MeGH was boiled for 6 hr. 
The mixture was cooled and treated with 2N H,SO,. The organic layer was extracted with imid 
0.1 N NaOH. 

The alkaline extracts were acidified to furnish a solid which was extracted into ether. The extract 
was washed with water and dried over MgSO ,. Removal of ether furnished a solid which separated 
from aqueous MeOH in needIes of 4’-oxogri&2’-ene5’rboxyiate (O-35 g), m.p. 128”. (Found C, 
73.70; H, 7.95; C,,H,,O, requires: C, 7360; H, 7-79X.) 

The compound gave a purple ferric reaction. 
3-EthyIidene-2’,4,f5-trimethy&!s-Y-en4r-one (?CXII). The preceding compound (1-O g) was heated 

under reflux with 2N NaOH (10 ml) for 1 hr. The insoluble material formed was isolated with ether 
and chromatographed on silica from pet, ether (b.p. 60-803. The product was recryata&zed from 
the same solvent, affording 3~thylidene~,4,~t~thyl~s-~~n4‘~ne as prisms (0.2 g), m.p. 106” 
not depressed by admixture with specimens obtained by the first route or by Dean’s method.’ 
(Found C, 8056; H. 7.28; Calc. for CIaHIOOI; C, 80.70; H, 740%) 

The 2&dinitrophenylhydrazone separated from EtOH in orange crystals, m.p. and mixed m.p. 
with that obtained from TV (R = H) 250”. (Found N, 1272; Calc. for CI,HI,N,OI: N, 1250%.) 
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