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Abstract - The synthesis and Claisen rearrangement of methyl 
g-acyloxycrotonatea have bean reinvestigated. A number of methyl 
v-aryloxycrotonatee have been prepared and suceasfully rearranged 
to a mixture af Z and E 5-athylidanabanzofuran-2(3H)onea in 
ref luxing ethylene glydol. 

As part of a general study of exploring the Scop8 and synthetic utility of 

Claisen rearrangement of ally1 eryl ethers bearing carboxyl or carboethoxy substi- 

tuents on the ally1 chain, we took up a study of Claisan rearrangement of&aryl- 

oxymethylacrylic acids, their eaters and that of methyl ‘Ideryloxycrotonatas i.e., 

ally1 aryl ethers bearing carbaxyl functionalities at the@andypositions of the 

ally]. chain. It uas hoped that tha transformation in each casa would lead to 

benzo-fused oxygen heterocyclas proceeding via a Claisen rearrangement’. 

RQfO&& +y> 
1 RI_, H coocH3 

2 R’.CH3 3 

The interesting transformations und8rgOne by 1 and 2 leading to various 3-methyl- 

coumarins and coumarfns functionally substituted at the 3-methyl group via sequen- 

tial Claisen rearrangement-lactonisatian-ens reactions have bean the subject of 

our r8Cent publications 2”5(Scheme-1 ). 

In contrast the isomeric eystem viz., methyl &phenoxycrotonate was reported 

by Sultanbawa et al to be quite stable’. They had observed that it failed to 

rearrange under different conditions. 

In view of this, we took up a detailed reinvestigation on the syntheses and 

Claisen rearrangement of methyl -I&aryloxycrotonates from both mechanistic and 

synthetic considerations. Mechanistically it was felt worthwhile to examine the 

feasibility of such a transformation keeping in mind the deconjugative atabilieation 

in the transition state’ that would ensue upon the Claisen rearrangement of 2 . 

The synthetic aspect of this transformation was that it could lead to a convenient 

entry to 3-ethylidenebanzofuran-2(3H)-ones of which there is only a vague report 

in the lftereture and-that too not of any preparative significance 8 . 
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Scheme 1 

0-DCIE - o- Dichlorobennne 

PEG - fblycthyltnc glycd- 200 
DE&- Diethylaniline 

Results and Discussion 

Our investigation commenced with the synthesis of methyl’$-aryloxycrotonates. 

Three reports were available in the literature on its synthesis 
6,9,10 . We started 

our investigation with the preparation of methyl x-phenoxycrotonate 2 using 

virtually the same conditions as reported by the earlier workers viz., refluxing 

a mixture of phenol (5.25g 56 mmol), methyl d-bromocrotonate (109 56 mmol) and 

potassium carbonate (15.459 112 mmol) in 100 ml of acetone for 6h. This procedure 

however failed to yield the desired crotonate 2; instead it afforded the p,x- 

isomer s as a distillable liquid (b.p. 124’/1 mm in 78% yield). Its mass spectrum 

showed a molecular ion peak at m/z 192, while its IR spectrum showed bands et 1720 
-1 

and 1650 cm -1 
NMR spectrum of this compound showed signals at63.1 ppm (d,2H) 

gT.5 ppm(s,3H),c 418 ppm(dt,lH,HD),6 6.1 ppm(d,lH,HA 3~8 hz),&6.4-6.9 ppm(m,5H,Artl). 

From the NnR spectral data (90 Mhz) end careful integration of the recorded peaks, 

it was clear that the product obtained under the reaction conditions employed, was 

only the p&unsaturated derivative 4a _ and not the required methyl Y-phenoxy- 

crotonate z (Scheme 2). The cis-stereochemistry for s was established from the __ 
coupling constant for HA and H5, JH H =B hr. The broad band noise decoupled “C- 

NMR spectrum of this compound showe% ‘11 lines. A tentative assignment for the 

chemical shifts and multiplicities for every carbon are - C,-157 ppm(s),C2/C6- 

116 ppm(d), C&5-129 ppm(d),C4-122 ppm(d), C -142 ppm(d), CS-103 ppm(d), C9-29 

ppm(t), C,o-171 ppm(s), Cl,-51 ppm(q). The 
13 

C-NMR spectral features are consistent 

with s. 

schelnc 2 

R 



Claisen rearrsagcmcnt of methyl y-sryloxycrotoaats 3271 

Several other phenols also reacted in a similar manner affording the 

respective g,%-unsaturated eater8 4a_d as shown in Table 1. There was no trace 

of the desired ctotonete 3 under these conditions. All the esters 4a-d wsre *I( 
completely characterised by spectral data (UW,IR, NMR and RS, see experimental)“. 

Table 1 Synthesis of 4a-d 

No R b.p yield % 

1 a=H 124*/lmm 78 

2 b&i3 140?lmm 80 

3 c=&I 155~lmm 80 

4 d=OCH3 142%mm 82 

Our attempts to isomerisa the $.%unsaturateci derivative $J to tha d.@nsat- 

urated isomer 2 under a few acidic and basic conditions proved abortive, 
Synthesis of methyl x-aryloxycrotonates 

We next focussed our attention to synthesisa the required crotonates 2 by 

adopting conditions which have been sucessfully employed in our laboratory as well 

as elsewhere for the synthesis of many substituted aryl propargyl ethers and aryL 

ally1 ethers. The various conditions tried and the results obtained from these 

studies are summarised in Tab18 2. Again in none of the cases, could we obtain the 

desired crotonates 2 free from the contamination of the @pisomer 2. 

Table 2 

Rticiion condition 

c-3 

3o 

+ + NaOCH3/OMF RT 8 h 

NaOHiMrON RT 8h + + 

Phenol (2cq) 

NaOtilMcOH RT 8 h * + 

Phenol (lcq) 

K$03/DMF Rl 8 h + + 4 

H$031Acetonc RT 8 h + + 

K2C031AcetoneI HI 0’ 8 h + 

+ Formation Of the if?Cii~ttd product 

After considerable experimentation, it was observed that by carrying out the 

above reaction at O’C, the desired crotcnate 2 free from Qa could be obtained as 

a distillable liquid in 72% yield. Its mass spectrum showed a mOl8cuIar ion peak 

at m/z 192 while its IR spectrum showed bands at 1710 cm -1 -1 and 1650 cm . NMR 

spectrum of this compound showed signals at.6 3.5 ppm(s,3H),6 4.4 ppm(m,ZH,-GCH2), 

65.9 ppm(d,lH,J=lE hr,HA), and66.5’7.0 ppm(m,!S, ArH+Hs). The broad band noise 

decoupled l3 C-NFlR of 2 exhibited 9 lines. A tentative esaignment for the 

chemical shifts and multiplicities for every carbon are C,-156.66 ppm(s),C2/C6- 
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116.C2 ppm(d), C3/C5-129.45 ppm(d), C4-126.36 ppm(s), C7-61.77 ppm(t), C6-142.19 

ppm(d),Cg-121.87 ppm(d), C,O-166.32 ppm(s), C,,-51.67 ppm(q). The 13C-NIIR spectral 

features are consistent with the assigned structure. Several other methyl ‘d-aryl- 

oxycrotonates 3a-h could also be prepared using the above procedure Table 312. All 
the esters were completely characterised by spectral data (UV,IR,NflR and MS, see 

experimental). 

Anhy. K2C03 

Acetone, O’C. 8 h 
c 

No Compound No. R1 R2 R3 m.p/hp % yield % 

1 %a H Ii H 15dl2mm 72 

2 3b H H CH3 46 -47 75 

3 ZC H H Cl 40-42 70 

4 d H H 0CH3 43-45 78 

5 ze H - CH=CH-CH=CH- 49-50 76 

6 af 0CH3 H H 45 -46 65 

7 29 CH3 H H 16272 mm 60 

8 Zh Cl H u 78-79 70 

Having obtained the desired methyl ‘d-aryloxycrotonates, it was of interest 

to investigate the cause of isomerisation of 2 to 4 that was observed when we 

tried the conditions reported by Sultanbawa et al and Harding et al for ‘the pre- 

paration of 5, It was obvious that either the phenol, potassium carbonate or the 

temperature or all these factors might have been responsible in bringing about the 

isomerisation of 2. Refluxing 2 (192 mg 1 eq.) in the presence of phenol(1 eq.) 

alone in acetone for Bh did not result in any isomerisation neithar did refluxing 

%(I aq.) with potassium carbonate (1 eq.) alone in acetone for 4h lead to any 

isomorisation. Interestingly when 2 was refluxed in the presence of phenol(1 eq.) 

and potassium carbonate(1 eq.) in acetone for 4h, a clean isomerisation of 3a to - 

4a was observed. - 

Rearrangement studies 

The thermal rearrangement of methyl ‘d-aryloxycrotonatas was investigated in 

various high boiling solvents viz., o-dichlorobenzene(o-DClB b.p.l76’C), N,N- 

diathylaniline(DEA b.p.218’C) dacalin(b.p. 195’C), polyethylene glycol-200( PEG- 

200 b.p.270°C), diathylane glycol(DEG b.p.220°C) and ethylene glycol(EG b.p.196’C) 

Among all the solvents triad, ethylene glycol appeared to be the best solvent for 

the rearrangement of 2. 

Heating 3d(900 mg 4 mmol) in ethylene glycol(20 ml) at refluxing temperature 

for 2’/2 h followed by aqueous workup and extraction with hexane afforded a semi- 

solid(yield 85%) which proved to be a mixture of two products by TLC. Infra red 

spectrum showed bands at 1770 cm 
-1 -1 

and 1790 cm , while its NMR spectrum showed two 

pairs of doublets centred at 6 2.2 ppm and 62.35 ppm with a coupling constant of 

7.5 hz and a multiplet at 66.5-7.0 ppm thereby indicating the crude product to be 

a mixture of 3-ethylidanabenzofuran-2(3H)onas E and d (Scheme 3). Structure z 

waS eliminated on the basis of Infra red and NflR spectral data. 
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The crude mixture of E and Z isomers could not be separated by column chroma- 

tography or preparative TLC. However fractional crystallisation of the semi-solid 

in hexane furnished the major isomer 7d as a yellow solid(m.p. 99-1OO'C) in 50% - 
yield. 

-1 
The E isomer 7d showed a carbonyi band at 1770 cm while the Z isomer - 

-1 
exhibited the band due to carbonyl at 1790 cm . Several other methyl I-aryloxy- 

crotonates 3a-g were also converted to the respective 3-ethylidenebenzofuran-2(3H)- - 
ones 7a_g and 0a-g in 75-80% yield. Fractional crystallisation in each case afforded 

the respective pure z in 30-40s yield. Table 4. The benzofuranonas 7a-g were - 

completely characterised by spectral data (UV,IR,NflR and MS, see Experimental). 

Table 4 

No Compound No. ’ Fz’ R* fq3 R4 m.p yield’ 

1 la Ii H H H 55-57 32 

2 Ib H H CH3 H 78-79 34 

3 Ic H H Cl H 119-120 33 

4 3d H H 0CH3 H 99-100 30 

5 zc H H -CH=CH-CH=CH- 110-112 40 

6 Zf CH3 H H H - 99-100 35 

7 !9 0CH3 H H H 109-110 38 

The assignment of structure 1 for the major product was based on NMR spectral 

data and literature analogies. The high resolution NMR spectrum (250 Mhz) of 2 

showed the following characteristics:6 2.2 

6 6.03 ppm(dd, 

ppm(d,3H,J=7.5 hz),6 3.7 ppm(s,SH,-CCH3), 

lH),6 7.03 ppm(d,lH)d7.14 ppm(d,lH),& 7.19 ppm(q,lH, olefinic 

proton). The assignment of structure 1 for the major isomer was supported by 
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comparison of the chemical shifts of the -CH3 protons of 7d - (g 

sd($, 

CH =2.2 ppm) and 
~2.35 ppm) with those reported in literature for methyl c s 3 crotonate 

(6 -1.14 ppm), CH3- methyl trans crotonate(gCH =I.68 ppm) and trans-crotonic acid 

(SC, =1.90 ppm). Further, irradiation of t ?l e methyl signal of z at62.2 ppm 

rasufted in slight increase in part of the aromatic multiplet, while irradiation 

of part of the multiplet in the region 66.5-7.0 ppm resulted in noticeebfe 

increase in the intensity of the -CH3 doublet in the differential NOE spectrum. 

The broad band noise decoupled 13 C-NflR spectrum of 2 consisted of 11 lines. A 

tentative assignment for the chemical shifts and multiplicities for every carbon 

aro: C2-156.29 ppm(s), C3-124.95 ppm(s),C4 -114.74 ppm(d), C5-149.15 ppm(s), C6- 

109.83 ppm(d),C7 -111.25 ppm(d),C6-148.04 ppm(a),Cg-123.50 ppm(s), Clo- 140.83 ppm 

(d), Cl,-17.15 ppm(o),C12-55.15 porn(o). 

In assigning the E stereochemistry for 1, it is assumed that the effect of 

carbonyl is far mora dominant than that of phenyl ring. 

Some efforts were made to find out whether the mixture of benrofuranones 1 

and 8 could be converted completely to either of the isomers. Raf luxing the 

mixture in the case of 7d and 8d in dry chloroform containing p-toluenesulphonic - - 
acid for 6h however failed to alter the composition of the mixture. Irradiation 

of the crude mixture in methanol at 257 nm also failed to altar the composition. 

Irradiation of pure c for shorter duration resulted in no change while at longer 

hours (72h) resulted in 4:l mixture of E and E. This composition remained 

unaltered even on prolonged irradiation viz., IO days. 

Mechanism 

The mechanism of the transformation is most likely to involve an initial 

3,3-shift followed by aromatisation and lactonisation to the 3-vinylbenzofuranone 

E which further undergoes isomerisation to 1 and 2 (Scheme 4). 

Scheme 4 
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In none of the axperimante performed, was the intermediate E isolated.or 

observed, indicating the isomeriaetion to be a faster reaction. 

There appearad to be only one vague report in the literature on 3-athylidene 

benrofuran-2(3H)-one%‘. The two benzofuranonas 2 and ” were reported to have 

been formed in minor amounts in addition to 2 when 2H-chromene was reacted with 

magnesium and the ineitu generated cyclic allylmagnesium phenoxide was carboxylatad 

with CO2 and acidified. The relative ratio of 9a:7a:8a was found to be 66:25:9. --- 
While the authors were able to separate z from this mixture and characterisa it, 

no mention has bean made about the separation of 2 and fi and about their 

charactarisation. Although the authors have given the spectral data for these 

banzofuranonae, it is not claer from the paper whether the data wars taken on tha 

mixture or on pure compounds. No other charactarisation excepting the NMR data 

could be found in the paper. 

Rearrangement of 3 in other solvents 

The reaction of &(2OCl mg) in rafluxing DEA(3 ml) for 4h resulted in clean 

isomarisation to 4a. It is clear from our observation that what Sultanbawa at al 

had prepared and tried to rearrange was not the required methyl Y-phanoxycrotonata 

2 but the iaomeric 2 . The asters 3b,3c and z wars also iaomerfaad to 4b,4c -- 
and 4d in refluxing DEA. - 

The raarrangamant of y in rafluxing a-DClB for 20h uas found to be very 

sluggish bringing about little change in starting material while in rafluxing 

dacalin, a mixture of z and s was obtained as a gummy material after 5h. This 

bahawiour is in remarkable contrast to that of methyl d-aryloxymathylacrylatas 

2(aae Schema 1). This brings out clearly the importance of conjugation factor in 

deciding the ease of Claisan rearrangement, The raarrangamant of z in PEG-POD 

or DEG Furnished s and E in very low yield, while charge induced conditions like 

anhydrous AlC13 or trifluoroacatic acid failed to bring about any change in the 

starting material, This is again in contrast to the bahaviour of methyl d-aryloxy- 

mathylacrylatas(Saa Schema 1). 

In conclusion, the Claisan raarrangamant of methyl x-aryloxycrotonatas in 

ethylene glycol has lad to a convenient and easy entry to 3-athylidanebanzofuran- 

2(3H)-ones, for which no synthesis has bean described in the literature so far’, 

though quite a few methods are available for the synthesis of 3-alkylidanabanzo- 

furan-2(3H)-onas73. 

1, General Considerations: Malting points and boiling points are uncorrected. 
Infre red spectra uere recorded on Parkin-Elmer(PE-1310) instrument. NMR spectra 
ware recorded on Varian Efl-390 or Varian XL-100 instruments with CDCl 

il 
as solvent 

and tatramathylsilane(T~S) as the ifltarnal standard. The chemical ah fts reported 
are in 6 scale. UV spectra ware taken in methanol(Spactroacopic grade) using 
Shimadtu 240 indtrument.. Maes spectra vare taken using a Uarian Nat CH7 mass 
spactromatar. All the solvents employed in the present study uara purified using 
literature reported procedures. 
2. Synthesis of 4: General procedure: A mixture of phenol(S.259 56 mmol), methyl 

x-bromocrotonata (56 mmol) and anhydrous potassium carbonate (112 mmol) in 100 
ml of dry acetone was heated at rsflux for 4h. The reaction mixture was cooled 
and the inorganic salts ware filtered. Concentration of the sol.ution gave a 
brovn liquid uhich was taken up in ether. The atharaal layer we8 washed with 
2N NaOH (3x30 ml) until the aqueous layer was neutral. The solution was dried 
over anhydrous Na 

? 
S04. Evaporation of the solvent gave a liquid which was 

homogeneous on TL . The boiling points and yields are shown in Table ‘/. The asters 
were charactarisad by complete spectral data, saw Table 5. 
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Table 5 

S&l NMR(CDC13/TMS) MS 
. ..I- 

1. 

2. 

3. 

4. 

4a 230 nm - 

%"L!l 
(2400) 

4b 230 nm 
- (2560) 

278 nm 
(2200) 

"c 230 nm 

1:;":; 
(2040) 

4d 230 nm - 

428:":; 
(2400) 

1720, 1650 

1720, 1660 

1720, 1650 

1720, 1680 

63.2 d,2H,JaBhz), 63.5(s,SH,OCH ) 
54.8 dt lH,H ),6 6.2(d,lH,JtBhr~ t 
66.5-7.&4!,Ar;) 

63,2(d,2H,J=Bhr), 63,6(s,6H,-DCH3) 
$4.9(dt,lH,H ),66.3(d,lH,J=Sht), 
66.7-7,l(m,4W, Arti). 

226 

222 
(60%) 

1 (30 ml) was heated 
To the NaOMe thus 

formed, phenol(l.8g 20 mmol), methyl ~bromocrotonete(3.S8Q 20 mmol) and DMF(40 ml) 
was added and stirred at room temperature for Eh. The reaction mixture uas poured 
into 100 ml of water and tha aqueous layer extracted with ether. The ether extract 
was washed with 2N NaOH several times, water and dried over anhydrous Na SO . 
Removal of solvent furnished an oil. NflR(COCl,/TMS) showed signals atb 3,14ppm 

63.5 ppm, 54.0 ppm, 66.2 ppm and between 6 6.7-7.1 ppm. From the integration of ihe 
peaks, the ratio of 4a and 6a was found to be 1:l. 

phenol(l.ag 20 mmol), methyl X-bromocrotonate 
in methanol(50 ml) was stirred at room temper- 

Methanol was distilled off and the residue treated with water. 
aqueous layir was extracted with ether. 

The 
Removal of the solvent gave a liquid, the 

NMR spectrum of which showed the presence of Sa, 6a, and 3a in a ratio of 2:1:4. 
A mixture of 1.89(20 mm=) 3 phenox 3.5~(20 mmol) of methyl 

2.6g(20 mmol) of K CD 
The reaction mixture 2 3 

in OflF(50 ml) was stirred at room temp- 
as poured into water and the aqueous layer 

extracted with ether. The ether layer washed with 2N NaDH, water and dried over 
anhydrous Na SO . Removal of solvent afforded a dark liquid, the NMR spectrum of 
which showed2th2 presence of 3al s, 2 and 6a. 

K CD /Acetone at room temperature 
dm~th~r~~o~rotonate(5.589 20 mmol) 

_A mixture of phenol( I.89 20 InmOl), 

was stirred at room temperature for ah: 
K3C 3 0 (2.6~ 20 mmol) in 50 ml of acetone 

ha inorganic salts were filtered and the 
solvent distilled off. The residue was taken up in ether. Workup as usual afford- 
ed a liquid which shoued the presence of 3a and 4a in a ratio of I:1 by NMR analysis 
4. Preparation of Methyl x-aryloxycroto=tes 3r 

Caneral procedure: A mixture of p enol(Eol) and anhydrous K CC (20 mmol) 
in dry acetoni m was stirred at 0 C for 15 min. To this mixtu 1 3 a, was added 
a solution of methyl 'd-bromocrotonate(20 mmol) in acetone(30 rnb) drop by drop 
over a period of Ih, the reaction mixture being maintained at 0 C during the addi- 
t&o”* After the addition was over, the reaction mixture was continued to stir at 
i: C for 2h and slowly allowed to coma to room temperature. The stirring was 
allowed to continue for another period of 4h. After this period, the ir#orgonic 
aalts were filtered and the acetone distilled off. The residue was taken up in 
ether. The ether extract Was washed with 2N NaOH and water and dried over anhy- 
droua Na2ST4. Evaporation of sther gave a liquid, homogeneous On TLC. The 
boiling PO& ts and yields of 3a-h are shown in Table 3. The methyl ‘L[-aryloxy- 
crotonates were completely ch=terised by spectral data, see Table 6. 

Table 6 _ 

U l Compound UV(R OH) Iv 
Amexenm 

MS 
>max c m/t 

1. 5" 1710, 

2. z! 
1710, 

192(34.9$) 

650 62.2(s,3H,ArCH ),6 3.6(s,3HI-DCE ) 
64.4(m,2H,-UC?j~),6 5.9(d,lH,&l02r 

206(40$) 

HA),66.5-7.OTm,4H,ArtJ +HB). 
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Table 6 (contd.) 

No. Compound y!:;OH) IR(CHC1 ) 
am-’ 

NlVf( COC 13/TW) IIS 

nm >max m/z 

5. 22 

4. 3d 

5. 58 

6. 3C - 

7. z& 

8. 3h - 240(2490) 
280(2140) 

1710,165O 

1710,165O 

1705,165O 

1710,165O 

1710,165O 

1710,165O 

63.6 s,3H,-OCH )64.4(m,2H,-OCE ), 
b~~~+~,~H,J~B~,HA)L6.4-7.0(m,~H, t 

B 

b3.6 s,6H,-OCH ),64.4(m,2H,-GCH ), 
6:~~+~,~H,3,8~1.HR~6.5-7.0(rn,~a t 

B 

63.6 s,3H,-XH ),64.4(m,2H,-OCH ), 
6~~O~d,I~!,l=l6~z)~6.4-7.l(m,4H,~r~ t 

I3 l 

226 41%) 
228 18%) t 

222(38$) 

242(45$) 

222(39’i) 

206(32:) 

260(42$) 

_ 5. Raarrangbmant of methyl $-aryloxycrotonates 5: General procedure: 
Rearrangement of 3 in ethylene glycol: 

-aryloxycrotonata 3 4 mmol)was refluxed in ethylene glycoL(20 ml) for 
The reaction mixture was cooled and poured into water. 

layer uas*axtractad with hexana. 
The aqueous 

The hexane extract was washed with 2N NaGH 
solution and water and dried over anhydrous Na SO 
a semisolid (055). 

Removal of solvent furnished 
TLC of this showed two spotg.Tfii semisolid was dissolved in 

hexane(50 ml) and concentrated to IO ml and left overnight. 
separated out from the solution as yellow crystals. 

The compound 1 

are shown in Table 4. 
The m.pts and yields of 7a-g 

The banzofuranonas ware completely charactarisad by 
spectral datamabla 7. 

Table 7 

N 0 . Compound UV(MeGH) 
Xmax nm 

NMR(C3C13/TMS) ?lS 
m/z 

1. 7a - 235(2720) 1770.1650 
278(2640) 

2. 7b - 240(2720 1 1770.1650 
280( 2640 

3. 7c 240(2650) 1770,165O 
279(2480) 

4. 7d - 242(2160) 
280( 2000) 

1770,165O 

5. 7e - 242 t 2360) 1770.1650 
270 1650) 

6. 7f - 225 I 2760) 1770,165O 
290 2160) 

7. 2 1770,165O 

62.2(d,3H,J=7.5hz),66.8-7.1 
(m,5H,Arl+olafinic H) 

62.2(d 3H,3=7..5hz),62.4(s,3H 
ArCH j,66.5-7.0(m,4H,Ari + 
ola+!nic H) 

62.2(d,3H,J=7.5hz),66.7-7.4 
(m,4H,Art/ +olafinic H) 

52.2(d 3H,J=7.5hz),53.7(s,3H 
-CCH j66.5-7.O(m,4H,ArH + 
ola&ic H) 

62.2(d,3H,J=7.5hz),66.0-7.6 
(m,7H,Ari +olafinic H) 

62.2(d 3H,J=7.5hz),63.7(s,3H 
;~~~~~~“c61;5-6.9(m,4li,Ar~ + 

62.2(d 3H,3=7.5hz),62.3a(s,3ti 
~fE~~~~“,“,f-7.3(m.4H,Ar~ + 

160(100$) 

174( loo:;) 

204 100;:) 

t 206 33;;) 

190(100$) 

220( 100::) 

19o(Ioo:n) 

174( loo;‘.) 

6. Reaction of the mixture 7d and 8d in PTS CHCl 
was raf’luxed in dry CHCl 

: A mixture of c and Od (100 mg) 

of solvent gave a rasidu 
i(10 ml) in the pras&ca 8f 

which was treated with water. 
pTS(l~,,“g~,~~~,~hiay~m~~~l 

extracted with ether and the ether extract washed with water and dried over anhy- 
Removal of ether furnished a solid which on NPlR spectral analysis 

change in the ratio of the banzofuranones 7d and 8d - -0 
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7. Rearrangement of 3a in DEA: The compound 3a(200 mg 1 mmol) was ref luxed in DEA 
(3 ml) f 6h The reaction mixture was cooled and poured into water acidified 
with con&trited HCl. The solution was extracted with ether. The ether extract 
was washed thoroughly with 2N HCl, 2N NaOH and water and dried over anhydrous 
Na SO Evaporation of the ether furnished a reddish brown oil(350 mQ) which was 
ho%ioQ%eous by TLC. Comparison and mixed TLC with 4a indicated definite formation 
of 4a. 
id ,m) 

NIIR spectrum showed signals at 63.1 ppm(d,2m,3,5(s,3H),64.8(dt,lH),66.2 
and66.7-7.l(m$H).The esters 3b-d were also converted to 4b-d in DEA. 

. Rearrangement of 3d in o-DClB: Thecompound 3d(450 mg 2 mmonas refluxed in 
o-DCn(5 ml.) for a period of 6h. The reaction was monitored by TLC. TLC indicated 
no change in starting material after 6h. It was further refluxed for 14h and 
o-DClB removed under vacuum. Workup of the residue in the usual manner and analysis 
by TLC showed only the presence of starting material. NNR spectrum indicated the 
presence of 3d mostly, and a few signals in the re ion 

RearrangGent of 3d in polyethylene qlycol: s 
2-3.5 ppm. 

9. 3d 450 mg 2 mmol) was heated at 
220°? for Zh in PEG-ZOO. The reaction mixture ~89 poured into water and further 
extracted with hexane. The hexane extract was washed with 2N NaOH solution, water 
and dried over anhydrous Na SO . 
showed spots at Rf 0.7 and 8 !!( 

Removal of solvent afforded a Qum(250 mg). TLC 
.6 benzane:hexane 1:l) corresponding to z and g. 
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