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Ah&act-The annelation reaction of metal phenolates 1 with I&dibromo-2-butenes 2 to give Zvinyl-2,3- 
dihydrobenzofuran derivatives 3 (Nickl reaction) was critically examined and markedly improved. Use of lithium 
phenolates, instead of sodium phenolates, as substrates and toluene. instead of methanol, as reaction medium, 
caused the yield of annelated compounds to rise dramatically. The relevance of this modified route to the synthesis 
of Euparinoid 2,3dihydrobenzofurans and their synthetic analogues was emphasized. 

2,3-Dihydrobcnzofurans occur widely in nature and 
many 2-isopropenyl derivatives have high toxic activities 
which render them of considerable interest.’ 

Among the synthetic approaches to these compounds, 
the one-step heteroannelation of sodium phenolates (la, 
M = Na) with l&dibromo-2-butenes 2, initially 
developed by Nickl, represents in principle the most 
straightforward route. This procedure, however, in spite 
of its simplicity, often fails to offer very much in the way 
of yield and selectivity, a consequence of competitive 
oxygen alkylation processes. Therefore, only scant 
isolated examples of synthetic application are 
reported.“’ 

As part of our continuing programme in the selective 
alkylation and heteroannelation processes of metal 
phenolates with electrophilic reagent’ we have been 
engaged in reinvestigating the condensation of metal 
phenolates 1 with l,ddibromo-Zbutenes 2 with a view to 
obtaining a practically viable route of large applicability to 
2-vinyl-2,3-dihydrobenzofurans 3. 

This paper deals, in particular, with a substantial 
modification of the Nick1 procedure and Its application to 
the synthesis of a variety of synthetic and naturally 
occurring 2-vinyl- and 2-isopropenyl-2,3-dihydroben- 
zofuran derivatives. 

Modification experiments 
We 6rst investigated the reaction between sodium 

phenolate (la, M = Na) in methanol with trans-1,4- 
dibromo-Zbutene (2a) according to the original Nickl 
procedure (see Table 1, run 1). Accurate gas chromato- 
graphic analyses (SE 52 Pyrex capillary column) of 
compounds produced showed no traces of the expected 
2-vinyl-2,3-dihydrobenzofuran %I, 1-bromo4phenoxy-2- 
butene 4a and l&diphenoxy-2-butene SP being solely 
produced in 36 and 5% yield, respectively. Similarly, the 
reaction of sodium phenolate (la, M = Na) in methanol 
with trans-l,ddibromo-2-methyl-2-butene 2b only gave 
rise to the oxygen alkylated compounds 4b and Sb (37 
and 5% yield respectively), although a 43% yield of the 
benzofuran 3b was recently reported by this method.k6 

Since the role of both solvent and phenolate metal 
counter-ion is well known to be crucial in directing the 
alkylation processes of ambident phenolate anions,’ a 
study on the influence of these parameters on the course 
of the reaction between metal phenolates la and tram- 
l&dibromo-2-butene 2a was undertaken. 

Table 1 summarizes some significant experiments un- 
der varied conditions. After some abortive attempts, our 
goal was reached when a slurry of lithium phenolate (la, 
M = Li) in toluene (run 4) was refluxed for 22 h with an 

CT ‘,I 
OM + grhBr - 

la 2 

2.3,4,50: R = H 
b: R = CH, 

Scheme 1. 
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Table 1. Reactions of metal phenolates la with trons I. 4 - dibromo - 2 - butene 2s under varied conditions 

Phsnolata 
Ku" countax-ion solva"t A4ditivaa ccllditiolub 

canv8r.ion= Product yi*ld WE 
Appaara"c* (a) J&a a 

1 Na methanol no". 20. hmq*nwus 90 36 52 

2 Ll m9thanC.l "On. 20. hcmcgenaous 86 33 46 

3 Ll tOlUa"* "0". 20. hatbrogeneous no raactaar 

4 Li tOlU*"a none reflux h~t~rogenecu8 55 52 2 

5 Na tOlU*"O "0". rer1ux hetwqenearm 52 34 8 9 

6 K tOlU*"* "0". rai1UX hateroqeneuu~ 50 38 6 4 

1 II tOlU9"e "On. r*r1ux h~tucqmwur "0 ructio" 

e zn 

9 Al 

LO Li 

11 Ll 

12 Li 

rrflUX 

r*f1UX 

110 

rer1ux 

60* 

noruatlcal 

51 39 

ejd 

8Od 

73 45 10 14 

58 49 3 

62 38 6 4 

equimolar amount of trans-IJ-dibromo-2-butene 2a 
yielding 2-vinyl-2,3-dihydrobenzofuran 3a in 5% yield 
with a selectivity of about 95%. Also, using a hetero- 
geneous slurry of potassium phenolate (la, M = K) in 
toluene (run 6), 3~ was the predominant product (38% 
yield) accompanied by minor amounts of 4a and Sa. 

Since, for 1 mol of 3a produced 1 mol of hydrogen 
bromide is formally liberated, the overall phenol con- 
version was not higher than XI-55%, the remaining metal 
phenolate being transformed into unreactive phenol by 
the acid liberated. 

So, in searching for an improved yield of 3a, we 
examined some hydrogen bromide scavengers (runs 13- 
15), but our attempts, while often resulting in improved 
phenol conversion, failed with respect to selectivity. 

These results suggested that at least two modifications 
could be essential in formulating an efficient procedure 
for the selective heteroannelation of metal phenolates 
with l+dibromo-2-butenes, minimizing the competition 
of oxygen alkylation side-processes: (a) the use of a 
coordinating metal counter-ion on the phenolic substrate 
and (b) the use of an aprotic poorly donor reaction 
medium in heterogeneous conditions. 

These objectives have been met by a method which 
utilizes lithium or potassium phenolates as substrates and 
toluene as reaction medium. 

Synthetic scope 
The synthetic potential of our modified procedure was 

evaluated using a variety of mono- and polyhydric 
lithium phenolates (1, M = Li) in reactions with trans- 
I ,4-dibromo-2-butene 2a and trans- 1 &dibromo-2- 
methyl-Zbutene 2b. 

Lithium phenolates were generated quantitatively in 

situ by addition of I.0 equiv. of n-butyllithium to a 
toluene solution of the appropriate phenol at room tem- 
perature or, in the case of phenols bearing butyllithium- 
sensitive substituents (i.e. acetyl or formyl-groups), by 
exchange with lithium rert. butoxide in toluene under 
azeotropic removal of the tert. butanol formed. Sub- 
sequent treatment of the lithium salts with 1.0 molar 
equiv. of the dibromide 2 produced a heterogeneous 
slurry which, after 20-30 h at I WC, was quenched by 
addition of an excess of aqueous ammonium chloride 
solution. Conventional work-up and purification proce- 
dures (see Experimental section) afforded pure products 
3a-p in moderate-good yields as summarized in Table 2. 
In some instances, however, where polyhydric phenols 
are involved, potassium derivatives (1, M = K) could be 
the salts of choice as illustrated in Table 2, run 13. 

Although the yield of pure isolated products ranged 
from 36-64%, the yield based on converted phenolic 
precursor are higher than 75% in all the reported exam- 
ples, demonstrating the good substrate and positional 
selectivity of the present modified procedure. 

Also, the reaction tolerates a wide variety of phenol 
substituents ranging from those which are electron-donat- 
ing to those which are electron-withdrawing such as 
formyl- and acetyl-groups. Thus, for example, racemic 
tremetone 3k,‘$ fomannoxin 31,9 hydroxytremetone 
Jm,” and demethylremirol 30 were readily synthesized 
in a single step reaction starting from the corresponding 
commercially available hydroxyacetophenone or 
hydroxybenzaldehyde precursors. 

The structures Ja-p were established by the elemental 
analyses and spectral data (Table 3), particularly by the 
characteristic resonances at about 6 2.9 and 3.3 in 
chloroform-d assignable to H-3 protons. Some of them 
(Ja, Jb, 3k and 31) were also substantiated by comparison 
of ‘H-NMR and UV data with those reported. 
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Table 2. Preparation of 2 - vinyl - 2,3 - dihydrobenmfurans 3a-p 

4 

phenol 

phenol 

2,4_alwthyl- 
phenol 

2,3_n*thy1en*- 

dioxyphenol 

5 3-methoxyphmol 

I-aehcqphmol 

3-chlorophanol 

2-naphthol 

4-acetylphmol 

I-•c.tylpb9nol 

4-hydmxy- 

bonraldahyd~ 

12 

13 

rwwe.ophmnona 

P---P--*~ k 21 (36) 

k 
23 (39) 

& ;1R 4e (95) 

ZJZ .a 46 (90) 

JA IE 
45 (90) 

a &I 50 (92) 

JA 
k 30 (56) 

x 19 06) 

1zt & 50 (94) 

a ad 47 (91) 

a u 55 (96) 

?A u 42 (87) 

;tR a 36 (62) 

R a 40 (77) 

& 
a 

15 (36) 

at 21 (50) 

116/20 (1.5493/16) 15, 16, 17 

126/16 (1.5406/16) 4. 17 

146-149/M (1.5383/161 C12E140 (174.2) 

r.p. 43’ c11E1003 (190.2) 

149-152/16 (1.5466/16) CllR1202 (176.2) 

(1.5470/16) CllH1202 (176.2) 

142-144/16 (1.5463/15) C11~112O2 (176.2) 

116/16 (1.5562/16) CloEgCIO (160.6) 

153-155/M (1.6260/15) c14E120 (196.2) 

155/18 l1.5704/15) C12n1202 (166.2) 

196/22 (1.5660/16) 4. 6 

166/19 (1.5777/16) 

l0.p. 45-48. 

oil (1.5773/16) 

0.~. 176-162. 

..p. 125-126. 

9 

10 

C13il1403 (216.21 

2 

C13~1404 (234.2) 

Mechanistic consideration 
With regard to the mechanism of this annelation we 

propose a path such as the one outlined in Scheme 3 (path 
A), for the reaction of metal phenolates In with trans-1,4- 
dibromo-Zbutene 2a. Instead, we have ruled out the 
intermediacy of the oxygen alkylated derivatives 4a and 
5a (Path A) since all the attempts to convert them, under 
our reaction conditions, into benzofuran derivative 3s 
were unsuccessfull. 

The solvent and cation effect as well as the homo- 
geneity-heterogeneity problems in the alkylation and al- 
lylation of ambident metal phenolates are well studied.’ 
According to the fundamental works of Kornblum”.” it 
can be stated, inter alia, that: (a) “when the salts of 
phenols are alkylated in solution, only oxygen alkylation 
occurs” and (b) “the truly heterogeneous reaction gives 
exclusively carbon alkylation and the carbon alkylation 

thus achieved takes place solely at the orrho position”. 
Thus, likely, using the Nickl experimental conditions 
(homogeneous solutions of sodium phenolates in 
methanol) the reaction enters almost exclusively into 
route B, yielding the oxygen alkylated compound 4a and 
then !!a, while conversely, using the heterogeneous 
lithium phenolate/toluene system of this study, pre- 
dominant C-o&o. alkylation occurs affording to the 
orrho-allylphenol intermediate 6 which under the reac- 
tion conditions is converted into 3a easily and quan- 
titatively presumably oia a metal phenolate-promoted 
S-Exo-Trig heteroannelation process. 3 

CONCLUSLON 
In summary, the results presented here, described a 

substantial modification of the Nick1 heteroannelation of 
metal phenolates with 1,4-dibromo-2-butene derivatives 

Scheme 3. 
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Table 3. Sigaihcant IR, UV, ‘H NMR sad mass spectral data of compounds 3w 

173 

1665,161O,L490. 
1448,1250,1,IO, 
626 

3,00,1645,1.88, 
1260.1046 

3090,2930,1625, 
*442,*27,.1073. 
604 

2160.69), 276,3.41), 
26613.33) 

2160.721, 2260.69,. 
2790.40). 267,3.391 

216l3.71). 272,3.400), 
2640.36, 

236,3.39,, 3000.63,. 
3*0,3.57, 

225t3.691, 2660.611. 
292,3.57) 

2250.96). 2300.89). 
275c3.13,. 2*1,3.13, 

2L6C3.68). 2290.?6), 
300,3.59, 

2190.63). 2830.42). 
207,3.40) 

211,4.40,. 23214.65). 
2710.62,. 2610.70). 
293,3.51, 

226,4.05,, 276l4.13). 
295C4.05) 

226C4.06). 262,4.081, 
267,4.06, 

229t4.21,. 26414.25). 
29314.26, 

21414.22). 237W.M). 
280,4.07), 327i3.69) 

214t4.26). 23513.93,. 
241,3.92), 269,..1,, 

216(4.01,, 228,4.02l. 
266(,.16), 331,3.42) 

213,Ll.I. 222,4.06), 
292(,.,9), 3210.53) 

2.69 ,L,,,dd.B-3. J-16.0 d 6.5 tls,, ,.26 ,111,66,11-3, J-16.0 
ard 9.0 sr1, 4.7~5.5 ,31(..."-2 and ce2), 5.6-6.3ll!l.=.cwcII 
6.67.3(48,.,8,,,) 

1.70 ,lH,dd,l-3, J-16.0 and 6.5 ,60(,2), 145,100),117~25~. 
3.20 

,3!‘.d,cn,. J-l.0 Hz,, 2.65 6~18 
,16,&t,"-,. J-16.0 and 9.0 R,), 4.5-6.3 On,m.H-2 md 115~28,. 91lL4) 

c-cn21, 6.3-7.2 ,4H,I.Har_I 

2.15,38,n,M,l, 1.20 ,3",S,CH ), 2.62 ~flLdd,ll-3. J-16.Oan.d 
6.0 ar,, 3.3') ,,I!, dd,li-3, 5.16.0 ard 6.0 Lw8 4.7-5.53 138, 
.,,J-2 and c-Q12,1 5.6-6.) ,t"..,m<:)r 6.7 ,2H.W&._.) 

2.76 ,IH.dd,"-3, J-16.0 and 6.5 6~1, 3.20 ,16,6&B-3, J-16.0 
.nd 9.0 HZ,8 ,.8-5.5 ,M..,"-2 and c.a12)I 5.5-6.3 ,in.m. 
cH-0, 5.60 ,2",.,O_C"j0,, 6.30 llH,~,W-4~, 6.52 llH.*.H-1) 

2.60 tI!,.dd,"-3, J-16.0 and 8.5 HI), 3.26 flB,dd,H-3. J-16.0 
arId 9.0 I,*), 3.66 ~3W..,ca,Ii 4.6~5.5~31,.,11-2 and C-a2l, 
5.6-6.2 ,IB,~.cH-‘~,, 6.2-T.) ,3W,~.lar~~ 

2.80 ~Il(,dd."-,. 5116.0 and 6.0 "*I, 3.26 ,l",M,"-3. 5-16.0 
an6 8.5 HZ18 3.,3 ,3",.,ca!3~, a.eA.5 ,3i,,m,s-2 an6 c-cH2)' 
5.6-6.2 ,,H..,CH.C,, 6.29 a"d 6.34 (2~,2d,H-5 ad 1(-T, J- 6.0 
HZ), 7.00 t,H,t,H-6, J-6.0 "r, 

2.65 tIll.dd,~(-I, J-16.0 and 6.5 RZ)> 1.29 CIW,dd,H-3, J-16.0 
and 9.0 "218 3.66 ~3"..,cal3I, 4.8-5.5 (3"..,"-2 and c-cH2)I 
5.6-6.3 ,,H,m,cli-c,, 6.4-6.9 ,3a,.,R_r_, __- 
2.60 tIH,dd,"-3, 5-16.0 ad 6.0 "~1, 3.26 ,IR,dd,A-3, J-16.0 
and 9.0 "*,I 4.6-5.5 I,",.,"-2 l nd cIcR2,, 5.6-6.3 ,I".., 
cwc,, 6.4-7.3 O”,‘,HU_J 

2.60 ~1W,M.W-3,J.IC.O .rd 6.5 "I), 3.N ,1".&J,LI-3, 5-16.0 
.nd 6.5 HI,, 4.7-5.5 ,3",.,"-2 .rd cdl2), 5.5-6.3 (LH,., 
CH-c,I 6.8-7.9 ,6a,la."ar_, 

2.50 ,,",s,ccc",~, 2.9, ,,".dd,"-,,~.,6.0 .d 6.0 Bz,, ,..I 
C!H.dd.H-3.J.16.O and 6.5 HZ,, 4.9-5.5 OH,.,"-2 And c-cn2~. 
5.6-6.4 ,1H,m,C"S~, 6.5-7.9 OB,.,Rarp, 

1.75 ~3H,d,cIt). J-1.0 HZ,, 2.52 ,3H,.,COQI I, 2.95 tlH.dd. 
n-3. J-16.0 and 6.5 HI,, 1.40 IIH.dd,H-3. J-Is.0 and 9.0 lfl,, 
4.8-5.1 ,211,m,~-C"~,r 5.20 ,Lt(,t, "-2, J-9.0 LIZ, i 6.73 (IR, 
d.H-7, J-9.0 HZ,, 7.5-7.9 12n.a.w4 .d "-6) 

1.76 ,3H,d,CII,, J-1.3 ,W, 2.96 I,",dd,H-3, J-16.0 and 8.5 
"III 3.3, (IH.M."-3. 5-16.0 ana 9.5 Hdi 4.6-5.2 ,21(.m. 
c-cH2~1 5.22 ,1H.t,"-2. 5-9.0 "*,, 6.79 ,Ill.d.H-7. J-9.0 
HZ); ..4-,.7 ,I".~,"-'I and n-61, 9.74 ,I",#, CW 

1.73,311,d.Q,. J-1.0 w, 2.50,3%m.ccla,1, 2.w ,lm,a&C3, 
.PLS.O aId 6.0 Iu), 3.30 ,m,a*11-3, J-15.5 * 9.0 lw, 4.6 
5.1 Ita,.,‘MX2,, 5.iB ,1n.t,8-2. J-9.0 M, 6.26 ,Lll.s,m-71, 
7.36 ,lll,ba,8-41, 12.66 UR...a,~ 

,.,5 ,3B.d.a,,, J-L.0 lwr 2.52 ,3II,.,caa 1, 2.90 ,1.,&3.n-3, 
~-15.5 and 6.5 ad, 3.30 ~,6,66.~-3, 5-16. ard 9.5 W, ..6- a 
5.1 ~2B,~,c_cB ,, 5.22 tLR,r,B-2, J-9.0 W, 6.26 ,16,6,U-7, 
~-9.0 ax.,, 'I.4 1 (16, 6.6-6. J-9.0 Wr 12.62 ,ln,m,Ut) 

1.79 ~3l(.d.c0,. J-l.0 ar,, 2.65 ,38...cccn ,r 2.7-1.5 (26.m‘ 
II-,,, 4.8-5.5 ,311...l,-2 lad c-cn21, 5.90 dB,.,B-5), 13.2 (16. 
.,atl 

1.7, ,3R,b.,cd,,, 2.70 ,3s,s,caTl3~, 2.6-3.4 ,2n,m.s-l~, 4.6- 
5.i ,21.m,C-cH ,I 5.23 ,1ti,t,n-2. J-6.5 arlr 5.92 ,16.9.6-71, 
II.0 ,lll,b..ca f 

1,4,58,, 159~100~. 132115). 
91,LO 

176,,00,. ,75,9O,. 161,W. 
l&,19,. 115(26,, 105,,6,, 
9,(,9, 

1,606,. 161,100~. 145,291, 
1,5,25), lOS,I6),91,20) 

L76,100), 161,991, L45,33), 
115,33), 105C26). 91(17) 

202,,0). ,67,1WI, 159,52,, 
144150,. 13113.1, ,15,3,, 

,,6,.000, 173,951. ,59165). 
91146, 

218,100~. 203l90~. 115f511, 
165,W. L6LilO). 160,171, 
147,131, 105,12) 

218,89,, 203,100). 175,33). 
L61,22,, 147,371. 91,261 

234,691. 220,SSl. 219,461. 
201,201, 149,26), 108,321, 
51150). 43,100~ 

234,‘00,, 219,691, 202I34). 
L77(20). 149,241, 106,251, 
691391, 43(961 

which affords in straightforward operation and in pre- 
paratively useful yield a variety of 2-vinyl- and 2-iso- 
propenyl-2,3-dihydrobenzofurans. This procedure may 
have considerable value in the synthesis of naturally 
occurring Euparinoid 2,3-dihydrobenzofurans as well as 
their synthetic analogues, since only relatively simple 
experimental procedures and readily available reagents 
are involved. 

ExpERIMp(TAL 
General. All b.ps were measured in a Bilchi apparatus and are 

uncorrected. UV spectra were recorded on a Jasco UVIDEC 505 
instruareat and were run in 95% ethanol soln; IR spectra on a 
Perkin-Elmer 298 spectrophotometer; Mess spectra on a Vruian 
MAT CH-5 spectrometer using direct insertion probe (70eV). 
‘H NMR spectra were taken at 60 MHz on a Varian EM-360 
instrument and were run as solns in chloroform-d, using TMS as 
internal standard; the chemical shifts are expressed in ppm. TLC 
experiments were carried out on Merck silica gel CiFm plates. 
Column chromatography was conducted with Merck silica gel 
60-w) mesh ASTM. Preparative TLC were carried out on 1 mar 
thick layers. Trots 1,4dibromo2-butene 2a and fmns I& 
dibromo2-methyl-2-butene 2b were prepared by bromiaatioa of 

1,3-butadieae and isopreae, respectively, according to lit- 
erature.“ All reactions were run in dry conditions under pure 
nitrogen. Microanalyses were performed by Istituto di Chimica 
Farmaceutica dell’Universit8 di Parma, Italy. 

Representative examples of preparation of 2,~dihydrobea- 
zofuraa derivatives from simple phenols aad hydroxy- 
acetopheaooe derivatives as well as polyhydric phenols are given 
here. 

2-Vinyl-2.3-dihydrobtnzofuron 31. [Typical procedure for simple 
phenols] 

To a solution of phenol (0.94 g. IO mraol) in aahydrous toluene 
(40 ml). n-butyllithium (6.25 ml of 1.6 M hexaac solution) was 
added and the mixture was stirred for 1Smin at room tem- 
perature while a stream of dry nitrogen wns passing. Then a 
solution of 1,4dibromo5-buteae 21 (2.14g. IO mmol) in tolueae 
(1Oml) was added and the resulting slurry was heated under 
reflux for 22 h. After cooling to room temperature, the reaction 
mixture was quenched with an excess of an aqueous ammonium 
chloride solution and extracted with diethyl ether (3 x 50 ml). 
After drying (NarSO,) the ether was evaporated and la was 
separated from the residue by chromatography on silica gel using 
hexaae as ehmat: yield 0.7Og (48%; 95% based on unrecovered 
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phenol); colourless liquid, b.p. IlS°C/20 torr; n: 1.5498 (Lit.” 
b.p. 21&220°C; n$’ 1.5408). 

Compounds 3b-l were prepared in similar way. 

2 - Jsoprop~yl - 5 - acetyl - 2.3 - dihydrobenzofuran (tremetone) 
3k. Typical procedure for hydroxyacetophenone and hydroxy- 
benzaldehyde deriuatioes 

To a solution of IO mmol of lithium tert. butoxide [generated in 
situ by reaction of tert. butanol (0.741 g) and n-butyllithium 
(6.25 ml of 1.6 M hexane solution)] in toluene (4Oml), 4- 
hydroxyacetophenone (I.36 g, IO mmol) was added at room tem- 
perature, and the resulting mixture was heated with stirring under 
azeotropic removal of the tert. butanol formed until the tem- 
perature rose to 110°C (ca. I h). After cooling to room tem- 
perature, Pans 1,4dibromo-2-methyl-2-butene 2b (2.28 g. 
IO mmol) in toluene (10 ml) was added and, after the volume was 
adjusted to 50ml with toluene, the slurry was relluxed with 
stirring for 22 h. After conventional work up procedure (aqueous 
quenching, extraction with ether, drying, removal of the solvent) 
racemic tremetone 3k was isolated by chromatography on silica 
gel using hexanelethyle acetate 85: I5 (v/v): yield 0.73 g (36%; 
82% based on unrecovered 4-hydroxyacetophenone); colourless 
liquid, b.p. l%‘C/22 torr; n: 1.5660 (Lit: b.p. 120-127”C/2 torr). 

Compounds 3j to 30 were prepared in a similar way. 

2 - lsopropenyl - 5 - acetyl - 4,6 - dihydroxy - 2,3 - dihydroben- 
zofuran 3p and 2 - isopropenyl - 7 - acetyl - 4,6 - dihydroxy - 2,3 
- dihydrobenzofuran Jo. [Useful procedure for polyhydric 
phenols] 

To a solution of 2, 4, 6-trihydroxyacetophenone (phloraceto- 
phenone, 1.86 g, 10 mmol) in anhydrous toluene (50 ml), potas- 
sium teri. butoxide (2.24g, 20mmol) was added at room tem- 
perature and the resulting mixture was heated with stirring under 
azeotropic removal of the terf. butanol formed, until the tem- 
perature rose to 110°C (ca. 1 h). After cooling to room tem- 
perature, trans 1,4dibromo-2-methyl-2-butene 2b (2.28 g, 
IO mmol) in toluene (10 ml) was added and, after the volume was 
adjusted to 50ml with toluene, the slung was refluxed with 
stirring for 22 h. After conventional work up procedure (aqueous 
quenching, extraction with ether, drying, removal of the solvent), 
racemic products 3p and 30 were isolated by chromatography on 
silica gel using hexanelethyl acetate 8: 2 (v/v). Yield: 3p, 0.54g 
(23%; 3% based on unrecovered starting phloracetophenone), 
pale yellow crystals, m.p. 125-126°C; 3o,O.49g (21%; 36% based 
on unrecovered starting phloracetophenone), pale yellow crys- 
tals, m.p. 178-182°C (Lit. m.p. 186188°C). 

Preparative data and physical properties for all synthesized 
2-vinyl-2,3_dihydrobnzofurans 3a-p are shown in Table 2. 
Significant spectroscopic data are reported in Table 3. 

Reaction of sodium phenolate (la, M = Na) with 1,4 - dibromo - 
2 - butene 2a in methanol (Nicld procedure): I - bromo - 4 - 
phenoxy - 2 - butene 4a and 1,4 - diphenoxy - 2 - butene Sa 

To a solution of sodium (0.23 g, 10 mmol) in methanol (40 ml), 
phenol (0.94 g, IO mmol) in methanol (IO ml) was added at room 
temperature. To the resulting solution 1,4dibromo-2-butene 2a 
(2. I4 g. 10 mmol) in methanol (10 ml) was added and the colour- 
less solution was stirred for 22 h at rmm temperature (ca. 20°C). 
After conventional work up procedure (aqueous quenching, 
extraction, drying, removal of the solvent) the oily residue was 
chromatographed on a silica gel column using hexanelethyl 
acetate 9: 1 (v/v) solvent system to give l-bromo-+phenoxy-f- 
butene 4s (yield 0.80 g, 35%) and then 1,4-diphenoxy-2-butene 3a 
(vield 0.60 II. 50%). 
‘. 4a: colo&ess bil; 6 (CDCI,) 3.86 (2H, m, CH2Br). 4.42 (2H, 
m. O-CH3. 5.8-6.1 (2H. m. CH=Cm. 6.6-7.4 (5H. m. H..,,): m/e _. 
228 (1%). 226 (I), 145 (i2),‘133 (9). ijl (10). ti (l&I), 

-_.... 
77 (15). 

Sa: colourless plates, m.p. 88°C; 6 (CDt&), 4.46 (4H, m, CH& 
6.00 (2H, m. CH=CH), 6.67.5 (IOH, m, H,.,); m/e 240 (12%). 
147 (100). 146 (74), 107 (31X 91 (46). 77 (62). 

Reaction of sodium phenohte (la, M = Na) with 1.4 - dibmmo - 
2 - methyl - 2 - butene 2b in methanol: 1 - bromo - 2 - methyl - 4 - 
phenoxy - 2 - butene 4b and 1,4 - diphenoxy - 2 - methyl - 2 - 
butene !lb 

The procedure described above, using phenol, sodium, and 
1,4dibrom@2-methyl-2-butene 2b in methanol, gave: 

4b: yield 0.89g (37%); colourless oil; vmax (film) 1605. 1500, 
1242, 758, 695cm-‘; h, (log E) (95% EtOH) 220 (4.21), 264 
(3.18), 271 (3.28), 277 run (3.19); 8 (CDCI,) I.80 (3H, s, CH& 3.85 
(2H, s, CH2Br), 4.45 (2H, d, CH20, J = 6.0 Hz), 5.75 (IH, t, CH, 
J=6.0Hz), 6.6-7.4 (SH, m, H,& m/e 242 (II), 240 (I), 161 
(12). 149 (9, 147 (3). 94 (loo). 

sb: yield O&g (52%); colourless plates, m.p. 57-58°C; Y,.~ 
(KBr) 1603, 1495. 1255, 1010, 750, 700cm-‘; A,., (log. c) (95% 
EtOH) 221 (4.30). 267 (3.75), 271 (3.82), 278 (376); 6 (CDCI,) 1.76 
(3H, s, CH3, 4.33 (2H, s, CHzC=), 4.50 (2H. d. CH&H=. 
J = 6.0 Hz), 5.80 (IH, 1, CHICH=, J = 6.0 Hz), 6.67.6CiOH. m, 
H,,); m/e 254 (4%), 161 (97x7&3 (100). I45 (23), 133 (19), II9 
(19), 107 (22), 77 (44). 
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