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Selective Alkylation and Allylation of Allylic Halides by Tetraorganoindates: 
Regio- and Stereo-selective Synthesis of Rosefuran and Sesquirosefuran 

Shuki Araki, Shun-Ji Jin and Yasuo Butsugan" 
Department of Applied Chemistry, Nag0 ya Institute of Technology, Gokiso-cho, Sho wa-ku, Nag0 ya 466, 
Japan 

Tetraalkylindates regioselectively alkylate allylic bromides at the a-carbon. In this way, 1,5-dienes 
have been regio- and stereo-selectively synthesized by the allyl-ally1 coupling of  allylic bromides and 
allylic indates, including rosefuran 1 and sesquirosefuran 3. 

We have reported that organoindium reagents are readily 
available and versatile reagents for organic transformations. In 
particular, it was recently found that the low reactivities of 
trivalent organoindium reagents can be easily increased by ate 
complex formation with organolithium compounds. The 
tetraorganoindates thus prepared are sufficiently reactive to 
take part in reactions at ambient temperature. For example, 
tetraalkylindates alkylate a, P-unsaturated carbonyl compounds 
via 1,2- or 1,4-addition depending on the structure of the 
carbonyl compounds. 
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methyl-substituted indate gives a higher product yield than the 
corresponding butyl compound probably because it is sterically 
less bulky. Methyllithium was, therefore, used as the complex- 
ing reagent. Cinnamyl chloride is much less reactive than the 
corresponding bromide. (Cinnamy1)methylindate also gave 13-  
dienes-upon the treatment with allylic bromides (Scheme 4), in a 

Li[lnMe4., ( P h w ) n ]  - 
n =1,2 

Allylic bromide 

R'  R 2  Yield (%) 

Me H 100 
Ph H 100 
Pr H 84 
H Pr 84 
Me Me 83 
Me,C=CH(CH,), Me 82 
3-Chlorobut- 1 -ene a 59 

a Contains 10% of ( E ) -  1 -chlorobut-2-ene. PhCH(CH=CH,)CH- 
(Me)CH=CH, and (E)-PhCH(CH=CH,)CH,CH=CHMe (80 : 20). 

Scheme 4 

highly regio- and stereo-selective manner. In this, the y-carbon 
of the cinnamylindate and the a-carbon of allylic bromides 
coupled, no E-Z isomerization of the allylic double bonds being 
observed. No other regio- and stereo-isomers were observed 
by 'H NMR and GLC analyses. The regiochemistry of the 
cinnamylation of secondary allylic bromides is intriguing, but 
isomerically pure secondary allylic bromides are difficult to 
prepare. Therefore, the secondary allylic chloride, 3-chlorobut- 
1 -ene [containing ca. 10% of ( E ) -  1 -chlorobut-2-ene], was used 
for this purpose. The products were a mixture of 3-methyl-4- 
phenylhexa- 1,5-diene and (E)-3-phenylhepta- 1,5-diene in a 
ratio of ca. 80 : 20; this implies that the coupling is regioselective, 
although the selectivity is rather less than that found with 
primary allylic bromides. 

Scheme 5 illustrates the generality of the allyl-ally1 coupling 
described, in which a variety of 1,5-dienes were prepared in 

Indate Allylic bromide 

R3 R4 R' RZ Yield(%) 
~ ~~ 

Me H Ph H 85 
Pr H Ph H 76 
H Pr Ph H 75 
Pr H Me2C=CH(CH,)z Me 65 
Pr H PhCH,Br 66 
Me Me Ph H 78" 
Me,C=CH(CH,), Me Ph H 55 

" (E)-PhCH=CHCH,C(Me),CH=CH, and (E)-PhCH=H(CH,),- 
CHXMe, (65 : 35). 

Scheme 5 

good yields by the y,x-coupling of allylic indates and allylic 
bromides. Only the reaction of methyl(preny1)indate with 
cinnamyl bromide yielded two isomeric products, although 
the y,a- us. =,a-ratio is still large (65 : 35). Although a similar 
y,a-coupling of allylic borate-allylic halide is known,6b our 
indate-based procedure is superior in terms of both regio- and 
stereo-selectivity and ease of preparation of the allylic 
organometallic reagents. 

Synthesis of Rosefuran and Sesquir0sefuran.-The high regio- 
and stereo-selectivity of the present indium-based allyl-ally1 
coupling provides an easy and efficient access to 1,Sdienes. For 
a demonstration of the usefulness of the coupling, we syn- 
thesized two furanoid terpenes possessing a 1,5-diene moiety. 
Rosefuran 1, a component of Bulgarian rose oil, Rosa dam- 
ascena Mill.,' has, until now, been prepared by a variety of 
methods,8 of which copper(1)-catalysed prenylation of 3- 
furylmethylmagnesium bromide with prenyl phosphate is one 
of the most straightforward.' (3-Furylmethyl)indate, necessary 
for the indate-based reaction, was readily prepared from (3- 
bromomethy1)furan and indium powder followed by complex- 
ation with methyllithium. As expected, the prenylation of this 
indate with prenyl bromide proceeded regioselectively to give 
the y,a-product 1 with a small amount of the a,a-product 2 
(Scheme 6 ) .  The a,a-product 2 is also a natural product, 

n =  1,2 

1 R = H  2 R = H  
3 = CH2CH =CMe2 4 = CH2CH =CMe2 

Scheme 6 

perillen. l o  The y,a-: a,a-ratio was 90: 10. The regioselectivity of 
the present indium-based coupling is higher than that of the 
copper(1)-catalysed Grignard reaction.' In a similar manner, 
geranyl bromide in place of prenyl bromide gave a selective 
synthesis of sesquirosefuran 3. l o  A small amount (ca. 5%) of the 
a,a-product 4, dendrolasin," was observed also for this 
reaction. In contrast, the coupling of (3-thieny1methyl)indate 
and prenyl bromide is much less selective, giving a mixture of 
three regioisomers 5-7 in 37, 41 and 14% yields, respectively 
(Scheme 7). Formation of the unexpected a,y-coupling product 

n= 1,2 

5 6 7 

Scheme 7 

7 is possible by two different pathways; one is a direct coupling 
between the a-carbon of the (thienylmethy1)indate and the 
y-carbon of prenyl bromide and the other is via a C3.31 
sigmatropic rearrangement of the initially formed y,a-coupling 
intermediate. 
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In summary, efficient and convenient methods for alkyl-ally1 
and allyl-ally1 couplings have been developed based on the 
reaction of tetraorganoindates and allylic halides. 

Experimental 
Mass spectra were measured on a Hitachi M-2000 spectrometer 
at 70 eV. IR spectra were recorded for neat oils on a JASCO 
IRA-1 02 spectrophotometer. 'H NMR spectra were obtained 
for solutions in CDCl, on a Hitachi R-90 spectrometer (90 
MHz) or a Varian XL-200 spectrometer (200 MHz) with Me,Si 
as internal standard; Jvalues are given in Hz. I3C NMR spectra 
were measured for solutions in CDC13 with a Varian XL-200 
spectrometer (50 MHz). Methyllithium (1.08 mol dm-, in 
diethyl ether) and butyllithium (1.63 mol dm in hexane) were 
commercially obtained. All reactions were carried out under 
argon. 

Alkylution of Allylic Bromides with Tetraalky1indutes.- 
Typical experimental procedure. To a stirred solution of 
indium(ir1) iodide (846 mg, 1.7 mmol) in diethyl ether (20 cm3) 
at 0 "C was added butyllithium (3.2 cm3 in hexane, 5.1 mmol) 
over a period of 5 min. The mixture was stirred at 0 "C for 10 
min and then at room temperature for 40 min. To the resulting 
solution of tributylindium, further butyllithium (0.94 cm3 in 
hexane, 1.5 mmol) was added and the reaction mixture was 
stirred at room temperature for 2 h. Cinnamyl bromide (256 mg, 
1.3 mmol) in diethyl ether (2 cm3) was then added to the mix- 
ture which was then stirred at room temperature for 3 h. The 
reaction was quenched by the addition of dilute hydrochloric 
acid to the mixture which was then extracted with diethyl ether. 
The extracts were washed with brine, dried (Na,SO,) and 
evaporated under reduced pressure. The residue was column 
chromatographed (silica gel, hexane) to give 1 -phenylhept-1- 
ene (198 mg, 88%) as a colourless oil. All other reactions were 
carried out and worked up similarly. The structures of the 
products were determined by MS, IR, 'H and 13C NMR, and, 
in the cases of new compounds, by elemental analyses. 

Allylution of Allylic Bromides with Allylic 1ndates.- Typical 
experimentul procedure. To a stirred solution of allylindium 
sesquiiodide, prepared from indium powder (230 mg, 2 mmol) 
and ally1 iodide (0.274 cm3, 3 mmol) in tetrahydrofuran ( 5  cm3), 
was slowly added butyllithium (2.8 cm3 in hexane, 4.3 mmol) at 
0°C. The mixture was stirred at 0°C for 10 min and then at 
room temperature for 2 h. To the resulting solution of lithium 
allyl(methyl)indate, cinnamyl bromide (256 mg, 1.3 mmol) in 
diethyl ether (2 cm3) was added and the whole mixture was 
stirred at room temperature for 3 h. The reaction was quenched 
by the addition of dilute hydrochloric acid to the mixture, which 
was then extracted with diethyl ether. The extracts were washed 
with brine, dried (Na,S04) and evaporated under reduced 
pressure. The residue was column chromatographed (silica gel, 
hexane) to give l-phenylhexa-l,5-diene (146 mg, 80%). All other 
reactions were carried out and worked up similarly. 

1, l  -Diphenylhexa-l,5-diene. Colourless oil (Found: C, 92.2; 
H, 7.8. ClBH18 requires C, 92.26; H, 7.74); m/z 234 (M+,  93%) 
and 11 5 (100); vmax/crn-l 3090, 3060, 3030, 2960, 2920, 1625, 
1595, 1480, 1443,988,963,910,763,742 and 690; 6,(90 MHz) 
2.20 (4 H, m, CH,), 4.90-5.10 (2 H, m, olefinic H), 5.60-6.00 
( 1  H, m, olefinic H), 6.05 ( 1  H, t, J 7, olefinic H) and 7.15-7.40 
(10H,m,Ph);Sc29.1 (t),34.0(t), 114.9(t), 126.8(d), 126.9(d), 
127.2 (d), 128.0 (d), 128.1 (d), 129.2 (d), 129.9 (d), 138.1 (d), 
140.2 (s), 141.9 (s) and 142.8 (s). 
(E)-3-Phenylnona-l,5-diene. Colourless oil (Found: C, 89.9; 

H, 10.3. C15H20 requires C, 89.93; H, 10.07%); m/z 200 (M', 
38%) and 117 (100); v,,,/cm-' 3080, 3075, 2950, 2900, 2890, 
2854, 1640, 1600, 1490, 1450, 1406, 1375, 960, 915, 750 and 
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700; 6H(200 MHz) 0.82 (3 H, t, J 7, Me), 1.31 (2 H, hex, J 7, 
CH,), 1.92 (2 H, q, J 7 ,  CH,), 2.42 (2 H, t, J 6 ,  CH,), 3.24-3.40 
(1 H,q, J7,CH),5.04(1 H,d, J17,olefinicH),5.06(1 H,d, JlO, 
olefinic H), 5.245.50 (2 H, m, olefinic H), 6.00 ( 1 H, ddd, J 17, 
10 and 6, olefinic H) and 7.12-7.40 ( 5  H, m, Ph); dC 13.5 (q), 22.5 
(t), 34.5 (t), 38.6 (t), 50.0 (d), 114.1 (t), 126.0 (d), 127.6 (d), 127.8 
(d), 128.2 (d), 132.1 (d), 141.7 (d) and 143.9 (s). 

(Z)-3-Phenylnona- 1,5-diene. Colourless oil (Found: C, 89.9; 
H, 10.3. C,5H20 requires C, 89.93; H, 10.07%); m/z 200 (M+, 
3%) and 11 7 (100); v,,,/cm-' 3050, 3000, 2950, 2900, 2850, 
2834,1635,1600,1490,1450,1406,1375,960,915,750 and 698; 

H, m, CH,), 2.48 (2 H, t, J 6, CH,), 3.32 (1 H, m, CH), 5.05 (1 
H, d, J 17, olefinic H), 5.07 (1 H, d, J 11, olefinic H), 5.38 (2 H, 
m, olefinic H), 6.00 (1 H, ddd, J 17, 10 and 6, olefinic H) and 
7.16-7.40 ( 5  H, m, Ph); dC 13.7 (q), 22.6 (t), 29.4 (t), 33.1 (t), 49.8 
(d), 114.2(t), 126.1 (d), 127.3(d), 127.6(d), 128.3 (d), 130.9(d), 
141.6 (d) and 143.9 (s). 
(E)-6,1O-Dimethyl-3-phenylundeca- 1,5,9-triene. Colourless oil 

(Found: C, 89.6; H, 10.6. C,,H,6 requires C, 89.34; H, 10.66%); 
m/z 254 (M +, 39%) and 1 17 (1 00); v,,,/cm-' 3 109, 3 100, 3075, 
2975, 2925, 2850, 1640, 1600, 1490, 1440, 1430, 1370, 970 
and910;6,(200MHz)1.53(3H,s,Me), 1.58(3H,s,Me), 1.67(3 
H, s, Me), 1.80-2.10(4 H, m, CH,), 2.41 (2 H, t, J 7 ,  CH,), 3.30 
(1 H, q, J 7, CH), 4.99-5.30 (4 H, m, olefinic H), 6.00 (1 H, ddd, J 
17, 10 and 7, olefinic H) and 7.15-7.40 ( 5  H, m, Ph); ~ 5 ~ 1 6 . 1  (q), 
17.7 (q), 25.7 (q), 26.6 (t), 34.0 (t), 39.7 (t), 50.0 (d), 114.2 (t), 
122.2(d), 124.3(d), 126.1 (d), 127.7(d), 128.3(d), 131.3(s), 136.2 
(s), 141.9 (d) and 144.3 (s). 

(E)-1 -PhenyC4-propylhexa- 1,5-diene. Colourless oil (Found: 
C, 89.65; H, 10.2. C15H20 requires C, 89.94; H, 10.06%); m/z 200 
(M', 77%) and 117 (100); v m a x / m - '  3050, 3025, 2950, 2850, 
1635, 1600, 1490, 1450, 1414, 1375,990 and 910; 6,4200 MHz) 
0.89 (3 H, t, J 7  Me), 1.18-1.48 (4 H, m, CH,), 2.00-2.38 (3 H, m, 
CH and CH,), 5.01 (1 H, d, J 17, olefinic H), 5.02 (1 H, d, J 11, 
olefinic H), 5.66 (1 H, m, olefinic H), 6.22 (1 H, dt, J 16 and 6, 
olefinic H), 6.40 (1 H, d, J 16, olefinic H) and 7.16-7.44 ( 5  H, m, 
Ph);6, 14.0(q),20.1 (t),36.4(t),38.6(t),43.8(d), 114.2(t), 125.9 
(d), 126.7 (d), 128.3 (d), 129.0 (d), 130.8 (d), 137.7 (s) and 
142.6 (d). 
(E)-2,6-Dimethyl-9-uinyldodeca-2,6-diene. Colourless oil 

(Found: C, 86.7; H, 12.7. C,,H,, requires C, 87.19; H, 12.81%); 
m/z 220 (M+, 48%) and 123 (100); v,,,/cm~' 3076,2975,2925, 
2850,1638,1440,1378,1100,990 and 912; 6,(200 MHz) 0.88 (3 
H, t, J 6 Hz, Me), 1.18-1.40 (4 H, m, CH,), 1.59 (3 H, s, Me), 1.61 
(3 H, s, Me), 1.68 (3 H, s, Me), 1.90-2.18 (7 H, m, CH, and CH), 
4.89-5.20 (2 H, m, olefinic H) 5.20-5.23 (2 H, m, olefinic H) and 
5.50-5.76(1 H,m, olefinicH);d, 14.1 (q), 16.1 (q), 17.6(q),20.2 
(t), 25.6 (q), 26.6 (t), 33.3 (t), 36.4 (t), 39.7 (t), 44.0 (d), 113.6 (t), 
122.7 (d), 124.3 (d), 131.1 (s), 135.4 (s) and 143.2 (d). 

3-Benzylhex-1-ene. Colourless oil (Found: C, 89.3; H, 10.5, 
C13H18 requires C, 89.59; H, 10.41%); m/z 174 (M+, 16%) and 
149 (100); v,,,/cm-' 3050, 3025, 2950, 2850, 1635, 1600, 1490, 
1450,1414,1375,990 and 910; 6&00 MHz) 0.84 (3 H, t, J 6  Hz, 
Me), 1.15-1.48 (4 H, m, CH,), 2.30 (1 H, m, CH), 2.62 (2 H, dd, 
J 8 and 4, CH,), 4.86 (1 H, d, J 17, olefinic H), 4.94 (1 H, d, 
J 10, olefinic H), 5.59 (1 H, ddd, J 17, 10 and 8, olefinic H) and 
7.01-7.35 ( 5  H, m, Ph); 6, 14.0 (q), 20.2 (t), 36.3 (t), 41.8 (t), 
45.3 (d), 114.3 (t), 125.6 (d), 127.9 (d), 129.2 (d), 140.6 (s) and 
142.4 (d). 

(E)-4,4-Dimethyl- 1 -phenylhexa- 1,5-diene. Colourless oil 
(Found: C, 90.3; H, 9.9. C14H18 requires C ,  90.26; H, 9.74%); 
m/z 1 86 (M + ,873 and 1 17 (1 00); 6,(200 MHz) 1.05 (6 H, s, Me), 
2.22(2H, d, J8,CH2),4.93-5.60(2H,m,olefinicH), 5.89(1 H, 
dd, J 17 and 10, olefinic H), 6.24 (1 H, dt, J 16 and 7, olefinic H), 
6.38(1 H,d, J16,olefinicH)and7.20-7.44(5H,m,Ph);Sc26.6 
(q),26.6(q),37.1 (s),46.0(t), 110.5(t), 125.9(d), 126.8(d), 127.5 
(d), 128.4 (d), 131.9 (d), 137.7 (s) and 148.0 (d). 

6&00 MHz) 0.87 (3 H, t, J 7, Me), 1.30 (2 H, m, CH2), 1.93 (2 
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(E)-6-Methyl-l -phenylhepta- 1,Sdiene. Colourless oil (Found: 
C, 90.0; H, 10.0. C,,H,, requires C, 90.26; H, 9.74%); m/z 186 
(M+,  12x)and 117(100);6,(200MHz) 1.64(3 H,s, Me), 1.72(3 
H, s, Me), 2.14-2.36 (4 H, m, CH,), 5.21 (1 H, t, J 6 ,  olefinic H), 
6.28 (1 H, dt, J 16 and 7, olefinic H), 6.42 (1 H, d, J 16, olefinic H) 
and 7.18-7.46 ( 5  H, m, Ph);6,17.7 (q), 25.6 (q), 27.9 (t), 33.2 (t), 
123.7 (d), 125.8 (d), 126.7 (d), 128.4 (d), 129.8 (d), 130.6 (d), 131 -9 
(s) and 137.8 (s). 

(E)-4,8-Dimethyi- 1 -phenyl-4-vinylnona- 1,7-diene. Colourless 
oil (Found: C, 89.7; H, 10.3. C19H26 requires C, 89.70; H, 
10.30%); m/z 254 (M', 69%) and 117 (100); vmaX/cm-' 3109, 
3100, 3075, 3025, 2975, 2925, 2895, 1638, 1600, 1490, 1440, 
1410, 1375, 990, 910, 740 and 690; 6,(200 MHz) 1.01 (3 H, s, 
Me), 1.30 (2 H, m, CH,), 1.59 (3 H, s, Me), 1.67 (3 H, s, Me), 
1.82-2.10(2 H, m, CH,), 2.22 (2 H, d, J 7 ,  CH,), 4.90-5.18 (3 H, 
m, olefinic H), 5.80 (1 H, dd, J 17 and 1 1, olefinic H), 6.12-6.40 
(2 H, m, olefinic H) and 7.16-7.39 (5  H, m, Ph). 

Synthesis of Rosefuran 1 and Sesquirosefuran 3.-A solution 
of lithium (3-furylmethy1)methylindate in 1,4-dioxane (2 cm3) 
was prepared in a similar manner to that described above from 
indium powder (230 mg, 2 mmol), 3-furylmethyl bromide (483 
mg, 3 mmol), and methyllithium (4.0 cm3, 3 mmol). Prenyl 
bromide (194 mg, 1.3 mmol) in 1,4-dioxane (1 cm3) was added 
slowly at 0 "C to the mixture which was then stirred at 4 "C for 
1 h and then at room temperature for a further 1 h. The reaction 
was worked up and the products were purified by column 
chromatography on silica gel (hexane) to give an oil (172 mg, 
88%). 'H NMR and GLC analyses revealed the oil to be a 
mixture of rosefuran 1 and perillene 2 (90: lo), by direct 
comparison with the authentic samples.' By using geranyl 
bromide in place of prenyl bromide, a mixture of 
sesquirosefuran 3 and dendrolasin 4 (95 : 5) was obtained in 
68% total yield. 

(3-ThienylmethyQindate was similarly prepared and allowed 
to react with prenyl bromide. Aqueous work-up and column 
chromatography gave an oil, which was analysed by GLC to 

be a mixture of compounds 5-7 in yields of 37, 41 and 14%, 
respectively. Authentic samples of compounds 5-7 were 
prepared according to the literature.' 
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