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Facile Synthesis of Alkyl and Aryl Substituted 1,2,3-Butatrienes 
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Alkyl and aryl substituted 1,2,3-butatrienes can be prepared in good yields via tetrabutylammonium fluoride induced 
1,4-eliminations of 1 -acetoxy-4-trimethylsilyl but-2-ynes at - 10 "C. 

Cumulenes are extremely reactive molecules.' One of the 
lower cumulenes, 1,2,3-butatriene, is relatively stable but still 
polymerizes rapidly at room temperature on exposure to acid, 
oxygen or light.2 

Substituted butatrienes have been prepared by elimination 
from 1,4-dihalo2 (or 1,4-dihydroxy,3 1 ,4-dialkoxy4)-but-2- 
ynes, 2,3-dihalo-but-2-enes,5 l-acyloxybut-2-ynes,6 dihalocar- 
bene adducts of cycloalkenes7 and from cyclic allenes,8 by 
dimerization of vinyl-copper ,Y vinyl-borane intermediates'" 
and l,l-dihaloalkenes,ll by retro-Diels-Alder reactions,12 by 
thermolysis of prop-2-ynyl propiolate ,13 by desulfurization of 
cyclic trithiocarbonates,l4 by reaction of 3-bromoalk-3-en-l- 
ynes with organocopper(1) species,lS by reaction of enynyl 
epoxides with organosilver(1) compounds,16 by Wittig type 
olefinations,l7 and by metal-initiated couplings of alkynes.18 
However, most of the known butatrienes are multi-alkoxy or 
phenyl substituted because of their better stability compared 
to their alkyl counterparts. Preparative methods for the 
synthesis of alkyl substituted butatrienes are rare. In view of 
the interesting structure of 1,2,3-butatrienes and their poten- 
tial applications in antitumour drug designs and material 
science,lg there are needs to find alternative methods which 
could generate butatrienes with a wide variety of substituents 
with a high degree of purity and in good yields. Here we report 
a facile fluoride induced 1,4-elirnination of l-acetoxy-4- 
trimethylsilylbut-2-ynes at -10 "C to give alkyl or aryl 
substituted 1,2,3-butatrienes 1 in good yields under extremely 
mild reaction conditions (Scheme 1). 
3-Phenyl-3-trimethylsilylprop-1-yne 2, readily available20 in 

100 g quantities, can be converted to the corresponding 
lithium acetylide on treatment with 1 equiv. of butyllithium at 
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Scheme 1 Reagents and conditions i, BuLi, THF (or BuLi. CeCI3, 
THF) then R1R2C=O; ii, Ac20,  NEt3, DMAP; iii, tetrabutylammon- 
ium fluoride, T H F  

Table 1 Yields" of reactions i-iii (%) 

Entry R1 R 2 3  4 1 

a Ph H 75 84 83c 
b n-C6H13 H 906 91 7oC 
C Pri H 78 78 89" 
d But H 80 90 93e 
e Me Me 83 79 71 

* Isolated yields after chromatography. Addition of CeCI3. c 1: 1 
geometric isomers. d 1 : 1.2 geometric isomers. e 1 : 1.5 geometric 
isomers. 

-78 "C. The resulting anion can be trapped with ketones or 
aldehydes to give a diastereomeric mixture of silyl prop-2- 
ynylic alcohol 3T in good yields (Table 1). For easily enolizable 
aldehydes such as heptanal (entry b), the yield of the 
propargylic alcohol 3b from this reaction was poor. This is 
probably due to enolization and self-condensation of the 
heptanal. However, conversion of the organolithium to 
organocerium21 by addition of CeCI3 results in a very clean 
transformation. The alcohol was then converted (DMAP, 
NEt,, Ac20) to the thermally labile acetate 4,T which on 
treatment with a THF solution of tetrabutylammonium 
fluoride at - 10 "C underwent a facile fluoride-induced 
1,4-elimination to afford substituted butatriene 1$ in good 
yield. Upon aqueous workup with sodium carbonate solution 
and extraction with hexane under nitrogen, followed by flash 
chromatography on Florisil, the butatriene 1 was isolated in 
>90% purity. 

The 1,4-disubstituted butatrienes l a 4  are relatively stable 
under nitrogen at 0 "C in hexane solution. However, upon 
concentration or exposure to oxygen, polymerization of la-d 
takes place very readily with the formation of white precipi- 
tates. With contact with silica gel and alumina, the butatrienes 
underwent extensive decomposition. The 1,l ,d-trisubstituted 
butatriene le, however, is unstable and tends to polymerize 
rapidly under nitrogen in hexane solution. On contact with 
Florisil, le partially polymerizes to give a white precipitate. As 
a result, we were unable to obtain a good quality 13C NMR 
spectrum of le.  

The butatrienes l a 4  exhibit interesting spectroscopic 
properties. Thus, the vinylic proton (6 6.2-6.5) adjacent to the 
phenyl ring exhibits long range coupling to the other olefinic 
proton with a coupling constant 5JHH of 7 Hz. There is little 
difference (<0.5 Hz) between the cis- and trans-coupling 
constants in compounds la-d. It is therefore difficult to assign 
the double bond geometry, although it was claimed previ- 
o ~ s l y ~ ~  that the trans-isomer should have a larger 5JHH value 
than that of the corresponding cis-isomer. The presence of the 
butatriene skeleton was also confirmed by the characteristic 
C-H coupling constants (1JCH 158-165 Hz) of the terminal 
olefinic carbons. 14 

This synthetic methodology could, in principle, be extended 
to compounds other than 3-phenyl substituted propargylic 
silane 2. It is well documented that treatment of the dianion of 
alk-l-ynes with 1 equiv. of trimethylsilyl chloride resulted in 
exclusive silylation at the 3-position.20 Our synthetic method- 
ology could therefore be used to synthesize a wide variety of 
di- or tri-substituted butatrienes. 
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Footnotes 
i All compounds were characterized by 'Hand 13C NMR. IR and high 
resolution mass spectra. The acetates 4 decompose slowly on standing 
at room temperature. 
$ Apart from le ,  compounds l a 4  exist as an inseparable mixture of 
( E ) -  and (2)-geometric isomers. 



2122 J. CHEM. SOC., CHEM. COMMUN., 1994 

References 
1 For reviews see: The Chemistry of Ketenes, Allenes and Related 

Compounds, Parts 1 and 2, ed. S. Patai, Wiley, NY. 1980; H. F. 
Schuster and G. M. Coppola, Allenes in Organic Synthesis, Wiley, 
NY, 1984. 

2 W. M. Schubert, T. H. Liddicoet and W. A. Lanka, J .  Am. Chem. 
SOC.,  1952, 74. 569; 1954, 76, 1929; F. Wille, K. Dirr and H. 
Kerber, Liebigs Ann. Chem., 1955, 591, 177; P. P. Montijn, L. 
Brandsma and J. F. Arens, Rec. Trav. Chim. Pays-Bas, 1967,86, 
129. 

3 0. Simamura, Bull. Chem. SOC. Jpn., 1941,16,210; R. Kuhn and 
K. L. Scholler, Chem. Ber., 1954, 87. 598; A. Zweig and A. 
Hoffman, J .  Am. Chem. Soc., 1962,84,3278; R. Nahon and A. R. 
Day, J .  Org. Chem., 1965, 30, 1973; J. Rauss-Godineau, W. 
Chodkiewicz and P. Cadiot, Bull. SOC. Chim. Fr., 1966, 2885. 

4 S. F. Sisenwine and A. R. Day, J .  Org. Chem., 1967, 32, 1770. 
5 K. Brand, Chem. Ber., 1921, 54, 1987; E. Bergmann, H. 

Hoffmann and D. Winter, Chem. Ber., 1933,66,46; K. Brand and 
0. Horn, Chem. Ber., 1950, 83. 346. 

6 K. Fujiwara. H. Sakai and M. Hirama, J .  Org. Chem., 1991.56, 
1688. 

7 S. Kajigaeshi, N. Kuroda, G. Matsumoto, E. Wada and A. 
Nagashima, Tetrahedron Lett., 1971, 4887. 

8 W. R. Moore and T. M. Ozretich, Tetrahedron Lett., 1967,3205; 
R. 0.  Angus, Jr. and R. P. Johnson, J .  Org. Chem., 1984, 49, 
2880. 

9 H. Westmijze, J. Meijer and P. Vermeer, Tetrahedron Lett., 1975, 
2923. 

10 T. Yoshida, R. M. Williams and E. Negishi, J .  Am.  Chem. SOC. ,  
1974,96, 3688. 

11 H. Hopf and G. Maas, Angew. Chem., Int. Ed. Engl., 1992, 31, 
931 and references cited therein; J.-D. van Loon, P. Seiler and F. 
Diederich, Angew. Chem., Inf. Ed. Engl., 1993,32, 1187. 

12 W. R. Roth, H. Humbert, G. Wegener, G. Erker and H.-D. 
Exner. Chem. Ber., 1975,108,1655; J.-L. Ripoll and A. Thuillier, 
Tetrahedron, 1977,33, 1333. 

13 V. Bilinski, A. S. Dreiding and H. Hollenstein, Helv. Chim. Acta, 
1983, 66,2322. 

14 R. Herges and C. Hoock, Synthesis, 1991, 1151; Angew. Chem., 
Int., Ed. Engl., 1992, 31, 1611. 

15 H. Kleijn, M. Tigchelaar, R. J. Bullee, C. J. Elsevier, J. Meijer 
and P. Vermeer, J .  Organomet. Chem., 1982, 240, 329. 

16 M. Tigchelaar, J. Meijer, H. Kleijn, H. J. T. Bos and P. Vermeer, 
J .  Organomet. Chem., 1981,221, 117. 

17 R. S. Macomber and T. C. Hemling, J .  Am.  Chem. SOC., 1986, 
108, 343; P. J. Stang, A. M. Arif and V. V. Zhdankin, 
Tetrahedron. 1991,47, 4539. 

18 Y. Wakatsuki, H. Yamazaki, N. Kumegawa, T. Satoh and J. Y. 
Satoh, J .  Am. Chem. Soc., 1991,113,9604; M. Schafer, N. Mahr, 
J. Wolf and H. Werner, Angew. Chem., Int. Ed. Engl., 1993,32, 
1315. 

19 For theoretical studies on the nonlinear optical properties of 
cumulenes, see I. D. L. Albert, D. Pugh, J. 0. Morley and S. 
Ramasesha, J .  Phys. Chem., 1992, 96, 10160; for theoretical 
studies on cumulenes as precusors for carbon networks, see B. Ma, 
H. M. Sulzbach, Y. Xie and H. F. Schaefer, 111, J .  Am. Chem. 
SOC.,  1994,116,3529. 

20 L. Brandsma and H. D. Verkruijsse, Synthesis of Acetylenes, 
Allenes and Cumulenes, a Laboratory Manual, Elsevier, Amster- 
dam, 1981. 

21 T. Imamoto, Y. Sugiura and N. Takiyama, Tetrahedron Left.,  
1984, 25,4233. 

22 R. Mantione, A. Alves, P. P. Montijn, G. A. Wildschut, H. J. T. 
Bos and L. Brandsma. Rec. Trav. Chim. Pays-Bas, 1970, 89, 97. 

23 H. Westmijze, I. Nap, J. Meijer, H. Kleijn and P. Vermeer, Rec. 
Trav. Chim. Pays-Bas, 1983, 102, 154. 




