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SYNTHETIC COMMUNICATIONS, 27(23), 4035-4040 (1997)

CONVERSION OF ALKYL- AND ARYLALLENES INTO
1-ALKYNES THROUGH METALLATED INTERMEDIATES

Taherirastgar F. and Brandsma L.*

Department of Preparative Organic Chemistry, Utrecht University,
Debye Institute, Padualaan 8, 3584 CH, The Netherlands

Abstract: A number of acetylenes RCH,C=CH have been obtained by metallation
of the allenes RCH=C=CH, or mixtures of acctylenes and allenes with n-BuLi in
THF-hexane and hydrolysis after allowing the metallated allenes to rearrange at

room temperature or by heating under reflux.

In 1974 Meijer et al.! published a method for the preparation of acetylencs,

involving copper catalyzed reaction of Grignard compounds with methoxyallene.

CH,O RMgX
=C=CH, R—CH,-C=CH
H CuX

We here present an alternative method, which uses the readily available propargyl
bromide as starting material. Reaction of Grignard compounds with propargyl
bromide in diethyl ether or THF in the presence of catalytic amounts of copper(I)-

halide generally affords a mixture of an acetylene and the isomeric allene.

*  To whom correspondence should be addressed.
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CuBr/LiBr
Br-CH,—C=CH ——
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The ratio of the isomers strongly depends on the nature of the Grignard reagent

(see Table). We succeeded in completely converting the products mixtures into
acetylides by treatment with a slight (10 mol %) excess of n-BuLi in THF-hexane

and subsequently allowing to rise the temperature to 20 “C or —in the case R = alkyl

or cyclohexyl- by heating the solutions for some period under retlux. The

conversion of 1a into the much more weakly basic 2a, which takes place under

aprotic conditions, probably proceeds by a 1,3-sigmatropic H-shift, as suggested

by Klein ez al.2

Table
Entry R Yield (%)* Ratio1/2  b.p. ('C) Yield (%)® of
of1+2 (NMR) 12mmHg’  RCH,C=CH
1 n-CsH 5 80 96/ 4 62-63 90
2 c-hexyl 80 100/0 50 90
3 CeHs 70 72128 62-65 77
4 4-(CH;),CHC(H, ¢ 70 52/48 103-106 76
5 2,6-(CHy),CgHz ¢ 70 19/81 90-93 89
6  4-CH30CeH4¢ 78 55745 105-108 90
7 4-FC¢H, 67 53147 62-65 75

4 [solated yields after distillation; purity = 97% (300 TH-NMR and GLC).

b Yield based on mixtures of 1 and 2; see Experimental Section for physical and

spectroscopic properties.

The corresponding Grignard reagents were prepared in THF.

B.p. of 1 or the mixtures of 1 and 2.
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Experimental Section

Materials and Instrumentation

All reactions were performed under a dry nitrogen atmosphere in flame-dried
glassware. THF was freshly distilled from sodium sand/benzophenone under a dry
nitrogen atmosphere. Diethyl ether was dried by shaking with freshly machine-
powdered KOH (100 g/l) and subsequent filtration. Commercially available n-BuLi
(1.6 M solution in hexane) was used for all isomerization reactions. Grignard
reagents were prepared in the usual way from magnesium turnings and alkyl or aryl
bromides in dicthyl ether or THF. In the case R = cycloalkyl the chloride was used.
NMR spectra were recorded on a Bruker AC 300 (1: 300 MHz, 13C: 75 MHz)
using deuterochloroform as a solvent and internal standard. Mass spectra were
recorded on a Jeol IMS-AX 505 W, GC-MS combination.

General procedure for the preparation of allenes (1) or mixtures of
allenes (1) and acetylenes (2)

All reactions were carried out using the following typical procedure (modified
procedure, cf. Ref. 3).

To a solution of the Grignard reagent in 130 mlof diethyl ether or THF, prepared
from 0.10 mol of the halides RX, was added at ~ —60 "C a solution of 1 g of
copper(IYbromide and 2 g of anhydrous lithium bromide in § ml of THF.
Subsequently, a solution of (.12 mo! of propargyl bromide and 10 ml of THF was
added dropwise over 30) min, while keeping the temperature of the reaction mixtare
between —50 and -60 "C. After stirring for an additional period of 15 min, the
cooling bath was removed and the temperature of the suspension allowed to rise to
between 10 and 20 “C. The reaction mixture was then cautiously poured into a
solution of 10} g of ammonium chloride in 100 m] of water. After vigorous shaking
and extraction of the agqueous layer with pentane, the combined organic solutions
were dried over MgSQOy and concentrated in vacuo. The product mixtures were

isolated by distillation through a 30-cm Vigreux column.

General procedure for the conversion of alkylallenes into the
corresponding acetylenic compounds

Asolution of ().11 mol of n-BuLiin 71.5 ml of hexane was added dropwise for 20
min to a solution of (.10 mol of the alkylallene (R = n-C;H {5 or ¢-hexyl) in 60 ml
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of THF with cooling between —-80 and -70 “C. After stirring for an additional
period of 15 minat—60 "C, the cooling bath was removed and the temperature was
allowed to rise to room temperature. Subsequently, the reaction mixture was heated
under reflux for 5 hours. Afier cooling the reaction mixture to room temperature,
water (100 ml) was added, the layers were separated and the aqueous layer was
extracted with ether. The combined organic fractions were dried over MgSOy and
concentrated under reduced pressure. Distillation of the remaining liquid through a

30-cm Vigreux column gave the acetylenic compounds.

1-Decyne (Entry 1, Table)

The product was obtained in 90% yield, from 0.11 mol of n-BuLiin 71.5 ml of
hexane and (.10 mol (13.8 g) of heptylallene. B.p. 60-63 “C /14 mm Hg (Lit* 80-
82 "C/22 mm Hg); n21, 1.4273.

3-Cyclohexyl-1-propyne (Entry 2, Table)
The product was obtained in 90% yicld, from (.11 mol of n-BuLiin 71.5 ml of
hexane, 60 ml of THF and 0.10 mol (12.2 g) of cyclohexylallene. B.p. 46 "C/12
mm Hg (Lit* 61-62 “C/24 mm Hg); n20;, 1.4571.

General procedure for the conversion of arylallenes into the
corresponding acetylenic compounds

Asolution of 0.11 molof n-BuLiin 71.5 ml of hexane was added dropwise for 20
min to a solution of 0.10 mol of the mixture 1 and 2 (R = aryl) with cooling
between ~90 and —80 °C. After allowing the temperature to rise to — 40 °C the
cooling bath was removed and water (100 ml) was added at room temperature. The

isolation of the products was carried out as described above.

3-Phenyl-1-propyne (Entry 3, Table)

The product was ohtained in 77% yicld, trom 0.11 mol of n-BuLiin 71.5 ml of
hexane, 60 ml of THF and 0.10 mol (11.6 g) of the mixtures 1 and 2 (R = CeHs).
B.p. 62-63 "C/12 mm Hg (Lit! 60-61 °C / 12 mm Hg); n20 1.5273.

1-Isopropyl-4-(2-propynyl) benzene (Entry 4, Table)
The product was obtained in 76% yield trom 55.0 mmol of n-BuLiin 36 ml of
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hexane, 30 ml of THF and 50 mmol (7.9 g) of the mixtures 1 and 2 (R = 4-
(CH,),CHC¢Hy). B.p. 60-62 "C/2 mm Hg; nl8, 1.5144; MS (EI*): 158, exact
mass: calcd for CjoH 4 158.1096, found 158.1075; TH-NMR: 1.26 (d, 6H, 2J =
6.9 Hz), 2.18 (t, 1H, 4 =2.7 Hz), 2.92 (sep, 1H, 2I = 6.9 Hz), 3.59 (d, 2H, 4J
=2.7 Hz), 7.21 (dd, 2H, 3] = 6.3 Hz, 4T = 1.8 Hz), 7.30 (dd, 2H, 3] = 6.3 Hz,
47 = 1.8 Hz); 13C-NMR: 24.1 (2C), 24.4, 33.9, 70.1, 82.3, 126.6, 127.8,
133.4, 147.4.

1,3-Dimethyl-2-(2-propynyl) benzene (Entry 5, Table)

The product was obtained in 89% yicld from 38.46 mmol of n-BuLi in 25 ml of
hexane, 21 ml of THF and 35.0 mmol (5.04 g) of the mixtures 1 and 2 (R = 2,6-
(CH3),C¢H,). B.p. 88-90 "C/12 mm Hg; n20 1.5304; MS (EI*): 144, exact
mass: caled for CqjHyq 144.0939, found 144.0901; TH-NMR: 1.98 (t, 1H, 4 =
2.8 Hz), 2.43 (s, 6H), 3.52 (d, 2H, 4J = 2.8 Hz), 7.04-7.13 (m, 3H); 13C-
NMR: 19.0 (2C), 20.8, 68.2, §1.5, 126.8, 128.2 and 128.6 (2C), 133.6, 136.3.

1-Methoxy-4-(2-propynyl) benzene (Entry 6, Table)

The product was obtained in 90% yield from (.11 mol of n-BuLiin 71.5 ml of
hexane, 60 ml of THF and 0.10 mol (14.6 g) of the mixtures 1 and 2 (R = 4-
OCH;CgHy). B.p.110 "C/15 mm Hg; n2Y; 1.5350; MS (EI*): 146, exact mass:
caled for CyH O 146.0732, found 146.0766; TH-NMR: 2.18 (t, IH, 4 = 2.7
Hz), 3.56 (d, 2H, 4] = 2.7 Hz), 3.80 (s, 3H), 6.80 (dd, 2H, 2J = 6.6 Hz, 4] =
2.0 Hz), 7.28 (dd. 2H, 2J = 6.6 Hz, % = 2.0 Hz); 13C-NMR: 239, 55.3, 70.1,
82.4, 114.0 (20C), 128.1 128.8, (2C), 158.4.

1-Fluoro-4-(2-propynyl) benzene (Entry 7, Table)

The product was obtained in 75% yicld from (.11 mol of n-BuLi in 71.5 m] of
hexane, 60 ml of THF and 0.10 mol (13.4 g) of the mixtures 1 and 2 (R = 4-
FCqHy). B.p. 60 "C/12 mm Hg; n2%,1.5284; MS (EI*): 134, exact mass: caled
for CyHF 134.0532, found 134.0548; TH-NMR: 2.20 (1, 1H, 4] = 2.7 Hz),
3.58 (d, 2H, 4J = 2.5 Hz), 6.97-7.05 (m, 2H), 7.26-7.35 (m, 2H); 1 3C-NMR:
24.0, 70.4, 81.7, 115.3, (2C, 1] =21.6 Hz), 129.3 (2C, 1J = 8.5 Hz), 131.7 (J
= 3.2 Hz), 161.8 (1] = 244.5 Hz).



Downloaded by [The University of Manchester Library] at 18:31 04 December 2014

4040 TAHERIRASTGAR AND BRANDSMA

Acknowledgements: We thank Mrs. A.C.H.T.M. van der Kerk for recording
of the mass spectra and Mrs. LL.M. Groothuis for literature searching.

References

1.
2.

Meijer, J. and Vermeer, P. Recl. Trav. Chim. 1974, 93, 183.

(a) Klein, J. and Becker, I. Y. Tetrahedron, 1972, 28, 5385. (b) Klein, J.
and Brenner, S. Tetrahedron, 1970, 26, 2345.

Brandsma, L. and Arens, J. F. Recl. Trav. Chim. 1967, 86, 734.

Lespicau, R. and Bourguel, M. "Organic Synthesis”, Collect. Vol. I, John
Wiley & Sons, Inc., New York, 1941, p. 191.

(Received in The Netherlands 17 June 1997)





