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Diethyl (3-Trimethylsilyl-2-propynyl)phosphonate, a New Reagent for the Preparation of

Terminal Conjugated Enynes

Andrew W. Gibson, Guy R. Humphrey, Derek J. Kennedy, Stanley H.B. Wright*
Merck Sharp and Dohme Research Laboratories, Hertford Road, Hoddesdon, Herts., EN11 9BU, England

The preparation and use of diethyl (3-trimethylsilyl-2-propyn-
yl)phosphonate as a reactant with aldehydes and ketones for the
synthesis of terminal conjugated enynes is reported. The reagent is
readily obtained and purified by simple procedures amenable to
scale up. The scope of the Horner-Wadsworth—-Emmons reaction
using the reagent has been briefly explored.

Terminal conjugated enynes occur in marine algae'-?
and the Sea Hare Aplysia dactylomela,® and it has been
suggested that the enynes are precursors of the bromoal-
lenes present in the related mollusc Aplysia brasiliana*
and the red alga genus Laurencia.’ Terminal conjugated
enynes are important intermediates for the synthesis of
naturally occurring acetylenes,®’ acetylenic analogues
of Leukotrienes,® and peptides in which double bond
isosteres replace amide groups.® 1!

In order to investigate the biomimetic conversion of
enynes into bromoallenes by the Bu’Lock mechanism,?3
we required an efficient method for the preparation of
terminal enynes. Terminal enynes have been obtained
from chlorodienes,® 4-bromoalkynes,!? diynes'® and
from vinyl methyl ketones.’* Other methods for the
preparation of terminal enynes or the silyl protected
derivatives include the reaction of 2-iodo-1-
trimethylsilylacetylenes with a vinyl copper derivative,'>
the palladium catalysed coupling of trimethylsilylacety-
lene with vinyl halides*'® or an enol triflate,’” and the
palladium catalysed reaction of ethynylzinc chloride with
vinyl halides.'® Terminal enynes may also be obtained by
reaction of Grignard reagents with pyridazine 1-
oxide.'® 2! More recently, the Peterson reaction has
been used to generate terminal enynes or silyl
derivatives.22The plethora of methods which have been
used for the preparation of terminal enynes reflects the
limitations of the available reagents for the simple Wittig
reaction.

The preparation of enynes 3, 4 by a Wittig reaction,
between aromatic and conjugated unsaturated aliphatic
aldehydes and the ylide 2a derived from triphenyl (2-
propynyl)phosphonium bromide 1a was first described
by Eiter and Oediger.!®> However, the yields were poor,
and Corey® demonstrated that with an aliphatic aldehyde
(cyclohexanecarboxaldehyde) a cumulene derivative was
obtained. Corey then described a more versatile reagent,
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the silyl derivative 1b, which reacted with aliphatic and
aromatic aldehydes without isomerisation, to furnish
enynes 3, 4 in good yields (Scheme 1). Recently another
ylide reagent, triphenyl(3-trimethylsilyl-2-propynyl)-
arsonium bromide was reported which reacts with
ketones to give enynes in good yield.??

The instability” of the salt 1b, together with the re-
stricted scope of the Wittig reaction using this reagent
suggested that the Horner—Wadsworth-Emmons va-
riant?* of the reaction would be a superior method for
the preparation of enynes. This method would offer the
advantages of increased nucleophilicity of the phospho-
nate carbanion and water soluble phosphate byproducts.
Thus, it was with some surprise that we found no
reference to this approach in the literature.
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Diethyl 2-propynylphosphonate (6a) rapidly isomerises
via the allene 7 to the 1-propynylphosphonate 82°
(Scheme 2). However, we wish to report that alkylation
of diethyl phosphite with 3-bromo-1-trimethylsilylprop-
1-yne (5b) gave the trimethylsilyl derivative 6b as a
stable distillable liquid in high yield. The phosphonate
6b reacted with aromatic aldehydes to afford, after
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Table 1. Compounds 9, 10 Prepared
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Table 2. NMR Spectra of Enynes 9 (E-Isomers)

Prod- Yield (E/Z) mp (°C)® Molecular  MS (70 eV)¢
ucts (%) ratio  or bp (°C)/ Formula® m/z (%)
9,10 Torr® or Lit. Data
a 92 95:5  45-47 5114 158 (M*, 94),
115 (100)
b 90 87:13 85-92/0.5  80-90/4'° 128(M™,100)
c 85 72:28 147-155/0.6 C,sH,¢ 206 (M*, 1),
(206.4) 79 (100)
d gt 73:27 75/15 CioHys 119
(134.2) (M—-CH,,
28), 77 (100)
e 85 78:22 100/0.7 90-95/4'° 142 (M*, 54),
141 (100)
f 76 - 81-82/4 C,,H,, 164(M*, 100)
(164.3)

* Uncorrected, measured with a Biichi apparatus.

® Kugelrohr oven temperature.

¢ Satisfactory HRMS data obtained: m/z = +0.005 (M™*).
4 Recorded on a V.G. Micromass 7070 spectrometer.

desilylation, the enyne E-isomers 9a and 9b in high yield
(Table 1). Reaction of the reagent with aliphatic alde-
hydes was less stereoselective (E/Z ratio ~ 2.5:1), but
high yields of the enynes 9¢,10¢ and 9d,10d were
obtained. Aromatic and aliphatic ketones also reacted
with the phosphonate reagent 6b to give good yields of
the enynes 9e, 10e and 9f demonstrating the scope of the
reaction with the new reagent (Scheme 2).

Diethyl (3-Trimethylsilyl-2-propynyl)phosphonate (6b):

To a stirred solution of NaN(SiMe;), in THF (1M, 10mL,
10 mmol) at —10°C is added diethyl phosphonate (1.38¢g,
10 mmol) in THF (3mL). The solution is stirred for 15 min at
—10°C and then treated with 3-bromo-1-trimethylsilylprop-1-
yne?® (5b; 1.91 g, 10 mmol) in THF (3 mL) maintaining the tem-
perature at —10°C. The mixture is stirred at — 10°C for 1h,
diluted with H,0O (15mL) and extracted with EtOAc (2 x 15mL).
The extract is washed with aq HCI (2M, 25 mL), H,0 (20 mL) and
then dried (Na,SO,). The solution is evaporated and the oil
distilled to give the phosphonate 6b as a mobile liquid; yield: 1.9 g
(77%) bp 115-120°C/0.2 Torr.

CioH;,04PSi cale. C 4836 H 8.53

(248.3) found 4839  8.53

'H-NMR (CD,Cl,/TMS): & = 1.17 (dt, 3H, J = 0.6, 7 Hz. Me),
2.64 (d, 2H, J=222Hz, CH,P), 3.98, 401 (2 dq, 1H each,
J = 0.6, 7Hz, 2 CHO).

13C-NMR (CD,Cl,/TMS): § = 0.4 (s, MeSi), 17.15 (d, J = 5.5 Hz,
Me), 19.9 (d, J = 144.3 Hz, CH,P), 64.0 (d, J = 6.5 Hz, CH,0),
88.5 (d, J = 8.3 Hz, C=), 96.95 (s, SiC=).

MS: mjz = 248 (M™, 6%), 177 (100 %).

4-Phenyl-3-buten-1-yne (9b); Typical Procedure:

A solution of NaN(SiMe;), in THF (1M, 9.3mL, 9.3 mmol) is
added to a solution of the phosphonate 6b (2.3 g, 9.3 mmol) in
THF (20 mL) at — 60°C over 10 min. The red solution is stirred at
—70°C for 15 min and then treated with benzaldehyde (0.78 g,
7.4mmol) in THF (15mL), added over 15 min. The mixture is
stirred at — 70°C for 15 min and then allowed to warm to r.t. over
1 h. The mixture is diluted with H,0 (50 mL) and extracted with
EtOAc (2x 30 mL). The extract is washed with H,O (2 x40 mL)
and dried (Na,S0,). A solution of BuyN*F~ in THF (1M,
8.5mL, 8.5 mmol) is added to the dried solution and the mixture
stirred at r.t. for 1.5h. The solution is washed with H,0
(2x40mL), aq HCI (2M, 40 mL), H,O (40 mL) and then dried
(Na,S0,). The solution is evaporated and the residue in hexane

Com-
pound

IH-NMR (CD,Cl,/TMS)*
8, J (Hz)

13C-NMR (CD,Cl,/TMS)"
5

9a

9

9d

9e

of

3.06 (dd, 1H, J=0.8, 2.2,
1-CH), 3.79 (s, OMe), 5.99
(dd, 1H, J=22, 165,
3-CH), 6.98 (brd, 1H, J =
16.5, 4-CH), 7.3-6.9 (m,
4Ha|’om~

3.0 (dd, 1H, J=0.6, 24,
1-CH), 6.06 (dd, 1H, J=
2.4,16.3, 3-CH), 6.94 (brd,
1H, J=16.3, 4-CH), 7.1-
7.4 (m, 5H,om)

0.89 (~t, 3H, J=17, Me),
1.3 (brs, 18H, (CH,),), 2.1
(dg, 2H, J=1.6, 72,
5-CH,), 2.8 (ddt, 1H, J=
0.6, 1.2, 2.2, 1-CH), 5.45
(ddt, 1H, J=1.2, 1.8, 16,
3-CH), 6.28 (ddt, 1H, J=
0.4, 7.2, 16, 4-CH)

0.91 (s, 6H, Me,), 1.97 (dt,
2H, J=1.2, 7.5, 6-CH,),
273 (dd, 1H, J=0.6, 2.2,
1-CH), 4.9 (m, 2H, 8-CH,),
5.29(dd, 1H, J= 22, 16.5,
3-CH), 5.67 (m, 1 H, 7-CH),
6.15(dd, 1H, J= 0.6, 16.5,
4-CH)

232 (dd, 3H, J=0.5, 1.2,
Me), 3.3 (dq, 1H, J=0.5,
1.8, 1-CH), 5.88 (dq, 1H,
J=1.2,1.8, 3-CH), 7.2-7.5
(m’ 5l—{arom)

0.9 (t, 3H, J=69, Me),
0.92 (t, 3H, J= 6.9, Me),
1.4 (m, 8H, 2(CH,),), 2.1
(t, 2H, J= 8.1, CH,), 2.32
(t, 2H, J=8.1, CH,), 3.0
(brd, 1H, J=22, 1-CH),
5.23 (m, 1H, 3-CH)

56.3 (OMe), 79.3 (1-CH),
84.3 (2-C), 105.5 (3-CH),
143.7 (4-CH), 114.8, 115.2,
128.6, 161.6 (C

arom)

80.1 (1-CH), 838 (2-C),
107.9 (3-CH), 144.1 (4-CH),
127.3, 129.7, 130.0, 136.9
(Cﬂf(!m)

15.0 (Me), 23.8, 29.7, 30.2,
30.5, 30.6, 30.7, 30.8, 33.07,
34.1 ((CH,),,), 76.4 (1-CH),
82.5 (2-C), 109.5 (3-CH),
148.2 (4-CH)

27.0 (Me,), 47.6 (6-CH,),
47.9(5-C), 76.9 (1-CH), 84.2
(2-C), 106.3 (8-CH,), 118.2
(3-CH), 135.8 (7-CH), 156.5
(4-CH)

19.2 (Me), 80.1 (2-C), 83.7
(1-CH), 106.3 (3-CH), 151.2
(4-C), 1264, 129.3, 129.4,
141.8 (Cyrom)

14.7 (Me,), 23.5, 23.6, 30.9,
31.0, 33.8, 36.6 (2(CH,),),
80.3 (1-CH), 82.5 (2-C),
104.4 (3-CH), 160.1 (4-C)

* Spectra also show the Z-isomers 10;
10a: 6 = 3.39(dd, 1 H, J= 1, 3 Hz, 1-CH), 3.8 (s, 3H, OMe), 5.55
(dd, 1H, J= 3, 12 Hz, 3-CH), 6.66 (brd, 1 H, J= 12 Hz, 4-CH),
10b:6 = 3.31(dd, 1 H,/=1,2.8 Hz,1-CH), 5.59 (dd, 1 H, /= 2.8,
12 Hz, 3-CH), 6.63 (brd, 1 H, J= 12 Hz, 4-CH); 10¢: 6 = 2.31 (dq,
2H, J=1.3, 7.5 Hz, 5-CH,), 3.1 (m, 1H, 1-CH), 6.02 (ddt, 1 H,
J=1,7.5,11 Hz,4-CH); 10d: 6 = 1.11 (s, 6 H, Me,), 2.16 (dt, 2 H,
J=1.2,7.5Hz, 6-CH,), 3.1 (dd, 1H, J=1, 2.6 Hz, 1-CH); 10e:
6=218 (dd, 3H, J=10.8, 1.5Hz, Me), 2.9 (dq, 1H, J=0.38,
2.5Hz, 1-CH), 5.61 (dq, 1H, J=1.5, 2.5 Hz, 3-CH)

® Recorded on a Bruker AM 250 spectrometer.

(15 mL) chromatographed on silica gel (20 g) to give the enyne 9b

as an orange oil; yield: 0.85 g (90%); bp 85-92°C/0.7 Torr.

Other compounds were prepared similarly (Table 1). The NMR data
for the enynes 9 are collected together (Table 2).

We thank P.V. Byway for mass spectral data.
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