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The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
using the standard procedures for work with chemicals described in references such as
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C.,
2011;  the  full  text  can be  accessed free  of charge @ at
http://www.nap.edu/catalog.php?record id=12654).  All chemical waste should be
disposed of in accordance with local regulations. For general guidelines for the
management of chemical waste, see Chapter 8 of Prudent Practices.

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red
“Caution Notes” within a procedure. It is important to recognize that the absence of a
caution note does not imply that no significant hazards are associated with the chemicals
involved in that procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published and are
conducted at one's own risk. Organic Syntheses, Inc., its Editors, and its Board of
Directors do not warrant or guarantee the safety of individuals using these procedures and
hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.

These paragraphs were added in September 2014. The statements above do not supersede any specific
hazard caution notes and safety instructions included in the procedure.
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1. Procedure

Caution! tert-Butylithium is extremely pyrophoric and must not be allowed to come into contact with
the atmosphere. This reagent should only be handled by individuals trained in its proper and safe
use. It is recommended that transfers be carried out by using a 20-mL or smaller glass syringe filled

to no more than 2/3 capacity, or by cannula. For a discussion of procedures for handling air-
sensitive reagents, see Aldrich Technical Bulletin AL-134. [Note added August 2009].

A. (1-Hydroxy-2-propenyl)trimethylsilane. A 2-L, three-necked, round-bottomed flask is equipped
with a magnetic stirring bar, two pressure-equalizing dropping funnels (250 and 500 mL), and a Claisen
adapter fitted with an argon inlet adapter and a rubber septum (Note 1). The flask is charged with 20.0 g
(0.344 mol) of allyl alcohol (Note 2), and 400 mL of dry tetrahydrofuran (Note 3), and then cooled
below —75°C with a dry ice—acetone bath and maintained at that temperature while 157 mL (0.363 mol)
of a 2.31 M solution of n-butyllithium in hexane (Note 4) is added dropwise over 1 hr. After 50 min, a
solution of 39.3 g (0.362 mol) of chlorotrimethylsilane (Note 5) in 25 mL of tetrahydrofuran is added
dropwise via syringe over 30 min, and the resulting colorless reaction mixture is stirred for 1 hr further,
and then treated dropwise over 1.5 hr with 258 mL (0.415 mol) of a 1.61 M solution of fert-butyllithium
in pentane (Note 4). After 2 hr of further stirring at —=75°C the cold bath is removed, and 100 mL of
saturated ammonium chloride solution is added in one portion to the yellow reaction mixture. The
resulting solution is stirred for 5 min and then diluted with 50 mL of water and 300 mL of pentane. The
organic phase is separated and washed successively with three 100-mL portions of water and two 100-
mL portions of saturated sodium chloride solution, dried over anhydrous sodium sulfate, filtered, and
concentrated by carefully distilling off the solvents at atmospheric pressure through a 10-cm Vigreux
column. The residual pale yellow liquid is transferred to a 100-mL round-bottomed flask, and the
remaining volatile impurities are removed by distillation at 15 mm through a 4-cm column packed with
glass helices (Note 6), leaving 35.1-39.7 g of (1-hydroxy-2-propenyl)trimethylsilane as a pale-yellow
liquid (Note 7) and (Note 8) used in the next step without further purification.

B. (1-Oxo-2-propenyl)trimethylsilane. A 2-L, three-necked, round-bottomed flask is equipped with a
mechanical stirrer and two 250-mL pressure-equalizing dropping funnels, one of which is fitted with an
argon inlet adapter (Note 1). The flask is charged with 41.71 g (0.329 mol) of oxalyl chloride (Note 9)
and 500 mL of dichloromethane (Note 10), and cooled below —75°C with a dry ice—acetone bath and
maintained at that temperature while a solution of 55.82 g (0.715 mol) of dimethyl sulfoxide (Note 11) in
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60 mL of dichloromethane is added dropwise over 1 hr. After 1 hr, a solution of the crude (1-hydroxy-2-
propenyl)trimethylsilane in 100 mL of dichloromethane is added dropwise over 1.25 hr to the colorless
reaction mixture, which is stirred at —=75°C for 1 hr further, and then treated dropwise over 30 min with
150.38 g (1.486 mol) of triethylamine (Note 12). After 1 hr, the cold bath is removed and the reaction
mixture is poured into 200 mL of water. The organic phase is separated and washed successively with
five 100-mL portions of 10% hydrochloric acid, three 100-mL portions of water, and two 100-mL
portions of saturated sodium chloride solution, dried over anhydrous sodium sulfate, filtered, and
concentrated by carefully distilling off the solvents at atmospheric pressure through a 10-cm Vigreux
column. The residual yellow oil is transferred to a 250-mL, round-bottomed flask containing 0.050 g of
3-tert-butyl-4-hydroxy-5-methylphenyl sulfide (Note 13) and distilled through a 4-cm column packed
with glass helices to afford 27.8-30.0 g (63-68% overall yield based on allyl alcohol) of (1-oxo-2-
propenyl)trimethylsilane as a brilliant-yellow oil, bp 47-50°C (30 mm) (Note 14) and (Note 15).

2. Notes

1. The glass components of the apparatus are dried overnight in a 120°C oven, and then assembled and
maintained under an atmosphere of argon during the course of the reaction.

2. Allyl alcohol was purchased from Aldrich Chemical Company, Inc. and distilled from calcium hydride
prior to use.

3. Tetrahydrofuran was distilled from sodium benzophenone ketyl immediately before use.

4. n-Butyllithium was purchased from Aldrich Chemical Company, Inc. or Mitsuwa Pure Chemicals,
tert-Butyllithium was obtained from Aldrich Chemical Company, Inc. These were titrated using the

method of Watson and Eastham? submitters) or Lipton3 (checkers).

5. Chlorotrimethylsilane was obtained from Petrarch Systems, Inc., or Shin-etsu Kagaku Co., and
distilled from calcium hydride before use.

6. The heating bath temperature was not permitted to exceed 70°C during the course of the distillation.

7. The purity of this material was determined to be 95% by gas-chromatographic analysis (10% OV-101
on 100-120-mesh Chromosorb W, 6 ft x 1/8 in., program: 50°C for 2 min and then 50-250°C at
32°C/min).

8. The product exhibits the following spectral properties: IR (film) cm™': 3420, 2955, 2895, 2820, 1625,
1410, 1245, 1140, 1095, 990, 900, 840; '*C NMR (67.9 MHz, CDCl;) 0: —44, 689, 1094, 139.9; 'H

NMR (250 MHz, CDCl5) &: 0.05 (s, 9 H), 2.86 (br s, 1 H), 3.88 (m, 1 H),4.86 (ddd, 1 H,J = 2,2, 11),

498 (ddd, 1 H,J =2,2,17),5.89 (ddd, 1 H, J = 5.5, 11, 17); HRMS m/e calcd. for CcH,,0Si (M*):

130.0814, Found: 130.0810.

9. Oxalyl chloride purchased from Aldrich Chemical Company, Inc. was fractionally distilled under
argon before use.

10. Dichloromethane was distilled from calcium hydride immediately before use.

11. Dimethyl sulfoxide was distilled from calcium hydride immediately before use.

12. Triethylamine was distilled from calcium hydride before use.

13. 3-tert-Butyl-4-hydroxy-5-methylphenyl sulfide was purchased from Aldrich Chemical Company, Inc.
14. The purity of this material was determined to be >97% by gas-chromatographic analysis (10% OV-
101 on 100-120-mesh Chromosorb W, 6 ft x 1/8 in., program: 50°C for 2 min and then 50-250°C at
32°C/min).

15. The product exhibits the following spectral properties: IR (film) cm™': 2960, 2900, 1635, 1600, 1590,
1415, 1390, 1255, 1185, 985, 960, and 845; >*C NMR (67.9 MHz, CDCl,) 0: —2.2, 128.5, 141.3, 237 .9;

'"H NMR (250 MHz, CDCl;) 6: 0.23 (s,9 H), 594 (dd, 1 H,/ =1, 11),6.13 (dd, 1 H,J =1, 18),6.38
(dd,1 H,J =11, 18).

3. Discussion

(1-Oxo-2-propenyl)trimethylsilane has previously been prepared by Reich and co-workers in four

steps beginning with propargyl alcohol 4 This earlier synthesis proceeded in 45% overall yield and
involved as key steps the metalation (at —90°C) and silylation of 1-(1-ethoxyethoxy)-1,2-propadiene,
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followed by careful hydrolysis of the resulting o.-silyl allenyl ether.

The present method® offers a more efficient and convenient two-step route to the parent o,p-

unsaturated acylsilane derivative. The first step in the procedure involves the conversion of allyl alcohol

to allyl trimethylsilyl ether, followed by metalation® 7 8 2 1911 (in the same flask) with tert-butyllithium at

—75°C. Protonation of the resulting mixture of interconverting lithium derivatives (2 and 3) with aqueous
ammonium chloride solution furnishes (1-hydroxy-2-propenyl)trimethylsilane (4), which is smoothly

transformed to (1-oxo-2-propenyl)trimethylsilane by Swern oxidation.'? The acylsilane is obtained in 63—
68% overall yield from allyl alcohol in this fashion.

o,p-Unsaturated acylsilanes serve as valuable building blocks for the synthesis of a variety of
complex organic compounds. These o,f3-unsaturated carbonyl derivatives participate in a number of

carbon—carbon bond forming processes including organocuprate conjugate additions,* TiCl,-mediated

conjugate allylations,'® Diels—Alder reactions,* 1,3-dipolar cycloadditions,'* and the [3+2] annulation

method recently developed in our laboratory.'* The utility of these reactions is enhanced by the fact that

the product acylsilanes are subject to a variety of useful further transformations,'> '

4,17 18 19 20

including, for
example, Brook reactions, oxidation to carboxylic acids,

ketones and aldehydes.?’! 22 23 24 The present procedure provides a practical method for the preparation
of multigram quantities of the simplest a,3-unsaturated acylsilane.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

sodium benzophenone ketyl
hydrochloric acid (7647-01-0)
ammonium chloride (12125-02-9)
sodium chloride (7647-14-5)
Allyl alcohol (107-18-6)
sodium sulfate (7757-82-6)
Pentane (109-66-0)
dichloromethane (75-09-2)
n-butyllithium (109-72-8)
Tetrahydrofuran (109-99-9)
oxalyl chloride (79-37-8)
hexane (110-54-3)
dimethyl sulfoxide (67-68-5)
triethylamine (121-44-8)
argon (7440-37-1)

calcium hydride (7789-78-8)
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propargyl alcohol (107-19-7)
CHLOROTRIMETHYLSILANE (75-77-4)
tert-Butyllithium (594-19-4)

(1-Oxo-2-propenyl)trimethylsilane,
Silane, trimethyl(1-0x0-2-propenyl)- (51023-60-0)

(1-Hydroxy-2-propenyl)trimethylsilane (95061-68-0)
1-(1-Ethoxyethoxy)-1,2-propadiene (20524-89-4)
allyl trimethylsilyl ether (18146-00-4)
3-tert-butyl-4-hydroxy-5-methylphenyl sulfide (96-66-2)
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