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Working with Hazardous Chemicals
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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1,4-BIS(TRIMETHYLSILYL)BUTA-1,3-DIYNE
[Silane, 1,3-butadiyne-1,4-diylbis[trimethyl-]]
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1. Procedure
Caution! A serious explosion shattering the reaction flask has been reported to occur on one
occasion since publication when carrying out this procedure. The experiment was performed at the
described scale and the explosion occurred a few seconds after starting addition of the catalyst
solution to the reaction flask through a syringe. The most plausible explanation for the explosion was
an ignition of the acetone trimethylsilylacetylene) oxygen gas mixture by a spark directly in the flask.
It is believed that the source of the spark was the discharge of static electricity accumulated on a
plastic syringe when the metal needle of the syringe contacted the metallic tip of a digital
thermometer (connected by a cable to IKA digital hotplate). Users are reminded of the absolute
necessity to follow the submitted procedure, especially Notes 6-8. As indicated in Note 6, it is critical
that this procedure (as well as any syntheses involving highly flammable compounds in an
atmosphere of oxygen) is performed behind a safety shield and that all possible sources of ignition
(including static electricity) are carefully examined and eliminated
A. Copper(I) chloride–tetramethylethylenediamine complex. A 200-mL, three-necked, roundbottomed flask equipped with magnetic stirring bar, rubber septum, nitrogen inlet tube, and bubbler is
charged with acetone (90 mL) and copper(I) chloride (5 g, 51 mmol) (Note 1). After the flask is purged
with nitrogen, the mixture is stirred and N,N,N',N'-tetramethylethylenediamine (TMEDA) (2.5 mL, 16.6
mmol) (Note 2) is added. Stirring is maintained for 30 min, and the solid material is then allowed to
settle, leaving a clear deep-blue-green solution of the CuCl–TMEDA catalyst that is used in the
oxidative coupling reaction.
B. 1,4-Bis(trimethylsilyl)buta-1,3-diyne (BTMSBD). A 1-L, four-necked flask, equipped with a
mechanical stirrer (Note 3), a dry-ice cold-finger condenser (Note 4), sintered gas inlet, and a swan-neck
adapter that supports a thermometer and a rubber septum is charged with acetone (300 mL) and
trimethylsilylacetylene (50 g, 0.51 mmol) (Note 5). The reaction mixture is agitated and a rapid stream of
oxygen is passed through the solution (Note 6). The supernatant solution containing the CuCl–TMEDA
catalyst is transferred by syringe in 5-mL portions into the reaction vessel. The temperature rises as the
catalyst is added and should have reached 35°C after about 75% of the catalyst has been added. When
this temperature is reached, external ice cooling is applied to moderate the exothermic reaction (Note 7).
The remaining catalyst is added and the temperature is maintained in the range of 25–30°C for 2.5 hr
(Note 8). When the reaction is complete, there should be no evidence of trimethylsilylacetylene
condensing on the cold trap. Agitation and oxygenation are then stopped.
The acetone is removed by evaporation with a rotary evaporator, and the residue is dissolved in
petroleum ether (bp 30–40°C, 150 mL) (Note 9) and shaken in a separatory funnel with 3 M aqueous
hydrochloric acid (150 mL). The phases are separated and the aqueous phase is washed with petroleum
ether (bp 30–40°C, 3 × 150 mL). The combined organic layers are washed with saturated aqueous
sodium chloride (50 mL), dried (Na 2 SO 4 ), and evaporated to dryness with a rotary evaporator. The solid
residue is dissolved in hot methanol (400 mL) to which has been added 3 M aqueous hydrochloric acid (4

residue is dissolved in hot methanol (400 mL) to which has been added 3 M aqueous hydrochloric acid (4
mL). The solution may be filtered at this stage if it is necessary to remove colored insoluble impurities.
Water is then added dropwise until recrystallized material is permanently present. The solution is allowed
to cool, finally in ice, and crystalline bis(trimethylsilyl)butadiyne (BTMSBD) is collected. The material
is washed with a small portion of ice-cold methanol–water (50 : 50 v/v; 50 mL), and air-dried to give
bis(trimethylsilyl)butadiyne (31–35 g, 68–76%), mp 111–112°C (lit. 2,3 107–108°C) (Note 10). A further
3–5 g (6–10%) of the product is obtained from the mother liquors (Note 11) and (Note 12).

2. Notes
1. Copper(I) chloride, standard laboratory reagent (SLR) grade, was used as supplied by Fisons Scientific
Apparatus Ltd. Best results are obtained with fresh samples of copper(I) chloride which usually contains
≤2% copper(II) chloride. Further purification4 did not improve the yield of BTMSBD. The checkers used
Mallinckrodt Chemical Company, analytical reagent-grade copper(I) chloride, without further
purification.
2. N,N,N',N'-Tetramethylethylenediamine (TMEDA) (98%) was used as supplied by B. D. H. The
checkers used 99% TMEDA, as supplied by Aldrich Chemical Company, Inc.
3. Mechanical stirring is adequate for a 50-g scale, as described herein, and magnetic stirring is sufficient
for a 5-g scale. The submitters ran the procedure on a 200-g scale, and found that use of a Vibro-mixer is
essential to obtain satisfactory oxygenation of the reaction mixture. The Vibro-mixer model E-1 was
supplied by Chemap AG, Alte Landstr. 415, CH-8708, Mannedorf, Switzerland.
4. The reactant is sufficiently volatile in the fast oxygen stream that substantial loss of material occurs
unless a cold-finger condenser with a large contact area, charged with dry ice–2-propanol, is used. The
use of a short Vigreux column between the dry-ice condenser and the reaction vessel is strongly
recommended to provide additional protection against loss of material as an aerosol.
5. Trimethylsilylacetylene is prepared by silylation of ethynylmagnesium chloride as described elsewhere
in this volume (Org. Synth., Coll. Vol. VIII, 1993, 606). It is also commercially available from the
Aldrich Chemical Company, Inc.
6. Caution! Although no hazard has been encountered in this reaction, due care should be taken with
acetylenic compounds in an atmosphere of oxygen. The experiment should be conducted in a wellventilated hood behind a safety shield and away from any source of ignition. Dilution of exit gases (Tjoint) with nitrogen is strongly advised.
7. On two occasions the temperature was observed by the checkers to reach 35°C well before 75% of the
catalyst had been added. The temperature should be monitored closely during this addition. If ice cooling
is necessary, it is important to lower the temperature only to 25°C; otherwise the reaction will become
too sluggish. After the internal temperature is brought to 25°C, further cooling is not needed during
addition of the remaining catalyst.
8. A deep-blue-green coloration should be evident throughout the addition of the catalyst. The color is
determined by the rate of oxygen flow. Too high a flow rate can lead to overoxidation, producing a black
precipitate, whereas too low a flow rate can lead to overreduction of the catalyst, with the green color
fading to be replaced by an orange-red precipitate. Both factors reduce the yield of BTMSBD.
9. The checkers used pentane instead of petroleum ether.
10. The checkers observed mp 109–110°C for all crops.
11. Yields of 95% on a 5-g scale and 70–75% on a 200-g scale were reproducibly obtained by the
submitters.
12. Pure bis(trimethylsilyl)butadiyne exhibits the following spectroscopic data: IR (CCl 4 ) cm −1: 2080 (s),
1250 (s), and 650 (s); UV (C6 H12) nm max(ε): 224 (80), 235 (150), 248 (260), 262 (345), and 278 (250);
1

H NMR (CDCl 3 , 250 MHz) δ: 0.22 (18 H).

3. Discussion
Oxidative coupling of terminal acetylenes in the presence of copper(I) catalysts is the best method of
preparing symmetrically substituted butadiyne derivatives, 5 and has been applied to the coupling of
trimethylsilylacetylene.6 Better yields are obtained using the Hay procedure in which the catalyst is the
TMEDA complex of copper(I) chloride.7 The procedure submitted here is an improved version of

Walton and Waugh's synthesis of BTMSBD by the Hay coupling of trimethylsilylacetylene.2 BTMSBD
has also been prepared by silylation of butadiynedimagnesium bromide3 and chloride 8 in moderate yield,
and more recently from the dilithium derivative in good yield.9
BTMSBD is a very convenient source of butadiyne, an extremely useful, but dangerously explosive
chemical.10 It is also a synthon for the vinylacetylene anion. A single trimethylsilyl group can selectively
be replaced by reaction with electrophiles (Friedel–Crafts reaction) to give trimethylsilylbutadiynyl
ketones.2

Alternatively, a more nucleophilic anionic reagent can be generated by selective cleavage of a single
trimethylsilyl group with methyllithium–lithium bromide complex. 11 This lithiobutadiyne derivative will
react with electrophiles such as carbonyl compounds 11,12 or primary alkyl iodides. 13

Regio- and stereoselective reduction of the nonsilylated triple bond by either partial catalytic
hydrogenation13,14,15,16 or lithium aluminum hydride reduction of the propargylic alcohols,12,17,18 affords
(after desilylation), respectively, terminal (Z)- and (E)-enynes. Furthermore, the remaining trimethylsilyl
group in both silylated diynes and enynes may be replaced by another electrophile in a second Friedel–
Crafts reaction. 19

Such reactions have found a variety of applications in natural product synthesis.12,14,15,17,18,20
BTMSBD reacts with a variety of nucleophiles to give novel heterocycles such as selenophen,21
tellurophen,22 and pyrazoles. 23 It has also been used in [2 + 4] cycloaddition/cycloreversion sequences to
prepare ethynyl-substituted pyridazines 24 and furans. 25
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
petroleum ether
(Na 2 SO 4 )
TMEDA
CuCl
hydrochloric acid (7647-01-0)
methanol (67-56-1)
sodium chloride (7647-14-5)
oxygen (7782-44-7)
nitrogen (7727-37-9)
acetone (67-64-1)
2-propanol (67-63-0)
copper(I) chloride (7758-89-6)
copper(II) chloride (7758-89-6)
Pentane (109-66-0)
lithium aluminum hydride (16853-85-3)
Methyllithium (917-54-4)
copper(I)
butadiyne (460-12-8)
tetramethylethylenediamine (20485-44-3)
lithium bromide (7550-35-8)

1,4-BIS(TRIMETHYLSILYL)BUTA-1,3-DIYNE,
bis(trimethylsilyl)butadiyne (4526-07-2)
Silane, 1,3-butadiyne-1,4-diylbis[trimethyl-]
Trimethylsilylacetylene (1066-54-2)
Ethynylmagnesium chloride
butadiynedimagnesium bromide
selenophen (288-05-1)
tellurophen (288-08-4)
N,N,N',N'-tetramethylethylenediamine (110-18-9)
Copyright © 1921-2007, Organic Syntheses, Inc. All Rights Reserved

