] A Publication
Organlc of Reliable Methods

for the Preparation

Syntheses of Organic Compounds

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. Procedure

An oven-dried, 500-mL, two-necked, round-bottomed flask equipped with a magnetic stirring bar, a
rubber septum inlet, and an outlet connected to a mercury bubbler is flushed with nitrogen and charged
with 100 mL of tetrahydrofuran (THF) (Note 1). To this are added sequentially at 0°C,
diisopropylamine (Note 2) (10.6 g, 14,7 mL, 105 mmol) and butyllithium in hexane (Note 3) (2.22 M,
47.3 mL, 105 mmol). The reaction mixture is stirred for 30 min and cooled to —78°C. B-lonone (Note 4)
(19.2 g, 20.3 mL, 100 mmol) is slowly added. After stirring the mixture for 1 hr at —78°C, diethyl
chlorophosphate (Note 5) (18.1 g, 15.2 mL, 105 mmol) is added, and the reaction mixture is allowed to
warm to room temperature over 2—3 hr (reaction mixture A) (Note 6).

Lithium diisopropylamide is prepared in a separate 1-L flask from diisopropylamine (22.8 g, 31.6
mL, 225 mmol), butyllithium in hexane (2.22 M, 101 mL, 225 mmol), and THF (200 mL), as described
above. To this is added over approximately 45 min at —78°C reaction mixture A prepared above via a
16-G double-ended needle under a slight pressure of nitrogen. The resulting mixture is allowed to warm
to room temperature over 2—-3 hr and is quenched with water (200 mL) at 0°C. The organic layer is
separated, and the aqueous layer is extracted with pentane (3 x 50 mL). The combined organic layer is
treated with ice-cold hydrochloric acid (1 N, 200 mL), water (2 x 100 mL), and saturated aqueous
sodium bicarbonate (100 mL) to pH >8 (Note 7). After drying over magnesium sulfate, the volatile
compounds are evaporated using a rotary evaporator at ca. 20 mm. The residue is distilled at 0.7 mm to
provide (E)-buten-3-ynyl-2,6,6-trimethyl-1-cyclohexene (Note 8) in one fraction boiling at 69-73°C
(0.7 mm) (Note 9). The yield by isolation has ranged from 12.5 g (72%) to 14.8 g (85%) (Note 10). The
purity of the product by GLC is 98%.

2. Notes

1. Tetrahydrofuran available from Aldrich Chemical Company, Inc. was purified by distillation from
sodium and benzophenone.

2. The submitters used diisopropylamine (99%) available from Aldrich Chemical Company, Inc.
without further purification.

3. The submitters used butyllithium in hexane available from Alfa Products, Morton Thiokol, Inc.

4. The submitters used 98% pure PB-ionone available from Aldrich Chemical Company, Inc. without
further purification.

5. The submitters used diethyl chlorophosphate available from Aldrich Chemical Company, Inc.

6. Reduced yields of product were obtained by the checkers when reaction time at room temperature
was reduced from 2-3 hr to 1%z hr.

7. After extraction with hydrochloric acid, the pentane layer, on addition of 100 mL of water, formed a
poorly separating emulsion. Checkers found that, by addition of 100 mL of saturated aqueous sodium
bicarbonate to this pentane—water emulsion, two easily separable layers can be formed.



8. The distilled product was found to be slightly yellow, and deepened to orange at room temperature.
Storage at —5°C maintained the initial coloration for several weeks.

9. The product displays the following data: n%“ 1.5130; IR (neat) cm™': 3300 (s), 2920 (s), 2080 (m),
1770 (w), 1630 (w), 1600 (w), 1455 (s), 1380 (m), 1355 (m), 1200 (m), 1030 (m), 960 (s); 'H NMR
(CDCl,, TMS) 6: 1.01 (s, 6 H), 1.2—1.8 (m with a singlet at 1.71, 7 H), 1.85-2.15 (m, 2 H), 2.90 (d, 1 H,
J=2),542(dd,1H,J=17and 2), 6.67 (d, 1 H. /= 17); 3C NMR (CDCl,, TMS) 6: 19.17, 21.48, 28.75,
33.07, 33.98, 39.59, 77.29, 83.10, 111.36, 131.38, 136.90, 142.33.

10. The GLC trace (SE-30) of the reaction mixture shows essentially one peak (>98) in the product
region. In separate 5—20-mmol scale experiments, the GLC yields observed by using a paraffin internal
standard were 90-95%.

3. Discussion

This procedure is based on a study of conversion of methyl ketones into terminal alkynes.”> The
scope of the procedure may be indicated by the results summarized in Table 1.

TABLE I
CONVERSION OF METHYL KETONES INTO TERMINAL ACETYLENES VIA ENOL
PHOSPHATES

Yield of Acetylene (%)

Ketone Base? GLC Isolated
B-lonone LDA 95 85
Dihydro-B-ionone LDA 90 85
Acetophenone LDA 85 80
Pinacolone LDA 90 78
Cyclohexyl methyl ketone LDA 85 80
2-Octanone LDA 23 —
2-Octanone LTMP 75 —
6-Methyl-5-hepten-2-one LDA 25 —
6-Methyl-5-hepten-2-one LTMP 75 61

7LDA = lithium diisopropylamide; LTMP = lithium 2,2,6,6-tetramethylpiperidide.

As can be seen in Table I, lithium diisopropylamide (LDA) is a satisfactory base in cases where the
carbon group (R) of a methyl ketone (RCOCH,) either is bulky or does not contain an o-methylene or a-
methine group. In the other cases, LDA is relatively ineffective. In such cases, however, the use of
lithium 2,2,6,6-tetramethylpiperidide (LTMP) in place of LDA gives satisfactory results. The LTMP
procedure appears to be the only documented method that is satisfactory for the conversion of the
above-mentioned type.

The submitters have attempted the conversion of B-ionone into the desired dienyne by various
known methods. In general, those involving acidic reagents or reaction conditions yielded the desired
product in low yields (<50%) along with by-products, such as isomeric allenes, that appear near the
product on GLC traces (SE-30). Such procedures include (a) PCI; in benzene, then NaNH, in NH;;* (b)
PCl; and 2,6-lutidine, then NaNH, in NH;;* (¢) POCI, in DMF, then NaOH;* and (d) (CF,S0O,),0, CCl,,
pyridine, then heat.® Also unsatisfactory in the hands of submitters was a method involving the use of
hydrazine in triethylamine, then iodine and triethylamine in THF, then methanolic potassium
hydroxide.” A procedure involving the use of sodium ethoxide, then diethyl chlorophosphate, and finally
NaNH, in NH,,* on the other hand, converted -ionone into the desired dienyne in <73% GLC yield.
The procedure reported here may be viewed as a modification of the method described above.

This preparation is referenced from:
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
METHYL KETONES
Lithium 2,2,6,6-tetramethylpiperidide
PCI,

NH

3
POCI,
(CF,S0,),0
methanolic potassium hydroxide
acetylene (74-86-2)
hydrochloric acid (7647-01-0)
Benzene (71-43-2)
NaOH (1310-73-2)
sodium bicarbonate (144-55-8)
CCl, (56-23-5)
nitrogen (7727-37-9)
iodine (7553-56-2)

Acetophenone (98-86-2)



Pinacolone (75-97-8)
pyridine (110-86-1)
Benzophenone (119-61-9)
sodium (13966-32-0)
sodium ethoxide (141-52-6)
2,6-Lutidine (108-48-5)
Pentane (109-66-0)
hydrazine (302-01-2)
2-Octanone (111-13-7)
magnesium sulfate (7487-88-9)
NaNH, (7782-92-5)
butyllithium (109-72-8)

Tetrahydrofuran,
THF (109-99-9)

DMF (68-12-2)
hexane (110-54-3)
triethylamine (121-44-8)
Cyclohexyl methyl ketone (823-76-7)
diethyl chlorophosphate (814-49-3)
lithium diisopropylamide (4111-54-0)
diisopropylamine (108-18-9)

[B-lonone,
Dihydro-p-ionone

(E)-Buten-3-ynyl-2,6,6-trimethyl-1-cyclohexene,
Cyclohexene, 2-(1-buten-3-ynyl)-1,3,3-trimethyl-, (E)- (73395-75-2)

6-Methyl-5-hepten-2-one (110-93-0)
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