] 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

A 2-L, three-necked flask is thoroughly flamed while being flushed with argon and is then fitted
with three rubber septa. Anhydrous titanium trichloride (63.16 g, 0.409 mol) (Note 1) and (Note 2) is
added to the weighed flask in an argon-filled glove bag. The flask is reweighed, and one of the rubber
septa is replaced with a dry (12 hr at 120°C) reflux condenser through which a stream of argon is
flowing (Note 3). The flask is fitted with a mechanical stirrer equipped with a glass shaft and Teflon
paddle (Note 4). Into the flask is syringed 600 mL of 1,2-dimethoxyethane (Note 5), and the remaining
rubber septum is exchanged for a glass stopper. Lithium (8.52 g, 1.23 mol) (Note 6) is etched to
brilliance in methanol, quickly washed in petroleum ether (Note 7), and cut into small pieces directly
into the stirred suspension. The mixture is heated at reflux for 1 hr by an oil bath that is then removed
(Note 8). Immediately after the solvent has ceased to reflux, 2-adamantanone (15.36 g, 0.102 mol)
(Note 1) is added in one portion, and the mixture is heated at reflux for 18 hr.

Stirring is maintained as the mixture is allowed to cool to room temperature, and 600 mL of
petroleum ether (Note 7) is added in 100-mL portions at 5-min intervals (Note 9). The stirrer is
disconnected from its motor, and the solution is poured into a sintered-glass funnel containing 50 g of
Florisil (approximately 7 cm in depth) (Note 1). The black material remaining in the reaction vessel is
washed with eight 50-mL portions of petroleum ether, which are poured into the same pad of Florisil
(Note 10) and (Note 11). The filter pad is then washed with 400 mL of petroleum ether. Removal of the
solvent from the combined filtrates by means of a rotary evaporator followed by high vacuum (0.05
mm) gives 12—13 g of a white crystalline solid. This crude product is dissolved in 3.5 L of hot methanol
(Note 1), and the volume is reduced to 2 L by boiling. The solution is allowed to slowly cool to room
temperature. The colorless needles are vacuum filtered through sintered glass (medium frit) and washed
with 50 mL of ice-cold methanol. The crystals are dried under vacuum (0.05 mm Hg) to give 10.3-10.4
g (75-76%) of adamantylideneadamantane, mp 184-186°C; 'H NMR (CDCl,) &: 1.5-2.1 (br m, 24 H)
2.7-3.1 (br m, 4 H). Concentration of the mother liquor to 350 mL and crystallization as described
above yields an additional 1.2-1.5 g (9-11%) of product, mp 182—-184°C (Note 12).

2. Notes

1. The following reagents were used as supplied: titanium trichloride from Alfa Products, Morton
Thiokol, Inc.; 2-adamantanone from Aldrich Chemical Company, Inc.; methanol from MCB, Inc.; and
acetone from Mallinckrodt, Inc.

2. Because of its sensitivity toward oxygen and water, anhydrous titanium trichloride should always be
handled under an inert atmosphere. The submitters report that titanium trichloride in bottles that have
been opened and resealed undergoes a slow deterioration that causes erratic results in the coupling
reaction. This decomposition is frequently detectable by the evolution of white fumes from the titanium
trichloride during transfer. If a number of small-scale reactions are to be performed, the use of a Schlenk
tube is advisable to extend the useful life of the titanium trichloride.



3. Substitution of nitrogen for argon does not significantly decrease the yield.

4. The coupling reaction may be adversely affected if metallic stirrers are employed. The bore of the
stirrer should be water-cooled. Lubricants such as mineral oil are to be avoided since they complicate
product isolation.

5. The 1,2-dimethoxyethane was obtained from Aldrich Chemical Company, Inc., and was allowed to
stand over molecular sieves (type 4A in 1/16-in. pellet form from Union Carbide Corporation) for
several days. Final purification was accomplished by heating at reflux over potassium in a nitrogen
atmosphere for at least 10 hr, followed by distillation from potassium. The solvent was used on the same
day that it was distilled to minimize the formation of peroxides.

6. Lithium wire (3.2-mm diam, 0.02% sodium) was obtained from Alfa Products, Morton Thiokol, Inc.,
and was washed in petroleum ether before weighing.

7. Petroleum ether (bp 35-65°C) was obtained from Fisher Scientific Company and was distilled from
potassium permanganate.

8. The color of the reaction mixture at this point varies from gray-green to gray-black. The success of
the reaction seems to be independent of the color.

9. Addition of petroleum ether causes a viscous black precipitate to cling to the walls of the flask,
leaving a milky-white solution that can be conveniently poured into the filter.

10. The black residue, which consists of inorganic salts, titanium, and unreacted lithium, is retained in
the reaction vessel, where it is washed with petroleum ether while the mass is manually stirred with the
paddle. No problem has been encountered in exposing the black material to the air during the washing
procedure.

11. The black residue is destroyed in the following manner. The stirrer motor is reattached, and the flask
is flushed with argon. The flask is cooled in an ice—water bath before adding 300 mL of petroleum ether
and 300 mL of acetone. As the mixture is vigorously stirred, ca. 10 mL of methanol is added from a
dropping funnel. After reaction has begun (an induction period of up to 0.5 hr may occur before gas
evolution becomes noticeable), an additional 590 mL of methanol is added dropwise over a 6—10-hr
period. Stirring is continued at 0°C until pieces of lithium can no longer be seen (approximately 1 hr
after the addition of the methanol has been completed).

12. The second crop is slightly impure, as shown by its NMR spectrum.

3. Discussion

Adamantylideneadamantane has been prepared by (1) photolysis of 2-adamantylketene dimer,> (2)
reduction of 4e-chloroadamantylideneadamantane with sodium in liquid ammonia,® (3) rearrangement
of spiro[adamantane-2,4'-homoadamantan-5'-ol] with Lewis acids,®, ° (4) reduction of 2,2-
dibromoadamantane with magnesium® or zinc-copper couple,” and (5) treatment of the azine of 2-
adamantanone with hydrogen sulfide, followed by oxidation with lead tetraacetate and heating with
triphenylphosphine.?

The present method is a modification of a previous procedure by the submitters.” Handling of
lithium in the air is less hazardous and more convenient than that of potassium, which was originally
used. Higher yields were obtained when the higher-boiling solvent 1,2-dimethoxyethane was employed
rather than tetrahydrofuran. Although the titanium trichloride-lithium system results in slightly lower
yields for aliphatic ketones than the corresponding potassium method, the former is considerably more
convenient for large-scale reactions. The lithium procedure is applicable to both aromatic and aliphatic
aldehydes and ketones (Table I). Reductive coupling of unsymmetrical carbonyl compounds usually
results in a mixture of geometric isomers.

Details of the titanium-induced dicarbonyl coupling reaction can be found in a full paper'® and in a
review article.!!

TABLE I
REACTION OF KETONES AND ALDEHYDES
WITH TITANIUM TRICHLORIDE-LITHIUM IN
1,2-DIMETHOXYETHANE

Carbonyl CompoundYield of Alkene Product (%)



Acetophenone 94

Benzaldehyde 97
Benzophenone 96
Cholestanone 84
Cyclododecanone 90
Cycloheptanone 85
Cyclohexanone 81
Decanal 59
Hexanal 58 (28 : 72, cis . trans)
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
petroleum ether
2-adamantylketene dimer
spiro[adamantane-2,4'-homoadamantan-5'-ol]

azine of 2-adamantanone

titanium trichloride-lithium
ammonia (7664-41-7)
methanol (67-56-1)

magnesium (7439-95-4)

Cyclohexanone (108-94-1)

potassium permanganate (7722-64-7)



hydrogen sulfide (7783-06-4)
oxygen (7782-44-7)
nitrogen (7727-37-9)

benzaldehyde (100-52-7)
acetone (67-64-1)
Acetophenone (98-86-2)
Benzophenone (119-61-9)
sodium (13966-32-0)
potassium (7440-09-7)

lithium,
Lithium wire (7439-93-2)

Cholestanone (566-88-1)
zinc-copper
Tetrahydrofuran (109-99-9)
Cycloheptanone (502-42-1)
argon (7440-37-1)
1,2-dimethoxyethane (110-71-4)
triphenylphosphine (603-35-0)
cyclododecanone (830-13-7)
2-adamantanone (700-58-3)
Decanal (112-31-2)
titanium (7440-32-6)
Hexanal (66-25-1)

Adamantylideneadamantane,
Tricyclo[3.3.1.137]decane, tricyclo[3.3.1.137]decylidene- (30541-56-1)

titanium trichloride (7705-07-9)

2,2-dibromoadamantane



4e-chloroadamantylideneadamantane

lead tetraacetate (546-67-8)
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