] 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 dry, 300-ml., three-necked flask is equipped with a magnetic stirring bar and reflux condenser (to
which is attached a Drierite-filled drying tube) and charged with 90 ml. of carbon tetrachloride (Note 1)
and 15.42 g. of geraniol (0.1001 mole) (Note 2). To this solution is added 34.09 g. (0.1301 mole) of
triphenylphosphine (Note 3), and the stirred reaction mixture is heated under reflux for 1 hour. This
mixture is allowed to cool to room temperature; dry pentane is added (100 ml.), and stirring is continued
for an additional 5 minutes.

The triphenylphosphine oxide precipitate is filtered and washed with 50 ml. of pentane. The solvent
is removed from the combined filtrate with a rotary evaporator under water aspirator pressure at room
temperature. Distillation of the residue through a 2-cm. Vigreux column attached to a short-path
distillation apparatus (Note 4) provides 13.0-14.0 g. (75-81%) of geranyl chloride, b.p. 47-49° (0.4
mm.), n§* = 1.4794 (Note 5).

2. Notes

1. Carbon tetrachloride was dried over magnesium sulfate and distilled from phosphorus pentoxide
through a 25-cm. Vigreux column. Lower yields were obtained when either the glassware or reagents
were not dried.

2. Geraniol was purchased from Koch-Light Laboratories (>98% pure), dried over potassium carbonate
and distilled through an 8-cm. Vigreux column, b.p. 108-109° (8 mm.). The checkers used geraniol
purchased from Aldrich Chemical Co., Inc., and distilled it prior to use.

3. Triphenylphosphine, m.p. 80-81°, was obtained from Eastman Organic Chemicals and kept in a
drying pistol held at approximately 65° (1 mm.) for 18 hours prior to use. When only 10-20% excess
triphenylphosphine was employed the yield of geranyl chloride was approximately 75%, but the small
amount of unreacted geraniol which remained rendered product isolation more difficult.

4. A “Bantam-ware” distilling head and condenser assembly from Kontes Glass Co. (K-287100) was
used. Foaming may occur due to incomplete removal of solvent. This can be avoided by cooling the
distillation flask to approximately —50° and gradually lowering the pressure to 10 mm. The pot
temperature is then allowed to increase gradually to room temperature, and the distillation then proceeds
without difficulty.

5. The pure geranyl chloride has characteristic IR absorption (liquid film) at 845, 1255, and 1665 cm.™.
The use of these absorptions to assay mixtures of geranyl and linalyl chloride has been discussed in
detail.”? The 'H NMR spectrum (100 MHz., CCl,) shows absorption at  1.61 and 1.67 [2s, 6H, C=C
(CH,),), 1.71 [d, J = 1.4 Hz., 3H, C=C(CH,CH,], 2.05 (m, 4H, 2CH,), 3.98 (d, J = 8 Hz., 2H, CH,CI),
5.02 [m, 1H, CH=C(CH,),], and 5.39 (t of partially resolved m, 1H, C=CHCH,CI).

3. Discussion

Geranyl chloride has been prepared by allylic rearrangement of linalool using hydrogen chloride in
toluene solution at 100° or phosphorus trichloride in the presence of potassium carbonate at 0°.> The



conversion of geraniol to geranyl chloride has been reported using hydrogen chloride in toluene,’
phosphorus trichloride or phosphorus pentachloride in petroleum ether,* and thionyl chloride and
pyridine.>*7 These methods give mixtures>® of geranyl and linalyl chloride, which are difficult to
separate; tedious fractionation® is required to isolate the geranyl chloride. Procedures which give a pure
product involve treatment of geraniol (a) in ether—hexamethylphosphoric triamide (HMPA) with
methyllithium, followed by p-toluenesulfonyl chloride and lithium chloride in ether—HMPA;’ (b) in
2,4,6-collidine with lithium chloride in N,N-dimethylformamide, followed by methanesulfonyl
chloride;'® and (c) in pentane with methanesulfonyl chloride at —5°, followed by the addition of
pyridine.?

The present procedure is representative of a fairly general method of converting alcohols to
chlorides using carbon tetrachloride and a tertiary phosphine. The reaction occurs under mild,
essentially neutral conditions and, as illustrated by the present synthesis, may be employed to convert
allylic alcohols to the corresponding halide without allylic rearrangement.

Carbon tetrachloride serves as both solvent and halogen source. Several trivalent phosphorus
reagents may be employed, including triphenylphosphine,'’!>  tri-n-octylphosphine,'?  tri-n-
butylphosphine,’? and trisdimethylaminophosphine.!* The latter “more nucleophilic” phosphines react
more rapidly and under milder conditions than triphenylphosphine. When triphenylphosphine is
employed, the by-product, triphenylphosphine oxide, usually precipitates completely and is easily
removed by filtration. After evaporation of the solvent, the product is isolated in high purity by
distillation. On occasion, difficulties may be encountered in separating the alkyl halide from the
accompanying oxide. The presence of residual soluble organophosphine oxide may pose a serious
problem when attempting to isolate sensitive (e.g., allylic or optically active) halides and can lead to
loss of product, racemization, etc. This difficulty is usually resolved, as illustrated in the present
synthesis, by adding a diluent such as pentane to ensure precipitation. Although precise conditions will
undoubtedly depend on the specific substrate at hand, it is usually desirable to employ a modest excess
of the organophosphine. This is especially helpful for the preparation of sensitive halides since, by
ensuring complete consumption of alcohol, it simplifies the isolation procedure (Note 3) by avoiding the
possible necessity of a careful fractionation step.

Triphenylphosphine reacts with carbon tetrachloride!* or carbon tetrabromide's in the absence of
alcohols, forming the corresponding triphenylphosphine dihalomethylene ylide and triphenylphosphine

dihalide.
2CeHz)P + CXy — = @—szxz + QP‘K;

O

The mechanism has been viewed as involving either the formation of a pentacovalent phosphorus
intermediate,'*!> or alternatively, by initial nucleophilic attack on halogen, forming an intermediate
phosphonium species.'® These mixtures react with carbonyl compounds, providing a useful route to 1,1-
dihaloalkenes.!'%!517
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The success of the present method depends critically on the initial presence of an alcohol to trap the
intermediate phosphonium species.!” If the alcohol is added last, the R,P-CX, reaction described above
(an exothermic process for the more nucleophilic phosphines) may go to completion, in which case little
or no alkyl halide is formed.'* Since the reaction displays several characteristics of an S 2 process, it is
thought to proceed by the pathway illustrated:

RiP + CXy —» R3PXCXa
RiPXCX; + R'OH —m R3PXOR' +
HCX:
R;PXOR' — 3= R:POR'Y

R POR'X — = R'X + AP0

Yields of chlorides are good to excellent for primary and secondary alcohols, but a competing
olefin-forming elimination process renders the method of limited value for preparing tertiary chlorides.'”
An adaptation of the procedure using carbon tetrabromide allows the synthesis of alkyl bromides. Some
examples are the preparation of #-pentyl bromide (97%) and benzyl bromide (96%).'? Farnesyl bromide
has been prepared in 90% yield from farnesol.??

The advantages of the carbon tetrahalide—organophosphine—alcohol preparation of halides are



simplicity of experimental procedure, good yields, relatively mild, essentially neutral reaction

conditions, and absence of allylic rearrangements. The reaction proceeds with inversion of configuration
and is a useful simple device for converting optically active alcohols to chiral halides in high optical
purity.'>23
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)



petroleum ether
geranyl and linalyl chloride
organophosphine oxide
triphenylphosphine dihalomethylene ylide
triphenylphosphine dihalide
HMPA
potassium carbonate (584-08-7)
hydrogen chloride (7647-01-0)
ether (60-29-7)
phosphorus pentachloride (10026-13-8)
thionyl chloride (7719-09-7)
ALLYLIC ALCOHOLS (107-18-6)
carbon tetrachloride (56-23-5)
pyridine (110-86-1)
toluene (108-88-3)
phosphorus trichloride (7719-12-2)
Methyl iodide (74-88-4)
Pentane (109-66-0)
carbon tetrabromide (558-13-4)
magnesium sulfate (7487-88-9)
benzyl bromide (100-39-0)
N,N-dimethylformamide (68-12-2)
2,4,6-collidine (108-75-8)
phosphine (7723-14-0)
geraniol (106-24-1)

Methyllithium (917-54-4)



Lithium chloride (7447-41-8)
Methanesulfonyl chloride (124-63-0)
triphenylphosphine (603-35-0)
triphenylphosphine oxide (791-28-6)
trisdimethylaminophosphine (1608-26-0)
hexamethylphosphoric triamide (680-31-9)
tri-n-butylphosphine (998-40-3)
p-Toluenesulfonyl chloride (98-59-9)
farnesol
Linalool (78-70-6)

Geranyl chloride,
2,6-Octadiene, 1-chloro-3,7-dimethyl-, (E)- (5389-87-7)

Farnesyl bromide
n-pentyl bromide (110-53-2)
phosphorus pentoxide (1314-56-3)
tri-n-octylphosphine (4731-53-7)
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