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Abotrac-Zinc salts of carboxylic acids, phenols and alcohols are found to rtact with tertiary alkyl halides 
in nonpolar solvents and in presence of a base vielding the corresponding esters and ethers in moderate 
to goob yields. 

Nucleophilic substitution at tertiary centre has at- 
tracted considerable attention in recent years. 
Aluminium’ and zinc2 alkyls have been found to 
react with tertiary alkyl halides to give quatemary 
derivatives and chlorides of zinc, copper, mercury 
and iron were found to catalyse substitution of 
tertiary alkyl chlorides by iodide) and azide’ ions. 
Very recently, nickel acetylacetonate was found to 
catalyse formation of t-alkyl aryl ethers.s We have 
recently repor&‘*’ that SNl active alkyl halides (i.e. 
t-alkyl, ally1 and benzyl halides) readily yield substi- 
tution products with salts of zinc, copper and silver 
under solvolytic conditions; the zinc salts were pre- 
ferred for convenience. Preferential substitution at 
tertiary centre without rearrangement or appreciable 
elimination required that the incoming nucleophile 
be close to the developing carbenium ion. To satisfy 
this condition and to explain the role of the metal ion, 
only moderately electrophilic metal ions being 
effective, we proposed an ionquadruplet inter- 
mediate (1) for substitution reactions at tertiary 
centre in general.’ 

R+X- 

Y-M+ 

1 

The solvolytic reaction described above is natu- 
rally limited in its applicability to hydroxylic and 
carboxylic compounds of low molecular weight 
which are liquids at ambient temperatures and exten- 
sion of the reaction to solid (or high viscosity liquid) 
carboxylic acids and alcohols was of interest. This 
requires a non-participating solvent and, as already 
recorded,’ a variety of polar solvents (such as ace- 
tonitrile, THF, DMF and DMSO) were unsuitable. 
However, in the light of the above mechanism it is 

tReferenccs 6 and 7 to be considered Parts 1 and 2 
respectively. 

possible to imagine that polar solvents could dis- 
sociate ionquadruplets of the type 1 by solvation 
and, conversely, solvents of low dielectric constant 
and high polarizability should facilitate substitution. 
Reaction of a-terpinyl chloride [rl(lchloro-l- 
methylethyl>l-methylcyclohexene] with zinc acet- 
ate in a series of solvents belonging to this group 

was therefore examined (Table 1). In almost 
all cases, no reaction occurred for several hours 
but once started, it quickly proceeded leading, 
within a few minutes, to almost complete elimi- 
nation and polymerization. Apparently, the zinc 
chloride formed in the initial reaction catalysed the 
elimination and it should be possible to prevent or 
control this reaction by addition of a suitable Lewis 
base. In fact, addition of pyridine (or triethylamine 
to a lesser extent) effectively controlled the elimi- 
nation process and yielded a-terpinyl acetate in 
moderate yields. Among the various solvents and 
temperature conditions studied (Table I), refluxing 
benzene containing one equivalent of pyridine was 
most convenient in terms of speed of reaction and 
yield of the product. 

Reaction of zinc acetate with other alkyl halides 
under the above conditions was then examined 
(Table 2). Both t-butyl chloride and bromide fur- 
nished t-butyl acetate, with the bromide giving higher 
yield of the product in a shorter time. ZButyl 
bromide was non-reactive after 100 h at reflux tem- 
perature in the presence of pyridine, but yielded 36% 
of the acetate after 40 h in the absence of pyridine. 
Evidently, zinc chloride formed in the reaction acted 
as a Lewis acid catalyst for the substitution reaction. 
I-Butyl bromide was una&cted on refluxing with 
zinc acetate in benzene for 100 h with or without 
pyridine. Benzyl halides were precipitated out of the 
solution with pyridine and in the absence of pyridine, 
the major product (70%) was diphenyhnethane (by 
Friedel4raft.s alkylation), the remainder being ben- 
zyl acetate. Use of collidine in place of pyridine 
prevented salt formation as well as Friedelxrafts 
alkylation but the reaction was extremely slow. The 
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reactivity of ally1 bromide was similar; however, 
( + )-rrms-carvyl chloride readily reacted with zinc 
acetate (in benzene, CHCI,, or CH,CQ and pyridine 
yielding a racemic mixture of cis and rranscarvyl 
acetates (1:2). These results parallel the known 
reactivity of these alkyl halides under solvolytic 
conditions, indicating that a similar mechanism may 
be operative even under non-solvolytic conditions. 
The above results indicated that the present condi- 
tions of substitution are conveniently applicable 
mainly for the preparation of tertiary alkyl esters 
from the corresponding tertiary alkyl halides and not 
for other substituted alkyl halides. Nevertheless, the 
reaction is applicable to the preparation of tertiary 
alkyl esters of several carboxylic acids and ethers of 
phenols and alcohols which are otherwise not easily 
accessible. Thus, the important flavour and per- 
fumery chemicals a-terpinyl benzoate, cinnamate, 
phenylacetate and phenoxyacetate could be con- 
veniently prepared from the readily available 
a-terpinyl chloride (Table 3). The zinc salt of the acid 
was prepared in situ by the reaction of zinc oxide (or 
carbonate) with the carboxylic acid in refluxing 
benzene. For large scale preparations the recovered 
acids could be recycled and the hydrocarbon byprod- 
uct (mainly a mixture of limonene and terpinolene 
in the ratio 3: 2) may be reused after partly con- 
verting to a-terpinyl chloride using hydrogen chlo- 
ride.’ Substitution of the carboxylic acid by an 
alcohol or phenol yielded the corresponding ethers. 

(10 mmol) and pytidine (10 mmol). The reaction was con- 
tinued until TLC (silica ge.1, hexane) showed that the 
terpinyl chloride was absent. The reaction mixture was 
washed with dil HCl, followed by sat aq. NaHCO,, dried 
and evaporated. a-Terpinyl acetate was isolated by column 
chromatography on silica gel (solvent, hexane: EtOAc: 
98: 2) and the yield of the product determined (Table I). 

Reaction of alkyd halides with Zn(OAch 
The alkyl halide (IOmmol) and Zn(OAc), (1Ommol) 

were stirred in benxene or chloroform under the conditions 
given in Table 2 and worked up as described above. The 
results are sununarised in Table 2. 

Preparation of Zinc Salts 
Zinc oxide (10 mmol) was stirred under refiux with the 

carboxylic acid, alcohol or phenol (2Ommol) in benzene 
(5Oml) for 2 h in a flask equipped with a Dean-Stark tube 
to remove water as it is formed. For small scale prepara- 
tions, it is convenient to replace the Dean-Stark tube with 
a small Soxhlet filled with anhyd.NasSO,, so that the 
condensed solvent is dried before it is returned to the 
reaction flask. Molecular sieves (3A or 4A type) were also 
used in alternative procedures. 

Preparation of the Esters and Ethers 

Use of t-butyl bromide in 50% excess of the 
theoretical amount improved the yield of t-butyl 
esters which can be very conveniently prepared by 
this method (Table 4). This method of preparation of 
t-butyl esters compares favourably with the other 
methods of preparation’ of these compounds which 
are widely used as alkali-stable protective groups in 
organic synthesis. 

To the above mixture containing the zinc salt and benxene 
was added the alkyl halide (20 mm01 of a-terpinyl chloride 
or 30 nun01 of t-butyl bromide) and pyridine (molar equiv- 
alent to the quantity of the halide). The mixture was stirred 
under reflux while the progress of the reaction was followed 
by ‘H NMR. At the end of the reaction, the unreacted acid 
or phenol was recovered by extraction with satd. aq. 
NaHCO, or aq. NaOH and acidification. The remainder of 
the reaction mixture was washed with dil HCI (to remove 
pyridine) followed by sat aq. NaHCO,, dried (Na,SO,) and 
evaporated. The pure ester is obtained by distillation under 
reduced pressure. When alcohols were used for 
etherification, the alcohol and the ether are conveniently 
separated by chromatography on silica gel. The properties 
and the yield of the isolated products are given in Table 3. 

The applicability of the above reaction to other 
proton-active substances such as thiols, thiol- 
alkanoic acids and substituted phosphorous acids is 
now under investigation. Preliminary results are en- 
couraging. 
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