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Esters of a-Arylalkanoic Acids from Masked ' a-Halogenoalkyl Aryl 
Ketones and Silver Salts : Synthetic, Kinetic, and Mechanistic Aspects 
By Claudio Giordano,", t Graziano Castsldi,t Francesco Casagrande, and Aldo Belli, lstituto G. Donegani 

S.p.A., Via G. Fauser 4, 281 00 Novara, Italy 

A method for the synthesis of alkyl esters of a-arylalkanoic acids is given, based on silver-ion-assisted (AgBF,, 
AgOS02CF3, AgSbF6, AgN03) solvolysis of alkyt acetals of primary and secondary a-halogenoalkyl aryl ketones 
(Hal = I, Br, CI) in an alcoholic medium (methanol, ethanol). The reaction is quite selective and alkyl esters are 
the only reaction products ; ethers, which are possibie substitution products, are not found. The importance of 
masking the carbonyl as the acetal is emphasised. The reaction is found to be first-order in AgBF, and in the 
primary a-halogeno acetal. A three-point Hammett correlation (p = -3.29) between Q+ and the rate constants 
suggests a large cationic contribution as well as strong aryl participation in the transition state. 

The role played by the oxygen of the acetal group in the specificity of the reaction is discussed in comparison with 
the reactivity of analogous compounds with saturated skeletons and ot a-halogenoalkyl aryl ketones. 

THE use of masking reagents1 that alter the normal 
reactivity of a functional group is a convenient artifice 
for performing synthetic operations to reverse the 
reactivity pattern of the substrate. Thus, the reactivity 
of such reagents is becoming an essential part of synthetic 
strategies. 

In this paper we report the synthesis of esters of a- 
arylalkanoic acids from a-halogenoalkyl aryl ketones, the 
success of which depends on masking the carbonyl 
group present in the starting ketones. Esters, so 
obtained, are converted by hydrolysis into the 
corresponding a-arylalkanoic acids ; the importance of 
this class of compounds is well ~ ~ o w I I . ~ ~ ~  

Synthesis of esters of a-arylalkanoic acids from masked 
alkyl aryl ketones have been reported previously; thus, 
the intermediate formation of masked carbonyls as the 
hemiacetals has been postulated in the oxidative re- 
arrangement of alkyl aryl ketones with thallium(II1) 
and lead(1v) salts to esters of a-arylalkanoic acids. 
Moreover, masked carbonyls (as acetals) have been 
invoked to explain the formation of methyl esters of 
a-arylalkanoic acids in the reaction of a-bromoalkyl aryl 
ketones with silver salts in methanol (Scheme 1) .  

carbonyl group by inhibiting substitution reactions, thus 
favouring the migration of the aryl group. 

This last consideration is substantiated by the reaction 
between chalcones and thallium(IrI) salts,' where it is 
underlined by the more facile aryl migration in aryl 
acetals with respect to aryl ketones. Some data con- 
cerning the silver hexafluoroantimonate-assisted re- 
arrangement of tertiary and benzylic secondary a-bromo- 
alkyl aryl acetals have been reported in connection with 
work related mainly to the substitution or elimination 
of bromine in a-bromoalkyl aryl ketones by nucleo- 
philes.*s9 However, this work does not give an idea of 
the general synthetic potential of this kind of rearrange- 
ment. 

As a matter of fact, to the best of our knowledge, the 
rearrangement of primary and non- benzylic secondary a- 
halogenoalkyl aryl acetals (which are the most important 
from a practical point of view; 2 9 3  see Table, entries 
n, 0, q, and t) has never been reported. 

RESULTS AND DISCUSSION 

Our method consists of the addition at 40 "C of a silver 
salt (silver tetrafluoroborate, hexafluoroantimonate, tri- 

0 0 
II CH30H II 

Ar-C-CH-Br 4- Agi Ar-C-CH-OCH3 + Ar-CH-COzCH3 + AgBr + H+ 
I I I 
R R R 

SCHEME 1 

This method suffers from limitations which are related 
to  the presence of the carbonyl group in equilibrium with 
the acetal: the presence of the carbonyl favours sub- 
stitution (a-methoxyalkyl aryl ketones are the main 
reaction by-products,6 Scheme 1) and elimination 
reactions (formation of a$-unsaturated ketones 6). We 
thought that these disadvantages might be overcome by 
converting the carbonyl group of the starting a-halogeno- 
alkyl aryl ketones into an acetal group. The acetal 
group changes the stereoelectronic properties of the 

t Present address: Zambon Chimica S.p.A., Via Dovaro 26, 
36045 Almisano di Lonigo, Vicenza, Italy. 

fluoromethanesulphonate, or nitrate), to an alcoholic 
solution of a primary or secondary a-halogenoalkyl aryl 
acetal. Generally, the acetal is generated in situ from 
the corresponding a-halogenoalkyl aryl ketone, a trialkyl 
orthoformate (trimethyl orthoformate or triethyl ortho- 
formate) and an alcohol (methanol or ethanol) in the 
presence of a catalytic amount of acid (Scheme 2, Table). 

Yields of esters, based on the converted a-halogeno- 
acetals, are almost quantitative ; the unchanged a- 
halogeno-acetals can be recovered as such or as free 
a-halogeno-ketones. The converted silver can be re- 
covered, at the end of the reaction, as a silver halide 
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(AgX) by simple filtration; the unchanged silver can be 
precipitated with gaseous hydrogen chloride and 
recovered as above. 

The amount of ester is related stoicheiometrically to 
the converted silver salt, determined as the silver halide 
(AgX). The method has been applied successfully to the 
preparation of methyl and ethyl esters of 2-(6-methoxy- 
2-naphthy1)propionic acid (Table, entries n, q, and t) and 
the methyl ester of 2-(4-isobutylphenyl)propionic acid 
(Table, entry 0) ; after hydrolysis these esters give rise to 
the formation of the free acids which are well known as 
anti-inflammatory drugs under the commercial names of 
Naproxen and Ibuprofen, respectively. 

0 
II 

OR2 
H+. R ~ O H  I 

stituents (although this was calculated on a limited 
number of substituents) and the corresponing rate 
constants has been found: p = -3.29 (r2 = 0.994). 

Thus, the rearrangement rate is strongly influenced 
by the polar character of the substituents; electron- 
releasing groups increase and electron-withdrawing 
groups decrease the reaction rate. This has synthetic 
implications, as shown by the results in the Table. 
For example, 95% of the methyl acetal of 2-bromo-4'- 
methoxyacetophenone (entry a) is converted in 2 h, 
whereas only 17% of the methyl acetal of 2-bromo- 
3'-chloroacetophenone (entry j) is converted in 48 h. 

The strong polar effect of aryl substituents indicates a 

Ar-C-CH-X - Ar-C-CH-X - 
H c (  OR^ I I I  

OR2 R' 
I 
R' 

( 1 )  ( 2 )  

Ar-CH-C02R2 + AgX 
I 
R' 

( 3 )  

i OH- 
i i  H* 

Ar -CH-C02H 
I 
R' 
( 4 )  

SCHEME 2 

Silver tetrafluoroborate, hexafluoroantimonate, and 
trifluoromethanesulphonate are preferred to silver 
nitrate because they, unlike the last-named salt, are very 
soluble in the alcoholic medium and a high concentration 
can be used. 

It is worth noting that no formation of substitution 
products has been observed with silver nitrate, which is 
known to give a-keto-nitrates lo with a-halogeno- 
ketones. Moreover, substitutioi products are not 
formed with a-iodo-acetals. 

The specificity and the consequent considerable 
synthetic interest of the rearrangement prompted us to 
investigate the kinetics of the reaction in order to 
acquire a deeper understanding of its mechanism. The 
kinetic study was carried out for the reaction between the 
methyl acetals of primary a-bromoalkyl aryl ketones and 
silver tetrafluoroborate in methanol a t  25 "C (see 
Experimental section). Second-order kinetics were 
observed for a t  least two half-lives. The reaction was 
first-order in AgBF, and in the a-bromo-acetal, clearly 
indicating that the rate-determining step occurs in the 
interaction between the a-bromo-acetal and the silver 
ion. The following rate constants were calculated : 
6.24 x lo4 1 mol-l s-l (r2 = 0.994), 1.23 x 10" 1 mol-l 
s-l (r2 = 0.995), and 1.80 x lo* 1 mol-l s-l (r2 = 0.996) 
for 2-bromo-1 , 1 -dimet hoxy-l-(4'-met hoxypheny1)- 
ethane, 2-bromo-l , l-dimethoxy-l-(4'-methylphenyl)- 
ethane and 2-bromo-l , l-dimethoxy-l-phenylethane , 
respectively . 

A good Hammett correlation between Q+ of the sub- 

large cationic contribution or a strong aryl-participation 
in the transition state (Scheme 3). Moreover, the order 
of reactivity of the a-halogeno-acetals (I > Br > C1) 
is that expected on the basis of the C-X bond energy,ll 
taking into account the fact that the C-X bond is 
broken in the rate-determining step. Thus, 87% of the 
methyl acetal of 2-iodo-4'-methoxyacetophenone is 
converted in 15 min at 15 "C, 47% of the methyl acetal 
of 2-bromo-4'-methoxyacetophenone is converted in 1 h 
at 25 "C, and less than 1% of the methyl acetal of 2- 
chloro-4'-methoxyacetophenone is converted in 1 h at 
25 OC.* 

Comparison of the rates of the silver-ion-assisted 
methanolyses of 2-aryl-l-bromoalkanes with those of 
the structurally related l-aryl-2-bromo-l,l-dimethoxy- 
alkalies (which differ only from the former in the presence 
of 1-methoxy-groups) should give information on the 
effect of the presence of methoxy-groups on the solvoly- 
sis. Such a comparison was possible because the silver- 
ion-assisted (AgBF,) methanolysis of primary bromo- 
alkanes provides l-methoxyalkanes, f under our standard 
solvolysis conditions, in high yields. 

The results of the competitive solvolysis (see Experi- 

* The different reaction conditions are required because of 
the observed low stability of the a-iodoketone and of the 
a-iodoacetal. 

t A convenient procedure to convert 1-bromoalkanes into 
1 -methoxyalkanes was developed during our investigations. 
According to this new procedure, the 1-bromoalkane was dissolved 
into a solution of silver ions in BF,*SCH,OH (See Experimental 
section) and allowed to react at 26 OC for a few hours. 
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mental section) between 2-bromo-1,l-dimethoxy-1- 
phenylethane and the structurally related compound 1- 
bromo-2-phenylethane indicate that the presence of the 
acetal-oxygens strongly depresses the solvolysis rate : 
thus, under conditions where 1-bromo-2-phenylethane 
was almost completely converted into l-methoxy-2- 
phenylethane, 2-bromo-l , 1 -dimethoxy-1 -phenylet hane 
was almost unchanged. 

OR2 
I 

( 2 )  

+ 

+ 

+ 

/OR2 

( 3 )  
SCHEME 3 

Similar behaviour was shown by other primary bromo- 
alkanes, such as 1-bmmo-3-phenylpropane and l-bromo- 
octane (see Experimental section). This implies that 
acet al-oxygens, because of their inductive, electron- 
withdrawing effect, reduce the extent of the interaction 
between the bromine atom and the silver ion, thus 
making the solvolysis reaction difficult. A similar 
interpretation has been used to explain the decreased rate 
observed in the solvolysis of 1-halogeno-2-methoxy- 
alkanes with respect to l-halogenoalkanes.12 

From the above considerations and from the available 
data 13a on the silver-ion-assisted alcoholysis of a-halo- 
genoalkyl aryl ketones it is seen that the solvolysis rate 
for Ar = phenyl increases in the order: a-halogeno- 
alkanes N a-halogeno-ketones % a-halogeno-acetal~.~~b 
The difference in behaviour between a-halogeno-ketones 
and a-halogeno-acetals is mainly due to the polarizability 
of the carbonyl group, which makes the formation of 
substitution products l4 easier. 

The difference in reactivity between a-halogeno- 
acetals and a-halogeno-ketones towards substitution is 
thus well established. To explain correctly the difference 
in behaviour between a-halogeno-acetals and a-halo- 
geno-ketones towards rearrangement, the following has 
to be kept in mind: it is likely that, in the silver- 
ion-assisted methanolysis of a-bromoalkyl aryl ketones,6 
which provides esters and ethers (Scheme l), the small 
amount of acetals and hemiacetals present in equili- 
brium with the ketones strongly contributes to ester 
formation; this means that aryl migration is not 

favoured for primary and secondary a-bromoalkyl aryl 
ketones. This was expected on the basis of the available 
data on the silver-ion-ethanolysis l3a in which only ethers 
are formed; the reaction is quite insensitive to the sub- 
stituents on the phenyl ring ( p  = 0) and therefore is not 
assisted by the aromatic ring.136 

The difference in migratory aptitude of the aryl group 
observed in a-halogenoalkyl aryl acetals with respect to 
a-halogenoalkyl aryl ketones is, in our opinion, related 
to their different setereoelectronic characteristics. The 
sp3 hybridization of the carbon which is bonded to the 
aromatic ring in the acetal structures should favour aryl 
migration with respect to the sp2 hydridization of the 
same carbon in the ketones. 

The two oxygens of the acetal group should destabilize 
the positive charge present in the transition state less 
than the carbonyl group, thus favouring the formation 
of the cationic (Scheme 3) precursor of the alkyl ester of 
a-arylalkanoic acids. 

The present procedure constitutes the method of choice 
for the conversion of a-halogenoalkyl aryl ketones into 
a-arylalkanoic acids. Moreover, this method, based on 
the masking of a functional group, provides an addi- 
tional and significant example of the importance of 
changing the normal nature of a functional group in 
planning a synthetic strategy. 

EXPERIMENTAL 

Unless stated otherwise, lH n.m.r. spectra were taken a t  
60 MHz for solutions in deuteriochloroform, relative to 
internal tetramethylsilane. The chemical shifts are expres- 
sed in G(p.p.m.). 

In general, spectra were recorded for convenience on a 
2 Hz/mm scale; for this reason the shifts given are not 
more accurate than f0.03 p.p.m., and the coupling con- 
stants are not more accurate than 1.8 Hz ; however, these 
are sufficiently precise for our work. 1.r. spectra were 
taken for Nujol mulls; positions of interesting absorption 
are quoted to f 5 cm-l. Vapour-phase chromatography 
analysis was performed on a Hewlett-Packard 7620 A 
instrument using a Glass column (2 m x 2 mm), containing 
UCCW 9821 10% on Chromosorb W AW-DMCS, 80-100 
mesh. Analytical t.1.c. was performed on precoated 
silica-gel with a fluorescent indicator supplied by Merck. 
Visualization was accomplished under U.V. light. The 
removal of the solvent under reduced pressure refers to the 
evaporation of the solvent at  aspirator pressure on a Buchi 
rotary evaporator. M.p.s, measured on a Kofler a.pparatus, 
are not corrected. Elemental analyses were carried out on 
a Hewlett-Packard instrument (C f0.2; H 60.2%). 

Anhydrous silver tetrafluoroborate was purchased from 
Fluka, as were 1-bromo-3-phenylpropane and l-bromo- 
octane. 1-Bromo-2-phenylethane was prepared according 
to a known procedure.15 

The crude a-arylalkanoic acids obtained by hydrolysis of 
the reaction mixture were isolated pure and identified by 
comparison with authentic samples. The a-bromoalkyl 
aryl ketones and 2-iodo-4'-methoxyacetophenone are known 
and were prepared according to previously reported pro- 
cedures. 16-1D 

Preparation of 2-ChZoro-4'-methoxyacetophenone.-Chloro- 
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acetyl chloride (11.3 g, 8 ml, 0.1 mol) was added dropwise 
during 30 min with stirring a t  - 10 "C to a mixture of alu- 
minium chloride (14.6 g, 0.11 mol) in methylene dichloride 
(100 ml). The reaction mixture was stirred a t  - 10 "C for an 
additional 30 min. Anisole (10.8 g, 10.9 ml, 0.1 mol) was 
added during 1 h with stirring a t  - 10 "C and the reaction 
mixture was allowed to warm to room temperature and then 
stirred for 2 h. It was then poured into a mixture of con- 
centrated hydrochloric acid and crushed ice and extracted 
with methylene dichloride (2 x 200 ml). The combined 
organic extracts were washed with 2% aqueous sodium 
hydrogen carbonate and water and dried (Na,SO,) . Evap- 
oration of the solvent under reduced pressure gave 2- 
chloro-4'-methoxyacetophenone (14.5 g, 0.0785 mol, 78.5%). 
An analytically pure product was obtained by crystallization 
from methanol, m.p. 97-98 "C (lit.,20 m.p. 96-99 "C), 
6 3.83 (s, 3 H), 4.63 (s, 2 H), and 6.8-8.1 (AA'BB', 4 H);  
vmx. 1 685 cm-l (CO). 

Preparation of 2-Chloro-4'-isobutylpropiophenone.-A mix- 
ture of anhydrous copper(I1) chloride (13.5 g, 0.1 mol), 
lithium chloride (3.2 g, 0.076 mol), 4'-isobutylpropio- 
phenone (9.33 g, 0.049 mol), and dimethylformamide (40 ml) 
was stirred at  80 "C for 3 h. The solution was poured into 
2 yo hydrochloric acid and extracted with diethyl ether 
(3 x 50 ml). The combined organic extracts were washed 
with water and dried (Na,SO,). Evaporation of the solvent 
under reduced pressure gave a residue which, after crystal- 
lization from methanol, gave 2-chloro-4'-isobutylpropio- 
phenone (6.36 g, 0.028 mol, 58%) as an analytically pure 
product, m.p. 53.5-54.5 "C; 6(CC14) 0.89 (d, 6 H, J 7 Hz), 
1.75 (d, 3 H, J 7 Hz), 1.80 (m, 1 H), 2.53 (d, 2 H, J 7 Hz), 
5.20 (4, 1 H, J 7 Hz), and 7.1-8.1 (AA'BB', 4 H ) ;  vmax. 
1 680 cm-l (CO). 

Preparation of Alkyl Acetals of Primary a-Halogenoalkyl 
A ryl Ketones and their Reaction with Silver Salts.-General 
procedure. A mixture of the a-halogenoalkyl aryl ketone 
(10 mmol), trialkyl orthoformate (20 mmol), alcohol (10 ml), 
and anhydrous toluene-p-sulphonic acid (0.6 mmol) was 
stirred at  40 "C until the a-halogeno-ketone had been 
completely converted into the a-halogeno-acetal (the 
reaction time is reported below for each compound). The 
reaction was monitored by lH n.m.r. of the reaction solution 
and significant changes in the resonances of the aromatic 
protons were observed. 

In parallel experiments, the reaction solution was poured, 
with vigorous stirring, into saturated aqueous sodium 
carbonate and extracted with diethyl ether (3 x 50 ml). 
The combined organic extracts were washed with 2% 
aqueous sodium hydrogen carbonate and dried (Na,CO,) . 
Evaporation of the solvent under reduced pressure gave the 
a-halogenoalkyl aryl acetal as the crude product. 

Reaction time and Physical data for the a-halogeno- 
acetals. 2-Bromo-1,l-dimethoxy- 1-(4-methoxyphenyl)- 
ethane (2a), 1 h, m.p. 56-58 "C (methanol); 6 3.20 (s, 6 H),  
3.60 (s, 2 H), 3.79 (s, 3 H), and 6.7-7.5 (AA'BB', 4 H);  
2-bromo-1 ,l-dimethoxy-l-(2-methoxyphenyl)ethane (2b), 3 
h ; 2-bromo-l,l-dimethoxy-l-(3-methoxyphenyl)ethane 
(2c), 4 h ;  2-bromo-l,l-dimethoxy-l-(~-tolyl)ethane (2d), 
1 h ; l-biphenyl-4-yl-2-bromo-l,l-dimethoxyethane (2e), 
3 h, m.p. 86-88 "C (methanol), 6 3.22 (s, 6 H),  3.63 (s, 
2 H), and 7.0-7.8 (m, 9 H) ;  2-bromo-1,l-dimethoxy-1- 
(2-naphthy1)ethane (2f), 3 h ;  2-bromo-1,l-dimethoxy-1- 
( 1-naphthyljethane (2g), 7 h; 2-bromo-l,l-dimethoxy- 1- 
phenylethane (2h), 2 h, m.p. 46-47 "C (sublimed a t  0.25 
mmHg) [lit.,21 m.p. 46-46.9 "C]; 6 3.18 (s, 6 H), 3.58 

(s, 2 H), and 7.3 (m, 5 H); 2-bromo-l-(4-chlorophenyl)- 
1,l-dimethoxyethane (2i), 3 h; 2-bromo-l-(3-chlorophenyl)- 
1 ,I-dimethoxyethane (2j), 16 h ; 2-iodo-1,l-dimethoxy- 1- 
(4-methoxypheny1)ethane (2k), 3 h ;  2-chloro-1,l-dimeth- 
oxy-l-(4-methoxyphenyl)ethane (21), 1 h;  and 2-bromo- 
1 ,l-diethoxy-l-(4-methoxyphenyl)ethane (2m), 3 h, m.p. 
55-56 "C (methanol); 6 1.23 (t, 6 H, J 7 Hz), 3.47 (9, 
4 H, J 7 Hz), 3.57 (s, 2 H), 3.80 (s, 3 H), and 6.7-7.5 
(AA'BB', 4 H). 

Rearrangement procedure. The general procedure for 
rearrangement is given for the preparation of the methyl 
ester of 4-methoxyphenylacetic acid (entry a, Table) : 
anhydrous silver tetrafluoroborate (2.92 g, 15 mmol) was 
added, with stirring and under nitrogen, a t  40 "C to the 
previously prepared solution of 2-bromo- 1,l-dimethoxy- 1- 
(4-methoxypheny1)ethane (10 mmol) and the mixture stirred 
a t  40 "C for 2 h in a dark-glass reactor. The insoluble 
material was filtered off, washed with methanol and diethyl 
ether, and dried in vacuo in the dark to give silver bromide 
(1.78 g, 9.5 mmol, 95% based on the starting acetal). The 
organic layer of the mother liquor was poured into distilled 
water (100 ml) and extracted with diethyl ether (3 x 80 ml). 
The combined organic extracts were washed with water and 
dried (Na,SO,) . Evaporation of the solvent under reduced 
pressure gave the methyl ester of 4-methoxyphenylacetic 
acid (1.71 g, 9.5 mmol, 95%) as an oil. An analytically 
pure sample was obtained by distillation, b.p. 142-143 "C 
a t  16 mmHg [lit.,2, b.p. 141-142" a t  16 mmHg]; 6 3.48 
(s, 2 H), 3.59 (s, 3 H), 3.67 (s, 3 H), and 6.6-7.2 (AA'BB', 
4 H) ; v,, 1 740 cm-l (CO). 

In a parallel experiment, the crude reaction mixture was 
dissolved in a solution of 30% aqueous sodium hydroxide 
(15 ml) in methanol (50 ml) and stirred a t  room temperature 
for 4 h. It was then poured in water, extracted with 
diethyl ether (2 x 50 ml) and the aqueous phase acidified 
with concentrated hydrochloric acid and extracted with 
diethyl ether (3 x 80 ml). The organic extract was 
washed with water and dried (Na,SO,). Evaporation of 
the solvent under reduced pressure gave 4-methoxyphenyl- 
acetic acid (1.53 g, 9.2 mmol, 92%), m.p. 86-88 "C (lit.,28 
m.p. 83-84 "C); 6 3.59 (s, 2 H), 3.80 (s, 3 H), 6.8-7.3 
(AA'BB', 4 H), and 11.40 (s, 1 H);  vmX. 1 710 (CO) and 
3 120 cm-l (OH). 

Preparation of Alkyl Acetals of Secondary a-Halogenoalkyl 
A ryl Ketones and their Reaction with Silver Salts.-Prepar- 
ation of 2-bromo-l,1-dimethoxy-l-(6-methoxy-2-naphthy1)- 
propane. A mixture of 2-bromo-l-(6-methoxy-2-naph- 
thy1)propan-1-one (25.7 g, 0.088 mol), trimethyl ortho- 
formate (27.2 g, 27.7 ml, 0.26 mol), methanesulphonic acid 
(0.17 g, 0.0017 mol), and methanol (70 ml) was stirred a t  
45 "C for 24 h. The reaction mixture then was poured, with 
vigorous stirring, into saturated aqueous sodium carbonate 
and extracted with diethyl ether (2 x 200 ml). The com- 
bined organic extracts were washed with 2% aqueous sodium 
hydrogen carbonate and dried (Na2C0,) . Evaporation of 
the solvent under reduced pressure gave 2-bromo- 1,l- 
dimethoxy-l-(6-methoxy-2-naphthyl)propane (29 g, 0.086 
mol, 98%) as the crude product. Crystallization from 
methanol gave the bromo-acetal (23 g, 0.068 mol, 80%) as 
the analytically pure product, m.p. 87-89 "C; 6 1.53 (d, 
3 H, J 7 Hz), 3.26 (s, 3 H), 3.43 (s, 3 H), 3.90 (s, 3 H), 4.50 
(q, 1 H, J 7 Hz), and 7.0-8.0 (m, 6 H). 

Preparation of 2-chloro-1 , 1-dimethoxy- 1-(4-isobutylPhenyl) - 
propane. A mixture of 2-cNoro-4'-isobutylpropiophenone 
(11.2 g, 0.05 mol), trimethyl orthoformate (21.2 g, 20 ml, 
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0.2 mol), methanesulphonic acid (0.8 g, 0.008 mol), and 
methanol (50 ml) was stirred and heated under reflux, for 
24 h. The reaction solution was poured, with vigorous 
stirring, into saturated aqueous sodium carbonate and 
extracted with diethyl ether (2 x 50 ml). The combined 
organic extracts were washed with 2% aqueous sodium 
hydrogen carbonate and dried (Na,CO,) . Evaporation of 
the solvent under reduced pressure gave 2-chloro-1,l- 
dimethoxy- 1- (4-isobutylpheny1)propane ( 13 g, 0.0485 mol, 
97%) as an oil; 6 0.90 (d, 6 H, J 7 Hz), 1.28 (d, 3 H, J 
7 Hz), 1.80 (m, 1 H), 2.46 (d, 2 H, J 7 Hz), 3.16 (s, 3 H),  
3.33 (s, 3 H), 4.33 (9, 1 H, J 7 Hz), and 6.7-7.6 (AA'BB', 
4 H). 

Preparation of 2-bromo- 1, l-diethoxy- 1-( 6-methoxy-2'- 
naphthyZ)propane. A solution containing 2-bromo- 1,l- 
dimethoxy-l-(6-methoxy-2-naphthyl)propane (33.9 g, 0.1 
mol), triethyl orthoformate (13.4 g, 0.09 mol), and methane- 
sulphonic acid (1 g, 0.01 mol) in ethanol (300 ml) was kept 
a t  45 "C for 2 h. It was then poured, with vigorous stirring, 
into saturated aqueous sodium carbonate and extracted 
with diethyl ether (2 x 150 ml). The combined organic 
extracts were washed with 2% aqueous sodium hydrogen 
carbonate and dried (Na,CO,). Evaporation of the solvent 
under reduced pressure gave 2-bromo-l,l-diethoxy-l-(6- 
methoxy-2-naphthy1)propane (36.7 g, 0.1 mol, 1OOyo) as an 
oil; 6(CCl,) 1.23 (t, 6 H, J 7 Hz), 1.53 (d, 3 H, J 7 Hz), 
3.43 (q, 4 H, J 7 Hz), 3.90 (s, 3 H), 4.50 (9, 1 H, J 7 Hz), and 
7.0-8.0 (m, 6 H). 

Rearrangement procedure. The general procedure of 
rearrangement is given for the preparation of the methyl 
ester of 2- (6-methoxy-2-naphthy1)propionic acid (entry n, 
Table) : anhydrous silver tetrafluoroborate (2.92 g, 15 
mmol) was added, with stirring and under nitrogen, a t  
40 "C, to a solution of 2-bromo- 1, l-dimethoxy- 1-( 6-meth- 
oxy-2-naphthy1)propane (3.39 g, 10 mmol) and trimethyl 
orthoformate (2.12 g, 2.16 ml, 20 mmol) in methanol (10 ml). 
The reaction mixture was stirred at  40 "C for 1 h in in a dark- 
glass reactor. The insoluble material was filtered off, washed 
with methanol and diethyl ether, and dried in the dark to give 
silver bromide (1.88 g, 10 mmol, lOOyo based on the starting 
acetal). The remaining solution was poured into distilled 
water (100 ml) and extracted with diethyl ether (3 x 80 ml). 
The combined organic extracts were washed with water and 
dried (Na,SO,) . Evaporation of the solvent under reduced 
pressure gave the methyl ester of 2- (6-methoxy-2-naph- 
thy1)propionic acid (2.42 g, 9.9 mmol, 99%) as a solid 
residue. An analytically pure product was obtained by 
crystallization from methanol, m.p. 87-88 "C (lit.,,, m.p. 
88 "C); 6 1.64 (d, 3 H, J 7 Hz), 3.72 (s, 3 H), 3.94 (9, 1 H, 
J 7 Hz), 3.98 (s, 3 H),  and 7.0-7.8 (m, 6 H ) ;  v,,,. 1 740 
cm-l (CO). 

In a parallel experiment the crude reaction mixture was 
dissolved in a solution of 30% aqueous sodium hydroxide 
(15 ml) in methanol (50 ml) and stirred a t  room temperature 
for 4 h. It was then poured into water, extracted with 
diethyl ether (2 x 50 ml) and acidified with concentrated 
hydrochloric acid. The precipitate was filtered off, washed 
with water and dried a t  80 "C in vacuo. 2-(6-Methoxy-2- 
naphthy1)propionic acid (2.26 g, 9.8 mmol, 98%) was 
obtained, m.p. 153-154 "C (lit.,24 m.p. 150-152 "C); 
6 1.55 (d, 3 H, J 7 Hz), 3.85 (9, 1 H, J 7 Hz), 3.88 (s, 3 H),  
7.0-7.8 (m, 6 H), and 10.80 (br, 1 H); vmax 1710 (CO) 
and 3 080 cm-l (OH). 

Kinetic Data.-Determination of the reaction order and 
rate constants for the reaction between the methyl acetal of some 

primary a-halogenoalkyl aryl ketones and salver tetraflzcoro- 
borate. A mixture of the 2-bromoalkyl aryl ketone (10 
mmol), trimethyl orthoformate (20 mmol) , anhydrous 
toluene-p-sulphonic acid (0.6 mmol) and methanol (20 ml) 
was kept, with stirring and under nitrogen, a t  25 "C ( f 0 . l  
"C) for 12 h. Silver tetrafluoroborate (1.95 g, 10 mmol) was 
added to the reaction solution and it was kept a t  25 "C 
( f 0 . l  "C). Aliquots (2 ml) were removed a t  suitable 
intervals, filtered and diluted with water; benzyl acetate or 
methylbenzoate was added (as internal standard) and the 
mixture extracted with diethyl ether (3 x 20 ml). The 
combined extracts were washed with water, dried (Na,S04), 
and analyzed by g.1.c. in order to determine the amount of 
methyl ester of the arylacetic acid present. 

A plot of the reciprocal of a - x (a = molar initial 
concentration of methyl acetal; x = molar concentration of 
the methyl ester of the arylacetic acid) versus time was 
found to be linear for a t  least two half-lives; the slope gave 
the k value for the following compounds. 2-Bromo-1,l- 
dimethoxy-l-(4-methoxyphenyl)ethane: k 6.24 x 10-4 1 
mol-l s-l (r2 = 0.994) ; 2-bromo-l,l-dimethoxy-l-(4-me- 
thylphenylethane: k 1.27 x 1 mol-1 s-l (I* = 0.995); 
2-bromo- 1, l-dimethoxy- l-phenylethane : k 1.80 x 1 
mol-l s-l (ra = 0.966). 

Competitive silver-assisted methanolysis between l-bromo- 
alkanes and 2-bromo- 1, l-dimethoxy- l-phenylethane. A mix- 
ture of 2-bromoacetophenone (0.995 g, 5 mmol), trimethyl 
orthoformate (1 ml, 10 mmol), methanol (9 ml), and 
anhydrous toluene-p-sulphonic acid (0.05 g, 0.3 mmol) was 
kept a t  25 "C, with stirring and under nitrogen, for 3 h. 
l-Bromo-2-phenylethane (0.925 g, 0.68 ml, 5 mmol) and 
then anhydrous silver tetrafluoroborate (1.95 g, 10 mmol) 
were added to this solution. The reaction mixture was kept 
a t  25 "C with stirring and in the dark, for 4 h and 2-methoxy- 
naphthalene (0.50 g, 3 mmol) was then added as internal 
standard. A sample was taken, filtered, poured into 2% 
aqueous sodium hydrogen carbonate, extracted with 
diethyl ether and analyzed by g.1.c. It was found to con- 
tain l-methoxy-2-phenylethane (0.56 g, 4.5 mmol, 90%) ; 
the methyl ester of phenylacetic acid (less than 2%). 

Following to the above procedure, a competitive reaction 
between l-bromo-3-phenylpropane and 2-bromo- 1, l-dimeth- 
oxy-l-phenylethane (reaction time 4 h) gave the following 
results: l-methoxy-3-phenylpropane (0.74 g, 4.91 mmol, 
98%) ; the methyl ester of phenylacetic acid (less than 2%). 

Similarly a competitive reaction between l-bromo-octane 
and 2-bromo- 1, l-dimethoxy- l-phenyl- l-ethane (reaction 
time 4 h) gave the following result: l-methoxyoctane (0.54 
g, 3.75 mmol, 75%) ; the methyl ester of phenylacetic acid 
(less than 2%). 

Preparation of l-methoxyalkanes. l-Methoxyalkanes, 
used as reference products, were prepared according to the 
following, new procedure: silver carbonate (8.27 g, 30 
mmol) was added, a t  25 "C, in portions to a stirred mixture 
of BF,*2CH30H (15 g, 113 mmol), trimethyl orthoformate 
(3.92 g, 4 ml, 40 mmol) and methanol (20 ml). After 
evolution of carbon dioxide had ceased, l-bromo-2-phenyl- 
ethane (7.4 g, 5.44 ml, 40 mmol) was added dropwise during 
5 min to the above solution. The reaction mixture was 
stirred at  25 "C for 2 h in the dark. The insoluble material 
was filtered off, washed with diethyl ether, and dried 
in the dark to give the silver bromide (6.74 g, 36 mmol, 
90% based on the starting bromoalkane). The remaining 
solution was poured into water (150 ml) and extracted with 
diethyl ether (3 x 80 ml). The combined organic extracts 
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were washed with water and dried (Na,SO,). Evaporation 
of the solvent under reduced pressure left l-methoxy-2- 
phenylethane as the crude product. An analytically pure 
sample was obtained by distillation, b.p. 82-83 "C at 18 
mmHg (lit.,25 192-193 "C a t  766 mmHg). 

Following the above procedure l-methoxy-3-phenyl- 
propane, b.p. 142-144 "C at 68 mmHg (lit.,26 213 "C a t  766 
mmHg) and l-methoxyoctane, b.p. 130-132 "C at 760 
mmHg, were obtained as analytically pure products. 

We thank Dr. L. Cassar and Professor F. Minisci for 
stimulating discussions. 
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