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INTRODUCTION 

The reaction of metalation by organolithium reagents received intensive study 
following its introduction by Gilman and by Wittig prior to 1940’. A wide variety of 
the simpler aromatic substrates were studied before the advent of vapor phase chrom- 
atographic techniques and this work, with rare exceptions, involved only isolation 
and identification of the major product. 

We are carrying out a series of studies of the metalation of substituted aromatic 
rings for the determination of major and minor product distribution. The objectives 
of this work have been to observe the degree and nature of position selectivity exhib- 
ited by the metalating agent, the degree of steric control exercised by ring substituents, 
and the relationship of these data to the present ideas of the mechanism of the reac- 
tion. In an earlier paper2, which is a part of this study, the metalation of l-methoxy- 
naphthalene was examined. 

RESUi..TS AND DISCUSSION 

One early example ofcareful study of product distribution in the metalation 
reaction was by Roberts and Curtin who found the results as shown in (?) in the 

<.l 

metalation (ether reflux, 6 h) of benzotrifluoride by n-butyllithiun. In the prescnta- 
tion of this and most subsequent data in this paper, total metalation at ring and side 
chai.1 position is given a value of 100 ‘A and the numbers at the various positions are 
expressed in percentages of the total. The above data were obtained3 by conversion 
of the aryllithium mixture formed in the metalation to the corresponding carboxylic 
acids and the separation of the acids by crystallization techniques. Wc initiated our 
study by a repetition, under similar conditions, of the metalation of benzotrifluoridc 
with conversion to the carboxylic methyl esters and VPC analysis of the mixed esters, 
The results are as indicated in (11). 

Roberts and Curtin used n-butyllithium prepared from n-butyl chloride and 
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lithium in ether while in the present study commercial n-butyllithium in hexane wail 
used. We have noted earlier’ that product composition in the metalation of I-meth-’ 
oxynaphthalene differs in a manner apparently dependent upon whether the prepara: 
tion of n-butyllithium is in ether or in alkane solvent. 

Anisole was metalated with phenyllithium4 and n.,butyIlithium5 in the early 
work on metalation, and only ortho substitution was recorded. In our re-examination 
of this reaction, no metalation could be detected in the methoxyl group, at the meta; 
position or at the para-position, and it was demonstrated that as little as 0.1% could 
have easily been detected at any of these positions. Thus ortho-position attack by the 
metalation agent represents essentially all of the acidic products. Many reactions of 
aromatic substitution tend toward lower position selectivity with increase in reaction 
temperature. The above results were obtained at rel7ux temperature of the ether 
solvent and two additional runs were made, one in which tetrahydrofuran was the 
solvent and the other in which excess anisole was the solvent. Reaction product from 
runs at the reflux temperature of each of these solvents also showed essentially 100 “/, 
orlho-metalation. The yields (based on n-BuLi) of o-methoxybenzoic acid in these 
metalations were about 65’;/, in ether, 26”/, in tetrahydrofuran and 50/, in excess 
anisole. CIeavagc of THF by the n-BuLi was apparently faster than metalation, as 
was cleavage of anisole in the experiment at the reffux temperature of anisole. 

The metafation of m-cresol methyl ether has apparently never been reported. 
Anafysis ofcarboxylicacid esters from a metalation at ether reflux (3.75 h, 53 ‘xconver- 
sion of nl-cresol methyl ether) showed product distribution as shown in (III). It has 
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been demonstrated in a number of systems? that methyl and other alkyl groups 
deactivate a ring toward metalntion. and ring positions nearest the alkyl group are 
most deactivated. The above results exhibit the operation of this effect of the methyl 
group in directing the greater amount of substitution to the more remote of the two 
positions which ure adjacent to methoxyl. It could be considered that steric hindrance 
to substitution in the position between the methyl and methoxyl groups could also 
account for the results; however. the data discussed below, and in the following paper, 
demonstrate the low stcric requirement of the metalation reaction. 

Resorcinol dimethyl ether was shown enrIier4*’ to metalatc between the 
mcthoxyl groups in 50-70 % conversion. A careful analysis of product compositions 
resulting from metalations with n-BuLi in both ether and cyclohexane solvents at the 
fcflux tcmpcrature of the respective solvents gave the results shown in (XV). No 
products were dctccted representing metalution at the remaining ring position or in 
the mcthoxyl groups. Conversions observed were in the range of 60-75x. 

?CWlCHy 



METALATION OF ARQMATIC SUBSTRATES WITH II-BUTYLLI’I‘HIUM ‘II 

Phenetole has apparentIy never been metalated. The product distribution 
from equimolar amounts of reactants in ether at the reflux temperature are shown 
in (V). The product was examined carefully for evidence ofa-metalation in the ethoxyl 
group and none was found. Three reactions were run under the same conditions 
except for reaction times of 3.5, 6 and 27 hours. The conversions of phenetoIe to 
carboxylic acid were 32,39 and 63 % respectively. It is of interest that composition of 
the product from each of the three runs did not vary from the figures given above. It 
is apparent that the metalation of phenetole goes with high position selectivity in 
favor of the orrho-position, but the process is somewhat less selective than with anisolc. 

It has been long recognized4-8 that the principal factor in the mctalation reac- 
tion which determines the position of the entering lithium atom is the relativc”acidity” 
of the ring hydrogen atoms as influenced by the inductive effects of ring substitutents. 
This quite simple concept allows an effective correlation of the vast majority of 
aCCUmUhted data on the metalation of both aromatic and heterocyclic substrates 
with alkylaIkali compounds. A significant exception to this concept has been the 
report by Gilman and Bebb’ that biphenyl metalates with n-BuLi in the purca-posi- 
tion. Since a phenyl substituent has an inductive effect ofelectron attraction, it would 
be expected that the or&o-position would bc the principal point of attack. 

We carried out the metalation of biphenyl in ether for 48 hours at the reflus 
temperature. This substrate is attacked only slowly by n-Buti (but fastor than 
bcnzene),sinceonly a 12 9,; conversion to mixed carboxylicncid resulted. The composi- 
tion (_t I Y;,) of this mixture is shown in (VI). 

The earlier workers” had ilpparently concentmted the Icnst soluble pwc~ 
carboxylic acid by crystallization techniques and missed the fact that the ntcr~ isomer 
predominates in the mixture. Taking into account the statistical ktctor. the rthnvc 
results indicate that the par-a-position is attacked to a greater dcgrcc than the IHOO 
which is attacked to a greater degree than the or-rho-position. These results. howcvcr, 
continue to point up the anomalous pattern of biphenyl mct;ilution. This situnGon 
will be dealt with further in the following paper. 

It was considered possible that biphenyl underwent a rapid mctalntion in 111~’ 
ortlm-position followed by a slower distribution of metal among the three ring posi- 
tions either by (1) intramolecular rcarrangemcnt of metal or (2) mctnfntion by O- 
lithiobiphenyl in the meta- and pam-positions of biphenyl molecules. A situation 
similar to route (2) has apparently been observcdU in the mctalation of isopropyl- 
benzene with n-amylsodium and n-amylpotassium in which initirtl ring metirlation IH 
followed by formation of the product with the metal atom in the a-position. In orrfcr tu 
test for movement of the lithium atom between ring positions in biphcnyl. wc p;cpiirrJ 
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2-lithiobiphenyl by halogen-metal interconversion” of 2-bromobiphenyl with n- 
Euti, and aIlowed this to react with biphenyl (ether, reflux) for 48 hours. The biphenyl- 
carboxylic acids produced contained 99.7% o-isomer with the remaining 0.3 % 
consisting of the m- and p-isomers. Thus it seems unlikely that a product of rapid 
metalation in the o&o-position is a precursor of the m- and p-metalation products. 
In an earIier paper2 from this laboratory, it was demonstrated that in the metalation 
of I-methoxynaphthalene there is concurrent attack at the 2- and &positions with 
the 2-position being attacked more rapidly. This conclusion was in opposition to 
an earlier proposal *I that 2-position substitution followed the rapid introduction 
of the lithium atom into the &position. 

EXFfiRIMF!NTAL 

All n-butyllithium used was Foote Mineral Company product in hexane. 
Concentration of n-BuLi was determined by hydrolysis of the clear solution and 
titration with standard acid. Unless otherwise indicated, all vapor phase chromato- 
graphic (WC) analyses were performed on a Perkin-Elmer Model 154D “Vapor 
Fractometer” on 2 meters x 0.25 inch columns. Elemental analyses were by Galbraith 
Laboratories of Knoxville, Tennessee. 

Anissolc mctolution und product unalysis 
Many of the operations used in this work are exemplified in the experiments 

with anisole, and this system wilt be described in greater detail than the others. 
A 500 ml three-necked flask fitted with dropping funnel, stirrer and condenser 

was flamedried and allowed to cool with a stream ofdry nitrogen passing through the 
npparatus. A solution of If.34 g (0.105 mole) of anisole in 125 ml of dry ether was 
hented under reflux and 0.10 mole of n-BuLi solution was added (I5 min). The mix- 
ture was heated and stirred for 21 h and then poured slowly into a slurry of 50 ml of 
cthcr tind 20 g of crushed solid carbon dioxide. The mixture was allowed to stand 
until it rcachcd room tcrnperature, after which it was extracted with 2”/, aqueous 
sodium hydruxidc soIution. Acidilication (I-ICI) of the extract precipitated carboxyUc 
acid. The conversion to carboxylic acid, based on n-BuLi and assuming it to be a 
mcthoxybenzoic acid, was 65 !$&Anothcr run of 10 h duration gave a 39 “/, conversion. 

A sofu tion of the carboxylic acid in ether was treated with an ethereal solution 
canluining a 40(x, molnr excess of dinzomethane gcncrated12 from N-nitroso-N- 
methyl-p~tslucnrrsuIfonamide, The ether and excess diazomethane were allowed to 
cvriporutr in the hood, No rcsiduat unrcactcd carboxylic acid could bc detected in 
the product. The resulting methyl ester(s) were analyzed by VPC, In description of 
oil WC analyses, no mention will bc made of peaks representing volatile components 
Rurh as residual ether solvent and methyl v&rate from the n-BuLi. These peaks 
appcnrcd at lees than 5 min retention time. A Perk&Elmer tinatytical “P” column 
was used for the analysis. This column contained a polycstcr of succinic acid and 
diethylenc glyml on ‘?oC-22” W-80 mesh support material. The cotumn was used 
at 2W nnd a helium flow rate of 70 mI/min with samples of IO ~1 and a thermal 
conductivity detector operated at 8 V. Retention times were measured from sample 
injection to the he8inning of component appearuncc. 
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Only two components appeared on the chromatogram. A large component 
at 15.0 min was methyl o-methoxybenzoate and a much smaller peak at 9.0 min was 
phenol. The peaks were identified by addition of authentic samples, A synthetic 
mixture was made up consisting of methyl Q-, m- and pmethoxybenzoate. Analysis 
showed retention times of 14.9,13.0 and 16.7 min respectively for the above isomers. 
It was demonstrated that as little as 0.1 % of the meta- or p-u-isomers could have 
been detected in the presence of the ortho-isomer. The amount of phenol was rather 
small and its quantitative estimation was not attempted. since part had undoubtedly 
been lost in the extractions used in the work-up procedure. Phenol would arise from 
cleavage of the anisole by n-BuLi. 

A metalation was performed in tetrahydrofuran and a Gilman test II” for 
alkyllithium was negative after 2 h and only 26% of carboxylic acid was isolated 
indicating rather rapid consumption of n-BuLi by cleavage of THF. A 4 h reaction 
time at the boiling point of excess anisole as solvent gave only 5 0.; of carboxylic acid. 
Product analysis in both these latter runs again showed only metolation ortlto to the 
methoxyl group. 

In metalation ofall the other substrates, more than one ring substituted isomer 
was found. In these cases product compositions were determined by making up three 
different synthetic mixtures of known compositions approximating the unknown. 
The areas under the VPC peaks of the knowns were determined, and correction factors 
calculated for direct conversion of peak area ratios to mole ratios. These filctors wcrc 
then applied to the unknown mixtures. 

Meralution of m-crew1 methyl ethct 
The metalation and work-up was carried out 3s described obovc for anis&. 

with the same molar amounts of n-BuLi and substrate in ether solvent k>r 3.75 h. 
The VPC analysis was carried out on the mixed methyl caters in the s;tmc 

column and with the same operating parameters as for the anisolc system. Four 
peaks were observed, two large at 13.4(a) and 17.8(b) min and two small peaks ;~t 
11.2(c) and 17.3{d) min. The compounds producing the two large peaks (a and b) 
were isolated by use of a “preparative” column and the Pcrkin-Elmer 154D Vapor 
Fractometer. This column is I inch x 3 m and contained “Apiezon L” grease as the 
liquid phase, It was operated at 225’ with a 0.5 ml sample. Again four peaks wcrc 
observed, and samples of the two large peaks from the “prep” column wcrc injccicd 
into the analytical column to determine that the two large peaks were coming from 
the two columns in the same order. Samples corresponding to the large peuks from 
the “prep”column were collected and separately hydrolyzed by rcflux with aqueous 
alcoholic KOH solution. The recovered acids were recrystallized und the one from 
peak (a) melted at 139.5-141’ and the one from peak (b) melted at lO3~-l(a$.Y 
Literature values for the m.p. of 6-methoxy-2-mcthylbenzoic acid arc 139”‘* and 
141°L3. Literature values for the m.p. of 2-methoxy-4-methylbenzaic did are IO.? 
104°16, 104”’ and 103”“. 

The two ucids from the preparative VPC column were oxidized by 20 mtn 
reflux periods with a dilute aqueous solution of KMnO, and NuQH. The rcsultinti 
diarboxylic acid from peak (a) exhibited a variable melting point dcpcndiny WI rirk 
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ofheating. The sample was heId at 65” in UCICUU for five hours after which it melted at 
158”. An infrared spectrum showed two bands in the carbonyl stretch region (5.42 p 
and 5.62 p) in accord with listed vahtest9 (5.42 p and 5.64 flu) for phthalic anhydride. 
The literature value2’ for the melting point of 3-methoxyphthahc anhydride is 
160-161’. The dicarboxylic acid produced by oxidation of the acid from peak (b) 
melted at 271-273’ after recrystallization from ethanol-benzene. The melting point 
of methoxyterephthalic acid is reported” as 270-280’ and severalL6*2z intermediate 
vahtes, These resuSts clearly indicate that peak (a) represented methyl 6-methoxy-2- 
methylbenzoate and (b) represented methyl t-methoxy+methylbenzoate. 

Peak (cc) above was identified as m-cresol from cleavage of the ether by n-BuLi 
and peak (d) represented methyl m-methoxyphenylacetate. The fatter compound was 
formed as a result of metalation on the ring methyl group of m-cresol methyl ether. 

This reaction was performed at ether reflux for 9 h with 0.126 mole of benzotri- 
fluoride to 0.120 mole of n-BuLi. Conversion to mixed carboxyhc acid was 33%. 
Conversion to the methyl ester mixture was followed by VPC analysis at 180’ on 
the column described above. Samples of the methyl 00, m- and p-trifluoromethyl- 
benzoatcs were prepared from the commercially available trifluoromethyIbenzoy1 
chlorides (Columbia Organic Chemical Co.) and a mixture put through the anaIytica1 
VPC cohunn, It was found that the column would not separate the mm- and poru- 
isomers, both having retention times of 3.9 min. compared with 6.4 min for the 
rrrtl&somer. The mixed methyl esters from the metalation showed two peaks (3.9 
and 6,4 min). Analytical columns containing “Apiezon-t”, polyprop$lenc ‘glycol, 
sihcone grease and “DEGA” polyester also did not separate the tnc~ta- and para- 
isomers. The separation was achieved in the laboratories of the Chemical Products 
Division of the Chemetron Corporation at Newport. Tennessee by use of a $“x 15’ 
column at 170” containing polypropylene glycol. Under these conditions the orrho- 
isumer came at 30 min. the HIHU- at 43 min and the purr-isomer nt 55 min. Analysis 
on this column of the mixture from the metalation showed only a small amount of 
purrr-isomer estimated by use of only the relative peak areas to be 0.7 %. The relative 
amounts of the cwho- and mtiru-isomers were then determined as described earlier 
to give the relative amountsofnuclear substitution indicated in thediscussion section. 

The reaction was performed in ether solvent for 20 h at reffux temperature 
und 0. JO mole each of n-fluL,i and rcsorcinol dimethyl ether were used. The conver- 
sion to the crude acid mixture was 74 ix and this was converted to the mixed methyl 
cl*rtcn. Anrllyds of the mixture was by use of a Wilkens Model A-700 ‘“Autoprep” 
using a Zo’x, silicone (SE-30) analytical column supplied by the Wilkens Co., at a 
c&amn temperature of 250”. Methyl 2,6dimethoxybenzoate, m.p. 88.5-89°23, and 
methyl 2&dimethoxybcnzoate, b.p. 124” at 0.9 mrnz4, were synthesized as it was 
unticipated thnt theec isomers would be pr,esent in the metalation product Analysis 
of fhc mctalation product showed onfy two peaks beyond 5 min. and these were 
whown to be the expected methyl 2,6dimethoxybentoute 9t 6.7 min and methyl 
2,4_dimcthoxyben~oatc at 8.2 min. Two small peaks in the 3 to 5 mitt range were 
identified aa reuotcinal and resorcinal monomethyl ether. Metalation in the methoxyf 
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groups was excluded by synthesis of m-methoxyphenoxyacetic acid’” and observct- 
tion of the retention time of its methyl ester in the VPC column as 6.9 min in a mixture 
with methyl 2,6-dimethoxybenzoate. 

A metalation in cyclohexane solvent at the reflux temperature for 30 min 
gavea 62 “/, conversion to crudeacid, which had the same composition, within expcri- 
mental error, as the product from the runs conducted in ether. 

Reaciion involved ether solvent. 0.10 m each ofn-BuLi and phenctalc. tit the 
rcflux temperature, In three runs metnlation times wcrc 3.5.6 and 27 h and convcr- 
sions to crude acid after carbonation were 32 “;,, 39 ‘!,, and 63 ‘I,,. rcspectivcly. 

Methyl o-ethoxybenzoate and methyl p-cthoxybenzoate wcrc prcpilrcd f’rc>rn 
the commercially available acids (Eastman Organic Chemicals) and diazomethanc. 
m-I-fydroxybenzoic acid was converted to m-ethoxybenzoic acid with diethyl sulfate 
and aqueous sodium hydroxide. Methyl m-cthoxybcnzoatc has apparently ncvcr 
been reported before. It was made from the acid and diazomethane by the prowdurc 
indicated above. It boiled at NIO” at 1.75 mm (Found: C. 66.49: H. 6.71. C,,,li ,ZO,, 
caicd. : C, 66.68 : f-f, 6.72 ‘:;;.) 

The mixed esters from the metnlation were analyzed on ti column (Prrkin 
Elmer Co.) containing -0 , o 3 “ Ucon oil LB-SO-X on 6040 mesh CX-22 support. ilt ;a 
temperature of 200”. Peaks beyond 5 min appeared at (it) 6.5 min, (b) 14.9 min. (c) 
15.8 min. (d) 17.2 min, and (e) 19.0 min. Peak (a) was due to phenol ; pnrk (b). which 
was very large, was due to methyl +ethoxybenzoate. Peak (c) wi:s due tcr methyl 
m-ethoxybenzoatc, and (e) due to methyl p-ethoxybcnzo:lto. Peak (d) W’;IS considcrcd 
likely to be methyl 2-phenoxypropionatc from mctakltion in the a-c;irbon of tht* 
cthoxy group. This compound has apparently not been repotted ilnd w;t~ synthcsi/ed 
from the corresponding acid’” and diszomethanc. It boiled ;rt X0“ iIt 0.5 mtn. (t.‘k~rn~i 
C, 66.86; H. 6.74. Ct,-,H,202 calcd.: C. 66.68; H. 6.71!“,,.) 

This ester showed 3 single peak (10.5 min) from tlw VPC calunm opr:r.lt~‘J 
under thesameconditionsasabove, Peak(d) which wassmall in reliltive size rcmaincd 
unidentified. 

The relative amounts of attack at the various ring positions of phcnctalc, 
indicated in the discussion section, were found to be the same in the products ofe;lch 
of the three runs at different metalation times. 

Metulation at ether solven! reflux of 0. IO molt of biphcnyl with 0. IO mole IIT 
n-BuLi for 48 h produced 12 I ,, ‘/’ of crude carboxylic acids which were mcthylihtrd for 
VPC analysis. 

The three isomcric methyl phenylbenzoates were synthesized. The ot#l~cr- ;md 
paru-isomers were obtained from the commercially avrtilrlblc acids. and the tttrorrl-Gd 
was made from methyl m-uminobenzoute by the method of Wzy 1’1 ~1.‘~. Anrllysis t:rT 
the methyl ester mixture from the metalution wits on the Wllkcns Model A-901) 

“Autoprep” with a 30?:, silicone (SE-30) column at 2lW”. Pcilks uppcrlring at 1 I.‘). 

17.8 and 19.0 min were shown to be due to methyl o-phcnylhctlzaatc. mL:thy1 tv- 

phenylbenzoatc and methyl pphenylbenzonte respectively, A smnll pcrik :lppesring 
at 20.9 min was not identified. 
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SUMMARY 

The following compounds were metalated with n-butyllithium in ether and 
product isomer ratios determined with the aid of vapor phase chromatographic 
techniques: &sole, trifluoromethylbenzene, phenetole, m-cresol methyl ether, 
resorcinol dimethyl ether and biphenyl. The data with all substrates except biphenyl 
are in accord with the view of relative rate of attack of different ring positions con- 
trolled by inductive effects of ring substituent on the “acirlity” of ring carbon-to- 
hydrogen bonds, 
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