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The application of n-butyl lithium for the rapid synthesis of methoxy-substituted 
aromatic carboxylic acids is reported. New compounds associated with this study 

are described. 

YNTHETIC STUDIES by the authors on isoquino- S lines as potential cardiovascular agents (1-4) 
were patterned on the D and E rings of reserpine 
particularly incorporating the 3,4,5-trimethoxyben- 
zoyl radical. The marked antiarrhythmic activity 
observed with decahydroisoquinoline compounds 
possessing this moiety (4), as well as the documented 
importance of the 3,4,5-trimethoxybenzoyl radical 
for neurosedative and analgesic activity (5), led 
the authors to  investigate the synthesis of other 
methoxy-substituted aromatic carboxylic acids in 
order to ascertain the biological effects induced by 
various methoxy substitutions in the above series 
of compounds. The authors report improved, 
rapid syntheses for some methoxy benzoic acids and 
a new direct synthesis for tetramethoxyterephthalic 
acid, using n-butyl lithium as the key reactant. 

Many studies have been carried out on the ap- 
plications and anomalies of lithiation of aromatic 
systems (6). In general, metalation with n-butyl 
lithium occurs ortho to ether functions, i.e., -OCH3. 
The authors have demonstrated that treatment of 
1,2,4,5-tetramethoxybenzene with 2 moles n-butyl 
lithium for 40 min. in tetrahydrofuran, under stan- 
dard metalation conditions, followed by carbonation 
of the resulting lithium derivative with solid COz, 
yielded the corresponding tetramethoxyterephthalic 
acid (I). The reported melting point for a com- 
pound presumed to be tetramethoxyterephthalic 
acid (7), obtained from oxidative degradation of a 
natural product, halfordin, is considerably higher 
( 2 0 O )  than that for the authors’ sample. Although 
analytical data were reported, no spectral data were 
reported by these workers. The authors’ spectral 
and analytical data were consistent with the pro- 
posed structure for their compound. To further 
substantiate the structure of the above terephthalic 
acid and thus the entry of two lithium atoms during 
the above metalation, methylation of the dilithiated 
product was carried out using dimethyl sulfate. The 
resulting tetramethoxy-p-xylene had the required 
spectral and analytical data. Oxidation of this p- 
xylene derivative using potassium permanganate 
yielded the identical tetramethoxyterephthalic 
acid (I) prepared from the carbonation of the di- 
lithiated 1,?,4,5-tetraniethoxybenzene. Additionally 
the authors examined the product obtained from 
treatment of 1,2,4,5-tetramethoxybenzene with 1 
mole of n-butyl lithium. As expected, only the 
monocarboxylic acid, 2,3,5,6-tetramethoxybenzoic 
acid, was produced as a result of the introduction of 
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one lithium atom into the aromatic ring followed by 
carbonation. Purification of the product yielded a 
compound not previously reported, although Bargel- 
lini et a l ( l 1 )  reported an unspecified tetramethoxy- 
benzoic acid produced during the action of cyanogen 
bromide on 1,2,3,5-tetramethoxybenzene. The 
melting point of their acid compares with the authors’ 
product and its formation from 1,2,3,5-tetramethoxy- 
benzene is explainable by methoxyl migration con- 
sidering the reaction conditions reported by these 
investigators. Treatment of 1,2,3,5-tetramethoxy- 
benzene with 1 mole of n-butyl lithium yielded the 
expected 2,3,4,6-tetramethoxybenzoic acid. NMR 
data verified the structure of this compound al- 
though Nierenstein (8) had previously reported a 
compound of higher melting point. Attempts to 
introduce two lithium atoms into this molecule to 
form tetramethoxyisophthalic acid were not success- 
ful. 

Treatment of 3,5-dimethoxytoluene with 1 mole 
of n-butyl lithium, followed by carbonation of the 
resulting metalated intermediate, yielded 2,6-di- 
methoxy-4-methylbenzoic acid; as anticipated the 
lithium atom was introduced adjacent to  the two 
methoxyl groupings. It was shown that extended 
reaction times (105 min.) were necessary to obtain 
good yields in this reaction. 

The above studies indicate that metalation of 
appropriately substituted methoxy benzenes with 
n-butyl lithium, followed by carbonation with solid 
carbon dioxide is a rapid, direct method for the syn- 
thesis of methoxy-substituted aromatic carboxylic 
acids and is superior to previously reported pro- 
cedures. 

EXPERIMENTAL 

Apparatus-All melting points were determined 
using a Swissco melting point apparatus and are cor- 
rected. Elemental analyses were carried out by 
Drs. G. Weiler and F. B. Straws, Oxford, England. 
IR spectra were recorded on a Perkin-Elmer model 
137B Infracord spectrophotometer. NMR spectra 
were recorded on a Varian A60 spectrometer using 
tetramethylsilane as internal standard. 

Tetramethoxyterephthalic Acid (I)--To 1,2,4,5- 
tetramethoxybenzene (1.1 g.) in tetrahydrofuran 
(100 ml.) (freshly distilled from lithium aluminum 
hydride) was added, in small portions, a solution 
of 15% n-butyl lithium in hexane (4.5 ml.) under 
nitrogen. In approximately 45 sec. a white pre- 
cipitate formed. The mixture was stirred for an 
additional 30 min. At this time excess solid carbon 
dioxide was added and the resulting mixture evap- 
orated on a rotary evaporator. The solid residue 
was dissolved in distilled water and acidified. 
Gentle warming of this solution on a steam bath 
caused the remaining traces of tetrahydrofuran 
to  be removed. The mixture was allowed to cool 
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proceed for 20 min. and then carbonated by the 
addition of solid carbon dioxide. The usual workup 
yielded a solid (1.14 g . )  which was recrystallized 
from ethanol-benzene as colorless prisms, m.p. 
152-152.5" (with decomposition) [lit. value 184- 
186" @ ) I .  

Anal.-Calcd. for C11Hla06: C ,  54.54; H, 5.83. 
Found: C, 54.79; H, 5.82. 

The NMR spectrum (deuterated acetone) showed 
peaksat 3.8 p.p.m. (-OCHs), 5.7 p.p.m. (-COOH), 

and 6.5 p.p.m. (-CH), consistent with the pro- 
posed structure. 
2,6-Dimethoxy-4-methylbenzoic Acid (V)-3,5- 

Dimethoxytoluene (3.28 9.) was treated with 15% 
n-butyl lithium (9.0 ml.) under the standard condi- 
tions, with cooling, outlined in I. The reaction 
was allowed t o  proceed for 105 min. and then 
terminated by addition of solid carbon dioxide. 
The tetrahydrofuran was removed in vacuo and the 
resulting solid suspended in water and extracted 
with chloroform (to remove any unreacted 3 , s  
dimethoxytoluene). The aqueous layer was acidified 
and filtered. The filtered solid (2.35 9.) was re- 
crystallized from water as colorless prisms, m.p. 
189-190" [lit. value 180-182" (9)J. 

2,3,4-Trimethoxybenzoic Acid (VI)-l,2,3-Trime- 
thoxybenzene (1.39 g.) was treated in tetrahydro- 
furan (100 ml.) with 15% n-butyl lithium in 
hexane (3.5 ml.) under the previously described 
conditions for a period of 45 min. Solid carbon 
dioxide was added at this time. The tetrahydro- 
furan was evaporated and the residue suspended in 
water. The insoluble starting material was filtered 
and the filtrate acidified. No precipitate appeared. 
The solution was extracted with chloroform. The 
chloroform extract was evaporated t o  yield a viscous 
mass which was recrystallized from water to  yield 
0.7 g. colorless prisms, m.p. 98-100" [lit. value 97" 
(lo)]. Further amounts of product were obtained 
from the aqueous layer by concentration followed 
by chloroform extraction. 
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and stand overnight. The precipitated solid was 
filtered (13 g.) and recrystallized from acetone-thy1 
acetate as colorless prisms (11.6 g.) ,  m.p. 249.5- 
251.5". 

Anal.-Calcd. for C12H140~: C, 50.35; H, 4.93. 
Found: C, 50.42; H, 5.04. 

The NMR spectrum (deuterated dimethyl sulf- 
oxide) showed two groups of protons in a ratio 
1:6, consistent with the -COOH and -0CH3 
protons. The carboxyl protons 6.1-7.5 p.p.m. 
were considerably upfield from the expected peak 
position indicating considerable shielding or solvent 
effects. Addition of D20 removed this peak posi- 
tion confirming the assignment of a carboxyl 
proton to  this peak. The I R  spectrum (KBr) was 
consistent with the proposed structure (1720 cm.3 ,  

Tetramethoxy-pxylene (II&To 1,2,4,&tetra- 
methoxybenzene (2.00 9.) in tetrahydrofuran 
(100 ml.) was added a solution of 15% n-butyl 
lithium in hexane (8.6 ml.) in a similar manner to  
that described for Compound I. The reaction was 
allowed to proceed for 1.5 hr. At this time the 
mixture was cooled to 0" and dimethyl sulfate 
(2.7 g.) added to the precipitated mixture. The 
precipitate immediately dissolved and the resulting 
solution stirred for an additional 1.5 hr. The 
solution was then concentrated using a rotary 
evaporator. Water and 5 N sodium hydroxide were 
added and further concentration was carried out 
to  yield a low melting solid (1.95 g.). This mate- 
rial was crystallized from ethanol-water (10: 1) to  
yield colorless prisms, m.p. 82-83'. 

Anal.-Calcd. for C12H1801: C, 63.70; H, 8.02. 
Found: C, 63.74; H, 7.93. 

The NMR (carbon tetrachloride) showed peaks 
at 3.7 p.p.m. 4 C H S  and 2.05 p.p.m. 4 H 3  (2: l )  
consistent with the proposed structure. 

Compound I1 (0.46 g.), obtained from above, 
was added to a solution of potassium permanganate 
(1.4 9.) in water (100 ml.). The mixture was heated 
to reflux; after 45 min. the solution had decolorized. 
The solution was cooled and the precipitated man- 
ganese dioxide filtered. The filtrate was evaporated 
to  near dryness, made acidic, and the precipitate 
filtered. The recrystallized precipitate (from water) 
had a m.p. 251.0-252.0'. Mixture melting point 
data with Compound I showed no depression of the 
melting point and thus confirmed this oxidation 
product to  be Compound I. 
2,3,5,6-Tetramethoxybenzoic Acid (III&1,2,4,5- 

Tetramethoxybenzene (1.1 g.) was treated with 
15y0 n-butyl lithium in hexane (2.1 ml.) in tetra- 
hydrofuran (100 ml.) in an identical manner to 
that previously described for I. Treatment of the 
lithiated benzene derivative with carbon dioxide 
followed by an identical workup procedure out- 
lined for I, yielded 1.0 g. solid which was recrystal- 
lized from water t o  yield colorless needles, m.p. 
150.5-151.5". 

Anal.-Calcd. for CIIH1406: C, 54.54; H, 5.83. 
Found: C, 54.39; H, 5.80. 

The IR spectrum was consistent with the pro- 
posed structure: major peaks (KBr) at 3400 cm.-' 
(OH), 1750 cm-l (COOH), and 1060 cm.-l (OCHS). 
2,3,4,6-Tetramethoxybenzoic Acid (IV)-1,2,3,5 

Tetramethoxybenzene (1.54 g.) was treated with 
15% n-butyl lithium (3.23 ml.) in tetrahydrofuran 
in the usual manner. The reaction was allowed to 

-COOH). 
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