
2,4-Dimethoxybenzoic acid and
2,5-dimethoxybenzoic acid

Dewey H. Barich,a Mark T. Zell,b Douglas R. Powellc and

Eric J. Munsona*

aDepartment of Pharmaceutical Chemistry, University of Kansas, 2095 Constant

Ave., Lawrence, KS 66047, USA, bPfizer Global Research and Development, Ann

Arbor Laboratories, 2800 Plymouth Road, Ann Arbor, Michigan 48105, USA, and
cUniversity of Kansas, Rm 2010 Malott Hall, 1251 Wescoe Hall Drive, Lawrence,

KS 66045, USA

Correspondence e-mail: munson@ku.edu

Received 3 December 2003

Accepted 9 February 2004

Online 20 March 2004

The title compounds (both C9H10O4) have nearly planar

structures, and the methyl and/or carboxylic acid groups lie

out of the molecular plane, as dictated by steric interactions.

2,5-Dimethoxybenzoic acid (2,5-DMBA) forms an unusual

intramolecular hydrogen bond between the carboxylic acid

group and the O atom of the methoxy group in the 2-position

[O� � �O = 2.547 (2) AÊ and OÐH� � �O = 154 (3)�]. 2,4-DMBA

forms a typical hydrogen-bond dimer with a neighboring

molecule.

Comment

The crystal structures of only four of the six isomers of di-

methoxybenzoic acid (DMBA) have been determined

previously. These four isomers exhibit considerable confor-

mational differences. For example, the plane de®ned by the

carboxylic acid group lies nearly parallel to the aromatic ring

plane in 3,4-DMBA (3.4�; Pinkus et al., 2002) and 3,5-DMBA

(1.4�; Lynch et al., 1994), but is 36.5 and 56.2� out of the plane

in 2,3-DMBA (Swaminathan et al., 1977; Bryan & White,

1982a) and 2,6-DMBA (Swaminathan et al., 1976; Bryan &

White, 1982b), respectively. For the title compounds, viz. 2,4-

DMBA, (I), and 2,5-DMBA, (II), this angle is 6.3 (2) and

2.3 (3)�, respectively.

The 2,4-DMBA isomer (Fig. 1) exhibits a relatively common

intermolecular pair of hydrogen bonds between the carboxylic

acid O atoms of two molecules (Table 1). This hydrogen-

bonding arrangement is also found in 2,3-DMBA (Swami-

nathan et al., 1977; Bryan & White, 1982a), 3,4-DMBA (Pinkus

et al., 2002) and 3,5-DMBA (Lynch et al., 1994), as well as in

2-methoxybenzoic acid (Parvez, 1987) and 4-methoxybenzoic

acid (Etter et al., 1988), the two monomethoxybenzoic acids

with determined crystal structures.

The hydrogen-bonding arrangement in 2,5-DMBA (Fig. 2)

is unusual in that, unlike most of the DMBA isomers, the

carboxylic acid group does not hydrogen bond with the

carboxylic acid group of a neighboring molecule but instead

forms an intramolecular hydrogen bond with the methoxy O

atom bonded to C2 (Table 2).

Experimental

2,4-DMBA and 2,5-DMBA were obtained from Aldrich and used

without further puri®cation. Samples of both compounds were

recrystallized from methanol.
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Figure 1
A molecular structure diagram of 2,4-DMBA, showing 50% probability
displacement ellipsoids and the atom-numbering scheme.

Figure 2
A molecular structure diagram of 2,5-DMBA, showing 50% probability
displacement ellipsoids and the atom-numbering scheme. Also shown is
the intramolecular hydrogen bond (dashed line).
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Compound (I)

Crystal data

C9H10O4

Mr = 182.17
Triclinic, P1
a = 6.7602 (13) AÊ

b = 7.7124 (15) AÊ

c = 8.0237 (15) AÊ

� = 94.995 (4)�

� = 95.894 (4)�

 = 96.759 (4)�

V = 411.14 (14) AÊ 3

Z = 2
Dx = 1.472 Mg mÿ3

Mo K� radiation
Cell parameters from 1306

re¯ections
� = 2.6±26.0�

� = 0.12 mmÿ1

T = 100 (2) K
Block, colorless
0.22 � 0.17 � 0.04 mm

Data collection

Bruker SMART APEX
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2000)
Tmin = 0.975, Tmax = 0.995

2584 measured re¯ections
1563 independent re¯ections

1298 re¯ections with I > 2�(I )
Rint = 0.012
�max = 26.0�

h = ÿ7! 8
k = ÿ9! 9
l = ÿ9! 7

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.136
S = 1.04
1563 re¯ections
121 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.1P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max = 0.001
��max = 0.37 e AÊ ÿ3

��min = ÿ0.43 e AÊ ÿ3

Compound (II)

Crystal data

C9H10O4

Mr = 182.17
Monoclinic, P21=c
a = 10.0810 (17) AÊ

b = 12.534 (2) AÊ

c = 6.6408 (11) AÊ

� = 92.729 (4)�

V = 838.1 (2) AÊ 3

Z = 4
Dx = 1.444 Mg mÿ3

Mo K� radiation
Cell parameters from 2576

re¯ections
� = 2.6±26.0�

� = 0.11 mmÿ1

T = 100 (2) K
Block, colorless
0.33 � 0.17 � 0.06 mm

Data collection

Bruker SMART APEX
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2000)
Tmin = 0.963, Tmax = 0.993

5021 measured re¯ections
1633 independent re¯ections

1421 re¯ections with I > 2�(I )
Rint = 0.023
�max = 26.0�

h = ÿ12! 11
k = ÿ15! 15
l = ÿ8! 8

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.060
wR(F 2) = 0.168
S = 1.01
1633 re¯ections
122 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.086P)2

+ 1.5P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.007
��max = 0.51 e AÊ ÿ3

��min = ÿ0.34 e AÊ ÿ3

The positions of the H atoms on the carboxylic acid groups were

found from difference maps and re®ned independently. The positions

of all other H atoms were determined geometrically (aromatic HÐ

C = 0.95 AÊ and methyl HÐC = 0.98 AÊ ) and re®ned with a riding

model. The Uiso(H) parameters were assigned values of 1.2Ueq

(1.5Ueq for methyl groups) of the carrier atom.

For both compounds, data collection: SMART (Bruker, 1998); cell

re®nement: SMART; data reduction: SAINT (Bruker, 1998);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997a);

molecular graphics: SHELXTL (Sheldrick, 1997b); software used to

prepare material for publication: SHELXTL.
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No. CHE-0079282) and the University of Kansas for funds

used to acquire the diffractometer and computers used in this

work. This work is supported by a research grant from P®zer
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FR1460). Services for accessing these data are
described at the back of the journal.
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Table 1
Hydrogen-bonding geometry (AÊ , �) for (I).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O2ÐH2� � �O1i 0.91 (2) 1.71 (2) 2.6192 (15) 172.7 (18)

Symmetry code: (i) ÿ1ÿ x; 1ÿ y; 1ÿ z.

Table 2
Hydrogen-bonding geometry (AÊ , �) for (II).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O2ÐH2� � �O3 0.88 (4) 1.72 (4) 2.547 (2) 154 (3)


