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The crystal structure of the title cage hydroxy acid, C8H12O3,

has con®rmed the exo con®guration for both the carboxylic

acid and hydroxy substituents, as previously determined from

chemical and 13C NMR evidence. Both the carboxylic acid and

the hydroxy O atoms are involved in intermolecular

hydrogen-bonding interactions, giving a centrosymmetric 12-

membered cyclic ring system which extends via hydrogen

bonding into an in®nite two-dimensional network.

Comment

Racemic 6-exo-hydroxybicyclo[2.2.1]heptane-2-exo-carboxyl-

ic acid, (I), was ®rst reported in 1969 together with the

isomeric 5-exo-hydroxy isomer (Beckmann et al., 1969) with

which it forms in the normal synthetic route. The hydro-

boration procedure used here in the preparation (Fischer et

al., 1980) gives predominantly the 6-exo-hydroxy isomer,

whereas the oxymercuration/demercuration procedure of

Beckmann et al. (1969) gives predominantly the 5-exo-hydroxy

isomer.

The crystal structure determination of (I) shows the rela-

tively in¯exible norbornane cage which is similar to other

norbornane carboxylic acids (Apgar & Ludwig, 1972; Albinati

et al., 1973), with both the carboxylic acid and hydroxy groups

exo-related (Fig. 1). The torsion angles C1ÐC2ÐC21ÐO212

and C2ÐC1ÐC6ÐO6 are 80.9 (2) and 173.6 (1)�, respec-

tively. The carboxylic acid O atoms associate with the hydroxy

groups of two different acids [O212ÐH212� � �O6i 2.665 (2) AÊ

and OÐH� � �O 167 (2)�; O6ÐH6� � �O211ii, 2.752 (2) AÊ , OÐ

H� � �O, 170 (2)�; symmetry codes: (i) 1
2 + x, 1

2 ÿ y, 1 + z; (ii)
1
2 ÿ x, ÿ1

2 + y, 1 ÿ z], forming cyclic centrosymmetric 12-

membered R4
4(12) rings (Etter et al., 1990) (Fig. 2). These then

form into an in®nite two-dimensional structure. This associa-

tion is different from the common R2
2(8) cyclic A±A dimers or

the more unusual catemer structures found among the

monofunctional carboxylic acids (Leiserowitz, 1976).
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Experimental

The title compound was synthesized using a modi®cation of the

method of Fischer et al. (1980) by the hydroboration of the unsatu-

rated ester precursor followed by hydrolysis with sodium hydroxide.

The modi®cation (Vogel, 1989) involved the generation of diborane

in situ by addition of the boron tri¯uoride±dietherate to a mixture of

sodium borohydride and the ester precursor under a nitrogen

atmosphere (Wermuth, 1995). Fractional crystallization of the

isomeric mixture from acetone gave the 5-hydroxy and 6-hydroxy

isomers. Crystals of the 6-hydroxy isomer (the title compound)

suitable for X-ray analysis were obtained by slow evaporation from

acetone.

Crystal data

C8H12O3

Mr = 156.18
Monoclinic, P21/a
a = 11.821 (2) AÊ

b = 10.7618 (18) AÊ

c = 6.3146 (11) AÊ

� = 101.860 (14)�

V = 786.2 (2) AÊ 3

Z = 4

Dx = 1.320 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 13.1±16.3�

� = 0.10 mmÿ1

T = 295 (2) K
Prism, colourless
0.50 � 0.35 � 0.20 mm

Data collection

Rigaku AFC-7R diffractometer
!±2� scans
2170 measured re¯ections
1805 independent re¯ections
1216 re¯ections with I > 2�(I)
Rint = 0.033
�max = 27.5�

h = ÿ8! 15
k = 0! 13
l = ÿ8! 8
3 standard re¯ections

every 150 re¯ections
intensity decay: 1.2%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.132
S = 1.04
1805 re¯ections
149 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0615P)2

+ 0.1309P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.29 e AÊ ÿ3

��min = ÿ0.17 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.023 (5)

All H atoms were re®ned; the range of CÐH distances was

0.95 (2)±1.03 (2) AÊ .

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1999a); cell re®nement: MSC/

AFC Diffractometer Control Software; data reduction: TEXSAN for

Windows (Molecular Structure Corporation, 1999b); program(s) used

to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

PLATON for Windows (Spek, 1999); software used to prepare

material for publication: TEXSAN for Windows.
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Figure 1
The molecular con®guration and atom-numbering scheme for the title
compound. Atoms are shown as 30% probability ellipsoids (Spek, 1999). Figure 2

Perspective view of the two-dimensional polymer structure. Hydrogen
bonds are shown as broken lines (Spek, 1999).
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