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2-[4-(2-Hydroxyethyl)piperazin-1-yllethane-

sulfonic acid

The title compound, CgHgsN,O,S, is a useful buffer in the
physiological pH range. In the crystal structure, the piperazine
ring adopts a chair conformation. One weak intramolecular
C—H-.-O hydrogen bond, together with one weak inter-
molecular C—H:--O and two strong intermolecular O—
H---N hydrogen bonds are present, the latter linking the
molecules into a reticulation framework.

Comment

The title compound, (I), also known as HEPES, is one of the
useful buffers extensively used in biochemical experiments in
the physiological pH range (Han & Kim, 2002). Shipman
(1969) found that HEPES, at a concentration of 0.01 M,
produced adequate buffering in all cell systems tested and
exhibited no metal binding, and was soluble to an extent of
2.25 M at 273 K. Furthermore, HEPES had minimal effect on
the redox potential of well poised media. Ever since, HEPES
has been widely used as a buffer. Its crystal structure, however,
has not been reported hitherto.

HO—H,C—H,C—N N—CH; —CHzy—S—OH

M

Selected geometric parameters of (I) are listed in Table 1,
and the molecular conformation and crystal packing are illu-
strated in Figs. 1 and 2, respectively. All bond lengths and
angles are within normal ranges. The piperazine ring adopts a
chair conformation. The two ethyl groups, at N1 and N2, adopt
an anti conformation. The dihedral angle between the planes
C2/C3/N2 and C1/C2/C3/C4 is 53.12 (1)°, while the dihedral
angle between the planes C1/C4/N1 and C1/C2/C3/C4 is

51.85 (1)°.
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A view of the molecular structure of (I), with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.
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There is an intramolecular C3—H3B- - -:O4 hydrogen bond
(Table 2). According to the study by Steiner (1997), C—H- - -O
hydrogen bonds may form within a bond-angle range of 110-
180°, since the C—H- - -O hydrogen bond can be easily bent.
There are also intermolecular C—H..--O and O—H---N
hydrogen bonds, which link the molecules into a network.

Experimental

The title compound, HEPES, which is a product of Sigma (100 mg),
was dissolved in water (10 ml). The aqueous solution was allowed to
evaporate slowly at room temperature over several months. Green

crystals suitable for an X-ray study were formed.

Crystal data

CgH 15N,0,8
M, = 23830
Orthorhombic, Ifbca
a=83813(13) A

b =9.6623 (16) A

¢ =27.056 (4) A

V =2191.1 (6) A®
Z=8

D, =1.445Mgm™

Data collection

Bruker SMART 1K CCD area-
detector diffractometer

¢ and o scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 2000)
Tnin = 0.848, Tpax = 0.983

9743 measured reflections

Refinement

Refinement on F>

R[F? > 20(F?%)] = 0.041

wR(F?) = 0.115

S =1.06

1919 reflections

141 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Mo Ko radiation
Cell parameters from 12566
reflections
6 =2.4-27.0°
©n =029 mm~
T=2982)K
Plate, green
0.58 x 0.58 x 0.06 mm

1

1919 independent reflections
1724 reflections with I > 20(I)
Ry = 0.027

Omax = 25.0°
h=-9—>17
k=—-11—11
[=-32—>25

w = 1/[06*(F,?) + (0.0636P)*
+ 1.4035P]

where P = (F,” + 2F.2)/3
(A/0)max = 0.001
APmax = 0.63¢ A3
APmin = —032e¢ A3
Extinction correction: SHELXL97
Extinction coefficient: 0.0033 (6)

Table 1 .
Selected geometric parameters (A, °).
S—02 1.4424 (17)
S—03 1.4424 (18)
S—01 1.4617 (16)
S—C8 1782 (2)
04—C7 1415 (3)
N1—C4 1.495 (3)
N1—-Cl1 1.498 (3)
N1-C6 1503 (3)
C4—N1-Cl1-C2 56.4 (2)
C3—N2—C2—Cl 593 (2)
N1—Cl—C2—N2 —58.8(2)

N2—C3 1.469 (2)
N2—C2 1.471 (3)
N2—Cs 1472 (3)
c1-C2 1.507 (3)
C3—C4 1.511 (3)
Cc5—C7 1.516 (3)
C6—C8 1512 (3)
C2—N2—C3—C4 594 (2)
C1—N1—C4—C3 —57.1(2)
N2—C3—C4—N1 59.8 (2)

Figure 2
A packing diagram of (I). Dashed lines indicate hydrogen bonds.

Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
Ol1—HI---NI' 0.86 1.94 2755 (2) 158
O4—H4-- N2" 0.73 (3) 2.14 (3) 2.864 (2) 175 (3)
C1—H1A.--02' 0.97 2.49 3.109 (3) 121
C3—H3B---04 0.97 242 3.054 (2) 122

Symmetry codes: (i) $+x,5—y, 1 —z (i) x — 4, y.3 — z.

H atoms attached to C atoms were placed in geometrically idea-
lized positions, with C—H = 0.97 A, and constrained to ride on their
parent atoms, with Ujo(H) = 1.2U.4(C). Hydroxyl H atoms were
located in difference Fourier maps; H1 was constrained to ride on O,
with O—H = 0.85 A and Uy,(H) = 1.2U.4(O1); H4 was refined with
the restraint O4—H4 = 0.73 (3) A.

Data collection: SMART (Bruker, 2000); cell refinement: SAINT
(Bruker, 2000); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2000); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2000); molecular graphics:
SHELXTL/PC (Sheldrick, 1999); software used to prepare material
for publication: SHELXTL/PC.
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