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In the title compound, C9H12NO2
+�C4H3O4

ÿ, the amino acid

molecule exists in the cationic form and the maleic acid

molecule in the mono-ionized state. In the semi-maleate

anion, a nearly symmetric intramolecular OÐH� � �O
hydrogen bond is observed. The aggregation pattern observed

in the title crystal has striking similarities with those observed

in l-phenylalanine l-phenylalaninium formate and l-phenyl-

alanine l-phenylalaninium perchlorate.

Comment

Phenylalanine, an essential amino acid commonly found in

proteins, plays a key role in the formation of a variety of

physiologically important chemicals that transmit signals

between nerve cells. Previous studies on phenylalanine report

only the unit-cell dimensions (Khawas & Murthi, 1968;

Khawas, 1970, 1971, 1985) and the crystal structure of the d-

form with a high R factor of 15% (Weissbuch et al., 1990). The

crystal structure of l-phenylalanine, however, is yet to be

reported. A number of complexes of l-phenylalanine with

inorganic acids are already known. The present study, which

reports the crystal structure of l-phenylalaninium maleate, (I),

is part of a series of X-ray investigations being carried out in

our laboratory on amino acid±carboxylic acid complexes.

Recently, the crystal structure of glycinium maleate (Raja-

gopal, Krishnakumar, Mostad & Natarajan, 2001), l-alani-

nium maleate (Alagar et al., 2001) and �-alaninium maleate

(Rajagopal, Krishnakumar & Natarajan, 2001) have been

reported.

Fig. 1 shows the molecular structure of (I) with the atom-

numbering scheme adopted. The amino acid molecule exists in

the cationic form with a positively charged amino group and

an uncharged carboxylic acid group. The phenylalaninium

cation has the gaucheÿ conformation with a �1 value of

ÿ59.3 (2)�. This is different from the values observed in l-
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phenylalanine l-phenylalaninium formate with �1 = 72.3 (4)

and 70.8 (4)�, respectively, for the zwitterion and the cation

(GoÈ rbitz & Etter, 1992). The maleic acid molecule exists in the

mono-ionized state (i.e. as a semi-maleate anion). In the semi-

maleate anion, a nearly symmetric intramolecular hydrogen

bond, with a proton shared between the O3 and O5 atoms, is

observed as in the crystal structures of complexes of maleic

acid with dl- and l-arginine (Ravishankar et al., 1998) and l-

histidine and l-lysine (Pratap et al., 2000). However, in the

crystal structures of maleic acid itself (James & Williams,

1974), glycinium maleate and l-alaninium maleate, this

intramolecular hydrogen bond is asymmetric.

Fig. 2 shows the packing of the molecules of (I) viewed

down the b axis. The phenylalaninium cations and the semi-

maleate anions form hydrogen-bonded double chains in which

they alternate along the c axis and are held together by NÐ

H� � �O hydrogen bonds. The double chain, on either side, is

¯anked by the hydrophobic side chains of phenylalanine

leading to alternating hydrophilic and hydrophobic zones

along the a axis. These double chains form an in®nite two-

dimensional network extending along the b axis, inter-

connected through OÐH� � �O, NÐH� � �O and CÐH� � �O
hydrogen bonds. The aggregation pattern observed in (I) has

striking similarities with those observed in l-phenylalanine l-

phenylalaninium formate (GoÈ rbitz & Etter, 1992) and l-

phenylalanine l-phenylalaninium perchlorate (Srinivasan &

Rajaram, 1997).

Experimental

Colorless single crystals of (I) were grown as transparent needles

from a saturated aqueous solution containing l-phenylalanine and

maleic acid in a 1:1 stoichiometric ratio.

Crystal data

C9H12NO2
+�C4H3O4

ÿ

Mr = 281.26
Monoclinic, P21

a = 11.0560 (9) AÊ

b = 5.3326 (4) AÊ

c = 11.4712 (7) AÊ

� = 101.07 (1)�

V = 663.73 (8) AÊ 3

Z = 2
Dx = 1.407 Mg mÿ3

Dm = 1.41 Mg mÿ3

Dm measured by ¯otation in a
mixture of xylene and bromoform

Cu K� radiation
Cell parameters from 25

re¯ections
� = 28±42�

� = 0.96 mmÿ1

T = 293 (2) K
Needle, colorless
0.40 � 0.10 � 0.10 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.82, Tmax = 0.91

1424 measured re¯ections
1353 independent re¯ections
1294 re¯ections with I > 2�(I)

Rint = 0.015
�max = 67.9�

h = ÿ13! 0
k = 0! 6
l = ÿ13! 13
2 standard re¯ections

every 100 re¯ections
intensity decay: <2%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.028
wR(F 2) = 0.078
S = 1.13
1353 re¯ections
187 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0418P)2

+ 0.0901P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.12 e AÊ ÿ3

��min = ÿ0.12 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.052 (3)
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Figure 1
The molecular structure of (I) with the atom-numbering scheme and 50%
probability displacement ellipsoids.

Figure 2
Packing of the molecules of (I) viewed down the b axis.
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Table 1
Selected geometric parameters (AÊ , �).

O1ÐC1 1.307 (2)
O2ÐC1 1.203 (3)
O3ÐC10 1.270 (3)
O4ÐC10 1.244 (2)
O5ÐC13 1.278 (3)
O5ÐH3 1.28 (3)
O6ÐC13 1.230 (3)
N1ÐC2 1.486 (3)
C1ÐC2 1.511 (3)
C2ÐC3 1.528 (3)

C3ÐC4 1.508 (3)
C4ÐC9 1.379 (3)
C4ÐC5 1.384 (3)
C5ÐC6 1.378 (4)
C6ÐC7 1.366 (4)
C7ÐC8 1.373 (4)
C8ÐC9 1.381 (4)
C10ÐC11 1.476 (3)
C11ÐC12 1.331 (3)
C12ÐC13 1.481 (3)

O2ÐC1ÐO1 124.68 (19)
O2ÐC1ÐC2 122.17 (17)
O1ÐC1ÐC2 113.08 (18)
N1ÐC2ÐC1 107.14 (17)
N1ÐC2ÐC3 111.81 (16)
C1ÐC2ÐC3 115.91 (17)
C4ÐC3ÐC2 115.43 (19)
C9ÐC4ÐC5 118.1 (2)
C9ÐC4ÐC3 121.64 (19)
C5ÐC4ÐC3 120.3 (2)
C6ÐC5ÐC4 120.7 (2)
C7ÐC6ÐC5 120.5 (2)

C6ÐC7ÐC8 119.7 (2)
C7ÐC8ÐC9 119.8 (2)
C4ÐC9ÐC8 121.2 (2)
O4ÐC10ÐO3 120.9 (2)
O4ÐC10ÐC11 118.3 (2)
O3ÐC10ÐC11 120.76 (18)
C12ÐC11ÐC10 130.3 (2)
C11ÐC12ÐC13 130.7 (2)
O6ÐC13ÐO5 121.5 (2)
O6ÐC13ÐC12 118.9 (2)
O5ÐC13ÐC12 119.6 (2)

O2ÐC1ÐC2ÐN1 ÿ9.4 (2)
O1ÐC1ÐC2ÐN1 173.33 (17)
O2ÐC1ÐC2ÐC3 ÿ135.0 (2)

O1ÐC1ÐC2ÐC3 47.7 (2)
N1ÐC2ÐC3ÐC4 ÿ59.3 (2)
C1ÐC2ÐC3ÐC4 63.9 (2)

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

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

O3ÐH3� � �O5 1.13 (3) 1.28 (3) 2.412 (2) 175 (4)
O1ÐH1� � �O4i 0.82 1.73 2.547 (2) 170
N1ÐH1A� � �O5ii 0.89 2.29 2.999 (2) 137
N1ÐH1A� � �O6ii 0.89 2.20 3.068 (3) 164
N1ÐH1B� � �O2iii 0.89 2.45 3.077 (2) 128
N1ÐH1B� � �O4iv 0.89 2.25 3.011 (2) 144
N1ÐH1C� � �O6v 0.89 2.10 2.947 (3) 159
C2ÐH2� � �O2vi 0.98 2.49 3.324 (3) 142
C2ÐH2� � �O2iii 0.98 2.48 3.073 (2) 118
C11ÐH11� � �O3vi 0.93 2.60 3.239 (3) 127
C12ÐH12� � �O5vi 0.93 2.53 3.303 (3) 140

Symmetry codes: (i) 1ÿ x; 1
2� y; 1ÿ z; (ii) 1ÿ x; yÿ 1

2; 2ÿ z; (iii) ÿx; yÿ 1
2; 1ÿ z; (iv)

xÿ 1; y; z; (v) 1ÿ x; 1
2� y; 2ÿ z; (vi) x; yÿ 1; z.

The absolute con®guration of L-phenylalaninium maleate was not

established by the analysis but is known from the con®guration of the

starting reagents. The H atoms were placed at calculated positions

and were allowed to ride on their respective parent atoms with HFIX

instructions using SHELXL97 (Sheldrick, 1997) defaults. The H atom

shared between atoms O3 and O5 of the semimaleate anion was,

however, re®ned isotropically.

Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell

re®nement: CAD-4 Software; data reduction: CAD-4 Software;

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

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

molecular graphics: PLATON (Spek, 1999); software used to prepare

material for publication: SHELXL97.
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