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In the title compound, C8H10NO2
+�ClO4

ÿ, the phenyl-

glycinium cation is linked to the perchlorate anion through a

normal OÐH� � �O [2.78 (2) AÊ ] hydrogen bond. The phenyl-

glycinium cation and perchlorate anion are also held together

by NÐH� � �O hydrogen bonds. Chelated three-centered

hydrogen bonds are observed involving the amino-N atom

and the perchlorate-O atoms. The molecular aggregation of

the hydrophilic zone at z = 1
4 is sandwiched between two

hydrophobic zones.

Comment

d-Phenylglycine is an important constituent in the production

of semisynthetic pencillins and cephalosporins. Its derivatives

are used in the synthesis of antitumor drugs and other phar-

macological applications (Satyam et al., 1996; Jayasinghe et al.,

1994). The crystal structures of d-phenylglycine hydrochloride

(Ravichandran et al., 1998) and bis(d-phenylglycinium) sulfate

monohydrate (Srinivasan et al., 2001a) have been reported. In

the present study, the structure of d-phenylglycine recrys-

tallized from perchloric acid has been investigated.

The asymmetric unit of the title compound, (I), consists of a

protonated phenylglycinium cation and a perchlorate anion.

In the phenylglycinium residue, the torsion angle O1AÐ

C11ÐC12ÐN11, which is a measure of the relative orienta-

tion of the carboxyl group and the amino-N atom, is 16.1 (6)�,
thereby indicating that the orientation of the carboxyl group is

in¯uenced by the phenyl substitution at the C� atom. The

corresponding angles in �-glycine (Marsh, 1958) and diglycine

hydrochloride (Natarajan et al., 1992) are found to be 19.1, 0.3

and 16.5�, respectively. The branched-chain conformation

angles �11 and �12 are 94.3 (6) and ÿ84.4 (5)�, respectively,

indicating a folded conformation. The perchlorate anion has

orientational disorder leading to considerable variations in the

ClÐO bond distances and the tetrahedral symmetry of the

molecule.

The H atom of the perchloric acid links the d-phenyl-

glycinium residues by a normal OÐH� � �O hydrogen bond

[O1BÐH12� � �O3(1+x, 1+y, z) 2.78 (2) AÊ ]. All the O atoms of

the perchlorate anion are involved in hydrogen bonding. A
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normal hydrogen bond is observed between the amino-N atom

and a perchlorate-O atom [N11ÐH11B� � �O2(ÿx, 1
2+y,

1
2ÿz)]. Two chelated three-centered hydrogen bonds are

observed, involving the amino-N atom and perchlorate-O

atoms [N11ÐH11A� � �O2(1ÿx, 1
2+y, 1

2ÿz) and N11Ð

H11A� � �O40(1ÿx, 1
2+y, 1

2ÿz); N11ÐH11C� � �O1 and N11Ð

H11C� � �O40] (Jeffrey & Saenger, 1991). The packing

arrangement shows a hydrophilic zone at z = 1
4. The hydro-

phobic zone at z = 1
2 is sandwiched between two hydrophilic

zones at z = 1
4 and z = 3

4 (Fig. 2); similar situations have been

reported in bis(d-phenylglycinium) sulfate monohydrate

(Srinivasan et al., 2001a), l-phenylalanine-nitric acid (2/1)

(Srinivasan et al., 2001b) and dl-phenylalaninium dihydrogen

phosphate (Ravikumar et al., 2001).

Experimental

The title compound, (I), was crystallized by slow evaporation from an

aqueous solution of D-phenylglycine and perchloric acid in a stoi-

chiometric ratio of 1:1.

Crystal data

C8H10NO2
+�ClO4

ÿ

Mr = 251.62
Orthorhombic, P212121

a = 5.451 (1) AÊ

b = 8.807 (2) AÊ

c = 22.649 (5) AÊ

V = 1087.3 (4) AÊ 3

Z = 4
Dx = 1.537 Mg mÿ3

Dm = 1.530 Mg mÿ3

Dm measured by ¯otation technique
using a mixture of carbon tetra-
chloride and xylene

Mo K� radiation
Cell parameters from 25

re¯ections
� = 13.6±23.0�

� = 0.37 mmÿ1

T = 293 (2) K
Needle, colorless
0.55 � 0.50 � 0.15 mm

Data collection

Enraf±Nonis CAD-4
diffractometer

!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.864, Tmax = 0.947

1485 measured re¯ections
1261 independent re¯ections
1193 re¯ections with I > 2�(I)

Rint = 0.023
�max = 25.3�

h = ÿ6! 6
k = 0! 10
l = 0! 27
3 standard re¯ections

frequency: 60 min
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.056
wR(F 2) = 0.161
S = 1.07
1261 re¯ections
181 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.1125P)2

+ 0.6721P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.33 e AÊ ÿ3

��min = ÿ0.22 e AÊ ÿ3

Absolute structure: Flack (1983)
Flack parameter = ÿ0.98 (16)

Table 1
Selected geometric parameters (AÊ , �).

O1AÐC11 1.184 (5) O1BÐC11 1.287 (6)

O1AÐC11ÐC12ÐN11 16.1 (6)
N11ÐC12ÐC13ÐC18 94.3 (6)

N11ÐC12ÐC13ÐC14 ÿ84.4 (5)

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

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

O1BÐH12� � �O3i 0.82 1.97 2.78 (2) 168
O1BÐH12� � �O30 i 0.82 1.94 2.76 (2) 178
N11ÐH11A� � �O20 ii 0.89 2.31 3.036 (17) 139
N11ÐH11A� � �O40 ii 0.89 2.45 3.297 (16) 159
N11ÐH11A� � �O2ii 0.89 2.60 3.29 (2) 136
N11ÐH11B� � �O2iii 0.89 2.22 3.076 (17) 161
N11ÐH11B� � �O20 iii 0.89 2.37 3.23 (2) 162
N11ÐH11C� � �O1 0.89 2.47 2.906 (18) 111
N11ÐH11C� � �O40 0.89 2.63 3.44 (2) 153

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

2ÿ z; (iii) ÿx; 1
2� y; 1

2ÿ z.

The perchlorate anion exhibits orientational disorder, leading to a

distorted tetrahedral geometry. The site occupation factors for atoms

O1/O2/O3/O4 and O10/O20/O30/O40 were ®xed at 0.5. All H atoms

were ®xed by geometric constraints using HFIX and allowed to ride

on the attached atoms.

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, 1997);

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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Figure 2
Packing diagram of the structure viewed down the b axis. O atoms for
only one disordered site are shown.

Figure 1
The molecular structure of the title compound, (I), showing the atomic
numbering scheme and 50% probability displacement ellipsoids.
(Johnson, 1976). O atoms for only one disordered site are shown.



NMSSVN College, Madurai, India for permitting him to

pursue his doctoral research work under the Faculty

Improvement Programme.

References

Enraf±Nonius (1989). CAD-4 Software. Version 5.0. Enraf±Nonius, Delft, The
Netherlands.

Flack, H. D. (1983). Acta Cryst. A39, 876±881.
Jayasinghe, L. R., Datta, A., Ali, S. M., Zymunt, J., Van der Velde, D. G. &

Georg, G. I. (1994). J. Med. Chem. 37, 2981±2984.
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge National

Laboratory, Tennessee, USA.
Jeffrey, G. A. & Saenger, W. (1991). Hydrogen Bonding in Biological

Structures. Berlin, Heidelberg, New York: Springer-Verlag.
Marsh, R. E. (1958). Acta Cryst. 11, 654±663.

Natarajan, S., Muthukrishnan, C., Asath Bahadur, S., Rajaram, R. K. & Rajan,
S. S. (1992). Z. Kristallogr. 198, 265±270.

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351±
359.

Ravichandran, S., Dattagupta, J. K. & Chakrabarti, C. (1998). Acta Cryst. C54,
499±501.

Ravikumar, B., Sridhar, B. & Rajaram, R. K. (2001). Acta Cryst. E57, o1078±
o1080.

Satyam, A., Hocker, M. D., Kanemaguire, K. A., Morgan, A. S., Villar, H. O. &
Lyttle, M. H. (1996). J. Med. Chem. 39, 1736±1747.

Sheldrick, G. M. (1997). SHELXL97 and SHELXS97. University of
GoÈ ttingen, Germany.

Spek, A. L. (1999). PLATON for Windows. Utrecht University, The
Netherlands.

Srinivasan, N., Sridhar, B. & Rajaram, R. K. (2001a). Acta Cryst. E57, o754±
o756.

Srinivasan, N., Sridhar, B. & Rajaram, R. K. (2001b). Acta Cryst. E57, o916±
o918.

Acta Cryst. (2001). E57, o1149±o1151 S. Ramaswamy et al. � C8H10NO2
+�ClO4

ÿ o1151

organic papers


	mk1

