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Cations and anions of the title compound {systematic

name: 1-[4-(aminocarbonyl)butyl]guanidinium bis(hydrogen-

squarate)}, C6H17N5O2+�2C4HO4
ÿ, are connected into a three-

dimensional network by intermolecular NÐH� � �O hydrogen

bonds between the l-argininamidium ammonium, amide and

guanidinium functions and the hydrogensquarate carbonyl O

atoms. The independent hydrogensquarate monoanions are

linked into dimers by pairs of OÐH� � �O0 hydrogen bonds.

Comment

The search for new classes of organic compounds with second-

order non-linear optical properties and high laser beam

thresholds is directed towards crystalline materials with high

dipole moments, asymmetrically conjugated �-electron

systems and non-centrosymmetric crystal structures. Three

main classes of organic compounds with different dimen-

sionalities are known in the literature, viz. (a) one-dimen-

sional compounds (dipoles), such as 4-nitroaniline and its

derivatives, (b) two-dimensional compounds (quadrupoles),

such as 4,6-dinitroresorcinole and its derivatives, and (c)

three-dimensional compounds (octupoles), such as the

guanidinium cation and its derivatives (Nalwa et al., 1997;

Wolff & Wortmann, 1999; Chemla & Zyss, 1987). In the course

of our spectroscopic and structural studies of optically active

derivatives of amino acids, having non-linear optical and

electro-optical properties, the crystal structure of the title

compound, (I), has been determined. Structurally, (I) belongs

to the C-amidated amino acids, whose salts and ester amides of

squaric acid represent a new class of compounds having great

biological importance. We also publish the IR and Raman

assignments of (I) for the ®rst time. A structural study of some

C-amidated amino acids, viz. Ile, Val, Thr, Ser, Met, Trp, Gln

and Arg, was performed by In et al. (2001) and the results were

compared to those for the C-unamidated counterparts.

The independent hydrogensquarate monoanions, HSqÿ, are

linked into dimers by O30ÐH30� � �O80viii and O70ÐH70� � �O40ix

hydrogen bonds (Table 1). Such dimers have previously been

reported for argininium hydrogensquarate (Angelova, Veli-

kova et al., 1996) and 4-phenylpyridinium hydrogensquarate

(Kolev et al., 2004), but in®nite chains are also known, for

instance in phenylglycine hydrogensquarate monohydrate

(Angelova, Petrova et al., 1996). In contrast to other amino

acid amide derivatives, the l-argininamidium cations of (I) are

not connected into helical chains by intermolecular

N(amide)ÐH� � �O(amide) interactions (Kolev et al., 2006).

Translation-related cations of (I) are, however, linked by

N(ammonium)ÐH� � �O(amide) hydrogen bonds (N2Ð
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Figure 2
A projection of (I) perpendicular to [010], showing the three-dimensional
network formed via intermolecular hydrogen bonds (dashed lines).

Figure 1
The molecular structure of (I), showing the atom-labelling scheme and
the N2ÐH� � �O hydrogen bonds as dashed lines. Displacement ellipsoids
are drawn at the 50% probability level.



H22� � �O1iii; Table 1) into chains in the [100] direction.

Additional intermolecular NÐH� � �O hydrogen bonds to

hydrogensquarate carbonyl O atoms, in which all possible

donor NH atoms participate (Table 1), lead to the construction

of a three-dimensional network.

Experimental

The starting compound, l-argininamidium dihydrochloride, which is a

white powder, was purchased from Bachem (Switzerland) and

recrystallized from methanol. Compound (I) was synthesized by

adding a methanol solution (10 ml) of l-argininamidium dihydro-

chloride (246 mg) to an aqueous solution (28 ml) of squaric acid

(228 mg) and leaving the mixture to stand. Colourless crystals formed

after four weeks and were ®ltered off and dried in air at room

temperature. Single prismatic and colourless crystals suitable for

X-ray analysis were grown from a methanol±water solution at room

temperature over a period of two months. IR (KBr pellet, cmÿ1): 3426

(s), 3300 (m), 3200 (m) �(NH2, guanidyl), 3338 �as(NH, amino-

carbonyl), 3151 �s(NH, aminocarbonyl), 2865, 2790, 2740 �(NH3,

ammonium), 1804 (w) �(CO, hydrogensquarate), 1689 (s) �(C O),

1655 (NH2, scissoring), 1619 (amide II), 1386 �(CN, amide III), 1162,

1136 (w), 1109, 908 �(NH2), 788 (amide VII), 722 (amide V). These

data are in accordance with known values for other arginine-

containing tri- and tetrapeptides (Kolev, 2006) obtained by IR±LD

spectroscopy and theoretical (ab initio HF/6±31++G**) calculations

(Ivanova, 2005, 2006; Ivanova & Arnaudov, 2006). The results show a

charge redistribution in the guanidyl fragment, leading to an obser-

vation of a broad IR absorption maximum in the whole 3400±

2700 cmÿ1 region assigned to stretching NH+ and NH2+ vibrations.

Crystal data

C6H17N5O2+�2C4HO4
ÿ

Mr = 401.34
Monoclinic, P21

a = 5.1850 (10) AÊ

b = 16.668 (3) AÊ

c = 10.458 (2) AÊ

� = 101.90 (3)�

V = 884.5 (3) AÊ 3

Z = 2
Dx = 1.507 Mg mÿ3

Mo K� radiation
� = 0.13 mmÿ1

T = 294 (2) K
Prism, colourless
0.54 � 0.24 � 0.22 mm

Data collection

Siemens P4 four-circle
diffractometer

! scans
Absorption correction:  scan

(XPREP in SHELXTL-Plus;
Sheldrick, 1995)
Tmin = 0.945, Tmax = 0.977

2919 measured re¯ections

2659 independent re¯ections
1972 re¯ections with I > 2�(I )
Rint = 0.030
�max = 30.0�

3 standard re¯ections
every 100 re¯ections
intensity decay: 2%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.099
S = 1.01
2659 re¯ections
260 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.046P)2

+ 0.0784P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.23 e AÊ ÿ3

��min = ÿ0.19 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.023 (4)

The S con®guration of the argininamidium C� atom C2 is known

for the natural amino acid and was assigned to C2. As atoms heavier

than Si are not present in (I), anomalous scattering contributions are

negligible and no Friedel pairs were measured. H atoms were treated

as riding, with CÐH = 0.97 AÊ for the methylene C atoms and 0.98 AÊ

for atom C2, NÐH = 0.89 AÊ for ammonium atom N2 and 0.86 AÊ for

all other N atoms, and OÐH = 0.82 AÊ [Uiso(H) = 1.2Ueq(C2,C5),

1.35Ueq(N2), 1.2Ueq(N6,N8,N9), 1.2Ueq(O70); all other Uiso(H) values

were re®ned freely].

Data collection: R3m/V (Siemens, 1989); cell re®nement: R3m/V;

data reduction: XDISK (Siemens, 1989); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL-Plus (Sheldrick, 1995).
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Table 1
Hydrogen-bond geometry (AÊ , �).

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

N1ÐH11� � �O50 i 0.86 2.37 3.095 (3) 143
N1ÐH12� � �O20 ii 0.86 2.15 2.986 (3) 165
N2ÐH23� � �O1 0.89 2.24 2.646 (3) 107
N2ÐH22� � �O1iii 0.89 2.52 2.831 (3) 101
N2ÐH23� � �O10 0.89 2.06 2.836 (3) 145
N2ÐH22� � �O40 0.89 2.27 3.007 (3) 140
N2ÐH21� � �O60 0.89 1.97 2.841 (3) 166
N6ÐH6� � �O80 iv 0.86 2.27 3.054 (3) 151
N8ÐH82� � �O10v 0.86 1.99 2.842 (3) 168
N8ÐH81� � �O60vi 0.86 2.03 2.863 (3) 162
N9ÐH91� � �O20v 0.86 2.29 3.066 (4) 150
N9ÐH92� � �O50vii 0.86 2.51 2.898 (3) 108
N9ÐH92� � �O80 iv 0.86 2.27 3.035 (4) 149
O30ÐH30 � � �O80viii 0.82 1.74 2.523 (3) 160
O70ÐH70 � � �O40 ix 0.82 1.79 2.564 (3) 158

Symmetry codes: (i) x� 1; y; z; (ii) x; y; z� 1; (iii) xÿ 1; y; z; (iv) ÿx� 1; yÿ 1
2;ÿz� 2;

(v) ÿx� 2; yÿ 1
2;ÿz� 1; (vi) ÿx� 1; yÿ 1

2;ÿz� 1; (vii) ÿx� 2; yÿ 1
2;ÿz� 2; (viii)

ÿx; yÿ 1
2;ÿz� 1; (ix) ÿx; y� 1

2;ÿz� 1.


