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(Cis)-PREFERENCE OF N,N’-DIMETHYL-N,N’-DIPHENYLGUANIDINE
AND THE GUANIDINIUM SALT. CONSTRUCTION OF WATER-SOLUBLE
AROMATIC LAYERED STRUCTURE
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N,N’-Dimethyl-N,N"-diphenylguanidine (2a) and the corresponding guanidinium
salt (2b) have crystal structures in which two phenyl groups are located face-to-face.
Similar (cis, cis) conformations were also observed in various solvents. These
structures may be useful as key building blocks to construct water-soluble aromatic
layered molecules. :
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Guanidine is a strong organic base, the salt (guanidinium ion) being stabilized by Y-delocalization,”
and is an efficient functional group as a hydrogen bond donor/acceptor in the field of supramolecular
chemistry.? Guanidino groups also play key roles in a number of drugs and biologically active
substances.” Recently, diarylguanidines, such as N,N’-di-o-tolylguanidine (DTG), have received
considerable attention as ligands of o-receptors® or N-methyl-D-aspartate (NMDA) receptors.”
The activities of aromatic guanidines depend significantly upon the substituents on the guanidino
group. Previously, we reported that steric change of the amide bond by N-methylation altered the
biological activities of aromatic amides.® Compared to the extensive investigations on amide
stereochemistry,” little work has been done on the guanidine group. In this paper, we describe (cis,
cis)-conformational preference of N,N’-dimethylated guanidines, affording molecules with water-
soluble aromatic layered structure.

Comparison of the 'H-NMR spectra of N,N’-diphenylguanidine (1a) and N,N’-dimethyl-N,N-
diphenylguanidine (2a) showed large chemical shift differences in the signals of their aromatic
protons (Table 1). A similar tendency was observed in the corresponding guanidinium salts 1b
(1a-HCL, R =H in Fig. 1) and 2b (2a-HBr, R = CH, in Fig. 1). The signals of the aromatic protons
of the N,N’-dimethylated compounds are shifted to higher field, which indicates that there is a large
conformational difference between 1 and 2. The two phenyl groups of 1 are equivalent in CDCL,
even at -50 °C, so the conformation of 1 is (trans, trans) or in rapid equilibrium between (zrans,
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Fig.1. Three Possible Conformations of Guanidinium Salt
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trans)/(trans, cis)/(cis, trans), rather than (cis, cis). On the other hand, the appearance of the
aromatic protons of 2 at higher field suggested that 2 exists mainly in (cis, cis) conformation. In
contrast to the lower-field shifts in the guanidinium salt 1b compared to 1a, there are no significant
differences in chemical shifts between 2a and 2b. This also supports (cis, cis) conformation, since
the two phenyl group would be sterically twisted from the guanidinium plane. It is noteworthy that
(cis, cis) conformation was also predominant in D,0 and other polar protic/aprotic solvents.

In order to clarify the (cis, cis) preference of N,N’-dimethylated guanidines, we examined their
crystal structures. Free N,N'-dimethyl-N,N’-diphenylguanidine (2a), prepared from N-methylaniline
and N-methyl-N-phenylcyanamide, was a colorless oil at room temperature, and was recrystallized
from n-hexane at below -20 °C in a refrigerator. Therefore, X-ray structure analysis of 2a was
carried out at -100 °C by using a laser-stimulated fluorescence image plate as a two-dimensional
area detector.”’ This made possible rapid analysis of the unstable crystal of 2a, which contains two
molecules of water and one molecule of n-hexane besides two molecules of 2a in one unit cell.”
X-Ray structural analysis of 2b (mp 248 °C),” was done by the usual method at room temperature.'”

As shown in Fig. 2, 2a and 2b have folded (cis, cis) structures in which the two phenyl groups
are located face-to-face. Their structures are clearly different from those of 1 and related diaryl
guanidines.'"” The bond angles around nitrogens (N, and N,) and the central carbon (C*) indicated
these atoms in both compounds to have sp® character (Table 2). The three C-N bonds in 2b have
almost the same length (1.33 — 1.38 A, partial double bond character), being longer than the C-N,
or C-N, bond and shorter than the C-N, bond in free guanidine 2a. Torsion angles relevant to the
C-N bonds of 2a and 2b are 30 — 40°. From these results, stabilization by Y-delocalization may
exist in the (cis, cis) conformation of 2b. The conformations are characterized by the large torsion
angles between the phenyl and guanidino groups (Table 2). The dihedral angles are 62° (for 2a)
and 68 — 73° (for 2b) between the phenyl and guanidino least-squares planes. Thus, the two phenyl

(b) 2b

Fig. 2. Crystal Structures of (a)
2a and (b) 2b

Solvent molecules (for 2a) and a
counter anion (for 2b) have been
removed in order to clarify the
conformations of the guanidines.

Table 2. Bond Lengths (A), Bond Angles (°) and Torsion Angles (°) Related to the Guanidino Groups

Cm
22” 2" C"\C A~
Bond lengths (A) / Y 1\,1\ 2 /
C*—N, 1.40(1), 1.39(1) 1.38(2), 1.35(1) Y‘(C'*\ N3
C*—N, 1.40(1), 1.40(1) 1.35(2), 1.34(2) \ B1 F/JYJ \
C*—N, 1.27(1), 1.26(1) 1.33(2), 1.33(1) G \sz) s (M
Bond angles (°) C/ ) \C )
al 123.0(10), 123.0(10) 122(1), 120(1) M
o2 119(1), 117(1) 121(1), 117(1) 2a 2b
o3 117(1), 116(1) 115(1), 120(1) Torsion angles (°)
B1 123.2(9), 121.9(9)  122(1), 122(1) C,C-N,-C*  147(1),-136(1) -50(1),-132(1)
B2 119(1), 118.7(9) 118(1), 116(1) C,-C,-N,-C*  -40(1),-147(1) -48(1),49(1)
B3 115(1), 118(1) 119(1), 120(1) C-N,-C*-N,  -39(1),31(1)  -30(1),32(1)
Y1 112(1). 113(1) 116(1), 118(1) N-C*N,-C; -32(1),39(1)  -32(1),34(1)
Y2 123(1), 125(1) 121(1), 120(1)
Y3 124(1). 121(1) 122(1), 121(1) » Two molecules exist in an asymmetric unit.
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groups are located face-to-face with dihedral angles of 37 — 38° for 2a, and 31° for 2b. The
deviation from the parallel aromatic structure may result from the repulsive -7 interaction of the
phenyl groups. A similar splayed-apart structure was also observed in sterically rigid 1,8-
diphenylnaphthalene.'?

The preference of (cis, cis) conformation of 2 should be closely related to the structural change
of aromatic amides and ureas caused by N-methylation.*'*"® In N-methylbenzanilide and N,N’-
dimethyl-N,N’-diphenylurea, the N-methyl groups are located cis to the carbonyl oxygen atom.
The crystal structures of 2a and 2b are very similar to that of N,N’-dimethyl-N,N’ -diphenylurea, in
which the dihedral angle between the two face-to-face phenyl groups is 35°. This implies that the
electronic properties of the carbonyl group (or oxygen atom), such as the attractive interaction with
the N-methyl group, are not important for the cis-preference of N-methylated amides and ureas.
Since the electronic structure of the Y-delocalized guanidinium group is very different from those
of carbonyl groups in amide or urea bonds, this finding should be helpful to understand the origin
of their cis-preference.

In conclusion, N,N’-dimethylated guanidine and guanidinium salt exhibited preference for (cis,
cis) conformation. This conformational property may be important in the interaction of aromatic
guanidines with 6- or NMDA receptors, and in other guanidine-related biological functions. The
aromatic layered conformations of N,N’-dimethylated guanidines 2 observed in the crystal state are
retained in various solvents including water. Aromatic multidecked structures are of much interest
because of their possible electrical or magnetic properties. Thus, (cis, cis)-guanidinium structures
should be useful as key building blocks to construct water-soluble aromatic layered architecture.
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