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For the creation of new supramolecular structures in the organic MeO —@— Ny

solid staté, there is increasing interest in different types of stable
aromatic/aromatic bonding motifof which there are two basic
classes extant with either face-to-face (cofaéiat)edge-to-face
(perpendiculad)orientation. The latter is particularly interesting
in that the intermolecular interaction between aromatic donor/
acceptor pairs can be envisaged as a (catyaipgen bond to a
m-center* To optimize such aromatic/aromatic interactions for

crystal engineering, we envisaged the cooperative use of a phenyl

C—H donor bearing a positive charge in conjunction with a phenyl

acceptor bearing a negative charge to strengthen the hydroger

bond by charge assistantés such, we now report on arylated
cation/anion pairs comprising a novel series of highly colored
arenediazonium tetraphenylborate salts [AMBPh,~] with ex-
ceptionally short (€H---r) hydrogen bonds, as determined by
X-ray crystallography and defined by the pair of geometrical
parameters shown beldi.

"BPh,

Thus, Table 1 lists hydrogen bonds as shordas 2.2 A,
particularly for theortho protons on the Arp™ acceptors. When
the hydrogen bond is taken to the phenyl centroid of the,BPh
donor, the anglex is ~160C°. Such strong hydrogen-bonding
motifs lead to the three basic structural units illustrated in Figure
1. Thus the ion-pair structure in (a) involves a singlgho
hydrogen in the ArN" acceptor that is directed to the phenyl
centroid of PhB~, and it is a persistent feature in all crystal
structures. When a pair oftho hydrogens are equally involved,
the linear ionic chain (c) threads through the crystal. The
involvement of the weakepara hydrogen bonds leads to the
cyclic (ion) quadruplet (b). It is particularly noteworthy that the
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Table 1. Hydrogen-Bonding Parameters for-@i---zr Association
in Crystalline Arenediazonium Tetraphenylborétes

ArN,* drA o, deg motif
— _@_ Ny 2.496 156.2 ion pairs
@_N L9 2.358-2.536 162.7169.0  ion pairs

2 2.241-2.349 157.9-171.0  cyclic (ion)
2.441-257¢ 144.8-145.F quadruplets

(2.784-2.874)' (115.6-137.4)' (3-d network)

2.408, 2.411 159.3,162.4 ionic chains

a2 C—H bond lengths normalized to the neutronographic value of
1.083 A forortho protons, unless indicated otherwigéd-++i (centroid).
¢ C—H--+i (centroid).9 Based on six nonequivalent units in two crystal
structures® Para hydrogensf Meta hydrogens.

Figure 1. Hydrogen-bonding matifs in crystalline tetraphenylborate salts
of (a) p-carbethoxy-, (b) unsubstituted, and fejnethoxybenzenediazo-
nium as ion pairs, cyclic (ion) quadruplets, and linear ionic chains,
respectively.

unsubstituted benzenediazonium acceptor ¢Phidilizes all three
types of hydrogens (includingnetd’” to form the interesting
3-dimensional hydrogen-bonded network presented in Figure 2.
Strong (C-H---x) interactions are inherent to all the supramo-
lecular assemblies listed in Table 1. Importantly, suefHz:-z

(6) (a) The distance is taken to the phenyl centroid (i) of BPhanda
is the (C-H--+i) angle. (b) Crystal data fqr-MeOGH4N,"BPh,~+%,PhCMeCH:
monoclinic, P2;/n, at —150°C, a = 11.3186(1) Ab = 16.4446(2) Ac =
15.3768(1) A8 = 96.185(1), V = 2845.42(5) & Z = 4, R [WRF?)] =
0.0549 (0.1349) on 8223 unique reflections whth 20(1), GOF= 1.03, 353
parameters refined. Crystal data for BhBPh,~/,OCMe: triclinic, P1, at
—150 °C, a = 9.8947(2) A,b = 15.9444(3) A,c = 17.2787(1) Ao =
78.666(13, f = 84.800(13, y = 74.330(13, V = 2571.44(8) R, Z = 4,R
[WR(F?)] = 0.0618 (0.1235) on 7945 unique reflections wlith 20(l), GOF
= 1.06, 631 parameters refined. Crystal data for PE®h~%,CH,l.:
triclinic, P1, at—150°C, a = 9.9740(1) Ab = 21.2237(3) Ac = 26.0147(1)
A, o =83.859(13, # = 81.932(1), y = 83.204(1}, V=5391.2(1) R, Z =
8, R[WR(F?)] = 0.0779 (0.1660) on 16625 unique reflections with 20(l),
GOF = 1.19, 1259 parameters refined. Crystal datafdttO,CCsH4N,"-
BPh,~: monoclinic,P2;/c, at—150°C, a = 9.5861(1) Ab = 14.4626(2) A,
c=20.2227(4) AB = 99.375(13, V = 2766.23(7) &K, Z = 4, R[WR(F?)] =
0.0485 (0.0927) on 4585 unique reflections with 20(1), GOF= 1.06, 459
parameters refined. Siemens SMART diffractometer equipped with CCD
detector and W low-temperature device (LT-2,(Mo Ko) = 0.71073 A;
computer programs: SHELXS-86 (Sheldrick, G. Atta Crystallogr 199Q
A46, 467-473), SHELXL-93 (Sheldrick, G. MProgram for the Refinement
of Crystal StructuresUniversita Gottingen, 1993), and SHELXTL PLUS
(Structure Determination SysteM, 5.03, Siemens Analytical X-ray Instru-
ments, Inc., Madison, WI, 1994).

(7) The relative G-H---x distances ofd =~ 2.3, 2.5, and 2.8 A for the
hydrogen bonds from thertho, para, andmetaprotons, respectively, follow
the same trend in their electron densitiéas a measure of their relative
acidities).
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Figure 2. Repeating unit built by multiple €H---x interactions in the

structure of benzenediazonium tetraphenylborate. The 3-dimensional

hydrogen-bonded network derives from its extension alongxthgis
(and inversion/translation in thezplane).

interactions cannot merely result from crystal packing since the
same hydrogen-bonding motif is present in the four different

crystal structures of AryBPh,~ (comprised of eight structurally

independent units). Indeed, the extended 3-dimensional networ

in Figure 2 shows how strong (€H---r) bonds toortho, para,
andmetahydrogens in ArN* can dominate the crystal assembly
for effective solid-state engineering.

We attribute the unusually short {&4---7) hydrogen bonds

found in arenediazonium tetraphenylborates to the felicitous
confluence of (a) the pronounced electron-acceptor properties of
the cationic ArN* and (b) the enhanced electron-donor properties

of the anionic BPlr. Thus the “acidic” character of thertho

hydrogens was first reported in the pioneering X-ray crystal-

lographic analysis of benzenediazonium chloride bynRong®

which is strongly supported by our electron-density measurefhents

and the theoretical calculations by Gla¥dndeed, the very short
C—H---r distance ofd = 2.24 A in Table 1 is even comparable
to that found for the strongly acidic hydrogen halides, suct as
= 2.25 A for F—H---z in the hydrogen fluoride/benzene
complex (in the gas phase), adg= 2.345 A2 for Cl—H---x in

the hydrogen chloride analogue (in crystals). Further, the anionic p .
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Table 2. Charge-Transferi{—x) Interactions in Arenediazonium
Tetraphenylborates

diazonium substituent

interaction p-MeO H p-EtO.C
Ar/Ph? 3.4-35A
N/PH 3.18A 2.973.11A 3.12A
(2.96-3.01 A) (3.04 &)
color yellow orange dark red
stability 2h (23°C) 1h(23°C) 2 min (0°C)

ag—gm interaction in ArN*/BPh,~ ion pairs with a tilt of 6-16°.
b Nitrogen—s distance of diazonium terminus to the phenyl group in
BPh,~ with a tilt of 1—6° or (in parentheses) N distance with a tilt
of 16—41°.

with the cationic ArN* in the bathochromic orderp-EtO,C—
> H > p-MeO—.2® Together with the highly directed (€H--x)
hydrogen bonding in Table 1, such delocalized charge-transfer
interactions can be readily modulated by substituent effects on
ArN,* (as well as substituents on BPh—sufficient to satisfy
the two principal criteria for effective crystal engineerifig.
Although the unusually short hydrogen bonddE 2.24 A
between phenyl groups, as found in this study, is unique to
benzenediazonium tetraphenylborates, there are other examples
of rather short GH--- distances’ However, even the shortest
C—H:-++r contacts withd < 2.4 A in the tetraphenylboratédhave
heretofore not been generally recognized as hydrogen bonds since
the structures were reported without explicit reference to such
unusually close interactions. As such, our findings will now allow

KUs to employ the charge-assistance concept in a more general

sense by anticipating the deliberate design of cationic/anionic
components as an effective strategy for strong hydrogen bonding
via edge-to-face interactions of aromatic donor/acceptor pairs.
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