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Typical hydrogen bond acceptors' possess an O or N lone 
pair, but more recently, the a-electron pair of a transition metal 
hydride has been shown23 to give intramolecular N—H—H—M 
and O—H—H—M hydrogen bonds of an unconventional type, 
for which we suggest4 the term dihydrogen bonds. These 
interactions have bond strengths of 4—6 kcal/mol and H—H 
distances (^HH) of ca. 1.7—1.9 A and seem to play a role in 
proton transfer, fluxional processes, and other reactions.2,3 

The striking melting point difference between H3CCH3 (mp 
-181 0C) and the isoelectronic H3BNH3 (1, mp + 104 0C dec) 
suggested that intermolecular dihydrogen bonds might be present 
in amine boranes. Of course, H3BNH3 is polar, but the polar 
and essentially non-H-bonding molecule CH3F, also isoelec
tronic with ethane, has a melting point of —1410C, only slightly 
elevated from that of ethane. 

We have now examined the Cambridge Structure Database 
(CSD)5 to look for examples among boron nitrogen compounds. 
Twenty-six N—H—H—B intermolecular dihydrogen bonds have 
been found with duH < 2.2 A6 in 18 X-ray crystal structures.7 

The following metric data, obtained from the CSD, were studied. 
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Figure 1. The H---H distance ^HH versus the B - H - " H angle 6 for 
the compounds studied, normalized. The numbers refer to the following 
compounds, which are listed by their CSD filenames [R values (%) in 
parentheses]: 1, AZIBOR (8.7);7a 2, CESHIR 10 (4.7);7b 3, DITSUU 
(3.4);7c 4, DUJYOW (4.8);7d 5, EMOBOR (4.7);7e 6, FUDHIVOl (4.7);7f 

7, FUDHOB (4.1);7« 8, FUDHOB02 (4.5);7h 9, FUZSEY (6.3);7i 10, 
GACWUC (11.6);7J 11, GALGIJ (15.3);7k 12, GALGOP (4.2);71 13, 
GEWWEK (5.0);7m 14, JUJKUU (4.3);7n 15, KACRAH (4.6);7° 16, 
KADMEH (5.1);7P 17, SORGEL (5.5);7<! 18, VIJLEF (7.7).7r Primes 
refer to second and third H-bonds within a single structure. 

In the prior M-H* "H-N dihydrogen bonds, dun was usually 
in the range 1.7—2.0 A, and so the range found in the structures 
studied here (dnu range, 1.7-2.2 A; average, 1.96 A, a — 0.13 
A) is compatible with the presence of an H-bond. As is usual 
in structural studies of hydrogen bonding,1 both N-H (1.03 A) 
and B-H (1.21 A) distances were normalized to minimize the 
systematic error associated with hydrogen positions in X-ray 
structures. The N-H value chosen is the standard1 one in 
H-bonding studies, and the BH distance chosen was the one 
found in the theoretical study to be discussed below. By 
studying a broad range of crystal structures in this way, we 
hoped to establish a general pattern for behavior for these new 
interactions.8 

The N - H - H B angles vary (tp, average, 149°, a - 17°; 
range, 117-171°), but tend to be larger than the N H - H - B 
angles (0, average, 120°, a = 26°; range, 90-171°), shown in 
Figure 1. In the prior work on M—H—H—N dihydrogen bonds, 
the NH* "H-M angle 9 has always been strongly bent. For 
example, in ReH5(PPh3)2-(indole),9 the NH-H-Re angle 9 is 
118° (neutron diffraction). In the B—H—H—N cases studied 
here, we find that 9 is usually strongly bent: although the range 
found for the N H - H - B angle 9 is 90-180°, the majority of 
examples fall in the range 0 = 95-1200.10 

In most cases, the N-H bonds in the compounds studied were 
either substituted ammonium ions or substituted pyridinium ions, 
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few neutron diffraction structures of boron compounds have been carried 
out, perhaps because of the very high neutron absorption cross section of 
boron. 
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with a positively charged nitrogen, or aminoboranes, in which 
the nitrogen can be considered to bear a partial positive charge 
by virtue of the RiB - -N + Ri resonance form. In either case, 
the pKj of the NH in question is likely to be low (e.g., NHa+, 
9.2; CsHsNH+, 5.2) and therefore to favor1 the formation of 
relatively strong hydrogen bonds. Similarly, the BH bonds were 
exo-BH bonds of boron cluster cage anions, aminoboranes, or 
aluminoboranes. in all of which boron is expected to bear at 
least a partial negative charge, leading to a BH group having 
hydridic character and therefore being potentially basic. 

In only three of these previous structural studies7"0'1 was the 
presence of the close H"-H distance noticed, and in each case 
it was ascribed to a charge transfer (CT) interaction, rather than 
to H-bonding. 

To improve our understanding of this system, we carried out 
an ab initio theoretical study on the dimer, [HiBNHi];> (2), by 
the PCI-80/B3LYP method.1 ' " The global minimum proved 
to be the structure shown in Figure 2, containing two 
B-H—H—N dihydrogen bonds of structure very similar to the 
bent ones found in the crystallographic study, with </im = 1 -82 
A, V = 158.7°, and 6 = 98.8°. The heat of association of 2 is 
12.1 kcal/mol. 6.1 kcal/mol per H-bond if we assign half of the 
total energy to each H-bond. This is well within the range of 
H-bond energies found in conventional N—H"-base examples 
(3-8 kcal/mol) and shows that the BH bond is a surprisingly 
effective base. 

The strong bending of the E—H-"HN angle is a notable 
feature of H-bonds involving E-H a-bonds as H-bond acceptors. 
This is rationalized by the theoretical study, which assigns the 
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Figure 2. The structure of IH1BNHi)2 (2) from PCI-80/B3LYP studies 
and a structural diagram for 2. 
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Figure 3. The Mulliken charge distribution in [HiBNHiI2 (2) from 
PCI-80/B3LYP studies. 

atom charges shown in Figure 3. The boron is very negative 
and is at the negative end of the B-H dipole, so that a collinear 
N—H*"H—B arrangement would lead to an unfavorable (—F)-
(H—) arrangement of the two dipoles. It is therefore under
standable that the H-B dipole should rotate so as to become 
more favorably aligned, resulting in a side-on structure. In line 
with the suggestion that the N - H group is interacting in part 
with the boron atom, the N—H"-B angle is only slightly bent 
(average, 157°, a = 15°; range 121 — 177°). We have not yet 
been able to obtain crystals of 1 suitable for a structural study. 

Intermolecular E-H—H—N (E = element) dihydrogen 
bonding, previously seen for Re,11 is now found for a main group 
element, boron. The unusual nonlinear structure is rationalized 
on the basis of the charge distribution calculated for a 
representative system, [BHtNHiJ:. The results also suggest that 
the CSD may be a useful source of information on the structural 
details of intermolecular interactions in general. 

Acknowledgment. We thank the NSF for funding. Prof. Ken 
Caulton. and a referee for very helpful discussions. 

IA952819W 


