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Complexation energies ofBXH, and [HsBXH,-;]~ complexes (Xx= N, O, F, P, S, and C)n(= 3, 2, 1)

have been computed at the G-2 level of theory. The formation:BXH ; (X = N, P) is found to be more
favored than the formations of;BXH, (X = O, S) and HBXH (X = F, Cl). The qualitative features of the
molecular orbital interaction (the correlation diagrams) @BNH3 (Cs, symmetry group), tEBOH, (Cs
symmetry group), and #BFH (Cs symmetry group) complexes are presented. These diagrams show that the
o character of the BX bond decreases and thecharacter increases when the electronegativity of X increases
and indicate that the BX bond cannot be treated only in terms of the simplest model of the HOMO
LUMO interaction (i.e., a two-level and two-electron model system). Two linear correlations were established
and discussed. The first one was between proton affinities of the Lewis bases IXH,, and [XH,-1] 7, n

= 3, 2, 1) and complexation energies of theBH compounds calculated at the G-2 level of theory. The
second correlation was between tH8 NMR coupling constantJs—y and the complexation energies of
HsBL (L = OH~, PH,~, SH~, CI7, NH3, and PH).

1. Introduction that s BCO and HBNH3; complexes are significantly stabilized
. . by charge-transfer interaction. In the case of Lewis abiase
Donor—acceptor complexes between Lewis acids and basescomplexes of B, BFs, BCls, AlCI5, and SG, Frenking et ats
play a very important role in many catalytic reactidrfs The showed that the bond'ing in’the st;ongly bc;und deramceptor
knowledge of the structure and properties of these complexesComplexes (HBCO, HsBNHs, HsBNMes, FsBNHs, FsBNMes
is a necessary goal for understanding the mechanism of SUChCI38NH3, and Ci;B’NME3) hz’ave large é:ovalent’contributi(’)ns
Processes. . L while the bonds in the more weakly bound complexe8F0O,
Diborane (BHg) chemistry has Iong_been a very active field FsBNCH, CKBCO, CEBNCMe, CLAIOCICE, CLAINMes, and
of re;easigh as a conseqluenpﬁ of its um;sual structure ange.NSoy) are dominated by electrostatic interactions. They
bonding="> It reacts readily with a range of Lewis bases, in 555 showed that electrostatic interactions are dominant in the

both solution and gas phase. Recently, a series of Papersgon :
! . - gly bound complex GAINMej3, while the related complex
appeared on the pyrolysis of the diborane withdNPi, SH, H3BNMes is mainly bound by charge-transfer interactions. For

CH3NH2, CH;OH, and CITQSH, leading to selective formation HsBCO and HBNHSs, they concluded also that the domor

of amlnoborané,phosphlnobo(r)ané,mercaptoboran%,meth- acceptor bond of these complexes has a higher covalent
ylaminoborané,methoxyborané? and methylmercaptoboratk, character. Moreover, theBNHs complex is more strongly
respectively. It was concluded from these results that ami- ound than the t;BCO’ complex because the Coulomb interac-
noborane, phosphinoborane, and mercaptoborane were produceﬁonS are stronger in #BNHs than in HBCO. Another study
through boranelLewis base adducts. The authors proposed a by Dapprich and Frenkind, using the charQe decomposition

two-step mechanism. The first step is the slow formation of a : .
: - - analysis (CDA), reported strong electron donation from CO to
borane-Lewis base adduct ¢8L), and the second is the rapid BH3 (0.550 e at MP2/6-31G(d)) and significant back-donation

hydrogen ellmlnatlon from the 4BL compound. Qn the other from BHs to CO (0.253 e at MP2/6-31G(d)) for thesBCO
hand, the possible pathways for these reactions have beencOm lex and strong electron donation from i BHs (0.382
thoroughly investigated using ab initio methd@sThe conclu- P 9 A

L - - .. e at MP2/6-31G(d)) but no back-donation from Bté NHa.
sion is that the energy barrier height for the hydrogen elimination . .
from the adduct EBXH., is proportional to the values of proton Recently, Skancke et &l.concluded that the successive fluorine

affinity of the Lewis bases XH(X = N, O, S, and Pn = substi.tutions on boron or nitrogen reduce the complex binding
1-3). ltis also concluded that the adduct complexation energies energies and shqwed tha}t the charge transfers are correlated with
are related completely to the nature of Lewis bases. Further- the degree of this substitution. These results were interpreted
more, Morokuma and co-workéfhave explained the stabilities In terms o_f rehybrl_dlzanons of the hitrogen Ione-p{;ur orbital,

of electron donoracceptor complexes 48CO, HBNH, changes_ in the highest occupied molecular orbilvawest
HsBNH,(CHs), HsBN(CHa)s, and HNBFs in terms of electro- unoccqpled (HOMGLUMO). gap, and back-donation Fo the
static, exchange, polarization, and charge-transfer contributions™® orbital on boron. In this context, we h.ave studied the
to the interaction energy. Glendening and Streitwid$esing attractor effect and thg donor e_ffept substitution of hydfoge"'s
the natural energy decomposition analysis (NEDA), which is boron or hydrogen’s ligand. Similar results were obtained as

based on the natural bond orbital (NBO) procedure, reported "ePorted previously?
In spite of the simplicity of the doneracceptor bond model,

* Corresponding author. the mode of coordination between Lewis acids and bases was
€ Abstract published irAdvance ACS Abstract§eptember 1, 1997. not completely elucidated and is still controversial. Of particular
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interest is whether or not the dorescceptor interaction is i 3 - _
reduced to the simple interaction that occurs in the two-level \ - \ / -
model system. In the case ofsBXH, (n = 3, 2, and 1) B X B X
complexes, it was shown that the interaction occurs between | g N /

the vacant orbital of BEl(LUMO) and the lone-pair orbital of = %0.s - wos
XH, (HOMO). This description is not completely correct, since ' o

the interaction occurs between two molecular orbitals of the
acceptor (LUMO and the occupied deeper orbital) and the \
highest occupied orbital (HOMO) of the donor Xfile., a three- B
level and four-electron model systéhisee Figure 1)). In this /
way, we present in this paper a qualitative molecular orbital - -

description of the nature of the interaction between the boron X=F’Cl_ ]

hydride acceptor and Lewis base donor XX = N, O, and Figure 2. The staggered and eclipsed conformations of thBLH

F). Fortunately, with recent advances in theoretical methods, complexes.

the structure and the energies of small gas phase species catheory®2’is a composite one, based on the 6-311G(d,p) basis

be calculated to within 12 kcal/mol. set and several basis extensions. Treatment of electron cor-
We have made calculations at the G-2 level of theory relation is by Mdler—Plesset (MP) perturbation theory and
to estimate the complexation energies of theBKH, or guadratic configuration interaction (QCI). The final energies

[HsBXHn-1]~ adducts (X= (N,P), (0,S), and (F,Cl)). The are effectively at the QCISD(T)/6-3%15(3df,2p) level, making
relative stabilities of these complexes are examined with respectcertain assumptions about additivity and appending a small
to the qualitative molecular orbital analysis (QMOA). The higher-level empirical correction (HLC) to accommodate re-
QMOA arguments have proved useful and successful for maining deficiencies. This theoretical scheme has been
predicting the broad outlines of calculatiolg! They enhance  proved® 0 to yield ionization energies, atomization energies,
understanding of the relationship between the approximate proton affinities, and heats of formation in agreement with the
orbitals we visualize and the detailed results produced by the experimental values to within 0.1 eV. In this respect, it should
ab initio calculations. The choice of the complexes investigated be noted that in calculating proton affinities and complexation
was made with the aim to include all different types of strongly energies, the HLC term cancels out, and therefore, the resulting
bound molecules and van der Waals complexes. A linear proton affinities and complexation energies are purely ab initio.
correlation between the complexation energies of the complexes
and the G-2 calculated proton affinity of Xknd [XH,-1]~ is 3. Results and Discussion
gstablish_ed and discussed. Finally, another linear co_rrelation 3.1. Geometries. Figure 2 schematically presents the
is established between the expenmer’rﬂ@ NMR COPP"“Q possible structures (staggered and eclipsed conformations) for
constantJs_y and the complexation energies determined at the the complexes BBXH, and [HBXHn_,~. Table 1 lists
G-2 level of theory. selected bond lengthei(x, ds+, anddy ) for the complexes
optimized at the MP2(full)/6-31G(d) level. The G-2 total
energies and the energy differences between the two conforma-
Molecular orbital calculations were carried out using the tions of all complexes are presented in Table 2. The total
GAUSSIAN 922 series of programs with a variety of basis sets optimized geometrical parameters of all complexes considered
of split valence quality and with multiple polarization and diffuse in this study are available from the authors upon request.
functions?® Equilibrium geometries were optimized at the HF/  Although a detailed discussion of the geometries of these species
6-31G(d) level of theory. Vibrational frequencies and zero- is not the aim of this paper, several features should be singled
point energies (ZPEs) were calculated at the HF/6-31G(d) level out for comment.
using the HartreeFock (HF) optimized geometries and analyti- For all compounds, except forsBFH, the staggered con-
cal second derivativé$(the ZPE value is scaled by the empirical formation corresponds to a minimum and the eclipsed form
factor 0.893%°> The HF geometries obtained in the previous corresponds to a transition state, the imaginary frequency being
step were then refined at the MP2/6-31G(d) level. The G-2 the torsional mode around the—& bond. The energy

2. Computational Methods
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TABLE 1: MP2(full)/6-31G(d) Bond Length (A) of TABLE 3: Comparison of Present G-2 Dissociation Energy

Complexes (in kcal/mol) with Experimental and Other Accurate
o Theoretical Calculations for the H3BNH3; Complex
_— a
complex symmetry staggered eclipseds-+? dx—P D. Do ref
HsBNHs Co 1660 1.687 1209 1.020(1.017) f/IF?4/6—31lG*//MP3/6—31G* 33}21‘.17 2008 TAS mork
HsBOH; Cs 1.730 1.752 1.207 0.975 (0.969) MP2/TZ2P 33.7 28.30 15
HsBFH Cs 2.009 2.022 1.199 0.942(0.934) MP2/TZ2P ’ 30 17 15
H3BPH; Cs, 1.943 1.974 1.206 1.404 (1.415) DET 328 26.30 45
HsBSH, Cs 2.026 2.078 1.201 1.341(1.339) NL-SCF 32'1 26.80 46
H3BCIH Cs 2.702 2.748 1.193 1.281 (1.280) CCSD(T)(aug-cc-pVT2) 31'1 24.6 45
[HsBNHz]~ Cs 1.579 1.592 1.253 1.024 (1.043) exptf 31'1 ' 47
[HsBOH]~ Cs 1.517 1.523 1.236 0.969 (0.980) ’
[HsBF]~ Cay 1.462 1.244 2 Dg values include the ZPE correctiohlncludes thermal correc-
[HsBPH,]~ Cs 1.999 2.023  1.222 1.429(1.436) tions.cLocal density approximation with nonlocal corrections to the
[H3BSH] Cs 1.973 1.989  1.221 1.346(1.353) correlation and exchange potentidl €CSD(T)/(augmented-correlation-
[HsBCI]~ Ca, 1.954 1.209 consistent-polarized-valence triplet-zeta) calculatiSiEstimated value.

adg_y = 1.191 A for isolated BH computed at the MP2(full)/6-

31G(d) level.? Values in parentheses correspond to the free ligand bond

length (A).

TABLE 2: Total Energies (Etot in au) of Complexes andAE
(in kcal/mol)@ Computed at the G-2 Level of Theory

TABLE 4: Proton Affinities (PA in kcal/mol) 2 of Ligands (L
= XH, and [XH,-1]7) and Complexation Energies E. in
kcal/mol)b of Complexes Computed at the G-2 level of theory
and Experimental Proton Affinities (PA xp) in kcal/mol)

= complex EP PA2 PAexp)
ot

complex staggered eclipsed AE? :ﬁgﬂi :iggg igi% igig
H3BNH; —83.025 03 —83.020 82 2.64 HsBFH —1.22 116.0 11790
H3BOH; —102.873 28 —102.872 77 0.32 HsBPH; —20.56 188.4 188%
HsBFH —126.876 68 —126.876 77 —0.06 H3BSH, —12.02 169.3 168¢7
H3BPH; —369.236 61 —369.233 18 2.15 HsBCIH —2.64 134.9 1330
HsBSH, —425.474 72 —425.472 28 1.53 [HsBNH]~ —72.96 402.4
HsBCIH —486.869 20 —486.8686 94 0.16 [HsBOH]~ —68.65 388.6
[HsBNHz]~ —82.458 52 —82.456 56 1.23 [HsBF]~ —64.18 369.8
[HsBOH]~ —102.346 98 —102.346 45 0.33 [HsBPH;]~ —50.59 366.5
[H3BF]~ —126.387 78 [HsBSH]~ —41.52 350.9
[HsBPH;]~ —368.700 38 —368.697 59 1.75 [H3BCI]~ —34.26 333.3

H3BSH]~ —424.962 56 —424.961 75 0.51
%HzBCI]l —486.388 40 APA(L) = —[E(LH*) — E(L) ]. ® Ec= E(HsBL) — [E(HsB) + E(L)]

with L = XH, and [XH,-1] . (TheEc values include ZPE corrections.)
aEnergy difference between the eclipsed and the staggered confor-¢ Reference 48¢ Reference 49.
mation.

2.702 A, respectively, compared to the corresponding van der
difference between the two conformations is very small and Waals bonddg_a = 3.232 A (value obtained at the MP2(full)/
gives the ligand rotational barrier (see Table 2). However, the 6-31G(d) level! Upon complexation, the MP2 BH and
ligand rotational barrier decreases as the electronegativity of X X —H bond values are slightly longer than isolated fragments.
increases. In all complexes, the-B bond length is moderately 3.2. Complexation Energy. Table 3 presents the G-2
longer for the eclipsed conformation (see Table 1). For the computed binding energy of the classical donacceptor
anionic adducts the BX bond length is close to a covalent complex HBNH; along with experimental values and previous
bond length. The values fordBNH,~, H3BOH™, and HBF~ high-level theoretical calculations. Our G-2 result is in good
are 1.579, 1.517, and 1.462 A, respectively, close to the sumagreement with the experimental values and with all previous
of the two covalent radii of the B and X atoms (1.54, 1.53, and calculations. In Table 4, we give the complexation energies
1.52 Afor B-N, B0, and B-F, respectively). However,the  corresponding to the reaction of boron hydride S&hd the
values for HBPH;", HsBSH™, and HBCI™ are 1.999, 1.973,  Jigands XH, or [XH,-1]~ (n = 1-3) to form the electron
and 1.954 A, respectively, larger than the sum of the two donor-acceptor complexes 8XH, or [HsBXH, 1]~ (it is
covalent radius of “B” and “X" atoms (1.86, 1.82, and 1.79  taken as the energy difference between the complex and the
A for B—P, B—S, and B-Cl, respectively). The BH bond is dissociation products). The formation of the intermolecular
longer in complexes than in isolated BHThis is reasonable  pond involves the donation of charge density from the donor
because in Bilboron is hybridized s while the hybridization XHp, or [XHn-1]~ to boron hydride, Bi Table 4 also gives
changes toward §pn the donor-acceptor complexes. Upon  the corresponding ligand proton affinities (i.e., the energy
coordination, the MP2 bond length oft becomes shorter  (ifference between the neutral and protonated ligand) which
by 0.019 and 0.011 A for N and OH', respectively, and  can be taken as a quantitative measure of the charge transferred
0.006 and 0.007 A for P¥ and SH, respectively. from the ligand to boron hydride. It was mentioned in the

For the neutral adducts, the bond lengths are longer  Introduction that this proton affinity was proportional to the
than the corresponding anionic—& bond lengths. These complexation energy.
distances increase as the electronegativity of X increases and G-2 results show that thesBXH3; (X = N, P) complexes
vary from pseudo-covalent bonds to van der Waals bonds: theare more stable than thesBXH, (X = O, S) and the EBXH
optimized values at the MP2(full)/6-31G(d) are 1.660, 1.730, (X = F, Cl) ones (see Table 4). For the anionic adducts, the
and 2.009 A for B-N, B—0, and B-F, respectively, compared  order of stability is different: [EBXH-1]~ (X =N, O, F) are
to the corresponding van der Waals bomgne = 2.627 A more stable than [fBXH,-1]- (X =P, S, Clanch =3, 2, 1)
(value obtained at the MP2(full)/6-31G(d) levél)For B—P, (see Table 4). Therefore, the anionic donacceptor com-
B—S, and B-Cl, the optimized values are 1.943, 2.026, and plexes show rather strong doraacceptor bonds compared to
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NH, H;BNH; BH, OH, H;BOH, BH;

FH H,BFH BH;

Figure 3. Fragmental analysis of the molecular orbitals of (aBNHs, (b) HsBOH,, and (c) HBFH.

the corresponding neutral adducts. These values can beto the 7a orbital is larger than the boron contribution, and this
explained since BBXH,~, HsBXH™, and HBX™~ are isoelec- orbital has a bonding character with respect to nitrogen and
tronic to the corresponding stable organic compoundsXtH, boron atoms. Therefore, this latter complex MO can be
CHsXH, and CHX (X = (N, P), (O, S), and (F, Cl)), compared with the bonding orbital in the two-level donor
respectively, and in the anionic ligands, the HOMO is high in acceptor interaction, being the %13arbital of the complex
energy. Furthermore, in the anionic complexes, the central atomantibonding orbital whose contribution to the boron hydride is
X of the donor is in its preferred coordination. larger than the contribution to the ammonia. According to the

3.3. The Qualitative Molecular Orbital Analysis. The fragment calculations, this MO is predominantly formed by the
energetic information given in table 4 brings out several 5a LUMO of BH3 and the 5a HOMO of NHz. Hence, we
guestions: What is the origin of the stabilization upon com- can consider the 1380 as the closest one in character to the
plexation? Why are the #8XH3 (X = N, P) complexes more  antibonding orbital of the two-level doneacceptor bond. The
stable than the §BXH, (X = O, S) and HBXH (X = F, Cl) other occupied MOs are similar in structure to the orbitals of
ones, in spite of the fact that all ligands have the same numberthe initial molecules Nhland BH;. The 3e and 4e orbitals of
of valence electrons and the same hybridization for the baseboth BH; and NH; interact only slightly between them. We
centers, X (sf)? The answers to these questions are directly can therefore conclude thatzabond is not formed between
related to the molecular orbital redistribution which takes place BH3; and NH;. Similar results were obtained by Dapprich and
upon coordination. In this section, we apply QMOA to illustrate Frenking® using the charge decomposition analysis to explain
the two moieties that influence their stabilities. For the sake the bond nature in the #8NH3; complex. They showed that
of simplicity, we shall start our analysis with thesBNHj, the core orbitals remain nearly unchanged upon complexation
H3BOH,, and HBFH complexes. between BH and NH; moieties. The large contributions to

We shall now discuss the characteristics of the chemical bond donor—acceptor interactions are calculated for the &ad 7a
in the molecules under consideration from an ab initio calcula- MOs. Furthermore, their results proved that the charge donation
tion at the HF/STO-3G level of theory (this basis set has been from NHs to BHz is mainly due to the 7aMO (0.283 and,
chosen only for qualitative interpretations). 0.367 e at HF/6-31G(d) and MP2/6-31G(d), respectively), and

Parts a-c of Figure 3 illustrate the fragmental analysis of there is no back-donation from Bltb NH;. They also showed
molecular orbitals (the connecting lines indicate interactions that there is a large depletion of electronic charge in the
stronger than 15%, and when it is weaker than 15%, the overlapping region of the occupied orbitals of Bahd NH; ,
corresponding line is dashed) that generally influences the that form 7a MO (—0.643 and—0.269 e at HF/6-31G(d) and
molecular bonding of EBNHs , H3BOH,, and HBFH, respec- MP2/6-31G(d), respectively). In addition, the @abital shows
tively. In all correlation diagrams, the molecular orbitals of an accumulation of electronic charge (0.342 arl@l267 e at
BHs; and the ligands (Nk} OH,, FH) were taken in the HF/6-31G(d) and MP2/6-31G(d), respectively) in the occupied/
symmetry of the corresponding complex. occupied overlap region of the fragments.

For the HBNH3; complex, the qualitative molecular orbital In the case of the #BOH, complex, the correlation diagram
model (Figure 3a) allows the assertion that &ad 7a are those (Figure 3b) shows that the -BO bond is formed with the
MOs that are responsible for the chemical bond between the participation of the first and second HOMO, '5and 44,
fragments NH and BH;. The 6a orbital is mainly formed by respectively, of the D and the occupied orbitals 244, and
the 2a MO (i.e., the acceptor-occupied orbital) and thg 5a the LUMO 58 of BH;. These MOs lead to formation of five
(HOMO) MO of NHsz. On the other hand, the yarbital of orbitals 53, 64, 7d, 94, and 114 and they reflect the complex
the complex results from interaction between the acceptor- B—O bond. Other occupied MOs are similar in structure to
occupied 2a orbital and the LUMO 5aorbital of the BH the orbitals of the initial molecules @ and BH. The
fragment and the 3&HOMO of NHs. The nitrogen contribution interaction between the 4arbital of HoO and the 4aorbital
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of BH3 allows the B-O bond to acquire a-character. This is (a)
reflected by the 6aand 94 orbitals of the complex. It should
be pointed out that only one of these orbitals,, 7& formed 0T,
with the participation of three molecular orbitals: the unoc- E S
cupied 5aorbital (LUMO of BH3) and the acceptor-occupied g -0t
2d and 54(HOMO of H,0) orbitals. In contrast to other MOs, § 154
the contribution of the oxygen atomic orbitals (AOs) to thé 7a 8 20 1
MO is larger than the contribution of the boron AOs. Therefore, 25+
with some approximation, this MO can be correlated with the 30 ; , | ; ,
bonding orbital of the two-level model of the doreacceptor 1o 130 150 170 90 210
bond, while the 11aMO can be treated as the antibonding AP(G2)[keabinol]
orbital for this same model.
The fragmental analysis of thesBFH complex (Figure 3c) (b) 4
shows thato- and zz-bonds are characteristic. The latter are -10 1
described by the 6a8d’, and 94MOs, in which the 44 and 5 o7
5d orbitals of FH participate, while the-bonds are described § :40 i
by the 44and 74 MOs of the complex. The formation of the £ 50
7d orbital, which represents the-B- bond, results from the § -60 -+
interaction of the occupied acceptor 2abital and the LUMO = ;g !
5d orbital of BH; with the HOMO 5a& orbital of FH. In this 90 +
MO, the contribution of fluorine is larger than the contribution -100 1 1 w = !
of boron, therefore the 7MO can be compared to the bonding 310 330 350 370 3% 410
orbital of two-level model of the doneracceptor interaction. AP(G2)[kealmol]
Comparing these three correlation diagrams of thBNH3, Figure 4. Linear correlation between G-2 proton affinities and the
HsBOH,, and BFH complexes, we can reach the conclusion complexation energies of (a)BXHn and (b) [(BXHn-1]~ complexes.
that the qualitative molecular orbital model indicates that an 0
occupied orbital of the boron fragment also contributes to the @) 104
“X —Boron” o-bond. Hence, the XBoron chemical bond 204 PH3
cannot be reduced to the two-level model system. In actual S a0t
compounds, the interaction occurs between the occupied orbital 3 04
of the donor and the acceptor. The contribution of the occupied = 501
acceptor orbital in the interaction with the donor reduces the Z 60+
stability of the complex. Thus, this comparison shows that the -70 -+
LUMO—HOMO gap is an important factor in influencing the -80 T
stability of electron doneracceptor complexes. In fact, when -90 ‘ ‘ : !
the LUMO—HOMO gap increases, the complex stability 0 80 %0 100 1o
decreases (the LUMOHOMO gaps are 2.77, 3.69, and 5.07 JB-HHz]
kcal/mol for HsBNH3, H;BOH,, and HiBFH, respectively). The 126
type of interaction for these adducts is described as a three- (b) * ( *OH-
level and four-electron system: “30Mde " (see Figure 1). 125+
3.4. Correlations. In parts a and b of Figure 4, we present = 124
the linear correlation between the proton affinities of the ligand, 2 123
XH, or [XH,-1]~, and the complexation energies ofBiL (L g
= XH, or [XH,-1]") using G-2 calculations. 1227
Recently, Frenking and co-worké?shave shown that there 121
is no correlation between the charge transfer and the bond 12 .

strength in donoracceptor complexes from the NBO analysis. 70 % %0
We think that this result comes from the large variety of acceptor
and nature of the ligand used. The proton affinity (as to what Figure 5. Linear correlation between the experimental coupling

was mentioned above) can be taken as a quantltatlve MeasUre,nsiantJs_, and (a) the G-2 complexation energies and (b) the MP2
of the charge transferred to the boron hydride from the ligand. g, , pond lengths of the complexes.

Figure 4a,b shows a good linear correlation between proton
affinities and complexation energies. This correlation reflects of the “B—L" bonding and to assess the stability of the
that the stability of the complex depends completely on the corresponding adducts.

nature of ligands. This stability increases when the basicity of | this work, we report two linear correlations, the first one

100 110
J(B-H)[Hz]

the Lewis bases increases. is between thé!B NMR coupling constantlz_y (experimental
In 1957, Ricé? discussed a correlation betwees-n and factor reflecting the rigidity of the BH bond) and the
stability for a series of BBL compounds. Other authdfs3s complexation energies of thesBL complexes (L= OH~, PH,™,

have commented on the relationship betwéan y and the SH-, CI~, NH3, PHs) calculated at the G-2 level of theory (see
boron “s” character in the boron hydrogen bond. Watar#ébe Figure 5a). This correlation shows that the interaction between
has discussed the linear relationship between the weightedBH; and ligands is important, i.e., the complexes show great
average ofvg_y and 3Jg_y for an extensive series of boron stability, when the coupling constahiz_y is low. Thus, the
compounds. A study by Berschied and Pufdethowed that bond length B-H becomes longer than that in isolated 8H

it is possible to use this correlation to infer qualitative features (1.191 A value obtained at the MP2/6-31G(d) level). This latter
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observation allows the establishment of a second linear cor- (14) Glendening, E. D.; Streitwieser, A.Chem. Physl994 100, 2900.
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