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Protonated Borane—Lewis Base Complexes BipX™ (X = NH3, PH3, H,O, H,S, CO}
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Structures of protonated boraneewis base complexes;BX* (X = NHz, PH;, OH,, SH,, CO) as well as their
neutral parents were calculated using ab initio method at the MP2/6-31G** level. All of the monocaj®Xs H

are B—H protonated involving hypercoordinate boron with a three-center two-electron (3c-2e) bond. Protonation
energies of BBX to form HsBX™* were calculated with the G2 theory and were found to be highly exothermic.
The B NMR chemical shifts of the compounds were also calculated by the GIAO-MP2 method.

Introduction Table 1. Total Energies{au), ZPE2 and Relative Energies
kcal/mol
Lewis acid-base interactions are at the heart of our under- ( y VP2/631Gm] |
; ; ; _ - ** rel. energy
standing of many catalytic reactions. Dor@cceptor com MP2/6.31 G G2 (keal/mol)

plexes of Lewis acid Bkl have been the subject of many

theoretical studie3.Recently Anane et al. reported a G2 ~ MsBNHs ~ la  82.92320(42.2)  83.02504 0.0

molecular orbital study of a series of dor@cceptor complexes E“E“Eﬁ 1b gg'g%gg (gg'? gg'fg%é 192.9

of BHz including BHX (X = NHz, PH; HyO, H,S)2a 2 N ¢ ' (36.1) ’

Previously, we reportédon the calculated structures and H3BPH§ 2a  369.10145(34.8)  369.23661 0.0
; . . H.BP 2b  369.40858 (40.7)  369.53012 184.2

energies of the parent hexa-, hepta-, and octacoordiate boronium y gpp+  2c  368.23001 (28.9)  368.34683

ions, BH™, BH72T, and BH2". In continuation of our study of

onium ions and dicatiofisve have now extended our investiga- Eiggﬂ; gz 183:8233; ggg:gg 183:?;352 18(;'.%

tions to the structures and energetics of protonategkBM{ = H,BOH,* 3c  101.88426 (28.4)  102.00400

NHs, PHs, H20, H2S, CO) by ab initio calculations and found H-BSH, 4a 42531670 (29.4) 425.47470 0.0

some very intriguing results. H.BSH,*  4b 42561816 (35.5) 425.76149 180.0
HBSH*  4c  424.44714 (24.1)  424.58502

Calculations HsBCO 5a  139.54693(22.1)  139.73668 0.0

Calculations were carried out with the Gaussian 94 program system. H“Bcg Sb 139.81674(28.3)  139.99280 160.7
The geometry optimizations and frequency calculations were performed HoBC 5S¢ 138.63025(164) 138.80159
at the MP2/6-31G** levef.From calculated frequencies, the optimized ~ Hz 1.15766 (6.6) 1.16636
structures were characterized as minima (NIMAQGO) or transition aZero point vibrational energies (ZPE) at MP2/6-31G*//MP2/6-

structure (NIMAG= 1). For improved energy, the Gaussian-2 (G2) 31G** scaled by a factor of 0.93.Relative energy based on G2
energie$ were computed. Calculated energies are given in Table 1. gnergies.
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H3BCO 5a (C3y) H4BCO* 5b (Cy) HoBCO+ 5¢ (Cay)
Figure 1. MP2/6-31G** structures ofi—5.

MP2/6-31G** geometrical parameters and G2 calculated energies will cation HBNHs* (1b) which was calculated to be a stable
be discussed throughout, unless stated otherwise. NMR chemical shiftsminimum at the MP2/6-31G** level. Th€s symmetry structure
were calculated by the GIA® method. GIAO-MP2 calculations using  1p is isoelectronic and isostructural with dicatiog@ENHg2+ 11

the tzp/dz basis sethave been performed with the ACES Il progréin.  \jonocation1b contains a five-coordinate boron atom with a

Calculated chemical shifts are listed in Table 2. three-center two-electron (3c-2e) bond (Figure 1). 1bncan

Results and Discussion be considered as-NHs" substituted Bl BHs, which is
Protonated HsBNH3; and HsBPHs (HsBNHs™ and Ha- isoelectronic with CH", is Cs symmetrical with a 3c-2e bond

PN .
BPH;"). B—H protonation of the EBNH3 (18) leads to mono- (10) Stanton, J. F.; Gauss, J.; Watts, J. D.; Lauderdale, W. J.; Bartlett, R.
J. (Eds.)ACES It Quantum Theory Project; University of Florida:
(8) Gauss, JChem. Phys. Lettl992 191, 614. Gainesville, Florida, 1991.
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Table 3. Thermodynamics of the Dissociation bf5b?
AH (kcal/mol)

dissociation process

H4BNHs* (1b) — H.BNHs* (10) + Ho +5.7
HasBNHs* (1b) — BH4* + NHg +81.0
H4BPHs* (2b) — HBPHs" (20) + He +10.6
HJBPHs* (2b) — BH4* + PHs +66.8
H4BOH2+ (Sb) g HzBOH2+ (3C) + H, +1.2
H4BOH;* (3b) — BH4* + H,0 +59.9
H,BSH," (4b) — HBSH," (4¢) + H, +6.3
HsBSH," (4b) — BH4* + H,S +54.0
H,BCO* (5b) — H,BCO* (50) + H» +15.6
H,BCO* (5b) — BH.* + CO +44.3

aWith the G2 theory.

based on high level ab initio calculatioHs'® The B-N bond
distance oflb is 1.584 A, 0.076 A shorter than that found in
H3BNH3; at the same MP2/6-31G** level which indicates
stronger B-N bonding inlb than inla

Protonation of HBNH; 1ato form 1b was calculated to be
highly exothermic by 192.9 kcal/mol (Table 1), which is more
exothermic by 28 kcal/mol than the protonation of water. The
dissociation oflb into 1c and molecular K (Scheme 1) is
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endothermic by 5.7 kcal/mol (Table 3). In comparison, dis-
sociation of BH into BH; and H is indicated to be exothermic
by 6.8 kcal/mol2 The experimental gas phase observation (by
infrared spectroscopy) of BHhas recently been reportétiOn

the other hand, dissociation db into BH;™ and NH; (Scheme

Rasul et al.

structure2b also contains a 3c-2e bond. However, unlike
the B—P bond distance db (1.952 A) is 0.003 A longer than
that of s BNHs. Protonation of HBPH; 2awas also calculated
to be highly exothermic by 184.2 kcal/mol (Table 1). The
dissociation of2b into 2c and H (Scheme 1) and into BF
and NH; (Scheme 2) were calculated to be endothermic by 10.6
and 66.8 kcal/mol (Table 3), respectively. These results indicate
that the cationdb and2b should be observable experimentally.

Protonated HsBOH, and H3BSH, (H4BOH," and Hy-
BSH,"). We have also calculated the structures ofHB
protonated HBOH, (3a) and HBSH, (44) leading to HBOH, "
(3b) and HBSH,* (4b), respectively, at the MP2/6-31G** level.
Each of the structure3b and4b was characterized by a 3c-2e
bond. Structur@ais isoelectronic as well as isostructural with
the carbon analogue /80H,2".11 The oxygen in3b and the
sulfur in 4b are pyramidal. The BO and B-S bond lengths
of 3b (1.532 A) and4b (1.945 A) are shorter than those of
neutral3a (1.731 A) and4b (2.036 A), respectively.

Cation 3b is endothermic by only 1.2 kcal/mol (Table 3)
toward dissociation into3c and H (Scheme 1). Similar
dissociation o#b into 4cand H (Scheme 2), however, is more
endothermic by 6.3 kcal/mol (Table 3).

Protonated HsBCO (H4BCO™). The borane-carbon mon-
oxide complex HBCO (5a) is isoelectronic with the acetyl
cation HHCCO'. Protonation of the BBCO (5a) leads to B-H
protonated monocationf/BCO™ (5b) containing a HBH 3c-2e
bond. In comparison, the calculated structure effCprotonated
acetyl dication HCCO*" is C4, symmetrical with no localized
3c-2e bond® The B—C bond distance b (1.607 A) is 0.052
A longer than that of EBCO (5a). The possible O-protonated
structure HBCOHT is not a minimum on the potential energy
surface as the cation dissociates intog&tid isoformyl cation
COH*" when optimized at the MP2/6-31G** level. In contrast,
O-protonated acetyl dications8COH is more stable by 18.9
kcal/mol than the €H protonated HCCC?™.11 This is consis-
tent with the superior donor ability of the BHyroup in H-

2) is calculated to be even more endothermic by 81.0 kcal/mol BCO 5a compared to that of the GHgroup in HCCO'.
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(Table 3). BH' which is isoelectronic with Ck#* is of Cy,
symmetry and contains a 3c-2e bond.

The X-ray structure of BBNH;3; showed a B-N bond distance
of 1.564 A, which is significantly shorter than the gas-phase

B—N distance of 1.672 A (determined by microwave spectros-
copy)2h The gas-phase value, however, agrees rather well with
the calculated value of 1.660 A. Based on self-consistent reaction

field (SCRF) calculations it was concluded that the reduction
of B—N distance in the crystal is due to the dipolar field effect

of the crystal. In fact, on the basis of our present calculations,

it is now probable that protosolvation ogBINH3 is responsible

for the observed shorter-BN distance in the solid state.
Protonation of the gBPH; (2a) leads to the monocationH

BPHs;™ (2b). Similar to ammonium catiorb, the calculated

(12) Schreiner, P. R.; Schaefer, H. F.; Schleyer, P. \J.RChem. Phys.
1994 101, 7625.

(13) Watts, J. D.; Bartlett, R. J. Am. Chem. Sod.995 117, 825.

(14) Tague, T. J.; Andrews, LJ. Am. Chem. S0d.994 116, 4970.

Protonation of HBCO 5awas calculated to be less exothermic
(160.7 kcal/mol) compared to that of other borane complexes
(Table 1). The dissociation &b into 5¢c and H (Scheme 1)
and into BH't and CO (Scheme 2) were calculated to be
endothermic by 15.6 and 44.3 kcal/mol (Table 3), respectively.
NMR Chemical Shifts. We have also calculated tHéB
NMR chemical shifts ofl—5 by the correlated GIAO-MP2
method-® using MP2/6-31G** geometries (Table 2). The
calculatedd'B of H3BNH3 (1a) is —19.3, which agrees very
well the experimental value 6f22.3. For monocation #BNH3*
(1b), the calculated!'B of —17.9 is only 1.4 ppm deshielded
from the 511B value of neutralla. The GIAO-MP2 calculated
oMB of H3BPH; 2ais —44.6, which also agrees very well the
experimental value of-42.5. Calculated!!B of H3BOH; (3a)
and HBSH; (4a) are 7.1 and-20.4 ppm, respectively, can be
compared with the experimentally obtained values of 2.5 for
H3BO(CHs), and —20.1 for HBS(CHs).. The B NMR
chemical shifts of the neutral complextes5aby noncorrelated
IGLO method have been reported previou&ty.

Conclusion

In conclusion, present ab intio calculations at the MP2/6-
31G** level indicate that the BH protonated HBX (X = NHs,

(15) Olah, G. A.; Burrichter, A.; Rasul, G. A.; Prakash, G. K. S.; Hachoumy,
M.; Sommer, JJ. Am. Chem. Sod.996 118 10423.
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PHs, OH,, SH,, CO), 1-5b, are stable minima and should be chemical shifts of the compounds were also calculated by GIAO-
eventually observable experimentally. The optimized structures MP2 method.

show that1—5b all contain a 3c-2e bond. Protonations of

H3BX to form H;BX* were found to be highly exothermic as Acknowledgment. Support of our work by the National
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