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Abstract: An extensive study is presented of nuclear sfgpin coupling constants in 25 polyhedral boranes

using density functional theory/finite perturbation theory (DFT/FPT) methods to determine the Fermi contact
term. Scalar couplings were obtained at either the UB3LYP/6-311G** or the UB3LYP/6:&'F level,

with molecular structures fully optimized at the B3LYP/6-31G* DFT level. The calculated results are in good
agreement with the solution experimental data for a wide range of directly bonded, geminal, vicinal, and
long-range coupling constants. The largest disparities occutJ{®B—1H) and 1J(13C—1H) values greater

than 120 Hz. These are underestimated on average by about 5%, a value close to that expected (4%) from the
effects of motional averaging on directly bonded coupling constants. The accurate prediction of coupling
constants in polyhedral boron compounds will be extremely helpful in their detailed NMR spectral analyses.

I. Introduction

The complexity of polyhedral boron-containing compounds
often makes structural assignments difficult. For this purpose,
the accurate predictions 18 NMR chemical shiftaising ab
initio molecular orbital methods (such as IGLO and GIAO)
provide powerful new structural methoti¥. In contrast, there
are few theoretical studies @fuclear spir-spin couplingin
boron compound®~12 In view of the extensive applications

of coupling constants in other molecular systems, this may seem
surprising. Perhaps the most important factor is the extreme

difficulty of obtaining accurate coupling constants in polybo-

ranes since even the smaller compounds such as diborane exhib

exceedingly complex NMR spectt&!3-16 The occurrence of
numerous chemically equivalent but magnetically nonequivalent
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nuclei can lead to spectra requiring spectral analyses even in
the absence of second-order features in the sp¥ctfazor
boron-containing compounds the situation is more difficult
because the two boron isotopomers (80:20 ratiot8:1°B)
produce a superposition of¥Zpectra, wherd\ denotes the
number of boron atoms in the molecule. There can also be
broadening by quadrupolar relaxati®#® and even possible
exchange effects. These difficulties have prevented extension
of the diborane spectral analy%igo polycyclic boron com-
pounds. In these situations, available NMR spectral data are
based on a variety of techniques, including isotopic substitutions,
fjomo- and heteronuclear decoupling, and two-dimensional
NMR.

The success of ab initio calculations of magnetic shielding
has recently been extended to nuclear sgipin coupling
constants. The Fermi contact (FC) contributions, which generally
dominate the coupling interactions, are much more sensitive to
the inclusion of electron correlation effeéfs?3 As a conse-
guence, ab initio calculations based on the usual many-body
techniques have been generally limited to relatively small
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Figure 1. Framework structures for the polyborane structures in this study.

molecules®~12.24-33 Because electron correlation is accurately
treated in density functional theory (DF¥,%7 it seems ideally
suited to the problem of calculating the FC contributions to
nuclear spin coupling constants. This becomes especially
important in larger molecules which are not easily accom-
modated by many-body techniqu&s?! The present study
examines the usefulness of DFT and finite perturbation theory
(FPT) methods for calculating FC contributions to coupling

constants in the series of polyhedral carboranes and boron

hydrides depicted in Figuresl and 2. It is fortunate that the FC
contributions are expected to be most important for these
compounds since we are not yet able to perform DFT computa-
tions of the noncontact mechanisms.
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Il. Theoretical Section

a. Finite Perturbation Theory for the Fermi Contact Term.
Coupled Hartree Fock theory has been used extensively for calculation
of nuclear spir-spin coupling constants. The perturbation of the
electronic system by nuclei N and ,Nvith nuclear spin operatogsy
andun, can be described by the Hamiltonian,

H=Hy+ Ayuy + Ayin 1)
whereHy is the unperturbed Hamiltonian aid,, for example, is the
Fermi contact term for nucleus N,

An= (1671/3/3)25(%)3,, @)
u

where d(r,n) is the Dirac delta function an8, is the electron spin
operator for theuth electron. The FPT formulation of Pople, Mclver,
and Ostluné? is a variant that requires open-shell calculations. At
nucleus N, a FC perturbatiotig,|d(rn)|¢,Ll wherel is a perturbation
parametefé is addedto theuvth element of thex-spin matrix elements

of Ho, and it issubtractedrom the corresponding matrix elements of
p-spin. This has the effect of producing unpaired spin densiffn)

which propagates through the molecule as self-consistency is achieved.
Using finite difference method%,the FC coupling can be put into the
form

Jun = W2T)ETIB YynA Ty Plulin)B,10(r)19,0 (3)
uv

whereyy denotes the magnetogyric ratio for nucleus N @ﬁﬂﬂN)
denotes thavth element of the spin density matrix evaluated at nucleus
b. Computational Methods. With few exceptions, good-quality
structural data are not available for the compounds of this study.
Therefore, the geometries of all compounds were fully optimized at
the B3LYP/6-31G* level of theory using the Gaussian 94 suite of
programs'®44 The B3LYP method makes use of Becke's three-
parameter exchange functioffadnd the nonlocal correlation functional
of Lee, Yang, and Paff. For consistency, optimized structures were
also used in cases where experimental structural data are available.
Fermi contact contributions to the scalar coupling constants for the
optimized structures were obtained at the UB3LYP/6-311G** triple-
split level with polarization functions on hydrogens and heavier atoms.
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Figure 2. Framework structures for the remaining polyborane structures in this study.

Calculated DFT/FPT results are based on eq 3 using the FC output o
the FIELD option of Gaussian 94.It was also of interest to explore
the importance of including diffuse functions to the coupling constants
for the ionic and/or dipolar (zwitterion) species. For molecules such
as [BH] -, HsNBH3, and MeNBHj3, the DFT/FPT approach was also
used to obtain coupling constants at the UB3LYP/64313** level.

As expected, the use of diffuse functions gave substantial improvement

for LJ(*B—'H) in [BH4] . However, there was no overall improvement
in the linear correlationr = 0.994) on including the results for ionic
and dipolar species computed with diffuse functions.

Coupling constants for the moleculesH8, CH,, and GHs were

included here because they could be considered as “standards”. Of the

four mechanisms generally considered to be important for nuclear spin
spin coupling, only the FC components were computed. Except for
coupling to fluorine, the FC contributions are often the most important.
Based on recent ab initio results for dibordfé? the assumption of

FC dominance is probably reasonable for the polyhedral boranes.

Entered in Table 1 are the calculated FC and non-FC contributions to

all of the B;Hg coupling constants. These were based on an equations-

of-motion coupled-cluster singles and doubles method (EOM/CCESD).
These values are in good agreement with the experimental data an
the DFT/FPT results of the present study, which are also included in
the second and third columns of Table 1. The magnitude of non-FC
contributions in the next-to last column does not exceed 2.2 Hz, even
though it is a large fraction of this gemingB—1'B coupling constant.

In fact, the average of the noncontact contributions in Table 1 is only
—0.3 Hz.

The semiempirical INDO/FP* and INDO/SCPT methods for
determining nuclear spiaspin coupling constants have been used
extensively for a wide range of systems and have given useful
qualitative insight&° For example, the INDO/SCPT approach was used
to examine a number odfC—1B nuclear spir-spin coupling con-
stants'® At an early stage in this study, the INDO/FPT method was
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fTabIe 1. Comparison of SpirSpin Coupling Data for B¢

coupling exp FC FC non-FC total
J[B—Ht] 1335 128.0 122.1 01 1222
J[B—Hb] 46.3 45.2 42.0 0.7 42.7
2J[B—B] -3.8 -3.3 -36 -—-22 -5.8
2J[Ht-Hb] -7.4 —6.1 -71 -01 -7.2
2J[Ht-Ht(gem)] 45 15 -14 00 -14
3J[B—Ht1] 4.0 53 49 -05 4.4
4J[Ht—Ht'(cis)] 45 3.0 3.0 -0.2 2.8
4JHt—Ht'(trans)]  14.8 11.0 114 -04 11.0

a All values are given in hert2 Reference 14; for consistency, the
J value is assumed to have same sign as calculated by DFT/FPT.
¢ UB3LYP/6-311G**//B3LYP/6-31G*, present study.Reference 12.

used to compute the FC contributions in all of the polyhedral boron
compounds of this study. In general, the trends i{t'B—Ht) are
reasonable, but the computEd‘B—Hb) values are poor in comparison
with the DFT/FPT results (for notation, see footnat®f Table 2).

dThe INDO/FPT results for the polyhedral boranes are not included.

I1l. Results and Discussion

Entered in Table 2 are the calculated coupling constants,
J(calc), for the 25 polyhedral boron compounds depicted in
Figures 1 and 2. Results for several smaller molecules and
experimental data from the literature are also included. These
are the DFT/FPT results obtained at the UB3LYP/6-311G**//
B3LYP/6-31G* levels. Coupling constants for ions and dipolar
species at the UB3LYP/6-311G** level are given in paren-
theses. The only criterion for inclusion of these carboranes and
polyhedral boron hydrides was unambiguous structural assign-
ments. As a consequence, data have been omitted for polyhedral
compounds that are known, or even suspected, to involve
tautomerism or cage fluxionality (e.g.,4Bs]~, [2,3-GB4H7] ~,
BsH11, C4BgH12). Except for the diborane experimental data in
Table 1, full NMR spectral analyses have not been re-
ported!013.14 Some of the NMR spectra of symmetrical po-
lyboranes could also be complicated by the occurrence of
chemically equivalent but magnetically nonequivalent nuclei.

(46) Ahad, P. G. A: Webb, G. Al. Crystallogr. Spectrosc. Res981,
12, 363-367.
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Table 2. Nuclear Spir-Spin Coupling Constants for a Series of Polyhedral Boranes and Carboranes

compound JIN—N']2 J(exptp J(calcy JIN—N']2 J(exptp J(calcy

1,5-GBsHgte 1J[C—H] 192 182.6 3J[C1—H5] 19.7 18.6
J[B2—H2] 189 182.5 3J[H1—H2] 2.1 1.9
2J[C1-C5] 15 15.1 4J[H1—H5] 10.8 8.7

1,2-GBsH 1J[B3(5)—Ht] 172 165.7 1J[B3(5)—Hb] 34 38.0
J[B4—H1] 172 159.5 1J[B4—Hb] 48 48.5

1,2-GBsH¢? 1J[B3,5—H] 185 178.0 3J[H1—H4] 15 0.4
1J[B4,6—H] 162 164.9 4J[H3—H5] 6.9 6.1
3J[H1—H3(5)] 1.5 1.9 4J[H1—He] 11.1 8.7

1,6-GBHg%e 1J[C—H] 187 174.5 4J[H1—He6] 14 11.0
JB—H] 184 183.6 4J[H2—H4] 7.1 6.1
3J[HCBH] 0.6 0.4

2,4-GBsH4e9 J[B1—H] 179 170.4 3J[H2—H3] 6.7 5.7
YJ[B3—H] 182 174.1 3J[H1-H2] 0.2 0.0
1J[C—H] 190 171.6 3J[H1—H3] 1.1 1.1
J[B5—H] 169 165.0 3J[H1—H5] 0.6 0.6
[B1-B5] 9.5 11.8 4J[H1—H7] 9.7 7.6
3J[H2—H6] 8.6 7.6 4J[H2—H5] 1.5 1.1

CBsHh Y[B2(3)—H] 184 177.4 [B6—H] 174 167.8
1J[B4(5)—H] 162 168.1 4J[HB6—CH] 12.4 9.5

CBsHg'i J[B1-Hi] 166 159.9 1J[B3—Hb] 40.5 37.1
[B3—Ht] 160 156.1 1J[B4—Hb3(4)] 40 45.1
J[B4—H1] 163 152.4 1J[B4—Hb4(5)] 40 34.5
J[C2—Ht] 150 142.9 B1-B4] 19.5 221

2-CHy-CBsHg¢ 1J[B1—Ht] 165 159.0 1J[B4—Ht] 157 152.1
J[B3—H{] 159 152.2 1J[B3—Hb] 41 38.3

3-CHs-CBsHg® J[B1-Hi] 163 157.5 1J[B3—Hb3(4)] 36 32.9
J[B6—H1] 162 155.3 1J[B6—Hb5(6)] 39 36.8

4-CHs-CBsHg"! JB1-Ht] 165 157.1 B1-B4] 19 23.0
1[B5—Ht] 157 149.8 1J[B1—B5] 18 21.6
J[B1-B3] 7 75 1J[B1-B6] 7 7.6

2,3-GB Hge™n [B4(6)—Hb] 48 46.0 J[B1-B5] 26.5 32.0
J[B1—Hi] 179 173.4 1J[C—H] 160 148.8
J[B4(6)—Ht] 158 152.5 1J[C2—B6] 50 56.5
1J[B5—Ht] 164 151.1

[2,4-C,B4H]~ © J[B3—H{] 120 116.0 (115.5)
Y[B1—Ht] 158 148.0 (146.2)  YJ[B5(6)—Ht] 135 127.8 (126.5)

2,3,4,5-GBHg P 1J[B2(3)—H] 203.5 194.5 1J[B4(5)—H] 1425 142.4

[1,3-C,BeHg]~ ¢ Y[B7—H1] 136 144.3 (142.5)  1J[B8—H{] 147 134.6 (132.8)
Y[B2—Ht] 144 132.8(131.8)  XJ[B6—Hb] 46 48.6 (48.4)
J[B4—H1] 115 114.3 (112.9)  1J[B4—B5] 47 45.5 (45.1)
J[B6—Ht] 150 140.6 (138.9)

4-(CHg)3N-1,3-GBgHgd 1J[B2—Ht] 152 149.2 (148.3)  J[B6—Hb] 40 45.0 (44.6)
1J[B6—Ht] 160 156.1 (154.7)

[2,6-C:BH11] YJ[B1—Hi] 134 127.0 (125.0)  Y[B7—Hf] 149 141.0 (138.9)
J[B3—H{] 143 133.0 (131.1)  J[B8—H{] 140 133.0 (130.7)
J[B4—Ht] 160 133.0(131.2)  YJ[B3—Hb] 40 43.4 (43.5)

[7,9-CBoH1z~ ® Y[B1-Ht] 145 131.9(130.5)  XJ[B8—HI1] 135 126.5 (124.4)
J[B2(5)—Hi] 145 139.7 (137.7)  [B10(11)-Ht] 132 125.0 (123.1)
J[B3(4)—Ht] 144 138.0 (136.0)  1J[B10(11)-Hb] 56 51.6 (51.5)
J[B6—H1] 140 131.3 (129.3)

1,2-GByoHy ot Y[B3,6—H] 178 168.2 1J[B8(10)—H] 151 145.4
1J[B9(12)—H] 151 144.9 1J[B4(5,7,11)-H] 164 157.0

1,7-GB1oH1 J[B5(12)-H] 162 156.4 1J[B9(10)—H] 151 145.4
Y[B2(3)—H] 178 170.3 1J[B4(6,8,11)-H] 164 157.5
J[C—H] 184 165.9

BH, g™ [B2—Hb] 30 29.6 J[B1-B3] 20.4 21.6
1J[B1—Ht] 155 150.0

1-CHgB4Hg* J[B3—H{] 161 148.1 1J[B1—Hb] 40 45.4
[B2(4)—Hte] 129 127.3 1J[B2(4)—Hb] 26 33.1
1J[B2(4)—Hta] 129 120.5

BsHg:22abb J[B1-Hi] 175 169.5 1J[B2—Hb2(3)] 33 34.1
1J[B1-B2] 19.2 22.6 3J[H1—Hb2(3)] 5.7 45
J[B2—H{] 166 159.2 3J[H1—H2] 5.7 5.7

1-CHs-BsHgy-zcc.dd J[C—H] 120.1 112.0 J[B2—Ht] 166 156.0
1J[B1-C] 73 71.9 1J[B2—Hb] 36 34.2
J[B1-B2] 18.9 22.5 2J[HC—B1] -6.8 -53

2-CHy-BsHgY < J[C—H] 120.8 113.0 1J[B3(5)—Ht] 166 156.0
J[B2—C] 64 64.8 1J[B4—H{] 164 159.0
YJ[B1-Hi] 173 165.7 3J[Hb—C—H] 33 2.9

BioHue® 1[B6(9)—Ht] 160 157.1 1J[B5(7,8,10)-Ht] 161 154.5
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Table 2 (Continued)

compound JIN—N']2 J(exptp J(calcy JIN—N']2 J(exptp J(calcy
J[B2(4)—Ht] 159 151.5 J[B6—Hb] 40 37.5
J[B1(3)—Ht] 151 142.9 1J[B2—B6] 18 21.3

HsNBHS" J[B—H] 98 98.2 (96.5)

MesNBH%9 Y[B—H] 925 99.3 (98.2)

CH3B,HsM JB1—-Ht] 130 123.3 J[B2—Ht] 134 125.5
J[B1—Hb] 41 41.7 1J[B2—Hb] a4 46.5

[BH " i J[B—H] 81 66.2 (75.3)

CHJl J[C—H] 125 115.6 2JH—H] ~12.6 -9.8

CoHe YJ[C—H] 125.2 114.1 2J[C—H1 ~4.6 -2.3
yc—C] 34.6 31.4

aHt or H refers to a terminally attached hydrogen, and Hb refers to a bridging hydrogen; values in parentheses correspond to equivalent nuclei;
coupling values (in the subsequent columns of this table) to boron are &Bteotope.? References to the experimenfaralues are given in the
first column. The sign+ or —) of eachJ value is deemed to be in conformity with the calculated vatiécalc) denotes the DFT/FPT Fermi
contact coupling constants. The values in parentheses are those derived from the Fermi contact value calculated using diffuse functions at the
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In these circumstances, line separations may correspond to sums All directly bonded coupling constant$3C—!H, 13C—13C,
and differences of coupling constants, and the use of NMR 1B—H, and*B—!1B) in Tables 1 and 2 are assumed to have
spectral data without, e.g., isotopic substitution, could lead to positive signs, in agreement with the theoretical results. All five
data which are inappropriate for comparisons with the computed of the entries with negative signs are geminal coupling constants.
values. The good agreement between the calculated andVery few relative sign measurements have been performed in
experimental values in Table 2 suggests that these problemshese series of compounds, e.g., ##¢gH—C—11B) in 1-CHs-
are no worse than the neglect of many other things, such asBsHg was determined by double-resonance experimiénts.
noncontact contributions, motional averaging, gas-to-solution Spectral analysis gave the signs fd¢(3C—H) and 3J(*H—
shifts, and solvent effects. IH) relative to1J(**C—1H) in C,He.*° The complexity of the
The data in Tables 1 and 2 include 124 directly bonded and diborane spectra restricted sign determination3J(6'8—Ht)
31 coupling constants for nuclei separated by two or more bonds.and3J(*B—Ht'),** so the signs of all otherBls entries in Table
In polycyclic compounds, there are possibilities for multiple 1 are assumed to be the same as the DFT/FPT results. A positive
coupling paths. These designations specify the shortest pathsign is assumed here féj(Ht—Ht'), but negative signs occur
Thus, the coupling between a boron anbralging hydrogen for other computations, such as the EOM/CCSD data in Table
is called “directly bonded”, even though there is a two-bond 1. However, if this coupling constant is actually negative, then
B—B—H path which would be expected to produce large the 6-Hz difference between the calculated and experimental
negative contributions. As the strain increases in polycyclic values would be twice as large as any of the DFT/FPT results
molecules, the role of the bridgeheads becomes an increasinglyfor nuclei which are not directly bonded.
important factor affecting both the signs and magnitudes of ~ The calculated directly bonded coupling constants are plotted
coupling constant¥’ Since the electronic and structural factors Versus the experimental values in Figure 3. Perfect agreement
vary widely for directly bonded, geminal, vicinal, and long- Would have all points on the line of unit slope and zero intercept.
range coupling constants, it is important to examine the A linear regression shows a 4.2-Hz standard deviation and

applicability of the theoretical methods for each of th&se. (48) Zozulin, A. J.; Jakobsen, H. J.: Moore, T. F.; Garber, A. R.; Odom,
J. D.J. Magn. Resonl198(Q 41, 458-466.
(47) Barfield, M.; Della, E. W.; Pigou, P. El. Am. Chem. S0d.984 (49) Lynden-Bell, R. M.; Sheppard, IRroc. R. Soc. London Ser.1862

106, 50515054 and references therein. 269, 385-403.
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Figure 3. Directly bonded coupling constaritsin Hz, calculated using nJ(calc) = 0.833")(exp) + 0.1 (2 = 0.973)

the UB3LYP/6-311G**//B3LYP/6-31G* level of theory, except for ions
and adducts (zwitterions), for which UB3LYP/6-311G**//B3LYP/ . . . .
6-31G* was used, plotted against the experimentally observed splitings. _ With the exception of methane, experimental data in Table
Data taken from Table 2. A unit slope, zero intercept, line is shown; 2 Were obtained in solution, often for the neat compound. With
however, a best-fit relationship for the dataJdgcalc)= 0.934'J(exp) increasing density and/or condensation to the liquid, intermo-
+ 3.2 (2 = 0.994). lecular effects will affect the measured coupling constants. Data
for directly bonded'B—H coupling constants appear to be
correlation coefficient? = 0.994. The experimental data plotted ynavailable, butJ(3C—1H) values increase slightly (ca. 1 Hz
in Figure 3 fall into five different ranges which overlap in a  or less) on going from the gas to the solution pHddgecause
few cases. All but one of th&B—!B coupling constants are  of the medium dependence of NMR parameters, it is preferable
less than 20 Hz. Thé'B coupling constants to the bridging  for comparison of calculated experimental results to use low
hydrogens (Hb) cover a narrow range between 26 and 36 Hz.concentrations of solute measured in a nonpolar solvent such
As noted above, these much smaller values are, almost certainlyas cyclohexane. This may not be important for species without
a consequence of substantial negative contributions via the two-dipole moments such as [BH, where the!’B—H coupling
bond B-B—H paths. The three entries féf8—'3C coupling constants exhibit very little solvent dependebtowever, for
constants range from 50 to 73 Hz. The few values in the range smallpolar solutes it has been shown that #6-3C—1H) values
70—120 Hz arise from the ionic and dipolar species. By far the increase substantially with solvent polafyThe large dipole
largest number of coupling constants in Figure 3 aré-#Brto moments of some of the polyhedral boranes in Figures 1 and 2
terminal hydrogen, but within this range (12804 Hz) are  could be another factor for underestimations of the directly
severalJ(*3C—*H) values for the polyhedral compounds. These honded coupling constants.
two types of coupling pro_vide the largest deviations be_twee_n In Figure 4 the DFT/FPT data for nondirectly bonded
the calculated and experimental results. The largest disparity .o pling constants are plotted versus the experimental data from
occurs fort)(B4—Ht) of the [2,6-GBeHui] ™ ion. Itis to be  Tapjes'1 and 2. Again, since the straight line corresponds to a
noted, however, that the B4 resonance is the broadest in th'sperfect fit, the agreement is fairly good. Linear regression
Cy systent; because of strong coupling to B4 from several naysis of the 31 entries shows a 1.0-Hz standard deviation
nuclei, it is possible that the reported value differs substantially 5,4r2 = 0.973. These data fall into three overlapping ranges.
from 1J(B4—H). Unfortunately, full spectral analyses may not  \jost of the2J experimental data (from-12.6 to 15 Hz) have
be feasible for a spin system of this complexity. _ negative signs, but large positive values also occur. The 14
Almost all of the large £ 120 Hz), directly bonded coupling  yjcinal 33 values in Figure 4 range from 0.2 to 19.7 Hz. The
constants in Figure 3 are underestimated by the DFT/FPT resul'[s.|argest of these is thBC—1H coupling between a bridgehead
This can be understood without invoking the inadequacies of -5hon and the proton on the other bridgehead of bE:ds.
the spectral analyses or the neglect of the noncontact mechanis is even larger than the analogous value (12.1 Hz) in
nisms. All computed coupling constants in the tables apply t0 pjcycio[1.1.1]pentand’ Twelve of the?J values are in the range
the molecules in their equilibrium internuclear positions, while  5_g 7 Hz, and these correspond to vicinal coupling between
the experimental data reflect averaging over the vibrational .5_oriented protons. In these situations, fHevalues are
motions. A st_udy of the temperature dependencé.](jfc_— expected to have an approximate 41cos 61)(1 + cos 0,)
1H) in the CH, isotopomers showégithat the actual equilibrium dependence on the-HX—Y and X—Y—H internal angles:
value should be 120.78 Hz. As a consequence, the 125-Hz, 4 0,, respectively’® The 8.5-Hz range fofJ(H—H) in 2,4-

experimentz_al gas ph_ase_ value for methane in Table 2 refl_ects 8C,BsH; can be understood in terms of this dependence on
nuclear motion contribution of 3.7%. By analogy, it seems likely jternal angles. In Figure 4 there are 10 entries for long-range

that all of thelJ value_s in Table 2 associated with terminal coupling over four bonds. Thed@values vary from 1.5 to 14.8
hydrogens are overestimated by this amount. However, the role

of nuclear motion for'J(*'B—Hb) values involvingbridging (51) Barfield, M.; Johnston, M. D., J€hem. Re. 1973 73, 53-73.

hydrogensemains to be investigated. (52) Smith, B. E.; James, B. D.; Peachey, R.Ihbrg. Chem1977, 16,
2057-2062.

(50) Bennett, B.; Raynes, W. T.; Anderson, C. Bpectrochim. Acta, (53) Barfield, M.; Smith, W. BJ. Am. Chem. Sod992 114, 1574~

Ser. A1989 48, 821-827. 1581.
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Hz. The larger values occur in the most strained polyboranes polyhedral boranes, caution should be exercised in their ap-
and involve protons which are bonded to bridgehead carbon plication to other systems, such as those containing fluorine,
and boron atoms. These results are consistent with the enhance@ihere the noncontact mechanisms are usually substantial.
coupling constants which have been extensively investigated pensity functional theory methods are very effective in calcula-
in the bicycloalkane seri€s. tions of both coupling constants and chemical shifts in poly-
hedral boron compounds. Because the NMR spectra are complex
for many of these compounds, good initial guesses of the signs

DenSIty functional theOI’y methods were used to calculate the and magnitudes of the NMR parameters may provide the
Fermi contact contributions in a large number of polycyclic jhcentive to attempt the spectral analyses.

carboranes and boron hydrides. Considering the spectral com-

plexity and size of these molecules, the results are quite
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