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Boron ¢!B) and hydrogen'Hl) NMR parameters have been measured for the unique polyhedral
borane species [(Nft)BgH,;NHEt)] using single- and double-resonance experiments and t
dimensional shift-correlation methods. Comparison with the NMR properties of other eight-|
species, in particulaarachnoe[BgH,(PMe,Ph)], suggests that cluster of [(MEt)BgH,;NHEt] may
be better regarded as being lofphocharacter, rather than afachno character as previously sup
posed.
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A principal hindrance to the development of the chemistry of polyhedral boron-cl
compounds that contain about eight boron atoms is the difficulty of obtaining sui
eight-boron starting materials. An important exception to this generalization i
unique synthesis of the unusually structured species,ENBEH,;NHEt] (compoundi,
Fig. 1), readily obtainable in 70% yield by the treatment@chno[BgyH,3(SMe,)]
with ethylamine (idealized stoichiometry as in Eg)), (refs+?. This is generally re-
garded as a maverick synthesis, because other ligands L (where L = MeGNNERh
NCsHs and NHE$) merely displace SMdrom the starting substrate to giegachno
nine-vertex species gBl;sL] (Eq. (2), refs?).

[BgH,5(SMe))] + NH,Et - [(NH,Et)BgH,;NHEt] + {(NH,Et)BH;} + SMe,

1 (D

[BoH13(SMe)] + L — [BgHy3l] + SMe; )

Since [BH,3(SMe))] itself can be readily obtained in yields of at least 70% ¥ fs
from readily available nido-decaborane, BH,, the octaborane specie
[(NH,Et)BgH,;NHEL] (1) constitutes a potentially important starting material for eig
boron work, particularly so in view of its unique constitution. In this regard,
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example, we have found in preliminary experiments in our laboratories that it r
with [PtCL(PMe,Ph),] to give the novel seven-bor@rachnetype azaplatinaborafé
[(PMe,Ph),PtB;H,(NHELt] (2) and with [Rh(GMes)Cl,], and NaH to give the seven
boronclosotype azadirhodaborahfCsMe;)RhB,H,NEt] (3). However, since the ini-
tial synthesis and structural characterization of compdundw nearly 35 years af§ no
further studies have been reported, and, in particular, no NMR investigations have
been carried out. NMR delineation of structural types is an important feature il
development of polyhedral boron chemisty. Here we therefore report the detaile
NMR analysis that we have carried out on compolirid order to assess its relatior
ship with other knowh~'"open eight-vertex and eight-boron systems, and for its
mate comparison with novel eight-vertex heteroborane types, such as the metalla
[(CO),WB-,H,,]~ aniort®and the azaplatinabordtfe 2 mentioned above.

EXPERIMENTAL

Preparation of [(NEEt)BgH;NHEt] (1)

Compoundl was prepared by the treatment ofgfBy(SMe,)] with NH,Et as in reff. The
[BgH13(SMe,)] was made from BH,,4 via [B1gH1(SMe,),] as described in the same reference. T
results for [(PMePh)B;H;,] (4) were measured for a sample obtained as a by-product in yields «
to 2% from the thermolysis of [4,4-(PMeh)-arachne4-PtB;H,,] in refluxing benzene or toluene
solution, as described in ref.

Nuclear Magnetic Resonance Spectroscopy

NMR spectroscopy was carried out on commercially obtained Bruker AM ¢#00.4 T) and JEOL
FX100 Ea 2.35 T) instruments using general techniques as described elsBtered as sum-

N(3)

CH3

Fe. 1
Molecular structure of [(NKEt)BgH,;NHEt] (1) as determined by single-crystal X-ray diffraction an
lysis (data from ref). Interboron distances were found to be in the range 172.6(9)-191.9(0)
except for B(1)-B(3) at 170.9(10) and B(5)-B(6) at 198.9(9) ppm. There was no asymmetry
bridging hydrogen-atom positions within crystallographic experimental error
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marised and exemplified by Réed'B relaxation timesT,(*'B) were determined at 9.4 T using th
inversion-recovery method under conditions of complétd}{decoupling. Chemical shift§ are

given in ppm to high field oE 100 MHz (TMS) for'H (quoted+0.05 ppm) andE 32.083 971 MHz
(nominally RBOEt, in CDCly) (ref) for 1B (quoted+0.5 ppm),= being defined as in réf.

RESULTS

At 128 MHz the!B NMR spectrum of [(NHEt)BgH,;NHEt] (1) showed eight distinct
resonance positions of relative intensity one (Table 1). All ext@¢8) exhibited 1 : 1
doublet structure arising from coupling3(*'B-*H). The 'B(8) resonance had ai
effective 1 : 2 : 1 triplet structure arising from couplings to the two protons in the
group in that position (see Fig. 1) and identified it as such. The result&Bef'B]-

COSY experiments (Table Il and Fig. 2) identified the resonances of the apical
and B(2) positions, since each was correlated with five other positions. The ¢
correlation betweeh'B(8) and*!B(1) identified the latter a¥'B(1) rather thart'B(2),

and interboron correlations thence assigned the other positi@{g), 1'B(3), 1'B(4)

and 'B(7), around the base of the pentagonal pyramidal fragment that has B(
apex. In somel[B-1!B]-COSY experiments, very weak (4)—(5) and (6)—(7) cross pe
were observable, thereby assigning the two remaining posititB@) and!'B(5), of

the pentagonal pyramidal fragment based on B(2) as apex (although their distinc
perhaps not too critical in terms of current theory, since BH(5) and BH(6) have
similar 1B and*H chemical shifts, an@(*H)(u-4,5) andd(*H)(u-6,7) are also very

. +-60
® @ - ® 22— :@ )
| 4 ppm
1-40
8
1-20
Fic. 2 0
128 MHz two-dimensionaf{B-B]- G@“— 1 @ o 8 i
COSY spectrum of [(NHE)BgH,;NHET]
(1), recorded under conditions of 1
comple_te {H} broad-band noise o 20 40 60
decouping 5'B), ppm
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similar). Some differential*{B-!B]-COSY effects were noted either side of the pla
passing through B(1), B(2) and the midpoints of B(3)-B(8) and B(5)-B(6), for exal
the (3,4) correlation appeared to be much stronger than the (7,8) one. Séldeti
{11B} decoupling experiments assigned the terminal and bridginigesonances (Table
I and Fig. 3) to their corresponding boron positions, and in these experiments st
couplings of thgu(4,5) andu(6,7) bridging hydrogen atoms to the “hinge” (4) and (
1B resonances, compared to those to the (5) anttB&esonances, were apparent.
similar differential coupling was also apparent for the analogous position
[(PMe,Ph)B;H,,] (4). In compoundL these differential coupling effects to the bridgir
positions were parallelled in the relative strengths of the correlations in two-dil
sional }'B-'H]-HETCOR’ experiments, which also generally confirmed the ofiker
assignments from the one-dimensiofil{'B(selective)} work. The proton assign

TaBLE |
Measured’B and*H NMR parameters for [(NkEt)BgH,;NHEt] (1) (saturated (CE),CO solution at
292 K) together with those for [(PRh)B;H; 5] (4) (CDCL solution at 294-297 K)

Compound1? Compounad4®
Assigment

5(*'B) =T,(*'B), ms 3(*H) 5(*'B) 3(*H)
Q) +1.1 17.3 +2.55 -0.8 +2.38
) -55.2 31.0 -0.69 -53.0 -0.45
(3) -20.5 6.7 +1.04 -37.¢ +0.34"
4) -33.1 11.1 +0.59 -7.3 +2.56
(5) -11.5 4.4 +2.28 +5.3 +3.47
(6) -10.7 4.0 +2.32 +0.2 +3.19
(7) —-34.6 8.6 +0.50 -2.8 +2.94
(8) -30.7 7.6 +0.55, —-0.56 —-25.6 +1.09,+1.17
(4,5) - - —2.22 -1.91
(5,6) - - -1.08 —2.46
(6,7) - - -2.14 -1.76

2 For details of assignment see tkfAssigned by }'B-*'B]-COSY correlations (Table 1I), togethe
with the identification oft'B(3) by its coupling t&P, and by the selective sharpeningtidfbridge)
resonances inH-{*'B(selective)} experiments: {NH ,Et} substituent sitep(*H)(NH,) at +5.49 and
+5.39; 3(*H)(CH,) at +3.04 and +3.05 [AB part of ABMNxsystem,3J(*H-N-C-'H) ca 8 Hz],
3(*H)(CH,) at +1.35 ppm¢ endeType positions® {PMe,Ph} substituent site; 1 : 1 doublet 1B-
{H} spectrum,23(3'P-1B) 115+ 10 Hz." Also 3(*H)(PMe,) at +1.71 and +1.73 ppmJCP-1H) ca
10.5 Hz in each cas@Refers tod(*H)(NH) of the {NHEt} group; additionally5(*H)(CH,) at +2.62
and +2.63 ppm (AB part of ABM¥system,2J(*H-N-C-'H) ca 8 Hz); 5(*H)(CH,) at +1.03 ppm.
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TasLE Il
Observed J'B-1'B]-COSY correlations for [(NKEt)BgH,,NHEt] (1) (saturated (CE),CO solution at
292 K) and for [(PM&Ph)B;H5] (4) (CDCl; solution at 294-297 K)

Compoundl Compoun4
Position
3(*B) [¥B-1B]-cOSY 3('B) [¥B-1B]-cOSY

(1) +1.1 (2)m (3)vs (4)s (7)vs (8)s -0.8 (2)w (3)m (4)s (7)ms (8)1
(2) -55.2 (1)m (4)s (5)s (6)s (7)m -53.0 (Dw (4)m (5)m (6)s (7)w
?3) -20.5 (L)vs (4)s (8)w -37.9 ()m (4)m
(4) -33.P  (L)s (2)s (3)s -7.3 (D)s (2)m (3)m
(5) -11.%  (2)s +5.3 (2)m
(6) -10.7 (2)s +0.2 (2)s
(7) -34.6  (Lvs (2m (B)w 2.8 (L)m (2w
(8) -30.7 D)s ()w (7)w -25.6 (A)m

& Correlations weaker for compouddbecause of greater relaxation-induced broadening arising f
larger molecular bulk® In some experiments very weak (4)—(5) and (6)—(7) correlations were
served for compound.

11
8(""B), ppm
0 -20 -40 —60
1 Il J

0
3('H)
ppm

Fic. 3 +2
The lower two diagrams are stick representations
of the chemical shifts in th&'B NMR spectra
of [(NH,Et)BgH;;,NHEt] (compoundl, upper
trace) and [BHi;(PMePh)] (compound4,
lower trace), with hatched lines joining equi-
valent positions in the two molecules (for num-
bering see Figs 1 and 4). The upper diagram is
a plot of 3(*H) versusd(*'B) for directly at-
tached B—Hexounits (1 compoundl; [0 com-
pound 4), with the solid line having gradient
3(*H) : 3(*B) ca 1 : 16.5 and the hatched line
cal:13.
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ments revealed a general parallel betwd@hl) and3(*'B) for the BHEx0 units. It is

of interest that thendoBH protons of the B(3) positions of bothand4, and of the
B(8) position of compound, are also close to these BHtf) correlation lines, wherea:
the endoB(8) position in compound is more shielded ata 1 ppm above the genere
correlation, as is more typical @ndotype hydrogen positioAs The (4,5) and (6,7)
bridging hydrogen atoms, on the other hand, Waeshieldingsca 4 ppm above the
general BHéxQ correlation, as is typical for bridging hydrogen atoms.

The 'H-{11B} selective decoupling experiments also generated selective sharp
of the CH, protons of theu-(5,6)-NHEt group upon irradiation of tHéB(5) and*'B(6)
resonances, and of the gptotons of the 3-NkEt group upon irradiation of théB(3)
resonance. These results indicate small but finite coupfA#g4-N-C-H) in each
case. The assignments of the ifotons implicit in these last experiments were cc
firmed by the results oftH-'H]-COSY work, which correlated the protons of the ClI
group of theu-(5,6)-NHEt moiety with its corresponding GHrotons and with the NH
proton resonance of relative intensity 1 H, and which similarly correlated the prota
the CH, group of the 3-NBEt moiety with its corresponding Glgrotons and with the
NH, proton resonance of relative intensity 2 H. There is a marked difference i
shielding of the nitrogen-bound amine protons when the two positions are comj
That of thep-(5,6)-NHEt group, which is held in aandoposition above and close t
the open face, is considerably shieldedd@H) —1.08 ppm. As noted in réf.this
position is sterically quite restricted. It is also noted that, because of the asymme
compoundl, the two hydrogen atoms associated with each of the twog@ps are
chemically distinct and have slightly different proton chemical shifts. The same
sideration applies to the two hydrogen atoms on thg gdbuping on the (3)-position
(Table | and its footnotes).

Inversion-recovery experiments were carried out to determine the spin-lattice re
tion timesT, of the 'B nuclei of compound. (Table I). The apicat'B(1) and!!B(2)
nuclei had significantly longer relaxation times than the other positions, indicati
greater symmetry of electron distribution about the apical positions. Of the two
much more highly shieldeB(2) nucleus has a significantly longer relaxation tir
Within the set of non-apical positions, there also appears to be a general inciBas
(}!B) as the nuclear shielding increases, suggesting a parallel between the symm
electronic distribution and the electronic circulation about a particular nucleus, as
elsewhere for other compounds (see, for examplé).ref.

DISCUSSION

In the first instance, it is of interest to compare tH& cluster shielding pattern o
[(NH,Et)BgH,;NHELt] (1) with those of the substituted eight-vertasachno boranes
[BgH,,L], where L = NMg, MeCN, [NCSFY, etc, since it has been suggested that tt
have closely related structufés'’ Relevant data are gathered in Table I. The lov

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



Polyhedral Azaborane Chemistry 1779

two diagrams in Fig. 3 compare the shielding pattern for comptumith that for the
ligand derivativearachne[BgH,(PMe,Ph)] (@), the latter being a typical neutre
arachne[BgH,,L] species for which we also present the results here for compal
purposes (Tables | and Il). Figure 4 shows ¢banectivity(as distinct frombonding
topologies for the two compound types. Although the structures @r#uhinooctabo-
ron [BgH,,L] species have not been confirmed crystallographically, they are reaso
presumed?4to have the [3-L-BH,,] arachnoconfiguration as shown in Fig. 4. Thi
connectivity topology is related to thdbf compoundL, but with a three-centre two-electro
B—H-B link between B(5) and B(6) (compoud)l rather than the two two-electro
two-centre B—N links observédin compoundil.

It can be seen that, whereas tHe shielding at the BK8) position and at the apica
BH(1) and BH(2) positions are very similar for compouddsnd4, there are signifi-
cant differencesd) at the ligand-substituted B(3) position&) (at the bridged
BH(5)BH(6) positions, andc] at the “hinge” BH(4)BH(7) positions. These differenc
are discussed briefly as follows:

(a) The downfield shift at BHL(3) upon change from a phosphine ligand substit
L in compound4 to an amine in compountl is within expectedx-substituent effect
ranges, and is thereby not remarkable (compargLBidecies, where L = NRNHR,,
PR, etc, listed in ref?® and also nine-vertex eight-boron speciesHBEL and
HNBgH, oL in refs?®27 By contrast, If) the upfield shifts for BH(5) and BH(6) upol
notional replacement of B—-H-B in compouAdy B-N-B (compoundl) are much
smaller ¢a 10-15 ppm) than those usually encountered upon the replacement
three-centre two-electron B—H-B link by a B—N-B link that involves two two-elect
two-centre B-N bonds (compare, for exampld,Hg with B,HsNH,, B,HsNHR and
B,HsNR,; differencesca 40-45 ppm). This could imply a relief of steric strain, and

Fic. 4

Schematic connectivity diagrams for (top) [(M)BgH,,NHEt] (compoundl) (see also Fig. 1) and
(bottom) the reasonably supposed structtité’for arachnooctaboranes gH;,L, where L = NMe,
CH5CN, PMePh (compound}), [NCST, etc. In addition to theendoterminal and bridging hydrogen
atoms shown, and in addition to the substituents shown, each boron atom is boumcdoeaminal
hydrogen atonvia one two-electron two-centre-bond each
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a concomitant more fundamental change in cluster electronic structure. The latt
planation tends to be supportexl By the dramaticqa 30 ppm) increase ih'B shield-
ing at the “hinge” BH(4) and BH(7) units which geto the substituted boron atom:
if the structures are isostructural in electronic as well as in geometric terms they s
also be “isospectral” (réf): this is clearly not so.

One significant net effect of these differences is one of a large overall shie
increase for the clustétB atoms in the azaborane [(MEt)BgH,;NHEt] (1) compared
to [BgH,,(PMe,Ph)] 4). The meart!B chemical shift for compountl is ca —24 ppm,
which is some 10 ppm per boron site more shielded than the mean étBsstield-
ings for thearachno octaborane compound, as well as for othearachno octabo-
raneé>11141B H, |, and forarachnoBgH, 4 itself!1!¢ of which each averages in th
approximate rang@(*'B) —14 to —16 ppm. Thé'B shielding$'*34of nido-BgH,,
average even lower, at abad(t'B) —3 ppm. Taken with the specific site effects d
cussed in the previous paragraph, these overall shielding differences suggest t
azaborane [(NBEt)BgH,;NHEt] (1) is not of straightforwardarachno eight-vertex
structural type. In this context we note that the specjes Kref.!?) of formally hypho
B,H,.g formulation (but of as yet unknown structure), also has a higher av&iag:
shielding, at3(*'B) ca —28 ppm. This is comparable to that of the azabofareldi-
tionally, the better characterised eight-vertgphospecies [GBgH,5]~ and [CSBH, 4]~
also have such high&(''B)(mean) values, of —27.4 and —23.7 ppm, respecti¥&ly
These factors suggest that the electronic structure of the azallocanmesponds more
closely to ahyphotype species rather than amachnoone. In accord with this idea
notional replacement of (i) the three two-electron two-centre bonds from the tw
trogen atoms to the B(3), B(5) and B(6) atoms with (ii) three two-electron two-ce
bonds to three hydrogen atoms, results in the compound being better regardec
analogue of théwyphobinary borane equivalent {Bi,,;}?~ and not an analogue o
arachno{B gH, 3}~ as originally suggested. Further in accord with this, there is sc
resemblance to thieyphoeight-vertex species Gi8,B¢Hy (3(*'B)(mean) —24.7 ppm)
that also has a bridge (albeit involving C rather than N) that involves two two-ele
two-centre bond$. Here it may also be noted that #tiechnoe{B gH, 3} ~ anion, not yet
isolated, would also be in tlerachne[BgH,L] category: in this case the two-electrc
ligand L would be H, the hydride ion. ThesE'B NMR shielding differences sugges
that the principal electronic differences between the two cluster tgpashno and
hyphq are not only at the nitrogen-bridged B(5) and B(6) positions (which is not
prising), but also, more interestingly, at the “hinge” B(4) and B(7) sites, (btththe
site of the bridging nitrogen substituent. In cluster-geometry terms, the boron-ato
rangement of compount(Figs 1 and 4) is compatible withhgphoformalism as well
as with anarachnoformalism. This is because it may be generated by removal
vertex from anarachnonine-vertex geometry such as that of ike type of BHs
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skeleton, as well as by removal of a vertex from the classidal nine-vertex geo-
metry.

There might also be differing trends in thid shielding between tharachne
[BgH,,L] species typified by the phosphine compodnand thehyphostructure type of
the azaborane speciés Thus, within the overall general parallel between'theand
118 shieldings for BH¢x9 units for the two compounds (Fig. 3, upper trace), it appe
that thed(*H) : 5(*'B) correlation slope ofa 1 : 16.5 (solid line) for compourtmay
be somewhat smaller than that of #rachnocompound (ca 1 : 13 (hatched line)). It
is often found that in a set of otherwise closely related systems there is a decreas
coefficient for this type ob(*H) : 5(*'B) correlation as compounds orcl®so - nido
- arachnosequence are successively examined for this éff&ét The further
possible decrease froarachnoto hyphqg as suggested here, would be in accord w
an extension of this progressive effect to inclhgipha However, these sorts of trenc
are not always clear cut, and it should also be recognisetHIshifts in particluar will
be subject to local ligand-induced anisotropic field variafiamsependent of the basit
individual cluster shielding patterns.

The authors thank the SERC (now the EPSRC) of the United Kingdom for support.
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