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Table II. Imidazole Group Fits for Metalloproteins

Cu-N,
protein distance, A no. ref
plastocyanin (Phaseolus vuligaris)
oxidized 1.98 2.0 14
reduced 2.05 1.8 14
hemocyanin (Megathura crenulata)
oxygenated 2.01 2.0 15
deoxygenated 1.95 2.0 16

predicts 1.7 imidazoles at 2.00 A. The predicted distance is
consistent with the crystallographic distance, but the predicted
coordination number is much higher than actually occurs.
However, including the contribution of backscattering by the
peptide carbons at ca. 3.0 A causes the number of imidazoles
predicted to drop to 1.2, within the 20% experimental uncertainty.
Application of this technique to the copper complex of the tri-
peptide glycylglycyl-O-methyl-L-histidine [Cu(GGH)] predicts
2.0 imidazoles at 1.93 A. Again, the predicted Cu-Nj, distance
is correct, but two imidazoles instead of one are suggested, even
when the peptide carbons are included in the fit. The crystal
structure of this complex!? indicates that the peptide carbons,
peptide nitrogens, and carboxy oxygen are arranged in such a way
as to simulate an imidazole group, causing the fitting procedure
to predict an additional imidazole. This type of problem may be
unique to small copper—peptide complexes, since there are no
known protein examples of copper coordination to peptide amides
adjacent to a ligating histidine. EXAFS was also recorded on
a solution of Cu(II) and histidine in a 1:2 molar ratio. Application
of the group fitting technique to these data predicts the presence
of 1.5 imidazoles at 1.95 (k One explanation may be that the
solution exists as a mixture of two species, with one and two
imidazoles coordinated per copper atom. An alternate explanation
is that two imidazoles are coordinated at slightly different dis-
tances, resulting in prediction of a lower coordination number due
to static disorder. The Cu—N; distance obtained is consistent with
the crystallographic distance in copper—histidine complexes.!* For
further investigation of the utility of this technique in fitting
imidazole ligands, fits were performed on two copper compounds
where no imidazoles are present [Cu(acac), and Cu(NH;)2*].
In both cases, when fitting with imidazoles and other appropriate
atoms, numbers of imidazoles significantly less than one were
obtained. If imidazoles only are assumed to be present, entirely
unsatisfactory fits result.

The results of application of the imidazole group fitting tech-
nique to some histidine-containing copper proteins being studied
in this laboratory are summarized in Table II. Other appropriate
first-shell atoms (in addition to the imidazoles) were included in
the fit. Results for a blue copper protein (plastocyanin) and an
oxygen-carrying protein (hemocyanin) are presented. The oxidized
and reduced plastocyanin show coordination of two imidazoles
(consistent with the low-resolution X-ray crystallographic results'’)
at 1.98 and 2.05 A, respectively. Similar studies on hemocyanin
indicate that two imidazoles are coordinated to each copper atom
for both oxygenated and deoxygenated forms. The details of these
metalloprotein studies will be reported in other communica-
tions, 14716

These results indicate that the imidazole group-fitting technique
can be successfully used to reveal the structural details of histidine
ligands in copper metalloproteins. The extension of the group
fitting technique to other commonly occurring biological ligand
structures, such as porphyrins or carbon monoxide, is currently
being pursued.
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lication.

(15) Co, M. S.; Hodgson, K. O.; Eccles, T. K.; Lontie, R. J. Am. Chem.
Soc., preceding paper in this issue.

(16) Co, M. S.; Hodgson, K. O. J. Am. Chem. Soc., submitted for pub-
lication.
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One of the principal handicaps in the investigation of the
chemistry of the intermediate boron hydrides B4H;, and BsH;
has been the absence of simple preparative procedures which would
provide these materials in relatively large quantities in good yield.!?
We report here a new systematic approach to boron hydride
syntheses which not only meets these requirements for the prep-
aration of B4H;, and BsH;; but has also been extended to the
preparation of 2-BrB4H, and produced a simple conversion of BsH,
to B1°H14.

The systematic nature of these syntheses relates to our ob-
servation that hydride ion can be abstracted from certain boron
hydride anions to give as one of the final products a neutral boron
hydride which contains one more boron atom than the anionic
starting material. The simplest reaction observed (/) involves

room temperature
BX; + [N(#-C4H,)4][BH,]

CHCl
[N(n-C{H,),][HBX;] + !'/,B,H, (1)
X =Cl, Br

[N(n-C,H,),][BH,]* and appears to be quantitative. The tet-
ra-n-butylammonium salts of the previously unreported anions
HBBr;” and HBCI;™ are stable, free-flowing solids under a dry
atmosphere at room temperature [NMR data:* HBBr;, 011y =
-13.0 (Jugy = 176 Hz); HBCl;", 83, = 3.1 (Jugy = 158 Hz)].

Tetraborane(10) and pentaborane(11) are prepared by reactions
2 and 3 in which 1:1 molar ratios of reactants are stirred vigorously
in the absence of a solvent. Tetraborane(10) and pentaborane(11)

0°C
[N(n-C4Hy)4][BsHg] + BBry ——
BH,, + [N(n-C4Hg),][HBBr;] + solid BH residue (2)

-35°C
K([B4Hy] + BCl, ErYTSS

BsH,; + K[HBCIl;] + solid BH residue (3)

are obtained in 65% and 60% yields, respectively. These yields
are based upon the amount of boron in the borane anion. In both
reactions the borane anion is completely consumed. The starting
materials, [N(n-C4H,),][BsHg] and KB4H,, for these reactions

*Department of Geology and Physical Sciences, Oxford Polytechnic,
Headington Oxford, OX 30BP, Great Britain.

(1) Onak, T.; Shore, S. G.; Yamauchi, M. “Gmelin Handbuch der
Anorganischen Chemie”; Springer-Verlag: Berlin, 1978; Vol. 52, Chapter 6,
pp 206-208.

(2) Onak, T.; Shore, S. G.; Yamauchi, M. “Gmelin Handbuch der
Anorganischen Chemie”; Springer-Verlag: Berlin, 1979; Vol. 54, Chapter 1,

1-4.

P (3) Hertz, R. K.; Johnson, H. D,, II; Shore, S. G. Inorg. Synth. 1977, 17,
21-24.

(4) Boron-11 NMR shifts are reported in parts per million relative to
BF;-O(C,H;), and were obtained by use of the external standard BCl, (8
46.8).
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are obtained from high-yield syntheses,>® and B,H,, and BsH,
are routinely prepared in 20- and 10-mmol quantities, respectively,
in the time frames cited above. Scaleup to larger quantities is
practical.

Traditionally, B,H;o and BsH;; have been prepared by hot—cold
reactor techniques®'° and more recently from the protonation of
B,H; salts.!'"1* [In addition, BsH,; has been prepared® from the
protonation of BsH;,~. The procedures outlined here are much
safer and simpler than the classical hot—cold reactor techniques.!°

Also requirements for product purification are minimal for the
present method compared to the hot—cold reactor methods®!° and
the method of protonation of B;Hg™ salts.!'"!> When carried out
under conditions indicated, the presence of volatile impurities
(trace quantities of BH¢ and BsHg from reaction 2 and trace
quantities of n-BgH ;s from reaction 3) present no problems in
purifying B4H,, and BsH;;. QOur present method for preparing
B,H,, is also superior to the earlier reported® protonation of BsH,",
since it gives comparable yields but requires one less step in the
preparative procedure.

Reaction 1 can be viewed as hydride abstraction from BH,"
ions to give BH; units which combine to form B,Hg. This reaction
differs from the traditional syntheses of B,Hg in which diborane(6)
is generated through hydride-halide exchange in reactions of metal
borohydrides with group 3 halides in ethereal solvents.}+!6

For reactions 2 and 3 hydride abstraction would yield the
boranes B;H; and B,Hj, respectively. In view of the products
obtained, it is reasonable to assume that subsequent reactions
involve, effectively, transfer of BH; from one B;H; to another B;H;
to produce B,H,, and transfer of BH; from one B,H; to another
B,H, to produce BsH;;. Viewing reactions 2 and 3 in this light
suggests the following stoichiometries.

B3Hg- + BBI‘3 i 1/2B4H1° + HBBI‘3- + (l/x)(BHz)x (2’)
B4H9- + BC13 - 1/2B5H11 + HBC13- + (1/2X)(B3H5)x (3’)

In these reactions 67% of the available boron in B;Hg™ is converted
to B4H o and 63% of the available boron in B4Hg™ is converted
to BsH,;. The close correspondence of experimental yields to these
proposed stoichiometries (eq 2’ and 3’) suggests that within ex-
perimental error reactions 2 and 3 are quantitative with respect
to yields of B4H o and BsH,;. Residues of empirical compositions
(BH,), and (B;Hs), decompose at room temperature to give small
amounts of BsHy and n-BgH;s, respectively.

Treatment of 20 mmol of [N(n-C,Hs),][B:H;Br]!” with an
equal amount of BBr; in 10 mL of CH,Cl, at -78 °C for 12 h
results in the formation of equal amounts of 2-BrB,Hy and B,H,,,
2 mmol each. Although the yield of 2-BrB,H, is relatively low,
this preparation is an attractive alternative to an earlier procedure
in which 10-15% yields of 2-BrB;H, were obtained from the
reaction of excess B4H,, with Br, over an 18-h period at —15 °C 1

The systematic nature of this procedure was further demon-
strated in an extension of reactions 2 and 3. Treatment of [N-
(CH,)4]BgH 4 with BCl; gave B;oH /4 in a yield of 50% based on
ByH,4 (reaction 4).

A reaction stoichiometry analogous to 2’ and 3’ is suggested

(5) Ryschkewitsch, G. E.; Nainan, K. C. Inorg. Synth. 1974, 15, 111,
(6) Remmel, R. J.; Johnson, H. D., II; Jaworiwsky, I. S.; Shore, S. G. J.
Am. Chem. Soc. 1975, 97, 5395.
(7) Johnson, H. D, II; Shore, S. G. J. Am. Chem. Soc. 1970, 92, 7586.
03 (ggﬂKodama, G.; Dunning, J. E.; Parry, R. W. J. Am. Chem. Soc. 1971,
s 2.
(9) Stock, A.; Mathing, W. Ber. Dtsch. Chem. Ges. 1936, 69, 1456.
s (10) Klein, M., J.; Harrison, B. C.; Solomon, I, J. J. Am. Chem. Soc. 1958,
0, 4149.
(11) Jeffers, W. British Patent 853 727, 1960; Chem. Abstr. 1961, 26835.
(12) Schaeffer, R.; Tebbe, F. J. Am. Chem. Soc. 1962, 84, 3974.
(13) Gaines, D. F.; Schaeffer, R. Inorg. Chem. 1964, 3, 438.
(14) Brown, H. C.; Tierney, P. A. J. Am. Chem. Soc. 1958, 80, 1552.
(15) Shapiro, 1.; Weiss, H.-G.; Schmich, M.; Skolnik, S.; Smith, G. B. L.
J. Am. Chem. Soc. 1952, 74, 901.
(16) Brown, H. C.; Murray, K. J.; Murray, L. J.; Snover, J. A.; Zweifel,
G. J. Am. Chem. Soc. 1960, 82, 4233.
625(817) Ryschkewitsch, G. E.; Miller, V. H. J. Am. Chem. Soc. 1975, 97,

(1.8) Dobson, J.; Schaeffer, R. Inorg. Chem. 19685, 4, 593.

room temperature
[N(CHy),][BsH 4] + BCly ————
followed by
sublimation of
BioH 4 at 90 °C

BoH4 + [N(CH;),][HBCl;] + H, + solid BH residue (4)
(reaction 4’). In this stoichiometry 56% of the boron in B¢H, 4~

B9H14- + BC13 -
1/,B1H14 + HBCIly + !/,H, + (1/2x)(BgH ), (4')

is converted to B;,H 4, which corresponds well with our results
and is consistent with reaction 4 being close to quantitative.

Although BgH,, is generally prepared through the degradation
of BgH;4 by base,!? it is also possible to prepare this ion through
the thermal decomposition of BsHg™ which is generated by de-
protonating BsH,. However, the yields of BgH, 4~ prepared this
way from BsH, do not exceed 60%.2>% By allowing BsH;™ to
react with an equimolar amount of BsHg in THF at room tem-
perature, we have been able to obtain good quality BgH; 4~ in 90%
yield.?* This is achieved by treating BsHg with an alkali metal
hydride (KH or NaH) in a 2:1 molar ratio. This preparation of
ByH,4 from BsH, coupled with reaction 4 provides a practical
route to B;oH,4 from BsH,, employing a single reactor for the
entire procedure.

In a typical preparation of B;qH,4 from BsHg, 21.6 mmol of
NaH, 43.2 mmol of BsHy, and 22 mmol of [N(CH;)4]Cl are
stirred for 12 h in 16 mL of THF at room temperature. Hydrogen
gas and THF are pumped away, leaving behind a dry solid which
is good quality [N(CH3)4][BsH ;4] and NaCl. Then 22 mmol of
BCl, is condensed onto the solid reaction products, and this mixture
is stirred vigorously for 6 h at 25 °C. The B,gH 4 is then sublimed
from the flask under dynamic vacuum. A 9.57-mmol quantity
of BjoH ;4 representing a 45% conversion of BsHg to BigH,4 is
obtained. This percent conversion of starting material to B;oH 4
is comparable to that reported for the conversion of NaBH, to
BjoH;s by a nonpyrolytic method.?® The present procedure,
however, requires fewer steps and it, also, can be scaledup.

Work is continuing on the further development of this sys-
tematic approach to boron hydride syntheses and the further
development of the preparation of B;oH;4 from B;sH,.
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It is well established that arenes complexed to transition metals
are often activated toward nucleophilic attack. Nucleophilic
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