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Preparation of the Pentagonal Pyramidal Carborane, 
2,3,4,5-Tetracarba-w'cfo-hexaborane(6) 

Sir: 

We wish to report the synthesis of 2,3,4,5-tetracarba-
«/cfo-hexaborane(6), I (Figure 1), from 1,2-tetramethyl-
enediborane(6). The conversion was accomplished at 
550° using a high-vacuum system which permits a rapid 
flow of gaseous reactant12 through the hot zone at low 
pressures. In addition to the carborane, C4B2H6, in low 
yield, a number of other carboranes are also produced. 
The experimental details of this reaction and the nature 
of the side products will appear in a longer dissertation 
at a later date. 

Figure 1. Ball and stick model OfC4B2H6. 

The evidence used to establish the formula and struc
ture of this parent four-carbon two-boron carborane 
is outlined. 

(a) The mass spectrum of the product purified by 
repeated vacuum fractional distillation exhibits a sharp 
cutoff at m/e 76 (calcd for 12C4

11B2H6). When the 
parent envelope of peaks of the polyisotopic spectrum 
is subjected to a monoisotopic boron analysis a good fit 
is found for a compound consisting of two boron atoms. 

(b) The 11B nmr at 32.1 MHz exhibits two sharp 
doublets in an area ratio of 1:1 with chemical shifts 
(parts per million relative to boron trifiuoride ethyl 
etherate) and coupling constants of +60.8 ppm (202 
Hz) and —10.4 ppm (144 Hz). This is consistent with 
two B-H groups, with the high-field doublet assigned to 
one of these groups in an apical environment of a pyra
mid and the low-field doublet assigned to a basal posi
tion.3 

(c) The proton nmr taken at both 100 and 220 MHz 
consist of two slightly broadened singlet resonances at 
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(relative to r 10.00 ppm for TMS) r 5.38 and 4.24 ppm 
of equal area which are assigned to the two different 
kinds of carbon-attached hydrogens of I, and also two 
equal-area 1:1:1:1 quartets at 6.08 (/ = 141 Hz) and 
10.59 ppm (/ = 205 Hz) which are assigned to H-nB(6) 
and H-11B(I), respectively.4 The area of each quartet 
is almost one-half of the area of each H-C singlet. The 
chemical shifts of all of the protons are reasonably 
within the range of values found for other pyramidal 
systems containing a different number of carbon and 
boron atoms in the series CnB6-nHio-„ (i.e., n = 0-3).3 

(d) The most informative portions of the infrared 
spectrum are consistent with the assigned structure, 
i.e., bands at 2950 (C-H) and 2570 cm"1 (B-H) and an 
absence of peaks in the B-H-B bridge regions. 

In the pentagonal-pyramidal series of isoelectronic 
compounds CnB6_nHi0-re, the parent and/or mono-
methyl derivatives of those with n = 0, 1, 2, or 3 have 
been previously prepared and reasonably well struc
turally characterized. The present work adds to the 
parent compounds in the series a compound in which n 
= 4. It should be pointed out, however, that the per-
methyl5 and perphenyl6 derivatives of C4B2H6 have been 
previously reported and the structures tentatively, but 
inconclusively, assigned. The data we present, how
ever, leave little doubt about the identification and 
structural characterization of the parent C4B2H6. 
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Solubilization of Alkali Metals in Tetrahydrofuran 
and Diethyl Ether by Use of a Cyclic Polyether 

Sir: 

We wish to report a new technique for dissolving 
alkali metals in solvents in which they are ordinarily 
either insoluble or only slightly soluble. This method 
may extend the range of solvents in which the properties 
of relatively stable solutions of solvated electrons and 
other species common to metal-amine solutions1'2 can 
be studied. Of particular interest would be the ability 
to make extended comparisons with the properties 
of solvated electrons produced by pulse radiolysis. 

The basis for this increased solubility is the ability 
of certain cyclic polyethers to complex alkali metal 
cations.3-4 Noting that stabilization of the cations 
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should increase the solubility of the metals, we studied 
the effect of adding cyclohexyl-18-crown-6,6 1, to tetra-
hydrofuran (THF) and diethyl ether (Et2O) in the 
presence of a mirror of potassium. With both solvents, 

a: Xi 
1 

deep blue solutions were formed. Solutions of both 
potassium and cesium in THF formed readily at room 
temperatures and were stable for several hours even 
in the absence of excess metal. Metal concentrations 
of about 1 X 1O-4 M were obtained by using 5 X 
1O-3 M solutions of 1. Solutions stored at —78° 
for several days showed no visible signs of decom
position. In order to form solutions of potassium 
in Et2O it was necessary to first cool the system to —78°. 
Once formed, however, the blue solutions in this sol
vent were stable at room temperatures for 5-10 min 
and for hours at —78°. At this writing only the three 
metal-solvent pairs described above have been ex
amined. It is probable that many other systems will 
behave in a similar fashion. 

It has been reported6 that very dilute solutions of 
potassium in THF exhibit two epr signals, a four-
line pattern characteristic of the potassium monomer 
and a single narrow line attributed to the solvated 
electron. In the presence of 1, however, the much 
more concentrated potassium solutions in THF used 
in this work showed only a single epr line. In Et2O 
at 25°, in addition to the single line (C ~ 10~7 M) 
a weak four-line pattern (C ~ 1O-8 M, A ~ 11 G) 
was observed, probably attributable to the potassium 
monomer. Both absorptions in Et2O were absent at 0° 
and appeared upon warming to room temperature. 
The single line observed in THF solutions could be 
observed down to the freezing point of the solvent. In 
both solvents at low temperatures ( — 60° and below) a 
weak seven-line pattern was observed. The splitting 
value and relative intensities indicate that this ab
sorption is probably from the benzenide anion.7 This 
identification was strengthened by adding small amounts 
of benzene to a similar solution of potassium in THF 
containing 1. The result was a marked increase in 
the intensity of the epr pattern but no change in the 
number of lines or the splitting value. 

The epr results indicate that the relative concentra
tion of monomer decreased when 1 is present. They 
also show, in comparison with the optical spectra, 
that only a small fraction of the total dissolved metal 
gives an epr pattern, a result which is consistent with 
the behavior of metal-amine solutions.8 

The optical absorption spectra measured at room 
temperatures with a Beckman DK2 spectrophotometer 
are shown in Figure 1. These spectra have been cor

es) See ref 3 for a discussion of the nomenclature of this class of com
pounds. 

(6) R. Catterall, J. Slater, and M. C. R. Symons, / . Chem. Phys., 52, 
1003 (1970). 

(7) T. R. Tuttie, Jr., and S. I. Weissman, / . Amer. Chem. Soc, 80, 
5342(1958). 

(8) L. R. Dalton, J. D. Rynbrandt, E. M. Hansen, and J. L. Dye, / . 
Chem. Phys., 44, 3969 (1966). 

5227 

- i i - 1 i 1 i i i 
8 10 12 14 16 18 20 
Wavenumber ( cm - 1 X 10~») 

Figure 1. Absorption spectra in the presence of 1: (1) cesium in 
THF, (2) potassium in THF, (3) potassium in Et2O. 

rected for decomposition by interpolating the results 
from successive scans. Potassium in THF in the 
presence of an excess of 1 showed only a single band 
with a maximum at 11,100 cm -1 , while the band 
maximum for cesium solutions occurred at 9700 cm -1. 
With Et2O the band maximum for potassium occurred 
at 11,400 cm - 1 and a shoulder (probably caused by 
sodium from the Pyrex container9) was observed at 
~ 14,000 cm -1. These peaks can be identified with 
the corresponding metal-dependent "R-bands" in 
metal-amine solutions.12 Even when the absorbance 
at the peak was ~ 3 in Et2O (as judged by the positions 
of unit absorbance, 9500 and 16,000 cm -1) there was 
no detectable absorption in the region from 8000 to 
4000 cm -1 . A similar search was not possible for 
solutions in THF because of the strong solvent ab
sorptions in this region. The absence of an optical 
band for the solvated electron is not necessarily at 
variance with the presence of an epr signal attributed 
to this species. The estimated spin concentration of 
1O-7 M is an order of magnitude below that which 
would have been detected optically. 

Similar absorption bands in metal-amine solutions 
have been attributed to the alkali anion, M -.10 The 
absence of hyperfine splitting by the potassium nucleus 
in THF in the presence of 1 contrasts with the results 
in THF alone6 and indicates that the equilibrium 

M 7"»" M+ + e- (1) 

is shifted to the right by the complexation equilibrium 

M + + 1 ~£~** complex (2) 

Presumably the solubility equilibrium 

2M(s) T-*- M+ + M- (3) 

is similarly shifted to the right. However, the absence 
of a solvated electron absorption band and the very 
low concentration of unpaired spin indicate that the 
equilibrium 

M- + 1 c
 > complex + 2e- (4) 

lies far to the left in these solvents. 
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Vertical Stabilization of Cations by Derealization of 
Strained a Bonds1 - 3 

Sir: 

We wish to report a successful demonstration that 
strained a bonds can supply electrons by derea l iza t ion 
and that this derea l iza t ion is a "vert ical" 3 3 8 <j~tt 
conjugation in the systems studied. 

Of the various concepts which might be applicable 
to the solvolysis of alkyl systems, as illustrated be
low for l-[2.1.1]bicyclohexylmethyl tosylate (eq 1), 

Q- CHoOTos HOAc 

<J>—CH 2 -OTos 

OTos 

(1) 

^ - C H CH, 
- I * 

s -
OTos 

- i * 

classical 
ionization-' 

I 

fragmentation0 

II 

' S+ 

bridging4 

III 

r 
OTo s 

vertical 
delocalization1' 

IV 

two kinds of differentiation are evident. First, I 
postulates no tr-bond derea l iza t ion and thus differs 
from II, III, and IV. Second, IV differs from II and III 
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because both II and III require nuclear movement in the 
strained system and can therefore be classified as "non-
vertical stabilizations."33 '8 

The recent development of quantitative correlations 
between solvolysis rates and ionization potentials38 

makes possible both kinds of differentiations and allows 
us to decide which of the four concepts most accurately 
describes transition states for RCH 2 X solvolyses. We 
here compare the relative rates of solvolysis of RCH 2 X 
(e.g., reaction 1) with the charge-transfer frequencies 
of the RC6H5- tetracyanoethylene (TCNE) complex 
(e.g., reaction 2). In both cases some positive charge 
is created a to a strained bond. However, the process 

TCNE TCNE-

(eq 2) is vertical. If the classical mechanism (I) were 
applicable and the solvolysis (eq 1) were faster than 
solvolysis of neopentyl tosylate because of steric 
effects, then the charge-transfer frequency should 
increase with increasing strain in R of RC 6 H 5 because 
the increasing s character in the R - C bond causes 
inductive electron withdrawal.7 '8 If mechanism IV 
were important then the frequency should decrease 
with increasing strain.3g '9 However the contribution 
to rate acceleration from bond stretching (fragmen
tation) or bond making (bridging) would not be detected 
in the vertical process (eq 2). For this reason, a good 
correlation between reactions 1 and 2 is an impli
cation103 that neither II nor III is very important in 
reaction l.10b 

We list the charge-transfer frequencies of a series 
of RC 6 H 5 along with relative rates of solvolysis of 
RCH 2 X in Table I and plot the data in Figure 1. 

Considering that Figure 1 plots the solvolysis rates 
for alkyl derivatives (RCH 2 X) against essentially the 
aromatic <r+ substituent constants3 8 and that the relative 
rates span about 108, the correlation is remarkably 
good.1 3 This correlation implies that acceleration of 
the reaction (eq 1) is primarily due to a vertical elec
tronic effect involving a-it conjugation of one or more 
of the strained bonds. Strained or polarized3 a bonds 
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(13) This correlation also suggests a simple means of predicting rela
tive solvolysis rates. For instance, we believe that we can guess the rate 
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