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The properties and structure of dialkylcyclopenta- 
dienylboranes have been reported by Grundke and 
Paetzold.' We wish to report a dichloro analog which 
appears to differ significantly in stability and acidity 
from the alkyl systems, but whose boron-11 and proton 
nmr spectra are sufficiently comparable to allow similar 
structural conclusions to  be made. Because the formal 
loss of C1- from this compound would result in the 
possible formation of a B-chloro derivative of the hy- 
pothetical nido-C5BH6+ ion, attempts were made to 
effect this conversion. 

Experimental Section 

Materials.-Sodium cyclopentadienide was obtained from the 
Eastman Chemical Co. as an 18% solution in tetrahydrofuran. 
The solvent was removed under reduced pressure. Boron tri- 
chloride, Matheson Co., was fractionated through - 130" traps 
to remove HC1, and butyllithium in hexane was obtained from 
the Foote Mineral Co. Aluminum chloride was freshly sub- 
limed. Most experimental procedures were carried out using 
conventional vacuum techniques, 
Dichlorocyclopentadieny1borane.-Since the reaction of boron 

trichloride and its vapor with cyclopentadienide was found to be 
highly exothermic, NaC5Hs was added as a powder to liquid BCl3 
previously cooled to -78". This was accomplished by pulver- 
izing the salt, freed from its solvent, tetrahydrofuran, under an 
inert atmosphere, and transferral of the powder to a rotatable 
side arm attached to the reactor vessel. Then sodium cyclo- 
pentadienide (75.9 mmol) was slowly added with stirring to 40 
ml of boron trichloride maintained a t  -78". The temperature 
was raised over a period of a few hours to 0" after which the reac- 
tion was allowed to continue for 3 hr more. The volatile com- 
ponents were removed at  reduced temperature and pressure and 
fractionated through traps a t  -78" and -190". When all the 
liquid BC13 had been removed from the reaction vessel, the in- 
soluble brown solid residue remaining was gradually warmed to 
room temperature, and then, over a period of several hours, 
heated to -300" while the volatiles were continued to be pumped 
through the cold traps. Approximately 0.3-0.4 ml of the prod- 
uct C5H6BC12 was retained in the - 78" trap as a solid. Dichloro- 
cyclopentadienylborane was a colorless liquid which darkened 
noticeably within an hour a t  room temperature. It had a vapor 

( 1 )  H. Grundke and P. I. Paetaaid, Chem. Be?., 104, 1136 (1971). 

pressure of -3 mm at  25". The llB nmr spectrum was a singlet 
a t  about 6 -47 ppm (neat) (BFa.OEtz, 6 0)  which tended to 
broaden considerably at  temperatures below - 30". In methyl- 
ene chloride the chemical shift was -51 ppm. The proton 
spectrum exhibited four peaks with no observable fine structure 
in an apparent 1:1:1:2 ratio a t  7 2.36, 3.14, 3.36, and 6.68, re- 
spectively, for the neat material. In chloroform the values 
were T 2.16, 2.94, 3.17, and 6.66. The llB signals were observed 
to decrease in intensity after 5 min a t  room temperature with no 
new resonances appearing. The proton spectrum revealed a 
total decomposition of CsHbBClz after 1 hr a t  25' as evidenced 
by the loss of all olefinic signals and a growth in peaks at  higher 
field attributed to hydrogen on saturated carbons. 

The mass spectrum of the pure CsHsBClz exhibited major peak 
envelopes a t  m/e 143-150 and 108-113 as well as a number of 
other peaks at  lower masses. The parent region intensities were 
m/e 150 (re1 intensity 9.4), 149 (3.3), 148 (62.0), 147 (20.7), 
146 (100.0), 145 (31.5), 144 (17.7), and 143 (4.0). This corre- 
sponds to the monoisotopic species: a t  m/e 146, 12C&,10B36Cla 
(relative intensity 100.0); m / e  145, 1zC61H410B35Cl~ (8.3); m / e  

Reaction of CsHsBCl2 with Butyl1ithium.-About 0.11 mol of 
butyllithium in hexane was syringed into a dry 5-mm nmr tube, 
cooled to - 196' and the system evacuated. Approximately 0.1 
mmol of C5HsBClz was then condensed into the tube. The 1lB 
nmr spectrum was obtained of the mixture a t  increasing tempera- 
ture starting at  -40'. Little change was observed in the chem- 
ical shift or appearance of the single peak even after standing a t  
room temperature several days, the resonances appearing at  
about -49 3t 1.5 ppm depending on the temperature. The lH 
nmr spectrum at  25' showed only two doublets of approximately 
the same intensity appearing at  7 2.82 and 3.29 (J = 2.2 HZ and 
1.9 Ha, respectively) which suggest the presence of olefinic hy- 
drogens. The nmr sample was opened and the contents were 
fractionated to remove hexane. The only volatile product was 
butane. 

Reaction of CaH5BC12 with A12C16.-When dichlorocyclopenta- 
dienylborane was treated with aluminum chloride in either meth- 
ylene chloride or chloroform, rapid and total decomposition of 
the borane to a dark brown sludge was the only reaction ob- 
served. This process, which was followed by 'H nmr and IlB 
nmr, was essentially complete in less than 1 hr a t  25" as revealed 
by the loss of olefinic signals in the proton spectrum and the 
boron singlet in the boron spectrum. The decomposition of 
C6HaBC12 under these conditions appeared to be more rapid than 
in CHZC12 or neat in the absence of AlzCle. 

144, 12C61H310BWl~ (18.5). 

Discussion 

The reported preparative method of the reaction of 
a Lewis base adduct of a halodialkylborane with cyclo- 
pentadienide ion and subsequent treatment with a 
Lewis acid' was unsuccessful when boron trichloride 
was used in place of the halodialkylborane. However, 
low yields of dichlorocyclopentadienylborane are ob- 
tainable from the reaction of sodium cyclopentadienide 
directly with boron trichloride, the latter reactant also 
serving as solvent. This reaction is not without com- 
plications and these are commented upon. 

The reaction between NaCsH5 and BCL may be 
reasonably expected to  produce CjHsBClz and NaC1. 
However, when the reactants are carefully mixed, the 
only product isolated is a brown boron trichloride in- 
soluble solid that shows no evidence of CjHbBC12. 

00 
NaCsH5 + BC13 75%- C,HjBCI2 + S a c 1  

The presence of this insoluble solid in the boron tri- 
chloride solution, coupled with the absence of a volatile 
product even near ambient temperature suggests that 
thc initial substance may be Ka+C5HsBC13-. This 
adduct appears quite stable a t  temperatures to  loo", 
but begins to decompose when heated at  150 to 250'. 
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In this temperature range C5H5BCl2 is produced sug- 
gesting that the following reaction occurs. 

CaHjBClz + nonvolatile residue (NaCI + 7 )  

As described in the Experimental Section, dichloro- 
cyclopentadienylborane is a compound of limited sta- 
bility, and when treated with Al2Cl6 its rate of decom- 
position is noticeably enhanced. Since it has been 
reported that there is a parallel relationship between 
the rate of dimerization of diethylcyclopentadienyl- 
borane in the presence of AlzCl6 and the rate of its 
dimerization in the absence of A12Clsj1 i t  is possible that 
a similar phenomenon is operative in the dichloro com- 
pound. In this case, however, a pathway for decom- 
position may be available through formation of a dimer 
of low stability. KO evidence was found to indicate 
the removal by Al2Cl8 of C1- from CjH5BC12 to form 
the cation CsH5BC1" which is potentially a B-chloro 
derivative of CjBHe+ and isoelectronic with the boron 
hydride B6H10 and the nido carborane series C,Be-.- 
H I O - ~ . ~  

The singlet observed in the "B nmr spectrum at -47 
ppm places the boron of C5H5BC12 in the general region 
of trigonal dichlorinated alkyl borane^.^ Such a mole- 
cule is therefore consistent with a cyclopentadienyl 
group u bonded to boron. The remaining structural 
question centers about the location of the double bonds 
in the ring. The following possibilities may be con- 
sidered. 

I IT III 

Since the proton nmr spectrum reveals three hydro- 
gens of an apparent olefinic nature a t  T 2.36, 3.14, and 
3.36, and what appears to be two methylene hydrogens 
at  T 6.86, structure I can be eliminated. Distinguish- 
ing between I1 and 111 presents a problem since each 
could conceivably have three nonequivalent olefinic 
hydrogens which correspond to the three resonances in 
the vinyl region of the spectrum. To determine the 
correct structure solely on the basis of proton types in 
the pmr, therefore, becomes speculative at  this time. 
However, if one postulates a not insignificant amount 
of electron delocalization from the cyclopentadienyl 
ring into the pz orbital on the boron, perhaps the more 
highly conjugated structure I1 is energetically favored, 
should both isomers be kinetically accessible t o  a com- 
parable extent during the reaction. 

On the assumption that the compound has the double 
bonds placed as in structure 11, the pmr spectrum may 
be assigned by a combination of resonance and inductive 

(2) R. N. Grimes, "Carboranes," Academic Press, New York, N. Y., 
1970. 

(3) G. R.  Eaton and W. N. Lipscomb, "NMR Studies of Boron Hydrides 
and Related Compounds," W. A. Benjamin, New York, N. Y., 1969. 

effects. This, and also by drawing analogies to pmr 
spectra of alkyl and alkyenyl derivatives of trigonal 
 borane^,^!^'^ the vinyl resonances at  T 2.36, 3.14, and 
3.36 are assigned to H-2, H-3, and H-4, respectively. 

Grundle and Paetzold' attempted the reaction of 
diethylcyclopentadienylborane with various strong 
bases in an examination of its Brdnsted acidity. Break- 
ing of the B-C (cyclopentadienyl) bond was reported 
to be the essential feature of the reactions and no de- 
protonation was observed. However, in the case of 
dichlorocyclopentadienylborane strong evidence is ob- 
tained for the presence of CsH4BC12- as a butyllithium 
reaction product. Thus, butane is recovered, having 
been produced by the apparent removal of a methylene 
proton by C4H9- according to the reaction 

This behavior, which differs from that of the ethyl 
derivative, may be rationalized on the basis of the 
greater electronegativity of the chlorine atoms as com- 
pared to the ethyl groups. This mould presumably 
lead to an increase in the positive character of the cyclo- 
pentadienyl ring, therefore allowing a proton to be 
more easily removed. 

The two olefinic multiplets of similar intensity in 
C5HdBC12- appear at higher fields than the signals at- 
tributed to the olefin hydrogens of CjHjBC12, which is 
a factor consistent with the negative charge on the ion 
and the predictable increase in shielding of the ring 
protons. Since the C5H4 ring in C5H4BC12- probably 
has some aromatic character, the proton environment 
would tend to be more uniform than in the neutral 
species. However, inductive action by the boron at- 
tached chlorine atoms may affect the p protons more 
than the y protons, lowering the field of the former rela- 
tive to the latter. Based on this premise the nmr 
signal at  r 2.82 may be assigned t o  the p hydrogens 
and the peak at  T 3.29 attributed t o  the y hydrogens. 
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Deprotonation of dichlorocyclopentadienylborane 
does not appear to significantly affect the chemical 
shift of the boron atom. However, the increase in 
stability of the anion over the neutral molecule may 
reflect the reluctance of two negatively charged ions 
to approach each other and initiate decomposition 
through a dimerization mechanism. 
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