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is benzenethiol, even though attempts to locate the thiol hy
drogen in electron density difference maps have been thus far 
unsuccessful. 

Although no other structural data are available for transition 
metal complexes of benzenethiol, the parameters for the low-
spin complex appear to be chemically reasonable. The two 
Fe-S distances of 2.27 (2) and 2.43 (2) A are in the range of 
distances expected for iron to benzenethiolate and iron to 
benzenethiol, respectively. As in the case of the high-spin 
complex, electron density difference maps have not produced 
an unambiguous identification of the thiol hydrogen atom. 

The structural interpretations above provide an important 
insight into the mechanism of the transformation in this ma
terial. Assuming that the shorter Fe-S bond in both forms 
corresponds to the coordinated thiolate, Sl in the low-spin 
form appears to be protonated while S1 * in the high spin form 
does not. This anomaly was initially attributed to a false 
minimum in the refinement caused by the pseudosymmetry 
of the complex, but numerous attempts to refine models in 
which the iron or axial ligand positions were interchanged 
resulted in convergence to the initial parameters. Thus it would 
appear that a proton transfer may accompany the structural 
transition. Speculation concerning the mechanism of such a 
transfer will be postponed until further studies of this complex 
are completed. 

On the basis of the present information it is clear that the 
complex exists in the solid state as an equilibrium mixture of 
five and six-coordinate species. Crystallographic resolution of 
these two structural forms has produced a dynamic model for 
the transformation associated with the substrate binding in the 
catalytic cycle of P450 enzymes in which the low-spin, six-
coordinate resting form is converted into a high-spin, five-
coordinate species. Multiple-temperature x-ray and neutron 
investigations of this complex promise to provide further in
formation related to the spin equilibria which have been ob
served for a number of hemoproteins and may yield, simulta
neously, a detailed picture of a proton-transfer reaction. 
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Pyramidal Dications. 
Introduction of Basal and Apical Substituents 

Sir: 

Recently the synthesis and the chemical behavior of 
(CCH3)62+, the first representative of the (CH)6

2+ type of 
pyramidal dications, has been reported.1 During our investi
gation on the preparation of other derivatives of this class of 
species we found a simple route to pyramidal dications2 of 
general formula (CCH3)5CR2+. 

The philosophy followed to achieve this goal was to find a 
new precursor of (CCH3)6

2+ that could be synthesized by in
troduction of a methyl group into a starting material in which 
in a similar fashion other alkyl groups instead of the methyl 
one could easily be put. In principle the unsaturated ketone I,3 

easily available from the corresponding tricyclic diene, is one 
of the starting materials having the required characteristics. 

In fact, when treated with MeLi, enone 1 provided allylic 
alcohol 2,4-6 a new precursor of dication 3. Moreover different 
alkyl groups could be introduced using other Li reagents.6 

A solution of dication (CCH3)6
2+ (3) was prepared by 

treating 2 with HFS03/SbF5 (molar ratio 1:1) in SO2ClF at 
-60 0C and characterized as previously reported (Scheme 
I). 

Scheme I 
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Table I 

Di
cation HNMR" 

T, 
0C Medium 

3 2.14,2.83 

7 1.66 (t, JCH2,CH3 = 7.5 Hz, 3 H), 2.16 
(s, 3 H), 2.84 (s, 6 H), 2.86 (s, 6 H), 
3.10 (q, JcH31CH2 = 7.5 Hz, 2 H)* 

10 1.34 (t, JCH2,CH3 = 7.5 Hz, 3 H), 2.67 
(q, ./CH31CH2 = 7.5 Hz, 2 H), 2.90 (s, 
15H)* 

12 1.71 (d, ZcHCH3 = 7.0 Hz, 6 H), 2.19 
(s, 3 H), 2.79 (s, 6 H), 2.88 (s, 6 H), 
3.74 (h, 7CH3,CH = 7.0 Hz, IH)* 

13 1.42 (d, JCH CH3 = 7.0 Hz, 6 H), 2.95 
(s, 15H), 3.16 (h, 7CH3,CH = 7.0 Hz, 
1 H)* 

16 1.66 (t, JcH2CH3 = 7.5 Hz, 6 H), 2.10 
(s, 3 H), 2.82 (s, 3 H), 2.85 (s, 6 H), 
3.08 (q, JCH3,CH2 = 7.5 Hz, 4 H) 

17 1.70 (d, JCH CH3 = 7.0 Hz, 12H), 2.13 
(s, 3 H), 2.75 (s, 3 H), 2.87 (s, 6 H), 
3.76 (h, JcH31CH = 7.0 Hz, 2 H) 

-25 HFSO3/ 
CH2Cl2 

-25 HFSO3/ 
CH2Cl2 

-25 HFSO3/ 
CH2Cl2 

-50 HFSO3/ 
SbF5, 
SO2ClF 

-50 HFSO3/ 
SbF5, 
SO2ClF 

-50 HFSO3/ 
SbF5, 
SO2ClF 

-50 HFSO3/ 
SbF5, 
SO2ClF 

a Chemical shifts in parts per million from TMS using tetrameth-
ylammonium chloride as an internal reference (5 3.20). See ref 4. * On 
irradiation at 5 1.66 (7), 1.34(10), 1.71 (12), and 1.42 (13) singlets 
appeared at 8 3.10, 2.67, 3.74, and 3.16, respectively. 

Table II 

Di
cation 13C NMR" (proton decoupled) 

T, 
0C Medium 

126.4,22.1, 10.2,-2.5 

127.3, 126.6,125.8,22.2,18.0, 10.0, 
9.7,9.1,-2.2 

7 + 
10 
12 

12 + 
13 

127.6, 127.2, 126.6, 126.1, 22.6, 18.3 
10.5,10.2, 10.0,9.3,8.1,-2.0 
130.7,128.3,125.3,28.2,22.5, 17.4, 
10.1,9.7,-1.8 

130.4, 128.1, 126.3, 125.2,28.1,24.5 
22.3, 18.1, 17.3, 11.5, 10.5, 10.1, 

9.6,-1.8 

-50 HFSO3/ 
CH2Cl2 

-50 HFSO3/ 
CH2Cl2 

-50 HFSO3/ 
CH2Cl2 

-50 HFS03/SbF5, 
SO2ClF/ 
CH2Cl2 

-50 HFS03/SbF5, 
SO2ClF/ 
CH2Cl2 

a Chemical shifts in parts per million from TMS using CH2Cl2 as 
internal reference (5 54.02). 

Scheme II 
I 2® 
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The ethyl-substituted allylic alcohol 64'6-7 was converted to 
the new dication 74 (1H N M R spectrum, Figure 1) both by 
H F S 0 3 / S b F 5 (molar ratio 1:1) in SO2ClF and HFSO 3 / 
CH2Cl2 at - 6 0 0 C (Scheme II). Quenching of 7 with a 5% 
solution of NaOMe in HOMe at - 6 0 0 C provided in ~90 yield 
a nonsymmetrical dimethoxy derivative 88 (which on basis of 
analogy is likely to have the same skeleton as 4), which gave 
back dication 7 and protonated methanol9 in H F S 0 3 / S b F 5 

(molar ratio 1:1) and SO2CIF at low temperature. Upon 
treatment with acid ( H 3 0 + / T H F ) , 8 was transformed into a 

Figure 2. 

mixture of diols 910 (which on basis of analogy are likely to 
have the same skeleton as 5). The 1H NMR and 13C NMR 
spectra of a solution of a crystallized mixture of diols 9 in 
H F S 0 3 / S b F 5 (molar ratio 1:1) and SO2ClF or HFSO 3 / 
CH2CI2 showed a mixture of dications 7 and 104 (Tables I and 
II) in a ratio depending on the crop of crystallized material 
used. A representative 1H N M R spectrum of this dication 
mixture is reported in Figure 2. 

A solution of dication 124 was prepared by dissolving iso-
propyl derivative ll4-6-12 in H F S 0 3 / S b F 5 (molar ratio 1:1) 
and SO2ClF at - 6 0 0 C. After quenching at - 6 0 0 C of 12 with 
a 5% solution of NaOMe in HOMe followed by acidic treat
ment ( H 3 0 + / T H F ) , a mixture of diols was obtained. This 
mixture of diols was converted as described above into a mix
ture of two dications 12 and 13. Several 1H NMR spectra of 
the mixture of dications 12 and 134 at temperatures between 
- 4 0 and - 4 5 0 C were run during 48 h. While 12 appeared to 
be stable, dication 13 turned out to decompose completely 
within this period. No evidence for decomposition of either 7 
or 10 was obtained under similar conditions. The ferf-butyl 
homologue 14 behaves differently and is at present being in
vestigated. 

Finally precursors containing two ethyl13 or two isopropyl14 

1 2 © 
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Scheme III 

HFSO3/SbF5 

SO,CIF;_60°C 

r 
Et 

k 

groups were obtained in an analogous way when diketone 15 
was allowed to react with the appropriate lithium reagent 

followed by addition of water. Both ethyl and isopropyl groups 
were found to be in basal positions in the corresponding di-
cations 16 and 17, respectively, which is rationalized in Scheme 
III. 

I 2© 

SO,CIF;_60°C 
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Organolithium Substitution at a 
Bicyclo[1.1.0]butane Bridgehead Position. Evidence 
for a Bicyclo[1.1.0]but-l(3)-ene as a 
Reaction Intermediate 

Sir: 

The intriguing molecule bicyclof 1.1.0]but-l (3)-ene has so 
far only been known to theorists; calculations' suggest that it 
represents a local minimum on the C4H4 potential energy 
hypersurface. We now wish to report preliminary experimental 
evidence for the fleeting existence of a species containing 
such a skeletal unit in the reaction of 1-chlorotricyclo-
[4.1.0.O2'7]heptane (la)2 with organolithium derivatives. 

Addition of la to an ether solution of 3 equiv of n-butyl-
lithium at room temperature produced, after aqueous workup, 
an 87% isolated yield of l-«-butyltricyclo[4.1.0.02'7]heptane 
(2a) in a practically instantaneous reaction. Structure proof 
for 2a rests on its mass spectrum and its 1H NMR, the latter 
showing, in addition to the expected signals for the side chain, 
the same pattern for the framework protons as the parent hy
drocarbon tricyclo[4.1.0.02,7]heptane (Ic).3 

R H3C 

a 
b 
C 

d 

X 
Cl 
Br 
H 
Li 

R 
CH2(CH2)2CH 
CH(CH3)C2H5 
C(CH3)3 
C6H5 

The derivatives 2b-2d were prepared under similar condi
tions;4 the NMR spectra of 2c5 and 2d6 were identical with 
those reported in the literature. 

We consider three mechanistic pathways as possible routes 
to the products: (I) direct coupling between the organolithium 
compound and la; (II) halogen-metal exchange between la 
and the organolithium derivative forming Id and the corre
sponding chloride, followed by a coupling reaction between 
these components (in the case of 2d dehydrobenzene could be 
involved); (III) elimination of hydrogen chloride from la by 
the organometallic reagent with the formation of a 
bicyclo[1.1.0]but-l(3)-ene derivative and addition of the or
ganolithium compound to the strained double bond. The fol
lowing observations provide arguments against the mechanisms 
I and II. (a) When l-chloro-7-methyltricyclo[4.1.0.02'7]hep-
tane (3)2 was added to a threefold excess of «-butyllithium in 
ether and kept for 15 h at 20 0C, on aqueous workup, 3 was 
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