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to the ORD in the near-ultraviolet region. In this case it is 
therefore possible to use the ORD data to determine the 
proper scattering correction for the VUCD data, by scaling 
the correction to give the relative band areas extracted from 
the Drude analysis (|*i/&2| = 10.2/29.2). At 164 nm the 
scattering correction is twice the noise level, and the signal-
to-noise ratio is 10:1. 

Assuming that the CD bands are Gaussian, we can calcu­
late from k\ and Zc2 mean residue rotational strengths9 of 
approximately - 9 X 10 - 4 0 and 32 X 10 - 4 0 erg cm3 rad, re­
spectively (or mean residue ellipticities of [6] \so — —23000 
and [6] 164 =* 48000° cm2 dmol""1, respectively), for curve 1 
in Figure 1. These are rough estimates since (a) the confor­
mation in solution under our experimental conditions is not 
completely helical, and (b) we used a CD correction factor 
derived from the partially ordered conformation although 
the film is almost completely in the helical form (P. LiIl-
ford, private communication). Nevertheless we can con­
clude that the ORD changes observed during the helix-coil 
transition2"4 must be determined by changes in the magni­
tudes, and also possibly in the positions, of the two CD 
bands we observe. 

These two CD bands must reflect two separate monomer-
ic transitions, since they are too far apart to be accounted 
for in terms of an exciton splitting mechanism. Nelson and 
Johnson10 observed, in an equilibrium mixture of D-galac-
tose anomers, a negative band near 177 nm, and increasing 
negative dichroism to 164 nm, the wavelength limit of that 
study. Tetrahydropyran in the vapor phase has two vacuum 
ultraviolet absorption bands, at approximately 189 and 173 
nm, attributed to excitation of the unshared electrons of the 
oxygen atom.1 ' The CD bands we see here may well have a 
similar origin, and the 9-nm blue shift in each of the transi­
tions may reflect the difference between the ether and the 
acetal chromophores. 
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The Generation and Trapping of Butalene 

Sir: 

Among conjugated fused-ring systems those with two An 
it electron rings, which thus have overall 4n + 2 w electrons, 
are particularly interesting. The question of whether they 
reflect the instability of their component antiaromatic rings 
or the stability of their overall 4« + 2 IT electrons has been 
the subject of several experimental and theoretical studies.' 
A fundamental structure in this regard is that of butalene 
(1), a 1,4-dehydrobenzene. In 1965 Berry reported2 the de­
tection of a relatively long-lived species C6H4 of undeter­
mined structure from the flash thermolysis of benzenedia-
zonium-4-carboxylate. More recently, Bergman3 has de­
scribed the trapping of 1,4-benzenediyl (2) from the ther­
molysis of diethynylethylene at 200°. He also reported4 our 
preliminary observation that a different 1,4-dehydroben­
zene, butalene (1), can apparently be trapped at low tem­
perature. Dewar has calculated5 using MINDO 3 that both 
1 and 2 should be energy minima, with 1 being 19 kcal/mol 
less stable than 2; only a 4.6 kcal/mol barrier was predicted 
for the isomerization of 1 to 2. We now wish to describe our 
evidence6 that butalene (1) can indeed be generated and 
trapped somewhat below room temperature. 

X 

H 
3, X = Cl 
6,X = NMe, 

H1, NMe., 
NMe, 

The starting material for the work was 3-chloro[2.2.0]bi-
cyclohexadiene7 (3). This compound is quite stable to most 
strong bases,6 but with 0.1 M LiNMe2 in HNMe 2 -THF at 
0° for 45 min, 3 is quantitatively converted to A^.TV-dimeth-
ylaniline (4). When DNMe2 is used, the product 4 is 25% 
d\, 38% d2, 22% diy and only 6.3% d0. The NMR spectrum, 
clarified with the use of Eu(fod)3, showed that 4 is 76% 
para deuterated, 15% meta deuterated, and 48% (of 2 pro­
tons) ortho deuterated. When tetramethylethylenediamine 
is added to the above reaction mixture, the process can be 
carried out at —35° with quantitative conversion of 3 to 4 
and 76, 5, and 25% deuteration of the para, meta, and ortho 
protons of 4 respectively. Under these same conditions, in 
the presence of a fivefold excess of diphenylisobenzofuran 
(DPIBF), the adduct 5 can be isolated in 10-15% yield. The 
structure of 5 follows from the mass spectrum (m/e 391) 
and NMR spectrum. Signals at 5 6.29, 6.21, 2.98, 2.60, and 
2.45 are found for H's a-e, respectively; the assignments 
were confirmed by appropriate decoupling experiments (J1^ 
= 1 . 5 H z , 7 b c = 1 . 0 H z , / c d = 1.6 Hz1VdO= 3.0 Hz). When 
DNMe2 is used rather than HNMe 2 the isolated adduct 5 
contains 90% deuterium at Hc; within the 10% limits of ex­
perimental accuracy no deuterium is observed at any other 
position regardless of whether H2O or D2O work-up is em­
ployed. 

Several controls help to establish that butalene is an in­
termediate in these reactions. Thus, 3 does not isomerize to 
chlorobenzene at these temperatures, and chlorobenzene is 
not converted to 4 under these conditions. Furthermore, 3 
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does not react with DPIBF under our reaction conditions in 
the absence of base, and dimethylaniline 4 is not deuterated 
by our reaction mixture. We therefore conclude that the 
conversion of 3 to 4 and 5 is initiated by base-promoted 
elimination of HCl to generate butalene. This could then 
undergo a 1,4 addition of dimethylamine to generate Dewar 
dimethylaniline 6, which would isomerize to (p-deuterio)-4. 
However, this simple sequence does not explain all the data, 
in particular the observed deuteration of 4 in the ortho, as 
well as para, positions. The conversion of butalene to di­
methylaniline may well involve more complex mechanisms, 
including for instance some initial 1,2 addition of dimethyl­
amine.8 

The conversion of butalene to adduct 5 also could result 
from at least two pathways. Thus, if 1,4 addition of dimeth­
ylamine generates 6, this could then be trapped to form 5. 
However, one would have to invoke spiroconjugative9 acti­
vation of 6 by the dimethylamino group, since the analo­
gous 3 does not react with DPIBF. An alternative pathway 
involves edge reaction of DPIBF with butalene to form an 
initial adduct which is then trapped by addition of dimeth­
ylamine. Either path could explain the clean deuteration re­
sults in 5. 

Although some ambiguity thus remains in the precise re­
action pathway, it seems clear that butalene must be an in­
termediate in both these reactions. Furthermore, judging 
from the typical free radical reactions3 of 2 in the gas 
phase, it is not an intermediate in either of our observed 
processes. Thus, the prediction5 that 1 and 2 can have a sep­
arate existence, and different chemistry, is confirmed. The 
vigorous conditions required to generate butalene from 3 
also support our previous conclusion,ab that such fused-ring 
systems are not strongly stabilized by their overall content 
of An + 2 7T electrons. 
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Evidence for a Remote Secondary Deuterium Kinetic 
Isotope Effect Arising from a Sterically 
Congested Ground State 

Sir: 
We wish to report a substantial secondary deuterium ki­

netic isotope effect whose origin may be attributed princi-

Table I. Comparison of 7-Deuterium Kinetic Isotope Effects 
Compound 

Id 
CH 3CH=C(CD 3>CHC1CH, 
(CH3)JCClCH2CD3 

(CDj)3CCH2OMeS 
( C D J ) 3 C C H ( O B S ) C H 3 

Solvent** 

95% EtOH 
95% EtOH 
80% EtOH 

H2O 
97% TFE 
50% EtOH 
43% EtOH 
95% TFA 

r,°c 
25 
25 
25 
90 
25 
2S 
40 
10 

*H/*D 

1.11 
0.965 
0.975 
1.017 
1.011 
1.003 
0.979 
0.986 

Ref 

b 
C 

d 
e 

f 
f 
X 
g 

0 TFE is 2,2,2-trifluoroethanol. TFA is trifluoroacetic acid. * This 
work, c R. H. Griffin and J. G. Jewett,/ Am. Chem. Soc, 92, 1104 
(1970). d Reference 10. e M. J. Blandamer and R. E. Robertson, Can. 
J. Chem., 42,2137 (1964)./V. J. Shiner, Jr., R. D. Fisher, and W. 
Dowd,/. Am. Chem. Soc, 91, 7748 (1969). 8W. M. Schubert and 
P. H. LeFevre, ibid., 91, 7746 (1969). 

pally to relief of nonbonded repulsions in passage from a 
sterically congested tetrahedral initial state to a less con­
gested trigonal carbocationic transition state. 

The theoretical basis for understanding secondary deute­
rium kinetic isotope effects is well established within the 
context of transition state theory.1 Briefly stated, a differ­
ence in the rates of reaction between the protium- and deu­
terium-substituted reactants is generally expected if bonds 
to the light and heavy isotopes experience changes in their 
vibrational force constants upon passage to the transition 
state. The rate difference is seen as resulting, in large part, 
from the inequality in zero point energy differences between 
the initial and transition states of the protium and deuteri­
um compounds, but not to differences in the potential ener­
gy surface experienced along the reaction coordinate. The 
vexing problem of rationalizing kinetic isotope effects in 
terms relating to reaction mechanisms thus becomes one of 
ascribing an origin to the vibrational changes taking place 
as the reaction proceeds. With suitable precautions, the 
problem may be discussed in terms of the relative impor­
tance of inductive, hyperconjugative, and steric intramolec­
ular interactions. The particular question of how adequately 
the steric origin hypothesis advanced by Bartell2 explains 
observed kinetic isotope effects has been the topic of several 
investigations.3 However, with few exceptions,4 studies to 
date have involved systems in which either the severe steric 
constraints are incurred at the transition state rather than 
in the initial state (with A:H/^D < I)5 or else the relative 
importance of inductive and hyperconjugative modes of in­
teraction seems open to question.6 

In an effort to gain practical information concerning the 
importance of initial state steric effects in a system in which 
other modes of intramolecular interaction might be expect­
ed to be minimal, we have studied the kinetic isotope effect 
associated with the solvolysis of 2-terf-butyl-2-adamantyl 
p-nitrobenzoate (I)7 deuterated in the tert-b\ity\ group. 
Compound Ih is one of the most reactive tertiary alkyl sub­
strates known, solvolyzing 459000 times faster than /erf-
butyl p-nitrobenzoate and 239000 times faster than 2-
methyl-2-adamantyl p-nitrobenzoate do under the same 
conditions.7 Its extreme reactivity has been ascribed to the 
serious nonbonded strain interactions in the tetrahedral ini­
tial state Ih which are relieved in the trigonally arranged 
cation 2. The source of this strain was seen as arising pri­
marily from the nonbonded repulsions between methyl 
group R on the axially disposed tert- butyl group and the 
axial hydrogens on the same face of the inflexible chair-
form cyclohexane ring. Strain calculations indicated that 
these repulsive interactions are largely diminished in carbo-
cation 2. Rate enhancement through methyl participation 
was deemed unlikely in view of the fact that 16% of the sol­
volysis products was unrearranged alcohol.7 
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