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diradical B £frag may well exceed kI0u i.e., the observation of 
overall cis elimination of N2 from diazetine 4 does not exclude 
a stepwise decomposition mechanism for diazetines, e.g., via 
diradical B.19 

In summary, these results (a) indicate the unimportance of 
electronically excited states in this highly exothermic reaction, 
(b) exclude one of the most probable of the possible synchro­
nous modes of decomposition, (c) place severe constraints on 
the nature of the lifetime of a diradical derivable by a stepwise 
mode of decomposition. 
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The Observable Cyclodecyl Cation. 
A Novel "Secondary" Hydrogen-Bridged Carbocation 

Sir: 

The cyclodecyl cation (conventionally written as 1), a 
well-studied1 reactive intermediate noted for its ability to 
undergo transannular hydride shifts, has now been prepared 
and characterized in strong acid solution and we describe 
herein the very unusual features of both the 1H and 13C NMR 
spectra which lead us to conclude that this cation, like the 
previously described 1,6-dimethyl analogue 2,2 possesses a 
1,6-ji-hydrido structure 3. 
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Addition of 1-chlorocyclodecane to a solution of either 1:1 

SbF5-FSO3H or pure SbF5 in a mixture of SO2ClF-SO2F2 
at ca. —140 0C or the addition of either cis- or trans-cyclo-
decene to the 1:1 SbF5-FSO3H mixture3 results in a light 
yellow solution showing similar NMR features.4 The proton 
spectrum measured at —130 0C5 is the most informative and 
is characterized in particular by two broad peaks,6 one at 8 6.80 
and a second of one half the area at 5 —6.85, a unique high-field 
position range shown previously2 to be characteristic of the 
bridging hydrogen in 2. These two peaks can therefore be as­
signed to the terminal and bridging hydrogens of a /u-hydrido 
structure, i.e., partial structure 4. Coupling, if any, between 
these protons is obscured by the broadness of the peaks.7 The 
remaining 16 protons in 3 form a broad envelope of overlapping 
peaks from ca. 8 1-3.8 

The lowest field >3C peak (-130 0C) is found at 5 152.89 and 
is assignable to the two carbons involved in the hydrido bridge. 
Careful selective 1H decoupling experiments10 show that this 
1H coupled 13C peak is a doublet of doublets with remarkably 
different coupling constants, JHC-IH = 158 ± 5 and 32 ± 5 Hz, 
the former from coupling to the 5 6.8 1H peak and the latter 
the coupling of this carbon to the high-field 'V-hydrido" pro­
ton.11 The completed NMR characterization of the bridged 
region in 3 can be compared with the corresponding parameters 
in diborane, cf. 4 vs. 5. ' ' 

Quenching experiments have been carried out on the cy­
clodecyl cation by adding the cation solution to vigorously 
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stirred 2-methylbutane-K.2CC>3 slurry at -130 0C. In all cases, 
a mixture of cis- and frans-decalin is recovered in good yield.12 

The quench reaction probably involves the decalyl cation 6 
since similar quench products are obtained when this cation 
is quenched under the same conditions.13 The cyclodecyl cation 
3, in our strong acid solvents,14 rearranges quantitatively and 
rapidly into H2 and the decalyl cation 6 at — 120 0C and it is 
conceivable that this rearrangement rate is even faster under 
the quench conditions. 

rapid at 

-12(1 T GO-
H 
6 

There are two major uncertainties concerning our cyclodecyl 
cation structure assignment. One question involves the position 
of the transannular bridging, i.e., are m and n in structure 4 
equal (m = n = 4)? Secondly, what is the nature of the po­
tential barrier involving the bridging hydrogen—is it sym­
metrical or a rapidly equilibrating structure? 

The jt-hydrido bridge has been assigned a 1,6 position, i.e., 
3, for two reasons: (1) this 1,6 bridging also exists in cation 2, 
where it can be be positionally fixed, and (2) the very ready 
formation of the decalyl cation can be explained by the loss of 
the bridging hydride and a terminal proton in a concerted re­
action.15 

Concerning the potential barrier, we favor a symmetrical 
^-hydrido structure for the following reasons. 

(1) The very high-field chemical shift observed for one of 
the transannular protons if 1 were a conventional secondary 
cyclodecyl cation could only be rationalized if there existed a 
cation conformation where this proton was located directly in 
the face of the empty pz orbital (shielding region) of the cation 
(structure 7). The rapid transannular shift of this hydrogen 

(AG* would have to be ^4 kcal/mol16) would complete this 
hypothetical picture. We feel, however, that such a possible 
conformation is too stable to be explained solely by steric 
arguments.17 For example, there is no detectable interchange 

of the two transannular protons shown in 7 (AG* for this 
barrier >8 kcal/mol), nor do we observe any clearcut indica­
tion18 for 1,2-hydride shifts, expected to be very rapid in a 
conventional secondary cycloalkyl cation.19 

(2) The observed coupling between the proposed hydrido 
hydrogen and the attached carbons is much smaller than can 
be accommodated for in an equilibrating structure, 32 ± 5 vs. 
ca. 65 Hz.21 Note also the similarity here to the diborane sit­
uation and also to cation 2. 

(3) Molecular orbital calculations on C2H7+ and related 
systems22 show a single minimum, symmetrical hydrogen 
structure. The bridging hydrogen carries a slight negative 
charge in these calculations23 and we feel that this can in the 
main account for the experimentally observed high-field NMR 
position. 

Experiments are in progress on related cyclic and acyclic 
carbocations to find out if these bridging structures are unique 
to the 10-membered rings. In particular, we feel that the 
C-H-C bond may be bent in the cyclodecyl case, for steric 
reasons, and that a more favorable geometry might be found 
for linear bonding. 
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"Tailored Detection" of Nuclear Magnetic Resonance 
Signals: Application to the Assignment 
of Carbon-13 Spectra 

Sir: 

We propose a new method for treating data in a Fourier 
transform NMR experiment in order to select signals which 
appear at certain predetermined frequencies and calculate their 
contribution to the total signal intensity. The technique might 
be used to determine the relative proportions of two compo­
nents in a mixture, for monitoring the growth and decay of 
transient intermediates, or for comparing an unknown ex­
perimental spectrum with a library of stored spectra. It will also 
be shown to be useful for reducing the noise content of pro­
jections of two-dimensional Fourier transform spectra.1-3 

Several authors have described NMR experiments where the 
excitation is frequency selective or "tailored" to a particular 
requirement;4-6 the present method uses an equivalent "tai­
lored detection" scheme. 

To illustrate the principle, consider the problem of making 
a quantitative comparison between an experimental spectrum 
and a reference spectrum, as in the example of a library search 
of NMR data to match an unknown spectrum. This may be 
achieved by multiplying the experimental free induction decay 
E(t) with that of the reference A{t) and integrating the 
product. The result is a measure of the overlap between the 
experimental and the reference spectrum. The idea may be 
extended to the multiplication of E(t) with an artificial 
time-domain reference signal A'(t), obtained by Fourier 
transformation and suitable weighting of a "stick spectrum" 
defined by the operator.7 The Fourier transform of A'(t) re­
sembles this stick spectrum but has finite line widths deter­
mined by the weighting function. It may be thought of as a 
"mask" A'(f) constructed to pass certain frequency compo-
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Figure 1. The 13C NMR spectrum of the aliphatic region of cholesteryl 
acetate: (a) noise decoupled; (b-e) with selected resonances showing 
scaled-down proton-carbon splitting. The breakthrough of signals from 
nearby nonselected resonances is indicated by parentheses. 

nents of the spectrum £(/), the Fourier transform of E(t). The 
line widths of A'(J) and E(f) may be matched in order to op­
timize signal-to-noise ratio. Multiplication and integration of 
time domain signals has the twin advantages of speed (since 
the NMR signal may be processed as it is acquired) and 
economy of data storage (since the incoming free induction 
signal need not be stored). An "on-line" masking process 
necessarily leads to a loss of information; in some applications 
it might be preferable to store the entire experimental free 
induction signal and then later use suitable masks to extract 
various special types of information off-line. 

We concentrate on a particular application—the improve­
ment of signal-to-noise ratio in an experiment which presents 
13C NMR spectra in a form where all proton-carbon splittings 
are scaled down by a suitable constant factor R. This "J-
scaling" experiment8 can considerably reduce the confusion 
caused by overlapping multiplets in conventional coupled 13C 
spectra, and avoids some of the instrumental problems of off-
resonance decoupling.9 The pulse sequence is described in 
detail elsewhere.8 The principle is to establish an evolution 
period t \ during which proton-coupled carbon-13 precession 
takes place for a fraction 1/7? of the time, broad band de­
coupling being used for the remainder of t\. A series of mea­
surements of the NMR response is made over a range of values 
of f i, building up an "interferogram" S(ti). If the final J-
scaled spectrum is to contain N significant points, then TV 
separate measurements are needed to construct S(t\), a 
time-consuming operation which leads to poor sensitivity. The 
original version of the /-scaling experiment8 employed a re-
focussing method to improve the signal-to-noise ratio, but this 
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