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Whereas experimental data concerning electron density dis
tributions in bent C-C single bonds abound,2 only very few C=C 
double bond systems deformed out of standard geometry have been 
investigated.3 We have now determined by low-temperature (103 
K) X-ray diffraction using the X-X method4 the difference density 
in the central C=C double bond of the .syn-sesquinorbornene 
5^-r,2',3',4',5',6',7',8'-octahydro-6'-(phenylsulfonyl)spiro[cy-
clopropane-l,9'-[l,4:5,8]dimethanonaphthalene] (1) (Figure I).5 

The carbon atoms of this double bond are strongly pyramidalized. 
An earlier crystal structure determination at room temperature 
established the bending at the double bond to be 17.2°.6 The 
low-temperature value of 17.8° is similar (C3, C4, C5, C6/C10, 
C5, C4, C13 = 162.2°; Figure 1). When further comparison is 
made with the room-temperature data,6 the bonds measured at 
103 K are seen to exhibit longer distances, primarily as a result 
of the smaller thermal vibrations and the high-order refinement 
procedure.5 The length of the double bond C4-C5 is 1.358 (2) 
A (1.329 A at room temperature).6 The bond angles at the 
sp2-hybridized carbon atoms deviate substantially from standard 
values: 107.5 (1)°-108.4 (1)° for the endocyclic angles and 140.0 
(1)°-140.2 (1)° for the exocyclic angles. The C3-C7-C6 bond 
angle of the spirocyclopropane is compressed to 96.7 (1)° within 
the polycyclic system. Consequently, the opposite cyclopropane 
angle C8-C7-C9 widens to 61.5 (1)°, causing lengthening of the 
distal C8-C9 bond to 1.526 (3) A relative to C7-C8 (1.491 (2) 
A) and C7-C9 (1.496 (2) A). The electron-withdrawing property 
of the sulfonyl group and repulsive forces at 01—C9 (3.088 A) 
promote pronounced lengthening of the C1-C6 bond (1.582 (2) 
A), the longest bond in this molecule. 

Difference density calculations were made in the molecular 
mirror plane of 1 (the phenylsulfonyl substituent excluded). This 
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Figure 1. Molecular structure of 1. 

Figure 2. Deformation densities in a section through the centers of the 
bonds C1-C2, C4-C5, and Cl 1-C12 perpendicular to these bonds. The 
contour intervals are 0.05 e A"3. The zero line is dotted, and negative 
regions have dashed lines. The average standard deviation in the bonding 
regions is 0.05 e A"3. 

section cuts the C4-C5 double bond and the C1-C2 and Cl 1-C12 
single bonds perpendicularly at their midpoints and contains in 
addition the three-membered-ring plane C7, C8, C9 (Figure 2). 
The density maximum of the C4-C5 double bond, with its height 
of 0.67 e A"3, is displaced only by 0.1 A from the internuclear 
line into the exo direction. Particularly striking is the small shift 
parameter, despite the strong pyramidalization of atoms C4 and 
C5 and the corresponding structural deformation of the double-
bond system. Obviously, it is more difficult to accomplish de
formation of a double bond than a single bond, as was shown 
earlier in the cyclobutadiene system.3 The small experimentally 
determined shift is in agreement with the calculations of Gleiter 
et al.7 and Houk et al.,8 who, contrary to Fukui et al.,9 estimated 
only small sp mixing in the HOMOs of norbornene and syn-
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sesquinorbornene, respectively. The electron density distribution 
within the double bond is clearly elongated along the 7r direction. 
The density distributions of single bonds C1-C2 and C11-C12 
have rotational symmetry. 

All the bonding maxima of the spiro three-membered ring (C7, 
C8, C9) are shifted by large amounts (0.27 A average) outward 
from the bond axes, as one has come to expect for the bent bond 
of a cyclopropane ring system. The lines from the atoms to the 
corresponding bonding maxima (M) make angles M-C-M of 
87.8° on the average. The corresponding C-C-C bond angles 
are 60.0°. An angle of 78.8° had previously been calculated 
between the bond paths of cyclopropane itself.10 The central 
region of the three-membered ring has a flat plateau of 0.1 e A"3. 
Similar results have been found in other cyclopropane derivatives.11 

An air-stable 5>>rt-sesquinorbornatriene recently synthesized1'12 

was shown to possess a central double bond having still greater 
downward pyramidalization (22.7°). 
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Singlet-triplet transitions (STT) are forbidden in optical ab
sorption and can be detected only by using long optical cuvettes 
or a multiple reflection cell.1 These transitions were unambig
uously identified by electron-impact spectroscopy2 and other 
techniques and are characterized by a small molar absorption 
coefficient ranging between 1 and 10"4. For optically active 
molecules, STT can be detected by using circular polarized lu
minescence.3 

This last emission detection method would a priori suggest that 
STT should be amenable also to circular dichroism (CD) ab
sorption detection techniques. This is because the intensity of a 
circular dichroism signal is determined by the rotatory strength 
R, which is given by eq 1, 

R = Im\(g\n\e){e\m\g)} (1) 

where g and e are the ground and excited electronic states, re
spectively, and n and m are the electric and magnetic dipole 
operators. The magnetic dipole operator is defined by4 eq 2, 

m = (e/2wc)E|Li + 2Sij (2) 

where Li is the orbital angular momentum and Si the spin angular 
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Figure 1. The absorption and CD spectra of (J?)-(-)-2-aminobutane in 
the gas phase. The spectral resolution for both spectra is 1.6 nm. 

momentum. The contribution of the latter "allows" singlet-triplet 
transition in absorption or emission CD.3 A similar situation is 
encountered in magnetic circular dichroism (MCD), where the 
inclusion of the spin angular momentum in the magnetic dipole 
operator enables the observation of singlet-triplet transitions in 
short optical cells.5'6 

We report that, using the R-(-) and 5-(+) enantiomers of 
2-aminobutane (Nores Laboratories Inc.), we have indeed suc
ceeded in detecting a CD signal at a lower energy than that of 
the first excited state and have assigned it as a singlet-triplet 
transition. This transition is observed in both solution and gas 
phases. The gas-phase measurements were carried out on a 
vacuum UV CD apparatus, which has been previously described.7 

The CD and absorption measurements were carried out over the 
wavelength region of 260-150 nm. The gas-phase measurements 
were carried out in an 11-cm optical cell using the equilibrium 
vapor pressure of the 2-aminobutane. The vapor pressure (75 Torr 
at 22 0C) was measured by using a Wallace and Tiernan absolute 
pressure gauge. The 2-aminobutane was used without further 
purification. The vacuum UV results will be reported elsewhere. 
The solution studies were performed on a Cary 60 instrument and 
were repeated on a JASCO J500 and found to be identical. 

As an alkylamine, 2-aminobutane was expected to show ab
sorptions characteristic for the amine chromophore. The spectra 
of ammonia and alkylamines are dominated by Rydberg transi
tions,8 the lowest in energy being the n -»• 3s. This latter state 
is observed for 2-aminobutane at 212 nm in the gas phase and 
206 nm in hexane solution. In perfluoro-n-hexane it is further 
shifted to the blue. This is typical behavior for a Rydberg state.8 

The CD sign for this state is positive for the /?-(-) and negative 
for the S-(+) enantiomers. These CD signs were observed in the 
gas phase and hexane and C6F14 solutions. 

Considering, however, that circular dichroism is a modulation 
technique and, therefore, more sensitive than absorption mea
surements,9 few cases have been reported where signals in CD 
were observed without corresponding absorption peaks.10 We 
have observed a further example of this rare phenomenon upon 
extending our CD and absorption measurements to energies lower 
than the n -* 3s. In Figure 1 we present the absorption and CD 
spectra of (7?)-(-)-2-aminobutane in the gas phase. The figure 
reveals the tail of the n —>- 3s absorption band and the positive 
CD spectrum of this same transition. A different transition 
peaking at 215 nm and demonstrating an opposite sign in CD and 
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