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converted to the sulfonate ester, either (entry 20). Despite 

of this limitation, the present method would be advantageous 

over the existing ones, because of the mild reaction con

ditions and high yields.

Experimental

Alcoholysis of amides by sodium nitrite-chlorotri- 
methylsllane. To a stirred solution of an amide (10 

mmol), sodium nitrite (1.4 g, 20 mmol) and benzyltriethyl

ammonium chloride (0.22 g, 1 mmol) in 20 mL of methanol 

was added chlorotrimethylsilane (4.3 g, 40 mm시). After 7- 

12 hours of reflux, the crude reaction mixture was analyzed 

by TLC or GC. The reaction mixture was treated with water 

(50 mL) and the product was extracted with ether (20 mL) 

twice. The combined ether extract was dried over anhydrous 

magnesium sulfate. The filtrate was concentrated on a rota

tory-evaporator. The residue was purified either by silica 

gel column chromatography or by distillation through a short 

path.

Alcoholysis of amides by t-butyl nltrite-chlorotri- 
methylsilane. To a stirred solution of Z-butyl nitrite (1.1 

g, 15 mmol), an amide (10 mmol) in 20 mL of methanol 

was added chlorotrimethylsilane (2.2 g, 20 mmol). After re

fluxing the mixture for 14 hours, the product was isolated 

and purified following the procedure described above.

Acetylation of alcohols by acetamide in acetonit
rile. In a 50 mL flask were placed sodium nitrite (20 

mm시), acetamide (10 mmol), and an alcohol (30% excess) 

and acetonitrile (20 mL). Chlorotrimethylsilane (20 mL) was 

added to the mixture. After 10-12 hours of reflux, the crude 

reaction mixture was filtered and concentrated. The residue 

was treated with water, and extracted with ether. The pro

duct was isolated and purified Allowing the procedure desc

ribed above.
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The electronic structure of the cross conjugated polyenes 

has drawn a great deal of attention due to their central dou

ble bond distortion in the electronically excited and low-lying 

ionized doublet states." Evidence of this structural behavior 

is supported by the spectroscopic observation that the spect

ral shape of bis(4t4-dimethyl-2,5-cyclohexadiene-i-ylidene) (I) 

in the fundamental state corresponds to that of biphenyl (II) 

in the first electronically excited state and vice versa.3 This 

spectroscopic behavior is explained by the specific difference 

of their n-electron distribution.3

The molecular structure of I has been studied in the gas 

phase4 and crystal5 by the gas electron and X-ray diffraction 

methods, respectively. In the gas phase, molecule I was 

found to have a dihedral angle of 9.7° in nonplanar carbocy

clic rings that is described by C6-Ci-C2=C3.4 In the crystal, 

however, the molecule was found to deviate from planarity 

to different extent such that the torsional angles about sin

gle bonds and double bonds vary by only 5.1° and 1.2°, res

pectively.5 It is noted for comparison that the torsional angle 

of the bond between the two phenyl rings in II is about 

42° in the gas phase. In the solid state, however, the biphe

nyl molecule is planar.6~10 This can be taken as an indication 

that crystal packing forces are sufficiently large to favorably 

compensate the steric strain. All six-membered rings are sli

ghtly in boat conformations due to the interactions between 

the ortho hydrogen atoms across the central double bond.5

Here we report fluorescence excitation spectroscopic stud

ies of I cooled in pulsed supersonic expansions of He in 

the ranges 307-345 nm and ab initio studies of the electronic
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Figure 1. Fluorescence excitation spectrum of bis(4r4-dimethyl- 

2,5-cyclohexadiene-1-ylidene) in helium at To=85 °C, where To 

is the temperature of the fluorene sample in the nozzle.

structures and their energetics of the molecule.

Experimental

Compound I was prepared by a reductive coupling of 4,4- 

dimethyl-2,5-cyclohexadienone (III) with TiCla/LiAl^.11 Com

pound III was prepared from 4,4-dimethylcyclohexenone by 

an oxidation reaction using 2,3-dichloro-5(6-dicyanobenzoqui- 

none (DDQ).12

A Newport pulse nozzle with a 0.5 mm slit was used for 

measuring the fluorescence excitation spectra of the mole

cule. Pressures of about torr were achieved at stagna

tion pressures of 725 torr of He. A gaseous mixture of He 

seeded with I heated in the nozzle chamber to 85 t was 

expanded through the nozzle. A Lambda Physik EMG MSC 

104+FL3002 excimer-pumped dye laser (R6G) was used as 

an excitation source. The spectral resolution of the laser 

beam after doubling is 0.4 cm-1. The laser pulse was syn

chronized with the electronic pulse to drive the nozzle. The 

laser beam crossed the supersonic free jet 15 mm downst

ream from the nozzle. The emission collected through a lens 

was detected with a Hamam가su H 3177 photomultiplier.

The Standard ab initio calculations were carried out with 

the Cray YMP version of Gaussian 92.13 The geometry was 

optimized by using the standard 3-21G14 and 6-31G*15 basis 

sets.

Results and Discussion

The fluorescence excitation spectrum of the jet-cooled 

molecule I seeded in He is shown in Figure 1. The spectrum 

is shown only in the spectral range 307-327 nm since in 

the other spectral range 327-345 nm, any peak with reason

able intensity is not observed. The lowest energy spectral 

features of the isolated bare I molecule cooled adiabatically 

was observed at 30,760 cm-1 (325.1 nm) with reasonable in

tensity. The spectral fe가ure is tentatively assigned to the 

electronic origin of the lowest spin-allowed &一)& transition. 

Our quantum mechanical calculations using the standard 3- 

21G and 6-31G* basis sets indicates that the electronic tran-

E(eV)

Figure 2. n-Molecular orbitals of bis(4,4-dimethyl-2t5-cyclohexa- 

diene-l-ylidene) and their energetics derived by using the 6-31 

G* basis sets.

sition to the lowe마 Si state is a 乳一好部 transition in the 

£板 symmetry, with the electronic transition dipole moment 

being polarized along the long-axis (r-axis). Previously the 

入段=319.0 nm is reported to the electronic transi

tion determined in the gas phase, the value being much hi

gher in energy than our value determined by a free jet expa

nsion method.

The spectral broadness of the various electronic vibrational 

bands seen in Figure 1 may arise from the torsional rotation 

about the central double bond during the electronic excita

tion. The rotation about the double bond may give rise to 

enhance the number of the vibrational density of states in 

the electronic excited state resulting in the spectral broad

ening of the fluorescence excitation spectrum.

IR and Raman spectra are measured in the solid state 

to elucidate the conformation of I in the fundamental state.16 

It is found that the rule of mutual exclusion holds for the 

IR and Raman spectra, thus indicating that molecule I has 

a center of symmetry in the solid state.

The electronic structure of I was theoretically studied by 

the HF/3-21G and HF/6-31G* calculations. The MO energy 

lev이s and the orbital symmetries derived by the HF/6-31G* 

calculations are shown in Figure 2 and listed in Table 1.

The orbital energies determined from the higher level cal

culations using the 6-31G* are in better agreement with the 

photoelectron spectroscopic results. Note that the HOMO and 

LUMO gap in Figure 2 is determined experimentally from 

the 0-0 band observed in Figure 1. It is noted that the orbital
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Table 1. Orbital energies (eV) of bis(4,4-din)ethyl-2,5-cyclohexa- 

diene-l-ylidene) based on calculation using the 3-21G and 6-31G* 

basis sets

MO ExptL“
Calcd.

3-21G 6-31G*

b\u -7.05 —6.851 一 6.868

Ou -9.07 一 9.783 — 9.614

b* -9.24 -9.973 -9.807

b如 — 1023 -10.678 -10.613

biu — -12.770 -12.746

Based on the photoelectron spectra of bis(4(4-dimethyl-2,5-cyc- 

lohexadiene-l-ylidene)r ref 2.

symmetries shown in Figure 2 are based on the D鴻 symme

try since the fully optimized structure of 1 has the mo

lecular symmetry. The theoretical values listed in Table 1 

stand in accord with the measured ionization energies.

Why the molecule deviates from planarity more in the 

excited state than in the ground-state? As shown 2, the cen

tral C=C bond order is reduced in the electronically excited 

state due to the participation of the antibonding character 

of the bridged C=C bond in the LUMO with the b宜 symme

try. Thus the deviation of the carbocyclic moieties from pla

narity may be facilitated such that the repulsion between 

the ortho hydrogen atoms across the central double bond 

is decreased.

In conclusion, we measured the fluorescence excitation 

spectrum of I cooled in supersonic free jets and calculated 

the n molecular orbitals and their energetics. The electronic 

excitation with lowest energy is determined as a spin-allowed 

transition. The MO calculation is quite informative 

as to the bond order and to estimates of orbital energies. 

Further assignments of the electronic vibrational bands in 

the fundamental and excited states are now performed.
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