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We wish to report the results of our investigation of the
photoelectron spectra of 1,4-dihydropyridine (l¢) and its
N-methyl derivative (1d). Good synthetic methods for the
preparation of these compounds were recently made avail-
able through the work of Fowler.l! N-Carbomethoxy-1,4-
dihydropyridine (1b) was obtained?! by sodium borohy-
dride reduction of N-carbomethoxypyridinium chloride
and was easily purified by vacuum distillation. Pure sam-
ples of the N-H (l¢) and N-CH3 (1d) compounds were
obtained by treatment of 1b with methyllithium or lithi-

um aluminum hydride? followed by careful vacuum distil-
lation through an ice-jacketed Vigreux column.
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The photoelectron spectra [He(I)] are shown as Figure
1.2 One of the most striking features of the three spectra
is the nearly identical position of the second band (a ver-
tical ionization potential of 9.77 + 0.05 eV for 1a, le, and
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Figure 1. He(I) photoelectron spectra of cyclohexadiene (top),

1,4-dihydropyridine (middle), and N-methyl-1,4-dihydropyridine
(bottom).

1d). The previous assignment3 of this band in 1,4-cyclo-
hexadiene would correspond to a 2A, state (2) (using the
reduced (Cz,) symmetry common to all three com-
pounds). As such, the position of this band should be sen-
sitive to the magnitude of the direct interaction of the two
ene units and inductive effects of substituents along the
C2 (2) axis. The fact that the position of this band is un-
changed when N-H or N-CHj; is substituted for a CH:
group (in la) suggestst that inductive effects are unim-
portant in these systems.

A lower first ionization potential for le¢ and 1d, com-
pared with the hydrocarbon, would be predicted by any
reasonable model. However, a second important feature of
the present results is the small magnitude of the shift in
this band for 1d compared with le. In contrast, the first
vertical ionization potential in methylamine (9.62 eV) is
lower by 1.2 eV than that for ammonia (10.85eV).>

It is possible to interpret the positions of the first two
bands of all three compounds in terms of a simple struc-
ture representation model.® The required parameters are
the bond ionization potentials (W) corresponding to the
ethylenic (10.51%2 eV) nitrogen lone pair (10.85 eV) and
CH; or CH; pseudo-r groups (14.28° eV) and the ionic in-
teraction parameters (S). In this model, the constant po-
sition of the second hand of all three compounds (shifted
from 10.51 eV in ethylene to 9.77 eV) can be attributed
solely to the direct (through space)? interaction of the
ionic structures (2) associated with the two isolated (1,4)
ene units. The corresponding splitting parameter [S(1,4)]
is +0.74 eV by inspection. The position of the first verti-
cal ionization potential of 1a can be attributed to the hy-
perconjugative resonance between the pseudo-r CHg rep-
resentations and the olefin ionic structures (3) and the fit
is obtained with S(*“Ilcu,,” llc-c) equal to +1.75 eV. With
these parameters, the position of the first band in the
spectrum of le (N-H) is determined by the magnitude of
the interaction between the N-localized ion and the ole-
fin-localized ion and fitting gives a value of 2.12 eV
[S(N-+, llc.¢)].

The position of the first band in methylamine can be
used to evaluate the hyperconjugative interaction of a N-
localized ion and that for a pseudo-» representation of the
methyl group. The value [S(N-+, “Ilgus™)] is 2.4 eV. The
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position of the first band in 1d (N-CHj3) is then calculated
at 7.19 eV compared with the observed 7.39 eV. A similar
calculation, in which the effect of the N-CHj; group is
considered to be entirely inductive [W(N.+-CH3) = 9.62)
gives the first ionization potential at 6.94 eV. The hyper-
conjugative model gives a reasonable fit without any con-
sideration of the effects of replacing two of the hydrogen
atoms of ammonia with (probably) more electronegative
vinyl groups.

We can summarize by pointing out that the present
comparison provides substantial support for the previous3
assignment of the first two bands in the spectrum of 1a
and the dominance of the hyperconjugative interaction in
determining its lowest ionization potential.

Experimental Section

The photoelectron spectra were recorded using a Perkin-Elmer
PS-18 spectrometer. The mass spectra were obtained using a
modified CEC-614 residual gas analyzer. The nmr spectra were
obtained using a Varian A-60 spectrometer. The 1,4-cyclohexa-
diene (1a) was obtained from Aldrich and purified by distillation.
The methylamine was obtained from Matheson Chemical Co. and
was used without purification.

The N-carbomethoxy-1,4-dihydropyridine was prepared by the
method of Fowler! and then was easily obtained in pure form by
vacuum distillation. Solutions of the parent 1,4-dihydropyridine
(lc) and its N-methyl derivative (1d) were also obtained by the
literature method.! After the bulk of the solvent was evaporated,
the pure liquids were isolated by low temperature distillation
through a 30-cm ice-jacketed Vigreux column. The composition of
the distillation fractions were monitored through their mass spec-
tra noting the decrease in the m/e 73 peak (ether solvent). These
compounds (lc and 1d) were quite unstable as neat liquids, show-
ing coloration within minutes at room temperature. The photo-
electron spectra were therefore run immediately after isolation.
After all of the spectral measurements were completed, the mass
spectra of the vapor above the colored liquids were compared
with those obtained from fresh samples and found to be identical.
Furthermore, the nmr spectra of samples obtained by distillation
from the pes samples were also the same as the pure materials.
The decomposition reactions must therefore involve formation of
less volatile products.
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Recently we described a facile dehalogenation using ti-
tanous chloride.! Our continued effort in the general area
of synthetic methodology has led us to explore other
means to achieve the removal of halogen atoms adjacent
to the carbonyl group.

A new procedure has been developed and is reported
here. This method is hinged on the following two separate
observations: (a) halogens of a-halo ketones (1) are easily
displaced by pyridine,2 and (b) pyridinium salts undergo
facile reduction by dithionite to give 1,4-dihydropyridine
derivatives3 exclusively. Thus reaction of 1 with pyridine
followed by addition of aqueous sodium dithionite should
afford 3. We conceived that this intermediate would frag-
ment spontaneously to release pyridine and generate the
ketone 4. The driving force of the decomposition is aroma-
tization, for which the ketone moiety serves as an excel-
lent leaving group.
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The process, although involving sequential addition of
two reagents, may be conveniently carried out in a single
flask. The novelty of this method lies in the fact that the
site of reduction is far removed from the a carbon; thus it
is conceptually different from other dehalogenation tech-
niques.!

A ketone synthesis? which involves alkylation of ketopy-
ridinium betaines has been devised. The pyridine ring was
eventually dislodged by zinc dust in acetic acid. (See
Table 1)

Table 1
Dehalogenation of «-Halo Ketones by Sequential
Reaction with Pyridine and Sodium Dithionite

Registry Ketone Registry
a-Halo ketone no. yield, % no.
a-Bromocycloheptanone 766-65-4 72 502-42-1
«-Bromacyclododecanone  31236-94-9 56 830-13-7
a-Bromoacetophenone 70-11-1 55 98-86-2
a,p-Dibromoacetophenone 99-73-0 65 99-90-1
Desyl chloride 447-31-4 48 451-40-1

Notes

Experimental Section

General Procedure for Dehalogenation. The «-halo ketone (5
mmol) was dissolved in acetone (10 ml) and treated with pyridine
(10 mmol) either at room temperature (for ArCOCHXR) or at re-
flux (for alicyclic bromo ketones). Upon complete formation of the
salt (monitored by tlc), glacial acetic acid (2 ml) was added, fol-
lowed by aqueous sodium dithionite (25 mmol in 25 ml). The so-
lution turned orange-brown, then became yellow and finally tur-
bid white. The reaction was exothermic. After 10 min, the prod-
uct was extracted into benzene and purified by distillation or
thick layer chromatography on silica.
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A simple method for replacing hydroxyl groups in starch
with  thiol groups? involves preparing xanthate
[ROC(=8)SK], converting it to the dithiobis(thioformate)
[ROC(=S8)SSC(=S)OR], pyrolyzing to the dithiocarbo-
nate [ROC(==S)SR], and hydrolyzing to the thiol (RSH).
The conversion

ROCSSCOR — ROCSR

I I

S S S
was conveniently followed spectrophotometrically by stop-
ping the reaction, destroying unreacted dithiobis(thiofor-
mate), and recording the absorption for dithiocarbonate at
8.4 mu. Unreacted dithiobis(thioformate) in the mixture
was rapidly and quantitatively converted to the parent al-
cohol and carbon disulfide on treatment with p-chloroben-

zenethiol. Dithiocarbonate was not affected. The mecha-
nism proposed? for this conversion by thiol is

ROCSSCOR + HSCiH,Cl —> ROCSH + ROCSSCH.C!
I |
$ S S
ROCSSCH,Cl + HSCHCl — ROCSH + (CICHS-),
[ [
s 8 8 S
ROCSH — ROH + CS,

I

S
A similar mechanism has been reported by Kobayashi, et
al.,% for the oxidative coupling of dithiols by bis(oxycar-
bonyl) disulfides.

Since the reaction between dithiobis(thioformates) and
thiol appeared to be a nove! and facile route for convert-
ing thiols to disulfides, we wished to determine the gener-
ality of this conversion. We selected dimethyl dithio-
bis(thioformate) because the methanol generated could be
readily removed by evaporation, along with the carbon di-
sulfide produced in the reaction. Table I gives the yields



