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A Synthesis of N-Substituted 1,2-Dihydropyridines
Sir:

Although dihydropyridines have been known since the
last century, derivatives without stabilizing electron-with-
drawing groups on the ring are very rare and little informa-
tion is available on their chemistry.! There has been recent
interest? in the synthesis of the 1,2-dihydropyridine ring
system because of its implication as a pivotal intermediate
in the biosynthesis of indole alkaloids.> These biosynthetic
studies suggest that 1,2-dihydropyridines may provide a
very efficient synthetic route to the indole alkaloids and re-
lated compounds.*

Previous syntheses of reactive 1,2-dihydropyridines with-
out stabilizing electron-withdrawing groups on the ring es-
sentially have been limited to the careful reduction of pyri-
dine or pyridinium ions.! We have developed a more versa-
tile nonreductive synthetic method involving 2-azabicyclo-
[2.2.0thex-5-ene (1) as a key intermediate. Compound 1 is
a valence isomer of the parent 1,2-dihydropyridine. In con-
trast to the parent 1,2-dihydropyridine, which has never
been isolated, its valence isomer 1 does not possess the
dienamine functionality and is relatively stable to polymer-
ization and oxidation.
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The preparation of 1 is most conveniently carried out® by
the slow addition of carbamate 3% to methyllithium in dry
tetrahydrofuran at —15°. After 5 min the reaction is

quenched by the addition of H,O. Alkylating agents rela-
tively stable to hydrolysis, e.g., benzyl chloride and 6-
bromo-1-hexene, are added in equimolar amounts, and the
reaction mixture is allowed to reflux until the disappear-
ance of the alkylating agent ceases. This procedure pro-
duces bicyclic amines 5a and b in 40-60% overall isolated
yields from carbamate 3.7
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a, R = PhCH,-

b, R = CH,==CH(CH,),-
¢, R =CH,0,C(CH,);-

d R = CH,==CHCH,-
e, R =PhCH,CH,-

f, R =CH;0,CCH,-

If the alkylating agent is sensitive to hydrolysis, e.g.,
methyl 6-bromohexanoate, then the bicyclic amine 1 is iso-
lated by first extracting the reaction mixture with ether and
then by removing most of the solvent by distillation through
an efficient column. This procedure produces the bicyclic
amine in yields of 20-25%. Treatment of 4 with methyl 6-
bromohexanoate and an excess of diisopropylamine pro-
duces 4c¢ in 90-95% yield.

The ring opening of the bicyclic amines is induced ther-
mally.® Initial studies on the gas phase ring opening indicat-
ed the reaction rate to be sensitive to the substituent on ni-
trogen. In contrast to the N-carbomethoxy derivative 4d (R
= CO,CH3, t1;2 =2 0.5 h at 165°), the N-methyl derivative
4e (R = CH3) exhibits a 71,2 ~ 0.5 h at only 122°. Com-
pounds 4a-c showed similar kinetic behavior to the N-
methyl derivative de. A more detailed kinetic study of the
ring opening of 4a and d in benzene solution gives results
similar to the above.?

This synthetic scheme has many advantages over the di-
rect reduction of pyridine and its derivatives as an entry
into the 1,2-dihydropyridine ring system. Whereas the re-
duction of pyridine derivatives can produce both 1,4- and
1,2-dihydropyridines,' as well as tetrahydropyridines,!° the
ring opening is efficient in giving only the 1,2-dihydropyri-
dine free of side products. Finally, the 2-azabicyclo-
[2.2.0]hex-5-ene ring system present in 4a—c is a masked
1,2-dihydropyridine. The greater chemical stability of the
2-azabicyclo[2.2.0]hex-5-enes (4a—c) compared to the iso-
meric dihydropyridines will allow for the development of
synthetic schemes leading to biologically interesting mole-
cules that normally would be prohibited using the more re-
active 1,2-dihydropyridines.
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An 70 Nuclear Magnetic Resonance Chemical Shift
Scale for Polyoxomolybdates

Sir:

The feasibility of observing 7O NMR spectra of large
group 5a and 6a polyoxoanions was demonstrated recent-
ly.!"? In order to determine the factors which influence
chemical shifts and line widths, we have examined the spec-
tra of a number of polyoxomolybdates under various experi-
mental conditions.

All spectra were measured on a JEOL JMN-PS-100
spectrometer at 13.5 MHz in the Fourier mode using a Ni-
colet 1085 data system. Samples were pulsed at 0.33 s~!
utilizing 4096 data points over 15 152 Hz. An external pro-
ton lock provided frequency stabilization.

The samples studied are described in Table I and repre-
sentative spectra shown in Figure 1. All of the compounds
have known structures,®* and chemical shift assignments
given in Figure 2 are based on the previously established
qualitative correlation between downfield shift and decreas-
ing number of metals to which an oxygen atom is bonded.
Compounds 1, 3, 4, and § all have 12 symmetry equivalent
terminal oxygens (O-Mo), 6 equivalent doubly bridging
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Figure 1. 170 NMR spectra of (a) [(n-C4Ho)aN]2sMogO1s, (b) a-[(n-
C4Hg)4N14Si12040, (¢) NagTeMogO24, and (d) NagMo7024, [Mo] =
2.8 M. See Table I for details regarding experimental conditions.
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Figure 2. Assignments of '’O NMR shifts given in Table I.
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oxygens (O-Mos), and 6 oxygens bonded to two molybde-
nums and the heteroatom. Thus the resonances near —825
and —380 ppm are assigned to the terminal and doubly
bridging oxygens, respectively. The very broad resonances
observed for 1 and 3 at —180 and —256 ppm are assigned to
the triply bridging oxygens, while the corresponding reso-
nances in 4 and 5 are presumably too broad to observe or
obscured by the solvent resonance. Compound 2 contains 12
terminal oxygens, 8 doubly bridging oxygens, 2 equivalent
triply bridging oxygens, and 2 equivalent quadruply bridg-
ing oxygens. Although the terminal oxygens are not all
symmetry equivalent, they have similar local environments
and collectively yield a broad resonance at —814 ppm. Two
of the doubly bridging oxygens, however, are distinguished
from the remaining doubly bridging oxygens by unusually
short bond distances to a molybdenum which has no termi-
nal oxygens. The resonance at —757 ppm is assigned to
these oxygens and the resonance at —395 ppm is assigned to
the “normal” doubly bridging oxygens. Assignments for
compounds 6, 7, and 8 have been discussed previously,' but
the narrow line widths observed here allow the resonances
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