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Tetrazenes are well-established sources of nitrogen radicals.®
In order to prepare the tetrazene necessary for the production
of 7, 2 was treated with nitrosyl chloride to give 9,6 which on
lithium aluminum hydride reduction gave the hydrazine 10,
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Oxidation of 10 with mercuric oxide gave the tetrazene 8 in
60% overall yield. Irradiation of a methanolic solution of 8 at
room temperature with a Hanovia 450-W high pressure mer-
cury lamp gave only 2 and 11 in 63 and 34% yields, respec-
tively. No products derived from skeletal rearrangement could
be detected. The structure of 2 was established through com-
parison with an authentic sample. The structure of 11 was
assigned on the basis of its NMR spectrum (single olefinic
proton at 6 7.50) and through comparison with an authentic
sample prepared from 1 by treatment with sodium methox-
ide.
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Photolysis of 1 in methanol with a 450-W Hanovia source
gave as major products 37% of 2, 33% of 11, and 10% of 4.7 The
formation of 4 in this reaction indicated that some solvolysis
was competing with the homolytic cleavage. The difference
in the ratio of 2 to 11 may be attributed to the generation of
a pair of amino radicals plus nitrogen in the irradiation of 2,
vs. the formation of a chlorine-amino radical pair in the pho-
tolysis of 1. Since the precursors are different in the two ex-
periments being compared, it is also conceivable that the
generated amino radicals might not exist in identical solvent
cages and, hence, may react with the solvent cage at slightly
different rates and in slightly different manners.

From the photochemical decomposition of 8 and 1, it became
obvious that 11 was a major product of the photochemically
generated radical 7. However, it was not established whether
the formation of 11 depended on 7 having its origin in an ex-
cited state reaction. In order to answer this question, we carried
out the methanolysis of 1in the presence of 0.1 equiv of benzoyl
peroxide. This reaction gave 10% of 2, 5% of 3, 26% of 4, and
most significantly 21% of 11. Again, a combination of homo-
lytic and heterolytic processes was involved. However, the
formation of 11 in this reaction firmly established that 11 could
arise from a nonphotochemically generated nitrogen radical.

These results clearly indicate that the benzoyl peroxide-in-
duced decomposition of 1 in methanol has a radical-chain
component.

In summary, we have demonstrated that nitrogen radicals
can follow reaction paths, which are very diverse from those
of nitrenium ions. Specifically, in the case studied, we have
shown that while the imine 11 was completely absent in the
methanolysis of 1, it was a major product of all of the reactions,
which should proceed via the nitrogen radical 7. This indicates
that both the silver ion promoted and noncatalyzed methano-
lysis of 1 proceed via heterolytic cleavage of the N-Cl bond as
previously proposed.*8
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Satisfactory elemental analyses or exact mass molecular weights were
obtained on all new compounds. In all cases spectroscopic data were
consistent with the assigned structure.
In control experiments, it was demonstrated that while a large excess of
hydrogen chloride catalyzed the decomposition of 1 to give only 2 (as its
hydrogen chloride salt), the hydrochloride of 2, as generated in the normal
course of the reaction, did not promote perceptible decomposition of 1 in
the time required for the photochemical decomposition.
These results raise questions concerning the role of "heavy atom solvent
effects” in the interconversion of singlet and triplet nitrenium ions." Since
the amino radical 7 clearly yielded both 2 and 11, the failure to identify 11
as a major product of the decomposition (solvolysis) of 1 in heavy atom
solvents indicated that a major difference existed between the cationic ni-
trogen diradical (nitrenium ion triplet), the nitrogen cation radical (previously
postulated as an intermediate in the reaction of triplet nitrenium ions with
hydrogen donating solvents), and amino radicals such as 7. Further studies
of these differences and of the general concept of "*heavy atom effects”
in nitrenium ion chemistry are currently under investigation.
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Biosynthesis of the Isoquinuclidine Moiety of
Dioscorine. Incorporation of [5,6-13C,]Nicotinic
Acid Established by Means of 13C Nuclear
Magnetic Resonance

Sir:

Dioscorine (2)! is an alkaloid found in the tropical yam,
Dioscorea hispida, Dennst. and related species. We have
previously? established that the administration of [1-'4C]
acetate to this plant yielded radioactive dioscorine, which was
labeled on alternate carbons (C-3, 10, and 12) of the unsatu-
rated lactone ring. This result led us to suggest that dioscorine
is formed by a condensation between A'-piperideine (1) (which
is formed from lysine in higher plants’) with a branched 8-
carbon unit derived from four acetate units (route A, Scheme
I). Spenser* suggested a slight modification in which pelle-
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tierine (3) (formed from lysine and acetate) condenses with
an acetate derived 4-carbon unit (route B).

The administration of DL-[2-14C]lysine? or DL-[6-14C]
lysine3 to D. hispida yielded dioscorine with negligible activity
(0.003 and 0.007% incorporation, respectively). The dioscorine
obtained after feeding [6-14C]-Al-piperideine? had higher
activity (0.03% inc.). However, a partial degradation indicated
that the pattern of labeling was the same as that found after
feeding [1-'4Clacetate, indicating that the Al-piperideine was
probably catabolized to acetate prior to incorporation.

In view of the lack of incorporation of all the probable pre-
cursors of the isoquinuclidine moiety, we were led to consider
a completely new hypothesis, illustrated in Scheme II, which
has no biochemical precedence and represents a novel utili-
zation of nicotinic acid to afford dioscorine.b It is suggested
that nicotinic acid (5) is reduced to 3,6-dihydronicotinic acid
(6). Reaction between the 3-position of 6 and the keto group
of a branched 8-carbon unit derived from acetic acid affords
compound 8.7 Decarboxylation, shift of a double bond in the
dihydropyridine ring, and further reduction of the ring yield
7. An aldol condensation then leads to 9 which contains the
isoquinuclidine ring system. Decarboxylation, N-methylation,
and lactone formation then afford dioscorine.

This hypothesis was tested by feeding [2-'“C]nicotinic acid®
(32.6 mg, 8.05 X 108 dpm/mmol) to D. hispida plants by the
wick method. After 7 weeks the plants were harvested? and
yielded dioscorine (85 mg, 1.03 X 107 dpm/mmol, 1.9% ab-
solute incorporation®). This radioactive alkaloid was degraded?
affording 2-methyl-5-oxoisoquinuclidine (4) (9.7 X 107
dpm/mmol). There had thus been a specific incorporation of
nicotinic acid into the isoquinuclidine moiety of dioscorine. If
the hypothesis is correct, the dioscorine derived from [2-
14C]nicotinic acid should be labeled specifically at C-3, and
further degradation of 4 is in progress to establish the validity
of our scheme.

In the meantime, however, it seemed feasible to examine the
biosynthesis of dioscorine using a presursor containing con-
tiguous '3C atoms. The direct incorporation of such a labeled
compound into dioscorine would afford satellite peaks in its
!3C NMR, due to spin-spin coupling, symmetrically located
about the corresponding singlet peaks arising from isolated '3C
atoms.'? Accordingly [5,6-14C, 3C;]nicotinic acid!’ (28.7 mg,
6.52 X 108 dpm/mmol) was fed (September, 1976) as before
toone D. hispida plant. After 5 weeks the tubers and roots were
extracted to yield dioscorine (348 mg, 2.75 X 106 dpm/mmol,
2.9% abs. inc.). The proton noise decoupled !3C NMR spec-
trum of dioscorine was determined,!® and the following
chemical shifts (parts per million from MesSi) were assigned
by continuous wave off-resonance decoupling and comparison
with model compounds (the assigned carbons numbered as in
formula 2) 165.1 (12), 155.9 (10), 116.5 (11), 81.6 (5), 53.8
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Scheme II. Hypothetical Biosynthesis of Dioscorine from Nico-
tinic Acid (heavy dots indicate the expected positions of labeling
in dioscorine derived from [5,6-'*C,|nicotinic acid)
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(3),52.4 (1),42.6 (NCH3),40.9 (9), 39.5 (6), 35.2 (4),23.3
(13),20.3 (7), 19.5 (8). Satellites of C-1 and C-7 were clearly
seen in the radioactive dioscorine isolated from the plant. The
13C-13C coupling constants for the satellites at C-1 and C-7
were 33.4 + 0.2 Hz and 33.3 + 0.2 Hz, respectively.!® The
specific incorporation of nicotinic acid into dioscorine, deter-
mined from the intensity of the satellite peaks relative to the
centrally located singlet' 2 was 0.37%, in excellent agreement
with the incorporation determined from radioactive assay
(0.42%).

These results are thus consistent with our proposed scheme
for the biosynthesis of dioscorine, which we realize can be
subjected to considerable modification regarding the order in
which the various transformations of nicotinic acid occur.
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Stereochemistry of Tetrahedral Nickel Complexes.
Configurational Rigidity and Stereochemical Analyses
Sir:

We wish to demonstrate that paramagnetic, (pseudo)tet-
rahedral nickel complexes of the chelate type 1 can be chiral
and configurationally stable on the NMR time scale. We ob-
served two 'H NMR signals of equal intensity for the 8-hy-
drogen atoms of the ethyl group in 2. This nonequivalence in-
dicates a chiral environment for the 8-protons. Ethyl rotation
is not sufficiently restricted!-? as the §-shifts of all such com-
plexes are similar.! Since signal coalescence does not occur in
2 below 147 °C, configurational inversion at nickel requires
AG* 2 21.8 kcal/mol (420 K in (C1,CD),). The analogous
B-splitting in l1a yields AG* > 20 kcal/mol (407 K in
(C1,CD)>). Its counterparts 1b and 1¢! do not show any non-
equivalence because of their D,z symmetry.
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Complex 3 with NCHj instead of phenyl substituents ex-
hibits similar 8-splitting (and full paramagnetism) with AG*
= 17.3 kcal/mol (358 K in cyclohexane) and AS¥ = about
—30 eu. As usual, the tetrahedral ground state is favored by

TMS
‘ CH3
4
oH
oH
5
1 1 - L e L d
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Figure 1, Ortho methy! and ortho hydrogen NMR signals (tolyl group of
4 and 5) at 60 MHz and —39 °C in DCCl;.

entropy factors. Only 1d accommodates a diamagnetic (pla-
nar) ground state.3

A different case with symmetric ligands is presented with
full geometry in 4 (X = CHj3). The axis C3NiC?¥ constitutes
the only chirality element here. Projection 6 with R configu-
ration®- results by viewing 4 along this axis from the right. The
front chelate ring shows up as a horizontal bar, with the
asymmetric arrangement of its o-tolyl substituent at C3 rep-
resented as a wedge below the bar.® The more distant chelate
ring projects vertically in 6 with its o-tolyl at C¥ as a wedge
to the right. Methyl groups at C2, C%, C4, and C¥, or else the
four anilino moieties, are presented as squares. A C, axis,
passing through Ni, bisects the distances N!N¥ and N3N¥,
Therefore, only one 'H NMR signal is found in the upper trace
of Figure 1 for the two 0-CHj substituents («). The para hy-
drogen atoms of the anilino groups show two equally intense
signals ( a and b ) in tetralin up to 180 °C. Rotations by
180° of the rear tolyl substituent or of the rear ligand as a
whole (i.e., nickel inversion) would produce enantiomer 7 from
6 with interchanged chemical shifts a and b. Therefore, both
kinds of motion are slow and hence AG¥ > 23.8 kcal/mol (453
K) for nickel inversion.

Complex 5 (X = H) may be used to examine the stereo-
chemical consequences more generally; all its possible isom-
erizations are symbolized in Figure 2. Projection 8 results as
before by viewing 5 from the right. Circles were drawn for X
= H, all other notations being taken over from 6.5 For sym-
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