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the expected identical environment for the two Al atoms (the
pertinent crystallographic data are presented in Table I).
IR/Raman and 'H/!*C NMR data in solution are in accord
with the crystal structure (Figure 1a). The gallium complexes
2 and 3, on the other hand, display two complete sets of IH/13C
resonances, one with a widely spaced double Ga-CHj; signal
(see Figure 2, lower trace). This spectral pattern, indicating
the presence of two isomeric forms, proved peculiar to a whole
series of oxamide complexes of dialkylgallium and -indium.*
As vibration spectral evidence seemed to demand a centro-
symmetric molecular geometry,’ a nonplanar bicyclic structure
with conformational isomerism was first proposed;? this ex-
planation was in conflict, though, with both chemical experi-
ence and other NMR findings.*¢ To resolve the problem, we
extended our crystal structure analyses to the N-H and N-CHj;
gallium complexes.

The space group of 2 proved not to be uniquely determinable
on the basis of the proposed chemical structure, Laue sym-
metry, and systematic extinctions, the ambiguities being Cm,
C2, and C2/m. Crystal structure analysis subsequently es-
tablished the space group as Cm and molecular symmetry as
C;, with the mirror symmetry plane, unexpectedly, perpen-
dicular to the oxamide C-C bond. The high resolution of the
data set and the magnitude of the partially refined thermal
parameters strongly indicated that the crystal which we in-
vestigated was well ordered; thus, only the cis configuration,
2B, for the diamide ligand was consistent with both the crys-
tallographic symmetry and its position in the unit cell. To date,
the amide hydrogen atoms have not been located by difference
Fourier techniques; the necessity for such additional confir-
mation of structure 2B was obviated, though, by the subsequent
sucessful crystal structure determination for the N-methyl
compound 3 initiated earlier.

The lattice parameter and Laue symmetry observed for 3
were clearly indicative of a triclinic cell with Z = 2, and
prompted us to assume P1 as the space group. In the early
stages of analysis the major part of one molecule which had
an apparent crystallographic inversion center analogous to that
observed for 1 was found. Subsequent difference Fourier maps
based on this fragment presented peak distributions not in-
terpretable in terms of a second oxamide complex; further-
more, attempts to refine the initial fragment produced results
inconsistent with a correct structural model. The establishment
of a noncentrosymmetric chemical structure for 2 raised the
strong possibility that the crystal of the N-CH; derivative
contained two symmetry-independent molecules; the associated
lower crystallographic symmetry raised the possibility that one
molecule each of cis and trans configuration might be present
in the crystal. By pursuing the crystal structure in space group
P1, asuccessful analysis was readily accomplished; however,
both symmetry-independent molecules in the unit cell were
demonstrated to display the same chemical structure, that is
the cis-oxamide configuration, 3B (Figure 1b).

In establishing this configuration, crystallography satis-
factorily accounted for the double Ga-CHj together with one
N-CHj and C=0 NMR signal; the presence of a second set
of resonances in the 'H and '3C spectra indicated that the bulk
sample was in fact inhomogeneous. This could subsequently
be proven by NMR spectroscopy: the upper trace in Figure 2
represents the proton spectrum of a solution of a single crystal
of 3, a transparent needle of exactly the type selected for crystal

structure analysis (100-200 ug in 0.3 mL of C¢Dg); clearly,
only one form, 3B, is present in this crystal, with two Ga-CH3
signals and the lower field N-CHj; resonance. The (inverted)
lower trace gives the spectrum of a 50-mg random sample from
the same batch of 3 from which the above crystal was selected,
and shows the presence also of the second set of NMR signals
(ratio 30:70). A pure crystal of the other modification to which
we assign the trans configuration, 3A, on the basis of IR/
Raman and NMR spectral data, could so far not be isolated.
In each case, sublimation also yielded poorly formed, scale-like
crystals containing, however, both isomers in about the same
ratio as the whole sample. Quite obviously, in selecting the
single crystals for x-ray analysis, only the clear needles with
pure cis configuration were picked out for both 2 and 3.

As preliminary investigations have shown,*6 the A/B isomer
ratio is determined primarily by the temperature at which
oxamide and gallium alkyl are brought to reaction (e.g., 20:80
at 0 °C, 70:30 at 138 °C). It also depends upon both size and
nature of the substituents at the oxamide N and gallium: thus,
for the N-tert-butyldimethylgallium derivative, no cis isomer
B could be detected by either 'H or '3C NMR.4 Attempts at
thermal isomerization failed owing to competitive decompo-
sition; however, if benzene solutions of 3A/B with varying
isomer ratio are kept at 20 °C for 10-30 days (argon atmo-
sphere), a 1:1 equilibrium state can be obtained from either
side. The rate of equilibration is enhanced (though with in-
creasing decomposition) by addition of tertiary amines.*

To date, the reasons for the appearance of this unusual
configurational isomerism for the gallium compounds are not
clearly understood. By a detailed study of the conditions gov-
erning the cis/trans ratio, we hope to throw some new light on
the complexation behavior of group 3B metals, especially with
respect to their use as Friedel-Crafts catalysts.
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Application of Deuterium Magnetic Resonance to
Biosynthetic Studies. 1. Biosynthesis of Ovalicin
Sir:

In studying the biosynthesis of a given metabolite, one is
interested in not only the biogenesis of the carbon skeleton but
the metabolic fate of the hydrogens which are attached to that
skeleton. The recognition of protonation, deprotonation, and
hydride shift processes is essential to the clarification of
mechanistic and stereochemical details. When tritium is used
as a tracer, alone or in combination with carbon-14, positions
and stereochemistry of labeling must be determined by ex-
tensive degradations. While '3C NMR techniques are now a
viable alternative to experiments with carbon-14 for studying
the biosynthesis of a given carbon skeleton, to date no com-
parably general substitute for tritium has been exploited. The
use of deuterium and deuterium magnetic resonance is ap-
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Figure 1. Proton decoupled 2H NMR spectrum of 0.06 mmol of ovalicin, 7.9% deuterium at each site; 2084 transients, 4K data points.

pealing for a number of reasons. (1) The natural abundance
of deuterium is only 0.015%. An enrichment with deuterium
of only 1% therefore would lead to a sixtyfold enhancement
over the natural abundance signal. (2) Shielding of deuterium
is the same as for protons in a given compound. Shift assign-
ments may therefore be made from the '"H NMR spectrum on
micromole quantities of material if necessary. (3) In proton-
decoupled 2H NMR there is no NOE. Also relaxation times
T for 2H are relatively short, minimizing the possibility of
partial saturation. Both these factors make integration of
deuterium spectra meaningful. (4) As with 13C NMR, labo-
rious degradative sequences can be avoided. (5) Deuterated
substrates and reagents are relatively inexpensive. Moreover
there are no special problems associated with handling highly
enriched materials, in contrast to radioisotopically labeled
substances. We have been exploring the application of ZH
NMR to biosynthetic problems and our results are reported
below.!2

We have previously presented evidence, based on incorpo-
ration of [3,4-13C;]mevalonate, that the biosynthesis of the
antibiotic ovalicin'! (1) by Pseudeurotium ovalis involves 1,3
migration of the eight-carbon side chain of a bisabolyl cation
generated by cyclization of farnesyl pyrophosphate.!? In
support of this scheme we recently reported isolation of the
sesquiterpene B-trans-bergamotene (2) a postulated inter-
mediate, from the mycelial extracts of P. ovalis'>'% (Scheme
1).

A number of possibilities exist for the oxidative cleavage of

Scheme I

Table . Proton-Proton Decoupling Experiments

Irradn H-8 H-9a H-9b H-10
2.87 2.12 2.37 5.15
dd (6.5,7.0) ddd (7.0, 12,7.5) ddd (7.5,6,12) t(7.5)
515 dd(6.5,7) dd(7,12) dd (6, 12)
2.87 dd (7.5, 13) dd (7.5,13) t(7.5)
2.12 d(6) d(7)

2 1n§ (J, hertz); d = doublet, t = triplet.

bergamotene to the o-menthane framework of ovalicin. In
order to distinguish among the various mechanisms experi-
ments with specifically deuterated mevalonate have been
carried out.

In determining the structure of ovalicin, the Sandoz group
assigned the '"H NMR spectrum without distinguishing among
resonances due to the three pairs of methylene protons at C-4,
C-5, and C-9.!! We have now assigned these latter signals by
a series of proton-proton decoupling experiments (270 MHz)!3
and by chemical deuteration of C-4. As summarized in Table
1, the diastereotopic protons H-9a and H-9b were assigned to
the signals at 6 2.12 and 2.37 by their coupling to the H-8 ep-
oxide methine and H-10 olefinic proton. The protons at C-4
and C-5 constitute an ABCD spin system and appear as a pair
of complex multiplets at ca. 6 2.4-2.55 and 2.6-2.7. In order
to assign the H-4 resonances, ovalicin was treated with 3 equiv
of potassium tert-butoxide in terz-butyl alcohol-O-d /tetra-
hydrofuran (0 °C, 30 min). The 2H NMR spectrum'® of the
resulting deuterated ovalicin (7% d3, 73% d,, 14% d |, 6% dg)
showed two peaks, 6 2.38 and 2.62, assigned to the exchange-
able C-4 methylenes, and a much smaller peak, 6 4.21, due to
exchange at C-2.

[5.5-2H;]Mevalonate (0.346 g, 2.62 mmol), synthesized by
lithium aluminum deuteride reduction of the ester acetal 3
followed by acetylation and performic acid oxidation as pre-
viously described,'? was administered to 7-day-old shaken
cultures of P. ovalis (24 500-ml flasks, 100 ml of nutrient per
flask). The deuterated mevalonate contained (3RS,5RS)-
[2-14C,5-3H;]mevalonate (4.0 X 106 dpm '4C, 3H/!4C = 1.98)
as an internal standard. After an additional 7 days, the cultures
were harvested and the labeled ovalicin was extracted and
purified in the usual manner,!2 to give 20 mg of ovalicin, mp
94-95 °C (lit.)! mp 95-96 °C). Measurement of the '*C ac-
tivity indicated a total incorporation of 4.5% (based on
(3R)-mevalonate) and an enrichment of 7.9% at each site. The
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3H/14C ratio (1.58) indicated retention of % of the tritium
isotope.

In order to determine the positions of deuteration, the la-
beled ovalicin sample was analyzed directly by ZH NMR. The
resulting spectrum showed four signals: 6 4.21 (CDOCH3, 1
D), 2.63 (CD»CO, 1 D), 2.4 (CD,CO, CD,CH=, 2 D), and
2.09 (CD,CH=, |1 D) (Figure 1).

The 2H NMR results are consistent with the observed
3H/14C ratio and reconfirm previous experiments on the spe-
cific incorporation of mevalonate. Furthermore the retention
of five of six deuteriums derived from C-5 of mevalonate sets
strict boundary conditions on any mechanistic proposals for
the oxidative cleavage of a bergamotene intermediate. Spe-
cifically such intermediates as the dehydrobergamotene (4),
suggested by Birch,!? or a monocyclic structure 5 related to
carquejyl acetate!8 are ruled out, as is oxidation of the meth-
ylene bridge of bergamotene to a ketone.

The experiments described above illustrate the utility of 2H
NMR as a biosynthetic tool while providing important infor-
mation bearing on the biosynthesis of ovalicin. Further bio-
synthetic applications of 2H NMR will be reported in due
course, 19,20
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Unusual Stability Characteristics in Methanol of

the Complexes of a New Pyridine-Substituted

Cyclic Polyether—Ester Compound with Nat, K+, Ag*,
and Ba2* —Comparison with Oxygen, Sulfur, and
Nitrogen Analogues

Sir:

In two recent communications, van Bergen and Kellogg'-2
report the synthesis of an unusual macrocycle 1 incorporating
into the ring Hantzsch esters. These esters may be used as a
“mimic” of NAD(P)H because of their hydride-donating
properties. Their goal was to enhance hydride transfer by
adding a crown ether ring onto the ester in hopes of holding
metal cations, which are known to catalyze this transfer, in
close proximity to the hydride donor. We report here the results
of a calorimetric study of the cation binding properties of two
ligands similar to 1, namely 2 and 3. Complexing data for other
macrocyclic compounds 4-8 are also included to allow com-
parisons between these ester-containing systems and cyclic
polyethers.

Like the Hantzsch ester crown, the macrocycles under
consideration in this study differ from simple crown ethers in
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