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Figure 1, The 60-MHz 'H specirum of 1,3-dimethylicirahydroimida-
zole (1) in CF3CO,H as a function of temperature (botlom 1o lop: 40, 60,
80, 100, and 120 °C).
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CH>=N protons, just as the C=0 double bond deshields al-
dehyde (CH=O0) protons. We corroborated these assignments
by the preparation of 1,3-dimethyl-1,3-diazolidine-2,2-d5,
whose 'H spectrum lacked not only the NCH;N resonance of
1-H* at § 5.2 but also the CH,=N resonance of 2-H™ at 8.4.
Taken in CF3CO4D, the spectrum of the 2,2-d; variant ex-
hibits only the two sharp singlets at & 3.4 and 4.3, Some of the
small peaks in the § 3.0-5.0 region are from the remaining
protons in 2, but specific assignments could not be made. In
addition, there are some impurities. Integration of the 6 5.2 and
8.4 peaks indicates that the ring form (1) is present at equi-
librium to the extent of 82 + 2%.5 Our evidence does not prove
conclusively that the less abundant species is 2, but this form
is consistent with all evidence to date.

The temperature dependence of the 'H spectrum (Figure
1) demonstrates a dynamic interconversion of the ring (1-H™")
and chain (2-H?*) forms,’ as best seen from the dramatic al-
terations of the NCH ;N resonance at 6 5.2. This peak begins
to broaden above 40 °C and all but disappears by 80 °C. The
CH,=N peak at § 8.4 also broadens and disappears, and the
pair of peaks is replaced above 120 °C by an average singlet
at about 6 6,3 (the fast exchange extreme was not fully at-
tained). That the NCH,N protons of the ring form and the
CH,=N protons of the chain form were indeed undergoing
mutual exchange was confirmed by Forsén-Hoffman-type
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double resonance experiments® in the range 40-80 °C, whereby
irradiation of either peak brought about considerable reduction
in the intensity of the other peak, The NCH,CH ;N and NCHj3
resonances also undergo alterations due to exchange, but less
obviously. In both the undeuterated and the deuterated
(2,2-d,) forms, these peaks simply broaden at 60 °C and
resharpen above 100 °C (Figure 1). The changes are less
dramatic than for the NCH;N resonances because the
chemical shift differences between the ring and chain reso-
nances are much smaller. All the temperature effects are fully
reversible.

The coalescence temperature for ring-chain tautomerism
in protonated 1,3-dimethyl-1,3-diazolidine (1) is ~90 °C, and
the free energy of activation (AG¥) at this temperature is 16,9
+ 0.3 kcal mol~!, This reaction is an example of the normally
disfavored 5-endo-trigonal ring closure (2 — 1).7 Its relatively
rapid rate may result from the strongly electrophilic nature of
the iminium carbon in 2-H* or from a variety of other possi-
bilitics. The DNMR method promises to be an extremely
useful approach to studying this heterocyclic phenomenon. Our
current work explores the effect of ring size and heteroatom
identity on ring-chain tautomerism.
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Racemization of Isovaline by y-Radiation,
Cosmological Implications
Sir:

Isovaline (a-amino-a-methylbutyric acid) is of considerable
cosmological interest since (1) it is one of the 12 nonprotein
amino acids isolated and identified from the Murchison car-
bonaceous chondrite! and (2) it has no o hydrogen at its
asymmetric center and has been shown? to be incapable of
racemization by the mechanisms accounting for the racemi-
zation of ordinary a-amino acids. 1t had previously been sug-
gested? that the enantiomeric composition of the Murchison
isovaline should represent that prevailing at the time of its
original synthesis in the meteorite, thus giving a clue as to the
primordial enantiomeric composition of the other amino acids
in the meteorite regardless of their present composition. Re-
cently we reported®® that ionizing radiation could cause
“radioracemization” of a-amino acids both in the solid state
and in solution, along with their well-known radiolysis.” We
now have found that such radiation is capable of racemizing
isovaline as well,
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Table I, y-Radiolysis and Radioracemization of Crystalline
Isovaline and Leucine

aminoacid dose, rads X 1078 decompn, % racemizn, %

D-lval 9.0 79.6 4.9
L-lval 9.0 78.0 4.7
D-Leu 8.1 67.9 5.6
L-Leu 8.1 68.0 5.0

Crystalline samples of D- and L-isovaline (shown to be op-
tically pure by gas chromatographic (GC) analyses of their
diastereomeric N-TFA-isovalylleucine isopropyl ester deriv-
atives® (1)) were irradiated in a 3000-Ci %°Co y-ray source with
radiation doses selected to cause significant but not complete
radiolysis. Each irradiated sample was quantitatively divided
and the separate portions were converted to the appropriate
I derivative and examined by GC for racemization and deg-
radation (using the “enantiomeric marker” technique®), All
GC analyses were performed in replicate with the previously
obtained precision!9 using 50-m capillary columns coated with
enantiomeric phases'! consisting of N-docosanoyl-D- (or L-)
valine tert-butylamide. GC conditions were such that the GC
peaks of the unidentified radiolysis products in no way inter-
fered with the peaks of the residual isovaline during the GC
analyses, A comparison of the radiolysis and radioracemization
of isovaline with those previously found3- for leucine is shown
in Table 1.

Table I shows that the percent radioracemization (i.e., 2 X
percent of opposite antipode produced) accompanying the
~v-radiolysis of D- and L-isovaline is roughly comparable with
that noted¢ for the common aliphatic a-amino acids D- and
L-leucine. While the enantiomeric composition of the isovaline
in the Murchison meteorite was found? to be approximately
50:50 D:L, the presently observed radioracemization of iso-
valine suggests the desirability of reevaluating the earlier
conclusion23 that the primordial enantiomeric composition
of isovaline and the other amino acids in the Murchison me-
teorite must therefore have been racemic. While the “cosmic
ray exposure age” of the Murchison chondrite (i.e., the time
since its parent body fragmented) is only 1.2 X 106 years,!2
resulting in a cosmic ray radiation dose of ~0.3 X 10f rads
during this period (based on 108 rads during 3.5 X 106 years
for the Orgueil meteorite'3'4), natural radioactivity in the
parent body has provided an integrated dose of some 5 X 108
rads during the 4.5 X 10 years of its existence.!4!5 Thus the
isovaline in the Murchison has received a total dose of ~5.3
X 108 rads, some 60% of the radiation dose in Table I which
caused 4.8% racemization of crystalline isovaline. While it is
not known how such radioracemization might be altered by
the mineral matrix of the metorite, it is clear that significant
racemization of any nonracemic amino acids indigenous to
meteorite parent bodies might be expected during the 4.5 X
10° years since their primeval origin. While the above data
carry no implications whatsoever that the racemic amino acids
in meteorites were originally optically active, the phenomenon
or radioracemization nevertheless, in principle, makes the
question of the primordial enantiomeric composition of amino
acids in meteorites an indeterminate one.
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Raman Scattering from Glucagon--Dimyristoyllecithin!
Complexes, A Model System for Serum Lipoproteins
Sir:

Raman spectroscopic studies of intact biological membranes
are difficult since the fluorescent emission from trace com-
ponents obscures the weaker Raman signal from the lipid and
protein moities. The technique is well suited for studies of
lipid-protein interaction in reconstituted systems since con-
formational changes in both components can be monitored and
fluorescent entities can be excluded. The polypeptide hormone
glucagon interacts with dimyristoyllecithin (DMPC) when the
latter is in its gel state (below 23 °C) to produce a soluble
complex which has features similar to those found in serum
lipoproteins.2 We have found that the glucagon-DMPC
complex can be concentrated sufficiently in solution to yield
high quality Raman spectra. Detailed information as to the
effect of protein on lipid conformation has thereby been ob-
tained. The spectra arise from the DMPC component in the
complex since that component is present in large molar excess
(30:1).

Complexes were formed as described by Epand et al.? and
prepared for Raman spectroscopy by (i) removal of the am-
monium acetate buffer by dialysis and (ii) concentration by
partial lyophilization to a concentration of 50 mg/mL. Typical
Raman spectra are shown in Figure 1 for two spectral regions
(2700-3100 and 900-1200 cm~') of the complex and two
control systems: DMPC in multibilayer form and DMPC in
small unilamellar vesicles. The C-C stretching region
(1050-1150 cm™1) is sensitive to trans-gauche isomerization
in the DMPC hydrocarbon chains. The intensity ratio
I(1130/1100) has been correlated with the number of CH;
groups in the all-trans conformation.? The temperature de-
pendence of 7(1130/1100) is shown in Figure 2 for the three
systems studied. A sigmoid-shaped variation is observed for
DMPC in both sonicated and multibilayer form, with the sharp
discontinuity at 23 °C reflecting the gel-liquid crystal phase
transition. 4> The change in /(1130/1100) during melting in-
dicates the cooperative loss of four-five trans bonds in the
DMPC hydrocarbon chains (as calculated by the method of
Gaber and Peticolas®). Also evident is the noncooperative
formation of two-three gauche rotamers prior to the main
chain melt. The DMPC-glucagon complex exhibits significant
differences from the control systems in the 7-20 °C range. At
7°C, I(1130/1100) is reduced by 25-30% from the control
systems, indicating an additional two-three gauche rotations
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