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Abstract: Glycyl methylene splitting due to chemical shift nonequivalence occurs in the proton magnetic reso-
nance spectra of a dozen amino acid-glycyl dipeptides. The magnitude of the splitting does not appear to be cor-
related with any single structural element and is reduced by the addition of salt or urea and by an increase in tem-
perature. The chemical shift of the high-field glycyl methylene hydrogen in phenylalanylglycine actually moves
downfield upon loss of a proton from the ammonium group. Glycyl methylene splitting also occurs in the central
glycyl residue of aminoacylglycylglycines, but not in aminoacylglycinamides. Despite the almost exclusive appear-
ance of chemical shift nonequivalence in the dipolar ion form of di- and tripeptides, it is argued that head-to-tail
folding is not implied but rather that the oppositely charged termini of the molcules provide a field gradient which
acts upon nonequivalent atoms or groups of atoms. Nonbonded interactions of the amino acid side chains with
atoms of planar, frans amide bonds restrict the number of allowed rotamers about single bonds in the peptide
backbone, reducing the averaging effect and resulting in possible augmentation of field gradients at nonequivalent

atoms.
also reported.

Arecent survey of proton magnetic resonance spec-
tra of amino acids and peptides reported splitting
of the methylene hydrogens in leucylglycine and in the
middle residue of leucylglycylglycine.? This splitting
was ascribed to preferences for certain unspecified ro-
tamers. Because of the importance of this conclusion
for protein conformation and the efficacy of proton
magnetic resonance spectroscopy in describing these
apparent rotamers, we undertook a pmr study of amino
acid-glycine dipeptides for 19 of the 20 (all except
asparaginyl) amino acid residues commonly occurring
in proteins and for others as well. We find methylene
splitting in at least 12 dipeptides and also confirm its
existence in tripeptides.

Experimental Section

The peptides used in this study were the best grade commercially
available from Cyclo Chemical Corp., Mann Research Laboratories,
and Calbiochem Corp. N-Benzylbutyramide was synthesized from
n-butyric anhydride and benzylamine following the standard pro-
cedure, mp 49-49.5°, lit.? 41-44°, The infrared and pmr spectra
are consistent for the product. D-Phenylalanyl-L-valine was
synthesized from N-carbobenzoxy-D-phenylalanine and L-valine
methyl ester hydrochloride, purchased from Cyclo Chemical Corp.
The synthesis was carried out in the usual way with N,N-dicy-
clohexylcarbodiimide.* N-Carbobenzoxy-D-phenylalanyl-L-valine
methyl ester was prepared in methylene chloride,® followed by
basic hydrolysis® at room temperature and hydrogenolysis in a
Parr hydrogenation apparatus. The infrared and pmr spectra
are consistent with the products of each step. Carbon, hydrogen,
and nitrogen analyses are in excellent agreement with the inter-
mediate and final products.

Proton magnetic resonance spectra were recorded on a Varian
A-60 nmr spectrometer equipped with variable-temperature probe.

(1) This research was supported by grants from the National Science
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Examples of chemical shift nonequivalence of methyl group resonances in some derivatives of valine are

All spectra were run at room temperature (about 25°) except where
noted for leucylglycine. Chemical shifts were generally calculated
from the spectra recorded on the 50-cycle sweep width. Sweep
widths were frequently calibrated with the Model 200 CD wide-
range oscillator and 5512 A electronic counter manufactured by the
Hewlett-Packard Co.

In general, 0.3 to 0.5 mmole of the compound was dissolved in
0.5 ml of D;O. In cases where the compound failed to dissolve
completely, NaOD was added dropwise until the sample was
completely dissolved. The pH was measured with a Beckman
Model G pH meter equipped with a Beckman No. 40316 one-drop
glass electrode. Observed pH meter readings are reported. After
the spectrum was recorded at this pH, either NaOD or DC],
depending on the initial pH, was added. The pH was again meas-
ured and the spectrum recorded. In all dipeptides, spectra were
recorded at high and low pH and at or near to the isoelectric pH.
Where possible excess acid or base was added to suppress ioniza-
tions. Some peptide spectra were recorded at intermediate pH
values. The pH dependence of the chemical shifts of phenyl-
alanylglycine was determined by titrating a 0.9 M, pH 0.5 solution
with 3.2 M NaOD and a 0.8 M, pH 11.5 solution with 3.3 M
DCl using a Manostat microburet. All chemical shifts are re-
ported in ppm downfield from sodium 3-(trimethylsilyl)-1-propane-
sulfonate (DSS) as an internal standard.

Results

In acidic or basic solutions, the glycyl methylene ab-
sorption appears as a single resonance line for most of
the aminoacylglycines studied in this research. Fre-
quently this resonance peak is broadened or split
into an AB quartet in the dipolar ion form of the di-
peptide. In the last case a Ay and J,p may be cal-
culated from the spectrum. For these dipeptides the
high-field, »g, and low-field, »,, chemical shifts in ppm
downfield from DSS as an internal standard are re-
corded in Table I. The dipeptides are listed in approxi-
mate order of increasing Ay, Values of J,p vary only
slightly from 17.0 to 17.6 cps with a tendency for the
greater values to appear in more acidic solutions. The
pH values for the solutions recorded in Table I were
carefully regulated so that a single charged species
predominated. Charges are indicated by beginning
with the N terminal ammonium group and ending with
the carboxylic acid charge of the glycyl residue. For
example, the three charge signs for a-glutamylglycine
refer successively to the N terminal ammonium group,
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the ~y-carboxylic acid group, and the glycyl carboxylic
acid group. In the leucylglycine spectra of the earlier
study,? one of the peaks designated as an impurity
resonance is actually the highest field component of an
AB quartet, while the lowest field component occurs
at the same field strength as the CH triplet.

Table I. Chemical Shifts (ppm) of Glycyl Methylene
Protons in L-Aminoacylglycinese
L-Amino-
acylglycine VA VB
Glutaminyl +0 4.10
+— 3.85 3.76
0— 3.78
a-Glutamyl +00 3.99
+—-— 3.88 3.73
0—— 3.76
a-Aspartyl +00 4.08
+—-— 3.84 3.71
0—— 3.78
Histidyl +40 4.09
++-— 3.98 3.83
+0— 3.82¢
00— 3.73
Norvalyl +0 4.04
+— 3.88 3.71
0— 3.75
Valyl +0 4.08
+-— 3.90 3.71
0— 3.76
Norleucyl +0 3.99%
+— 3.88 3.71
0— 3.75
Leucyl +0 4.06
+— 3.89 3.70
0— 3.74
Isoleucyl +0 4.07
+— 3.90 3.70
0— 3.76
Tyrosyl +00 4.02
+0— 3.95 3.75
00— 3.82 3.71
0—— 3.70
Phenylalanyl +0 4.00
+— 3.89 3.60
0— 3.80 3.67
Tryptophanyl +0 4.00
+— 3.97 3.64
0— 3.79

¢ In ppm downfield from DSS as internal standard in D:O.
¢ Solution insufficiently acid so that this value is a minimum one.
¢ Indication of splitting.

Using a peak width at a half-height of 2 cps or less
on the 50-sweep width as the criterion, as well as no in-
dication of the low-intensity outer components of the
AB pattern, we observed no splitting of methylene
hydrogens in neutral solutions of the following dipep-
tides and related compounds: glycylglycine, D,L-
alanylglycine, S8-alanylglycine, L-serylglycine, L-threon-
ylglycine, L-prolylglycine, hydroxy-L-prolylglycine, L-
arginylglycine, L-methionylglycine, L-cystinyl-bisglycine,
glutathione, acetylglycine, benzoylglycine (basic solu-
tion), N-benzylbutyramide (in CDCl; where it exhibited
a cis-trans mixture), sarcosylglycine, glycylsarcosine
(exhibits a cis-trans mixture), glycyl-L-tyrosine, glycyl-
L-leucine, L-valylglycinamide, and L-tyrosylglycinamide.
L-Lysylglycine exhibited a peak width of 2.5 cps which
was unresolvable. Chemical shift differences of less
than about 0.1 ppm would be detected only with dif-
ficulty on our instrument. Consideration of these

results and those reported in Table I indicates that no
simple single factor, such as electronegativity or the
number of substituents on the §-carbon atom, appears
to account for the magnitude of splitting.

The magnitude of the methylene splitting in dipolar
ion leucylglycine was observed under a variety of solu-
tion conditions. The increment of splitting with a de-
crease in concentration is about 0.017 ppm/mole. Solu-
tions of this dipeptide in 8 M urea or 2.5 M KCl ex-
hibited a decrease in Av of about 0.04 ppm or 207.
Increasing concentrations of MgCly are more effective
on a molar basis than K Cl in causing decreases in Av.
A solution of dipolar ion leucylglycine in D,O at 100
or 120° exhibits a decrease in Ay of 0.04 ppm compared
to the same solution at room temperature.

Several miscellaneous features of the spectra of the
dipeptides recorded in Table I are worth mentioning.
Splitting of the glycyl methylene hydrogens in trypto-
phanylglycine persists into quite acid solutions but
finally becomes unanalyzable on our instrument with
a peak width at half-height of 4 cps near zero pH.
The phenylalanyl part of phenylalanylglycine exhibits
an ABX spectrum in basic solutions with Jax = 5.1,
Jex = 8.4 cps, and Avp = 0.125 ppm. In neutral and
acid solutions only an A,X type spectrum is obtained.
The results are similar to those reported for phenyl-
alanine’ and other amino acids.#® Upon ionization
of the phenolic group in tyrosylglycine, the high-field
hydrogens of the A;B; system of the aromatic ring
undergo an upfield shift greater than do the low-
field hydrogens, confirming the assignment of the high-
field pair as those ortho to the hydroxyl group. ™

The interesting case of phenylalanylglycine, where
the methylene resonance is split even in basic solu-
tions, was carefully studied over a range of pH. In-
dividual variations of the low- and high-field proton
resonances, A and B, respectively, are shown in Figure
1. A sufficient number of pH values were studied in
order to establish that the curves in Figure 1 do not
cross. Plateaus occur where one kind of charged species
predominates. Upon removal of protons from the
carboxylic acid or ammonium groups, the resonance
frequency changes in a manner typical of a titration
curve. The midpoint of the change in basic solution
where the ammonium group is undergoing deprotona-
tion occurs at an observed pH in DO of 7.8 for both A
and B hydrogens. A similar analysis is not possible
for the region of carboxylic acid ionization because
the spectra collapse into a single average line before
the extreme acid limit frequencies of the A and B
protons may be established. The average value of
the chemical shifts of A and B protons moves upfield
markedly with deprotonation of the carboxylic acid
group and slightly with deprotonation of the ammonium
group. These average shifts are similar to those ob-
served for the other dipeptides and for the single peak
of the C terminal residue of glycylglycine!! upon

(7) S. Fujiwara and Y. Arata, Bull. Chem. Soc. Japan, 37, 344 (1964);
36, 578 (1963); K. G. R. Pachler, Spectrochim. Acta, 19, 2085 (1963);
20, 581 (1964).

(8) R. B. Martin and R. Mathur, J. 4m. Chem. Soc., 87, 1065 (1965).

(9) F. Taddei and L. Pratt, J. Chem. Soc., 1553 (1964).

(10) R. B. Martin and V. J, Morlino, Science, 150, 493 (1965).

(11) R. Mathur and R. B, Martin, J. Phys. Chem., 69, 668 (1965).
The chemical shift in this reference for the C terminal residue of dipolar
ion glycylglycine should read 1.74(D). Other values are unchanged with

the result that the chemical shifts of the pairs of methylene hydrogens in
glycylglycine cross twice on going from cationic to anionic species.
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equivalent ionizations. In all dipeptides where split-
ting is observed, the greatest value of Av occurs in solu-
tions of the dipolar ion.

Unequal chemical shift changes are exhibited by the
A and B protons as the observed pH is varied in Figure
1. Even more noteworthy is the downfield shift of
the high-field B hydrogen on loss of a proton from the
ammonium group leaving a negatively charged mole-
cule. This downfield shift of the B hydrogen is just
compensated by an upfield shift of the A hydrogen so
that the average shift of both hydrogens taken together
is slightly upfield by 0.01 ppm on ammonium ioni-
zation.

The pronounced difference in behavior between the
A and B protons of phenylalanylglycine upon ammon-
ium ionization, along with their continued separate
resonances in basic solutions, suggested that a com-
parison of the resonances of L-phenylalanyl-L-valine
with its diastereomeric L,D or D,L dipeptide would be
informative. Valine was chosen for the carboxyl
terminal residue because there is only one asymmetric
carbon atom, and its «-CH hydrogen resonance is
only a doublet and is not split more extensively. Un-
fortunately after synthesizing the p,L compound, we
found the dipolar ion form insufficiently soluble in

water. The results are presented in Table I1.
Table II. Valyl Resonances of Phenylalanylvalines®
L,L D,L
Charge «-CH Methyls a-CH Methyls
+0 4.23 0.97,0.88 4.18 0.78,0.67
+— 4.05 0.97,0.95, Insoluble
0.86,0.84
0— 4.03 0.91,0.79 3.97 0.71,0.59

¢ In ppm downfield from DSS as an internal standard in D,O.

In the cationic and anionic forms, the valyl methyl
groups of phenylalanylvaline appear as a doublet split
by the 8-CH hydrogen with coupling constants of about
6.8 cps. In the dipolar ion form four peaks appear in
the methyl region: 3-CH splitting yields a similar cou-
pling constant, and there is a second splitting of 0.018
ppm due to chemical shift nonequivalence. The double
doublet for methyl resonances also occurs in all three
ionic forms of the amino acid valine.? The splittings
due to chemical shift nonequivalence are 0,017, 0.053,
and 0.072 ppm for the cationic, dipolar ion, and anionic
forms, respectively, with the high-field methyl group
undergoing the largest shift with pH. With no 38-CH
hydrogen present, the appearance of two peaks in the
methyl region of penicillamine (8-mercaptovaline)
must be due to chemical shift nonequivalence. The
chemical shift differences are 0.06, 0.08, 0.25, and 0.24
ppm for the +1, 0, —1, and —2 charged forms, re-
spectively. Again the high-field methyl peak under-
goes the greater shift with pH. Unlike the dipeptides,
where the greatest chemical shift nonequivalence for
either methyl group or hydrogen splitting occurs in the
dipolar ion form, the splitting due to this cause is
greater in the most negatively charged species of amino
acids.® The tripeptide valylglycylglycine exhibits a
double doublet for the methyl groups only in basic
solution with a splitting due to chemical shift nonequiv-
alence of about 0.02 ppm.
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Figure 1. Chemical shift in ppm downfield from DSS as internal

standard vs. observed pH meter readings for glycyl methylene
protons A and B of 0.75 M phenylalanylglycine in D,O. Bullseyes
represent two points. Solid points in most acid solutions are
average values for unresolved peaks.

A select sample of aminoacylglycylglycine tripeptides
was also examined for glycyl methylene splitting in
neutral solutions. Consistent with the behavior of the
corresponding dipeptides, no splitting was observed in
alanylglycylglycine and prolylglycylglycine. A small
splitting in the central glycyl residue was observed in
valylglycylglycine. Sufficient splitting of the methyl-
ene hydrogens in the central glycyl residue to permit
analysis was observed in leucylglycylglycine and phe-
nylalanylglycylglycine. Though no splitting of the
terminal glycine appeared, the methylene hydrogens of
the central glycyl residue exhibited an AB quartet
in leucylglycylglycine (v, = 4.06, vy = 3.98 ppm)
and phenylalanylglycylglycine (va = 3.98, vg = 3.88
ppm). No splitting was observed in either glycyl
residue of glycyl-L-leucylglycine.

Discussion

In order to exhibit chemical shift nonequivalence in
nuclear magnetic resonance spectra, two conditions
must be met. To be chemical shift nonequivalent,
atoms or groups may not be related by a symmetry
operation taking into consideration internal motions
that are rapid compared to the time scale of an nmr
experiment. Secondly, there must exist a sufficient
field gradient so that the nonequivalent atoms or groups
exhibit chemical shifts resolvable on the instrument
employed.

For the L-amino acid—-glycine dipeptides of this study,
no symmetry element exists along the N-CH; bond axis.
Even if rotation about the planar and trans amide bond
were rapid, the methylene hydrogens would still be non-
equivalent in these optically active dipeptides and
their racemic mixtures. Only if inversion at the asym-
metric carbon atom were rapid compared to the nmr
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chemical shift would a plane of symmetry include the
N-CH; bond axis. This explanation for chemical
shift nonequivalence arising from molecular dissym-
metry does not invoke rotamer preferences about the
N-CH; or C-CO bonds. If such favored rotamers do
exist, they might serve to enhance dissymmetry and
hence nonequivalence. The main question posed by
the results reported here is, “To what extent are the ob-
served chemical shift differences in glycyl methylene
hydrogens augmented or due solely to rotamer prefer-
ences?”’

Since rotations about all single bonds except the C-N
bond in the peptide backbone are rapid, proton mag-
netic resonance spectra represent weighted average
spectra over all rotamers present. Each kind of
rotamer gives rise in general to unique shielding at
each hydrogen or other atom. If rotamers are equally
represented about the whole 360°, then parts of their
individual contributions probably cancel and observed
chemical shifts represent highly averaged values. In
this case contributions to chemical shifts from rotamer
preferences are considered insignificant, and any
splitting is ascribed to field effects operating on an
asymmetric environment.

One of the problems in assessing the importance of
rotamer preferences is that potential barriers about
C.~N and C,-CO single bonds in the peptide backbone
are not well defined, but appear to be very low, with
the result that large numbers of rotamers may be sig-
nificant. Primarily because of the srans conformation
of the planar amide group, rotations about single bonds
within a given amino acid residue are nearly indepen-
dent of rotations about neighboring residues in the
peptide chain.’? However, nonbonded interactions
of the amino acid side chains with atoms of rtrans,
planar amide bonds restrict the number of allowed
rotamers even in the case of glycine and markedly
more so for larger side chains.!®* In the aminoacyl-
glycines certain rotamers are disadvantaged because of
nonbonded interactions, but there remains a consider-
able arc over which rotamers can occur, especially
about the N-CHj, single bond. There does not seem
to be a good correlation between the extent of methyl-
ene splitting and the permissible arc over which rotamers
can occur. Though large groups with restricted rota-
mers show chemical shift nonequivalence and appear
in Table I, side-chain groups with equally restricted
rotamers appear in the list where any splitting was too
small to be observed.

Several studies of the physical properties of di-,
tri-, tetra-, and pentapeptides have been interpreted to
indicate a lesser end-to-end distance in those peptides
that contain some D amino acid residues than in those
that contain only L residues. This conclusion has
been drawn from comparisons of acid ionization con-
stants,'* transition metal ion interactions,'® dielectric
increments, %17 rates of ring closure,'”'® and proton
19(162) D. A. Brant and P. J. Flory, J. Am. Chem. Soc., 87, 2788, 2791
¢ (133'5. J. Leach, G. Némethy, and H. A. Scheraga, Biopolymers, 4,
369 (1966).

(14) E. Ellenbogen, J. Am. Chem. Soc., 74, 5198 (1952); 78, 369
(1956); J. Cellular Comp. Physiol., 47, 151 (1956); N. C. Li, G. W.
Miller, N. Solony, and B. T. Gillis, J. Am. Chem. Soc., 82, 3737 (1960).
a 9(; (5); G. W. Miller, B. T. Gillis, and N. C. Li, J. Biol.Cherm., 235, 2840

(16) J. Beacham, V. T. Ivanov, G. W. Kenner, and R. C. Sheppard,
Chem. Commun., 386 (1965).

magnetic resonance spectra.!® Not all of these ex-
periments were performed on the dipolar ion form of
the peptide; in the last two kinds of measurements
the carboxylic acid groups were uncharged.

Examination of nonbonded interactions by use of
Courtauld’s molecular models indicates that the amino
and carboxylic acid groups are brought closer together
in L,p than in L,L dipeptides. This result is inde-
pendent of pH or charge on the terminal groups; the
conclusion is forced by consideration of nonbonded
interactions alone. Thus the results referred to in the
previous paragraph receive a natural explanation so
that it is not necessary or desirable to invoke interac-
tions between opposite charges inducing preferred
rotamers. Nearly the same rotamer preferences exist
in the presence and absence of the dipolar ion charge
distribution. No special folded conformation is pro-
duced by attraction of oppositely charged ends of the
molecule. In an independent study, the chemical
shifts produced upon proton ionization in glycine,
alanine, and their di- and tripeptides are correlated
with the separation along the chain of the measured
hydrogen from the protonic center, indicating that
head-to-tail folding does not occur to an observable
extent in these compounds. 20

The same nonbonded interactions that force the
amino and carboxylate groups to be closer together in
the p,L dipeptide also force the side chains to be closer
together than in the L,L diastereomer. When one of
the side chains is aromatic, the other appears in its
shielding cone in the p,L dipeptide with the result that
all valyl resonances in Table II for phenylalanylvalines
appear at higher field in this diastereomer than in the
L,L compound. An identical explanation accounts for
the observed higher field resonances in the nonaromatic
side chain of the p,L diastereomers of leucyltyrosine!?
and alanyltyrosine?! compared to the L,L dipeptides.

Counting separately individual charged forms, nearly
100 compounds were examined in this study of chemical
shift nonequivalence, yet methylene hydrogen or methyl
group nonequivalence was observed only in dipolar ion
forms or with aromatic amino acid residues. The
lack of correlation between the magnitude of non-
equivalence and the allowed rotamers as derived from
peptide maps, along with the dependence of rotamer
preferences on nonbonded interactions and their in-
dependence of charge distribution, suggests that
rotamer preferences are not the primary cause for
nonequivalence in the di- and tripeptides of this study.
Rather the asymmetric carbon provides the potential
for chemical shift nonequivalence which is realized
by the field gradients produced in dipolar ion forms and
by aromatic groups. Any rotamer preferences that
occur as a result of nonbonded interactions might
serve to heighten nonequivalence.

Methylene splitting also occurs in the central glycyl
residues of the dipolar ion forms of the tripeptides
leucylglycylglycine and phenylalanylglycylglycine where
the charge separation is almost 509 greater than in

(17) P. M. Hardy, G. W. Kenner, and R. C. Sheppard, Tetrahedron,
19, 95 (1963).

(18) G. W, Kenner, P. J. Thomson, and J. M. Turner, J. Chem. Soc.,
4148 (1958).

(19) F. A. Bovey and G. V. D. Tiers, J. Am. Chem. Soc., 81, 2870
(1959).

(20) M. van Gorkom, Tetrahedron Letters, 44, 5433 (1966).

(21) T. Wieland and H. Bende, Chem. Ber., 98, 504 (1965).
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dipeptides. The splitting in these two tripeptides
is about 40 77 of that observed in the corresponding di-
peptides. Lack of observed methylene splitting in the
terminal glycyl residues of tripeptides and either
glycyl residue in glycyl-L-leucylglycine is evidently due to
their being out of a region of sufficient field gradient.

Temperature dependence of the extent of methylene
splitting may in principle distinguish field from rotamer
effects since all rotamers should be nearly equally
populated at high temperatares, leaving only the
averaged field effect to contribute to chemical shift
nonequivalence. In the case of leucylglycine an in-
crease in temperature from 25 to 120° reduced the
methylene splitting by about 2097, Not even this
degree of splitting may be ascribed to rotamer prefer-
ences about C-C single bonds because collapse of amide
spectra has been observed at less than 100° owing to
the onset of rapid rotation about the C-N bond.
Because of the small energy differences between po-
tential minima, a very wide temperature range would
have to be studied in order to assess quantitatively
the importance of rotamers about C-C single bonds.
It does not seem possible to separate rotamer from field
effects on the basis of the ionic strength dependence of
Av. We are unable to determine precisely the extent
to which rotamer preferences due to nonbonded inter-
actions contribute to chemical shift nonequivalence,
which is due primarily to field effects in the compounds
reported in this study.

Methylene or methyl group splitting has also been
observed in many compounds that contain no charged
groups. Chemical shift nonequivalence has been ob-
served in the nitrogen substituents of uncharged amides
with an asymmetric center in the carbonyl substituent, 22

(22) T. H. Siddall, J. Phys. Chem., 70, 2249 (1966). Consider, for
instance, the methyl groups in compound II.
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The presence of an AB quartet of the methylene hy-
drogens of neopentyl O-methylmandelate?® demon-
strates that nonequivalence may occur across ester as
well as amide bonds. Methyl group nonequivalence
has been observed in several isopropyl esters.?¢ In
these compounds polar and aromatic groups may pro-
duce field gradients and nonequivalence as do charged
and aromatic groups in peptides. The important role
of solvent in contributing to the magnitude of chemical
shift nonequivalence of solutes has been stressed. In
cases where rotamer preferences appear unable to
account for the results, greater magnitudes of methyl-
ene splitting are observed in media of lower dielectric
constants. 28

Two arguments suggest that the high-field resonance
in the aminoacylglycine dipeptides is the one that would
remain if the glycyl residue were stereoselectively deu-
terated so that the deuterium atom appears in the posi-
tion of the side chain in an L,p or D,L dipeptide. Table
IT shows that the high-field «-CH hydrogen resonance of
phenylalanylvalines occurs in the D,L diastereomer.
In addition, selective deuteration of the methylene
group in neopentyl O-methylmandelate such that the
product might be considered analogous to a p,L com-
pound results in retention of the high-field resonance.2?
Since both of these examples contain phenyl groups,
the conclusion is valid for the compounds with non-
aromatic side chains in Table I only if the additional
effect of an aromatic group is simply to augment and
not to reverse the sign of the chemical shift difference
found with aliphatic groups.

(23) M. Raban and K. Mislow, Tetrahedron Letters, 33, 3961
(1966).

(24) N. S. Bowman, D. E. Rice, and B. R. Switzer, J. Am. Chem. Soc.,
87, 4477 (1965).

(25) E. L. Snyder, ibid., 85, 2624 (1963).

A New Evaluation of Platt’s Model for Diatomic Hydrides

W. G. McDugle, Jr.,** and Theodore L. Brown?®
Contribution from the W. A. Noyes Chemical Laboratory, University of Illinois,

Urbana, Illinois 61801.

Abstract:
atomic wave functions.
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Platt’s model for diatomic hydrides has been reevaluated using Clementi’s Roothaan-Hartree-Fock
The diatomic hydrides from H, through HBr have been treated. The calculated equi-

librium internuclear distances are in excellent agreement with experimental values for the united-atom model, (Z +

1) — (ZH)*, but are too large for the separated-ion model, (2)-, H+ — (ZH)y.

The calculated force constants

are also in better agreement with experiment for the united-atom model.

he united-atom model for diatomic hydrides has
been the subject of a considerable literature since
the initial formulation by Platt in 1950.3- In the

(1) This research was supported by a grant from the National Science
Foundation,

(2) (a) University of Illinois Fellow, 1966-1967; (b) Alfred P, Sloan
Research Fellow.

(3) 1. R. Platt, J. Chem. Phys., 18, 932 (1950).

(4) J. R, Platt, “Handbuch Der Physik,”” 37/2, S. Flugge, Ed.,
Springer-Verlag, Berlin, 1961, p 240,

(5) W. L. Clinton, J. Chem. Phys., 33, 1603 (1960).

model one begins with a neutral atom of atomic number
Z 4 1. The wave function is assumed to have aver=
aged spherical symmetry. A proton is removed from
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