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ABSTRACT

A seriés of protected co-oligopeptides consisting of ¥-methyl-L-
glutamate and one glycine were synthesized from the di- through hepta-
peptides. Glycine was placed at each position of the oligopeptide
backbone except the carboxyl terminus. Determination of the effect
of such a substitution on the conformation of the glutamate backbone
was achieved via circular dichroism in both trifluoroethanol and
hexafluoroisopropanol.

Synthesis was achieved via the mixed carbonic~carboxylic anhydride
coupling procedure. Purity for all peptides was equal to or greater
than 97% as determined by normal phase HPLC.

Glycine insertion at the amine terminus of the heptapeptide
resulted in C.D. spectra indicative of a slight decrease of helicity
as compared to the homo-heptamer in trifluoroethanol. Progressive
movement of glycine to the interior positions of the heptapeptide
resulted in a gradual loss of C.D. patterns associated with peptides
in anx-helical array. Glycine positioned at the fourth position
resulted in a complete loss of helicity. Further movement past this
internal position toward the carboxyl terminus marked the return of
C.D. patterns that indicated some helical character. Virtually all
oligopeptides were disordered in trifluoroethanol and hexafluoro-
isopropanol. Polarimetric analysis in trifluoroethanol and hexa-
fluoroisopropanol supports the conclusions of the C.D. studies.

HPLC on normal phase silica suggests a dependence of mobility

of the compounds on their individual conformational distribution.
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INTRODUCTION

Proteins are among the most prevalent and important molecules
in all organisms. Composed éf long chains of amino acids (poly-
peptides) they function as enzymes catalyzing the anabolic and
catbolic reactions in living tissue. Enzymes also carry out the
complex reactions necessary for expression of the genetic céde and the
replication of both DNA and RNA. In addition proteins in conjunction
with lipids maintain the structural integrity of all cell membranes.
Many hormones are small proteins or peptides, and some of the molecules
involved in nerve impulse transmission and immune response reactions
are also peptides. The three dimensional structure of proteins and
peptides is related to their biological activity, and is dependent
~ upon their priméfy structure; their concentration, the solvent environ-~
.ment, and the temperature.
In order to elucidate conformational charaéteristics of broteins
with respect to the above variables many oligopeptides have béen
synthesizedl and studied as model compounds. The application of

x-ray diffraction2 (in the case of simple amides only) and infrared

specﬁroscopy3’4 in solid state studies, and I.R.?’4’5 optical
rotation,6’7’8’9’lo optical rotatory'dispersion,ll circular

11,12,13,14,15,16,17,18,19 12,

dichroism,
20,22,23,24

and nuclear magnetic resonance,

in solution studies has successfully determined the

secondary  structure of many homo-~oligopeptides and some co-oligopeptides.

Such studies have revealed the dependence of secondary structure on

chain length, solvent-chain interactions, concentration and temperature.
Of the many model compounds studied, among the first were homo¥

2 E
polymers 3 and oligomers26 of y-methyl-L-glutamate. A great deal of

-1 -
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physico-chemical data on these compounds was made available. Later
studies involved the arnalysis of co-oligopeptides in light of the
fact-th;t every biologically active peptide is composed of more than
one type of amino acid. Co-oligomers composed of methionine and one
valine or methionine and one glycine18 were extensively analyzed via
C.D. and optical rotation, and yielded much information regarding
secondary structure in comparison to methionine homo—oligomers{; To
gain a better understanding of protein secondary structure it would now
be useful to analyze a series of co~oligomers containing one glycine

as a "guest" amino acid, and the well characterized y-methyl-L-
glutamate as the "host" or backbone residue. 'The goal of this research
is the investigation of the effects on éeéondary structure of glycine
insertion  in protected y-methyl-L-glutamate oligomers. Towards this
end we will synthesize a series of compounds composed of y-methyl-L~
glutamate and glycine. All peptides, from dimer through heptamer will
contain only one glycine at various positions in the chain with the
remaining residues being y-methyl-L-glutamate., Synthesis will be

performed in a stepwise manner (badking off procedure), via a mixed

27 All peptides must be reasonably

carbonic-carboxylic anhydride coupling.
pure for meaningful spectral analysis (> 97%Z). Purity of peptides will
be determined by normal phase high pressure liquﬂd chromatography and
thin layer chromatography on silica. Iﬁ the preséntation of chromato-
graphic data as evidence of purity a discussion of the effects of
positional isomerism with respect to HPLC moﬂility and resolvability
will be offered.

Conformational analysis will be performed using C.D. Peptides will

be examined in a structure supporting solvent (trifluoroethanol) and in
-2 -
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a non-structure supporting solvent (hexafluoroisopropanol). Conforma-
tional studies of co-oligopeptides will be compared to conformational
data obtained for the y-methyl-L-glutamate homo-oligomers. The

results will serve to elucidate the effects on secondary structure of

glycine insertion in a well studied.model oligopeptide.
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HISTORICAL

One of the first investigations involving proteins dates back to
the experiments of Payer and Persoy in 1833.29 These investigators
demonstrated that an alcohol precipitate of malt extract contained a
thermolabile substance which converted starch into sugar (amylase).
Later in that century Emil Fischer demonstrated the close steric
relationship between enzyme and substrate which i;d to the lock and key
hypothesis.30 It has been clearly proved in recent years that the
agtivity of biologically .active proteins is dependent upon their three
dimensional conformation, which in turn is determined by the amino
acid sequence of the molecule.31 Although a protein can be visualized
as existing in an infinite number of three dimensional structures
there are discrete thermodynamically stable states which
predominate.32’33’34

One of the first conformational studies performed on polypeptides
was the x-ray diéfraction analysis of fibrous proteins.35 The results
suggested 'a regular folding of the peptide backbone. Subsequent-
studies of a and B keratin reinforced the presence of a periodicity or

36,37 38,39 which

regularity of folding. Aided by the work of Huggins
involved an attempt.to determine the principle of protein folding,
Pauliﬁg and coworkers made theoretical predictions as to the secondary
structure of proteins.2 In conjunction with x-ray studies of crystals
of simple amide containing compounds (di and tripeptides), the peptide
bond was determined to have a planar geometry. This geometry results

from the partial double bond character of the amide bond which restricts

rotation and shortens the C~N bond length.

-4 -
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X~ray analysis of a-keratin displayed a major periodicity of
~ 5.4 Z and a minor periodicity of 1.5 Z in the diffraction patterns.
Pauling and Corey found that the simplest arrangement for the poly-
.peptide which explained the above periodicity was a helical

40,41 This secondary structure was termed the a-helix and

structure.
contained a non-integral number of residues per helix turn (3.6) and
thirteen atoms in a ring closéd by a hydrogen bond. One complete
turn of the helix was responsible for the periodiéity of 5.4 Z and an
axial translation of 1.5 Z per residué in the chain was responsible.for
the minor periodicity. Molecular models revealed an almost linear
disposition of hydrogen bonds befween the amide proton and the carbonyl
oxygen in the peptide backbone. This H-bond has been implicated in
stabilization of the helix.41

The existencg of another secondary structure, the extended or B
'form, was first recognized by Meyer et al.35 in silk and Astbury and
Woods37 in B-keratin. These investigators proposed the existence of
interchain hydrogen bonds stabilizing the extended structure. Although
the clearest evidence for the existence of the B-structure was from a
study of polyamides (Kinoshita42), many investigators examining such
polyamino acids as polyglycine,43 poly-L-alanine,44 poly BR-n-propyl-
L—aspartate,45 and poly—S-carbobenzoxy—L—cysteine,46 gave evidence
for the antiparallel cross B-structure suggested by Pauling and Corey.47
The existence of still another secondary structure, the w-~helix (a
strained a-helix) has also been demonstrated in films of poly R-benzyl
aspartate but is not common to most other polyamino acids.48

As stated previously the formation of intra- and intermolecular

hydrogen bonds is an dntegral component of secondary structure. However,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



early studies were performed in the solid state, while biologically
active polypeptides function in solution. Physicochemical factors
affecting secondar& structure in the solid state such as van der Waals
forces and electrostatic ihteractions may be significantly perturbe&
in solution. Furthermore, structure stabilizing hydrogen bonds are
certainly affected by the dielectric constant of the solution medium.
Hydrophobic interactions which can occur upon solubilization of
peptides also greatly affect secondary structure.

Structural analysis by x-ray diffraction cannot be carried out.in
solution, however, infrared spectroscopy'is capable of structural
analysis of both polypeptide énd peptide films and some dilute poly-
peptide and peptide solutions. This was an important instrumentational
transition in that polypeptides and peptides previously characterized
by x-ray crystallography could now be studied under biologically
relevant conditionms.

In 1950 Ambrose and Elliot49 investigated the secondary structure
of polypeptide films and dilute pblypeptide organic solutions using
infrared absorption techniques. The results of these studies indicated
that oriented films of poly y-methyl-L-glutamate and poly y-benzyl-L-
glu;amétQAe#hibit parallel dichroism for the NH and C=0 stretching mode
wﬁeﬁ ééét from chloroform or m-cresol. These films exhibited
characteristic absorption frequencies for the N-H stretching mode of
3305 cm-l and 3070 cm-l, and a frequency band of 1666 cm—l for the C=0
or Amide T stretching mode. Perpendicular dichroism was also observed
for the N-H deformation mode at 1560 cm_l, the Amide II band. These
results were indicative of the a-helix or what was terﬁed "a~structure".

When films of the above polymers were cast from formic acid (a strong

R - . L 4 S Uy U S it
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hydrégen bonding solvent) frequenéy shifts were obsgrved for the
carbonyl, Amide I stretching modes, from 1660 r:rn-l to 1640 cm_l, and
"~ for the N-H in plane deformation mode from 1560 cm-l to 1530‘cm_l.

Perpendicular dichroism was now observed for the stretching modes and
parallel dichroism was observed for the N~H deformation. These
polarizations were oppogite to those observed in a-structure‘and'this
structure was termed B. With knowledge of the above data the same
investigators carried out dilute solution. studies on poly y-benzyl-L-
glutamate in chloroform. The infrared spectra indicated that the N-H
stretching frequency appeared at 3305 cm—l; the identical frequency
for the N-H stretching mode observed in the oriented film of the same
polymer. These results indicated that all amide protons were hydrogen
bonded, and that the characteristic absorption frequencies for the
a-structure as a film exist for poly y-benzyl-L-glutamate in the non-
hydrogen bonding solvent chloroform. It was also recognized that
polypeptide structural trénsitions occurred as a function of solvent.

Subsequent studies of films confirmed that oa-helix, anti—paraliel
extended, and parallel éhain extended conformation displayed eifhe;
parallel or perpendicular dichroism in their Amide I and Amide II
polarized infrared absopptioﬁ bands.50 These characteristic bands
were explicable in terms of intra and interchain vibrational inter-
actions.50

IR studies of lower molecular weight model oligopeptide films and
solutions have proﬁided a great deal of information on secondary
structure with respect to cgitical chain size, protecting groups, side

4,5,51

chain, solvents and temperature changes. Toniolo and coworkers

performed a series of experiments on protected oligomers with unbranched,
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B-branched, y-branched and sulfur containing hydrophobic side

chains.4 Specifically the protected oligomers of L-alanine, L-valine,
i—leucine, L-isoleucine, L-norvaline, L-phenylalanine, L-methionine

and L-methylcysteine were synthesized for IR conformational analysis.

It was found that all of these peptides in the solid state exhibited
one offtwo types of B-structure, and had a critical chain size of
between five and seven residues. Higher oligomers of these amino acid
.residues maintained the extended structure, however, increase in temper-
ature or dilutions of peptide solutions resulted in loss of any
B-structure at any chain length.

When the solubilizing polymer poly(oxyethylene) was attached to
L-Ala, L-Met, and L-Val oligomers, IR analysis in solution démonstrated
the presence of'substantial helical structure for the POE bound
L-methionine decamer through tridecamer,.and helical content to a
lesser extent in POE bound L—alaﬁine and L-valine tridecamers.16
Infrared spectra studies of another type of oligopeptide, protected
y-ethyl glutamate, were performed by Goodman et al.3 It was found
that the solvent trimethylphosphate supported folded structures above
the heptamer, while in chloroform the oligopeptides assumed R-structures
above the pentamer.

In summary infrared spectroscopy was the first instrumental method
to successfully distinguish the presence of o and B structures in
polypeptides and oligopeptidés in solution and proved to be an
invaluable aqalytical tool. Solution studies however were limited to
the use of solvents which were capable of dissolving polypeptides and
peptides and at the same time maintaining transparency to IR'radiation.

In addition detailed analysis of globular proteins via IR was hindered

- 8 -
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by overlap of critical absorption bands making resolution and
quantification of specific 2° structures at best difficult.

Ultraviolet absorption sbectrophotometry is better suited for
the elucidation of peptide and protein secondary structure (as compared
to IR) because electronic transitions of the amide chromophore

. occur' in the far U.V., are discrete, are highly sensitiye to changes

in 2° structure and are readily quan;ified. U.V. absorption techniques
also permit the use of aqueous solvent and a variety of organic solvents.

Polarized U.V. spectra of a-helical poly-L-lysine and poly-L-
glutamic acid52 revealed an unambiguous shoulder on the absorption
bands in the 190-220 nm region. Other investigators demonstrated the
same effect in poly y-methyl-L-glutamate oriented films and in tri-
fluoroethanol solutions of ghe same polypeptide.53 These shoulders
were a résult of exciton splitting of ﬁ+ﬂ* transitions in the
o-helical structure. dther U.V. spectral phenomena’ are helbful in the
analysis of protein stfucture. U.V. absorption spectra of a-helical
poly-L-lysine in aqueous52 solution revealed a hypochromic effect for
the msn* absorption when compared to the sbectral bands of the same
polypeptide in a random coil or B-structure. This phenomenon is due to
an interaction of the transition moment of the lowest energy band (the
band of interest) with the transition momént from adjoining residue high
energy bands. This phenomena is strictly as;ociated with the a-helix,
while a hyperchromic effect is seen at 194 nm in the U.V. absorption
spectra of poly-L-lysine in the B-structure.52 |

U.V. absorption spectra exhibited observable differences between
random coil, a-helix and extended forms, however partial overlap of

peaks made it difficult to definitively assign the different secondary

-9 -
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structures. Later instrumental advances made available spectral
methods capable of distinguishing between the three major types of
secondary structure. One method was based on the optical activity of
the amide chromophore in different secondary structures. The primary
source of protein optical activity is the chiral a-carbon. This chiral
center does not itself provide any transitions iq accessible spectral
ranges but its inherent asymmetry perturbs the amide group in proteins
resulting in optical activity. The protein backbone upon taking on a
regular folded, or extended structure itéelf becomes non-superimposable
on its mirror image. Thig form of asymmetry also perturbs the amide
chomophore. One of the first spectral methods utilized for measurement
of the optical ;ctivity of peptides was ﬁolarimetry. Although this
method does not usually use radiation in the far U.V. it can be readily
applied to conformational analysis of oligopeptides.

Polarimetry at the sodium D line is a technique which has been
employed as a sensitive criterion for the determination of the critical
chain size for onset of secondary structure. Goodman et al.54
parformed optical rotation measurements of protected oligomers of
y-methyl-L~glutamate in various solvents. Plots of specific rotation
versus residue number of oligomers dissolved in dichloroacetic acid
yielded curves consistent with an increase in the number of chiral
centers. Dissolution of oligomers in dioxane, a non-hydrogen bonding
solvent, produced similar graphs of specific rotation vs. residue
number up to and including the tetramer. From the pentamer through
the undecamer a rather large deviation occurred for the dioxane-peptide

solutions as compared to solutions in dichlorocacetic acid. This

- 10 -
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deviation has been shown to bé a result of the contribution of the
secondary structure to the rotation of polarized light:.SS_61 More
recent studies of oligopeptide conformation have used molar rotation
values, instead of specific rotation, to generate nearly linear plots
with respect to the number of residues when secondary structure is
absent.l

The application of.polarimetry as an indication of optical purity
during synthesis of L—homo—oligopeptidesl has also been possible when
peptides are dissolved in solutions of strong hydrogen bonding
solvent, such as hexafluoroacetone and hexafluoroisopropanol.

However in optical rotation studies of co-oligomers positional
isomers, values of molar rotations vgried for a series of six
hexamers containing one glycine and five L-methionines.10 These
deviations suggested that either there are internal interactions
between adjacént chiral centers in the molecule or thét there afe
conformational differences between the hexamers even in hexafluoro-
acetone.

As a result of a number of polarimetry studies of L-aspartate,
L-methionine, y-ethyl-L-glutamate, L-alanine, and y~-methyl-L-
glutamate oligomers, Goodmanl developed an equation describing the
various elements that contribute to the total molar rotation of a

peptide:

[¢]M = [¢]end + n'[d)]int:ernal + [¢]conformation

where [q)]M is the total molar rotation of the peptide, [¢]end is the
contribution from C and N terminal residues, which are chemically

distinct from internal residues. represents the

[¢]interna1

optical activity from the intermal residues and n' is the number of

- 11 -
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internal residues. [¢] is the contribution from secondary

conformation
structure. The form of the equation was shown to be linear for plots

of [(b]M vs. n' in the absence of secondary strﬁcture. Using this
equation this investigator was able to predict the molar rotation

of higher oligomers of a peptide series in various sol&ents based upon
rotations of lower molecular weight model compounds of the same series.

Another physical method that took advantage of the optical
activity of peptides is optical rotatory dispersion, defined as the
change in the magnitude of the rotation with wavelength. O.R.D. has
been. applied with limited success in the conformational analysis of
proteins. Unfortunately contributions from chromophoric transitions
many wave numbers away from the transition of interest can distort or
cause overlap of peaks in critical regions of the dispersion spectrum.

In spectral regions where the protein or peptide molecules absorb
light the related phenomenon of circular dichroism occurs. Circular
dichroism has proven to be very sensitive to peptide secondary structure
and provides characteristic spectral patterns which can be assigned to
a-helical, R-sheéet and random coil structures.62 Due to the narrowness of
the C.D. band it is superior to O.R.D. for conformational analysis of
peptides and proteins. Circular dichroism was the experimental method"?vnf
used in this thesis for analysis of synthetic oligopeptides. C.D;?éaﬂ Be
explained as a difference in absorption of the left and'right handed
circularly polarized components of incident radiation by an optically
active sample (plane polarized light can be visualized as the vector
sum of two circularly polarized components). This preferential absorp-
tion results in the two vectors being of unequal size so that their

vector sum traces out an ellipse. This ellipse is tilted relative to

- 12 -
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the original plane of polarization. C.D. is directly recorded in terms

of ellipticity, 0, (Fig. 1). C.D. is also reported in terms of the

difference in the molar extinction coefficients for left and right
handed components: Ae = €, ~ €R defined as the circular dichroism.

[e] = 3300(eL - eR)

0 tan’'(b/a)

Figure 1

The characteristic differences in CD patterns for various secondary
structures can be used in conformational analysis of oligo- and poly-
peptides, Fig. la. Holzwarth and Doty in 1965 performed extensive studies
which correlated U.V. absorbtion data from poly y-methyl-L-glutamate with

C.D. spectra obtained from the same compound.63 Three distinct Cotton

- 13 -
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effects located between 185 nm and 245 nm were found to correspond to
the U.V. absorbtion bands. The three rotatory bands were assigned to the

* exciton

n + 7 transition ;t 222 nm, the parallel polarized m =+ =
transition at 206 nm and the perpendicularly polarized m - 1* exciton
transition at 190 nm. In the same study C.D. spectra obtained from
polypeptides in random or disordered structure revealed a region of
weak positive circular dichroism from 210 nm to 235 nm, and a strong
negative dichroism centered near 200 nm. Goodman et al.12 using C.b.
analysis reported the appearance of a~helical structures beginning ;n
the heptapeptide of protected y-ethyl-L-glutamate oligopeptides.
Extensive C.D. analysis of homooligomers containing aliphatic side

9:64,65 protected homooligo-

chains wés performed by Ton;olo et al.
peptides of.the R-branched amino acids L-valine and L-isoleucine
behaved similarly, both assuming B structure at the heptamer in TFE
(trifluoroethanol). Analysis of the y-branched oligomers of L-leucine
exhibited a critical chain size for B st;ucture of seven residues,
occurring however in TFE:HZO mixtures. In conjunction with the above
studies Goodman and Naider found that protected alanine oligomers also
formed B structures in TFE at the heptamer but while the above y and B
branched aliphatic oligomers became structureless upon dilution at the
heptamer or larger peptides, alanine oligomefs formed o heliéal
structures between the heptamer and nonamer with a decrease in con-
centration} These results indicate that formation of secondary
structure is a function of hydrophobicity and chain branching or steric
interactions.

In 1974 Naider and Becker performed C.D. analysis of L-methionine

6 .
oligopeptides. ° Protected homooligomers of'L-methionine, tétramer

- 14 -
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through nonamer were synthesiged and conformationally characterized.

For the tetfamer, pentamer and he#amer in TFE they reported a long
wavelength, weak positive band at 220 rnm, and a short wavelength
negative maxima at ~ 197. These bands were assigned to the n - w¥*

and w » m* amide chromophore transitions, respectively. These
agsignments were based upon comparisoné with previous C.D. examina-
tions of oligopeptides12 and polypeptides.63 For the heptamer in.TFE

a 4 nm red shift was reported for the w - 7% trans}tion énd a
significant development of a negative ellipticity at 222.5 nm for the

n -+ m* transition. These spectral cﬁanges were magnified for the
nonamer in the same solvent. The similarity between the C.D. patterns
of Boc(Met)7OMe in hexafluoroacetone and those of the tetramer, pentamer,
and hexamer in TFE supported the contention that the lower oligomers are
disordered in the latter solvent and that L-methionine protected oligo-
peptides begin forming helices at the heptamer.

In light of the above énd othé;iﬁfevious studies regarding C.D.
analysis of model homo-oligopeptides the next step was to insert a guest
aﬁino acid residue into various posifions‘of.a homooligopeptide backbone.
Determination of the effect of amino acid‘repiécement on secondary
structure of a well characterized homooligomer would yield biologically
relevant information because proteins are composed of more than one type
of amino acid. Naider et al.18 have determined the effect; of homologous
amino acid substitution on the -conformation of oligopeptides composed of
L-methionine and L-valine, and L-methionine and glycine. These
experiments found that substitution of one L~valine at an internal
position or at the N-~terminal positioﬁ in the L-methionine backbone of

the heptamer did not afféct the critical chain' length compared to the

- 15 - .
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homo-methionine oligomers. In contrast to those results substitution
of glycine in an internal position of the methionine heptamer backbone
did prevent or destabilize the formation of the a-helix.

The previously mentioned L-methionine-glycine co-oligopeptides
have also been utilized in elucidation of secondary structure by lH-NMR
techn;ques on CDC13. This procedure is known as the "host-guest"
technique and is used for assiénment of the amide proton and a—-CH
resonances of each residue in the chain.zo. Assignments could be made
provided that there was no change in. secondary structure with the
insertion of the guest amino acid residue. That this was the case was
confirmed by the synthesis of a complete series of a—zH methionine
oligopeptides%3 The assignments obtained for the selectively deuterated
series were in complete agreement with those obtained for the host-
guest series. Once assignments were made for the amide proton and
a-CH resonances in the homo-oligomer, chemical shifts of specific
resonances acted as sensitivé probes responding to changes in secondary
structure. lH—NMR proved. to be successful in structural analysis of
homo~oligopeptides of L-methionine and also of y-ethyl-L-glutamate homo-
oligomers%z’zsln both cases it was possible to suggest mo&el structures
for the heptamers. Thus it waé suggested that the heptamers of both
series favor a structure with seven membered intramolecular H-bonded

23

rings in CDCl, and o-helices in TFE.

3

Over the past years a variety of physical methods have been made
available for detailed conformational analysis of various model oligo-

peptides with emphasis on homooligaﬁers. Up to this point no detailed

study of secondary structural effects of glycine insertion on the well

studied y-methyl-L-glutamate oligomers have been performed via C.D. or

- 16 -
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any other physical method. In light of scant structural knowledge on
co~oligopeptides this thesis was designed to elucidate some of the
structural aspects of glycine—y—methyl—L-glutamafe co-oligopeptides
in the hope of providing more information ;elevant to biological
macromolecules.

Circular dichroism data from y-methyl-L-glutamate homo-oligomers
and y-methyl-L-glutamate-glycine co-oligomers was obtained in hexafluoro-
isopropanol and trifluoroethanol. The datawereinterpreged éﬂd analyzed
by comparison of the data to characteristic C.D. patterns from the
literature.

" All compounds were synthesized by the éuthor and determined to be

> 97% pure via normal phase HPLC.
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Synthetic Strategy

Synthesis of protected Y—methyl—L—giutamate homo-oligopeptides
and protected Y-methyl—L—glutémate-glycine co-oligopeptides was
achieved via the mixed carbonic—carbokylic anhydride coupling reaction
of Anderson et al.27 The synthetic strategy called for the stepwise
addition of an amino acid residue (#1) N-protected with the tertiary-
butoxycarbonyl group (Boc), to a second amino acid protected with a
methyl ester on its carboxyl terminus (#3). This formed the completely
protected dipeptide. . The free carboxyl of the BocGlu(yOMe)OH was
activated with isobutylchloroformate to form compouﬁd (#2), which
greatly énhanced the reactivity to the nucleophile (#3). The

Y-carboxyl groups were protected from reaction as the methyl ester.

#1 (3 9
!
Boc—NH—cr‘H-c-OH + Cl—C-O-CHZ—-CH(CHB)Z
C_
]
OCH,

0
EtOAc (Nj)

—15 C
CH 30-C=0 (‘:H
H2C
f2 ' 2(; -0
Boc—NH--CH—C-O-C—CH2 CH(CH3)2 +
actlvated intermediate :
mixed carbonic-carboxylic anhydride
#3 0
CH3003-+1mn2-¢(:H-—'c(-ocr13 _.Ps-b—ff—-o—)
(CHy) ( )
o N
OCH , EH

3
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#4 0 0
i ¢
Boc-NH—?H— ~NH-~CH~C-OCH 4
($H2)2 (?Hz)z

C=0 9=O
6CH3 OCH3
protected dipeptide
0
"
Boc = tertiarybutoxycarbonyl = (CH3)3C-O—C—
DMF = dimethyl'formamide
0]
( ) = N-methyl morpholine
N ,
\
CH3

This coupling method maintains optical purity.of the L-amino acids,
and usually results in reasonable chemical purity and concommitant‘high
yiélds (> 60%Z). The use of the Boc protecting group affords good
solubility in‘the organic'solvepts utilized during synthesis and in
helix supporting solvents employed for conformational analysis. Once
the protected dipeptide product #4 is isolated the Boc group is rapidly -
and selectively removed via acidolysis using methanesulfonic acid
under ;nhydrous conditions.72 This reaction is complete within a few
minutes and accomplished without cleavage of any of the methyl ester
protecting groups. Specifically, ghe protected peptide was dissolved
in equivalent volumes of anhydrous formic acid and methylene chloride,

with the addition of one equivalent of methane sulfonic acid:

0 0
] i
Boc-NH-CH—C-NH—?H—C-OCH
: 3 HCOOH
(CHy), (CHy)y +  CH,504H i, 1,
€=0 ?=o
OCH, OCH,

protected dipeptide
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#5 0 0

-+ | 1! 5
CH3SO3 HNHZ-QH-A-NHf?H-C—OCH3 + CO2 + (CH3)ZC—CH2
(CHy), (CHy),
C=0 C=0
! {
OCH3 OCH3

Removal of the Boc group frees the N-terminus of the dipeptide

for reaction with the carboxyl activated N-blocked amino acid (#2).

#2 ' 0O O
it v R
Boc~NH~CH-~C-0-C-0-CH,,CH(CH.,)

1 2 372
(CH,)

Cc=0

1

OCH3

activated in situ

+
) 0 :
—+ 1 i DMF, =15°C
CH3303 HNHZ-?F—C-NH C‘H—C-OCH3 0 o
(GHy), (QHy), ()
If
OCH, OCH, CH,
##6 0
]
Boc—(NH—(,JH-C)nOCH3
(Ciy),
OCH,

Yields from Boc cleavages were quéntitative. The reaction was
followed to completion by thin layer chromatography on silic; plates.
The resulting methanesulfonate peptide salt, #5, was easily
precipitated from anhydrous diethyl ether after the removal of reaction.

solvent by roto-evaporation under reduced pressure.
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All protected oligopeptides were required to bé;at least 97% pure
as determined by high pressure liquid chromatography on normal phasg
silica. Higher molecular weight protected oligomers (n > 5) were
rarely this pure after routine synthetic workup as described in the
experimental section. Standard chemical purification of oligopeptides
usually requires column chromatographic techniques to obtain highly
pure ‘compounds. Becépse of substantial losses that can be incurred
during column burification, and decreased quantities of higher peptides,
I employed a purification process which limited loss of product to less
than 10% duriné purification. The process involved the suspension of
contaminated product in 5% NaHCO3 with overnight stirring. The
product was filtered, rinsed with distilled water and rinsed with
anhydrous ether a number of times. In the cases where the above
procedure was not entirely successful, the protected oligopeptide was

" suspended in 5% citrate solution’and stirred overnight. The product
was filtered, rinsed with distilled water, and rinsed several times
with anhydrous ether. This overall process, which was successful in all
instances, probably r;moves the less soluble (with respect to aqueous
washing solutions) acidic, and/or basic impurities via slow conversion
to salts during overnight stirring.

Yields for most of the lower peptides (dimers through pentamers)
were between 60% and 90%, excluding the series which contained glycine
as the next to last residue. The comparatively low yields obtained for

the Boc(Glu)nGlyG%uOMe series (n = 0,1,2) were a result of the increased

OMe
solubility of the peptides in the aqueous wash solution. This was sub-

stantiated via thin layer chromatography on silica plates.

As' chain length increased to the hexa- and heptapeptides yields in

general were substantially reduced. This could have been due to the
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reduced nucleophilicity of the nucleophile and certainly was due to

the formation of emulsions during workup, as a result of decreased
solubility of the higher molecular weight oligomers in the organic
phase. Because the entire series of compounds were synthesized in a
stepwise manner, the formation of emulsions and the resulting loss of
product during workup at the he;amer level and above, presented a
problem when attempting to secure reasonable amounts of the following
heptamer of the series. This problem could be circumvented in

solution phase peptide synthesis via an alternativeAcoupling'procedure.
The fragment coupling method reacts two small fragments; Boc(A.A.)3OH +
HZN(A.A.)40Me, yielding in one step the heptamer and eliminating the
loss of the precursors froﬁ previous stepwise addition':eactions.

There is however the possibility of racemization of the Boc(A.A.)3OH
carboxyl terminal A.A. via oxazolone formatipn (Scheme 1). Loss of

the proton at the a—c;rbon afom and subsequent recapture can result

in inversion of configuration and thus conversion of the carboxyl
terminal amino acid from the L—i;omer to the corresponding D-isomer.

In C.D. and polarimetric analysis of oligopeptide conformation optical
purity must be maintained for results to be meaningful. With respect
to the series of compounds synthesized for this study the above problem
could be avoided by using glycine as the carboxyl terminal fragment and
varying the number of glutamate residues in either or both fragments to
obtain the desired glycine insertion. The above method was attempted,
but the greatly reduced solubility of Boc(GluyoMe)nGlyOH fragments in
organic solution made coupling via the mixed anhydride procedure
impossible. An aqueous fragment coupling procedure was attempted using

a water soluble carbodimide coupling procedure but the same fragments

proved to be also insoluble in water, even with the addition of DMF.
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O R” Cl?

Boc-NH-CH-CNH-CH-C —NH-’C::H- X
R/ O RIH .

Scheme 1

Despite the low yields of certain peptides the stepwise mixed
anhydride procedure was used exclusively for the synthesis of all.
compounds due to the high solubility of the MSA+nucleophile in the DMF
reaction mixture regardless of chain length. This procedure also

yielded crude products rarely more impure than 15%.
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EXPERTIMENTAL

Synthetic
y-Methy1l-L-Glutamate-HC1l (I)

Thionyl chloride (280 mmol; 20 ml) was added dropwise, over 15
minutes, to absolute methanol (140 ml) previously cooled to -15°C.
L-Glutamic acid (200 mmol; 29.4 g) was added to the above solution
and the entire reaction mixture shaken vigorously until most of the
solid dissolved. The mixture was then allowed to stand at room
temperature for 25 miﬂutes. The product was precipitated by the
addition of 400 ml of anhydrous ether. The crystals were collected by
filtration and washed several times with anhydrous ether. The product
was stored under vacuum overnight. Yield 60%, 23.5 g, m.p. 161°C,

[algs = +25.2 (c = 0.22, CH40H),(lit..m.p. 166°C). ">

L-Glutamic Acid Dimethyl Ester<HCl (II)

Thionylchloride (400 mmol; 28 ml) was added dropwise, with
constant stirring, over 20 minutes, to absolute methanol (100 ml)
previously cooled to -15°C. L-Glutamic acid (200 mmol; 29.4 g) was
added to the above solution over a period of 45 minutes while the ~
temperature of the reaction mixture was mainﬁained at -15°C. When the
addition was complete the reaction mixture was allowed to come to room
temperature and after 2 hours the solution became clear and yellow.
The reaction mixture was stirred overnight and then refluxed for
3 hours. The clear yellow liquid was concentrated on a roto-evaporator
under reduced pressure. The resulting clear yellow syrup was
crystallized by stirrihg overnight in the presence of 1 liter of
anhydrous ether. The product, a white powder, was collected by

filtration and washed several times with anhydrous ether. The product
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was stored in a desiccator under vacuum overnight. Yield 95%, 39.9 g,

m.p. 197°C, [ot]lz)5 = +15.3, (c = 0.17, HZO);

N-t-Butoxycarbonyl-y-Methyl-L~Glutamic Acid (III)

Triethylamine (250 mmol; 34.8 ml) was added to y-methyl-L-

glutamate*HC1l (100 mmol; 19.7 g) with continuous stirring. To this
was added 60 ml of Aibxane and 60 ml of distilled water. Upon dissolu-
tion of the amino acid 2—(tertiarybutoxycarBonyloxyimino)—2—phenyl—
acetonitrile (100 mmol; 24.6 g) was added. The resulting solution was
allowed to stir overnight and 100 ml of ethyl acetate and 100 ml of
distilled water were added. The mixture was shaken and the organic
layer discarded. The aqueous fraction was washed three times with 100
ml of diethyl ether. The aqueous fraction was gcidified with 5%
citric acid and extracted five times with 100 ml portions of ethyl
acetate. The orgaqic fractions were pooleq, decolorized with Norit A
and dried wiEE_gnhydrous Mg804. The solution was concentrated on a
roto-evaporator under ;educed pressure to a thick, pale yellow syrup.
The resulting syrup was triturated with petroleum ether until
solidification of product occurred. The product, a white powder was
used without furthér purification. Yield 79%, 20.6 g, m.p. 72-73°C,

25 ‘

[0]2° = -7.8, (c = 0.18, CF

D CHZOH). Rf = 0.57 on thin layer silica

3
plates in ethyl acetate:methanol, 2:1. Rf = 0.49 in butanol:water:

acetic acid, 4:5:1 upper phase.

N-t-Butoxycarbonyl Glycine (IV)72

The synthesis and workup of this compound was identical to that
of Boc—y-methyi—L—glutamic acid (compound IITI). The reaction was

carried out on a 200 mmol scale. The product, a white powder, was
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used without further purification. Yield éO%, 28.0 g, m.p. 87-88°C

(1it. m.p. 87-88°C).’2

N-t-Butoxycarbonyl-y-Methyl-L-Glutamyl Dimethyl L-Glutamate (V)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (10 mmol; 2.61 g), was
added to 30 ml ethyl acetate. The solution was stirred and cooled to
-15°C in a dry ice-acetone bath. N-methylmorpholine (10 mmol; 1.1 ml)
and isobutylchloroformate (10 mmol; 1.37 ml) were added and stirring
was continued for ten minutes at -15°C. During this time é white
precipitate (N-methylmorpholine*HCl salt) was observed to form. To
the above mixture was added dimethyl-L-glutamate-HCl (10 mmol; 2.1 g)
aMNmﬁthmdmeu0mﬂ;LlM)mdeWHuMM®(mmD.
The resulting mixture was stirred at -15°C for ten minutes at which
time the dry ice bath was reﬁoved and the reaction mixture stirred at
room temperature for one hour. The reaction mixture was concentrated
on a rotary evaporator under reduced pressure to near dryness; The
above residue was dissolved in 300 ml ethyl acetate and the organic
solution was washed three times with 100 ml portionms of 5% citric acid,
three times with 100 ml portions of 5% NaHCO3 and three times with
100 ml portions saturated NaCl solution. The organic phase was dried -
with anhydrous MgSO4, filtered, and concentrated on a rotary evaporator
under reduced pressure to a volume of ~ 30 ml. The product was ;
precipitated from petroleum ether as a white powder and was used
without further purification. Yield 86%, 3.6 g, m.p. 87°C, [a]éS =
2.75 (¢ = 0.15, CF3CH20H). Purity via normal phase high pressure

liquid chromatography > 97% in cyclohexane:isopropanol:methanol, 8:1:1.

Rf 0.75 on thin layer silica plates in ethyl acetate:methanol, 2:1.

Rf = 0.83 in butanol:water:aCEtié acid, 4:5:1 upper phase.
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y-Methyl-L-Glutamyl Dimethyl L-Glutamate-Methane Sulfonate (VI)

N-t-Butoxycarbonyl-L-methyl-glutamyl diethyl L-glutamate

(40 mmol; 4.15 g) was dissolved in 12.5 ml of CH,Cl To this

2772
solution was added 12.5 ml anhydrous formic acid. Methane sulfonic
acid (10 mmol; 0.64 ml) was then addedvand the solution swirled.
Evolution of 002 was observed. The reaction was followed by thin
layer chromatography on silica plates and usually reached completion
within fifteen minutes. The solvents were £emo§éd on a rotary
evaporator under reduced pressure and the N-terminal deprotected.
dipeptide+MSA salt precipitated with anhydrous diethyl ether as an

" oil. Yield was quantitative.. The o0il was homogeneous on thin layers

of silica in butanol:water:acetic acid, 4:5:1. Rf = 0.45. It was

used without further purification.

N-t-Butoxycarbonyl-di-(y-Methyl-L-Glutamyl) Dimethyl L-Glutamate (VII)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (10 mmol; 2.61 g)
was reacted with Y-methyl—L-glutamyl dimethyl L-glutamate*MSA using
the mixed anhydride coupling procedure described for the analogou§
" dimer. The workup was identical to that for the analogous dimer. The
product was a white powder. Yield = 90%, 5.0 g, m.p. 115°d, [a]g5 =
=4,41 (c = .14, CF3CH20H). Purity via normal phase HPLC > 97% in
cyclohexane:isopropanol:methanol, 8:1:1. Rf = 0.71 on thin layer

silica plates in ethyl acetate:methanol, 2:1. Rf = 0.77 in butanol:

water:acetic acid, 4:5:1 upper phase.

Di-(y-Methyl-L-Glutamyl) Dimethyl L-Glutamate-Methane Sulfonate (VIII)

N-t-Butoxycarbonyl-di~(y-methyl-L-glutamyl)-dimethyl L-glutamate
was deprotected atethe N-terminus using methane sulfonic acid in

CHZClz/formic acid as described for the analogous dimer. Workup was
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identical as that for the analogous dimer. The N-deprotected
tripeptide*MSA salt was recovered .as a white powder. Yield was
quantitative. m.p. 141-144°C. Rf = 0.36 on silica thin layers in

butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-tri-(y-Methyl-L-Glutamyl)-Dimethyl L-Glutamate (IX)

N-t-Butoxycdrbonyl-y-methyl-L-glutamic acid (5.4 mmol; 1.41 g)
was reacted with di-(y-methyl-L-glutamyl)-dimethyl-L-glutamate-MSA
(5.4 mmol; 3‘g) usiné the mixed anhydride coupling procedure described
forithe analogous trimer. The workup was iéentical to that of the
analogous trimer. The product was a white powder. Yield 727, 2.73 g,
m.p. 149-152°C, [oc]%5 = =44.0 (c = 0.18, CF3CH20H). Purity via HPLC >

' 97%, in cyclohexane:isopropanol:methanol, 8:1:1. Rf = 0.61 on thin
layer silica plates in ethylacetate:methanol, 2:1. Rf = 0.64 in

butanol:water:acetic acid, 4:5:1 upper phase.

Tri-(Y—Methyl—L-Giutamyl) Dimethyl-L-Glutamate*Methane Sulfonate (X)

N-t-Butoxycarbonyl-tri-(y-methyl-L-glutamyl)-dimethyl-L-glutamate
(2.4 mmol; 1.7 g) was deprotected at the N-terminus using methane
sulfonic acid in CHZCl/formic acid as described for the analogoué trimer.
Workup was identical to that of the anélogous trimer. The N-deprotected -
tetrapeptide*MSA salt was recovered as a white solid. Yield was
quantitative. m.p. 168-169°C. Rf = 0.33 on thin layers of silica in

butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-tetra-(y-Methyl-L-Glutamyl)-Dimethyl-L-Glutamate (XI)

N-t~Butoxycarbonyl~y-methyl-L-glutamic acid (2.5 mmol; 0.65 g) was
reacted with tri-(y-methyl-L-glutamyl) dimethyl-L-glutamate-MSA (2.5

mmoi; 1.75 g) using the mixed anhydride coupling procedure described
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for the analogdus tetramer. The workup was identical to that of the

analogous tetramer., The product was a white powder. Yield 51%,

1.07 g, m.p. 191°C, [oc]g5 = -38.5 (c = .17, CF3CH20H). Purity via ~

HPLC > 97, in cyclohexane:isopropanol:methanol, 8:1:1, Rf -~ 0.74 on

thin layer silica plates in ethyl acetate:methanol; 2:1. Rf = .67 in

butanol:water:acetic acid, 4:5:1 upper phase.

Tetra—-(y=-Methyl-L-Glutamyl) Dimethyl L-Glutamate+Methane Sulfonate (XII)

N-t-Butoxycarbonyl-tetra-(y-methyl-L-glutamyl) dimethyl L-glutamate
was deprotected at the N-terminus using methane su;fonic acid in CH2C12/
formic acid as described for the analogous tetramer, The workup was

'identical to that of the analogous tetramer. The N-deprotected pentamer-*
MSA salt was recovered as a white solid. Yield was quantitative.
m.p. > 195°C. Rf = 0.26 on thin layer silica in butanol:water:acetic

acid, 4:5:1.

N-t—Butqucarbonyl—penta—(YQMethyl-L-Glutamyl)-Dimethyl L-Glutamate

(XI1I)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid 0.6 mmol; 0.16 g) was

reacted with tetra-(y~methyl-L-glutamyl)-dimethyl L-glutamate-MSA

(.6 mmol; 0.51 g) using the mixed anhydride coupling procedure described
for the previous protected compounds. The workup was identical to that
of the lower oligomers, however HPLC analysis of this product revealed
impurities greater than 10%. .The white powder (product) 300 mg, was
stirred overnight in 5% citric acid, filtered and rinsed with distilled
water. The filtered product was then stirred overnight in 5% NaHCOB,
filtered and rinsed with distilled water and then rinsed extensively

with anhydrous diethyl ether. The recovered product was dried and used
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witﬁout further purification. Yield = 76%, 0.45 g, m.p. 228°C,
[a]é5 = -32.7 (c = 0.13, CF3CH20H). Purity via HPLC > 97%, in
c§clohexane:isopropanol:methanol, 8:1?1. Rf = 0.79 on thin layer
silica plates in ethyl acetate:methanol, 2:1. Rf = 0.55 = 0.55 in

butanol:water:acetic acid, 4:5:1 upper phase.

Penta~-(y-Methyl-L-Glutamyl) Dimethyl L-Glutamate-Methane Sulfonate (XIV)

N-t—Butoxycarboﬁyl—penta—(Y-methyl—L-glutamyl) dimethyl L-glutamate
was deprotected at the N-terminus using methane sulfonic acid in CHZClz/
formic acid as described for ﬁhe analogous deprotected peptides. .WOrkup
was identical to that of the analogous deprotected peptides. The
N-deprotected hexaﬁeptide-MSA salt was recovered as a white solid.

m.p. > 193°C. Rf = 0.26 on thin layers of silica in butanol:water:

acetic acid, 4:5:1.

N-t-Butoxycarbonyl-hexa- (y-Methyl-L-Glutamyl)~Dimethyl L-Glutamate (XV)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (0.25 mmol; 0.07 g)
was reacted with penta—(y-methyl—L—glutamyl)—dimethyi—L-glutamate-MSA
(using the mixed anhydride procedure described previously). The workup
was identical to that of the analogous hexamer. The product was a white
powder. YieldVSS%, 0.16 é,épapt'230-23l°c, [a]g5 = =27.4 (c = .16,
CF3CH20H). Purity vi; HPiC > 97%, in cyclohexane:isopropanol:methanol,

8:1:1. Rf = 0.37 on thin layer silica plates in ethyl acetate:methanol,

2:1. Rf = 0.44 in butanol:water:acetic acid, 4:5:1 upper phase.

N-t-Butoxycarbonyl-Glycyl-Dimethyl-L~Glutamate (XVI)

N-t~Butoxycarbonyl glycine (10 mmol; 1.75 g) was reacted with
dimethyl L-glutamate*HCl (using the mixed anhydride coupling procedure

previously described for the glutamate homo-oligomers). The workup was
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identical to that of compound XI except for the presénce of a major
impurity in the reaction product. To remove this bibroduct 10 mmoles
of the product (which was an oil) was dissolved in 50 ml ethylacetate
and stirred overnight in the presence of 50 ml 57 NaHCO3. The organic
layer was separated, dried with anhydrous MgSO4 and filtered. The
solvent was removed using a rotary evaporapor under reduced pressure.
The product was recovered as a clear oil and used without further
purification. Yield 33%, 1.1 g, [a]g5 = -8.1, (c = 0.29, CE3CH20H).
Purity via HPLC > 97%, in cyclohexane:isopropanol:methanol, 8:1:1.

RE

.68 on thin layer silica plates in ethyl acetate:methanol, 2:1.

RE .80 in butanol:water:acetic acid, 4:5:1,

]

Glycy1—Dimethyl;L—Glutamate-Methane Sulfonate (XVII)
N-t—Butoxycarbonyi—glycyl—dimethyl-L—glutamate (20 mmol; 6.6 g)
was deprotected at the N-terminus using methane sulfonic acid in
CHZClZ/formic acid as described previo;sly for the glutamate homo-
oligomers. Workup was identical to that of the glutamate homooligomers.
The N-deprotected dipeptide+MSA salt was precipitated as an oil. Yield

was quantitative. Rf = 0.30 on thin layer silica in butanol:water:

acetic acid, 4:5:1. The product was used without further purification.

N-t-Butoxycarbonyl-y-Methyl-L=-Glutamyl Glycyl Dimethyl L-Glutamate
(XVLII) )

N-t-Butoxy-y-methyl-L-glutamic acid (33 mmol; 8.6 g) was reacted
with glycyl-dimethyl L-glutamate-MSA (using the mixed anhydride coupling
procedure). The workup was identical to that for compound XI. The
product was recovered as an oil, and used without any further purifica-

o 25 .
tion. Yield 477, 7.3 g, [cx]D = ~-10.5 (c =0.4, CF3CH20H). Purity via
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0.31 on

HPLC > 97%, in cyclohexane:isopropanol:methanol, 8:1:1. Rf

thin layer silica plates in ethylacetate:methanol, 2:1. Rf 0.63 in

butanol:water:acetic acid, 4:5:1.

y-Methyl-L-Glutamyl Glycyl Dimethyl L-Glutamate-Methane Sulfonate (XIX)

N-t-Butoxycarbonyl-~y-methyl-L-glutamyl-glycyl-dimethyl-L-glutamate,
(2.6 mmol; 1.23 g) was deprotected at the N-terminus using methane
sulfonic acid in CHZClz/formic acid. Workup was identical‘to that of
the analogous dimer. The N-deprotectéd tripeptide*MSA salt was

collected as an oil. Yield was quantitative. Rf = 0.31 on thin layer

silica in butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-di—-(y-Methyl-L-Glutamyl)~Glycyl Dimethyl L-Glutamate
(xx)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (15.4 mmol; 4.02 g)
was reacted with y-methyl-L-glutamyl-glycyl-dimethyl~L-glutamate*MSA
(using the mixed anhydride coupling procedure mentioned previously).
The workup was identical to that of compound XI. The product was
recovered as a white powder. Yield 31%, 3.1 g, m.p. 108°C, [a]IZ)5 =

-17.7 (c = 14, CF3CH20H). Purity via HPLC > 977%, in cyclohexane:

isopropanol:methanol, 8:1:1. Rf = 0.70 on thin layer silica plates in

0.68 in butanol:water:acetic acid,

ethyl acetate:methanol, 2:1. Rf

4:5:1.

Di-(y-Methyl-L-Glutamyl)-Glycyl Dimethyl L-Glutamate:Methane Sulfonate

(XX1)
N-t-Butoxycarbonyl—-di-(y-methyl-L-glutamyl) glycyl dimethyl L-
glutamate was deg;otected at the N-terminus using méthane sulfonic acid

in CH2C12/formic acid as described previously. The N-deprotected
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tetrapeptide-MSA salt was collected as an oil. Yield was quantitative.

Rf = 0.34 on thin layer silica in butanol:wate;:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-tri-(y-Methyl-L-Glutamyl) Glycyl Dimethyl L-

Glutamate (XXII)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (5 mmol; 1.3 g) was
reacted with di-(y-methyl-L-glutamyl)-glycyl-dimethyl-L-glutamate-MSA
(5 mmol; 3.06 g) using the mixed anhydride coupling procedure described
previously. The workup was identical to that of compound XI. The
product was recovered as a white powder. Yield 80%, 3.0 g, m.p. 166°C,
[a]és = =20.3 (¢ = 6.18, CF3CH20H). Purity via HPLC > 97%, in'
cyclohexane:isopropanol:methanok, 8:1:1. .Rf = 0.69 on thin layer

silica plates in ethyl acetate:methanol, 2:1. Rf = 0.54 in butanol:

water:acetic acid, 4:5:1.

Tri-(Y-Meth&l—L—Glutamyl)—Glycyl—Dimethyl—L-Glutaméte'Methané Sulfonate

(XXIII)

N~t~Butoxycarbonyl-tri-y-methyl-L-glutamyl-glycyl-dimethyl-L-
glutamate was deprotected at the N-terminus using methane sulfonic acid

in CHZClz/formic acid as described previously. The N-deprotected

- pentapeptide*MSA salt was colleqted as an oil. Yield was quantitative.

Rf = .30 on thin layer silica in butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-tetra—-(y-Methyl-L-Glutamyl) Glycyl Dimethyl L-

Glutamate (XXIV)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (2.2 mmol; .57 g) was
reacted with tri-(y-methyl-L-glutamyl)glycyl dimethyl-L-glutamate°®MSA
(using the mixed anhydride coupling procedure described previously).

The workup was identical to that for compound V. The product, which was
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recovered as a white powder (500 mg) was stirred overnight in 10 ml
5% NaHCOq, filtered and washed with distilled water and anhydrous

diethyl ether. The product was recovered as a white solid. Yield
25%, 0.5 g, m.p. 194°C, [alg5 = -18.0 (c = 0.17, CFBCHZOH). Purity
via HPLC > 97%, in cyclohexane:isopropanol:methanol, 8:1:1. Rf =

0.39 on thin layer silica plates in ethyl acetate:methanol, 2:1.

Rf = 0.46 in butanol:water:acetic acid, 4:5:1.

Tetra-(y-Methyl-L-Glutamyl)~-Glycyl-Dimethyl-L-Glutamate-Methane

Sulfonate (XXV)

N-t-Butoxycarbonyl-tetra—-{(y-methyl-L-glutamyl) glycyl dimethyl
L-glutamate was deprotected at the N-terminus using methane sulfonic
acid in CHZClZ/formic acid as described previously. The workup was as
described previously. The N-deprotected hexapeptide+MSA salt was
collected as a white solid. Yield was quantitative.’ Comp;und
decomposed above 182°C. Rf = 0.31 on tﬁin layer silica in butanol:

water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-penta=-(y-Methyl-L-Glutamyl) Glycyl Dimethyl L~

Glutamate (XXVI)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (0.75 mmol; 2 g) was
reacted with tetra-(y-methyl-L-glutamyl) glycyl dimethyl L-glutamate
(0.75 mmol; 0.67 g) using the mixed anhydride coupling procedure
described previously. The workup was identical to that of compound XXIV.
The compound was recovered as a white powder. Yield 56%, 0.44 g, m.p.
225-228°C, [a]g5 = -21.6° (c = 0.16, CFBCHZOH). Purity via normal phase
high pressure liquid chromatography > 97% in cyclohexane:isopropanol:
methanol, 8:1:1. Rf = 0.67 on thin layer silica plates in ethyl acetate:

methanol, 2:1. Rf = 0.65 in butanol:water:acetic acid, 4:5:1.
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N-t—-Butoxycarbonyl Glycyl—y-Methyl—L—Glutamyl-Diméthyl—L—Glutamate

(XXVII)

N-t-Butoxycarbonyl-glycine (5.8 mmol; 1.02 g) was reacted with
y-methyl-L-glutamyl-dimethyl L-glutamate+MSA (using the mixed anhydride
procedure previously described). The workup was identical to that of
compound V. The product was collected as a white powder. Yield 397%,
1.08 g, m.p. 68°C, [a]§5 = -24.7 (c = 0.22, CF3CH20H). Purity via

normal phase high pressure liquid chromatography > 97% in cyclohexane:

isopropanol:Methanol, 8:1:1. Rf 0.37 on thin layer silica plates in

ethyl acetate:methanol, 2:1. REf 0.71 in Butanol:water:acetic acid,

4:5:1.

Glycyl-y~Methyl-L-Glutamyl~Dimethyl~L~Glutamate*Methane Sulfonate (XXVIII)

N-t-Butoxycarbonyl-glycyl-y-methyl~L~-glutamate-dimethyl-L-glutamate
(0.32 mmol; 0.15 g) was deprotected at the N-terminus using methane
sulfonic acid in CHZClZ/formic acid as described previously. The N-
deprotected tripeptide<MSA salt was recovered as a white solid. Yield
was quantitative. m.p. 141—143;0. Rf = 0.36 on thin layer silica in

butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-y~Methyl-L~Glutamyl-Glycyl-y-Methyl-L-Glutamyl

Dimethyl-L-Glutamate (XXIX)

N-t-Butoxycarbonyl-y-methyl-L~glutamic acid (0.32 mmol; 0.08 g) was
reacted with glycyl—di—(y-methyl—L—glutamyl)dime£hyl—L—glutamate~MSA
(using the mixed anhydride procedure previously described). The workup
was identicgl to that for compound V. The product was recovered as a
white powder. Yield 75%, 0.16 g, m.p. 122-124°C, [a]é5 = -30.4 (c_= 0.17,

- CF3CH20H). Purity via normal phase high pressure liquid chromatography
- 35 -
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> 97% in cyclohexane:isopropanol:methanol, 8:1:1. Rf - 0.78 on thin
layer silica plates in ethyl acetate:methanol, 2:1. Rf = 0.78 in

butanol:water:acetic acid, 4:5:1.

y-Methyl-L-Glutamyl-Glycyl-y-Methyl-L-Glutamyl-Dimethyl-L-Glutamate:"

Methane Sulfonate (XXX)

N-t—Butoxycarbonyl—y—methyl—L;glutamyl—glycyl y-methyl-L-glutamyl
dimethyl-L-glutamate (2.5 mmol; 1.9 g) was deprotected at -the N-
ter@inus using methane sulfonic acid in CHZCl/formic acid as described
previously. The deprotected tetr;feptide-MSA salt was recovered as an

~o0il., Yield was quantitétive. Rf - 0.20 on thin layer silica in

butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-di- (y-Methyl-L-Glutamyl)-Glycyl-y-Methyl-L~Glutamyl-

Dimethyl-L-Glutamate (XXXI)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (2.5 mmol; 1.63 g) was
reacted with y-methyl-L-glutamyl glycyl y-methyl-L-glutamyl dimethyl
L-glutamate*MSA (using the mixed anhydride procedure described
previously). The workup was identical to that of compound V. The
product was collected as a white powder. Yield 60%, 1.14 g, m.p. 132-
3CH20H). Purity via normal phase high

pressure liquid chromatography > 97% in cyclohexane:isopropanol:methanol,

133°C, [u]f)s = -19.7 (c = 0.16, CF

8:1:1. Rf = 0.72 on thin layer silica plates in ethyl acetate:methanol,

2:1. Rf = 0.62 in butanol:water:acetic acid, 4:5:1.

Di- (y-Methyl-L-Glutamyl)-Glycyl-y-Methyl-L-Glutamyl-Dimethyl-L-Glutamate-

Methane Sulfonate (XXXII)

N-t-Butoxycarbonyl-di-(y-methyl-L~glutamyl) glycyl y-methyl-L-

glutamyl dimethyl L~glutamate (1.2 mmol; 0.9 g) was deprotected at the
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N-terminus using methane sulfonic acid in CHZClZ/formic acid as
previously described. The N-deprotected pentapeptide was collected
as a white solid. Yield was quantitative. m.p. 129-133°C, Rf =

0.25 on thin layer silica in butanol:water:acetic acid, 4:5:1.

N—-t-Butoxycarbonyl-tri-(y-Methyl-L-Glutamyl)~Glycyl-y-Methyl-L-

Glutamyl Dimethyl-L-Glutamate (XXXIII)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (1.2 mmol; 0.31 g)
was reacted with di—(Y-methyl-L—glutamyl)-glycyl-y-methyl—L—glutamyl—
dimethyl-L-glutamate*MSA (1.2 mmol; 0.9 g) using thé mixed anhydride
coupling procedure previously described. The workup was identical to
that of compound XIII. The product was recovered as a white powder.

Yield 71%, 0.77 g, m.p. 216-219°C, [m]lz)5 = -23.0 (c = 0.17, CF.CH.OH).

3772
Purity via normal phase high pressure liquid chromatography > 977
in cyclohexane:isopropanol:methanol, 8:1:1. Rf = 0.71 on thin layer

silica plates in ethyl acetate:methanol, 2:1. Rf = 0.45 in butanol:

_water:acetic acid, 4:5:1.

Tri-(y-Methyl-L-Glutamyl)-Glycyl-y-Methyl~L-Glutamyl-Dimethyl-L-

Glutamate+Methane Sulfonate (XXXIV)

N-t-Butoxycarbonyl-tri-(y-methyl~L-glutamyl)-glycyl-y-methyl-L-
glutamylrdimgthy1rL—glutamate (0.5 mmol; 0.45 g) was deprotected at
the N-terminus using methane sulfonic acid in CH2C12/formic acid as
described previousl&. The N~deprotected hexamer-MSA salt was collected
as a white solid. Yield was quantitative. m.p. 181-186°C. Rf = 0.33

on thin layer silica in butanol:water:acetic acid, 4:5:1.
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N-t-Butoxycarbonyl-tetra-(y-Methyl-L-Glutamyl)-Glycyl-y-Methyl-L-

Glutamyl-Dimethyl-L-Glutamate (XXXV)

N-t-Butoxycarbonyl-y~methyl-L-glutamic acid (0.5 mmol;'0.13 g)
was reacted with tri-(y-methyl-L-glutamyl)-glycyl-y-methyl-L-glutamyl-
dimethyl-L-glutamate-MSA (0.5 mmol; 0.45 g) using the mixed anhydride
coupling procedure describeﬁ previously. The workup was identical to
that of compound XIII. The product was recovered as a'white powder
and used without further purification.‘ Y;eld.SO%, 0.26 g, m.p. 228°C,

25

[a]D = =-27.7 (c = 0..16, CF CHZOH). Purity via normal phase HPLC > 97%

3
in cyclohexane:isopropanoi:methanol, 8:1:1. Rf = 0.65 on thin layer
silica plates‘in ethyl acetate:methanol, 2:1. Rf = 0.4l in butanol:water:

acetic. acid, 4:5:1.

N-t-Butoxycarbonyl-Glycyl-di-y~Methyl-L~Glutamyl-Dimethyl-L-Glutamyl-

Dimethyl-L-Glutamate (XXXVI)

th-Butoxycarbonylvgézpine (4.4 mmol; 0.77 g) was reacted with
di—(Y—methyl—L-glutamyl)—dimethyl—L—glutamate-MSA (using the mixed
anhydride procedure previously described). The workup was identical
to that for compound V. The product was recovered as a white powder.
Yield 78%, 2.1 g, m.p. 154°C, ta]gs = f33.6 (c = 0.14, CF3CH20H).
Purity via normal phase ﬁigh pressure liquid chromatography > 97% in
cyclohexane:isopropanol:methanol, 8:1:1. kf = 0.74 on thin layer silica
plates in ethyl acetateﬁmethanol, 3:1. Rf = 0.73 in butanol:water:

acetic acid, 4:5:1.

Glycyl-di-(y-Methyl-L-Glutamyl)-Dimethyl-L-Glutamate*Methane Sulfonate

(XXXVII)
N—t-Butokycarbonyl—glycyl—di—(Y-methyl-L—glutamyl)—dimethyl—L—

glutamate (2.1 mmol; 1.3 g) was deprotected at the N-terminus using
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methane sulfonic acid in CHZClZ/formic acid as described previously
for the protected glutamate dipeptide. The workup was identical to
that of the protected glutamate dipepﬁide. The N;deprotected tetra-
peptide-MSA salt was collected as a white solid. Yield was
quantitative. m.p. 144-146°C. Rf = 0.22 on thin layer silica in

butanol:water:acetic acid, 4:5:1.

N-t-Butoxycarbonyl-y-Methyl-L-Glutamyl-Glycyl-di-(y-Methyl-L-glutamyl)-

Dimethyl-IL-Glutamate (XXXVIII)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (2.1 mmol; 0.55 g)
was reacted with glyecyl-di-(y-methyl-L-glutamyl)-dimethyl-L-glutamate-*
MSA (2.1 mmol; 1.3 g) using the mixed anhydride procedure previously
described. The workup was identical to that of compound XIII. The
product was recovered as a white powder; Yield 347%, 0.54 g, m.p. 162°C,
25

[a]D = -25.4 (c = 0.14, CF3CH20H). Purity via normal phase high

pressure liquid chromatography > 97% in cyclchexane:isopropanol:

methanol, 8:1:1. Rf = 0.69 on thin layer silica plates in ethyl

acetate:methanol, 2:1l.. Rf = 0.54 in butanol:water:acetic acid, 4:5:1.

y-Methyl-L-Glutamyl-Glycyl-di—-(y~Methy1l-L-Glutamyl)-Dimethyl-L-Glutamate-

Methane Sulfonate (XXXIX)

N-t-Butoxycarbonyl-y-methyl-L-glutamyl-glycyl-di-(y-methyl-L-
glutamyl)-dimethyl—L—glutaﬁate was deprotected using methane sulfonic
acid in CHZClz/formic acid as described previously. The N-deprotected
pentapeptide*MSA salt was collected as an oil. Yield was quantitative.

Rf = 0.21 on thin layer silica in butanol:water:acetic acid, 4:5:1.
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N-t-Butoxycarbonyl-di-(y-Methyl-L-Glutamyl) -Glycyl-di-(y-Methyl-L~

Glutamyl)-Dimethyl-L-Glutamate (XL)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (0.5 mmol; 0.13 g)
was reacted with y-methyl-L-glutamyl-glycyl-di=-(y-methyl-L-glutamyl)-
dimethyl-L-glutamate-MSA (0.5 mmol; 0.38 g) using the mixed anhydride
procedure described previously. The workup was identical to that of
compound XIII. The product was recoveéred as a white powder. Yield 48%,

0.15, CFSCHZOH). Purity via

0.22 g, m.p. 210—212°C,~[a]§5 = =31.3 (c
normal phase high pressure liquid chromatography > 97% in cyclohexane:

0.72 on thin layer silica plates in

isopropanol:methanol, 8:1:1. Rf

]

ethyl acetate:methanol, 2:1. RE 0.45 in butanol:water:acetic acid

4:5:1,

Di-(y-Methyl-L-Glutamyl)-Glycyl-di-(y-Methyl-L-Glutamyl)-Dimethyl-L-

Glutamate*Methane Sulfonate (XLI)

N-t-Butoxycarbonyl-di-(y-methyl-L-glutamyl)~glycyl-di-(y-methyl-
L-glutamyl)-dimethyl-L-glutamate was deprotected at the N-terminus
using methane sulfonic acid in CH2C12/formic acid as described for
the protected glutamate dipeptide. The N-~deprotected hexapeptide-MSA
salt was collected as a white solid. Yield was quantitative. m.p. 148-
150°C. Rf = 0.44 on thin layer silica in butanol:water:acetic acid,

4:5:1.

N-t-Butoxycarbonyl-tri-(y-Methyl~L-Glutamyl)-Glycyl-di-(y-Methyl-L-

Glutamyl)-Dimethyl-L-Glutamate (XLII)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (0.2 mmol; 0.05 g)
was reacted with di-(y-methyl-L-glutamyl)-glycyl-di-(y-methyl~L-

glutamyl)-dimethyl-L-glutamate*MSA (0.2 mmol; 0.18 g) using the mixed
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anhydride coupling procedure described previously. The workup was
identical to that of compound XIII. The product was recovered as a
white powder. Yield 48%, 0.1 g, m.p. 217-220°C, [a]g5 = -23.9 ~

(c = 0.18, CF3CH20H). Purity via normal phase high pressure liquid
chromatography > 97% in cyclohexane:isopropanol:methanol, 8:1:1.

RE

0.69 on thin layer silica plates in ethyl acetate:methanol, 2:1.

il

Rf = 0.40 in butanol:water:acetic acid, 4:5:1.

N—t—Butoxycarbonyl—Glycyl—tri—(Y;Methyl—L-Glutamyl)—Dimethyl—L—

Glutamate (XLIII)

N-t-Butoxycarbonyl-glycine (2.0 mmol; 0.35 g) was reacted with
tri- (y-methyl-L-glutamyl) dimethyl-L-glutamate-MSA (using the mixed
anhydride procedure described previously). The workup was identical
to that of compound V. The product was recovered as a white powder.

" Yield 39%, 0.6 g, m.p. 165-169°C, [a]2> = =35.4 (c = 0.13, CF.CH.OH).
D 2

3
Purity via normal phase high pressure liquid chromatography > 97% in
cycloﬁexane:isopropanol:methanol, 8:1:1. Rf = 0.70 on thin layer

silica plates in ethyl acetate:methanol, 2:1; Rf = 0.57 in butanol:

water:acetic acid, 4:5:1.

Glycyl-tri-(y-Methyl-L-Glutamyl)-Dimethyl-L-Glutamate-Methane Sulfonate

(XLIV)

N-t-Butoxycarbonyl-glycyl-tri-(y—-methyl-L-glutamyl)-dimethyl~-L-
glutamate (0.8 mmol; 0.6 g) was deprotected at the N-terminus using
methane sulfonic acid in CHZClz/formic acid as described previously
for the protected glutamate dipeptide. The N-deprotected tetrapeptide-
MSA salt was collected as an oil. Yield was quantitative.

Rf = 0.20 on thin layer silica in butanol:water:acetic acid,

4:5:1.
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N-t-Butoxycarbonyl-y-Methyl-L-Glutamyl-Glycyl-tri-(y-Methyl-L-

Glutamyl)-Dimethyl-~L-Glutamate (XLV)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (0.8 mmol; 0.2 g)
was reacted with glycyl-tri-(y-methyl-L-glutamyl)-dimethyl-L-glutamate
(using the mixed anhydride procedure described previously). The
workup was identical to that of compound XIII. The product was
recovered as a white powder. Yield 87%, 0.56 g, m.p. 210°C; [a]lz)5 =

-27.91

(c = 0.17, CF CHZOH). Purity via normal phase high pressure

3
liquid chromatography > 977 in cyclohexane:isopropanol:methanol,
8:1:1. Rf - 0.70 on thin layer silica plates in ethyl acetate:methanol,

2:1. Rf - 0.45 in butanol:water:acetic acid, 4:5:1,

y-Methyl-L-Glutamyl-Glycyl-tri-(y~Methyl-L-Glutamyl)-Dimethyl-L—

Glutamate +Methane Sulfonate (XLVI)

N-t-Butoxycarbonyl-y-methyl-L-glutamyl-glyecyl-tri-(y-methyl-L-
glutamyl)-dimethyl-L-glutamate (1.1 mmol; 1.0 g) was deprotected at the
N-terminus using methane sulfonic in CHZClZ/formic acid as dgscribed
for the glutamate dipeptide. The N-deprotected hexapeptide-MSA salt
was collected as a white powder. Yield was quantitative. m.p. 149-
151°C. Rf = 0.31 on thin layer silica in butanol:water:acetic acid,

4:5:1.

N-t-Butoxycarbonyl-di-(y-Methyl-L-Glutamyl)-Glycyl-tri—(y-Methyl-L-

Glutamyl)-Dimethyl-L-Glutamate (XLVII)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (1.1 mmol; 0.29 g)
was reacted with y-methyl-L-glutamyl-glycyl-tri-(y-methyl-L-glutamyl)-
dimethyl~L-glutamate+-MSA (using the mixed anhydride procedure previously

described). The workup was identical to that for compound XIII. The
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product was recovered as a white powder. Yield 55%Z, 0.63 g, m.p. 222-
227, ['oc]]2)5 = =28.0 (¢ = 0.14, CFBCHZOH)' Purity via normal'phase

high pressuré liquid chromatography > 97% in cyciohexane:isopropanol:
methanoi, 8:1:1. Rf = 0.74 on thin layer silica plates in ethyl

acetate:methanol, 2:1. Rf - 0.52 in butanol:water:acetic acid, 4:5:1.

N-t—ButoxycarbonyL—Glycyl—tetra¥(Y~Methyl—L—Glutamyl)-Dimethyl—L—

Glutamate (XLVIII)

' N-t-Butoxycarbonyl-glycine (1.5 mmdl; 0.26 g) was rgacted with
tetra-(y-methyl-L-glutamyl)-dimethyl-L-glutamate methane sulfonate
(using the mixed anhydride procedure previously described). The
workup was identical to that of compound XIII. The product was
recovered as a white powder. Yield 40%, 0.6 g, m.p. 205-210°C,

25

[OL]D = =-35.4 (¢ = 0.13, CF3

pressure liquid chromatography > 97% in cyclohexane:isopropanol:

CHZOH). Purity via normal phase high

methanol, 8:1:1. Rf = 0.71 on thin layer silica plates in ethyl

acetate:methanol, 2:1. Rf = 0.51 in butanol:water:acetic acid, 4:5:1.

Glycyl—tetra—(Y-MethquL—Glutamyl)—Dime;hyl;L—Glutamate°Methane

Sulfonate (XLIX)

N—t—Butoxycarbonyl—glycyl—tetra—(y—methyl—L—glutamyl)—diﬁethyl—
L-glutamate (0.6 mmol; 0.54 g) was deprotected at the N-terminus using
methane sulfonic acid in CHZClZ/formic acid as described previously
for the glutamate dipeptide. The N-deprotected hexapeptide+MSA salt
was collected as a white solid. Yield was quantitative. Compound

decomposed above 202°C. Rf = 0.30 on thin layer silica in butanol:water:

acetic acid, 4:5:1.
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Rt

N—t—Butoxycarbonyl—Y—Methyl—L-Glutémyl—Glycyl—tetra—(Y—Methyl—L;

Glutamyl)-Dimethyl-L-Glutamate (L)

N-t-Butoxycarbonyl-y-methyl-L-glutamic acid (0.4 mmol; 0.1 g)
was reacted with glycyl-tetra-(y-methyl-L-glutamyl)-dimethyl-L-glutamate
methane sulfonate (using the mixed anhydride procedure described
previously). The workup was identical to that of compound XIII. The
product was recovered as a white powder. Yield 35%, 0.15 g, m.p. 225-

227°¢, [a]g5 = =19.4 (¢ = 0.15, CF CHZOH). Purity via normal phase

3
high pressure liquid chromatography > 977 in cyclohexane:isopropanol:
methanol, 8:1:1. Rf = 0.70 on thin layer silica plates in ethyl

acetate:methanol, 2:1. Rf = 0.48 in butanol:water:acetic acid, 4:5:1.

- 44 -

T e e s e e e e A

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



High Performance Liquid Chromatography

Examination of oligopeptide conformation requires the synthesis
of chémically and optically pure materials. High performance liquid
chromatography (HPLC), on normal phase silica is well suited to study
the homogeneity of the protectedkhomo-oligopeptides of y-methyl-L~
glutamate and the co-oligopeptide of'y—methyl-L—glutamate and glycine.

HPLC analysis of the protected homo-oligomers was carried out in
a solvent system consisting of cyclohexane:isopropanol:methanol, 8:1:1,
using a flow rate of 2 ml/min. A few drops of trifluoroethanol was
added to the heptamer solutions due to‘the decreased solubility of
this homo-oligomer in methylene chloride. Retention times or K'
values of homo-oligopeptide peaks increased with an increase in chain

length.

where Vl is the retention volume of the component of interest and V0

is the retention volume of the solvent front. Complete peak separation
was achieved for all homo-oligomers using the above solvent system.
Injection of a mixture of all homo-oligomers demonstrated the great
resolving power of this system (Fig. 2).

The HPLC analysis of the co-oligopeptides was performed under the
cpnditions identical to the above. During evaluation of chemical
homogeneity several co-oligopeptides of the same molecular weight but
different sequence displayed significant d;fferences in retention
times on pPorasil (ncrmal pﬁase silica). These results must be

- indicative of the high sensitivity of the system to slight changes in

molecular structure. As seen in Table 1 and chromatograms (Figs. 2
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through 15), the effect of glycine insertion on the tri-, tetfa—, and
pentapeptides results in stronger retention of the co-oligomers by the
column as compared to the corresponding homo-oiigomers. These
observations are consistent with glycine behaving as a more polar
residue than y-methyl-L-glutamate and therefore interacting more
strongly with the silica support. Two of the co—hexapeptideg (Fig. 19,
20), and three of the co-heptapeptides (Fig. 24, 25, 26), however, -
have significantly higher mobility than the parent homo-oligopeptide. -
Thus in several instances glycine behaves as if it is a less polar
species than y-methyl-L~glutamate.

In experiments performed by Naider and Huchital,28 comparison of
the glutamate-glycine hexamers with'L-methionine—glycine cohe}gamers
revéaled significant similarities. In both cohexamer series glycine
in position 2 resulted in greatest ;eténtion, whereas glycine in
position 3 and 4 gave the highest mobilities. These results suggest
that both the glutamate and the methionine copeptides have similar
conformational distributioﬁs and may interact in a similar manner with
the HPLC support. These findings may be a consequence of a major

vperturbation to the three dimensional conformation of the peptide

upon insertion of glycine. It is known that many homo-oligopeﬁtides
have critical chain lengths for onset of secondary structure of between’
six or seven residues.l In light of this the skewed chromatographic
pattern of the homohep tamer (Fig. 22), and the greatly increased
retention time (as compared to the lower homo-oligomers), may be a
result of effects on mobility due to the onset of a unique secondary
structure at this chain length. ThHe insertion of glycine into the
baékbone may perturb this structure thus reducing glycine interaction

with the column resulting in a reduced retention time. Unfortunately,
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due to poor solubility of the higher peptides in the mobile phase
employed.it is extremely difficult to cdrry out C.D. measurements in
this solvent.’

With the proper choice of solvent system and flow rate, high
performance liquid chromatography has proven to be a highly effective
method for chémical purity analysis. HPLC might also serve as a system
which could detect via retention times slight changes in molecular
conformation as a result‘of_differential interaction of the various

co-oligomers with the silica support.
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TABLE 1

Mobility of Glycine-y-Methyl Glutamate

Co-oligopeptides on pPorasil

Mobile Phase
(Cyclohexane-Isopropanol-

Compound Methanol) K'
Boc~[GLu(0Me) ] ,0Me 92:5:2 3.40°
Boc—Gly[Glu(OMe)]ZOMe 92:6:2 4.54b
Boc-Glu(OMe)—~GLy—-GLu(OMe) OMe 92:6:2 6.01°
Boc-[Glu(OMe)]4OMe 92:6:2 7.96b
Boc-Gly~[Glu(OMe) ] ;0Me 92:6:2 7.98%7¢
Boc-Glu(OMe)—Gly[Glu(OMe)]20Me 92:6:2 ll.9lb
Boc- [GLu(OMe) ] ,~G1y~GLu(Cle) OMe 92:6:2 12.37°
Boc—[Glu(OMe)]3OMe 80:10:10 l.08b
Boc~Gly~[Glu(OMe) ] OMe 80:10: 10 1.08°
Boc~-Glu(0Me)-Gly-Glu(OMe) OMe 80:10:10 1.30b
Boc—[Glu(OMe)]40Me 80:10:10 1.58b
Boc—Gly-[Glu(OMe)]30Me 80:10:10 1.63b
Boc-Glu(OMe)—Gly—[Glu(OMe)]ZOMe 80:10:10 1.89b
Boc-[Glu(OMe)]2-G1y-G1u(OMe)OMe 80:10:10 1.91b
Boc-[GLu(OMe) ] ;~OMe .80:10:10 2.57°
Boc—Gly-[Glu(OMe)]40Me 80:10:10 2.90b
Boc-Glu(OMe)—Gly[Glu(OMe)]30Me 80:10:10 3.20b
Boc-[G1u(OMe) ] ,-Gly~[GLu(OMe) ] ,OMe 80:10:10 2.62°
Boc-[GLu(0Me) ] 5~Gly-GLu(OMe) OMe 80:10:10 2.75°
Boc-[GLu(OMe) ] (OMe 80:10:10 4. 269

80:10:10 4.65%

Boc—Gly—[Glu(OMe)]SOMe
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TABLE 1 (Cont'd.)

Mobility of Glycine-~y-Methyl Glutamate Co-oligopeptides on pPorasil

Mobile Phase

a

Compound (Cyclohexane-Isopropanol- K'
Methanol)
Boc-Glu(OMe)-Gly- [G1u(0Me) ] ,OMe 80:10: 10 4.859
Boc—[Glu(OMe)]Z-Gly-[Glu(OMe)]SOMe 80:10:10 4=l9d
Boc—[Glu(OMe)]3—Gly—[Glu(OMe)]20Me 80:10:10 3-89d
Boc—[Glu(OMe)]4—Gly—Glu(OMe)OMe 80:10:10 4.37d
. Boc-[GLu(0Me) 1 ,0tte 80:10: 10 7.08%4
Boc-GLu(0Me)~Gly~[GLu(0Me) ] ;OMe ‘ 80:10: 10 7.89¢
Boc~[Glu(OMe) ] ,~Gly-[GLu(OMe) ] ,Olte 80:10:10 6.149
Boc-[Glu(OMé)]3—Gly—[Glu(OMe)]3OMe 80:10:10 5.94d
Boc- [Glu(OMe) ] ,~Gly-[GLu(OMe) ] ,0Me 80:10: 10 5.83°
Boc-[Glu(OMe) ] ~Gly-[GLu(OMe) 1 0Me 80:10:10 5.45¢

& = Vl - VO/VO’ where V1 is the retention volume of the component of

interest and V, the dead volume; flow rate = 2.0 mL/min.
bPeptide injected in methylene chloride.:

cAssymmetric—distorted peak shape.

dPeptide injected in methylene chloride/trifluorocethanol (10:1).
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Figure 2. y-Methyl Glutamate Homo-oligopeptides
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Figure 4. Boc-[Glu(OMe)l30Me
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Figure 6. Boc-Glu(OMe)~Cly~Glu{OMe)OMe
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Figure 7. Boc-[Glu(OHe)]AOHe
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Figure 8. Boc—Gly-[Glu(OHe)IJOMe
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Figure 9. Boc-Glu(OMe)-Gly[Glu(OHMe)],0Me
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Flgureilo. ﬂuc—[Glu(OMe)lz-Gly-Glu(OMe)ONe
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Figure 12. Boc-Glu(OHe)-Gly[Glu(OHe)]30He
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Figure 13. Boc-[Glu(OMe)lz-Gly—[Glu(OHe)IZOMe
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Figure l4. Boc-[CLU(OMe)]D-CIy-Glu(OHe)OMe
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Figure 15. Boc—Gly~[Glu(0Me)]AOMe
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Figure 16. Boc-[Glu(DNe)]GOH'e
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-Figure 17. .Bcc-Gly-lz}lu(OMe))SOMe
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Flgure 18. Bcc-Glu(ONe)-Gly-[clu(oﬂe)JaOHe
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Figure 20. Boc-[Glu(OHe))J-Cly-[clu(OMe)IZOMe
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Figure 21. Boc—[GIu(OMn).L‘.-_GIy-Glu(OHe) OMe
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Figure 22, Boc-{Glu(OMe)]) 7OMt:
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Figure 23. Boc-Glu(OMe)=-Gly-[Glu(OMe) ]50Me
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Figure 24. Boc-[Glu(OHe)lz-Gly-[GIu(OMe)]aOHe
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Figure 25. Boc—[Glu(OMe)]a-cly-[Glu(OHe)]30Me
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Figure 26. Boc-[Glu(OHe)]A-Gly-lclu(oﬂe)]20He
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Figure 27. Boc-[Glu(OMe) ] g-Gly-{GLu(OMe) ) Ote
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Polarimetry

The optical activity of all protected oligomers was measured at
the sodium D line, 589 nm, in_both trifluoroethanol, a structure
supporting solvent and hexafluoroisopropanol, a structure
ﬁestabilizing solvent. The molar rotations were calculated according

to the following equat:ion:67’68

(molecular weight)-* ([algs)
[6ly = 10,000

[a]g5 =. gpecific rotation

A plot of thé molar rotation of the homo-oligomer series versus
the number of residues (n), in trifluoroethanol and hexafluoro-
isopropanol is presented in Figure 28. A linear relationship
exists between the molar rotation and the chain length
when these homd-oligomers are dissolved in hexafluoro-
isopropanol. These results are in close, agreement with earlier

6,67 Dissolution of the above series in trifluoroethanol

studies.
yields values for molar rotation that are quite similar with those
values in hexafluoroisopropanol for the dimer, trimer, and tetramer.
At the pentapeptide a deviation from linearity occurs and continues
through the heptamer fbr the peptides dissolved in trifluoroethanol.
These results are also consistent with earlier studies of similar
peptides. This deviation from linearity has been attributed to a
change in secondary structure of the oligob-peptideé.ss_61 Because
hexafluoroisopropanol is a structure destabilizing solvent, it can be
reasonably concluded that a transition of the peptide structure from
‘statistical coil in HFIP to an ordered structure in TFE has occurred.

These results establish a critical chain length for the onset of

ordered structure of between five and six residues in the homo-oligomers.

- 63 -

- SRR RRLIE e - - LICRELEE G4 O D O AU oy g SR R

[

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A plot of the molar rotation values in hexafluoroisopropanol and
trifluoroethanol vs: n, the number of glutamate residues is depicted

in Fig. 29 for the co-oligopeptide series Boc—Gly—(G%u)nOMe. The
OMe

co-oligopeptides dissolved in HFIP yielded [¢]M values that are linear
with respect to the number of residues. The slope of the curve is
almost identical to the slope of the homo-oligomer seriés in HFIP.

The slope as previoﬁsly mentioned is equal to the contribution from

[¢]

optical purity during synthesis and the integrity of the instrumental

' . . These results demonstrate the maintenance of
internal residue

analysis.

In Fig. 29 the BocGly(Glu)nOMe series dissolved in TFE shows a
{
OMe

slight deviation from linearity at n = 4 and a substantial deviation at
n = 5. This would indicate a contributisn to total molar rotation from
some form of secondary structure which initiates between %our and five
y-methyl glutamate residues and is stabilized with increasing chain
length up to the co-heptapeptide.

In Fig. 30 [cb]M of the co-oligomer series BocGluGly(G}u)nOMe vs. n
In ¥ig. 3U L9y o the co-ollgomer series bocufuuxkafu)nume vs. n,

OMe OMe
in HFIP demonstrates again a linear relationship between [d)]M and the
number of glutamate residues in the peptide. In trifluorocethanol this
copeptide displays a very slight deviation from linearity at n = 4,

that is BocG}uGly(G%u)aoMe. The substantial deviation from the
OMe OMe

linearity of the HFIP curve occurs at n = 5 for this series in TFE.
In Fig. 31 glycine is shifted stepwise and closer to the carboxyl terminus

in the copeptide series Boc(G}u)ZGly(G%u)HOMe; molar rotation values for
OMe OMe
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these peptides in HiIP fall on a curve which displays a relationship
between [d)]M and n ‘not quite as linear as the previously mentioned
curQes, however the absolute‘value of [¢]Mvcontinues to increase as n
increases. Deviation from linearity for the same series dissolved in

TFE are not as pronounced as seen for the homo-oligomers, BocGly(G%u)nOMe
OMe

and BocGluGly(Glu)nOMe in TFE. This may bg explained by the inhibition
OMe OMe -

of onset of structure due to the fact that the glycyl residue is at

the interior of the oligopeptide. Certainly in the Boc(Glu)3Gly(Glu)nOMe
v !
OMe OMe

series the deviation from linearity in TFE does not exist (Fig. 32).

It is suggested that the presencé of glycine in the third or
fourth positions in the tri- through hepta- or tetra- through hepta-
co—-oligopeptides respectively, may disrupt the formation or onset of
ordered structure in TFE. This asseftion can be suBstantiated by the
absence of deviation from linearity in graphs of [¢]M vs. n for these

- co-oligomers in TFE. Further evidence implicates a glycyl ;esidﬁe as a

disruptor of structure in the Boc(G%u)zGly(Glu)nOMe and
OMe OMe

Boc(G}u)BGly(G%u)HOMe series when a comparison of the slopes (within
OMe OMe

'

a series) of the HFIP vs. TFE plots'are made.: Specifically, in both the

Boc(G}u)zGly(G}u)HOMe series and the Boc(Glu)BGly(G%u)nOMe series the
A
OMe OMe OMe OMe

slopes of [¢]M vs. n in HFIP as compared to TFE do not vary substantially.
This slope is equal to the contribution to rotation or rotatory power,

of the internal residues, The rotatory power in

[¢]internal residue’

turn is' a function of the electric and magnetic field environment

- 65 -

e G e L e, VT SO AU e e meem bvamee s e

Y

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RN S R I BT e . L 01 S S U SO e o et e e

surrounding the peptide chromophore. These fields can vary from
solvent to solvent, as a function of primary structure (that is field
effects from adjacent residues), and as a function of secondary
structure.

Comparison of the slopes of [4)]M vs. n plots in HFIP for the

homo-oligomer series (n& 5), BocGly(Glu)nOMe series (n < 5), and
OMe

BocG%uGly(G%u)OMe series (n < 5), reveals very little if any difference
OMe OMe

in slope. All of these pldts also maintain their linearity regardless
of glycine position. It is therefore concluded that the deviations
from linearity for these series in TFE is primarily a result of change
in secondary structure of the glycine substituted glutamate backbone.
The ability to analyze the type of secondary structure assumed by

a peptide‘is not possible via polarimetry. Polarimetry does however
provide a method by which one is able to monitor the omnset and/or

_ presence of secondary structure in an oligopeptide series when compared
to the same oligomers in a disordered or statistical coil conformation.
Polarimetry also serves as a criteria for the determination of optical
purity. The maintenance of optical purity is evident for all the above

compounds from the linearity of plots of all peptides in HFIP.
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Polarimetry Results

Compound
Boc(G}u)ZOMe
y=0Me
Boc(G%u)BOMe
v-0Me
Boc(G%u)4OMe
Y-0Me
Boc(G}u)SOMe
y=-0Me
Boc(G}u)GOMe
v-0Me
Boc(G}u)7OMe
Y—-0Me
BocGlyG}uOMe
v-OMe
BocGly(G}u)ZOMe
Y¥0Me‘
BocGly(G}u)SOMe
y—~0Me
BocGly(G%u)4OMe
v-0Me
BocGly(G}u)SOMe
y—-0OMe
BocGly(G}u)GOMe
v=-0Me
BocG}uGlyG}uOMe
Y-O0Me y-0Me

BocG%uGly(G%u)ZOMe‘
Yy-OMe vy-OMe

PR - LI e o ST SR

TABLE 2

(a1

5

TFE

-27.50
c =0.15

c =0.14

-44.,00
c =0.18

-38.46
c = 0.17

-32.70
c=0.13

-27.42
c=0.16

-8.10
c =0.29

=24.66
c = 0.22

-33.58
c=20.14

-35.41
c=0.13

=35.44
c=0.13

~35.40
c =0.13

-10.50
c = 0.40

-30.43
c=0.17

- 67 -

Further reproduction prohibited without permission.

HFIP

-28.58
c =0.22

c=0.16

-47.02
c = 0.19

-49,12
c = 0.16

-53.00
c=0.17

~52.00
c =0.17

"6000
c = 0.26

~28.20
c = 0.18

-35.40
c=0.18

=42.80
c=0.17

-52.60
c=0.18

~43,99
c=0.13

-35.38
c=0.21

e g ereemeieno

TFE

-1.14

-2.47

-3.10

-3.26

-3.23

-3.11

-.27

-1.17

-2.08

-2.70

-3.21

-2,31

-0.50

-1.88

(61 .

HFIP

-1.19

-2.49

-3.31

-4.16

-5.20

-5.90

" =.20

-1.20

-2.22

-3.30

-4.60

~4.61

-0.59

-2.19



Polarimetry Results (Cont'd.)

25
[al; [¢1y
Compound TFE HFIP TFE HFIP
BocGLuGLy (Glu) 50Me -25.41 -40.20 -1.94 -3.06
(—OMe Y-O&e c=0.27 c=0.19
BocGluGly (Glu) ,OMe -27.91 -45.20 -2.53 -4.11
y-OMe  y—OMe e=0.17 c¢=0.17
BocGluGly (Glu) ;0Me ~-19.39 -49.50 ~~  -=2.03 -4.60
y=OMe y-oﬁe ¢ =0.15 ¢ =0.19
Boc(Glu) ,GlyGlullte -17.70 -24.74 -1.10 -1.53
Boc(Glu) ,Gly (G1u) ,0Me -19.66 -40.55 -1.48 -3.90
y-OMe  y~OMe ¢c=0.16 c=0.18
Boc(G%u)zGly(G%u)3OMe -31.32 -47.09 -2.83 -4.26
y-0Me y-0Me c=0.15 ¢ =0.18
Boc(G}u)zGly(é}u)4OMe -29.01 ~49.48 -2.81 ~5.19
v-0Me v-0Me c=0.14 c = 0.16
Boc (Gllu) 3GlyGluOMe -20.27 -35.80 -1.54 -2.73
y-0Me y-OMle c=0.18 ¢=0.19 '
Boc(G1u) 461y (GYu) ,0Me ~23.02  -4h.44 ~2.07 ~4.02
Y-OMe y-OMe c=10.16 ¢=0.15
Boc(G.;Lu) 3Gly(GJl.u) 10Me -23.89 -47.92 ~-2.50 -5.02
y-0Me  y-OMe ¢=0.18 ¢ =0.16
- 68 -~
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Circular Dichroism

The circular dichroism of all peptides was méasured from 250 nm
to 190 nm in trifluorocethanol (TFE), a structure supporting solventl
and hexafluoroisopropanol (HFIP)l a structure destabilizing solvent
for oligopeptides. The homooligomer series displayed similar C.D.
spectra, with respect to the position of Cotton effecﬁs, when compared
t; previous studies of similar compounds.70 The characteristic red
shift of the Amax for the amide m =+ m* transition from ~ 192 nm f9r_
the tripeptide to 204 nm for the heptapeptide is present as seen in

Fig. 33. The accompanying development of a trough‘at 222 nm for the
heptamer in TFE is clearly evident and is consistent (with respect to
wavelength) with the n - m* transition observed in C.D. spectra of
o~helical synthetic and natural polypeptides.ll In addition to the
above physical characteristics a crossover begins developing for the
pentamef at 191 nm and is well established in the heptamer at 196 nm.
This crossover has Eeen shown to be due to exciton Tesonances a; a
result of coupling of electronic transitions of the amide chromophore
in an o-helical afray.ll’Bl’63

The molar ellipticities of the two negative Cotton effecis observed
for the heptamer_in TFE (one at 204 nm and the other at 222 nm), are not
in close agreement with the C.D. spectra of partially a-helical
y-—ethyi—L—-glutamate12 and partially a-helical y-methyl-L-glutamates
homooligumers in TFE.70 The magnitude of ellipticities reported in
the literature for y-methyl-L-glutamates and y-ethyl-L-glutamates are
also not in close agreement.

Comparison of the C.D. spectra of the lower pepfides n = 2 through

n = 6 in TFE to the identical compounds measured in HFIP reveal
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significant similarities (Fig. 34). Specifically, a weak positive
band between 210 nm and 220 nm is present for the dipeptide, tripeptide,
tetrapeptide and pentapeptide in TFE. The position of this posifive
band for the above oligomers is the same in HFIP and is certainly more
pronounced. In TFE the hexapeptide does not exhibit any positive
crossover or Cotton effect between 210 nm and 220 nm compared to the
substantial positive Cotton effect centered at approximately 215 nm
for the hexamer in HFIP. This may reflect a difference in structural
distribution for the hexamer versus the lower peptides. In addition
tb the above spectral characteristics a trough was observed from 225 nm
to 240 nm in the spectra of n = 3 through n = 6 of the homooligomers
in HFIP. These results are consistent with the findings of Holtzworth
and Doty53 for spectra.of random or disordered peptides.

The presence of a well developed negative Cotton gffect centered

~at ~ 198 nm for the heptamer in HFIP and the absence of the weak

positive band between 210 nm and 220 nm (present in the lower oligomers
in HFIP) may be indicative of increased structural stability inherent
in the homo-heptamer even in a highly destabilizing solvent. However
the n + m* shoulder at 222 nm is not well developed in HFIP, and the
characteristic negative Cotton effect assigned to the parallel © -+ n*
exciton resonance is positioned at 198 nm as compared to 204 nm for
the heptamer in TFE. .These results suggest a lower percentage, if any,
of helix-like structure for the heptamer in HFIP.

Examination of the C.D. spectra for the BocGly[Glu(OMe)]nOMe
series in TFE (Fig. 35), reveals a gradual red shift for the negative
Cotton effect due to the m -+ 7% transition which appears at 192 nm for

= the co-tripeptide an& 202 nm in the co-heptapeptide. Also present in
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the co-heptapeptide spectra at ~ 222 nm is a well developed shoulder
which can be assigned to the n -+ 7% transition of a peptide in a
partially helical structure. The magnitude of ellipticity of the
negative Cotton effect assigned to the m =+ 7* transition is in close
agreement with the same transition in the homo-heptamer in TFE and

the position of this transition is 202 nm as compared to 204 nm in the
homo-heptamer. The ellipticity of the n + 7% band is reduced by
approximately 30% in the co-heptamer as compared to the same transition
for the homo-heptamer in the same solvent.

Examination of the spectra of the same compounds in HFIP (Fig. 36),
reveals great differences in the position and sign of Cotton effects
vs. éhose in TFE. There is no negative ellipticity between 226 nm and
207 nm in HFIP and a rather pronounced positive Cotton effect centered
at 215 nm is observed from dimer to heptaﬁer. These spectral
characteristics are consistent with peptides in random structure as
described in the literature.53 It should élso be emphasized that
although BocGly[Glu(OMe)]6OMe displays spectral characteristics in TFE
quite similar to those of Boc[Glu(OMe)]7OMe in TFE, its spectra in
HFIP is very unlike that of the homo-heptamer in the same solvent. It
is concluded that the stability of the secondary structure assumed by
BocGly[Glu(OMe)]6OMe is less than that of the homo-heptamer in the
same solvent.

Examination of the C.D. spectra of the Boc[Glu(OMe)]-Gly-[Glu(OMe)]n0Me
series in TFE (Fig. 37), as compared to HFIP (Fig.38), reveals many
similarities for the peptides n = 1 through n = 4. In both solvents
there appears in the specgra of these compounds a well developed positive

Cotton effect between 205 nm and 225 nm. There is virtually no negative
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ellipticity for these oligomers above 205 nm and the troughs below
205 nm are not highly developed. Thus for the above series with
n = 1l-4 there are no spectral characteristics associable with
a~helical structures. It is concluded that all members of this
series, save Boc[Glu(OMe)]—Gly[Glu(OMe)]SOMe, display spectra
associated with random structures regardless of the solvent.
Examination of the spectra of Boc[Glu(OMe)]—Gly[Glu(OMe)]50Me in
HFIP reveals ellipticity patterns very similar to those of the lower
oligomers in the same solvent. Spectra obtained for Boc[Glu(OMe) ]-
Gly[Glu(OMe)]SOMe in TFE suggest the presence of some a-helical
content in this molecule based upon the presence of a trough located
between 220 nm and 235 nm, the absencé.of a positive crossover above
200 nm, a well developed negative Cotton effect centered at 202 nm,
and a crossover at 196 nm.

‘When glycine is placea in position three of the peptide backbone,
the Boc[Glu(OMe)]Z—Gly-[Glu(OMe)]n-OMe series, the C.D. spectra of all
oligomers (witﬁ the exception of Boc[Glu(OMe)]Z-Gly-[Glu(OMe)]AOMe
(Fig. 39and Fig.40), exhibit spectra lacking any Cotton effect
characteristic of o-helical structure in both HFIP and TFE. When
n = 1-3 the peptides display a crossover from negative ellipticity to
positive ellipticity at ~ 225 nm. Only positive ellipticity is observed
at least through 205 nm., These spectral patterns were obtained in both
TFE and HFIP, Measurement of the C.D. spectra of Boc[Glu(OMe)]z—Gly—
[Glu(OMe)]a-OMe in TFE reveals a substantial trough located close to
the n + 7% transition at 222 nm that is characteristic of helical
peptides. Absent is the crossover to positive ellipticity.above 200 nm

commonly associated with peptides in a random structure. Present is a
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large negative Cotton éffect centered at ~ 200 nm. It is concluded
that this compound may possess some a-helical character.

The C.D. measurements of the Boc[Glu(OMe)]3—Gly[Glu(OMe)]HOMe
series in TFE (Fig. 41 and HFIP (Fig. 42) are consistent with the
previously discussed characteristics of random structure. Spectra of
all compounds exhibit a weak trough at between 215 nm and 235 nm, a
positive band ceﬁtered at ~ 210 nm, and a negative Cotton effect
below 200 nm. The co—-heptamer in TFE displayed spectral patterns
consistent with random structure in contrast to all the previously
examined co-heptamers. |

The Boc[Glu(OMe)]4-G1y—[Glu(0Me)]n—OMe series consists of two
members, the co-hexamer and cofheptamér, which display very similar
spectral patterns with respect to one another in TFE and HFIP. The
C.D. spectra in HFIP of these two compounds (Fig. 44), exhibit
charactéristic patterns of peptides assuming a'random stfuctural
distribution. Present in the HFIP spectra is the negative trough.
centered at 230 nm and a large positive Cotton effect at ~ 210 nm.

For the co-hexamer and co-heptamer in TFE there is present a
negative trough at 230 nm accompanied by a substantial negative Cotton
effect at ~ 201 nm. The absence of positive ellipticity above 205 nm
suggest the presence of some ordered structure however the magnitude
of ellipticitj of the m =+ 7% transitions for both molecules in TFE
argues against this coﬁclusion. There may be present partial helicity
in these oligopeptides in equilibrium with random conformations, and
certainly these peptides do possess different structural distributions
in TFE as compared to HFIP. Whether or not these conformers are of

a helical nature is difficult to substantiate.
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Boc[Glu(OMé)]S—Gly[Glu(OMe)j—OMe dissqlved in HFIP (Fig. 45)
exhibits a spectrum typical of a peptide in a random or disordered
structure. The C.D. spectrum of this peptide méasured in TFE (Fig. 45),
displays quite a different pattern; There appears a substantial
negative Cotton effect at 200 nm and a steady,.ﬁell~developed shoulder
centered at ~ 222 nm. There is absent a positive crossover between
225 nm and 205 nm which is present in the HFIP spectra. It is concluded
that Boc[Glu(OMe)]S—Gly[Glu(OMe)]—OMe definitely possess some o-helical
character in TFE based upon the positions and magnitudes of the
negative Cotton effects and the marked difference between CD patterns
in TFE and HFIP.

C.D. spectra of the homo-oligomers in TFE displayed spectral
patterns similar ;o those previously reported in the literature with
respect to position of the Cotton effect assigned to the n - 7* and
m > 7% transitions. The molar ellipticities for the two major Cotton
effects in the homo-heptamer in TFE were half those reported for the
N-carbobenzoxy-y~ethyl-L-glutamate heptamer C.D. spectra in TFE.13
The difference when compared to Z—[Glu(OMe)]7-OMe in TFE was an order
of.magnitude.70

The CD investigation of the glycine—glutamate‘go-peptides Hagx.:'.
resulted in the following interpretations. Glycine in positibﬁ;i of a
co-heptamer in TFE results in an approximately 30% reduction in molar
ellipticity of the negative Cotton effect at 222 nm as compared to the
homo-heptamer. There is no shift however in the position of the n -+ 7%
transition. There is approximately a 5% reduction in ellipticity for

the negative Cotton effect associated with the 7 - 7% transition and

an ‘accompanying shift from 204 nm in the homo-heptamer to 202 nm in the
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co-heptamer. It is concluded that insertion of glycine in position 1
in the co-heptamer results in spectra (in TFE) representative of
chromophores in a partially o-helical array. The extent of helicity
in this éo-heptamer is probably less than that of the homo-heptamer
in the same solvent.

Movement of glycine to position 2 in the co-~heptamer results in
~ 257 loss in ellipticity in the major Cotton effect assigned to the
m - 7% transition when compared to the homo~heptamer. There is also
about a 50% reduction in ellipticity in the n - 7% transition at 222 nm
for this co-heptamer as compared to the homo-heptamer in TFE (Fig. 46).
As glycine is moved to position 3 the similarity of the CD spectrum in TFE
with that of an a-helical oligopeptide decreases further and finally when
glycine is in position 4 all resemblence to an afheli;al CD pattern
disappears (Fig. 46).

The C.D. spectra in TFE of the co-heptamer having glycine in
position 5 is difficult to interpret. Based upoﬁ the differences in
the spectra of this peptide in HFIP vs. TFE it can however be concluded
that there are structural differences. The spectra in HFIP reflects
gypical random or statistical coil conformation, while the spectra in
TFE reflects at least a perturbation in magnetic and electric field
environments for .the identical chromophores.

The C.D. spectra of the co-heptamer in TFE possessing glycine in )
the 6th position clearly reflects o-helical content as it displays many
of the characteristics previously discussed and recognized as those

representative of partially helical structures.
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Figure 33. Boc—[Glu(OMe)]n-OMe in TFE
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Figure 35. Boc-Gly- [Glu(OMe)]n-OMe in TFE
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. Figure 36. Boc—Gly—[Glu(OMe)n]-OMe in HFIP
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Figure 37. Boc-[Glu(OMe)] l—Gly-[Glu(OMe)]n-OMe in TFE
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Figure 38. ,Boc—[Glu(OMe)]l—Gly—[Glu(OMe)]n-OMe in HFIP
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Figure 39. Boc-—[Glu(OMe)]Z-Gly—[Glu(OMe)]n—OMe in TFE
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Figure 40. Boc—[Glu(OMe)]2—Gly—[Glu(OMe)]n—OMe in HFIP
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Figure 41. Boc—[Glu(OMe)]3—Gly-[Glu(OMe)]n-OMe in TFE
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Figure 42. Boc—[Glu(OMe)]3—Gly—[Glu(OMe)]n—OMe in HFIP
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Figure 43. Boc-[Glu(OMe) ]'4—Gly—[Glu(OMe) ]n—OMe in TFE
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Figure 44. Boc-—[Glu(OMe)]4—Gly-[Glu(OMe‘)]n-OMe in HF'IP
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Figure 45. Boc- [Glu(OMe)]S-Gly-[Glu(OMe)]l—OMe in HFIP and TFE
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Figure 46. Co-heptdmers in TFE
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MATERIALS AND METHODS

L-Glutamic acid and glycine were purchased from Sigma Chemical Co.,
St. Louis, Missouri. N-methyl morphoiine, 2-(tertiarybutoxycarbonyl-
oxyimino)-2~-phenylacetonitrile, isobutylchloroformate, methane
sulfonic acid, trifluoroacetic acid and hexafiuoroisopropanol were
purchased from Aldrich Chemical Co., New Jersey. All other reagents
and solvents were of the highest purity available.

The optical rotation meashrements were carried out on a Perkin-
Elmer Model 141 polarimeter.

The HPLC apparatus used was a Waters chromatograph (Waters Assoc.,
Milford, Mass.) equipped with a model 6000M solvent delivéry system, a
U6K injector, and a model 450 variable-wavelength uv detector operating
at 220 om. A 30 cm x 3.9 mm i.d. uPorasil silica column, also supplied
by Waters Assoc., was used for all experiments.

Generally, the amount of sample injected was 5-20 ug dissolved in
5-25 yL dichloromethane. For some of the larger peptides a small
amount -of trifluoroethanol was required to attain dissolution. All
samples were eluted isocratically with cyclohexane-isopropanol-methanol.

Solvents were spectral grade and were purchased from Fisher
Scientific (Springfield, N.J.).

C.D. spectra were recorded on a Cary 60 spectropolarimétéf using

a .05 cm cell path length.

- 95 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CONCLUS ION

The major goal of this thesis was the determination of the effects
on the secondary structure of non-homologous amino acid substitution
at various positions in protected y-methyl-L-glutamate homo-oligomers.
To this end the solution synthesis of homo- and co-oligopeptides was
required. A final purity of > 97% was deemed necessary for meaqingful
spectral analysis. Purity determination via normal phase HPLC was the
criteria for purity.

The synthetic procedure emplsyed was highly successful. All
compounds synthesized were of a final purity of 97% or greater. The
significance of this success lies in the ability to obtain for conforma-
tional comparison a pure series of compounds with identical amino acid
content varying only slightly in sequence. In'contr;st to the solution
phase synthesis, the more rapid éolid phase method could .not guarantee
correct peptide sequence. When employing the éolid phase method it
is necessary to drive every reaction to 100% coﬁpletion to insure
homogeneity of the final product. Solution phase synthesis allows the
facile removal at every step of any impurities resulting from unreécted
starting materials.

The ability to purify all peptides without the use of column-liquid
chromatography was an additional accomplishment of this thesis. fhe
use of'a simple and inexpensive washing procedure allowed recovery o%
virtually pure product. Losses were rarely greater than 10% using this
procedure.

The purity determination of HPLC portion qf this thesis yielded
serendipitous discoveries. During the time at which these purity

determinations were carried out analytical HPLC of protected oligopeptides
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was not a routine procedure. Initial attempts at analysis using a
conventional bi-component’ (cyclohexane:isopropanol) solvent system, on
" gilica, proved quite ineffecéiﬁe in resolving any of the peptides above

the trimer. Application of reverse phase HPLC was also without
success. This researcher devised a tri~-component solvent system
consisting of cyclohexane:isopropanol:methanol. All peptides.
synthesized for this thesis were highly resolvable in the new system.
Most impregsive from the HPLC analysis was the ability’of the system
to resolve oligomers of the identical molecular weight that differed
only in the position of glycine insertion in the glutamate backbone.
Another remarkable finding was the relationship of column mobility of
the peptide to position of glycine insertion in the peptide. The most
interior glycine ﬁositions in the hexamer and heptamers resulted in
reduced retention time when compared to other heptamers and hexamers.
This is in direct contrast to increased retentioﬁ time (as compared
to the homo-oligomers) with insertion of glycine in any of the lower
hbligomers. These results could be attributable to a conformational
pertgrbation imposed by glycine insertion at the internal positions
and sﬁEsequent'differences in the glycyl interaction with the silica
support.
The results of circular dichroism studies indicate that the homo-
glutamates form heiices at'the heptapeptide. The spectra of

(BocGly(G}u)6OMe) in TFE was quite similar to the spectra of
YOMe

Boc(G%u)7—OMe in TFE. In a heptamer, four or at most five residues
OMe '

can exist in a helical structure because end residues_solvate

differently and are often unable to take part in the one or two
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intramolecular stabilizing hydrogen bonds. It is plausible that a
glycyl residue at the N-terminal position of a heptamer, otherwise
containiné only y-methyl-L-glutamate, is not involved in hydrogen
bonding and thus not involved in the stabilization of helical
structure. Glycine in the second position must solvate differently
than a glutamate residue and may therefore effect its H-bonding
abilities, and certainly possess different ¢,y angle distributiodg.
These differences are reflected in the substantial loss of.helical
character from the C.D. patterns. This disappearance of afhelical
structure becomes more pronounced in the C.D. of the co-heptamer

Boc(G%u)zGly(G%u)QOMe. The loss of all helical character is apparent
' yOMe yOMe

in Boc(G}u)3Gly(G}u)30Me based upon its representative spectra. The
YOMe YOMe

‘fourth position is the position where a glycyl residue appears to be
most effective in destabilizing structure. This may be a result of
having the lowest number of consecutive glutamates in this molecule
and therefore destroying the possibi;}ty of any H-bonding. Glycine
may behave or function as a highly flexible hinge in this position.
These findings are consistent with the results of Chou and Fasman71
with respect to glycine's helix breaking ability in, globular proteins
in general. A glycyl residue in the fifth'positiontdisplays a spectra
‘in TFE which is difficult to interpret with respect to the presence

of any definite helical structure. Finally the'movement of the glycyl
residue to the sixth position marks the return of some helical

' character to the C.D. (in TFE) of that coheptamer. The results of the

above are consistent with those of polarimetry for the Boc(%lu)nOMe,
yOMe
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BocGly(G}u)nOMe, BocGluGly(Glu)nOMe, Boc(G%u)ZGly(G}u)nOMe, and
] ]
YOMe yOMe YOMe . YOMe YOMe

Boc(G%u)3Gly(Glu)nOMe with respect to deviation from linearity in
\
vYOMe yYOMe

[c{)]M vs. n plots in TFE as a function of the onset of secondary
structure. In the case of the remaiﬂing series graphic analysis of
polarimetric results was not appropriate.

| These circular dichroism studies demonstrate the ability of this
spectral technique to distinguish between structures of linear qligo-
peptides varyidg only in the position of one non-homologous peptide in
a homologous backbone. The ability to distinguish between small
changes in peptide sequence via C.D. can be of major importance for
the study of peptide hormones and drug design when such drugs and
hormones are dependent on their primary and secondary conformations

for biological‘activity. ‘
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