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Branched oligopeptides prepared by coupling a very hydrophobic aspartic diamino acid ethyl ester such as Asp
(LeuEt)2, Asp(IleEt)2 and Asp(PheEt)2 to glycine or glycylphenylalanine were grafted to the cyclotriphosphazene
backbone bearing an equimolar hydrophilic poly(ethylene glycol) (PEG). The properties of the resultant amphiphiles
were examined in comparison with those of the linear oligopeptide analogues previously reported. All cyclic phosphazene trimers grafted with the branched tetra- and pentapeptides displayed a normal trend of thermosensitivity
depending on their hydrophilic to hydrophobic balance, but the stability and particle size of their micelles were found
to be greatly dependent on the fine structure of the branched oligopeptides grafted. The trimers bearing branched tetrapeptides with a low hydrophobicity were found to form unstable micelles initially, which reassemble into thermodynamically more stable polymersomes.
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Introduction

Experimental

Polymeric micelles have attracted much attention during last
decades because of their potential applications as drug delivery
1-6
systems. Consequently, a tremendous amount of efforts has
been made to develop micellar drugs using versatile approaches,
which were reported in many excellent reviews.7-12 Polymeric
micelles are mostly prepared from linear diblock or triblock
copolymers consisting of both hydrophilic and hydrophobic
segments. Such linear amphiphilic copolymers can easily form
spherical micelles by self-assembly in aqueous solution, which
however rarely satisfy simultaneously all of the physicochemical properties required for practical drug delivery applications.
In particular, the stability and drug loading capacity of the micelles self-assembled from linear block copolymers are the most
important problems to overcome for drug delivery via intravenous injection. Therefore, it is an urgent task to exploit new
types of amphiphilic polymers.
Recently, we have developed a new method to prepare tripodal amphiphiles, represented as [N=P(X)(Y)]3, by cis-nongeminally grafting equimolar amounts of a hydrophilic poly
(ethylene glycol) (X) and a linear hydrophobic oligopeptide (Y)
13-15
to a cyclic phosphazene template.
We have demonstrated
in our previous study that these tripodal amphiphiles provide
strong intra- and intermolecular hydrophobic interactions tunable for self-assembly to various nanostructures such as micelles,
bilayered polymersomes, and molecular gels that are ruled by
the hydrophobicity parameter (log P) of the oligopeptides employed. In particular, we have shown that the tripodal cyclotriphosphazenes bearing linear oligopeptides with high hydrophobicity (Log P > 1) remain as stable micelles in aqueous solution but those with intermediate hydrophobicity (0 < log P < 1)
reassemble into bilayered polymersomes.15-17
Now it seems very interesting to examine the morphology
and physicochemical properties of the tripodal cyclotriphosphazenes with branched oligopeptides instead of linear oligopeptides, and here we report their synthesis and properties.

Materials. Hexachlorocyclotriphosphazene (Aldrich) was
used without further purification. The branched tetrapeptide
ethyl esters, [GlyAsp(PheEt)2], [GlyAsp(IleEt)2] and [GlyAsp
(LeuEt)2], and a pentapeptide ethyl ester [GlyPheAsp(PheEt)2]
was prepared by the literature method.18 Methoxy poly(ethylene glycols) with molecular weights of 350, 550 and 750
(MPEG350, MPEG550 and MPEG750, respectively) (Fluka)
were used without further purification but thoroughly vacuumdried and then stored over molecular sieve 4A before use. Tetrahydrofuran (THF) was dried by boiling at reflux over sodium
metal and benzophenone and then distilled under a nitrogen
atmosphere. Chloroform and triethylamine were dried by boiling at reflux over sodium hydride and barium oxide, respectively
and then distilled under the same condition.
1
Instruments and measurements. H NMR spectra were recorded using Bruker DPX-250 NMR spectrophotometer operating
at 250 MHz in the Fourier transform mode. Proton-decoupled
31
P NMR spectra were measured with Varian Unity INOVA-400
spectrophotometer operating at 400 MHz using phosphoric acid
as an external standard. Elemental analysis was carried out with
a Carlo Ebra-EA1108. The lower critical solution temperature
(LCST) was measured by UV-visible spectroscopy. Dynamic
light scattering (DLS) measurements were performed for 0.3%
trimer solutions using Malvern Zetasizer (Nano-ZS). The critical micelle concentrations of cyclic trimers were measured by
a fluorescence probe technique using pyrene.19 TEM images
of a trimer deposited on 200 mesh carbon-coated Cu grid by
evaporation of its 0.125% aqueous solution were measured by
JEM-2100F.
Synthesis and characterization.
[NP(MPEG350)(GlyAsp(LeuEt)2)]3 (1): The sodium salt
of methoxy poly(ethylene glycol) with a molecular weight of
350 (MPEG350) was prepared by reaction of MPEG350 (3.62 g,
10.35 mmol) with sodium hydride (0.26 g, 10.87 mmol) in THF
(150 mL) at room temperature for 8 h. The solution was filtered
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over argon atmosphere to remove unreacted sodium hydride
and was added drop wise to hexachlorocyclotriphosphazene
(1.0 g, 2.88 mmol) dissolved in THF (100 mL) at ‒70 oC. The
o
reaction was continued for 2 h at ‒70 C and then for 8 h at
room temperature. To the reaction solution was slowly added
a solution of GlyAsp(LeuEt)2 (4.49 g, 9.5 mmol) and triethylamine (1.92 g, 20 mmol) dissolved in THF (100 mL). The reaction mixture was stirred for 2 days at 50 oC and then filtered
to remove solid by-products (NEt3·HCl and NaCl). After the
filtrate was evaporated, the concentrate was precipitated using
a solvent pair of THF and n-hexane, which was repeated twice.
The resultant product was further purified by dialysis for one
day against methanol and another day against ultra-pure water
using cellulose dialysis membrane (MWCO: 1000). The dialyzed solution was freeze-dried to obtain the trimer [NP(MPEG350) (GlyAsp(LeuEt)2)]3. The product was further purified by
precipitation from its aqueous solution (10%) at its LCST.
Yield: 38 %.
Elemental Analysis (%) Calcd for C111H210N15O45P3·3H2O:
C, 50.85; H, 8.30; N, 8.01. Found: C, 50.83; H, 8.12; N, 8.27.
1
H NMR (CDCl3, ppm) δ 0.87-0.91 (m, 36H, (Leu-(CH3)2),
1.16-1.5 (t, 18H (Leu-OCH2CH3) and (m, 18H, Leu-CHCH2-),
2.7-2.9 (t, 6H, Asp-CH2-), 3.35 (s, 9H, (MPEG350-OCH3),
3.45-3.55 (b, 78H, MPEG350-OCH2CH2- and d, 6H, GlyCH2), 3.97 (b, 6H MPEG350-OCH2-O-), 4.1-4.2 (m, 12H, LeuOCH2CH3), 4.48 & 4.92 (b, 9H, (Leu-CH)2 and Asp-CH), 4.76,
7.05, 7.99 (m, 9H, amide H of peptide). 31P NMR (CDCl3, ppm)
o
δ 21.8. LCST: 41 C.
[NP(MPEG350)(GlyAsp(IleEt)2)]3 (2): MPEG350 (3.62 g,
10.35 mmol), sodium hydride (0.26 g, 10.87 mmol) hexachlorocyclotriphosphazene (1 g, 2.88 mmol), GlyAsp(IleEt)2 (4.49 g,
9.5 mmol) and triethylamine (1.92 g, 20 mmol) were used.
Yield: 42%.
Elemental Analysis (%) Calcd for C111H210N15O45P3·3H2O:
C, 50.85; H, 8.30; N, 8.01. Found: C, 50.23; H, 7.95; N, 7.81.
1
H NMR (CDCl3, ppm) δ 0.87-0.91 (m, 36H, (Ile-(CH3)2), 1.161.5 (t, 18H (Ile-OCH2CH3) and (m, 18H, Ile-CHCH2-), 2.7-2.9
(t, 6H, Asp-CH2-), 3.35 (s, 9H, (MPEG350-OCH3), 3.45-3.55
(b, 78H, MPEG350-OCH2CH2- and d, 6H, Gly-CH2), 3.97 (b,
6H MPEG350-OCH2-O-), 4.1-4.2 (m, 12H, Ile-OCH2CH3),
4.48 & 4.92 (b, 9H, (Ile-CH)2 and Asp-CH), 4.76, 7.05, 7.99
(m, 9H, amide H of peptide ). 31P NMR (CDCl3, ppm) δ 21.9.
o
LCST: 37 C.
[NP(MPEG350)(GlyAsp(PheEt)2)]3 (3): MPEG350 (3.62 g,
10.35 mmol), sodium hydride (0.26 g, 10.87 mmol) hexachlorocyclotriphosphazene (1 g, 2.88 mmol), GlyAsp(PheEt)2 (5.13 g,
9.5 mmol) and triethylamine (1.92 g, 20 mmol) were used. Yield:
39%.
Elemental Analysis (%) Calcd for C129H198N15O45P3·5H2O:
C, 53.80; H, 7.35; N, 7.30. Found: C, 54.0; H, 7.58; N, 7.27. 1H
NMR (CDCl3, ppm) δ 1.02-1.10 (t, 18H, Phe-OCH2CH3)2), 2.52.7 (m, 6H, Asp-CH2-), 2.95 (m, 12H, Phe-CH2-), 3.28 (s, 9H,
MPEG350-OCH3), 3.45-3.55 (b, 90H, MPEG350-OCH2CH2and d, 6H, Gly-CH2), 4.1-4.2 (m, 12H, Phe-OCH2CH3 and 6H
MPEG350-OCH2-O-), 4.63-4.66 (b, 9H, (Phe-CH)2 and AspCH), 6.8, 7.55, 7.64-7.67, 7.82-7.85 (d, 12H, amide H of peptide), 7.08-7.19 (m, 30H Phe-arom). 31P NMR (CDCl3, ppm) δ
o
22.0. LCST: 19 C.
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[NP(MPEG350)(GlyPheAsp(PheEt)2)]3 (4): MPEG350
(3.62 g, 10.35 mmol), sodium hydride (0.26 g, 10.87 mmol)
hexachlorocyclotriphosphazene (1 g, 2.88 mmol), GlyPheAsp
(PheEt)2) (6.53 g, 9.5 mmol) and triethylamine (1.92 g, 20 mmol)
were used. Yield: 42%.
Elemental Analysis (%) Calculated for C156H225N18O48P3: C,
1
58.31; H, 7.06; N, 7.85; Found: C, 58.04; H, 6.77; N, 8.17. H
NMR (CDCl3, ppm) δ 0.98-1.04 (t, 18H, Phe-OCH2CH3)2), 2.52.7 (m, 6H, Asp-CH2-), 2.95 (m, 18H, Phe-CH2-), 3.28 (s, 9H,
MPEG350-OCH3), 3.45-3.55 (b, 78H, MPEG350-OCH2CH2and d, 6H, Gly-CH2), 4.1-4.2(m, 12H, Phe-OCH2CH3 and 6H
MPEG350-OCH2-O-), 4.61-4.68 (b, 12H, (Phe-CH)2 and AspCH), 6.9, 7.55, 7.64-7.67,7.82-7.85 (d, 15H, amide H of peptide), 7.08-7.19 (m, 45H Phe-arom). 31P NMR (CDCl3, ppm)
δ 22.62. LCST: 19 oC.
[NP(MPEG550)(GlyPheAsp(PheEt)2)]3 (5): MPEG550
(5.69 g, 10.35 mmol), sodium hydride (0.26 g, 10.87 mmol),
hexachlorocyclotriphosphazene (1 g, 2.88 mmol), GlyPheAsp
(PheEt)2 (6.53 g, 9.5 mmol) and triethylamine (1.92 g, 20 mmol)
were used. Yield: 48%.
Elemental Analysis (%) Calculated for C186H285N18O63P3: C,
1
57.66; H, 7.41; N, 6.51; Found: C, 56.40; H, 7.33; N, 6.67. H
NMR (CDCl3, ppm) δ 1.03-1.10 (t, 18H, Phe-OCH2CH3)2), 2.62.7 (m, 6H, Asp-CH2-), 3.03 (m, 18H, Phe-CH2-), 3.37 (s, 9H,
MPEG550-OCH3), 3.50-3.7 (b, 138H, MPEG350-OCH2CH2and d, 6H, Gly-CH2), 3.9-4.2(b, 12H, Phe-OCH2CH3 and 6H
MPEG550-OCH2-O-), 4.61-4.80 (b, 12H, (Phe-CH)2 and AspCH), 7.30-8.00 (d, 15H, amide H of peptide), 7.20 (m, 45H
Phe-arom). 31P NMR (CDCl3, ppm) δ 21.55. LCST: 51 oC.
[NP(MPEG750)(GlyPheAsp(PheEt)2)]3 (6): MPEG350
(7.76 g, 10.35 mmol), sodium hydride (0.26 g, 10.87 mmol),
hexachlorocyclotriphosphazene (1 g, 2.88 mmol), GlyPheAsp
(PheEt)2 (6.53 g, 9.5 mmol) and triethylamine (1.92 g, 20 mmol)
were used. Yield: 28%.
Elemental Analysis (%) Calculated for C210H333N18O75P3: C,
57.29; H, 7.62; N, 5.73; Found: C, 56.34; H, 7.56; N, 5.49. 1H
NMR (CDCl3, ppm) δ 0.96-1.01 (t, 18H, Phe-OCH2CH3)2), 2.62.7 (m, 6H, Asp-CH2-), 2.8 (m, 18H, Phe-CH2-), 3.26 (s, 9H,
MPEG550-OCH3), 3.50-3.7 (b, 186H, MPEG350-OCH2CH2and d, 6H, Gly-CH2), 3.9-4.2 (b, 12H, Phe-OCH2CH3 and 6H
MPEG550-OCH2-O-), 4.30-4.70 (b, 12H, (Phe-CH)2 and AspCH), 7.30-8.00 (d, 15H, amide H of peptide ), 7.10 (b, 65H
31
o
Phe-arom). P NMR (CDCl3, ppm) δ 22.38. LCST: 69 C.
Results and Discussion
Synthesis and properties. The amphiphilic cyclotriphosphazene derivatives bearing a methoxy poly(ethylene glycol)
(MPEG) as a hydrophilic group and a branched oligopeptide
as a hydrophobic group were prepared according to the following reaction Scheme 1 as reported in our previous works.14,15
The branched tetra- and pentapeptides were prepared by coupling a very hydrophobic aspartic diamino acid ethyl ester such
as Asp(LeuEt)2, Asp(IleEt)2 and Asp(PheEt)2 to glycine or gly18
cylphenylalanine. No significant difference was observed in
the reactivity of the branched oligopeptides compared with
linear oligopeptides as a substituent nucleophile, although more
steric hindrance among the branched oligopeptide groups is
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Scheme 1. Synthetic route to micellar cyclotriphosphazenes
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Figure 1. P NMR spectra of trimer 1 before (a) and after purification (b).

expected for their nucleophilic substitution in the cyclic phosphazene ring compared with the linear oligopeptide groups. We
could obtain reasonably high purity (> 95%) of cis-nongeminal
conformation of the branched oligopeptides after column purification as shown in the 31P NMR spectra in Figure 1.
We have prepared several derivatives grafted with branched
oligopeptides by structural variations of both hydrophilic PEG
and hydrophobic branched oligopeptide groups. The solution
properties of these amphiphilic trimers such as the lower critical solution temperature (LCST), dynamic light scattering
(DLS), and critical micelle concentration (CMC) were measured
in aqueous solutions and are listed in Table 1 along with the
calculated values of the hydrophobicity parameter, log P of the
oligopeptide used.20 As seen in the table, all cyclotriphosphazenes bearing equimolar amounts of a hydrophilic PEG and a
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hydrophobic branched oligopeptide exhibit thermosensitive
properties by showing a lower critical solution temperature
(LCST).
LCSTs of the tetrapeptide-grafted trimers 1-3 with the same
PEG350 in the table show that the trimer with the more hydrophobic oligopeptide exhibits lower LCST, as expected. The
trimers 4-6 grafted with the same pentapeptide also show a
normal trend by displaying the higher LCST as the hydrophilicity of the PEG group increases. It may be pointed out that trimers 1 and 4 exhibit an LCST quite lower than body temperature and may be useful for local drug delivery.
In order to examine the morphology of the cyclic trimers
grafted with branched-oligopeptides, we have performed dynamic light scattering (DLS) measurements for their aqueous
solutions along with a TEM study for trimer 2. As seen in the
table, the cyclic trimers grafted with branched oligopeptides
display their micelle sizes with a mean diameter in the range
of 10 to 24 nm comparable to those of the trimers with linear
14
oligopeptides. However, it has been found that the branched
oligopeptide-grafted trimers show different solution behaviors,
which will be discussed in more detail in the next section.
One of the most important properties of polymeric micelles
for drug delivery via intravenous injection is the critical micelle
concentration (CMC), because the injected micelle-encapsulated drug may be uncapsuled by dilution in the blood system.
Therefore, we have measured CMC of the cyclic trimers by a
fluorescence probe technique using pyrene,19 as demonstrated
in Figure 2 and the CMC values are also listed in Table 1.
Comparing the CMC values of the branched tetrapeptidegrafted trimers 1 to 3 with the same hydrophilicity (MPEG350),
it is surprising that these trimers bearing different oligopeptides
only with a little different hydrophobicity (logP) display very
large differences in CMC values. In particular, trimers 1 and 2
are isostructural compounds with little difference in hydrophobicity as shown in the table, but a big difference in micelle
stability is observed probably due to even slight structural difference of the terminal amino acid groups. In other words, the
terminal isoleucine may be structurally more favorable than
leucine in hydrophobic packing of the oligopeptide groups into
the micelle core. Another tetrapeptide-grafted trimer 3 and all
the branched pentapeptide-grafted trimers 4 to 6 with high
hydrophobicity seem to self-assemble into stable micelles without further reassembly, as expected.

Table 1. Characteristic properties of cyclotriphosphazene derivatives with different side groups
Trimer
No.
1
2
3
4
5
6
a

a

Molecular formula
[NP(MPEG350)(GlyAsp(LeuEt)2)]3
[NP(MPEG350)(GlyAsp(IleEt)2)]3
[NP(MPEG350)(GlyAsp(PheEt)2)]3
[NP(MPEG350)(GlyPheAsp(PheEt)2)]3
[NP(MPEG550)(GlyPheAsp(PheEt)2)]3
[NP(MPEG750)(GlyPheAsp(PheEt)2)]3

LCST
(oC)

DLSb
(nm)

CMCc
(mg/L)

41
37
18
19
51
69

10.5
12.3
16.1
24.0
12.8
12.9

203.0
78.6
11.2
26.7
15.3
14.1

Hydrophobicity (logP)d
MPEG

Peptide

‒1.36
‒1.36
‒1.36
‒1.36
‒2.50
‒2.80

‒0.17 ± 0.49
‒0.02 ± 0.49
0.81 ± 0.49
1.96 ± 0.49
1.96 ± 0.49
1.96 ± 0.49

The lower critical solution temperature measured by UV-visible spectroscopy. bThe mean diameter of the particles measured for 0.3% solutions at 20 oC
by dynamic light scattering method except for trimer 3 and 4, which were measured for 0.25% solution at 10 oC. cThe critical micelle concentrations
measured at ambient temperature. dThe hydrophobicity defined by log P where P = [solute]n-octanol/[solute]water.
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Figure 2. An exemplified determination of the critical micelle concentration of trimer 3.
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Figure 3. Particle sizes of trimer 5 (a) and trimer 2 (b) dependent on
their concentrations.

Morphology. The particle sizes of the trimers given in Table 1
are the data measured by DLS for fresh aqueous solutions
containing 0.3 or 0.25 wt % trimers. However, we have measured both time- and concentration-dependent change of their
particle size to find very interesting results. Trimer 3 and trimers
4-6 bearing branched oligopeptides with a high hydrophobicity
(logP = 0.81 and 1.96, respectively) displayed a consistent micelle size independent of time and their concentration with a
low CMC values of 11.2 ~ 26.7 mg/L, as shown in Table 1. On
the other hand, trimers 1 and 2 with low hydrophobicity (logP =
‒0.17 and ‒0.02, respectively) were found to exhibit both timeand concentration-dependent particle sizes. We have measured
the particle sizes of representative trimers 2 and 5 with variation of their concentrations from 0.01 to 1.0 wt % in distilled
water and the results were plotted in Figure 3.
The figure shows that trimer 2 forms reasonably good micelles in relatively concentrated (> 0.3 wt %) solution but the
micelles expand in dilute solution in contrast to nearly constant
micelle size of trimer 5. Similarly trimer 1 also showed expanded particle sizes on dilution. The exact mechanism of the micelle
size expansion of trimers 1 and 2 on dilution seems not clearly
explainable, but it seems to be related with their micelle in-

Figure 4. Particle size distributions of fresh (a) and 2 days-old solutions (b) of 0.1% trimer 2.

stability reflected by their high CMC values shown in Table 1.
More interesting aspect found from our time-dependent study
is that these trimers 1 and 2 slowly reassemble from their initially
formed micelles (10 ~ 20 nm) into polymersomes of a larger
particle size (100 ~200 nm) in dilute solution (< 0.1 wt %). We
have monitored the time-dependent particle size of trimer 2 at
0.1 wt % concentration, which is shown in Figure 4. The fresh
solution of trimer 2 shows a major distribution (92 %) at around
16.2 nm and a minor distribution (8 %) at 98.5 nm, but after
2 days only larger particles were observed at around 155 nm.
We have studied the morphology of these large particles by
means of transmission electron microscopy (TEM). The TEM
image of trimer 2 deposited on 200 mesh carbon-coated Cu
grid by evaporation of its 0.1 % aqueous solution is shown in
Figure 5. The TEM image in the figure clearly shows polymersomes (black rings) with an inner void and numerous micelles
around each of the polymersomes. The darker shades around
each polymersome seem to be the reassembling zone where the
micelles start to merge to form a polymersome. The polymersomes formed from the trimers bearing the linear oligopetides
turned out to form a rigid and thick bilayer due to the close packing of the linear oligopeptides, which was not transparent to
the electronic beam and no inner void was seen in the TEM
image.15 However, the present trimers bearing branched oligopeptides seem to form a coarsely packed bilayer, which is almost
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depending on their hydrophilic to hydrophobic balance, but
the stability and particle size of their micelles were found to be
greatly dependent on the fine structure of the branched oligopeptides grafted. Among the present cyclotriphosphazenes, trimers 1 and 2 bearing branched oligopeptides with intermediate
hydrophobicity and a high critical micelle concentration were
found to reassemble from initially formed micelle to larger
polymersomes.

200 nm

Figure 5. TEM image of trimer 2 deposited on a carbon-coated Cu grid.

transparent to the electronic beam and empty inner space is
clearly seen in the TEM image.
Polymersomes are a new class of vesicular nanostructure
self-assembled from amphiphilic polymers mimicking liposomes and regarded as one of the most important emerging
21-23
biomaterials.
However, most of polymersomes reported so
far are composed of linear block copolymers and encountered
many difficulties in preparation, structural stability, biodegradability, drug loading capacity, etc. for practical drug delivery
applications.24-27 Most recently, we have reported novel polymersomes self-assembled from new tripodal amphiphiles.15 We
have demonstrated that the trimers bearing linear oligopeptides
with intermediate hydrophobicity (0 < log P < 1) reassemble
into polymersomes while trimers with highly hydrophobic oligopeptide (log P > 1) stay as stable micelles. The branched oligopeptides grafted to the present trimers 1 and 2 have slightly
negative values (‒0.17 and ‒0.02, respectively) of hydrophobicity parameter log P, but considering their standard deviation
(± 49), they may be regarded to be in the range of intermediate
hydrophobicity (0 < log P < 1) for polymersomes. The branched
oligopeptide of trimer 3 has a log P value of 0.8, but considering its standard deviation again, also trimer 3 may be regarded
to be in the range of stable micelles (log P > 1). Therefore, the
present trimers bearing branched oligopeptides seem to follow
our hydrophobicity rule.
Finally, it seems interesting to compare the morphology of
the present amphiphilic cyclic phosphazenes with that of linear
polyphosphazene analogues. Although we have not synthesized
the polyphosphazenes bearing the same branched oligopeptides
employed in this study, we have already reported that amphiphilic polyphosphazenes bearing hydrophobic linear oligopeptides such as [NP(MPEG350)(GlyPheLeuEt)]n and [NP
(MPEG350)(GlyPheLeuGlyEt)]n form good thermogels instead
of micelles or polymersomes probably due to random hydrophobic interactions among the hydrophobic oligppeptides grafted to the polyphosphazene backbone to make good hydrophobic
junctions for cross-linked network.27
Conclusions
We have synthesized new amphiphilic cyclotriphosphazenes
grafted with branched tetra- and pentapeptides prepared by
coupling a very hydrophobic aspartic diamino acid ethyl ester
such as Asp(LeuEt)2, Asp(IleEt)2 and Asp(PheEt)2 to glycine
or glycylphenylalanine. All the present trimers bearing branched
oligopeptides displayed a normal trend of thermosensitivity
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