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Abstract—Peptide T (ASTTTNYT) is a promising molecule to prevent the neuropsychometric symptoms of patients suffering AIDS
and for the treatment of psoriasis. In order to fully prove its therapeutic benefits, efforts were put forward to design peptidomimetics
of the peptide. In this direction, in a recent computational study the natural product amygdalin was identified as a prospective pep-
tidomimetic of the peptide and later proved to exhibit a similar chemotactic profile to the peptide. However, the cyanide moiety of
amygdalin provides to the molecule a toxic profile. The present study reports the synthesis of a set of amygdalin analogs lacking the

cyanide group with improved chemotactic profiles.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Peptide T (ASTTTNYT) is a fragment of the gp120 en-
velop protein of the human immunodeficiency virus
(HIV), shown to inhibit binding of gp120 to the CD4
receptors expressed in T4 helper/inducer lymphocytes,’
as well as to trigger human monocyte chemotaxis
through the CD4/T4 antigen.? Different studies suggest
that peptide T is a promising bioactive molecule for pre-
venting the neuropsychometric symptoms of patients
with AIDS,? and for the treatment of psoriasis.* In this
direction, the beneficial effects of peptide T on keratino-
cytes have recently been demonstrated.>® However, due
to the poor pharmacological profile of peptides, it is
sometimes difficult to prove fully their therapeutic bene-
fits. To this end, efforts were recently put forward to find
peptidomimetics of peptide T. From previous structure—
activity studies based on the chemotactic properties of
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diverse peptide T analogs,” using a computational ap-
proach, a model of the bioactive conformation of the
peptide was recently proposed.® This study led to define
a pharmacophore incorporating all the chemical
moieties, as well as their relative positions necessary to
exhibit good monocyte chemotactic activity.® This
pharmacophore was used for in silico screening of differ-
ent databases of compounds, leading to the identifica-
tion of amygdalin as a candidate peptidomimetic of
peptide T. A subsequent monocyte chemotaxis study
proved the compound to exhibit a chemotactic profile
similar to that of peptide T.!°

Amygdalin is a natural product that exhibits a toxic pro-
file known to be due to the release of cyanide ions in
vivo, produced in the hydrolysis of the glycoside bond
by the action of glucosidases, releasing in a first step glu-
cose and mandelonitrile, that is, later transformed into
benzaldehyde and cyanhydric acid.!' The goal of the
present work was to design amygdalin analogs with
the cyanide group replaced by other functionalities
aimed at reducing its toxic profile. Accordingly, different
structural modifications were studied, including the
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removal or substitution of this moiety. Compounds
reported in the present work have the structural formula

(1):

where R are benzyl or arylalkyl alcohol derivatives,
substituted or not by diverse groups.

Compounds were synthesized as glycosylation products
of diverse alcohols with hydroxyl protected gentiobiose
(the corresponding disaccharide of amygdalin), using
amygdalin itself as starting product. For this purpose,
it was required to produce a glycosyl donor intermediate
as starting product. Starting from the protected gentio-
biose (A), two different intermediates were considered (B
and C). The synthetic route used is shown in Scheme 1.

The protection of the hydroxyl groups of amygdalin was
performed by acetylation,!? followed by hydrolysis of the
glycoside bond to produce heptaacetylgentiobiose (A).
This compound was the precursor to produce an interme-
diate that was used to glycosylate the selected alcohols.

Of the derivatives of heptaacetylgentiobiose (A) tested in
the glycosylation reaction (Scheme 1), the halides (C)
(where X = Br, F) used in the Koenigs—Knorr method,
showed poorer results than the trichloracetimidate (B)
in yield, generality, and selectivity with the different
alcohols tested. From the trichloroacetimido intermedi-
ate (B) the diverse derivatives can be synthesized by
alcohol glycosylation according to Scheme 2.

2. Results and discussion

Analogs synthesized in the present work as well as re-
sults of the monocyte chemotaxis assays are listed in Ta-
ble 1. Some of the analogs, like compounds 9, 10, and 11
(the only three compounds with a substituted aromatic
ring) exhibit an improved monocyte chemotactic activity
in regard to amygdalin at sub-nanomolar concentra-
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Table 1. Peak values of the chemotactic index together with the
corresponding concentrations (—log[A]) for the different analogs
synthesized

Molecule  Substituent Chemotactic index p[A] Rmsd

(A)
1 v@ 0.76 8 072
HO
2* HO/\QQ 0.84 9  0.70
3° Hop 0.77 8 072
4 HO\_/O 0.71 9 027
COOH
5° HO\(Q 0.75 6 074
HO
6 V\© 0.70 9 069
7 Hop 0.79 6 074
8 HO\_/© 0.84 7032
CONH,
OCH,4
9 \/©/ 0.87 10 074
HO SN
Br:
10 0.94 10 072

:

H3;CO OCHj

11 0.84 10 0.81
HO

12 l l l 0.94 8 0.64

HO
13 Amygdalin 0.63 10 0.17
14 Peptide T 1.09 11
15 [Dala'lpepTNH,  0.89 11

# Assayed as 3:2 mixture of epimers at the benzylic carbon.
® Assayed as 1:1 mixture of epimers at the benzylic carbon.

tions. This can be seen in more detail in Figure 1, where
the chemotactic index of these compounds measured as
a function of the concentratlon is compared to that of
peptide T, [DAla'lpeptide T, and amygdalin. Com-
pounds 2, 4, and 6 exhibit lower activity than amygda-
lin, being their chemotactic activity one order of
magnitude lower. Similarly, compounds 1, 3, and 12
exhibit even poorer activities, two orders of magnitude
lower than amygdalin. Compounds 5 and 7 both as-
sayed as a 1:1 mixture of epimers show chemotactic
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Figure 1. Plot of the chemotactic index of different compounds versus
their concentration. Compounds displayed are: peptide T (0J);
[DAla'lpeptideTNH, (0); Amygdalin (M); analog 9 (®); analog 10
(A); and analog 11 (A).

activity at micromolar concentrations, although it may
the case that only one of the enantiomers is active.
Although this may explain in part the difference of activ-
ity observed between compounds 2 and 5, it should also
be argued that the higher chemotactic activity exhibited
by compound 2 is due to the constrained conformation
adopted by the aromatic ring due to its interaction with
the bulky neighboring tert-butyl group. Similarly, com-
pound 8 shows a loss of chemotactic activity in regard to
compound 4, suggesting that the pharmacophore re-
quires only a proton accepting moiety in this position.

In order to get some insights into the structure—activity
relationships among this set of compounds, for each of
the analogs, the conformation that best fitted the phar-
macophore requirements was computed. This was car-
ried out by finding the geometry with the lowest root
mean square deviation between the corresponding
chemical moieties of the analogs and the pharmaco-
phore groups, by varying all rotatable angles without
energy minimization. Last column of Table 1 lists the
values of the root mean square deviation (rmsd) between
the most fitted conformation of each analog and the
four point pharmacophore. Analysis of the results sug-
gests that compounds can be classified into two catego-
ries, those that exhibit rmsd values around 0.7 A and
those with values of 0.3 A and lower. Analogs in the lat-
ter category fulfill one of the proton accepting centers
with the carboxyl (4), carboxamide (8), and cyanide
(13) moieties, respectively, whereas those compounds
of the former category use the ether oxygen as proton
accepting center. As can be seen, good fitting of the
compounds to the pharmacophore is not enough to ex-
plain the chemotactic indexes observed. Accordingly,
steric hindrance, the energy burden to access the most
fitted conformation or electronic effects on the aromatic
ring, are features that are not included in the pharmaco-
phore in its present status and may account for the
activity of the compounds.

In summary, there were identified several analogs of
amygdalin that can be considered peptidomimetics of
peptide T, based on the similar chemotactic profile
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exhibited. Moreover, since these analogs lack the cya-
nide group they are expected not to be toxic. However,
further studies need to be carried out in order to identify
differences in the pharmacological profile in regard to
peptide T. Work in this direction is presently being
undertaken.

3. Experimental section

Monocyte chemotaxis measurements were carried out
following the procedure described in Ref. 9.

4. Synthesis

4.1. 2,3,4,6-Tetra-O-acetyl-p-p-glucopyranosyl (1—6)-
2,3,4-tri-O-acetyl-B-np-glucopyranoside, hepta-O-acetyl-
D-gentiobiose (A)

Following an adaptation of a literature procedure
describing the synthesis of the benzoyl derivative,! a
suspension of heptaacetylgentiobiose'* (9.0 g, 12 mmol)
and 20% Pd(OH),/C (3.6 g) in a toluene—acetone mix-
ture (3:2 viv, 500 mL) is hydrogenated at 25°C and
1.0 bar until total consumption of the staring material
(TLC). The reaction mixture is filtered and evaporated.
The residue obtained is dissolved in EtOAc (200 mL)
and washed with 1 N HCI and saturated NaCl. Drying
and evaporation produce a yellow solid that is re-crys-
tallized from ethanol to give 6.80 g (86%) of product
as white crystals.

'"H NMR (300 MHz, CDCl3) 6 (ppm): 5.50 (1H, dd,
J=9.6, J=102), 519 (IH, t, J=9.6), 5.07 (1H, t,
J=9.6), 494 (1H, dd, J=8.1, J=9.6), 4.88-4.81 (2H,
m), 4.55 (1H, d, J = 8.0), 4.26-4.12 (2H, m), 3.85-3.80
(1H, m), 3.72-3.65 (1H, m), 3.63-3.56 (2H). '*C NMR
(75 MHz, CDCl3) 6 (ppm): 170.27, 170.17, 170.09,
169.70, 169.39, 169.36, 169.21, 101.05, 89.95, 72.55,
71.96, 71.18, 71.00, 69.85, 69.13, 68.76, 68.07, 67.96,
62.51, 61.60, 20.5-20.3 (7C).

4.2. 0-(2,3,4,6-Tetra-O-acetyl-p-p-glucopyranosyl
(1—6)-2,3,4-tri- O-acetyl-p-p-glucopyranosyl)trichloro-
acetimidate (B)

A catalytic amount of 60% dispersion of NaH in mineral
oil (approx 0.025 mmol) is added to a solution of hepta-
O-acetylgentiobiose (500 mg, 0.8 mmol) and trichloro-
acetonitrile (0.5 mL, 5.0 mmol) in dichloromethane
(20 mL) and the mixture is stirred at 25 °C under nitro-
gen until the total reaction (TLC) of the protected disac-
charide (usually 15-30 min). The mixture is evaporated
to dryness and the residue employed in the next step
without further purification.
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