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Abstract O Classical procedures of peptide synthesis were applied to
synthesize four groups of compounds, and analytical methods were
developed for each of them. Two of the groups are tetrapeptide
derivatives of the antileishmanial drug primaquine (PQ), with general
structure NHx-X-Leu-Ala-Y-PQ. In the first group, Leu, Tyr, Lys, and
Asp were used in the Y position, while X was Ala. In the second group,
Ala, Tyr, Lys, and Asp were used in the X position, while Y was Leu.
The derivatives are intended to be coupled, via their free a-amino group,
to polyacryl starch microparticles, lysosomotropic drug carriers developed
in our laboratory. Thus, a systematic study of the significance of the
varying amino acid composition of the tetrapeptide spacer arm for the
rate of lysosomal enzymatic release of PQ can be possible. A third group,
comprising e-aminocaproic acid—PQ derivatives which lack a free a-amino
group, was synthesized. This was done to study the importance of
enzymes, other than aminopeptidases, during lysosomal degradation of
these derivatives. To allow HPLC analysis of the pattern of degradation
of tetrapeptide—PQ derivatives, some shorter peptide—PQ derivatives
{group four) were prepared as well.

Introduction

A possible approach to treat lysosomal parasitic diseases,
e.g. leishmaniasis, is targeting of drugs to the infected
lysosomes via lysosomotropic drug carriers.! Polyacryl starch
microparticles (Mp) have been shown to target drugs to the
reticuloendothelial system (RES), mainly the lysosomes of the
liver macrophages,? where Leishmania donovani parasites are
localized. Proteins can be physically entrapped within the
microparticles during their production?® or covalently bound
directly to the starch matrix with e.g. carbonyldiimidazole.*
Low molecular drugs, however, must be covalently bound to
the particles via peptide spacer arms.> Within the lysosomes,
such spacer arms are cleaved by hydrolytic enzymes and the
drug subsequently released in an active form.58

We have earlier shown that the activity of the drug
primaquine (PQ) is significantly improved in the treatment
of mice visceral leishmaniasis when the drug is bound to the
starch microparticles via an Ala-Leu-Ala-Leu spacer arm.?

The pharmacological activity and pharmacokinetics of any
microparticle—peptide—drug conjugate used in vivo will de-
pend on the cleavage of the polypeptide spacer arm and the
subsequent release of the free drug. The lysosomal vacuome
of the Kupffer cells is known to contain about 50 hydrolases,?
among them both endo- and exopeptidases, which together
can cleave the spacer arm and release the free drug from the
carrier. However, the specificity and relative activity of the
different enzymes participating in the release of the active
drug or the structure of their active sites are not yet known.?
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The present work describes the synthesis of many new
peptide—PQ derivatives as well as several peptide intermedi-
ates. Some of the former were incubated with rat liver
lysosomal fractions in order to study in vitro the pattern and
rate of release of PQ by rat liver lysosomal enzymes, the
results of which are presented in the paper immediately
following this one.!?

In order to elucidate the specificity and activity of the
lysosomal enzymes, four groups of peptide—PQ derivatives
were synthesized. In the first one (Scheme 1, compounds 8,
12, 16, and 20), the C-terminal amino acid Y in NH-X-Leu-
Ala-Y-PQ was varied, being Leu, Tyr, Lys, or Asp, while X
was in all cases Ala. In the second one (Scheme 2, compounds
28, 32, 36, and 40), the N-terminal amino acid X was similarly
varied, being Ala, Tyr, Lys, or Asp, while Y was in all cases
Leu. Thereby, the effects of neutral, aromatic, basic, and
acidic amino acids on the pattern and rate of release of PQ
by the lysosomal enzymes could be systematically studied.

In a third series of PQ—peptides {Scheme 3, compounds 42,
44, and 48) an e-aminocaproic acid (EACA} was introduced
as the N-terminal amino acid. EACA cannot be released from
such a position by any known aminopeptidase, as an a-amino
group is missing. These derivatives can therefore be used to
study the presence of any enzymes releasing PQ directly from
the C-terminus of the derivatives and the specificity of any
endopeptidase activity in the lysosomes. Finally, Scheme 4
(compounds 4953 and 55—59) shows the synthesis of some
tripeptide—, dipeptide—, and amino acid—PQ derivatives.
They were needed as references in the HPLC systems for the
identification of the PQ-containing cleavage products, obtained
during the lysosomal incubations of the tetrapeptide—PQ
derivatives. Some of them were also used in separate incuba-
tion studies to confirm the degradation pattern of the different
tetrapeptide—PQ derivatives.

Experimental Section

Materials—1-Hydroxybenzotriazole (HOBt) was from Fluka Che-
mie AG (Buchs, Switzerland); N,N’-dicyclohexylcarbodiimide (DCC),
N-methylmorpholine, triethylamine (Et3N), and diethylamine (Etg-
NH) were from Merck (Darmstadt, Germany); 1,1’-carbonyldiimida-
zole (CDI) was from Merck and Sigma (St. Louis, MO); and N-(tert-
butyloxycarbonyl)-e-aminocaproic acid (Boc-EACA) was from Serva
Feinbiochemica (Heidelberg, Germany). Primaquine [8-[(4-amino-1-
methylbutyl)amino]-6-methoxyquinoline; PQ], as the diphosphate salt,
was from Janssen Chimica (Beerse, Belgium). The following com-
pounds were from Bachem Feinchemikalien AG (Bubendorf,
Switzerland): N-(tert-butyloxycarbonyl)-L-leucine (Boc-Leu), 4-(tolyl-
sulfonyl)-L-leucine benzyl ester (Tos-Leu-OBzl), 4-(tolylsulfonyl)-L-
alanine benzyl ester (Tos-Ala-OBzl), N-(tert-butyloxycarbonyl)-L-
alanine (Boc-Ala), 4-(tolylsulfonyl)-L-tyrosine benzyl ether benzyl ester
[Tos-Tyr(Bzl)-OBzl], N-(tert-butyloxycarbonyl)-L-tyrosine benzyl ether
{Boc-Tyr(Bzl)], a-N-(tert-butyloxycarbonyl-e-N-(9-fluorenylmethyloxy-
carbonyl)-L-lysine [Boc-Lys(Fmoc)), N-(tert-butyloxycarbonyl)-L-as-
partic acid 8-benzyl ester [Boc-Asp(OBzD)], N-(tert-butyloxycarbonyl)-
L-aspartic acid S-tert-butyl ester [Boc-Asp(OtBu)l, N-(tert-butyl-
oxycarbonyl)-e-N-(tert-butyloxycarbonyl)-L-lysine [Boc-Lys(Boc)]l. The
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Boc-Leu
Ala-OBzl

Boc-Leu-Ala-OBzl (1)

HCI/AcCH Boc-Asp(OBzl)
HCl-Leu-Ala-OBzl (2) l PQ
Boc-Al
‘ oc-A Boc-Asp(OBz1)-PQ (17)
Boc-Ala-Len-Ala-OBzl (3) TFA
le/Pd-on-C
Asp(OBzl)-PQ (18)
L Boc-Ala-Leu-Ala (4) [I >'
Leu-OBzl Tyr(Bzl)-OBzl Boc-Lys(Fmoc)
*PQ
Boc-Ala-Leu-Ala-Leu-OB1l (§) Boc-Ala-Leu-Ala-Tyr(Bzl)-OBzl (9) Bac-Lys(Fmoc)-PQ (13)
Hy/Pd-on-C TFA

Hy/Pd-on-C

Boc-Ala-Leu-Ala-Leu (6) Boc-Ala-Leu-Ala-Tyr (10)
PQ PQ
Boc-Ala-Leu-Ala-Leu-PQ (7) Boc-Ala-Leu-Ala-Tyr-PQ (11)

l-rpA TFA

TFA-Ala-Leu-Ala-Leu-PQ (8) TFA-Ala-Leu-Ala-Tyr-PQ (12)

Boc-Ala-Leu-Ala-Asp(OBzl)-PQ (19)
Lys(Fmoc)-PQ (14)

. Hy/Pd-on-C

>3

Boc-Ala-Leu-Ala-Lys(Fmoc)-PQ (15)
1. TFA
2. EyNH

Ala-Leu-Ala-Lys-PQ (16) TFA-Ala-Leu-Ala-Asp-PQ (20)

Scheme 1—Summary of the syntheses of compounds 1-20. The numbers given in parentheses are used in the Experimental Section, where further details about

methods, reaction conditions, and analytical procedures can be found.

Boc-Ala

Leu-OBzl

Boc-Ala-Len-OBzl (21)

HCU/AcOH
HCL-Ala-Leu-OBzl (22)
‘ Boc-Leu
Boc-Leu-Ala-Leu-OBzl (23)
‘ HCI/AcOH
i HCl:Leu-Ala-Leu-OBz (24) 1
Boc-Ala 1 Boc-Tyr(Bzl) 1Boc-Lys(Boc) Boc-Asp(OtBu)
Boc-Ala-Leu-Ala-Leu-OBzl (25)  Boc-Tyr(Bzl)-Leu-Ala-Leu-OBzl (29) Boc-Lys(Boc)-Leu-Ala-Leu-OBzl (33) Boc-Asp(OtBu)-Leu-Ala-Leu-OBzl (37)
Hy/Pd-on-C Hyp/Pd-on-C Hy/Pd-on-C Hy/Pd-on-C
Boc-Ala-Leu-Ala-Leu (26) Boc-Tyr-Leu-Ala-Leu (30) Boc-Lys(Boc)-Leu-Ala-Leu (34) Boc-Asp(OtBu)-Leu-Ala-Leu (38)
‘ PQ L PQ PQ “’Q
Boc-Ala-Leu-Ala-Leu-PQ (27) Boc-Tyr-Leu-Ala-Leu-PQ (31) Boc-Lys(Boc)-Leu-Ala-Leu-PQ (35) Boc-Asp(OtBu)-Leu-Ala-Leu-PQ (39)
‘TFA TFA TFA J TFA

TFA-Ala-Leu-Ala-Leu-PQ (28)

TFA-Tyr-Leu-Ala-Leu-PQ (32)

2TFA-Lys-Leu-Ala-Leu-PQ (36)

TFA-Asp-Leu-Ala-Leu-PQ (40)

Scheme 2—Summary of the syntheses of compounds 21—40. The numbers given in parentheses are used in the Experimental Section, where further details

about methods, reaction conditions, and analytical procedures can be found.

reagents for the Edman degradation reaction were of sequential grade
and bought from Sigma: Phenyl isothiocyanate (PITC), pyridine,
triflucroacetic acid (TFA), n-butyl acetate, ethyl acetate, and heptane.
Dicarboxidine [y,y’-[4,4’-diamino-3,3’~(biphenylylenedioxy)]ldibutyric
acid dichloride] was from Sigma. Ninhydrin (1,2,3-indantrione mono-
hydrate) was from Fluka. Leu-PQ, for the synthesis of 43 and 45,
was prepared in our laboratory from Boc-Leu-PQ as described for 42.
All the other reagents (solvents and salts) were of analytical grade.
Acetonitrile of HPLC grade was bought from Merck and Fisons
Scientific Equipment (Loughborough, England). N,N-Dimethyloctyl-
amine (DMOA)-pro analysi was from Janssen.
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General Synthetic Methods—When not stated otherwise, all
reactions were performed at room temperature. PQ and PQ-contain-
ing derivatives were protected from light during all the syntheses.
The syntheses were performed with no intention to optimize the
reaction conditions.

Activation and Coupling Reactions—Method I (DCC/HOBt)1—A
solution of the carboxyl component (1 equiv) and HOBt (2 equiv) in
dry dimethylformamide (DMF) was cooled in an ice bath for 15 min
and then treated with a solution of DCC (1.2 equiv) in dry DMF. The
mixture was stirred for 5 min at 0 °C and then for 20—60 min at
room temperature. The precipitated dicyclohexylurea (DCU) was



Boc-Ala-OSu
Leu-PQ
Boc-Ala-Leu-PQ (45)

B

Boc-EACA

PQ Ala-Leu-PQ (46)

Boc-EACA-Leu-PQ (43) Boc-EACA-Ala-Leu-PQ (47)

lm

EACA-Ala-Leu-PQ (48)

Boc-EACA-PQ (41)
TFA TFA

EACA-PQ (42) EACA-Leu-PQ (44)

Scheme 3—Summary of the syntheses of compounds 41-48. The numbers
given in parentheses are used in the Experimental Section, where further de-
taits about methods, reaction conditions, and analytical procedures can be
found.

filtered off and washed with DMF. The combined filtrates were added
to the solution of the amino component (1.2 equiv) in DMF. In some
cases, during the first hour of the synthesis, Et;N was gradually added
to give pH 7.5—9 to moist pH paper. The reaction mixture was stirred
for 24—96 h. The progress of the reaction was monitored by TLC.
After completion, the reaction mixture was filtered and purified as
described in the text for each compound.

Method II (DCCj*2—A solution of the carboxyl component (1-1.2
equiv) in CH2Cl; was cooled in an ice bath and treated with a solution
of DCC (1-1.2 equiv) in CH2Cls. The mixture was stirred for 30 min
and the precipitated DCU was filtered off. The filtrate was added to
a solution of the amino component (1 equiv) in CHzCl,. EtsN (1-1.1
equiv) or N-methylmorpholine (1—1.1 equiv) was gradually added,
dropwise, to give pH 7.5—9 to moist pH paper. The reaction mixture
was stirred for ca. 20 h, filtered, and evaporated to dryness. The final
product was isolated and purified as described in the text for each
compound.

Method I1I (CDI)P3—The carboxyl component (1 equiv) and CDI (1
equiv) were dissolved in dry DMF and the mixture was stirred for 30
min. The amino component (1 equiv), dissolved in dry DMF, was
added and the reaction mixture was stirred overnight in the dark.
The mixture was then diluted with an equal volume of 0.2 M Nag-
COg3, pH 11, and extracted with ether. The combined organic extracts
were washed with 0.2 M citric acid, pH 2, dried over Na;SO, and
evaporated to dryness under reduced pressure.

Removal of Protecting Groups—Method IV (Boc Removal by
HCl/Acetic Acid)**—The Boc-peptide as benzyl ester was dissolved in
1 M HCVacetic acid (AcOH) and left for 40 min in the dark. The
solvent was evaporated and the preduct (as hydrochloride) dried in
vacuo over NaOH pellets. The deblocking reaction was checked by
TLC.

Method V (Boc and OtBu Removal by TFA)1516—Boc-tetrapeptide—
PQ was dissolved in 100% TFA and left for ca. 1 h in the dark. Then
TFA was evaporated in vacuo. The deblocking reaction was followed
by TLC. In some cases the TFA salt was converted to the free base.

Method VI (OBzl and Bzl Removal by Hy/Pd-on-C)}"—A solution of
the OBzl- or Bzl-protected compound in MeOH was prepared in a
closed flask provided with magnetic stirrer and gas inlet/outlet tubes.
The air was removed by a slow stream of nitrogen and 10% palladium-
on-charcoal was added. Nitrogen was introduced again for a few
minutes and then a slow stream of hydrogen was supplied over the
system for 3-10 h. Periodically, MeOH was added because of its
evaporation. The progress of the reaction was followed by TLC. After
completion of the reaction, the catalyst was removed by filtration and
the filirate evaporated in vacuo.

Reaction for Removal of the N-Terminal Amino Acid—Edman
Degradation'8—Tetrapeptide—PQ was dissolved in 0.1 mL of 1% PITC
in 50% aqueous pyridine. The reaction mixture was flushed with N2
for 20 s, and the tube was sealed and incubated for 2 h in 50 °C water
bath, with occasional shakings. The reaction mixture, containing the
phenylthiocarbamyl-tripeptide—PQ, was washed six times with 0.4
mL of heptane/ethyl acetate (10:1 and/or 1:2) to extract the excess
PITC. The water phase was further dried under vacuo at room
temperature for 20 min.

100% TFA was added and the sealed tube kept for 15 min in a 50
°C water bath. TFA was evaporated in vacuo and the residue

dissolved in 0.1 N HCL. The tube was placed in an ice bath and the
anilinothiazolinone was extracted five times with 0.4 mL of ice-cold
n-butyl acetate saturated with water.

The water phase was made basic (pH 14) by dropwise addition of
1 M NaOH and extracted five times with 0.6 mL of ethyl acetate.
The final product, the tripeptide—PQ, was either extracted to the ethyl
acetate phase or stayed in the basic water phase, which was further
evaporated to dryness in vacuo to give a thin film. At each step of

the reaction, samples from both water and the organic phases were
checked by TLC.

The tripeptide—PQ derivatives formed were used as reference
samples in the HPLC. Part of the products was further subjected to
a second Edman degradation to get the respective dipeptide—PQ
derivatives. They were also used as references in the HPLC. ‘

General Analytical Methods. Reverse-Phase High-Perfor-
mance Liquid Chromatography (RP-HPLC)—The HPLC system
consisted of a HP 1090 chromatograph (Hewlett-Packard) with a
Spherisorb 25 cm x 4.6 mm i.d., S5 ODS; column (Phase Separations
Inc.) and a Lichrosorb RP 18 precolumn (Merck) and a 3392A
integrator (Hewlett-Packard). The flow rate was 1 mL/min and the
injection volume 20 uL.. The absorbance was followed at 254 nm. The
lowest detectable concentration of PQ was 0.8 ug/mL.

The mobile phases used for all derivatives (except EACA-peptides)
were 1, 0.025 M NaH;POH0, pH 3 (600 mL), and acetonitrile (400
mL); II, 0.025 M NaH;PO4+H:0, pH 3 (700 mL), and acetonitrile (300
mL); III, 0.025 M NaH:PO+H>0, pH 4 (600 mL), and acetonitrile (400
mL); IV, 0.025 M NaH:PO+H;0, pH 3 (750 mL), and acetonitrile (250
mL); and V, 0.025 M NaH;PO4+H;0, pH 3.6 (700 mL), and acetonitrile
(300 mL). All phases contained 0.6 mM DMOA.

The mobile phases used for the EACA-peptides were VI, 0.025 M
NaH:PO4H;0, pH 3 (400 mL), and acetonitrile (600 mL); VII, 0.025
M NaHyPO#H20, pH 3 (500 mL), acetonitrile (500 mL), and 0.75 mM
DMOA; and VIII, 0.025 M NaH2PO+H,0, pH 3 (500 mL), acetonitrile
(500 mL), and 0.25 mM DMOA.

Thin-Layer Chromatography (TLC)—TLC plates silica gel 60
Fa54 with layer thickness 0.25 mm from Merck were used. The mobile
phases were A, chloroform:methanol:acetic acid (45:5:2); B, chloro-
form:methanol (10:1); C, chloroform:methanol (10:3); D, methylene
chloride:acetone:acetic acid (40:10:1); E, methylene chloride:methanol
(9:1); F, toluene:acetonitrile (2:1); G, methylene chloride:acetone (4:
1); H, n-butanol:acetic acid:water (4:1:1); I, methylene chloride:acetone
(3:1); and J, ethyl acetate:acetone:acetic acid:water (5:3:1:1).

The spots were detected under UV light and by either ninhydrin
or Cly/dicarboxidine development.

Physicochemical determinations—The melting pomt values are
uncorrected. The elemental analyses were done on a Carlo Erba
Model 1106 analyzer. The optical rotations were measured with a
Perkin-Elmer polarimeter. 'H-NMR analyses were performed on
Varian Unity 300 MHz instrument. Amino acid analyses were made
using a LKB-4151 Alpha Plus amino acid analyzer (Pharmacia) at
the Amino Acid Analyses Laboratory at the Biomedical Center,
Uppsala, Sweden.

Boc-Leu-Ala-OBzl (1) was prepared from Boc-Leu (2.5 g, 10
mmol) in 10 mL of CHyCly, DCC in 2 mL of CH2Cly, a suspension of
Tos-Ala-OBzl in 6 mL of CHyCly, and N-methylmorpholine for 20 h
according to method II. The oily residue was dissolved in 100 mL of
ethyl acetate, filtered, and washed with 1 M KHSOy, brine, 1 M
NaHCOjs;, and brine. The organic layer after being dried over
anhydrous NaySO,, filtered, and evaporated, gave an oily residue.
Yield: 97%. R (B) = 0.89.

HClI'Leu-Ala-OBzl (2) was prepared from Boc-Leu-Ala-OBzl (3.8
g, 9.7 mmol) dissolved in 50 mL of 1 M HCVAcOH according to method
IV. Yield: '98% of an oil. R;(B) = 0.25.

Boc-Ala-Leu-Ala-OBzl (3) was prepared from Boc-Ala (2.3 g, 12
mmol), DCC, HCl-Leu-Ala-OBzl, and Et;N according to method II.
The crude product was crystallized from ethyl ether:petroleum ether
(1:3) to give a white powder. Yield: 52%. Ry(B) = 0.92. Mp 143—
147 °C. [a]®p = —-63.6° (¢ = 1, MeOH). Anal. Calcd for
C2sHs7N30s: 62.18% C, 12.4% H, 9.06% N. Found: 62.3% C, 12.2%
H, 8.89% N.

Boc-Ala-Leu-Ala (4) was prepared from Boc-Ala-Leu-Ala-OBzl
(2.3 g, 5 mmol) dissolved in 35 mL of MeOH and hydrogenated over
0.23 g of Pd-on-C according to method VI. Evaporation of the solvent
gave an oily residue which solidified after drying in vacuo. Yield:
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TFA

Boc-Leuv-Ala-Leu-PQ ——————— Leu-Ala-Leu-PQ (49)

TFA

Boc-Ala-LeuPQ — g

: TFA
Boc-Leu-PQ

Ala-Leu-Ala-Tyr-PQ (12)

Boc-Lys(Fmoc)-PQ (13)

TFA-Ala-Leu-PQ (50)

TFAsLeu-PQ (51)

Ala-Leu-Ala-Asp-PQ (20)

: 1. Et, NH Edman degr.
Edman degr. lz. Tl-‘lA 8
Leu-Ala-Tyr-PQ (52) 2TFA-Lys-PQ (56) Leu-Ala-Asp-PQ (57)
Edman degr. Edman degr.
Ala-Tyr-PQ (53) Ala-Asp-PQ (58)

Boc-Tyr(Bzl)

PQ
Boc-Tyr(Bzl)-PQ (54)
1.TFA
2. H, /Pd-on-C

Tyr-PQ (55)

Boc-Asp(OBzl)-PQ (17)

1.TFA
2. Hy/Pd-on-C

Asp-PQ (59)

Scheme 4—Summary of the syntheses of compounds 48-59. The numbers given in parentheses are used in the Experimental Section, where further details

about methods, reaction conditions, and analytical procedures can be found.

94% of white crystals. Rr(B) = 0.06. Anal. Calcd for Ci7H31N3Og:
54.67% C, 8.37% H, 11.25% N. Found: 54.24% C, 8.58% H, 11.01%
N

Boc-Ala-Leu-Ala-Leu-OBzl (5) was prepared from Boc-Ala-Leu-
Ala (1.9 g, 5 mmol) and HOBt in 8 mL of DMF, DCC in 2 mL of DMF
and a suspension of Tos-Leu-OBzl in 4 mL of DMF for 24 h according
to method I. The reaction mixture was filtered and after the addition
of 100 mL of ethyl acetate washed three times with 1 M KHSO4, 1 M
NaHCOj3, and brine. After evaporation of solvent, the residue was
dissolved in 15 mL of EtOH and precipitated by adding 100 mL of 1
M KHSO4. The resulting oil was extracted into ethyl acetate. The
organic layer was washed with brine, dried over MgSQ,, filtered, and
evaporated. Yield: 61% of white crystals. Rs(B) = 0.74. Mp 184—
187 °C [a]®p = —80.7° (¢ = 1, MeOH). Anal. Caled for C3pH4sN4O7:
62.48% C, 8.38% H, 9.71% N. Found: 62.1% C, 8.04% H, 9.4% N.

Boc-Ala-Leu-Ala-Leu (6) was prepared from Boc-Ala-Leu-Ala-
Leu-OBzl according to method VI. Yield: 98% of a white powder. Ry
(C) = 0.20. [a¥?p = ~67.6° (c = 1, MeOH).

Boc-Ala-Leu-Ala-Leu-PQ (7) was prepared from Boc-Ala-Leu-
Ala-Leu (0.4 g, 0.8 mmol) and HOBt in 9 mL of DMF, DCC in 2 mL
of DMF, and PQ in 3 mL of DMF for 72 h according to method I.
Ethyl acetate (150 mL) was added to the reaction mixture, which was
then washed with 0.2 M citric acid, pH 2, 1 M NaHCOs3, and brine.
The organic layer was dried over anhydrous NaySOy, filtered, and
evaporated to dryness. Yield: 18% of light yellow powder. Rf(A) =
0.66.

TFA:Ala-Leu-Ala-Leu-PQ (8) was prepared from Boc-Ala-Leu-
Ala-Leu-PQ (7.6 mg, 0.1 mmol) according to method V. Yield: 98%

of a yellow film. Ry(A) = 0.05, R (H) =0.35, Rf(C)=0.10. tg (D ="

17.62 min.

Boc-Ala-Leu-Ala-Tyr(Bzl)-OBz1 (9) was prepared from Boc-Ala-
Leu-Ala (3.7 g, 10 mmol), Tos-Tyr(Bzl)-OBzl, DCC, HOBt, and EtsN
according to method 1. Yield: 34% of white crystals. Rs(B) = 0.74.
Mp 193-196 °C. [a)®p = —47.3° (¢ = 1, MeOH). Anal. Calcd for
C4oHs2N40s: 67.02% C, 7.31% H, 7.82% N. Found: 66.68% C, 7.51%
H, 7.72% N.

Boc-Ala-Leu-Ala-Tyr (10) was prepared from Boc-Ala-Leu-Ala-
Tyr(Bz1)-OBzl according to method VI. Yield: 98% of a white powder.
R (C) = 0.19. [0]?8p = —51.8° (c = 1, MeOH).

Boc-Ala-Leu-Ala-Tyr-PQ (11) was prepared from Boc-Ala-Leu-
Ala-Tyr (0.4 g, 0.7 mmol) and HOBt in 25 mL of DMF, DCC in 3 mL
of DMF, and PQ in 3 mL of DMF for 96 h according to method 1.
Ethyl acetate (250 mL) was added to the reaction mixture, which was
then washed with 0.2 M citric acid, pH 2, 1 M NaHCOs, and brine.
The organic layer was dried over KaCOs, filtered, and evaporated to
dryness. Yield: 72% of a light yellow powder. Ry (A) = 0.55.
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TFA-Ala-Leu-Ala-Tyr-PQ (12) was prepared from Boc-Ala-Leu-
Ala-Tyr-PQ (1.5 mg, 1.93 x 1073 mmol) according to method V.
Yield: 98% of a yellow film. Rf(A) = 0.06, Rf (C) = 0.11. tg (I) =
9.54 min, main peak.

Boc-Lys(Fmoc)-PQ (13) was prepared from Boc-Lys(Fmoc) (185
mg, 0.4 mmol) in 1 mL of DMF, HOBt in 0.7 mL of DMF, DCC in 0.6
mL of DMF, and PQ in 0.7 mL of DMF for 29 h according to method
I. The reaction mixture was evaporated to dryness, redissolved in
200 mL of ethyl ether, and washed three times with 1 M NaHCO;3
and brine. The organic layer was dried over anhydrous MgSOy,
filtered, and evaporated to dryness. Yield: 76% of a light yellow
powder. Ry (D)= 0.47.

Lys(Fmoc)-PQ (14)—Boc-Lys(Fmoc)-PQ (0.174 g, 0.25 mmol) was
dissolved in 2.5 mL of CHyCls, and TFA (1.25 mL) was added dropwise
at 0 °C under nitrogen. After stirring for 3 h in the dark, the reaction
mixture was quenched in an ice-cold mixture of 30% aqueous K2COj3
(20 mL) and CH3Cl; (10 mL) with rapid stirring. The yellow organic
layer was separated and saved. The aqueous layer was extracted
twice with CHzCly. The combined organic phases were then washed
with brine, dried over anhydrous NaxSQy, filtered, and evaporated
to dryness. Yield: 96% of a light yellow powder. Ry (E) = 0.18.

Boc-Ala-Leu-Ala-Lys(Fmoc)-PQ (15) was prepared from Boc-
Ala-Leu-Ala (88 mg, 0.23 mmol) in 0.4 mL of DMF, HOBt in 0.4 mL
of DMF, DCC in 0.4 mL of DMF, and Lys-PQ in 0.5 mL of DMF for
21 h according to method I. The reaction mixture was evaporated to
dryness, redissolved in 200 mL of ethyl acetate, and washed three
times with 1 M NaHCO; and brine. The organic layer was dried over
anhydrous MgSOy, filtered, and evaporated to dryness. Yield: 53%
of a light yellow powder. Ry (D)= 0.27.

Ala-Leu-Ala-Lys-PQ (16) was prepared from Boc-Ala-Leu-Ala-
Lys(Fmoc)-PQ (9.0 mg, 9.32 x 10~° mmol) according to method V.
The intermediate product TFA-Ala-Leu-Ala-Lys(Fmoc)-PQ (15 mg),
having By (E) = 0.12 and Ry (H) = 0.59, was dissolved in 1 mL of
DMF and treated with 0.1 mL of Et;zNH for 4 h to remove the Fmoc
protecting group.!® The EtsNH and DMF were evaporated in vacuo.
A brown oil was obtained, consisting of the final product, the
byproduct dibenzofulvene, and traces of still-blocked TFA-Ala-Leu-
Ala-Lys(Fmoc)-PQ, as proved by TLC (systems E and H). To complete
the deblocking, an additional 8 h treatment with 0.25 mL of EtsNH
in DMF was done. The solvents were evaporated in vacuo, and the
residue was triturated seven times with 1.5 mL of diethyl ether to
remove the dibenzofulvene. Yield: 60% of a yellow film. Ry (H) =
0.23. tr (I) = 4.26 min, tg (IV) = 14.86 min.

Boc-Asp(OBz])-PQ (17) was prepared from Boc-Asp(OBzl) (1.3
g, 4 mmol), HOBt, DCC, and PQ according to method 1. Yield: 52%
of a yellow sticky foam. Ry (D) = 0.67.



Asp(0OBzl])-PQ (18) was prepared from Boc-Asp(OBzl)-PQ accord-
ing to method V. Yield: 89% of a light yellow powder. Ry(D)=0.02.

Boc-Ala-Leu-Ala-Asp(OBz]l)-PQ (19) was prepared from Boc-Ala-
Leu-Ala (53 mg, 0.14 mmol), HOBt, DCC, and Asp(OBzl)-PQ according
to method I. The reaction mixture was evaporated to dryness,
redissolved in 200 mL of ethyl acetate, and washed three times with
1 M NaHCO;3 and brine. The organic layer was dried over anhydrous
MgSOy, filtered, and evaporated to dryness. Yield: 78% of a yellow-
ish, sticky solid. Rf(D) = 0.18.

TFA-Ala-Leu-Ala-Asp-PQ (20) was prepared from Boc-Ala-Leu-
Ala-Asp(OBz])-PQ (19 mg, 0.023 mmol) in 10 mL of MeOH and
hydrogenated over 0.1 g of 10% Pd-on-C for 3 h according to method
V1. Yield: 87% of pure intermediate product Boc-Ala-Leu-Ala-Asp-
PQ. Rf(D)=0.02. 100% TFA (0.25 mL) was added to Boc-Ala-Leu-
Ala-Asp-PQ (1.5 mg, 2.05 x 1072 mmol) for 30 min according to
Method V. TFA was evaporated in vacuo and traces removed by
freeze drying for 30 min. Yield: 90% of a yellow film. Rs(D) = 0.tr
(I) = 5.82 min, tg (II) = 15.18 min, g (IV) = 34.35 min, ¢t (V) = 8.0
min.

Boc-Ala-Leu-OBzl (21) was prepared from Boc-Ala (1.9 g, 10
mmol), DCC, Tos-Leu-OBzl, and N-methylmorpholine according to
method II. The crude product contained a substantial amount of Leu-
OBzl. It was dissolved in 20 mL of EtOH and precipitated by 100
mL of 1 M KHSO,. The resulting o0il was extracted with ethyl ether
and the organic layer was washed with 1 M KHSO4 and brine.
Evaporation of the solvent gave an oil, which failed to crystallize.
Yield: 92%. Rf (B) =0.93. Anal. Calcd for Cz]H3zN205: 64.26% C,
8.22% H, 7.14% N. Found: 64.02% C, 8.43% H, 7.40% N.

HCl-Ala-Leu-OBz] (22) was prepared from Boc-Ala-Leu-OBz1 (3.6
g, 9.2 mmol) according to method IV. Yield: 98% of a yellow oil. Ry
(B) = 0.30.

Boc-Leu-Ala-Leu-OBzl (23) was prepared from Boc-Leu (2.74 g,
11 mmol), DCC, HCl-Ala-Leu-OBzl, and EtsN according to method
II. Yield: 87% of an oil. Rf(B) = 0.82.

HCl'Leu-Ala-Leu-OBz1 (24) was prepared from Boc-Leu-Ala-Leu-
OBzl (5.06 g, 10 mmol) dissclved in 60 mL of 1 M HCI/AcOH according
to method IV. Yield: 95%.

Boc-Ala-Leu-Ala-Leu-OBzl (25) was prepared from Boc-Ala (1.7
g, 9 mmol), DCC, HClLeu-Ala-Leu-OBzl, and EtzN according to
method II. Yield: 52% of white crystals. Rr(B) = 0.74. Mp 184—
187 °C. [0)*3p = —80.3° (¢ = 1, MeOH). Anal. Caled for
CaoHysN4O7: 62.48% C, 8.38% H, 9.71% N. Found: 62.1% C, 8.04%
H, 9.4% N.

Boc-Ala-Leu-Ala-Leu (26) is identical with compound 6.

Boc-Ala-Leu-Ala-Leu-PQ (27)—The compound was identical with
compound 7.

TFA-Ala-Leu-Ala-Leu-PQ (28)—The compound was identical with
compound 8.

Boc-Tyr(Bzl)-Leu-Ala-Leu-OBzl (29) was prepared from Boc-
Tyr(Bzl) (4.83 g, 13 mmol), DCC, HCl-‘Leu-Ala-Leu-OBzl, and EtzN
according to method II. The erude product after crystallization from
ethyl acetate:ethyl ether:petroleum ether (1:1:5) gave white crystals.
Yield: 52%. R;(B)= 0.79. Mp 137—-148 °C. [a]®3p = —-42.9°(c =1,
MeOH). Anal. Caled for C43H35sN4Og: 68.05% C, 7.70% H, 7.38% N.
Found: 67.81% C, 7.92% H, 7.13% N.

Boe-Tyr-Leu-Ala-Leu (30) was prepared from Boc-Tyr(Bzl)-Leu-
Ala-Leu-OBzl according to method VI. Yield: 97% of a white powder.
R (C) = 0.23. [a]?p = —49.2° (¢ = 1, MeOH).

Boc-Tyr-Leu-Ala-Leu-PQ (31) was prepared from Boc-Tyr-Leu-
Ala-Leu (0.6 g, 1 mmol) and HOBt in 6.5 mL of DMF, DCC in 2 mL
of DMF, and Et;N and PQ in 6 mL of DMF for 96 h according to
method I. Ethyl acetate (16 mL) was added to the reaction mixture,
which was then washed with 0.2 M eitric acid, pH 2, 1 M NaHCOs,
and brine. The organic layer was dried over anhydrous NasSOy,
filtered, and evaporated to dryness. Yield: 31% of a yellow powder.

TFATyr-Leu-Ala-Leu-PQ (32) was prepared from Boc-Tyr-Leu-
Ala-Leu-PQ (0.93 mg, 1.1 x 1073 mmol) according to method V.
Yield: 96% of a yellow film. Ry (E) = 0.06. fg (I) = 7.42 min, main
peak.

Boc-Lys(Boc)-Leu-Ala-Leu-OBzl (33) was prepared from Boc-
Lys(Boc) (6.32 g, 12 mmol), DCC, Et3sN, and HCl'Leu-Ala-Leu-OBzl
according to method II. The crude product, after crystallizing from
ethyl acetate:ethyl ether:petroleum ether (1:1:5) twice, gave a white
powder. Yield: 42%. Ry(B)=0.86. Mp 199—202 °C. [a]?®*p = —60.1°

(c = 1, MeOH). Anal. Calcd for CssHgsN5Oo: 62.19% C, 8.65% H,
9.54% N. Found: 61.87% C, 8.91% H, 9.18% N.

Boc-Lys(Boc)-Leu-Ala-Leu (34) was prepared from Boc-Lys(Boc)-
Leu-Ala-Leu-OBzl according to method VI. Yield: 96% of a white
powder. R (C)=0.22. [a]®p = —53.9° (¢ = 1, MeOH).

Boc-Lys(Boc)-Leu-Ala-Leu-PQ (85) was prepared from Boc-Lys-
(Boc)-Leu-Ala-Leu (0.7 g, 1.0 mmol) and HOBt in 5.5 mL of DMF,
DCC in 2 mL of DMF, and Et3N and PQ in 2 mL of DMF for 96 h
according to method I. Ethyl acetate (100 mL) was added to the
reaction mixture, which was then washed with 1 M KHSO4, 1 M
NaHCOs3, and brine. The organic layer was dried over anhydrous
NagSOy, filtered, and evaporated to dryness. The residue was further
purified by adsorption chromatography. Yield: 68% of a yellow
powder. Ry(A) =10.64.

2TFA-Lys-Leu-Ala-Leu-PQ (36) was prepared from Boc-Lys(Boc)-
Leu-Ala-Leu-PQ (0.05 g, 0.06 mmol) according to method V. Yield:
97% of a yellow film. R (B) = 0.36. tg (I) = 12.48 min.

Boc-Asp(OtBu)-Leu-Ala-Leu-OBzl (37) was prepared from Boc-
Asp(OtBu) (6 g, 13 mmol), DCC, HCI-Leu-Ala-Leu-OBzl, and Et;N
according to method II. The crude product after crystallization from
ethyl acetate:ethyl ether:petroleum ether (1:1:5) gave white powder.
Yield: 34.1%. R;(B)=0.82. Mp 167-169 °C. [a]?®p = —64.3° (¢ =
1, MeOH). Anal. Calcd for Cs5Hs6N4Og: 62.11% C, 8.34% H, 8.28%
N. Found: 62.02% C, 8.13% H, 8.34% N.

Boc-Asp(OtBu)-Leu-Ala-Leu (38) was prepared from Boc-Asp-
(OtBu)-Leu-Ala-Leu-OBzl according to method VI. Yield: 98% of a
white powder. R;(C) = 0.25. [a]?®p = —60.8° (c = 1, MeOH).

Boc-Asp(OtBu)-Leu-Ala-Leu-PQ (39) was prepared from Boc-
Asp(OtBu)-Leu-Ala-Leu (0.2 g, 0.34 mmol) and HOBt in 2 mL of DMF,
DCC in 0.6 mL of DMF, and EtsN and PQ in 2 mL of DMF for 26 h
according to method I. Ethyl acetate (40 mL) was added to the
reaction mixture, which was then washed with 1 M KHSO4, 1 M
NaHCOs3, and brine. The organic layer was dried over anhydrous
NasS0y, filtered, and evaporated to dryness. Yield: 44% of a yellow
powder. Ry (B) = 0.64.

TFA-Asp-Leu-Ala-Leu-PQ (40) was prepared from Boc-Asp-
(OtBu)-Leu-Ala-Leu-PQ (20 mg, 0.02 mmol) according to method V.
Yield: 96% of a yellow film. Rf(A) = 0.06, Ry (B) = 0.11. tg (I) =
12.56 min, tg (II) = 50 min, tg (II) = 10.50 min.

Boc-EACA-PQ (41) was prepared from Boc-EACA (2.45 g, 10.6
mmol), CDI, and PQ dissolved in DMF according to method III. The
mixture was then diluted with an equal volume of 0.2 M NayCOs, pH
11, and extracted with ether. The combined organic extracts were
washed with 0.2 M citric acid, pH 2, dried over NasSOQ4, and
evaporated to dryness. Yield: 50%. Ry (A) = 0.62.

EACA-PQ (42) was prepared from Boc-EACA-PQ (30 mg, 0.06
mmol) dissolved in 1 mL of 100% TFA and left for 30 min in the dark.
TFA was then evaporated, and the resulting oil was dissolved in 0.2
M NaHCOs, pH 11, and extracted into ethyl acetate as a free base.
The combined organic extracts were dried over NasSQy, filtered, and
evaporated to dryness. Yield: 63%. Ry (A) = 0.19. ¢r (VD) = 5.22
min.,

Boc-EACA-Leu-PQ (43) was prepared from Boc-EACA (0.86 g,
3.7 mmol), CDI, and Leu-PQ dissolved in DMF according to method
III. The mixture was then diluted with an equal volume of 0.2 M
NaCOs, pH 11, and extracted with ether. The combined organic
extracts were washed with 0.2 M citric acid, pH 2, dried over Nay-
SOy, filtered, and evaporated to dryness. Yield: 25%. Rf(A) = 0.66.

EACA-Leu-PQ (44) was prepared from Boc-EACA-Leu-PQ (45 mg,
0.08 mmol) as described for compound 42. Yield: 64%. Ry(A)=0.23.
tg (VIII) = 7.98 min.

Boc-Ala-Leu-PQ (45)—Boc-Ala-OSu (0.31 g, 1.08 mmol), Leu-PQ
(0.45 g, 1.20 mmol), and KHCO; (0.24 g, 2.40 mmol) were dissolved
in a mixture of 5 mL of water and 8 mL of dioxane and was stirred
for 48 h in the dark. Citric acid (0.2 M, pH 2) was added and the
product was extracted into ethyl acetate. The combined organic
phases were dried over NaaSQy, filtered, and evaporated to dryness.
Yield: 52%. Rf(A) = 0.72.

Ala-Leu-PQ (46) was prepared from Boc-Ala-Leu-PQ (0.31 g, 0.57
mmol) as described for compound 42. Yield: 92%. R (A) = 0.21.

Boc-EACA-Ala-Leu-PQ (47) was prepared from Boc-EACA (0.11
g, 0.45 mmol), HOBt, DCC, and Ala-Leu-PQ dissolved in DMF
overnight according to method I. The DCU formed was removed by
filtration and the filtrate was evaporated under reduced pressure.
The residue was dissolved in ethyl acetate and washed with 0.2 M
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NayCOs3, pH 11, and 0.2 M sodium citrate, pH 2. The organic layer
was dried over NazSQy, filtered, and evaporated to dryness. Rr(A)=
0.62.

EACA-Ala-Leu-PQ (48) was prepared from Boc-EACA-Ala-Leu-
PQ (0.12 g, 0.18 mmol) as described for compound 42. Yield: 14%.
R (A) = 0.19. tg (VII) = 4.82 min.

Leu-Ala-Leu-PQ (49) was prepared from Boc-Leu-Ala-Leu-PQ
(0.05 g, 0.08 mmol) according to method V. Yield: 96% of a yellow
film. tg (I) = 19.34 min, tg (III) = 27.30 min.

TFA-Ala-Leu-PQ (50) was prepared from Boc-Ala-Leu-PQ (0.40
g, 0.74 mmol) according to method V. Yield: 98% of a yellow film. ¢y
(I) = 11.08 min, ¢g (III) = 15.58 min.

TFA:Leu-PQ (51) was prepared from Boc-Leu-PQ (0.2 g, 0.46
mmol) according to method V. Yield: 99% of a yellow film. g (I) =
12.19 min, tg (IIT) = 19.36 min,

Leu-Ala-Tyr-PQ (52) was prepared from TFA-Ala-Leu-Ala-Tyr-
PQ (7 mg, 8.77 x 1072 mmol) according to the Edman degradation.
The phenylthiocarbamyl(PTC)-Ala-Leu-Ala-Tyr-PQ was washed once
with heptane:ethyl acetate (10:1) and once with heptane:ethyl acetate
(1:2). The anilinothiazolinone(ATZ)-Ala formed was washed out three
times with n-butyl acetate and the final produce Leu-Ala-Tyr-PQ was
extracted into the ethyl acetate phase. All TLC/s were run in system
A. Yield: 23% of a yellow film. Ry (A) = 0.04. ¢g (I) = 10.18 min,
main peak.

Ala-Tyr-PQ (53) was prepared from Leu-Ala-Tyr-PQ (1.2 mg, 2.0
x 1073 mmol) according to the Edman degradation. The PTC-Leu-
Ala-Tyr-PQ was washed with heptane:ethyl acetate (10:1 and 1:2).
The ATZ-Leu formed was washed out with n-butyl acetate and the
final product, Ala-Tyr-PQ, was extracted into the ethyl acetate phase.
Yield: 40% of a yellow film. Rf(A) = 0.05. ¢g (I) = 6.88 min, main
peak.

Boc-Tyr(Bz])-PQ (54) was prepared from Boc-Tyr(Bzl) (15.7 mg,
0.04 mmol) and HOBt in 3 mL of DMF, DCC in 2 mL of DMF, and
PQ in 2 mL of DMF for 40 h according to method I. Ethyl acetate
(100 mL) was added to the reaction mixture, which was then washed
with 1 M KHSO4, 1 M NaHCOs3, and brine. The organic layer was
dried over anhydrous NasSOy, filtered, and evaporated to dryness.
Yield: 70% of a yellow powder. Ry (A) = 0.64.

Tyr-PQ (55)—Method V was applied to Boc-Tyr(Bzl)-PQ (20 mg,
0.03 mmol). The intermediate product, TFA'Tyr(OBz))-PQ (Yield:
99% of a yellow film), had R (A) = 0.20, R (C) = 0.53, Ry (I) = 0.05,
and method VI was further applied to it. The final product (Yield:
97% of a yellow film) had Rs (A) = 0.10, Ry (C) = 0.38, and tr (I) =
7.49 min (main peak).

2TFA-Lys-PQ (56)—To remove the Fmoc protecting group, Boc-
Lys(Fmoc)-PQ (11 mg, 0.015 mmol) was dissolved in 1 mL of dry DMF
and treated with 0.1 mL of EtoNH for 5.5 h. The EtoNH and DMF
were evaporated in vacuo. The residue was triturated 3 times with
1.5 mL of diethyl ether to remove the byproduct dibenzofulvene. The
homogenicity of the intermediate product Boc-Lys-PQ (11.5 mg, 0.023
mmol) was checked in the TLC systems D, E, F, and H, and method
V was applied to give the final product 2TFA-Lys-PQ. Yield: 92% of
a yellow film. Ry (H) = 0.19. tg (IV) = 6.20 min. The same results
were obtained by reversing the order of the two steps.

Leu-Ala-Asp-PQ (57) was prepared from TFA-Ala-Leu-Ala-Asp-
PQ (0.6 mg, 7.39 x 10~* mmol) according to the Edman degradation.
The PTC-Ala-Leu-Ala-Asp-PQ was washed with heptane:ethyl acetate
(10:1). The ATZ-Ala formed was washed out with n-butyl acetate.
The final product, Leu-Ala-Asp-PQ, stayed in the basic water phase
after several extractions with ethyl acetate. Yield: 38% of a yellow
film. Rf(J) = 0.38. g (II) = 12.96 min, tg (V) = 12.77 min.

Ala-Asp-PQ (58) was prepared from Leu-Ala-Asp-PQ (2.8 mg, 5.03
x 1078 mmeol) according to the Edman degradation. The PTC-Leu-
Ala-Asp-PQ was washed with heptane:ethyl acetate (10:1). The ATZ-
Leu formed was washed out with n-butyl acetate. The final product,
Ala-Asp-PQ, stayed in the basic water phase after several extractions
with ethyl acetate. Yield: 45% of a yellow film. R(J) = 0.19. tr (V)
= 7.70 min.

Asp-PQ (59)—Method V was applied to Boc-Asp(OBz1)-PQ (13.4
mg, 0.024 mmol). The intermediate product, TFA:Asp(OBzl)-PQ
(Yield: 97% of a yellow film), had Ry (D) = 0.02 and R (H) = 0.77,
and method VI was further applied to it. The final product Asp-PQ
(Yield: 96% of a yellow film) had R¢(H) = 0.30 and ¢g (V) = 8.60 min.
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Resuits

The tetrapeptide—PQ compounds were synthesized as
shown and summarized in Schemes 1 and 2 and the EACA-
PQ compounds as shown in Scheme 3. The reference sub-
stances, needed for identification purposes in the analytical
chromatographic systems, were prepared as described in
Scheme 4. Each separate intermediate and final product is
identified by a number as specified in the schemes. The
number is used in the detailed descriptions of the syntheses
of the respective compounds.

The general methods, as described above, were used as far
as possible. The reaction rate of each step, as well as the
purification of each compound, was routinely followed by TLC
and when appropriate by HPLC. Each product was charac-
terized in different ways and relevant data are given in the
text. Some key products were characterized by elemental and
amino acid analyses.

Discussion

Targeting of drugs is today a widely accepted concept to
experimentally improve the therapeutic efficacy of toxic
substances or to circumvent physiological barriers. For
instance, the entrapment of cytokines in liposomes or poly-
acryl starch microparticles* may be used to avoid systemic
effects, if the carriers can be selectively directed to the wanted
target. The covalent binding of antileishmanial drugs to
polyacryl starch microparticles has been shown to significantly
increase their uptake and therapeutic activity in the lysosomal
vacuome of the Kupffer cells, where the Leishmania parasites
proliferate in infected animals.”20 A crucial point for a
successful exploitation of the concept is, however, that the
drug can be released in an active form from the carrier,
preferably in a controlled, predetermined way.

Drugs having a primary amino group, like primaquine (PQ),
can be conveniently coupled to lysosomotropic carriers via
polypeptide spacer arms. These are cleaved by the lysosomal
enzymes so that the active drug can be subsequently released.
In our earlier work,® we studied the release of PQ bound to
starch microparticles via Ala-Leu peptides. The fastest
release was obtained with the tetrapeptide Ala-Leu-Ala-Leu,
and the microparticle conjugate was found to be active against
Leishmania parasites both in vitro® and in vivo.” Different
peptide spacer arms have been used to couple drugs also to
serum albumin?! and synthetic polymers.?2 The present work
describes the synthesis of many PQ-derivatives like tetra-, tri-
and dipeptide—PQ, amino acid—PQ, EACA—PQ, and several
peptide intermediates. The synthesis of these compounds was
performed in solution using the coupling reagents DCC and
CDI. The bond between the drug PQ and the peptides was
thus an amide bond. As a temporary protection we used in
all cases Boc for the a-NH; groups and OBzl for the a-COOH
groups. The semipermanent protection at the side-chain
functions of Tyr, Lys, and Asp was necessary in order to avoid
possible side reactions. We used Bzl for the phenolic group
of the Tyr, Fmoc or Boc for the ¢-NH; group of Lys, and OBzl
or OtBu for the 5-COOH group of Asp. The strategic plan for
the synthesis was simplified by a core of a common tripeptide
in each of the two series of tetrapeptides, but complicated by
the sensitivity of PQ for light and high pH values. Thus, the
synthetic schemes were designed to reduce the exposure of
PQ to light. Moreover, PQ was normally condensed with the
tetrapeptides by a DCC/HOBt reaction, but peptides 15 and
19 were prepared from the tripeptide with the appropriate
Lys-PQ and Asp-PQ derivatives. This deviation from the
normal strategy was found to give the best yield in the two
cases.



Concerning the removal of protecting groups, we applied
the most widely used procedures, namely, Boc removal by HCV
AcOH or TFA, OtBu removal by TFA, OBzl and Bzl removal
by Hy/Pd-on-C, and Fmoc removal by Et,NH. By stepwise
removal of only the N-terminal residue from peptides (pro-
teins), the Edman degradation can yield the entire amino acid
sequence. However, we used it as a method to prepare the
PQ—peptide with one amino acid less than the original.

All the reaction conditions were chosen to minimize race-
mization. Thus, in most of the syntheses, we added as an
auxiliary nucleophile, HOBt, due to its superiority to HOSu.?
The temperature was kept at 0 °C during the initial phases
of the condensation steps, as chiral integrity is improved at
lower temperatures.?* However, DMF had to be used instead
of nonpolar solvents in most of the reactions to improve the
solubility of the peptide intermediates. Subsequent degrada-
tion with lysosomal enzymes indicated that no racemization
had taken place as all the PQ—peptides obtained were totally
degraded within experimental errors.’® Only the Asp-contain-
ing peptides were cleaved too slowly to give useful information
about the stereochemical purity, but this may be due to lack
of such an enzyme specificity.

The reactions applied gave products which normally could
be purified by washings with suitable solvent mixtures.
However, derivative 35 was purified by adsorption chroma-
tography due to its specific solubility profile. In all cases,
derivatives were obtained which were shown to be homoge-
neous in analytical HPLC. In some cases, though, the
derivatives may have been contaminated by traces of dicy-
clohexylurea, which however is of no significance in our
studies.

In conclusion, the synthetic schemes developed in this paper
are well-suited for the synthesis of all four groups of PQ
derivatives.
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