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Abstract
The antimalarial activity of hydroxyethylpiperazine derivatives, synthesized from the reaction of (2S,3S )Boc-phenylalanine epoxide with
benzylpiperazines in good yields (76e96%), has been evaluated in vitro against the Plasmodium falciparum W2 clone (chloroquine resistant).
The results show that some compounds have moderate activity against this parasite and none of the active compounds showed cytotoxicity at
high concentration (100 mg/ml).
� 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Malaria accounts for more than a million deaths each year, of
which over 80% occur in tropical Africa, where malaria is the
leading cause of mortality in children under five years of age
[1]. In Brazil it is estimated that 500,000 cases occur annually,
mainly in the Amazon Rain Forest. Plasmodium falciparum is
the most dangerous form of the four malarial parasites that infect
humans. Despite the importance of this disease, there has been
little economic incentive for the development of new drug-based
antimalarial therapies. There is a growing need for effective
drugs with new mechanism of action, due to the high rate of
mutation of the parasite, which leads to the development of
resistance. One of the critical stages of the life cycle of the par-
asite during human infection is the degradation of hemoglobin
which provides nutrients for its growth and maturation [2]. A
family of aspartic proteases, known as the plasmepsins [3,4],
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appear to be involved in the initial steps of the degradation
pathway and therefore make for an attractive antimalarial drug
target [5]. There are four aspartyl proteases present in the food
vacuole of P. falciparum, plasmepsins I, II, IV and Histo-As-
partic-Protease (HAP). The most attractive target from this
group of enzymes is the plasmepsin II [6]. Recent studies have
shown that HIV protease inhibitors can inhibit the plasmepsin
II in vitro [7,8] and in vivo [9] in the food vacuole at pharmaco-
logically relevant concentrations.

A secondary alcohol is usually the structural element of
choice to inhibit aspartic protease. This element mimics the
tetrahedral intermediate during peptide bond cleavage by as-
partic proteases [10]. It has been successfully used to develop
potent inhibitors of these enzymes, for example dihydroxy-
ethylene- [11] and hydroxyethylamine-based [12] molecules
(Fig. 1). In this work, we report the synthesis and in vitro ac-
tivity of novel hydroxyethylpiperazine-based compounds
against P. falciparum. The clone W2 of P. falciparum was
used for the test [13], as described in our previous work
[14,15], and activity compared to that of lopinavir and
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Fig. 1. Molecules developed for the synthesis of aspartyl protease inhibitors.
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Fig. 2. Structure of HIV protease inhibitors lopinavir and saquinavir.
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saquinavir (Fig. 2), used as in parallel in each test. Lopinavir is
the HIV protease inhibitor which has the best activity against
P. falciparum [8].

2. Chemistry

The hydroxyethylamine transition-state mimicking
fragment was prepared by selective ring-opening of the
(2S,3S )Boc-phenylalanine epoxide 1 (prepared according to
the method of Beaulieu) [16] with secondary amines (pipera-
zine derivatives) [17]. The epoxide stirred with four different
piperazines 2aed in isopropanol at reflux temperature affords
compounds 3aed in good yields (Scheme 1, route a). Table 1
shows the antimalarial activities of compounds 3aed ex-
pressed as 50% inhibitory concentration (IC50) of P. falcipa-
rum growth.

In this first screening, we observed that only compound 3d
(entry 4) shows moderate activity. This compound has a CH2

space linker between piperazine and the phenyl group. We
next synthesized more compounds with CH2 space linkers.
A mixture of epoxide 1 and 4-benzylpiperazines 2eej in
refluxing isopropanol for 16 h gave the hydroxyethylpipera-
zine derivatives 3eej in good yields (Scheme 1, route b).
Compound 3k was prepared by a reduction reaction from
compound 3h. The nitro group of compound 3h was reduced
with H2 and Pd/C (10%) using ethanol as the solvent, in quan-
titative yield. Both analytical and spectral data (1H and 13C
NMR) of all compounds are in full agreement with the
proposed structures. 2D-NMR techniques (HMBQ, HMQC
and COSY) helped us to assign the correct signals of com-
pounds. As an example, the 1H NMR for compound 3j
exhibits a double doublet for H1a at 2.96 ppm (J¼ 14.0 and
2J¼ 4.8 Hz) and multiplet for H1b at 2.87 ppm. Protons H2
and H3 are shown as a broad signal at 3.80 and 3.62 ppm, re-
spectively, and proton H4 appears together with the piperazine
signals at 2.45 ppm. The signal for the methylene protons of
benzylpiperazine showed a singlet at 3.41 ppm. The 13C
NMR spectra exhibit broad signals at 53.2 and 52.9 ppm for
the piperazine carbons (pp). Other general 13C NMR signals
occur about d 36.4 (C1), 54.5 (C2), 68.0 (C3) and 61.0
(C4) ppm.

Commercially unavailable precursor piperazines required
to prepare compounds 3eej of Scheme 1 were synthesized
according to a previously reported method that is outlined in
Scheme 2 [18]. The mixture of 1 equiv of piperazine with
1 equiv of piperazine dihydrochloride hydrate in absolute
ethanol (65 �C) gave a solution containing 1 equiv of pipera-
zine monohydrochloride (Scheme 2, route a). Slow addition
of 1 equiv of benzyl chloride to the above warm solution
produced 1 equiv of corresponding monoalkylated piperazine
and 1 equiv of precipitated piperazine dihydrochloride [19].
The unavailable benzyl chlorides were synthesized from
corresponding arenealdehydes (Scheme 2, route b). The
reaction of aldehyde with sodium borohydride gives the
corresponding alcohol that is reacted with hydrochloric acid
(37%) to afford the benzyl chlorides [20].
3. Pharmacological evaluation

Parasites were cultured with human erythrocytes (blood
group Oþ) at 5% hematocrit in RPMI 1640 supplemented
with 10% human plasma as previously described [21]. Test
compounds were solubilized in ethanol prior to in vitro tests.
The antiparasitic effects of the molecules were measured by
the [3H]-hypoxanthine incorporation assay [22]. Briefly,
trophozoite stages in sorbitol-synchronized blood [23] were
cultured at 2% parasitaemia and 2.5% hematocrit, in the
presence of the test compounds (at various concentrations),
diluted with culture medium (RPMI 1640) without hypoxan-
thine; a chloroquine control (as a reference antimalarial
drug) was used in each experiment. Inhibition of parasite
growth was evaluated through the levels of [3H]-hypoxanthine
incorporation plotted to generate doseeresponse curves. The
half-maximal inhibitory response (IC50) compared with
parasite growth in the drug-free controls was estimated by
curve fitting using a software program [Microcal, Origin
Software, Inc. (Northampton, MA, USA)].
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4. Cytotoxicity assay

Cytotoxicity was determined in the murine monocyte/mac-
rophage cell lineage J774, using the method previously
described [24]. The cells were seeded in a flat bottom 96-
well plate (2� 106 cells/well) cultured for 1 h (5% CO2 at
37 �C) in RPMI 1640 enriched with 10% bovine fetal serum,
2 mM L-glutamine, 25 mg/ml gentamicin, pH 7.4. Adherent
cells were cultured in the presence of different concentrations
of the compounds (0.1e100 mg/ml) for 20 h, when MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)
solution (5 mg/ml; 22.5 ml/well) was added to the culture for
4 h. Supernatant was discharged and DMSO (150 ml/well)
was added for solubilization of formazan crystals. The absor-
bance was read at 540 nm.

5. Results and discussion

The most marked effect is observed when a methylene space
linker was incorporated in piperazine residue. As the IC50 values
in Table 1 indicate, the new series of hydroxyethylpiperazine
derivatives has moderate antimalarial activity. It is evident that
compound 3c which did not have the methylene space linker
has no activity at the maximum concentration (50 mg/ml) used
(entry 3, Table 1). The same results were observed for com-
pounds 3a (R¼H) and 3b (R¼Me). The compound 3d
(R¼ CH2Ph) shows moderate antimalarial activity (entry 4).
Introduction of a halogen atom into the para position of the
benzylpiperazine group resulted in an increase in potency
(entries 5 and 6). Compound 3j, with the piperazine ring
substituted with a piperonyl group, has the best antimalarial
activity with an IC50 of 5.1 mg/ml, being as active as saquinavir
mesylate used as the standard (entry 10). The hydroxyethylpi-
perazine 3h, that has a strong electron withdrawing group,
showed poor antimalarial activity (IC50¼ 23.5 mg/ml).

6. Conclusion

In summary, the hydroxyethylpiperazines 3aek could be
synthesized easily with good yields. Some compounds showed
moderate antimalarial activity and also were not cytotoxic to
host cells at high concentration (100 mg/ml). The CH2 space
linker was found to be critical for activity, since compounds
3aec had been without antimalarial activity. Further work
with these hydroxyethylamine derivatives is now undertaken
to increase the antimalarial activity, especially, with
compounds that have the piperonyl piperazine moiety.

7. Experimental section

Unless otherwise indicated, all common reagents and
solvents were used as obtained from commercial suppliers
without further purification. All melting points were deter-
mined on a Büchi Melting Point B-545 and are uncorrected.
1H and 13C NMR spectra were recorded on a Bruker DRX
400 spectrometer (1H at 400.14 MHz and 13C at
100.61 MHz) and on a Bruker Avance 500 spectrometer (1H
at 500.13 MHz and 13C at 125.75 MHz) in CDCl3 containing
TMS as an internal standard. Microanalyses were performed
on PerkineElmer Model 2400 instrument and all values
were within �0.4% of the theoretical values. LCeMS analy-
ses were performed on a LCeMS micromass ZMD using
methanol (100%) as mobile phase with flux of 0.3 ml/min.
7.1. General procedure
Benzylpiperazines 2aej (1.5 mmol) and epoxide 1
(1.6 mmol) were dissolved in 2-propanol (10 ml) and refluxed
overnight (100 �C). The solvent was removed by evaporation
and the crude product was purified by crystallization in meth-
anol/water (7:3) to give hydroxyethylpiperazine derivatives
3aej.

7.1.1. Compound 3a
M.p. 145e147 �C. 1H NMR (500 MHz, CDCl3): 7.32e7.21

(m, 5H, Ph); 4.58 (d, 1H, NH, J¼ 9.0 Hz); 3.82 (br, 1H, H2);
3.65 (br, 1H, H3); 2.97 (dd, 1H, H1a, J¼ 13.5 Hz,
2J¼ 4.5 Hz); 2.86 (m, 1H, H1b); 2.73 (br, 2H, pp); 2.49 (br,
8H, H4 and pp); 1.35 (s, 9H, Boc). 13C NMR (125 MHz,
CDCl3): 155.6 (CO); 137.7; 129.6; 129.5; 128.5; 128.4;



Table 1

Yields, in vitro antimalarial activity against P. falciparum W2 clone and cytotoxicity of compounds 3aek

Entry Compound R1 R2 Yielda (%) IC50 mg/mlb (mM) Cytotoxicityc (% of cell viability)

0.1 mg/ml 1 mg/ml 10 mg/ml 100 mg/ml

1 3a [25] e e 89 >50 100 100 100 65

2 3b e e 76 >50 94 100 100 100

3 3c [25] e e 80 >50 100 95 94 58

4 3d H H 96 14.9 (35.0) 95 100 100 100

5 3e F H 77 7.5 (16.9) 100 100 99 90

6 3f Cl H 85 7.7 (16.7) 100 100 100 88

7 3g OMe H 89 6.2 (13.2) 100 100 100 85

8 3h NO2 H 85 23.5 (50.0) 100 100 98 81

9 3i OMe OMe 68 7.0 (14.1) 100 100 100 83

10 3j eOCH2Oe 86 5.1 (10.8) 100 98 100 82

11 3k NH2 H 93 15.8 (34.8) 100 98 98 85

Chloroquine 0.14

Saquinavir 7.0 (9.1)

Lopinavir 1.7 (2.7)

a Yields of isolated compounds.
b IC50 represents concentration inhibitory dose of the parasite growth in relation to control cultures with no drugs.
c Percentage of J774 cell viability 24 h after incubation with the compounds determined by the MTT method.
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126.3; 79.4 (Boc); 67.9 (C3); 60.9 (C4); 54.3 (C2); 53.8 (br,
pp); 36.2 (C1); 28.3 (Boc). LCeMS (m/z) (%): 350.14
(Mþþ 1, 100); 249 (37); 182 (100); 96 (15). Anal. Calcd
for C19H31N3O3: C, 65.30; H, 8.94; N, 12.02. Found: C,
65.64; H, 9.14; N, 12.22.

7.1.2. Compound 3b
M.p. 114e115 �C. 1H NMR (500 MHz, CDCl3): 7.31e7.20

(m, 5H, Ph); 4.58 (d, 1H, NH, J¼ 9.0 Hz); 3.81 (br, 1H, H2);
3.60 (br, 1H, H3); 2.97 (dd, 1H, H1a, J¼ 14.0 Hz,
2J¼ 4.0 Hz); 2.87 (m, 1H, H1b); 2.71 (br, 2H, pp); 2.53 (s,
3H, CH3); 2.48 (br, 8H, H4 and pp); 1.34 (s, 9H, Boc). 13C
NMR (125 MHz, CDCl3): 155.6 (CO); 137.8; 129.6; 129.5;
128.3; 128.2; 126.3; 79.3 (Boc); 67.9 (C3); 60.8 (C4); 55.0
(C2); 54.4 and 52.8 (pp); 45.8 (CH3); 36.3 (C1); 28.2 (Boc).
LCeMS (m/z) (%): 364.34 (Mþþ 1, 100); 264 (2). Anal.
Calcd for C20H33N3O3: C, 66.08; H, 9.15; N, 11.56. Found:
C, 65.92; H, 9.21; N, 11.60.

7.1.3. Compound 3c
M.p. 183e185 �C. 1H NMR (500 MHz, CDCl3): 7.32e7.22

(m, 10H, Ph); 4.64 (d, 1H, NH, J¼ 9.0 Hz); 3.85 (br, 1H, H2);
O
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Scheme 2. Reagents and conditions: (a) EtOH, 78 �C, 1 h; (b) NaBH4 (0.5 equiv), E
3.68 (br, 1H, H3); 2.99 (dd, 1H, H1a, J¼ 14.0 Hz,
2J¼ 4.5 Hz); 2.90 (m, 1H, H1b); 2.78 (br, 2H, pp); 2.50 (br,
8H, H4 and pp); 1.35 (s, 9H, Boc). 13C NMR (125 MHz,
CDCl3): 155.6 (CO); 137.7; 130.4; 129.6; 128.4; 128.3;
127.2; 126.3; 79.4 (Boc); 68.2 (C3); 61.0 (C4); 54.4 (C2);
52.9 and 46.9 (pp); 36.3 (C1); 28.3 (Boc). LCeMS (m/z)
(%): 364.34 (Mþþ 1, 100); 264 (2). Anal. Calcd for
C25H35N3O3: C, 70.56; H, 8.29; N, 9.87. Found: C, 70.54;
H, 8.30; N, 9.84.
7.1.4. Compound 3d
M.p. 96e98 �C. 1H NMR (500 MHz, CDCl3): 7.34e7.19

(m, 10H, Ph); 4.57 (d, 1H, NH, J¼ 8.5 Hz); 3.86 (br, 1H,
H2); 3.64 (br, 1H, H3); 3.52 (s, 2H, CH2); 2.96 (dd, 1H,
H1a, J¼ 14.0 Hz, 2J¼ 4.0 Hz); 2.87 (m, 1H, H1b); 2.70 (br,
2H, pp); 2.48 (br, 8H, H4 and pp); 1.34 (s, 9H, Boc). 13C
NMR (125 MHz, CDCl3): 155.6 (CO); 137.8; 129.6; 129.2;
128.4; 128.3; 127.2; 126.3; 79.3 (Boc); 67.9 (C3); 62.9
(CH2); 61.0 (C4); 54.3 (C2); 52.9 and 52.8 (pp); 36.2 (C1);
28.2 (Boc). LCeMS (m/z) (%): 440.27 (Mþþ 1, 100); 384
(6); 267 (4); 182 (98); 177 (47); 91 (97). Anal. Calcd for
Cl

NH.HCl

ClH.HN NH.HCl

N
HN

R2

R1e

+50-75%

2e-j

tOH, 0 �C, r.t., 18 h; (c) HCl 15%; (d) SOCl2, py, r.t., 4 h; (e) EtOH, 78 �C, 2 h.
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C26H37N3O3: C, 71.04; H, 8.48; N, 9.56. Found: C, 71.44; H,
8.59; N, 9.86.

7.1.5. Compound 3e
M.p. 115e117 �C. 1H NMR (400 MHz, CDCl3): 7.30e7.20

(m, 7H, Ph); 7.00 (d, 2H, Ph, J¼ 8.5 Hz); 4.57 (d, 1H, NH,
J¼ 7.6 Hz); 3.80 (br, 1H, H2); 3.72 (br, 1H, H3); 3.50 (s,
2H, CH2); 2.98 (dd, 1H, H1a, J¼ 14.0 Hz, 2J¼ 4.4 Hz);
2.87 (m, 1H, H1b); 2.78 (br, 2H, pp); 2.55 (br, 8H, H4 and
pp); 1.34 (s, 9H, Boc). 13C NMR (100 MHz, CDCl3): 162.2
(d, JCF¼ 245.1 Hz); 155.6 (CO); 137.7; 130.7 (d,
3JCF¼ 7.6 Hz); 129.6; 128.4; 126.4; 115.2 (d,
2JCF¼ 20.9 Hz); 79.5 (Boc); 68.0 (C3); 61.8 (CH2); 61.4
(C4); 54.4 (C2); 53.3 and 52.1 (pp); 36.3 (C1); 28.3 (Boc).
LCeMS (m/z) (%): 458.58 (Mþþ 1, 100); 364 (22); 303
(15). Anal. Calcd for C26H36FN3O3: C, 68.25; H, 7.93; N,
9.18. Found: C, 68.41; H, 8.20; N, 9.32.

7.1.6. Compound 3f
M.p. 128e129 �C. 1H NMR (500 MHz, CDCl3): 7.30e7.19

(m, 9H, Ph); 4.57 (d, 1H, NH, J¼ 9.0 Hz); 3.81 (br, 1H, H2);
3.64 (br, 1H, H3); 3.47 (s, 2H, CH2); 2.96 (dd, 1H, H1a,
J¼ 14.0 Hz, 2J¼ 4.0 Hz); 2.88 (m, 1H, H1b); 2.69 (br, 2H,
pp); 2.48 (br, 8H, H4 and pp); 1.33 (s, 9H, Boc). 13C NMR
(125 MHz, CDCl3): 155.6 (CO); 137.8; 136.5; 132.8; 130.4;
129.6; 128.4; 128.3; 126.3; 79.3 (Boc); 67.9 (C3); 62.1
(CH2); 61.0 (C4); 54.3 (C2); 52.9 and 52.8 (pp); 36.3 (C1);
28.3 (Boc). LCeMS (m/z) (%): 474.58 (Mþþ 1, 100); 364
(63); 264 (14); 214 (10). Anal. Calcd for C26H36ClN3O3: C,
65.88; H, 7.65; N, 8.86. Found: C, 65.90; H, 7.66; N, 8.86.

7.1.7. Compound 3g
M.p. 110e112 �C. 1H NMR (500 MHz, CDCl3): 7.28 (d,

2H, Ph, J¼ 7.5 Hz); 7.25e7.21 (m, 5H, Ph); 6.87 (d, 2H,
Ph, J¼ 8.5 Hz); 4.57 (d, 1H, NH, J¼ 9.5 Hz); 3.82 (br, 1H,
H2); 3.81 (s, 3H, OCH3); 3.66 (br, 1H, H3); 3.49 (s, 2H,
CH2); 2.97 (dd, 1H, H1a, J¼ 13.9 Hz, 2J¼ 4.5 Hz); 2.88
(m, 1H, H1b); 2.74 (br, 2H, pp); 2.51 (br, 8H, H4 and pp);
1.34 (s, 9H, Boc). 13C NMR (100 MHz, CDCl3): 159.0;
155.7 (CO); 138.1; 130.6; 129.8; 128.5; 126.5; 113.8; 79.5
(Boc); 68.2 (C3); 62.5 (CH2); 61.2 (C4); 55.5 (OCH3); 54.6
(C2); 53.4 and 53.0 (pp); 36.5 (C1); 28.5 (Boc). LCeMS
(m/z) (%): 470.67 (Mþþ 1, 100); 364 (15); 264 (15). Anal.
Calcd for C27H39N3O4: C, 69.05; H, 8.37; N, 8.95. Found:
C, 69.39; H, 8.23; N, 8.88.

7.1.8. Compound 3h
M.p. 148e150 �C. 1H NMR (500 MHz, CDCl3): 8.17 (d,

2H, Ph, J¼ 9.0 Hz); 7.50 (d, 2H, Ph, J¼ 8.5 Hz); 7.30e7.19
(m, 5H, Ph); 4.56 (d, 1H, NH, J¼ 9.0 Hz); 3.81 (br, 1H,
H2); 3.60 (br, 1H, H3); 3.59 (s, 2H, CH2); 2.95 (dd, 1H,
H1a, J¼ 14.0 Hz, 2J¼ 4.5 Hz); 2.87 (m, 1H, H1b); 2.67 (br,
2H, pp); 2.45 (br, 8H, H4 and pp); 1.34 (s, 9H, Boc). 13C
NMR (125 MHz, CDCl3): 155.6 (CO); 147.1; 146.2; 137.8;
129.6; 129.5; 128.3; 126.3; 123.5; 79.3 (Boc); 67.9 (C3);
62.0 (CH2); 60.8 (C4); 54.3 (C2); 53.3 and 53.1 (pp); 36.3
(C1); 28.3 (Boc). LCeMS (m/z) (%): 485.33 (Mþþ 1, 96);
364 (100); 301 (31); 264 (15). Anal. Calcd for C26H36N4O5:
C, 64.44; H, 7.49; N, 11.56. Found: C, 64.32; H, 7.51; N,
11.68.

7.1.9. Compound 3i
M.p. 125e126 �C. 1H NMR (500 MHz, CDCl3): 7.30e7.20

(m, 7H, Ph); 6.81 (d, 2H, Ph, J¼ 8.5 Hz); 4.57 (d, 1H, NH,
J¼ 10.0 Hz); 3.89 (s, 3H, OCH3); 3.87 (s, 3H, OCH3); 3.81
(br, 1H, 2H); 3.69 (br, 1H, H3); 3.55 (s, 2H, CH2); 2.97 (dd,
1H, H1a, J¼ 13.5 Hz, 2J¼ 4.0 Hz); 2.87 (m, 1H, H1b); 2.73
(br, 2H, pp); 2.51 (br, 8H, H4 and pp); 1.34 (s, 9H, Boc).
13C NMR (125 MHz, CDCl3): 155.6 (CO); 148.8; 148.2;
137.7; 129.6; 129.1; 128.4; 126.3; 121.4; 110.7; 79.4 (Boc);
67.9 (C3); 62.9 (CH2); 61.0 (C4); 55.9 (OCH3); 55.8
(OCH3); 54.4 (C2); 53.3 and 52.7 (pp); 36.3 (C1); 28.3
(Boc). LCeMS (m/z) (%): 500.43 (Mþþ 1, 100); 400 (3);
151 (3). Anal. Calcd for C28H41N3O5: C, 67.31; H, 8.27; N,
8.41. Found: C, 66.98; H, 8.48; N, 8.23.

7.1.10. Compound 3j
M.p. 103e105 �C. 1H NMR (400 MHz, CDCl3): 7.30e7.18

(m, 5H, Ph); 6.84 (s, 1H, Ph); 6.74 (s, 2H, Ph); 5.94 (s, 2H,
OCH2O); 4.57 (d, 1H, NH, J¼ 8.4 Hz); 3.80 (br, 1H, H2);
3.62 (br, 1H, H3); 3.41 (s, 2H, CH2); 2.96 (dd, 1H, H1a,
J¼ 14.0 Hz, 2J¼ 4.8 Hz); 2.87 (m, 1H, H1b); 2.67 (m, 2H,
pp); 2.45 (br, 8H, H4 and pp); 1.34 (s, 9H, Boc). 13C NMR
(100 MHz, CDCl3): 155.6 (CO); 147.7; 146.7; 137.9; 131.9;
129.6; 128.3; 126.3; 122.2; 109.5; 107.9; 100.9 (OCH2O);
79.3 (Boc); 68.0 (C3); 62.7 (CH2); 61.0 (C4); 54.5 (C2);
53.2 and 52.9 (pp); 36.4 (C1); 28.3 (Boc). LCeMS (m/z)
(%): 484.49 (Mþþ 1, 100); 384 (4). Anal. Calcd for
C27H37N3O5: C, 67.06; H, 7.71; N, 8.69. Found: C, 67.06;
H, 7.72; N, 8.69.

7.1.11. Compound 3k
To a stirred solution of compound 3h (280 mg, 0.57 mmol)

in absolute ethanol (15 ml) under a blanket of nitrogen was
added 10% palladium on activated charcoal (5 mg). The reac-
tion was placed under a hydrogen atmosphere and stirred over-
night. The reaction mixture was filtered through Celite, and
the solvent was removed under reduced pressure to yield 3k
as a brown oil. The residue was purified by chromatography
on silica, eluting with 3:1 hexane/EtOAc. 3k: m.p. 139e
142 �C. 1H NMR (500 MHz, CDCl3): 7.30e7.20 (m, 5H,
Ph); 7.08 (d, 2H, Ph, J¼ 8.0 Hz); 6.96 (d, 2H, Ph,
J¼ 8.0 Hz); 4.62 (d, 1H, NH, J¼ 9.5 Hz); 3.81 (m, 1H,
H2); 3.61 (br, 1H, H3); 3.42 (s, 2H, CH2); 2.96 (dd, 1H,
H1a, J¼ 15.0 Hz, 2J¼ 4.0 Hz); 2.86 (m, 1H, H1b); 2.69 (br,
2H, pp); 2.45 (br, 8H, H4 and pp); 1.34 (s, 9H, Boc). 13C
NMR (125 MHz, CDCl3): 155.5 (CO); 145.5; 137.7; 130.5;
129.7; 129.5; 128.3; 128.2; 126.3; 126.2; 115.2; 79.2 (Boc);
67.9 (C3); 62.3 (CH2); 61.7 (C4); 54.3 (C2); 52.6 and 52.3
(pp); 36.2 (C1); 28.3 (Boc). IR (KBr): 3450 (NH2); 3354
(NH); 2970 and 2924 (CH2 and CH3); 1706 (CO). Anal. Calcd
for C26H38N4O3: C, 68.69; H, 8.43; N, 12.32. Found: C, 68.42;
H, 8.63; N, 12.15.
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