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AbstractÐA series of cysteine diazomethyl- and chloromethyl ketone derivatives has been synthesized and evaluated against human
B-lineage (Nalm-6) and T-lineage (Molt-3) acute lymphoblastic leukemia cell lines. The chloromethyl ketone compounds showed
potent cytotoxicity against these cell lines, with IC50 values in the low micromolar range. The best compounds were N-acetyl-S-
dodecyl-Cys chloromethyl ketone (IC50=2.0 mM against Nalm-6, 2.3 mM against Molt-3) and N-acetyl-S-trans,trans-farnesyl-Cys
chloromethyl ketone (IC50=3.0 mM against Nalm-6 and 1.4 mM against Molt-3). # 2000 Elsevier Science Ltd. All rights reserved.

Acute lymphoblastic leukemia (ALL) is the most com-
mon form of childhood cancer.1±3 The outcome of ALL
patients who are not cured by contemporary multi-
modality treatment programs is dismal.1±5 Therefore,
there is an urgent need for novel anti-leukemic agents.4,5

In a systematic e�ort aimed at identifying novel anti-
leukemic agents with potent cytotoxic activity against
human ALL cells, we synthesized a series of 16 cysteine
diazomethyl- and chloromethyl ketone derivatives.

The synthesis of the compounds is outlined in Schemes
1±3. The majority of the compounds (3a±e, 4a±e, Table 1
4f, 4g, Table 2) were prepared by the synthetic scheme
illustrated for N-acetyl-S-farnesyl-Cys chloromethyl
ketone (4a) (Scheme 1). The thiol group of N-acetyl-l-
cysteine (1) was isoprenylated by treatment with the
appropriate isoprenyl bromide in a 4 M solution of
ammonia in methanol according to the method of
Brown and co-workers.6 For the preparation of N-ace-
tyl-S-dodecyl-Cys-OH, the addition of ethyl acetate as a
co-solvent was necessary to aid solvation of the 1-bro-
mododecane. The S-alkylated acid (2a) was activated as
the mixed anhydride using isobutylchloroformate and
converted ®rst to the diazomethyl ketone (3a) by treat-
ment with diazomethane7 and then to the chloromethyl
ketone (4a) with HCl in ethyl acetate at 0 �C for 10 min.

N-Boc-S-farnesyl-Cys chloromethyl ketone (4b) was pre-
pared by the literature procedure starting from l-cysteine.8

However, in the case of N-Boc-S-dodecyl-Cys chloro-
methyl ketone (8), S-dodecyl-Cys could not be isolated.
Instead, cysteine methyl ester was dodecylated in a
mixture of ethyl acetate and methanol (Scheme 2) to
give 6, followed by Boc-protection and ester hydrolysis
to give the acid (7). Conversion in turn to the diazo-
methyl ketone and the chloromethyl ketone proceeded
as described above. The free amine (9) was prepared
from 8 by simply deprotecting the Boc group in a satu-
rated solution of HCl in ethyl acetate. N-Boc-Gly-Cys
chloromethyl ketone (13) was also prepared from
cysteine methyl ester (Scheme 3). Thus, cysteine methyl
ester was ®rst farnesylated as above to give 10 and then
coupled with N-Boc-Gly-OH using EDC/HOBt. The
ester was hydrolyzed to the acid (11) and the chloro-
methyl ketone compound (13) was prepared via the
diazomethyl ketone precursor (12) (Scheme 3). All
compounds gave satisfactory spectroscopic and analy-
tical data.9

The cytotoxic activities of the compounds were eval-
uated against two acute lymphoblastic leukemia (ALL)
cell lines, Nalm-6 (B-lineage ALL) and Molt-3 (T-line-
age ALL) using standard MTT assays10 and the IC50

values were determined using Graphpad Prism soft-
ware, version 2.0 (San Diego, CA). The comparison of
the IC50 values (Tables 1 and 2) revealed signi®cant
information regarding the structure±activity relation-
ships a�ecting the anti-leukemic activity of this series of
compounds. First, the chloromethyl ketone derivatives
displayed greater activity than their diazo analogues.
Inclusion of a dodecyl S-substituent (compounds 3e, 4e,
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Scheme 1.

Scheme 2.

Scheme 3.

Table 1. Structure and activities of S-alkyl cysteine diazo and chloromethyl ketone derivatives against Nalm-6 (B-lineage ALL) and Molt-3 (T-

lineage ALL) cell lines.

No. HI R R0 X IC50 (mM)
Number

Nalm-6 B-lineage ALL Molt-3 T-lineage ALL

12 401 Boc-Gly trans,trans-Farnesyl CH�N2 51.3 84.5
3b 82 Boc trans,trans-Farnesyl CH�N2 49.8 50.1
3a 367 Ac trans,trans-Farnesyl CH�N2 30.3 32.2
3c 122 Ac trans-Geranyl CH�N2 >100 >100
3d 123 Ac 3-Methyl-2-butenyl CH�N2 >100 >100
3e 348 Ac Dodecyl CHÿN2 15.4 22.9
13 130 Boc-Gly trans,trans-Farnesyl CH2ÿCl 12.9 17.5
4b 124 Boc trans,trans-Farnesyl CH2ÿCl 10.7 7.7
4a 368 Ac trans,trans-Farnesyl CH2ÿCl 3.0 1.4
4c 127 Ac trans-Geranyl CH2ÿCl >100 >100
4d 128 Ac 3-Methyl-2-butenyl CH2ÿCl 12.6 7.9
4e 131 Ac Dodecyl CH2ÿCl 2.0 2.3
8 129 Boc Dodecyl CH2ÿCl 15.1 15.5
9 252 H.HCl Dodecyl CH2ÿCl 17.7 12.5
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8, 9) yielded compounds with excellent cytotoxic activ-
ities whose IC50 values ranged from 2.0 to 17.7 mM
against Nalm-6 cells and from 2.3 to 22.9 mM against
Molt-3 cells. The presence of a trans,trans-farnesyl sub-
stituent was also associated with excellent activty, but
such compounds were at best equal to and generally less
potent than their dodecyl analogues. Surprisingly, com-
pound 4c with a C-10 geranyl unit lacked anti-leukemic
activity, whereas both compound 4d with a C-5 prenyl
unit and compound 4a with a C-15 farnesyl unit were
highly cytotoxic against Nalm-6 and Molt-3 leukemia
cells (Table 1). Of the various N-terminal substituents
examined, the N-acetyl group was preferred, with both
larger (Boc; 3b, 4b, 8) and smaller (H; 9) derivatives
showing lower activity. Table 2 shows that non-cysteine
derivatives derived from the appropriate mercapto-car-
boxylic acid were not very active which demonstrates
that inclusion of the amido functionality is important
for anti-leukemic activity.

The p53-de®cient Nalm-6 cell line was previously shown
to be resistant to multiple chemotherapeutic agents,
including alkylating agents, steroids, topoisomerase I
inhibitors, topoisomerase II inhibitors, vincristine and
taxol.11±13 Therefore, the exquisite sensitivity of Nalm-6
cells to cysteine chloromethyl ketone derivatives is
quite encouraging. Further development of the potent
lead compounds, N-acetyl-S-dodecyl-Cys chloromethyl
ketone (4e, HI-131) and N-acetyl-S-trans,trans-farnesyl-
Cys chloromethyl ketone (4a, HI-368) may lead to the
establishment of e�ective salvage programs for therapy-
refractory acute lymphoblastic leukemia patients.
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Table 2. Structure and activities of farnesylthio methyl ketone deri-

vatives against Nalm-6 and Molt-3 cell lines

No. HI n X IC50 (mM)
Number

Nalm-6
B-lineage ALL

Molt-3
T-lineage ALL

4f 126 1 CH2-Cl 84.3 >100
4g 125 2 CH2-Cl 40.7 35.5
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