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4-Bromo-3,4-dimethyl-1-phenyl-2-phospholene 1-oxide (3c) was first synthesized from 3,4-dimethyl-1-
phenyl-2-phospholene 1-oxide (2c) by a bromo-radical substitution reaction occurred at C-4 position by
N-bromosuccinimide and 2,20-azobisisobutyronitrile. The novel phospha sugar analogue 3c exerted high
anti-proliferative effect on U937 cells evaluated by MTT in vitro methods and was much more efficient
than that of Gleevec�, which is known as a molecule targeting chemotherapeutical agent. The substitu-
tion of 2-phospholenes at C-3 and C-4 position with methyl groups as well as 4-bromo substituent sug-
gests a good anti-proliferative effect.

� 2010 Elsevier Ltd. All rights reserved.
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Phospha sugars have a phosphorus atom instead of the oxygen
atom in the hemiacetal ring of the normal sugars and they con-
struct one new category of the pseudo sugars.1–4 Well known typ-
ical pseudo sugars are carba-, aza-, and thia-sugars,5–7 with a
carbon, a nitrogen, and a sulfur atom instead of the oxygen atom,
respectively, in the hemiacetal ring of the normal sugars, which
are known to exist in nature and are also prepared by synthetic su-
gar chemistry. Many of them exert important biological activities,
therefore, a lot of studies on them have actively been performed.
Recently bioactivities of phospha sugars were found, especially,
deoxybromophospha sugars exert important biological activities
and have quite efficient anti-cancer activities for leukemia cells.8

Since then researches on synthesis and evaluation of phospha sug-
ars are rapidly progressing to develop new type of molecular tar-
geting chemotherapeutic anti-tumor agents and the structure
and activity relationship and the mechanism of the action against
tumor cells are gradually been elucidated.9,10

In this paper, we will deal with the research on novel phospha
sugar analogues or 2-phospholene derivatives 2 and 4-bromo-2-
phospholene derivatives 3 which were prepared from 2-phospho-
lene derivatives, being substituted on the 3- and/or 4-positions by
ll rights reserved.

amashita).
alkyl group(s) and/or 4-position by a bromo group as well as no
substituents on the position, and the evaluation of the biological
activity for leukemia cells by using 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyltetrazolium bromide (MTT) in vitro methods.

Synthesis of 1-phenyl-2-phospholene 1-oxides 2a–c,11,12 being
used as the precursor of a pentofuranose-type phospha sugar,
was carried out by applying a known [4+2] cycloaddition reaction
(McCormac reaction)13 of 1,3-dienes 1a–c with phenylphospho-
nous dichloride and the successive hydrolysis reaction (Scheme
1). On the other hand, synthesis of 3-ethyl-1-phenyl-2-phospho-
lene 1-oxide (2d) was carried out by an alkylation reaction of the
methyl group of 3-methyl-1-phenyl-2-phospholene 1-oxide (2b)
by using n-buthyllithium and iodomethane (Scheme 2).
2a-c1a-c

Scheme 1. Preparation of 1-phenyl-2-phospholene 1-oxides 2a–c: (a) R1 = R2 = H;
(b) R1 = CH3, R2 = H; (c) R1 = R2 = CH3.
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Scheme 2. Preparation of 3-ethyl-1-phenyl-2-phospholene 1-oxide (2d).
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Scheme 3. Preparation of 4-bromo-2-phospholene 1-oxides 3a–d: (a) R1 = R2 = H;
(b) R1 = CH3, R2 = H; (c) R1 = R2 = CH3; (d) R1 = C2H5, R2 = H.
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4-Bromo-2-phospholene derivatives 3a–d11,14 were prepared
from 2-phospholene compounds 2a–d by the bromo-radical sub-
Table 1
Preparation of 2-phospholene 1-oxides 2 and 4-bromo-2-phospholene 1-oxides 3

Entry Substituent 2-Phospholene 1-oxide 2

R1 R2 Compound Conditions

1 H H 2a CHCl3, rt, 3 weeks
2 CH3 H 2b CHCl3, rt, 2 weeks
3 CH3 CH3 2c CHCl3, rt, 2 weeks
4 C2H5 H 2d THF, �78 �C, 24 h
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Figure 1. Evaluation by MTT in vitro assay for inhibition from cell proliferation of
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Figure 2. Evaluation by MTT in vitro assay for inhibition from cell proliferation of U9
stitution reaction with N-bromosuccinimide (NBS) and 2,20-azobis-
isobutyronitrile (AIBN) (Scheme 3). The allylic radical bromination
was occurred by the radical species, produced by thermal decom-
position of 2,20-azobisisobutyronitrile and NBS, which attacked at
the C-4 position of 2-phospholene 1-oxides 2. These results are
summarized in Table 1.14

The prepared 2-phospholene 1-oxides 2 and 4-bromo-2-phos-
pholene 1-oxides 3 were bio-assayed by MTT in vitro method
against leukemia cells of U937 cell lines for the first time. The re-
sults against U937 cells are shown in Figures 1 and 2. U937 cells
of leukemia cell lines were incubated with 2-phospholene 1-oxides
2 or 4-bromo-2-phospholene 1-oxides 3 at the indicated concen-
trations (0–1000 lM) at 37 �C for 48 h. The cell proliferation or
inhibition was measured as the function of the absorbance at
560 nm visible light and evaluated by MTT in vitro assay.15

4-Bromo-3,4-dimethyl-2-phospholene 1-oxides 3c strongly
suppressed the cell proliferation of U937 cells in a dose-dependent
manner and the intensity of the absorbance at 560 nm decreased.
The decrease of the absorbance means the death of the leukemia
cells and clearly indicates that 3c possesses the growth inhibitory
effect on U937 cells.The results obtained by MTT in vitro evalua-
4-Bromo-2-phospholene 1-oxide 3

Yield (%) Compound Conditions Yield (%)

22 3a CHCl3, reflux, 6 h 26
68 3b CHCl3, reflux, 6 h 65
30 3c CHCl3, reflux, 6 h 31
34 3d CHCl3, reflux, 6 h 44

31 62.5 125 250 500 1000
ation (µM)

U937 cells by treatment with 2-phospholene 1-oxides 2a–2c at 37 �C for 48 h.

31 62.5 125 250 500 1000
ation (µM)

37 cells by treatment with 4-bromo-2-phospholene 1-oxides 3 at 37 �C for 48 h.



Table 2
Substituent effect of R1 and/or R2 at 3- and/or 4-positions of 1-phenyl-2-phospholene
1-oxides (2) on anti-proliferative effect by alkyl group of C-3 position

Compound 2 Substituents at 3- and/or 4-position IC50 (lM)

R1 R2

2a H H >1000
2b CH3 H 900
2c CH3 CH3 350

Table 3
Substituent effect of R1 and/or R2 at 3- and 4-positions of 4-bromo-1-phenyl-2-
phospholene 1-oxides (3) on anti-proliferative effect by alkyl group of C-3 position

Compound 3 Substituents at 3- and/or 4-position IC50 (lM)

R1 R2

3a H H >1000
3b CH3 H 87
3c CH3 CH3 5.6
3d CH2CH3 H >1000
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tion at the half of the absorbance intensity (IC50) against U937 cells
are shown in Tables 2 and 3. Tables 2 and 3 show that 4-bromo
substituent remarkably enhances the anti-leukemia activity.
Table 2 shows that 3,4-dimethyl-2-phospholene 1-oxide (2c) has
a higher activity than 3-methyl-2-phospholene 1-oxide (2b).
Table 3 shows that 3,4-dimethyl-4-bromo-2-phospholene 1-oxide
(3c) has the highest activity among 3 and 3-methyl derivative 3b is
much more active than 3a and 3d, whose R1 is H and C2H5, respec-
tively. The IC50 value of 3c was 5.6 lM. The observed anti-prolifer-
ative effect of 4-bromo-3,4-dimethyl-1-phenyl-2-phospholene
1-oxide 3c on U937 cells is much more efficient than that of
Gleevec� (IC50 = 500 lM), which is clinically used as a molecule
targeting chemotherapeutical agent.9,10,16In conclusion, unsatu-
rated phospha sugars and unsaturated deoxybromo phospha
sugars or 2-phospholenes 2a–2c and 3a–3d were prepared. The
novel phospha sugar analogues 3b and 3c exerted anti-prolifera-
tive effect against U937 leukemia cells evaluated by MTT in vitro
methods. Especially 4-bromo-3,4-dimethyl-1-phenyl-2-phospho-
lene 1-oxide 3c, whose 3- and 4-positions were substituted with
methyl groups, possesses quite higher anti-cancer activity than
Gleevec� (clinically being used against).
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