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AbstractÐThe new large scale synthesis of the yellow colored vitamin B6 analogue 50-O-phosphono-pyridoxylidenerhodanine (2)
(B6PR) leads to oligohydrates of its monosodium salt (4). The light-red hemiheptadecahydrate (8� hydrate) (4a) was crystallized and
its three-dimensional structure determined by X-ray crystallography. Special nucleotide and protein interaction properties together
with scavenging antioxidative function are combined in this simple water-soluble vitamin B6 analogues B6PR. High (mM) con-
centrations were untoxic to `healthy' not a�ected cells and primary tissues. Complexation of ions (e.g. Ca2+, Fe2+, and Zn2+),
modulation of nitric oxide synthases (NOS I-III), nitric oxide (NO) metabolism, and reactive oxygen species (ROS) was found.
Special cytoprotecting, immunomodulating, stimulating and inhibiting activities were observed in vitro, not in comparison with
some natural and synthetic pyridoxines. Low B6PR suppressed proliferation, high induced selective cell death of some cancer cell
lines. Low B6PR protected HIV-1-infected CD4+ HUT 78 cells against HIV-1-mediated destruction (complete inhibition of HIV-1-
induced syncytia formation and cell death) and reduced p24 level. Autoreactive S100b-speci®c T cells of Lewis rat, a model of
multiple sclerosis, could be in¯uenced. Oxidative damage and age, acquired and inherited disease related pathophysiological dis-
orders can be treated by this new cytopathology-selective versatile acting B6PR. # 1999 Published by Elsevier Science Ltd. All
rights reserved.

Introduction

Between the years 1934 and 1936 Paul GyoÈ rgy identi®ed
a water-soluble factor curing dermatitis of selectively
fed rats, and named it vitamin B6,

1a,b since 1939 cited
as pyridoxine(s) (Fig. 1(a)). Acting in enzyme-bound
(coenzyme function) and free form, pyridoxines are
biocatalytically involved in most of biochemical, (cell-)
physiological centers and intermediary metabolism of
living. In former times a lot of analogues were designed
to in¯uence this diverse biological and biochemical sys-
tems.1c Inspired by the reagent p-dimethylamino-
benzalrhodanine introduced by Feigl2 for the detection
of silver, Escobar Godoy and GuirauÂ m PeÂ rez3 observed
a Knoevenagel condensation of pyridoxal with rhoda-
nine. They found the pyridoxal analogue pyridoxyl-

idenerhodanine or 5-[[3-hydroxy-5-(hydroxymethyl)-2-
methyl-4-pyridinyl]methylene]-2-thioxo-4-thiazolidinone
(1)3 to be suitable for the spectrophotometric quanti®-
cation of silver. These results stimulated our e�orts to
construct the pyridoxal 50-phosphate analogue B6PR4,5

(Fig. 1(b)) 50 -O-phosphono-pyridoxylidenerhodanine
or 5-[[5-hydroxy-6-methyl-3-[(phosphonooxy)methyl]-4-
pyridinyl]methylene]-2-thioxo-4-thiazolidinone and to
examine its function and biological activities.

Results and Discussion

Synthesis

A new large-scale simple synthesis, Knoevenagel con-
densation of pyridoxal 50-phosphate with rhodanine (2-
thioxo-4-thiazolidinone), leads in high yield to water-
soluble ¯uorescent and colored three forms of B6PR:
a yellow free acid 2, and two di�erent monosodium
salts [a light red (Z)-B6PRNa hemiheptadecahydrate
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(8� hydrate) 4a and a dark red compound, probably (Z)-
B6PRNa hemipentahydrate (2� hydrate) 4b]. Chemistry
is summarized in the experimental section.

Resolution of the three-dimensional structure of 4a

The monosodium salt 4a was crystallized as light-red
monoclinic plates with the space group C2/c. The crystal
structure was determined by X-ray crystallography6 and
found to be (Z)-B6PRNa, 8� hydrate (Fig. 2(a,b)).

Characterization of B6PR

B6PR (all three forms) shows multiple physicochemical
properties that have been analyzed. Aggregation to
`self-assembled polymers', complexation of mono- and
polyvalent ions (e.g. high a�nity binding of Ca2+,
Fe2+, and Zn2+) (Fig. 3), reaction with radicals under
changing of color created by adding hydrogen peroxide
(H2O2) or ammonium peroxydisulfate [(NH4)2S2O8],
reversible photochemical interconversion of Z- and E-
isomers (Figs 4 and 5), photochemical reactivity etc.
were observed. In Figure 5 an improved interpretation
of the intramolecular tautomerism and the stereo-
isomerism of B6PR (50-O-phosphono-pyridoxylidene-
rhodanine) is proposed in addition to irradiation
decomposition products 1 and 7.

Biological activities

The physicochemical properties and the assumed inter-
actions of B6PR with DNA/RNA4 (Fig. 1(b)) and
proteins lead to predictions and experiments with cell
culture systems. No cytopathic e�ect was observed with
range ng mLÿ1 to mg mLÿ1 4a and 4b to not a�ected
primary avian sympathetic neurons and normal rodent
T cells, cultured under physiological conditions. The
growth of Dictyostelium discoideum cells in axenic med-
ium was not in¯uenced, expression of untoxic behaviour
of (Z)-B6PR to di�erent primary cell types.

Next we examined the e�ect of low and high light red
(Z)-B6PR to malignant CD4+ HUT 78 cutaneous T

lymphoma cells7 in comparison with HIV-1-infected
HUT 78 cells. In the low concentration (1 mg mLÿ1) 4a
completely abolished syncytia formation and cytopathic
changes of all HIV-1-infected HUT 78 cells without
being toxic to the uninfected host cell. In the MTT
mitochondrial viability assay,8 a measurement for life of

Figure 1. Structure of natural pyridoxines and the synthetic analogue
B6PR. (a) Lead structure* [5(3)-hydroxy-6(2)-methylpyridine] of the
vitamin B6 group, cited as pyridoxines according to the B6 vitamin
pyridoxine; the substituents of pyridoxine and the main important B6

vitamin pyridoxal 50-phosphate. (b) The structure of vitamin B6 ana-
logue B6PR (50-O-phosphono-pyridoxylidenerhodanine), able to bind
to various adenine-containing targets like adenosine, AMP, ADP,
ATP, NAD+, NADP+, RNA, DNA, plant hormones (zeatin, kine-
tin), oligonucleotides etc.

Figure 2. (a) Structure of 4a in the crystal. (b) Plot of the dimeric 4a in
the crystal.

Figure 3. The cation binding (chelating function) of (Z)-B6PR at
physiological pH, high a�nity binding of, for example, Ca2+, Fe2+,
and Zn2+ was found.
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cells, low 4a completely antagonized HIV-1-induced
cytopathic e�ect and cell death (Fig. 6). Virus entry,
replication and release in HUT 78 cells as measured by
p24 (the viral core protein) level in the supernatant9

at day six is not inhibited by designated low B6PR con-
centration, in contrary with 10 mg mLÿ1 (42% reduction
of p24 level, data not shown). But HIV-1-infected
and producing HUT 78 cells are completely `healthy',
not inhibited in their function and proliferation, which
was never observed before in this test system. Interest-
ingly, applied in the concentration 100 mg mLÿ1 and
higher 4a also abolished syncytia formation and in
addition no p24 could be detected. But also cell death of
unchanged infected cells between day 3 and 4 after
infection was observed, induced evidently by the e�ect
of B6PR to the malignant host cell line itself, found also
in the uninfected cell control.

We therefore examined di�erent malignant cell lines, to
get more information about general B6PR anticancer
activity. A great variety of human immortalized cancer
cell lines showed even in lowest or lower concentrations
(5.3 ng mLÿ1 to 53.7 mg mLÿ1) of 4a a concentration and
cell line dependent suppression or complete inhibition

Figure 4. UV/VIS spectra in H2O of (Z)-isomer 2 before and after 1 h
low energy UV-B irradiation (312 nm), leading to the (E)-isomer 3.
Back-rearrangement to (Z)-isomer 2 was observed 33 h later. 1H NMR
control of this experiment in D2O and TLC pointed to no other che-
mical change in the molecule.

Figure 5. Proposed stereoisomerism, tautomerism of 2, decomposition products 1 and 7 following long time irradiation of 2.
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of proliferation (Fig. 7). But also activation, no in¯u-
ence and di�erences in two test series were observed.
The murine tumor cell line Abelson 8.1 of pre-B lym-
phoid lineage,10,11 which was highly suppressed or
completely killed at higher concentration (250 mg mLÿ1)
of 4a and 4b (data not shown), was used to compare
acting of (Z)-B6PRNa with other pyridoxines. No or
low in¯uence in the same concentrations by natural
pyridoxines, some synthetic derivatives and astonish-
ingly 1 were observed.

The di�erence in the sensitivity of various primary and
malignant cells to B6PR re¯ects a special feature,
known from phosphorylated pyridoxines, which cannot
pass intact cell membrane. Transport mechanism was
shown to be passive di�usion of dephosphorylated
forms and `metabolic trapping' inside/outside the cell
due to de-/rephosphorylation. Some cancer cells intrin-
sically express di�erent levels of signal peptide-addres-
sed membrane-anchored alkaline phosphatase including
Abelson 8.1,10,11 or acidic phosphatase like HUT 78.7

Dephosphorylation of the pro-drug fosfestrol (diethy-
stilbestrol diphosphate)12a on the cell surface yielded
diethylstilbestrol12b which invades the malignant pro-
static cell and is enriched in it and there exerts estro-
genic-induced cytostasis12c,d or apoptosis.12e We assume
the same cytopathology-selective cell invasion of B6PR
into tumor tissue by this highly unspeci®c phosphatases.
However, mechanisms of invasion and acting remain
open and should be further examined.

The HIV-induced syncytia formation, the involvement
in the depletion of CD4+ T cells during progression of
AIDS is unclear and in controversal discussion.13 It is
known that iNOS (inducible type II form of NOS), NO
and ROS metabolism are implicated in cell adhesion,
chemotaxis, and cell death (e.g. apoptosis).14 For both
steps of (MVP-899) HIV-1-induced HUT 78 CD4+ cell
damage 1) syncytia formation and, later, 2) cell death,
we assumed an involvement of the nitric oxide syn-
thases.15 In addition to this proposal we have noticed a
similarity of B6PR with l-thiocitrulline,16 a competitive
heme-binding NOS inhibitor (Fig. 8). We examined the
e�ect of B6PR to recombinant NOS isoenzymes of
transfected lysed CHO cells. 4a and 4b are both slightly
di�erent moderate inhibitors17a of NOS I-III as mea-
sured by conversion of [3H]-l-arginine to [3H]-l-citrul-
line (50% inhibitory concentrations between 20 mg
mLÿ1 and 30 mg mLÿ1),17b,c similar to those obtained
with NOS from other species.

To test whether the observed NOS inhibition resulted in
a reduced level of reaction products of NO we analysed
stimulated cultured murine bone marrow-derived mac-
rophages (BMMé)10 and primary rodent hepatocytes as

Figure 7. Selection of some human cancer cell lines inhibited by 4a.
Concentration dependent growth suppression (growth with B6PR
compared to 100% without) of the leukemia cell lines MOLT-4,
RPMI-8226, K-562, the renal cancer cell line RXF 393, the breast
cancer cell line MDA-MB-435, the ovarian cancer cell line SK-OV-3,
and the glioblastoma tumor cell line SF-295 by B6PR in concentra-
tions ranging from 5.3 ng mLÿ1 to 53.7mg mLÿ1.

Figure 8. Comparison of B6PR with the competitive NOS I-II inhi-
bitor l-thiocitrulline and the NOS substrate l-arginine.

Figure 6. MTT mitochondrial viability test for determination of HIV-
1-induced (laboratory-adapted T-tropic SI HIV-1 subtype B strain
MVP-899) cytopathic e�ect on human CD4+ HUT 78 cutaneous T
lymphoma cells in the absence or presence of infection at day 0 and
with or without previous adding of 4a. In the middle bar 2 all HIV-1-
infected cells are destroyed without B6PR (with previous syncytia
formation), in comparison with bar 3 all cells are alive in presence of
B6PR (no syncytia formation).
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model of in¯ammatory events (e.g. sepsis).18 The nitrite
level in the supernatant of BMMé indicated a poor
interference and a concentration dependent reduction.
Not more than 15/16% in 24/48 h with low (53 mg
mLÿ1) 4b (Fig. 9), even in presence of higher (250 mg
mLÿ1) 28/38% in 24/48 h reduction were observed. In
the rodent primary hepatocyte culture system, contain-
ing low (53 mg mLÿ1) 4b, 45% (24 h) reduction of S-
nitrosothiols18,19 and nitrite18,19 (data not shown) in
comparison with BMMé 15% was detected, probably
due to the di�erent invasion and acting.

NO is known to inhibit apoptosis and act cell-protective
in general, for example by inhibiting lipid peroxidation
and terminating free radical chains.20,21 Preceded by
reactive action of highly produced NO or absence of
protective level of NO, reactive oxygen species (ROS)
are elevated and both induce apoptosis. The level of
reaction products of singlet oxygen from NO/hydrogen
peroxide, and peroxynitrite from NO/superoxide anion
systems20,21 (leading to DNA damage like strand
breaks, consecutive p53 induction and caspase activa-
tion) was shown with both cell lines to be signi®cantly
reduced by B6PR. The same capacity of 1, 4a, and 4b to
react with ROS (.NO and .OH) in the range of glu-
tathione (GSH) and vitamin C could be con®rmed in a
special chemical test system (data not shown),21 never-
theless, the reactivity and speci®ty towards .NO and
.OH is identical by 4a and 4b, but di�erently exerted by
its dephosphorylated form 1.

NOS/ROS have been linked with in¯ammation, septic
shock, a number of immunological and neurodegenera-
tive diseases such as multiple sclerosis (MS).14,21±24 We
examined in the experimental autoimmune panence-
phalitis (EAP) of Lewis rats (animal model of MS) the
e�ect of 4a and 4b to pathogenic encephalitogenic
S100b-speci®c T cell clone interaction, which cause
in¯ammatory lesions in the eye and nervous system, not
in peripheral S100b containing tissues.24,25 S100b is one
of the most abundant calcium binding proteins in the
central nervous system, but is also expressed by many
di�erent cell types in a variety of peripheral tissues and
in the immune system of humans. Slightly di�erent
activities of 4a and 4b, a concentration dependent inhi-
bition with low (1±6 mg mLÿ1) and stimulation with
higher (11±100mg mLÿ1) of only the S100b-speci®c T
cell clone (Fig. 10(a)) give evidence to in¯uence cell
adhesion, autoreactivity, in¯ammatory cell damage,
apoptosis and lesions in human MS. Only poor in¯uence

Figure 9. The nitrite level in the culture medium, produced by stimu-
lated [0.1mg mLÿ1 bacterial lipopolysaccharide (LPS) and 20UmLÿ1

interferon-g (IFN-g)] murine bone marrow-derived macrophages
(BMMé) in 24 and 48 h. Concentration dependent modulation by 4b
indicates 7/15/28% (24 h) and 6/16/38% (48 h) reduction in the pre-
sence of 15/53/250mgmLÿ1, respectively.

Figure 10. Selective, concentration dependent modulation of one S100b T cell clone interaction and proliferation (immunomodulation) by 4a and 4b
in comparison with a myelin basic protein (MBP)-speci®c T cell clone in the experimental autoimmune panencephalitis (EAP) multiple sclerosis
S100b-speci®c non-myelopathic Lewis rat model. (a) One S100b autoreactive encephalitogenic CD4+ TCRab T cell clone, Th 1-type lymphocytes,
re-stimulated by S100b protein, using irradiated syngeneic thymus cells as source of antigen presenting cells, is inhibited with low (1±6 mg mLÿ1) and
stimulated with higher (11±100mg mLÿ1) B6PR. (b) Very poor in¯uence to MBP-speci®c T cell clone interaction and proliferation.
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to myelin basic protein (MBP)-speci®c T cell clone inter-
action and proliferation was observed (Fig. 10(b)).

Conclusion

In this paper we have presented a new large scale
synthesis of 2 and 4, as well as characterization (X-ray

structure of 4a), some physicochemical properties, and
biological activities of B6PR. This new untoxic vitamin
B6 analogue B6PR, probably a natural compound in
plants, combining multiple properties and acting
(Fig. 11), should be the ®rst choice for in vivo testing.
Its chemotherapeutical potential, reported here for the
®rst time, to modulate oxidative stress, pathophysiologi-
cal cell proliferation, and cell damage is very important in

Figure 11. Proposed multiple acting of B6PR in HIV-1-infected CD4+ T lymphocyte (e.g. HUT 78). Abbreviations are CD: cluster of di�erentia-
tion; TCR/CD3: T cell receptor associated with CD3 complex; Lck: p56lck; PLCg1: phospholipase C g1; DAG: sn-1,2-O-diacylglycerol; IP3: inositol-
1,4,5-trisphosphate; PKC: protein kinase C; Ras: p21ras; MAP kinase: mitogen-activated protein kinase; ERK: extracellular signal regulated kinase;
c-Myc: cellular Myc protein; AP-1: cellular transcription factor AP-1; c-Jun: cellular Jun protein; c-Fos: cellular Fos protein; IkB: inhibitor protein
kB; NFkB: nuclear factor kB; LTR: long terminal repeat; ER: endoplasmatic reticulum; SR: sarcoplasmatic reticulum like organelle (microsome);
RYR: ryanodine receptor Ca2+ channel complex; iNOS: inducible nitric oxide synthase, NOS II.
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acquired, inherited, and age related degenerative dis-
eases. The signi®cant connection between the down-
regulation of NOS/NO/ROS metabolism by B6PR and
biological activities in models of cancer, HIV/AIDS,
in¯ammation and multiple sclerosis, pointed out a cor-
relation, but must be examined further in detail. The
elucidation of its multiple mechanisms and application
in therapy should be a forcing challenge for the future.
It should be discussed, if the speci®c inhibition/stimula-
tion of only one key molecule (e.g. enzyme, receptor)
can be the solitary therapeutical approach (loss of/gain
of monospeci®c intervention), or should be questioned
and revised. It should be supplemented by new princi-
ples such as maintaining homeostasis or stimulating
recovery with untoxic polyspeci®c drugs like B6PR (a
multiplex bu�er molecule) or other derivatives with this
lead structure (Fig. 12). We know and can learn from
NO metabolism cellphysiological homeostasis is impor-
tant. This work should underline the possibilities of
multiple acting B6 vitamins and their analogues, to
protect, keep and reach balance. Their therapeutical
use, however, seems to have been overlooked and
underestimated and, therefore, may be re-examined and
should nowadays be renewed.

Experimental

Melting points were determined in open capillary tubes
with a BuÈ chi 510 melting point apparatus. They are
uncorrected, occurred only at rapid heating, and could
be observed as decomposition intervals. 1H NMR spec-
tra were recorded at 400MHz and 13C NMR spectra
were recorded at 100MHz on a Bruker AM-400 Fourier
transform spectrometer. Internal standards for DMSO-
d6 and pyridine-d5 were the tabulated solvent signals.
The external standard for the measurements in D2O was
the monosodium salt of 3-(trimethylsilyl)-propionic
acid-d4. Chemical shifts are reported in parts per million
(d) in relation to the standard. UV/VIS spectra were
recorded in wavelength scan mode on a Beckman DU1

640 spectrophotometer and a Perkin±Elmer Lambda1 20
spectrophotometer at room temperature. Fluorescence
excitation and emission spectra were recorded at room
temperature using anAminco BowmanAB2 luminescence

spectrophotometer (SLM, Urbana, IL, USA). The
Fourier-transformed infrared spectra (FT-IR) were
recorded on a Perkin±Elmer Paragon1 1000 FT-IR
spectrometer. The frequencies of the infrared absorp-
tion bands are expressed in terms of wavenumbers
(cmÿ1).

(Z)-50-O-Phosphono-pyridoxylidenerhodanine, (Z)-5-[[5-
hydroxy-6-methyl-3-[(phosphonooxy) methyl]-4-pyridi-
nyl]methylene]-2-thioxo-4-thiazolidinone (2). Crude pro-
duct: A stirred solution of 3.83 g rhodanine (2-thioxo-4-
thiazolidinone) (28.76mmol) in 150mL of hot ethanol
was suspended with 7.63 g of pyridoxal 50-phosphate
monohydrate (28.78mmol). The suspension was
re¯uxed for 20min. After that time 150mL of water
were added, and the reaction product was re¯uxed
for no more than 10min. After cooling, the product
was collected, washed with ethanol and dried; yield:
9.85 g orange-yellow granules without de®ned melting
point. Puri®cation: 9.85 g of the crude product were
suspended in 610mL of water. Then 200mL of a satu-
rated solution of sodium bicarbonate in water was
added. The stirred red solution was titrated with 238mL
of 1.0M hydrochloric acid. At the end of the titration
the color changed from red to yellow and the free acid
precipitated. The product was collected in a ®lter ¯ask
and dried for 48 h at a pressure of 4 mbar and a tem-
perature of 70 �C; yield: 8.70 g (88% for this procedure,
83% for overall synthesis) yellow powder of 2
(M=362.31 g/mol): mp 198±201 �C (dec.); 1H NMR
(DMSO-d6): d 2.42 (s, 3H, 20-CH3), 4.89 (d,
3J31P;1H=8.0Hz, 2H, 50-CH2-OPO3H2), 7.55 (s, 1H, 40-
CH), 7.84 (s, 1H, 6-CH); 1H NMR (pyridine-d5): d 2.72
(s, 3H, 20-CH3), 5.62 (d, 3J31P;1H=8.0Hz, 2H, 50-CH2-
OPO3H2), 8.36 (s, 1H, 40-CH), 8.53 (s, 1H, 6-CH); 1H
NMR (D2O) (NMR): d 2.57 (s, 3H, 20-CH3), 5.06 (d,
3J31P;1H=8.0Hz, 2H, 50-CH2-OPO3H2), 7.67 (s, 1H, 40-
CH), 7.72 (s, 1H, 6-CH); 1H NMR (D2O) (NMR+UV):
d 2.57 (s, 3H, 20-CH3), 5.06 (d, 3J31P;1H=8.0Hz, 2H, 50-
CH2-OPO3H2), 7.70 (s, 1H, 40-CH), 7.72 (s, 1H, 6-CH);
IR (KBr): 3430 (n N-H, m), 1713 (n C�O, s), 1213 (n
P�O, s), 1046 (n C� S, s), 1024 (n P�O, s); UV/VIS
(H2O): lmax,1=232 nm [A (1%/1 cm)=373], lmax,2=
308 nm [A (1%/1 cm)=271], lmax,3=353 nm [A (1%/
1 cm)=413], lmax,4=454 nm [A (1%/1 cm)=227]; UV/
VIS (MeOH): lmax,1=291 nm [A (1%/1 cm)=245],
lmax,2=347 nm [A (1%/1 cm)=489]; UV/VIS (DMSO):
lmax=518 nm [A (1%/1 cm)=98]; Fluorescence
(DMSO): lex=490 nm: lem, max=575 nm; Fluorescence
(pyridine): lex=490 nm: lem, max=575 nm.

Preparative synthesis of (Z)-5-[[5-hydroxy-6-methyl-3-
[(phosphonooxy)methyl]-4-pyridinyl]methylene]-2-thioxo-
4-thiazolidinone monosodium salt (4). (1) 1.93 g dry 2
(5.32mmol) were mixed with 107mL of 0.1M sodium
hydroxide solution. Addition of 53mL of ethanol fol-
lowed and the mixture was frozen. The precipitated
crystals were ®ltered; yield: 1.57 g (55%) light-red needles
4a (8� hydrate) (M=537.42 g/mol). Before elemental
and IR analysis 340mg of 4a were dried for 2 days at a
pressure of 0.1mbar and a temperature of 70 �C; yield:
272mg dark-red needles 4b. (2) 8.7 g dry 2 (24mmol)
were mixed with 240mL of 0.1M sodium hydroxide

Figure 12. Example of one general formula containing the B6PR lead
structure for constructing new derivatives with di�erent substituents,
speci®ty and antioxidant properties.
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solution and the addition of 124mL of ethanol fol-
lowed. The mixture was frozen. The precipitated crys-
tals were ®ltered and dried at room temperature for 2
days at a pressure of 0.1mbar; yield: 7.55 g (73%) dark-
red needles 4b: mp 205±208 �C (dec.); IR (KBr): 3277 (n
O-H, m, broad), 1700 (n HN-C�O, w), 1229 (n P�O,
m), 1198 (n HN-C� S, s), 1090 (n C� S, s), 973 (n P-O-
C, m). Anal. C11H10N2NaO6PS2�2.5H2O; C 30.77% H
3.52% N 6.52%; found C 30.97% H 3.43% N 6.35%.
Karl Fischer titration and elemental analysis of 4b, in
addition to theoretical considerations from X-ray struc-
ture (4a) pointed to 2� hydrate 4b (M=429.33 g/mol).

X-ray analysis

Light-red crystals of 4a (monosodium salt) were
obtained from aqueous ethanol. They were stable with-
out the mother liquor in air and were selected at room
atmosphere for X-ray crystallography. The selected
crystal had the dimensions 0.07�0.43�0.47mm. The
structure (Fig. 2(a),(b))6 was solved by direct meth-
ods (SHELXS-86) using 3972 unique re¯ections6

(Enraf±Nonius CAD4 di�ractometer with a graphite
monochromator). Hydrogen atoms were included by
using a riding model and anisotropic re®nement
(SHELXL-93) led to the agreement factors R1=0.0658
and wR2=0.1642 for 2781 re¯ections with I0>2s(I0),
and to the agreement factors R1=0.1006 and
wR2=0.1903 for all 3972 re¯ections (Table 1).6 Six
hydrogen atoms could not be located due to disorder,
they are to be expected at the water molecules with O11
and O11A, and at the oxygens O4 and O4D of the
phosphoric acid monoester group. The goodness-of-®t
re®ned with F0

2-data was 1.017.

Biological activities

HUT 78 test system for HIV-1 infection. The HUT 78 T
lymphoma cells were infected with 100 TCID50 of HIV-
1 subtype B isolate MVP-899, a laboratory-adapted T-
tropic SI strain. Tests including B6PR were performed
by adding 4a in the designated concentrations before
infection at day 0.26

MTT mitochondrial viability assay. The HUT 78 T lym-
phoma cells were infected with 100 TCID50 of HIV-1
subtype B isolate MVP-899. Tests including B6PR were
performed by adding 4a in the concentration 1 mg mLÿ1

before infection at day 0. Measurements of the mito-
chondrial dehydrogenase activity8 of the HUT 78 cells
were done at day six (Fig. 6) with the reagent 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Sigma Chemical Co., St Louis, MO, USA)
which was measured as reduced, blue formazan at a
wavelength of 650 nm.

Cancer cell line growth assay. Testing for evaluation of
B6PR as potential anticancer drug was performed at the
National Institutes of Health, National Cancer Institute
(NCI), Bethesda, Maryland, USA, according to the
published NCI criteria.27

Pre-B tumor cell proliferation assay. Abelson 8.1
cells10,11 were grown in stationary suspension culture.
The detailed experimental conditions and a tumor cell
alkaline phosphatase assay were as described.10

Cultivation of macrophages and measurement of nitrite
production. Murine bone-marrow-derived macrophages
(BMMé) were grown as described.10 Nitrite production
in the cell culture supernatant was measured with the
Griess reagent.

S100�-speci®c autoreactive T cell proliferation assay.
The experimental conditions were as described.25 Pro-
liferation was measured by [3H]-thymidine incorporation
into DNA. Given values are mean of three experiments
not exceeding 5% relative standard deviation.
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