
EP 0 283 139 B1 Description The present invention relates to new anticancer
compounds. Such compounds are made from aromatic aldehydes and derivatives
thereof, there certain H-atoms have been replaced by deuterium atoms. Some
of 5  the anticancer compounds of this invention are novel per se.
Anticancer drugs on the basis of aromatic aldehydes and derivatives thereof
are known according to the present state of the art. Certain aromatic
aldehydes and derivatives of aldehydes have proven effective in treatment
of various cancers of carcinoma type, both in animal systems and in human
patients. This has been reported in the 10  literature by Kochi et at.,
Cancer Treat. Rep., 64: 21-23, (1980); Kochi et at., 13th International
Cancer Conference, Seattle, WA, USA, (1982); Kochi et at., Cancer Treat.
Rep., 69: 533-537, (1985) and Pettersen et at., Anticancer Res., 6: 147-152
(1986). GB-A-1,582,666, DE-A- 27 10 327 and EP-A 0 148 094 also describe
the effects of such aldehydes. Due to instability and low activity of these
substances on cancer cells it is necessary to administer 15  relatively
high doses frequently. It has been reported that treatment of patients must
be conducted continuously for at least several months, and in some cases
for years, to cure the patient (Kochi 80, 85). According to the present
invention, we have found new and improved anticancer compounds showing
greater biological activity where the above drawbacks are reduced. These
new anticancer compounds are deuterated aromatic aldehydes which can be
represented by 20 formula (I): 0 25                             Ar - C  - D
(I) and derivatives of deuterated aromatic aldehydes which can be
represented by formula (II): 30 Ar-C-D                     (II) 35
X2 More particularly, in formula (I) and (II) above, D represents a
deuterium atom. In formula (I), Ar is an unsubstituted or substituted
phenyl group. The substitutents for the phenyl group 40 are alkyl of 1-5
carbon atoms, e.g. methyl, ethyl, n-propyl and i-propyl, cycloalkyl of 3-6
carbon atoms, e.g. cyclopropyl and cyclohexyl, halogen, e.g. chlorine and
bromine, nitro, amino, monoalkylamino of 1-5 carbon atoms in the alkyl
group, e.g. monomethylamino, and dialkylamino of 1-5 carbon atoms in each
alkyl group, e.g. dimethylamino. Preferably, the substituted phenyl group
contains 1-3 substitutents. Ar in formula (I) can optionally be at partly
or fully deuterated, i.e. one or more of the hydrogen atoms 45 in the Ar
group, including any substitutents thereon, can be replaced by deuterium
atoms. In formula (II), Ar is substituted or unsubstituted phenyl. The
substituents for the phenyl group are those defined above for the compounds
of formula (I). Preferably, when the phenyl group does contain
substitutents, there are 1-3 substituents. The Ar group in formula (II) can
optionally be at least partly deuterated, as defined above in connection 50
with formula (I). The substituents [err] in formula (II) are each a sulfur,
oxygen or nitrogen atom which has attached thereto hydrogen, alkyl of 1-5
carbon atoms (exemplified as above), cycloalkyl of 3-6 carbon atoms
(exemplified as above) or phenyl. Thus, for example, Xi and X2 can be
hydroxy, mercapto, amino, methoxy, cyclopropyloxy, phenoxy, methylthio,
cyclopropylthio, phenylthio, monomethylamino, 55  dimethylamino,
monocyclopropylamino or monophenylamino. 



Alternatively, the X1 and X2 can form, together with the carbon atoms to
which they are attached, a heterocycle, thus forming, as the compound of
formula (II), a cyclic acetal, thioacetal, thiane or oxazolidine. In a
preferred embodiment of this invention, [err] in formula (11) are linked
together to form cyclic 3    EP 0 283139 B1 acetals with polyhydric
alcohols such as sugars and sugar derivatives, such as D-glucose,
L-ascorbic acid (and salts), etc. The present invention also includes
pharmaceutically acceptable salts of the foregoing compounds, for example
the alkali metal and alkaline earth metal salts. 5     Some of the
compounds of formulae (I) and (II) as defined hereinabove are in the state
of the art, see for instance the documents cited in the European Search
Report. However none of the prior art of which the Applicants are aware
teaches or suggests any therapeutic utility for the compounds which are
described. Thus, in accordance with one aspect the present invention
provides a compound of formula (I) or formula (II) as defined hereinabove
for use as an anticancer agent. 10    In another aspect, the present
invention provides a pharmaceutical composition which comprises a
therapeutically effective amount of a compound selected from compounds of
formula (I) and formula (II) as defined hereinabove, and a pharmaceutically
acceptable carrier therefor. In accordance with yet another aspect of this
invention there are provided certain compounds of formula (I) and formula
(II) which are novel per se. These novel compounds are defined in Claim 3.
15     The present invention further provides a process for preparing a
compound of the formula: [err] 20 wherein Ar is phenyl which is substituted
by cycloalkyl of 3-6 carbon atoms, monoalkylamino of 1-5 carbon atoms or
dialkylamino of 1-5 carbon atoms In each alkyl group, said Ar being
non-deuterated or partly or completely deuterated, with the proviso that
the compound 4-dimethylamino-deuterobenzaldehyde is 25 excluded, which
process comprises reducing a compound of the formula: 30
[err] wherein X is a halogen, such as chlorine, with deuterium gas in a
highly deuterated solvent. The reaction is preferably carried out in the
presence of a transition metal catalyst such as Pt, Pd. etc., and more 35
preferably with Pd on solid support such as [er] These reaction conditions
correspond to the well known Rosenmund-reaction for preparing pratio-
aldehydes from the corresponding acid chlorides with H2-gas (Rosenmund,
Chem. Berichte, 51: 585, (1 918)). However, in the process of the present
invention the reduction of the acid chloride with D2-gas is 40 carried out
in a highly deuterated aromatic solvent, i.e. in which at least 90% of the
protons in the solvent molecules have been replaced (substituted) by
deuterium atoms. The reduction is preferably carried out in highly
deuterated benzene, toluene, ethylbenzene or xylene. The deuterated
solvents can be prepared by conventional techniques well known in the art
via H/D-exchange reactions. The weight ratio between the aromatic acid
halide and the highly deuterated solvent is preferably 1:3 to 45  1:10. The
[err]-gas is preferably introduced into the reaction mixture at a rate of
10-20 liters per hour, and the reaction is preferably conducted at a
temperature of 50-200 C, more preferably at the reflux temperature of 



the reaction mixture. The process as set forth above results In production
of compounds of formula (I) which are novel per se. Of course, an
equivalent process can be used to prepare the other compounds of formula
(I). The so  compounds of formula (I) can be converted to compounds of
formula (II), by a process which is analogous to the well known process for
the preparation of cyclic derivatives of aromatic aldehydes. In general,
this process involves reacting the aldehyde or a lower acetal of the
aldehyde with a di- or poly-hydric alcohol in the presence of an acidic
catalyst. The reaction is preferably carried out in a dipolar solvent such
as dimethyl formamide, dimethyl sulfoxide or dimethyl acetamide. 55
Examples 3 and 4 describe the preparation of compounds of formula (II) by
such an analogous process, in which the high degree of deuteration in the
aldehyde group of the formula (I) starting material is retained during the
reaction. Since the anticancer effects of the deuteroaldehydes and the
corresponding derivatives are directly 4    EP0283 139B1 related to the
-C-D group in formulae (I) and (II) (herinafter "the aldehyde group"), and
thus the aldehyde group is responsible for the anticancer effect, it should
be understood that the present invention is not restricted to specific
derivatives of deuterated aromatic aldehydes, other than as broadly defined
above, and that anticancer compositions in which the aromatic
deuteroaldehydes or derivatives of aromatic deuteroal- 5 dehydes are the
active ingredient will be more potent than the corresponding non-deuterated
aromatic aldehydes and derivatives. The products prepared by the
above-described deuteration process i.e. the process of reducing the
aromatic acid halide to the deuterated aromatic aldehyde, will contain both
the non-deuterated aromatic aldehyde and the desired deuterated aromatic
aldehyde as final products, in those cases where deuteration 10  is
incomplete. In terms of the utility of these compositions, for the
treatment of patients affliced with cancer, these partially deuterated
products can be used, but the best results are attained with completely
deuterated products, i.e. where substantially all of the aromatic aldehyde
final product is in the form of deuterated aromatic aldehyde corresponding
to formula (I). A particularly useful aldehyde for treatment of patients
with cancer is deuterobenzaldehyde, and 15 derivatives of
deuterobenzaldehyde. The invention is illustrated by the Examples which
follow. Example 1 20  Method for preparing deuterobenzaldehyde. To 260 ml
dry toluene-[err] (degree of deuteration: 99.5%) in which was suspended 5.2
g of 5% Pd on BaSO4 catalyst, was added 54.8 g of freshly distilled
benzoylchloride. Eventually, a regulator such as "S- quinoline" (Rosenmund,
Chem. Ber. (1918)) can be added to modify the activity of the catalyst. 25
Via a gas-inlet tube, D2-gas containing 99.7 atom % D was introduced with
rapid stirring of the reaction mixture. The reduction reaction was
conducted at the reflux temperature of the reaction mixture. The reaction
can be followed by GLC of the reaction mixture or by measuring the evolved
DCI which Is formed during the reaction. After approximately 20 hr all the
acid chloride had reacted and the D2-gas supply is removed. 30     The
deuterated benzaldehyde can be worked up from the reaction mixture in a
conventional manner by 



distillation of the reaction mixture. However, a much easier and less time
consuming way to obtain a pure product is by complexing out the formed
deuterobenzaldehyde by rapid stirring of the aldehyde-containing toluene
solution with a saturated solution of sodium bisulfite In heavy water. Due
to slow H/D-exchange of the deuterium atom of 35  the aldehyde group in the
sulfite-complex in ordinary water, it is also preferred to make the
saturated sodium bisulfite solution in heavy water, at least if a highly
deuterated aldehyde is desired. The aldehyde can then be regenerated from
the complex by reacting the complex with a basic water solution. Thus,
after filtering off the catalyst in the reaction mixture, the resulting
clear toluene solution was mixed 40 with approximately 250 ml of a
saturated solution of sodium bisulfite in [err] and stirred rapidly under
an inert atmosphere for approximately 10 hr. The resulting sodium
sulfite-complex of deuterated benzaldehyde was then filtered, washed
several times with ether and dried. The deuterated solvent used in the
reaction can easily be dried and reused in a following batch. 45
Deuterobenzaldehyde-[err] is generated from the resuffling pure sodium
sulfite complex by adding 600 ml of 5% sodium carbonate solution with rapid
stirring at room temperature. The deuterobenzaldehyde-[err] is then
extracted several times with 250 ml diethyl ether. The ether extracts are
then combined, dried and the diethyl ether is removed under vacuum. The
residual deuterobenzaldehyde was then distilled under reduced pressure and
gave 24 g of so  chemically pure deuterobenzaldehyde-[err] ,Bp [err], (22
mm Hg). nD = 1.5436 Degree of deuteration (by NMR) = 99.5% D Comparative
Example 1 55 To 260 ml ordinary toluene (Merck, p.a.) in which was
suspended 5.2 g of catalyst (5% Pd on BaSO4), was added 54.8 g of freshly
distilled benzoylchloride. Via the same gas-inlet tube as described in
Example 1 [err]-gas was introduced at a rate of -15 1/hr. 5    EP 0 283 139
B1 After 20 hr reaction time the reaction mixture was worked up as
described in Example 1. Thus there was obtained 23 g of chemically pure
deuterobenzaldehyde-di. Degree of deuteration: 66% D. Thus this example
shows that in order to obtain a deuteroaldehyde with a high degree of
deuteration, it 5  is very essential that the solvent used in the reduction
of the acid chloride is highly deuterated, in order to prevent dilution of
the [err]-gas by exchanging the protons in the aromatic solvents. Example 2
10 Method for preparing deuterobenzaldehyde. The preparation was conducted
according to the procedure described in Example 1, but with deuterated
ethyl benzene as solvent. Thus to 300 ml deuterated ethyl benzene (degree
of deuteration: 99.4%), in which was suspended 7.6 g 15  of 5% Pd on [err]
catalyst, was added 54.7 g of freshly distilled benzoylchloride. 



Via a gas inlet tube, D2-gas was bubbled through the reaction mixture with
rapid stirring. The D2-gas was introduced at a rate of approximately 15 I
per hour. Again the reduction was carried out at the reflux temperature of
the reaction mixture, which was 140- [err] 20     After 4-5 hr reaction
time all the benzoylchloride had been consumed as shown by GLC-analysis,
and the D2-supply was removed, and the reaction mixture cooled to room
temperature. The deuterobenzaidehyde was worked up from the reaction
mixture as described in Example 1, and gave 23 g of pure
deuterobenzaldehyde-di. Degree of deuteration: 99.4 atom % D. 25 Example 3
Method for preparing deutero 4,6-0-benzylidene-[err] -glucose [err] 30
56 g of deuterobenzaldehyde as prepared in Example 1 and 2, are reacted
with 50 g of methanol and 61 g of trimethylorthoformate in the presence of
0.8 g hydrochloric acid, while stirring the reaction mixture. After 0.5 hr
reaction time at S0 C, the low boiling components of the reaction mixture
were removed under vacuum, followed by distilling off the formed deuterated
benzaldehyde-dimethylacetate [err] dimethoxy-[err] -toluene). 35     After
redistilling 75 g of pure [err]-dimethoxy-[err] -toluene was obtained. Bp
[err]. Degree of deuteration (by NMR) = 99.5% D. 20 g of this product was
added to a mixture of 23.4 g D-glucono-[err]-lactone in 100 ml
dimethylformamide (DMF) followed by 0.7 g of p-toluene sulfonic acid. The
reaction mixture was refluxed at 60-70 *C under a slight vacuum while
continuously removing the formed methanol. After all the methanol has been
driven off, 40 the DMF was removed under vacuum. The oily residue, which
consists mainly of deutero 4,6-benzylidene- D-glucono-[err]-lactone can be
further reduced to the corresponding D-glucose-derivative in the following
way. Thus the oily residue was diluted with 250 ml methanol followed by 300
ml of distilled water and subsequently cooled to 0-5 *C. To this mixture
was added alternately 4.8 g of sodium borohydride in 150 ml distilled water
and 4.5 g 45 concentrated sulfuric acid in 150 ml water while maintaining
the pH of the suspension between 5 and 8. After 1 hr reaction time the pH
of the solution was adjusted to pH 9, and concentrated under reduced
pressure to approximately 400 ml total. The product can be worked up in a
conventional manner as by absorbing the product on Amberlite. Thus by
adding 500 g of Amberlite XAD-2 to the water solution (3 I), stirring for
30 minutes, filtering and so  desorbing the product with methanol, removing
methanol under reduced pressure, a light brown oil is obtained, 20 g, which
crystallizes in the cold. By stirring this oil with 20 ml ice-water for 15
minutes, fine crystals are obtained. After filtering and washing the
crystals with ice-water, 18 g raw product is obtained. Mp 150-170 C. After
recrystallization from water, 13 g of pure deutero
4,6-benzylidene-D-glucose, Mp [err] is 55 obtained.    EP 0 283139 B1 5
[err] 



15 The product was found to be pure on HPLC, and contains both the a and
the [err]-anomers. Example 4 20 Method for preparing deutero
5,6-0-benzylidene ascorbic acid (and salts thereof). 40 g dry L-ascorbic
acid was dissolved in 60 ml dry dimethylformamide and reacted with 41 g of
deuterated [err]-dimethoxy-toluene (as prepared in Example 3) in the
presence of 300 mg p-toluene sulfonic acid. The reaction mixture was held
at [err] while continuously removing the formed methanol under 25  reduced
pressure. After the reaction had come to completion (all the calculated
quantity of methanol has been removed), the DMF was distilled off under
high vacuum. The oily residue was stirred with Ice-cold water to obtain
white crystals of deuterated 5,6-0-benzylidene ascorbic acid. The crystals
can be further purified by recrystallization from benzene, but due to
instability of the 30  deutero 5,6-0-benzylidene ascorbic acid, it is
recommended that the free acid be converted to the much more stable
mono-basic salt by reacting the deutero 5,6-0-benzylidene-L-ascorbic acid
with 13,5 [err] of sodium hydrogen carbonate in 300 ml water to obtain a
clear solution of the mono-sodium salt of deutero
5,6-0-benzylidene-L-ascorbic acid. The structural formula is shown below.
The structure has been confirmed by IR and NMR. The product is readily
soluble in water. The pH of the solution is 6.6. 35 [err] 40 46 50 The
beneficial properties of pharmaceutical compositions according to the
present invention are illustrated 55  below in connection with a series of
experiments which have been performed. 1) Biological materials and methods
used to demonstrate the effect. 7    EP 0 283 139 B1 Cell Culturing
Techniques and Synchronization. Human cells of the established line NHIK
3025, originating from a cervical carcinoma in situ (Nordbye, K., and
Oftebro, R. Exp. Cell Res., 58: 458, 1969), Oftebro, R., and Nordbye, K.,
Exp. Cell Res., 58: 459- 5  460, 1969) were cultivated in Medium E2a (Puck,
T.T. et al., J. Exp. Med., 106:145-165, 1957) supplemen- ted with 20% human
(prepared at the laboratory) and 10% horse serum (Grand Island Biological
Co.). The cells are routinely grown as monolayers in tissue culture flasks.
The cells do not move around after they have attached, a quality which
enables us to observe the same cells in an inverted microscope for several
cell generations. 10      The cells were kept in continuous exponential
growth by frequent reculturing, i.e., every second and third day, and
synchronized cell populations with a high degree of synchrony were obtained
by repeated selection of mitotic cells (Pettersen, E. 0. et al, Cell Tissue
Kinet., 10: 511-522, 1977). During the synchronization procedure, the cells
were kept in Medium E2a, and the whole experiment took place in a walk-in
incubator at [err]. Under growth conditions as used here, the NHIK 3025
cells have a medium cell- 15  cycle time of -18 hr, with medium [err]
durations of -7, -8, and -2.5 hr, respectively. 



Cell Survival (Tables 1 and 7). For measurement of cell survival,
appropriate numbers of cells were seeded in plastic Petri dishes [err] 20
= 5 cm). The number of cells seeded into each dish was adjusted such that
the number of surviving cells would be approximately 150 per dish. While
exponentially growing (asynchronous) cells were trypsinized before seeding,
synchronized cells were seeded immediately after selection. After about 2
hr, the cells had attached to the bottom of the dishes, and the treatment
was started by replacing the medium with medium containing the appropriate
drug concentration. After the desired time of treatment, the
drug-containing 2s  medium was removed, and fresh medium was added. The
dishes were rinsed once with the same medium as was to be added on addition
or removal of drug. After 10 to 12 days [err] in a C02 incubator, the cells
were fixed in ethanol and stained with methylene blue before the colonies
were counted. Duration of cell cycle-time (Table 3). 30 For detection of
the drug effects on cell-cycle kinetics, the same methods were used as
described previously (Lindmo, T., and Pettersen, E. O., Cell Tissue Kinet.,
12: 43-57, 1979), (Pettersen, E. 0. et al, Eur. J. Cancer Clin. Oncol., 19:
507-514; 1983), [err]  et al., J. Cell. Physiol., 109: 411-419, 1981).
Briefly, the selected mitotic cells were seeded into 8 tissue culture
flasks (25 sq cm) 5000 cells per flask. 35  The cells divided within 1 hr
and attached as doublets to the bottom of the flasks. The cells within a
delineated area of the flask ( 100 cells) were observed repeatedly in an
inverted microscope, and the time of entrance into mitosis, as well as the
time of division, were noted for each separate cell. Analyses of durations
of mitosis were performed from these observations (Table 4). 40  Protein
Synthesis (Tables 2, and 8). The rate of protein synthesis was calculated
as described previously [err] et al., J. Cell Physiol., 107: 47-57, 1981).
Briefly, cellular protein was labeled to saturation during a 2-day
preincubation with (14C)valine of constant specific radioactivity (0.5
Ci/mol) prior to the experiment. This was achieved by 45  using a high
concentration of valine so that the dilution of (14 C)valine by
intracellular valine and by proteolytically generated valine will be
negligible [err] , et al. Exp. Cell Res. 123: 63-72, 1979), thus keeping
the specific radioactivity at a constant level. The rate of protein
synthesis was calculated from the incorporation of (3H)valine of constant
specific activity. The incorporation measurements were related to the total
of (14 C) radioactivity in protein at the beginning of the respective
measurement periods and 5o  expressed as the percentage per hr [err] et al,
J. Cell, Physiol. 107: 47-57, 1981). Measurement of concentration of
4,6-0-benzylidene-D-glucose (BG) or 4,6-0-deuterobenzylidene-[err]-D-
glucose (BG-[err]) in blood samples (Table 5). 55     Blood samples were
taken from male Wistar rats immediately before and at several intervals
after intravenous injection of BG or BG-[err]. Blood serum was separated by
centrifugation. Equal amounts of blood serum and HPLC-grade acetonitrile
were mixed and centrifuged at 13,000 rpm (15,000 x g) for 5 minutes.
Samples were then analyzed for BG or BG-d1 content by High Performance
Liquid Chromatography 8    EP 0 283 139 B1 (HPLC). Samples were placed in
an autosampler programmed for replicate injections of 20 1 each onto a 4.6
x 250 mm LC18 HPLC column. The column was eluted with 45% aqueous methanol
delivered at 1 ml/min. BG or BG-[err] were detected by using a
spectrofluorometer set at excitation and emission wavelengths of 



255 and 283 nm, respectively. The slit width used was 10 nm. Quantitation
of the amount of BG or BG-[err] in 5  serum samples was performed with an
electronic integrator calibrated with standard solutions of BG or BG- di in
the mobile phase (Pettersen et al., Anticancer Res., 6; 147-152, 1986).
Measurement of BG or BG-[err] metabolites in blood samples (Table 6). 10
HPLC of blood samples was performed as indicated above. Relative amounts of
BG- or BG-[err] - metabolite were determined by peak height analysis. The
peak height from the electronic integrator (in microvolts) of samples taken
30 minutes after iv injection of BG, or 60 minutes after iv injection of
BG-[err] were normalized to 1. All other metabolite peaks were compared
with these values. is  Enkephalinase inhibiting activity of
deuteroaldehydes and derivatives thereof. The enkephalinase inhibiting
activity of deuteroaldehydes or derivatives of deuteroaldehydes was
deterimined in vitro by assaying the ability of a purified
enkephalinase-containing solution to hydrolyze (3H)- Leuenkephalin. 20
Specifically, aqeous solutions of deuteroaldehydes or deuteroaldehyde
derivatives were added to an enkephalinase assay system and the activity of
the enzymatic reaction decomposing enkephalin was determined. More
specifically, the enzymatic activity of enkephalinase was measured as
follows: 10 [err] of 10 [err] (3H)-Leu-enkephalin, 20 [err] of 2.5 mM
Tris-HCI buffer and 30 al of water were mixed and incubated at [err] 25
for 5 minutes. Thereafter 30 [err] of enkephalinase-containing solution was
added and inbuation continued for 1 hour at [err]. Finally 20 [err] of 30%
acetic acid was added and the reaction mixture was chromatographed using a
Porapak Q column. The ratio of (3H)-Tyr-Cly-Gly to the original
(3H)-Leu-enkephalin was deter- mined using liquid scintillation counting.
The enkephalinase-inhibiting properties of deuteroaldehydes and
deuteroaldehyde derivatives were 30  determined by replacing the 30 [err]
added water in the above assay mixture with solutions containing aqeous
solutions of deuteroaldehydes or deuteroaldehyde derivatives. Concentration
adjustments were made such that the final concentration of deuteroaldehyde
or derivative of a deuteroaldehyde was between 1 and 1.5 mg/ml. 35  2)
Biological effects. The cytotoxic effect of benzaldehyde and of
deuterobenzaldehyde-[err] was tested on asynchronous, exponentially growing
NHIK 3025 cells by counting the number of cells able to form colonies after
24 hr treatment in Petri dishes. In Table 1 the results represent 2
different, independent experiments where the 40  numbers give the mean
fraction of surviving cells from 10 parallel dishes (t standard error).
Table 1 Fraction of cells surviving  24 hr treatment with benzaldehyde or
deuterobenzaldehyde  - [err] in Petri dishes.  (The values represent the
mean + standard error from 10 different dishes.) 50 55    EP 0 283139 B1
[err] 10             Benzaldehyde                        0.64  0.18
0.024   0.0080 Deuterobenzal- 



dehyde-[err]                           0.68 + 0.14             0.0056
0.0020 15 Conclusion : With the highest concentration of drugs there is a
significantly stronger cell inactivation with deuterobenz- aldehyde-[err]
than with benzaldehyde. 20 Benzaldehyde has been shown to inhibit protein
sythesis in a reversible manner, i.e. during treatment the protein
synthesis is below normal, but constant as long as the treatment lasts.
After treatment protein synthesis increases back to normal over a time
period of 1 to 2 hr (Pettersen et al., Eur. J. Cancer Clin. Oncol. 19:
935-940, 1983). 25     Table 2 shows the protein synthesis of cells treated
for a 4 hr period with benzaldehyde as well as with deuterobenzaldehyde-di.
The incorporation of (3H)-valine was measured either during the 1st hr
after the start of treatment or during the 1st or 2nd hr after the
termination of treatment (pulse 4-5) or (pulse 5-6). The last measurements
were done to test the reversibility of the drugs. Drug concentration: 3.2
mM. 30 35 40 45 50 55 10    EP 0 283 139 B1 Table 2 Protein synthesis
inhibition by benzaldehyde and deuterobenz- 5   aldehyde-[err].  (The
values represent the mean  standard error from 4 different measurements.)
10 Drug                              Pulse                   Protein
synthesis %/hr 15  Control
6.8 [err] 0.9 Benzaldehyde                         0-1      During
3.7 [err] 0.3 Deuterobenzaldehyde-[err]               0-1     ment
3.6[err] 0.3 20  Benzaldehyde                         4-5
5.1 [err] 0.3 Deuterobenzaldehyde-[err]               4-5
4.7 [err] 0.3 After Benzaldehyde                         5-6      treat-
6.7 [err] 0.5 25                                                ment
Deuterobenzaldehyde-[err]               5-6                        5.8
[err] 0.3 Conclusion: During this treatment the protein synthesis 30
inhibition is the same. Deuterobenzaldhyde-[err]  is somewhat less
reversible than benzaldehyde, although this effect is 



weak. 35 Cell cycle inhibition. Benzaldehyde inhibits cell cycle
progression as a secondary effect of the inhibiton of protein synthesis 40
(Petterson et al. Eur. J. Cancer Clin. Oncol. 19: 507-514, 1983 and 19:
935-940, 1983). Since the deutero- compound seems to be less reversible on
protein synthesis inhibition than the undeuterated compound, we therefore
expected it to also induce a more pronounced increase in cell-cycle
duration than the un- deuterated one after pulse-treatment. This is shown
by the data in Table 3, where we have used synchronized cells treated over
an 8 hr period starting 2 hr after mitotic selection, i.e. when the cells
were in 45  early GI. 50 55    EP 0 283139 B1 Table 3 Cell cycle inhibition
of synchronized cells treated for 8 hr with benzaldehyde or
deuterobenzaldehyde-[err] . 10  Drug                Concentration
Duration of the   Prolongation (MM)           part of the cell   % cycle
starting 2 hr after selection 15 Control 1
16.5 Benzaldehyde,              2              17.8
7.9 Deutero- 20  benzaldehyde-[err]            2              19.0
15.2 Control 2                                 16.8 25  Benzaldehyde
2.5           27.5                        63.7 Deutero- benzaldehyde-[err]
2.5            35.0                      108.3 30 Conclusions
Deuterobenzaldehyde-[err] clearly induces a more extensive increase in
cell-cycle duration than benzaldehyde. The difference may result from
differences in reversibility of protein synthesis inhibition. Thus, even
for deuterobenz- aldehyde the cell-cycle inhibition may very well be a
secondary result of the protein synthesis inhibition. 40     Benzaldehyde
induces specific inhibition during mitosis (Pettersen et al., Eur. J.
Cancer, Clin. Oncol. 19: 507-514, 1983). This effect is probably directly
related to the aldehyde group (Pettersen et al. Cancer Res. 45: 2085-2091,
1985). If the deuterated aldehyde group induces different biological
effects from the undeuterated one it is therefore good reason to expect
this to be expressed as a difference in effect on cells in mitosis. In
Table 4 results are shown on prolongation of mitosis of synchronized cells
treated with 



45 benzaldehyde or deuterobenzaldehyde-[err] during mitosis. The numbers in
the table represent the percent- age of the cells having a duration of
mitosis below 1 hr (which is normal for untreated cells) or above the
number of hours indicated on top of each column. 50 55 12    EP0283 139B1
Table 4 Duration of mitosis for untreated cells and for cells treated with
benzaldehyde or deuterobenzaldehyde-[err] (3.2 mM) during mitosis. 10
Duration of tosis  (h) 15 Drug                            < 1          >1
> 2      > 3      > 4      5        > 6 Control                        83%
17%    4%    2% Benzaldehyde                     5%   95%   87%   70%   49%
35%   21% 20 Deutero- benzaldehyde-[err]                 13%   87%   81%
74%   70%   69%   64% Conclusion: Deuterobenzaldehyde-[err] is clearly more
effi- cient as a mitotic inhibitor than benzaldehyde. 30     Benzaldehyde
is a compound which has a strongly irritating effect on mucous membranes,
and cannot be given to animals or patients in its pure form. It is
therefore important that non-irritating derivatives can be synthesized
which have retained the cytotoxic and the protein-synthesis inhibiting
effects of benzaldehyde. One such compound is 4,6-0-benzylidene-D-glucose
(BG) which has been tested on tumour-bearing animals (Pettersen et al.
Anticancer Res. 6: 147-152, 1986) as well as on patients (Kochi et al.,
Cancer 35  Treat. Rep. 69: 533-537, 1985). While BG has a relatively short
halt-life in vivo, we have found that a metabolite is formed which has a
somewhat longer half-life. This metabolite may possess an anticancer
effect. We have compared the metabolism in rats of BG as well as of
deuterated BG (BG-[err]). In Table 5 the serum concentration of BG or
BG-[err] is shown at various time points after a single iv injection of
each drug, 40  respectively. 45 50 55 13    EP 0 283 139 B1 



Table 5 The amounts (mM) of unmetalbolized BG or BG-[err] in blood samples
as a function of time after iv injection. Minutes after iv injection  BG mM
BG-[err] mM 0               0.345 (estimated)            0.345 (estimated)
2               0.23 [err] 0.016                 0.22 [err] 0.02 5
0.11  0.010                 0.16 0.02 10                10
0.096  0.015                 0.14 0.02 15               0.066  0.018
0.10  0.02 20               0.048  0.011                0.097  0.003 25
0.040  0.005                N.D. 30               0.033 [err] 0.008
0.066 [err] 0.015 15                60               N.F.
0.010 [err] 0.005 N.D. = Not Determined, N.F. = Not Found Each value
represents the average of two to five independent measurements [err] S.E.
20    Conclusion: These results indicate that BG Is metabolized in vivo
with a half-life on the order of 5 minutes. The half-life measured
following injection with BG-[err], however, was approximately 15 minutes.
Therefore the initial metabolism of BG-[err] is slower than that of the
undeuterated compound. At the same time as BG or BG-[err] metabolism was
being determined, a separate metabolite peak 25 appeared in HPLC
chromatograms. The increase in BG- and BG-d1 -metabolite and subsequent
clearance was measured. Table 6 30 The relative amount of metabolite as a
function of the time after  iv  injection  of BG or BG-[err]. 35 40 45 50
55 14    EP 0 283 139 B1 Minutes after             BG
BG-[err] iv injection              Metabolite              Metabolite 2
0.365  0.010           0.360 [err] 0.010 5                  0.422 + 0.062
0.717 [err] 0.032 10 10                  0.730 + 0.025           0.725
[err] 0.055 15                 0.878 + 0.032           0.855 + 0.044 20
0.837  0.013           0.820  0.010 25                  0.952 + 0.042
N.D. 



30                  1.00                     0.945  [err] 0.026 20      45
0.927 + 0.008           0.995 + 0.008 60                  0.650 + 0.046
1.00 25      90                   0.480  0.007            0.797 + 0.049 120
0.320  0.045            0.677 + 0.088 30 N.D. - Not Determined Each value
represents the average of two to five independent measurements, + S.E. 35
Conclusion: Two conclusions can be reached from these data. Firstly, the
formation of metabolite from BG is faster than 40from  G-d. The peak height
of BG-metabolite reaches a maximum (=l) at 30 minutes after iv injection
while BG-[err]-metabolite reaches a maximum after 60 minutes. Secondly,
clearance (or further metabolization) is much more 45 rapid for BG than
BG-[err]. The relative amount of BG meta- bolite 120 minutes after iv
injection of BG-[err] was the same as the relative amount of metabolite
originating from BG at 60 minutes after i.v. 50 The metabolism of BG which
takes place in vivo is not seen in vitro, where the compound is stable over
a period of at least 24 hr. It is therefore relevant to compare both the
cytotoxic and the protein synthesis inhibitory effects of BG and BG-[err]
on cells in vitro. These results are shown in Table 7 and in Tables 8 and
55 9, respectively. 15    EP 0 283 139 B1 Table 7 Cell survival of cells
treated for 24 hr with BG or BG-[err]. 5 Drug 10            concentration
Drug                      6.4               12.8 16 BG
0.30 [err] 0.05       0.0078 [err] 0.0018 BG-[err]                     0.33
[err] 0;07       0.0080 [err] 0.0030 20 Table 8 Protein synthesis
inhibition by 4,6-0-benzylidene-D-glucose 25 (BG) and
4-6-0-deuterobenzylidene-d -D-glucose (BG-[err]. 30 35 40 45 



50 55 16    EP0  283 139 B1 1.       Asynchronous cells, short treatment of
3 hr (2 dishes, 4 measurements of each group). 5 Concentration
Protein synthesis Drug                       (mM)           Pulse (hr)
(%/hr) 10 Control                                                      5.7
[err] 0.5 BG                         3.2            0-1                2.9
[err] 0.7 During BG-[err]                      3.2             0-1 treat
3.0  0.3 ment BG                         3.2             2-3
2.9 [err] 0.1 BG-d                       3.2             2-3
3.4 [err] 0.3 20 2.       Synchronized cells, long time treatment of 22 hr.
25            Reversibility test (2 dishes, 4 measurements of each group).
30                       Concentration                         Protein
synthesis Drug                       (mM)           Pulse (hr)
(%/hr) 35  Control                                                      5.3
[err] 0.2 BG                         3.2             21-22 During   4.8
[err] 0.5 treat- BG-[err]                      3.2            21-22Jment
4.6  0.2 40 BG                         3.2             23-24 After
5.5 [err] 0.1 treat- BG-[er]                      3.2            23-24 ment
5.4 [err] 0.1 45 Conclusions Tables 7 and 8 show that unmetabolized BG and
BG-d  have similar effect on cell survival as well as on 1 protein
synthesis. 50 The deuteroaldehydes and derivatives of formulae (I) and (II)
may be formulated into pharmaceutical compositions of this invention by
numerous ways. The primary utility for the deuteroaldehydes and derivatives
thereof is as active ingredients of anticancer drug compositions. These
anticancer drug compositions may be administered orally or paren- 



55 terally. For oral administration the anticancer drug composition may be
given in the form of tablets, capsules, granules or powders. For parenteral
administration the anticancer composition may be given in a form suitable
for injection, Intravenous infusion or suppository. The active
deuteroaldehyde or deuteroaldehyde derivative may be formulated into an
anticancer 17    EP 0 283139 B1 composition by association with a
pharmaceutically acceptable carrier, either solid or liquid. Deuteroal-
dehydes may specifically be formulated into anticancer compositions by
forming inclusion compounds with, for example, [err]-cyclodextrin. In
making anticancer compositions containing deuteroaldehydes or derivatives
thereof, surfactants, vehicles, lubricants, adjuvants and pharmacologically
acceptable film-forming materials 5  may be used as is known in the
pharmaceutical art. The proportion of active ingredient deuteroaldehyde or
deuteroaldehyde derivative in the anticancer composition will vary
depending upon the type of preparation but may generally be within the
range of approximately 0.1 to 20% by weight for oral administration and for
absorption through mucous membranes, and about 0.01 to 10% by weight for
parenteral administration. 70     Suitable ranges for the dosage of the
active component of pharmaceutical anticancer compositions will be in the
range of 0.5 to 1.5 g/sq.m. However, the dosage will be dependent upon the
therapeutic effect of the composition being used. Treatment of human cancer
diseases by anticancer compositions containing as the active ingredient
deuteroaldehydes or derivatives thereof of formulae (I) and (II) may be
indicated by, although not limited to, 15 carcinomas of the brain, head and
neck, lung, tongue, gastrointestinal tract, colon and rectum; and
metastases of the above. Previous knowledge indicates that some aldehydes
and aldehyde derivatives possess pain alleviating properties apparently
resulting from the inhibition of the enzyme enkephalinase. Deuteroaldehydes
and derivatives thereof of formulae (I) and (II) above may, as a second
utility, be 20  used as the active ingredients of pharmaceutical
compositions for alleviating pain, i.e. analgesic composi- tions. These
compositions contain, as the active ingredient a deuteroaldehyde with a
stabilizing amount of cyclodextrin, or a suitable amount of a
deuteroaldehyde-sugar acetal derivative combined with a phar- maceutically
acceptable carrier. The compositions may be in the form of tablets,
capsules, granules, powder or other form suitable for oral administration.
These compositions are prepared by conventional 25  procedures.
Compositions administered intravenously, by infusion, or rectally are also
prepared by conventional procedures known in the pharmaceutical art.
Preferably deuteroaldehydes are administered orally as cyclodextrin
inclusion compounds while sugar- acetal derivatives of deuteroaldehydes are
preferably administered intravenously. 30     A wide dosage range may be
administered depending on the severity of the pain experienced.
Deuteroaldehydes and deuteroaldehyde derivatives may be administered as the
sole analgesic agent or may be administered in combination with one or more
additional analgesic agents. Indications for use include, but are not
limited to, treating pain due to various cancerous diseases, peptic and
duodenal ulcers, etc., and pain resulting from the administration of
various drugs. 35     The amount of deuteroaldehyde and deuteroaldehyde
derivatives to be administered would depend on 



the medical history of the patient, the severity of the pain experienced,
and the cause thereof. Generally from about 0.1 to 2.5 g from one to four
times per day would be the dosage range for an average human adult. More
specifically, a useful dose range is about 500 mg per day administered In
four doses of 40 approximately 125 mg per dose. Technical and biological
effects. The present invention involves deuteroaldehydes and derivatives
thereof. The improved in vitro and in 45  vivo biological effect of these
compounds may be due to a kinetic deuterium isotope effect, also termed the
kinetic isotope effect. This effect explains the slower reaction kinetics
of compounds containing deuterium than for compounds containing hydrogen
since a bond to deuterium is broken slower than a bond to hydrogen. Another
effect, the secondary kinetic isotope effect, may also affect formation of
carbonium ions. Thus, two isotope effects may be responsible for the
improvement in biological activity represented by the 50  present
compounds. From our previous studies benzaldehyde has been shown to induce,
as a primary effect, a protein synthesis inhibition. As a secondary
consequence of this primary effect cell-cycle progression is reduced during
benzaldehyde treatment and furthermore, for long treatment times and high
drug doses, there is a cell inactivation. Another effect of benzaldehyde is
a specific prolongation of mitosis. Of these two effects 55  (protein
synthesis inhibition and mitotic inhibition), only protein synthesis
inhibition is known to appear during treatment with BG which does not have
a free aldehyde group. Thus, a tempting speculation is that the aromatic
ring, on the one hand, which is the common structure in the two compounds,
is of great functional importance with respect to protein synthesis
inhibition while it is of less importance with respect 18    EP 0 283139 B1
to mitotic inhibition. The aldehyde group, on the other hand, could be
vital with respect to mitotic inhibition, but not necessarily with respect
to protein synthesis inhibition. The inactivating effect of both
benzaldehyde and BG is probably a result, mainly, of the protein synthesis
inhibition. The exception is cells treated during mitosis, which are
inactivated efficiently by benzaldehyde, but not by B. 5     More
specifically, the duration of mitosis of human cells treated in culture was
significantly more increased by treatment with deuterobenzaldehyde-di as
compared to treatment with benzaldehyde. The stability and longevity of a
reaction product formed from deuterobenzaldehyde-[err]  as compared to
benzal- dehyde may be responsible for the observed mitotic inhibitory
properties of deuterobenzaldehyde-[err]. Protein synthesis inhibition
induced by benzaldehyde may be due to interactions involving the aromatic
io ring moiety and not specifically the aldehyde group. Since both
benzaldehyde and deuterobenzaldehyde-[err] induced relatively equivalent
inhibition of protein synthesis, and BG and BG-[err] also induced similar
results, the introduction of deuterium into these compounds did not
increase their specific effects on protein synthesis. However, recovery
from protein synthesis inhibition was measurably slower when cells were
pulse-treated with deuterobenzaldehyde-[err] than with benzaldehyde. Thus
cells would still be exposed to 15 some deuterobenzaldehyde-[err] even
after the medium containing this compound was removed. As mentioned above,
the expected consequence of deuteration is that incorporation of deuterium
into a compound would cause greater stability of chemical deuterium bonds
than to hydrogen. The in vivo experiments utilizing BG and BG-[err] appear
to confirm this belief. A clearly slower metabolism and 



clearance from serum of BG-d1 as compared to BG when injected into rats was
found. BG  and BG-[err] 20 metabolism may be dependent upon hydrolysis of
the acetal linkage between the aromatic moiety and sugar moiety of the
molecule. It was shown that a metabolite of BG or BG-[err] was formed in
vivo, and that the metabolite formed from BG-[err] exhibited slower
clearance kinetics than that formed from B. The prolonged presence in blood
is of major clinical importance, and could also reduce the need for
frequent iv administration. In this way an improved biological effect was
obtained by these new deutero compounds. 25     The present invention thus
makes use of deuteroaldehydes and derivatives thereof in the formulation of
anticancer drug compositions, the use of which will yield a beneficial
thereapeutic effect for cancer patients. Claims Claims for the following
Contracting States: AT, BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 30 1. A
compound of formula (I) or formula (11) for use as an anticancer agent:
Formula I 35                                                     0 11
Ar-C-D 40    wherein Ar is phenyl which is unsubstituted or substituted by
alkyl of 1-5 carbon atoms, cycloalkyl of 3- 6 carbon atoms, halogen, nitro,
amino, monoalkylamino of 1-5 carbon atoms or dialkylamino of 1-5 carbon
atoms in each alkyl group, said Ar being non-deuterated or partly or
completely deuterated, or a pharmaceutically acceptable salt thereof; 45
Formula II [err] so wherein Ar is as defined above, and X1 and X2 are each
a sulfur, oxygen or nitrogen atom which has attached thereto a hydrogen
atom, alkyl of 1-5 carbon atoms, cycloalkyl of 3-6 carbon atoms or phenyl,
or [err] together with the carbon atoms to which they are attached form a
cyclic acetal, thioacetal, thiane or oxazolidine, or a pharmaceutically
acceptable salt thereof. 19    EP 0 283 139B1 to mitotic inhibition. The
aldehyde group, on the other hand, could be vital with respect to mitotic
inhibition, but not necessarily with respect to protein synthesis
inhibition. The inactivating effect of both benzaldehyde and BG is probably
a result, mainly, of the protein synthesis inhibition. The exception is
cells treated during mitosis, which are inactivated efficiently by
benzaldehyde, but not by BG. 5     More specifically, the duration of
mitosis of human cells treated in culture was significantly more increased
by treatment with deuterobenzaldehyde-[err] as compared to treatment with
benzaldehyde. The stability and longevity of a reaction product formed from
deuterobenzaldehyde-[err] as compared-to benzal- dehyde may be responsible
for the observed mitotic inhibitory properties of
deuterobenzaldehyde-[err]. Protein synthesis inhibition induced by
benzaldehyde may be due to interactions involving the aromatic 10 ring
moiety and not specifically the aldehyde group. Since both benzaldehyde and
deuterobenzaldehyde-[err] Induced relatively equivalent inhibition of
protein synthesis, and BG and BG-[err] also induced similar results, 



the introduction of deuterium into these compounds did not increase their
specific effects on protein synthesis. However, recovery from protein
synthesis inhibition was measurably slower when cells were pulse-treated
with deuterobenzaldehyde-[err] than with benzaldehyde. Thus cells would
still be exposed to is some deuterobenzaldehyde-[err] even after the medium
containing this compound was removed. As mentioned above, the expected
consequence of deuteration is that incorporation of deuterium into a
compound would cause greater stability of chemical deuterium bonds than to
hydrogen. The in vivo experiments utilizing BG and BG-[err] appear to
confirm this belief. A clearly slower metabolism and clearance from serum
of BG-[err] as compared to BG when injected into rats was found. BG and
BG-[err] 20 metabolism may be dependent upon hydrolysis of the acetal
linkage between the aromatic moiety and sugar moiety of the molecule. It
was shown that a metabolite of BG or BG-[err] was formed in vivo, and that
the metabolite formed from BG-[err] exhibited slower clearance kinetics
than that formed from BG. The prolonged presence in blood is of major
clinical importance, and could also reduce the need for frequent iv
administration. In this way an improved biological effect was obtained by
these new deutero compounds. 25     The present invention thus makes use of
deuteroaldehydes and derivatives thereof in the formulation of anticancer
drug compositions, the use of which will yield a beneficial thereapeutic
effect for cancer patients. Claims Claims for the following Contracting
States: AT, BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 30 1. A compound of
formula (I) or formula (II) for use as an anticancer agent: Formula I 35
0 Ar-C-D 40     wherein Ar is phenyl which is unsubstituted or substituted
by alkyl of 1-5 carbon atoms, cycloalkyl of 3- 6 carbon atoms, halogen,
nitro, amino, monoalkylamino of 1-5 carbon atoms or dialkylamino of 1-5
carbon atoms in each alkyl group, said Ar being non-deuterated or partly or
completely deuterated, or a pharmaceutically acceptable salt thereof; 45
Formula II 50                                                 [err] 55
wherein Ar is as defined above, and [err] are each a sulfur, oxygen or
nitrogen atom which has attached thereto a hydrogen atom, alkyl of 1-5
carbon atoms, cycloalkyl of 3-6 carbon atoms or phenyl, or Xi and X2
together with the carbon atoms to which they are attached form a cyclic
acetal, thioacetal, thiane or oxazolidine, or a pharmaceutically acceptable
salt thereof. 19    EP 0 283 139 B1 2. A pharmaceutical composition, which
comprises a therapeutically effective amount of a compound selected from
compounds of formula (I) and formula (II), as defined in Claim 1, and a
pharmaceutically acceptable carrier therefor. 5  3. A compound selected
from the group consisting of (1) a compound of the formula: 0 10
Ar-C-D                (I) 



where Ar is phenyl which is substituted by cycloalkyl of 3-6 carbon atoms,
monoalkylamino of 1-5 carbon atoms or dialkylamino of 1-5 carbon atoms in
each alkyl group, said Ar being non-deuterated or 15     partly or
completely deuterated, with the proviso that the compound
4-dimethylamino-deuterobenzal- dehyde is excluded, (2) a compound of the
formula: 20 [err] (II) 25 wherein Ar is phenyl which is substituted by
alkyl of 1-5 carbon atoms, cycloalkyl of 3-6 carbon atoms, halogen, nitro,
amino, monoalkylamino of 1-5 carbon atoms or dialkylamino of 1-5 carbon
atoms in each alkyl group, said Ar being non-deuterated or partly or
completely deuterated, or is unsubstituted phenyl which is non-deuterated
or partly or completely deuterated, and Xi and X2 are each a sulfur, oxygen
or 30     nitrogen atom which has attached thereto a hydrogen atom, alkyl
of 1-5 carbon atoms, cycloalkyl of 3-6 carbon atoms or phenyl, or Xi and X2
together with the carbon atom to which they are attached form a cyclic
acetal, thioacetal, thiane or oxazolidine, or (3) a pharmaceutically
acceptable salt thereof; with the proviso that when Ar is unsubstituted
phenyl then Xi and X2 cannot be methoxy, dioxolan or dithiane. 35 4. The
compound according to Claim 1 or Claim 3, namely deutero
4,5-0-benzylidene-[err] -glucose. 5. The compound according to Claim 1 or
Claim 3, namely deutero 5,6-0-benzylidene ascorbic acid or a
pharmaceutically acceptable salt thereof. 40 6. A process for preparing a
compound of the formula: [err]             (I) 45 wherein Ar is as defined
in paragraph (1) of Claim 3 which comprises reducing a compound of the
formula: 50                                    0 11 Ar-C-X
(II) 55     where X is a halogen, with deuterium gas in a highly deuterated
aromatic hydrocarbon solvent in which at least 90% of the protons in the
solvent molecules have been replaced by deuterium atoms. 7. A process
according to Claim 6, where an aromatic acid chloride is reduced with
deuterium gas in a 20    EP 0 283 139 B1 highly deuterated solvent in
presence of a catalyst, whereafter the deutero compound Is worked up from
the reaction mixture in a conventional manner such as by distillation or
complexation by [err] in heavy water. 5  8  A process according to Claim 6
or Claim 7, wherein said highly deuterated aromatic hydrocarbon solvent is
toluen-dB, ethyl-benzen-di o or xylen-di o. 9. A process for preparing a
compound of formula (II): 10 [err] 75 



wherein Ar is phenyl which is substituted by alkyl having 1-5 carbon atoms,
cycloalkyl having 3-6 carbon atoms, halogen, nitro, amino, monoalkylamino
with 1-5 carbon atoms or dialkylamino with 1-5 20     carbon atoms in each
alkyl group, said Ar being non-deuterated or partly or completely
deuterated, or is unsubstituted phenyl with is non-deuterated or partly or
completely deuterated, and [err] are each an oxygen, sulphur, or nitrogen
which has attached thereto a hydrogen, alkyl with 1-5 carbon atoms,
cycloalkyl with 3-6 carbon atoms or phenyl, or [err] together with the
carbon atom to which they are attached form a cyclic acetal, thioacetal,
thiane, or oxazolidine group; 25     with the proviso that when Ar is
unsubstituted phenyl, then [err]  cannot be methoxy, dioxolan or dithiane;
characterized by (i) reacting a compound of formula (I) 30
0 Ar - C - D                       (I) 35       wherein Ar is as defined
above, or a lower acetal thereof, with a di- or poly-hydric alcohol in the
presence of an acidic catalyst, preferably in a dipolar solvent; and if
desired converting the thus produced compound of formula (II) into a
pharmaceutically acceptable salt. 10. A process according to Claim 9,
wherein deutero-4,6-0-benzylidene-D-glucose is prepared by reacting 40
deutero-benzaldehyd-[err] with trialkyl orthoformate and methanol in the
presence of hydrochloric acid, and thereafter reacting the thus produced
reaction product, deutero-benzaldehyd-[err]-dialkylacetal, with
D-glucono-[err]-lacton. 11. A process according to Claim 9, wherein
deutero-5,6-O-benzylidene-L-ascorbic acid is prepared by 45     reacting
deutero-benzaldehyd-[err] with trialkyl orthoformate and methanol in the
presence of hydrochlo- ric acid, and thereafter reacting the thus produced
deutero-benzaldehyd-[err]-dialkylacetal, with L- ascorbic acid. Claims for
the following Contracting States: ES, GR 50 1. A process for preparing a
compound of the formula: 0 Ar- C - D                             (I)
wherein Ar is phenyl which is substituted by cycloalkyl of 3-6 carbon
atoms, monoalkylamino of 1-5 21    EP 0 283 139 B1 carbon atoms or
dialkylamino of 1-5 carbon atoms in each alkyl group, said Ar being
non-deuterated or partly or completely deuterated with the proviso that the
compound 4-dimethylamino-deuterobenzal- dehyde is excluded, which process
comprises reducing a compound of the formula: 5 [err] 10     wherein X is a
halogen, with deuterium gas in a highly deuterated aromatic hydrocarbon
solvent in which at least 90% of the protons in the solvent molecules have
been replaced by deuterium atoms; and if desired converting the thus
produced compound of formula (1) into a pharmaceutically acceptable salt.
15  2. A process according to Claim 1, where an aromatic acid chloride is
reduced with deuterium gas in a 



highly deuterated solvent in presence of a catalyst, whereafter the deutero
compound is worked up from the reaction mixture In a conventional manner
such as by distillation or complexation by NaDS03 in heavy water. 20 3  A
process according to Claim 1 or Claim 2, wherein said highly deuterated
aromatic hydrocarbon solvent is toluen-de, ethyl-benzen-[err] or
xylen-[err]. 4. A process for preparing a compound of formula (11): 25
[err]                        (II) 30 wherein Ar is phenyl which is
substituted by alkyl having 1-5 carbon atoms, cycloalkyl having 3-6 carbon
atoms, halogen, nitro, amino, monoalkylamino with 1-5 carbon atoms or
dialkylamino with 1-5 35     carbon atoms in each alkyl group, said Ar
being non-deuterated or partly or completely deuterated, or is
unsubstituted phenyl with is non-deuterated or partly or completely
deuterated, and [err]  are each an oxygen, sulphur, or nitrogen which has
attached thereto a hydrogen, alkyl with 1-5 carbon atoms, cycloalkyl with
3-6 carbon atoms or phenyl, or [err] together with the carbon atom to which
they are attached form a cyclic acetal, thioacetal, thiane, or oxazolidine
group; 40   with the proviso that when Ar is unsubstituted phenyl, then Xi
and X2 cannot be methoxy, dioxolan or dithiane; characterized by (i)
reacting a compound of formula (I) 45 [err]                     (I) so
wherein Ar is as defined above, or a lower acetal thereof, with a di- or
poly-hydric alcohol in the presence of an acidic catalyst, preferably in a
dipolar solvent; and if desired converting the thus produced compound of
formula (11) into a pharmaceutically acceptable salt. 5. A process
according to Claim 4, wherein deutero-4,6-0-benzylidene-D-glucose is
prepared by reacting 55     deutero-benzaldehyd-[err] with trialkyl
orthoformate and methanol in the presence of hydrochloric acid, and
thereafter reacting the thus produced reaction product,
deutero-benzaldehyd-[err]-dialkylacetal, with D-glucono-[err]-lacton. 22
6. A process according to Claim 4, wherein
deutero-5,6-0-benzylidene-L-ascorbic acid is prepared by reacting
deutero-benzaldehyd-[err] with trialkyl orthoformate and methanol in the
presence of hydrochlo- ric acid, and thereafter reacting the thus produced
deutero-benzaldehyd-[err]-dialkylacetal, with L- ascorbic acid. 5 7. A
process for manufacturing a pharmaceutical composition, which comprises
bringing together a pharmaceutically acceptable carrier with a
therapeutically effective amount of a compound selected from compounds of
formula (I) and formula (11): 10 Formula I 0 Ar - C - D 



wherein Ar is phenyl which is unsubstituted or substituted by alkyl of 1-5
carbon atoms, cycloalkyl of 3- 20     6 carbon atoms, halogen, nitro,
amino, monoalkylamino of 1-5 carbon atoms or dialkylamino of 1-5 carbon
atoms in each alkyl group, said Ar being non-deuterated or partly or
completely deuterated, or a pharmaceutically acceptable salt thereof; 26
Formula II 30                                                   [err] 35
wherein Ar is as defined above, and Xi and X2 are each a sulfur, oxygen or
nitrogen atom which has attached thereto a hydrogen atom, alkyl of 1-5
carbon atoms, cycloalkyl of 3-6 carbon atoms or phenyl, or [err] together
with the carbon atoms to which they are attached form a cyclic acetal,
thioacetal, thiane or oxazolidone, or a pharmaceutically acceptable salt
thereof. 40  8. A process according to Claim 7, wherein said compound is
deutero 4,6-0-benzylidene-[err] -glucose. 9. A process according to Claim
7, wherein said compound is deutero 4,6-O-benzylidene-di -glucose.
PatentansprUche 45  PatentansprUche fUr folgende Vertragsataaten: AT, BE,
CH, DE, FR, GB, IT, Li, LU NL, SE 1. Verbindung der Formel (I) oder (11)
zur Verwendung als Antikrebsmittel: 50                              Formel
I 0 Ar-C-D 55 in der Ar Phenyl ist, das unsubstituiert oder substituiert
mit Alkyl von 1-5 Kohlenstoffatomen, Cycloalkyl von 3-6 Kohlenstoffatomen,
Halogen, Nitro, Amino, Monoalkylamino von 1-5 Kohlenstoffatomen oder 23
EP 0 283 139 B1 Dialkylamino von 1-5 Kohlenstoffatomen in jeder Alkyigruppe
ist, wobil Ar nicht douteriert odor teilweise oder ganz douteriert ist,
oder deren pharmazeutisch vertragliches Salz; 5
Formel II xl Ar-C-D 10
I X2 15    in der Ar die vorgegebene Bedeutung besitzt und X1 und X2
jeweils Schwefel, Sauerstoff oder Stickstoff sind, der mit elnem
Wasserstoffatom, Alkyl von 1-5 Kohlenstoffatomen, Cycloalkyl von 3-6
Kohienstoffatomen odor Phenyl verbunden ist, odor X1 und X2 bilden zusammen
mit dam Kohlenstoff- atomen, mit denen sie verbunden sind, ein cyklisches
Acetal, Thioacetal, Thian odor Oxazolidin, odor deren pharmazeutisch
vertragliches Salz. 20 2. Pharmazeutische Zusammensetzung, die eine
therapeutisch wirksame Menge elner der Verbindungen nach Formol (I) und
Formol (II) gemaO Anspruch 1 und einen hierflr goeigneten pharmazeutisch
vertrdglichen Trager enthait. 25  3  Verbindung aus der Gruppe, bestehend
aus (1) der Formel: 0 



30                                    Ar-C-D                (I) in der Ar
Phenyl ist, das durch Cycloalkyl von 3-6 Kohlenstoffatomen, Monoalkylamino
von 1-5 Kohlenstoffatomen oder Dialkylamino von 1-5 Kohlenstoffatomen in
jeder Alkylgruppe substituiert ist, 35     wobei Ar nicht deuteriort oder
teolweise odor volistandig deuteriert ist, unter der Voraussetzung, daO die
Verbindung 4-Dimethylamino-deuterobenzaldehyd ausgeschlossen ist, (2) einer
Verbindung der Formel IX 40I 40                       ~~~~Ar-C-D X2
(II) 45 in der Ar Phenyl ist, das mit Alkyl von 1-5 Kohlenstoffatomen,
Cycloalkyl von 3-6 Kohlenstoffatomen, Halogen, Nitro, Amino, Monoalkylamino
von 1-5 Kohlonstoffatomen oder Dialkylamino von 1-5 Kohlon- stoffatomen in
jeder Alkylgruppe substituiert ist, wobei Ar nicht deuteriert oder ganz
oder teilweise deuteriert lst, oder unsubstituiertes Phonyl, das nicht
deuteriert odor toilweise oder ganz deuteriert ist, so     und wobel X1 und
X2 jeweils Schwefel, Sauerstoff oder Stickstoff sind, die mit Wasserstoff,
Alkyl von 1- 5 Kohlenstoffatomen, Cycloalkyl von 3-6 Kohlenstoffatomen odor
Phenyl verbunden sind, oder wobei XI und X2 zusammen mit dam
Kohlenstoffatom, mit dem sie verbunden sind, ein cyklisches Acetal,
Thioacetal, Thian oder Oxazolidin bilden, oder (3) ihr phramazeutisch
vertragliches Salz, unter der Voraussetzung, daB, wenn Ar unsubstituiertes
Phenyl ist, Xi und X2 nicht Methoxy, Dioxolan odor 65     Dithian sein
k~nnen. 4. Verbindung nach Anspruch 1 oder Anspruch 3, nfmlich
Deutero-4,6-0-benzyliden-d, -glukose. 24    EP 0 283 139 B1 5 Verbindung
nach Anspruch 1 oder Anspruch 3, namlich
Deutero-5,6-0-benzylidenascorbinsaure oder deren pharmazeutisch
vertrigliches Saiz. 6. Verfahren zur Herstellung einer Verbindung der
Formel 5 0 11 Ar-C-D                    (I) in der Ar die in Absatz (1) von
Anspruch 3 angegebene Bedeutung besitzt, wobei eline Verbindung der Formel
16~~~~~~~~~~~~~~~~~~~~~~~~1 0 Ar-C-X                    (II) 20 in der X
ein Halogen ist, mit Deuternumgas in hoch deuteriertem aromfischen
Kohlenwasserstofflo- sungsmittel reduziert wird, in dem mindestens 90 % der
Protonen in den Losungsmittel-Molekolen durch Deuteriumatome ersetzt sind.
26  7. Verfahren nach Anspruch 6, wobei ein aromatisches Saurechlorid mit
Deuteriumgas In elnem hoch deuterierten Ldsungsmittel in Gegenwart eines
Katalysators reduziert wird, worauf die Deuteroverbin- 



dung in Oblicher Weise, wie durch Destillation oder Komplexierung mit
NaD0s3 in schwerem Wasser herausgearbeitet wird. 30 8 Verfahren nach
Anspruch 6 oder 7, in dem das hoch deuterierte aromatische
Kohienwasserstoff- Losungsmittel Toluol-dc, Ethyl-benzol-d1o oder Xylol-dio
ist. 9. Verfahren zur Herstellung einer Verbindung der Formal (Il): 35 xi
Ar-C-D                            (II) 40
x x2 in der Ar Phenyl ist, das mit Alkyl mit 1-5 Kohlenstoffatomen,
Cycloalkyl mit 3-6 Kohlenstoffatomen, Halogen, Nitro, Amino, Monoalkylamino
mit 1-5 Kohlenstoffatomen odor Dialkylamino mit 1-5 Kohlen- 45
stoffatomen in jeder Alkylgruppe substituiert ist, wobel Ar nicht
deuteriert oder teilweise oder ganz deuteriert ist, odor ein
unsubstituiertes Phenyl, das nicht deuteriert oder teilweise odor ganz
deuteriert ist, und wobel X1 und X2 jeweils SauerstofF, Schwefel oder
Stickstoff sind, die mit Wasserstoff, Alkyl mit 1-5 Kohlenstoffatomen,
Cycloalkyl mit 3-6 Kohlenstoffatomen oder Phenyl verbunden sind, odor wobei
Xi und X2 zusammen mit dem Kohlenstoffatom, mit dem sie verbunden sind, ein
cyklisches Acetal, 50     Thioacetal, Thian odor Oxazolidingruppe bilden;
unter der Voraussetzung, daB, wenn Ar ein unsubstituiertes Phenyl ist, X1
und X2 nicht Methoxy, Dioxolan oder Dithian sein k6nnen; gekennzeichnot
durch (I) Umsetzung einer Verbindung der Formel (I) 55 25    EP 0 283 139
B1 0 Ar -C-D                           (I) 5 in der Ar die zuvor gegebene
Bedeutung besitzt, oder ein niederes Acetal. dieser Verbindung mit elnem
di- oder polyhydrischen Alkohol in Gegenwart eines sauren Katalysators,
vorzugsweise in einem  dipolarem  Losungsmittel; und be! Bedarf Umsetzung
der auf diese Weise gebildeten 10       Verbindung der Formel (11) in ein
pharmazeutisch vertragliches Salz. 10. Verfahren nach Anspruch 9, wobei
Deutero-4,6-0-benzyliden-D-glukose hergestellt wird durch Umset- zung von
Deutero-benzaldehyd-D, mit Trialkylorthoformat und Methanol in Gegenwart
von Salzsaure und anschlielende Umsetzung des auf diese Weise gebildeten
Reaktionsproduktes, Deutero- 1r     benzaldehyd-D, -dialkylacetal, mit
D-Glucono-O-lacton. 11. Verfahren nach Anspruch 9, wobei
Deutero-5,B-O-benzyliden-L-ascorbinsaure hergestellt wird durch Umsetzung
von Deutero-benzaldehyd-Di mit Trialkylorthoformat und Methanol in
Gegenwart von Salzsaure und anschliebiende Umsetzung des auf diese Weise
gebildeten Deutero-benzaldehyd-Di- 20     dialkylacetals mit
L-Ascorbinsaure. PatentansprUche fMr folgende Vertragsstaaten: ES, OR 1.
Verfahren zur Herstellung einer Verbindung der Formel (1) 



25 0 11 Ar - C  - D                           (I) 30 in der Ar Phenyl ist,
das mit Cycloalkyl von 3-6 Kohlenstoffatomen, Monoalkylamino von 1-5
Kohlen- stoffatomen oder Dialkylamino von 1-5 Kohlenstoffatomen in jeder
Alkylgruppe substituiert ist, wobei Ar nicht deuteriert oder tellweise odor
ganz deuteriert ist, unter der Voraussetzung, dal die Verbindung 4- 35
Dimethylamono-dsuterobenzaldehyd ausgeschlossen ist, wobei eine Verbindung
der Formel 0 11 Ar - C - c 40 in der X ein Halogen ist, mit Deuteriumgas in
hochdeuteriertem aromatischen Kohlenwasserstoff- L6sungsmittel reduziert
wird, in dem mindestens 90 % der Protonen der LWsungsmittelmoleklUle durch
Deuteriumatome ersetzt wurden; und bei Bedarf Umsetzung der auf diese Weise
gebildeten Verbin- 45     dung der Formel (I) in ein pharmazeutisch
vertragliches SaIz. 2. Verfahren nach Anspruch 1, wobei ein aromatisches
Saurechlorid mit Deuteriumgas in elnem hoch deuterierten L6sungsmfttel in
Gegenwart eines Katalysators reduziert wird, worauf die Deuteroverbin- dung
aus der Reaktionsmischung In ablicher Weise wie durch Destillation odor
Komplexierung mit 50     NaDSOs in schwerem Wasser herausgearbeitet wird.
3. Verfahren nach Anspruch 1 odor 2, wobei das hoch deuterierte aromatische
Kohlenwasserstoff- L6sungsmittel Toluol-da, Ethyl-benzol-di O oder Xylol-do
a !st. 55  4. Verfahren zur Herstellung einer Verbindung der Formel (I1):
26    EP 4   I~~~~~~~~~~~~~~~~~~~~~~~~~~~ xl Ar-C-D
(II) 5 X2 in der Ar Phenyl ist, das mit Alkyl mit 1-5 Kohlenstoffatomen,
Cycloalkyl mit 3-6 Kohlenstoffatomen, 10     Halogen, Nitro, Amino,
Monoalkylamino mit 1-5 Kohlenstoffatomen oder Dialkylamino mit 1-5 Kohlen-
stoffatomen in jeder Alkylgruppe substituiert ist, wobel Ar nicht
deuteriert oder teilweise oder ganz K>            deuteriert ist, oder in
der das Phenyl unsubstituiert ist, das nicht deuteriert oder teliwelse oder
ganz deuteriert let, und wobel XI und X2 jeweils Sauerstoff, Schwefel oder
Stickstoff sind, der mit Wasserstoff, Alkyl mit 1-5 Kohlenstoffatomen,
Cycloalkyl mit 3-6 Kohlenstoffatomen odor Phenyl 15     verbunden ist, oder
wobel Xi und X2 zusammen mit dem Kohlenstoffatom, mit dem sie verbunden
sind, ein cyklisches Acetal, Thioacetal, Thian oder Oxazolidingruppe
bilden; unter der Voraussetzung, daB, wenn Ar unsubstituiertes Phenyl ist,
X1 und X2 nicht Methoxy, Dioxolan oder Dithian sein k6nnen; gekennzeichnet
durch 



(i) Umsetzung einer Verbindung der Formel (I) 20 0 Ar - C  - D
(I) 25 in der Ar die zuvor gegebene Bedeutung besitzt, oder ihr niederes
Acetal, mit einem di- oder polyhydrischen Alkohol in Gegenwart eines sauren
Katalysators, vorzugsweise in dipolarem L6- sungsmittel; und bei Bedarf
Umsetzung der auf diese Weise gebildeten Verbindung der Formel (11) in ein
pharmazeutisch vertr~gliches Salz. 30 5. Verfahren nach Anspruch 4, wobei
Deutero-4,6-0-benzyliden-D-Glukose hergestellt wird durch Umset- zung von
Deutero-benzaldehyd-D, mit Trialkylorthoformat und Methanol in Gegenwart
von Salzsaure und anschlieflende Umsetzung des auf diese Weise gebildeten
Reaktionsproduktes, Deutero- benzaldehyd-D,-dialkylacetal, mit
D-Glucono-,e-lacton. 35 6. Verfahren nach Anspruch 4, wobel
Deutero-5,6-0-benzyliden-L-ascorbinsaure hergestellt wird durch Umsetzung
von Deutero-benzaldehyd-D, mit Trialkylorthoformat und Methanol in
Gegenwart von Salzsaure und anschlielende Umsetzung des auf diese Weise
erhaltenen Deutero-benzaldehyd-D,- dialkylacetal, mit L-Ascorbinsdure. J40
7. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei
ein pharmazeutisch ver- traglicher Trager mit einer therapeutisch wirksamen
Menge elner Verbindung der Verbindungen der Formel (I) und Formel (II)
zusammengebracht werden: 46 Formel I 0 50
II Ar - C  - D wobei Ar Phenyl ist, das unsubstituiert oder mit Alkyl von
1-5 Kohlenstoffatomen, Cycloalkyl von 3-6 55     Kohlenstoffatomen,
Halogen, Nitro, Amino, Monoalkylamino von 1-5 Kohlenstoffatomen oder
Dialkylami- no von 1-5 Kohlenstoffatomen in jeder Alkylgruppe substituiert
ist, wobel Ar nicht deuteriert oder teliweise oder ganz deuteriert Ist oder
deren pharmazeutisch vertragliches Salz; 27    EP 0 283 139 B1 Formel II 5
Ar - C - D x2 10 in der Ar die zuvor gegebene Bedeutung besitzt, und wobel
Xi und X2 jeweils Schwefel, Sauerstoff oder Stickstoff sind, die mit
Wasserstoff, Alkyl von 1-5 Kohlenstoffatomen, Cycloalkyl von 3-6 Kohlen- 



stoffatomen oder Phonyl verbunden sind, odor wobei XI und X2 zusammen mit
dem Kohlenstoffato- 15     men, mit denen sie verbunden sind, ein
cyklisches Acetal, Thioacetal, Thian odor Oxazolidon bilden, oder deren
pharmazeutisch vertragliches Salz. &  Verfahren nach Anspruch 7, wobel die
Verbindung Deutero 4,6-O-benzyliden-d1 -glukose ist. 20 9. Verfahren nach
Anspruch 7, wobel die Verbindung Deutero 4,6-0-benzyliden-d, -glukose ist.
Revendlcatlons Revendlcatlons pour les Etats contractants sulvants : AT,
BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 25 1. Compos4 de formule (I) ou de
formule (II), destin4 a servir d'agent anti-cancer: Formule I 30
o 11 Ar-C-D 35     (dans laquelle Ar repr~sente un groupe ph6nyle qui n'est
pas substitue ou qui est substitue par un groupe alkyle ayant 1 a 5 atomes
de carbone, cycloalkyle ayant 3 A 6 atomes de carbone, halogeno, nitro,
amino, monoalkylamrino ayant 1 & 5 atomes de carbone ou dialkylamino ayant
1 a 5 atomes de carbone dans chaque groupe alkyle, ledit Ar n'4tant pas
deut6r6 ou 6tant partiellement ou entibrement deutere), ou un sel
pharmacoutiquement acceptable de ce compos6; 40 Formule II Xi 45
I' Ar-C-D X2 50 (dans laquelle Ar est tel que d6fini ci-dessus ; et Xi et
X2 repr6sentent chacun un atome de soufre, d'oxygene ou d'azote, sur loquel
eat fixe un atome d'hydrogbne, un groupe alkyle ayant 1 & 5 atomes de
carbone, cycloalkyle ayant 3 a 6 atomes de carbone ou phenyle ; ou bien Xi
et X2 forment, avec les atomes de carbone auxquels ils sont fixes, un
groupe cyclique acetal, thioacetal, thiane ou 55     oxazolidine), ou un
sel pharmaceutiquement acceptable de ce compoa6. 2. Composition
pharmaceutique, qui comprend une quantitM therapeutiquement efficace d'un
compose cholsi parmi coux de formule (I) et coux de formule (11), selon la
d6finition donnee & la revendication 1, 28    EP 0 283 139 B1 et un
vehicule ou excipient, pharmaceutiquement acceptable.
S 3. Compos6 choisi dans l'ensemble consistant en (1) un compos6 de formule
0 II Ar-C-D                (I) 10 (dans laquelle Ar repr6sente un groupe
ph6nyle qui est substitu6 par un groupe cycloalkyle ayant 3 a 6 atomes de
carbone, monoalkylamino ayant 1 a 5 atomes de carbone ou dialkylamino ayant
1 a 5 



atomes de carbone dans chaque groupe alkyle, ledit Ar n'6tant pas deutere
ou 6tant partiellement ou entierement deutdrd, a l'exclusion du compose
4-dim6thylamino-deuterobenzaldehyde), (2) un compo- 16     sd de formulo xl
20                                   Ar-C- D 20
(I X2(I- 25     (dans laquelle Ar repr6sente un groupe ph6nyle qui est
substitue par un groupe alkyle ayant 1 & 5 atomes de carbone, cycloalkyle
ayant 3 a 6 atomes de carbone, halogeno, nitro, amino, monoalkylami- no
ayant 1 & 5 atomes de carbone ou dialkylamino ayant 1 & 5 atomes de carbone
dans chaque groupe alkyle, ledit Ar n'etant pas deut6r6 ou etant
partiellement ou entibrement deutere, ou bien Ar represente un groupe
phdnyle non substitue qui n'est pas deut~r4 ou qui est partiellement ou 30
entibrement deutere ; et Xi et X2 representent chacun un atome de soufre,
d'oxygene ou d'azote sur lequel est fixe un atome d'hydrogbne, un groupe
alkyle ayant 1 a 5 atomes de carbone, cycloalkyle ayant 3 a 6 atomes de
carbone ou phenyle ; ou bien XI et X2 forment, avec I'atome de carbone
auquel is sont rattach6s, un groupe cyclique ac6tal, thioac6tal, thiane ou
oxazolidine, ou (3) un sel pharmaceu- tiquement acceptable d'un tel compose
; & la condition que, lorsque Ar represente un groupe phenyle 36     non
substituW, les symboles XI et X2 ne peuvent representer un groupe methoxy,
dioxolane ou dithiane. 4. Compose solon la revendication 3, qui east du
deutero 4,6-O-benzylidbne-di -glucose. 4o 5. Compos6 salon la revendication
1 ou la revendication 3, qui est de l'acide deutero 5,6-0-benzylidene
ascorbique ou un sel pharmacoutiquement acceptable de cot acide. 6. Proced4
pour preparer un compose de formule 45 0 so~~~~~~~ Ar-c-D
(IT) 60 (dans laquelle Ar est tel quo defini au paragrapho (1) de la
revendication 3), qui comprend la r6duction d'un compos6 de formule: 55
0 Ar-C-X                     (II) 29    EP 0 283 139 B1 (dans laquelle X
represente un halogene) avec du deuterium gazeux dans un solvant
hydrocarbone aromatique fortement deutere, dans loquel au moins 90 % des
protons des molecules du solvant ont et6 remplaces par des atomes de
deuterium. 5  7. Proced6 selon la revendication 6, dans lequel un chlorure
d'acide aromatique est r6duit & I'aide de deuterium gazeux dans un solvant
hautement deut~rd, en prdsence d'un catalyseur, puis le compos6 deut6re est
separe du melange r6actionnel et traite d'une manibre traditionnelle, par
exomple par distillation ou par complexation avec NaDSO3 dans de l'eau
lourde. 



10 8. Proc6de selon la revendication 6 ou la revendication 7, dans lequel
le solvant hydrocarbone aromatique hautement deutere est du tolubno-ds, de
lFdthyl-benzbne-dio ou du xylbne-d1 o. 9. Proc6de pour preparer un compos6
de formule (11) 15 xl Ar -C -D                         (II) 20
2 (dans laquelle Ar represento un groupe phenyle qui est substitue par un
groupe alkyle ayant 1 a 5 atomes de carbono, cycloalkyle ayant 3 a 6 atomes
de carbone, halogeno, nitro, amino, monoalkylami- 25     no ayant 3 a 5
atomes de carbone ou dialkylamino ayant I a 5 atomes de carbone dans chaque
groupe alkyle, ledit Ar n'etant pas deut6r6 ou etant partiellement ou
entierement deutere, ou bien Ar represente un groupe phenyle non
substitue,qui n'est pas doutere ou est partiellement ou entibrement
deutere, et X1 et X2 representent chacun un atome d'oxygane, de soufre ou
d'azote auquel est fix6 un atome d'hydrogbne, un groupo alkyle ayant 1 a 5
atomes de carbono, cycloalkyle ayant 3 a 6 atomes 30     de carbone ou
phenyle ; ou bien XI et X2 forment, avec l'atome de carbone auquel Us sont
fixes, un groupe cyclique acetal, thioacetal, thiane ou oxazolidine; a la
condition quo, lorsque Ar repr6sente un groupe phenyle non substitue, les
symboles XI et X2 ne peuvent representer un groupo m6thoxy, dioxolane ou
dithiane; proced6 caracterise en ce quo: 35       (i) on fait reagir un
compos6 de formule (1) 0 Ar - C - 0                       (I) (dans
laquelle Ar est tel quo d6fini ci-dessus), ou un acetal inferieur de coe
compos6, avec un dialcool ou un polyalcool, en pr6sence d'un catalyseur
acide, de pr6ference dans un solvant 45       dipolaire et, si on le
d6sire, on convertit le compose de formule (11), ainsi produit, on un sel
pharmaceutiquement acceptable. 10. ProcMd6 selon la revendication 9, dans
lequel du deut6ro-4,6-0-benzylld&ne-D-glucose est pr6pare par la reaction
de deutero-benzalddhyde-D1 avec de l'orthoformiate de trialkyle et du
methanol en so     presence d'acide chlorhydrique, puis reaction du produit
ainsi obtenu, le douterobonzald6hyde-D, - dialkylacetal, avec de la
D-gluoono-B-lactone. 11. Procede selon la revendication 9, dans loquel on
prepare l'acide deutdro-5,6-O-benzylidbne-L-ascorbi- quo en faisant r6agir
du doutero-benzalddhyde--D, avec de l'orthoformiate de trialkyle et du
methanol 55     en presence d'acide chlorhydrique, puis l'on fait reagir le
deuterobenzalddhyde-D, -dialkylacetal ainsi produit avec de 'acide
L-ascorbique. Revendlcatlons pour les Etats contractants sulvants: ES, GR
30    1. Procede pour preparer un compose de formule 0 Ar-C-  D
(I) (dans laquelle Ar represente un groupe phenyle qui est substitu6 par un
groupe cycloalkyle ayant 3 a 6 70    atomes de carbone, monoalkylamino
ayant 1 a 5 atomes de carbone ou dialkylamino ayant 1 a 5 



atomes de carbons dans chaque groups alkyle, ledit Ar n'etant pas deutere
ou etant partiellement ou entierement deutdr6, a la condition que le
composd 4-dimethylamino-deuterobenzaldehyde solt exclu), ce proced6
comprenant la rdduction d'un compose de formule 16 0 Ar - C - X 20 (dans
laquelle X represente un atoms d'halogbne) avec du deut6rium gazeux dans un
solvant hydrocarbone aromatique hautement deutere dans lequel au moins 90 %
des protons des molecules du solvant ont 6t6 remplacds par des atomes de
deut~rium ; et, si on le desire, on convertit le composd de formule (I)
ainsi produit en un sel pharmacoutiquement acceptable. 25 2. Proced6 selon
la revendication 1, dans lequel un chlorure d'acddo aromatique est reduit A
I'aide de deut~rium gazeux dans un solvant hautement deutere en presence
d'un catalyseur, puis le compos6 deutdr6 est separe du melange reactionnel
et traite de manibre traditionnelle, par exemple par distillation ou
complexation avec NaDSO3 dans de l'eau lourde. 30 3. Proc6d6 selon la
revendication 1 ou la revendication 2, dans loquel le solvant hydrocarbone
aromatique hautement deut*r6 est du tolubne-ds, de l1thyl-benzbne-di o ou
du xylbne-d10. 4. Proc6d6 pour preparer un compos6 de formuls (II) 35 X. Ar
- C-D                        (II) J  40 45    (dans laquelle Ar represente
un groups phenyle qui est substitu4 par un groups alkyle ayant 1 a 5 atomes
de carbone, cycloalkyle ayant 3 & 6 atomes de carbone, halogeno, nitro,
amino, monoalkylami- no ayant 1 a 5 atomes de carbons ou dialkylamino ayant
1 & 5 atomes de carbons dans chaque groups alkyle, ledit Ar n'6tant pas
deuter6 ou 6tant partiellement ou entibrement deutlr4, ou bien Ar
repr~sente un groups phenyle non substitue qui nWest pas deutere ou est
partiellement ou entibrement 50     deutere, et X, et X2 reprdsentent
chacun un atoms d'oxygbne, de soufre ou d'azote auquel est fixd un atoms
d'hydrogbne, un groups alkyle ayant 1 & 5 atomes de carbone, cycloalkyle
ayant 3 a 6 atomes de carbons ou phenyle ; ou bion Xi et X2 forment, avec
l'atome de carbons auquel Us sont fix6s, un groups cyclique acetal,
thioacetal, thiane ou oxazolidine), a la condition quo, lorsque Ar
represente un groups phdnyle non substitu6, les symboles X, et X2 55     no
peuvent repr6senter un groups m6thoxy, dioxolane ou dithiane, procede
caracterise en ce quo: (i) on fait reagir un compose de formule (I) 31
EP 0 283 13981 , t l s 0 



Ar - C - D                       (I) 5 (dans laquelle Ar est tel que d~fini
ci-dessus), ou un acetal inferieur qui en d~rive, avec un dialcool ou un
polyalcool, en pr6sence d'un catalyseur acide, de pr~ference dans un
solvant dipolaire et, si on le ddsire, on convertit le compos6 de formuls
(II), ainsi produit, en un sel pharmaceutiquement 70       acceptable. 5.
Proc6de selon la revendication 4, dans lequel on prepare du
deutero-4,8-0-benzylidbne-D-glucose en faisant reagir du
doutero-benzaldehyde-D, avec de l'orthoformiate de trialkyle et du methanol
en presence d'acide chlorhydrique, puls l'on fait rdagir le
deut~ro-benzatddhyde-D1 -dialkylac6tal, produit 15     ainsi obtenu par
cette reaction, avec de la D-glucono-O-lactone. 6. Proc~d6 selon la
revendication 4, dans lequel on prdpare l'acide
deutero-5,6-0-benzylidbne-L-ascorbi- quo en faisant reagir du
deutero-benzald6hyde--D, avoc de l'orthoformiate de trialkyle et du
m~thanol en presence d'acide chlorhydrique, puis leon fait reagir le
deuterobenzaldehyde-Di -dialkylactal ainsi 20     produit avec de l'acide
L-ascorbique. 7. Proc~d6 pour fabriquer une composition pharmaceutique, qui
comprend la mise en contact d'un excipient ou vehicule pharmaceutiquement
acceptable avec une quantit6 therapeutiquement efficace d'un compose choisi
parmi les composes de formule (I) et coux de formulo (It): 25 Formule I 30
0 Ar - C - D 35 (dans laquelle Ar represente un groupe phenyle, qui n'est
pas substitue ou qui est substitue par un groupe alkyle ayant 1 A 5 atomes
de carbone, cycloalkyle ayant 3 a 6 atomes de carbone, halogeno, nitro,
amino, monoalkylamino ayant 1 & 5 atomes de carbone ou dialkylamino ayant 1
A 5 atomes de carbone dans chaque groupe alkyle, ledit Ar n'etant pas
deutdr6 ou 4tant partiellement ou entibrement J-)  40     deuter4), ou un
seul pharmacoutiquement acceptable de ce compose; Formule II 45 xl Ar -
- D 50                                                              X7
(dans laquelle Ar est tel quo defini ci-dessus; et XI et X2 representent
chacun un atome de soufre, d'oxygane ou d'azote auquel est fixe un atome
d'hydrogbne, un groupe alkyle ayant 1 a 5 atomes de 55     carbone,
cycloalkyle ayant 3 A 6 atomes de carbone ou phenyle, ou bien Xi et X2
forment, avec latome de carbone auquel Hie sont fixes, un groupe cyclique
acetal, thioacetal, thiane ou oxazolidine) ou un eel pharmaceutiquement
acceptable de ce compos6. 32    EP 0 283 139 B1 8. Procd  solon la
revendication 7, dans lequel ledit compos6 est du
deut~ro-4,6-0-benzylidbne-di - 



glucose. 9. Procdd6 selon la revendication 7, dans lequel tedit compose est
du deutero 4,6-O-benzylidbne-di- 5      glucose. 10 15 20 25 30 35 40 45 SO
55 33    


