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Description

[0001] The present invention relates to febrifugine, isofebrifugine, and to methods for producing the same.

[0002] Febrifugine and isofebrifugine derived from Chinese hydrangea are known to have strong activities against
tropical malarial protozoan.

[0003] The chemical structures of febrifugine and isofebrifugine, known to show such strong activities against malarial
protozoan, were reported to be represented by Formulas (Ag) and (By):

N O OH
O’ '
K . "I/

Febrifugine Isofebrifugine
(Ag) - (Bo)

[0004] Although the activity of these febrifugine compounds have been known from old times as active ingredients of
Chinese medicines such as "JOSAN", practical isolation and utilization of these compounds have been difficult due to
their rarity in nature, and efforts to develop an efficient method for synthesizing them under gentle conditions have not
been successful.

[0005] Therefore, extensive investigations have been desired, from the viewpoint of efficient synthesis of febrifugines,
including the synthesis of analogues, and the view point of the stereochemistry which enables the exertion of bioactivity.
[0006] Thus, the objective of the present invention is to thoroughly reinvestigate the basis of such strong activity
against malarial protozoan in relation with its stereochemistry, to identify actual substances which exhibit extremely
strong activity against tropical malarial protozoan, and to establish a total synthetic route which allows efficient large
scale synthesis, by overcoming such conventional circumstances.

[0007] In order to accomplish the above objectives, the present invention provides, firstly, a febrifugine represented

by Formula (A):
WOH N
i (/wg@ o
N
N
H o)

[0008] Secondly, provided by the present invention is an isofebrifugine represented by Formula (B):

‘\\\
N r (B)
H

[0009] Inafurtheraspect,thereis provided an anti-malarial composition containing, as an active ingredient, a febrifugine
or an isofebrifugine according to the first or second aspects of the invention mentioned above.

[0010] Furthermore, the present invention provides the following production methods. There is provided, as a first
method aspect, a method for producing febrifugine wherein an S-aldehyde compound represented by Formula (C):
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R'O H (C)

(wherein R! represents a silyl group and R2 represents a hydrocarbon group) is subjected to a Mannich reaction with
a 2-alkoxyaniline compound and a 2-alkoxypropene compound in the presence of an aqueous Lewis acid of a rare
earth metal, in an aqueous solvent, to form a diastereomeric mixture of a f-aminoketone compound represented by
Formula (D):

OR3

NH o
R'O (D)
ORZ.

(wherein R and R2 are defined as described above, and R3 represents a hydrocarbon group which forms an alkoxy
group of the 2-alkoxyaniline described above), after which the anti-diastereomer is cyclized to form a piperidine com-
pound, and reacted with a quinazoline compound to obtain a febrifugine represented by Formula (A):

WOH N
oot

N

H 0

[0011] In a second method aspect of the invention, there is provided a method for producing isofebrifugine wherein
an S-aldehyde compound represented by Formula (C):

R'O H (C)

(wherein R represents a silyl group and R2 represents a hydrocarbon group) is subjected to a Mannich reaction with
a 2-alkoxyaniline compound and a 2-alkoxypropene compound in the presence of an aqueous Lewis acid of a rare
earth metal, in an aqueous solvent, to form a diastereomeric mixture of a f-aminoketone compound represented by
Formula (D):
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OR?

NH O
R10" N (D)

OR?

(wherein R and R2 are defined as described above, and R3 represents a hydrocarbon group which forms an alkoxy
group of the 2-alkoxyaniline described above), after which the syn-diastereomer is cyclized to form a piperidine com-
pound, and reacted with a quinazoline compound to obtain an isofebrifugine represented by Formula (B):

W0 _N »
$9'4 S SRENT
0O

[0012] In ayet further aspect, there is provided a method for producing a febrifugine or an isofebrifugine according to
the first or second method aspects recited above, wherein a silyloxypropanal represented by Formula (E):

0

R‘o/\)j\n | (E)

(wherein R represents a silyl group) and an ethene compound represented by Formula (F):

F
o ., (F)

(wherein R2 and R4 each represents a hydrocarbon group and RS represents a silyl group) are subjected to an asym-
metric aldol condensation in the presence of a chiral tin (Il) Lewis acid catalyst, to form an addition reaction product
represented by Formula (G):

RO ' H (G)
OR?

(wherein R1, R2 and R4 are defined as described above), dehydroxylated, and reduced to form an aldehyde compound
of Formula (C), which is then subjected to a Mannich reaction.

[0013] Furthermore, there is also provided a method for producing febrifugine or isofebrifugine according to the first
and second method aspects recited above, wherein an aldehyde compound represented by Formula (C) is reacted with
a 2-alkoxyaniline compound and a 2-alkoxypropene compound by a Mannich reaction in water, in the presence of a
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Lewis acid-surfactant-integrated catalyst to form a 3-aminoketone compound of formula (D).

[0014] As described above, the present invention provides, by investigating extensively the product obtained through
the established novel production method, novel substances represented by the above Formulas (A) and (B), as febrifugine
and isofebrifugine expressing strong activity against tropical malarial protozoan.

[0015] Moreover, the present invention provides a production method which enables convenient and efficient large
scale production of such novel substances.

[0016] Whilethe aspects of theinvention are as stated above, the embodiments of the invention are as described below.
[0017] First, a febrifugine and an isofebrifugine according to the invention may be specified as (2'R, 3'S)-febrifugine
represented by Formula (A) and (2'S, 3'S)-isofebrifugine represented by Formula (B), respectively, and are distinct in
terms of their absolute configuration, from conventional (2'S, 3'R)- and (2'R, 3'R)-compounds represented by the above
Formulas (Ag) and (Bg).

[0018] Next, in the production of such compounds according to the present invention, an S-aldehyde compound
represented by the above Formula (C), is the first key intermediate in the synthetic route. The second key intermediate
is a B-aminoketone compound represented by the above Formula (D).

[0019] The symbol R’ in Formulas (C), (D), (E), (F) and (G) represents a silyl group which may be a hydrocarbon
group, same or different, bonded to an Si atom. Examples of a trialkylsilyl group may be t-butyldimethylsilyl, trimethylsilyl
groups and so on. RZ may be any one of various hydrocarbon groups which form protective groups. An example would
be a benzyl group. R3 may also be any hydrocarbon group, such as an alkyl group including methyl, ethyl, and so on.
R4 is also a hydrocarbon. An example would be a phenyl group. R is a silyl group, which may vary as described for R’
[0020] An aldol addition product (G) from which an aldehyde compound (C) is derived, is produced by an asymmetric
aldol reaction, in which a chiral metal compound obtained from a metal compound and a chiral compound may be
employed as a catalyst. For example, a chiral metal compound catalyst obtained from a triflate or perchlorate such as
tin (1), and a chiral amine compound is useful.

[0021] The reaction may also be performed in an organic solvents such as ethers and nitriles.

[0022] One which is especially useful is a chiral tin (Il) catalyst.

[0023] Also, the Mannich reaction by which compound (D) is derived from the above compound (C), may be performed
in the presence of an aqueous Lewis acid catalyst of a rare earth metal.

[0024] For example, a triflate or a perchlorate of a rare earth metal such as ytterbium (Yb) and scandium (Sc) may
be used.

[0025] Furthermore, a Lewis acid-surfactant-integrated catalyst may be employed in the Mannich reaction described
above. Such catalyst may be any of the various salts of transition metals with surfactant compounds, such as scandium
dodecylsulfate (STDS) obtained by mixing scandium chloride and sodiumdodecylsulfate in water, as well as sulfonate
compounds. The reaction may be performed in water, and the procedures are very simple.

[0026] The embodiments of the present invention are further described in reference to the following Examples. These
Examples are not intended to restrict the invention in any sense. It is also a matter of course that a reaction method
known per se may be employed in any relevant step.

Examples
<Example 1> Production of aldehyde compound (C)

[0027] An aldehyde compound (C) was prepared according to the reaction scheme shown below.

N~ HN @ OH
Sn(OTf)z + Me @ O
0 OSiMte; (20 moi%) TBSO™~y "o
h
TBSO/\/U\ ¥ B"O\%oph > OBn
CoHsCN, -78C
s (G)
~ AR A
1. NN NN
== o 1. DIBAL/CH,Cl, o
THF, reflux (88%) Tsso’\/Y‘Loph -78°C (86%) TBSO’\/\{‘LH
2. BusSnH/ toluene, reflux O8n 2. (COCl),, DMSO, EtaN (C) OBn
(86%) CH,Cly, -78°C (97%)
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[0028] Thatis, in the presence of a chiral tin (1) Lewis acid (20 mol%) obtained from tin (l1) triflate and a chiral diamine
compound, 3-t-butyldimethylsilyloxypropanal was reacted with 2-benzyloxy-1-trimethylsilyloxy-1-phenoxyethene in a
solvent of propionitrile, at -78°C, to obtain the corresponding aldol-type addition reaction product, at 70% yield, with an
excellent diastereo- and enantio-selectivity.

[0029] The product thus obtained was dehydroxylated at the 3-position in two steps, as indicated in the above reaction
scheme, after which the ester group was reduced to form an alcohol, which was then subjected to a Swern oxidation
(Synthesis, 1978, 297) conditions to convert into the intended S-aldehyde compound (C).

[0030] The chiral tin (Il) Lewis acid could be obtained, for example, from tin (II) triflate and various chiral diamine, and
a variety of such substances were proven to be useful in the synthesis of an aldol-type addition reaction product.

<Example 2> Synthesis of -aminoketone compound (D)

[0031] A B-aminoketone compound (D) was prepared according to the following reaction scheme.

) OMe
o @NHz OMe YB(OTf3 (10 mol%)‘ @NH o

TBSO’\/YLH + + >
OBn OMe THFMH,0 = 9/1 TBSO
0-5°C
(C) OBn
92%, syn/anti = 67/33
(D)

[0032] That is, the S-aldehyde compound (C) obtained in the above Example 1 was reacted with 2-methoxyaniline
and 2-methoxypropene in the presence of 10 mol% of ytterbium triflate (Yb(OTf)3) in an aqueous solvent consisting of
a mixture of tetrahydrofuran (THF) and water (THF/H,0=9/1) at a temperature of O to 5°C.

[0033] A B-aminoketone compound was obtained as the Mannich reaction product at a 92 % yield (Syn/anti=67/33).

<Example 3> Synthesis of febrifugine (A).

[0034] Febrifugine (A) was prepared according to the reaction scheme shown below.

1. HF/THF (99%) \OBn  1.Boc0
2. PPhy, CBrg/CHoClp (96%) w\ 2. LHMDS/THF, TMSC!
> N

D-anti > -
3. CAN/CH3CN/H,0 H 3. MCPBA/CH,Cl, (52%)
0°C (70%) 4. PPha, CBrgiCHoCly (79%)
4-hydroxyquinazoline 6N HC, reflux
OBn oBn N uant
A\ 5 KOH (75%) N N o ] (quant) >~ (A)
N Br o N Na
Boc Boc o)

[0035] The anti-diastereomer of the B-aminoketone compound obtained in Example 2 as the Mannich reaction product
was treated with HF to eliminate the TBS protecting group and cyclized by bromination, after which the 2-methoxyphenyl
group as an N-protecting group was eliminated using cerium ammonium nitrate (CAN). As aresult, a pyperidine compound
was obtained.

[0036] Then, the N atom of the pyperidine compound was protected as an N-Boc group and treated sequentially with
lithium hexamethyl disilazide (LHMDS) followed by trimethylsilyl chloride (TMSCI).

[0037] The silylenol ether thus obtained was oxidized, then brominated, to obtain a piperidine brominated acetone
compound.

[0038] This substance was coupled with 4-hydroxyquinazoline using KOH (75 %) and the resulting addition product
was treated with 6N HCI to eliminate the protecting group.

[0039] As a result, a febrifugine (A) was obtained quantitatively.
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[0040] After recrystallization from ethanol, the 1H and 13C NMR spectra and the melting point (MP) were measured.
[0041] The H NMR and 13C NMR spectra were identical to those reported previously, and the melting point was 138
to 140° C which was within the range reported.

[0042] The optical rotation, however, was negative as reflected by [0]y24 -28.0°(C=0.24, EtOH) which differed from
the previously reported positive value [a]525 +28°(C=0.5, EtOH) (Koepfly, J.B.: Mead, J.F.; Brockman, Jr., J.A. J. Am.
Chem. Soc., 1949, 71, 1048).

[0043] Based on the findings described above, the product was identified as a (2'R, 3'R) febrifugine represented by
the above Formula (A).

<Example 4> Production of isofebrifugine (B)

[0044] Isofebrifugine (B) was prepared by procedures similar to those of Example 3 according to the reaction scheme
shown below.

1. HE/THF (99%) \OBn 1. Bra, HBI/ACOH
2. PPhs, CBra/CH,Cl, (96%) O 0 2 Boc,Ol O\OB“

D-syn >~ SNTYAN > oy ANBr
3. CAN/CH3CN/H,0 H (24%, 2 steps) Boc
0°C (70%)
4-hydroxyquinazoline 6N HCI, reflux
KOH (75%) O\OB" (46%) ~ (B)
> ’///\/N X
Boc 5

[0045] The product was identified as the (2'S, 3'S) isofebrifugine represented by the above Formula (B).

<Example 5> Production of febrifugine (A)

[0046] Using 2-methoxypropene having a p-methoxybenzyloxy group instead of 2-methoxypropene employed in Ex-
ample 2, and also using a scandium trisdodecylsulfate (STDS) as a Lewis acid-surfactant-integrated catalyst instead of

the triflate of ytterbium used as a rare earth metal in Example 2, a 3-aminoketone compound was produced in water
according to the reaction scheme shown below, and then converted to febrifugine (A) as in Example 3.

NOUEED ~
TBso’\/\(u‘H + + '
NH, )\/OPMB

OBn
(C)
@OMG
NH O —_  (A)
OPMB
TBSO
OBn PMB = p-MeOPhCH,

TBS = 'BuMe,Si

[0047] Febrifugine (A) was obtained almost quantitatively.
<Example 6>

[0048] The febrifugine and the isofebrifugine represented by Formulas (A) and (B) obtained by the methods of the
present invention were examined for their activity against tropical malarial protozoan together with previously known
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compounds represented by the above Formulas (Ag) and (Bg).

Culture assay of tropical fever malarial protozoan

[0049] In this experiment, P.falciparum FCR-3 strain (ATCC 30932) was employed as the tropical fever malarial
protozoan. In order to verify the effect of the commercially available anti-malarial agent chloroquin on resistant strains,
achloroquin resistant malarial protozoan of the P.falciparum K1 strain was employed. The medium used in this experiment
was a filter-sterilized RPMI1640 medium which was adjusted to pH 7.4 and supplemented with 10 % human serum. The
malarial protozoan was cultured under 5 % O,, 4 % CO, and 90% NO, at 36.5°C. The hematocrit level (% volume of
erythrocyte in erythrocyte suspension) was adjusted to 5 % for use. The initial infection rate with the tropical fever malarial
protozoan at the beginning of the cultivation was 0.1 %. The cultivation was performed using a 24-well cultivation plate,
replacing the culture medium everyday, and subcultured at an infection rate of 4 %. The infection rate was obtained by
making a thin layer smear preparation, which was subjected to Giemsa staining or Diff-Qick staining, and observed
microscopically (immersed in oil, magnified to x 1000) after which the malarial protozoan infection rate was determined
using the following equation.

Malarial protozoan infection rate =
[ (number of infected erythrocyte) / (total number of

erythrocyte)] x 100

<Test 1> Screening of malarial protozoan growth inhibition

[0050] The cultured malarial protozoan-infected erythrocyte was collected by centrifugation, and washed with a serum-
supplemented medium, after which a non-infected erythrocyte was added to adjust the initial infection rate to 0.3 %. At
this time, the hematocrit rate was 3 %. The sample used in the test was obtained by dissolving in sterilized water,
dimethylformamide (DMF), or dimethylsulfoxide (DMSO) to create samples of desired concentration.

[0051] 5 to 10 pl of the sample were added to a 24-well cultivation plate. The samples were tested in duplicates or
triplicates. As a control, 10 pl/well of sterilized water, DMF or DMSO was employed.

[0052] Subsequently, to the above medium, 990 to 995 pl of the tropical fever malarial protozoan culture medium
previously prepared were added by gentle pipetting to create a uniform suspension. The culture plate was incubated for
72 hours in a CO,-0,-N, (5 %, 5 %, 90 %) incubator, after which thin layer smear preparations of each well was made,
stained, and observed microscopically, to determine the infection rate together with the infection rate for the control.
[0053] From the malarial protozoan infection rate obtained by the method described above, the reproductive rate was
calculated, whereby obtaining the 50 % growth inhibition concentration (EC5) for malarial protozoan. The results are
shown in Table 1.

Reproductive rate = {([b]l-[a]) / ({c]l-[al)} x 100

a: initial infection rate
b: infection rate with sample added
c: infection rate without sample (Control)

<Test 2> Mouse FM3A cell growth inhibition test

[0054] An F28-7 strain, a wild cell strain derived from mouse breast cancer FM3A cells was employed. A medium was
prepared by supplementing an ES medium with 2 % inactivated fetal calf serum, and incubated at 37°C under 5 % CO,.
Under these conditions, the doubling time of the FM3A cell was about 12 hours.

[0055] Following preincubation, the cells in logarithmic growth phase were diluted with the medium to 5 x 104 cells/ml.
The sample used was one prepared for the anti-malarial activity test of the malaria protozoan. 5 to 10 pl of the samples
were added to a 24-well cultivation plate (final concentration after addition of medium was 1 x 104 to 1 x 106). The
compounds were tested in duplicates or triplicates, and wells containing 10 pl of sterilized water, DMF or DMSO were
also prepared as a control. Subsequently, 990 to 995 pl of the cultured cell suspension previously prepared were added
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by gentle pipetting, and uniformly suspended in the medium. After incubating for 48 hours, the number of cells in each
well was counted using SELF CONTROLLER (CC-108, Toa Medical Electrics) and the reproductive rate was calculated
by using the following equation.

Reproductive rate (%) = {(([C]-[A]) / ([B]-[A])} x 100

A: initial number of cells
B: number of control cell after 48 hours
C: number of cells after 48 hours from sample addition

[0056] The cell growth inhibition activity was calculated from the number of cells in the well containing the sample and
the number of cells in the control. From the results thus obtained, the cytotoxicity of each sample was evaluated and
represented as the cell growth inhibition concentration (EC5g). The ECs value is the concentration (expressed as molar
concentration) of a sample necessary to inhibit the reproductive rate of the control by 50 %, wherein the reproductive
rate or the rate of malarial protozoan infection for the control in which samples are not added to the medium of malarial
protozoan or FM3A cell, is regarded as 100 %. The results are shown in Table 1.

[0057] The anti-malarial effect of the sample was evaluated based on the ratio of the EC5 of the sample for malarial
protozoa to the ECyj of the sample for FM3A cell (chemotherapeutic coefficient, see the equation shown below), from
which the drug efficacy was determined.

[0058] The results are shown in Table 1.

Chemotherapeutic coefficient
=[ECso of the sample for mouse FM3A cell] / [ECso of the sample

for tropical fever malarial protozoan]

Table 1
Sample P.falciparum EC5y (M) | FM3A ECs, (M) Ratio of Selective Toxicity _for Malgr_ial Protozoan
<chemotherapeutic coefficient>
A 3.0x10°10 8.0x107 2667
Ag 1.9x107 2.0x10° 105
B 7.6x1011 2.2x107 2895
Bo 2.0x107 2.2X10° 110

[0059] As can be seen from Table 1, febrifugine (A) and isofebrifugine (B) of the present invention showed selective
malarial protozoan growth inhibiting activity, while formerly known substances only showed low activity.

[0060] As described in detail above, the present invention provides a febrifugine and an isofebrifugine as novel com-
pounds having extremely strong activities against tropical malarial protozoan. The present invention also provides a
novel production method which enables efficient large scale synthesis to establish a total synthesis route.

Claims

1. A febrifugine represented by Formula (A):

10
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‘\\\OH /N
LD w

2. Anisofebrifugine represented by Formula (B):

[$]

N
H

10
O‘\\\O OH r/N
) B
. N ,,,/XNp - (B)
H o)

3. Ananti-malarial composition containing, as an active ingredient, a febrifugine as claimedin claim 1 or an isofebrifugine
20 as claimed in claim 2.

4. A method for producing febrifugine wherein an S-aldehyde compound represented by Formula (C):

25 0O

R'0 H (C)
OR?

30

(wherein R1 represents a silyl group and R2 represents a hydrocarbon group) is subjected to a Mannich reaction

with a 2-alkoxyaniline compound and a 2-alkoxypropene compound in the presence of an aqueous Lewis acid of

arare earth metal, in an aqueous solvent, to form a diastereomeric mixture of a B-aminoketone compound repre-
35 sented by Formula (D):

OR?
40
. NH o
R'0 (D)
45
OR?
(wherein R1 and R? are defined as described above, and R3 represents a hydrocarbon group which forms an alkoxy
group of the 2-alkoxyaniline described above), after which the anti-diastereomer is cyclized to form a piperidine
50 compound, and reacted with a quinazoline compound to obtain a febrifugine represented by Formula (A):
NOH N
o r » A
55 N ( )
N
H 0

11
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5. A method for producing isofebrifugine wherein an S-aldehyde compound represented by Formula (C):

R'0 H (C)

(wherein R1 represents a silyl group and R2 represents a hydrocarbon group) is subjected to a Mannich reaction
with a 2-alkoxyaniline compound and a 2-alkoxypropene compound in the presence of an aqueous Lewis acid of
a rare earth metal, in an aqueous solvent, to form a diastereomeric mixture of a B-aminoketone compound repre-
sented by Formula (D):

OR3

NH O
R'O (D)

OR?

(wherein R1 and R? are defined as described above, and R3 represents a hydrocarbon group which forms an alkoxy
group of the 2-alkoxyaniline described above), after which the syn-diastereomer is cyclized to form a piperidine
compound, and reacted with a quinazoline compound to obtain an isofebrifugine represented by Formula (B) :

O‘\\\O OH ,éN
S (8)
H o)

7.

6. A method for producing febrifugine or isofebrifugine as claimed in either of claims 4 and 5, wherein a silyloxypropanal
represented by Formula (E):

R‘o/\/U\H (E)

(wherein R1 represents a silyl group) and an ethene compound represented by Formula (F):

OR®

wo L (F)

R4
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(wherein R2 and R4 each represents a hydrocarbon group and RS represents a silyl group) are subjected to an
asymmetric aldol condensation in the presence of a chiral tin (Il) Lewis acid catalyst, to form an addition reaction
product represented by Formula (G):

R'0 H (G)

(wherein R1, RZ and R# are defined as described above), dehydroxylated, and reduced to form an aldehyde com-
pound of Formula (C), which is then subjected to a Mannich reaction.

A method for producing febrifugine or isofebrifugine as claimed in either of claims 4 and 5, wherein an aldehyde
compound represented by Formula (C) is reacted with a 2-alkoxyaniline compound and a 2-alkoxypropene compound
by a Mannich reaction in water, in the presence of a Lewis acid-surfactant-integrated catalyst to form a 3-aminoketone
compound of formula (D).

A febrifugine as claimed in claim 1 or an isofebrifugine as claimed in claim 2 for use as an antimalarial.

Use of a febrifugine as claimed in claim 1 or an isofebrifugine as claimed in claim 2 in the manufacture of amedicament
for use as an antimalarial.

Patentanspriiche

Ein Febrifugin, dargestellt durch Formel (A):

$OH N
s/k/N
(A).
6]
Ein Isofebrifugin, dargestellt durch Formel (B):
CINI0
A N
"l/>4/
ﬁ X (B).

Eine Anti-Malaria-Zusammensetzung, die als einen Wirkstoff ein wie in Anspruch 1 beanspruchtes Febrifugin oder
ein wie in Anspruch 2 beanspruchtes Isofebrifugin enthalt.

N
H

Ein Verfahren zur Erzeugung von Febrifugin, bei dem eine durch Formel (C):

’ 9

rR'O /\/Y‘\H
1 (©)

OR?
|

(wobei R? eine Silylgruppe bedeutet und R2 eine Kohlenwasserstoffgruppe bedeutet) dargestellte S-Aldehydver-
bindung einer Mannich-Reaktion mit einer 2-Alkoxyanilinverbindung und einer 2-Alkoxypropenverbindung in Ge-
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genwart einer wafrigen Lewissaure eines Seltenerdmetalls in einem walrigen Losungsmittel unterworfen wird,
um eine diastereomere Mischung einer B-Aminoketonverbindung, dargestellt durch Formel (D):

oe
NH

1T -

rR'o \/\‘/!\/L o

OR?

(wobei R! und R2 wie oben beschrieben definiert sind und R3 eine Kohlenwasserstoffgruppe bedeutet, die eine
Alkoxygruppe des oben beschriebenen 2-Alkoxyanilins bildet) zu bilden, wonach das anti-Diastereomer cyclisiert
wird, um eine Piperidinverbindung zu bilden, und mit einer Chinazolinverbindung umgesetzt wird, um ein durch

Formel (A):

Y

dargestelltes Febrifugin zu erhalten.

Ein Verfahren zur Erzeugung von Isofebrifugin, bei dem eine durch Formel (C):

R10/\/Y“\H
2 (C)

OR

(wobei R? eine Silylgruppe bedeutet und R2 eine Kohlenwasserstoffgruppe bedeutet) dargestellte 5-Aldehydver-
bindung einer Mannich-Reaktion mit einer 2-Alkoxyanilinverbindung und einer 2-Alkoxypropenverbindung in Ge-
genwart einer walrigen Lewissaure eines Seltenerdmetalls in einem walrigen Losungsmittel unterworfen wird,
um eine diastereomere Mischung einer B-Aminoketonverbindung, dargestellt durch Formel (D):

‘ NH O
R1 Of\/%/k

OR> (D),

(wobei R1 und R2 wie oben beschrieben definiert sind und R3 eine Kohlenwasserstoffgruppe bedeutet, die eine
Alkoxygruppe des oben beschriebenen 2-Alkoxyanilins bildet) zu bilden, wonach das syn-Diastereomer cyclisiert
wird, um eine Piperidinverbindung zu bilden, und mit einer Chinazolinverbindung umgesetzt wird, um ein durch
Formel (B):

\\\0 OH

"” (B)

dargestelltes Isofebrifugin zu erhalten.
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Ein Verfahren zur Erzeugung von Febrifugin oder Isofebrifugin wie in Anspruch 4 bzw. Anspruch 5 beansprucht,
bei dem ein Silyloxypropanal, dargestellt durch Formel (E):

R? )/\/lLH
(E)

(wobei R1 eine Silylgruppe bedeutet), und eine Ethenverbindung, dargestellt durch Formel (F):

‘ OR®

Rzo\/_l\OR4 '

(R

(wobei RZ und R4 jeweils eine Kohlenwasserstoffgruppe bedeuten und RS eine Silylgruppe bedeutet), einer asym-
metrischen Aldolkondensation in Gegenwart eines chiralen Zinn(ll)-Lewissaurekatalysators unterworfen werden,
um ein Additionsreaktionsprodukt zu bilden, das durch Formel (G) dargestellt wird:

R‘O,\)\‘)‘\H

(wobei R1, R2 und R4 wie oben beschrieben definiert sind), welches dehydroxyliert und reduziert wird, um eine
Aldehydverbindung der Formel (C) zu bilden, die dann einer Mannich-Reaktion unterworfen wird.

Ein Verfahren zur Erzeugung von Febrifugin oder Isofebrifugin wie in Anspruch 4 bzw. Anspruch 5 beansprucht,
bei dem eine durch Formel (C) dargestellte Aldehydverbindung mit einer 2-Alkoxyanilinverbindung und einer 2-
Alkoxypropenverbindung durch eine Mannich-Reaktion in Wasser in Gegenwart eines integrierten Lewissaure-
Tensid-Katalysators umgesetzt wird, um eine 3-Aminoketonverbindung der Formel (D) zu bilden.

Ein wie in Anspruch 1 beanspruchtes Febrifugin oder ein wie in Anspruch 2 beanspruchtes Isofebrifugin zur Ver-
wendung als ein Anti-Malaria-Mittel.

Die Verwendung eines wie in Anspruch 1 beanspruchten Febrifugins oder eines wie in Anspruch 2 beanspruchten
Isofebrifugins bei der Herstellung eines Medikaments zur Verwendung als ein Anti-Malaria-Mittel.

Revendications

1.

2.

Fébrifugine représentée par la formule (A) :

| O N
) ; o ‘ 0 f
L;j\/“\,’HD .(A)

Isofébrifugine représentée par la formule (B) :

WO oH
’1,, 'y (5)
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Composition antipaludique contenant, comme principe actif, une fébrifugine selon la revendication 1 ou une isofé-
brifugine selon la revendication 2.

Procédé de production de fébrifugine dans lequel un composé S-aldéhyde représenté par la formule (C):

0

R‘o/\/Y‘\H ( Cc)

OR?

(dans laquelle R représente un groupe silyle et R2 représente un groupe hydrocarboné) est soumis a une réaction
de Mannich avec un composé 2-alcoxyaniline et un composé 2-alcoxypropene en présence d’un acide de Lewis
aqueux d'un métal de terre rare, dans un solvant aqueux, pour former un mélange diastéréoisomeére d’'un composé
B-aminocétone représenté par la formule (D):

oW
N NH o
R0 (D)
|

| OR?

(dans laquelle R? et R2 sont définis de la maniére décrite ci-dessus, et R3 représente un groupe hydrocarboné qui
forme un groupe alcoxy de la 2-alcoxyaniline décrite ci-dessus), aprés quoi le diastéréoisomere anti est cyclisé pour
former un composé pipéridine, et mis a réagir avec un composeé quinazoline pour donner une fébrifugine représentée

par la formule (A) :
WOH N
%(ﬂ;@ (A)
N

\ H 0

Procédé de production d’isofébrifugine dans lequel un composé S-aldéhyde représenté par la formule (C):

R‘o/\/\ru\n (C)

(dans laquelle R représente un groupe silyle et R2 représente un groupe hydrocarboné) est soumis a une réaction
de Mannich avec un composé 2-alcoxyaniline et un composé 2-alcoxypropéne en présence d’un acide de Lewis
aqueux d'un métal de terre rare, dans un solvant aqueux, pour former un mélange diastétéoisomére d’'un composé
B-aminocétone représenté par la formule (D):

10/\/\%)\ (D)

(dans laquelle R et R2 sont définis de la maniére décrite ci-dessus, et R3 représente un groupe hydrocarboné qui
forme un groupe alcoxy de la 2-alcoxyaniline décrite ci-dessus), aprés quoi le diastéséoisomére syn est cyclisé
pour former un composé pipéridine, et mis a réagir avec un composé quinazoline pour donner une isofébrifugine
représentée par la formule (B):
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\ W0 OH N
:Nj"'le/br\n;@ (B)
H 0 '

Procédé de production de fébrifugine ou d’isofébrifugine selon I'une quelconque des revendications 4 et 5, dans
lequel un silyloxypropanal représenté par la formule (E):

R‘o/\/u\H (E)
(dans laquelle R représente un groupe silyle) et un composé éthéne représenté par la formule (F):

OR®
OR*

R% (F)

(dans laquelle R2 et R4 représentent chacun un groupe hydrocarboné et RS représente un groupe silyle) sont
soumis a une condensation aldol asymétrique en présence d’'un catalyseur acide de Lewis & base d’étain (II) chiral,
pour former un produit de réaction d'addition représenté par la formule (G):

oH

RO H (G)
OR?2 '

(dans laquelle R, RZ et R4 sont définis de la maniére décrite ci-dessus), déshydroxylé et réduit pour former un
composé aldéhyde de formule (C), qui est ensuite soumis a une réaction de Mannich.

Procédé de production de fébrifugine ou d’isofébrifugine selon I'une quelconque des revendications 4 et 5, dans
lequel un composé aldéhyde représenté par la formule (C) est mis a réagir avec un composé 2-alcoxyaniline et un
composeé 2-alcoxypropene par une réaction de Mannich dans de I'eau, en présence d’un catalyseur acide de Lewis-
tensioactif intégré, pour former un compose -aminocétone de formule (D).

Fébrifugine selon la revendication 1 ou une isofébrifugine selon la revendication 2 pour une utilisation comme
antipaludéen.

Utilisation d’'une fébrifugine selon larevendication 1 ou d’'une isofébrifugine selon larevendication 2 dans la fabrication
d’un médicament a utiliser comme antipaludéen.
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