
EP 0 332 452 B1 Description Field of the Invention: 5     The present
invention generally relates to an automated synthesizing apparatus and,
more particularly, a computer-assisted automated synthesizing apparatus for
the automated synthesis of a plurality of derivatives of particular
chemical composition such as the synthesis of substituted
N-(carboxyalkyl)amino acids and their derivatives. 10 Description of the
Prior Art: Examples of prior art are EP-A-0156588 (automated polypeptide
synthesis apparatus) and GB-A- 2161815 (polynucleotide synthesizing
apparatus). In pharmaceutical research it is often necessary to synthesize
many derivatives of one particular active 15 compound to seek out the
relationship between the chemical structure and the biological activity.
Although at an early stage of research automation utilizing an automated
batch-type reaction device has been developed, it has generally been aimed
at automation of bench-scale reactions to determine the best synthetic
routes or optimum reaction conditions prior to pilot-scale work. However,
the conventional instruments are rarely equipped with automated systems for
purification and 20 isolation of the products, and furthermore, the
reaction optimization often utilizes analytical techniques which require
relatively time consuming measurement such as, for example, HPLC. Because
of the foregoing, the conventional instruments for syntheses with rapid
and/or multi-step reactions, especially those with unstable or undetectable
intermediates, has not been automated satisfactorily. Hence, a relatively
large amount of man power has hitherto been required in performing those
jobs which are essential for the pharmaceutical 25 research. SUMMARY OF THE
INVENTION The present invention has been developed with due regards paid to
the foregoing prior art technology 3o and has for its essential object to
provide an apparatus capable of automatically synthesizing a relatively
wide range of compounds and also of being used for isolation and
purification of the compounds. In order to accomplish the above described
object, the present invention provides an automated synthesizing apparatus
which comprises a supply unit (6: 6) for supplying raw material, reagents
and solvents; a reaction unit (7: 7); a heating and cooling medium supply
unit (10); a pressure reducing and 35 increasing device; various detector
means; flow lines having valves disposed thereon; and a control unit (1 to
5) including a computer, said supply unit comprising: a plurality of
reservoirs for containing the raw material, the reagents and the solvents,
volumetric devices and gas-liquid boundary sensors, all disposed on the
flow lines, for supplying a metered quantity of 4o liquid towards the
reaction unit and a pH adjusting flask; and said reaction unit comprising:
a plurality of reaction vessels (RF1, RF2, RF11, RF12), pH adjusting flasks
(FR3, FR13), an extracting and drying unit (100), a reaction tracer unit
(101), a purifying unit (8A, 8B: 102, 103), and a freeze-drying unit (9);
45     each of said reaction vessels comprising a container having its
outer periphery covered by a jacket for the flow of one of heating and
cooling media therethrough, a stirrer accommodated within the interior of
the respective container, and flow lines through which the liquid medium
can be transported between it and other units; each of said pH adjusting
flasks comprising a container having its outer periphery covered by a
jacket 50 for the flow of one of heating and cooling media therethrough, a
pH measuring electrode accommodated within the interior of the respective
container, and flow lines through which the liquid medium can be
transported between it and other units; said extracting and drying unit
comprising a liquid separating container and/or a drying tube, a liquid
reservoir and flow lines through which the liquid medium can be transported
between it and other units; 65     said reaction tracer unit including a
HPLC unit, a liquid reservoir and flow lines through which the liquid
medium can be transported between it and the reaction unit; said purifying
unit comprising a HPLC unit and/or a CPU unit and/or a fraction collector,
a liquid reservoir and flow lines through which the liquid medium can be
transported between it and the reaction 2    



EP 0 332 452 B1 unit; and said freeze-drying unit comprising a condensing
container connected through a flow line with the purifying unit for receipt
of a purified product, and freeze-drying device connected through a flow
line with the condensing container for receipt of a condensed product; 5
said computer being connected with the valve means on the flow lines, the
detecting means and operating switches for the various units through
wirings by way of an interface such that, in response to commands issued
from the computer, the various units and their component parts can be
automatically operated to accomplish various synthesizing reactions. The
raw material, reagent and solvent supply unit comprises a plurality of
reservoirs for containing raw 10  material, reagents and solvents;
volumetric tubes equipped with a gas-liquid boundary sensors for the
quantification of the raw material, reagents and solvents from the
reservoirs; flow-lines for supplying the raw material, reagent and solvent
from the reservoirs towards subsequent steps; and solenoid valve assemblies
disposed on the respective flow-lines for selectively closing and opening
such respective flow-lines. The reaction unit comprises a reaction flask
device adapted to receive the raw material from the raw 15  material,
reagent and solvent supply unit; a separation funnel for extracting and
washing a product which is transferred from the reaction flask device; a pH
adjusting flask for adjusting acidity or basicity of the reaction liquid
from the separation funnel; a plurality of reagent reservoirs disposed for
adding a predeter- mined quantity of reagent to the reaction flask device,
volumetric tubes and gas-liquid boundary sensors. In accordance with the
present invention, all of the units, the sensors and the solenoid valve
assemblies 20  referred to above are so connected with a computer that the
sequence of operation thereof can be controlled by the computer. According
to another preferred embodiment of the present invention, an automated
synthesizing apparatus comprises a supply unit which comprises a plurality
of reservoirs containing raw material, reagents, solvents, pH adjusting
liquid, etc., means for automatically supplying the said liquids from
source 25  baths to the reservoirs, volumetric tubes and sensors for
quantifying the said liquids from the reservoirs, flow lines connecting the
reservoirs to subsequent processing steps, and solenoid valves disposed on
the flow lines for selectively opening and closing passages; a reaction
unit which comprises the said plurality of reaction flasks and pH adjusting
flasks, flow lines capable of allowing the liquids to be supplied from
selected ones of the reservoirs of the supply unit, flow lines capable of
allowing recirculation among the 30  reaction flasks and between the
reaction flasks and the pH adjusting flasks, an extraction/separation
funnel and a drying tube circulatorily disposed among the flasks through
flow lines, a monitoring HPLC for the analysis of a reaction liquid, which
HPLC is connected with the reaction flasks through flow lines, and solenoid
valves disposed one on each of the said flow lines; a purification unit
provided with a purification HPLC and/or CPC connected with the reaction
flasks and the pH adjusting flasks of the reaction unit 35  through flow
lines; and a fraction collector connected with the purification unit for
collecting purified products and for supplying arbitrary portion of the
purified products to the reaction flasks of the reaction unit through flow
lines. In a further preferred embodiment of the present invention, the
apparatus comprises a services unit including a heating medium/cooling
medium circulating unit for supplying a heating medium or a coolant for 40
heating or cooling the reaction flask disposed in the above described unit,
a wash-solvent supply unit for washing various components of the above
described units and the flow-lines, and an exhaust/drainage unit for
exhausting the above described wash-solvent and other wastes. In a further
preferred embodiment of the present invention, the reaction flask device is
provided with a jacket provided at an outer periphery thereof for heating
or cooling it and has a gap between the flask and 45  the jacket for the
circulation of the heating medium or the coolant. The flask is provided
with stirrer blades for stirring the reaction liquid within the flask and
has an opening defined at top thereof for connection with a pressure
reducing means. A vessel which acts as a concentration sensor having an
opening through which a thermocouple is inserted is fitted to the flask. By
heating the flask and reducing the pressure inside the flask, the reaction
liquid can be concentrated, and the end point of the concentration is
determined with 50  the thermocouple. In the practice of the present
invention, the reaction flasks may have coolant tubes mounted thereabove in
communication therewith so that vapor from the reaction flasks can be
condensed with the resultant liquid being allowed to drop into the flasks.
Also, air may be introduced into the reaction flasks to bubble the liquid
for the purpose of stirring and/or each of the reaction flasks may be
surrounded by a respective oil 55  bath provided with a heating means such
as a heater. Also, it is preferred that a filter may be provided in the
vicinity of the drying tubes and valves and/or at 



portions of the flow lines from which the liquid or air is withdrawn.
Again, an extracting device is preferably provided with a temporary storage
bottle for the temporary storage since the extraction is repeatedly carried
3    EP 0 332 452 B1 out. Also, in the purification unit, other than HPLC
and CPC, an electrophoresis device, an centrifugal chromatography or a
recrystallization device or a combination thereof can be employed in the
practice of the present invention. By way of example, arrangement may be
preferably made that, while two purification 5  devices such as HPLC and
CPC are provided, the reaction liquid can be selectively or continuously
supplied to HPLC and CPC. According to the present invention, the automated
synthesizing apparatus comprises a series of units including the raw
material, reagent and solvent supply unit, the reaction unit, the
purification unit and the freeze-drying unit and the services unit, all of
those units being automatically controlled by the computer to 10
efficiently produce many derivatives of one particular compound structure
with no need of manual intervention. BRIEF DESCRIPTION OF THE DRAWINGS 15
This and other objects and features of the present invention will become
clear from the following description taken in conjunction with a preferred
embodiment thereof with reference to the accompanying drawings, in which:
Fig. 1 is a block circuit diagram of an automated synthesizing apparatus of
the present invention; Fig. 2 is a schematic diagram showing the structure
of a raw material, reagent and solvent supply unit; 20    Fig. 3 is a
schematic diagram showing the structure of a reaction unit; Fig. 4 is a
longitudinal sectional view of a reaction flask device; Fig. 5 is a
schematic diagram showing the structure of a concentration sensor to be
fitted to the reaction flask; Fig. 6 is a front elevational view of a
separation funnel; 25    Fig. 7 is a schematic diagram showing the
structure of HPLC device; Fig. 8 is a schematic diagram showing the
structure of CPC device; Fig. 9 is a schematic diagram showing the
structure of a freeze-drying unit; Fig. 10 is a schematic diagram showing
the structure of a heating medium/cooling medium supply unit; Fig. 11 is a
schematic diagram showing the structure of a wash-solvent supply unit, 30
Fig. 12 is is a schematic diagram showing the structure of an
exhaust/drainage unit; Fig. 13 is a flow chart showing the sequence of
control performed by a computer to the automated synthesizing apparatus;
Fig. 14 is a diagram showing the entire system of the synthesizing
apparatus according to a second preferred embodiment of the present
invention; 35    Fig. 15 is a diagram illustrating a supply unit used in
the apparatus of Fig. 14; Fig. 16 is a diagram illustrating a plurality of
reaction flasks of a reaction unit employed in the apparatus of Fig. 14;
Fig. 17 is a diagram illustrating a pH adjusting flask of the reaction unit
used in the apparatus of Fig. 14; Fig. 18 is a diagram illustrating an
extraction/drying device added to the reaction unit employed in the 40
apparatus of Fig. 14; Fig. 19 is a diagram illustrating a monitoring HPLC
device added to the reaction unit employed in the apparatus of Fig. 14;
Fig. 20 is a diagram illustrating a purifying unit employed in the
apparatus of Fig. 14; Fig. 21 is a diagram showing the general layout of
the apparatus of Fig. 14; and 45    Fig. 22 is a flow chart showing the
sequence of procedures carried out by the apparatus of Fig. 14. DETAILED
DESCRIPTION OF THE EMBODIMENT Before the description of the present
invention proceeds, it is to be noted that like parts are designated 5o  by
like reference numerals throughout the accompanying drawings. It is also to
be noted that, throughout the accompanying drawings, particularly in those
which illustrate fluid circuits, the symbols 0 represent a solenoid valve
and the symbols X represent a gas-liquid or liquid-liquid boundary sensor.
(First Preferred Embodiment) 55 



An automated synthesizing apparatus according to a first preferred
embodiment of the present invention generally comprises a computer system
and a synthesis system. The computer system comprises, as best shown in
Fig. 1, a computer 1 and an interface 2, the said computer 1 being
connected with CRT monitor 3 4    EP 0 332 452 B1 and a printer 4 while the
interface 2 is connected to a main electric power source 5. The above
described computer system is also employed in the practice of a second
preferred embodiment of the present invention which will be described
later, and is used to control the various functions. 5     According to the
first preferred embodiment of the present invention, the automated
synthesizing apparatus shown in Fig. 1 comprises as shown in Fig. 2, a raw
material, reagent and solvent supply unit 6, a reaction unit 7, a
purification unit 8, a freeze-drying unit 9, a heating medium/cooling
medium circulating unit 10, a wash-solvent supply unit 11 and an
exhaust/drainage unit 12. In the first embodiment of the present invention,
a final product given by the automated synthesizing io apparatus is
directed mainly to a water-soluble product and the apparatus is so designed
that various procedures takes place sequentially in one way in the order
from the supply unit 6, the reaction unit 7, the purification unit 8 and
the freeze-drying unit 9 to give a final product which is a powdered
synthesized material. All of the above described hardware units 6 to 12 are
connected, through the interface 2, in the 15 computer 1 which forms a
control unit so that all of these units can be controlled and operated
according to a program stored in a disket of the computer 1. Each of
service units such as the heating medium/cooling medium circulating unit
10, the wash-solvent supply unit 11 and the exhaust/drainage unit 12, the
reaction unit 7 and the purification unit 8 can be controlled to accomplish
the reaction and purification and isolation of a product 15 via the
freeze-drying unit 9. 20     The details of each of the various units will
now be described individually. Referring to Fig. 2, the raw material,
reagent and solvent supply unit 6 comprises two separate supply devices 20A
and 20B from which different raw material is supplied in a different
predetermined volume. The supply device 20A includes one or a plurality of,
for example, seven, reservoirs RA1 to RA7 for containing raw material A
such as, for example, amino acid derivatives, and the supply device 20B
includes two 25 reservoirs RK1 and RK2 for containing raw material B such
as, for example, keto-acids. The raw material A is quantified to, for
example, 5 ml and the raw material B is quantified to, for example, 10 ml,
these predetermined quantities of the raw material A and B being supplied
to a first reaction flask RF1 which forms a part of the subsequent reaction
unit 7. The identical volume of these solution can be measured by
repetition. 30    In the supply device 20A, the reservoirs RA1 to RA7 are
connected to a common supply line [err] through respective supply lines
[err], the said common supply line [err] being connected to the first
reaction flask RF1. The supply lines [err] have respective solenoid valve
assemblies [err] disposed thereon for selectively opening and closing such
supply lines, and the common supply line [err] has a three-way solenoid
valve assembly SOL1 [err]disposed thereon. The three-way solenoid valve
assembly SOLl [err] is 35  connected with a line L1-a having both of a 5 ml
volumetric tube MT1 and a gas-liquid boundary sensor PS1 in the form of a
photosensor disposed thereon and operable to supply the raw material A
supplied from the reservoirs RA1 to RA7 to the line L1[err]. However, when
the gas-liquid boundary sensor PS1 detects that 5 ml of the raw material
has been supplied to the volumetric tube MT1 through the line L1-[err], the
solenoid valve assembly SOL1[err] is activated to supply the quantified raw
material A to the first reaction flask RF1 of 40 the reaction unit 7. The
supply device 20B is substantially similar to the supply device 20A. In
this supply device 20B, supply lines L1-[err] connected respectively with
the reservoirs RK1 and RK2 are connected with the first reaction flask RF1
through a common supply line L1[err]. Solenoid valve assemblies SOL1[err]
and SOL1[err] are disposed respectively on the supply lines L1[err] and the
common supply line L1[err]. The solenoid valve 45  assembly S0L1-[err] is
connected with a line L1[err] having both of a 10 ml volumetric tube MT2
and a gas- liquid boundary sensor PS2 disposed thereon so that the raw
material B can be quantified to 10 ml and can then be supplied to the first
reaction flask RF1. All of the reservoirs RA1 to RA7, RK1 and RK2 and the
volumetric tubes Mt1 and MT2 are adapted to be washed with water and
methanol alternately directed thereto and, for this purpose, the lines
L1[err] to L1[err] 



50  are connected with lines L1[err] to L1-[ERR], connected with the
wash-solvent supply unit 11, through a solenoid valve assembly SOL1[ERR]
and a wash-solvent supply line L1-[err]. Also, for the purpose of
exhausting the washing liquid to the exhaust/drainage unit 12, the above
described lines are connected with exhaust lines L1-[err] and L1-[err]
through a solenoid valve assembly SOL1-[err] It is to be noted that all of
the above described lines form part of a closed system. 55    It is to be
noted that 29 solenoid valve assemblies SOL-[err] to SOL1-[ERR] and the two
sensors PS1 and PS2 referred to above are controlled by the computer 1 and
this is to be understood as applicable to the other solenoid valve
assemblies as well as the other sensors which are mentioned in the
following description. 5    EP 0 332 452 B1 The details of the reaction
unit 7 are best shown in Fig. 3. As shown therein, the reaction unit 7
comprises two series of reaction systems and one pH adjusting system.
Namely, the reaction unit 7 comprises six reagent supply devices 21A to
21F, two reaction flask devices 22A and 22B, a separation funnel device 23
provided with a liquid-liquid boundary sensor LS, and a pH adjusting flask
device 24 5  having one pH electrode. The first and second reaction flask
devices 22A and 22B are of generally identical construction and include
first and second flasks RF1 and RF2 of 100 [err] in volume provided
externally with respective circulating jackets 25A and 25B, connected with
the heating medium/cooling medium circulating unit 10, for the circulation
of the heating medium or the coolant therethrough to keep the interiors of
the flasks at 10 respective desired temperatures. The heating medium or the
coolant may be, for example, 50% aqueous polyethylene glycol. These jackets
25A and 25B retaining the associated flasks are mounted on respective
stirrers 26A and 26B so that the reaction liquid supplied to the flasks RF1
and RF2 of the reaction flask devices 22A and 22B can be stirred while kept
at a predetermined temperature. The details of each of the reaction flask
devices 22A and 22B are best shown in Fig. 4. As shown, each 15  flask
device 22A or 22B comprises a flask 30 of such a shape as shown and has its
bottom 30a inclined moderately downwards in one direction terminating at a
recess defined at 30b, said recess 30b being operable to accommodate a
residue. The flask 30 also has an upper opening 30c through which both of a
take-out tube 31 for the removal of the residue collected at the recess 30b
and a flexible stirrer shaft 32 are inserted into the interior of the flask
30, the said stirrer shaft 32 extending generally coaxially with the 20
longitudinal axis of the flask 30. A lower end of the stirrer shaft 32
situated inside the flask 30 is provided with magnetic stirrer blades 33.
The body of the flask 30 including the bottom 30a is surrounded by a jacket
35 with an annular space 34 defined therebetween so as to render the flask
as a whole to represent a generally double-walled structure. The jacket 35
has a lower portion having an inlet port 36A defined therein for the
introduction of the heating or cooling medium and an upper portion having
an exit port 36B defined 25 therein for the discharge of the heating or
cooling medium. Positioned beneath the bottom of the jacket 35 is a
permanent magnet with a motor 37 which, when supplied with an electric
current, causes the stirrer blades 33 to rotate under the influence of
magnetism to accomplish a stirring action. A mouth of the flask 30 adjacent
the upper opening 30c is formed with a helical groove 30d over which 30  a
cap-like assembly 40 including a concentration sensor 43 shown in Fig. 5
can be removably mounted thereon. Referring to Fig. 5, the cap-like
assembly 40 comprises the concentration sensor 43 comprises a screw cap 41
having an internal thread 41 a for engagement with the helical groove 30d
in the flask 30 and also having a vessel 42 mounted thereon. The vessel 42
has a guide tube 42a extending from the bottom 35 thereof and also
extending through the sensor cap 41 for insertion Into the flask 30. The
vessel 42 also has a pair of guide tubes 42b and 42c extending upwards from
an upper portion thereof. A vacuum tube 44 connected with a pressure
reducing means (not shown) is inserted into the vessel 42 through the guide
tube 42b for establishing a substantial vacuum inside the flask 30 to
concentrate the reaction mixture and also for drawing vapor to the outside
from the interior of the flask 30. The concentration sensor 43 for the 40
detection of the presence or absence of the vapor to determine whether or
not the concentration has been finished is inserted into the vessel 42
through the guide tube 42c. Since the temperature inside the flasks
abruptly increases upon completion of the concentration, the concentration
sensor 43 is preferably employed in the form of a thermocouple. In the
reaction unit 7, the flask RF1 of the first reaction flask device 22A is
supplied with both 5 [err] of 



45 the raw material A and 10 ml of the raw material B which have been
quantified in the raw material supply unit 6. The reagent supply devices 21
A to 21 F of the reaction unit 7 are of generally similar construction and
comprise reagent containing reservoirs RR1 to RR6 connected with the
respective flasks through supply lines L2-[err] having respective three-way
solenoid valve assemblies L2-[err] disposed thereon, which assemblies 50
L2-[err] are in tum connected with respective lines L2-[err]. The lines
L2-[err] have both volumetric tubes MT3 to MT8 and gas-liquid boundary
sensors PS3 to PS8 disposed thereon so that, by the operation of both of
the gas-liquid boundary sensors and the volumetric tubes, the associated
reagents can be supplied from the reservoirs RR1 and RR2 to the first flask
RF1, from the reservoirs RR3 to RR5 to the second flask RF2 and from the
reservoir RR6 to a pH adjusting flask RF3. 55     The supply of the reagent
to the first flask RF1 takes place mainly from the reservoir RR1. The
reservoir RR2 is similar in structure to the reservoir RR1 and is used when
other reagents are required. During the supply of the reagent from the
reservoir RR1 to the first flask RF1, a needle valve NV1 disposed on a
supply line downstream of the solenoid valve assembly SOL2-[err] is
adjusted so that a predetermined 6    EP 0 332 452 B1 volume of the reagent
can be dropwise (at a maximum rate of 0.41 [err]/sec) supplied for a
predetermined time to control a first-stage reaction taking place within
the first reaction flask RF1. After the raw materials A and B supplied from
the raw material supply unit 6 and the reagent supplied from the reservoir
RR1 or RR2 have been mixed and reacted with each other within the first
flask RF1, the 5  pressure reducing means (not shown) is operated to permit
the reaction liquid within the first flask RF1 to be transferred under
reduced pressure to the second flask RF2 through a transfer line L2-s. At
this time, a solenoid valve assembly SOL2-[err] disposed on the transfer
line L2-[err] is operated to open the transfer line L2- [err]. By supplying
the respective reagents from the reservoirs RR3 to RR5 to the residue
(concentrated 10  reaction liquid) obtained in the second flask RF2 held
under vacuum, a second reaction such as the addition of reagent, the
concentration of the reaction liquid and the addition of reagent is carried
out in the second flask RF2. The second reaction flask RF2 is connected
with the separation funnel 28 through a transfer line L2-[err] via solenoid
valve assembly SOL2-4 so that a mixed liquid formed within the second
reaction flask RF2 can 15  be sucked by a pressure-reducing pump (not
shown) for the transportation to the separating funnel 28 at which the
mixed liquid can be completely separated into two phases with the following
device. Either the upper phase or the lower phase can be withdrawn by a
liquid-liquid boundary sensor LS disposed at a downstream side of the
separating funnel 28. The details of the separating funnel 28 are shown in
Fig. 6. The separating funnel 28 is in the form of a 20  generally
elongated vessel, 21 mm in diameter and 110 mm in length, and has an upper
open end 28a connected with the second reaction flask RF2 through the line
L2-[err] so that the mixed liquid can be supplied into the separating
funnel 28 through the open end 28a thereof. The separating funnel 28 also
has another upper open end 28b, connected with an upper layer liquid
removal tube, and a further upper open end 28c connected with a pressure
reducing means for drawing the mixed liquid from the line L2-4 into the
interior 25  of the separating funnel 28. A lower open end 28d of the
separating funnel 28 is connected with a line L2-s for the removal of a
lower layer liquid therefrom. The lower open end 28d of the separating
funnel 28 is provided with a liquid-liquid boundary sensor LS adapted to be
activated by pulse currents for the detection of the liquid-liquid boundary
in terms of difference in electric resistance of the liquid. An electric
signal outputted from the liquid-liquid boundary sensor LS is used to
control the selective opening and closure of 30  the solenoid valve
assemblies SOL2-[err] or SOL2-[err] so that a layer of solution forming the
upper layer liquid or a layer of organic solvent forming the lower layer
liquid can be transported under reduced pressure to the pH flask RF3
through the associated transfer line L2-[err] or L2-[err] The pH adjusting
flask RF3 has a pH electrode 29 inserted therein and, also, an intemal
stirrer connected therein and is mounted on an external magnetic stirrer
26C.A predetermined amount of acid or 35  alkali accommodated in the
reservoir RR6 is dropwise supplied into the flask RF3 through a needle
valve NV2 to adjust the pH value within the flask RF3. Air is also blown
into the flask RF3 through a needle valve NV3 so that, after a slight
amount of organic solvent remaining within the flask RF3 has been removed,
it can be introduced to the subsequent purification unit 8 (Figs. 7 and 8).



It is to be noted that, even in the reaction unit 7, as is the case with
the raw material supply unit, the 40  lines L2-[err] and 2-[err]o are
connected with the wash-solvent unit 11 and the line L2[err] is connected
with the exhaust/drainage unit 12 for washing these lines. The purification
unit 8 is comprised of HPLC (high performance liquid chromatography) device
shown in Fig. 7 and CPC (centrifugal partition chromatography) device shown
in Fig. 8 which are used either selectively or in series-connected fashion.
45     As shown in Fig. 7, HPLC device includes chromatographic columns SC1
to SC3 (columns SC1 and SC2 for separation and a column SC3 for analysis),
an HPLC pump 50, a water supply section SR1. a 50% methanol supply section
SR2, transfer pumps TP1 and TP2, a solenoid valve system including six-way
rotary valve assemblies RV2 and RV4 and four-way rotary valve assemblies
RV1 and RV3, a refractive index detector DE1, a UV absorption detector DE2,
etc. 50     In this HPLC device, in order to avoid entry of air into the
HPLC columns SC1 to SC3, it is necessary to remove air from the third flask
RF3 of the reaction unit 7 and also from a flow line L3-[err] extending
between the flask and the columns. For this purpose, the transfer pumps TP1
and TP2 are utilized to remove the air remaining within the flow line
L3-[err]. Subsequently, after the solvent has been filled from SR1 and SR2
into the flow line, the transfer pumps TP1 TP2 are reversed to allow, if,
for example, the separating columns are 55  used, a sample within the flask
RF3 to be drawn into a sample loop fitted onto the six-way rotary valve RV2
so that the sample can be injected from the sample loop into the HPLC
column SC21 or SC2. The eluent from the column SC1 or SC2 is supplied via
the detector DEl or DE2 and is, after the refractive index or the UV
absorption thereof has been detected, supplied to the CPC device of Fig. 8
or the freeze-drying unit 7    EP 0 332 452 B1 9 shown in Fig. 9 through a
line [err]. A chromatographic chart given by the above described chromatog-
raphy can be displayed on the CRT monitor 3 and printed out by the printer
4. Even in the HPLC device, all flow lines are washed with water and
methanol and then dried by either a compressed air or an inert gas such as
nitrogen, argon, etc., if necessary. 5     The CPC device is of such a
construction as shown in Fig. 8 and includes CPC 59 for effecting a liquid-
liquid separation by means of a centrifugal separator, a six-way rotary
valve RV5 provided with a gas-liquid boundary sensor PS15, a four-way
rotary valve RV6, a UV detector DE3, a transfer pump TP3, a concentration
processing flask RF4, two filters FL1 and FL2, two solvent supply devices
60A and 60B, a condenser 65, etc. 10    In this CPC device, the eluent from
the HPLC device is injected into CPC through a flow line [err] via the
rotary valves RV5 and RV6. SR3 and SR4 represent solvent storage tanks and
are connected with CPC 59 through a pump 50. The dissolving solvent are
supplied from the storage tanks SR3 and SR4 to CPC 59. After the
ultraviolet absorption has been detected by the detector DE3, the purified
product is supplied to the freeze-drying unit 9 for the removal of the
isolated product, a fraction collector or again to the 15 concentration
processing flask RF4 through a line L4-2. Prior to the introduction into
the flask RF4, a volumetric tube MT11 is disposed on the line L4-2 and,
therefore, after the eluent has been metered to a predetermined volume by
the volumetric tube MT1 1, the solenoid valve SOL4-1 is opened to allow it
to be transported to the flask RF4. The flask RF4 is substantially similar
in structure with any one of the first and second reaction flasks RF1 and
RF2 of the reaction unit 7 as shown in Figs. 4 and 5 and, therefore, like
20 reference numerals used in Figs. 4 and 5 are employed for like parts of
the flask RF1 for the sake of brevity. The solvents contained in the
reservoirs RR7 and RR8 are, while metered by associated volumetric tubes
MT9 and MT10, injected into the flask RF4. A mixture within the flask RF4
is concentrated while heated by a heater 62, and the timing at which the
process is to be terminated is determined by the 25 detection of the
presence or absence of vapor, with the use of the sensor 43 as hereinbefore
described. The concentrate within the flask is processed through the
filters FL1 and FL2 and is then stored in a trap 63 before it is
subsequently circulated to CPC through the rotary valve RV5 by way of a
line [err]. The flask RF4 is connected through a condenser 65 with a waste
storage vessel 66 for the storage of a waste discharged thereto through the
condenser 65. 30     Even in CPC device, all flow lines are connected with
the wash-solvent supply unit 11 and also with the exhaust/drainage unit 12
so that they can be washed with water and methanol and then dried. The
fractionated product purified from HPLC device either directly or
indirectly through CPC device is 



transferred to the freeze-drying unit 9, shown in Fig. 9, and are, after
having been introduced into evaporation vessels FK1 to FK6 through a line
[err] freeze-dried. Each of the vessels FK1 to FK6 has a 34 stirrer ST1 to
ST6 positioned therebelow and is connected with a freeze-drier 70. The
heating medium/cooling medium circulating unit 10 is of such a structure as
shown in Fig. 10 and comprises a heating medium storage vessel 71 for
containing the heating medium, a coolant storage vessel 72 for containing
the cooling medium or coolant, thermostats 73A and 73B for controlling the
temperature of the associated medias within the vessels 71 and 72, a pump
74 for pumping one of the heating and cooling 40 media from the associated
vessel 71 or 72 to the flasks RF1 to RF4. The wash-solvent supply unit 11
is best shown in Fig. 11 and comprises a water tank 80, a methanol tank 81
and a diaphragm pump 82 for supplying water or methanol from the associated
tank 80 or 81 to the various flow lines leading to the various units. The
exhaust/drainage unit 12 is best shown in Fig. 12 and comprises a diaphragm
pump 90 operable to 45 draw liquid medium such as the washing liquid and/or
waste gases from the flow lines connected with the various units and to
discharge the waste into a waste collecting vessel 91. The sequence of
operating procedures of supplying the raw material, reagent and solvent,
initiating the synthesis reaction, purifying and isolating the resultant
product is illustrated in the flow chart of Fig. 13 and is carried out
according to a program set up in the computer. Hereinafter, each of the
sequential blocks 50 shown in the flow chart of Fig. 13 will be discussed.
Data Input Block (1): Physical parameters including the concentration of
each of the raw material and reagents, the reaction 55 constants and the
substituent constants are inputted to the computer. The physical parameters
which have been inputted are automatically called back from a floppy disk.
8    EP 0 332 452 B1 Command, Sequence Input Block (2): The numbers of the
reservoirs containing the raw material, reagents and solvents are inputted
to represent the raw material, reagents and solvents. A combination of the
raw material to be reacted and the 5  sequence are specified. The
concentration, solvent extraction, the use or non-use of the pH adjusting
step, the purifying method (HPLC and/or CPC) and the dissolving solvent are
selected. Storage Block (3) (Computer Memory & Floppy Disk): 10     The
various parameters inputted at the blocks (1) and (2) are all stored in the
computer memory and can be called back when required. Sequence Control
Block (4): 15     Operating commands are generated according to a sequence
program. If the numbers of the reservoirs containing the raw material,
reagents and solvents are not inputted at the Command, Sequence Input block
(2), the associated supply sequence is skipped to allow the next succeeding
operation to take place. The combination and order of the reaction material
is uploaded from the Input section into a sequence control table. If no
concentration input is carried out, the associated 20 procedure in the
sequence table is skipped. Where the solvent extraction and the pH
adjustment are required, a step of transferring liquid is carried out. The
selection of HPLC, CPC and the dissolving solvent is accomplished by
switching the associated valves according to an input command. Volumetric
Measurement and Supply Block (5): 25 In response to signals from the
sequence control, the selective opening and closure of the solenoid valve
assemblies associated with the raw material, reagent and solvent supply
unit 6 and the reaction unit 7 are controlled and, also, the amount of the
raw material to be introduced into the reaction flasks is metered according
to the output signal from the gas-liquid boundary sensor. 30 Reaction,
Concentration & Extraction Block (6): Operations associated respectively
with the reaction, concentration and extraction in each of the reaction
unit 7 and the purification unit 8 are all driven by signals from the
sequence control and the 35 reaction control. Optimum Reaction Condition
Calculation (7): The following general reaction formula corresponds to a
variety of substituent constants. 



40 [err] 45 If the rate constant [err] of reaction to the product M and the
equilibrium constant [err] are inputted, the reaction constant can be
calculated and stored in the storage. From the physical constants stored in
the memory, [err] K for the substituent constants can be calculated. 50
The concentration of the reaction reagent (R), and the initial
concentration and the volume of the mixture of the raw material which have
been specified by a command, input section can be called back so that, in
combination with [err]and K, the retention time during which the reagent
(R) is added during the reaction as well as the amount thereof can be
calculated. 55  M + R-P    EP 0 332 462 B1 Reaction Control Block (8): The
rate at which the reagent is added as determined at the block (7) is
converted into a pulse signal which is in turn used to control the solenoid
valve assembly. The concentration and the extraction are 5  executed in
response to a command generated as a result of interrogation between the
concentration sensor (the thermocouple 43) and the liquid-liquid boundary
sensor, respectively. In the event of the absence of the command, the
control skips to the next succeeding block. Heating, Cooling & Reduced
Pressure Block (9): 10 The heating or cooling of the flask is carried out
by circulating the heating medium or the cooling medium through the jacket
of each of the first and second reaction flasks. In response to a signal
indicative of the concentration or the movement of the solution, the
associated solenoid valve assembly is controlled and the pressure reducing
pump is driven. 15 Purification Block (10): The purification unit comprises
HPLC device, CPC device and a system of concentration and acidic or basic
solution adjustment, and HPLC and CPC can be used either selectively or in
series connected 20  fashion. Material & Product Judgement Block (11): The
component peak of the eluent eluted from HPLC or CPC is detected and the
same peak as the 25  retention time of the raw material is introduced to
the waste collecting section. The peak of the purified product is used to
calculate the purity and yield of the product by determining the
relationship between the intensity of the peak, if there is a peak
appearing in the neighborhood, and the retention time. Where both of the
purity and the yield exceed a desired value, the resultant fraction is
introduced into an isolation and freeze-drying section. On the other hand,
if the purity is lower than the desired value, a 30  signal is generated to
the purification section for refinement. If the yield is lower than an
expected value, the resultant fraction is introduced into the isolation
section and, at the same time, a signal is generated to the storage for
re-starting the synthesizing process. Waste Block (12): 35 The raw material
fraction, as determined at the block (11), and the wash-solvent for washing
the flow lines are all introduced to the waste collecting section.
Isolation and Freeze-drying Block (13): 40 The resultant fraction is
introduced into the evaporation vessels and dried. As hereinbefore
described, in the illustrated apparatus, respective signals from the
various sensors installed in the associated units are inputted to the
computer so that the computer can control the sequence of operations
according to a program uploaded in the computer. 45    In the apparatus of
the present invention, since 15 reservoirs for containing the raw material,
reagents and reaction solvents are employed, the combination of the first
and second flasks RF1 and RF2 makes it possible to perform the synthesis
process including a maximum number of six steps. In other words, the steps
of reaction for the synthesis is as follows. 50 



A  + B +  [err] X   [err] 55 y   [err] 10    EP 0 332 452 B1 The solution
reaction shown by the above general formulas, the raw material A and B or
an intermediate X formed by adding D to a plurality of compounds A, B and C
to react therewith (the first step reaction) is further processed to give F
and G (the second step). The resultant Y is added with H and J to react
therewith thereby to form P (the third step). D, F, G and J may be any one
of the reagent, catalyst 5  and solvent. The product obtained in each of
the steps is concentrated under atmospheric or reduced pressure and can be
reacted when a reagent is added to the intermediate remaining in the flask.
The finally purified reaction product can be refined by a combination of
the solvent extraction, HPLC and CPC and, as shown in Fig. 14 showing an
HPLC chart of the reaction mixture after the refinement, the final powder
can be obtained by detecting the peak of the reaction product except for
the raw material 10  system, separating the fraction and transferring to a
freeze-drying unit. Experimental 1 Synthesis of
N-carboxymethyl-L-phenylalanine Disodium Salt A solution of L-phenylalanine
tert-butylester acetate in methanol, which was stored in the reservoir RA1
of the supply unit 6 was quantified to a predetermined volume (5 [err],
1.125 g, 4 mmol) by the use of the volumetric tube MT1 and the sensor PS1
and was then introduced into the first reaction flask RF1 of the reaction
unit 7 through the solenoid valve assembly SOL[err]. Similarly, a solution
of glyoxylic acid in 50% 20  methanol, which was stored in the reservoir
RK1, was quantified to a predetermined volume (10 [err], 0.368 g, 4mmol)
and was then introduced into the first reaction flask RK1. Within the first
reaction flask RK1, the reaction mixture was stirred at room temperature,
to which a solution of sodium cyanoborohydride in methanol which was in the
reservoir RR1 of the reaction units and was then quantified to a
predetermined volume (20 ml, 0.168 g, 2.68 mmol) was subsequently added 25
dropwise in an hour while controlled by the needle valve NV1 and the
computer. After the reaction mixture had been stirred for 10 minutes
subsequent to the dropwise addition, the reaction liquid is led by the
diaphragm pump into the second reaction flask RF2. To the residue which was
obtained by removing the solvent at [err] under reduced pressure and
subsequently cooling, 95% trifluoroacetic acid having been stored in the
reservoir RR3 and subsequently quantified to a predetermined volume (10
[err]) with the use of 30 the volumetric tube MT5 was added. After the
temperature of the second reaction flask RF2 had been turned to room
temperature, the reaction mixture was further stirred for one hour. In a
manner similar to the foregoing, after the solvent had been evaporated, the
residue was cooled at [err] and ethyl acetates (20 [err]) and an aqueous
solution of 3M-sodium hydroxide (10 [err], which had been stored in the
reservoir RR4 and RR5 and subsequently quantified by the use of the
volumetric tubes MT6 and MT7, respectively, were 35  added to the residue.
The two-layer solution in the second reaction flask RF2 was, after having
been stirred for 3 minutes, introduced to the separating funnel 28 using a
diaphragm pump. After the two-layer liquid had been allowed to stand in the
separating funnel 28 for several minutes and had only the aqueous layer
solution was introduced to the third flask RF3 (for the pH adjustment) by
the use of the liquid-liquid boundary sensor LS. After the pH value had
been adjusted to pH 10, and after a slight amount of ethyl 40  acetate
mixed therein had been removed by allowing air to enter for several
minutes, the solution was introduced to an initialized partition
chromatographic column. In the case of the derivative now under discussion,
Amberlite XAD-2 (25 x 500 mm) was used and eluted with water and, after
peaks different from the raw material had been collected and freeze-dried,
0.838 g (73.5%) of N-carboxymethyl-L-phenylalanine disodium salt (hydrate)
was obtained in the form of a powder. 45 Elemental Analysis (for [err]
Calculated:   C;46.32,   H;4.60,       N;4.91 % Found:        C;46.51,
H;4.52,    N;4.88 % 50 NMR: 3.03(2H,dJ = 7Hz), 3.25(2H,S), 3.53(1 H,dJ =
7Hz), 7.38(5H,brs) After dissolving in a slight quantity of water and
acidificated with 3M-hydrochloric acid under cooling the 



disodium salt gives N-carboxymethyl-L-phenylalanine as a colorless needle.
55    EP 0 332 452 B1 Elemental Analysis (for [err] Calculated:   C;59.19,
H;5.87,  N;6.27 % Found:      C;59.13,  H;5.81,   N;6.33 % 5 [err](C =
0.97, 1 M-chloride) (Uterature +[err] Experimental 2 10 Synthesis of
N-(1-sodioxycarbonyl-n-pentyl)-L-isoleucine tert-butylester A solution of
L-isoleucine tert-butylestpr acetate in methanol, a solution of sodium
2-ketocaproate in methanol, a solution of sodium cyanoborohydride in
methanol and an aqueous solution of 0.8M-sodium hydroxide were contained in
the respective reservoirs. While controlled by the computer, the raw
materials were quantified to a predetermined amount with the volumetric
tube and then introduced into the first reaction flask RF1. Sodium
cyanoborohydride solution, which had been quantified to a predetermined
volume (20 [err], 2.67 mmol) with the volumetric tube, was added dropwise
to the reaction mixture under the control of the computer at room
temperature. The reaction mixture was stirred for 20 minutes at room 20
temperature. After the final addition of sodium cyanoborohydride, and then
the solvent is evaporated under reduced pressure. The 0.8M-sodium hydroxide
solution having been quantified to a predetermined volume (10 ml) with the
use of the volumetric tube was added to the residue. The resultant aqueous
solution was then injected into the Amberlite XAD-2 column (25 x 500 mm)
and eluted with 50% methanol to give the diastereoisomers of
N-(1-sodioxycarbonyl-n-pentyl)-L-isoleucine tert-butylester. When each two
fractions was freeze-dried, 1.09 g (the combined yield of two
diastereoisomers 84%) of a powder thereof was 25 obtained. First Fraction
30 Elemental Analysis (for [err] Calculated:   C;57.81, H;9.40,   N;4.21 %
Found:      C;58.01,   H;9.30,  N;4.18% 35 IR(KRr): 3420, 2955, 2930, 1720,
1600, 1580, 1155 [err]  (C = 1.14, [err]) NMR (ppm in [err]): 0.88(3H,t,J =
6.85Hz), 0.90(3H,t,J =7.26Hz), 0.91(3H,dJ = 6.42Hz), 1.20-1.40(8H,m),
1.40-1.65(2H,m,overlapped), 1.50(9H,s), 1.68-1.80(1H,m), 40 2.93-2.96(1
H,dd,J = 6.02 and 7.51 Hz) Second Fraction 45 Elemental Analysis (for [err]
Calculated:   C;59.42,   H;9.35,  N;4.33 % Found:      C;59.08,   H;9.07,
N:4.29 % 50 IR(KRr): 3420, 3320, 2960, 2930, 1720, 1580, 1145 [err] (C =
095, H20) NMR (ppm in [err]0.89(3Ht,J=6.76Hz), 0.92(3Ht,J=7.26Hz),
0.91(3H,d,J=6.78Hz), 1.20-1.40(8H,m), 1.40-1.65(2H,m,overlapped),
1.48(9H,s), 1.65-1.80(1 Hm), 2.99(1 H,t,J = 6.35Hz), 3.16(1 H,d,J = 5.11
Hz) 12    EP 0 332 452 B1 (Second Preferred Embodiment) The second
preferred embodiment differs from the first preferred embodiment in the
following respects. 1) The extraction/drying device is added to the
reaction unit and a monitoring HPLC device is also added 



5     to the reaction unit, which is operable to analyze at any desired
time reaction conditions in each of the reaction flasks. 2) In the reaction
unit, mutual recirculation, not one-way flow, is available among the
reaction flasks so that in selected one of the reaction flasks reaction
procedures such as heating, cooling and concentration can be repeatedly
carried out. Similarly, mutual recirculation is available between each
reaction flask and 10   the pH adjusting flask so that the reaction liquid,
after the pH adjustment, can be led back to the reaction flasks to repeat
the reaction procedures. Also, mutual recirculation is available between
each reaction flask and the extraction/drying device so that extracting
procedures can be repeated. 3) Each of the reaction flasks of the reaction
unit is provided with a coolant tube (a condenser) and also one reaction
flask with a temperature-adjustable oil bath is provided. In addition, the
apparatus including is   the reaction unit are provided with filters fitted
at appropriate locations where air and/or liquid are introduced. 4) Various
raw materials such as reagents, solvents, pH adjusting liquids, etc., are
installed only in the supply unit and arrangement has been made that the
raw materials, reagents and solvents can be supplied directly to
arbitrarily chosen one or ones of the flasks installed in the reaction
unit. Also, each 20    raw materials, reagents or solvents can be
automatically supplied from their storage vessels into each reservoirs of
the supply unit. 5) In the second preferred embodiment, since the final
product is the one soluble with an organic solvent and, therefore, only the
HPLC for purification is provided in the purification unit. It is, however,
to be noted that depending on the type of the final product, CPC device may
be employed in place of HPLC 25    or both of CPC and HPLC may be employed.
Also, arrangement has been made that the supply can take place directly to
the reaction flasks of the reaction unit without passing through the pH
adjusting flask. 6) Since the final product is not water-soluble, the use
of the freeze-drying unit is dispensed of and, instead, the purification
unit is provided with a fraction collector unit for supplying a solution
containing the final product directly from the purifying HPLC and for
storing it. Also, the solution containing the 30    purified product can
be, depending on the necessity, supplied, again to arbitrary one or ones of
the reaction flasks of the reaction unit. Hereinafter, the second
embodiment of the present invention will be described with particular
reference to Figs. 14 to 22. However, for the sake of brevity, only
features which differentiate the second embodiment from the previously
discussed first embodiment are described. 35     Fig. 14 illustrates the
entire system of the synthesizing apparatus (however, the hot-cold
circulatory unit, the wash-solvent supply unit and the exhaust/drainage
unit are not shown); Fig. 15 illustrates a supply unit 6'; Fig. 16
illustrates the plurality of reaction flasks RF10 to RF12 of a reaction
unit 7; Fig. 17 illustrates the pH adjusting flask RF13 of the reaction
unit ?; Fig. 18 illustrates an extraction/drying device 100 newly added to
the reaction unit 7' in accordance with the second embodiment of the
present invention; Fig. 19 4o  illustrates a monitoring HPLC device 101
newly added to the reaction unit 7' in accordance with the second
embodiment; and Fig. 20 illustrates a purifying unit 102, comprised only of
a purifying HPLC 102, and a fraction collector unit 103 connected with the
purifying unit 102. As previously described, in those drawings, the symbols
0 represent a solenoid valve and the symbols X represent a gas-liquid or
liiquid-liquid sensor. Characters V and 0 used at free ends of the various
lines 45 represent the introduction of a negative pressure and that of a
positive pressure, respectively. The supply unit 6' is, as is the case with
the supply unit 6 in the first embodiment, provided with a plurality of
reservoirs RR11 to RR26 to which raw materials, reagents and solvents can
be automatically supplied from raw materials, reagents or solvents source
vessels (not shown) Each of the reservoirs is connected with the associated
raw materials, reagents or solvents source bath through a supply line [err]
5o and a branch line [err] connected through a solenoid valve SOL1-[err] to
a common suction line L1-21 is connected with the respective reservoir. The
line Ll-[err] is connected with a diaphragm pump 111 and, by driving the
pump 111 and also by activating the solenoid valve SOL1-[err] corresponding
to one of the reservoirs RR11 to RR26 to which the raw material is desired
to be supplied thereby to introduce a negative pressure into such one
reservoir, the raw materials, reagents or solvents can be automatically
supplied from 55 the associated raw materials, reagents or solvents source
vessels to the respective reservoirs. A liquid take-out line L1-[err] is
connected to a lower end of each reservoir and those take-out lines
L1-[ERR] are bundled into two to three groups which are in turn connected
through respective solenoid valves SOL1- 21 with volumetric measuring lines
L1-[err] having volumetric tubes MT20 and gas-liquid boundary sensors 13   



EP0332452B1 P620 disposed thereon, so that raw materials, reagents or
solvents supplied from the associated reservoirs into the lines [err] can
be supplied to the volumetric measuring lines L1-[err] through the solenoid
valves SOL1-[err] and can be, after the volumetric measurement, supplied to
arbitrary flasks of the reaction unit 7' by the effect of suction developed
in the lines. While in the first embodiment of the present invention one 5
volumetric tube MT and one gas-liquid boundary sensor PS have been
described as installed on each of the volumetric measuring lines L1-H24Y,
two sets of a pair of volumetric measuring tubes MT20-[err] and MT20-[err]
and two gas-liquid sensors PS20-[err] and PS20-[err] are employed for the
measurement and detection of the different quantities. By the employment of
those plural sets of the volumetric measuring tubes and the sensors,
various volumetric measurements can be accomplished for the quick supply of
the raw materials, 10 reagents and solvents. The reservoirs installed in
the supply unit 6' are connected with lines L1-[err] so that raw materials,
reagents and solvents can be supplied to any one of the flasks to be
installed in the reaction unit 7' as will be described later. In other
words, each of the lines L1-[err] shown in Fig. 15 is connected with lines
L2-[err], which are in turn connected with reaction flasks and pH adjusting
flask of the reaction unit 7' shown in Figs. 15  16 and 17, in
correspondence with a, b, - m, n. Solenoid valves SOLl-[err] and SOL2-[err]
are disposed on the lines L1-[err] and L2-[ERR] so that, by activating
these solenoid valves, arbitrarily chosen reservoirs can be communicated
with arbitrarily chosen flasks and, by the introduction of a negative
pressure from the diaphragm pump 111 connected with the flasks through
lines, required raw materials, reagents, solvents, etc., can be supplied to
the respective flask in arbitrarily selected quantity. In the illustrated
embodiment, 20 although no design has been made that all of the reservoirs
cannot be connected with the reaction flasks, this can be accomplished by
changing the solenoid valves and/or by the addition of extra lines. It is
to be noted that, in the second embodiment of the present invention, the
reservoirs RR1 1 to RR15 are used for the storage of solvents, the
reservoirs RR16 to RR24 are used for the storage of reagents or raw
materials, and the reservoirs RR25 and RR26 are used for the storage of pH
adjusting liquids. 25  Accordingly, the reservoirs RR25 and RR26 can supply
the pH adjusting liquids only to the pH adjusting flasks, as will be
described later, of the reaction unit 7 shown in Fig. 17. Although suction
under reduced pressure is effected from the reservoirs to the flasks of the
reaction unit, the use may be made of a compressor 110 for effecting the
supply by purging as shown in Figs. 14 and 15. It is, however, to be noted
that the illustrated compressor 110 is used for supplying air, etc., to the
30 lines during a washing step. The reaction unit 7 differs from the first
embodiment in that three reaction flasks RF1 0, RF11 and RF12 are employed
in the reaction unit 7, to which flasks the, raw materials, reagents and
solvents can be supplied directly from the arbitrary reservoirs RR11 to
RR24 of the supply unit 6' through the lines L1-27 and L2-[ERR] and in that
circulation can be effected among these three reaction flasks RF10, RF11
and RF12 35 to effect a transfer of a reaction liquid as will be described
later. The first reaction flask RF1O and the second reaction flask RF11 are
similar in construction to each other and also similar in construction to
the reaction flask RF provided in the reaction unit 7 in the first
embodiment and is provided with circulating jackets 25D and 25E for the
circulation of a heating medium or a cooling medium and stirrers 26D and
26E, both of the said jackets and stirrers being installed 40 therearound.
Also, the reaction flask RF10 and RF11 in the second embodiment is provided
with coolant tubes (condensers) 112A and 112B communicated with the
respective interiors thereof. The third reaction flask RF12 is used when
heating to a higher temperature than any one of the first and second
reaction flasks is desired to be effected or when the temperature is
desired to be arbitrarily adjusted, and is surrounded with an oil bath 113
having a heater 114 installed therein for controlling the temperature as 45
desired up to [err]. The reaction flask RF12 is also provided with a
coolant tube 112C and a stirrer 26F. Accordingly, where reaction is desired
to be effected at a relatively low temperature or where no arbitrary change
in temperature is necessary, the reaction flasks RF1 0 and RFI 1 are used,
but where the reaction is desired to be effected at a relatively high
temperature or where the temperature is desired to be arbitrarily changed,
the reaction flask RF12 is used. Moreover, in order to increase the
stirring efficiency, the reaction 50  flasks RF10, RF11 and RF12 are
connected with the compressor 110 through the lines L2-[ERR] and also with
the diaphragm pump 111 through the lines L222 so that at appropriate
timings air or an inert gas such as nitrogen, argon, helium, etc. can be
supplied to effect a bubbling inside these reaction flasks. The lines L2-
[err] and L2-[ERR] are provided with solenoid valves SOL2-[err] and
SOL2-[err] in correspondence with the reaction flasks so that stirring by
bubbling can take place only in the required flasks. It is to be noted that
the stirring 55 by bubbling is employed where the mixture within the
reaction flasks cannot be satisfactorily stirred with the 



stirrers 26D to 26F. As shown in Fig. 17, the pH adjusting flask RF13
paralleled with the reaction flasks RF1O to RF12 in the reaction unit 7 is
also connected with a heating or cooling medium circulating jacket 25F, a
stirrer 26G and 14    EP 0 332 452 B1 a line L2-[err]. The pH adjusting
flasks RF13 and the reaction flasks RF10, RF11 and RF12 are mutually
connected with each other by supply lines L2-[err] extending from the
reaction flasks to the pH adjusting flasks and output lines L2[err]
extending from the pH adjusting flasks to the reaction flasks so that after
the pH adjustment the reaction liquid can be transferred to any desired
reaction flasks. Because of this, on one 5  side adjacent the pH adjusting
flask RF13, the lines L2-[err]and L2-[err] are provided with solenoid
valves SOL2- [err] and SOL2-[err] corresponding to the respective reaction
flasks so that, by switching these solenoid valves SOL2-[err] and
SOL2-[err], the mixed liquid within the required reaction flasks can be
introduced into the pH adjusting flasks. It is also possible to transfer
the mixed liquid among the reaction flasks RF10, RF11 and RF12 without
being passed through the pH adjusting flask RF13. In addition, on the side
of the reaction 10  flasks RF10, RF11 and RF12, mixed liquid take-out lines
L2-[err] and the supply lines L2-[err] are connected together through
solenoid valves SOL2-[err], and, at the same time, re-supply lines L2-[ERR]
is connected with the output lines L2-[err] through solenoid valves SOL2-26
so that the removal of the mixed liquid from each of the reaction flasks
and the re-supply into each of the reaction flasks can be carried out. Fig.
18 illustrates an extraction/drying device 100 added to the reaction unit
7' and comprises an 15  extracting/separating funnel 115 and a plurality of
parallel drying tubes 116. The extracting/separating funnel 115 is
selectively connected with the reaction flasks RF10, RF11 and RF12 through
supply lines L2-[err] and solenoid valves SOL2-[err] and SOL2-[err]
corresponding to the respective reaction flasks so that the mixed liquid
within the predetermined reaction flasks RF10, RF11 and RF12 can be
introduced into the extract- ing/separating funnel 115. An exit at the
lower end of the extracting/separating funnel 115 is connected with 20  the
drying tubes 116 through lines L2-[err] having respective sensors LS21
disposed thereon so that an organic layer separated in the funnel 115 can
be supplied to the drying tubes 116. Also, in order to carry out a stirring
by bubbling within the funnel 115, a line L2-[err] connected with the
diaphragm pump 111 is connected with the funnel 115 and, by opening a
solenoid valve SOL2-[err] disposed on the line L2-[err], the funnel 115 can
be reduced in pressure. In addition, where a water layer separated in the
funnel 115 lies 25  beneath the organic layer, a storage bottle SF20 is
connected to the line L2-[err] through a line L2-[err] for storing the
water layer beforehand. It is to be noted that, where the separated water
layer lies above the organic layer, the organic layer is drawn from below
into the drying tubes 116 leaving the water layer within the funnel 115.
The drying tubes 116 are, as hereinbefore described, connected parallel
with each other and can be selectively commu- 30  nicated with the line
L2-[err] on the inlet side and with the re-supply line L2-[err] connected
with the reaction flasks RF10, RF11 and RF12 on the exit side. Each of the
drying tubes 116 has a drying agent such as anhydrous sodium sulfate filled
therein for dehydrating the organic layer then flowing therethrough and is
provided with a glass filter 117 for the removal of insoluble matters.
Solenoid valves S0L2-[err] and SO2-[err] are disposed on lines L2-[err]
connecting between the drying tubes 116 and the reaction flasks RF10, RF11
35  and RF12 so that the reaction liquid having been dried can be returned
to the arbitrary reaction flasks. Thus, since the reaction flasks and the
extracting/drying device are circulatorily connected with each other, the
extracting procedure can be repeated in a desired or required number of
times. Fig. 19 illustrates a monitoring HPLC device 101 added to the
reaction unit 7', which device 101 is operable to supply a small quantity
of the mixed reaction liquid arbitrarily from the reaction flask RF10, 40
RF11 and RFI 2 to analyze and monitor the conditions and progress of the
reaction. Accordingly, main lines L6-[err] of the device 101 are connected
through respective solenoid valves SOL6[err] with lines L6-[err] connected
to the reaction flasks RF10, RF11 and RF12. The lines L6-[err] is connected
through solenoid valves SOL2[err] to the lines L2-[err] for the removal of
the liquids from the reaction flasks and, accordingly, the mixed reaction
liquid can be supplied from the arbitrary reaction flasks to the monitoring
HPLC device for the analysis of 45  the reaction conditions. This
monitoring HPLC is generally similar in structure and operation to
preparative HPLC of the purification unit 8 used in and described in
connection with the first embodiment of the present invention. In other
words, the mixed reaction liquid supplied from the reaction flask is stored
and diluted to an arbitrary concentration, and is provided with a storage
bottle SF21 for the storage of the diluted liquid, a column SC20, HPLC pump
HP20, dissolving solution supply sections SR20 and 21, a transfer pump TP20



50  for introducing a predetermined quantity of sample from the storage
bottle SF21 to a sample loop, a six- way rotary valve RV20, a UV absorption
detector DE20, and sensors PS22 and PS23. Fig. 20 illustrates a preparative
HPLC 102 for purification. In the second embodiment of the present
invention, purification is carried out only with the use of HPLC 102 and
the resultant purified product is supplied to the fraction collector 103
connected therewith. 55     The supply lines L2-[err] from the reaction
flasks RF10, RF11 and RF12 are connected through solenoid valves
SOL7-[err], to main lines L7-[er]r of the purifying HPLC 102 so that, by
switching the solenoid valves the reaction liquids can be supplied directly
to the purifying HPLC 102 either from the reaction flasks RF10, RF11 and
RF12 through the re-supply lines leading to the reaction flasks. The
purifying HPLC 102 is 15    EP 0 332 452 B1 generally similar in structure
to the monitoring HPLC 101 and comprises a reservoir SF22 for the storage
of the liquid from the reaction flasks, columns SC21 and SC22, dissolving
liquid supply baths SR22 and SR23, a HPLC pump HP21, a transfer pump TP21
for introducing a predetermined quantity of the reaction liquid into a
sample loop, a six-way rotary valves RV21, four-way rotary valves RV22 and
RV23, a sensor PS25, 5  and a UV absorption detector ED21. Efluent from the
columns SC21 or SC22 is, after having measured as to the UV absorption by
the detector ED21, supplied through supply lines LB-[err] to the fraction
collector 103 and then to a plurality of vessels 120 disposed in the
fraction collector 103 for the collection of the final product. Arrangement
is also made that a required product can be taken out from the fraction
collector 103 for 10  the supply to the arbitrary reaction flasks RF10,
RF11 and RF12. Because of this, lines L8-2 connected with the reaction
flasks RF10, RF11 and RF12 through solenoid valves SOL8-[err] are connected
to the above described lines L8-[err]. Accordingly, the supply of the
reaction product is possible from any one of the reaction flasks RF1 0, RF1
1 and RF12 and the pH adjusting flasks to the purifying HPLC 102 and the
supply of the resultant liquid collected in the fraction collector 103
after the purification in HPLC is also possible 15 from the fraction
collector 103 to any one of the reaction flasks RF1 0, RF1 1 and RF12. The
relationships in connection among the reaction flasks RF10, RF11 and RF12,
the pH adjusting flasks 13, the extracting/drying device 100, the
monitoring HPLC 101, the purifying HPLC 102 and the fraction collector 103
are shown by A, B to T and U in the drawings. Also, in those lines, line
filters 130 are disposed in the vicinity of exits of the reaction flasks,
portions at 20 which the liquid or the air is introduced or discharged, and
also in the vicinity of the various valves. As hereinbefore described, the
second embodiment of the present invention is featured in that the lines
are installed through the solenoid valves for the selective opening and
closure of the associated lines so that the raw materials, reagents and
solvents can be supplied from the supply unit 6' to any one of the reaction
flasks of the reaction unit and in that circulation is possible from the
reaction flasks RF10, RF11 25  and RF11 to the pH adjusting flasks RF13,
the extracting/drying device 100, the monitoring HPLC 101, the purifying
HPLC 102 and the fraction collector 103 and vice versa. Accordingly, the
required operating procedures can be repeated in a desired number of times
and, also unnecessary steps can be dispensed of while allowing the reaction
of interest to be readily proceeded. Also, since the reaction unit is
provided with the oil bath 113 having the coolant tubes (condensers) 30
112A to 112C and the heater 114 for heating to a relatively high
temperature, in place of the technique of circulating the heating medium or
the cooling medium, and since the bubbling induced by the blow of the air
or the like is employed for accomplishing the stirring, the rate of
reaction taking place within the reaction flasks can be accelerated.
Hereinafter, results of experiments conducted with the use of the apparatus
according to the second 35 preferred embodiment of the present invention
will be illustrated. Experimental 3 This experiment is directed to the
synthesis of a final product F with the use of raw materials (reagents) 40
A and B according to the flow chart shown in Fig. 22. It is, however,
needless to say that by combining the steps in a desired manner, it can be
rendered to be many steps. An ether solution, which is the raw material A
(15 mmol) and is contained in the reservoir RR16 of the supply unit 6' was
quantified to 15 [err] by the use of the volumetric tubes MT20-, and
MT20[err] and the sensors PS20[err]PS20-[err]and was then introduced into
the reaction flask RF10. Thereafter, the solution was 45  stirred at [err]
for 3 minutes. In a similar manner, an ether solution which is the raw
material B and is 



contained in the reservoir RR18 was quantified to 15 ml (30 mmol) with the
use of the volumetric tubes and the sensor PS20 and was introduced dropwise
into the reaction flask RF10 (at a rate of 10 sec x 100 times). The
resultomg reaction mixture was stirred at [err]for 30 minutes, to which
water (30 ml) which had been quantified to the volume (10 ml x 3 times)
with the use of the volumetric tube and the sensor was 5o subsequently
added. After stirring for 3 minutes, the resulting two-phase mixture was
transferred to the extracting/separating funnel 115 of the
extracting/drying device 100 with the use of the diaphragm pump 111. After
the mixture had been allowed to stand for 3 minutes for the separation of
the two-phase mixture into upper and lower layers, the separated upper
organic layer was introduced into the reaction flask RF12 through any one
of the drying tubes 116 filled with drying agent (anhydrous [err], 65g).
Ethyl acetate 55 stored in the reservoir RR13 was introduced into the
reaction flask RF1O after having been quantified by the volumetric tube
MT20 and the sensor PS20 to 30 [err] (10 ml x 3 times). The ethyl acetate
solution (30 ml) within the reaction flask RF1 0 was transferred to the
extracting/separating funnel 115 of the extraction/drying device 100, and
air was bubbled up through the funnel 115 to help re-extraction and then
the separated 16    EP 0 332 452 B1 organic layer was passed through the
drying tube 116 before being collected in the reaction flask RF12. The
organic solution collected in the reaction flask RF1 2 was concentrated
under reduced pressure at 50  C for 15 minutes, and methanol from the
reservoir RR14 was introduced, after having been quantified by the
volumetric tube MT20-[err] and the sensor PS20-1, to 10 [err], to dissolve
the concentrated residue. An ethanol 5  solution (20 ml, 15 mmol which is
the reagent C and is stored in the reservoir RR23 was introduced into the
reaction flask RF12 after having been quantified by the volumetric tubes
and the sensors. The resultant reaction mixture was heated with stirring at
70 [err] for one hour and then a reagent D (10 [err] x 2 times, 15 mmol)
stored in the reservoir R15 was added thereto after having been quantified
by the volumetric tubes MT1O-[err], MT20-[err] and the sensors PS20,
PS20-[err]. Then, a reagent E (5 ml x 4 times, 15 mmol) stored in the 10
reservoir RR24 was, after having been quantified by the volumetric tubes
and the sensors, added to the reaction flask RF12. The reaction mixture was
refluxed at [err] for 90 minutes and then concentrated under reduced
pressure at [err]. Water (30[err]) stored in the reservoir RRl1 was added
to the residue and ethyl acetate stored in the reservoir RR13 was, after
having been quantified by the volumetric tube and the sensor PS20 to a
predetermined volume (10 ml x 3 times), added thereto. After air was
bubbled to stir the 15  liquid mixture sufficiently, the reaction mixture
was introduced to the extracting/separating funnel 115. The
extracting/separating funnel 115 which was previously used had been washed
beforehand. After the reaction mixture had been allowed to stand for 3
minutes to separate it into two layers, the separated upper organic layer
was passed through any of the drying tubes 116 filled with drying agent
(anhydrous [err]) while the lower water layer was similarly extracted again
by the use of 30 ml ethyl acetate. The dehydrated 20 organic layer was then
collected in the reaction flask RF11 and concentrated under reduced
pressure at [err]. A solvent (chloroform) stored in the reservoir RR21 was,
after having been quantified by the volumetric tubes and the sensors to a
predetermined volume (15 ml), introduced into the reaction flask RF11. The
mixture was then bubbled with air and stirred to dissolve the residue. The
resulting chloroform solution was transferred to the reservoir SF22 of the
purification HPLC device 102 and then charged onto 25 the column SC21 of
Lichroprop S1-60 (Merck, 25-40 um, 20 x 500 mm) and eluted first by
chloroform and then by a mixture of chloroform : methanol 45:1) to give the
target product F. Experimental 4 30     The concentrated product obtained
in Experimental 3 described above is transferred to the reaction flask
RF11. Hot medium liquid heated to [err] is circulated through a flask of
the reaction flask RF11 to effect the concentration under reduced pressure
(15 minutes). MeOH stored in the reservoir RR14 was, after having been
quantified by the volumetric tube and the sensor to 10 ml, transferred to
the reaction flask RF1 1 to dissolve the residue. A reagent stored in the
reservoir RR21 was then, after having been 35 quantified by the sensor of
the volumetric tube to 5 ml, transferred to the reaction flask RF11. This
procedure was repeated four times so that 20 [err] in total could be added.
Hot medium liquid of [err] was circulated to heat the reaction mixture for
one hour. A reagent stored in the reservoir RR26 and quantified by the
sensor of the volumetric tube to 10 [err] was transferred to the reaction
flask RF11. This procedure is repeated two times so that 20 ml in total
could be added. A reagent stored in the reservoir RR22 and 40 quantified by
the sensor of the volumetric tube to 5 [err] was then transferred to the
reaction flask RF11. This procedure was repeated four times so that 20
[err] in total could be added. Hot medium liquid of [err] 



was circulated to heat the reaction mixture for 90 minutes. After the
concentration had been effected under reduced pressure while the hot medium
liquid was circulated, 30 ml of water was added in a similar manner from
the reservoir RR 1. Ethyl acetate stored in the reservoir RR13 and
subsequently quantified by 45 the sensor PS20 of the volumetric tube MT20
to 10 [err] was then transferred to the flask RF11. This was repeated three
times so that 30 ml in total could be added. After the bubbling was
effected to stir and the extraction was then made, the mixture was
transferred to the washed extracting/separating funnel 115. In a manner
similar to that described hereinabove, the organic layer was separated and
was, after having been passed through the drying tube 116 for drying,
transferred to the reaction flask RF12. The water layer was 50 repeatedly
extracted and dried with 30 ml of ethyl acetate. While the oil bath of the
reaction flask RF12 was heated to 50 C, the concentration was carried out
under reduced pressure. [err] stored in the reservoir RR23 and subsequently
quantified by the sensors of the volumetric tubes was added to the reaction
flask RF12 and the residue was bubbled for stirring to dissolve.
Thereafter, procedures substantially identical with those in Experimental 3
was repeated. 55 17    EP 0 332 452 B1 Experimental 5 In the illustrated
embodiment, since all of the reservoirs RR1 1 to RR24 of the supply unit
are not connected with the reaction flasks RF10 to RF12, change was made in
the layout of the lines beforehand so 5  that the reagents and the solvents
could be supplied from the reservoirs to the reaction flasks as hereinbelow
described. A reagent stored in the reservoir RR16 and subsequently
quantified by the PS sensor of the volumetric tube to 15 ml was transferred
to the reaction flask RF12. A reagent stored in the reaction reservoir 18
and subsequently quantified by the sensor of the volumetric tube was
transferred to the reaction flask RF12. 10  While this was stirred, a
heated circulation was carried out for 60 minutes at 110 [err]. Water
stored in the reservoir RR1 1 and subsequently quantified by the sensor of
the volumetric tube to 10 ml was transferred to the reaction flask RF12.
This was repeated three times and 30 [err] of water was added to effect the
stirring and extraction for 3 minutes. After the reaction mixture had been
transferred to the extract- ing/separating funnel 115 and subsequently
allowed to stand for 3 minutes, the resulting upper organic layer 15  is
discriminated and separated by the LS sensor. The separated upper layer was
then passed through the drying tube 116 having drying agent (anhydrous
[err], 6.5 g) filled therein and was then transferred to the reaction flask
RF10 in units of limited amounts. Thereafter, ethyl acetate stored in the
reservoir RR12 and subsequently quantified by the sensor PS20 of the
volumetric tube MT20 to 10 ml was introduced into the reaction flask RF12.
This was repeated three times so that 30 [err] in total could be
transferred to the 20  extracting/separating funnel 115. The separated
organic layer was dried in the same manner as that during the previous
cycle and was then transferred to the reaction flask RF10. After the
reaction flask RF12 and the extracting/separating funnel 115 were washed
with methanol, the extract within the reaction flask RF10 was transferred
to the reaction flask RF12. The temperature of the oil bath was set at
[err] and the concentration was carried out under reduced pressure (for 15
minutes). 25  MeOH stored in the reservoir RR14 and subsequently quantified
by the sensor of the volumetric tube was transferred to the reaction flask
RF12 to dissolve the residue. A reagent stored in the reservoir RR19 and
subsequently quantified by the sensor of the volumetric tube to 5 [err] was
transferred to the reaction flask RF12. This was repeated four times to
result in the addition of 20 [err] in total. While the oil bath 113 was
heated to 70 C, a cooling water was circulated through the cooling tube
(condenser) 11 2C and stirred for 30  60 minutes. A reagent stored in the
reservoir RR15 and subsequently quantified by the sensor of the volumetric
tube to 10 [err] was transferred to the reaction flask RF12. This was
repeated two times to result in the addition of 20 [err] in total. A
reagent stored in the reservoir RR20 and subsequently quantified by the
sensor of the volumetric tube to 5 [err] was then transferred to the
reaction flask RF12. This was repeated four times to result in the addition
of 20 [err] in total. The reaction mixture was refluxed at [err] in the oil
35  bath 113 for 90 minutes. The subsequent procedures were substantially
identical with those in Experimental 3 above. From the foregoing
description, it has now become clear that the automated synthesis apparatus
according to the present invention is effective to automatically yield a
variety of products from a variety of combination of substituents. This
means that, as compared with the prior art in which mass production of 



40  one derivative is accomplished by the repetition of definite reaction
conditions if the existing plant is automated, the apparatus of the present
invention is effective to accomplish a mass production of a variety of
derivatives from a small quantity of raw material at different reaction
conditions and, therefore, the development of novel pharmaceutical products
can be effectively expected automatically. For example, in the first
preferred embodiment, since the apparatus of the present invention is fully
automated, it can be run 45  for 24 hours a day, and the average rate of
synthesis of N-(carboxyalkyl)amino acids can be three compounds daily.
Also, the fact that the synthesis can be accomplished automatically and
with no need of manual intervention can greatly contribute to the synthesis
of many derivatives of one particular chemical compound. Even if the
chemical yields are low under optimum conditions, it is still possible to
obtain a 50  sufficient amount of the desired product by repetition of the
reaction. Claims 1. An automated synthesizing apparatus which comprises a
supply unit (6: 6) for supplying raw material, 55     reagents and
solvents; a reaction unit (7: 7); a heating and cooling medium supply unit
(10); a pressure reducing and increasing device; various detector means;
flow lines having valves disposed thereon; and a control unit (1 to 5)
including a computer, said supply unit comprising: 18    EP 0 332 452 B1
Experimental 5 In the illustrated embodiment, since all of the reservoirs
RR11 to RR24 of the supply unit are not connected with the reaction flasks
RF10 to RF12, change was made in the layout of the lines beforehand so 5
that the reagents and the solvents could be supplied from the reservoirs to
the reaction flasks as hereinbelow described. A reagent stored in the
reservoir RR16 and subsequently quantified by the PS sensor of the
volumetric tube to 15 ml was transferred to the reaction flask RF12. A
reagent stored in the reaction reservoir 18 and subsequently quantified by
the sensor of the volumetric tube was transferred to the reaction flask
RF12. 10  While this was stirred, a heated circulation was carried out for
60 minutes at [err]. Water stored in the reservoir RR11 and subsequently
quantified by the sensor of the volumetric tube to 10 ml was transferred to
the reaction flask RF12. This was repeated three times and 30 ml of water
was added to effect the stirring and extraction for 3 minutes. After the
reaction mixture had been transferred to the extract- ing/separating funnel
115 and subsequently allowed to stand for 3 minutes, the resulting upper
organic layer 15 is discriminated and separated by the LS sensor. The
separated upper layer was then passed through the drying tube 116 having
drying agent (anhydrous Na2SO4, 6.5 g) filled therein and was then
transferred to the reaction flask RF10 in units of limited amounts.
Thereafter, ethyl acetate stored in the reservoir RR12 and subsequently
quantified by the sensor PS20 of the volumetric tube MT20 to 10 ml was
introduced into the reaction flask RF12. This was repeated three times so
that 30 ml in total could be transferred to the 20 extracting/separating
funnel 115. The separated organic layer was dried in the same manner as
that during the previous cycle and was then transferred to the reaction
flask RF10. After the reaction flask RF12 and the extracting/separating
funnel 115 were washed with methanol, the extract within the reaction flask
RF10 was transferred to the reaction flask RF12. The temperature of the oil
bath was set at [err] and the concentration was carried out under reduced
pressure (for 15 minutes). 26 MeOH stored in the reservoir RR14 and
subsequently quantified by the sensor of the volumetric tube was
transferred to the reaction flask RF12 to dissolve the residue. A reagent
stored in the reservoir RR19 and subsequently quantified by the sensor of
the volumetric tube to 5 ml was transferred to the reaction flask RF12.
This was repeated four times to result in the addition of 20 [err] in
total. While the oil bath 113 was heated to [err], a cooling water was
circulated through the cooling tube (condenser) 112C and stirred for 30 60
minutes. A reagent stored in the reservoir RR15 and subsequently quantified
by the sensor of the volumetric tube to 10 ml was transferred to the
reaction flask RF12. This was repeated two times to result in the addition
of 20 ml in total. A reagent stored in the reservoir RR20 and subsequently
quantified by the sensor of the volumetric tube to 5 ml was then
transferred to the reaction flask RF12. This was repeated four times to
result in the addition of 20 [err] in total. The reaction mixture was
refluxed at [err] in the oil 35 bath 113 for 90 minutes. The subsequent
procedures were substantially identical with those in Experimental 3 above.



From the foregoing description, it has now become clear that the automated
synthesis apparatus according to the present invention is effective to
automatically yield a variety of products from a variety of combination of
substituents. This means that, as compared with the prior art in which mass
production of 40 one derivative is accomplished by the repetition of
definite reaction conditions if the existing plant is automated, the
apparatus of the present invention is effective to accomplish a mass
production of a variety of derivatives from a small quantity of raw
material at different reaction conditions and, therefore, the development
of novel pharmaceutical products can be effectively expected automatically.
For example, in the first preferred embodiment, since the apparatus of the
present invention is fully automated, it can be run 45 for 24 hours a day,
and the average rate of synthesis of N-(carboxyalkyl)amino acids can be
three compounds daily. Also, the fact that the synthesis can be
accomplished automatically and with no need of manual intervention can
greatly contribute to the synthesis of many derivatives of one particular
chemical compound. Even if the chemical yields are low under optimum
conditions, it is still possible to obtain a so sufficient amount of the
desired product by repetition of the reaction. Claims 1. An automated
synthesizing apparatus which comprises a supply unit (6: 6) for supplying
raw material, 55     reagents and solvents; a reaction unit (7: 7); a
heating and cooling medium supply unit (10); a pressure reducing and
increasing device; various detector means; flow lines having valves
disposed thereon; and a control unit (1 to 5) including a computer, said
supply unit comprising: 18 *   C   L   M   S   *    EP 0 332 452 B1 a
plurality of reservoirs for containing the raw materialthe reagents and the
solvents, volumetric devices and gas-liquid boundary sensors, all disposed
on the flow lines, for supplying a metered quantity of liquid towards the
reaction unit and a pH adjusting flask; and said reaction unit comprising:
5         a plurality of reaction vessels (RF1, RF2, RF11, RF12). pH
adjusting flasks (FR3, FR13), an extracting and drying unit (100), a
reaction tracer unit (101), a purifying unit (8A, 8B: 102, 103), and a
freeze-drying unit (9); each of said reaction vessels comprising a
container having its outer periphery covered by a jacket for the flow of
one of heating and cooling media therethrough, a stirrer accommodated
within the 10    interior of the respective container, and flow lines
through which the liquid medium can be transported between it and other
units; each of said pH adjusting flasks comprising a container having its
outer periphery covered by a jacket for the flow of one of heating and
cooling media therethrough, a pH measuring electrode accommodated within
the interior of the respective container, and flow lines through which the
liquid 15     medium can be transported between it and other units; said
extracting and drying unit comprising a liquid separating container and/or
a drying tube, a liquid reservoir and flow lines through which the liquid
medium can be transported between it and other units; said reaction tracer
unit including a HPLC unit, a liquid reservoir and flow lines through which
the 20     liquid medium can be transported between it and the reaction
unit; said purifying unit comprising a HPLC unit and/or a CPU unit and/or a
fraction collector, a liquid reservoir and flow lines through which the
liquid medium can be transported between it and the reaction unit; and said
freeze-drying unit comprising a condensing container connected through a
flow line with the 25     purifying unit for receipt of a purified product,
and a freeze-drying device connected through a flow line with the
condensing container for receipt of a condensed product; said computer
being connected with the valve means on the flow lines, the detecting means
and operating switches for the various units through wirings by way of an
interface such that, in response to commands issued from the computer, the
various units and their component parts can be automatically 30
operated to accomplish various synthesizing reactions. 2. The apparatus as
defined in Claim 1, wherein said supply unit further comprises means for
introducing 



the liquid medium from sources of the raw material, the reagent and the
solvent. 35  3  The apparatus as defined in Claim 1, wherein each of the
reaction vessels in the reaction unit includes a cooling tube (112A, 11 2B,
11 2C) for cooling vapor. 4. The apparatus as defined in Claim 1, wherein
the flow line leading outwardly from each reaction vessel in the reaction
unit for the discharge of a reaction liquid therefrom includes a line
filter. 40 5.  The apparatus as defined in Claim 1, wherein each reaction
vessel in the reaction unit includes a condensation detecting means. 6. The
apparatus as defined in Claim 1, wherein each reaction vessel in the
reaction unit a flask, the flasks 45     of all of the reaction vessels
being connected with each other through flow lines for the transport of the
liquid medium from one reaction vessel to another. 7. The apparatus as
defined in Claim 1, wherein said jacket exteriorly of each reaction vessel
is provided with a heating means. 50 8 The apparatus as defined in Claim 1,
wherein said control unit includes a computer storing arbitrarily given
specific synthesizing procedures and conditions for each of these
procedures. PatentansprUche 55 1. Automatische Synthesevorrichtung mit
einer Versorgungseinheit (6: 6) zum Zufuhren von Ausgangsstof- fen,
Reagenzien und Ldsemitteln; einer Reaktionseinheit (7; 7); einer Heiz- und
KOhImittel-Versorgungs- einheit (10); einer Einrichtung zur
Druckverminderung und Druckerhohung; unterschiedlichen Detektor- 19
1 l~~~~~~~~III IIl fail liidill lollII    EP 0 332 452 B1 einrichtungen;
Str6mungsleitungen mit darauf angeordneten Ventilen und einer einen Rechner
ein- schlieBenden Steuereinheit (1 bis 5), wobei die Versorgungseinheit
aufweist: mehrere VorratsbehIlter zur Aufnahme der Ausgangsstoffe,
Reagenzien und L6semittel, volumetrische 6      Einrichtungen und Sensoren
mit gasfflUssig-Phasengrenze, die alle auf den Stromungsleitungen ange-
ordnet sind, um der Reaktionseinheit eine abgemessene Flfssigkeitsmenge
zuzuffhren, und einen Kolben zur pH-Einstellung; und die Reaktionseinheit
aufweist: mehrere ReaktionsgefaBe (RF1, RF2, RF11, RF12), Kolben zur
pH-Einstellung (FR3, FR13), elne 10     Extraktions- und Trockungseinheit
(100), eine Reaktionsverfolgungseinheit (101), eine Reinigungseinheit (8A,
88: 102, 103) und eine Gefriertrocknungseinheit (9); wobei jedes der
ReaktionsgeffiBe einen Beh~lter, dessen AuBerer Umfang von einem Mantel fir
den DurchfluB von Heiz- oder KUhimedium umgeben ist, eonen im Inneren des
jeweiligen Behalters untergebrachten Rfhrer Str6mungsleitungen aufweist,
durch die das flUssige Medium zwischen ihm 75     und anderen Einhsiten
transportiert warden kann; wobel jeder der Kolben zur pH-Einstellung einen
Behalter, dessen auBerer Umfang von einem Mantel fOr den DurchfluB von
Heiz- oder KIlhimedium umgeben ist, sine im Inneren des jeweiligen
Behalters untergebrachte pH-MeBelektrode und Stromungsleitungen aufweist,
durch die das flfssige Medium zwischen ihm und anderen Einheiten
transportiert warden kann; 20     wobel die Extraktions- und
Trocknungseinheit einen FlOssigkeitstrenn-Behalter und/oder ein Trocken-
rohr, einen VorratsbehaIter far Flassigkeit und Str8mungsleitungen
aufweist, durch die das flfssige Medium zwischen ihr und anderen Einheiten
transportiert werden kann; wobei die Reaktionsverfolgungseinheit eine
HPLC-Einheit, einen Vorratsbehilter flr Fltssigkeit und Stromungsleitungen
einflieet, mit denen das flfssige Medium zwischen ihr und der
Reaktionseinheit 25     transportiert warden kann; wobei die
Reinigungseinheit eine HPLC-Einheit und/oder eine CPU-Einheit und/oder
einen Fraktions- sammler, einen Vorratsbehalter far Flfssigkeit und
Strdmungsleitungen aufweist, durch die das fllssige Medium zwischen ihr und
der Reaktionseinheit transportiert werden kann; und wobei die
Gefriertrocknungseinheit einen Kondensationsbehalter, der zur Aufnahme
eines gereinigten 90     Produkts mit der Reinigungseinheit Uber eine
Str6mungsleitung verbunden ist, und eine Gefriertrock- nungseinrichtung
umfalt, die zum Empfangen eines kondensierten Produkts mit dem
Kondensationsbe- 



h1ter Ober eine Stromungsleitung verbunden ist; wobei der Rechner mit den
Ventileinrichtungen auf den Strdmungsleitungen, den Detektoreinrichtungen
und Betitigungsschaltern far die unterschiedlichen Einheiten mit einer
Verkabelung fber ein Interface 95     so verbunden ist, daB als Antwort auf
vom Rechner ausgegebene Steuerbefehle die unterschiedlichen Einheiten und
ihre Komponententeile automatisch betatiigt warden konnen, um
unterschiedliche Synthe- tisierungsschritte zu bewerkstelligen. 2.
Vorrichtung nach Anspruch 1, wobei die Versorgungseinheit weiter eine
Einrichtung umfaBt zum 40     Einffhren des fillssigen Mediums aus Quellen
far die Ausgangsstoffe, das Reagenz und das Losemit- tel. 3. Vorrichtung
nach Anspruch 1, wobei jades der Reaktionsgefaile in der Reaktionseinheit
ein KUhlrohr (112A, 11 2B, 11 2C) zum KOhlen von Dampf einschlieBt. 45 4.
Vorrichtung nach Anspruch 1, wobei die aus jedem ReaktionsgefIB der
Reaktionseinheit herausfahren- den Stromungsleitung ein Leitungsfilter zum
Ablassen einer Reaktionsflfssigkeit daraus einschlielt. 5. Vorrichtung nach
Anspruch 1, wobei jedes ReaktionsgefaB in der Reaktionseinheit eine
Einrichtung zur 50     Erfassung von Kondensation einschllelt. 6.
Vorrichtung nach Anspruch 1, wobei jades ReaktionsgefAS der
Reaktionseinheit einen Kolben ein- schlieft, wobei die Kolben aller
Reaktionsgef&Be miteinander durch Stromungsleitungen far den Transport von
fllssigem Medium von einem ReaktionsgefaiB zum anderen verbunden sind. 55
7. Vorrichtung nach Anspruch 1, wobei jeder Mantel eines jeden
Reaktionsgeflies aulen mit einer Heizeinrichtung versehen ist. 20
I 1111111111111111111111111    EP 0 332 462 B1 & Vorrichtung nach Anspruch
1, wobel die Steuereinheit einen Rechner umfaft, der wilikOrlich gegebone,
spezielle Syntheseschritte und Bedingungen fOr jodon dieser Schritte
speichert. Revendlcatlons 5 1. Appareil automatique de synthese, qui
comporte une unit6 d'alimentation (6, 6) destinoe A transmettre des
matieres premibres, des reactifs et des solvants, une unite reactionnelle
(7, 7), une unit6 (10) d'alimentation on fluide de chauffage et de
refroidissement, un dispositif de r6duction et d'augmentation de pression,
divers dispositifs detecteurs, des canalisations de circulation ayant des
vannes, et une 10     unite de commande (1 & 5) comprenant un ordinateur,
l'unite d'alimentation comprenant: plusieurs reservoirs destines a contenir
les matieres promibres, les rdactifs et les solvants, des dispositifs
volumetriques et des capteurs de limito gaz-liquide, qui sont tous placds
dans les canalisa- tions de circulation afin qu'une quantitd dosee de
liquide soit transmise vers l'unite reactionnelle at un is     ballon
d'ajustement du pH, et l'unite reactionnelle comprenant: plusieurs
rdacteurs (RF1, RF2, RF11, RF12), des ballons (FR3, RF13) d'ajustement de
pH, une unite (103) d'extraction et de sechage, une unitd (101) de
poursuite de la reaction, une unite de purification (8A, 8B , 102, 103), ot
une unite de sechage par congelation (9), 20         chacun des reacteurs
comprenant un recipient dont la periphdrie exteme est recouverte d'une
double onveloppe permettant la circulation d'un fluide parmi des fluides de
chauffage et de refroidisse- ment, un agitateur logd a l'interieur du
recipient respectif, et des canalisations de circulation par lesquelles le
liquide pout tre transporte entre le recipient et les autres unitds, chacun
des ballons d'ajustement de pH compronant un recipient dont la peripherie
externe est 25     revtue d'une double enveloppe pormettant la circulation
d'un fluide parmi les fluides de chauffage et de refroidissoment, une
electrode de mesure du pH logdo a l'interieur du recipient respectif, et
des canalisations de circulation par lesquelles un liquide pout ftre
transporte entre lui et les autres unites, l'unifd d'extraction et de
sdchage comprenant un recipient de separation de liquide etlou un tube de
sechage, un reservoir de liquide ot des canalisations de circulation par
lesquelles le liquide pout Otre s0     transporte entre l'unite et les
autres unites, l'unite de poursuite de reaction compronant une unite HPLC,
un reservoir de liquide et des 



canalisations de circulation par lesquelles le liquide pout ftre transporte
entre l'unite et l'unite rdactionnelle, l'unite de purification comprenant
une unite HPLC etlou une unite CPU etlou un collecteur de 35     fractions,
un reservoir de liquide et des canalisations de circulation par lesquolles
le liquide pout 8tre transporte entre l'unitM of l'unife reactionnelle, et
l'unit6 de sechage par congelation comprenant un recipient de condensation
raccordd par une canalisation de circulation & l'unite de purification pour
la rtception d'un produit purifie, et un dispositif de sdchage par
congelation raccorde entre une canalisation de circuit au recipient de
condensation afin 40     qu'il regoive un produit condens6, l'ordinateur
dtant connecte aux vannes des canalisations de circulation, aux dispositifs
de detection et & des interrupteurs de manoeuvre des diverses unites par
l'intermediaire de cablages et d'une unite d'interface afin que, en
fonction de commandes transmises par l'ordinateur, les diverses unites et
lours elements constituants puissont 8tre mis on oouvre automatiquement
pour l'executlon de diverses 4f     r6actions de synthese. 2. Appareil
selon la revendication 1, dans lequel l'unite d'alimentation comporte en
outre un dispositif d'introduction du liquide a partir de sources de
matibres premieres, de reactif et de solvant. 50 & Appareil selon la
revendication 1, dans lequel chacun des reactours de l'unitW reactionnelle
comprend un tube de refroidissement (112A, 112B, 11 2C) destine & refroidir
une vapeur. 4. Appareil solon la revendication 1, dans loquel la
canalisation de circuit conduisant a l'exterieur de chaque reactour dans
l'unite reactionnelle pour l'evacuation d'un liquide reactionnel en
provenant 65     comprend un filtre place dans la canalisation. 5. Appareil
solon la revendication 1, dans loquol chaque reacteur de l'unite
reactlonnelle comprend un dispositif de detection de condensation. 21
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revendication 1, dans loquel chaque reacteur de I'unit6 reactionnelle
comporte un ballon, les ballons de tous les reacteurs etant raccord6s
mutuellement par des canalisations de circulation pour le transport du
liquide d'un r6acteur a un autre. s  7. Appareil selon la revendication 1,
dans lequel la double enveloppe placee I l'exterieur de chaque r6acteur a
un dispositif de chauffage. 8  Appareil selon la revendication 1, dans
lequel l'unite de commande comprend un ordinateur qui conserve des
procedures specifiques de synthese donnees arbitrairement et des conditions
pour 10     chacune des ces procedures. 20 25 30 36 40 45 6S 55    


