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SYNTHESIS PATH EVALUATION SYSTEM 
AND METHOD AND PROGRAM THEREOF 

TECHNICAL FIELD 

0001. This invention relates to a synthetic route evaluation 
system for extracting an optimal synthetic route from a plu 
rality of synthetic routes to synthetically produce a target 
compound, a synthetic route evaluation method thereof, and a 
synthetic route evaluation program thereof. 

BACKGROUND ART 

0002 To create a novel compound that is a constituent of 
a new medicine or the like, it is necessary to find synthetic 
routes used to synthetically produce the compound in a 
chemical plant or a laboratory. So far, a proposal for synthetic 
routes by use of computers has been regarded as an extremely 
difficult problem, and, even if the proposal can be carried out 
by the computers, determination of whether syntheses can be 
achieved by the routes proposed thereby has not been able to 
be made without actually performing experiments. 
0003 Roughly, the following three steps exist before syn 

thetically producing a target compound: 
(1) Step of proposing synthetic routes for the target com 
pound, 
(2) Step of selecting routes that enable synthesis from the 
proposed synthetic routes, and 
(3) Step of performing synthesis by use of the selected syn 
thetic routes. 

0004. These steps are repeatedly performed through a trial 
and error process, and an optimal synthetic route is finally 
selected. If such an optimal synthetic route cannot be 
selected, alongtime will be spent to synthetically produce the 
target compound, or costs will be raised, or, in the worst case, 
the target compound will not be synthetically produced. 
Therefore, it is very important to select optimal routes shown 
at Step (2) mentioned above. Herein, step (1) has been known 
as being able to be proposed by a cheminformatics-aided 
means. When new synthetic routes for a target compound are 
created, it is known that computers are used to analyze reac 
tion mechanisms (see Patent Documents 1 and 2). 
0005. However, a synthetic route is formed of a process 
having the flow: Select an appropriate synthesis starting 
substance->Allow the starting substance to react 
appropriately->Reach a target substance. When consider 
ation is paid to its reaction stage, several stages to tens of 
stages occur in most cases. For example, if ten-stage reactions 
are required to synthetically produce a target compound and 
if the number of reaction patterns at each stage is two, the 
number of synthetic routes is the 10th power of 2, i.e., 1024. 
It is step (2) where an optimal one is selected from among 
these synthetic routes. However, a method of performing this 
process with computers has not yet been invented. The reason 
is that whether a compound can be synthetically produced 
along synthetic routes has been regarded as being unable to be 
determined without actually performing experiments. 
0006. Therefore, under existing circumstances at the 
present time, step (2) is performed while relying on the 
knowledge and experience of a person who is called a syn 
thetic chemist. However, it is extremely difficult to select an 
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optimal one from the 1024 synthetic routes mentioned above 
even if the person is an experienced chemist. 

PRIOR ART DOCUMENTS 

Patent Documents 

0007 Patent Document 1: Japanese Published Unexam 
ined Patent Application No. 2002-262869 

0008 Patent Document 2: Japanese Published Unexam 
ined Patent Application No. 2004-119742 

BRIEF SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 
0009. Therefore, the present invention provides a syn 
thetic route evaluation system that is capable of proposing 
synthetic routes obtained by automatically ranking and nar 
rowing down a plurality of synthetic routes given for a target 
compound to be synthetically produced, provides a synthetic 
route evaluation method thereof, and provides a synthetic 
route evaluation program thereof. 

Means for Solving the Problems 
0010. To achieve the above-mentioned object, a synthetic 
route evaluation system which is an invention of claim 1 is 
characterized in that, in order to extract an optimal synthetic 
route from a plurality of synthetic routes for a target com 
pound to be synthetically produced, the synthetic route evalu 
ation system comprises an arithmetic processing means, 
which is composed of a quantum chemistry calculation unit, 
a reaction mechanism analysis unit, and a synthetic route 
ranking unit, and a storage means for storing data (hereinaf 
ter, referred to as synthetic route data) relative to the synthetic 
routes, wherein the synthetic route data is composed of struc 
ture data pairs the number of which is equal to the number of 
precursors from which the target compound can be syntheti 
cally produced, the structure data pairs being formed by cor 
relating structure data relative to the target compound and 
structure data relative to the plurality of starting compounds 
with each other, wherein the quantum chemistry calculation 
unit executes a step of reading the synthetic route data from 
the storage means, performing a calculation in Such a manner 
as to Substitute the structure data relative to the starting com 
pounds and the target compound into a structural optimiza 
tion function, and obtaining structure data relative to the 
starting compounds structurally optimized and structure data 
relative to the target compound structurally optimized; and a 
step of performing a calculation in Such a manner as to Sub 
stitute the structure data relative to the starting compounds 
structurally optimized and the structure data relative to the 
target compound structurally optimized into a synthetic-route 
transition state search function, and obtaining data relative to 
the presence or absence of a transition state in the synthetic 
routes and structure data relative to the transition state under 
the condition of the presence of the transition state; wherein 
the reaction mechanism analysis unit executes a step of set 
ting data relative to whether a transition State is present or 
absent in the synthetic routes as a key from the storage means, 
and, if a transition state is present, performing a calculation in 
Such a manner as to Substitute structure data relative to the 
transition state into an activation energy calculation function, 
and obtaining activation energy and/or reaction heat in the 
transition state; and wherein the synthetic route ranking unit 
executes a step of setting the activation energy and/or the 
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reaction heat calculated while being correlated with the plu 
rality of starting compounds as a key, and creating a data set 
in which the activation energy and/or the reaction heat are 
arranged in desired order along with the starting compounds 
and/or the target compound. 
0011. The invention of claim 2 is the synthetic route evalu 
ation system according to claim 1, and is characterized in that 
the quantum chemistry calculation unit executes a step of 
performing a calculation in Such a manner as to Substitute the 
structure data relative to the transition state into the structural 
optimization function and obtaining structure data relative to 
a transition state structurally optimized, and the reaction 
mechanism analysis unit performs a calculation in Such a 
manner as to Substitute the structure data relative to a transi 
tion state structurally optimized into the activation energy 
calculation function. 

0012. The invention of claim3 is the synthetic route evalu 
ation system according to claim 1 or claim 2, and is charac 
terized in that the arithmetic processing means includes a 
yield prediction unit, wherein the yield prediction unit 
executes a step of, if there is a yield prediction formula pre 
stored in the storage means, reading the yield prediction 
formula, then performing a calculation in Such a manner as to 
substitute the structure data pairs of the synthetic route data 
into the yield prediction formula, and obtaining a predicted 
yield of each starting compound, or executes a step of, if there 
is not a yield prediction formula pre-stored in the storage 
means, reading experimental data relative to a reaction simi 
lar to a reaction caused to synthetically produce a target 
compound from the starting compounds stored in the storage 
means, then analyzing the yield prediction formula by use of 
a result of the experimental data, then performing a calcula 
tion in Such a manner as to Substitute the structure data pairs 
of the synthetic route data into the analyzed yield prediction 
formula, and obtaining a predicted yield of the starting com 
pound, and wherein the synthetic route ranking unit executes 
a step of creating a data set in which activation energy and/or 
reaction heat calculated in correlation with the plurality of 
starting compounds is arranged in desired order along with 
the starting compounds and/or the target compound while 
setting the activation energy and/or the reaction heat as a key 
or setting the predicted yield as a key. 
0013 The invention of claim 4 is the synthetic route evalu 
ation system according to claim3, and is characterized in that 
the arithmetic processing means includes a side reaction pre 
diction unit, wherein the side reaction prediction unit 
executes a step of searching for data relative to a similar 
reaction pre-stored in the storage means while setting the 
target compound and the starting compounds as a key, and 
defining and constructing a reaction similar to a synthetic 
route relative to a combination of the target compound and the 
starting compounds as a side reaction, and wherein the Syn 
thetic route ranking unit executes a step of creating a data set 
in which activation energy and/or reaction heat calculated in 
correlation with the plurality of starting compounds or the 
predicted yield or the number of the side reactions is set as a 
key and is arranged in desired order along with the starting 
compounds and/or the target compound. 
0014. The invention of claim 5 is the synthetic route evalu 
ation system according to claim 4, and is characterized in that 
the arithmetic processing means includes a side reaction pre 
diction unit, wherein the side reaction prediction unit 
executes a step of searching for data relative to a similar 
reaction pre-stored in the storage means while setting the 
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target compound and the starting compounds as a key, and 
defining and constructing a reaction similar to a synthetic 
route relative to a combination of the target compound and the 
starting compounds as a side reaction, wherein the yield 
prediction unit executes a step of obtaining a predicted yield 
with respect to the target compound and the starting com 
pounds in the constructed side reaction, and wherein the 
synthetic route ranking unit executes a step of creating a data 
set in which activation energy and/or reaction heat calculated 
in correlation with the plurality of starting compounds, or the 
predicted yield or the number of the side reactions, or the 
predicted yield of the side reaction is set as a key and is 
arranged in desired order along with the starting compounds 
and/or the target compound. 
0015 The invention of claim 6 is the synthetic route evalu 
ation system according to any one of claim 1 to claim 5, and 
is characterized by further comprising an output means for 
outputting the data set created by the synthetic route ranking 
unit. 

0016. The invention of claim 7 is a synthetic route evalu 
ation method for, in order to extract an optimal synthetic route 
from a plurality of synthetic routes for a target compound to 
be synthetically produced while a computer performs each 
step, analyzing data (hereinafter, referred to as synthetic route 
data) relative to the synthetic routes, transition states halfway 
along the synthetic routes, and activation energy relative to 
the transition states and evaluating the optimal synthetic 
route, and the synthetic route evaluation method comprises a 
first quantum chemical calculation step of performing a cal 
culation in Such a manner as to Substitute structure data rela 
tive to the target compound included in the synthetic route 
data and structure data relative to a plurality of starting com 
pounds from which the target compound can be synthetically 
produced into a structure optimizing function and obtaining 
structure data relative to the starting compounds structurally 
optimized and structure data relative to the target compound 
structurally optimized; a second quantum chemical calcula 
tion step of performing a calculation in Such a manner as to 
Substitute the structure data relative to the starting compounds 
structurally optimized and the structure data relative to the 
target compound structurally optimized into a synthetic-route 
transition state search function and obtaining data relative to 
the presence or absence of a transition state in the synthetic 
routes and structure data relative to the transition state under 
the condition of the presence of the transition State; a reaction 
analysis step of setting data relative to whether a transition 
state is present or absent in the synthetic routes as a key, and, 
ifa transition state is present, performing a calculation in Such 
a manner as to Substitute structure data relative to the transi 
tion state into an activation energy calculation function, and 
obtaining activation energy and/or reaction heat in the tran 
sition state; and a synthetic route ranking step of setting the 
activation energy and/or the reaction heat calculated in cor 
relation with the plurality of starting compounds as a key and 
creating a data set in which the activation energy and/or the 
reaction heat is arranged in desired order along with the 
starting compounds and/or the target compound. 
0017. The invention of claim 8 is a synthetic route evalu 
ation program for, in order to extract an optimal synthetic 
route from a plurality of synthetic routes for a target com 
pound to be synthetically produced by use of a computer, 
analyzing data (hereinafter, referred to as Synthetic route 
data) relative to the synthetic routes, transition states halfway 
along the synthetic routes, and activation energy relative to 
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the transition states and evaluating the optimal synthetic 
route, and the synthetic route evaluation program allows the 
computer to perform a first quantum chemical calculation 
step of performing a calculation in Such a manner as to Sub 
stitute structure data relative to the target compound included 
in the synthetic route data and structure data relative to a 
plurality of starting compounds from which the target com 
pound can be synthetically produced into a structure optimiz 
ing function and obtaining structure data relative to the pre 
cursors structurally optimized and structure data relative to 
the target compound structurally optimized; a second quan 
tum chemical calculation step of performing a calculation in 
Such a manner as to Substitute the structure data relative to the 
starting compounds structurally optimized and the structure 
data relative to the target compound structurally optimized 
into a synthetic-route transition state search function and 
obtaining data relative to the presence or absence of a transi 
tion state in the synthetic routes and structure data relative to 
the transition state under the condition of the presence of the 
transition state; a reaction analysis step of setting data relative 
to whether a transition state is present or absent in the Syn 
thetic routes as a key, and, if a transition state is present, 
performing a calculation in Such a manner as to Substitute 
structure data relative to the transition state into an activation 
energy calculation function, and obtaining activation energy 
and/or reaction heat in the transition State; and a synthetic 
route ranking step of setting the activation energy and/or the 
reaction heat calculated in correlation with the plurality of 
starting compounds as a key and creating a data set in which 
the activation energy and/or the reaction heat is arranged in 
desired order along with the starting compounds and/or the 
target compound. 

Effects of the Invention 

0018. In the synthetic route evaluation system of the 
present invention, synthetic routes from a plurality of existing 
starting compounds to a target compound can be evaluated by 
use of a quantum chemistry calculation result or a reaction 
analysis result when new or already-known compounds are 
synthesized. Additionally, the synthetic routes can be ranked 
in desired order based on an evaluation thereof. Therefore, an 
optimal synthetic route can be extracted, and can be obtained 
without newly performing experiments, and a development 
time for synthetic routes can be remarkably shortened, and, at 
the same time, development cost can be reduced. Addition 
ally, a synthetic chemist who has expert knowledge is not 
necessarily needed, and the number of experiments can be 
reduced, and an environment-friendly new compound, Such 
as a new medicine, can be synthetically produced Swiftly and 
safely. 
0019. Additionally, especially in the invention of claim 2, 
structure data relative to a transition state optimized can be 
used, and therefore activation energy and/or reaction heat can 
be calculated for the same calculation time with higher accu 
racy or for a shorter calculation time with the same accuracy. 
0020. Additionally, especially in the invention of claim 3, 

it is possible to calculate not only activation energy and/or 
reaction heat but also a predicted yield of each starting com 
pound for a target compound, and therefore an optimal Syn 
thetic route can be extracted while considering many more 
factors. 
0021. Especially in the inventions of claim 4 and claim 5, 
an optimal synthetic route can be calculated while consider 
ing many more factors including a side reaction prediction. 
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0022. In the inventions of claims 7 and 8, the invention of 
claim 1 is defined as a method invention and as a program 
invention performed by use of a computer, respectively, and, 
synthetic routes from a plurality of existing starting com 
pounds to a target compound can be evaluated in the same 
way as in the synthetic route evaluation system, and, at the 
same time, the synthetic routes can be ranked in desired order 
based on an evaluation thereof. Therefore, an optimal Syn 
thetic route can be extracted, and can be obtained without 
newly performing experiments, and a development time for 
synthetic routes can be remarkably shortened, and, develop 
ment cost can be reduced. Additionally, a synthetic chemist 
who has expert knowledge is not necessarily needed, and the 
number of experiments can be reduced, and an environment 
friendly new compound. Such as a new medicine, can be 
synthetically produced swiftly and safely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a schematic view of a synthetic route 
evaluation system according to an embodiment of the present 
invention. 
0024 FIG. 2 is a functional schematic view of the syn 
thetic route evaluation system according to the embodiment. 
0025 FIG. 3 is a process flowchart of the synthetic route 
evaluation system according to the embodiment. 
0026 FIG. 4 is a process flowchart of a synthetic route 
input/output function of an arithmetic processing device of 
the synthetic route evaluation system according to the 
embodiment. 
0027 FIG. 5 is a conceptual diagram of synthetic route 
data showing the relationship between a target compound 
(product) and starting compounds (reactants). 
0028 FIG. 6 is a conceptual diagram of synthetic route 
data in a Dieckmann condensation reaction. 
0029 FIG. 7 is a conceptual diagram of synthetic route 
data in a Dieckmann condensation reaction. 
0030 FIG. 8 is a conceptual diagram of the output of 
synthetic routes, which have been ranked, for a target com 
pound. 
0031 FIG. 9 is a process flowchart of a reaction analysis 
function of the arithmetic processing device of the synthetic 
route evaluation system according to the embodiment. 
0032 FIG. 10 is a conceptual diagram of a calculation 
input file of a product obtained at a first stage of a synthetic 
route in the Dieckmann condensation reaction. 
0033 FIG. 11 is a three-dimensional conceptual diagram 
of the calculation input file of the product obtained at the first 
stage of the synthetic route in the Dieckmann condensation 
reaction. 
0034 FIG. 12 is a conceptual diagram showing an archive 
part of a file of quantum chemistry calculation result data of 
the product obtained at the first stage of the synthetic route in 
the Dieckmann condensation reaction. 
0035 FIG. 13 is a conceptual diagram that visualizes one 
of two pieces of reaction analysis data at a second stage of the 
synthetic route in the Dieckmann condensation reaction. 
0036 FIG. 14 is a conceptual diagram that visualizes the 
other one of the two pieces of reaction analysis data at the 
second stage of the synthetic route in the Dieckmann conden 
sation reaction. 
0037 FIG. 15 is a process flowchart of a quantum chem 
istry calculation function of the arithmetic processing device 
of the synthetic route evaluation system according to the 
embodiment. 
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0038 FIG. 16 is a process flowchart of a reaction yield 
prediction function in a yield prediction unit of the arithmetic 
processing device of the synthetic route evaluation system 
according to the embodiment. 
0039 FIG. 17 is a process flowchart of a side reaction 
prediction function in a side reaction prediction unit of the 
arithmetic processing device of the synthetic route evaluation 
system according to the embodiment. 
0040 FIG. 18 is a process flowchart of a synthetic route 
ranking function in a synthetic route ranking unit of the arith 
metic processing device of the synthetic route evaluation 
system according to the embodiment. 
0041 FIG. 19 is a conceptual diagram showing data rela 

tive to Supplementary items that are added during processing 
of the synthetic route ranking function in the arithmetic pro 
cessing device of the synthetic route evaluation system 
according to the embodiment. 

0042 1... Synthetic route evaluation system 
0043. 2... Input device 
0044 3... Arithmetic processing device 
0045 4... First storage device 
0046 5... Second storage device 
0047 6... Output device 
0048 7... Quantum chemistry calculation unit 
0049 8... Reaction mechanism analysis unit 
0050. 9... Yield prediction unit 
0051 10... Side reaction prediction unit 
0.052 11... Synthetic route ranking unit 
0053 15... Synthetic route data 
0054) 15a ... User synthetic route data 
0055 15b ... SRDS synthetic route data 
005.6 16 . . . Reaction analysis result data 
0057. 17. . . Predicted yield data 
0058. 18. . . Predicted side reaction data 
0059 19... Supplementary item data 
0060 20... Route ranking data 
0061 20a . . . Already-ranked synthetic route group 
0062) 25... Experimental data 
0063. 25a ... Outside experimental data 
0064. 26...Quantum chemistry calculation result data 
0065 26a. . . . Quantum chemistry calculation result 
data 

0066. 27... Yield prediction formula data 
0067 28 . . . Calculation input data 
0068. 29 . . . Reactant 
0069. 30... Reactant 
0070 31... Product 
(0071 32 ... Reactant 
0072 33 . . . Calculation input data structure 
(0073. 34... Nitrogen atom 
(0074 35... Oxygenatom 
0075 36 . . . Carbon atom 
(0076) 37... Hydrogen atom 
0077 41 ... Data calculation result file structure 
0078 42... First transition state 
0079 42a . . . Activation energy 
0080. 43 . . . Second transition state 
I0081. 43a . . . Activation energy 
0082) 44 . . . Third transition state 
I0083 44a . . . Activation energy 
0084. 45... First transition state 
I0085 45a . . . Activation energy 
0.086 46 ... Second transition state 
I0087. 46a . . . Activation energy 

May 5, 2011 

0088 47 ... Third transition state 
0089 47a . . . Activation energy 
0090 48 . . . Fourth transition state 
0.091 48a . . . Activation energy 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0092. With reference to FIG. 1 to FIG. 19, a description 
will be hereinafter given of a synthetic route evaluation sys 
tem, a synthetic route evaluation method, and a synthetic 
route evaluation program according to a most preferred 
embodiment of the present invention. 
(0093 FIG. 1 is a schematic view of the synthetic route 
evaluation system according to the embodiment. In FIG. 1, 
the synthetic route evaluation system 1 according to the 
embodiment is composed of five constituents, i.e., an input 
device 2, an arithmetic processing device 3, a first storage 
device 4, a second storage device (database) 5, and an output 
device 6. 
0094. First, various pieces of data are input from the input 
device 2, are then processed in the arithmetic processing 
device 3, and are stored in the first storage device 4 serving as 
a main storage device that is capable of temporarily storing 
data and in the second storage device (data base) 5 that is 
capable of persistently storing data. Data stored therein are 
also read and processed by each constituent of the arithmetic 
processing device 3. Data obtained by being processed by the 
arithmetic processing device 3 are displayed by the output 
device 6 or is output to an external device. 
0.095 Specifically, the input device 2 is any one of or any 
combination of a plurality of kinds of devices, i.e., a key 
board, a mouse, a pen tablet, an optical or magnetic reader, 
and a receiver that receives data via a communication line 
from, for example, an analyzer or a measuring device such as 
a computer. 
0096. The arithmetic processing device 3 is composed of a 
quantum chemistry calculation unit 7, a reaction mechanism 
analysis unit 8, a yield prediction unit 9, a side reaction 
prediction unit 10, and a synthetic route ranking unit 11. 
0097. The first storage device 4 is a storage device that 
stores synthetic route data15, reaction analysis result data 16, 
predicted yield data 17, predicted side reaction data 18, 
Supplementary item data 19, and route ranking data 20, 
whereas the second storage device 5 is a storage device that 
stores experimental data 25, quantum chemistry calculation 
result data 26, and yield prediction formula data 27. 
0.098 Specifically, a CRT, liquid crystal, plasma, or 
organic EL, etc., display device, a display device of, for 
example, a printer, or a signal sending device, such as a 
transmitter, for sending signals toward an external device can 
be used as the output device 6. 
0099 Next, with reference to FIG. 2 and FIG. 3 in addi 
tion, a description will be given of the function of the arith 
metic processing device 3 and the flow of data processed by 
the arithmetic processing device 3. 
0100 FIG. 2 is a functional schematic view of the syn 
thetic route evaluation system according to the embodiment. 
In FIG. 2, each part enclosed by a dotted line is each constitu 
ent of the arithmetic processing device 3 of the synthetic route 
evaluation system 1 shown in FIG. 1, and a function that can 
be fulfilled by each constituent is shown in each part enclosed 
thereby. FIG. 3 is a process flowchart of the synthetic route 
evaluation system according to the embodiment. 
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0101. A synthetic route input/output function in FIG. 2 is 
a function that can be fulfilled by the whole of the synthetic 
route evaluation system 1, and, more specifically, it is a func 
tion that can be first fulfilled when the system is operated as 
shown in FIG. 3. 
0102. In the synthetic route evaluation system 1 according 

to the embodiment, the synthetic route input/output function 
of the arithmetic processing device 3 is first used, and data 
relative to synthetic routes is input from the input device 2 so 
as to be stored in the first storage device 4 as shown in step S1 
of FIG. 3. More specifically, as shown in FIG. 2, user syn 
thetic route data 15a and SRDS synthetic route data 15b are 
input via the input device 2, and are stored in the first storage 
device 4 in the form of synthetic route data 15. Herein, the 
term “SRDS is an abbreviation of Synthesis Routes Design 
ing System, and denotes a system that has already been put to 
practical use. In the SRDS, generally, a plurality of synthetic 
routes can be proposed, and are, however, increased in num 
ber in geometric progression if a reaction is considered in a 
multistage manner, and therefore there is a case in which a 
synthetic chemist will hesitate to make a selection from the 
synthetic routes even if the synthetic chemist is an experi 
enced one. In other words, in a case in which a target synthetic 
Substance is synthetically produced not by one reaction for 
mula (single stage) but by a plurality of reaction formulas 
(multiple stages), a synthetic route can exist for each reaction, 
and therefore combinations thereof will be brought into a 
geometric-progression increase. 
0103. In the embodiment according to the present inven 

tion, user synthetic route data 15a set by a user of the synthetic 
route evaluation system 1 according to the embodiment of the 
claimed invention and SRDS synthetic route data 15b that can 
be created by the SRDS are both input via the input device 2 
in the form of synthetic route data 15, and an analysis is 
performed using this data. 
0104. A detailed process flow in step S1 will be described 
with reference to FIG. 4. FIG. 4 is a process flowchart of the 
synthetic route input/output function in the arithmetic pro 
cessing device of the synthetic route evaluation system 
according to the embodiment. In FIG. 4, at step S1-1 of 
determining whether synthetic routes are input or output, an 
automatic determination can be made by judging the timing 
of processing or the presence or absence of synthetic route 
data 15 to be output. In other words, for example, after start 
ing the synthetic route evaluation system 1, synthetic route 
data 15 does not exist from that timing, and therefore it can be 
determined that synthetic routes are input, whereas there is a 
need to output synthetic route data 15 together with analysis 
results of a quantum chemical calculation, a reaction mecha 
nism analysis, or an analysis of a yield prediction or of a side 
reaction prediction at the timing after completing these analy 
ses, and therefore it can be determined that synthetic routes 
are output. 
0105. At step S1-2, a question about an input method of 
user synthetic route data is posed. It is possible to use two 
input methods, i.e., a method in which data is directly input by 
a user and a method in which data is input from the above 
mentioned SRDS. This question is shown on a display of the 
output device 6, and can be input by the input device 2. If data 
is directly input by the user, the process proceeds to step S1-3, 
at which user synthetic route data 15a is input via the input 
device 2, such as a keyboard or a tablet, and, if it is selected 
that data is input from the SRDS, the input device 2 of the 
synthetic route evaluation system 1 is connected to the SRDS 
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at step S1-4, and then SRDS synthetic route data 15b is 
received at step S1-5. The “connection of the input device 2 to 
the SRDS” denotes that an electrical connection for calling up 
information is made, and a wait for the information is per 
formed in a state in which pieces of hardware. Such as cables, 
have already been connected. 
0106. In either input method, the synthetic route data is 
provided in the form of a binary data type showing a route 
group indicated by the following two-dimensional structure. 
Herein, as shown in FIG. 5, an example of the synthetic route 
data by the SRDS of 5-Benzyl-5-aza-spiro[2.4]heptane 4.7- 
dione is mentioned as the example. 
0107 FIG. 5 is a conceptual diagram of synthetic route 
data showing the relationship between a target compound 
(product) and starting compounds (reactants). A structure is 
shown in which first reactants 32 that are starting compounds 
are disposed around a product 31 expressed as 5-Benzyl-5- 
aza-spiro[2.4 heptane 4.7-dione. If routes along which the 
product 31 is synthetically produced from these reactants 32 
are classified according to the reaction type, there are three 
routes (paths) of A) a reaction of Pyrrolidone construction 
type, B) a reaction of 3-membered ring construction type, and 
C) a reaction of Ketone synthesis type as shown in FIG. 5. 
Synthetic route data 15 is formed as combinations of the 
target compound (product 31) and the plurality of starting 
compounds (reactants 32) used to synthetically produce the 
target compound. In the synthetic route data 15 shown in FIG. 
5, ten reactants 32 exist with respect to the one product31, and 
the data is composed often structure data pairs resulting from 
combinations of the product 31 and the reactants 32. The 
“structure data pair will be hereinafter referred to simply as 
“structure data' if necessary. 
0.108 FIG. 6 shows an example of user synthetic route data 
relative to routes to generate reactants of a Dieckmann con 
densation reaction among the ten routes of FIG. 5. 
0109 User synthetic route data 15a and SRDS synthetic 
route data 15b that have been input or received are resolved 
into elementary reaction routes as shown in step S1-6 of FIG. 
4. Based on the user synthetic route data 15a and the SRDS 
synthetic route data 15b that have been input, the elementary 
reaction routes are automatically resolved, are then output to 
the first storage device 4 as synthetic route data15 (step S1-7), 
and are stored therein. As shown in FIG.7, the synthetic route 
data 15 is stored in the form of a binary data type showing an 
elementary reaction group for each route shown by a two 
dimensional structure. FIG. 7 is a conceptual diagram of 
synthetic route data in a Dieckmann condensation reaction 
shown as the example. Information (synthetic route data 15) 
relative to the elementary reaction routes of the resolved 
synthetic routes may be displayed on the output device 6 for 
user convenience or may be output to an external device. 
0110. In FIG. 7, when a product 31 is synthetically pro 
duced, it is understood that there are two routes, i.e., a route in 
which a third reactant 32 is first synthetically produced from 
a first reactant 30, and then the product 31 is synthetically 
produced from the third reactant 32 as shown at Step 1-1, and 
a route in which a third reactant 32 is synthetically produced 
from a second reactant 29, and then the product 31 is syn 
thetically produced from the third reactant 32 as shown at 
Step 1-2. Therefore, even if the data is synthetic route data 15 
expressed by combining the product 31 and the reactants 32 
together as shown in FIG. 5, it is important to recognize the 
possibility that a plurality of routes will be generated while 
resolving the data into elementary reactions, and the reason 
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for the existence of step S1-6 mentioned above will be under 
stood. Herein, the term "elementary reaction denotes a reac 
tion shown by an arrow (->) of, for example, in FIG. 7. 
Step1-1 is composed of three elementary reactions, and 
Step 1-2 is composed of five elementary reactions. 
0111. An example of a method of resolving the synthetic 
route data 15 into elementary reactions is carried out in such 
a manner that data (elementary reaction data) relative to 
elementary reactions are pre-registered in a data base, are 
then read from the database, are then compared and collated, 
and are resolved into elementary reactions included in the 
synthetic route data15. Ifuser synthetic route data 15a, SRDS 
synthetic route data 15b, etc., are pre-resolved into data for 
each elementary reaction, data resolved into elementary reac 
tions are included in the synthetic route data 15 without 
changes, and therefore step S1-6 may be removed. 
0112 The accuracy of an analysis relative to synthetic 
routes can be heightened by resolving data into elementary 
reactions. 

0113. On the other hand, the output of synthetic routes is 
shown in detail in step S1-8 to step S1-10 of FIG. 4 although 
that is also shown in step S8 of FIG.3. In this case, the process 
proceeds from step S1-1 to step S1-8, and the arithmetic 
processing device 3 reads and obtains the synthetic route data 
15 stored in the first storage device 4. Likewise, route ranking 
data 20 stored in the first storage device 4 is read and obtained 
at step S1-9. Thereafter, at step S1-10, the arithmetic process 
ing device 3 displays the synthetic route data 15 and the route 
ranking data 20 obtained therefrom on the output device 6, or 
outputs these data to an external device. The synthetic route 
data 15 mentioned here denotes data relative to routes already 
ranked by Some factors. 
0114 FIG. 8 is a conceptual diagram of the output of 
synthetic routes, which have been ranked, for a target com 
pound. In FIG. 8, a target compound (product31) is shown on 
the left, and starting compounds (reactants 32) used to Syn 
thetically produce this target compound are shown as RANK 
1 to RANK 4, respectively. In FIG. 8, ranking is repre 
sented as, for example, points, and a route having the highest 
number of points is regarded as the best route. A user of the 
synthetic route evaluation system 1 according to the embodi 
ment of the present invention can browse data relative to each 
calculation result based on which ranking points are deter 
mined, i.e., can browse reaction analysis data (Eng.: reaction 
heat of entire routes), predicted yield data (Yield: predicted 
yields), predicted side reaction data (S-reac.: number of pre 
dicted side reactions), etc., in addition to confirmation of the 
output of the ranking points as shown in FIG.8. 
0115 Therefore, the user can select a presumably optimal 
route while comprehensively considering these pieces of data 
without being influenced by ranking points. Data is output in 
the form of a binary data type that shows synthetic route 
groups shown by a two-dimensional structure to which rank 
ing points have been added as shown in FIG.8. In FIG. 8, the 
output of an already-ranked route of 5-Benzyl-5-aza-spiro2. 
4 heptane 4.7-dione is shown as an example. 
0116. The arithmetic processing device 3 stores supple 
mentary item data 19 input from the input device 2 in the first 
storage device 4 while using the synthetic route input/output 
function. This supplementary item data 19 is data relative to 
Supplementary items for the evaluation of a ranking order that 
is used when the synthetic route ranking unit 11 fulfills a 
synthetic route ranking function (see FIG. 2). 
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0117 Referring back to FIG. 1 to FIG.3 and referring to a 
new process flowchart, a description will be hereinafter given 
of each analysis performed in the arithmetic processing 
device 3 of the synthetic route evaluation system 1 although, 
as above, a description has been given of the input of the user 
synthetic route data 15a and the SRDS synthetic route data 
15b to the synthetic route evaluation system 1 and the data 
output after completing an analysis while placing a central 
focus on the input function and the output function of the 
synthetic route input/output function of the arithmetic pro 
cessing device 3. 
0118 Synthetic route data 15 is stored in the first storage 
device 4 at step S1 of FIG.3, and then the reaction mechanism 
analysis unit 8 can fulfill the reaction analysis function at step 
S2. A quantum chemistry calculation function described later 
is included in the reaction analysis function shown at Step S2 
of FIG. 3. 

0119 The reaction mechanism analysis unit 8 of the arith 
metic processing device 3 of FIG. 2 executes a process flow 
shown in FIG. 9. FIG. 9 is a process flowchart of the reaction 
analysis function in the arithmetic processing device of the 
synthetic route evaluation system according to the embodi 
ment. 

I0120 First, the reaction mechanism analysis unit 8 reads 
synthetic route data15stored in the first storage device 4 (step 
S2-1), and searches for the presence or absence of elementary 
reaction routes, which have not been evaluated, among 
elementary reactions included in the synthetic route data 15 
(step S2-2). The "evaluation” mentioned here denotes that 
data corresponding to the quantum chemistry calculation 
result data 26 and the reaction analysis result data 16, which 
can be obtained through step S2-3 and steps Subsequent to 
step S2-3, have already been obtained. Therefore, if elemen 
tary reaction routes that have not been evaluated do not exist 
at step S2-2, the process proceeds directly to End, and the 
process flow relative to the reaction analysis function at Step 
S2 is completed. 
I0121 On the other hand, if elementary reaction routes that 
have not been evaluated exist, the process proceeds to step 
S2-2, at which a quantum chemical calculation and a reaction 
analysis are performed, and quantum chemistry calculation 
result data 26 and reaction analysis result data 16 are 
obtained. 
I0122) Referring to FIG. 2 and FIG.9 to FIG. 17, a descrip 
tion will be hereinafter given of the reaction analysis function 
(step S2 of FIG. 3) that can be fulfilled by the reaction mecha 
nism analysis unit 8 and the quantum chemistry calculation 
unit 7. 
I0123. In FIG.9, if elementary reaction routes that have not 
been evaluated exist at step S2-2, the reaction mechanism 
analysis unit 8 of the arithmetic processing device 3 creates a 
structure data pair of the product31 and the reactant 32 in the 
elementary reaction route that have not been evaluated and 
structure data (transition state structure data) relative to a 
transition state in this elementary reaction route from the 
synthetic route data 15 previously read from the first storage 
device 4. This transition state structure data is created by 
using the structure data pair consisting of the product 31 and 
the reactant 32 regardless of the presence or absence of a 
transition state in the elementary reaction route. For example, 
a mean value is taken from structure data about the product31 
and the reactant 32, and is employed as transition State struc 
ture data. There is another conceivable method in which aver 
aging is achieved by weighting a component of each structure 
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data without employing a mean value. In other words, based 
merely on a structural calculation, temporary structure data is 
calculated without determining whether a transition state 
exists in an elementary reaction route. A calculation for a 
transition-state-similar structure or for optimizing a structure 
to a transition state is performed by using Such transition state 
structure data as described later. 
0.124. The creation of calculation input data at step S2-3 
denotes that two-dimensional synthetic route data 15 is con 
Verted into three-dimensional data in order to perform a quan 
tum chemical calculation or that a computer fixes an appoint 
ment in conformity with a calculation environment when a 
quantum chemical calculation is performed. 
0.125. In the reaction analysis function fulfilled in the reac 
tion mechanism analysis unit 8, data relative to synthetic 
routes for performing a reaction analysis is obtained, and all 
elementary reaction routes that have not been evaluated are 
Subjected to reaction analysis processing. Calculation input 
data 28 relative to structure data about the product 31, about 
the reactants 32, and about the transition state is created in an 
ASCII form in which keyword groups (data) necessary for 
three-dimensional structure coordinates and quantum chemi 
cal calculations are recorded. For example, wave function 
kind data (RHF, B3LYP, MP2, etc.) used for a quantum 
chemical calculation, base function kind data (6-31 G*, 
LANL2DZ. etc.), and calculation type data (structural opti 
mization, structural optimization to a transition state, an 
oscillation calculation, a mere energy calculation, etc.) are 
included in the keyword groups (data) necessary for a quan 
tum chemical calculation. 

0126 FIG. 10 shows a calculation input data structure 33 
of a calculation input file of ethyl 1-(N-((ethoxycarbonyl) 
methyl)-N-benzylcarbamoyl) cyclopropa necarboxylate, 
which is a product in the first stage of a Dieckmann conden 
sation route, as an example of the calculation input data 28. 
0127. In FIG. 10, atomic symbols are shown on the 
extreme left, and three pieces of data on the right thereof 
respectively show coordinate points on the orthogonal coor 
dinates based on a three-dimensional structure. The order 
from above is based on the order (number) of atoms arbi 
trarily specified by a user. Therefore, this order is not fixed, 
and may be appropriately determined by the user. The above 
mentioned keyword group (data) necessary for a quantum 
chemical calculation is shown at the uppermost row. More 
specifically, “b3lyp’ designates wave function data, and 
“6-31 g designates base function kind data. Additionally, 
“opt” designates data for a structural optimization calcula 
tion. 
0128 FIG. 11 is a conceptual diagram that three-dimen 
sionally shows the calculation input data structure 33 of the 
calculation input file of the product in the first stage of the 
synthetic route in the Dieckmann condensation reaction 
shown in FIG. 10. In FIG. 11, reference numerals 34,35, 36, 
and 37 designate a nitrogen atom 34, an oxygen atom 35, a 
carbon atom 36, and a hydrogen atom 37, respectively. 
0129. Created calculation input data 28 is transmitted 
from the reaction mechanism analysis unit 8 to the quantum 
chemistry calculation unit 7 at step S2-4, and a calculation is 
performed by the quantum chemistry calculation unit 7 that 
has received the calculation input data 28 at step S2-5. 
0130. When the calculation performed by the quantum 
chemistry calculation unit 7 is completed, the quantum chem 
istry calculation unit 7 forms a calculation result file includ 
ing the quantum chemistry calculation result data 26. The 
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quantum chemistry calculation result data 26 is created in an 
ASCII form including the output of a halfway calculation 
process and the like. An example of this quantum chemistry 
calculation result data 26 is shown in FIG. 12. FIG. 12 is a 
conceptual diagram showing an archive part of the file of the 
quantum chemistry calculation result data of the product in 
the first stage of the synthetic route in the Dieckmann con 
densation reaction. 

I0131 The quantum chemistry calculation result data 26 is 
stored in the second storage device 5 by the quantum chem 
istry calculation unit 7 as shown in FIG. 1. 
0.132. Thereafter, the quantum chemistry calculation unit 
7 reads the quantum chemistry calculation result data 26 
obtained as a result of a calculation from the second storage 
device 5, and checks whether the transition state of a reaction 
exists in the elementary reaction route by use of calculation 
result data relative to transition states included in the quantum 
chemistry calculation result data 26 (step S2-7). If a transition 
state exists, an activation energy value and reaction heat in 
this transition state are calculated by use of calculation result 
data relative to transition states included in the quantum 
chemistry calculation result data 26, calculation result data 
relative to reactants, and calculation result data relative to 
products (step S2-8), and are output as reaction analysis result 
data 16 (step S2-10). 
I0133) If a transition state does not exist, the quantum 
chemistry calculation unit 7 regards this reaction as not pro 
gressing, and allows the output device 6 to output a signal 
showing that the reaction does not progress in the reaction 
analysis result data, and transmits information to a user by 
displaying its contents (step S2-9). 
I0134. The reaction analysis result data 16 output there 
from is stored in the first storage device 4 in a table form. Data 
relative to two reaction analysis results corresponding to the 
first stage of Dieckmann condensation is shown in Table 1 as 
an example of this reaction analysis result data 16. Step-1 and 
Step-2 included in Table 1 are common to the steps shown in 
FIG. 7, respectively. Reaction analysis result data 16 relative 
to each step is shown in Table 1. Num designates a number to 
specify a transition state, Level designates a combination of 
the base function and the kind of the wavefunction used when 
a quantum chemical calculation is performed, Reac a.u. 
designates a value shown in each atom of all energy of the 
reactants 32, Prod a.u. designates a value shown in each 
atom of all energy of the product 31, Eakcal/mol designates 
the activation energy of each transition state, and AE kcal/ 
mol designates reaction heat before and after a transition 
State. 

0.135 Table 1 
0.136 FIG. 13 is a conceptual diagram obtained by visu 
alizing Step-1 of Table 1 of two pieces of reaction analysis 
data in the second stage of the synthetic route in a Dieckmann 
condensation reaction, and likewise, FIG. 14 is a conceptual 
diagram obtained by visualizing Step-2 of two pieces of reac 
tion analysis data in the second stage of the synthetic route in 
a Dieckmann condensation reaction. 

0.137 The figure shows the fact that there are three transi 
tion states, i.e., a first transition state 42, a second transition 
state 43, and a third transition state 44 in the elementary 
reaction route shown at Step-1 as also shown in Table 1, and 
the activation energy in each transition state is represented as 
activation energy 42a, activation energy 43a, and activation 
energy 44a in FIG. 13. 
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0138 Likewise, the figure shows the fact that there are 
four transition states, i.e., a first transition state 45, a second 
transition state 46, a third transition state 47, and a fourth 
transition state 48 in the elementary reaction route shown at 
Step-2 as shown in Table 1, and the activation energy in each 
transition state is represented as activation energy 45a, acti 
Vation energy 46a, activation energy 47a, and activation 
energy 48a in FIG. 14. 
0.139. The above-mentioned reaction analysis is per 
formed about all elementary reaction routes, and the reaction 
analysis function is ended. 
0140. As above, a description has been given of the reac 
tion analysis function in the reaction mechanism analysis unit 
8 of the synthetic route evaluation system 1 according to the 
embodiment with reference to the process flowchart of FIG. 
9. Next, a description will be provided of the quantum chem 
istry calculation function shown in step S2-5 of FIG. 9 with 
reference to FIG. 15. 
0141 FIG. 15 is a process flowchart of the quantum chem 
istry calculation function in the arithmetic processing device 
of the synthetic route evaluation system according to the 
embodiment. Processing with the quantum chemistry calcu 
lation function is performed in the quantum chemistry calcu 
lation unit 7 of the arithmetic processing device 3. At step 
S2-4 of FIG.9, the quantum chemistry calculation unit 7 that 
has received a transmission of the calculation input data 28 
from the reaction mechanism analysis unit 8 reads calculation 
type data, coordinate data relative to the structure of the 
reactants 32 and that of the product 31 at step T1, and level 
data from the calculation input data 28. As described above, 
the calculation type data is data relative to whether to perform 
calculations, such as an oscillation calculation or an energy 
calculation, in addition to a calculation relative to structural 
optimization or a calculation relative to the transition state 
search function. The level data is data in which the wave 
function data and the base function data mentioned above are 
combined with each other. 
0142. At step T2, while referring to the level data and the 
coordinate data relative to the structure of the reactants 32 and 
that of the product 31 read at step T1 as a key, the quantum 
chemistry calculation unit 7 searches whether data has 
already been stored in the second storage device 5 as quantum 
chemistry calculation result data 26a having a similar opti 
mized structure. If a similar optimized structure is found by 
this search, the quantum chemistry calculation unit 7 reads 
the quantum chemistry calculation result data 26a relative to 
the similar optimized structure from the second storage 
device 5, and inputs the data to itself (step T3). 
0143. This quantum chemistry calculation result data 26a 
takes a data structure having a table form, and is stored in the 
second storage device 5. An example of the quantum chem 
istry calculation result data 26a relative to a Dieckmann con 
densation reaction is shown in Table 2. Likewise, the same 
data as the calculation input data 28 is included in the quan 
tum chemistry calculation result data 26a. 
0144 Table 2 
0145. Furthermore, the quantum chemistry calculation 
unit 7 calculates a difference between the structure of a reac 
tant to execute the structural optimization included in the 
calculation input data 28 and the optimized structure of a 
similar reactant included in the quantum chemistry calcula 
tion result data 26a, and searches and recognizes its differ 
ence structure, i.e., the structure of a Substituent (step T4). 
This difference is recognized by a difference in the number/ 

May 5, 2011 

type of atoms that are constituents of reactants included in the 
calculation input data 28 and in the quantum chemistry cal 
culation result data 26a and by a difference in a connective 
relationship. 
0146 If the quantum chemistry calculation unit 7 recog 
nizes a Substituent lacking in a similar optimized structure at 
step T4, this Substituent is given to the similar optimized 
structure (step T5). The number of substituents lacking 
therein is not limited to one, and is two or more in some cases. 
If the substituent is given, a part to which this substituent has 
been given will not have an optimized structure, and therefore 
only this part will be optimized. Accordingly, a difference 
with the optimized structure of the similar reactant is calcu 
lated, and, as a result, an analysis can be performed by giving 
a substituent, and therefore a very efficient analysis becomes 
possible. 
0147 Therefore, at step T6, the quantum chemistry calcu 
lation unit 7 fixes parts other than the part to which the 
Substituent has been given as non-structurally-optimized 
parts, and specifies the part to which the substituent has been 
given as a structurally optimized part, and executes partial 
structural optimization by use of the structural optimization 
function built into the quantum chemistry calculation unit 7 
(step T7). 
0.148. The structure of atoms in the part to which the sub 
stituent has been given is optimized by performing a partial 
structural optimization calculation. The structural optimiza 
tion is achieved by repeatedly performing an SCF (Self Con 
sistent Field) calculation for obtaining all energy of the struc 
ture and an operation for changing the structure. The SCF 
calculation is a general method for a quantum chemical cal 
culation performed to obtain all energy of the structure by use 
of a wave function and a base function. While calculating all 
energy with respect to a plurality of structures, a local mini 
mum point of energy is calculated according to an energy 
gradient method based on a Newton algorithm, a Monte Carlo 
algorithm, etc. Optimization is achieved when this local mini 
mum point is reached. In other words, the structural optimi 
zation calculation denotes the performance of the SCF calcu 
lation mentioned above, and the function for performing this 
series of calculations is called a structural optimization func 
tion in this claimed invention. 
014.9 Thereafter, at step T9, the quantum chemistry cal 
culation unit 7 reads calculation type data included in the 
calculation input data 28, and draws a distinction between the 
calculation types. If the calculation type data is data relative to 
structural optimization, the process proceeds to step T10, at 
which a calculation for structural optimization is performed. 
A calculation result of the structural optimization is output at 
step T19, and is stored in the second storage device 5 by the 
quantum chemistry calculation unit 7 as quantum chemistry 
calculation result data 26. 
0150. On the other hand, if the calculation type data is data 
relative to a transition state calculation, the process proceeds 
to step T11, at which a transition state calculation is per 
formed. 
0151. At step T11, if a calculation for partial structural 
optimization has already been performed at step T7 previous 
thereto, the process proceeds to step T17, at which transition 
state-similar structure data is created without performing a 
search included in the transition state calculation. The reason 
is that, in this case, it is understood that a similar optimized 
structure has already existed, and a structural optimization 
calculation to a transition state has also been completed in this 
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similar optimized structure, and hence data (transition-state 
similar structure data) relative to a structure similar to a tran 
sition state can be obtained when a partial structural optimi 
Zation calculation is ended by giving a Substituent. The 
transition-state-similar structure is not an optimized transi 
tion state structure, and denotes a structure at a stage previous 
to performing a calculation for optimization. 
0152 On the other hand, if the partial structural optimiza 
tion calculation is not performed at step T11, the process 
proceeds to step T12, at which the quantum chemistry calcu 
lation unit 7 draws a distinction between transition state 
search methods. If the partial structural optimization calcu 
lation is not performed, the presence or absence of a transition 
state is not recognized, and hence transition-state-similar 
structure data has not yet been formed, and therefore transi 
tion-state-similar structure data is formed while searching for 
a transition state. 

0153. Examples of methods for searching for a transition 
state include a minimum energy path method, a contour map 
method, and a saddle method as mentioned at steps T13 and 
T14 of FIG. 15. Among these methods, a minimum energy 
path calculation is performed at step T13 according to the 
minimum energy path method and the contour map method, 
whereas a saddle calculation is performed at Step T14 accord 
ing to the saddle method. These calculation methods are 
performed by use of functions, respectively, and each of the 
function is referred to as a transition state search function in 
this claimed invention. The quantum chemistry calculation 
unit 7 includes these transition state search functions built 
thereinto, and performs a calculation in Such a manner as to 
Substitute structure data relative to reactants and products in 
synthetic routes into these transition State search functions, 
and, as a result, obtains transition state structure data (transi 
tion-state-similar structure data) and data relative to the pres 
ence or absence of a transition state. This calculation method 
itself is already known well, and therefore the contents of the 
calculation are not especially described in this claimed inven 
tion. 

0154 The process proceeds from steps T13 and T14 to 
step T15, at which a minimum energy path calculation is 
performed once for two directions, i.e., is performed two 
times in total according to the contour map method, and, of 
course, it is possible to employ a flowchart having three 
situations divided into the above-mentioned minimum energy 
path method, the contour map method, and the saddle 
method, respectively. 
0155 If the contour map method is employed at step T15, 
a second minimum energy path calculation is performed at 
step T16, and, if the methods other than the contour map 
method are employed, the process proceeds to step T17. If the 
second minimum energy path calculation is performed at step 
T16, the process likewise proceeds to step T17. 
0156 A search for a transition state can be conducted by 
performing steps T12 to T16 and obtaining the result as 
described above. In other words, the presence or absence of a 
transition state can be determined. 

O157. If it is determined that a transition state exists, the 
quantum chemistry calculation unit 7 forms transition-state 
similar structure data from the calculation result, then outputs 
this data as quantum chemistry calculation result data 26, and 
stores the data in the second storage device 5. The quantum 
chemistry calculation unit 7 may transmit the contents of the 
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quantum chemistry calculation result data 26 to the output 
device 6 so as to be displayed, or may output the data to an 
external device. 

0158 Each transition state search method (transition state 
search function) is carried out, and, as a result, a plurality of 
structures each of which is expected to have a transition state 
are generated from a series of reactions from reactants to 
products, and all energy in each of the structures is calculated, 
and one of the structures having the highest energy is regarded 
as a transition-state-similar structure. Accordingly, coordi 
nates of this transition-state-similar structure are obtained, 
and are used as calculation coordinates (step T17). 
0159. After obtaining the calculation coordinates as a tran 
sition-state-similar structure at step T17, the quantum chem 
istry calculation unit 7 performs a structural optimization 
calculation to a transition state at step T18. The contents of the 
structural optimization calculation are the same as described 
above. The calculation result is outputatstep T19, and may be 
displayed though the output device 6 as quantum chemistry 
calculation result data 26, or may be output to an external 
device via the output device 6. The quantum chemistry cal 
culation unit 7 stores the quantum chemistry calculation 
result data 26 in the second storage device 5. 
0160. In the embodiment, a structural optimization calcu 
lation is performed from transition state structure data (tran 
sition-state-similar structure data) at step T18, and, as a result 
of this calculation, it is possible to obtain transition state 
structure data with higher accuracy for the same calculation 
time or with the same accuracy for a shorter calculation time, 
and, in addition, it is possible to heighten the accuracy of a 
synthetic route evaluation. If simplification is allowed and if 
accuracy is ignored, quantum chemistry calculation result 
data 26 may be formed without performing a structural opti 
mization calculation by use of transition state structure data 
(transition-state-similar structure data). However, if so, accu 
racy will become lower than at step T18 as described above. 
0.161 If a similar optimized structure does not exist in 
quantum chemistry calculation result data 26a at step T2 of 
FIG. 15, steps T3 to T8 are not executed, and the process 
proceeds to step T9, at which calculation type data is read 
from the calculation input data 28, and a calculation type is 
determined. 

0162 Steps ranging from step T3 to step T9 are executed, 
and, as a result, a calculation time required for structural 
optimization or for a transition state search at the following 
steps can be shortened. In other words, the use of a similar 
optimized structure makes it possible to optimize only a part 
to which a substituent has been given and shorten a calcula 
tion time for the entire optimization. 
0163 As above, a description has been given of the quan 
tum chemistry calculation function fulfilled by the quantum 
chemistry calculation unit 7 of the arithmetic processing 
device 3 at step S2-5 of FIG. 9. Referring back to FIG.9, the 
quantum chemistry calculation result data 26 obtained at step 
S2-5 (step T19 of FIG. 15) is read by the reaction mechanism 
analysis unit 8 (step S2-6). 
0164. Whether a transition state exists is determined by 
searching for the transition state structure data in this quan 
tum chemistry calculation result data 26 (step S2-7). If a 
transition state exists, the reaction mechanism analysis unit 
Substitutes optimized reactant structure data, product struc 
ture data, and transition state structure data into the activation 
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energy calculation function built in itself, and calculates an 
activation energy value and/or a reaction heat value at step 
S2-8. 
0165. On the other hand, ifa transition state does not exist, 
the reaction mechanism analysis unit 8 determines that a 
reaction does not progress, and records this fact onto the 
quantum chemistry calculation result data 26 (step S2-9). 
0166 Both of or either of the activation energy value and 
the reaction heat value calculated at step S2-8 is output by the 
reaction mechanism analysis unit 8 as a reaction analysis 
result at step S2-10, and the reaction analysis result data 16 is 
stored in the first storage device 4. If it is determined that a 
reaction does not progress at Step S2-9, the process likewise 
proceeds to step S2-10, at which the fact that a reaction does 
not progress is output as a result, because there is no transition 
state. Although the reaction analysis result data 16 is stored in 
the first storage device 4, a signal may be output by the 
reaction mechanism analysis unit 8 to the output device 6 so 
as to display the contents of the reaction analysis result data 
16, or may be transmitted to an external device. 
0167 The reason why a processing line for going up again 

to step S2-2 exists at step S2-10 is that processing in the 
reaction mechanism analysis unit 8 and the quantum chem 
istry calculation unit 7 gives consideration to a case in which 
there are a plurality of elementary reaction routes and that 
steps ranging from step S2-2 to step S2-10 are executed for all 
of the elementary reaction routes. 
0168 A description of the process up to step S2 of FIG.2 

is finished here. 
0169. Next, as shown in FIG. 2, it is determined at step S3 
whether an evaluation by yields is required, thereafter the 
process flow of a yield prediction function is shown at step S4, 
thereafter it is determined at step S5 subsequent thereto 
whether an evaluation by side reactions is required, and the 
process flow of a side reaction prediction function is shown at 
step S6. In the synthetic route evaluation system 1, these 
functions are chosen and fulfilled, and the synthetic route 
ranking function is fulfilled at step S7, so that an evaluation of 
which synthetic route is most desirable is performed and 
output (step S8). 
(0170 Next, step S4 of FIG. 2 mentioned above will be 
described with reference to FIG. 16. 
0171 FIG. 16 is a process flowchart of the reaction yield 
prediction function in the yield prediction unit of the arith 
metic processing device of the synthetic route evaluation 
system according to the embodiment. 
0172. The yield prediction unit 9 of the arithmetic process 
ing device 3 reads and obtains synthetic route data 15 from the 
first storage device 4 at step S4-1. Thereafter, whether an 
elementary reaction route whose yield has not yet been evalu 
ated exists is searched (step S4-2). If it does not exist, a 
calculation for a predicted yield can be regarded as having 
already been ended, and therefore processing by the yield 
prediction unit 9 is ended in that state. A Subsequent analysis 
can be efficiently carried out by pre-checking the presence or 
absence of an elementary reaction route that has not yet been 
evaluated at step S4-2. 
0173. On the other hand, if an elementary reaction route 
that has not yet been evaluated does not exist, a predicted 
yield is evaluated. The yield prediction unit 9 searches for 
yield prediction formula data 27 pre-stored in the second 
storage device 5, and inspects the existence of a yield predic 
tion formula in a reaction relative to the synthetic route data 
15 in the yield prediction formula data 27 (step S4-3). 
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0.174. If an elementary reaction route that has not yet been 
evaluated exists, the process proceeds to step S4-10, at which 
the yield prediction unit 9 reads the yield prediction formula, 
and Substitutes a reactant and a structure data pair of the 
reactant into the formula, and, as a result, predicted yield data 
17 is obtained by calculating the predicted yield. This pre 
dicted yield data 17 is stored in the first storage device 4 by the 
yield prediction unit 9. This data may be displayed via the 
output device 6, or may be output to an external device. 
0.175. If a yield prediction formula is not present in the 
yield prediction formula data 27 in which the yield prediction 
formula is pre-stored at step S4-3, the yield prediction unit 9 
reads and obtains reaction analysis result data 16 from the first 
storage device 4 at step S4-4. Thereafter, to determine the 
presence or absence of experimental data 25 relative to the 
same reaction as the elementary reaction route at step S4-5. 
the second storage device 5 is accessed, and the experimental 
data 25 pre-stored therein is searched. If the experimental 
data 25 is present therein, this experimental data 25 relative to 
the reaction of the elementary reaction route is read. Like 
wise, the existence of the yield prediction formula of a reac 
tion is pre-checked at step S4-3, and therefore a Subsequent 
analysis can be performed according to the presence or 
absence thereof, thus making it possible to perform an effi 
cient analysis. 
0176 The experimental data 25 is stored in the form of a 
table. Herein, as one example, a part of the experimental data 
of a similar reaction relative to Dieckmann condensation is 
shown in Table 3. With respect to items arranged in a row 
herein, "Exp. Num” designates an experimental number, 
“Yield designates an experimental yield, “Temp.” desig 
nates an experimental temperature, “Time' designates an 
experimental time, “a” designates the initial concentration of 
a solute when an experiment starts, and 'e' designates the 
dielectric constant of a solvent. 

(0177 Table 3 
0.178 To perform a multivariate analysis when reaction 
analysis data and experimental data become ready to be used, 
the yield prediction unit 9 selects a predictive variable (step 
S4-7), and performs a multivariate analysis (step S4-8). It is 
recommended to pre-store this predictive variable in the sec 
ond storage device 5 as apart of the yield prediction formula 
data 27. 
0179. On the other hand, if experimental data is not 
included in the experimental data 25 pre-stored at step S4-5 
and if the same or similar experimental data exists in outside 
experimental data, the yield prediction unit 9 inputs the 
experimental data 25 from the outside experimental data at 
step S4-6, then likewise selects a predictive variable at step 
S4-7, and performs a multivariate analysis (step S4-8). It is 
recommended to allow a function relative to the multivariate 
analysis to be pre-included in the yield prediction formula 
data 27, or to be solely stored in the first storage device 4 or the 
second storage device 5 so that the yield prediction unit 9 
reads and analyzes this function, or to be built in the yield 
prediction unit 9 itself. If experimental data 25 pre-stored 
therein does not exist, the same or similar experimental data 
is input to outside experimental data, and therefore a higher 
general-purpose analysis can be performed. 
0180. The yield prediction unit 9 constructs a yield pre 
diction formula based on the result of the above-mentioned 
multivariate analysis (step S4-9). The yield prediction for 
mula constructed based thereon depends on how the predic 
tive variable is selected and depends on the multivariate 
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analysis result, and, for example, is expressed as follows. 
Herein, “Zcalc' designates a predicted yield, “E” designates 
the dielectric constant of a solvent obtained from experimen 
tal data, “t designates a reaction time obtained from experi 
mental data, “R” designates a gas constant, “T” designates a 
reaction temperature obtained from the experimental data 25, 
"Ea' designates activation energy obtained from the reaction 
analysis result data 16, and “A”, “B”, “C”, and 'D' designate 
constant values obtained from a multivariate analysis, respec 
tively. The constructed yield prediction formula data 27 is 
stored in the second storage device 5 by the yield prediction 
unit 9. The yield prediction unit 9 may display the data via the 
output device 6 or may output the data to an external device. 
0181 Formula 1 
0182. The yield prediction formula data 27 is stored in the 
form of a table. Herein, as one example, the yield prediction 
formula data 27 relative to four reactions including that of 
Dieckmann condensation is shown in Table 4. 

TABLE 4 

Number of terms 

Constant A 
Constant B 
Constant C 
Constant D 
Product of Aterm 
Product of B term 
Product of C term 
Product of D term 

0183. Thereafter, the yield prediction unit 9 predicts the 
yield of this reaction by use of the yield prediction formula 
data 27 (step S4-10). The predicted yield is stored in the first 
storage device 4 as predicted yield data 17. The predicted 
yield data 17 is stored in the form of a table that shows a yield 
with respect to each elementary reaction route. Herein, as one 
example, the predicted yield data 17 relative to two routes that 
correspond to the first stage of Dieckmann condensation is 
shown in Table 5. 
0184 Table 5 
0185. When the yield prediction is completed with respect 

to all routes, the reaction yield prediction function is ended. In 
other words, when completed, step S4 of FIG. 3 is ended. 
0186 Next, step S6 of FIG. 2 mentioned above will be 
described with reference to FIG. 17. 
0187 FIG. 17 is a process flowchart of the side reaction 
prediction function in the side reaction prediction unit of the 
arithmetic processing device of the synthetic route evaluation 
system according to the embodiment. 
0188 The side reaction prediction unit 10 obtains syn 

thetic route data from the first storage device 4 at step S6-1. 
Thereafter, the presence or absence of an elementary reaction 
route in which a side reaction has not yet been evaluated is 
searched (step S6-2). If this elementary reaction route is 
absent, a calculation of the side reaction can be regarded as 
having already been ended, and therefore processing by the 
side reaction prediction unit 10 is ended in that state. 
0189 On the other hand, if an elementary reaction route 
that has not yet been evaluated does not exist, the side reaction 
is evaluated. The side reaction prediction unit 10 searches for 
the quantum chemistry calculation result data 26 pre-stored in 
the second storage device 5, and the presence or absence of a 
similar reaction with respect to products and reactants in this 
quantum chemistry calculation result data 26 is searched 

May 5, 2011 

(step S6-3). If a similar reaction is detected, it is determined 
that a side reaction exists (step S6-4), and a side reaction 
relative to a reaction of that elementary reaction route is 
constructed based on the similar reaction (step S6-5). A reac 
tion analysis of the thus constructed side reaction is per 
formed at step S6-6. This reaction analysis is the processing 
of step S2 of FIG. 3. The “construction' mentioned here 
denotes that the side reaction relative to the similar reaction is 
directly extracted as a side reaction of an elementary reaction 
route that is being analyzed. 
0190. It is determined at step S6-7 whether an evaluation 
by yields is required. If required, processing by the yield 
prediction unit 9 is performed at step S6-8 as already 
described with reference to FIG. 16. 
0191) If the evaluation of a yield at step S6-8 is ended and 
if an evaluation by yields at step S6-7 is not performed, the 
side reaction prediction unit 10 outputs the constructed side 
reaction (step S6-10), and stores this in the first storage device 
4 as predicted side reaction data 18. The side reaction predic 
tion unit 10 may display the predicted side reaction data 18 
via the output device 6 or may transmit this data to an external 
device. 
0.192 If there is no similar reaction at step S6-4, the pro 
cess proceeds to step S6-9, at which the side reaction predic 
tion unit 10 determines that there is no side reaction, and the 
process proceeds to step S6-10. Herein, a result to the effect 
that there is no side reaction is output as a piece of informa 
tion, and is likewise stored in the first storage device 4 as 
predicted side reaction data18. In the same way as above, the 
predicted side reaction data 18 may be displayed via the 
output device 6 or may be transmitted to an external device. 
0193 If the number of side reactions and a yield prediction 
about the side reactions are analyzed, data relative to the 
predicted yield about the side reactions is also included in the 
predicted side reaction data 18. 
0194 FIG. 18 is a process flowchart of the synthetic route 
ranking function in the synthetic route ranking unit of the 
arithmetic processing device of the synthetic route evaluation 
system according to the embodiment. 
0.195 The synthetic route ranking unit 11 of the arithmetic 
processing device 3 reads and obtains synthetic route data 15 
from the first storage device 4 at step S7-1. Thereafter, reac 
tion analysis result data 16 is read and obtained from the first 
storage device 4 at step S7-2. 
0196. At step S7-3, the synthetic route ranking unit 11 
accesses the first storage device 4 and searches for the pres 
ence or absence of predicted yield data 17. If predicted yield 
data 17 exists, the predicted yield data 17 is read and obtained 
from the first storage device 4 at step S7-4. 
0.197 Furthermore, if it is understood that the predicted 
yield data 17 does not exist at step S7-3 or if the predicted 
yield data 17 has been obtained at step S7-4, the process 
proceeds to step S7-5, at which the first storage device 4 is 
accessed, and the presence or absence of predicted side reac 
tion data 18 is searched. 
0198 If the predicted side reaction data 18 exists, the 
predicted side reaction data 18 is read and obtained from the 
first storage device 4 at step S7-6. 
(0199 Furthermore, if it is understood that the predicted 
side reaction data 18 does not exist at step S7-5 or if the 
predicted side reaction data18 has been obtained at step S7-6, 
the process proceeds to step S7-7, at which the first storage 
device 4 is accessed, and the presence or absence of Supple 
mentary item data 19 is searched. 
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0200. If the supplementary item data 19 exists, the supple 
mentary item data 19 is read and obtained from the first 
storage device 4 at step S7-8. 
0201 If it is understood that the supplementary item data 
19 does not exist at step S7-7 or if the supplementary item data 
19 has been obtained at step S7-8, the process proceeds to step 
S7-9, at which a question of whether the output by ranking is 
required is displayed via the output device 6 in order to ask a 
user about determination whether the output by ranking is 
performed, and the input, which is performed by the user via 
the input device 2, of a signal about whether the output by 
ranking is required is awaited. Of course, at the steps previous 
to step S7-1, a question about whether the output by ranking 
is required may be pre-input via the input device 2 of the 
synthetic route evaluation system 1 in the form of some data, 
and data relative to whether the output by ranking is required 
may be automatically read, and it may be determined whether 
the output by ranking is required at step S7-9. 
0202) If the synthetic route ranking unit 11 receives a 
signal (information) to perform the output in Some form at 
step S7-9, the selection ratio of a priority item about which 
one of the reaction analysis result data 16, the predicted yield 
data 17, the predicted side reaction data 18, and the supple 
mentary item data 19 is weighted (i.e., is highly valued) is 
displayed via the output device 6 so as to be arbitrarily input 
via the input device 2 (step S7-10). Thereafter, points for 
ranking are calculated including the selection ratio of weight 
input by the user via the input device 2 at step S7-11. The 
selection ratio of the weight can, of course, be freely selected 
in the predicted yield data 17, the predicted side reaction data 
18, and the supplementary item data 19 other than the reaction 
analysis result data 16, and hence there is a case in which that 
is not selected. In that case, the synthetic route ranking unit 11 
is not required to display the item at step S7-10. 
0203 The supplementary item data 19 is appropriately 
added by the user, and is pre-stored in the first storage device 
4. This makes it possible for the user to add a user's own 
evaluation item for an elementary reaction route and to reflect 
it in the ranking. The Supplementary item data is input in the 
form of a table in which items are arranged in a row whereas 
each route is arranged in the column. Herein, as one example 
of the supplementary item data 19, FIG. 19 shows a data 
example in which the price of a synthesis starting Substance is 
given to each route of 5-Benzyl-5-aza-spiro2.4 heptane4. 
7-dione that is a product 31 as a supplementary item. There 
is a case in which the number of the Supplementary item is 
two or more, and, in this case, each item can be individually 
weighted. 
0204 FIG. 19 is a conceptual diagram that shows data 
relative to Supplementary items added at the processing of the 
synthetic route ranking function in the synthetic route ranking 
unit of the arithmetic processing device of the synthetic route 
evaluation system according to the embodiment. 
0205 Finally, at step S7-11, obtained values are changed 
into points for each reaction route by use of Ranking Formula 
(2) shown below. Herein, “Ps' designates ranking points, “B” 
designates a highest point (bias value), “n” designates the 
number of evaluation items including the Supplementary 
item, “W' designates the entire weight expressed by Formula 
(3), “Wi’ designates the weight (selection ratio) of an evalu 
ation item, “S” designates the number of synthetic routes, and 
“Ri” designates the ranking in the evaluation items, which is 
expressed by natural number 1 or greater and in which 1 is the 
highest in the ranking. Of course, Formulas (2) and (3) are 
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examples, and, without being limited to Formulas (2) and (3), 
other formulas may be employed as long as these formulas 
can perform ranking including the reaction analysis result 
data 16, the predicted yield data 17, the predicted side reac 
tion data 18, and the supplementary item data 19. The ranking 
formula may be pre-installed in the synthetic route ranking 
unit 11 including the weight function, or may be pre-stored in 
the first storage device 4 or the second storage device5, so that 
the synthetic route ranking unit 11 reads the ranking formula, 
and a calculation is performed in Such a manner as to Substi 
tute the pieces of data 16 to 19 thereinto. 
0206. Formula 2 
0207. Formula 3 
0208 Ranking among the evaluation items is performed 
Such that low reaction heat (AE) in total is ranked as being 
high in the reaction analysis data, and a high predicted yield 
is ranked as being high in the predicted yield data, and a side 
reaction Small in number is ranked as being high in the side 
reaction prediction. However, these can be changed into 
desired order according to the setting by the user. The Supple 
mentary item of the user is ranked by the setting arranged by 
the user. Data in which ranking points have been calculated is 
stored in the form of a table as route ranking data. Herein, as 
one example thereof, route ranking data is shown in Table in 
which a product 31 is 5-Benzyl-5-aza-spiro[2.4]heptane4. 
7-dione. In Table 6, the product 31 is shown, and factors 
based on which ranking is performed and ranking points are 
orderly shown according to the kind of each reaction route, 
Such as a Dieckmann condensation reaction. However, reac 
tants 32 may be shown instead of the kind of each reaction 
rOute. 

0209 Table 6 
0210. If processing in which the output by ranking is not 
performed is selected at step S7-9, the process proceeds to 
step S7-12, at which the synthetic route ranking unit 11 does 
not perform a ranking display. However, the synthetic route 
data 15, the reaction analysis result data 16, the predicted 
yield data 17, and the predicted side reaction data 18, each of 
which has been selected until then, and the Supplementary 
item data 19, which will be not-ranked data if selected, are 
included in the route ranking data 20 to be shown as user's 
evaluation and judging material. Thereafter, the ranking 
operation is ended. 
0211. As a data set, the route ranking data 20 is set with 
data relative to activation energy and/or reaction heat 
included in the selected reaction analysis result data 16 along 
with reactants and/or products included in the synthetic route 
data 15, or is set with the predicted yield data 17, or is set with 
the predicted side reaction data 18. 
0212. If ranking points are calculated at step S7-11, the 
synthetic route ranking unit 11 creates route ranking data 20. 
This data is arranged as a data set in which ranking points are 
included in addition to data relative to activation energy and/ 
or reaction heat included in the selected reaction analysis 
result data 16 along with reactants and/or products included 
in the above-mentioned synthetic route data 15, or in addition 
to the predicted yield data 17, or in addition to the predicted 
side reaction data 18. 
0213. In this embodiment, in the synthetic route ranking 
unit 11, the predicted yield data 17, the predicted side reaction 
data 18, the supplementary item data 19, etc., are selectively 
added to activation energy and/or reaction heat, and, based on 
the result, ranks can be shown according to a desired idea 
while performing weighting, and therefore synthetic routes 
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can be evaluated from various viewpoints, and an optimal 
synthetic route can be extracted. 
0214. Additionally, structural optimization is performed 
by use of structure data relative to transition states, and, as a 
result, it is possible to optimize not only structure data relative 
to reactants and products but also structure data relative to 
transition states, and therefore a quantum chemical calcula 
tion can be performed with higher accuracy for the same 
calculation time, or can be performed for a shorter calculation 
time with the same accuracy. 
0215. The synthetic route evaluation system according to 

this embodiment has been described as above, and, on the 
assumption that the system of FIG. 1 is a general-purpose 
computer and that a program for operating this computer is 
run in the manner of flowcharts shown in FIG. 3, FIG. 4, FIG. 
9, and FIG. 15 to FIG. 18, the above description can be 
regarded as a description of an embodiment of a synthetic 
route evaluation method for evaluating an optimal synthetic 
route while the computer executes each step, and, at the same 
time, as a description of an embodiment of a program for 
operating the computer. 

INDUSTRIAL APPLICABILITY 

0216. As described above, the invention according to 
claim 1 to claim 8 of the present invention can be used in the 
pharmaceutical field or the chemical field in which a new 
compound is synthetically produced widely and generally for 
new drug development or for agricultural chemical develop 
ment. 

FIG. 1 
0217 2 Input device 
0218 4 First storage device 
0219 15 Synthetic route data 
0220 16 Reaction analysis result data 
0221 17 Predicted yield data 
0222 18 Predicted side reaction data 
0223 19 Supplementary item data 
0224 20 Route ranking data 
0225, 3 Arithmetic processing device 
0226 7 Quantum chemistry calculation unit 
0227 8 Reaction mechanism analysis unit 
0228 9Yield prediction unit 
0229) 10 Side reaction prediction unit 
0230. 11 Synthetic route ranking unit 
0231 5 Second storage device (database) 
0232 25 Experimental data 
0233 26 Quantum chemistry calculation result data 
0234 27 Yield prediction formula data 
0235 6 Output device 

FIG. 2 
0236 16 Reaction analysis result data 
0237 2 Reaction analysis function 
0238 19a Route supplementary item data by user 
0239. 15a, 15b Synthetic route group according to user 
idea or SRDS idea 

0240 1 Quantum chemistry calculation function 
0241) 19 Supplementary item data 
0242 6 Synthetic route input/output function 
0243 15 Synthetic route data 
0244, 26 Quantum chemistry calculation result data 
0245) 5 Synthetic route ranking function 
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0246 18 Predicted side reaction data 
0247 3. Yield prediction function 
0248 27 Yield prediction formula data 
0249 25 Experimental data 
(0250 20 Route ranking data 
0251 20a Already-ranked synthetic route group 
0252) 4 Side reaction prediction function 
(0253) 17 Predicted yield data 
0254, 25a Outside experimental data 

FIG. 3 
0255 Start 
0256 S1 Synthetic route input/output function (input) 
0257 S2 Reaction analysis function 
(0258 S3 Evaluation by yield added? 
0259 Yes 
0260 No 
0261 S4Yield prediction function 
0262 S5 Evaluation by side reaction added? 
0263 Yes 
0264. No 
0265 S6 Side reaction prediction function 
0266 S7 Synthetic route ranking function 
0267, S8 Synthetic route input/output function (output) 
0268 End 

FIG.4 
0269 Start 
(0270 S1-1 Input or output of route? 
(0271 Output 
(0272. Input 
(0273 15 Synthetic route data 
(0274 S1-8 Obtain synthetic route data 
(0275 20 Route ranking data 
(0276 S1-9 Obtain ranking data 
(0277 6 Output device 
0278 S1-10 Output already-ranked synthetic route 
0279) S1-2 Input method of user synthetic route data? 
(0280 Direct input 
0281 S1-3 Input synthetic route data 
0282. 15a User synthetic route data 
(0283 Input from SRDS 
0284 S1-4 Connect to SRDS 
(0285) S1-5 Receive synthetic route data 
(0286. 15b SRDS synthetic route data 
0287 S1-6 Resolve synthetic route into elementary reac 
tions 

(0288 15 Synthetic route data 
0289 S1-7 Output synthetic route (elementary reaction) 
0290 End 

FIG.9) 
0291 Start 
0292 15 Synthetic route data 
0293 S2-1. Obtain synthetic route data 
0294 S2-2 Is there an elementary reaction route that has 
not yet been evaluated? 

0295 Yes 
0296 No 
0297 S2-3 Create calculation input data (transition state/ 
product/reactant) 

0298 S2-4 Output calculation input data and input to 
quantum chemistry calculation function 
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0299 
0300 
0301 
0302) 
0303 
0304 
0305 No 
0306 S2-8 Calculate activation energy value and reaction 
heat value 

0307 S2-9 Record that a reaction does not progress 
0308 S2-10 Output reaction analysis result 
0309 16 Reaction analysis result data 
0310 End 

28 Calculation input data 
S2-5 Quantum chemistry calculation function 
26 Quantum chemistry calculation result data 
S2-6. Obtain calculation result data 
S2-7 Transition state exist? 
Yes 

FIG. 15 
0311 
0312 

Start 
28 Calculation input data 

0313 T1 Input calculation type/coordinates/level 
0314 26a Quantum chemistry calculation result data 
(similar structure) 

0315 T2 Similar optimized structure exist? 
0316 Yes 
0317 No 
0318 T3 Automatically input optimized structure 
0319 T4 Recognize difference structure (substituent) 
0320 T5 Give substituent 
0321 T6 Fix non-structurally-optimized part 
0322 T7 Perform partial structural optimization calcula 
tion 

0323 T8 Release non-structurally-optimized part from 
being fixed 

0324. T9 Determine calculation type 
0325 Structural optimization 
0326 Transition state calculation 
0327 T10 Perform structural optimization calculation 
0328 26 Quantum chemistry calculation result data 
0329 T11 Partial structural optimization performed? 
0330 Yes 
0331 No 
0332 T12 Determine transition state search method 
0333 Minimum energy path method, Contour map 
method 

0334 T13 Perform minimum energy path calculation 
0335 Saddle method 
0336 T14 Perform saddle calculation 
0337 T15 Contour map method? 
0338 Yes 
0339 No 
0340 T16 Perform minimum energy path calculation 
(second time) 

0341 T17 Create transition state similar structure (calcu 
lation coordinates) 

0342 T18 Perform structural optimization calculation to 
transition state 

(0343 T19 Output calculation result 
0344 End 

FIG. 16 
(0345 
0346) 

Start 
15 Synthetic route data 

(0347 S4-1. Obtain synthetic route data 
0348 S4-2 Is there an elementary reaction route that has 
not yet been evaluated? 
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0349 
0350 
0351 
O352 
0353 
0354) 
0355 
0356 
0357 
0358 
0359 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
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Yes 
No 
S4-3 Yield prediction formula of reaction exist? 
Yes 
No 
16 Reaction analysis result data 
S4-4. Obtain calculation result data 
25 Experimental data 
S4-5 Experimental data exist? 
Yes 
No 
25 Experimental data 
S4-6 Input outside experimental data 
S4-7 Select predictive variable 
S4-8 Perform multivariate analysis 
S4-9 Construct yield prediction formula 
27Yield prediction formula data 
17 Predicted yield data 
S4-10 Calculate predicted yield 
End 

FIG. 17 
0369 
0370 
0371 
0372 

Start 
15 Synthetic route data 
S6-1. Obtain synthetic route data 
S6-2 Is there an elementary reaction route that has 

not yet been evaluated? 
0373 
0374 
0375 
0376 

Yes 
No 
26 Quantum chemistry calculation result data 
S6-3 Search for similar reaction with respect to 

product/reactant 
0377 
0378 
0379 
0380 
tion 

0381 
0382 
0383 
0384 
0385 
0386 
0387 
0388 
0389) 

S6-4 Similar reaction exist? 
Yes 
No 
S6-5 Construct side reaction based on similar reac 

S6-6 Fulfill reaction analysis function 
S6-7 Evaluation by yield added? 
Yes 
No 
S6-8 Fulfill yield prediction function 
S6-9 Determine that there is not a side reaction 
S6-10 Output predicted side reaction 
18 Predicted side reaction data 
End 

FIG. 18 

0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397) 
0398 
0399 
04.00 
04.01 
0402 
0403 
04.04 

Start 
15 Synthetic route data 
S7-1. Obtain synthetic route data 
16 Reaction analysis result data 
S7-2 Obtain reaction analysis result data 
S7-3 Predicted yield data exist? 
Yes 
No 
17 Predicted yield data 
S7-4 Obtain predicted yield data 
S7-5 Side reaction prediction data exist? 
Yes 
No 
18 Predicted side reaction data 
S7-6. Obtain side reaction prediction data 
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04.05 S7-7 Supplementary item input by user? 
0406 Yes 
04.07 No 
0408. 19 Supplementary item data 
04.09 S7-8 Input/record supplementary item 
0410 S7-9 Output by ranking performed? 
0411 Yes 
0412 No 
0413 S7-10 Set selection ratio of weighted item 
0414 S7-11 Calculate ranking points with respect to each 
synthetic route 

0415 20 Route ranking data 
0416) S7-12 No ranking 
0417 End 

FIG. 19 
0418. Route 
0419 Synthesis starting substance 
0420 Structural formula 
0421 Price (Y) 

1. A synthetic route evaluation system comprising: 
in order to extract an optimal synthetic route from a plu 

rality of synthetic routes for a target compound to be 
synthetically produced, 

an arithmetic processing means including a quantum 
chemistry calculation unit, a reaction mechanism analy 
sis unit, and a synthetic route ranking unit; and 

a storage means for storing data (hereinafter, referred to as 
synthetic route data relative to the synthetic routes; 

wherein the synthetic route data is composed of structure 
data pairs the number of which is equal to the number of 
precursors from which the target compound can be syn 
thetically produced, 

wherein the structure data pairs are formed by correlating 
structure data relative to the target compound and struc 
ture data relative to the plurality of starting compounds 
with each other; 

wherein the quantum chemistry calculation unit executes: 
a step of reading the synthetic route data from the storage 

means, then performing a calculation in Such a man 
ner as to substitute the structure data relative to the 
starting compounds and the target compound into a 
structural optimization function, and obtaining struc 
ture data relative to the starting compounds structur 
ally optimized and structure data relative to the target 
compound structurally optimized; and 

a step of performing a calculation in Such a manner as to 
substitute the structure data relative to the starting 
compounds structurally optimized and the structure 
data relative to the target compound structurally opti 
mized into a synthetic-route transition state search 
function, and obtaining data relative to the presence or 
absence of a transition state in the synthetic routes and 
structure data (26) relative to the transition state under 
the condition of the presence of the transition state; 

wherein the reaction mechanism analysis unit executes a 
step of setting data relative to whether a transition state 
is present or absent in the synthetic routes as a key from 
the storage means, and, if a transition state is present, 
performing a calculation in Such a manner as to Substi 
tute structure data relative to the transition state into an 
activation energy calculation function, and obtaining 
activation energy and/or reaction heat in the transition 
state; and 
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wherein the synthetic route ranking unit executes a step of 
setting the activation energy and/or the reaction heat 
calculated while being correlated with the plurality of 
starting compounds as a key, and creating a data set in 
which the activation energy and/or the reaction heat are 
arranged in desired order along with the starting com 
pounds and/or the target compound. 

2. The synthetic route evaluation system according to claim 
1, 

wherein the quantum chemistry calculation unit executes a 
step of performing a calculation in Such a manner as to 
Substitute the structure data relative to the transition state 
into the structural optimization function and obtaining 
structure data relative to a transition state structurally 
optimized, and 

wherein the reaction mechanism analysis unit performs a 
calculation in Sucha manner as to Substitute the structure 
data relative to a transition state structurally optimized 
into the activation energy calculation function. 

3. The synthetic route evaluation system according to claim 
1, 

wherein the arithmetic processing means includes a yield 
prediction unit, 

wherein the yield prediction unit executes a step of, if there 
is a yield prediction formula pre-stored in the storage 
means, reading the yield prediction formula, then per 
forming a calculation in Such a manner as to Substitute 
the structure data pairs of the synthetic route data into the 
yield prediction formula, and obtaining a predicted yield 
of each starting compound, or executes a step of, if there 
is not a yield prediction formula pre-stored in the storage 
means, reading experimental data relative to a reaction 
similar to a reaction caused to synthetically produce a 
target compound from the starting compounds stored in 
the storage means, then analyzing the yield prediction 
formula by use of a result of the experimental data, then 
performing a calculation in Such a manner as to Substi 
tute the structure data pairs of the synthetic route data 
into the analyzed yield prediction formula, and obtain 
ing a predicted yield of the starting compound, and 

wherein the synthetic route ranking unit executes a step of 
creating a data set in which activation energy and/or 
reaction heat calculated in correlation with the plurality 
of starting compounds is arranged in desired order along 
with the starting compounds and/or the target compound 
while setting the activation energy and/or the reaction 
heat as a key or setting the predicted yield as a key. 

4. The synthetic route evaluation system according to claim 
3, wherein the arithmetic processing means includes a side 
reaction prediction unit, 

wherein the side reaction prediction unit executes a step of 
searching for data relative to a similar reaction pre 
stored in the storage means while setting the target com 
pound and the starting compounds as a key, and defining 
and constructing a reaction similar to a synthetic route 
relative to a combination of the target compound and the 
starting compounds as a side reaction, and 

wherein the synthetic route ranking unit executes a step of 
creating a data set in which activation energy and/or 
reaction heat calculated in correlation with the plurality 
of starting compounds or the predicted yield or the num 
ber of the side reactions is set as a key and is arranged in 
desired order along with the starting compounds and/or 
the target compound. 
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5. The synthetic route evaluation system according to claim 
4. 

wherein the arithmetic processing means includes a side 
reaction prediction unit, 

wherein the side reaction prediction unit executes a step of 
searching for data relative to a similar reaction pre 
Stored in the storage means while setting the target com 
pound and the starting compounds as a key, and defining 
and constructing a reaction similar to a synthetic route 
relative to a combination of the target compound and the 
starting compounds as a side reaction, 

wherein the yield prediction unit executes a step of obtain 
ing a predicted yield with respect to the target compound 
and the starting compounds in the constructed side reac 
tion, and 

wherein the synthetic route ranking unit a step of creating 
a data set in which activation energy and/or reaction heat 
calculated in correlation with the plurality of starting 
compounds, or the predicted yield, or the number of the 
side reactions, or the predicted yield of the side reaction 
is set as a key and is arranged in desired order along with 
the starting compounds and/or the target compound. 

6. The synthetic route evaluation system according to claim 
1 characterized by further comprising an output means for 
outputting the data set created by the synthetic route ranking 
unit. 

7. A synthetic route evaluation method for, in order to 
extract an optimal synthetic route from a plurality of synthetic 
routes for a target compound to be synthetically produced 
while a computer performs each step, analyzing data (here 
inafter, referred to as synthetic route data) relative to the 
Synthetic routes, transition states halfway along the synthetic 
routes, and activation energy relative to the transition states, 
and evaluating the optimal synthetic route, the synthetic route 
evaluation method comprising: 

a first quantum chemical calculation step of performing a 
calculation in such a manner as to substitute structure 
data relative to the target compound included in the 
Synthetic route data and structure data relative to a plu 
rality of starting compounds from which the target com 
pound can be synthetically produced into a structure 
optimizing function, and obtaining structure data rela 
tive to the starting compounds structurally optimized 
and structure data relative to the target compound struc 
turally optimized; 

a second quantum chemical calculation step of performing 
a calculation in such a manner as to substitute the struc 
ture data relative to the starting compounds structurally 
optimized and the structure data relative to the target 
compound structurally optimized into a synthetic-route 
transition state search function, and obtaining data rela 
tive to the presence or absence of a transition state in the 
Synthetic routes and structure data relative to the transi 
tion state under the condition of the presence of the 
transition state; 

a reaction analysis step of setting data relative to whether a 
transition state is present or absent in the synthetic routes 
as a key, and, if a transition state is present, performing 
a calculation in such a manner as to substitute structure 
data relative to the transition state into an activation 
energy calculation function, and obtaining activation 
energy and/or reaction heat in the transition state; and 

a synthetic route ranking step of setting the activation 
energy and/or the reaction heat calculated in correlation 
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with the plurality of starting compounds as a key and 
creating a data set in which the activation energy and/or 
the reaction heat is arranged in desired order along with 
the starting compounds and/or the target compound. 

8. A synthetic route evaluation program for, in order to 
extract an optimal synthetic route from a plurality of synthetic 
routes for a target compound to be synthetically produced by 
use of a computer, analyzing data (hereinafter, referred to as 
Synthetic route data) relative to the synthetic routes, transition 
States halfway along the synthetic routes, and activation 
energy relative to the transition states, and evaluating the 
optimal synthetic route, the synthetic route evaluation pro 
gram allowing the computer to perform: 

a first quantum chemical calculation step of performing a 
calculation in such a manner as to substitute structure 
data relative to the target compound included in the 
Synthetic route data and structure data relative to a plu 
rality of starting compounds from which the target com 
pound can be synthetically produced into a structure 
optimizing function, and obtaining structure data rela 
tive to the starting compounds structurally optimized 
and structure data relative to the target compound struc 
turally optimized; 

a second quantum chemical calculation step of performing 
a calculation in such a manner as to substitute the struc 
ture data relative to the starting compounds structurally 
optimized and the structure data relative to the target 
compound structurally optimized into a synthetic-route 
transition state search function, and obtaining data rela 
tive to the presence or absence of a transition state in the 
Synthetic routes and structure data relative to the transi 
tion state under the condition of the presence of the 
transition state; 

a reaction analysis step of setting data relative to whether a 
transition state is present or absent in the synthetic routes 
as a key, and, if a transition state is present, performing 
a calculation in such a manner as to substitute structure 
data relative to the transition state into an activation 
energy calculation function, and obtaining activation 
energy and/or reaction heat in the transition state; and 

a synthetic route ranking step of setting the activation 
energy and/or the reaction heat calculated in correlation 
with the plurality of starting compounds as a key, and 
creating a data set in which the activation energy and/or 
the reaction heat is arranged in desired order along with 
the starting compounds and/or the target compound. 

9. The synthetic route evaluation system according to claim 
2, wherein the arithmetic processing means includes a yield 
prediction unit, 

wherein the yield prediction unit executes a step of, if there 
is a yield prediction formula pre-stored in the storage 
means, reading the yield prediction formula, then per 
forming a calculation in such a manner as to substitute 
the structure data pairs of the synthetic route data into the 
yield prediction formula, and obtaining a predicted yield 
of each starting compound, or executes a step of, if there 
is not a yield prediction formula pre-stored in the storage 
means, reading experimental data relative to a reaction 
similar to a reaction caused to synthetically produce a 
target compound from the starting compounds stored in 
the storage means, then analyzing the yield prediction 
formula by use of a result of the experimental data, then 
performing a calculation in such a manner as to substi 
tute the structure data pairs of the synthetic route data 
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into the analyzed yield prediction formula, and obtain- 11. The synthetic route evaluation system according to 
ing a predicted yield of the starting compound, and claim3 further comprising an output means for outputting the 

wherein the synthetic route ranking unit executes a step of data set created by the synthetic route ranking unit. 
creating a data set in which activation energy and/or 
reaction heat calculated in correlation with the plurality 
of starting compounds is arranged in desired order along 

12. The synthetic route evaluation system according to 
claim 4 further comprising an output means for outputting the 

with the starting compounds and/or the target compound data set created by the synthetic route ranking unit. 
while setting the activation energy and/or the reaction 13. The synthetic route evaluation system according to 
heat as a key or setting the predicted yield as a key. claim 5 further comprising an output means for outputting the 

10. The synthetic route evaluation system according to data set created by the synthetic route ranking unit. 
claim 2 further comprising an output means for outputting the 
data set created by the synthetic route ranking unit. ck 


