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Abstract

Maybe more than one hundred papers on revision of organic structure appear every year.
Most of them derive from unreasonable neglect of correct structures because of picking-
up/angling methodology. Antithetically, the present paper recommends scooping-up/netting
one as a proper systematic procedure in order to avoid such careless and unreasonable
neglect as much as possible by indicating existence of informational homologues, which are
answers matching with provided pieces of structure information. This was invented by
a Japanese company JEOL for its commercial computer program for automated organic
structure elucidation, Combined Handling of Elucidation Methods for Interpretable Chemi-
cal Structures (CHEMICS). But the basic policy of CHEMICS has been changed to kinds of
picking-up methods by people who carried away the name without understanding impor-
tance of the policy. In order to aim to recover scooping-up methodology, the present paper

shows four examples of our analysis, exemplifying neglected informational homologues, and

demonstrating that scooping-up methodology is better.

Introduction

Maybe more than one hundred papers on
structure revision of organic compounds appear
every year (Appendix 1). Most of them derive
from careless and unreasonable neglect! of cor-
rect structures because of picking-up/angling
approach, where chemists are liable to stop their
thinking as soon as they encounter some favorite
structures. Antithetically, the present paper rec-
ommends scooping-up/netting one as a desirable
and reasonable procedure in order to avoid such
unreasonable neglect as much as possible, on the
basis of a concept of informational homologues
(Appendix 2), which are entities matching with
a set of provided pieces of information. This idea
was invented by JEOL(Tokyo, Japan)® an ana-

lytical instrument manufacturer, in the process

developing its commercial computer program
for automated structure elucidation, which
was named Combined Handling of Elucidation
Methods for Interpretable Chemical Structures
(CHEMICS)* *(Appendix 3). Although in struc-
ture determination, all of the informational
homologues should be taken into account, many
chemists pick up only some of them as work-
ing hypotheses. Synthesis of a compound of the
“determined” structure by means of an incon-
testable reaction from incontestable reactants is
frequently used for validation of the structure.
However matching of structural data between
a sample and a product to be identical with it
is only one necessary condition. Only one thing
to be done is, not to pick up favorite structures,

but to reduce informational homologues into
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single correct structures. The name CHEMICS
bears this idea. Because JEOL did not protect
the name, unfortunately it was carried away by
people who will not understand importance of
the policy. As a result, they have made their ef-
fort to hinder® the true CHEMICS (Appendix 3).
Naturally, they, as developers of systems imita-
tive of CHEMICS, adopted picking-up methodol-
ogy. There are some evidences demonstrating
that they may not understand the most impor-
tant feature of CHEMICS". On the other hand,
following the true and original CHEMICS, we
detect a range of logically correct informational
homologues as a substitute of a chemically cor-
rect structures because nobody can answer for
absolute correctness of chemical criteria which
were/are used, and use them as axioms in the
axiomatism (Hilbert). In order to demonstrate
that scooping-up methodology is more reason-
able and useful than picking-up one, the present
paper analyses four real articles on structure
revision, trying to discover alternative informa-

tional homologues.

Method

1. A result of structure determination or struc-
ture elucidation is selected from literature.

2. According to only the data utilized by the
original authors, detection of other informa-

tional homologues is tried.

Results

(Case study 1.) Figure 1(a)shows the set of
Problem No. 14 and its answer in the exercise
book6. Let Oa/Ob, Ma/Mb, and Pa/Pb be certain
ortho-, meta-, and para-hydroxyphenyl groups of
diaryl thioethers, respectively. The original solu-
tion consists of two candidate structures, Pa2S
as[Iland Ma2S as[IIlbecause of the interpreta-
tion level of this book for beginners. Our pro-
cedure suggests more than forty informational
homologues of diaryl thioethers, which are not

always symmetry. Figure 1(b)shows six possible

1,245 -tetra(namely, methyl, tert-butyl, hydorxy,
and arylthio)-substituted phenyl groups. Using
them, we can add 19 more informational homo-
logues. By the original authors, Pa is strongly
suggested on the basis of a mass peak, m/z 195.
If we follow them, Pb, Oa and Ob are to be sug-
gested as well as Pa. Naturally, any structures
containing Pa, Pb, Oa and/or Ob would be more

plausible than those without them.
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Upper : Four kinds of spectra as Exercise 14 and the original solution(Two structures, I and II), Lower : Six
1,24 5-tetra-substitued thiophenyl groups forming a part of informational homologues derived from the logical

analysis by the present paper.
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(Case study 2.) Figure 2(a)shows the work’
on structure determination and revision of one
of the five products(Appendix 4)of the reaction
of cyclohexyl phosphonic chloride with mag-
nesium in the presence of trans-stilbene oxide.
The first answer proposed ten years ago was a
1,2-oxaphosphetane derivative, here as (1), whose
molecular formula(C20H2302P - 2/5H20) was

estimated from the result of elementary analy-

sis(C, 72. 35 ; H, 763 ; P, 8.86%). Finding their
mistakes, the authors proposed the first revised
answer, Structure A, but, were denied it with
BCNMR. Therefore they chose the second acy-
clic secondary phosphine oxide (Structure B)as
the correct structure. Our procedure can add
three more acyclic secondary phosphine oxides,

which cannot be rejected with the provided data.

its five products (1976)
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Figure 2. Case study 2.

A typical wrong example of structure determination and revision’

(Case study 3.) Figure 3(a)shows a set of
structures proposed for robstadials A and B
by Nakanishi et al. in 1984*. Lal et al. in 1986%,

which was cancelled in 1988%, and Snyder et al.

in 1988* Other informational homologues which
were added by our procedure also were shown
in Figure 3(b).
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Figure 3. Case study 3.
Upper : The three structures proposed for robstadial B.
Lower : Some of the 20,399 informational homologues derived from the logical analysis by the present paper.
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(Case study 4.) Figure 4 shows a story of
a series of reactions reported by Bruni et al’
They. reported synthesis of a new tricyclic

8H-pyrazolo[5',1',2,3]pyrimido[5,4-d] [1,2]
diazepine from a bicyclic 6-acetyl-7-(2-dimethyl-

aminovinyl) pyrazolo[1,5-a]lpyrimidine. Showing
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Figure 4. Case study 4.

a reaction mechanism, Chimini et al’® revised
the structure of the final product resulted from
cyclization of a substitute, of the same bicyclic
system as the starting material. Our procedure
can add an alternative reaction path as much

11
more reasonable one.
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A set of informational homologues on the reaction series extended by the present paper. Alternative structures

and rection pathes as respective informational homologues. Buruni et al. determined structures, and Chimini et al.

revised the structure of a reaction product of the second step.

The present paper (Kudo)adds alternative reaction path and a structure of a product of the first step to be exam-

ined.

Consideration
Organic structure determination is the base

of chemistry, and vice versa. However some-
times organic structures seem to be determined
and revised in easy going ways of thinking. In
fact, we can see more than hundred papers on
structure revision((e.g) Appendix 1). Many
chemists know (Appendix 5), but would not criti-
cize such tendency, maybe because they have
the same philosophy as chemists who mistake
and/or do not know causes of such mistakes.
Most of structure revision derive from overlook-

ing of correct structures. The original CHEMICS

aimed to reduce frequencies of organic revision
by showing all of informational homologues.
However, a thing to do is, not perfect enumera-
tion of informational homologues, but warning of
more than one informational homologue. There
are two typical methodology to know informa-
tional homologues : scooping-up and picking-up
methods. The former regards all things as infor-
mational homologues, and eliminates a thing that
proves not to be an informational homologue
on the basis of a provided set of criteria. We
treat such criteria as axioms of the axiomatism

(Hilbert). Any conclusion on a wrong axiom is
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and will be wrong. We do not need prove chemi-
cal correctness of axioms. We try to guarantee
logical correctness of a used procedure. There-
fore the criticism by Veszpremi and Gsonka'
on difference of ranges of chemical shift values
among different chemists is irrelevant. Case
study 1 shows a typical example of overlooking
derived from a strong preconception, although
the procedure of data analysis is very good espe-
cially for novice chemists because plural spectra
are independently analysed. Case study 2 intro-
duces a pitiful behavior. It is very surprised that
they estimated a molecular formula containing a
fraction number of water of crystallization from
a result of elemental analysis! Their measuring
range was too narrow to detect a signal of P-HI.
Their paper described their action in order of
time, and it iS not necessary to discuss Structure
A before Structure B! Case study 3 warns that
our set of structural data of a natural product
is usually too poor to determine its complicated
structure, and supports more than one structure.
Nevertheless many chemists sometimes decide
structures roughly and recklessly. In order to
prove a structure of a sample correct, synthesis
of an organic compound of the structure through
incontestable reactions starting from incontest-
able reactants is performed and their data are
compared. If they match within tolernce, it is
judged that they are identical. However such
exact match of data is only necessary condition.
Clearly it is important to know whether more
than one informational homologue of a provided
data. Scooping-up methodology should be used so
as to reduce frequency of structure revision. By
the way the problem on correctness of chemical
criteria is to be resolved. Veszpremi and Gson-
ka" discussed how to harmonize different knowl-
edges adopted by different chemists. They may
consider that such knowledge is to be absolutely
correct criterion. But we treat it like an axiom of
the Hilbert Axionism, according to which we do

not need to prove it correct, and if it is wrong, a

resulting conclusion is wrong. What we should
do is a logically exact inference in structure elu-
cidation. Our methodologg also has been applied

to DNA, RNA and protein sequen ces.”
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Appendix 1
Frequent mention was made of structure revi-

sion exemplified in the following Chart.

Appendix. Case study.(KUDO Yoshihiro et al., Xth Intl Conf. Computer in Chem. Res. & Edu.,
Paris, July 17-21, 1995)

Case 1. Davallialactone

fo) H

(Cui et al, T990) (Cui et al, 1992)

Case 2. Fluorescen mercuric acetate

R = HpOCOCH;

(Karush et al, 1964)

Case 3. Strychnochromine

M
¢
N
HJgo
ciL,oH

(Angenot et al, 1988)

Case4 . Fruticlin B

(Rodriguez-Haheal et al, 1986) (Rodoriguez-Haheal et al, 1918 )
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Case5. The thermal rearrangement Product of 4-benzyliden amino-3-methyl-5-styrylisoxazole

Me Me e }-l' Ar

)_][N =CH—Ar 4 /N Ar N i
(I\/Iurthy et 8.1, 1983) N‘0 CH=CH—AT o Ar N‘o Ar

Ph i spn o

"® _n=cueh )= Hy R - e
(Coda et al, 1985) _A HeN 2 )

& Hord/c i {CHylPh

o GH=CHPh Ve O

Case 6. Microminitinin

[+

(Rahmani et al, 1993) ( Rahmani et al, 1994)

Case 7. Bistramide A

- u b for Wiytrastéy &, Sipaificast paeralatlons
Pigers B, Preseves Tatar unchiboss st by Bogop
Nave been repeeied 1 037 45 [-=) 3 Raliped 2= carre

(Gouiffes et al,1988) (Degnan, 1989) (Foster,1992)

Case 8. Chilocyphone

OH

(Matsuo,1972) ( Gras, 1981) ( Connolly,1982)
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Case 9. Hallacridone

M oS
“ NG e
(Baumert et al, 1987) (Reisch et al, 1989)
Casel0. Polyavolensin
(Okorie,1980) R1=Me, R2=H

(Falshaw et al, 1982) R1=H, R2=Me

Casell. Alismoxide

allsmoxlde : R=H

&

(Oshima et al, 1983) ( Yoshikawa et al, 1992)

Casel2. Two natural Products named bryostatin 3 and 20-epi-bryostatin 3

(Petit et al, 1983) (Schaufelbergelzr etal, 1991)

0. n
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Casel3. Triterpens Q, T and U

= CHO; R?
RII\.H OH
R':ccH

(Joshi et al, 1973) (Rogers et al, 1980)

Casel4. Raphanusamins and raphanusamid

Raphanusamins Raphanusamid

SM: OME
wOMe Ol
(Hasegawa et al, Cll : ~,
0

1982, 1986)
A
]

(Nishjyama et al, 1991) (Harada et al,1991)

Casel5. A reaction product of a reaction product of a reaction of pyrazolo[1, 5-alpyrimidines

(Bruni et al, 1993) Ry, Bk
%, 0, Cr PHERME ,:/N CH=CHN(CH), R{QN:
R}’LN P!P‘mime \I NaHa H’,O N NH
“ COCH, L

imm

{2]

N,
=iy
I SN
" =)
a
N, ®)
)

(Chimichi et al, 1994 )
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24-32 (Periplanone-A), 33-36 (Orobanchol),
37-41 (Two marine natural products), 42-44

(Bifurcarenenone), 45-50 (Koninginin), 51-55
(alpha-Acordiene), 56-61 (Himachalene-type
sesquiterpenes), 62-64 (Differolide), 85-67 (Blat-
tellastanoside A and B), and 68-69 (putative
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7) And many others.

Appendix 2.

Informational homologues are composed of all
answers that match with a set of the provided
pieces of information (Chart A2). For example,
a complete set of informational homologues
for a molecular formula of an unknown sample
consists of all of its structural isomers. There
are two typical procedures to get informational
homologues : Picking-up/angling and Scooping-
up/netting methodologies, which would be li-
able to Type I Error(where true hypotheses
are rejected)and Type II Error(where false hy-
potheses are accepted), respectively. Clearly, in
structure elucidation Type II Error is tolerable
whereas Type I Error is fatal. This is the reason
why scooping-up methodology is good for any
chemists and picking-up one is wrong except for
excellent chemists. However, many novice chem-
ists used the latter, and often took mistakes in

their structure determination.
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X X | QO : Aninformational homologue
O O 7 X I Not an informational homologue
O O x “? . Unknown or to be examined

X X X

A set of objects to be analysed
(A goal to be reached)

X X X X
O O~ Final O »
2T CQ 7

X X X
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X X X X
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Chart A2.
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Appendix 3
Papers on CHEMICS

Earlier than 1968 when one of the authors
(KUDO Yoshihiro)joined to JEOL, a project for
development of an automated organic structure
elucidation system was established, but its mem-
bers had no systematic idea. The article-like

'was written, suggesting informational

review'”
homologue as a word coined by KUDO. Also the
name CHEMICS was proposed by KUDO Yoshi-
hiro in 1972 in the incomplete form, Combined
Handling of Elucidation Methods for I. Chemical
Structures.

The name CHEMICS was introduced in a
review®and an original article®on connectivity
stack, also which was coined by KUDO.

On July 25, 1975, the incomplete abbreviation
1. of CHEMICS was replaced with “Interpreta-
ble” by suggestion of Mr.(now Dr.)Sjeold Orlics
from the Netherland.

KUDOQO' s method to describe mathematically
an organic structure was written as Sasaki’ s
method in Shin-ichi Sasaki : Determination of
Org. Structures by Phisical Methods 1973, 5, 285.

(1) Basis papers on CHEMICS of KUDO et al.
a)Shin-ichi Sasaki, Yoshihiro Kudo and Hide-
aki Abe, Kagaku no Ryoiki 1968, 22, 1070. b)
S. Sasaki, Y. Kudo, S. Ochiai and H. Abe :
Microchim. Acta[Wien]1971, 726. ¢)KUDO
Yoshihiro, Kagaku no Ryoiki Zokan, 1972,
98, 115. d)Shin-ichi Sasaki, Hidetsugu Abe,
Yoshihiro Kudo, Shukichi Ochiai and Yoshi-
aki Ishida, Kagaku no Ryoiki, 1972, 26,981. e)
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Appendix 4
The original authors (Kawashima, et al.) wrote

their mistakes as follows :

In order to confirm whether the sample,
which was obtained previously, remains un-
changed as it was or not, we took a 1H NMR
spectrum (90 MHz). Its spectrum showed the
same signals as taken previously except a dou-
ble doublet in the 60 MHz-1H NMR spectrum,
because a lower field signal had appeared about
0 =9.7 and upper one, which was expected to
appear ato =2.2, was unfortunately superim-
posed with the signals of the cyclohexyl group.
In the IR spectrum the stretching frequencies
for O-H and P-H bonds had been observed at
3150 and 2330 cm-1, respectively. However the

former band had been assigned to that of water
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of crystallization, as expected from the results of
elemental analysis, and the latter band had been
completely neglected because the presence of
P-H bond was beyond the consideration. Judg-
ing from the existence of P-H bond we at first
presumed Structure A, which is considered to
be formed by the rerduction and the subsequent
ring opening by hydrolysis of the oxaphosphet-
ane.

The 13C NMR spectrum showed the signals
due to three methane groups at 6 C=34.54(J=654

THREh TCE SR DR

BRBEHET DEIEDREZRS I 1o DEMT
AR AEEDEGHNRBERITEE WS FIR
DIEE

BRALEW OREEIE DR RAEIES 253D
BIZEM B2 5 (1002 B3, TdgET —
YOMMOBRYIZL DL DIE, 20k (Frvwh
i) FIERRANC £ 5 1E L Wil /R4 7 4
L%, DVEFHIRFEL LE LT VO THL
HEOE)RE TRV, TOL) BRIEBOLRY %
% TE 2721705 3720 I 20O RATH
FHEE L CARRML Tl DAL (FVARIEE) F
Mz < HERES 2, CTOHFEITD LD L HAES
&t (JEOL) A HBIEEMANT S AT A, 74
mm44Combined Handling of Elucidation Methods for
Interpretable Chemical Structures (#&FRCHEMICS)
(FAT W] RE 72 AL 3 O 72 0 DA EL O 3 AT 1
DHAEHEMT) D72 EZE LY
DTHDo WODHEPITIOFIEASEZ b THH
ThobI LT 5 (EBEO» LWL
TR EORRIIFAE > T THEOIER % W%
ELTWBIRENDH A Z L R R L. BEOIEf#
DA R L 720)

Hz), 53.31(J=3.4 Hz), and 69.74(J=74.5 Hz).
The chemical shifts are reasonable for the car-
bons bonding to a phosphorus, phosphorus, and
oxygen atom, respectively but the magnitudes
of coupling constant with phosphorus nucleus
cannot be explained for Structure A at all. From
a data a phosphorus atom must directly be at-
tached to the carbon bonded with an oxygen
atom. Structure B (4) is consistent with these
facts(See Fig. 1).
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