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Prefacs

Bar-Hillel wrote in & recent report:

Oid-fashioned traditional scientific methodology is to be overcome
and improved upon not by symbolic logic but rather by a modern
methodology of science and a better understanding of theory and
concep formation.!

The work summarized in-this paper represents & preliminary investigation in-
to an orginization of Information pertaining to chemical processes to which
machine atorage and retrieval techniquea can be appliad.
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PARAMETERS FOR AN INFORMATION RETRIEVAL SYSTEM
FOR CHEMICAL PROCESSES

ABSTRACT

The data which describe a chemical process are
analyzed with a view to organizing the information
for application of machine storage and retrieval
techniques. The approach i to izolate the sires
of reaction in reactanis and producte as the bagic
units of information. A notation system s evolved
for symbolically representing the data pertaining
to the chemical changes. Areas for further study
are indicated. Exemplary chemical processes
are apalyzed, and searches for process infor-
mation are traced in appendixes to the repori.

STATE OF THE PUBLISHED ART

There exists mo ready-made tool, at presont,
which can be exploited as a means for easily
locating information with respect to the chemical

which eccur in the transformation of one
chemical compound inta another. Informarion
about chemical procesees is usually submerged
within clasgificatory arrangements based on chem-
ical compound structure. In chemistry treatises
and indexes, processes are described in terms of
the ingredients which are subjected 10 reaction
or interms of the products formed.2 In two com-
pendiume devoled solely w chemical processes,
arrangement of the information is in terms of the
reactant name or structure.® There s, of nec-
esgity, @ loss of information in these arrange-
menls—e&.g., those components of a reaction which
ire pot indexed are lost to all but those who make
& gperial check for them through the entire tex:.
Additionally, uniform or comprehensive extrap-
olation of information generic to reactions or
reactants s not readily pogsible with guch ar-
TAngements.

Recemt literature has included rexts concerned
Wwith mechanisms of chemical reactions.4 It is
not within the objectives of the texts to systematize
thé contents to serve as an information storage
and search tool.5 A notation system has been
evolved by Ingold which is limited to the mech-
lsms of the esterification process.® The unimo-
lecular-bimolecular-intramolecular codings of
Barnett? are broader in scope, but nelther system
Provides for detrils aboul Teaclanls OT ProOCESS
conditions.

The work of Theilheimer® is a departure from
traditional approaches to chemical process doc-

umentation. The Theilheimer classification is
based on the chemical bonds formed and broken
during a reaction and on the nature of the re-
action as an addition, rearrangement, exchange,
or elimination. This information is represented
symbolically. Reactions which are species of a
general chemical change concept are grouped to-
gether. The amtecedent of the Theilheimer system
iz thar of Weygand, who organized process infor-
mation from the standpoint of the bonds formed
during a reaction with subgroups based on the
elements sharing the bonds.¥

THE "INFORMATION' CORPUS

The basic premise of Weygand and Theilhelmer
for chemical process classification s also that of
the preseat system. The system proposes de-
scriptors for the sites of reaction within a mol-
ecule as the basic units of information. Whereas
Weygand and Theilheimer restricted consideration
to particular gites of reaction and particular re-
actanie and producie, the present sysiem pro-
vides for all sites of reaction of all reactants and
products. Additionally, variables pertaining to the
chemical and physical environments significant 1o
process operability are included.

The following conceptual categories of infor-
mation are viewed as necessary components of
a system for characterizing chemical processes:

I=Elemeni-bond relatdonships at the sives of
reaction within the reaciant and product mol-
ecules.

lI-Deacriptors which distinguish:

(1) Reactant from product

(2) Stoichiometric proportions

(3) Number of similar changes ina molecule
(4) Character of bond at the site of change

{i.e., single, double, polar)

Hl—-Descriptors which relate:

(1) Plural sites of reaction in the same mol-
ecule

(2) Elements in the reactaniwith thelr counter-
parts in the product

(3) The asite of reaction with its structural
position in the molecule (e.g.. as part of
an acyclic chain; in a ring)
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IV-Terms to describe the physical environment
(e.g., temperature, pressure, timeof reaction).

V=Terms w describe the chemical environment
(e.g., pi, cawalyst, solvent).

EYMBOLIC REPRESENTATION

A set of symbol descriptors has been evolved
for representing the foregoing itema of process
information.

The element-bond structure at the site of re-
action is described by the notation

T A - B
Fiq Pl

A and B are the elements and — s the bond ar
the alte of reaction in the molecule (reactint or
product). The % denoctes the number of occur-
rences in a molecule of the information portrayed

inthe L 1 Subscript p denotes the type of molec-
ular structure of which the element is a part,
e.g., acyclic, homocyclic, heterocyclic. Subscript
q denotes the number of bonds between the ele-
ment and hydrogen. Superscript m is an arbi-
trarily assigned number by which an element may
be traced through a reaction, i.e., from its con-
figuration in the reactant to thar in the product.

The[ Jsignity the beginning and end of informa-
tion about an element-bond group at a site of re-

acdon. Thus,
[E E’J,E = cﬂ,]]

Tepresents a reaction occurring ar both double
bonda in the molecule

!'IEG -EH--—-‘:-'E'I'-{:!{2

Since the subscript ¢ accounts for bonds with
hydrogen, hydrogen is excluded as an element
variable (i.e., A, B). When the site of reaction
involves hydrogen artached to another element,
the change effected by the reaction is shown by
a change In value of g. Since the basic grouping
within a pair of square brackets involves a pair
of elements and the connecting bond, the g device
permits reaching back into the surrounding struc-
ture of the molecule and adding additional ele-
ments to the basic configuration. For example,

when a resction occurs at the C=H group fn
the following structure: e

H C—CunH
B

the site of reaction is represented by

[Eu.a_ “0,2 J

This device permits added depth of specificity of
the structure of the molecule at the locus of
reaction.

The elements at the sites of reaction in a given
reiction are uniquely identifiable by superscript
number. In the element-bond designation, a
plurality of similar sites of reaction {8 shown
in the value of Yand the superscripe. Thus,

1,4 2
e =42
0,2 0,1

describes a reaction occurring at both double
bonds in the molecule

1 2 3 Iy
HC ==C H—=C He=( H
2 P

A plurality of similar sites can also involve a
single element at the apex of a symmetric struc-
ture. Reaction of both =0 groups of the structure

3
0 =5 =0

is represented by

1
[2 G »3 —-32'2]
2,0 9.0



Special forms of the element-bond notation
occur when a molecule composed of hydrogen and
a gingle element or anelement in elemental (moalec-
ular) form is a reactant. The notation in both
instances containg a single element,

el

the value of p indicating whether A is in elemental
or combined form.

The molecule (reactant or product) is the baais
for an additional level of grouping which is repre-
sented as followea:

(@87 Mg =B8] [7E0a —Fra])

The { } enclose all of the site-of-reaction infor-
mation pertaining to a single molecule. The a in-
dicatea the role of the molecule ag reactant or
product. The § defines the stoichiometric pro-
portion of the molecule in the reaction.

By a subscript device, paremt molecules are
identified in the symbolic representation. Two
degrees of association are provided as illus-
trated by subscripts ¢ and &' in the following no-

CUTREN 7
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The subscripts outside the } (i.e., &,4") iden-
tify the molecules containing the sites of reaction
described within the { ) . Additionally, reactam
fntecedents are indentified within the { } periain-
Ing to products. The reactamt antecedent of an
element - bond is identified by the subscript
Outside the |. Thus, the { }, above pertains to
Teactant 8. The{ [ 1y}, above ins 1o prod-
uct &' containing the [A=B] site of reaction
Iting from reactant b.

second symbolic grouping arrangement is
for chemical and physical environment data.
change data are also included in this

group. Process information which is presently
included is not exhaustive of the items which may
ultimately be included but is only illustrative.
Most of the environment data are presently re-
corded in the terme used in thelr dieclosure.
An exemplary symbolic representation is:

24%
50 pai
S hrs

{re}
J A" Xy 3

The | | denote the beginning and end of this
grouping. The {pp}, represents a compound of
the chemical environment. Subscript & denotes
the role of the compound, e.g., catalyst, reducing
agent. The <A" x-y> is the representation for
valence changes: the < > signifying the begin-
and end of the piece of information, A~ rep-
resenting the element, and x and ¥ representing
the element valence in the reactant and product,
respectively.
The notations and their meanings are sum-
marized in Appendix A.

ILLUSTRATIVE PROCESS ANALYSIS

Translation of the description of a chemical
process from the language used in the document
o the symbolic representation of the system is
illustrated below. The exemplary process s
disclosed in U. 5. Patemt 2,640, 067 as follows:

2,640,067

GRIGNARD REAGENTS OF ORGANO-
ALKOXYEILANES

Example 1

440 grams of trimethylchlorosilane in an equal
volume of benzene was mixed with 378 grams of
3=-chloropropanol-1 and anhydrous ammonia was
bubbled through the mixture until the odor of
ammonia persisted. The ammonium chloride
formed was removed by filtration and the prod-
uct was distilled to give 513 grams of 3-chloro-
propoxy- 1-trimethyleilane, boiling point 1589 C.
ar 733 mm.,

p287C. 1.464
9371

and specific refraction .2680.
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The stoichiometric equation for the above proc-
ess, with the reactants and products represented
by their chemical formulas, is:

(CH ) 51c1 + Cl{CH ) CH OH
3} 22 2

PO | | — EHEH ) ':I-IEW:I{EH )

* “Hh‘:l

The structural representation for the above re-
action is :

)

H&C

|
H-C-51-Cl1 +

1 i

"

H

A modified versiom of this representation is
used in the process analysis. Element bonds to
Jhydrogen are shown by lines from the non-hy-
“drogen element; the H's are omitted. Heavy lines
denote the bonds at the sites of reaction which
are affected by the process. Superscript (m}
values are assigned to the elements it the sites
of reaction. Thus modified, the above repre-
gentation becomes:

-

This incorporates all of the information
from which the symbolic representation is de-
rived. All bonds of the non-hydrogen elements
with hydrogen are shown. The above equation
includes an example of am element bond with hy-
drogen as a site of reaction (the O* bond with
hydrogen) to illustrate the technique of extending
the site-of-reaction description one bond back
into the structure of the molecule (i.e., to C¥-0f)
when this special case arisca.

Y
HE wCan
| I =
€-C-0-8i-C-H + H-N-H C1
L | ~—
HEH el #
|
W

Each of the following expressions enclosed
in square brackets describes a site of reaction
in the process.

2 1 L - T N ] e
cl = 51 Li] - G 2J N o
0,0 O, 0,1 0, 0,3J Lo,0
3 " 1 2 7
= C a - 51 Gl &N
Giz ﬂ":' l:'-.':l' ﬂ'.ﬂ' aih

i
|
D@ @ ® ® DO O &
i i |
=C=51 W] « CleC-C-C =0 mm + =N= =% Cl=C=C-C =0 e8] -C- + -N®w (]
I _fl:_ (N ! 11 I £ |

(2]

The letters a, &, ¢, d, and ¢ recorded below the
structural formulas represent values assigned to
the &'s discussed in the preceding section. En-
circled numbers f, 2, 3. 4. and § are arbitrarily
assigned superscript m values

The siies of reaction are:

1 2 i3 L
8l =01 + Cud-

| 13 L 1 15 2
+ als — O =0 =3i * "H\"El
/

The — and & represent single and ionic bonds,
resgpectively. The sites are all at acyclic seg-
ments of the compound structures as represented
by subscript ¢ in the first subscript position o)
for each element. The number of bonds of cach
element with hydrogen is noted in the second
subscript position (g} e.g.. the © "”"u,u sig-

nifying no bonds of 5i with hydrogen and the 2 of
':30,1 gignifying rwo bonds of CJ3 with hydrogen.
'I'he[ h; 1] term illustrates a special form of the

notation for sites of reaction composed of oae
non-hydrogen element.



The symbolic statement of the proceas ia:

2 1 L
U1 -8 -tl1 0 -
0,0  o,0]f, 0,1
b 3 b
+<1l10 =¢ 10 =381
0,0 0,2 0,0

The reactante have single sites of reaction. This
is reflected ina single [ ] term encloged by { }
for molecules a, &, and €. Product d containg two
sites of reaction: the Si! portion from reactant a
and the C? - O* portion from reactant b. The
gites are described in separate [ 7] groupings
within the { } for product 4. Stoichiometrically,
the compounds react on & one-for-one basis as
shown by the numeral [ in the first numeral po-
eition following each { (8= 1). A single cocurrence
per molecule of a change in cach element -bond
group is shown by the numeral 1 following each
L. (Y=1). Reactants are distinguished from prod-
ucts by = and +, reapectively, in the firset symbol
po&ition following each (.

The statement of the process discloges one en-
vironment condition—a benrzene gsolvent. This
informa is represented in the symbolic state-
ment by [C H‘ within the [ | grouping. The

¢ in valence of nitrogen effected in the proc-
cag is noted by <M 3-5>,

The analyeis for this process is consolidared
ag the first example of Appendix B. Additional
examples of chemical processes disclosed in the
m-:n: lirerature are analyzed in Appendix B.

jor steps in the evolution of the symbolic rep-
resentations are included in the analyses.

SEARCH PARAMETERS

The system is designed to permit flexibility
in defining a field of search for chemical process
information such as is required for use in pat-
ént examination. A question may be framed in
any one of a variety of degrees of specificity.
For example, a search may be fora{ +[ A - D J}

group, or for a{(- A -B] } group in combination

with{+L A -DJ}, or for a {-Ehpq-ﬂji and
I{ipm q"mj combination, where p',q'differs from
P.g." "

¥y the selection of some pieces of information
and the suppression of others, a series of gearch-
&8 can be formulated for:varying combinations,
thus permitting the user flexibility in stating his
Bearch request. can, for example, be
made to provide a search for a specific set of

el A

g ) <H 3=35

:l,“:l.,ib}d {ﬂ[‘ clz.c:- ":"“_Jn.#}.

variables, or for the same seét excluding all proc-
ess conditions, or for sets of selected reactant
and product combinations, or for structural var-
lations within the reactapts and products.

several illustrative searches are given in Ap-

pendix D,

ADDITIONAL INVESTIGATIONS NEEDED

For practical purposes, the approach in ap-
plying the notation described above to process
digclosures s to eymbolically represent the proc-
egs data as disclosed. The symbolic represen-
tation is restricted to the reactants and prod-
ucts specifically described and 1o the mechanisms
of reaction disclosed or reasonably implied from
the compounds. For the preliminary investiga-
tions reported here, selection of the unit of in-
formation contiined in square bracketz as the
Iocus of reaction wag made intuitively. The re-
gulte of this first swudy indicate that this may
not be a completely satisfactory means of record-
ing meaningful information. Further study is
going on to determine whether or not complete
functional groups should be treated as the basic
unite of information.

WORD DESCRIFTORS

Word descriptors of chemical processes are
less amenable to standardization than structures.
A word can describe more than one process. Con-
versely, a procesg can be described by more
than ome word. For example, the synthesis of
acetic acid from acelaldehyde is describable as
the:

Reaction of an aldehyde

Production of an acid

Formation of a carboxylic acid

Oxidation of an aldehyde

Replacement of a C-H bond

Substitution of an -0H bond for an -H bond
Formation of a C-0 bond

as well as the synthesis of acetic acid from
acetaldehyde. Moreover, some words which are
used o describe processes have no relation to
any structural change involved in the process

-G -




(e.g.. Canrnizzarro reaction, Diels-Alder aynthe-
sia).

Resolution of the word problem is expected to
be arained through collection, definition, and
clasaification of the words, and symbolic repre-
gentation of the process concepts embodied in the

words to the degree possible according to the
definitions.

EXPECTATIONS

A perfected system lor storing information on
chemical processes is expected through merger
of the gite of reaction description with stand-
ardized words. The discrimination provided by
this combination should permit a question to be
phrased in terms of the informationactually sought
for rather than in terms of a fixed and limived
vocabulary. As a corollary, the search should
retrieve only desired information and no false
drope. Search questions of any degree of gen-
erality should be permissible. The above de-
gecribed system is believed 1o be an approach
these goals.
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APPENDIX A
NOTATIONS GLOSSARY

Owver=-all molafion:

e R A

&

Grouping symbols:
{ } Define the beginning and end of informartion pertaining to a chemical
compound

{ ] Define the beginning and end of Information pertalning v a site of reac-
tion within a chemical compound.

Define the beginning and end of information pertaining to the environ-
j 2 mental conditions of the process.

< > Define the beginning and end of information pertalning to a change of

valence.

Omi=ling symbols:

o Identifies the site of reaction as one at which a process change takes
place (o= -) or has taken place (e = +).

B Identifies the stolchiometric proportons of the compounds.

¥ Identifies the number of element-bond structures of the same configu-
ration in the molecule which undergo a change.

AB DR Representations for the elements (l.e., C, N, O, Na).

P Repreaentation for the compounds part of the chemical environment.

—_ Identifies the bond of the clement-bond structure [ —, —, =, =
{lontc bond), —=(polar bond)].

rr Representation for physical environment conditions (e.g.. temperature,
pressure).

=y ldentifies the initlal valence (x) and the final valence (y) of an element
which undergoes a change of valence,

P . Identifies the part of the compound structure contalning the element, a8
follows:

L alemental form

- 18 =




Subscript symbols—Con.

¥

a

simulranecus member of 2 heterocyclic rings

simultaneous member of @ heterocyclicand a carbocyclic ring

member of a heterocyclic ring

member of a carbocyclic ring

o

Lo

¢y simultaneous member of 2 carbocyclic rings

w

)
0 member of an acyclic chain

Identifies the number of bonds of the element with hydrogen.

[dentifies the compounds from which the sites of reaction are iso-
lared.

Defines the role of the compound in the chemical environment (e.g.,
catalyst, diluent, reducing agent).

Superscripl symbol:

o

Identifies a particular element In the various element-bond struc-
turas in which it occurs.
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APPENDIX B
EXEMPLARY CHEMICAL PROCESS ANALYSES

Applications of the system o process disclosures
are illustrated in this appendix. The disclosures
are examples of invention extracted from the texts
of U, 5 patents. The first example in this appendix
is of the process analyzed in the report.

For eachprocess analysis, the following informa-
tion iggiven: the patent text degcription of the proc-
g6, a structural representation of the reactants
and products; a structural representation of the

evolved in this report; and a code number. The
code numbers are used in leu of the patent num-
bers in references to the processes in subsequent
appendixes. Code number-patent number equiva-

lents are listed at the end of this appendix.

Since the purpose of this appendix is primarily
to demonstrate applicability of the system toproc.
ege disclogures, analveis has been restricted toin-
formation pertinent to reactants and products (i.e.,

gites of reaction isolared from the compounds; a wavy bracket | | rerms).

description of the reaction in terms of the system

2.540.087
GRIGNAED REAGENTS OF ORGANO-
ALKOXYSBILANES

Exrample 1

440 gramas of trimethyichloresilane in an equal
volume of benzens was mixed with 378 grams of
3-chloropropanol-1 and anhydrous ammonia was
bubbled through the mixture until the odor of
ammonis persisted. The ammonium chloride
formed was removed by filtration and the prod-
uct was distilled to give 513 grams of 3-chloro-
propoxy-1-trimethylsilane,

Structures representation:
i i

=l -
o) N [ 12 ?_
=L=8 -CP & El-': t-Fﬂ‘g‘- - —'ﬂ— —t [l=C=C- a.-ﬂ! Si&é- e -HL C
] [ i N E T | I'-—-l'
L Lo
|

a ] (]

Sites of reaction:
i 2 (3 L 1 I3 L 4 s 2
81 =C1 + C=0= + -I'I-F C

| | f\
Syste= notation:

J [ 2 1 L 3 g
=111 €1 -81 ] -1[1 6 =€ :| ~1[1 N ]
0,0 0,0 0,1 0,2 . 9,3

\
b 1 2 5
0 - 83 ]- n|:1 €1 N
0,0 0,0 il 2,0 0O,k

0E7

L
1-1|:1- o l::al ] [1
0,0 '!}.ﬂJ.b

Code identificaticn no.t ey e



2,713,011

LFONAMIDO-6-CHLOROPYRIDAZINES AND
e PROCESSES OF PREPARING SAME

Example |

A slurry of one part of maleic hydrazide in 7.1 parts
of phosphorus osychloride is stirced for fificen minuies at -
room temperature and then heated v %0 €. Heaung is
discontinued at this point, as the hean of reaction is suffi-
cient 1o m’dnuin the reaction al this temperature, After
about Iwenty minutes the reaction s substantially com-
pleie, and excess phosphorus oxychloride is removed by
vacuum distillation. The resulting oily residue > drowned
in ice water, which resulls in the appeardnce of 4 copious
wn precipitate. This mixiure s mode alkaline by ihe
gradual addition of concentrated ammonium hydioxide,
and the mizture is then extracted 1o exhaustion with ether.
The ether solution is dried by treatmient for about sixleen
hours with calcium sulfate at 8° C. and is then filtered
and concentrated 10 a small volume by evaporation of
solvent. The remaining concentrated solution is distilled
in a vacuum and a fraction boiling at 123° C. o 127 C
at & mm. pressure is collected.  This Je-dichloropyrida-
zine has a mehing point of abow 66* C. 1o o¥* C.

Strusture represantation: %
ILE Ia@’ : 84\ @
—F - -Eb—fﬁﬂfﬂ c _':IB- - - @ @ — _@{h IF

l - €l =P~ ==l
I

AN

cl

%
o © 2@ g

10
cl
Sitas of reactlon: é3
1 2 3 5 6 7 9 10 ¢ 12 saﬁ"xﬂz
=N =i =0 =Cw = =0 = # 1 = =1 —_— =
Tl | i R &l iy
L 8 N N
o o ﬁ;ﬂ;{
I
12
Systaz notation: Cl

1 2 2 1 LB 3,7 5.6 1,7 s é
-.1[1|r -R]EH = C 20 = e e =€ 1 e -GJ
0,2 0,1 0,1 0,0 0,0 0,0 0,1 0,0 0,1 0,

9 7 [ 10,12 11,11 1 2 1,2 7.3
10 = C =112 €1 - P -'l|j1ﬂ = N e N - C
0;1 0,0 |. 0,0 0,0 s B A L A
b a

[ 10,12 3,7 [ 546 3,7 [ 5 &
2 Cl = C 2 C = C 1C = C
Q59 wro0 b wr.] w0 ero] g
L e ]

Coda ldentification mo.: ON - 1 =

‘_J



1,712,029

MONOAMIDES OF TRIHALOMETHANEPHOS-
PHONIC ACTD MONOESTERS

Example 11" —Vieyl N.N-lipheaylarmidotrichlaoro-
mmeihane phosphonale

I = NN - diphenyiamino - §,3,2 - dioxaphospholane was
beated o about 143* C., and an equimolar amoum of
carbon ietrachloride was slowly added thereto over a
period of about 243 hours. The mixture was topped st
100* C. at 150-20d mm. poessure, obtaining as produci
vinyl N.N-diphenylamidotrichloromethanephosphonate.

Structure repressntation:

£P B B2
_I -gv (.5{:} s -l['!l g Elﬁl (5{:}
(] &

Sltes of reactlon:r

s 13 2 1 5 & I3 I 7 1 2
-l:-ii':-n;P + Cafl ey <C aC =0 =P =0

|
o ¢’

System notation:

o " b 3 2 3 2 1
i =@ 1 g =@ 1 @ - L 10 =P
L W0 @2 w2 o2 “ho w2 Lo
e 5 ] [ 3 L 1[ 7 v [ 2
i C1 = +1|1 € = 10 = 1 0 "
L 0,0 0,0 b ﬂ,? 0,1 L 0,0 0,1 0,0
1 5
1 P -
0,0 0,0 b

Coda ildentification mo.: O29

= 17 =

P
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1,719,158
1-HYDRAZINO-ISOQUINOLINES

Example 2

2 parts by weight of 1-hydrazino-isoquinoline are dis-
solved in 15 parts by volume of 2-normal sodium acetate

1 parts by volume of acetone added. The
resultant oily precipitate, when triturated, becomes crys-
talline. It is the I-(N,N-dimethylmethylenchydrazino)-

(I;l

CHy
I':.""'l'—-l.':f
e,
CHy

which after recrystallization from cyclohexans melts at
105=106" C.

Structure representation:

o el
Jor-% ;M
| =
E |

O (2]

Sites of reaction:

1 2 3 b 2
=N =N = * G =0 e =N =N =C

Systam notation:

[F , PR L 3 2 3
=11 K - W =111 O II:J -1[‘I!‘ = g
L 0,2 0,1 : 0,0 0, 0,0 W, b
¥

Code identification no.: 158
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2,719,161
PFYRIDINE THIOSEMICARBAZONE

Example 2

About 10.7 g. of }-formyl pyridine (nicotinaldehyde)
and 9.5 g of thiosemicarbazide are boiled for 30 minuies
in & solution of 100 cc. of water to which has been added
5 cc. glacial acetie acid. The nicotinaldehyde thiosemi-
carbazone begins 1o scparale as coarse, pale-yellow crys-
tals even while the solution is siill hoi. These crystals
are removed by filtration and dried. Their melting point
is about 216° C., with decomposition. The product
dissolves in dilute hydrochloric acid and in dilute sodium
hydroxide solution, vielding a yellow solution, and it
forms a copper complex salt which may be recovered as
a grecnizh, yellow powder. This product, nicotinalde-
hyde thiosemicarbazone, is represented by the formula;

He=M MNH.C{18) MH,

Structure reprosantation:

*

System notation:

®i (j—c‘!?:.ﬁ

N =C=HN= — i

ey 3

®] (=]
-:rl-:h- e rl:' -ni-nh-

I: 2
110 =¢C
0,0 0,1
b ;.
1N =N
Oy 0,0

Code ldeantiflsation mo. i

L

[ e e
=11t N =N s1[1 N =¢
0,2 o,lfy 0,0 0,1

161

D



2,793,224

P-CHLOROPHENYL-MERCAPTOMETHYL DI-
ALKYL DITHIOPHOSPHATES AND THEIR
USE AS INSECTICIDES

The compounds of the present invention can be made
in the following manner:

R-1246—About 10.0 gms, (0.05 M) of pchlorophen-
yichloromethyl sulfide, 15.0 gms, (0.06 M) of polassium
diisopropyl-dithiophosphate and 100 ml. of 95% isopro-
panol, were refluxed two hours. The bulk of the alcohol
was distilled off and the residue treated with 100 ml. of
cold water and 100 ml, of 30-60" petroleum cther and
the mixture transferred to a separatory funnel and shaken
|hnmughly. The lower agueons lnyer was discarded mnd
the petrolcum ether layver washed several times with cald
water, dned over anhydrous sodium carbonate, filtered
and the petroleum cther distilicd off on the steam bath.
The product, a light yellow colorcd liguid, weighed 12,3
gms. (64.0% bascd on Ihe p-chlorophenyl-chloromethyl
sulfide), The Mp® =1 6H21H),

Structurs representation:

cl

e | t
=C=C=0 3 =G=C=0
L@ = (RE| B -4 Tl R
5= ] - P — F
| HRr e ] W
=0=C=0 o
| é I 1

(=

Sitas of reaction:

1 2
-C =C1
|

Systam notation:

-‘I['I L |

2
0,0

= C

ol

I
- =

-K — 8 -C -
I

Coda identification no.: 22



1,859,245

REACTION OF SF, WITH ORGANIC COMPOUNDS
CONTAINING A CARBONYL RADICAL

Example |

A “Hastelloy™-lined bomb (capacity, 145 parts of wa-
ter) was charged with 34.8 parts of acetone and 75 parts
of sulfur tetraflooride. The mixiure was healed with
shaking at 110* C. for 16 hours. The reaction products,
all of which were gaseous &t room lemperature, were
distilled in a low-temperature still. There was obtained
30.5 parts of 2 J-diflvoropropane which boiled at —10*
to —5" C. The identity of the product was confirmed by
mass ipectrometric analysis. Thionyl fuoride was ob-
tained as a by-prodoct.

Structure represantation:

& 2 £ P
AL, oDy L WD L o

I I 1!_11 I By |
] [ = (]

Sltes of reactlon:

1 2 3 % % 11 5
€ =0 e g —p F-£-P + 8 =0

System notatlon:

2 1 1,5 b e 3,5 1,1
=111 0 = C =12 F - 8 +1l2 F =
0,0 040 0;0 0,0 ;0 0,0

B,0)a
2 L
H['I 1] = 8 ]
00 0,0

I,h *

Code identification no.: 245
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1858155

TURATED THIOUREIDO POLY-
UNSA oF
THEM

Example I

A solution of 23.0 grama (0.2 mole) of n-butyl isothio-
cyanate in 100 ml. of benzene is trealed slowly with

stirring at 20°-30* C. with 17.4 grams (0.2 mole) of
2-aminocthyl vinyl ether. The mixture is warmed to 50"
C. to complete the reaction. The salvent iz removed by
stripping &t reduced pressure. The residue, 40.6 grams,
crystallirzes and is purified by recrystallization from a
mixture of toluen: and petroleum ether to give 304
grams of a 75.4% yield, of material as & white, crystal-
line salid, M. P. 42-47" ¢ The product, M-o-butyl-MN"-
vinvloxyethylthiourea,

contains by analysis 13.9% nitrogen aod 165 sulfur;
the calculated walues are 11859 pitrogen and 15.819%
sulfur. The product shows a sirong absorption at 12.2
microns characteristic of a vinyl ether,

Structurs raprasantation:

RO FOR W R S SN OF OR O VLR R,

R,
i

Sites of reaction:

| VIR [y B |

(] (<)

L b 2 1
-n‘j-tit - —p = _'3_.: -N -

System notation:

I

1 2 3 L 3 4
=1 1 N g =11 N = G +111 N =
0,0 0,0 0,2 0,2 0,1 0,2

Code identification no.: 295
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1,856,406

AMINOACID ESTERS OF N-SUBSTITUTED
HYDROXYALKYL PIFERIDINES

Example I

- methyl - 2 - ¥ .
h:’llu mplpmd]hﬂhrl morpholinopro-

Qﬂﬂ34MW

A mixture containing 32.7 g (0.24 mole) of WN-methyl-
2-hydroxymethylpiperidine, 41.5 g. (0.24 mole) of methyl
morpholinopropionaie, 1.2 g. of sodium methoxide and
325 cc. of p-heptane was refluxed with wtirring. The
methanol separated as soon as it was formed.  Afier all
the methanol had been collected the solvent was removed
by distillation and the product separated by [ractional
ﬁﬁ:;illihmn, B. P. 140-141* C./0.8 mm.. yield 45 g
L ).

Structure represantatlon:

Sites of reaction:

System notationg

©1
c

13 b 1 L 3 2
o mll e =l =0 + C=D=
|

N

2 3
*1[I 0 - G ]‘
0}1 013 .'h

Coda identification no.: LOS



2,818,408
STEROID COMPOUNDS AND PROCESS

Ezample 2.—Methyl 3,1 1-diketo-5-bromod 17(20)-[cisl-
prepnadien 2 [1-oate (IT)

To & solotioa of 300 grama (0.078 mole) of methyl
3 . methoxy - 11 - keto - 3,5,17(20) - [cis] - pregoatrien-
21-cate in 1,700 milliliters of scetone was slowly added

mixture was distilled af between 22 to 29 i
grade at redoced pressure upotil about hall the original
volume remained. The concentrate was

water and extracted with ether. The ether extract
waihed with an sgqueocus sodium carbonate solution anmd
then with water, dried, and then disiilled to dryness. The
retdue sonsitted of methyl 3,1 | -diketo-S-bromo-d, 17020 -
[cis)-pregnadien-21-oate,

Structure represantation:

Sitaz of reaction:

"

2 3 % 5% & 7.8

=0 =0 =L = -E‘t? - + N =Br

L
Y

&

System notation:

[ %o o) [ % ol [ ™ 0] [ ™,
=11 0 =2C¢C 1.0 =0C 1¢ =¢ [14.': -0 ][1
0,0 0,3 0,0 9,0 ¥,  ¥,0 T, ¥
B 7 2 3 ls 1
-1l 1 Br = N +fl1 0 =¢ ] 1C = }[1
0,0 0O, 0,0 ¥,0 w1 0l

k

5

L a8 &
c = C 1Br -C
vl 0,0 op,1

@%@, 0

o

Code identiflcation no.: LO#
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&40

1,854,481

J(PENTYLTHIOMFROFIONALDEHYDE
THIOSEMICARBAFONE

In a representative operation, 160 grams (1 mole) of

3-{pentylthio) propiopaldebyde was added to 100 grams
(1.1 moles) of thiosemicarbaride dissolved in 180 milli-
liters (1.1 moles) of 6 normal hydrochloride acld. The
addition was carricd out with stirring and cooling of the
resction vessel in an ice bath. Following the addition, a
solution of 1RO grams (2.2 moles) of sodium acefate in
540 milliliters of water was added 10 the reaction mixture
and the resulting mixture maintained for several hours
with stirring and cooling and at a temperature of 30° C,
During the latter period, a 3-(penatylthio ) propionaldehyde
thiosemicarbazone precipitated in the reaction mixture as
& crystalline solid. The product was scparated by filtra-
tion, recrystallized from aqueous ethanol, and found io
melt at 172*-174* C.

Structure representation:

3
|| | |
il ooty o e
|

O

Sites of reaction:

1 = 3 &

L=0 + -N-N
| |

System notaticomi

2 1
=111 O =C
040 041 o

Coda identification no.:

S n RN

BN I (s
=11 N =K #1 N =
0,2 0,1 0,0

b

81



2,799,712
FLUOROVINYL ETHERS
Example V.—Preparation of ethyl 121-diftuoro-1-chloro-
vimyl ether

A stream of 1,1,2-trifluoro-2-chloroethylene was passed
through a Jdrying fube and bubbled through a dry sus-
pension of 0.5 male of potassium ethanolate in toluene
which was cooled to 0-10* C. The addition of the 1,1,2-
triflvorc-2-chlorocthylene was continued at a slow rate
for about thrée hours until an equivalent amount was
absorbed.  The temperature of the reaction mixture then
rose to 23" C. The resulting thick suspencoa was cen-
trifuged and the clear supermatant decanted and distilled
to give 58 g of ethyl 1,2-difluoro-2-chlorovinyl ether.

Structure roepresontation:

¥ F
| 11 | 1 @1
@—G@-ﬂ—cl + -f.:-'-':-@—@ —_— -ﬂ-?- -f.l'.' =C
| (| [
r F

= ] (=]

Eitaa of reactlon:

1 2 3 b 3 2
F = + o -K i 0 =C

System notatlon:

1 2 L 3 3 2
-I{I ) - C =1|1 K =0 M1 0 =¢C
Q‘G ﬂ‘u B D'D 0‘0 D‘.D ﬂln

Code identification no.: 712
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2,802,765
INSECTICIDES

EXAMPLE IV

Preparation of 24 3-trichlovophenyl-bera-thiocyano
ethylsulfide

24 parts of 24.f5.trichloropbenyl-beta-chlorcethyl-
sulfide (prepared by known methods) were added to n
solution of 30 party polassium thiocyanate in 200 parts
of cthapol. The mixture was refluzed for 12 hours
After Altration most of the ethanol was distilled off under
redoced presture and cold water was added to the residue,
An ol scparsted and was washed with waler, dried and
distilled. The product crystallired on standing. B. P.
12 e F235-230%, Yield: 50%; M. P. 26* C., solubls
in scetone, ether and alcobol.

Structure representation:

c1 el
D

: @ © @
€1 dolel® » Pl = @ s-t-t cun
1 I

% ] g

Sitea of reaction:

1 1k 1 L
-‘-;.:-El + K-8 — -C =5

Systes notationi

2 1 3 L L i
“Miel -6 1K -8 «118 -cC J
0,0 0,2l 0,0 0O, 0,0 0,1 Lt

Code identification nmo.: 769



2,866,814
TRIETHYLAMINE SALTS OF N-NAPHTHYL)-
DITHIOCARBAMIC ACIDS

In a representalive orceration, 143.2 grams (1 mole)
of Z-naphthylamine and 111.3 grams (1.1 moles) of
tricthylaming were dispersed in 1.5 liters of diisopropyl
elther. This mixture was thea heated o &0* C. and
18 grams (1.1 moles) of carbon disulfide sdded thereto
with stirring. Stirring was thereafter continued, and the
mixture maintained at 60* C. for two hours and then at
45" C. for about 20 hours o complete the reaction.
Following the reaction, the mixiure was filtered to sep-
araté a ftriethyl ammonium ™N-[ 2-naphihyl )-dithiocar-
bamate product in a yvield of 76.3 percenl. The product
contained sulfur and nitrogen contents of 199 and 5.6
percent, respectively, as compared o theorctical contents
of 20 and 8.7 percent.

Structure reprasentation:

Sites of reaction:

System notation:

[1 ﬂ‘i ﬂ!n]h [ 313,3 E::,E:L

1@00: 806 O:‘/?—ﬁc
] |®r I
-

53? "“F .-"'-.125“'3?
-C =N=C = + § =C — i C=F=C=5=N=C =
i

I o TR ]

5

A fe oo oo,

d

Code identificaticn no.: Bk
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[EH
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1,813,819

HEXAALEKYL !EE ? YLEMEIMING
I TRIFHOSPFHONATE
Example [

M-Ethylenetrichloromethanssulfenamide (19.2 g, 0.1
mode) was cooled in ice and stirred as 66.4 g. (0.4 mole)
of freshly fractionated tricthyl phosphite was added dur-
ing & time of abowt 12 minuies. The resulting sojution
was heated 1o about 110" C. and ethyl chlonide began to
collect in the trap attached to the condenser with which
the reaction vessel was equipped. The temperatore of
the reaction mixture was brought to 140° C,, at which
point the reaction mixiure began 1o darken. It was
then cooled to 30° C., put under waler pump vacuum,
and heated to 50* C. At this point 16.2 g of cthyl chlo-
ride had eollected in the trap. The theoretical gquantity
for replacement of all three chlorine atoms from the
amide is 19.2 g Distillation of the reaction mixiure
to remove material boiling below 72° C./0.1 mm. gave
as residue 48.1 g of the dark red hexaethv] (ethyl-
ensiminothiomethylidyne) -triphosphonate, m,™ |.46BE2

Structurs repraseantation:

Sites of reaction:

| o 5,6,7 8,90 N2 8 nz2 w
::1*.*‘_-..{;1 +3-E'*-ﬂ"-1""ﬂ—p 0 =F =C =F -EF*E--!:
¥ | :
o P13=n10
System notation:
r 1,3, 2,2,2 8,9,10 6,7 8.9.10 11,12,1
Jiﬂ:"-ﬂ”] -3[1{:”-:5”]&::'9’ e ieia
5 0,0 0,0 2 L 0,0 0,2 2,0 0,0
[ 8,9,10 11,12.1 11,12
] R T - [_'1 P '134212'2] +3]1 c1
L 9,0 0,0 0,0 0,0 b 0,0
"

0 =P =OaCal=

L{;.c:-
(&

Code identification no.: B19

567

|

=Cl

b
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1,865,919
THENYL UREAS

Example [

To a suitable reaction vessel is added and mixed 18.8
parts by weight of 3 4-dichlorophenylisocyvanate, 11.3
parts by weight of a-thenyl amine, and 36 puris by
weight of dicthyl ether. The reaction is very vigorous
and permitted to scek its own temperature level. Upon
cooling the mass the precipitaie is fillered off and washed
with two 15 parts by weight poriions of dicthyl ether.
The product an deyving i3 M-} d-dichlorapheayl) M- =-
thenyl) wrea (white granules, M. P. 1A9.8-170.5" C.
?EH::”".-EI 1.

Btructurs representation:

cl

cl1 @.{, 4 __,:ﬂ s - IEEJ ® g
ABo . PRy — o O-PRAPLY
(o] K1 (<]

Sitas of reaction:
1 2 I . 1 2 ™
N =C + =N - —p =N =C -:]-r.' E

Eystem notation;

gl (otesd fpaeal

Code identification no.: 929
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APPENDIX C
LISTING OF ELEMENT-BOND STRUCTURES

The element-bond structures used to describe
the processes analyzed in Appendix B are collected

in this appendix.
The units are arranged in the following order:

1. Alphabetically by element ahbreviarion

a. By order of superiority based on the
element-bond groups

as. By order of superiority based on the
subscripts

The following rules were applied in ordering
the terms:

1. a. For the units composed of carbon and
another element, carbon is placed aecond
in the term.

b. For the unite composad of elements other
than carbon, the elements being digsimi-
lar. the first element alphabetically pre-
cedes the second.

2. The bond order of precedence is

— T T e I

3. The order of the subscripts is as follows:
a. In the first subgcript pogition,
£ > 4@ '.!-#;:-ﬂ:l-w}-'ﬂhﬂ.
b. In the second subscript position,
q>qg-1l>» q-2> q-3, €.

The superscript and numerical prefix modifiers
are not affizxed o the element-bond structure térme
for the purposes of this listing. Neither modifier
affects rthe substantive nature of theunit. The rela-
tionships and process specifice symbolically ex-
pressed by these modifiers are determinable from
the complete notations in Appendix B.

The numbers associated with the element-bond
structures are the codes for the patent numbers of
Appendix B.

The lisring is an ad hoc device for surveying the
element-bond terms required to represent the
process changes. Its value for dictionary. statisd-
cal, and other purposes has not been determined.

= 37 =



- LR Cl = 0 011
0,0 o, 0,0 &0
CL =¢C
Br,N 0,0 0,2 EE’;
Br =K Losg 19
0,0 0,1
Cl = G [1=3:]
0,0 0,0 B19
Eac]
£=C c1,N
[+ Ll - LOB Cl EN 067
9,0 o 0,0 O,k
c sC 1 e
ClL =P o1
[k = C Lo ﬂ.ﬂ 'I‘.'.'r,D
#,1  #,0
cC =c 29 |c1,31|
02 040
¢l -84 067
0,0 0,0
c = C i
0,1 0,1
r.n:|
C-L
s P = 245
c -C 408 0,0 0,0 712
¥yl 1
[ = Log F,8
e s [
F =28 25
0,0 Q40
C =c 029
er2 w2
Ik, 0
C == 11 ,
el e, E -0 ez
0,0 0,0
C =0 Lo8
w2l ¥,0 i
E,3
C = o E =8 224
0,1 0,0 0,0 0,0 769
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APPENDIX D
SAMPLES SEARCHES

The ability of this system to respond to search
questions for chemical process information is dem-
onatrated in this appendix. The search question is
translated into the notation of the system. The
gearch is in two parts: (1) the Appendix C list is
searched for the element-bond structures in the
question, and (2) the Appendix B analyses which
contain all the desired element-bond rerms are
gearched for the remaining process information.
An exact match of all parts of the question except
the superscripts with terms for the disclosed proc-
£58 represents an answer. [he superscripts are
arbitrary numbers and, therefore, numerical ident-
ity of superscripts between any two otherwise
identical sets of terms is accidental. The super-
scripts do show whether a plurality of [ |'s for a
particular process are related as indicated by the
question.

A symbol is introduced for purposes of asking a
question, ?. The ? is substituted for any symbol

representing information which is suppressed in
making the search. Suppression of a piece of in-
formation broadens the scope of the search ques-
tion. Thus, a carbon atom at a site of reaction
which may be part of a chain, a carbocyclic ring,
or a heterocyclic ring, and which has no bonds
with hydrogen is represented by C? 0

When more than one possible variation for a
particular item of the notation is sought, the vari-
ations are multiply stated. Thus, a carbon atom at
the gite of reaction in an “alkylene® group may be
part of a straight or branched carbon chain and
may have no bondes with hydrogen or upto two bondg
with hydrogen. The representation for the carbon

atom is ‘:u. ﬁ'} .

The full discriminatory value of the system re-
mains to be explored. Process condition informa-
tion and standardized terminology, conceprually
noted in the report, will be exploited.
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SEARCH #1

For: A process for the preparation of fluorcalkyl compounds which comprisaes
reacting sulfur tetraflucride with an organle compound containing at
least one oxygen doubly bonded to one carbon, any remaining atoms on
sald carbon belng singly bonded to sald carbon and at most ons of saild
resaining atems belng monovalant.

Structure representation:

r o .
PBAP Pl o 8,

(] (] <]

Sites of reaction:

3 3
S8 <F &+ ++eCm) —p F =L s

Juestion:
2 1 L E) 2 3 1
-?[‘i" P = B il -‘il'[i' o = Eq } t?[? F = j|
0,0 0,0Jf, 00 T,lfy 0,0 7,7 '*"L
Bt 2 011 Ehgg %kg
1 1
12? L1
Appendix A:

flngan }1 o 2L 4] g 1
245 1is -1[1 o0 =¢ =112 F =8 +1|:z F =-¢C
el 1 0,0 0,0 J’_ 0,0 0,0Jf 0,0 0,04 4

Ansver: |245

= 37 =




BEARCH # 2

For: A method of making a compound having the formula R-0_ 8§
wharein R is a lower alkyl radical, comprising
raacting p-chlorophanyl chloromssthyl sulfidas
with a poTassium salt of a di=lover alkyl
dithiophosphate. : R-0

Structure representation:
B=0 5 H=0 3

@ @ b
cl—D—Lc . E_ﬂ.f"p'\a@_ég
(<] (2] (]

Sites of reaction:
1 2 3 L 3 1
-|I: 01 + 8K —ge 8 -rl: 2
[ o [ %0 o Vi
=111 €1 - G ] =111 K - 8 :I -1[15 = C }
0,0 042J(, 0,0 0,0 0,0 0,2 libL
Appsndix B:
224 224 224
g 769 769
19
Acpandix A
i 2 1 1
224 48 (=11 C1 =

Answar: |22L
769

Ayl
P-3-CH -a-<:>-|:1
7 2

P
o’ "‘s@-cm-e.-o-m



SEARCH # 3

For: A process which comprises reacting a compound of formula R—N E 2
with & coapound of the feraula 5 1 B3 R -0H
to produce & sompound of the R’/-0-C-R'-NT

-K
formula 2 [ ~
A =0-C-R'-N-R° AT Rt
R—(}/ I L., wharain R !.l & lowar alkyl group; R 1s &
mmbu-r H_Er::nup conzlsting of lowar
alkyl.and p?n;rl. ,'l.mrqr alkyl groups; H are lover alkylene groups;

and B3 and are mamnbaras of tha group n-urui.ltlng aof lowar alkyl groups,
hanyl :rngn:. phanyl=lowar alkyl groups, lower alkene groups, and groups
n vwhich R ares joined to form & monocyclic heterocyelic group

tha group unmlltln: of ths sorpholine, piparidine, and pyrrolidinc groups.

Structurs reprassntation:

Dﬂ@-o- c L g BF W NC
[e]

ip.t -ﬂz-- L --!é.}-n ——— """.: -u
i : 3 .
2 1 1 LM 3 1 L 1
-.-1[l (] = C ] -1[1 = ] +1[‘| (i) = C J
» O j. 0,0 0,7 I—b 0,0 Oy 8o
Appandix R:
06 %7 2 %7 Bis
\-{g kag 819 LOb ?
Appandix A:

[ L 3 ] . 3
&7 18 s-1|1 0 =0C +l1 0 =¢C
r— ﬂ.‘l D--E b ﬂ.ﬂ ﬂ-z




SEARCE 4%

For: A process of making a coapound of the structure a 1|‘|a|---t‘:-lu--|::|;2
which cwinl roacting ~thanylamine with I I
A ¢ompo of the atructura
wharein X is selected froam NCX
the group consisting of 2
By Dy

cxygen and :ultu.r wharein and ¢ are sealected froam

the group nnnti:t ng of maragln apd halogen, and
wharain the substituents i, b, and ¢ total at least twe
halogan atoms.

Structure representation:
:Q—Mﬂ. , - .:':E_r’j . ::O ?)-E@-P¢®-|’_$]

o ® : a

1 2 EL 1 2 31 L
N =C * -':I -IE - — = =C =N -!I: -
fuestion:
1 2 3 [ 1 2 3 2 3 L
-1[1: = =118 =C ﬂ[u =C ]11! =C 1§ =C
0,0 0,0lf, 0,2 0,21( 0,1 0,0 L 0,1 0,0/ L 0,1 0 2
Arpendix E
295 295 o011 Bk 011 Bk 295
s29 %29 295 =29 293 929 w29
Appendix A:
[ 3 Y 3 2
295 13 (=1 [ur =C [111 =C 1
—— n::,c: nu ‘ ,2 0,2 Ih 041 n,zl 041 n,nh
1! ]
0,1 t}.u
[ J’ 2 3 k-
929 18 (=1/ 1K =1 ..1[11' -C ] |j1n -C 1
,D ﬂ.ﬂ 042 "l 0,1 0,00 0,1 0,0 b
by
1N
- ﬂr‘




SEAFCH # 5

Fer: A sathod which comprisas haating N-ethylane trichlermathansa sulfenamide
with a trialkyl phosphite having from 1 to 5 carbon atoms in the alkyl
radical and recovering from the resulting reacticn product a hexaalkyl

athylasnaiminothiomathylidyna triphosphonate kaving frem 1 to 5 carbon
atoms In the alkyl radical.

firucture representation:
R-C O-R

4:1':3:r “@{@ éE!

i [
=C _ .FF-“""E =L O=F
|;H-B-'=EI-CF + 3 Hn Fw—ﬂ-ﬁ — |:l-a--:‘% -E?:M
0 A < ale,,
\:r-n

(2] ] [

Sites of reaction:
1

c1
[ 5,6,7 8§,9,10 11,12,13 10 13 2 11 B
& e e e S e o-:r--:lz-F-n
|
{:J."‘ pm-:ﬁ
Juestion:
1,3, 2.2.2 B,9.10 & B,9.10 11,12,1
_1[3::1'3'4:”] -3[1&"-:"'?][10?’-9"3
0,0 0,0 0,0 0,1 0,0 0,0
[ B,9,10 11,12,13 [ 11,12,13 2,2,2
+13 0 - P AP -0 l
0,0 0,0 : 0,0 0,0 4 f.
Appsndix B
c1-C o-c O-F O=p  BC
Phe
1 1 1 19
e s
Appendix A:
819 1s -1[3:1 - ] —){10 - _'H:m -F ] +1[3u -r l
— 0,0 0,0 5,0 0,2|| 0,0 0,0 0,0 0,0
(suparseripts omitted) [311 =L l
Answer: |B1§ 0,0 040 b bfe

..*1..



SEARCH £ 6 o

A method for ing “r-(pantylthic)alkancic aldehyds thicsemicarbazons
Rar: vhiah ¢upmﬁ.ﬁat ng wﬂpﬂunnmmnmu aldahyde with

thicssmicarbazids.
Structural reoresentation: :
5
: @1, @I
O—E-h-ﬂmlg!} + —I =-F ~C=-H- — O—E—H-?@lp-l =2=-N-
| I
Sites of reastion:
1 2 L 1 L
=C =0 + -:‘-H- —p =L =} =K =
question:
[ 2 1 ] [ 3 b :| |'_ 3 1 [ L 1
=110 =G =118 = K +1(1H =¢C iR =K
E'-,':l' 0[1' ﬂ-,-? 'L'.'rﬂ U.'ﬂ' l:l..1 b-|1- D,G
& b b -
Appendix B:
161 011 161 161 1
1 1 ka1 kA1 ﬁﬂﬁ
1
Appendix A:
2 Jii [ L 1 1 1 8
LA 1is -11.-15 = -1 113 =N ] 4-1[1!3 = [nr -13
= L o0 o, ] L 0,2 0,1 J’b 0,0 0,1l , L 0,1 0,0
)
e
[ R P b 1 7 L 1
161 is (=110 =C =1 1]3 =N } +1[1H3 =0 |:1I! -!] j|
Ll L 0,0 0,1l 0,2 0,1J(y 0,0 0,1) L 0,1 0,0 uI
' [}

Anaver: | 161
La

43081==0.5,. mpt.of Comm--DC-=-19&1

_*2_
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