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1. Introduction

CAESA is a program designed for the Computer-Aided Estmation of Synthetic Accessibility. CAESA ams to score a target compound on the edimated difficulty of its
synthesis. CAESA perf orms a retrosynthetic anaysis on the compound to find appropriate available starting materials CAESA then andly s sections of the compound not
covered by the starting materialsand the overall complexity of the molecue to obtain anumerica estimate of synthetic accessihility.

1.1 Performance Objectives

For CAESA to be useful commerciadly, it isnecesary for the resultsproduced to be redligic and reproducible. The retrog/nthetic analysis perf ormed should match (or exceed)
that of an experienced gynthetic chemist:

the lowest possible number of synthetic steps

consideration of reaction difficulty and/or yields

sensible starting materials selected

minimal number of FGIs (Functional Group Interconversions)

1.2 Performance of CAESA

CAESA considers the reaction difficulty and/or yields by alocating each reaction or transform in the databases a score, with a higher number indicating a more difficult or a
lower yielding reaction. For example asmple FGI like a halide conversion to an acohol would score 1. A more complicated, gecific reaction like the Pauson-Khand reaction
would score 4. The g/nthetic dstance is input by the user to begin the analysis, which can limit the total difficulty or number of steps alowed. CAE SA selects starting materials
based ontheir total cover age of the target compound, so thet thestarting material which covers the most area will be the most f avour ed.

A number of validation tess were carried out with CAESA, one of them comparing the CA ESA answers with the answers of a group of expert synthetic chemists at a known
large pharmaceutical company (see more details in Section 4). T he overdl conclusion wasthat CAESA is matching the answer sof the expertsin mast of the cases thusCAESA
isausefu tod for organicsynthess planning and retr osynthetic anaysisin the drug discovery process.

2. How CAESA works

CAESA works using arue based expert sydem. A number of knowledge bases are employed with different functions in order to identify garting materias and estimate the
synthetic accessihility.

CAESA employs atwo-direcional retrog/nthetic analysis Synthetic trand ormations are applied to al of the available starting materials in the garting materials database. This
createsa database of potential intermed ates. Retr asynthesisis then applied to the target compound until either a garting material, or a structure from the patential inter mediates
database is matched. Thisapproach speeds up the execution of CAESA as only the retrog/nthetic anaysisis performed at the time of the search, the potentia intermediates are
stored with theprogram files.

The gynthetic knowledge base contains alig of trans orms which are applied to the starting materials o create intermediates. For example alkene saturations alcohd oxidations
and ozondyss reactions These types of transf omations can be dif ficult to apply retrosyntheticaly, for instance if alkene saturation was in the retrosynthetic knowledge bases
then every time a"CH-CH" fragment appear ed thiswould be converted to an alkene "C=C". Thiswoud mean an increase inthe number of matching transforms to each target
and so anincrease inthe time o perform theretrog/nthetic analy sis.

There are three retr osy nthetic knowledge bases which contain transforms which are gpplied to the target compound. The fird retros/nthetic knowledge base contains grategic
disconnections applied to the whole target structure. These would be simple, versatle disconnections such as amide or ester disconnections These aim to cut up alarge target
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molecule into severd manegeable segments. The second retr osynthetic knowledge bese contains generd disconnections which can be less verstile then the first. Thisis the
largest of the three knowledge basesand is applied most of the time. The third retr asynthetic knowledge base contains Smple FGI s and is applied to small inter mediateswhere
no further disconnections are necessary. Some transf orms, such askey FGIs or fundamental disconnections, can appear in more than one or even al three knowledge beses.

‘Database of
'Starting Materials

Target

) /|

B T
- %O

T Synthetic offdine T Retrosynthetic on-line
Generation of Intermediates Generation of Precursors

Figure 1: Bidirectional search for synthetic routes

3. Organisation of Knowledge Bases

The CAESA program uses knowledge bases of reactions and transforms T he reactions are used to generate g/nthetic intermedates from the stating material databases The
knowledgebase of transforms generates precursor sretr osynthetically from thetar get structure.

The reaction and transform knowledge bases are not acomprehendve anaysis of reactions in synthetic chemistry. They contain generalised reactions and transforms and the
structuresproduced by their operation may aso contain generic atoms and bonds. This use of generalised reaction sequences and generic structur esreduces the processing time
requir ed to sear ch the databases. T he number and difficulty of the reacion steps can be controlled, using edimatesof synthetic ease asociated with each rule.

Thereactions in the synthetic knowledge base and trand orms in the retrosynthetic knowledge bases are written in a pattern language called PATRAN, which is an ASCII
(human readable) pattern language dedgned specificaly for reactions. It is similar to the SMILES natation, but extended to handle reactions nat only individua molecules.
PATRAN aso dlows usageof genericatomty pes. Examplesdf transf oomswrittenin PATRAN can be seenin Appendix 3.

Some important changesthat were introduced recently to the knowledge bases that make the maintenance of the knowledge basesmore user friendly. The EXPLANATION line
of the RULE in the PATRAN stringis a definition of the reaction ty pe and appears above the reaction arrow on the display. To organise the retrosynthetic knowledge bases the
following steps were carried out:

reading and compiling list of the transforms in each existing database

correcting the explanation lines for each one

creating one new list with all the transforms organised into sections (for example transforms involving nitrogen groups or transforms forming heterocycles)
allocating each transform from the list into one of three new lists, which would form the new retrosynthetic knowledge bases (based on reaction type and priority)
creating three new retrosynthetic knowledge bases from the new transforms list, using the original transforms

changing the chemical-label definitions (so they described the functional group in the pattern)

compiling alist of all chemical-labels (to prevent duplication of alabel with different structures and to enable a chemical-label to be reused |ater in a database)
creating headings and sub-heading for different sections

naming each transform in the knowledge base (for clarity)

numbering all reactions in the knowledge bases and the transform lists (to enable them to be located quickly)

adding literature references to some of the transforms in the system, i.e. about 20% of the reactions currently have associated literature references (the rest of the reactions
is very common, so no single literature reference can be identified for them)

The organisation of the synthetic knowledge base was carried out in the ssme way. The lids of trand orms appearing in each knowledge base is shown in Appendx 4. An
exampleof chemical-labels usedis in Appendix 5.

4. Validation of CAESA version 2.4

75ted dructures were used tovaidate CAESA version 24. A spreadsheet comparing the scores given by chemists and generated by CAESA for the 75 test compounds is
shown in Appendix 1. Speed test results are given in Appendix 2. Out of the 75 target dructures, 65 are showing the correct retrosynthetic schemes and darting materials,
agreeing with or exceeding the experienced organic chemists. Of the 10 unsatisf actory cases, seven contain fused heter ocy cleshence could be improved with addition of further
transforms inthis area. Two invalve saturated heter ocy cles, an areawhich too islacking. A nother one example contains phosphate groups, which isaso an areawith hardy any
transforms.

CAESA is curently a useful tod for performing retrosynthetic analysis of a target compound. It can produce alist of available starting materials which a synthetic organic

chemist may or may not be aw are of and suggestions for syrthetic routes. The results produced will always need to be coupled with experience and chemical knowledge to
produce the best salutions and there will aways be limitations to CAESA’ s use. Symmetry, stereochemistry, regiochemistry and selectivity are often nat sensed by CAESA,
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thushuman inputis dill necessary.

5. Appendices
Appendix 1: Validation Results

# Structure Chemists CAESA Comments
1 Etanid 76.3 100 ok

2 Is19 97.5 100 ok

3 wal2014 913 99 ok

4 Is3 97 9% ok

5 Isza 9 9% ok

6 aspal 725 985 ok

7 Is33 825 9.1 ok

8 itopride 913 93.8 ok

9 ak2123 813 93 ok

10 lemin 738 929 ok

1 pantoprazole 0 913 ok

12 IS18 76.3 90.7 ok (phthalimide)
13 IS17 75 89.8 ok (phthalimide)
14 IS20 85 89.2 ok

15 remif 738 89.1 ok

16 Is22 25 835 ok

17 Is9 938 83.2 ok

18 sdzfox 713 86.6 ok

19 atevir 83.8 86.3 ok

20 letroz 86.3 84.7 ok

21 Lesop 86.3 84 ok

22 IS16 738 834 ok

23 260047 68.8 83.1 ok

24 bm210955 66.3 79.9 PHOSPHO
25 eliprod 80 795 ok

26 cystem 57.5 79.2 ok

27 Is21 775 7 ok

28 myco 525 765 ok

29 Is23 86.3 74.9 FUSED HET
30 delavir 75 739 ok

31 IS35 60 73 ok

32 Is24 788 725 ok
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33 75 724 ok

34 75 71 ok

35 71.3 69.6 ok

36 68.8 69.5 ok

37 62.5 67.7 ok

38 55 67.4 ok

39 81.3 67.2 ok

40 70 65.5 ok

41 725 63.7 ok

42 58.8 63.3 ok

43 81.3 63 ok

a4 50 60.8 ok

45 62.5 58.2 ok

46 38.8 58.1 ok

47 66.3 57.9 ok

48 60 56.1 ok

49 725 54.2 ok

50 65 53.4 ok

51 53.8 52.3 ok

52 70 514 FUSED HET
53 62.5 50.3 ok

54 58.8 49 ok

55 58.8 483 FUSED HET
56 58.8 46.2 ok

57 50 458 ok

58 438 436 ok

59 51.3 424 FUSED HET
60 51.3 416 ok

61 56.3 395 FUSED HET
62 45 39.4 ok

63 50 38.7 ok

64 413 384 ok

65 38.8 321 SATURATED HET
66 525 32 ok

67 375 29.5 FUSED HET
68 20 28.7 Ok

69 45 27.9 FUSED HET
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70 artef 15 24.4 ok
71 Is27 213 221 ok
72 bo2727 363 20.9 SATURATED HET
73 er35786 36.3 19.6 ok
74 pimil 35 17.3 ok
75 Is13 175 155 ok
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Figure 2: Comparison of the synthetic accessibility estimates generated by CAESA and a group of expert synthetic chemist at a known large pharmaceutical company (results

are sorted by CAESA generated

Appendix 2: Speed test results of CAESA v2.4

estimates in descending order)

Processing Time(s) /

Note*: Three processing parameters influence the processing times: (1) the amount of starting materials that the system has to work with, (2) the amount of transformsin the
knowledge-bases of the system and (3) the number of steps considered, i.e. synthetic distance. The above speed results were generated with the standard knowledge-bases of

HW #of Structures Total Processing time
(9* structure

Intel(R) Pentium(R) 4 CPU 75 (validation sef) 37350 498
1.50GHz 300 (from maybridge DB) 1191.68 397

448 (from maybridge DB) 1622.57 3.62
Intel(R) Pentium(R) 4 CPU 75 (validation sef) 210.75 281
2.40GHz 300 (from maybridge DB) 52035 173

448 (from maybridge DB) 870.15 194

CAESA, at a synthetic distance of three and with using the entire catalog of organic compounds from the following suppliers:

1. Acros catalog from Jan 2003
2. Aldrich catalog from Jan 2003
3. Lancaster catalog from Jan 2003

Appendix 3: Examples from Retr osynthetic Knowledge Bases

nn) DI SULFI DE FORMATI ON
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CHEM CAL- LABEL <Di sul fide>
... STARTP

... g HETS=1] - S| CONNECTI ONS=2] - S| CONNECTI ONS=2] - (] HETS=1]
. ENDP

RULE

EXPLANATI ON Di sul fide Formation.

IF Dis

ul fide

THEN assign substitution priority 3

di scon

nect - bond 2

general i se-atom 2 as SG
general i se-atom 3 as SG
END- THEN

nn) THH OKETONE FORMATI ON
CHEM CAL- LABEL <Thi oket one>
... STARTP

... [ HETS=1] =S[ CONNECTI ONS=1]
... ENDP

RULE
EXPLANATI ON Thi oket one Formation from Car bonyl

I F Thi

oket one

THEN assign substitution priority 2

substi

tute-atom2 with O

END- THEN

nn) THI CESTER FORMATI ON
CHEM CAL- LABEL <Thi oest er>

... STARTP

... G HETS=2] ; [ ARYL=NQ (=0) - S| CONNECTI ONS=2] - (] HETS=1]
... ENDP

RULE

EXPLANATI ON Thi oester Formati on.

I F Thi oester

THEN assign substitution priority 2

di sconnect - bond 3

general i se-atom 4 as SG

add- bo

nd to 2 of - HL

END- THEN

and Hydrogen Sul fide.

Appendix 4: Transform Listsfor CAESA version 2.4 Knowledge Bases

Appendix 4.1: Synthetic Database

A. Functional group Interconversions

1
2
3
4
5.
6.
7.
8
9
10.
11,
12,
13
14.
15.
16.
17.
18,
19.
20.
21
22

. Amide Formation from Cyanide

. Aldehyde Formation from Cyanide

. Oxidation of Hydrazone to Diazo

. Azo Disconnection

. |socyanate Formation

. |sothiocyanate Formation

. Keto/Enol Tautomerism

. Carbonyl Generalisation

. Hydrazone from Carbony!

. Wittig Methylenation

. Acid Halide conversion to Acid

. Acid Halide conversion to Amide

. Acid Halide conversion to Aldehyde
Conversion of Alkyl Halide to Nitrile

. Nitrile Formation from Amide

. Alkyl Halide Formation from Tertiary Alcohol
. Alkyl Halide Formation from Secondary Alcohol
. Alkyl Halide Formation from Primary Alcohol
. Acyl Halide from Carboxylic Acid

. Halide formation by Decarboxylation of Acid
. Arndt-Eistert (x2)

. Oxidation of Aromatic-Methyl Substituentsto Acids

B. Reductions/Saturations

. Reduction of Cyanideto Amine
. Imine Reduction

. Hydrazone Reduction
. Reduction of Alkyneto Alkene
. Oxygen Group Reduction

Appendix 4.2: Retrosynthetic Database 1

A. 11D
1
2
B. 13D
3
4
5
C. 15D

ISCONNECTIONS

. ACETAL FORMATION

. HEMI-ACETAL FORMATION
ISCONNECTIONS

. ALDOL CONDENSATION

. CLAISEN ESTER CONDENSATION
. MANNICH REACTION
ISCONNECTIONS

6. MICHAEL REACTION
D. OXYGENGROUPS

7
8

. ESTERIFICATION
. ETHER FORMATION

28.
29.
30.
3L
32.
33.

Carboxylic Acid Reduction
Halogen Reduction

Sulphur Reduction

Olefin Saturation
5M-Aromatic Ring Saturation
6M-Aromatic Ring Saturation

C. New Name Transforms

34.
35.
36.
37.

Clemmenson Reduction
Curtius Rearrangement
Sandmeyer Reaction (x4)
Nef Reaction

D. General Synthetic Disconnections
38. Periodate Oxidation (x5)

39.
40.
41
42.

Ester Hydrolysis
Hydrolysis of Acetal (x2)
Dithioacetal Disconnection
Ozonolysis (x3)

E. Organometallic Preparations

43.
44.
45.
46.
47.
48.
49.

20.
21
22.
23.
24.
25,

Grignard/Organolithium formation from halides (x3)
Metallation Alphato Heteroatom (x2)

Metallation of Terminal Alkyne

Hydrometallation of Terminal Alkyne
Hydroboration of Alkene

Shapiro Reaction

Metallation of Aldehyde

ISOCYANATE FORMATION FROM PRIMARY
UREA FORMATION FROM ISOCYANATE
CARBAMATE FORMATION FROM ISOCYANATE
OXIME FORMATION

HYDRAZONE FORMATION

HYDRAZINE ACYLATION

F. SULPHURTRANSFORMATIONS

26.
27.
28.
29.
30.

THIOETHER FORMATION
THIOESTER FORMATION
THIOAMIDE FORMATION
SULFONAMIDE FORMATION
SULFONAMIDE ALKYLATION
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9.

10.
E.NIT

11
12.
13.
14.
15.
16.
17.
18.
19.

ENOL ETHER FORMATION

ENOL ESTER FORMATION
ROGENGROUPS

AMINE FORMATION

PRIMARY AMIDE FORMATION

SECONDARY AMIDE FORMATION

TERTIARY AMIDE FORMATION

IMINE FORMATION

ENAMINE FORMATION

ENAMIDE FORMATION

N-ALKYLATION

REDUCTIVE AMINATION

Appendix 4.3: Retrosynthetic Database 2

Strategic Disconnections

A. Cycloadditions

[ NEAYTCI

B. 1,2Di
6.
7.
8.

. Diels-Alder (x 4)

Ene Cycloaddition (x2)
Photochemical 2+2 Cycloadditions (x4)

. Thermal 2+2 Cycloadditions (x2)
. 1,3-Dipolar Additions (x2)

ifunctionalised Compounds
Dihydroxylation of Alkenes
Acyloin Condensation
Formation and hydrolysis of acyanohydrin

C. 1,3 Difunctionalised Compounds

9.
10.

Functional

Aldol Condensation
Aldol Dehydration

Group |nterconversions

F. Arom
23.
24.
25.
26.
27.

G. Alken
2

29.
30.
3L
32.
33.
34.
35.
36.
37.

H. Alkyn
38.

I. Alkyl
39,
40.
41,
2.
43,
44,

J. Alcoh
45,
46.
47.
48.
49.
50.
51.

atics
Friedel-Crafts Acylation
Friedel-Crafts Alkylation
Arene Diazonium Salt Formation
Nitrobenzene Reduction
Aromatic Addition/Eliminations

es

8. Peterson Olefination

McMurry Olefination

Wittig Reaction
Horner-Wadsworth-Emmons(x2)

Formation of cis-alkene from termina alkyne
Formation of trans-alkene from terminal alkyne
Halogenation of terminal alkynes

Dehydrohal ogenation

Dehydration of an Alcohol

Hydrogenation of an alkene next to Carbonyl

es
Alkylation of a Terminal Alkyne

Halides
Halide Formation (x2)
Dihalide Formation from an alkene
Halohydrin formation form an Alkene
Halo-imine formation (x2)
1,4-halo-imine formation
Enamine Halogenation

ols
Alcohol formation (x5)
Primary alcohol formation (x2)
Tertiary alcohol formation (x2)
Alky! Ether formation
Aryl Ether Formation (x6)
Enol Ether formation
Enol Ester formation

K. Carbonyls
52. Esterification

53.
54.
55.
56.
57.
58.
59.

L. Epoxi
60.

Carbonyl Formation
Ketonization of an enol

Formation of carboxylic acid (x5)
Formation of an Acid Halide

Anhydride Formation
lodol actonisation
Alpha Halogenation

des
Epoxide formation (x2)

G. GENERAL

3L
32.
33.
34.
35.
36.
37.
38.

11
12.
13.
14.
15.
16.
17.

FRIEDEL CRAFTSACYLATION
GRIGNARD REACTION

WITTIG REACTION

HECK REACTION

KETO/ENOL TAUTOMERISM
IMINE/ENAMINE TAUTOMERISM
HALIDE FORMATION
NITROBENZENE REDUCTION

Aldol Condensation of Enolates (x2)
Claisen Condensation

Crossed K etone-Ester Claisen Condensation
Mannich Reaction

1,3-keto-ester formation

Alkylation of 1,3-keto-esters

Alkylation next to Phosphorus

D. 1,4 Difunctionalised Compounds

18.
19.
20.
21.

Conjugate addition of HCN (x2)

1.4 Conjugate addition of amines (x2)
Organocopper Reactions
1,4-Conjugate addition of phosphorus

E. 1, 5Difunctionalised Compounds

22.

61.
62.
63.

M. Nitroge
64

65.
66.
67.
68.
69.
70.
71
72.
73.
74.
75.
76.
e
78.
79.
80.
8l
82.
83.
84.
85.
86.
87.
88.
89.
90.

Michael Reaction (x10)

Nucleophilic Opening of an Epoxide (x6)
Opening of aCyclic Epoxide
Halo-epoxide Alkylation

en Groups
. Primary Amide Formation

Secondary Amide Formation

Tertiary Amide Formation

Imine Formation

Enamine Formation

Enamide Formation

N-Alkylation (x6)

Aromatic N-Alkylation

Secondary Amine from Aryl Halide (x6)
Amine Formation (x3)

Imide formation (x3)

Reductive Amination forming Secondary Amine
Reductive Amination forming Tertiary Amine
Reductive Amination via N-Nitroso Intermediate
Reductive Amination of Aromatic Amine
|socyanate Formation

Urea formation from |socyanate

Carbamate formation from Isocyanate

Oxime formation

Hydrazone formation

Azo formation from primary amines
Diazotisation

Nitrile Formation

Nitrone Formation

Nitrile Oxide Formation

N-Oxide Formation

Imine/Enamine Tautomerism

N. Sulfur Groups

. Aryl C-S Formation (x8)

. Alkyl C-S Formation

. Acyl Sulfonamide Formation (x2)
Di idoF !

" -
WosromePna o

. Thioamide Formation

. Thiocyanate Formation

. Sulfonamide Formation

. Dithiane Formation

. Isothiocyanate Formation

. Thiourea Formation

. Thiourethane Formation

. Sulfoxide Oxidation to Sulfone
. Sulfide Oxidation to Sulfone

. Sulfide Oxidation to Sulfoxide
. Sulfonamide Alkylation
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Metal Catalysed Reactions

O. Magnesium

108.

. Grignard

P. Palladium

109.
110.
111
112.
113.
114.

Heck Reaction

Palladium Cross-Coupling

Palladium Cross-coupling with carbonylation
Buchwald Chemistry

Palladium Catalysed Aryl and Allene Coupling
Palladium Catalysed Allylic Amination

Heterocycles

R. Pyrid

117.

118

119.
120.

ines

Hantzsch Pyridine Synthesis (x6)
. Pyridine Reduction (x2)
Chichibabin Reaction (x3)
Nucleophilic Addn/Elim (x2)

S. Quinolines and Isoquinoloines

121,
122,
123,

. Quinoline Synthesis (x3)
. Isoquinoline Synthesis (x3)
. Pictet-Spengler Annelation

T. Quinones & Quinolones

124,
125

. Quinolone Formation
. Quinone Formation (x3)

U. Diazinesand Triazines

126.
127.
128,
129,
130

. Pyridazine Formation

. Pyrimidine Formation (x3)
. Guanidine Formation

. Pyrazine Formation (x3)

. Triazine Formation

V. Pyrroles,Furans& Thiophenes

131
132

. Pyrrole Formation (x3)
. Furan Formation (x2)

Miscellaneous

Y. Other Named Reactions

152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.

Arndt-Eistert

Beckmann Rearrangement

Birch Reaction (x2)

Claisen Rearrangement (x2)
Clemmensen Reduction (x2)
Diekmann Condensation

Favorskii Rearrangement
Gatterman Formulation
Hoffmann-Loffler-Freytag Reaction
Jacobsen Asymmetric Epoxidation
Nazarov Cyclisation

Pauson Khand Reaction

Payne Rearangement

Perkin Reaction

Reformatsky Reaction
Reimer-Tiemann

Robinson Annelation

Rosenmund Reduction

Appendix 4.4: Retrosynthetic Database 3

A. Aromatic Substitutions

1

Friedel Crafts Alkylation

2. Friedel Crafts Acylation

3
4
5.
6.
7.
8

. Nitration

. Halogenation

Sulfonation

. Nitrobenzene Reduction

. Formation of arenediazonium salt
. Sandmeyer Reaction (x3)

B. Alkanes

9.
10

. Alkane formation (x2)
. Reduction of ketone/aldehyde to alkane

C. Alkenes

11

D. Alkyl
16

. Conversion of an Olefin to a pair of Stereocentres (x3)
. Halogenation of Terminal Alkyne

. Dehydrohal ogenation to form Alkene

. Dehydration of Alcohol to form Alkene

. Formation of an Alkyne from an Alkene

Halides
. Halide Formation (x2)

Q. General
115. Organometallic 1,4-additions (x3)
116. Organometallic addition to acyl halide

133. Thiophene Formation
134. Mannich reaction (x3)
135. Cyanide from Amine

W. Indoles
136. Indole Synthesis (x2)
137. Coumarin Synthesis
138. Chromone Synthesis

X. Azoles
139. Imidazole Formation (x2)
140. Fused Thiazole Formation (x2)
141. Thiazole Formation (x2)
142. Oxazole Formation (x2)
143. |sooxazole Formation
144. Pyrazole Formation
145. |sothiazole Formation
146. Oxadiazine Formation
147. Amidoxime Formation (x2)
148. Triazole Formation
149. Tetrazole Formation
150. S,0,N-C=N Disconnection
151. Pthalimide Formation

170. Sandmeyer Reaction (x3)

171. Sharpless Asymmetric Epoxidation
172. Sharpless Asymmetric Aminohydroxylation
173. Simmons-Smith Reaction

174. Stephen Reduction

175. Strecker Synthesis of Amino Acids
176. Stobb Condensation

177. Swern Oxidation

178. Thorpe Reaction

179. Vilsmaier-Haack Reaction

180. Wacker Process

Z. Functional Group Activations
181. Hydrogenolysis of Benzyl Ether
182. Hydrogenation of Alkene next to Carbonyl

27. Formation of a Carboxylic Acid (x5)
28. Formation of an Acid Halide

29. Epoxide Formation (x2)

30. AlphaHalogenation

31. Enol Ether Formation

32. Enol Ester Formation

33. Carbonyl Formation (x2)

34. Rosenmund Reduction

F. Nitrogen Groups
35. Amine Formation (x3)
36. Primary Amide Formation
37. Secondary Amide Formation
38. Tertiary Amide Formation
39. Oxime formation
40. Hydrazone formation
41. Azo formation from Primary Amines
42. Nitrile Formation
43. Quaternization

G. Sulfur Group Transformation
44. Thioester Formation

45. Thioamide Formation
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17.
18.
19.
20.
21.

Dihalide formation from akene
Halohydrin formation from alkene
Halo-imine formation (x2)
1,4-halo-imine formation
Enamine Halogenation

E. Oxygen Compounds

22.
23.
24.
25.
26.

Alcohol Formation (x5)
Primary Alcohol Formation (x2)
Esterification

Anhydride Formation
Phthalimide Formation (x2)

46. Thioketone Formation

47. Sulfonamide Formation

48. Dithiane Formation

49. Thiourethane Formation

50. Sulfone Oxidation to Sulfoxide
51. Sulfide Oxidation to Sulfoxide
52. Sulfide Oxidation to Sulfone

H. Phosphorus
54. Phospho Group Formation

|. General
55. Keto/Enol Tautomerism
56. Imine/Enamine Tautomerism

Appendix 5: Examples of Chemical Labelsused in CAESA version 2.4

1,3-diketone C-O-C(=0)-C-C(=0)-C
1,3-keto-ester C-O-C(=0)-C-C(=0)-C
1,3-keto-ester 2 OG-C(=0)-C-C(=0)-C

Cyclic 1,3-keto-ester

O=C[RINGS=Y ES]-C[SAMERING=2]-C(=0)-0G

1,3-keto-nitrile

C(=0)-C[HS>0]-C-C#N

1,3-keto-amine

C[HETS=1](=0)-C-C-N[HS=0,1,2]

1,3-keto-secondary-amine

C(=0)-C[HS>0]-C-N[HS=0]

1,3-keto-tertiary-amine

C(=0)-C[HS>0]-C-N[HS=0]

1,1-hydroxy-acid

0G-C[HS=0,1]-C(=0)-0G

1,2-hydroxy-ketone

C[HETS=1](=0)-C[HETS=1]-(O[HS=1])

1,2-hydroxy-ketone 2

C-C(=0)-C[HS=1](-0G)-C

1,2-keto-nitrile

C[RINGS=YES](=0)-C[SAMERING=1];[HS=1]-C#N

1,3-hydroxy-ketone

CHETS=1](=0)-C-C[HETS=1](-0G)-C

1,3-hydroxy-acid

0G-C-C-C(=0)-0G

Cyclic 1,3-hydroxy-ketone

C[RINGS=YES|(-OG)-[RINGS=Y ES|C-[RINGS=NO] C=O[RINGS=NO]

1,4-keto-acid C-C(=0)-C[HS=1](-C)-C(-C)(-C)-C(=0)-0

1,4-diester C=C(-C(=0)-0G)-C[HS=2]-C(=0)-0G

1,4-dicarbony! C[HS=0]-C(=0)-[RINGS=NO]C[HS>0]-C(-C=#O,N)-C=/#O,N
1,5-diketone C(=0)-C[HS>(]-C-C-C(=0)

1,5-diketone 2 C(=0)-C[HS=2]-C[HS=2]-C[HS=1](-C=0)-C=0

1,5-diketone 3 C(=0)-C[HS=2]-C[HS=2]-C[HS=1](-C=0)-C#N

1,5-keto-nitro C(=0)-C[HS=2]-C[HS=2]-C[HS=1](-C)-N(=0)-O

1,5-keto-nitro 2

0=N(-0)-C[HS=2]-C[HS=2]-C[HS=1](-C=0)-C=0

1,5-keto-nitrile C(#N)-C[HS=2]-C[HS=2]-C[HS=1](-C=0)-C=0
1,5-dinitrile C(#N)-C[HS=2]-C[HS=2]-C[HS=1](-C=0)-C#N
1,5-dinitro 0=N(-0)-C[HS=2]-C[HS=2]-C[HS=1](-C)-N(=0)-O

1,5-nitro-nitrile

C(#N)-C[HS=2]-C[HS=2]-C[HS=1](-C)-N(=0)-O

1,5-nitro-nitrile 2

0=N(-0)-C[HS=2]-C[HS=2]-C[HS=1](-C=0)-C#N

1,6-dicarbonyl

CIRINGS=NO](=0)-C[RINGS=NO]-C-C-C[RINGS=NOJ-C[RINGS=NO](=0)

General Acid

0G-C[HETS=2]=0
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Extended Acid

Extended Acid 2

Extended Acid 3

Unsaturated Acid

Alkylated Acid

Alcohol

Primary Alcohol

Secondary Alcohol

Tertiary Alcohol

Tertiary Alcohol 2

Alcohol 2

General Alcohol

Extended Alcohol

Extended Alcohol 2
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