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S1. Bioprivileged Starting Molecules (SMILES)

C=C(C(=C)C(=0)0)C(=0)0 CC (=CCO) CcO
C=C(C(=0)0)C (=0)cCccc CC(=0)C(C(=0)0)C(C)c(=0)0
C=C(C(=0)0)C(C)C(=0)0 CC(=0)C(C) (0)COo
C=C(C)C(=0)C(C)cCO CC(=0)C(C)C(=0)0
C=C(C)C(=0)COo CC(=0)C(C)C=0
C=C(C)C(=0)0C (C) (0)COo CC(=0)C(Cccc(=0)0)Cc(=0)0
C=C(C)C(=0)0C=CC (=0)0 CC(=0)C1 (0)ccocl=0
C=C(C)C(0)COo CC (=0)C1lcC (=0)0cC1cC
C=C(C)C=C (C)CO CC (=0)C1lCC (=0)0C1=0
C=C (C=0) CcoC CC(=0)C=C(C)C(=0)0
C=C(CC(=0)0)C(=0)0 CC (=0) C=CCcC (=0)0
C=C(CC(=0)0)C(C)=0 CC (=0) C=CCO
C=C(CC(C)C(=0)0O)C(=0)0 CC (=0)CCC (=0)0
C=C (CCC(=0)0)CC(=0)0 CC(C(=0)0)=C(C)C(=0)C(=0)O0
C=C (CCC=CO)C(=0)0 CC(C(=0)0)C(=0)C(=0)0
C=C(CcOo)C(C)=0 CC(C(=0)0)C(C) (O)C(=0)O0O
C=C (CO)CccoO CC(C(=0)0)C(C)yCc(=0)C(=0)0
C=C (CO) ococC CC(C=CC(=0)0)C(=0)0
C=C(COC)C (=0)0 CC(C=CCC(=0)0)C(=0)0
C=C(0O)CCc=C(C)C(=0)0 CC(C=0)CC(=0)0
C=C(0O)Cccc(=C)Cc(=0)0 CC (C=0) Ccco
C=C1lC (=0)0CC1C (=0)0 CC(CC(=0)C(=0)0)C(=0)0
C=C1lC (=0)0CC10 CC(CC(=0)0)=C(C)C(=0)0
C=C1CC (CO)0C1=0 CC(CC(=0)0)C(=0)C(=0)0
C=ClCCc (0O)ccCc(=0)01 CC(CCC(=0)0O)C(=0)C(=0)0
C=CC (=0)C (=0)cCcccC CC(CO)C(=0)C(=0)0
C=CC (=0)C(C)=0 CC (CO) cCc=0
C=CC(=0)C(C)O CC (0O) (CO)cco
C=CC(=0)C(CC)C(=0)0 CC(O)C(C) (0)CcOo
C=CC (=0)CC(=0)0 Cc(o)c(cyc(=0)o
C=CC (=0) CccoO Ccc(o)c(cyc=0o
C=CC (=0) ccoc=0 CC (0O) Cc=CcCO
C=CC (=0) cocC CC (O)cclocico
C=CC(C) (O)C(=0)0 CC(O)CCcC (=0)0
C=CC (C) (0)C=0 CC(0)cloccc (=0)clo
C=CC(C) (0O)COo CCl(C(=0)0)Cccc(o)col
C=CC(CCC(=0)0)C(=0)0 CC1l (0O)C(=0)coCc1=0
C=CC(O)C(C)O CC1l (O)C (=0)0occ1o
C=CC (0)Cc1lco1l CC1l (O)CocC (=0)C10
C=CC (0)Ccco CC1l=C(C(=0)0)Ccoc1=0
C=CC (0) CcocC CCl=C(0)0C (=0)C1l(C)O
C=CCC (=0)C (=0)0 CClOoClccC (0)co
C=CCC(C(=0)0)=C(C)O CC1l0OC=CC (=0)C1=0
C=CCC (C=0) C=0 CC=C (CC=CO)C (=0)0
C=CCC(0)=C(C)C(=0)0 CC=C (CCC(=0)0)C(=0)0
C=CCC (0)c1co1l CC=C(CO)C(=0)0
C=CCC (0)CcO CC=C (COC=0)C (=0)0
CC( CC(:O)O)C(:O)O CC=CC (=0)C (=0)0
C(=CC(=0)0)CC(=0)0 CC=CC(C) (0)C(=0)0
C(= CCC CO)C(=0)0 CC=CC (CC(=0)0)C(=0)0
C(=CCCC(=0)0)C(=0)0 CC=CC(0)C(=0)0
C(=CCO)C(=0)0 CC=CC (0)CO
C(=CCO)C(C)C(=0)0 CCC (=CCO)C (=0)0
C (=CCO)CCC (=0)0 CCC (=0)C (=0)CO



CCC(=0)C(0C)C(=0)0 COC(C)=C(C(C)=0)C(=0)0
CCC(=0)C=C(C)C(=0)0 COC(C)C(C(C)=0)C(=0)0
CCC (=0) Cc=CC (C)=0 COC(CC(=0)0)C(C)=0
CCC (=0) C=CCO coc(co)c(cyo

CCC (=0) C=CcocC COC(CO)clcccol
CCC(=0)CC(=0)0 COCl(C)OCC( 0)01
CCC(C(=0)0)C(=0)C(=0)0 coclc (c (CO)ClO
CCC(C(=0)0)C(=0)CC(=0)0 coclc (c )OC(C)ClO
CCC(C(=0)0)C(O)C(=0)0 COC1CC (0O)C(co)0o1l
CCC(C) (0)C=0 coclcoc (cyc(oycio
CCC(C)=C(CO)C(=0)0 COC1COC (C=0) Cc10cC
CCC(C)C(=0)C(=0)C(=0)0 COC10C (CO) c20C12
CCC(C)C(0)C(=0)CO COCC (=0) clcccol

CCC (C=CCO)C (=0)0 COCC (C) (0)C(=0)0

CCC (C=0) (C0o)coc COCC (C=0) 0C

CCC (C=0)CO Cocc(o)c(cyo

CCC(CC (=0)C (=0)0)0cC coccloc (cyc(oycio
CCC(CC(=0)0)C(=0)C(=0)0 COCC1l0cC (0) cc10o
CCC(CC(0O)C(=0)0)0C COCC10CcCc20Cc2C10

CCC (CO) (Ccc(=0)0)0cC COCC=CC=0

CCC(CO) (oC)C (=0)0 COCCC (=0)C(=0)0

CCC (0) (CC(=0)0)0cC COCCC (=0)Cc(Cc)Cc(=0)0
CCC (0O) (CoC=0)C (=0)0 COCCC (=0) CO

CCC(0O)C (=0)COo coccc (C) (0)C(=0)0
CCC (0) CcC=0 COCCCCC (0)C (=0)0
CCC=C(CC(=0)0)C(=0)0 COCclcc (=0)c (0)col
CCCC (=CC (=0)0)C(=0)0 COCclccc (C(=0)0)ol
CCCC(C(=0)0O)C(=0)C(=0)0 COCclccc (C=0)ol
CCCC(C(=0)0)C(0)C(=0)0 COCclccc (CO)ol

CCCC (C=0)C(C)=0 COCclccoclC (=0)0
CCCC (0) C=0 COCclccoclC=0

CCCC=C (CO)C (=0)0 COCclccoclCO

CCCC=CC (=0) C=0 COCclcocclC (=0)0
COC(=0)C(=0)C(C)0 COCcloccc (=0)cl0
COC(=0)C(C) (0)C=0 COclc (C(=0)0)occcl=0
COC (=0)C(C) (O)CC(=0)0 COclcc (CO)oc (=0)cl
COC (=0) C (C)=CC=0 COclccc (CO) ol
COC(=0)C(C)C(=0)CcC(=0)0 COclcoc (C ( 0)0) ccl=0
COC (=0)C(C)cc=0 COclcoc (C=0)ccl=0
COC (=0) C (C=0)0C COclcoc (C )ccl O
COC(=0)C(0O)C(C)Ccc(=0)0 Cclcc (C(=0)0)c(C(=0)0)ol
COC (=0) C (0)Ccco Cclcc (0)cc(=0)ol

COC (=0) C=Cccc=0 Cclcc (0O)oc (=0)cl

COC (=0) C=CCO Cclccc(C(O)C(=0)0)ol
COC (=0) CC (=0)C (=0)C (=0)0cC Ccloc (=0)cc (0)cl0
COC (=0) CC (=0) CO Ccloc (CO)cclC(=0)0
COC (=0)Ccc(0)cc(=0)0 Cclocc (C(=0)0)clC(=0)0
COC (=0)CCc(0O)ccec(=0)0 O=C(CCO)CCClCOl

COC (=0) CCC (=0) CO 0=C (0)C (=0)Cclcccol
COC (= O)CCC(O)CC(:O)O 0= C(O)C(O)ClCCCOl
COC (=0) clcc (C=0)col O=C (0O)C (0O)CCCcC(0)C(=0)0
COC (= O)clccc(C( 0)0)ol 0=C(0)C(0)clcccol
COC (=0) clccoclC=0 0=C(0)C(0)clccocl
COC (=0)clcoc (C=0)cl 0=C (0) C1l=CC=CO0cC1

COC (=0) clcocclC=0 0=C (0) C1l=CcCcocC=C1
COC(C(=0)0)=C(C)C(=0)0 0=C (0) C1=COC=C01

COC (C) (CO)C(=0)0 0=C (0) C1l=Co0ccC=C1



ClCC (0)ccol
clcc(o)col
ClCcc(0)col
Cclcocc (0)Cl
ClcoccCl=0
ClCoCCC1=0
C=CcC1lcol
C=CC=CC(=0)0
CClc=CC (=0) 01
CC10C (=0) CcC10
Cccclccel=0

CCCC(0)C(=0)0
CCCCC(O)C(=0)0
CCCOCO

Cclccc (C(=0)0)ol
CcloccclC(=0)0
clcc (=0)ccol
clccc (=0)ocl
clccoc (=0)cl
clcocccl=0
0=C1lC=C(C(=0)0)Co1l
O=ClC=C (CCco)01
0=ClC=C (C0O)cCco1
0=C1lC=C (C0O)0C1
0=C1C=CC (CCO0O) 01
0=C1lC=CCC (C0O) 01
0=C1lC=CCOC10
0=C1C=COC1CO
0=C1C=COCC1=0
0=C1CC (0) (COo)co1
O=ClCcC (0)cc(co)o1l
O=C1lCC=C (CCO0O) 01
O=ClCCC (C(0)co)01
0=C1CCOC (C (=0)0)C1
0=C1CCOCC10

O=ClcocC (co)c1
0=C1COCCC10

)
)
)
)
)
)
)
)
)
)
) CC=CCO
)
)
)
)
)
)
)
)
)
0)

0=C10C (CO)CC10
0=Cl0C=CC1CO
0=Cl0CC=C1CO
0=C10CCC1 (0)CO
0=CC1 (C(=0)0)Ccccol
0=CC1l=CC=CO0C1
O=CCl=CCoC=C1
O=CC1l=CCo0OCC1l
0=CC1l=CO0OC=C01
0=CCl=COCC=C1
0=CC1=COCCC1=0
O=CClC=CCC01l
O=CClCC=CC01l
0O=CC10CCC1C (=0)0
O0=CC=CC1lcCo1l
O=CCclcccol
O=COCC (=0)CC (=0)0
O=COCCCC=CC (=0)0
O=Cclccc (CO)ol
O=Cclcccol
O=clcc (0)cc (CO)ol
OC1C2C0OC (02)C10
OC1C=CC20CC102
OC1COC (C2C02)C10
OC1COC2C0C1Cc20
OCC (0) c1cceceol
OCC (0) cclcol

OCC (0) cceicol
OCClc=CcC (0)01
OCC10C (0) C20C12
OCC1lO0C1cC (0)c1col
OCCl0C=CC10
OCccClocc=CccC10
OCC1l0cCccc10
OCC=CCCO

OCCC1 (CO)Ccol
OCclccoclCO



S2. Corrosion Inhibitors Produced with Limited Reactions and Complex Helper Molecules

(SMILES)

O=C (O) CCCcCCO

O=C (Br) CCCCCO
Ccoccilcecol
COC(=0)C(C)yc(c)c(=0)0
0=C (0O)clccocl
CCc(Cc)yc(o)yc(cy=o0
CCC(C)cc(c)=0

CC(0) (Cco)c (o) co
CCC(C)cCo

CCC (CO) (co)co

CCC (CO) (Cco)ocC

CCOC (C) CccC

CC(=0)0Ccc (Cc)cC
NC1C2COC1C (0)C02
O0=C1C2C0OC1C (0)Co02
Ooclcoc2cocic2
OC1COC2CO0OC1C20

CCC (CO) (oC)C (=0)0
CCC(co)c(C)=0

CCCCC (=0)0
Cclcc(Sc2nen[nH]2) cc (=0) ol
Cclcc (Sc2nens2)cc (=0)ol
CC(=0)C(C(=0)0O)C(C)O
0=C (0) CCccCo

CC (O) CCCN
CC(N)Ccc(Cc)Oo

COCCCCC (=0)0

CC (=0) 0cCc1lcceel=0
0=C (0) CCcCO

COCCCC (=0)0
CCC(O)cc(c)=0

0=C (0O)clcccol

Ccc(o)c(cyo
CC(C(=0)0)C(O)C(=0)0
CC (=0) Cclccoc1l0o

CC (0)c1ccoc1i=0
CC(C(=0)0)cCc(cycoyco
ccoyc(cyc(ecyc(=o0y)o
CCC (C) cco

O0=C1CCC (=0)0C1

CC(C) (O)CcC(C) (0)COo
O=C (CO)C(O)C(0O)CO
COclcc (CSc2nc3ccecce3[nH]2)oc (=0) cl
CC (N)CClcCcC (=0)0C1=0
CC (0O)CClcCcC (=0)0C1=0
COCCC(C) (0O)C(C) (0)O
CCCcc(Cc)yc(c)y=0
CC=CC=Ccccoc
CC(co)c(cyc(=0)o
COclccc (CSc2nc3cececec3[nH]2) ol
CC1CCCC (=0)0C1=0
C=CC=CcCcCC

C=CCCcCccC

COC (C) (CO)C(=0)0

COC (C) (CO)CcO
CCcocc1ccoc1i=0

CC (=0) c1ccocl
CC(N)Cc(O)c(cyc(=0y)o
CC=CC (0O)C (Cc0o)occ

CC (=0) ClcCcC (=0)01
NCC1CCCCO1

C=C(C)C (=0)0cc
CCOC (C) coc

COclcoc (CSc2ncn[nH]2) ccl=0



S3. Expanded Reaction Family List with Operator SMARTS

Ethers from Addition of
Alcohols to Alkenes

Operator Name Operator SMARTS

Hydrogenation of Alkene | [C+0:1]1=[C+0:2].[H] [H]>>[*:1][*:2]

Oxidative Cleavage of [C+0:1]=!@[C+0:2].[0+0:4]=[0+0:5]>>[*:1]=[*

Alkenes 4] . [*:2]=[*:5]

Oxidative Cleavage of [C+0:1]=@[C+0:2].[0+0:4]=[0+0:5]>>([*:1]=[*

Alkenes, Intramolecular 4] . [*:2]=[*:5])

Olefin Cross Metathesis [C+0:1]=!@[C+0:2].[C+0:3]=!Q@[C+0:4]>>[*:1]=](

(CM) *:3] . [*:2]=[*:4]

Olefin Ring-Opening [C+0:1]=R[C+0:2].[C+0:3]=!Q[C+0:4]1>>([*:1]1=[

Metathesis (ROM) 1 *:3] . [*:2]=[*:4])

Olefin Ring-Opening [C+0:1]=Q[C+0:2].[C+0:3]=!Q[C+0:4]1>>([*: 1]=[

Metathesis (ROM) 2 Fe3] L 0F2]=0%:3]) L ([*el)=[* 4] [*:2]=[*:4])

Olefin Ring-Closing ([C+0:1]=!Q[C+0:3].[C+0:2]=!'Q[C+0:47)>> [ :1]

Metathesis (RCM) =[*:2].[*:3]=[*:4]

Reductive Cross-Coupling | [C+0:1]=[C+0:2].[C+0:3]=[C+0:4].[H] [H]>>[*:1

of Alkenes JI*:2] [*:3] [*:4]

Epoxidation of Alkene [C+0:1]=[C+0:2].[0+0:3]=[0+0]>>[*:1]1[*:2][*
:311

Hydration of Alkene, [C+0:1]=[C+0:2].[0O+0!'HO; !'$(*C=0) :3]1>>[*:1][*

]:
12] [*:3]

Ethers from Addition of
Alcohols to Alkenes,
Intramolecular

([C+0: 1]=[C+O 21 .[O+0H:3][C!S(*=0)+0:4])>>[*
[*

:1][*:2] 3] [*:4]

Hydrohalogenation of [C+0:1]=[C+0:2].[F,Cl,Br,I;+0H:3]>>[*:1][*:2
Alkenes 1[*:3]
Halogenation of Alkenes [C+0:1]=[C+0:2].[F,Cl,Br,I;+0:3][F,Cl,Br,I;+
0:4]>>[*:1] ([*:3]) [*:2][*:4]
Diels-Alder Reaction with | [C+0:1]=[C+0:2] [C+0:3]=[C+0:4].[C+0:5]=[C+0:
Alkenes O1>>[*:1]11[*:2]=[*:3][*:4][*:0][*:5]1
Diels-Alder Reaction with | ([C+0:1]=[C+0:2] [C+O0: 3]=[C+O 4] [C+O 5]=[C+0
Alkenes, Intramolecular :6])>>[*: 1)1 [*:2]=[*:3] [*:4][*:6][*:5]1
Diels-Alder Reaction with | [C+0:1]=[C+0: 2] [C+O 3]=[C+O 4] [C+O 5]#[C+O:
Alkynes 61>>[*:1]11[*:2]=[*:3][*:4][*:0]=[*:5]1
Diels-Alder Reaction with | ([C+0: 1]=[C+0 2] [C+0 3] [C+0 4] [C+0 51#[C+0
Alkynes, Intramolecular :0])>>[*:1]1[*:2]=[*:3] [*:4] [*:6]=[*:5]1
Halohydrin Formation [C+0:1]=[C+0:2]. [F Cl,Br,I;+0: 3] [F,C1l,Br, I;+
0:47.[0+0H2:51>>[*:1] ([*:5])[*:2][*:3].[*:4]
Diol Formation by [C+0:1]=[C+0:2]. [O+O 3]= [O+O]-[O+OH2:4]>>[*
Oxidation 1] ([*:3]) [*:2] [*:4]
Conjugated Dienes 1,4 [C+0:1]=[C+0:2] [C+O:3]=[C+O:4] .[F,Cl,Br,I;+0




Addition with Hydrogen
Halide

H:5]1>>[*:5] [*:1] [*:2]=[*:3] [*:4]

Conjugated Dienes 1,4 [C+0:1]=[C+0:2] [C+0:3]=[C+0:4].[F,Cl,Br,I;+0

AdditionwithHalogens :5] [F,Cl,Br,I;+O:6]>>[*:5] [*:1] [*32]=[*:3] [*
41 [*:6]

Claisen Rearrangement, [C+0:1]=[C+0:2][0,C;+0:3][C+0:4] [C+0:5]=[C+0

Cope Rearrangements 20]>>[*:3]=[*:2] [*:1][*:06]( I=[*:4]

Aromatic Claisen [c+O0H:1]1:[c+0:2]:[c+0:3]:[c+0:4]:[c+0:5]:[c

Rearrangement 1 +0:6]:1[0+0:7] [C+0:8][C+0:9]=[C+0:10]>>[*:1]
1([*:10][*: ][*:8]):[*:2]:[*:3]:[*:4]:[ :5]
s[*:6]:1-[*:7]

Aromatic Claisen [c+0HO:1]1 :[C+O:2]:[C+O:3]:[C+O 4]1:[c+0HO:5]

Rearrangementwith :[C‘|‘O:6] [O‘|‘O:7] [C‘|‘O:8] [C‘|‘O:9] [C-I—O 10] [*

Ortho Substituents P1I1:[*:2]: (*:3] ([%:8][*:9)=[*:101): [*:4]: [*
5] [*:6]:1-[*:7]

Tsuji—Trost Reaction, Nu= | [C+0:1]=[C+0:2] [C+0;!S(*[OH]); !$ (*=0):3]-

ActiveMethy|enes !@[F,Cl,BI,I,Os(*C:O),'+OZ4] [C+O 5] (:[O+OZ6]
) [CHO!'HO:7] [C+0:8]=[0+0:9]>>[*:1]=[*:2][*:3]
[*:7] ([*:5]=[*:6]) [*:8]=[% 9][ :4]

Tsuji-Trost Reaction, Nu= | [C+0:1]=[C+0:2] [C+0; !S(*[OH]) ;!S(*=0) :3]!Q[F

Enolates ,Cl,Br,I,O$(*C 0);+0:47. [C+O 5] [C+0!HO:7] [C+
0;!S(*CC=0) :8]1=[0+0:9]>>[*:1]=[*:2][*:3]1[*
] ([*:5]) [*:8]=[*:9].[*:4]

Tsuji-Trost Reaction, Nu= | [C+0:1]=[C+0:2] [C+0; '$( [OH]);!$(*=0) :3]!R[F

Amines ,Cl,Br,I,0S$(*C=0);+0: 4] [N+0O!HO: 7][ ,C;+0:8]
>[*:1]=[*:2] [*:3][*:7][*:8].[*:4]

Tsuji-Trost Reaction, Nu= | [C+0:1]=[C+0:2] [C+0; '$(*[ H])"$( =0) :3]Q[F,

Phenols Cl,Br,I,0$(*C=0);+0: 141 [O+0H: 7] [c+0:8]>> [*:1
J=[*:2] [*:3][*:7][*:8].[*:4]

Intramolecular Tsuji-Trost | ([C+0:1]=[C+0:2] [C+O 'S (*[OH]);!S(*=0):3]!@[

Reaction, Nu = Active F,Cl,Br,I,08(*C=0);+0:4].[C+0:5] (=[0+0:6]) [C

Methylenes +0!HO:7] [C+0:8]=[0+0:9])>>[*:1]=[*:2][*:3]1[*
:7] ([*:5]=[*:06]) [*:8]=[*:9].[*:4]

Intramolecular Tsuji-Trost | ([C+0:1]=[C+0:2] [C+0; S (*[OH]);!S(*=0) :3]!@[

Reaction' Nu:Enolates F, Cl,Br, I,O$ (*C:O) ,'+O:4] . [C+O:5] [C+O'HO:7] [C
+0;!$(*CC=0) :8]=[0+0:9])>>[*:1]=[*:2][*:3]1[*
:7] ([*:5]) [*:8]=[*:9].[*:4]

Intramolecular Tsuji-Trost | ([C+0:1]=[C+0:2] [C+0; !S (*[OH]);!S(*=0) :3]!@[

Reaction, Nu = Amines F,Cl,Br,I,0$(*C=0);+0: 4] [N+O'HO 71[C,c;+0:8
I)>>[*:1]=[*:2]) [*:3] [*:7][*:8].[*:4]

Intramolecular Tsuji-Trost ([C+O:l]=[C+O:2][C+O;!$(*[ ])"$( 0) :311!@T

Reaction, Nu = Phenols F,Cl,Br,I,O$(*C=O);+O:4] [O‘|‘OH 7] [c-I-O 8]) >
*il]=[*:2] [*:3][*:7][*:8].[*:4]

Alcohols React with [C+0:1] [O+0H:2].[F,Cl,Br,I;+0H:3]>>[*:1][*:3

Hydrogen Halides to form | 1. [*:2]




Haloalkanes, Carboxylic
Acids Conversion to Acid
Chlorides

Haloalkane Hydrolysis,

Acid Chlorides Hydrolysis,

Haloarenes Hydrolysis

[C,c;+0:1][F,Cl,Br,I;+0:2].
*:3]1.[*:2]

[O+0H2:3]>>[*:1]1

Wurtz Reaction, Coupling
of Halides with Gilman
Reagent

(C,c;+0:1] [F,C1,Br,I;+0:2].[C,c;+0:3]1[F,C1,B
r,I;+0:41>>[*:1][*:3].[*:2][*:4]

Wurtz Reaction, Coupling
of Halides with Gilman
Reagent, Intramolecular

([C,c;+0:1] [F,C1l,Br,I;+0:2].[C,c;+0:3][F,C1,
Br,I;+0:4])>>[*:1][*:3]1.[*:2][*:4]

Dehydrohalogenation

[C+0:1]([F,Cl,Br,I;+0:2]) [C+0!'HO:3]>>[*:1]1=]
*:31.[*:2]

Aromatic Halogenation [c+OH:1].[F,Cl,Br,I;+0:2][F,Cl,Br,I;+0:3]1>>]
o1l [*:2].[*:3]

Friedel-Crafts Reaction [c+0H:1].[CX4,CS$(*=0);+0:2][F,C1l,Br,I;+0:3]>
>[*:1][*:2].[*:3]

Friedel-Crafts Reaction, ([c+0H:1].[CX4,C$ (*=0);+0:2] [F,Cl,Br,I;+0:3]

Intramolecular )>>[*:1] [*:2].[*:3]

Friedel—Crafts Acylation [ctO0H:1].[CS(*=0)+0:2] [O+0H:3]>>[*:1][*:2].[

with Carboxylic Acids *:3]

Friedel—Crafts Acylation ([c+0H:1].[CS(*=0)+0:2] [O+0H:3])>>[*:1] [*:2]

with Carboxylic Acids, - [*:3]

Intramolecular

Friedel-Crafts Acylation [c+0H:1].[C$ (*=0)+0 ] [0+0:3]1!@[C$ (*=0)+0:4]

with Acid Anhydrides >[*:1][*:2]-[ 3][ 4]

Friedel-Crafts Reaction [c+O0H:1].[C+0:2]= [C+0 3I>>[*:1] [*:2] [*:3]

with Alkenes

Friedel-Crafts Reaction ([c+O0H:1].[C+0:2]=[C+0:3])>>[*:1][*:2] [*:3]

with Alkenes,

Intramolecular

Heck Reaction [C+0: 1]=[C+O'HO 2].[C,c;+0:3] [F,Cl1l,Br,I;+0:4
I>>[*:1]=[*:2] [*:3].[*:4]

Heck Reaction, ([C+O 1]1= [C+O'HO 2]1.[C,c;+0:3][F,C1,Br,I;+0:

Intramolecular 41)>>[*:1]=[*:2] [*:3].[*:4]

Suzuki Coupling with [c,CIS(*~0);!S(*#*);+0:1][F,C1l,Br,I;+0].[c,C

Boranes from Alkyl, $(*=,#C);+0:2] [F,C1l,Br, I;+0]>>[*:1][*:2]

Alkenyl, or Aryl Halides

Suzuki Coupling with [C+0:1]=[C+0:2].[c,CS(*=,#C);+0:3] [F,CLl,Br, I

Boranes from Alkenes FHOI>>[* 1] -[*:2] [*:3]
Suzuki Coupling with [C+0:1]#[C+0:2].[c,CS(*=,#C);+0:3] [F,CLl,Br, I
Boranes from Alkynes FHOI>>[*:1]=[*:2] [*:3]
Reduction of Haloalkanes | [CX4,c;+0:1][F,Cl,Br,I;40:2].[H][H]>>[*:1].]




*:2]

Grignard Reagent with [c,ClS(*~0);!S(*#*);+0:1][F,C1,Br,I;+0].[C+0
Oxiranes :2]1[C+0:3]1[0+0:4]11>>[*:1] [*:2][*:3][*:4]

Dichlorocarbene with [C+0H:1] ([F,C1l,Br,I;+0:2]) ([F,Cl,Br,I;+O:3])
Alkenes [F,Cl,Br,I;+O:4] . [C‘|‘O:5]=[C‘|‘O:6]>>[*:l]l([*

2]1) ([*:3]) [*:5][*:6]1.[*:4]
Simmons-Smith Reaction [C+0H2:1] ([F,C1,Br,I;+0:2])[F,Cl,Br,I;+0:3].
[C+0:5]1=[C+0:6]>>[*:1]11[*:5][*:6]1.[*:2].[*
3]
Esterification with Alkyl [C+0:2] (=[0+0:3]) [O+0H:4].[CX4,c;+0:5] [F,C1,
and Aryl Halides Br,I;+0:6]1>>[*:2](=[*:3]) [*:4][*:5].[*:6]
Esterification with Alkyl ([C+0:2] (=[0+0:3]) [O+0H:4].[CX4,c;+0:5] [F,C1
and Aryl Halides, ,Br, I;+0:6])>>[*:2] (=[*:3]) [*:4][*:5].[*:6]

Intramolecular

Glycol Cleavage by [C+0:1] ([O+0H: 5]) ' [C+O 2] [O+0H:06].[0+0:3]=]
Oxidation O+01>>[*:1]=[*:5].[*:2]=[*:6].[*:3]
Glycol Cleavage by [C+0:1] ([O+0H: 5])@[C+O 2] [O+0H:6].[0+0:3]1=10O
Oxidation Intramolecular | TO1>>([*:1]=[*:5].[*:2]=[*:6]) . [*:3]

2

Hydrodeoxygenation of
Alcohol, Classic Synthesis
of Aldehydes from
Carboxylic Acids

[C,c;+O:1][O+OH ]1.[H ][H]>>[*:l].[*:2]

Dehydration of Alcohol [C+0!HO:1][C+0:2] [O+0H:3]>>[*:1]=[*:2].[*:3]
Dehydration of Alcohol, 2- | ([C+0!HO:1] [C+0:2] [O+0H: 3] [C+0!HO0:4] [C+0:5]
step [O+0H])>>([*:1]=[*:2].[*:4]=[*:5]) .[*:3]
Selective Oxidation of [C+0!HO:1] [O+0H:2].[0O+0: 3]=[O ] >[*:1]=[*:2
Alcohols T.[*:3]

Diol Carboxylation [O+0H:1][C+0:2] [C+0:3] [O+0H:47. [O+O 5]=[C+O
6l1= [O+O TI>>[*:1] . [*:2]1[*:3] [*:4][*:06] (=[*
71) [*:5]11

Diol Carboxylation 2 [O+OH 1] [C+0:2][C+0:8] [C+0:3][O+0H:4].[0+0:5
1= [C+O 6]= [O+O TI>>[*:1].[*:2]1[*:8] [*:3][*
4] [*:6](=[*:7]) [*:5]1

Hydrogenolysis of Primary [C+O 1] [C+OH2 3] [0+0H:2] . [H] [H]I>>[*:1].[*:3]

Alcohol L[*:2]

Pinacol Rearrangement, [C+0:1] [C+O 2] ([C+0:3]) ([O+0H:4]) [C+0X4:5] [O

no H on Carbon#2 FOH:8]>>[*:1] [*:2] (=[*:4]) [*:5] ([*:3]) .[*:8]

Pinacol Rearrangement, 1 | [C+0H:2] ([C+0 31) ([O+0H:4]) [C+0X4:5] [O+0H: 8]

H on Carbon#2 >[*:2] (=[*:4]) ([*:3]) [*:5].[*:8]

Pinacol Rearrangement, 2
Hs on Carbon#2

[C+0H2:2] ([O+0H:4]) [C+0X4:5] [O+0H:8]>>[*
=[*:4])[*:5].[*:8]

21 (

Dehydration of Geminal
Diol

[C+0:1] ([O+0H:2]1) [O+0H:3]>>[*:1]=[*:2].[*:3]

Formation of Acetals from

[C+0X4:1] ([O+0HOX2:2]) [O+0H:3].[0+0H:4] [C+0X




Hemiacetals

4;1S(*0C) :5]1>>[*:1] ([*:2]) [*:4][*:5].[*:3]

Oxidation Of Primary
Alcohols to Carboxylic
Acids

[C+0;H3,H2:1]1[0+0H:2].
(=[*:3]) [*:2].[*:4]

[O+0:3]=[0+0:41>>[*:1]

Oxidation Of Primary

([C+0;H3,H2:1]1[O+0H:2].[C+0;H3,H2:5] [O+0H:6]

Alcohols to Carboxylic ) . [0+0:3]1=[0+0:4]>>([*:1] (=[*:3]) [*:2].[*:5]
Acids, 2-step (=[*:6]) [0 ])-[*'4]

Formation of Cyclic [C+0X3!$(*0) :1]=[0+0:2] . [O+0H:3] [C+0X4:4] [C+
Acetals from 0X4:5] [O+OH 6]>>[*;1]1[*;3] [*:4][*:5][*:6]1
Ketones/Aldehydes with | [*:2]

Diols

Hydrolysis of Ethers,
Esters, Anhydrides

[C,c;+0:1]1[0+0:2]!Q[C,c;+0:3].
11 [*:2].[*:3][*:4]

[O+0HZ2:4]>>[*

Hydrolysis of Ethers,
Esters, Anhydrides,
Intramolecular

[C,c;+0:1][0+0:2]1@[C,c;+0:3].
1] [*:2].[*:3][*:4])

[O+0H2:4]1>>([*:

Hydrogenolysis of Ethers [C,c;+0;!$(*=0) :1]!@[0+0:2][C,c;+0;!$(*=0) :3
JLIH][H]I>>[*:1].[*:2] [*:3]

Hydrogenolysis of Ethers | [C,c;+0;!$(*=0) :1]@[0+0:2] [C,c;+0;!S (*=0) :3]

Intramolecular [HI[HI>>([*:1].[*:2] [*:3])

Williamson Ether [C,c; 18 (*=0);+0:1] [O+OH 2].[CX4!'HO,c;+0:3] [F

Synthesis, Ullmann yCL,Br, I;40:4]>>[*:1] [*:2] [*:3].[*:4]

Condensation

Williamson Ether
Synthesis, Ullmann
Condensation,
Intramolecular

);+0:1] [O+0H:2].[CX4!'HO,c;+0:3] [
[*e1][*:2] [*:3].[*:4]

([Crci!s(*=0
F,Cl,Br,I;+0:4]1)>>

Ether Cleavage

C,c;+0; !5 (*=0) :1
F,Cl,Br,I;+0H:4]>>

] [O+0:2]1!Q@[C;+0;!$(*=0) :3].
[*:1][*:2].[*:3][*:4]

Ether Cleavage,
Intramolecular

C,c;+0;!$(*=0) :1] [O+O 21@[C;+0; 18 (*=0) :3]. 1

Ether Synthesis by

(

(

[

F,Cl,Br,I;+0H:4]1>>([*:1][*:2].[*:31[*:47])
[C,c;!$(*=0);+0: 1][O+OH 21.[C,c; 'S (*=0);+0:3

Dehydration J[O+0H:4]>>[*:1][*:2][*:3].[*:4]
Ether Synthesis by ([C,c;!$(*=0);+0:1] [0+0H:2].[C,c;!$(*=0);+0:
Dehydration, 3] [0+0H:4])>>[*:1] [*:2] [*:3].[*:4]

Intramolecular

Epoxides Ring Opening [C+0:1]1[C+0:2][0+0:3]11.[0O+0!HO; !'$(*C=0) :41>
S[*:4][*:1][*:2][*:3]

Aldehyde Oxidation [C+0!HO0:1]=[0+0:2].[04+0:3]=[0+0]>>[*:1] (=[*
2]) [*:3]

Aldehyde Oxidation, 2- ([C+0!HO:1]=[0+0:2].[C+0!HO:5]=[0+0:06]).[0+0

step :3]1=[0+0:4]1>>([*:1]1 (=[*:2]) [*:3].[*:5] (=[*:6
1) [*:4])

Aldehyde & Alcohol ([C+0!HO:1]=[0+0:2].[C+0;H3,H2:5] [O+0H:6]) . [




3]

Tautomerization

,N +0:1]=[C+0:2] [O,N;+0!HO:3]>>[*:1] [*:2]=
3]

Keto-enol
Tautomerization Reverse

Oxidation, 2-step O+0:3]1=[0+0:4]>>([*:1]1 (=[*:2]) [*:3].[*:5] (=]
*:60]) [O]) . [*:4]

Ketone Oxidation [C,c;+0:1][C+0:2] (=[0+0: 3]) '@[C+0HZ: 4] [C,cs
0: 5] [0+0:6]=[0+0:7]>>[*:1][*:2] (=[*:3]) [*
J.[*:5][*:4] (=[*:7]) [O]

Ketone Oxidation, [ ,C7 +O 1] [C+0:2] (=[0+0: 3])@[C+OH2:4] [C,c;+0
Intramolecular 5].[0+0: 6] [O+0: 7]>>([ 1] [*:2] (=[*:3])[*:6
]-[*5][ 4] (=[* ])[])

Baeyer-Villiger Oxidation [C,c;+0: 5] [C+0: 1] (=[0+0: 2]) [C c;+0:3].[0+0:4

(Ketones) 1=[0+0]>>[*:5] [*:1] (=[*:2]) [*:4] [*:3]
Baeyer-Villiger Oxidation | [C+0H:1] (=[0+0: 2]) [CS(* ( ) (C)C ) CS (*=*),CS (*
(Aldehydes) c),c;+0:3].[0+0:4]=[0+0]>>[*:1] (=[*:2]) [*:4]
[*:3]
Hydrogenation of Ketones | [C+0!S (*=0) :1]=[0+0:2] . [H] [H]>>[*:1] [*:2]
Keto-enol [C,N;+0!'HO:1][C+0:2]=[0O,N;+0:31>>[*:1]=[*:2]
[*
[C
[*
[

Decarbonylation of *+0:1] [C+0H:2]=[0+0:3]>>[*:1].[*-:2]#[*+:3]

Aldehydes

Ketonization [*+0:1] [C+0:2] (=[0+0:31) [O+OH:4] [*+0:5] [C+0
:6](=[O+0-7])[O+OH 8I>>[*:1]1[*:2] (=[*:3]) [*
5].[*:4]=[*:6]=[*:T7].[*: 8]

Ketonization, ([*+0:1] [C+O 2] (= [O+O 31) [O+OH:4] .[*+0:5] [C+

Intramolecular 0:6] (=[0+0:7]) [O+0H:8])>>[*:1] [*:2] (=[*:3]) [
*:5] . [*:d]=[*:6]=[*:7].[* -8]

Oxidative Esterification of | [C+0; ! S (*=0) :5] [O+0H:1]. [O+O 2]= [C+O!HO:3] .

Aldehydes and Alcohols O+0:4]1=[0+0]1>>[*:5] [*:1][* 2].[*:4]

31=[*
Oxidative Esterification of | ([C+0; !$ (*=0) : 5] [O+0H:17]. [O+O 2]
[*:3]=

=[C+O'HO 31)
Aldehydes and Alcohols, | - [O+0:4]=[0+0]>>[*:5] [*:1] [*:2].[*:4]
Intramolecular
McMurry Reaction [*+0:1] [C+0;!S(*0) :2] (=[0+0: 3]) . [*+0:5][C+0;
'$(*0) :6] (=[0+0:7]) . [H] [H]I>>[*:1] [*:2]=[*:6]

[*:5].[*:3].[*:7]

McMurry Reaction,

[*+0:1][C+0;!'$S(*0) :2] (=[0+0:3]) .[*+0: 5] [C+0
Intramolecular =[*

"S( 0): ](=[O+O:7])) [HY [H]>>[*:1] [*:2]

(
6] [*:5]. [* 3] [*:7]
[

Hydration of Ketone and C+O 1$(*0) :2]=[0+0:3].[0+0H2:4]>>[*:2] ([*:3
Aldehyde 1) [*:4]

Hemiacetal Dissociation, [C;!$(*=0):1] ([O+0H:2]) '@[0O+0:3] [C; !$(*=0) : 4
Addition of Alcohols to I>>[*:1]=[*:2].[*:3] [*:4]

Carbonyl Groups Reverse

Hemiacetal Dissociation, [C;!$(*=0):1] ([O+0H:2])Q@[0+0:3][C;!S(*=0) :4]
Addition of Alcohols to >>([*:1]=[*:2].[*:3][*:4])
Carbonyl Groups Reverse,




Intramolecular

Hemiacetal Formation, [CX3; IS (* ) 1]=[0+0:2].[0+0H:3] [C; !S (*=0) :4]
Addition of Alcohols to >[*:1]([*:2]) [*:3] [*:4]

Carbonyl Groups

Hemiacetal Formation, ([C;!8(*0) : 1]=[O+0 2] .[0+0H:3] [C; !S(*=0) :4])
Addition of Alcohols to >[*:1] ([*:2]) [*:3][*:4]

Carbonyl Groups

Reduction of Carbonyl [C,c,N;+0:1] [C+0:2]=[0+0:3].[H][H]>>[*:1][*

Groups

2].

[*:3]

a-Halogenation

[C+0:2] (=

[O+0:3]) [C+0!HO:4].

[F,Cl,Br,I;+0:5]

[F,Cl,Br,I;4+0:6]1>>[*:2] (=[*:31) [*:4][*:5].[*
:60]

Wittig Reaction [C+0!HO; !$ (*~[O,S,N]):1][F,Cl,Br,I;+0].[C,c;

(Combined with Ylide +0:31[C+0; 1S (*0) :4]=[0+0]>>[*:1]=[*:4] [*:3]

Formation)

Wittig Reaction, ([c+0!HO;!S(*~[0O,S,N]):1][F,C1,Br,I;+0].[C,c

Intramolecular (Combined ;+0:31[C+0;!$(*0) :4]1=[0+0])>>[*:1]=[*:4][*:3

with Ylide Formation) ]

Carboxylic Acids [*+0:1][C+0:2] (=[0O+0:3]) [O+0H:4]>>[*:1].[*:3

Decarboxylation I=[*:2]=[*:4]

Acid Anhydrides React [C+0;!S(*[OH]) :1] (=[0+0:2]) [O+0!R:3] [C+0; ! S (

with Alcohols to Form *[OH]) :4] (=[O+O:5]) .[C,C,’+O,’!$(*=O) :6] [O+OH:

Esters TI>>[*:1](=[*:2])) [*:3] [*:06].[*:4] (=[*:5]) [*
7]

Acid Anhydrides React [C+0;!S(*[OH]) :1] (=[0+0:2]) [O+0R:3] [C+0; IS (*

with Alcohols to Form [OH]) :4] (=[0+0:5]) . [C,c;+0;!$(*=0) :6] [O+0H:7

Esters, Intramolecular 1>>([*: 11 (=[*:2]) [*:3] [*:06] . [*:4] (=[*:5]) [*
71)

Aldol Condensation [C+0:2] (=[0+0:371) [C+0'HO:4]7.[0+0:5]=[C+0X3:6
I>>[*:2] (=[*:3]) [*:4][*:6] ([*:5])

Aldol Condensation, ([C+0:2] (=[0+0:3]) [C+0!HO: 4] [O+O 5]=[C+0X3:

Intramolecular 6]1)>>[*:2] (=[*:3]) [*:4][*:06] ([*:5])

Aldol Condensation (2H) [C+0:2] (=[0+0:3]) [C+0;H3,H2: 4] [O+O 5]=[C+0X
3:6]>>[*:2] (=[*:3]) [*:4]=[*:6].[*:5]

Aldol Condensation (2H), | ([C+0:2] (=[0+0:3]) [C+0;H3, H2 4]. [O+O 5]=[C+0

Intramolecular X3:6])>>[*:2] (=[*:3]) [*:4]=[*:6].[*:5]

Claisen Condensation [C+0:2] (=[0+0:3]) !@[0+0:7] [C+0:4]. [O+0 5]=I[C
+0:6] [C+O0!HO:8]1>>[*:2] (=[*:3]1) [*:8][*:0]=[*:
5].[*:7][*:4]

Dieckmann Condensation | ([C+0:2] (=[0+0:3]) !@[O+0:7] [C+0:4].[0+0:5]=[
C+0:6][C+0!'HO:8])>>[*:2] (=[*:3]1) [*:8][*:06]=]
51 [*:T1[*:4]

Michael Reaction [C+0:1] (=[0+0:2]) [C+0!HO:3] [C+0:4]=[0+0:57.
C+0:6]=[C+0:7][C+0:8]1=[0+0:9]1>>[*:1](=[*:21)
[*:3] ([*:0][*:7][*:8]=[*:9]) [*:4]=[*:5]




Michael Reaction,
Intramolecular

>(—O|I

+0: 7][C+O:8]=[O+O:9])>>[*:l

:5].
=[*:2

[O+0:2]) [C+0'HO:3][C+0:4]1=[0+0
] (
61 [*:7][*:8]=[*:9]) [*:4]=[*:5]

Michael Reaction with
Cyclic Ketones

0+0: 2])[C+O!HO:3][C+O:lO][C+O:ll]

[
+0:13]1.[C+0:6]=[C+0:7] [C+0:8]=[0+
]

(= [ :2]) [*:3] ([*:10] [*:11] [*:12]
] [*:71[*:8]=[*:9]

Michael Reaction with
Cyclic Ketones,
Intramolecular

2][* 13

0+0: 2])[C+O!HO:3][C+O:10][C+O:ll

=[
C+0:13]1.[C+0:6]=[C+0:7][C+0:8]=[O

] (= [*-2]) [*:3] ([*:10] [*:11][*:1
[ 6] [*:7][*:8]=[*:9]

Robinson Annulation

[O+O 2]1) [C+0'HO:3] [C+0:14] [C+0:15]

+0:17]1.[C+0:8]=[C+0:9] [C+0:10] (=[
+0;H2,H3:12]>>[*:1]12[*:3] ([*:8][*

[* 11]) [*:12]1=2) [*:14][*:1D5][*:16
2]

Esterification, Acid
Anhydride Formation

]
] O+O 3]1) [O+0H:4].[C,c;+0:5] [O+0H:6]
2]

) [*:6][*:5].[*:4]

Esterification, Acid
Anhydride Formation,
Intramolecular

3]
([C+O 2]( [O+O
=[~*

[
3]1) [O+0H:4].[C,c;+0:5] [O+0H:6
31) [*:6] [*:5].[*:4]

Esterification of Acid
Halides

[C+0:1] (=[0+0:2]

) [
O+0H:5]>>[*:1] (=[*:2]) [*:D5][*:4].[*

F,Cl,Br,I;+0:3]1.[C,c;!'S(*=

Esterification of Acid
Halides, Intramolecular

([C+0:17](

[0+0:2]) [F,Cl,Br,I;+0:3]1.[C,c;!S$(*

O+0H:5])>>[*:1] (=[*:2]) [*:5][*:4].

Ester Reduction to
Aldehydes and Alcohols

O+0HO!'R:1] [C+0:2]=[0+0:3].[H][H]>>[*:1].[*

Ester Reduction to
Aldehydes and Alcohols,
Intramolecular

O+0HOR:1] [C+0:2]=[0+0:3].[H][H]>>([*:1].[*

Ester Reduction to
Alcohols

[O+0HO!R:1] [C+0:2]=[0+0:3].[H] [H]>>[*:1].[*

Ester Reduction to
Alcohols, Intramolecular

[O+0HOR:1] [C+0:2]=[0+0:3].[HI[H]>>([*:1].[*:
2] [*:3])

Transesterification

[C+0:1] (=

[O+0:2]) 'Q[O+0:3]1[*+0:4].[*+0:6] [0+
0H; !'S(*C=0) :51>>[*:1]1 (=[*:2]) [*:5][*:6].[*:4

Transesterification,
Intramolecular

([C+0:1] (=
+0H; 1S (*C=0) :5])>>[*:1] (=[*:2]) [*:5] [*:6].[*

[0+0:2])!@[0+0:3][*+0:4].[*+0:6] [O

Kolbe Carboxylation

1:[c+0:2] ([O+0H:7]) :
:[c+0:6]:1.[0+0: 8]=[C+O 9]
*:2]([*:7]):[ 3] ( =

0+0:101>

[ct0H:3]:[c+0: 4]
=
[*: ])[*-10

[*:9](




1) :[*:4]:[*:5]:[*:06]:1

Phenols Oxidation to
Quinones 1

[c+0;!S(*~0) :1]11:[c+0:2] ([O+0H:7]) : [c+0; 'S (*
~0):31:[c+0;!S(*~0) :4]:[c+0H:5]:[c+0; 'S (*~
:6]:1.[04+0:8]1=[0+0:9]>>[*:111[*:2]1(=[*:T71) [*

:3]=[*:4][*:5] (=[*:8]) [*:6]=1.[*:9]
1
!

Phenols Oxidation to [c+0; !9 (*~ ]1:[c+0:2] ([O+0H:7]) : [c+0H; IS (
Quinones 2 *~0) :3]:[c+0; 1S (*~0) :4]:[c+0:5] ([*;!0+0:10])
:[c+0;!$(*~0) :6]1:1.[0+0:8]=[0+0:9]>>[*:1]1[*
221 (=[*:7]) [*:3] (=[*:8]) [*:4]=[*:5] ([*:10]) [
*:6]=1.[*:9]
Phenols Oxidation to [c+0;!S(*~0) :1]1: [C+O=2] ([O+0H:7]) : [c+0:3] ([
Quinones 3 O+OH:8]):[C+O 1$(*~0) :4]: [c+0; !'S(*~0) :5]: [c+
0;!8(*~0):6]: [O+O 9] ] >[*: 1]1[* 2] (=1
*:7]) [*:3] (= [ :8]) [*:4] 5] [*:6]=1.[*:9]
Phenols Oxidation to [C+0:1]1([C+0:2] (= [O+O 7 [C+O 3] (= [O+O 8])
*:2]

Quinones 3 Reverse

+0:4]=[C+0:5] [C+0:6]=
[*¥:7]):[*:3] ([* 8])'[

JIH]>>[*:1]11:[
[*:5]:[*:6]:1

Phenols Oxidation to
Quinones 4

O+0H:7]) : [c+0; IS (*
~0) :3]1:[c+0; '$( 0):4]:
0;!$S(*~0) :06]: [O+O 9] +0 ] >[*:1]11[*:2] (=
*:7]) [*:3]=[*:4][*:5] ( 8]) [*:0]=1.[*:9]

Phenols Oxidation to
Quinones 4 Reverse

[C+0:1]1[C+0:2] (= [O+O 7 [C+O 3]1=[C+0:4] [C+O0

[
]
-l
14
[c+0;!$(*~0) :1]1 :[c+O 2]
[
[
[
]
. [H] [H ] >[*e1]1:[*:2](

O+
[*
)
H
1:
([
c+0:5] ([O+0H:8]) : [c+
¢ [
*
)
:5]( [0+0: 8])[C+O o]= H
(

[*:7]) :[*:3]:[*:4]:[*:5] ([*:8]):[*:6]:1

Quinones Addition [C+O 111 [C+O 2] (=[O+O-7]) [C+O-3]=[C+OH:4] [C+
0:5] (=[0+0:8]) [C+0:6]=1.[F,Cl,Br,I;+0H:9]>>]
Fol]1l:[*: 21 ([*:7)) [ %3] [ *:4] ([*:9]):[*:5](
[*:8]):[*:06]:1

Naphthalene Oxidation [c+0:1]1:[c+t0H:2]:[c+0:3] ([c+0:9] [c+0:10] [ +

with CrO3 0:11]1[c+0:12]2) : [c+0:4]2:[c+0H:5]: [c+O 6]:
[O+0:7]=[0+0:8]>>[*:1]11[*:2] (=[*:7]) [* ]( [
*eO9) e [*:10]) e [*:11]:[*:12]:2)=[*:4]2[* 5](2[
])[*:6]=1.[*:8]

Naphthalene Oxidation [c+0:1]11:[c+0:2]:[c+0:3] ([c+0H:9] [c+0H:10] [c

with V205 Catalyst +0H] [c+0H: 12]2):[C+O 4]12:[c+0:5]: [c+O 6]:1.]
O+0:7]= [O+O 8]>>[*:1]1:[*:2]:[*:3] ([C:9] (=[O
1) [O]):[*:4] ([C: 12]( [0]) [O]) :[*:5]: [* 6]:1.
[*:7]=[C: 10]=[ ].[*:8]

Oxidation of Aromatic [c+0:1] [C+0H3:2]. [O+O 3]=[04+0:4]>>[*:1] [*:2]

Alkanes Ar-CH3 (=[*:3]) [0].[*:4]

Oxidation of Aromatic [c+0:1] [C+0HZ2:2] [C+0H3:3].[0+0: 4]=[O+O 5]>>[

Alkanes Ar-CH2CH3 *:1][*:2] (=[*:4]1) [0O] . [0]=[*:3]=[0].[*:5]

Oxidation of Aromatic [c+0:1] [C+OH 2] ([C+0H3:3]) [C+0H3]. [O+0 4]=[0

Alkanes Ar-(CH3)CH3 +0:5]1>>[*: 1] [*:2] (=[*:4]) [O] . [O]=[*:3]=[0O].[

*:5]

Oxidation of Aromatic

[c+0:1] [C+0H2:2]'Q@[C+0H2:3] [C+0!H3:4].[0+0:5




Alkanes Ar-long_chain =[0+0:06]> [ 11 [*:2]1 (=[*:5]) [O].[*:4][*:3](
[0]) [O].[* ]

Oxidation of Aromatic ct+0:1] [C+OH2 2]Q[C+0H2:3].[0+0:4]=[0+0:5]>
Alkanes Ring-opening 1 [*:1][*:2] (=[*:4]) [O].[*:3] (=[O]) [O]) . [* 5]
Oxidation of Aromatic c+0:1] [C+OH 2]1@=[C+0H:3].[0+0:4]=[0+0:5]>>(
Alkanes Ring-opening 2 Fol][*:2] (=[*:4]1) [O] . [*:3] (=[*:5]) [O])
Oxidation of Aromatic 0: 1] [C+0H3:2]. [C+O=5] [C+0H3:6]) .[0+0:3]=
Alkanes Ar-CH3, 2-step 41>>([*:1] [*:2] (=[*:3]) [O].[*:5][*:6] (=

[O]) . [*:4]

Oxidation of Aldehyde &
F0:4]1>>([*:1] (=[*:2]) [*:3].[*:5] [*:0] (=]
1) .[*:4]

[
@)
O

[
]

[

0;H3,H2:1] [O+0H:2].[c+0:5] [C+0H3:6]) . [O+
[O+0:41>>([*:1]1(=[*:2]) [*:3].[*:D5][*:6]
1) [0]) . [*:4]

Oxidation of Alcohol &

_I_
O:
)
+0!'HO:1]1=[0+0:2].[c+0:5] [C+0H3:6]) .[0+0:3
O
(O
n
Aromatic Alkanes, 2-step 1=

c
+
]
C
[
)
C
3
[O
10

Halogenation of Aromatic :1][c+0!HO:2].[F,Cl,Br,I;+0:3][F,Cl,Br,I

Alkanes

]
[
(
(
(
(
(
(
(
Aromatic Alkanes, 2-step | !
0
(
O:
(
(
(

c
;+0:41>>[*: 1] [*:2][*:3].[*:4]
Electrophilic Aromatic CctOH:1]1.[C+0:2]=[C+0:3]>>[*:1][*:2] [*:3]

Alkylation with Alkenes

Electrophilic Aromatic ([c+0H:1].[C+0:2]=[C+0:3])>>[*:1][*:2] [*:3]
Alkylation with Alkenes,
Intramolecular

Electrophilic Aromatic [c+O0H:1].[C+0;!S(*=0) :2] [O+0H:3]>>[*:1] [*:2]
Alkylation with Alcohols L [*:3]
Electrophilic Aromatic ([c+0H:1].[C+0:2] [O+0H:3])>>[*:1][*:2].[*:3]

Alkylation with Alcohols,
Intramolecular

Furan Carboxylation [0+0:1]1:[c+0H:2]:[c+0:3]:[c+0:4]:[c+0:57:1.
[O+0:8]=[C+0:9]1=[0+0:10]>>[*:111:[*:2] ([*:9]
(=[*:8]) [*:10]) : [*:3]:[*:4]:[*:5]:1

Furan Carboxylation, 2- [0+0:1]1:[c+0H:2]:[c+0:3]:[c+0:4]:[c+0H:5]:1

step .[0+0:8]=[C+0:9]=[0+0:10]1>>[*:1]21:[*:2] ([*:9
I (=0*:8])[*:10]) : [*:3]:[*:4]:[*:5] ([C] (=[0O])
[0]) :1

Friedel-Crafts [c+0H:1].[CX3!$(*0)+0:2]1=[0+0:3]1>>[*:1]1[*:2]

Hydroxyalkylation [*:3]

Friedel-Crafts ([c+0H:1].[CX3!S(*0)+0:2]=[0+0:3])>>[*:1][*

Hydroxyalkylation, 2] [*:3]

Intramolecular

Friedel-Crafts [c+0H:1].[c+0H:2].[CX3!S$(*0)+0:3]1=[0+0:4]1>>

Hydroxyalkylation(BPA * el [*:3][*:2].[*:4]

Synthesis)

Hydroformylation [C+0:1]=[C+0:2].[C1I#[O+1].[H][H]>>[*:1][*:2
1 [C]=[0]

Cativa Process [C!S(*=0)+0:1] [O+0H:2].[CL1]1#[O+1]>>[*:1][C] (




=[0]) [*:2]

Oxidative Carbonylation1 | [C!$ (*=0)+0:1] [O+0H:2] . [C!$ (*=0)+0:5] [O+0H:6
1.[CLI#[0O+1].[0+0:7]1=[0+0]1>>[*:1]1[*:2][C] (=]
O]) [*:6][*:5].[*:7]

Oxidative Carbonylation2 | [C!$ (*=0)+0:1] [O+0H:2] . [C!$ (*=0)+0:5] [O+0H:6
].[CL]#[0+1].[0+0: 7]=[O+O] >[*:1]1[*:2][C] (=]
01) [C] (=[0]) [*:6][*:5].[*:7]

Hydrocarboxylation 1, [C+0:1]=[C+0:2].[CL1]#[O+ ] [O+0!HO; !'$ (*C=0) :

Hydroesterification(Carbo | 21>>[*:1] [*:2] [C] (=[O]) [*:5]

alkoxylation)

Hydrocarboxylation 2 0:2].[C1]1#[0O+1].[O+0H2:5]>>[*:1]=

+
[O]) [*:5]
0+0:2]1) [N+OH2:3]>>[*:1]1#[*:3].[*:2

[

[
Dehydration of Amides [C+0:1](

]

[

Ketone Reductive CX3!$(*[0,S,N])+0:2] (=[0+0:3]) . [N+0X3!HO0:6]
Amination LJHI[HI>>[*:2][*:6].[*:3]
Ketone Reductive ([CX3!S$(*[0,S,N])+0:2] (=[0+0:3]) . [N+0X3'!'HO:6

Amination, Intramolecular | 1) - [HI [H]>>[*:2] [*:06].[*:3]

Alkylation or Acylation of | [C,c;+0:1][F,C1,Br,I;+0:2].[NX3!HO,nH;+0:3]>

Amines >[*:1][*:3].[*:2]

Alkylation or Acylationof | ([C,c;+0:1][F,C1,Br,I;+0:2].[NX3!HO,nH;+0:3]
Amines, Intramolecular )>>[*: 1] [*:3].[*:2]

Alkylation of Tertiary [C,c;+0:1] [F,C1,Br,I;+0:2].[NX3HO+0:3]1>>[*:1
Amines 1 [*+1:3]. [*—1'2]

Amine Alkylation with [C,c; 18 (*=0)+0:1] [OH,NH2;+0:2] . [NX3!HO,nH;+0
Alcohols or Primary :31>>[*: 1][ :3].[*:2]

Amines

Amine Alkylation with ([Crc;!S(*=0)+0:1] [OH,NH2;+0:2] . [NX3!HO, nH; +
Alcohols or Primary 0:31)>>[*:1][*:3].[*:2]

Amines, Intramolecular

Synthesis of Amides with [CX3+0: 2] (=[0+0:3]) [O+0H:4] . [N+0X3!HO:5]>>[*

Carboxylic Acid :2] (=[*:31)

[

[*:5].[*:4]
Synthesis of Amides with ([CX3+40: 2] (=[O+O 31) [O+0H:4] . [N+0X3!HO0:5])>>
Carboxylic Acid, [*:2] (=[*:3]) [*:5].[*:4]

Intramolecular

Synthesis of Amides with | [CX3+0:2] (=[0+0:3]) !@[0+0:4] [C,c;+0:06]. [N+0X
Acid Anhydrides or Esters | 3!HO:5]>>[*:2] (=[*:3]) [*:5].[*:4] [*:6]

Synthesis of Amides with | ([CX3+0:2] (=[O
Acid Anhydrides or Esters, | X3!H0:5])>>[*:
Intramolecular

+0:3])!@[0+0:4][C,c;+0:6].[N+0O
21 (=0*:3]) [*:5].[*:4] [*:6]

Hydrolysis of Amides [CX3!S(*[OH,SH])+
O+0H2:41>>[*:2] (=

[0+0:3]) '@[N+0X3:5].[

O|l— O

1 (=
*:3]) [*:4].[*:5]
] (=

Hydrolysis of Amides, [CX3!$ (*[OH, SH]) + [0+0:3])@[N+0X3:5].[O




Intramolecular +0H2:41>>([*:2] (=[*:3]) [*:4].[*:5])
Hofmann Elimination R- [C+0X4!HO0:1] [CX4+0:2] [N+0H2:3].[C+0:4] [F,C1,
NH2 Br,I;+0:5]>>[*:1]=[*:2].[*:3]1([*:4]1) ([*:4]) [

*:4].[*:5]

Hofmann Elimination R-

[C+0X4!'HO:1] [CX4+0:2]'Q[N+OH:3].

[C+0:4] [F,C1l

NHR yBr, I;+0:5]>>[*:1]=[*:2].[*:3]1([*:47]) [*:4].]
*:5]

Hofmann Elimination R- [C+0X4'HO:1] [CX4+0:2]@[N+OH:3].[C+0:4] [F,C1,

NHR Ringopening Br,I;+0:5]>>([*:1]=[*:2].[*:3]1([*:4])[*:47]).
[*:5]

Hofmann Elimination R- [C+O0X4'HO:1] [CX4+0:2]!'Q@[N+0X3H0:37]. [C+O:4] [F

NRR ,CL,Br,I;+0:5]>>[*:1]1=[*:2].[*:31[*:4].[*:5]

Hofmann Elimination R- [C+0X4!'HO:1] [CX4+0:2]@[N+0X3H0:3].[C+0:47[

NRR Ringopening Cl,Br,I;+0:5]1>>([*:1]1=[*:2].[*:31[*:4]).[*:5
]

Hofmann Rearrangement | [C,c;+0:1] [C+0:2] (=[0+0:3]) [N+0H2:5].[F,C1,B
r,I;+0:6][F,Cl,Br,I;+0].[O+0H2:4]>>[*:1]1[*:5
1.[*:3]1=[*:2]=[*:4].[*:06]

Hofmann Rearrangement | [C,c;+0:1] [C+0:2] (=[0+0:3]) [N+0H2:5].[F,C1,B

with Alcohols r,I;+0:6][F,Cl,Br,I;+0].[C+0!S$S(*=[0,S]):7]1[0O
+0H:4]1>>[*:1] [*:5]1[*:2] (=[*:3)) [*:4]1[*:7].[*
1 6]

Hydroamination of [C+0:1]1=[C+0:2] . [N+O0X3!'HO:3]>>[*:1][*:2][*:3

Alkenes ]

Hydroamination of ([C+0:1]=[C+0:2].[N+O0X3!HO:3])>>[*:1][*:2][*

Alkenes, Intramolecular :3]

Hydroamination of [C+0:1]#[C+0:2] . [N+0X3!HO:3]>>[*:1]=[*:2] [*

Alkynes 3]

Hydroamination of ([C+0:1]#[C+0:2]. [N+O0X3!HO:3])>>[*:1]1=[*:2][

Alkynes, Intramolecular *:3]

Hydroamination of Dienes | [C+0:1]1=[C+0:2] [C+0: 3]=[C+O 4] . [N+0X3!HO:5]>
>[*:1] [*:2]=[*:3][*:4] [*:5]

Hydroamination of ([C+0:1]=[C+0:2] [C-I-O 3]=[C+O 4] .[N+0X3'HO:5]

Dienes, Intramolecular )>>[*: 1] [*:2]=[*:3][*:4] [*:5]

Ring Opening of Epoxides | [C+0:1]1[C+0:2] [O+0 311. [N+OX3'HO 41>>[*:4] [

by Amines Pl [*:2] [*:3]

Aromatic Nitrosation [OH,NS (* ([#6]) ([#6]1) [#6]1);+0:10] [c+0:1]11[c+0
2] [c+0:3] [c+0H:4] [c+0: 5] [c+0:6]1.[0O+0H:7] [N
+0:8]1= [O+O 91>>[*:10] [*:111:[*:2]):[*:3]:[*:4
J([*:8]=[*:9]):[*:5]:[*:6]:1.[*:7]

Secondary Amines with [*+0:1] [N+OH 2] [*+0:3]. [O+OH 4] [N+0:5]=[0+0:

Nitrous Acid 61>>[*:1]1[*:2] ([*:5]=[*:6]) [*:3].[*:4]

Primary Amines with [C,c;+0:1] [N+0OH2:2].[0O+0H:3] [N+0:4]1=[0+0:5]1>

Nitrous Acid to Alcohols >[*:1] [*:3].[*:5] . [*:2]#[*:4]




Primary Amines with [C,c;+0:1] [N+0OH2:2].[F,Cl,Br,I;+0H:3].[0+0H]

Nitrous Acid to Halides [N+0:5]=[04+0:6]1>>[*:1][*:3].[*:6].[*:2]#[*:5
]

Primary Amines with [C+0!'HO:6] [C+0:1] [N+0H2:2].[O+0H] [N+0:4]=[0O+

Nitrous Acid to Alkenes 0:5]>>[*:6]=[*:1].[*:5].[*:2]#[*:4]

Tiffeneau—Demjanov [O+0H:1] [C+0:2] ([C+0:3]) ([C+0:4]) [C+0:5] [N+O0

Rearrangement H2:6].[O+0H] [N+0:7]=[0+0:8]>>[*:1]=[*:2] ([*
31) [*:51[*:4].[*:8].[*:6]1#[*:7]

Sandmeyer Cyanation [c+t0:1] [N+0H2:2].[C+0H:3]#[N+0:4].[O+0H] [N+0
:5]1=[0+0:6]>>[*:1] [*:31#[*:4].[*:6].[*:2]4#[*
:5]

Reduction of Primary [c+0:1] [N+0H2:2]. [ ][H] [O+0H] [N+0:3]=[0+0:4

Aromatic Amines I>>[*:1].[*:4] . [*:2]#[*:3]

Cope Elimination [C+0!HO:1] [C+0: 2] @[N+0:3] ([C+0:4]) [C+0:5].[
O+0]=[0+0:6]>>[*:1]=[*: ]-[*:6][*:3]([*:4])[
*:5]

Cope Elimination, [C+0!HO:1][C+0:2]@[N+0:3] ([C+0:4]) [C+0:5].[O

Intramolecular +0]=[0+0:6]>>([*:1]1=[*:2].[*:06] [*:31([*:4]) [
*:517)

Hemiaminal Formation [CX3!$(*0)+0:1]=[0+0:2].[N,n;+0X3!H0:3]>>[*

1] ([*:2]) [*:3]

Hemiaminal Formation, [CX4!S(*(0)0)+0:1] ([O+0H:2]) !@[N+0X3:3]>>[*:

Reverse 1]=[*:2].[*:3]
Hemiaminal Dehydration | [C+0:1] ([O+0H:2]) [N+0X3!HO:3]>>[*:1]=[*:3].[
*:2]

Hemiaminal Dehydration, | [C+0:1]=[N+0:3].[O+0H2:2]>>[*:1] ([*:2]) [*:3]
Reverse

Reduction of Nitroso [C,c;+0:1] [N+0:2]=[0+0:3] . [H] [H]>>[*:1][*:2]
L[*:3]
Reduction of Nitro [C,c;+0:1] [N+1] (=[0+0:3]) [O1HO]. [H] [H]>>[*:1

[*

Compounds J[N].

[N+1:2] (=[0+0:3]) [OX11:4].[CX3!$(*
)+O 5]=[0+0:6]>>[*:6] [*:5] [*:1][*
4]

1

3

Henry Reaction C+0!'HO:1
[OH]) [ H

3]

1 (=[*

]
]
]
]
)
[C+O'HO 1
H
:3
[

[
(
2 [*

Henry Reaction, ( ] [N+1 2] (=[0+0:3]) [OX11:4].[CX3!S$(

Intramolecular *([OH]) [OH])+0: 5]=[O+0 6])>>[*:06] [*:5] [*:1][
*:2] (=[*:3]) [*:4]

Benzene Nitration [c+0H: 1] O+OH 2] [N+l 3] (=[0+0:4]) [OX11:5]>>
[*:1][*:3] (=[*:4]) [*:5].[*:2]

Oxidation of Nitroso [*+0: 1][ +0]= [O+O] [O+O]=[O+O] >[*:1] [N+1] (=
[0]) [0-1]

Esterification, Acid [C,c;+0:1] [O+0H:2].[O+0H:3] [N+1:4] (=[0+0:5])
[OX11:06]>>[*:1][*:2][*:4]1(=[*:5]) [*:6].[*:3]

Anhydride Formation with
Nitric Acid

Nitrate Esters Hydrolysis [C,c;+0:1][0+0:2] [N+1:4] (=[0+0:5]) [OX11:6].[




O+0H2:3]>>[*:1]1[*:2] . [*:3][*:4] (=[*:5]) [*:06]
Imines from Aldehydes [CX3!$(*[OH])+0:1]1=[0+0:2].[N+0X3;H2,H3:3]>>
and Ketones [*:1]=[*:3].[*:2]
Imines from Aldehydes ([CX3!$(*[OH])+0:1]1=[0+0:2] . [N+0X3;H2,H3:31])
and Ketones, >[*:1]=[*:3].[*:2]
Intramolecular
Imines from Aldehydes [CX3!S(*[OH])+0:1]1=!Q@[N+0:3].[0+0H2:2]>>[*:1
and Ketones Reverse I=[*:2].[*:3]
Imines from Aldehydes [CX3!S(*[OH])+0:1]=@[N+0:3].[0+0H2:2]>>([*:1
and Ketones, I=0*:2].[*:3])
Intramolecular Reverse
Treatment of Aldehydes [C,N;+0!HO: 4] [CX 3'$( [OH])+0:1]=[0+0:2]. [N+O
and Ketones with a X3H:3]>>[*:4]=[*:1][*:3].[*:2]
Secondary Amine
Treatment of Aldehydes ([C,N;+0!H0:4] [CX3!S(*[OH])+0:1]=[0+0:2]. [N+
and Ketones with a OX3H:3])>>[*:4]=[*:1][*:3].[*:2]
Secondary Amine,
Intramolecular
Treatment of Aldehydes [C,N;+0:4]=[CX3!$(*[OH])+0:1]!@[NX3+0:3].[O+
and Ketones with a OHZ:2]>>[*:4]) [*:1]=[*:2].[*:3]
Secondary Amine Reverse
Treatment of Aldehydes [C,N;+0:4]=[CX3!$(*[OH])+0:1]@[NX3+0:3].[0+0
and Ketones with a H2:2]>>([*:4] [*:1]=[*:2].[*:3])
Secondary Amine,
Intramolecular Reverse
Oxime-Nitroso [C+0:1]=[N+0:2] [O+0H:3]>>[*:1] [*:2]=[*:3]
Tautomerization
Keto-enol [C+O0!'HO:1] [N+0:2]=[0+0:31>>[*:1]=[*:2][*:3]
Tautomerization Reverse
Reduction of Imines [C+0:1]=[N+0:2].[H] [H]I>>[*:1][*:2]
Beckmann [C,c;+0:1][C+0:2] (=[N+0:3] [O+0H:4]) [C,c;+0:5
Rearrangement with I>>[*:1] [*:2] (=[*:4]) [*:3][*:5]
Ketoximes
Beckmann [C,c;+0:1][C+0H:2] (=[N+0:3][O0O+0H:4])>>[*:1][
Rearrangement with *r2]#[*:3].[*:4]
Aldoximes
Beckmann [C,c;+0:1]7[C+0: 2](=[ +0:3]1)[C,c;+0:4]. [N+0H2
Rearrangement from S51[O0+0H:6]>>[*:1] [*:2] (=[*:3]) [*:5] [*:4].[*
Ketones 6]
Beckmann [C,c;+0:1][C+0H:2]=[0+0:3].[N+0H2:4] [O+0H]>>
Rearrangement from [*:1] [*:2]#[*:4].[*:3]

Aldehydes

Beckmann Fragmentation

[C,c;+0:1][C+0:2] (=

[N+0:3] [O+0H:4]) '@[C+0:5]




([C+O:6])([C+O 7]
[

[*+0!HO:8]>>[*:1] [*:2]#[*

)
3].[*:5] ([*:06]) ([*:7])=[*:8].[*: 4]
Beckmann [C,c;+0:1] [C+O 2] (=[N+0:3] [O+0H: 4])@[C+O 5] (
Fragmentation’ [C+O 6]) ([C+O 7]) [*+O'HO:8] >([*:1]1[* ]#[*.
Intramolecular 31 .[*:5] ([*:6]) ([*:7])=[*:8]).[* 4]
Semmler—Wolff Reaction [C+0!'HO:1]1[C+0!HO:2] [C+0!'HO:3] [C+0:4]=[C+
5] [C+O:6]l=[N+O:7] [O+0H:8]>>[*:1]11[*:2]1=[*
J[*:4]=[*:5][*:06]=1[*:7].[*:8]
Transimination [C,c;+0: 1]_'@[N'$( [0,S]1)+0:2].[N!S(*[O,S]);
H2,H3;+0:3]1>>[*:1]=[*:3].[*:2]
Imine Metathesis [C,c;+0: l]—'@[N'$(*[O,S])+O:2]-[C,C;+O:3]=!@
N!S(*[0,8])+0:4]>>[*:1]=[*:4].[*:3]=[*:2]
Wolff—Kishner Reduction rCi+0: 1] [C!$(*[0,8])+0:2] (=[N+0:3] [N+0H2:4
>[*:1][*:2].[* 3]#[ 14]

Hydrosulfide Anion
Substitution with Alkyl
Halides

) >
C,c; +O 1] [F,Cl,Br,I;+0:2].
]

[
[C
]
[
11 [*:3].[*:2]

[STHOX2+0:3]>>[*

Hydrosulfide Anion
Substitution with Alkyl
Halides, Intramolecular

([C,c;+0:1] [F,C1l,Br,I;+0:27.

£:1][*:3].[*:2]

[SIHOX24+40:3])>>

[




S4. Corrosion Inhibitors Produced with Many Reaction Families and Simple Helper

Molecules (SMILES)

CC(=CCC(=0)0)C(N)=0
CCOC(C(=0)0)C(=0)0
0=C (0) Ccccceco
CCCC1COoC (=0) 01
C=CC=CCCCO

C=CCC (=0) CcocC
C=CCC1COC (=0) 01

CC (0O) CCCN
CCc(cycec(c)o
CCc(C)cc(o)CN
ccocciceceol
0=C (0) CCCCO
CCCCC(=0)0

C=CC (=0) 0CCOC (C) =0
C=CC (=0) occocc
CC(C(=0)0)C(C)C(=0)0CcCo
CCC (=0) cceecececo
C=CC1CCOC1=0
CCCcceec(=0) o
C=CC1CC (=0)0C (=0)01
C=CC=CcCcCC
C=CCOC (=0) C (CO)ccce
C=CC=CCCCCO
C=CC=CccocCcC
C=CCOC (=0) CCCcCOo
C=CC (=0) 0CccccC
COCCCCC (=0)0

CC (=0)0c1ceec1=0
COCCCC(=0)0

0=C (Br) CCCCCO
CCC(C)C
COC(C) (CO)C(=0)0

Ccc(o)c(C)
CC=CcC1lcocC
CCC(CC)C(
CCcC

~ 0O OO0 000~
— OO0 Q Il 00O

Ccc (C)cc (=0
CCCCcc(Cc)cce
Cccceeecece
C=C (C) COC (=0) CcCccco
CC(C(=0)0)C(C)C(0)CO
cc(o)c(c)c(cyc(=0)o
CCC(C) (C)ocCc(C)=0

Ccoc (Cc)cc
CC(=0)0cc(Cc)cC
CCC(C)coc (C)=0

CC (=0)clccoclo

CC (=0)cclcocl=0
COC(=0)0C(C)Cc(C)C(=0)0
CC(C( 0)0)C(C)C(N)O

0) C1CCOC1=0

C(

C (0) cccocceo

C(C(N ) )C( )C(=0)0

c(oC(=0)0)c(C)Cc(=0)0

C(OC(N ) 0)C(C)C(=0)0
COC(= ) ( )C(C)C(=0)0

C(C(C)=0)C(N)=0
CCC(C )(CO)CO

C(C) (0)cc(c) (0)co

C(0) (Co)cC(C) (0)Co

C CC(F)C(=0)0cC

CCC (F)C(=0)0cC
C=CCOC (=0) C(CO)ccee
CCC (=0) cceeco
CCCc(Cc)yc(o)c(c)=0
CCC(C)C(0O)CN
CCC(C)CC(=0)CN
CCCC(C)0ocCc(C)=0
CCC(0O)cc(Cc)=0
C=C(C)C(=0)0cCC
0=C(0)C(0)C(0)C(0)CO
CCIlCCCC (=0)0C1=0
CC(=0)ClccC(=0)01
CC=CC(=0)C(0)C(=0)0
0=C1CCC (=0)0C1
Ccccceecececce
CC(N)Cccc(C)o
CCC(CC)oc(C)=0

0=C (0O) cccocs



0)Cclccocl
0)Cclccoclc

) (O)C(C) (C)O
0)ClCcCC (=0)N

CC( Q) CClcCC (= )OCl 0
0=C1COC (=0)0C (=0)C1
CCOoCccC1lccoc1l=0

CCC (CO) (co)cco

CC(0) (O)C(C) (O)Br
CCC (C) ccoc

COCCCCCcCcC (C)0
CCOC (C) coc
CC(O)C(=0)0C(C)C(=0)0
CC(N)C(O)C(C)c(=0)0
CC=CCcCcCC

CCC(C)0C (=0)C(C)=0
CC(=0)C(C(=0)0O)C(C)O0
CCOCC1COC (=0) col

O0=C (0O) clccocl

0=C (0O) clcccol
COCC (0) (CcOo)co
C=CC=CcCccoC
CC=CC=Cccccoc
NCC1CCcCcCo1l

CC (N) CC1CC (=0)0C1=0
CC (0O) CC1CC (=0)0C1=0
COC (C) (co)co

CC(C) (O)coc (C) (0)co

C(=
C(=
c(C
C(=

C=CC (=0) OCC (CO) cccC
COC(=0)C (F)clcccol
C=CCcCcCccC

C=CC (=0) ClcCcC (=0)0cC1l=0
CNC (C) C1lcCC (=0)0C1=0
CC=CC (0)C (COo)occ
OC1COC2C0C1Cc20
Ccoc(co)yc(oyc(oycoyco
COC1COC2C (0)coc12
OC1COC2C (O)CNC12
NC1C2COC1C (0)CO2
0O=C1C2COC1C (0)C02
0=C10C20CC10CcCc20
oclcoc2cocic2

O0=C (CO)C(O)C(0O)CO
COCCC (C) (O)C(C) (O0)O
C=CC (=0) 0C (CO) ccccee

C=Cclc (0C)cc (CO)ocl=0
CCclcc (CO)oc(=0)cl
COclcc (CO)oc (=0) clBr
COclcc (CO)oc (=0)clcC
COclcc (CO) oc (=0)clN
COclcc (CO)oc (=0)clO
COclcc (CO)oc (=0)cl0C
0=C (CO)C (0)C(0) (Br)CO
C=CCCcCC

O=ClCCCC (=0)01
CCCCC (C(=0)0C)C (=0)0C



S5. Corrosion Inhibitors Produced with Many Reaction Families and More Complex

Helper Molecules

CC(=0)C(C(=0)0)C(C)O
CCC(CO)C(C)=0
0=C1l0CC (C0O) 01
ccec(c)c
CCC(C)cc(Cc)=0
CCC(C)cc(c)o
CCCc(cecyc(c)o
CCC(O)Cc(C)0
C=C(C(C)=0)C(N)=0
CC(C(=0)0)C(0)C(=0)0
CCC(C)Cco
CCcc(Cc)yc(c)=0
CC(=0)C(C) (CO)CO
C=CC (=0) C1CC (=0) 0C1=0
CC (=0)c1lccocl

CC (=0)C1ccoc1o
CC(0)Cclccocl=0
0=C (0) Cccco
C=CCOC (=0) C (CO) CCC
CC (=0)cclcocl=0
CCC(C)Cc(C)0

CC (0O) CCCN
C=CC=CcCcCC
C=CC=CCCCCOo
CC(O)CCCOCCCO
CCCCC(C(=0) C (=0
COC(:O)C(C) ( )C (=
CCCC1CcOoC (=0)01
CCCCC (=0)0
CCC(C)cco
CC=CC1COC (=0) 01
CCC(C)CC(O)CN

0=C (0) ccceeo

O=C (0) cccco
ccoccicecol
C=CC=CCCCO
C=CCC1COC (=0) 01
CC=CC(=0)C(0)C(=0)0
ccoc (Cc)cce
CC(=0)ClccC(=0)01
C=CC (=0) 0CccocCcC
CC(C(=0)0)C(C)C(=0)0cCcCo
CCC (=0) cceecececo

) OC
0)0

C=C(C)C(=0)o0occC

C=C(C ) (=0) OCC (CO)0OC(=0)C(C)C
C=C(C)C(=0)0CC (0)CcocC (=0)C(C)C
CC (= CCC(:O) ) C(N)=0
CCcce(c)cce

CCCCccccece

C=CC (=0) 0CccccC
CCC(0)cc(C)=0
Ccceeecececece

C=CCOC (=0) CCCCO
0=C (Br) CCCCCO
CClccce (= )OCl O
C=CC1lCC (=0 (=O)Ol
ccc(ce) (C )
CCc(co) (co)cC ( 0)o
0=C(0)C(0)C(0)C(0)CO
CCC(CO) (OC)C(=0)0
COCCCC (=0) 0
O=C1CCC (=0)0cC1l
CC(0) (Cco)c(o)co
O0=C(CO)C(CO)C(0)CO
C=CC (=0) 0C (CO) cccee
0=C (0) cccocs
CC=CC(0)C(COo)occ
OC1COC2C0OC1C20
CC(C(=0)0)C(C)C(0)COo
CC(Cco)c(c)yc(=0)o
cc(o)c(cyc(e)c(=
C=C(C)Cc(0)C (O ) (
CC(C(O)CO)C(0)C(
COCCCCC (=0)0
CCCCC(C) (0O)C (N)=O
CC(C) (0)CccC(C) (0)Co
CC(0) (CO)cC(C) (O)CO
CC(C(N)=0)C(C)C(=0)0
C=CC (=0) 0CC (CO) cccC
CCC(CO) (CO)cCcco
CCOC (C) cocC
COC(C) (CO)C(=0)0
CCC(o)c(c)c
CC(C) (COo)C (O
CC(Co)Cc(co)cC
)
0)

0
0
)

C
)

0
C

0)0
0)COo
=0)CO

) CO
0)0
Ccoc (co)c(c
O C(CC( )
c(o)c(C) (C
COC( ) (CO)C
CCclcc (C ) (
0O=C(CO)C(0)C(
0=C(CO)C (O ) (
O0=C (0O) clccocl
0=C (0O) clcccol
C=Cclc (0OC)cc(C
COclcc (CO)o
COclcc (CO)
COclcc (CO)
COclcc (CO)
COclcc (CO)
C=CC1lCCO0C1=0
CC(O)coc(Cc)c(o)cco
NC1C2COC1C (0)C0o2
0=C1C2COC1C (0)Cc02

C

0
(0)c

CO

(
C
)

c(=
(=
(=
(=
(=

ocC
ocC
ocC
ocC



0=C10C20CC10CC20
oclcoczcocicz

C=C (C) COC (=0) CCCCO
CC (CO) (CO)cco
CC(N)Cc(O)Cc(C)C(=0)0
Ccc(c)c(o)c(c)=0
C=CC(F)C (=0)0C
CCC(C)cC (=0)ocC
CCC(F)C (=0)0C

O=C (OCC(0)CO)C(0)C(0)CO
CCOCC1CCOC1=0

CC(C) (0)C(C) (C)O

CC=C (CO) C (=0) oCC
0=C1CCCC (=0)01

CC(C) (O)C(C) (O)O
CC(oC(=0)0)C(C)C(=0)0
CC (OC(=0)0cco)Cc(Cc)C(=0)0
CC(OC(N)=0)C(C)C(=0)0
Coc (=0)oc(C)c(C)Cc(=0)0
C=CCOC (=0) C (CO) CcCccC
CC(C) (O)cocC (C) (0)co

CC (0) (CO)0C(=0)0
OClCOC2C (0O)CNC12

CCC (CO) (CO)C (=0)0C

CCC (CO) (CO) O
CC(C(=0)0o)Cc(C)Cc(N)O
C=CC=CccoccC

CCC(C)C(O)CN
CCC(C)CC(=0)CN

CCC (CO) (co)ocC

CCC (=0) cccececeo
NCC1CCcCcCOol

COCCC (C(=0)CcOo)Cc(0)Cco
CC(0) (O)C(C) (O)Br
CCC (C) ccoc
COCcceece () o
CCOCC1COC (=0) Ccol
CC(0) (C(=0)Cco)Cc(0)cCco
CC(O)C(=0)0C(C)C(=0)0
0=C1COC (=0)0C (=0)C1
CCCcccecece (=0) 0
CCOC(C(=0)0)C(=0)0

CC (=0)ClcCccCC (=0)N1

CC (=0)CClCC (=0)0C1l=
COCC (0) (CcOo)co
C=CC=CcCccoC
CC=CC=Cccccoc
CC (N)CC1lcCC (=
CC(0O)Cccilcce (=
Cccc(cyoc(c)
CC=CcCcCcC
CCC(C)0oC (=0)C(C)=0
C=CCcCcCcC

CCOC (=0) Cclcccol
C=CCCcCcCC

0)0
0)0
-0



