Electron flow: page 5

Analysis of electron flow ( Scudder)

all reactions are broken down into fundamental steps

steps involve formation and breaking of bonds - interaction of filled and empty orbitals 

frontier orbital theory 

Step 1: identification of electron sources
A. lone pairs on heteratoms (OH-, H2O, CH3NH2, CH3CSCH3)

B. metals in reduced states (Na, Li, Zn, Mg, K, Fe2+, Feo )

C. electron rich  bonds 

1. organometallics (RLi, RHgR, RCd)

2. metal hydrides (LiAlH4, NaH, CaH2, (Ph3P)3ClRh(H2))

D.  bonds 

1. lone pair conjugated to multiple bond (enols, enolates, enamines)

2.alkene, dienes, alkynes, allenes

aromatic rings 

Step 2: identificaton of electron sinks

A. electron deficient species

1. cationic empty orbitals - proton, carbocation

2. empty orbitals on neutral and ionic metal - BX3 >TiCl4 > AlX3 > FeX3 > SbX5 > SnX4 >  ZnX2 > HgX2 

B. single bond to a leaving group

1. proton, HX

2. heteroatoms - RS-SR, RO-OR, X-X, HOX

3. sp3 carbon to L, RCl

C. polarized multiple bond without leaving groups

1. C=Y, C=Y: aldehydes, ketones, imines, nitriles

2. C=C-ewg, C=C-ewg : conjugated esters, ketones, etc.

3. C=C=Y, Z=C=X, C=C=C-ewg: ketenes, diimides, isocyanates

D. polarized multiple bond with leaving groups
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1. L-C=Y: acid chlorides, anhydrides, esters

2. L-C=C-ewg: 3-haloenone

3.L-C=Y, L-C=C-ewg: BrCN, ClC=CCl 

reactivity

A. most reactive sources react with all sinks 

B. unreactive sources react only with reactive sinks

C. same logic for sinks reacting with sources

D. pka's can be used to determine reactivity of sources 

only a few basic organic reactions

A. substitution - nucleophilic, electrophilic, free radical

B addition - electrophilic, nucleophilic, free radical, pericyclic

C. elimination -  and  - heterolytic or pericyclic 

D. rearrangement - migration with electron pair, radical and no pair

E. electron transfer (oxidation-reduction)

F. insertions and extrusions

IUPAC Symbolic representation

Reccomended reading: Guthrie Pure Appl. Chem. 1989, 61, 23-56.

A. Identify process

1. A means bond formation (association)

2. D means bond dissociation

3. combine elementary steps
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B. identify core atoms where addition or substitution is taking place

1. N means nucleophile forms or breaks bonds at core atom 

2. E means electrophilic forms or breaks bonds at core atom 

3. Proton can be treated as special case, H
4. R means radical forms or breaks bond at core atom 
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5. n means nucleophile forms or breaks bonds at non-core atom 

5. e means electrophile forms or breaks bonds at non-core atom  

6. h means proton forms or breaks bonds at non-core atom
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Elementary processes

A.  proton transfer to/from lone pair (AH  or DH)

B.ionization (dissociation) of leaving group (DN) 

C. trapping of electron source (AN, reverse of B) 

D. electrophilic addition to multiple bond (AE)

E. electrophile loss from carbocation/form  bond (DE, reverse of D)

F. 1, 2 rearrangement (shift) of carbocation (intra-DNAN)

G. bimolecular nucleophilic substitution (SN2, ANDN)
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H. bimolecular elimination (E2, AxhDHDN)

I. trimolecular electrophilic addition to multiple bond (AdE3, ANAHDxh )

I. nucleophilic addition to polarized multiple bond (AN)

J. -elimination from lone pair (DN)

K. concerted pericyclic reaction (varies)

1. sigmatropic rearrangements

2. cycloaddition

3. cheleotropic rearrangements

4. metal catalyzed enolate addition to polar multiple bonds

Path Combinations

A. unimolecular nucleophilic substitution (SN1 = DN + AN)

B. unimolecular elimination (E1 = DN + DE)

C. bimolecular electrophilic addition (AdE2 = DxhAH + AN)

D. lone pair assisted unimolecular elimination (DN + AxhDH)
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 E. electrophilic aromatic substitution (AE + DE)

F. unimolecular elimination via conjugate base (E1cb = AxHDH + DN) 

G. bimolecular nucleophilic addition (AN + DxhAH) 

H. nucleophilic addition to multiple bond/elimination (AN +DN) 

only known mechanism for replacing leaving group on sp2 center in basic condition

I. Tautomerization (several possibilities, AEDxe + AxeDE, reverse)

Other Pathways

A. Internal Syn elimination (cyclo-1/DH2/DN1/Ah)  
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B. General base catalyzed addition to polarized double bond (AxhDxhAN)

C. General acid catalyzed -elimination (AHDxh + DN + DH)

D. addition of nucleolphile with leaving group (1/AN + (intra-2/AE)1/Dn) similar to X2 addition (cyclo-1/AN2/AE)Dn

[image: image9.wmf]S

M

e

M

e

H

2

C

O

H

2

C

S

M

e

M

e

H

2

C

S

M

e

M

e

O

O


[image: image10.wmf]O

-

O

O

R

'

R

O

O

R

+ -OR


E. 1,2 rearrangement with loss of L: rearrangement to electron defficient center, special example of 1,2R, R and L in same plane 

F. electrocyclic ring closure/opening

symmetry restricted: examples, include hydroboration (cyclo-ANAEDn), oxaphosphetanes (cyclo-DNDE), cyclobutene (cyclo-1/4DD) 

G. pentavalent intermediate (SN2, AN at 3rd row element, S, P, Si) [image: image11.wmf]Q
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H. Hydride transfer to cation (DxnAN) occurs under acidic conditions

Mechanistic Guidlines

A. use correct Lewis Structure (octet, - charge on most electronegative atom, etc)

B. pKa rule

C. use established paths, do not combine in concerted process

D. avoid multiple charges, (dianion, dication, trianion etc.)

E. best electron source reacts with best electron sink (maybe dead end)

F. indicate protons lost and gained (when otherwise not shown)

G. electrons flow from source to sink

H. show all electron flow

I. consider effect of each step on all resonance forms

J. strong electrophile and nucleophiles do not exist in same media
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K. rearrangements/elimination require orbital alignment, -bond formation with minimum strain requires less than a 30 o twist
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