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1964 – received Ph.D. from Imperial College London
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p g
1967 – joined faculty at Pennsylvania State University
1970 – moved to Massachusetts Institute of Technology
1976 – published The Rules
1978 – moved to Oxford University, Fellow of Royal Societyy y y
1997 – knighted
2005 – retired
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Baldwin’s‐Rules Nomenclature

3, 4, 5, 6, or 7

The number of atoms in the forming ring

Endo or Exo

The orientation of the breaking bond relative to the smallest forming ring

Tet, Trig, or Dig

The geometry of the carbon atom participating in ring closure

sp3 sp2 sp
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The Rules

1. Tetrahedral Systems 2. Trigonal Systems 3. Digonal Systems

3 – 7-Exo favored 3 – 7-Exo favored 3 & 4-Exo disfavored
5 & 6-Endo disfavored 3 – 5-Endo disfavored 5 – 7-Exo favored

6 & 7-Endo favored 3 – 7-Endo favored
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The Scope of the Rules

1. Disfavored ring closures are not impossible, just energetically more demanding 

than favored ring closures

2. Apply not only to anion cyclizations but also to cation and radical cyclizations
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The Scope of the Rules

3. Do not necessarily apply to concerted electrocyclic reactions

4. Apply only to ring closures where the attacking atom is a second-row element
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Rationalization:  Rule 1
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Rationalization:  Rule 2
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Rationalization:  Rule 3
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Experimental Investigation of the Rules

 5-Endo-Trig

O Na MeOH O OOHO

O
Ph

Na, MeOH,
reflux, 19 h

O

OH
Ph

O

O
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OH

p-TsOH, DCE,
reflux, 24 h, 80%

 5-Exo-Trig
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Experimental Investigation of the Rules

 5-Endo-Dig

 6-Endo-Trig
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The Fourth Rule

Cyclizations that open 3-membered rings constitute a separate class

Generally 5-Exo predominates among competing modesGenerally, 5-Exo predominates among competing modes
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More Rules: Cyclizations of Enolates

enolendo or enolexo

O Y O

(enolendo)-exo-tet

(enolexo)-exo-tet

t t t i

YO O

exo-tet exo-trig

3 – 5 (enolendo) disfavored 3 – 5 (enolendo) disfavored
6 & 7 (enolendo) favored 6 & 7 (enolendo) favored
3 – 7 (enolexo) favored 3 – 7 (enolexo) favored
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Experimental Investigation: Cyclizations of Enolates
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Experimental Investigation: Cyclizations of Enolates

1 M KOH, MeOH, 5 min, 77%
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Graded Favorability

 Some favored ring closures are more favored than others
 For example 5-Exo-Trig is more favored than 6-Endo-Trig For example, 5-Exo-Trig is more favored than 6-Endo-Trig
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Exceptions to the Rules
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Exceptions to the Rules

 Relief-of-strain driven disfavored retro 5-Endo-Trig

 5-Endo-Trig cyclic N,O-ketal formationg y ,
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Enzymatic Exception

HO
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 calculations predict 5-Exo pathway favored by 1.8 kcal/mol
 designed antibody catalyzes 6-Endo pathway with high selectivity
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Electrochemical Exception

Electrochemical 5-Endo-Trig in a Microemulsion

O

Br

Vit B12a, CTAB,
1-pentanol, tetradecane,
H2O, -1.5 V (vs SCE),
dark, 5 h, 70%

O

CoIII-L
e

- CoII-L

O O

cis + trans

H
L = alamine

cis trans
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Serine ‐Lactone

Entry R Nu Yield 
(%)

• A method for -substitution of amino acids
• The elimination side reaction is not observed

O Nu

y (%)

1 Boc NH3
+ 79

2 H2
+TsO- N3 96

• The elimination side reaction is not observed
• It requires retro 4-Endo-Trig ring opening
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3 Cbz OAc 97

4 H2
+CF3CO2

- L-Cys 93

O
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RHN

4-Endo-Trig

5 Cbz Me 47

6 Cbz t-Bu 48
H RHN

7 Cbz Ph 55
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Summary

Insights from Baldwin’s rules

 Ease of ring formation depends on more than ring size

 Cyclizations of small rings may be impeded by the inability of the reacting termini to

achieve proper orbital alignment

 Baldwin’s rules are rules of thumb meant to aid in synthetic planning

 Even within the stated limits of the rules, exceptions can be found

 A B ld i ’ l di f d b d i f d d i l diti

Exceptions to Baldwin’s rules

 A Baldwin’s-rules disfavored process can be driven forward under special conditions
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