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Introduction:
C-H functionality, traditionally considered inert (the "un-functional" 
group), has recently become a focus in methodology as a target for 
new reactivity. Though much progress has been made in the realm of 
transition-metal mediated C-H activation and consequent 
functionalization, an older and often overlooked pathway for redox-
neutral C-H functionalization through hydride transfer pathways has 
only recently begun to garner more attention. The goal of this talk is 
to discuss historical and modern examples of this powerful reactivity, 
which relies upon the intrinsic polar character of the the substrate at 
hand.

Generalized Scheme:

Above is depicted the generalized intramolecular case, with 1,5 
hydride transfer followed by cyclization of the corresponding 
zwitterion. 

Key features of this class of reaction include often high 
diastereoselectivity (substrate controlled) and enantiospecificity in the 
case of chiral substrates.

Overview of topics discussed:
1.) Historical context
2.) Brief discussion of mechanistic findings by Reinhoudt and Akiyama
3.) Heterocyclic chemistry
4.) Modern improvements to fundamental reactivity
5.) Allene synthesis
6.) Selected synthesis of complex targets
7.) Shifts beyond the 1,5 relationship
8.) Intermolecular hydride transfer reactivity

List of common hydride donors and acceptors (not comprehensive)
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Sc(OTf)3 BF3 Et2O
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(especially for alkyne activation)

HNTf2 TfOH

chiral Mg(OTf)2 BOX or 
pyBOX complexes

and chiral phosphoric acids
(enantioselective)
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(1925) Amadori rearrangement: 1,2 hydride shift
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(1932) Duff formylation: 1,5 hydride shift*

N
N

NH2N

H
H

OH N
N

NH2N

H

OH

H

O

O

Me

Me
Me

H O

O

Me

Me
H

Me

HO

O

Me

Me
Me

H
HO

O

Me

Me Me

H H

O

O

Me

Me
Me

H
H

H

H

OMe

O

Me

OMe

O

Me

H

OMe

OBF3

MeH

H

O

Me

Ar
H

D

O

Me

Ar
D

Ar

O

Me

H

H
Ar

O

Me

D

D

Woodward, JACS 1958, 80, 24, 6693–6694

Atkinson J. Chem. Soc. D, 1969, 735a-735a; J. Chem. Soc., Perkin Trans. 1, 1974, 394-401

Further mechanistic study in a combined experiment showed no crossover, 
implicating intramolecularity of reaction. A 1,5 hydride shift was proposed in 
line with Woodward's previous proposal

H+

Atkinson's early encounter with cyclization products:

The curious epimerization of C25 of the sapogenin scaffold was rationalized 
by reversible ring opening and closing, followed by a 1,5 hydride transfer

BF3⋅Et2O

Cannizzaro, Justus Liebigs Annalen 
der Chemie. 1853, 88, 1, 129-130

Meerwein, Justus Liebigs 
Annalen der Chemie. 1925, 
444, 1, 221-238

Amadori, Atti. reale accad. 
natl. Lincei, 1925, 6, 2, 337

Duff, J. Chem. Soc. 1932, 1987-1988
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reflux, 5 d.
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diastereomer
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3 h.
71%NH2
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HTsOH (5 mol%)
C6H6, reflux

8 h.
73%

N
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N
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N
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FeCl3 (10 mol%)
C2H4Cl2, reflux

5 h. 96%
97:3 d.r.

CO2MeMeO2C
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CO2Me
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MeMe
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N N
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Mg

TfO OTf

L

Gd(OTf)3 (5 mol%)
MeCN, r.t. 15 min. 90%

or
L (20 mol%), CHCl3

r.t. 12 h. 74%, 30% ee

barbituric acid
MeOH, 

quant.

(-)-PNU-286607

barbituric acid
MeOH, 

quant.

mech?

Reinhoudt, Tet. Lett. 1984, 25, 38, 4309-4312
Kamilar, JACS. 2009, 131, 11, 3991–3997

Yuan, Org. Lett. 2012, 14, 16, 4054–4057

Seidel, Org. Lett. 
2009, 11, 1, 
129–132

In drug discovery: 2 step route to (-)-PNU-286607

Seidel's tetrahydroquinoline synthesis:

Akiyama Chem. Lett., 2009, 38, 6, 524–525

Seidel JOC. 2009, 74, 1, 419–422

Tetrahydroquinazoline synthesis:

Applied to spirocyclic heterocycle scaffolds:
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H
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Reinhoudt, JACS. 
1987, 109, 3136-3138

Akiyama, JACS. 2011, 
133, 16, 6166–6169

matched 
case

mismatched 
case

Akiyama's enantiotopic hydrogen activation using chiral phosphoric acids:Reinhoudt's study on stereochemical outcome:

33%
single enantiomer 35% 6%

Reinhoudt determined that the hydride transfer is 
enantiospecific, and that intermediates formed can 
preserve chiral information through helical chirality

R1 = CH2OMe
R2 = Me

Due to the enantiospecific 
nature of the hydride 
transfer, enantiotopic 
hydride activation results 
in high enantioselectivity 
of reaction.
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C2H4Cl2 , 35 h.

92%
mech?

86%, 15:1 d.r.
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85%
93:7 d.r.

BF3⋅Et2O 3.0 eq.
C2H4Cl2 , 15 min.

TsNH2
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88%65% 92:8 d.r. 81%, r.t.
N

H

O

O

Me

PhH MeO
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Ar = 3,5-tBu2-4-MeOC6H2

L:

[L(AuCl)2] (5 mol%)
AgOTf (5 mol%)

MeCN, r.t.
93%, 96% ee
16 examples
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N
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Zhang Chem. Commun. 2010, 46, 6593–6595 
Zhang Chem. Eur. J. 2011, 17, 3101–3104 (enantoselective)

Seidel JACS. 2011, 133, 7, 2100–2103

Sames, J. Org. Chem. 2012, 77, 16, 6689–6702
Akiyama, Org. Lett. 2012, 14, 6, 1436–1439 (total synthesis of tetrahydropalmatine)

toluene, 83%

Ph2PO2H 20 mol%
MW, 150 ℃, 15 min.

PhNHNHPh
(72%)

H
NMe

Me

52%

Seidel's preparation of 7-membered rings using dinucleophiles:

Zhang's catalyst-selective reaction:

90%

Sc(OTf)3 (20 mol%)
toluene, r.t. 12 h.

78%

mech?
Fillion, Tet. Lett. 2009, 50, 4706–4709

Fillion's cascade into Friedel-Crafts reactivity:

Diastereoselective synthesis of piperidines:

intentionally left blank

also

H

H
H
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Vanderwal, Angew. Chem. Int. Ed. 2023, 62, e202215098Vanderwal's alstonlarsine A synthesis: a potentially biomimetic 1,7 hydride shift:

H

1.) MeI, (excess) in CHCl3
(94% for alstolucine B, 86% for alstolucine F)

Mannich

adsorbed onto 
TLC plate or
SiO2 120 ℃, 

50 min

Sc(OTf)3
PhMe 80 ℃

>95%

Me
OTf

Both alstolucine B and F underwent these 
transformations, with both converging to 
alstonlarsine A upon heating with silica gel.

Alternative catalysts proved ineffective.

1,7-shift

Aza-Michael

2.) aq. NaOH in THF, 70 ℃
(~quant for alstolucine B, 95% for alstolucine F)
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1.) nBuLi (1 eq.), -78 ℃, 10 min.
2.) ketone, (1.2-1.7 eq.), -78 ℃, 10-60 min.

3.) R'Li (1.5-2.0 eq.), -78 ℃ to r.t. 8 h.

Et2O

1.) nBuLi (1 eq.), -78 ℃, 10 min.
2.) ketone, (1.1-1.2 eq.), -78 ℃, 10 min.
3.) R'Li or R'MgX (1.5 eq.) -78 ℃ to r.t.

4.) BF3⋅Et2O or TMSOTf (1.2 eq.) -78 ℃ to r.t. 2 h.

Et2O
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51% from
R'Li
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R'MgCl⋅LiCl

56% 63% 52%
>25:1 d.r.
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62% 85%92%
anti:syn

1.2:1

68%
anti:syn
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H
B(ArF)3

B(C6F5)3 5 mol%
CH2Cl2 or C6H6

r.t. or 70 ℃

R3 H

N
R1 R2

OTMS

OR6

R4

R5 R3

N
R1 R2

R4 R5

OR6

O
TMS-H

B(C6F5)3 10 mol%

THF or C6H6 r.t.

B(C6F5)3

Wasa, Org. Lett., 2019, 21, 984–988.

Seidel's intermolecular hydride transfer: Intermolecular hydride transfer: hydride shuttle

Seidel Nat. Chem.
2018, 10, 165–169
Seidel, JACS. 2019, 
141, 22, 8778–8782

Seidel's approach prepares transient cyclic imines that 
are then captured by nucleophilic addition.
A follow-up study allows the substitution of grignards for 
organolithiums.

Wasa, JACS. 2018, 
140, 10593–10601.

Synthesis of β-amino esters:

The application of these conditions to silyl ketene acetals provided β-amino 
esters in good yield



13


