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Saturated	  N-‐heterocycles	  as	  drugs	  



α-‐Arylation	  of	  cyclic	  amines	  
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Seven-‐membered	  rings	  
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Eight	  and	  Nine-‐membered	  rings	  
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Mechanism	  
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Mechanistic	  Studies	  
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Conclusions	  

•  SnAP	  provides	  an	  alternaUve	  method	  for	  the	  synthesis	  of	  
medium-‐sized	  N-‐heterocycles.	  	  

•  Uses	  mild	  reacUon	  condiUons.	  

•  SnAP	  reagents	  air	  and	  moisture	  stable.	  
•  Stoichiometric	  in	  Cu	  and	  Sn	  

•  Future	  
•  Intermolecular	  variant	  	  
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Synthesis	  of	  SnAP	  Reagents:	  

Angew.	  Chem.	  Int.	  Ed.	  2013,	  52,	  1705	  –1708	  

HSnBu3

1)   LDA, THF
     -78 °C - 0 °C

2) (CH2O)n, THF
rt, 4h

Bu3Sn Cl

89%

3)  MsCl, THF   
     -78°C - rt, THF

acetone
rt, 16h

Bu3Sn I

98%

NaI

HSnBu3

1)   LDA, THF
     -78 °C - 0 °C

2) (CH2O)n, THF
rt, 4h

Bu3Sn OH
NIS. PPh3

THF
rt, 12h

Bu3Sn I

73% 93%

K2CO3

EtOH:H2O
70 °C, 12h

H2N SH

Bu3Sn

H2N

S

98%
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Synthesis	  of	  SnAP	  Reagents	  
HO OHn

NaH, Bu3SnCH2I
THF/DMF, 
15h, 50 °C
n = 1: 94 %
n = 2: 97 %

O OHBu3Sn n 2) K+ Phthalimide
DMF, 3 h, 100 °C

1) MsCl, Et3N, 
Et2O, 2 h, r.t.

O NBu3Sn n

O

O
n = 1: 88 % (2 steps)
n = 2: 64 % (2 steps)

EtOH, 0.25 h
reflux

n = 1: quant.
n = 2: quant

O NH2Bu3Sn n
NH2NH2 • H2O

NH2

SnBu3

O

NH2

OHO 1) LAH, THF 
3h, 65 °C, 92%
2) NaH, Bu3SnCH2I
DMF, 3h, r.t. 76 %

NH2NH2 • H2OOH
1)Bu3SnCH2I
K2CO3, Acetone
reflux, 12h
2) Phthalimide, 
DIAD, PPh3,
THF, 16h, r.t.

O SnBu3

EtOH, 0.3h
reflux

OHOH
n n

O SnBu3

NH2

n

1) n = 1: 69 %; n = 3: 89 %.
2) n = 1: 66 %; n = 3: 95 %

n = 1: 99 %
n = 3: quant.

O

OH

O

OH

1) LAH, THF 
16h, 0 °C, 79%
2) NaH, Bu3SnCH2I
DMF, 16h, r.t. 85 %
3) MsCl, Et3N, 
Et2O, 2 h, r.t.
4) K+ Phthalimide
DMF, 3 h, 100 °C
90 % (2 steps)

O

N

SnBu3

O O

NH2NH2 • H2O

EtOH, 0.3h
reflux
quant.

O

NH2
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Synthesis	  of	  SnAP	  reagents	  
NH2

1) Boc2O, THF, 24h
2) TIPSCl, im, 
CH2Cl2, 15 h, r.t
90 % (2 steps)

1) Phthalimide, 
DIAD, PPh3,
THF, 24h, r.t.

H
N SnBu3

2) NH2NH2 • H2O
EtOH, 0.3 h, reflux
quant.OHOH

Boc
N SnBu3

NH2

3) NaH, Bu3SnCH2I
DMF, 1h, 0 °C 91 %
4) TBAF, THF,
1 h, r.t. 96%

+H3N Cl N
Boc

NH2Bu3Sn

1) K+ Phthalimide
DMF, 0.75 h, 
100 °C , 81%N

Boc
NBu3Sn

O

O

1) Boc2O, Et3N
CH2Cl2, 18 h,
r.t. 97%
2) NaH, Bu3SnCH2I
DMF, 3h, r.t. 76 %

2) NH2NH2 • H2O
EtOH, 0.3 h, reflux
95%

Cl
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SnAP	  for	  Substituted	  Piperazines/	  
Morpholines	  

OH

NH2

1) TrCl, Et3N
 CH2Cl2 16h, r.t. 92%

2) NaH, Bu3SnCH2I
DMF, 5h, r.t. 98%
3) AcOH, CH2Cl2,
TFE, 4h, r.t. 90%

O

NH2

SnBu3NH3

Br 2) K+ Phthalimide
DMF, 24 h, r.t 91%
3) NaH, Bu3SnCH2I
DMF, 5h, 0 °C 71%
4) NH2NH2, EtOH
reflux 30 min 95%

Boc
N

NH2

SnBu3

Br 1) Boc2O, CH2Cl2
18h, rt, quant.

NH2

OH

1) Boc2O, CH2Cl2
18h, rt, 89%

2) TIPSCl, Im, CH2Cl2
18h, r.t. 87%
3)  NaH, Bu3SnCH2I
DMF, 5h, r.t., 86%

Boc
N

OTIPS

SnBu3
Boc
N

NH2

SnBu3

2) Phthalimide, 
DIAD, PPh3,
THF, 18h, r.t.
80% (2 steps)
3) NH2NH2, EtOH
reflux 45 min, 95%

1) TBAF, THF,
1h 0 °C

OH

OH

1) NaH, Bu3SnCH2I
THF/DMSO, 15h, 
55 °C, 71%

2) MsCl, Et3N, Et2O
1h, r.t.
3) K+ Phthalimide
DMF, 3 h, 100 °C
82% (2 steps)

O

N

SnBu3
O

O

NH2NH2

EtOH, 0.3h
reflux

O

NH2

SnBu3

quant.
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