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Aryne Chemistry
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Benzyne Electrophilic Character

Hoffmann, R.; Imamura, A.; Hehre, W. J. J. Am. Chem. Soc. 1968, 90, 1499.



Aryne Chemistry
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Three Categories



Aryne Chemistry
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Bronner, S. M.; Garg, N. K. J. Org. Chem. 2009, 74, 8842.
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Aryne Chemistry
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Aryne Chemistry

Bronner, S. M.; Bahnck, K. B.; Garg, N. K. Org. Lett. 2009, 11, 1007.
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Aryne Chemistry—Aryne Distortion Model
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Medina, J. M.; Mackey, J. L.; Garg, N. K.; Houk, K. N.
 J. Am. Chem. Soc. 2014, 136, 15798.

Aryne Chemistry—Aryne Distortion Model
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Goetz, A. E.; Garg, N. K. Nat. Chem. 2013, 5, 54.

Aryne Chemistry

N

X
TMS

OTf

N

XCsF
Trapping

agent N

X R

Selected Examples

entry trapping agent products yield (ratio)

HN

N

1

2

+

X = H
1.9:1
(77%)

X = Br
1:5.8
(64%)

N

+
N

O

Me
N

X
NMe

N

N
Me

X

Ph

tBu

O

X

PhtBu

N

ON
tBu X = H

1.9:1
(76%)

X = Br
1:3.3
(60%)

X

Ph

N

TMS
OTf

N

CsF
Trapping

agent N

R

entry trapping agent products yield (ratio)

HN

N

3

4

+

X = H
1.9:1
(77%)

X = OSO2NMe2
>15:1
(64%)

Me
N

NMe

Ph

tBu

O

X = H
1.9:1
(76%)

X = OSO2NMe2
10.7:1
(61%)

X X X

X N

N
Me

X

N

+
N

O

X

PhtBu

N

ON
tBu

X

Ph



Cycloalkyne Chemistry
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Medina, J. M.; McMahon, T. C.; Jiménez-Osés, G.; Houk, K. N.; Garg, N. K. J. Am. Chem. Soc. 2014, 136, 14706.
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Cycloalkyne Chemistry

McMahon, T. C.; Medina, J. M.; Yang, Y.-F.; Simmons, B. J.; Houk, K. N.; Garg, N. K. J. Am. Chem. Soc. 2015, 137, 4082.
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Applications of Aryne Chemistry

N
Me

O
O

SCN
H

Me
Me

Me
Cl

N
Me

O
O

CN
H

Me
Me

Me
O

O

(–)-N-methylwelwitindolinone
C isothiocyanate

N-methylwelwitindolinone
D isonitrile

N
H

N
O

H
NMe

MeMe OH

(–)-indolactam V

N
Me

O
O

SCN
H

Me
Me

Me
Cl

(–)-N-methylwelwitindolinone
B isothiocyanate

N
H

Me
Me

OH

Me Me

tubingensin A

N
H

N
O

H
NMe

MeMe OH

(–)-pendolmycin (–)-lyngbyatoxin A
Me
Me

N
H

N
O

H
NMe

MeMe OH

Me

MeMe
(–)-teleocidin A-2

N
H

N
O

H
NMe

MeMe OH

Me

MeMe

J. Am. Chem. Soc. 2011, 133, 15797. Angew. Chem. Int. Ed. 2013, 52,12422. J. Am. Chem. Soc. 2014, 136, 14710. J. Am. Chem. Soc. 2014, 136, 3036.

J. Am. Chem. Soc. 2011, 133, 3832. Chem. Sci. 2014, 5, 2184. Chem. Sci. 2014, 5, 2184. Chem. Sci. 2014, 5, 2184.



(–)-N-Methylwelwitindolinone C Isothiocyanate—Retrosynthetic Analysis
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Huters, A. D.; Quasdorf, K. W.; Styduhar, E. D.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 15797.
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Huters, A. D.; Quasdorf, K. W.; Styduhar, E. D.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 15797.
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(–)-N-Methylwelwitindolinone C Isothiocyanate—Total Synthesis

Huters, A. D.; Quasdorf, K. W.; Styduhar, E. D.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 15797.
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Fischer Indole Synthesis
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Fischer, E.; Jourdan, F. Chem. Ber. 1883, 16, 2241.
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Interrupted Fischer Indolization
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(±)-Aspidophylline A—Retrosynthetic Analysis
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Zu, L.; Ben, W. B.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 8877.
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(±)-Aspidophylline A—Total Synthesis
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C–O Bond Activation
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Quasdorf, K. W.; Tian, X.; Garg, N. K. J. Am. Chem. Soc. 2008, 130, 14422.
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Quasdorf, K. W.; Antoft-Finch, A.; Liu, P.; Silberstein, A. L.; Komaromi, A.; Blackburn, T.; Ramgren, S. D.; Houk, K. N.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 6352.
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Quasdorf, K. W.; Antoft-Finch, A.; Liu, P.; Silberstein, A. L.; Komaromi, A.; Blackburn, T.; Ramgren, S. D.; Houk, K. N.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 6352.

C–O Bond Activation
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Ramgren, S. D.; Silberstein, A. L.; Yang, Y.; Garg, N. K. Angew. Chem. Int. Ed. 2011, 50, 2171.
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Fine Nathel, N. F.; Kim, J.; Hie, L.; Jiang, X. Y.; Garg, N. K. ACS Catal. 2014, 4, 3289.
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Mesganaw, T.; Fine Nathel, N. F.; Garg, N. K. Org. Lett. 2012, 14, 2918.
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Hie, L.; Fine Nathel, N. F.; Shah, T. K.; Baker, E. L.; Hong, X.; Yang, Y.-F.; Liu P.; Houk, K. N.; Garg, N. K. Nature 2015, 524, 79.
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C–N Bond Activation



Other Metal-catalyzed Coupling Reactions
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Mesganaw, T.; Im, G-Y. J.; Garg, N. K. J. Org. Chem. 2013, 78, 3391.

Silberstein, A. L.; Ramgren, S. D.; Garg, N. K. Org. Lett. 2012, 14, 3796.

Ramgren, S. D.; Hie, L.; Ye, Y.; Garg, N. K. Org. Lett. 2013, 15, 3950.

Ramgren, S. D.; Garg, N. K. Org. Lett. 2014, 16, 824.
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DCM, heat

(Het)Ar

X = Br, I or OTf

O

MeTMS

O

Me(Het)Ar



Summary
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– Aryne Chemistry 
• Aryne Distortion Model
• Alkaloid Total Synthesis (e.g., (–)-N-methylwelwitindolinone C Isothiocyanate)

– Interrupted Fischer Indolization 
• Methodology Development
• Alkaloid Total Synthesis (e.g., (±)-Aspidophylline A)

– Metal-catalyzed Cross Coupling Reactions 
• C–O Bond Activation
• C–N Bond Activation



Outlook and Possible Future Directions
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• Total Synthesis and Drug Development

• Develop Ni(II)-Catalyzed C–N Bond Activation Reactions

• Kinetic Study of the C–N Bond Activation Reactions

• Photoredox Chemistry
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