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Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons with proper 
training in experimental organic chemistry.  All hazardous materials should be handled 
using the standard procedures for work with chemicals described in references such as 
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C., 
2011; the full text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste should be 
disposed of in accordance with local regulations.  For general guidelines for the 
management of chemical waste, see Chapter 8 of Prudent Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red 
“Caution Notes” within a procedure.  It is important to recognize that the absence of a 
caution note does not imply that no significant hazards are associated with the chemicals 
involved in that procedure.  Prior to performing a reaction, a thorough risk assessment 
should be carried out that includes a review of the potential hazards associated with each 
chemical and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards associated 
with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published and are 
conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and its Board of 
Directors do not warrant or guarantee the safety of individuals using these procedures and 
hereby disclaim any liability for any injuries or damages claimed to have resulted from or 
related in any way to the procedures herein. 

September 2014: The paragraphs above replace the section “Handling and Disposal of Hazardous 
Chemicals” in the originally published version of this article.  The statements above do not supersede any 
specific hazard caution notes and safety instructions included in the procedure. 

Copyright © 2011 Organic Syntheses, Inc.  All Rights Reserved 
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Discussion addendum for: 

4-METHOXY-4’-NITROPHENYL.  RECENT ADVANCES 

IN THE STILLE BIARYL COUPLING REACTION AND 

APPLICATIONS IN COMPLEX NATURAL PRODUCTS 

SYNTHESIS 
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The use of the palladium-catalyzed Stille cross-coupling reaction
4
 for 

the synthesis of biaryls has become a popular and practical method
5
 mainly 

due to the air and moisture stability of organostannanes, the wide functional 

group compatibility under the reaction conditions and the generally readily 

available starting materials.  Since the initial Organic Syntheses report of the 

preparation of 4-methoxy-4’-nitrophenyl,
6
 numerous advances have been 

made regarding substrate scope, improved reaction conditions and catalyst 

design.  Herein we report on some of these advances
7
 as well as recent 

applications in total syntheses.
8
 

The majority of the recent advances of the Stille coupling have come 

concomitantly with the advancement of ligand design for palladium 

catalysis.
9
  The advent of electron rich, bulky phosphine and carbene ligands 

allowed for much milder reaction conditions and increased substrate scope.  

Initially, the Stille reaction was limited to aryl iodides, bromides and 

triflates, typically at elevated temperature.  In 1999 Fu and co-workers 

reported the first general method for the Stille cross-coupling of aryl 

chlorides using tri-t-butyl phosphine as a ligand for palladium and cesium 
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fluoride to activate the tin reagent.
10

  More recently, Fu and co-workers have 

shown that similar reaction conditions can be utilized to cross-couple 

arylbromides at room temperature.  In an analogous manner, Verkade and 

co-workers have shown that proazaphosphatrane ligands behave in a similar 

manner to the tri-t-butyl phosphine system utilized by Fu.
11

  Finally, 

Baldwin and co-workers have shown that the inclusion of copper(I) salts
12

 to 

the conditions reported by the Fu group significantly enhanced the reactivity 

of a variety of aryl bromides. 

The Stille reaction has contributed significantly to numerous 

applications in the total synthesis of complex natural products because of the 

chemical stability of the coupling partners, the mild reaction conditions, and 

the functional group compatibility.  In 2001, we reported a Stille coupling of 

7-iodoisatin 1 and a suitably protected stannyl tyrosine derivative 2 (Scheme 

1).
13

  Treatment of these coupling partners under routine conditions afforded 

biaryl 3 as a model system towards the total synthesis of TMC-95A/B (4). 
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Scheme 1.  Albrecht and Williams’ Studies toward TMC-95A/B 

 

 

In 2003, the Hoveyda and Snapper labs utilized a Stille biaryl 

coupling as a key macrocycle-forming reaction to provide a 17-membered 

ring in the total synthesis of chloropeptin 5.
14

  Macrocyclic precursor 6 was 

treated under the conditions reported by Fu, in the presence of collidine 

forming macrocycle 7 (Scheme 2).  It is thought that the presence of 

collidine in the reaction stabilizes the active palladium complex thus 
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preventing palladium black precipitation.  The completion of chloropeptin 

was accomplished in an additional two steps.  
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Scheme 2.  Hoveyda and Snapper’s total synthesis of chloropeptin. 

 

Danishefsky and co-workers utilized a Stille biaryl coupling in the 

total synthesis and stereochemical revision of himastatin.
15

  Stannylation of 

aryliodide 8 afforded stannane 9 which was resubjected to aryliodide 8 under 

standard Stille conditions to afford dimer 10 (Scheme 3).  This advanced 

biaryl intermediate was ultimately converted to himastatin thus allowing for 

the correct stereochemical assignment. 

 

 

N
Cbz

NCbz

TBSO CO2
tBu

H

X

X = I; 8

X = SnMe3; 9

Me6Sn2,

Pd(PPh3)4,

THF, , 87%

Pd2dba3, PPh3As, 

8, DMF 45oC, 83%

N
Cbz

NCbz

TBSO

Cbz
N

CbzN

OTBS

CO2
tBu

tBuO2C
H

H

10

H
N

N

OH
HNH

OO

O

O

H

N
N
H

HO

O

HN

H

O

H
N

O

Me

HO
H

N
H

N

HO
H HN

O
O

O

O

H

N

H
N

OH
O

NH

H

O

N
H

O

Me

OHH

himastatin; 11

 
Scheme 3.  Danishefsky’s total synthesis of himastatin. 
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 Since its first report, the Stille coupling has been a widely utilized 

carbon-carbon bond forming reaction.  Recent advancements in homogenous 

palladium catalysis have rendered the Stille coupling reaction a much more 

attractive approach to the synthesis of complex biaryl systems.  The 

examples above fully support the versatility and utility of this simple biaryl 

coupling reaction to highly functionalized and sterically demanding 

substrates.  Efforts towards optimizing the Stille
16

 protocol are continuously 

being pursued allowing for milder reaction conditions and increased 

substrate scope.  These on-going efforts demonstrate that the Stille reaction 

is one of the most synthetically useful biaryl coupling reactions in the 

synthesis of complex molecules.
17
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