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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.
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Working with Peroxy Compounds
Caution!
Reactions and subsequent operations involving peracids and peroxy
compounds should be run behind a safety shield. Peroxy compounds should be added
to the organic material, never the reverse. For relatively fast reactions, the rate of addition
of the peroxy compound should be slow enough so that it reacts rapidly and no
significant unreacted excess is allowed to build up. The reaction mixture should be
stirred efficiently while the peroxy compound is being added, and cooling should
generally be provided since many reactions of peroxy compounds are exothermic.
New or unfamiliar reactions, particularly those run at elevated temperatures, should be
run first on a small scale. Reaction products should never be recovered from the final
reaction mixture by distillation until all residual active oxygen compounds (including
unreacted peroxy compounds) have been destroyed. Decomposition of active
oxygen compounds may be accomplished by the procedure described in Korach, M.;
Nielsen, D. R.; Rideout, W. H. Org. Synth. 1962, 42, 50 (Org. Synth. 1973, Coll. Vol.
5, 414). [Note added April 2018].
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Procedure	
  
A. 4,4,5,5-Tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborolane (2). A 3-necked
250-mL round-bottomed flask equipped with a 2.5 cm rod-shaped, Teflon
coated magnetic stir bar and fitted with a reflux condenser, glass addition
funnel, and thermocouple is charged with 4-nitroaniline 1 (5.52 g,
39.6 mmol, 1.0 equiv), diboronpinacol ester (B2pin2, 10.66 g, 41.5 mmol,
1.05 equiv), and benzoyl peroxide (193 mg, 0.77 mmol, 0.02 equiv) under
ambient atmosphere (Notes 1 and 2). The mixture is dissolved in MeCN
(60 mL), and the resulting solution is stirred (700 rpm) at 22 °C with the
temperature maintained by a water bath. tert-Butyl nitrite (tBuONO, 6.17 g,
53.8 mmol, 1.36 equiv) diluted by MeCN (40 mL) is then added via an
addition funnel over a 1 h time period (Notes 3 and 4). The solution is
allowed to stir at 23 °C for an additional 4 h, with the temperature
maintained by a water bath (Note 5). Upon complete consumption of 1 as
indicated by TLC analysis, the resulting solution is concentrated with a
rotary evaporator to remove MeCN (40 °C, 40 mmHg) (Note 6). The crude
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residue is filtered over a flash silica gel plug (60 g) eluting with petroleum
ether-ethyl acetate (20:1, 750 mL) until TLC analysis shows that no product
2 is still eluting from the silica gel (Note 7). The filtrate is then concentrated
with a rotary evaporator (25 °C, 40 mmHg), and the residue is further
purified by silica gel column chromatography, eluting with approximately
500 mL petroleum ether until product emerges as indicated by TLC, and
then eluting with approximately 1000 mL of petroleum ether-ethyl acetate
(100:1)(Note 8). The combined eluents are concentrated with a rotary
evaporator (25 °C, 40 mmHg) and further evaporated with an oil vacuum
pump for 30 min at room temperature to afford the product 2 (7.10–7.32 g,
72–74%) as a pale yellow solid (Note 9), which was >97% pure as
determined by GC analysis (Note 10).

Notes	
  
1.

2.

3.

4.
5.

6.

4-Nitroaniline (99%) was purchased from Aldrich Chemical Company,
Inc. and used as received. The submitters used 4-nitroaniline that was
supplied by Sinopharm.
Diboronpinacol ester (B2pin2, 99%) and benzoyl peroxide (BPO, 97%)
were purchased from Aldrich Chemical Company, Inc. and used as
received. The submitters used diboronpinacol ester (B2pin2) from Ouhe
Corporation in Beijing, China.
MeCN (>99%) was purchased from Aldrich Chemical Company and
used as received. The submitters used MeCN (AR) from Beijing
Chemical Corporation. There action is not sensitive to the presence of
water. tert-Butyl nitrite (tBuONO, 90%) was purchased from Aldrich
Chemical Company, Inc. and used as received.
The temperature of the solution rose from 22 °C to 23.5 °C during the 1h
addition of tBuONO. No gas evolution or solvent reflux was observed.
A water bath was used throughout the course of the 4 h reaction, with
the temperature stabilizing at 23 °C. No gas evolution or solvent reflux
was observed.
TLC analysis was performed with silica gel plates (2.5 cm x 7.5 cm, glass
backed, purchased from EMD Chemicals in Darmstadt, Germany),
using petroleum ether-ethyl acetate (3:2) as eluent. The aniline 1 is
yellow by visible light and dark gray under 254 nm UV lamp. Rf= 0.31
(petroleum ether-ethyl acetate, 3:2).
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7.

For silica gel column chromatography, 230-400 mesh, 0.040-0.063 mm
particle size silica gel (EMD Chemicals, Darmstadt, Germany) was
employed. TLC analysis was performed with silica gel plates (2.5 cm x
7.5 cm, glass backed, purchased from EMD Chemicals in Darmstadt,
Germany), using petroleum ether-ethyl acetate (20:1) as eluent. The
product 2 is purple under 254 nm UV lamp. Rf= 0.23 (petroleum etherethyl acetate, 20:1).
8. The crude residue was dissolved in 20:1 petroleum ether-ethyl acetate
(15 mL), and the solution was charged onto a column (diameter = 5 cm)
of silica gel (220 g). The column was eluted with approximately 500 mL
petroleum ether. When TLC analysis showed that product 2 appeared
from the column, the eluent was changed to petroleum ether-ethyl
acetate (100:1, approximately 1000 mL). Fractions 16-35 were indicated
by TLC to contain 2 and thus combined and evaporated (25 °C,
40 mmHg).
9. Characterization   data   of   2:   4,4,5,5-‐‑Tetramethyl-‐‑2-‐‑(4-‐‑nitrophenyl)-‐‑1,3,2-‐‑
dioxaborolane   (2).   Pale   yellow   solid;   Rf= 0.23(petroleum ether-ethyl
acetate, 20:1); mp   =   108.5–109.5   °C;.    1H   NMR   (400   MHz,   CDCl3)   δ: 1.37  
(s,  12H),  7.96  (d,  J  =  8.0  Hz,  2H),  8.18  (d,  J  =  8.0  Hz,  2  H);  13C  NMR  (100  
MHz,  CDCl3)  δ: 24.8,  84.6,  122.3,  135.6,  149.8,  IR  (thin  film):  2961,  1600,  
1519,  1365,  1343,  1141,  1086,  857,  701  cm-‐‑1.  EI-‐‑MS  (m/z,  relative  intensity):  
249  (M+,  18),  234  (100),  163  (51),  150  (23),  149  (6),  104  (9),  85  (7),  59  (7),  43  
(11),   42   (7).   HRMS   (ESI)   calcd   for   C12H17BNO4   [M+H]+   250.1251;   found  
250.1245.  Anal.  calcd  for  C12H16BNO4:  C,  57.87;  H,  6.47;  N,  5.62.  Found:  
C,  58.12;  H,  6.88;  N,  5.41.  
10. GC   conditions:   Agilent   6890N;   column   19091J-‐‑413   (30   m   x   0.32   mm),  
HP-‐‑5;   temperature   profile:   initial   temp   =   61   °C,   final   temp   =   280   °C,  
temperature  gradient  =  20  °C  /min.  Retention  time  of  2:  11.29  min.  

Handling	
  and	
  Disposal	
  of	
  Hazardous	
  Chemicals	
  
The procedures in this article are intended for use only by persons with
prior 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 www.nap.edu). All
chemical waste should be disposed of in accordance with local regulations.
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For general guidelines for the management of chemical waste, see Chapter 8
of Prudent Practices.
These procedures must be 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.

Discussion	
  
The pinacol arylboronates can be accessed by Pd-catalyzed borylation of
arylhalides (Miyaura borylation), or by Ir- or Rh-catalyzed direct borylation
via aromatic C-H bond activation. These borylation methods have been
widely applied in organic synthesis. The direct conversion of aromatic
amine to arylboronates represents an entirely different method. It is metalfree, using cheap and abundant arylamines as starting materials. The
reaction is carried out under mild conditions and tolerates various
functional groups.
The procedure described here is based on our initial communication.2
We have noted that the substituents on the aromatic ring of arylamine
substrates significantly affect the yields of borylation products. Recently, we
have reported modified reaction conditions, under which the borylation is
carried out in MeCN at 80 °C without the use of BPO.3 In most cases, the
modified reaction conditions give slightly improved yields. For pnitroaniline 1 and p-toluidine 5, the borylation has also been carried out
under modified reaction conditions (MeCN, 80 °C, without BPO). The
borylation products were obtained in 59% and 58% yields, respectively. In
Figure 1 and Figure 2, the substrate scope of the metal-free borylation has
been summarized.
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Figure 1. Substrate Scope of Borylation in the Presence of BPO at Room
Temperature2
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a

Isolated yields by column chromatography. b The reaction gave complex mixture with trace
amount of product. c Benzidine was used as substrate. B2pin2 (2.2 equiv) and tBuONO (3 equiv)
were used. d Reaction was carried out at 60 oC with 10% BPO and 1.2 equiv of B2pin2.
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Figure 2. Substrate Scope of Borylation without the use of BPO at 80 °C3
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a Isolated yields by column chromatography. b Arylamine (0.5 mmol), B pin (1.1 equiv),
2
2
tBuONO (1.5 equiv), MeCN (1.5 mL), 2 h. c Isolated by recrystallization. d Yields in brackets
refer to GC yield measured with GC-MS instrument (mesitylene as internal standard).
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Appendix	
  
Chemical	
  Abstracts	
  Nomenclature	
  (Registry	
  Number)	
  
4,4,4',4',5,5,5',5'-Octamethyl-2,2'-bi(1,3,2-dioxaborolane): diboronpinacol
ester; (73183-34-3)
tert-Butyl nitrite; (540-80-7)
Benzoyl peroxide; (94-36-0)
4-Nitroaniline; (100-01-6)
4,4,5,5-Tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborolane; (171364-83-3)
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