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Copper-‐catalysed	  synthesis	  of	  trifluoromethyl(hetero)arenes	  from	  
di(hetero)aryl-‐ λ3-‐iodanes‡	  	  
Vinay	  Kumar	  Pandey,	  and	  Pazhamalai	  Anbarasana	  

An	  efficient	  synthesis	  of	   trifluoromethylated	   (hetero)arenes	  have	  
been	   achieved	   through	   the	   regioselective	   copper-‐catalyzed	  
trifluoromethylation	   of	   di(hetero)aryl-‐λ3-‐iodanes	   employing	  
readily	   available	   trifluoromethyltrimethylsilane.	   The	   reaction	  
works	   well	   for	   both	   symmetrical	   and	   unsymmetrical	  
di(hetero)aryl-‐λ3-‐iodanes	   with	   good	   regioselectivity	   and	   also	  
tolerates	   diverse	   functional	   groups	   such	   as	   bromo,	   iodo,	   cyano,	  
nitro,	  ester,	  ketone	  and	  enolizable	  ketone.	  

Trifluoromethylated	   (hetero)arenes	   represent	   a	   prevalent	  
subunit	   in	   agrochemicals,	   pharmaceuticals	   and	   advanced	  
organic	   materials.1	   The	   introduction	   of	   trifluoromethyl	   (CF3)	  
group	  into	  the	  potent	  organic	  molecules	  often	  drastically	  alters	  
their	   physico-‐chemical	   properties.2	   Representative	   examples	  
of	  trifluoromethylated	  arenes	  containing	  pharmaceutical	  drugs	  
are	   shown	   in	   Figure	   1.	   However,	   trifluoromethylated	  
compounds	   are	   not	   found	   in	   nature,	   despite	   the	   large	  
abundance	   of	   fluorine	   in	   earth’s	   crust,	   because	   of	  which	   the	  
development	   of	   practical	   and	   new	   methodologies	   for	   the	  
introduction	  of	  ‘CF3’	  group	  has	  significantly	  attracted	  attention	  
of	  the	  scientific	  community	  in	  recent	  years.3	  

	  
Figure	  1.	  Trifluoromethylated	  arene	  containing	  pharmaceutically	  important	  molecules.	  

Traditionally,	   synthesis	   of	   trifluoromethylated	   arenes	   were	  

achieved	   via	   the	   Swarts	   reaction	   of	   toluene	   derivatives,	   but	  
the	   utility	   is	   rather	   limited	   due	   to	   the	   low	   functional	   group	  
compatibility	  and	  toxicity	  of	  the	  reagent.4	  In	  recent	  years,	  they	  
were	   replaced	   with	   Cu/Pd	   mediated	   direct	  
trifluoromethylation	  of	   prefunctionalized	   arenes5	   such	   as	   aryl	  
halides6,	   arylboron	   reagents7,	   (hetero)arenes8	   using	   either	  
nucleophilic	   trifluoromethylating	   reagent	   (Ruppert-‐Prakash	  
reagent)9	   or	   electrophilic	   trifluoromethylating	   reagent10	  
(Umemoto’s11	  and	  Togni’s	  reagents12).	  Recently,	  aryldiazonium	  
salts,	   an	   electrophilic	   arylating	   reagent	   were	   also	  
trifluoromethylated	  employing	  super	  stoichiometric	  amount	  of	  
Cu	  or	  Ag	  salts.13	  In	  general,	  most	  of	  these	  reactions	  suffer	  from	  
high-‐catalyst	  loading	  and	  harsh	  reaction	  conditions.	  Thus,	  mild	  
and	  efficient	  processes	  for	  the	   introduction	  of	  trifluoromethyl	  
group	  onto	  aromatic	  rings	  are	  rather	  highly	  desirable.	  
Diaryl-‐λ3-‐iodanes	  have	  emerged	  as	  an	  alternative	  and	  efficient	  
electrophilic	   arylating	   agent	   in	   modern	   organic	   synthesis	   for	  
the	   C-‐C	   and	   C-‐heteroatom	   bond	   forming	   transformations,14	  
since	   they	   are	   readily	   accessible	   from	   simple	   arenes.	   Very	  
recently,	  Qing	   and	   co-‐workers	   reported	   the	   copper	  mediated	  
trifluoromethylation	   of	   diaryl-‐λ3-‐iodanes.15	   However,	   this	  
method	   requires	   a	   stoichiometric	   amount	   of	   copper	   catalyst,	  
thus	   there	   is	   a	   great	   in	   developing	   general	   and	   catalytic	  
method	  for	  the	  regioselective	  trifluoromethylation	  of	  diaryl-‐λ3-‐
iodanes.16	   Owing	   to	   the	   potential	   of	   trifluoromethylated	  
aromatic	   compounds	   and	   based	   on	   our	   continued	   interest	   in	  
the	   synthesis	   of	   fluorinated	   organics	   and	   use	   of	   diaryl-‐λ3-‐
iodanes,17	   herein	   we	   reveal	   the	   elegant	   copper-‐catalyzed	  
regioselective	   trifluoromethylation	   of	   diaryl-‐λ3-‐iodanes	  
employing	   readily	   available	   trifluoromethyltrimethylsilane,	  
TMSCF3.	  

	  

Scheme	  1.	  An	  approach	  to	  direct	  trifluoromethylation	  of	  di(hetero)aryl-‐λ
3
-‐iodanes.	  

For	   our	   initial	   studies,	   we	   chose	   symmetrical	   diphenyl-‐λ3-‐
iodane	   1a	   as	   model	   substrate,	   which	   was	   synthesized	   from	  

O

CF3

O2N

N
H

F3C

O

prozac
(antidepressant)

eulexin
(anticancer)

F3C

H
N

O

O
N

arava
(immunomodulator)

NHMe

S
HN

N
H

O O
SO2NH2

CF3

naturetin
(antihypertensive)

I
Ar

OTf

R

Cu-cat.
+ TMSCF3

CF3

R

Page 1 of 6 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
9 

Fe
br

ua
ry

 2
01

6.
 D

ow
nl

oa
de

d 
by

 M
id

dl
e 

E
as

t T
ec

hn
ic

al
 U

ni
ve

rs
ity

 (
O

rt
a 

D
og

u 
T

ek
ni

k 
U

) 
on

 1
2/

02
/2

01
6 

17
:3

5:
10

. 

View Article Online
DOI: 10.1039/C5RA27128B

http://dx.doi.org/10.1039/c5ra27128b


COMMUNICATION	   Journal	  Name	  

2 	  |	  J.	  Name.,	  2012,	  00,	  1-‐3	   This	  journal	  is	  ©	  The	  Royal	  Society	  of	  Chemistry	  20xx	  

Please	  do	  not	  adjust	  margins	  

Please	  do	  not	  adjust	  margins	  

readily	   available	   benzene	   and	   iodine	   under	   oxidative	  
conditions.18	   The	   reaction	   of	   1	   equivalent	   of	   1a	   and	   2	  
equivalents	  of	  TMSCF3	  in	  presence	  of	  20	  mol%	  of	  CuI	  in	  DMF	  at	  
various	  temperature	  did	  not	  afford	  any	  detectable	  amount	  of	  
trifluoromethylbenzene	   2a,	   in	   19F	   NMR	   (Table	   1).	   To	   our	  
delight,	  addition	  of	  1	  equivalent	  of	  CsF	  to	  release	  the	  CF3-‐anion	  
from	   TMSCF3	   promoted	   the	   expected	   reaction	   to	   furnish	   the	  
product	  2a	   in	  50%	  yield,	  based	  on	  19F	  NMR	  (Table	  1,	  entry	  2).	  
Subsequently,	   screening	  of	   various	  additives	   revealed	   that	  KF	  
is	  best	  promoter	  for	  the	  present	  trifluoromethylation	  with	  75%	  
yield	   (Table	   1,	   entries	   3-‐5).	   On	   the	   other	   hand,	   no	  
trifluoromethylation	  of	  1a	  with	  TMSCF3	  and	  KF	  was	  observed	  
in	   the	   absence	   CuI	   (Table	   1,	   entry	   6).	   This	   revealed	   that	   the	  
present	  trifluoromethylation	   indeed	  was	  catalyzed	  by	  CuI	  and	  
promoted	  by	  KF.	  

Table	  1.	  Direct	  trifluoromethylation	  of	  diphenyl-‐λ3-‐iodanes.[a]	  

	  

Entry	   X	  (mol%)	   Ligand	  (Y	  mol%)	   Additive	   Yield	  (%)[b]	  

1	   20	   -‐	   -‐	   0	  
2	   20	   -‐	   CsF	   50	  
3	   20	   -‐	   KF	   75	  
4	   20	   -‐	   TBAF	   15	  
5	   20	   -‐	   tBuOK	   7	  
6	   -‐	   -‐	   KF	   0	  
7	   10	   -‐	   KF	   65	  
8	   10	   PPh3	  (10)	   KF	   85	  
9	   10	   P(o-‐Tolyl)3	  (10)	   KF	   88	  
10	   10	   X-‐Phos	  (10)	   KF	   91	  
11	   10	   Bipy	  (10)	   KF	   48	  
12	   10	   Phen	  (10)	   KF	   71	  
13	   10[c]	   PPh3	  (10)	   KF	   10	  
14	   10[d]	   PPh3	  (10)	   KF	   6	  
15[e]	   10	   PPh3	  (10)	   KF	   20	  

[a]	  Reaction	  conditions:	  1a	  (50	  mg,	  0.115	  mmol,	  1	  equiv),	  TMSCF3	  (0.23	  mmol,	  2	  
equiv),	  CuI	  (X	  mol%),	  ligand	  (Y	  mol%),	  additive	  (1	  equiv),	  DMF,	  65	  °C,	  12	  h;	  [b]	  All	  
are	   19F	  NMR	  yields;	   [c]	  Cu(OTf)2	   is	  used;	   [d]	  Cu(CH3CN)4BF4	   is	  used;	   [e]	  at	   room	  
temperature.	  

Next,	   decreasing	   the	   catalyst	   loading	   to	   10	   mol%	   gave	   the	  
product	  2a	  in	  low	  yield	  (65%,	  Table	  1,	  entry	  7).	  To	  improve	  the	  
efficiency	   of	   the	   reaction	   with	   low	   catalyst	   loading,	   various	  
phosphorous	   and	   nitrogen	   based	   ligands	   were	   examined.	  
Reactions	   in	   the	   presence	   of	   electron	   rich	   phosphine	   ligands	  
(PPh3,	   P(o-‐Tolyl)3	   and	   X-‐Phos)	   afforded	   the	   product	   2a	   in	  
excellent	   yield	   (Table	   1,	   entries	   8-‐10).	   In	   contrast,	   nitrogen	  
based	   ligands	   did	   not	   improve	   the	   outcome	   of	   the	   present	  
trifluoromethylation	   (Table	   1,	   entries	   11-‐12).	   Considering	   the	  
efficiency	   and	   cost	   of	   phosphine	   ligands,	   PPh3	  was	   chosen	   as	  
suitable	   ligand	   for	   further	   investigation.	   Screening	   of	   other	  
copper	   salts	   such	   as	   Cu(OTf)2	   and	   Cu(CH3CN)4BF4	   gave	   the	  
product	  in	  very	  low	  yield	  (~10%,	  Table	  1,	  entries	  13-‐14).	  Similar	  
decrease	   in	   yield	   (20%)	  was	   observed	  when	   the	   temperature	  
was	  reduced	  to	  room	  temperature	  (Table	  1,	  entry	  15).	  Finally,	  

entry	   8	   in	   Table	  1	  was	   chosen	  as	  optimal	   reaction	   conditions	  
for	  the	  further	  exploration	  of	  substrates	  scope.	  	  
Having	  achieved	  the	  optimal	  reaction	  condition	  for	  the	  copper-‐
catalyzed	  trifluoromethylation,	  scope	  and	  limitation	  of	  various	  
symmetrical	  diaryl-‐λ3-‐iodanes	  1	  was	  investigated.	  As	  shown	  in	  
Scheme	  2,	  diverse	  substituted	  trifluoromethylbenzenes	  2	  were	  
achieved	   in	   moderate	   to	   excellent	   yield.	   Initial	   screening	   of	  
non-‐coordinating	  counterion	  like	  PF6-‐anion	  and	  BF4-‐anion	  gave	  
the	   product	   2a	   in	   comparable	   yield.	   Electron	   deficient	   halo-‐
substituted	   trifluoromethylbenzene	   2d	   and	   2e	   were	  
synthesized	   in	   good	   yield	   from	   corresponding	   symmetrical	  
diaryl-‐λ3-‐iodanes.	   Similarly,	   electron	   rich	  methoxy	   substituted	  
trifluoromethylbenzene	  2f	  was	  achieved	  in	  80%	  isolated	  yield.	  
Interestingly,	  the	  present	  reaction	  conditions	  also	  tolerate	  the	  
sterically	   demanding	   ortho-‐substituted	   diaryl-‐λ3-‐iodanes	   and	  
led	   to	   the	   formation	   of	   2b	   and	   2c	   in	   85%	   and	   68%	   yield,	  
respectively.	  

	  

Scheme	  2.	  Copper-‐catalyzed	  trifluoromethylation	  of	  symmetrical	  diaryl-‐ λ3-‐iodanes.	  

Although	   the	   developed	   trifluoromethylation	   of	   symmetrical	  
diaryl-‐λ3-‐iodanes	   has	   shown	   significant	   scope,	   synthesis	   of	  
highly	   electronically	   rich	   and	   deficient	   aryl	   containing	  
symmetrical	   diaryl-‐λ3-‐iodanes	   are	   rather	   difficult.18	   On	   the	  
other	   hand,	   synthesis	   of	   unsymmetrical	   diaryl-‐λ3-‐iodanes	   is	  
relatively	   easier,	   but	   the	   regioselective	   functionalization	   is	   a	  
potential	   problem.19	  Hence,	  we	   focused	  our	   attention	  on	   the	  
trifluoromethylation	   of	   unsymmetrical	   diaryl-‐λ3-‐iodanes	  
employing	   the	   optimized	   conditions.	   At	   first,	   we	   synthesized	  
electronically	   and	   sterically	   different	   diaryl-‐λ3-‐iodanes	   (3-‐6)	  
and	   subjected	   under	   the	   copper-‐catalyzed	  
trifluoromethylation	  conditions.	  Reaction	  of	  diaryl-‐λ3-‐iodane	  3	  
containing	   electronically	   neutral	   (Ph)	   and	   deficient	   (4-‐NO2Ph)	  
aryl	   moiety	   afforded	   the	   trifluoromethylated	   product	   2g	   as	  
predominant	   product	   (Scheme	   3).	   On	   the	   other	   hand,	   ~2:1	  
mixture	   of	   trifluoromethylated	   products	   2a	   and	   2f	   were	  
observed	   with	   unsymmetrical	   diaryl-‐λ3-‐iodane	   4,	   where	  
electronically	   neutral	   aryl	   moiety	   was	   trifluoromethylated	  
faster	   than	   electron	   rich	   aryl	   moiety.	   Next,	  
trifluoromethylation	   of	   nitro	   and	   methoxy	   substituted	   aryl	  
containing	   unsymmetrical	   diaryl-‐λ3-‐iodane	   5	   gave	   product	   2g	  
as	  major	  product.	   Interestingly,	  sterically	  different	  phenyl	  and	  
mesityl	   substituted	   diaryl-‐λ3-‐iodane	   6a	   afforded	  
benzotrifluoride	   (2a)	   as	   major	   product	   along	   with	   minor	  
amount	  of	  mesityl	  trifluoromethylated	  product	  2h	  (Scheme	  3).	  
These	   results	   show	  that	   regioselective	  trifluoromethylation	  of	  
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unsymmetrical	   diaryl-‐λ3-‐iodanes	   mainly	   depends	   on	   the	  
electronic	   and	   steric	   factor	   of	   aryl	   groups;	   specifically,	  
trifluoromethylation	   is	   preferred	   at	   electron	   deficient	   and	  
sterically	  less	  hindered	  aryl	  moiety.	  

	  
Scheme	  3.	  Regioselective	  trifluoromethylation	  of	  3-‐6.	  

After	   the	   successful	   study	   of	   regioselective	  
trifluoromethylation	   of	   unsymmetrical	   diaryl-‐λ3-‐iodanes,	   we	  
focused	   our	   attention	   on	   the	   generality	   of	   the	   regioselective	  
trifluoromethylation	  of	  various	  unsymmetical	  diaryl-‐λ3-‐iodanes	  
having	  mesityl	   as	   constant	  blocker.	  Various	  electronically	   and	  
sterically	   diverse	   unsymmetrical	   diaryl-‐λ3-‐iodanes	   having	  
mesityl	   group	   were	   regioselectively	   trifluoromethylated	   in	  
good	  to	  excellent	  yield	  under	   the	  optimized	  conditions,	  along	  
with	   ~5-‐10%	   of	   2h	   (Scheme	   4).	   Simple	   alkyl	   and	   aryl	  
substituted	  phenyl	  containing	  unsymmetrical	  diaryl-‐λ3-‐iodanes	  
furnished	   the	  expected	  products	  2i-‐k,	  2m	   and	  2n	   in	   ~60-‐84%	  
yield,	   among	   them	   2k	   was	   isolated	   in	   70%	   yield.	   Ortho-‐
trifluoromethyltoluene	   2l	   was	   achieved	   in	   65%	   yield	   from	  
corresponding	   unsymmetrical	   diaryl-‐λ3-‐iodane.	   Readily	  
functionalizable	   and	   reactive	   fluoro,	   bromo	   and	   iodo	  
substituted	   unsymmetrical	   diaryl-‐λ3-‐iodanes	   were	   well	  
tolerated	   under	   the	   optimized	   conditions	   to	   afford	   the	  
corresponding	   benzotrifluorides	   (2o,	   2d	   and	  2p)	   in	  moderate	  
to	  good	  yield.	  Interestingly,	  the	  present	  trifluoromethylation	  is	  
highly	   compatible	   with	   reactive	   functional	   groups	   such	   as	  
trifluoromethyl,	   nitrile,	   nitro,	   ester,	   ketone	   and	   enolizable	  
ketone	  and	  led	  to	  the	  corresponding	  benzotrifluorides	  (2q-‐2v)	  
in	  ~55-‐94%	  yield,	  wherein	  2s	  and	  2t	  were	  isolated	  in	  65%	  and	  
86%	   yield,	   respectively.	   Furthermore,	   thiophen-‐2-‐yl,	   2-‐
chloropyridin-‐5-‐yl	   and	  quinol-‐6-‐yl,	  heteroaromatic	   substituted	  
unsymmetrical	   diaryl-‐λ3-‐iodanes	   were	   successfully	  
trifluoromethylated	   in	   good	   yield	   and	   regioselectivity.	   These	  
studies	   revealed	   that	   the	   present	   optimized	   condition	   is	  
applicable	   for	   regioselective	   trifluoromethylation	   of	   both	  
symmetrical	  and	  unsymmetrical	  diaryl-‐λ3-‐iodanes	  in	  high	  yield.	  
Next,	   preliminary	  mechanistic	   investigations	  were	   carried	  out	  
on	  the	  optimized	  reaction.	  Since	  many	  of	  the	  copper-‐catalyzed	  
transformations	   were	   proposed	   to	   involve	   radical	   species,13b,	  

13c,	   20	   influence	   of	   radical	   scavenger	   and	   radical	   clock	   probe	  
experiments	  were	   envisioned	   to	   validate	  whether	   the	   radical	  
species	   are	   formed	   in	   the	   present	   trifluoromethylation	  
conditions.	  	  

	  
Scheme	  4.	  Regioselective	  trifluoromethylation	  of	  unsymmetrical	  diaryl-‐	  λ

3
-‐iodanes.	  All	  

are	   19F	   NMR	   yields.	   In	   all	   the	   cases	   ~5-‐10%	   of	   2h	   was	   observed.	  
†
~20%	   of	   2h	   was	  

observed.	  ‡isolated	  yield.	  

Trifluoromethylation	  of	  1a	  in	  the	  presence	  of	  excess	  of	  TEMPO	  
under	   the	   standard	   conditions	   gave	   the	   product	   2a	   in	   89%	  
yield	   (Scheme	   5a),	   which	   is	   similar	   to	   the	   yield	   obtained	   in	  
Table	   1.	   The	   formation	   of	   either	   TEMPO-‐CF3	   7	   or	   TEMPO-‐Ph	  
was	  not	  observed,	  as	  determined	  by	   1H	   ,	   19F	  NMR	  and	  GCMS	  
analysis	   of	   the	   crude	   reaction	   mixture.	   Even	   formation	   of	   7	  
was	  not	  observed	  with	  TMSCF3	  and	  TEMPO	  in	  the	  absence	  of	  
1a	  under	  the	  standard	  conditions.	  	  

	  
Scheme	  5.	  Mechanistic	  investigation.	  

To	   rule	   out	   the	   formation	   of	   aryl	   radical	   species,	   allylether	  
substituted	   diaryl-‐λ3-‐iodane	   6z,	   radical	   clock	   probe,	   was	  
subjected	   under	   the	   standard	   conditions.	   The	  
trifluoromethylated	  product	  2z	  was	  formed	  in	  36%	  yield	  along	  
with	   50%	   of	   2h,	   whereas	   cyclization	   product	   8	   was	   not	  
observed,	   as	   determined	   by	   NMR	   and	   GCMS.	   The	   increased	  
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yield	  of	  2h	  and	  diminished	  yield	  of	  2z	  were	  possibly	  due	  to	  the	  
high	   electron	   rich	   nature	   of	   allyloxyphenyl	   moiety.	   These	  
observations	   are	   not	   in	   support	   of	   the	   generation	   of	   radical	  
species	   in	   the	   present	   reaction	   conditions.	   Next,	   to	   probe	  
insights	   into	   the	   mechanism	   of	   copper-‐catalyzed	  
trifluoromethylation,	   31P	   NMR	   and	   19F	   NMR	   studies	   were	  
conducted.	  Unfortunately,	  all	  these	  studies	  did	  not	  afford	  any	  
valuable	   information	   about	   the	   mechanism	   (see	   Supporting	  
information).	  	  	  
Thus,	   based	   on	   the	   observation	   and	   copper-‐catalyzed	   cross-‐
coupling	  reaction,20-‐21	  we	  postulated	  the	  following	  mechanism	  
for	   the	   copper-‐catalyzed	   trifluoromethylation	   of	   symmetrical	  
and	   unsymmetrical	   diaryl-‐λ3-‐iodanes	   1/6.	   The	   active	   copper	  
complex	  A,	   generated	   from	   Cu(I)	   and	   PPh3,	   on	   reaction	  with	  
TMSCF3	   in	   the	   presence	   of	   KF	   would	   form	   the	   CF3-‐bound	  
copper	   species	   B.	   Formation	   of	   copper	   species	   C	   could	   be	  
explained	   through	   the	   oxidation	   of	   B	   with	   diaryl-‐λ3-‐iodanes	  
1/6.	  Finally,	  reductive	  elimination	  of	  benzotrifluorides	  2	  from	  C	  
would	   afford	   the	   active	   copper	   species	   A	   to	   continue	   the	  
catalytic	  cycle.	  

	  
Scheme	  6.	  Plausible	  mechanism.	  

In	   conclusion,	   an	   efficient	   copper-‐catalyzed	  
trifluoromethylation	  of	  symmetrical	  and	  unsymmetrical	  diaryl-‐
λ3-‐iodanes	   have	   been	   developed	   for	   the	   synthesis	   of	   diverse	  
trifluoromethylated	   (hetero)arenes	   in	   good	   yield	   and	  
regioselectivity.	   The	   optimized	   reaction	   tolerates	   various	  
reactive	  functional	  groups	  like	  bromo,	  iodo,	  cyano,	  nitro,	  ester,	  
ketone	  and	  enolizable	  ketone.	  
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Efficient regioselective copper-catalyzed trifluoromethylation of symmetrical and 

unsymmetrical diaryl-λ3-iodanes have been achieved for the synthesis of 

trifluoromethyl(hetero)arenes in good yield. 
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