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Preface

The efficient introduction of fluorine moieties into molecules has been at the forefront of research in the past few years.
Extensive studies on the effect of fluorine atom on a molecule have shown enhanced biological activity, metabolic stability,
binding interaction, and other favorable changes in physical properties of target compounds. However, the addition of
fluorine to a molecule often requires harsh conditions and do not tolerate many functional groups. Working with world-class
experts in fluorination chemistry, Aspira Scientific is pleased to offer single access to state-of-the art technologies, novel
synthetic tools, and IP-enabling templates for drug discovery, crop protection, and material science. From gram-quantity
catalog products to kilogram-and-beyond custom solutions, we bring the power of “fluorine” to your programs.

For custom solution inquiry, please contact collaborate@aspirasci.com.
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High-value fluorine-containing commercial products.

Power of FLUORINE

Over one-third of newly approved

small molecule APIs in 2014
contain fluorine
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F Addition
Fluolead™

Since 1978, Umemoto has been one of the pioneers in fluorine chemistry and contributed significantly to the expansion of
the field, with the development of various popular fluorinating reagents that are used to this day. In 2010, Umemoto reported
an air-stable alternative to common fluorinating agents such as DAST for the conversion of hydroxyl and carbonyl groups
named Fluolead™.! This reagent has proved to be very versatile reacting with a variety of hydroxyl and carbonyl groups
yielding the corresponding fluorinated products in good to high yields. Fluolead™, a white to off-white crystalline material,
also showed high thermal stability and high resistance to aqueous hydrolysis. Extensive studies have been conducted using
DSC and ARC to evaluate the thermal stability of Fluolead™. These studies conclusively show the highest thermal stability of
Fluolead™ compared to DAST and Deoxo-fluor™. In particular, it showed that Fluolead™ has an excellent thermal stability
above 150 °C, which makes it the most stable deoxofluorination reagent to date. It gives Fluolead™ the ability to be used in
reactions requiring temperatures in excess of 100 °C, commonly used for the conversion of carboxylic acids to trifluoromethyl
groups. More importantly, these results illustrate the suitability of Fluolead™ for deoxofluorination reactions on commercial

scales.
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References

1. Umemoto, T. et al. J. Am. Chem. Soc. 2010, 132, 18199.

4-tert-Butyl-2,6-
dimethylphenylsulfur trifluoride,

90%
SF3
SKU: 300548
Y 1g $42
£Bu CAS: 947725-04-4 5g $125

i MW: 250.32
C12H17F3S 259 $345
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KF

One of the first reagents that has been used for nucleophilic fluorination reaction is potassium fluoride. In the early reports
in 1940s, the reaction conditions were very harsh with high temperatures and long reaction times.! Coupled with its low
solubility, its applications were very limited. Since these early reports, a wide variety of complementary reagents have been
used to circumvent this issue, such as 18-crown-6, polymer supported fluoride or “spray-dried” KF.2 In 2002, Chi and
co-workers reported a new method of fluorination in ionic liquids. In this report, the researchers highlighted the enhanced
reactivity of potassium fluoride for the nucleophilic fluorination of halo- and mesyl-alkanes. Using ionic liquids allowed for
lower reaction time and temperature.3

KF
300489

Oy X 5 eq. Oy, F
[bmim][BF4], 110 °C

53% to 93% Yield

References

1. Forche, D. In Methoden der Organischen Chemie Houben-Weyl; Mueller, E., Ed.; George Thieme Verlag: Stuttgart, 1962; Vol. 5/3.

2. (a) Liotta, C. L.; Harris, H. P. J. Am. Chem. Soc. 1974, 96, 2250-2252. (b) Colonna, S. et al. J. Chem. Soc., Perkin Trans.1 1979, 2248-2252.
(c) Ishikawa, N. et al. Chem. Lett. 1981, 761-764.

3. Kim, D. W. et al. J. Am. Chem. Soc. 2002, 124, 10278.

Potassium fluoride, 99%

KF

oseasa | 259 322
MW:5810 1009 $52
K 500g $145

SelectFluor®

Electrophilic fluorination is one of the most effective methods to introduce the fluorine moiety into a molecule. However, a

lot of the reagents available for this transformation, fluoroxy compounds or perchloryl fluoride can be very hazardous.! In the
early 1980’s, a wide interest in N-F reagents was witnessed to palliate the lack of “user friendly” fluorination reagents.? It is
not until the early 1990’s that Banks reported the synthesis and use of an air- and moisture-stable fluorination reagent based
on triethyldiamine with a quarternary amine salt, named Selectfluor®.® Selectfluor® is an effective fluorinating reagent for a
wide variety of organic compounds such as hydrocarbons, aromatics, alkenes, carbohydrates, etc.*

NEED FLUORINATED SCAFFOLDS

R F.= CF,
CF.CF
Custom F-Blocks |\/\_ CFH °
2R F
X SCF,

Aspira Scientific provides custom synthesis and manufacture services for fluorinated
compounds tailored to your specifications. With strong domain expertise and proprietary
technologies, we deliver high-quality products in cost-efficient and timely manner. For
custom inquiries, please contact collaborate@aspirasci.com.
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,—Cl

300941

More recently, Toste and co-workers reported the asymmetric intermolecular fluorination of styrenes using Selectfluor® as the
fluorinating agent. In this report, the researchers used a 3-component coupling of Selectfluor®, boronic acid, and styrene. A
variety of enantio-enriched benzylic fluorides were synthesized in good yields and good enantiomeric excess.®

|
{—C

[@7 2BF,;

300941

0 2 eq. o)

15 mol% Pd(OAC),/L*

NHR NHR

+ Ar—B(OH),
30 mol%

(2-ethylhexylO),PO,

Ar

15% to 83% Yield
60% to 96% ee
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1-Chloromethyl-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octane

,.:—Cl bis(tetrafluoroborate), 98%
N -
LT 2?8 | sku: 300041
F CAS: 140681-55-6 5g $22
MW: 354.26 25g $70
C7H14B2CIFON2

Fluoropyridinium Salts

In 1986, Umemoto and co-workers reported the synthesis and application of N-fluoropyridinium salts.! These new salts
were easy to handle with high reactivity. In their following work, they demonstrated the tunability of theses salts harnessing
their reactivity and their selectivity. They showed that these reagents were efficient in the fluorination of various nucleophilic
substrates such as vinyl esters, enol alkyl ethers, enol silyl ethers, enamines, and alkenes. Using mild reaction conditions,
good to excellent yields were obtained.?

X
|,
N>
E OTf B
R-MgCl 300945 R-F
1eq.
o Q THF, 0°C o 0
R"J\@Ao/\ R"JS(U\O/\
R' Na R F
R, R' = alkyl 44% to 86% Yield

R" = alkyl, aryl

More recently, Gouverneur and co-workers reported the asymmetric fluorocyclization of indenes using N-fluoro-2,6-
dichloropyridinium triflate as their fluorination reagent. Various indenes were reacted to yield the corresponding fluorinated
tetrahydro-5H-indeno[2,1-clquinolones and hexahydrobenzolklphenanthridines in good to excellent yields as the syn

diastereomers.3

|,

\ Cl
F OTf

Q 300947
1.1eq.
X 3 eqg. NaHCO3
n MeNO,, 40 °C
n=1lor2 52% to 99% Yield
X =NTs, NNs, NMs, NCs

References

1. Umemoto, T. et al. Tetrahedron Lett. 1986, 27,4465. (b) Umemoto, T. et al. Bull. Chem. Soc. Jpn. 1986, 59, 3625.
2. Umemoto, T. et al. J. Am. Chem. Soc. 1990, 112, 8563.

3. Wolstenhulme, J. R. et al. Angew. Chem. Int. Ed. 2013, 52, 9796.

1-Fluoropyridinium trifiate 1-Fluoro-2,4,6-trimethylpyridinium 2,6-Dichloro-1-fluoropyridinium

\ triflate triflate

| 0 E CF o Q ﬁ o g CF.

P -5 - Pz —-S—

N7 5 3| SKU: 300946 | _ O—%—CFZ SKU: 300945 CImNY e 3 ®| SKU: 300947

E CAS: 107263-95-6 1g $35 b 0 CAS: 107264-00-6 1g $35 F CAS: 130433-68-0 1g $35
MW: 247.17 5g $85 F MW: 289.25 5g $85 MW: 316.06 5g $85
C6H5F4NO3S C9H11F4NO3S C6H3CI2F4ANO3S
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NFSI

In 1991, Differding and co-workers developed a new N-F sulfonyl based reagent, N-fluorobenzenesulfonimide (NFSI). They
highlighted the reagent versatility in various fluorination transformations such as electrophilic fluorination of aromatics and
of B-dicarbonyl and carbonyl compounds.! More recently, Zhao and co-workers reported the ortho-selective C-H fluorination
of oxalyl amide protected benzylamines. Using NFSI as the fluorinating reagent, a variety of oxalyl amide protected
benzylamines were selectively mono- or di-fluorinated in good to excellent yields.?

References
1. Differding, E. et al. Synlett 1991, 187.
2. Chen, C. et al. J. Org. Chem. 2014, 80, 942.

N-Fluorobenzenesulfonimide, 97%

QrQ
@‘%‘N‘§© SKU: 300488
e CAS: 133745-75-2 5g $56
MW: 315.34 25g $218

C12H10FNO4S2

300488

3eq.

5 mol% Pd(OAc),

t-Amyl-OH, 80 °C

HN [e]
F ’\Rz

55% to 95% Yield

Asymmetric Fluorination with TRIP and TCYP Phosphoric Acids

yields and enantiomeric excess.!

300920 R=iPr, R'=CgHy7

5 mol% o
20 mol% Amine Catalyst @
Selectfluor® (300941 leq) ij\F
Na,CO3.H,0 (2 eq.)
Toluene, rt

Toste and his group recently reported the enantioselective fluorination of various a-branched cyclohexanones using
a chiral phosphoric acid, an amino acid catalyst, and Selectfluor® as the fluorine source. Using this two-catalysts
system, various substituted cyclohexanones with a quaternary fluorine stereogenic center were obtained in high

300919
300920
300921
300922

1. Toste, F. D. et al. J. Am. Chem. Soc. 2014, 136, 5225.

(R)-TRIP
(R)-C8-TRIP
(R)-TCYP
(R)-C8-TCYP

R=iPr, R'=H
R=iPr, R'=C,H,,
R=Cy, R'=H

R=Cy, R'=C,H,,
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Understanding the importance of supply chain solution to your chemical and process development programs, Aspira
Scientific is your single-stop destination for specialty fluorination reagents from R&D gram quantities to production
kilograms and beyond. We will take you seemlessly from discovery to development, enabling faster time-to-market.

Fluorination Mode Product # Product Name CAS #

F 300548 Fluolead™ 947725-04-4
F 300489 Potassium fluoride, 99% 7789-23-3

F 300941 SelectFluor® 140681-55-6
F 300488 NFSI 133745-75-2
CF, 300363 Trifluoromethylator® 1300746-79-5
CF,CF, 300826 Pentafluoroethylator® 1360806-59-2
CF, 300942 Sodium trifluoromethanesulfinate, 97% 2926-29-6
CF, 300934 Sodium difluoromethanesulfinate, 97%

CF 300912 Sodium fluoromethanesulfinate, 97%

CF, 300906 (Trifluoromethyl)trimethylsilane, 99% 81290-20-2
CF, 300937 (Trifluoromethyltriethylsilane, 98% 120120-26-5
CF,CF, 300814 (Pentafluoroethyl)trimethylsilane, 97% 124898-13-1
CF, 300812 (Difluoromethyl)trimethylsilane, 97% 65864-64-4
CF, 300813 (Bromodifluoromethyl)trimethylsilane, 98% 115262-01-6
CF, 300936 (Chlorodifluoromethyl)trimethylsilane, 97% 115262-00-5
CF, 300938 Phenyl difluoromethyl sulfone, 98% 1535-65-5
CF, 300917 2-Pyridyl difluoromethyl sulfone, 97%

CF, 300939 Togni Reagent 887144-97-0
CF, 300940 Togni Reagent Il (40 wt. % in Celite) 887144-94-7

S PI RA T 408.571.1100 E info@aspirasci.com
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CF3 Addition

Trifluoromethylator®

Based on the cutting-edge technology developed by the Hartwig group, one can simply add the CF, moiety via a single
reagent, Trifluoromethylator®. This breakthrough reagent is very efficient not only with aryl iodide, but also with aryl bromide.
The utility of the reagent was shown by reacting heteroaryl bromides and iodides with various functional groups, giving the
desired products in good to high yields.! Finally, the versatility of Trifluoromethylator® was demonstrated by reacting a range
of bromopyrazines, quinolones, quinoxolines, isoquinolines, and aza-indoles affording the desired products in excellent

yields.?
o)
/O\N X
ol
91% CFs
|
CF
CBHll/\/ 3
83% 99%
CF3
N
¢ CF;
L Het 300363 Het
el[— et /—
OAc OAc DMF, rt-100 °C N
Boc
86% X=8Br | 76%
CF3
Br CFs /©/
\©y0\/©/ EtO,C
94%
89% pCF3
o)
93%
References

1. Morimoto, H. et al. Angew. Chem. Int. Ed. 2011, 50, 3793.
2. Mormino, M. G. et al. Org. Lett. 2014, 16, 1744,

(1,10-Phenanthroline)
j A (trifluoromethyl)copper(l), 95%
=N N= .
\Cu/ SKU: 300363 1g $150
CAS: 1300746-79-5
| MW: 312.76 10g $980
CFs C13HBCUF3N2 259 $2,150
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Pentafluoroethylator®

Following his report in 2011 of the Trifluoromethylator®, Hartwig and his group developed a new reagent for the addition of
pentafluoroethyl group to various aryl bromides. Utilizing the Trifluoromethylator® framework, the Pentafluorethylator® is a
higher order, copper-based complex delivering a pentafluoroethyl group to its targeted substrate. This breakthrough reagent
allows scientists to generate various perfluoroethyl arenes and heteroarenes (Penta-F-Blocks™) from starting aryl and
heteroaryl bromides; most of these compounds were not readily accessible by other chemistry previously. The typical reaction
conditions for the Pentafluoroethylator® are similar to the Trifluomethylator®, using 1.2 equivalent of the reagent in DMF at
80 °C. Various aryl halides were fluorinated in good to excellent yields.!

2
)\)i )—CF,CF4
o III N

98% Br

~~CF2CFs
P

Cl N~ ClI

300662
70%

O,N BN
U Het G 300826 Het. =
_ X — CF,CFs
N” CF,CFs \_/ DME, 80 °C \_/ S
99% X = Br, 300658

70%

X
»
NC” O N” “CF,CFs,

@[NHZ
CF,CF3

300657 300711
70% A 70%
| .
N~ O CF,CF3
o)
300714

70%

References
1. (a) Litvinas, N. et al. Angew. Chem. Int. Ed. 2012, 51, 536. (b) Mormino, M. G. et al. Org. Lett. 2014, 16, 1744.

(1,1,2,2,2-Pentafluoroethyl)(1,10-
phenanthroline-kN1,xN10)-copper,

I\ 7N |95%

=N _N=/ | SKU:300826 | 550 mg $05
Cu CAS: 1360806-59-2 1g  $295

CF,CF; | MW:362.76
C14H8CUF5N2 5g $1,050
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Penta-F-Blocks™

The access of new functional groups/substituents that lend favorable chemical and physcial properties to targets of interest
is of high importance to pharmaceutical and material development. Based on the cutting-edge fluorination technologies
founded in the Hartwig lab, pentafluoroethyl building blocks/scaffolds are now readily and commercially available.

CO,Et

CN CN OMe NO,
CF,CF3 @\ CF,CF3 CF,CF3
CF,CFs e NO,

300647 300648 300652 300653 300654
NO,
NO, NH, NHz Br
@\ ©/CF2CF3 CF,CFs
CF,CF3 CF,CF3 CF,CF3
300655 300656 300657 300658 300659
B
r CF,CF3 _ CF,CFs CF,CF3 CF,CF3
| X | |
CEICES N el c- N “Br SN
300660 300661 300662 300663 300664
CHO
_~_Br Bre_~ _~_CFaCF3 F3CF2C\(1 §
N CF,CF; N > CF,CFs N7 NH, 2 N~ CF,CFs
300665 300666 300668 300669 300670
cl CF,CF
OHC\@ OHC\ETCFZC& /@\ \(\/'[NOZ /Z—\( 25y
P — Z N
N~ CF,CF3 N OHC™ "N~ “CF,CF3 SN CF,CFs N
300671 300672 300673 300674 300677

For custom Penta-F-Blocks™, please contact collaborate@aspirasci.com.

SPIRA

SCIENTIFIC



Substituent of the Future

These novel entities offer fast entry to new commercial targets of interest. These IP-enabling templates are available in gram
and bulk quantities from Aspira Scientific. Accelerate your development program today with pentafluoroethyl, the Substituent
of the Future.

Cl N
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N~ O CF,CF3

300703

CF,CFs
_A_Cl
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FaCF2C
L
N~ el
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Jol

o
Br” "N~ “CF,CFs
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%
F3CF,C N
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HaN
T
N” O CF,CFs
300694
J§t
CI” N7 O CF,CFs

300699

CEYGES

300706

L

NC” N CF,CFs

300711

CN

CPCES

300680

| ~
HO e~
N CF,CF3

o}

300695

(0}

o

GEYGES

300700

\C|
|

N~ O CF,CF3
300707

~CF2CFs
|

NC™ N

300712

L
CF,CF3

300691

\v/ﬂjQil\
HO P~
N~ >CF,CF;

300696

O N

B

N
CEACTE

300701

For quotes on bulk quantities, please contact bulk@aspirasci.com.
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. CF2CFs
|

N~ “Cl

300708

AN
| .
N~ > CF,CF3

O

300714

CFCFa

300692

NO,
N

o
N > CF,CF3

300697

N

N~ O CF,CF3

300702
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TRANSFORM Your Research

Fluorination Mode

Product Class Structure Product # CF CF, | CF, |CF,CF,
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With Power of Fluorine

Fluorination Mode

Product Class

Structure

Product #

CF

CF, | CF, |CFCF,

2 3
age
300363
!
Cu-hased g™ 300826
e 300687
Ag-based @;3} 300872
fs:ifCFa 300906
Si-CFa 300937
—S:i—CFzH 300812
Si-bhased
_di-orer 300813
*S‘i*CFzCI 300936
fsiifCFZCFg 300814
F3C—I—O
300939
I-based
F3C—I—O
@/% 300940
SF3
S-hased b/\ 300548
t-Bu
Q
@ﬁ-CFZH 300938
(o]
Sulfones
o]
! Y—s-crH 300917
S
° o]
F—§‘¢OCH3 300928
O F
Fluorosulfonyl S
o]
F-Eon 300927
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Ruppert-Prakash Type R eagents

The pioneering work of Ruppert and Prakash which yielded the Ruppert-Prakash reagent (TMSCF,) was one of the first

and most versatile ways to introduce a CF, moiety by nucleophilic activation.! In 2006, Prakash and his group reported

the synthesis of TMS-protected trifluoromethylated alcohols using TMSCF,.? Using trimethylamine N-oxide as the catalyst

in tandem with TMSCF, in DMF, the researchers highlighted the versatility of the synthetic method by reacting a variety of
substituted aryl aldehydes and ketones. This method proved to be fast and insensitive to moisture for a variety of phosphates
and carbonates yielding the corresponding TMS-protected alcohols in good to excellent yields.

TMS—-CF,
300906

2 eq.
ji. 5 mol% Me3NO OTMS
R”H R\ H
DMF, rt CF3
76% to 90% Yield

More recently, Buchwald and co-workers utilized several silicon-based CF, reagents for the trifluoromethylation of various
vinyl triflates and nonaflates.? Using 8 to 12 mol% of palladium (Il) complexes with tBuXPhos, two equivalents of TMSCF, or
TESCF, with KF as an activator, a variety of vinyl triflates were trifluoromethylated in good to excellent yields.

TMS—CF3
300906
- X
R— + or
TES-CF;
300937
References

1. (a) Ruppert, I. et al. Tetrahedron Lett. 1984, 24, 2195. (b) Prakash, G. K. S. et al. J. Am. Chem. Soc. 1989, 111, 393. (c) Prakash, G. K. S. et al.
Chem. Rev. 1997, 97, 757.

2. Prakash, G. K. S. et al. J. Org. Chem. 2006, 71, 6806.

3. Cho, E. J. et al. Org. Lett. 2011, 13, 6552

Pd/tBuXPhos
KF or RbF

AN CF3
R—

51% to 84% Yield

Dioxane, 110 °C

(Ti r;fluoromethyl)tnmethylsﬂane, (Trifluoromethyljtriethylsilane, 98% (Pintafluoroethyl)tnmethylsﬂane,
| 99% | 97%
—Si-CF3 - A
I SKU: 300906 /SiCFa SKU: 300937 $imCFLFs | sku: 300814
CAS: 81290-20-2 59 $95 CAS: 120120-26-5 1 $55 CAS: 124898-13-1 1g $52
MW: 142.20 25g $288 MW: 184.27 9 MW: 192.21 5g $214
C4HOF3Si C7H15SiF3 C5HOF5Si
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Togni Reagents

In 2006, Togni and his group reported the first electrophilic trifluoromethylation via a hypervalent iodine reagent.! This new
reagent based on a A3-iodane core is capable of transferring an electrophilic CF, unit. This air-stable, crystalline solid proved
to be a very versatile reagent for the trifluoromethylation of a variety of alcohols, thiols, phosphines, and secondary amines.?

O/OCF3

74%

~o
o L _ocr,

92%

SCF
Ho/\/\/ 3
72%

SCFs

300939

OH
91%

300940

~~_OCF3
83%

=N, %
N_CF3

62%

References
1. Eisenberg, P. et al. Chem. Eur. J. 2006, 12, 2579.
2. Charpentier, J. et al. Chem. Rev. 2015, 115, 650.

1-(Trifluoromethyl)-1,2-

1-Trifluoromethyl-3,3-dimethyl-1,2- benziodoxol-3(1H)-one, 98% (40

. o X
F3C—1—O0 benziodoxole, 98% / Togni FsC—|—0 Wt. % in Celite) / Togni Il
SKU: 300939 SKU: 300940
CAS: 887144-97-0 CAS: 887144-94-7
MW: 330.09 19 $85 MW: 316.02 19 $45
C10H10F3I0 C8H4F3102
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Sodium Sulfinates

In 1991, Langlois and co-workers were able to generate a trifluoromethane radical under oxidative conditions using sodium
trifluoromethanesulfinate as a precursor.! For the next 20 years, this reagent was infrequently used with mixed successes. It
was not until 2011, when Phil Baran and his group successfully used the Langlois reagent in the C-H trifluoromethylation of
N-heterocyclic compounds that broadened its applicability and increased its usage in literature.? This metal-free reaction can
be applied to unprotected molecules with limited side reactions.

Q
.8
FaC

“ONa
300942

t-BuOOH
Ar—H == Ar—CF3
CH,CIy/H,0, 1t

33% to 96% Yield

Since this report, publications have flourished demonstrating the versatility of the Langlois reagent for the trifluoromethylation
of aromatics, alkenes, and alkynes.® In particular, Hu and his group recently demonstrated the utility of these reagents

as efficient radical fluoroalkylating reagents able to react with conjugated N-arylsulfonated amides to yield the desired
fluoroalkylamides.*

o o)
1" Rl )J\(\
Sy N CF,H
F,HC”~ ONa H gogs -
300934 )
o 45-89% Yield
. 5 20-25 mol% AgNO3
R \N)HT R + or or
o=t-0 ——————— 4eq. K»5,05, DMSO
| o O
R2 1
S R \N)g(\CH F
FH,C”~ ONa HRriRs
300912 50-68% Yield
2 eq.
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Sodium trifluoromethanesulfinate, Sodium difluoromethanesulfinate, Sodium fluoromethanesulfinate,
97% 97% 97%
g i g
~O, SKU: 300942 ~ON SKU: 300934 ~O SKU: 300912
FsC™ ONa | . 2026-20:6 1g $20 FoHC™ ONa | s 1g $85 FHC™ ONa | s, 1g $95
MW: 156.06 5g $78 MW: 138.07 5g $340 MW: 120.08 5g $380
CF3Na02s CF2HNaO2S CFH2Na02S
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Fluorosulfonyl Reagents

In 1989, Chen and Wu reported the use of fluorosulfonyldifluoroacetate (also known as the Chen reagent or MFDA) as a
reagent for the trifluoromethylation of a wide range of organohalides. Using Cul in a catalytic amount in DMF, a variety of
alkenes, aromatics, and amides were functionalized with trifluoromethane in good to excellent yields. This reagent proved to
be low cost, very stable, and convenient to use.!

o)
o0
.S
s -

N

300928

1.5-2.5eq.
12 mol% Cul
R—X R—CF3
DMF, 60-80 °C

53% to 90% Yield

More recently, Dolbier and his group published the use of MFDA in the synthesis of various difluorocyclopropane molecules.
In this study, the researchers shows that under certain conditions, MDFA acts as an efficient source of difluorocarbene. A
variety of substituted alkenes were reacted yielding the desired gem-difluorocyclopropanes in good to excellent yields.?

300928
1 3 2 eq: F\ /F
R R 2.25 eq. Diglyme Rl & R
- 2> <
R2 RS 2 eq. TMSCI R R*
1.7 e. Dioxane
115-120 °C 57% to 88% Yield

Also developed by Chen and his group, the B-sultone derivative fluorosulfonyldifluoroacetic acid proved to be an effective
difluorocarbene source in acids. This reagent can difluoromethylate alcohols and phenols. In a typical reaction, a catalytic
amount of sodium sulfate or copper iodide is used in acetonitrile to yield the corresponding ethers in good yields.?

o\\s,/o i

F77°c” "OH

A

FF
300927

1eq.
20 mol% Na,SO4 or Cul
R-OH > R-OCF;H
CH3CN, 45-50 °C

10% to 68% Yield
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Methyl 2,2-difluoro-2- 2,2-Difluoro-2-(fluorosulfonyl)
0 (fluorosulfonyl)acetate, 97% 0 acetic acid, 97%
o o)
I 1
F—ﬁ‘y#}OCHs SKU: 300928 F—§*¢OH SKU: 300927
C3H3F304S C2HF304S
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CH,CF, Formation

In 2013, Altman and his group reported the copper-catalyzed decarboxylative trifluoromethylation of various allylic alcohols.
Using various allyl alcohols as precursors, the researchers were able to convert them to trifluoromethane in two steps, when
previous methods required at least four steps. In this report, using copper iodide as a catalyst with DMEDA and sodium
bromodifluoroacetate, various allyl alcohols were converted to the corresponding trifluoromethanes via bromo difluoroacetic
ester intermediates, in good yields.!

(o}

NaOJ\ﬁ F
Br
F

300871

25 mol%
e} 10 mol% Cul
10 mol% DMEDA

R) X>Cr,
KF, DMF
559 to 81% Yield

In a following report in 2014, Altman described the metal-free trifluoromethylation of aromatic and heteroaromatic aldehydes
and ketones. In this one pot procedure, (triphenylphosphonio)difluoroacetate and TBAF are used as reagents for the rapid
and efficient conversion of various aryl and heteroaryl aldehydes and ketones into the corresponding trifluoroarenes in good
yields.?

"
¢ PPhy

300870
(e}
s H 1)2eq. X F
R R F
% 2) TBAF & F
52% to 84% Yield
References
1. Ambler, B. R. et al. Org. Lett. 2013, 15, 5578.
2. Qiao, Y. et al. J. Org. Chem. 2014, 79, 7122.
. " . . . (Triphenylphosphonio)
0,
o Sodium bromodifluoroacetate o Bromodifluoroacetic acid, 98% o difluoroacetate
F F . - F
NaOJ\ﬁBr SKU: 300871 HO&Br gAKSU-S;OOOBS? OJ\,<P+Ph SKU: 300870
F CAS: 84349-27-9 F PDeaid 5g $20 F 3 | cas:
MW: 197.92 19 $20 MW: 174.93 25g $70 MW: 357.31 19 $35
C2HBrF202.Na C2HBrF202 C20H16PF202
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FAYE BLOCKS

Inspired by the antidiabetic drug, Januvia®, and the needed access for polyfluoroaromatics, Weaver and his group
reported the synthesis of various perfluoro and polyfluoroaryl Meldrum acids. These innovative building blocks, FAYE
Blocks (Fluoroaryl AcYl Equivalents), give access to a variety of air-stable fluorinated aromatics that can be readily
derivatized through the Meldrum'’s acid handle.! Further downstream manipulations such as hydrodefluorination lead to
polyfluoroaromatics and heteroaromatics in rapid order.?

1. Senaweera, S. M.; Weaver, J. D. J. Org. Chem. 2014, 79, 10466.
2. Senaweera, S. M. et al. J. Am. Chem. Soc. 2014, 136, 3002.
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CF2 Addition

TMSCF,HType R eagents

In 2011, Hu and his group developed an efficient difluoromethylation of carbonyl compounds and imines.! In this report, they
used TMSCFH as a nucleophile activated by a Lewis base at room temperature. This procedure proved to be successful with
a variety of ketones, aldehydes, and imines with high yields of the corresponding fluorinated product.

\
—Si-CFoH

7

300812

1) 2 eq.
13 mol% CsF OH
R H 2) TBAF R”OCRH

50% to 95% yield

Using TMSCF,H in 2012, Hartwig and his group developed a copper-mediated difluoromethylation of aryl and vinyl iodides.?
They showed the versatility of this reaction by reacting electron-neutral, electron-rich, and sterically hindered aryl and vinyl
iodides with Cul, CsF, and TMSCFH to yield the difluoronated product in high yields. In addition, the reaction tolerates

a wide variety of functionalities such as amines, ethers, amides, and esters. In a typical reaction, 1 equivalent of Cul, 3
equivalents of CsF and 5 equivalents of TMSCF,H are combined with the substrate in NMP at 120 °C for 24 hours.

\
_Si_CFzH
/

300812

5eq.

X I 1 eq. Cul N CFzH
R—T > R—7
= 3eq. CsF =

NMP, 120 °C

30% to 90% Yield

Hu and his group developed another fluorination reagent for the difluoromethlyation of heteroatom nucleophiles and the
difluoromethylenation of alkenes and alkynes.® This new reagent proved to be a safer alternative to TMSCF,H since no
gaseous by-product is generated. The reagent underwent addition with various alkynes and alkenes, affording difluoromethyl-
containing cyclopropenes and cyclopropanes, respectively.

\ o F
—Si—C-Br
/ E F\C,F
1 — p2 300813 =
Rl=— R oL ARZ
or 1.5eq. 67% to 98% Yield
0.03 eqg. nBuyNBr FF
Rl RS Toluene, 110 °C Rt & R3
S
RZ R4 RZ R4
43% to 98% Yield

In addition, the reagent reacted with O, S, and N nucleophiles exhibiting good tolerance of different functionalities.
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\
—/Sl—CFZBr

300813

2 eq.

6 eq. 20% aq. KOH

N ZH
R

4
Z=0,S, NR?
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CH,Cly, 0 °C

z
N CRH

RO 2
/

25% to 95% Yield

(Difluoromethyl)trimethyisilane,
| 97%
—Si—CFoH
| SKU: 300812
CAS: 65864-64-4 1g $45
MW: 124.20 5g $180
C4H10F2Si

|
*Sli*CFzBr

(Bromodifluoromethyl)
trimethylsilane, 98%

SKU: 300813
CAS: 115262-01-6 1g $65
MW: 203.10 5g $260

C4H9BrF2si

|
*Sli*CFQCI

(Chlorodifluoromethyl)
trimethylsilane, 97%

SKU: 300936

CAS: 115262-00-5

MW: 158.65 19 $95
C4HOCIF2Si

Bromodifluoromethylcarboxylic Acid Derivatives

The Xingang Zhang group recently developed an efficient method for difluoroalkylation via palladium catalysis.! This
method features several advantages including broad substrate scope, excellent functional group compatibility, and synthetic
simplicity. This process provides access to novel difluoromethylated carboxylic acid derivatives and phosphonates in good

yields.
300546
2 eq.
5 mol% Pd(PPhg), e
Ay BOH): 10 mol% Xantphos A Cp0
R - R 5o
& 2 eq. K,CO3 Z r
44% to 81% Yield
References
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2-Bromo-2,2-difluoro-1-

Diethyl (bromodifluoromethyl)
phosphonate, 97%

i 0,
o Ethyl bromodifluoroacetate, 97% 0 morpholinoethanone, 97% o
B Br%N/ﬁ i/
r%o/\ SKU: 300545 s SKU: 300547 BFX F’\—OO
£ F CAS: 667-27-6 1g $20 bo CAS: 149229-27-6 19 $52 AN
MW: 202.98 59 $52 MW: 244.03 59 $216
C4H5BrF202 C6H8BrF2NO2

SKU: 300546

CAS: 65094-22-6 1g $22
MW: 267.01

C5H10BrF203P 59 $57
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Aryl and Heteroarylsulfonyl Reagents

First reported by Hine and Porter in 1960, difluoromethyl phenyl sulfone became one of the most popular reagent used for
nucleophilic difluoro(phenylsulfonyl)methylation.! This reagent allows the introduction of the CF,H moiety via the reduction of
the sulfone. Furthermore, the phenylsulfonyl group is a more effective activation group to introduce the difluoromethyl group,
making this reagent very effective. Over the years, several reports highlighted the versatility of this reagent with various
ketones and aldehydes.? In a typical reaction, a strong base is used such as LiIHMDS; the combination of N(TMS), and
Me,NF or KOH is used to activate the sulfone moiety for the nucleophilic addition to the carbonyl group. The sulfone is then
reduced by a metal reductant to yield the desired difluoromethyl moiety.3

o.,0

7

Hcm’s\©
o OH
I}

1 2 Rl’)\
R* R 300938 Rz CFH

76% to 91% Yield
O O

A Ar MAr

o}
PN
FF

52% to 82% Yield

More recently, the Prakash group reported the synthesis of gem-difluoroalkenes using difluoromethyl phenyl sulfone for
the difluoro(phenylsulfonyl)methylation of primary alkyl iodides or bromides followed by their dehydrosulfination.* Following
this report, several researchers used a similar method for the synthesis of various gem-difluorinated allyl alcohols, amines,
1,3-dienes, and enol esters.?

[ONpe)

N7

s
HF,C \©
300938
F
R—X > R/*g
2) t-BuOK or LIHMDS F

55% to 99% Yield

In 2010, Hu and co-workers reported the synthesis of 1,1-difluoroalkenes from carbonyl compounds using the newly
developed 2-pyridyl sulfone, a bench-stable, crystalline solid. Using a similar procedure to its parent reagent, difluoromethyl
phenyl sulfone, various ketones and aldehydes were difluoro-olefinated using a base, followed by the treatment with an acid
to yield the corresponding 1,1-difluoroalkenes in good yields.®

o, 0
HECTY S
N~
300917
j\ 1) Base FIF
RV R? 2) Acid RV R?
63% to 83% Yield
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2-Pyridyl difluoromethyl sulfone,

I 0,
Phenyl difluoromethyl sulfone, 98% 97%

o} (0]
1 1]
Qﬁ CF2H | sku: 300938 /_\ $7CF2H | sku: 300917
o CAS: 1535-65-5 1g $20 N O CAS: 1g $25
MW: 192.18 5g $75 MW: 208.18 59g $85
C7H6F202S CTH6F203S

(SIPr)AgCF H

More recently, Shen and co-workers reported the cooperative dual palladium/silver catalyst for the difluoromethylation of
aryl bromides and iodides. This transformation, usually done under harsh conditions and with a stoichiometric amount of
catalysts, is accomplished using a catalytic amount of a palladium/silver catalyst system. The researchers demonstrated the
versatility of this method with the difluoromethylation of various aryl bromides and iodides using 5-7 mol% of the palladium
precursor, with 10-14 mol% of the dppf ligand and 20 mol% of the silver complex, with two equivalents of TMSCF,H and
NaOtBu. This method proved to be compatible with various functional groups such as esters, amides, protected phenoxides,
protected ketones, pyridines or cabazoles affording the desired fluorinated aryl product in moderate to excellent yields.!

Pre-formed reagent
5-7 mol% Pd(dba),/DPPF
N X 20 mol% [(SIPr)AgCl] N CF,H M/
R _ R- P N N
2 eq. TMSCF,H Y
_ 2 eq. NaO'Bu . A9
X=Br, | 58% to 96% Yield CRH
300872
Reference
1. Gu, Y. et al. Nature Comm. 2014, 5, 5405.
[1,3-Bis[2,6-bis(1-methylethyl)
phenyl]-2-imidazolidinylidene]
— difluoromethyl silver
N_ N
b SKU: 300872
Ind chs: 250 mg $55
CFsH MW: 550.49 1g $175
C28H40F2N2Ag
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SCF, Addition
(bpy)CuSCF,

Compounds containing trifluoromethylthio groups have attracted increasing attention in the past few years due to their high
lipophilicity and hydrophobicity. However, the synthetic tools to access this moiety are fairly limited and often requires high
reaction temperatures and the use of expensive and/or toxic reagents. Recently, Weng and co-workers addressed these
drawbacks by developing an air-stable copper reagent for the nucleophilic trifluoromethylthiolation of various aryl halides.
The bipyridine copper complex proved to be the most efficient in this transformation for various aryl halides into the
corresponding trifluoromethylthiolated product in modest to good yields.!

| RS
=N
N
/Cu—SCF3
=~ "N
“ |
300687
X X 1eq. S SCF3
R R
= =
X =1orBr 57% to 90% Yield

Thiosaccharin SCF, Reagent

More recently, Shen and his group developed a N-trifluoromethylthiosaccharin reagent for the electrophilic
trifluoromethylthiolation of a variety of nucleophiles. This reagent proved to be very versatile converting a variety of substrates
such as alcohols, aldehydes, ketones, electron-rich arenes and alkynes into the corresponding trifluoromethylthiolated
product in good yields under mild conditions.?

(@)
-0
\\S\/
N—-SCF3
O
300688
N ZH 1-1.2 eq. - ZSCFs
R > R
& 2.3 eq. NEtg Z
Z=0,S,orNH 70% to 96% Yield
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2. Xu, C. et al. Angew. Chem. Int. Ed. 2014, 53, 9316.
_hinyridine.. y B 1,1-Dioxo-2-
(2_’2 bipyridine KN?’KN1 0,11 0 trifluoromethylsulfanyl-1,2-dihydro-|
== == trifluoromethanethiolato-«S), 97% \\S//O 116-benzo[d]isothiazol-3-one, 97%
/ \ N ?
N\_N N/ N—SCF3
cu SKU: 300687 SKU: 300688
é CF CAS: 1413732-47-4 250 mg $55 % CAS: 250 mg $55
3 MW: 320.80 1g $175 MW: 283.25 1g $175
C11H8CuUF3N2S C8H4F3NO3S2
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SF, Compounds

The SF, moiety has also been called the Substituent of the Future because of its enhanced lipophilicity, electronegativity, and
metabolic stability. It has been used in several drugs and crop protective agents and showed improved efficacy in a number

of cases. Aspira Scientific is pleased to offer a series of SF, compounds to accelerate your drug and material development
programs.
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Treatment for Alzheimer's disease Antidiabetic agent Horticultural insecticide
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For quotes on bulk quantities, please contact bulk@aspirasci.com.
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