
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

THE TRIFLUOROMETHYL GROUP IN ORGANIC SYNTHESIS. A
REVIEW
Alexander S. Kiselyova; Lucjan Strekowskib

a Department of Chemistry, Box 662, Havemeyer Hall Columbia University, New York, NY b

Department of Chemistry, University Plaza Georgia State University, Atlanta, GA

To cite this Article Kiselyov, Alexander S. and Strekowski, Lucjan(1996) 'THE TRIFLUOROMETHYL GROUP IN
ORGANIC SYNTHESIS. A REVIEW', Organic Preparations and Procedures International, 28: 3, 289 — 318
To link to this Article: DOI: 10.1080/00304949609356536
URL: http://dx.doi.org/10.1080/00304949609356536

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304949609356536
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ORGANIC PREPARATIONS AND PROCEDURES INT., 28 (3), 289-318 (19%) 

THE TRIFLUOROMETHYL GROUP IN ORGANIC SYNTHESIS. A REVIEW 

Alexander S. Kiselyov" and Lucjan Strekowskit 

Department of Chemistry, Box 662, Havemeyer Hall 
Columbia University, New York, NY 10027 

+Department of Chemistry, University Plaza 
Georgia State University, Atlanta, GA 30303-3083 

INTRODUCTION .... ... .. . ... .. .. ... . .. . ... ... . ... .. . ... .... .. . .. . .. . . .. ... .. . . .. . .. . .. . ... .. . . .. . . . . .. . ... . .. . .. . .. . . .. .. . .. .. . . .. . . . . . . . . ..29 1 
I. SYNTHESIS OF ALIPHATIC TRIFLUOROMETHYL COMPOUNDS ........................ 292 
11. SYNTHESIS OF AROMATIC TRIFLUOROMETHYL COMPOUNDS ........................ 298 
III. REACTIONS OF ALIPHATIC TRIFLUOROMETHYL COMPOUNDS ....................... 299 
IV. REACTIONS OF AROMATIC TRIFLUOROMETHYL COMPOUNDS ....................... 302 
V. CONCLUSION AND PERSPECTIVES ........................................................................ ......... 307 
REFERENCES ... .. .. .. .. .. .... ... . .. . .. . . .. .. .. .. . . .. .... .. .. .. ... . ... ... ... . .. ... . .. .. .. .. .. .. .. .. .. . . .. . . . . .. . .. . ... . . . . . . . .. . . .. . . . . . . . . . .. . .309 

@ 1996 by Organic Preparations and Procedures Inc. 

289 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



THE TRIFLUOROMETHYL GROUP IN ORGANIC SYNTHESIS. A REVIEW 
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Alexander S. Kiselyov* and Lucjan Strekowskii 
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This review is dedicated to my parents, Nina and Sergei Kiselyov. 

INTRODUCTION 
The last two decades have witnessed a tremendous growth of interest in fluoroorganic 

compounds.' Numerous treatises on this subject covered various aspects of the chemistry and 
biochemistry of fluorinated compounds, including the synthesis of c k a l  and bioactive fluoroorganic 
compounds,' the biomedical aspects of fluorine chemistry,, the synthesis of organofluorine 
 compound^,".^ fluorinated heterocycles,6.' and fluorinated natural products? The aim of this review is 
to summarize the data on the recent developments in synthesis and chemical transformations of 
compounds containing the trifluoromethyl group? 

Compounds containing the CF, function represent a broad array of biological and chemical 
activities. Trifluridine (1) as well as perfluorinated purine and pyrimidine derivatives are active antivi- 
ral agents.I0 Numerous compounds containing a CF, group possess anti-inflammatory, antiparasitic 
and central nervous system activities.'OJ' For example, fluoxetine (2) is a highly selective serotonin 
reuptake inhibitor.12 

1 2 3 

H2NYNH 
fNH 

4 

5 6 7 8 

Various fluorinated derivatives of arachidonic acid and leukotriene B, (such as 3) are active toward 
human ne~trophils. '~J~ Application of trifluoromethylgeraniol as a potential insect juvenile hormone 
substituent was rep01ted.I~ Derivatives of 1,Cdihydropyridine containing the CF, moiety (4) are 
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KISELYOV AND STREKOWSKI 

antagonists of L-type Ca2+ channels.I6 13-(Trifluoromethyl) retinal is an active chromophore in bacte- 
riorhodopsin.” Interest in “artificial blood” stimulated intensive research in the area of perfluoro- 
chemicals, including trifluoromethylated compounds.3J8 A potent inhibitor of human neutrophil elas- 
tase containing a pentafluoroethyl group was introduced re~ent1y.l~ Various amino acids containing 
the CF, moiety have been preparedz0 (the fluorinated analog of D-threonine (5) is given as an 
example). Trifluoromethylated ketone tripeptide analogs of thrombin (6) were prepared and shown to 
be potent agents for the treatment for thrombosis.21 

Trifluoromethyl compounds are useful reagents for organic synthesis. Thus, the application 
of trifluoromethyl hypofluorite (CF,OF) for the fluorination of various organic substrates is well 
documented.22 Trifluoromethyl compounds (Mosher’s acid (7), and 2,2,2,-trifluoro- 1 -(9- 
anthry1)ethanol) are widely used for the determination of enantiomeric purity of organic compounds.23 
Studies on the cations destabilized by the CF, group have been reported.24 Novel chelating tertiary 
phosphine ligands containing the CF, moiety (8) have been s~nthesized.~~ A broad array of aromatic, 
heteroaromatic, and aliphatic compounds have been obtained using novel chemistries of anionically 
activated CF, groups (vide infra). 

A series of DNA triple-helix specific intercalators containing a quinoline nucleus were 
prepared from trifluoromethylated aromatic precursors using similar 

I. SYNTHESIS OF ALIPHATIC TRIFLUOROMETHYL COMPOUNDS 

Several procedures for the perfluoroakylation of aliphatic compounds were recently intro- 
duced. Direct coupling of alkenyl, allyl, or alkynylstannanes with perfluoroakyl iodides in the pres- 
ence of catalytic amounts of Pd(PPlQ, furnished perfluoroalkylated (Q-alkenes and alkynesZ7 in 11- 
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100% yield (typical yields were 52-70%) (Eq. I ) .  

R = Alkenyl, Allyl, Alkynyl; 
RF CF3, n-CdF9, n-C6F13; 
R =  Alk 

The addition of perfluoroalkyl iodides to olefins in the presence of Pd(PPh,), at room 
temperature or in the presence of benzoyl peroxide at 1 lo" afforded the corresponding adducts in 7 1- 

88% yield.28 In a similar way, perfluoroalkyl copper reagentsz9 reacted with propargyl halides or tosy- 
lates to furnish perfluoroalkyl allenes regiospe~ifically.~~ The reaction was conducted in DMF or 
DMSO at 0". A variation of this procedure was reported by Burton?' 

Thermal addition of perfluoroalkyl iodides to monosubstituted perfluoroalkyl acetylenes led 
to 1,2-bis(perfluoro-alkyI)iod0ethylenes.~~ Dehydroiodination of these intermediates with NaOH in 
the presence of a phase-transfer catalyst,, afforded the desired acetylenes in 50-65% yield. Trifluo- 
romethyl-selenation (telluration) of olefins was performed under radical conditions using the 
NaBH4/(PhSe)dCF31 system. The mechanism of this reaction was suggested to involve a single-elec- 
tron transfer from PhSe- anion to CF31.34 Application of ultrasound irradiation promoted trifluo- 
romethylation of various unsaturated compounds including olefins, acetylenes, dienes, halogenides, 
optically active enamines, and carbonyl compounds with the system Zn (p~wder)/CF,I.~~ 

Trifluoromethylation of silyl enol ethers with the system CF,I/Et,B furnished the corre- 
sponding trifluoromethylated silyl enol ethers.36 A stereoselective preparation of peptidyl trifluo- 
romethyl ketones using trifluoromethyl zinc iodide, generated in situ from Zn dust and CF,I in DMF 
was de~cribed.,~ Another method of introduction of the trifluoromethyl (perfluoroalkyl) moiety into 
an organic substrate is the trifluoromethylation of lithium enolates with CF31. For example, trifluo- 
romethylation of lithium enolates of chiral N-acyloxazolidinones in the presence of triethylborane was 
reported to proceed with good diastereomeric excess (62-86% de)38 (Eq. 2). Dialkylamides were 

Rl = i-Pr, Bn 
R2 = Me, Bn, n-Bu, t-Bu 

conveniently trifluoromethylated with the system P(NEtJ3/CF,Bs9 in the presence of BCl, to give the 
corresponding a-trifluoromethyl enamines. 

The silane, CF,SiMe, (Ruppert's reagentd0) attracted particular attention as a valuable 
reagent for the hifluoromethylation of carbonyl compounds:" or the Cu-mediated coupling with halo- 
corn pound^.^^ Application of Ruppert's reagent for the synthesis of trifluoromethyl-aziridines (4 1 - 
86% yield) was reported by Laurent and co-a~thors."~ Yagupolski and co-authors introduced an effi- 
cient procedure for the trifluoromethylation of arenesulfonyl fluorides into aryl trifluoromethyl 
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KISELYOV AND STREKOWSKI 

sulfones using a system made up of the Ruppert's reagent and (Me,N),S+Me,SiF,-.44 
A convenient procedure for trifluoromethylation of enolate anions was devised by Umemoto 

and A d a ~ h i . ~ ~  A series of electrophilic trifluoromethylating agents (9), varying in reactivity were 
prepared. Treatment of lithium or potassium enolates of carbonyl compounds, or trimethylsilyl enol 

A = S ,  Se 
R 

CF3 R = H, NO7 

ethers with these agents in the presence of boron reagents (added to moderate the reactivity of enolate 
anions by complexation) afforded trifluoromethylated materials in 40-92% yield. Proper selection of 
the boron compound eliminated the introduction of two CF, groups. Notable regioselectivity of the 
trifluoromethylation reaction was achieved for potassium enolates. The application of optically active 
borepins for this reaction afforded optically active trifluoromethylated products (12-45% ee). Treat- 
ment of methyl chlorodifluoroacetate with aliphatic halides in the presence of an equimolar amount of 
KF, CuI, and CdI, in HMPA yielded trifluoromethylated compounds (68-8 1 % yield)."6 

Starting materials which already contain the necessary perfluoroalkyl moiety are useful 
building blocks for the synthesis of trifluoromethyl compounds. Reaction of a-hydroxy acids with 
trifluoroacetic (TFAA) or perfluoroacetic anhydride in the presence of pyridine yields a-hydroxylated 
acyloins (Eq. 3) in 41-88% ~ie ld .4~  It was assumed that the meso-ionic 1,3-dioxolium-4-olates-6 are 

(R+ZO)20/pyridine 
P C O O H  

41-88% 0 

RI = Ph,PhCHz,Me(CHz)5 
Rz = H, COMe, COPh 
R f =  CF3, CzF5, C3F7 

intermediates in this reaction."* Similar reaction of carboxylic acid chlorides with TFAA in pyridine 
provided facile entry to trifluoromethyl ketones (40-81 %)."99s0 Several related approaches to peptidyl 
trifluoromethyl ketones are known. In a modified Dakin-West TFAA reacted with acid to 
afford the desired product via the intermediate formation of oxazoles (Eq. 4). Reaction of CF,CHO 

O R  
(4) 

TFAA O R  

P h K N h o H  reflux- [ p h 4 D c F ]  -PhKN5(CF3 
H O  H O  

not isolated 

with nitroalkanes (Henry r e a ~ t i o n ) , ~ ,  and substituted acetic acids followed by a Curtius 
rearrangements3 are alternative approaches to peptidyl trifluoromethyl ketones. A series of new triflu- 
oropyruvic, and lactic thioamides were prepared from ethyl trifl~oroacetoacetate.5~ 
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THE TRIFLUOROMETHYL GROUP IN ORGANIC SYNTHESIS. A REVIEW 

Extensive research by Nenajdenko and Balenkova revealed a facile pathway to a series of 
perfluoroacylated olefins via direct electrophilic perfluoroacylation of olefins with the system trifluo- 
roalkylacetic anhydride/BF$4e2S (Eq. 5).55 

- [ h f C F 3  

RI (CF3CO)zO 

R2 BF3,Me2S 

R1 = Ph, cyclopropyl, Me 
R2 = H, Ph, cyclopropyl, Me 

Recently, a novel trifluoromethylated reagent. 

+ 
0 

PhC(CF,)(CN)NH,, was developed for the 
19F NMR determination of the optical purity of chiral acids.56 The synthetic approach to this 
compound involves the application of trifluoroacetamide as a starting material. Trifluoroalkanamides, 
which are valuable precursors for triflu~roalkylamines?~ were conveniently prepared in 82-98% yield 
from secondary amines and TFAA. An electrochemical version of this procedure was reported.58 
Studies on the 2,2-bis(trifluoromethyl)ethylene- 1,l -dicarbonitrile chemistry by Huisgen revealed that 
this electron-deficient olefin easily reacts with isobutenyl and methallyl ethers, thioethers, and various 
alkenes to give the trifluoromethylated products.59 

Condensation reactions of perfluoroalkyl organometallic reagents with aldehydes or ketones 
afforded the corresponding perfluoroalkyl substituted carbinols.60.61 A convenient transformation of 
the resultant carbinols into trifluoromethyl ketones with Dess-Martin reagent was 

The Wittig reaction is a powerful tool for the introduction of the perfluoroalkyl moiety into 
organic molecules. One-pot syntheses of CF, containing tetrasubstituted 0lefins,6~ perfluoroalkylated 
enolates, vinyl esters, P-hydroxy ketones, vinyl ethers and 4-trifluoromethyl-2,4-dienyl 
carb0xylates,6~ trifluoromethylated a$-unsaturated esters,@ trans-perfluoroalkylated vinylcyclo- 
pr0panes,6~ perfluoroalkylated a$-unsaturated acids:* and perfluoroalkylated a,$unsaturated 
nit rile^^^ were introduced. A representative example of perfluoroalkyl olefin synthesis is given in 
Scheme 1. 

Rl = allyl, PhCH2, n-Bu, n-Pr, Me; R2 = Me, cyclopentyl, cyclohexyl 

Rf = CF3, C2F5, n-C3F7; Nu-= Ph, n-Bu 

Scheme 1 

The stereochemistry of the desired olefins was easily controlled by the reaction conditions. 
Treatment of P-oxido ylides with AcOH gave Z-olefins, whereas hydrolysis with 5% HCl (aq.) 
afforded predominantly E-isomers. Recently, a somewhat similar procedure was reported for the 
synthesis of trifluoromethyl vinyl sulfides70 (48-94% yield). (3-Trifluoropropene oxide is a conve- 
nient building block for the synthesis of trifluoromethylated corn pound^.^^ Treatment of this 
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KISELYOV AND STREKOWSKI 

compound with PPh, in the presence of CF,COOH yields the corresponding 8-hydroxyalkyl phospho- 
nium salt . Wittig reaction of various aldehydes with this salt affords optically active a-trifluo- 
romethylated allylic alcohols (46-89% yield, Eq. 6). 

F3C,, 
T7 + PhlPHCF3COO - P h & y C F 3  - (6) 

OH 75% on 0 
CF3COO 

mixture of cis- and 
trans-isomers 

Perfluorinated ketene dithioacetals are efficient building blocks for the synthesis of a-triflu- 
oromethylated y-lactones (Scheme 2). This three-step procedure includes the intermediate formation 

OH 

Scheme 2 

of an unsaturated trifluoromethyl ketone followed by its conversion to the corresponding alcohols 
with either NaBH, or MeLi. Both alcohols were converted into the target trifluoromethylated 
lac tone^.^^ 1 -Alkyl-3-trifluoromethyl propargyl alcohols are useful precursors for trifluoromethylated 
cis- and trans- 01efins.~~ 

1 ,CAddition reactions of organometallic reagents to perfluoroalkyl a$-unsaturated ketones 
is an efficient method for the synthesis of perfluoroalkyl ketones. For example, the BF3 mediated 
addition of alkenyldialkoxyboranes to perfluoroalkylated unsaturated ketones furnishes the corre- 
sponding y,&unsaturated ketones (77-99% yield) stereoselectively (Scheme 3).74 

Scheme 3 

Synthesis of perfluoroakylated 1,2,3-b~tatrienes~~ involves the dimerization reaction of the 
a-bromovinylzinc reagent in the presence of CuBr (Eq. 7). The preparation of perfluor0-3,4-dihalo- 
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THE TRIFLUOROMETHYL GROUP IN ORGANIC SYNTHESIS. A REVIEW 

2,5-dimethylhexa-2,4-dienes based on this protocol was reported recently.76 Electrolysis is a useful 

R1 = CF3, CzF5, n-C3F7 
Ar = C6H5, C6F5 

method for the synthesis of perfluoroalkylated c0mpounds.7~ For example, the Pummerer rearrange- 
ment of trifluoromethylated species conducted under the conditions of anodic acetoxylation was much 
superior to the conventional Pummerer reactionJ8 

The synthesis of trifluoromethylated carbocycles by BqSnH induced regioselective radical 
cyclization has been introd~ced.7~ The procedure was also extended to the tandem cyclization, medi- 
ated by an olefinic bond containing a CF, substituent, to yield the trifluoromethylated bicyclic 
compounds (25-8 1% yield). N-Trifluoroethylation of a series of aminoalcohols with Umemoto's iodi- 
nane 10 (Eq. 8; 76-88% yield) has been reported?O 

CF3CH2,,,0SO&F3 

NH2 10 HN' 
* /&OH 

&OH 2,4,6-collidine 
(79%) 

The mechanism of the reaction was suggested to involve the displacement of the triflate 
group in 10 with the nucleophile, followed by the decomposition of the intermediate into iodoben- 
zene, triflic acid, and the desired product. Trifluoroethylation of aromatic substrates with l-chloro- 
2,2,2-trifluoroethyl phenyl sulfide in the presence of ZnCl,, or SnC1, furnished l-ary1-2,2,2-trifluo- 
roethyl phenyl sulfide in 37-83% yield?' 

An efficient conversion of gem-difluoroalkenes into trifluoromethylated products with 
DAST [(diethylamino)sulfur trifluoride] has been reporteds2 (Eq. 9). Alternatively, oxidative desulfur- 
ization-fluorination of organosulfur compounds has been employed for the replacement of C-S bonds 

9 Y C h  (9) 
R1 - p C F 2  DAST R i Y 0  CF2=CHLi R1 

R2 R2 OH overall yield R2 
50-60% 

with C-F bonds (Eq. 
and hifluoromethyl ethers from xanthatesS5 are examples of this strategy. 

The synthesis of trifluoromethylamines from methyl dithi~carbamates?~ 
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KISELYOV AND STREKOWSKI 

- Rl 'NXF3  (10) 

S 
TBA+HzF), (HF)&'y or (HF)3/NEt3 

R 1 . N k M e  
R2 NBS, NIS or DBH Rz 

Rl  = Ar, Rz = CHzPh (62-99%) 

An essentially similar conversion of the carboxyl function into CF, takes place under treatment 
with SF,.86 

Trifluoromethylated diazirines are convenient precursors for tetratl~oroethylidenes.8~ Ther- 
molysis of diazirines in the presence of olefins leads to the corresponding cyclopropanes containing 
the CF, moiety (30% yield, Eq. 1 l).88,89 

11. SYNTHESIS OF TRIFLUOROMETHYLATED AROMATIC COMPOUNDS 

Recently, several reviews dealing with advances in the synthesis of trifluoroaromatic 
compounds were p~blished.6,~.~ 

A number of procedures exist for the direct introduction of the CF, moiety into aromatic 
substrates, one of the most widely used being trifluoromethylation with the CF, radical. This reactive 
particle was generated via (i) the photochemical approach: (ii) the thermal approach,g0 (iii) electro- 
chemically?' and (iv) chemically by metal mediated reactions?* from XeFjCF,COOH,93 bis(trifluo- 
romethyl)peroxide," sodium trifluoromethane ~ulfinate?~ Hg(CF,)z% or Te(CF3)2,97 CF3S0,CF,,98 
Br(Cl)CF2C0,K/KF/CuI?9 and CF3COONdt-Bu00WCu(I) systems.'" Standard procedures for the 
perfluoroalkylation of aromatic substrates catalyzed by Rum) complexesIO' are not applicable for the 
introduction of the CF3 moiety due to the instability of the CF,M however, the system 
Mg/CF,I in DMF was reported to be efficient for the trifluoromethylation of pyrrole.'02 Perhaps the 
most useful reagent system for the direct introduction of the CF, moiety into aromatic substrates is 
CF,I/Cu/DMF or DMS0.Io3 For efficient coupling to occur the aromatic halides (iodides or bromides) 
are required.'" The mechanistic aspects, and the nature of this reaction were discu~sed. '~~ Similar 
trifluoromethylations of aromatic and heteroaromatic amines by the system CF,UZn/DMF were 
described recently.'06 The observed regioselectivity of this reaction was rationalized in terms of the 
electrophilic interaction of the CF, radical with the aromatic ring at the sites with the greatest electron 
density. The system of Ruppert's reagent/Cu(I) and (trialkylsilyl)(trifluoromethyl)diazenes were also 
efficiently applied for the trifluoromethylation of a r o m a t i ~ s . 3 ~ J ~ J ~ ~  

Similar to the synthesis of aliphatic trifluoromethylated compounds, the CF, moiety can be 
introduced into aromatic compounds by conversion of preexisting COOH, CC1, or C(SR), groups 
with SF4,'O9 DAST,"O AgBF,,"' or the NBSMF-pyridine system.'I2 
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Heterocyclization of aliphatic compounds containing the CF, moiety is another major 
approach to the synthesis of trifluoromethylated aromatic compounds. The most frequently used 
substrates for the construction of trifluoromethylated aromatic compounds are trifluoromethylated 
Wittig reagents,lI3 trifluoroacetylated hydrazones' l 4  (Scheme 4), N-aryl-2,2,2-trifluoroacetimidoyl 

RI = H, p-Tol, Et, i-h, PhCH2 

Scheme 4 

i d d e , '  l 5  the TFAA/pyridinelDMAP116 system (Scheme 5),  the CF3CF2I/Na$,O4 system,"' hexaflu- 
oroacetone,"* trifluoroacetyl acetylenes, and trifluoroacetonitrile.Il9 

L J ( 6 9 3 % )  

R1 = t-Bu, Ph, 4-MeOC&, 4-CIC&, PhCHXMe, 2,4,6-Me3C6H2 

Scheme 5 

A procedure for the trifluoromethylation of C,, with trifluoroacetyl peroxide was 
reported.lZo Several new procedures for the trifluoroacetylation of aromatic compounds were devised 
recentIy.12' 

Introduction of the CF, moiety into aromatic substrates can be achieved via various cycload- 
dition or cyclccondensation reactions. This subject was thoroughly covered in the review by Burger 
et. aL6 Recent representative examples of this strategy include the Diels-Alder reaction of trifluo- 
romethylated acetylenes with various dienes.lZ2 

III. REACTIONS OF ALIPHATIC TRIFLUOROMETHYJ., COMPOUNDS 

Until recently, the bifluoromethyl group was considered to be a relatively inert rnoiety.l2, 
Research in the last decade, however, led to the discovery of many useful transformations involving 
CF3.IZ4 Ichikawa and co-workers found the CF, residue to be an excellent source of the CF2 function- 
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ality for the synthesis of terminal difluoroolefins (Scheme 6).1bAJ25 

CFjCHzOTs -- 2n-BuLi [ F 2 C 4  Li ] BR3 [ Fzc+rRd . LiF 

R [ Fzc$R.] cuI [ F2c4ru ] 83-94% Ar 

- LiF OTS -LiOTs 

- F z c q  
Pd2(dba)3-PPh3/ArI 

Scheme 6 

Synthetic strategies developed by this group allow easy and efficient access to 1,l-difluoro- 
l - a l k e n e ~ , ~ ~ ~ - ' ~ ~  2,2-difluorovinyl carbonyl compound~,l~~ and difluoromethyl ketones (Scheme 7)."' 

- HF2CKR 
2 n-BuLi [F2c+Li ] BR3 ~ [ F2c4R ] 1 .NaOMe 

CF~CH~OTS 
- LiF 0~~ -LiOTs BR2 2. NaOH, H202 0 

(27431%) 
Scheme 7 

A similar protocol was used by Percy and co-workers for the synthesis of difluoroallylic 
alcohols. 132~133 Snieckus and co-workers elaborated the synthesis of fluoroolefins based on generation 
in situ of a-lithio difluorovinyl carbarnate followed by its trapping with various electrophilic agents 
(Eq. 12).'34 A further modification of this procedure was reported recently.135 Reaction of 11 with the 

E = TMS, SePh, Me, CHz'RvlS 

cuprate reagent furntshed 12 in 76% yield (Scheme 8). It was suggested that the reaction proceeds via 
the initial nucleophilic attack of the cuprate reagent on the C1 of 11 followed by the elimination of 

11 
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CuBr from the resulting intermediate. Reaction of 2,2,2-trifluoroethyl sulfides with alkyl- or phenyl- 
lithium followed by the acidic hydrolysis of the resultant monofluoroketene hemiacetal led to 01- 

monofluoro-alkanoic acids (70-90% yield).136 
Treatment of CF,C(O)SiPh, with organolithium reagents provided a facile entry to 2,2- 

difluoro enol silyl ethers (88-95% yield).137 The suggested mechanism involves a nucleophilic addi- 
tion of organolithium reagent to the carbonyl group followed by the migration of the silyl moiety to 
the negatively charged 0-atom (Brook rearrangement), and p-elimination of F- from the resultant 
carbanion to give the observed product. Application of vinylmagnesium bromide for this reaction 
allowed the entry to 1,1 -difluoro-2-triphenylsiloxybuta-3-diene, a convenient buiding block for he 
synthesis of fluorinated carbo~ycles.'~~ A further expansion of this protocol by Watanabe and co- 
workers led to the preparation of 2-difluoromethylene-4-pentenoic acid. 139 It should be noted that 
under similar conditions, tetrafluoropropionate 13 did not afford the expected product of defluorina- 
tion 14. Instead, conducting the experiment in the presence of electrophile yielded a series of 
coupling products (Scheme 9).140 

n LDA 
CF3CFHCOOEt - 

13 F3C OH 

(6640%) 

1 4 F  

Scheme 9 

Portella and co-workers found that the reaction of perfluoroalkyliododes with acylsilanes in 
the presence of MeLi or EtMgBr furnishes perfluoroalkenyl ketones (Scheme 10).141.142 The reaction 
is believed to proceed via the initial conversion of RJ into the perfluoro-organometallic reagent 

\ 
R,.-CF=CF-COAr 

Scheme 10 

followed by its reaction with aroylsilane. The Brook rearrangement of the resultant intermediate is 
followed by MF elimination and formation of an enoxysilane, which is further attacked by F to give 
the observed product. Similar syntheses of perfluoroketene dithioacetals from perfluoroaldehyde 
hydrates via their thioacetal derivatives was suggested to involve the KOH induced elimination of HF 
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as the first step.'43 Reaction of aliphatic primary amines with alkyl a-H-perfluoroesters furnished p- 
iminoesters. The reaction is considered to involve the initial elimination of HF from the starting esters 
followed by the addition of amine to the resulting difluoroolefin, and formation of the product after 
elimination of a second molecule of HF.lU Similar procedure for the synthesis of p-enamino perfluo- 
roesters and a-H-perfluoro P-ketoesters has been r e~0r t ed . l~~  

a-CF, enolates undergo defluorination to give the corresponding difluoro derivatives (Eq. 
13).16 Treatment of a-methoxy trifluoroethyl sulfide with 2 eq. of BuLi affords monofluoroketene 
hemithioacetal (70% yield), which is further converted into a-fluorohexanoic acid.'47 Nakai and co- 

workers found that metal F-propenolates can be easily obtained from 1,1,1,3,3,3-hexafluoro-2- 
propanol by treatment with 2 equiv. of BuLi (NaH/BuLi or KH/BuLi for Na and K enolates). The 
resulting fluorinated species are useful building blocks for the synthesis of fluorinated rnaterial~. '~~ 
The instability of the N-perfluoroalkylamines is attributed to the proximity of hydrogen to fluorine, 
which facilitates the loss of HF and the formation of the corresponding F-nitrilimines (Eq. 14)'49. a- 
Chloro-a'-trifluoromethyl ketones react with formamidine to yield 5-substituted 4-fluoro-6- 
chloromethyl pyrimidines (23-35% yield).I5O 

25" 
(14) CF3CFzNHz t CFsCF=NH + HF 

IV. REACTIONS OF AROMATIC TRWLUOROMETHYL COMPOUNDS 

A review of the literature on the chemistry of the aromatic trifluoroalkyl group prior to 1992 
was published re~ently.'~' Repetition of the material presented there will be avoided whenever possible. 

Jones15' and BelcheP3 discovered that the trifluoromethyl group conjugated with an orrho- 
or para-hydroxyl or amino function can be converted into COOH under conditions of basic hydroly- 
sis. It was also found that the corresponding rnefu isomer was resistant to hydrolysis. The generally 
accepted mechanism for these transformations involves the initial deprotonation of the ionizable 
group with base followed by the elimination of the F anion, and formation of the highly reactive key 
intermediate 15. Subsequent attack on the CF, residue with the second equivalent of basehucleophile 
leads to the rearomatization of the intermediate 15, and the formation of the anion which is capable of 
elimination of the second, and ultimately the third F anion to afford the observed product (Scheme 
1 l).154 The similar reactivity of the ortho-isomer, and resistance of the rnetu-isomer to basic hydroly- 
sis can be explained in terms of this mechanism. A similar mechanism was suggested for the reaction 
of 4-(trifluoromethy1)aniline with sodium amide which affords a carbonitrile. Kobayashi and 
Kumadaki described transformations of a trifluoromethyl group into carboxylic acid and carbonitrile 
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Scheme 11 

functions in a series of trifluoromethyl substituted heteroaromatic compounds. Additional examples of 
the facile hydrolysis of the trifluoromethyl group are believed to involve formation of transient inter- 
mediate products structurally related to 15.'54 The trifluoromethyl substituent was found to be a more 
versatile synthon for various functional groups than the trichloromethyl group. Synthetically useful 
are efficient transformations of 2-(trifluoromethyl)imidazoles, 4(5)-(trifluoromethyl)-imidazoles, and 
5-amino-4-(trifluoromethyl)thiazoles into the corresponding carboxylate, carbonitrile and/or amidine 
derivatives. Anionically activated dehydrofluorination of a trifluoromethyl substituent at a pyridine 
ring was recently presented.lS4 

para-Trifluoromethyl substituted anilines and quinoline analogs react with dianions derived 
from 2-mercapto- and 2-hydroxyaniline to afford 2-substituted benzothiazole and benzoxazole respec- 
t i ~ e 1 y . l ~ ~  The reaction is belibved to proceed via the formation of the key intermediate 15 (Scheme 12). 

/ 
HN 

&:F x- 

I x Q 

Scheme 12 

Subsequent attack on 15 by dianions followed by a series of F elimination steps yields the 
observed products 17. In a similar manner, reaction of trifluoromethyl-substituted anilines 19 with 
dianions derived from oximes of 3-pentanone, and cyclohexanone furnishes the corresponding isoxa- 
zoles 18 in 22-48% yield. Reaction of 19 with a monoanion derived from benzamidine affords 
tnazines 20 (20-45% yield, Scheme 13).156 Treatment of 2- and 4-(trifluoromethy1)anilines with 
lithium 2-aminoethylamide and lithium 3-aminopropylamide yields 2-(aminophenyl)-4,5-dihydro- 1H- 
imidazole or 2-(aminophenyl)-1,4,5,6-tetrahydr0-pyrimidines.'~~ 
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NH2 
R 

A 'HN NH 

(20-45%) 

Q 

18 19 20 

Scheme 13 
The CF, group represents a C1 building block in the synthesis of 2-(substituted 1- 

alkeny1)anilines from 2-(trifluoromethyl)a&ine and alkyl Grignard reagentslS8 (Scheme 14). The reac- 
tion provides a facile entry to sterically congested olefins (49-75% yields). Numerous reports are 

Scheme 14 

available on the application of the CF, group for the synthesis of substituted quinolines and naph- 
thalenes. Cyclization of l-(2-substituted-l-propenyl)-2-(trifluoromethyl)-benzenes with lithium 4- 
methylpiperazide furnishes various 3-substituted l-(dialkylamin~)-naphthalenes.'~~ In a related proce- 
dure the reaction of 2-(trifluoromethy1)benzyl chloride with various aryllithium reagents afforded 
6fluorobenzo[b] naphtho [2,3-d]heterocycles (a representative example of the reaction with 2- 
benzo[b]thienyl-lithium anion is given in Scheme 15).160 It was suggested that the reaction involves 
the intermediate 21. The lithium aromatics undergo addition to 21 to give an intermediate anion 22, 
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which after elimination of F, and HCl affords the observed product. (2-Trifluoromethy1)phenylace- 
tonitrile undergoes a facile self-condensation under treatment with various bases to give the naphtha- 
lene 23 (55-78'37 yield, Scheme 16). 

I B: 23 
4 

24 

Scheme 16 

Further reaction of this product with lithium dialkylamides leads to the product of cyclization 24 
(43-55%). Amide-anions generated from primary amines are not efficient for this cyclization.16' A 
mechanism, involving the initial formation of the intermediate 25, was offered to account for the 
observed transformations. 

A versatile synthesis of substituted quinolines from 2-(trifluoromethyl) aniline is another 
example of the application of the CF, group in organic synthesis. The cyclization of aralkylketimines 
of the general formula 26 derived from 2-(trifluorornethyl) aniline, and the corresponding ketone 
mediated by amide anions or t-BuOK results in 2-arylquinolines 28 (Scheme 17). Different 

26 R2 27 R 2  1 28 

R1 = H, Alk; R2 = Ar, Hetar, Alkenyl 
NU = NHR, NRR' 

Scheme 17 

substituents were introduced into the 4 position of the quinoline ring by changing the base for the 
cyclization.162 The reaction is believed to proceed via the intermediate formation of 27, followed by a 
series of F elimination steps induced by the addition of a nucleophile to 27. This approach was also 
useful for the synthesis of dihydr~acridines,'~~ and quinazolines.lM Reaction of 1-( 1-propeny1)-2- 
trifluoromethy1)beene derivatives with lithium dialkylamides provides a new synthetic route to 3- 
substituted 1-(dialky1amino)naphthalenes (Scheme 18). 
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Scheme 18 

It was shown recently that the CF, group is a versatile source for the C-F moiety in the 
synthesis of 4-fluoroquinolines. 165 Reaction of 2-(trifluoromethy1)aniline with lithium enolates 
derived from methyl ketones led to 2-substituted 4-fluoroquinolines 29 (Scheme 19). More sterically 
hindered lithium enolates afforded (Z)-N-[2-( 1-fluoroalkenyl)phenyl] carboxamides 30. Enolates 

39 
R = Me, r-Bu, Adamantyl, Ferrocenyl, 2-Naphthyl 

Scheme 19 

30 

derived from 2-butanone afforded three products 33,35, and 37 corresponding to the reaction of 2- 

(trifluoromethy1)aniline with two enolate anions. Remarkably, enolate 31 afforded only fluorinated 
quinoline, whereas enolate 34 furnished a mixture of the fluorinated quinoline, and 2-( l-fluo- 
roalkeny1)phenylcarboxarnide. The reaction was also expanded to the synthesis of fluorinated phenan- 
throline. The reaction is believed to involve the initial formation of the intermediate 15, followed by 
the nucleophilic attack of enolate on the CF, moiety (Scheme 20). The resultant tetrahydroquinohes 
32 and 36 either aromatize to give 4-fluoroquinolines or undergo ring-opening reaction to afford the 
olefin. It was suggested that the steric strain in 36 may be a reason for the existence of this alternative 
pathway for the reaction. This procedure was further applied to the synthesis of 2-amino-4-fluoro- 
quinolines (41-53% yield).lm 

A novel synthesis of 3-aryl-4-aminocinnolines 40, (52-75% yield) based on the base- 
induced cyclization of the corresponding hydrazones 39, has been reported. The starting hydrazones 
were conveniently prepared from trifluoromethyl aryl ketones 38 and various arylhydrazones (Scheme 
21).’@ Interestingly, the attempts to prepare fluorinated quinoxalines 42 from 43 using similar reac- 
tion conditions were unsuccessful. Treatment of 43 with various bases afforded 44 as a single product 
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1 A t  
31 

F 

Ratio 33:35:37 = 2:l:l a"'-[ NH2 $j Me 

Scheme 20 

(4573% yield, Scheme 22). We believe that the ionization of the amino group with base followed by 
the nucleophilic attack of electron-deficient carbon atom with NH-, and elimination of CF, is a possi- 
ble mechanism for this tran~formation.'~~ 

Ar 1. K+-N(SiMe& 
Ar'fCF3 QNHNHz O r N  F3cv 2.H30' 

0 63-75% 
38 

Scheme 21 

V. CONCLUSION AND PERSPECTIVES 

Trifluoromethyl group is a useful buiding block in organic chemistry. The presence of a 
negative charge in the position a to the CF, group results in the elimination of F, and the formation of 
intermediate terminal difluoroolefins. Numerous treatises report the application of this approach for 
the synthesis of fluorinated materials. Of a special interest is the preparation of heterocycles from 
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Scheme 22 

trifluoromethylated aromatic compounds based on the chemistry of anionically activated CF3 group. It 
is believed that the first step in these mansformations is the elimination of HF from the starting triflue 
romethylated compound, and formation of a highly reactive intermediate (for example, 15). Series of 
naphthalenes, anthracenes, quinolines, acridines, and cinnolines were prepared using this methodol- 
ogy, and majority of these transformations are efficient one-pot procedures. Fluorine, or amino 
substituents can be introduced into the resulting aromatic compounds by careful selection of base for 
the reaction. Anionically activated CF, group also works as a CHO group equivalent when treated 
with organometallics, or dianions derived from aminophenol or aminothiophenol. 

Currently, we are trying to further expand the use of trifluoromethylated aromatic 
compounds for the synthesis of fluorinated polyaromatic hydrocarbons. Trapping of the intermediate 
15, or 15' by intra, or intermolecular cyclization reactions (Scheme 23) is another challenging area 
which is under investigation in our group. 

H 

F 
15 

Scheme 23 
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