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1. 

Trifluoromethylated compounds have found a large number of industrial uses from 

dyes and polymers, to pharmaceuticals and agmchemicals. The influence of the 

trifluoromethyl group in biologically active molecules is often associated with the increased 

lipophilicity that this substituent imparts. In addition, its electronegativity and relatively 

small size (only two and a half times the volume of a methyl group) are also contributing 

factors.1~ * The dye industry has often found that trifluoromethylation of chromophores 

results in increased light fastness as well as a shift in colour (both bathochromic and 

hypsochromic) compared to their non-fluorinated counterparts.3.4 Improved chemical and 

thermal stability, in addition to increased solubility and diverse mechanical and electrical 

properties of ttifluoromethylated polymers are quoted as the reasons for the interest in 

trifluoromethyl containing molecules as sources of new materials.5 

Although a number of reviews have recently been published regarding the 

preparation of fluorinated compounds* and trifluoromethylketones6 them appears to be 

none dealing specifically with the many methods available to trifluommethylate organic 

compounds.* This review concerns itself not only with such methods, but also the 

preparation of trifluoromethylated compounds by fluorination of suitably substituted 

methyl moieties in addition to the synthesis of the related I.l,l-trifluoroethyl, 

trifluoromethoxy and trifluoromethylthio compounds. 

2. Physical Prom&ies of the Triwhvl m 

The Van der Waals radius of 2.7 8, for a trifluoromethyl group compares to 2.0 A for 

-CH3 and 3.5 A for CCl3, whilst its Van der Waals volume (hemisphere) of 42.5 A3 

compares to that of 16.8 A3 for the methyl group. 7 The effect of replacing a methyl by a 

trifluoromethyl moiety on bond length is dependent upon the elecwnegativity of the atom 

* D.J. Burton and Z-Y. Yang have just published a Tetrahedron Report ***on 

perfluoroalkyl metal reagents which does cover some of the methods available for 

preparing uifluoromethylatecl compounds. 
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to which the Ct substituent is attached (see Table 2.1).* However, it is suggested that 

there should be little or no effect on bond lengths when a trifluoromethyl group replaces a 

methyl attached to a carbon atom. Thus replacement of a methyl by a uifluommetl~yl 

should result in minimal disruption to an enzyme-substrate complex.tp7 

Compound 
Y(CX3)n 

WCX3)3 

H-CX3 

I-cx3 

s-(cx3)2 

Se-(CX3)2 

Br - CX3 

Cl - cx3 

N-(CX3)3 

o-(cx3)2 

F-CX3 

Ekctronegativity of Y * 

2.06 

2.20 

2.21 

2.44 

2.48 

2.74 

2.83 

3.07 

3.50 

4.10 

C-Y bond length Ar=rCF3-rCH3 
X=H X=F 

1.844 1.904 +0.060 

1.099 1.102 +0.003 

2.139 2.138 -0.001 

1.805 1.819 +0.014 

1.945 1.980 +0.035 

1.939 1.923 -0.016 

1.781 1.752 -0.029 

1.458 1.426 -0.032 

1.416 1.369 -0.047 

1.385 1.319 -0.066 

Table 2.1 Effect of Substituting a Trifluotomeihyl Group for Methyl on Bond Lengths. 

1 Allred-Rochow Elecuonegativities 

Other properties of the trifluoromethyi group include an electronegativity similar to 

that of oxygen9 and a large hydrophobic parameterto (Table 2.2). The latter parameter is 

often used as a measure of lipophilicity, showing that trifluoromethylated molecules should 

be more able to traverse lipid membranes than their non-fluorinated ana1ogues.t though a 

recent paper suggests that lipophilicity is very dependant upon the position of the moiety 

within the molecule.tOb Finally, the strong C-F bond in trifluoromethylated compounds 

confers extra stability upon a molecu1e.t 

Overall the nifluoromethyl group imparts a variety of physical properties upon a 

molecule unlike any other substituent. 
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A~CUWGIOUQ Electronegativityt Hydrophobicity2 

H 2.1 0.00 

C 2.5 

CH3 2.3 0.5 1 

‘Bu 2.3 1.68 

=H3 2.7 0.12 

CF3CH2 2.9 

Cl 3.0 0.76 

0 3.5 

CF3 3.5 1.07 

ocF3 3.7 1.21 

F 4.0 1.22 

NOz 0.11 

SCF3 1.58 

SWF3 0.93 

Ph 1.89 

Table 2.2: Elecuonegativities and Hydrophobic Parameters for Various Substituents. 

1. 

2. 

Pauling Scale. 

As measured by the relative partition coefftcients of meta substituted 3-phenoxyacetic 

acids between octan-l-01 and water.‘0 

3. The Tm 

Although the uifluoromethyl group is often considered to be chemically inert, it is 

known to undergo a variety of reactions. The one most commonly encountered is 

hydrolysis, though the hydrolytic behaviour of a trifluoromethyl group is very dependent 

upon its position in a molecule. Hence, there are many examples in which the 

trifluoromethyl group withstands quite vigorous conditions, as illustrated in Figure 

3.1.11.12 
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CF&H(OH)CFBrH - t CFsCm 
95-1 oo”c 

96% 

CF&H=CHCC& 
c. H,SO, 

90°C 
* CF&H=CH~H 66% 

Figure 3.1 

However, trifluoromethylated aromatics will undergo hydrolysis, but only in acidic 

media (Figure 3.2).13 

HForHBr F 
or H2S04 

Figure 3.2 quant. 

Conversely, trifluoromethyl groups a to carboxylic acids (or their functional 

derivatives) are susceptible to hydrolysis only in basic media. The mechanism of 

hydrolysis involves the elimination of hydrogen fluoride followed by attack of water to 

yield the ditluorohydroxymethyl moiety, which undergoes further elimination of hydrogen 

fluoride and attack of water to give finally the acid (see Figure 3.3).t4 This reaction has 

proved useful for the preparation of uifluoromethyl containing building blocks from o$- 

bis(trifluoromethy1) carboxylic acid derivatives, which in turn can be prepared 

CF3CH(CH&QH _;F * CF&(CH&OzH +W 
* HOF&-CH(CH3)COfl 

Figure 3.3 

HO$CH(CH$02H 4 ;EFs OFC-CH(CHa)C02H 

electrochemically from the corresponding a&unsaturated molecule (see Section 5.4 and 

Figure 3.4).157 16 



M. A. MCCUNION and D. A. MCCLINTON 

CFs COaMe 

&COhJH, CF3W!H ‘CF.&onH* base, cFsdcoNH electrolysis 
2 

35% 

NH 

F,C 
A 

0 

Figure 3.4 39% 

2-Trifluoromethylimidazoles also undergo facile base induced hydrolysis to yield 

the carboxylic acid. Additionally, they react with ammonia in a similar fashion to give 

cyano compounds (Figure 3.5).17 

The ability of certain trifluoromethyl groups to lose fluoride ions has been exploited 

in the preparation of a-trifluoromethyi carboxylic acid esters.18 The initial attack of an 

organometallic nucleophile on methyl 2-nifluoromethylpropenoate yields a difluoroalkene, 

which can be converted back to the trifluoromethyl group by addition of 

tetrabutylammonium fluoride (Figure 3.6). 

The ability to lose fluoride ions has also been exploited in the preparation of 

quinolines by the action of a strong base on ketimines derived from 2-(trifluoromethyl)- 

aniline. The proposed mechanism involves the sequential loss of a fluoride ion and attack 

by the base to yield a molecule which can then undergo electrocyclisation to the quinoline 

(see Figure 3.7).19 
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R R R 

N, NH 

Y 
Ch CF, CFz 

N&7-#iR - - 
N, NH 

Y 
f-J\ NH 

CF2NH, 
Y 

CF,OH 

N, NH 

Y 
CF=NH 

N, NH 

Y 
CF=O 

N, NH 

Y 
N\ NH 

Y 
CN C02H 

Figure 3.5 

-3 CFz Ch 

4f OR - R2 R2Mcu 

+ 

OR i)TBAF,R2 

+ 

OR 
ii) Hfl 

0 0 0 

Figure 3.6 
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RN"- Li+ 

RHN NHR 

qgure 3.7 

The biological degradation of a trifluommethyl group has been repoti as a cause 

of enzyme inhibiti0n.m Two examples of such inhibition are illustrated in Figure 3.8 and 

involve attack by the enzyme on the trifluoromethylated molecule, resulting in the loss of 

fluoride and the formation of a covalent bond between the enzyme and the inhibitor. The 

resulting difluoromethylene moiety is then hydrolysed to a carbonyl function. 

In addition to the hydrolysis of a trifluoromethyl group, chlorination and reduction 

reactions have been repoti. Chlorination of benzotrifluorides is readily achieved using 

almninium trichloride, thus making this Lewis acid unsuitable for use as a catalyst in 

aromatic reactions (see Figure 3.9).** Th2 reduction of the trifluoromethyl group is carried 

out using Raney nickel and cobalt alloy in alkaline medium (Figure 3.10).2a 
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F& Cot; X-Enz 

Y Enzyme 

NHf -HF 

NH’ -HF 

H20 \ X-Enz ‘\f \ co2 
F c 

H 

:S-Enr --NW: 
R 

Hz0 

-2HF 

+H+ 

igure 3.8 : Degradation of Trifluoromethyl Groups by Biological Systems. 
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-3 

6 
Ccl, 

1;. Alcls -1; 0 
88% 

Figure 3.9 

Figure 3.10 

The reactivity of a tiuommethyl group adjacent to an imine has been exploited in 

the preparation of oxazoles, thiazoles and imidazoles. When bis(nifluoromethyl! 

substituted heterodienes ate reacted with tin(II) chloride, five membered rings result, as 

illustrated in Figure 3.11 .23 

Fwre 3.11 X = 0. S or NR 

_ 

Finally, trifluoromethyl ketones are known to undergo elimination of fluoroform in 

alkaline conditions to yield the carboxylic acid (Figure 3.12).12 25 

10% KOH 
PhCOCF3- PhC02H + HCF3 

Fiiure 3.12 

The incorporation of a trifluoromethyl group naturally effects the chemistq’ of 

neighbouring functional groups. Simple illusnations of this include the increased acidity 

of uifluoroethanol over ethanol (pka’s of 12.4 and 16 respectively),7 the increased 
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~le~trophilicity of aiflucnOme?hyl CZbOllyl fMCtiOllS SS Compared t0 their hydrocarbon 

analogues,~ and the dccrtascd basicity of trifluoromethyl substituted amines.~ 

The presence of fluorine in a molecule increases its oxidative and thermal stability 

as a result of the strong C-F bond. This can be illusaated in the oxidation of 

tiuorometbylnaphtbalenes, where the only product observed results from the oxidation 

of the ring not containing tbe aifluommetbyl moiety (Figure 3.13).n, 

C02H 
PI 

C02H 

Figure 3.13 

4. 

In 1898 F. Swarts prepared the first trifluoromethyl containing molecule, 

benzotrifluoride.28 Over the next 60 years few variations or new methods were reported, 

with the real explosion occurring in the last 30 years. 

The methods which have been developed for the preparation of 

trifluoromethylaromatics and aifluoromethylated heteroaromatics can be divided into four 

main categories: the conversion of a substituted methyl group to a trifluoromethyl group. 

the use of nifluoromethylcopper, the use of trifluoromethyl radicals and finally methods 

which do not fit into the above categories. 

4.1 Conversion of -CXj to -CFl 

At the end of the last century, F. Swarts discovered that the mildest fluorinating 

reagent he had developed, antimony tritluoride. could be used to convett benzotrichloride 

into benzotrifluoride ‘(Figure 4. l).12,2y 
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58-669/o 
FiQUn, 4.1 

Later it was found that hydrogen fluoride could also fluorinate benzotrichloride to 

yield the trifluoride.~ These methods am still used today, one example beiig the industrial 

preparation of 3-aminobenzotrifluoride from toluene (Figure 4.2).m 

The use of hydrogen fluoride or antimony trifluoride has a number of 

disadvantages relating to the harsh conditions they impose and their toxicity. These facts 

have lead to the development of milder alternative reagents such as aluminium 

trichloride/fluorotrichloromethane~t and silver tetrafluoroborate.22 The yields when silver 

tetrafluoroborate is used are moderate, but certain benzotrichlorides have been found to be 

quantitatively converted to their trifluoride derivative when aluminium trichloride and 

fluoronichloromethane are used. The conditions for this latter fluorinating system are 

relatively mild (room temperature in a pressure vessel), but so far only 

polychlorobenzotrichlorides have been reported to react. However, if a polychlombenzene 

(other than hexachlorobenzene) is exposed to the ahnninium uichloride- 
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fluomtrichlommethane system, then a polychlotobenzotrifluoride is produced (Figure 4.3). 

The incorporation of a uifluommethyl group using variations on the antimony 

trifluoride or hydrogen fluoride systems has also been claimed in a number of patents 

(Figure 4.4).3t In general, a tetrahalomethane is reacted with an aromatic substrate in the 

presence of the fluorinating reagent and a catalyst to yield mixtures of benzouifluorides. 

In addition to benzotrichlorides, aromatic orthothioesters, prepared from their 

corresponding acid&t, have been used as precursors to benxotrifluorides. The conversion 

is carried out in two steps by the sequential addition of N_bromosuccinimide (or 

equivalent) followed by hydrogen fluoride in pyridine (Figure 4.5). The reaction is carried 

out at low temperature and the yields vary from moderate to good (34-678) depending 

upon substrate. 

Cl a HF, CC& 

1 ; BF3 * 

Cl Cl 

Cl 

1 Figure 4.4 

OzN C(SMe,), IIBHthen * HF-pyriiine. 
02N CF, 

-2O'C- RT 

DBH = 1,3-dibromod,Mimethylhydantoin 

Figure 4.5 

A limited number of aromatic dithiocarboxylic acids have also been employed in the 

preparation of benzouifluorides.33 The dithiocarboxylic acid can be prepared by the 

reaction of an aromatic Grignard reagent with carbon disulphide3, and reacts with xenon 
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difluoride to give the desired product in 40 to 77% yield (Figure 4.6). However, the cost 

of xenon difluoride makes the reaction less attractive. 

CFa 

XeF2 
- 

4 
I’ 
10 

X 
X - H, Me, OMe, CF3 

Figure 4.6 
40 -77% 

.I 

Finally, sulphur tetrafluoride can be used to convert benzoic acids containing a 

wide range of substituents to benzotrifluorides (Figure 4.7). It has been shown that 

electron withdrawing groups on the aromatic ring reduce the yield of benzouifluoride when 

sulphur tetiuoride is used alone. However, the addition of excess hydrogen fluoride to 

SF‘,, HF 

80 - 1 40°C 

autoclave 

X=OMe, CH3, H, Cl, NO2 

Figure 4.7 

55-92% 

the reaction mixture not only improves the yields, but also allows milder reaction 

conditions to be employed. Further, methyl esters of aromatic carboxylic acids have been 

shown to produce benzotrifluorides in good yield when the sulphur tetrafluoride and 

hydrogen fluoride system is employed. The toxicity of the reagents coupled with the 

relatively high cost of the sulphur tetrafluoride and the use of pressure vessels do make this 

route less attractive. 

Diethylaminosulphur trifluoride (DAST), a more easily handled derivative of 

sulphur tetrafluoride, has only been reported to convert benzoic acid into benzotrifluoride 

in the presence of sodium fluoride (Figure 4.8). The reactions of both sulphur tetrafluoride 

and DAST have been extensively covered in two reviews by Wang and Hudlicky.35 
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CW 

6 DAST, NaF 1; - 
50% 

Figure 4.8 

4.2 c 

Perfluoroalkyl iodides were lirst reported to couple with aromatic iodides in the 

presence of copper to yield pertluoroalkylaromatics in 1968.36 Shortly thereafter, two 

papers were published in which iodoaromatics were trifluoromethylated using 

iodotrifluoromethane and copper metal. 37 The reactive species in these systems was 

thought to be ‘CuCF3’, but it was not until 1986 that any spectroscopic evidence for this 

intermediate was given.38 It was shown by 1cF N.M.R. that trifluoromethylcopper, in this 

case generated by the metathesis of ttifluoromethyl cadmium with copper (I) salts (Pigure 

4.9) contains three distinct, but not fully identified forms (hereafter denoted A, B and C). 

cd(CF3)X + Cu(I)Y - CuDF3+CdXY 
X=hab,CF3; Y=hab 

F~utu 4.9 

The initial product of the metathetical reaction is species A and is the most reactive 

with respect to the ttifluoromethylation of iodoaromatics. When no substrate is present, 

species A is converted to B and C, where C is the least reactive species. Over time, all 

three species are converted to perfluoroethylcopper. More recent work has shown that two 

of these species are CP3CuL (L = metal halide) and CdI+[(CP3)2Cu-)].3*b The latter 

compound is easily oxidised by oxygen to form CdI+[(CP3)4Cu]-, a Cull1 species. If, 

instead of oxygen, thiuramdisulphide is used as the oxidant, a stable copper (III) complex 

is formed (Figure 4. lo), whose structure has been determined by X-ray analysis. This 

complex begins to decompose at temperatures over 100 Oc, yet it is at this temperature that 
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nifluoromethylation occurs. Mote details regarding the exact nature of the 

uifluoromethylcopper species have yet to be determined. 

1 Figure 4.10 
J 

In as much that the term ‘trifluoromethylcopper’ obviously refers to more than one 

species, it will be used to denote all such species in this Report. 

4.2.1 &Rag&m of Ttj&tQmmethvlco~ 

There arc a large number of ways in which trifluotomethylcopper can be prepared. 

Several of these methods involve preforming trifluoromethylcopper solutions while others 

allow the species to form ‘in situ’. Certain advantages have been found in preforming 

trifluoromethylcopper from iodotrifluoromethane and copper metal and removing the 

excess copper metaL3g These include the ability to monitor the reaction with time 

(reactions using iodotrifluoromethane at high temperatures are normally carried out in an 

autoclave), the use of much milder reaction conditions (e.g. lower temperatures) and the 

reduction in side products generated due to the reaction of copper metal with the aromatic 

substrate. 

Trifluoromethylcopper solutions may also be prepared by the reaction of copper 

metal with bis(trifluoromethyl) mercutiO ( which is prepared by the thermal 

decomposition of mercury trifluoroacetate4’), though the toxicity of the mercury reagent 

makes this system less attractive. 

More recently, Jj-trifluoromethyl-N-nitrosotrifluoromethane sulphonamide (TNS- 

Tf) has been reacted with copper metal in acetoniuile to yield a brown solution of 

trifluoromethylcopper (Figure 4. I I ). TNS-Tf is synthesized from trifluoronitrosomethane. 

hydroxylamine and tritluoromethanesulphonyl chloride.-‘2 
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I CF3N(NO)S02CF3 + Cu 
CH3CN 

_ CuCF3 
I 

QJlJfe 4.11 I 

An electrochemical method of preparing triflwtomethylcopper solutions utilises the 

cheap and readily available bromouifluoromethane.~ The reactions is caked out by 

elecnolysing a solution of a supporting electrolyte and a complexing agent in 

dimethylformamide using a copper anode, while gaseous bromoaifluoromethane is 

bubbled through the cell. The presence of the complexing agent prevents precipitation of 

copper bromide and it takes about six hours to reduce 30 mmols of bromotrifluoromethane. 

Finally, as described previously , copper (I) salts undergo methathetical nactions 

with both trifluommethyl cadmiums (Cd(CF3)z or Cd(CF3K Id = halide) and 

aifluoromethyl zincs (Zn(CF3)2 or Zn(CF3)X)to yield solutions of 

trifluommethylcopper.3s 

The remaining reports concerning the trifluommethylation by trifluoromethykoppcr 

are ‘one pot’ systems in which ‘CuCF3’ is presumed to be the trifluoromethylating agent. 

Both iodotrifluoromethane and bromotrifhtoromethane have been exploited as 

trifluoromethyl sources in these systems. Although bromotrifluoromethane is less 

expensive than iodotrifluoromethane, the reported yields are lower. Trifluommethyl- 

sulphonyl chloride also reacts with copper metal in the presence of an iodoaromatic to yield 

trifluommethylated products, but as yet little information is available.66 

Metal nifluoroacetates have been used to trifluoromethylate ammatics, although 

only when copper iodide is present43~ There is evidence to suggest that the reaction 

mechanism involves the ‘in situ’ formation of [CuCF3fl- via the decarboxylation of the 

nifluoroacetate.43 

More recently, trifluoromethyhriethylsilane has been used in the trifluoro- 

methylation of aromatic iodides. The reaction takes place in the presence of an equivalent 

of a copper (I) salt and a fluoride ion source.47 

A number of reports have described the use of compounds containing a 

difluoromethylene moiety as precursors to nifluoromethylcopper. The tirst of these 
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employs dihmxhbmerhanes, which react with copper metal in the pmsence of a 

dialkyhunide solvent to ultimately yield ‘CuCF j.4* The mechanism for this 

uansformation is laid out in Figure 4. 1249 and involves the formation of a 

difluomwrbenoid species. This species reacts with both the solvent, to yield 

difluoromethyldimethylamine (Q;$lN(CH3)2, a FAR - like reaget&, and the fluoride 

ion generated by the difluoromethyldimethylamine. If the ‘CuCF3’ reagent generated in 

this way does not immediately react with a substrate, further reaction will occur with the 

difluorocarbenoid species to yield perfhtoroethyl copper and from this, higher 

petfluotoalkyl species. 

Cu + CFaX, - Vu+ W2X2)-1 Cu * Cu+(CF,X)- + Cu: 

CFaX- - (EF2] + X- 

[:CFd + (CH&NCHO _t (CH&NCH=O+-CF2- - 

[ (CHs)2NCH-O+-CF - (CH&N+-CHO-CF ] + F 

(CH&N+=CHO-CF + F- - (CH3)aNCFH-OCF 

(CHs)aNCFH-OCF G (CH&NCFH-O+=C % (CH3)2N+-CFH +F-, 

(CHs)aNCF2H G= WWJ+CFW- 

[(CH3),N+CFyF- + (:CF2] e [CFd- 

[CF3]- + CuX d CF3Cu + X- 

CF3Cu + n(:CF2] - CFs(CFMu 

Figure 4.12: Mechanism for the formation of trfffuorwnethyfcopper from copper and 

difluorodihalomethane. 

X = halogen and [:CF2] denotes a carbenoid species 

Sulphonyl fluorides containing a difluoromethyiene moiety have also been used in 

the preparation of trifluorometbylcopper. Methyl fluorosulphonyldifluoroacetate 

(MeO$TZF$XJ$r) reacts with copper iodide to yield initially difluorocarkne and fluoride 
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ion, which go on to form trifluoromethylcopp~~ Similarly fluorosulphonyl- 

difluotomethyl iodide yields difluorocarbene and fluoride ions upon reaction with copper 

metal, which go on to form trifluoromethylcopper (Figure 4.13).52 

a) F02SCF2C02Me _‘$: P [F02SCF2C02Cu] 
-co*, -so2 

_ cu + *:CF2 + F‘ 

C”+ 
:CF2 + F- - CFB- - CuCF3 

b) F02SCF2 I + [FO2SCF2Ij’- - F02SCF2’ + I- 

I 

CU. 
SET 

CuCF3 W) -so* 
d- F-+ :CF, - [F02SCF2]- 

1 Figure 4.13: Reactions of sulphonyl fluoride in the preparation of trifluoromethylcoppe 

The most recently reported method of generating trifluoromethylcopper from a 

difluoromethylene precursor utilises the readily available methyl chlomdifluoroacetate.~~ 

The reaction is thought to proceed in a similar fashion to methyl fluorosulphonyl- 

ditluoroacetate. The initial step involves the elimination of methyl iodide and the formation 

of chlorodifluomcopper acetate upon reaction of the acetate with copper iodide. The 

copper chlorodifluoroacetate then decomposes yielding copper chloride, carbon dioxide 

and difluorocarbene. This latter species is sequentially trapped by fluoride ion (potassium 

fluoride is added to the reaction mixNre) and copper (I) to utimately yield 

trifluoromethylcopper. 

A summary of the methods in which trifluoromethylcopper can be generated 

is given in Figure 4.14. 

4.2.2 Reactions of Trifluoromethvlco~ 

The first reaction of trifluoromethylcopper to be considered is its decomposition. 

Solutions of nifluoromethylcopper are sensitive to air and must be handled under inert 

atmospheres.39 It is also known that trifluoromethylcopper slowly converts to 

pentafluoroethylcopper.3g Tbe result of this decomposition has been noted in a number of 
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Cu+ ICF3 

Cu + CF2Br2 
.-w CuCFs 

Cu(l) + MeQCCF2SQF Cu + CFsN(NO)SO&Fs 

CFsSO$I CICF2CO2Me Cu(l) + CFsW 
+ KF+CuI 

Figure 4.14: Methods of preparing trffluoromethylcopper 

trifluommethylation reactions where, in addition to trifluoromethyl products, 

pentaUuomethy1 aromatics are observed (Figure 4.15). This is always the situation when 

the substrate does not readily react well with trifluoromethylcopper (eg. unactivated bmmo 

and chloro aromatics).53 

fiO* fi0, fiO2 

22% 2% 

Fiaure 4.15 

Since the mechanism of formation of pentafluoroethylcopper from 

trifluommethylcopper is thought to involve difluomcarbenoid species, it is of little surprise 

that perfluoroalkyl copper species are readily formed in the copper/difluorodihalomethane/ 

amide systemP9 Only very reactive substrates remove the trifluommethylcopper fast 

enough to prevent the formation of perfluomalkyl coppers. The chain extension reaction 



Trifluoromethylations and related reactions 6575 

can be suppressed by the addition of fluoride ions, resulting, however, in lower yields of 

uifluoromethylated products.48 

Given this inhibition of the chain extension process by fluoride ions. it is 

interesting to note that perfluoroethyl side products are observed in the fluoride ion 

catalysed trifluoromethylation of iodoaromatics using trifluoromethylttiethylsilane and 

copper iodide47 This suggests that free trifluoromethyl anions are present, since these are 

known to be very unstable, decomposing to difluorocarbene and fluoride ions even at very 

low temperatures.~7 

Further, it is worth mentioning that no perfluoroalkyl side products are found when 

the methyl fluorosulphonyldifluoroacetate/copper iodide and fluorosulphonyl- 

difluoromethyl iodide/copper trifluoromethylating systems are employed, even though the 

trifluoromethylcopper is generrlted from difluorocarbene. 

When considering the reactions of trifluoromethylcopper with haloaromatics, it is 

best to deal with iodo-, bromo- and chloro- substrates separately. However, the 

mechanism in operation for all of these substrates is thought to be the same; copper assisted 

nucleophilic substitution, as illustrated in Figure 4.16. Since iodoaromatics have been the 

most widely employed, these will be considered first and will be used to compare the 

various trifluoromethylating systems. 

The nucleophilic nature of the reaction is confirmed by the p value of +0.46 

obtained from a crude Hammett plot of the :eaction of para-substituted iodoaromatics with 

the sodium trifluoroacetate/copper iodide tritluoromethylation system.?3 Therefore, the 
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presence of an electron withdrawing substituent is expected to enhance the reaction, whilst 

electron donating substituents will inhibit it. 

A wide range of substituents can be present in the aromatic ring during the 

nifhrormethylation reaction, with the only obvious exceptions being the strongly electron 

donating substituents -OH and -NH2 (the protic nature of the former substituent may also 

account for the lack of reaction of substrates containing it). 

A comparison of the relative abilities of the different system to difluotomethylate 

iodobenzene, p-iodonitrobenzene and p-chloroiodobenzene is given in Table 4.1. The 

lowest yields reported employed bromotrifluoromethane as the source of the 

trifluoromethyl group.55 However, a recent patent claimed high yields for the preparation 

of ttifluoromethyluridines using bromotrifluoromethane and copper (Figure 4.17).58 

Ph,CO 

bBn 

?aure 4.17 

hen 76% 

The other trifluoromethylating systems are relatively similar in their ability to 

convert iodobenzenes to benzotrifluorides. Each system has advantages and disadvantages 

(eg cost, toxicity of reagents, availability of reagents, reaction conditions) and the choice 

of one over another will depend on the individual case being examined. 

It is also clear from Table 4.1 that the solvents employed are invariably dipolar and 

aprotic, though it has been shown thnt in the case of the difluorodihalomethane/copper/ 

N,N-dialkylamide system only ;t stoichiometric quantity of dialkylamide is required and 

that the reaction can be run in chlorobenzene .59 It is difficult to judge which solvent, if 
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Cu I ICF3 

CuCF3, WAC 
> 

CuICF31.DMF 

63% 

74% 

46% 

17% 

60% 

54% 

AC0 AcO 

NH, 
I 

NH, 
1 

AcO AcO 

AcO OAc 
46% 

AcO OAc 

Figure 4.18 
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any, is best since solvents are often quoted as interchangeable and in most cases only one 

or two solvents have been investigated. However, for certain systems it is possible to be 

more exact. The iodotrifluoromethane/copper system appears to give better yields in the 

order pyridine > hexamethylphosphoramide (HMF’A) >> &JSdimethylformamide (Dh4.F) 

> acetonitrile.~ Indeed, chlorobenzene itself is quoted as reacting with iodotrhluoro 

methane/copper in pyridine, albeit in low yield, whereas in other solvent systems it is 

found to be inert In the case of the sodium tritluoroacatatekopper iodide system, u- 

methyl-2-pyrrolidinone (NIW), hexamethylphosphoramide and &&Iimethylformamide 

Ratio 1 2 : 1 

+ NaQC~~Cu~ _ + &Br ;;; 

3 CF, 

X CF, 

0 -0 

\ TNS-Tf, Cu 
X=Br 5% 

0 CH&N. NMP c X=l 71% 

OMe OMe 

WXC_ mCF3 ;:I”’ tn_%& 

Figure 4.19 

6579 



6580 M. A. MCCLJNTON and D. A. MCCLINTON 

have all been used to good effectPf* 44. 46 though it is reported that with sulpholane and 

diphenylsuiphone no ttifluoromethylation was observed.43 

In addition to iodobenzenes, a wide range of other iodoaromatics and 

hereroaromatics have undergone successful trifluoromethylation reactions. Examples 

include iodonaphthaIenesP7~ 60~ 221~ 22 iodopyridines$o~ 43 iodoquinolines,H 

iodonucleosides58~ 61.38~ and iodothiophenes 62.43 (Figure 4.18). It is worth noting that 

the free -NH2 group in the puke example does not inhibit the reaction,61 as is the case for 

iodoanilines and aminoiodopyridines.43 

When bromoaromatics or bromoheteraromatics are used instead of their iodo- 

analogues lower yield are recorded.427 4% 46,V 5% 54. 60aV 2% 222 In addition, reactions 

are sometimes complicated by the formation of perfluoroethyl and dehalogenated 

aromatics53 (Figure 4.19). Nevertheless, the fact that a number of patents have claimed the 

preparation of trifluoromethylated compounds from bromoaromatics shows that these 

compounds can be exploited successfully45- 63 (Figure 4.20). 

Figure 4.20 

Further, trifluoromethyl nucleosides have been prepared from the corresponding 

bromonucleosides in reasonable yield (Figure 4.21).61.64 

The least investigated of the halo- substrates are chloroaromatics. The few early 

reports quoted low yields and perfluorocthyl side products when any reaction was 

observed (Figure 4.22).53.54 However, it has been shown recently that certain 

chloroaromatics react specifically and give reasonable yields of uifluoromethylated 

products.59.65 In order for the chloroaromatics to react specifically it should possess a 
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AcO OAc AcO OAc 

IFigure 4.21 

42% 

&g+$ + 6 
I 

NO2 NO2 do2 

Figure 4.22 22% 2% 

suitable ortho group (NOa, CHO, COTMe, COR) and be elecaon deficient. The ortho- 

group is essential for smooth replacement of the chlorine (Figure 4.23) and the reaction is 

thought to proceed via the transition state shown in Figure 4.24. 

1 Figure 4.23 

Fimre 4 24 
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If the chlorine is not sufficiently activated by electron withdrawing groups, then 

side products are observed (Figure 4.25). The perfluroalkyl side products result from the 

reaction of tritluommethylcopper with ditluorocarbcne generated by the reaction of copper 

with dibmmodifhtoromethane (see Section 2.1). When the substrate is sufficiently 

reactive, it removes all the trifluoromethylcopper before it can undergo chain elongation 

reactions. 

The use of a trifluoromethylating system which does not involve ‘difluorocarbene’ 

in the formation of trifluommethylcoppcr would be expected to reduce the problem of 

perfluoroalkylation. This is observed when either trifluoromethanesulphonyl chloride/ 

copper and the bromotrifluoromethane/copper anode systems are employed.@j- 32’2 

XzH 7% 1.3% 

X=NOs 100% 

Fimwn 

Chlomheteroaromatics have also been found to trifluoromethylate in reasonable 

yield (Figure 4.26).43+ 54~ 65 

W 
CFsCQNa - 27% 

GUI 
Cl CF, 

Figure 4.26 
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As with chloroaromatics, when the dibromodifluoro-methanekopper system was 

employed perfluoroalkylated products were observed unless the chlorine atom was fur&r 

activated by an appropriate ortho electron withdrawing group.593 65 (Figure 4.27). 

Cu I CF2Br2 

- 

Figure 4.27 

X=H 13% 23% 
X = 5NO2 40% 18% 
X = 3-NO2 93% 0% 

Trifluoromethyl nucleosides have also been prepared using their chloro adduct&* 

(Figure 4.28). 

ICF3 I Cu 
w 

AcO 

AcO OAc 

29% 

Not all haloaromatic substrates yield the ipso substituted product in reactions with 

uifluoromethylcopper and there is even an example where trifluoromethylcopper reacts 

with a non-halogenated compound (pyridine). 53 These reactions are illustrated in Figure 

4.29. 

Finally, in a report concerning the use of the dihalodifluoromethane/copper showed 

that the addition of certain high surface area solids (eg charcoal) increased the rate of the 

trifluoromethylation reaction Figure 4.30. However, when charcoal was added to the 

reaction of substrates which had previously been shown to give peffluoroalkylated 
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9% 27% 45% 

+dIDGF5 

9% 9% 

1 Figure 4.29 

products, the quantity of these products increased substantially. The increase in the rate of 

reaction is thought to be a result of reducing the “dimensionality” of the system thereby 

making it more likely for reactive species to come into contact.65h 

$fNo2 + 
2 

Figure 4.30 

4.2.3 Cther Reactiom 

Two reports exist where trifluoromethylation apparently goes via a uifluoromethyl 

anion type species, but does not involve copper (I). Both potassium67 and silveP8 

trifluoroacetate have been used in this respect. In the example of potassium 

trifluoroacetate, 1,3,Qrinitrobenzene was uifluoromethylated to produce initially a stable 
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Meisenheimer inmate, which could be decomposed to the aromatic compound using 

rert-butyl hypochlorite (Figure 4.31). 

4.3 The 

4.3.1 p 

Trifluoromethyl radicals were first reported to uifluoromethylate aromatics in 

1948.69 The radical is electrophilic in nature7@=, and may be generated by photochemical. 

electrochemical, themrat or chemical reactions. 

A large number of molecules have been used as precursors to trifluoromethyl 

radicais in photochemicd reactions. The best known is probably iodotrifluoro- 

methane,7t.7*9 73, T4 though bromotrifluoromethane ,75*76 bis(trifluoromethyl)mercury,77 

diazotrifluoromethane,7u bis(trifluoromethyl)tellenium,7~~ 79 &trifluoromethyl-J$- 

nitrososulphonamides4 **go and tris(trifluoromethy1) antirnony78J9 have all been exploited. 

When iodotrifluoromethane was used, the addition of mercury was found to improve 

yields dramatically.71 The mercury effectively removes iodine radicals, thus leaving the 

uifluoromethyl ones to react with the subsnate. Similarly, &uifluoromethyl-N- 

nitrososulphonamides (CF3N(NO)S02R) require the presence of biacetyl in order for 

reaction to occur. 

In a paper which investigated the relative abilities of a number of trifluoromethyl 

radical sources including iodouifluoromethane, bis(trifluoromethyl)mercury, 
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bi&rifluoromethyl)cadmium, bis(trifluoromethyl)telhuium and nis(trifluoromethy1) 

antimony it was found that bi.r(trifluoromethyl)tellurium was the most suitable 

trifluoromethylating reagent in photochemical reactions (Figure 4.32).78 

I 

0 I \ hv. DMF 

- 
24.1% 
24.3% 
12.1% 

2.0% trace t 
WCW~.Wme _ 

Figure 4.32 

Bis(trifluoromethyl)tellurium has also been used to thermally generate 

trifluoromethyl radicals.79 as has iodotrifluoromethane,st+ 82.83 bromotrifluoromethane,~ 

hexafluoroacetone.92 &trifluoromethyl-~-nitrosotrifluoromethylsulphonamide42 and 

trifluoromethylazo-sulphonylbenzene.X6 

Electrochemical generation of trifluoromethyl radicals invariably used solutions of 

partially neutralised trifluoroacetic acid, 87, 88 or bromouifluoromethane132 whilst the 

chemical methods are more varied. Thus, trifluoromethyl radicals can be generated by the 

reaction of trifluoromethyl bromide with zinc/sulphur dioxide or sodium dithionite93, 

xenon difluoride with trifluoroacetic acid, 89 bis(trifluoroacetyl)peroxide with suitable 

substrates!=ro9t or sodium trifluoromethanesulphinate with t-butyl hydroperoxide.93h 

The mechanism for generation of trifluoromethyl radicals from bromonifluoro- 

methane is laid out in Figure 4.33 and involves electron transfer from the radical anion of 

sulphur dioxide to bromotrifluoromethane.93 

2S02 + Zne Zn2+ + 2S0 _a 2 or S2042T _F 2SOs -a 

2S02-. + CF3Br _t SO2 + CF,Bi- 

CF3Br-* - CF3’ + Br - 

Figure 4.33 
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When xenon difluoride and aifluomacetic acid are mixed, trifluommethyi radicals 

are generated by the decomposition of xenon tritluoroacera~. However, fluorination by 

xenon difluoride also may occur as was the case when anisole and toluene were used as 

substrates.89 The generation of trifluoromethyl radicals from bi.@ifluomacety@eroxide 

requires the substrate to act as an electron donor (see Figure 4.34). placing limits on the 

(CF302 + :DH - (CF3COd2 ‘- + :DH’ + 

-CF3’ + DH’+ + CF&&- + CX& 

CF3’ + HD” - (CF3DH)’ - CFaD + H+ 

Figure 4.34 D = electron donor 

+ (CWO2)2 - CF3COp’ 

I 
OCOCF, 

Figure 4.35 

ICF3 

CF N(NO)S02Ph 3 CF N NCF 3’ 3 

CFaS02Na CF3COCF3 

Figure 4.36: The methods available to prepare trifluoromethyl radicals 
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type of molecule which may be trifluoromethylated.~~ 91 So, for example, pyridine 

cannot be trifluommethylated since it reacts with bis(trifluoroacety1) peroxide as a 

nucleophile rather than an electron donor (see Figure 4.35). However electron rich 

benzenes, furans, thiophenes, pyrroles, indoles and non nucleophile pyridines (such as 

2,6-bis(t-butyl)-pyridine) will react to form the desired products. 

The methods of generating eifluoromethyl radicals are summarised in Figure 4.36. 

4.3.2 Reaction of Trifluoromethvl Radicals with Aromatic% 

The electrophilic trifluoromethyl radicals react with electron rich aromatics 

including benzene,733 78.81 naphthalene,75,76 haloaromatics, 7*,82,91+ 92 xylenes.91 

toluenes,91 anilines,93* 96 acetanilides42, phenol& 93 and anisoles42*80,9*, 93b (see 

Figure 4.37). The different methods of generating trifluoromethyl radicals are compared in 

Table 4.2. The Table is incomplete since no one substrate has been employed in every 

system. However, by far the best yields recorded for the trifluoromethylation of benzene 

used iodotrifluoromethane and merctuy.7* 

As is exeniplified by the reaction of naphthalene, trifluoromethyl radicals are not 

highly specific. However they do show a marked preference for sites of high electron 

density in the HOMO.75 supporting the mechanism laid out in Figure 4.38. 

Heteroaromatics react with various degrees of regioselectivity. Pyrroles and J$- 

alkylpyrroles,73* 74,90 2-substituted imidazoles,72 thiophene,gl furan,g* uracil,77,80.88 

uridine42 and 2’-deoxyuridineXg all react to give just one product. Various 

trifluoromethylating systems are compared with these substrates in Figure 4.39. It is 

worth noring that in the reactions of hi.s(trifluoroacetyl) peroxide, N-methylpyrrole does 

not react, whilst pyrrole itself gives moderately good yields of the trifluoromethylated 

product. This compares to the iodotrifluoromethane/hv system which led to similar 

quantities of both uifluoromethylpyrrole and iJ-methyluifluoromethylpyrrole. It is 
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ref. 99 

CO,Me co&Ie 

Br Br 

ICF3, A 

- I )cF3 tjd:Z:p-48:3022) ref. 92 
c 

Cl Cl 

Me 

Te(CI% hv 

Me 

TE:p - 1:0.9:1.3) ref. 79 

CF@. Zn, SO* 

CF3N(NWWF, 

OH 

CF3S02Na. J-BuOOH. 

Cu(ll) 

OH 

OMe 

CF,N(NO)S02Ph 

OMe 

‘Bu ‘Bu 

ref. 96 

ref. 42 

ref.93b 

ref. 90 

Figure 4.37: Reactions of aromatic substrates with various sources of trfffuoromethyf 
redid.5 
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CF3Source Conditions Products/Yields Ref. 

PhCF3 CF3-naphthalene (Ratio a$) 

ICF3 hviHg 65% 71 

ICF3 hv 14% 73 

BrCF3 hv 13% (3.51) 75 

BrCF3 NaS204 (17%) 93 

CF3N(NO)S@CF3 hvlbiacetyl [49%] 1 14% (8.1:1) 42 

CF3N(NO)S@Ph hvlbiacetyl [24%]1 [39%] (6.3:1) 80 

CFJCO~H XeF2 [33%]1 - 89 

(CF3M-b hv (4%) 78 

(CF3)zHg A (ISO‘JC) (51%) 78 

(CF&Te hv (20%)2 - 78 

(CF3)2Te A (150 Oc) (31%)3 78 

(CF3Ct&)2 A(70 “C) (54%) 91 

Table 4.2: Reaction of Trifluoromethyl Radicals with Benzene and Naphthalene. 

* Yield based on quantity of trifluoromethyl radical source used, 2 5-Trifluoromethyl 

cyclohexadiene also produced (4%), 3 Bi.r(trifluoromethyl)benzene (20%), 5- 

nifluoromethylcyclohexadiene (8%) and 5,6-bk(trifluoromethyl)cyclohexadiene (16%) 

also produced, [ I denotes *9F NMR yields, ( ) denotes glc yields 

(a) cF3Br-[a + CFs’ + nil” 
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0 I \ 0 
N Ch 
A A 

R=Me i) = CFsBr, hv 6.5% ref. 75 
CF31,hv 35% ref. 73 

W&02)2 trace ref. 90 
CFsBr. Zn. SO, 52% ref. 93 

R=Bn i)=CF3l.h 60% ref. 74 

R=H i)=CFsI,h 33% ref. 73 

(cF3w2 56% ref. 90 

0 I \ 
X CF, 

X=S (72%) ref. 91 
X=0 (53%) ref. 91 

0 0 

ii) = Hg(CF& ~-60% ref. 77 
CFsCQH, electrolysis 60% ref. 66 
CF3Br, Iw 11% ref. 75 

AcO 

AcO R 

iii\ 

R = OAc, iii) = CF3N(NO)SO$Fs 30% ref. 42 
R=H iii) = CF$QH, XeF2 33% ref. 69 

qgures in ( ) refer to g.1.c. yields. 

=igure 4.39 

6591 



6592 M. A. MCCLINTON and D. A. MCCLINTON 

i) - CFs I, /IV 81% o:m:p - 3627:16 ref. 73 
CF$O$f, electrolysis 7% o:m:p - 27:3&z ref. 67 
CF#r. Zn, So, 6% o:mp- 5: 3:1 ref. 93 
CFsBr, hv 27% ref. 61 

46% ratio of 2-:3- - 2:l ref. 74 

0 

+ bis(trifluoromethylated) product ref. 74 

CF, 

32% ref. 72 

m (‘;y -d + p + DC, 

CFs 
9% 9% 10% ref.91 

Figure 4.40 
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suggested that the lack of reactivity of bis(trifluoroacetyl)peroxide with &methylpyrrole is 

a result of nucleophilic attack by the pyrrole rather than the required electron transfer (see 

Figure 4.39). 

A number of other heteroaromatics showing less regioselectivity have been used as 

substrates in radical trifluommethylation. These include pyridines,73* a1.N 87.93 

imidazoles,72 benzothiophenegt and dihydropyrrolobenz.aaepinones.~4 Figure 4.40 gives 

representative examples of the reactions of these substrates. 

Finally, it has been found that the imidazole ring in a peptide chain can be 

photochemically trifluoromethylated to give two products isolable by HPLC.w The fact 

that imidazole residues trifluoromethylate more readily than either benxenes or indoles may 

lead to greater application of this technique to prepare modified peptides. (Figure 4.41) 

o~$,,f$H2 W. hv_ o&&.i~~H2 
H 

HN \ “N \ cF3 
\-N \-N 

Figure 4.41 total yield 20% 
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4.4 Qther Metha 

(Trifluommethyl)dibenzothiophenium salts and their seleno analogues have been 

prepared (see Figure 4.42) and used to nifluoromethylate anilines.95 Although no 

mechanism is given for this reaction. it is probably based on hitluwmethyl radicals, since 

the type of substrates employed (electron rich aromatics, disulphides, enamines) are known 

to undergo reaction via radical addition. Further, when the thiophenium salt reacts with 

I Figure 4.42: Preparation of (trifluoromethyl)dibenzothDphenium triflate 

aniline, the ratio of isomers produced is similar to that observed with trifluoromethyl 

radicals.96 (see Figure 4.43). 

il 

i) = (trifluoromethyl)Uibenzophenium triflate 
= CF#r, Zn, SQ 

Figure 4.43 

83% o:p = 2.2:l ref. 95 
56% o:p = 1.8:1 ref. 96 

Trifluoromethylaromatics have been produced by flash thermolysis of the 

corresponding trifluoroacetate (see Figure 4.44). The yields are low and the products 

include the trifluoromethoxy compound. The reaction is not thought to be radical in nature 

since only the ipso substituted isomer is observed.97 
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OCOCF, 

8-_ 65O’C ~ & + & 

25% 10% 

Figure 4.44 

Trifhroromethyl cations, generated in the gas phase by @Zo yinadiation of 

tetratluoromethane, react with pyrrole, furan and thiopene to give trifluommethylated 

products. The reaction however is not regioselective and results in the formation of both a 

and P-ttifluoromethylated products.96 

Finally, although not strictly within the scope of this section, ttifluoromethylated 

phenols and anilines have been produced in two steps from benzoquinones. In the first 

step, a trifluoromethyltrialkylsilane is added to benzoquinone to yield the siloxy derivative 

of the trifluommethylcarbinoi. The protected carbinol is subsequently reduced to 4- 

trifluoromethylphenol (Figure 4.45) or reductively aminated to 4-trifluoromethylaniline.~ 

Figure 4.45 
72% 73% 
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5. 
. 

Preparation of Tr~fluoromethvloted Alksnes. 

This section describes the preparation of non-aromatic compounds in which the 

aifluoromethyl group is isolated from carbonyl derivatives and from carboxylic acid 

derivatives. The methods available for the preparation of these latter compounds will be 

discussed in the following section, while those employed in the synthesis of the former 

will be divided into the same broad categories used to describe the preparation of 

trifluoromethylated aromatics. 

5.1 Con v . f- -1 

Trichloroaliphatics are normally much less reactive that benzotrichlorides with 

respect to their reaction with antimony fluorides. This is illustrated by the fact that 

hexachloroethane yields a trifluoromethylated compound only after all other possible 

chlorines have been replaced upon reaction with SbF$l;! (Figure 5.1J.1~ 

cc1~ccl3 SbF3ChCC13CC12F + CClpFCClpF + CCllFCCIFz 
CCIFpCCIF2 + CF3CCIF2 

Figure 5.1 

Methods have been devised to convert aliphatic trichlorides and tribromides to their 

their aifluotide analogues as shown below in the preparation of fluorofotm,tol l,l,l- 

trifluoroethane,lol l,l, 1 -trifuoropropane 102 and I,l,l-trifluorobutane (Figure 5.2).tm 

Some aliphatic and alkenic substrates have been found to react more readily (Figure 

5.3).103 These substrates contain other substituents (C=C, CH2CF3 etc.) close to the 

trichloromethyl moiety to modify its behaviour. Thus l,l, 1 -trichloro-3,3,3_fluoropropane 

can be converted to the hexafluoro compound in good yield using mercury difluoxideto3a 

while 1 ,l, 1,2-tetrachloroethane can be converted to 2-chloro- 1 ,I ,I -trifluoroethane using 

hydrogen fluoride/antimony dichlorotrifluoride. XJ~C Certain 1.1, I-trichloroprop-2-enes 

can be converted to their trifluoro analogues using the same relatively mild conditions that 

enable benzotrichloride to be fluorinated, though 1.1.1 -trichloropropene itself showed no 

signs of reactivity. 103b However, 1.1.1 -trifluoropropene has been prepared by the 
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CHBr3 
SbF3 HgFz 

2-CHBrF2 8w w CHF, 

I 60% 0 
4 

1 I 

Wz 

CC13CH3 
SbF3 

SbF& 
w CFsCHs 30% 

i) HF 
CH3CH=CC12 ,, t CH3CH2CF3 + CH3CH2CF2CI 

II) SbF3 , Cl, 38% 

t sbF3, Cl2, 85% ‘“i 

CH3CH2CH=CC12 
HF 

- CH3(CH2)2CF2CI 
50% 

KOH, 83% 

HF 
CH3CH2CH2CF3 - 

9849% 
CH3CH2CH=CF2 

Fiiure 5.2 

addition of hydrogen fluoride to difluomethane in the presence of formaldehyde and 

methanol.*o” These examples are all illustrated in Figure 5.3. 

Cl.2 Wz 
CF3CH2CH3 -CF3CH2CC13 - CF3CH2CF3 84% ref.lCQ 

CClpCCICCl3 sw3 t CCI2zCCICF3 43% ref.103 

ref. 103 

CF2=CH2+ HF + MeOH + CH,O __t CF3CH2CH20Me - CF3CH=CH2 

60% 75% 

I 

Figure 5.3 

The use of hydrogen fluoride and antimony pentachloride as a fluorinating reagent 

has recently been reinvestigated with the conclusion that the active species is antimony 

tetrachlorofluoride (SbCl&k*O5 The reaction of this reagent with chloroform yields 
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difluorochloromethane as the major product since replacement of the last chlorine is very 

slow. 

In addition to the use of antimony fluorides for the conversion of trichloro to 

trifluoromethyl groups, a report exists which utilises the cheaper and more easily handled 

potassium fluoride (Figure 5.4).ta Industrially, hexafluoroacetone is prepared from 

hexachloroacetone using hydrogen fluoride in the presence of chromium(II1) sahs.t@ib 

The product resulting from the fluorination of octachloropmpane was used in the 

preparation of bis(trifluotomethy1) alkenes via a Wittig teaction.1~ 

cc13c0cc13 
f-5 fi 

* cc1~cc13c1~ - CF3CCWF3 

CF3CC12CF3 + PhCHO PPh3 * PhCH=C(CF& 

Fpure 5.4 

In the same fashion that benzotrifluorides can be prepared from benzoic acid using 

sulphur tetrafluoride, trifluoromethyl aliphatics and alkenes may also be synthesised. In 

addition to the desired trifluoromethylated materials, bis(difluoroalkyl)ethers are also 

observed The quantity of ether produced depends greatly on its stability, since it can 

undergo decomposition in the presence of hydrogen fluoride to the acid fluoride and the 

trifluommethylated compound (Figure 5.5). 

In addition to the free acid, carboxylic acid derivatives also undergo reaction to 

yield the trifluoride. The subject has been extensively reviewed with a few examples given 

in Figure 5.6.35 In one example, sulphur tetrafluoride has been used in conjunction with 

formic acid and hydrogen fluoride to trifluorometbylate adamantane (Figure 5.7).ln7 
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SF,. SO’C. 3hrs. 
CN&qH -CbCFs 86% 

HOiC 

‘I 
I 

SF,. lOD”C, 

Ia. 72% 

COzH CR, 

Figure 5.6 

SF,. HCQH, HF 

CF, 

Figure 5.7 

Finally, diethylaminosulphur trifluoride (DAST) has been used to prepare 

l,l,l-trifluoroalk-2-enes by reaction with l,l-difluom-3-hydroxyalk-2-enes. These latter 

compounds can be readily prepared by the reaction of either 1,l difluoroethenyl lithium= 

or l.l-dichloro-2,2,2-trifluomethyl zinc halides and ahtminium trichlotidem with ketones 

and aldehydes (Figure 5.8). 

i) SuLi DAST 
CF2=CH2 -_C,JH,~CH(OH)CH=CF~ -CeH,3CH~CHCF3 

ii) C6H1$H0 
5040% 

CF,CCb, Zn DAST 
RCHO ~l~l RCH(OH)CCI=CF2 - RCH=C(CI)CF3 

3 

Figure 5.8 

5.2 The Use of TrifluoromethykoDDcr and Related ReacfiMs 

In addition to preparing uifluoromethyl aromatics and heteroaromatics. 

trifluoromethyl copper has been employed in the preparation of a wide variety of aliphatic 

and alkenic uifluoromethylated compounds. The methods employed to prepare 

trifluoromethyl copper are identical to those described in Section 4.2. Subsuates which 

have been found to react include aliphatic iodides, bromides and chlorides, vinyl bmmides 
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and iodides as well as some alcohols. The results obtained from various substrates and 

aifluoromethylating conditions are laid out in Table 5.1. Yields are dependent upon both 

ttifluoromedtylating conditions and substrates employed, and as can be seen these methods 

provide a useful way into trifluoromethylated materials. 

Although alcohols give poor yields of trifluoromethylated products with the 

copper/dibromodifluommethane system, no pertluoroalkylated products are observed. 

This is in contrast to the reactions of aliphatic halides with the same system where 

perfluomalkylated products are always prcduced. However, fluorides and formates were 

also produced from the alcohols helping to account for the low yield. Furthermore, only 

primaty ally1 alcohols and benzyl alcohols yielded trifluoromethylated products when 

heated with copper, dibromodifluorometbane and dimethylformamide.ta 

Finally, alkynes can be hydronifluoromethylated using trifluoromethylcuprates, 

which are formed ‘in situ’ from iodotrifluoromethane, zinc and a copper salt under 

ultrasonic irradiation (Figure 5.9). * l 1 

CF3 I , Zn. Cul 
CHECCHzOH- CFsCH&HCH20H 

Figure 5.9 61% (E/i! = 3~7) 

5.3 The Use of Trifluoromethvl Radicals and Related Reactions 

Trifluoromethyl radicals react with alkenes and alkynes to yield nifluoromethyl 

alkanes and alkenes respectively (Figure 5.10). The trifluoromethyl radical attacks 

predominantly at the least substituted carbon, tt*.tt3.tt4 though attack at the mote 

substituted one is sometimes observed, as is the formation of oligomeric products. In the 

reaction of iodotrifluoromethane with alkynes. a different isomer is produced depending 

upon the substrate. For example, when acetylene is employed, the product is the E 

isomer.115 whereas propyne and but-2-yne yield predominantly the Z-isomer. 
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Substrate Condi lions Fvoduct Yiild rcf 

Cd-k@ CttCFj/HMPAt Cld+ZlCF3 (13%)2 39 

CloH2lI CuCF$-RvlPA 1 ClOH2lCF3 (48%)2 39 

C~HIII CuI/NaO$CF3 CsHt ICF~~ 49% 43 

PhCH = CHCH2Br CuCF$HMPAt PhCH = CHCHzCF3 37% 39 

PhCH = CHCH2Cl Cu/CF~Br2/DMF PhCH = CHCHzCF3 (62%)4 108 

PhCH= CHCHzOH Cu/CF2Bq/DMF PhCH = CHCH2CF3 2985 108 

PhCH2Br CuCFJ/HMpA) PhCH2CF3 65% 39 

1, II FO$CF2C02Me/Cul ” I’ 61% 51 

t, II R$iCF#-Ku1 ” ” 73% 47 

,I II ClCF2CO2Me/F-/CuI ” W 84% 221 

pN02GHKH2Br cuCF3e PNOGH&WFJ 88% 40 

*1 ,I FO$3CF2UCu ,I ,I 90.4% 52 

PhCH = CHBr R$iCF3/F-Ku1 PhCH = CHCF3 51% 47 

II ,I CuCFflMPA’ ” ” 65% 39 

II II CF3CQNaKuI ” ” (54%) 43 

0 ** QSCF2C02MeKuI ” ” 62% 51 

*I 1, F@SCF$/Cu ” ” 79% 52 

II 11 ClCF$I~Me/F-Ku1 ” ” 81% 221 

HCKCH2Br CFjCdBr, CuI CF$H=C=CH2 43% 109 

HGCCH20Ts CF3cu II 11 68% 110 

Table 5.1 Reaction of Various Ttifluoromethylating Systems with Aliphatic Halides. 

( ) denotes g.1.c. yields, [ ] denotes l9F NMR yields 

1 from CF3I and Cu in HMPA, 2 n-decyl fluoride also observed as a product (32% for X 

=Br, 6% for X = I), 3 product now stated to be C~HttO2CCF3.109 4 perfhtoroalkyl 

products also observed, 5 cinnamyl fluoride and cinnamyl formate also produced, 6 from 

Hg(CF3)2 and copper metal. 
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hv or A 
CFsI-CF3’ + I’ 

CF,’ + CH2&HCHs- CF3CH2kHCHs 

. 
CFSCH2CHCHS + ICFs - CFSCH2CHICHS + CF; 

CF31 
CH=CH - CF,CH=CHI 

Figure 5.10 

The 1-trifluoromethyl-2-iodo adducts obtained from the addition of iodouifluoro- 

methane to allcenes and alkynes can be converted to trifluoromethylalkenes and 

nitluoromethylalkynes respectively by elimination of hydrogen iodide using potassium 

hydroxide (Figure 5.11).113,tt4 With dienes and enynes. 1,4-addition is observed in both 

the liquid and gas phases when iodotrifluoromethane is used .I*6 

w CF3CH&HCH3 

I CFSCH=CHI 
KOH 

- CF,C)IICH 

I 
Figure 5.11 

I 

Trifluoromethyl radicals, produced using bis(trifluotometbyl)mury and 

bis(trifluoromethyl)tellurium, have been used to dfluoromethylate alkenes yielding the 12- 

bi.r(nifluotometbylated) product7* The tellurium compound was found to give better 

yields of trifluoromethylated materials than either iodonifluoromethane or 

bis(trifluoromethyl)mercury (Figure 5.12).78 

The xenon difluoride/uifluoroacetic acid system does not yield purely 

trifluoromethylated compounds with akenes and alkynes. Products from the reaction of 

styrene include 1,1,1,2-tetrafluom- and 1,2-difluoro-3-phenylpropane in addition to a 

number of nifluoroacetates.8gb 

More recently, a number of catalysts have been found to promote the addition of 

CFfi across double bonds. These catalysts include Ru3(CO)t21t7 and triethylboranett* 

for iodotrifluoromethane and RuC12(PPh3)2 for trifluoromethanesulphonyl chloridet1g 
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A hv 

0 

CFa 
HeWdZ I- 

a 
Cl% 4% 

CFa 

RI 
CFa -a 21% 24.6% 

I 

Figure 5.12 

(Figure 5.13). In the latter example, CF3 and Cl ate added across the double bond when 

temperatures greater than 120 Oc are employed, whilst below this temperature a mixture of 

both CF3S@ and Cl, and CF3 and Cl addition is observed.tt9 

I CH2=CHSIhle3 + CF31 

W 
n-CSH11CH=CH-n-C5H11 + CF31 -_ 

Me02C(CH2)&H=CH2 + CF31 

PhCH=CH2 + CF3 S&Cl 
wppphh. * 

lP% 

I Fiiure5.13 

CF3CH&HISIMo3 66% 

n-C5H11CH(CFS)CHI-n-C5HIl 61% 

Mo02C(CH2)&HICH2CF3 66% 

PhCHCICH2CF3 67% 

Triethylborane has also been used to catalyse the addition of iodotrifluommethane 

to both terminal and internal alkynes (Figure 5.14). The products were found to have the 

iodine and trifluoromethyl group in a rruns relationship.ll* 

The cheaper bromotrifluoromethane can also be used in the preparation of 

trifluoromethyialkanes by addition to double bonds. The reaction is achieved either in the 
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Et38 
HOCH2CH2CH2C~CH + CF3 I - HOCH2CH2CH2C(I)=CHCF3 72% 

n-C5H1,(EC-n-CsH11 + CFI I 
Et36 

-n-C5HltC(l)=C(CF3)-nC5H11 46% 

Figure 5.14 

pmcnce of sodium phcnyk&nidc. sodium phcnykclhuoiatcl~ or zinc mttal in acetic 

acid.lzl Phcnylselcnide reacts with bromoaifluorom&an ebyclcca7mtransfcr&omthe 

sclcnide to yield aifluolumcthyl radicals, which can then teact with the akle to give the 

1 -aifhtoromcthyl-2-phenylsclenide addun as illustmtcd in Pigme 5.15. In addition to the 

desired product trHuoromcthylsclcnobenzcne and diphenyldisclenide ate obscned.1~ 

Sodium tclhrolatc reacts in a similar fashion, though lower reaction tcmpcraturc can be 

us& (-8OT to -1oooC). 

CF3Br + PhSe-- 

CH2rCHCH2CH2CH2CH2CH2CH3 - 

Figure 5.15 

CF3’ .I PhSe’ + Bi 

CF3CH2CH(SePh)CH2(CH2)&H3 + CF3SePh 

26% 34% 

+ PhSeSePh 

31% 

Zincmeralinaccticacidhasbeenemployedcfacilitatethehydro- 

trifluoromcthylation of undaxmoic acid using bmmoaiflum e. Theprescnccof 

dimuic species in addition to the desired 12, X2,12-aifluomd~oic acid suggests a 

radical me&a&m (Figure 5.16). 

CH2=CH(CH2)&02H 

Figure 5.16 

CFaBr, Zn. 

CHSCOzH 
w CFs(CHAoCOzH + [HO~C(CH~)&H(CH&F~)IZ 

ratio 7 3 

total yield 35% 
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Fiially, the recombination of radicals produced by photolysis of aitluofo~yb 

compounds has been used to prepare trifluoromethylalkanes (Figure 5.17).ln The starting 

materials for the preparation of the azo compounds am uifiuoronitmsomedrane and an 

amine, with bi&rifluoromethylated) compounds obtainable from diamines. In order to 

obtain good yields viscous solvents are required to encourage the caged radical 

recombination process. 

CF3N0 hv 
C8H,7NH2 - CaHrrN=NCFs- CaH,rCFs 

6% 

bNH2. i!;y”” _ bCF3 
35% 

Figure 5.17 

5.4 Electrochemical Methods 

Trifluoromethyl radicals can be generated from solutions of partially neutralis& 

uifluoroacetic acid. Since uifluoroacetic acid is relatively cheap, the reactions of 

trifluoromethyl radicals generated in this manner have been extensively investigated. These 

reactions can be categorized into two broad sections, radical recombination and addition to 

alkenes. 

1 ,l, 1 -Trideuterio-2,2,2-trifluoroethane has been produced by the cross Kolbe 

reaction between uifluoroacetic acid and dj-acetic acid. In order to obtain good yields, it is 

necessary to slowly add the trifluoroacetic acid to a solution of deuteroacetic acid which is 

being electrolysed.l23a This radical recombination method has also been used to prepare 

ethyl 3,3,3-trifluoropropanoate from malonic acid mono ethyl ester (Figure 5.18) though 2- 

alkyl malonic acid mono ethyl esters gave much more complex reaction mixture.s.124 
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CF3C02H 
E10sCCHsC02H etectrolysip E’OsCCH2CFs 6% 

Figure 5.18 1 

When propanoic acid was elecrolysed with hifluoroacetic acid, the pmducts 

observed were nof a result of radical recombination, but of addition of trifluoromethyl 

radicals to ethene. The ethene having been produced by hydrogen atom loss from the ethyl 

radical, which is generated by decarboxylation of the acid.1~ 

R 

CF; CF3 

-lu 

R’ 

R 

CF, 

CF, 

:F3’ + RCH&HR’--_, RCH(CF,)CHR’ 
H-~fIWliOll 

-A/ 
R 

R 

Ch 
sohmll x 

-lu 

R’ 

R 

X 

gure 5.19: Reactions of elscbochemicalfy generatad trifluoromelhyl radicals with afkones 

The addition of electrochemically generated trifluommethyl radicals to alkenes 

yields a number of products resulting from the Wtion of an intermediate alkyl radical 

(RCHCF3-CWX’) with other radicals or the solvent (Figure 5.19). The relative 
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distribution of these products depends upon the name of the substituents on the double 

bond, in addition to the current density and temperature. Naturally, in on&r for any 

niflummnethylated products to be observed, trifh~omacetic acid must be oxidised in 

preference to the olefin. Thus, electron rich olefins such as methyl Zphenylpxopenoate do 

not yield ttitluoromethylated products.t~~ 126 

For compounds containing isolated double bonds the dimeked product is usually 

the major one, though hydrogen abstraction and elimation products am also observed 

(Figure 5.20).*~~ 128 The generation of the latter products has allowed 

nifluorododecanoic acid to be produced in 12% overall yield from undecanoic acid by 

electrochemical nifluoromethylation followed by hydrogenation of the resultant 

products. 129 

CH2&HCH2CH2CH3 
CF&+H 

YCWCHzhCWCW1-z electrolysis + ChWhhCH3 
(WW 

Figure 5.20 
+ CF3CH=CH(CH2)2CH3 + CF3CH2CH&HCH2CH3 

Monomeric trifluoromethylated products have been observed when isopropcnyl 

acetate, ally1 alcohol and 3-methylbut-3cnonitrile are present during the electrolysis of 

trifluoroacetic acid (Hgure 5.21).*30.131 

CF@,H. 
CH2=WHdOCOW o,e~t,t,,~a,a * CF3CH2COCH3 18% 

CH2=CHCH20H e:.%s;; - CF3CH2CH2CH0 25% 

CH2=C(CH3)CH2CN 
CF&OPH. 

e,ecm,ys,s * CF&H2CH(CHdChCO2H 

Figure 5.21 

Further, when a molecule contains two isolated double bonds, such as diallylamine, 

it is possible to form a cyclic product (Figure 5;22).13rc 
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W =, 
CFc$QN 
electrolysis 

* -If- 
N 

A 

Figure 5.22 

When o$-unsaturated carboxylic acids (and their functional derivatives) are 

present during the electrolysis of trifluoroacetic acid, the products observed are different to 

those normally found when compounds containing isolated double bonds are employed. In 

the majority of examples the bis(trifluoromethy1) monomeric compound is the major 

product (see Figure 5.23).15. 1z4* ‘32, 133 

0 0 c 1 NE1 
CF3cQH. 

NE1 40% ref.15 
electrolysis 

0 0 

CF3 COzEt 

If 
/ 

OH 
CF3CQH, F3C OH 

-4 

i) W. 
- F3C 

electrolysis ii) H30’. EtOH A 
0 

CO,Et 
0 7% ref. 132 

CF3 

If 

/ 
NH, 

W-W+, )- F3C W 35% ref. 16 
electrolysis 

0 4f 
0 

Figure 5.23 

However, there are a number of examples where this is not the case (Figure 5.24). 

For example, methyl acrylate gives predominantly the dimeric product upon reaction with 

electrochemically generated nifluoromethyl radicals, 134 while methyl 2-methacrylate yields 

a mixture of products125 and fumaronitrile produces the monotrifluoromethylated 
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material.135 In this latter case, the mechanism of trifluoromethylation has changed the 

fumaronitrile is reduced arthe cathode to give, after hydrogen absnaction, a radical which 

reacts with uStoromethy1 radical (formed at the anode, see Figunz 5.25).t35 

CF&QzH. 

electrolysis 
Oh40 

50% 
OMe 

4f OMe 

electrolysis, 
0 

‘rHz:’ * F&+OMe + F3CFvOMe 

NHAd NHAc 

20% 5% 

anode cathode 

CSCQH - Cb’ 

Y 

NC- . 
CN - Nc&CN 

CN 
NC 

‘y 
CF3 

Figure 5.25: The electrofysis of fumaronitrile and trifluoroacetic acid 

When p-keto esters are present during the electrolysis. the products are found to be 

very temperature dependent. 136 F or example, when octyl3-oxobutanoate is used as the 

substrate, at high temperatures (6OOC) octyl2-trifluoromethyl-3-oxobutanoate (31%) is 

formed exclusively. At low temperatures (-40 OC) octyl3,3,3-aifluoropmpanoate (47%) is 

the sole product, whilst at intermediate temperatures both of these compounds are observed 

(eg 0 Oc, 15% butanoate and 43% propanoate, see Figure 5.26). 
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kWT v 
CF3CH2COOCBH17 3------- CH&(OH)2CH(CF3)COOC8H,7 

I high T 

Figure 5.26: Reaction of ketoesters with electrochemically generated trifluommethyl radicals 

The reaction mechanism is thought to involve the addition of trifluoromethyl 

radicals to the enol fotm of the molecule, followed by oxidation and hydrolysis to yield a 

geminal dihydroxy intermediate. At low temperature, the intermediate decomposes with 

breakage of the carbon-carbon bond, whilst at high temperature the carbon-oxygen bond 

breaks. By employing enol acetates, only the trifluoromethylketoester is observed, as is 

illustrated in Figure 5.27. 

CH,COO 0 0 0 

AA \ 

CFs’&H. 

W3’417 
electrolysis 

* KT 
=d417 

Ch 

Figure 5.27 64% 

In addition to trifluoroacetic acid, trifluoromethyl bromide has been employed in 

electrolysis experiments. The generation of trifluoromethyl radicals from 

bromotrifluotomethane has been closely studied. U7 When an electron transfer catalyst 

(ETC) such as terephthalonitrile is used, electron rich olefins such as styrene, can be 

trifluoromethylated.I~* However, the electron transfer catalyst can also become involved 
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in the chemisny of the reaction, as was observed when butyl vinyl ether was the substrate. 

(see Figure 5.28)13* 

6611 

NcecN _[ Nc+N]-* 
(TPN -.) 

CF3Br + TPN-. - TPN + CF,’ + Br - 

CF3 ’ + PhCH=CH2 - PhC’HCHPCF3 - LPhcH(cHzcF& 

BUT CF3’ + CH2=CHOCH2CH2CH2CH3 - CF3CH2C’HOCH2CH2CH2CH3 

I 

t 

TPN-. 

Figure 5.28 

ChaaIl. although the yields of the electrochemical aifluommethylation LIZ often 

low, the starting nifluoromethyl containing materials are relatively cheap and the 

elecuochemicai methods provide useful ways of generating trifluoromethyl building 

blocks. 

5.5 Other Methods, 

The enzymes car&se and urease. in the presence of a suitable cofactor, have been 

employed in the trifluoromethylation of alkynes. 139 Both internal and terminal alkynes can 

be trifluommethylated. albeit in low yield (Figure 5.29). This remarkable reaction appears 
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to be the first enzymatic dflufxomcthylation reaction and, like most emymatic reactions, it 

was found to be stereospecifIc, producing the E alkene. 

CF, I + PhCSCH 
catalase. 15 d + PhCH=CHCF:, 24% (E) 

CF3 I + CH3(CH2)7CECH catalase* ‘4d - CH3(CH2)7CH=CHCF3 36% (E) 

umase 
CF3 I + PhCSCH * PhCH=C(CH3)CF3 39% 

Fire 5.29 

(Trifluoromethyl)dibenzothiophenium niflate and its seleneo analogne have been 

used to nifluoromethylate lithium salts of alkynes (Figure 5.30) as well as anilines (see 

Section 4.4) and sulphides (see Section 7). The seleno analog& was found to give better 

yields with alkynides, in contrast to all the other reactions repotted where the sulphonium 

salts always gave better yields.95 This appears to be the only report of a trifluoromethyl 

group being directly incorporated onto an sp hybrid&d carbon. It should be noted that 

allcyl Grignani and alkyllithiums did not uifluoromethylate under the same conditions. 

PhCECLi + ’ CF3 +‘-PhCZCCF3 46% 

‘CF3+‘= w 

AF, 
TfO- 

Figure 5.30 

Highly electrophilic perfluoroalkanes have been trifluoromethylated using 

hexaethylphosphorous uiamide and bromonifluoromethane (Figure 5.31).140 This 

trifluoromethylating system has been used previously to prepare uifluoromethyl silicon and 

phosphorous derivatives.141 Indeed, hexaethylphosphorous uiamide and 

bromotrifluoromethane are used to prepare the trifluoromethylating reagents CF3SiR3 (s= 

Sections 4.4 and 6.1).14* 
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I CF$r. (Et2N)3P 
(CF3)2CsCFCF2CF3 _____t (CF3)&C(CF3)CF2CF3 

I 
Figure 5.31 I 

Finally, methyl groups on pyridines have been trifluoromethylated using triflic 

anhydride though the desired products are contaminated with triflates (see Figure 5.32).143 

I 48% 17% 

5% 62% 

Figure 5.32 

6. 

This section looks specifically at the methods of incorporating a trifluoromethyl 

group on or adjacent to a carbon containing an oxygen substimtent (alcohol, carbonyl, 

carboxylic acid and derivatives). In a recent review,6 the preparation of trifluoromethyl 

ketones has been considered. However, trifluoromethylation reactions which generate 

ketones are included in this section for completeness. The preparation of these compounds 

can be divided into the broad categories of trifluoromethyl metal reagents and radical based 

processes. 

It should be remembered that trifluoromethyl groups adjacent to carboxylic acids 

(and their functional drrivatives) are readily hydrolysed by base (see Section 3) and that 

trifluoromethylketones can also be prepared by oxidation of trifluoromethyl carbinols.6 
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6.1 Trifluoromethvl 

Trifl~methyl magnesium iodide, though difticult to prepare and unstable, will 

react with acyl chlorides. carbon dioxide and nitriles to yield trifluommethyl carbonyls and 

carboxylic acids (see Pigure 6.1).la 

- CH3CH2COCF3 0% 

I CH,CN 
i) CF3Mgl 

ii) H30* 
w CH3COCF3 38% 

i) CF&l 

ii) H@’ = CH3C02H 80% 

Fiire 8.1 
I 

It also reacts with ethylene oxide to yield 3.3.3~trifluoropropan-l-o1,*44 but only 

one report has appeared concerning the reaction of the Grignard reagent with carbonyl 

compounds14qb even though corresponding reactions with perlluoroall@ magnesium 

halides have been well documented.145 

Perfluomalkyllithiums have been prepared57~ 14, but the trifluoromethyl 

compound is unstable even at -100 Oc and attempts to react it ‘in situ’ with carbonyl 

compounds resulted in the formation of tetrafluoroethylene.57 

Greater success has been obtained using zinc and halottifluoromethanes in the 

uifluoromethylations of aldehydes, ketones. activated carboxylic acids, anhydrides, esters, 

enamines and some imminium salts (see Figure 6.2). 

Further, dimethylformamide will react with uifluoromethylzinc in the presence of 

chlorodimethyl(2,3-dimethylbutan-2-yl)silane to yield a stable hemiaminal, which can be 

hydrolysed to give trifluomacetaldehyde. 2~4 The reaction of acid chlorides has not been 

mported since these compounds preferentially react with zinc147J48 A number of 

techniques have been employed including ultrasonic irradiation,149* 159 the use of an 

electron transfer catalyst (see Figure 6.3),*5* transition metal catalysis.150 the Barbier 

pm&u&!7. 148.152 and th e use of a sacrificial zinc electrodes.85~ 153 
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i) CF$r. Zn. py 
Et02CC02Et 

ii) H&+, 
w CF&OC02Et ret.148 

38% 
ii) H&A 

(CH&H2CH&0)20 i)c;;a$’ py= CHSCWH~COCP~ 
20% 

ref.147 

0 0 

i) CF38r. Zn. py 
ii) HaO* -$H 0 + ’ 0 ref. 148 

3 F,C CF, 

18% 40% 

-25% ref. 147 

PhCHzCHCHO 
CF31, Zn, 

(PPh&NiQ 
- PhCH=CHCH(OH)CF3 

19% 
ref.150 

Zn. CF31 
CH2=CHCH2COCH3 - 

ultrasound 
CH2=CHCH2C(CF3)(0H)CHI ref.159 

18% 

Figure 8.2 

Figure 6.3: the mechanism proposed for the use of the electron transfer catalyst methyl 

viologen (M?) for the trifluoromethylatbn of carbonyl compcunde. 
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It appears that the reaction involving zinc occurs near the metal mfacet47 and not 

in solution, since solvated perfluoroakylzinc species have been found to be fairly 

utmactive.l4*~ 154 Indeed, the formation of solvated organozinc species was found to be a 

competing reaction in the electroreduction of bmmotiuoromethane using a sacrificial zinc 

electrode (Figure 6.4).*5 These various procedures are compared with respect to their 

ability to trifluoromethylate benzaldehyde and acetophenone in Table 6.1. 

CFlBr + RR’CO 
al elecmde +CF#WO’ + CFSZnX 

X=CF3, Br 
Fiire 6.4 

In gem-al ketones are less reactive than aldehydes and it is often necessary to add 

other reagents to the trifluoromethylating system in order fo funher improve the yield. So 

for example, when a sacrificed zinc elecaode was employed, it was found necessary to add 

tewthylethylenediamine (TMJZDA) and zinc bromide (see Figure 6.5) in order to 

increase the yield of trifluoromethylated products from ketones,*59 153, whilst in the 

uhrasonically promoted reactions dichlorobis(cyclopentadienyl)ti~anium(lI) was added. 

PhCOCHs 
CF&. i!n rkcrmdea 

F PhC(OH)(CHS)CFS 

Fiin 6.5 

in DMF 
in pyridine 
in DMF + TMEDA 
in DMF + TMEDA + ZnBr 

Of the zinc based systems, the use of the sacrifical zinc electrodes gives the best 

yields. However, two non-zinc based systems not only give comparable yields of 

trhluoromethylated products from aldehydes, but also give much higher yields from 

ketones. The first of these uses trialkyltrifluoromethylsilanes and requires the presence of 

fluoride or alkoxide ions in order to produce, after acid work up, the trifluoromethylated 

carbinol. 155 
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Figure 6.6 

R 

R-LO’ + FY3SIF 

‘: 
R-c-o- + 

7 
R-c-OSIR”, 

hF3 

1 HCI,HzO 

R 

R-LO” 
kF3 

F&Si~ 0 

-ck 

75% 

0 CF3 
OSIMe, 

0 

O'BU 

% 
‘BUO 

0 

CF$3il& H30’ * 

0 

CF3 Kx HO 

HO OH 

F&SiMe3 
PhCOCl - 

T6AF 
PhCOCF, + PhC(CF3)20SIMe3 

‘igure 6.7 
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The mechanism for this transformation is laid out in Figure 6.6 and involves 

an anion chain process. In addition to their ability to nifluoromethylate aldehydes and 

ketones, trialkyltrifluommethylsilanes react with lactones. activated esters and even acid 

halides (see Figure 6.7).142,156 In the short time since these reagents were first reported, 

they have already been utilised to prepare nitluoromethylated steriods.1~~ sugars (Figure 

6.8),157 indenes.*W phenols and ani1ines.w suggesting that they are convenient and 

versatile reagents to use. 

The second non-zinc based system employs an electrochemically generated base 

to deprotonate trifluoromethane in the presence of a carbonyl compound, leading to the 

trifluommethylated product.160 Although aldehydes react readily with the ‘trifluommethyl 

anion’, ketones requite the presence of hexamethyklisilaxane (HMDS). The base 

employed in this system can be generated chemically, but yields are higher if the 

electrochemical 

pmcedure is employed and long chain tetraalkylammonium salts added. The mechanism 

FHO yH(CF,)OH 

RO RO 
CFsSiMg 

RO - RO 

+ 
OR 

+ 
OR 

CH,OR CH,OR 

HopOH + -f&OH + H;@o~ ;@OH 

HO 

Figure 6.8 
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CF3. 
Source 

Reaction 
Conditions 

Solvent Temp. Tii Product/%Yield Ref. 

PhyCF3 Phy(OH)cF3 
OH CH3 

CF3I Zn, ultrasound DMP RT t/2-1.5 hrs 72% 36% 149, 

159 

CF3Br Zn, ultrasound DMF RT 3 hn 56% 33% 159 

CF3I Zn, MV2+ CH3CN RT 15 hrs 52% 151 

CF3I Zn,(Ph3P)2NiCl2 DMF RT 3-4 hn 44% 150 

CF3Br Zn electrode DMP -10 OC 4-5 hrs 95% 37%3 85, 153 

CF3Br Zn, +ve pressure py 2OOC 4hrs 52% 20% 147, 

152 

CFjH base4 DMP - - 80% 60%5 160 

R$iCF3 TBAF THF 0-RT 1 hr 85% 74% 142 

Table 6.1: Trifluoromethylation of Benzaldehyde and Acetophenone by Various 

Trifluoromethylating Systems. 

1 CpzTiClz also added. 

2 MV2+ = methyl viologen. 

3 TMEDA amd ZnBg also added. 

4 base = anion of 2-pyrrolidinone; teualkylammonium salt also added. 

5 hexamethyldisilazane also added. 

proposed for the trifluoromethylation of carbonyls using this system is laid out in Figure 

6.9 and as can be seen from Table 6.1 the yields reported from both aldehydes and ketones 

are high. 

Another method of uifluoromethylating carbonyl compounds using a 

uifluoromethyl anion equivalent utilises u-ifluoronitrosomethane, but the lack of examples 

reported prevent comparison to the procedures mentioned above. The 

trifluoronitrosomethane is reacted with bir(trimethylsilyl)amide in the presence of a 
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0% +e- 
)c 

N 0 c-x 
N ’ 

RdN+ 

A 
R.,N+ Br- 

+ CF3H + RCOR’- Fl+w + cTJ)uo 

CF, 
A 

HMDS , 

Figure 6.9 

OSlMe, 

R 
+ 

R’ 

CF, 

carbonyl compound at low temperatures (-100 Oc), initially forming trimethylsilyl- 

(nifluoromethyl)diane. which reacts with the carbonyl compound to yield the 

trifluoromethyl carbinoi in low yield (Figure 6.10).161 

N8N(SIMe& + CFsNO - [He~SIN=NCFI] 

Finally, trifluoromethyl copper does react with acid bromides to yield 

tiuoromethyl ketones39 and with a-bromoacetamides to yield a-trifluommethyl- 

acetamidesl (Figure 6.11). 

i) ~Sii.NCF3] 

F,C OH 

0 

Figure 6.10 

6.2 Jof 

The reaction of electrochemicslly genemted nifluoromethyl radicals with 



Trifluoromethylations and related reactions 6621 

CUCFS. 4!5Oc 
PhCOBr F PhCOCFa + PhCOF 

24% 22% 

BrCH&ONEt2 
Fo2scFw. cut w CF&H&ONEt2 

90% 

FiQure 6.11 . 

a$-unsaturated carboxylic acids (and their functional derivatives) has aheady been 

described in Section 5.4. The reactions of nifluoromethyl radicals generated by other 

methods with a$-unsaturated ketones, enamines. silyl enol ethers, and ketene silyl 

acetates have been used to prepare a-nifluoromethylketones and a-trifluoromethyl- 

carboxylic acids (and their functional derivatives). For example, steroids containing 

dienone systems have been trifluoromethyiated photochemically using 

iodotrifluoromethane. The trifluommethyl radical attacked predominantly adjacent to the 

ketone as illustrated in Figure 6.12.162 

OAc 

o& ao& 
3 

sole product 

Figure 6.12 major product 
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When the substrates are enamines. it is not always necessary for W light to be 

used in order for trifluoromethylation with iodotrifluoromethane to occur.te3 Only in cases 

where the double bond of the enamine is not sticiendy electron rich or where the lone 

pair on the nitrogen is not available fa electron transfer, is irradiation by ultraviolet light 

mquired. The mechanism for the unassisted trifluoromethylation of enamines involves the 

formation of a charge-transfer complex. as a result of elecuon donation by the nitrogen 

atom, followed by the addition of aifluoromethyl radicals to the double bond (see Figure 

6.13). In order for the chain process to proceed, it is necessary for the material used to be 

completely free of oxygen. 

Difluorodihalomethanes have been found to react in a similar fashion to 

iodotrifluoromethane with enamines,l~ yieldinginstead a-difluorohaloketones after 

8 CF3l _[ 8 -8.j +CF;+I- 

0 
N 

\ 

0 

+ CF3. _ &F3 =_ &F3 + CF3 

1 

Figure 6.13 
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hydrolysis. These difluorohalomethyl compounds are unstable, but can be converted to a- 

trifluoromethyl analogues by reaction with tetmbutylammonium flucaide trihydrate 

(TBAF.3H20, see Figure 6.14). 

i) CF26r2 

ii) H30’ 

~ bBr TBAFJH@+ & 

Figure 6.14 

40% 65% 

Better yields of a-nifluoromethylcyclohexanone were obtained using the 

electrophilic trifluoromethylation agent (trifluoromethyl)dibenzothiophenium t&late and l- 

pyrrolidinocyclohexane (Figure 6.15), though the product was contaminated with 

49% 26% 

3 

% 

69% 

Figure 6.15 
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2,64is(uifluoxomethy1) cyclohexanone. 95 When the silyl en01 ethers of cyclohexanone 

was used ins& of an enamine, the reaction was more specigc, yielding only the mono- 

uifluoromethylated product (65%). Silyl enol ether of a,~unsaturated ketones also 

matted with the thiophenium salt, but yielded the ~uifluoromethyiated material (see Figure 

6.15). 

Fiially, silyl enoi ethers have also been trifluoromedtylated using 

iodoaitluommethane in the presence of triethylborane and a suitable base (eg 245 

dimethylpyridine). Internal and terminal silyl enol ethers can be employed yielding, after 

hydrolysis, a-trifluoromethyl ketones (Figure 6.16). while ketene silyl acetals can be used 

to synthesise a-uifluoromethyl carboxylates (Figure 6.16). 165 

H2CzsC(OSIMo~)C~H~~ 
CF31, U,B. ham 

c CF,CH2COC,Hla 
64% 

CIH,SCH=C(OMO)OSIMO~ 
CFsl, EtaB. b 

w CeH,~CH(CF,)C02M. 
66% 

Fiire 6.16 

. 
7. Trinuoroethvlation 

With the success of trifluoromethylated compounds in a variety of industrial 

applications, interest has developed in the properties of 22.2~trifluoroethylated materials, 

especially where the uifluoroethyl group is attached to an aromatic ring. 

The methods applicable for the conversion of Cl moieties to a trifluoromethyl 

group have been investigated with respect to the formation of a trifluoromethyl substituent. 

The halogen exchange reaction using antimony uifluoride required the presence of 

antimony pentachloride and still gave poor yields and mixtures of products (Figure 7.1) 

typical of aliphatic nichlorides (see Section 5.1).lM 

More success has been found using sulphur teuafluoride and arylaceuc acids, 

though the difficulty in using sulphur teuafluoride limits its usefulness.167, 35b 
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I NH, 
I 

NO2 

Figure 7.1 

48% 10% 33% 

The direct incorporation of a trifluoroethyl group has been attempted using l-iodo- 

2,2,2,-trifluoroethane, copper and iodobenzene, but the yield was low (Figure 7.2).3713 

However, benzyl halides do react with trifluoromethyl copper to give the same product in 

better yield (see Section 5.2). 

Other methods all involve the reduction of more readily available nifluoroethylated 

materials (a,a,a-trifluoroacetophenone or I-aryl-2,2,2-trifluoroethanol). Although the 

Clemmensen reduction of trifluomacetophenones did not yield the desired product (see 

CFzCHpl , Cu 
15% 

Figure 7.2 

Figure 7.3)‘“. a more convoluted method of reduction did prove successful (Figure 

7.4).‘69 
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COCF, 
I 

CH,CH, 
I 

0 Zn. acid 1; - 
0 r= 

Figure 7.3 

I 90% 82% 88% 

Figure 7.4 

Both the a,a,cc-tifl uomacetophenonc and the l-aryL2,2,2-trifluoroethanol are 

easily ptepared. The methods available for the synthesis of the acetophenone have recently 

been reviewed,6 while the alcohol can either be prepared by the trifluoromethylation of 

benzaldehydes (see Section 6.1) or by the direct incorporation of the CF$H(OH) moiety 

(Figure 7.5).*70 

] 

I Figure 7.5 

More recently. attention has focused on the use of 2,2,2-trifluoro-l-(phenylthio)- 

ethane since it is readily alkylated and the phenylthio group can then be removed using a tin 

hydride to yield the desired product (see Figure 7.6).17*, 172 

Finally, some aliphatic substrates have to be trifluoroethylated directly using 

iodotrifluoroethane or indirectly by trifluomdichloroethylation, followed by removal of the 
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CF&H@Ph SQC’z 
i!flCI, 

- CF&HCISPh T CF&H(Ar)SPh Bu3SnH> CF3CH2Ar 

Figure 7.6 

84% 
Ar P Ph 66% Are Ph 99% 
Ar = PhCH3 63% 

(o:p = 6:77) 

chlorines. Tke examples of direct uifluomethylation involves the addition of l-iodo-2,2,2- 

tiuomethane to silyl enol ethers165 or across triple bonds,lt* using ttiethylborane as 

catalyst (Figure 7.7). 

CH2=C(OSIMe3)CgHlg 
ICH2CF3 

Et36 *CFdC”z),COCsH1~ 
79% 

C,,,H2,CECH 
CF3CHzI 

- CloH2,C(I)=CHCH2CF3 
Et38 39% 

Figure 7.7 

Although 2,2,24rifluom 1 J-dichloroethylation of carbonyl compounds has been 

reported in a number of papers.173 the dechlorination of the product to yield the 

nifluoroethylated product has only recently been reporte~L~7~ This report also describes the 

preparation of chiral uifluorodichloroethylated alcohols (see Figure 7.8). 

0 OH 

CF$X&.Li. -125’C 

OH OH 

LiAIHd 

Fiaure 7.8 
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8. 

The advantage of incorpomting a tiitluommethoxy group into a molecule may be 

described in terms of its properties. The trifluoromethoxy group is both more electron 

withdrawing and lipophilic than its methoxy analogue.175 It is also thermally and 

chemically resistant to attack by acids, bases, organometsllic reagents and 

oxidisinglreducing agents.176* ~7 When substituted on an aromatic ring, the 

uitIuoromethoxy gmup exhibits similar electron withdrawing behaviour to the alkoxy 

group but also acts to deactivate the aromatic system. 178 Finally, selectivity during 

aromatic substitution is also introduced by the directing effect of this substituent (o,p 

director).176 

8.1 Conversion of -0CXq to -0CF3 

A method for incorporating a uifluoromethoxy group was discovered inadvertently 

during a study of the phenyl ester of chlorothiocsrbonic acid. The trifluoromethoxy 

derivative may be formed by introducing a halothiocarbonyl group into a molecule 

followed by chlorination to the trihalomethyl form. This step is then followed by 

fluorination using antimony trifluoride and a catalytic amount of antimony pentachloride 

(Figure 8.1).179 

PhOC(=S)CI 
(32 Cl2 

- PhOCCI&X -.PhOCCl, 
SbF3 

75% 95% 
w PhOCFs 

5 53% 

Fire 8.1 

Previously. the standard precursor was a methoxy group with chlorination and 

subsequent fluorination of the trichloromethoxy group yielding the desired product (Figure 

8.2).180 

Aryl uifluoromethyl ethers may also be prepared by reacting phenols containing a 

wide variety of substituents with hydrogen fluoride in excess carbon tetrachloride using a 

closed pressure vessel under autogeneous pressure (Figure 8.3).181 



Trifluommethylations and related reactions 6629 

i) PCg. Cl,. 190-200°C 

ii) SW,. SbCls , A 

Cl 
Figure 8.2 

OH 

Ccl,, HF, loo-1 50°C 

Figure 8.3 

However, substrates containing ortho subsntuents capable of hydrogen bonding to 

the hydmxy group have not produced trifluoromethoxy compounds by this method. It 

should also be mentioned that use of a molar equivalent of tetrachloromethane lowered 

product yield, while milder reaction conditions produced chlomdifluoromethoxy 

derivatjves.ts2 Furthermore, a catalytic amount of boron trifluoride increased the yield of 

the I-nitro-4-trifluoromethoxybenzene from 4-nitrophenol.la* 

The highest yields in the synthesis of aryl nifluoromethyl ethers from phenols are 

afforded when the phenol is substituted with electron withdrawing groups, surmised to 

protect the aromatic ring from attack by intermediates. The only exception to this rule is 

the cyan0 group which undergoes side reactions leading to low yields of the desired 

product.181 

The synthesis of 3-trifluoromethoxy aniline via nitration-reduction of 

uifluoromethoxy benzene is often difficult due to reaction conditions (toxic reagents, low 

yields, etc) and unavailability of starting materials. An alternative method involves the 

selective amination of 2-chloro(trifluoromethoxy)benzene prepared from 2-chlorophenol 

(Figure 8.4).1*3 4-Chloro-3-(trifluoromethoxy)aniline is prepared from 2,6- 

dichlorophenol in a similar manner with yields slightly higher than the mono chloro 
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Figure 8.4 

pmcursor. The reaction remains mgiospecifk with only one chlorine substituted by an 

amino group. 183 

An alternative synthesis of aryl uifluoromethyl ethers from phenols involves 

reaction with carbonyl fluoride,l~ followed by sulphur tetrafluorlde (Figure 8.5).t76 

of sulphur tetralluoride requires a temperature of between 150- 175 Oc for complete 

reaction of the carbonyl group and decreased tar formation. In contrast to the reaction 

Use 

described in Figure 8.3, compounds containing ortho substituents capable of H-bonding 

may be successfully trifluoromethylated if sodium fluoride is present.176 

ArOH + COF2 SF, 
- ArOCOF - ArOCFa 

Fire 8.5 

In the synthesis of trifluoromethoxy ethers using carbonyl fluoride. the 

fluoroformate shown in Figure 8.5 was rarely isolated. One exception is the low 

temperature reaction of ethylene glycol with excess carbonyl fluoride in the presence of 

sodium fluoride. In addition to ~Wrifluoromethoxy) ethane, two by products included 

l%trifluoromethoxyethyl fluoroformate (CF3OCH$H2~CF) and 2-fluom l- 

(trifluoromethoxy) ethane (CF3OCH2CH$). Fiially, alkyl alcohols require the presence 

of an electron withdrawing substituent on the P-carbon in order for reaction to be 
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In a similar fashion, trifluoromethoxy benxene can be synthesixed i?orn phenols by 

esteritication of the hydmxy group with nifluomacetic acid, followed by pyrolysis to give 

the desited product, albeit in low yield and contaminated with benxotritluaide (Figure 

8.6).9’ 

8.2 JXect Incomoration of the Trifluoromethoxv Grnup 

Trifluoromethyl hypofluorite. fmt synthesized in 1948, was examined in the late 

1950’s with the purpose of introducing the trifluoromethoxy group directly into organic 

molecules. Initially, the compound was reacted with methane, chloroform and carbon 

tetrachloride and under mild conditions acted solely as a fluorinating agent.*a 

When unsaturated compounds am reacted with trifluomrnethyl hypofluorite under 

vigorous conditions, identical results to those observed using the previously mentioned 

saturated compounds are obtained. In contrast, under milder reaction conditions, the 

addition of a uifluoromethoxy group was detected (Figure 8.7), though the limited number 

of examples makes the utility of the method difficult to assess. 

CFsOF + CHsrCH _uv_ CF,OCH&H2F 

Flpum 8.7 

The intmduction of the trifluoromethoxy substituent into carbohydrates may be 

achieved under mild conditions using nis(dimethylamino)sulfonium trifluoromethoxide 

([(GI-I3)2N]3S+ m30-, TAS+ e30-) as a reagent.175 This compound is pnpared by 
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reacting carhonyl fluoride with tris@imethylamino)sulfonium difluorotrimethylsiliconate in 

anhydrous THF at -75 OC. ~36 

Although the nifluoromethoxide anion is a relatively poor nucleophile, when 

reacted with primary triflate esters of carbohydrates, the anion displaces the tritlate ester 

under generally mild conditions. The more sterically hindered secondary uiflates require 

harsher reaction conditions and in addition to the desired product, the fluorinated 

compound is also produced (Figure 8.8).175 

i 
16% 75% 

Figure 8.8 

OMe OMe 

29% (I) 

OMe 

12% (II) 

OMe OMe 

+ MeD:: + MeD::Me 

OMe OMe 

I Figure 8.9 36% (ill) 11% (IV) 

Glycosyl halides react with TAS+ CF30- to yield a mixture of P-nifluoromethoxy- 

glucoside (I), a-glycosyl fluoride (IV), a-trifluoromethoxyglucoside (III) and p-glucosyl 

fluoride (II) (Figure 8.9) the last two being inseparable by chromatography or distillation. 
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In an attempt to prepare the free trifluoromethoxy+R glucopyranoside, an 

acetobromoglucose was matted successfuly with TAS+ CF30-. However, deacetylation 

of the product with the trifluoromethoxy group remaining intact could not be affotded.175 

9. 
. . . 

B of TrtflllPLPmetbvl St&&&g 

The high lipophilicity of the trifluoromethylthiol group has tendered it useful in the 

pharmaceutical and agrochemical fields. 187 When examining the trifluoromethylthiol unit, 

one must take into account that although this group is similar in hehaviour to the 

trlfluoromethoxy functionality, sulphur is larger and more polarizable than oxygen. 

However, the presence of the electronegative trifluoromethyl group results in a contraction 

of the d orbitals on sulphur thereby increasing the overlap between the trifluoromethylthio 

moiety and the adjacent rt system.178 

9.1 Conversion of -SCXle? 

Trifluoromethyl aromatics may be synthesized in relatively good yield by 

photoinitiated chlorination of phenyl methyl sulphide followed by fluorination using 

antimony uifluoride (Figure 9.1).1** 

SCH, 

4 ob,h” * $ SbF3,A ~ 6 

Figure 9.1 
90% 70% 

The aromatic ring in these examples may contain chloro or nits-o- substituents. 

However, more severe conditions and the use of catalytic quantities of boron uifluoride are 

required in the fluorination step if electron withdrawing substituents are present.197 

Additionally, the reaction is not always applicable to substrates containing ortho 

substituents. 
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An example of pharmaceutically useful comIuxmds am the trifluoromethylated 

phenotbiazlne derlvativesl~ 3-TrilIuommethyhnercaptodiphenylamine is pmpared from 

the reaction of acetanilide and 3-bromophenyhrifluoromethyl sulphide, which in turn is 

prepared by the fluorination of the trichloro- derivative using antimony trifluoride (Figure 

9.2).190 

Figure 9.2 45% 2% &F, 

9.2 Direct Incotporatlon of the Trifluotomethvlthio Group 

Direct incorporation of trifluoromethyl thiol units into a molecule may be achieved 

by several methods. These methods are generally divided into two main categories: 

nucleophilic substitution using metal trifluoromethylthiols, or radical reactions using 

trifluoromethanesulphenyl chloride or trifluoromethane thiol. 

Among the nucleophilic trifluoromethylthiol metal compounds is 

bi&.rifluoromethylthiol)mercury which may be prepared by reaction of bis(trifluoromethy1) 

-dlsulphidelgl with mercury (Figure 9.3a) 1% or by passing carbon disulphide over 

mercury(II) fluoride (Figure 9.3b).*93 



Trifluoromethylations and related reactions 6635 

The complex is soluble in a wide range of solvents and will easily coot&ate to 

donor solvents.193 Stoichiometric amounts of bis(trifluoromethylthio)merctxy will 

substitute halogen atoms in a series of alkyl halides (Figure 9.4),193*194 though the 

toxicity of mercury makes this mute unattractive. 

C2H,I + WSCfs)s ntlwr* C~HSSCFS 78% 

Br&HCH#r + Hg(SCF& 130°c _ (CFSS)~CHCH~SCF$~% 

‘But3 + Hg(SCFS)2 
reflux + ‘BuSCFs 47% 

CH&OCl + Hg(SCF,)s 
SO°C 

- CHtCOYCFI 46% 

Fiire 9.4 

Trifluoromethylthiosilver was first prepared in 1959 by reaction of aqueous silver 

nitrate and bis(trifluoromethylthio)mercury. 193 Following this, in 1961 the compound 

was directly prepared from silver(I) fluoride and carbon disulphide.195 An example of 

trifluoromethyhhiolation using trifluoromethylthiosilver is the reaction with tropylium 

bromide to give 7-trifluoromethylthiocycloheptatriene (Figure 9.5).1% Upon oxidation of 

this compound, the tropylium trifluoromethylsulphonate was formed rather than the 

desired sulphone. 

SCF, SO,CF, 

aBr- i) _ o”I_ OH_ sF3”’ 

Figure 9.5: i) AgSCF3 , ii) p_O#&H&0$-l 

The reaction of uifluoromethyhhiocopper with aryl bromides and iodides can be 

used to prepare aryl uifluoromethyl sulphides containing a wide variety of substituents 
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(Figure 9.6). in contrast to the limitations of the chlorination-fluorination method discussed 

previously. 

Other advantages of this method include increased yield and selectivity,*~ though 

lower yields are recorded for compounds containing electron donating substituents.197 In 

addition to aryl halides, trifluorotnethylthiocopper reacts metathetically with 

haloheteroaromatics to give the desired product (Figure 9.7).19 

Ttifluoromethylthiocopper can be conveniently prepatui from bi.r(ttifluoromethyl)- 

disulphide with copper powder in DMF or a similar solvent.199 Alternatively, 

CuSCF3 

X = Br, I 

Figure 9.6 

R q 4-N@ 70% 
=H 55% 
q 4-CH3 30% 

CUSCF~ - 63% 

SCF, 

trifluoromethylthiocopper is prepared from bis(trifluoromethylthio)mercury and copper 

powder or trifluoromethylthiosilver and copper(I) bromide.1g8~2~ 

In order to improve yields and the purification of products, supported reagent 

versions of the copper salt were examined. Experimental results showed that using 

alumina as a support resulted in higher yields than those obtained using charcoal or silica, 

though the reagent had to be used soon after irs preparation as it does decompose with 

time.2m The reactions with the supported reagent version of trifluoromethylthiocopper 

proved much cleaner than those which employed the unsupported salt. 
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A final source of the uifluoromethanethiolate anion (SCF3-) is not obtained from a 

metal complex but is generated ‘in situ’ by the reaction of thiocarbonyl fluoride192 and 

calcium or potassium fluoride. Although thiocarbonyl fluoride produces the best yield, it 

is often more convenient to use the liquid trimer bis(trifluoromethyl)trithiocarbonate 

((CF3)2C=S)as a source for trifluoromethanthiolate ion (Figure 9.8)ml 

(CF3S)+S + F-F-_-L CF3S-CF=S + CF3S - 

CF3SCFoS + F- 0 CF2S + CF3S’ 

CF,S + F- w CF,S - 

Figure 9.8 

When reacted with pentafluoropyridine, the resulting product is 

4-(trifluoromethyIthio)tetrafluoropyridine. 202 Further reaction with trifluoromethanthiolate 

led to the isolation of his- and rris(tritluoromethylthio)fluoropyridines (Figure 9.9).*01 

Figure 9.9 

In the trifluoromethylthiolation of tetrafluoropyrazine, the extent of substitution 

may be selectively controlled by the number of equivalents of thiolating reagent used in the 

reaction (Figure 9. I (I).203 
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Figure 9.10 
CF,S 61% 

6% 

However, no tetrasubstituted product was isolated when an excess of 

nifluotomethanthiolate is used. In contrast, the reaction of tenatluoropyrimidine with a 

molar equivalent of thiocarbonyl fluoride yields mono, di-, and tri-substituted products 

(Figure 9.11) whereas bis(uifluoromethyl)trithiocarbonate produces only compounds the 

mono- and 45bis(nifluoromethyhhio) compounds.*03 

SCF, 
CF$3. CsF. MeCN 

SCF, 
+ 

NQN NQN 

cF3s~scF3 + cF3sWSCF, 

NQN N /N 
Y 

Figure 9.11 

Trifluoromethanesulphenyl chloride, prepared from trichloromethanesulphonyl 

chloride and sodium fluoride?04 provides a useful, radical based method for introducing 

trifluoromethylthio groups into halooletins, saturated hydrocarbons, and a variety of 
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aromatic substrates. However, it should be mentioned that this method is often 

unsuccessful when the substrate is electron deticient.mt 

Trifluoromethylthiolation of haloolefins occurs by tiee radical addition of 

trifluoromethanesulphenyl chloride initiated by UV mdiation. X-rays or azonitrile catalyst. 

These reactions are summarized in Table 9.1 .ms 

The free radical mechanism involving initial addition of a uifluoromethylthio radical 

does not, however, account for the formation of both isomers. Furthermore, as will be 

described later, the orientation is generally opposite to that observed by the addition of 

uifluoromethanethiol. It must therefore be assumed that not only uifluoromethylthio 

radicals but chloro radicals are attacking species. This would not only account for the 

mixed products, but would retain the consistency that the radical always attacks to produce 

Oleftn Trifluoromethylthio products % yield 

CFH = CF2 CF3SCF2CFHCl 50 

CF3SCFHCF2Cl 11 

CF2 = CFCF3 CH3SCF2CFClCF3 63 

CF3SCF (CF3) CF2Cl 37 

CF3SCF2CF (SCF3) CF3 10 

ClCF = CF2 CF3SCF ClCF2Cl 42 

CF3SCF2CFCl2 12 

CH30CF = CF2 CH3OCF (SCF3) CF2SCF3 11 

CH30CF (SCF3) CF2Cl 16 

Ch30CF (Cl) CF2SCF3 26 

CH2 = CHCl CF3SCHCl CH2Cl 73 

CF3SCHzCHC12 4 

CF2 = CH2 CF3SCF2 CH3Cl 40 

CF3SCH2CF2Cl 11 

Table 9.1: Reaction of Trifluoromethanesulphenyl Chloride with Various Olefins. 
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Cl. CF# 

r- CICFHCF2 . 

CFH=CF2 - CF,SCFHCF2CI + CICFHCF,SCF3 
k F&SCFHCF2 ‘$ 

3 . . 

Figure 9.12 

the most stable alkyl radical (see Figure Y.12).205 

The free radical chain reactions of nifluoromethanesulphenyl chloride with 

saturated hydrocarbons yields both trifluoromethyl alkyl sulphides and chloroalkanes.206 

The product ratio varies depending upon the alkane precursor. For example sulphenyl 

chloride produces trifluoromethylthiocyclohexane and I-chlorocyclohexane in 45% and 

28% yield respectively. A very different reaction occurs using n-butane (Figure Y.13)2w 

with only 1% chlorobutane resulting. Yet a similar reaction with isobutane produced a 

number of products as described in Figure 9.13. 

n-C4Hlo 
CF&l 

) CFsS(CHdgCH, + CH&H(SCFs)CH&Hs + Cf(Ct12)&HI 
hv 

13% 33% 1% 

*ssa 
‘BuH hv F CFsSC(CH& + (C&)&Cl + CFaSCH2CH(CHs)2 + ClCH2CH(CH,)2 

24% 33% 12% 1% 
F&we 9.13 

Trifluoromethylthiolation of heteroaromatics using trifluoromethanesulphenyi 

chloride also occurs by free radical chain mechanisms (Figure Y.14).207 

Methyl, dimethyl, carboxy and acetyl pyrroles may be mono- or disubstiruted 

(depending upon their reactivity) with trifluoromethanesulphenyl chloride.207 In contrast, 

pyridine does not react directly with trifluoromethanesulphenyl chloride but will react ;1s 

rerru&s(l,2,-dihydro-I-pyridyl)aluminatc to yield 3-[(trifluoromethylthiolpyridine (Figure 

9.15).208 
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81% 7% 

SCF, 

Figure 9.14 
28% 88% 

Aryl trifluoromedryl sulphides may be synthesized by reacting aryl Grignard 

reagents with trifluoromethanesulphenyl chloride.*09 The uifluoromethsnesulphenyl 

! Fi sgure 9.15 

SCF, 

A, -Li+ CF3SC’ ;- 

chloride is added to the Grignard reagent at 0 Oc and results in the formation of not only 

the trifluoromethylthio compound but also aromatic halides (Figure 9.16). If an aryl 

magnesium bromide was used and significantly cooled, the yield of atyl uifluoromethyl 

sulphide decreased while that of aryl bromide increased. Mechanistic studies have 

attempted an explanation in that although attack of the carbanion is primarily on sulphur, 

the similar electronegativities of chlorine and sulphur allow formation of some 

uifluoromethylthiolate anion.*@ At lower temperatures, the very polarizable bromide can 

then compete with the trifluoromethanethiolate ion for displacement. Furthermore, when 

aryl magnesium iodides are used. yields are considerably lower. 
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52% 11% 5% 

Fiiure 9.16 

An alternative synthesis of aryl trifluoromethyl sulphides was based on the 

previously reported method of preparing aryl sulphides via the condensation of sulphenyl 

chlorides with aromatic compounds.*tub. 210~ The reaction was extended to include 

trhluoromethanesulphenyl chloride and proved to be useful particularly for aromatics 

containing electron donating substitnents.*l(kJ 

The reaction takes place at room temperature with yields of between 58-75%. In 

the case of benzene, substitution occurred only under forced conditions in the presence of a 

catalyst. Although substitution occurred almost always in the para position for electron 

donating substituents. as in the case of toluene and halobenzene, the products formed 

under forced conditions included all three isomers (Figure 9.17). 

Figure 9.17 

The free radical addition of trifluoromethanethiol (CF3SH) to olefins results in the 

formation of uifluoromethylthiol alkanes and their corresponding oligomers.*t * The 

diion of attack can be attributed to intermediate radical stability.*** For example, in the 
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additbnoftta- thiol to chlotlJlrifl~ylene and 2-methylpropuK+ the 

sjngk pmducts fomted arc those predicted by radical stability theory (Fi8me 9.18). 

/IV 
CIFC=CFt + CF,SH - CF#CF&FClH + ollgomon 

hv 
CH2nC(CH& + CF,SH - CF~SCH&H(CHJ)~ 

0 hv SW, I + CF,SH - 

Fiire 9.18 

A final example of direct incorporation of the ttifluoromethyl thiol unit is the free 

radical addition of pentafluoroiodobenzene to bis(trifluorometbyl)disulphide (Figure 

9.19).213 The presence of trifluoromedtyl iodide and the perfluomphenylmethyl 

disuiphide in the product mixture suggest that the pentafluomphenyl radical attacks the 

bi,s(trHuoromethyl)sulphide displacing a trifluorome.thyl radical which subsequently 

abstracts an iodine atom.213 

* 4 W3% ;c 6 + 6 +hcl 

42% 13% 44% 
Figure 9.19 

9.3 TrifluoromethvlationofV 

Alkyl trifluommethyl sulphides can be prepared by irradiation of 

iodottifluoromethane with dialkyldisulphides (Figure 9.20).213 

.,., - 
CFal + (CHsCH2Sl2 - CF,SCH&H~ 43% 

CW + W-W)2 
he 21d 

- CF,SCHs 82% 

Fiwn 9.20 

The formation of trifluoromethane, due to the increased number of hydrogens 

available for abstraction, has resulted in considerably lower yield in the reaction of 
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diethyldisulphidc with iodoaifluommethanc for tiuomme thy1 ethyl sulphide Further, 

alkyl and aryl nifluommethyl thiols have been synthesized from iodotrifl~ in 52 

to 85% yield using the phase transfer catalyst benzylttiethylammonium chloride (Figure 

9.21).=6 

R R 

cF,r . hv 
EtCO2CH2SH uspm2N+cr- EtCO2CHiSCFa 

Figure 9.21 

Trithiols may also be trifluoromethylated with icdotrifluommethane to yield the 

corresponding uis(trifluoromethyl)thiol compounds (Figure 9.22).214 This type of 

reaction may be extended to heteroaromatics such as pyrazine and pyrimidine.215 

SH 

Figure 9.22 

SCF, 

Trifluoromethyl ql sulphides can be obtained by the reaction of arenethiolates 

with bromotrifluommethane at a pressure of about two atmospheres, with yields varying 

from 7 to 75%.216* 217 Substitution on the ring may vary, although the best yields are 

observed when electron donating substituents are present.217 When 

bromonifluoromethane is reacted with thiophenoxide in the presence of nitrobenzene, 

inhibition occurs suggesting an Sml mechanism (Figure 9.23j.216 
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ArS -+ CFSBr - ArS. + [CF#r] -m 

[CFsBr] -. - CF3. + Br- 

ArS’+ CF3* _+ [ArSCF,] -. 

[ArSCFa] -.+ CF3Br ____t ArSCF3 + [CFsBr]‘. 

Figure 9.23 

Alternatively, aliphatic and aromatic disulphides, when taken with 

bromotrifluoromethane in the presence of the sulphur dioxide radical anion, will produce 

trifluoromethyl thiol compounds in reasonable yields (31-93%).127 The sulphur dioxide 

radical anion is derived from sodium dithionite (Na&O4) and sodium hydroxymethane 

sulphinate (NaO2SCH20H). The reaction takes place at mom temperature in DIM/water 

and requires the presence of disodium hydrogenphosphate to neutralize the sulphur dioxide 

formed. In this case, it is clear that the disulphides are not reduced, which strongly 

substantiates the existence of a radical mechnnism.tx7 The low cost of 

bmmotrifluommethane (compared to icxiotrifluommethane) and the much lower reaction 

times (hours rather than days) makes these methods attractive. 

The belief that compounds containing eliminatab2e hetematoms between a 

perfluomalkyi group and a good leaving group could act as trifluoromethylating agent@ 

led to the development of a series of novel nitrogen containing compounds summarized in 

Figure 9.24.42~20~26 

CF3N=NSOzAr 

1 

Fmre 9.24 

CFsN(NO)S02P h 

2 (LW-8) 
CF3N(NO)SO&% 

3 (TM-11) 

The fit of the complexes, N-trifluoromethylazosuIphonyl-benzene(l), prepared 

by the reaction of nitrosomethane and phenylsulphonamide in the presence of base, will 

react with disulphides to give trifluoromethylthio arenes.x6 Similarly, when irradiated, N- 

trifluommethyl-N-niuosophenylsulphonamide (TNS-B) in the presence of a disulphide 

substrate and biacetyl sensitizer resulted in tritluoromethyl iodide.80 However, TNS-B 
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r 

Substrate Solvent Time/hrs Product Yield 

(S-n-Ctti21)2 (a3)2co 6 CF3S-n-GOH2i 55 

(SCH2COOH)2 (1 14 CF$ICH$DOH 63 

(SCH$ZII$XOH);? I, 3.5 CF$XIi#-I$OOH SO 

(SCH,CH2~HCOOCH~)~ ” 7 CF~SCH~CH~CPCOCHJ 59 

NHCOCF3 NHCOCF3 

(SCHQI(OAc) CH2OAc)g CH3CN 14 CF$XI-I~CH(OAc)CH~OAc 64 

Table 9.2: Reaction of N-Ttifluoromethyl-&Nitrosophenylsulphonamide with 

Disulphides. 

produces better yields of the desired product with shorter reaction times. In addition, 

crystalline TNS-B is easier to handle than iodotrifluotomethane gas. A summary of 

reactions involving TNS-B is given in Table 9.2.80 

Following the development of TNS-B as a trifluommethylating agent, it was 

believed that the reactivity could be enhanced by replacing the atyl group with a 

perlIuoroalky1 group. &uifluoromethyl-N-nitrosotrifluoromethane sulphonamide 

(INS-Tf) is prepared by reaction of nitrosomethane and hydroxylamine at -65 OC in DMF 

followed by addition of trifluoromethanesulphonyl fluoride in the presence of sodium 

hydride.42 TNS-Tf is useful in the trifluoromethylation of thiols and disulphides resulting 

in generally higher yields and shorter reaction times that its TNS-B counterpart. For 

example, the synthesis of CF$5CH~CH(NHCOCF~)COOCH~ (a precursor to a 

methionine activation inhibitor) was increased from 30% with TNS-B to 71% with 

TNS-Tf. This is most likely due to the fact that both trifluoromethyl groups of TNS-Tf are 

used in the reaction.42 

A final source of the uifluoromethyl group is derived from compounds containing 

the trifluoromethyl sulphonium ion. (Trifluoromethyl)dibenzothiophenium triflate and its 

seleno analog are prepared from 2-trifluommethylthio(seleno) biphenyl in 75% yield 

according to Figure 9.25218 The mononitro- and dinitro derivatives are synthesized 

using two or three equivalents of nitronium triflate respectively. When reacted with the 
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sodium salt of alkane thiols, these compounds will produce tiuoromethybhio ethers in 

fair yield (47:87%). 

W-Q-g 
If-C% X+ 

Tfo- 

0 hF3 

Figure 9.25 
x = S, Se 

Similarly, trifluoromethyl rt-chlorophenyl sulphoxide reacts with 

tritluorosulphonium hexatluomantimonate to give phenyl(aiiIucmxnethyI)- 

fluorosulphonium hexafluoroantimonate, which subsequently reacts with m-xylene to give 

the trifh~oromethyl sulphonium salt (I) shown in Figure 9.26.21g As also described in 

Figure 9.26, this compound may be further reacted to produce trifluoromethyl thiols. 

I Figure 9.26 

sF~*sbF; 
C p-CIC&S+(F)CF, S8Fe 

p-CIC,H,S%F~ SbF@’ 
I 

10. 
. . . Erebaratlon of TrlvITnnones) 

Interests in the pharmaceutical and agrochemical industries lies not only with 

trifluommethylthiols, but with their oxidation product, the comsponding sulphones.*a7 

The strong electron withdrawing properties of the sulphonyl group coupled with the 

electronegativity of fluorine, renders the aifluoromethyl sulphonyl group one of the 

strongest electron withdrawing substitutents.178J9s 

6647 
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10.1 -3 

In general, the oxidation of aryl and heteroaryl uifluoromethyl sulphides will 

generate the desired sulphone1**2ut (see Figure 10.1). The temperatures and reaction 

times are critical in this type of synthesis since the resulting sulphonyl group is more 

reactive that its thiol ptecursor.~t A disadvantage of this method lies in the fact that prior 

to oxidation, the sulphide must be prepared, requiring multi-step synthesis and expensive 

reagents (see Section 9). 

F,CS SO&F, 

SO&F, 

Figure 10.1 

+ 

OH 

10.2 Direct I-oration of -S0KF3 

A number of electrophilic trifluoromethane sulphonyl sources such as triflic 

anhydride (CF3SO&O, trifluoromethyl sulphonyl chloride (CP3SO3Cl) and 

phenylbis(trifluoromethylsulphonyl)amine (PhN(QCF3)z) provide a convenient route to 

the preparation of alkyl and aryl trifluoromethyl sulphones.~c 

Primary and secondary trifluoromethyi sulphones may be synthesized by the 

reaction of these electrophiles with organolithium reagents (Figure 10.2).220 

However, tertiary and phenyllithium reagents resulted in no trifluoromethyl 

sulphone formation, though aryl trifluoromethyl sulphones may be prepared via the 

Friedel-Crafts reaction of arenes with triflic anhydride and aluminium chloride (Figure 

10.3).220 
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CWCH2W + (=2SO2120 -Icl” c CHs(CH2hSO&Fa + ~(CH2)1CH(S02CF~) 
sew 

-78% 
RLi + PhN(B&CF& _ RS02CFs + PhNHBO&Fl 

R I n.Bu 74% 
I 8-9~ 67% 

Flgute 10.2 t Et 99% 

SO&F, 

Figure 10.3 23% 49% 

Attempts to prepare alkynyl trifluoromethyl sulphones using alkynyllithium silane 

or aluminium compounds proved unsuccessful due to low yields or inherent side reactions 

(oxidative coupling of the metal alkynide in the presence of the anhydride). It is only when 

tbe sodium salt of the alkyne is reacted with triflic anhydride that products am obtained in 

respectible yields (Figure 10.4).*= 

Na Et@ 
RC~CH - (RCzC'Na+] 

Pae?w 
RT. 3d 

- RCI CSOfiFa 
-7&k - RT 

Fiim 10.4 17 - 74% 

This method of synthesizing alkynyl trifluoromethyl sulphones may be used with 

most terminal alkynes, with the exception of those containing hetematom substituents on 

the alkyl side chain. The triple bond of the product is particularly reactive towards 

nucleophiles such as water and amines and readily forms Diels-Alder adducts with 

cyclopentadiene. 
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10.3 Carbme 

A mote recent investigation has mpotted the use of rr@iimethylamino)sulphonium 

difIuommethylsilane (TASF) in conjunction with trlfltmromethyl silanes or stannanes in 

order to prepare trifhtoromethylsulphones (Figure 10.5).=7 

ArS02F 
2Mo3McF~ TA9F* THF, 20% 

M-SnorSi 
* ArS02CFJ 

TASF . (b&N)& hl+ii2’ 70-9934 
Fwre 10.5 

The mechanism of reaction involves the formation of dilluomcarbene, which 

inserts into the sulphur-fluorine bond. The reaction gives high yields of aryl 

trifhtommethyl sulphones from readily prepared starting materials. It has been shown that 

the yield is not affected by electron withdrawing or donating substituents on the aromatic 

ring, but does depend on the method by which the reagents are introduced into the naction 

medium. Further, when uifluoromethyl silanes am used, a variety of solvents may be 

used. In conuast, when trifluoromethyl stannanes am employed, the nature of the solvent 

significantly affects the product yield, and it has been concluded that the stannane 

intermediate in the reaction is stabilised by solvents of low polatisability. 

10.4 Qt&M&g& 

The previously discussed N-trifluoromethylaxophenylsulphones (Section 9.3) 

undergo thermal elimination of ninogen, followed by radical cage recombination to yield 

the trifluoromethyl aryl sulphone in approximately 40% yield (Figure 10.6).86 

box0 
CFJNO + H2NS02Ar- CF3N=NS02Ar 

A.-N2 
- CFsS02Ar 

Fi!gure 10.6 91.92% approx. 40% 
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