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Abstract-A series of six ~l~uorom~bylketon~ have been syntbcsizcd: 2,3 and epyridyl and N,N- 
dimctbylanilyl-2,3 and 6trithoromctbylketones. Four of these six aryitrifluorometbylkctoaes form 
stable gemdiols. It is proposed that tbe unusual stability of these gemdiols is not solely accounted for by 
the inductive effects of the trifluorometbyl radical, but also by the stabilization eff’ts of H- bond formation 
between the acidic OH groups of tbe diols and their basic N atoms. 

INTRODUCTION 

ALDEHYDES and ketones add water reversibly, forming gem-dials. It is known that 
the gem-dials are stable enough to be isolated only when the CO compound is 
heavily substituted with electron withdrawing groups. A classical example is the case 
of ~uoroa~~ldehyde whose CO is submitted to the inductive effects of the 
~uoromethyl radical.’ 

Although many t~~uoromethylketon~ are described in the literature, and it is 
generally accepted that they exist as gem-dials in aqueous solutions,2 very few 
trifluoromethylketone gemdiols have been isolated. The gemdiol of thenoyltrifiuoro- 
acetone (TTA.H,O)$ constitutes a rare example of a trifluoromethylketone gem-diol 
isolated in the pure state.” 

In this paper we describe a new series of t~fluoromethylketon~ which are the 
three isomers of p~dylt~uorom~bylketone (la, b, c) and of N,Nd~ethyl~ilyl- 
t~uorometbylketone (Ha, b, c). Among these new t~fluoromethyiketon~, four form 
crystalline gemdiols (IHa, b, c, and IVa) whose stability is of interest. 

The syntheses were achieved according to Scheme I, by a method already des- 
cribed.‘ Thus N,Ndietbyl trifluoroacetamide (V) was reacted with an etheral 
solution of the appropriate lithium derivatives at -70” (Via, b, c, and VIIa, b, c). 
The lithium derivatives were themselves obtained from the corresponding bromo- 
pyridines (VIIIa, b, c) and bromo-N,Ndimethylanilines (IXa, b, c). The structures of 
the new compounds have been confirmed by IR and NMR spectroscopy, as weil as 
by elemental analyses. 

l To wbom correspondence should be add- 
t Holder of a prcdoctoral scholarship of the National Research Chmcil of Canada 
1 See Fig 1 for structural formula 
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The letters a, b, and c correspond to ortho, meta. and para poeitions. 

DISCUSSION 

The gmdiols described in this paper are particularly stable. For instance, com- 
pounds IIIa and IIIc are recrystallixable from anhydrous solvents. Compound 111~ 
can be sublimed at 120” without loss of water. We believe that such a stability is not 
solely accounted for by the inductive effects of the trifluoromethyl radical. Middleton 
and Lindsey5 have shown that lluoroalcohols form with electron-rich atoms extremely 
strong H-bonds (6 kcal/mole). This property of lluoroalcohols allows them to form 
stable l-l complexes with bases such as dioxan, tetrahydrofuran, pyridine, and 
tettahydrothiophene. The stability of these complexes is in fact a function of the 
acidity of the alcohols and the b&city of the involved bases. Like the fluoroalcoholq 
the OH functions of some trifhroromethylketone gemdiols have been estimated2 to 
be quite acidic, and they should thus form strong H-bonds with basic atoms. 

This susceptibility of the trifluoromethylketone gemdiols to form strong H- 
bonding interactions could explain the stability of TTA . H20, as well as that of the 
new gemdiols. In fact these gemdiols all contain basic atoms susceptible to intra- 
and intermolecular H-bonds with their hydroxylic hydrogens. TTA. H,O would 
thus be stabilized by H-bonding with its CO group, whereas the new trifluoromethyl- 
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3250 cm- ‘, and no CO absorption. This observation suggests that H- bonding of 
the OH groups of the new gemdiols with a strong acceptor atom such as their own 
basic nitrogen contributes largely to their stability. 

NMR spectra* The NMR spectra of the new gemdiols were run either in acetone 
or in THF (Table 1). 

TABLE l.Posmo~o~ NMROH-ABSORP~ONOPTHE OEM-DIOLS 

Compound Solvent p.pm from TMS 

III a acetone 6.95 (s)t 
b acetone 
b THF 7.38 (s) 
C THF 7.16 (s) 

IV a THF 9.1 (s) and 2.77 (s) 

l 15% concentration t (s) = singlet 

In the pyridyl series, the OH functions of the gemdiols all showed as singlets, 
which rules out the possibility of strong intramolecular interactions such as presented 
in Fig 1 for IIIa, but which favours intermolecular interactions. The less stable gem- 
diol IIIb is stable in THF, but loses its mole of water in acetone, a fact which points 
out the importance of the stabilization-effect of H- bonding in the new gemdiols. 

The only stable anilyl gemdiol (IVa) shows two nonequivalent OH groups 
suggesting an intramolecular interaction of one of its OH groups with the dimethyl- 
amino group, as shown in Fig 1. 

EXPERIMENTAL 

(b.p. 74-75” (43 mm), n$’ 1.3795) was obtained by reacting dictbylaminc with trifluoroacetylchloridc,’ 
which was prepared from benxoylchloridc and trifluoroacetic acid. The yield of the amide was 48% 
(calculated from the starting trilluoroaoetic acid). 

2-Pyridyltrifluoromethylketone gem-diol 

n-BuLi (DlS mole in 100 ml ether) was prepared in a 500 ml 3-neck flask according to the procedure of 
Gilman et al.’ A solo of 2-bromopyridinc (16 g, @l mole in 100 ml ether) was then added to the BuLi solo 
according to the procedure of Wibaut et ol.’ to afford a solo of 2-lithiopyridinc. N.Ndiethyltrifluoro- 
aatamidc (16g. 01 mole) was then added dropwise (over 1 hr) to the mixture (cooled to -70”) and 
stirred for 2 additional hr at that temp. The content of the flask was then poured onto a mixture of cone 
HCI and crushed ice. The aqueous phase was separated and extracted twice with ether. It was then cooled 
and basified with 20”/. NaOHaq. The solo was then transferred into a liquid-liquid cxttactor and extracted 
with ether for 24 hr. The etheral extract was concentrated and the residue distilled under reduced pressure. 
We thus obtained 2-pyridyltritluoromethylketonc, b.p. 92-102” (68 mm). Its IR spectrum (CCI.) showed 
a CO band at 1735 cm-‘. The 2-pyridyltrifluoromethylketone was rapidly transformed into its gcmdiol 
by absorption of atmospheric moisture. The 2-pyridyltrilluoromcthylketone gem-dial (12 g for 62% yield) 

was recrystallizd from n-hexanc. m.p. 64-66” ; IR (Nujol) broad absorption at 3225 cm- ’ for OH. (Found : 
C, 43.30; H, 346; N. 746. G&d for C,H,O,NF,: C. 43.53; H, 313; H, 7.25%). 

* PMR spectra were obtained with a Jeol60 MHz spectrophotometer. Spectra wcrc calibrated in terms 
of lower field displacement in p.p.m from the proton resonance of TMS used as internal reference. 
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3-Pyridylrrijhwromerhylketone gemdiol 
A soln of 3-bromopyridine (16 g, 01 mole in 25 ml ether) was added to a solo of n-BuLi (@IS mole in 

100 ml ether) according to Wibaut et al. ‘* to give a soln of 3Gthiopyridinc. This soln was cooled to - 70 
and N,Ndicthyltrifluoroaatamide (16.9 g, 01 mole) was added dropwise for 1 hr. The reaction was then 
kept a1 that tcmp for 2 hr. hydrolyzed. and worked up as described. The 3-pyridyltrifluoromethylketonc 
distilkd at 9&100” (68 mm). Its IR spectrum (CC&) showed a CO band at 1725 cm- ‘. The free ketone was 
tmnsformai into its gemdiol overnight, by absorption of atmoaphcric moisture. The 3-pyridyltrifluor* 
methylketone gemdiol thus obtained (134 g for @40/. yield) is ao amorphous solid, m.p. 93-96”. Its IR 
s-m (Nujol) showed a broad absorption at 3480 cm - * for OH. (Found: C. 43.26; H, 3.25; N, 760. 
C&d. for C,H,O,NF, : C, 4353 ; H. 3.13 ; N, 7.25%). 

4-Pyridyltrflawromerhylketone gem-dial 
A solo of dbromopyridinc*” (16 g, @l mole in 200 ml ether) was addal to a solo of o-BuLi (0.15 mole 

in 100 ml ether) according to Wibaut and Herringa” to obtain a solo of Clithiopyridinc. N.Ndicthyl- 
trifluoroacctamidc (16.9 g, @l mole) was then added dropwise (for 2 hr) to the Lidcrivative solo (cooled 
to - 75”). The mixture was stirred at that temp for an additional 4 hr. hydrolyzed and extractal for 48 hr 
as dcscribcd. The etheral extract was conccotrated to dryness and the residue (11 g for 57% yield) consisted 
of the 4-pyridyltrilluorowthylketooe gemdiol. It was purified either by sublimation at 120” or by re- 
crystallization from EtOAc. Its IR spectrum (oujol) showed absorption bands at 3300 and 25OOcm-’ for 
OH. (Found : C, 43.59; H. 3.25 ; N. 747. Calcd. for C,H,O,NF, : C. 43.53 ; H, 3.13 ; N, 7.25%). 

N.N-Dimethylanilyl-2-trfflwromethylketone gemdiol 
To a suspcosioo of Li sand (O-20 mole) in 60 ml ether was added 5 ml of a solo of 2-bromo N.Ndimcthyl- 

aniline” (20 g, @l mole) in 75 ml ctber. The resulting soln ~8s then refluxd until a reaction was initiated, 
and this maintained by the cootrolled addition of the remaining halide solo. when all the balidc had been 
added, the mixture was nlluxcd for an additional 2 hr. It was then cooled to -70”. and N,N-dicthyl- 
trifluoroacetamide added over a period of 2 hr. After this addition, the mixture was stirred at that tcmp 
for 3 hr. hydrolyzed and extracted as described. Tbe ctheral extract was cooamtratcd to dryness, and the 
solid yellow residue yielded, after washing with ligroin, N.Ndiictbylanilyl-2 trifluoromethylketooe gem- 
diol (17.4g for 74% yield), m.p. 74-76”. Its IR spectrum (oujol) showed a broad absorption band at 
3215cm-’ for OH. (Found: C. 5081; H, 5.11; N. 615. calcd. for C,,H,102NF,: C, 5106; H, 5.14; 
N, 5.95%). 

This compound was obtained in a 69.2% yield from 3-bromo-N.N-dimcthyLaniline” and N.N-dicthyl- 
trilluoroacetamide rcactcd under the same conditions and molar coocentrations as for its isomer of 
position 2. N.Ndimcthylanily-3-hinuoromcthylketone is a yellow liquid, b.p. 74-76” (1 mm), # 1.5259. 
Its IR spectrum (CCl,) showed a CO band at 1715 cm-‘. It was cbaractcrixcd as its oxime derivative, 
m.p. 90-91” (from n-hexanc). (Found: C, 51.88; H. 5.12: N. 11.86. C&d. for C,,H,,N,OF,: C, 51.72; 
H. 4.77 ; N. 12.06%). 

This ketone was obtained in a 65% yield from 4-bromo-N.Ndimethylanihne and N.N-dicthyltrifluoro- 
acetamide uodcr the conditions and molar concentrations as described for its isomers. N.Ndiiwthyl- 
anilyl4trifluoromcthylketone is a yellow solid, m.p. 75-75.5” (ligroin), its IR spectrum (CCl,) showed a 
CO band at 1695cm-‘. (Found: C, 5546; H. 482; N. 650. Calcd. for C,,H,OONF,: C. 55.30; H. 464; 
N, 644%). 
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