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Ab~racl-The kcto.enol equilibrium of the title compound I ha,. been sludied b,. "F NMR ,,pectro,,~:op~ at 
~.arutble temperature. [he result., found are in agreement v, lth tho,.c reported by prevmus authors u,,ing 'H NMR 
In addihon, the reaction of i v, lth water and alcohols, and the equilibrium t)f the ,,tarling keto-enol form,, v.-ith the 
corrc,.ponding h)drate and hemiket,ds has been investigated. ,~)me intcrcstint~ features of the 'H and "F NMR 
,..pectra of tbese compounds are also discussed. 

INTIIOIX:.CTI(I,N 

In connection with a research program of this lab,t~ratory 
devoted to the synthesis of trifluoromethyl bioanalog~ of 
the natural juvenile hormone JH-3, we required ethyl 
3,.3,.'r-trifluoroacetoacetate 1 as the source of the triflu- 
oromethyl group.' However. preparation of I. according 
to a previously reported procedure.: failed to afford the 
expected yield. Analysis of the NMR spectra of different 
samples of chide ester I showed the presence of variable 
amounts of hydrated ester 2z. This result led us to 
develop an improved procedure to obtain pure samples 

In this context, we decided to stud', the al'xwe equili- 
brium by '"F NMR at different temperatures. The fact 
that the '*F NMR spectrum of the tautomeric mixture of 
la and Ib only exhibits two well-separated sharp singlets. 
corresponding to each trifluoromethyl group, simplifies 
the spectral analysis. On the other hand. although the 
reaction of several a-fluorinated ketones with water and 
alcohols has been described.' the behaviour of I vAth 
these reagents has so far been unreported In the present 
work. ~e study the reactions of ester I ~ith water and 
alcohols by H and "F  NMR ~,pcctroscopy. 
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Scheme I. 

of the desired compound, as well as to study its keto-enol 
tautomerism and its reaction with water and alcohols. 

The keto-enol tautomerism of the ester I had been 
previously established by Filler and Naqvi using the K 
Meyer "indirect" method, which gave an unexpectedb 
low enol content (10-14%. in methanoll. ~hen compared 
with the values reported for fluorinated ~-diketones. 
Subsequently. the same authors found a much higher 
amount of enol form (89c7c I by 'H NMR spectroscopy of 
the pure liquid.'" This value was confirmed by Burdett 
and Rogers (89"~; K , -  lenol]/lketo] at 371 ~ :  8.1), using 
the same technique.'" In addition, these authors also 
studied the equilibrium constants at different tem- 
peratures 1- 5 80"1, obtaining the values of free energy. 
enthalpy and entropy for the tautomerization of ester !." 

L-'X PI, aU MIL'%'I" M. 

Measurement,, v, ere made v.ilh a Perkin Elmer R-12B NMR 
spectrometer, operating at 60 and %.4 MHz. v, ith the normal 
probe a! ]3" and v.tth the sariable temperature probe. Sample 
tube,, v.ere not sealed 'H and "F NMR ,.pectra v, ere deter- 
minated using I'MS and trlfluoroacetic acid. respcct,vel~, a~. 
external references m a ,.ealed capillar,,,. ]he mea.,urement ac- 
curacy v.-as e,.timated to be about 0.01 ppm for 2$, and 0.02 ppm 
for /$,. 

Standard deviatmn., for values of log Ko I~mg betv, een 0/CO 
and 1.010. were 5%. The ¢nthalpy of conversion from kern to 
enol forms wa~. computed by Ihe least-squares method from the 
variation of lhe equilibrium con,,lanl in lhe range O-80~: the 
slandard Gibb,, free-energy change V, as calculated assuming ,deal 
behavz.our: A(; • RI'lnK,. Ba,,ed on the ,.tandard deviation of 
K,. the standard error of the I¢a,,t-,,quar¢,. line Ir - 0.9941 and the 
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unccnain~y of T. 95% confidence hmih for AIt and AS UE~C 
rcspccfrvcl~ ‘0.34 Kcal mole ’ and z I II cd mole ’ dcg ‘. Since 
AH IS acluall) tempcralurc depcndenl. rhc ~.duc rcpwrcd IX onl) 
an avcragc over the temperature range cmpkqcd 

Elh!-l y.y.T-lrIAuoroaccr0accrarc ua\ prcplrcd accordmg IO 
lhc melhod of Rurdon and Mcl.oughlm.’ ulth minor moddi- 
cations lo ensure rcproducrhlc )tclds and product purlt) The 
vtolcncc of UK reaction wa\ reduced h) slmultancou\ dropwx 
addition of ethyl acctit~c and crhjl Mluoroaccrarc (2 I rauob 
oter a suqxnrion of sodium wire m erh)l erhcr. and the final 
drymg over MgSO. ~a\ folloucd h! treatment urrh molecular 
sieves. The highest yield of c\tcr I obtained uat 55%. containing 
less than 3% of hydrate. Rcdistdlarlon of rhl\ marerA atlorded 
wmpkc with no dcfccrahlc amount of h!dr;trc h! SMR analysis. 
whrch were uud rn the prcunr \tud! 

The reactions with water. mcrhanol and crhanol were carried 
OUI in the SMR sample tube h) addmp rc\pccrr~ely an cqui- 
molecular amount of each reagent. prct~ousl! purdicd h! \ran- 
dard procedures. IO the Ruonnatcd c\lcr I. rewlrmp In all caws 
IO a homogeneous mixlure The NMR spectra ucrc rcgr\tcrcd 
after 2 h al room fcmp. and rhc rcwlrs did not change \Ig. 
nificantly ober a pcnod of 24 h 

Figure I shows the plor of log K, v\ rhc reciprocal of 
the absolute temperature for the keto-enol rauromcrism 
of ester 1. The thermodynamic data obtained arc civen in 

‘Table I. Our data arc in agreement with those reported 
by Burdctt and Rogers” using ‘H N.MK spectroscopic 
analysis, shown also in ‘I’ahlc I for comparison. 

Table Z shows the “F chemical shift\ for rriflu- 

oromethyl groups of keto and enol tautomcrs. We have 

Fig. I. The temperature dcpcndencc of log K. for the law 
romcwalion of ethyl y.y.y.lnfluoroaccro;clarc. 

obcervcd that ‘*F chemical shifts of both forms are 

unaffected. within experimental error, hy temperature 
changes in the range studied, as has been found for 

proton chemical shifts.” 
The reaction of I with water and alcohols was carried 

OUI under condillons Gmilar IO those reported b) 

Kodama. Sa~o and Arakawa” for rrifluoroacctylacctone 
3: 

x Y 
C‘F,-C-CH,-CXH. 

3 

Tahk I Thermodynamic data for cnohralron of ethyl y.y.y-rriRuoroacclc,acetale’ 

X; f 33’) 
Icp K, (Kcallmolc) 

--.-.. 

“F 5MR 0.71” 0.9Y 
‘H SMR rl.‘R’ ,I OY 

AH AS (33’) 
(Kcalimolc) (cal!molc dcg) 

-- 

-3.M 4 40 
-391’ - Y.21’ 

“Pure Irquld. “Value taken from graph log K. vs I/T bngc MOP. ’ Value taken 

from Ref. 3r 

Table 2. “F M4R chcmrcal shifts of CF, groups in cqullibrium 
mixwrcs of ethyl y.y.y.rriRuoroaccroaccl~Ilc reactron\ uith waler 

and alcohol\ a~ 33” 

kcto cnol h>dratc hcmlkcral 
--..- -- 

csler (pure Iiq.) -2.20 2.36 

cs~cr~H~0’ - IO CY 
ester-Hz0 I nr !.‘Y 9 0’ 

ester-H..O’ I.42 ?.Y5 9 .l( 
cstcr-McOW I i9 ?fn -4 96 
ester-EtOH’ I fl0 2.79 5 I!’ 

‘Trifluwoacetic acid was used as external rcfcrence In a scaled 
capillary. Negative values indicate higher fields. “Sample con- 
taming-Sol hydratc.‘Sampkcontinmg4O%of hydrate.‘Sarnpk 
containing an equimdccular amount of both reagents (xc Table 3). 
‘Quartcl. J - 1.3 Hz. ‘Unresolved multrplcr. 

‘In ace~op~ruvrc acid. waler attacks the kclo form and it u-a\ 
proved 1ha1 this reaction IS five ~imcs \loucr than ~hc kew-cnol 
faulomcri~m.’ In thrr case. due IO the mfluencc of the (‘F, group. 
rhe rate of ketone hydrarron should be grcarly enhanced. 

Since ketone 3 is almost Io(y7r cnolizcd. these authors 

considered that attack of water or alcohol takes place 
exclusively on the enol form. However. in our case. 

when the “F NMR spectrum was run immediately after 
the addition of water IO ester I. an increase of the 

[E]/IK] ratio was observed. whereas a decrease of this 

ratio should be expected from the polarity change in the 
system. This result suggest that addirion of water occurs 
prcfcrentially on the kcto form and that this reaction 
should hc faster tban the kcto-cnol tautomerism.t On the 
other hand, the equilibrium constants for the reaction of 
trifluoroacctylacetonc with water. methanol and ethanol 

Table 3. Percentage\ of componcnh 
present in Ihc rcaclion mixlures under 

equllrhnum condluons al 33 

2 Is lb 

ester-II,0 (I I) lu2a 5 II 
eslcr-\MM f I : I I 9!2b ? h 
c\rcr.EWH f I I) xR2c ? In 



NSfR sludy of the kero-enol equdlb~um of clhyl y.y,r_lri~uoroacefoatctate 

‘I’abk 4. ‘H NMR chemical shills in equilibrium mixtures of clhyl y.y.y.lnflu. 
oroaceloacclatc rcaclions wtlh waler and alcohols’ 

CH -OCH, CH, -OCH, -C’H: 
(enoll (Iretalk) (kelo) 2b 1.2d.c 

k 
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ester (pure hq ) 5.63 3.77 
cslcr-H,O’ c 91 3.0x 
cslcr-&OH’ 5.83 3.V (ii)’ 294’ 

cslcr~ElOH” Vi3 1 m(m) 2.92” 

‘TMS was used as external reference in a scakd capillary. ‘F,quimokcuiar mixtures 
al eq~i~urn positton at 33”. ’ J = 1.3 Hz. ‘Broad absorption hand, resolved in bcnzenc 
solutmn in IWO bands. 

al IY” weft respectively 1.53, 0.72 and O.?6mole ‘.a 
However. a\ shown in Table 3. in the corresponding 
reactions of 1 the relative amount of hydrate 2a is lower 

than that of kemiketats 2b and 2e. 

The a-mcthylene protons in hemiketals 2b and 2e. 

being magnetically non equivalent should give rise to an 
AB system, as in the case of trifluoroacetylacetone 3.’ 

Accordmply. the unresolrcd absorption observed for 
ketals 2b and &, when recorded in benzene solution was 
split into IWO hands, which can be rationalized as the 

central peaks of the expected AH system. On the other 
hand. a\ shown in Table 4. the mcthoxy prorons of 

hemiketal 2b and the corresponding methglenc protons 
of 2c are 5pli1, the former appearing, a\ a quartet 

(J _ 1.3H2). and the latter as a quartet of broad bands 
indicating some coupling other than that of the adjacent 

methyl group. These splittings can be ration~i~ed by a 
long-range fluorme-hydrogen coupling through five 

bonds. In fact. although WC could not achieve optimal 
resolution. it was clearly visible in the “1: NMR spectra 

thal absorption hand\ corresponding IO trifluoromethyl 
groupr of hlth hemikctals were abnormally wide in 

comparison with those of keto and cnol forms. In ad- 

drtion. a~ expanded scale, the absorption of fluorine 

atoms of tb appeared as a quartet with a coupling 
constant of the 5amc order of that measured for the 

methoxy proton\. Conversely. the corresponding broad 
fluorine absorption of te was not resolved as a triple6 as 
expected; its multiplicity. though. was cvidcnt. 

The long-range coupling of hydrogen and fluorine 
nuclei separated by five or more chemical bonds has 

received considerable auention.” although the exact 
nature of its mechanism is still unknown. Yyhrc and 

co-workers, from their studies on alkylfluorobenrents 
Jnd the rc\ults previously puhlishcd by other authors on 

fluorinated steroids. proposed a relationship between 

(‘J,, S) and the corresponding internuclear distance.” 
Moreover, Adcock and Rizvi. from their srudies on 
\ub\ti1uted fluoronaphtalenes. postulated tha1 long-range 

coupling uas a spatial phenomenon and that significant 

(cu. 25.5 At.* Recently. Wasylishen and Barfield. from 
theoretical INIXMPT calculations. concluded that the 

phenomenon usually described a\ “through space” cou- 

pling is actually a very complicated combination of 
proximity and bond orientation effects.” 

In the present case. the examination of molecular 
models of compounds 2b and 2e revealed that the 

proximity requirement between hydrogen and fluorine 
atoms could TV fulfilled. A\ depicted in Fig. 2, this 
proximity requirement could be facilitated by IWO par- 

ticular factors: (a) hydrogen-bonding between the 
hpdroxyl and carbonyl groups that can force the mole- 

cule to adopt a rigid conformation with the rriflu- 
oromcthyl group in a “pseudo equatorial” position: and 
(b) an electrostatic repulsion between non bonded clec- 

tron pairs of oxygen and fluorine atoms. that favourc the 
shown conformat;on of the alkoxy group.+ On the other 
hand, the low value observed for ‘Jlc, is probably the 

result of an average situation, promoted by molecular 
motion that ciln affect the r&live orientation of 1hc 
bonds implicatcd.h 

hg. 2. 

Finally, the fact that “F NMR ahso~ti~)n of triflu- 

oromethyl group of hydrate 2a appears at a significantly 

higher field than [hose of hemikctals 2b and 2~. could be 
rationalized by a modification of the conformation dc- 
pictcd in Fig. 2, promoted by hydrogen-bonding of the 
hydroxyl groups-of 2a to carbonyl groups-either intra or 

intcrmolccularly: this interaction would enhance the clcc- 
tron density of the oxygen of the hydroxyl groups and bring 
its non-bonded electrons closer to the fluorine atoms, 

increasing their shielding. 

coublinp only o&rs when the fluorinehydrogen closc\t 
approach i\ within the \um of their van dcr Waals radii Ar~no~~/ed~emmfr--The aulhors thank Mr. X (iuardino for 

helpful discussions in the malkmatical dala trtalmcnl Fmancial 

support from lhc For&o Naoonal para cl Ikcarrollo de la Inves. 
li&aci6n is aiso gralefully acknowlcd~ed. 

+.%lthough ~ttc existence of inlramokcuiar hydrogen-bonding 
ltf F) has ool) been unambiguously dcmonslralcd for acidic 
hydrogen alurns. as in o.lnfluoromelhylphcnol.~ in lhc prescnl 

aerpnwces 

ca\c. \ome tmd of elcclro\lalic inlcraction could conlribulc lo a ‘F. Camps. I. Coil. A Mcsugucr and A Rota. ‘firrukr~mn 

furlhcr \lablhcarlon of lhc conformalion depicted above. as It has l~crrrn 791 (I976). 

been po\lulaled for o.Ruoroxctophcnonc.” ‘I. Hurdon and V. C R. McLaughlin. I’rrrahcdmn 20. ?I62 
11964 
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