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Studies of Fluorinated p-Diketones and Related Compounds. Part 6. t 
Synthesis and Spectroscopic Studies of Some New Fluorinated g-Thioxo- 
ketones and their Copper Chelates 
By Krishna C. Joshi,' Vijai N. Pathak, and Khetaram Kumawat. Department of Chemistry, University of 

Twelve new fluorinated P-thioxo-ketones have been prepared from the corresponding fluorinated acetophenones 
and appropriate O-alkyl thioesters in the presence of sodamide, and have been characterized as copper chelates. 
These P-thioxo-ketones exist entirely in the hydrogen-bonded enol form ArC(OH)=CH*CSR, as evidenced by 
i.r. and n.m.r. spectra. 

Rajasthan, Jaipur 302004, India 

THE chemistry of fluorinated p-diketones has found wide 
application in diverse areas such as g.l.c., solvent extrac- 
tion, n.m.r. shift reagents, spectral studies, and the 
polymer industry.14 The metal p-diketonate system 
behaves as a sensitive heterocycle with some aromatic 
character which is increased in metal P-thioxo-ketonates. 
Direct electrophilic substitution reactions in such systems 
have been reported.6 Fluorinated p-diketones are use- 
ful in solvent extraction of trace metals, and it has been 
noticed that the volatility of metal chelates increases 
with the degree of fluorination of the ligand 7 and on re- 
placing oxygen with sulphur in metal p-diketonates.8 
P-Thioxo-ketones have received considerable attention 
in analytical chemistry as superior chelating agents and 
thiothenoyltrifluoroacetone (STTA) has been used in 
spect ropho tome t ric determinations .Q 

We now report the synthesis of and enolization studies 
on twelve new fluorinated P-thioxo-ketones. 

RESULTS AND DISCUSSION 
P-Thioxo-ketones could exist in any of the forms (A)- 

(C). There is considerable controversy about their 

H 

tautomeric nature. Livingstone et aZ.1° and other 
workers 11s12 favour the enethiol form (C), on the basis of 

et aZ.13~14 favour the enol structure (B) on the basis of 
n.m.r. data. Belcher et aZ.15 recently reported that 
certain compounds exist in the enethiol form (C) whereas 
others are in the enol form (B). 

The i.r. spectra of our fluorinated p-thioxo-ketones 
show very weak bands in the 3 650-3 540 cm-l region 
which we attribute to intermolecularly hydrogen-bonded 
O-H stretching vibrations. The broad and weak bands 
in the 2 700-2 100 cm-1 region are considered to be due 
to the chelated enol group 16 (C=S * H-O-C=). Bands 
in 1625-1 600 and 1563-1 550 cm-l regions are at- 
tributed to C-0 (perturbed) and C z C  (perturbed) 
stretching vibrations, respectively, and the absence of 
absorption in the carbonyl (saturated, acyclic) region 
(1 725-1 705 cm-l) indicates that these compounds 
exist entirely in the hydrogen-bonded enol form (B).15 
This view finds support in the absence of absorption in 
the conjugated carbonyl region (1 685-1 665 cm-l) and 
absence of sharp enethiol (=C-S-H) absorption in the 
2 650-2 550 cm-1 region. A very strong band due to 
overlapping of C-S and C-F stretching absorptions is 
observed in the 1 267-1 225 cm-l region.15 In addition, 
two strong bands are also observed due to C-F stretching 
vibrations in the 1 180-1 011 cm-l region. 

Proton n.m.r. data support the above observations. 
The compounds show =CH- signals in the 6 7.55-6.79 
region and =C-O-H - S=C signals in the 6 15.7-13.0 
region 13J5. There are no methylene proton signals (in 
the 6 3.29-3.03 region 15) in the spectra of these com- 
pounds except for (7) and (9) (which show methylene 
proton signals in the 6 3.8-3 .7  region). The non- 
appearance of enethiol (=C-S-H) proton signals (in the 
6 6 . 8 7 4 . 7 9  region 17) is strong evidence for the absence 

lQF N.m.r. spectra give signals in the region 30-59.00 
of form (C). 

p.p.m. upfield from trifluoroacetic acid. 
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In the lH n.m.r. spectra, the enolic proton (0-H . S) 

signals are sharp and at  low field ( 6  15.7-13.0) indicating 
strong intramolecular and weak intermolecular hydrogen 
bonding. This is due to the P-thioxo-ketones existing 
entirely in the enol form (B) and not in the enethiol 
form (C). The sharper n.m.r. signal for the enolic proton 
in P-thioxo-ketones, as compared with p-diketones l8 

leads to the conclusion that the delocalization of x- 
electrons in the hydrogen chelated ring is greater in the 
former case. This is supported by the fact that chemical 
shifts of methine protons (6 7.55-6.79), fluorophenyl 
protons (6 8.02-7.10), phenyl protons ( 6  7.30-7.10), 
and/or methyl protons (6 2.60-2.15) are further down- 
field in the spectra of P-thioxo-ketones than in those of 
p-di ke t ones .l* 

In our series of P-thioxo-ketones chemical shifts of 
methine and enolic protons are further downfield in the 
spectra of compounds (2), (a), (6), (€9, (lo), and (12) (Ar = 
fluorophenyl, R = phenyl) than in those of compounds 
(l), (3), (5), (7), (9), and (11) (Ar = fluorophenyl, R = 
methyl). This can be explained by the deshielding and 
mesomeric effects of the coplanar phenyl ring.lS 

Compounds (5), (6), (ll),  and (12) exhibit long-range 
coupling of the methine proton (JHF 0.05-4.08 Hz) with 
fluorine [see structure (D)]. 

Assignments of the main i.r. absorption bands of the 
copper(I1) chelates of these p-thioxo-ketones have been 
made (see Supplementary Publications lo, 20-21). The ab- 
sorption peaks for C-0 (1 600-1 575 cm-l) and C-C 
(1 535-1 475 cm-l) are a t  lower frequency than those 

I I 

X=For Me ,R=Me or  Ph 

1 625-1 600 and 1563-1 550 cm-l, respectively of the 
P-thioxo-ketones themselves. These observations are 
consistent with a c.onjugated chelate structure and indi- 
cate a higher degree of delocalization of x-electrons. 

EXPERIMENTAL 
1H N.m.r. spectra were determined at  60,100, and 220 MHz 

for solutions in carbon tetrachloride and [2H]chloroform with 
tetramethylsilane as internal reference. l@F N.m.r. spectra 
were recorded a t  58 MHz with trifluoroacetic acid as ex- 
ternal reference. 1.r. spectra were determined for KBr pel- 
lets. Elemental analyses were performed by the Australian 
Microanalytical Service, CSIRO, Melbourne, Australia. 
Analytical and spectral data are available as Supplementary 
Publication No. SUP 22015 (5 pp.).? 
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Enol percentages were calculated by comparing integration 
values for the enolic proton with those for methyl, methoxy, 
or aromatic protons.22 

Fluorinated Hydrocarbons.-Fluorobenzene, 2-fluoro- 
toluene, 4-fluorotoluene, l-chloro-2-fluorobenzene, and 2- 
fluoroanisole were prepared by Balz-Schiemann reactions z3 
from the corresponding amines. 

Fluorinated Acetophenones.-Fluorinated acetophenones 
were prepared according to the method of Buu-Hoi et al.24 

0-Ethyl Thioesters.-The thioesters RC(S) -0Et  were pre- 
pared from the corresponding imidic esters by the action 
of hydrogen sulphide.25 

Fluorinated p-Thioxo-ketones.-These were prepared by 
Claisen condensation of fluorinated acetophenones with 0- 
ethyl thioesters.26 The fluorinated acetophenone (0.1 mol) 
was added to a stirred ethereal suspension of sodamide (0.2 
mol). After 0.5 h an ethereal solution of the thioester (0.1 
mol) was added dropwise with stirring under reflux. The 
mixture was left overnight and then extracted with cold 
water. The aqueous solution was neutralised with carbon 
dioxide to precipitate the fluorinated (3-thioxo-ketone, which 
was recrystallized from ethanol or distilled under reduced 
pressure. These products each gave a single spot in t.1.c. 
Physical characteristics are recorded in the Table. 

Fluorinated P-thioxo-ketones (ArCO-CH,*CSR) and their 
copper chelates [(ArCOCH*CSR),Cu] (Ar = substituted 

P-Thioxo-ketone Chelate 
r-- 7 7 - 7  

Substituentts) M.p. Yield M.p. Yield 

PhenYl) 

No. in Ar R P P .  ("C)l (%) ("C) (%) 
(1) 4-F Me 56 57 130 82 
(2) 4-F Ph 100 67 164 93.6 
(3) 4-F, 3-Me Me 38 61 145 78.5 
(4) 4-F,3-Me Ph 72 70 155 94.0 
(5) 2-F,5-Me Me [ 105 61.5 86 70.0 

(6) 2-F,5-Me Ph 35 62 170 71.0 
(7) 4-F,3-C1 Me 49 60 99 80.0 
(8) 4-F,3-C1 Ph 81 65 114 86.0 
(9) 3-F,4-OMe Me 82 51 124 85.0 

(10) 3-F,4-OMe Ph 130 60 159 93.0 
(11) 2,5-F, Me 45 50 125 89.0 
(12) 2,5-F, Ph 81 70 175 96.0 

Copper(r1) p-Thioxo-Ketonates.-A hot filtered solution of 
copper(r1) acetate (0.005 mol) in methanol-water (1 : 1) was 
added to a methanolic solution of a fluorinated P-thioxo- 
ketone (0.01 mol). The copper chelate was filtered off, air- 
dried, and recrystallized from benzene-light petroleum (b.p. 
40-60 "C). All copper(I1) chelates gave single spots in 
t.1.c. 

at 0.5 mmHg] 
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