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Studies of Fluorinated @-Diketones and Related Compounds. Part 1 1 2  
Synthetic and Infrared Spectral Studies of I ,3-Diketonatochromium 
Derivatives, and their Substitution Reactions 

By Krishna C. Joshi and Vijai N. Pathak, Department of Chemistry, Rajasthan University, Jaipur-4, India 

Seventeen 1.3-diketonatochromium derivatives have been prepared from fluorinated p-diketones, and their 
electrophilic substitution reactions have been studied. Chloro-, bromo-, and nitro-substituents have been intro- 
duced at the central carbon atom of the ligand under controlled conditions. The effect of these groups on C=O and 
C=C stretching frequencies i s  discussed. 

THE chemistry of the metal 1,3-diketonates has aroused 
much recent interest. The metal 1,3-diketonate system 
behaves as a sensitive heterocycle possessing at least 
some aromatic character. Holm and Cotton have 
expressed doubts over such aromaticity in these com- 
pounds, but Collman et aZ.,5-6 supported by other 
workers ,6J recognise their quasi-aromatic character 
and have reported electrophilic substitution reactions. 

More recently, metal complexes of some fluorinated 
p-diketones have been prepared and have found 
promising use in laser devices8~9 and in analytical 
chemistry.lOJ1 We now report the preparation of 
seventeen new 1,3-diketonatochromium(111) derivatives, 
a study of some of their electrophilic substitution re- 
actions, and their i.r. spectra. The results support 
the quasi-aromatic character of these compounds. 

RESULTS AND DISCUSSION 

ElectrophiZic Szcbstitzttiolzs.-Electrophilic substitution 
reactions at the central carbon atom of the ligand are 
illustrated in the Scheme. 

Substitution in the phenyl rings is not expected, as 
these rings are deactivated owing to the predominating 
electron-release resonance effect in these systems.12 
In general, reactions of methyl-substituted metal 
1 ,&diketonates are faster than those of their phenyl- 
substituted  analogue^.^^^^^ Thus in the case of com- 
pounds (4) and (14) (see Table) we were able to obtain 
good yields only after doubling the usual reaction 
time. 

It appeared, as expected, that the methyl substituents 
in the lJ3-diketonates enhanced the reactivity of the 
chelate rings and simultaneously shielded the donor 
oxygen atoms from attack by the electrophile. We 
also obtained good yields of electrophilic substitution 
products from compounds (2) and (3) (Table) in which 
the methyl group was replaced by ethyl or n-propyl. 
On the other hand, compounds (9)-(11), (15), and 
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(16) underwent electrophilic substitution very slowly 
under forcing conditions owing to the strong positive 
inductive effect of the trifluoromethyl g r 0 ~ p . l ~ ~ ~ ~  
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r / 3  + H -Y 

R 
X+ = C1+, Br+, or NO,+ 
Ar = 4-FC,H4 or a derivative 
R = Me, Et, Prn, CF,, or Ph 

SCHEME 

The halogenation of the diketonates was performed 
with N-halogenosuccinimide in polar solvents (chloro- 
form and methanol) without an acid catalyst.16 The 
reaction was faster in methanol owing to its high di- 
electric constant and consequent increased production 
of electrophiles.16 The halogenation of those diketon- 
ates containing a trifluoromethyl group was effected 
only by refluxing in methanol for 8-10 h, giving 
moderate yields. In some cases [compounds (1)-(3) , 
(6)-(S), (12), and (14)] halogenated products were 
obtained by refluxing with N-halogenosuccinimide 
in carbon tetrachloride for 4-6 h, reaction taking place 
by a free-radical mechanism.16 

For nitration, copper(I1) nitrate trihydrate was 
more effective and gave higher yields than alumin- 
ium(m) nitrate nonahydrate, suggesting that a copper 
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1,3-Diketonatochrornium derivatives * complex may be involved.17~l* All nitrated 1,3-di- 

ketonatochromium derivatives in pyridine slowly de- 
veloped a deep red colour, ascribed to formation of a 

All attempted electrophilic substitution reactions 

A r  
\ 
,:.-Yo charge-transf er complex .19 
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10 6-1 08 
245-246 t 
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354-356 t 
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1 1 6-1 1 8 

12 5-1 2 7 
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96-98 

175-177 

300 

350 t 
1 7 7-1 80 
127-130 
248-250 
168-170 
180-183 
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64.0 
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(chlorination,- brominatioi, and nitration), of analogous 
copper(I1) chelates with appropriate electrophiles- re- 
sulted in the destruction of the chelates. This in- 
stability seems to be associated with the unavailability 
of an inner orbital (in particular a d orbital) for complete 
saturation of the co-ordination ~phere.~.~O Surprisingly, 
the 1,3-diketonatochromium derivatives (1), (4), (13), 
and (14) decomposed on treatment with bromine in 
methanol. 

I.Y. Band Assignments. f-Our assignments are in 
conformity with other recent ob~ervat ions.~l-~~ Pro- 
minent bands occur in the regions 1630-1550, 1530- 
1500, and 1225-1180 cm-l and are attributed to the 
C=O and C=C stretching modes and to the C-H in-plane 
bending vibration, respectively. 

For all the chlorinated and brominated chromium 
1,3-diketonates, the disappearance of the C-H in-plane 
bending vibration band provides strong evidence for 
the halogen entering at the central carbon atom of the 
ligand. Introduction of the halogen also affects the 
C=O and C=C stretching frequencies owing to its electro- 
negative character, the effect being much more pro- 
nounced on the C=C band. Partial overlapping of the 
C=O and C=C bands occurs in some cases [compounds 
(5), (6), (12), and (15) with X = Br], and in the case 
of the corresponding chloro-derivatives complete over- 
lap is observed. This is in harmony with Dryden's 24 

empirical rules. 
In  the spectra of the nitrated 1,3-diketonates, three 

additional bands appear in the regions 1575-1552, 
1360-1348, and 825-800 crn-l, and are attributed 
to asymmetric and symmetric NO, stretching modes, 
and to C-N or N-0 vibrational modes, respectively. 
Here again the C-H in-plane bending vibration band 
has disappeared. Introduction of the nitro-group 
at  the central carbon atom of the ligand weakens the 
C=C band much more than the C=O band owing to its 
negative inductive effect. When both Ar and R are 
phenyl groups, the asymmetric and symmetric NO, 
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Library (see Experimental section). 
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stretching frequencies are increased; it is prob2ble that 
the nitro-group is forced out of the plane of the quasi- 
aromatic chelate ring by steric interaction with the 
adjacent phenyl rings.19 

EXPERIMENTAL 

Full details of analytical and i.r. spectral 
in Supplementary Publication No. SUP 
1 microfiche). * 

The seventeen fluorinated 1 , 3-diketones 
as reported ear1ier.l 

data are given 
20563 (7 pp., 

were prepared 

1,3-Diketonatochro~niulut Derivatives.-These were pre- 
pared from chromium(II1) chloride hexahydrate (0.027 
mol), the appropriate P-diketone (0.08 mol), and urea 
(15 g) in dimethylformamide-water (24 : 1; 200 ml) at  
100 "C. 

Halogenation.-A mixtures of N-halogenosuccinimide 
(0.023 mol) and 1,3-diketonate (0.0055 mol) in chloroform 
or methanol (160 ml) was refluxed for 15-30 min; the 
product, isolated as described in the l i t e ra t~re ,~  gave a 
single spot on t.1.c. 

Nitration.-A cooled solution of 1,3-diketonate (0.0016 

mol) in acetic anhydride (10 ml) was added dropwise with 
shaking to ground copper nitrate trihydrate (0.0060 mol) 
in acetate anhydride (10 ml) and the mixture was kept at 
0 "C for 8 h. The nitrated chelates, isolated as described 
in the literature,13 gave single spots on t.1.c. 

Diketonates containing either a trifluoromethyl group 
or two phenyl groups [compounds (4), (5) , (9) -( 1 1) , (1 4), 
and (IS)] were similarly nitrated by increasing the reaction 
time by nearly 12 h (first 4 h at  0 "C and later a t  room 
temperature). 

Yields and m.p.s of l,%diketonates and their substitution 
products are recorded in the Table. 
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