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in a separate communication [13] . The EI mass 
spectra were obtained on an AEI MS-1 2 mass spectro- 
meter at 70 eV and at a source temperature of 
250 “c. 
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Introduction 

The fragmentation pattern of metal /3-diketonates 
in mass spectra are influenced by the nature of the 
metal. Some of the rearrangement reactions in the 
mass spectra of metal chelates of fluorinated P-dike- 
tones depend on whether the metal is class a or 
class b [l-3] and its redox properties [4] . Large 
number of fl-diketonates of class a and intermediate 
type metals have been studied by mass spectrometry 
[5, 61. Almost no mass spectral studies were report- 
ed on the class b metal complexes of fluorinated 
fl-diketones. Kowalski et al. published the EI mass 
spectra of Pd[(CH&CCOCHCOCaF7]a [7]. How- 
ever, few mass spectral studies of palladium and 
platinum (class b metal) complexes of fluorinated 
monothiog-diketones were reported [&lo] . 

We have determined the mass spectra of palla- 
dium(R) chelates of fl-diketones containing R’ 
as CFs, CzF5 and CaF, groups. The main purpose 
of this investigation is to study the atom and group 
migration from the ligand to the metal and compare 
the spectra with those of the palladium chelates of 
related monothio-fldiketones (RCSCHaCOR’). The 
mass spectrometry was used by Okeya er al. for the 
determination of the molecular weights of his@- 
diketonato)palladium(II) complexes [ 111. 

Experimental 

The /3-diketones (RCOCH#OCFs) with R as 
methyl, phenyl and 2-thienyl were obtained from the 
commercial sources. Others were prepared by Claisen 
condensation of the methyl ketone (RCOCHa) and 
ethyl perfluorocarboxylate (R’COOC2H5), catalyzed 
by sodium methoxide [12] . The method of prepara- 
tion of the palladium(I1) complexes was reported 

Palladium has several naturally occurring isotopes 
which give ion-cluster for each metal containing ion. 
This makes the identification of metal containing 
ions easier without any resort to high resolution mass 
spectrometry. The relative intensities of unipositive 
and dipositive metal containing ions are shown in 
Table I and Table II, respectively. The unipositive 
molecular ion is the base peak amongst the metal 
containing ions, 

The mass spectra of palladium complexes of 
fluorinated /I&ketones shows numerous R migra- 
tion to the metal. In sharp contrast, such rearrange- 
ment is absent in the mass spectra of Pd(RCSCH- 
COCFs), [lo]. This difference can be attributed to 
the class b character of the metal. The R migration 
to the metal in the mass spectra of metal fldiketo- 
nates can occur via a four or six-membered cyclic 
transition state [14] . The migration involves the 
simultaneous breaking of a palladium-oxygen bond 
as shown on the basis of four membered transition 
state. 

- lJdFl+ + O=C= CH-F- R' 

0 
i 

The palladium-sulphur bond is stronger than 
palladium-oxygen bond due to the presence of some 
71 bonding in the former. This is the reason for non- 
migration of R in the mass spectra of palladium com- 
plexes of monothio-/3-diketones. The odd-electron 
RPdL ion can be formed either from even-electron 
PdL-R’ or from odd-electron PdL, ion. But the 
formation of odd-electron ion from the even-electron 
ion are very rare. The metastable peak for the reac- 
tion, PdLa+’ + RPdL”‘, was observed (at 306.8) 
in a special mass spectral study of Pd(RCOCHCO- 
CFs)a with R = 2-thienyl. The strong class b char- 
acter and the presence of d electrons in palladium(I1) 
causes R migration which involves metal -+ R n bond- 
ing [15]. 

When R is a phenyl group the spectra shows the 
presence of HPdL and PdL-R’-H ions. The migra- 
tion of hydrogem from the ortho position of the 
phenyl group to the metal was observed, and the 
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TABLE I. Relative Intensities of Metal Containing Unipositive Ions in EI Mass Spectra of Pd(RCOCHCOR’ )2. 

Ions R’ CF3 C2Fs C3F7 

R Methyl Phenyl 2-Thienyl 2-Fury1 Phenyl 2-Thienyl Phenyl 2-Thienyl 

PdL2 

PdLa-F 

PdL2 -CO 

PdL2 -41 

PdL2 -R’ 

RPdL 

RWL-CO 

RPdL-R’ 

RWL-R’-CO 

HPdL 

PdL 

PdL-16 

PdL-CO 

PdL-CO2 

PdL-R’ -H 

RPdCHR 

RCHPd 

RPd 

Pd 

PdL2 -CH3 
PdL2 -CH3 CO 

PdL2 -R’ -CH2C0 

PdL-R 

PdL-CH2C0 

WL-R’ 

100 

3.3 

100 

2.8 

2.4 

100 

1.3 

1.3 

1.8 

9.1 

21.8’ 

2.8 

4.2 

100 

2.9 

2.9 

100 

2.1 

100 

2.9 

2.1 

12.4 

15.3 

20.6 

100 100 

2.2 

3.5 

15.2 

9.6 

15.2 

9 

2.8 

4.8 

3.3 

21.1 

18.3 

3.9 

19 

30 

14a 

24.7 

7.1 

11.2a 

23.1 

3.6 

3.5 

3oa 

0.5 

2 

20.7 

7.8 

14.5 

10.3 

4.8 4 

53.3 3.1 

66.7 

4.5 

21.1 

5.9 6.7 

64.7 88.9 3.8 

5 

50 
4.1 5.5 

20 

16.7 

18 

29 

8.7 

42.5 21.8 4.5 

46.2 29.5 24.1 

16.6 

12.4 

49.6 47.1 41.4 

24.4 

61.1 47 

18.7 

4.7 
36.7 

2.4 

3.0 

1.6 

8.7 

awhen R’ is CF3, the PdLa -138 ions can be written as RPdL or PdLa -2CFs. But the presence of RPdL in the case of complexes 
with R’ as CzFs and C3F7 indicate the same should hold true when R’ = CFs. Some m/e (based on ‘06Pd) could not be 
identified: Compd. 2223(4), 21 l(2.4); Compd. 3271(7.6); Compd. 4321(1.5), 239(10); Compd. 8491(4.4%). Compound 2 also 
give Pdb -2C0 and the metastable peak was identified for its formation from PdLs -CO. 

TABLE II. Relative Intensitie? of Doubly Charged Ions in the Mass Spectra of Pd(RCOCHCOR’ )a. 

Ions R’ CF3 

R CH3 2-Fury1 Phenyl 2-Thienyl 

C2F5 

Phenyl 2-Thienyl 

C3F7 

Phenyl 2-Thienyl 

PdLy 1 .o 4.21 1.6 3.2 2.73 3.46 2.5 5.7 

[PdL2 -R1 1” 1.66 2.0 0.56 1.37 1.4 1.8 1.0 3.33 

‘Calculated on the basis of singly charged molecular ion (PdLa+ ) as the base peak. 

mechanism was discussed by Lacey et al. [14] . 
The PdL-R’-H ions are probably formed from 

spectrum of Th(PhCOCHCOPh)o. The positive charge 
is localised in the metal [14]. All the palladium(H) 

RPdL-R’ ions by the following mechanism. complexes in this study show the presence of diposi- 
The organometallics containing heavier metal tive, Pdc’ and [PdL2-RI]-, ions. In these ions the 

(second and third transition series) can give rise to positive charge cannot be lodalised in the metal. 
doubly charged ions in EI mass spectra [16]. Lacey When R is an aryl group the intensities of these ions 
et al. observed doubly charged LsTh++ in the mass vary as PdG+ > [PdL2-R’ ] * and the reverse is true 
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when R is a methyl group. The doubly charged 
molecular ions were identified on the basis of **‘Pd 
containing ions. With same R’ the intensities of these 
dipositive ions vary as 2-thienyl > phenyl. 

Loss of CO from the coordinated fl-diketonate can 
occur in two ways. Most probably the CO adjacent 
to the fluorinated alkyl group (R’) is eliminated due 
to weaker C-R’ bond strength. A strong metastable 
peak was observed for the reaction, RPdL + RPdL- 
CO, in a special study of Pd(PhCOCHCOCFsb . 

As expected, due to strong class b character of 
palladium(II), no F migration was observed. 

References 

1 S. Ahrland, 
26.5 (1958). 

J. Chatt and N. R. Davies, Quart. Rev., 12, 

2 S. Ahrland, Struct. Bonding, I, 207 (1966). 
3 M. L. Morris and R. D. Koob, Inorg. Chem., 20, 2737 

(1981). 
4 M. J. Lacey and J. S. Shannon, Org. Mass Spectrom., 6, 

931 (1972). 
5 J. B. Westmore, Mass Spectrometry of Metal Compounds, 

Ed. J. Charalambous, Ch. 9, Butterworths, London 
(1975). 

6 M. Das,J. Inorg. NucL Chem., 43, 3412 (1981) and refer- 
ences therein. 

7 B. R. Kowalski, T. L. Isenhour and R. E. Sievers, Anal. 
Chem., 41, 998 (1969). 

8 E. Bayer, H. P. Muher and R. E. Sievers, Anal. Chem., 43, 
2012 (1971). 

9 R. Belcher, W. I. Stephen, I. J. Thomson and P. C. Uden, 
J. Inorg. NucL them., 34, 1017 (1972). 

10 M. Das and S. E. Livingstone, Au&al. J. Chem., 27,749 
(1974). 

11 S. Okeya, S. Ooi, K. Matsumoto, Y. Nakamura and S. 
Kawaguchi, BUN. Chem. Sot. Japan, 54, 1085 (1981). 

12 M. Das, Inorg. Chim. Acta, 48, 33 (1981). 
13 M. Das and D. T. Haworth, Synth. React. Inorg. Met- 

Org. Chem., submitted for publication. 
14 M. J. Layy, C. G. Macdonald and J. S. Shannon, Org. 

Mass Spectrom., I, 115 (1968). 
15 C. Reichert and J. B. Westmore, Can. J. Chem., 48, 3213 

(1970). 
16 J. Charalambous, Mass Spectrometry of Metal 

Compounds, Ed. J. Charalambous, p. 28, Butterworths, 
London (1975). 


