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Summary

(N,N-dimethylbenzylamine-2C,N. )palladium (IT) and -platinum(IT) g-diketo-
nates, DmbaML, have been synthesized by reaction of {DmbaMCl], with the free
ligand and KOH, or with the thallium(I) salt of the ligand. The various isomers
formed have been investigated by 'H and '°F NMR spectroscopy. Infrared and
mass spectroscopic studies have also been made on the com;.ounds.

Introduction

We have previously reported a series of salicylaldimine Schiff-base complexes
of the (N,N-dimethylbenzylamine-2C,N)palladium(II) and -platinum(Il) systems,
DmbaMSal=N—R [1], and report here a series of complexes of §-diketones with
the same organometallic systems. In the cases with unsymmetrical S-diketones
two isomers were obtained corresponding to the two orientations of the -dike-
tone relative to the N, N-dimethylbenzylamine unit in the square planar complex.
Thin layer chromatography failed to separate these isomers, With the thio-3-dike-
tones the palladium compound produced only one isomer, whereas the platinum
complex gave a mixture. 'H and !°F NMR spectra have enabled assignmient of the
structures of the various complexes and isomers. : :

Results and discussion

Syntheses

Di-p- chlorobxs(N N- dmethylbenzylamme—ZC N )dlpalladlum(II), [DmbaP"
Cl], dissolves in a methanol solution of acacH* containing KOH to give the §-
diketonate complex DmbaPdacac. Similar reactions occur with bzacH and
tfacacH but hfacacH fails to give the expected complex. This derivative was ob-
tained by reaction of [DmbaPdCl], with hfacacTl in CH,Cl,, the product being
isolated from the solution after filtering off the thallium(I) chloride. The reaction
with the free B-diketone and KOH is also less sucéessﬁll-for the p'latinum com-:.

*Abbrevxatxons used 1nﬁnspapex acac= CH3000HC00H3 bzac C5HSCOCHCOCH3 tfacac CF3~
COCHCOCH3. hfacac CF3COCHCOCF3 Sacac= CH3CSCHCOCH3. thacac CH3CSCHCOCF3



' ;'TABLEI R . , , ,
- ANALY¥TICAL AND o'rm-:a DATA ON DmbaM ﬁ‘DIKETONATES AND THIO-ﬁ-DIKETO‘\IATES

V _Cpmpound Fom;u]a © .. colour Analy,s:s. found (caled.) o - mfe?" s
¢ H _ N _F_ - S '
‘DmbePdL . - , Do e e o T
L=acac ~ ~ CjqH;gNO3Pd Cream . 49.74  5.48 408 @ - ‘ 339 (i
B . C (49.50) (5.64) “.12) g o o
bzac - - CijgH2iNOsPd ~ Cream 56.94 5.43 3.45 ' 401" (i)
- T s L (56.80) 0 (5.2T)  (3.49) : - o
tfacac = Cp4H}eNO2F3Pd  FPale 42.93 4.07 3.85 - 14.4 393 (B
' o : vellow  (42.71) (4.10) (3.56) = (14.5) ‘ '
hfacac = Cj4H13NO2FgPd  Yellow  37.85 2.95 3.09 25.4 447 (i,
o : {37.56) (2.93) (3.13) (25.5)
. Sacac  Cy4H{gNOSPd Yellow  47.03 5.45 4.05 8.8 . 355 - (i)
’ . brown  (47.26) (5.38) (3.94) (9.0)
tfSacac. CyqH{gNOSF3Pd Deep 41.15 3.78 233 . 138 - 81 409 (i)
i _yellow  (41.04) (3.94) (3.42) (13.9) (7.8)
DmbaPtL ' : . : :
L=acac - .. Ci4H19NO,Pt . Cream 39.65 455 . 3.11 o 428 (i)
) ' o ) © . (39.25) (4.47) (3.27) _
tfacac  CjqH;gNO,F3Pt - Yellow  35.25 3.48 2.90 119 482 (i}
, . _ (34.86) (3.34) (2.90) (11.8) .
hfacac £;3H13NO2FgPt  Orange 31.45  2.53 2.43 21.5 536  (ii)
red (31.35) (2.44) (261) (21.3) )
Sacac C1qH19NOSPt Orange  37.82 . 4.30 3.02 c 444 (i)
o o . 7 - (37.83) (4.31) (3.1%)
tfSacac = C;qH;sNOSFiPt  Deep 33.77 3.26 2.71 11.3 ¢ 498 (i)

orange (33.74) (3.24) (2.81) (11.4)

106 195

“?Mass spectroscopic m/e values for * Pd and Pt. These all correspond to the calculated values. .
Methoad of synthesis as detailed in expen‘mental section. ©Satisfactory sulphur analyses could not be
obtained in the presence of platinum, a feature commonly found for platinum sulphur compounds [2].

plexes, 62% of the starting material being recovered unchanged from the reac-
. tion of [ DmbaPtCl], with tfacacH after being allowed to continue overnight.
The platinum complexes were therefore prepared from the thallium(I) salts, as
were both the palladium and platinum complexes of the thio-g-diketones. The
complexes prepared, with analytical figures and other data are shown in Table I
. .The compounds are all soluble in organic solvents, though sparingly so in
hexane, and insoluble in water. Attempts to obtain §-ketoamine complexes by
reaction of DmbaPdacac with methylamine and. amhne failed to produce any
product only. startmg matenals bemg recovered

Spectra and structure : ' : ‘ '

The complexes presumably a]l have a’square planar structure as is usual fo:
, d“ and Pt'.. For the unsymmetrical 8-diketones, two isomers are possible as in’
F1g.,1 In fact the 'H NMR spectra of these complexes:indicate the presence. of
two such isomers, and the *°F NMR spectra of the tfacac derivatives show two
fpeaks Attempts to separate the isomers by thin layer chromatography proved’
unsuccessful hence they were stud1ed in the m:xtures by NMR spectmscopy As
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Fig. 1.

the isomers are not of exactly equal abundance it is possible tc identify all the
resonances due to each isomer, and to correlate the l9F resonance with the ap-
propriate isomer in the 'H spectrum.

To assign the structures comparison was made with spectra of the Sacac and
tfSacac complexes. In the case of palladium only one isomer was formed for each
of these ligands, but with platinum two isomers occurred in each instance. The
isomers possible in these compounds are as in Fig. 2. 'H and 'F NMR spectra
are shown in Tables 2 and 3. Isomer (1) is in all cases that of greatest abundance.

The coupling constant of '?°Pt to another nucleus will be dependent on the
covalency of bonding to the platinum [3] and it can be assumed that changes in
J(*°*Pt—'Hp) will be primarily caused by changes in the atom trans to nitrogen.
Hence comparison of the 'H spectra of DmbaPtacac and DmbaPtSacac suggests’
that isomer (1) for the latter has structure (IV) and isomer (2), which has a much
smaller value of J(Pt—Hy), structure (IIT). Comparison with DmbaPttfSacac in-
dicates that in this compound isomer (1) corresponds to structure (Iil) and (2)
to structure {(IV). The '9F spectrum therefore shows that the smaller value of
J(1?SPt—'°F) corresponds to structure (III), with the CF; group opposite the
platinum—carbon bond, and hence for DmbaPttfacac isomer (1) is assigned the -
structure (I) and isomer (2) structure (II). This resuit is consistent with the re-
duced covalency of the bond ¢rans to the platinum—carbon bond. Assignment of
the isomers for the palladium compounds is more difficult as comparison of
chemical shifts must be relied on. The '°F chemical shift differences between
isomers are larger and hence expected to be more reliable. Comparison of the
19F spectra of DmbaPdtfacac and DmbaPttfacac indicates that isomers (1) and
(2) of the palladium compound have structures (I) and (II) respectively, as in the

CH; (D)
/ o /
\ ‘ , \
/ CH (C) / " YceHi(c)
(R CH, / \ / (a) cu,_\ / \ . /
(cu,) \ ) Cotemy), \CH, (D).
(B), . . .o e (B) . . B B cor

Fig. 2.



'TABL22 R
g NMR spx-:c'rRA“ o

: C_ompqund -~ Isomer - 8 values (ppm) - .. ’ a (IgsPt H)(
- Aromatic = A’ B~ C D R A B «
© -DmbaPdL : S ) :
' L=acac , . 6.81-7.33  3.856 .2.78 5.25 1.97 1.91
" " bzae- . (). .- 6.82-7.94 3.90 2.87 594 213 Ar
) ' 6.82-7.94 3.90 :2.83 592 205 Ar.
‘tfacac (e} 6.82-7.28  3.87 2.79 5.64 2.12
) _ 6.82-7.28 -3.86 281 567 2.05
hfacac ) . 6.87-7.21 3.91 2,84 6.03
" Sacsc ' 6.83-7.33 391 2.77 6.37 2.35 2.05
tfSacac 6.90-7.30 - 3.93 2.76 6.57 2.46
DmbcPtL - ' . -
L=acac = - . - 6.85-7.33  3.86- 2.92 533 186 1.84 ' 49.5- 40.8 7.
tfacac - ) 6.84-7.20 3.85 2,89 5.71 1.92 ~ 51.8 - 42.9 6.
- - (2) 6.84-7.20 3.85 291 5.756 1.92 51.8 42.9 6.l
hfacac 6.85-7.09  3.85 2.90 6.11 B 55.3 45.7 5.!
- 'Sacac. © (1) . .6.81-7.46 -3.96 298 6.33 210 1.89 . 49.4- 45.3
: 2. 6.81-7.46 3.96 2.80 6.33..2.06 1.82 36.5 29.1
tfSacac ) €.80-7.36 4.00 2.86 7.53 37.8 29.6
' @ . 6.80-7.36 3.96 3.00 7.55 511  47.0

%Measured at 100 MHz in CDCI3 solutions using internal TMS as reference. Numbering of protons refe:
to Figs. 1 and 2. . .

case of platmum As the chemical shifts of the protons D are probably the be:
- indicators of stereochemistry, comparison of these in DmbaPdbzac with the

tfacac derivative leads to the a551gnment of isomers (1) and (2) to structures (.

and (I1) respectively.

~_ For the thio-3-diketonates, companson of the 1°F chemical shift in Dmb:

tfSacac with its platinum analogue suggests structure (I1I) for this compound,

the same as the major isomer in the case of platinum. The protons B in this co

TABLE 3
19 NMR SPECTRA®
Compound - 'Isomer . 6 values (opm)? J(“F 9g) aa2)
‘R ES ] EC
DmbaPdL - . '
L=tfacac : 1) —75.63
S ) —74.61
hfacac . —176.21 —175.20
tfSacac —76.12 :
DmbaPtL . ) :
L=tfacac a —~75.54 , 5.4
’ ) (2) —74.31" 16.6 .
hfacac ’ B . —76.08 —74.95 5.3 .15.8
_ tfSacac - ay - —74.95. - .- 6.3
' : R —73.65 17.9

“Measured at 56.45 MHz in CHCl3 solutions using meemal CFClg as reference. bAs we have u.sed the same
convention as for proton spectra, negative vilues of § correspond to s!nfts upfield of CFClj3. cPosztlon Eis
that correspo'ndu‘lg to methyl group D in stmcture (I). .
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pound Whlch are thus a551gned trans to sulphur have resonances approxunately
0.1 ppm to hlgher field than in the corresponding platinum isomer. Companng
the proton rescnances of DmbaPdSacac and DmbaPtSacac therefore suggests

that DmbzPdSacac corresponds to isomer (2) of the platmum complex, i.e.
structure (III), which makes the lower abundance of the platinum isomer re- .- . .
markable. This structure is the same as that of DmbaPdtfSacac; as would be ex-’ -_5 -
pected if the sulphur is the primary influence in duectmg the stereochelmstry. -

The vwo CF; groups in the !°F spectrum of DmbaPthfacac have been assign-
ed on the basis of coupling with !°*Pt, the CF; group #rans to carbon having a
smaller coupling as in the tfacac derivative, and the palladium compound hence
assigned by comparison of chemical shifts. The assignment of the CH; reso-
nances in the acac complexes is more uncertain, but comparison with the 'H
spectrum of the previously assigned DmbaPdtfacac suggests that the protons =~
with a higher § value are those trans to nitrogen, as shown in the table [assummg v
structure (I)j: The CH, resonances of DmbaMSacac complexes have been as-
signed by comparison with DmbaMacac, the resonance at considerably lower
field than in acac being assumed. to be due to the methyl group adjacent to sul-
phur. N , ‘ _ R
The coupling constants J(*°Pt—'Hg) in DmbaPtSacac and DmbaPttfSacac
differ widely for the two isomers, the lower value when the nitrogen is trans to.
sulphur probably being due to the Pt—N bond being weakened by stronger
bonding to sulphur than oxygen. The same effect has previously been observed -
for J(Pt—CH,) in (CH3)sPtSacacL: complexes (I, = a monodentate ligand) [4]. As
the values of J(*9°Pt—'H, ) follow a similar trend it appears that the mechanism
of this coupling is primarily also through the nitrogen. It may also be noted that
in the DmbaPt 3-diketonates the couplings J(Pt—H, ) and J(Pt—Hpg) are quite -
markedly higher than the corresponding couplings in the Schiff-base complexes
[11. Presumably this is due to the stronger coordinating properties of the Schiff-
base weakening bonding to the Dmba entity. The nitrogen donor of the Schiff-
base, which has been found to be trans* to the benzylamine nitrogen [11, is ex-
pected to be primarily responsible for this effect, and the fact that the effect in
these complexes is also similar for protons A and B again indicates that coupling
is mainly via the benzylamine nitrogen, as deduced above for the thio-§-diketones.
These two couplings also increase with increasing fluorine substitution in the
B-diketonates which parallels the expected reductlnn in donnr power of the
ligands.

The frequencies of »(C—0), v(C—C) and »(C—S) in the mfIared spectra of -
those compounds isolable as single isomers are shown in Table 4. These assign-
ments are based on those now generally accepted for v(C—0O) and ¥»(C—C)in
acac complexes [6—8] and v(C—S) in Sacac compounds [9,10]. As has been ,
found for simple complexes of Sacac [10] the v(C—C) bond in. DmbaPdSacac is |
shifted to much lower frequency than in-DmbaPdacac. The frequency of v(C—0)
in the hfacac complexes is higher than in the acac analogues, an effect which
has been interpreted as being due to greater ionic character in the bonding to-
the metal [11]. It is noteworthy that the opposite effect is observed in Dmban-
Sacac and Dmbanthacac S

~ * The cnrstal structure of DmbanSal=N—Ph has been determmed [5]. confzrmmg the trans an-ange- v
‘ment. . ) . -
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TABLE 4
INFRARED SPECTRA® . . .7
Compound 'Freqne.xrcies (crrr_l)
v(CO) ¥(CC) . p(CS) .

DmbaPdL - o ’
L=acac 1566 " 1518 .

hfacac’ 1636 - 1551 . .

Sacac 1573 1478 . 721

tfSacac 1548 1513 . 717
DmbaPtL . L ' '
L=acac ~ 1555 - 1497

hfacac '1616 .- 1550

_ 9KBr dise. -

The mass spectra of all the compounds display the parent ion and the ions.
[MC,H,CH,]", [CsH,CH,N(CH,),]" and [C,H,]". All except DmbaPdhfacac show
[CHiC.HL.ML]" (L = B-diketonate or thio-B-diketonate) corresponding to loss of
CH,=N--CH,; from the parent ion, this fragnientation being confirmed by the
appropriate metastable peak in the case of DmbaPdtfacac. The ion DmbaM” is
apparent for all but the thio-3-diketonates. The platinum thio-8-diketonates
show an ion corresponding to loss of HS from the parent ion, metastable peaks
confirming the fragmentation. All species except DmbaPdbzac and DmbaPd-
tfacac also give doubly charged parent ions. An interesting feature in the spectra
- of the palladium compounds is the appearance of an ion not containing palla-
dium (apparent from lack of isotope pattern) with an m/e value corresponding

- . to [(Dmba)L—H]" apparently formed by linking of the two ligands in the parent

ion with the elimination of palladium and hydrogen.
Experimeﬁtal

Instrumentatzon T
~'H NMR spectra were measured on a. Vanan HA- 100 spectrometer and the

19F spectra on a Varian -A56/60A instrument. Infrared spectra were recorded

- with a Perkin—Elmer 521 spectrophotometer. The mass spectra were obtained -
on a Hitachi—Perkin—Elmer RMU-6E instrument usmg an ion chamber temper-
ature of 200 and an electron energy of 70 eV.. : _

".S'tartmg materzals A ' ' '
[DmbaMClh spec1es were prepared as reported in the hterature [12] Thal-

. Hum(I) B-diketonates were prepared by reaction of the ligand with thallium(T)
-ethoxide or carbonate. SacacH and tfSacacH were _prepared by pubhshed meth-
- ods- [13 14] and’ converted to the. thalhum salts by reaction ‘with thalhum(I)

- etbozude m ethanol

a Syntheses Lol Tele s - : o . , v
: “‘The methods of synthe51s mdlcated in Table 1 for the vanous compounds

",a:é detailed below: - -
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- (i). From the $-diketone and KOH. [DmbaPdCl]; (200 mg) suspended in
methanol (20 ml) was treated with a slight excess of the §-diketone and the
stoichiometric quantity of KOH as a 10% aqueous solution, and stirred for ap-
prox. 2 h by which time the starting material had dissolved. Addition of water
and evaporation to smaller volume under reduced pressure gave the pure prod-
uct which was filtered off, washed with water and dried in vacuo. Yields were
generally over 90%. A similar reaction of [DmbaP{Cl], with tfacacH after -
stirring overnight led to recovery of 62% of the original platinum complex, and
only a 26% yield of product.

(ii). From the thallium(I) B-diketonates and thio-f-diketonates. [DmbaMCl],
in dichloromethane was treated with the stoichiometric quantity of thallium(I)
salt of the ligand, and the solution filtered after stirring overnight. The -diketo-
nates were obtained by evaporation of the solution and recrystallization from
dichloromethane/hexane (DmbaPdacac and DmbaPdhfacac) or acetone/metha-
nol/water. Yields ranged from 49% to 87%. Due to the low purity of the thal-
lium thio3-diketonates, the derivatives of these ligands were isolated by adding
methanol to the dichloromethane solution, evaporating to smaller volume under
reduced pressure to remove dichloromethane and then filtering off unreacted
starting complex. The filtrate was treated with charcoal, refiltered, and after
addition of water partly evaporated under reduced pressure to give the product.
Yields were from 22% to 44%.
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