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C. RESIILTS

1. General Renarks

The number codes and TIIPAC nâmes of the fifteen p -dikeLones and

twelve monothio-p-diketones used as ligands in this study are shown in

Table 6. Table 7 provídes a lisr of rhe A1(III), Ga(III), Co(IIr),

Ni(II), Pd(II), Cu(II) and Zn(II) cornplexes for which mass specLra have

been obtained, InitÍal consideration will be given to Ehe p -
diketonates on a ffmetal-by-neËa1'f basis, followed by an analogous

treatnent of the monothio-É-dikeuonate conplexes. Discussion will

focus upon Lhe najor neLal-containing j.ons; analysis of organic

fragments will be undertaken only when pertinent to Lhe elucidation of

deconposition paLhways involving metal-containíng ions.

Results are tabulated as percent relative abundances (%RA; nosL

abundant ion in spectrun normalized to 100.0), n/z values (in

parentheses), and percenËages of the uotal ion current (ZTIC). The %RA

values are nornally based on the nost abundant isotope of each element;

except,ions include ions containing chlorine andfor metal atorns, in

r¿hich case contributlons from all isotopes of these aLoms are

considered, Values of nfz refer to Ehe nost abundant isotope of each

element. Abundance measurenenLs for peaks differing by only one or Lwo

mass units (eg. [Met(L-H)]+, [MetL]+ and lMetIILl+) are corrected. for

contributions due Lo both netal and nonmetal isotopes using the post-

acquisition rouLlne ïS0 on the VG Analytical 11-250 data systen

(software release 81.0).
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Tabl-e 6. Numbering sysLen and IUPAC nâmes of ligands.

cun cxcnrcocHF2

1
a:X=O

cuuocnrcxcn2cocr3

4
a:X=O
b:X=S

c6H4ocH3cxcÍr2cocF3

7

b:X=S

c4H2sclcxcu2cocF3

10
a:X=0

cunrcxcitrcoc2F5

13
a:X{
b:X=S

curircxctrcocaFT

16
a:X=O
b:X=S

c4H3scxcH zcoctlF2

2
a:X=O

c6H4FCXCH2C0CF3

5
a:X{
b:X=S

c4H3scxcH2c0cF3

I
a:X=O
b:X=S

c4H30cxcH2c0cF3

tt
a:X{

c4H3scxcH2cæ2F5

l4
a:X=0
b:X=S

c4H3scxcH2cocaF7

17
a:X=O
b:X=S

c6H5cxcH2c0cF3

3
a:X=0
b:X=S

c6H4clcxcH2c0cF3

6
a:X=O

c4H2scH3cxcH2c0cF3

9
a:X=O
b:X=S

ci0H7cxcH2c0cF3

T2
a:X=O

cloH7cxcHzcoc2F5

15

b:X=S

clOHTcxcH2cocaFT

I.B

b:X=S
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Table 6. (contÍnued).

l.a. 1, 1-dÍfluoro-4-phenyl-2r4-butanedione

?Â.. 1 , 1-dif lu oro-4-(2r -thíenyL )-2 r4-bü.anedione

3ao 1 r1r1-trifluoro-4-phenyl-2r4-butanedione
b" 1, 1r1-trifluoro-4-mercapLo-4-phenyl-but-3-en-2-one

4a. 1, 1, 1-Lrifluoro-4-(4 t-methylphenyl)-2r4-butanedione
b. 1 , 1 , l-trifluoro-4-mercapto-4-(4 r -nethylphenyl )-but-3-en-2-one

5a. 1 , 1 , 1-trifl-uoro-4-(4 I -fluorophenyl )-2 r4-buuanedione
b. I , 1 , 1-trifluoro-4-¡nercapto-4-(4 r -fluorophenyl )-but-3-en-2-one

6a. 1 , 1 , 1-trifluoro-4-(4 t -chlorophenyl )-2 r 4-butanedione

7b" I , 1 , 1-trifluoro-/+-mercapto-4-(4 I 
-meuhoxyphenyl )-but-3-en-2-one

Éla. 1, 1, 1-trifluoro-4-(2 r-thienyL)-zr4-buËanedione
b. 1 , 1 , 1-trifluoro-/r-nercapto-4-( 2 t -thienyl )-but-3-en-2-one

9a" I, I, l-trifluoro-4-(5 t-methyl--2 t-thienyl)-2,4-butanedione
b. I , 1 , l-trifluoro-4-mercapto-4-(5 r -nethyL-Zr -thíenyl )-but-3-en-2-one

10a. 1, 1, l-trif luoro-/r-(S | -chloro-2 t -thien yL) -2, 4-butanedione

11a. 1, 1, 1-Lrifluoro-4-(2 t-furyl)-2 r4-butanedione

L2â." l, 1, l-trif luoro-4-(2 r-naphLhyL)-2r4-bur,anedione

13a. 1 , 1 , 1 ,2 r2-penËafluoro-5-phenyl-3 ,5-pentanedione
b. 1 , I ,L ,2, 2-pentafluoro-5-¡nercapto-5-phenyl-pent-4-en-3-one

l4a" L, 1, 1, 2 r2-pentafluoro-5-(2 ?-thíenyl)-3 r5-peûÈanedione
b . 1 , 1 ,L ,2, 2-pentafluoro-5-mercapto-5-( 2 I -thienyl )-pent-4-en-3-one

15b. 1 , 1 , 1 , 2 r2-pentafluoro-5-mercapÈo-5-(2 ? -naphthyl)-pent-4-en-3-one

16a " 1 , I , 1 , 2 ,2 ,3, 3-hepLafluoro-6-phenyl-/r , 6-hexanedione
b. 1 , 1 , 1 ,2 12 13 r3-heptafluoro-6-mercapto-6-phenyl-hex-5-en-/¡-one

L7a. I , 1 , I ,2 12 13 r 3-heptaf l-uoro-6-(2 I -thienyL)-4r 6-hexanedione
b. 1 , 1 , 1 ,2,2 13 r3-heptafluoro-6-nerc apto-6-(2r -thienyl )-hex-5-en-4-one

18b" 1r1r1r212r3r3-heptafluoro-6-mercapto-6-(2f-naphthyl)-hex-5-en-4-one
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Table 7. Listing of netal p-a*.etonates and rnonothio-p-diket,onales.

See Table 6 for explanation of number codes"

p-athetonates: Al-La, -2a, -3a, 4a,, -5a, {a, -9a

Ga-lau -2a, -3a, 4a, -5a, {a, -l2a
Co-la, -2a, -3a, 4a, 4a, €a, -10a, -11a,

-L2a, -13a, -Lha, -16a, -17a

l{1-1a, -2a, -3a, -8a, -9a, -13an -L4e, -L6a,
-L7a

Pd-3a, -8a, -13a, -L4a, -L6a, -L7a

Cu-la, -?a., -3a, -8a, -9a, -11a, -12a, -13a,
-14a, -L6a, -l7a

7-n-la, -2a, -3a, -€|a, -9a, -13a, -L4a, -L6a,
-L7a

Monothio-p-diketonates: Co-13b, -!4b, -15b, -16b, -17b, -18b

Ni-3b, -5b, -7b, -gb, -gb, -13b, -14b, -15b,
-16b, -17b, -18b

Pd-3b, -7b, -gb, -13b, -Iâb, -15b, -16b, -L7b,
-18b

Cu-3b, +b, -5b, -€b, -13b, -16b

7e-3b' -5b, -76, {b' -9b
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All of the ¡nass specLra (Figures 29-L27) depict monoi-sotopic data.

Metastable transitions shown in the tabulated data that are not

attributable to linked-scanning experiments have been obtained through

work performed on the Ïfitachi single-focusing mass specLroneter and are

calculated by rneans of the sLandard relationshíp: m* = çn'¡z/nor where

m* is the netastable nass, mU is t,he mass of the daughter ionr and mO

is the parent i.on nass"

Many of the conventions concerníng the representation of structure

and bonding in netal-containing ions proposed by Westmore (106'173)

have been adopted hereo For insË,ance, whenever possible, ions are

depicted as even-electron (EE+) structures accommodated by appropriate

changes in Lhe fornal oxidation state of the metal. In other cases'

the synbol l*' is used when the location of the charge and unpaired

electron is not specified. An arrow originating fron a donor aLom Lo

the metal represents a coordinate bond where both electrons are

formally associated wiLh, and donated by, the ligand (no fornal change

in netal oxi.dation st,ate requlred), whÍle a dash 'r-tt represents a bond

forrned by equal sharíng of electrons (a fornal unit increase of netal

oxidation state required). Half-headed ('rfishhook'r) and full-headed

arrows originating from a bond or a site of non-bonded electrons

indicate the movemenË of one or two electrons, respectively. Other

general synbols i.nclude [M]+' = molecular ion, L = ligand and

Met = netal (if not specified).

For purposes of clarity and ease of reading, all tables, figures and

schenes pertaíning to a given set of netal chelates are grouped

together at the end of each section.
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2. Mass Spectra of É -diketonates

(a) A1(fII) É -diketonates

Relative abundance data for the seven A1(III) p -aitetonates studied

appear in Tables 8-10. Plots of their corresponding EI mass spectra

are presented in Figures 29-35, A linked-scanning, meLastable sËudy

was conducted on A1-3a. The nass spectrum of one of the chelates

(41-3a) has been previ-ously report,ed (128).

The fragmentations of the complexes possessing a trifluorornethyl

substituent (Rt = cF3; Tables 8 and 9) are very similar, so their

spect,ra will be discussed together. Suggested decompositÍ-on pathways

for t,hese chelates are given in Scherne 16. The nost abundant ion in

all spectra is the EEt ion [41(ITf)L2]+; metasLable evidence confirns

that it is forned via the direct loss of an intact ligand radical (L')

fron the molecular ion [41(III)L3]+'. EliminaËion of rhe 0E' neurral

F'from [M]+'is observed in all but one complex (414a), albeit the

relative abundance of this ion is very low (<27.). Subsequent

fragmentation of [41(III)L2J+ leads primarily to daughËer ions formed

via the loss of ffio neutrals (CFr, (L-Rt )). These observations

are consistent with the valency-change concept of Lacey and Shannon

(109) as well as Westmorers axion (106) regarding the preferred

fragmenÈation paLhways of a metal p -Aitetonate in which the netal is

not anenable Lo eiLher an increase or decrease in oxÍdation sLaLe.

Hence aluminun chelat,es, stable only in the 413+ oxidaËion sLate, are
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rest,ricEed to losses of EEo fragment,s after an init,ial OE' radical

loss.

Possible mechanisms for Lhe elimination of CF, and (L-R,) from

[41(III)L2i+ u." given in Scherne 17. Facile fluorine transfer to the

aluminum center is predicted by HSAB theory; A1(III) is a hard acid and

F i-s a hard baseu The alrernative parhway from [41(III)L2]+ to

[A1(III)FL]+ shown in Scheme 17 involves the migrat,ion of a fluorine

at,om to the metal followed by the elimination of the renainder of Lhe

ligand. The EEo neutral- species (L-F) lost in thís process can be

pictured as having a cyclic sLrucLure:

(L-F)

Metastable evidence indicates that the loss of (L-F) is also prevalent,

in Lhe fornat,ion of [41(rrr)F2(L-R')]+ from [A1(rrr)FL(L-R')]+. This

process is illustrated in Scherne 18.

The decomposition of [41(rrr)FL]+ ro yield [41(rrr)F2(L-n'¡i+ (scheme

19) Ínvolves fluorine t,ransfer and the elimination of CF, i_n a rnanner

sinilar Lo Lhat described in Scheme 17.

Two Lrends in hard-soft/acid-base behavior can be discerned from

these spectra, both of which correlate Lhe hardness of an acceptor as a

funcLion of the oLher groups bonded to it. The first case involves the
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t,ransfer of f luorine to a trbareff alumi.num center:

[Al(rrr)L 2]* ---> [ A1(rrr)FL(L-R' ) ]+

versus the nigration of fluorine Lo an aluninum center that already has

a fluorine bonded to it:

lAl(rrr)Fll+ --> [Al(rrr)Fz(L-R' ) ]+

A comparison of the ZTIC carried by [41(III)FL(L-Rr)]+ (average 3.2%)

and [41(III)F2(L-R')]+ (a*'erage 5.52) suggesrs rhat for Lhese five

complexes, fluorine transfer occurs more readily when a fluorine j-s

already bonded to the aluminum. This phenomenon can be viewed as an

example of the synbioLic effect described by Jorgensen (157) in which

the presence of hard groups on an acceptor facilitates the addition of

oLher hard substituents to it. The second relationship involves Lhe

nature of the chelate ring substituents (R groups), which also appears

Lo play a role in the relative ease of fluorine migration. An

exanination of the %TIC carried by the t,hree types of fluorine transfer

ions ([41(III)FL(L-R')]+, tA1(III)FLl+ and IA1(rrr)F2(L-n')]+) for eacrr

of the five aryl-subsLÍtuted complexes reveals a progression in ion

stabilities based on the type of R group present (average %TIC in

parentheses): R = 4-meÈhylphenyl (2"5) ( phenyl (4"2) = 5-nethyl-2-

Lhienyl (4"3) ( 4-fluorophenyl (5.1) ( 2-thienyl (6.0)" In terms of

HSAB theory, Lhe introduction of a neLhyl substituent into Lhe R group

(ie. n = CUH4CH3, C4H2SCH3) results in a softer, more polarizable

rnoiety as compared to the non-nethylated analog. As a consequence, Lhe

alrminum center is softened and fluori-ne transfer declines in

significance, Conversely, the addition of a strongly eleclron-
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h¡ithdravring fluorine atom to the phenyl group (R = C6H4F) effects a

conconitanl hardening of Ehe netal, yielding a higher ZTTC for Lhe

three fluorine-transfer ions.

The losses of a ligand radical and a fluorine radical from

tAl(III)L2J+ (leaAing to the formation of [Al(III)L]+" and

[41(III)L(L-F)]+', respectively) observed in compounds Å1-3a and Å1-5a

represenL clear exceptions to t,he teven-electron rule? (L74). These

processes are also difficult to rationa1-ize using the concepts of netal

valency change, as aluninum oxidation states other than +3 are

extremely rare. It must be noted however, that the relative abundances

of [A1(III)L]+' and [41(III)L(L-F)]+' are very low (<I.5i¿) and as such

may be regarded as relatively ni.nor fragmentation products.

Proposed fragmentation pathways for the difluoromethyl-subsÈiLuted

A1(rrr) p -aitetonaLes a]--la and A1-2a (Table 10) are shor,¡n in scheme

20. As was seen in Lhe trifluoroneLhyl derivatives, the nolecular ion

is only moderately abundant, while [41(rrr)L2]+ is rhe base peak in

both spectra. Many of the re¡naini-ng aluninum-conLaining ions are Lhe

result of EEo neurral losses (c0, crrF, (L-F)) from [A1(rrr)L2]+.
Suggested mechanisns for Ëhe fornation of [41(III)FL(L4OF)]+ itt A7-2a

and [41(III)FL(L-R')]+ and [41(III)FL]+ in conpl-exes Al-1a and A1-2a

are depicted in Schemes 2L and 22, respectively, ¡vhile the formaLion of

[41(III)F2(L-R')]+ fron [41(III)FL(L-Rr)]+ (Schene 18) and fron

[41(III)Ft ]+ lSctrene 19) has already been discussed. Although fluorine

Lransfer to the metal is proposed in each of Lhese four nechanisms, Lhe

resultant ions are considerably lor+er ín abundance than those derived

fron fluorine migrations in the corresponding CFr-subsLituted
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complexes" Tbo plausible explanations for this behavior can be

suggested. FirsL, Lhe nigration of fluorine to alrminun in the

formation of [41(rrr)FL(L{HF¡]+ ínvolves the loss of a CIIF moier,y,

which is a considerably less stable neutral product than the CF, group

generated in the fluorine transfer:

IA1(rrr)L 2]+ ---> [A1(rrr)FL(rÆF3) ]+

found in the CF, derivatives. rn fact , G2 has a strongl-y resonance-

slabilized structure (99)" And secondly, as viewed fron a purely

statistical standpoint,, the opportuníties for fluorine Lransfer are

diminished in CHF2 (2 fluorine atons) as compared to CF3 (3 fluorine

aLoms).

Scheme 23 outlines a proposed nechanism for the elinination of

A1(III)F3 fron [41(III)F2(L{OF)]+ ín Al-la and À1-2a. Alrhough

unconfirned by netastable evidence, Lhis process has a precedent in Lhe

m¿rss spectra of A1(III) hexafluoroacetylacetonates (L24). The

formaLion of [41(III)F2(L-COF) ]+ fron IA1(III)Fl,l+ is comparable Lo the

fornation of[41(rrr)Ft(L{oF)]+ fron [41(rrr)L2J+ ." shown in schene

2r" The two metal-based fluorines i-n [A].(rrr)F2(L-c0F)1+ tthardenrr r,he

accepLor characteristics of the aluninun center, thereby allowing a

third fluorine transfer process to occur. The resulL is the expulsion

of AI(III)F, and the creatÍon of rhe EE+ organic fragnenr [L40F2]+.

The origins and identities of the ions at n/z 268 in À1-2a (possibly

[A1(III)FZL]+') and n/z 258 in Ål-La are nor, esrablished"
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Table 8. 70 eV-EI mass spectra of compounds A1-3a, A1{a and A1-5a.

ft=

Rl=

A1-3a

-coHs

-cFg

A1-4a A1-5a

-c6H4cH3

-cFg

-c6H4F

4Fg

ï0N 7"RA m/z 7,TTC 7"RA n/ z 7""11C 7.RA n/z Z"ITC

lA1L3l+ (a)

IA112(L_F) ]+

LALL2I+ (b)

IA1L(L-F) ]+

IAIFL(L-R') ]+(.)

IA1FL]+ (d)

[ÆL]+

IA1F2(L_R') ]+

til,l+

IIû,-R' ]+

IRCo]+

lRl+

lR'l+

(216)

(I/+7 )

c13.0 (io5)

4"5 ( 77)

1.8 ( 69)

(672) 8.7

(6s3) 0"6

(4s7) 64.3

(438) 0.8

(407) 4"5

(261) 4 "o

(242) 0.s

(211) 4.2

9"4

2"9

r.2

L4.I (7L4) 7.3

0.8 (695) O"4

aloo.o (485) 52.0

(466)

bg.z (¿gs) r.9

4.9 (275) 2"5

(2s6)

s "8 (22s) 3"0

3.5 (230) 1.8

4.9 (161) 2.s

28.8 (119) 15.0

12.5 ( gt) 6.5

13.4 ( 69) 7.0

16.6 (726) 8.6

r.6 (7O7) 0.9

atoo.o (493) 51.6

L"4 (474) O.7

bt.3 ç443) 3.s

9 .8 (279) 5.1

L .3 (260) O "7

12.2 (229) 6.3

r.2 (234) 0.6

1.9 (165) 1.0

28.L (I23) 14.5

6"6 ( 95) 3"4

2.8 ( 69) L.4

13.5

0.9

aloo. o

bt.z

b7.o

b'c6.2

bo.g

c , d6.6

a Identified ¡aetastable transiLions are indicated by superscripts which
relaLe the daught,er ion to its precursor as labelled in colunn 1.
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Table 9. 70 eV-Ef mass spectra of conpounds ÁL+a and åf-4a.

D-

R?=

Al-+a

4+Hgs

{Fg

A1-9a

-44H2SCH3

4Fs

ION ZRA m/z ZTTC 7.RA nlz ZTTC

IA113 ]+

lArLz(L_F) l+

IA112 ]+

IAIFL(L-R, ) l+

IA1ru]+

[A1F2(L_R') ]+

lgi,l+

IHL-R, ]+

lRCol+

lRl+

IR']+

22"3 (690)

1"s (671)

100.0 (469)

7 "2 (4r9)

Lr.4 (267)

rs"2 (217)

(222)

(1s3)

24"4 (ttr)
( 83)

6.2 ( 69)

7 .4 (732) 3.8

(713)

100"0 (497) sL"s

4"r (447) 2"r

9.8 (281) 5.1

11 "3 (231) 5.8

L.6 (236) 0.8

2"2 (167) 1" 1

40.0 (12s) 20"6

2"5 ( e7) 1.3

7 "3 ( 69) 3"8

11.8

0.8

53"1

3.8

6.1

8"1

13.0

3"3
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Table 10. 70 eV-EI mass specLra of compounds Al-la and Al--2a"

R-

Rt=

A1-1a

4oHs

4wz

A7-2a

-Cr.H"S+J

-cwz

ï0N ZRA m/z 7,TTC 7"RA n/z ZTTC

I A1L3 ]+

I A1L2 ]+

IA1FL(L-COF) l+

IAIFL(L-R, ) l+

IA1F2L]+

[flFL]+

IAlL]+

IA1F2(L_coF) ]+

lA1F2(L_R')l+

Itil,-R']+

IL-COFz ]+

IRCO]+

lRC2H2l+

IRCCHI+

IR]+

I caHo2 ]+

is.3 (618)

100.0 (42L)

(3e3)

(3Be)

(262)

3.5 (258)

r.5 (243)

L"4 (224)

2.8 (2L5)

1.8 (21r)

10.3 (147)

7.6 (131)

36.7 (105)

13.8 (103)

4.5 (r02)

LL.s ( 77)

6.4 ( 6e)

6.0 (636) 2"7

100.0 (433) 45.1

L.7 (4O5) 0.8

1.5 (401) 0.7

1"2 (268) 0.s

(264)

L "9 (249) 0.9

L "2 (230) 0.5

7.0 (22I) 3"2

1"3 (217) 0.s

2,4 (I53) 1"1

13.1 (137) 5.9

55.6 (111) 25.1

16"5 (109) 7 "4

4.7 (108) 2"r

2 "7 ( 83) L.2

4.6 ( 69) 2"L

7.L

46.4

1"6

o"7

0.7

1.3

0.8

4.8

3,5

17 "0

6.4

2.r

5.3

3.0
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Figure 29"

Normalízed 70 eV-EI mass specLrum of

tris[ 1, 1, 1-trifluoro-4-phenyl-2, 4-butanedionato]41(III)

{Å1-3a}.

n/z ll"ll+' = 672, [L]+ = 2L5
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Figure 30"

Nornalized 70 eV-EI nass spectrum of

tris [ 1 , 1 , 1-trifluoro-4-(4 t -methylphenyl ) -2 ,4-bttanedionaro ] A1 (III )

{AlJ+a}.

n/z ll4l+' = 7I4, [L]+ = 229
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Figure 31"

Normalized 70 eV-EI mass specLrum of

tris [ 1 , 1 , 1-Lrifluoro-4-(4 r-fluorophenyl)-2 ,4-butanedionato ]Al (III )

[41-5a].

n/z [l"t]+' = 726, [L]+ = 233
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Figure 32"

Normalized 70 eV-EI mass specLrum of

tris [ 1 , 1 , 1-trífluoro-4-( 2 I -thienyL)-2,4-buranedionaro ] A1 ( III)

{41€a).

n/z U4l+' = 690, [L]+ = 22L
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Figure 33.

Normalized 70 eV-EI mass spectrum of

tris [ 1 , 1 , 1-trifluoro-4-( 5 t -methyl-2 I -thienyL)-2, /+-butanedionato ] A1 ( III )

{A14a}.

n/z ll4l+' = 732, [L]+ = 235
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Figure 34.

Nornalized 70 eV-EI mass specLrurn of

tris[ 1 ,1 , -difluoro-4-phenyl-2 ,4-butanedionaro ]41( III)

{Ål--la}.

n/z ll4l+' = 618, [L]+ = I97
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Figure 35.

Nornalized 70 eV-Ef mass spectrum of

tris [ 1 , 1 , -dif 1:uoro4-(Zr -thienyl )-2 ,4-butanedionaLo ] A1(III )

[41-2a] "

n/z ll4l+' = 636, [L]+ = 2o3



100
AL_2A

à*

m

J
bJ
v.
0

7OEV.

100

o..{

m

J
Ldu
o

100

100

N
m

-J
L¡J
t
0

150

500

350

200

45. I

m/z

550

ã
L]
H

U)

N

40t

250

m/z

45.

600

ã
(J

U)

ñ

450

m/z

45. 1

650

LJ

Ø

N



777

[Al(rII)L2]+
3a,5a only

[Ar(trÐFL(L-R)]*
-(L-F)

lAr(rrÐL(L-F)l*'
345a only

[Æ(m)FL]+

[Al(trÐF2(L-R)]*

* process confirmed by the observation of a metastable transition
in at least one of the complexes.

Schene 16. Proposed fragmenËation pathways for A1(rrr) p -a:-tetonaLes

where Rt = CF3 (41-3a, 4a, -5a, -Ba and -9a). pathways are

coüttmon Lo all conplexes except where noted.

tAt(IIÐLl+ ' < -L'

*

[Ar(m)r4]t' \I \-*
* l-L'

I tÆGrÐL2(L-F)l+

ü

-F'
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l
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/

o 

-<../\
L_AI >H

/
/O:.
\

CF"
[41(trr)Lt+

o

I

+F

+
L_A

\"
F_

+ cF2

o

/s
I

F
*l-

L_A

F

Ilol./* F-At

Suggested mechanisns

and [41(III)FL]+ in

[A1(rtr)FL]+

for the formation of

A1-3a, 4a, -5a, 4a

tAl(trÐFL(L-R)l*

lAl(rrr)FL(L-R') l+

and -9a"

Schene 17.
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/
A1

/tolo
F

(rrDFL(L-

I

I

't

R

-\

J

v i-\)î' l"olo-*

R')l*

F

+

IAl(rir)F2(L-R')]*

Suggested nechanism for

fron [41(III)FL(L-R' ) ]+

(L-F)

the formation of [41(III)F2(L-R' )J+

in A1-3a, 4a, -5a, -8a and -9a.

F"C,\_

/-
H(

\

R

IAt

F

Schene 18.
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o_1*
*/\F-Ar I t

/
^_/U-{

'cF¡

[41(trr)FL]f

I

!/
R

o

/
F_AI

"¡h

Suggested mechanism

in A1-3a, 4a, -5a,

F

IAr(trr)F2(L-R',)]*

for the formation

-8a and -9a.

+ CF2

of [41(III)F2(L-R')]+Schene 19.
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-co
[41(rtr)FL(L-COF)]+

2aonly

-CHF

[Al(rtr)L]+' -(L-F)

Schene 20. Proposed fragrnentation pathways for A1(rII) p -diketonates

where Rr = CIIF2 (41-1a and -2a). pathways are common to

both complexes excepL where noted.

tAl(trr)r-3l+'

L
J

lAl(trÐLt+

1".

I
[41(trÐF2(L-

l^-,

J
[L-COF2]+

-U

[Al(trr)FL(L-R',)]*
?a.oríy

I

f(L-F)

,1,

[Æ(m)F2(L-R)]*
rFz

[Æ(m)FL]t

coF)lt
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o --1*/\L-Ai )u
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cHFz

IA1(rIi)L2]+

L-
F

o

L_AI

F

[AIGII)FL(L-COF)]+

+CO

SuggesLed mechanism

in A1-2a.

for Lhe formation of I A1(III)FL(L-COF) ]+Schene 21"
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o-
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Suggested nechanisms for

A1-la and -2a"

LAI
F

+ CHF

CHF"

/s
L-AI
FH

[Ar(rrr)FL(L-R')]*

ø

of [41(III)FL]+ inthe fornationSche¡ne 22.
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(b) Ga(III) I -d,tt "ronates

Relative abundance data for the seven Ga(III) p -diketonates studied

appear in Tables 11-13. Plot,s of the EI mass spectra are depicted in

Figures 36-42. Metastable evi-dence !/as obuained Lhrough a linked-
scanning study of Ga-Sa" Das (141) has published a brief report on the

mass spectra of Lhe trifluoromethyL derivatives Ga-3a, craJ+a, Ga-5a,

Ga{a and Ga-12a.

suggested deconposition pathways for the Ga(rrr) p-diketonate

complexes possessing a difluoromethyl substituent (Rr = CHF|; Table 11)

are shown in Schene 24. The base peak in both Ga-la and h-?Â, is the.

EE+ species [Ga(IIT)L2)+, while the nolecular ion is of comparaLively

1ow abundance. This behavior minics Lhat found in the A1(III)
chelates. However, the existence of the bare netal ion [Ga(r)]+
appears Lo be uni-que, and is believed Lo arise Lhrough Lhe concerted

elinination of two ligand radicals from [Ga(III)L2J+ ." shown in Scheme

25. The loss of each L occurs r¿ith Lhe transfer of an electron to Lhe

neta1, reducing iLs oxidation sLate from +3 to *1. Such a process was

initially proposed by Charalambous et a1. (116) in their suudy of uhe

mass spectra of Ga(III) acetylaceLonate and trifluoroacetylacetonate.

The ready availability of Lhe Ga(I) oxidation state is in contrast to

the absence of bare metal ions in the spectra of other t,rivalent, metal
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chelat,es (e.g. Met, = A1(III), V(III), Fe(III) and Cr(IfI)), netals

r+hich do not possess stable +1 oxÍdation states. Hi-gh resolution (R.P.

5000) inass spectronetry was used Lo confirm Lhe presence of [Ga(r) ]+,

since at 1êast three ions having a norninal mass of 69u ([Ga(I)]+,

[caHO2]+ and ¡crr1+) appeared plausible:

Ion }4ass (calc) Mass (exptl an (mnu)

[69e.(r)]+ 68.9256 68.9245 1.I

[c3HO2]+ 68.9977 6}.gz4s 73.2

[cF3]+ 68.9952 68.9245 To.7

The characLeristic doublet at mfz 69 and 7L (intensiLy ratio 3:2) aided

in the interpretation.

The migration of the R group to Lhe metal in [Ga(rrr)L2]+ resulrs in

Lhe loss of the EEo neutral (L-R) and the fornaLion of the EE+ fragment

ion [Ga(rrr)RL]+. Mechanisms based on four- and six-menbered cyclic

transition sLates (I2O) are illustraLed in Schene 26. Although

depicted as concert,ed processes, the sequence of reactions leading to

the fornation of [Ga(III)RL]+ could entail a series of consecutive,

step-wise deconpositi.ons, possibly conmencing with Lhe nigratÍon of the

aryl group to the positively-charged ga11iurn,

The nechanisms i-nvolved in the fragrnentation sequence

fca(rr)Lr]+ -.-> [ca(rrr)Fl]+ ---> [Ga(rrr)F2(L-c0F) ]+ --> [L-coF2]+

shown in Scherae 24 can be descrlbed by analogy to Schernes 22 and 23

discussed earlier" The propensity for EEo neutral losses in these
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chelates is consistent with the established stability of the +3

oxidation st,ate of ga1liun. A decomposition pathway leading to the

elinination of neutral Ga(rrr)F, is found in the reaction

Ica(rrr)FL]+ ---> [L-zF]+

A proposed mechanisn for Lhi-s process j-s given i-n Schene 27. 0nce

again, the tthardeningtt influence of a fluorine at,om(s) on the rnetal

facilitates the subsequent nigration of another fluorine Lo the same

accepLor.

The fragmentat,ion pathways for the Ga(rrr) þ -a*.etonate complexes

possessing a trifluororneLhyl subsLituent (Rr = CF3; Tables 12 and 13) .

are shown in Schene 28. Metastable t,ransitions confirm the loss of a l

ligand radical from [M]+ ro give [Ga(rrr)L2l+, whj.ch is again r,he base

peak in all five spectra. Many of t,he deconposiLion reactions

enanating from [Ga(rrr)L21+ have, in some form, been previously

discussed. For instance, the rnechanisns involved in Lhe consecutive

elimination of EEo neutrals cFr, (t-Rt) and cF2 in Lhe sequence

lca(rrr)L 2l+ __> [ca(rrr)FL(L_R, ) ]+ __>

Ica(rrr)Fl]+ --> [ca(rrr)F2(L-R' ) ]+

as well as Lhe direct. loss of (L-F) in

[ca(rrr)L 2]* ---> [ca(rrr)Fl]+

can be described by Schemes 17 and 19. The loss of (L-F) is also seen

in Lhe decornposit,ion:
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[Ga(III)FL(L-R' ) l+ ---> [ca(rrr)Fr(L-R' )]+

which presurnably follows a mechanisn analogous to thaL depÍcLed in

scheme 18. Meanwhile, the generaLi.on of the bare [Ga(r)]+ ion through

the loss of two ligand radicals from IGa(III)L21+ can be rationalized

by the mechanisn shown i-n Scheme 25, and the R-group Lransfer product

IGa(III)RL]+ can arise by processes illusLrated in Scheme 26 (confirmed

by a metastable t,ransition). The decomposition:

[ca(rrr)Rl]+ ---> [ca(rrr)R2]+

observed in the specLrum of Ga{a also para11els the migration/

fragnentatj.on in

[ca(rrr)12 ]+ --> [ca(rrr)Rl]+

described in Scheme 26 for the difluoromethyl-subsLituLed Ga(III)

chelates "

The trends in hard/sott acid/base behavior applied earlier to the

CFr-substituËed A1(III) p-d,ikelonates can be extended to Lheir Ga(III)

counL,erparLs. However, the distinctÍons are noL as clear in Lhe

galliurn complexes, possibly because of the lower ion current,s carried

by the netal-containing ions. Nevertheless, it can be seen that

fluorine Lransfer in ions which already have a netal-bonded fluorine

([ca(rrr)FL]+ ---> [ca(rrr)F2(L-n')]+; a*,erage %TTC = o.B) is favored

over fluori-ne nigraLion Lo gallium where no fluorines are present

([Ga(rrr)Lz]* --) [ca(rrr)FL(L-R?)]+; average ZTrc = 0.3). An

examínation of the ZTIC carried by Ëhe galliun-fluorine bonded
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fragmenrs ( [ca(rrr)FL(L-R' ) ]+, [ca(rrr)Fl]+ and [ca(rrr)F2(rn' ) ]+) to,
each of the five complexes reinforces the concept of ion slabilÍLy as a

funct,ion of the electron-donaLing qualities of the various aryl
substituents (average %TTC in parenLheses): R = 4-methylphenyl (0.4)

( phenyl (0,7) = 2-naphËhy1 (0.7) < 4-tLuorophenyl (0"9) ( 2_rhienyl

(1.i). These Lrends paral1e1 Lhose reported for uhe correspondíng

aluuinum compl-exes and indícate thaL the hardness of an acceptor is
dependent upon the other groups to r+hich it is boundo
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Table 11" 70 eV-EI spectra of compounds Ga-la and Ga-2a.

R_

Rl=

Ga-la

-coHs

-ffiFz

Ga-2a

-c4H3s

-cHF2

ION %RA m/z ZTLC %RA n/z 7:ITC

¡CaL3 J+

¡cuL2J+

IGaRL]+

IGaFL]+

IGaFr(L-COF) ]+

lGul+

IHL]+

IL-F]+

lL-2Fl+

IIil,-R']+

IL-COF2 ]+

lL-Rl+

IRCOI+

lRC2H2 l+

lRccHl+

IR]+

I C3HO2 
J 
+

2.s (660)

100.0 (463)

3.6 (343)

13.0 (285)

3.0 (2s7)

7 .7 (68.9)

3.2 (1e8)

4.8 (178)

3.8 (lse)

r2"2 (147)

14.7 (131)

5.8 (120)

40.2 (105)

15.3 (103)

6.7 (LOz)

L6.5 ( 77)

5.5 ( 69)

2"6 (678) 0.8

i00.0 (47s) 30"6

10.3 (355) 3.2

10.3 (291) 3.2

3"6 (263) 1.1

11.9 (68"9) 3.6

4.0 (204) 1.2

7 "2 (t84) 2.2

3.1 (165) o.g

7.5 (153) 2"3

I0.7 (I37) 3.3

27.6 (t26) 8.5

88.8 (lLr) 27 "2

9.9 (109) 3.0

9.5 (108) 2.9

9.9 ( 83) 3.0

9.5 ( 69) 2"9

1.0

38"7

r.4

5"0

L.2

3.0

T,2

1.9

1.5

4.7

5"7

.)a
LcL

15 .6

5.9

2.6

6"4

2"L
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Table 12. 70 eV-ET mass spectra of conpounds Ga-3a, Ga4a and Ga-5a"

Ga-3a

ft=

Rr=

-coHs

-cFg

Ga4a

-C6H4CH3

-CF:

Ga-5a

-C6H4F

{Fs

ION ZRA m/ z %IIC 7RA m/ z 7"TIC ZRA n/z ZTTC

IGaLr]+ (.)

lGaLr(L-F) l+

lGaLrl+ (u)

lcal(L-F) l+

IGaFL(L-Rr ) ]+

IGaRL]+

IGaFt]+ qs)

IGaFr(L-R') J+

lGrl+

Til,]+

IL]+

IHL-R'l+

IRCO]+

IR]+

IR']+

6"4

1.8

aloo. o

3.3

5.3

2.3

i"6

5"4

(7L4) 3.3

(695) 0.9

(499) 52"2

(480) r "7

(44e)

(361) 2 "8

(303) L "2

(253) 0.8

(69.9) 2.9

s "9 (7s6) 3" 1

r .4 (737) O "7

100.0 (527) 52"5

(s08)

(477)

b6.o 1ss9) 3"1

1.5 (317) 0"8

L "0 (267) 0"5

4"3 (68"9) 2"3

(768) 1.8

(74e) 0.8

(s3s) 48.s

(s16) o.e

(485) 0.,5-

(3s7) 2.&

(32r) 1"s

(27r) 0.8

(68.e) s"i

L.9 (234) 0.e

0.9 (233) 0"4

3.7 (165) 1.8

cs5.4 (L23) 26.9

12.6 ( 9s) 6"1

2.4 ( 69) r.2

3"7

1.6

aloo, o

bt 
"g

b1.l

b5.7

be. o

cL.7

i0.5

3.2 (216) 7 "7

L"2 (275) 0.6

4"4 (L47) 2"3

4o"9 (10s) 21.4

tL.s ( 77) 6"0

4"2 ( 69) 2.2

3 "7 (230) 1 .9

0.9 (229) 0.5

5.3 (161) 2.8

40.3 (119) 2I"2

10.2 ( g1) 5"4

7 "2 ( 69) 3.8

a ldentified netastable Lransitions are indicated by superscripts whlch
relate the daughter ion to iLs precursor as labelled in column 1"
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Table 13. 70 eV-EI nass spectra of compounds Ga-8a and Ga-12a.

D-

Rt=

Ga-8a

-c4H3S

-cF¡

Ga-L2a

-ctoHz

.CF:

7"R^ n/z 7"TÍC ZRA n/z T;IIC

IGaLr]+ (u)

lGaLr(L-F) l+

f?aLrl+ (b)

IGaFL(L-R') l+

IGaRL]+

IGaFL]+

LGaFr(L-R') l+

¡eaR2 J+

lG.l+

ti[,l+

IL]+

IHL-R']+

IRCO]+ (c)

IR]+

IR']+

6.6 (732) 2.9

r.2 (713) 0.5

100"0 (s11) 44.5

(461 )

13.8 (373) 6.1

4.6 (309) 2.0

3.2 (259) r.4

5.3 (235) 2"4

10"1 (68.9) 4"s

LO.2 (222) 4.5

2"3 (22r) 1.0

9.7 (153) 4.3

45.3 (111) 20"2

4.1 ( g3) 1.9

8.4 ( 69) 3.7

9.5 (864) 4.6

1.0 (84s) 0.s

atoo.o (s99) 48.4

2 "r (549) 1 .0

b6.4 ç+6t) 3.1

1.6 (353) 0.8

0.8 (303) 0.4

(27e)

5.6 (68 "g) 2.7

5 "7 (266) 2.8

L .4 (26s) O "7

4"O (L97) r"9

40.4 (1s5) 19.5

c19.6 (r27) 9.5

7 "5 ( 69) 3.6

a ldentified nelastable transitÍons are indicated by superscripLs which
relaLe the daughter ion Lo its precursor as labelled in column 1"
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Figure 36.

Normalized 70 eV-Ef mass spectrum of

Eris[ 1, 1,-difluoro-4-phenyl-2,4-butanedionaÈo ]Ga(IIT)

{Ga-la}.

n/z ll"1)+' = 660, [L]+ = I97
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Figure 37.

Normalized 70 eV-Ef mass spectrum of

tri.s [ 1 , 1 , -difluoro-4-( 2 I -thienyl )-2 ,4-butanedionaro ] Ga( III )

{Ca-2a}.

n/z Ïl"l)+' = 678, [L]+ = 2O3
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Figure 38.

Normalized 70 eV-EI mass specLrun of

tris[ 1, 1, 1-trifluoro-4-phenyl-2,4-butanedionato]Ga(III)

[Ga-3a] "

nlz [14]+' = 7L4, [L]+ = 2I5
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Figure 39.

Nornalized 70 eV-Ef mass spectrum of

tris [ 1, 1, 1-trif luoro-4-( 4 t -nerhylphenyl ) - 2, 4-buEaaedionaro ] Ga( rrr )

{ca{a}.
n/z [14]+' = 756, [L]+ = 229
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Figure 4O.

Normalized 70 eV-EI nass specLrum of

Lris [ 1 , 1 , 1-trifluoro-4-(4 '-fluorophenyl )-2 ,4-buEanedionato ] Ga( rrr )

{Ga-5a} "

nlz ll4l+' = 768, [L]+ = 233
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Figure 41"

Nornalized 70 eV-EI nass spect,rum of

Lri s [ 1, 1, 1-trif luoro-4-( 2 I -thien yL) -2, 4-buranedionaro ] Ga( III )

[Ga-€a].

n/z [lttl+' = 732, [L]+ = 22I
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Figure 42.

Normalízed 70 eV-EI nass spect,run of

tris [ 1, 1, 1-trif luoro-4-( 2' -naphthyL) -2, 4-buranedionaro ] Ga ( III )

[Ga-LZa].

n/z U4l+' = 864, [L]+ = 265
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lGa(Itr)I¡lr'

L

I

ü
[Ga(Itr)Le]+

-(L-R)

lGa(Itr)RLl+ lGa(IIÐFLl+

w-zFl*

l-+Þ reaction step in which a change in metal oxidation state is proposed.

Schene 24. Proposed fragmentaLion pathways for Ga(III) p=dit<etonates

where R? - CI{F2 (Ga_La and _2a).

Ga(Ðl*t

[Ga(III)F2(L-COF)]+

I

I

l-o*,
I

ü
ll.-coF2l+



208

+L

schene 25. suggested mechanisn for Lhe formation of IGa(rrr)Lr]+ and

[Ga(I)]+ itt Ga-la and, .2a.

o _(* l.i \"1IzGa 
/" 

I

o 

-\cHF2[Ga(III)L3]+

I

F.HC .I, 
R'Fo.r-\

"Ll^"-J"
R 

.CHF,

[Ga(III)I2]+

I

I

,t

[Ga(I)]+ + 2L'
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R

OJ
+\

L-Ga ,)H

\/o-r
'cHF2

IGa(III)Lz]+

I

I

'1,

R

o 
-...1./\

L-Ga 
/"__/Ofl
cHF2

[Ga(III)Lz]+

I

I

,l,

o

+ "'ta*\ 
v"o-.nr,

/
/

a
R

fI'r
L_ Gà
ii

+ CHF2C(O)CH=C=O

cHF2

[Ga(III)RL]+

schene 26" suggested mechanisn for rhe formar,j-on of [Ga(rrr)RL]+ in

Ga-la and -2a"
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R

____/

\ I
___i

\."

o

F-Ga H ______+

o

F-Ga

,èÏo
F2

[Ga(III)FL]+

Ga(III)F3

[L-2F]+

Schene 27. Suggested nechanism for the elimination

Ica(III)FL]+ in Ga-ta and -2a.

or

o

+ resonance forms

of Ga(IIf)F, from
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lGa(Itr)I¿]+'

[Ga(III)L2(L-Ð]*

+'
tca(trr)Lel* I | -tt I I > [Ga(r)]+

[Ga(Itr)L(L-F)]*' :(L-R)

lGa(IIÐRLl+

[Ga(Itr)FL(L-R)]*
-(L-R)

IGa(III)Rz]+
-(L-F)

* process confrrmed by the observation of a metastable transition
in at least one of the complexes.

l# reaction step in which a change in metal oxidation state is proposed.

schene 28" Proposed fragmentation pathways for Ga(rrr) p -diketonates
r+here Rr - CF3 (Ga-3a, 4a, -5a, -ga and -I2a)" paLhways

are corunon to all conplexes except where noted,

-F'

IGa(trI)FL]+

-,l "*
J

Ga(III)F2@-R')I*
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(c\ Co(III\ É- dikeronates

Relati.ve abundance data for the thirteen co(rrr) þ-diketonates
studied appear in Tables 14-79. Plots of the Er mass spectra are

depicLed in Figures 43-55. A linked-scanning, metastable analysis of
co4a was carried ouL. The nass spectrun of one of the chelates

(Co-3a) has been reporred previously (127,I2g,140).

A general difficulty encountered in the interpretation of the

spectra was Lhe consistent appearance of minor peaks at three mass

uniLs below Lhe najor cobalt-contalning ions. Fro¡n the isotopic

pattern and the presence of corresponding fragnentation, these signals

were eventually attributed to Íron chelates of the ligand under

exarni¡1¿¡1on. Previous studies (175) have shown that problens can arise

with deterninaL,ions perforned on metals that also constiLute part of

the ion source materials (eg. nickel, cobalt, iron). The result is an

exchange beËrveen the ligand-bound netal (i-n this case Co) and a netal

of which the ion source is conposed (Fe) " Fortunately, the nass
trseparat,iontt betwe"o 59co und 56F. is large enough Lo a1low for the

unambiguous assignnent of peak identities and abundances.
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suggested deconposirion pathways for the co(rrï) p-dikeronare

complexes possessing a difluoronethyr subst,ituent (Rr = cffi2; Tabre 14)

are shown in Schene 29" Although nolecular ions were observed in the

mass spectra of both complexes, no abund.ance values are formally
assigned; the extrenely low and variable contributions from the [M]+'

signal did not allow for accurate abundance det,erminations. Loss of a

ligand radical fron [co(rrr)L3]+' Ís a dominant process, resulting in
the formation of the EE+ ion [Co(III)L2J+. The subsequenr, eli-uination

of a second radj-cal species, eiLher Rf' or L', suggests a prj.or

reduct,ion of the complexed metal:

[co(rrr)LrJ+ 
-s Ico(rr)LrJ+' -_¡ [co(rr)L(L_R')]+ + R'

--¡ [Co(Ir)l]+ + l,'

The stability of the cobalt +2 oxidation state translates inLo a

predonínance of IEo neutral losses ((L-Rt), (L-R), CO, CIIF), each

resulting in a co(rr) fragment ion" Proposed mechanj-srns for Ëhe

decomposiLion sequence

lco(rÏr)L2l+ _-¡ [Co(II)L2]+. --> [co(rr)L(r,-R')]+ 
-¡lco(II)Ll+ 

-> 
co(II)F(L-coF)¡+ --¡ [L{oF2]+

are given in schenes 30 and 31 " A series of intranolecular bond-

forning/ bond-breaking processes can be evoked to explain the observed

fragnentaÈions" The loss of the neutral species co(rr)F, in the
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fragnenIations

lco(II)F(L-COF)1+ --¡ [L-C0F2]+ + Co(rI)F, (Scheme 31)

and

ICo(Ir)L]+ --> Lr-FZl+ + Co(rI)F, (Scheme 32)

provides confírnatory evidence for fluorine rearrangenent to the metal

center. Scheme 33 depÍcts L,wo possible nechanisns for the formation of

[Co(II)F(L-R')]+, one involving Ëhe loss of (L-F) fron

[Co(II)L(L-R')]+, the other the elimination of the EEo neurral CHF fron

[co(rr)L]r. Th. appearance of rhe bare meral ioo [co(r)1+ implies a

further reduction of cobalt to the +1 oxidation state. MeÈastable

evidence obtained from the linked-scanning experiment conducted on the
trifluoromethyl derivaEive Go-€a suggests that [Co(I)]+ arises rhrough

the conconitant losses of (L-Rr) and F' from [co(rr)F(L-Rf)]+ us shown

in Scheme 33. A neEal reduction is entirely in keeping with the well-
established nature of the cobalt +l oxidatÍon st,ate; in fact, rv-iLh the

exception of copper, the *1 state is betLer known for cobalL than for
any other first transition sertes neLal (L76). The renaining

deconpositions:

[co(rrr)l2 ]+ --> [co(rr)Fr(L_R' ) ]+
and

Ico(rr)r]+ --> [Co(rr)R]+

have been described in Scher¡es 22 and 26 respecEively.
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The fragnentation pathways for Lhe co(rrr) þ -aiuetonate comprexes

possessing a trifluoromethyl substituent (Rt - cF3; Tables 15_17) are

shor+n in Schene 34. The nolecular ion intensities are very 1ov, while

lco(rrr)L2i+ and [co(rr)L(L-R')]+ are the nost abundanr of rhe cobalr-

contaíning fragnents. Many of the pathways given in Schene 34 have

been substantiated by netastable evidence and, can be rationalized by

established mechanisns; these fragnentations and Lheir correspondj.ng

schenes are sum[arized belor+:

Fragmentation

[co(rrr)Lz]+ --> [co(rrr)FL(L-R' ) ]+

[co(rr)L]+ --> [co(rr)R]+

Ico(rr)Lr]+' --> [co(rr)L(L_R' ) ]+

[co(rr)Lr]+' --> [co(rr)L]+

Ico(rr)L(L-R' ) ]+ ---> [co(rr)L]+

[co(rr)L]+ --> [co(rr)F(L-coF) ]+

lco(rr)F(L{oF) l+ --> [i,-c0F2]+

Ico(II)L(L-R' ) J+ ._¡ tCo(II)F(L-R' ) ]+

Ico(II)F(L-R') 1+ --¡ [co(I) ]+

Schene

17

26

30

30

30

3i

31

33

33

The ellnination of the EEo neutrals cOr, Rc2H, cF2 and co2 Ín the

deconposltlon sequence

[Co(rI)t(L-R')]+ --> [Co(rr)LcHcR]+ --> [co(rr)L]+ __>

Ico(rr)F(L-R' ) ]+ ---> [co(rr)FcHcR]+

is described in Schene 35. Assigning carbon dioxide to the 44u neutral

fragnent was first deternined by Clobes, Morris and Koob (140) through
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their study of a perdeuteraEed tris(1r1,1-trifluoro-4-phenyl-2,4-

butanedionato)Fe(IfI) conplex that exhibited similar fragnentation

behavior. The vinyl carbonium ion character proposed for both

[co(rr)LcHgR]+ and [co(rr)FcHcR]+ resulrs fron a I,3 shifr of rhe

oxygen to the electron-deficient carbonyl carbon" Resonance

stabilization by the adjacent aronatic group promotes formatlon of the

resulLing ion:

#+

X=H,CH¡

Tho possible roures leading to Ehe fornarion of rhe ion [co(rr)R]+ from

[Co(II)t]* .r. shown in Schene 34. One involves the direct uigration

of the aryl group fron Lhe ligand to the netal. A sj_nilar

rearrangenent was observed for the di- and trifluoromeÈhyl-substttuted

Ga(III) p-Aitetonat,es 1a the deconpositÍon

lGa(rrr)t2J+ 
-2 

[ca(rrr)Rl]+ (Scheme 26)

The second pathway proceeds via the elinination of the EEo neutrals

ffiz, ffi and crOr; schene 36 shor+s the sequenÈial loss of ItF and c302 in

[co(rr)F(L-cF3) ]+ --> [co(rr)(i..-cF2-HF¡ 1+ -; [co(rr)R]+

Results by Clobes et al. (128) using a deuterared Fe(IfI) analog

established that the hydrogen in IIF originates fron Lhe bridging
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positÍon of the ligand. The loss of ItF ís followed by the nigration of
the aryl group to the positive cobalt center and the expulsion of uhe

neut,ral fragnent C3O2"

Conplex Co+a (R = C4H3S) gives a unique fragnenr at n/z 363;

neLastable result,s confirn thaL its parent is [colrJ+. Two sLructures

appear possible: [co(rr)[2-2R']+ or [co(rrr)Rl]+. The loss of rwo Rf.

radicals seens unlikely, as it would involve the energetically-
unfavorable elinination of an 0E' neutral (cFr') from an EE* ion

([co(rr)L(L-R')]+). on the orher hand, rhe rransirion

Ico(rrr)L 2]+ _7 [Co(rrr)Rr]+

does have a parallel in rhe loss of (L-R) in

Ica(rrr)12]* --> [ca(rrr)RL]+ (scheme 26)

The loss of cFr' fron [co(rrr)Rl]+ is suggesred ro occur in rhe

spect,rum of Co-lla, producÍ.ng rhe Íon [Co(II)R(L_R,)]+ (n/z 262).

rnplied in this process is the prior reduction of co(rrr) ro Co(rr) ro
give the oE+' lon [co(rr)Rl]+'. The very 1or+ abundance of [co(rrr)Rl]+
in ceSa and its absence in the mass spectrum of cælla reflect Lhe

Sreater stabllity of the cobalt +2 oxidatj-on state as conpared to the

f3 state.

Once agai-nr a correlation can be drar*n between the sÈabilities of

the fluorine-to-metal transfer ions and the electron-wiLhdrawíng

capabilities of the aryl (R) ring substituents. The correspondence is
rather t,enuous, however, as only a small selection of fluorine Lransfer
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ions are observed in the cobalt spectra. The fact that co2* is a

borderline acid nay account for the reduced numbers of fluorine
nigrations; HSAB theory predicts only a ¡ninimal attract,ion betv¡een a

borderline'acid and a hard base. Nevertheless, an ex¿unination of the

ion currents carried by Ico(rr)F(L-Rt)]+, rhe only fluorine-transfer

fragment common to all seven Lrifluoronethyl-substituted co(rrr)
cornplexes, reveals a familiar pattern (zT.rc in pareatheses): R =

4-methylphenyl (1.4) ( phenyl (2.1) = 2-naphrhyl (2.3) < 4--chlorophenyl

(3.1) ( 5-chloro-2f-thienyl (3.6) < 2-thienyl (4.g) ( 2-furyl (9.6).

Suggested fragmenration rouÈes for the co(rrr) f -aitetonaLes
possessing pentafluoroethyl (Rt = CZF5i Table lB) and heptafluoropropyl
(Rt = cgFz; Table 19) substiLuents are shor*n in scheme 37. Several of
the deco¡npositions have been prevlously detaiLed:

Fragmentation

[co(rrr)12 J+ --¡ [Co(rrr)Fr(L{F3) l+
[co(II)L]+ 

-> [co(rr)R]+

Ico(rr)Lr]+. .-> [co(rr)L(L_R, ) ]+

[co(rr)rr]+. -_> [co(rr)L]+

[co(rr)L(L-R') ]+ --> [co(rr)L]+

[co(rr)L]+ --> [co(rr)F(L-{0F) ]+

[co(rr)F(L-COF) ]+ --> IL-COFz ]+

Ico(II)L(L-R' ) ]+ -.-> [co(II)F(L-R' ) ]+

lco(II)F(L-R') 1+ --¡ [co(I) ]+

[Co(II)L(L-R' ) 1+ 
-¡ 

[co(II)LcgcR]+

Schene

L7

26

30

30

30

31

31

33

33

35
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[Co(II)LcHcR]+ --> [co(rr)L]+

[co(rr)L]+ 
-> 

[Co(rr)F(L{2Fs) ]+

fn sharp contrast Eo Lhe weak nolecular ion abundances encouoLered for
the di- and trifluoronethyl-subsLiLuted co(rrr) conplexes, Ehe

perfluoroethyl and perfluoropropyl derivaLives generally exhibit strong

[M]+' abundances. One possible explanation may be that the highly
electronegative CrF, and C3F7 groups stabÍlize the netal in its +3

oxidation state. Besides [co(rrr)L3]*', rhe ions Ico(rrr)L2l+,
Ico(rrr)L(L-32)J+, Ico(rr)L(L-R')]+ and Ico(rr)L]r doninare Ëhe nerat-
containing peaks.

Fluorine transfer processes appear to decline in both number and

significance as the extent of ligand fluorinat,ion increases. Comparing

the ZTIC carried by Lhe fluorine migrari_on ions when R - C6H5 and C4H3S

(the only R groups coruûon Lo al1 Rr classifications) for each of the

four fluorinated Rr groups reveals a striking dependence between ion

abundance and the nature of the Rt group (T"Trc in parentheses):

cF3 (8.0) ) cffiz (6.8) ) czFs (3.8) ) cgFT (0.6). rL is apparenr rhar

in the compeLition for fluorine, the more highly-fluorinated (harder)

the Rt group, the less likely fluorine ruigration to the soft,
borderline acid co(rr) cenrer will be" The ordering cF, ) cffiz can be

attributed to the factors discussed earlier: the greater resonance

stability of CFt versus CIIF, and the enhanced stati.stical probability
of fluorine transfer occurring fron . ffi3 group as conpared to a CIß2

noiety"

35

35



))(\

Table 14" 70 eV-EI mass spectra of conpounds Co.-la and Cæ2a.

R-
Rf=

Co-la

-coHs

-cffiz

C-a-Za

-Cz.HcSîJ

-cwz

ION ZRA n/z TfÍC ZRA n/z TIIC

¡col3 J+

¡col2 j+

ICoFt(L-Rr) ]+

ICol(l-n t 
¡ 1+

I CoL]+

IcoF(L-coF) ]+

ICoF(L-R')]+

ICoR]+

Ico]+

Im,]+

Il-r1+

IL-2F]+

[]û,-R'l+

[],-coF2]+

IRCo]+

IRCCH]+

IR]+

lcF3l+

IR']+

(6s0)

45.0 (453)

2.8 (42L)

50,6 (402)

5.6 (256)

8.0 (228)

6"3 (224)

2"s (136)

3.5 ( 59)

3.4 (198)

10.5 ( 178 )

3.8 (159)

23 "6 (747)

4.0 (131)

100.0 (105)

30.0 (102)

5O.7 ( 77)

25 "9 ( 69)

1s.4 ( s1)

(668)

26.5 (465) 7.7

(433)

27 "3 (4I4) 7.9

5"0 (262) 1.5

5.4 (234) 1.6

3.2 (230) 0.9

3,0 (142) 0.9

( se)

25.5 (204) 7,4

1.6 (184) 0.5

2"6 (165) 0.8

60.7 (153) L7 "7

3.6 (137) 1.0

100.0 (111) 29.1

4.7 (109) 1.4

13.5 ( 83) 3.9

60.8 ( 69) L7.7

( sl)

11.5

0"7

L2.9

L"4

2"0

1.6

0.6

0.9

0"9

2"7

1.0

6.0

1.0

25 "5

7"7

L2"9

6.6

3.9
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Table 15. 70 ev-Er nass spectra of conpound,s co-3a, co4a and co{a.

R-
Þ l_

Cæ3a

-coHs

-cFg

Cúa

-c6H4cH3

-cFg

Co-6a

-c6H4c1

{Fg

ï0N ZRA n/z ZTTC ZRA n/z ZTIC ZRA n/z ÆTC

¡col3 J+

¡ col2 J+

ICoL(L-R') ]+

ICoLCHCR]+

ICoL]+

ICoF(L-R')]+

ICoR]+

Ico]+

Im,]+

lLl+

IHL-CH3]+

IHL-R' 1+

IRCao]+

IRCO]+

IRCCH]+

IR]+

IHl,-R'12+

IR-HCI]+

IR' ]+

o "2 (704)

45.2 (489)

34.4 (42O)

r.7 (376)

6"9 (274)

8"0 (224)

1.e (136)

2.1 ( s9)

0"1

T2"L

9.2

0.5

1.8

2"L

0.5

0.6

26 "L (216) 7 "O

3.0 (215) 0"8

(zoL)

3L"7 (L47) 8.5

2"3 (Lze) 0.6

100.0 (rcs) 26"7

2.r (102) 0.6

51.5 ( 77) L3"8

(73.5)

( 41)

57.L ( 69) 15.3

(746)

29.8 (5L7)

zO.L (448)

1.8 (404)

2"9 (288)

4"3 (238)

(1s0)

( se)

(806)

34.9 (557 ) 11.0

23.2 (488) 7"3

(444)

9.0 (308) 2.8

9.8 (258) 3.1

1.4 (170) 0.4

2.6 ( s9) 0.8

L7 "8 (250) s.6

(24e)

(23s)

35.2 (181) 11"1

(i63)

100.0 (139) 31"4

1.5 (136) 0.5

29.6 (11L) 9.3

3.5 (90.5) 1.1

10"8 ( 75) 3.4

39.1 ( 69) r2.3

9"4

6.3

0.6

0.9

L.4

22"3 (230) 7.0

L .6 (229) 0.5

3"4 (275) 1.1

30.1 (161) 9"5

(143)

100.0 (1ig) 31.4

(116)

40.8 ( 91) 12.8

2.6 (90.5) 0.9

( ss)

58.3 ( 69) 18.3
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Table 16. 70 eV-EI mass spectra of conpounds Co_ga and Co-10a.

R=

Rr=

Co-€a

-c4H3S

-cF¡

Co-10a

-C4HZSCL

{Fg

ION zRA n/z TlÍC 7.RA n/z TIIC

¡col3 J+

l1oLrl+ (a)

ICoFL(t -¡t ¡ 1+

lcoL(L-R')l+ (b)

ICoLCHCR]+

ICoRL]+

ICoL]+ (c)

ICoF(t -COr¡ 1+

ICoF(L-R')]+ (d)

ICo(L-CFr-rrF) ]+

ICoFCHCR]+

ICoR]+

Ico]+

Iril,]+

IL-s]+

I L-c1 ]+

IL_C0F2 ]+

[ ru,-n' 1+

(722)

57.3 (501)

(4s1 )

442.3 (432)

bg.g (sea)

41.1 (363)

a,b19.7 (2go)

cr.6 (zsz)

b,tr6.l (230)

dz "t (zto)
dz.o lteo¡
c7 

"6 (L4z)

dz.t ( sg)

L6,5 (222)

44.7 (\89)

(186)

1.3 (1ss)

16.8 (1s3)

1./$ (135)

(824)

30.0 (569) 7 "4

2"0 (519) 0.5

11"1 (500) 2.8

(4s6)

(431 )

L5"4 (3L4) 3.8

r,7 (296) 0.4

L4.4 (264) 3.6

(244)

(220)

4.0 (176) 1.0

1.4 ( 59) 0.3

33"9 (256) 8.4

(223)

68"r (22O) 16.9

1.6 (189) 0.4

37 .2 (rg7) 9.2

1.i (169) 0.3

L7.L

L2.6

1.0

0.3

5.9

0.5

4"9

0.8

0.6

2"3

0.6

4,9

L"4

0"4

5.0

o"4IRCao]+
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Table 16. (continued ) .

IRCO]+

IRCCH]+
:

IR]+

[IIl.-n' J 
2+

IR']+

b'd1oo.o

1.8

6.1

1.8

32"5

(111) 29.8

( 108) 0.5

( 83) 1.8

(76.5) 0.5

( 6e) e"7

100.0 (r45) 24,8

2"1 (I42) 0.5

5.2 (rL7) 1.3

4,0 (93.5) 1.0

69 "7 ( 69) 17 .3

a ldentified metastable transitions are indicated by superscripts whichrelate the daughter ion to its precursor as labelied in col:n¡ I,
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Table 17. 70 eV-EI mass spectra of compounds Co-lla and C.,o-12a.

p-

Rf=

Co-lla

-c4H3O

-cF¡

Cp-lâa

-ctoHz

{Fg

ï0N ZR.{ n/z ZTÍC ZRA n/z TITC

¡col3 l+

¡col2 J+

ICoFt(L-CoF) ]+

lCoL(L-R') l+

ICoL]+

lCoR(L-R')l+

lCoF(L-coF) l+

ICoF(rnt ¡ 1+

Ico(L-cFr-nF) ]+

ICoFCHCR]+

ICoR]+

Ico]+

[il.]+

IL]+

I L_coFz ]+

It{.-R']+

IRC3o]+

Im,-es1+

IRCo]+

2"0 (674)

66"2 (46e)

L "7 (44r)

73.0 (400)

r4.L (264)

8.0 (262)

2.8 (236)

44.5 (2r4)

8.5 (194)

3.0 (170)

7 "8 (126)

4.7 ( 59)

19.0 (206)

(20s)

2.7 (L39)

39.1 (137)

2.0 (119)

4.6 (111)

100.0 ( es)

(8s4)

46.3 (589) r2"2

(s61 )

23"7 (520) 6.2

2 "7 (324) O. 7

(322)

(2s6)

8"9 (274) 2"3

(2s4)

(230)

2.5 (186) 0"7

2"0 ( 59) 0,5

20"4 (266) 5"4

3.9 (265) 1.0

r.2 (Lgg) 0.3

L9 "9 (L97) 5.2

(L7e)

(171 )

100,0 (155) 26.3

0"4

14"2

o"4

L5.7

3.0

L"7

0"6

9,6

1.8

0.6

L.7

1"0

4,L

0"5

8"4

0.4

1.0

2L "5
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Table 17. (continued) 
"

IRCCH]+

IR]+

llt -R 
t 

12+'

lR'l+

2"3 ( 92)

3.3 ( 67)

2.r (69.5)

57,6 ( 69)

6 "6 (r52) L,7

75"L (L27) Lg.7

2"7 (98.5) 0.7

6i.5 ( 69) L6.2

0.5

0.7

0.5

L2"4
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Table 18" 70 eV-EI nass spectra of conpounds Co-l3a and Co-14a.

D-

Rt=

Cæl3a

{oHs

{zFs

Co-l4a

-c4H3s

4zF s

ION ZRA n/z Z"ITC ZRA nlz TITC

¡ col3 J+

¡CoL2 J+

Icol(L-32) ]+

ICoFL(L-CF3) ]+

ICoL(L-R') ]+

ICoLCHCR]+

ICoL]+

IcoF(L-coF) ]+

ICoF(L-R? ) ]+

lCoRl+

Ico]+

tH,l+

lLl+

I L-s ]+

I L_CoF2 ]+

IHL-gs]+

IHt -p' 1+

lRCaol+

9.3 (854)

19.7 (589)

(ss7)

1.5 (539)

19.3 (470)

(426)

4.L (324)

(2e6)

2.2 (224)

2.1 (136)

0.8 ( 59)

0"4 (266)

0.2 (265)

(233)

1 "3 (i99)

1.1 (17i)

4.6 (L47)

(Lze)

L"e (872) 0"7

37"L (601) 13.0

11.6 (569) 4.L

(ss1 )

36.4 (482) L2"7

1.3 (439) 0.5

13.9 (330) 4"9

2.3 (302) 0.8

3"4 (230) L.2

LL.L (L42) 3.9

1.7 ( 59) 0.6

7 "4 (272) 2"6

(271)

1.8 (239) 0.6

2"6 (205) 0.9

3.1 (177) 1.1

15.4 (153) 5"¿+

i.3 (i35) 0.5

4,6

9.8

0"7

9.6

2"0

1.1

1.0

0"4

0"2

0.1

0.6

0"5

2"3
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Table 18. (continued).

IRCO]+

IRCCH]+

IR]+

I cF3 ]+

100.0 (10s)

0.3 (102)

25"4 ( 77)

8"7 ( 69)

100.0 (111) 35"0

2.0 (108) 0.7

7 "4 ( g3) 2.6

26.9 ( 69) 9.4

50.0

0.1

12"7

4,3
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Table 19. 70 eV-EI nass spectra of compounds Co-l6a and Co-17a.

R=

Dlrf=

Co--l6a

-coHs

-cgFz

C-æl7a

-C¿HrS
-J

4sFl

ION ZRA n/z ZTTC ZRA n/z TITC

¡col3 J+

lCoLr(L-3z) J+

¡ col2 J+

Icol(L-F) ]+

Icol(L-32) ]+

ICoL(L-Rr) ]+

ICoLCHCR]+

ICot 1+

ICoF(L-coF) ]+

ICoR]+

lI[,j+

lL-sJ+

I L-COF2 ]+

I HL-9s ]+

It[,-R']+

IRco]+

IRCCHI+

lRl+

IHL-R'12+

IcF3]+

5.3 (1004)

(e72)

15.1 (689)

(670)

19.6 (657)

14.3 (520)

(t+76)

2"6 (374)

(346)

0.8 ( 136 )

5,8 (316)

(283)

(24e)

L.3 (22L)

33.9 (r47)

100.0 (i05)

i.8 (102)

26"7 ( 77)

(73.5)

33 "2 ( 6e)

0.1 (L022)

3.3 (gg0) 0.9

33.8 (701) 9.6

2.I (682) 0.6

4L.2 (669) 11.7

35.4 (532) 10.1

1.9 (488) 0.s

14.3 (380) 4.I

2.L (352) 0.6

7.7 (L42) 2.2

16 "o (322) 4.5

1.1 (289) 0"3

2.L (255) 0.6

3.9 (227) 1.1

32.6 (153) 9.3

100.0 (111) 29.4

2.7 (108) 0.8

8.4 ( 83) 2.4

3"L (76"5) 0.9

42.A ( 69) l1.g

5.8

2"0

7.5

5.5

1.0

0.3

2"2

0.5

13.0

38.4

0"7

10.3

L2"7
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Figure 43.

Normalized 70 eV-EI nass spect,run of

tris [ 1 , 1-difluoro-4-phe nyL-2,4-but,anedionaro ] Co( III)
ICæla].

n/z ll4l+' = 650, [L]+ = 197
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.JL

Figure 44.

Normalized 70 eV-EI mass spect,run of

trisI I ,1 , -difluoro-4-(2 t -thienyl )-2,4-butanedionaro ]co (rrr)
(Co-Za).

n/z [14]+' = 668, [L]+ = ZO3
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Figure 45.

Normalized 70 eV-Ef nass specLrun of

tris[ 1, 1, 1-trifluoro-4-phenyl-2,4-butanedionato]co(rrr)

[Co-3a] "

n/z lM-l+' = 704, [L]+ = 2L5
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Figure 46.

Nornalized 70 eV-Ef mass spectrun of

tris [ 1, 1, 1-trif luoro-4-(4 I -methylphenyl ) -2, 4-buËanedionato ] co ( rrr )

[Co-4a).

n/z [ll]+' = 746, [L]+ = 229
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Figure 47.

Normalized 70 eV-EI nass spectrun of

tris[ 1 , 1 , 1-trifluoro-4-(4 t -chlorophenyl )-2 ,4-butanedionato]co( rrr )

{Co{a}.

a/z l't[l+' = 806, [L]+ = 249
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Figure 48.

Nornalized 70 eV-EI mass spectrun of

tris [ 1 , 1 , 1-urifluoro-4-( 2 '-rhien yL)-2,4-buranedionaro ] co( rrr)
[Co{a}.

n/z [14]+' = 722, [L]+ = 22I
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Figure 49.

Nornalized 70 eV-Ef nass spectrun of

Eris[1,1,1-trifluoro-4-(5t-chloro-2'-rhienyL)-2,4-butanedionaro]co(rrr)

I Co-tOa] .

n/z ll4l+' = 824, [L]+ = 255
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Figure 5O"

Normalized 70 eV-Ef mass spect,run of

tris [ 1 , 1 , 1-trifluoro-4-( 2 r -furyl )-2 ,4-butanedionaro ] co ( rrr )

{Co-lla}.

n/z [14]+' = 674, [L]+ = 205
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Figure 51.

Nornalized 70 eV-EI mass spectrum of

Eris [ 1 , I , 1-trifluoro-4-( 2 | -naphrhyl ) -2 ,4-butanedionaro ] co ( rrr )

ICo-t2a].

n/z fltl+' = 854, [L]+ = 265



26.

ã
TJ

a
N

16.

TJ

a
N

t6.

ã
TJ

a
ñ

?

2
300250 m/z

2
o
't2

6055O m/z

200

c0- 1 2A 7OEV.

850

500

150

BOO m/z

100

450

o0

N
m

-JLIJ
v.
0

00

N
m

J
LrJ
x.
o

oo

N
m

J
LrJ
U.

o

750

400

50

700

350

650600



.> l' -,

Figure 52.

Normalized 70 eV-EI mass spect,run of

tris[ 1, 1, 1, 2, 2-penEaf luoro-5-phenyl-3, S-pentanedionato ] co ( rrr )

{Co-13a)

n/z U4l+' = 854, [L]+ = 265



100
c0-1 3A 708V.

ñ
m

J
UJ
U
0

100

ñ
m

-Jt!
E"

0

100

100

N
m

J
Ld
V-

0

150

600

200

650

250 m/z

700

49.9

500

ãú
Ø
N

300

750

550

49. I

m/z

t_]

a
N

8OO m/z

600
49. g

850

LJ

a
N



249

Figure 53.

Nornalized 70 eV-Ef nass spectrun of

tris[1,1,1 12r2-penEafluoro-5-(2r-thienyl)-3rS-pentanedionaro]co(rrr)

ICe-l4a].

n/z ll,tl+' = 872, [L]+ = 27L
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Figure 54.

NornalÍzed 70 eV-Ef nass spectrun of

tris [ 1, 1, 1 12, 2,3, 3-heptaf luoro-6-phenyl-4, 6-hexanedionato ] co ( rr r )

{Co--16a).

n/z ll4l+' = 1004, [L]+ = 315



100
co- 1 6A

N
m

J
Ld
V.

0

100

7DEV.

50 100

N
m

-J
UJ
u.
o

150 200 250 300 m/z

38. 4

:
CJ
H

u')

N

600

350
38. 4

goo

650 m/z

LJ

Ø

ñ

g5O m/z

700
38. 4

:
(J

a
N

ioo



253

Figure 55.

Nornalized 70 eV-Ef masss specErun of

tris[1,1,1 12,2,3,3-heptafluoro-6-(2'-thienyl)-4,6-hexanedionato]co(rrr)

{Ce-l7a).

n/z [14]+' = LO22, [L]+ = 32L
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[Co(II!Lr]+'

I

l.'
,,l,

[Co(III)þ]+

Á
/

ICo(m)FL(L-R')]'

tCo(tr)I-zl+'

j.'

)L(L-R)l*

ICo(II)R]r
-(L-R)

ICo(II)L]+

-co

-CoF2

lL-2n*

+ffi reaction step in which a change in metal oxidation state is proposed.

$çþæe l$. Proposed f ragmentation pathways f or co(rrr) p -a*.etonates

where Rt = Cffi2 (Cæla and -2a). pathways are common Lo all
complexes excepL where noted.

ICo(tr)F(L-CoÐ]*

| "".,

J
[L-COF2]+
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_/

\
ÞnJtcuF,

L- Co
l.

I¡ Co

o

red.

-

and

cHFz

Co

cHF2

ICo(II)L]+

Scheae 30. Suggested nechanisn for

and [Co(II)L]+ in Co-ta

R

I

/-\

tl

o/
(L-R,)

the

and

fornation

-2a.

ICo(III)L2]+ ICoGI)Le]r'

of ICo(II)L(L-Rr ) ]+



) c,-7

F-Co
/9 o

F'Co<___-co__

R

\

.1
H

ICo(II)F(L-COF)]*

Co(lI)F2 +

[L-COF2]+

schesqe 31. suggested mechanisn for Ehe fornarion of Ico(rr)F(L-COF)]+

and [L{OF'J+ in Co_la and. _2a.

F o

ICo(II)L]+
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o

Co

o

lCo(II)Ll+

Co(II)F2

IL-2F]+

Schese 32. Suggested mechanisn for the

[Co(II)L]+ :.n Co-t a and, _2a.

R

___/

\
lH

/

cHF2

R

elinination of Co(II)F2 from
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Co

R

-\J
F

ICo(II)L(L-RJ]* ICo(tr)L]+

,Á,
//

o
/J'

F]ICo

o

ICo(I

ICo(I)]+

Suggested mechanisn for the formation

and [Co(I) ]+ itr Cæla and, -2a,.

+F'

r)F(L-R

R

I4
tl

oy'
(L-R)

Scherye 33. of ICo(II)F(i,-n'¡ 1+
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lCo(Itr)hl+'

I,
v

tco(Itr)q1 # lCo(tr)Iel+'

ICo(trI)FL(L-R'¡1*
l0a only

lCo(Itr)RLl+
8a only

3a448a only

\-cscn
\.\

*-r.ì

* process confirmed by the observation of a metastable transition
in at least one of the complexes.

# reaction step in which a change in metal oxidation state is proposed.

schae 34. Proposed fragnenrarion parhways for co(rrr) f -arxutonares

where Rr - cF3 (co-3a, J+a, 4a, {a, -l(b, -lla and -l2a).
Pathways are common to all conplexes except where noted.

ICo(tr)R(L-R')]*
1 la only

[Co(II)F(L-COF)I+

n4rr841o*lla 
onlY

ll.-coF2l+
excepr34446a

except4a

tCo(ÐF(L-R')l*
-HF

_ccoz

[Co(tr)R]+ [Co(IÐ(L-CFz-FIF)]*
8411a only

ICo(I)]+
except 4a

lco(
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ICo(IÐL]+

-/

F-c.o ---\ H -coz > F-co(rr)-cs=ð-nEI

ir)L(L-R',)l+

j'.

F-Co

ICo(II)F(L-R')]*

5o¡-æ 35. suggested mechanisn f'or rhe formation of Ico(rr)Lcucn]+,

ICo(Ir)L]+, ICo(rI)F(L-R')]+ and Ico(II)FcHcR]+ in Gæ3a,

4a, 4a,, {a, -10a, -lla and -12a.
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-1la"

JR
R

OJ
¿(\.J -HF

ICo(IIXL-CFz-HF)]r

I

,1,

the

and

Schæe 36.



¿ôJ

tco(Itr)Iol*' -Z-+, 
tco(Itr)Le( L-lZ¡1*.

l-, 
17a onlv

ü

\j.
tco(Itr)þ] # tco(trX¿l

[Co(IÐFL(L-CF3)]+ tCo(m)Lfi- -32)l* tCo(SL(L13a only except 13a

lCo(tr)LCHCRI+ l<r-n'."kl 
t

tCo(II)F(L-CoF)l+ .#g-- 
f

,Ã, 
L4a"L'aonùv

[L-COF2]+
except 16a

:1t_R)

ICo(II)R]+

lCo(I)l+
13a,l4a only

+i+ reaction step in which a change in metal oxidation state is proposed.

schoe 37' Proposed fragnentation pathways for co(rrr) p-a*."tonates

where Rr = CrF, (Co-13a and -l4a) or C3F7 (Co-l6a and -l7a).
Pathways are common to ar1 conplexes except where noted.
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(d) Ni(II) 6 -dikeronares

Relarive abundance data for the nine Ni(II) p -aitetonates studied

apPear in Tables 20-23. Plots of the Ef nass spectra are presented in
Figures 56-64. A linked-scannj.ng, netasLable study was conducted on

t{1-2a" A reference t,o the nass spectrurn of t{i€a has been nade by

Terlouw and Heerma (175),

rn nickel chelates, as for cobalt, gas-phase, metal-ligand exchange

reactions wiLhin Lhe 1on source are widespread. For instance, the

persistent aPPearance of peaks aE two nass units belor+ the najor 58tti-

conÈaining ions can be atLributed to minor 56F" contamination. Si¡oilar
signals at [M-6]+'in sone of Èhe spectra nay arise fron S2cr{ontaÍnÍng

ions and if so, represent hÍtherLo undocunented chrom:ium exchange

processes.

Suggested deconposirion pathways for the Ni(II) 16 -¿itetonate
, conplexes possessing a difluoronethyr substltuent (Rt = cHFz; Tabre 20)

, are shown in Scheme 38. The two nost abundant nickel-containing ions

' are [Ni(II)LZ]*' and [NÍ(II)L(L-Rt)]+, the latter arising from rhe

forner through the loss of Rf' (supported by netastable transition).

' Many of the pathways outlined in Scheme 38 can be ra¡,ionalized by

ì "stabllshed 
nechanisns; these fragmentations and their corresponding

: schenes are srrnmarized below:
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Fragnentation

tNi(rr)Ll+ --> [Ni(rr)R]+

lNi(rr)12l+' 
-> [Ni(rr]L(L_R ' ) l+

i¡¡i.(rr)r(L-R' ) l+ --> [Ni(rr)L]+

[Ni(rr)L]+ --> tNi(rr)F(L-coF) l+

[Ni(Ir)F(L-coF) 1+ --¡ [L-coF2 ]+

INi(rr)L]+ --> [L-2F]+

[Ni(rr)L]+ --> tNi(rr)F(L-R') l+

INi(rr)L(L-R') ]+ --> INi(rr)F(L-R') l+

INi(rr)F(L-R') ]+ --> tl,Ii(r) l+

tNi(rr)F(L-R' ) l+ --> tNi(rr) (L-cHF-r{F ) l+

[Ni(II) (L-CHF-HF¡ 1+ --> [Ni(rr)R]+

of the bare

of Ni(II)

moderately

of Ni(II)

Schene

26

30

30

31

31

32

33

33

33

36

36

netal ion

Eo Ni(f).

stable and

The reaction sequence leading Eo Lhe fornation

INÍ(I)]+ must necessarily involve the reduction

The +1 oxidation state of nickel is known to be

tNi(I)]+ ions have been reported in the spectra

acetylacetonates (105, 115) .

Fluorine migration to Lhe neLal is
fol1or*ing fragnentations :

observed or inferred in the

INi(rr)L]+ --> tNi(rr)F(L-R') l+

[Ni(rr)L]+ --> tNi(rr)F(L{oF) l+

lNi(rr)Ll

lNi(rr)F(L{OF)l+ --> [L-COF2]+ + Ni(rr)F,
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The borderline

lirnited number

acid characE,er of

and 1ow abundances

Ni(II) is likely

of the fluori.ne

responsible for the

transfer products.

Proposed fragnentation routes for the Ni(II)
possessing a trifluoromethyl substituent (Rr =

in Scheme 39" The major metal_-containing ions

lNi(Ir)L2l+' and iNi(rI)L(L-R')l+. several of

been previously detailed:

p -atUetonares

CF3; Table 2I) are given

are once again

the decompositions have

Fragnentation

INi(rr)L2J+. _> [Nj.(rr)RL]+

lui(rr)Ll+ --> [Ni(rr)R]+'

[Ni(u)12]+ --> [Ni(rr)L(L-R')i+

INi(rr)L(L-R' ) ]+ ---> [Ni(rr)L]+

INi(rr)L]+ --> tNi(rr)F(L_R' ) l+

INi(rr)L(L-R') ]+ --> [Ni(rr)F(L-R') ]+

INi(rr)F(L-R') ]+ --> tui(r) l+
lNi(rr)L(L-R' ) l+ --> [Ni(rr)LcHcR]+

lNi(Ir)rcHcRl+ 
-> 

[Ni(rr)L]+

[Ni(rr)F(L-R' ) j+ --> [Ni(rr) (L_CF2_HF) ]+

[Ni(rr) (r.{F2-r{F) ]+ ___> [Ni(rr)R]+

The only ion resulting from a fluorine Lransfer reaction is
[Ni(rr)F(L-R')]+, while rhere are no indications of neutral

fluoride elinination. Other najor nickel-containing species

[Ni(r)]+, [Ni(rr)R]* and INi(rr)L]+.

Scheme

26

26

30

30

33

33

33

35

35

36

36

nickel

include
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suggested decomposition parhways for rhe NÍ(rr) p -a*..ronar,e

conplexes possessing pentafluoroethyl (Rt = C2FS; Table 22) or
heptafluoropropyl (Rt = c:Fz; Table 23) substituenÈs are shown Ín
Schene 40.' The mechanisms behind several of the fragnentations are

known:

[ragmentation

[Ni(rr)L]+ --> [Ni(rr)R]+

lNi(rr)l2 l+' --> tNi(rr)L(L-R ? 
) l+

INi(II)L(L-R' ) i+ ---¡ [Ni(II)L]+

INi(rr)L(L-R' ) ]+ --> tNi(rr)LcHcRl+

INi(rr)LcHcR]+ --> [Ni(rr)L]+

Scheme

26

30

30

35

35

rn principte, rhe ion ar tNi(rr)L(L47)l+ (noninaL n/z 54r in
Ni-13a, n/z 533 in Ni-l4a and. n/z 641 in Ni-16a) can be assigned one or
nore of the foll_ovring sr,rucrures: INi(II)L(L-COF)]+,

I Ni ( rr)L(L-cH3s) ] 
+, 

i Ni ( rr ) L(r._cH302 ) J+, I Ni ( rr) L( L_c2l7o)l+ o,

INi(rr)L(L42H4F)J+. However, ehe only fragmenr listed above rhaL does

not appear to violate elenental composition constraints or structural
linitations is [Ni(II)L(L-COF)]+. A proposed nechanism for complexes

l{i-13a and NL-14a based on the step-wise losses of F and c0 is
illustrated in Schene 41. The Eransfer of a fluorine to the terminal

CFt ErouP in the final step is facilitaued by the electron-deficient
nature of the cF2 moiety. An analogous nechanisn can be proposed for
the C,FT derivat,ive.
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schene 42 depicts a suggested mechanisn for the fornauion of

INi(rrr)FL(L-{r3)1+ from INi(rr)L2]+' in complexes m-t3a and Hi-14a.

An increase in the oxidation sEate of nÍckel is proposed, followed by

fluorine-Eo-netal migration and the eli-mination of cFr. Although +2 is
the nost connon and stable oxidation stale of nickel, expansioa to

Ni(rrr) rnay be aided in this instance by Lhe elect,ron-withdrawing

capabilities of the perfluoroethyl substituent.

Many of the chelates studied in this section exhibiL weakly-abundant

ions attributable to INi(L-H) ]+ . Metasrable evidence indicares that
Lhis species is forned by the ross of the EEo neutral IIL fron uhe

molecular ion INi(rr)L2]+'. A plausible mechanisn invorving

intranolecular ligand-to-ligand hydrogen transfer is given in schene

43. Two canonical forms of the final product are shor+n, based on Lhe

possibiliLy of a Ni(II) or a Ni(I) oxidarion srare.

AnoLher novel deconposltion product found in the spectra of the

Ni(rr) p-diketonat,es is the ion [NiEL]+', also forned as a result of
hydrogen rnigratÍon. The origin of the t,ransferred hydrogen in
cornplexes of this type has been the subject of consÍderable discussion

(r2orl25rl77)" Two posslble nechanisns, shor.¡n in schemes 44 and, 45,

ínvolve Lhe nlgratlon of a bridglng hydrogen from one of the ligands of

the nolecular íon to elther the ¡neta1 (Schene 44) or one of the oxygen

atoms of the other ligand (scheme 45). Hydrogen transfer to Lhe netal

is considered by sone (115) to be the nore viable expranation; if
hydrogen migration to other sites did occur, Èhen [MetHl]+ ions should

be observed for p-aitetonate conplexes of oLher metals as wel1.

Schene 46 outlines an alternative mechanisn for the fornation of



269

[NiHL]+' in comprexes where R - phenyl (Hi-ra,-3a,-13a and -r6a). Here

the nigrating hydrogen aton originates fron Lhe ortho posíLÍ.on of the
phenyl group and transfers to the netal by way of a six-nembered ring,
Mclafferty-like intermediate. Lacey and co-workers (rzo) first
suggested thís type of rearrangenent in their study of the mass spectra
of co(rr) and Ni(rr) complexes of 1,3-diphenyl-l,3-propanedione.

The issue of whether one, two or all three of the above nechanisns

are at, work in hydrogen Lransfers of this Lype has not been adequately

resolved" üIhile deureriun-labelling srudies (120,177) indicate that
Lhe nain reacti.on in bÍs(1,3-diphenyl-l,3-propanedionato)Ni(rr) is
hydrogen rea*angenent fron the ortho position of the phenyl ring (,*ith
a nlnor contributlon fron the bridging positioo), the results are arso
consistent wiEh extensive scranbllng of the ortho_ and bridglng_

hydrogens prior to fragmentatÍon. The [N1IIL]+' abundances given in
Tables 20-23 however, seen to provide a clearer indicaÈion of the
prevailing nechanisn. conparing the average T"TTC for Lhe four [NiHL]+.
ions formed r+hen R = phenyl (Hi-1ar-3ar-13a and -r6a; ave. zTrc - o.g)
r'¡ith Lhe four [N:.HL]+'ions generaÈed when R = 2?-thienyl (Ei-2a,-tìa,

-14a and -L7a; ave. zÎÍc = 0.1) reveals a decided preference for
hydrogen transfer ln the phenyl-substltuted conplexes, suggestíng that
hydrogen rearrangetrent in these Ni(II) chelates is strongly influenced
by the nature of the aryl substi.Èuent and Lhus more closely allgned

vrith the mechanlsm glven in Schene 46 (the only nechanism in whlch Ehe

R group is directly involved 1n the hydrogetr rearrangenent), rf
hydrogen nigration from the bridging ligand position was the doninant

nechanism, then approxinately equal [NinL]+ abundances should be

expecLed, regardless of the nat,ure of the R group.
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Table 20. 70 eV-Ef nass spectra of cornpounds Ni-la and N1_2a.

R-
Rt_

Ni-1a

-coHs

-c1{F2

l{1-2a

-C4H3S

-cffiz

ï0N ZRA n/z 7"TTC ZRA nlz TITC

INiLzJ+ (")

INiL(L-R')]+ (b)

INiHL]+

INiL]+ (c)

INiL-H]+

INiF(L-coF) ]+

IN1F(L-R ? 
) ]+

INi(L-CHr-¡rF) ]+

INiR]+

Ini1+

IH,]+

IL-F]+

IL-zF]+

IH.-n' ;+

I L_C0F2 ]+

41"9 (t+52)

50.8 (401)

0.7 (256)

4.8 (255)

(2s4)

4.9 (227)

2.0 (223)

1.5 (203)

5.3 (135)

5.2 ( 58)

(1e8)

3.1 (178)

1.3 (175)

2.9 (L59)

5.1 (r47)

5.7 (131)

86.4 (464) 20.0

484.7 (413) 19.6

ao.5 ç262) 0.1

bl r .6 (z6L) 2.7
ao.1 (260)

c9.l (233) z.L

3.6 (229) o.g

4.4 (209) 1.0

crr ,2 ( 141) 2.6

6.8 ( 58) L"6

16.4 (204) 3.8

2"5 (L84) 0.6

3.9 (191) 0"9

3 "7 (L65) 0.9

34"2 (L53) 7.9

4,3 (I37) 1.0

14.4

17.4

o"2

1.6

L.7

0.7

0.5

1.8

1.8

1.1

0"4

1"0

L"7

2.0
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Table 20. (continued).

IRCO]+

IRCCH]+

IR]+

IHL-R'i2+

lOo.O (105) 34.3 b1OO.O (LLL) 23.2

L2.0 (102) 4.L

38.6 ( 77) L3.2

(73.5)

5.4 (109) 1.3

6,7 ( g3) 1.6

2.2 (76"5) 0.5

I C3H02 
J 
+ 5.8 ( 69) 2.0 33.9 ( 69) 7.9

a ldentifÍed netastable transitions are indicated by superscripts whichrelat,e Ehe daughter ion Lo iLs precursor as labelied in colunn l.
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Table 21. 70 ev-Er trass specLra of compounds MÍ-3a, Hi€a and Hi4a.

R=

Þl_

Ni-3a

{oHs

-cFs

l{1-8a

-C¡.H"S+J

-cFg

l{14a

-c4H2scH3

{Fg

ION ZRA n/z TIIC ZRA n/z 7:fl.? 7"R1,. n/z ZTIC

INit, i+

INiL(L-R?)]+

INiLCHCR]+

Iuinl]+

lNiHLl+

lNiLl+

INiL-H]+

INiF(L-R' ) ]+

INi(L-CFz-HF) ]+

lNiRl+

INi]+

IH,]+

IL]+

IL-s]+

[il.-n'1+

IRCo]+

I RCH2 ]+

IR]+

IHl,-R'12+

IR']+

3s.s (488)

27 "5 (4r9)

0.7 (375)

0.4 (350)

4.0 (274)

5 "8 (273)

0.6 (272)

4,6 (223)

1.5 (203)

5.9 (135)

3.8 ( 58)

L9.6 (2L6)

2.8 (2r5)

(183)

26,3 (L47)

100.0 (105)

1.9 ( 91)

42"r ( 77)

3.5 (73.5)

¿+2"9 ( 69)

4.9 ( 57)

20.1 (s00)

13.5 (431)

0.3 (387)

0.3 (362)

0"5 (280)

5 "8 (279)

(278)

(22e)

1.9 (209)

5.2 (L4t)

( s8)

5O"L (222)

0.9 (221)

4"2 (r89)

54.9 (i53)

100.0 (111)

2"7 ( 97)

9.8 ( 83)

5 "7 (76 "5)

79,7 ( 69)

( s7)

29"2 (528) 8.2

18.5 (459) 5.2

r.2 (4L5) 0.3

1"9 (390) 0.5

r.3 (294) 0.4

7 .0 (293) 2.0

L.O (292) 0.3

3.9 (243) 1.1

L.6 (223) 0.5

6.8 (155) 1.9

8.4 ( 58) 2.4

37.0 (236) 10.4

0.9 (235) 0.3

9.6 (203) 2.7

35"7 (L67) 10.1

100.0 (L25) 28.2

(111 )

L3"9 ( 97) 3"9

2.3 (93.5) 0.6

59.9 ( 69) L6.9

14.8 ( 57) 4.2

10.7

8"3

0"2

0.1

L.2

L"7

0.2

L.4

0.5

1"8

1.1

5"9

0.9

7,9

30. 1

0.6

L2.7

1.1

L2"g

1.5

5"7

3.8

0.1

0.1

0"1

1"6

0.5

1.5

L4.2

0.3

1.2

15"5

28.3

0.8

2"8

1.6

22"5



Table 22. 70 eV-EI nass spectra of compounds Ni-l3a and ¡ti-14a.

R=
Dl

l{i-l3a

-coHs

4zFs

N1-14a

-Cr.HrS

-czFs

ION ZRA n/z ZTLC 7.RA n/ z TITC

INj.L2 ]+

INiL(L-F) ]+

[¡¡il(i,-cor) ]+

INiFL(L-CF3]+

IN1L(L-R') ]+

INiLCHCR]+

INiru]+

INiL]+

INiL-H]+

lNiRl+

[il,]+

lLl+

IHL-R']+

IR']+

IRCo]+

IRCCH]+

IR]+

IHi,-n' 12+

IcF3]+

57.6 (588)

2"5 (569)

1.5 (541)

1.6 (538)

55.8 (469)

L.5 (425)

3.8 (324)

8.1 (323)

0.4 (322)

7.t+ (I35)

7 "6 (266)

i "3 (26s)

24,L (I47)

2.2 (rr9)

100.0 (105)

2.L (L02)

34.9 ( 77)

1.9 (73.5)

33.9 ( 69)

18.4 (600) 5.1

0"6 (581) 0,2

0.4 (553) 0.1

1.0 (550) 0.3

19.4 (481) 5.3

0.6 (437) O.2

0.5 (330) 0.1

7.2 (329) 2.0

0.4 (328) 0.1

7,s (I4I) 2.I

34.1 (272) 9.4

0.4 (27L) 0.1

66.3 (153) 18.3

3.5 (119) 1.0

100.0 (LLr) 27.5

2.7 (IO8) 0.7

8.9 ( g3) 2.5

5.7 (76.5) 1 .6

86.4 ( 69) 23,8

16 "7

0"7

0.5

0.5

16.2

0.5

1.1

2,4

0.1

2.I

') ,)

0"4

7.0

0.6

29 "0

0.6

10. 1

0.5

9.8
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Table 23. 70 eV-EI nass spect,ra of compounds Ni-l6a and Ni-17a.

D-

Rt=

l{1-l6a

{oHs

{sFz

N1-17a

-c4H3s

-csFz

ION 7"RA n/z ZTIC ZRA n/z TTTC

INú2 J+

INiL(r,-F) ]+

INiL(L-coF) ]+

INiL(r-R')]+

INiLcHcR]+

INim]+

INiL]+

INiL-H]+

INiR]+

IHL]+

IL]+

I H.-R ' 1+

lRcol+

IRCCH]+

IR]+

[m.-n'12+

IcF3]+

21.3 (688)

r"6 (669)

0.9 (641)

28"4 (5r9)

o "9 (475)

L.4 (374)

4.L (373)

(372)

5.0 (135)

5.0 (316)

0"9 (315)

32"4 (It+7)

100.0 (105)

2"8 (LOz)

2.r ( 9L)

( 7e)

34.6 ( 77)

2.5 (73.5)

40.3 ( 69)

4.9 (7oo) 1.6

(681 )

(6s3)

5.0 (531) 1.6

(487)

0.2 (380) 0.1

2.L (379) 0"7

(378)

2.L (I4r) 0.7

3t.4 (322) 10"3

0.3 (321) 0.1

100.0 (153) 32.9

93.6 (111) 30.8

3.6 (108) r.2

3.0 ( 97) 1.0

3.7 ( g5) L.2

5.6 ( 83) 1.8

3.4 (76 "5) 1 .1

44.7 ( 69) L4,7

7.5

0.6

0.3

10.0

0.3

0.5

1"4

1.8

1.8

0.3

LT"4

35.2

1.0

0.7

L2.2

0.9

14.2
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Figure 5ó.

Nor¡nalized 70 eV-Ef nass spectrum of

bis [ 1 ,1-difluoro-4-phen yL.2 ,4-but,anedionaro ]Ni ( II )
(I{i-la).

n/z Ll4l+' = 452, [L]+ = L97
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Figure 57.

Normalized 70 eV-Ef nass spectrum of

bis [ 1, 1-dif luo r o4-(2? -rhienyl ) -2, 4-buranedionar,o ] Ni ( II )

Il{i-za}.

a/z [14]+' = 464, [L]+ = 203
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Figure 58.

Nornalized 70 eV-Ef nass spectrun of

bisI I ,1 , 1-trifluoro-4-phenyl-2 ,4-butanedionato ]Ni(II)
[t{i-3a).

n/z [l"tl+' = 488, [L]+ = ZI5
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Figure 59.

Nornalized 70 eV-Ef nass spectrun of

bisI l, 1, 1-trifluoro-4-(2 t-thienyr)-2,4-buranedionaro]Ni(rr)

It{i-ga}.

n/z [U)+' = 500, [L]+ = 22L
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Figure 6O.

Nornalized 70 eV-Ef mass specLrun of

bis[ 1 ,1 , 1-trifluoro-4-(5'-methyl-2 r -rhien yr)-2,4-butanedionato ]Ni(rr)
It{i_9a}.

n/z ll4l+' = 528, [L]+ = 235
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Figure 61.

Normalized 70 eV-EI mass spectrun of

bi s [ 1, I, I, 2, Z-pentaf luoro-5-phenyl-3, S-pentanedionato ] Ni ( I I )

(Ni-13a).

n/z [14]+' = 588, [L]+ = 265
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Figure 62.

Nornalized 70 eV-Ef oass spectrun of

bis [ 1, L, L,2,2-pentaf luoro-5-( 2 t -thienyl )-3, s-pentanedionato ] Ni ( rr )

{Ni-t4a}.

n/z ll4l+' = 600, [L]+ = 27L
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Figure 63.

Normalized 70 eV-Ef mass spectrun of

bis [ 1, 1, 1, 2, 2, 3, 3-heptaf luoro-6-phenyl-4, 6-hexanedionato ] Ni ( rr )

INi-t6a].

n/z [l4l+' = 688, [L]+ = 315
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Figure 6,4.

Nornalized 70 eV-EI nass spectrun of

bis[1r1,1r2,2,3r3-hepËafluoro-6-(2r-thienyL)-4,6-hexanedionato]NÍ(rr)

{Ni-17a}.

n/z [14]+' = 700, [L]+ = 32L
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.HL

[Ni(Ð(L-Ð]+.

,Á

/
tNi(Ð(L-cÉIF-HÐl+

R,T

(trlNi

lNi(tr)Hl-l+.

lL-2n* [Ni(tr)L(L-R',)]+

tNi(tr)F(L-coÐl* <--P- Ni(ÐLl*
-(L-Ð

[Ni(rÐF(r.-R)]+

{eO
tNi(tr)Rl+ <ë.- [Ni(Ð]*

* process confirmed by the observation of a metastable transition
in at least one of the complexes.

H-* reacrion step in which a change in oxidation state is proposed.

schæe 38. Proposed fragnentation pathways for Ni(rr) p -a*.etonates

where R' = Cffi2 (Hi_la and _2a).

\
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lNi(IIXL-Ðl+' 4 tNi6)r2l*.

[Ni(ÐRL]+'

-(LÐ

[Ni(tr)HL]+.

tNi(rr)LCHcRl+ <Jro2--- [Ni(tr)L(L-R,)]+

\,Á
[N(rÐLl*

[Ni(tr)F-(L-R',)]*
exc€pt Ea

-FIF

tNi@)Rl+ * {¡oz
tNi(Ð(L-crrF-rilr¡*

Schæe 39" Proposed fragnentation pathways for

where Rf - CF3 (Ui-3a, -€a and _9a).

all conplexes except where noLed.

[Ni(r)]*
excep 8a

#+ reaction step in which a change in oxidation stare is proposed.

Ni(II) p -at*."tonares

Pathways are conaon
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[Ni(tr)6-¡¡1+. [Nicrr)HL]+.

l*,

J
NiGDL(r.-R)l+

[N(ÐL]*

1,,.

I
lNi(tr)Rl+

t*'"S)olÍk-.11.

f""
,1,

Ni@)L(L-COÐl*
except 17a

Ni(II) p -ai.teronares

CaFT (I{i-16a and -17a).
except where noLed"

-J-1+ reacrion step in which a change in oxidation srare is proposed.

Schæ @. Proposed fragnentation pathways for
where *' = C2F5 (Ni_l3a and _l4a) or

Pathways are common to all complexes

\ 
.(r'-ur 7

tNi(trI)L2l* +-|-l-ttNi(ÐL2l*. -F >

tNi(trr)FL(L-CF3)l+
13a,l4a only

lNi(rÐLCHCRI+
exc4tITa
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OJ
,_/ 

)"
o{.,,,

_-> L_

tNi(trx41+.

Suggested mechanisn for the formation

in Hi-13a and -14a.

FFO
[Ni(rÐL(L-F)]+

+ resonance forms

+CO

296

F

I

ü
Ro1

/\
Ni!

,14
F

[Ni(rr)L(L-coF)]+

Schese 41. of INi(rr)r(l<or) ]+
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o

L- Ni

l.
I

Ni(rr)

o

t

f

CzFs
Lzl*

[Ni(trr)L2]+

L-

o.

Ni

\F
-\l11

FO
tNi(trr)FL(L-CF3)l +

Suggested mechanism for Lhe

in Ni-l3a and -14a.

Schse 42" fornation of INi(III)Ft(i-Cfg) ]+
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Þoo
[Ni(IÐL2]+'

Hoo

"(/) 
-V

\ î+

-oo

Suggested mechanism

Ni-3a, -9a, 13a and

,,].

INi(rI)L-Fr]+'

for the fornation of INi(L-H)]+ in

-L4a.
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R'

oo
Ni
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01 o

R' t!

o
/or Ni

o

tN

o
*/HL+Ni

o

i(ÐL-

Schæ 43.
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l.
I

L- Ni

./y
Ni

lNi(rr)r2l+'

IR

L-

o

INi(rr)HL]+'

OJ
\"Y

(L.H)

scho*e 44. suggested mechanism for the format,ion of INi(rr)il.]+.
(involving hydrogen transfer from the bridging carbon to uhe

netal) in Hi-la, -Zâ., -3a., {a, 4a, _13a, _14a, _16a, _L7a.

R
/,AlT*'

o

o

or



300

"].

R

-\

J
\,

oo
Ni

R
\--

/

R,

H

oo

[Ni(II)L2]+'

o

Ni+

Scheme 45.

o o_(
\r/u \
Ni \).

+/
o-H o --a

R,

(L-H)

Suggested nechanisn

(involving hydrogen

in l{i-la, -2a, -3e,,

+
OH

INi(r)HL]+

for Lhe fornation of INi(I)HL]+

t,ransfer to oxygen aLon of other ligand)

{a, -9a, -13a, -14a, -16a and -I7a.
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R

-/ \ IJa*'

o

L- Ni
"].

[Ni(rr)r.2]+'

,-d,'r/J

[Ni(rr)HL]+'

Schæ 46, Suggesued nechanisn for the

Ni-la, -3a, -l3a and -16a.

(L.H)

formation of INi(II)HL]+' in
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(e\ Pd(II\ p -dikeronares

Relarive abundance data for Lhe six pd(rr) p -diteconares studied

aPpear in Îables 24'26 while plots of the corresponding Ef nass spect,ra

are featured in Figures 6s-70. complex pd{a was the focus of a

linked-scannÍng, netastable studyo Das (L4z) has previously published

the mass spectra of these cornpounds.

All of uhe spectra in this section are characterized by a large
number of netal-containing ions. With the aid of metastable results,
fragnentatlon rout,es and mechanisns have been proposed for the najority
of these fragments. rn sone instances however, no reaction pathways

could be elucidated; nany products appear to be the result of ertensive
gas-phase rearrangenentg.

suggested decornpositlon pathways for the trifluoronethyl-substiEuted

chelates (Rt = cFr; Table 24) are shovn in schene 47. The major ions
co'nmon to boËh spectra include [Pd(rr)LzJ+, [pd(rr)Rl]+', [pd(rr)Rct{R]+
a¡rd [Pd(II)R]+, among oLhers. Sone of the fragmentations have arready

been discussed¡
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Fragmentation

lPd(rr)L2l+' 
-> tPd(rr)nl1+.

IPd(II)RL1+' --¡ [Pd(II)R2]+'

IPd(II)L(L-R') ]+ ---> [pd(rr)L]+

IPd(II)L]+ --> Ipd(rr)F(L-coF) l+

Suggested reaction

pentafluoroethyl (Rr

Table 26) substiLuents are shor¡n in Schene 50.

subsLituted analogs, nany of the decompositions

Schene

26

26

30

31

A nechanism for the formaEion of [pd(rr)L-Hj+' and [pd(rr)(L-H_Rr)]+
is proposed in scheme 48. The intra.nolecular Lransfer of a bridging
hydrogen fron [M]+' into the neut,ral product HL (thereby yielding

IPd(rr)L-H]+') is nor unlike rhe suggesred nechanism for INi(rr)L-H]+.
formation (see Schene 43). The subsequent loss of the 0E'neutral_ Rr.

can then give IPd(II)(L-H-Rt)]+, although merasrable evidence indicares
that IPd(II)(L-H-R')]+ atso arises direcrly from Ipd(ff)Lr1+. Borh

rouLes are illustrated in Scheme 48.

The eliminarion of c0 from [pd(rr)n¡1+' can be seen ro proceed

Lhrough a formal Pd(rrr) oxidation sËaLe as depicted in schene 49.

Fluorine rui-gration to the metal is then possible, followed by a

rearrangenent of the ligand to a11ow for Lhe release of carbon

nonoxide" Charge delocalization into Ehe aronat,ic subsLituent situated

alpha to the proposed positive-charge site can aid in the stabitity of

such a sLructure.

pathways for Lhe Pd(II) p -atk.etonares possessing

= C2F5; Table 25) or heprafluoropropyl (Rt = C3F7;

As seen in the CFr-

are known:
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Fraqnentation

IPd(rr)12]+' ---> [Pd(rr)RL]+'

IPd(rr)RL]+' ---> IPd(rr)R2l+.

lPd(rr)L(L-R' )l+ --> [Pd(rr)L]+

t Pd(rr)Ll

IPd(rr)12]+' ---> [Pd(rr)L_H]+.

IPd(rI)t-H]+' --> tpd(rr) (L-H-R' ) l+

Ipd(rr)RL]+' --> tpd(rrr)FR(r,-coF) l+

Schene

26

26

30

31

48

48

49

Three netal-containing ions appear j.n Tables 25 and 26 which were

not evident in the spectra of conpounds pd-3a and pd-ga: [pd(rrr)Fl(L-
cF3)J+, IPd(rr)R(L-Rrco)l+ and IPd(rr)R'cHcR1+. The loss of cF2 rron
the molecular ion (to give [Pd(III)FL(L-CF3)1+) iras been described in
scherne 42. scheme 51 ourlines rhe formarion of [pd(rr)R(L-R'c0)]+ fron

[Pd(rr)RL]+'. a mechanisra describing the elinination of c0, fron

[Pd(rr)L]+ (ro yield [pd(rr)R'cHcR]+) is given in schene 52; iE is nor

clear whether the perfluoroalkyl group or the aromatic R group migrates

to the metal, alEhough charge delocalization by an adjacent aromatic

group paruially stabilizes the vinyl carbonium ion forned in Schene 52.

The Pd(rr) þ -aiu"ronates possessing a 2-thienyr substituenr

(R = c4H3s; Pd€a,-l4a and -17a) each exhibit a strongry-abundanr

signal corresponding to the loss of 16 nass units from Ipd(rr)L]+
(n/z 3Lr, 361 and 411, respecrively). The strucLure [pd(rr)(L-o)1+ has

been assigned, based on the observed ruasses and isotopic distribution.
Ïntense netasLable transit,ions in the linked-scanning specLra of pd-8a

indicate that both [Pd(rr)RL]+' and fpd(rr)Lz]+'are parenrs; on rhis
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basis, suggested nechanisms for the formation of tpd(rr)(L-o)]+ are

presenEed in Scheme 53. The rationale behind the ext,raordinary

abundance of this species when R = 2-thienyl may lie in the resonance

stabilily'of the final product, a stability afforded by the

intramolecular donation of the sulfur lone pair (see schene 53). Dasrs

report (L42) of an abundant "[PdL-16i+" ion in the mass spectr'rn of
bis ( 1, 1, l-trif luoro-4-(2 t -furyl ) -2, /r-buranedionaro )pd ( II ) lend s

addítional support Lo this argunent and rej-terates the importance of a

substituent-based, heteroaton lone pair in the fornation of

IPd(rr)(L-o) ]+.
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Table 24" 70 eV-Ef mass spectra of compounds Pd-3a and pd{a.

R=

Rt=

Pd-3a

-coHs

{Fg

Pd-8a

-C4H3S

{Fg

ION ZRA n/z 7;tTC ZRA n/z TTTC

lPdL|l+ (.)

IPdL(L-F) ]+

IPdL(L-R' ) ]+

IPdRL]+ (b)

IPdrR(L-CoF) ]+

IPdR(L-R? ) ]+

IP¿L]+

IPdL-H]+

IPdL-O]+

lPdF(i,-coF) l+

IPancml+

1.pdLzlz+

IPdR2 ]+

IPdL-H-R' ]+

100.0 (536)

1.8 (517)

6.4 (467)

14.6 (398)

29.5 (370)

4.3 (329)

4.0 (321)

4,L (32O)

4.7 (305)

7 ,8 (293)

49"2 (273)

4,L (268)

(260)

L4,2 (25L)

4,9 (223)

4,6 (2rr)

9.9 (196)

15.8 (195)

95.5 (183)

100.0 (548) 15.9

(sze)

46.3 7479) 1.0

az3.s (410) 3.7

b3.4 çsgz) 0.5

a6"z ç34L) 1.0

^3,4 ç3,27) 0.5

45.6 (326) 0.9

a'bgo.9 (31i) 12.9

c4.6 (2gg) 0.7

b28.6 (285) 4,6

7 "g (274) 1.3

b13.1 (zzz) 2.I
a4.o çzs7) 0"6

(22e)

(217)

9,7 (202) 1.5

14.6 (zOL) 2.3

b66.1 (rB9) 10.5

IPdRCzo]+

IPdRCO]+

IPdRCH]+

I PdRC]+

lPdRl+

18.5

0"3

r.2

2.7

5"5

0.8

0.7

0.9

0.9

L.4

9"1

0.8

2.6

0.9

0.9

1"8

2"9

L7 ,7



307

Table 24. (continued).

I PdcocH] +

IPd ]+

Itfl.]+

IL]+

lRcml+

IRz]*

IHt -R'1+

IRCao]+

lRcol-'+
IRCH]+

IRC]+

IR]+

IHL-¡'12+

IR']+

(r47)

10.6 (106) 2.0

t2.7 (216) 2 "4

4,L (275) 0.8

10.0 (167) 1"9

(1s4)

L5.L (L47) 2"8

(Lze)

40.4 (105) 7 "5

3.6 ( g0) 0.7

6.3 ( 89) L.2

36.4 ( 77) 6.7

L.4 (73.5) 0.3

24.0 ( 69) 4.t+

g "8 (L47) 1.6

9"7 (L06) 1.5

32"6

1.3
arb!7.6

t r b9.9

29.4

1.9

a'b65. I

2.9

1.6

15.5

3.2

49 "g

(222) 5.2

(221) 0.2

(179) 2.8

(166) 1.6

(153) 4,7

(135) 0.3

(111) 10.4

( go) 0.5

( es¡ 0.3

( 83) 2.5

(76.5) 0.5

( 69) 7,9

a fdentlfied metastable transitions are indicated by superscripts whichrelate the daughter 1on Lo ftá precursor as labelied in cotunn t.
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Table 25" 70 eV-EI nass spectra of compounds Pd-l3a and pd-14a.

Pd-l3a Pd-l4a

-C4H3S

-czFs

R-

Rl=

-coHs

-czFs

ION ZRA n/z TfÍC ZRA nlz T[I:C

IPdLz ]+

IPdrL(L_cF3) ]+

IPdL(L-R' ) ]+

IPdRL]+

IPdFR(L-COF) ]+

IPdL]+

IPdL-H]+

Ip¿t-o]+

IPdF(L-C0F) ]+

IPdR(L-R')]+

IPdR?CHCR]+

¡edLflz+

IPdR(L-R?C0) ]+

lPdRCr{Rl+

IPdRz]+

[Pdt-H-R' ]+

IPdRCO]+

IPdRCH]+

IP¿nc]+

92"5 (636)

7.2 (586)

13.9 (517)

13"3 (448)

2r.o (42o)

4.6 (37r)
4.6 (37O)

3.5 (355)

7.9 (343)

L3.4 (329)

(327)

8.5 (318)

5.5 (301)

45"0 (273)

(260)

30.6 (251)

4.0 (2rr)

L4.6 (196)

22"9 (r95)

100.0 (648) 15.5

3.1 (598) 0.5

rL.3 (s29) r "7

18.9 (460) 2"9

3.3 (432) 0.5

5.1 (377) 0.8

7.L (376) 1.1

81 .0 (361) 12.5

5"0 (349) 0.8

t5.2 (34r) 2"4

11.7 (333) 1.8

7 .O (324) 1.1

7.1 (313) 1.1

L6"6 (295) 2"6

L7,2 (272) 2"7

7 "4 (257) 1.1

(217)

16"0 (202) 2.5

27"L (2Ol) 3.3

L5 "4

L"2

2.3

2"2

3.5

0.9

0.8

0.6

1.3

2.2

L.4

0.9

7"5

5.1

0"7

2"4

3"8
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Table 25. (continued ) .

IPdcocH]+

IPdR]+

IPd]+

IH,]+

IL]+

Il-s]+

IR2cH]+

IRz ]*
lrtr.-R']+

IRCao]+

IRCo]+

lRcHl+

IRC]+

IR]+

[}Il.-n' 12+

fffigl*

(147)

100.0 (i83)

9.1 (106)

e"4 (266)

3.4 (265)

(233)

9.7 (167)

(1s4)

24.0 (I47)

(Lze)

50"0 (105)

4.4 ( 90)

7"0 ( 89)

39.6 ( 77)

1.8 (73.5)

33"3 ( 69)

12.6 (r47) 1.9

78.6 (189) L2.2

9.8 (106) 1..5

r2"0 (272) 1"9

o"7 (27L) 0.1

5.9 (239) 0.9

L9.2 (L7g) 3.0

9.5 (166) 1.5

23.3 (153) 3.6

2.5 (135) 0.4

62"8 (111) 9.7

4 "3 ( 96) o.7

1.7 ( 95) 0.3

12"5 ( 83) 1.9

2"2 (76.5) 0.3

34.9 ( 69) 5.¿r

L6.6

1.5

1.6

0.6

1.6

4.0

8.3

0.7

L.2

6.6

0.3

5"5
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Table 26. 70 eV-EI nass specLra of compounds Pd-l6a and pd-l7a.

R-
nl

Pd-l6a

-coHs

-cgFz

Pd-l7a

-C4H3S

-cgFz

ION

IPdL2 ]+

IPdFL(L_CF3) l+

IPdL(L-R?)]+

IPdRL]+

IPdFR(L-CoF) ]+

IPdL]+

IPar¡¡i+

IPal-e1+

lPdF(L-coF) l+

IPdR,CHCRI+

¡vdL2J2+

IPdR(L-R?)]+

IPdR(L-RrC0) ]+

IPdRCHR]+

IPdRz ]+

IParR-P'1+

IPdRCzo]+

IPdRCo]+

lPdRCHl+

7,RA n/ z T.TTC 7"RA n/z TTTC

77 "3 (736)

2.8 (686)

12"3 (s67)

9.8 (498)

L3.0 (47O)

3.3 (421)

3.1 (420)

2.3 (405)

6.6 (393)

(377)

3.6 (368)

Lz.L (329)

5 "/¡ (301)

35.3 (273)

(260)

32.4 (25L)

9.9 (223)

3.5 (211)

17.0 (196)

100"0 (748) L2.8

2.6 (698) 0.3

18.1 (579) 2"3

16.4 (510) 2.r

3.5 (492) 0.4

6.3 (427) 0.8
8.2 (426) 1.0

83.8 (411) 10.7

6.0 (3gg) 0.8

12.5 (383) 1.6

7.4 (374) 0.9

22.2 (34L) 2.8

7.6 (3i3) 1.0

17.L (285) 2.2

2I"7 (272) 2"9

L0.9 (257) 1.4

5 "9 (229) 0.8

(2r7)

2O"g (2O2) 2.7

L4.T

0.5

') ')

1.9

2.4

0"6

0.6

0"4

I"2

0"7

tt

1.0

6"4

5.9

1.8

0.6

3.1
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Table 26. (continued).

IPdRC]+

I PdR] +

IPdc0cH]+

lPd l+

IH.]+

IL]+

Irs1+

IRecH]+

IRz]*

lru-n'1+

IRCao]+

IRC0CH]+

IRCo]+

IRCH]+

IRc]+

lRl+

IHL-n'12+

¡crrl+

24.5 (L95)

100.0 (183)

(r47 )

7.9 (106)

4"6 (3L6)

2"6 (31s)

(283)

7 "6 (L67)

(1s4)

22.4 (L47)

(Lzs)

3.7 (118)

50.1 (105)

5.2 ( 90)

6"7 ( 89)

35"0 ( 77)

I.4 (73"5)

28.6 ( 69)

26"3 (207) 3.4

94.2 (189) 12.i

L3.6 (L47) L"7

9.8 (106) 1.3

L8"5 (322) 2.4

L,4 (32t) 0.2

6 "9 (2gg) 0.9

2L"5 (L79) 2.8

9.5 (166) L.2

41.4 (153) 5.3

2.9 (135) 0.4

4"5 (L24) 0.6

81.8 (111) 10.5

6.L ( 96) 0.8

1.9 ( 95) 0,2

13.5 ( g3) L.7

3.4 (76.5) 0.4

53.2 ( 69) 6.8

4"5

18"2

L"4

0.9

0.5

r.4

4.L

0.7

9.1

0.9

I,2

6.4

0.3

5.2
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Figure 65.

Normalized 70 eV-Ef nass spectrun of

bis[ 1, 1, 1-Erifluoro-4-phenyl-2,4-butanedionaro]pd(II)

[Pd-3a).

n/z ftll+' = 536, [L]+ = 2LS
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Figure 66"

Normalized 70 eV-Ef nass spectrun of

bis [ 1, 1, 1-trif luoro-4-( 2' -thienyl )-2, 4-bur,anedionaro ] pd ( rr )

(Pd-88].

n/z llttl+' = 548, [L]+ = 22L
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Figure 67.

Normalized 70 eV-Ef nass spectrum of

bis [ 1 , 1 , 1 , 2,2-penlafluoro-5-phenyl-3 r 5-pentanedionato ] 
pd ( rr)

(pd-l3a).

nlz [14]+' = 636, [L]+ = 265
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Figure 69.

Nornalized 70 eV-EI nass spectrum of

bis [ 1, r, r, 2, 2-pentaf luoro-5-( 2 r -thienyl )-3, S-pentanedionato ] pd ( rr )
(pd-l4a).

n/z ll4l+ ' = 648, [L]+ = 27I
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Figure 69.

Nornalized 70 eV-EI nass spectrum of

bis [ 1 , I , 1 , 2,2 r3r 3-heptafluoro-6-phenyl-4 ,6-hexanedionaLo ]pd ( rr )

IPd-t6a] 
"

n/z l'l4l+' = 736, [L]+ = 315
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Flgure 70.

Nornalized 70 eV-Ef nass spect,rum of

bis[1r1,1,2,2r3r3-heptafluoro-6-(2t-thienyr)-4r6-hexanedionato]pd(rr)

{ pd-t7a} .

n/z l[l+' = 748, [L]+ = 32I
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[PdG)L(L-Ð]+
3a only s. {

tPd(tr)I'1.' I t tPdGÐG-Ð1.'
-R' > tPd(trxr_-H-R)l*

lPd(rÐL(L-R)I* -(I--R+R')

-(L-R'

[Pd(tr)RL]+' -(Rio) > tpd(rDp-o)l+

lPd(m)FR(L-COF)l+.

IPd(tr)RCHR]+

:R'

[Pd(rr)L]+ tPd(rr)R(L-R)l*

I*l{o
I

v
tPd(ÐF(L-COF)I+

lPd(rr)Rt+'

[Pd(tr)R]+

* process confirmed by the observation of a metastable transition
in at least one of the complexes.

#> reaction step in which a change in metal oxidation state is proposed.

schene 47. Proposed fragnentation pathways for pd(rr) p -citetonates
where R? - CF3 (pd-3a and -ga). pathways are common to both

complexes except, where noLed,
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IPd(II)L2]+'

IPd(irxL-H-R')]*

Suggested nechanisn

IPd(II)(L-H-R')]+ irt

,r].

for uhe formation

Pd-3a and -8a.

/)

R'

[Pd(rr)L-Fr]+'

R

-\J
-R'

Ra
-/ R,

o

Pd

1",-

j.'
R

)

R,

F*',
\/

\+

-oHR' \-^ o

Pd

Pd

-l
I

,t
R,

Pd

of IPd(II)(L-H)]+'andSchæ 48.



o-<* l./ \lR Pd 

,J" 
J#t*

IPd(rr)RL]+'

F

tPd(trr)FR(L-COF)l+

Suggested nechanisrn for the formation

in Pd-3a and -€a.

326

R-

FO
IPd(rtr)RL]+

I

IVR

H

/
R-Pd

I

F

Schene 49" of IPd(III)FR(140F) ]+
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å
tPd(rÐL(L-F)l+

tPd(ÐL(L-R)I* -(LR+R')

-(L-R')

[Pd(tr)L]+ tPd(tr)R(L-R)l*

[PdGÐ(L-o)]+

[Pd(m)FR(r_-Cor¡1*

)

IPd(tr)RCHR]+

-L:

iRt'

t"
[Pd(tr)R(L-R',CO¡1+

-(LR)

[Pd(tr)R2]+.
14a,l7a only

iPd([)F(L-COÐ]* [Pd(tr)R'CHCR]*
l4a,l7a onty [Pd(tr)R]+

#> reaction step in which a change in metal oxidation state is proposed.

scheæ l). Proposed fragnentation pathways for pd(rr) p -ait.etonates
where p' = C2F5 (pd-l3a and -14a) or C3F7 (pd-l6a and _17a).

Pathways are common to all complexes except where noted.

tPd(tr)Rl.l+' -ßÐ) -
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"].

OJ
/\R-Pd 

I/
:t*,

lPd(iÐRLl+'

I

I

IVR

R,

o

R-Pd

o

lPd(rÐR(L-R')l*

JR

1o/

R-Pd

Scheæ 51. Suggested

in Pd-13a,

tPd(rÐR(L-R'CO)l+

nechanisn for the formation

-14a, -16a and -L7a.

of IPd(II)R(L-R'co¡1+
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Ro1
,/\
É;i )

/
-\

o
[Pd(rr)L]+

R

-/ \\

\/¿/

o

/
RA Pd

o

(

R¿Pd . \-^-'\ v'\ /o_\

+
R'-Pd(II)-CH=C-R

scheæe 52. suggested mechanism for Lhe fornarion of Ipd(rr)RrCHCR]+ in
Pd-13a, -L4e, -l6a and -L7a"
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"].

IPd(rÐ(L-o)]+

Schæ 53. Suggested nechanisms for

Pd{a, -14a and -17a (R =

(LJ*l.
?,/"t \"1q

[Pd(tr)12]+.

1,,*,,=l

loy/
Pd

"lo-

tPd(

,_*,1,

R

II)RLl+'

Pd

\
o

the formation

2-thienyl).

of IPd(II)(L-0)]+ in
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(f\ Cu(ff\ É -dikeronates

Relative abundance data for Lhe eleven Cu(II) B -ai-tetonaLes studied

appear in Tables 27-37 " Plots of the 70 ev EI mass spectra are given

in Figures 71-81. A 1Ínked-scanning, metastable analysis of Gu-l3a was

used in delíneatÍng fragnentati.on pathways, Reichert and l¡festnore

(r25) have published the electron ionization nnass spectra of cu-3a,

Cu-€a, Grrlla and Cu-I2a.

ïn addition to recordíng spectra at the usual 70 ev ionizing energy,

scans at 2O and !2 eV (nonlnal) r+ere also acqulred, thereby presenting

an opportunity Èo evaluate the lnfluence of electron energy upon the

nature of Lhe mass spect,ra. Spectral comparisons based on ionízation
energy will be reserved for the latter part of this dlscuss1ono Unless

otherwise stated, references to ion abundances and fragmentation routes

refer to 70 eV data.
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As the mass spectra of all of the Cu(II) p-att."tonates studied are

quite sinilar, their decomposition paEhways will be considered

together" schene 54 depicLs Lhe suggested fragmentation pathways for
the cHFr- (Tables 27 and 28), cF3- (Tables zg-33), cz,.s- (Tables 34 and

35) and cgFz- (Tables 36 and 37) subsrirured cu(rr) p-a*..tonares,

The nost, abundant metal containing species incrude [cu(rr)L2]+',

[cu(II)L(L-R')]+, [cu(I)Lr-zR' ]+ and [Cu(I)(L-R')]+. Merasuable

evidence confirms many of the pathways shown in Schene 54, of which

several have received prior nentÍon:

Fragnentation

Icu(rr)Lr]+' ---> [cu(rr)Rl]+'

Icu(rr)L]+ ---> [cu(rr)R]+

Icu(rr)L(L-R') ]+ --> [cu(rr)L]+

tcu(r)(L-R' )l+ ---> [cu(r)]+

Icu(r)(L-R' ) ]+ ---> [cu(r)cHcR]+

ICu(I)cHcR]+ ---> [cu(r) ]+

Icu(rr)Lr]+' ---> [cu(rr)L(L-F) ]+

Icu(II)L(L-r) ]+ ---> [cu(rr)L(L-cor) ]+

Icu(rr)Lr]+' --> [cu(rrr)Fl(L-cF3) ]+

Icu(rr)Lr]+' ---> [cu(rr)(L-H) ]+'

Icu(rr)12]+' --> [cu(rr)HL]+'

Scheme

26

26

30

30

35

35

41

47

42

43

44-46

The importance of the cu(r) oxidation state is exemplified in

several of the above mechanisms, as well as in the formation of [LJ+

shown in schene 55(a). A cyclic, resonance-stabilized ligand ion

(schene 55(b)) nay indirecrly aid in rhe eliminaLion of cu(r)L.
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Scheme 56 outlines a proposed nechanj-sm for the consecutive losses

of two Rr' radicals fron the molecular ion. The process is considered

to involve a reduction in the Cu(rI) valence staLe to give Lhe unique

species Icu(r)L"-2R']+. A similar nechanj-sn has been proposed by l,acey

and shannor, (roí) tor rt" eliminaLion of two merhyl radicals from rhe

molecular ion of bis(2,4-pentanedionato)copper(rr). For the conplexes

possessing a CF, subsr,iruenr (see Tables Zg-33), [Cu(I)L2-2R, ]+ i"
isobaric with Icu(rr)RL]+'. Even under high resolutíon conditions,

these two species are virLually indistinguishable; in cu-3a for
exanple, the mass difference berween Icu(r)Lr-2Rt ]+ (355.00316 u) and

[Cu(II)RL]+' (355.00071 u) is only 2.45 nmu. Reicherr and l*lesLmore

(125) attenpLed to resolve this problen by usíng ligands deuterat,ed at
the bridging carbon aLom of the chelate ring and nonitorÍng the mass

changes in Lhe resulting fragment ions (expected nass change of t2 r.or

[cu(rr)Lr-2R']+ and +1 for [cu(rr)Rl]+' as compared Lo rheir non-

deut,erated analogs). They concluded that when R = allphatÍc group (eg.

nethyl), both [Cu(I)L2-2R']+ and [Cu(II)nl1+' occur wiEh equal

regularíty, but that [cu(rr)Rl]+' ís favored when R = arïl group (eg.

phenyl, 2-thienyL, Z.furyl and 2-naphthyl). However, the present

findings appear to refuLe the generality of these conclusions. For

s¡¡amplê; in the six conplexes for which Rt = cIF2, c2F5 and c3F7, Lhe

two ions of int,erest no longer appear aL the same nass, so their

relative abundances can be easily compared. The results of such a

conparison indicate an overwhelming preference for the fornation of

Icu(r)Lr-2R']+ (average %TTC = 7.5) versus Icu(rr)RL]+'(average %TTC =

0.2). DespiLe mj.nor differences in C-Rr bond strengLhs and electronic
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properties, extrapolation of Lhese findings to Lhe cFr_subsLÍËuted

Cu(II) complexes appears reasonable, at least on the basis of available

evidence"

Ïhe linked-scanning data support three possible precursors for the

ion [cu(r)(L-Rt)]+; uwo of the proposed rnechanisms, one start,ing fron

[Cu(I)L(L-R')]+' and rhe orher from [Cu(I)L2-zRr]f, are shown in
Schenes 57(a) and (b), respectively. The third route, illustrated in
scheme 58, involves reducrion of [cu(rr)L]+ to [cu(r)L]+', followed by

Lhe alpha-cleavage of the R' group ro yield [Cu(I)(L-R')]+.

The suggested rnechanisms for the fornation of [cu(rr)il.]+ and

[cu(rr)(L-H)]+' are sinilar r,o rhose presenred for rhe Ni(rr) p-
diketonaLes (see schemes 43-46). The srability of the cu(r) oxidation

staLe may in fact favor the univalent forms of Lhese ions, [cu(r)Hl]+
and [cu(r)(L-H)]+. Again, the marked influence of t.he R group on rhe

[cuHL]+ abundances is in evidence (ave. zÏÍc in parentheses): 2-thienyl

(0.8) ( 5-methyl-2-Lhienyl (1.0) < 2-f.uryl. (1.5) ( phenyl (1.6) <<

2-naphthyl (6.9).

varying the ionization energy appears uo bring about some subÈle

changes in the appear€rnce of the nass spectra. Although conparatively

few differences are detected beLween Èhe 70 and 2O eltr scans, reduction

of the ionizing elect,ron beam to 12 eY results in significantly lower
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fragmentaLion (it should be noted that 12 ev lies jusL above Lhe

ionízation threshold of nost of Èhese conplexes) " The ions least
affected by a drop in the elecLron energy appear to be those arising
fron singlê-step fragrnentations, that is, fragmentations proceeding

directly from the nolecular ion; examples include [cu(rr)L(L-R?)]+,
Icu(rr) (L-H) ]+' , Icu(rr)Hl]+' , IL]+ and Icu(rrr)Fl(i'4F3) ]+. By

conLrasr, ions such as [Cu(I)Lr-2Rt]*, [Cu(II)L]+, [Cu(I)(L_R')]+,
[cu(I)cHCR]+ and [cu(I)]+, which depend upon t1,ro or rnore decomposi-tion

steps for their fornation, are noticeably suppressed i_n Lhe 12 ev mass

spectra. The decrease i.n [Cu(II)t]f abundance affirms Lhe results of
the netastable srudy which showed [cu(rr)L(L-Rt)]+, but not

[Cu(II)Lr]*', to be a precursor of [Cu(II)L]+.
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Table 27. 70, 20 and 12 eV-EI mass spectra of conpound Cu-La.

D-

Rl=

ElEì-
!!- 70eV

Cu-la

-coHs

-cHF2

2OeY 12eV

ION 7.RA n/z ZTÍC 7"RA TTTC ZRA ZTTC

¡ cul2 J+

ICuL2-R']+

ICuLr-2R']+

ICuRL]+

lCuLHl+

lCuLl+

ICuL-H]+

ICuL-R']+

ICuRCCH]+

ICuR]+

Icu]+

IHL]+

lLl+

Im,-n' 1+

IRCOI+

IR]+

IR']+

43"3 (457)

31"8 (406)

3s"2 (3ss)

0.4 (337)

2"7 (261)

0 "7 (260)

2"7 (259)

43"6 (2O9)

3.1 (165)

1"s (140)

3.9 ( 63)

4.8 (198)

5.0 (197)

35.7 (I47)

100.0 (105)

36"6 ( 77)

10.2 ( 51)

100.0 47 "4

43"5 20"6

22.6 10"7

0.5 0.2

5"2 2.5

0.4 0"2

4.4 2"L

4"7 2"2

,i

6"7

L2.L

9.3

1.0

3.2

5"7

4"4

100.0 79.2

3.6 2"9

2"6 2.0

2"5 2"0

2"0 1.6

17.r L3.4

72.L

g.g

9.8

0.1

0.8

o"2

0.8

T2"L

0"9

O.t+

1.1

1.3

r.4

9"9

27.8

lo"2

2"8
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Table 28. 70'- 20 and 12 eV-EI mass spectra of conpound Cu-2a"

R-

Rr=

E'trl-uu- 70eV

Cu-2a

-c4H3S

-cHF2

20eV t2eY

TON ZRÂ n/, 7.T]C %RA zTIc ZRA ZTÍC

ICuLr]+ (.)

ICuL(l-Rr ) ]+

ICuLr-2R']+

ICuRL]+

ICuLH]+

ICuL]+

ICuL-H]+

ICu(L-R') ]+

ICuCHCR]+

ICuR]+

lcul+

t¡il,1+ (c)

IL]+

IIil,-R']+

IRCo]+

IR]+

IR']+

42"3 (469) 12"3

(b) 434,3 (418) 1o.o

bz7 .g (367) 8.1

1.5 (349) 0.4

2,2 (267) 0.6

t"4 (266) 0.4

4 "7 (265) L.I+

39"0 (215) 11.3

7 "7 (r7L) 2"2

3"3 (146) 1.0

6.9 ( 63) 2.O

2O"g (204) 6"0

3.1 (203) 0.9

ca6.7 (153) to.7

100"0 (111) 29.1

11.3 ( 83) 3.3

5"8 ( 51) 1.7

42.2 g.g

33.0 7.7

26"9 6"3

2"8 0"7

2.I 0.5

5.3 !,2

40"6 9"5

7 "4 L,7

o"4

49"0 lr.4

4"r 1.0

100"0 23"3

75"3 17.5

37 "6 g.g

7.2 0.3

100.0 33.1

27 "g 9.2

3.1 1.0

3.5 L.2

o"7 0.2

7 "6 2"5

o "2 0.1

55,8 19.5

2.9 1.0

74"4 24"6

19.7 6"5

6.3 2.r

L"6

a Identified netastable transitÍons are indicated by superscripts which
relate the daughter ion Lo its precursor as labelled in colu¡nn 1.
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Tablé 29. 70, 20 and 12 eV-EI mass spectra of compound Cu-3a"

R-
R?=

EE= 70eV

Cu-3a

-c6Hs

-cFs

20eV 12eV

ION ZRA m/z %TTC ZRA ZTTC ZRA ZTTC

¡CuL2 J+

Icul(L-coF) ]+

ICuLr-R']+

IcuL2-2Rr i+/¡c"nli+
ICULH]+

ICuL]+

ICuL-t¡]+

ICul-ftt 1+

ICuCHCR]+

ICuR]+

lcul+

tHL]+

lLl+

[m.-n' J+

IRCo]+

tRl+

[R']+

30.6 (493)

2.4 (446)

Lr.o (424)

8.7 (355)

4.3 (279)

2.2 (278)

4.4 (277)

23"2 (209)

3.6 (165)

4.6 (r4o)

9"1 ( 63)

28"9 (216)

10.9 (215)

31.0 (147)

100.0 (105)

34"5 ( 77)

45 "7 ( 69)

82"7 L7 "6

3.9 0.9

22.0 4.7

L7 "L 3.6

10"6 2.3

3.9 0.8

10.0 2"L

29 "4 6.3

6.9 1 .5

100.0 46.6

2"2 1.0

4.4 2"0

6.0 2"9

1.8 0.9

3.5 1.6

52.2 24"3

6"7 3.1

24"6 11.5

15.5 7 "2

9.6

0.7

3"1

2"5

1"2

0"6

r"2

6.5

1.0

1.3

2"6

8.1

3.1

8"7

28"2

9.7

L2"g

58.0 12"4

22"9 4,9

54.0 11 . 5

100.0 2L,3

9"L 1"9

39.4 9"2
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Table 3O. 70, 20 and L2 eV-EI mass spect,ra of compound Cu-8a"

R-
Rl=

ItTI- 7OeV

Cu-8a

-c4H3S

-cFs

20eV 12eV

ION ZRA n/z ZTÍC ZRA ZTTC ZRA TTTC

¡ cul2 J+

lCuL(L-cOr¡ 1+

ICuL2-R']+

IcuL2-2R' i+/¡cuRL1+

ICuLH]+

ICuL]+

ICuL-H]+

[CuL-Ri J+

ICuCHCR]+

ICuR]+

lcul+

[il.]+

IL]+

Im,-n t 
1+

IRCo]+

lRl+

IR']+

36"0 (505)

2.1 (458)

ls"9 (436)

9.8 (367)

3.5 (285)

4.L (284)

8.8 (283)

38.5 (215)

6"3 (171)

5 "9 (L46)

9"4 ( 63)

20"8 (222)

6 "9 (22L)

20.1 (1s3)

100.0 (111)

7.6 ( 83)

28.9 ( 69)

11.1

0"6

4"9

3"0

1.1

1"3

2.7

11.9

1.9

1.8

2"9

6"4

2"I

6.2

30.9

2.3

8.9

100"0 29.6

2"0 0.6

30.9 g"g

14.L 4"O

6"1 r.7

4.3 !,2

r4.5 4"2

39.0 lL.2

2"3 0.7

25"L 7 "2

10.3 3.0

2L.3 6.1

62.8 19.0

4"9 r.4

15.9 ¿+.6

100.0 59.6

8"2 4.9

2"0 L "2

7.L 4.2

26.I 15.3

2.5 1"5

12"2 7 "2

12"5 7 "3
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Table 31" 70, 20 and 12 eV-EI rnass spectra of compound Cu-9a"

D-

Rt=

EE= 70eV

Cu-9a

-c4H2SCH3

-cFg

20eV I2eY

ION ZRA n/z ZTLC ZRA 7"TrC 7.RA 7"TTC

¡cul2 J+

lcul(L-COF) l+

[Culr-n'J+

Iculr-2R' ]+/[Curu]+

ICuLH]+

lCuLl+

ICuL-H]+

ICuL-Rr]+

ICuCHCR]+

ICuR]+

Icu]+

tH,l+

lLl+

IL-S]+

IHL-R' l+

lRcol+

IR]+

IR']+

66.5 (533)

4.4 (486)

L4,9 (464)

13"7 (395)

4.5 (299)

5"0 (298)

85.1 (297)

37 "7 (229)

3.9 (185)

5.5 (160)

4,6 ( 63)

25"t+ (236)

14.3 (235)

11.4 (203)

22.2 (167)

100"0 (125)

8.7 ( 97)

22"6 ( 69)

15.0

1.0

3"4

3.1

1.0

1.1

19"1

7.L

0.9

L.2

1.0

5"7

3,2

2.6

5"0

22.5

2.0

5.1

100.0 25 "7

L "6 0.4

12"4 3.2

9.3 2"4

3"7 1.0

3. 1 0"9

83.3 21.4

22"! 5.7

I.2 0.3

23.7 6.1

L3"7 3.5

9 "3 2.4

20"9 5"4

70.4 lg.1

4.2 1 ,1

L2"8 3.3

100.0 51.3

2"2 1.1

L.4 0.7

0"2 0"1

38 "7 Lg .g

27 "8 14.3

2"3 L.2

2"5 1.3

11.9 6.1

7 "8 4.0



34r

Table 32. 70, 20 and L2 eV-EI nass spectra of compound Cu-lla.

Cu-lla
D-

Ð ?_
I\-

E'E'- 70eV

-c4H3O

-cFs

20eV 12eV

ZRA n/z 7.TI.C 7.RA ZTTC ZRA ZTTC

[CuL2-R' ]+
Iculr-zRf J+/[cunl]+

ICuLH]+

ICuL]+

ICuL-H]+

ICuL-Rr 1+

ICuCHCR]+

ICuR]+

lCt l+

IHL]+

tLl+

IHL-¡'1+

IRCo]+

lR'l+

100.0 (473)

6"4 (454)

4,9 (426)

57 "r (404)

34.3 (335)

8.8 (269)

L4.6 (268)

2O.O (267)

40.5 (199)

24.3 (r55)

7.1 (130)

27.9 ( 63)

3t+"5 (206)

15.4 (205)

35.0 (137)

18"1 (111)

88.3 ( 95)

36.0 ( 69)

L7 "4

1.1

0.9

10"0

6.0

1"5

2.5

3.5

7"L

4.2

L"2

4"9

6.0

2.7

6.1

3.2

15 "4

6"3

100.0 27.4

5.9 1"6

7 "7 0.5

38"9 10.6

18.7 5"1

7.I 1.9

7 "I 1.9

13.1 3,6

46.9 I2"g

4.4 I"2

100.0 57 "3

2.5 I"4

8.9

2"0

3.7

33.3 19"1

2"L L.2

18,8 10"9

¡cul2 i+

ICuLr-F]+

lcul(L-coF) l+

5.1

1"1

2"r

37 "4 9.6

9 "6 2.6

33"9 9.3

5.3 1"5

31.5 9"6

16.0 4"4

3"2 1"8



342

ïab1e 33. 7Q, 2O and 12 eV-EI nass specLra of conpound Cu-12a.

Cu-I2a

R-

Rt=

ETE'-
!!- 70eV

-ctoHz

-cFg

20eV l2eV

ION 7.RA n/z 7"TIC ZRA ZTTC ZRA 7"TrC

¡ cul2 1+

Icul(L-coF) ]+

ICuLr-R']+

Iculr-2R' ]+/[cuRL]+

ICutH]+

ICuL]+

ICuL-H]+

ICul,-R? ]+

ICuCHCR]+

ICuR]+

IC,r]+

Ilfl,]+

IL]+

IItr -R']+

IRCO]+

IR]+

33.1 (593)

2"0 (546)

3"6 (524)

3.9 (455)

30.5 (329)

2.3 (328)

44.L (327)

16"L (2s9)

5.0 (215)

8.7 (190)

5.2 ( 63)

37,7 (266)

20.8 (265)

22"0 (t97)

100.0 (155)

42.5 (L27)

11,7 (111)

11.8 (105)

49 "L ( 69)

7.5

0"5

0.8

0.9

6"9

0.5

9.9

3.6

1.1

2"0

r.2

7"1

4.7

5.0

22.5

9"6

2"6

2.7

11"1

53.6 LO"2

1.0 0"2

3.9 0.7

4 "6 0.9

57"8 11.0

2"8 0.5

80.7 L5.4

16.8 3"2

2"9 0.5

2"9 0.5

84.2 30 
" 

7

11.6 4.2

o.7 0.3

25 "4 9.3

100.0 36.5

9.0 3.3

20"8 7.6

11.0 4"O

6"3 2.3

IR']+

62"5 11.g

36.6 7 "0

38.9 7.4

100.0 19.1

7 "9 1.5

8.0 1.5

6.9 1.3

t+2,3 8.1 5"1 1,9
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Table 34. 70, 2O and 12 eV-EI mass spectra of conpound Cu-13a.

D-

D t_

EE= 70eV

Cu-l3a

-coHs

-czEs

20eV 12eV

ION ZRA n/z %TIC ZRA 7"TÍC 7RA %TÍC

lcuLrl+ (u)

ICuLr-F]+

Icul(L-COF) ]+

ICuFL(L-CF3) ]+

Icul(L-R,)]+ (b)

ICuRL]+

ICuLr-2R']+ (.)

ICuLH]+

Icul]+ (d)

ICuL-H]+

ICuL-R']+ (")

ICuCHCRI+

lCuRl+

Icu]+

65.3 (s93)

3.6 (574)

2"2 (546)

3.2 (543)

439.8 (474)

1"6 (405)

b36.1 (355)

411.5 (329)

bz.4 llzs¡
to.7 (327)

o64.6 (zog)

e4"8 (165)

4"8 (140)

e10,1 ( 63)

100.0 25 "g

L "7 0.4

1"5 0.4

4.2 1 .1

46"3 l2"O

L"7 0.4

28.5 7.4

11 .3 2.9

L.4 0.4

9.2 2"4

25"8 6.7

2.4 0.6

100.0 59"4

4"3 2.5

9.1 5.3

4"4 2"6

3.2 1.9

L4.O

0.8

0.5

0.7

8"6

0.3

7"9

2"5

0.5

2"3

13 "9

1.0

1.0

2"2
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lable 34. (continued).

[il.]+

lLl+

Iu,-n t 
1+

IRCO]+

lRl+

IcF3]+

tL "4 (266) 2"5

418.6 (265) 4.0

18.3 (147) 3.9

#1oo.o (ro5) 21"5

32"3 ( 77) 6.9

18.6 ( 69) 4.o

s.4 ( 51) r.2

29"8 7.7

17.2 4"5

42"0 10"9

47 "6 12"3

20"9 5"4

22"4 13.1

4.4 2"6

L6.L 9.4

7 "2 4"2

#

Identlfied netastable transitions are indicated by superscripts whichrelate Lhe daughter ion to iLs precursor as labelied in coluän l.
daughter of (a), (b), (c) and (d).
daughrer of (a),(b),(c),(d) and (e).
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Table 35. 70, 2O aa.d 12 eV-EI mass specLra of compound Cu-14a"

D-

Dl_

ElTT_
!!- 70eV

Gu-l4a

-c4H3S

-czEs

20eV LZeY

ION ZRÂ nl z iÆTC ZRA TTTC T.RA ZTTC

¡cul2J+

IcuL(L-F) ]+

ICuL(L-Rr ) ]+

42"7 (605)

2.8 (586)

28"6 (486)

16 "9 (367)

2.4 (335)

1.s (334)

8.0 (333)

48.3 (215)

8"2 (t7L)

5.6 (146)

8"9 ( 63)

23"O (272)

5"2 (27L)

30.4 (153)

100.0 (111)

25.9 ( 83)

46 "9 ( 69)

100.0 24 "3

L.7 0.4

58.6 14.3

29,4 7,2

5"2 1.3

2.2 0.5

16.0 3"9

59.4 74"5

2.3 0.5

100.0 66 "410.5

0.7

7.L

4"2

0.6

o"4

2"0

11.9

2"0

L,4

2"2

5"7

1"3

7"5

24"7

6.4

11 "6

11.6

2"L

5"1

r.4

3.¿+

7"7

ICuLr-2R'J+

lCuLHl+

lCuLl+

ICuL-H]+

Icul-n'1+

ICuCHCR]+

ICuR]+

[Ct ]+

[il,]+

tLl+

[HL-R'J+

lRCol+

IR]+

IcF3]+

23"7 5"9

9 "9 2"4

27 "0 6.6

49.2 Lz.O

12"6 3.1

16.0 3"9

L6.7 11 .1

1.3 0.9

9.7 6.4

4.2 2"9
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Table 36. 70, 20 and 12 eV-EI nass spectra of compound Cu-16a.

Cu-l6a

R-
R?=

ElET-¡&- 70eV I2eY

-c6Hs

-cgFz

20eV

ION ZRA n/z ZTTC 7.RA TTTC ZRA 7"TI.C

¡cul2 l+

lcul(L-F) l+

Icul(L-coF) ]+

ICuL(t-Rr)]+

ICURL]+

ICuLH]+

ICuL]+

ICuL-H]+

53"8 (693)

3"4 (674)

6"4 (646)

36.0 (524)

1.0 (/+55)

5.3 (379)

1.0 (378)

5.9 (377)

23.7 (355)

54"2 (2O9)

2"4 (165)

4"0 (140)

7"2 ( 63)

11.4 (316)

10.3 (315)

2s"4 (L47)

100"0 (105)

26.6 ( 77)

25.7 ( 69)

100.0 24.5

2.I 0.5

9.8 2"4

58.6 L4.4

1.3 0.3

13.3 3.3

1.3 0.3

LO"4 2.5

39.5 g 
"7

30.1 7 "4

2"3 0.6

100.0 62"5

7 "9 4.9

6.7 4.2

2.9 1.8

2"3

18"3 7L "4

2"6 1.6

L4.g 9.3

4.5 2"9

13"3

0.8

1.6

8.9

0.2

1"3

0"2

1.5

5.9

L3.4

0"6

1.0

1.8

2"9

2"6

6.3

24.9

6.6

6.4

1,4

ICuL2-2Rt J+

ICuL-R'1+

ICuCHCR]+

lCuRl+

Ico]+

til,l+

IL]+

IHL-R'l+

IRco]+

IR]+

lcF3l+

20"8 5.1

20 "5 5.0

39.5 9.7

47.4 11.6

14.8 3.6
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Table 37" 70, 20 and 12 eV-EI mass spectra of cornpound Cu-17a.

R=

Rt=

EE- 70eV

Cu-l7a

-c4H3S

-cgFz

20eV L2eY

ION ZRA n/z 7"TTC ZRA ZTTC ZRA 7"TTC

LcuLrl+ (.)

Icul(rr¡ 1+

Icul(L-coF) ]+

IcuL(L-R) ]+

Icul(L-R')]+ (b)

ICuLH]+

ICuL]+

ICuL-H]+

68.3 (705)

4.7 (686)

3.7 (658)

4.9 (622)

4s2.3 (536)

a4.L (385)

2.7 (384)

14"4 (383)

b45.8 (367)

c84.1 (2L5)

12"4 (L77)

8.4 (146)

10"0 ( 63)

tL"7 (322)

7.9 (32r)

8.8 (289)

17 "2 (L53)

LO.4 (L25)

4.6 1"3

36.9 10.6

3.8 1.1

1 .5 0.4

9.0 2.6

27.5 7 "g

35.4 I0.2

25.9 7 "4

5.8 L .7

6.7 L.g

33.2 9.5

5.8 I.7

4.2 2"4

11.9 6"9

1.3 0.9

4.0 2"3

0.1 0.1

27 "6 15.9

13.8

0.9

0.7

1"0

10.6

0.8

0.5

2"9

9"2

17 "o

2"5

L.7

2"0

2.4

L"6

1.8

3"5

2"L

100.0 2g.g 100.0 57.7

[cuL2-2R']+ (")

[CuL-Rt ]+

ICuCHCR]+

ICuR]+

lcul+

[il,]+

lLl+

IL-s]+

[ru-n'1+

IRC0CH2]+

17.0 g.g
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Table 37,= (continued).

[RCo]+ 100.0 (LLL) 20"2 2g.g g.3 6.3 3.6

[R]+ ¿+.8 ( 83) 1,0 10.3 3.0

[cF3]+ 1g.7 ( 69) 3"g !t,3 5.0 5.0 2.g

a fdenÈified netasLable t,ransitions are indicated by superscrlpts which
relat,e the daughter ion to its precursor as 1abel1ed in colurnn 1.
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Figure 71.

NormalÍzed 70 eV-Ef nass spect,run of

bis [ 1 , 1-difluoro-4-pheny1.-2,4-buranedionato ] Cu( II)

ICu-la].

n/z ll4l+' = 457, [L]+ = !97
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Figure 72.

Nornalized 70 eV-EI nass spect,run of

bis[ 1 , l-difluo ro-4-(2r -rhienyl )-2,4-butanedionar,o ] Cu ( II)

{Cu-2a}.

n/z [lI]+' = 469, [L]+ = 203
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FLgure 73.

Nornalized 70 eV-Ef nass spectrun of

bís [ 1, 1, I -Ërif luoro-4-phenyl-2, 4-butanedionaro ] Cu ( II )

{Cu-3a}.

n/z ll{l+' = t+93, [L]+ = ZL5
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Figure 74.

Nornalized 70 eV-Ef nass spectrum of

bis [ 1, 1, 1-trif luoro-4-( 2 I -thieny]- )-2, 4-buranedionaro ] Cu ( II )

[Cu-8a].

n/z [M]+' - 505, lLl+ = 22r



c]
c]

c-)
C

I

æ

{
cl
m

REL AB Z
c]c]oREL AB 7:

u)
P
ct)

Z STGMA
(.t)

P
co

7 SIGMA



3s7

Figure 75"

Nornalized 70 eV-EI mass spectrum of

bis[1r1,1-trifluoro-4-(5r-nethyl-2r-rhienyr)-z,4-butanedionato]cu(rr)

[Cu-9a],

nlz Llll+' = 533, [L]+ = 235



o
O

cl
C

l
(o

{
O
m

REL AB "I

H

c]c]EREL AB Z

tu
P
c¡

7" STGMA
Íu
I\J

ul

Z SIGMA



3s9

Figure 76.

Normalized 70 eV-EI nass spectrum of

bis[ 1, 1, 1-trifluoro-4-(2 t -furyl) -2,4-butanedionaro]Cu(II)

{Cu-lla} "

n/z ll"tl+' = 473, [L]+ = ZO5
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Figure 77.

Nornalized 70 eV-EI mass spect,run of

bis[ 1 , 1 , 1-trifluoro-4-(2 I 
-naphth yL)-Z,4-buranedionaLo ] Cu (II)

ICu-12a].

n/z $"tl+' = 593, [L]+ = 265
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Figure 78.

Nornalized 70 eV-Eï nass spect,rum of

bis[ 1 r\,I 12, 2-pentafluoro-5-phenyl-3 rS-pentanedionaLo]Cu(II)

{Cu-l3a}.

n/z fttl+' - 593, [L]+ = 265
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Figure 79"

Norrnalized 70 eV-EI mass spectrum of

bis [ 1, L, I, 2, 2-pentaf luoro-5- ( 2 ? -thienyl ) -3, 5-pentanedionato ] Cu ( II )

{ Cu-14a} .

nlz [Yt]+' = 605, [L]+ = 27L
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Figure 80.

Normalized 70 eV-EI nass spect,rum of

bis [ 1, 1, 1, 2, 2, 3, 3-heptaf luoro-6-phenyl-4, 6-hexanedionato ] Cu ( II )

{Cu-l6a}.

n/z Llll+' = 693, [L]+ = 315
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Figure 81"

Normalized 70 eV-Ef nass spectrun of

bis[ 1 ,1 ,1 , 2,2 r3r 3-heptafluoro-6-(2 t -thienyl)-4 r 6-hexanedionato]cu(rr)

{Cu-l7a}.

n/z [l"ll+' = 705, [L]+ = 32I
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ICu(IIXL-H)]+' [L]*

,l':
[C-u(IÐHL]+'

-HL
.(LH)

'cFz
[Cu( ÐLù*'-+--f* ICu(trI)FL(L-CF?)]+'

13a only

ICu(II)RL]+'
except 14a,17 a

ICu(I)þ-2R']+

ìy

)l* tCu(II)L(L-R')l* + tCu(I)L(L-R')l*'

.J,,. *,,

lCu(II)LIr

ICu(II)R]+
.ï-'I
,þ¿

ICu(IXL-R')]r

(L-Bt¡

ICu(I)]+

[Cu(I)CHCR]+

-CHCR

Ë process confirmed by the observation of a metastable transition
in at least one of the complexes.

l-fè reaclion step in which a change in metal oxidation state is proposed.

Sche¡ne 54. Proposed fragmentation pathways for cu(rI) þ-ait.etonates
where Rt - CI{F2 (Cu-la and _2a), CF3 (Cu_3a, _ga, _9a, _lla
and -L2a), CZF' (Cu-13a and -1.4a) or C3F7 (Cu-l6a and -t7a).
Pathr+ays are common to all conplexes excepL where noted.

r'
Cu(II)L(L-F)l+
a,73414a,I6a").7a on

I

l-co
I

\y

Cu(II)L(L-COF
exccpt La,2a,74a
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(a)

\_

/

\-
R

oo
\/

Cu+'

(b)

+ Cu(I)L ll-l*

[Cu(II)L2]+'

Suggested mechanism for the formation of [L]+"

Proposed resonance-stabilized forms of IL]+.

(")

(b)

' R-1/*' R1$r,*'
I cI +\ I <+>\ I+ O_O O_O

[L]*

Scheme 55.
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Schæ 56. Suggested mechanisn for the fornation of ICu(I)L2-ZR,]+.
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lCu(I)L(L-R')l*'

(a) l-r'

SuggesLed nechanisn

(a) [cu(I)L(L-R')]+

l04

"( )"û -<o
ICu(I)þ-2R']+

þ) l-<un'¡

formation of ICu(I)(L-R')]+ from

ICu(I)Lr-2R']+.

ICu(IXL-R')]+

for the

and (b)

Scheme 57.
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Cu
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Cu

+
o

ICu(I)(L-R')]+

Schene 58" Suggested nechanj-srn for the formation

ICu(II)L]+.

Cu(II)Llr

of [Cu(I)(L-R')]+ fron
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(e\ Zn(II\ É -dikeronates

Relative abundance data for the nine zn(rr) p -ai*."tonates studied

appear in Tables 38-41. Plot,s of the EI nass specLra are presented in
Figures 82-90. Metastable t,ransitions Ín znJa were monitored by

linked-scanning techniques, A cursory examination of zÃ-g.- has been

reported (175).

Suggested decornposition pathways for the difluoroEethyl-substituted

7Ã(rr) chelates (Rt = CIIF2; Table 3g) are shown in schene 59. The ions

lzn(rr)Lrl+'and [zn(rr)L(L-R')]+ constirure 90 - tooz of rhe roral ion

current carried by the zinc-conLaining species in these spectra, ldany

of the observed fragrnentations can be rati-onali zed by analogy Lo

mechanisms already presented:
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Suggested fragnentation rout,es for the Zn(II) þ-aih"tonate
conplexes possessing a trifluoronethyl substituent (R? - CFg; Table 39)

are given i-n schene 60. The nolecular ion and [Zn(rr)L(L-R?)]+ are

once again the most doninant met,al-containing ions. MetasÈable

evidence confirms several of the paLhways shown in scheme 60;

nechani.sms for nany of these events are well-esLablished:

Fragnentation

lzn(rr)L(L-R') l+ --> [zn(rr)L]+

Lzn(rr)Ll+ --> [zn(rr)F(L-coF) ]+

lzn(rr)F(L-c0F) l+ ---> [L-COF2]+

lzn(rr)Ll+ ---> [L-2F]+

lzn(rr)L(L-R' ) 1+ ---¡ [zn(rr)LcHcR]+

[zn(rr)LcHCR]+ ---> Lzn(rr)Ll+

Fragmentation

IZn(rI)L]+ ---> [zn(rr)R]+

[zn(rr)L(L-R' ) ]+ ---> [zn(rr)L]+

[zn(Ir)L(L-R' ) ]+ ---> [zn(rr)LcHcR]+

Izn(Ir)LcHCR]+ ---) [zn(rr)L]+

[zn(rr)L]+ --> [zn(rr)F(L-R' )]+

Scheme

30

31

31

32

35

35

Schene

26

30

35

35

35

Although unsubstantiated by metastable evidence, the fornation of

[zn(rr)F(L-R')]+ fron [zn(rr)L(L-R')]+ uy rhe loss of the EEo neurral

(L-F) is plausible (see Scherne 33).
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Suggested decomposition pathways for Lhe pentafluoroethyl-

(Rt = CZF5; Table 40) and heptafluoropropyl- (Rt = C3F7, Table 41)

substituted chelates are illustrated in Scheme 61. There are

conparaLively few differences betr¿een the nass spectra of these

complexes and Lhose presented in Tables 38 and 39, And as before, many

of the fragmentation mechanisms are knor¡n:

Fraqmentation

[zn(II)L]+ --¡ [zn(II)R]+

Izn(II)L(L-R' ) ]+ --> [zn(rr)L]+

lzn(II)L(L-R' ) 1+ ---¡ [zn(rr)LcHcR]+

lzn(II)LcHCRl+ --.¡ [zn(rr)L]+

Schene

26

30

35

35

hlhil-e fl-uorine-Lo-neta1 mi.gration was observed to a minor extent in

the CHF2- and CF3-substltuted zj.nc conplexes (eg. IZn(II)F(L-COF)]+ and

[Zn(II)F(L-Rt)]*), there is a Lotal absence of fluorine transfer in rhe

CZFS- and C3F7-substituEed derivatives. The conbination of a

borderli.ne Zn(II) acceptor and the strong fluorine-reLentive nature of

the CtF5 and C3F7 noieties nay be responsible for this behavior.

Another disllnct t,rend amorg the Zn(If ) p -a*etonates included ín

this study concerns the relationship between Èhe relative abundance of

[zn(rr)LcHcR]+ (a daughter of [zn(rr)L(L-R')]+ ¡y rhe eli¡ninar,ion of

COr) and the nature of the R group. Irlhen R - phenyl, [Zn(II)LCHCR]+ is
not detecuabl-e, but when R = 2-Lhienyl or 5-meLhyl-2-thienyl, the ion

is weakly abundant. An added degree of resonance stabilization may be

afforded the ion by the preseûce of an unshared pair of electrons in

the aronatic ring:
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'"4ræ Met

,J 
X=H,CH¡

A re-examination of the co(rrr) p -diketonate specLra reveals a
parallel in Ëhe [co(rr)tcHCR]+ abundances, especially when Rr = c2F5 or
caFT (see Tables 18 and 19). However, Lhe relatj-onship fails to hold

for the Ni(II) I -diketonates, rvhere no clear trend is discernable (see

Tables 22 and 23).
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Table 38. 70 eV-EI mass specLra of cornpounds Zn-la and 7-t-2a.

R-
R?=

7,a-la

-c6Hs

-cffiz

7a-2a

-c4H3s

-cwz

ION ZRA n/z 7"TfC ZRA m/z ZITC

¡znL2J+

IZnL(L-R I ) ]+

IZnLCHCR]+

LznLl+

IznF(L-coF) ]+

[il.]+

Ir]+

IPr]+

Irzr1+

[m-n'1+

I L_C0F2 ]+

IRCo]+

IRCCHI+

lRl+

IcF3]+

lR'l+

24.2 (458)

3s"6 (407)

(363)

(26r)

(233)

2.7 (L98)

(Le7)

2.3 (L78)

1.5 (1s9)

13.s (147)

2.9 (131)

100.0 (105)

5.0 (102)

32.3 ( 77)

LL.7 ( 69)

6.2 ( 51)

23"5 (47O) Lz"L

26.5 (4Lg) t3"7

0.5 (375) 0.3

2.8 (267) L.4

0.9 (239) 0.5

2"9 (204) 1.5

0.5 (203) 0.3

2"0 (184) 1.0

(16s)

6.6 (153) 3.4

2"3 (137) L.2

100.0 (111) 51,7

6.6 (108) 3.4

6.1 ( 83) 3"2

17"2 ( 69) 5.8

2"6 ( 57) 1.3

IO.2

15.0

1.1

1.0

0.6

5.7

L"2

l+2.0

2.L

13.6

4"9

2.6
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Table 39. 70 ev-Er nass spectra of conpounds h-3a, zn{,a and zn-9a.

Zn-3a

R=

R?=

{oHs

-cFg

Zn-8a

-C¡.HcS

-cFg

Zn4a

-C¿*H2SCH3

{F¡

ION ZRA n/z 7"TÍC ZRA n/z 7"\TC ZRA a/z ZTTC

lz¡'Lzj+ (")

IznL(L-R')]+ (b)

IZnLCHCR]+

IZnL]+ (c)

Iznrçrn'¡¡+

lZnRl+

Im,]+

Ihs]+

I m,-n' 1+

IRCOI+

IRccH]+

IR]+

IR']+

I cffi2 ]+

22.6 (494) 11.5

22"7 (425) 11.5

(38i )

(27e)

0.5 (229) 0.3

(141 )

2.7 (216) r.4

(183)

I+"2 (L47) 2.1

100.0 (105) 50.7

1.0 (102) 0.5

30.3 ( 77) L5"4

9.0 ( 69) 4.6

4.8 ( 51) 2.4

26.5 (506) 13.5

422.2 (437) 11.3

bo.4 (39g ) o"z

t, b3.3 (2g5) r.7
cL"4 ç235) 0.7

3.5 (147) 1.8

5.3 (222) 2.7

a5.o qlgg) 2.6

5.7 (153) 2.9
*1oo.o (111) 5r.o

1.6 (108) 0.8

4"7 ( 83) 2.4

L8.2 ( 69) 9.3

( sl)

26.8 (534) r2.2

18"3 (465) 8.3

0"6 (t+27) 0.3

(2ee)

(2t+9)

2"8 (161) 1.3

Ls"t+ (236) 7.0

10.8 (203) 4.9

13"3 (167) 6.0

100.0 (L25) 45"4

o .7 (L22) 0.3

6"3 ( 97) 2,9

26.L ( 69) 11.8

( sl)

fdentified netastable transitions are lndicated by superscripts whlchrelate the daughter ion to its precursor as labelied in col,unr, I.
daughter ion of (a) and (b).
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Table 40. 70 eV-EI nass spectra of conpounds Zn-13a and ZÃ-L4e .

R-
D?_

Za-l3a

-coHs

4zFs

7Ã-l4a

-c4H3s

-czFs

ION ZRA nlz ZTTC 7.RA n/z 7;fIC

lzÃLzf

lznl(rn'¡1+

lZnICHCRl+

lzúl+
IZ"R]+

lHLl+

lu,sl+

lHl-n'1+

IncoJ+

Inccs1+

IR]+

[ffi¡]*

IcrrF2]+

ls.5 (594)

2L.3 (475)

(431 )

(32e)

2"4 (I4L)

(266)

(233)

2.2 (r47)

100.0 (105)

1.3 (102)

30.8 ( 77)

6.1 ( 69)

4"2 ( 5L)

19.6 (606) 9"5

22.3 (487 ) 10.9

0"4 (443) 0.2

3.8 (335) 1"9

6"4 (L47) 3.1

7 "2 (272) 3.5

2"4 (239) L.2

12.6 (153) 6.1

100.0 (111) 48.7

1.6 (108) 0.8

4.9 ( 83) 2.3

24"6 ( 69) 12.0

( s1)

9"4

11 .6

1.3

L.2

54.4

0.7

16.9

3,3

2.3
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Table 41. 70 eV-Ef nass spectra of compounds Zn-16a and Zn-L7a.

R.
Þl_

7,n-L6a

{oHs

{gFz

7a-l7a

-c4H3s

4gFt

ION ZRA n/z 7,TTC ZRA n/z 7.TTC

¡zoL2J+

IZnl(rnt ¡1+

lZntcHcRl+

lz\Ll+

Iz"R]+

I lfl,]+

IL-s]+

[H,-R']+

IRCo]+

IRCCH]+

IR]+

[ffis]*

¡clm2l+

ls.8 (694)

26.s (525)

(481 )

(37e)

0.2 (r4r)

0.2 (316)

(283)

3"9 (L47)

100"0 (105)

L.2 (L02)

2L"9 ( 77)

6.2 ( 69)

2"6 ( 5L)

16"6 (706) 10.0

22"9 (537) 13"7

0.4 (493) 0.2

3.0 (385) 1.9

4.0 (L47) 2.4

0"8 (322) 0.5

1.6 (289) 1.0

3.1 (153) 1.9

100"0 (111) 60.0

1.4 (108) 0.8

3.5 ( 83) 2.L

g.g ( 69) 5.9

( sl)

g"g

14.9

0.1

0.1

2"2

56.0

0"7

12.3

3"5

1"5
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Fl.gure 82.

Nornalized 70 eV-EI nass spect,run of

bis [ 1 , 1-difluor6-d-phen yL-2,4-buranedionato ]Zn( II)
{Zn-la}.

n/z ll4l+ ' = 458, [L]+ = L97
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Flgure 83.

Nornalized 70 eV-EI nass specÈrum of

bis[ 1 , l-dif luo ro4-(2'-rhienyl )-2,4-buranedionaro ] Zn(II)

[7n-2a) "

n/z ll4l+' = /+70, [L]+ = 203
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Figure 84.

Nornalized 70 eV-Ef mass spectrun of

b is [ 1, 1, I -trif luoro-4-phenyl-2, 4-buËanedionato ] Zn ( II )
(Zn-3a}.

n/z ll4l+' = 494, [L]+ = 2I5
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Figure 85.

Nornallzed 70 eV-Ef mass spectrun of

bis [ 1, 1, 1-Lrif luoro-/+- ( 2 I -thienyl ) -2, 4-butanedionato ] Zn ( rr )

(Z.n+a¡.

n/z l[l+' = 506, [L]+ = 22L
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Figure 86.

Normallzed 70 eV-Eï nass spectrum of

bis[1,1,1-trifluoro-4-(5r-methyl-2f-thienyl)-z,4-buranedionaro]Zn(rr)

{T-n4a).

B/z lþll+' = 534, [L]+ = 235
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Flgure 87.

Nornalized 70 eV-EI mass spectrun of

bí s [ 1, I, L, 2 r2-pentaf luoro-5-phenyl-3, 5-pentanedionato ] Zn ( II )
(Zn-13a].

n/z Ll[l+' = 594, [L]+ = 265
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Flgure gg.

Nornalized 70 eV-EI nass spectrum of

bis [ 1, L, L, 2, 2-pentaf luoro-5-( 2 t -thienyl )-3, 5-penraned ionato ] Zn ( rr )
(Zn-l4a).

nlz [tt]+' - 606, lLl+ = 27r
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Flgure 99.

NormalÍzed 70 eV-EI mass spect,rum of

bis [ 1, 1, 1, 2, 2 13, 3-heptaf luoro-6-phenyl-4, 6-hexanedionato ] zn( rr )

(Zn-l6a).

n/z [t't]+' - 694, [L]+ = 315
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FLgure 90.

NormalÍzed 70 eV-EI mass spectrum of

bis[ 1 ,1 ,1 , 2,2 13,3-heptafluoro-6-(2 t-thienyL)4 
r6-hexanedionato]Zn(rr)

(Za-l7aJ.

n/z [l't]+' = tO6, [L]+ = 321
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[zn(n\j+'

-Rr.

lzn(II)L(L-R')l*

\o'

\
lZn(II)LCH

2aonJy

lzn(tr)Ll*
2aorly

Zn(n)F2

2n"
v

l
[L-zr
la onl

tzn(tr)F(L-COF)l+
2a on-ly

-7,l:r(tr)F2

CR]*

p -atuutonares

are common fo

Scheæ 59,

ll.-coF +

Proposed fragnentation pathways for Zn(II)

where Rr - CI{F2 (Zn-la and -2a). pathways

both complexes except where noted"
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lzn(n)I'¿l+'

[Zn(II)L(L-R')]*

L.R)
lZn(II)F(L-R')l*

except 9a

IZn(tr)R]+
except 3a

* process confirmed by the observation of a metastable transition
in at least one of the complexes.

scheæ 60. Proposed fragnenraLion pathways for zn(rr) p-atuetonates

where Rr - CF3 (T.n-3a, -Ba and -9a). pathways are common

all conplexes except where noLed.

only
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lZn(II)L2l+'

_Rr'

[Zn(IÐL]+
14a,l7a only

-(L-R)

IZn(II)R]+

[Zn(II)L(L-R')]*

-COo\¿

IZn(II)LCHCR]+

pathways for Zn(II) f -at*."ronares

and -14a) or C3F, (h-L6a and -17a).

all complexes except where noËed.

Schæ 61. Froposed

where Rr

PaLhways

fragmentation

= C2F5 Qn-L3a

are common to


