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Transition metal carboxylates are extensively investigated
because of versatile coordination modes such as unidentate,
chelate, and symmetrical or asymmetrical bridging coordina-
tion on the carboxylate oxygen atom.' Late transition metal

- complexes having unidentate (n') or bridging trifluoroacetato
ligands sometimes play an important role as catalysts in bu-
tadiene polymerization,® isocyanide polymerization.® and co-
polymerization of CO and olefins. Trifluoroacetato complexes
show higher solubility to organic solvents and better crystal-
linity than the corresponding acetate complexes. However,
there have been limited number of studies about the synthe-
sis and chemical properties of group 10 metal trifluoroaceta-
tes.’o®

We have previously described preparation of group 10 met-
al alkoxides and have shown that the alkoxo ligands of these
complexes readily react with acidic alcohols or phenol to
give new alkoxo or phenoxo complexes® In this work we
have developed the ligand exchange reactions to preparation
of trifluoroacetato palladium(Il) and platinum(ll) complexes
by reactions of palladium{II) and platinum{[l) alkoxides with
trifluorcacetic acid and have characterized the complexes by
spectroscopic measurements. We also examined reactions of
the complexes with CO and with sodium azide.

Experimental

All manipulations of air-sensitive compounds were perform-
ed under N; or argon atmosphere with use of standard Sch-
lenk technique. Solvents were distilled from Na-benzophe-
none. Dppm (bis(diphenyphosphino)methane), dppe (1,2-bis
{diphenyphosphino)ethane), dppp (1,3-bis(diphenyphosphino)
propane), PMePh;, and PEt; were purchased from Aldrich
Co. and used without further purification. (dppe)PdMe,,’
trans-PdMe{PMePhy),” trans-PdMexPEt:),’ (dppp)PtMe,}?
(dppm)PtMe.? and (dppe)PdMe(OCH(CF;)})* were prepared
by the literature methods.

Elemental analyses were carried out by the anatytical lab-
oratory, Tokyo Institute of Technology in Japan and Korea
Basic Science Center. IR spectra were recorded on a Hitachi
270-30 spectrophotometer. NMR (*H, '“F, and *'P{'H}) spectra
were obtained by JEOL-FX-100, GX-270 , and Bruker 500
spectrometers. Chemical shifts were referred to an internal
MeSi, external 85% H/PQO, and PPh,, and external CF.COCH.

(dppp)PtMe(OCH(CF;),) was prepared similarly to the pro-
cedure of (dppe)PdMe(OCH(CF3).).* 'H NMR (CD,Cl;, 100
MHz, 8): 0.17 (dd, 3H, -CH,, J(HP)=25, 7.3 Hz, j(PtH)=52
Hz ), 1.5-26 (m, 6H, -CH;-), 4.7 (sep, 1H, -CH, J(HF)=63
Hz), 7.2-78 (m, aromatic). *'P NMR (CD.Cl,, 40 MHz, §):
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13 (d, f(PH)=22 Hz APtP)=38% Hz), 59 (d, /(PH)=22
Hz, }(PtP)=1761 Hz). ®C NMR (CD,Cl,, 685 MHz, §): 10.1
(d. J(CP)=73 Hz), 11.5 {d. (ICP)=74 Hz), 194 (d, J(CP)=28
Hz), 263, 26.7, 278 (d, (CP)=63 Hz), 283 (d, J(CP)=37
Hz), 72.0 (sep, J(CF)=30 Hz), 128-134 (m, aromatic). Anal.
Calcd. for CyHyF:OP:Pt: C, 47.2: H, 3.8. Found: C, 47.7;
H, 35.

Preparation of (dppe)PdMe(OCOCFs;), (1) and
{dppe)Pd(OCOCF,);, {2). To a stirred toluene (6 mL)
solution of {dppe)PdMe(OCH(CF),) (180 mg, 0.27 mmol) was
added trifluoroacetic acid (30 mg, 0.27 mmol) at room tem-
perature. After stirring for 2 h the resulting pale yellow solu-
tion was concentrated to half under vacuum and 5 mL of
hexane was added to afford white precipitates of 1, which
was filtered, washed with small amounts of toluene, and
dried in vacuo: 150 mg, 88%. Anal. Caled. for CoxHy F20,P2Pd:
C, 55.0; H, 4.3. Found: C, 55.2; H, 44.

A similar reaction between (dppe)PdMe(OCH(CFs),) and
excess amount of triffuoroacetic acid gave pale yellow crys-
tals of (dppe)Pd(OCOCF;), (2) (160 mg, 91%). Anal. Calcd.
for Cgon.;FsOJ’de: C. 49‘3: H, 3.3 FOlll‘ld: C, 495, H, 34.

Complex 2 was also obtained from the reaction of 1 with
excess trifluoroacetic acid.

Complexes 1 and 2 were independently prepared from
the reactions of (dppe)PdMe, with equimolar or excess tri-
fluorcacetic acid in quantitative yield and identified by IR
and NMR spectroscopy.

Preparation of (dppp)PtMe(OCOCF;), (3). To a stir-
red ether (5 mL) solution of (dppp)PtMe(QOCH{(CF3),) (300
mg, 0.38 mmol) was added trifluoroacetic acid (44 mg, 0.38
mmol) at room temperature. Stirring caused instant forma-
tion of white precipitates, which were filtered and washed
with ether and hexane. (226 mg, 81%). Anal. Calcd. for CsHyg
F;0,P,Pd: C, 49.0; H, 4.0. Found: C, 489; H, 4.1

Preparation of (dppm)PiMe(OCOCF;), {4). To a
stirred benzene (4 mL) solution of (dppm)PtMe; (300 mg,
0.49 mmol) was added trifluoroacetic acid (56 mg, 0.49 mmol)
at room temperature. After stirring for 1 h the solution was
evaporated to half under vacuum to afford pale yellow pre-
cipitates, which were recrystallized from benzene/hexane
(208 mg, 60%). Anal. Caled. for CysHxF:0.P;Pd: C, 47.5; H,
36. Found: C, 47.6; H, 3.7.

Preparation of trans-PdMe(OCOCF;)L; (L=PMePh,,
(5) and L=PEts, (6). To a stirred ether suspension of
trans-PdMe,(PMePh,), (160 mg, 0.29 mmol) at —50 T was
added trifluoroacetic acid (33 mg, 0.29 mmol) diluted in ether
(5 mL}). When the temperature was raised to —20 T the
reaction mixture turned into a homogeneous colorless solu-
tion. After stirring for 5 h the solvent was removed under
reduced pressure to give white solids of 5, which was recrys-
tallized from ether (170 mg, 95%). Anal. Calcd. for CxHaxF,0,
P.Pd: C, 549; H, 46. Found: C, 550; H, 46.

Complex 6 was prepared analogously (150 mg, 61%). Analt.
Caled. for C;sHxF.0.PPd: C, 383; H, 7.1. Found: C, 385;
H, 73.

Reactions of 1 and 2 with NaN;. To a sticred THF
(10 mL) solution of (dppe)PdMe(OCOCF;) (595 mg, 0.94
mmol) was added aqueous THF (6 mL) solution of NaN;
(9 mg, 14 mmol) at room temperature. After stirring for
3 h the solvent was evaporated under reduced pressure to
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give a yellowish residue, which was redissolved in CH,Cl,
and filtered. Addition of n-hexane to the filterate caused
formation of pale yellow precipitate of (dppe)PdMe(N3), (7)
which was filtered and dried in vacuo (316 mg, 60%). IR
(KBr): 2036 cm™. 'H NMR (CDCl;, 100 MHz, §): 0.68 (dd,
3H, J(HP)=24, 75 Hz, Pd-Me), 2.3 (m, 4H, Pd-CH), 7.3-7.8
(m. 20H, aromatic). >P NMR (40 MHz, CDCl; 8): 32, 58
{d, J(PP)=29 Hz). Anal. Caled. for C;HxnNiP.Pd: C, 57.7;
H, 48; N, 75 Found: C, 57.5; H, 4.7; N, 7.1.

A similar reaction of (dppe)Pd(OCOCF;). with three equiv-
alents of NaN; gave (dppe)Pd(Ns), (8) as a yellow solid in
69% yield. IR (KBr): 2040 cm™". 'H NMR (CDCl;, 100 MHz,
8): 24 (m, 4H) 7.5-7.9 (m, 20H, aromatic). P NMR (40 MHz,
CDCl;, 8): 64 (s). Complex 8 was independently prepared
by the ligand exchange reaction of (tmeda)Pd(N,)," with
equimolar amount of dppe, which was identified by IR and
NMR spectroscopy.

Reaction of 5 with CO. Complex 5 (170 mg 027
mmol)} was dissolved in toluene (5 mL)} at room temperature.
After evacuation of the system CO (1 atm) was introduced
at the temperature. The colorless reaction mixture slowly
turned to pale yellow. After stirring for 9 h the solvent was
evaporated to give a white solid of trans-PdMeCOXOCOCF)
(PMePhy),, (9) which was washed with hexane and dried
in vacuo; 170 mg, 96%. IR(KBr): 1692, 1672 cm™'. 'H NMR
(CDCl;, 500 MHz, 8): 15 (s, 3H, Pd-COMe), 1.9 (t, 6H,
PMePh;, 4 Hz), 7.4-7.7 (m, 20H, aromatic). >P NMR (40 MHz,
CDCl,, 8, ext. PPhy): 2.5 (s). *C NMR (CDCl;, 125 MHz,
8): 119 (t, ICP)=13 Hz, PdCOMe), 379 & JCP)=19 Hz,
PMePh,), 116 (g, J(CF)=280 Hz, CFs), 162 (g, (CF)=35 Hz,
OCOCFs), 231(s, CO), 128-133 (m, aromatic). Anal. Calcd. for
CxHzOsFsPoPd: C, 544; H, 44. Found: C, 546; H, 4.5.

Reéults and Discussion

We first examined isolation of alkylpalladium(Il) acetate

Table 1. Spectral Data of Complexes 1-6°
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complex from reaction of alkylpalladium(Il} alkoxide with
acetic acid but its poor crystallinity gave an impetus for us
to use trifluoroacetic acid to give alkylpalladium(ID trifluo-
roacetate complex. Reaction of (dppe)PdMe(OCH(CF;),) with
an equimolar amount of trifluoroacetic acid gives (dppe)
PdMe(OCOCF;), (1) in 88% yield as shown eq. 1. However,
this reaction in the presence of excess trifluoroacetic acid
affords (dppe)Pd(QCOCF;)., (2) as a pale yellow solid.

Ph, Ph
R Me 1\2 Me
(h ‘(OCH(CFg; CF,COOH ( P):.<

- HOCH(CFy), 0-G-CF,
2 2 0
1 m
Ph, Ph, i
R -CF;
+ CF;COOH (
O-C.CF, -MeH P))
'0-C-CF
hy 5) Ph, 6 3

' z

Complexes 1 and 2 are characterized by IR, NMR (H,
BF, and 'P{'H}), and elemental analyses. IR spectra of 1
and 2 show very strong bands due to vey.(COs) and v, (CO,)
at ca. 1690 and ca. 1410 cm™', respectively (See Table 1).
The values are similar to those reported for other trifluoro-
acetate complexes.’ Also, the separation between the two car-
bon-oxygen frequencies (Av) is 280 cm™' suggesting a uni-
dentate (n') coordination to transition metal®'® A single peak
in the ®F NMR spectra of trifluoroacetato complexes indica-
tes the presence of the trifluoroacetato group. The *'P{‘H}
NMR spectrum of 1 shows two doublets in agreement with
the cfs configuration having nonequivalent phosphine ligands,
while the spectrum of 2 shows a singlet due to two equiva-
lent phosphine ligands.

In the previous report we have shown that reactions of
(dppe)PdMe(OCH(CF3);) and  c¢ts-PtMe(OCH(CFs),)(PMes),
with excess phenol give palladium(Il) phenoxide, (dppe)

IR (cm™'¥ 'H _
Complex W NPI'H|
Vo (COD  Vgm (COY) Av M-CH, M-Phosphine or others

1 1690 1410 280 12 {dd) 1.2-1.4 {m) 53 (s} 40 (d), 64 ()
JHP)=8, 2 Hz 6879 (m) J(PP)=25 Hz

2 1696 - 1416 280 24-25 (m) 23 (s) 64 (s)

3 1690 1420 270 04 (dd) 1.9 (m), 25 (m) 20 (s) 0.7 (d). 9.8 ()
JHP)=7, 3 Hz 7.3-76 (m) JPP)=22 Hz
JPtH)=43 Hz J(PtP)=4341, 1169 Hz

4 1698 1406 292 0.9 (dd) 4.2 (dd) 20 (s) —17 (d), —35 (@
JHP)=7, 2 Hz J(HP)=8, 11 Hz J(PP)=37 Hz
J(PtH)=46 Hz J(PtPy=1263, 4071 Hz

L 1680 1410 270 -01 @© 18 (m) 21 (s) 20 (s)
J(HP)=6 Hz 7178 (m)

¢ 1680 1405 275 01 (1) 1.0-1.7 (m) 21 (s) 25 (s)
JHP)=6 Hz

7 Abbreviations: s, singlet; d, doublet: t, triplet, dd, doublet of doublets; m, multiplet; bm, broad multiplet; g, quartet; sep, septet.
NMR spectra were recorded in CDCl;, unless otherwise noted. *In CD,Cl. ‘KBr disk. Av2200 cm ’ is generally found in the
complexes where structural studies show unidentate acetate coordination, See ref. 10. 94 MHz in each solvents. Ppm downfieid
from external CFsCOOH. ‘40 MHz in each solvents. Ppm downfield from external PPh,.
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PdMe(OPW)® and platinum(I[) phenoxide, cis-PtMe(OPh)
(PMes), or hydrogen-honded complex, cis-PtMe(OR)(HOR)
(PMes); (R=Ph),* respectively. In the above reaction {(eq.
1 trifluoroacetic acid, being more acidic than fluorinated al-
cohol or phenol, readily reacts with methylpalladium(Il) alk-
oxide to give methylpalladium(Il) trifluoroacetate complex
and further reacts with remaining methyl ligand in the palla-
dium complex to give bistrifluoroacetato palladium(Il) comp-
lex. The result is in contrast with the previous observation
that methyl ligand of palladium(Il) or platinum(Il) alkoxide
complexes does not react with excess fluorinated alcohol or
phenol at all. Methanol does not react with these complexes
due to lower acidity.

Reaction of (dppp)PtMe(OCH(CF:),} with eguimolar
amount of trifluoroacetic acid also proceeds to give (dppp)
PtMe(OCOCF3), 3 as a white solid which has been character-
ized by IR and NMR spectra as well as elemental analysis.

Ph,
CF,coou
K e
OCH(CF.
P, H(CF3), H H(CFy), ch,

JP{'H} NMR spectrum of 3 shows two doublets with Pt
satellites in agreement with the s structures of the com-
plexes having two nonequivalent phosphines. Complexes 1-
3 are also obtained from the protonolysis of (dppe)PdMe,
and (dppp)PtMe; using equimolar or excess trifluoroacetic
acid in quantitative yield. In relation to the above reactions
we have extended to the following reactions of {dppm)PtMe,
and frans-PdMe;l. (L=PMePh,, PEt;) with equimolar tri-
fluoroacetic acid as shown in eq. 3.

gk Ph,
< /(W + CFCOOH —— < ./’(k
Me - MeH O-C-CF,
Ph, Ph, g
4

(3)

W—J Mc + CFCOOH — Mc-:j 0-C-CF,
-MeH fF :

L

L =PMcPh,, §

=PE(;, 6

Complexes 4-6 are characterized by IR, NMR (‘*H, “F, and
3P{'H}) spectroscopy, and elemental analyses, IR spectra also
show strong bands due to v,ym(COz) and v,,(CO;} at 16
80-1698 cm ! and ca. 1410 ¢cm ', which reflect the characteric
of unidentate (n') coordination to the central metal.

Reaction of 1 and 2 with NaN;. Recently, Murahasi
and his coworkers" reported that in the presence of palla-
dium cataiyst the reactions of allyl acetates with azide anion
afforded the corresponding allyl azides and showed their ef-
ficient conversion into the primary allyl amines. Also, they
assumed that the acetate palladium(II) compiex formed by
oxidative addition of allyl acetate to Pd(0) species undergoes
nucleophilic attack of azide anion to give allyl azides during
the reaction. [t is noteworthy that organic acetates are read-
ily turned into the organic azides by transition metal cata-
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lyst. The facts stimulate us to explore reaction of the acetate
complexes with azide anion to give transition metal azide
complexes.

Reaction of complex 1 with NaN; at room temperature
proceeds to give (dppe)PdMe(N,), 7 in 60% yield. Complex
2 also reacts with two equivalents of NaN; to give (dppe)Pd
{N3);, 8 as a yellow solid.

ﬁ\ -

(ﬁ}(m @

o_c -CF; - NaOCOCF;
h,
}\ i -CF Ph'.
2NN, ( (4
O- C -CF -2NaOCOCF, g}

Complexes 7 and 8 are characterized by IR, NMR spectro-
scopy, and elemental analyses. The infrared spectra of 7 and
8 show a characteristic strong band at 2036 and 2040 cm™!
which can be assigned to the azide asymmetric stretching.
Recently, we have prepared palladium(Il) and platinum(Il}
azide complexes having chelated phosphine or amine ligands
by an alternative route invelving metathesis reactions of
chloro complexes of these group 10 metals® The above reac-
tions (eqs. 4 and 5) provide a new synthetic method for
transition metal azide complexes.

Reaction of 5 with CO. Reaction of 5 with CO (1 atm)
at room temperature gives acylpalladium(l) trifluorocarboxy-
late, Pd(MeCOXOCQOCF:XPMePhy),, 9 in 96% yield which
has been characterized by IR, NMR ('H, *P{'H}, and BC{'H})
spectroscopy, and elemental analysis.

trans-PAMAOCOCFXPMePhy); + CO ot  trans-PAMeCOXOCOCE)(PMePh,),
{1atm)
9 6}

IR spectrum of 9 shows a strong absorption band at 1670
cm™! assignable to (C=0) of the palladium-acyl group. 'H
NMR shows no signal of Pd-Me, but a singlet at 1.5 ppm
assigned to Pd-COMe hydrogens. “C{!H} NMR spectrum
also shows clearly the signals at 119, 37.9, 116, 162, and
231 ppm due to Pd-COMe, PMePh;, CF;, OCO, and CO car-
bons, respectively. Previously similar reaction of CO with
PdMe(OCOMe)PEt;); was reported to give MeCOOCOMe
through Pd(COMeXOCOMe)(PEty), which was proceeded by
C-O bond formation between the acyl and carboxylato ligand
of the complex promoted by the coordination of CO to Pd.®?
Under same conditions the above reaction (eq. 6) does not
give any organic products. These results suggest that trifluo-
roacetato ligand, having stronger Pd-O bond than acetato
ligand, does not undergo coupling reaction with acetyl ligand
in mild conditions, but increase of the CO pressure and ele-
vated temperature may be required in order to cause a
C-O bond formation.

In summary we have prepared alkyl palladium(II) and plat-
inum(ID) trifluorcacetato complexes from the ligand exchange
reactions of corresponding palladium- and platinum(Il) alko-
xides with trifluoroacetic acid and have succeeded in their
conversion into alkyl palladium{Il}) and platinum(Il) azide
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complexes as well as into an acetyl palladium(Il} trifluoroa-
cetato complex.
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Some twenty years ago, Muraki and Mukaiyama first pre-
pared various bis{dialkylamino)aluminum hydride and ap-
plied them for the reduction of carboxylic acid derivatives
to aldehydes.! Among the series of reagents, bis(N-methylpi-
perazinyDaluminum hydride (BMPA) was shown to be the
most effective for such conversions. Again, Wiemer and his
co-workers confirmed that BMPA is a convenient reagent
for the direct reduction of carboxylic acids to aldehydes.?

The procedure for the synthesis of the reagents essentially
involved the preparation of aluminum hydride solution in
THF. The aluminum hydride solution was prepared by treat-
ment of a standardized solution of lithium aluminum hydride
in THF with a theoretical quantity of 100% sulfuric acid!
(eq. 1) or hydrogen chlorde? (eq. 2). Even though these pro-
cedures provide a pure aluminum hydride solution in THF,

THF

2 LiAIH,+H,80, ——— 2AlH,+LiSO, | +2H, T (1)
. - _THF .
LiAlH,+HCl ——— AiH;+LiCl | +H, 1 2}

there have been faced problems : some resistance to use of
100% sulfuric acid with lithium aluminum hydride and the
solubility of lithium chloride in THF. Lithium chioride disso-
Ives easily in THF to give solution of ~1 M2 In addition
to that, the characterization of aminoaluminum hydrides thus
prepared has not been carried out: no systematic study on
the preparation of the reagent has been reported."”

Consequently, there has been a need for development of
2 general procedure for the preparation of pure bis(dialkyl-
amino)aluminum hydride reagents with various dialkylamines
of different steric environments. In this study, we carried
out the systematic study on the preparation of pure solution
of bis(dialkylamino)aluminum hydride in THF and re-exami-
ned some representative reagents for the reduction of carbo-
xylic acids to aldehydes.

We used sodium aluminum hydride instead of lithium alu-
minum hydride in the synthesis of a solution of aluminum
hydride in THF. The reaction of sodium aluminum hydride
in THF and hydrogen chloride in diethyl ether gives an alu-
minum hydride solution in diethyl ether and THF with a
fine solid of sodium chloride® (eq. 3). The solid slowly settles
upon standing.



