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Abstract  

The reaction of the binuclear hydroxo complexes [NBu,t]2[{M(C6Fs)2(tt.OH)}2] (M ~ Pd or Pt) with alk i ~ r  arylamines (RNH 2) in 
the presence of dimethyl acetylenedicarboxylate (DMAD) yields the novel complexes [NBu4I(CoF5) 2 Iv~N(R)C(CO 2 Me)CHC(O)-OMe}] 
(M m Pd, R m C6H5 (I), p-MeC6H, , (2), p-MeOC6H 4 (3), p-CIC6H 4 (4), Et (5), Pr (6), C6HsCH 2 (7); M ~ M e C  H~H~ (8), 
p.:oMeOCoH4 (9)). Simi!ar reactions carried out with [PdR(PPh3XP,-OH)} 2] yield the complexes [(PPh.ORPd{N(R')C(CO2Me)CHC. 

)OMe)] ( R -  C~F s, R ,-Me (10), Et (11), Pr (12), CH2C6H 5 (13); R -  C6H~, R ' -Me (14), Et (15), Pr (16), CH2CoH ~ (17)). 
However, the reaction of [Pd (C~F ,~XPPI )_s~wi th  PhNH 2 and DMAD yields [Pd(C6FsXPPh3)}2(p,-OHXp,-NHPh)]. The 
iminoenolate complex[(PPhaXCc, Fs)Pd{~l-~ih)C(CO2Me)¢2~)OMe}] (18) is obtained when the di-pAaydroxo complex is treated with 
tlN(Ph)C(CO~Me)CHC(O)OMe. P ~ a t i o n  ~ ~ by ltCl(aq) gives [NBu4].~[{M(C~,Fs)2(p,-CI)}2] and dimethyl N-phenyl- 
aminoftnnarate. [NBu4][(C,F~),Pd{N(Ph)C(CO2 Me)CH2C(O)O}] (19) is obtained when complex I is treated with aqueou.~ methanol. 

I 13 19 ~1 ~ Conductivity measurements and sl~ctroscopic (IR, H, 'C, I" a n d  ~ P) methods have been used to characterize the complexes. The 
X-ray dil'fraction study of IN Bu a ][(Co I~): P ~ i ~ ( ~  ~ ~ ) O M e } ]  (3) has established that the coordination about 
palladium is approximately square planar and that there is substantial deloealization in the iminoenolate ligand. 

Keywords: Palladium; X-ray crystal structure; ~-Hydroxo complexes; Dimethylacetylenedicarboxylate; Synthesis 

1. I n t r o d u c t i o n  

The 1,4 addition of amines to dimethyl acetylenedi- 
carboxylate (DMAD) gives [1] cis-trans mixtures of the 
so-called Michael-type addu~.,,s RHNC(CO2Me)CH- 
CO2Me which serve as intermediates for the synthesis 
of a variety of nitrogen-containing heterocyclic systems 
via oxidation with lead tetraacetate [2]. 

Insertion reactions under very mild conditions of 
DMAD with palladium amide complexes result in car- 
bon-nitrogen bond formation [3]. For example, trans- 
[Pd(C6H.~)(NHPh)(PMe3) 2] gives trans-[Pd(C6Hs)- 
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{C(CO2Me)C(CO2Me)NHPh)}(PMe3) 2 ] where the de- 
protonated N-phenyl-aminomaleate ligand acts as an 
anionic monodentate C-donor ligand. The insertion of 
DMAD into an iridium-OH bond to afford the con'e- 
sponding enol complex has been repotted recently [4] 
and the ester-derived palladium enolate [LPd{Ph 2 
PCH=C(O)OEt}] also reacts with DMAD to yield the 
alkenyl complex [LPd{Ph2PCH[C(O)OEt](MeO2- 
CC=CCO 2 Me)}] [5]. Reactions of cyclopalladated com- 
plexes with acetylenes are also known, but these reac- 
tions proceed by insertion of the acetylene into the 
metal-carbon bond rather than the metal-nitrogen bond 
[6,7]. 

In the course of our investigations into hydroxo 
complexes of the nickel group elements, we have found 
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that arylamines (RNH,) react with the binuclear hy- 
droxo complex [{Pd(C~FsXPPh3Xp.-OH)} z ] to give the 
amide complexes [{Pd(CrFsXPPh~)}z(p.-OHXIx-NHR)] 
[8]. Binuclear amide complexes of the types [{Pd(C 6- 
FsX'BuNCXg-NHR)} z] [8] and [{Pd(8-mq}z(g-O~- 
CMeXIx-NHR)] [9] (8-mq = 8-quinolylmethyl) have also 
been prepared. We also know [I0] that di-lx-amide 
complexes [{M(C~Fs)~,(p.-NHR)}~] ~- can be prepared 
by reaction of the the di-lx-hydroxo complexes 
[{M(C~Fs)z(g-OH)}2] ~- (M-Pa l  or It) with ary- 
lamines. No reaction was, however, observed when it 
was attempted to react these arylamide-bridged com- 
plexes with DMAD in tetrahydrofuran, and the unre- 
acted amide complex was recovered. In contrast, when 
the di-lx-hydroxo complexes are reacted with alkyi or 
arylamines in the presence of DMAD, the novel com- 
plexes [NBu4][(CrFs)~M{N(R)C(COzMe)CHC(O ). 
QMe}_~ (M --- Pd or Pt) and [(PPh3)RP- 
d{N(R')C(COzMe)CHC(O)OMe}] (R= C6F s or C6H ~) 
are obtained. This paper deals with the synthesis and 
structural characterization of these complexes, 

2. Experimental details 

The C. H. N analyses were performed with a Carlo 
Erba model EA !i08 microanalyser. Decomposition 
temperatures were determined with a Mettler TG-50 
thermobalanee at a heating rate of 5°C rain = ~ and the 
solid samples under nitrogen flow (100 ml rain =~). 
Molar eonductivities were measured in acetone solution 
(c ~ $ X 10 ='~ reel dm =~) with a Crison 525 conduce 
timeter, The ~H, ~F and =~P NMR spectra were recorded 
on a Bruker AC 200B or Vtwian Unity 300 spectromeo 
ter, using SiMe4 CFCIo~ or H~PO~ as standards respeco 
lively, Infrared spectra were reco|~led on a Perkin~Blmer 
16F PC FT-IR spectrophotometer using Nujol mulls 
between polyethylene sheets, Solvents were dried by the 
usual methods. The starting complexes [NBua], 
[{M(C~Fs)~(~-OH)h] (M--Pd  [!11, Pt [12)1 and 
[(PdR(PPh~XI~-OH)}~I (R~'CrF5 [131 or C6H~ [141) 
were prepared by procedures described elsewhere. 

2.1. INBu41I(CoF~ ),PdfNtR)C(COzMe)CHC(O). 
OME}I (R~CoH s tl). C,1t~Me.p (2). C~H~OMe.p 
(3). C~HjCI-p (4), Et ($). Pr (6), CH, CoH ~ (7) 

To a solution of [NBu aL,[{Pd(C~ F~)~(~-Oh)}., ] ( 100 
rag, 0.071 retool) in tetrahydrofuran (5 ml) was added 
the co.spending amine RNH, (0.142 retool) and 
DMAD (0.142 retool), The resulting solution was stitxed 
at room teml~rature for 4 h and the solvent was evapo- 
rated under vacuum. The residue was extracted with 
isoprol~nol-hexane and the white solid was collected 
by filtration, washed with hexane and air-dried. Com- 
plexes I -7  were recrystallized from CHzCI 2-hexane. 

2.2. INBu4 ll(c~ F5 )2 PdlV(R)C(C02 Me)CHC(O)OMe}] 
(R = C6H4Me- p (8), (~H4OMe- p (9)) 

To a solution of [NBu4]2[{Pt(C6 Fs)2(P.-OH)}z ] (100 
rag, 0.063 mmol) in toluene (8 ml) was added the 
corresponding amine (0.378 mmol) and DMAD (0.378 
mmol). After the solution was boiled under reflux for 8 
h, the solvent was removed under vacuum and the white 
residue was extracted with isopropanol-hexane, then 
separated by filtration, washed with hexane and air- 
dried. Purification was achieved by recrystallization 
from dichloromethane-hexane. 

2.3. [(PPh 3 )(c 6 F s )Pd{N(R)C(CO, Me)CHC(O)OMe}] 
(R = Me (10), Et (11), Pr (12), Ct~CrH~ (13)) 

To a solution of [(Pd(C 6 Fs)(PPh3)(Ix-OH)} z ] (90 mg, 
0.0814 mmol) in tetrahydrofuran (6 ml) was added the 
corresponding amine (0.1628 mmol) and DMAD 
(0.1628 mmol). The resulting solution was stirred at 
room temperature for 4 h and the solvent was removed 
under vacuum. The residue was treated with hexane, 
with constant stirring, and then the solvent was removed 
under vacuum. Finally, the residue was treated with 
methanol to give a pale yellow precipitate, which was 
collected by filtration and air-dried. 

2,4. [(PPh, )(C OHos )P'-d-N{ fR)-~CO, Me)CHC(O)OMe}] 
(R ~ Me (14), Et (15), Pr (16), CH,C~ H~ (17)) 

To a solution of [(Pd(C~,H~XPPh~XIxoOH)}~] (90 
rag, 0.0974 retool) in tetrahydrofuran (6 ml) was added 
the co|'~esponding amine (0.1t)48 retool) and DMAD 
(0.1948 retool). The resulting solution was stirred at 
room temperature for 4 h and then taken to dryness 
under vacuum. The residue was stirred under hexane for 
a few minutes and the solvent was then removed under 
vacuum. The residue was treated with isopropanol and a 
white solid was separated by filtration and air-dried. 

2.5. Reaction of I(Pd(Co F~ )(PPh ~ )(Ix.OH)}, I with ani- 
line and DMAD 

To a solution of the hydroxo complex (100 rag: 
0,0905 retool) in tetrahydrofuran (8 ml) was added 
PhNH ~ (0,1810 retool) and DMAD (0.1810 mmol) and 
the resulting solution was boiled under reflux for 7 h. 
The solvent was then eliminated under reduced pressure 
and methaiaol was added to the residue. A yellow 
precipitate was recovered by filtration and air-dried 
(yield 75%). The analytical and NMR (tH, I*F and alp) 
data identified the solid as the previously reported [8] 
p.-hydroxo-p,-amide complex trans-[{Pd(C 6 Fs )(PPh 3 )} z- 
(p,-OHXp,-NHPh)]. 
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2.6. [(PPh s )(C 6 F 5 )Pd{N(Ph)C(CO,. Me)CHC(~9)OMe}I 
( 1 8 )  

To a solution of dimethyl N-phenylamino fumarate 
MeO2CCH=C(NHPh)CO2Me (prepared by addition of 
DMAD (0. i 81 mmol) to a solution of aniline (0.181 
mmol) in diethyl ether (10 ml) with constant stirring for 
14 h, and elimination of the solvent under reduced 
pressure) in methanol (6 ml) was added [{Pd(C6F5)- 
(PPhaXp,-OH)}.,] (100 mg, 0.0905 mmol). The solution 
was stirred at room temperature for 1 h during which 
time a yellow precipitate formed which was collected 
by filtration and air-dried. 

2.7. Reaction o f  l{Pd(C 6 F~)z(Ix-OH)}, I z - with 
MeO z CCH = C(NHPh)CO z Me 

A solution of ( N B u 4 ) 2 [ { P d ( C 6 F s ) 2 ( I x - O H ) } 2 ]  (100 
mg; 0.0714 mmol) and MeO2CCH=C(NHPh)CO2Me 
(0.1428 mmol; prepared as described above) in tetrahy- 
drofuran (8 ml) was stirred at room temperature for 4 h. 
After evaporation of the solvent under reduced pressure, 
the residue was treated with isopropanol and a white 
solid was collected by filtration and air-dried (yield 
78%). This solid was identified as complex 1 by ~H and 
~9 F spectroscopy. 

2.8. Reaction of  complex I with HCl(aq) 

To a solution of 1 (400 rag, 0.437 mmoi) in acetone 
(15 ml) was added HCl(aq) (0.437 mmol). After stilting 
the solution at room temperature for 30 rain, the solvent 
was ~moved under vacuum and tl~e t~sidue was treated 
with diethyl ether, A white solid, identified as the 
known [15] di-p:chloride palladium complex [NBu4]2 o 
[{Pd(C6Fs)2(I~°CI)}2], was filtered off, and acetone-all. 
chloromethane was then added to the filtrate which was 
passed through a small column filled with florisil. On 
evaporation of the volatiles under vacuum, an oily 
residue resulted which was characterized [I] by I H 
NMR and ~3C NMR as dimethyl N-aminofumarate, 
C6HsNHC(CO2Me)=CHCO2Me (IH NMR, in CDC! s 
8 (ppm) at 9.59 (brs, I H, NH), 7.21, 7.03 and 7.05 (5 

t12 

c=F,\ /c:~ =" 
OMAO + RNH 2 C~F0\ n_.~OMo 

M = Pd. R = CsH 5 1 
pMOC6H4 2 
I~U~K)Cd% 3 
pCICaH4 4 
El $ 
Fv e 
C~HsCH 2 7 

M=PI .  R= pMeC~H4 8 
pMeOC~l, 0 

Scheme 1. 
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Table I 
Crystal structure determination details 

Crystal data 
Formula C4~ HsoFioN2OsPd 
Fw 947.3 
Crystal system orthorhombic 
Space group Pbca (No. 61) 
Cell dimensions 

a (~,) 15.648(6) 

b (.~,) 20.099(3) 

c (,~,) 28.019(7) 
ot (deg) 90 
I~ (deg) 90 

(deg) 90 
Cell volume (~.3) 8812 
Z 8 
Dcalc (gcm - 3 ) 1.43 
F(000) 3888 
Monochromated Mo K ct 

radiation 

X (.~,) 0.71069 
p, (cm- i ) 5.0 
Temperature (K) 293 
Data collection 
Crystal size (mm 3) 0.3 x 0.25 x 0.2 
Diffractometer Enraf-Nonius CAD4 
No. of reflections for calculating 

cell; 0rnin, 0max, (deg) 
Scan mode for data collection 0-20 
Data reflection ranges: 0 rain h 0 .~  i 8, k 0 ~ 23, 

and max (deg) 0 .--* 23, I 0 ~ 33; 2 -', 25 
Total unique reflections 8467 

measured 
No. of significant reflections, 4118 

IF21 > 2or(F z) a 
Max change in standard -0 ,2  

reflections (%) 
Decay correction no 
Empirical absorption correction, 0.999, 0.954 

"th,.., "r,,,., 
Structure solution and 

rt,fitle/Jlt, PIt 
Non-H atoms located by heavy atom methods Stlt.~.~xs.a¢~ 
Refinement by hil l  matrix least squares 

non-H atoms anisotropic 
Enraf-Nonius MolEN programs 

Hydrogen atoms fixed calculated positions 
Ui.~o = 1.3 U¢q for parent atom 

R 0.056 
R' 0.055 
S !.2 
No. of var;ables 532 
No. of reflections used in the 4118 

refinement 
Max(A/or) 

Max, rain ( A / p )  (e ,~-~) 

0.02 

+0.43, -0.16 

o r (F  2) = { o r 2 ( l ) +  (0.041)2}1/2/Lp. w = e r - 2 ( F ) .  
~,w(I Fol - [ F¢ l) 2 minimized. 

H, CoHsN), 5.32 (s, IH, CH), 3.67 and 3.62 (ss, 61-I, 
MeO); "IaC{IH}NMR, 8 (ppm) 169.9 and 164.9 
(CO2Me), 148.0 and 140.2 (C-NHPh and Cip,o of Ph), 
129.1, 124.2 and 120.6 (CH of Ph), 93.5 (=~H), 52.8 
and 51.2 (MeO)). 
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2.9. Reaction o f  complex I with methanol 

A suspension of complex 1 (100 mg; 0.109 mmol) in 
methanol (10 ml) was stirred at room temperature for 7 
h to give a clear solution. After complete evaporation of 
the solvent under reduced pressure, the residue was 
treated with isopropanol and the solid was collected by 
filtration and air-dried. This white solid was identified 
as [NBu4][(CsFs)2 Pd{N(Ph)C(CO2 Me)CH 2C(O)O}] 
(19). 

2.10. X-ray structure determination 

A crystal of 3 suitable for a diffraction study was 
grown from dichloromethane-hexane. Details of data 
collection and refinement are given in Table 1. Addi- 
tional material available from the authors or the Cam- 
bridge Crystallographic Data Centre comprises tables of 
intramcl¢cular distances and angles, hydrogen atom co- 
ordinates, anisotropic temperature factors, and least 
squares planes for 3 (10 pages). 

3, !R~ults and discussion 

The preparations of [NBu 412[(M(CtFs)2(P.-OH)2} 2 ] 
(M - Pd [1 I] or Pt [i 2]) and their reactions with weak 
profit acids were previously reported. Both hydroxo 
complexes react with primary amines RNH 2 (two 
equivalents for Pd or an excess for Pt) in the presence 
of DMAD (two equivalents for Pd or an excess for Pt) 
in tetrahydrofuran either at room temperature (Pd) or 
boiling under reflux (Pt) to give the complexes 

[NBu 4 ][(C6 F5)2 M{N(R)C(CO2 Me)CHC~(0)OMe}] 1-9  
shown in Scheme 1. 

The analytical data (Table 2) for complexes 1-9  
were consistent with the proposed formulae, and in 
acetone solution they behave as 1:1 electrolytes [16]. 
The IR spectra of these bis(pentafluorphenyl) deriva- 
tives show the characteristic absorptions of the C6F 5 
group [ 17] at 1630, 1490, 1450, 1050, 950 and a split 
band at ca. 800 cm -~. This latter is derived from the 
so-called X-sensitive mode in C6Fs-halogen molecules, 
which is characteristic of the cis-Pd(C6Fs) 2 fragment 
[18] and behaves like a t,(M-C) band [19]. A strong 
absorption observed at ca. 1730 cm-t  is assigned to the 
uncoordinated CO 2 Me group and two bands at ca. 1590 
and 1515 cm- ! are the combination bands u(CC) + 
u(CO) and 1,(CO) + v(CC) respectively. 

The 1H NMR spectra of these complexes (Table 3) 
show the presence of a singlet at ca. 4.2 ppm assigned 
to the CH proton and two singlets at ca. 3.4 and 3.2 
ppm for the methoxy protons. The observation of three 
or two signals for the aromatic protons of the arylamide 
groups indicates that rotation of the aryl group about the 
C-N bond is rapid on the NMR time scale. The 19F 
NMR spectra indicate the presence of two different 
types of C6F 5 group freely rotating about the carbon- 
metal bond; each C6F 5 group gives the three expected 
signals (relative intensities of 2 : 1 : 2 )  for the ortho-, 
para. and recta-fluorine atoms respectively, although 
ov¢rlapping of some signals is observed in some in- 
stan~:es. The t'~C{IH} NMR spectrum of 3 in M%COod 6 
show~ the two carboxyl peaks at 169.5 and 167.8 ppm, 
a peak for the CH group at 75.6, and three peaks for the 
mrthoxy carbons at 55.4, 51.1 and 50.9 ppm. The 

Table 2 
Analytical d~t~. yields and physical properties for complexes 1 o9 
Complex Yield M.p. ' A,alysis (%) b 

(~) ('C) C 14 N 
Selected~lR bands c ' AM 0 

u(C=O) ~,(CC) + u(CO), ~,(M-C6F~) 
u(CO) + ~,(CC) 

I 68 230 :52. I 5.2 2.9 1730 ! 600, 1520 790, 780 100 
(552.4) (5.3) (3.1) 

2 71 227 52.7 5.7 2.9 1730 15595, 15520 7955, 780 99 
($2.9) (5.4) (3.1) 

3 73 230 :51.8 5.5 2.9 1730 i 55955, 15520 795, 780 95 
(52,0) (55.3) (3.0) 

4 755 227 550.2 5. I 2.9 1730 1600, 15520 795. 780 99 
(550.55) (55.0) (2.9) 

$ 73 220 49.55 55.6 3.1 17455 15590, 1555355 790, 780 101 
(49,8) ($,6) (3,21 

6 71 231 49,8 55.9 3, I ! 720 15590, 1525 7955, 780 99 
($0,3) (5,7) (3,2) 

7 75 183 $2.$ 55.4 3.0 1730 1595. 1515 795, 780 102 
(52,9) (5,4) (3,0) 

8 73 231 47.9 4.8 2.7 1730 1590, 155525 810, 7955 97 
(48,3) (4,9) (2,8) 

9 74 232 47.5 5.0 2.6 1730 15590. 1525 810, 795 100 
(47,5) (4.9) (2.7) 

With decomposition, b Calculated values in p~entheses, c in Nujol mulls (cm-I). a S cm ~ tool- ~ (in acetone) 
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Table 3 
NMR spectroscopic data a.b ( j  in Hz) for complexes 1-9 

Coin- I H c 19 F 
plex 

6.45(dd, 2 H m, 
Join ~- Jmp 7,4) 
6.22 (t, 1 Hp, Jmp 7.4) 
6.62 (d, 2 H o, Jom 7.4) 
4.29 ( s ,  I H,  CH) 
3.42 (s ,  3 H,  C O  2 Me) 
3.21 (s, 3 H, CO2Me) 

- I 14.4 (d, 2 F o, Join 29.4) 

- 115.2(d, 2 F o, Join 30.5) 
- 165.4(t, I F o, J.p 19.8) 
- 166.6 (m, 2 F m + 1 Fp) 
- 167.2 (m, 2 F m) 

6.87(d, 2 H o, Join 7.8) 
6.46 (d, 2 H m, Join 7.8) 
4.26 (S, I H, CH) 
3.41 (s, 3 H, CO 2 Me) 
3.24 (s, 3 H, CO 2 Me) 
2.07 (s, 3H, p-Me) 

-114 .3(d ,  2Fo, Join 29.1) 
-- 115.1 (d, 2 Fo, Jom 29.6) 
- 165.4(t, 1 F o, Jmp 19.8) 
- 166.7 (m, 2 F m) 
- 1 6 7 . 1  (t ,  1 F o,  2mv 19.2) 
-167 .5(m,  2F  m) 

6.52 (d, 2 H o, Join 8.0) 
6.38 (d, 2 Hm, Jom 8.0) 
4.25 (s, 1 H, CH) 
3.68 (s, 3 H, p-MeO) 
3.40 is, 3 H, CO 2 Me) 
3.25 (s, 3 H, CO2 Me) 

- 114.3 (d, 2 F o, Join 29.9) 
- 115.1 (d, 2 F o, Join 29.9) 
- 165.3 (t, 1 F o, '/rap 19.8) 
- 166.7(m, 2 Fm + I Fp) 
- 167.1 (m,  2 F m) 

6.83 (d, 2 H o, Join 8.6) 
6.59 (d, 2 H m, Join 8.6) 
4.33(s, I H, CH) 
3.42 (s, 3 H, CO 2 Me) 
3 .28  (s ,  3 H,  C O  2 Me) 

- I ! 4.4 (d, 2 F o, Join 29.4) 
- 115.4 (d, 2 F o, Join 29.4) 
- 165.1 it, ! Fp, Jmv 19.8) 
- 1 6 6 . 1  (t,  ! Fp, 2mp 19.8) 

167.0 (m, 4 F m) 

3.97 (s, ! H, CH) 
3.71 (s, 3 H, CO 2 Me) 
3.31 (s, 3 H, CO 2 Me) 
2.81 (m, 2 H, NCH 2) 
0.82 (l, 2 H, NCHaCI/~, 
J 6.9) 

- I! 3. ! (d, 2 F o, Join 29.4) 
- ! 15.7 (d, 2 F o, Join 29.9) 
- 165.1 (t, I Fp, Jmp 19.8) 

165.5 it, i Fp, drop 19.8) 
166.3 (m, 2 F,,) 
166.7 ira, 2 F m) 

3.97 (s, I H, CH) - 113.2 
3,69 (~, 3 H, CO, Me) - 115,7 
3.31 (s, 3 II, CO~ Me) ~ 165.3 
2.66 (m, 2 H, NCH:~) ~ 165.4 
1.42 (m, 2 H, NCH 2C I! 2 ) 166.4 
0.35 (t, 3 H, CH~CHa, ~ 166.7 
J 6.9) 

(d, 2 F o, '/ore 29.4) 
(d, 2 I'~,, Join 29.9) 
(1, I /'~, Jmp 19.5) 
(t, ! Fp, Jmp 19.5) 
(m, 2 I:,,) 
(m, 2 E,, )  

7.09(dd, 2 Hm. 
Join ~ Jmp 7.4) 
7.04 (t, I H p, Jmp 7.4) 
6.89 (d, 2 H o, Jom 7.4) 
4.18 (s, 2 H, NCH 2) 
4.11 (s, i H, CH) 
3.21 (s, 3 H, COzMe) 
3.42 (s, 3 H, CO2 Me) 

- I ! 3.6 (d, 2 F o, Join 29.4) 

- !15.2 (d, 2 F o, Jo,. 30.2) 
- 165.4(t, ! Fp, Jt, p 19.5) 
- 165.9(t, ! Fp, Jmp 19.8) 
- ! 66.9 (m, 4 F,,,) 

6.64 (d, 2 H o, Jom 7.8) 

6.53 (d, 2 H m, Join 7.8) 

4.36 (s, I H, CH) 
3.46 (s, 3 H, CO2 Me) 
3.25 (s, 3 H, CO2 Me) 
2.10 (s, 3 H, p-Me) 

- II 7.7 (d, 2 F o, Jo,,, 26.2, 
JptF.. 536.2) 
- 119.1 (d, 2 F o, Join 26.5, 
Jpti~,, 445.9) 
- 167.0(t, ! Fp, Jmp 19.2) 

167.9 (m, 2 F m) 
- 169. I (m,  I Fp + 2 F,,,) 

Table 3 (continued) 

Corn- l H c 
plex 

i9 F 

6.57 (d, 2 H o, Join 8.7) 

6.41 (d, 2 H m, Join 8.7) 

4.36 (s, 1 H, CH) 
3.60 (s, 3 H, p-MeO) 
3.46 (s, 3 H, CO2Me) 
3.27 (s, 3 H, CO2Me) 

- 117.7 (d, 2 F o, Join 28.2, 
JetFo 536.2) 
- 119 .0  (d ,  2 Fo, Join 29.9, 
JPtFo 443.1) 
-167.1 (t, 1 Fp, Jmp 19.8) 
--  168 .0  (m, 2 F m) 
- 168.8 (m, 2 F m + ! Fp) 

a Chemical shifts in ppm from TMS (IH) or from C-'FCI 3 (IOF). 
Abbreviations: s, singlet; d, doublet; t, triplet; m, multiplet, b In 
(CD3)2CO. ¢ Additional peaks of [NBu4] + are found at ca. 3.43 (t, 
NCH2), 1.80 (m, NCH2CH2), 1.40 (m, CH2CH 3) and 0.95 (t, 
CH 3), the relative intensities being 8: 8: 8: 12 respectively. 

attempted t5N NMR spectrum of 3 by the INEPT 
technique confirmed that there is no proton on the 
nitrogen atom. We have recently demonstrated that in 
the reaction of amines with the hydroxo complexes 
[{M(C6Fs)2(~-OH)}2] 2- (M= Ni [20], Pd, Pt [21]) in 
the presence of carbon disulphide, C-N bonds are 
formed to give N,N-dialkyldithiocarbamate complexes. 
In these reactions, and also in that of the DMAD, the 
nucleophilic attack of the RNH - ion, generated in situ 
by deprotonation of the amine by the hydroxo complex, 
on the unsaturated organic system gives the anionic 
ligand to be bonded to the metal centre. The altemative 
route of the direct addition of the amine to DMAD and 
deprotonation of the RNH group of the resulting 
dimethyl N-arylaminofumarate is also possible [22]. 

The structure of 3 in the solid state has been deter° 
mined by a single-crystal X-ray diffraction study. Frac- 
tional atomic coordinates and selected bond distances 
and bond angles are presented in Tables 4 and 5 resl~C- 
tively and the molecular structure of the anion of com- 
plex 3 is shown in Fig. I. Coordination at palladium is 
approximately square planar, with slight buckling. The 
six°membered chelate ring is close to planar and careful 
examination of the bond lengths reveals substantial 
delocalization. Relatively few N-O chelates of palla- 
dium of this type are available for comparison, and 
these structures are all complicated by the fact that the 
ligands are in fact tetradentate with additional amino 
coordinating groups. The bond lengths in the chelate 
ring vary, with examples in which the C-C bonds of the 
chelate ate similar in length [23-25] lying between a 
double and a single bond, as obtained here. However, in 
[Pd(baden)]NCS (baden---l-phenyl-3-{2-[(2-aminoeth- 
yl)amino]ethylimino}- 1 -butch- 1 -olato-O,N, N', N" ) more 
double bond localization occurs [24]. The Pd-N and 
Pd-O bonds are somewhat longer in 3 than in the 
related examples, which may be attributed to the steric 
demands of the C6F 5 ligands. Both the uncoordinated 
ester group and the 4-methoxyphenyl group are twisted 
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Table 4 
Fractional atomic coordinates and equivalent isotropic 
lametefs 

thermal pa- 

x y z U~q 
Pd 0.22979(3) 0.08451 (3) O. 12703(2) 0.O41 ( ! ) 
FI 0.1985(3) -0.0421(2) 0.1911(1) 0.067(3) 
172 0.0686(3) -0.1266(2) 0.1959(2) 0087(3) 
F3 -0.0750(3) -0.1055(2) 0.1444(2) 6.104(4) 
1=4 -0.0853(3) 0.0026(3) 0.0862(2) 0.109(4) 
F5 0.0452(3) 0.0873(2) 0.0800(2) 0.087(3) 
!:6 O. 1906(3) 0.0939(2) 0.2392( 1 ) 0.074(3) 
F7 0.1207(3) 0.1892(3) 0.2918(1) 0.094(3) 
Fig 0.0653(3) 0.3030(2) 0.2507(2) 0.094(3) 
!:9 0,0757(3) 0.3174(2) 0.1544(2) 0.097(3) 
FIO 0.1423(3) 0.2218(2) 0.1009(1) 0.080(3) 
OI 0.3990(3) -0,0252(3) -0.0077(2) 0.062(3) 
02 0.4383(3) - 0.0788(2) 0.0586(2) 0.053(3) 
03 O.4715(3) 0.1735(2) 0.1083(2) 0.060(3) 
04  0.1088(4) -0.2073(3) 0.0201(2) 0.106(5) 
05 0.3363(3) 0.1472(2) 0.1235(2) O.051(3) 
N I 0.2897(3) 0.0156(2) 0.0833(2) O.041(3) 
N2 0.6495(3) - 0.05 ! 7(3) O. 1478(2) 0.045(3) 
CI 0,3685(4) 0.0227(3) 0,0683(2) 0.040(4) 
C2 0.4243(4) 0.0741(3) 0.0785(2) 0.042(4) 
C3 0,4046(4) O, ! 315(3) O, 1044(2) 0,042(4) 
C4 0,4581(5) 0.2334(4) O. 1342(3) 0.076(6) 
C5 0,403 !(4) - 0.0290(3) 0.0346(2) 0.047(4) 
C6 0.4587(5) = O, 1375(4) 0.03 ! 5(3) 0.07 !(5) 
C7 0.2440(4) -0.0414(3) 0.0666(2) 0.042(4) 
C8 0,1846(5) -0,0354(3) 0,0306(3) 0.057(5) 
C9 0,1375(5) = 0,0890(4) 0,0144(3) 0.068(5) 
CI0 0,1512(5) ~0.1512(4) 0,0338(3) 0,065(5) 
e l i  0.2108(5) -=0,1581(3) 0,0697(3) 0,066(5) 
CI2 0,2566(5) ~0.1036(3) 0,0864(3) 0.055(5) 
C!3 0,0389(8) ~0,200!(5) = 0.0085(6) 0.244(12) 
CI4 0.1276(4) 0,0268(3) 0,1358(2) 0,040(4) 
Ci 5 O, 1289(4) = 0,0277(4) O, 1642(2) 0,047(4) 
CI6 0,0624(5) =0,0729(4) 0,1670(3) 0,059(5) 
CI7 =0.008(5) =0,0630(4) 0,1414(3) 0,059(5) 
CI8 = 0.0136(5) ~ 0,0089(4) O. I 132(3) 0,(~3(5) 
C19 0,0538(5) 0,0352(4) 0,1101(3) 0,05~5) 
C20 0,1710(4) 0~1530(3)  0,1675(2) 0.041(4) 
C21 0,1618(4) 0.1484(3) 0.2160(2) 0,047(4) 
C22 0,1268(5) 0,1971(4) 0,2442(3) 0,060(5) 
C23 0,0970[5) 0.2543(4) 0.2233(3) 0.061(5) 
C24 0.1048(5) 0.2606(4) 0.1755(3) 0.060(5) 
C25 0.1394(5) 0.2108(4) 0.1486(2) 0,052(4) 
C26 0,6847(5) = 0.0995(4) 0.1844(2) 0.056(5) 
C27 0.6400(5) = O, 1649(4) O, 1891(3) 0,068(5) 
C28 0.6861(6) =0,2105(4) 0,2224(3) 0,091(6) 
C29 0.6430(7) = 0.2753(5) 0.2313(44) O. 119(8) 
C30 0.7048(4) 0.0100(4) 0,1495(3) 0.056(5) 
C31 0.682 I(6) 0.0653(4) O. I 159(3) 0.073(6) 
C32 0.7452(6) O. 1218(4) O. 1201(3) 0.089(6) 
C33 0,7229(7) O. 181 I(5) 0,0902(4) O, 124(8) 
C34 0.5570(5) = 0.0349(4) O. 1584(2) 0.052(4) 
C35 0.5389(5) ~ 0,00l 2(4) 0,2057(3) O.07fg6) 
C36 0.4425(6) 0.008 i(5) 0.211 ('g 3) O, 108(7) 
C37 0.4157(9) 0.0402(7) 0.2515(5) 0.201( ! 2) 
C38 0,6494(4) = 0,0827(4) 0,0975(2) 0.051(4) 
C39 0,7337(5) = O. 1062(4) 0.0789(3) 0,064(5) 
C40 0,7224(6) -0.1391(4) 0,0312(3) 0.072(5) 
C41 0,8044(7) =0.1641(5) 0.0098(3) 0,109(7) 

~ is defined as one-third of the trace of the otthogonalized U~j 
tellsor. 

Table 5 
Selected intramolecular distances (~,) and angles (deg) for 3. with 
estimated standard deviations in parentheses 

Bonds 
Pd-O5 2,091(4) Pd-C20 2.007(6) 
Pd-Cl4 i.991(6) 02-(25 1.326(8) 
OI-C5 1.189(8) O3-C3 1.350(8) 
O2-C6 1.438(9) O5-C3 1.237(8) 
03-(?4 1.42 i(9) C2-C3 !.396(9) 
CI-C2 1.382(9) CI-C5 !.505(9) 
Pd-NI 2.074(5) NI -C!  !.310(8) 

Angles 
O5-Pd-NI 90.8(2) O5-Pd-CI4 175.5(2) 
O5-Pd-C20 88.8(2) N I -Pd-C ! 4 92.7(2) 
NI-Pd-C20 178.1(2) CI4-Pd-C20 87.8(3) 
Pd-O5-C3 i 23.8(4) Pd-N I -C ! 122.7(4) 
O5- C3- C2 128.8(6) Ci -C2 =C3 125.8(6) 
NI -CI -C2  127.7(6) 

out of the plane of the chelate ring, to alleviate crowd- 
ing. 

There are a number of examples of cis-Pd(C6Fs) 2 
units in complexes of which the structures have been 
determined. The Pd-CI4 bond (!.991(0) ~,) is quite 
similar to that trans to oxygen in [NBu4][{Pd(C6Fs),,.- 
(acac)}2p.Ag] [26] (I.985(6) and !.990(6) A). The Pd- 
C20 bond (2.007(6) ,g,) is comparable with that in 
cis-[NBu 4ltPd(C6 F.~):(pyrazole)(pyrazolate)] [I 8]  
(2.007(5) A). These values are in accord with the 
expected transoinfluence of the N / O  ligand but, given 
the standard deviations observed, it may be unwise to 
attach too much significance to them. The CPdC angle 
(87.8(3) ° ) is at the low end of the range typical for 
{Pd(Ct, F~)~,} units, perhaps because of the steric effect 
of the N=aryl group. 

The neutral diqx-hydroxo contplexes [{PdR(PPh.a)(IX- 
OH)} 2 ] (R ,~ CbFs or C6H s) also react with primatT 
alkyl amines R'NH, (two equivalents) in the presence 
of DMAD (two equivalents) in tetrahydrofuran, at room 

~ C6 

O~ 

P8 Y4 

Fig. !. Molecular structure of the anion of complex 3. The oR'nsp 
diagram shows the noa-H atoms as 20% thermal vibration ellipsoids. 
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temperature, to give the corresponding 13-iminoenolate 
complexes 10-17 (Scheme 2). These complexes behave 
as non-electrolytes in acetone solution. The IR spectra 
show the presence of the C6F s group and only a single 
band for the 'X-sensitive mode' of C 6 F 5 (Table 6). 

The *H NMR spectra of these neutral complexes 
(Table 7) show three singlets at ca. 4.2 (CH), 3.7 and 
2.6 (methoxy protons). The doublet signals observed for 
the NMe protons of complexes 10 and 14 and the 
NCH2Ph protons of 13 and 17 are caused by coupling 
to the P atom of the phosphine ligand, and, for the same 
reason, the NC H 2 Me (for 11 and 15) and NC H 2 Et (for 
12 and 16) resonances are observed as multiplet signals. 
All this suggests that the phosphine ligand is trans to the 
N atom of the 13-iminoenolate iigand, as shown in 
Scheme 2. As expected, three signals with relative 
intensities of 2 : 1 - 2  are found in the 19F NMR spectra 
of complexes 10-13 and one singlet in the 3tp{~H} 
NMR spectra. 

It is worth mentioning that the neutral 13-iminoeno- 
late complexes 10-17 are all derived from aikyl amines. 
The reaction of trans-[{Pd(C6F~)(PPh3)(Ix-OH)} 2 ] with 
the arylamine aniline and DMAD gives the previously 
reported l~-hydroxo-lx-anilido complex t rans-  
[{Pd(C6 Fs)(PPh.0}2(~'OH)(~'NHPh)] instead of the 13- 
iminoenolate complex. This result shows that for the 
more acidic aniline the acid-base reaction )Pd(tt- 
OH)2Pd( + PhNH 2 --* )Pd(Ix-OH)(It-NHPh)( + H20  is 
faster than the addition reaction with the DMAD to give 

1/2 [(PPh3)RPd~.OH)~PdR(PPh3) 1 
DMAD + R'NHa 

R / ~ '~CO~ 

R= C6Fs, R' = Me 10 
Et 11 
Pr 12 
~ c ~  13 

R=CeHs. R'= Me 14 
Et 1S 
Pr 16 
C6H5C~ 17  

Scheme 2. 

the PhNH2-DMAD adduct. The ~-acceptor character 
of the PPh 3 iigand should also enhance the basicity of 
the bis(hydroxo) complex. Nevertheless, the iminoeno- 
late complex 18 could be prepared by reacting the 
bis(tt-hydroxo) complex with MeO2CC(NHPh)CHCO 2 
Me (Scheme 3). 

The reaction of [{Pd(C6Fs)2(tt-OH)}2] 2- with 
MeO2CC(NHPh)CHCO2Me was also studied and, as 
expected, complex 1 was the reaction product. The 
reaction of complex 1 with HCl(aq) in 1 : 1 molar ratio 
in acetone afforded (Scheme 3) the previously reported 
[15] di-i~-chloride palladium complex [NBu4]2[(C(,Fs) 2 
Pd(tt-CI)2Pd(C6Fs) 2] and the enamine dimethyl N- 
phenylamino fumarate, characterized by I H and 13C 
NMR (see Experimental section). It has been reported 
that the addition of aniline to DMAD in benzene gives 
an 80:20 mixture of aminomaleate-aminofumarate 

Table 6 
Analytical data, yields ~md physical prol~rlies for complexe~ !11= 19 
Complex Yield M.p. ~ Analysis (%) t, Selected IR bands c AM ,, 

(%) (°C) C H N v(C=O) v(CC) + v(CO), v(M-C6F s) 
v(CO) + v(CC) 

10 77 215 52.4 3.6 2.0 1740 1590, 1515 800 
(52.6) (3.6) (2.0) 

11 80 201 52.9 3.7 1.8 1735 1590, 1515 800 
(53.2) (3.8) (1.9) 

12 79 197 53.7 4.0 1.9 1735 1590, 1515 800 
(53.9) (4.0) (I.9) 

13 75 204 56.4 3.6 !.7 1730 1590, 1515 800 
(56.7) (3.7) (!.8) 

14 72 184 60.2 4.9 2.2 1740 1595, 1515 
(60.3) (4.9) (2.3) 

IS 75 186 60.8 5.2 2.0 1725 1595, 1510 
(60.8) (5.1) (2.2) 

16 78 184 61.6 5.4 2.1 1725 1595, 1515 
(61.4) (5.3) (2.2) 

17 79 i 78 63.6 5.0 2.0 i 730 1600, i 5 ! 5 
(64.0) (4.9) (2.0) 

18 82 232 56.0 3.4 ! .7 1738 i 584, 1518 800 
(56.1) (3.5) (1.8) 

19 80 204 51.8 5.2 3.1 1740 1650 e 1644 e 798, 788 
(51.8) (5.1) (3.1) 

95 

a With decomposition, b Calculated values in parentheses, c In Nujol mulls (cm- i ). d S cm 2 mol- t (in acetone), e v(CO) of C(O)O-Pd. 
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Table 7 
NMR dam (J in Hz) for complexes 10-19 (in CDCi 3) 

Complex "H 8(SiMe 4) "' ~gF 8(CFCI 3) 3,p 8 (H3PO 4) 
I0 7.50 (m, 6 H o, PPh3) 

7.43 (m. 3 Hp, PPh 3) 
7.37 (m, 6 H m, PPh 3) 
4. I 8 (s, ! H, CH) 
3.72 (s, 3 H, CO 2 Me) 
2.60 (d, 3 H, NMe, J ~  1.9) 
2.55 (s, 3 H, CO2Me) 

- 118.4(d. 2 F o, Join 21.2) 
-161.1 (t, 1 Fp, .Imp 19.87 
-- 162.6 (m, 2 F m) 

27.8 (s) 

II 

12 

13 

14 

I$ 

16 

7.51 (m. 6 Ho, PPh3) 
7.37 (m. 3 Hp, PPh 3) 
7.27 (m. 6 H m. PPh;) 
4.!3 (s. I H, CH) 
3.72 (s, 3 H. CO 2 Me) 
2.78 (m. 2 H, NCH 2) 
2.52 (s. 3 H. CO 2 Met 
0.79 (t, 3 H, NCH2CH 3, JXH 7.2) 

7.51 (m. 6 H o, PPh 3) 
7.30 (m, 3 Hp. PPh 3) 
7.37 (m. 6 H m, PPh 3) 
4.13 (s, ! H, CH) 
3.72 (s, 3 H, CO z Me) 
2.63 (m, 2 H, NCH z) 
2.53 (s, 3 H, CO z Me) 
1.32 (m, 2 H. NCH2CH 2) 
0.39 (t, 3 H, CH2Ctl ~. Jua 7.3) 

7.44 (m, 6Ho. PPh~) 
7.32 (m, 3 Hp. PPh~) 
7.23 (m. 6 H m. PPh~) 
7.06 (m, 2 H o + i H w C¢,HsCH :) 
635 (d. 2 H,~, C6HsCH ~, J 6.97 
4.26 (s, I H, CH) 
4.18 (d, 2 H, NCH,~, J . .  3,3) 
3,$7 (s, 3 H, CO~ Me) 
2,~7 (s, 3 H, CO: Met 

7,24 (m, I$ H, PPh0 
6,98 (d, 2 H o. C~HsPd, J 7,2) 
6,58 (m, 2 H m + I Hp. C6HsPd) 
4.12(s, I H, CH) 
3,68 (s, 3 H, CO: Me) 
2,$6 (s, 3 H, CO2 Me) 
2,42 (d, 3 H. NMe. Jp, 1,9) 

7.24(m, 15 H, PPhs) 
6.99 (d, 2 H o. CoHsPd, J 7.2) 
6.55 (ca, 2 H m + I H w C6Hs~) 
4.12 ( s .  I H ,  CH) 
3,68 (s, 3 H, CO: Me) 
2.67 (m, 2H, NCH :) 
2.53 (s. 3H. CO 2 Me) 
036 (t, 3 H, NCH2CH~ , J , ,  7,0) 
7.24 (m. 15 H, PPh~) 
6.99 (d, 2 H o, CoHsPd. J ?.2) 
6,$5 (m, 2 H m + I l'h~, C6HsPd) 
4,04 (s, ! H, CH) 
3.67 (s, 3 H, CO: Met 
2,$3 (s, 3 H, CO~ Met 
2,50 (m. 2 H, NCH ~,) 
1.30 (m. 2 H. NCH2CH,) 
0.18 (t, 3 H, CH~CII~, J , ,  7.3) 

- 116.8 (d, 2 F o, Join 21.21 
- 161.0 (t 1 Fp Jm- 19.8) • ,D p 

! 62.6 (m, 2 F m) 

- ! 16.9 (d, 2 F o, Join 21.27 
- 161.2 (t, I Fp, Jmp 19.8) 

162.7 (m, 2 F m) 

- 117.9 {d, 2 Fo, So~ 21.2) 
- 161.9(t,  I F,, Stop 19.8) 

163.S (m, 2 F m) 

27.8 (s) 

28.6 (st 

28.0 (s) 

29.X (s) 

29.8 (s) 

29.8 (s) 
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Table 7 (continued) 

Complex =H ~i(SiMe 4) 19F ~(CFCi ;) sip ~ (HjPO4) 
17 

18 

19 

7.22 (m, 15 H, PPh 3) 
6.99 (d, 2 H o, C6HsPd, J 7.2) 
7.06 (m, 2 H o + 1 Hp, C6HsCH 2) 
4.19 (s, 1 H, CH) 
3.96 (d, 2 H, NCH 2, Jml 2.4) 
3.48 (s, 3 H, CO 2 Me) 
2.60 (s, 3 H, CO 2 Me) 

7.52 (m, 6 H o, PPh 3) 
7.32 (m, 6 H m + 3 Hp, PPh 3) 
6.75 (m, 5 H, NC6H 5) 
4.47 (s, I H, CH) 
3.26 (s, 3 H, CO 2 Me) 
2.71 (s, 3 H, CO 2 Me) 

7.05 (m, 2 H., + ! Hp, NPh) 
6.70 (d, 2 H o, Jom 6.75) 
3.62 (s, 3 H, CO 2 Me) 
3.41 (s, 2 H, CH 2) 

- 119.1 (d, 2 F o, Join 22.85) 
- 162.5 (t, 1 Fp, .imp 20.04) 
- 164.1 (m, 2 F m) 

- !!4.9 (d, 2 F o, Join 22.85) 
- 116.9 (d, 2 F o, Join 22.85) 
- 162.7 (t, I Fp, Jmp 19.75) 
- 163.3 (t, I Fp, Jmp 21.45) 

164.9 (m, 2 F m) 
- 165.6 (m, 2 F m) 

30.0 (s) 

28.7 (s) 

which gives on standing (23 h) the thermodynamical ly  
stable isomer (the aminofumarate)  [27]. However,  when 
complex 1 was treated with aqueous methanol at room 
temperature complex 19 was obtained (Scheme 3). The 
formation of  complex 19 requires the hydroxy-de-al-  
koxylat ion of  coordinated N(Ph)C(COjMe)CHC(OMe)  
O - ,  i.e., an addi t ion-el iminat ion process on a C = C  
double bond [28]. The suggested mechanism is pre- 
sented in Scheme 4 where the anionic organic ligand in 
complex I is represented by its iminoenolate form. 

C~Fs (]~ CsFs 04 

I 

- MeOH C~Fs O OH " _ ~  

19 

Scheme 4. 

1/2 [{Pd(CoFs)(PPha)(II"OH)I2] 

CoFs,,. O.....<OMe 
"<, 

1 
"f 

t 
PhNHa, DMAD 

112 [{Pd(CoFs)(PPh3)}2(t~-OH)(p-NHR)] 

PhHN.. ,C~Mo 
MeO2C'C-C~'H 

C e F C  ~ "'": 

1 8  

HCl(aq) 
P" 1/2 [{Pd(CeFs)2(p-CI)}2]2" + 

PlaN ~q C-OMe 
\ / 

MeO2C H 

MeOH (aq) ]" 
C6F5 ~ ~"v2 

1 9  

Scheme 3. 
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