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of reactions of coordinated ligands for the production of new
ligand systems with a high degree of stereoselectivity. This
selectivity is a result of conformational and substituent ori-
entation effects of the chelate rings.

So far as I am aware this is the only example of a macro-
cyclic ligand that incorporates a piperidine ring. A recent
review lists literally dozens of macrocyclic compounds that

. contain pyridine moieties as subunits.!* Many of these com-
pounds were developed as metal-complexing agents. A large
number of new ligands could be prepared by reduction of the
pyridine subunits. If these reductions can be performed on
the metal complexes, a higher degree of stereoselectivity may
be expected. )

Experimental Section

Complexes 1 and 2 were prepared according to the literature
procedures.?

Raney-Nickel-Catalyzed Reductions. Reductions were done on ca.
2.5 gof 1 or 2 in 200 mL of water. Two to five grams of Raney nickel
(W-2 or Grace Grade 28) was added and the mixture placed under
50 psi H, (Parr apparatus) and agitated until gas uptake ceased (3~5
. h). After removal of the catalyst, solutions were acidified with a few
drops of concentrated HCIO, and evaporated to small volumes (~10
mL). The yellow-orange products that crystallized were collected
and dried in vacuo. Yields were in the range 60~85%. Recrystal-
lization of the product from 1 or 2 from acidified ethanol-water
mixtures gave yellow and/or orange crystals. In one instance, orange
crystals grew initially but slowly disappeared to be replaced by yellow.
The yellow form could be separated from the orange by preferential
dissolution of the latter in acetone. Crystallization of either form from
acetone by addition of ether gave only the orange material. Anal.
Caled for NiC;sH33N,Cl,04: C, 34.25; H, 6.13; N, 10.65. Found
(yellow form): C, 34.27; H, 6.12; N, 10.94, Found (orange form);
C, 34.31; H, 6.11; N, 10.93.

Visible spectra of 4 were determined on 10-3 M solutions in 5-cm
cells with the use of a Cary 14 spectrophotometer or 1-cm cells with
the use of a Beckman Acta V. NMR spectra were obtained at 100
and 220 MHz on trifluoroacetic acid solutions. The oxidation potential
of 4 was determined by cyclic voltammetry using a standard three-
electrode cell and a spherical platinum working electrode. Mea-
surements were made on 1073 M CH;CN/0.1 M »#-Bu,NBF, solutions
and potentials measured relative to a 0.1 M Ag*/Ag reference
electrode. Ata 200 mV/s scan rate the peak current ratio was unity
and the peak separation was 80 mV.
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D.N."? has recently reported that (allyloxy)phosphonium
(1) and (allylthio)uronium (2) salts react readily with zero-
valent nickel compounds like nickel carbonyl and bis(1,5-
cyclooctadiene)nickel to lead to cationic allylnickel complexes.
The corresponding palladium complexes [Pd(all)L,]* have
been already reported for L = R;P, R3As, and coordinating
solvents and L, = dienes, hexamethylbenzene, etc....> These

(1) Neibecker, D.; Castro, B. J. Organomet. Chem. 1977, 134, 105.
(2) Neibecker, D.; Castro, B. Tetrahedron Lett. 1977, 2351.

syntheses generally require the use of silver’®%¢ and thallium
salts® of so-called noncomplexing anions or sodium tetra-
phenylborate.® We report here an extension of the general
procedure used for nickel which uses easily accessible zero-
valent palladium compounds, i.e., tris(dibenzylidene-
acetone)dipalladium, Pd,(dba}, (3),* or bis(dibenzylidene-
acetone)palladium (4),° and allylic salts®’ together with pre-
liminary observations on the mechanism of the formation of
these complexes.

As stated by Ishii and his co-workers,® Pd,(dba), reacts
smoothly with allyl halides to give allylchloropalladium(II)
complexes. Reaction of equimolar amounts of 1a with 3 in
dichloromethane was monitored by UV-vis spectroscopy (107
M solution). After 2 h, the absorption at 524 nm we assigned
to coordinated dba vanished and a stable, yellow solution

_containing free dba was obtained. 'H NMR spectroscopy

(CH,Cl,, 107! M) shows the presence of a 2-methallyl ligand
(6 2.29, s, 2-methyl; & 2.98, s, anti H; § 3.93, s, syn H, assuming
the resonance of CH,Cl, at 5.35 ppm) together with the signals
awaited for hexamethylphosphorotriamide, hmpa (5 = 2.66,
3J(H-P) = 9.5 Hz) and dibenzylideneacetone (8 = 7-8).
Proton-decoupled *'P NMR spectroscopy indicates the coor-
dination of hmpa to the Pd(II) ion (6 = +36 for the salt 1a,
8 = +30.4 for the solution of complex 5, § = 24.1 for free
hmpa, in CH,Cl,). Addition of increments of hmpa indicate
a monotonic shift of the *'P signals toward the position ob-
served for a solution of hmpa in CH,Cl, (i.e., 1 equiv of hmpa,
d = 29.4; 3 equiv of hmpa, 6 = 27.0; 9 equiv of hmpa, ¢ =
25.2), suggesting the occurrence of the exchange

l, Il
_<-“Pd(hmpa)m «<\Pd(hmpa)n

Futhermore, the syn and anti protons of the 2-methylallyl
ligand are also affected by the addition of hmpa. Thus, ad-
dition of 1 equiv of hmpa shifts the Hyy, and H,,,; signals to
3.67 and 2.67 ppm. Noteworthy is that complex 6a (vide infra)
shows Hy,, and H,,; resonances at 3.87 and 2.98 ppm and a
3P resonance at 30.0 ppm, values which are not very different
from those observed in the reaction medium containing the
evolved dba. Addition of 1 equiv of hmpa to this complex also
affects these signals (respectively § = 3.63 and 2.67). Finally,
addition of free dba shifts the position of the same signals, but
addition of more than 1 equiv does not further modify their
positions (respectively 3.83 and 2.86 ppm). Interestingly, in
this case, the vinyl protons of dba are simultaneously de-
shielded by 0.2 ppm with respect to the free ligand and by 1.15
and 2.35 ppm with respect to the coordinated ligands of
Pd,(dba);.” This behavior could be interpreted by the co-
ordination to Pd(II) of the oxygen atom of the carbonyl ligand.
Thus another exchange

ﬂépd(hmpwn ‘* + dba ——— [—<{Pd(hmpa)n_1(dba) v ohmpa (2)

+ e

+ hmpa —/—=

Y 6y
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Table I
procedure

no. complex (solvent) vyield,® % color mp, °C H NMR?

6a —<'I:Pd"»hwa?w.sp% I (CH,ClL,) 95 2.24 (s, 3 H, 2-Me), 2.69 (d, *J(H-P) = 9.5 Hz, 27 H, NMe),

2.98 (s, 2 H, anti H), 3.87 (s, 2 H, syn H)®

6b —<::Pa{PPh3\EPF5 1 (MeCN) 92  white 230 dec  1.99 (s, 3 H, 2-Me), 3.41 (br, m, 2 H, anti H), 3.75 (br, s, 2 H, syn H)¢
1(CH,Cl,) 44
1

6c —<{E¢d(P(CsH“\;3)ZDF6 I (MeCN) 93 white 182dec  '1.96 (s, 3 H, 2-Me), 3.04 (br, m, 2 H, anti H), 4.30 (br,s, 2 H, syn H)d

6d —<(f3d[ar.cpr3312:>:6 I (CH,CL,) 98  white 182 dec  0.92 (s, 3 H, 2-Me), 2.27 (t, *J(H~P) = 9 Hz, 2 H, anti H),

) 4.0 (t, *J(H-P) = 4 Hz, 2 H, syn H)®

7a ﬁqﬁd(pprsyzppe 1(CH,Cl,) 85 white  188dec f

7b Dh4<::Pd{DPh3‘,2PFG 1 (CH,Cl,) 68 white 146 dec  3.84 (br, m, 2 H, anti H), 4.02 (br, s, 2 H, syn H)d

8a 4<<:Pdﬁmtu)2PF5 1 (CH,C1) 80 yellow 146 dec  2.05 (s, 3 H, 2-Me), 2.90 (s, 2 H, antj H), 3.26 (s, 24 H, NMe),®
I (MeCN) 89 3.75 (s, 2 H, syn H)
| 89 :

8b 4<(:Pd(Tm‘u]2C\O4 I (CH,C1) 100 yellow 145 dec  2.04 (s, 3 H, 2-Me), 2.91 (s, 2 H, anti H), 3.27 (s, 24 H, NMe),

3.77 (s, 2 H, syn )¢
8¢ ﬁjpd:mzue 1(CH,Cl,) 87 yellow 108dec f
8d Ph—-<{ZPd(TmTu‘;£Fe I (CH,Cl,) 90 yellow 127 dec  3.12(s, 26 H, anti H + NMe), 4.08 (s, 2 H, syn ma

@ The yields were optimized in only some instances. b 5 relative to Me, Si with the assumption that 8 (CH,Cl,) = 5.35 and §(CHCl,) =

7.27 downfield to Me, Si; s = singlet, d = doublet, t = triplet, m = multiplet, br = broad. ¢ In CD,Cl,. ¢ InCDCl,. ©InCH,Cl,.

T Room-

temperature ' H NMR spectra of poor quality for the 1-methylallyl groups.

OPh

CHCT,

/o anti
: Pd|P(0Ph) 5 1,"

anti

Figure 1. '"H NMR spectrum of complex 6d in CD,Cl,.

is occurring together with (1).
Addition of L ligands to this solution allows for the isolation,

after subsequent workup (see Experimental Section), of com-
plexes 6a—d. Similar complexes (7) could be obtained when
other (allyloxy)phosphonium salts (1b—c) are used. Satis-
factory elemental analyses are obtained for these compounds
and Table I reports the pertinent spectroscopy data. Note-
worthy is that complex 6a from both microanalysis (Anal.

Caled for C13H34F6N4'501'5P2I5Pd: C, 27.14; H, 5.95; N, 10.96;
Pd, 18.49. Found: C, 26.94; H, 5.97; N, 10.75; Pd, 18.64)
and NMR integration for the dimethylamino groups appears
to contain 1.5 equiv of hmpa per allylpalladium cation unit.
We are looking for the isolation of suitable crystals for an
X-ray investigation in order to determine whether or not the
complex is a 14-electron one with hmpa in the lattice.

By comparison with the recent report of Yamamoto and his
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Scheme 1
sz(dba)3 = d(dba) + Pd(dba)
3
= 1a RE=R%H; ROeMe
7)\, b (e, 1b RY=R%:H; RZ-Me
T elelon o3
1c RI=RZaH; R3=Ph

Rl
d dba)

(NMe2 ;
RE R2
bor! L /le
R pdy el B3P % (NHep) 5 ——\9 —<Psz
9 s dba
7 5 &
L = pong : alo= 1.5 hmpa
32 1.2 =2
aRRHRMe RLeRZ=H; R=Me bl = PP,
b RI=RZ=H; R3=Ph © L= PGy,
d L = P(OPh)

“ - 3

co-workers!® on the oxidative addition of allyl phenyl ether
on nickel(0) compounds, we suggest that the reaction occurs
according to Scheme I. Attempts to isolate the intermediate
5 from the reaction mixture have until now failed. Relevant
experiments in progress are designed to demonstrate the
plausibility of this reaction scheme.

Inspection of Table I shows the expected NMR patterns.
However, complex 6d presents in its 'H' NMR spectrum
(Figure 1) an upfield shift of the 2-methyl substituent. This
shift could be induced by the shielding of the methyl group
through either phenyl group(s) of the phosphite ligands or the
interaction of the methyl hydrogens with electron-poor pal-
ladium cation via an axial coordination as already reported
for other palladium complexes!! or allyliron complexes.!?
Variable-temperature NMR and X-ray crystallographic
studies of this compound will be undertaken in order to assign
the origin of this shift.

A similar reaction occurs with the (allylthio)uronium salts
2 leading to complexes 8 and, possibly, mixed-ligand complexes
9 although this opportunity has not yet been investigated.

R . .
: R {iPd(tmtu)}
N tmtu 8 2
A SC(NMe ), + Pddba) s /77 8
T e @

2 3 —patentot
\
2

tmtu = SC(NMEZ)2

Finally, it should be pointed out that the preparation of
cationic complexes according to the procedure of Powell and
Shaw3 could be modified and extended to noncomplexing
anions other than tetraphenylborate, like ammonium hexa-
fluorophosphate or lithium perchlorate.

Experimental Section

Procedure I:. (°-2-Methylallyl)bis(triphenylphosphine) palladium(II)
Hexafluorophosphate. In a 50-mL Schlenk tube were successively

placed Pd,{dba); CHCly* (259 mg, 0.25 mM) and ((2-methyl- .

allyl)oxy)tris(dimethylamino)phosphonium hexafluorophosphate® (190
mg, 0.5 mM). This mixture was degassed by three vacuum-argon
atmosphere cycles. Acetonitrile (10 mL) was then added and the
reaction mixture stirred under argon. After 45 min, the pale yellow

(10) Yamamoto, T.; Ishizu, J.; Yamamoto, A. Chem. Lett. 1979, 1385.

(11) Postel, M.; Pfeffer, M.; Riess, J. J. Am. Chem. Soc. 1977, 99, 5623.

(12) Ittel, S. D.; Van-Catledge, F. A.; Jesson, J. P. J. 4m. Chem. Soc. 1979,
101, 6905.

solution was filtered through Celite in order to remove some traces
of metallic palladium. Addition of triphenylphosphine (262 mg, 1
mM) followed by concentration of the reaction medium to ca. 2 mL
and addition of 50 mL of dry ether led to the precipitation of a white
solid. This suspension was stirred for 2 h, and then the solid was filtered
off and washed with 3 X 10 mL of ether. The microcrystalline powder
was dried under vacuum (yield 383 mg, 92%).

The same procedure was used with dichloromethane i in place of
acetonitrile.

Procedure II: (7°-2-Methylallyl)bis(tetramethylthiourea)palladi-
um(IT) Hexafluorophosphate. In a 50-mL Schlenk tube were suc-
cessively placed (°-2-methylallyl)chloropalladium(II) dimer (394 mg,
1 mM), tetramethylthiourea (529 mg, 4 mM), and finely powdered
ammonium hexafluorophosphate (326 mg, 2 mM). The mixture was
degassed by three vacuum-—argon atmosphere cycles. Acetonitrile (10
mL) was then added and the reaction mixture stirred under argon.
After 15 min, the suspended ammonium chloride was filtered off and
the solution concentrated in vacuo to ca. 2 mL. Addition of ether
(20 mL) led to the precipitation of the complex which was recovered
by filtration and washed with 3 X 10 mL of ether. The microcrystalline
powder was dried under vacuum (yield 1.01 g, 89%).
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Transition-metal carbonyls have long been studied as both
stoichiometric and catalytically active species in organometallic
reactions; their photochemistry has been actively investigated.}?
Soluble transition-metal catalysts offer the advantage of a
definite stoichiometry and structure and have been used to
elucidate catalytic reactions. The activity of the catalyst can
be controlled by variation of the ligands attached to the metal
atom, the oxidation state of the metal, or even the metal itself,
Understanding the influence of these variables will allow the
design of more efficient and more selective catalysts in the
future, i.e., catalysts tailored for a given reaction.’> Inorganic
synthetic techniques are now available to afford compounds
which will allow such systematic studies.

Several series of metal carbonyl-trifluorophosphine com-
pounds, of the general form M(PF;),(CO),, have been pre-
pared and characterized. Phosphorus trifluoride is unique in
the world of ligands that replace carbon monoxide in metal
carbonyls in that its substitution reactions result in the se-
quential replacement of carbonyl groups throughout the entire
composition range. When there can be more than one isomer
for a given composition, all possible isomers will generally exist.
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