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Abstract

Seven compounds of general formula {Pd(CNR)(n3—2—XC3H4)[Ph3PC(H)CO—
Me]}BF, (X = H, R = p-C;H ,OMe (1), R = C(Me); (2); X = Me, R = p-C;H,OMe
3), C(Me), (4), Me (5), C;H,; (6), p-C,H,NO, (7)) have been prepared by chloride
abstraction from PdACI(n*-2-XC,H,)[Ph,PC(H)COMe] (X = H, Me) with AgBF,
and subsequent reaction of the cationic intermediate with the appropriate iso-
cyanide ligand. All the complexes have been characterized by analytical and
spectroscopic (IR, 'H and *'P{'H} NMR) data. They have been shown to be a
mixture of two diastereoisomeric forms arising from the simultaneous presence on
the palladium atom of the asymmetric ylidic carbon atom and the n’-allyl ligand.
The determination of the crystal structure of complex 4 showed that in the solid
state only one diastereoisomer is present. The crystals are monoclinic, space group
Pc with a 9.833(3), b 14.383(4), ¢ 11.762(4) A, B 114.68(3)°, and Z =2. Final
full-matrix least-squares refinement, based on 2413 reflections, converged to R =
0.050. The keto-stabilized ylide ligand is C bonded to the metal with a Pd-C
distance of 2.175 (9) A.

0022-328X /89 /$03.50 © 1989 Elsevier Sequoia S.A.
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Introduction

An important general characteristic of transition metal complexes of ylides is the
stability of the metal-C(ylide) o-bond [1]. This stability, which is greater than that
of normal metal-alkyl o-bonds and in several cases is comparable with that of
metal-fluoroalkyl bonds [1b], is mainly due to the inductive effect and #-acceptor
character of the adjacent onium group. However, the nature of the substituents on
the ylidic carbon atom and that of the organometallic coordinated fragment can
also play an important role in the stabilization of the M-C(ylide) bond.

We have previously reported the synthesis and characterization of palladium-ylide
derivatives of type A (eq. 1) [2]. These complexes, which are stable in the solid state,

1 [PACI(n*-2-XC,H, )], + Ph,P-C(H)COR 2
(X = H, Me; R = Me, Ph)

Il

{‘PdCI(n-?-z-xc}m)[Phgf),C(H)COR} (1)
(A) |

show an extremely labile Pd-C(ylide) bond in solution. Thus, it has been observed
that the C-coordinated vlide spontaneously dissociates in CH,Cl, or CHCI, solu-
tion at room temperature, giving rise to an equilibrium mixture between the
compound A and its comparants.

Rupture of the M~C(ylide) bond is not a frequently observed process. Neverthe-
less, 1t may be involved in some reactions, such as in the ¢is—-rrans isomerization of
{PdCl,L{ER,C(H)COPh]} (L = PMe,, PMe,Ph; ER , = PMePh,. AsPh,. SMe,) [3]
or in the reversible dissociation of PACI,[C(H)(SMe, YCOPh], [4] in solution.

We describe here the preparation and characterization of a series of Pd''- P-ylide
complexes containing an isocyanide ligand (see Scheme 1). Replacement in com-
pounds of type A of an anionic (Cl ") by a neutral 7-acceptor {(CNR) ligand would
be expected to stabilize the M-C(vlide) bond to a greater extent towards dissocia-~
tion, thus allowing a more datailed study of this type of bond in allyl-Pd(1])
derivatives.

Experimental

General.  All operations were carried out under nitrogen. Solvents were distilled
under argon from appropriate drying agents [5] immediately before use. IR spectra
were recorded on a Perkin-Elmer 983 spectrophotometer as Nujol Mulls or CH,Cl,
solutions. '"H NMR spectra were recorded on a Bruker AM-400 and “'P{'H} NMR
spectra on a Vartan FT-80A spectrometer. Microanalyses were performed by the
Department of Analytical Chemistry of the University of Padua. The dimers
[PACI(n*-2-MeC,H )], and [PACI(5*-C, H5]2+[6] and the keto-stabilized ylide ampp
[(acetylmethylene)triphenylphosphorane, Ph,P-C(H)YCOMe] [7] were prepared by
published methods, as were p-methoxypheny! isocvanide [8], methyl isocvanide {8],
and p-nitrophenyl isocyanide [9]. t-Butyl isocyanide and cyclohexyl isocyanide were
purchased, and used as received. All other chemicals were reagent grade and used
without further purification.
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Table 1

Analytical data and characteristic IR bands for the complexes [Pd(CNR)(73-2-XC;H,)-
{Ph,PC(H)COCH , }]BF,

Com- X R M.p. Yield  Analysis IR (cm™ 1) ?
pound O (%) (Found(caled.)(%))
C H N v(C=N)  »(C=0)
1 H p-CH,OMe 94-96 812 5626 465 212 2188s“  1628s“
(56.04) (4.56) (2.04) 2190s°  1632s €
2 H  C(Me), 109-110 78.8 54.54 5.02 235 219659 1631s 4
(54.79) (5.23) (2.20) 22005  1632s°
3 Me p-C¢H,OMe 147-149 738 56.28 4.43 208 21885 16295
(56.64) (475) (2.00) 2190s¢  1631s°€
4 Me C(Me), 154-156  75.0 55.81 5.68 214 2201s¢  1640s ¢
(55.45) (5.43) (2.16) 2203s¢  163ds°
5 Me Me 107-108  80.5 5295 4.65 247 222759 162957
(53.36) (4.81) (2.31) 2232s°  1633s€
6 Me CHy 127-129 827 56.59 5.40 220 220559 1631s¢
(56.87) (5.52) (2.07) 2208s°  1635s°¢
7 Me p-CGH,NO, 115-118 713 5402 428 408 2177s¢  1629s ¢

(53.77)  (4.23) (3.92) 2179s°  1630s°

“ All complexes decompose on melting. ® s = strong. ¢ Dichloromethane solution. ¢ Nujol mull.

Preparation of {Pd(CNR)(v’-2-XC;H,){Ph,;PC(H)COMe]}BF, (X=H, R=p-
C,H,OMe (1), C(Me), (2); X = Me, R = p-C,H,OMe (3), C(Me) (4), Me (5), C;H,,
(6), p-CcH,NO, (7)). Compounds 1-7 were obtained by the procedure reported
below for complex 3 (see Scheme 1, path a).

A solution of 0.548 M AgBF, (1.83 cm’, 1.00 mglol) in acetone was added

dropwise to a suspension of PACl(7*-2-MeC,;H ,)[Ph,PC(H)COMe] (0.498 g, 1.00
mmol) in acetone (20 cm®) at —20° C. The mixture was stirred for 1 h then allowed
to warm to room temperature. The AgCl was filtered off and the filtrate treated
dropwise at —20°C with a solution of CNC¢H,-p-OMe (0.133 g, 1.00 mmol) in
acetone (10 cm’) during 20 min. The pale yellow solution was stirred for 30 min at
0°C, then its volume was reduced (to 2 cm’) and Et,O (40 cm’) was added, to give
an ivory solid, which was filtered off, washed with Et,0 (3 X 20 cm®), and dried
under vacuum. Yield 0.516 g. Analytical and spectral data for complexes 1-7 are
reported in Table 1 and 2.

Preparation of PAdCI(CNC,H ;p-OMe)(v’-2-MeC;H,) (B). This complex was
synthesized by the procedure previously described [10] for the preparation of
analogous isocyanide systems. A suspension of [PdCl(7'-2-MeC,H,], (0.394 g, 1.00
mmol) in anhydrous Et,O (30 cm’) at 0°C was treated dropwise with CNC4H ,-p-
OMe (0.266 g, 2.00 mmol) in Et,0 (10 cm®). The mixture was stirred for 30 min and
the white suspension formed was used for the subsequent reaction without isolation
of the solid, which is particularly unstable.

Synthesis of complex 3 starting from B.  The suspension of B was treated with a
solution of 0.548 M AgBF, (1.83 cm®, 1.00 mmol) in acetone at —20°C. The
mixture was stirred for 1 h then allowed to warm to room temperature. The AgCl
was filtered off and the filtrate was treated with an equimolar amount of ampp and
stirred for 30 min. The solution was concentrated to small volume (3 c¢’) and by
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adding of Et,0 (30 cm®) a white solid precipited which was identified as compound
3. Yield 0.453 g, 74%.

Reaction of complex 3 with CNC,H -p-OMe. A solution of complex 3 (0.175 g,
0.25 mmol) in 1,2-dichloroethane (20 cm’) was treated with CNCH ,-p-OMe (0.033
g, 0.25 mmol). The solution was stirred for 30 min at room temperature and then
taken to dryness under reduced pressure. The residue was extracted with CcH, (40
cm’) and the insoluble portion filtered off, washed with Et,0 (2 X 10 cm’), and
identified as [PA(CNCH ,-p-OMe),(7>-2-MeC,H,)IBF,. Yield 0.110 g, 83%; m.p.
133-135°C. IR (CH,Cl,; em™!): »(C=N) 2192s; 'H NMR (CDCl,, ppm):
8(OCH;) 3.85s, 8(Me) , 2.04s, 8(H,,,) 4.17br, §(H,,,,) 3.34br; elemental analy-
sis: Found: C, 47.09; H, 4.08; N, 5.10. C,,H,,N,0,BF,Pd calc.: C, 46.68; H, 4.11;
N, 5.45%. The free ylide (0.071 g, 89%) was recovered from the benzene extract by
concentration and addition of n-pentane.

Structure determination of (Pd(CNCMej)(n3-2-MeC3H,,)[Ph3PC(H)COMe]}BF4
(4). Crystals were obtained as a racemic mixture from a solution of 4 in dichloro-
methane / ethyl ether (1,/2) at —20°C.

Crystal data. C,,H;sBF,NOPPd, M = 515.4, monoclinic, a 9.833(3), b
14.383(4), ¢ 11.762(4) A, B 114.68(3)°, U 1512(1) A space group Pc, Z=2, D,
1428 g cm 3, p(Mo-K,) = 7.0, A(Mo-K,) = 0.71069 A.

Data collection and processing. Intensity data were recorded on an Enraf--Non-
ius CAD4 diffractometer, w-26 mode, Mo-K, radiation, graphite monochromator.
Four standard reflections measured periodically during data collection revealed no
significant decay. 2413 Unique reflections with 7> 3¢(/) (3 <6 <27° at room
temperature) were corrected for Lorentz-polarization effects. An empirical absorp-
tion correction was applied by using the Y-scan data from close to axial (i.e.
x >80 °) reflections. Anomalous dispersion corrections were applied to all non-hy-
drogen atoms [11a].

Structure analysis and refinement. The structure was solved by the heavy-atom
method and refined by full-matrix least-squares methods with anisotropic thermal
parameters for non-hydrogen atoms except the B and F atoms. Hydrogen atoms
were included at calculated positions and held fixed during refinement (B 5 A?).
The final values of the discrepancy indices were R=X|| F, |~ | F. || /| F,| = 0.050
and R =[Zw(|F,|~|F.])*/ —XwFE?]==0.055. Unit weights were used. No
significant difference in the R factors was observed upon change of the enanti-
omorph. Neutral atom scattering factors were taken from the literature [11b]. Data
processing was performed on a PDP 11 /44 computer by use of the Enraf—Nonius
SDP program library {12]. Tables of thermal parameters, hydrogen atom coordi-
nates, and observed and calculated structure factors are available from the authors.

Results and discussion

The route to complexes 1-7 from Pd dimers is illustrated in Scheme 1. Two
synthetic routes can be used. The first (a) involves initial formation of the Pd'n’-al-
lyl-ylide derivatives (A) [2], subsequent halide abstraction by AgBF,, and final
reaction of the cationic intermediate (A") with the isocyanide ligand. The second (b)
involves the preparation of Pd"-n’-allyl-isocyanide compounds (B), followed by
halide abstraction and then reaction of the cationic intermediate (B’) with ampp.
Complexes 1-7 were obtained by route (a), while compound 3 was also obtained by
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path (b). The products 1-7 are indefinitely stable as solids at 0°C. In solution in
chlorinated or alcoholic solvents they do not spontaneously dissociate, as their
parent compound (A) does {2], but gradually decompose during a few days. When
compounds 1-7 are treated with a stoichiometric amount of [AsPh,]Cl in CH,C1,
solution, the IR spectra show an immediate appearance of the strong band corre-
sponding to the free ylide at 1529 c¢m !. The ylide ligand is also replaced by
reaction with isocyanides. Thus compound 3 reacts immediately with one equivalent
of CNC(H,-p-OMe in 1,2-dichloroethane to give the bis-isocyanide derivative
[PA(CNCH ,-p-OMe), (7°-2-MeC,H,)]BF, and the free ylide, as depicted in eq. 2.

OMe OMe

© © +
N C,,/N H_ PRy
4
ME<Pd\ H + CN -@—OMe ——-—[Me—<Pd: }qu + i (2)

. C~come S P “y
PPhy" BF, N, o e

OMe

These experimental evidences suggest that the Pd-ylide bonds in compounds
1-7, is slightly stronger than those in the complexes of type A, but still weak enough
to be readily replaced by a Cl™ ion or CNR ligand. This lability is also consistent
with the structural data, which show a high value (2.175(9) ;\) for the Pd-C(ylide)
bond distance in the X-ray crystal structure of complex 4 (see below). All the
derivatives 1-7 were characterized by analytical and spectroscopic (IR, *H and
*'P{'H} NMR) data, and in the case of complex 4 also by an X-ray diffraction
study.

The IR spectra of the final products 1-7 show a strong absorption in the range
2177-2232 cm ™! (CH,CI, solution) characteristic of isocyanide ligands coordinated
to Pd" complexes [13]. The ylide ligand in all complexes 1-7 is coordinated to the
metal through the ylidic carbon atom. This is indicated by IR spectra, which display
a strong absorption in the range 1630-1634 cm™! (»(C=0) in CH,Cl, solution)
with 4r = »(C=0) ;g — ¥(C=0) jre. of 101-105 cm ™! characteristic for Pd"-C(ylide)
systems of keto-stabilized ylides [2,3]. The C(ylide)-coordination to the metal centre
involves a sp* — sp> rehybridization of the ylidic carbon to produce an asymmetric
carbon atom. The simultaneous presence of an n’-allylic group and an asymmetric
carbon bonded to palladium atom may amount for the existence for all complexes
1-7 of the two diastereoisomeric forms (Ia) and (Ib), as found also for derivatives of
type A [2].

X X
S “ea  pPh
/Pd\ /COMe /Pd\ Vs 3
C C £C —C
NZT O HTN NPT HTON
R™ PPh, R COMe
(1a) (1b)

The ¥P{'H} NMR spectra confirm this showing for all the complexes 1-7 two
signals, in ca. 1/1 ratio, in the range § 23.17-25.14 ppm characteristic of a
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phosphonium moiety [3]). The resonances are shifted by ca. 9-11 ppm downtield
with respect to the signal of free ampp. These shifts well agree with those found for
others palladium complexes of keto-stabilized vlides [2.14]. and favour C-coordina-
tion rather than O-coordination [15].

Also the "H NMR spectra of the compounds 1-7 suggest the existence of two
species (Ia) and (Ib). The complexes 1-7 show the signals of the methine proton of
the ylidic ligand in the range § 4.99-5.34 ppm as doublets arising from 'H-"'P
coupling. Compounds 1. 2 and 4 display two distinct doublets attributable to the
diastereoisomeric forms (Ia) and (Ib), while compounds 3. 5-7 show a singie
doublet. The values of the “J(HP) coupling constant between methine proton and
phosphorus atom of the ylidic ligand of derivatives 1--7 are in the range 3.55-4.39
Hz, these values are lower by 22-23 Hz than those for free ampp as a consequence
of the sp® — sp” rehybridization of the ylidic carbon upon coordination to the metal
centre [14,16]. The methyl group of the coordinated ylide gives rise to a doublet in
the "H NMR spectrum for each diastereoisomer (Ia) and (Ib) owing to the coupling
with the ylidic phosphorus atom. The */(HP) coupling constants are in the range
1.98-2.60 Hz, in agreement with those found for analogous derivatives A contaiing
ampp [2].

The allyl protons in the '"H NMR spectra of complexes 1-7 give rise 10 two sets
of signals attributable to the two diastereoisomeric forms (la) and (Ib). The
assignment of the allylic syn and anti protons is based on the values of the “J(HH)
couplings with the central proton (3(H, . H) > *J(H,,,, H) [17] for complexes 1 and
2. Furthermore, for all the complexes 1-7 it was assumed that syn and anti protons
trans to the coordinated isocyanide ligand undergo a greater shift than syn and anr
protons trans to coordinated ylide with respect to those observed for the allylic
protons in similar derivatives of type A [2]. However, it 1s not possible to assign the
corresponding signals to the separate diastereoisomers since tntegration ratios in the
“'P{'H} NMR spectra indicate that the two forms are present in similar amounts.
Finally, the signals of the syn allyl protons, in complexes 2. 4-7. show a distinct
syn—syn coupling, with values of “J(HH) in the range 2.14-2.80 Hz. in agreement
with those reported in the literature [18].

Figure 1 shows the 'H NMR spectrum of compound 1 as a typical example. It
exhibits the characteristic AMYZ-X pattern of allylic protons [19] for both di-
astereoisomeric species (Ia) and (Ib). The two multiplets centered at § 3.07 and 5.30
ppm are attributed to central proton. On the basis of the above assumptions, the
two doublets centred at § 4.44 and 4.38 ppm are assigned to the svn proton rrans io
ylide, and the doublets at 8 340 and 3.44 ppm to the syn proton wrans to
isocyanide. The two pairs of doublets, at § 2.93 and 2.80 ppm and at § 2.54 and
2.56 ppm, are attributed respectively to the enti protons trans and cis to the ylide
group.

X-Ray Structure of {Pa’(CNCMe_,,)(n}-J—MeC}H4)[P113P("(H)C()Me/}BP; (4).
The structure of the cation is depicted in Fig. 2, along with the atom numbering
scheme. For clarity only two C atoms of the phenyl groups are labeled. Final
fractional coordinates are given in Table 3, and selected bond lengths and angles in
Table 4.

The results of the structure analysis show that the crystal contains only one
enantiomeric form of the diastereoisomer (la), showing that upon crystallization. the
two enantiomers separate as a racemic mixture of the sterically less hindered

anlr
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5.0 4.0 30 2.0 1.0 C.0 ppm.
it i i A, 3, .

Fig. 1. Proton NMR spectrum in the 0.0-5.0 ppm range of {Pd(CNC,H 4-p-OMe)(n*-C,H )[Ph,PC(H)-
COMe]}BF, (1) in CDCl, at 299 K.

species. A similar shift of the equilibrium between (Ia) and (Ib) was previously
observed for the derivatives of type A [2].

The arrangement of the ligands around the palladium atom in the cation of 4,
(PA(CNCMe, )(n*-2-MeC, H ,)[Ph;PC(H)COMe]} *, is quite similar to that in the

Fig. 2. ORTEP drawing of the cation 4, {PA(CNCMe, }(n’-2-MeC,H ,)[PhPC(H)YCOMe]} ¥, showing the
atom numbering scheme.
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Table 3

Final fractional coordinates with e.s.d.s. in parentheses for { PA(CNCMe; )(n'-2-MeC,H 4 )[PhPC(H)CO-
Mel}BF, (4)

Atom X y z Atom  x ¥ z

Pd 0.500 0.15949(5) 0.500 C(17y  —-0.190(1y 0.2760(8) —-0.097(1)
P 0.1746(3) 0.2291(2) 0.2966(2) C(18)  —0.046(1) 0.2702(8) —0.0811(9)
O 0.3950(8) 0.3261(5) 0.2345(6) C(19) 0.063(1)  0.2581(8) 0.0366(9)
N 0.665(1) 0.3498(6) 0.5303(8) C(20) 0.20001)  0.3356(8) 0.3843(8)
(1) 0.625(1) 0.1035(8) 0.688(1) C21 0.267(1)  0.3341(8) 0.513(1)
C(2) 0.565(1) 0.0290(7) 0.601(1) C(22) 0.293(1)  0.418(1 0.581(1)
C3) 0.413(1) 0.0274(8) 0.533(1) C(23) 0.254(1)  0.5018(9) 0.512(1)
C(4) 0.669(1) —0.030(1) 0.570(1) C(24) 0.190(1y  0.3023(8) 0.387(1)
C(5) 0.347(1) 0.1834(7) 0.3059(9) C(25) 0.159(1)  0.4196(8) 0.322(1)
C(6) 0.425(1) 0.24428) 0.2543(8) C(26) 0.607(1) 0.2801(8) 0.5235(9)
C(7) 0.552(1) 0.203(1) 0.229(1) C(27) 0.724(1)  0.4429(8) 0.527(1)
C(8) 0.092(1) 0.1415(7) 0.3585(8) C(28) 0.608(2)  0.4940(%) 0.422(1)
C(9) 0.036(1) 0.1597(8) 0.446(1) 29 0.863(2)  0.432(1) 0.509(2)
C(16)y  —-0.027(1) 0.0906(9) 0.492(1) C(30) 0.758(2)  0.485(D 0.651(2)
C(1ly  —=0.025(1) 0.0007(9) 0.447(1) B 0.299(2y  0.220(1) 0.817(2)
C(12) 0.026(1) = 0.017%9) 0.361(1) F(1) 0.165(1)  0.2613(R) 0.7451(9)
C(13) 0.084(1) 0.0511(8) 0.3161(9) F(2) 0.295(2)  0.130(1) 0.765(1)
C(14) 0.034(1) 0.2495(6) 0.1392(9) F(3) 0.414(1)  0.258(1) 0.802(1)
C(15) —0.113(1) 0.2550(8) 0.122(1) F(4) 0.315¢1)  0.2005(9) 0.930(1)
C(16) —0.226(1) 0.267%8) 0.004(1)

Table 4

Selected bond lengths (Aos) and angles () for {Pd(CI\«lCMe3)(173—2-Mr:CqH4){PhJK"(H)C()Me}}BF4 (4).
with e.s.d.s. in parentheses

Pd-C(1) 2.19(1) P-C(20) 1.804(9)
PA-C(2) 2.168(8) 0-C(6) 1.21(1)
Pd-C(3) 2.18(1) N-C(26) 1.14(1)
Pd-C(5) 2.175(9) N—C(27) 1.47(1)
Pd-C(26) 1.988(9) C(1)-C(2) 1431
P-C(5) 1.744(9) C2)-C(3) 1.37(1)
P-C(8) 1.810(8) C2)-C(4) 1.48(1)
P-C(14) 1.814(R) C(5)-C(6) 1.46(1)
C6)-C(7) 1.52(1)
C(1)-Pd-C(2) 38.3(4) C(8)-P-C(20) 109.8(4)
C(1)-Pd-C(3) 66.2(4) C(14)-P-C(20) 108.1(4)
C(2)-Pd-C(3) 36.7(4) C(26)-N-C(27) 173 (1)
C(1)-Pd-C(5) 166.1(3) C(1)-CQ)-C(3) 116.9(9)
C(1)-Pd-C(26) 98.0(4) C(1)~C(2)-C(4) 119.1(9)
C(2)-Pd-C(5) 128.9(3) C(3)-C(2)-C(d 123(1)
C(2)-Pd-C(26) 131.1¢4) Pd-C(5)-P 110.4(6)
C(3)-Pd-C(5) 100.0(4) Pd-C(5)-C(6) 106.0(6)
C(3)-Pd-C(26) 163.4(4) P-C(5)-C(6) 114.1(6)
C(5)—Pd-C(26) 95.9(3) 0-C(6)-C(5) 122.2(8)
C(5)--P-C(8) 107.1(4) 0-C(6)-C(7) 120.0(8)
C(5)-P-C(14) 115.1(4) C(5)-C(6)-C(T) 117.7(8)
C(5)-P-C(20) 112.3(4) Pd-C(26)-N 176.4(8)

C(8)-P-C(14) 104.1(4)
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neutral Cl analogue, {PdCI(n*-2-MeC,H,)[Ph(H)COMe]} [2]. The geometry of the
allyl group is comparable with that usually found in palladium(I1l)-n’-allyl com-
plexes [20]. Thus the allyl plane, defined by atoms C(1), C(2), and C(3) forms a
dihedral angle of 110° with the coordination plane defined by Pd, C(5), and C(26).
The displacement of C(1), C(2), and C(3) from the coordination plane are 0.002,
0.592, and —0.181 A, respectively, with the allyl methyl carbon atom, C(4), 0.265 A
out of the allyl plane on the same side as the Pd.

The average value of the allylic Pd-C bond distance, 2.18(1) A, is slightly longer
than normal [20], in agreement with the rfrans influence of the ylidic, C(5), and
isocyanide, C(26), carbon atoms. This value is comparable with those found in other
compounds having the allyl group trans to a ylidic carbon atom [2,21].

The Pd-C(5) bond length of 2.175(9) Ais slightly shorter than that of 2.193(3) A
in the Cl analogue [2]. This feature is consistent with the observation that the
Pd—C(ylide) bond is slightly stronger in the CNR compounds than in the Cl
derivatives. However, the bond length is long enough to account for the observed
lability of the Pd-ylide bond (see above).

The geometry around the asymmetric C(5) atom as well as the P-C(5) bond
distance of 1.774(9) A agree well with those of other metal-ylide complexes
[2,21-23].

The Pd-C(26)-N-C(27) groups is essentially linear with Pd-C(26)-N and
C(26)-N-C(27) bond angles of 176.4(8) and 173(1)°, respectively. The Pd C(26),
N-C(26), and N-C(27) bond lengths of 1.988(9), 1.14(1), and 1.47(1) A, respec-
tively, suggest that the Pd—C(26) bond is essentially a single bond, the N-C(26)
bond maintaining its triple bond character.

Acknowledgements

The authors thank Mr. A. Berton for recording the NMR spectra, and the
Ministero Pubblica Istruzione (Rome) for financial support.

References

1 (a) H. Schmidbaur, Acc. Chem. Res., 8 (1975) 62; (b) L. Weber in F.R. Harley, S. Patai, The
Chemistry of the Metal-Carbon Bond, Wiley, Chichester 1982, p. 91; (¢) W.C. Kaska, Coord. Chem.
Rev., 1 (1983) 48; (d) H. Schmidbauer, Angew. Chem. Int. Ed. Engl., 22 (1983) 907; (e) L. Weber,
Angew. Chem. Int. Ed. Engl., 22 (1983) 516.

2 G. Facchin, R. Bertani, M. Calligaris, G. Nardin and M. Mari, J. Chem. Soc., Dalton Trans., (1987)
1381.

3 H. Koezuka, G. Matsubayashi, and T. Tanaka, Inorg. Chem,, 15 (1976) 417.

4 (a) P. Bravo, G. Fronza, C. Ticozzi, and G. Gaudiano, J. Organomet. Chem., 74 (1974) 143; (b) P.

Bravo, G. Fronza, and C, Ticozzi, ibid., 111 (1976) 361.

D.D. Perrin, W.L.F. Armarego, and D.R. Perrin, Purification of Laboratory Chemicals, Pergamon

Press, Oxford, 2nd edit., 1980.

[

6 F.R. Hartley and S.R. Jones, J. Organomet. Chem., 66 (1974) 465.
7 F. Ramirez and S. Dershowitz, J. Org. Chem., 22 (1957) 41.
8 G. Skorna and I. Ugi, Angew. Chem. Int. Ed. Engl., 16 (1977) 259.
9 R. Obrecht, R, Herrmann, and 1. Ugi, Synthesis, (1985) 400.
10 T. Boschi and B. Crociani, Inorg. Chim. Acta, 5 (1971) 477.
11 International Tables for X-Ray Crystallography, Kynoch Press: Birmingham, vol. 4, (a) Table 2.1.B;

(b) Table 2.2.B.
12 B.A. Frenz & Associates, Inc., College Station, Texas 77840; Enraf-Nonius, Delft, Holland, 1982.



420

13

14
15
16

17
18
19

20

G. Wilkinson, F.G.A. Stone, and E.W. Abel, Comprehensive Organometallic Chemistry, Pergamon,
Oxford. 1982, vol. 6 p. 284.

Y. Oosawa, H. Urabe, T. Saito, and Y. Sasaki. J. Organomet. Chem., 122 (19763 113.

R. Uson, J. Fornies, R. Navarro, P. Espinet, and C. Mendivil. J. Organomet. Chem.. 290 (1985) 125.
E.T. Waleski. Jr., J.L. Silver. M.D. Jansson. and J.L.. Burmeister, J. Organomet. Chem.. 102 (1975)
365.

J. Powell and B.L. Shaw. J. Chem. Soc. A, (1967) 1839.

P.W.IN.M. Van Leewen and A P. Praat, J. Organomet. Chem., 21 (1970) 301.

(a) G. Carturan, U. Belluco, A. Del Pra’, and G. Zanotti, Inorg. Chim. Acta, 33 (1979) 155: (b) A.
Scrivanti, G. Carturan, and B. Crociani, Organometallics, 2 (1983) 1612.

(a) A.E. Smith, Acta Crystallogr., 18 (1965) 331; (b) W.E. Oberhaushi and L.F. Dohl. J. Organomet.
Chem.. 3 (1965) 43; (c) R. Mason and D.R. Russel, Chem. Commun., (1966) 26; (d) R. Mason and
A.G. Wheeler, J. Chem. Soc. A, (1968) 2549; (¢) R. Mason and P.O. Whimp, ibid.. (1969) 2709: ()
S.J. Lippard and S M. Morehouse, J. Am. Chem. Soc., 91 (1969) 2504: (g) S.I. Lippard and S.M.
Morehouse, ibid., 94 (1972) 6956: (h) P.M. Baiiey, E.A. Kelley, and P.M. Maitlis. J. Organomet.
Chem., (1978) 144 C52; (1) L.S. Hegedus, B. Akemark, D.J. Olsen. O.P, Anderson, and K. Zetterberg,
J. Am. Chem. Soc., 104 (1982) 697; (j) T. Ohta, T. Hosokawa, S.-1. Murahashi, K. Miki. and N. Kasati,
Organometallics, 4 (1985) 2080; (k) J.W. Faller. C. Blankouship. B. Withmore. and S. Seno, Inorg.
Chem., 24 (1985) 4483,

R.M. Buchanan and C.G. Pierpont, Inorg. Chem.. 18 (1979) 3608.

(ay H. Takahashi, Y. Qosawa, A. Kobayashi, T. Saito, and Y. Sasaki, Bull. Chem. Soc. Jpn.. 50 (1977)
1771 (b) J. Stein, J.P. Fackler, jun.. C. Paparizos, and H-W. Chen, J. Am. Chem. Soc.. 103 (1981)
2192; (c) C. Engelter, J.R. Moss, M.L. Niven, L.R. Nassimbeni. and G. Reid. J. Organomet. Chein.,
232 (1982) C78.

(a) B.L. Barnett and C. Kriiger, J. Cryst. Mol. Struct., 2 (1972) 271; (b) N.J. Kermode. M.F. Lappert.
B.W._ Skelton, A H. White, and J. Holton, J. Organomet, Chem., 228 (1982) C71: (¢) M.L. Hlings-
worth, JLA. Teagle, J.L. Burmeister, W.C. Fultz, and A.L. Rheingold. Organometallics. 2 (1983) 1364,



