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Summary

The molecular structure of the complex 2,2"-bipyridyldibenzylideneacetone-
paliadium has been determined crystallographically. The crystal structure is-
composed of two weakly associated Pd(bipy)(DBA) molecules and a henzeéne
solvate. Metals in both complex molecules are three coordinate with each Pd
bound to one bipyridyi and one dibenzylideneacetone olefin. Palladium- i
carbon distances in both molecules indicate a Pd—olefin bond of intermediate
_ strength. Structural differences between the two molecules suggest shght
’bondmg dlssxmﬂantles ~

Int.roduct:xon

~ The organometalhc chemxstry of zerovalent palladmm has’ developed far ﬂ '
more slowly.than that of nickel and platinum. Routes to Pd(0) complexes

have been plagued by formatxon of metallic'Pd at room temperature. Recent .

use of atomic metals:as- synthetic reagents ‘has produced a number of mterest- .

. ing organopalladmm(ﬂ) complexes, ‘among these the elusive’ bls(cycloocta—l 55 R

:“:'jdlene)palladmm complex, tris(bicyclo[2.2. 1]heptene)palladmm and’ tns(ethyl- L

_-ene)palladium [1]..These compounds, however, are only stable under thermal ~

. conditions well below.room temperature> The synthet.m advantages afforded
‘b : suchieomplexes’as the bls(l 5~COD) complexes of Ni(0 'and Pt(O)h
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systems, stmlar to two of the examples above {5,6,7]. Unhke mzny complexes
of nucleophilic Group VIII metals, Pd, (DBA); 1s easily prepared and does not
require mnert atmospheric conditions for preparation or storage Structural in-
vestigations appear to indicate that metal encapsulation by the bulky DBA
hgands contributes to their stability and low reactivity in sohd

Tne Pd—DBA complexes have proven to be useful precursors to other Pd(0)
complexes with phosphine, isocyamde and nitrogen donor hgands [5,8,9] Re-
active patterns of Pd(0) complexes indicate a relative low nucleophihcity for
the metal Addition of the hgands 2,2 -bipyndyl, 9,10-phenanthroline or pyrn-
dine to Pd,(DBA}; yields PA(N—N)(DBA) with activity of the metal greatly
enhanced. In the presence of molecular oxygen Pd(N—N)(O,) forms which
reverts to a dihydroxo species 1n protic solvents {8] The bipyndyl complex
Pd(bipy)(DBA) also reacts with organic azides forming an amido complex under
related conditions [10]

In the interest of comparing PdA—DBA coordination 1n Pd(bipy)(DBA) to othe
Pd—DBA complexes and to Pt—olefin bonding in the Pt(PPh,).(olefin) systems
we have determined the molecular structure of the complex We now report the
results of this investigation

Expernnmental section

The complex Pd(bipy}{DBA) was prepared by addition of a slight excess of
2,2'-bipynidine to a benzene solution of Pd,(DBA); CH,Cl, under nitrogen [5]
Slow evaporation of the solvent gave orange-red crystals. Chemical analyses m-
dicated the presence of a hemibenzene solvate. Precession and Weissenberg
photographs indicated monochnic symmetry with extinctions OkR0, k. =2n + 1
and hOl, h + 1 = 2n + 1 consistent with space group P2,/n. A crystal of the com-
plex was mounted, coated with an amorphous resin to retard decomposition 1in
air and ahgned on a Picker four-circle automated diffractometer The angular
settings of 18 strong, independent reflections with 26 values greater than 20°
were centered using Mo-K, radiation (A = 0.7107 A) and used to give refined
lattice constants of @ =13 926 (3), b = 13.935 (3),c =25 565 (5) and 8 =
94 36 (5)° An expenmental density of 1 44 (1) g cm™ 1s 1n agreement with a
calculated value of 1.435 g cm™ for four bimolecular unmits of composition
[PA(N;C,;¢Hg}(C;7H40)}]; - CsHg per umt cell The mosaic spread of the crystal
was determined using the narrow-source open-counter w-scan technique and was
found to be acceptable at 0.08°. An independent set of nntensity data was collect
ed by the €-20 scan techmque using Zr filtered Mo-K, radiation and allowances
for the K, — K, separataon at higher 26 values The data set was collected with-
in the angular range 4 < 20 < 45° Attenuators were mserted automatically 1f
the count rate of the diffracted beam exceeded 9000 counts/sec during scan.
Durning data collection the intensities of four standard reflections i different
regions of reciprocal space were monitored after every 100 reflections measured.
None of these reflections showed more than statistical deviations 1n mtensity
during the time required to collect data. Data were processed in the usual way
with values of I and o(I) corrected for Lorentz and polarization effects. No signif-
icant variations in transmission coefficients were found for the data set (1=
7.63 cm ™) so no correction for absorption was applied. The intensities of 7052
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reflections were measured of which 3379 were observed to be greater than 20
and used 1n the refinement

The structure was solved using conventional Patterson and Founer techniques
[11] In all calculations phenyl nngs associated with the dibenzyhdeneacetone
higands and the solvate were treated as ngid groups (d{(C—C) =1 392 A) During
all cycles of refinement the function mmmized was Zw(|Fol — {Fc})? and
weights taken as 4 Fo?/g%(Fo?) Standard deviations, d(F¥?), were calculated as
described previously [12] Scattering factors used were taken from conventional
sources {13} Final refinement of the structure including fixed contributions for
all hydrogen atoms converged with R = 0 059 and R, = 0.063 (R = Z||Foi —!|Fcj/
Y|Fol and R, = (Ew(|Fol — |Fe])*/ZwFo0?)!’?). The final positional and thermal
parameters of the structure are given in Table 1 Derved positional and iso-
tropic thermal parameters of the group atoms are given in Table 2 A table of
the final Fo and |Fc| values X10 for the 3379 reflections used m the refinement
15 available *

TABLE 2 - -
DERIVED POSITIONAL AND ISOTROPIC THERMAL PARAMETERS FOR GROUP CARBON ATOMS

Atom x 3 2 B (A)
R1C(1) 0 4726(7) 01059(22) 0 3794(4) 4 5(3)
R1C(2) 0 5411(7) 0 1393(10) 0 3470(3) 1 8(3)
R1C(3) 0 4974(8) 0 0916(11) 0 4326(4) 5 4(3)
R1C(4) 0 6593(7) 0 1442(22) 0 420%(4) 5 94
R1C(5) 0 5908(7) 01108(11) 0 4534(3) 6 4(4)
R1C(6) 0 6345(8) 0 1585(14) 0 3677¢4) 5 3¢4)
R2C(1) 01717(25) 0 0120(24) 01109¢4) 4 6(3)
R2C(2) 01395(17) -0 0017(14) 0 0586(3) S51(1)
R2C(3) 01340(10) —0 0433(14) 11498(3) 4 2(3)
R2C4) 0 0315(25) —0 1259(24) 0 0840(4) 6 9(4)
R2C(5) 00641Q27) —0 1123(34) 0 1364(3) 4 5(3)
R2C(6) 0 0696(11) —0 0796(14) 0 0451(3) 5.7(4)
R3C(1) —0 1322(7) 0 3212(6) 0 5518(3) 3.3(3)
R3C(2) —0 0679(6) 0 3451(6) 0 5941(4) 41(3)
R3C(2) —0 2082(6) 0 2589(6) 0 5589(3) 4 5¢3)
R3C(4) —0 1556(8) 0 2445(7) 0 6506(3) 5 5(4)
R3C(5) —0 2199(6) 0 2206(7) 0 6083(4%) 5 6(4)
R3C(6) —0 0796(6) 0 3068(7) 0 6435(3) 5 7(4)
R4C(1) —0 2B49(7) 0 4414(9) 0 2699(3) 4 8(3)
R4C(2) —0 3847(7) 0 3810(7) Q 2685(4) 6 1(4)
R4C(3) —0 2575(7) 0 482%8) 0 2239(4) 51(3)
RAC(4) —0 3896(8B) 0 2039(9) 0 1750(3) 6 1(4)
R4C(5) —0 3098(7) 0 4642(7) 0 1764(3) 5 6(4)
R4C(6) —0 4171r7) 0 3623(8) 0 22131(5) 7 6(5)
BzC(1) —0 0276(24) 0 3215(19) 0 0875(11) 9 3(8)
BzC(2) 0 0044(20) 0.2268(22) 0 0880(13) 9 6(8)
BzC(3) —0 1144(27) - 0 3443(14) 0 1081(11) . 8 A7)
BzC{4) —01372(18) 0177%{(18) 01297(10) T 2¢7)
BzC(5) —0 1692(20) 0 2726(20) 01282(14) 797
BzC(6) —0 0505(21) 01551(19) 0.1091(12) 8.1(7)

* The table of structure factors has been deposited as NAPS Document No. 02919. Order from
_~ 7 ASIS/NAPS, c/o Micyofiche Publications, 440 Park Avenue South, New York, N.¥. 16016 A
~ - copy may be secured by citing the document number.



108
Description of the structure

The structure consists of two weakly interacting Pd(bipy)(DBA) molecules
and a well separated benzene solvate. A stereoview showing both complex mole
cules 15 presented 1n Fig 1 Views of the inner coordination geometries of the
two molecules are presented 1n Fig. 2 and 3. Bond distances and angles for both
molecules are contaimned 1n Table 3

The DBA ligand 1s remarkably diverse 1 1ts coordination properties It may
bond as a diclefin to one [14] or two [5,7] metal centers, as a single olefin [6}
or as an oxygen donor [15] It exists in three conformational forms all of which
have been observed in various DBA complexes. Gross structural features of both
Pd(bipy)(DBA) molecules are similar The metals are three coordinate with DB/
ligands bonding through one olefin in the “W” conformational form Palladium-
carbon distances 1n the two Pd{bipy)(DBA) molecules are substantially shorter
than values found in Pd,(DBA); CH;Cl., Pd.(DBA), CHCI; or Pd(DBA); all o
which fall in the 2 25 A range Distances found in molecule 1 (contaming Pd(1)]
average to 2.074 (9) while similar distances in the second molecule average to
2100(S) A.

In drawing comparisons to Pt—olefin bonding in the Pt(PPh;),—(olefin) sys-
tems 1t should be pointed out that while the metallic radu of Pd and Pt are
comparable (Pt 1s about 0.01 A larger) contraction of the mtrogen—palladium—
nitrogen angle to 76 4 (4)° 1n the Pd(bipy)}(DBA) molecules compared with
P—Pt—P angles of 100—105° 1n the Pt(PPh,).(olefin) systems may alter bonding
properties at the olefin coordination site. However, major differences between
the two types of complexes would most likely relate to the strong donor nature
of the bipyndyl higand with enhanced Pd—olefin bonding Platinum—carbon
distances 1n the Pt(PPh;).(olefin) series range from 2.11 (3) A for ethylene {16]
to 2 00 (1) A for C.F,;[17]. The present values, therefore, reflect a Pd—olefin
inceraction of only intermediate strength with the enhanced nucleophilicity
expected with the mitrogen donors moderated by the low affinity for T-acceptor
ligands of zerovalent palladium.

Subtle but consistent structural dispanties between the two Pd(bipy(DBA)
molecules suggest differences in PA—DBA coordination within the molecular

l’!
L
’t‘i—\
or

St

Fig. 1 Stereoview showing the two independent PA(bipy XDBA) molecujes. Molecule 1 is at the lower left
of the vew. - - = g - s
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Fig 2 View of the inner coordination gecometry of molecule 1

pair. Palladiam—carbon distances are shorter in molecule 1 than molecule 2
In both molecules Pd—N lengths are approximately 0.05 A longer on the side
containing the uncoordinated portion of the pentadienone moiety. This may
be due to an interaction with the bipyndyl ring proton at the 6 position as
further indicated by bond angles about both Pd atoms. However, related P—N
lengths within the two molecules are 0 02 to 0 03 A shorter in molecule 1 While
this difference 1s of marginal statistical significance stronger donor bonding 1n
this molecule 1s consistent with the stronger Pd—olefin bond

Other features of the structure have bearing on this observation. Theoretical
treatments on trigonal olefin complexes of d'® metals indicate that # bonding
1s most effective with the olefin contained 1n the molecular plane [18] The di-
hedral angles between PdN; and Pd—olefin planes are 4 4 (5)° 1in molecule 1 and
16 7 (5)° 1n molecule 2 (Table 4) An additional feature associated with strong
metal—olefin coordination 1s distortion of substituents out of the olefin plane,
away from the metal. Dibenzyhdeneacetone ligands of the Pd,(DBA); and Pd-
(DBA); molecules have been found to be planar, including phenyl substituents
In the present structure the DBA associated with Pd(2) also exhibits no sub-
stantial deviation from planarity However the phenyl ring associated with the
coordinated olefin 1 molecule 1 1s 31° from the plane of the pentadienone

Fig. 3. Wew of the ong: cooydination g ol m, Z -
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TABLE 3
PRINCIPAL INTRAMOLECULAR BOND DISTANCES AND ANGLES IN (Pd(Bipy XDBA)]; CgHg

Atom Distances (A) Atoms Angles (deg )

Complex molecule I

Pd(1)y—N(1) 2177(8) N(I1 »-Pd(1)—N(2) 76 3(4)
Pa(1 )—N(2) 2 129(8) N1 )»-Pa(1)r—C(21) 116 9(4)
Pd(1)—C(21) 2 071¢9) N(1)—Pd(1)>—C(22) 156 6(4)
PA(1)—C(22) 2077(9) N(2)—-Pd(1)>—C(21) 166 4(4)
N(1)—C(2) 1 35(1) N(2)—Pd(2 )—~C(22) 126 5(5)
C(1)—C(2) 1 38(1) Pd(1)—N(1)—C(1) 116 8(8)
C(2)»-C(3) 141(1) Pd(1)>—N(1 ,~C(5) 120 7(9)
C(3)>—C(4) 1 40(1) Pd(1)—N(2)~C(6) 116 9(8)
C(4)—C(5) 143Q) Pa(1)y—N(2)—C(10) 125 3(9)
C(5)—N(1) 1 34(1) N(1)—C1)—C(2) 123Q1)
C(1)—C(6) 1 51Q1) N(1)CQ1)—C(6) 115(1)
N{(2)—C(6) 1 39(1) N{2)»—CH{E)—C17) 124(1)
C(6)—C(%) 1 36(1) N(2)—C(6)—C(1) 115(1)
CL1)»—C(8) 1 43(1) C(21)—Pd(1)—C(22) 40 0(4)
C(8)—C(9) 1 45(1) PA(1)—C(21)—C(22) 70 2(7)
C(9)—C(10) 139(1) Pd(1)y—C(22)—C(21) 69 7(7)
C(10)—N(2) 1 38(1) C(21)—C(22)—C(23) 120¢1)
C(21)—C(22) 142¢1) C(22)—C(23)—C(23) 116¢1)
C(22)—C(23) 1 46(1) C(22)—C(23)—0(1) 123(1)
C(23)>—0(1) 1 221} C(24)—C(23)—0Q1) 120(1)
C(23)—<C(24) 1 52¢1) C(23)—C(24)—~C(25) 115(1)
C(24)—C(25) 1 33¢1)

C(21)—R1C(1) 1 51¢2)

C(25)—R2C(3) 1 52¢2)

Complex molecule 11

Pd(2)—N(3) 2147(8) *{3)—Pd(2)—-N(4) 76 4(4)
PA(2)—N(2) 2 203(8) N(3)—Pa(2)—C(26) 116 8(1)
Pd(2)—C(26) 2.106(9) N(3)—Pd(2—C(27) 155 6(4)
PA(2)—C(27) 2.695(9) N(4)—Pd(2)—C(26) 165 0(4)
N(3)»—C(11) 1 40(1) N(4)—Pd(2)—C(27) 127 5(4)
C(11)—C(12) 1 38(1) PA(2)-N(3)—C(11) 117 7(9)
C(12)y—C(13) 1 I6¢1) PA(2)—N(3)—C(15) 123 9(9)
C(13)—<C(14) T4y PA{2)—-N{4)—C(16) 114 2(8)
C(14)—C(15) «1) PA(2)—N(4)—C(20) 123 0(9)
C(15)—N(3) 1 36(1) N(3)—-C(11)—CQ2) 124Q1)
c(11y—CQ116) 1 51(1) N(2)—C(11)~C(16) 113Q1)
N(4)—C(16) 1 36(1) N(4)—-C(16)—CQA7) 121(1)
C(16,—CL(17) 1 41(1) N(4)r—C(16)—C(11) 117Q1)
C(17)—C(18) 1 40(1) C(26)—-Pd(2)—C(27) 40 5(4)
Cc(18)—C(19) 1 38(1) PA(2)—C(26)—C(27) 69 3(6)
C(19)—C(20) 1 41(1) Pd(2)—C(27)—C(26) 70 2(7)
C(20)—N4) 135(1) C(26)—C(27)—C(28) 117(1)
C(26)—C(27) 145Q1) C(27)—C(28)—C(2=) 111(1)
C(27)—C(28) 1 461) C(27)>—C(28)—0(2) 126(1)
C(28)—~0(2) 1 23(1) C(29)»~-C(28)—0(2) 122¢1)
C(28)—C(29) 1 48(1) C(28)—C(29)—C(30) 119Q1)
C(29)—C(30) 1 37(1)

C(26)—R3CA) 1.51(2) _
C{(30)—R4C(1) 1 50(2)

portion of the ligand These features are all consistent with stronger bipynidyl
and DBA coordination to Pd{1) than to Pa{2).

The two independent Pd(bipy}{DBA) molecules are oriented 1n the crystal
structure such that aloms of the bipyridyi ligand of one are superimposed on
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TABLE 4
DIHIIDRAL ANGLES AND LEAST-SQUARES PLANES IN {Pd(bipy}DBA)l2 CgHg

Dihedral angles

Plane 1 Plane 2 Angle (°)
N(1) C(2) C() N(2) C(7T) C(9) 2 1(6)
N(3) C(12) Cc14) N{4) C(17y C(19) 10 4(6)
C(22) C(23) C(24) C(27) C(28) C(29) 10 4(6)
Pd(1) N(1) N(2) Pd(1) C(21) C(22) 4 3(5)
Pd(2) N(3) N() Pd(2) C(26) C(27) 16 7(5)
C(22) C(23) C(2%) Group R(1) 31

C(22) C(23) C(24) Group R(2) 5
C(27) C(28) C(29) Group R(3) E
C(Z7) C(28) C(29) Group R(4) 7

Lecst Squares Planes

Compound Atom Distance (A)
Dhl.enzyhideneacetone 1 PA(1) 192
—9 51lx +992y +552: =077 O(1) 0 00(1)
Cc(21) 001(Q1)
C(22) —0 04(1)
C(23) 002Q011)
C(24) 0 04(1)
C(25) —0 04(1)
Dibenzy lideneacetone 11 Pd(2) 195
~~0 06x + 9 31y + 10 48z = —9 82 0(2) —0 02(1)
C(26) Q 16(1)
C(27) —011(Q1)
C(28) —0 06(1)
Cc(29) —0 07(1)
C(30) 015(1)

¥ J.east-squares planes calculated according to [20] Equations given in monochme coordinates

the bipynidyl higand of the adjacent molecule Shortest interatomic separations
between ligands range from 3.40 to 3.62 A with interplanar separations of 3 51
and 3 55 A between 1solated pairs of pynidine rings. This particular feature 1s
normally associated with donor—acceptor behavior between electromcally
dissimilar species. If such an intermolecular interaction is responsible for the
pairing of Pd(bipy)(DBA) molecules it 1s extremely weak but consistent with
the structural differences between molecules
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