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SUMMARY

The crystal structure of the compound (m-methallyl)(2-(R,S)-«-phenylethyl-
umno-3-penten—4—olato)palladmm(II) has been determined. The complex crystallizes
in the monoclinic system, space group P2,/c with a=9.385, b=10.35, c=19. 34 A
and B=124°13'". The structure has been solved by Patterson and Fourier methods
and refined to an R factor of 0.056 using 1021 independent reflections measured with
counter techniques (Mo-Ka). The chelating rmg presents a localized electronic struc-
ture and the coordination of the metal atom is distorted square planar.

INTRODUCTION

Recently we reported NMR and preliminary X-ray data for (m-methallyl)-
(2-(R, S)-at-phenyIethyhrmno—3-penten—4»-olato)palladlum(II)l which was chosen
as an example of an asymmetric Pd complex havin; a stereoisomeric center in the
chelate ligand as well as a chiral allyl group. In addition to studying the molecular
asymmetry of this compound, we were also interested in determining the structure
of the ketoamine ligand, which has been little studied previously. For this ligand the
following formulation is generally accepted:

However, the only example of an X-ray structural determination is a 2-salicylimino-
3-penten-4-olato—copper complex, and refined to a conventional R value of 0.15%.
In this paper we report detailed results on the crystal structure analysis of the title
compound.

EXPERIMENTAL

Single crystals of the complex were kihdlyr supplied by Dr. A. Musco. From
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prehmmary Welssenberg photographs the crystals were found to belong to the mono-
_clinic system, space group P2,/c.

‘A small crystal of approximately cylmdncal shape was chosen for the X-ray
data collection, which was carried out on a Siemens four-circles automated diffracto-
meter equipped with a PDP-8 digital computer.

The determination of the lattice constants (see Table 1) was carried out by a
least-square treatment of 20, y, ¢ setting angles of 22 reflections with 20 > 30°"
(Mo-K_ 1=0.71069 A). A total of 1021 non-zero independent reflections with I >2 ¢
(I), collected using a 8 — 26 scan made with Zr-filtered Mo-K, radiation, were utilized
during the structure refinement.

TABLE 1

CRYSTAL DATA OF PdC,,H.,ON

a 985+002A Space group: P2,/c
b 10.35+002A Mol. wt. 363

c 1934+004A Do, 147 gecm™3
B 124°13' 415" - Doy 148 g-cm™3
Z 4

The structure was solved by the Patterson method, localizing the heavy atom,
and by successive Fourier maps calculated after stepwise introduction of all the non-
hydrogen atoms. Nine cycles block-diagonal least squares brought the conventional
R factor to 0.056. A list of the observed and calculated siructure factors for the 1021
non-zero independent reflections has been deposited with the American Society for
Information Science*. The last two cycles were performed with anisotropic thermal
parameters for the Pd atom. At this stage a difference Fourier indicated the positions
of only 7 hydrogen atoms almost in the expected positions, but these were not included
because the peaks in the Fourier synthesis were not sufficiently above the noise level
to warrant refinement. The atomic coordinates and their temperature factors are

reported in Table 2.
DISCUSSION OF THE RESULTS

The molecular geometrical parameters of the title compound are given in
Table 3. Fig 1 shows the molecular structure of the complex as viewed orthogonally
to the coordination plane of Pd. Some significant geometrical parameters are shown.
Except for a few bond distances [C(6)-C(7) 1.47, C(7)-C(8) 1.31, C(4)—C(16) 1.60 and
C(3)-C(15) 1.59 A) the parameters are normal w1th1n the standard deviations (average
value +093 A). In particular, we believe that the distances C(3)-N 1.28 and C(1)-C(2)
1.38 A correspond to localized double bonds, while the distances C(2)-C(3) 1.51 and
C(1)-O 1.34 A indicate the presence of single bonds. We note that it is very impro-
bable that the four bonds (from O through N) of the chelating ring are all affected by

. * A copy of the list of structure factors may be obtained by application to the authors.
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" TABLE 2

A. Positional parameters (e.s.d. in unit of the last significant figure)

Atom - x/a /b - zfe

Pd 0.2746(1) 0.2060(1) 0.3787(1)
o} 0.236(1) 0.118(1) 0.462(1)
N 0.102(1) 0.351{1) 0.353(1)
C(1) 0.164(1) 0.170(1) 0.498(1)
C(2) 0.073(1) 0.283(1) 0.469(1)
C(3) 0.039(1) 0.360(1) 0.397(1)
C(4) 0.046(1) 0.440(1) 0.279(1)
C(5) 0.189(1) 0.521(1) 0.296(1)
C(6) 0.318(1) 0.547(1) 0.379(1)
cn 0453(2) 0.626(1) 0.389(1)
C(8) 0.447(2) 0.676(2) 0.326(1)
c(9) 0314(2) 0.650(1) 0.241(1)
C(10) 0.185(2) 0.572(1) 0.226(1)
c@1) 0.441(2) 0.059(1) 0.389(1)
C(12) 0.484(1) 0.182(1) 0.379(1)
C(13) 0.366(1) 0.248(1) 0.305(1)
C(14) 0.181(2) 0.097(1) 0.569(1)
C(15) —0.087(2) 0.473(1) 0.376(1)
cle)  —0.042(1) 0.358(1) 0.196(1)
c(17) 0.644(2) 0.247(2) 0.448(1)

B. Thermal parameters
T=exp—1/4(B,,-h>-a**+Bay-k*-b**+ B33 12-c*2+2B,,-h-k-a*-b*+2B,5-h-1-a*-c*+2Bay k-1 -
bt.ct)

Atom B By, B,, Bss Bia Bis Bas
Pd 3.62(3) 3.99(4) 4.93(14) 0.55(3) 1.98(5) 0.48(6)
o 45(2)
N 3.4(2)
cw 4003)
C(2) 4.1(3)
cB) 39(3)
c(a) 3.5(3)
c(s5) 33(2)
C(6) 46(3)
c() 5.6(4)
C(R) 6.3(4)
c() 53(4)
C(10) 4.6(3)
c(11) 49(3)
c(12) 4.6(3)
c(13) 4.6(3)
C(14) 51(3)
c(s) 579
C(16) 4.4(3)
c(17) 6.0(4)

errors larger than the standard deviation in the direction coherent with a localized
electron structure, and we also note that these four bond lengths are almost identical
with those reported for salicylaldiminato complexes, several of which have been
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" TABLE 3

- {(a). Bond lengths (d) . . o e T
‘Pd-0 . 207(1) C5)-Cl6)- 1.40(3)
Pd-N- - . 211(1) - CE)-C(n) 1.473)
O-C(1) 13420 C(D-C(8) 13103)
C1)-C(14).  149(3) . C(8)-C(9) 1430)
c-c@) o 138() - C()-C(10) 1.40(2)
C(2)-C(3) 151(3) - C(10)-C(5) 1.43(3)
C()-C(15) 1590 - Ppd-C(11) 2.16(2)
CE-N 128(3) Pd-C(12) 207(2)
N-C(4) 1.50(2) Pd-C(13) 2.11(2)
C(4)-C(16) 1.60(3) C(11)-C{12) - 1.39(2)
C)-C(5) 1.52(2) c(12-C(13)  1.41(3)

C(12)-c(17) 1.54(3)

(b). Bond angles (°)

O-Pd-N 91.2(2) O-Pd-C(11) 94.6(3)
Pd~0O-C(1) 127.4(12) N-Pd-C(13) - 106.6(4)
O—C(1)-C(2) 123.1(8) C(10)-C(5)-C(6) 122.4(9)
0—C(1)-C(14) 117.0(8) C(14)-C(1)-C(2) 119.8(8)
C(2)-C(3)-C(15) 110.5(7) C(2)-C(3)-N 129.8(9)
C(1)-C(2)-C(3) 125.0(8) C(159-C(3)-N 119.7(8)
C(3)-N-Pd 121.1(3) C(3)-N-C(4) 120.3(7)
C(4)~N-Pd 118.5(3) N-C(8)-C(5) 109.9(6)
N-C(4)-C(16) 109.9(6) C(16)—C(4)—C(5) 114.2(7)
CA)~C(5)-C(6) 119.0(8) C(4)-C(5)-C(10) 118.6(8)
C(5)-C(6)-C(T) 1154(3) C(6)-C(7)~C(8) 122.5(12)
C(7)-C(8)-C(9) 122.0(9) C(8)-C(9)-C(10) 118.6(9)
C(9)—-C(10)~C(5) 118.9(8) C(11)-Pd-C(13) 67.1(5)
Pd~C(13)~C(12) 69.0(11) C(13)-C(12)-C(11) 116.1(7)
C12)-C(11)-Pd 67.7(4) C(11)—C(12)-C(17) 121.6(7)
C(13)-C(12)—C(17) _

(¢). Rotation angles () (trans conformation=180°)

Pd-0O-C(1)-C(14) 192 N-C(4)-C(5)-C(6) - 26
Pd—0~C(1)-C(2) 14 N-C@)-C(5)-C(10) 155
O-C(1)-C(2)—C(3) 2 CA)-C(5)~C(6)~C(7) 179
C(1)-C(2)-C(3)-C(15) 173  C{4)-C(5)-C(10)-C(9) 178
C(1)-C(2)-CB3)-N —10 Pd~C(13)-C(12)-C(17) 247
C(2)—C(3)-N-Pd 2 Pa~-C(11)~C(12)-C(17) 114
C(3)-N—C(4)—C(16) 245 O-Pd-C(11)—-{12) 216
C(3)-N-C(4)~C(5) 117 N-Pd~C(13)-C(12) 152

studied by X-ray (see for example ref. 3). In all these cases the structure ~-N=C—C=C—
-O— was found. The atoms O, C(1), C(2), C(3), N, do not lie in a plane, as expected for a
resonating structure of the chelating ring; the internal rotation angles O-C(1)~C-
(2)—C(3) and C(2)—C(3)~N-Pd are both 2°, while Pd—0O—~C(1)-C(2) is 14° and C(1)—
C(2)—C(3)~N is — 10°. These parameters clearly distinguish single and double bonds,
and confirm the following structure: o

Revtl
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Fig. 1.

The conformation of the bond N~C(4) is skew [C(3)-N~-C(4)—C(5) 117°, and
C(3)-N-C(4)—~C(16) 2457], as expected for a single bond adjacent to a double bond*.
The coordination of the metal atom is distorted square planar.

The large N—-Pd-C(13) bond angle of 106°, compared with the O—Pd—-C(11)
angle of 95°, arises from the need to relieve the non-bonded interactions between the
allyl group and the phenyl group disposed on the same side of the coordination plane
of Pd: C(13)...C(5) 3.55 and C(13)...C(10) 3.70 A. The conformation of the allyl

Fig. 2.
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group is norma]_ The methyl group C(17) is about 0 2A out of the plane C(ll)-—C(lz)-
C(13) towards the metal, as found in other SLmllar cases’. As previously reported,

seven of the ten hydrogen atoms belonging to sp? carbon atoms (the CH, groups are
probably dlsordered) were localized by the Fourier difference. In particular we found
that H(13) points toward the phenyl ring. The bond C(13)—H(13) is almost orthogonal
to the plane of the phenyl group, and H(13) experiences short contact distances with
the phenyl ring; these results confirm the electronic interaction indicated by NMR.

A Figure 2 shows the projections of the structure of the title compound along the
b axis. Inspection of the intramolecular distances below 3. 6A shows that there are
no particularly short contacts between molecules.
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