‘?(II),TRIAZENIDO COMPLEX. _[(1 3-77-C3H5 )Pd(II)(p CH3CGIr14NNNCGH40H )

8. CANDELORO 'DE SANCTIS, NV: PAVEL* S ’} ' ,
,' Laboratorlo dl Chlmlca-fiswa Isntuto Chtmzco Unwersxta dz Roma (I taly
‘and L TONIOLO : : PR e T

Istztuto di’ Chzmlca Generale ed Inorgamca edi (,hxmzca Inorgamca Industrzale,
di Padova (Italy) : : . .

:-(Recexved October 27th 1975) . i

; Summary
For the class of compounds mentloned in the tltle 1t is d1ff1ca1t to establish
_nthe structure unamblguously on the ba51s of spectroscoplc data We stud1 th

'Space group P2,/c. @ = 8. 510(2), b'=40. 652(9), c=9. 762(2) A 3

«=1.50 g/cm3. R = 0.041, R,, = 0.060, based on 3978 indeperndent.
: tlons The two- 1r-ally1pallad1um‘ residues are bndged by -two 1,3-di- -p-
~ azenido groups, gaining.an apprommate square planar coordmatlon ’
“each heavy atom. The two allyl units are sterecchermcally equlvalent
- central carbon atoms pomtmg outwards. ‘The rigid. tnazemdo gr_o
two: palladmm atoms into close contact (2.86 A): The:aromatic rings:are some
‘what rotated vnth respect ‘to the bonded N—N—N planes, but me 7-Comnjug
. tlon over the Whole hgand is stlll retamed LR

,',;iil-‘-“-ﬁ""d‘_icti@hf: RN



Another bndgmg arrangement has been found in [Pd(1r-metha1—— B
thyltrlazerudo)]z, where the bndgmg tnazemdo hgand presents a’

-Allyl complexes of the’ tran51t10n metals and partlcularly of palladmm(II), .
have shown great; potent:al as catalysts [22]. Many X-ray diffraction studies.on
allylpalladxum(II) complexes ‘have established the delocalization of the C—C BT
uble bond of the allylic m01efy ﬂ-coordmated to the metal [28—26]. " ‘
L] ecently, we have synthesized ‘a series of new dimeric allylpalladmm(II) com-u -

plexes. conta.mmg bndgmg 1 3-dlaryltnazemdo hgands [27]. '"H NMR studles s
have shown the presence of two isomers w1th symmetnc (D or E) and asym- Can T
- ‘metric (F) m-allyl groups [27]. .
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;i__ :In order to estabhah the nature of one of these isomers and the geometry of
_the triazenido linkage we have studied the structure of one of the synthes1zed
- compounds, di-y-(1,3- d1-p-toly1tr1azen1do)d1-(1 3-n-ally1)d1pa11ad1um(II), by
'}'.X—ray _diﬁ'actlon ana1y51s :

The preparatlon of the compound has been reported ina prevmus paper [27 ]
- Good prismatic yellow crystals Were obtamed on recrystalhzatlon ﬁom a benzene/
o thanol mixture.

» The crystal data are [(1 3-11-C3H5)Pd(II)(p CH3C6H4NNNCGH4CH3-p)]2




'N(3)

‘"'_‘eters did’ not show any feature whrch could be attnbuted to: relevant al »sorpt1
Vand therefore no absorptlon correctlon was apphed throughout -

Solutmn and reﬁnemeut 01 the structure : e

- The structure was solved by the standard Patterson method and was refmed
by block—dlagonal least-squares The' quantlty minimized was Zw(lFol — | F, I)2 7
where w = (110.0 + |F,| +:0.001|F¢}*)™". The final dlscrepancy indexes R= .
TIFsl — IFcn/EIFolandR = [Ew(IFol — lF 1)2/2w[F°|2] 12 ‘were 0. 041 and
: 0 060, respectively. :
© " The parameters varied were. the coordmates of the 42 non-hydrogen atoms L
“and the1r 1sotrop1c temperature factors replaced by amsotroplc thernal param s
N eters in the course of the calculation. L
The hydrogen atoms were generated at the expected p051t10ns (C——H 1. 08 A)“ a
- and were included, but not refined, in the last three cycles by assuming B=5.5
" A%, which is an'average of the’ thermal parameter values of the attached atoms
In the last three-squares cycle the average ratio of parameter Shlft to stand"
‘deviation was 0.04. The final difference Fourier synthesis showed 15 peaks o :
_height between 0.4 and 0. 5 electrons/A3, 8 of which surrounded the palladlum
_-atoms and the others were randomly placed. - B
The atomic scattering factors used were those of Cromer and Mann [28] fo
‘the non-hydrogen atoms and those of Hanson et al. [29] for hydrogen while
: 'the correction for the real part of the anomalous drspersmn for the palladlum )
' atoms was taken from the table given by Cromer [30] :

. i (eon_tmued on p. 414
TABLE 1 . . - R o
FINAL ATOMIC COORDINATES WITH es.d. ’s

Atoms : x/a RN 7. SRR S izpe
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All the reported ca.lcu]atlons, except those for r.he data reductlon, were done
with'a set of programs written for the UNIVAC 1108 computer by: Domemcano,
i Spagna and ‘Vaciago. [31] together Wlth a versatlle structure factor least-squares 0
. program ‘written by R. Carruthers. ' R
The fmal posmonal parameters are collected in Table 1 and the anlsotroplc
thermal - parameters for the non-hydrogen atoms are shown in Table 2 -

OLECULAR DISTANCES (A) AND ANGLES ) WITH ¢5.d’s




: 11&7(5) -

‘Fig. 2:'iScheruatic drawmg of the all'ylpalladiumrtriazenido,cculpvl’ex'shqwihg bond angles with es.d.’s. ¢ . -

A hst of the observed and calculated structure factors is avallable * Two
Zreﬂectlons, 020 and 040 with : sin 8/A < 0.05.871, appeared to be strongly .
\affected by extmctlon and were kept out of the refmement after a few cycles.

: Dlscussmn of the molecular and crystal structure

The bon, engths and angles are reported 1n Flg 1 and 2; where some relevant':
B mtramolecul_er dlstances :_md angles aJ:e glven too, asin Table 3. - )




t_h that found in known structures [23—26] of 7r-a11yl
A dso do the values of the pa]ladmm—carbon dlstances




- -Fxg 4 The coordmaf.lon axound the pallad.lum centers in the allylpalladu.u:n tnazemdo complex wewed

"alongthecams A

_ chemlstry in SOlutl.OIl, mdlcate two p0551b1e conformers w1th the allyhc umts
stereochemlcally non-eqmvalent (F), or equivalent (D or E). In the solid- state
the first-conformer was found for the related [Pd(1-3-n-C;H;)(AcO)1;.[8]."
- . Inour complex ‘the allyl groups are stereochem.lcally equlvalent w1th the
-.central carbon atoms pointing outwards (see Fig. 4 and. [27] for dlscussmn);?
~The Pd—Pd dlstance is 2.86 A, whlch has to be compared Wlth 2.97-8'in

“lie palladmm 151 2 56- A in- [Pd(dpt)z]z [17] (dpt 1 3-d.lphenyltnazemdo)
i.;r_and 2 94 A 1n [Pd(OAc)(l 3-17-C3H5)]2 [8]-‘. Very: shorl; metal——metal’ dlstances
b N » o A z




. 841
- 32.7,;[ ’
269 7 -
120.0 - .
N 1179;‘»;{

l?dm

S ()

UN(B)
'Pd(2)

S ey
"o C(B)
10(6)

L >TRIAZ2:

- PN4NG6P -

v:émnsp 6: PA(1); N(4), N(6) and Pd(2) a:om; ; '
2535y+ 0.7486Z —4.6717=0

PN1N3P/PN4NGP
“TOL1/TRIAZ1
~TOL2/TRIAZ1

. TOL3/TRIAZ2

_TOL4/TRIAZ2

-—0.192
- 0.252
—0.250
- 0.190

tomxc dx.stances (A) from the planes: :
:N3P2N6

859 -
- 32.9

23.0 .

28.8"

4.3




" dimers and when' there isno cage, the repulswe forces between the fx]led a
: orbltals causethe palladmm atoms to move apart.:_ LI
" “Inthe present structure the N(l)-—Pd(l)—-Pd(Z)——N(3) a.nd N(4)-—Pd(1\-—Pd(2
':N(6) torsional. angles are —25.6° and —21.9° respectively’ and the N(l)-—-Pd(l) .
- N(4) and. N(3)——Pd(2)—-N(6) planes make a dihiedral an,,le of 82.7%.<
.~ Thisallows a separatron of 2.86 A between the two ‘palladium’ ato s whlle th_ S
- fapproxmlate sp*> coordination around the terminal mi:rogen atoms is retained...’
- A much shorter distance is found in [Pd(dpt)z]z where the double number r\f
: »tnazemdo hgands forces the Pd. atoms to approach one. another.: - ST
© . The facmg phenyl rings, except ring D, are rotated w1th respect to the plane
= ,of their bonded triazenido groups (see Table 5). In this ‘way steric. hmdrance :
" with the ad]acent allyl groups ‘and aromatic rings is avorded However the -
" partial double bond character of the C—N bonds (averagn 1.43 A) and the rota-
_tion a.ngles around the C-—N bonds (see Table. 5) seem to mdlcate that the -

o con]ugatron over the whole ligand i is not completely destroyed o
. ~‘The molecular conformatlon does not seem to be affected’ by the packlng
- forces which are rather weak, all the intra- and inter-molecular-contacts bemg.- I
- no shorter than the usual values. The best Van der Waals interactions occur .
* between carbon atoms belonging to the allyl groups and mtrogen atoms (~3 2

-R) and carbon atoms and methyl groups (~3 6—3.7 A).

, A view of the unit cell along the a ax1$ is shown in Flg 5. No emdence ex:sts s
: about 1r—1r mteractlons ‘ : : N




us"'[Pd(l 3-11-C;.,H5)(dmt)]2 by 'Hand 13C NMR spectroscopy [21] In
- our system,hoWever, only isomers D'and-F have been: identified by 'H NMR-

“: spectroscopy[26,34] :-the two equivalent allyl groups in D give rise to one.
. AA’BB'X pattern; the non-equivalent ones in F to two AA’ 'BB'X patterns. It -
rmght be p0551ble that in solution E is also present but between —60 and: 90° C

= bove’ th.lS temperature some decomposition takes place) it is rapidly mtercon-
-é{-vertmg w1th D, thus giving rise to the observed single AA'BB'X pattern, through
any ] process ‘of the type’ proposed for the magnetic equivalence of the allyl
:if.f.groups of the D and E isomers of the closely-related allylpalladium(II) carboxy-
late systems [37 38]. However this possibility has to be dismissed. since the F' .-
isomer of our system. does not show any such dynam1c processes’ ¥, Therefore,
elther 1somer E does not form at all, or 1t ‘may be present in non—detectable

e amomts v _
N Fmally, it should be noted that the three carbon atoms of the allyl umt prac-
i,-',?tlcally lie 'on the same side of the N—Pd—N plane (see Table 5), as found in

e [Pd(1r-methallyl)(dmt)]2 [21], and in contrast with- [Pd(ﬂ-methallyl)Cl]z [26]

"~ where'the two terminal carbon atoms lie below the Cl-Pd—Cl plane with the
central carbon atom above the plane. It has been suggested that this contrast .
~‘may- be due either to an electron repulsion effect of the d,2 electrons or to a

- ‘Pd—Pd interaction- [21]. It might be due also to the short hydrogen—hydrogen
‘contacts (2.0—2.4 R) mentioned above which compel the two allyl units to be

° far apart, with the three carbon atoms on the same side of the correspondmg

o N—Pd—N plane. : o
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