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Abstract. A variety of substituted Schiff base complexes of selectivity were obtained with electron-donating substituents
the composition ("salen”)ZrG(thf) (1—21) were synthesized, in 5-position. Altering the ethylene bridge causes a lowering
with methylalumoxane ("MAQ”) activated and used for a of the activity or inactivation. According to the X-ray analy-
systematic study of their catalytic activity towards hexa-1,5-sis the metal center in the related complex (L)Z(2P) (L:
diene ("salen”: substituted salicylidene—ethylene-iminato lig-N',N-bis(ethylene)N'-methyl-N,N"-bis(benzoylacetonato-
ands). Main product of the catalytic cycle is methylenecy-imine) has a pentagonal-bipyramidal environment. The pen-
clopentane. Dimers are only formed in minor amounts. Theadentate Schiff base ligand lies in the plane, and both chloro
catalytic activity and selectivity of the Ziegler—Natta systemsgroups occupy the axial positions. In contrast to the catalyti-
strongly depend on the nature and the position of the periphergally active salene complex@2 can not rearrange to form a
substituents in the Schiff base ligands. Electron-withdrawingspecies in which the both chlorides ai®to each other. Con-
substituents ipara-position to the phenolato oxygen (5-po- sequently22 is catalytically inactive.

sition) decrease the catalytic activity. Improved activity and

Over the last decade enormous efforts and progress haveln this paper we report on the catalytic conversion of
been made in the investigation of metallocene-type cathiexa-1,5-diene by a number of MAO-activated (sali-
alysts of group IV: The discovery that methylalumox- cylidene-ethylene-imine)Zr(IV)(thf) complexes in
anes (MAO) promote the formation of highly active which a N—O, donor set is coordinated as four-dentate
cationic species, the design of "single site” catalysts fochelate ligand opening the possibility to study the elec-
the polymerization of 1-olefines, the isolation of cati- tronic and steric influence of peripheric groups on the
onic species involving [GM-R]* cations, which are catalytic reactivity.
responsible for the catalytic reactivity, the tuning of the Our aim was to get a deeper insight into the possibil-
catalytic reactivity by adjusting the ligands, and the deity to control the catalytic reactivity of the metal center
velopment of industrial processes are some examplegepending on the coordinative environment. Since the
for this rapidly growing field [1-5]. catalytic conversion of hexa-1,5-diene was a slow reac-
Most recently group IV metal complexes that con-tion it was also possible to indicate the starting steps of
tain inorganic donor sets have been to focus attentiothe catalysis.
as potential catalysts [2, 6—34]. However, the coordi-
nation chemistry and organometallic chemistry of theseCatalytic Reactions of (Salen)ZrCj(thf)/MAO with
compounds is more complicated and much less deveHexa-1,5-diene
oped than the metallocene chemistry. Especially, the
understanding of the controlling effects of ligands con+or the preparation of the Zr(IV) complexes 21 the
taining an inorganic donor set in group 1V metal cata-quadridentate Schiff badé,N-ethylene-bis(salicylide-
lysts is not well understood. This might be the mosteimine) ("salen”) ligands were treated with two equi-
important problem in the development of new highly valentsn-butyl-lithium to form the lithium salts. Reac-
active and selective group IV catalysts containing anition with ZrCl,(thf), at ambient temperature resulted in
onic ancillary ligands having for exampleor O donor  the formation of the Zr(IV) complexes which could be
atoms. isolated in excellent yields from THF.
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Scheme 1 shows the general structure and the vari@acen)ZrRB (L: quadridentate Schiff base with diami-
tion of the complexes used as precursors in the catalyto-biphenyl bridge) the metal center has a trigonal-pris-
ic reaction. matic environment with an C—Zr—C angle of 130° [26].

The structures of a small number of Ti(IV) and Zr(IV)- Thecis-arrangement of the chloro or alkyl ligands may
complexes with quadridentate Schitise ligands were be one prerequisite for the catalytic activity of these
determined by X-ray structural analysis. Whereas titacomplexes. This arrangement can be achieved either
nium complexes have a distorted octahedral structurky thermal removal of THF or by treating with Lewis
in the compounds (acen)TiCAnd (salen)TiX[28, 29, acids (RAI or MAO in Ziegler—Natta systems).

35-38, 41], the structures of the Zr and Hf analogues We have prepared the comple22sand23, in which

are variable: Adducts with THF show a pentagonal-bi-Schiff bases with a O, donor set are coordinated, in
pyramidal structure with both chloro ligands in axial order to proof this assumption. According to the X-ray
positions and THF together with the-XD, donor set  structural analyses the donor atoms of the pentadentate
of the chelate ligand in the equatorial plane; in the octaehelate ligands occupy the equatorial plane and the chlo-
hedral THF- free complexes, however, the chlorides areides aretrans to each other. Figure 1 shows the
cisto each other [27, 39, 40]. In a complex of the typebis(chloro) zirconium complef2 with the dianion of

RS R5 R5
R6 R4 R6. R4 R6 R4
7 7 7
N R N RS ™ R
N OH N OoLi O
Rg- 2 n-BuLi Rg- ZICla(thf) Rg- \Zé: b(th)
g g ) VRN
N OH N OLi N (@)
| ' I . | '
R3 3 R3
R7- R7 R RY:
R6- R4 R6: R4 RE- R4
RS R5' RS
1-21
Complex RS R7/IR7 R6/R® R5/R% R4/R# R3/R¥
1,2-ethandiyl H H H H H
2 methylen H H H H H
3 1,3-propandiyl H H H H H
4 1,2-phenyl H H H H H
5 1-methyl-1,2-ethandiyl H H H H H
6 1,1-dimethyl-1,2-ethandiyl H H H H H
7 cis-1,2-cyclohexyl H H H H H
8 trans-(1R,2R)-(-)-cyclohexyl H H H H H
9 1,2-ethandiyl Me H H H H
10 1,2-ethandiyl Ph H H H H
11 1,2-ethandiyl H phenyl H H
12 1,2-ethandiyl H H NO, H H
13 1,2-ethandiyl H H Br H H
14 1,2-ethandiyl H H t-Bu H H
15 1,2-ethandiyl H MeO H H H
16 1,2-ethandiyl H H MeO H H
17 1,2-ethandiyl H H H MeO H
18 1,2-ethandiyl H H H H MeO
19 1,2-ethandiyl H H Me,N H H
20 1,2-ethandiyl H H H Et,N H
21 1-methyl-1,2-ethandiyl H H MeO H H
22 pentadentate ligand (see text)
23 pentadentate ligand (see text)

Scheme 1Composition of the complexes-23, used as cocatalysts for the conversion of hexa-1.5-diene in the systems
complex/MAO
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N',N*-bis(ethylene)N'-methylIN,N"-bis(benzoylaceto-
nato-iming. The CI-Zr—ClI bond angle is 172°, other
relevant bond distances, and angles are listed in Figt

Fig. 2 Molecular structure of comple&3with selected bond
distances (And bond angles (°): Zr-Cl 2.532(1), Zr-O1
2.088(2), Zr-02 2.091(2), Zr-03 1.9675(3), Zr-N1 2.444(3),
Zr—-N2 2.477(3), Zr-N3 2.398(3), Cl-zr-O1 88.86(8), Cl—
Zr—-02 86.68(8), Cl-Zr-03 175.64(3), C-Zr—N1 95.31(8),
Fig. 1 Molecular structures @2 with selected bond distances Cl-Zr—N2 82.00(8), Cl-Zr-N3 90.62(8), 01-Zr—02 76.54(9),
(A) and bond angles (°) without the disorder: Zr—CI1 2.477(2) 01-Zr-03 95.50(7), O1-Zr-N1 74.7(1), O1-Zr-N2
Zr—ClI2 2.474(1), Zr-O1 2.053(3), Zr-02 2.044(3), Zr-N1 137.8(1), 01-Zr-N3 150.8(1), 02—Zr—03 94.06(7), 02—Zr—
2.401(3), Zr-N2 2.425(4), Zr-N3 2.397(3), Cl1-Zr—Cl2 N1 150.6(1), 02-Zr-N2 143.1(1), 02-Zr-N3 74.3(1), 03—
172.38(5), Cl1-Zr-01 99.3(1), Cl1-Zr—02 86.8(1), Cl1-Zr— Zr-N1 86.17(7), O3-Zr-N2 94.90(8), O3-Zr-N3 85.45(8),
N1 85.9(1), Cl1-Zr-N2 87.1(1), CI1-Zr—N3 90.4(1), Cl2— N1-Zr-N2 65.9(1), N1-Zr-N3 134.9(1), N2—-Zr—N3 70.8(1),
Zr-0187.2(1), Cl2-Zr-02 98.9(1), Cl2-Zr-N1 92.0(1), Cl2— Zr-O3-ZrA 180.0. Symmetry transformations used to gen-
Zr-N2 85.3(1), CI2—-Zr-N3 86.5(1), 01-Zr-02 73.9(1), O1-erated equivalent atoms: A -X, -y, -Z.
Zr-N1 74.0(1), O1-Zr-N2 142.6(1), O1-Zr-N3 146.0(1),
02-Zr—N1 145.5(1), O2—-Zr—-N2 143.5, 0O2—-Zr—-N3 74'2(1)"[ of analogous Ti complexes with salen- lioan
N1-Zr—-N2 697(1), N1-Zr—-N3 697(1), N2-Zr-N3 699(1) hrgs been ngCI’ibed I’ecgntly [42]t sale type ga ds
We treated the Ziegler—Natta systéfAO (1/100)
at 25 °C in toluene with different 1-olefines to get a

22 shows a similar structure as found in the abovegeneral idea of the catalytic capability of our series of
mentioned thf adducts. However in contrast to these THEomplexes and found that ethylene as well as propyl-
complexes the additional ligand group can not be reene were polymerized only with low turnover numbers
moved and therefore @is-arrangement of the chloro (200 and 8, respectively) to form products of low mo-
ligands can not be achieved. This explains the differlecular weights. In other words, in contrast to the met-
ence in the catalytic activity @/MAO towards 1-ole- allocene-type catalysts in the salen complexesfBthe
fines compared with those of the syst&AO (and  hydride elimination is much faster than the insertion
other salen complexes)2/MAO is catalytically inac- reaction and therefore salen Zr complexes are poor cat-
tive whereas the most salen-type complexes are catalysts for polymerization reactions.
lytically active in Ziegler—Natta systems (Table 1). Related studies with amidinato- or silanolato com-

The structure of the dimeric Zirconium comp@X  plexes of Zr(IV) also showed poor to moderate polym-
complex with a very similar pentadentate Schiff baseerization activity of these compounds in combination
ligand (bearind-butyl groups instead of the phenyl sub- with MAO [22, 26, 43].
stituents at the C—O-groups) is displayed in Figure 2. It While the zirconocene/MAO system typically cata-
is yielded by hydrolytic splitting of the (L)Zr¢com-  lyzes the polymerization of hexa-1,5-diene and only a
plex by traces of water. The complex consists of twdew fine-tuned systems yield dimers or oligomers [44],
pentagonale pyramides which are connected by a bridghe reaction of (salen)ZrgMAO catalysts with hexa-
ing oxo group. 1,5-diene typically results in a almost selective cycliza-

The chloro ligands occupy axial positions in com-tion to form methylenecyclopentane as main product.
plex 23. A rearrangement of these ligands to form aSince this catalysis is a slow reaction it was possible
species containingis-positioned ligands similar t82  not only to keep this reaction in the monomeric regime,
is not possible. Consequently, this compound is catdbut also to investigate key products arising from initial
Iytically inactive when treated with MAO. The chemis- steps.
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Table 1 Product distribution in the reaction of hexa-1,5-diene in systems complex/methylalumoxane 1/100 (ton after 3d)
(conditions: 0.1 mmol/complex, 10 mmol methylalumoxane in 10 ml toluene, 8.43 mmol hexa-1,5-diene)

run complex T (°C) A B C D E F G H

1 1 25 2.5 0.9 18 15 - - 1.0 -
2 1 0 3.0 0.5 30 1.7 - - 15 -
3 6 25 0.9 - 2 - 1.1 - 0.7 -
4 13 25 1.1 0.2 7 0.4 - - 0.4 -
5 14 25 2.3 - 5 0.4 0.6 - 0.7 -
6 15 25 0.6 - 2 - 0.4 - 0.2 -
7 16 25 1.4 0.2 20 15 - - 0.5 -
8 17 25 3.3 0.5 14 0.4 4.0 0.6 2.5 0.2
9 19 25 1.1 0.2 12 1.1 0.4 - - -
10 19 0 1.0 0,2 30 2.5 0.4 - - -
11 20 25 - - - - 3.6 0.6 - -
12 21 25 0.8 0.1 12 0.7 - - - -
13 22 0 <0.1 0 0 0 0 0 0 0
14 23 0 <0.1 0 0 0 0 0 0 0

Table 1 displays that in the reaction of complex /MAOthe possible competitive carboalumination reaction is a
systems with hexa-1,5-diene the organic prodéetd minor reaction.
were formed, when the reaction mixture was hydrolyzed The temperature dependence of the catalytically
by dilute HCI after 72 h. formed productsC andD were investigated with the
The formation of the methylated organic proddgts  systeml/MAO (Table 2). We found the optimum of the
B, E andF (Scheme 2) is the direct evidence that theselectivity for the formation of methylenecyclopentane
starting step of the catalysis consists in the methylatioto be in the range of 0 °C. At higher temperatures the
of the zirconium complexes by MAO. Subsequent in-yield of methylene cyclopentane decreases, because the
sertion of hexa-1,5-diene to yield an alkenyl compoundatalytic systems becomes less active.
followed by cyclization to form the organometallic spe- Table 3 shows that the catalysts behave very sensi-
cieslll are the next steps (Scheme 2). Fitimthree  tive to variations in the ligand framework with respect

reactions can start: to their activity and selectivity. Starting with the basic
(i) a fastB-hydride elimination to form both 3-methyl- Systeml/MAO we discovered that the catalytic system
methylenecyclopentand) and the Zr—H species, is |£1ag;|vated by altering the alkylene bridge (complex-
N . . . . es2-8).

g'r)oéﬁiﬂr\]fXI insertion step to give the organometallic Introduction of substituents in the peripheric 7-posi-

_ . _ tions of the imino carbons (Table 3) decreases the cata-
(i) hydrolytic splitting at the end of the reaction or lytic reactivity too.

chain transfer to aluminum followed by hydrolysis lead-

ing to the saturated cyclization product 1,3-dimethyl-

cyclopentaneg). Table 2 Temperature dependence of hexa-1,5-diene cycliza-
The B-hydride elimination of the organometallic spe- tion with /MAO (ton); (conditions: 0.1 mmol 10 mmol

cieslV yields the methylated unsaturated dirBeas  methylalumozane in 10 ml toluene, 8.43 mmol hexa-1,5-di-

well as the Zr—H specids, which can insert hexa-1,5- ene)

diene to formVI. This intermediate is able to react in yyn 1 (o) time (d) I D
similar reactions as described for spedies(Scheme 20 3 > o
2): Methylenecyclopentane C as result of feydride 7 8 traces
elimination is the main product closing the catalytic3 0 1 25 1.3
cycle. Additionally the insertion of a further molecule 4 3 30 17
hexa-1,5-diene int¥| leads to the organometallic spe- > 6 34 2.1
ciesVIIl , which reacts to the unsaturated difddry 3- g %é gg gg
hydride elimination. 8 27 54 3.8
As expected from Scheme 2 the sum of the molag 25 3 18 1.5
amounts of the methylated produétsB, E andF lies 10 10 20 16
almost in the range of the amount of the used (saler:?l 60 3h 2 0
ZrCl,(thf) complexes. Therefore, we can conclude tha &n 2 0

J. Prakt. Chem1999 341, No. 8 739
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MAG MAG - thf Table 3 Cyclization of hexa-1,5-diene with systems complex/
|Lan-Me]<— cis-LnZMe,=MA2cis-LnZrCla— LnZrCly(thf) MAO (ton); (conditions: 0.1 mmol complex, 10 mmol meth-
I I ylalumoxane in 10 ml toluene, 8.43 mmol hexa-1,5-diene)

NS run complex T (°C) C D
\Q/ 1 1 25 18 15

2 5 25 14 1.0

anr/\Q/ \_< A 3 6 25 2 0
m 4 7 25 2 0

\Q/ 5 8 25 0 0

NS = 6 9 25 2 0
7 10 25 3 0

N 8 13 25 7 0.4

@/\Q/ 9 14 25 5 0

Lan/\Q/\Q/ —< B 10 15 25 2 0
3 ~ 11 16 25 20 15
¥ \@/\Q/ 4 16 0 15 1,4
vi = 5 16 0 50 35
\ 6 16 0 54 4,9
12 17 25 14 0

13 18 25 0 0

14 19 25 12 11

7 19 0 30 0.4

8 19 0 57 0.9

[EnY
(&)

N =
= ©
N

o1 o
= O
N O
o
~N O

5 with 16/21 (Table 3) clearly demonstrates that espe-
cially the substitution at the ethylene bridge is impor-
LnZr AN tant for the catalytic activity. It shows that steric hin-
/\Q Q/\Q drance at this bridge is a limiting factor for this type of

D catalysts in general.

S \Q/\Q The catalytic systems are distinctly more stable and
reach substantial higher turnover numbers when the

Lan/\Q/\Q catalyses were carried out at 0 °C. With the most active
complexedl, 16 and19 the turnover numbers are in the

range of 50—60 (Table 2 and 3).
Vv =§ All catalytically active systems give methylenecy-

' clopentane as main product, however the selectivity of
this cyclization reaction is different and reached a max-
imum in the most active complé®, when the reaction
was carried out at 0 °C.

A general result from our investigations is the fol-
The complexe45-18 containing the MeO substitu- lowing: Most Zr(1V) complexes containing inorganic
ent in different positions show very different catalytic donor sets d¢g-hydride elimination much faster than
activities. An improved activity — compared with-is  zirconocene-based catalysts. That is why the formation
found for compound6, where this substituent is situ- of low molecular organic products is observed.
ated in the 5- position. The same substituent in 3-posi-
tion effects inactivation possibly due to the steric hin-

drance in this position (complé, Table 3). Support of this research by the Deutsche Forschungsgemein-
In case of a series of further substituents in 5- pOS|SChaft the Ministerium fir Wissenschaft und Kultur des
tion, like Br in 13, t-Bu in 14 and MeN- in 19, the Landes Thiringen, the Volkswagenstlftung and the Fonds der

catalytic activity of the complexes depends on the abilChemischen Industrie is gratefully acknowledged.
ity of the substituents to transfer electron density through

the aromatic ring system of the ligand. The stronger thi
ability the higher is the catalytic activity. This result
can be compared with the influence of electronic facAll reactions and analytical investigations were conducted
tors on metallocene-based catalysts [45]. under an atmosphere of dry argon using standard Schlenk tech-

k

9 :
oz —\de h® ’
v c G
( Furthermore, the comparison of the complex pHirs

Scheme 2Pathways of the formation of the produétsH
in the conversion reaction of hexa-1,5-diene with the zirco-
nium complexed —21, activated by MAO

Experimental
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niques. Prior to use, tetrahydofuran, diethylether and carboN,N’-Ethylene-bis-(5,5'-di-t-butyl-salicylideneiming6]

hydrogens were dried over potassium hydroxide and distilledyg|low powder;mp. 168—-170 °C. *H NMR (CDCly):

from sodium benzophenone ketyl. Deuterated compoundgppm = 1.26 (s, 18H-Bu); 3.91 (s, 4H, Ch); 6.84—7.34
were dried over molecular sieve 4A for 24 h. Methylalumox-(m | 6H, aryl-H): 8.33 (s, 2H, CH=N); 13.60 (broad s, 2H,
anes (‘MAQ") was purchased from Witko GmbH, Bergka- o), —13C NMR (CDCL): dppm = 31.4 (®le,); 33.9
men (Germany) as solution (30%) in toluene. — NMR spectrgcmMe,); 59.9 (CH); 116.4; 117.9; 127.9; 129.7; 141.3; 158.6
were recorded on Bruker AC 200 F and DRX 400 spectro@rw_c); 166.8 (CH=N). — IRv/icmr1= 3380, 1635, 1586,
meters. For NMR data, the following abbreviations are usedj 483, 1397, 1376, 1362, 1338, 1289, 1261, 1251, 1187,

s: singlet; d: doublet; t: triplet; m: multiplet. — Mass spectraq 137, 1111, 1080, 1053, 978, 909, 891, 830, 782, 746, 711,
were recorded on Finnigan MAT SSQ 710 spectrometer. Eleg53 623,

mental analyses were performed with Leco CHNS-932. For ) . o o
recording infrared spectra a Perkin Elmer 2000 FT-IR wad\.N'-Ethylene-bis(6,6'-dimethoxy-salicylideneimine)
used (nujol mull between KBr plates). For GC-IR measure-Yellow crystals;m.p. 134—136 °C. *H NMR (CDCL):

ments a Perkin-Elmer Autosystem XL was used. dppm = 3.74 (s, 6H, MeO); 3.84 (s, 4H, 9H6.20-7.32
(m, 6H, aryl-H); 8.77 (s, 2H, CH=N); 14.17 (broad s, 2H,
Ligand Synthesis (General Procedure) OH). —13C NMR (CDCL): dppm = 55.5 (MeO); 59.5 (CHi}

99.7; 108.0; 110.1; 133.4; 159.6; 163.7 (aryl-C); 162.5

A solution of the aldehyde or the ketone, respectively, in ethafCH=N). — IR:v/icm-1= 3388, 1626, 1584, 1296, 1250, 1209,
nol was treated with an ethanolic solution of the correspond1179, 1100, 1035, 838, 781, 723, 639, 529.
ing diamine in a 2:1 ratio. In most cases the product precipiz, . v o —_
tates. If necessary the reaction mixture was filtered off, washep'\ ~Ethylene-bis(4,4-dimethoxy-salicylideneimine)
with a small amount of ethanol and driadzacuo After stir- ~ Pale yellow crystalsmp. 178 °C. —tH NMR (CDCk):
ring of the reaction mixture for 1 hour at 60 °C a part of thedPpm = 3.77 (s, 6H, C{D); 3.81 (s, 4H, Ch); 6.32-7.08
solvent was removed. The products were obtained as crystdM. 6H, aryl-H); 8.17 (s, 2H, CH=N); 13.65 (broad s, 2H,
line materials at 0 °C, filtered off, washed with a small amounfoH)- —*C NMR (CDCL): dppm = 55.3 (CHO); 58.8 (CH);
of ethanol and drieih vacuo Yields were in the range of 101.1; 106.4; 112.3; 132.7; 163.5; 164.6 (aryl-C); 166.4
70-95%. The following ligands were prepared by this pro{CH=N). —IR:v/lcm=3471, 1620, 1578, 1286, 1211, 1174,
cedure with analytical data in accordance to literature datak114, 1025, 965, 854, 800, 582.
z\tl),N'-ethlylerle-bis(ace)tﬁa&ﬁtﬁnfiéniné%ITI'-ethtx)/_le(nel-_bisl N,N'"-Ethylene-bis(3,3"-dimethoxy-salicylidenimifgy]

enzoylacetoneimine ,N-1,3-propylene-bis(salicyl- . o _
ideneimine) [47],N,N-1,2-phenylene-bis(salicylideneimine) grlgfrlt]y_elzlgogsc?s/stgﬁm.p. 1)?23_9117?5 CdeJHC':\IM%(%D_%%g
[48], N,N"-cis-1,2-cyclohexylene-bis(salicylideneimine) and (nﬁ)p6H_ ar. I-H)',8 2’9 %GJZH .CH—I,\I)' 1’3 5'2?3 (t;road s oH
N,N-trans-(R,2R)-cyclohexylene-bis(salicylideneimine) OH) —£3C %MR,(CDC[,)' ,5/ppr,n :5% 0’(C|§.D)' 59.4 (Clj),' '
[49], N,Ntethylene—bis(z-hydroxy—acetophenoneimine) [50], 114 '2_ 118.0° 118.4- 1'23 1 148 3 151 4,(aryI-C)' i66 6
N,N*-ethylene-bis(2-hydroxy-benzophenoneimine) [BILN- (CH.:Iil) —Ii?',v/cm—.lzl 340(') 71633. 1’250 i082 105é 963.
ethylene-bis(2-hydroxy-1-naphthylideneimine) [58],N- 837 79'2 741 731 622 ’ ’ ’ ’ ’ '
ethylene-bis(5,5'-dinitro-salicylideneimine) [53]. Since a ' ' ' ’ '
number of further ligands with incomplete analytical data areN,N'-Ethylene-bis(5,5'-bis-dimethylamino-salicylideneimine)
described, in the following we report here these data. Dark yellow powdermp. 192—195 °C. 1H NMR (CDCL):
rac-N,N'-Methyl-ethylene-bis(salicylideneimirg] g’rﬁ’,pg“H, 521}334(;’ o @%H?-%OH(:SN;‘;HI*Z%% (thga d6-sf?52H,
Solidified oil; mp. 105-110 °C. 2H NMR (CDCL): dppm  OH). —13C NMR (CDCH): dppm = 42.0 (MsN); 60.0 (CH);
= 1.25 (m, 3H, CR); 3.60 (m, 3H, CHand CH); 6.72-7.24 116.1; 117.2; 118.4; 119.6; 144.6; 153.4 (aryl-C); 166.8
(m, 8H, aryl-H); 8.17 (s, 1H, 7-CH=N); 8.22 (s, 1H, 7-CH=N); (CH=N). - IR:vlcm1=3408, 1632, 1584, 1341, 1273, 1202,
13.20 (broad s, 2H, OH).13C NMR (CDCL): dppm = 20.1 1154 1129, 1061, 1046, 970, 967, 909, 851, 819, 776, 746,

(CHy); 64.7 (CH); 65.5 (CH); 116.8; 118.5; 131.4; 132.2; 666, 603. — MSrtVe): 354 (M), 205, 190, 177, 164, 149.
160.9; 164.4 (aryl-C); 166.3 (CH=N). — IRfcm1 = 3480, ) o . o o
1631, 1582, 1326, 1279, 1151, 1045, 1026, 980, 945, 904\,N'-Ethylene-bis(4,4'-bis-diethylamino-salicylideneimine)
888, 843, 780, 755, 738, 656, 634. Ochre powder (62%)n.p. 138—142 °C. 1H NMR (CDCL):
A eyt i salyideneii(e] TP LGS OB a8 0 NOBL ST 0 8
Yellow powder;m,p. 80—82 °C. 1H NMR (CDCL): dppm (very broad s, 2H, OH). 13C NMR (CDCL): dppm = 12.7

= 1.39 (s, 6H, Ch); 3.69 (s, 4H, Ch); 6.80—-7.31 (M, 8H, (CH,); 44.4 (NCH); 58.3 (CH); 98.1; 103.0; 108.3; 132.9;
aryl-H); 8.33 (s, 1H, 7-CH=N); 8.39 (s, 1H, 7-CH=N); 13.38 151 5: 165.6 (aryl-C); 164.3 (CH=N). — IRicm1= 3457,
and 13.76 (two broad S, 2H, OH).13C NMR (CDCh): 1615 1561, 1519, 1349, 1304, 1288, 1241, 1222, 1197,
dppm = 25.3 (CH), 60.2 CMe,); 70.5 (CH); 116.9 (C3); 1130, 1077, 1037, 823, 788, 704. MS (Ct/at 411 (M+1),
117.0 (C3); 118.4 (C5); 118.6 (C5'); 118.6 (C1); 118.8 (C1);218, 205.

131.5 (C6); 131.6 (C6'); 132.2 (C4); 132.4 (C4'); 161.1 (C2); , , o
161.3 (C2'); 161.5 (7-CH=N); 166.5 (7-CH=N). — IR: N,N'-8-Methyl-ethylene-bis(5,5'-dimethoxy-salicylidene-
vicn1= 3440, 1639, 1623, 1579, 1279, 1175, 1145, 1059imine)

1030, 979, 923, 870, 854, 782, 761, 651, 564. Yellow powder;m.p. 104-106 °C. IH NMR (CDClL,):
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dppm = 1.37 (d, 3H, C§}; 3.72 (m, 9H, CHO, CH, and 1.85 (m, 4H, thf); 3.88 (m, 4H, thf); 6.03 (s, 2H, §+6.83—

CH); 6.69-6.92 (m, 6H, aryl-H); 8.23 (s, 1H, 7-CH=N); 8.27 7.38 (m, 8H, aryl-H); 8.26 (s, 2H, CH=N).13C NMR

(s, 1H, 7-CH=N); 12.72 (s, 2H, OH).13C NMR (CDCL): (CD,Cl,): dppm = 26.0 (thf); 69.0 (thf); 78.0 (GH 118.8;

dppm = 20.4 (CH); 55.9 (CHO); 65.1 (CH); 65.9 (Ch); 121.0; 123.1; 134.4; 137.0; 162.5 (aryl-C); 169.2 (CH=N). —

114.9; 117.6; 118.2; 119.5; 152.0; 155.1 (aryl-C); 164.2 (74R: vicm1= 1632, 1600, 1543, 1315, 1301, 1150, 1123,

CH=N); 166.1 (7'-CH=N). — IRv/cm1= 3420, 1633, 1613, 1011, 911, 858, 762, 604.

1586, 1330, 1271, 1195, 1160,1129, 1035, 983, 854, 83, H,.Cl,N,O;Zr (486.48)

786, 662. Calcd.: C46.90 H4.14 Nb5.76 Cl 14.57

N.N"-Methylene-bis(salicylideneimingg] Found: C47.57 H4.34 N559 Cl14.70.

A solution of 5,0 g (42 mmol) diaminomethane-dihydrochlo- N.,N‘-l,'3-Propylene-bls(sallcyl|dene|m|nato)-2|rcomum(IV)—

ride in 20 ml water was treated with a solution of 1,7gdichlorid-tetrahydrofuran(3)

(42 mmol) NaOH in 15ml water at 0 °C. Addition of a cooled 1.75g (68%) yellow powder. I1H NMR (CD.,Cl,): d/ppm =

solution of 10,4 g (85 mmol) salicyclaldehyde in 35 ml etha-1.82 (m, 6H, CHand thf); 3.69(m, 8H, NCkand thf); 6.50—

nol under stirring and allowing the solution to reach 25 °C7.50 (m, 8H, aryl-H); 8.21 (s, 2H, CH=N).13C NMR

results in formation of an oil in neutral solution. After re- (CD,Cl,): dppm = 26.0 (thf); 30.5 (C}); 64.2 (NCH); 70.9

moval of ethanol, the aqueous residue was extracted severhf); 118.8; 123.1; 125.7; 134.0; 134.8; 163.0 (aryl-C); 166.5

times with diethylether. The combined extracts were washedCH=N). —IR:v/cm-1=1654, 1618, 1554,1299, 1211, 1151,

with brine and dried over N&O,. Chromatography at silica 1124, 1099, 1055, 1032, 906, 852, 814, 757, 736, 614.

gel 100 with diethylether as eluent leads to an oily productC,;H,,Cl,N,O0:Zr  (514.5)

which was crystallized from diethylether/hexane at 0 °C.Calcd.: C49.02 H4.70 N5.44 C|13.78

Yellow crystals 2.4 g (22%)m.p. 126—130 °C. 1H NMR Found: C49.14 H493 Nb5.22 Cl 14.08.

(C,DCI3)' dppm = 5'40_(5’,2H’ C4), 6.85-7.36 (m, 8H, aryl- N,N'-8-Methyl-ethylene-bis(salicylideneiminato)-zirco-

H); 848 (s, 2H, CH=N); 12.94 (s, 2H, OH).BC NMR 0 o vy dichlorid-tetrahydrofurar(s)

(CDCly): dppm = 77.6 (CH); 117.1; 118.5; 118.9; 132.0; ) y

132.9; 161.0 (aryl-C); 165,7 (CH=N). — IRicm1= 3400, 1.80 g (70%) slight yellow powder. 1H NMR (CD,Cl,):

1623, 1576, 1500, 1344, 1280, 1215, 1153, 1124, 1047Ppm = 1,44 (m, 3H, Ck); 1.88 (m, 4H, thf); 3.85 (m, 4H,

1038, 1010, 977, 857, 780, 760, 652, 564. — M@)( 254  thf); 4.23 (m, 2H, CH); 4.62 (m, 1H, CH); 6.85-7.51 (m,

(M+), 134, 107. 8H, aryl-H); 8.40 (s, 1H, 7-CH=N); 8.45 (s, 1H, 7'-CH=N). —
) ) 13C NMR (CD,Cl,): dppm =19.3 and 20.8 (G} 26.0 (thf);

N',N'-bis(ethylene)-N'-methyl-N,N"-bis(benzoylacetonato-g4 7 (CH); 67.6 (Ch); 69.1 (thf); 119.4; 122.2; 135.0; 136.7;

imine) 162.0; 166.5 (aryl-C); 167.5 (CH=N). — IRfcm1= 1621,

was prepared from 10 g (61.6 mmol) benzoylacetone and 542, 1302, 1281, 1149, 1029, 905, 880, 755, 602.

5.8 g (49.9 mmol) bis(2-aminoethyl)-methylamine, dissolvedC,;H,,CI,N,O;Zr  (514.54)

in 20 ml ethanol at 60 °C. Upon distillation of the solvent theCalcd.: C 49.02 H4.70 Nb5.44 CI13.78

yellow-brown oil was dried i.V. and as crude product usedFound: C 49.19 H5.02 N5.23 Cl13.95.

for the synthesis of the complexesiH NMR (CDCL,): N.N'-8.8-Dimeth : P P )
_ ,N'-8,8- yl-ethylene-bis(salicylideneiminato)
dppm = 1.96, 2.03 (s, 9H, Gh 2.58, 3.32 (. , 8H, Ch  Zirconium(1v)-dichlorid-tetrahydrofurar(6)

5.57 (s, 2H, CH), 7.35 (m, 10H, aromat.), 11.37 (s, 2H, NH). )
—13C NMR (CDCE ): dppm = 19.4, 42.6 (Cﬁ, 415, 57.2 1.80 g (68%) slight yellow powder. 1H NMR (CD.Cly):

(CH,), 92.0 (CH), 126.7, 128.0, 130.2, 140.5 (CH, aromat.),dPPm = 1.51 (broad s, 6H, G} 1.83 (m, 4H, thf); 3.62 (s,
164.8 (CN), 187.2 (CO). — IRvemt= 1603 (cg), 1544 4H, CH,); 3.75 (m, 4H, thf); 6.86—7.50 (m, 8H, aryl-H); 8.36
(Voor)- ' ’ (s, 1H, 7-CH=N); 8.45 (s, 1H, 7'-CH=N). 13C NMR
) 7.5 (CH): broad signale a 116.0. 120.6; 1205 134.0; 136.4

. ; broad signals at 116.0; 8; .8; .0; 4
. _ _ 161.4 (aryl-C) and 164.4 (7-CH=N); 165.7 (7-CH=N). — IR:
A solution of 5 mmol ligand in 40 ml tetrahydrofuran was vicnr1= 1615, 1598, 1553, 1304, 1277, 1244, 1150, 1124,
treated with 6.25 ml (10mmol) of a 1.6 molar solutiomof 1065, 892, 816, 758, 617.
butyl-lithium in hexane at —40 °C. This mixture was then C,,H,,Cl,N,O;Zr (528.5)
added slowly to a solution of 1.89 g (5mmol) Z(@if), in  Calcd.: C50.00 H4.96 N530 Cl13.41
30 ml THF. After stirring for 2 hours at 25 °C the solvent wasFound: C 50.46 H5.17 N 5.02 Cl 13.89.
oved, he resue Susperded n 20 AT e N, N-ci-L,2-Cyclonexylene-bis(salcydeneiminato)
tilled off and the complexes were drigdvacuo N,N-Ethyl- z|rcon|um(IV)-d|c.hlor|d-tetrahydrofurar(?)
ene-bis(salicylideneiminato)-zirconium(IV)-dichlorid(trif)y ~ 2.35 g (85 %) slight yellow powder. tH NMR (CD.Cl,):
and N,N-1,2-phenylene-bis-(salicylideneiminato)-zirconium 9pPpm = 1.23-2.00 (m, 12H, GHand thf); 3.71-3.78 (m,
(IV)-dichlorid-(thf) 4 are in accordance with literature data 6H, CH and thf); 6.45-7.35 (m, 8H, aryl-H); 8.07 (2H,
[39]. CH=N). —13C NMR (CD,Cl,): d/ppm = 23.9 (10-Ch); 26.2

' _ o o . . (thf); 30.8 (9-CH); 66.4 (CH); 68.4 (thf); 116.6; 118.5; 119.4;

N,N -Methylene-bls(sal|cyI|dene|m|nato)-zwcomum(lV)- 129.6; 133.8; 164.1 (aryl-C); 163.1 (CH=N). — Wcm-1=
dichlorid-tetrahydrofuran(2) 1617, 1596, 1552, 1280, 1151, 1124, 916, 890, 825, 757,
1.3g (52%) yellow powder. IH NMR (CD,Cl,): dppm = 724, 604.

Complex Synthesis (General Procedure)
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C,yH,CILN,O5Zr  (554.5) N,N'-Ethylene-bis(5,5'-dinitro-salicylideneiminato)-zirco-
Calcd.: C51.98 H5.09 Nb5.05 Cl12.79 nium(1V)-dichlorid-tetrahydrofuran(12)

Found: C5155 H515 N478 Cl13.22. . .

In difference to the general procedure, the suspension of the
N,N'-trans-(1R,2R)-Cyclohexylene-bis(salicylideneiminato)-poor soluble ligand in 40 ml THF was treated with a solution
zirconium(IV)-dichlorid-tetrahydrofurarg8) of n-butyl-lithium in hexane at —50 °C undeigorous stir-

. _  ring. Slow warming up to 25 °C a red solution result. This
2.40 g (87%) yellow powder.1H NMR (CD,Cl,): dppm = . . :
1.16—1.80 (m, 8H, CB): 1.85 (m, 4H, thf); 3.46 (m, 2H, mixture was then added slowly to a solution of Z{tGf), in

3 . . 30 ml thf. After stirring for 2 hours at 25 °C the solvent was
gnle)??lgrgﬁanF:ch);égg)_Zs/ssrﬂ gg‘ 4&&(?/(;%)@8225 (()ZH’ removed, and the rough product was extracted in a Soxhlet

. e . ) : ; . apparatus several hours with 50 mI,CH. From the extract
(1t2353213§98(;%)3607&(§@)6553 gh(f)c&i?u)df ’_11&;:7’]_111:9'2’ the solvent was distilled off, and the complex was dried in

1 0, 1 —
1622, 1598, 1552, 1323, 1296, 1225, 1203, 1150, 1121/2cUuM 10 yield 0.94 g (32%) bright yellow powder.

H NMR (CD,Cl,): dppm = 1.76 (m, 4H, thf); 3.58 (m, 4H,
2080 2 %73}82%557 22*0538’ 724,611, 577. thf); 4.22 (s, 4H, Ch); 6.91-8.48 (m, 6H, aryl-H); 8.75 (s,
Calcd: C5198 H509 N505 Cl12.79 2H, CH=N). —%C NMR (CD,C,): dppm = 26.27 (thf); 62.98
Found- G5254 HE566 NB521 Ol 13.00. (CH,); 68.17 (thf); 120.26; 120.98; 130.69; 131.05; 140.80;
163.08 (aryl-C); 166.62 (CH=N). — IRlcm~1= 1635, 1605,
N,N'-Ethylene-bis(2-hydroxy-acetophenoneiminato)-zirco-1561, 1505, 1341, 1319, 1247, 1203, 1132, 1101, 1076,
nium(1V)-dichlorid-tetrahydrofuran(9) 1048, 953, 870, 844, 812, 757, 731, 705, 653.
1.05 g (40%) yellow powder. 1H NMR (CDCk): ppm = CaoH20C1N,O-Zr - (590.5)
1.82 (m, 4H, thf); 2.38 (s, 6H, Me); 3.72 (m, 4H, thf); 4.38 (s, Calcd.. € 40.68 H3.41 N9.49  Cl1201
4H, CHy); 6.72—7.55 (m, 8H, aryl-H). 13C NMR (CDCL): Found: C 40.71 H 3.44 N 10.18 CI 11.88.
dppm = 25.6 (thf); (CH); 67.9 (thf); (aryl-C); (CH=N). — . ) o o
IR: vicm-l= 1599, 1544, 1321, 1298, 1257, 1245, 1157 N,N'-Ethylene-bis(5,5'-dibromo-salicylideneiminato)-

1134, 1099, 865, 754, 730, 587. zirconium(IV)-dichlorid-tetrahydrofurar{13)

CooH26ClIoN,0s2r  (528.5) 2.3 g (70%) yellow powder. I1H NMR (CD,Cl,): dppm =
Calcd.: C49.99 H496 Nb530 Cl1341 1.83 (M, 4H, thf); 3.60 (m, 4H, thf); 3.73 (s, 4H, £16.30—
Found: C49.85 H6.01 Nb512 Cl|13.66. 7.55 (m, 6H, aryl-H); 8.35 (s, 2H, CH=N).1:C NMR

N,N'-Etherne-bis(Z-hydroxy-benzophenoneiminato)-zirco-(CDZCIZ): dppm = 26.0 (thf); 62.4 (Ch); 71.0 (thf); 107.3;

nium(IV)-dichlorid-tetrahydrofurar(10) 121.5; 122.8; 135.2; 136.8; 161.3 (aryl-C); 166.0 (CH=N). —
IR: vicmr1= 1625, 1588, 1542, 1285, 1274, 1188, 1133,

2.67 g (82%) yellow powder. 1H NMR (CD,CL,): dppm = 1100, 823, 695, 648.

1.85 (m, 4H, thf); 3.70 (m, 4H, thf); 4.00 (s, 4H, §+6.22— CooHaBrCLN,OZr  (658.3)

7.80 (m, 18H, aryl-H). 13C NMR (CD,Cl,): dppm = 26.0  Calcd.: C 36.49 H3.06 N 4.25

(thf); (thf); 115.6; 120.0; 124.0; 127.6; 129.1; 129.7; 132.9;Found: C 36.62 H 3.34 N 4.02.

133.9; 138.5; 163.6 (aryl-C); 180.4 (C=N). — IRcm 1=

1595, 1578, 1540, 1327, 1261, 1250, 1224, 1147, 1026y N'-Ethylene-bis(5,5'-di-t-butyl-salicylideneiminato)-

859, 750, 703, 600. zirconium(1V)-dichlorid-tetrahydrofurarf{14)
CaHaClLN,O.Zr  (652.7)

Calcd.: C58.88 H463 N4.29 Cl10.86 2.6 g (85%) yellow powder. tH NMR (CD,Cl,): dppm =
Found: C59.41 H4.81L N454 Cl9.75. 1.33 (s, 18Ht-Bu); 1.87 (m, 4H, thf); 3.85 (m, 4H, thf); 4.14

(s,4H, CH); 6.77-7.62 (m, 6H, aryl-H); 8.43 (s, 2H, CH=N).
—13C NMR (CDB,Cl,): dppm = 26.0 (thf); 31.5 (Me;); 34.3
(CMey); 62.3 (CH); 70.9 (thf); 119.5; 120.0; 129.6; 131.6;
138.0; 148.0 (aryl-C); 162.2 (CH=N). — IRfcnmr1= 1623,

In difference to the general procedure, the suspension of theo51, 1311, 1269, 1188, 1147, 840, 545.

poor soluble ligand in 40 ml THF was treated with a solutionCaeHssCloNOs2Zr - (612.7)

of n-butyl-lithium in hexane at —40 °C undeigorousstir- ~ calcd.. C54.88 H6.25 N4.57  Cl11.57
ring. On warming up to 25 °C in a yellow clear solution re-Found: C55.12 H®6.77 N4.13  Cl11.86.
sult, which was used as described. 2.73 g (91%) ochre po
der. -IH NMR (CDCL): d/ppm = 1.83 (m, 4H, thf); 3.76 (m,
4H, thf); 4.58 (s, 4H, Ck); 6.30—7.72 (m, 12H, aryl-H); 9.17
(broad s, 2H, CH=N). 13C NMR (CDCEL): dppm = 25.5 2.3 g (82%) yellow powder. 1H NMR (CDCL): dppm =
(thf); 62.9 (CH); 67.9 (thf); 118.5; 120.8; 121.5; 123.0; 126.6; 1.85 (m, 4H, thf); 3.76—3.87 (m, 14H, GHMeO and thf);
128.6; 133.9; 156.9 (aryl-C); 164.6 (CH=N). — l#cm1= 6.27—7.37 (m, 6H, aryl-H); 8.95 (s, 2H, CH=N)13€ NMR
1621, 1593, 1548, 1506, 1343, 1304, 1275, 1245, 118§CDCl,): dppm = 25.5 (thf); 55.7 (MeO); 61.6 (G} 68.5

N,N'-Ethylene-bis(2-hydroxy-1-naphthylideneiminato)-
zirconium(1V)-dichlorid-tetrahydrofurar{11)

VN,N'-Ethylene-bis(G,6‘-dimethoxy—salicyIideneiminato)—
zirconium(1V)-dichlorid-tetrahydrofurarf15)

983, 943, 820, 742, 647, 549, 477. (thf); 100.4; 111.1; 112.7; 136.2; 156.2; 164.5 (aryl-C); 162.9
CogHoClLN,0,Zr  (600.6) (CH=N). - IR:vicm1= 1615, 1595, 1558, 1310, 1250, 1184,
Calcd.: C55.99 H4.36 N4.66 Cl11.80 1112, 1075, 969, 860, 786, 759, 726, 611, 587.

Found: C56.28 H4.45 N4.23 Cl12.09. CyHysClLN,OZr  (560.6)
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Calcd.: C47.13 H4.67 N500 Cl12.65 H); 8.00 (s, 2H, CH=N). 13C NMR (CD,Cl,): d/ppm = 14.0
Found: C4745 H480 N4.75 Cl12.97. (Me); 26.0 (thf); 45.0 (NCK); 61.0 (CH); 71.0 (thf); 100.0;

. . - - o 104.1; 112.0; 136.5; 154.8; 165.7 (aryl-C); 164.3 (CH=N). —
N,N'-Ethylene-bis(5,5'-dimethoxy-salicylideneiminato)- ;5. 1
zirconium(lV)-dichlorid-tetrahydrofurar{16) |7|§'2V/ggz = 1599, 1513,1354, 1249, 1140, 1077, 832, 784,
2.5 g (89%) yellow powder. IH NMR (CD,Cl,): dppm = CogHacClLN,O.Zr  (642.8)
1.93 (m, 4H, thf); 3.75 (m, 4H, thf); 3.79 (s, 6H, MeO); 4.30 calcd.: C52.32 H6.27 NB8.72 Cl11.03
(5’14H’ CH); 6.75-7.16 (m, 6H, aryl-H); 8.37 (s, 2H, CH=N). Found: C51.39 H6.52 NB8.22 Cl11.45.
(_Ci).N%Rl((Ct%.CIi)iGanglg_ 8261()2?%0152335('\423 ;.61155 1N,N'—8-.I\/Ieth.yl-ethyler'le-bis:_(S,5'—dimethoxy-:~:alicy|ideneimi-
(aryl-C); 166.3 (CH=N). — IRvicm-L= 1630, 1607, 1557, nato)-zirconium(lV)-dichlorid-tetrahydrofurai21)
1290, 1268, 1224, 1163, 1037, 822, 785, 734, 568, 539. 2.45 g (85%) yellow powder. tH NMR (CD,Cl,): dppm =

CoHasClLN,OZr  (560.6) 1.42 (s, 3H, Me); 1.85 (m, 4H, thf); 3.66 (m, 4H, thf); 3.80
Calcd.: C47.13 H467 N500 Cl12.65 (m, 9H, MeO, CH and CH); 6.57-7.00 (m, 6H, aryl-H); 8.34
Found: C47.43 H491 N476 Cl12.88. (s, 1H, 7-CH=N); 8.39 (s, 1H, 7'-CH=N). 13C NMR

) ] o o (CD,Cl,): dppm = 19.3 (Me); 26.0 (thf); 56.3 (MeO); 64.7
N,N'-Ethylene-bis(4,4'-dimethoxy-salicylideneiminato)- (CH); 65.3 (CH); 70.3 (thf); 116.2; 120.4; 121.9; 124.7; 150.2;
zirconium(lV)-dichlorid-tetrahydrofurar{17) 152.6 (aryl-C); 166.2 (7-CH=N); 167.2 (7'-CH=N). — IR:

2.2 g (78%) slight yellow powder. i1H NMR (CDCL): vicm1= 1629, 1604, 1554, 1296, 1269, 1198, 1163, 940,
dppm = 1.83 (m, 4H, thf); 3.61-3.83 (m, 10H, MeO and 824, 783, 733.

thf); 4.23 (s, 4H, Ch); 6.24—7.23 (m, 6H, aryl-H); 8.07 (s, CygH,sCILN,OsZr  (574.6)

2H, CH=N). —13C NMR (CDCL): dppm = 25.5 (thf); 55.3 Calcd.: C 48.07 H491 N487 Cl12.34

(MeO); 62.2 (CH); 68.5 (thf); 102.6; 103.7; 115.4; 133.7; Found: C 48.12 H5.09 N 4.48 Cl12.66.

160.6; 164.3 (aryl-C); 165.5 (CH=N). — IRfcm1= 1607, ) )

1543, 1491, 1311, 1256, 1230, 1208, 1165, 1123, lOzg_}l',.N‘-Bls(ethylene)-N'-methyI-N,N"-bls(benzoylacetonato-

976, 840, 757, 636, 579. iminato)-zirconium-dichloridg22)

CyoH26CIN,O52r - (560.6) 4.83 g (12 mmol) of the Schiff base ligand in 30 ml THF
Calcd.: C47.13 H4.67 N500 Cl12.65 were treated with 14.9 ml ( 24 mmof}butyllithium ( 1.6v
Found: C47.50 H5.00 N451 Cl12.95. solution inn-hexane) at —78 °C. At —30 °C the orange reac-

N,N'-Ethylene-bis(3,3'-dimethoxy-salicylideneiminato)- ion mixture was slowly added to 4.49 g Zj(@if), in 30 ml
zirconium(1V)-dichlorid-tetrahydrofurarf18) thf under stirring. The yellow suspension was allowed to re-

. act 3 h at ambient temperature. Removal of the solvents un-
1.5 g (54%) slight yellow powder. tH NMR (CD,Cly):  ger vacuum resulted in a yellow crude product, which was
5/ppm = 1.80 (m, 4aH, thf); 3.62 (s, 6H, MeO); 3.75 (M, 4H, recrystallized from dichloromethane to yield single crystals
thf); 4.49 (s, 4H, Ch); 6.52-6.95 (m, 6H, aryl-H); 8.15 (S, 4t 23 vield of the crude product: 85%1H NMR (CDCL):

2H, CH:N) —13C NMR (CDZC|2) 5/ppm =255 (thf), 56.1 appm =227, 2.70 (S, 9H, %H 3.61, 4.02 (m , 8H, q)l
150.4; 155.1 (aryI-C); 161.3 (CH:N). — IRfcm1= 1631, CDC|3)Z appm =24.7,46.8 (Cﬁy 50.8, 59.6 (C@, 102.9
1597,1562, 1312, 1246, 1133, 1080, 1039, 973, 866, 73£ECH), 127.6, 128.5, 130.4, 137.5 (CH, aromat.), 169.7 (CN),

632. 173.6 (CO). — IRvicmi= 1593 (o), 1573 fen)-
CyHysClLN,OZr  (560.6) Cstzgglz,\,)gOzZr (565.6) beo ben)

Calcd.: C 4713 HA467 N500 Cl12.65 Calcd: C5308 H5.17 N7.43 Cl1253

Found: C47.54 H4.97 N472  CI13.00. Found: C53.10 H537 N691 Cl12.47.
N,N'-Ethylene-bis(5,5'-bis-dimethylamino-salicylideneimi- Compound®3, obtained by an analogous reaction to form the
nato)-zirconium(IV)-dichlorid-tetrahydrofurail9) Schiff base complex followed by hydrolysis with 0.5 equiva-
2.15 g (73%) yellow powder. 1H NMR (CD,Cl,): dppm = lents of water, crystallized upon storage of the reaction mix-

1.88 (m, 4H, thf); 2.89 (s, 12H, MN); 3.92 (m, 4H, thf); ture at-30 °C as colourless crystals.
4.13 (s, 4H, CH); 6.80—7.10 (m, 6H, aryl-H); 8.37 (s, 2H,

CH=N). —13C NMR (CD,Cl,): &ppm = 26.0 (thf); 42.0 Catalytic Reactions

(Me,N); 611 (CH); 69.4 (thf); 117.7; 119.3; 122.2; 123.8
145.0; 155.2 (aryl-C); 166.9 (CH=N). — IRfcm1= 1628, ]
1605, 1552, 1296, 1256, 1188, 1053, 915, 814, 754, 553.In a 200 ml stainless autoclave 0.1mmol complex was treated

» Reaction with Ethylene or Propylene

CyHa,CLN,O,Zr  (586.6) with 10 mmol MAO in 50 ml toluene solution at 10 bar ethyl-
Caled. C4913 H550 NO955 Cl12.08 ene or propylene pressure and 25 °C under stirring. After
Found: C4839 H6.10 NB8.32 Cl12.44. 24 h the excess of gas was removed, and the reaction mixture

. o . o .. was hydrolyzed with dilute hydrochloric acid at 0 °C. The
N,N'-Ethylene-bis(4,4'-bis-diethylamino-salicylideneimi- sqlig product was filtered off, washed with toluene and etha-
nato)-zirconium(lV)-dichlorid-0.25-tetrahydrofura20) nol, and driedn vacuo The nearly colourless polyethylene,
2.3 g (71%) yellow powder. IH NMR (CD,Cl,): dppm = insoluble inTHF, was not further investigated. Turnover num-
1.15 (m, 12H, Me); 1.81 (m, 1H, thf); 3.33 (m, 8H, NgJH  bers for polymers were calculated as mmol consumed educt/
3.73 (m, 1H, thf); 3.94 (s, 4H, G} 6.03—7.35 (m, 6H, aryl- mmol catalyst.
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In the filtrates only very small amounts of oligomers were 3-(Cyclopentyemethyl)-methylenecyclopentéDe

detectable in the case of propylene as substrate. When comc-Ms m/e: 164 (M, 6), 149 (5), 135 (6), 121 (5), 108 (9),
plex 1 in the reaction with propylene was used, oily distilla- 95 (18), 93 (18), 82 (29), 81(100), 67 (40), 55 (22), 41 (43). —
tion residues (30—40 mg) were investigated by NMR, showgc-|R: viem1= 3078 (=CH); 2955 and 2873 (Gk11662

ing a mixture of higher atactic oligomers with methylene end(c=c); glcm1 = 1479 and 1442 (Cft 880 (=CH).

groups. -t*H NMR (CDCL): dppm = 0.78-0.88 (m, 70H, i i i

Me); 0.96 (m, 8H, Me); 1.19—1.41 (m, 50H, gH1.50—  1,3-Dimethyl-cyclopentane (cis/trans mixtuf&)

1.60 (m, 22H, CH); 1.65 (s, 2.7H, Me—-C=); 4.65 (m, 2H, GC-MS (/g intens.): 98 (M, 18), 83 (22), 70 (100), 56 (95),
=CH,). —13C NMR (CDCEk): dppm = 11.07; 14.02; 14.33; 55 (80), 41 (75). — GC-IRv/lcmr1= 2957 and 2879 (CH
20.0-20.5 (broad); 23.05; 23.36; 23.76; 27.87, 29.11; 29.65CH,); d/cmrl = 1463 (CH); 1378 (CH).

41.99; 45.5-46.8 (broad); 65.32; 111.22; 144.84. From th
spectra an average molar mass in the range of 1000 g/m%[(3—Methyl—cyclopentyemethyl)-methylcyclopentalﬁ)a

(25 monomer units) was calculated by comparing the inteGC-MS (m/g: 180 (M, 5), 165 (3), 151 (2), 137 (2), 123 (5),

gral units of methylene groups and of other groups. 110 (8), 109 (8), 97 (24), 96 (24), 83 (40), 81(100), 67 (40),
55 (78), 41 (41). — GC-IRv/cmr1= 2955 and 2875 (CH
Reaction with Hexa-1.5-diene CHy), dlcmrt= 1458 (CH).

To 0.1 mmol of the complex and 10 mmol MAO in 10 ml MethylcyclopentangG)

toluene 1ml (0.692 g = 8.43 mmol) Hexa-1.5-diene was addGC-MS (/g intens.): 84 (M, 18), 69 (42), 56 (100), 41 (55).
ed after 1 minute, and the mixture was stirred or shaked. Dur GC-IR:v/cmr1=2961 and 2881(C}CH,); dlcmi= 1466
ing the reaction proceeded, probes were taken from the miXCH,); 1366 (CH).

ture, which were hydrolyzed under cooling with dilute hy-
drochloric acid. The organic layer was treated with Sodium3-(Cyclopent.ymethyl)-methylcyclopenta(rhé)

carbonate and investigated by GC-MS and GC-IR. Methyle GC-MS (e, intens.): 166 (M, 4), 151 (7), 109 (23), 96 (24),
necyclopentane was further identified by NMR measurements)7 (24), 83 (32), 82 (48), 81(100), 69 (35), 67 (57), 55 (81),
Quantitative determination was carried out under the assumptl (67). — GC-IR:v/cmrl = 2956 and 2877 (C}CHy),
tion, that GC-correction factors of all products are very sim-d/cmrt = 1455 (CH).

ilar. The ratio of peak areas therefore correlate with the ratio

of the masses of the appropriate products. Turnover numbeférystal Structure Determination

for cyclization products were calculated as mmol product/ . .

mmol catalyst stated turnover. Thus the turnover numbef "€ intensity data for the compou@d were collected on a
(mmol product/mmol catalyst) of a product is defined as: torf\oNius CAD4 diffractometer and for the compouzgion a

= mass(hexa-1.5-diene) x peak area(prodlig¥ak areas x onius Kappa CCD Q|ffractometer, by using graphite-mono-
molar mass(product) x molar amount(catalyst). 15226, chromateq Mo-K radiation. Data were correpted for Lorentz
as catalyst is used under same conditions, all educt was cofind Polarization effects, but not for absorption [59, 60].
sumed after 3 h. The product mixture contained 33% mono. € structures were solved by direct methods (SHELXS
meric cyclization products (including 19% methylenecy- [61]) and refined by full-matrix least squares techniques

clopentane), further dimers (37%), trimers (23%), tetramer&@9@inst Fo2 (SHELXL-97 [62] ). The hydrogen atoms of the
(7%) and traces of pentamers. oth structures were included at calculated positions with fixed

thermal parameters. All nonhydrogen atoms were refined
anisotropically [62]. XP (SIEMENS Analytical X-ray Instru-

ments, Inc.) was used for structure representations.
3-Methyl-methylenecyclopentaifd)

GC-MS(mle intens.): 96 (M, 30), 81 (100), 79 (20), 70 (27), C'YStal bata for22[63]
67 (24), 55 (38), 39 (62). — GC-IRfcm1= 3074 (=CH); CasH2eCloNZO,Zr - 2CHCI, Mr = 735.48 g motf, colour-
2958 and 2888 (CH#CH,); 1656 (C=C);dlcm-1 = 1449 less prism, size 0.40 x 0.38 x 0.30 famonoclinic, space
(CH,); 1366 (CH); 879 (=CH)). group P2,, a = 15.011(3), b = 14.970(3), ¢ = 15.127(3) A,
(B=109.84(3)°,V=3197(1) A T=-90°C, Z = 4p4eq =
3-(3-Methyl-cyclopentylemethyl)-methylenecyclopen(@)ie 1 528 gems, p (Mo-K, = 8.75 cm?, F(000) = 1496, 5368
GC-MS (/g intens.): 178 (M, 4), 163 (4), 149 (3), 135 (2), reflections in h(—17/0), k(—17/0), I(-17/17), measured in the
122 (3), 107 (9), 95 (12), 81(100), 67 (21), 55 (28), 41 (24). +ange 2.72°< 0 = 25.70°, 5162 independent reflections,
GC-IR: vicm1= 3079 (=CH); 2954 and 2875 (GIEH,); R« = 0.017, 4060 reflections with Fo »¢0), 421 parame-

Product Analyses

1657 (C=C);d/cmrl = 1446 (CH); 880 (=CH)). ters, R1,s = 0.044, wRg,. = 0.099, R}, = 0.065, wR2, =
0.118, GOOF = 1.049, largest difference peak and hole: 0.594
MethylenecyclopentanéC) I-0.614 e A3

GC-MS (/e intens.): 82 (M, 38), 67 (100), 54 (22), 42 (20),

39 (32). — GC-IR:v/lcmrl= 3071(=CH); 2965 and 2892 Crystal Data for23 [63]

(CH,); 1660 (C=C);d/cm-1= 1445 (CH); 880 (=CH). —1H CsoH11ClLNgOsZr,, Mr = 1248.88 g mot, colourless prism,
NMR (CDCL): dppm = 1.64 (m, 4H, 3- and 4-GK12.25  size 0.35 x 0.30 x 0.26 n@qtriclinic, space group P-1, a =
(m, 4H, 2- and 5-Ck), 4.82 (m, 2H, =Ch). — 13C NMR 10.8087(4), b = 12.5393(5), ¢ = 12.8926(5) &=(69.664(2),
(CDCly): dppm = 26.29 (3- and 4-CHf 32.97 (2- and 5- (B = 83.955(2),x = 73.264(2) °, V = 1569.0(1) A T=
CH,); 104.46 (=CH), 153.33 (=C). —-90°C, Z = 1, (calcd. = 1.322 genp (Mo-K, =4.67 cm?,

J. Prakt. Chenl999 341 No. 8 745
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F(000) = 666, measured in the range 3.18°, 23.29°, complet¢28]
ness ( max = 95%, 16597 reflections in h(—12/0)1K&(%2),

I(—14/14, 4258 independent reflections,,R= 0.055, 4008
reflections with Fo > 4(Fo), 340 parameters, 3 restraints,

[29]

Rlobs = 0.043, wR20bs = 0.131, Rlall = 0.045, wR2all =
0.134, GOOF = 1.055, largest difference peak and hole: 1.1640)
/-1.358 e AS.

(31]
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