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Summarisation:

The following invention refers to polymeric homogeneous

catalysts, which are obtained by a ring open metathesis

polymerisation reaction (ROMP).

These catalysts exhibit polymeric backbones, which are due

to their unsaturated nature more rigid than those known

from the art. This results in a better accessibility of all
active sides within the polymer.
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Polymeric Homogeneous Catalysts

The instant invention refers to polymeric homogeneous
catalysts comprising an unsaturated polymer backbone.

Especially, the polymeric backbone is derived by a so

called ring opening metathesis polymerisation reaction

(ROMP) .

Polymeric catalysts are important goals for the production

of chemical compounds on industrial scale due to their

possible reuse, which often leads to a substantial saﬁing

of production costs.

In recent years the emphasis was put on the production of,
especially, homogeneous forms of catalysts, because the
omission of phase transitions during such catalysis leads
to an increase in predictability of the reaction behaviour
of catalysts in question.

One of the driving forces to evaluate more and more
sophisticated catalysts lies in the availability of
products in enhanced yields and shorter time periods, that

1s to say in an more economical way.

Beneath having a good catalytic system itself a special
effort has to be put within the synthesis of the polymeric
part of such catalysts. The DE 19910691.6 and DE 19647892.8
offer different solutions for this problem. Nevertheless,
there 1s still a need for the production of new and

different polymeric backbones for such compounds with

superior properties.

Polymerically enlarged homogeneous catalysts disclosed in

the art so far possess more or less randomly distributed

catalytically active sides along their polymeric backbone
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and comprilise an irregular polymer chain, which could alter

the catalytic behaviour negatively.

It was, therefore, a task of this invention to disclose new
polymerically enlarged homogeneous catalysts exhibiting
more rigid polymeric backbones than known in the art, and

which are, nevertheless, easy to synthesise.

This problem is solved by catalysts of claim one. Preferred

embodiments of this invention are objects of claims 2 and
3. Claims 4 to 8 show an advantageous process for the --

production of catalysts of this invention. Claims 9 to 12

disclose preferred uses.

By reacting a compound of formula T

N ()

wherein

u, W are Cl, Br, I, OR

Y, Z are PR';3, NR' or U

R' 1s (Cg—Cig) ~Aryl, (C3-C;g)-Heteroaryl, (C;-Cg)-
Cycloalkyl, (Cy-Cg)~Alkyl, (Ce¢—Cyg)-Aryl-(C;-Cg)-Alkyl,
(C3-Cig) ~Heteroaryl-(C;-Cg) -Alkyl, (Cy-Ciq)~Aralkyl,
(C4—C19) ~Heteroaralkyl,
1s Ru, Mo

R 1s (Cg~Cig) -Aryl, (C3-C,g)-Heteroaryl, (C3-Cg)-
Cycloalkyl, (C3-Cg)-Cycloalkenyl, H, (Ci-Cg)-Alkyl,
(C2-Cg) —Alkenyl,

in a non-reactive organic solvent or solvent mixture with a

bicyclic olefin of formula II
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(1)

wherein

X is O, NR>, C(R’),, S, POR®, PRS,

R', R®’ are independently of each other H, (C;-Cg)-Alkyl,
(C2—-Cg) —Alkenyl, (Cy-Cg)-Alkynyl, (Cg-Cig)-Aryl, (C7-Cqg)-
Aralkyl, (C3-Cyg)-Heterocaryl, (C4-Ci9)-Heterocaralkyl, n
(C3-Cg) —Cycloalkyl, (C3-Cg)-Cycloalkenyl, (C¢~Cig)—-Aryl-
(C1-Cg) ~Alkyl, (C3-Cy8)-Heterocaryl-(C;-Cg)—-Alkyl, (C3-Cg)-
Cycloalkyl-(Cy-Cg)-Alkyl, (C1-Cg)-Alkyl-(C3-Cg)-Cycloalkyl,

or form together a =0-group,

R’, R' are independently of each other OR!, SR!, NR°R!, OR’

4

SR’, NR’R’ provided that at least one residue R3, R® bears a
group R’,

R> is R',

R° is R' provided that it can not be H and

R' is a catalytically active group, and optionally with a

further olefinic compound III, preferably a cycloolefinic

compound,

polymerically enlarged homogeneous catalysts with a rigid
unsaturated polymer backbone can be obtained advantageously
1n a highly modular way, and thus allow a flexible process
optimisation by combining independently selected bicyclic

framework and catalytically active subunits.

In formula I the dashed lines denote the possibility that
groups Y, Z can be connected to the central atom via a
double bond or normal bond. In case of NR' as ligand, for

example, and Mo as central atom this appears to be the
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case. Nevertheless, 1in case of PR3' as ligand and Ru as

central atom a normal bond is build up in between.

Compounds of formula I and II can be mixed in any
proportion. Compound III can optionally be added to this

mixture, preferably in a range from 0-100 times by welight

gy

of the sum of I and II, most preferably between 0-10 times

by welght.

Within the framework of this invention the catalytically
active subunits embrace the subunit itself optionally --
combined with a linker between active side and polymer
backbone. Such linking molecules are known to the skilled
man and could be introduced into the molecule in question
by processes known in the art according to the demands of

space and electronic behaviour of the considered reaction

(Scheme 1).
Scheme 1:
Polymeric Backbone
i
. n
Catalytically K
active e
subunit r

N

Linkers, which are feasible, are alkylenic, arylenic or

silylenic linkers for example. In DE 19910691.6 further
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possible linkers are disclosed, which are incorporated by

reference herewith.

A further olefinic compound may be any organic molecule,
which possess at least one double bond and which is known
to the skilled worker to be suitable to react in rihg
opening metatheslis reaction. This olefinic compound serves
as a mean for copolymerization and dilutes the number of
active sides per unit of length within the polymeric
backbone. Therefore, this is another tool to adopt the
catalysts of the invention to the most suitable demands of

space necessary for the reaction in question.

Preferred compounds are ethylene, propene, butene, pentene,
1sobutene, 1sopropene and cyclic olefines like
cyclopropene, cyclobutene, cyclopentene, cyclopentadiene,
cyclohexene, cyclopheptene and the like. Even bicyclic
olefinic compounds come into consideration, like

norbornene, azulene, etc.

Preferred are catalysts characterised in that

R is Ph, X is 0O, R', R° form together a =0-group, R> is RY,
O (C;-Cg) -Alkyl, R® is OR’, R’ is a catalytically active
group of alcohols, amines, phospines or other, sulfur or

phosphor containing groups.

More preferably the catalysts of the invention exhibit a

residue R’, which is a compound selected from the group of

catalysts mentioned 1n DE 19910691.6 as suitable for the
considered families of chemical reactions, and those are

incorporated by reference herewith.

Most preferred are catalysts selected from the group of
Taddol-ligands (Seebach, Helv. Chim. Acta, 1996, 79,
1710f.), chiral salene-complexes (Salvadori, Tetrahedron
Lett., 37, 19%¢6, 3375f.), ligands for Sharpless-epoxidation
like dihydrochinidines (Bolm, Angew. Chem., 1997, 773f.),
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l,2-diaminocalcohols (Wandrey, Tetrahedron: Asymmetry, 1997,

8, 1529f.) or catalytic hydrogenation catalysts_like 1,2-

diphosphane-ligands, for example DIOP, DIPAMP; BPPFA, BPPM,
CHIRAPHOS, PROPHOS, NORPHOS, BINAP, CYCPHOS, SKEWPHOS
0 (BDPP), DEGPHOS, DuPHOS und PNNP.

Most preferred are catalysts mentioned in EP 305180.

As already mentioned the catalysts of the invention can be

produced by technics known to the artisan with or without

linkers between the active subunit and the backbone.

10 Advantageously, a compound of formula

whereiln
U, W are Cl, Br, I, OR
Y, Z are PR';, NR' or U
R' 1s (Cg—Cig) -Aryl, (C3-Cig)-Heterocaryl, (C3-Cg)-
15 Cycloalkyl, (C;-Cg)-Alkyl, (C¢-Cig)-Aryl-(C;-Cg)-Alkyl,
(C3—-Cyg) ~Heterocaryl-(C;-Cg)-Alkyl, (Cy-Ci9)-Aralkyl,
(Cs4—Cy9) ~Heteroaralkyl,
M 1s Ru, Mo
1s (Cg—Cig) -Aryl, (C3—-Cig)-Heterocaryl, (C;-Cg)-
20 Cycloalkyl, (C3-Cg)-Cycloalkenyl, H, (C;-Cg)-Alkyl,
(Co—-Cg) -Alkenvl,

1s reacted 1n a non-reactive organic solvent or solvent

mixture with a bicyclic olefin of formula II

(1)

25 wherein
X is O, NR’>, C(R’),, S, POR®, PR®,
R', R¢ are independently of each other H, (C;-Cg)-Alkyl,
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(C2-Cg) -Alkenyl, (Cy-Cg)~-Alkynyl, (Cg—Cig)-Aryl, (C7-Ciq)-
Aralkyl, (C3-C,g)-Heterocarvl, (C4—-Ci19) ~Heterocaralkyl,
(C3-Cg) =Cycloalkyl, (C3-Cg)-Cycloalkenyl, (Cg%hﬁ{—Aryl-
(C1—-Cg) ~Alkyl, (C3-Cig)-Heterocaryl-(C;-Cg) -Alkyl, (C3~Cg) -
Cycloalkyl-(Cy-Cg) -Alkyl, (C;-Cq)-Alkyl-(C3-Cg)-Cycloalkyl,

or form together a =0-group, .

R°, R? are independently of each other OR?, SR*, NRSRI, OR7,
SR’, NR’R’ provided that at least one residue R®, R! bears a
group R,

R®> is Rl,

R® is R' provided that it can not be H and

R" is a catalytically active group, and optionally with a
further olefinic compound III, preferably a cycloolefinic

compound.

Preferably a process 1s chosen, in which I and II show
R 1s Ph, X 1s O, Rl, R*° form together a =0-group, R’ is R4,
0(C1-Cg)~-Alkyl, R* is OR’, R’ is a catalytically active

group.

' 7 ‘
Most preferred 1s a process, where R’ is a compound

selected from the groups presented above.

A feasible non-reactive organic solvent or part of the
solvent mixture is a haloalkane, like for example
dichloromethane and the like. The process is preferably
conducted at temperatures between -20°C to 50°C, more

preferably between -5°C and 30°C and most preferably
between 5°C and 25°C.

The catalysts according to the invention can be used for
organic synthesis purposes. Preferred is their use in a
reactor, which is able to hold back the polymerically

enlarged homogeneous catalysts, while permitting the
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starting material to be introduced in and the product to be
released from the reactor. More preferably these Catalysts

are used 1n a membrane reactor. Such reactions and reaction

conditions are specified in DE 19910691.6 and are

incorporated by reference herewith. In case of using
optically enriched catalysts according to the invention a
use 1n a process for the production of optically active

compounds 1s most preferred.

The following scheme discloses one possible way to

- -,

synthesise catalysts of this invention.
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The catalyst made are employed in a diethylzinc addition to

benzaldehyde as a probe reaction. The results are shown

down under 1i1n table 1.

Table 1: Reaction of benzaldehyde and diethylzinc catalyzed by various pyridinyl alcohols

5 PhCHO + ZnEt, 1. catalyst PhC*H(OH)Et
10 2. work-up 11
i Wl Twem S S

4a - 4P 91 87 -
5 -- 24° 86 83
7 -- 24P 72 79
9 - 24° 89 80

10 P1 1.2 48° 88 73
P2 1.4 48> 83 73
P3 1.7 48° 77 73
P4 1.1 48° 78 71

¢ Determined by HPLC using a chiral stationary phase. ? Reaction was
performed at 0 °C. © Reaction was performed at room temperature.

It can be deduced from these experiments that catalysts of

1> the invention can serve as versatile tools in homogeneous

catalytic organic reaction.

It 1s envisaged that each single structure of chiral
catalysts of this invention denotes all and every possible
diastereomers whether in their racemic form or optically

20 enriched. Every of such diastereomers embraces and

discloses the possible enantiomers, too.

There come into consideration as linear or branched

(C1-Cg) —alkyl radicals methyl, ethyl, n-propyl, isopropyl,

n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl,
25 heptyl or octyl, as well as all the isomers of
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constitution. The linear or branched (C2—-Cg) —alkenyl
radical includes all substituents listed above in
connection with the (C;-Cg)-alkyl radical with the
exception of the methyl radical, there being at least one

> double bond present in those radicals. The scope of. (C,-

Cg) —alkynyl corresponds to that of (Cy;-Cg)-alkenyl, but at

least one triple bond must be present in that case.
(C3-Cg) —cycloalkyl is to be understood as being
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or

10 cycloheptyl radicals. B
(C3—-Cg) ~cycloalkenyl denotes cycloalkylic radicals
comprising one or more double bonds within the residue.
(Ce—Ci1g) —aryl denotes arylic species with 6 to 18-C-atoms,
like phenyl, naphthyl, phenanthryl.

15 (C7—-Ci19) —aralkyl are arylic radicals connected via a (Ci-
C@)4alkyl radikal with the molecule of respect, for example
benzyl, 1-, 2-phenylethyl, naphthylmethyl.

(C3—C1g) ~hetercaryl are arylic molecules in which at least
one C-atom is substituted by a heteroatom like N, O, P, S.

20 Molecules, which come into consideration, are pyrolyl,
furyl, pyridyl, imidazolyl etc.

(C4~C19) ~heteroaralkyl are heterocarylic species bonded via a
(C1-Cg) —alkyl radical with the molecule of respect, like
furfuryl, pyrolylmethyl, pyridylmethyl, furyl-1-, 2-ethyl,

25 pyrolyl-1-, 2-ethyl.
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Experimental Section:

General. n-Butyl lithium was purchased from Merck-Schuchardt as « 1.6 M solution in n-hexane,
diethylzinc was provided as a generous gift from Witco. Bis(tn'cyclohcxylphosphinc)bcnzyliden-
ruthenium(II) dichloride was purchased from Strem, (-)-B-chlorodiiSOpinocampheylborane ‘DIP-
Chloride™’ from Aldrich. Tetrakis(triphenylphosphin)palladium(0) was a donation from Degussa.

> THF, diethylether, and toluene were distilled from sodium/benzophenone ketyl radical under argon.

Dichloromethane was distilled from CaH, under argon. All other solvents were reagent grade and

used as received.

-

If not stated otherwise, the notion ‘standard work-up’ refers to quenching the reaction mixture with
water, followed by extraction with an organic solvent. Washing of the organic layer subsequently

with brine and water, drying of the combined organic phases with anhydrous MgSO, and

10 evaporation of the solvent under reduced pressure afforded the crude product.

All syntheses of the monomeric and polymeric catalysts and all catalyses were repeated at least twice
in order to ensure reproducibility. Given yields are average values. The enantiomeric excess of 1-

phenylpropanol was determined by means of HPLC using a chiral column (Chiralcel OD).

15

20
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I. Syntheses of the monomeric precursors

exo-?-Oxabicyclo[Z.Z.l]hept-S-ene-2,3-dicarboxylic acid anhydride (6): A dry
Schlenk flask under argon was filled with maleic anhydride (9.81 g, 100 mmol) and 50 ml. of
toluene. The mixture was warmed to 80°C, and then furan (10.21 g, 150 mmol) was added. After

5 stirring for 24 h at room temperature the mixture was cooled to 0°C, and the solid product was
filtered off and washed with 30 mL methyl tert—butylether; Drying in vacuo furnished 11.78 g
(71%) of 6 as a fine white powder. Mp: 116°C (decomposition). '"H NMR (300 M}-Iz, CDClL,): 6
3.16 (s, 2H); 5.43 (s, 2H); 6.55 (s, 2H). *C NMR (75 MHz, CDCL,): § 48.7; 82.1; 136.9: 169.9.
Reference: Furdik, M.: Drabek, J. Tetrahedron 1973, 29, 2445

10 rac-7-Oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid monomethylester (8):.

Trethylamine (0.51 g, 5 mmol) was added dropwise to a suspension of exo-7-
oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid anhydride (6) (4.15 g, 25 mmol) in 25 mL of
methanol and the mixture was stirred for 24 h at room temperature. After removal of methanol, the

residue was dissolved in 25 mL of dichloromethane, and the resulting solution was washed

15 phase with anhydrous MgSO,. Evaporation of the solvent under reduced pressure yielded 3.37 g
(68%) of 8 as a pale yellow solid. Mp: 110°C. '"H NMR (300 MHz, CDCL,): 6 2.86 (s, 2H); 3.71

20
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(s, 3H); 5.27 (s, 1H); 5.31 (s, 1H); 6.48 (s, 2H); 10.20 (s, 1H). "*C NMR (75 MHz, CDCl,): &
46.9; 47.2; 52.3; 80.4; 80.6; 136.4; 136.8; 171.8; 177.3.

Reference: Guanti, G.; Narisano, E.; Riva, R.; Thea, S. Tetrahedron Lett. 1986, 38, 4639.

5 Synthesis of (R)-1-{6-[4-(2-hydroxyethoxy)phenyl]pyridin-2-yl}-2,2-dimethyl-

propanol (5):

a) 4-(tert-Butyl dimethylsiloxy)phenylboronic acid: Magnesium tumingg (0.53 g, 22

mmol) and 20 mL of THF were placed into a two-necked flask. Next, rert-butyldimethylsilyloxy-

phenyl bromide(5.64 g, 19.6 mmol) was added and the mixture was heated under reflux for 2 h
10 before it was cooled to room temperature. The brown mixture was added to a solution of trimethyl
borate (2.43 g, 24 mmol) in 5 mL of THF through a dropping funnel at -78°C and allowed to warm
to room temperature overnight. After hydrolysis with 90 mL of ca. 0.1 M hydrochloric acid
followed by standard work-up with methyl terz-butyl ether, the brown residue was washed with 20
mL of cold hexane, and the resulting white product (3.86 g, 78%) was dried in vacuo. Mp: 175°C.
'H NMR (300 MHz, CDCl,): 8 0.25 (s, 6H); 1.01 (s, 9H); 6.95 (d, J = 8.5 Hz, 2H); 8.11 (d, J =
8.5 Hz, 2H). "C NMR (75 MHz, CDCl,): 6 -4.3; 18.1; 25.7; 119.8; 137.5; 159.8.

15
Reference: Bolm, C.; Derrien, N.; Seger, A. Synlett 1996, 387.

b) (R)-l-[6-(4-Hydroxyphenyl)-pyridin-z-ylj-2,2-dimethylpr0panol. (4b): Tetrakis-
(triphenylphosphine)palladium(0) (1.16 g, 1 mmol) were dissolved in 50 mL of toluene in a two-
necked flask under argon. Then, (R)-1-(6-bromopyridin-2-yl)-2,2-dimethylpropanol (4.88 g, 20
mmol) was added to the yellow suspension. Subsequently, solutions of sodium carbonate (4.24 g,

20
40 mmol) 1n 20 mL of distilled water and 4-(zert-butyldimethylsiloxy)phenylboronic acid in 25 mL
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of methanol were added and the mixture was heated under reflux for 6.5 h. After cooling to room
temperature the reaction was quenched with 120 mL of saturated sodium carbonate solution and 20
mL of aqueous ammonia. The aqueous layer was extracted five times with dichloromethane, and the
combined organic phases were washed with brine. Drying with anhydrous MgSO, and evaporation

of the solvents under reduced pressure gave the crude product which was dissolved in S0 mL of

5 THEF. Next, 22 mL of TBAF (1 M 1n THF) were added and the mixture was stirred for 5 h at room

10

15

20

temperature. Standard work-up with dichloromethane gave crude 4b which was purified by column
chromatography followed by recrystallization from toluene/hexane (2:1) to give 4.35 g (85%) of 4b
as white needles. The enantiomeric excess was determined by means of HPL(E * using a chiral
column [Chiracel OD; eluent: n-heptane/iso-propanol = 85:15; flow: 1.0 ml/min; ¢, = 8.2 min (R);
10.3 min (S)] Mp: 130°C. [a], = -18.4 (c= 2.32, acetone). 'H NMR (300 MHz, CDCL,): & 0.98
(s, 9H); 4.46 (s, 1H); 5.50 (s, 1H); 6.96 (d, J = 8.8 Hz, 2H); 7.06 (dd, J = 7.8 Hz, 0.8 Hz, 1H);
7.57 (dd, J = 8.0 Hz, 0.8 Hz, 1H); 7.67 (dd, J = 7.7 Hz, 1H); 7.89 (d, J = 8.8 Hz, 2H). “C
NMR (75 MHz, CDCl,): 6 = 26.0; 36.3; 80.0; 115.8; 118.4; 120.5; 128.3; 130.9; 136.6; 155.1;
157.6; 158.4. MS (70 eV): m/z (%) 257 (M, 4), 200 (100). IR (KBr): 1613, 1571, 1519, 1455,

1282, 1173, 1052, 807 cm™. Anal. Calcd. for C, H,,NO.: C, 74.68; H, 7.44; N, 5.44. Found: C,
74.59; H, 7.37; N, 5.34.

c) (R)-1-{6-[4-(2-Hydroxyethoxy)phenyl]pyridin-2-yl}-2,2-dimethylpropanol (5):
A dry 250 mL three-necked flask was charged with (R)-1-[6-(4-hydroxyphenyl)-pyridin-2-yl]-2,2-
dimethylpropanol (4b) (2.54 g, 9.9 mmol), cesium carbonate (6.43 g, 19.8 mmol) and 100 mL of
acetonitrile. Next, 2-bromoethyl-fers-butyldimethylsilyl ether was added through a dropping funnel.
The mixture was heated under reflux for 2 h and stirred for additional 14 h at room temperature.
After standard work-up with ethyl acetate the crude product was dissolved in 25 mL of THF and 11

mL of TBAF (1 M in THF) were added. After stirring for 1 h at room temperature, the solution was
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quenched with 50 mL of water and standard work-up with dichloromethane followed by column
chromatography (S10,, eluent: ethyl acetate/hexanes = 1:1) yielded 2.46 g (83%) of S as a white
powder. Mp: 104°C. [a], = -14.4 (c = 2.28, acetone). 'H NMR (300 MHz, CDCl,): 8 0.96 (s,
9H); 2.36-2.40 (m, 1H); 3.95-4.01 (m, 2H); 4.11-4.15 (m, 2H); 4.39 (d, J = 7.4 Hz, 1H); 4.66
(d, J =7.4 Hz, 1H); 7.01 (d, J = 8.8 Hz, 2H); 7.06 (dd, J =7.97 Hz, 0.8 Hz, 1H); 7.57 (dd, J =
7.97 Hz, 0.8 Hz, 1H); 7.66 (m, 1H); 7.95 (d, J = 8.8 Hz, 2H). °C NMR (75 MHz, CDCl,): §
26.0; 36.3; 61.4; 69.4; 80.2; 114.7; 118.2; 120.7; 128.2; 131.9; 136.4; 155.0; 159.3; 159.7. MS
(70 eV): m/z (%) 301 (M, 7), 244 (100). IR (KBr): 1608, 1576, 1516, 1453, 1255, 1174, 1046,
812 cm™. Anal. Calcd. for C,,H,,NO,: C, 71.73; H, 7.69; N, 4.65. Found: C, 71.59; H, 7.68; N,
4.56.

(R,R)-7-Oxabicyclo[2.2.1]hept-S-ene-(2-ex0,3-ex0)-dicarboxylic acid bis-(2-{4-
[6-(1-hydroxy-2,2-dimethylpropyl)-pyridin-2-yl]jphenoxy }ethyl)ester (7): A dry 25
mlL Schlenk flask was charged with exo-7-oxabicylo{2.2.1]hept-5-ene-(2-exo,3-exo)-dicarboxylic
acid anhydride (6) (415 mg, 2.5 mmol), (R)-1-{6-{4-(2-hydroxyethoxy)phenyl]pyridin-2-yl}-2,2-
dimethylpropanol (S) (1.50 g, 5 mmol) and 15 ml of dichloromethane. Next, triethylamine (759
mg, 7.5 mmol), 4-DMAP (122 mg, 1 mmol) and 2-chloro-1-methylpyridinium iodide (766 mg, 3
mmol) were added, and the resulting yellow mixture was stirred for 48 h at room temperature.
Standard work-up with dichloromethane followed by column chromatography (SiO,, eluent: methyl
tert-butyl ether) of the crude product yielded 1.59 g (85%) of 7 as a white solid, which was stored
at 0°C. Mp: 70-75°C. [a], = -12.3 (c = 2.10, toluene). 'H NMR (300 MHz, CDCI,): & 0.95 (s,
18H); 2.89 (s, 2H); 4.15-4.22 (m, 4H); 4.36-4.40 (m, 2H); 4.44-4.48 (m, 4H); 4.59-4.65 (m,
2H); 5.28 (s, 2H); 6.45 (s, 2H); 6.95-7.00 (m, 4H); 7.04-7.08 (m, 2H); 7.52-7.56 (m, 2H); 7.61-
7.67 (m, 2H); 7.90-7.97 (m, 4H). ’C NMR (75 MHz, CDCl,): 0 26.0; 36.3; 46.8; 63.5; 65.9;

80.1; 80.8; 114.8; 118.2; 120.7; 128.1; 132.0; 136.3; 136.7; 154.8; 159.3; 159.4; 171.4. MS (70
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eV): m/z (%) 625 (M-C,H,0-CH,, 18), 244 (100). IR (KBr): 1747, 1608, 1571, 1515, 1453,
1249, 1180, 1055, 813 cm™. Anal. Calcd. for C,,H N.O,: C, 70.38: H, 6.71; N, 3.73. Found:
C, 70.10; H, 6.72; N, 3.51.

7-Oxabicyclo[2.2.1]hept-5-ene-(2-ex0,3-exo)-dicarboxylic acid methyl (R)-(2-{4-
'[6-(1-hydroxy-Z,Z-dimethyl-propyl)-pyridin-z-yl]phenoxy}ethyl)ester (9): A dry
100 mL Schlenk flask was filled with 7-oxabicyclo[2.2.1]hept-5-ene-(2-exo,3-exo0)-dicarboxylic
actd monomethyl ester (8) (595 mg, 3 mmol), (R)-1-{6-[4-(2-hydroxyethoxy)phenyl]pyridin-2-
yl}-2,2-dimethylpropanol (995 mg, 3.3 mmol) and 20 mL of dichloromethane. Next, 4-DMAP (55
mg, 0.45 mmol) and DCC (743 g, 3.6 mmol) were added and the mixture was stirred over a period
of 24 h at room temperature. Standard work-up with dichloromethane followed by column
chromatography (S10,, eluent: ethyl acetate/hexane = 2:1) afforded 9 as a white solid (1.35 g,
94%). Mp: 54-60°C. [a], =-7.2 (c = 2.08, toluene). 'H NMR (300 MHz, CDCl,): 6 0.96 (s, 9H);
2.86 (s, 2H); 3.69 (s, 3H); 4.22-4.27 (m, 2H); 4.36-4.40 (m, 1H); 4.47-4.52 (m, 2H): 4.61-4.66
(m, 1H); 5.26-5.28 (m, 2H); 6.45 (s, 2H); 6.99-7.03 (m, 2H); 7.05-7.09 (m, 1H); 7.56-7.60 (m,
1H); 7.64-7.69 (m, 1H); 7.94-7.98 (m, 2H). "C NMR (75 MHz, CDCl,): 0 26.0; 36.3; 46.7;
47.0; 52.3; 63.4; 65.9; 80.1; 80.5; 80.6; 114.8; 118.2; 120.7; 128.2; 132.0: 136.4; 136.6; 136.7;
154.8; 159.3; 159.4; 171.5; 171.9. MS (70 eV): m/z (%) 481 (M, 2), 356 (100). IR (KBr): 1747,
1609, 1571, 1516, 1435, 1248, 1180, 1054, 813 cm™. Anal. Calcd. for C,H, NO,: C, 67.20; H,
6.49; N, 2.91. Found: C, 67.35; H, 6.82; N, 3.12.
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II. Polymerization of bicyclic olefins 7 and 9

A dry Schlenk flask under argon was charged with RuCl(CHCH,)[P(C,H,,),], (1) which was
dissolved in 3 mL of dichloromethane, and a solution of the bicyclic olefin (20, 50 or 100 equiv. of
7; 50 equiv. of 9) in 7 mL of dichloromethane was added. Stirring the mixture for 24 h at room
S temperature was followed by the addition of 0.3 mL of ethyl vinylether. After having it stirred for
an additional hour, the solution was filtered (silica gel, dichloromethane) to remove the ruthenium

catalyst and the solvent was evaporated. The grey/green solids were analyzed by 'H NMR

spectroscopy and subjected to GPC.

NMR-spectrospcopy: After the reaction no double bond signals for the bicyclic monomers (3 6.45

1 PPm) can be detected anymore. Instead, broad signals at 5.5 and 5.8 ppm for the olefinic protons in
the polymer were observed. For P1, P2 and P3: 'H NMR (300 MHz, CDCl,): & 0.90 (s); 2.98-;
3.20 (m); 4.05 (s); 4.36 (s); 4.50-4.72 (m); 5.17 (s); 5.52 (s); 5.84 (s); 6.80-7.04 (m); 7.38-7.62
(m); 7.76-7.92 (m); all signals are broad. For P4: '"H NMR (300 MHz, CDCl,): 8 0.93 (s); 3.10
(s); 3.59 (s); 4.15 (s); 4.32-4.50 (m); 4.55-4.78 (m); 5.10 (s); 5.58 (s); 5.90 (s); 6.88-7.10 (m);
1.44-7.70 (m); 7.86-800 (m); all signals are broad.

15 .
GPC _analysis: Waters HPLC-pump type 510, flow: 1.0 mL/min, eluent: THF p.a., teflon-

membrane filter 0.2 pum, 2 columns, each with a length of 500 mm and a diameter with Jordi DVB-

gel of 1000A and 100000 A, respectively, Melz Rl-detector LCD 201, calibration: PSS-
Polystyrolstandards 500-750.000.

20
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Table. Polymer yields and characterization
Polymer  Monomer quomer ?:::Z:;(r:t (:[ F?olymer M, “ M M,/M
equivalents yield [%] w n
(mg / umol)
P1 7 20 24.8 /30 492 15500 19100 1.2
P2 7 50 94/11.4 98 27700 38100 1.4
P3 7 100 5.0/6.0 354 32200 53100 1.7
P4 9 50 8.4/10.2 99 29800 33300 1.1

2 After additional chromatography through a sephadex column.

III. Diethylzinc addition to benzaldehyde (10)

was quenched by careful addition of 10 mL of 2 M HCI. and the resulting mixture was extracted
three times with 25 mL of dichloromethane. The combined organic phases were washed with brine,
dried over MgSO,, and the solvent was removed under reduced pressure. The crude product was
purified by column chromatography (silica gel, hexane/methyl terz-butylether = 10:1) followed by

Kugelrohr distillation to give I-phenylpropanol (11) as a colorless oil. The enantiomeric excess of

20 11 was determined by HPLC on a stationary phase [CHIRALCEL OD. n-heptane/iso-propanol =

98:2, 1.0 mL/min; ¢, = 17.2 min (R); 21.5 min (5)], and the absolute configuration was determined




10

15

20

990059 AM

CA 02306209 2000-04-19

20

by correlation of the optical rotation with the values reported in the literature (Soai, K.: Ookawa, A .:

Kaba, T.; Ogawa, K.;: J. Am. Chem. Soc. 1987, 109, 7111).

Table. Reaction of benzaldehyde (10) and diethylzinc catalyzed by"
various pyridinyl alcohols

— —_—

Pyrjdinyl alcohol pyrgi?;‘ljgtc(:)fhol Time [h] Yielci of Ee ff
polymer (mg / umol®) 11 [%)] 11{%)]
. 4a 15.0/62.1 4 91 87 ~
5 15.0/49.8 24° 86 83
7 16.8/44.6 24P 72 79
9 38.1/79.1 24° 89 80
P1 22.6 /60.2 48° 88 73
P2 23.1/61.5 480 83 73
P3 48.7/130.0  4gb 77 73
P4 ' 35.3/73.0 48°¢ 78 71

-

4 With respect to catalytically active subunits. ° Reaction was
performed at 0 °C. ¢ Reaction was performed at room temperature.
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Claims:
1. Homogeneous catalysts obtainable by reactiné a compound
of formula I
Y,
U ()
- |—_-
w' iR
Z
5 wherein
U, W are Cl, Br, I, OR a
Y, Z are PR';5, NR' or U
R 1S (CG_CIB) *AI‘Yl, (C3—C18) -Heteroaryl, (C3—C3) -
CYClO&lle, (C1—-Cs) "Alk}/l, (CG“Clg) —-Aryl-—- (Cl—CQ) -
10 Alkyl, (C3-Cig) —Heteroaryl- (C;-Cg) -Alkyl, (C7-C;q) -
Aralkyl, (C4-C;9)-Heteroaralkyl,
M 1s Ru, Mo
R 1s (Cg—Cig) -Aryl, (C3-Cig)-Heteroaryl, (C3-Cg) -

Cycloalkyl, (C3-Cg) -Cycloalkenyl, H, (C1=Cg) -
15 Alkyl, (C;-Cg)-Alkenyl,

in a non-reactive organic solvent or solvent mixture

with a bicyclic olefin of formula II

()

R1 R2 R2 R1

wherein

20 X is O, NR’, C(R%),, S, POR®, PR®,
R!, R? are independently of each other H, (C;-Cg)-Alkvyl,
C2-Cg) -Alkenyl, (C,-Cg)-Alkynyl, (C—C18) "Aryl, (C+-Ci9) -
Aralkyl, (C3-Cig)-Heteroaryl, (C4—Cy9) ~Hetercaralkyl,

- ——
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(C3-Cg) -Cycloalkyl, (C3~Cg)-Cycloalkenyl, (Ce—Cig) ~Aryl -
(C1-Cg) -Alkyl, (C3-Cyg)-Heteroaryl-(C;-Cg)-Alkyl, (C3-Cg) ~
Cycloalkyl-(C;-Cg)~-Alkyl, (C,-Cg)-Al Kyl- (C3—C“8) -
Cycloalkyl,

0 or form together a =0-group,
R, R® are independently of each other OR!, SR!, NR°R?,
OR’, SR’, NR’R’ provided that at least one residue R?>, R*
bears a group R/,
R> is R?,

10 R® is R' provided that it can not be H and N
R' is a catalytically active group, and optionally with

a further olefinic compound III, preferably a

cycloolefinic compound.

2. Catalysts according to claim 1,
15 characterised in that,
R 1s Ph,
R' 1s Ph, (C;-Cg)-Alkyl,

X 1s O,

R', R? form together a =0-group,
20 R° is R%, 0(C;-Cg)-Alkyl,

R® is OR’,

R" is a catalytically active group of alcohols, amines,

phospines or other, sulfur or phosphor contalning

groups.

25 3. Catalysts according to claim 1 and/or 2,
characterised in that,
R' is a compound selected from the group of Taddol-
ligands, chiral salene-complexes, ligands for
Sharpless~epoxidation like dihydrochinidines, 1, 2-
30 diaminoalcohols or catalytic hydrogenation catalysts

like 1,2-diphosphane-ligands, for example DIOP, DIPAMP;
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BPPFA, BPPM, CHIRAPHOS, PROPHOS, NORPHOS, BINAP,
CYCPHOS, SKEWPHOS (BDPP), DEGPHOS, DuPHOS und PNNP.

4. Process for the production of homogeneous catalysts

according to claim 1,

5 characterised in that,

a compound of formula I

Y
U ()
. ;
w iR
> -
wherein
U, W are Cl, Br, I, OR
10 Y, Z are PR's, NR' or U
R 1S (CG'—C;[B) —Aryl, (C3—C13) —Heteroaryl, (C3""Cg) -

Cycloalkyl, (C;-Cg)-Alkyl, (Cg—Cig)~Aryl-(C;-Cg) -
Alkyl, (C3-Cig)-Heteroaryl-(C;-Cg)-BAlkyl, (C7-Ciq) -
Aralkyl, (C4-Cy9)~-Heterocaralkyl,

15 M 1s Ru, Mo

1S (C(,—Cla) —Aryl, (C3-C18)—Heteroaryl, (C3“C8)“
Cycloalkyl, (C3-Cg)~Cycloalkenyl, H, (C;-Cg)-
Alkyl, (C,-Cg)-Alkenyl,

1s reacted in a non-reactive organic solvent or solvent

20 mixture with a bicyclic olefin of formula II

(1)

R' R® R¥ R

whereln
X is 0O, NR’, C(R®),, S, POR®, PRS,
Rﬂ,fﬁ are 1ndependently of each other H, (C1-Cg) -Alkyl,
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(C2-Cg) -Alkenvl, (C2-Cg) ~Alkynvyl, (C6=C18) “Aryl, (C7=Cqq) -

Aralkyl, (C3-Cig) ~Heteroaryl, (Cy%hg)—Heteroaralkyl,

(C3—Cg) ~Cycloalkyl, (C3-Cg) -Cycloalkenyl, (C;%hﬁ)—Aryl-

(C1—Cg) -Alkyl, (C3-C;3g) —Heteroaryl-(C;-Cg) -Alkyl, (C3=Cjg) —

5 Cycloalkyl-(C;-Cg)-Alkyl, (C;-Cg) -Alkyl-(C3-Cg) -

Cycloalkyl,

or form together a =0-group,

R, R! are independently of each other OR!, SR*, NR°R!,

OR’, SR’, NR°R’ provided that at least one residue R?, R®
10 bears a group R’,

R’ is R?,

R® is R? provided that it can not be H

and

R" is a catalytically active group, and optionally with
15 a further olefinic compound IfI, preferably a

cycloolefinic compound.

>. Process according to claim 4,
characterised in that,
R 1s Ph,
20 X 18 O,
R', R® form together a =0-group,
R is R?, 0(C;-Cg)-Alkyl,
R* is OR’,

R’ is a catalytically active group of alcohols, amines,

25 phospines or other, sulfur or phosphor contalning
groups.
6. Process according to claim 5 and/or 4,

characterised in that,

R’ is a compound selected from the group presented by

30 claim 3.
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10.

11.

12.

25

Process according to one or more of claims 4 to 6,

characterised in that,

the non reactive organic solvent or part of the solvent

mixture is a haloalkane, like dichloromethane.

Process according to one or more of claims 4 to 7,
characterised in that,

the temperature during the process is from -20°C to

50°C, preferable between -5°C and 30°C.

Use of the catalysts according to claim 1 for organic

synthesis purposes.

Use according to claim 9 in a reactor, which is able to
hold back the polymeric catalysts, while permitting the
starting material to be introduced in and the product

to be released from the reactor.

Use according to claim 10, where the reactor is a

membrane reactor.

Use according to one or more of claim 9 to 11,

in a process for the production of optically active
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