
Polymer Bulletin 13, 57-64 (1985) Polymer Bulletin 
�9 Springer-Verlag 1985 

Catalysts 
Polymeric Schifrs Base Chelates and Their Precursors 8 a), 
Some Cobalt Chelates as Catalysts for the 
Isomerization of Quadrycyclane to Norbornadiene 

D. W@hde and R Buttner 

Organische und Makromolekulare Chemie, Studiengang Chemie, Universit&t Bremen, 
Bibliothekstr. NW 2, D-2800 Bremen 33, Federal Republik of Germany 

SUMMARY 

Starting with Z-2,3-diamino-2-butenedinitrile as diamine component the syn- 
thesis of the low molecular N,N,O,O-ehelate 3.Co and its ligand 3 is opti- 
mized. An easy synthesis of the chelate 8.Co covalently bound on-macrore- 
ticular resins is presented. The chelates 8.Co are the most active hetero- 
genous catalysts for the valence isomerizat-~-6-nof quadrieyelane to norbor- 
nadiene today. 

INTRODUCTION 

The cyclic system norbornadiene [1]-quadricyclane [2] is one of the most 
promising among the abiotic photochemical solar ene-rgy storage systems 
[Ref. 2-4] [Scheme I]. I / 2 consist of the sensitized reaction of colour- 
less I to 2 and the catalyzed backreaction during which heat is released. 
For reaching economic use the development of highly effective, especially 
working [selectivity > 99.5 ~] [Ref. 2,4,5] sensitizere and catalysts is 
necessary. Moreover for practical application the sensitizer and the cata- 
lyst must be immobilized. 
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Up to the present, low molecular and polymer bound ketones and Cu(ll)-com- 
pounds as sensitizers have the disadvantage of working only at the lower 
edge of the UV-VIS spectrum [~< 315 rim) [Ref. 3). For the catalyzed back- 
reaction some transition metal eon~olexes (Ref. 4,6-9), mostly square planar, 
were found, but all exhibit the disadvantage of low activity and/or loss of 
activity. The most active catalyst up to now is cobalt[III]tetrephenylpor- 
phin CCo(III)TPP) [Ref. 8,10,11). However, loss of activity can be traced 
to a stable cobalt-reactant bond by formation of nortrioyclyl-Co(III)TPP 
(Ref. 11). The few polymer bound catalysts synthesized up to the present 
show essentially lower activity compared to their low-molecular derivatives 
(ref. 12-15). 

Initial studies proved the catalytic activity of 3.Co for the reaction of 
to ~ (Ref. 16). This paper presents detailed investigations on the use 
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of 3.Co in this reaction. Anothermain objective is an easy synthesis of 
3.Co covalently bound at macroreticular resins. 

SYNTHESIS 

The low molecular compound 3.Co (Ref. 16) precipitates in high yields from 
4, 2-hydroxybenzaldehyde and Ce(II) in refluxing ethanol. Corresponding to 
Ehe synthesis of 3.Ni and 3.Cu (Ref. i6), the addition of glacial acetic 
acid is unnecessary, because 4.Co, existing in equilibrium, is not the end 
product due to its good solubz~y in ethanol. Moreover, the demetalliza- 
tion of 3.Co to 3 by acids was observed, followed by the decomposition of 
3 to 4 and 2-hyd~oxybenzaldehyde. 3 was obtained in an improved synthesis 
Eompa~ed to Ref. 16. By the addit~n of Co(II) to 3 in DMF, 3.Co forms 
immediately [Scheme 2). 
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3.Co shows a great tendency for additional complexation with donor ligands. 
The red-brown fosm of 3.Co obtained from the synthesis described above and 
dried at 353 K s~ill con--n--~ins coordinated solvent. Solvent-free black-vio- 
let 3.Co was obtained by heating at 383 K. After crystallization from pymi- 
dine, 3.Co coordinates three molecules of pyridine. The coordination of 
donor ligands alters the UV-VIS spectra (see exp. part), especially the 
absorption at longest wave lengths is shifted bathochromically. This is 
not observed for Co(salen) 5.Co. Also the addition of NaOH to the yellow 
solution of 3 in acetone leads to a deep red solution of the anion of 3 
(see exp. pa~t]. The dicyanovinylen bridge, which contains groups with- 
strong electron withdrawing effect is responsible for the resonance with 
the ligand atoms (Scheme 3). Therefore 3.Co contains strongly electrophilic 
cobalt for the reaction with 2. 
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Covalently polymer bound chelates were synthesized on macroreticular resins, 
because neither I, 2 nor chloroform, the solvent for the catalysis, are 
good swelling solvents for low crosslinked polystyrene. The resins A and B 
were first alkylated with 5-chloromethyl-2-hydrexybenzaldehyde giving 6 
(Ref. 17,16) (Scheme 4). The degree of alkylation was calculated by elemen- 
tal analysis after reaction of 6 with 2,4-dinitrophenylhydrazine to 7, The 
degree of alkylaticn of about 076 mmol per g resin corresponds to yields of 
50-60 % related to the inserted 5-chloromethyl-2-hydroxybenzaldehyde. The 
following reaction of 6 with 4 and Co(II) to the chelates 8.Co succeeds 
best in ethanol/glaciaTaceti~ acid (vol. ratio 3:1). Contrary to Ref. 16, 
this preparation of polymer bound 3.Co is easier and side reactions with 
formation of polymer bound 4.Co and accompanying ~resslinkinR can be avoided. 
The deep blue resins 8.Co ex--~it a rest absorption ~ C=O at 1650 cm -I ori- 
ginating from unreacted 2-hydroxybenzaldehyde groups. According to cobalt 
analysis of 8.Co Caccording to Ref. 20), the resins contain about 0.2mmol 
chelate centers per g resin. This corresponds to a yield of 28-44 %, when 
#eginning with 6 (Tab. I). The yields are comparable with those of the 
synthesis of 3,~o in ethanol/glacial acetic acid (Eel. 16). 

Tab. I. Introduction o~ functional ~roups into the polymers A and B 

resin 
alkylation o{ resin A,B to 6 

.rrel R-CHO/8 polymer a) convs~ion (~) 

reaction os 6 to 8.Co 

m~ol 8.Co/g p o l k a 7  oonversion (4) 

A 0.55 50 0.21 44 

B 0.65 60 0.18 28 

a) 4~ro m nitrogen analysis of 7 b] ~rom cobalt ana]ysis o~ 8.Co 
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The chelates 3.Co and 6.Co show high catalytic 6ctivity in the reaction of 
2 to I in uncoordinatin--E-~olvents like chloroform, dichleremethane and ben- 
z-ene.-The use of solvents like acetone, DMF, DMSO, THF, Pyridine which 
contain Lewis-base gPoups or their addition to the unpolar solvents leads 
to a retardation or inhibition of the catalytic reaction. These results are 
in agreement with the. retardation of the catalysis by N-heterocycles in the 
case of CoTPP as catalyst (Ref. 7,11). Furthermore, 3.Co must be solvent- 
free [dried at 383 K) to achieve sufficient solubility in unco~rdinating 
solvents. Also the solvent had to be well dried. Water in COmT~rcial CDC13 
leads already to precipitation of 3.Co'H20 - and therefore to an inhibition 
of catalysis. For the polymeric chelates 8.Co, only the addition of greater 
amounts of water (>0.2 ~) leads to a loss of activity. The reaction of 2 
to I was studied in CDC13 at 293 K and monitored by IH-NMR. Evaluating t~e 
results in terms of a pseudo-first order reaction [Ref. 8), a decrease of 
the reaction rate is obtained [Fig. I). Since the UV-VIS spectra of 3.Co 
also changes when 2 is added and since the IR-spectrum too is altered after 
isolating the cataTyst we suppose that a side reaction of 2 with 3.Co under 
deactivation of 3.Co is responsible for the decreased reaction rate. Addi- 
tion of I does not alter the spectra and has no influence on the catalytic 
activityT So a reaction of 3.Co with norbornadiene similar to the reaction 
CoTPP undergoes is not the reason for the loss of activity. Explaining the 
nature of this side reaction is the aim of subsequent investigations. 

The rate constant Kob s - and the comparable Km - was calculated from the 
velocity at the beginning of the catalysis (Tab. 2). These results show 
that the activity of 3.Co is comparable to that of CoTPP (Ref. 6,I0,11), 
while 8.Co is a heterogenous catalyst with the best activity known today, 
The main reason for the lower activity of 8.Co compared to 3.Co appears to 
be diffusion of the substrata 2 into the cavities of the macroreticular 
resins. The catalytic activity--of resin B increases tenfold by grinding 
the panicles. 

Subsequent investigations should clarify the interdependence of catalytic 
activity, deactivation and the structure of inactive cobalt chelates. 



61 

o' 2. o" 

o / o,./" 
~~co2 ol o- 

~; o,, "~ 1 I t  o.,O- ,__.o,--- -~ lo~ _ 1 o  ..__z 

~oo 6~o 9oo ~2oo ~soo 

t (sec 

Fi~, I Isomerization of 2 fO.5 rrm2,1 -l) ~o ? with low molecular 3.So , 
(3.8,1Q-4 a31,1" IT cesp. polymer ,8~C~ ~cesin A~ 6.5"~0 "~ ~--q?'~'~ 
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�9 :3.Co~ o:(~:Co~ numbet-s 1,2,3 spe6i /y  ~un ~, run 2, run 3, 

fa~, 2, ~some#izatiQn Q~ 2 (0,5 m~1"l "I) to I in C~l 3 at 293 K 

r mml'l'll method run K#s [sec ' l  ~ Km{l'mol"Icm-1] D) tl/2 (see) c] 

~.c_o~ ~ (o.m75, ~.B,~D-~) 1 1 ~.0. I0 "2 133 13.8 

1 2 3.7"10 -4 1.0 1873 

f 3 9,7"10 "5 0.25 7t45 

3,C~ aj (1,06~ 5.3"10 -3 ] 2 1 

S,Co~ ~) C0,491 2.5.10 "~1) 1 1 

~,Co, ~sin A s) 
~0.17, 5,5.%D "4) 

1.~'10 "4 0,03 4359 

?.7"10 -5 0,03 8978 

Z 1 1,8" 10 +3 16, C 36 

2 2 2.3-10 " 2.4 301 

2 3 6.6.10 "~ 0.7 1050 

6,Co, ~esin A ~ 2 1 4.4.10 "2 15,4 ~5,7 
(0,42, 2.1,10 "3) 2 Z 3.~,10 "Z 12.4 25 

2 3 B.Q.10 "~ 3.4 B8 
2 4 1.6"10 ̀ 3 0.6 433 

8,Co, zesin B e] 2 1 7.0.10 "4 1,1 990 
[D.13~ 8,5.10 "4) 

8,Co, ~estn B e'~] Z ~ ~.8,1Q "3 10,4 
(0,13j 8,5.10 "4) 

10Z 

e] dz'ied at :343 K. f~ &~-~nd~d, 
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EXPERIMENTAL 

Used instruments: IR (Perkin Elmer 577), UV~VIS [Perkin-Elmer 544], 
[Varian MAT EM 360, 60 MHz). 

IH-NMR 

If necessary, all reactions were carried out under argon in dried, distilled 
solvents with purified reagents. 

Starting resins: resin A: macroreticular polystyrene with 30 % crosslinking, 
pore diameter 210 R, pore volume 1.2 ml/g, 50-150 mesh (Ref. 19). 
Resin B: mecroreticular polystyrene with 30 % crosslinking. Pore diameter 
800 R, pore volume unknown, 22-50 mesh (Aldrich Nr. 9003-53-6). 

0uadricyclane ~: Prepared from norbornadiene ~ in a photoreactor according 
to Ref. 12. 

Cobalt analyses were carried out as described in Ref. 20. 

[2,2'-Bicyanovinylenebis(nitrilomethylidyne)diphenolato] cobalt (II) (3.Co): 
A suspension of 0.64 g (2.6 nTnol) Co(II)acetate.4 H20 in 50 ml hot st a~l 
was given to a hot solution of 1.0 g (8.2 nTnol) 2-hydroxybenzaldehyde in 
30 ml ethanol. Then a hot solution of 0.53 g (2.5 nTnol) ~ (Ref. 16) in 80 
ml ethanol was added to this mixture. The red solution was refluxed for 30 
min. After cooling the precipitate was filtered off and washed with water, 
ethanol and acetone. Yield: 0.63 g (67 %). 0tying at 353 K over P205 i.vac. 
yields a red-brown product, which turns violet-black at 383 K. 

C18H10CoN402 (373.24) Calc: C 57.93 H 2.70 N 15.01 
Found: C 57.91 H 2.86 N 15.11 

UV-VIS (CHCI3):~ ,/rim [logr = 244 (4.44) 312 (4.35), 346 
(~.26), 360 (4.26), 420 (4.09), 500 (4.~6) 

(acetone) = 364 (4.33), 542 (4.19) 
(BMSO) = 261 (4.34), 313 (4.28), 373 (4.36), 455 (sh 3.98), 

57O (4.19) 

3.Co'H20: A solution of 3.Co in CH2C12 was mixed with H20, the red-brown 
precipitate was filtered off and dried at 333 K. 

C18H10CoN402.H20 (391.25) Cal~: C 55.26 H 3.09 N 14.32 
Found: C 55.66 H 3.19 N 14.64 

3.Co.py3: 3.Co was recrystallized under argon from pyridine, the violet 
shining crystals were washed with a smell amount of ether and dried at 333 
K. 

C18H10CoN402"(CsH5N) 3 (610.54) Calc: C 64.92 H 4.13 N 16.06 Co 9.65 
Found: C 64.96 H 4.17 N 16.34 Co 10.2 

2,3-Bis(2-hydroxybenzyliden@imino)-2,3-butenedinitrile ~: 0.1 g (0.46 nTnol) 
4 (Ref. 16) was dissolved in 50 ml ethanol. Then one drop conc. H2S04, 
~.116 g (0.95 nTnol) 2-hydroxybenzaldehyde and 0.17 g (0.5 nTnol) Co(III)ace- 
tylacetonat was added. The green solution was stirred at ambient tempera ~ 
ture for a few days, during which the solution turns violet and yellow 
crystals of 3 precipitated. These were washed with ethanol and dried at 
363 K over ~05 i.vac. Yield 0.037 g (25 %), analytic data corresponding 
Ref. 16. 



63 

UV-VIS (acetone) :~/nm ( l o g 6 / l ' m o l - l c m - 1 )  = 348 (4.42), 425 (sh,4.55),  444 
(4.60) 

(3.86.10 -5 mol'1-1 3 and 3.84.10 -4 mol. l -1NaOH in ace- 
Lone)= 360 (4.24), ~16 (4.08), 570 (4.39) 

Polymer 6: The synthesis of polymer 6 was described in Ref. 18. The compo- 
sition o~ 6 was deduced after reaction to 7 (Tab. I). 

Polymer ~: To 0.04 g 2,4-dinitrephenylhydrazine in 5 ml methanol was added 
as much conc. H2SO 4 as necessary for obtaining complete solution. Then 0.1 
g polymer ~ was added and the mixture was refluxed for 16 h. After isola- 
tion the resin was carefully treated with methanol in a Soxhlet apparatus. 
After drying at 353 K i.vac, over P205 approximately 0.1 g of red 
polymer ~ w obtained. 

IR (KBr, cm-1): 3400 (w, OH), 1600 (s,C=N), 1580 (s,N02), 1333 (s,NO 2) and 
absorptions of polystyrene. 

7 ( res in  A) 

7 (resin B) 

[(CBHB)g(CloH10)4.3(C22H18N405)]n (1913.7) n 

Calc: C 85.9 H 7.00 N 2.92 
Found: C 84,53 H 7.08 N 2.63 

[(CBHB)8(C10H10)3.8(C22H18N405)] n (1753.7) n 

Calc: C 85.31 H 6.93 N 3.19 
Found: C 83.83 H 6.93 N 3.00 

Polymer 8.Co: 0.2 g 6 (resin A) or 0.17 g 6 (resin B] containing 0.11 mmol 
2-hydroxybenzaldehyd~groups was added to ~ hot solution of 0.16 g (0.75 
nTnol] 4 in 30 ml ethanol/glacial acetic acid (vol. ratio 3:1). After the 
addition of 0.2 g (0.8 mmol] Co(II)acetate.4 H20) suspended in 30 ml hot 
ethanol/glacial acetic acid (vol. ratio 3:1), the mixture was refluxed for 
8 h. The deep-blue coloured resins were isolated, thoroughly washed with 
ethanol, hot DMF and acetone and dried at 353 K over P205 i.vac. 
Yields about 0.2 g (resin A) or 0.17 g (resin B). 

IR (KBr, cm-1): 2200 w(CN), 1680 (w-m, C=O, 1880 (C=N) and absorptions of 
polystyrene. 

8.Co (resin A) 

~CBHB)9(C10H10)4.3(C16H1402)O.56(C27H16CoN402]O.44]n (1806.28) n 

Calc: C 89.02 H 7.15 N 1.38 Co 1.43 
Found: C 85.29 H 7.63 N 1.84 Co 1.42 

8.Co (resin B) 

-r~sHs)8(C10H10)3,8(C16H1402]O,72(C27H18CoN402)0.28] n (1611.23)n 
Calc: C 89,87 H 7,22 N 0.97 Co 1.02 

Found: C 88,54 H 7,45 N 1.28 Co 1.07 

CATALYSIS 

Method I: The catalyst was dissolved in COC13, the concentration of the 
solution was estimated photometrically. 0.5 ml of this solution was put 
into a NMR-tube. Then, 25 pl of quadricyclane 2 was added with a syringe. 
After shaking the tube the IH-NMR-spectrum was--inTnediately recorded. 
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Method 2: The catalyst was weighed and ~laced into the NMR tube. Then 0.5 
ml o{ 2, dissolved in CDC13 (0.5 mol,l-1) was added, The mixture was shaken 
and th~ spectrum recorded. 
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