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MULTILAYERED TRANSITION METAL CZOMPLEXES OF CYCLCPHANES
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Summary: The reaction of arene-ruthenium complexes {_RuCl (né—afene)jz)
with [2.2])paracyclorhane in the prescnce of Ag;EFu provides double—- and
triple-layered arene-ruthenium complexes of 72,20paracyclophane in
excellent yleld.

Although the properties of cycloghanes are consiatent wlth the coricep
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of a single T-electron syvstem for the whole molecule, the vosgssibility
still exists for forming transit.on metal complexes at both arcmallc faces
af a cyciopnzne. This has long bteen of infiorast, since if mwould allow

syntheses of oligorers and polymers having l-clecetron svatems extending
over the whole of the macromcolecular frareword<. We now report the rfeall-
zation of this goal of vreparing multilavered transition metal comploxes
of cyclophanes.

Work directed toward this end in the past has been restricted essen-

h

Aally Lo fwo annroach 2 lo

ws 1) fhe reaction af scyclonhanes w'th hexacar—
bonylchromium, and 2) the reactlon of cyclophanes with metal atoms. In
the early study of Cram and Wilg<inson, the reaction of {[2.2lparacyclophane
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with hexacarbonylechromiun gave only 2 monc-tricarbonylchromium complex,

-

and this is the common experience of others, - although isumi and nis

colleagues, by using forcing conditions, were able to prepare the blS—
tricarbonylcechromium complex of _2.2 paracyclochane in poor yLeld.
Likewise, FElschenbroich has shown that the chromium metal-acom technique
converts [2.2]paracyclophane to a mixture of bis(n6~f2.2}paracyclophane)—
chromium(0) and (nlg—[P.Q]paracvclophane)chromium(o).7 However, neither
of these methods 1s sulted for preparing ol gomers and polymers of

cyclophane-transition metal complexes.
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With the completion of syntheses ©f all of the vossible symmetrical
[2q]cycloohanes, we wanted to cormvare the varicus cyclophanes with respect
to their ability to form transition metal complexes and also to reexamine
the prossibility of preparing oligomers and polymers. Fortunately, at this
time, Bennett and his colleagues described simple, convenlent methods for

vreparing bls{arene)-ruthenium(IT) complexes.g’lg

When we employed
Bennett's procedure, substituting [2.2lpraracyclovhane for the second arcne,
formation of double- and triple-layered [?.2]paracyclophane-ruthenium

complexes {1 and 2) occurred rcadily in excellent yleld.

[RuC]2(n6—Arene)iq + 2.2 ]earacyclephane
o
+ ? +
|
F -CH wd F_CC
AgB i CHBC 3 and <3 02H
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The following procedure Tor the preraration of 1 (Arene = E—cymene)
is typacal. Bis(R—cymene)dichlorodi—u—chloro—diruthenium(II)ll (104 mg,
0.12 mmol), silver tetrafluoroborate (104 mg, 0.536 mmol), and acetone (3
ml) were stirred at room temperature for 20 rmin. The precipitated silver
chloride was removed by filtration before adding [2.2]paracyclophane (50
mg, 0.24 mmol) and trifluorcacetic acid to the yellow-orange solution. The
resulting solution was boiled under reflux for 35 min, and ether was added.
The white powdery solid (127 mg, 86%), which separated, was essentially
pure. On recrystallization from 395% ethanol it gave pale yellow needles
of 1 (Arene = Efcymene).]? When this exgeriment was repeated using a five-
fold excess of bis(E—oymene)dichlorcdi—u—chloro—diruthenium(II), triple-

layered complex, 2 (Arene = p-cymene), wac isolated in 3% yield.12 The
1

vield and ¥ NMR date for all of these cyclophane-transition metal complexes

are presented in Table 1.
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Table 1: Yield and lHNMF Data for Arene-Cyclophane Rutherium Complexes.
Yield(%) THNMR (5, i cngcm)l3

Structure 1 ;

Arenes-

benzene q7 2.99-3.49 (8H,m,—C§2—); 5.08 (DH,S,AP'E);a 6£.56
(6H,s,ArH); 7.00 (4H,s,Ar'H)

mesitylene 99 2.25 (9H,s,—Cﬂ%); 2.96-3.48 (8H,m,—Cﬂ2—); 5.99
(4H,s,Ar'H); 6.49 (3H,s,ArH); 6.94 (U4H,s,Ar'H)

p-cymene 86 1.18 (6H,d,J=L.2Hz,-CE(CHR)p); 2.27 (BH,S,—CES);
2.7%3 (]H,sp,J=M.252,—C§(CH3)2); 2.95-3.53 (8H,m,
~CH,=)3 6.10 (Lll,s,ArH); 6.54 (4H,s,ArE); 6.98
(4H,s,Ar 1)

hexamethyl- gp 2.34 (18H,s,—Cﬁ3), 2.03-3 44 (8H,m,—C§2~); 5.82

benzene

(MH,S,[‘I"'E); 6~88 (QH,S,AT"E)

Structure 2

Arere-

mesitylene 18b 2,32 (18H,s,—CE3); 3.46 (SE,S,~C§2-); 6.47 (8H,
s,Ar'H)

p-cymene 53 1.21 (l2H,d,J=M.2Hz,—CH(CE3)2); 2. 33 (6H553‘0H3)§
2.81 (2H,sp,T=h.7Fz,~CH(CE ),); 3.44 (BH,s,-CH,-)
©.53 (8H,s,Ar ) .69 (8H,s,Ard)

hexamethyl- 87 2.138 (36H,s,—CE3); 3.36 [(8H,s,-CH,-); 6.20 (BH,

benzene “

s,Ar'H)

a) Ar=arene and Ar'=[2.2]Jparacyclophane

b) Although the yield of 2 (arene=mesitylene) is only 18%, the remaindcr of
the [2.2]paracyclophane is accounted for by isclation of 1 (arene=
mesitylene).

The method employed for the preparation of these ruthenium complexes
appears to be general in nature and we are investigating syntheses of multi-
layered cyclophane-transition metal complexes, their oligomers, and polymers

with varicus transition metals and various [Pn]cyclophanes.

We thank the Naticonal Science Foundation for their support of this

investigation.
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The compesition of all rnew corpounds being rcported is supported by
satisfactory clemerntal anaiyses., Melting roints are not given because

211 of these wutnernium complexses decompesed slowly over a wide tempera-

ture range when neated abcve 225°C in =2 scaled, evacuated melting voint

tube Tne molecular welghts o twoe of the complexes were determined by
f'leld desorption mass specira: n6—benzenean6—T?.2]par cyclophane-
ruthenium{1{) bisfluecrobnrate, r/c, 385, 386, W7, and 388 (Cale. for
The isotones of ngngQu+: 383, 386, 387, and 388); n ~mesitylene—n6-

[2.2]paracyclophaneruthenium(7T> bisfluorcborate, m/fe, 427, 428, 429,
i X . .- + 5

and 430 (Cale. for tne isctopes of CopdogRus e 4PT, b2l 429, and 430).

We thank Professor K. L. Fireharft Tor measuring these ield desorption

mass spectra.

For comparative purposes all of the lH NMR spectral data are given for
oiutlons in CO. ”N Eowever, some cf these solutions, on standing, show

evidence af ilsp,dcememr af fhe arene ligands by CD.CN. In other solv-

3

rameilhane, this does not

ents, such as deuterium acxlide and rerdeutor

Qccur.
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