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Summary : The reaction of arene-ruthenium complexes (TRuCl2(n'-arene!]2) 

with [2.2]naracyclophanc in the prcscnce of Ag;DF,~ prov:de:, douh LP- and 

triple-layered arene-rut!>enium complexes of i2.2lparacyclophane in 

excellent yield. 

altholl.qh the prwper+cles of cy-ciophmes are corlsl:~terlt 191th the ctrrrcep 

or' a single n-electron system for the whole molecule, I32 the possibility 

still exists for forming transit:on metal comsiexes at both aromai,Lc faces 

of a cyc: opW.nP. Tl?'is has long beefy of: in_tr_r-?st,, ~iii_,?e it ~\7~':.ld al-low 

syntheses of oligcrrers and polymers having II-clcci;ren :;ysi.~."1:~ extending 

over the vhoic of the nacromolecJlar frameworx. WC how report the r-ea:i- 

zation of this goal of preparing qultiiay,, oned transition metal complexes 

of cyclophanes. 

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

i..i. a_il~y ta t.rca ~.:>:~.r0ac,be s : 1) tb.e re8_c3:3n. nt "T[l- 1 n.n&n.f?.s, I,(' '-.h. ~py.2_~2~- _i, l-l 

bonylchromium, and 2) the reaction of cyclophanes wl:h metal atoms. In 

the early study of Cram and Wilxinsan, t:le reaction of L2.2lpnracyclophane 

with hexacnrbonylchromiun gave only a menc-tr izarbonylchromium complex, 3 

and this is the common experience of otlhers, Q,5 although Tlisumi and nis 

colleagues, by using forcing conditions, were able to prepare the bis- 

tricarbnnylc~~rornium ccmlplex of is ,.2]yaracyclaphane in poor yield. 
6 

Likewise, Rlschenhroich has shown that the chromium metal-atom technique 

converts [2.2]paracyc:ophane to a mixture of bis(n'-[2.2!paracyclopbane)- 

chromium(O) and (rl 12 -[?.2: ,paracycla~~hane)chromiu~(~). 7 FIowever , neither 

of these methods is suLted for preparing ol~gomers and polymers of 

cyclopha-ne-transition metal complexes. 



With the cogpletion of syntheses of a11 of the possible symmetrical 

12 Icyclonhanes, we wanted to concare the various cyclcphanes with respect 
n 

to their ability to form transition metal. complexes and also to reexamine 

the possibility of preparing oligomers and polymers. "ortunatelg, at this 

time, Bennett and his colleagues described simple, convenient methods for 

preparing bls(arene)-ruthenium(II) complexes. 
9,13 

When WC employed 

Bennett's procedure, substitutinp [2.2!yaraevclo~hane for the second arene, 

f'ormation of double- and triple-layered [~.2lparacyclophane-ruthenium 

complexes \'l and 2) occurred 3 readily in excellent yield. _ _ 

[RuCl 2(q5-Arene: 3, + L~.Zl-arncyclcwhane 

+ 

A,gB;"b 
: 

+ 

CH$-CH 
3 

and F 
3 
CC02II 

The following procedure for the preparation of 1 (fiirene = p-cymene) - - 

is typical. Pis(r;-cymene)dichlorodi-~-chloro-dir~~theniunl(II)1' (104 w, 

0.12 mmol), silver tetrafluoroborate (1!34 mg, 3.536 nmol), and acetone (3 

ail) were stirred at room temperature for 20 Pin. The precipitated silver 

chloride was removed by filtration before adding [2.2]paracyclophane (50 

W, 0.24 mmol) and trifluoroacetic 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, 80X), which separated, was essentially 

pure. On recrystallization from 35% ethanol it gave gale Yellow needles 

of' 1 (Arene = p-cymene). 
12 

When this _, exreriment was repeated using a five- 

fold excess of bis(~-cy~ene)dichlorodi-~-chloro-diruthenium(II~, triple- 

layered ccmnlex, 2 (4rene = E-cymene), war isolated in 53% yield. 
12 

The 

yield and 1H NMR date for dll of these cy-' ,,ophane-transition metal complexes 

are presented in Table 1. 



Table 1: Yjeld and LHMMF Data for Arene-Cyclophane Ruthenium Complexes. 
_^ 

Structure1 

Arene- 

benzene 

mesitylene 

p-cymene 

hexamethyl- 
benzene 

Structure 2 

Arene- 

mcsitylene 

e-cymene 

hexamethyi- 
benzene 

Yield( %) 

97 

99 

86 

lSb 

53 

57 

2.99-3.ii9 (8H,m,-C$); 6.DF (hE,s,Ar'~&~ 6.56 

(GH,s,ArH); 7.00 (4H,s,4r'H) 

2.25 (9Y,s,-CE31; 2.96-3.48 (8H,m,-CI$-); 5.99 

(4H,s,Ar'I3); 6.49 (jH,s,ArE); 6.94 (4H,s,Ar'E) 

1.18 (OH,d,J=~.2~z,-Ce(Cii3)%); 2.27 (3H,s,-Cc3); 

2.73 (lH,sp,J=!~.Z~z,-CH(CH~~2); 2.95-3.53 (8H,m, - 

-C$-1; 6.13 (411,s,Arf~); 6.5’1 (4H,s,4rE); 6.98 

(4H ,s,Ar'II) _ 

2.3!1 (lSH,s,-C+ 2.o?-3.44 (8H,m,-CH2-); 5.82 

(4H,s,Pr'g); 6.88 (4H,s,Ar's) 

2.32 (I~E,s,-cq; 3.46 (8e,s,-~2-1; 6.47 (8~, 

s,Ar'E) _ 

1.21 (12H,d,J=4.2Hz,-CS(C~3~2); 2.33 

2.81 

(EH,s,-CKJ; 

(~~~,s~,J=~.?~z,-CH(C~~)~); 3.44 (V&s,-C$-) 

6.53 (8H,s,Ar'E); 6.59 (@i,s,Ar:-T) - 

2.38 (~~H,s,-Ix~!; 3.36 (8H,s,-CE2-1; 6.20 (8H, 

s,Ar'H) - 

a) Ar=arene and Ar'=i2.2]paracyclophane 

b) Although the yield of 2 (arene=mes%tylenc) is only 18%, the remainder of _ 

the [2.2]paracyclophane is accounted for by isolation 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 oligomcrs, and polymers 

with various transition metals and various [?,lcgclophanes. 
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