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SUMMARY 

The syntheses and spectral properties of the cis,cis-l+cyclononadiene IC- 
complexes of copper(I), palladium(I1) and platinum(I1) are described. The diene does 
not give an isolable silver(I) complex. The attempted rhodium(I) complex formation 
of the diene gives the rhodium(I) complex of cis,cis-l&cyclononadiene. 

INTRODUCTION 

0 Jr studies of the chemistry of the medium-ring diene, cis,cis-l,S-cyclonona- 
dienelm4 prompted us to examine the chemistry of the isomeric diene, cis,cis-1,4- 
cyclononadiene, in order to establish the similarities and differences in their chemical 
behaviour. No study has previously been reported on the rr-complexes of a medium- 
ring 1,4-diene with various transition metals in their low oxidation state but it is known 
that a l/2 adduct is formed between cis,cis-l+cyclooctadiene and silver(I) nitrate’. 
The present work deals with the syntheses and spectral properties of copper(I), palla- 
dium(I1) and platinum(I1) complexes of cis,cis-l+cyclononadiene, and the ready 
isomerization of cis,cis-l+cyclononadiene to cis,cis-1,5cyclononadiene during 
rhodium(I) complex formation. 

RESULTS AND DISCUSSION 

The l/2 diene-copper (I)chlor was prepared by modification of the procedure 
desribed by Haight er ~1.~. The complex dissociates under vacuum, and slowly at 
room temperature when exposed to air ; this dissociation increases with rise in tempe- 
rature. The IR spectrum shows a weak band at 1615 cm- ’ which has been assigned to 
the complexed diene double bond stretching. In view of this and the insolubility of the 
complex, we feel that a polymeric structure is more likely for this complex. 

Our attempts to prepare the diene-silver(I) nitrate complex by treatment of the 
diene with aqueous silver nitrate of different concentrations under various conditions 
were not successful. 

The orange-yellow diene-palladium complex was prepared by stirring a ben- 
zene solution of bis(benzonitrile)palladium(II) chloride with a slight excess of diene 
at room temperature7 ; it decomposes above 150° without melting. 

The orange diene-platinum complex was prepared by modification of one of 
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---the- methdds recommend& by- Chatt* ; it was precipitated. when .a 21N sicetic acid 
solution of potassium tetrachloroplatinate(I1) Gas stirred with a slight excess of the 
die+; this complex also decomposes above- 150” without melting. 

Analyses showed that in each case one molecule of the diene is complexedltiith 
one .molecule of MCI, (M 4 Pd or Pt). 

Both the palladium and platinum complexes were found to be quite.stable, 
and could be vacuum-dried over Drierite without appreciable change in.the elemental 
analysisThey are insoluble in most of the common organic solvents, but .dissolve in 
dimethyl sulfoxide with immediate decomposition_ The NMR spectra of both the 
complexes recorded in dimethyl sulfoxide-d, were identical to-that of the original 
diene, which shows that the diene does not undergo any isomerization during com- 
plexation. The infrared spectra of the Pd”- and Ptu-diene complexes are very similar. 
The carbonarbon double bond frequencies between 1580-1650 cm- ’ are absent, 
the new strong bands appear at 1495 and 1510 cm-’ and can be assigned to coor- 
dinated double bonds. 

No exact structures can be assigned to the complexes because neither other 
spectra, such as NMR, nor molecular weights could be studied because of the in- 
solubility of the compounds, but it is likely that they have structures similar to that 
proposed for the c&is-1,5-cyclononadiene-platinum(H) or pailadium(I1) complex2. 
Molecular models of cis,cis-l+cyclononadiene show that the two double bonds are 
capable of coming closer to each other in the conformation shown in (I). 

of l/l 

(M=Pd or- Pt) 

Following Chatt’s procedure’, an orange coloured rhodium(I)-diene complex 
stoichiometry was prepared. The complex could be dried under vacuum, 

and was found to be easily soluble in common organic solvents like chloroform, 
carbon tetrachloride, benzene, and hexane. The IR spectrum of the complex does 
not show carbon<arbon double bond absorption band(s) between 1600-1675 cm- ‘, 
indicating a strong interaction of the rhodium(I) with the olefin double bonds. The 
NMR spectrum of the rhodium(I)-cliene complex was identical in all respects with the 
rhodium(I)--cis,cis-1,5_cyclononadienecomplexr. Hence the complex was decomposed 
with aqueous potassium cyanide, and the displaced diene was identified as cis,cis-1,5- 
cyclononadiene by IR spectroscopy and vapour phase chromatography in conjunc- 
tion with an authentic sample_ Molecular weight determination and elemental analysis 
indicated that the rhoclium(I)~complex was a dimer, (II), with l/l stoicbiometry. 
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The reactions of cis,cis-1,4-cyclononadiene with bis(benzonitrilc)palladium(II) 
chloride .and potassium tetrachloroplatinate(I1) correspond with those observed in 
th~investigationsinvolving~is,cisr1J-cyclooctadiene’o~“,cis,cis-I,5-cyclononadiene2 
and -cis,cis-l&cyclodecadiene 12. However; it has been shown very recently that 1,3- 
cyclooctadiene reacts with bis(benzonitrile)palladium(II) chloride to give a mixture 
of 1,5-cyclooctadiene-palladium(I1) chloride complex and l&yclooctadiene- 
palladium(I1) chloride complex, whereas with.platinum(II) only the 1,5-cycloocta- 
diene complex is formed. On the basis of these facts, it has been concluded that 1,4- 
cyclooctadiene is involved in the rearrangement of 1,3- to the I,%dienei4. Our findings 
show that Pd” and Pt” complexes of cis,cis-1,4-cyclononadiene are much more stable 
than the corresponding Pd” and Pt” complexes of I,4-cyclooctadiene. This difference 
in behaviour may be attributed to the difference in size. 

The observed rhodium catalysed isomerization of cis,cis-1,4-cyclononadiene 
to cis,cis-1,5-cyclononadiene is not unexpected, since isomerizations are well docu- 
mented in eight-membered dienes 15- I7 However, the mechanism of such reactions is . 
extrenieiy complex, and severa reaction paths can coexist under a given set of condi- 
tions. More recently it has been shown that x-allylic complexes are intermediates in at 
least some cases”. Since the NMR spectra of the rhodium(I) complex formed from 
cis,cis-1,4-cyclononadiene and rhodium(I)-cis,cis-1,5-cyclononadiene complex are 
identical, we conclude that no isomerization is occurring during the displacement 
reaction. Our results reveal the differences in behaviour between isomeric 1,4- and 
l$dienes in nine-membered rings with transition metal ions such as silver(I), copper- 
(I), palladium(II), platinum(I1) and rhodium(I). 

A study on the metal-1.3-cyclononadiene.complexes is in progress, and will be 
described later. 

EXPERIMENTAL 

Generul 

The cis,cis-1,4-cyclononadiene was synthesized by a three-step sequence start- 
ing from cis,cis-1,3-cyclooctadiene18~‘g. Its reaction with bromoform and potassium 
tert-butoxide afforded 9,9-dibromobicyclo[6_1_0]non-2-ene, which was reduced with 
sodium-ammonia to give bicyclo[6.1.0]non-2-ene. Its thermal isomerization afforded 
cis,cis-1,4-cyclononadiene, the properties of which were in agreement with those 
reported in the literature I9 The cis,cis-1,3-cyclooctadiene was obtained from the _ 
Columbia Carbon Co., Lake Charles Chemical Research Center, Lake Charles, 
Louisiana, U.S.A. The salts \_used were B.D.H. reagent grade copper(I1) chloride di- 
hydrate, Fischer Scientific Co. rhodium(II1) chloride trihydrate, palladium (II) 
chloride and potassium tetrachIoroplatinate(II). Bis(benzonitrile)palIadium(II) 
chloride was prepared by Kharasch’s method*O_ 

Elemental analyses were performed by A. H. Siddiqui, microanalyst, of this 
department. 

Melting points are uncorrected. The IR absorption spectra were obtained on a 
Perkin-Elmer Model 521 spectrophotometer equipped with a linear wavelength scale 

.and chloride optics. Vapour phase chromatographic analyses were made with an 
Aerograpb Model 9OP instrument using a 15 ft. by 3 in. Carbowax 20M column. 
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‘. Prepbation~ ofcobper(I j +npl& . . -. -. ’ 
To a-stirred soltition of.27q mg (1.6 mtiol) of copper(H) chloride dihydrate.in 

5 til of absolute ethtifiol.w& added 270 nig (1.5 mmol) of c&is-l,+cyclononadiene. 
Sulphur dioxide gas was passed-&carefully until the greeti colour distippeared. On 
.standing for .about 2--h the ctimplex. precipitated slowly as .a .white solid. This was 
allowed to star@ov&might. The complex was filtered off, and tiashed.with absolute 
ethtiriol and then with a minimum quantity of cold pentane to remove unreacted 
diene (yield of l/2 complex 220 mg). (Found : C, 32.94; H, 4.10. C9H,,Cl,Cu, calcd. : 
C,33.75 ; H, 4.35”/,.) The crystals of the complex collapse at 140”. It decomposes even 
at room temperature, and releases the diene as the temperature is raised. It is insoluble 
in most of the common organic solvents’.- 

Breparurion ofpulkudium(ll) complex 
Bis(benzonitrile)palladium(II) chloride (740 mg, 2 mmol) was dissolved in 

bentine and cis,cis-l&cycIononadiene (244 mg, 2 mmol) was added. The diene- 
palladium(I1) chloride complex precipitated out. After standing overnight, the com- 
plex was filtered off, washed with benzene and dried over Drierite (yield of l/l complex 
500 mg). (Found: C, 35.80; H, 4.70. C,H,,C12Pd calcd.: C, 36.08; H, 4.67x.) The 
complex blackens at about 150Q, and decomposes without melting, It is insoluble in 
common organic solvents. 

Preparation of pfutinum(Ii) complex 
The diene (183 mg, 1.5 mmol) was added to a solution of potassium tetra- 

chloroplatinate (360 mg, 0.75 mmol) in dilute acetic acid (2 N). The solution was stirred 
at room temperature when a light-orange complex precipitated out. This was filtered 
off and washed with absolute ethanol followed by a minimum quantity of dry pentane 
(yield of the complex 280 mg). (Found : C, 28.46 ; H, 3.80. CgH 1 &I, Pt calcd. : C, 27.83 ; 
H, 3.60 “/o_) It decomposes above 1500 without melting. It is insoluble in most common 
solvents. 

Prepurution Of rhodium(I) complex 
cis,cis-WCyclononadiene (366 mg, 3 mmol) was added to a solution of rho- 

dium(M) chloride trihydrate (250 mg, 1 mmol) in 10 ml of 95% ethanol, and the solu- 
tion was refluxed for 1 h. The complex precipitated as an orange solid which was 
filtered, washed with 5 ml of cold absolute ethanol and dried over Drierite (yield of l/l 
complex 200 mg). (Found : C, 42.00 : H, 5.38. C,H ,,ClRh calcd. : C, 41.60 ; H, 5.41 “/o .) 
The complex darkens at 220Q and decomposes without melting at 241°. 

OIefirr-displncement reuction 
A 0.2 g sample of each complex was stirred in a solution of 0.5 g of potassium 

cyanide in 5 ml of water in presence of 5 ml A.R. carbon tetrachloride until the com- 
plex disappeared. After stirring for 1 h more, the carbon tetrachloride layer was sepa- 
rated, washed with water and dried over anhydrous magnesium sulphate. No isomer- 
.ization wasobserved in the case of copper(I) or palladium(I1) or platinum(I1) complex. 
However, in the case of the rhodium(I) complex cis,cis-1,5-cyclononadiene was identi- 
fied in,the residue by comparison of the IR spectra and GLC retention times on a 

.carbowax_silver initrate column with those of an authentic sample. 
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