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I. INTRODUCTION 
The metal-olefin compounds have received considerable attention re- 

cently,-in part because of their practical importance, but primarily 
because of the many challenging problems centering around their structure. 
From the time the very first of these compounds was prepared, the mode 
of linkage of the double bond to the metal has been the subject of much 
speculation. While the ability to  combine with olefins is quite widely 
distributed among the metals, it is most strongly exhibited by platinum. 
The formation of such compounds is not limited to  hydrocarbons alone. 
Analogous substances containing unsaturated alcohols, acids, aldehydes, 
and esters are known, and in each of these the unsaturated molecule seems 
to occupy only one coordination position in the complex. 

Present address: Department of Chemistry, University of Wisconsin, Madison, 
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11. HISTORICAL 
A. COMPOUNDS OF THE GROUP VI11 METALS 

1. Platinum-olefin compounds 
The credit for preparing the first compound of this type is to be given, 

perhaps, to Zeise, who in 1827 published a note concerning the research 
which was being done on platinum compounds in his laboratory (125). 
Three years later this work was published in Latin (126), and the following 
year a condensed form appeared in German (127). Berzelius (8) in 1830, 
however, had reported that by refluxing a mixture of alcohol and sodium 
chloroplatinate a very acid solution was obtained, which, when concentrated 
with potassium chloride, yielded yellow crystals. Qualitative analysis of 
this substance indicated it to be a double salt of potassium chloride and 
platinous chloride, along with an “atherartigen Substanz.” When Zeise’s 
investigation appeared shortly thereafter, Berzelius concluded (9) that 
his product was identical with that obtained by Zeise. 

Zeise discovered that when platinic chloride was boiled with alcohol 
an acid solution resulted. By treating this solution with potassium chlo- 
ride he obtained a compound in which potassium, platinum, chlorine, and 
the constituents of ethylene were present. The composition of the an- 
hydrous substance was indicated to be KC1. PtClz. CzH4. These analyses 
were immediately challenged by Liebig (70), who maintained that the 
anhydrous salt still contained the components of one-half a molecule of 
water for the simplest formula. He thought that the radical C 4 H d  was 
present and that the correct formulation of the compound should be 
2KC1. 2PtCl2. C4H100. Repetition of the analysis by Zeise (128) simply 
served to  confirm his original contention that ethylene was present. 

Zeise considered that he had obtained the basic compound of this series 
of substances, PtClz. CZH4, by treating the ammonium salt (prepared 
similarly to the potassium salt) with chloroplatinic acid. His product, 
however, was probably the more or less decomposed acid H[PtCL.CzH,], 
now generally referred to as “Zeise’s acid.” The potassium and 
ammonium salts he obtained were probably K[PtC13.CzH4]. HzO and 
NH4[PtC13. CzH4]. HzO. Zeise apparently also prepared the non-ionic 
compound [PtC12. NH3. CZH~].  

Griess and Martius (32), in 1861, not only confirmed Zeise’s formula 
but also demonstrated that ethylene was liberated when Zeise’s compound 
was thermally decomposed. These workers also prepared compounds 
analogous to Zeise’s salt but containing aniline hydrochloride, diphenyl- 
amine hydrochloride, and ethylenediamine hydrochloride, instead of 
ammonium chloride and potassium chloride. The structures which Griess 
and Martius proposed for these compounds are mainly of historical interest 
a t  present. 
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Hoping to  settle conclusively the question as to whether these substances 
actually contained ethylene, Birnbaum (13) undertook to synthesize such 
compounds by a method different from any heretofore employed. The 
reaction of alcohol on platinic chloride is apparently quite a complicated 
process, as evidenced by the great variety of products obtained. For this 
reason Zeise was unable to  clarify completely the course of the reaction. 
Birnbaum contended that the fact that Griess and Martius had observed 
ethylene as one of the decomposition products of Zeise’s salt was not proof 
that ethylene as such was present in the molecule originally; it might be 
simply a secondary decomposition product. This seemed even more 
plausible when it was considered that the thermal decomposition of the 
salt gave not only platinous chloride and ethylene but also an appreciable 
quantity of metallic platinum and carbonaceous decomposition products. 
Birnbaum reasoned that if the complexes could be synthesized from ethyl- 
ene as a starting material, all ambiguities as to  the resulting structure would 
be eliminated. He succeeded in making not only ethylene but also several 
of its homologs combine with platinous chloride dissolved in hydrochloric 
acid. Treatment of the resulting solution with potassium chloride gave a 
substance which proved to  be Zeise’s salt, KC1. PtC1,. C Z H ~ .  HzO. The 
corresponding propylene compound was obtained in the same way. Amyl- 
ene was found to react under similar conditions, but the compound formed 
was very unstable. The amylene compound was also obtained by employ- 
ing Zeise’s method, i.e., refluxing amyl alcohol with platinic chloride. The 
results indicated to Birnbaum that the coordinating abilities of propylene 
and amylene are certainly less than that of ethylene. 

Since an aldehyde was detected as one of the products of thereaction 
of an alcohol with platinic chloride, Birnbaum proposed the following 
equation as the probable course of the primary reaction: 

PtC14 + 2CzH60H -+ PtClz.CzH4 + CHsCHO + Hz0 + 2HC1 

Zeise (129) had also demonstrated the presence of an aldehyde in his distil- 
late. Moreover, he had isolated ethyl chloride, which was formed as a 
secondary product, and literally expressed the above equation in words. 

An attempt by Birnbaum to prepare Zeise’s salt by the reaction of ethyl- 
ene on a potassium chloroplatinite solution was unsuccessful. When 
platinic chloride was refluxed with methyl alcohol, partial reduction of the 
platinic chloride to platinous chloride appeared to take place, but no 
further reaction occurred. 

Using Zeise’s original method, Chojnacki (18) prepared the ethylene- 
platinous bromide compound KBr . PtBrz. CzH4. H20, which was entirely 
analogous to  Zeise’s salt. 

Jorgensen (61) sought to  improve the yields of these olefin compounds 
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by a modification of Berzelius’ method (8). Apparently only one attempt 
(96) had been made to  repeat Berzelius’ experiment, and this had resulted 
in failure. Jorgensen found that the reaction was slow and that refluxing 
with absolute alcohol for about 10 hr. was necessary. The solution be- 
came acidic and some reduction to metallic platinum occurred. The very 
soluble potassium salt of Zeise’s acid could be obtained from the resulting 
yellow solution, but Jorgensen more conveniently isolated the acid as its 
tetrammine platinous salt, the formula of which he indicated as 

* NH3 - ”3. C1* C1* Pt * CzHdCl 
Pt 

*NH3*NH3*Cl*Cl*Pt*C2H~Cl 
The primary reaction for this method was given as follows: 

NazPtCls + 2CzHaOH -+ 2NaC1 + H[PtC13. C2H4] 

+ HCl + CH3CHO + HzO 

Biilmann (10) demonstrated that the same general type of compound 
can be made from an unsaturated alcohol. Allyl alcohol reacted readily 
with a warm aqueous solution of potassium chloroplatinite according to the 
equation 

C3HsOH + KzPtC14 + K[PtC13*C3HSOH] + KC1 

This alcohol did not react, however, with the acid H2PtC14. The com- 
pound K[PtBr3. C3H60H] was obtained in a strictly analogous manner 
(1 1) from potassium bromoplatinite. 

Unsaturated acids were found (12) to  form complex compounds with 
platinum, according to the general reaction2 

KzPtC14 + Un + K[PtC13.Un] + KCl 

Interestingly enough, acids with the double bond in the &-position with 
respect to the carboxyl group did not form complexes; however, acids in 
which the double bonds were in the P-position or farther removed from the 
carboxyl group formed complexes, although it was observed that the rate 
of reaction of the latter class was slower than with allyl alcohol. 

When a suspension of platinous chloride in trimethylethylene is satu- 
rated with gaseous hydrogen chloride, a brown liquid is obtained from 
which a platinous chloride-trimethylethylene complex, 2PtC1~. CSHIO, 
may be isolated (68). The true molecular weight 
of the substance was not determined. 

A number of compounds analogous to Zeise’s salt, containing unsatu- 

The reaction is slow. 

* Un = olefinic molecule. 



METAL-OLEFIN COORDINATION COMPOUNDS 233 

rated acids, esters, alcohols, and aldehydes, were obtained from potassium 
chloroplatinite by Pfeiffer and Hoyer (94). The course of these reactions 
was followed by a color change of the solution from red to yellow as the 
potassium chloroplatinite was converted into the complex. Inasmuch as 
Pfeiffer and Hoyer were unsuccessful in obtaining complexes of olefinic 
substances with aluminum bromide, stannic chloride, etc., they suggested 
that the olefin bond might conceivably be a specific coordinating group 
for platinous salts. 

Anderson (3) succeeded in isolating the primary member of the ethylene 
series, PtClz. CzH4, from the solution obtained by reducing sodium chloro- 
platinate with alcohol by evaporation below 50°C. in a high vacuum. A 
brown, tarry, strongly acid mass was obtained, from which the ethylene- 
platinous chloride was separated by extraction with chloroform, followed 
by recrystallization from benzene. The analogous compound, styrene- 
platinous chloride, PtClz. CGHSCH=CHt, was also obtained (4). A sig- 
nificant reaction was utilized in this preparation: styrene was found to 
displace ethylene quantitatively from PtClz. CZH4 in a vacuum at  room 
temperature. Employing the same method, Anderson readily obtained 
potassium styrenetrichloroplatinite, K[PtC13. C6H5CH=CHz], from Zeise’s 
salt. The corresponding indene compound was found to  be much less 
stable, and while the cyclohexene compound could not be isolated, its 
formation was indicated. The only compounds obtained which were com- 
parable in stability to Zeise’s ethylene compounds were styrene-platinous 
chloride and potassium styrenetrichloroplatinite. 

As a result of this systematic investigation, Anderson drew the interesting 
conclusion that the coordinating abilities of the olefins decrease in the 
order CHt=CHz > CsH5CH=CHz > indene > cyclohexene > 

Ct Hj  
\ 

(C6H5)&=CH2 and C=CHt. Although no pure compounds of the 

type PtClz. 2CsH5CH=CHz could be isolated, Anderson found evidence 
for their existence. 

A somewhat radical departure was made by Kharasch and Ashford (64) 
in the method of preparing compounds of the type PtC12.Un. Anhydrous 
platinic chloride or bromide was treated in an anhydrous solvent with the 
olefinic substance. The method is a rapid one and seems quite general. 
The reactions involved are not well understood and are probably complex. 
Hydrogen halide is usually evolved during the reaction, and in some in- 
stances a small quantity of platinum separates. Halogenation of the 
unsaturated compound may also occur. As pointed out by Kharasch and 
Ashford, the most direct method would be to combine a platinous halide 
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with an unsaturated compound, but attempts to apply this method have 
been less satisfactory, owing to  the insolubility and inertness of these 
platinous compounds. 

The method of Kharasch and Ashford gave compounds with chloro- 
substituted olefins but did not seem applicable to unsaturated acids and 
their esters. It is interesting to  note that trans-dichloroethylene and 
trans-diphenylethylene formed crystalline coordination compounds with 
platinum, whereas the corresponding &-isomers failed to react. 

Chernyaev and Hel’man (17, 37) prepared Zeise’s salt by passing ethyl- 
ene for 15 days through a concentrated aqueous solution of potassium 
chloroplatinite containing 3 to 5 per cent of hydrochloric acid, precip- 
itating the tetrammine salt, [Pt(NH3)4] [PtC13. CzH& with aqueous 
[Pt(XH3)4]Clz, and regenerating K[PtC13. C2H4] with potassium chloro- 
platinite. Compounds of the general formula [PtRXZ. CzHd] were also 
prepared. In  this series R equals thiourea, ammonia, pyridine, and 
quinoline, and X equals CN, NCS, NO2, I, Br, and C1. 

Hel’man examined (39) the interesting question as to whether the pres- 
ence of two double bonds, as in butadiene, makes i t  possible for such a 
substance to occupy two coordination positions and thus form a five- 
membered ring. The evidence seems to indicate that no ring is formed 
and that each double bond functions separately. Only one coordination 
position is therefore taken up in such compounds as [PtC12. C6H6N. CIH~]  
and [PtC12. NH3. CIHB]. 

2. Palladium-olefin compounds 

The palladium-olefin compound PdClz. C5HI0 was reported (68) to  be 
formed when palladous chloride, trimethylethylene, and a trace of some 
basic substance were allowed to react in a closed tube a t  room temperature. 
Kharasch, Seyler, and Mayo (65) were completely unsuccessful in their 
attempts to prepare the same and analogous compounds by this method. 
A quite different approach to  the problem by these workers, however, 
resulted in the development of a very effective and general method for the 
preparation of these compounds. Palladous chloride was converted into 
the dibeneonitrile-palladous chloride derivative, which, strikingly enough, 
reacted very rapidly a t  room temperature with olefins to yield the desired 
derivatives. The steps in such a preparation are indicated below:* 

PdCl2 + 2Ca&CK + (CaH5CN)zPdClz 

2(CeH6CN)2PdCL f 2Un + [PdC12.Un]2 4- 4C&CN 

* See page 249 for the proof of the dimeric structure of [PdC12.Un]r. 
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The displacement of the benaonitrile was thought to take place prac- 
tically quantitatively, but, because of the experimental difficulties involved, 
the yields seldom exceeded 70 per cent. By the use of this method com- 
pounds containing ethylene, isobutylene, cyclohexene, and styrene were 
obtained. 

3. Iron-ole& compounds 
Kachler (62) reported the preparation of the compound FeClz. CzH4. 

2Hz0 and pointed out that it corresponds to the ethylene-platinous chlo- 
ride compound PtClz. CzH4. This substance was said to form when ferric 
chloride in ether in the presence of a small quantity of phosphorus was 
heated in a sealed tube. The following equation was given for the re- 
action: 

2CzH60CzHs + 2FeCL ---f 2C2H4.FeClz + 2CzH50H + Clz 

Efforts to prepare the compound from alcohol instead of ether were not 
successful. 

An attempt was made by Chojnacki (18) to  prepare the compound re- 
ported by Kachler, starting with ferrous chloride and ethylene. This 
corresponds to the method used by Birnbaum in preparing ethylene- 
platinous chloride from ethylene and platinous chloride. Chojnacki was 
not successful in this, but claimed that he did prepare the corresponding 
ethylene-ferrous bromide compound whose composition he gave as 
CzH4.FeBr2.2HzO. He also stated that a solution of this compound, 
when treated with a concentrated solution of potassium bromide and 
evaporated slowly, deposited almost colorless crystals which upon analysis 
were shown to contain iron, bromine, potassium, and ethylene. KO 
formula was advanced for this substance. 

Manchot and Haas (75) were unable to  repeat the work of Kachler and 
Chojnacki. They claimed that Kachler’s supposed ethylene-ferrous 
chloride was really a partially decomposed ether addition compound. 

The long heating of iron pentacarbonyl with butadiene was reported 
(97) to  give the complex Fe(C0)3.C4HB, in which two of the five carbon 
monoxide molecules of the carbonyl had been replaced by one molecule 
of butadiene. The unsaturated hydrocarbon occupies one or two coordina- 
tion positions of the iron atom. Less well-defined compounds approxi- 
mating to  Fe(C0)3. ( C ~ H B ) ~ ,  Fe(C0)3. (C6H8)2, and Fe(C0)3. (C6H10)2 
were obtained with isoprene and with P , y-dimethylbutadiene (also see 
page 236). 

4. Iridium-olefin compounds 
Sadtler (100) reported the preparation of the iridium chloride-ethylene 

complex IrC12.C2H4 by the treatment of iridic chloride with absolute 
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alcohol. The equation for the reaction was said to be similar to that for 
the preparation of the corresponding platinum compound. When the 
resulting solution was treated with potassium chloride or ammonium 
chloride, mixtures of substances resulted. The following complexes were 
said to have been identified in these mixtures : 

IrClz. C2H4. KH4C1. HzO or SH4[IrCl3. C Z H ~ ]  - H20 

I ~ C ~ ~ ( C Z H ~ ) Z . B N H ~ C ~  or ( K H ~ ) z [ I ~ C ~ ~ ( C Z H ~ ) Z ]  

IrClz. C2H4.2KCl. XHzO 

KO compounds of iridium could be obtained by passing ethylene through 
an iridium chloride solution, nor did a reaction occur when iridium chlo- 
ride was treated directly with ethylene. 

If the above complexes are true chemical individuals, the compound 
( N H ~ ) Z [ I ~ C L ( C ~ H ~ ) Z ]  has no counterpart in the platinum series. However, 
the above experimental work does not appear convincing, and these sub- 
stances would bear further investigation. 

B. COMPOUNDS OF OTHER METALS 

I .  Aluminum-olejn compounds 
The product obtained by cracking petroleum with aluminum chloride 

under certain conditions consists largely of saturated hydrocarbons, On 
the theory that the aluminum chloride combines with any unsaturated 
hydrocarbons formed and holds them back from the distillate, Henderson 
and Gangloff (42) studied the reaction of aluminum chloride with various 
unsaturated molecules. Direct reaction of the unsaturated molecule with 
anhydrous aluminum chloride proved to be unsatisfactory as a means of 
obtaining compounds which approached definite compositions. A fairly 
nice crystalline product was obtained from a solution of aluminum chloride 
in absolute alcohol into which ethylene was passed. This substance was 
extremely difficult to  analyze because of its instability and hygroscopic 
character, but seemed to correspond to the formula AlC1,. 3CzH4. HzO. 
Later (27) a second product was obtained with ethylene, which appeared 
to  be either A1C13. 3CzH.j. 2Hz0 or A1C13. CzH4.2CzH50H. In a similar 
way these investigators were able to prepare compounds of aluminum 
chloride with other unsaturated hydrocarbons as well as with unsaturated 
acids, aldehydes, and alcohols. 

Very similar results were obtained with ferric chloride, although the 
reactions were less vigorous and not so complete. Ferric chloride and 
amylene in methyl alcohol gave FeC13. C6H10. CH30H. 

From the results of a study of the reactions of aluminum chloride and 
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unsaturated hydrocarbons, Stanley (1 11) concluded that any explanation 
for such reactions must take into account the formation of an aluminum 
chloride-hydrocarbon complex. Results of an earlier study led Szayna 
(1 15) to  somewhat similar conclusions. 

2. Zinc-olefin compounds  
There seems to be some evidence (67, 68) for the existence of addition 

compounds of zinc chloride and amylene, various formulas having been 
reported, such as ZnClzl CbH10 and 2ZnClZ. C ~ H ~ O .  These apparently 
have been little studied and their exact nature is not clear. 

3. Copper-olefin compounds  
Berthelot (7) observed that a hydrochloric acid solution of cuprous 

chloride absorbed ethylene to  the extent of 0.17 mole ethylene to 1 mole 
of cuprous chloride. Propylene was absorbed to a slightly greater extent, 
the ratio being 0.25 to 1. 

It was reported by hlanchot and Brandt (74) that cuprous chloride and 
ethylene combine to  form an unstable compound in which 1 mole of ethyl- 
ene unites with 1 mole of cuprous chloride. The combination did not occur 
in the absence of water. The compound was too unstable to  isolate, and 
these investigators considered that the combination between these two 
molecules occurs not through specific atoms but through “latent affinities” 
of the entire molecule. 

Ethylene under pressure was found to give with solid cuprous chloride 
an addition compound (117) which contained 1 mole of ethylene to 1 mole 
of cuprous chloride, CuCl. CzH4. It is interesting to note in this connec- 
tion that no polymerization of ethylene was observed in the presence of 
cuprous chloride a t  pressures of 65 to 80 atmospheres and temperatures of 
100 to  200°C. 

Later (30) it was shown that such a reaction is not limited to ethylene 
and cuprous chloride. Ethylene, propylene, and isobutylene are absorbed 
by solid cuprous chloride, and ethylene is absorbed by cuprous bromide. 
Under suitable conditions olefins may be recovered from gaseous or liquid 
mixtures by the use of solid cuprous halides. 

This is a 
rather stable pale yellow powder having either the composition Cu2C12. 
C4Hs - 4H20 or Cu2Clz. C4H6, depending upon the conditions under which 
it is prepared. 

4. Xilver-olefin compounds  
By means of a distribution method, Winstein and Lucas (123) have 

studied the coordination complexes which the silver ion forms with various 
olefinic substances. The method consists essentially in distributing the 

Cuprous chloride also forms a complex with butadiene (72). 



238 R. N. KELLER 

unsaturated compound between carbon tetrachloride and aqueous silver 
nitrate, or between carbon tetrachloride and mixtures of silver nitrate and 
potassium nitrate, and comparing the quantities of the organic substance 
dissolved in the aqueous layer under these circumstances with the quan- 
tity dissolved in the aqueous layer+when the latter contains only potassium 
nitrate. 

The unsaturated compounds used were certain monoolefins, diolefins, 
and unsaturated oxygenated compounds, such as allyl alcohol and croton- 
aldehyde. The reaction to form a complex was found to be rapid and 
reversible. Three types of complexes were observed: (1) combination of 
one silver ion with one unsaturated molecule, (2) combination of two silver 
ions with one unsaturated molecule, and (3) combination of one silver ion 
with two unsaturated molecules. In  most cases only solutions of these 
complexes were obtained, although in the cases of two hydrocarbons solid 
silver complexes were isolated. 

According to Winstein and Lucas, probably the first step in the chemical 
change which takes place when a silver-olefin complex is formed is the 
replacement of a coordinated water molecule by the ethylenic molecule, as 
follows : 

Un + (HzO)z.Ag+ Ft Un(HzO)Ag+ + HzO 

Therefore, it follows that if the strength of the coordinate bond holding a 
water molecule is much greater than the strength of the silver-olefin bond, 
there will be little or no tendency for the olefinic substance to  form a com- 
plex with the silver ion. Of the ten metallic ions studied in this work, 
silver ion was the only one which entered into complex formation. In 
aqueous solution the following ions failed to  form complexes with an olefin: 
Cd++, Co++, Cr+++, Cu++, Fe+++, Ni++, Pb++, T1+, and Zn++. 

5. Mercury-ole@ compounds 
The compounds of olefinic substances with mercuric salts have been 

more extensively studied than any other class of olefin-inorganic salt 
complexes. These compounds seem for the most part to  be of a somewhat 
different type4 from those of platinum, palladium, silver, etc. 

Mercury compounds have been made containing ethylene and its homo- 
logs, both aliphatic and aromatic unsaturated alcohols, and unsaturated 
acids. The gaseous olefins react readily with mercuric salts to form com- 
pounds (20, 46, 102, 103) from which the olefins may be regenerated by the 
action of hydrochloric acid. The corresponding reaction of the higher 
olefins is frequently accompanied by reduction of the mercury to  the mer- 
curous state with simultaneous oxidation of the hydrocarbon. If alcoholic 

4 The structures of the mercury-olefin compounds are discussed on page 258. 
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solvents are employed, the solvent sometimes enters into the reaction and 
the final products then contain alkoxy1 groups. Tausz (116) has described 
compounds of mercuric acetate with cyclohexene, methylcyclohexene, and 
the terpenes. He also prepared double compounds of amylene and hexene. 
Huge1 and Hibou (50) have reported that for each olefin the addition 
compounds with mercuric salts have variable compositions depending on 
the experimental conditions. 

As a class, the mercury-olefin compounds are useful as intermediates 
in organic syntheses. 

6. Miscellaneous compounds 
In  connection with the compounds of olefins with inorganic salts, the 

work of Hofmann and von h’arbutt (47) should be mentioned. These 
investigators reported an unusual reaction which appears to involve direct 
addition across the double bond. The reaction between dicyclopentadiene 
and potassium chloroplatinite in propyl alcohol yielded a product, 
PtC12. CI0Hl2, which probably should be formulated as PtCl C1oH12Cl. 
This compound is said to differ very markedly (4) in properties from the 
ethylene- and styrene-platinous chlorides. 

Other unsaturated hydrocarbon-metallic salt complexes have been 
reported. These do not fall within the province of this survey and will 
therefore be considered only very briefly. Acetylene complexes of alumi- 
num and copper salts are known. Typical of these are the following: 
A1C13. 3C2H2. H20 (42), 2CuC1. C2H2, and KCI .4CuC1. C2Hz (121). A 
number of complexes of aluminum chloride and aluminum bromide with 
benzene and substituted benzenes have been prepared. Of these the follow- 
ing are representative: A1C13. ~ C F & ,  (121), AlzCls. 2~ym-C&(C&)~. HC1, 
AlzBre. S ~ ? T Z - C ~ H ~ ( C ~ H ~ ) ~ ,  and A12Brs. CsH6CH3 (84). Investigations seem 
to  indicate that the stability of such complexes increases as the number of 
alkyl groups present increases. Antimony pentachloride forms compounds 
with several aromatic hydrocarbons ; the reaction with anthracene to give 
an intensely green precipitate has been suggested as a qualitative means of 
identifying this hydrocarbon (43). Antimony trichloride is reported (99) 
to  form the complex 3SbCl3. CGHB. 
results (45) when a strongly ammoniacal solution of nickelous cyanide is 
shaken with benzene. Similar compounds containing phenol, aniline, 
thiophene, and pyrrole instead of benzene have also been obtained (44). 

111. DISCUSSION OF METHODS OF PREPARING METAL-OLEFIN COMPOUNDS 
From the foregoing survey it is evident that most of the satisfactory 

methods for the preparation and isolation of metallic salt-olefin complexes 
are concerned with platinum and palladium compounds. For this reason 

The compound T\;i(CN)2. NHB. 
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the following discussion of the relative merits of the more important prepa- 
ratory methods is confined to the compounds of these two metals. 

Method A,-The reduction of platinic chloride by a saturated primary 
alcohol (Zeise’s original method) seems to  involve many side reactions, and 
the yields of the corresponding olefinic complex are never high. 

Method B.-The reaction in which sodium chloroplatinate is reduced by a 
saturated primary alcohol likewise is very complex and is none too satis- 
factory for other than ethyl alcohol. 

Both methods A and B give, obviously, only the a-unsaturated com- 
plexes. 

Method C.-In reactions of olefinic compounds with potassium chloro- 
platinite in aqueous alcohol solution, the unsaturated molecule enters the 
coordination sphere and displaces one chloride ion : 

K2PtC14 + Un --f K[PtC13.Un] + KC1 

This displacement proceeds at  room temperature or slightly above but is 
slow, owing to the insolubility of the chloroplatinite in alcohol. Reactions 
of this type are reversible (4), and in carrying out preparations by this 
method an equilibrium must be attained, Zeise’s salt is stable enough 
to  be recrystallized unchanged in the presence of an excess of potassium 
chloride or hydrochloric acid, while with other olefin complexes under the 
same conditions recrystallization may lead only to potassium chloro- 
platinite (13). Anderson points out that the extent to which the olefin- 
containing complex anion is formed in this reaction may thus afford some 
qualitative measure of the coordinating power of the olefin. 

Method D.-In some cases olefins add directly to platinous chloride dis- 
solved in an absolute alcohol-hydrochloric acid mixture (4). Since the 
system is homogeneous, the reaction proceeds quite rapidly but usually is 
incomplete, owing to the presence of the necessarily high concentration of 
hydrochloric acid. 

Method E.-A significant method of preparation is by the direct replace- 
ment of one olefin by another either under reduced pressure or in solution. 

( I )  Under reduced pressure: As Anderson points out (4), the factors 
involved here are the relative stabilities of the salts, i.e., the 
relative coordinating tendencies of the olefins, and the relative 
volatilities of the olefins under reduced pressure. Styrene readily 
displaces ethylene from Zeise’s salt, yet the styrene complex is 
definitely less stable than the ethylene salt. 

(2 )  In solution: In  some cases this method might be of some importance. 
It was found to  be applicable to  the palladium-olefin compounds 
(65)) but as a means of preparing these complexes was of only 
secondary importance. 
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Method F.-Undoubtedly the most satisfactory method of preparing 
complexes of the type [PtX,. UnIz is the method in which the platinic halide 
is treated in an anhydrous solvent, such as benzene or glacial acetic acid, 
with the unsaturated compound. The reaction proceeds smoothly and 
good yields are obtained. In  general, platinic bromide is somewhat better 
for these reactions, probably because the bromide is more soluble than the 
chloride. 

Method G.-Palladous chloride-olefin derivatives can be prepared by the 
action of the olefin on dibenzonitrile-palladous chloride. The reaction 
takes place readily and gives good yields. 

It is interesting to  note in this connection that while dibenzonitrile- 
palladous chloride reacts with olefins to  give compounds of the type 
[PdClZ - Cn],, the platinous chloride compounds (RCN), . PtCl, do not react 
with olefins. As a matter of fact, the nitrile-platinous chloride compounds 
can be formed from the olefin derivatives and a nitrile. 

Iv. PROPERTIES AND REACTIONS O F  METAL-OLEFIN COMPOUNDS 
The coordination compounds PtClz.Un (usually formulated as 

[PtClz . U n l ~ ) ~  are well-defined crystalline substances. They are decom- 
posed by water, but in general are soluble in ether, chloroform, alcohol, 
and acetone. They are difficultly soluble or insoluble in glacial acetic acid, 
and only moderately soluble in cold benzene. Most of these compounds 
do not possess sharp melting points but darken over a range of several 
degrees. Their stabilities vary widely : the compound obtained from trans- 
dichloroethylene decomposes in several days, while that from dipentene 
remains unchanged after standing in the air for ten months (64). 

The ethylene complex [PtClz. CzH& (3) and the isobutylene complex 
[PtClz. (CH~)ZC=CHZ]~ (64) are said to dissolve in aqueous potassium 
chloride or sodium chloride, presumably forming compounds analogous to 
Zeise’s salt : 

[PtCl,. (CHJZC=CHZ]~ + 2SaC1-+ 2?;a[PtCla. (CH3)zC=CH2] 
The ethylene-platinum compound [PtCl2. CzH4l2 decomposes without 

melting and does not combine with a further molecule of ethylene. This 
is in contrast to  the reaction of PtClz. CO, which with carbon monoxide 
readily forms PtCl,. (CO),. 

A further interesting and possibly significant reaction of the ethylene- 
platinous chloride compound is the fact that i t  is rapidly and quantitatively 
reduced by hydrogen a t  room temperature to  platinum, hydrogen chloride, 
and ethane (3) : 

[PtClz. CzHdJz + 4Hz + 2Pt + 4HC1 + 2CzHe 
See page 249 for proof of dimeric structure. 
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The analogous styrene-platinous chloride, [PtClZ. CsHsCH=CH& is 
likewise reduced with extreme ease, reacting with hydrogen below 5OOC. 
At higher temperatures incandescence may accompany the reaction (4). 

When these substances are treated with pyridine, decomposition of the 
complex occurs and the olefin and pyridine-platinous chloride result (64) : 

[PtCl~.Un]z + 4CsHaN + 2Un + 2[PtClz(CsH6N)z] 

Concentrated hydrochloric acid causes decomposition in the following 
manner : 

[PtC12. Un]n + 4HC1+ 2Un + 2HzPtC14 

Bromine also decomposes these compounds; the liberated olefin in turn 
is brominated: 

[PtClz. Un]z + 2Br2 4 2UnBrz + 2PtC12 

As previously mentioned, styrene and amylene can displace ethylene 
from [PtClz. CzH& at  room temperature under reduced pressure (4). 

The potassium salts K[PtC13. Un] are usually too soluble to be obtained 
in the pure state and are more conveniently isolated as salts of [Pt(NH3)4]++, 
strychnine, brucine, [Coenz(C2O4)]*, and trans-[CoenzClz]+. The last two 
ions are in general more satisfactory than [Pt(KH3)4]++ in forming well- 
crystallized and difficultly soluble salts of [PtC13. Un]-. According to 
Anderson (3), the quinolinium salts of the olefintrichloroplatinites are 
characterized by relatively high stability and low solubility. Quinolinium 
ethylenetrichloroplatinite is sufficiently stable to be recrystallized from 
boiling water; in the presence of one molecular quantity of quinoline, it  is 
converted into the non-electrolyte, quinoline-ethylene-platinous chloride: 

CoH7N 
CgH,NH[PtCL- Cz&] +- [C9H7N*PtClz. CzH4] 

HCl 

Hot 2 N hydrochloric acid reverses this reaction. 

ethylene being liberated quantitatively according to the equation 
Potassium cyanide effects the vigorous decomposition of K[PtC13. CZHI], 

K[PtC13*CzH4] + 4KCN -+ KzPt(CN)4 + 3KC1 + CzHd 

Anderson points out (3) that other reagents capable of forming complex 
platinites, K2PtX4, have a tendency to react similarly. However, the 
extent to which ethylene is displaced at room temperature depends on the 
nature of the complex. Anderson postulates that the reaction may pro- 
ceed by an initial metathesis to a complex K[PtXB. CzH& which may then 
break down spontaneously in the presence of an excess of reagent. When 
X equals CN this breakdown is immediate and quantitative; for X equals 
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N02, however, only a fraction of the ethylene is displaced a t  room tem- 
perature. The evolution of ethylene with potassium thiocyanate is 
intermediate between that of cyanide and that of nitrite. 

If ethylene-platinous chloride, [PtClZ. C2H4]2, is dissolved in hydrobromic 
acid and warmed, Chojnacki’s acid, H[PtBr3. C2H4], is formed. This can 
be isolated as the quinolinium salt, which is decomposed by hot water and 
is consequently less stable than the corresponding chloro compound. From 
such considerations Anderson concludes that compounds of the general 
type K[PtX3.C2H4] appear to decrease in stability in the order 
X = C1 > Br > NO2 > NCS > CN. 

Above 90°C. Zeise’s salt undergoes the following reaction with water (3) : 

K[PtClj*C2H*] + H2O + KC1 + 2HC1 + Pt + CHSCHO 

The corresponding styrene compound is somewhat less stable; dissocia- 
tion occurs slowly a t  room temperature in aqueous solution, with the 
liberation of styrene and the deposition of platinous chloride. 

Ethylene is almost quantitatively expelled from Zeise’s salt by an- 
hydrous pyridine (3) : 

K[PtC13.CnH4] + 2CsHsN + [PtClz(CsHsK)z] + KC1 + C2H4 

Excess aqueous pyridine ultimately transforms Zeise’s salt into tetra- 
pyridinoplatinous chloride : 

[ Pt  Cln( C&“z] -+ [Pt ( CsH6N) 41 Cl2 

The non-ionic complex [PtC12. C2H4. C6H6N], which is the product of 
the first step in the above reaction, is thought to have a trans-configuration 
(formula I). Aqueous ammonia gives a similar compound. If, however, 
the compound K[PtC13.C6H6N] is treated with ethylene, an isomer of the 
product of the above reaction is obtained (16, 17). This is presumably 
the cis-form (formula 11). 

I I1 

When 1 mole of Zeise’s salt reacts with 2 moles of sodium nitrite, ethylene 
splits out and Na2[PtC12(N02)2] is formed (41): 

K[PtCL.C2H41 + 2NaNO2 --+ Na2[PtC12(N02)2] + C2H4 + KC1 
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If the proportions are mole for mole, the product is Na[PtC12(C2H,)- 
(NOz)]. This substance is very soluble but reacts with [Pt(XH3)4]C1z 
to  give [Pt(NH3)4] [PtC12(C2H4)(NOz)]z. The CzH4 and NO2 groups in 
this complex are said to  be in the trans-positions. 

Substitution about the double bond in olefinic substances seems to 
lower greatly the stability of the coordination compounds of the type 
K[PtC13.Un] (4). On the other hand, the water-solubility of the com- 
pounds derived from substituted olefins is higher than that of the ethylene 
compounds. 

All of the palladium compounds obtained by Kharasch, Seyler, and 
Mayo (65) were colored, unstable, and rather insoluble in the common 
organic solvents. A11 were less stable in solution than when solid and were 
evidently less stable in acetone and alcohol than in other solvents. As a 
class, these compounds are less stable than the corresponding platinum 
compounds. 

It might be expected that an olefin capable of forming a more stable 
compound would be able to  displace the olefin from a less stable palladium- 
olefin complex. Cyclohexene formed 
the most stable compound and no other olefin was found to displace it 
from a solution of the cyclohexene-palladous chloride. The ethylene 
complex underwent displacement with cyclohexene but was not affected 
by styrene. The stabilities of the palladous chloride-olefin compounds 
in solution are therefore in the order cyclohexene > ethylene > styrene. 
The ethylene compound in the dry state apparently is less stable than the 
styrene compound, but this is believed to be due to the greater volatility 
of the ethylene. 

Comparatively little information is available regarding the properties 
and reactions of other metallic salt-olefin complexes. In most cases these 
substances are decidedly less stable than the platinum and palladium 
compounds and some of them are known only in solution. 

This appears to be the case (65). 

v. TECHNICAL APPLICATIONS O F  METAL-OLEFIN COMPOUNDS 
There seems to  be little doubt that the metallic salt-olefin complexes 

are of great significance in many syntheses and processes involving olefinic 
substances. However, a scarcity of pure research and of pertinent journal 
and patent literature along this line makes it difficult even to speculate 
on the extent of the usefulness of these substances. Many compounds 
which are classed as catalysts for certain polymerization, hydration, and 
hydrogenation reactions may function by means of intermediate complex 
formation. The following brief survey indicates the general types of 
substances used in these and other reactions. Some are definitely known 
to form olefin complexes. Many of them, however, apparently have 
never been investigated from this standpoint. 
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The gaseous olefins are readily absorbed by aqueous solutions of cuprous, 
silver, mercuric, and platinous salts (26, 79). Complex compounds are 
probably formed. The olefins can be removed from these solutions by 
warming or by reducing the pressure. Scrubbing coal gas with an acid 
solution of silver nitrate under ordinary or increased pressures a t  0-10°C. 
has been proposed (48, 49, 59, 114) as a method of removing ethylene and 
other olefins. These olefins may be subsequently recovered by heating 
the solution to  50-70°C. An ammoniacal solution of a cuprous salt was 
suggested (31, 60, 120) as a means of absorbing olefins (mainly ethylene) 
and carbon monoxide from coal gas, coke oven gases, and similar gases 
under 150 to  250 atmospheres pressure. The gases released from the 
ammoniacal solution may be scrubbed with either a solution of silver 
nitrate to  absorb olefins or an ammoniacal solution of cuprous formate 
(5). Dubois (24) reported that both acid and ammoniacal solutions of 
cuprous chloride absorb olefins practically quantitatively from mixtures 
with other gases. Diolefins can be recovered from mixtures also containing 
monoolefins by taking advantage of the fact that the diolefins form in- 
soluble complexes with certain heavy-metal salts (36). The more un- 
saturated constituents are removed from cracked oils by heating with ferric 
chloride solution (52), and hydrocarbon oil fractions of low boiling point 
are purified by treatment with aluminum chloride below 35°C. 
(113). 

In  the preparation of butadiene, advantage has been taken of the com- 
plex-forming ability of olefins (57). Butane is catalytically dehydrogen- 
ated to butylene. This is separated from the reaction mixture by solu- 
tions or suspensions of salts that absorb olefins, as, for example, silver 
nitrate, cupric nitrate, or mercurous nitrate. The butylene is easily re- 
covered by heating the solution or reducing the pressure and is further 
dehydrogenated to butadiene. The latter can be removed by a solution 
of cuprous chloride containing ammonium chloride (72) or by other salts 
of the heavy metals of Groups I and 11. 

Of the many inorganic halides which have been found effective for 
condensing or polymerizing olefins, aluminum chloride is without doubt 
the most popular (81). The exact r81e that aluminum chloride plays in 
its reactions with olefins is uncertain. In  the broadest sense it is looked 
upon as a catalyst. Olefins in the presence of aluminum chloride are said 
to  polymerize, isomerize, cyclicize, and form paraffins and more highly 
unsaturated compounds (25). 

Aluminum chloride has been used for converting gaseous and high-boil- 
ing olefins into lom-boiling liquids (98), viscous oils (80, 106), synthetic 
lubricating oils (go), and synthetic resins (19). A patent (54) has been 
issued covering the process for preparing a double compound of ethylene 
and aluminum chloride. This compound is used for condensing hydro- 

' 
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carbons. Aluminum fluoride has also found some application in these 
processes (56). 

Boron halides, especially boron fluoride, have also been used extensively 
for polymerizing olefins. With boron fluoride, polymers of high molec- 
ular weight (86), rubber-like substances (21), and oils which compare 
favorably with petroleum lubricating oils (85) have been obtained. Boron 
halides are reported to form complexes with olefins; these complexes are 
useful in effecting the polymerization of olefins (28). 

It seems not unlikely that the Friedel-Crafts reactions may proceed 
by means of an intermediate halide salt-complex. Aluminum chloride is 
the common catalyst for these reactions, but many other halides have been 
used (82). 

Carbonyl compounds of metals such as tungsten, molybdenum, and 
those of Group VI11 of the Periodic System have been used for converting 
high-boiling hydrocarbons into lower boiling forms by hydrogenation 
under pressure (55). 

Metaflic salt-olefin complexes are probably important intermediates 
in some stages of synthetic rubber manufacture, but, here again, detailed 
information is lacking. The polymerization of butadiene or of its deriva- 
tives is effected by boron fluoride (35), aluminum chloride (130), heavy- 
metal carbonyls such as those of iron, nickel, cobalt, chromium, etc. (2, 53), 
and by certain metal-organic compounds, such as iron phthalocyanine 
sulfonic acid (58). Cuprous chloride solutions appear to be employed 
commercially (14, 66) to  dimerize acetylene to vinylacetylene. This is the 
first step in making 2-chloro-l,3-butadiene, which in turn is readily 
polymerized to an excellent rubber. 

The hydration of olefins in aqueous acid solutions is frequently greatly 
accelerated by the presence of certain metal salts. This may be another 
instance in which olefin complexes are important intermediates. Of the 
many compounds which have been useful in aiding these hydration reac- 
tions, compounds of the metals of Groups I, 11, IV, V, and VI11 are most 
frequently mentioned (23, 33, 78, 83, 109, 110, 119). Usually soluble 
catalytic salts such as sulfates, chlorides, and cyano complexes (77) are 
employed directly. In  some cases, however, insoluble compounds may 
be added to the solution and then converted into soluble complexes by 
passing carbon monoxide or nitric oxide through the mixture (78). 

VI. STRUCTURE OF METAL-OLEFIN COMPOUNDS 
It seems evident that in a complex compound of an olefinic substance 

with a metallic salt the double bond is actually functioning in the metal- 
olefin union. Pfeiffer and Hoyer (94) arrived at  this conclusion because 
they found that unsaturated alcohols, acids, and aldehydes form sub- 
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stances analogous to  Zeise’s salt, whereas the corresponding saturated 
compounds are completely incapable of reacting similarly. Winstein and 
Lucas (123), although admitting that the unsaturation of the coordinating 
molecule appears to  be responsible for complex formation, point out that 
this interpretation is not entirely unambiguous, especially in those cases 
where the complex is composed of one metal ion and two unsaturated 
oxygenated molecules. 

The interest and importance of this group of complexes center around 
the nature of the bond joining the metal and olefinic molecule. While 
these compounds differ in no marked way chemically from other types of 
complex salts (61), the mechanism of complex formation is obscure, in 
that the coordinating group possesses no “lone pair” of electrons with 
which to  form the coordinate link. 

The electron-pair theory is generally accepted as offering the best picture 
of the formation of a coordinate bond and the most satisfactory explanation 
of the many properties of coordination compounds. This view, however, 
is not universally accepted. Samuel and Hunter (101) point out that it is 
not altogether clear how a closed s2 electron-pair can be shared with a 
second atom. They believe that the conception of the lone pair of electrons 
as an agent for true chemical linkage is not entirely in harmony with the 
results of band spectroscopy experiments. The acceptance of the electron- 
pair theory demands, in turn, the presence of a “lone pair” of electrons in 
order that an atom may exhibit “donor” functions. These are not appar- 
ent in the usual formulation of olefinic substances. In  the opinion of some 
authorities the formation of complex compounds of the olefins with metallic 
salts supplies an interesting test of the application of the lone-pair bond 
theory. 

Pfeiffer (91, 92) disposed of the structural problems associated with these 
compounds with the vague statement that the unsaturated carbon atoms 
of the olefinic molecule form the center of a region which, as a whole, is 
capable of exhibiting a kind of “secondary” valence. This so-called 
secondary valence may be satisfied by various ions or molecules. On this 
basis Zeise’s salt is indicated as K[C2H4. . . . PtCls]. 

Hantesch (34) objected to  this formulation on the ground that it repre- 
sents carbon as having a coordination number of 5 instead of 4. To avoid 
this, he suggested a symmetrical structure (111) for these complexes: 

I11 
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He entirely neglected, however, to elucidate the nature of the bonds be- 
tween the hydrocarbon molecule and the metal. 

Biilmann (10) suggested that with a properly substituted olefinic sub- 
stance the potassium salt K[PtC13. Un] might contain an asymmetric 
carbon atom; however, he believed that resolution was probably not pos- 
sible because of the instability of the compound. 

They 
pointed out the possibility that an asymmetric carbon atom can be present 
in certain of these compounds and gave a formula as follows: 

Pfeiffer and Hoyer (94) offered no explanation of the structure. 

H 

CH3-&=CHCH20H 

PtC13 K 
IV 

Drew, Pinkard, Wardlaw, and Cox (22) proposed 
for Zeise’s acid: 

the following structure 

V 
In  their opinion this compound is analogous to the corresponding ammonia 
and pyridine compounds, in which they believed that substantial evidence 
points to the presence of NH3C1 and C5H5NC1 groups. They stated that 
in the case of Zeise’s acid it is not possible, owing to the quadrivalency of 
carbon, to write the group ClCHzCH2 in any other manner, since the alter- 
native formula would be that of a platinic instead of a platinous compound: 

VI 
A considerable amount of evidence seems to  justify the formulation of 

these compounds as derivatives of bivalent platinum. The more sig- 
nificant points are as follows: (1) Zeise’s salt and its analogs can be pre- 
pared by direct reaction of the unsaturated substance on potassium 
chloroplatinite in aqueous alcohol solution (94). (2)  Zeise’s acid is formed 
by the direct absorption of ethylene by platinous chloride in alcoholic 
hydrogen chloride (13). (3) The reactions of these compounds with py- 
ridine, hydrochloric acid, bromine, and potassium cyanide (pages 242-243) 
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indicate the presence of platinous platinum. (4)  The compound prepared 
from dipentene and platinic chloride, for example, is the same as the one 
obtained by treating dipentene with platinous chloride in the presence of 
dry hydrogen chloride (64). 

The platinum-olefin and palladium-olefin compounds of the general 
type MC12.Un probably possess a doubled molecular formula in order to 
maintain the coordination number of 4 for these metals. The coordina- 
tion compounds of this series are unstable a t  higher temperatures, and 
consequently the ebullioscopic method for the determination of their 
molecular weights is not satisfactory. An approximate molecular weight 
determination, however, by the Barger-Rast method points to the dimeric 
form for ethylene-platinous chloride (3). Kharasch and Ashford report 
(64) that the solubility of isobutylene-platinous chloride in benzene permits 
an accurate determination of the molecular weight of this compound. Re- 
sults indicate that it is bimolecular. Precise determinations of the molec- 
ular weights of the corresponding palladous-olefin compounds were not 
possible, but an approximate molecular weight of 409 was obtained for 
styrene-palladous chloride by the freezing-point method in benzene solu- 
tion. This is intermediate between 282 for the monomeric and 564 for 
the dimeric form of PdCl2. CeH6CH=CH2. 

Pfeiffer (93) has proposed a formula for ethylene-platinous chloride 
in which platinum is tetracovalent, the ethylene molecule occupies one 
coordination position about the platinum atom, and two of the chlorine 
atoms serve as bridging atoms in the dinuclear complex (formula VII). 
Anderson (3) accepts this formula. 

Un c1 c1 

VI1 

Kharasch and Ashford (64) have objected to such a formula on the basis 
that i t  postulates the formation of two coordinate bonds by one chlorine 
atom. They have proposed a ring structure for compounds of the type 
[MC12.Un]2, in which the olefin molecule acts as a bridging unit between 
the metal atoms: 

H2 Hz 
\. . c1 . .  c1. ,c-c 

Pt Pt 

H2 H 2  

VI11 
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With such a structure there are interesting possibilities of structural 
isomerism. As pointed out by Kharasch and Ashford, the compound 
derived from styrene, for instance, might have either of the two structures 
shown by the formulas IX and X: 

H C B H ~  CBH5 H 
I /  c*c I /  

c-c* 

\ / H  H \ /  
c 1  c1 / I  I \  c1 

c1 c1 \ I  I /  

I \  
Pt Pt Pt Pt 
A €3 \ / 

c1 / \ C6H5 / \ / \ CBH5 / \ 
\ I  I /  (2°C 

c1 c*c 
I /  

H H  
I I  

H H  
I X  X 

Each of these structural isomers contains two asymmetric carbon atoms 
and can exist in three stereoisomeric forms. The number of isomers would 
become still greater, of course, with more highly substituted ethylenes. 

Kharasch and Ashford’s objection to Pfeiffer’s formula need not be given 
too much weight, since stable compounds are known in which halogen 
atoms act as bridging groups. A number of examples of such compounds 
have been described by Mann and Purdie (76), Gibson and Simonsen (29), 
Palmer and Elliott (88), and Wells (122). 

An objection may be raised to Kharasch and Ashford’s formula, in that 
platinum does not appear to be truly in the platinous state. This might 
seem difficult to reconcile with their statement that it is well established 
that these compounds are derivatives of platinous platinum. It seems 
more difficult, however, to understand the mutual ease with which one 
olefin can replace another if the structure is of the type shown in formula 
VIII. In  the opinion of Anderson (3), any formulation involving quad- 
rivalent platinum introduces covalences linking the hydrocarbon to the 
platinum atom, and the resulting complex must necessarily be represented 
as an alkyl platinum derivative. Winstein and Lucas (123) feel that 
from a purely chemical point of view one would hardly expect these com- 
pounds to  undergo so many reactions typical of compounds having a 
coordinate link if the carbon-to-metal bond is a metallo-organic type as in 
formula VIII. 

As a matter of fact, it is perhaps pointless to  attempt to label platinum 
in a cyclic compound such as proposed by Kharasch and Ashford as 
platinous or platinic. A structure of this type is unique and the usual 
terms pertaining to valence and linkages can not be used here ap- 
propriately. 
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Kharasch and Ashford’s method of formulating the structures of the 
bimolecular compounds [MC12. UnIz, is hardly applicable to compounds of 
the type K[PtC13.Un]. It seems very improbable that the latter sub- 
stances are other than unimolecular, since the platinous platinum has its 
normal coordination number of 4. Kharasch and Ashford (64), neverthe- 
less, point out that  there is no experimental evidence to support this 
contention. It is generally agreed that in the compounds K[PtC13.Un] 
the olefinic molecule occupies only one position in the coordination sphere 
(3, 61, 92, 94). By our classical concepts, then, something must happen 
whereby a pair of electrons becomes available for coordinating purposes 
in the olefinic molecule. One possible mechanism by which such a pair 
of electrons may be produced in ethylene and similar compounds or in an 
aromatic nucleus has been proposed by Bennett and Willis (6). They 
suggest that a lone pair may be produced by a complete transfer of one 
pair of electrons from the double bond to one carbon, resulting in a polar- 
ized state of the molecule, and converting it a t  the same time into a poten- 
tial “donor” molecule: 

\ / \+ -/ cjc --+ c:c 
/ \ / ”\ 

The structures of Zeise’s salt and of Pfeiffer’s and Anderson’s ethylene- 
platinous chloride would then presumably become as shown in formulas 
X I  and XII.  

K 

XI 

H H 

c-c \ +/ 

4. 
Cl-Pt-Cl 

I c1 

H H 

c-c c1 c1 \+ / 

H 
/ \  

H 
XI1 

Anderson (4) critically examined the applicability of this theory to the 
platinum-olefin type compounds, and, while admitting that such a mecha- 
nism seems the only means whereby a lone pair of electrons can be pro- 
duced a t  one olefinic carbon atom, indicated that it is not altogether free 
from objections on physical grounds. This hypothetical polarized state 
of the bond represents an excited state of the molecule, and it is question- 
able whether such an excitation would occur under the conditions used for 
preparing these compounds. If, on the other hand, the activation takes 
place in the field of the platinum atom, the reactions must still involve a 
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high energy of activation. If an excitation or polarization of the olefinic 
molecule occurs, then an abnormally low value for the net heat of forma- 
tion of the coordinate link might be expected as compared with the value 
found for the coordination of compounds already having a free pair of 
electrons. In  so far as the strength of a coordinate bond can be taken as a 
measure of its heat of formation, the linkage Pttolefin must be associated 
with a smaller heat of formation than the linkage P t t N R a .  A low heat 
of coordination, however, is not necessarily an indication that internal 
rearrangement preceded coordination. 

Another objection to  the mechanism discussed above is that the opening 
of the double bond leaves one of the carbon atoms with a sextet of electrons. 
Such a mechanism would be expected to provide ample opportunity for 
polymerization and rearrangement. In  fact, a reversible process in which 
the double bond is opened by coordination to a metal should actually 
promote polymerization. Anderson reports that polymerization occurred 
occasionally but quite irregularly. Lucas states that polymerization was 
not observed and that not the slightest rearrangement of olefins occurred. 

If a polarized intermediate such as 

\+  -/ 
/ "\ 

c-c 
is formed in the coordination of an olefin to a metal, unsymmetrical sub- 
stitution about the double bond should be a factor influencing the ability 
of olefins to coordinate (4). This seems to be borne out by Anderson's 
observation that styrene coordinates much more readily than cyclohexene. 
The phenyl group in styrene confers on the double bond an appreciable 
dipole moment (0.37 X lo-" E.s.u.) (87). If the polar influence of this 
group is associated in some way with the relatively high coordinating ability 
of styrene, the insertion of another phenyl group on the same carbon might 
well lead to an even greater coordinating tendency. Anderson found the 
exact reverse of this to  be the case. If unsymmetrical diphenylethylene 
formed coordination compounds with platinous chloride, they were too 
unstable to be isolated. 

These apparent contradictions as to the r81e that dissymmetry about 
the double bond plays in promoting or retarding coordination have been 
explained by Anderson on the basis of the steric factors involved. He 
concludes that in the case of unsymmetrical diphenylethylene the aug- 
mented dissymetry of the double bond may be outweighed by the steric 
effect of the two phenyl groups. These two bulky groups may effectively 
"block" any attachment to the carbon atom. 

It is interesting to note in this connection that ethylene, which forms 
. some of the most stable metal-olefin compounds, has been found to have 
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zero dipole moment (108). 
of ethylene is a composite of three states as indicated below: 

Lewis (69) supposed that the average state 

H H  
H:C:C :H 

.. .. H H  
H:C:C:H 

At any given instant some molecules may approximate any one of these 
states, but the great majority of them must be nearest to the first structure, 
as shown by the phenomenon of cis-trans isomerism in olefinic molecules. 
Such stereoisomerism is generally ascribed to  the lack of free rotation about 
the double bond. 

The relationship, if any, between cis- and trans-configurations and 
coordinating ability seems somewhat obscure. Kharasch and Ashford 
(64) isolated crystalline compounds from trans-dichloroethylene and from 
trans-diphenylethylene, but could not obtain compounds from the cis- 
isomers. They did, however, obtain coordination complexes of the cis- 
compounds cyclohexene, dipentene, and pinene. Rather similar erratic 
results were obtained by Anderson (4), who found that both of the cis- 
compounds indene and cyclohexene coordinate, whereas trans-phenyl- 
methylethylene does not. However, the trans-form of pentene-2 
coordinates rather strongly. 

One fact which stands out and seems quite general is that progressive 
substitution about the double bond greatly reduces the coordinating 
ability of the olefins. 

In  attempting to overcome the necessity for assuming the existence of a 
trivalent carbon atom and yet retain the advantages of Pfeiffer’s formula 
for ethylene-platinous chloride, Stiegman (1 12) proposed a formula (XIII) 
in which platinum acts as the “donor” atom and the activated or polarized 
olefin the “acceptor” molecule : 

.. .. H H  

.. . .  H:C: :C:H 

H H  .. .. 
H:C:C c1 c1 

.. e .  

H 
XI11 

The assumption is made that in some manner the two electrons needed 
for the platinum-olefin bond are “called out” from the electron shells 
of the platinum atom. This is indicated, or implied a t  least, in the ring 
formula of Kharasch and Ashford. 

In  Stiegman’s formulation each carbon atom has a complete octet of 
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electrons, but one pair of these electrons is “unshared”. Whether such a 
structure could have a stable existence is debatable. It is conceivable 
that under the influence of the pair of electrons donated from the platinum 
to one carbon atom the pair of unshared electrons on the other carbon atom 
would act much as a fourth group about this atom. This situation would 
be quite comparable to the case of sulfur in sulfonium salts: 

.. 
XIV 

Properly substituted sulfur compounds of this type have been resolved 
(95, 107), indicating that the valences of the sulfur atom possess a tetra- 
hedral distribution and that the unshared pair of electrons acts as the 
fourth group. 

Another factor which may have some bearing on whether a structure as 
given above for the platinum-olefin compounds could exist is that  the 
carbon holding the unshared pair of electrons possesses a residual negative 
charge. 

When a properly substituted olefin is used in preparing a compound 
analogous to that shown in formula XIII ,  one or more asymmetric carbon 
atoms might well result. In the case of styrene-platinous chloride, the 
platinum can donate a pair of electrons to either of the two carbon atoms: 

H H  H H  .. .. 
H:c:c* :c~H~ or H : C : C * : C ~ H ~  

f .* 
Pt 

xv XVI I’ 

.’ t 
Pt 

In formula XV the starred carbon atom is asymmetric because of the 
presence about it of four different groups. In formula XVI the starred 
atom is again asymmetric if the pair of unshared,electrons can‘ function 
as the fourth group. In the case of stilbene only one structure is possible: 

H H  .. .. 
C6H6 : C: C: CeH6 

* .  t 
Pt ’ 

XVII ’ 
However, since these compounds are non-ionic and possess no functional 
groups, the usual methods of resolution are not applicable. Using the 
method of selective adsorption of one isomer by finely divided optically 
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active quartz in contact with the racemic solution (118), Stiegman (112) 
obtained some evidence of optical activity with the styrene- and stilbene- 
platinous chloride complexes. A more thorough study of the quartz 
method for the resolution not only of the above platinum-olefin compounds 
but also of compounds definitely known to be resolvable by other means 
casts some doubt on the reliability of this method (63). For this reason 
the results obtained by Stiegman must be regarded as somewhat incon- 
clusive. Moreover, from the standpoint of the stereochemical possibilities 
involved, a positive resolution of these compounds by the quartz method 
would not distinguish between the formula suggested by Stiegman (formula 
XIII)  and the ring structure proposed by Kharasch and Ashford (for- 
mula VIII) .  

An analog of Zeise’s salt has been studied with a view to determining 
whether the ion [PtC13. Un]- can be resolved when a properly substituted 
olefin is present in the coordination sphere (63). The styrene complex was 
used because it appeared to be the most stable of the complexes which 
satisfy the stereochemical requirements of the problem. Since it is reason- 
ably certain that the ion [PtC13 - Un]- is monomolecular (see, however, page 
251)’ it was thought that the ambiguities associated with compounds of 
the type [PtC12 .Un]2 and the rather uncertain method of resolution would 
be eliminated. 

If the platinum acts as a “donor” atom, the styrene analog of Zeise’s 
salt can be formulated in two ways (formulas XVIII and XIX) : 

H H  

Cl-Pt-Cl 

c1 
XVIII 

and K 

‘3 In either event an asymmetric carbon atom is present (starred), and the 
anion exists in enantiomorphic forms. Since the compound is ionic, the 
usual methods of resolution can be employed. While the preliminary 
attempts to resolve the above compound have been unsuccessful, they are 
not to be taken as conclusive, and the above formulation cannot be defi- 
nitely discarded. 

Hel’man (40) has proposed a unique explanation of the bond formation 
between an olefin and platinum. By virtue of the high trans influence 
(15, 38) of this group of compounds, the platinum first functions as an 
electron donor to the activated olefin, and then becomes an acceptor. 
This, according to Hel’man, results in the formation of a four-electron 
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covalent bond and a high activity of the inner sphere. Such amechanism 
is difficult to  comprehend. 

Little insight into the structure of these compounds has been obtained 
from absorption spectra data. Anderson (4) examined the absorption 
spectra of the styrene and indene salts K[PtC13.Un] over the range 2800- 
4300 A. on a reflection grating spectrograph and found them to conform 
closely to those of other platinous complexes. Apparently no study of the 
infrared absorption spectra of these compounds has been made. 

Winstein and Lucas (123), using their distribution method, have con- 
cluded that complex formation with silver ions in solution is a general 
property of ethylenic compounds. They state that the silver-olefin 
coordinate bond is probably similar in character to the coordinate bonds 
of other metals with olefins. Their observations indicate that complex 
formation is rapid and reversible. They found no rearrangement of 
isomeric forms of substituted olefins during their work. 

From a consideration of their results, Winstein and Lucas propose a 
structure for these metal-olefin complexes which involves equilibria among 
three forms: 

/ c=c ' A i  \ 

\ 

XX 
They call attention to the fact that a structure made up of contributions 

from these three forms need not result from an intermediate containing an 
activated double bond. Resonance among the three forms prevents the 
complex from behaving as a molecule having a carbon with just a sextet 
of electrons. Thus the facts of rapid reversible reactions but no poly- 
merization or rearrangement are adequately explained, and the char- 
acteristic properties of these complexes seem reasonable. Also, they 
maintain, any objection to the formation of what amounts to a three- 
membered ring on the basis of strain involved is not serious, since the 
carbon-carbon-metal bond angle will be considerably greater than the 
60" angle of cyclopropane, and the resonance energy is enough greater 
than the strain energy that a structure of moderate stability is to be 
expected. 
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On the basis of the same mechanism, Winstein and Lucas consider the 
following forms as contributing to  the structures of the diene-monosilver 
complexes : 

/ c=c-c-c 
\ +\ 

Ag 

\i/ c-c-c-c 
/ + \ \  

Ag 

/ \ 
+/ \ / 
Ag 

/ 
/ \  

Ag 

c=c-c-c \ 
/ 

\ 
/+ 

c-c=c-c 

\ r - - - - - l /  
+ \  / 

c-c=c-c 
Ag 

XXI 
By extending the concept of resonance to the Zeise series of salts, 

K[PtC13 .Un], three electronic forms corresponding to those on page 256 
(XX) are obtained. In  the case of complexes of the type [PtClz.Un]z, 
the possibility of resonance among nine electronic forms is a factor which, 
according to  Winstein and Lucas, enhances the stability of these 
compounds. 

Winstein and Lucas agree with Anderson that the influence of the 
structure of the olefinic molecule upon the stability of the resulting com- 
plexes is steric. Observations made during their study of silver-olefin 
complexes indicate that the stability of the complex is less, the more 
deeply the double bond is buried in the carbon chain. 

It is interesting a t  this point to recall ilnderson’s comments (3) with 
regard to  the reaction of Zeise’s salt with water (page 243). He states that 
the products of decomposition of this salt by water might be expected to 
contain either (a) ethylene glycol (or possibly ethylene chlorohydrin) if 
the ethylene double linkage were in some manner symmetrically coordi- 
nated (34, 91, 92) to the platinum atom, or ( b )  acetaldehyde if the coordi- 
nate link is formed by one of the carbon atoms. The reaction indicates 
that acetaldehyde is formed. Perhaps more helpful information could be 
obtained from a study of the reaction between water and a Zeise-type salt 
containing an unsymmetrical olefin such as propylene. 

Of the mercury-olefin compounds, those with ethylene have been most 
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investigated. A lively controversy has centered about the structure of 
these and substituted ethylene derivatives. Mainly because of the ease 
with which the olefin can be regenerated from its combination with a 
mercuric salt, Manchot (73) regarded these substances as double salts or 
“molecular addition compounds” represented by structure A (XXII). 
The more common theory is that they are “true addition compounds” of 
type B. Sand (103), on the other hand, preferred to consider them as 
representing an equilibrium mixture between a molecular addition com- 
pound and the ordinary type of addition compound. He illustrated these 

OH 
\ / /  \ /  
/ \ \  

C=C .Hg 

X 
A HO HgX 

B 

HO HgX 
f-Y 

HO X 
LJ 

XXII 
tautomeric forms as in C. Adams, Roman, and Sperry (1) have discussed 
the relative merits of these three structures and indicate their preference 
for type B. This structure is generally accepted a t  the present time and 
is rather conclusively supported by the fact that optically active mercury 
compounds with olefins of the type RR’C=CRR’ have been prepared 
(105). There are indications (104, 124), however, that in addition to 
products of type B, molecular or coordination compounds of olefins with 
mercuric salts of type A may also exist. 

Using the distribution method (123), Lucas, Hepner, and Winstein 
(71) found that the mercuric ion forms rather stable complexes with cyclo- 
hexene. This hydrocarbon dissolves readily in aqueous mercuric nitrate, 
forming an acid solution. Two reactions which seem significant in the 
formation of the mercury-cyclohexene complex in solution are : 

CeHlo + Hg++ CBHIoHg++ 

CGH10 + Hg++ + HOH CSHioHgOH’ + H+ 

The first reaction is probably strictly analogous to the reaction of silver 
ion and an olefin. However, in the case of mercuric ion and cyclohexene 
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the reaction proceeds principally according to  the second equation. Ex- 
perimental data point to  the formation of the 1:l complexes C&oHg++ 
and C6HIoHgOH+. 

The conclusion was reached (123) that coordination complexes of mer- 
curic ion with cyclohexene can be formulated in much the same way as 
the analogous silver-olefin complexes. The various resonating forms 
of the “cyclohexene-mercurinium” ion can be represented in simplified 
form as: 

H 
I 

C 

H 
I 

C+ 

C ~ € € a / i  Hg* Ft C ~ H S / /  Hg+ 

C C 
\ /  \ 

I 
H 

I 
H 

H 
I c 

C4Hs/ 1 \Hg+ 

C+ 
\ 

I 
H 

H 

C 
I 

I 
H 

XXIII 

The “cyclohexene-mercurinium hydroxide” ion, C6HloHgOH+, can be 
represented in a similar way, the mercury atom holding one hydroxyl 
radical. During the course of the above investigation there were indica- 
tions that secondary reactions, not well understood, were occurring. One 
of these reactions presumably led to the formation of a compound of type 
B (XXII). 

Lucas and coworkers admit that the discovery of coordination complexes 
of an olefin and mercuric ion adds confusion to  our knowledge of this type 
of compound. The equilibria between the olefin, the mercuric salt, the 
compound of type A (XXII), and the compound of type B (XXII), are 
apparently complex, and it is entirely possible that  some of the products 
which have been obtained in the past were actually of the coordination 
type. 

The steps through which resonating systems pass, according to the theory 
advanced by Winstein and Lucas, can be pictured with the aid of three- 
dimensional diagrams. Figure 1 represents the trans-form of a substituted 
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olefin. The opening of the double bond can be considered as giving rise 
to  a molecule in which one carbon atom possesses a sextet of electrons, as 
shown in figure 2. This, in effect, is a representation in model form of the 
“polarized” or “excited” state previously mentioned. However, Winstein 
and Lucas prefer to consider that this is not an intermediate in their theory 
of the formation of olefin-metal bonds. The resonating forms which 
they postulate may be represented by the diagrams shown in figure 3. 
What is actually being said, apparently, when Winstein and Lucas state 
that there is no rearrangement during the above resonance process is that 
the pair of electrons indicated can in some manner “resonate” or shift 
position (figure 3, A) from the apex of carbon atom I, for example, to  the 
“unoccupied” apex of carbon atom 2 and back again before group A or 
group B can move to the position on carbon atom 1 which is left unoccupied 

FIG. 1 FIG. 2 

A B 
FIQ. 3 

C 

by the resonating pair of electrons. If group A or group B does shift 
position, isomerization or rearrangement takes place. This, however, 
appears not to occur. For this reason Winstein and Lucas believe that the 
structure shown in figure 2 should not be postulated as an intermediate, 
because if this polarized form had more than a fleeting existence, rearrange- 
ment would certainly be expected. 

It is interesting to speculate on the stereochemical possibilities of the 
above structures. At the instant the carbon-silver bond is in the posi- 
tion pictured in A of figure 3, carbon atom 1 holds four different groups 
and is consequently asymmetric. The same applies to the second carbon 
atom in figure 3, B. With a properly substituted olefin, carbon atom 1 
would never be identical with carbon atom 2, and optical activity for the 
whole complex should result. However, such optical activity seems very 
unlikely when all of the forms in such a resonating system are more closely 
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examined. Considering a platinum-olefin complex in which four unlike 
groups are situated about the double bond, it is seen from figure 4 that a 
total of five forms is possible: 

A 6 C D E 
FIG. 4 

When the double bond of figure 4 C “opens up,” it can do so in either of two 
ways; in one case structures A and B (figure 4) are formed, while in the 
other case structures D and E (figure 4) result. However, structure A is a 
mirror image of structure D, and structure B is a mirror image of structure 
E. If the dextro- and levo-isomers of each pair of enantiomorphs are 
present in equal amounts, the complex is, of course, optically inactive. 

It is a matter of conjecture as to whether properly chosen groups about 
the double bond could exert some sort of steric or polar effect and thus 
shift the above equilibria predominantly one way, or, in other words, 
cause the double bond to “open up” in one way preferentially. In  this 
event optical activity might result. If such a situation is possible, it 
certainly must involve much more complex molecules than any of those 
discussed here. 

VII. CONCLUSION 
Perhaps no one theory has been advanced which satisfactorily explains 

all of the questions relating to the various inorganic salt-olefin compounds. 
It is entirely possible that the metal-olefin bonds in these complexes are 
not all of the same type; in that case any one theory concerning the mecha- 
nism of their formation would obviously be inadequate. The character 
of the metal ion involved must undoubtedly play some part in the nature 
and stability of the bond formed; yet it would be comforting to feel that 
the double bond in olefinic substances is not versatile in the manner in 
which it coordinates with metal ions. 

Of the mechanisms proposed to  explain the mode of attachment of an 
olefin to a metal ion, that of Winstein and Lucas seems to be of most 
general application. However, if cases of optical activity among these 
compounds are positively demonstrated, even this explanation is inade- 
quate. A question which can logically be raised concerning this mechanism 
is whether or not, with the resonating type of bond suggested, the olefinic 
molecule truly occupies the equivalent of only one coordination position 
in the coordination sphere. Perhaps the real point of difficulty here is 
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lack of a clear-cut understanding of what is meant by a “coordination 
position”. If this term implies an area or region about the central atom 
in which the valence bond has a certain tolerance of direction, then the 
above criticism may not be warranted. 

The structure proposed by Winstein and Lucas resembles in some re- 
spects that suggested by Hantzsch (compare XXIII and formula 111), the 
latter probably being equivalent, in modern terms, to a structure having 
single-electron bonds. It is clearly questionable, however, whether the 
conditions for the formation of single-electron bonds obtain in these 
compounds (89). The nature of the bonds in Hantzsch’s formula can be 
explained even less satisfactorily on the basis of covalence. Either alterna- 
tive-two single-electron bonds or two covalent bonds-is difficult to  
reconcile with the apparently well-established fact that the olefinic molecule 
occupies only one position in the coordination sphere. 

The mechanisms proposed by Stiegman and by Kharasch and Ashford 
demand that a pair of electrons for the coordinate bond be supplied in 
some manner by the platinum. Hel’man’s theory carries somewhat the 
same requirement. In  discussing the applicability of this theory, Hel’man 
points out that complex compounds containing unsaturated molecules are 
formed only by bivalent platinum and generally by metals in their lowest 
state of oxidation. This would seem to imply that in some way the bivalent 
condition of platinum is associated with the availability of those electrons 
needed in forming the bond between the platinum and olefin. Since the 
difference in valence between platinous and platinic platinum is 2, it is 
conceivable that a “calling out” of two electrons, as demanded by the 
above theories, might be possible. However, i t  is exceedingly difficult 
to  understand how any such thing could occur in the cases of Ag+, Fe++, 
Fe+++, Al+++, Cu+, and Hg++ ions. No such assumption is necessary in 
applying Winstein and Lucas’ theory of resonating structures. 

The theory involving a polarized intermediate molecule would hardly 
explain the general absence of polymerization and rearrangement of the 
olefins. Such an intermediate might be expected to promote these changes. 
This identical theory, as a matter of fact, was used by Hunter and Yohe 
(51) in explaining the catalytic activity of aluminum chloride in poly- 
merization reactions. They assumed that an intermediate “activated” 
complex might be formed in which one carbon atom is momentarily three- 
covalent. On the other hand, Winstein and Lucas’ theory might appear 
incapable of explaining this tendency of aluminum chloride to cause poly- 
merization. However, one must remember in this connection that these 
polymerization reactions are usually carried out a t  somewhat elevated 
temperatures. As previously noted, Gangloff and Henderson (27, 42) 
obtained crystalline addition products of aluminum chloride and various 



METAL-OLEFIN COORDINATION COMPOUNDS 263 

olefinic substances at room temperature. Some polymerization a t  higher 
temperatures was noticed by Stiegman while preparing platinum-olefin 
compounds, and Anderson has reported occasional instances of poly- 
merization. 

It is altogether possible that a t  higher temperatures the resonating type 
of bond shifts over to  an activated complex type, or the olefin receives 
enough energy so that it may be expelled as an activated or polarized 
molecule which in this excited state enters into polymerization reactions. 
The fact that aluminum chloride tends to induce polymerization to a 
greater extent than platinum and other metal ions need not be due to a 
fundamentally different type of metal-olefin bond but may be associated 
rather with a difference in the character of the metals themselves. The 
tendency to  eliminate an olefin in an activated or polarized state or the 
tendency to  form an activated addition complex with increase of tempera- 
ture may merely be more pronounced in the case of aluminum chloride. 

From theoretical considerations Winstein and Lucas (123) believe that 
the reactivity of these complexes is greater (a) the smaller the coordinated 
metal atom and ( b )  the more electronegative the coordinated metal atom. 
They feel that the relatively low reactivities of the silver and platinum 
complexes in terms of absence of polymerization and isomerization may 
be due to the comparatively large sizes of these metal atoms. 

The formula of Drew, Pinkard, Wardlaw, and Cox for compounds of the 
type K[PtClH. Un] does not seem satisfactory in view of the ready replace- 
ment of one olefin by another. Also, it gives platinum the unusual coordi- 
nation number of 3. The structure in which the unsaturated molecule 
occupies one coordination position in the complex through a resonating 
type of bond seems preferable. 

The dinuclear formula suggested by Pfeiffer for compounds of the general 
type [MCh - UnIz is preferred to that advanced by Kharasch and coworkers. 
Here, also, the resonating type of bond is believed preferable to  that sug- 
gested by Stiegman. Such a resonating bond, however, would eliminate 
the possibility of optical isomerism in these dimeric compounds, unless 
they are of the type suggested by Kharasch and Ashford. 

No definite decision can be made as to  whether or not all metal-olefin 
bonds are of exactly the same type. Nevertheless, there seems to  be no 
evidence to indicate that  the mechanism of attachment of the olefinic 
molecule to the metal ion is not fundamentally the same in every case. 
Any variation in the properties of the resulting complexes can apparently 
be attributed to differences in character of the metals involved. 

The author wishes to  acknowledge his indebtedness to Professor John 
C. Bailar, Jr., for suggesting a review of this subject and to express his 
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gratitude for the many valuable suggestions and criticisms offered by 
Professor Bailar during the preparation of the manuscript. 
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