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INTRODUCTION

The paucity of information in regard to the organo-
metallic compounds of the group VIII elements makes a study
of thess compounds highly desirable. The ready avallability
of iron, cobalt, nickel, and thelir inorganic compounds,
makes the preparation of their organometallic derivatives
of particular intereast. This thesis was undertaken in an
effort to prepare some typlcal organometallic derivatives
of the group VIII elements and to determine some of their
properties. Greateat attention was centered on attempts to
prepare organoiron compounds, as iron is the cheapest of all

the metals.



HISTORICAL

The first organcmetallic compound of the group VIII
elements to be prepared was trimethylplatinum lodide. This
compound was prepared by Pope and Peachy (1) through the action
of an sther solution of anhydrous platinic chloride on a cold
ether-benzene solution of methylmagnesium lodide. A con-
slderable excess of methylmagnesium lodide wae required,

about twice ss much as is indlicated by the following eguation:
PECly+ 3 CHyMgI —,(CHB)BP*EI +2 Mgl 2 gl 2

Trimethylplatinum iodide 18 a bright ysllow corystalline
powder, freely soluble in hot benzene or chloroform. It is
readily soluble in cold ethyl bromide or methyl iodide. It
1s insoluble in water and very sparingly soluble in ether,
alcohol, acetone, or light petroleum ether. 1% crystallizes
) in nexagonal plates which apparently belong to the cublc
2§systamf The substance 1s not attacked in the cold by iodine
??ar bromine, nor by &onsan;rated acids or alkalis. Concentrated
nitric acid dlssolves it slowly on heating and on evaporating
the solution a white residue which explodes on further heat~
ing is obtained. Trimethylplatinum iodide dscomposes gradu-~
ally on heating in a melting point tube and decomposition

(1) {(a) Pope snd Peachy, J. Chem. Sog., 95, 571(1909)
- {p) Proc. Chem. Sgg., 23, & ;(]‘%). = ;
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appears to be complete at 250°C. On heating in an open flame
the compound burns with a smoky, lurid flame, leaving a resi-
due of metallic platinum.

#ith trimethylplatinum lodide for a starting material,
Pope and Peachy (la) prepared a series of trimethylplatimum
compounde. Diamminotrimethylplatinum lodlde was prepared by
heating trimethylplatinum 1odide with a mixture of benszens,
aleohol, and concentrated ammonium hydroxide. This compound
18 a white, crystalline material, slightly gsoluble in water,
moderately soluble in benzens or ether, and dissolves very
readily in alcohol, ethyl acetate, or acetone; it is practi-
¢ally insoluble in chloroform or light petroleum ether. It
yilelds free ammonia on heating with potsssium hydroxide.

Trimethylplatinum hydroxide was prepared hy boliling a
solution of trimethylplatinum fodide in moist acetone with
silver hydroxide. This compound forms colorless transparent
plates which are fairly soluble in ether, aleohol, acetone,
ethyl acetate, chloroform, or benzene. It ig insoluble in
water, alkalis, or light petroleum ether. It is not attacked
in the cold by mineral acids.

Trimethylplatirum sulphate, |[( CHB} 3%]250 5 2,0 Was
prepared by bolling equivalent quantities of trimethylplatinum
iodide end silver sulphate in molst acetone~benzene solution.
This compound forms emall, colorless, rectangular plates. It
le readily soluble in water, alcohol, or acetons, but practi-

cally insoluble in benzsne, light petroleum ether, ether, or
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chloroform. The substance contains two molecules of water
of erystallization which it retains on heating to 1009C.

Trimethylplatinum nitrate was prepared by the action
of hot concentrated nitrice acld on trimethylplatinum hydroxide,
and algo by the action of barium nitrate on an aqueous solu-
tlan.ef trimethylplatinum sulphate. This compound forms
colorless, crystalline plates which are readily soluble in
water. The compound was found t0 be so highly deliguescent
that no ﬁn&lysia»was attempted.

Trimethylplatinum chloride was prepared by precipi-
tating an agqueous solution of the nitrate or sulphate with
potassium c¢hloride or by dissolving the hydroxide in alochol
and evaporating to dryness after addition of hydrochloric acid.
The chloride is practically insoluble in water, dissolves very
sparingly in acetone, alcohol, or ethyl acetate, and is moder-
ately soluble in benzene or chloroform. The substance crys-
tallizes from chloroform in colorless, rhomble dodecahedrs,
which belong to the cublic system. Powder photographs of tri-
methylplatinum chloride indicate a body centered cuble lattice
(2). |

Potasaslium trimethylplatinic platinoccyanide was obtained
in an impure form by adding potassium platingccyanide to an
aquecus solutlon of trimethylplatimum nitrate. This substance
was found to be insoluble in water and the usual organic sol-

(2) Cox and Webster, Z. Krist., 90, 561(1935)/C. A. 29,
7732(1935)/. L a2



vents with the exception of acetone and alechol, in whiah it
dissolved freely; but on evaporation of its solutions 1%t re-
mained as an amorphous, resinous film of a greenish~yellow
color.

None of the compounds of trimethylplatinum prepared
by Pope and Peachey (1a) were characterized by melting points.
They underwent decomposition on heating without melting. FPope
and Peachey {1a) gave no ylelds of products in the veriocus
transformations desceribed by them.

Henzies (3) obtained seven and one-half grams of tri-
methylaplatinum 1odide from twenty grams of chloroplatinic

P s

acid by & modification of the method of Pops and Peschey (1a).
As he was unable to dissolve anhydrous platinic ehloride in

dry ether, he dissolved the salt in the minimum %nnnﬁity of
absolute alcohol and added this solution to a large excesas of
methylmagnesium iodide.

~ Starting with trimethylplatinum lodide, Menzies (3),
and lMenzies and Wiltshire (4) prepared a series of chelate
derivatives of trimethylplatinum with s-diketones anmd o~
ketonic esters. The chelate derivatives of trimethylplatinum
with acetylacetone, dipropionylmethane, and ethyl acetoacetats

ars white erystalline substances scluble in organic solvents.

Trirmethylplatinum benzoylacetone was prepared only in an impure

form. These compounda were prepared by the reaction of tri-

{3) Xenzies, J. %ngg..4 -» 565(1928).
(4) gsnszzs a%h 11taﬁ§§§, ibid., 21(1933).

i
Ly
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i
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methylplatinum iodide with the corresponding chelate deriva-
tive of thallium. The compounds 40 not have definite melting
points but 40 have rather definlte decomposition points.

Phenylplatinum bromide results by the zctlion of phenyl-
magnesium bromide on an ether solution of dehydrated bromo-
platinic acid (5).

No organoplatinum compound is formed by the action of
the nascent ethyl radiecal, produced by electrolysis of the
Ggﬁsﬁa/Zn{caaglg-syatea, on & platimum anode (6). Oil drops
are formed at the anode, but these are probably due to poly~
merization of the ethyl radical through intermediste adsorption
on the platinum snode, as the anode ia eoapleia&y unaffected.

In an earllier attempt to prepare sn organoplatirmms
compound, Buekton (7) observed that diethylzinc reacted vigor-
ously with plsatinic chloride with deposition of platinum black
aﬁd with evolution of a gas. Frankland (8) found that the
halide compounds of platimum rescted violently with dlethyl- <
zine tmat the organic¢ group did not unite with the platinum.
However, when he heated platinous chloride in contact with the
chloride of caoodyl, two equivalents of hydrogen in the cacodyl

were replaced by a biatonie molecule of platinum, producing s
chloride of eacoplatyl.

(5) Xrause and v. Grosse, "Die Chemie der Metall-organischen
(6) g:zhinggngzgzé‘éézfﬁder Borntraegarégngl1§§§?.1?8?(éggg).
’ ain a : k= ] » - - ‘ .y i 53 19 *
(7) Buckton, Ange, 105, 298( T paa ’

(8) Frankland, J. Chem. Spgg., 1%, 188(1860).
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(G ;) 4801 +PeOY, — (o n )Ascx(a H}Pt“) + 2HCY

Cacoplatyl forms a series of eompcunﬁs analogous to those of
cacodyl.

The formmtion of double malts from organoarsenic com-
pounds and platinous or platinie chloride is a general re-
action (9), the organcarsenic compounds being too unreactive
to ¢leave the platinum to chlorine bond and thus form an
erganeplatinum compound . The composition of the double salt
aﬁy be varied according to the ratio of reactants and the
general experimental procedure.

Organoantlimony compounds also react with platinic or

platinous chloride with the formation of double sslts (10)
{9a){9b). The resction in the case of platinic chloride
ﬁiffera in some cases, however, from the reaction of platinic
chloride with organosrsenic compounde. The firet phase of the

(9) {a) Hofmann, Agn,,éég?, ;(18 }3 (b) Cahours and Gal,
onptie ;:?g? , 1870 Hiochaells, 221, 141

1902)3 (4) Cahours, Ann 1.% 210{1862); (e " LaCoste and

Atd

Michaelis, 3 (f) Michaelis and Link;
%%5‘ : ex %tmﬁz (s) uzemeus, +s 320, 271{19023;

nheim, Ann., 341, 182(190%); (1) Morgan and Mickle~
mn oy 9%, 1473(1909); (3) Phunps, mf
19, 105118 <k Dekn, m. %m 2., 50, 114(1509); (1)
Duhn and Wileex, .y 31 1906).
(103 {a) Landolt, Ann. {(b) Hichaelis and Rsese,

Amn., s ”3'é); e) Partheil and Hannhei
mf%}ﬁ, 166(1900) 2 (4) Morgsn and Yarslem’ de
.y 327, 18&(1925); e} Buckton, %h%ﬁ, 119(1866 z
) Léwig, J. praki. Chem., 54, 4is5(1 545; 3. Chems 5ag.,
B, 262(1855 .
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reaction between platinic chloride and the relatively more
reactive organcantimony compounds may consist of a reduction
of the platiniec chloride to platinous chloride. The platinous
chloride then forms & double malt with any excess organo-
antimony compound. As is the case with organcarsenic com
pounds, the compesition of the double salt may be varied ac-
cording to the procedurs useé in the preparation. Horgan and
Yarsley (104) made a thorough study of the reaction of tri~
metnylantimony with platinic chloride. They found the first
step of the reactlion to be a reduction of the platinic
chloride to platinous chloride, which then reascts with excess
trimethylantimony giving riee to one or two additive compounds
acoording as to whether the reaction is carried cut in water
or in aloohol. In water the compound formed is an orange
colored insoluble solld of the composition [Pt,4(CHs)x8b]PtCl4.
This compound is formed in slcohol along with a soluble yellow
erystalline compound of the composition [?(CH3)BSE,?t312].
Either of these products on treatment with exceass trimethyl-
antimeny'yislﬂ the same compound having the composition
[Pt,4{CH3)48b]Clp. The reaotions tske place in the following

manners
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HoPtClg + (CHz)3Sb —HoPtCly + (CH3)351C12

JHgPtCly + (CHy)3Sb

[Pt,4(CHs)}38b] PtC1s [2(CHi3) 38D, PEC1 3]
Orange insoluble yellow soluble
axcens excess
(CHx)58p (CH3)38b
[Pt, 4(CHz)%8b]C1p

The orange colored insoluble compound reacts with pallsdous
chloride to replace part of the platimm with pelladium (104).
[Pt,4(CHs)3Sb]PtC14 + PAClp — [Pt,4(CHg)35b]) Pacly + P4Clp

Trimethylantimony reacts with palladous chloride in the same

manner as with platinous chloride.
(CHz)38b + PaClpy — [2(CH3)3Sb, PaCly) T%;};—g?[m.ucﬁggﬁjcla

Triethylarsenic reacts in the same manner with palladous
chloride to form the double salt (Cglg)zas.PaCl. (9b) (91).
Ho organoplatinum or organopallsdium compounds are
formed in any of the reactions of erganoaraen&c or Orgsno=
antimony compounds with pl#tinna or palladium chlorides.
Platinic halidea form complex coordination compounds
with unsaturated compounds of the types K(Un.PtXsz), and
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(Un.PtClp)p, in which Un 18 an unsaturated molecule containing
an ethylene bond. The first compound of the type K{Un.PtXs)
was obtained by Zeise (11), who isolated a compound with the
empirical formula K(CoHy.PtCls).HpO, from the reaction of
chloroplatinie acid and alcohol. Birnbsum (12) prepared sime
$lar compounds with propylene and amylens, and Chojnack (13)
obtained K(CpHy.PtBry), with platinic bromide.

Biilmann and co-workers have(l4) extended the work to
. unsaturated alcohols, acids, and aldehydes. Pfeiffer and
Hoyer (15) havu‘prgparsd similar compounds from allyl alcohol,
allyl acatate,'crntyi alechol, &nd crotyl aldehyde.

Anderson (16) obtained (CpHj.PtClp)s by refluxing
ethyl alcohol with sodium chloroplatinate.

A general method for the preparation of complexes of
the types (Un.PtClz)s or (Un.PtBry)p has recently been de-
veloped by Karasch and Ashford (17). It differs radicsally
from the method of Anderson (16) in that anhydrous platinic
chiloride or bromide in an anhydrous solvent is used inatead of
the metallic haloplatinates. It differs further in that the

(11) Zeise, Poss. 21. 49?(1831).

{12 Birnbaaa, gan., & 869).

13 cna _ ., 510(18 o).

14) B1 §§§ j], 2196(1900); Biilmann and Anderson,
§2?’3d§?’ 5{1903); Billmann and Hoff, Reg. trav. ohim-

(15) Pfeiffer and Heyer,,z, ADOTE . Chem., 211, 241(1933).

(16; Anderson, J. Chem. Sog., 971{19 » =hem

(17) Knarasch and Ashford, . Am. Chem. So¢., 58, 1733(1936).
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unsaturated compounds are used instead of the alcohola. Co~
ordination compounds were prepared by this procedure from
cyclohexene, dipentene, pinene, ethylene, isobutylene, sty-
rene, stilbene, and trans-dichloroethylene. This method has
not been found spplicable %o unsaturated acids and thelr esters.

The genersl electronic astructure proposed by Kharasch
and Ashford (17) for all compounds of the type (Un.PtClp)so

Cl C1

B~c . R
Pt
Ci C1
was specifically exemplified by the following formuls for

eyclohexsne platinous chloride.

cl1C1
N Pt 2
Ha \..H X H2
Hg ..\ / }{8
H rtd
2 LK ot Iig
C1C1

The compounds of the type K(Un.PtX3} are obviously
derivatives of the type (Un.PtX,),.
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The cébrdination compounds of platinnm'with unsaturat~
ed compounds are well-defined eorystslline substances. They do
not have definite melting voints and vary widely in stability.
When treated with pyridine the substances decompose, liberat-
ing the olefin and forming the pyridine platinous chlorids.
They are decomposed by concentrated hydrochloric acid with
1idberation of the olefin and by bromine to form the bromine
addition product of the unsaturated compound.

These compounds may exist in two or more sterecisomeric
forms depending on the olefin from which they are derived.

A number of mixed carbonyl compounds of platinum are
known (18). Schutzenberger (19) in 1868 passed chlorine and
carbon monoxide over platinum sponge at 250°C. and obtained s
yellow sudblimate from which three distlnct compounds were
isolated: PtCl,.CO, PtC1l5.2C0, and PtCls.3C0. These compounds
 dissolve unchanged in carbon tetrachloride hut are decomposed
by water.

PtC15.CO + Ho0 — Pt + 2HOL + COp

Pullinger (20) prepared platinum carbonyl dibromide,
PtBroCO, by passing dry oarbon monoxide over platinous bromide

(18) See, Blanchard, Chem. Rev. 21, 338(1937) for a more de=~
t;iledtdiscusaicn of c¢arbonyl compounds of the group VIII
slements.

(19) Schutsenberger, Ann. ghim. phva., A 15, 100(1868); 21,
35, 350(1870; Bull. 2o Chime, @) 59%%’ 97(1870) .

(20) Pullinger, Irans. Chem. Spc., 59, 598(1891).
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at 180°C. PFlatinum oarbonyl di-iodlide was obtained by lylius
"anérFaérster (21) by adding dilute hydriodic scid to a solu-
tion of platinmm carbonyl dichloride in hydrochloriec acid.
Platinum earbonyl momosulphide, PtS.CO, is thrown down es &
brown precipltate when hydrogen sulphide 1s passed into & so-
lution of platinum carbonyl dichloride (20). A double salt

of platimum carbonyl thiocyanate, Pt(CHS)5.CO, with potassium
thiocyanate is obtalned by adding a solution of potassium thio-
cyanate to one of platimum carbonyl dichloride.

The carbonyl compounds of platinum are crystalline
solidas. They decompose on heating %o give metallic platinum.
Manchot (22) made use of the platinum chloride carbonyls in

| the ssparation of platirum from palladium. I
ﬂff? Organopalladium compounds have been postulatad as
intermediates in the catalytio hydrogenation of aryl halides
(23). This sssumption 1s based on the varying yielda of
biphenyl obtained in the catalytic hydrogenation of bromoben~
zene under wvarying conditions. When bromobenzene 1s heated
to boiling in methyl alcoholic potassium hydroxide in the
presence of palladiumated calclum oarbonate, without introduce
tion of hydrogen, biphenyl results in fifﬁeen to twenty percent
vields. If high pressures of hydrogen are used, in an auto~
clave, benzene is formed. At lower pressures of hydrogen,

(21) ¥ylius and Foerster, .y 2424{1891).
(22) Hanehot, Ber., 58, 2518 192
(23) Busch and Weber, J. prakt. Chem., 146, 1-55(1936).



biphenyl is formed. The reaction is postulated to proceed in
the following manners:

PHy + BrCglg —HBr + CglgPaH
If the phenylpalladium hydride so formed contacts hydrogen,
benzene results.

CgligPdH + Hz —PaH, + Cglg
In low concentrations of hydrogen the followlng reaction may
take place:

CgHgPaH + BrOgHg —~ (Cglig)pPa + HBr
The labile diphenylpalladium then may react with hydrogen to
form biphenyl and palladium hydride. |

(CgHg)pPd + Hg — Cglig-CgHs + Falp
In slcohol, where bromobsnzene is goluble, biphényl is formed
as would be expected according to the shove equations. In
water, where bromobenzene ig insoluble, benzene results.

Further coupling 1is produced to some extent and this
1z poetulated to ccour in the following mamner:

CgHsPaH + H~-CglaBr — PaHy + CgHs~CaHABr

CgligPaH + Br--OgHa-Cgly — HBr + CgHgePa=Cglly-Cally

Cglg~Pa-CgHy-Cally + Hp —PdHy + Cglig-CgHa-Calig
etc., this series of reactions leading to the formation of
ooupling projucts up to gedecirhenyl, Cggligg, all of which
were isolated.

Palladium chloride, Pd012, forma a complex with tri~
. methylethylene (24). This complex forms stable orange crys-

(24) Kondakov, Balas, and Vit, Chem. Listy. 579=-87(1929);
28, 1-8, 2631(19%0) [Co Ao Bk, ShES(1950)] - ’



tals, decomposing at 859-90°, which correspond to the formula
PAC1,-Calyg-

' | Palladium forms a halogen earbonyl complex of the com-
position PACl,«CO, which is the least stable of all such com~
ploxes formed by the platinum metals. This compound was ob-
tained by the action of carbon monoxlde, saturated with the
vapor of methyl aleohol, on pailadium chloride at 0%C. (25).
This complex 1s decomposed by water.

P4C1,7CO + Hy0 —~Pd + COp + 2HCI.

No organometallic compounds of oemium, iridium, rho-‘~)
dium, or ruthenium are recorded in the literature. PFPope and {
Peachey (1b) reported that the chlorides, or in some cases f
the oxides, of iron, cobali, nickel, ruthenium, rhodium, pal- %
ladium, osmium, iridium, and platimum, reacted vigorously j
with methylmagnesium iodide, but they reported no produots f;

{
it
il

]

from any of these reactions other than the formation of tri-

methylplatinum lodide from platinie chlorids. o -
Manchot and Gall (26) prepared a sublimsble carbonyl
chloride of iridium. Dry iridium trichloride in a current of
completely dry carbon monoxide at 150°C. gave a white, sublim-
able, crystalline substance of the composition Ir(C0)xCls.

This compound decomposes in water with evolution of carbon

monoxide.
(25} Manchot and Kénig, Ber., 59, 883(1926).
(26) Manchot and Gall, Ber., 232(1925) .
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Hanchot and Kénig (27) heated osmium trichloride in a
current of earbon monoxide st 270°C. and obtalned a white
sublimate whose composition approximated the formula 0sClo+3C0.
This compound is unaffected by water and acids. It is so-
luble in sodium hydroxide solution, and after neutralization
of such a solution with nitric acid all of the chlorine is
precipitated by silver nitrate, leaving the osmium and carbon
monoxide in solutlion as an apparently stadble complex.

No simple carbonyl halide of rhodium has been pre-
pared, but the compound, RhCl,*RhO3CO, was prepared by Manchot
and Kénig (28) through the aotion of carbon monoxide on molst
rhodium trichloride. This substance 1s decomposed slowly by
water or by heating to J00°C.

Ruthenium trihalides react with carbon monoxide ac-
cording to the equation (29):

 RuXy + 200 —Ru(CO)pXp + I/2X5.
Ruthenium trilodide reacts rapidly and completely with earbon
monoxide at 250°C. and one atmosphere, ylelding an ochre-
colored residue of the composition Ru(CO)yI,, which is in-
soluble in water or organic solvents. I%{ is very resistant
to the sction of concentrated hydrochloric and sulphuric acids.
Ruthenium tribromide reazcts much more slowly under the same

eonditions to glve a sublimable product of the composition

{27) Manchot and Kénig, Ber 229(1925).
&28; Manchot and Kénig, Ber, 2173(1925
29) Manchot and Kénig, §gz., 2130(1924
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Ru(CO)oBry. At high pressures of carbon monoxide there is a
further reduction of the bromide to Ru{CO)}Br, a colorless
orystalline substance (30). Ruthenium trichloride reacts
still more slowly than the bromide, ylelding Ru(CO)oClp. High
pressures of carbon monoxide give & halogen-free, non~volatile
carbonyl. Mond (31) prepared the same halogen free carbonyl
by the action of carbon monoxide on ruthenium sponge. Its
composition approximated the formula Ru(CO)a.

Manchot and Manchot (32) prepared a series of ruthe~
nium carbonyls. 7The pentacarbonyl was first prepared from
ruthenium sponge and carbon monoxide at 700 atmospheres and
400°C. A more effeotive method of preparation, howsver, was
found to be the action of carbon monoxide, under 455 atmos-
pheres presaure at 1750C., on ruthenium iodide in the presence
of finely divided silver. Ruthenium pentsecarbonyl condenses
to colorless crystals which melt at -220C. It decomposes alowly
above its melting point into the enneacarbonyl, Rus(CO)g. The
pentacarbonyl is very sensitive to light while the ennoa-
carbonyl is astable. The pentacarbonyl decomposes to ruthenium
and carbon monoxide on heating.

Ru(C0)g —=Ru + 5C0
An amorphous green carbonyl of the composition [Ra(GOQa]xwas
also obtalined.

{30; Manchot and Enk, Ber., §3, 1635(1930).

31) Mond, Hirtz and Cowap, &. gnoreg. alleems Chem., 68, 207
(1910); Mond and Vallis, J. Chem. Sog., 121, 32(1922) .

{32) %;g;lg?t and Manchot, Z. anorg- sllgem. Chem., 226, 385
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In an attempt to obtain the free ethyl radical, Frank-
1and (33) found that heating of ethyl iodide with iron at
150°C. to 2009C. for twelve hours scarcely effected the de-
composition of a trace of ethyl 1odide. Later, Frankland (34)
reported that iron was capable, under the influence of 1light,
of combining readlily with the organic groups, methyl, ethyl,
and amyl. He gave no further detalls.

Ullmann (35) found that finely divided iron reacted
with p-iodotoluene when heated to 250°C. and gave low ylelds
of bi-p-tolyl. Zeltner (36) was of the opinion that an
organoiron compound was formed as an intermediate in this
soupling reaction.

Spencer and Harrison, (37), in an attempt to ascertain
whether metals of the sixth, seventh, and elghth groups of
the periodic system could be caused to react yith alkyl
halides in the manner of the metals of the first and second
groups, found that iron and nickel reacted with alkyl halides,
tut only when heated in a sealed itube for several hours, while
cobalt would not react even under these conditions. The re-
action between the metals iron and nickel with 1odobenzene
took place very completely with the formation of bipheﬁyl in
extremely large ylelds. Freshly reduced nickel heated in a

Frankland, ;y;g.,
Ullmann, Ann., 332, 38(190 )
36} Zeltner, J. praki. S‘z&@.ﬂu zz, 397(1907) .
Bpencer and Harrison, 2roe. Chem. Sogc., 26, 118(1910).

33) Frankland, J. o 2, 295(1848-1849).
; g Q’.S.g.g 2
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sealed tube with lodobenzene at 280°C. for several hours’éava
on elghty-five percent yleld of biphenyl. In the case of iron
a aimilar reaction took place at 180°C. This reaction could
not be brought about with any other halogen compoundes with

the exception of p-iodotoluene. It was the opinion of these
investigators that iron, cobalt, and nickel had no tendency
to form organometallic compounds. Patten (38) found ethyl
chloride to have no action on iron, nickel, platinum, palla-
dium, or eobalt at 0°C.

Thomas, Bowden, and Jones (39) studied the action of
iron, cobalt, and nickel on triphenylmethyl halides. Iron was
found to react readily with triphenylmethyl chloride or bromide
in benzene, toluene, or ether solution. No free triphenyl-
methyl was formed and the evidence seemed to indicate the eic
istence in solution of a stable triphenylmethylferrous chloride
complex. Triphenylmethyl chloride in benzene, toluene, bromoe
benzene, hexane, or ether was found to be unattacked by cobalt
or nickel. Rapld and complete reduction of triphenylmethyl
chloride to triphenylmethyl was produced by cobalt in acetone
solution. Ké evidence of any triphenylmethyl iron or tri-
rhenylmethyl cobalt was reported. FPyrophoric iron reduces tri-
phenylmethyl chloride to triphenylmethyl (40).

(38) Patten, J. Phys. Chem., Z, 153(1903).

(393 Thomas, Bowden, and Jones, J. _%gm_ Soc., 473(1930).

(40) Sonmidlin, "Das Triphenylmethy Ferdinand Enke, Stutt-
gart(1914), p. 31.
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Iron, like platinum, ls unaffected by the nascent
ethyl radical produced by electrolysis of the NaCpHs/Zn(CgHg)o-
system (6). A strong evolution of gas was noted at the anode.

Frankland and Duppa (41) in an attempt to prepare an
organoiron compound by the actioﬁ of iron on diethylmercury
gt 150°C. obtained large quantities of inflammable gases but
no ethyliron compound. They conaldered the gases to be due to
the thermel decomposition of diethylmercury entirely independent
of any action by the iron. Diphenylmercury on distillation
from powdered iron gives biphenyl (42). Powdered iron reacts
with dimethylantimony bromide to remove the bromine without
forming an organoiron compound (43).

(GHB)EShBr + Fe —FeBry +—(Cﬂ3)23b2 —+(GH3)3Sb

Triphenylantimony, in alcohol or ether solution, re-
duces ferric chloride slowly to ferrous chloride (44)., Di«
methylarsenic hydride reduces ferric chloride pronmptly to
ferrcus chloride (45). No organoiron compound 1s formed.

(CHz)pABH + 2FeCls —(CHs)A8Cl + 2FeCly + HC1

Bennett and Turner (46) have reported the formation

of an organoiron compound from the reasction of phenylmagnesium

(41} Frankland and Duppa, ,;. » 35(1864).

(Aaz Dreher and Otto, Ann 1%“ mﬁ%g

(43 ﬁor%gg g?d Davies, Proc . Sog. London). [A], 110,
26) .

(44) Michselis and Reese, Ana. 233, 49(1886).

iﬁg; Dehn and Wilcox, Am. Chenm g.-, 35, 30(1906).

Benriett and Turner, J « N. 8. FWalesg, 53
100(1919) [C. A., m. 5 ﬁ 925% T
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bromide with ferric chloride in ether solution. Hydrolysis of
the reaction mixture with water and sulphuric acid gave a dark-
colored solid residue which was freed of biphenyl by extrac-
tion with petroleum ether. The ochre~colored residue was dis-
aolved in benzene and preq}pitateﬁ by petroleum ether. A
greenish solid resulted, wﬁich contained iron, was soluble in
benzene, and depressed the melting point of biphenyl when mixed
with that substance. No melting polint or anslysias was given
for the substance. In a previous report (47) these workers
reacted three equlvalents of phenylmagnesium bromide with one
of ferric chloride. They obtalned only a small amount of bl-
phenyl and no organoiron compound. The ferric chloride was
not reduced to ferrous chloride.

According to other investigators (48), the reaction of
phenylmagnesgium bromide with ferric chloride proceeds exclu~
sively to the formation of biphenyl and metallic iron. Benzyl-
magnesium dbromide reacts with ferric chloride or ferric bromide
to give quantitative yields of bibenzyl (48a) (49). p-Tolyl-
magnesium bromide and phenylmagnesium bromide react with ferrie

chloride, ferrous chloride, and ferric thiocvanate to give ex~

(&7; Bermett and Turner, J. Chem. §g§ , 1062(1914).
(48) Oddo, Gazz. ghim. ital., 11 268(1914); (b) Job ana
Champatier, Compt. rend., 1089(1929)3 (¢) Michailenko

and Sassypinks, Rugg. & =C .y 53, 343(1921)
[Chem. 2% 111 101 923?i Kondyrew a Fomin.
%m,, 47, 190(1915) éﬂbﬁ; ﬁl, 1 832(1916)]; (e)
hampetier, Bull. h R 113(1930).
(49) Michailenko and Protaasswa -~Chem. Soc., 53,

» Rugs.
347(1921) [Chem. Zentr-, 9&, 11T 1014(1923)T.
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cellent yields of bi-p-tolyl and biphenyl, respectively (484).
With ethylmagnesium bromide these iron salts react to glve
ethane and ethylene, and with propylmagnesium bromide to glve
propane (484). p-Butylethynylmasgnesium bromide reacts with
ferric chloride to give di-p-butyldiacetylene (50). Orgsno-
iron compounds may be formed as intermediastes in these re-
actions (48a)(4Be)(50).

The reaction of one mole of phenylmagnesium bromide
with one mole of ferric chloride gives a quantitative yield of
ferrous chloride (48e).

2CgHgMgBr + 2FeCly — Cglis-CgHg + 2FeCly + MgBrp + MgClp
If two more moles of phenylmagnesium bromide are added the iron
is reduced to the metal (48e).

20gHsMgBr + FeClp —CgHg~Cgllg + Fe + MgBrp + Mgllp

Weichfelder and Thiede (51) found the reaction of
phenylmagnesium bromide with ferriec chloride, in ahyatmasphera
of nltrogen, to give a bright reddish-brown deposit which soon
became black. The deposit was found to consist of colorless
prismatic crystals and a black powder. This solid substance _
glowed on exposure to zir giving off a smoke which smelled of
biphenyl. No phenyliron compound could be isolated although
some prganic substance apparently bound to iron was present in
the solid deposit. V¥When the reaction of phenylmagnesium bro-

mide with ferric chloride was carried out in an atmosphere of

(50) Danehy and Nieuwland, J. Am. Chem. Sog., 58, 1609(1936).
(51) Weichselfelder and Thiede, Ann., 447, 64(1926).
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hydrogen, the products were one molecule of benzene, one mole~
eule of biphenyl, and a hydride of iron, Felg. Phenylmagnesium
bromide and rerrcug chloride reacted in an atmosphere of hydro=-
gen giving only benzene and another hydride of iron, Felis.

Sims and Mardles (52) carried out some anti-knoek
studies on solutions prepsred from the action of a phenyl-
magneaium halide on an iron halide in benzene. They assumed a
phenyliron compound to be present. The solution was without
effect as an anti-knock agent. They described the phenyliron
compound as being very unstable.

According to unpublished work by Krause and Wendt (53),
when the reaction between phenylmagnesium bromide and ferric
chleride was carried out under nitrogen,’h greenish-yellow,
ether insoluble reaction product was obtained. This product
dissolved in aleohol with an intense green color, which in the
air gave s red color. With water, the green solution gave
ferrous hydroxide and the red solution gave ferric hydroxide.
Under ether, the green insoluble substance went in airvto a red,
ether-goluble substance. The red solution 80 obtalned was de=-

colorized by addition of triethylaluminum etherate.

(52) Sime and Mardles, Tprang. F So¢., 22, 368(1926).
(53) Erause and v. Grosse, "Die Chemie der Metall-organischen
Verbindungen", Gebruder Borntraeger, Berlin(1937), p. 784.
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Job and Champetier (54) reacted phenylmagnesium bromide
with ferric chloride in the presence of acetylene. They ob~
tained a brown powder, very unsitable in the air, which con-
tained all of the iron initially used in the form of an organo=
metallic. On hydrolysis of the brown powder the iron was elime-
inated and & black powder remained which weighed the same as
the total of acetylene employed plus the welght of the phenyl
groups employed. This black powder was found to consist of a
mixture of unsaturated hydrocarbons of high molecular welght
which oxidized in the alr to give mainly benzoic acid. Three
molecules of phenylmagnesium bromide were consumed for one
molecule of ferric chloride when the ferric chloride was in~-
troduced into the Grignard reesgent. This reaction was repre-
sented as follows:
2(6CgHgNgBr + FeClzy + nCoHp) —2(CgHgC=C)3Fe + 3MgBry + 3MgClp.
81ix molecules of phenylmagnesium bromide were consumed when the
Grignard reagent was introduced into a ferric chloride solution.
2(6CgHs¥gBr + Felly + nCoHp)——2(CgHgC2C)gFe + 3Brig-C=C-MgBr +
3Mgbry + 3MgClp.

Active lron, produceg by the action of phenylmagnesiunm bromide
on ferric chloriéo,freacted in the presence of phenylmagnesium
bromide and acetylene to give an organoiron compound.

2(3CgHgMgBr + Fe + mOpHp) —2{CgHgC=C)zFe + 3Brig-C=C-NgBr.

(54) Job and Ghampetier, %& .y 89, 1089(1929); Bull.
soc. ghim., (4] 47, 279(1930).
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The products of hydrolysis were the same as previouslj mention-
ed for the other resctions.

Wanklyn and Carius (55) observed that diethylzinc re-
acted vigorously with ferrous lodide in ether solution to give
& mixture of ethane, ethylene, and hydrogen, while the iron was
reduced to a mixture of iron and a hydride of iron, FeHp. No
ethyliron compound was isolated. Job and Reich (56) reported
ethane, ethylene, and iron from the action of dlethylzinc on
ferrous iodide. They state that diethyliron is probably formed,
but that it 1s too unstable to exist and breaks down.

Job and Relch (57) have reported the preparation of
ethyliron iodide from ethylzinc iodide and ferrous lodide in
ether solution.

CoHgZnI + Felp —-CpligFel + 2Znlp
They observed the action of organozine chlorides on a large
number of anhydrous metallic chlorides and became convinced
thai the organometallics exist in all the series and probably
without exception. Their attempts were carried out on the
chlorides of iron, nickel, cobalt, chromium, molybdemum tung-~
gsten, uranium, vanadium, thorium, the chlorides of the rare

earths, and copper.

§55; ¥anklyn and Carius, Amn., 120, 70(1861).

56) Job and Reich, Qggnﬁ -, 177, 1439(1923).

(57) Job and Reich, ibid., 174, 1358(1922); Bull. soc. ghim.,
32, 1390(1922). |
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They explain the formation of ethyliron iodide from
ethylzine iodide and ferrous iodide or chloride as belng due
to a much milder reaction than that of the Grignard reagent
with iron hallides.

Equal molecular quantitles of ethylzine lodide and
ferrous lodlide were refluxed together in ether solution for
gix hourse. No gas was evolved during the reaction. The so-
Jution 80 obtalined gave on hydrolysis a green preciplitate of
ferrous hydroxide and ethane. These products were explained
according to the following equations

CpHgFel + Hy0 —Cplg + Fe(I)OH
The solution reacted with absolute aleochol to form iron ethyl-
ate. No organoiron compound vwas 1sclated from the reaction
and no further evidence for the existence of an organciron
compound was offered.

The reaction of ethylzinc lodide with ferric chloride
was found to consist of a reduction of the ferric chloride
to ferrous chloride.

2FeClz + CpligZnl — 2FeClpy + CoHgl + 2nClp
If an excess of ethylzinc lodide was present the reasction con-
tinued to form ethyliron chloride. The ethyliron chloride
was not isclated.

Champetier (48e) compared the action of organomagnesium
and organozine compounds on halogen salta of iron. He found
one mole of ferric chloride to react with three moles of phenyl-

magnesium bromide. The ether solution so obtalned contained



-32-

biphenyl and magnesium salts. A black deposit was formed
which consisted of active iron which decomposed cold water
giving off hydrogen, oxidized apontaneously in the alr with
incandescence, snd rapidly reduced ferric chloride to ferrous
chloride. From the reaction of ferrous lodide on phenylzine
chloride, he reports the formation of phenyliron lodide.

2CglgZnCl + Felp — 2CgHgFel + ZnCly + Znlp
Hydrolysis of the reaction mixture gave ferrous hydroxide and
benzene with no biphenyl.

2CgHgFel + 2Hg0 —20gHg + Fe(OH)p + Fela
The ferrous hydroxide obtained contsined only an inappreciable
smount of zinc hydroxide. No organoiron compound was isolated
from the reaction.

The solution of ethyliron iodide, obtained by the action
of ethylzinc ohloride on ferrous lodide, on standing deposits
a metallic mirror with evolution of gas (58). The gas given
off consists of a mixturs of ethylene and ethane.

- Calolium carbide acts on water solutions of ferrous
chloride giving & precipitaste containing ferrous acetylide
which 1s stable at ordinary temperatures in the presence of
air or water (59). On treatment with hydrochlorie acid
acetylene 18 evolved. This compound was not isolated.

(58) Job and Reich, Compt- oo 177, 1439(1923).
(59; Durand, ihigd., 177, 693(1923) . ’
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Iron forms three different well-defined carbonyls, @
pentacarbonyl, Fe(CO)g, a tetracarbonyl, Fe(CO)4 3, and an
ennescarbonyl, Feo{CO)g (18)(60).

; Iron pentacarbonyl 1s prepared by the action of ecarbon
monoxide on finely divided iron at temperatures ranglng from
170°C. to 4009°C. and at pressures of from 20 to 200 atmospheres
(60)(61). It is a clear colorless liquid which boile at 1039%.
and solidifies at -21°C, It is eaeily soluble in most organic
solvents. In contact with alir iron pentacarbonyl is oxidized,
ferric oxide 1is deposited, and carbon monoxide is liberated.
Halogens liberate carbon monoxide from the pentacarbonyl and
form iron halides with the iron. At low temperatures the ad~
dition compounds, Fe(CO)gks (X = halogen), can be 1lsolated as
intermediates. These intermediates lose carbon monoxide at
room temperature to leave Fe{C0)jXp, which with water lose all
of their carbon monoxide and leave FeXs (62). Iron penta-
carbonyl may be decomposed by heat into carbon monoxlide and
iron. Iron prepared in this manner is of especially high purity

and as such has use in catalytic processes.

(60) See, Schmidt, "Organometallverbindu , Wissenachaftliche
Verlagsgasallechart, m. b. h., {1934 Tiel II, on carbonyl
compounds of iron and nickel.

(61) (a) Mond and Quincke, Chem. Iieu ﬁ. 301(1891). 64, 20
(1891); (b) Mond and Langer, J. ng 1090(1890);
(e) Bcrthelot g% 5 11z, 1343 1891); ?a) Mittasch,

27(19

(62) Hisber and Ba&er s Q;, 171?(1928); Z. anors. allsenm.
Chenm., 190, 193(19
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Iron pentacarbonyl decomposes ln sunlight to iron ennea~

carbonyl. Carbon monoxide is liberated.

2 Fe(CO)g —Fe3(C0)g + CO
The enneacarbonyl forms orange crystals which are very atable
in air (63). This compound is8 insoluble in ether, petroleum
ether, and benzene, somewhat soluble in aleohol, and more soluble
in pyridine.

Iron tetracarbonyl may be prepared by well regulated
thermal decomposition of iron enneacarbonyl (64). It may also
be prepared directly from the pentacarbonyl (65). The penta-
carbonyl 18 shaken with alkall, and a suspension of mangsnese
dioxide 18 sdded. The pentacarbonyl disproportionates with
the formation of & hydride.

Fe(CO)g + CHxONa + HpO0 ——Fe(CO)aHy + CH30+CO+ONa
The hydride is then oxidiged.

Fe(CO)4Ho + MnOp —1/3 [Fe(CO)4] 3 +Hp0 + MnO =
Iron tetracarbonyl forms green crystals which are soluble in
benzens, ether, or scetone,

Iron carbonyl hydride has been 1solated as a very
volatile liquid when prepared in an oxygen free atmosphere (66).

(63) Speyer and Wolf, Ber., 6Q, 1424(1927).

(64) {:)hFr;gnﬁlécg anézéuy, Ber., 56, 2264(1923) (b%1§f§33%3
Lien a atlehow, « SN0OTE - ﬁlmi : s » : 3
{e) Dewar and Jones, Ez?g. Boy. Boc. ELondo%§%M 6, 558

(1905); [A] 79, 66(1907). %,

géé;»ﬁieber and Leutert: Ber., 23, 2%3221931 . s,
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It is extremely unstable. The acidity of this hydride 1s of
about the same order of magnitude as that of carbonic acid (18).

A large number of mixed carbonyl compounds of iron are
known. These include amine carbonyl complexes, halogen car-
bonyl complexes, and nitrosyl carbonyl complexes (18)(60).

2 Nickelous chloride apparently reacts with diethylzine
in the same manner se ferrous iodide (55).

Nickelous chloride reacts with ethylmagnesium bromide
to give ethane and ethylene, with propylmagnesium bromide to
give propane, with phenylmagnesium bromide to give biphenyl,
and with p-tolylmagnesium bromide to give bi~p-tolyl, all in
excellent ylelds (48d). In an atmosphere of hydrogen, nickel-
ous chloride rescts with phenylmagnesium bromide to give
benzene and a hydride of nickel, NiH, (51)(67). The action of
phenylmagnesium bromide on nickelous chlorlide has been used as
a means of preparing a highly reactive form of colloidal nickel
(58)(67). Colloidal nickel prepared in this manner rapidly ab-
gsorbs hydrogen, carbon monoxide, ethylene, acetylene, or nitric
oxide. Job and Reich (58)(68) assumed an organonickel compound
to be formed as an intermediate in the reaction of phenylmasg-
nesium bromide with nickelous chloride. Weichselfelder and
Thiede (51) attempted the preparation of diphenylnickel from
the action of phenylmagnesium bromide, in ether solution, on

anhydrous nickelous chloride. They varied the amounts and con-

(67) Schlenk and Weichselfelder, Ber., 56, 2230(1923).
(68) Job and Reich, Compt. rend., 179, 330(1924).
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centration of Grignard reagent used manifoldly, but were unable
to prepare any diphenylnickel in & pure form. In the reactions
the ether solutions were colored brownish-black, and a black
powder of pyrophoric nature separated out. Thls powder burned
in the air with an odor resembling biphenyl. In ether suspsn=-
sion it rapidly absorbed oxygen. If it wae allowed in a d4ry
condition t0 react slowly with alir, a sublimate melting about
60°C. was obtained. In an atmosphere of hydrogen a hydride of
nickel, NiH,, was obtained. The reaction of p-anmylmagnesium
chlaridg/ﬁith nickelous chloride was found to proceed in the
game m&gner only more slowly. Gilman and Kirby (69) found
nickelous cyanide, Ni(CN),, to react with phenylmagnesium bro-
mide in ether with sufficlent vigor to cause refluxing of the
ether. 4 brownlish reaction mixture was obtained which gave
only a trace of biphenyl on hydrolysis. Jones (70) rescted
phenylmagnesium bromide with nickel tetracarbonyl and obtained
biphenyl and benzoin. Gi1liland and Blanchard {7l) obtained
triphenylmethane, triphenylvinyl alcohol, pentaphenylethane,
and tetraphenylethylene from the same reaction. No mention of
organonickel compounds being formed was made.

Calclum carbide acts on a water solution of nickelous
chloride to give a preclpitate containing nickelous acetylide,
Colid (59). This compound wae not isolated. It liberated
acetylene on itreatment with hydrochloric acid.

{69) Gilman and Kirby, Rec. . . 157(1929).
(70) Jones, Chem. News, 90, ﬁwe%%. 2

(71) Gi1liland and Blanchard, J. Am. Chem. Sog., 48, 410(1926).



Hickel tetracarbonyl was the first metal carbonyl com-
pound to be prepared {72). It is prepared through the action
of carbon monoxide on finely divided nickel at a temperature of
30%-100°C. Nickel tetracarbonyl is a colorless liquid which
boila at 439C. and solidifies at -250C. It ia soluble in most
organic solvents. It decomposes on heating to 180°9-200°C. into
nickel and carbon monoxide. Nickel tetracarbonyl is very sen-
sitive to oxygen, exploding when heated to 60°C. in air. Chlo-
rine, bromine, lodine, and cyanogen react with nickel tetra-
carbonyl forming the corresponding nickel saltes and liberating
earbon monoxide (73). Nickel tetracarbonyl reacts with pyri-
dine and ammino~compounds to form complexes {(18)(60).

Cobaltous chloride reacts with Grignard reagents in the
same manner 28 has already been described for nickelous chloride
(48a}(51). If pyridine is used as the solvent, rather than
ether, the reaction proceeds a great deal more slowly.

Sims and Mardles (52), tested an assumed solution of
naphthyleocbalt for anti-knoek properties and found it to be
without effect. The supposed nephthyleobalt was prepared from
s naphthylmagnesium halide acting on an anhydrous halide of
cobalt. Raphthylcobalt was described by them as being very
ungtable.

Cobaltous acetylide, CoCn, was prepared by the action

of calcium carbide on a water solution of cobaltous chloride

(72) Mond, Langer, and Quincks, g, 80g., 57, 749(1890).
{(73) Dewar and Jones, Froc. Chem. Soc., 12, 5(1904) «
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(59). This compound reacted with hydrochlorie acid to liberate
acetylene. The compound was not isolated.

Cobalt forms two carbonyl compounds, codalt tetra-
carbonyl, Co,(CO)a, and cobalt tricarbonyl, Co4(CO)yp (74).
The tricarbonyl is prepared by careful heating of the tetra-
carbonyl. Cobalt tetracarbonyl is & yellow, crystalline sub-
stance. It melts at 510C. It is soluble in most organic sol-
vents.

Cobalt tricarbonyl forms black-glistening crystals
which are sparingly soluble in benzene and pentane and insol-
uble in mest other ordinary solvents. The cobalt carbonyls form
complex compounsis with amines.

Cobalt carbonyl hydride, H,Co(CO)4;, may be prepared by
the action of barium hydroxide on cobalt tetracarbonyl (75).
This substance 18 a clear, yellow liquid which solidifles at
~330C. The acid strength of this hydride has been found to be
between that of formic acid and of acetic scid (18). Cobalt
carbonyl nitrosyl, Co(CO)zNO, is formed by the action of a
mixture of carbon monoxide and nitric oxide on cobalt (76).

The assumption may be drawn that the catalytic action
of metals on the decomposltion of diphenylmercury and dibenzyl-
mercury, forming biphenyl and bibenzyl respectively, may be due

(74) Hieber, Muhlbsuer, and Ehmann, Ber., §5, 1090(1932); uond,
. Hirtz and Gewap, d. “Bﬁﬁ zgg %% 798(1910) .
(75) Hieber, Angew “ggg., . (1936); Hieber and Schulten,
Chem., 232, 29(1937).

&+ ADOLE.
{76) %;n}z})mm fter, and Adams, J. Am. Chem. Sog., 56, 16
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to the migration of phenyl or benzyl radlocal from mercury to

the metal employed as a catalyat, with the subsequent decompo-
gition of the new organometallic into the coupling product and
metal (77). This conclusion is substantiated, in part, by the
fact that those metals, with the exception of platinum, effec-~
tive in this reaction are those of which no orgenometallic com~
pound has been prepared or of which the organometallic compounds
decompose readily. Rasuwajew and Koton (77) studied the cata~
lytic action of finely divided metals on diphenylmeroury and
divenzylmercury by heating without solvent, as well as in the
presence of hydrogen under pressure. Iron, cobalt, nickel, cop-
ver, silver, gold, palladium, and platinum were used. The de~
cressing order of effectiveness in the absence of hydrogen to
produce coupling products was found to be for diphenylmercurys
FAOPLt>Ag >Au>Clo >CudFe > Nij and for dibengylmercury: P4 > Pt
Ag > >CCu>NL >Fe>Co. The decreasing order of effectiveness,
in the presence of hydrogen, for the decomposition of diphenyl-
neroury was found to be: PASPLONLY Ag> AudCo>Cud Fe; and
for dibenzylmercurys PA>PLO N1) AuD Ag) Fea >Co> Cu. Dibenzyl-
meroury on hydmgenation without s catalyst forms benzene and
no diphenyl. In the presence of a catalyst both benzene and bi-
phenyl are formed. The interpretation of experimental results
on the basis of intermediste organdmtanie eompounds 1s in ac-
cord with the interpretation given by Busech and Weber (23) on
the hydrogenation of bromobenzene.

(77) Rasuwajew and Koton, Ber., 8§68, 854(1933).



EXPERIMENTAL

The Reaction of Iron, Cobalt, and Nickel with some Organic
Halides.

To several tubes containing pg-butyl bromide were added
powdered iron, nickel, and cobalt, respectively. The tubes
were sesled and heated to 180°. The tubes containing iron
exploded. No reaction occurred on sixteen hours heating in
the tubes containing cobalt and nickel. Bromobenzene and
powdered iron gave no resction on hesting in a sealed tube for
eight hours at 210°.

Iron amalgam was added to ethyl fodide in a tube. The
tube was éealed and allowed to stand in sunlight for six montha.
Ko reaction occurred. The ethyl lodide was recovered unchanged.

To a solution of 0.1 mole of p=-butylmagnesium bromide
in ether was added 0.05 mole of anhydrous ferrous chloride.

The reaction was refluxed for six hours. The evolutlon of gas
was eempiete at this time. Ten grams (0.05 mole) of lodobenzene
in 25 ml. of ether were then added dropwise. Vigorous reflux-
ing ocourred. When the reaction ceased to reflux of its own
accord, heat wae applied and the reaction mixture was refluxed
overnight. Hydrolysis was then effected by addition of an iced
solution of ammonium chloride. The ether layer was separated,

dried over sodium sulphate, and carefully frasctionated. The



fraction bolling at 78° weighed 2.47 grama. This was i1dentl-
fied as benzene by means of nitration to g-dinitrobenzene, m. p.
89°. 8ix grams of iodobenzene were recovered.

The experiment was repeated using bromobenzene in place
of iodobenzene. This reaction was not as vigoroué as with iodo-
benzene. The yleld of benzene was 1.55 grams from 7.8 grams of
bromobenzene. The benzene was ldentified by nitration to p-di~-
nitrobenzene.

These reactions were checked several times with the
same results. Attempts to determine the presence of a phenyl-
iron compound in the reaction nmixture by means of reactions with
funetional groups gave negative results. Benzaldehyde, oxygen,
and allyl bromide gave no reaction when added to the mixture,
while benzoyl bromide gave 8 32% yleld of ethyl benzoate, but
no benzophenone.

To a solution of C.1 mole of phenylmagnesium bromide
in ether was added 0.05 mole of anhydrous ferrous chloride.

The resction was refluxed for four hours. The color test for
organometallics was negetive. Ten grams (0.05 mole) of iodo-
benzene in 25 ml. of ether were then added dropwise. No re-
action ococurred. Hesat was applied and the reaction was refluxed
for two hours. Hydrolysis was then effected by addition of
water. A vigorous reaction occurred with the evolution of large
quantities of gas and the formation of ferrous hydroxide. The
ether lasyer was separated, dried, and fractionated. No benzene

eould be detected. HNine and eight-tenths grams of iodobenzene
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were recovered. This reaction was repeated with the same re-

sults.

Many attempts were made to prepare phenyliron compounds
through the action of phenylmagnesium lodlde, phenylmagnesium
bromide, or phenyllithium on ferric chloride, ferrous chloride,
ferric bromide, or ferrous lodide. These resctions were carried
out at varying concentrations and at temperatures ranging from
~580C. to 38°C. The solvent employed was varied from 100% ether
to a solution containing five parts of benzene to one part of
ether. In some cases the organometallic solution was added to
the iron halide and in some cases the iron hallde was added to
the organometallic solution. In none of these reactions could
any evidence be found for the formetion of an organoiron com~ |
pound. In most cases the reactions were vigorous and biphenyl ;
was formed in quantitative yield; The reaction mixtures turned 5
black, depositing an iron mirror on the walls of the flask.
Ferrous chloride failed to react with the Grignard reagents or
with phenyllithium at =559C. in two hours of stirring. The
color teast remained positive and unchanged ferrous chloride re-
mained in the tlask. On warming to -20°C., a vigorous reaction
would set in and biphenyl was formed in quantitative ylelds.

The reaction of ferrous 1odide with phenyllithium and with the
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Grignard reagents gave a mixture consisting of two layers. Hy~
drolysis of an aliquot from the larger, upper layer gave the
same amount of biphenyl as was obtained on hydrolysis of an
sliguot from the smaller, lower layer. Both aliquots indicated
a quantitative yield of biphenyl. However, the amount of fer-
rous hydroxide obtainsé from the lower layer was many times
that obtained from the upper layer. This proved that the bi-
phenyl was not formed from hydrolysis of a phenyliron compournd.
Numercus attempts to determine the presence in solution of an
organoiron compound, by reacting the solutlons with functionsl
groups, gave no evidence of the existence of an organoiron com-
pound even at -55°C. Benzoyl halides ylelded ethyl benzoate
in 80 to 90% ylields, phenyl isocysnate gave s quantitative yield
of its trimer, and benzaldehyde gave no reaction.

In an attempt to stabilize the primary valence of iron,
‘by filling the secondary valsnce, ferrous chloride tetrapyridine
was prepared (78) and reacted with an ether solution of phenyl-
magnesium bromide. The only effect of the pyridine was to de-
¢reass the rate of reaction. Five days stirring were required
to obtsin a negative color test. Hydrolysis at thie point gave
& quantitative yleld of biphenyl.

The chlorides and bromides of nickel and cobalt were

found t0 react in the same manner as the chlorides and bremldeé

(78) This compound wes prepared according to the directions of

Weinland, Effinger and Beok, Arch. Fharm., 265, 374(1927)
[C. A., 21, 2231(1927)]. |
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of iron. They reacted with‘phenylmagnesium halides to produce
biphenyl in gquantitative ylelds. No evidence of organocobalt
or organonickel compounds was obtained.

Ihe Resction of o-Naphthy n Ergumide with Ferwrous

An ether-benzene solution containing 0.1 mole of o=
naphthylmegnesium bromide was cooled to ~10° in an ice-salt
bath. To this solution was added 12.8 grams (0.1 mole) of an-
hydrous ferrous chloride. No apparent reaction ocourred. After
stirring for twenty-four hours in an ice-salt bath, the color
test was stil)l atrongly positive and large amounts of ferrous
chloride, which was free of organic matter, were still present
in the flask. The reaction was then allowed to come to room
temperature. The color test was negative after four hours, the
solution was black, and a metallic mirror covered the inside of
the flmsk. The reaction was then hydrolysed by addition of
iced-water. A large amount of ferrous hydroxide formed. The 5
benzene layer was separated, dried over sodium sulphate, fil-
tered, and distilled. Ten grams of naphthalene (78%) amd 2
grams (16%) of bl-a-naphthyl were obtained. No iron was present §
in the benzene layer. :

This reaction was repeated and 0.05 mole of benzoyl bro=-
mide was sdded am soon 28 a negative color test was obtalned.

The reaction mixture was stirred for two hours and then hydro-

lysed. HNo a~benzoylnaphthalene was obtained.
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The Reaction of a=Ngphthyllithium with Ferrous lodide.

To a spolution of 0.05 mole of o~naphthyliithium in
ether, cooled to -552 in a dry-ice acetone bath, was added
0.05 mole of ferrous lodide in ether solution. Two layers
formed in the regction mixture. The larger, upper layer was
almost colorlese. The lower layer was black and viscous. HNo
801id was Tormed. The color test was soon negative. To this
mixture was added 0.05 mole of bengoyl bromide. The reaction
was stirred at -55% for one-half hour and then allowed to warm
to room tsmperature. The reaction was then hydrolyased with
distilled water. A large amount of ferrous hydroxide was
formed. The benzoyl bromide was recovered as benzolc aocld.
Three and nine-tenths grams (60%) of naphthalene was obtained.
One and three~tenths grams (20%) of the bi-w~naphthyl were ob-
tained. No o~bengoylnaphthalene was obtained.

Ihe Reaction of Ferrig Fluoride with Grisnsrxd Reazents.

To a solution of 0.1 mole of phenylmagnesium bromide in
ether wae added 5.65 grams (0.05 mole) of anhydrous ferric
fluoride. Five days stirring of the reaction mixture were re-
guired to obtain & negative color test. No trace of metallic
1?0@ was present in the remction flask. A reddish~brown pre-
cipitate mixed with white crystals was present in the solid
phase. 7The ether layer was light-red in color. The ether
layer was filtered through sintered glass and hydrolysed. A
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very slight amount of ferric hydroxide was formed on hydrolysis
of the sther layer. Careful fraetionation of the ether layer
gave six grams (77%) of 11§u1d bolling at 78°. This was identi-
fied ae benzene by nitration to p-dinitrobenzene. A solid
résidue remained in the flask after removal of the benzene
fraction. This was distilled in steam. The solid collected in
the distillate welghed 1.2 grame (15.5% yleld) and melted at
69°. It gave n@‘depreasian in melting polnt with kﬁﬂwn bl
phenyl. The benzané and biphenyl obtained accounted for 92.5%
of the phenylmagnesium bromide employed in the reaction.

The red soiid present in the original reaction flask
was soluble in benzene. Removal of the benzene from the solu-
tion gave & red, hygroscoplc solid which contsined no arﬁanic
matter. Thls red solid was not identifled.

Repeated experiments using varying amounts of ferric
fluoride and phenylmagnesium bromide showed that three sgul-
valents of Grignard reagents to one of ferriec fluoride were
consumed in the reaction. The addition of more than three
equivalents of Grignard reagent gave a reaction mixture which
continued %0 give a positive color test after standing a year.

To a solution of 0.2 mole of methylmsgnesium bromide
in ether was added 11 grams (0.1l mole) of ferric fluoride.

The mixture was stirred for two wesks with no apparsnt resction.
The contents 5r the reaction flask were then transferred to a
Schlenk tube and sealed. The tube was opened after standing

for five months. Only a very slight pressure was presgent in
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the tube. There was no evidence of any reaction having oeccurred
as the solution gave a very strong color test and the ferric

fluoride was unchanged in the tube.

Ihe Reaction of Phenylzine Chloride with Ferrous Iodids-

This resction was carried out according to the directions
of Champetier (48e) for the preparation of phenyliron lodide.
To a solution of 0.05 mole of phenylmagnesium bromide in ether
was added 0.05 mole of anhydrous zine chloride in ether. To
the phenylzine chloride, so obtained, was added 0.05 mole of
ferrous iodide in 50 ml. of ether. HNo warming occurred. This
mixture wes then refluxed for two hours. Seven grams (0.05
mole) of benzoyl chloride were added to the reaction mixture.
A slight warming occcurred. This reaction was stirred for cne
haur and then allowed to stand overnight. The products iso~
lated on hydrclysie were, 3 grama of ethyl benzoate, 0.22 gram
of benzoloe acid, 1.4 grams of benzophenone (19% yield), 0.35
gram of biphenyl, and 1.45 grams of benzene. Some tar was also
obtained. The hy&rexidéa formed on hydrolyesls were filtered
off and washed free of chlorides. Analysis of the hydroxides
for iron and zinc showed them to consist of 3 atoms of iron to
2 atoms of zine.

An ether solution containing 0.5 mole of phenylmagnesium
bromide was flltered into a one liter flask under nitrogen.
To this Grignard solution was added a solution of 0.5 mole of
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zine chloride in ether. The solid phenylzine chloride formed
was washed with ether and then covered with 500 ml. of an ether
solution containing 0.5 mole of ferrous lodide. This mlxture
was stirred and refluxed for two hours. A 10 mi. portion of
the resction mixture wae then hydrolysed with distilled water.
The hydroxides formed were filtered off and washed free of
halides. The hydroxides so obtained gave a voluminous preoipi-
tate of zino aulﬁhide when a gualitative test was made for zinc.
After seven hours more of refluxing, another sample of the re-
sction mixture was removed. The hydroxides obtained at this
point were found io consist of approximately 50% ferrous hy-
droxide and 50% zinec hydroxide. Anslysie was made by igniting
‘the mixed hydroxides to the oxides and extracting the scluble
zinc oxide with dilute acetioc ascid. The zine was reprecipi-
tated by addition of sodium hydroxide to the neutral point of
methyl orange, filtered, washed, and weighed. The iron oxide
waas washed, ignited, and weighed. The yield of biphenyl as
isolated by ether extraction of the hydrolysie products was 47%
at this poilnt. After another five hours refluxing another
sample was hydrolysed. The yleld of biphenyl was 63% and the
hydroxides consisted of 67% iron hydroxide and 33% zine hy~
droxlide. After twelve hours more of refluxing, the yield of
biphagyl was 88% and the hydroxides obtained were 90% ferrous
hydroii&e. The reasction was refluxed another twenty~four hours.
Hydrolysie of a portion of the reasction mixture gave a 96% yield
of biphenyl and the hydroxides obtained gave only a slight test
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for gzinc. One-half of the remainder of the reactlion mixture
was then treated with benzoyl bromide. HNo benzophenone was
tsolated on hydrolysis. Ethyl benzoate and biphenyl were the
only products isolated. The bottom of the inltial resction
fiask was covered with a black solid which reacted vigorously
with water to form large quantities of inflammable gas and
ferrous hydroxide. No difference could be found in the chem-
"jea) reactivity of phenylzine chloride and the‘mixture obtalined
by adding ferrous lodide to phenylzinc chlorlde and refluxing
for two hours according to the direction of Champetier (48e)
for the preparstion of phenyliron lodide. Addition of scld
halides produced ketones in both cases, while neither would
reaoct with allyl bromide on standing sixteen houre.

To a soclution of 0.1 mole of ethylzinc i1odide in ether,
prepared sccording to the directions of Job and Reich (79), was
added 0.1 mole of ferrous iodide in ether according to the 4i-
rections of Job and Reich (57) for the preparation of ethyliron
1odide. The outlet of the condenser was connected to a gas
collecting flask, with a caleium chloride tube éonnected in-
termediately. The reaction was then refluxed for six hours.
The svolution of gas from the reaction was slow but continuous.
The gas collected was passed through a eooling colil at -10°C.
to remove any sther which might be present. A tdtal volume of

(79) Job end Reich, PBull. g9¢. ¢him. [4] 33, 1414(1923).
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575 ml. df gas was collected. This was analysed with a modified
William's gas analyser.
Anal. Total unsaturated gases, 39%.
Saturated gases, 58%.

Selective oxidation over copper oxide showed no hydrogen
to be present. Combustion data gave a value of 3.18 for the
average number of carbon atoms in the saturated gases. This
indicated a probable mixture of ethane and butane.

The reaction mixture was hydrolysed with distilled
water. The hydroxides formed consisted of 39.4% ferrous hydrox-
jde and 60.6% zinc hydroxide. Ho organic material other than
a small amount of ethyl lodide was isolated from the products
of hydrolysis.

This experiment was repested using twice as large a run.
The gas evolved measured 1320 ml. Analysis of the gas gave 37%
unsaturated gases and 63% saturated gases. The hydroxides ob-
tained on hydrolysis contained 44.8% zinc hydroxide and 55.2%

ferrous hydroxide.

Ihe Reaction of Ferrig Chloride with

To a solution containing 11.5 grams of anhydrous ferric
chloride in 200 ml. of 4dry ether was added 20.6 grams of fresh=-
ly distilled tetraethyllead. A slight warming occurred with
the formation of a voluminous precipitate. This precipitate
was extracted with bolling ether until free of lead. The resi-

due conslsted of 9 grams of anhydrous ferrcus chloride which



was identified by analysis.
Anal. Caled. for FeClps Fe, 44.1; Cl, 55.9.
Found: Fe, 44.02; €1, 56.00.

The ether extiracts consisted of organic lead compounds
containing chlorine. From thelir decomposition polints they
were probably a mixture of triethyllead chloride and dlethyl-
lead dichleride. No organoiron compound was formed.

Tetraethyllead was found to be without actlion on fer-
rous iodide, ferrous chloride, cobaltous bromide, and nickel-
ousg bromide. Chloroplatinic acid was reduced immediately by
tetrasthyllead to deposit metallie platinunm.

The Resciion of Ferrous Iodide with Ixl-v-anisyliead.

This reaction was run using ferrous iodide alone with
tri-p-anisyllead and using ferrous iodide in the presence of
iron powder. The results were the same in both cases.

Ten grams of tri-p-anisyllesd were added to a solution
of 0.019 mole of ferrous iodide in 20 ml. of ether and 150 ml.
of dry benzene. A yellow precipitate of lead 1odide formed
immediately. The black color of ferrous lodide disappeared
leaving a8 yellow solution which would blacken immediately on
exposure to air. The solution gave no color test with Hichler's
ketone. This solution was filtered under nitrogen from the
s0lid precipitate. The solution after filtration was divided



into two equal parts. One part wae treated with 1.85 grams of
benzoyl bromide. This was refluxed for two hours and hydro-
iysed. The benzoyl bromide was recovered as benzoie acid. No
ketone was formed.

The residue in the initial reaction flask was extracted
with benzene. Thle gave 4 grams of tetra-p-anisyllead, m. p.
143°. 4 mixed melting point with tetra-p-anisyllead gave no
depression. There remained 1.58 grams of lead 1odide which was
jdentified by dissolving in ammonium acetate and preciplitating
as lead chromate.

The half of the filtered solution which was not treated
with benzoyl bromide was hydrolysed. The hydrolysis products
were extracted with ether, the ether exiracts dried and dis-
tilled. No anisole was obtained. A mixture of organolead com-
pounds consisting chiefly of a yellow compound melting at 122°,
was obtalned. This yellow solid was identified as di-p-anisyl-
lead dilodide by means of a mixed melting point with a sample
of di-p-anisyllead dilodlide later prepared by ¥r. J. C. Ballie
(80). The yleld of pure product was 0.9 gram.

The iron from the ferrocus lodide remained in solution
until hydrolysis was effected. It then precipitated as ferric
hydroxide. This reaction is analagous to the reaction obtained
by Mr. J. C. Bailie from triaryllead compounds with magnesium
iodide in which he obtained no Grignsrd reagent.

(€0) Unpublighed work in this laboratory.
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This reaction was repeated with the same results. The
reaction was also run using powdered iron along with ferrous
lodide and tri-p-anisyllead. The results were also the same

in this cage.

The Reaction of Cobalt Bromide with 2,4,6-trimethyiphenyl-
maenesium Bromide.

To & solution of 0.05 mole of 2,4,6~trimethylphenyl-
magnesium bromide in an ether-benzene solution (2 parts of
ether to 1 part benzene) was added slowly 0.05 mole of anhydrous
cobaltous bromide, Ggﬁré. The reaction mixture was cooled in
an acetone-dry ice bath. No reaction was appsarent at this low
temperature. The color test for organometallics remained as
strong after three hours stirring as at the atart. The reaction
was then allowed to warm up to -20° in an ice-salt bath. 4n
immediste reaction set in, the solution became black, and the
color test soon became negative. Hydrolysis of this solution
gave a 20% yleld of bimesityl. lio organic material containing
eahait could be isolated. | '

Ihe Reaction of Zher

m Eromide with Nickel Cyanide.

Anhydrous nickel cyanide, Ni(CH),, was prepared by de-
hydration of the hydrated salt. This was acecomplished by
heating to 2309 under nitrogen until no more water was evolved.
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To a solution of 0.05 mole of phenylmagnesium bromide
in 100 ml. of ether was added 5.5 grams (0.05 mole) of the an-
hydrous nickel cyanide. A very slow reactlon set in with darken~-
ing of the reaction mixture. The reaction wass stirred for three
weeks. A strong positive color teet was obtained at thls time.
Hydrolysis of the reaction gave 1.05 grams or 27% of biphenyl
melting at 689-69°. lNo organonickel compound could be isclated.

This experiment was repeated with the same results. A
very slow rsaction occurred. The yield ér biphenyl was 1.15
grams (30%) after three weeks of stirring.

Ihe Beaction of
Sroup YIII Metale.

im iodide ®ith Halide Salks of the

Phenylmsgnesium iodide was rescted with a halide salt
of sach of the metals of group VIII according to the prosedure
by which Pope and Peachey (1b) prepared trimethylplstinum iodide.
One gram of magnesium turnings was placed in & clean, dry, three~
neck flask, fitted with a condenser, mechanical stirrer, and a
dropping fummel. The magnesium was covered with 5 ml. of an~
hydrous ether and a few drops of ilodobenzene were added. After
initiation of the reaction, the remainder of 8.1 grams of iodo~
benzene in 10 ml. of dry ether was added dropwise. The reaction
mixture was refluxed by means of & hot plate for thirty minutes
after it had ceased to reflux of its own heat. The solution
was then allowed to cool and 125 ml. of dry benzene were sdded.
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This solution was then filtered through a sintered glass plate
and standardized by acid titration. All work was carried out
in an atmosphere of nitrogen.

A slight excess of phenylmegnesium lodide solution, pre-
pared in the above manner, was placed in a clean, d4ry, three-
neck flask under nitrogen. The solution was then cooled by
means of an ice-galt bath until s smsll amount of benzene had
frozen around the edge of the flask. To this well-stirred
mixture was slowly added the anhydrous metal halide by flushing
from a dropping funnel with an ether-benzene solution. A1l

haliden were added as solids in this manner.

Ihe Reagtion with Farrous Shloride.

To a solution of 0.03 mole of phenylmagnesium lodide
wvas added 1.27 grams (0.0l mole) of anhydrous ferrous chloride,
FeCl,. The solution turned black and deposited a black solid.
The color test for organometallics was positive after one hour
of stirring in 1ce bath. The solution was then hydrolysed by
filtration through & sintered glase plate into an iced solution
of ammonium ghloride. The hydrolysis products were extracted
with ether. The ether extracts were dried over anhydrous sodi-
um sulphate, filtered, and the ether and benzene were removed
under reduced pregsure. Steam dlstillation of the solid resi~
due gave 1.51 grams of biphenyl melting at 689-9°%. A nixed
relting point with a known sample of biphenyl gave no dapreaaian;
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The yleld of biphenyl was 98% of the theoretical based on the
amount of ferrous chloride employed in the reaction. Ko other
organic material could be isclated from the reaction. The
solid residue remsining in the reasction flask reacted vigor-
ously with water giving ferrous hydroxide and a gas, ut no
organic material. This reaction was repeated with the same

results.

To a solution of 0.03 mole of phenylmegnesium lodide
was sdded 2.19 grams (0.01 mole) of anhydrous cobaltous btromide,
eeﬁrz. A black aolutioh resulted with a black deposit in the
flask. The color test for organometallics remained positive.
The reaction was worked up in the same mmnner as desoribed for
ferrous chloride. This gave 1.52 grams of biphenyl melting at
689.9%, A mixed melting point with known biphenyl gave no de-
pression. The yleld of biphenyl was 98% of the theoretical
based on the amount of cobrlt bromide employed in the reaction.
The solid residue remaining in ths flask contained no organic
material, and no organic material other than biphenyl was iso-
lated from the reaction. This reaction was repeated with the

gane results.



Ine Reaction with Nickel Bromide.

To a solution of 0.095 mole of phenylmagnesium i1odide
was added 6.54 grams (0.03 mole) of anhydrous nickelous bro-
mide, ﬁiﬁrﬁ. The solution became black and a black deposit
was obtained. The color test for organometallics remained
positive. The reaction mixture was worked up in the manner
described for ferrous chloride. This gave 4.6 grams of bi~
phenyl melting at 679-9°. The melting point was not depressed
by known .biphenyl. The yield of biphenyl was quantitstive
based on the amount of nickel dbromide employed in the reaction.
%o other organic material was isolated. The residual solid in
thc;reaetian flask contained no organic matter. This resction

was repeated with the same results.

Onte granm of commercisl ruthenium chloride was dehydrated
in an electric furnace at 380°C. in an atmosphere of chlorine.
Thie gave 0.75 grams of anhydrous ruthenium trichloride, Racl3.
This halide was added to a slight excess of phenylmagnesium
iodide. A prompt reaction ooccurred. The color test for organo-
metallies remained positive. This resction was worked up in
the manner described for ferrous chloride giving 0.82 gram of
biphenyl melting at 68°-9%, A mixed meMing poilnt with known
biphenyl gave no depression. The yleld of biphenyl was 99% of
the theoretical based on the amount of ruthenium trichloride em-
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ployed. Ho other organic material was isolated from the re-
action. The ruthenium was reduced to ruthenium metal whioh
was deposited on the bottom of the reaction flask. This metal-
1ic deposit did not react with water. It gave a metalllc
streak when rubbed on & porous plate. When viewed under a
microscope, it appeared as a gray metal without orystallins
form which had the aprearance of having been fused. Flts and

- extrusions were visible on the surface. 7This reaction was not

repesated.

One gram of commercial rhodium trichloride, Rhalﬁ, was
dehydrated by heating to 440°C. in an atmosphere of chlorine.
This gave 0.7%5 gram (0.0036 mole) of anhydrous rhodium tri=-
chloride, Rh013, which was added to 0.013 mole of phenylmagnes-
ium 1odide. A slow reaction set in and the solution gradually
became black with deposition of a black so0lid. The resction
mixture was allowed to astand overnight after having been stirred
for six hours in an 1ce-salt bath. The color test for organo~
metallics was poslitive. The reaction was worked up in the
same manner as described for ferrous chloride. This gave 0.81
gram (97.5%) of biphenyl melting at 68°-9°. A mixed melting
point with known biphenyl gave no depreassion. ﬁetéllie rhodium
remained in the reactlion flask. This gave a metallie streask

when rubbed on a porous plate. ¥When viewed under a microscope,
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thig solid showed a metallic luster. It consisted of amorphous
lumps, with many pits and extruslons, having cracks vislble
across the surface. No organic material other than biphenyl

was obtained. This reaction was not repeated.

Ihe Reagtion with Palladlum Ghloride.

‘Gna gram of snhydrous palladium chloride, PdClp,
(0.00566 mole) wes reacted with 0.0163 mole of phenylmagnesium
fodide. This gave a vigorous reaction and a black deposit of
metallic palladium appeared immedistely. The reaction was
stirred for three hours in an loe-gsalt bath and then allowed
to stand overmight. The color teat for organometsllie compounds
ramains& positive. The reaction was then worked up in the
manner previously deseribed for ferrous chloride. This gave
0.85 gram of biphenyl melting at 689%9%. A mixed melting point
with known biphenyl gave no depression. This was a 98% yield
of biphenyl based on the palladium ghloride employed in the
resction. The black deposit of metallie pslladium was amor-
vhous ut gave a metallic luster. No organic materisl other
than biphenyl was isclated from the reaction. This resction

wae not repeated.

Ihe Resctliop with Qemium Chloride.

Osmium trichloride was prepared by heating ammonium
chlorosmate to 350°C. in a current of chlorine. The 0.82 gram
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of sublimed salt was added to a slight excess of phenylmagnesium
1odide. A prompt reaction took place and the solution became
dark. Hydrolysis gave 0.34 grem (53%) of biphenyl melting at
68°-9°%, A mixed melting point with known biphenyl gave no de=
pression. A small amount of black, tarry, organic material con-
tailning osmium remained after removal of the biphenyl. This
material could not be induced to orystallize. The larger part
of the osmium was precipitated as metalllc osmium black durlng

the reaction. This reaction was not repesated.

Ihe Reaction with Iridium Chloride.

One gram of commercisl iridium trichloride was de~
hydrated in a current of chlorine at 320°C. This gave 0.9 granm
of anhydrous iridium trichloride, IrClz. This wae added to a
glight excess of phenylmagnesium lodide. No apparent reasction
took place. After two hours stirring in an ice-salt bath the
resction was allowed to come to room temperature. After three
wadéka stirring, a negative color test was obtained. The re-
‘action was hydrolysed with iced ammonlum chloride solution,
the benzene layer was separsted and dried, and the benzene wasa
removed under reduced pressure. Steam distillation of the
residus gave 0.2 gram of biphenyl melting at 69°9. A mixed
melting point with known biphenyl gave no depreesion. The yleld
of biphenyl wae only 28% of the theoretical based on the irddium

chloride. A small amount of a brown amorphous solld, resem-



bling that obtalned from the reaction of platinic chloride
with phenylmagnesium iodide, was obtained. This solid burned,
on heating in 2 flame, leaving a residue of metallic iridium.
Thia material was difficultly soluble in benzene, alcohol,
acetone, and ethser. It wes readily soluble in dioxane. It
appeared to be a mixture as 1t was only partlially soluble in

gome solvente. Thie resction was not repeated.

Ihe Reaction with Platinic Chloride.

Two and one-tenth grams of anhydrous platinic chloride,
?tcla, prepared according to the method of Kharasch and Ash-
ford (17), were added to six equivalents of phenylmagnesium
iodide. A reactlion set in at once with the appearance of
beautiful golden crystals in the reaction mixture. The re-
action was stirred for thirty minutes at room temperature afier
the addition of platinie chloride was completéd. The color
test for organcmetallics was negative at this point. The con-
tents of the flask were then poured into ice water and ex-
tracted repeatedly with benzene. The benzene extracts were
dried over sodium sulphate, filtered, and concentrated under
reduced pressure. A heavy, reddish-brown powder separated
from the benzene. This solid was only slightly soluble in
benzene, alechol, or chloroform. It was readily soluble in

dioxane and insoluble in water. The temperature of the solvent
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had no apparent effect on the solubility of this materiasl. On
heating in an open flame, the substance burned with a smoky
flame leaving a residue of metallic platinum. It gave an ex~
cellent qualitative test for lodine. Chlorine tests were nega-
tive. This material was analysed for platinum by burning and
weighing the platinum residue.

Anal. Found: Pt, 37.9, 37.7.

This analysis does not correspond to the calculated value for
any expected compound end solubllity tests indlcated that the
meterial was s mixture of various compounds. HNHo erystalline
material could be isolated.

A portion of this solld was dlssolved in hot concen~
trated nitric acid. The solution deposited, on cooling, white
needles, which after crystallization from alcohol melted at
2299 and gave no depression in melting point when mixed with a
known sample of 4,4'-dinitrobiphenyl. Biphenyl was found to
nitrate to 4,4'-dinitrobiphenyl under the same conditions. How~
ever, the platinmum-containing s0lid had been washed several
times with bengzene, in which biphenyl is very soluble, so it
sppesrs unlikely that the 4,4'-dinitrobiphenyl was derived di-
rectly from biphenyl contained in this material.

In a second run, four equivalents of phenylmagnesium
10dide were reacted with 1.1 grams of platiniec chloride. The
color test for organometallics wes negative after one hour.
Another four equivalents of phenylmagnesium iodide were then
added to the reasction mixture. The color test again becane
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negative afier one hour. The addition of two more equivalents
of phenylmagnesium lodide left a solution which gave a positive
color test after stirring overnight. The golden precipitate
which appeared at the start of the reaction was gone and a
heavy white prscipltate was present in the reaction flask. Ko
metallic platimum was visible. The white precipitate was ex-~
tracted repestedly with ether to remove unreacted Grignard re~
agent and magnesium salts. The ether extraocts contained some
platimam. This precipitate darkened on exposure to air. It
gave a qualitative test for magnesium and lodine, which could
not be removed by repeated extraction with ether. Qualitative
tests for chlorine were negative. This white precipltate gave
no color teat. It reacted vigorously with water teo give a
brown, rlatimum-containing substance which from platinum anal-
ysis was the same as that previously described. This white
precipitate was analysed for platinum and megnesium. Samples
were procured by sdding dry ether to the reaction flask; stir-
ring then produced a suspension, which was forced out into a
sintered glasse fllter plate, sealed in a tube. The sanple was
dried in & stream of nitrogen and weighed in a bulb. The sample
wag decomposed by dilute sulphuric acid, which dissolved the
magnesium but not the platinum. The insoluble platinum con-
taining portion was washed free of magnesium, burned, and the

residual platinum was welghed. The magnesium was precipitated
&8 magneslium ammonium phosphate, ignlited and welghed as the
pyrophogsphate.
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Anal. Founds Pt, 18.66, 18.52; Mg, 5.78, 5.72.

This analysis shows a ratio of 2.5 atoms of magnesium to 1 of
platimum. Hydrolysis of the white precipitate remalning in the
reaction flask gave 0.5 gram of the brown, platimumecontaining
powder. No biphenyl was formed during this hydrolysis. This
material had no melting point. On heating in a melting point
tube, it decomposed at around 185%-200°. The material con-
sisted of & mixture of compounds as it varied slightly in solu-
bility and the percentage of platinum varied from 30.3% to 47.8%
on various fractions of this material.

A check on the amount of phenylmﬁgnesina 1o0dide required
to glve an excess of Grignard reagent in the reaction with
platinie chloride gave the same resulte, ten equivalenta of
Grignard reagent being added before a permanent color test could
be obtained.

Due to the amorphous nature of the material, and the
lack of melting point, no individual compoundas could be isolated.

One and eight~-tenths grams of platinous chloride,
?tﬂig, prepared accordlng to the directions of Kharasch and
Asnford (17), were added slowly to a solution of six equivalents
of methylmagnesium lodide in an ether-benzene solution. The
reaction mixture was cooled in an ice-salt bath and was stirred

at this temperature for two hours. The reaction was then al-
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lowed to stsnd overnight. This gave a dark-brown solution with
a small amount of solid in the bottom of the reaction flask.
Hydrolysis was effected by addition of water while the reaction
was cooled in an ice~bath. Ammonium chloride was then added to
dissolve the magnesium hydroxide. The benzene layer wae sepa-
rated, dried over sodlium sulphate, flltered, and evaporated to
dryness. A very slight amount of unidentified solid remained.
The maln product of the reaction consisted of a very difficultly
soluble, amorphous, dark-brown powder. This powder was slightly
soluble in acetone or aleohol, and was insoluble in water,
petroleum ether (b.p., 60=8°%), chloroform, or benzene. Anslysis
of the substance indicated it to be dimethylplatinum dilodlde.

Anal. Calod. for CyligPtIn: Pt, 40.75; I, 52.99;

C, 5.0%; H, 1.25.
Found: Pt, 40.59; I, 53.5; C, 5.00; H, 1.87.

Te a solution of 0.02 mols of c~naphthylmagnesium bro-
nlde in ether-benzene solution, cooled in an ice-salt bath,
was added slowly 0.5 gram of platinous chloride, Ptﬂla. The
reaction was stirred for six hours. A brown solution resulted.
Thie solution was poured onto cracked ice and extracted with
benzene. The benzene solution was dried, filtered, and concen~
trated to a small volume under reduced pressure. Addition of

alecohol preéipitated 2 brown powder, which was washed seversal
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times with hot alcohol and ether to remove any naphthalene or
bl-a-naphthyl. The welght of product was 0.55 gram (61%)
bssed on the platinous chloride used in the reaction. This
product was very scluble in benzene and chloroform. It was
very slightly soluble in alecohol, ether, or petroleum ether.
The temperature of the solvent had no effect on the solubllity
of this material. It could not be inmluced to erystalllze from
any of these solvents. On heating, this product decomposed with-
out melting. Decomposlitlion produced a strong odor of naphtha-
lene. Sodium fusion gave no test for halogen. Analysis of the
product indicated an impure form of dl-a~naphthylplatinum.

Anal. Caled. for CEOHﬂP“ Pt, 43.43; C, 53.45;

H, 3.12.
Found: Pt, 45.11; C, 51.95; H, 3.35.

To a solution of 0.45 grem of di~ofnaphthylplatinum in
50 ml. of dry m-xylene was added 5 grams of benzoyl bromide.
Thie solution was refluxed for five hours. Evolution of large
amounts of hydrogen bromide was noted. The solution was cooled,
filtered, and distilled. Five grame of an oil bolling at 187°-
189° at 17 mm. were obtained. This product was identified as
2,4-dimethylbenzophenone by preparation of its oxime, m. p. 126°,
A mixed melting point with a known sample of the oxime of 2,4~
dimethylbenzophenone gave no depression.

Refluxing of benzoyl bromide in xylene without platinum

being present gave no reaction.
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Platinie chloride was also found to act as a condensing
agent for the preparation of 2,4~-dimethylbenzophenone from ben-
zoyl bromide and meta~xylene. Seven and five-tenths grams of
benzoyl bromide, 30 ml. of meta-xylene, and 1 gram of anhydrous
platinic chloride were heated to refluxing of the xylene for
elght hours. The evolution of hydrogen bromide was vigorous.
81x grama (71%) of 2,4-dimethylbenzophenone were obtalned on
working up the reaction. The ketone was identified by prepar-
ation of its oxime, m. p. 126%9. A mixed melting point with a

known sample of the oxime gave no depression.

The Reaction of Methylmacnesium lodlide with Platinig Chloride.

This reaction was carried out by Pope and Peachey (1)
for the preparation of trimethylplatinum iodide. However, the
reaction is much more complicated than would be indicated by
their report. Compounds other than trimethylplatinum iodide
are obtained. As trimethylplatinum 1odide was the compound de~
sired in this study, attempts were made to discover the condi-
tione necessary to obtaln optimum ylelds of this compound. The
conditiona described below were found to be the moast satisfac-~
tory.

Anhydrous platinic chloride was prepared according to
the directions of Kharssch and Ashford (17).

& solution of éethylmagnenium 1odide was prepared from

15 grams {0.105 mole) of methyl lodide, 40 ml. of anhydrous

150wl
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ey,
ethsr, and 2.§égrams (0.105 atom) of magnesium. The resulting
Grigrard solution was diluted with fgg ml. of dry benzene. This
solution was filtered through glass wool into a clean, d4dry
flask. The Grignard solution was then cooled to -10° and 8.5
grame (0.025 mole) of anhydrous platiniec chloride were added
in small portions to the well-stirred reaction. Stirring was
edntinued for four houra after the addition of platinic chloride
was complete. derolysis was then effected by the additlon
of water while the reaction was cooled in an lce bath. The
reaction products were extracted repeatedly with benzene, the
benzene extracis were dried over godium sulphate, filtered, and
ﬁeﬁnceﬁtratgﬁ to a smallivolume under reduced pressure. A
heavy reddish-brown powder separated from the concentrates.
Sufficlent benzene was added to increase the volume to 50 ml.
The benzene was heated to boiling and :}1tered fromrthe residue.
The residue was extracted with another 56 ml. portion of boiling
bengzene. The henzene extracts were combined and concentrated
to 10 ml. follewed by cooling in an ice-bath. Three and seven-
tenths grams (40%) of trimethylplatinum iodide were obtained
by filtrstion from the benzene. This product was recrystallized
from a mixture of chloroform and sleohol and identified by
anaiyaiy in a pearl tube for platinum and iodine.

Angl. Caled. for CaHgPtIt Pt, 53.14; I, 34.60.

Found: Pt, 53.20; I, 34.48,
A slight residue remained from the original benzene ex-

tracts after the two extractions with 50 ml. portions of boiling
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penzene. This residue was washed with hot acetone. A brick-
red powder welighing 24 mg. remained. On examinatlion under a
microscope, this substance was found to conslist of long slender
needles. This compound was anslysed for platinum and lodine.

Apal. Found:s P, 43.30; I, 4T7.93.
This analysis does not correspond to any simple compound. The
compound has not been identified. It is practicslly insoluble
in chloroform, acetone, water, ether, and ethyl acetate. It
is very slightly soluble in hot henzene, xylene, and toluene.

The benzene from which the trimethylplatinum lodide
wag crystallized was removed by a current of dry air. A slight
reaidue remained. This was covered with 5 ml. of petroleunm
ether (b.p., 60°8°) and allowed to stand for thirty minutes.
The petroleum ether was flltered off and concentrated to a
very small volume. Eighteen mg. of a crystalline material cone-
taining no helogen was obtained. This was identified ass tetra-
methylplatinum by anslysis. The analysis was slightly low.

Ansl. Caled. for Chuli; Pts Pt, 76.48.

Founds Pt, 75.46.

The residual hydrolysis products, which were not ex-
tracted by benzene, were filtered. The so0lid which remsined
on the filter was washed with alcohol, then with acetone, and
finally with ether until the washings were colorlesas. Concen=-
tration of these washings gave a large quantity of a red hygro-
scopie platinum containing complex which was readily soluble
in ether, aleohol, scetone, or water. This complex was not

identified.
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The resldue on the filter was then treated with 10%
hydroechloric acid with which 1t reacted to glve s black, water
solution. The water soluble material was extracted repeatedly
with small portions of ethyl acetate which removed the color
from the water layer. The ethyl acelate extracts were dried
over godlum sulphate and filtered. The ethyl acetate was re-
moved in a vacuum dessicator and the residue was then washed
with acetone until the scetone washings were colorless. There
remained 0.1 gram of blaek crystsls which were no longer easily
soluble in ethyl acetate or weter. Analysis of these crystals
indicated a probability of their being methylplatinum penta-
iodide.

Anal. Caled. for CHzPtlgs Pt, 23.10; I, 75.10.

Found: Pt, 23.32; I, 75.16.
These crystale on dissolving in water or alcohol and heating
the solution on a steam bath for a short time deposited a blaek,
amorphous ?owﬁer which analysis indicated vas methylplatinum
trilodide.

Apal. Caled. for CH3P1:.I3; Py, 33.05; I, 64.41,

Found: Pt, 33.20; I, 63.05.
Trhis material burned vith a luminous flame in an atmosphere of
oxygen. This substance ls insoluble in all ordinary solvents
excepting aleohol in whieh 1t is very slightly scluble. At-
tempts to obltalin this substance in a crystalline condition were

unsuccesaful.
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The acetone-soluble portion of the ethyl acetate ex-
tracts waas evaporated to dryness. The residue was dissolved in
ether which was allowed to evaporate slowly in an effort to
crystallize the material. This left, on standing, 2.15 granms
of 2 black material which was no longer eoluble in ether, ethyl
ascetate, water or acetone. This material was analysed for
platinum and iodine. The analysis approximated the composi~
tion for dimethylplatinum diliodide.

Apal. Caled. for CoHgPtIos Pt, 40.75; I, 52.99.

Found: Pt, 40.20; I, 51.42.
This materdal burned with a2 luminous flame in an atmosphere of
oxygen.

Four grams of difricﬁltly goluble, blsack material re-
megined on the filter after the original extrasction with ethyl
acetate. This material wae placed in a Sehxlét cup and exw
tracted with alecohol in which it all dissolved on long extrace
tion. Thig material was analysed for platinum and iodine.

The analysis indicated a possiblility of the material being
methylplatinum trilodide.

épal. Caled. for CEyPtIzs Pt, 33.05; I, 64.41.

Founds 7Ft, 31.95; I, 62.95.
This materlisal could not be obtsined in a crystalline form. It
burned with s luminous flame in an atmoasphere of oxygen.

411 of the products of the resction, which contalned
haloren and platinum, contalned 1odine. Mo produdt containing
platinum contained chlorine with the possible exception of the

hygroscopis complex which wac not analysed.
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It is necessary that the greatest attentlion be pald
to detalls if a2 satisfactory yleld of trimethylplatinum lodide
is to be obtalned from the reaction of methylmagnesium iodide
with platinic chloride. The CGrignard solution muat be diluted
with at least four parts of benzene, the reaction mixture must
be cooled until the benzene starts to freeze around the edgs
of the flask, and the platinic chloride must be added slowly
in small portions to the reaction. If these eahdltiens were
not strictly followed, the yield of trimethylplatinum lodide
dropped to zero in some cases. In case no trimethylplatinum
iodide was obtained, the reaction products consisted entirely
of the blasek, highly lodinated platinum compounds described

above.

Attempts to prepare this compound by the action of
sodiunm on trimethylplatinum iodide in liquid ammonia were un-
successful. Trimethylplatinum iodide waa found to be insgoluble
in 1iquid ammonia. Addition of godium caused the trimethyl-
platinum 1odide to dissolve in the liguid ammonia, giving a
water soluble complex which regenerated trimethylplatinmum iodide
on sddition of hyﬂraehlorié acid.

o Six-tenths gram of trimethylplatinum iodide was dis-
solved in 20 ml. of dry benzene and refluxed with two equi~

valents of powdered potassium for ten hours. The reaction mix-
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ture was then allowed to stand for two days. The potassiunm
was almost completely reacted. Traces of metallie platimm
had precipitated. A few drops of p-amyl alechol were added to
destroy any remaining p&taasium. The solution was filtered
and the solvent removed. The residue was washed with water

to remove inorgsnic saltas. The residue was extracted with
ether. Removal of the ether left pale-yellow crystals which
wers recrystallized from s benzene-petroleum ether solutlion by
slow concentration of the solvent. Colorless crystals of
hexamethyldiplatinum were obtained. The yleld of hexamethyl=-
diplatinum was 0.24 gram (60%). These crystals were very sol-
uble in ether, ascetone, or bengene. They were insoluble in
water, and only slightly soluble in cold petroleum ether {(b.p.,
60-8°2). Considerable difficulty was experienced in the anslysis
of this compound due to its explosive nature. It explodes
gharply, on heating, with a brilliant shower of sparks. Anal-
ysis for platinmum was finally obtained by exploding the com-
pound in a buld with capillary openings. The caplllaries were
prlugzed with sbout one inch of glasa wool to prevent escape of
platinum. After’tha compound was exploded, a slow current of
alr was passed through the bulb and it was burned to constant
walght. Analysis for carbon and hydrogen was obtained by
scattering a welghed ssmple of the material over a length of
about four inches in the combustion tube and igniting a few
particles at a time. A constant series of small explosions ac~

companied the combustion.
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Apa). Caled. for CglygPtas Pt, 81.25; C, 14.95;
H, 3.76.
Found: Pt, 81.13; C, 14.55; H, 3.92.
¥oleoular weight determinations, by lowerling of the
freezing point of benzene, indicated the compound to be un-

digsoclated.
¥ol. ¥t. Determination.
Gms. substance Gms. benzene AT,
1. 0.1000 17 0.06
2. 0.1440 7 0.09

Mol. Wt. founds 502, 482.

Caled. for CgHygPtat 480.4.

Twenty mg. of hexamethyldiplatinum were dissolved in
10 ml. of ether. To this solution was added 12.7 mg. of iodine.
The resuliing sclution was refluxed for several hours until the
color of i1odine was gons. A precipitate had formed in the flasgk.
Thie precipitate was crystallized from benzene and identified
as trimethyliplatinum iodide by analysis for platinum and icdine.

Anal. Caled. for CaHgPtIs Pt, 53.14; I, 34.60.

Founds Pt, 53.07; I, 34.46,

The yleld of trimethylplatinum iodide was 12 mg. (45%).

To a solution contalining four grams of dimethylmercury

in 60 ml. of benzene~-free hexanes was added 1.5 grams of sodium.
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This mixture was atirred for two days. The methylasodium formed
was forced, by means of nitrogen preassure, through a small tube
inta a dry flask. Dry mercury was added tquenevs any partiocles
of metallic sodium which might be present. The suspension of
methylsodium was then forced over into another flask.

To this suspension of methylsodium was added 1 gram of
trimethylplatinum 3odide. The resction was stirred for twenty-
four hours and then hydrolysed by the addition of 2 ml. of p-
amyl alcohol followed by ethyl alcohol and finally water was
added. The hexane layer was separated, dried over sodium sule-
phate, filtered, and evaporated to dryness. The residue was
covered with 20 ml. of pstroleum ether {(b.p., 60-89). After
starding for thirty mimutes, the petroleum ether was filtered
off and concentrated slowly. Large hexagonal orystals of tetra-
methylplatinum were deposited. The yleld of tetramethylplatinum
was 0.32 gram or 46%. Tetramethylplatimum is a colorless solild,
readily soluble in the cold in benzene, acetone, ether, and
petroleum ether {(b.p., 609-68°). It is much less soluble in
cold aleohol or chloroform. It is Iinsoluble in water and only
slightly soluble in acetic acid. It is the most soluble of the
erganapi&%iﬁnm eompounds so far prepsred. Its chief dlstinction
in regard to solubility is its ready solubility in cold petro-
leun ether {b.p., 60-8%). This compound has no melting point.
It decomposeés with a slight explosion on heating in an open
flame, but does not explode with anything near the violence of
hexamethyldiplatinum. Tetramethylplatinum was identified by

analysls.
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Anal. Caled. for CyHjoPt: Pt, 76.48; C, 18.80;
H, 4.72.
Founds Pt, 76.84; C, 18.32; H, 4.31.

Hethyllithium was found to be ineffective for the trans-
formation of trimethylplatinum fodide to tetramethylplatinum.

On adding trimethylplatinum iodide to an ether solution of
methyllithium, a white preclpitate formed. The resction mix-
ture was refluxed for ten hours. Hydrolysis by means of dllute
hydrochloric acid regenerated trimethylplatinum iodide.

To & solution of 0.2 gram of tetramethylplatinum in 10
ml. of benzene was added 1 ml. of benzoyl chloride. This solu-
tion was refluxed for one-hundred hours. Ho reaction occurred.
The tetramethylplatinum wae recoversed unchanged.

To a solution of 0.1 gram (.0004 mole) of tetramethyl-
platinum in 10 ml. of chloroform was sdded 0.1 gram (.0008 atom)
of lodine. This solution was refluxed for twenty~four hours
with no resction. The tetramethylplatinum was recovered un-
changed.

A solution contalning 0.1 gram of tetramethylplatinum
in 10 ml. of petroleum ether (b.p., 60-8°) was heated to boiling.
Dry hydrogen chloride was passed into the solution. VWhite
cerystals of trimethylplstinum chloride soon began to deposit
from the solution. After about fifteen minutes the precipitation
was complete. The crystals were removed and snalysed for plati-

mm and ehiorine.
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Aual. Calcd. for CsHgPtC1l: Pt, 70.75; C1, 12.90.
Found: Pt, 70.20; C1, 13.10.

In order to oompare the chemlical reactivity of tetra-
methylplatinum with that of tetramethyliin, some cleavage re-
actions of tetramethyltin were run under the same conditions as
were employed in cleavage reactions with tetramethylplatinunm.

To a solution of 0.72 grams (0.004 mole) of tetramethyl-
tin in 100 ml. of chloroform was added 1 gram (0.00& atom) of
iodine. This solution was refluxed. The lodine coloration was
gone at the end of four hours. The aoclution was then saturated
with ammonia gas which precipitated 1.2 grams (100%) of the am~
monla addition compound of trimethyltin 1odide. This substance
was identifled by analyslie for lodine.

Apal. Caled. for CaligSnI+NHys I, 41.24.

Founds I, 41.21.
Thia experiment was repeated with the same results with the ex-
ception that a faint lodine coloration persisted after four
hours refluxing.

A solution containing 0.72 grams (0.004 mole) of tetra-
methyltin in 100 ml. of petroleum ether (b.p., 60-8°) was heated
to bolling under reflux. Dry hydrogen chloride was passed into
the solution for five minutes. The solution was then cooled and

the excess hydrogen chloride was removed by reduced pressure.
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The solution was then saturated with ammonia gas and the petro-
leum ether was removed in the cold under reduced pressure. HNo
evidense of cleavage of the tetramethyltin was obtained. - Thls
experiment was repsated with the exception that hydrogen chlo-
ride was passed into the boiling solution for fifteen minutes.
Sixty mg. of the ammonie addition compound of trimethyltin

chloride were obtained.

To a solution containing 0.05 mole of methylllithium in
equal parts of ether and benzene was added 4 grans (0.0133 mole)
of anhydrous iridium trichloride. This mixture was stirred for
five dasye at room temperature. The ether-benzene solution was
filtered from the sclid in the flask and hydrolysed. Three and
six-tenths grams of iridium trichloride remsined unreacted in
the flaek. This material was identified by analysis for iridium.

Apnal. Caled. for IrCls: Ir, 64.45,

Found: Ir, 64.42.
No methyliridium compound was isolated from the reaction.

One gram of osmium was placed in a boat in a quartz
tube and heated to 1000° in a current of chlorine for four hours.
The chlorine was dried by passage through three feet of anhy-
drous calcium chloride followed By passage through sulphuric
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aeld. The exit end of the quartz tube was connected to a cal-
eium chloride tube to exclude molsture. The osmium chlorides
formed were devnosited in the cool portion of the tube from
which they were extracted with anhydrous ether. The solution
of osmium chlorides was added slowly to an ether-benzene solu-
tion of methylmagnesium iodide which wes cooled in an ice-salt
bath. The reasction was stirred for four hours. A brown solu-
tion resulted with a black deposit in the flask. Hydrolysis
was effected by pouring the reaction mixture onto an iced am~
monium chloride solution. Besides osmium black, only a very
emall amount of tarry msterial oould be isolated from the re-
asotion. This material oould not be induced to orystallize.

Di~-p-tolylmercury was refluxed for six hours in xylene
with powdered iron. No reaction occurred.

Powdered iron was heated with tetraphenyllead for eight
hours at 150. No reaction occurred.

A benzene solution containing 0.05 mole of di~p~tolyl-
mercury was refluxed with 0.05 mole of anhydrous nickelous
bromide for six hours. HNo reaction occourred. The benzene was
replaced by quinoline to increase the solubility of the nickelous
bromide. This mixture was refluxed for eighteen hours with no

reaction.
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Three and one-half grams of diphenylmercury was dig~
solved in ether and refluxed for elght days with 0.0l mole of
anhydrous cobaltoua bromide. No reactlon ococurred.

Attenpts were made to prepare the methyl derivatives
of iron, cobalt, nickel, and platinum according to the procedure
of Hilpert and Ditmar (21) for tha preparation of dimethylmercury.
Twenty grams of ferrocus chloride were dissolved in 130 grams of
ten percent hydrochloric acid. This solution was heated to 90°
.1ﬁ 8 water bath and 15 grams of aluminum carbide were slowly
added with shaking. The ferrous chloride was unchanged. Similar
experiments were carried out using ferric chloride, cobaltous
bromide, nickelous chloride, and platinic echloride. Ferrie
chloride was reduced to ferrous chloride gnd the platinie chlo~
ride was reduced to platimam. No reaction occurred with cobalt-
ous bromide and nickelous chloride.

Ethynylsodium was prepsred by the action of acetylene
on 2 grams of sodium in liquid ammonia. To this solution was
added 0.1 mole of ferrous 1odide in 100 ml. of ether. The fer-
rous lodide formed an insoluble complex with the ammonia before
actually hitting the liquid. The mixture was stirred for twelve
hours in 1iquid ammonia with no reaction. The liquid ammonia
was then replaced with ether. This was allaﬁeé to stand for
three wesks prior to hydrolysis. No apparent reaction ocourred

and no organsiron compound was obtained on hydrolysis.

(81) Hilpert and Ditmar, Bar., 48, 3738(1913).



DISCUSSION

The metals of group VIII ghow no tendency for direct
union with organic halides ¢t0 form organometallic compounds
{37)(p. 40). It is possible that organometallic compounds are
formed ae intermediates in the reaction of iron with organic
halides to form coupling products (36), but that the conditions
necegsary to bring about thie resctlon are too sirenuous to
permit the existence of organoiron compounds for a measurable
period of time. In an effort to bring about e reaction of iron
.with an organic¢ halide under milder conditions, in which an
organoiron compound might be stable, a mercury~iron amalgam
was prepared and sdded to ethyl iodide. This method proved in-
effective a8 no resction occurred. As the finely divided, pyro-
phoric iron, produced by the action of Grignard reagents on iron
halides; shows a high degree of reactivity toward oxygen, with
which it reascts to burn spontaneously, and toward water, with
which 1t reacts repldly to dlsplace hydrogen and form ferrous
hydroxide (4Be)(54), 1t was hoped that this active form of iron
might react with organic halides in the same manner as magnesium
and thus produce orgsnoiron compounds. This active form of iron
was produced by the action of p-butylmagnesium bromide on ferrous
chloride. To the ether suspensions of finely divided iron, pre-
pared in thig manner, was added 1odobenzene and bromobensene,

respectively. Vigorcus reactions ococurred and benzene was ob-
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tained on hydrolysis in every oasse. However, no evidence of an
organoiron compound was obtalned and as active iron produced
from the sction of phenylmagnesium bromide on ferrous chloride -
gave no resction with iodobenzene, it is probable that a hydride
of iron was formed, in the reaction of p-butylmagnesium bromide
with ferrous chloride, which reduced the iocdobenzene and bromo-
benzene to benzene. A hydride of iron has been shown to be
formed in the reaction of dlethylzine with ferrous 1odide (55).
The poesibility that the reduction night be due to hydrogen,
formed from the action of iron on water during hydrolysis, is
ruled out as no reduction to bsnzene occcurred when pyrophorie
iron, produced by the action of phenylmagnesium bromide on fer-
roug chloride, was hydrolysed in the presence of iodobenzene.
The reduction of iodobenzene to benzene probably takes place
according to the egquations

2 OgHgI + Fely — 2 Cglig + Feljp.

There 18 no definlite evidence that organometallio com-
pounds are formed, even as intermediates, in the resction of
Grignard reagents or organolithium compounds with the halides
of iron, cobalt, nickel, ruthenium, rhodium, palladium, osmiunm,
or iridium. In the reaction of phenylmagnesiua iodide with fer-
rous chloride, for example, the products of the reasction are bi-
phenyl and iron. These products may be due to the intermediate
formation of an organoiron compound (48a)(48e)(50).

05H5H31-+ FeClpy — COgligFeCl + MgICl
2 CgHgFeCl — Cglig-Cglg + Fe + FeCly
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‘While there is no direot evidence that organolron compounds are
formed as intermediates in the reaction of Grignand reagents
with iron halides, there is indirect evidence, by analogy with
other coupling reactions, that the reaction occcurs in thisg man-
ner. Undoubtedly, organocopper and organosilver compounds are
formed as intermediastes in the reaction of Grignard resgents
with copper and silver halides, respectively, as is indloated
by experimenis purposefully carried out to establish thie point
{82). Under ordinary conditions copper and silver halides are
excellent coupling reagents for the production of R«~R compounds
from RMgX compounds (48e¢)(484)(83)(84). However, some organo-
silver and organocopper compounds have hesn prepared from the
action of Grignard reagenis on silver and copper hallides, re-
spectively (84). Organogold compounds have alsc been prepared
from the Urignard resgent and gold chloride (85). The most
characteristlie reaction of the ocopper, silver, and gold com~
pounds is thelir prompt and complete decomposition to R«R come
pourd and metal.

2 Cgligt — Cglig~Cglig, + 2 ¥

Danehy and Nieuwland, J. Am. Chem- Seg., 58, 1609(1936).
Erigewaky and Turner, J. Chem. o 1A%, 559(1919)3

{2 ?’“i’a %sg’z’%)?‘“c oS, 8o, Balen, 28, 3701520,

(84) ?1} Reich Qgggf 2%%2? 92? 322(1922); (b) Krause and

(82) bi Gilman and Kirby, Rec. Lrav. ghin-, 48, 155(1929);

Wendt, Egg. ; (¢) Gilman and Straley, Reg.
(85) Kharaseh and Isbalx, 1, Am. Chem. Sge., 52, 2919(1930);
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The first instance of that particulsr type of reaction between
a Crignard reagent and a metal sslt which involves the reduction
of the salt and the coupling of the organic radicals was ob-
served by Bennett and Turner (86) who treated phenylmagnesium
bromide with chromic chloride in an attempt to prepasre organo-
chromium compounds. They obtalned biphenyl and chromous chlo-
ride in almost theoretical ylelds.

2 CrClg + 2 CgliglgBr — Cglg=Ogliy + 2 CrCly + 2 MgBrll
Later, Hein and co-workers (87) succeeded in preparing a series
of organochromium compoundg, including the phenyl compounds,
from Grignard reagents and chromic chloride. Strong ecooling of
the resctions was necessary in order to avoid coupling products.
These compounds were unstable and decomposed spontaneocusly with
the formation of coupling products. Thus it has been shown in
gsveral ocases that the reaction cf‘Grignarﬂ resgents with sonme
metal salts which ordinarily give coupling products may be em-
ployed in the preparation of the organie derivatives af these
metals and that the organic derivatives, soc formed, decompose
readily with the formation of coupling products. This makes
the possible formation of organociron compounds, as intermediates
in the reaction of Grignard reagents with iron salts, seem
ressonable. This same reasoning may be applied to the reaction
of Grigngrﬁ resgents with the halides of all of the group VIII
metals which have definltely shown strong ceoupling tendencies.

{86; Bennett and Turner, J. Chem. Sog., 105, 1057(1914).

87 g;é? ég% egswg;§?§;24 . 5&, 191§6 19;6i(§7;gs 2?27(1?2;);
4 2’ 5 9 -y

2955(1958); "Ber.. 62, 115111 bax ’



A possible mechanism for the reaction of iron halides,
eto., with OGrignard resgents, which does not involve the ag-
sumption of organometallics as intermediates, is that a step~
wise reduction of the halide occurs due to disproportionation
of RMgX into R and MgX. The MgX, which is an excellent reducing
agent (88), might then reduce ferric chloride, for example, to
ferrous chloride. Two R groups might then unite to R~R. The
first step of the reasction would bhe represented as followas

RgX —R + HgX
2 R —=R-.R
FeClsy + MgX ——FeCly + NgXCl
The first step of the reaction of ferric chloride with Grignard
reagents has been shown to be a reduction to ferroue chloride
with formation of R-R compound (48e). The second step of the
reaction, according to the above theory, would consist of a
reduction of ferrocus ohloride to a mono-~chloride of iron, FeCl,
which might then dieproportionate to ferrous chloride and iron.
RigX —R + MgX
2 R—R«R
FeCl, + MgX———FeCl + MgXCl
2 FeC)l — Fe + FeClp
The fTerrous chloride formed by disproportionation could then

react in the same manner thus producing s chain of reactions

(88) Gomberg and co-workers, J. A4m. Chem. Soc., 48, 236(1927);
ibid., 52, 2455, 4967(1930); 4bid., 51, 2229(1929); Res.
iray. shim., 48, 847(1929).
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whioh would yield the same final products as obtalned by a pos-
sible decomposition of an intermediats organciron compound.

The results reported by Welichfelder and Thiede (51), who ob-
tained only bengene and a hydride of iron, FeH,, from the re-
action of phenylmagnesium bromide and ferrous chloride in an
atmosphere of hydrogen, might be considered as evidence for
this mechanism. The phenyl radieal, which would be formed if
this mochanism is correct, might be readily reduced by hydrogen
4o form benzene rather than coupling to biphenyl which was ob-
tained in an atmosphere of nitrogen. While the possibility ex-
ists that an intermediate phenyliron compound might be cleaved
by hydrogen to form bengene, this possibility is remote as no
organometallic compound, with the possible exception of the
highly reactive organcalkall compounds, has been found which
cleaves with such extreme ease in an stmosphere of hydrogen.
On the other hand, bensene might be formed readily during the
disproportionation of an intermediate phenyliron compound if
this substanece disproportionated to give phenyl radicals as
intermediates in the formatlion of biphenyl. The results ob-
tained by these authors in the reaction of ferric chloride with
phenylmagnesium bromide In an atmosphere of hydrogen indicate
that the mechanism of the reduction of ferrie chloride to fer-
rous chloride may differ from the mechanism of reduction of
ferrous chloride to metallic iron as they obtained both b~
vhenyl and benzene in this reaction.



87

In the reaction of a~naphthylmagnesium bromide and o~
naphthyllithium with ferrous chloride and ferrous lodide, the
yields of coupling products are low (89). This suggests the
poasibility of the existence in solution of a atable organoiron
compound. However, naphthalene 1s obtained on addition of water
while benzoyl bromide, which reascts with such unreactive organo-
metallic compounds as di-p-tolylmercury (90) (which is unaffect-
ed by water under the same conditions) to give ketones, gave no
ketone when added to the reaction mixtures gbiained from o~naphe
thylmagnesium bromide or o~naphthyllithium with ferrous halides.
Algo, Mr. J. C. Baillie obtained only a trace of o~=naphthyllead
aompound on reaction of cGenaphthylmagnesium bromide with lead
chloride although a negative color test was obtained promptly
in the reaction. Therefore, it is probable that the low ylelds
of eoupling product are not due to an organociron compound, which
is stable in solution, hut to some intermediate complex between
the Grignard reagent and the iron halide. However, it 1s known
that the atability of such relatively unstable organometallic
compounds se those of copper, silver, and gold (91) increases

{89) These results have been verified in unpublished work by
Hy. F. J. Prochaska in this laboratory.

{90) Gilman, "Organic Chemistry", John Wiley and Sons, New York
(1938), Vol. I, p. 418.

(91) SBee Kharasch snd Isbell, J. Am. Chem. Sog., 52, 2919(1930)
and Gilman and Straley, Reg. frav. shim., 55, 521(1936).
See also, Krause and v. Grosse, Die Chemie der lMetall~
organischen Verbindungen", Gebruder Borntrasger, Berlin
{1937), p. 745 for a discussion on the relation between
the nature of the rsdical and the ability to form stable
organometalllic compounds.
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greatly as the electronegativity of the radical attached to the
metal 18 increased, and as s low yleld of coupling product was
also obtained in the reaction of 2,4,6-trimethylphenylmagnesium
bromide with cobaltous bromide, the highly electronegative
radicals seem to offer the best promise for the preparation of
organometallic derivatives of iron, cobalt, nickel, rutheniunm,
rhodium, and palladium. With the other three members of the
group VIII elements, osmium, iridium, and platinum, the ten-
dency to produce coupling products, in the reactlion of their
halides with phenylmspgnesium iodide, 1e much less with the ten-
deney to produce coupling decreasing in the order: ocsmiunm,
iridium, platimm. If this tendency %o produce coupling may be
used as a criterion for the ability to form organometallic de-
rivatives, then organcosmium compounds will be prepared with
most d1fficulty, organoiridium compounds will be prepared more
readily, while organoplatinum compoundsa may be readily prepared
A1f propser precautions are obssrved. On the basis that the
ability to form orgsnometallic derivatives increasses as one goes
from left to right in the triads of the group VIII elements,
orgaenometallilic compounds of nickel should be prepared more
readily than organorhodium or organoruthenium compounds.
lIn.the reaction of ferric fluoride with phenylmagnesium
bromide, benzsene was produeed on hydrelysis. No evidence of an
intermediate organoiron compound was obtsined. The formation
of benzene might be attributed to the posaibility that the
ferric fluoride was not anhydrous. If this were the case, then
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Qethyimagneaium bromide which showed no reaction with ferrie
fluoride in six montha should have reacted with ferric fluoride.
The reaction is not understood by the author at present.

The resctions of phenylzine chloride and ethylzine
todide with ferrous lodide have been reported to produce phenyl-
iron iodide and ethyliron iodide, respectively (48e)(57). The
evidence offered for the existence of a phenyliron compound was
the formation, on hydrolysis, of benzene and ferrous hydroxide,
which aceording to the author contained only a negligible smount
of zine hydroxide. The evidence offered for the existence of
the ethyliron compound was the formation of ferrous hydroxide
on hydrolyeis accompanied by evolution of ethans. It was also
gtated that no gas was evolved during the resction of ethylzine
1odide with ferrous lodide. The solution of ethyliron 1odide
deposited iron on standing and evolved gases which conaisted
of & mixture of ethane and ethylene (58). The reactions of
rhenylzine chloride and ethylzinc lodide with ferrous 1odide
wore investigated in this thesis work. The evidence obtained
indicated that the reaction of phenylzine chloride with ferrous
iodide proceelded to the formation of biphenyl and metallic iron.
The hydroxides obtained on hydrolysis at the end of the reaction
periocd given by Champetier (48e), for the completion of reaction
between phenylzine chloride and ferrous iodide, were found to
contain large amounts of zinc hydroxide rather than the inappre-
eiable quantities indicated by Champetlier (48e). Checks of the
ratioc of zinc hydroxide to ferrocus hydroxide and of benzene to
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biphenyl, obtalned on hydrolysisg of aliquots at various inter-
vals, showed that the amount of biphenyl increased regularly as
the amount of ferrous hydroxide increased. Furthermore no 4if-
ference in reactivity was found between phenylzinec chloride and
the esupposed phenyliron iodide. Both sclutions reacted with
benzoyl chloride to give benzophenone, and neither gave a re-
sction with allyl bromide. The reaction of ethylzinc iodide
with ferrous lodide was found to proceed in a similsry manner.
The evolution of gaa during the reaction was slow, but contine
uvous. Heasurements of the volume of gas collected from the
reaction together with the ratio of zinc hydroxide to ferrous
hydroxide, obtained on hydrolysis, indicated tha reaction to be
nroceeding slowly, but without the formation of an organoiron
compound. The results obtained in this study have convinced the
author that no organoiron compound is obtained in elther reaction,
but that the reactions proceed in the same manner as do the re~
actions of the corresponding Grignard resgents with ferrocus
iodide, with the exception that the resctions are much slower.
Gilman and Kirby (69) have reported the reaction of
nickelous cyandle, Ri(cﬁ)2, with phenylmagnesium bromide to pro-
ceed with sufficlent hest of reaction to masintaln a gentle re-
fluxing of the ether used as a solvent. They obtained only a
trace of biphenyl on hydrolysis. Thia result gave promise of
the reaction as a satisfactory methed for the preparastion of a
phenylnickel compound. ¥No mention was mede in their report as
to whether the nickelous eyanide employed by them was anhydrous.



In this thesis work, anhydrous nickelous cyanide was prepared

by dehydration of the hydrated salt. Addition of this anhy-
aArous salt to phsenylmsgneslium bromide gave no reaction of sufe
ficlent vigor to cause any warming of the ether. The oolor
test remained positive after three weeks stirring and hydrolysis
at this point gave a tweniy-seven percent yield of biphenyl.

It 18 probable that the commercial nickelous cyanlide employed
by Gilman end Kirby (69) was not anhydrous and that the reaction
of anhydrous nickelous cyanide with phenylmagnesium bromide 1is
unusually slow, but proceeds ultimately to biphenyl and metallic
nickel.

As the reaction of the Grignard resgent and organolithe
fum compounds on iron, cobalt, or nickel hallides gave little
promigse of ylelding organometallic compounds, other methods were
investigated in attempts to prepare these substances.

Organoaluminum compounds have been prepared by cleavage
of organolead compounds with anhydrous aluminum chloride (92).
This reasction suggested the possibllity that organolron compounds
might be prepared in the same nmenner, that ie, by cleavage of
organolead compounds with iron halides. The addition of anhye
drous ferrie chloride to tetraethyllead effected a prompt and
complete reduction of the ferric chloride to ferrous chloride.
This reaction furnishes a convenlent method for the prepsration

of pure snhydrous ferrous chloride. Tetrsethyllead was found to

{92) Unpublished studies in this laboratory by Mr. L. D. Apperson.
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be without action on ferrous iodide, ferrous chloride, cobaltous
bromide, and nickelous bromide. Chloroplatinic acid was reduced
immedistely by tetraethyllesd to deposit metallie platinum.
Grignard reagents nasy be obtained by the action of the
binary system, MgX, + Mg, on some trivalent organolead compounds
(93). This suggeasted the posgibility that organoiron compounds
might be formed in a simllar manner from trivalent organclead
compounds and s mixture of iron and ferrous iodide in ether.
The reaction was attempted and an immediate reaction occurred
which was quite complex. Although the color of ferrous iocdide
disappeared and lead chloride and tetra-p-anisyllead were pre-
cipltated, the 1iron, in some unknown form, remained in ether
golution. No evidence as to the nature of the iron compound
wag obtained. Addition of benzoyl bromide to the solution gave
no ketone, while addition of water preciplitated ferric hydroxide.
D&~graninyllead dilodide was obtained from the hydrolysis pro-
duets along wiﬁh a mixture of other unidentified organolead com-
pounds. A search was made for anlsole, which should have been
farméa on hydrolysis if & p-anisyliron compound wag hydrolysed,
in the hydrolysis products, but none was found. The same re-
sults were obtained when tri-p-anisyllead and ferrous iodide
were brought together in ether solution without metallie iron
being present. The reaction was not due, therefore, to a binary

system of Fe + Felp. The reaction 1s analogous to the reaction

(93) Unpublished studles in this laboratory by M¥r. J. C. Bailie.
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obtained by Mr. J. C. Baille (93), who obtalned similar results
from the reaction of trivalent organolead compounds with mage
neslium iodide in the abaence of metalllc magnesium. He obtained
no Grignard reagent from this reaction, therefore it is probable
that no organciron compound was formed in the reaction of fer-
rous lodide with tri-p-anisyllead. The mechanism of the reaction
is not undersatood.

Di-p~tolylmeroury could not be induced to react with
anhydrous nickelous bromide by refluxing the two together for
aix hours in benzene, followed by eighteen hours refluxing in
quinoline. The guinoline was used in an effort to inerease the
golubility of the nickelous dbromide. Diphenylmercury gave no
reaction with anhydrous cobaltous bromide on refluxing the ether,
used as a solvent, for eight days. The orgsnomercury compounds
are evidently of too low an order of resctivity to react with
these halides.

Attempts to prepare methyl derivatives of iron, cobalt,
nickel, and platinum through the action of aluminum carbide and
hydrochloric gcid on the halidesa of these metals were unsuccessful.
No reaction was obtalned excepting in the cases of ferriec chlo-
ride and platinic chloride. The ferric chloride was reduced to
Terrous chloride and the platinic chloride was reduced to metal~-
lie platinum. This reaction had been employed by Hilpert and
Ditmar (81) for the preparation of methylmercury, methylblismuth,
and methyltin compounds.
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Organometallic compounds in which the carbon attached
to metal 1s connected by a triple bond to the adjacent carbon
have been shown in some cases to be the most stable class of
organometallic derivatives (50)(87). p-Butylethynylmagnesium
bromide gives no organometallie derivative of iron when re-
acted with ferric chloride (50). In the hope that an ethynyliron
compound might be more stable than an g-butylethynyliron com-
pound, the reaction of ethynylsodium with ferrous 1odide was
attempted in liquid ammonia. Liguid ammonla was used as a sol-
vent media as 1t is an excellent solvent for ethynylsodium,
which 18 insoluble in ether, and has the additionsl advantage
of maintaining & low temperature. However, when the reaction
was attempted, the ferrous iodide formed a complex with ammonia
which was 80 insoluble that no reaction took place.

Organoplatinum compounds are readlily prepared by the
action of Grignard reagents on anhydrous platinum halides.
Certain of the methylplatinum eompounds are crystalline ana may
be readlly purified and identifled. Aside from those methyl-
platinum compounds which are cerystalline there is no orystalline
orgsnoplatinum compound described in the literature and none,
other than methyl derivatives, was 1solated in this thesis work.
None of the organoplatinum sompounds 80 far isclated have melte
ing points.

Anhydrous platinic chloride reacted readily with phenyle
magnesium iodide with the formation of a complex compound. The
rirat precipitate to appear in the reaction mixture had a golden
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color. On addition of sufficlent Grignard reagent to give an
excessg (ten equivalents of phenylmagnesium iodilde were ndded in
the reaction before a solution was obtained which persisted in
giving a color test), the golden pregipitate wag no longer in
evidence and a heavy white precipitate was present in the re-
action flask. This precipitate contained magnesium in the ratio
of two and five-tenthas atoms to one of platinum. This amount
of magnesium falls to account for the Grignard reagent intro-
duced into the resction. However, the ether layer contained
platinum in some soluble compound which may have had a larger
proportion of magnesium. The magnesium in the inasoludble pre-
aipitate eould not be removed by repeated extfacticn with ether.
This precipitate evidently contalned Grignard reagent in the
form of s complex with the platinie chloride, or a reaction pro-
duct of the platinic chloride with the Grignard reagent, as it was
sensitive to alr and moisture. The Grignard reagent was not
present in a normal reactive condition as this precipitate dld
not give a color test. Hydrolysls of the complex produced mag-
neglum-free organic material containing platinum. This material
was amorphous and evidently conglsted of a mixture of compourds
as some solvents would only partially dissolve the materisl and
analyses for platinum varied with differing fractions of the
material. This materlial contalned iodine and was undoubtedly a
mixture of phenylplatinum compounds as treatment of the material
with boiling nitric acid gave 4,4'-dinitrobiphenyl thus proving
the presence of phenyl groups in the material. The possibility
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exists that some biphenyl was present in the material and was
nitrated to form 4,4'-dinitrobiphenyl. This possibility is
remote as the material had been extracted several times with
benzene in which biphenyl is very soluble. The 4,4'-dinitroe
biphenyl may have been formed by cleavage of the phenylplatinum
bond with the Tormation of biphenyl which was subsequently
nitrated, or the phenyl groups may have been nitrated prior to
cleavage.

It is not surprising that a mixture of compounda would
result from the action of phenylmagnesium lodide on platinic
chloride as the action of methylmagnesium lodide on platinie
ehloride produces a mixture of compounds. The amorphous nature
of the phenylplatinum compounds together with their lack of
melting pointe made it lmpossible to separate the components
of the mixture into definite individual compounds.

The reaction of methylmsgnesium lodide with platinic
chloride 1s very complex and has not been worked out in a msatis-
factory manner. Pope and Peachey (1) reported trimethylplatimum
1odide from the reaction, but they gave no ylelda of this product
and reported no other products. In this thesis work, an attempt
was made to i1solate all of the products of the reaction. A4s tri-
methylplatimum lodide was the product desired in this work as a
starting material for the preparation of other compounds, the
optimum conditions for the preparation of this compound were also
studled. Under the best conditions found the yield of trimethyl-
platinum iodide was forty percent. A very small amount of tetra~



-9T~

methylplatinum was also 1solated from the reaction. This com-
pound was ildentified by crystal form, solubility, and analysis
for platinum. A small amount of a black, crystalline solid which
was apparently a pure compound was isolated. Analyses of this
compound indiecated the compound as being methylplatinum penta-
iodide. The presence of a methyl group was not proved, but a
methyl group would exactly account for the portion of the com-
pound which was not platinum and 1odine. Furthermore, the ratio
of iodine to platinum in the compound was five atoms to one.

Yo inorganic platinum iodide has such a composition. Also on
warming a solution of the methylplatinum pentalodide on a ateanm
plate, s black, amorphous, insoluble material was precipitated
which contained one less mole of iodine. Analyses of this
material for platinum and ilodine corresponded to the calculated
values for methylplatinum triiodide. Varlioua fractions of dif-
ficultly soluble platinmum-containing materials were lsolated from
the reaction. Analyses of these fractions for platimum and
iodine corresponded to the calculated values for methylplatinum
trilodide and dimethylplatinum dilodide, respectively. However,
as these materlials were not crystalline and had no melting pointe,
it was impoesible to ldentify them as definite chemical com-
pounds. Much of the material i1eolated from this reaction underw
went changes in solubllity durding the isolation procgss. The
mechanism of these solubility changes remains undetermined, but
may be due to breaking down of a double compound. Tho only abe
solute evidence obtalned as to the nature of the difficultly



-98a

soluble materials was that they contained platinum and iodine
and would burn in a current of oxygen. No chlorine was found
in any of the platinum-contalning products of the resction with
the poassible exception of an easily soluble complex which con-
talned large amounts of magnesium. This material was not
analysed.

Hethylmagnesium liodide reacted with platinous chloride
with the formation, on hydrolysis, of an amorphous, difficultly
soluble material which analysie indlicated as being dimethyle
platinum diiodide. This material was the same in appearance and
solublility as the material obtalned from the reaction of methyl#
magnesium iodide with platinle c¢hloride which analysed for di-
methylplatinum dilocdide. It is surprising to obtain what is
spparently a tetravalent platinum compound by the action of a
Grignard reagent, which is normally a strong reducing agent, on
a divalent platinum halide without disproportionation and de~-
position of metal. The reaction msy not have been due to an
oxidation of the platinous chloride by the Grignard reagent
but may have been due to preliminary formation of methylplatinum
1o0dide, followed by esddition of methyl i1odide which was present
in the solution.

The reaction of onaphthylmagnesiuz bromide with
platinous chloride proceeded to the formation of di-~a~-naphthyl-
platinum. The formation of s divalent platinum compound in this
case, inatead of a tetravalent compound as was formed from methyl-

magnesium lodide, may probably be attributed to the steric



-99

hindrance of the much larger o~naphthyl groups. Di-ocenaphthyle
platinum was not obtalned in a pure condition due to its lack
of orystalline structure. This compound decomposed on heating
with a very distinet odor of naphthalene. An atlempt to pre-
pare o~bengoylnaphthalene by refluxing a p-xylene solution of
d4i-o~nsphthylplatinum with benzoyl bromide gave a very unex-
pected result. The platinum compound acted as a condensing
agent with the formation of 2,4-dimethylbenzophencne in a good
vield. 2h1§ reaction was repeated with anhydrous platiniec
chloride, rathsr than dil-o~naphthylplatinum, as the condensing
agent. An equally good yleld of 2,4~dimethylbenzophenone was
obtained. Thus it 1s spparent that some platinum compounds
may be employed as catalysts for the preparation of 2,4~dimethyl-
benzophenone from benzoyl bromide and pg-xylene. Flatinum com-
pounds may be found to be effective condensing agents for the
preparation of other ketones.

In a preliminary attempti to prepare hexamethyldiplati-~
num, trimethylplatinum lodide was added to liquld ammonia. Li-
quid ammonia falled to dlssolve this compound. Addition of
sodium to the liquid ammonia caused the trimethylplatinum lodide
to dlesclve and removed the color of sodium from the liquid am-
monia. Evaporation of the liquid ammonla left a water soluble
compound which regenerated trimethylplatinum iodide on addition
of hydrochloric soid. The nature of the water soluble compound
vag not investigated. Hexamethyldiplatinum was prepared by boil-
ing a benzene solution of trimethylplatinum 1odide with potassium.
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2 (Clig)sPtI +2 K —(CHz)3Pt~-Pt(Cliz)y + 2 KI
This compound 1s apparently completely undissociated at the
freezing point of benzene as molecular weight determinations
gave values slightly higher than the ealculated value for hexa«-
methyldiplatinum. The eompound is of s somewhat unsaturated
nature, however, ss it absorbed lodine readily with the forma-
tion of trimethylplstinum iodide.

(CHy)xPt-~Pt(CHz)3 + Iz — 2 (CHg)aPtI

The iodine in trimethylplatinum iodide msy be replaced
by a methyl group, forming tetramethylplatinum, through the
action of methylsodium.

(CHg)sPtI -+ CHslia — (Clix)4Pt + Nal

Methyllithium was found to be ineffective for this transforma-
tion. 7This may be due to the umusuglly strong platimum to
iodine dbond in trimethylplatinum iodide or it may be due to
the formation of an insoluble complex between trimethylplatirum
iodide and methyllithium. A white precipitate was formed immed-
1ately on adding triméthylplat&num iodide to a solution of
methyllithium. The insolubility of the complex together with
the added sterio hindrance effects may account for the Aiffi-
culty of replacement of the lodine by a methyl group in the
reaction of trimethylplatinum lodide with methyllithium. Sonwe
tetramethylplatinum was probably formed in this reaction as &
very small amount was 1solated from the resction of methylmag~
nesium 1odide with platinlie chloride, but the properties of
tetramethylplatinum were unknown at the time the reaction was
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carried out and no tetramethylplatinum was isclated.

The organoplatinum compounds are apparently the least
reactive of all known organometallic compounds with the possible
exception of the organotin compounds. Tetramethylplatinum was
found to be unaffected by lodine in boliling chloroform in a per-
104 of twenty-four hours, while tetramethyltin was cleaved to
trimethyltin iodide by iodine under the same conditions in four
hours. Thus tetramethylplatinum 18 less reactive towasrd iodine
than is tetramethyltin. However, tetramethylplatinum was quan-
titatively cleaved by hydrogen chloride in boiling petroleum
ether {(b.p., 60«8%) to trimethylplatinum chloride in fifteen to
twenty mimutea. Tetramethyliin under the same conditions showed
but a trace of cleavage to trimethyltin chloride. Due to the
extreme difficulty of recovering a small amount of unchanged
tetramethyltin from a large amount of petroleum ether (b.p., 60-89),
unchanged tetramethyltin was not recovered and the possibility
exists that the highly voulatile tetramethyltin may have been
lost during the attempted reaction. Further work is being care
ried out on this reaction. On the basis of present evidence, it
may be concluded that tetramethylplatinum is more reactive toward
hydrogen chloride than is tetramethyltin. Nelther tetramethyltin
nor tetramethylplatinum have been found to react with acld chlo-
rides to form ketones. Thus the relative reactivities of tetrs-
methyltin and tetramethylplatinum are ss yet only partially de-
termined.

As the methyl compounds of platinum are the only crys-



«102-

talline organoplatinum compounds s@o far reported, and as the is—
aotion of phenylmagnesium iodide with osmium trichlorlde and i-
ridilunm trichloride, respectively, gave promise that organometsal=-
lie derivatives of thease metals might be prepared, attempts were
made to prepare the methyl derivatives of these metals In the
hope of obtaining erystalline compounds. The reaction of methyl-
magnesium lodide with osmium chloride gave no crystalline pro-
duct. 4 slight amauﬁt of black, tarry, osmiume-containing mater-
jal was obtained. The prediection gppears to be warranted, how=-
ever, that organcosmium compounds will be prepared and identi-
fled when larger amounts of oamium are avallable. A glight
change in technique in carrying out the reaction of Grignard re-
sgents with osmium halides may be necessary. The reaction of
phenylmagnesium lodide with iridium trichloride proceeded so
slowly, probably due to the extreme insolubllity of iridium trie-
chloride, that the more highly resctive methyllithium was used
in an attempt to prepare a methyliridium compound from iridius
trichioride. The resction was stirred for five days prior to
hydrolysis. The larger portion of the iridium trichloride was
recovered unchanged. No methyliridium compound was found in the
reaction products. It 1s the opinion of the author that if a
more soluble anhydrous iridium hallide ocould be prepared and re-
acted with methylmagnesium 1odide under the same conditions e
ployed in preparing trimethylplatinum iodide, that a satlafac~
tory yield of a methyliridium compound would result.
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The literature has been surveyed in regard to organo-
metallic compounds of the group VIII elements.

The preparation of organometallic derivatives of iron,
cobalt, and nickel was attempted by seversl methods. No evi-
dence for the formation of these compounds was obtained.

The reaction of phenylmagnesium lodide with ferrous
chloride, cobaltous bromide, nickelous bromide, ruthenium tri-
chloride, and palladium chloride proceeds to the formation of
the corresponding metal and biphenyl in gquantitative ylelds.

" The ylslds of biphenyl in the resction of phenylmagnesium
iodide with osmium trichloride, iridium itrichloride, and pla-
tinic chloride are less than quantitative with the ylelds de-
creasing in the orders Os > Ir >P¢. Flatinie chloride reacts
with phenylmagnesium iodide with the formation of a mixture of
amorphous phenylplatinum compounds.

Dimethylplatinmum dilodide ig obtalned from the reaction
of methylmagnesium 1odlde and platinous chloride. Di-a~naph-
thylplatinum is obtalned from the reaction of e-naphthylmagneaium
bromide and platinous chloride.

The reaction of methylmagnesium iodide with platinio
chloride is complex. Trimethylplatinum iodide may be obtained
from thie reaction in forty percent yields, along with a slight
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amount of tetramethylplatinum, methylplatinum pentalodlide, and
some amorphous platinum compounds whose analysea correspond to
the caloulated values for methylplatinum triliodide and d4i-
methylplatinum diiodide, respectively.

Hexsmethyldiplatinum 18 obtained by the action of metal~
lie potassium on trimethylplatinum ilodide. Tetramethylplatinum
is obtained by the action of methylsodium on trimethylplatimum
fodide.
| No orystalline product was obtained from the action of
methylmagnesiun iodide on osmium chloride.

Iridium trichloride gave no reaction in five days with
methyllithium. The lack of reasction was probably due to the
extreme insolublility of iridium trichloride.

The prediction ie made that organometalliec compounds
of osmium and iridium will be prepared.
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