IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1943
Free radicals in the decomposition of
organometaﬂic compounds

Lauren Albert Woods
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Organic Chemistry Commons

Recommended Citation

Woods, Lauren Albert, "Free radicals in the decomposition of organometallic compounds " (1943). Retrospective Theses and
Dissertations. 14180.
https://lib.dr.iastate.edu/rtd /14180

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14180?utm_source=lib.dr.iastate.edu%2Frtd%2F14180&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






FREE RADICALS IN THE DECOMPOSITION OF
ORGANOMETALLIC COMPOUNDS

S
i
P

by
Lauvren A, Woods

A Thesls Submitted to the Greduste Faculty
for the Degree of

DOCTOR OF PHILOSOPHY

Major Subject: Organic Chemistry

Approved:

Signature was redacted for privacy.

in Charge of Major Work

Signature was redacted for privacy.

Head of Wajor Department

Signature was redacted for privacy.

Deen Of Graduate Coliege

Iowa State College
1943



UMI Number: DP13062

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alighment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP13062
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



QD411 - 11 -
WE6 4t

ACKNOWLEDGMENT

The suthor wishes to express his sincere re-
apect and apprecletion to Dr, Henry Gllmsn for the
assistance and encouragement given during this

worke.

T4 3 ‘/



- 111 -

TABLE OF CONTENTS

IMRODUCTIONtOtﬁctto..o-cot

HISTORICAL . »

. & & % ® ¢ ¢ » o & ¢ & 9@

Identification of Free Radicals., . .

Thermal Decomposition « «
Group I « o« ¢« o o
Group IIe o o ¢ o
Group III « o « o
Group IVe ¢ o o
group Ve v o o o
Group VI « ¢ o o
Group VIIs o« ¢ »
Group VIII . « &

Electrolytic Decampesition

Photochemical Decomposition

Organometalllc Radlcals . »

Redistribution Reectlion . .

EXPERIMENTAL o o ¢ ¢ ¢ o o o o &

* & o

* & @
.- & 9 & & 9 & @

Resction of Dimethylmagnesium
Reaction of Dimethylmagnesium
Reactlon of Methyllithium with Methyl Iodide in

L ]

]
®
L]
L4
.
.
[ ]
*
.
*
L}
L]

L ]

® & & 9 & & 2 4 & 2 s o

- .

> % & & & & 8 & & ¢ b &

« & & 9 B T & 8 & % N

® 9 % & 0 4 & & & ¢ 9@

&« & & 5 o 0 2 & & O 0

*

a @

* & B & & 8 & ¢ 3 & >

[ ] L] ® - L]

with Silver
with Silver

[ 2

. & &

® ® S H 5 & ® 2 =

.« & % o o

* * & 5 & & o

¢ % & & 8 » &
* 4 & 0 o & v

s & & ¢ v ¢ 0

* & s @

L 4

Bromide
Iodide.

the Presence of a Catalytio Amount of

Gold Tribromide o « «

Dmthymgmai‘m * e & o =

Tantalum Pentachloride

& & & & =

L

" & & W

Reaction of Methyllithium with Gold Tribromide .
Reaction of Zirconium Tetrachloride with

Methylmagnesium Iodide , « « «
Reaction of Zirconium Tetrachloride with

2 & & s " @

* * 2 & » & 9

Reaction of Methylmagnesium Chlorido with

* * & & & & & &

Reactlon of Phenylmagnesium Bromide with Bromo-

benzene in the Presence of Ferrie Chloride,.

Reaction of Phenylmagnesium Bromide with Bromo-
benzene in the Presence of Ferrous Chloride

Thermal Decomposition of Dimethylgold Bromide.

Reactlion of Fhenylmagnesium Bromide with Bromo=-

s 5 & & & & o v B O

[ N

benzene in the Presence of Nickelous Chloride
Chromiwm Trichloride and Dimethylmagnesium + « + «
Thermal Decomposition of Diphenyleadmium . o « ¢
Attempted Preparation of Dibengylecadmium + « o « »
Attempted Preparation of Diphenylantimony Chloride

»

a & & ¥ ¢ 4 0 2 6 0B B & S

LN

. & 8 e



- iv -

Page

Diphenylantimony Chloride « o« ¢ ¢ ¢« ¢« ¢ ¢« ¢ 2 ¢« « « 55
Diphenylantimony Iodide « ¢« « ¢« ¢ ¢ ¢ ¢ + ¢ ¢ ¢« s ¢« 56
Attempted Preparation of Phenylep-tolylstibonie

Acide s« ¢ ¢ @ 2 o » o ¢ » 2 o ¢ 8 ¢ 8 o s s ¢ o 96
Preparation of Triep-chlorophenylantimonys. « « « » o 57
Preparation of Triﬁgychlorcphenylant1m9ny

Dichloride. « s e » s o 5 o o v 5 s s & o OB
Preparation of Tris( -dimothylaminophanyl)antimony 58
Attempted Preparation of Diphenyi~d~naphthyl-

antimony « « » s » o o « s o« s s o 0o 0 » o OF
Attempted Preparation of Diphenyi-oﬁnnphthyl-

antimony from Diphenylantimony Chloride in

quuid Armonia « ¢ » s + & v 2 o o @ e« o « 60
Preparation of Diphenyleotnaphthylantimony rram

Diphenylantimony Iocdide in Liquid Ammonia « » 61
Preparation of Dlphenyl-oenmphthylantimony by the

Use of the Grignard Reagent « « ¢« « « o« ¢« s &« 62
Preparation of Diphenylmesitylentimony « « ¢ o ¢ ¢a 63
Preparation of Diphenyl-p-chlorophenylantimony. « « 64
Attempted Preparation of Di-dbnaphthwlﬁgy

tolylantimony « o o o « o ¢« o o 88 s s s ¢ 6B
Reaction of Diphenylantimony Chloride with

-

Hydragine Hydrate + ¢« « ¢ ¢« « « « 66
Redustion of Triphenylantimony Dichloride with
Hydrazine Hydrate. + « « « s 67

Radustien of Trlﬁgrtolylantimony Dichloride to
R,Sb by Hyﬂr‘zinﬁ Hydrnta s » 2 v o o s s » o 87

Reaction of p-Tolylantimony Dichloride with

Hydraxine H; BE® ¢ ¢ ¢ o s 6 e s o s e s s e 68
Reaction of p~Butyllithlum with Triphenylantimony . 68
Resction of Trie-p-tolylantimony with n-Butyllitaium 69
Reaction of Tri-p-chlorophenylantimony with

n~Buty111th UM v » s ¢ o «a s &« s » ¢« s o 0 o 8 10
Reaction of Diphenyl-oenaphthylantimony with

n—Butyllithium 2 8 % s 8 ® & & o e ¢+ » o o« & 70
ReactTon of Diphenylmesitylantimony with

RButyllithium o o o ¢« ¢ ¢ ¢ ¢ ¢ o & ¢ ¢ & « 7
Reaction of Diphenylep-chlorophenylantimony with®

anutyllithium © & o s % 4 8 o s s s e s s e« o 172
ReactIon of Tetraphenylgermanium with

noButyllithium * 4 5 @ & % & & & F B & S 5 v ® 72
Reactlon of fert.-Butyllithium with Tetra-

phenylgermanlum e 5 o o % o 85 o % o 2 8 s 0 e 13
Reaction of Tetraphenylsilicon with n-Butyllithium, 73
Reaction of Triethylbismuth with Triphenylantimony., 73
Reaction of Tri-p-butylbismuth with

Triphnnylaraenie e + 2 3 8 8 e s 2 e 0.8 0 e 14

DISCUSSION ¢ o o o ¢« o« » s ¢ o ¢ <« s o o s o e ¢ ¢ ¢ ¢ 15
Smm * & & O ¢ ¢ ° * » & 5 & & * » *« & & & & 9 s & » 85



LIST OF TABLES

Page
Table I: BRsaction of n-Butyllithlum with Symmetric al

and Unsymmetrical Triarylantimony Compounds. , 79



INTRODUCTION

Some of the most urgent needs and desires in organo-
metallic chemistry call for a wider application in industrial
snd symthetic worke. The utility of most of the known organo-
metallics has been explored rather extensively. Accordingly,
it appears to be advantageous to have recourse to organo-
metalllic derivetives which are relatively unknown at present.
This group includes compounds of a number of the more common-
ly availasble metals such as iron, cobalt, nickel, copper and
others. From the point of view of cost, usable organometallic
conmpounds of the more comnmon metals would be the solution to
a number of industrial problems.

The use, pearticularly in synthesls, of an organometallic
compound 1s often restricted to its participation as a resc-
tion intermedliate. It 1s unnecessary to 1solate the deriva-
tive as such. The ideal example 1s the Grignard resgent
which can be prepared in a golvent and then used in the same
medium. HMore difficulties are encountered, however, with the
thermally unstable derivatives. Since the primary reaction,
a8 well as the secondary reactions which glve by-products,
may operate through free radicels, the study of free radicals
in the decomposition of organometallic compounds is of prime

importance.
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Free radicals are generally considered to be neutral
bodies which participate in reactions per se. These frag~-
ments do not possess sn electrlecal charge, but do contain an
unpaired electron. As a result of the magnetically non=-
compensated electron these bodles are paramagnetic. This fact
gerves as & besls for one method of detectlion of free radicels.

This work considers free radicals to be operating in the
variocus coupling reactions which take place 1n the presence of
metallic salts., Thermally unstable organometsllic compounds
can be considered as intermediates. These compounds decompose

to give free readicals which undergo the usual characteristic

reactlions.



HISTORICAL

"The concept of free radicals has played a dominsnt role
in ths chemistry of organometallic compounds. In his quest
for free radicals in the cacodyl series, Bunsen (1) treated
cacodyl chloride with zinc and thus liberasted eacodyl,
(CHg)oAs-As(CHg)zs In sddition, Bunsen (2) attempted to ob-
tain alkyl radlcals by heating alkyl chlorides with metals.
These experiments were unsuccessful., A few yearz later, as a
result of an endeavor to prepare the free ethyl radical,
Prankland (3) reacted ethyl 1odide with metallie zinc and ob-
tained diethylzinc, Frenkland (4) also found that, by heating
ethyl lodide with metallic zinc to 150° C. in a sealed glass
tube, gas with the empirical formula CoHg was formed. Although
he eonsidered this gas to be the free ethyl radlecal, 1t ac~
tually was butane., KNevertheless, this type of pyrolysls proe-
vided the espentisl means, & number of decades later, for the
preparation of free radloals.

For s long time it was maintalned that there were two
series of paraffin hydrocarbons; one series conslsting of

munsen. mt’ 3:, I 11841%-

(2) Bunsen, Ann., 42, 14 (1842).

(3) Frankland, Ann., 71, 213 (1849),

(4) zz-z-m{:;.snd, Ann., 71, 171 (1849); 74, 41 (1850); 77, 221
1851) .
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"padical twins", and the other of the hydrides of the redicals.
Thus, ethyl hydride, CpHg. H, and dimethyl, (Cls),, were su-
posed to be isomeric. Even Baeyer's (5) initial work seemed
to confirm the difference between methyl chloride and chlore
insted methane. With the advent of the theory of valence in
1858, the supposition of the quadrivalent nature of carbon was
made the foundation of the whole of structural organic chem-~
istry, and the ides of free redicsls deteriorated. However,

it remained for Schlorlemmer (6) to finally clear up the matter
of the isomerism between "radical twins" and "hydrides.” He

showed that both series underwent the same reactions and

ylelded the same products.

In 1900 the interest in free radicals was rejuvenated
when Gomberg (7) isolated the triphenylmethyl radical. The
next three decades were marked by prodiglous endeavor which
culminated in the classical researches of Paneth and co=-
workers (8)e. The identity and existence of the free methyl
and ethyl radicals were now firmly estsblished, and evidence
has been presented for the exlatence of the phenyl and benzyl
radicals.

The historicel review is most sultably presented by
separating the material into the following divislons:

{6) Beeyer, Ann., 103, 181 (1857).

(6) Sechorlemmer, J. Chem. Boc., 16, 425 (1863); ibid., 17,
262 (1864).

(7) Gomberg, J. Am. Chem. Soc.,22, 757 (1800).

(8) See later references.
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Identification of Free Radicals, Thermal Decomposition,
Photochemioel Decomposition, Electrolytioc Decomposition,
Organomstallic Radlcals and Redistribution Reactione. There
18, of course, overlapping in the meterial included under
these headings. For example, it 1s possible that some photo=-
chemical decomposition may teke place in a decomposition pri-

marlly of a thermel nature,

Identificatlion of Free Radlcals

Most of the methods of identifleation of free radicals
invelve the use of chemical means. Reaction of a metal
mirror with the corresponding formation of an organometallic
compound has been used extensively. The physical constants
of the products were observed and in some cases derivatives of
the produets were prepared, In addition, the free radical has
been reacted with a halogen molecule and the resulting halide
derivatized by conversion to a sultable onium compound with a
tertiary amine.

In the first posltive work done with free radicals, the
free methyl fragment was identified by combination with -
metallic zine (9)e The dimethylzinc was identified by its
melting and boiling polnts, snd the spontaneous combustion in
sir with the separation of zinc oxide. This work also in-

cluded the reaction of the free methyl radical with an antimony

{9 Paneth and Hofeditz, Bgr., 62, 1335 (1929).
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mirror. However, although antimony alkyls were apparently
formed, a satisfactory identification was not possible since
the product was s mixturse and was obtained only in small
amounts.

Paneth and Lautsch (10) identified the free ethyl radical
prepared from tetreethyllead by the reaction with zinc to glve
diethylzinc, By a controlled partial oxidation, the dlethyl-
zine was converted to the compound, CgoHg00ZnCoHge This com-
pound precipitated as a white powder which was readily hydro-
lyzed, The resulting ethyl aloochol formed by the hydrolysis
was identified by the lodoform test,

More recently, the reaction of free resdicals with metgle
lic sodium and with carbon tetralodide has been used as a means
of identiflcation (1l). In these experiments, tetramethyllesd,
without any carrier gus, was passed through a furnace at =
temperature of about 900° C, end a pressure of a few hundredths
of a millimeter. 1In one trial, the fraguents were allowed to
come in contact with sodium, the mixture of sodiwm snd alkyle
sodium was treated with slcohol and the gases analyzed. The
only hydrocarbon product present in detectsble amounts was
methane, Kthane was the only product when tetrasthyllead was
used, In another experiment, the free methyl fragments were
reacted with carbon tetralodide. The resulting alkyl lodides

(10) Peneth and Lautsch, Ber., 64, 2702 (1931).
(11) Simons and Dull, J. Am. Chem. Soc., 55, 2696 (1933).



-7 -

were then combined with quinoline, and the resulting quin-
oline methiodide was identified by the method of mixed melting
pointss The ethyl radicals obtained from tetraethyllead were
identified in a simllar manner.

A number of difficulties were encountered with the above
three methods of identifleation of free redlicals, reactions
with metallic zine, metallic sodium and carbon tetralodide.
Often sn excess of undecomposed starting materlal was mixed
with decompositilon productas, thus glving s mixture which was
difficult to separates Most of these obastacles were obviated
by perm tting the free radicals to react with metallic mercury
(12, 13)s The dlalkylmercury compounds are volatile, but are
not senslitive to oxidation. These derivatives resct quanti-
tetively with merouric chloride, or mercurle bromide, snd pro=-
duce the corresponding elkylmercuric halldes. T@g alkylmerouric
halides are well-~defined crystalline compounds ilth definite
melting points (14)., It was further possidble to reamct the
RHgX compounds with e solutlion of lodine in aqueous potassium
lodide to glve the corresponding alkyl iodides which were dis-
tilled off. By using a method introduced by Willstatter snd
Utzinger (15}, 1t was possible to resact the alkyl lodide with
trimethylamine to give the trimethylalkylssmonium iodlide. This

TiZ) Rice and Evering, ibid., 56, 2105 (1934).

(13) Rice and nedouakaa‘,“l'ad.. 57, 350 (1935).

(14) whitmore, "Organic Compounds of Mercury," Chemical Cab-
alog Cgs, New York (1921).

(15) willstatter and Utzinger, Amn., 382, 148 (19ll).
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method serves to differentiate the methyl and ethyl radicsls.
The tetramethylasmmonium lodide 1s insoluble in water, acetone,
chloroform snd absolute alcohol, all of which dissolve tri-
methylethylammonium iodide very readily.

Several publications have postulated the presence of free
alkyl radicals by the removel of lead mirrors (16, 17). It
was found that cadmium, arsenic, antimeny snd bismuth mirrors
were also removed (18).

Paneth and Lautach (19) observed that tellurium mirrors
were removed by frse rgdicals. In eddition, these mirrors were
not desctivated by traces of oxygen. In a few gelected experi-
ments, free methyl Iragments were found to be very sultaebly iden-
tified by these mirrors (13, 20). A deep red liquid, dimethyl~
ditelluride, CHzTeTeCHgz, was the only product. This compound
‘hxs a low vapor pressure at room temperature and can usually be
easlly separated from the excess of undecomposed starting materw-
ials used to produce the free radicals. The compound is steble
in eir end melts sharply at ~19.5%, It is only necessary to use
a Tew special preceutions to retain the volatile compound.

Dull end Simons (21) have reported the existence of free
phenyl redicsls in the gesseous phase. Thet conclusion was
besed on the formation of diphenylmersury, ostenaibly by the
reaction of the phenyl radical with metallic mercury. A

T18) Paneth and Hersfeld, Z. Elektrochem., 37, 577 (1931).
(17) Paneth and Lautach, Naturwlssensohaften, 18, 307 (1930).
518) Paneth, Trans. Fareday Socs, 50, 179 (1034).

18) Peneth and Lautsch, Ber., 64, 2708 (1931).

(20) Rice and Clesebrook, Je ’‘m. Chem. Soce, 56, 2472 (1934).
(21) Dull and Simons, 1bid,, 55, 3698 (1933). :




- Q -

general statement has been advanced by Hey and Waters (22) to
the effect that phenyl radicals in solution invariebly resct
with the solvent. This could serve as & method of identifica-
tion.

The free benzyl radical has been detected and identified
by reactions with selenium, tellurium and mercury mirrors
(23)

It has been mentioned previously that mirrors of arsenic,
antimony and bismuth are removed by free radicals. However,
the products were not investigated thoroughly. Paneth and
Loleit (24) found that the free methyl radical attacks an
arsenic mirror at room temperature to give bis(dimethylarsenic)=-
cacodyl=-as the maln product, accompanied by some trimethyl-
arsenic, Free ethyl radicals gave analogous compounds., Cold
and hot mirrors of antimony with free methyl gave predominantly
trimethylantimony, and e small amount of bis(dimethylentimony),
With the ethyl radliocsl, triethylantimony was formed almost ex-
clusively in the cold; heat was necessary to form any bis-

(diethylentimony)s Cold bismuth mirrors gave only the R_Bi

3
compounds.

It has been found that beryllium 1s attacked by free
radicals (24). Previously it has been reported that under se=~
lected conditions ethyl radicals did not react with a

beryllium mirrcr (25).

{22] Hey end Waters, Chem, Rev., 21, 169 (1937),

(23) Paneth and Lautsch, J. Ch hsm.‘gsc., 380 (1935).

(24) Paneth and Loleit, ibid., 566 (1935).

(25) Gilman and Brown, Rec. trav. chim., 50, 184 (1930),
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More recently, physical methods involving the use of the
mass spectrometer have been used for the detection of free rad-
lcals (26, 27).

Apropos of the ldentificatlion of the free alkyl redicals,
it would be well to mention in a qualitative manner the esti-
metion of the "half-life" period, From a measurement of the
relative rates at whioch standard mirrors were removed at
variocus distances from the source, the "half-1ifse"™ period of
the methyl radical was calculated to be of the order of 0,006
second at a pressure of 2 mm., in hydrogen; this indicates that
one~half of the total amount of free methyl radicals will be
decomposed in that length of time. The "half-life™ of the
ethyl and benzyl radicals are of the same order of time as

the methyl radical.

Thermal Decomposition

In this sectlion are Included all decompositions which may
be attributed to heat., Because of the probable formation of
a thermally unstable intermediate organometalllc compound,
- coupling reactions in the presence of metallic salts are

noted,

Group I.

The thermsl decomposition of ethylsodium in the solid

126) Eltenton, J, Chem, Phys., 10, 403 (1942),
(27) Hipple and Stevenson, Phys. Rev., 63, 121 (1943),
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phase produced ethane and ethylene (28), The primary transie-
tory product was probably the ethyl radical which then dis-
proportionated. In & more thorough investigation, Carotheras
and Coffman (29) verified the general observations above and
found that the ratio of ethylene to ethane was elghty-five to
fifteen. Sodium hydride was also formed, probably resulting
from the abstraction of a hydrogen atom from a free ethyl
radicale.

On heating methylpotassium or -sodium, it was found that
the decomposition was in accordance with the following egqua-
tion (30):

4 MCH; —> 3 CH, + ML

Alkyl halides have been treated with sodium vapor by
Polanyl and so-workers (31) et a temperature of 210° to 290°,
producing free radicals in ylelds of 2 to 7 per cent,.

In general,the Wurtz-Fittlg reaction 1s considered to
operate without intermediate free radical formation (32). Howe
ever, a free radical mechanism was proposed to account for
the products of the reaction between sodium and chlorobenzene--
namely, benzene, biphenyl, 4-phenylbiphenyl, 2~phenylbiphenyl,
2,2'-diphenylbiphenyl and triphenylene (33), In view of the
Mﬁéﬁ?ﬁ%'éom.‘iﬁ%m Soc., 51, 588 (1929).
{30) Carothers end Coffman, 1bid., 52, 1254 (1930).

(31) Hartel and Polanyi, Z. sik. Chem,, Bll, 97 (1930);

Polanyl and Hartel, Ibid., Bil, 13 (1930); Polanyl and
Style, Neturwissenchaften, 20, 401 (1932); Hartel, Trans.
Faraday S0Ge, 90, 187 (1054); Horn, Polanyi, and StyTe,
THid,, 30, 189 11934 ). ,

(32) Goldschmidt and Sehon, Ber., 59, 948 (1926),

(33) Bachmann and Clarke, J. Am. Chem. 3Soc., 49, 2089 (1927),
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recent work by Wittig and Witt (34) concerning the Wurtg-
Fittig resction, it 1s apparent that the formatlion of the abhove
produsts eould be explained on the basls of halogen-metal ine-
terconversion and metalation,

Buekton (35), in 1859, reported the ection of diethyl-
gine on cuprous chloride giving a gas, Cuprous chloride and
cuprous lodlde were reacted with dlethylzine and gave a
mixture of ethans, ethylene and hydrogen (36).

The action of alkylmagnesium halides on copper salts gave
beth disporportionation and coupling., For example, the ethyl
Grignard gave ethane and ethylene, while propylmagnesium bro-
mide gave propane (37). Bibenzyl was produced in good ylelds
in this manner (38, 39).

The eoupling action of cupric halldes haas been observed
with ethylende and aoetylenic Grignard reagents, Strylmag-
nesiwn bromide (CgHsCH = CHMgBr) gave 1,4-diphenylbutadiense-
1,3 (40) and phenylethynlmagnesium bromide gave diphenyl-
discetylens {41).

Ethyl dA«-bromobutyrate has been tresated wlth magnesium
and cupric chloride and supposedly gave the ethyl eater of
1347 Wittlg and WITT, Ber., 74, 1474 (1941),

(35) Buekton, Ann., 109, 218 (1859),
(36 ; Wanklyn and can"us,' Ann., ‘1‘205 69 (1861)
{37) Kondyrew and Fomin, J. Ruas, Phys. Chem, Soc., 47, 190

(1915) Ch@m. Zen I‘., __,EI I_’ ( ; . '

(38) Miukhailenko and Protasova, 1bid., 53, 347 (1921) [ Ce A.,

18, 2338 (1924)/.

259; Eﬁm and Kirby, Reo. trav. chim., 48, 1556 (1929).

40) Gilman end Parker, Je. Am. Chem. S0C., 46, 2823 (19284),
(41) Danehy and Nieulaend, 1bld., 58, 1609 (19%6).
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(3,3 -d1ethylsuccinic scid (42).
CoHsCHC 0oC o
2 CoHECHBIC 05C Mg —c%rﬁ 25 %Calls
CoHeCHC 05C oy

Copper salts have been used very extensively for the
coupling of aryl groups derived from arylmetallic compounds.
The first very complete work in thls series was carried out
by Kondyrew and Fomin (37)s They prepared bl-p-tolyl and
biphenyl by the action of the corresponding Grignsrd on various
cuprous and cupric halides. Turner (42) reported that phenyl-
maegnesium bromide reacted with cupric chloride to give a good
yield of biphenyl. This formation of biphenyl under the in-
fluence of copper salts has been studled by various other
workers (39, 43)., It has been found that the reaction with
copper salts was the method of cholce for the preparation of
bimesityl (44).

As would be expected, phenylcopper slowly decomposed at
room tempersature to give biphenyl predominantly (45a, 45b),

A small amount of blphenyl has been 1lsolated in the reaction
of tetraphenyllead with cupric nitrate, indiecating that phenyl~-
copper was momentarily formed (45¢).
mﬁng: g?_%%%.(ao‘?i"mc. Ne S. Wales, 54, 37 (1920)
(43) (a) Erigzewsky and Turner, J. Chem. Soc., 115, 559 (1919).
(v) Sakellarics and Kyrimis, Ber., 57, 322 (1924).
(¢) Miukhailenko and Zasuipkina, J. Ruas. Phys. Chem. Soc.
53, 343 (1921) [C.A., 18, 2338 (1922)/. -

(44) Moyer and Adams, J., Am, Chem. Soc., 51, 630 (1929).
(45) (a) Reich, Compt. vend., 177, 352 (1923 ).
2

b) Gilman traley, Res. trav, chim., 55, 821 (1936).
¢) Gllman and Woods, J. Am. Chem. Soc., 65, 435 (1943),
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Several investigations have been sarried out on the re-
action of organlc hallides with Grignerd reagents in the
presence of a catalytic amount of copper salts. Gilman and
Zoellner (46) found that with an activated copper-magnesium
alloy, a decrease in yleld of RMgX was noted, This fact can
be attributed to the reaction of the RX with the RMgX under
the influence of the copper. Prior to this work, it was re-
ported that phenylmagnesium lodide reacted smoothly with
iodobenzene to give biphenyl (43a).

As with the copper halides, Buckton (35), and Wanklyn
and Carius (36) reported reactions of diethylzinc with silver
chloride, Grignard reagents prepared from bromobenzene and
benzyl chlorlide have been reacted with a variety of silver
salts to glve ylelds of the coupling product verying from O
to 100 per cent (39). 1In contrast to the reaction with the
cupric bromide, which gave coupling, n-butylethynylmagnesium
chloride with silver bromlde gave a 60 per cent yleld of
n-butylethynylsilver (41). The butylacetylene was regenerated
by refluxing with aqueous potasslum cyanide.

Gardner and co~workers (47) have carried out very exten~-
sive investigations upon the action of organomagnesium halidsa
on silver bromide. Coupling resulted with the Grignard
T46) Giiman and Zoeliner, ibid., 53, 1581 (1931).

(47) (a) Gerdner and Bergstrom, ibld., 51, 3375 (1929).
(o) Oaranor"ang" Tossom, sbad. o f1iaest Mot (1997
(d4) Gardner and Snyder, ESIE;,.Eg, 2879 (1940).

(e) Joseph and Gardner, J. Or hem., 5, 61 (1940).
(f) Bickley and Gerdner, ibid., 5, 126 (1940).
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derivatives prepared from bromobenzene, gfbromoanisole, p-
bromotoluene, benzyl chloride, cyclohexyl bromide and n-butyl
bromide (47a). When treated with silver bromide, a mixture of
phenylmagnesium bromide and p-methoxyphenylmagnesium bromide
gave the following products after demethylation (47b): 22 per
cent biphenyl, 4.7 per cent 4-hydroxyblphenyl and 18.2 per cent,
4,4'-dihydroxybiphenyl. Thils reaction waa extended to mixtures
of phenylmagnesium bromide and various elkylmagnesium bromide
eompounds (47e). 1In all cases, except when the alkyl group
was ter§e.~butyl, some of the unsymmetricel product was formed.
The same investigators also found that the action of silver
bromide on mixtures of benzylmagnesium bromide and other

alkyl Orignards gave incressing yields of benzylalkenes with
inoreasing chalin length, except in the case of the tert.-
butyl derivative. A mixture of p-tolysilver and p-methoxy-
phenylsllver, prepared from the Grignard reagents and silver
bromide, gave all three possible products after heating (47f).

Krause and Wendt (48) reported the decompeusition of
phenylsilver to give biphenyl and metallic sllver.

The reaction of silver nitrate with various R Pb, E,Sn
and RsBi compounds to give RAg derivatives has been investi~
gated rather thoroughly. The first report of work of thils
nature was concerned with the reaction of triethylphenyltin
with silver nitrate (49). The products in this cleavage were

t48) Krause and Wendt, Ber, , 2064 (1923).
49) Ladenburg, Ann., 159, 35201573,
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triethyltin nitrate, biphenyl and metallic silver. The bi-
phenyl and metalllic silver were undoubtedly the result of the
decomposgition of phenylsilver.

Krause and Schmlitz (50) found that triphenylethyllead and
~tin were very readlly cleaved by silver nitrate to give a
phenylsilver«silver nitrate complex.

CoHgPb(CgHs)s + 2 AgNOy—> CgHsPb{CgHs)oNO0g

+ CgHgAg«AgNO3
These suthors stated thet symmetrical aryltin end -lead com=-
pounds did not react with sllver nitreste. HNore recently, how~
sver, i1t has been observed that under comparatively mild eon-
ditions, tetrsphenyllead and -~tin will resct with silver
nitrete to glve the intermedlate phenylsilver which decomposes
to silver and biphenyl (45¢c).

Both triphenylbismuth (51) and dphenylbismuth bromide
(62) reacted with silver nitrate to give biphenyl through the
transitory phenylsilver.

Trithienylantimony and ~blsmuth, as well as tetrathienyl-
tin and -lead, reacted with silver nitrate asppasrently to give
the thienylsilver-silver nitrate complex (53)., An investiga-
tion of the decompoaltlion products was not carried out,

Tetramethyllead reacts with asilver to give ethane, pre-

dominantly, and a s2mell gmount of methane and ethylens

{50) Krause and Schm.tz, Ber. 52, 2150 (1919).

(51) Challenger and Alpress, J. Chem, Socs., 119, 913 {(1921).
(52) Cnallenger and Wilkinson, ibId., I2I, o1 (1922).

(53) Krause and Renwansz, Ber., €5, 777 (1932).
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(54, 45¢). Tetraethyllead gave butane, ethane and ethylene
under the same conditions. In the reaction of tetra-n-propyl
lead with silver nitrate, the resulting n-propylsilver de-
composed to glve 23 per cent coupling to hexane and 77 per cent
disproportionation to propane and propylene (55, 54b).

Other than for brief, general comments on the thermal
stabillty of gold compounds, little information cen be found
concerning the deecomposition of such derivatives. Thils 1s due,
in part, to the small amount of work which has been done be-
cause of the costly nature of the materials used in such re-
actions. XKhargsch and Isbell (58) investigated the asction of
aurous chloride cerbonyl with the Grignerd reagent of various
types of organic redicals. These reactlions resulted in the
liberation of carbon monoxide, the preciplitation of metalliec
gold, and the formatlon of the bis~hydrocarbon.

2 RMgX + 2 AuCOCL— R.R + 2 CO + 2 Au
Phenyl-, o=-tolyl~-, p~tol}yl- and -naphthylmegnesium bromides,
and bensylmagnesium chloride were used. Aurous chloride gave
biphenyl with phenylmagnesium bromide.
2 CgHglgBr + 2 AuwCl — CgHg«CgHs + 2 HgClBr + 2 Au
n~Propylgold dibromlde decomposed spontaneocusly

T54) (a) Semerano and Hiccoboni, Ricerca sci., 11, 269 (1940)
os 37, 71 (2943)7. —

(b) Semersno and Riccoboni, Ber., 74, 1089 (1941).
{c) ?;msrgnn, Riccoboni, and Callegari, Bere., 74, 1297

941).

{55) %emar?no, Riccoboni, and ths, Ze Elektrochem., 47, 484
1941). -
(56) Eharasch end Isbell, J. Am. Chem. Soce, 52, 2919 (1930).
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and quantitatively to give aurous bromide and n-propyl bromide
(67)
n-CgllAuBry — Aubr + n-CyH,Br
This decomposition may operate through the intermediate forma-
tion of propyl and bromlne radicals.

G?QEE Eo

Very 1little has been noted on the thermal decomposition
of the organo derivatives of magnesium snd the alkeline earth
metals, However, the orgsnometallic compounds of the "B"
family, especlally those of merocury, have been studled quite
thoroughly.

Octane was formed when di-n-butylzinc was heated with a
nickel catalyst (58)., The statement wes made that this reac-
tion appeared to be rather complex.

Concerning dimethylcadmium, the genersl observation was
made that 1t was the most stable derivative of cadmlum (59).
The statement that the methyl derivatives are the most stable,
a8 for example dimethylmercury, trimethylboron and tetra-
methyllead, was also made.

Frenkland and Duppa (60) catalyzed the decomposition of
dlethylmercury with metalllc copper, silver and gold. The
product was an Inflammable gas, but an anslysis was not

performed.

artmen end Adkins, J. Ams Cheme Soc., 54, 3308 (1932).
(569) Krsuse, Ber., 63, 999 (19307.
(60) Franklend and Duppa, J. Chem. Soc., 17, 29 (1864); Ann.,
130, 117 (1864). o
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Thermal decomposltion of dimethylmercury st a temperature
above 200° and in the absence of hydrogen gas gave athane,
methane and oarbonaceous nmsterial (61), In the preaence éf
hydrogen, there was no carbongceous material and methane was
the predominant gaseocus product, indlecating that the methyl
radicals reacted with the hydrogen gas.

A comparison of the resction,

RHgR —> R.R + Hg
was carried out on the three butyl derivatives. The resultis
showed that the stability of the carbon~mercury linkage de~
creases in the order: RCHoHg-, RoCHHg-, and RgCHg- (62).

Frey and Hepp (63) decomposed di-n-butylmercury at 490°
and 3 mm. and found that a complex mixture resulted. The
products were ethylene (57.0%), ethane (6.3%), butane (20.5%),
hexane (10.6%), heptane (1.3%),and octane (2,13%)., Di-sec.~
butylmercury decomposed to give lsopentane predominantly (64).

Diethylmercury was heated in a mixture of hydrogen and
ethylene and a polymer of ethylene was the primary produot
(65)¢ A small amount of saturated hydrooarbons was also pro-
dueeds A proposed mechanism for the formation of the higher
unsaturated and saetureted hydrocarbons involved free ethyl

redicals:

T61) Cunningham snd Taylor, J. Gham. ggxs 6, 359 (1938).
(62) Marvel and Calvery, J. Am c., Z%, 820 (1923).
(63) Frey and Hepp, ibid., 5B, .3
(64) Frey, Ind. Eng. Cham.,'é's 198 (1934).

(65) Taylor and Jones, Je Am. Chem. Soc., 52, 1111 (1930).
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(ColgloHg —y Hg + 2 Cpllg, followed by the resction,
GBHS + Coly + 62H4_9 C4H9 + 02}!4, then
Cqllg + CgHy + CoHy—) Ogllys + Cally
Celiz + C2fls —> Coflg + Collie and, or
Ceths + Cpfly—> CgHye + Cofl

In a sealed tube reaction at 180-170°, dibenzylmercury
was decomposed with acetic acide Surprisingly, a comparatively
large améunt of bibenzyl was formed (66). Dibensylmercury
decomposes thermally, with or without a catalyst, to glive
bibenzyl and mercury (67).

" Dpeher and Otto (68) ecatalyticelly decomposed diphenyls-
mercury by distillation from powdered iron, or metallioc
copper, to give biphenyl. Razuvaev and Koton (67, 69) studied
the effect of other catelysts, such a2 nickel, palladium, gold
and silver, on the decomposition of diphenylmercury. All of the
metals used gave biphenyl,

A series showing the relative inclination to decomposi-
tion with palladium a8 a catalyst was establlished with RyHg
compounds (69). The inecreasing tendsncy to decompose was a8
follows: A=~-naphthyle, p-tolyl-, p-bromophenyl~, p-phenetyle
p-anisyl-, phenyl~ and benzyle. All the mercury derivatives
gave the goupled product on decomposition, except di-denaphthyl-
188) Jdones and Werner, iblds., 40, 1257 (1918).

(67) Rezuvaev and Koton, Der., 56, 854 (1933).

(68) Dreher and Otto, Ann., ., 154, 93 (1870).
(69) Razuvaev and Koton, Bere, 66, 1210 (1933).
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mercury which gave naphthalene, In thls seriea of decomposl-
tions, both the solvent and the catalyst mearkedly affected the
course and extent of the breakdown (70), For example, the
relative effeet of catalysts in alcchol was arranged in the
following decrsasing order: palladium, nickel, gold, silver and
copper, In tetralin the order of decreasing effect was palladium,
gold, silver, nickel and copper,

Diphenylmercury was decomposed by heating in paraffin oil
containing sulfur (71)es The production of free phenyl rad-
icals was inferred from the formation of diphenyldisulfide.

GI‘OI_J.E Il

The informatlion regarding the extent and manner of the
thermal decomposition of the organometalllc compounds of this
gréup 1s rather meager, XMost of the work has been restricted
to the aynthesis of such compounds, Studles on decomposition
wera.eaaentially neglected.

Triethylboron (b.p., 95°) slowly decomposed at 100° C,.
Forty-eight and nine~tenths cc. of gaseous bormn derivative
gave 2,1 ccs of ethane and 0.4 ce. of hydrogen after heating
for fifty-eight hours (72a).

Lanthanum chloride reacted with phenyllithium to give biw
phenyl, and with methyllithium to give methane (72b).

T707] Rasuvaev and Kbton,‘% Gan. Cham. (UeSeSeRs), 4, 647
(1934) / CeAe, 28, 3661 (1
(71) Razuvaev and Koton, 1bid., 5, 361 (1935) [/ Cehs, 29, 6217

1935
(72) ia) S%Z;k and Zeldler, Ber., 54, 531 (1821).
(b) Jones, Doctoral Dissartatf"h, Iowa State College (1941).



- 22 -

When one mole of thallous chloride was refluxed with two
nmoles of ethylmagnesium bromide, a quantitative production of
metallic thallium wag obtained (73). However, the gaseous
products were not analyzed. Triphenylthallium decomposed to
phenylthallium and biphenyl when heated in refluxing xylene
(74) .

Many attempts have been made to prepare organometamllic
compounds of the "A" family of Group IV. These experiments
led to the conclusion thet such compounds wers thermally unw
stable.

The stabllity of the organo compounds of the "B" family
has been studied quite thoroughly. This 18 espeeclally true of
the lead compounds, which served as an early source of free
radicals.

Cahours (75) reported a reaction of titanium tetra-
chloride with diethylgzlnc, but sn organometallic was not
isolated. The gaeseous products were not identified. Later
investigations considered the product to be butane (78).
Peternd and Peratoner (77) reported the complex, TiCly.2
(CoHg)pZn, which hydrolyzed to glve n-octane, among other

products.

(73] Henzies and Cope, J« Chem. Soc., 2862 (1932).

(74% Gilman and Jones, J. Zm. Chem. Soc., 62, 2357 (1940).
{(75) Cahours, Ann., 122, 48 (188Z).

(76) Schumann, Ber., 21, 1079 (1888).

(77) Peternd and Peratoner, Ber., 22, 467 (1889).



Diethylmercury reacted with titanium tetrachlorlde to
glve an unidentified pas which was probably butane (78).

Challenger and Pritcochard (79) observed that titanium
tetrachloride reacted with phenylmagnesiwm bromide to give bi-
phenyl. A mixture of sodium, chlorobenzene and titanium
tetrachloride glso gave biphenyl. ofl=Naphthylmagnesium bromide
gave bleg-naphthyl.

In a sesled tube reaction, diphenylmercury reacted with
titenium tetrachloride to give phenylmerocury chloride, bile
phenyl and titanium trichloride (80).

Tltanlum tetraethoxide reportedly reacted with n-butyl-
lithium to give an orgenotitanium compound aleng with n-
octane (81).

Hinsberg (82) treated zirconium tetrachloride with di-
ethylzine et 180° C. and obaserved that a gas was produced.

The product wes considered to be butane.

Hore recently, various titanium and zirconium halldes
and alkoxldes have been treated with alkyl- and arylmetallic
compounds (72b). The alkyl compounds gave the RH derivatives
and the aryl compounds gave the coupling products.

Tetrasthylsilicon decomposed under high hydrogen pressure
and temperature according to the following equation {(83):
178Y Levy, Ann. Chim. Ph s.,é‘ﬁ] 25, 433 (1892).

{(78) C(hallenger and Pritchard, J. Chem. Soc., 125, 864 (1924).
{80) Razuveev and Bogdenow, J. aan:'asgﬁ:“rn.stgtﬁ.), 3, 3687

(19335) / C.A., 28, 2340 (1934)7. =

{al) Plets, Ibld., &, 1208 (1938) Ao, 33, 4193 (1939)7.
82) Hinsberg, Ann., 239, 253 (1887).

(83) Dolgov and Vol'nov, J. Cens Chem. (U.3.S.Re}, 1, 330
[ C.A., 26, 2188 (1931}
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Ho + 2 (Cplig),S1 —> 2 Cplg 4 (CpHg)5S1-81(CoHs) 5

Phenyllithlum reacted with silicon metal to give only
biphenyl (84).

The decomposition of tetrasthylgermenium at 420-450°
gave a very complex mixture of gaseous products (83). Hydro-
gen (10.6%), methene {7.5%), ethane (41.5%), propane (3.3%),
ethylene (21.7%), propylene and butylene (12.,8%), isobutylene
(1.6%), and acetylene (1.4%) were formed.

Krsus and Bullard (86) reported that the thermal decompo-
sltion of dimethyltin oxide gave tetramethyltin, ethanse,
stannous oxide and stannic oxlids. The products would indicate
the transitory formetion of the free methyl radicals.

The existence of free benzyl radicals has heen estabe
lished in the pyrolysis of tetrabenzyltin (23). The evidence
for the transitory formation of the fragments was the reaction
with mirrors of sslenium, tellurium and mercury.

Palladium and gold decompose tetraphenyltin to biphenyl
and tin (87). The action of metals on the breskdown of tetra-
phenyltin in aloohol solution according to the equation,

R4Sn —> 2 R.R. + Sn
was in the following order ol decreasing activity: palladium,
silver, nickel and gold (88).

A host of investigators have pyrolyzed tetramethyllead
T84) Talalaeve and Kocheshkov, ibid., 8, 1831 (1938) /[ C.A.,

33, 5819 (1938)/.

(85) Geddes and Maock, J. im. Chem. Soc., 52, 4372 (1830).
(86) Xraus and Bullard, 151d.; 51, 3605 (1828).
(87) Koton, J. Gen. Chem. (U.S.3.R.), 4, 653 (1934) [ C.A., 29,

3662 (1934!7.
{88) KOan’ Bﬁro’ .é_gg 1213 (1953)0
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(9, 16, 24, 27, 88). Free methyl radicals were among the
products in each case. The free fragments were identified by
means of the methods which have been dlscussed previously.

Tetraethyllead has been decomposed in the usual manner to
gilve free ethyl radicals (10, 17, 27, 65, 8%s, 90). Cramer
(91) carried out the thermal decomposition of tetraethyllead
in bengens solution in the presence of ethylene and hydrogen.
The evlidence favored the assumption that the predominating
reaction of ethyl radicals in solution was that of dispropor-
tionation and that the ethylene so formed was converted to
higher hydroearbons in the followlng manners

Collg= + 2 Colly — Cyllg= + Cpfy

The alkyl R;Pb compounda above methyl and ethyl break down
to give free methyl and ethyl radicsls. Branched chalins seemed
to accelerate the decomposition., Tetra-n-propyllead gave free
methyl and ethylene, while tetraisocbutyllead gave free methyl
fragments (23).

Observations in connection with the low temperature form-

ation of free redicals indicated that aluminum trichloride

1897 (&) Riee, Johnston,and Evering, J. Am. Chem. Soc., 54,
3529 (1932).
(b) ?1mon§, McNamee,and liurd, J. Phys. Chem., 36, 939
1832 )
Eeg Panetn, Kofeditz,and Wunsch, _g)): Chem. S00., 572) 2;_955).
d Rmn’ Je UBne Lhem, (U-S‘SuRc 10, 1784 (1940 Calle
35, 5880 (1941)/% ' = ==
(e) Tiﬁtiev, Raguvaey and Bogdeanov, Ber,, 63, 335 (1930),
(90) Minert, J, Am. Chem, S50c., 55, 979 (I935)e
(91) Cramer, Tbid,, 56, 1234 (1934),
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rescted with tetraethyllead to give spparently free ethyl
radicals (92).

Zechmeister and Csabay (93) found that, mlthough tetra-
phenyllead distills unchanged at 16-20 mm, at & temperature of
240°, energetic heating at 270° gave metallic lead, some un-
changed material, and a good yleld of biphenyl, Dull and Simons
(21) obtalned evidence that tetraphenyllead was decomposed to
give free phenyl radicals: namely, that the gaseous products re-
scted with meroury to produce diphenylmercury., Biphenyl was &l-
80 produced, Later, Dull end Simons (84) found that a quenti-
tative yield of biphenyl was obtalined from tetraphenyllead at
252° in the absence of a catalyst. The ylelds of biphenyl
were observed to decrease at lower temperatures; higher tempera-
tures gave bengene and terphenyls., However, Koton (95) eclaimed
that the descomposition, in absence of catalysts, of tetra-
phenyllead begins above the temperature of 2529 reported by
Dull and Simons (94), Koton found that newly prepared metallic
lead catalyzed the decomposition at lower temperatures and suge
gested thaet &s an explanation for the decomposition at 2529,

The catalytic decomposition of tetraphenyllead has led to
Intereating results. Nickel ¢atalyzes a aynthetic reaction
whereby tetraphenyllead is converted quantitatively into

(02) Gilman and Apperson, Jde. Org. Chem., 4, 162 (1939).
(93) Zechmeister and Csabey, Ber., B0 1617 (1927),
(94) Dull and Simons, J. Am. Chem. S0, 55, 4328 (1933).

Ae——

(85) Koton, ibid., 56, 11I8 (I937)."
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biphenyl (58). A similar reaction occurred with tetra-p-tolyl=
lead. Koton (87, 88) studied the action of a number of cat-
alysts on this reaction. He found the act}vity of the metals
in the decomposition In aleohol form the féllewing gerieg of
increasing strength: paelladium, gold, silver and nickels The
reaction was represented by the equation,

RyPb —> 2 RR + Pb

Group Y.

There 1is a paucity of informsetion concerning the pyroe-
genic decomposition of the organometallic compounds of the
metals of Group V. To be sure, there are innumerable known
derivatives of such metals but they have been studied with
other purposes in mind.

Vernon (96) observed that all halides and 6xyhalides of
vanadlium which were studied reacted with phenylmagnesium
bromide to give biphenyl.

Regently, it was reported that organotantalum compounds
were assumed to have been prepared by the resction of tantalum
pentachloride with elther phenylmagnesium bromide or ethyl-
magnesium bromide (97). Conclusive evidence for the existence
of such compounds was lacking. The reaction residues were not
worked up for coupling productse

When triarylblsmuth compounds are heated to high tempera~
tures, they decompose into the metal and biaryl compounds (98),
T98] Vernon, ;_;%); mwl (1931),

b
{97 ) Afanaayev atry and Indust
(98) Gilman and Yele, esf

18, 631 (1940).
n 2eT {1942).

LhoMe [1OVe,; oYy
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Aa a consequence of the interest shown in the heavy metals
of this group, primarily because of their radloactivity, a
comparatively large amount of work on the organometallic derive
atives has been earrisd out, This work was done in spite of
the difficulty of the procedure involved,

Bennett and Turner (9%9a) reported that phenylmagnesium
bromide reacted with chromium trichloride to give biphenyl.
Duplicate results were cbtained in later work (42) with this
and more extensive reactions (99b)., However, o-tolylmagnesium
bromide reacted with the chromium halide to give only & small
yield of the coupled product. Even in an atmosphere of
hydrogen gas, biphenyl was produced by treating the MXz with
the phenyl Grignard reagent (100), The metal product was the
hydride.

Triphenylehromium and tetraphenylchromium, obtained as
amorphous deposits in the electrolysis of triphenylehromium
lodide and tetraphenylchromium lodlide, respectively, in
anhydrous liquid ammonia, readily split off biphenyl (101).
Hein and co-workers (102) have also suggested that pentaphenyl-
chromium hydroxide, (CgHg)zCrOH, can eliminate a neutral phenyl

radical in certain of its reactions.

{097 (a) Bennett and Turmer, J. Proc. Roy, Sogs Ne S. Wales,
53, 100 (1919) / Cehs, 14, 41 9§bg7.
(b) Bennett and Turner; J. Cheme Sogs, 106, 1057 (1914).
(100) Weichselfelder and Thilede, Ann., 447 926 ).
(101) Hein and Markert, Ber., 61, 2255 T1928),
(102) Hein and coe-workers, Ber., 54, £711 (1921); Ber. 61, 730
(1928); Ber., 62, 1151 (1929).
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Gazopoulos (103) carried out & rather extensive series of
coupling reactions using molybdenum pentachloride, iHe treated
the metel halide with the desired Grignard derivative and ob-
tained the following coupled products: biphenyl (85%), bibenzyl
(62%), bi-p~tolyl (45%), 2,5-dimethylhexane (50%), and 2,7~
dimethyloctane (50%). The 2,5-dimethylhexane and 2,7-dimethyl-
octane were prepared, respectively, from iscbutylmagnesium
bromide and lsoamylmagnesium bromide.

Hein (104) reported that phenylmagnesium bromide resacted
with molybdenum pentachloride, trichloride and tribromide, to
give compounds analogous in stabllity to those of chromium.

Cshours (75) reported that metallic tungsten reacted with
methyl iocdide to glive & compound of the formula, W(CHz)szI, as
evidenced by enalysis, Nevertheless, it 1s very lmprobable
that & sarbon-metal linkage was present, Leter, Turmer (105)
observed that all attempts to prepare organotungsten compounds
by reacting the metal hallides with organomagneslium halldes
proceeded according to the followlng equation:

WCly—l— y RMgX —> WCl(y_a) + 2 MgXCl
4+ (x=~2) RMgX 4 R.R
The coupled compound was the prime reaction product. A more
recent investigation of this reaction seemed to indicate that
tungsten halldes reacted with the Grignard reagent to give
Tfﬁsj'ﬁazopouiea, ?raktika (Akad. Athenon), 7, 180 (1932)

.A.
(104) K 2 Chen.s 515403 (1938).
(105) Turnar, gree. eﬁ."gzc., 30, 4 (1914).
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unstable intermedlate organometallic compounds which wefe not
isolated due to the ease with which they decomposed (99a),
Brydowna (106) found that tungsten hexechloride reacted in
ether with phenylmagnesium bromide to give a 50 per cent yleld
of biphenyl. Job and Rouvillais (107) reported a reaction of
the tungsten hexachloride with phenylmegnesium bromide to give
metallic tungsten, but the fate of the phenyl radicals was not
determined. More resently, the compounds, CglgWOz.glg,
(C4BgW)0,H, and (CgHg)gWpOgHy, bave been reported in the re-
action of tungsten trichloride, or tungsten tetraphenylate,
with phenylmagnesium bromide (108), Ko mention was made of
decomposaition products.

Group ViI.

Kharasch and Plelds (109) have recently reported the
slight sction of manganous chloride on ooupling reactions,
This lessser reaotivity may be due to the relatively stablse
nature of the RMnX compounds.

In contrast to the supposed formation of trimethylrhenium
(110) by the resction of rhenium trichloride with methyl mag-
neslum 1odide, 1t was found that this reaction gave an almost
- quantitative yleld of gases, composed mostly of methane with s

dm’ Eﬁll i‘l‘}_{ Chim', 4 59 17'71 (1926)'
(107) Job and Rouvillais, Compt. ré;afz 187, 564 (1928),

(108) Hein and Nebe, Naturwissenschaften,28, 93 (1940),

(109) Knaraseh and Fields, J. Am, Chem, SOc., 63, 2316 (1941).
(110) Druce, J. Chem. Soc., 1128 (1934).
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small amount of ethane (111)s No organometallic compound
could dbe isolated.

Group VIII

Numerous experiments have been carried out in attempts to
prepare organometsllic compounds of the metals of Group VIII,
Some preparations have been successful, notably those of the
platinum compounds (112), but most have lead to coupling
products,

Organoiron compounds aroused the interest of the early
aynthetic organic chemists. Wanklyn and Carius (36) reported
the reaction of diethylezinc with iron lodide to give ethane,
ethylene and hydrogen. This reaction has been checked and the
formation of the products mentioned above was verified (113).

In a reaction reminiscent of the preparation of the
Grignard resgent, Spencer and Harrison (ll4a) reacted lodo-
benzens with metallic iron. However, inastead of the expected
phenyliron lodide, there was produced excellent ylelds of bi-
phenyle In & similar experiment, Zeltner (1l4b) was of the
opinion that an organoiron compound was formed as an inter-.
mediate in the reaction of iron metal with p-iodotoluene to
give bl~p-tolyl.

71117 61iman, Jones, Moore, and Kolbezen, J. Am. Chem. Soc.,
63, 2525 (1941),

(112} I{Iéhte)nwalter, Dootoral Dissertation, Iowa State College

1938),

(113) Job and Reich, Compt. rend., 177, 1439 (1923),

(114) ga) Spencer and Harrison, Proc. Chem. Soc., 26, 118
1910),
(b) Zeltner, J. prakt. Chem., 77, 393 (1908),
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There was a variety of experiments involving alkyl deriv-
atives, Ferrous chloride, ferric chloride and ferric thlo-
cyanate reacted with ethylmagnesium bromide to give ethane and
ethylens, and with propylmagnesium bromide to give propane (37).
The syntheals of ethyliron iodide was claimed in a reaction
between ethylzine iodide and ferrous lodlde by refluxing in
ether (115), It is very improbable that an organoiron com=
pound was formed. Ferric chloride promoted the coupiing of
substituted ethynylmagnesium halide compounds (41). In this
way, bis(n-butylacetylene) was prepared in a 50 per cent
yield. Miukhailenko and Protasova (38) found that the addition
of ferric halides promoted quantitative yields of bibenzyl from
benzyl chloride and magnesium in ether. Bibenzyl was syne
thesized by other workers using similar procedurea (99b, 116).

Phonylmagnesium bromide reacted with ferric chloride to
give good ylelds of the coupled product (116), EKondyrew and
Fomin (37) prepared biphenyl anmd bi-p-tolyl by the action of
the respective Grignard reagents with iron halides and pseudo-
helides, DBromobenzens refluxed with magnesium and a eatalytic
amount (4 mole per cent) of ferric chloride gave a quant itative
yield of biphenyl (43c). Weichselfelder and Thiede (100) obe
sorved that phenylmagnesium bromide reacted with ferric
chloride in an atmosphere of hydrogen gas to give one mole of
biphenyl, one mole of benszene, and iron hydride., Ferrous

Ti15] Job end Helch, Compts rend., 174, 1358 (1922).
(116) oddo, Gegz. chiF TTEl., 44, 288 (1914).
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chloride, however, gave only benzene under the same conditions,

In the formation of biphenyl in the reaction of ferric
chloride with the phenyl COrignard reagent (117), Champetler
(118) postulated a two-stage reaction:

2 CgHgMgBr 4 2 FeCls—) CgllgaCglly + 2 FeCl t 2 HgClBr (1)
2 Cgl NgBr + 2 FeCl,—) CgHeoCglly + 2 Fe + 2 HgllBr (II)

The synthesis of phenyliron lodide was reported with the
following reaction (118): |

2 CgHgZnCl + Felg —) 2 CgligFel + ZnCly - ZnBrg
The evidence presented for the exlstence of this organoiron
compound was the hydrolysis of the product to give ferrous
hydroxide.

2 Gsiis?el + 2 320—9 2 06H8+ FG(OH)Q + F612
Obvioualy, the conclusion drawn as to the existence of this
gsompound involved e good deasl of conjscture.

More recently, the coupling reactions of Group VIII
metals were investigated thoroughly (119)., In the reactions
of phenylmagnesium iodlde with the anhydrous metal halides,
practically quantitative ylelds of biphenyl were obtalned
with iron, cobalt, nickel, ruthenium, rhodium and palladium,
Markedly reduced ylelds were cbssrved with the chlorides of
osmium, iridium and platinum, Niockelous cyanide gave 30 per
cont biphenyl. Cobaltous bromlde and 2,4,6«trimethylphenyl-

magnesium bromlide gave 20 per cent bimesityl.

TI17) Job and Champetier, Compte. rend., 180, 1089 (1929),
(118) Champetier, Bulls, 80Ce chim., Z 4 77!}__, 1131 (1930),
(119) %ilma? and Lichtenwalter, J. Am, Chem. Soc., 61, 957

(1939 ). - T
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A serles of gquestionable organometallic compounds was pre-
pared for use in antieknock studies with gasoline, Sims and
Mardles (120) claimed to have prepared denaphthyleobalt,
xylylecerium, phenylchromium and tungsten, as well as uranium
and iron phenyls. HNone of these compounds was isolated or
identified.

Kharasch and co-workers (109, 121, 122) have studied the
catalytic effect of iron, nickel, and espeslially cobalt halides,
on coupling resctions. They found that excellent ylelds of
biaryls were obtained when an aryl Grignard reagent, or lithium
compound, was treated with an organic halide, preferably a
bromide, In the presence of 3«10 mole per c¢ent of the metal
halide, The following chaln mechanlsm was suggested:

| CgHgMgBr + CoCl,—) CgH.CoCl + MgClBr
e 661i56001—-} CgligeCglg + 2 CoCl
CoCl + CaﬁsBr—-) CoClBr + CgHge
X (Cgge) —) CgHgH, CglgaCqlly (trace), CgHguC gl oCqle,
and s0 on. 5

Wanklyn and Carius (36) treated nickel halides with di-
ethylzinc and obtalned a mixture of ethane, ethylene and
hydrogen. In a hydrogen atmosphere, nickel chloride reacted
wlth phenylmagnesium bromide te give benzene and nickel
(121) ﬁmﬁ,ﬁﬁzzf’%ﬁ‘fﬁ?&, T ,%-‘;:’c%ﬁ-;,,sgﬁc E:,nggZ'

493 (1943); Kharaseh, Nundenberg, and Archer, ibid.,

85, 495 (1943); and Kharasch and Fuchs, 1bid., 65, 504

{1943).
(122) Kharasch and Reynolds, ibid., 63, 3239 (1941).
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nydride (123)., Jones (124) reported that nickel tetracerbonyl
gave biphenyl and bdenzoin with phenylmsgnesium bromide.
Similarly as with iron, iodobenzene reacted with nickel metal
to give excellent ylelds of biphenyl (114), Biphenyl was
1solated in the reaction of the phenyl Grignard reagent with
nickel chloride in ths presence of ethylene (125), Fickel
oyanide was observed to give coupling with the phenyl and
benzyl Grignard reagents (39).

Electrolytic Decomposition

But few of the avallable corganometallic compounds have
been subjected to electrolysis. This is primarily due to the
lack of interest in such an investigation, In addition, due to
solubilities and resctivities, very few such compounds are
sultable for a study of this nature,

Hein (126) found that a solution of ethylscdium in di-
ethylzinc behaved as & true electrolyte, An investigation of
possible products was qot sarried out, Later work showed that
this electrolysis gave zinc at the ¢athode and a mixture of
hydrocarbons, chiefly ethylene and ethane, but alsoc small
amounts of methane, propane and butane, at the anode (127).

TIZZ) Sehlenk and Welohsellelder, Ber., 58, 2230 (1923),
(124) Jones, Chem, News, 90, 144 (Y304).
(125) Job and Releh, Compt, rend., 179, 330 (1924),
(126) Hein, Z. Elektrochem., 26, 469 (1922).
(127) Hein, Petzchner, Wagler, and Segitz, Z. anorg. allgem,
- Chem., 141, 161 (1924); Wooster, Chem. Rev., 11, 932).
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The trenaient exlistence of free ethyl groups was proved by the

use of lead anodes in an experiment 1in which an electrochemical
equivalent of lead was lost and tetraethyllead appeared in so-

Jution.

Ethylpotassium was observed to conduct better than ethyl-
sodium and that compound better than ethyllithium (127).
Benzyllithium was the best conductor of all the lithium alkyls.
Disthylecaleium and diphsnylmercury wers non-conducting in
dilethylzinc,

Further proof for the exlstence of the free ¢hyl redicals
in the electrolysis of ethylsodlum in diethylzine was the
formation of the corresponding metal alkyls when cathodea of
aluminum, cadmium, antimony, bismuth and thallium were used
(128), Tin, copper, iron, platinum, tantalum and gold
electrodes were passive,

Rodebush and Peteraon (129) electrolyzed diethylzine
with a voltage of 110 and found that zinc was deposited, and
although the products at the ancde were not identifled, there
Yaould be little doubt that the ethyl radical was libersted
at the anode,"

Electrolytic atudies have been carried out quite extenw

sively on Grignard reagents, dbut only a selsect number included
an investigation of decomposition productse.

Evans and Lee (130) reported that methylmagnesium

TI28] Helin and Segltsz, Z. anorg. allégm. Ghem., 158, 153 (1926).
(129) Rodebush and Peteraon, E,eégp m, SPCe, Bl, 638 (1929),
(130) Evens and Lee,ibid., 56, 684 (193%),.
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chloride, bromide, and lodide gave methane, ethane, ethylene
and isobutylene when electrolyzed at varying voltages and
current densities. The reactions were considered to be as
follows:

2n CHy, —> n CH, + (CHy)y

4 CHy; —) Colly + 2 CH,

8 CHy—> C Hy + 4 CH,

2 CHy — CpHg
where (CHp), represents iscbutylene and similar unsaturated
derivatives. The anodic products from the electrolysis of
ethylmagnesium halldes were ethane, ethylene and traces of
hydrogen. Propylmagnesium halides gave propane, propylene
and traces of hydrogen, Mixtures of ethyl- and propyl-
magnesium halides gave chiefly ethane, propane, ethylene and
propylene,

When a mixture of ethylmagnesium bromide end phenylmag-
neglium bromide was electrolyzed, only ihe ethyl group was dls-
charged. In later work, Evans and Field (131) reported that
high current density favored coupling., For example, the ylelds
of ethane in the electrolysis of methylmagnesium bromide ranged
from 19.5 per cent with a low current density to 84.2 per cent
with a high ecurrent densliy.

Elghty~five per cent of the butyl radicals in n-butyl-

{131) Lvens and Fleld, ibid., 58, 720 (1936).
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magnesium bromide sppeared as octane in the electrolysis of the
Grignard reagent (132)s With isobutylmagnesium bromide, 96 psr
cent of the isobutyl radicals coupled. The gec.~butyl Grignard
gave 43 per cent coupling after electrolysis, The coupling
tendency of the n-propyl radlcal under similar conditlions was
approximately 50 per cent; that of the tert.-butyl and iso-
prapxl radicals was slight,

Gaddum and French (133) observed that benzylmagnesium
chloride gave bibenzyl In ylelds exceeding 50 per cent on
electrolysis, The elsctrolytic decomposition of phenylmag-
nesium bromide gave biphenyl 1n rather poor ylelds.

Dimethylmereury was prepared by the electrolysis of
methylmeroury acetate in the presence of pyridine (134)., Free
methyl radlegals undoubtedly appeared in the course of this

reasction,

Photochemical Decomposition

Although photochemical decomposition has been observed in
& general way 1n & number of compounds, only a few critical
- experimental studies have been made concerning such decomposi~
tions.

Diethylzine was dissociated by light to give ethane and
some hydrogen (135a). Usually no ethylene was formed. A more

TI%2] ¥vans, Dralthwaite, and Fleld, Ibid., 62, 534 (1940),

(133) Gaddum and French, ibid., 49, 1296 (1957 )s

(134) Maynard and Howard, J, Chems Soc., 123, 960 (1923).

{135) (= %erghﬁlot and Gaudechon, Compt. rend., 156, 1243
1213).
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recent publication (135b) has reported that ethane, ethylene
and butane, along with small amounts of hydrogen and butylene
were formed when diethylzinc was photochemically decomposed.
The composition of the product d1d not change markedly with the
temperaturs.

Moore and Taylor (135b) also recorded the same observa-
tions with dimethylmercury as with the diethylzinc mentioned
ebove, With ultrs-violet illumination, dimethylmercury de-
composed to give mercury and ethane (136). Cunninghem and
Taylor (61) found that the photochemical decomposlition of di-
methylmercury in the absence of hydrogen produced ethane preac=-
tically exclusively, whlle in the presence of hydrogen, msasur-
able amounts of methane were obtalned in addition to the
ethane.

The formation of methyl radicals in the photochemicel
decomposition of tetramethyllead by ultra-violet light has
begn proved (137a)s The main products were lead and ethane.
Under the same conditlions tetraphenyllead decomposed to give
biphenyl and metallic lead,

Organometallic Radicals

There are numerous examples of the occurrence of the so-
called "organometallic radicals™ in the decomposition, thermal

TI35] (b) Hoore and laylor, J. Chem. Phys., 8, 396 (1940).
(136) Thompson and Linnett, Trans. Fara%gghboc., 33, 874 (1937).
(137) (a) Leigh?on and Mortensen, J. Am.

{1936 ).

Chem. 3o0c., 58, 448
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or otherwise, of normal organometallic compounds. The evidence
that these organometallic radicals are "true" free radicals is
not conclusive {(137b). It 1s probable that these derivatives
are polymera which ostensibly exhibit the odd~valency. For
example, triphenyllead actually exists as the dimer, hexa=-
rhenyldilead,

Methylmercury and ethylmerocwury have been prepared by the
oleotrolysls of alkylmercury halides in liquid ammonla at low
temperatures (12, 138a)., At higher temperatures these come
pounds decomposs to RoHg and Hg.

It has been poatulated that diphenylthallium was formed
when one equivalent of sodium was added to & solution of di=-
phenylthallium bromide in liquid smmonia (138b)., More sub-
stantial evidence was presented for the transitory formation
of phenylthallium when triphenylthallium was heated in
xylene (138b),

Eraus and Brown (139) prepared diphenylgermanium by the
action of sodium on a diphenylgermanium dihalide.

Diethyltin was formed In the reactlion of dlethyltin dl-
halide with sodium amalgsm,

Hs)zsnx2+ 2 Ea(Hg)ﬁ (GgHS)QSn + 2 NaX
and the action of the ethyl Grignard reagent on stannous

chloride (140),.

T137) (b) Horris and Seiwood, ibid., 63, 2509 (1941).
@38) (a) Erause, 1bid., 35, 1738 (1915).

(b) Gilman aﬁafﬁbnas, 1bid., 62, 2357 (1940),
(139) Kraus and Brown, lbid., 52, 4031 (1930),

(b) Frankland, Ann., 85, 320 (1853),

(c) Pfelffer, Ber., 44, 1269 (1911).
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2 Czﬁﬁﬁg&‘ + Sn012—§ (Czﬁs)esn + 2 ngg
The dlaryltin compounds have been prepared by similar methods,
as well as by pyrolysis of the dihydride (141).
(CqligJgSnlly — (Cgliglgsn + Hp
As would be expected, the RSSn compounds may be prepared
in liquid ammonia by the following reactions (141b, 142)s
(CHg)sSnX + Na— (CHy)aSn + NaX
(CgHg)zSnNe + C1Sn(CgHg)s—— 2 (CgHglaSn + NaCl
Triethyllead has been prepared by the electrolysis of
triethyllead hydroxide (143) and the reaction of sodium in
liquid ammonia with triethyllead bromide (1l44). Diphenyl=-
lead, dl-pe-tolyllead, triphenyllead, tri-p-tolyllead, tri-o-
tolyllead, and tri-p-xylxyllead have been prepared by Krause
and Reisseus (145) by the reaction of lead halides with Grig-
nard resgents,
A transitory brown to red coloration of a ligquid ammonia
solution of & dlaryllead dihalide was observed when metallic
sodium was added (145b),

{1417 (a) Kraus and DBeoker, Ber., 53, 173 (1929),
(b) %gggggrs and Scherer, J. Am s Chem, Soc., 48, 1054
o »
(142) (a) EKraus and Sessions, ibid., 47, 2361 (1925),
{b) Harsda, Bull, Chem, Soc Janan, 4, 266 (1929).
Cshe, 28, 1340 (1930
(c) 335burg, Ann, (8 l.), 63 (1872).
(@) Rugheimer, Ann., 364, 51 (1909),
(143) Midgley, chhmaif"and Calingaart, Jds Am, Chem. Soc., 485,
1821 (1923).
(144) (a) Calingaert and Soroos, J« Orge Chsm. 2, 5356 (1938).
(b) Gilmen and Baille, J. Am. chem. . 61, 731 (1939),
(145) (a) Krause and Relssaus, [jeP.,. 55, 8 §§’
(b) %eeggﬁ, Doctoral Digsertation, Iowa State College
19 .
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It has been observed that occasionally the pyrolysis
of RgPb (Rng) compounds gives the R,Pb derivative with dif-
ficulty (145¢).

Lithium, sodium, potessium, calclium, or barium rescted
with diphenylblsmuth helides in liquid smmonle according to
the following equation (146):

(CgHg)pBiX + Fa—> (CgHp)lpgBL + NaX

Evidense has also been presented for the exlatence of dimethyle
bismuth and dlethylbismuth (9, 24, 147).

Triphenylchromium and tetraphenylchromium are usually cone
sidered to have free radical characteristics (101).

Redistribution Resgtion

The redistribution reaction ls essentlially an example of
the genersl equilibrium reaction represented by ths followling
eguations

AY + BZ—> AZ + BY
With the organometallic compounda, these reactions constitute
liquid-~-phase equllibria in which an ionizing solvent l1s une
negessary. A catalyst is required, however. The Iinterchange
takes place purely at random, and using the law of probability
one can predict in advance the composition of the produst.

11486) Ec) ﬁﬁ?iie,*ﬁoctorif Dissertation, Iowa State College
1938).
2146) Gilman and Yeblunky, Je. Ame Chem., Soc., 63, 212 (1941).
147) Denham, ibid., 43, 2387 (19217,
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Although & wmixture of dimethyl- and diethylzine falled to
show an appreciable amount of redistribution (148), the RR'Zn
compounds are known to rearrange on heating to glve a mixture
of RgZn and R'gZn (149).

Dimethylmercury and dlethylmercury can be mixed, when
pure, without undergolug any transformation. However, in the
presence of & suitable catelyst an interchange of methyl and
ethyl radicsls occurred according to the followlng equation
{148):

(CHg)oHg + (CpligloHg —) 2 CHyHeCoH,

An squimolecular mixture of tetramethyllead and tetra-
ethyllead, when treasted with triethyllead chloride or aluminum
chloride as a catalyst, gave all the five possible R,FPb com=
pounds in the proportions given in the following equation
(150):

8 MegPb 4 8 Bt Pb—)1 MeyPb + 4 Mey itPb + 6 MegltgPb

+ 4 HeEtzPb + 1 EtgPb
In & similar manner & mixture of tetramethyl-, tetraethyl-,
and tetra-n-propyllead gave a mlxture of the fifteen possible
R‘Pb compounds 1n proportions corresponding to & random
distridbution of the three radicals (150), Other exsamples of
this reaction of RM compounds have been given where the re-

actants are two or more different radlcals, including methyl,

71437 Callngasrt, Soroos, and linizda, ibid., 62, 1107 (1940).

(149) Krause and Fromm, Ber., 59, 931 (1026).

(150) Calingsert, Beatty, and Soroos, J. Am, Chem. 30c., 62,
1099 (19405, = = — =
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ethyl, n-propyl, isopropyl, isobutyl, tert.-butyl, phenyl, and
p=tolyl, bound to one or more metals, including leed, tin,
silicon and mereury (148, 150).

A gpontaneous redistribution of alkyl redicals ocourred
with the RngX compounds; the reactants served as their own
catalyst. Thus, a mixture of trimethyl~ and triethyllead
chlorides, or ths single compound dimethylsthyllead chloride,
reasted to give sll the four possible KsPbCl compounds (151 ).
It has been observed that RoFbX, derivatives decompose at
elevated temperatures in the following manner (152):

RPbX,—> R, + PbX,

An interchange of radicals has been observed with a
mixture of triphenyl- and tri-d-naphthylbismuth in the abe
sence of & oatalyst and at & high temperature (153).

Compounds of two different metals react under simliler cone
ditions yielding all the posslible compounda of both metals.
For exsmple, a mixture of tetramethyllead and diethylmercury
reacted in the presence of an alumifium chloride catalyst to
glve an iInterchange of the alkyl radicels between the two
metals mccording to the following equation (154, 155):

Me(PbRs) + Et(HgR) —> Me(Hgh) 4 Et(PbRg)
At the sams time there was a rediastribution of the radicals

Ti81] Callingaert, Soroos, and Shapiro, ibid., 62, 1104 (1940),

(152) Calingaert and Beatty, ibid., 6l, 2748 (I839),

(153) Challenger and Ridgway, dJ. Chem. Soc., 121, 104 (1622),

(154) Calingaert, Sorooa, and Thomson, J, Ame Chem. Soce, 62,
1542 (1940). -

(155) Calingaert, Soroos, and Shapiro, ibid., 63, 947 (1941).
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between the RyHg compounds, and also between the P,Fb compounds
giving two independent random equilibrium mixtures containing
all eight possible compounds. However, it was observed that
the equillbrium in the above equation 1s displaced toward the
right,

Tetraethyllead and tetramethyltin gave all of the ten
possible R,M compounds (152).



EXPERIMENTAL

At the present time there are a large number of metals
for which no organcmetallic derivatives are avallable,

Further studies on the stabilities of such types were desir-
able in view of more extended attempts in their preparation.
The interpretation of the decomposition of tlese derivatives on
the basis of free radical formation was considered to be of
prime importanée.

The existence of the new compounds, diphenyl~eofnaphthyl-
antimony, diphenyl-p~shlorophenylantimony and diphenylmesltyl-
antimony, has been reported (156), However, it was considered
expedient to make availsable the procedures used in these

preparations, as well as the analyses and solubllities,

Reaction of Dimethylmegnesium with Silver Bromide

A solution of 0,025 mole of dimethylmagnesium (157) in
40 coe of othor was added to a stirred suspension of 9.4 g.
(0405 mole) of silver bromide in 20 cc. of ether cooled by an
ice bath, The sddition required ten minutes. The resction

TITE) Woods and Gliman, Proc. lowa Acad. Scl., 48, 261 (1941)
.A.., 36, 3492 (1‘%%) 7.

(157) EE%lmagneaium was prepared from methylmagnesium

ehloride by the precipitation of the magnesium chlorides

with dioxene using the method of Cope, J. Ame Chem. Soc.,

57, 2238 (1935).
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began immediately. On warmingto room temperature, the mixture
evolved gas rapidlys. After standing for twelve hours, the
mixture was heated to refluxing for five hours. The apparatus
was swept out with nitrogen and the gas analyszed. There re-
sulted 0,022 mole (88% yleld) of pure ethane,

Reaction of Dimethylmagnesium with Silver Iodide

A solution of 0.62 mole of dimethylmagnesium in 33 co. of
anhydrous ether was added dropwise to a suspension of 9.4 g.
(0,04 mole) of silver iodide in 20 cc. of ether ceoled by an
ice baths The evolution of gas began immediately, After the
mixture was allowed to come to room temperature, 1t was re-
fluxed for ten hours, and the apparatus swept out with nitro-
gen. The analysis of the gas showed that 0,014 mole (70%
yield) of ethane had been evolved.

Reaction of Methyllithium with Methyl Icdide in the
Pregence of a Catalytic Amount of Gold Tribromide

A solution of 7.1 g (0e05 mole) of methyl lodide in 15 cec.
of ether was added to a suspension of 1.09 g. (5 mole per cent)
of gold tribromide in 156 cec. of ethers, To the above mixture was
added 0,05 mole of methyllithium in 40 ec. of ether over a
period of twenty minutes, The suspension refluxed rapidly and
the gas svolution was very spparent., After standing for five

hours, the apparatus was swept out with nitrogen, A bluishe
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purple suspension was visible throughout the reaction; this
was probably colloidel gold. There was obtained from this re-
action 0,029 mole (58% yleld) of ethane, and 0,013 mole (13%
yield) of methane.

A "blank® wes carried out on the above reaction of methyle
1ithium with gold tribromide except that the methyl lodide was
not added, Only the calculated amount of ethane (0,0025 mole)
and methans (00,0024 mole) based on the gold tribromide was ob-
tained.

A duplicate of the above reaction was performed and the
ssme obsgservations were made, The yleld of ethane was 0,026

mole (52%), and of methane 0,021 mole (21%).

Reaction of Methyllithium with Gold Tribromide

To 60 co. of ether eontained in a 250 cc. thres-neclsd
flask--cooled to 70° by a dry ice-acetons bath and equipped
with a stirrer, dropping funnel and nitrogen outlet-- was
slowly added 8,74 ge (0,02 mole) of gold tribromide. A solu-
‘tion of 0,06 mole of methyllithium in 50 cce. of ether was added,
during three hours, to the above vigorously atirred suspension.
The mixture gave & negative Color Test l. The suspension was
allowed to slowly warm to room temperature and was then re-
fluxed for two hours, The gas analysls showed that 0,023 mole
(7648% yleld) of ethane, and 0,011 mole (18.4% yleld) of

mothane ware svolved.,



Reaction of Zirconium Tetrachloride with
Methylmegnesium Iodlds

A solution of 0,073 mole of methylmegnesium iodide in 30
cc, of other was added, during one hour, to a stirred suspen-
sion of 8.6 g« {0,0365 mole) of zirconium tetrachloride in 50
co. of ether cooled to =152 by means of sn ice-salt bath. No
gas was evolved andwry little decomposition was evidenced, al-
though & reaction had apparently ocecurred. A green solution
scocompanied by & flocculent precipitate was produced. After
the mixture was warmed to 0°, decompoaition occurred and gas
evolved, Then an additional 0,073 mole of methylmagnesium
lodide was added, and the mixture allowed to stand for three
days. After bheating the mixture to refluxing for one-~half hour,
the apparatus was swept out with nitrogen. An analysis showed
that 0.077 mole (52.7% yield) of methane was produced.

Reactlion of Zirconlum Tetrachloride with Dimethylmagnesium

A solution of 0,06 mole of dimethylmegneeium in 80 co. of
ether was added dropwise to & stirred suspension of 5.83 ge.
{0025 mole) of zirconium tetrachloride in 20 cc. of ether
cooled by an ice bath., A reasction occurred immediastely., About
two liters of gas were collected in twenty minutes. After
atanding for twenty hours the mixture was heated to refluxing

for a few hours, and the apperatus swept out with nitrogen,
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There was produced 0.074 mole (74% yield) of methane,

Reaction of Methylmegneslium Chloride with
Tantalum Pentachloride

During twenty-five minutes, & solution of C.,1 mole of
methylmagneaium chloride in 46 cc. of ether was added to a
stirred suspension of 7.16 g« (0.02 mole) of anhydrous tantalum
pentachloride (analyzed) in 28 cc. of ether while the mixture
was cooled by an lce bath, Gas was evolved rapldly., After
about forty minutes the reaction subsided and the 1lce bath was
removed., The reaction mixture had become very pasty. After
standing for slx hours, the mixture was heated to refluxing and
the usual procedure of manipulation and analysis was followed.

The yield of methane was 0,062 mole {(62%),

Reaction of Phenylmagnesium Bromide with Bromobengzene in

the Presence of Ferric Chloride

Fifteen and seven-tenths grams (0,1 mole) of bromobenszens
wore added to a soclution of 1,62 g, (10 mole per cent) of
ferric chloride in 50 ce. of anhydrous sther. To the above so~-
lution was added 0,1 mole of phenylmagnesium bromide in 75 cec.
of ether over a period of thirty minutes. When the Grignard
reagent was first added, pale=yellow ferrous chloride was
preclpitated. The latter iron hallde was reduced to metallle
iron by further addition of the phenylmagnesium bromide,
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Enough heat was generated to reflux the mixture during the addi-
tion. After refluxing for six hours, the mixture was hydrolyzed
and steam dilstilled, The yleld of biphenyl was 5,95 ge (38.6%).
The melting point was 69-~719; the mixed melting point was 69-71°,

Reaction of Phenylmegnesium Bromlde with Bromobenzene in

the Presence of Ferrous Chloride

Piftesn and seven-tenths grams (0.1 mole) of bromobenzene
were added to a suspension of 1.27 ge. (10 mole per eent ) of
ferrous chloride in 50 c¢. of anhydroua ether., To the above
stirred suspension was added, during thirty minutes, 0,1 mole
of phenylmagnesium bromide. After the addltion was complete,
the mixture wag refluxed for four hours and hydrolyzed. The
product was steam distilled and the yleld of biphenyl (mixed
Me Da) WAS 4,08 g. (26.,8%),

Thermal Decomposition of Dimethylgold Bromide

A aoclution of 1,54 g. (04006 mole) of dimethylgold bromide
in 25 ce, of ether was refluxed for forty-eight hours., The
solution turned reddish-brown in color after a short time, This
change waa accompanied by the aeppearance of metallic gold. The
gas resulting from the decomposition amounted to 0,00308 mole
(61.5% vield based on two methyl groups from dimethylgold bromide)

of pure ethane,
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The red sclution was filtered and the residus washed with
“ether until the washinga were colorless. The yleld of metallie
gold emounted to 04,612 g. (62,2%)s

The ether was removed from the above flltrate by e dlatile
lation under redused pressure. The residue was extraucted with
petroleum ether (be.p., 28-38°). The solvent was evaporated and
the recovered dlmethylgold bromide reerystallized, This com=
pound amounted to 0.144 g. (9.4%).

Methylgold dibromide, identifled by solubllitiss, was
separated by an extraction of the above residve with ehioro~
form aceording to Brain and Giba;n (168)s The yield of the
compound was 0.21 ge (11243%)s

The residus, remaining after the chloroform extraction,
was the water-soluble hydrated gold tribromide, as evidenced

by the physlcal properties.

Reaction of Phenylmagnesium Bromide with Bromobenzene in
the Preaence of Nickelous Chloride

To & stirred suspension of 1.30 g« (10 mole per cent) of
nickelous chloride in 50 co. of anhydrous ether was added 0.1
mole of phenylmagnesium bromide in 75 ce. of ether over a per-
fod of thirty minutes. The metal hallde darkened, but others

wise no apparent reaction was evidensed., Then, 15.7 g.

{1587 Brain and Gibson, J. Chem. Soc., 762 (1939).
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(04l mole) of bromobenzene in 25 cce. of ether was slowly
added., Very little hest was evolved. The mixture was re-
fluxed for six hours and carefully hydrolyzed. The products
were ateam distilled, and the yleld of biphenyl was 6.9 ge
(44,8%).

Chromium Trichloride and Dimethylmagnesium

& solution of 0.05 mole of dimethylmegnesiwm in 80 co. of
ether was added to a stirred suspension of 5.28 g. (0,033 mole)
of chromium trichloride in 20 cc. of ether cooled on ice, The
resction was immedlate. The mixture was allowed to come to
room temperature, and the reactlon became more raplde In one
and one~half hours, most of the gas had been evolved. After
standing for twenty hours, the auspension waaz heated to re-
fluxing foi ten minutes, The apparatus was swept out with sev-
eral hundred occ. of dry nitrogen gas. The yleld of pure methane
was 0,062 mols (62,0%).

Thermal Decomposition of Diphenyloadmium

Seventy-five cc. of dry benzene was added to 5.33 ge
(0,02 mole) of diphenylcadmium, and the asolution was refluxed
for eighty~twe hours. A dark suspension slowly appeared. The
mixture was hydrolyzed and the blphenyl separated by steam dis~
tillation. The yield was Ol ge (3.3%)s



Attempted Preparation of Dibenzyleadmlium

Te & suspension of 183 ge (0l mole) of cadmium chloride
in 160 ce, of ether was added 0.23 mole of benzylmsgnesium
chloride in 175 c¢o. of ether over a period of three-fourths of
an houre The mixture turned bleck quite rapidly--metallie
sadmium probably seperating out--and became almost pasty. The
ether was distilled off using a water bath at 70°; this tempers-
ture was maintained for three and one~half hours. Then 50 ce.
of dry benzene was sdded &and the mixture refluxed for a short
time. However, the gupernatant liquid 4id not contaln any
cadmium, The mixture was slowly hydrolyzed, and the organic
layer separated and evaporated.s The residue was warmed with
15 cce of methanol and eooled. There resulted l4.l g.

{77.5%) of bibenzyl (mixed m.p.)s

Attempted Preparation of Diphenylantimony Chleride

A mixture of 5.7 ge (0,025 mole) of antimony trichloride
and 17.8 g« (0,06 mole) of phenylmercury bromide was heated on
an oil bath at 160° for six and one~half hours. The mixture
was coocled to room temperature and then extracted, succeasively,
with 50 cc. of petroleum ether (b.p., 60-68%), 25 co. of ether,
and 50 cec. of benzene, The three extractions were worked up
separately. The ether and petroleum ether solutions containsd

only a trace of a non-melting solid. The benzene extraction



contained the phenylmeroury bromide; almost & guantitstive re-

covery was realiszed.

Diphenylantimony Chloride

To & solution of 600 cc, of water and 200 ccs of 5 N
sodium hydroxide at 92° was added 28 cc. of freshly=-opened 30%
hydrogen peroxide diluted with 200 cc. of water (159)s A solu~
tion of 32.0 g« (0,00 mole) of triphenylantimony in 200 cec. of
warnm acetone was added to the stirred solution prepared as des~
gribed above, The additlion required fifteen minutes. Heat was
not applied to the mixture untll the temperature had dropped to
85-70° this temperature was maintained throughout the rest of
the addition of the triphenylantimony solution and the hydrogen
peroxide, The mixture was stirred for five minutes and 25 oC.
of 30% hydrogen peroxide added., The suspension was allowed to
cool while it was stirred. The mixture was then flltered and
the flltrate acidified with acetic acid. The diphenylstibonic
acid was dissolved by bolling with a solution of 450 ce. of
concd, hydrochloric acid in 600 coe. of water. This hot solu-
tion was filtered through a sintered glaas crucible, and the
filtrate slowly cooled to 569 Then 20 ge. of pulverized

TI50T This procedure 1s & modification of the oxidation of tri-
phnnylant%meny to diphenylstibonle acld as reported in
Goddard, Organometallic Compounds,” which constitutea
Part III of Vol, XI of Friend, "A Text-Book of Inorganic
Chemistry,” Charles Griffin Co., London (1936),p. 239,
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stannous chlorilde (Sn612.2H20) was added while stirring. De-
pending on experimental conditions (particularly temperature)
an oil, or gray solid, appeared. The mixture was cooled and
the so0lid materisl filtered. The diphenylantimony chloride
was crystallized from 20 cce. of glaecial acetic acid, The
yield was 12,0 g. (43,0%), melting &t 66.5-68%,

Diphenylantimony Iodide

This compound was prepared by the reactlion of diphenyle
antimony chloride with sodium lodide in acetone solution
aceording to the method of Blicke, Oskdale,and Smith (160), It
was purified by crystallization from acetiec acid,

Attempted Preparation of Phenylep-tolystibonic Acid

A solution of 2844 g« (04l mole) of p~tolylantimony di-
chloride (161) in a mixture of 950 ce. of conod, hydrochlorie
scid and 500 ce. of water was cooled to 0% A benzenediazonium
chloride solution was prepared by dlssolving 9.3 ge (0O¢l mole)
of aniline in 50 ae. of conecd. hydrochloric acid, adding 125 ge
of ice, and then 7.0 ge (0.1 mole) of sodium nitrite in small
portions with stirring. These two solutions were mixed at 0°,
A preeiplitate formed immedletely. A small amount of frothing
ocourred. The complex was flltered off and partially dried,
{1607 Blicke, Oskdale, &nd Smith, J. Am. Chem. Soc., 53, 1025

(1831 ).
(161) Blicke and Oskdale, ibid., 55, 1198 (1933),
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This product amounted to 11,0 g and seemed to slowly decompose
at room temperature. The complex was treated with 500 cc,. of

2 K sodium hydroxide and allowed to stand for thirty hours., No

organic antimony product could be 1solated.

Preparation of Triepechlorophenylantimony

A solution of p-chlorcphenylmegnesium bromide was prepared
by adding & solution of 10540 g« (0455 mole) of pw-shlorobramo-
benzene in 250 cc, of ether to a suapension of 13.3 g« (0455 ge
atom) of magnesium in 120 cc, of ether,

To the above Grignard solution was added, with stirring, a
solution of 38,0 ge (0417 mole) of antimeny trichloride in 100
¢ces Of ether during forty-five minutes. The mixture was re-~
fluxed for eighty minutes, and then hydrolyzed by slowly pour=-
ing upon 6500 g of an ice-water suspension, The resulting
mixture was filtered through a Bﬁohnar funnel, the residue
washed with ether, and the ether decanted from the filtrate.
The ether solution was finally filtered by gravity through
fluted fllter paper, The ether was distilled off and the resi-
due dissolved in 60 cc. of warm chloroform. To this solution
was added 200 cc. of hot methanol, After standing for eight
hours, the mixture deposlited 32,0 g of crystals, The filtrate
was slowly evaporated whlle cooling with ice and another 22,0
g+ of material was obtalned, The total yleld was 54,0 g.
(71.5%), melting at 99~-101°,
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A small amount was recrystalligzed as described above for
analytical purposes, The maximum melting point was 10l.0e
101,8°,

Anal. Caled, for CygHypClzSbr Sb, 26,695 Cl, 23.4.
Found: Sh, 26,813 Cl, 23.7, 23,92,

Preparation of Iri-p-chlorophenylantimony Dichloride

Dry chlorine ges was slowly bubbled through a solutlon of
5.0 g« (04011 mole) of tri-p-chlorophenylantimony in 20 coc. of
chloroform cooled on 1lces After the solution had turned green,
it un# allowed to atand, stoppered, for three hours. Then,
30 cos of methanol was added and the mixture filtered., The
precipitate was diasolved in 50 cc. of hot ehloroform and 90
¢cs of hot methanol was added, After cooling to room tempera-
ture, the mixture deposited a crystalline material amounting to
5.7 ge (98.,0%); the melting point was 189,5+190,5%.

Anal. Caled, for 618H180158bt Sb, 23,10, Founds Sb,
23400,

Preparation of Tris(p-dimethylaminophenyl)antimony

To a solution of 6.1 ge (040267 mole) of antimony chloride
in 60 ccs of ether was added, wlth stirring, 0.085 mole of
p~dimethylaminophsnyllithium in 64 cce. of ether during one and
one~half hours. A very gentle reflux ensued. The first addi-
tion of the lithium compound to the metal halide solution
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resulted in a bright blue solutlon with a white precipltate
{probably lithium chloride)s On further addition of the AL1
derivative, the color changed to green, then to light blue, and
£inally to yellow, After stending for five hours, the mixture
was cooled to -15° and slowly hydrolyzed with 15 cc. of water,

The ether solution was siphonsd off and flltered. The solvent
was evaporated off under reduced pressure. Only a slight amount
of residue resulted.

The aqueous suspension, remaining after the removal of the
oether, was filtered and the solid dried in a desicsator, The
product was extracted with 50 ce. of hot chloroform, and the
resulting solutlon was mixed with boiling ethyl aleochol until
a saturated solution was slmost formed. After cooling slowly
the solution deposited orystals., The crystaellization was re-
peaﬁed. The yield of product was 4.48 g. (35.0%), melting at
239-241°,

A small emount of the compound was recrystallized to a
maximum melting point (240.5-241.5°) for analytiecal purposes.

Anal, Caleds for CposH,,N.Sb: Sb, 25,26, Founds Sb,
25.51,

Attempted Preparation of Diphenyl-densphthylantimony

Into a dry 250 ce, three~necked flask eguipped with a
rubber seal stirrer was placed 1l.77 ge (0,005 mole) of tri-
phenylantimony and 50 cc. of anhydrous ether, To thls solution
was slowly added 150 cc. of liquid ammonias Then 0.23 ge
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(0,01 go atom) of metallic sodium, cut into small pleces, was
added. This addition produced s red color which changed to
brown and then to brownish~blackes A solution of 1.27 ge
(04008 mole) of o=iodonaphthalene in 10 ce, of ether was
slowly added. No color change was observed, The ammonia was
allowsed to evaporate, Subsequent to extractling thse reslidue
with ether and distilling off the solvent under reduced pres-
sure, & small amount of white solid and a dark brown oll were
obtaimds, The only product i1solated from this material was
0,02 go (3.1%) of naphthalene, The melting point was 81.0-
82,5% the mixed melting point was 81,0-82,5°,

Another experiment was carriesd out under the above condi-

tions and similar ohservatlons wore recorded.

Attempted Preparation of Diphenylwd-naphthylantimony from
Diphenylantimony Chloride in Ligquid Ammenia

To & solution of 1.55 gs (0,005 mole) of diphenylantimony
chloride in 50 ce. of dry ethsr was added 150 coc. of liquid
ammonia, Then 0,23 ge (0,01 g. atom) of metalliec sodium,
divided into litile squares, was added, At first there was no
apparent reactiong then a red color appeared. Occasiomally a
greon froth could be observed., After all the sodium had been
added, the solution was deep red. Because the sodium was slow
in reacting, the mixture was stirred for an additional five
minutes. The red color stlll remained. Then & solution of

1.27 g (0,005 mole) of oi~icdonaphthalene in 10 co, of
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anhydrous ether was added, After stirring for forty minutes,
the mixture had become a falint yellowish-brown, The ammonia
was allowed to evaporate, The residue was extracted with 40 oc.
of ether and the solvent removed. nly a trace of 2 non-melt-

ing s0lid was obtalned,.

Preparation of Diphenyl-d=nsphthylantimony from Diphenyl-
entimony Iodide in Liquid Ammonia

& solution of 2,02 gs (0005 mole) of diphenylantimony
lodide 1n 80 ecc. of anhydrous ether was mixed with 150 co. of
liquid ammonia., A clear solution resulted. Then 0,23 g.

(0,01 go atom) of sodium metal in small pleces was slowly
added., At first a ysllowishe-green solution appeared; then the
color changed to deep red. This color remained until the end
of the addition of the metal., 4 aolution of 1l.27 ge. (0,006
mole) of d~lodonaphthalene in 15 ee¢. of anhydrous ether was
added quite rapidly to the above soclution (forty-five seconds
were required)., The deep red color was dlscharged immedistely
and & yellowish~brown solution resulted, The smmonia was
allowed to evaporate, and the residue extracted with 100 cc. of
ether and filtered. The ether was distilled off under reduced
pressure and the residue treated with 25 cc. of methanol,
shaken well, and cooled, After ssveral hours a white crystalline
material appeared, The solution was placed in an ice~box for
a few hours and filtered. The solld amounted to 0.35 g.
(17.64)e The erystalline compound wea dissolved in 1 coc. of
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chloroform and 10 cce. of warm methanol was added. The sclution
was cooled very slowly. The resulting corystals exhiblited a
melting point of 98,5-99,5°% A recrystsllization did not raise
the melting point.

All solutions wers worked up for other products. Naphthae
lene was separated by sublimation and amounted to 0.85 g
(39.2%)s It was identified by the method of mixed melting
pelinta.

Concerning the analyals of this new compound aee the next
experiment,

Preparation of Diphenyl-d-naphthylantimony by the
Use of ths Grignerd Reagent

To a stirred solution of de-naphthylmegnesium bromide--
prepared by adding 10.4 gs (0,05 mole) of ge«bromonaphthalene
in 20 cc, of ether to 1.2 g« (04,05 go atom) of magnesium
covered with 10 cc. of ether containing & eryatel of lodine,
and then refluxing for one hour --was slowly added a solution
of 9433 g+ (0403 mole) of diphenylantimony chloride in 55 co. of
ethers, Thia last addition required twenty-five minutes and
barely promoted & gentle refluxing. A precipltate was formed.
The flask was insulated with s towel during the addition,
Stirring was continued for ons~half hour, The solution was de-
canted and the residue was washed wlth 15 ce., of ether., The
ether solution was hydrolyzed by slowly pouring it into 200 g.

of an lce-~-water mixture. The ether layer was decanted and
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filtered, The solvent was removed by distillstlion under re-
dusced pressure. A white erystalline solid remained. This resil-
due was washed with 25 co. of cold methanol, The compound was
dissclved in 35 ce. of chloroform and 75 ce, of bolling methanol
added, 4After the solution was allowed to cool very slowly, a
erystalline product appeared., The solid amounted to 7.1 g.
(58,4%), melting at 97-98,6°,

One gram of the above materlal was recrystallized for
anslyticel purposes by dlssolving in 3 cc. of chloroform and
adding 30 ¢cs of hot methanols The melting point was 98,5~
99.5°,

Ansle Caleds for GooH,,Sb:  Sb, 30.15. Fourd: Sb,

30414, 30,18,

This product gave & mixed melting point of 9£8,5-09,5°

with thet from the lliquild ammonia reactions

Preparation of Diphenylmesitylantimony

To & solution of 0,02 mole of mesitylmagnesium bromide in
25 cce of ether was slowly added a solution of 6.22 g. (0402
mole) of diphenylantimony chloride in 50 cc. of ethers The
addition required thirty minutes, and the mixture was stirred
for thirty minutes more. The solution was hydrolyzed by pourw
ing on 150 g of mixed lce and water. The hydrolysis mixture was
filtered. The ether layer was separated, dried over sodium
sulfate, and the ether dlstilled off under reduced pressure,
The seml~-crystalline residue was treated with 15 ce. of cold
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methanol and filtered. The reslidue was dissolved in 10 ce. of
chloroform and ths solution diluted with 30 cec. of hot methyl
aleohol. After the solution cooled to room temperature, the
erystals which separated out amounted to 3.0 g The melting
point was 92~95°. The filtrete was set aside to evaporate
slowly. After eight hours the crystals were filtered and
amounted to 1,15 g., With a melting point of 92-93°,

The toteal yleld of pure product was 3,45 ge (43.7%).

Anal. Calcd. for Coylip1Sbs Sb, 30.83, Found: 8b,
35049

Preparation of Diphenyle~p-schlorophenylantimony

To a stirred solution of 00,0115 mole of freshly prepared
p-chlorophenylmagnesium bromide in 40 oc, of ether at 0° was
added, during forty-five minutes, 3.11 ge (0,01 mole) of die
phenylantimony chloride in 50 ce. of ether, After the halide
had been added, the lce-gooled (162) mixture was atirred for
two hours and then poured into 150 g. of ice and water, This
mixture was filtered through a Buchner funnel and the reglidue
washed carefully with ether, The combined ether extragcts were
filtered through & double thickness of fluted fllter paper
which contained some sodium sulfate., After the solvent was
removed under reduced presaure, the residue was treated with

25 ces of ethyl slcohols The 01l asolidified after the mixture

TI8ET Earller experiments had proved that the use of external
heat at any time, or even allowing the mixture to re-
flux of its own accord, resulted in an oil which could
not be crystallized,



was agitated, The solid material was flltered off and dls-

solved in 10 cec. of chloroform, and 40 ce. of hot methanol was
added, After cocling to room temperature, the solution de-
posited crystals amounting to 2.0 g. (5le5%)3 the melting point
was 53-53°, Further recrystallizations did not elevate the
melting polnt.

Anal, Csalod. for C,.H,,C18b: ©5b, 31l.44. Found: Sb,

18714
31.46.

Attempted FPreparation of Diedenaphthyl-p-tolylantimony

To a solution of 1.42 ge (0,005 mole) of p-tolylantimony
dichloride in 50 cec. of ether was added 150 ce. of liquid
ammonisa. A milky suspension resulted. Then 0.46 g. (0,02 g.
atom) of metallic sodium was carefully added. & brown color
immedlately appeared which changed to deep red as more sodium
was added. This red color remained after the last addition of
the metal. A solution of 2.54 ge (0.01 mole) of diodnnaph-
thalene in 10 cc. of ether was slowly added to the ebove suse
pension. A vigorous reaction was not apparent which probably
indicated an absence of free sodium. The red color reverted to
brown, The mixture was stlirred and the ammonla allowed to
evaperate, The residue, remaining after the evaporation, was
extracted with 50 ccs of ether leaving s white solid which did
not melt. The ether extract was evaporated to dryneas, and
the reaidue dissolved in 35 ce. of alcohols After the evapora-~

tion of the aleohol, only & trace of material melting st
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150-135° was obtained. A mixed melting point with tri-p-tolyl-
antimony was 105-118° 1Two g. (79%) of crude d-iodonaphthalene

was recovered, and was ldentified as the plerate,

Reaction of Diphenylantimony Chloride with
Hydrazine Hydrate

To a solution of 2.0 g+ (0,04 mole) of hydrazine hydrate
(163) in 60 cc. of sbsolute alcohol, contained in a 200 cec.
three-necked flask eguipped with a stirrer, was added 2,5 g.
(0,008 mole) of diphenylantimony chloride. The reaction began
immediately. The mixture was stirred for one hour, heated to
boiling, filtered, and the filtrate was poured into 75 cce of
water, This aqueous suapension was extracted with 150 co. of
ether. The ether solution was dried over sodium sulfate, and
the ether dlstilled off, The oily residue slowly solidifisd.
The melting point was 71-74° A mixed melting point with
authentic triphenylantimony was 40-55°, The solid was orystal-
lized from l.5 cc. of glacial acetic acide The melting point
was 128-132°, The first product, melting at 71-74°, was bis-
(diphenylantimony)oxide (164) and the second, melting at 128~
132°, was diphenylantimony acetate (165). The yield of the
oxide was 1.39 ge (61e5%),

11637 Hydrazine hydrate had previously been used to convert
arylbismuth halides to RzBi compounds by Gilman and
Yablunky, ibid., 62, 665 (1940).

(164) Michaelis and Gunther, Ber., 44, 2316 (1911),

(165) See Goddard, "Organometalllc Compounds,™ which forms Part

III of Vol. XI of Friend, "A Text-Book of Inorganic Chem=
istry," Charles Griffin Co., London (1936), p. 218,
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Reduetion of Triphenylantimony Dichloride
with Hydrasine Hydrate

To a stirred suspension of 2.13 ge (0,005 mole) of tri=-
phenylantimony dichloride in 60 ce. of 95% alcohol was added
2.0 gs (0.04 mole) of hydragine hydrate. Stirring was con-
tinued for one hours The solubtlon was poured into 100 ce. of
water and the suspension was extracted wlith three 50«-co, pore
tions of ether. The combined ether extracts were dried over
.godiam sulfate, and the ether distilled off under reduced preg-
sure. The yleld of triphenylantimony (mixed me. p.) was 1.68 g.
(95,0%); the melting point was 51-529,

Reduction of Tri-p~tolylantimony Dichloride
to 358b by Hydrazine Hydrate

To a suspension of 2,33 g. (0,005 mole) of tri-p-tolyl-
antimony dichloride in 60 ce. of 95% ethyl alcohol was added
2.68 g, (0,054 mole) of hydrazine hydrate, An evolution of
gas was immediately evident at the surfece of the solid and
coeased after 1-2 minutes, Very fine, dense, colorless erystals
appeared after stirring for one hour., This solild was filtered.
The alcohol flltrate was diluted with 30 ce. of water and ths
mixture extracted with ether. The ether was dried over sodium
sulfate, and the solvent distilled off under reduced pressuree.

The residue was recrystallized from e smell amount of aleohol



and added to the crystals above, The yleld of tri-p-tolyl-
antimony (mixed mMep.) was 1.9 g. (96.5%), melting at 128-129°,

Reactlion of p-Tolylantimony Dichloride
with Hydrezins Hydrate

Hydragine hydrate (4.0 g.; 0.08 mole) was slowly added,
during ten minutes, to a solution of 4.25 g, (0,015 mole) of
p~tolylantimony dichloride 1n 20 cc. of hot absolﬁto ethyl
slcohols A precipitate appeared lmmediatelys The suspension
was refluxed for thirty minutes., The alcohol was evaporated
off but no tri-p-tolylantimony could be isoclated from the

residue,

Reaction of n-Butyllithium with Triphenylantimony

To 3,53 g (0401 mole) of triphenylantimony (166) in 45
cc, of anhydrous ether was rapidly added 0.01 mole of n-butyle
l1ithium in 15 ce. of ether. The solution was stirred for one
hour and poured on powdered dry lce., The resldue was extracted
with 30 ce. of 10% potassium hydroxide. The basic solution
was bolled with & little Norite, filtered, acidified, and coocled
on ice. The yleld of benzolc acid was 0,08 ge (645%); the
melting point was 119-121° The mixed melting point was 119,5-
121°,

T188) Similer metal-metal interconversions had been earried out with
: some of the corresponding bilsmuth derivatives by Gilman,
Yablunky, and Svigoon, J« Am. Chem, Soc., 61, 1170 (1939).
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In another experiment, 3.53 ge (0,01 mole) of triphenyl~
antimony and 0.0l mole of pn~butyllithium in 60 cc, of ethsr
were stirred for ten minutes and carbonated. The yield of
benzole acid was 0,08 ge (646%)e

In still &nother experiment, a solution of 1l.77 ge (0,008
mole) of triphenylantimony and 0005 mole of n=butylliithium in
80 oc. of ether was stirred for ten minutes and carbonated.
The carbonation residue was extracted with 30 Ces of 104
potaaslium hydroxide. The basic solution was hoiled with a
l1ittle Norite, filtered, acidifisd with conecd. hydrochloriec
acid, and cooled with ice. The benzoic acid (mixed m. pe) was
filtered off and amounted to 0,051 ge (843%)e The ether solu-
tion, remaining after the potasslum hydroxlde extraction,
yielded 0.5 ge (28.2%) of triphenylantimony (mixed me p.)e

In two checks of thls last experiment, ylelds of 0.070 g.
(11.4%), and 0,060 g. (9.8%) of benzolc acid were obtained.

Reaction of Tri-p-tolylantimony with p-Butyllithlum

A solution of 1498 ge (0,005 mole) of tri-p-tolylantimony
ahﬁ 04006 mole of nebutyllithlum in 60 ce. of ether was
stirred for ten minutes and carbonated. Before carbonation the
solution exhibited a yellow color, The aclid was aeparated by
a potassium hydroxide extraction. The p-tolulc acid (mixed

Me Do) was crystallized from water, The yield was 0,040 g.
(649% )4
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In a check experiment, there was obtained 0,044 g. (6.5%)
of p~toluic acid,.

Reectlion of Trl-pwchlorophenylantimeny
with n-Butyllithium

A golution of 2.28 g. (0,005 mols) of tri-p-chlorophenyl=-
antimony and 0,005 mole of n-butyllithium in 60 cc. of ether
was stirred for ten minutes and carbonated, When the butyle
lithium and the stibine were mixed, a deep red color appeared.
Thils color progressively changed to deep brown, and then to
deep purple at the end of the ten minute perlod. The carbons-
tion residue was extracted with 30 co. of 10% potassium hydrox-
ide. The baslie solutlon was bolled with a little Norite,
flltered and sclidifled. Using a Soxhlet extractor, the p-
chlorobenzolc acid was removed from the preclpitate, This
gcid (mixed me. p.) amounted to 0.3 g. (sé.o%).

In a check experiment, there resulted 0.29 ge (36.9%) of
p~chlorobenzolic acid.

Reaction of Diphenyl=¢engphthylantimony
with n-Butyllithium

A golutlon of 2,02 g. (0.005 mole) of diphenyl-g-naphthyl-
antimeny and 0,006 mole of n-butyllithium was stirred for ten
minutes., A brilliant red color, which faded but slightly at the
end of the above time interval, was produced., Ths solution was
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then poured on dry ice., The carbonation mixture was extracted
with 104 potassium hydroxide, and the basic solution filtered
end acidified. The precipitate was bolled with 100 ce. oOf
water, the mixture filtered, and the flltrate allowed to cool,
The c¢crystals of odwnaphtholc acid amounted to 0,134 g.
(1546%), The melting point was 159-160°. A trace of benzoic
acld (mixed m. pe) was isolated.

Reaction of Diphenylmesitylantimony with n-Bubyllithium

A solution of 1,98 gs (0,005 mole) of diphenylmesityle
antimony and 0,005 mole of n-butyllithlum in 60 cc. of ether
was stirred for ten minutes and carbonated., After the addi-
tion of the n~butyllithium, the solutlien turned yellowishe
green in color, The carbonation residue was extracted with 25
e¢cs of 10% potassium hydroxide. The basic solution was
acidified, and the resulting mixture was warmed and filtered.
The residue was waahed with water, dried, and extrscted with
25 co. Of hot petroleum ether (b.pe, 85-110%), The petroleum
other contained only & small amount of non-melting material.

The agueous flltrate above was made basic and evaporated
to a volume of about 20 cce The solution was acidified and
cooled. The precipitate wazs filltered off and amounted to
0e062 g+ (10.2%) of benzolc acid (mixed ms pe)s A 12,8 per
cont recovery of dlphenylmesitylantimony wes realized.



Reaction of Diphenyl=-p-chlorophenylantimony
with p~Butyllithium

A solution of 1,94 ge (0,005 mole) of diphenyl-p=chloro-
phenylantimony and 0,005 mole of n-butyllithium was stirred for
ten minutes and carbonated. A brilliant red color appeared
immediately on mixing the two compounds, but changed to brown
at the end of the ten minutes., The carbonation mixture was ex-
tracted with 25 ce. of 10% potassium hydroxide. This basic so-
lution was boliled with HNorite, filtered and acidifled. The
warm mixture was filtered, and the filtrate extracted with
ether. The ether solution yielded 0,024 gz, (3.94%) of benzoic
acid (mixed m. p.) 8fter evaporation,

The residue from the above filtration was extracted with
water using a Soxhlet extractor. There resulted 0,16 g
(20.8%) of p=chlorobenzoie acid,

Reasction of Tetraphenylgermanium with n-Butyllithium

To a suspension of 1.0 g (0.0026 mole) of tetraphenyl-
germanium in 25 oce. of ether was added 0,011 mole of n-butyle
lithium in 30 co. of ether, After standing for sixteen hours
the mixture was carbonated, Ninety-seven per cent of the Réa

sompound was recovered, No benzoic scld was obtained.
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Resction of tert.-Butyllithium with

Tetraphenylgermanium

To 0,95 ge (00025 mole) of tetraphenylgermanium was
added 0,065 mole of tert.-butyllithium in 100 co. of
petroleum ether (b.pe, 28-38%), The mixture was refluxed for
ninety-~six hours and carbenated, The recovery of tetraphenyl-
germanium was almost quantitative. No benzoic acid was formed.

In another experiment, the low boiling petroleum was re-
moved and petroleum ether (b.p.,79-115°) was added. The
mixture was refluxed for twenty-four hours and carbonated. WNo

resction had occurred,

Reaction of Tetraphenylsilicon with n~Butylilithium

To a suspension of 1,12 g. (0.,0033 mole) of tetraphenyl~
silicon in 25 co. of ether was added 0.,01) mole of n-butyl-
l1ithium in 30 cc. of ether, After slixteen hours the mixture
was carbonated, A 94 per cent recovery of the silicon com-

pound was resliged. No bengolc acid could be lsoclated.

Reaction of Trlethylbismuth with Triphenylantimony

To a stirred solution of 1,79 ge (0.006 mole) of triethyl-
bismuth in 100 ce. of dry bengzene was added 2.12 g. (0,006 mole)
of triphenylantimony. Very little wvisible change was observed
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when the solution was refluxed for twenty-four hourss The so~
lution was cooled on lce and saturated with ohlorine gas, Then
the excess chlorine was removed by sweeplng dry air through the
solutions An aliquot portion was removed and 1 cc. of p-chlorow
phenylmegnesium bromide was added, but no color aypesared,
Hydrolysis of this test solution did not promote any color
(167)s The bengene wasg then distilled off under reduced pres-
sure, and the residue dissolved in 25 cc, of benzens, Alcohol
(175 cc.) was added, The solution was allowed to evaporate
slowly. The eryastals of triphenylantimony dichloride (mixed
ne,pe. ) amounted to 2.0 ge (78.6%)s

Reaction of Tri-n~butylbismuth with

Triphenylarsenic

To & solutlon of 3.7 ge (0.,0098 mole) of tri-n~butyle
bismuth in 100 ccs of dry bensene was added 3,0 g. {0.0008 mole)
of triphenylarsenigc, The mixture, after the chlorine tresat-

ment, gave a negative test for triphenylbismuth dichloride.

TIB7) & color formation would have indlcated the presence of
triphenylbismuth dichloride. See Gilman and Yablunky,
ibid. » _6_\:5_’ 835 (1941).
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DISCUSSION

The experiments in this work indicate quite clesarly the
unstsble nature of the organometalllic compounds of the transe
itional elements, such aa silver, copper, gold, zirconium,
tantalum, iron, nickel and chromium. The decomposition of
these derivatives undoubtedly gives free radicals as the pri-
nary produst, The fate of the free radicals is probably
dependent on several factors.

One influence on the fate of the free radicals 1s the
position of the metal in the A=~, or B-family. For example,
methylmagnesium chloride reacted with zirconium tetrachloride
{A-family, Group IV) to give methane, With copper, silver
and gold (B-family, Group I) halides, reactive methylmetallic
compoundis gave ethane, the coupling product, It asems to be
guite gensrally true that with the lower mlkylmetallic compounds,
the halides of metals placed in the A-family do not give ecoup=~
ling, whereas the halides of metals placed in the B-family do
give coupling.

Another influence 1s the presence of catalytic factors,

As an i1llustration, in some metal halide reactions with methyle
lithium or methylmagnesium chloride, the metal initially

formed in the degomposition of the organometallic compound, or
unused metal halide, may alter the course of reaction of the

free methyl radlcalss Also, the presence of lithium or megnesium

halides may play an important role in the ultimste fate of the
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free methyl fragments. 7These reasons explain the formation of
methane along with the predominant ethane,

The thermal decomposition of dimethylgold bromide is an
sxemple of a dlsproportionation which is somewhat related to the
random redistribution reactions earried out by Calingsert and
co-workers (168). The breakdown of the gold compound probably
takes place 1n acecordance with the followlng equations:

2 (CHg ) Aubr — 2 CHyAuBry + 2 (Cﬁs)zAu I
2 (CHy) Au —) 6 CHze + 2 Au I1
8 CHge — 3 Cplg I1I
2 casAuBrz——) (CH, ) AuBr + AuBr, v

The trimethylgold, formed as indlcated ln equation I, shows
only & transitory existence and probably decomposes to glve
free methyl radicals (equation IX) which in twn unite to pro-
duce ethane (equation III). Since pure ethane was formed,
side reactions of the free methyl radical must not be operat=-
ing.

Although Rauxz compounds decompose in the absence of
solvents in the following manner (57):

RAuXp —> RX + AuX

in the presence of an organic solvent like ether, ths methyl-
gold dibhromide can glyve dimethylgold bromide and tribromide in
accordance with equation IV, This dispregortionation is the

most logiecal sxplanation for the production of gold tribromids.

Ti88T See eariier rererences.
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The eatalytic effect of the various metal halides, such
as gold tribromide, nickelous chloride, ferrous chloride and
ferric chloride, on the reaction of organcmetallic compounds
with organic halldes is very notlceable., This type of process
has often been of synthetiec value,

The bluish-purple sugponsion in the resction of methyl=
1ithium with methyl iodide in the presence of gold tribromide,
is probably due to the presence of colloidel gold. A plaus=~
ible explanation for the formation of colloldal pold, and also
the oatalytic effect, may be elucidated by the following

equationa:
12 CH,LL + 4 AuBr,—> 4 Au 4+ 6 C,H 4 12 LiBr v
4 CHI + 4 Au—) 2 (Cﬂs)zﬁul 4+ 2 Aul VI
2 (CHg)pAul 4 2 CHglt —3 2 Au + 3 CgHg4 2 LiI VII
2 CHgI + 2 Aul —> 2 CHghuly VIII
2 CHAul,+ 4 CH/L1 —>2 Au + 3 CoHg + 4 LiI X

The initial colloidal gold is formed according to equation V,
which need operate no longer after the firat reection. Cone
/aidering equations VI to IX, inclusive, 1t is apparent that
the essentlal resction is the formatlon of one mole of ethane
from one mole of methyllithium and one mole of methyl iodide,
The methane probably res:.lta as 8 by-produet in the catalytle
decomposition of the trimethylgold.

The efflcacy of the iron chlorides and nickelous chloride
as catalysts ln the reaction of phenylmegnesium bromide with

bromobenzene was of the same relative degree as that of gold
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tribromide., The mechanism of these coupling resctlions 1ls best
represented by the reactlons x;oatulated by Kharasch and co-
workers (169). The 7ields of biphenyl would indicate that

the bromobengene does not enter into the formatlon of the
coupled product, but only furnishes free phenyl radicals which
are catalytically polymerized.

In view of the fact that the tetraphenylsilicon and
-gormanium compounds do not undergo metal-metal interconver=-
sions with pebutyllithium, 1t was desirable to attémpt metala-
tions with stronger metalating agents (170), such as tert.-
butyllithium, However, even after a long perlod of refluxing
with tert.-butyllithlum, tetraphenylgermenium remained un-
changed.,

The failure of a ecmpéund to respond to a metal-metal
interconversion may be &n indication of its non-metalllc
character,s HNote the break between tin and lead compounds on
the one hand, and the germenium and silicon compounds on the
other,

Antimony compounds undergo the metale-metal interconver-
sion quite readily, although to a lesser extent than thoase of
bismuthe n~Butyllithium was the organometalllic used as the
cleaving agent, The reaction can be represented as follows:

Rasta + n<C 4‘Hgm. —> R,SkC a2 4+ RLA
@@ De o4

{170) Gilman, Moore, and Baine, J. Am. Chem, Soc., 63, 2479
941)
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The amount of RL1i compound was determined by carbonation to
give the corresponding acid.

The results of the cleavage of some antimony compounds

are summsrized in Table I,

Table I

Reactions of n-Butyllithium with Symmetrical and
Unsymuetrical Triarylantimony Compounds

Antimony Compound T Acld Product :1¥leld of Acid (Z)

) : (a)

Triphenylant imony Bengolc Ba3, 1144, 9.8
Tri-p-tolylantimony p~Tolulc 5.9, 645
Tri-p-chlorophenylantimony p-Chlorobenzolc 38,0,36,9
Diphenyle=denaphthylantimony ol-Naphtholc 15.5
Bsnzole Trace
Diphenylmesitylantimony Benzoic 10.2
Diphanyl ~p=-chlorophenyl -
ant imony p~Chlorobenzole 20.2
Bengzole 349

(a) Thease experiments were run under conditions comparable to
each other and to the corresponding experiments on
bismuth (98, 166).

Judging from the cleavage of the symmetrical compounds,
the ease with which the radicals are ¢leaved decreases in this
order: p-chlorophenyl, phenyl and p-tolyls The cleavage of
the unsymmetrical eompounds gives the decreasing order of

lebility; p-chlorophenyl, denaphthyl, phenyl and mesityl,
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The probable arrangement for the entire series of radlcels in
decreasing amount of cleavage 1ls as followa: p-chlorophenyl,
¢ ~naphthyl, phenyl, p-tolyl and mesityl. This series is in
entire accord with that based on the cleavage of the unsym-
metrical triarylbismuth compounds (98).
On the basis of cleavage from unsymmetriml mercurials
by hydrogen chloride, the above radicals possess the follow~
ing order of decreasing labllity: measltyl, J=~naphthyl, p~tolyl,
phenyl and p-chlorophenyl (171)s It is very apparent that a
cleavage series of this type depends both upon the metal
derivative being cleaved, and also the cleaving agent. It
would be unwlase to use one series of cleavage &s a basis for
prediction in an unrelated type of reaction.
A comparison of the liquid ammonia reactlons,

RQSbI + 2 Na—> sttrNa + Hal

R,SbNa + IR'—) R,SBR' + Nal
and the method using the Grignard reagent,

R,SbX + R'MgX —> R,SbR' + MgX,
for the preparastion of ungymmetrical triarylantimony compounds
is of value. In general, because of the expensive nature of
liguid ammoniae, the preparation involving that reagent is to
be avoided. Also, only the dlarylantimony ioditde compounds
may be utilized in this reaction. The preparation of the

TI7I) Kherasch, Legauit, and Sprowls, J. Org. Chem., 3,
409 (1938); Kharasch and Flenner, J. Am. Chem., Sog.,
54, 674 (1932),
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1odide requires an additional step. The ylelds in llquid
ammonia are generally much lower. Contrary to expectatlions,
the use of liquid ammonia doses not cause any undue difficulties,
and but few precautions are necessary.

The preparation using the Grignard reagent involvea the
utilizgation of diarylantimony chlorides. Thls reaction gives
more impurities than the ammonis resction, but the ylelds are
better, With the very sensitive, low-melting unsymmetrical
organoantimony compounds, it is necessary to add the Grignard
reagent to the diarylantimony chloride at the temperature of
an ice bath, Higher temperatures give non-crystallizable
olls,

The appserance of & transitory green color in the reac~
tion of the liquid emmonie solution of diphenylantimony
iodide with metallic sodlum may be taken as evidence for the
formation of diphenylantlimony.

(Cglg)oSOI + Na-—> (CgHg)pSb + KeX
The diphenylantimony then reacts with more sodium to give the
red diphenylantimony sodium.

(0635)2.% + Na —> (csﬁs)gswa
The same general obaervatlions were made with the correspond-
ing blamuth compound (146).

| Hydrazine hydrate serves as an excellent tool in the re-

duetion of pentavelent antimony compounds. For example, tri-

p~tolylantimony dichloride 1s reduced quantitatively to give
pure tri-p-tolylantimony.
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In contrast to the reaction with the corresponding bls-
muth compounds, hydrazine hydrate does not convert the RShX2
or R,SbX derivatives to the R3Sb compounds. This is another
exampls of thwe enhanced atability of the organcantimony come
pounds over the derivatives of bismuth.

It is evident that the random distributions noted with
compounds of tin, lead, mercury, and so on, are not as charw
acteriatic of the antimony and hismuth derivatives. For ex-
ample, triphenylantimony underwent no reuction with triethyle
bismuth, This lack of interconversion was probably duwe to the
mild conditions., Heating in the absence of sclvent would une
doubtedly promote some exchange of radicals.

The cleavage of triphenylantimony with hydrogen peroxide
to give diphenylstibonic acid,

(Cellg)3Sb + Halp — (CgllglaSbOpll 4+ Cglig
is one of the more dap;;dable methods of dearylation of trie
srylantimony compounds. This reaction serves as an avenue of
approach to diarylantimony compounds.

The moast sulitable preparation of diphenylantimony chloride
is the reduction of diphenylstibonic acld, dissolved in strong
hsﬂroehloric'acid, wilth stannous chloride, Actually, the
antimony compound present in the acid solution is diphenyl=-
antimony trichloride, (0635)2Sb013. The reactions may be
represented as follows:

(CgHglaSbOpH + 3 HC1—> (CgHg)oSbC1l,+ 2 Hy0

{CgHg)oSbC1z + SnCly —> (CgHg)aSHC1 +  SnCl,
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This method has several advantages over the other preparations
of diphenylantimony chloride. The heating of triphenyl-
antimony with santimony trichloride (172),
(CgHg )80 + SBClz,— RySHC1 + RSOl

in an sutoclave for a prolonged period 13 a troublesome reec-
tion to sarry out, In addition, it gilves a ﬁixture of mono-
and dlarylated products. Another method of preparation used
by Blicke, Oakdals, and Smith (160) is & tedious and detalled
procedure, Involving the following sequence of resctionss

06H5N201 + S?.':(}Zl.3 _HE.QH_) Csﬁasbﬂsﬁaz _.EGJ_> 0611531)0552

CSKSSbOEHB ____%gg_%> 06H58b012

CgHgSbCly  NH,OH 5 CgHgSbo

CglsSP0 —> /(T H )50 750 - Sbg0,

[TCsHg )osSb/o0 4+ 2 CHgCOOH —> 2 gy )a8b0sCCHz 4+ Hg0

(Gﬁﬂs)BSbOQCCHS-I- BC1 — (CgHy)pS0C1 + CHCOOH
Although the cleavage of triphenylantimony with hydrogen per-
oxide and the reduction of the diphenylstibonic acid to di-
phenylantimony chloride using stannous chloride leave much to
be desired, this method 1s still the most asceptable prepara-
tion of diphenylantimony chloride.

In spite of the fact that the preparation of the phenyl-p=~

tolylstibonic aeld was unsuccessful, 1t 1s worth repeating
because of the theoretical intereast Involved. This attempted

{172] Worgan and vining, Je Cheme Socs., 117, 777 (1920).
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preparation did not conform ln procedure to the similar
method of formation of diphenylstibonic aecid (173). Ben=-
genediazonium chloride in &5 N hydrochloric acld was treated
with & solution of phenylantimony oxide in a small amount of
acetic acid and the resulting mixture made slkaline. The
essential reasction was as follows:
CeHpNgCl + CgllgSbO __NaOH \ (CgHg)pSbOgH

& successful preparation of phenyl-p-tolylstibonic acid
would lead to the preparatlon of phenyl~-p-tolylantimony
chloride in a manner simllar to the preparation of diphenyle
antimony chloride. The phenyl-p~-tolyantimony ohloride can
then be treated with a sultable Grignard sompound to give a
completely unsymmetrical organosntimony compound.

Cefs~_ Celon_

SbC1 ~
s + RMgX — SR + HgC1X

Sugch derivatives are unknown at present,

TI737) Scomidt, Ann., 421, £33 (1920).
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SUMMARY

A historical survey of the existence of free radlcals in
the thermal, electrolytic and photochemicsl decompositions of
organometallie compounds has been mede. Brief discuasions of
"orgenometallic redicals" end the "redistribution reaction”
have been included. HMethods of detecting and identifying
free radicals were noted,

8ilver, copper, gold, zlrconlum, tantalum and chromium
halides were treated with methylmetallic compounds, and the
gaaeous products analyzed., Silver, copper and gold halides
gave predominantly ethane; zirconium, tantalum and chromium
hallides gave methane.

Gold tribromide catalyzed the coupling of methyllithium
with methyl ilodide to give ethans.

Phenylmagnesium bromide reacted with bromobenzene in
the presence of catalytle amounts of nickelous chloride,
ferrous chloride and ferric chloride to produce biphenyl.

The cleavage action of n-butyllithium with some sym=-
metrical and unsymmetrical triarylantimony compounds has been
studied.

The detailed procedure for a new preparation of diphenyl-
antimony chloride has been included, as well as the prepara-
tion and properties of the following new compounds: tri-p-
chlorophenylantimony, tri-p-chlorophenylantimony dichloride,
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tris(p-dimethyleminophenyl )antimony, diphenyl-cAnaphthyl-
antimony, and diphenylep -chlorophenylantimony.

Hydragine hydrate was found to be without actlon on
R3bXg and RoSbX compounds. However, this reagent smoothly
converted the Rz3bXy derivatives to the RzSb compounds.
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