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THE RELATIVE REACTIVITIES OF SOME
ORGANOMETALLIC COMPOUNDS

Introduction

Organie synthesls is, in general, based upon the use of
selective or preferential reactions. Organic chemistry is
built upon the reaction of an organic compound with one or
more other elements or compounds, The success of any reaction
depends to a large extent on the reactivities of the groups in-
volved, The abllity to predict how a reasction will proceed or
the best synthesis to use in easch case depends upon knowledge of
the relative reactivities of the compounds or groups involved.
Organometallic compounds have often been used in resctions with
polyfunctional compounds. Thus, Noller and Adams (1) by the
proper use of a Grignard reagent on aldehyde esters obtained
compounds tnat showed additiou to the aldehyde group but not
to the ester group. 4 large numbsr (2) of such preferential
reactions with polyfunetional compounds are found in the chemis-
try of organomagnesium compounds. In some cases, however,
preferential reaction does not take place as the Grignard reagent
reacts equally well with all functional groups present. Thus,
Boyd and Ladhames (3) hoped that by the use of preferential
(lgﬁollar and Adams, J. Am. §§g§; Soe., 48, 1074 (1926).

(8) (a) Grignard, Compt. reand., 104, 649 (1902); (b) Fordyce
and Johnson, J. Am, Chem. 50¢., 55, 3368 (1933);

(¢) Mavrodin, Bul, soe. chim. Romsnia, 15, 99 (1933).
(3) Boyd end Ladhams, J. GChem. Soc., 1928, 2089.




reaction they could,conveft methyl o-cyanobenzoate into o-cyano-
triphenylcarbinol. They found, however, that phenylmagnesium
bromide in ether solution reacted with both the cyano and the
ester groups. No trace of o-cyanotriphenylcarbinol could be
detected. Finger and Gaul (;) report that in the reaction of
Grignard ré&gants oen methyl c¢yanoformate both the ester and cyano
groups were attacked by the Grignard reagent. It is hoped that
by the use of organometallic compounds less reactive than the
Grignard reagent preferential reactions of this type can be carried
out without difficulty. This may open new fields whereby other-
wise inaccessible compounds may be prepared through the medium
of selective or preferential reactions involving organometallie
compounds less reactive than the Grignard reagents.
Organometallie compounds probably constitute the most impor-
tant group of compounds used in synthesis. They include all
compounds which are characterized by the carbon-metal linkage
and may be represented as falling into three important classes:
first, those contalning only like R groups attached to the metal;
second, those having different R groups attached to the metal;
and third, those having both R groups and halogen attached to
the metal. The task of comparing the reactivities of all of
-these different compounds is great, and it is only through

continued effort that it may be achieved.

(4} Pinger and Gaul, J. prakt. Chem., 111, 54 (1923).




The proper method of apnrouch in a study of this kind
saems to be to attempt a correlation betwsen the chenical
reactivities of the organometsllic compound and the position
of the metnl in the periodic table. The more reactive or-
ganometsallic compounds seem %0 be formed from the metals
in the lower left hand corner of the periodic table; that is,
the more positive the metal the grester the recctivity, and
the orgsnorubidium and organocesium compounds appeur to be
more reactive than those higher la the group (5).

The organometallic compounds of the second group ele-
ments appesr Lo be less recctive than the organoslkali com-
pounds (6}, while the alkaline earth metals and magnesium
- form the most active organometallic compounds of the second
group nmetals.

In this study an attempt has been made to compare the
relative resctivity of the organometsllic compounds of zine
of the second group elements with those of aluminum and boron
in the third group. Due to the wide range of resctivity of
the many organomatallic compounds, from the very resctive
organoalksll compounds to the relatively stable orgsnocome-
pounds of tin, bismuth snd lead, it is d4ifficult, if not
imnossible, to find any one reaction which could be used in
(5) FPor a general review and references see: Julius Sehnidt,

v "Organometallverbindungen.” Stuttgart. 1934.
(8) Gilman and Kirby, J. Am. Chem. Loc., 55, 1285 (1933).



s quantitative menner to meagure all their relative reacﬁion
velocities or reactivities. In the case of the three metsls
ehosen the reactions entered into by sll three are very few.
The resaections of organosluminum and ~boron compounds with
compounds contalning different functional groups have been
little studied. Therefore, it 1s first necessary to inves-
tigante the reaction of organozine, -aluminum, and -boron
compounds with eertsin funectional groups and then to choose

those best suited for a comparison of the relative resctivities.



Al THS SOLOR TEGT WITH ORGANOLETALLIC COL@QUIIDS

Introduction

The color test for reactive orgsnometallic compounds
hag been of very greaf use in measuringe the relutive reacti-
vities of such cowpounds. It has been ussed in comparing
organometallic compounds of different metals with each
other (6); fof comparing the reactivity of orgenometallic
compounds with different R groups with selected reactants 7);
and for distingulshing between RMgX and R,Mg compounds (8).

The color test as develoned by Gllman and Schulze (9)
depended upon the formastion of tertiary aleohols by the in-
teraction of Kichler's ketone (tetramethyl-p-diaminobenzo-
phenoune) and an orgeanomstallic compound. The test was desig-
nated as s color test for reaciive organomsetallic compounds,
as it was thought that only the more reactive of these com=
nounds formed by metals of the first and second group of the
periodiec table would give the test. The tesit was reported
as being given by the organoalkslil compounds, the Grignard
reagents, organcoberyllium, organocaleium, und organobarium
(7) {a) Gilman and Pickens, J. Am. Chem. Joc., 47, £406 (19825);

{(b) Gilman, Heck, and St. John, Rec¢. trav. chim., 49,
21z (1930); -
(¢} Gilman and 3t. John, ibld., 48, 222 (1930).

) Bachmann, J. Am. Chem. Soc., 52, 4412 (1930).
) Gilman and oehulze, ibid., 47, 2002 (1925).

(s
(s
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gompounds. Tests were not given by compounds in which the
metal was attached to an element other than carbon, and the
following organometallic compounds were reported as not giv-
ing the color test: ethylzine iodide, diethylzine, dlethyl-
mercury, di-p-tolylmercury, p-tolylmsrcurie iodlde and tetra-
" ethyl-lead., From these results one would predict that the
reaction between the above compounds and the csrbonyl group
does not take placea.

Gilman and Schulze (10) found further that certain
organomagnesium compounds did not give an lmmedlate color test
when trested with Michler's ketone. Thus tertiary-butylmug-
nesiun chloride, bromide and lodide, tertiary-amylmagnesium
iodide and tertiary~hexylmagnesium chloride gave a positive
test, provided 5 minutes were allowed for the reuaction be-
tween the Grignard reuagent and Michler's ketone. If the
hydrolysis was effected immediately after addition of the
organomagnesium compound to the Michler's ketone solution
the test was very faint or negligible.

In further studies of this color test Gilman and Heck (11)
found that the sensitiveness of the test inorsased with the
use of a hot sslurated solution of Michler's ketone in ben-
zene. Tertlary-butylmagnesium bromide was found to give a
test when its solution was allowed to stand 3 0o 4 minutes
with Michlert's ketone solution prior to hydrolysis. Further-
more, an immedlate test was obtained when & hot concentrated

(10) Gilmen and Schulze, Bull. soc. ehim., 41, 1479 (1927).
(11) Gilman and Heck, Rec. ¥rav. chim,, 48, 193 (1929).
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solution of Michler's kKetone was used,

Work with the Grignard reagent of (ﬂ;ahloro—ethyl)~methyl-
aniline (12) showed that in this case the color only slowly
developed when the Grignerd reagent was treated with Michler's
ketone. This sluggishness is postulated as belng due to sterie
hindrance.

In a study of the relative rates of reaction of orgeno-
metallic compounds of aluminum, boron, and zine the first method
of atteck that suggested itself was use of the color test to
determine the time of reasction 6f these organometallic compounds
with selected reactants, The possibllity of the use of the
color test was investigated and extended to organometalllc
compounds other than those of the first two groups of the periodile
table,

It was found that in some cases the reaction of an organo-
metallie compound with ichler's ketone was an extremely slow
reactlion requiring several hours or days before sufficient
reaction had taken place to give a noticeable color. This
suggested the possibility that many reactions heretofore re=-
ported as not going may still be carried out if sufficient
time of contact is given and conditions are right for the re-
action. Thus the apparent absence of reaction between phenyl-
magnesium bromlde and a simple oclefinle linkege may be merely
a llumiting case of an extremely slow reaction.

‘Besides studying the color test with organometallic com-
pounds of aluminum, boron, and zinc work was also begun on the

possibility of a very slow reaction between Michler's ketone

(12) Gilman and Heck, Ber., 63 B, 1379 (1929).

os— -
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and the less reactive organometallic compounds of the periodie

systen.
sxperimental

The color test for reactive organometallic compounds as
developed by Gilman and Schulze (¢) was made as follows: "One-
half to one cc., of the solution to be tested is treated, at
room temperature, with an equal volume of a 1% solution of
Michler's ketone in dry benzene, The reactlion product is then
hydrolyzed by the slow addition of one cc. of water during
which the test tube 1s gently agitated to moderate the vigor
of the reaction. The subsequent addition of several drops of
a 0.2% solution of iodine in glacial acetic acld develops a
characteristic greenish~blue color when Grignard reagent is
present.”

This test has been modified in seversl respscts to meed
the nesds of the other corganometallic compounds. 4, sample of
2 ec. wos found better than a smeller sample, as in many cases
a color would develop with 2 ec. where 1 ce. would not give
a color., It is merely a matter of & sclution which is more
concentrated with regard to the organometallic compound, since
the addition of 2 co. of a sample to 2 cc, of Michler's ketons>
naturally gives a higher coneentration of organometalliec com~
pound than the addition ofll cc;‘af sample to 2 cc. of Michler's

ketone solution.
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The test was always carried out in a test tube which had
been thoroughly cleaned and dried in an oven at 120°. Two
cc. of 1% solution of Michler's ketone in dry Lenzene was
placed in the test tube and the 2 ceo. sample of the orsanometal-
lic compound added to this. The test tube was then tightly
stoppered and shaken for several minutes or allowed to stand
over a certein period of time. In cases of a very sensitive
test it was well to displace the alr in the test tube with
nitrogaﬁ before addition of the sample. The sample was removed
in a 2 ec., pipette which had been cleaned and dried. The use
of & small rubber buldb from a medicine dropper &s a means of
epplying suction to the 2 cc., pipette was found very effective
and prevented troublesome contact with solvent vapors.

The solutlon of the organometalllc compound always gave
a better color test if 1t was added while hot to the llichler's
ketone or if the solution was heated for several minutes after
addition. In either case the solution was cooled, and approxi-
mately 20 drops of a 50% slcohol solution was added to hydro-
lyze the reactlon product. The alcohol solution was used
instead of water hecause better contact was thus obtained be-
tween the hydrolyzing agent and the reaction product., GHost
of the solutions tested were xylene solutions, and hydrolysis
with water alone was very slow; whereas, the use of an
aloohol-water solution gave very quiek results. To the solution,

after hydrolysis, was added several drops of a 0.27 solution
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of iodine in glacial acetie acid. It was found thet it was

very easy to add too mueh ilodine solution, thus masking a slight
green c¢olor by the color of the exoess lodine, It was found
bast to add a maximum of 4 to 6 drops at first. If the color
was then not fully developed more was carefully added. In

all cases 10 drops of the iodlne solution was found to give

a8 very characteristic greenish-blue color,

The Color Test with Orgencaluminum Compounds. The tri-

phenyl~ and tri~p-tolylaluminum compounds in a xylene solutlon
were found to give a positive color test after 5 minutes!
contact with Michler's ketone if their solution was of at least
0.1 molar conecentration with respect to the triarylaluminum
compounds., They glve a very greenish-blue color the same as
that of the Grignard reagent, If a more dilute solution was
used it was necessary to allow the reaction mixture to stand
for longer periods of time and in some cases to heat the solu-
tion.

‘ ; With the triethyl- and tri-n-propylaluminum compounds the
éélar obtalned was not quite as characteristic as with the
aryl derivatives, Solutions of 0.1 molar concentration, or
greater, gave a color test, but the color generally ranged
from a deep purple through = light blue with very little green.
The greater part of the color was in the lower agueous layer,
and the color seemed to vary with the concentration, That 1s,

the more concentrated solutions were purple and violet; whereas,



the more dilute samples gave a light blue coloration. Dilute
solutions gave a color 1if allowed sufficlent time of contact
or ware heated.

The Color Test with Organcboron Compounds. Both the

trialkyl-and the trisrylboron compounds gave a very character-
istic greenish-blue coclor when the color test was made. In
order to obtain -the test after 5 minutes' contaet with
Michler's ketone without heating, a sclution of approximately
1 moler concentration was required. The triasrylboron come-
pounds in this case were hydrolyzed after considerable shak-
ing with 50% alcohol, and on addition of the iodine solution
the eolor develoned. In some cases thé color d4id not sppear
until 2 or 3 minutes after the lodine solutlion was addad and
on further stending dsrkened intoc a2 very deep green., uhen
concentrated solutions of tri-p-propylboron were used,
treatment with alceohol and water did not zpnear to be guffi-
clent to hydrolyze the excess organoboron compound. On
sddition of lodine solution a temporary color developed which
was immediately destroyed on shaking. ZXrause (13) states
that trialkylboron compounds are very stable toward alceohol
and water and cannot be ensily destroyed in this manner. It
was evident that an excess of the organcboron compound was
interfering with the c¢olor reaction. 1In order to destroy

the excess of the organchoron compound alr was bubbled through

(13} Krause and Nitsche, Ber., 54B, 2784 {19z2l1).
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the solution for approximutely o minutes. The solution be-
came very warm due to the oxidation, and after cooling, the
iodine solution was added., A very good color test was ob-
tained irmediately. In the case of more dilute solutions
which were asllowed to stand over long periods of time or
heated this oxidation was not necessary to obtain the color
test.

The Color Test with Organozinc Compounds. The organo-

zine compounds appeared to be rather unreactive with llichler's
ketone. %When a 1 molar solution of the trialkyl- and tri-
arylzine compounds are treated with lilchler's ketone & color
is generally not obtained except after long standing in con~
tact with Michler's ketone or by sufficient heating. The
golor developed is the charscteristic greenish~-blue but 1s

not intense excepi after long contact betweeu the reacteants.

Miscellaneous Studies. Beceuse of the fsct that the

organoboron, ~ajluminum and -zine compounds showed the color
test, although in some cases the reaction was very slow, it
was thought possible that other less reactive organometallio
compounds might also add to the carbonyl group if given the
proper opportunity. For this reason saturated solutions of
the following organometallic compounds in benzene were sealed
in test tubes under nitrogen with a 1% solution of Michler's
ketone: Diphenylmercury, di-p-tolylmercury, diethylmercury,
triphenylbismuth, triphenylstibine, triethyltin chloride,

triphenyltin echloride, tetraphenyltin, triphenyl-lead chloride,



tetraphenyl~lead, triphenyl~lead and tetra~ethyl-~lead. Two

sc, of the saturated solutions of the organometallic compounds
in benzene and two ce. of Michler's ketone solution were sealed
in each test tube. Five tubes for each organometallic com-
pound were prepared along with a tube containing 4 cc. of the
solution of the orgenometallic compound to serve as a blank.
The purpose of this test was to allow these reagents to stand
for several years and then, working them up in the usual mannsr,
to determine if a very slow reaction had tsken place. The
first of these tubes was opened 18 months after sealing. In
no casc was a Gefinite color test obtained; however, the
orgaenometalllic compounds of mercury and lead that were tested
gave on addition of the lodine reagent a solution of & light
yellow color bordering on a faint green. In most of the other
cases the solutions were a light rose after the addition

of the lodine. This sevmed to indicate a possible slow resction
with the compounds of lsad and msrcury. 0f the alkyl and aryl
compounds the diethylmercury end tetra-ethyl-lead solutions
appeared to be c¢loser to the required greenish-blue than

did the aryl compounds. A longser perlod of tlme must, however,
elepse before any definite conclusiqns gan be drawn as to the

result of this experimesnt.,



Discussion of Resultis

‘he success of the c¢olor reaction depends to a very
large extent on control of conditions. The usual test as
carried out for & Grignard reagent is generally very cereless-
ly done. This may result in negative tests in some cases
where an orpganometallic compound is present. With the less
reactive organometallic compounds the color test must be
carrisd out under very casreful conditions or it may he missed
entirely. Conditions should be as anhydrous as possible,
and oxygen should also be excluded to a certain extent. water
ﬁﬁd oxygen are, in general, more reactive with organometallic
gompounds than 1s the earbonyl group of kichler's ketone, so
it is very eusy for & small amount of elther water or oxygen
to spoil a color test.

The faet that organo-aluminunm, ~boron, and -zinec compounds
gave é color reaction points to the possibility that meny of
the reactions we now conslder us not teking place would take
place if sufficlient time were allowed for it. It is altogether
- possible that the less reactive orgenometallie compounds
may give a color test if allowed to stand for several yeurs
under the proper conditions. It is also possible that com-
pounds such as the substituted ethanes or the orgenocsilicon

compounds may also add very slowly to the carbonyl linkage.
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Summary

Certaln changes and modifications have been made in the
color test for organometallie compounds.

The color test has been extended to organometallic
compounds of aluminum, boron and zinec.

Investigation of a cecolor test with the less reactive

organometallic compounds has been begun.



B. 5075 REACTIONS OF QORGANO-ALUMINUL COUPQUINDS

In a consideration of the lmportant part played in
organic synthesis by slumlnum compounds, the guestion naturally
arises as to whether organo-sluminum ecompounds themselves are
not endowed with great reactivisty. This hypothesis is well
19 accord with the position of aluminum in the periodic table
and with the considerations of Zeltner (14). The organo-
aluminum compounds have been, however, very little studied;
and practically the only interest shown in them has been as
a means of intarpreting the Friedel and Crafts {15) reaction.

The first organo-aluminum compound was evidently pre-
pared in 1859 by Hallwachs and Schufarik (16). They reacted
ethyl lodide with aluminum‘at 180° and obtained s reactive
liguid but 4id not isolate or identify their product. [lo
doubt they had a sample of the mixad e;hylaluminum icdides.

Cahours (17)‘in 1860 treated ethyl. fodide with aluminum
in a sesled tube and obtzined a substance to which he mave
the formula AL (C,Hgls«Allzs ‘The compound was probably an
eqﬁimaleaular mixture of ethylaluninum di-lodide and diethyl-
aluminum iodide. The methyl derivative was also prepured.

By the action of sluaminum foil on dialkylmercury compounds

{14) Zeltner, J. prakt. Chem., 77, 393 (1908}.
{15} Leone, Attl II congresso naz. chim. pura epplicata,

1926, 1882
Haellwache and Schafarik, Ann., 109, 206 (1359).
Cehours, Ann. ohim. phys., (&) 58, 20 (1860).

Bt i e Wi

sp————
s
-3




at a temperature slightly above their melting points Buckton
and 0dling {12) prepared the trialkylaluminum compounds
SRgHg + 2A1 —— JHg + 2RzA1

In 1888 Priedel und Crafts (19) in an attempt to explain
the mechanism of the resction bearing their name prepared
the first triarylsluminum compound. On reacting diphenyl-
mereury with aluminum foll at 125-130° they obtained tri-
phenylaluminum. PFrom a study of thils compound the authors
considered that triphenylaluminum behaves like a mixture of
benzene and aluminum chloride and that this favors the
mechanism advanced that an organometallic compound, probably
CeHgalally, is formed temporarily in the Friedel and Jrafts
reaction where aluminum chloride is used.

Furthser studies of triarylaluninum compounds were made
in 1912 by Hilpert and Griittner (20) with their work on
triphenylaluninum and its etherate, and later pv Krause and
co-workers (21) in their studies of the reactions of sodium
end amsonia on triarylgluminum compounds,

The true ecuation for the formation of mixed organo-
aluminum compounds

" /R

| Z2A1 + 3R ——— AIfﬁ + Al

~<- .
PN

(18} Buekton and 0dling, ibid., (4), 4, 492 (1865).
(19) Friedel and Crafts, ib id., (6), 14 433 (1888)
{(20) Hilpert and Grutiner, Ber., 45, 528 {1912).
{21} (a) Kreuse snd Pclwek‘“Ibiq., JQB 1428 {1926)
{b) Krause and Dittmar,“IﬁIﬁ.,“ﬁzﬁ 2401 (1930

*
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was first given in 1908 by Spencer and Wallece (22). They car-
ried out a number of preparations of organo-alumlnum compounds
but did not separate or identify their products. They reported
that the aliphatic derivatives lower in the series than the butyl
derivative reacted with aluminum when heated in a sealed tube,
while those higher in the series thean butyl reacted when they
were heated with aluminum in an open flesk., Aluminum does not
favor the Wur£z~Fittig reaction, that is, the formation of
compounds containing twice as meny carbon atoms &s there are
presant in the original halogen compound, es in the case of
magnesiums
241 + BR{ ~——— BA1X, + 3R.R

In an attempt to find s more convenient method for the
preparation of trislkylaluminum compounds, Krause and Vendt (23)
studled the action of ethyl bromide in the presence of ether
on an alloy of magnasium{and aluminum.' They obtained in this
menner triethylaluminum etherate, 4A1{C Hg)3,3(CyH,) 0. They
reported, however, that the etherate could be more easily
prepared by the action of sublimed aluminum chloride on ethyl-
magnesium bromide in ether. They also prepared in this manner
the trimethyl- and tri-n-propylaluminum compounds,

Grignard and Jenkins (24) in 1924 prepared the mixed
organo-aluminum compounde from ethyl lodide and aluminum,
{22) spencer and Wallace, J. Chem. Soc., 83, 1827 (1908).

(23) Krause and Wendt, Ber., DOB, 460 (19%3).
(24) Grignard and Jenkins, Compt. rend., 179, 89 (1924).
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and by fractional distillation separated the mixture into
diethylaluminum iodide snd ethyleluminum di-iodide. At about
the same time Leone (25) reported an easy method for the prep-
aration of these mixed compounds. He found that with the aid
of a littls anhydrous ether as a catalyst most of the organie
alkyl iodides would react with aluminum in an open flask or
even in a test tube. The bromides were easlly prepared by
heating the mixtures in sealed tubes.

The mixed organo-aluminum compounds were generally vis-
cous ligulds, and they were extremely reactive toward oxygen
or water, thus being very difficult to handle., ¥hen the mono-
and diethyl compounds were separated, the diethylaluminum iodide
was obtained s a colorless liquid boiling at 118-120°/4 mm,
It was readily soluble in benzene and chloroform and dissolved
easily in ether to give the mono-etherate. The ethylaluminum
di-iodide distilled at 158-160°/4 mm. end melted in a sealed
tube filled with nitrogen, at 35~379, It formed well-defined
crystals which were soluble in benzene and gave the mono-
etherate with ether. Both of these compounds were instantly
inflemmeble in air, glving & reddish flame and great clouds of
iodine vepor.

The trislkylaluminum compounds were generally colorless
mobile liquids, and they took fire rather easily in air. They

were violently decomposed by water, sometimes taking fire. The

(25) Leone, Cazz. chim. itel., £5, 294 (192)).
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mono-etherates were easily formed, and the compounds were

quite soluble in benzone and its homologues. The aryl com-
pounds are, 1n general, solids and, although they react rapidly
with oxygen, they do not take fire. \/ater decomposes them
rapldly; but, as in most caﬁés the aryl derivetives react less
violently than the alkyl derivatives,

In a search for a method of comparison of the relative
reactivities of organic compounds of aluminum, boron and zine
further work was done on the reaction of these compounds with
different functlonal groups. The reactions of organozine
compounds have been extensively studied, as they were used
largely in organic synthesis before the development of the
Grigunerd resgent. The reasctions of aluminum and boron compounds
with funetional groups have, however, not been greatly studled,
They are of interest as a means of couparing chemleal resctivi-
ties, and they may be distinctive and valueble in their reactlons
with polyfunetionsal compounds.

Previous work on organo-aluminuim compounds reports that
they act as powerful eondensing agents, The normal reactions
of organometallic compounds were not observed, and generally
only the products of condensation were ilsolated., The reaction
of mixed alkyl organo-sluminum compounds with acetone gave
mesityl oxide; acetophenone gave triphenylbenzene (26); while

with baﬂzaldehyde, Grignard and Jenkins (24) reported nothing but

(26) Leone and Braicovie, Gazz. chim. ital., 55, 301 (1925).




‘eom@lex condensation products., The mixed ethylaluminum io-
dides and benzoyl chloride (26) gave small amounts of propio-
phenone along with «~4~dibenzoylethane snd ethane. The re-
action with ammonia and amines (27) proceeded similarly teo that
of the Grignard reagent. Triphenyleluminum (19) reacts vigor-
ously with water forming benzene, diphenyl, and alumine.
Oxidation gave some phenol, while reaction of & xylene solu=-
tion with sulfur produced diphenylene disulfide, phenyl sul-
fidelaﬁd probably some phenyl mercaptan. Some diphenylmethane
was isolated from the reaction of benzyl chloride on triphenyl-
‘aluminum, but no reaction was obtained with chlorobenzene.
”bhlcrofarm gave a yellow seml-crystalline produet, but no
triphenylmethane was detected., Iodine reacted with triphenyl-
aluminum in the proportions necessary to give aluminum iodide
and iodobenzene, Triarylaluminum compounds react with sodium
to give Ryal. Na {21 a); while treatment of the etherates

with ammonia yielded the ammine RaAl, NH; (21 b).

In a study of the mechanism of the Friedel and Crafts
rgactien Leone (15) pointed out that the ketone synthesis could
hardly be interpreted by use of orgenometallic compounds, as
he showed that organo-aluminum compounds exerted on ketones a
very energetic condensing action not observed in ketone syn-
thesis. In the synthesis of hydrocarbons, however, he pre-

sented evidence in support of the view that organometallic

(27) Leone, ibid., 55, 306 (1925).
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compounds were formed on treatment of aromatic hydrocarbons with
aluminum chloride. Phenylaluminum iodide and alkyl halides
yielded homologues of benzene,

The author was interested mainly in the simple organo~alumi-
num compounds, and most of the work thus far has been done with
triphenyl~ and tri-p-tolylaluminum of the aryl series and tri-
n-propylaluminum of the alkyl series. Under certalin conditions
they were found to react with numerous functional groups. In
ether or benzene solutions the resction was very slow, but in
boiling xylene reaction was effécted quite rapidly and in fair
ylelds. intemann and Johnson {28) have shown that the nitrile
group reacts less rapidly with phenylmegnesium bromide than the
other functional groups studled. Since organo~aluminum compounds
react normally with benzonitrile, we may assume that they
should also react with the more reactive functional groups. In
the case of esters, however, none of the expected product has
as yet been isolated.

Oxidation of organo-aluminum compounds was also of interest
since very poor ylelds are obtained in the oxidation of aryl
Grignard reagents (29); 1t was hoped that, due to the great
affinity of organo-aluminum compounds for oxygen, they might
be used to produce substituted phenols. The ylelds, however,
were not satisfactory.

It has been found that trierylaluminum compounds can be

(88) Entemenn and Johnson, J. Am. Chem. Seec., 55, 2900 (1933).
(29) Gilman end Wood, ibid., 48, 806 (1926).



prepared by the method glven by Nesmeyanov and workers (30)

for the preparetion of dlarylzince compounds. Previously all
prepsrations had been made by heating the organomercury compound
slightly above its melting point in the absence of a solvent

and with an exoess of aeluminum. The reaction was carried out
either in a seasled tube or in a flask under nitrogen or somne
other inert gas, The preparation in a xylene solution is much
to be preferred as it is considerably faster, prevents loss by
‘sublimation and decomposition and gives a xylene solution of

the organometallic compound sultable for use immedlately.

(30) Kocheshkov, Nesmeyanov and Potrosov, Ber., 67B, 1138 (1934).



Zxperimental

Preparatlon of Materials. In this work the triphenyl-

and tri-p-teolyl- and tri-n-propylasluminum compounds were used.
The first two are best prepsred by heating the corresponding
mercury compounds (21) with aluminum in the absence of a sol-
vent or using xylene as a golvent., The tri-n-propylaluminum
is best prepared by the action of aluminum chloride on the
corresponding Grignard reagent (23).

Di-p=tolylmercury was obtalned from EZastman Kodsk Com-
pany and was used without further purification. The diphenyl—
mércury was prepared by the method given by Nesmeyanov and
Kehn (31) by decomposition of the dlazonium-mercury chloride
double salt with copper powder. This double salt was beat
prepared in a one-gallon earthenware croek ecuipped with an
effleient stirrer. To 450 ce. of concentrated hydrochloriec
aeid and 500 ee. of water was added 94 graus {1 mole) of
aniline, "The susyanéian of anmine-hydrochloride was cooled
by the addition of 500 grams of ceracked ioce. When the temper-

ature reached 59

, s0lid sodium nitrite {approx. 69 grams)
was added slowly until starch-iodide paper showed an exoess.,
During the diarotization about 600 grams of lce wes added to
keep the temperature at 5°, The cold solution was quickly

filtered to remove suspended matter and then returned to the

(31) Nesmeyanov and Kehn, Ber. 62B, 1018 (1929).
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erock. A solution of 271 grams {1 mole) of mercuric chloride
in 300 ec. of concentrated hydroschloric acid was mixed with
300 grams of ice and added slowly to the rapidly stirred
solution. A heavy white precipitate separated, and the stir-
ring was continued for one-half hour after all the mercurie
ixeh%oride had been added. The complex was filtered on & 20
gaéyegéﬁﬁehnar funnel, sucked as dry as possible, and washed
fi;ét with two-400 ce. portions of water and then with two-
150 ee. portions of acetone. The solid was sir-dried at 20°,
and the yield was 330 grams or 80%. It is best to use this
gomplex immnedletely after preparation. It should never be
stored in a aloséd contalner oOr near heat or light, as it is
rather unstable, An sttempt to store a large amount of the
double salt in a stoppered bottle resulted in a sudden ex-
plosion with consliderable force which caused the total decompo-
sition of thefantire amount of the double salt.

The decomposition of the diazonium-mercury chloride double
salt was carried out in a two-liter three-necked flask equipped
with a heavy stirrer. In this was placed 206 grams (0.5 mole)
of the double salt and 700 ce. of acetone. 189 grams (3 moles)
of copper povder was added td this and the sal;;ion quickly
cooled to 209, After being stirred rapidly for about 5 minutes
the reaction commenced and unless cooled sufficlently it becsme

extremely vigorous. The solutlon was stirred rapidly for one

hour after the reaction began and then 700 ce. of concentrated
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ammonium hydroxide (sp. gr. 1.09) was edded. This solution was
allowed to stand for at least 12 hours, preferably with heat-
ing in order to obtaein diphenyimercury which is free from
halogen (32). The supernatant liguid was decsnted and the solid
ecollected on a Buchner funnel where 1t wes washed successively
with 25 ce. portions of water, scetone, and ether. After air-
drying, the crude product was erystailized trom either xylens

or a chloroform~-alecohol mixture, using decolorizing charcoal,
The pure product, free of halogen, and melting at 121.5° was
obtained in 51% yields by this method.

The aluminum used was in the form of small chips approxi-
mately 0.2 mm. thick, 2 mm. wide, and 1 cm. long. This gave
better results than the granuleated or powdersed aluminum. Five
times the required amount of aluminum was generally used,

The reactants were usually purified once, the solids
being recrystalilzed and the liquids redistilled, The solvents
were distilled from sodium and steréd over bright sodium wire.

Preparation of the ﬁrylaluminﬁm Compounds. Without Solvent.

In a 200 ¢c., three-necked {lask provided with an inlet for dry
nitrogen and an outlet connected to an oil trap (33) were placed
14.35 grams (0.0385 mole) of di-p-tolylmercury and 3.38 granms

{0.125 mole} of aluminum chips. The flask had previously bdbeen

(32) Hein and Vagler, Ber., 58, 1499 (1920).
(33) Gilmen and Hewlett, Rec. trav. chim., 48, 1124 (1929).




thoroughly drled and swept out with dry nitrogen. The nitrogen
used was purified by passage through sodium hydroxide (407%),
potassium pyrogallate (25%), sulfuric acid (cone.), end phos-
phorous pentoxide.

After all air had been replaced by nltrogen the nitrogen
inlet was oclosed and the flask heated with a free flame., Reaction
set in as soon as the mersury compound began to melt. At the
first sign of reaction the flame was removed, and the reaction
proeeeded to completion with the
evolution of eonsidsrable heat,

T , ﬁ&;‘i This left a yellow mass of the
‘ t?i#p»tclylaiuminum along with the
v o | free mercury &nd the excess alumi-
num. The organomatallfé compound
was dissolved in the appropriate
\\\\\\ i solvent and forced by nitrogen

inﬁo‘anotner flask or into the

e

y ~ 3=-bulb apparatus (Fig. I) of Xrause
e & and Polack (21 a). This apparatus
eonsists of three~360 ¢c. distilling flasks , 4, B, and C, of
which 4 and B carry side tubes a and b. These flusks were
sealed together at their necks so that they formed a half circle.
Tube a was closed at its end, ﬂhile E was bent so caat it

could be connected with a distilling flask containiang the

organometallic compound. The apparatus was Tirst clesnsd end
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dried and then evacuated with a vacuum pump while warming with
a luminous flame., It was then filled with pure nitrogen.

The bent exit tube b was connected by means of a rubber
stopper %o the flask D containing elither the solution of the
organometallic compound or the solid compound. The flask was
attached in such a manner that it was perpendicular. The
apparatus was again evacuated through 4, the organometallic
compound melted if it was a solid, tube b warmed with a free
flame, and the organometallic eompound foreced over into B
by nitrogen entering 4. If the solvent was not already present
the orgenometallic compound was cooled and 190 ce, of a sulta-
ble solvent (usually anhydrous ether) was added in a similar
manner and distributed into the 3 flasks, The tube b wes then
drawn to a capillary, the apparatus evacuated until all nitro-
gen was displaced by ether, and the tube b sealed off.

The compound wes next recrystallized without danger of
loss of solvent or compound. The ether was poured by sultable
inciination of the apparatus into B and the 3 bulbs placed in
a water bath at about 45°. When the ether was saturated with
the organometallic compound it was decanted into A and by
proper cooling‘of B most of the ether waé distilled back into
B and saturated anew with the organometallic compound.

This process was repeated until all the organometallie
compound had been carried over into A. Bulb A was then cooled
with an ice-~salt mixture and the mother llquor run inte C. The

crystals were washed agaln with a 1ittle ether distilled back



into%A and the process repeated until a pure white erystalline
eamp&und was obtained,

Instead of preparing the orgeno-aluwaminum compound in &
separate flask, 1t hes been prepared in the 3-bulb apparatus
and recrystallized without need of transferring. Very pure
organometallic compounds can be prepared by either method.

With Solvent. 4 300 ec. three-necked flask was equipped

with a nltrogen inlet, a Hopkins condenser connected to an

0ll trap, and an outlet for the removal of a sample. Cork
stoppers coated with collodion were used throughout whenever
xylene was used as a solvent., The flask was thoroughly dried
and swept out with nitrogen and then 14.35 grams (0.0385 mole)
of di-p-tolylmercury, 3.38 grems (0,125 mole) of aluminum chips,
and 70 oe, of dry xylene were added, The solution was heated to
a gentle reflux, under nitrogen pressure, until the reaction
was completed. The completion of the reaction was determined
by the disappearance of ali~organemarcury compounds, A 2 e¢.
sample was removed and placed in 10 cc. of aleohol. Five oec.

of a solution of stennous chloride was added and the solution
heated. When a hot Xxylene solution was treated in this manner
and gave no free mercury, the reaction was considered complete
but was generally heated 30 minutes longer before using. The
xylene solutlons were gensrally a straw-brown color and were
removed from the excess aluminum and mercury by forecing them
through a glass wool filter with nitrogen. The yield of the

organo-gluminum compounds was determined by hydrolyzing a



- 34 -

measured sample with water, preeiplitating the aluminum hydroxide,
and detvermining the aluminum as 41,05. In all caeses the ylelds
from the xylene solutions were practically quantitative.

Preparation of Tri-n-propylaluminum. One and one-half moles

of m-propylmagnesiuwa bromide was prepared from 1.5 moles (36.5
grams) of magnesium turnings end 1.5 moles (185 grams) of n-propyl
bromide., The reaction was carried out in a one-liter three-
necked flask with a mercury sealed stirrer, dropplng fumnnel,

and reflux condenser, The ocondenser was connected to the top of
the dropping funnel and then to an o0ll trap in order to masintain
an egual pressure throughout the system. The magnesium was
covered with 125 ce. of anhydrous ether containing 5 grams of
n-propyl bromide. After the reactlon started the remainder

of the bromide in 395 co., of anhydrous ether was added dropwise,
ATter complete additlion of the bromide the solution was stirred
for fifteen minutes and then transferred with nitrogen through

a glass tube with a glass wool filter into another one-liter
flask previocusly swept out with nitrogen. This flask was imme-
diately connected to the same stirrer and condenser and the
dropping funnel replaced by a hopper for the addition of sollds,
For this purpose the holder for a Gooch erucible was found best,
It was fitted with a large rubber stopper carrying a solid

glass rod just large enough to £ill the exit tube. It must

be alr tight and must fit rather easily. Fifty grams (approxi-
mately 205 less than theoretically necessary) of sublined

aluminuwa chloride was crushed in a hot mortar and pestle and



added to the hopper as quickly as possible. The aluminum
chloride was then adéed slowly through the hopper to the well-
stirred Grignard reagent. 4 period of one and one-half hours
was necessary for the complete addition. After each addition

& very vigorous reaction took place and at the end a dark thiek
solution was obtained. The flask was removed and connected
through a distillation head to a condenser with & receiver im-
mersed in lce~water, The solution was heated on an oil bath

10 remove the ether, approximately four hours being required for
complete removal, The last traces were removed under the vacuum
of a water pump for one hour. The ether receiver wss then re-
moved and a 250 ce., modified Claisen flask (35) with & 25 cm.
fractionating side-arm put in i1ts place. An oil puup was con-
nacted and the reeéivar cooled by an lce~salt mizture. The

ol bath was heated to approximately 180° and at 8 mm, pressure
the tringrgrapyl&luminum began to dlstill over. Practically

all of the distillate ceme over between 104-107°/8 mm. The
distillation was very slow, requiring 6 to 8 hours, but if the
tenperature of the oil bath was raised further considerable
decomposition oceurred. The crude product thus obtalned was
trgated with more n-propylmegnesium bromide to remove any alumi-
num halides present or the tri-grpropylaluminum was separated

by fractionsl distillation., The receiver containing the tri-
n-propylaluminum was connected to a condenser having an adapter
suitable for receiving two fractions under reduced pressure.

The apparatus had previously been swept out with dry nitrogen.

(35) Gilman, "Organic Syntheses," Coll., Vol.I, John iley and
Sons, Ine., New York, 1932, p.led.
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A water pump was connected through a trap of soda~lime and cal-
cium chloride and the tri-n-propylaluminum was fractionally
distilled., The fraotion boiling at 137-138°/22 mm. was collected
as tri-n-propylaluminum. It was dissolved in a suitable solvent
and transferred to another flask. The yleld was 27 grams or

46%. The product was a perfectly clear liquid, which fumed
strongly 1in contaet with alr and took fire very easily. It did
not contain halogen and was sufficlently pure without further
treatment, |

Reaction of Organo-asluminum Compounds with Phenyl Isocyanate.

Both triphenyl- and tri-p-tolylaluminum(react with phenyl iso-
cyanate to give the expected products. To 0.02 mole of tri-p-
tolylaluminun in 30 ee, of dry xylene was added 7.8¢ grams (0.066
mole) of phenyl isocyanate in 20 cec. of dry xylene and the
solution heated to reflux. The reaction was carried out under

a pressure 6f dry nitrogen. Fiftesen minutes after addition

of the phenyl isceyanate the solution failed to’give a color

test when a sample was allowed to stand in contact with iiichler's
ketone for O minutes before hydrolysis., The solution was heated
for one hour and then hydrolyzed with dilute sulfuric acid (1:20)
and extracted with ether. The ether-xylene layer was dried

over &nhydrous magnesium sulfate and the solvent removed. The
oily produet was recrystallized from ligroin (b.p. 95-115°) and
from alechol. It melted at 146.5-147° and‘showed no depression
on mixed melting point with p~tolyl anllide prepared from

aniline and p-methylbenzoyl c¢hloride. The yleld was 9.2 groms



or ?l%; Check runs were made with triphenyl- and tri-p-tolyl-
aluminum compounds in all of these reactions,

“Yhen tri-n-propyl- and triethylaluminum (36) were treated
with phenyl isocyanate, the expscted aniliﬁes were obtained in
18% and 27% yields respectively. The low yields were probably
due 1o the rapid decompositlon of the alkylaluminum compounds,
No attoupt was made to obtain better ylelds of these anilides,

The Resction of Organo-aluminum Compounds with Carbon

Dioxide. Triarylaluminum compounds in ether-benzene or xylene
solutions gave falr yields of the sxpected acids when refluxed
for aeveral days in an atmosphere of carbon dioxide. Fifty cec.
of a 0.176 molar tri-p-tolylaluminum solution in ether gave

a 32% yield of p~toluic acid when refluxed for seven days. Re-
action with solid cerbon dioxlde gave no acid, probably due to
the ralaiivaly short tise of contact between the organo-alumi-
num compounds and the carbon dioxide. When a boiling xylene
solution of tri-p-tolylaluminum was treated wlth gaseous carbon
dioxide, & negative color test was obtained in two hours, and

a 44% yield of p-tolulc acid was obtained. It appeared as if
the best ylelds of aeids frbm.organo-aluminam e¢ompounds could be
obtained by use of carbon dioxide et high temperatures and pres-
sures, The shorter the time of heating required to get complete
reaction the beitar the yields obtained. On prolonged heating
these organometallic compounds tended to decompose. The action
of oarbon dioxide on alkylaluminum compounds was not studied,

{(36) The author is indebted to J. ¥, Nelson for the preparation
of this compound.
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The Reaction of Organo-aluminum Compounds with Benzo-

phenone. An ether solution of tri-p-tolylaluminum gave after
standing 5 days at room temperature with benzophenone a trace
of diphenyl-p-tolylearbinol, Triphenylaluminum gave 23,17
vields of triphenylecarbinol after standing 16 days at room
temperature in an inert atmosphere with benzophenone. One
cne-hundredth of a mole of tri-p-tolylaluminum in 50 ce¢., of xylene
was placed ln a 200 oo, three-necked flask with reflux condenser,
a nitrogen inlet, and an outlet connected to ean oil trap., To
this was added 6.033 mole of benzophenone, and the solutlon was
heated to a gentle reflux, After 2 hours the color test was
negative, so the solutlon was hydrolyzed, extracted with ether
and the xylene-ether layer dried over anhydrous magnesium sul-
fate, Artér removal of the solvent a dark oil remained which
would not erysﬁéllize, By eooling greatly and adding a orystal
of diphenyl—pﬁtclyl carbinol the crude product came down in
43% yields, The carbinol was recrystallized from ligroin and
identiflied by mixed melting point with an suthentic sample,

No reactions of alkylaluminum compounds with benzophenone
were attempted.

Oxidation of Organco-aluminum Compounds. Tri-p-tolylalumi-

num (0.0l mole ) was oxidized according to the method of Gilmen
and Wood (29) in a cold xzylene solution. The p-oresol was iso=~
lated in 8% ylelds.

The Raaasian of Organo-aluminum Compounds with Benzalde-

hyde. When tri-p-tolylaluminum (0.0l mole ) was treated with
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redistilled benzaldehyde in &0 c¢., of xylene the reaction was
completed in the cold, and a negative color test was obtained
in one hour, Phenyl-p-tolyl carbinol wes separated in 27%
yields and identified by a mixed melting point with an authen-
tic sample,

The Reaction of Organo-aluminum Compounds with Benzoni-

trile. One one-hundredth of a mole of tri-p-tolylaluminum was
treated with 0.033 mole of redistilled benzonitrile. The
reaction was completed after appraxim&telylﬁO minutes of bolling;
from the reaction mixture was obtained 17% yields of phenyl-p-
tolyl ketone.

The Action of Orgeno-sluminum Compounds on Esters. Ethyl

Benvoate. Tri-p-tolylaluminum and ethyl benzoate gave & yellow
residue insoluble in ether. It probably consisted of condensa-
tion produets.

Phenyl Benzoate. In an attempt to obtain a reaction between

an organo-~aluminum compound and an ester, phenyl benzoate was
used instead of the ethyl benzoate. Ilere again, however, con-

densation products were the only ones obtainable.
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Discugsion of Results .

Organo~aluminum gompounds are evidently endowed with a
readtivity such as would be expected from the position of alumi~
num in the periodiec table., The evi&ant lack of reaction pre-
viously reyarted was most probably due to the use of the wrong
conditions. In almost all cases reported where reactions wers
attempted with organo-aluminum compounds the mixed alkyl com-
pounds weres used and generally 1ln very concentrated solutions.
These alkyl compounds naturally lend themselves more readily
to condensation reactions than do the simple aryl derivatives,
On using the triarylaluminum compounds very little condensation
was Observed, and the reaction with esters was the only cuse
where the expected product was not obtained. OSince small amounts
were used in all of these runs it was difficult to determine
the amount and nature of the by=-products. It appears as if the
best conditions for reaction with organo-aluminum compounds
is in a beiling xylene solution, that 1s not of greater than
1 molar coneentration.

Sinoe the organo-aluminum compounds have reacted in the
few cases thus far studled, it seems reasonable to predioct
that they might react with any functional group if given the
proper conditions of temperature, solvent, and length of contact.
Thus Berlingozzi (37) reports the reactiion between nitrobenz-

aldehyde and a Grignard reagent to glve a carbinol. The

(37) Berlingozzi, itti accad. Lincei, 19, 332 (1934).
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reaction was earried ocut in the ocold, and although the first
expected reaction would be with the nitro group, he has been
able by proper control of conditions to effeect a reaction with
the aldehyde group without reascting with the nitro group. Simi-
larly Mavrodin (2 o) obtained a diketone from the reaction of an
organomagnesium compound on cysno-acetophencne. On the basis
of previous work (28) we would expaet the organomagnesium com-
pound to react first with the carbonyl linkage and then less
rapidly with the eyancygreup. Thus the less resctive brgano—
‘aluminum compounds wmay be useful in this same type of resction
where two or more functional groups are involved.

| The best method for the preparation of the tri-arylaluminum
compounds seems to be through the use of xylene as a solvent.(38)
This gives a olean, easily controlled reaction with very good

yiélds of the organometallic compound.

(38) The author has found that continued use, especially in a
pipette, of xylene solution soon tends to produce headaches
and general nausea In the worker. Contact with the vepors
can largely be prevented by use of rubber bulbs on small
pipettes and a gas aspirator on larger pipettes. Care
should be used in other transfers and in heating of xylene
solutions. ,



Summery

1. The reaction of organo~aluminum compounds with several dif-
ferent functional groups has been observed.

2. The preparation of organc-aluminum compounds has been dis-

cussed,



Co SOME LACTIONS OF ORGANOBORON COwPQUNULS

Introduction

In Group III of the periodic table the only elements that
form true orgaunometallie compounds are boron, aluminua, indium,
and thallium. Boron 1s generally considered a metalloid and
forms a larger varliety of organoconpounds than do the other
three metals. The study of these orgunic compounds of boron
dates back to the year 1860 when Frankland and Duppa (39)
first reported the preparation of some itrlalkylboron compounds.
They prepared them by the interaction of the dialkylzinc com=
pounds and ethyl borate according to the reaction:

\ | . /"
B{OC,Hgz)s + BRp2n —————> Ti,B + BZn
OC gl

The Grignard reegent was first used in the synthesis of

organoboron compouﬁﬁs in 1909 by Khotinsky and Nelamed (40):
ZRidgX + B(OCHg)s —— HaB + 3C, HeUMgx

Stock and Zeidler (41) in 1981 reported yields of organo-
boron compounds which were alwost quantitative by use of a 40%
excess of dlalkylzinc compounds in their reactlon with boron
triechloride:

BRa4n + 2BClg———> 2ZRaB + Bunll,
The method in couwon use today and perhaps the best

general method of preparation for the organoboron compounds

(39) Frankland snd Duppa, Amn., 115, 319 (1860).
{40) Khotinsky and lielamed, Ber., &2, 3090 (1909).
(41) Stock snd Zeidler, Ber., 94B, 531 (1921).



is the interaction of the Grignerd resgent with borom tri-
fluoride, used first in 1821 by Krause and Nitsche (13):

BHMgL + BFg ——> HgB + BY <§l

This may be epplied equally well to the preparation of
both the trialkyle and the trierylboron compounds, and a large
number of different organoboron compounds have bsen prepared
in this manner. When an excess of the CGrignaerd reagent was
not pres@nt,‘it was found that some of the substituted boron
difluoride and monofluoride were also Pormed (42).

In 1915 Scharrnbeck (43) in his Doctor’'s Dissertation re-
ported the formation of triphenylboron by the action of boric
oxide on an ether solution of phenylmagnesium bromide., The
compound he reported as triphenylboron had & melting point of
67° and was recrystallized several times from alcohol. Xrause (42)
reported 136° us the melting point of triphenylboron, and 1%
could nct be erystallized from alecohol without change. Evi-
dently Seharrnbeck had some boron compound other than tri-
phenylboron. In a later account of this work published in
1930 by Konig and Scharrnbeck (44) no mention was made of the
preparation of triphenylboron from phenylmegnesium bromide and
boric oxide.

A large number of mixed organoboron compounds are known.

(42) Krause and Nitsche, Ber., 55B, 1261 (1922),.
(43) scharrnbeck, Dootor's Dissertstion, Dresden, 1915.
(44) Kénig and Scharrnbeck, J. prakt. Chem., 128, 153 (1930).




The first compound of this type was prepared in 1894 by
Michaelis (45) when he studied the action of boron tribromide
on diphenylmercury:
(Ceilg) gHg + EBBrg ——20,HgBBr, + HgBr,
Other compounds of this type vwere also obtained in 1923
by Krause (42) by use of the proper concentration of the Grignard
reagent snd boron trifluoride:
Rligk + BFy —> RBF, + kg] z
In 1929 Pace (46), an Italian, reported the formation of
phenylboron dichloride by passing the hot vapors of benzene
and boron trichloride over palladium black at 500-6000:
C.ﬂ‘ + BClg——> C H4BCl, + HC1
The reaction between phenylboron dichioride and diphenyl-
mercury (45) when they were heated in a sealed tube at 300«
3200 for twenty-four hours gave diphenylboron cehloride:
CeHygBCLl, + (Coilg) gHg — > (C4H4)aBC1 + C H,HgCl
The only other method of preparation of the monohalide is
that given by Michaelis and Richter (47) when they obtalned
a small amount of diphenylboron chloride from the reaction
between boron tribromide and diphenylmercury:
(CoeHg) piig + BBrg——>(C4Hy) 4BBr + HgBr,
A large number of substituted boric aclds have also been

prepered. They may be obtained by hydrolysis of either the

(45) Niichaelis, Ber., 27, 244 (1894).

(46) Pace, Atti accad. Lincei, 10, 193 (1929).
(47) lilcheells and Richter, Ann., 315, 26 (1901).
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substituted boron haelides or the substituted borates, which are
easlly obtained by oxidation of the simple orgauunoboron compounds.

Boro-aniline, C H;BH,, was prepared in 1929 by Pace (46).
He treated phenylboron dichloride with dry hydrogen iodide gas
in the presence of iodine and obtained phenylboron di-ilodide.
Athyl alcohol was added to thls product and reacted as foliows:

CodgBIg*HI + B0 HgOH + 2H,——> C HgBH, + 2C Hg I + 2HI + 2H,0

By the slow addition of phenylboron dichloride to boro-
aniline in an atmosphere of hydrogen, Pace obtained boroben-
zene, G, HsBiBC,iHs. The reaction was quite violent end highly
exothermic, |

The trialkylboron compounds are generally gases or liquilds
and are very hard to handle due to their great reactivity with
oxygen. Trimethylboron is a gas, while those with larger alkyl
grcﬁps are liquids. The compounds have a very pungeﬂt odor
which is described as reminiscent partly of tertiary alkyl
phosphines, and partly of radishes and onions. They oxidize
readily in the air with considerable evolution of heat; the
lower meiubsrs of the series ignite in air, while those of
higher molecular welght ignite only when dropped from a capil-
lury. In & sealed tube under nitrogen they are stable indef-
initely even in light; in épite of the relatively high bolling
peints of acmé of these compounds they are strikingly volestile
and quickly evaporate in an atmosphere of nitrogen. On heat-
ing they undergo slow.decomposition «with the e&olution of

hydrogen and & hydrocarbon, 7They are only slightly soluble in



water and show very slow decomposition on prolonged treat-

ment, On heating triethylboron with concentrated hydrochlorie

acid over mercury at 99° the Pollowing resction took place (48):
(Calig)aB + HCl———>(0,Hg) s BCL + CyH,

dost of the trialkylboron compounds form additive con-
yeuﬁﬁs with aumonia (48). These amines are very unstable,
however, and very little work has been done with them. Oxida-
tion, hydrolysis, and formation of ammines are the only reactions
reported of the trialkylboron compounds.

The triarylboron compounds are solids which quickly oxidize
in alr, fume, but never ignite. They are sbable'in nitrogen
and carbon dioxide and dissolve without change in benzense,
toluene, and other benzene hydrocsroons, are legs soluble in
ether and react with esleconol to form esters. In ether with
the alkall metsls (49) or with their amslgam a colored solu=-
tion is obtained which glves c¢rystals of an alkall derivative.
Thus, tripnenyliboron Torms yellow compounds of the type PhyBia,
with sodiwa, potassium, lithium, rubidilum, snd cesium., These
alkall triphenylboron compounds retaln ether with great tenucle-
ty. The mono-etherates of the sodium and lithium compounds
have been lsolated, whereas, the remaining coupounds lose
ether too easily to be isélated; The sodium compound 1s
converted by lodine in an ethereal solution into triphenyl

(48) Frankland, Ann., 124, 129 (1862).
{49) Krause, Ber., 07B, 216 (1924).



boron and sodium iodide (50). Removal of the sodium can also
be effected by prolonged treatment with a large exocess of pure
mercury; whereas, reaction between an etherecal solution of
triphenylboron and sodium amalgam containing more than 2.9
of sodium produces sodlua triphenylboron, Tripheuylmethyl
chloride and sodium triphenylboron yield itripghenylmethyl and
triphenylmethylsodium; the latter compound is also obtained
from sodiwg ¥riphesnylboron and triphenylumethyl. Triphenyl-
boron and triphenylmethyl yield an intensely red crystalline
compound. Sodium triphenylboron reascts instantaneously with
alkyl halides and carbon dioxide. Ethereal solutions of
sodiun triphenylhoron conduct electricity, but to a lesser
degree than triphenylmethylsodium. Trieyclohexyl- and tri-
n-propyl voron do not react with sodium, whereas tri-p-tolyl-
boron resembles the phenyl derivative (51).

Iri-{-naphthyl boron has been found (52) to add two atoms
of sodium giving a compound of the fornmula LgaBNag,. This type
of compound is not generally known and is of particular in-
terest from the standpolnt of the valence theory.

Because of the addition of sodium %o triphenylboron and
tri-«-naphthyl boron, Bent and Dorfman (53) suggest that these

compounds behave liké free radicals. They fouand, however, that

(00} Krause and Polack, Ber., 593, 777 (1926).
(51) Kreuse and Polack, ibid., G618, 271 (1928).
(52) Bent and Dorfman, J. Am. Chem. Soc., 54, 2152 (1932).
(563) Bent and Dorfman, ibid,, 57, 1259 (1935).



- 48

the free energy change for the reaction is considerably smeller
than that forvtriphenylmethyl.

All triarylboron compounds form addition products {54)
with nitrogenous bases such as:

(Collg) 4B + Niy ———> (C Hg) aB-NH,

There is a lerge number of such compounds formed, the most
common unlting bases being: ammonia, methyl amine, ethyl emine,
propyl amine, trimethyl amine, aniline, pyridine, quinoline,
quinaldine, piperidine, and phenyl hydrazine,

These compounds are rather inscluble and generally exhibit
simple molecular weights (55). They are not attacked by at-
mospheric oxygen and are generally capable of existence above
the meltlng point of the triarylboron compound from which
they are derived. The é&ﬁition compounds have melting points
slightly, but as a rule, distinctly separsted from thelr de-
composition points. Some af them do not decompose in solution
and can be reorystallized and are found to contain one mole
of nitrogen base, the boron having a coﬁrdinatién number of
four. Kreuse (54) states that the striking indifference of
most of these addition compounds to atmospheric oxygen is
probably due in part to the fact that by satisfying the colr-
dination number the wvacancies in the molecule are so filled

out that the oxygen can, to a certuin degree, no longér

(54) Krause, Ber., 57B, 813 (1924).
(55) Krause sand bitimar, Ber., 88B, 2347 (1930).



- 50 -

penetrate the carbon-boron union. This would also explain the
differences in stability of the various compounds; there is
apparently a certain "optimum of space fllling," the addition
of amines with excessively large molecular volumes decreasing
the stability becszuse of lack of space.

Yhen these addition coumpounds are reduced by means of
alkall metals in suitable solvents, Kraus and Brown (58)
reported the addition of an atom of metal, forming compounds
of the type HaB{(CeHy)aNHz. They also reported the combination
of triphenylboron with the amides of the altali melals.

In an attempt to prepare compounds of the type R B Thom-
son and Stevens (57) heated triethyl- and triphenylboron vith
ethyl-1lithium, phenyl-lithium, methylsodium, ethylsodiun, end
benzylsodlum. They were unable, however, to isolate any new
organoboron conpounds,

The reactions of organoboron compounds were up to now
confined to siuple oxidation, hydrolysis, and addition of alkall
metals and nitrogen bases. Before comparing the relative
reactivities of orgunoboron compounds with those of aluminum
and zinc the reactions of triphenyl- and iri-n-propylboron
with eertein functionml groups ware studied to see if the
orgunoboron compounds resemble in this way the more reactive
orgenometslliic compounds.,

56) Kraus and Brown, J. Am. Chem. Zoc., 51, 2690 (1929).
7) Thomson and Stevens, dJ. Chem. S0C., 1998, GB6.




sxperiuental

The organcboron compounds selscted for this study were
triphenylboron of the aryl series and tri-n-propylboron in
the alkyl series. The triphenylboron was selected as being the
most representative and best known of the aryl compounds. An
atteapt was made to use triethylboron of the alkyl seriles, but
in its purification by fractional distillation considerable
decomposition occurred, and so the next higher derivative was
used. The best method found for the preparation of these
compounds was by the action of boron irifluoride ou.the H4PDTOo=-
priate Grignard reagent.

Preparation of Boron Trifluoride, The boron trifluoride

used in these preparstions was prepared by the method of
Bowlus and Nieuwland ¢56) and obbsined end used as the ether-
ate., A Pour-llter Lrlenmeyer flask was connected through a
one~holed rubber stopper by means of an 8 mm. glass tube to
two drying towers, the first containing 200 c¢ec. of concen-
trated sulfurle aclid, and the second being empty. The second
drying tower was connected by means of a 75 em. length of

& mm. tubing through a two-holed rubber stopper to the botiom
of a 500 cec. Florence flask, The second outlet iﬁ the rubber
stopper carried a calceium chloride tube to exclude all mois-

ture, In the Erlenmeyer flask was placed 400 grams of

(98) Bowlus end lleuwlend, J. Am. Chem. Soc., 53, 3835 (1l931).
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caleiuw Tluoride and 200 grauns of powlered borie oxide. The
fiask was then well shaken to obtuln an intimate mixture of
the two compounds. %0 this mixture was added 1300 ec. of
concentrated sulfuriec acid and the Tlask uagain shsken. This
mixture was allowed Yo stand for 15 minutes under a hood until
all silicon tetrafluoride had distilled off. The Tlask was
then eonnected Lo the drying train and heated with a Bunsen
burner until a steady stream of gas was passing through the
drﬁing towers. In the c¢lean, dry Florence flask was placed
3430 ee., of anhydrous ether and the flask, after connecting %o
the outlet tube, was aurrbun&ed with lce water. The stream
of boron trifliuoride evolved wss regulated; by adjusting the
burner, so that the bubbles passing through the sulfuric aecid
could just be couﬁte%" The heating was continued for about

9 hours, at the end of which time the evolution of gas was so
slow that the ether started to c¢limb up the outlet tube,
Because of this the outlet tube must be very long and ﬁhe
regction must be carefully wetehed toward the last to prevent
the ether from sucking back into the drying train. The
Florence flask was dlsconnected and the boron trifluoride-
etherate distilled under atmospheric¢ pressure from an ordinary
distilling flask. The bgron trifluoride-etherate dlstilled
at 125.5-126,5° and was stored in a glass~-stoppered brown
bottle. It is falrly stable and can be stored for a long

time 1f kept awzy from light and heat. ¥From the above prepar-



ation 260 grams or 8t% yield of pure boron trifluoride-etherate
was prepeared.

Prqggratian of Triphenylboron. The preparation of tri-

phenylboron was best carried out in e modified Clalsen flask
from which it could be distilled after preparation. The
-Claisen flask had a 200 e¢., round-bottomed flask sealed onto
its slde~arm as @ receiver, The seal was made about 3 cm.
from the neck of the flask and ln such a manner that the neck
was pé%allal with the neck of the Glaisen flask and exaotly
vgrtiaai; The flask was equipped with an efficlent mercury
seal stirrer at the one outlet ana a condenser and dropping
funnel at the other: Dry nitrogen wes allowed to enter through
thé 200 ec. recelver to prevent distillation of ether into
it. The condenser was connected to the top of the dropping
funnel and then to ag'ail trap.

In the Claisen flask was placed 24,3 grams (1 atom) of
magnesium turnings. To this was added 5 grams of bromoben-
zene 1n 200 ce. of anhydrous ether, After the reaction had
begun the rest of 78 grems (0.5 mole) of bromobenzene in
250 ec. of anhydrous ether was added over a perlod of 4 hours,
To 78 grams (0.5 mole ) of brbmabenzane in 200.60‘ of anhydrous
ether was added 38.7 grams (0.28 wole {59)) of boron trifluor-
ide-etherate, and this solution was added slowly to the well-
stirred Grignard reagent over a period of sbout 4 hours,

(59) Approximstely 15% less than was theoretically necessary

was used in order to prevent formation of the mixed
organometallic compounds,
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As each drop of this solution came in contact with the Grignard
reagent a vigorous reaction took place, After approximately
three-fourths of this solution had been added a very vigorous
reaction took place, and the solution separated into two
layers, It is best to cool the solution at this point in a
pan of water or the reaction may leave the flask. After ococol-
ing slightly, the remainder of the boron trifluoride reagent
was added and the solution refluxed for one-half hour. The
stirrer was then replaced with a nitrogen inlet, the condenser
and dropping funnel by a thermometer, and the outlet of the
200 c¢oc. receiver connected by means of 8 mm., glass tubing to
a 500 ¢e. three-necked flask carrying a Hopkins condenser,
The Cleisen flask was then heated on an oil bath until ether
would no longer distill over. The outlet of the condenser
wag connected to a wa%ar pump and the remainder of the sther
distilled under a2 pressure of 20 mm., After all ether had been
distilled the 500 ce. flask was removed and replaced with
éaather of the seme size., The Hopkins condenser was replaced
by a 20 em., length of 12 mm. tubing. This was connected
through & stopeock to an oil pump. All of these operations
were carried out under an atmosphere of nitrogen, as the tri-
phenylboron oxidizes very faadily.

The distillavion of the triphenylboron was best carried
out by use of an oll bath. The bath was large enough to

cover the entire bulb of the Claisen flask, and the top of the
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011 bath was covered with two thicknesses of asbestos paper
to prevent loss of heat. The two neaks of the Clalsen flask
were also covered with asbestos. The oil bath was heated to
240~260° before the triphenylboron began to distill over. The
triphenylboron came over very slowly, and it was necessary
to fan the side-arm with a free flame in order to prevent
solidification. Small smounts of triphenylboron sublimed
over into the 500 ec¢. flask but were condensed there. The
triphenylboron distilled at 165-167°/4 mm. and was collected
in the 200 ec. receiver. Any previous fraction that head
collected in this recelver had been distilled into the 500 éc.
flask., The entire distillation recguired about 3 hours, and
at the end of this time the stopcock on the last recelver was
closed and nitrogen slowly admitted to the apparatus. The
triphenylboron solidified in the flask into long jellow erys-
tals. The melting point was determined by melting the entire
mass and placing & thermometer in it to determine the tempera-
ture of solidificstion. The temperature generally fell to
about 134° before crystallization began and then rose to
137° and remsined there until all of the liguid had solidified.
Krause (42) reports a melting poiat of 136° while Bent and
Dorfman (53] give 137°.

In order to obtain & pure white crystualline compound the
triphenylboron was tranaferred to the 3-bulb apparatus (See

page 31) and recrystallized several times from anhydrous



- 56 -

ether. The compound thus obtained melted at 137° and was pure
white. The yield was 42.3 grams or 62%. The solid was generally
dissolved in xylene and this solution used in all reactions.

Pgegaratioﬁf2;]Tri~n—9r92§1baren. In a l-liter Claisen

flask équipgeﬂ'with'a maréury'aeal stirrer, condenser, and
drupping funnel was placed £6.75 (1.1 atoms) of magnesium
turnings along with 157 aa, of anhydrous ether conteining

5 grams of n~-propyl bromide. Alter reactfon hed hegﬁn 95
grams of n-propyl bromide in 250 ec. of anhydrous ether/was
added slowly over & period of 3 hours. The remainder of

1.1 moles (135.% grams ) of gypropyl bromide with 42.6 grams
(0.3 mole ) of boroan trifluoride-etherete in 200 cc. of
anhydrous ether was then added over & period of 3 hours., A
sudden vigorous reasctlion also occurred here when about three-
fourths of the solution had besen added. After complete re-
actvion the s8ther was removed, using a water pump to remove

the last traces, A 250 cec. modirfied Clalsen flask with a

25 onm. fractionating side-arm was connscted as a receiver and
was cooled in an ice-salt mixture. Using a water pump and
heating in an 0il bath at 100-120° the tri-n-propylboron
distilled st 60-709/25 mm. This fraction was distilled again
under reduced pressure and the fraction boiling at 64-65%/25 mm.
retained. The yield was 33.5 grauws or 80%. The tri-n-propyl-
boron as obtalned was & clear, colorless liguid whieh fumed

greatly ln contact with alr and took fire if poured from 1its



container, A xylene solution was found to be the most convenient
method of handling thls sensitive compound.

Reactions of Organoboron Compounds. The technigue used

in working up reactions of organoboron compounds was slightly
different from that of other organometallic compounds. Treat-
ment of the reaction preducta‘with dilute acids did not remove
the baron.eampounds preseﬁt as 1t does with the other organo-
metallliec compounds. Two of the radicasls of the trialkyl- and
triarylboron compounds seemed to react, leaving on hydrolysis
substituted boric aeclds, Thus, tripheanylboron gave phenyl-
borie aecid which was best removed by extracting the xylene
solution with 10% potassium hydraxide.

Phenyl Isocysnate, It was necessary to heat 30 cc. of a

xylene solution of triphenylboron containing 0.005 mole of the
organometallic compound for 10 hours with 1.20 grams (0.0l
mole) of phenyl isocyanste in order to obtain 16.2% yields of
benzanilide, The gnilide waé identified by mixed melting
points with en authentic sample. ihen tri-n-propylboron was
heated 3 hours wlth phenyl isocyenate a negative color test
#as obtained, but on working up the product no anilide could
be isolated. The larges amounis of diphenyl urea formed from
the excess phenyl lsocyanate made working up of the product
difficult. The reaction is belng investigated further.

Benzaldehyde. When 50 cc. of a solution of triphenyl-~

boron in xylene containing 0,01 mole of triphenylboron was heated

for 3 days at 140-~150° with 3.18 grams (0.03 mole ) of re-



distilled benzaldehyde & 10% yleld of benzohydrol was isolated.
Similar treatment of tri-pn-propylboron gave a small amount of
product bolling et 110-1110/23 mm., which gave a positive test
for boron when treated with sulfuric acid end methyl alcchol.
It has not as yet been identified and no phenylvropylearbinol
has been obtained from it. Treatment of all fractions with
«-naphthyl isocyanate failed to give any of the «-naphthyl
urethane of phenylpropylcarbinol, The reaction is being in-

vestigated further.
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Discussion of Results

Organoboron compounds appear 1o possess a reactivity some-~
vhat sinilar to that of organo~aluminum compounds, Although the
only reactions where the expected products have been isolated
were between briphenylboron and phenyl isoeyanate and benz-
aldehyde it appears as if reaction took place in several other
cases, When the organcboron compounds were treated with benzo-
nitrile, benzophenone, or with carbon dioxide the color test
disappeared after prolonged treatment, but none of the expected
products could be obteined, The removal of the boron residues
with 10% potassium hydroxide is not satisfactory, as it does
not give complete removal except after prolonged treatment, and
some of the reaction product may be destroyed here also or
removed wlth the substitubed borie acids., Steam distillation
of the reaction products has proved quite satisfactory, as
treatment with steam usually hydrolyzes the substituted boric
acids, and the boric acid (free of organic radicals) may then
be removed with water. The working up of the trialkylboron
compounds 1s even more diffiecult than with the aryls. It
seems, however, that if organoboron compounds rsact with
benzaldehyde and phenyl lsocyanate they should alsovreact with
other functional groups if sufficient time 1s given for the
reaction and the proper condltions maintained.

The relative stabllity of $ri-n- propylboron toward the

action of alecohol or water suggests the possibility of carrying



out & reaction between benzaldehyde and tri-n-propylboron in
an alcohol solution. This reaction would be quite unusual and
is sltogethsr possible if the proper conditions for the resction

between tri-n-propylboron and benzaldehyde ean be found.



Summary

1. The preparation of two organcboron compounds has been
described.
2. The reaction of orgsncboron compounds with two different

functional groups has been obhserved.



D. SOME BEACTIONS OF OnGANOLILIC COMPUULDS

Introduction

The organoczinc compounds, which were the first true organoe
metallic compounds reported (60;, have been largely supplemented
in organic synthesis by the organomagnesium compounds., The
zine compounds are still used somewhat, because of their seeming-
ly non-reactivity toward the carbonyl linkage, in the prepara-
tion of ketones.

The preparstlion of the alkylwzine compounds is usually
carried out by the action of zinc, or a zinc-cdpper couple (61)
on an alkyl hslide, usually the iodide or & mixture of the
lodide and the bromiﬁe; They msy also be prepared by the action
of zine chloride etherate (62) on a Grignard reugent, or by the
displacement of the mercury in organomercury ccmpounds by
metallie zine. The diarylzine compounds are best prepared |
by the latier method which takes place very easily when diaryl-
meroury compounds are heataﬁ in contaect with metallie zine,
using xylene as a solvent (30).

The reactions of organozine compounds are very numerous,
and a review of them is totally unnecessary {(8)s The author
was particularly interested in the reactions of orgenozine
compounds with carbon dioxide, ketones, and nitriles,

(60) Franklend, J. Chem. Soc., 2, 263 (1849).

(61) Neller, J. Am. Ghem. S0C., &;, 594 (1929).
(62) Blaise, Bull., soe. chim., 9, 1 (1911).
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Only one case is reported of the carbonation of orgeno-
zine compounds, Sohmitt (63 ) in 1890 reported the foramation
of proploniec acid by the action of curbon dioxide on dlethyl-
zine, This was cerried out with liguid carbon dloxide in an
autoclave ut & tewperature of 150-160°.

Paviov {64) in the reaction between diethylziue and acetone
obtained mesityl oxide and higher condensation products, ¥With
agetyl chloride and diethylzine, freund (65) was able to
obtaln sither the moethyl ethyl ketone or the methyldiethyleardin-
ol. asetaldshyde geve methylethylearbinol on trestment with
diethylzine (68}, In seversal other cases the appsrent reaction
of organozine compounds with the carbonyl linkesge 1s observed;
but, in general, the organozlic compounds are classiried as
not rescting with kRetones,

The4a&kyl gaters of (=alkyl-P~ketonle melds were obtained
by Blaise (67) by condensing nitriles with the alkyl esters
of the «~bromo-scetloe acids in the presence of zinc, ile
also prepared & serles of alkyl allyl ketones (68) of the
type Eﬁ,zsﬁ‘cﬁa’g‘ﬁ by ghe condensation of allyl lodide with

an aliphatioc nitrile in benzene solution. These may be

(63) Sehwltt, J. prakte Chem., 43, 568 (1890),

(64) paviov, m.sft"i%«:, Y04 (1877]. ,
(6v) Preund, Jmn., 115, 1, (1861).

%683 Jegner, Ann., 10L, 261 (1878).

87) Blaiss, Compt. rend., 132, 476 (1i901).

(68) Blaise, Compt. rend., lug, 204 (1904).
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regetions ol organozine compounds with nitriles.

Under the proper can&itiona it has been found possible to
react organozince compounds with carbon dioxide, benzophenone,
and benzonltrile, Iost of these reuctlons were carried out
using the dipbenyle and di-p-tolylzine compounds rather than
the alkyl types. The aryl lypes were used since they are uuch
more stable toward alr and water than the highly inflammable

alkyl types, making them much more desirable to work with,



Experimental

The diarylzince compounds were prepared by the displace-
ment of the mercury in diarylmercury ceompounds by zinc in a
boiling xylene solution. 4 200 ec¢. three-necked flask with a
reflux condenser was thoroughly swept out with dry nitrogen.
In it were placed 17,75 grams (0,05 male}~cf diphenylmercury,
13,08 grams (0.2 atom) of mosasy zine, and 100 ce. of dry
xyléne. This solutioﬁzwas heated to a gentle reflux under
nitrogen pressure until the reaction was completed. This was
determined by the reduction of the organomercury compounds with
stannous ehlorids, as &escribeé under the preparation of
diaryleluninum compounds. The‘raacticn is ordinarily completed
in 6 or 8 hours, and the solution obtained is of a milky
appearance, This solution was used without further purifica-~
tion for most reactions. In some cases, however, the hot xylene
solution was filtered through glass wool, cooled in an lce~
salt mixture, and the Xylene decanted from the crystalllne
diphenylzine. These oryctals were washed twice with cold ligroin
(b.p.QS—llﬁo} and‘disaalved in either benzene or xylene. The
yield of the crystalline diphenylzinec, melting at 105-106°,
was 7.7 grams or 70%.

The dislkylzine compounds were prepared by the actlon of
the zino-gopper couple on a mixture of the alkyl iodide sand
alkyl bromide. 1In a 200 cc. round-bottomed flask, with an

inlet and outlet for a stream of dry hydrogen, was placcd



120 grams {(appreximately 2 atoms) of zinec dust and 10 grams

of copper oxide. The sollds were thoroughly mixed and heated
over a free flame. Dry hydrogeﬂ was passed in & stesdy streeam
through the flask and the flask shsken continually during

the heating to avold fusion. When the entire mass was a light
gray color the couple was considered formed, and it was cooled
in an atmosphere of hydrogen. The cool zinc~copper couple was ,
then transferred to a 400 cc. three-necked flask equipped with
& heavy mercury sealed stirrer and a Hopkins condenser connected
to an oll trap. The flask had been previously swept out with
dry nitrogen. Into this flask was placed 85.0 grams (0.5 nole)
of n-propyl iodide and 61.5 grams (0.5 mole) of pm-propyl bro-
mide, The flask was then carefully heated with & flame and
after about 20 minutes of refluxing the reaction began, The
starting of the reaction was observed by the rapidly increasad
refluxing. The flame was removed and the reaction proceeded
smwoothly, with occasional cooling necessary to avoid too vigor-
ous a>re&0tion. Th& reaction was ocompleted after 1-1/2 hours.
After cooling, théﬁflask was detached from the stirrer and
condenser and connected to & distillation head and through a
0endensar to a 230 ¢o. modified Clesisen flask. This recelver
was cooled in an loe-salt mixture., The flask wes heated in an
0il bath to 90-100° and the di-n-propylzine was distilled over
at 55-65°/25 mm. On fractionation the fraction distilling

over at 651-62°/25 mm. was collected us pure dl-n-propylzine.



Théﬁyield of the slear colorless liquid was 54.8 grams or 73%.
The pure compound was highly inflammable and was dissolved in
Xylene or benzene for further use,.

The dlethylzine was obtained from Hastmen Kodak Company
and was used without further purification.

The Reaction of Urganozine Compounds with Carbon Dioxide.

Two one-hundredths of s mole Qf di-p~-tolylzine was prepared

in an atmasphere,of carbon dioxide and the xylene solution
refluxed for 24 hours with carbon dioxide passing over it

‘before a negative color test was obtained. The solution was
hyirolyzed and extracted with 105 potassium hydroxide. Neutrali-
zation of this alkaline solution gave 21% ylelds of p-toluie
‘acid. Diphenylzine in a similar manner yielded 18% benzoic

acld after refluxing 24 hours. No attempt was made to car-
bonate the dialkylzine compounds,

The Reaction of Organczinc Compounds with Benzophenone,

The reaction of 0.01 mole of di-p-tolylzine with 3.64 groens
(0.02 mole) of benzophenone gave a negative color test after
refluxing farv24 hours. After hydrolysis of the reaoction
product and removal of solvent, a heavy oil was obtalned whieh
erystallized vary’aiowly from iigroin (b.p. 95-115°), The
product nelted at 7?»?80 and gave no depression in mixed
melting points with a known sample of diphenyl-p-tolylcarbin-
ol. The yield was 285. Trlghenylcarbinol was obtained in

17% ylelds from the reaction of diphenylzine on benzophenons.



No attempt was made to isolate reaction products in the re-
action of dialkylzine ocompounds with benzophenone.

The Reaction gg'Onganﬂzina Compounds on Phenyl Isocyan-

ate. “hen C.004 mole of diphenylzine in 20 ce. of xylene was
treated with 0.008 mole of phenyl isocyanate at roon tempera-
ture a negative color test was obtained in 40 hours. IFrom
the reaction products 44% yields of benzanilide were obtained.
Diethylzinc (0.0zlmole) reacted with phenyl isocyanate (0.04
mole) to give 16% ylelds of proplonanilide. Di~-n-propylzine
(0.01 mole) on treatment of its xylene solution with phenyl
isocyanate {0.02 mole) at roon temperature for 12 hours gave
18% yields of butyranilide.

The Reasction of Organozinc Compounds on Beuzonitrile.

When 0.00 mole of di-p-tolylzinc was hested for 2 hours at
155-140° with 0.1 mole of redistilled benzonitrile a negative
golor test was obtained. Hydrolysis of the resction product
and removel of the socivent gave a dark red oil. This oil

gave on slow orystalliizetion from ligroin (b.p. 95-115°)

227 yields of phenyl-p~-tolyl ketone. iixed melting points

with a kunown sample were used to ldeatify the produet. The
reaction products of the reactlon between dlalkylzine compounds

and benzonitrile were not worked up.



- 89 =

Discussion of Hesults

The reaction of organozine compounds with eertein function-
al groups seems to be another case of a somewhat slow resction.
Although 1t has been generslly assumed that orgenozine compounds
would not react with cardbon dioxide, ketones af nitriles, it
has been shown that in each cese reaction does take place; how=-
ever, usually it 1s a very slow reaction.

This greut difference in reactivity of organozine coumpounds
with certain functlonsl groups is of great value. Ketones
cen be synthesized in good yields bscsause of this. Many im-
portaent syntheses are based on this difference of reactivity
between the cardbonyl linkage s&nd other functional groups.

These slow reactions of orgenozince compounds are best
carried out in boiling xylene solutlons. Ether and benzene
solutions of disryizine compounds do not give the expected

product even aftser contact for seweral days.
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Summery

The preparation of some organoxlince compounds has been
described,

The reaction of organozine compounds with carbon dioxide,
benzophenoae, phenyl isccyanate, and benzonitrile has been

described.,.
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B. DL RELATIVE REACTIVITILS OF ORGANOMSTALLIC COi®OUNDS
OF ALUMINUM, BORON AND ZING

Introduction

Organic chemists are at the present time beginning to
realize the value of studies comparing the chemleal reacti-
vities of organiec compounds. A large amount of work has been
done in the last few years on the comparison of the chemical
reactivities of members of a series or group of compounds,
Selected rate studies with a few co&pcunds are of little
value, and it is only by the correlation of a large number
of studies made under a varlety of conditions that the true
value of thls type of work can be detsrmined. |

The comparison of the relative reaction velocities of
 the many organometallic compounds is too great an undertaking
%0 be accomplished in a short time. However, by the careful
correlation of the scattered works now available it 18 possible
to arrive at some rather interesting generslizations. It
would be unwise to accept any of these generalizations as
facts because of the widely varying conditions under which
the results were obtained and the possibility that the results
mlght be reversed if conditions were changed or different
reactants used, However, the generalizations, in themselves,
are very useful.

The relative chemical resctivities of organic compounds
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may in general {(for the present) be defined only in terms

of reference to the experimental method of acquiring the data
used in making the comparison. The various experimental meth-
ods for the comparison of chemical reactivities may be classi-
fled upon the basis of whether the comparison is made of the
extent of a reversible reaction, of the rates under identi-
oal conditions of a reversible or irreversible reaction which
occurs free of side reactions, of the severity of conditions
negessary %o induce a given type of reaction to oceur, or

of the relative rates of competitive reactions as measured

by the ratio of the products.

By far the greater part of all comparisons of the rela-
tive reasctivities of organometallic compounds have made use
of a study of the rates of resctions under ildenticsl condi-
tions. The color test for organometallic compounds provides
a means for measurlng the relative rates of such reactions.

Gilmen, Heck and St. John (69) have studied the rate of
reaction of soue Grignard reagents with selected reactants
under identical conditions. A series of some fourteen Grignard
reagents were prepared and reacted with an excess of azoben-~
zene. The time of the reaction was determined by notlng the
time required for the disappesrance of the color test. Thils
gave a means of comparing the relative reactivity of these
different Grignard reagents with azobenzene. The relative

reactivities of n-butylmagnesium and phenylmagnesium bromides

(69) Gilmen, Heek and St. John, Rec. trav. chim., 48, 212 (1930).




were also compared by reactions with a miscellany of compounds
ineluding: diethyl sulfate, benzyl chloride, ethyl oinnamafé,
nitrobenzene, acetoPhencne, benzalacetone, cupric chloride,
phenyl isocysnate, and a group of substituted nitrocompounds.
In general, it appeared that the n-butylmagnesium bromide

was slightly more reactive than the phenylmagnesium bromide.

The rate of resction, under similar conditions, of
phenylmagnesium bromide and diphenylmagnesium with gfvalsrcni—
trile was observed by Gilman and Brown (70). They found that
n~-valeronltrile reacted with phenylmagnesium bromide in 5 to
6 minutes, while diphenylmagnesium required about 2 hours for
completion of the reactlon as shown by the color test. Bache
mann (71) in his work with triphenylmethyl coneludes, "The
reaction between magnesium triphenylmethyl and carbon dioxide
is considerably slower than carbonation of triphenylmethyl-~
magnesium bromide.”

The relative reactivities of n-~butyl- and phenyl-lithium
were compared with n-butyl- and phenylmagnesium bromide by
Gilman and Kirby (72). 1In this study 0.02 mole of the organo-
metallic compound wes added to 0.022 mole of a series of typi-
cal reactants and the time recorded for the disappearance of
a eolor test, On the basls of these reactions it seemed
reasonably sure that the organolithium was more reactive than
(70} Gilmen and Brown, J. Am. Chem. Soc., 52, 1181 (1930).

(71) Bachmann, ibid., 52, 4412 (1930) .
(72) Gilman and Kirby, ibid., 58, 1265 (1933).
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the organomagnesium compounds., It also seemed that the
n-butyl-lithium was more reactive than phenyl-lithum. These
statements were not given, however, as aweéping genserallzations,
but they should holﬁ in the majority of cases.

Gilman and Kirby (73) have found that in the case of
benzonitrile, dimethylmagnesium reacts more rapidly than does
methylmegnesium iodide. On the other hend, it was observed
that methylmagnesium lodide reacts more rapldly with diethyl
| sulfate than does dimethylmagnesium. The relative rateé of
reaction, in this case, appesr to depend upon the reactant used.
Dimethylmagnesium, however, reacted much more rapidly wlth
benzonltrile and diethyl sulfate than did dimethylberyllium,

Catlin {(74) determined the relative ease of scission
of several corganometallic compounds in ehloroform solution
by elther hydroehloric acid or trichloroacetic acid. On the
basis of the studles made he has given the series: Po, Hg,

Bi and Sn in whieh the metals are arranged in the order of
the decreasing reactivity of their orgenometallic e~mmounds,
In the cases studied the aryl derivatives gave, in general, a
higher reasction velocity than the alkyl derivatives.

An illustration of a rate study making use of the severity
of conditions necessary to bring about a reaction is the work
of Zartman and Adkins (75). They studied the decomposition,
{73) Gilmen and Kirby, Unpublished work,

{74) Catlin, Ph,D, Thesis, Iowa State College (1934).
(75) Zartman and Adkins, J. Am. Chem. Soc., 54, 3398 (1932).



under hydrogen, of c¢ertain organometallic compounds of lead,
zine, magnesium and antimony. Nickel was found to have a very
profound influence on the rate of such a reaction, From their
studies Zartmon and Adkins concluded that the order of increas-
ing stability of the metallic alkyls toward hydrogen, in the
presence of catalytically active nickel, eppears to be Ng, Zn,
Pb and Sb, which is in the order of their decreasing metallic
character.

Shurov and Razuveev (76) have made rate studies in which
they compared conpstitive reasctions. Thelr work dealt with
the migration of the phenyl group from one metal to another,
By hesting the phenylmetals (organometallic compounds having
only phenyl groups attached to the metal) with finely divided
metals they obtained a transference of the phenyl group. 1In
this way they were able to obtain a series glving the metels
in the order of their increasing stability. The method used
consisted of placing the phenylmetals and the finely divided
- metal into & sealed tube, either with or without xy.zne. Thls
tube was then heated somewhere between 150 and 300° for several
hours and was then opened and treated with benzene in order
to extract any organometsllic compound. The benzene solutiéﬁ
and the metallic residues were then analyzed to determine the
amount of transference, if any.

From the compounds thus tested they gave the series of

increasing stability as Hg, Bi, Pb, Sb, As, and Sn; that is,

(76) Shurov and Razuvaev, Ber., 65B, 1507 (1932).
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any mgtalyin this series will remove the phenyl group from
the metal to the left of it, with the possible exception of
lead. The products produced alwsys consisted of the highest
phenylated dsrivative, possibly with & lower phenylated com=-
pound as an intermediate., The migration usually occurred at
8 lower temperature than the dissoeciation of the phenylmetal
derivatives, Thus, diphenylmercury dissociated 12 percent at
3000, but in the presence of Sn or Sb the migration was
quantitative at 200°, The reaction was facilitated by having
the metal in finely divided form.

The displecementi of metals from their phenyl compounds
was also studied by Hilpert and Grittner (77). They found that
magnesium, sluminum and zine would all displace mercury when
the metal was heated with diphenylmercury. Aluminum was found
to react very slighily with diphenylzine, the almost total
lack of reasction possibly being dus to a protecting film of
oxide., When, however, the two metals were allowsd to react
simultaneously with enough diphenyluwercury to form diphenyl-
zine if the zinc was present alone, it was found that the rela-
tilve quantities of triphenylaluminum and diphenylzinc were in
the ratio of 99 to 1. Magnesium was found to decompose com=~
pletely the phenyl derivatives of aluminum and zinec, while
mercury had no effect on any of the others. They concluded,

therefore, that the metals Mg, Al, Zn, and Hg stand in the

(77) Hilpert and Grutiner, Ber., 46, 1675 (1913).
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same relative order of activity ms in the ordinary potential
series. The displacement of mercury from diphenylmercury by
metallic cadmium took place with difficulty and never com-
pletely. They, therefore, placed cadmium below mercury in the
series, showing the relative amctivity of the metals toward the
formation of phenyl compounds, Bismuth resembled cadmium to
some extent, but displaced mercury much more easily than did
cadmium. It waes, therefore, placed just ahead of mercury in
the above mentioned series, and cadmlium alone fell in a posi-
tion different from that ocoupled in the ordinary potential
series. |

| The alkall metals, as might be expected, form the most
reactive organometallic compounds. They react with the usual
functional groups with extreme vigor and enter some reactions
that even the very active organomegnesium compounds do not
show. The outstanding illustration is the olefinic linkage
in some hydrocarbons, The orgenorubidium and organocesium
compounds appear %o be more reactive than those higher in the
group.

Organometallic compounds of the second group elements are,

in general, less reactive than the organoalkali compounds (72).
The dialkylberylliﬁm compounds appear to be less reactive
than the dialkylmagnesium compoundsj; while the organocaleium
compounds might possibly be more active than the organomegnesium
halides, and the same might be true of the organostrontium

snd organobarium compounds. These three classes of compounds
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must be further investigated before any definite statement

can be mede as to their relatlive reactivities., All of the
above organometallic compounds appear to be more active chemi-
cally than the organozines, while the organocasdmium compounds
appear to be less reactive than the zinc compounds but more
reactive then the organomercury compounds,

In the third group of the perlodic system the reactivity
of the organometallic compounds, in general, seems to decrease
as the atomic welight of the m@tél inereases, with aluminum
foruing fairly active compounds; while the organothallium
¢ompounds are relatively stable,

In the fourth group & transition seems to occur, and the
activity of organometallic compounds formed from metals of the
B femily seems to increase as the atomic weight increases in-
stead of decreasing, us 1 the case in groups 2 end 3, This
rule seems ;o earry over to the B‘families in group 5, as it
is generallr ccnsidered that the organobismuth compounds are
more active than the organostibines or -arsiﬁas, |

Concerning the organometallic compounds formed by the
metals in the first three groups of the periodic system the
following generelizations may be made:

| 1. In the A family the relative reactivity of the organo-
metalic compounds seems t0 increase as the atomie |
waight of the metal increases,

2, In the B famiiy the relative reactivity of the organo-
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metallic compounds seems to decrease as the atomic
welght of the metal inoreases.

v. The A family is, in general, more active than the B
faumlly.

Concerning the organometallic compounds formed by metals

in groups 4 and O the only statement possible is:

4. The relative activity of the organometallic compounds
of metals in the B families seems to increase as the
atomlc welight of the metal increases,

In order to correlate better some of these generalizations
concerning relative reactivities and the position of the metal
in the periodic table the author has attempted to eompare the
relative reactivities of organozine compounds of group 2 wlth

organoboron and orgsano~aluminum compounds of group 3.
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Bxperimental

The general procedures employed in rate studies with organo-
aluminum, -~boron and -zinc compounds were the same as those
previously employed in Grignard reaction rate studies. The
organometallic compounds were prepared as described previously and
were then carefully purified befofe being used in these rate
studles, Tri-p-tolyle~ and triphenyleluminum were recrystallized
approximetely five times from anhydrous ether and the pure white
solid obtained used in these studies. The tri-n-propyleluminum
was fractionally distilled and the fraction which boiled at
137-138%/22 mm. used in making the standard solutions. Tri-
phenylboron was recrystallized approximately five times from
anhydrous ether to give a pure white product melting st 137°. The
tri-n-propylboron was fracticnally distilled, and the fraction
boiling at 64~65°/25 mu. was used in these studies. Di-p-tolyl-
and diphenylzine were corystallized from xylene and washed twice
with 25 cc. portions of ligroin (b.p. 95-115°9). The di-n-
propylzine was fractionally distilled and the fraction boliling
at 61~62°/25 mm. used in thié work.

The reactants used in these studies were either redistilled
once or recrystallized from an appropriate solvent. The 1%
Michlert*s ketone solution was prepared by dissolving recrystal-
lized Kichler's ketone in sodium-dried benzene., The iodine solu-
tion contalned 0.1% lodine dissolved in glacial acetic acid.
Sufficient amounts of these solutions were prepared to last

during the entire study in order to have uniform resgents,
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The soclublons used Llu thuse studies were made by dissolviag
, & welghed portion of the orgenoset:sllie compound in enough xy-
lene W muke o known volupme, Dy proper dilution solutlions of
any lower conecentration gould be obtained, The solutlions were
stored iz a 400 ce¢. nerrow-necked bottle (¥ig. II), equipped

80 thul a messured sa:ple could be eausily removed without its
souming in contast with the atﬁgsghgr@. The bottls A was Clfted
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with & 2-holed rubber stopper having a glass T-tube B in one
hole and a U-tube C in the other hole.: This U~-tube extended,
on the one side, to the bottom of the bottle and was connected,
on its other side, through a l-holed rubber stopper with the
top of a 25 co. burette D. The burette had a small plece of
€ mm. gless tubing & sealed approximately 2 em. from 1is top;
this outlet was connected by means of rubber tubing with an
01l trep. One side of B was slso connected to the trep. In
order to obtaln a measured sample of orgenometallic compound
secrew clamp F was c¢losed and nitrogen forced into the systenm,
The solution in A was then forced into D, excess gas in D
eenanine through £ to the oll treap. When the desired amount of
solution had passed into D, the serew clemp was opened and a
gentle stream of nitrogen allowed %o pass through the tube G
and out the oil trap. In this way a positive pressure of dary
nitrogen was maintained on the solution in burette D; at any
tiue samples of known volume could be removed. Two or more
similer set-ups maey be connected ‘together, the niirogen outlet
of the one being connected to the nitrogen inlet of the other,
and the outlet of the last set-up beling connected to the oil
trap. The operations necessary for removal of a sample in this
cage are the same as when only one set-up is used.

Solutions could not be stored for any length of time in the
burette as the stopeoek would soon become frozen. At the end
of each day the excess solution of organometallic compound re-

maining in the burette was removed and the stopcocks greased



‘every two or three days. Very pure nitrogen was used in this
apparatus. The usual drying train (page 31) was used with two
Hilligen gas washing bottles filled with potassium pyrogallate
to remove oxygen. The pyrogellate solution was renewed every
waek to obtain coumplete remnvéi of oxygen, sincé the organo=-
metallic compounds used were very sensitive to irscea of oxygen,
whieh had to be completely removed,

When ordinary type bubbling towers were used to remove
oxygen it was found that the oxygen was not completely removed.
If 50 cc. of a 0.2 molar solution of triphenylboron was heated
for 3 days at 135-140° with a stream of nitrogen, purified in
the usual menner, passing over 1t a negative color test was
obtained. When the Milligan wash bottles were used for the
potassium pyrogallate solution 50 cc. of the same solution of
triphenylboron was heated for 8 days at 135-140° and still gave
& strong positive color test. Passage of the nltrogen over
hot copper or through a seclution of phenylmagnesium bromide
also gave a gas sufficiently pure for this work, but these meth-
ods were more difficult to use than the one glven. The pyrogallate
solution was made by mixing 50 ec. of 40% potassium hydroxide
solution with 150 ce. of 25% pyrogallic acid solution. This
gave a concentration bast‘suited for removal of small guantities
of oxygen.

The use of solvents other than xylene was also attempted

in these studies. The more volatile solvents, such as ether
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and benzene, gave conslderable trouble from evaporation, causlng
e continual change in the concentration of the solution. VWhen-
ever ether scolutions were used, it was nacesﬂary‘§0 jaexet the
contalner and cool the solution with running water. The only
airfieulty expérieneed with the xylene solutions was in the
swelling of the rubber stoppers. A4ll stoppers were tigﬁtly
wired in 6 and collodion-coated cork stoppers were used when
reactions required the use of boiling xylene.

Heaction Rates with Michlér’s Ketone, DBecause of the

rather slow reaction between lichler's ketone and the organo-
metallic compounds of aluminum, boron end zine, it was possible
to compare the reaction velocities of these three types of
organometallic compounds by this reaction. Standerd solutions
of the organometaellic compounds in xylene were prepared and‘the
time that was necessary for a reaction to teke place hetween
these solutions and a 1% solution of Wlchler's ketone in ben-
zene determined. The reaction was carried out in clean dry
test tubes, Twelve test tubes were provided with eclean corks,
and into each tube was placed 2 ec¢. of the lMichler's ketone
solution. To each of thess tubes was added frou a buretie

2 oo, of the organometallic compound. The tubes were tightly
stoppered. At ragular‘intervals a tube was opened, 20 draps of
a 50/ aloohol solution added, and the tubes shaken. From

4 to 10 drops of iodine werse then added to the solution. During
the first 12 hours solutions were tested after intervals of

% minutes, 30 minutes, 1,2,4,6,8, and 12 hours, Thereafter,



one tube was cpened every 24 hours., The time recorded was the
interval from the time of adding the organometallic compound
to the Miehler's ketone solution, to the time when hydrolysis
and addition of the lodine solution gave a noticeable greenish-
blue color, Slight colorations may heve heen notlced before this,
but the test was not considered positive unless a fairly strong
coloration was obtelned,

Check runs were made in every caée and the results dupli-
cated in the case of the shorter time lntervals, but the re-
sults with a 0.2 molar solutlon varied considerably with the
orgenozine and organcboron compounds. The development of the
¢olor test with these dilute solutions was very gradual, and
since only one sample was tested every 24 hours after the first
24 hour interval, it was very easy to record differences of
24 hours in the time observed. In all cases the color developed
wes compared with the c¢olor given by hydrolysis and addition of
‘1odine to a solution of the same orgsnometalllc compound which
was concentrated enough to glve a positive color test. The
ability to recognize the prépar color was very ilmportant and this
human factor may account to a wvery laige extent for the variations

recorded.
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(a) In this series 4 ce. of the orgsnometallic compound was
added to 2 ec. of Miaehler's ketone,
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Minimum Concentration Giving the Color Test, It was found

that positive color tests with the less reactlive organometallie
compounds could be obtained if their solution with Michler's
ketone was heated for a short time, Thus, the organozine com-
pounds, which require several hours at room teuperature to give
a QGSitive color test, gave a positive test after heating at
100-110° for 5 minutes, Better color tests could be obtained
by heating for longer perlods,

In detvermining the minimum concentration of the organo-
metallic compounds. of alumlnum, boron and zinc necessary to
give a positive color test 2 ce, of a standard solution of the
crganoﬁetallic compound was placed in a test tube containing
2 occ, of Hichler's ketone solution, The test tube was then
placed in an oil bath maintained at 160-110° for 5 minutes,
At the end of that time it was removed, cooled under the tap,
and hydrolyzed with 20 drops of 50% aleohol, To this solution
was added 4 to 10 drops of the iodine solution and the color
observed, A greenish-blue color was recorded as being positive,
while a yellowish-green color was oonsidere@ negative, The
solutions tested were made up in 256 ce., volumetric flasks, These
were clean and dry and flushed out with nitrogen. Ten cc, of
dry xylehe solution was aedded to the flask and then enough
standard solution added from a burette o give the proper
conecentration, and the flask filled to the 25 c¢c. mark with xylene.
Two oc. samples were pipetted from this into the test tubes, |

The last solution that gave & positive test wes oconslidered as

having the ninimum concentration necessary.



Table II

Kinimum Concentration Required %o

Give the Color Test

Organometallic:idininun

¢ compounds : molar Hemarks :
H tested seoncen- ¢ ' :
: ‘ stration : :
: | : ¢ A 0.0l molar solution gave a faint
: (CeHg)z4l : 0,02 ttest on heating 15 minutes. ' $
: (C Hy)gB : 0.1 : Thisg test was very weak., :
H (GiH,)!Zn : 0.1 : This,test was very weak. :
$ : : 4 0,01 molar solution gave a nega-
1{n-CaHy)gal : 0.02 :tive test after 15 minutes' heating. 3
: s 5 A Q.1 molar solution gave a very :
1(n~Cylly)yB : 0,00 :good test. :
s{n-CaH,)a4n : 0.1 : This was a weak test, :




Reaction Rates with Benzaldehyde, Benzophenone, and Benzo-

nitrile. The rate of reaction of organometallic compounds of
aluminum, boron and iine was determined with benzaldehyde,
benzophenone and benzonitrile by treatling the above reactants
with xylene solutions of the organometallic compounds and de-
termining *he length of time required for the diseppearance of
the color test. The reactions were carried out at room tempera-
ture in clean dry flasks under a slight positive pressure of
nitrogen. The three different organémetallic compounds were run
simultanecusly %o have as near the sume conditions as possible.
It was observed in the study of reactions of simple
organc-aluminum compounds that all three R groups entered into
the reaction, The ylelds obtalned were in several cases greater
than were possible if only one or two of the K groups had en=
tered into the reaction. All yields reported were calculated
on the basis that one mole of the organo-aluminum compound
raacted‘with three moles of the reactant. If less than three
moles of the reactant were used the color test remained poéitive
over very long intervals; whereas, the use of slightly more
than three moles caused a failrly rapid disappesrance of the
color test. With organozinec compounds both K groups were
found to react, and two moles of reactant were added per nole
of the organozine eompound., ¥ith the organoboron compounds
only two of the three R groups appeared to react. On working
up of reaction products of organoboron compounds one of the

products which always separated was a substityted boric scid



having one R group still attached to the boron. In no case were
all three R groups removed from the boron atom, When one mole
of an organoboron compound was treated with slightly more than
two moles of a reaetan;‘a negative color test was observed.
Calculations of yields ofvreactiqgg,af organchboron compounds
were madevncnéidaring only two Riﬁroups reacting.

In all cases studied 104 excess of reactants was used. In
the majority of cases 50 e¢c. of a 0.2 molar solution (0.0l mole)
of the organometallic compound was used, In a typical experiment
3.5 grams (0.033 mole) of redistilled benzaldehyde was reacted
with 50 ¢¢. of a 0.2 molar solution of triphenylaluminum, while
2,3% grums {0.022 mole) was required for each resction with the
same amount of diphenylzine and triphenylboron solutions. At
regular intervals of time a 2 cc., sample of the solution was
removed and tested for the presence of organometallic compounds.
In order to obtain a e¢olor that was epproximately equivslent
~ with each solution 1t was found necessary to heat the solution
of the organometallic compound with Miehler's ketone for 4if-
ferent intervals of tiwe, Thus, when & 0.2 molar solution of
tri-n-propylaluminum was heated with Michler's ketone for 5
ainutes at 100-110° it gave a color test which was comparable to
that given by a tri-n-propylboron solution that had been heated
15 mlnutes at 100-110°, or a di-p~propylzine solution that
hed been heated 30 mlnutes. Therefore, samples of organo-

aluminum compounds removed for testing were heated 5 minutes



with Michler's ketone, the organoboron compounds 15 minutes,

and the organozine compounds 30 minutes, This method differed
from thet used in determining the minimum concentration necessary
to give a positive color test, sinee in that case it was desired
to determine the concentvration necessary to give a positive

color test while all other factors remained the sams. In this
study the concentrations must remain the same; it was thus
necessary to find the conditlons reguired to give an equivalent
positive color test with the three organometallie compounds
studied. The time rscorded in the téble indicates the inter-

vel between the addition of the organometallic compound and the
time when a sample gave a reddish color rather than the customary
greenish-blue, after hydrolysis and addition of the iodine

solution.



Table III

Rate Studies with Benzsldehyde, Benzophenone

and Benzonitrile

Time {in hours)

:0.01 mole

L4
L]

0.0l mole

»% 9

0,01 mole

»
*

T.01 mole : 0.01 mole -

iReactant :(C.Hy) 41 3 (Coly) 4B t(CeHg) gZn (n=CgH,) Al $1(n=C3H,)B :(n-CuH,),7%n:
taldehyds ¢ 0.9 : 4] s (=] 3 0.5 : 8 H 8

! Benzo- @ : s 3 ' [ : .
tnltrile : : ¢ 8 H 14 s 24 .
+ Benzo~- ‘ : : ~ : o H ' : X!
sphenone 2 : 10 : 24 : ) H 10 : 14 :
:+ Benzo- : T : n E— %
tphenone ¢ 4 : : 14 3 4 3 : 16 :
: 10.005 mole (a): 0.005 mole (a):0.02 moie (b):0,02 mole(b):V,02 mo. T
: $(p-CH G Hy)galt 1 {p-CH CyH,) aZns(n-CyHy) 541 3 (n=Cyiy)} 4B :(n~C,H,),2n:
T Benzo- ¢ ' s R R R N e
snitrile ¢ : : : 5 s 24 : 24 :
: Benzo- ! : : : o R i ¥ ‘ :
tphenone ¢ 2 : : 6 : : : :
(a) In this sbtudy 50 ec. of a 0.1 molar solution were used.

(b} Twenty ce. of a 1 molar solution were used.,



Rate of Displacement of Mercury from Organomercury Compounds

by Aluminum and Zine. In boiling xylene solution the transfer-

ence of B groups from an organomercury compound to either aluml-~
num or zine takes place very readily. A comparison of the time
required for the formation of organo-aluminum compounds as con-
pared to the time required Tor the formation of organozine
compounds gives a means of studylug the relative resctivities of
these two organonmetallic compounds.

Two three-necked 200 cc. flasks equipped with Hopkins
coﬁdensers were thoroughly swept out with dry nltrogen. In the
first flask were placed 5.74 grams (0.015 mole) of di-p-tolyl-
mercury, £.02 grams (0.075 mole) of alumlnum ehips, and 100 ecc.
of &ry(xylsne. In the second flask were placed J.83 graus
(0.01 mole) of di-p-tolylmerecury, 3.27 grous (0.0% mole) of mossy
zine, and 100 ¢e. of dry xylene, These two solutlions vere
heated to a gentle reflux; then ¢t 30 ninute intervuls 2 ce,
samples were removed from each flask. These ssuples were udded
to 10 ec. of aleohol in a summll flask. To this was added 5 ce.
of a stannous chloride scolution and the solution evaporated
to opne-helf its volume. If on healling s sawaple, lun this manner,
free mercury was obtained, the transference of the R group from
the mercury to the other metal present had not beeu completed.
The time was recorded when e sample treated in this manner gave
no free mercury in the bctﬁem of the flask., Aluminuwi anﬁ'di-p-
tolylmercury gave a negative test for organomercury compounds

after refluxing for 2 1/2 hours, while under the sawe conditions
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8 hours were necessary for complete transference of the p-tolyl
radical frow mercury to zine.

In a simllar study using diphenylmercury, aluminum complete-
ly displaced the mereury in 2 1/2 hours, while zinc required
6}hours for complete displacement of the mercury. All of the
above runs were checked and the variation in time was in no
case greater than 30 minutes.

An effort was made to coumpare magnesium and boron, in a
similar manner, with aluminum and zine, However, no displacement
of mereury from diphenylmercury was observed after refluxing
& xylene solution of dlphenylmercury for 24 hours with either
magneslum bturnings or erystalline boron. T?e possibllity of the
preparation of organoboron compounds by the reaction between
organomercury compounds and both crystalline and amorphous boron

is being investigated further,



Discussion of Results

The use of the color test in determining the relative
reactivity of certain orgunometallie compounds has been extended
to the less reactive organometallic compounds of aluminum, boron
and zinc. Because of the very siow reaction of some of these
compounds with Michler's ketone the varlation in results may
be considerable, but the relative rates are separated widely
enough to permlt a semi-quantitative determination of their
relative reactivities,

On the basis of the studies made with both alkyl and aryl
compounds of these three metals the relative order of decreasing
reao?ivitias is: organo=-sluminum compounds, organoboron eompounds,
organczine compounds.

There was lititle difference shown between the relative
reactivities of the alkyl and aryl derivatlives. However; in
the study on the minlmum concentration required to give a posi-
tive color test, the n~propyl derlvatives seemed to give
slightly better color tests with dilute solutions than did the
phanylkderLVatives. In general, the n-propyl derlvatives and
the phenyl derivatives were of approxinmately equal reactivity,
the n-propyl eampaund possibly being slightly more reactive.

A comparison of the rates of reacticﬁ of the phenyl and
p-tolyl compounds with benzophenone would indicate that the
p-tolyl derivaetives may be more reactive then the phenyl deriva-
tives. The solutions used in the comparison were of different

concentrations, but the results with the organozinc compounds
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seemed to warrant the prediction that the p-tolyl derivatives
are more reactive than the phenyl compounds,

The studles of Entemann and Johnson {28) are supported in
the study of the rate of reaction between certaln functional
groups and the n~-propyl derivatives of aluminum, boron and
zine, They have shown benzaldehyde to be more reactive with
phenylmagnesium bromide than benzophenone and both of these
compounds to be more reactive than benzonitrile, The same general
order of reactivities has been observed in these studles,

Boron, generally considered a metsllold, has been shown to
vield organometallic compounds resenbling closely those of
aluminum and zinc, The oxides of boron also resemble very
elosely the oxides of aluminum, gallium and indium, in being
amphoterie, These two facts are supporting evidence for the
metallic state of boron, |

Since boron and eluminum are generally classed in the B
family of group 3 andftha reactivity of the organometallic
compounds in this family appears to decréase as the atomic
weight of the matgi inoreases, it would appear as if boron and
aluminum were reversed in regard to the relative reactivities
of thelr organometallie compounds, This is not unexpected,
Pfeiffer and co-workers (78) have arrived at the conclusion
that beiyllium and magnesium exhibit properties which entitle
them to be placed in the famlly with zine, cadmlum, and mercury,

rather than with the alkaline earth metals of famlily i of

(78) Pfeiffer, Fleltmann, and Hansen, J. prakt. Chem., 128, 47 (1830).
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group II. Since the relative reactivity in family B appears

to decrease as the atomic weight of the metal lncreases, organo=
beryllium compounds should be more reactive than organomegnesium
compounds., ‘It has been shown (73) that these two metals are
alsoc reversed In regard to the relative reactivity of their
organometallic compounds, |

It would be of interest to coﬁpare the relative reactivi-
ties of organcsodium compounds with orgenolithium compounds,

The possibility of the lesser reactivity of the organosodium
compounds ls suggested by the difference in reactlvity between
diphenylmethylsodium and the alkyl=-lithium compounds (79). It
would appeer as if the order of reactlvity of the organometallie
compounds formed by metals in the first two periods of the
periodic table are reversed,

It now appears genarélly true that the following is the
porder of deereasing activity of some organometsllic compounds:
¢s, Rb, K, {(Na, Li), (Ba, Sr, Ca), Mg, Be, Al, B, Zn, Cd, Hg.
(The elements in parentheses are not as ﬁgt deflinitely placed
in this series.) A comparison between tﬁe relative reactivitiles
of Ga, In, and T1 with B family of group 2 has not been made,‘
but it 1s probable thuat these mgtals form organometallic come
pounds that equal or exoeed orgénaméreury comppunds ih reactivity.

There seems, therefore, to be a direct correlation betweaﬁ‘

the position of a metal in the perigdic table and the relative

(79) Bergmant and Rosenthal, J. prakt, Chem., 135, 267 (1032);
Ziegler, Crossmann, Kleiner and Schéfer, Ann., 473, 1 (1929).
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rgactlvity of its orgaenometallie compounds.

With the metals of the first three groups of the periodiec
table there appears to be a direct correletion betwsen their posi-
tions in the electrochemical series and the reletive reasctivi-
ties of thelr organometallic compound. HMellor (80) gives the
following erder in the first part of his electrochemical seriés ;
of elements: Cs, Rb, ¥, Na, Ti, Ba; Sr, Ca, Mg, Al, Or, M¥n,

Zn, Cd., This is the same ordew dhat haa Itush been gliven for

the reactivities of organmetellia anmmonnds, HEvery metal

is in its relative position as far as present day knowledge

can determine. Boron, being clessed as a metalloid, is not
placed in the usual electrochemlcsl series of metsls. A correla-
tion between the position of other metals In the electrochemi-
eal series and the relative reactivities of their organo-
metallic compounds is now in progress.

The effect of catal;sts and forced conditions on the
reactlions of these less reactive organometallic compounds is
being invsstigated further. The work of Gilman and St. John (81)
suggests that by the proper choice of‘Qutalysts and conditions the
reactlon of these organometallic compounds may be either retarded or
acoelerated and in this way 1t may be possible to davelop prefer-
ential reactions with compounds having polyfunctionsl groups.

(80) uMellor, “Camprehensive Treatise on Inorganic and Theoretical
Chemistry"™, Vol. I, Longmans, Green and Co,, New York,

1922, p. 1014,
(81) Gilman and St. John, Hee. trav. chim., 49, 222 (1930).
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Summary

The relative rates of reaction of the n~propyl and phenyl
.derivatives of aluminum, boron and zinc with Miehler's ketone
have been studied.

The relstlive reamctivities of the n- propyl and phenyl deri-
vatives of aluminum, boron and zinc have been determined

by a study of the rates of reaction with benzaldshyde, benzo-
phenone and benzonitrile.

The relative rates of formation of organometallle compounds
of aluminum and zine have been compared.

The order or‘decreasing reactivities has been found to be:
organo-aluminum compounds, orgsasnoboron compounds, organozine
compounds,

A sorrelation has been made between the relative reacti-
vities of some organometallie compounds and the position

of the metals in the electrochemical series.

The possibility of the preparation of otherwise inaccessible
gompounds through the medium of selective or preferential
reactions involving these less reactive organometallic

compounds has besn discussed.
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