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A. STUDIES ON THE CAPTURE OF FRER ORGANIC RADICALS
INTRODUCTION

The formation of free radlcsls prior to or during the
preparation of organcmegnresiuvm halldes has been proposed by
several Investigators cn the basis of varicus independent ine
| vestigabions. GComberg and Bechmann (1) postulated the forma-
tlon of free vadicals to ascount for the effect of iodine in
i the activation of magnesium for the preparation of the Grignard
| reagent. Gllman and Fotherglll (Z) obtained evidence of dis-
 proportionation, which is a characteristic of free radieals, in
. the preparation of some alkylmsgnesium halides. Gilman and
| Kirby (3) have attributed the formation of di-p-tolyl during
l the preparation of benzylmagnesium chleride to the rearrange-
ment of benzyl radicsls to p-tolyl (4) radicals end the ensuing
coupling of these radicals to dl-p-tolyl.

The Pollowing reasctions illustrate this preliminary formae-
tion of freeo radleals.

02HEBP + Mg —cp= 02H5"’ + -k’{gBP * o w e » s (I)
Caﬁs" + "'ﬁgBI‘ s o cgﬂsPﬁgBr‘ » @& > 8 e ® (II)

CZEB‘ EN GSHS- R ad CBHS.CBH&-’ e s » @ o quII)

{1) Gomberg snd Bachmann, J. Am, Chem. Soc., 49, 236-257 (1927).

{2) Gilman snd Fothergill, Ibid., 50, so34-33ZT (1928).

(3) Gilman and Kirby, ibid., 51, 1571-1576 (1929).

{4) There was probably formed & very small quantity of o-tolyl
radlcals together with the p-tolyl radicals. (See Ref.3).
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*

202&5“" e o CQHG + CHQ::CHQ s & ® e s (IV)

03H30H261 4 M{g o> 04.1}130..{5" + ~MgCl « o o w o (V)

CGHSCHQw w—n E‘CHGGQH%* ® & @ b v & » @ (VI)
gR"CHGCQHQ" —p E;'cﬁacem'CeHQC}is-E a * o (VII}

The free radleals first formed mey react in other possible
| ways (2) than those indicated sbove, bub the chief reaction is
: with the magnesious helide to give the corresponding Grignard

{ resgent In yields of about 85% (B5).

A ceriticel test for the prior formstion of free radicals
 is to capture some of them before they comblne with magnesious
halide to glve the RM! ecompound, or couple, or dlspropertion-
- ate, The investigatlons by Taylor (6) =znd co~workers on the
mechanism of some roactlons sugpested a possible mesns of cap-
turing the free radicals formed during the preparation of the
Orlgnard reagent. They first proposed (6a) the following chain

type of reactions to account for the reduction of ethylene.
Cﬁﬁz(}Eg 4+ H e 0255"“ e o % & e & . (VIII)

GQHE" % Hg L o Gﬁﬁe +- H s o & s a » (IK)
Recently, they (6b) have revised the moechanism of the re-

(5) gilman, Zoellner and Dickey, J. Am. Chem. SoG., 51, 1576
1585 (1829).

{6) a. Taylor, Proc. Am. Phil. Soc., 85, 20~98 (1926).

.. b. Taylor and Aill, J. Am. Chom. soc., 51, 2922~2036 (1929).
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actions between eothylene and hydrogen as follows:
H + CpHg + CpHg > Colg~ + CpHy + 15,000 cal. . . (X)

CQH3" + HE —2 Cgﬁs + H - 10’000 ¢als s o Q(XI)

- However, this revision of tho mechanism does not affect the
final result of the reaction. In support of these rerctions
they predicted that "1t ghould be possible to effect the combi-
{ natlon of hydrogen and ethylene by liberating into the mizture
of thess gases the free radiecal C,Hg~ involved in the second
stage of the progess”. To establish the correctness of this
explanation they liberated free ethyl redicals (obirined by the
thermal decomposition of mercury diethyl and lead bebrasthyl)
into a wmixture of hydrogeﬁ and ethylene at the decomposition
tenperature of these metal alkyls {200-300°). They “have shown
that hydrogen and ethylene réadily combine in the presence of
decomposing mercury diethyl and lead tetrasthyl™, end that “more
hydrogen and ethylene diseppear than would correspond to ethyl
groups liberated™ (7).

Paylor {(6) and co-workers also observed that more complex
hydrocarbong than ethane were formed simulienecously in the re-
action of hydrogen and ethylene in the presence of decomposing
mercury diethyl and lead tetraethyl. They state that “this has

(7) It 1s interesting to note, in connection with this, that
Gilman and Fothergill {Ref.2) observed both ethylene and
hydrogen in the gases evolved 1n the preparation of some
allkyilmapgnesium halldes.
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been shown to be due to reactlon invelving ethyl groups and
ethylene™. They found that ethylcne dlsappeared when heated

. with decomposling mercury disthyl snd that liquid hydroearbons,

| boiling above 100°, were recovered from the reaction. Théy

| formulated (6a) the sdditlon of ethyl and ethylene as one shags

f 0f a chain reaction.
GBHB“‘ + Czﬁﬁ ——n CQHQ" a * 6 e® 5 s v e {XII)

CQHg"' + GE,H& — GG'HZ.S"& ate, ¢ s o (KIII)

i

-

They reeently {(6b) revised the mechanism of these reactions
in the same mammer as they did Tguations VIII and ITX, so that
i the following squation represents the true reaction more cop-
rectly.

CQHS"' -+ CgH.l + Geﬁé wesen C.}Eg“ 4 G:;H,}&_ -+ 1590{1\0 calu(XIV}

Howevey, this revision of the mechanism dess not alter the
product of the reaction,

with the objeet of capturing ray fres radicals formsd dur=
ing the preparetion of alkylmegneslum halides two series of zx-
poriments were performed. In the first series mothylmagnesiuvm
lodide, ethylmagnesium bromide, and n~propylmegnesimm bromide
were prepared in the presence of ethylene. If the frees methyl,
ethyl, and propyl radicels asre Formed, and i they combine with
ethylene under the experimental econditions, then the volume of

ethylene should decresse and the quantity of more complex hydro-
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earbons should inerease. In the second series ethylmegnesium
bromide was prepared in the presence of hydrogen with platinum
oxlde as a cabalyst. If free ethyl radieals are formed and 1f
these radicals combine with hydrogen under the conditions of
the experiments, larger volumes of ethane should be obtained
then are formed under corresponding conditlions in the absence

of hydrogen.
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PREPARATION OF ALKYIMACGHESIUM HALIDTLS IN THE PRESENCE
OF FTHYLENE

Experimental Part

Materinls and Apparatus.

The solvent used.in these experiments was di-n~-butyl ether
which had been dried over sodium, filtered, and redistllled.
T@e ether used in some of the experiments was distilled direct-
ly from dl-n-butyl ether solutlons of several Grignerd reagents
prepared in the esarly part of the work. Only the middle frac-
tions of these distillatiocons were used.

The alkyl halides and magnesium turnings that were used
were the ordinary high grade materiels commercislly avalisble.

The ethylene was the commercial product which is stored
in smell ecylinders. This ethylene was dried by calcium chlor-
ide and phosphorus pentoxide jJust before belng used in the
various experiments.

The apparatus was made up of three sections as shown in
Pigure I. The first section consisted of a large eudiometer
{4#) (1500 cec. eapacity) connected by capillary tubing to two
drying tubes, (B) and (C). Tube {B) was filled with calecium
chloride and bube (C) was filled with phosphorus pentoxide.
vThe second drying tube was connected to a three-way stopeock,
(D), one branch of which was used to remove samples of the
éthylene belng used during an experiment and the other branch
was eonnected to another three-wny stopcock (E). One branch

of this second stopcock was connected to & Winkler gas burette
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{(¥) eonteining dry mercury as the confining liguid. The other
‘branch was connecbed by cupillary tuvbing to the inlet tube (Gi
of the reametion flask in the second section of the apparatus.
The second section of the apparatus consisted of a reaction
 flask (B) for the preparation of the Grignard reagent. This
. was a 150 ec. wide mguthed flask with a tightly fltting ruabber
gtopper Titted with a dropping funnel (K), an inlet tube (G)
for the sthylene, a mercury sealed stirrer {I), and a siz-inch
Lieblg condenser {J). & drying tube {L) fillled with calcium
ghloride was sealed to the cutlet of this condenser to prevent
any water vapor from diffusing back into the reaction flask.
The third sectlon of the apparatus consisted of a large
eudiomeber (X) {2000 cc. capacity) filled with & saturated
sodium chloride solution as the confining ligquid, which was
used to collect the gasmes formed during the reaction. This
sudiometer was conneeted by & short pisce of rubber tubing to

the drying tube sealed to the end of the condenser.

Hethod of Proesdure.

The method of procedure used in gll the exzperiments on
the preparation of alkylmagnesium halides in the presence of
ethylene 1s 1llustrated by the following detailed deseription
of a typical expériment. '

After plaecing the magnesium turnings {(4.86 g. or 0.2 atom)
in the reaction flask a stream of dry alr was passed through

the apparatus for 45 minutes to remove any molsture that might
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be present. The inlet tube was then joined to the ethylene
supply btube and the oublet of the condenser connected to the
cudiometer, The leveling flask of the eudiometer was adjusted
until the system was under & vacuuws of 1-2 cm. of mercury.
About 800 ce. of stock othylene was placed in the supply
cudiometor and the conneeting tubes swept out until two anal-
yses of the gas showed no appreclable lnerease in ebthylens con-
tent. 4 solution of 21.9 g, (0.2 mole) of ethyl bromide in
130 ec. of di~n~butyl ether was placed in the dropping funzel
end a Ffew euble centimeters of this solution added to the mag-
nesiun turnings. The reaction was sterted by warming with a
flame and the remainder of the ethyl bromide and dl-p-butyl
ether was added over a period of 36 minuﬁes. As zoon as the
reaction had started the rezction flask was surrounded by an
0il bath which was kept at a temperature of TC-85° whille the
8lkyl halide was being added. During this sddltion 300 ce.
{abt 24.5% and 734.9 mm.) of ethylene was measured by means of
the gas burette and passed inbo the reactlon flask. Another
100 ec. of ethylene was passed inbo the reaction flask while
the reaction mixture was stirred and the 0il bath heated fronm
70° to 145° during 25 minutes. The solution was then refluxred
“glowly for 30 minutes to drive out all dissolved gases, then
about 100 cc. of dry alr was drawn through the apparstus to
‘digplace all the evolved gasses.
The gas collected in the cudiometer was shaken and allow-

ed to stand a short time to allow it Lo heecome homogeneous.
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The confining liguid in the eudiometer had been ssburated
previcusly with & gas having 2 composition similar to that be-
ing collected. Semples of about 70-G0 cc. volumé were removed
to a2 100 cc. gas burette to be measured and tﬁen analyzed by
standard methods of gas anelysis, using Hempel absorption and
explosion pipettes. The analyses were made in bthe following
order. The sample éf gas was first washed with 307 potassium
hydroxide. Unssturated hydrocarbons were removed by absorpbion
with bromine water fellowed by 307 potassium hydroxide to re-
nove excesg bromine vspor. Oxygen was vemoved by alkaline
pyrogallate. Hydrogen was removed by palladium black at 100°.
The saturated hydrocarbons werc determined by explosion after
mixing the residual gas with oxygen. The total contraction
after the explosion was measured and the carbon dioxlde formed
wes ebsorbed in 304 potassiuvm hydroxide. The method 0f caleou~
lation will be shown later. A% lesst two, and usuelly three,
complets snalyses were carvied out and the averages values used.
in order to minimize diffusion losses ths gas was measured and
analyzed on the same day that the reasction was carried out.

In order to compare the smounts of the various gases form-
ed during the nreperation of the alkylmagneslum helldes in the
‘presence of ethylene with the amounts formed during the prepar-
ation of the same Grignard resgents under ordinary conditions,
blank experiments were performed in exactly the same mamnner
excopt that no ethylene was passed Inbo the resetion flask.

These blank experiments were carried out either direcetly before
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or efter the corresponding experiments.

Sample Data end Calculations.

The date for the experiment just deseribed in the Method
of Proeedure are glven bolow, together with the calculations

used. All the sxperiments were celculated in a similar manner.

Anzalysis of ethyiéne.at start of run:

3645 cc. sample
34.9 cc. absorbed in bromine water = 95.7% pure.

3%.4 cc. semple
38,1 cc. absorbed in bromine water = 98.75% pure.
Analysis of ethylene at end of run:

45.4 cc. sample
44.0 cc. absorbed in bromine water = 96.97 pure.

The average of the lest two determinations was used in
caleulating the amounit of ethylene used in the exper-
iment.

Purity of ethylensc = 96.825%.

400.0 ec. stock ethylene (at 734.9 mm. and 24.5°C)
96.825% pure = 343.5 c¢c. pure ethylene (&b 760mm. and 0°Cl

Analyses of the gas collected in the eudlometer.

Analysls I.

£9.7 cc. sample of gas
€2.5 cc. after potassium hydroxide
372 ec. after bromine water followed by
potagsivm hydroxide = 32.3 cc. Tthylene.
= 46.4 % of the gas.
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34.2 cc. aftor pyrogallol.
34.0 ce. afber palladium black 0.13% ce. Hydrogen (8)

= 0.1927

12.15¢cc. of the ges residue after absorption with pele-
ladlum black was nmixed with oxygen to meke
88,7 ce. total volume
83.6 cc. afbter explosion = 18.1 cc. Contraction.
71.4 cc. after pobassium hydroxide
= 12.2 oec. Carbon dloxide.

The amounts of saturated hydrocarbons present in the gas

i were calculated by the method described by Dennis (9), using

the conbraction dus to the combustion and tha.carbon dioxide

formed by the combustion.

Lot x equel the volume of ethane present.
Let y equal the volume of bubane present.

Then
15.1 ce. = 2«1/2%x + 3~1/2y = Contraction.
12.2 ec. = 2x + 4y = Carbon dioxide.

Solving these two equations simultanecously gilves the fol~
lowlng amounts of ethane and butane.

Ithane = 5.9 cc. in the sample exploded or 23.7% of the
oXiginal gas.

: Rutsne = 0.1 ce. in the sample exploded or 0.4% of the

original gas.

Analysis IT.

87.3 cc. sample of gas
87.0 cc. after KOH
47.2 ce. alfter bromine water 39.8 ec. Ethylene.

= 45.6%

(8) Since the oxygen in the tube containing the pslladium blaek
unites wlth hydrogen to form water under these conditions,
only two=~thirds of the decrease in volume is due to the
hydrogen present. 0f course, when large amounts of hydro-
gen are present the volume of oxygen held by the tube
(0.7 ce.) is simply deducted from the total volume absorb-
ed by the pelladium black.

{9) Demnis, L. M. OGas Analysis., The Maemillan Company, New
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43,2 ec. after pyregallol.
43,1 cc. afbter palladiom 0.087 ecc, Hydrogen.

0.07727%

IR

12.45¢cc« residual gas
97.8 ec. totrl volume
.80.3 ec. after explosicn
86.5 ee. after X0J

17.5 cc. Contraction.
13.8 cc. Carbon dicxide.

{11}

Ethane = 6.9 ce. in the sample exploded or 27.35% of
the original gas.

Pubane = 0.0 cc. (The solution of the simulianeous equa-
bions set up as in the example sbvove
gave a& volume of ~0.5 cec. of butane.
Therefore, the gas was considersd as
containing only ethene. The ethane
was calculated as one-half ths volume
of carbon dioxide formed).

Analysis III.

76.7 cc. sample of ges
76.3 cc. afber KOH
41.4 ce. after bromine water = 34.9 ec. Ethylene.

45,57

i

38.1 ec. after pyrogasllol.
38.0 ce. after pallsdium 0,087 cc. Hydrogen.

0.0873%

11 3]

12.4 cc. residual gas
91.3 ec. total volume
75.8 ce. alber explosion
6042 ec. after BKOH

17.5 cc. Contraction.
13.6 ce. Carbon dloxide.

i

Fthane = 6.8 ¢c. of the semple exploded, or 27.15% of
the original gas.
Bubane = 0.0 ac. {The solution of the simultaneous eque-
. tions set up as before gave a volume
of ~1.0 cc. of butane).

Since Analyses II end III agreed qulte closely they were

used to calculate the avarage'composition of the gas.

Average composition of the gas:

}":thylene ¢ % 4 6 e 8 ¥ 3 e » © 45.55%
FERANG » o o » o o « » o o o o o 27.250
BYATOBOI « « o o o » =« « o « « o 0.082%
B&tane » & & s @« o L] ¢ 6 & « = @ Q-O%
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The pemainder of the gas that was formed was then messured
in the gas burethe and the total amount collected was converted
to the volume 1% would occupy under standard conditions. 1In
ecaleulating the results of the experiments in whiech the gases
were collscted over a saturated s&dium chloride solution, the '
valués for the vapor pressures of saturated sodlum chloride

solutions at Gifferent temperatures were Interpolated from the

velues reported by Speranski (10).
Tobtal volume of gas = 958.1 cc. at 0°C. and 760 mm.

The tostal volumes of the various gases formed, based on

the average composibion shown above, are as follows:

Eth“j’leﬂe » 4 & & & ¢ & ¥ ® + € = v 455 - O CCa
Etm@ 4 ® * & & &« % & ¢ ®» ® & & s 0 260 .‘1 CC,
Hydx'agen ‘e ® ® w @ & & & ® © & ® A @ O .79{:0 .
But&ne * 2 e ® ®» ® T & ¥ = *» v » w 3 [#] * 0 €Ce

The volume of ethylene used was 343.5 cC., therefore
there was an inerease of 91.5 ce. in the ethylene during the

preparation of the ethylmagnesium bromide.

Tgperiments with Wethylmasmmesium Todide.

¥o.l. This experiment was carried oul in tho same manner
as the one with ethyl bromide deseribed above, except that
28,4 ge (0.2 mole) of methyl iodide was used instead of ethyl-

bromide. The amount of cthylene used durlng the preparation

(10) Sperenski, A., Z. physik. Chem., 70, 519-533 (1910).
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of the methylmagnesiuvm iodide was 335.0 cc. and the amount reo-
covered wag 384.0 ce.; an increase of DB.0 ge. The amounts of
other gascs formed were: mebthane, 198.2 cc.; ethane, 24.2 ecC.;

end hydrogen, 1.80 ec.

Ho.2. The same amounts of maberlsls were ussed In thls exe
periment end it was carried out in exaetly the sumo manner ag
Experiment No.l except that no ebhylene was passed into tho ro-
action flask during the reactlon. The smovnts of the various
gages formed were: methane, 218.0 cc.; ethano, 2Y.3 cc.s
hydrogen, 1.96 cc.3; and unsaturated hydroecarbons, 30.8& cc. Gil-
man and Fethergill (2) showed that the unsatursted gas formed v

in the preparcition of methylmagnesium fodide contained ethylene.

Experiments with Pthylmammesium Bromide.

No»l. This was the first experiment to be performed in
this study. The dl-n-butyl ether solution of 21.9 g. (0.2 mole)
of ethyl bromide wos added to 4.86 g. (0.2 atém) of ragnosium
turnings during 30 minutes. The solution was stirred at 70® for
1«1/4 hours and the gas evolved was analyzed in the usual men-
ney fér sthylene. The solution wss next refluxed for one~half

hour =nd tho evolved gases collected and enalyzed sgparstely.

The amount of ethylene (the ethylene used in Experiments No.l

and No.2 was prepared frow ethylene bromide and zinc; conmer-
clel ethylene from a cylinder was used in all the other exper-
iments ) uwsed during the preparation of the ethylmagnesiuvm

bromide was 251.2 cc. and the amount roecovered was 2138.5 cce.
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Thisg wes a decrease of 31.7 ec. of ethylene. A complete

snalysis for all the geses was not made In this experiment.

| Eg;g. Execept for the following changes this experiment
was carried out in the sawme manmer as fhe Tirst one. The veol-
ume of eithylene used was 339.0 cc. The gas evolved was anal-
yzed for all the ususl constituents. The velume of ebhylene
recovered wag 312.4 cc. which wns 26.6 ¢e¢. less than the amount
of ethylene used. The amounts of the other gases formed were:

ethene, 162.2 cc.; butane, 2€.0 cc.; and hydrogen U.C cc.

No.3. This experiment was carried oub In the manner de~
seribed in tho Hethod of Procedure. The amount of ebhylene
used during the preparsblon of the ethylmagnesium bromide was
339.0 ec. and the volume recovered wes 508.0 ¢g. This was an
inerease of 169,0 ¢e., The amounts of the other gases formed

were: othene, 278.0 cec.; bubane, 8.45 cc.; and hydrogea, 4.07ce.

No.4. The amounts of materials and method of procedure
were the same in this experiment as in Experiment Ho.5. 1t was
performed to determine the amounits of the different gases forum-
ed undser simliar conditions without pessing ethylene into the
i_ reactlon mixture. The amounts of the various gases formed
were: ethylene, 197.0 ¢c¢.; ethane, 374.0 cc.; butane, 3.33 ec.;

and Lydrogen, 2.2 c¢c.

HoeH. Thisg experiment was performed in the ssme genersl

manaer a8 described in the Hebhod of Procedure. The smount of
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ethylene used was 381.0 cc. and the smount recoversd was 425.0 cc.
This was an increase of 74.0 eec. The amounts of the other gases
formed were: ethane, 267.0 cc.; butoane, 0.0 cc.; and hydyrogen,

0.0 cc.

Ho«6. No ethylene was used in this blenk experiment;
otherwise it was peffcrmed in as nearly a similar maymer to Ex-
perimenﬁ No.b &8s possible. The amounts of the different gagos
formed were: ethylene, ?4.1.30.; ethane, 247.0 ee,; butane,

10.58 cc.; and hydrogen, 0.39 cc.

Ro.7. This was another experiment carried out in the same
manner &s EXperiments Ho.3 and Ho.5. and is the one described
in the Method of Procedure above. The smount of ethylene used
was_545.5 ce. and bthe amount recovered was 435.0 cc. This was
an inerease of 91.5 ce. The volumes of other gases formed

were: ethane, 260.1 cc.; butane, 0.0 cc.; and hydrogen, 0.79 ce.

Ho.8. The amounts of the varlous gases formed in the
blank experiment which was earried out in the same manner as
No.7, except that nc ethylene was used, were: ebthrlene
115.3 ¢c.3 éthane, 281.0 ec.; butane, 16.2 cc.; and hydrogen,

1.8) ce.

Experiments with p-Propylmagnesiuvm Bromide.

No.l. Thls experiment was performed in the same manner

ag deseribed in the Hethod of Procedure. The smounts of meg-
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nesium and butyl ether used were the usual amounts, and the
amount of n~propyl bromide used was 24.6 g. or 0.2 mole. The
volume of ethylene used was 340.0 cc. and the volume of unsat-
ursted gas rocovered was 432.5 cec. This was an lnerease of
92.5 cc. The amounts of other gases formed were: propane,
185.5 cc.3 hexane, 0.0 cc.; and hydrogen, 0.68 cc. The ex~
plosions of the gas reslduecs containing the saturated hydro-
carbons actually gave results that indilcated a mizture of pPro~
pane and some hydrocarbon containing fower carbon atoms, thepe-

fore, the hydrocarbon was considered as being only propane.

No«2. No ethylene was passed into the reaction flask of
this blank experiment to sccompany n~propyimagnesiuvm bromide
Experiment No.l. The asmounts of the different gases formed
were: unsaturated hydrocarbons, 102.7 ce.; propane, 222.0 cc.;

hexane, 0.0 cec.; and hydrogen, 1.42 ec. CGilman and Fobher=

| 5111 (2) showed that the unsaturated gas formed in the prepara-
il tion of p-butylmagnesium bromide contained g-butylens so this

| unsaturated gas probably contained propylene.
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Diseussion of Results

The results of these oxperiments on the preparation of
alkylmagnesium halides in the presence of ebthylene show that
the ethylene probably did not capture the free radicals., The
data for these¢ experiments are summarized in the following
tables. The first table shows the volumes of ethylene that
were added and the volumes that were recovered in the various
experiments. The second shows the volumes of other gases form-

ed in the experiments and the corresponding blanks.

Table I.

Ethylene Added and Recovered

s T (i) (BY {3y ¢ (ay {57
:thpa-}ﬂgH& H CQH.& : GgHﬁ . CQHQ < CQH%
BHEgX @ No.:Added:RecovsrediDocrease:iIncreaseFormed In biank
$ T CC. GGy 1 CCe 1 CCy @ CC.
CH:sMgI s 1 :355»0-: 394,0 H - H 58.0 1 3.6
CoHgligBr: 1 3261.2: 219.5 : 3170 : == -
CoHgHgBr:r 2 :339.0: 312.4 ¢ 26.6° 1 =~ 3 -
CpHgMgBr: 3 :339.0: 5808,0 : ~-=- ¢ 168.0 : 187.0
CaHgMgBr: O :351.0: 485,80 : =~ ¢ 74,0 : 74,1
CaHpMgBr: 7 :343.5: 43B.0 : == : 91,5 : 115.3
n-CgH, ¥ghrs 1 :340.0: 432.5 : == : 02,5 :  102.7

a. These two experiments were the first ones to be performed
end the decrease in ethylesne could not be checked in the
later work. Thils disappearasnce of ethylene was probably
due to the diffusicn of theethylene through the confining
water in the eudliometer. Wabter was used for the confine-
ing liquid in these two experiments only. In the later
experiments a saturasted sodium chloride solubion was used
and precautions were taken to minimize diffusion.




Instesd of any decrease in the #olume of ethylens (except
in the first two experiments with ethylmegnesium bromide which
sre explained in the footnote to Table 1) there was actually
an increase. However, the inerease in the volume of ethylene
in some of the experiments (particularly in the othylmagnssium
bromide Experiments Ne.3 and Ho.7 and the n-propylmagnesium
bromide Experiment ﬁo.l) is appreciably less than the volume of
ethylene formed in the corresponding blank.experiments. These
results would indicate that free radicals had been capbtured by
the &thylene, However, in order to prove conclusively that the
free radicalsrad been captured by the ethylene, the difference
between the increase in the ethylene in the experiments and the
ethylene formed in the corresponding blanks should be et least
equal to, and preferably greéter then, the variation in the
total amounts of ethylene formed in similar experiments. That
is, the difference between any value in column 4 of Table I and
the corresponding value in columm 5 should be greater thean the
vapristion in the values given for similar experiments in column
5. In ethylmsgnesiuvm bromide Experiment Ho.3 for instance, the
difference between the increase In ethylene In the experiment
and the ethylene formed in the corresponding biank was 28.0 cc.
-But the smount of ethylene formed in the different blank ex-
periments varied from 7T4.1l ec. to 197.0 cec., a difference of
112.9 cc. bebween the highest and ths lowest. Therefore, these
resnlts are not in cloge enough agreement to conclude that free

radiecals have been eaptured.
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The inerease in the volume of ethylens in the experiments
and the formablon of ethylene (or other unsaturated hydrocar-
bons) in the blanks might Le due to the disproportionation (11)
of free radicals formed duwring the preparation, or to a split-
ting reaction of the di-n~-butyl elher by the alkylmagnesium
halides st the temperature of the boiling solution. Thisg re=
fluxing of the solution was necessary to expel all the dissolved
gas. A preliminary experlment with di-n-butyl ether and
ethylene showed that a large amount of ethylene remained in
solution unless the ether was refluxed for about twenty minutes.

If the ungaturated hydrocarbens vhich are formed in the
preparation of the alkylmagnesium halldes are the result of the
disproportionation of free alkyl redicels there 1s the pessibile-
ity that free alkyl radicsls have already becn captured. If
ethyl radicals (using the preparation of ethylmagnesium bromilde
as an example) are formed and then disproportionate, the
ethylene which results from the disproportionation could react
with ethyl radicels formed later in the preparation to give
higher moleculsr welight saturated hydroecarbons as postulated
In the Introduction. If this were the case then the addition

of more ethylene possibly did not capture many more free radi-

{11) In this commection it 1s of 4interest to note that Gilmsn
and Fothergill (Ref.2) obtained considerable volumes of
ungaturated hydroearbons, together with other guses,
durlng the preperation of seversl alkylmagnesium halides
in both diethyl and di-n-butyl ether, They found from
5.45 ge» {0.12% of ethylbromide used) to 106.5 ce. (2.76%
of methyl lodide used) of umsaturated hydrocarbons in
gﬁe preparation of 0.2 mole quantities of alkylmagnesium

lides. '




w 25 -

eals, since there were always considerable smounts of unsat-

urated hydrocarbon found in the blank experiments.

Table II.

Saturated Hydrocarbons and Hydrogen

R R+H : R*R i Hydrogen
RMgX tExXp. 2 CC L8 Gl : CCe

* Ho.* ExXpe. ¢ Blenk : Exp. § Blenk : ¥xp. : Blank
CHMgI ¢ 1 : 198.2 : 216.0 : 24,2 : 87.35 ¢+ 1.90: 1.96

CpligligBr: 3 2 278.0 : 374.0 : 8.45: 3.33: 4.07: 2.2
CoHgligBr: 5 2 267.0 3 247.0 ¢+ 0.0 : 10.58: 0.0 ¢ 0.88
CoHgMgBrs 7 ¢ 260.1 @ 281.0 ¢+ 0.0 : 16.2 : 0.7Y9: 1.51
n~-CsH,HgBr: 1 : 185.5 : 222.0 ¢+ 0.0 : 0.0 :+ 0.€8: 1.42

One other result 0 be expected 1f the ethylene had cap-
tured the free radicals was an increasse in hydroearbons of
higher melecular welght as propesed in the Introduction. The
deta in Table II show, however, that bhere was schually a do=
crease in the smount of higher hydroecarbons {assuming that the
smount of all higher hydroecarbons, 1ncluding non~-volatile ones,
is proportional to the amount of R-R compound fonmed). The
‘method of calculating the amounts of the dilfferent saturated
- hydrocerbons from the explosicn of the samples of gas is not
very sceurate. A small error in the volums of water formed
{shown by the contraction afier the explosion) or in the vol=
une of carbon dloxlide formed causes a much larger error in the
relative amounts of the different hydrocsrbons. However, ths

analyses were carried cub as earefully as possible and in ex~




actly the same manner in order to reduce these inherent errors
to & mininum. Of course, any non-veolatlle hydrocarbons that
were formed would be lost beecause the snalysis of thé gas form-
ed would not debect them.

The difference in the amounts of R=E hydrocarbons formed
in similar experiments was probasbly due to variations in the
emounts of moisture unavoidably present in the apparutus or
roagents, sinece the humidity of the atmosphere was quite high
at the time of the year these experiments were performed, or'dué
to different amounts of peroxides present in the different
stocks of the dl-n-butyl ether that were used (12).

The smount of hydrogen formed was generally greater in the
blank experiments than in the experiments where ethylens was
added. These differences are very small; however, they indi~
cate that some of the hydrogen formed in the presence of @
large amount of ethylene comblnes with the ethylene as postu~
lated in Equations X and XI in the Inéroduction. This combi=~
nation of hydrogen and ethylene indicates that free radicals
might have been captured.

(12) Gllmsn and Wood, J. Am. Chem. Soec., 48, 806-Bl0 (1926),
showed that ether peroxide (CgHzOCTH)(CHz)00H) or some
of its decomposition products {its mono-ethyl acetsl,
ethyl alecohol or acetle acld), having asctive hydrogens,
reacted with RilgX compounds to give the corresponding
R*H hydrocarbons. The di-n~-butyl ether that was used in
these experiments could possibly conbain similer impuri-
ties having sective hydrogen structures.
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PREPARATION OF ETHYLMAGNESIUM BROMIDE
IR THz PRESFHECE OF HYDROGER

Experiuental Pert

Haterlals and Apparatus.

The solvent used for the prepsrsbion of ethylmagnesium
bromide in the presence of hydrogen was ¢i-n~butyl sthor whiech
had been purified by sodiumm in the seme manner as the ether
used in the expsriments with ethylene.

The ethyl bromide used in ZExperiments No.l and Mo.2 was
dried over calclum chloride and then redistilled, while in
Experiment Ho.J the ethyl bromide was not speclally purified.

The magnesium turnings used in all the experiments wers
the high grade turnings commercially available for the Grig-
nard reactlon.

The hydrogen was the ordinery comzercinl grade and was
used directly from the cylinder without further purification.

The catalyst that was used in these experiments was pre-

pared after the directions of Adams and Shriner (13}, and in

(13) Adams and Shriner, J. Am. Chems S0C., 45, 2171-2179 (1923},
. show that the catalyst must de prepered at a temperaturs
of 490-500°C, in order to have the compoesition shown by
the formula PtO,+Hz0. If the temperature of fuslon is
too high or too low a catalyst of different composition
is obtained. The following figures, taken from a table
glven by Adams and Shriner, show the different percent-
ages of water in catalysts prepared at different temper-

atyres: Tempggature 9 H,0
390-400 7213
490=-500 TeB7

650 8.83
700 B.06

Calc... for PtBS'HEO: HQO, 7'54.
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accordence with their directions it should have the composition
_ahoﬁn by the formila PtQg+Hi0.

The same stocks of reagents were used in any experiment to-
gether with its corresponding blenk, but not in different sets
of sxperiments and blanks.

The experiments were carried out in a reduction apparatus

similar to that deseribed by Adams and Vorhees {(14).

Method of Procedure.

The rezction bottle was carefully dried in an electric
oven &t 115° for at least one hour and cooled by blowing &
gtream of dry air into it. 1In this bottle were placed 100 cec.
of di-p-butyl ether, 1.2 g. (0;05 atom) of magnesium turnings,
and 0.1000 g. of platinum catalyst and the bottle was fastened
in the reduction spparatus. The bottle was ovacuated, then
filled with hydrogen, and this hydrogen allowed to cscape 1into
the ailr to sweep oubt all ailr. The bobttle wasg agaln evecuated
snd then filled wlth hydrogen at = pressure of 38-40 lbs. per
square inch. Ib was then shaken until the catalyst had been
reduced to 8 fine black powder. The hydrogen in the bottle was
allowed Lo esecape Into the air, the stopper gquickly removed,
5445 ga (0.05 mole) of ethyl bromide was added, the stopper re-
placed, end the bottle replaced in the reduction apparatus.

A1l these operations were performed as quickly as possible to

(14) Adams end Vorhees, J. Am. Chem. Soc., 44, 1397-1407 (1922).




keep the smouvnt of alr diffusing into the bottle at a minimum.
The bottle was then shaken for one houy under a pressure of
38«40 lbs. of hydrogen. The reaction bottle warmed up in aboul
Pive minutes to 2 temperature that could be withstood comfort
ably by the hand. The bottle groduslly cooled off during the

inl

ramelnder of the hour's shaking.

The gas under'pressura in the re=ctlion bottle was allowed
0 pass through the connecting tubing and valves c¢f the ap-
peratus into a large eudiometer £illed with waler or satursted
sodiwm chloride solution as the confining ligquid. The gas re-
maining in the bottle above the solutlon waz displaced 1Into
the eudiometer by adding enough dry dl-p-butyl ether to fill
the bottle. The solubtlion of ethylmasgnesium Dromide was guickly
poured inbo a flask slightly larger than the volume of the solu-
tion. Thig flask was comnected to the eudilometer through a
short reflux condenser and drying bube f£illed witi.calcium
chloride. The solutlion was then refluxed for several miuuves
mbil no more gas was driﬁen out of the solubion.

The gas in the suwdiomeber wag allowed to becoms homogenw
gous, elther by shaking the eudiometer or allowing the gas to
stand several hours, before being analyzed. The gas was anale
- yzed by the sbtandard methods of gas anslysls already deseribed
in the part of this thesls dealing with the preparation of
alk ylmagnesium helides in the presence of ethylene.

In order to correeb any errors that might bs caused by

molsture or other impurities in the hydrogen or other reagonts
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used, blank determinations wers carried out after each exper-
inent. These blonk exporiments were earried out in exactly
the same mammer as the corresponding experiments except that
no catolyst was used in them,

Rasulig.

3 prelimlnary‘experiment wasg performed to determine 1if
the ethyl bromide would be reduced to ethane under the condi-
tions used in these experiments. However, no reduetion could
be detectod, sithor by analysis of the gas in the reaction
bottle, or by any change in pressure as indlcated by the pres-
sure gauge, when 5.45 g. (0.05 mole) of ethyl bromide dissolved
in 75 ce. of dl-n~butyl ether and 0.1 g. of platinumeatalyst
were shalen for 4-1/2 hours with hydrogen at a pressure of 40

reunds.

Preparation of Tihylmagnesium Bromide in the Presence of Hydrogen.

Ho.l. This was the first experiment to be performed in
this serics and the analysis of the gas was carried out in a
glightly different manner. The gas under pressure In the re-
action bottle was passed into the eudlometer, containing water
whieck had been saturated with hydrogen, and analyzed in the
usual manner. The gas remalning in the botile was assumed Lo
be of the gssme composition &é the gas collected in the cudio-
meter. The volume of this gas was found by measuring the total

eapacity of the bottls and then deducting the volume cccupied
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by the solustion. During the analysls of the gas under pres-
sure the bottle was Xxept tightly stoppered; then the solution
was placed In a flask which was fitted with 2 condenser and
connected to the sudiomcter, and the gas dissolved in the solu~
tion was bhoen ceapellad by refluxing. This ges was snalysed

ih the gawe menner as bthe obther. The total ameunts (from both
analyses) of the different gases wepre: eothane, 155.9 ec.j
ethylene, 1.85 cc.; and bubans, 16.1 cc.

The blank determination was cavriaed out In exactly the
same nanney except that no platinun eatalyst was used. The
water ﬁsed in the sudlometer in thils hlank was the water bthab
had been used previcusly in the experiment. The amowbs of
the various gases formed under these condibiens ware: ethane,

100,5 cca; ethylene, 15.1 co.; and butane, 32.5 ce.

Fo.2. This experiment was carried ocut in exactly the
same manner 88 vxperiment No.l, except that fresk water was
used in the eudiometer instead of water saturated with hydro-
gen. The volumes of the differcnt gases that were formed weres
ethene, 1¥0.4 cec.; ethylene, 0.0 ce.; and butane, 0.0 cc.

.The blank experiment was carried out in the same manner
except that the cvatalyst was omltted, The water used in this
blank was the water that was used previously Iln the experiment.
However, the method of analyzing the gas was changed slightly.
Instead of mssuming the gas remelining in the bottle above the
golution to have the same compoesition ag the gas that was un~

der pressure in the closed apperatus, it was anslyzed separate-
o2 AnG » J P




ly. The results of this analysis showed that the assumption
wag ineorrect, and that there were actually 13.8 cc. more
ethsne and 2.2 cc. more ethyiene in the gas above the solution
than would have boen calculated from the average of the ansl-
yees of the first portlon of the gas. The total amounts of
the different gases that were formed wers: ethane, 146.3 ce.;
ethylene, 25.4 cc.} and butanse, 0.0 cc.

The same peculiarity that was observed in some of the com-
busions of the saturated hydrocarbons formed in the ethylene
experiments was also observed in these two experimente. The
simultaneous solution of the equatlons set up for the contrac~
tion from the explosions and the carbon dloxide formed gave
negative values for butane (assuming that the gas mixbure was
composed of ethene and butenc). The possibilities of these
regulbs being caused by the fallure of the palledium black to
remove all the hydrogen before the explosion, or by the forma-
fion of carbon monoxide in the explosion due to incomplete com-
bustion, were Investigeted. Tests showed that the amount of
palledium black used would remove the hydrogen completely and
that the amount of carbon nonoxide in the gas sample afbter ex-
plosion {determined by absorption in cuprous chloride solution)
f- was too small to cause the negative values for butsnc. There-

fore, the gas was considered 46 be only ethane.

Ho.3« This experiment was performed in tho memer de-
seribed in the Method of Procedure above. The blank, which is

deseribed in the next paragraph, was actually carried out first
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and the sodium chloride solution used in the eudiometer in the
hlank was 61so used in thils experiment. The volumes of the
different geses formed were: ebhane, 142.5 ce.; ethylene,

0.0 cc.; end butene, 17.75 cc.

The Blank experiment was carried oubt in the sams manner
except thet no catalyst was used. The sedium chioride solu-
tion used as the coﬁfining liguid in the sudiometer was not
previously saturated with any ges. The voluwnes of the difler-
ent geses that were formed were: etheane, 113.3 cc.; sthylene,

1605 CCW; end mt,ane, 28&6 CCa

Discugsion of Results

The results of the experiments on the preparation of
sthylmagnesium bromide in the presence of hydrogen and plati-~
num.catalyst show thst the hydrogen probably 4id nolt capiure
the free ethyl radicals. In these experiments it was not knowm
vhether the hydrogen was stomiec or not, aithough hydrogen in
the nresence of catalytic nickel, copper, snd iron spparently
is in the atomic econditiom {15). However, in accordance with

Reaction XI molecular hydrogen combines with ethyl radicals

| to glve othane and atomlc hydrogen. Under the conditions of

these experiments no appreeclable combination of this Type

{15) See pages 91-92 of Ref.6.
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to give ethane was observed {16). This absence of reduction

is best shown by the following table.

Table IIX.

Ethane Forwmed During the Preparation of
Ethylmagnesium Bromide in the Presence of Hydrogen.

2 {1) = {2) :(8) 3 {4)  {5) LBy ¢ {7}
: : : H $ In= : De- sIncrcase in
Exp.:Tobal :Ethene ¢ Net :EBtheneteresseierease: Lthane if
No.:Ethane: from ,&:Ethane: In :+ in : in "wmarkwa 74
N sCatalyst™: :Blank :Ethane:Rthane:Active HP.
- I 0C. ¢ CCe * CCu T BCes ! OCo 2 CCu 3 CCo
l :15509 b4 54.8 :10101 £100,5 : Oqﬁ LI : 35.1
2 270,24 3 54,8 :115.6 :146,3 : ~~ 3 30.7 3 3.8
5 .142.5 . 54‘8 3 8‘7:7 :113.3 . bt : 2‘596 b 809

a. Sinee the reduction of the plabinum oxide eatalyst (PtO,«HL0)
gives three molecules of wabter the volume of ethane formed
in the experiment must be correcited for the volume of eth-
gne which would result from the aetion of water on ethyl-
magnesiun bromide. Thero ls some question about the amount
of ethane that would be formed from the water from the re-
duction of the catalyst under the conditions of these ex—
periments. The reduction of one melecule of catalyst
would liberate three molscules of water and these three
molecules of water would give either thrse or six molecules
of sthene dependinrg on whether water has one or two active
hydrogens. Melsenheimer (17) and Zerewitinoff (18) have
‘both reported that both the hydrogens in water react with
methylmagnesivm hallde to give methane. These resulis have
been confirmed in unpublished work of Mr. R. d. Vanderial
in This Laboratory. Hr. Vander¥Wal found that water dig-

(16) Unpublished work of Mr. J. A. Leermakers in This Labora-
tory has shown that slmilar results are obtained in the
preparation of n~propylmagnesium bromide in the presence
of hydrogen and platinum catalyst under similar condi-

tions.
(17) Melsenheilmer, Ber., 61 708-720 (1928).
(18) Zerewitinoff, Ibid., 40, 2023~2031 (1807); Z. anal. Chem.,

50, 680-601 TIoTL}. ™
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The discrepancics in the volumes of ethsne formed in the
dirferent experiments are probably due to the fact thai dif-
ferent stocks éf reagents were used in the dlfferent experi-
ments. & very small differénce in the smounts of molsture in
the stocks of ether or hydrogen, or & slight difference in the
composition of the catalyst {13}, or a difference in the amounts

of peroxides (12) in the ether, would cause & conslderable dif-
ference in the volumes of sthane formed in the different sxper-
iments. However, the same shocks of reagents were used in any

one experiment and 1ts corrvesponding blank.

aolved in pyridine had two actlve hydrogens when treated
with methylmagnesium lodide. However, two experiments on
the number of actlive hydrogens in water suspended in die-
n-butyl ether by the Zerewitinoff method gave values of
0.72 and 0.76. Also, Mr. L. L. Heek, in unpublished work
in This Laboratory, found that 0.12 mole of water digsolv-
ed In diethyl ether was regquired to react with 0.1 mole of
phenylmagnesium bromide in dlethyl ether (the phenylmag-
nesivm bromide was consldersed ko be uszed up whern the solu-
tion no longer gave & color test for the CGrignard reagent
{(19). These low values may be due Lo the formation of a
precipltate of magnesium basic halide which oeccluded some
of the water and prevented further reachion. The rapid
shaking of the reaction bottle in the hydrogen experiments
would probably prevent this inbterference of any precipi-
tav: ; consequenily the volume of ethane formed from the
roduction of 0.1000 g. of catalyst was based on watsr have
ing two active hydrogens.

be This eolunn is given Lo show the inerease in the volume ef
othans formed in the experiments over the volume formed in
the corresponding blanks if the water resulting from the
reduction of the catalyst had only Q.74 active hydrogen
{(the average of the two resulis obtalned by the determina-
tion of the number of sctive hydrogens in waber suspended
in di-n=~butyl ether). S

{19) Gilman and Schulze, J. Am. Chem. 30c., 47, 2002-2005 (1925);
Bull. soc. chim., 4L, 1479-148L (1927); Gilmen and Heck,
Rec. trav, chiwm., 48, 193-197 (1929); Ber., 62, 1379~
1384 {18297, “ |
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The decrease in the amouant of ethane, shown in column six
of Table 1II, might be due to one or both ol the following
reasons. First, the amount of ethane assumed to heve been
formed from the water resulting from the redﬁction of the cata-
lyst may have been too great. Second, the method of deter-
mining the smount of ethane in & mixture of ethane and bubane
by explosion 1s not very accurate, even though all the explo-
sions were made in as nesrly & like wmanner as possible, and
the average values of at lesest two and usually three exploslons
were used. To illustrate this, soms of the data from one of

the experiments are given here.

Total gas collectbed « « « « » » 830.2 cec.
Bthane, (highest value) . . . . 15.2 %
EBthane, (lowest velue) . . . . 12.17%
Ethane, difference .« « « « « »  3.03%
Ethane, difference in volume . 25.15 ce.

Thege data were taken from an experiment pexrformed near the end
of the work, where the technigue could be consldered as bDeing
ropresentative.

Even if the values for fthe lncreases 1in the volumes of
ethane given iIn column seven of Table III are more nearly cor-
reet than thg values shown in columns five and six, the aver-
age increase is not large snough to show conclusively that
ethyl radicals have been ecaptured. The inerease should bhe at

least equal to, and preferebly greater than, the variation in

~the total increases in sinllar experiments. However, too much

welght should not be placed on this comparison,; becauvse the
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different amounts of ethane formed in similar experiments may
have been due to different amounts of Impurities in the various
stocks of reagents that were used, as mentiocned beforc.

some cther conflicting date were obtalned in bLhese experi-
ments on the preparation of ebthylmagnesium bromide in the

presence of hydrogen. These data are summerlzed in Table IV,

Table IV.

Butane and Ethylene Formed in the
Hydrogen Experiments

Exp.: Butane, in cc. LTthylene, in cC.

¥o.: Ixp., 3 Blank : BEXp. : Blank
1 18.1 @ 32’5a : 1.956 : 18.1
2 0,02 : 0.,0% ¢+ 0,0 : 25.4
32 17.75 ¢ 28.6 0.0 : - 18.5

2. The explanstion Tor the abaence of butane is given in the
deseription of Experiment NHo.2 In the Experimental Part.

From this Table 1t can be seen that the amounts of butane
and ethylene formed in the preparation of the Grignard reagent
in the presence of hydrogen were smaller than the emounts forme
od in the corresponding blsnks. This indicates that the free
ethyl redicels were captured by the hydrogen before they
coupled or disproportionated. If thls were trus the total

amount of ethane in sach of the experiments should be larger

than the amount in the corresponding blank by twlice the de~
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erease in butene plus the decrease in ethylene. This is smeon
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by a consideration of the following volume rslatlons of the dif-
ferent prodﬁcts. If two ethyl radicels coupled only one volume
of butane would be formed, while if two ethyl radicals reacted
with hydrogen two volumes of ethane would result. Also, if
two ethyl radlcals disproportionated one volume of ethane and
one volume of ethylene would be formed, while 1f the two ethyl
'radieals reacted with hydrogen two volumes of ethane would re-
sult. Actually, this was not the case—in two of the sxperi-
ments there were decreases In the amounts of ethane and in the
third experiment there was only & very élight incrense. How~
ever, this does not necesgsarily mean that Iree ethyl radlcals
were not formed in the preparation of ethylmsgneslium bromide.
They may heve existed momentarily and then reaected further to
glve non-~volatile hydrocarbons according to a series of re-
actions similar to those postulated by Taylor and Hill (6b).
There is also the possibility that the saturated hydro-
carbons formed early in the reaction may have bheen decomposed
by the hydrogen in the presence of plabtinum catalyst to give
methane and a liquid polymer of the composition CgHoy. Taylor
and Hill (6b) have shown that satursted hydrocarbons are de-
composed in such a mamner both by excifed mercury atoms and by
stomic hydrogen. This decompeosition should not take plaece to
any great extent for they state that “high hydrogen concentra-
tlon favors mainly ethane formatlion™ and there was certainly a
high hydrogen concentration present in these experimenta. How~

ever, the fact that they hed excited mercury atoms present when




theoy obtained mainly ethane formation rmist also be considered,
for the platinum catelyst present in these experliments may not
have had the same influence that exeited mercury atoms weuld

have had.
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SUMMARY AND CONCLUSIONS

The two serles of experiments described in this paper have
shown thet ethylene and hydrogen have probably failed to cap-
ture free alkyl radicals formed during the preparation of some
allkylmagnesium halides. These results may be explained by any
one or several of the following reasons: there may be no free

radlcals formed in the preparation of the Grignard'reagent;

there may be no free radicals formed in the thermal decomposi-
tion of organometellic compounds 1like mercury diothyl and lead
tetraethyl; free radicals may be formed in each of these re-
actions but the free radicals may differ, or the environments
may differ {(in these experiﬁanta magnesious halide is probadhly
present, whereas, In Taylor's (6) experiments the free metal
is probably present); or the generally differcnt experimental
conditions (solvent, temperature, ete.) make it unwise to cor=
relate the various studies.

However, the general idea of the preliminery formation of
free radlecals in the preparation of the Grignard reagent 1is
highly attractive in itself, amd in addition to thig, there is
no more satisfactory explanation at the present time for the
experimental results on disproportionation (2) and the forma-
tion of di~p~tolyl (3). Therefore, it is preferred to believe
that free radicals are fomed in the preparation of the Grig~
nard reagent and thet the ethylene and hydrogen simply have not
captured them for any one or several ressons such as the great-~

er faellity of thelr combinstion with magnesious helide or with
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each other or disproportionation; or, because the athylene and
hydrogen were not sufficiently reasctive under these experiment-

a2l conditions.
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B. NE¥ REACTIONS OF OXALIC ACID AND SOME OF ITS DFRIVATIVES
INTRODUCTION

The general nature of the research work that has been car-
ried on in the Depsrtment of Chemical Engineering abt Iowa State
Colleze, under ths dilrection of Dr. 0. R. Sweeney, has been the
development of varibus methods of utillizing agriculbtural wastes,
such es corn cobs and stalks. One of the methods thet has been
developed 1s the preparation of oxslic acid from corn cobs and
stalks by oxidatlon with nitrie scid snd by fusion with alks-
1ies. Sweeney snd Febber (1) and Gilman, Sweeney und Pickens
(2) sre the most recent invesbhbigators of the optimuwm conditlons
for the preparation of oxalie aeld from corn wasbtes.

The object of this study was to attempt teo prepare new
derivetives of oxalic acild, fox which thsre would ke a commoer~
cial demand. The well known use of dimethylglyoxime for the
:g guantitative determination cf nlckel suggested the investiga-
ltion of the oximes of a whole series of aromatle g-diketonss
for their usefulness in the separation of metals.

There is no good general method for the preparation of
such a series of graiketones knovm at the present timeg. There-

fore, the reaction of oxalyl chloride (a derivstive of oxalic

{l)a. Sweeney and Webber, Unpublished Thesis. ILihrary, Iowa
State College, Ames, Towa. 1928.
b. Sweeney and Webber, Unpublished Thesis. Library, Iowa
State Collegce, Ames, Iowa. 1929.
(28) Gilmsn, Sweeney and Pickens, Unpublished work done in
This Laboratory.
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ac’d) with the Grignard rcagent was investigated, to see if
a-diketones eould be produced. The formetion of grdiketonés
by this method is 1llustrated by the following equation.

C1=G~C~Cl + 2RMEX = R-C~C-R + 2MEXCl . . . . (I)
(R o0
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HISTORICAL

The reactlon between acld halides (Rgx) in general and
organomagnesium haelides to glve good yilelds of kebtones has been
limited to only a few Grignard reagents. These have been pyrryl-
magnesium iodide (3), B~indolylmagnesium iodide{(4), and g§
naphthylmagnesium bromide (5). Iarller investigzators of the
reagbion bebtween oxalyl halides and the Grignard reagent have
obtalned a-diketones only in the case of pyrryl- and Indolyl-
nagnesium halides. Hess and Feltzien (6) obtained only tetra-
phenylacetenyl glycol ((csﬂscicéggg;CEccaﬂs)e) from oxalyl
chloride and phenylacetenylmagnesiuvm bromide. Gauerke and
¥Marvel {7) obtained mainly dicyclohexyl ketone, which they ac~-
counted for as the result of some sort of decomposition, and a
small smount of tetracyclohexyl glyeol ((caﬁll)gg ~(?(08311)g).
0dde and Samma {8) reported the formation of N,Hl%digidoyl
( (:I:] [:I:)) and N,p-blsdiindoyl ([:I:]'CO“COI:]:) )

~C0~CO0-H - H~=C0=C0~i |
from oxalyl chloride and Ilndolylmagnesium iodide; and §,B3di-

CO=G0-
methyl ketoyl {(:J:;Eﬁa HuGE;I:) ) from oxalyl chloride and
NH NH

(3)a. 0dado, Ber., 43, 1012-1021 (1910).

. b. Hess and wissing, ibid., 47, 1418-1428 (1914).

(4) 0ddo and Sessa, Gazz, enim, ital., 41, I, 234-248 (1911);
Cehe, 5, 2638 (ITLII]. -

(6)e. fcree, Ber., 37, 625-628 (1904).

b. Schoepfle, J. Am. Chem. Soc., 44, 183-194 (1922).

(6) Hess and weltzien, Ber., o4, 2511-2521 (1921).

(7) Gauerke and Marvel, J. Am., Chem. Soc., 50, 1178-1182 (1928).

(3) ©0ddo and Sanna, Gazz, chim. ital., bl, LI, 337-342 (1921);
Csh., 16, 1423-142Z (19227.
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methylketolylmagnesium iodide. Sanna {9) found the same pro-
ducts as 0ddo sand 3anna, together wilth three more, in the reaction

of oxalyl chloride with indolglmagnesium iodide. The thrse new

products were: a,a'-diindoyl { ), N,a=bis-
4,2 ~C0-C0- &

§H ;o
‘diindoyl ([::[:J~CO~GO , and an unidentified compound

_ N-CO~00-N
melting at 163°. However, Hajime and Shigematsu {10) in a

repetltion of the work of 0ddo and Sanna, and Sanns, were only
able to lsolate two cowpounds. These were N«{B-indolylglyoxylyl)

tndole ('(Ij 70"50 ) ana g, g'-ditndoyl (@CO“CO-@;
' NH RH NE

- K - GO
+ not N,N'-diindoyl and @;a'-diindoyl, respectively, as the com-

pounds having the corresponding melting points were named by
Oddo and Samna. Oddo (11) found dipyrroyl (U OO O) as
R RE

'f g product of the reaction of oxalyl chloride with pyrryimagnes-
% ivm iodide. Tistchenko (12} did not obtain tetraketonaes from

g the resctlon between bx&lyl bromide and igo-~valeroylmagnesium
‘i bromide (gggfcéﬂg§(O)MgBr); He obtained carbon dioxide, ethyl
;% bromide, ethyl iso-valerate, di~iso-valeryl (1s0~C.H,C0-COC.H,~
§ iso) and a smell amount of igo-velerate of isc-valeroin

(180~C H,CH{00CC H,~180 ) COC, Hy~130) .

{(9) Sanna, Gazz. chim, ital., 52, II, 165-170 (1922); C.A.,
o 17, 1639 (19237, T
4 (10) ¥ajime end Shigematsu, Ber., 57, 1446-1453 (1924).

» {11) oado, Gazz, chim. ital., 41, T, 248-255 (1911); C.A., 5,
- . 2638 {IBIIY. L -
(12) Tistchenko, D. V., Bull. soe. chim., &7, 623-657 (1925).




However, Gllmsn, Fotherglil and Parker {13}, in a few pre-
liminary experiments, securcd fair yields of benzophenone from
benzeyl chloride and phenylmagnesium bromide. Thereflore, 1%
was thought that the application of the same general experi-
mental procedure to the reaction of oxalyl chloride with aryl-
magnesium halides would give conslderable ylelds of arometic

a~diketones.

{13) Gilman, Fotherglll and Parker, Ree, trav. chim., 48, 748-
751 {1929).
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EXPERIMENTAL PART

Preparation of Oxalyl Chloride.

Ordinery hydrated oxalle scid was dehydrated by the method
of Clsrke, Hulitman and Davis (14) with a 957 yield. This an~
hydrous oxalic acld was treated with phosphorus pentachloride,
after the methed of Staudinger (15), and the reactiom mixture
was cavefully fractlonated. The oxalyl chloride boiling ab
65~64° was used in these studles. The yileld of oxalyl chloride,

based on the anhydrous oxalic acld used, was 48%.

Oxalyl Chloride and Phenylmsgnesium Bromide.

Experiment Noele The oxalyl chloride {12.7 g. or 0.1 mole)

was dlssolved in 150 cec. of anhydrous ether 1n 2 500 cc. three~
necked flesk provided with a dropping funnel, reflux c¢ondenser
and mechanical stirrer. To this solubion was added 0.2 molse of
phenylmegnesium bromlde (100 cc. of a stock solubtion) with
stirring. The reaction flask was cooled by mcans of a mixture
of lee snd salt. The time required for the addition of the
Grignard resgent was 1-1/4 hours and during this addition a yel-
low preclpitate formed. After stirring the reaction mixture |

| enother 15 minutes the solution was tested Ffor excess R¥gX by

(14) clsrke, Hultman and Davis, J. Am. Chem. 50C., 43, 366~
370 {1921}, '
(15) staudinger, Ber., 41, 3558-3536 (1808},
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the color test of Gilman and co-workers (16). A blue e¢olor waes

: obtalned when the solubtion was added to the Mlehleor's kebone

before hydrolysls. This color was sheun to be due to oxalyl

chloride and not R¥gX; for in a test experiment the same color

1 wag obtained when oxalyl chloride was added to a benzens solue

5 tion of Michler'ts ketone. The ecolor persisted even after the

% sddition of a considerable smount of lodlre 2nd aecetiec acid.

Therefore, thls color test for the Grignard reagent cennot be

used in the presence of oxalyl chloride.

The reaction mixture was hydrolyzed with 10¥ hydrochloric
acid and steam distllled. The steam distillate was extrected
with ether and the wabter layer washed twice with mors ethor.
The eombiﬁed ether layer and washings were dried over anhydrous
sodium sulfate and then fractionelly distilled. The only frac-
tion isélated wag 1.5 g. (9.6%) of e material boiling from 235°
to 285°, which was crude diphenyl.

The residue, not volatile with stesm, was dissolved in
ether and the ether solution dried over sodium sulfate. The
evaporation of the solvent left only a yellow waxy solid which
proved difficult to ecrystellizo. Tthyl slechol, mebhyl alcohol,
chloroform, ethyl acetate, cther, glacisl acetic acid, and

4 petroleum ether {maz. b.p. 80°) were tried as erystsllizing

. medie, but only the petroleum ether was sabisfacbory {in the

{18) Gilman and Schulze, J. Am. Chem. Soc., 47, 2002-2005
{1925); Bull. soc. chim., 41, 1479-1481 (1827); Gilman
and Heck, Ree. trav, chim., 48, 103-197 (1929); Ber.,
62, 1379~1384 (1929).
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later experiments ligroin (b.p. 80«150°) was found to be better
than petroleum ebher). By extracting the solid wlth several
portions of boiling petroleun ether and 2llowing these solu-
tiloas to siand séveral hours in the ice~box 3.70 g. (19.3%1){17)
of phenylbenzoin, m.p. 82-84° {reerystallized from aleohol,
m.pe 86-87°), was obbtained. This phonylbenzoin was identified
by splitting it with aleoholie potassium hydroxilde to give
benzoic acld snd bensohydrol, after the method of 4cree (18).
The mixed melting point deberminations of benzole acid and ben-
zohydrol with authentie specimens showed no depressions. Mo

other products were isolabed.

Experiment No.2. This experiment was a duplicate of Ex-

periment No.l. From the steam distillate therse was cbtoined
only 0.4 g. (2.6%) of crude diphenyl, b.p. 240-260°, Ths pesi-~
due, not ﬁolatile with stesm, was extracted for eight hours
with 200 cc. of petroleunm sther in a Soxhlebt extractor. At the
end of this time all the solid had been dissolved out of’the
paper thimble, and 3.75 g. (19.2%) of phenylbenzoin m.p. 83-34°,
preclipitated on the sldes of the flask containing the vetroleum
ether. By conecentrating the petroleun ether sclution snother

% 1.05 g. (5.47%) of phenylbenzoin, m.p. 80°, was obtained. The
‘total vield was 4.75 g. or 24.7%. WHo other products wers iso-

lat’edt

(17) All perecentages given in Part B of this theais are based
on the phenylmagnesium bromlide used.
(18) Acree, Am. Chem. J., 29, 588-609 (19C3).
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Experiment No.d. Recently {(19) it has been found that

lead and merveury slkyls slowed down the rate of reaction of the
Grignard reagent wilth kebones and with nitriles. with thisz in
ninG, 1 g of lcad tetraethyl was added to thie oxulyl chloride
solution used in this experiment to determine whether 1t would
slow down the reaetivity of the carbonyl groups in oxalyl chior-
ide to such an extent that benzil would be formed instead of
phenylbenzoin. The resction was carried oubt in the same manner
as In the previocus experiments, using the same amounts of

oxzlyl ehloride snd phenylmegnesiuwm bromide. %The lead tetra-

ethyl was dscomposed at the end of the reaction by edding
1«1.5 ec. of bromine in 30 ece. of chloroform. The reaction
mixture was hydrolyzed and steam distilled in the ususl manner.
& careful search for chlorobenzene in the steam dlstillste was

mede, bubt none was found. The residue, not volstlle with

D N S R AR R AN PRI ARt A R St M SRR IR ittt e AT

steam, was dlssolved in ebher, drled, and then the ether re-
noved by slow evaporation bubt no crystcls formed. By extrict-

ing the s0lid with several portions of petroleum ether, in the

some mamer as in Experiment No.l, there was obtained 3.3 g.
(17.2%) of phenylbenzoin, m.p. 83-84°. Ho other produects were

isolated.

Experiment ¥o.4. Cooling the remction mixiurs by means of

a mixture of solid carbon dioxzide and ether was pesorted to in

this experiment to see 1f benzll would be formed. Otherwise,

(1S) Unpublished work of ¥r. H. T. Brown znd }iss T. L. Sht.John
done in Thls Laboratory.
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the reaction was carried out in the same manner, and with the
same smounts of msterials, as in Experiment No.l. However,
the method of working up the reaction products was changed.
The elear ether solubion was decanted from the yellow preclpl-
tate in the resction mixture and each paft hydrolyzed with
dilute hydrochloric acid and worked up separantely. Steam dls-
tillation was not used in this expeviment, nor in any of the
following experiments.

The solution part of the reaction mixture, after hydrol-
yais, was separated into the ether and water layers. The water
layer was washed with two portions of ether and these washings
combined with the ether layer. The ether layer was dried over
godium sulfate and then the solvent was removed by distilla-
tion, followed by a stream of dry alr. An oil containing
needle shaped erystals was left in the flask. In an attempt to
separate any diphenyl from these crystels, the ¢ll was extract-
ed with 75 ce. of petroleum ether, and the lnsoluble part re-
crystallized from ether. ‘In this mamner about O.é g. of
crystals, in & thick oil, were obtained; after pressing on a
porous plete they melted at 102.5°. The mixed melting point of
these erystals with an suthentic specimen of henzil (m.p. 95°)
was 97-100°%. These crystals when recrystallized from aleohol
melted at 102.5°. It was thought that this compound might be

a double compound of benzil and phenylbenzoin (20), so a mix-

(20) Klinger, (Ber., 19, 1862-1876 (1886)) obtalned a similar
compound, benzilbenzoin, m.p. 134~135°, by the action
of sunlight on en ether solution of benzil.
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ture of egunl parts of known benzll and phenylbenzoin was dlse-
solved 1n ether and allowed to erystallize. Good crystals
formed; however, they had a wide melting range - from 837 to
92°, This showed the 102.5° compound not %0 be the double conm-
potnd benzil~phenylbenzoin,

Lther was added to the nrecipitate from the reaction mix~
ture after hgdrolysis and the ether and water layers separated
in the usual manner. The evaporatlon of the ether left a waxy
g01id, which after several crystallizations from ligroin (b.p.
80~150°}) gave 5.1 g. (26.5%) of phenylbenzoin, melbting at
83-84°.

Ixperiment Ho.H. An execess of oxslyl chloride was used in

this experiment to see if benzil would be formed. The ether
solution of 0.l mocle of phenylmagnesium bromide was added dupr-
ing 30 minutes to the ether solution (150 cec.) of 12.7 g. (0.1
mole) of oxalyl chloride. The reaction flask was cooled by a
mixture of lee and salt, The light yellow preeiplitate which
formed was filtered out of the resction wixture. The precipi-
tate and solution were hydrolyzed and worked up separately in
the same manner as in Exp:sriment No.4.

The residue after the removal of the ether from the solu~
| tion part of the reaction mixture was a thick oil containing
about 0.2 g. of erystals. Some of these.erystals were removed
and dried on & porous plate. They melted at 101-102°. This
was probably the same compound that was obtained in Experiment

No.4, but & mixed melting point determination wes not made.




The residue after the removel of the ether from the pre-
ecipitate of the reaction mixbture was a waxy solid. This
801id was extracted for five hours wifh 100 cc. of hot petroleum
ether. ¥hen the petroleum ether extract was allowed to stand,
two crops of crystals #eru obbalned; the {irst was 1.05 g. of
phenylbenzoin, m.p. 82-83°, and the second was Q.5 Ge OF
phenylbenzoin, m.p. 81=82°. The total yield was 1.55 g. or
16.2%.

Experiment Ho.8. This experiment was carried out in the

same manner, and the same amounts of maberials were used, as

in Experiment No.5, except that the reasctlion flask was cooled
by a mixture of solid carbon dioxide and ebher instead of an

ice~selt mixture.

The solution part of the reaction mixture yielded about
0.2-0.,3 g. 0of ﬁhe same crystals melbing at 101.5°. Thig was
probably the same compound that wes obisined in Ixperiments
No.4 end No.5, but a mixed melting point was not taken.

The waxy solid left afbter the evaporation of the ether
from the precipltate of the remction mixture was reerystallized
from llgroin (80-150°). A total yield of 2.70 g. (28.1%) of

phenylbenzoin, m.p. 83-84°, was obtained by several crystal-

A limations.

Experiment NHo.7. ILiquld air was used %0 ¢ool the re-

E} actlon mixture in this experiment. The oxalyl chloride (12.7 [248
?é or 0.1 mole) was dissolved in 100 cc. of ether in a 200 cec.

f three~-necked flask. A pentane thermometer graduated to «200° Q.




was fitted in the flask so that the temperature of the reactlon
nixture could be read at any time during the reaction. The
flask was flrst cooled by & mixture of solid ecarbon dioxide and
ether. Then the carbon dloxide-ether bath was replaced by

f 1iquid air. At o Temperature of =140° the ether solution
s01idified. The liguid air bath was lowered slightly end Q.2
mole of thenylmagnesium bromide solution added slowly with
stirring. The addition required 30 minutes, and during this
time the temperature of the mixture was kept at =120 to -130°
by the cceaslonal addition of liquid air to the bath. The ve-

o AT e

sction mixbure was stirred for 10 minutes cooled by liquid sir
% and for 15 minutes after the liquid air bath had been remove:s.
: The supernatent ether solubtion was decanted from the yellow
% precipltate. The solution and the precipitate were hydrolyzed
; andlworked up separately In the usual manner,

The evaporation of the ether from the solution part of
? the resction mixbure gave the same oil containing about 0.2 g.

of erystals melting at 101-102°. Some of these crystals were

removed and dried on a porous plate, and tested for bensil by

the method given in Hulliken (21). No violet color was formed

when an slcohol solubion of the compound was bolled with & 1ik-
tle solid potassium hydroxide. The seme amount of known benzil
when breated in the same manner gave s beaubiful deep violet

color,

- The usual waxy solid was obbalned from tho preeipitate of

{21) Mulliken. The identification of pure organic compounds.
dohn Wiley and Sons, New York, Vol.I, p.206. 1904,
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the reaction mixture. vhen this solid wes recrystaliized from
ligroin (80=~150°) 2.65 g. {13.8%) of phenylbenzoin was obtasined,
melting at 84-86°.

Txperiment No.8. The only difference between this experi-

ment and Exporliment No.7 was that only 0.1 mole of rhenylmag-
nepium bromide was used with 0.1 mole of oxalyl ehloride.
Tiguld air ccoling was used, and the reactlion product was work-
ed up in the ssme manner.

Aftér evaporating the ether from the solution part of the
reascbion mixture there remained an oil containing e few
crystals. Some of these crystals were removed, and after pres-
ging on a porous plate started to melt at 97°. The wmelbed
part started to decompose slowly at 120°. This substanee was
21s0 tesied For benzil by the method of ¥Mulliken (21) dbut no
violet color wes cbtalned.

The evaporation of the ether from the preeipitate of the
reaction mixbure left an 01l contalning a few needle sheped
crystals. Some of these crystals were removed and dried on &
porous plate. They melbed at 102°. A mixed melbing point de-
terminétion with some of the crystals obtsined from the solu-

tion part of the reactlon mixture of Ixperiment Ho.7 showed no

'depression. The 01l ell solidified after standing o few days

and the fractional crystzallizaetion of this solid in lligroin
{80-150°) gave only 1.0 g. (10.4%) of phenylbenzoin, m.p. 79~
869,
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DISCUSSION OF RESULTS

The results of the verious experiments are summarised in

Teble 1.
Table I.
Results of Ixperiments
: ReacLants : 3 Froducts
EXp.? OXBIYL ¢ +  Cooling t Phenyilbenzoin
No., :Chloride:CgaHgligBr: Medium :Benzil: s (&)
: Moles ;3 HMoles s t B 3 & 2
1 : 0.1 : 0.2 :31ce~ salt : 0.0 : 3.70 : 19.3
2 1 0.1 : 0.2 :iee - salt : 0.0 : 4,75 : 24.7
: s b}t 1 : :
3 1 0.1 = -0.2( ): lee - salt : 0.0 : 3.30 : 17.2
H s {e)? ¢ : :
d :  Qel 0.2( ): COg = other : 0.0 ¢ 5.10 : 26.5
5 : 0.1 : 0.1 : %ce = salt : 0.0 : 1.55 : 16.2
6 : 0.1 : 0.1 : COg ~ ether : 0.0 : 2.70 : 28.1
7 : 0.1 : 0.2 ¢ liguid alr : 0.0 : 2.65 : 13.8
: : : {=130°) : : :
8 : 0,1 :: 0,1 : liquid alr : 0.0 : 1.00 : 10.4
s : - {(«130°) = : :
a+ A1l percentage yields are based on the emount of phenyle
- magnesium bromide used.
b. Lead tetrasthyl (1.0 g.) was used as a negative catalyst
in this experiment.
¢. In this, and all following experiments, the precipitate
in the reaction mixture was separated from the solu=
tion before hydrolysis and each part worked up separately.
From these results it can be seen that the lowering of the

temperature from that of an ice-salt mixture teo ~130°C. had no

effect on the formation of benzil., The decressed yisld of




phenylbenzoin in the two liquld air experiments indicates that
the result of the extremely low temperature was a slowing down
of the rates of reaction of the phenylmagnesium bromide with

the chlorine atoms and the carbonyl groups to the same extent.

The only effect of having a 1007 excess of oxalyl chlor-
ide was a decremsse (compared with the smount formed under sipe
ilar conditions with no excess of oxalyl chloride) in the
amount of phenylbenzoin formed in two experiments, and sn in-
crease in one experigzeat. There was no benzil formed even in
the presence of execess oxalyl chlorides. A Loo criticsl compar-
isen of the amounts of phenyibenzoin formed in the difrerent
experlments should not be made, since differont methods of worle
iIng up the reaetiorn products were used in the various experie
ments; and on account of the limited time available for this
problem the totel quentities of phenylbenzoin formed msy not
have besn completely isolated in ail of the experiments.

The absence of any benzil, snd the formation of phenyl-
benzoin, in the products of the reeetion of oxalyl chloride
with phenylmagnesium bromide csn be interpreted as fellows.

The rate of reaction of rhenylmagnesivm bromide with one of

the carbonyl groups of benzil is probably greater than its
rate of resction with the chlorine atoms in oxalyl chloride.
Some benzll Is probably formed during the Pirst part of the re-
action and this then rescts vith more Grignard reagent to give

phenyl benzoin (22) in accordsnce with the Pollowing reactions:

(22) Phenylbenzoin hag been obtained by Acree (Ber., 37, 2753«
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Cgﬁs"g"g"ca'ﬁa + GeHsMgBr e Censg"ch(}eﬁa & e (II)
o 6 O OMgBr
Cglig | +Celly
CSHE-C,“¢-CGHS + 330 ) CSHVS”Q-.CQOSHG . * e (III )
0 OmgBr , 0 om

The low yleld of phenylbenzoin leaves 8 lurge smount of
oxalyl chloride anﬁ.phenylmagneéium bromide unaccounted for.
There 4s the possibility of a chain type of reacitlon taking

place of the type showmt by the following equastion:

~Uglls ~Lallg
CBHE-Q“G“CQHB 4 CI“G'Q"G}. e o GﬁHﬁ‘-‘"Q"c""cﬁﬂs + E‘{gBI’Cl L » (IV)
¢ OugBr 8 0 0 og-g~cl
{A) (B)

(B} could then react further wlth phenylmagnesiumm bromide, ine
_ termediate preduct (&) or some other intermediste produet of

E the same type. Of course, some of the phenylmagnesium bromide
é could reaect with intermediate product (4) as follows:

: ~Cells Celisn - Calig -
B Gﬁﬂg"q*‘(‘;"’“ CGH{; + GgHa‘MgBI“ o caﬁs“'g”g~631{5 *» v a (‘J)
. 0 OMgBr BrMg( OMgBr

{C)

end this intermediate produet (C), after hydrolysis, would
give benzopinacol; or it could reaet further with oxalyl chlor-

ide to glve more complex esters. The existence of such esters

(22 cont.)
2764 {1904)} in an slmost quantitative yield from the
reaetion of benzil with phenylmagnesium bromide. Acree
sdded the phenylmagnesium bromide (0.048 mole) to an
ether solution of 0.038 mole of benzil, cooled by a freesz-
ing mixture. At the end of the addition the renction
mixture was refluxed for an hour,
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could probably hé proved by hydrolyzing the residues in the
experiments with dilute alkall and identifying any acids or
alecohols that formed.

The dlfficulty experiencedyin erystallizing the reaction
preoducts seems to be good evidence thabt some of these obher
possible products were formed. However, on account of Lhe
limited amount of time available for the investigation of $his
problem, it was not possibdle to completely separalte the residues
into their compenenta.

Since thers was‘no benzll isolated in these experiments,
tha reaetion of oxalyl chloridg wlilh obther arylmagnesium

halides was not investigated, for phenylmagnesium bromide is =

typleel erylmagnesium halide.

It would be interesting to carry out a reaction between
oxalyl chloride and an insufficlent quentity of phenylmagnesium
bromide &t the temperaturs of a refluxing ether solution. Por-
haps the actlviiy of the chlorine atoms at this higher tempera-
ture would be such that theApbenylm&gﬁesium bromide would ree

act with them in preference to the carbonyl groups.
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SUMIARY AND CONCLUSIONS

It has been shown that the reasction between oxslyl chlor-
ide and arylm&@nesiuﬁ halldes 1s not a sultable method for
the preparation ol g-~diketones. Phenylbenzoin is the only
product that has been lsolated from the reaction of oxelyl
chloride with phenylmagnesium bromide in ether sclution at
temperatures of an ice and salt mixture, sn ether and solid

carbon dioxide mixture and at ~130°C.
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